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NOTiICOLORININ ARADAN QALDIRILMASINDA
IDAROETMONIN TOSKILI
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Azarbaycan Memarliq va fn§aat Universiteti
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Xiilasa. Fovgolads hallarin aradan qaldirilmasina colb edilmis biitiin qlivve vo
vasitalorin idara edilmasi va onlarm qarsiligl faaliyystinin togkili févgealads hallarin
aradan qaldirilmas1 ii¢lin toyin edilmis is roislori torofindon hoyata kegirilir.
Azarbaycan Respublikasinin ganunvericiliyindo basqa hal nozorde tutulmayibsa,
goza-xilasetma islorinin rohbarlorinin qorarlart amsliyyat zonalarinda olan biitiin
votondaglar vo toskilatlar {liciin macburidir. ©Omaliyyat zonalarina ilk golon qoza-
xilasetmo xidmotlorinin, qoza-xilasetmo dostolorinin raislori golonodok Azorbaycan
Respublikasinin qanunvericiliyi ilo miioyyon edilmis vo ya yerli 6ziliniiidaroetma
organlar1 torafindon toyin edilmis is roislorinin, togkilat rohbarlorinin solahiyyatlorini
miivoqqeti olaraq 0z iizorino gotiiriirlor. Fovgelads hallarin naticolorinin aradan
qaldirilmasi isinin rohbarinin solahiyyatlori ganunvericiliys uygun olaraq Azorbaycan
Respublikasinin Hokumaoti, Azorbaycan Respublikasinin tosis qurumlarinin dovlot
organlar1, yerli Oziiniiidaroetmo orqanlar1 vo toskilatlarin rohborliyi torofindon
miiayyan edilir.

Acar sozlar: fovgolads hallar, tohliike , idaraetmsa, xilasetmo, miidafio, todbirlor
plani, naticalar.

Fovgolado hallarin aradan galdirilmasinda idaroetmonin toskili xilasetma vo
digor toxirasalinmaz miivafiq islorin tam hacmdos, on qisa miiddstds, minimum itki
ilo hoyata kecirilmosi iiglin miixtalif mogsadlor dasiyan qlivve vo vasitolordon
somorali istifadoni tomin etmays yonalmis tadbirlordon ibaratdir. Fovgolado hallarin
aradan qaldirilmasinda idarsetmonin togkili fovgelads veziyyst yarandigi andan
baglayir vo aradan qaldirildigdan sonra basa ¢atir [1]. Bu proses giindalik dovrlora
goro hoyata kecirilir. Bu dovrlorin har birino agsagidaki todbirlor daxildir:

e cari voziyyot hagqinda moalumatlarin toplanmasi

e voziyyatin tohlili vo giymatlondirilmasi;

e gorarin gobul edilmasi vo vozifalorin icragilara ¢atdirilmasi

eigin holli iigiin natica va tokliflorin hazirlanmasi
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e qarsiligl foaliyyetin togkili

e qiivvo vo vasitolorin horokatlorinin tomin edilmosi

Fovgolado hallarin aradan qaldirilmasinda idaroetmonin togkili, miioyyon bir
fovgolado voziyyotin bas vermosi ilo tonzimlonon hor soviyyodo ovvolcodon
hazirlanmis fovgolado hallarin garsisinin alinmasit vo aradan qaldirilmasi iigiin
Tadbirlor Planina uygun olaraq hoyata kegirilir. Bunun osasinda fovgolads
voziyyatin xiisusiyyatlorini nozoro alaraq fovgalada vaziyyatin aradan qaldirilmasi
iizra iglarin rahbari tovqolado voziyyotin aradan qaldirilmasi, tocili xilasetmo vo
digor toxirasalinmaz islorin aparilmasi barads qorar qobul edir.

Neft-kimya istehsalatlarinda da fovgolado hallarin naticolorinin aradan
qaldirilmasinda idarsetmanin togkili yuxarida deyildiyi kimi aparilir. Burada qoararin
hazirlanmasinda tocili xilasetma vo digor toxiresalinmaz islorin planlasdirilmasi
aparilir [1,2]. Homin planlasdirilma miivafiq gorar gobul edildikdon va tabeg¢ilikdo
olan personala tapsiriglar verildikdon sonra basa catir. Is plan1 xoritolor, diaqramlar,
grafiklor vo hesablamalar olavo olunmaqla motn soklinds tortib edilir. Févgoalads
voziyyatin aradan qaldirilmasi {izra islorin rohbori torafindon imzalanir vo bas rois
torofindon tosdiglonir. Is planindan ¢ixarislar tabeliyindo olanlara aid hissosindo
catdirilir. Qulivvalarin horokatlorini birbasa fovgolado vaziyyat bolgasindo idars etmok
dguin

- 15¢1 qruplar yaradilir;

- stasionar idaraetma montagolori (IM) istifads olunur;

-mobil idaroetmo montaqaleri (IM) yerlosdirilir;

-9sas elementi mobil rabita qovsagi olan rabito sistemi toskil olunur;

-idaroetmo sisteminin somarali islomasini tomin etmok ii¢iin Mobil Molumat
Idaroetmo Morkozi (MMIIM) osasinda avtomatlasdirilmis idaroetmo alt sistemi
yaradilir.

Idaroetmo sisteminin torkibi vo qurulusu fovqolade voziyyatin miqyasi vo
fovgolado voziyyatin aradan qaldirilmasi islorini olagolondiron Azorbaycan
Respublikast Fovqgolado Hallar Nazirliyinin bohran voziyyatlorindo 1darsetmo
morkazinin gorari ilo miioyyan edilir. Fovgolads vaziyystin aradan qaldirilmasi iizro
islorin rohbari ilo istonilon soviyyado qorargah vo ya is¢i qrupu yaradilir [3,4,5].
Qorargahda (emoliyyat qrupu), bir gayda olaraq, miivafiq soviyyali Fovgolads Hallar
Nagzirliyinin is¢i qruplari yaradilir vo isloyir. Inzibati rayonun (sohorin) idaroetmo alt
sistemino onun orazisindo fovqgolads voziyyet yaranarsa, miilki miidafio, fovgolado
hallar va tabii folakatlorin naticalarinin aradan qaldirilmasi iizra regional markozin
is¢1 qrupu, xiisusi hallarda iso dovlot icra organlarinin is¢i qruplart vo Azorbaycan
Respublikast Fovgoalado Hallar Nazirliyinin bir sira digor qurumlarinin qiivvalari
daxil ola bilar. Regional va global fovgelads vaziyyatin aradan qaldirilmasini idara
etmok tliclin Azorbaycan Respublikas1t Fovgolado Hallar Nazirliyinin dévlotin icra
organlarinin i¢i qruplarini ohato edon bir idaroetmao sistemi yaradilir.

Falakat bag vermasindan avval informasiya vo kommunikasiya texnologiyalari
sistemlari vasitasila yliksok tohliikkoys moruz qalma ehtimali olan zonalar miiayyan
edilir. Folakotlo bagli risklorin azaldilmasi todbirlorine asagidakilar daxildir:
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-orazinin risk zonalarina boliinmasi

-tohliikali strukturlarin yixilmasi vo ya onlarin miimkiin oldugu qgodor
borkidilmosi

-riska moaruz qalan yasayis moskonlaorinin vo shomiyyastli infrastrukturun bagqa
yerlora kogiirtilmasi

-planlarin hazirlanmasi1 vo kodlarin verilmosi ilo risk forglorinin nozordon
kecirilmasi va yenilonmosi

Kompyuter texnologiyalarindan istifado etmok, molumat bazasinin yaradilmasi,
GIS texnologiyasi1 boyiik hocmli molumatlarin toplanmasi va tohlil olunmasinda vo
homin molumatlarin folakotlo bagli risklorin idars olunmasi ligiin istifads edilmasindo
boylik rol oynayir.
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ORGANIZATION OF MANAGEMENT IN ELIMINATING
THE CONSEQUENCES OF EMERGENCIES
IN THE PETROCHEMICAL INDUSTRY

Annotasion. Management of all forces and means involved in the elimination
of emergency situations and the organization of their mutual activity is carried out by
the heads of work appointed for the elimination of the emergency situation. The
decisions of the heads of emergency relief works are binding for all citizens and
organizations in the operational zones, unless otherwise provided for in the legislation
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of the Republic of Azerbaijan. Heads of emergency rescue services, emergency
rescue groups, who first arrive at the operational zones, temporarily take over the
powers of the heads of work determined by the legislation of the Republic of
Azerbaijan or appointed by local authorities, heads of organizations before their
arrival. The powers of the head of emergency relief work are determined by the
Government of the Republic of Azerbaijan, state bodies of constituent entities of the
Republic of Azerbaijan, local authorities and management of organizations in
accordance with legislation.

Key words : emergencies, hazard, management, rescue, protection, the action
plan, results.

OPTAHUM3ALIMSA YIIPABJIEHUS JTUKBUJIAIIMEN TOCJIEACTBUI
YPE3BBIUAMHBIX CUTYAIIN B HEOTEXUMHNYECKOM
MPOMBIILJIEHHOCTH

AHHOTaUMsA: PyKOBOACTBO BCEMM CHIIAMH U CPEICTBAMH, ITPUBIICKAEMBIMU K
JUKBUJALUMAA YPE3BBIYAWHBIX CUTyallMd, MW OpraHu3alus HUX COBMECTHOU
JESATEIIBHOCTH OCYIIECTBISIOTCA PYKOBOJIUTEISIMU PAaOOT, HA3HAYEHHBIMH JJIs
JUKBUJAIMM 4Ype3BblYaiHONW cuTyanuu. PemieHus pykoBoauTene paboT 1o
JUKBUJAIMM YpE3BbIYANHBIX CUTyallMid o0O0sA3aTeNbHBl ISl BCEX TpaxkIaH U
OpraHU3alMi, HAXOAAIUXCS B ONIEPATUBHBIX 30HAX, €CJIM HHOE HE IPELYCMOTPEHO
3aKOHOJIATEIBCTBOM A3epOaiimkanckoit PecryOnuku. PykoBonurenu aBapuitHO-
cracaTeNbHBIX CIIy>)KO, aBapuiHO-CIacaTeNbHbIX (OPMUPOBAHUI, MEPBHIMU
NpUOBIBILIME B ONEPATUBHBIE 30HBI, BDEMEHHO MPUHUMAIOT Ha ce€0s MOJTHOMOYUS
pykoBoauTenel padoT, ONpEAENICHHbIX 3aKOHOAATENIbCTBOM A3epOaiiiKaHCKON
PecnyOsiMky WM Ha3HAYEHHBIX MECTHBIMM OpraHaMy BJIACTH, PYKOBOJIUTENEH
opraHu3anui A0 ux npuosTus. [lomHOMOYMS pyKOBOIUTENS pabOT MO JTUKBUAALIMH
ype3BbIYaHBIX cHUTyauui onpexaensatoTcs [IpaBurensctBoM A3sepOaiimkaHCcKon
PecnyOiivku, TrocyJapCTBEHHBIMM OpraHamMu CyOBeKTOB A3zepOailKaHCKON
PecnyOnuku, MECTHBIMH OpraHaMu BJIACTH M PYKOBOJACTBOM OpraHu3alui B
COOTBETCTBUHM C 3aKOHOJATEILCTBOM.

KiaroueBbie ciioBa: ype3BblYalHbIE CUTYallMW, OIACHOCTh, YIIPABJIEHUE,
CIIaCEHUE, 3al1UTa, IUIaH ACHCTBUMN, PE3YyJIbTATHI.
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MULKI AVIASIYADA POTENSIAL TOHLUKOLORIN
IDAROOLUNMASI MEXANIZMLORI

X.C.Orucova; N.B.Xahqov

Milli Aviasiya Akademiyasi
E-mail: xdic.orucova.02@bk.ru

Giris. Hazirda miilki aviasiya on ¢ox Ustiinliik verilon naqliyyat ndvlarindon
biridir. Siibhasiz ki, bunun asas sobablarindon biri onun siiratli vo etibarli olmasidir.
Lakin geyd etmok lazimdir ki, bu iistiinliikloro baxmayaraq, miilki aviasiyada
potensial tohliikali voziyyatlorin tamamils istisna olunmasi miimkiin deyil. Qaza vo
insident risklarinin qarsisinin alinmas1 magsadils hava soraiti, texniki nasazliqlar,
insan faktoru vo digor risk amillori nozora alinmali vo onlarin tasirini minimuma
endirmak ticlin miiasir idaroetmo yanagmalari totbiq edilmolidir.

Bu istigamoatdo bir ¢ox beynolxalq vo milli togkilatlar torafindon potensial
tohliikolorin vaxtinda askar olunmasi, qiymotlondirilmasi vo aradan qaldirilmasi
moqgsadilo genismiqyash todqiqatlar aparilir. Miilki aviasiyada tohliikosizlik
soviyyasinin artirilmasi iiglin risklorin idaro edilmosindo sistemli yanagmalarin
totbiqi, qabaglayic1 strategiyalarin reallagsdirilmast  vo operativ  reaksiya
mexanizmlarinin giiclondirilmasi miihiim shomiyyat dasiyir. Bels tadbirlorin icrasi
naticasinda potensial tohliikkeli hallarin qarsis1 vaxtinda alina, onlarin tesiri
minimuma endirile vo iimumi aviasiya tohliikasizliyi daha yiiksok saviyyads tomin
oluna bilar.

Umumilikda, insan foaliyyeti ilo bagli heg bir sahs, eyni zamanda heg bir
texnoloji vo silini sistem tam tohliikosiz hesab oluna bilmoz. Tohliiko, insan
faaliyyatinin istonilon sahasindo, miixtalif sorait vo zamanlarda bas vera bilor. Miilki
aviasiyada da tohliikasizlik anlayisi nisbi xarakter dasiyir va belo bir voziyyati ifado
edir ki, “tohliikesiz” sistem daxilindo miioyyon risk faktorlarinin mévcudlugu
moqgbul hesab edilir. Bu kontekstds tohliikasizlik, insanlara vo iqtisadiyyata zorarin
qobulolunan saviyyayo godor azaldildigi vo/va ya risk monbalorinin askar edilorok
onlarin idara olunmasinin fasilasiz vo davamli proseslor vasitosilo tomin olundugu
vaziyyat kimi dayarlondirilir [3].

Mbosalonin qoyulusu. Miilki aviasiya sektoru, yiiksok tohliikasizlik standartlar
vo omoliyyatlarin davamliligi baximindan son doracs vacib bir sahadir. Bu sahoadoki
faaliyyatlor, yalniz igtisadi va sosial baximdan deyil, hom do insanlarin hayatini
gorumaga yonoalmisdir. Miilki aviasiya sonayasi miirokkob vo daim inkisaf edon
potensial tohdidlorlo iizlosir. Belo tohdidlor getdikco daha tokmillagir vo
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aviasiyada hoyata kegirilon effektiv tohliikasizlik todbirlorini sarsitmaq potensialina
malikdir.Bu sobobdon, miilki aviasiyada tohliiko vo risklorin diizgiin idars edilmosi
boylik shomiyyot dastyir.

Eyni zamanda, hor bir aviasiya togkilati Oziinomoxsus, bozon iso unikal
tohliikosizlik risklori vo potensial zoifliklorlo qarsilasir. Bu sabobdon, biitiin is¢ilorin
movcud tohdidlori vo risklori anlamagi, giindalik omsoliyyatlarda tohliikosizliyin
vacibliyini dork etmoyi vo tohliikasizlik gaydalarinin niya totbiq edildiyini bilmolori
oldugca 6nomlidir [1;2].

Tohliikolorin mahiyyatini basa diismok giiclii tohliikosizlik modoniyystinin
osasii togkil edir. Tohliikasizlik siiuruna sahib is¢ilor daha yaxsi tohliikosizlik
davranislar1 niimayis etdirmok vo notico etibarilo hom toskilat, hom do aviasiya
sonayasi liclin miisbat tohliikasizlik naticalori ehtimalina nail olmaq olar.

Bu giin aviasiya tohliikesizliyi potensial tohliiks risklarini azaltmaq maqgsadila
biometrik texnologiyalar, data information, siini intellekt (Al) vo davrans tohlili
Kimi miiasir metodlardan getdikco daha ¢ox istifado olunur. Lakin bu moqalodo
miilki aviasiyada potensial tohliikali hallarin idro edilmasinin praktikada totbiq
etdiyimiz tsul ilo tanis olacayiq .Bu iisul vasitasiylo miioyyon edilmis potensial
hallarin bas vermo tstiinliiylinii miioyyonlogdirorok golocok risklorin azaldilmasi
ticlin effektiv todbirlorin goriilmok miimkiindiir [8].

Isas hissa. Bu mogalodo miilki aviasiyada potensial tohliikali hallarin idars
eilmosi moqsodiylo praktikada ekspert analizi {isulundan istifado edilmisdir.
Potensial tohliikoli hallarin idaro edilmasinds ekspert analizi iisulu genis totbiq
olunan vo yiiksok effektivliyo malik metodlardan biridir. Bu yanasma, saho iizro
tocriibali miitoxassislorin bilik vo tacriibasindan istifade etmokls risklorin daqiq
qiymatlondirilmasine va optimal gorarlarin gobul edilmasina imkan yaradir.
Potensial risklorin miioyyanlosdirilmasi {li¢iin aparilan arasdirmalar vo totbiq olunan
tisulun naticalari vo hayata kegirilon addimlar asagidakilardan ibaratdir:

1. Miilki aviasiyada potensial tohliikali vaziyyatlorin identifikasiyasinin
aparimasi: Tadqigat miiddstindo, i1lk ndvbado, miilki aviasiya sahasinds potensial
tohliikali hallar miiayyon edilmisdir. Aviasiya tohliikasizliyina tarixi boyunca risklor
moveud olmusdur. Lakin tarix boyu bas veron miixtolif hadisslor aviasiyadan
istifado edonlor tigilin tohliikasizlik tadbirlorinin giiclondirilmasine sobab olmusdur.
Tadqqiqatin aparilmas1 moqdasiyls cadval 1-do potensial tohliikoli hallar1 asagidaki
kimi tosnifat1 aparilmisdir [4;7] :
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Cadval 1.Potensial tohliikali hallarin identifikasiyasi

=

Potensial tohliikali hallar

Dronla hlicum

Lazer is1qlandirma

Kiber hiicumlar

Partlayict maddolorlo hadiso, hiicumlar

Insider tohliikosi

Toyyars qagirilmasi (hijacker)

Terror togkilatlari

Raket hiicumlari

O©| O N| O O | W N =

Lone wolf

[EEY
o

Kimyavi hiicum

2. Ekspertlarin Tayini va qiymoatlondirmoa skalasinin miiayyanlagdirilmasi:
Potensial tohliikali hallarin idars edilmoasinda ekspertlorin roylari miihiim rol
oynayir. Tocrliba prosesindo aviasiya sahasi iizro pesokar tocriiboyo malik ekspertlor
secilmis vo onlarin roylori asasinda tohlillor aparilmisdir. Ekspertlorin miiayyon
edilmosi onlarin miivafiq sahalordoki bilik v tacriibsloring asaslanmisdir (cadval 2.)
. Bu ekspertlor risklori qiymotlondirilmasi, tohlili vo idars edilmasi proseslorini daha
daqiq vo asaslandirilmis sokildo hayata kegirmislor.

Cadval 1. Ekspertlorin gostoricilori

Ne Is tocriibasi Aviasiya sahosi ilo alagosi
Ekspert 1 4 2
Ekspert 2 8 2
Ekspert 3 6 2

Caodvoldoki qgiymetlor gorti olaraq

miioyyanlosdirilmisdir:

11

asagidaki omsallara uygun olaraq



X.C.Orucova; N.B.Xaligov

[llor tizra ekspertlarin is tocriibasi Tocrilibo omsali
15-don ¢ox 10
10+ 15 8
5-+10 6
0+5 4
Ekspertlorin aviasiya sahasi ilo alagosi Omsal
aiddir 2
Yaxin olagalidir 1
Aid deyil 0

Biitiin bunlar1 nazors alaraq ekspertlorin ranqlart miioyyanlasdirilir. Har bir
ekspertlorin raglar1 iimumi omsallarin cominin 6z gostaricilorina olan nisbating
asason miioyyalosdirilir:

Ekspert 1 : K;= 2—64= 0,25 (1)
Ekspert 2 : Ko= —= 0,416 ()
Ekspet 3 : K= —=0,3333... (3)

Burada Kj ;K3 ;K3 — uygun olaraq har bir ekspertin rangidir.

No6vboti marhalads potensial tohliikali hallarin basvermo ehtimalinin on yiiksok
oldugu risklor miioyyon edilir. Bu prosesdo ekspert roylorino osaslanaraq hor bir
potensial tohliikonin ehtimal doracasi vo miimkiin tasir soviyyasi tohlil olunur. Bu
addimda, miixtslif hallarin ehtimalinin qiymatlondirms skalas1 miiayyon edilir .

10 - Miitlaq ¢ox tohliikalidir
8 - Tohliikali

6 - Nisbaton tohliikali

4 - Az miqdarda tohliikali

2 - Nisbaton tohliikosiz

0 - Forq etmoz

3. Ekspert Raylorinin toplanmasi: Ekspert roylorino osaslanaraq hor bir
tohliiko noviiniin bagvermo ehtimali vo tosiri tohlil edilmis, naticods on ¢ox rast
goling bilon potensial hallar miioyyon olunmusdur. Ardicil miiqayiss iisulu ilo hor
bir ekspert li¢li codval miioyyonlosdirilir vo A potensial tohliikkonin B potensial
tohliikodon bas verma {istiinliiyii qgiymotlondirma skalasina asason qiymatlodirilir (bu
zaman A hadisonin B hadisasina goro bas vermoasi n kimi qiymatlondirilorss , B

hadisonin A hadisasino gors bas vermosi uygun olaraq 1 n kimi gqiymatlondirilir).
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Biitiin bunlar nozoro alimaraq hor bir ekspertdon asagidaki kimi codval
molumatlar1 alds edilir(cadval 5):

Cadval 5. Ekspert raylorina asasan potensial tahliikalarin giymatlondirmasi

A hadisalari /B

1.Dron
hiictimlari
2.Lazer
isiglanma
3.Kiber
htucumlar
4 Partlayici
maddoalorlo hada
1. Insider
tohliikalor
6.Hijaker

| =
U1 R[N

| —
W] RW]| =
1] =] =|O

0| RO ]| —RIO]| =
N =RUI] ROV =

| =
| =

7.Terror
toskilarlari

8.Raket
hiicumlari
9.Tak qurd

W =N =

N RW| —,rW]| =
N =

S R L S
1] R LU R~

10.Kimyavi
hiicum

| RO RO RN RN -
N RN RO RO RO =N -
U] RN RO RO RN =

Cadval 5-do gostorildiyi kimi hor ii¢ ekspertdon ayr1 —aryiligda (codvaldo
verilon gostaricilor birinci ekspertin gostariciloridir) qiymatlondirmo skalasinin
qiymotlorino  osasan hor bir potensail tohliikkonin  istlinliik  doracasi
miuloyyanlosdirilmisdir .

2. Ekspert gostoricilarin toplanmasi: Caodval 5-do gostorilmis  ekspertlorin
gostaricilari satirlar iizra toplanilir va bas verma ehtimali en yiiksak potesial tohliika
miuoyyanlosdirilir [5] :

o Ui = ;max. i1 U 4)
1.Dron hiiciimlart  : 4 +o+—++3+3+2+2 42 =222 =12,9916 (5)
6 8 6 3 5 120
2.Lazer isiglanma: il 43404241 =77 =6 6416 (6)
4585 3 735 120
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1015

3.Kiber hiicumlar 6+5+ += +7+7+5+5+7— = 42,2916 @)
4.Partlayict maddalarlo hada 8+8+8+7+9+8+9+7+6= 70 (8)
5.Insider tohlikolor :6+5+6+-+7+8+9+7+5= 2> =53,1428 (9)
6.Hijaker: +—+—+= + %+%+%+§+§ % =2 3468 (10)
7.Terror taskllarlarl 3ottt 34 1+1+§ = =7,5005 (11)
8.Raket hiicumlart: —+—+1+1+1+2+3+ +E =1 6,872 (12)
9.Tok qurd: 3+3+ += + +5+4+4+— —5 =19,6857142 (13)
10.Kimyavi hucum 5+5+ o +4+5+5+5 =21 = 29,5095 (14)

3. Ekspert ranginin nazara alinmast. Yuxarida gostorilmis hor bir potensial

tohllikali halin uygun olaraq hor bir ekspert rangina vurmagla (K; ;K; ;Ks), hor
ekpertlora gora potensail tohllikalorin bas vera risklori mioayyanloacdirilir (codval 6):

Cadval 6. Ekspert ranglari asasinda potensial tahliikali hallarin gostaricilorin
ustiinliiyiiniin miiayyanlasdirilmasi.

# Ekspert 1 Ekspert 2 Ekspert 3

1. Dron hiictimlar1 3.2479 11.9224 8.961

2. Lazer isiglanma 1.6604 9.4467 9.483

3. Kiber hiicumlar 10.5729 20.52083 22.7083
4.Partlayici 17.5 14.031746 22.0416
maddoalorlo hado
5. Insider tohliikalor 13.2857 23.39285 20.03
6. Hijaker 0.5867 0.70585 1.972
7.Terror toskilarlar 1.877375 6.43194 7.005
8. Raket hiicumlari 1.718 5.78869 2.38
9. Tok qurd 4.9214 2.635416 2.4638
10. Kimyavi hiicum 7.377375 24.16 3.81

4. Ekspert gostaricilarina uygun olaraq potensail tahlikalarin siralanmasi:
Coadval 6-da alinmis naticalara asasan har ¢ ekspertin milki aviasiyada potensial
tohlukalorin bag vermoa ehtimalina uygun olaraq maximum gostaricilora gors
siralayiriq. Asagida hor Ug ekspertin tohlliks sirasi gostorilmisdir

Ekspert 1: 4;5;3;10;9;1;7;8;2;6
Ekspert 2: 10;5;3;4;1;2;7,8;9;6
Ekspert 3: 3;4;5;2; 1,7, 10;9; 8,6

Biitiin addimlar1 nozars alaraq, ekspert roylorine asason demok olar ki, hazirda
mulki aviasiyada an ¢ox ehtimal olunan potensial tohliikali hallar insider tohdidlar,
kiber hiicumlar va partlayict maddslars bagli tohliikalordir[6]. Bu ciir hallar hava

limanlarinin va aviasirkatlorin tohliikasizliyino ciddi zarbs vura bilar. Siibhasiz ki,
14



X.C.Orucova; N.B.Xaligov

bu todgigatin daha genis miqyasda vo daha ¢ox sayda ekspertin istiraki ilo aparilmasi
daha doqiq vo effektiv noticolorin oldo edilmosino imkan verordi. Miixtolif
sahalordon ekspertlorin istiraki risklorin daha genis qiymstlondirilmasing, potensial
hallarin bas vermo ehtimalinin daha doqiq arasdirilmasina nail olmaq olar. Bu
aragsdirmanin osas moqsodi miioyyon aviasiya togkilatlarinda on yliksok potensial
tohliiko risklorini askar etmok vo aviasiya tohliikosizliyinin artirilmasi {ig¢iin
gabaglayici tadbirlarin hoyata kegirilmasini tomin etmokdir.

Natica. Notico olaraq, praktikada aparilan tocriibo noticolorino vo ekspert
roylorino osaslanaraq, on yiiksok ehtimalli hadisolorin miioyyon edilmosi {i¢iin
istifado olunan yanagmalarin effektivliyini vurgulamaq olduqgca vacibdir. Aviasiya
sahasinds bu metodlar xiisusi shamiyyat kasb edir, ¢linki har hansi bir potensail
tohliikonin garsisin1 almaq vo risklori minimuma endirmok {igiin daqiq vo ortafli
tohlil aparilmalidir. Ekspert roylorino asaslanan tohlillor, aviasiya tohliikosizliyi
ticlin potensial risk faktorlarinin miiayyan edilmasinds va bu risklara qarsi miivafiq
tadbirlorin hazirlanmasinda mithiim rol oynayir. Bu yanagma, tohliikasizlik
strategiyalarinin daha sistemli vo effektiv sokildo qurulmasina sorait yaradir vo
aviasiya sahasindo tohliikasizliyin davamli olaraq tokmillosdirilmasine tohfs verir.
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Xulasa. Magalodo yamacin yargi bucagina tasir edan giivvalar eyni zamanda
umumilikda do yamaca tosir edon givvealor analiz edilmisdir. Belo ki, ilk 6nca
konvektiv proseslorin getmo mexanizmi do yamaca tasir edon qlvvalordan va
yamacin strukturundan asili olaraq doyisir.Yamaca tasir edon asas parametrlordan
astonosfer qatindaki plitolor arasinda yaranan axindir. Bu axin isa 0zli
muigavimatdon, sliratdon vo mayenin sixligindan asili olaraq doyisir.Eyni zamanda
yamaca tosir edon tozyiq quvvalarinin riyazi tesviri verilmisdir. Eyni zamanda
yamacin tarkibi namlik olarsa bu tozyigin doyismasinin riyazi tosviri verilmisdir.
Litosfer gatinda yaranan deformasiya vo gorginliklorin yamaca tosiri analiz
edilmisdir. Bu prosesin getmo mexanizmi Litosfer plitosinin galin layindan
asilidir.Bu deformasiyalar yamacin miixtolif hissolorindo gorginliklor Uzros
paylanir.Aydin olur ki, Litosferin deformasiya tosirlori yamaclarda muxtalif gatlar
yaradaraq siirlismoanin mexanizmina tosir edir.Yamacin siiriismoys qars1 miiqavimot
quvvalarinin comi toyin olunmusdur. Atmosferda istilik proseslorinin yamaca tosiri
analiz edilmisdir.Yamacda vahid sathds yayilan istilik prosesi, enerjinin doyismasi,
yamacda muxtalif koordinatlar Uzra istiliyin doyismasi , elektromaqnit dalgalarinin
tosiri,yamacin sixligindan,tozyiqdon va istilik tutumundan asili olaraq konvektiv
proseslarin doyismasi ; yamacin daxili enejisi az olarsa istilik proseslarinin tasirinin
riyazi tosviri, struktur formasindan asili olaraq yamacda istilik proseslarinin
doyismasinin riyazi tosviri yamacda deformasiyalarin dislokasiyalardan asili olaraq
doyismasinin riyazi tosviri konvektiv proseslorin deformasiya istigamatina tasirinin
riyazi tosviri verilmisdir.

Acar  sOzlor:  deformasiya, siirlismo, Yyamac, gorginlik, istilik
proseslari,konveksiya

Stirismo  proseslorini, onun stimullagdiran amillorin analizi, mixtalif
geodinamik proseslorin tosirinin arasdiritlmasi hor zaman aktual masaladir.
Mosalanin optimal hallina 1 istigamotds baxila bilor.Ilk énco xarici geodinamik
proseslarin yamaclara tasirinin fiziki modellasmasi miiayyan qadar prosesin hallina
yol agar. Olbatto bunada energetik vaziyyat, koveksiya proseslori, litosfer gatinda
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gorginlik va deformasiyadan, mexaniki proseslor va.s. diisiinmoak olar. Belo Ki,
masalanin hallina konvektiv proseslorin tasirindon baslatsaq aydin olur ki, yamaca
tosir edoan konvektiv proseslori

d?Q = qdsdt (1)

kimi yazsaq aydin olur ki, yamaca tasir edon proseslori yamacdan istilik kegan hisso
(ds), istilik kegirmoya sorf edilon vaxt (dt), yamaca tosir edon istilik seli (d2Q)
xarakterizo edir.

Aydindir ki, bu parametrlor yamcin torkibindon, yamaca tosir edon diger
quvvalardan asili olaraq doyisir. Olbatto digor geodinamik proseslor do konveksiya
prosesino tosir edir. Xususi ilo astenosfer qatindaki plitolor arasinda yaranan
Qorarlasmis axin xiislisi ilo tosir edir.Bu zaman astenosfer qatinda F,-0zIi
mugavimatin, V-sirat vo p — mayenin sixlig1 parametrini nozoro almagla yamaca
tosirin differensial tonliyini bu sokilds yaza bilorik

Am % =F1(x;z;t) - Fi(x+Ax;Z;)- Fo(X;Z;0)+ Fo(AX;Z3t)  (2)

Burada Am = pAxAyAz- yamacin kiitlasidir

dv v  9v dx |, Jv dy dvIv  Jvdz dv . v v dv v
—_—— -t —-—-t—-—t——- = —+ -V +V—+tV,— = —
dt 9t Ox dt t 9y 9ydt t 9y dt T 9z dt Oz T Ix X Yox P9z T 0z

Yamaca edilon tazyiq quvvasini yazaq

F(x,t)=P= pAxAyAz
Fix+Ax;t)= Fax, )+ Ax (3)

Fi(x,t)- F1(X+Ax;t):_F;;X’t) Ax = — Z—ZAxAyAZ

Ogor yamacin tarkibinds nomlik olarsa onda yamaca edilan tosir

Fa(x,2)+ Az; t)-Fa(x;z;t)= %Az 4

Eyni zamanda ndvbati masals litosfer qatindak: garginlik vo deformasiyalarin
yamaca tasiridir. Litosfer plitalorinin yamaca tosirini agagidaki kimi yaza bilorik:

dJ1d awl_1 pr .
D; [;E (7" E]_; fO APT 'l"d'i" (5)
_ &b3
T12(1-v2)
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Aydin olu ki, litosfer plitasinin yamca tosiri § litosfer plitosinin galinligindan
V-Puanson amsalindan, r-plitonin radiusundan asili olaraq dayisir

Diisiinsok Ki, bu doyismo dxi;dXz;dXs istigamoti Uzra plitalorin yamca tosiri
istigamotloridir.

Dx;=(1+u)dx; (6)
Bu zaman yamacda bas veran hacmi doyismo
Dv=dv(1+u)(1+u*?)(1+u®®) (7)

Litosfer plitosinin yamacin vahid sathina etdiyi tosir

[FDv=[2LqV = §0,dfr  (8)

X

Aydm olur ki, plitalorin yamaca etdiyi tosir yamacin ayri-ayri hissalorindo
gorginliklor Uzro paylanir.Bu gorginliklor edilon tosirlorin har birinin analizi
msaslanin hallina tamami ilo yol aga bilar.Yoni daha dogiq desok yamacin bucagina
tsair edon quvvalarin tosiri arasdirilmalidir. Belo Ki, muxtalif faktorlarin tasirindon
yamacda yeni ¢atlar yaranir: bu zaman siirligmonin muxtalif morhalslori formalasir.
Siirlismaya qarst miiqavimat quvvalarinin comi asagidaki kimi tayin olunur:

n
= 9)
v=11

Q; — suriismaya qarst miqgavimat quvvalarinin comi

W'M 3
Jury

n
Z T; — suriusdirici quvvalarin cabri comi

v=1

Atmosfer qatinda istilik proseslori xUisusi vo yamaca tasir edir

[Q(z;t) — Q(z+ Az;t) + F,(z + Az; )V (t + Az; t) — E,(z; t)v(z; t) At =
pAxAyAzc - At (10)

Furye ganununu nozors alsaq

0T
Q=-m oy AxAy
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Nyuton ganununa gora isa

Fo(zity=m="AxAy (11)

0%T OV,  OT oT
- Noem—V = il
Aoz tm( )MoV =mec— (12)
Noticada sistem tigiin agagidaki tonliyi almis oluruq
0%T _ OP ov
2 Morz = ozt P
o Vom0V — 8T
o=+ m(OZ) +mVOt2 =mc— (13)

Aydin olur ki, yamacin torkibindon sili olaraq miixtolif istigamatlordo
konvektiv va istilik proseslori temperatur vo hacmdon asili olaraq doyisir.
Vahid zamanda yayilan istilik prosesina digqat

Quat+Lydt=p(du+22) (14)

Aydin olur ki, vahid satha diigon istilik Q, ,U-1kq daxili enerji asas goturaldr.
Bu demokdir ki, yamacin daxilindo gedon proseslordon asili olaraq digar qlivvalor
tosir edir. Yamacda olan imumi enejinin doyismasi isa onun daxili enejisi va kinetik
enerji ilo baghidir.Yamacin daxili enerjisi iso entalpiay ilo baglidir

Du=di-d(P/P) (15)

Yamacin daxili qurulusunu yani hissaciklarinn vaziyyatini,gedon kimyavi
proseslori, kristollografik qurulusu nazars aldiqda istilik proseslori asagidaki kimi
gedir

Q.=div(n gradT)+q; (16)

Mixtalif istigamatlorda koordinatlar tGglin nazars alsaq

. _0qy 0qy 0q,
Div g= o + oy + . a7)
Furye hipotezins gora
., OT

Onda diisturumuz asagidaki sokilo diisiir
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02T = 0°%T OA OT OAOT OAOT
+ + o] (19)

Q= (OXZ o5z T 072) T ox ox 0y 0y ozot

Ogor yamacda istiliyin yayilmasi parabolik gedarss bu zaman

Ao+ —+
(oxz 0y?2 022) 0X Ox Oy 0y 0zOt dt Pdt

L+t

0%T 0T . 0T, OAOT OAOT OAOT dP pdP ()
+ + + =P|—

] (20)

Aydin olur ki, yamacda istiliyin yayilmasi elektromaqnit dalgalarindan asili
olarag doyisir.Ancaq yamacda tozyiqdon istilik tutumunu sixligin doyismasi nazo
alsag bu zaman konveksiya va istilik proseslorinin yamaca tosiri asagidaki kimi
tosvir edilir

dp = 22t + -2 + ood +22d do _ ¢  tedx Dely , JeDz

dt 9t x99t Oy 9t 9z 9t (21)

Ogor yamacin daxili enerjisi az olarsa bu zaman istilik proseslorinin tasirini
asagidaki kimi yaza bilorik

Div(A qrad T)+q,=P=

Yamacda sturukturun formasindan asili olaraq istilik kecirmasi agsagidaki kimi
ifado edo bilorik

V2T + ——o

Aydm olur ki, istilik kegirma handasi parametrlordon asili olaraq doyisir. Lakin
unutmag olmaz ki, eyni zamanda yamca tosir edon deformasiya va garginliklor
yamacdaki struktur ilo borabar istilik proseslarini miixtalif istigamatlords dayiso
bilir. Belos ki, yamaca tasir edan giivvalarin tasirindon gedan deformasiya proseslori
muxtolif parametrlordon asili olaraq doyisir. Deformasiyanin yamacdaki
istigamotdoki, dislokasiyalarin tasirindon doyiso bilor

E:%Zi,j %] <Pij(7"iy) +2FMP)  (22)

@;;- atomlar asrasinda eneji
r;j-atomlararas1 mosafo

F;-atomlarin elektron sixlig1
Elekron six1181 isa
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Py =X fi(rij) (23)

fi (ri j)- Atomda elektron sixli81
r;j- atomda elektronlararasi mosafo

Yamaca tosir naticosinds yaranan deformasiyani asagidaki kimi yaza bilorik

Aydin olur ki, miixtalif faktorlarin konvektiv proseslorin, daxili enerjinin,
kristallografik vo.s. proseslorin tosiri ilo paylanmanin miixtolif oldugu iiglin
deformasiyada bdtin istigamotlordo eyni clir getmir. Yamaca tosir edon qlivva
naticasinds yaranan deformasiyanin mexanizmini inteqral soklinds yazsaq

90;c _ 96ge
X =
(ﬁxe R ™ 9x, av

R = fa(eilXR_eReXL) YXR
9X, av - f( te 9x, gReﬂ )dV

Mo (25)

Aydin olur ki, yamaca yaranan gorginliklorin yamacin biitiin hissalorindo
borabar paylanmasi hor torofds eyni tozyiq olduqda bas verir.Yamaca tosir edon
kovektiv proseslorin tosiri ilo  daxili enerjinin doyismosi deformasiyanin
istigamatine tasirini asagidaki kimi yaza bilarik

[8RAV = f ‘R(Su dv (26)

Aydm olur ki, yamaca totbig olunan quvva istilik proseslarinin tasiri ilo
garginliklarin mixtalif nogtalorde miixtalif giymeot alir. Umumiyyatlo yamacin yarg:
bucagini1 yazanda va ona tasir edon amillarin analizi har zaman aktual mévzu olaraq
qalacaqdir.

Natica.

1. Geodinamik proseslor ciddi sokilds siirtisma proseslorins tasir edir.

2. Yamaca tosir edon konvektiv proseslor yamacin strukturlarindan asili olaraq
doyisir.

3. Astenosfer plitalori arasinda yaranan axin yamaac ciddi sokildo tosir edir.

4. Litosfer plitolori arasinda yaranan deformasiya vo gorginliklor Litosfer
plitolorinin galinligindan asili olaraq doyisir vo yamacin miixtalif hissalorinds
garginlik kimi paylanir.

5. Yamacda istilik proseslari elektromaqnit dalgalarindan asili olaraq dayisir.

21



N.Z Abdullayeva, A.M. Yariyeva, L.A. Mahmudova

ODOBIYYAT

1. BPAYH A.,MACCET A.HEAOCTYIIHAA 3EMJIA.M:MUP,1984
2. ITAPKMHCOH V.BBEJJHHUE B TEOMATI'HETH3M.M:MUP,1986
3. IHEPUDD P..I'EJITAPT JI. CEUCMOPA3BE/IKA M:MUP,1987

FORECASTING THE IMPACT OF GEODYNAMIC PROCESSES
ON SLIDE PROCESSES

Summary. The article analyzes the forces affecting the slope angle and the
forces affecting the slope in general. First of all, the mechanism of convective
processes also changes depending on the forces affecting the slope and the structure
of the slope. One of the main parameters affecting the slope is the flow between the
plates in the asthenosphere layer. This flow changes depending on the viscous
resistance, speed and density of the fluid. At the same time, a mathematical
description of the pressure forces affecting the slope is given. At the same time, a
mathematical description of the change in this pressure is given if the slope is
composed of moisture. The effect of deformations and stresses arising in the
lithosphere layer on the slope has been analyzed. The mechanism of this process
depends on the thickness of the lithosphere plate. These deformations are distributed
according to stresses in different parts of the slope. It is clear that the deformation
effects of the lithosphere affect the mechanism of sliding by creating various cracks
in the slopes. The sum of the resistance forces of the slope against sliding has been
determined. The effect of thermal processes in the atmosphere on the slope has been
analyzed. The heat process spreading over a uniform surface on the slope, the change
of energy, the change of temperature on different coordinates on the slope, the effect
of electromagnetic waves, the change of convective processes depending on the
density, pressure and heat capacity of the slope; a mathematical description of the
effect of thermal processes if the internal energy of the slope is low, a mathematical
description of the change of thermal processes on the slope depending on the
structural form, a mathematical description of the change of deformations on the
slope depending on dislocations, a mathematical description of the effect of
convective processes on the direction of deformation are given.

Keywords: deformation, sliding, slope, stress, thermal processes, convection
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MMPOT'HO3UPOBAHUE BJIUAHUA TEOAUHAMNYECKHUX
IMPOIECCOB HA OIIOJIBHEBBIE ITPOLIECCHI

AHHOTauMs. B craTtee aHaIM3HPYIOTCS CWIBI, JIEUCTBYIOIIME Ha YIoJl
HAaKJIOHA, U CHUJIbI, IEUCTBYIOLIME HA CKJIOH B 1enoM. [Ipexae Bcero, MexaHus3m
KOHBEKTHBHBIX IIPOLECCOB TAaKXE M3MEHSAETCS B 3aBUCUMOCTH OT CHIL,
JEHCTBYIOIIMX Ha CKIIOH, M CTPYKTYPBI CKJIOHA. OJJHUM U3 OCHOBHBIX IIapaMETPOB,
BIIUSIIOIINUX HA CKJIOH, SBJISIETCS OTOK MEXKY IJIMTAaMU B CJI0€ acTeHOC(hephl. DTOT
MIOTOK WM3MEHSETCA B 3aBUCUMOCTHU OT BS3KOIO CONPOTHUBJIEHUS, CKOPOCTH U
IJIOTHOCTH XKUAKOCTH. [ Ipr 3TOM maeTcss MaTeMaTHUECKOE ONTMCAHKUE CUJT IaBJICHUS,
JEUCTBYIOIIMX Ha CKIIOH. [Ipu aTOM maeTcss MaTeMaTH4eCKOe ONMCAaHUE U3MEHEHUS
OTOTO JABJICHMS, €CIM CKJIIOH COCTOMT M3 Biaru. lIpoaHanu3upoBaHO BIMSHUE
nedopManvii ¥ HaNpsHKEHW, BO3ZHUKAIOUIUX B JIMTOC(HEPHOM CJIOE, Ha CKJIOH.
MexaHu3M 3TOro mpolecca 3aBUCUT OT TOJIIMHBI JUTOCHEPHOU IUIMTHL. OTH
nedopmal  paclpeneNstoTcs 10 HampsHKEHUSIM B pa3HbIX YacTsIX CKIJIOHA.
OueBugHO, uTO AedopmManoHHbIE 3PPEKThl JTUTOCHEPHl BIAUSIIOT HA MEXaHU3M
CKOJIBYKEHHUSI, CO3/aBasl pa3IM4HbIC TPELUIMHBI B CKJIOHax. OnpeneneHa cymma Chil
COIPOTHUBIICHUA CKJIOHA CKOJBXEHMIO. [IpoaHanu3upoBaHO BIMSHHME TEIUIOBBIX
mpoiieccoB B armoc(epe Ha CKIOH. PacmpocTpaHSIOmUIACS 1O OJHOPOJIHOMN
IIOBEPXHOCTH HA CKJIOHE TEIUIOBOW IIPOLIECC, MU3MEHEHUE DJHEPrUuU, U3MEHEHHUE
TEMIIEpaTypbl IO  pa3sHbIM  KOOpJAMHATAM  HA  CKJIOHE, BO3JEUCTBUE
AJIEKTPOMArHUTHBIX BOJIH, U3MEHEHUE KOHBEKTUBHBIX ITPOLIECCOB B 3aBUCUMOCTH OT
IJIOTHOCTH, JABJICHUS U TEIUIOEMKOCTH CKJIOHA; /IaHO MaTeMaTHYeCKOe OIHMCaHue
BIIMSHUS TEIUIOBBIX IIPOLIECCOB MPHU MaJOM BHYTPEHHEH DSHEPIrUM CKJIOHA,
MAaTeMaTHYECKOE ONMCAHWE HW3MEHEHMS TEIUIOBBIX IIPOLIECCOB HA CKIOHE B
3aBUCUMOCTH OT CTPYKTYpHOH (HOpMBbI, MaTEMAaTUYECKOE OMUCAHUE U3MEHEHUS
nedopmalii Ha CKJIOHE B 3aBUCHUMOCTHM OT JUCJIOKALMM, MaTeMaTU4ecKoe
OMMCAHKE BIMSIHUS KOHBEKTHBHBIX MTPOLIECCOB HA HaIlpaBjieHUE AePOpMALIHH.

KuaroueBble cioBa: neopmanus, CKOJIbXEHHE, YKIOH, HamnpsKeHUe,
TEIUTOBBIE MTPOLIECCHI, KOHBEKIIUS
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Abstract. This study applies fundamental fluid mechanics equations, including
Navier-Stokes, Bernoulli, and Darcy-Weisbach, to quantify pressure losses and
analyze flow behavior through the valve. Key dimensionless parameters, such as
pressure coefficient, offer generalized insights into pressure variations across valve
geometries. Computational Fluid Dynamics (CFD) modeling is employed to
simulate fluid movement, incorporating turbulence models like k-¢ and k-® to
accurately capture flow separation and eddy formation. Critical factors such as mesh
generation, boundary condition selection, and solver settings are carefully
considered to ensure simulation accuracy. The results illustrate the pressure drop
mechanism within the gate valve, revealing high-pressure regions upstream of the
constriction and low-pressure zones downstream. Simulated streamline plots
confirm velocity variations and flow acceleration as fluid passes through the
partially open valve.

Furthermore, the study identifies potential cavitation zones where pressure falls
below the vapor pressure, underscoring the importance of optimal valve design in
mitigating energy losses. These findings provide a comprehensive understanding of
pressure distribution, facilitating the development of more efficient gate valve
designs and enhancing fluid flow performance. By integrating theoretical modeling
with empirical correlations and CFD analysis, this research contributes to
optimizing valve functionality and minimizing operational inefficiencies in fluid
transport systems.

Keywords: Gate valve; Pressure distribution; Computational Fluid Dynamics
(CFD); Turbulence modeling; Flow behavior; Cavitation zones

5. Introduction. Gate valves play a crucial role in regulating fluid flow across
various systems, ensuring minimal pressure loss when fully open. Their widespread
use in industrial applications highlights the importance of optimizing their design
for reliability and efficiency, particularly under high-pressure and high-temperature
conditions. Despite significant advancements, challenges such as
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friction between valve components, wear on sealing surfaces, and operational
stresses continue to impact valve performance and longevity. Addressing these
issues requires in-depth research into valve design, material selection, and structural
optimization [1].

The durability and performance of gate valves depend significantly on their
material properties, particularly hardness and strength. Research has demonstrated
that an imbalance in the hardness levels of pressurized components can accelerate
wear, shortening the lifespan of softer materials. Studies on ZMS and ZMAD valve
types underscore this phenomenon, reinforcing the necessity of selecting appropriate
material properties [2]. Additionally, hydro-abrasive wear remains a major concern
in gate valves operating in fluid systems containing sand or other abrasive particles.
These particles accumulate in the clearances between the wedge and valve body,
gradually causing scratches and deterioration of the sealing material. Over time, this
wear expands into significant damage, leading to fluid leakage and reduced
efficiency [3].

Multiple methodologies have been employed to determine the optimal body
thickness of gate valves. Approaches such as the thin-walled cylinder concept and
ASME standards have been utilized, yielding thickness variations between 8 mm
and 19 mm depending on the applied method. This factor is critical in ensuring that
the valve body can withstand the required industrial pressures. The overall design is
based on the working pressure and the allowable stress limit of the selected steel
material for the body, ensuring structural integrity under demanding conditions [4].

This study primarily focuses on computational fluid dynamics (CFD) analysis
to enhance the reliability of gate valves by optimizing their structural design and
material properties. Through CFD simulations, the research examines fluid flow
behavior, pressure distribution, and turbulence effects within the valve, identifying
critical regions prone to wear and erosion. Particular attention is given to sealing
surfaces such as saddles and gates, which experience continuous contact and are
susceptible to damage under high-pressure conditions. By leveraging CFD analysis,
this study aims to refine design parameters to minimize flow-induced degradation,
improve sealing efficiency, and ensure compliance with industry standards. The
findings provide valuable insights into optimizing valve geometry and material
selection to enhance performance, extend service life, and maintain operational
efficiency in high-stress [5].

6. Literature review. Valves are one of the essential components used in the
oil and gas industry to direct the movement of fluids or prevent flow. They differ
based on their structural design, the industry in which they are applied, and the
required power source (e.g., motor-operated, air-operated, or hydraulic pressure-
operated valves). Among these, MOV (Motor-Operated Valves) are crucial for
ensuring safety and reliability during operation, and strict requirements are imposed
on their design and performance. Following incidents such as the "Three Mile
Island™ accident in the U.S., extensive research has been conducted on MOVs, and
the causes of their failures have been studied [6].
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A study conducted by researchers at the Korea Research Institute focused on
the friction coefficient, a critical parameter in the sealing assembly of motor-
operated valve structures [7]. This coefficient is vital for ensuring the performance
and safety of MOVs. The primary objective of the research was to analyze the effect
of pressure on the friction coefficient of the selected sealing material under different
operating conditions while also clarifying the boundary conditions of this
coefficient. Motor-operated valves consist of three main parts: the motor, the
actuator, and the valve (Fig. 1).
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Figure 1. Friction characteristics at contact area between stem and stem nut [7]

The motor generates torque, which is transmitted to the valve through the
actuator. The actuator converts this rotational motion into the movement of the
spindle, allowing the valve to open and close. In the overall process, the friction
coefficient represents the friction generated between the nut and the spindle threads,
which directly affects the efficiency of the valve. An increase in the friction
coefficient leads to higher power losses, which, in turn, reduces the thrust force
produced by the actuator. Consequently, the operational efficiency of the valve
significantly decreases.

Flow velocity is another crucial factor to consider when selecting a valve for
industrial applications. At higher velocities, a partially open valve can lead to
erosion of its internal walls [8].

Gate valves are highly versatile components used to regulate flow by either
fully opening or closing a passage, making them essential in production transfer
processes. However, their operation requires significant force due to the need to
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prevent leakage caused by wear and tear. This necessity represents a primary
drawback of gate valves. Additionally, multiple turns are required to move the gate
up or down, resulting in a slower opening and closing process.

Krishnamurti et al. (2019) examined valve joints composed primarily of AlISI
1040 steel, a material that operates under high pressure and is subjected to
continuous fretting wear. A nominal load test was performed to assess fretting wear
levels, revealing that wear depth increases under fretting conditions during
operational use [9].

Other researchers, such as Tianyang et al. (2021), investigated the tribological
behavior of rigid bodies, including grooves. They employed picosecond laser-
textured thrust bearings to determine the wear coefficient of various surfaces. A
comparative matrix was constructed to analyze the obtained results, leading the
authors to propose a two-dimensional analytical model. This model incorporated
Reynolds' equation to account for mass cavitation effects. The study, conducted
using the MMW-1 tribological testing rig, produced friction coefficient values for
different components. By comparing these results against friction reduction ratios,
the researchers assessed the tribological performance of the selected bearings. The
experimental findings correlated well with theoretical predictions [10].

Stress analysis of critical gate valve components has also been performed using
finite element analysis (FEA). Jatkar and Dhanwe (2013) modeled valve elements
using CATIA V5R17 and simulated their behavior under various operating
conditions in ANSYS 11. The software-generated results were further validated
through classical solid mechanics theory[11].

Similarly, Patil and Gambhire (2014) employed CAD software to develop a
valve model, which was then subjected to FEA simulations. The pressure was
incrementally increased to its maximum operating level, allowing for a detailed
evaluation of pressure distribution across hermetic elements. Following FEA,
additional thermal, harmonic, and electromagnetic simulations were conducted
using CATIA. To refine their findings, the researchers utilized Ansys Fluent to
accurately assess pressure variations at the contact surfaces of hermetic components
[12].

Wang (2014) investigated wear mechanisms in critical valve components using
a CAD/CAE-based approach. The study examined fluid flow parameters,
establishing a relationship between flow rate and velocity. Additionally, wall
thickness measurements were analyzed to determine how fluid flow impacts internal
elements, particularly in the narrow gaps between packing units and the valve body
[13].

Pujari and Joshi (2016) focused on optimizing gate valve design by analyzing
various valve body constructions through FEA. Their research emphasized stress
distribution across different structural configurations [14].

Katkar et al. (2017) explored the tribological characteristics of hermetic
components, applying multiple analytical techniques to assess valve design
and wear factors. The study utilized CATIA software to model fluid flow effects on
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valve walls, followed by simulations in ANSYS Workbench. The final conclusions
were drawn based on FEM techniques [15].

Various valve constructions are employed in the oil and gas industry. While
carbon steel remains the predominant material for valve bodies, stainless steel
alternatives have been developed for improved durability. T. Varun Kumar et al.
(2019) investigated the hardness enhancement of duplex stainless steel (DSS),
which consists of approximately equal proportions of austenite and ferrite phases.
This composition enhances corrosion resistance and surface hardness. Their
experimental analysis, conducted under high-temperature conditions, yielded a
hardness value of 311.235 BHN. The researchers concluded that the hardness of
DSS is directly influenced by the austenite content in the material [16].

A significant body of literature is dedicated to numerical and simulation-based
approaches aimed at minimizing wear in valve construction, determining the
optimal range of pressure applications thereby enhancing their longevity. While
these studies propose methods to reduce wear in hermetic elements, they
acknowledge that complete elimination of wear across all components is unrealistic.
Therefore remaining with CFD analysis to determine the pressure distribution
remains uniqe and critical part of the valve utilization in industry.

7. Mathematical modeling of pressure distribution. The pressure
distribution within a gate valve is primarily governed by the constriction of the flow
path, leading to significant pressure variations due to the principles of mass and
momentum conservation. The behavior of incompressible flow through the valve is
described by the Navier-Stokes equations, which account for the forces acting on the
fluid. Bernoulli’s equation further explains the relationship between pressure,
velocity, and elevation, illustrating how pressure losses arise as fluid accelerates
through the narrowing valve opening. To quantify these losses, the Darcy-Weisbach
equation is used to determine the frictional pressure drop along the pipe, while the
valve loss coefficient accounts for localized energy dissipation. The continuity
equation ensures mass conservation across the valve, while the momentum equation
provides insights into the force interactions that influence pressure distribution. In
high Reynolds number flows, turbulence models such as k-¢ or k- are essential for
capturing eddy formation and flow separation, both of which affect pressure
recovery in the downstream region.

Additionally, dimensionless parameters such as the Reynolds number and
pressure coefficient are utilized to generalize pressure variations across different
valve geometries. Empirical correlations, validated through experimental studies,
are also incorporated to align theoretical predictions with real-world pressure drop
measurements. By integrating these fundamental equations with empirical models,
a comprehensive understanding of pressure distribution in gate valves can be
achieved, facilitating valve design optimization and improving fluid flow efficiency.

The fundamental equations governing fluid motion include the Navier-Stokes
equations for incompressible flow:
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v 5
p<E+V-VV> = —=VP + uvV*v +F

where, p is the fluid density; v is the velocity field; P is the pressure field; u is
the dynamic viscosity.

Applying Bernoulli’s equation for steady -state flow:
1, 1 .
P1+§pU1:P2+§pU2+hL

where, P, P, are pressures before and after the valve; v,, v, are fluid velocities
before and after the valve; h; is the head loss due to the friction.

Using the Darcy-Weisbach equation:

L pv?
ap = (f5+K) 5

where, f is the friction factor; L is the equivalent pipe length; D is the pipe
diameter; K is the valve loss coefficient.

The effective flow area of a partially open gate valve is calculated as:

where w is the valve width and h is the opening height. Using the continuity
equation:

Q = Ajvu; = Ay,

Thus,

which is incorporated into Bernoulli’s equation to calculate the final pressure
drop.

Substituting into Bernoulli’s equation:
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A2 V2
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7.1. CFD modeling and set up of the simulation. CFD modeling is one of the
mostly used methodology to analyze the fluid through the gate valves. The
simulation setup parameters includes mesh generation, boundary conditions
selection, solver settings and turbulence models creation.

Valve geometry is created using the CAD function and irregularities
eleminated for maintaining the smooth surface to run the simulation. Combination
of hexahedral and tetrahedral elements are usually used to dsicretized the
computational domain as well as to have the finer resolution closer boundires,
especially around the areas where the high flow variations occur. The wall condition
is one of the another factor which will facilitate the process of determining shear
stresses and turbulence effect over the valve construction. Finally, a grid
independence study is conducted by running simulations with different mesh
densities, confirming that the solution is not significantly affected by grid resolution,
thus validating numerical accuracy.

Boundary conditions are significant for the simulation of realistic fluid
movement. There are several considerations must be noted prior to proceeding with
the implementation of the boundary conditions. Usual set up considers the inlet and
outlet conditions as well as the wall and trublence conditions.

A no-slip condition is applied to the valve walls to note for viscous effects,
making sure the realistic shear force distribution.Turbulence intensity and length
scales are defined at the inlet to mimic real-world flow conditions inside industrial
pipelines.

In order to solve the governing fluid equations numerically, a CFD solver being
chosen referring to the characteristics of the gate valve flow. This usually basis on
the pressure distribution over the hermetic elements of the gate valve. It is mostly
suitable for incompressible fluids with several pressure variations.

The discretization scheme employs a second-order upwind approach for the
momentum, turbulence, and energy equations, reducing numerical diffusion and
improving solution accuracy. Given the flow characteristics inside the gate valve,
the standard k- turbulence model is utilized for its reliability in capturing separated
flows, recirculation zones, and turbulence-induced pressure drops. Convergence is
achieved by imposing a residual threshold for the continuity and momentum
equations, ensuring the numerical solution attains stability and accuracy. This
methodology enables precise predictions of flow behavior within the valve, aligning
the results with theoretical expectations.

The Figure 2 represents a CFD-generated pressure distribution in a gate valve,
showing how the fluid pressure varies across the valve chosen parameters. The color
gradient gives an indicator of pressure change, with red regions emphasizing
high-pressure zones while blue regions corresponding to low-pressure zones. This
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pressure changing map provides an understanding for the flow behavior, pressure
loss mechanisms, and energy dissipation within the valve constructions.

At the center of the granted graph, the deep red area indicates a high pressure
area which is where the fluid accumulates prior to passing trough the narrowing of
gate valve working zone. The buildup of high pressure results from flow obstruction
as the valve partially restricts fluid movement. The highest pressure is observed just
upstream of the constriction, where the fluid is compressed before accelerating
through the narrowed passage. As one moves radially outward from the red zone,
the pressure gradually diminishes, forming concentric bands transitioning from red
to orange to blue. This gradient reflects the pressure drop as the fluid flows past the
restriction, experiencing a sudden velocity increase. This phenomenon aligns with
Bernoulli’s principle, which states that an increase in velocity corresponds to a
decrease in static pressure.

Beyond the valve opening, the blue region indicates a low-pressure zone where
the fluid has passed through the gate and expands into a less restricted area. The
rapid acceleration through the constriction lowers static pressure, creating a pressure
deficit downstream of the valve. This effect can sometimes lead to cavitation, where
vapor bubbles form due to local pressure dropping below the fluid’s vapor pressure.
The buildup of high pressure results from flow obstruction as the valve partially
restricts fluid movement. The highest pressure is observed just upstream of the
constriction, where the fluid is compressed before accelerating through the narrowed
passage. As one moves radially outward from the red zone, the pressure gradually
diminishes, forming concentric bands transitioning from red to orange to blue. This
gradient reflects the pressure drop as the fluid flows past the restriction,
experiencing a sudden velocity increase. This phenomenon aligns with Bernoulli’s
principle, which states that an increase in velocity corresponds to a decrease in static
pressure. Beyond the valve opening, the blue region indicates a low-pressure zone
where the fluid has passed through the gate and expands into a less restricted area.
The rapid acceleration through the constriction lowers static pressure, creating a
pressure deficit downstream of the valve. This effect can sometimes lead to
cavitation, where vapor bubbles form due to local pressure dropping below the
fluid’s vapor pressure.
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Figure 2. Simulated pressure distribution in a gate valve

The another set-up of the simualation is to analyse the flow in the gate valve.
For the purpose of the simulation gate valve has remained unchanged in its
dimensions and diameter of the valve chosen to be 65mm.

The Figure 3 illustrates a streamline plot of fluid passing through a gate valve,
generated using Computational Fluid Dynamics (CFD) simulations. The streamlines
illustrate the fluid's movement, while the color gradient represents velocity
magnitudes—red indicating high velocity and blue signifying low velocity. This
visualization provides valuable insights into flow acceleration, velocity distribution,
and turbulence effects as the fluid navigates the valve. At the center of the plot, the
streamlines converge and accelerate through the valve’s constricted section,
illustrating the effect of partial closure by the gate. The fluid flow follows smooth,
continuous paths, with arrows marking the direction from the inlet to the outlet. The
color gradient highlights variations in velocity throughout different regions. On the
left and right edges of the plot, streamlines are more widely spaced, transitioning
toward red and yellow hues, indicating regions of increased velocity. This confirms
the expected velocity rise as fluid moves through the valve’s opening. According to
Bernoulli’s principle, this velocity increase corresponds to a reduction in static
pressure, aligning with previously analyzed pressure distribution data. Near the
center, where the gate restricts flow, the streamlines compress and curve sharply,
reflecting fluid acceleration through the narrowed passage. The presence of blue and
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cyan hues in this region suggests areas of reduced velocity, where flow stagnation
might occur due to the obstruction imposed by the gate.

Beyond the valve opening, in the downstream section, the streamlines spread
out, and the colors gradually shift back to lower velocity ranges, indicating flow
recovery and diffusion. The curved and diverging streamlines in this region suggest
the potential formation of vortices and minor flow separation, which could
contribute to energy dissipation and turbulence.
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Figure 3. streamline plot of flow in gate valve

The pressure distribution and velocity field are adapted to a 65 mm diameter
valve and pipe configuration, providing details into real-world applications. CFD
simulations confirm that flow behavior aligns with the theoretical expectations,
validating derived equations.

8. Conclusion. This study presents a comprehensive analysis of pressure
distribution and flow behavior in gate valves by integrating fundamental theoretical
principles with Computational Fluid Dynamics (CFD) modeling. The findings
demonstrate how flow constriction within the valve generates pressure variations
that significantly impact fluid movement, turbulence formation, and energy
dissipation. By applying the Navier-Stokes equations for incompressible flow, the
study effectively characterizes force interactions within the valve. Bernoulli’s
equation further elucidates the relationship between pressure, velocity, and
elevation, highlighting how pressure losses arise due to flow acceleration through
the narrowing valve opening. The Darcy-Weisbach equation quantifies frictional
pressure losses along the pipeline, while the valve loss coefficient accounts for
localized energy dissipation. The continuity equation ensures mass conservation,
whereas the momentum equation provides deeper insight into force interactions
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affecting overall pressure distribution. CFD simulations play a crucial role in
validating theoretical predictions by visually representing pressure and velocity
distributions. The pressure contours distinctly depict the transition from high-
pressure regions upstream of the valve to low-pressure areas downstream.
Streamline plots highlight significant velocity variations and flow acceleration
effects, aligning with Bernoulli’s principle and confirming the presence of
turbulence-induced pressure drops. Additionally, the study identifies the potential
for cavitation in low-pressure regions, which may lead to operational challenges and
mechanical wear in industrial applications.

The study also evaluates the influence of different turbulence models,
particularly k-g and k-, to capture the complex flow characteristics associated with
high Reynolds number conditions. The combination of hexahedral and tetrahedral
mesh elements enhances computational accuracy, particularly in regions with high
flow variation. A grid independence study further validates the reliability of the
numerical results by ensuring that solution stability remains unaffected by mesh
refinement levels.

The findings of this research have significant implications for gate valve design
and optimization. Understanding pressure drop mechanisms and velocity
distributions enables engineers to improve valve efficiency by minimizing energy
losses and mitigating cavitation risks. Additionally, integrating empirical
correlations validated through experimental studies further strengthens the
reliability of theoretical models used in valve analysis. The pressure distribution
patterns observed in the CFD-generated simulations emphasize the importance of
accounting for flow dynamics when designing gate valves for industrial
applications. The study confirms that pressure variations within the valve are non-
uniform and are influenced by multiple factors, including valve opening height, flow
velocity, turbulence effects, and pipeline configuration. These insights are essential
for optimizing valve geometries to enhance fluid flow performance while ensuring
mechanical reliability.

In conclusion, this study highlights the significance of integrating theoretical
equations with numerical simulations to achieve a comprehensive understanding of
flow behavior in gate valves. The combination of analytical modeling and CFD-
based visualizations offers a robust methodology for evaluating pressure
distributions, velocity changes, and potential cavitation zones. Future research can
build upon these findings by investigating transient flow conditions, multi-phase
flow interactions, and the influence of varying valve geometries on pressure losses.
By continually refining simulation techniques and incorporating advanced
turbulence models, further enhancements in gate valve performance can be realized,
ultimately leading to improved efficiency and reliability in industrial fluid transport
systems.
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BBIUVCJUTEJBHBIN 1 MATEMATUYECKUM AHAJIA3
PACHHPEAEJEHUSA JABJEHUSA B 3A/IBUKKAX

Pe3stome. B nmanHOM WHCCleOBaHUM TMPUMEHSIOTCS (yHIaMEHTaIbHbIE
YPaBHEHMS MEXaHUKH )KUJIKOCTH, BKIIIOUas ypaBHeHus1 HaBbe-Ctokca, bepHymm n
JHapcu-Beiicbaxa, a1 KOJUYECTBEHHOW OLEHKH IOTEPh JABJICHUS W aHaIW3a
MOBEAECHUS MOTOKA Yepe3 3aABMKKY. KiitoueBbie Oe3pa3MepHbIe TapaMeTphl, TAKUE
KaK KO3(p(ULMEHT AaBieHMs, OOecneunBaroT OOOOIIEHHOE MpPEACTaBICHUE O
BapualMsAXx JAaBJICHUS B  PA3IMYHBIX TEOMETPUSAX  3aJBIKEK. Meron
BbluncauTensHo rugpoauHamuku (CFD) wucnonb3yercs it MOAEIMPOBAHUS
JBUKEHUS KUAKOCTH, BKJIIOYass TypOYJEHTHbIE MOJENH, Takue Kak k-¢ u k-o,
KOTOpBIE ITO3BOJISIIOT TOUYHO OIUCKHIBATh pa3/ieJIeHUE IOTOKa U 00pa30BaHUE BUXPEH.
Kputnuecku Ba)kHble acHeKThl, TAKUE KaK F€HEpalus CETKU, BHIOOpP TPaHUYHBIX
YCIIOBUH M HACTpOWKa periaress, TIATENbHO IpopadaThIBAIOTCS ISl 0OecieueHus
TOYHOCTH MOJEINPOBaHUA. Pe3ynbTaThl JEMOHCTPUPYIOT MEXaHU3M IaJCHUs
JABJICHUS B 3aJBMKKE, BBISIBJISASL 00JaCTH BBICOKOTO JIaBJICHUS NEpe] CY>KEHUEM U
HU3KOTO JaBlieHus1 — mociie Hero. CMOJenupoBaHHbIE TPACKTOPUM JMHHUI TOKa
MOATBEPKIAIOT M3MEHEHUS! CKOPOCTM M YCKOpPEHHE MOTOKa MPU MPOXOKIECHUU
Yyepe3 YACTHYHO OTKPBITYIO 3a]IBUKKY.

Kpome Toro, nccnegoBaHue BbISBIAET MOTEHLIUAIBHBIE 30HbI KABUTALUH, /1€
JABJICHUE TMaJaeT HWXKE [aBJIEHUS HACBIIIEHHOTO TMapa, 4YTO MOJYEpPKUBAET
HEO0OXOJAMMOCTh ONTHUMAJIBHOTO MPOEKTUPOBAHUS 3aJBHXKKH [JI1 MUHUMH3ALUU
norepb dHepruu. [lomydeHHble pe3ynbTaThl O00ECHEUYMBAIOT BCECTOPOHHEE
MMOHMMAaHUE paclpee/ieHuss JaBIICHHWsS, CIIOCOOCTBYs pa3paboTke Ooliee
3} (EKTUBHBIX KOHCTPYKLUMH 3aJBWKEK W TOBBILICHUIO MPOU3BOAUTEIHLHOCTH
IIOTOKOB  KUAKOCTU.  VIHTErpupys  TEOpETHYECKOE  MOJEIMPOBAHHE  C
samnupuaeckuMu koppessinusamu 1 CFD-anann3om, TaHHOE HCCIeJOBaHUE BHOCUT
BKJIaJ] B  ONTHMHU3ALUIO  (YHKIMOHATBHOCTH  33JABMKEK U CHIDKEHHUE
HKCILTYyaTAlIMOHHBIX MIOTEPh B CUCTEMAX TPAHCIIOPTUPOBKHU KUIKOCTH.

KuroueBrble ciaoBa: 3a/BikKa, Pactipenenenue naBineHusi; BeruncnurenbHas
ruapoaunamuka (CFD); MoaenupoBanue TypOynentHocty; [loBeneHnue moToka,
30HBI KABUTAIIUH.
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DUZAXINLI SiYIRTMOLORDO TOZYiQ PAYLANMASININ
RIYAZI MODELLOR VO SIMULYASIYA ILO TOHLILI

XUlasa. Bu tadgigatda maye mexanikasinin fundamental tonliklari, o climlodon
Navye-Stokes, Bernoulli vo Darcy-Weisbach tonliklori totbiq edilorok tozyiq itkilori
komiyyotco qiymotlondirilmis vo siyirtmo boyunca axinin tohlili aparilmisdir.
Tozyiq omsal1 kimi osas Ol¢lisiiz parametrlor gotliriilmiis, miixtolif siyirtmolor tizro
tozyiq doyisikliklori hagginda timumilosdirilmis moalumatlar togdim olunmusdur.
Hesablama hidrodinamikasi (CFD) metodu mayenin harokatinin modellosdirilmosi
ictin istifado edilmis, k-& vo k- kimi turbulentlik modellorini shato edon axinin
paylanmasi vo burulanlarin yaranmasinin miisahidosi tiglin simulyasiyalar
aparilmisdir. Todqiqat soraitinin yaradilmasi, sorhad sortlorinin secilmosi vo hall
prosesinin konfiqurasiyasi kimi kritik amillor modellasdirmanin daqiqliyini tomin
etmok Ug¢iin digqatle i1slonmisdir. Naticolor gostormisdir ki, siyirtmads tozyiqin
diismo mexanizmi yiiksok tozyiq bolgalorinin Kegid diametrinin azaldig hissasindon
ovval, asagi tozyiq bolgolorinin iso ke¢id diametrindon sonraki yerlogsmosindo
xarakterizo olunmaqdadir. Modellosdirilmis axin xatlori tozyiq doyisikliklorini vo
axinin siirotlonmosini siibut etmis, mayenin qismon ag¢ilmis siyirtmodon kecidini
tosvir etmisdir.

Bununla yanasi, aparilan todqiqat gostormisdir ki, bazi asagi tozyiq zonalarinda
15¢1 tozyiqin koskin azalmasi miisahido olunur ki, bu da kavitasiyanin yaranmasina
sobob ola bilor. beloliklo, enerji itkilorinin azaldilmasi vo optimal siyirtma
dizayninin vacibliyi kavitasiyanin idara olunmasi ila birbasa slagslidir. ©lds edilon
naticalor tozyiq paylanmasinin dorin tadqiqini aparmaq, daha somarali siyirtma
dizaynlarinin inkisafina vo maye axinmin mohsuldarligimin artirilmasina tohfo
vermakdon otrii istifado olunmusdur. Nozori modellasdirma, empirik slagalor vo
CFD analizlorinin inteqrasiyasi sayasindo bu todqigat maye noqli sistemlorindo
siyirtmalorin  funksionalliginin  optimallasdirilmasina vo istismar itkilorinin
azaldilmasina gatirib ¢ixarir.

Acar sozlor: diizaxinli  siyirtmo, tozyiq paylanmasi, hesablama
hidrodinamikasi (CFD), turbulentlik modellosdirilmasi, axin ndévlori, kavitasiya
zonalari.
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Xiilaso: Maddi-texniki bazanin tokmillosdirilmosi, Slkenin qgoza-xilasetmo
qiivvalarinin yeni texnika vo avadanliglarla tachizati, effektiv texnologiyalarin tatbiq
edilmosi miiasir dovriin tolablorine uygun savadli, bacarigli miitoxassislorin
hazirlanmasini, onlarin pesokarliginin daha da artirilmasini zoruri edir. Azoarbaycan
Respublikasimin Silahli Qiivvalorinds texnikanin hom siilh hom do miiharibs vaxti,
diizgiin istismar1 masinlarin istifadosinin, texniki voziyystlorino nozaratin, texniki
xidmaotlorin vaxtinda diizgiin toskili ilo tomin edilir.

Acar sozlor: FHN Akademiyasi, texniki tominat, texniki xidmot, texniki
personalin tolimi, horbi miithondis masinlari.

Gorlan islorin, eloca do onlarin icra soraitinin mixtslif olmasi, digar ekstremal
faktorlarin tasiri vo vaxt azhig xilasedicilorin tochizatina, o ciimlodon AXi-nin
aparilmasi igiin totbig edilon mihafizo vasiteloring, alatlora, mexanizmlars,
lovazimat vo masinlara bir sira toloblor irali strlr. Bu toloblor asagidakilar tomin
etmoalidir:

— tohlikasizliyi;

— olverisli istismari;

— etibarliligy;

— davamliligy;

— istifads sahasinin genisliyini;

— xilasedicilarin psixofizioloji imkanlarma uygunlugunu [1, sah. 86].

Istismar dedikdo momulatim istifadoys hazirlanmasi (qobulu), tayinatina uygun
istifadosi, onun texniki xidmeoti, saxlanmasi vo nogl edilmasi lizro todbirlor
kompleksi basa diisiiliir.

Istifada soraiti va yerina yetirdiklori miihondis tapsiriglarina miivafiq miihondis
masinlar1 bir sira istismar toloblorine cavab vermolidirlor vo bunlar asagidakilardan
ibaratdir:

— mithandis texnikas1 hor hansi iqlim, cografi va torpaq yol seraitinds uzun
miiddatli faaliyyoto uygunlasdirilmis olmalidir;
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— doyiis soraitindo miihondis texnikasinin gorgin istifadosi tolob edir ki, masin
uzun miiddat etibarli islosin, onun texniki xidmaotlorinin dovrii ardicillig
(xidmaotloraras1t miiddot) kifayat godor uzun, omok hocmi kigik, tomira qodor
horokot ehtiyati 1so boylik olsun;

— oksor hallarda diismonin tosiri altinda yerino yetirilon uzunmiiddotli marslar
heyotdon (stirtictilordon, mexanik-siiriiciilordon, ekipaj iizvlorindon) biitiin fiziki vo
manavi qiivvealarini saforbar etmayi tolab edir. Yol, yerqazan va bazi digor
magsinlarda miithandis tapsiriglar yiiksok temperatur, tozanaq, vibrasiyalar
soraitindoa yerina yetirilir, buna gora do kabinolords is soraiti miioyyan erqonomik
talablors cavab vermalidir.

Maginin istismar xiisusiyyeotlorinin gostoricilorinin comi onun istismar
xarakteristikasini togkil edir.

Masinin osas istismar xiisusiyyotlori bunlardir:

— manevr qabiliyyati;

— miixtalif fiziki-cografi va igqlim soraitlorinds islomak qabiliyyati;

— etibarligy;

— naql edilmosi;

— erqonomik saviyyasi;

— istismar materiallar1 sarfinin gonaatliliyi.

Istismar xiisusiyyatlari masinin konstruktiv qurulmasi zamani goyulur, istismar
soraitindon, mexanik-siiriiclilorin hazirliq dora-cosindon asili olurlar vo istismar
prosesinda dayisilir [3, soh. 32].

Miixtolif doyiis soraitlorindo masimnin doylis totbiginin texniki imkanlarin
qiymatlondirmo zamani onun istismar xarakteristikasini nozoro almaq lazimdir. Bu
qiymoatlondirmo masinin istismar xassalorini lazimi hidudlarda saxlamaq dglin
toskilati-texniki todbirlorin vaxtinda nozordo tutulmasmna vo tabelikdo olanlara
texnikaya texniki xidmat vo tomir iizra daqiq tapsiriqlar vermoak imkan1 yaradir.

Mduasir orduda horbi miihondis masinlarinin istifadesi ¢ox miixtalifdir.
Miihondis qosunlarinda avtomobillor soxsi heyotin dasinmasi Ugln istifado
edilmaklo yanasi hom do bir ¢ox miihondis masinlart niimunolori Ug¢ln soyyar
vasitolordir.

Tank oOziillori, tirtilli vo tokorli yedoklor, traktorlar, qosqular yolgakan,
yerqazan, yiikqaldiran, elektrotexniki vasitalorin, maneslorin qurulmast va rof
edilmasi vasitolorinin montaji Ugiin istifads olunurlar.

Texniki voziyyeotlorino goro biitiin masinlar bes kateqoriyaya bollniir. I
kateqoriyaya yeni masinlar vo ylriisii — tokorli texnikalar {iciin 3000 km-o gadar,
tirtill1 texnikalar liclin 100 motosaata godor olan masinlar aiddir. II kateqoriyaya
yiirisii 3000 km-don (100 motosaatdan) ¢ox olan vo orta yaxud osashi tomir
kegmis masinlar aiddir.

IIT kateqoriyaya orta tomir, IV kateqoriyaya asasli tomir tolob edon masilar
aiddir. V kateqoriyaya borpast mogsado uygun olmayan vo silinmosi tolob edilon
nasaz masinlar aiddir.
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Siilh zamani cari tominatda olan biitiin mithondis texnikasi vo zirehli tank
texnikas1 doyiis, doylis-tolim, nizami, nizami-tolim, todris istismar qruplarina,
avtomobil texnikalar1 i1so doyiis, doylis-tolim, nizami, tolim vo noqliyyat istismar
gruplarina boliintirlor [3, soh. 33].

Doylisvo nizami istismar qruplarina bir gayda olaraq yeni, yaxud osash
tomirdon ¢ixmis vo novboti tomira qodor gedis ehtiyatt MN miivafiq omriilo toyin
edilmis normadan az olmayan texnika daxil edilir. Tolim istismar qrupuna aid olan
texnika yal-miz tolim horbi hissolorinds (bolmolorinds) vo horbi tadris
miiossisolorinds todris prosesini tomin etmok tigiin istifado olunurlar.

Texnikanin istifadesine, Miidafio Nazirinin omri ilo hor istismar qrupu iigiin
toyin edilmis, illik motoehtiyat sorfi hiidudlarinda icazs verilir. Doylis foaliyysti
liclin tayin edilmis doylis vo nizami istismar qrupu masinlarinin illik motoehtiyat
sorfi normalar1 mohduddur, bu sobabdon do bu masinlar ilin ¢ox hissasi arzinda
saxlancda saxlanirlar. Yalniz vaxtasiri, adoton ildo iki dofodon ¢ox olmayaraq, bu
maginlar tolimlords istifado olunurlar.

Doyiis vo nizami istismar qruplari yeni vo tomiro godor toyin olunmus
motoehtiyati olan, texniki voziyyasti daha yaxsi olan masginlardan tortib edilir. Doylis-
tolim vo nizami-tolim istismar qruplarina aid olan masinlar imumi sayin az hissoni
toskil edirlor vo dOyiis foaliyyotinin tomin edilmosi vo soxsi heyotin dyrodilmosi
liclin toyin olunmuslar.

Nogqliyyat qrupuna — horbi hissalorin tosarriifat ehtiyaclar iigiin toyin olunmus
avtomobil texnikas1 aiddir.

Miihandis qosunlarmin hisss va bolmalarinin tam komplektlasdirilmasi, planl
qaydada, zavodlardan, saxlanma bazalarindan, basqa hissolordon, soforborlik
dovriinds 1so miilki tosorriifatdan alinmis masinlarin hesabina hoyata kegirilir.

Horbi hisso daxilindo masinlar bir bdlmadon digorina hisso komandirinin, bir
hissadon digarineg iso yuxari raisin omring 9sason kegirilir.

Tohvil verilon vo gobul edilon masinlar normativ-texniki sonodlorin (NTS)
toloblorine uygun aqreqat, qovsaq, detallarla dostlosdirilmis vo saz voziyyotdo
olmalidirlar. Saz detallarin, cihazlarin, qovsaq vo mexanizmlorin yararsizlari ilo
ovoz edilmosi goti qadagandir. Biitiin fordi sonadlor masinla birgs tohvil verilir vo
tohvilverilmo giinii tortib edilir.

Horbi hissonin komplektlagdirilmasi liglin daxil olan masinlar harbi hissonin
maddi-texniki tominat roisinin rohborlik etdiyi komissiya torafindon aktla qobul
edilir va onlar siraya hisse komandirinin amri ile daxil edilir. Siraya daxil edilmomis
masinlarin istismari1 qadagandir.

Siraya daxil edilmo omrindo masinin tipi, markasi, sassinin vo miihorrikin
nomrasi, daxil edildiyi bolma, verilmis horbi ndmro nisani, istismar qrupu, masina
tohkim edilmis mexanik-siiriiciiniin soyadi, adi, atasinin ad1 gostarilir.

Masinin siraya daxil edilmosi haqqinda omr masinin formulyarinda (pasportda)
geyd edilir. Mexanik-siiriicii maginin qabul edilmasi barads formulyarda imza edir.

Maginlar mexanik-siiriiciilora bilavasita harbi hissa vo ya bdlma (boliik
komandirindon asag1 olmayaraq) komandiri tarafinden soxsan masin parkinda,
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bolmonin siras1 qarsisinda, tontonoli surotdo toqdim edilir. Bu andan baslayaraq
masina cavabdehlik mexanik-siiriicliniin iizorina diislir. Mexanik-suricu, bir gayda
olaraq xidmatin sonuna qador masina tohkim olunur. Soristolorini artirmaq mogsadi
ilo doylis (nizami) vo doyls-tolim (nizami-tolim) istismar qruplarinin mexanik-
siirliciilorinin bir ildon sonra doyisdirilmasino icazo verilir. Mexanik-siiriiciilorin
dayisdirilmasi harbi hissa lizrs omrls olur vo formulyarda geyd edilir.

Horbi hissonin vo bolmonin texnikalarina texniki xidmaotinin toskili dedikdo
toyin olunmus miiddotds texniki xidmatin keyfiyyatini tolob olunan saviyyaya
catdirmaq moqsadi ilo texnoloji proseslori vo maddi texniki tominati nozoro
almagla vaxt vo yer baximindan soxsi heyatin  faaliyyatlorinin razilagdirilmasini
basa diismok lazimdir.

Miihondis bdlmo vo hissolorinin texnikalarina texniki xidmotinin toskilino
aiddir:

— TX iizro 13 hocminin, yerlorin, togkilati formalarin, metodlarin, xidmot
omoliyyatlarinin saxslonmo dorocosi vo kegirilmo vaxtlar;

— texniki xidmot soristolorini soxsi heyato Oyrotmok;

— xidmot vasitalari vo istismar materiallar ilo tominat;

— TX {izrs gorarin gobul edilmasi va tapsiriglarin verilmosi;

— Xidmot prosesinin idars edilmosi va yerina yetirilma keyfiyyatino nozarat.

Beloliklo, masinlara vaxtinda vo keyfiyyatli texniki xidmotin kegirilmasi
kompleks toskilati tadbirlorin yering yetirilmasi ilo tomin edilir. Bu toskilati tadbirlor
normativ — texniki sonadlora uygun olaraq bolma vo hisso komandirlori torafindon
yerina yetirilir.

NB, GTX, TX-1, TX-2, MX, RTX va texniki xidmotin basqa novlori
miirokkobliyino, hocmino, soxsi heyotin istirakina, totbiq olunan avadanliga,
davamiyyatino, keg¢irilmo yerino vo iglorin togkili metoduna goro forqglonirlor.
Masinlara texniki xidmot zamani islorin siyahisi vo hocmi normativ-texniki
sanadlarls toyin edilir [3, soh. 36].

Texniki xidmat iizro islor miioyyaon texnoloji ardicilligla yerino yetirilir ki, bu
da texniki xidmatin texnoloji prosesi adlanir. Texniki xidmatin texnoloji prosesinin
asas vozifosi — az vaxt sorf etmoklo vo natico olaraq, xidmot personalinin omok
mohsuldarligint miimkiin qodar artirmaqla yerina yetirilon islorin yiiksok keyfiyyatli
olmasidir.

Texniki xidmot texnoloji omaliyyatlarin vohdastidir vo hor bir omaliyyat
maginlara texniki xidmatin texnoloji prosesinin bir hissasidir. ©Omoliyyat — 0zU-
Ozlliylindo aqreqatlara vo ya masinin bir qrup aqreqatlarina texniki xidmat iizrs ardicil
faaliyyatlorin bir va ya bir ne¢co miitoxassis torafindon yerina yetirilon kompleksdir,
hoyata kecirilir (mossalon: miiharrikin karterinde yagin dayisdirilmosi, muftanin
nizamlanmasi, yay dizel yanacaginin qis novii ilo avaz edilmasi).

Masinlara texniki xidmatlorin biitiin névlari, normativ-texniki sonadlora uygun
olaraq, har masin markasi liciin totbiq edils bilon amaliyyatlarin siyahist ila toyin
olunan hacmds kegcirilir. HMM-nin konstruksiyalarinin miixtslifliyini nazors alaraq
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bu bolmodo hom tokarli, hom do tirtilli texnika lictin NB, GTX, TX-1, TX-2, MTX
vo RTX zamani yerino yetirilon iglorin imumi mozmunu verilmisdir. Nozarot
baxisinin moaqsadlori — hoarokotin tohliikasizliyini vo verilmis tapsiriglarin yerino
yetirilmosi zaman1 masinin imtinasiz igini tomin etmokdir.

Nozarat baxis1 — maginin heyati torofindon masin hor dofo parkdan ¢ixmazdan
avval, elaca da yolda — dayanacaqlarda va diisorgslordo, tapsiriglari yering yetirarkon
iso fasilolordo kecirilir. NB zamani fordi EhAL dostinin ehtiyat hissalori, alstlori,
lovazimatlar1 vo materiallari istifado olunur. NB kegirilmasi ti¢iin normativ-texniki
sonad istismar sonadlori vo istismar {i¢lin ehtiyat hissolorin vo materiallarin sorfi
normalaridir. Vaxt movcudlugundan asili olaraq nozarat baxisinin kegirilmosino 20—
40 doqiqgs verilir. NB-nin kecirilmosi zamani asagidak: islor yerina yetirilir:

— masina baxis kecirmok, lazim golorso onu tozdan vo gardan tomizlomok,
kabina stigolorini, is1qlandirma vo signalizasiya cihazlarini, ndmra isarslorini silib
tomizlomok;

— masinin yanacaqgla doldurulmasini, miihorrikin yaglama sisteminds yagin
saviyyasini, eloca do soyutma sistemindo mayenin soviyyasini yoxlamag;

— miihorriki ig0 salmaq vo soyuducu mayenin 70-80°C temperaturuna qodor
miihorriki qizdirmagq, dirsokli valin miixtolif firlanma tezliklorinds onun isino qulaq
asmaq, nazarat-olcii cihazlarinin gostoricilorini va slisatomizloyanlorin isini
yoxlamag;

— yanacagin, yagin vo soyuducu mayenin axib-axmamagini yoxlamag;

— faralarin, faraaltilarin, stop-signalin, arxa-fonarlorin, donmo gostaricilorinin,
151q maskalayan qurgularin, sas signalinin sazligini v arxa-goriiniis giizgiisiintin
barkidilmasini yoxlamag;

— sinlorda havanin tazyiqini yoxlamag;

— miiharrikin igo salinmasi Ug¢iin balonlarda havanin tazyiqini yoxlamag;

— is¢1 avadanli@in voziyyatini vo barkidilmasinin etibarligini vo onlarin idara
intigalinin sazligim yoxlamag;

— horokotds tokorli masinlarda, 6tiirmalorin doyisdirilmasinin asanligini, siikan
giiclondiricisinin sazligini vo etibarli isini yoxlamagq, tirtill1 masinlarda iso,
horokotdo 6tiirmolorin qosulmasi zamani vo dongslords idaro mexanizmlorinin isini
yoxlamag;

— alatin, lovazimatlarin vo ehtiyat hissolarin saligali yigilmasini, mévcudlugunu
va barkidilmasini yoxlamaq [3, soh. 38-39].

Mars zamani, diisorgolordo nozarst baxisinin mogsadi — masinin qoyulmus
tapsiriglar (toyin olunmus mohsuldarligla) yerino yetirmok imkanini yoxlamaqdir.
Diisorgalords nazarat baxislarinin kegirilmosi zamani asagidaki islor yerina yetirilir:

— yanacagin, yagin, aylac va soyuducu mayenin axib-axmamagini yoxlamag;

— miiharrikin yaglama sisteminds yagin vo radiatorda soyuducu mayenin
soviyyasini yoxlamaq, lazim galorso normaya qodor doldurmag;

— tokor topunun, oyloc barabanlarinin, bort otiirmolorinin, vordonalorin, isci
avadanliq aqreqatlarinin qizma daracasini yoxlamag;
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— avtomobil sinlorinin vaziyyatini vo ¢okmalarina gors onlardaki hava tozyiqini
yoxlamagq, qosalasdirilmis sinlorin arasinda ilismis osyalar1 ¢ixarmagq;

— On siisosini, kabino qapilarmin siigolorini, bamin, faralarin stlisolorini,
faraaltilar1, arxa fonorlori, némrs vo taninma isaralorini ¢irkdon tomizlomok;

— tirt1l lentlorinin traklarinin vo barmaglarinin voziyyatine baxmag, askar olunan
catismazliqlar1 aradan galdirmag;

— ressorlarin, torsionlarin vo amortizatorlarin voziyyatini yoxlamag;

— qovsaq vo detallarinin voziyyatini, onlarin is¢i avadanliq iizorindo etibarli
barkidilmasini yoxlamag.

Tapsiriglar lizerok yerina yetiron masinlarda (tapsiriglar yerino yetirmozdon
avval va sonra; su manealarini raf etmozdon avval va sonra) kegirilon nazarat baxisi
bir godar spesifik hesab olunur.

Belo nazarat baxisinin moagsadi dayaz yerdon kegarkan va iizorak harokot zamani
govdoyo, miiharriks, akkumulyator batareyalarina suyun diismasine yol vermomok,
maginin bltlin agreqatlarinin, qovsaglarinin, mexanizmlorinin imtinasiz isini tomin
etmokdir.
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AXI- Axtaris xilasetmo islori
NB- Nozarot baxisi
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MTX- Movsiim texniki xidmati

RTX- Reqlament texniki xidmati
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OPT'AHM3ALUSA DKCIVIYATAIIUU CPEACTB UHX)KEHEPHOI'O
BOOPYKEHHUA

Pe3rome: CoBeplIeHCTBOBaHME MAaTEPUATIbLHO-TEXHUUECKON 0a3bl, OCHAILICHUE
criacaTelIbHbIX CUJI CTPAaHbl HOBOW TEXHUKONM M 00OpYJOBaHHEM, NPUMEHEHUE
3(p(QEKTUBHBIX TEXHOJOTUH  OOYCIOBIMBAIOT HEOOXOIUMOCTb  IOJATOTOBKHU
IPaMOTHBIX,  KBAIU(UIMPOBAHHBIX  CIIELUAJIUCTOB B  COOTBETCTBUM  C
COBpEMEHHBIMU TPEOOBAHUSAMU, JATBHEUIIIETO MOBBIIICHHS UX MPOPECCHOHATH3MA.
HcnpaBHast skcrutyatanusi TeXHUKA B Boopyxkenubix Cunax A3zepOaiiakaHCKON
Pecny0nuku kak B MUPHOE, TaK U B BOGHHOE BpeMsi 00eCTIeunBaETCs MPaBUIIbHOMN
OpraHM3alyed WCIOJIb30BAHUS TEXHUKHM, KOHTPOJIEM 34 €€ TEXHUYECKUM
COCTOSIHUEM, CBOEBPEMEHHBIM 00CTYKUBAHUEM.

KaoueBbie ciaoBa: Axanemuss MUC, Ttexnumdeckoe oOeclieueHue,
TEXHUYECKOE OOCIyKMBaHUE, OOy4YEeHHE TEXHUYECKOro MepcoHana, BOEHHO-
VHKCHEPHBIC MAILIUHBI.

ORGANIZATION OF OPERATION OF ENGINEERING WEAPONS,
PROPERTIES AND TECHNIQUES

Summary: Improving the material and technical base, equipping the country's
rescue forces with new machinery and equipment, the application of effective
technologies make it necessary to train competent, skilled professionals in
accordance with modern requirements, to further increase their professionalism.
Proper operation of equipment in the Armed Forces of the Republic of Azerbaijan,
both in peacetime and in wartime, is ensured by the correct organization of the use
of machinery, control over its technical condition, timely maintenance.

Keywords: MES Academy, technical support, maintenance, training of
technical personnel, military engineering machines.
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Xulasa. Bu mogalods fovgolado hallarda, xtsusilo do tobii vo texnogen
yanginlarin basverms riskinin prognozlasdirilmasi iigiin modelin hazirlanmasi vo
totbiqi arasdirilir. Moagsad - yanginlarin bagvermo ehtimalini avvalcadon toyin
etmoklo onlarin qarsisini almaq vo zorari minimuma endirmoakdir. Moagaloda
muxtalif cografi, meteoroloji vo antropogen amillorin analizino oasaslanan statistik
Vo riyazi modellordan istifado olunmusdur. Model yanginlarin yaranmasina tasir
edon osas faktorlar - hava temperaturu, ritubat, kiilok sirati, insan foaliyyati vo yerli
relyef kimi parametrlori nozoro alir. Toklif olunan modelin tatbigi naticasinda
fovgolads hallarin idars olunmasi tizra qurumlar Gg¢un gerarverms prosesinin daha
effektiv togkil olunmas1 miimkiin olur. Naticalar gostorir ki, prognozlagdirma modeli
yangin tahlikasini avvalcadan miayyan etmaya va operativ tadbirlorin goriilmasine
sorait yaradir.

Acar sOzlar: yangin, model, puason, fovgalads hal, prognozlasdirma.

Giris. Fovgolads Hallar Nazirliyinin faaliyyat istiqamati ohalinin vo orazilorin
yangin tahllikasizliyinin tamini va naticalorin aradan qaldirilmasi tizra vahid dovlot
sistemi gargivasinda moarkazi va yerli icra hakimiyyati orqanlarini alagalondirir [1]
Miuasir dovrds iglim doyisikliyi, sonayelosmo Vo urbanizasiyanin siiratlonmasi
fonunda tobii vo texnogen yanginlarin say1 artmaqdadir. Bu ciir yanginlar otraf
muhito, iqgtisadiyyata vo insan hoyatina ciddi zoror vurur. Xisusilo do
fovgolado hallar zamani operativ vo effektiv gorarlarin gobulu Ugilin bu tip
hadisalorin  avvalcadon prognozlasdirilmasi olduqca vacibdir [3]. Yanginlarin
bagvermo ehtimalinin vo miqyasinin qgabaqcadan toyin olunmasi, risklarin
azaldilmasi va hadisalora hazirligl olma baximindan shomiyyatlidir. Bunun tgln
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elmi asaslara sdykonon vo mixtalif faktorlar1 nazara alan modellarin islanib
hazirlanmasi aktual tadgiqat istigamatlorindan biridir.

Isin magsadi. Bu mogalodo aparilan todgigqatin mogsedi mdveud statistik
molumatlar asasinda ndvbati dovr iiglin yangin tohliikasi barada prognoz ragomlarini
(yangmlarin va Olonlorin sayini, doymis zarari) tayin etmokdir.

1. Analitik Magsadlar:

Yanginlarin yaranmasina tasir gostoron asas amillorin (meteoroloji, cografi,
antropogen va s.) mioayyan edilmasi vo statistik tohlili;

Moévceud prognozlasdirma metodlarmin dyranilmasi va onlarin stiinliiklori ilo
yanasi, mahdudiyyatlorinin giymatlondirilmasi;

Risk faktorlarinin riyazi vo statistik modellorlo tosniflogdirilmosi vo
inteqrasiyasi.

2. Metodoloji Maqgsadlar:

Mixtalif verilonlor bazalar1 asasinda molumatlarin emal1 vo analitik modelin
qurulmast;

Siini intellekt vo masin 6yronmasi alqoritmlorindon istifado etmoklo yangin
riskini prognozlasdiran modelin hazirlanmas;

Modelin dogruluq saviyyasinin sinaqdan kegirilmasi va kalibrasiyasi.

3. Praktik Maqsadlar:

Hazirlanmis modelin fovgolads hallar Uzra dovlst vo yerli qurumlarda totbiq
imkanlarinin qiymatlondirilmasi;

Modelin Azorbaycan Respublikasinin yangin tohllkasizliyi sistemins
inteqrasiya perspektivlorinin miayyan edilmasi;

Operativ gorarlarin gobuluna va resurslarin somorali idars olunmasina tohfa
vermok.

9sas hissa. Muayyoan vaxt arzinds respublika arazisinds bas veran yanginlarin
sabit zaman intervalinda bas verdiyini qabul etsak, golocok dovrlar tigiin bas vermo
chtimali olan yanginlarini sayini riyaz hesablamalar aparmaqla miioyyon etmok olar
[4]. Bunun iiglin, Puasson paylanmasini totbiq etmok moagsadouygun hesab etmok
olar.

Puasson paylanmas1 miioyyon zaman intervalinda bas veran tosadlfi vo nadir
hadisalarin prognozlasdirilmasi iigiin istifads olunur. Bels ki, yanginlarin basverma
chtimali zamanla sabitdirso vo hadisalor bir - birindon asili deyilsa, Puasson an
uygun modeldir.

Son 8 ilds bas veran aylar Uzro yanginlarin say1 n=96 olaraq qoabul etsak,
buradan, X1, X2, Xs, ..., X9 oldugu malumdur.

Puasson paylanmasmmin miioyyon zaman araliginda ehtimal funksiyasi
asagidaki kimidir:

e Ax(At)k

K!

P(X=k) = (1)
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Burada, X — mioyyon zaman intervalinda bas veracok yanginlarin sayzi;
k: hadisalorin say1 (0, 1, 2, ...)

A: vahid vaxtda gozlonilon hadisalorin orta say1 (intensivlik);

t: zaman intervali;

e: logaritm asas1 (toxminan 2.718).

Son 8 ilds yanginlarin aylar (izrs timumi say1 asagidaki kimidir:
178 171 196 141 168 308 334 315 176 156 148 197
213 258 224 231 164 256 278 238 168 156 142 132
208 250 219 233 156 251 270 231 169 162 147 145
178 186 242 162 168 274 347 352 216 121 142 137
204 161 228 146 183 330 341 256 202 144 162 151
224 174 226 142 188 268 345 262 187 145 148 190
223 172 224 151 180 264 350 268 185 147 154 177
178 171 196 141 168 308 334 315 176 156 148 197

A parametrini hesablamagq tctin,

A==30x )

n

disturundan verilonlor (izro imumi yangin say1
28, x; = 19903 tapilir
i=1%i pilir.

Buradan,

_ 19903

A ~ 207.33.

Yani, son ilin bag veran yanginlarin orta statistik gostaricisi 207.33-dir. Bu,
galacak har ay dglin gozlanilon yangin sayinin tagriban 207.33 ragomins yaxin vo
daha doqiq desok, bu gostarici otrafinda doyismasini ehtiva edir.

Poisson paylanmasina gora, ndvbati aylarda yanginlarin bas verma ehtimalini
ortalama 200 olaraq goabul etsak,

_207)(207200

P(X = 200) = ——— (3)

ifadasini aldo etmis olariq.

Bundan basqa, bu dayisiklik A+VA diapozonunda doyisocokdir. Belo ki,
g0storicinin standart sapmasimin VA ~ 14.4 oldugu melumdur.

47



E.M. Mahmudov, U.A. Sadig-zad>

Statistik molumatlar osasinda Poisson prosesi totbiq olunmaqla yanginlarin
ayliq bagvermo intensivliyi A=207.33 olaraq giymatlondirilmisdir.

1. Golocok aylarda yanginlarin saymin bdyiik ehtimalla 193 - 222
diapazonunda doyismosi ehtimal edilir.

Bu natico Poisson paylanmasinin orta vo dispersiyasinin borabar olmasi
prinsipine asaslanir. Bu paylanmani hesablamaq tigiin P(193<X<222) diapozonunda
standart normallasdirma tatbiq edirik:

193-207.33
222-207.33
Zy = =~ 1,02 (5)

Normal paylanma codvalina asason:
P(—1<7<1.02)~0.8413—-0.1587=0.6826

Noatico olaraq, yangin sayinin 193 vo 222 araliginda olmasi 68.3%-dir.
P(193<X<222)~68.3%

2. Yanginlarin 178 ilo 236 arasinda olmas1 ehtimalin1 hesablayagq.

178-207.33
Zl = T ~ —2.04 (6)
236—-207.33

Normal paylanma cadvalina asasan:
P(—2.04<7<1.99)=0.9767—-0.0207=0.956

Notica olaraq, yangin sayinin 178 vo 236 araliginda olmasi 95.6%-dir.
2. Yanginlarin 163 ilo 251 arasinda olmasi ehtimalin1 hesablayagq.

163-207.33
Zl = T ~ —3.08 (8)
251-207.33

Normal paylanma cadvalina asasan:
P(—3.08<7<3.03)~0.9988-0.0010=0.9978

Natico olaraq, yangin saymin 178 vo 236 araliginda olmasi 99.8% toskil
edocakdir.

Noatica. Beloaliklo, aparilmis analizlor vo hesablamalar oasasinda
formalasdirilmis prognozlasdirma modeli 6z adekvathigi vo yiksak daqiqliyi ilo
secilorok praktiki totbiq tciin olverisli oldugunu siibut edir. Model yangin
tohllikasinin vaxtinda miisyyanlosdirilmasing, risklorin giymatlondirilmasine vo
qabaqlayici tadbirlorin gorilmesine sorait yaradir. Bu baximdan, toqdim edilan
prognoz modeli Azaorbaycan Respublikasinin yangin tohlikasizliyi sisteminin
muasir taloblors uygun inkisaf etdirilmasi tiglin etibarli elmi-praktik baza rolunu
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oynaya bilor. Eyni zamanda, modelin totbigi sistemin rasional parametrlarinin
asaslandirilmasina vo gorarverma proseslorinin optimallasdirilmasina miithiim t6hfa
verir. Bu yanasma fovgolado hallar zamani ¢evik vo somarali idarsetmonin tomin
olunmasina xidmat edir vo golocokda bu sahads aparilacaq tadgiqatlar t¢iin méhkam
osas yaradir.
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UDC: 355/359-/5/-9
EMERGENCY FIRES FORECASTING MODEL

Abstarct. This article examines the development and application of a model
for predicting the risk of fires in emergencies, especially natural and man-made fires.
The goal is to prevent fires by determining their probability in advance and
minimizing damage. The article uses statistical and mathematical models based on
the analysis of various geographical, meteorological and anthropogenic factors. The
model takes into account the main factors affecting the occurrence of fires - air
temperature, humidity, wind speed, human activity and local relief. As a result of
the application of the proposed model, it becomes possible to organize the decision-
making process more effectively for emergency management agencies. The results
show that the forecasting model allows for the early identification of fire hazards
and the taking of operational measures.

Key words: fire, model, poisson, emergency, forecasting.
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MOJEJIb TPOTHO3UPOBAHUSI ITIOKAPOB B UPE3BBIYAMHBIX
CUTYALMUAX

AHHOTaumsi. B cratbe paccMaTpuBaIOTCS BONPOCHL  Pa3pabOTKU U
IPUMEHEHHUS MOJENHM MPOTHO3MPOBAHUS PHCKA BO3HUKHOBEHHS UYpE3BBIYAHBIX
CUTyalluld, B YaCTHOCTH TPHUPOJHBIX M TEXHOTCHHBIX MoxapoB. Llemnp -
NpeOTBPATUTh TOXKAphl U MUHUMH3HPOBATH yIIEpO MyTeM 3a0IaroBpeMEHHOIO
OIIpENCNICHUs] MX BEPOSTHOCTH. B cTarbe HCHOIB30BAHBI CTATHCTUYECKHE U
MaTeMaTHYeCKUe MOJIENH, OCHOBAaHHBIC HA aHAJIN3€ PA3NIUYHBIX reorpapuuecKux,
METEOPOJIOTHIECKUX M aHTPOIOTEHHBIX (aKkTOpoB. Mo/IeTh YIUTHIBAET OCHOBHBIC
dakTopbl, BIMSIONINE HAa BO3HWKHOBEHHE II0KApOB, TaKWe KakK TemIepaTypa
BO3/yXa, BJIAXHOCTb, CKOpPOCTb BETpa, JIEITEIbHOCTh YEJIOBEKa U penbed
MECTHOCTU. B pesynpraTe mNpuUMEHEHHs MpeajaraeMoil MOJAENN TOSBISETCS
BO3MOXHOCTh Ooisiee 3(()EKTUBHO OPraHU30BaTh MNPOLECC MNPHUHITHS pEUIeHUI
OpraHaMy YTMpaBJiCHUS YPE3BBIYAHHBIMU CUTyallusIMU. Pe3ynbTaThl MOKA3bIBAIOT,
4YTO MOJIETb IPOrHO3UPOBAHMSI IO3BOJISIET HA paHHEH CTaJUU BBISBISATH OMACHOCTD
BO3HUKHOBEHUS NIOKapa U NPUHUMATh OTIEpaTUBHBIE MEPBI.

KiroueBble cioBa: moxap, MoJieib, IyaCCOH, 4Ype3BblYailHas CHUTyallus,
IPOrHO3UPOBAHMUE.
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Xiilasa. “Yanginsondiiron” vo “xorgong” terminlori son on ildo o qoador bir-
birino qarisib ki, indi onlar demok olar ki, ayrilmazdir. Yanginsondiironlorin
kanserogen kimyovi maddolora peso moruz galmalari onlarin miixtalif xorgong
novlarinin inkisaf riskini artira bilor. PFAS yanginsondiiranlorin pesa tohliikasi kimi
moruz qaldigr osas kanserogen kimyovi maddslordon biridir. Son todgiqatlarda
yanginsondiiranlarin gan serumunda yliksok PFAS soviyyslori miisahido edilmisdir.
PFAS-2 peso moruz qalmasinin miimkiin monbalarine hom yangin yerinds, ham do
yangisondiirma stansiyasinda ke¢id mexanizmlori, yanginsondiirma vasitalori
koptik, hava vo toz daxildir. PFAS ilo bagl ilkin miizakiroys torif, tosnifat vo
kimyavi qurulus daxildir. Tohlildon sonra yanginsondiironlorin peso tohliikasi kimi
qarsilasa bilocoyi PFAS monbolori miioyyon edilmisdir. Miioyyon edilmis
monbolorda istifads edilon PFAS-1n struktur xiisusiyystlori, onlarin deqradasiyasi vo
moruz qalma yollart nozordon kegirilir. Qan zordabinda yiiksok PFAS soviyyasi vo
bunun xorcong riskinin artmasi ilo neco olaqgoli ola bilocoyi miizakiro olunur.
Potensial tosir monbalori kimi sulu film omals gotiron kopliklordon (AFFF), havadan
vo yanginsondiirmo mantaqgalorinin tozundan olan PFAS normadan artiq miisyyan
edilmisdir. Yangmsondiiranlorin xorcongi ilo bagl arasdirmalar gostorir ki,
yangisondiiranlor timumi ohali ilo miiqayisada daha yiiksak xargong risking
malikdirlor. Bu arasdirma gostorir ki, PFAS-a peso tohliikosi kimi artan moruz galma
yanginsondiiranlar iigiin potensial xoar¢ong riski olma ehtimalin artirir.

Acar sozlar: PFAS, yanginsondiironlor, xoar¢ong, aktivlasdirma vasitalori,
AFFF, pesa tahliikasi.

Giris. "Yanginsondiiron" vo "xorgong" son on ilda tosssiif ki, slagoli olan iki
sOzdur. 2022-ci ildo Beynolxalq Xorcong Aragdirmalari Agentliyi (IARC)
yangisondiirmo pesosini yenidon "Qrup 1" kanserogen (insan ii¢lin kanserogen)
kimi tosnif etdi. Bu peso ilk dofo 2010-cu ildos, ehtimal ki, kanserogen monasini veron
“Qrup 2B” kimi tosnif edilmisdir. Bir sira todqiqatlar yangisondiiranlor arasinda

51


mailto:mqmaya@mail.ru

M.O. Qurbanova, LF. Dadasov

xor¢ong riskini vo Oliim nisbotini aragdirmisdir. Todqigatlar zaman1 uygun olmayan
naticolor askar edilso do, yanginsondiironlordo bir nego xorgong riskinin artmasinin
timumi gostaricilori miioyyonlosdirilmisdir (mosalon, xor¢ong xostoliyinin miixtolif
ndvlorinin askarlanmasi kimi). Milli ©moyin Tahliikesizliyi vo Saglamlig Institutu
(NIOSH) torafindon maliyyaloasdirilon tadqiqatlar da xargongdon 6liim hallarinin va
rast golinmo nisbotlorinin yanginsondiironlor arasinda yiiksoldiyini bildirmisdir.
Hindistan, ABS todqiqatlar1 da gostorir ki, yangmsondiirmo sahasinds calisan
yangmsondiironlor bu kimi xostolikloro moruz qalma potensiali daha yiiksokdir.
Homginin, bilirik ki, yangmsondiirms zaman istilik vo termofizioloji rahatliq
tohliikolori sobabindon yaranan xosarstlor yanginsondiironlor arasinda genis
yayilmisdir. Termal vo termofizioloji rahatliq tohliikelorine olava olaraq, xor¢ong
riskinin artmasima sobob ola bilocok zororli kimyovi maddosloro moruz galma
yangisondiirmo comiyyatinds artan narahatliq halina goldi. Todqiqatlar gostordi ki,
yangimsondiiranlor genis ohatoli yanginlar, kiitlovi meso yanginlari vo nogliyyat
yanginlart zamani tohliikoli maddsloro moruz qalirlar. Yangin tiistiisindoki
birlosmolor vo onlarin toksikliklori yanan soraitdon vo materiallardan asili olaraq
ohomiyyatli doracads doyisir, ¢linki hor yanginin 6ziinomoxsus niimunasi var.
Bununla bels, todqgiqatlar polisiklik aromatik karbohidrogenlori (PAHs), 1,3-
butadien, metal, formaldehid vo per va digor poliaoksidlor on ¢ox aidiyyeti olan
kimyavi maddslordir.

Mbosalonin qoyulusu. PFAS saxolondirilmis istifadasi olan fliiorlu alifatik
kimyavi maddalorin boylik bir sinfidir. Hoddindon artiq toksiklik, davamliliq vo
bioakkumulyasiyaya gors, bu kimyovi maddolor otraf miihit vo insan saglamligi
lclin ohomiyyatli bir narahathq dogurur. Tadqiqatlar gostorir ki, PFAS
amerikalilarin 98%-don ¢oxunun gan serumunda askar edilir. Umumi ohali i¢gmali
su, cirklonmis qida, qida qablasdirmasi, gab-qacaq, qapali toz vo otraf hava vasitosilo
PFAS-a moruz qalir. Yanginsondiironlordo xor¢ong riskinin artmasi, PFAS-a peso
moruz galmalarindan qaynaqlana bilor. PFAS xiisusilo yangmsondiirms {iciin
aktualdir, ¢linki bu kimyavi maddslor yanginséndiiranlorin qoruyucu geyimlorindo
vo avadanliglarinda su va yag itoloyici xiisusiyyeotlor vermok tictlin istifads olunur,
polimer membranlar kimi yanacaqdan qoruyan neft manealari vo AFFF-da istifado
olunan yanacaq manesloridir. Yanginsondiironlor homginin, osason sulfonath
tursular kateqoriyasindan PFAS ehtiva edan fliiorlu yangisondiirma kopiiklorinden
tolim vo yanginsondiirma zamani PFAS kimyoavi maddslarine moruz qala bilarlar.
Bundan olave, son bir arasdirma yanginsondiirme montagoalorinin yasayis
sahosindon yigilan tozda yiliksok PFOS soviyyalorini tapdi: orta soviyyadon on bes
dofo yiiksokdir.Insan xargonglori vo PFAS ilo bagli bir ne¢o sistem arasdirmasi
aparilmisdir. Yanginsondiiranlorin xar¢onglori vo Qan serum saviyyolorindo PFAS
AFFF-do PFAS-in olmast todqiq edilmigdir. Son onillikdo yanginsondiirmo
stansiyasinin tozunda tohliikali kimyavi maddslarin olmasi da bir nec¢o aragdirma ilo
bildirilmisdir. Bununla bels, yangmsondiiranlorin peso tohliikasi kimi moruz qala
bilacayi biitlin PFAS manbalari vo onlarin moruz gqalma yollar1 haqqinda hartorofli
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arasdirmalar kifayot qodor olmasa belo, todqiqatcgilar torofindon holo do
arasdirilmaqdadir.

Metodlar. Toqdigat isinin yerino yetirilmasi {i¢ istigamot iizro
sistemlosdirilmisdir. Birinci morhalo PFAS-larin torifi, tosnifatt vo kimyovi
strukturlari ehtiva edon PFAS haqqinda giris miizakiro aparilmisdir. Ikinci
marhoalads, yanginsondiirma sahasi tizra pesa tohliikolori kimi PFAS-a moaruz qalma
monbolori miioyyen edilmisdir. Ugiincii marhalads qan zordabi niimunolorindo
yiiksok PFAS saviyyslori vo bununla slagoadar olaraq yanginsondiiranlords xorgong
risklorinin artmasi dinamikas1 miioyyon edilmisdir.

Osas hissa. PFAS-1 iki genis kateqoriyaya, polimer vo qeyri-polimer
molekullara qruplagdirmaq ( Sokil 1 ) on ¢ox qgobul edilmis PFAS tosnifat
sistemidir. Qeyri-polimer PFAS daha da perfluoroalkil vo poliftoralkil maddoslorina
boliine bilar. Fliiorlu karbon zancirinin uzunlugu asason qeyri-polimer PFAS-lari
tosnif edorkon istifado olunur. Otraf miihitin taleyinin paylanmasina alavo olaraq
bioakkumulyasiya, fiziki-kimyavi va ziilal baglama xiisusiyyatlori fliiorlu karbon
zancirinin uzunlugu ils prognozlasdirila bilor [2,4].

o}
I Carboxylic group
C-0OH

F F F F F 0
i [ 1 1 1 1
F=C c—C——C—C -0-P-0H Phosphate group
i I 1 1 1 I
F F F F F OH
Hydrophobic flucrinated tail 0

1

—S5-0H Sulfonate group
1l
0

Hydrophilic polar head
Sakil 1. Qeyri-polimer, perftorlu PFAS maddalarinin Gmumi qurulusu

Poliftoralkil maddalorin miixtalif ndvleri bunlardir: 1) fliioropolimerlar, karbon
zoncirinin hidrogen atomlarmin oksariyyatinin ftorid atomlart ils avez olundugu
maddalar (masalon, PVDF, PTFE), 2) poli/perfluorlagdirilmis karbon zancirlorina,
flior va ya karbon zancirlorine birlogon yan zoncirli fliiorlu polimerlar. akrilat
polimerloari), 3) onurga zoncirinin karbon zancirina birbasa bagl oksigen vo ftorid
atomlarmi ehtiva etdiyi perfluoropolieterlor polimer PFAS kimi tosnif edilir (Sakil
2).
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Polytetrafluoroethylene (PTFE)
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Perfluoropolyethers

Sakil 2. Polimer PFAS maddalori, (A) PTFE, (B) perfluoropolieterlor

PFAS moaruz qalma manbalari. Yanginsondiiroanlor giindslik vozifalorini
yerina yetirarkon bir ne¢o név PFAS-a moruz qala bilarlor. Yanginsondiironlorin
PFAS-a peso moruz qalmasmin iimumi potensial monbolori asagida miizakiro
olunur.

Sothda qalmasimin yoxlanilmasi. Su vo yagdan qoruyan ortiiklor parcaya su
vo yaghh maddolorlo tomasda oldugda nomlonmoys miigavimot gostormok
qabiliyyatini tomin edir. Yiiksok omicilik soviyyasi ilo hom su, hom ds yag damcilar
parca sothindo galmali vo asanligla yuvarlanmalidir. Parafin vo ya samin sads bir
ortiiyll su itoloyici bitirmonin on godim formasidir vo naticods yuyulur. Parca sothi
sadoco olaraq suyu dof edocok bir karbohidrogen mumu vo ya silikon yag ilo
miialica edilorak hidrofobik hala gatirils bilar. Bununla bels, hom suyu, ham ds yagi
dof edacak bir parca sothini bitirmok olduqca ¢atindir. Oksar yaglarin sathi gorginliyi
15 dyn/sm-don asagidir, buna gora do yag italoyiciliyi 15 dyn/sm-don asagi soth
gorginliyini talab edir ki, bu da yalniz fliiorokarbon miialicasi ils alds edils bilar. Su
italayiciliyi (sath gorginliyi 72 dyn/sm) silikonlar, karbohidrogen mumlar1 va diger
texnologiyalarla asanligla alds edilir. Sothdoki suyun tomas bucagi sadace olaraq
islatma davranigin1 miioyyon etmok va tosnif etmok tigiin istifados edilo bilor (Sakil
3). Suya qars1 tomas bucagi 90° vo ya daha yliksok olan sothlor adaton hidrofobik
hesab olunur. Tekstil kimi kobud sathlarin suya garsi 150°-don ¢ox tomas bucagina
malik oldugu bildirilmisdir. Nomlonmonin toxminini almaq tiglin tomas bucagi
ovozind "sothi gorginlik" termini istifado olunur [12]. Soth gorginliyi adoton homin
xUisusi materialin kimyovi torkibindon asilidir (masslon, bork material vo ya maye).
Toxuculuq sothinin sothi gorginliyi mayeni dof etmok {iclin istonilon mayedon
(masalon, su, yag) asagi olmalidir. Fliiorlu birlogsmalor hom suya, hom do yaga garsi
miiqavimat gostoron bir material sinifidir.
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0=0° Perfectly Wettable 0 < 90° +/- Wettable 0 > 90° Unwettable

Sakil 3. Sathin nomlondirilmasi va tomas bucagi

Fliorlu birlosmolor ola istilik vo kimyovi xiisusiyyatlor niimayis etdirir,
xtisusilo yuyulma, qurutma vo s. kimi mohsulun tomizlonmosi vo baximina
davamliliq tigiin vacibdir. Belslikla, fliiorlu zoncir uzunlugunun 1-don 9-a qodor
todricon artmasi1 materialin su vo yag itoloyiciliyini artirir.9On davamli su itoloyicilori
(DWR) adaton bir onurga polimeri ilo alagoli hidrofobik vo ya oleofob yan zoncirlora
malikdir. Bu yan zoncirlor silikonlara, karbohidrogenloro vo ya per- vo
polifluoroalkil hissalorine asaslanir (Sakil 4). Bu italoyici qruplar italoyici
xiisusiyyato nail olmaq iigiin six sokildo yi§ilmali vo istiqgamotlondirilmalidir. ©On
yaxs1 su vo yag itoloyici xiisusiyyatlor fliiorlu yan zoncirli polimerlorin naticosidir,
clinki onlar on asagi kritik soth enerjisino malikdirlor. Silikon vo karbohidrogen
asasli yan zoncirlor ala su itolayiciliyini tomin edir, lakin onlarin oksor yaglar
effektiv sokildoa dof etmok gabiliyyati yoxdur.

Kopiiklar. Karbohidrogen va digar tez alisan mayelori ohats edon yanginlar B
sinfi yanginlaridir. Su maye karbohidrogen yanacaqlarindan daha six oldugundan,
yanan karbohidrogen sathinin alt qatinda bitir vo yangini sondiirmakda tasirsiz olur.
Bundan olavo, oksor yangin sohnolorinin yanma temperaturu (>175°C) suyun
qaynama temperaturundan (100°C) shomiyyatli doracads yiiksokdir ki, bu da suyun
buxarlanmasina sabob olur vo buxar amolo gatirir. Bu, yaniq xosaratlorina sobob ola
vo yanginin siiratlo yayilmasina sobab ola bilor. Buna gors do, bu sinif yanginlar
sondiirmak tigiin ola istilik sabitliyino malik olan vo yanacagin iistiindo oturan bir
film meydana gotiro bilon sulu film omolo gotiron kdpiiklordon (AFFF) istifado
olunur. Sulu film amalo gotiron kopliyiin tipik inqrediyentlori su, iizvi hollediciler,
karbohidrogen sothi aktiv maddslor, florosurfaktantlar, polimerlor vo digor
olavolordir. AFFF 1960-c1 illards islonib hazirlanmisdir vo o vaxtdan B sinfinoa aid
yanginlar1 sondiirmak tgciin istifade olunur. AFFF-do ohomiyyatli tokmillosdirma
1970-ci illordo fliiorosurfaktanlara osaslanan kopiik istehsali vasitasilo oldo
edilmisdir. Per-ftorlu tursular vo sokkiz karbon atomunun duzlar1 vo digor fliiorlu
birlosmolor asasan film amols gotiron kopiiklordos istifads edilmisdir [2]..

Sothi aktiv maddslorin giiclii karbon-fliior baglar1 hatta ytliksok temperaturda
belo AFFF-nin yiiksok performansina (masolon, tursuya, golovilors, oksidlogsmayo
va reduksiyaya qarsi miigavimat) komok edir. Bu sothi aktiv maddslar AFFF-nin
sothi gorginliyinin azaldilmasinda unikal rol oynayir. Fliiorosurfaktanlarin unikal
xUisusiyyati onlar1 B sinfino aid yanginlarin sondiirtilmasi do daxil olmagqla bir ¢cox
unikal sonaye totbiglorindo demok olar ki, oavozolunmaz edib. Yanginsondiiron

kopiiklor otraf miihitdo uzun zoncirli florosurfaktantlar kimi taninan PFOS va
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PFOA-nin genis yayillmasinin soboblorindon biridir.  Fliiorosurfaktanlarin
istifadosindo ohomiyyatli arttm AFFF-nin insan saglamligina vo otraf miihito monfi
tosiri ilo baglt molumatliligin artmasina sobab oldu. Bu kimyoavi maddolor insanlarda
vo vohsi tobiotdo bioakkumlyativdir vo giiclii karbon-fliior bagi sayosindo otraf
mihitdo davamlidir. Bu uzun zoncirli flilorosurfaktanlarin istifadosi qlobal
miqyasda todqiqatcilar torofindon narahatliq dogurmusdur. AFFF-do istifado olunan
bioloji parcalanmayan flliorosurfaktantlar otraf miihitdo uzun omiirliidiir. Adston,
maddolor otraf miihito buraxildigda deqradasiyaya ugrayir vo ya harokatsizlosir,
lakin perftorlu maddslor bunlardan heg¢ birini hiss etmir. Belsalikls, bu maddaslor
yiiksok doracads hall olunan, 6tiiriils bilon vo bioakkumlyativdir. Fltorosurfaktanlar
AFFF-nin otraf miihito monfi tosirlorino sobab olan asas komponent kimi miioyyon
edilmisdir [4].

Arasdirmalar gostordi ki, qisa zoncirli alternativler uzun zoncirli kimya ilo
miigayisado otraf miihito vo insan saglamligina daha az tosir gostorir. Bununla belos,
qisa zancirli PFAS-in uzun zoncirli PFAS ilo miigayisodo otraf miihito vo insan
saglamligina daha az tosir edib-etmomasi ilo bagli holo do miibahisolor var. Bazi
monbalar qisa zancirli PFAS-larin daha yaxsi oldugunu, bazilorinin iso olmadigini
sOyloyirlor. Perfluoroalkan sulfonat (C , F 2n+1 SO 3 (H)) (PFSA) ailosindo altidan
cox vo ya ona barabar olan karbon zoncirinin uzunluqlart uzun zancirlor hesab
olunur. Bununla bela, perfluorokarboksilik tursuda (C x 1 F 2x.1 COOH) (PFCA)
ailasinda sakkizdan ¢ox vo ya ona barabar olan karbon zancirinin uzunlugu uzun
zoncirlor kimi gobul edilir. Bu, iki ailo arasinda toksiklik vo bio-akkumulyasiya
xiisusiyyatlorindo shomiyyatli forglora baghdir.

Toadgiqat yanginsondiironlorin  AFFF-yo moruz qaldig1 tolimdon sonra
yangmsondiironlorin qan zordabinda perfluoroheksanoik tursu (PFHxA) vo
perfluorooktanoik tursunun (PFNA) soviyyesinin artdigini askar etdi. Bununla bels,
bu yiiksoldilmis PFAS AFFF-nin osas komponentlori deyildi. Uzun zoncirli
fliorotelomerlorin reaktiv yanacaq yanmasi zamani pargalandigi forz edildi. AFFF-
don PFAS-a moruz galmasi tonaffiis vo toxunma yollarla ola bilar [1,5, ].

Tadqigat miisyyan etdi ki, PFAS-a moaruz qalma riski imumi ictimaiyyatlo
miigayisado yanginsondiironlar tigiin daha yiiksokdir. PFOA vo PFOS-un istifadosi
asason son 15 ildo dayandirilsa da, bu birlogsmolor imumiyyastlo mebel, xal¢a, kagiz
vo ya sonaye mohsullarinda istifado olunurdu. Bu birlogsmolori ehtiva edon
mohsullarin bir ¢oxu giindslik hoyatimizda holo do mévcuddur [5]. PFAS hazirda
geyim, yarimkeciricilor va aczaciliq mohsullar da daxil olmagla bir neca totbiqde
istifado olunur. ABS-da an yliksok miqdarda PFAS elektronikada istifado olunur.
PFAS moftil, kabellor, maye kristal vo ya diiz panel displeylor kimi elektron
mohsullarda istifado olunur. Istilik &tiiriilmosi iiclin istifado olunan sensorlar vo
mayelor kimi sinaq avadanligi kimi istifado olunan elektron cihazlar da bu cihazlarin
totbiglorini shomiyyatli doracads yaxsilagdiran fliiorlu birlogsmolor kimi PFAS-dan
istifads etmak talab olunur.

Yangin zamani PFAS birlogsmolori (hom polimer, ham da qeyri-polimer)
daha sonra terminal PFOA, PFOS va ya digoar fliiorlu birlogsmalars parcalana vo otraf
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mihito buraxila bilon fliiorotelomer spirtlori kimi prekursor birlosmolora parcalana
bilor. Yangin yerindo olan yanginsondiiranlor vo ya ilk miidaxilo edonlor fovgolado
hallara reaksiya zamani vo tolim ssenarilori zamani1 yanginsondiirmo foaliyyatlori
zamani bu birlosmalors moruz qalirlar [11, 12]..

Toz. ABS todqgiqatlarin gora, boytiklor vo usaqglar giindo toxminon 30 mq vo
60-100 mq daxili toz qobul edirlor. Umumi ictimaiyyat {iciin, toz vo hava da daxil
olmaqla gapali miihitlor PFAS va ya iizvi fliior moaruz qalma moanbayi hesab olunur.
PFCA, PFSA, FTOH va perfluorooktilsulfanilamidlor (PFSAm) kimi birlogmolor
tictin PFAS konsentrasiyalarinin agiq hava ilo miiqayisodo daxili havada daha
yiiksok oldugu bildirilmisdir. Yanginsondiironlor yanginsondiirmo vasitolori ilo
yanasi, AFFF vo yumsaq mebel kimi digor PFAS monbalorini do yanginsondiirmo
montogolorindo saxlayirlar. Bu ogyalarla yanginsondiironlor gapali havam
cirklondirarak vo ya havaya meylli toz buraxaraq PFAS monbayi kimi ¢ixis eds bilon
qalig PFAS cirklonmosini yangin stansiyasina gotiro bilor. Buna goro do,
yangimsondiiranlor {igiin PFAS-a moruz qalmanin potensial manboyi kimi qapali
hava va tozun rolunu arasdirmaq tolab olundu. Son tadqiqatlar yangisondiiranlor
liclin hoyacan verici olan yanginsondiirmo montaqgosinin tozunda ohomiyyatli
doracads yiiksok PFAS konsentrasiyalar1 askar etdi, ¢iinki onlar novbalarinin ¢ox
hissasini yanginsondiirms stansiyalarinda kegirirlar [3].

PFAS-1n daxil olma yollar1. Ug asas maruz galma yolu kontakt, tonaffiis va
doridir. Qida va ickinin gobulu, PFAS-1n genis ictimaiyyat ii¢iin asas qabul yolu kimi
mioyyon edilmisdir. Maosolon, AFFF vo digor otraf miihit c¢irklondiricilori
yaxinligdaki yerlordon qrunt sular1 va torpaq vasitosilo yayilir. PFAS daha sonra
insan bodonindo birbasa ¢irklonmis sudan vo ya qirmizi ot, yumurta, torovoz,
golyanaltilar, doniz mohsullari, heyvan yagi vo s. daxil olmaqla qidalar vasitasilo
toplana bilor. Bir arasdirma yanginsondiirmo stansiyasinda yetisdirilon mohsulu
PFAS moruz qalmasinin asas manbayi kimi miioyyan etdi. Bu aragdirma gostordi ki,
yanginsondiiranlords istehsal olunan yumurta istehlaki PFAS-a moruz galmanin
aparict yolu kimi goriiniir, ardinca meyva vo torovoz istehlaki vo tozla ¢irklonmis
sothlorlo dori tomasi golir. Qida istehlaki yangisondiiranlorin imumi PFAS
qobulunun 82%-ni togkil edib, ardinca tesadiifi qobulu vo tozda PFAS-a dermal
moruz qalma (15%). Tosadiifon udma vo dorinin torpagdan vo qablarin
tomizlonmoasindon uddugu PFAS <1% ilo noticolondi.Bundan olava, peso
foaliyyatlori ilo olagodar olaraq, PFAS-in dori vo tonoffiis yolu ilo udulma riski
yangmsondiironlor {i¢iin ohomiyyotli dorocodo yliksokdir. Masolon, donmo
mexanizminds istifads olunan PFAS yanginsondiiranin darisins keca bilar. Digor
yanginsondiirme monbayi AFFF ilo olagadir. Bundan slavae, PFAS ehtiva edon
istehlak mohsullarindan yaranan tiistii, inhalyasiya tohliikkosi olmaqgla yanasi,
avadanlhigi vo dorini cirklondira bilor. He¢ bir aragdirma yangin yerindo PFAS
monbolorini tosdiglomasa do, PFAS holo do kommersiya moagsadlori {i¢lin istifado
olunur, ona goro do his vo ya tistiido mdévcud olmalidir. Yanginsondiirmo
foaliyyotlort zamani omolo golon vo buraxilan PFAS-in yerlosdirilmosi
vo miqdarimin miioyyan edilmosino ehtiyac var. Bu monbolordon inhalyasiya yolu
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miistoqil tonoffiis aparatlarinin (SCBA) diizgiin vo ardicil istifadasini nozors alaraq
mohdudlasdirilmalidir. Aktiv yangin sondiirmo zamani SCBA-larin istifadosi
zamani tlistlidon, AFFF-don vo ya dislinin 6ziindon ¢irklondiricilorin hor hansi
ucuculugu inhalyasiya edilmomalidir.

[4] PFAS insan saglamlig1 ti¢iin potensial olaraq zararli olsa da, bu risklorin
arta bilocayi doqiq hodd namolum olaraq qgalir. Digor kimyovi maddolor kimi, onlarin
saglamliq li¢lin manfi tosirlor yaratma qabiliyyati, miqyasi, miiddoti vo moruz qalma
marsrutu kimi moruz galma soraitindon asilidir. Bundan olava, fordlorin yasi, cinsi,
etnik monsubiyyoti, saglamliq voziyyoti vo genetik meyli do monfi saglamliq
noticalorino tosir gostora bilor. Buna baxmayaraq, bir ne¢co uzun zoncirli PFAS
xar¢ang risklari ilo alagalondirilmisdir [8,10]. Onlarin arasinda PFOA, Beynoalxalq
Xorgong Arasdirmalar1 Agentliyi torofindon boyrak vo testis xor¢ongi tiglin miimkiin
insan kanserogeni kimi tosnif edilmisdir.

Per- vo polifluoroalkil maddslori davamli, bioakkumlyativ xiisusiyystlorine
goro xiisusilo aiddir. Onlar doyisdirilmadon uzun miiddst insan badoninds qala
bilorlor vo badon funksiyalarina miidaxilo eds bilorlor. PFOS vo PFOA kimi uzun
zoncirli PFAS-larin yar1 6mrii miivafiq olaraq 5.4 vo 3.8 ildir. PFOS alternativlori,
mosalon, perfluoroheksansulfonik tursu (PFHxS) 8,5 il daha uzun yar1 6mriino
malikdir. Perfluoropentanoik tursu (PFPeA) va perfluorobutan sulfonat (PFBS) kimi
digor qisa zoncirli alternativlor bir neco hoftolik daha qisa yar1 émriino malikdir.
PFOA va PFOS genis sokilds todqiq olunsa da, onlarin alternativlorinin saglamliq
naticolori 0 godor do hortorofli dyronilmomisdir. Bu PFAS alternativlorinin insan
organizmindo olmasi, yarim Omriiniin daha qisa olmasina vo asagi soviyyodo
olmasina baxmayaraq, halo do narahatliq dogurur.

Yangmsondiironlor arasinda tez-tez askar edilon PFAS PFOA (1,15 ilo 2,15
ng/ml arasinda doayisir), PFOS (4,11 ilo 8,63 ng/ml arasinda doyisir), PFHxS (1,83
il 6,15 ng/ml arasinda dayisir), PFNA (6,4 ng/mL), PFNA (6,4 ng/mL), PFNA-dur.
(0,25 ilo 0,31 ng/mL arasinda doyisir) vo PFUnDA (0,11 ilo 0,18 ng/mL arasinda
doyisir) [11]. AFFF istifado tarixi olan yangmsondiiranlor PFOS vo PFHxS
soviyyolorini  yiiksoltmislor. Bununla olagodar olaraq, bir ne¢o todqiqat
yangmsondiironlor arasinda oxsar demogqrafik alt qruplarin {imumi ohalisi ilo
miigayisads bazi uzun zoncirli PFAS-nin daha yiiksok serum soviyyalorini bildirdi.

PFAS-a maruz qalma va xarcang. Qandaki PFAS soviyyalori ilo insanlarda
zororli saglamliq tosirlori arasinda miimkiin olagolori arasdiran genis todqiqatlar
aparilmaqdadir. PFAS-a moruz galma soviyyosi insanlarin yasadiglari yerdon vo ya
hans1 pesolorlo mosgul olduglarindan asili olaraq forqli ola bilor. Homginin, uzun
miiddat arzinde asagi saviyyali moruz qalma miixtalif nov saglamliq risklori yarada
bilor. Miioyyon PFAS-a asagi soviyyali moruz qalmanin uzunmiiddotli tosirlori ilo
bagl todqiqatlar holo do davam edir. Yangmsondiironlordo bildirilon monfi
saglamliq tosirlori digor peso qruplart vo PFAS-a moruz qalan {imumi ohali, o
ciimlodon miisyyan xor¢ong risklori kimidir. Yanginsondiiranlor arasinda bozi
xor¢ong novlorinin vo xarganglo slageli 6liimlorin daha yiiksok nisbotlorini nozora
alarag, bir negoa todqiqat yanginsondiiranlorin peso moruz qalmalari ils xar¢ongo
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yoluxma hallar1 arasindaki olaqoni arasdirnusdir [1,5,8,10]. PFAS ilo yanasi,
yanginsondiironlor bir sira kimyovi maddoloro moruz qalirlar, onlardan bozilori
benzol vo benzo [a]piren kimi taninmis kanserogenlordir. Belo miirokkob garisiglara
xroniki moruz qalmanm potensial monfi tasirlori hagqinda az sey molumdur. indiys
qodor moveud olan todqiqatlarin oksariyyati fordi perfluorlasdirilmis birlosmalorin
saglamliq noticolorino yonolmisdir, bir neg¢osi iso onlarin birlogmis tosirlorini
aragdirmisdir [6].

Bir sira epidemioloji tadqiqatlar gan serumunda yiiksok soviyyoli PFAS ilo
xar¢ang riskinin artmasi arasinda olago oldugunu irali siirdii. Son bir meta-analiz,
serum PFOA-da hor 10 ng/ml artimin boyrok vo testis xor¢ongi iigiin orta riski
miivafiq olaraq 16% vo 3% artirdigini bildirdi. Basqa bir arasdirma, epidemioloji
siibutlarin PFOA-ya moruz galma vo bodyrok vo testis xorgongi hallar1 {iciin
dostokloyici olaraq qaldigi, lakin goti olmadigi gonaotino golinmisdir. Yangin
sohnalarinin gozloanilmazliyini va ¢atinliklorini nazars alaraq, yanginsondiiranlorin
moruz qalmasinin monitoringi ¢ox mirokkebdir. Son vaxtlar digget bozi
cotinliklorin 6hdasindon galo bilacok vo saglamliga tosirlorin qiymatlondirilmasi
tclin doyorli vasito kimi xidmeot eds bilon biomonitoringe yonalib. Galacok
todqiqatlar yanginsondiironlorin PFAS-a moruz qalmasi vo xorgong xostoliyi
arasinda olaqoni arasdirarkon bu amillori nozors almahidir [7,9].

Tahliikonin giymotlondirilmasindo PFAS-1n ¢atinliklori. PFAS vo onlarin
prekursorlarinin saglamliq riskinin giymatlondirilmasini miiayyon etmok c¢otindir.
Bunun sobabi, 1) PFAS-in qiymotlondirme vo idareetmo {igiin asan
forglandirilmasine mane olan boyiik, miixtalif maddslar qrupudur. Bu, hanst PFAS-
1n potensial insan saglamligi riskinin qiymatlondirilmasi {i¢iin uygun ola bilacayini
basa diismoyi ¢otinlosdirir. 2) PFAS-in toksikliyi vo onun ictimai saglamliga tosiri
hagqinda ¢ox mohdud moalumat moévcuddur ki, bu da miixtalif PFAS-larin kimyovi
cohotdon spesifik giymoatlondirilmasini demok olar ki, geyri-mimkiin edir. 3)
Insanlar tez-tez sinergik tosirlora sobab ola bilon namolum PFAS qarisiglarina moruz
qalirlar. 4) Toksiklik todqiqatlarinda tez-tez heyvanlardaki analizlor vo insanlarda
miisahido arasinda oxsarliq yoxdur, bu da bu todqigatlarin toksikliklo bagh
aktualligin1 geyri-miioyyon edir.

Natica.

1. PFAS yangmsondiironlorin AFFF-do genis sokildo istifado olunur va
homg¢inin yangin yerinde vo yanginsondiirme montaqasinin havasinda va tozunda
moveuddur. Buna gora do, yanginsondiirms zamani peso foaliyystlori sobabindon
yangisondiiranlor tigiin imumi ohali ilo miigayisode PFAS-a moruz galma riski
daha yiiksokdir. Umumi ohali ilo miiqayisods yangmsondiiranlor arasinda xorgong
nisbotinin artmasi1 vo PFAS ilo xor¢ong arasindaki olagolor yangin xidmotindo
PFAS-a moruz qalma narahatlhigim artirdi.

2. Yanginsondiironlorin vaxtlarinin demok olar ki, 72%-ni yanginséndiirmo
stansiyasinin igarisinds 24 saatliq ndvbaya sorf etdiklori liclin stansiyada minimum
PFAS-in olmasi tovsiyo olunur. PFAS moruz qalma soviyyossini miioyyan
etmok Uc¢Un qgapali hava niimunslorine miitomadi olaraq nazarat edilmalidir. PFAS
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hissociklorinin hom dori, hom do tonoffiis yollarina moruz galmasini minimuma
endirmak {iclin yanginsondiironlor yangin yerinds ardicil olarag SCBA vo kecid
alotlori do daxil olmaqla qoruyucu alstlordon istifado etmolidirlor. Qoruyucu aloatlor
altinda PFAS pulsuz paltar geymok, digor paltarlardan PFAS ehtiva edon alotlori
saxlamagq va alatlors toxundugdan sonra allori yumaq da PFAS-a dari vo ya tonoffiis
yolu ilo moruz galma riskini azaltmagq tigiin lazimdir.

3. Golacak tadqiqatlar PFAS garisiglarinin potensial toksikliyini vo saglamliq
naticolorini qiymatlondirarkon onlarin garsiligh tasirlorini nazardon kegirmalidir.
Bundan olava, tadqgiqatcilar yanginsondiironlorin peso moruz galmasini vo onlarin
islo bagli xostoliklorin inkisafi ilo olaqesini xarakterizo etmok ii¢iin epigenetik
todgiqatlardan istifado edo bilorlor. Yanginsondiironloro PFAS-a moruz qalmalari
miimkiin godor mohdudlasdirmaq tovsiys olunur.

4. Yanginsondiirmo montogolorinin - yangin  yeri kanserogenlori ilo
cirklonmomosini tomin etmok {i¢lin hor yangin ¢agirisindan sonra zorarsizlogdirmo
islori diggatlo aparilmalidir. Buna gora do, imumi tovsiy9, lazim olmayan yerlordo
(yoni, tibbi ¢agiris, soxsi istifado, miioyyan ndv tolim va s.) istifado edilmomaosidir.
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ANALYSIS OF EXPOSURE TO PER AND POLYFLUOROALKYL
SUBSTANCES (PFAS) AS AN OCCUPATIONAL HAZARD OF
FIREFIGHTERS

Abstract. The term “firefighter” and “cancer” have become so intertwined in
the past decade that they are now nearly inseparable. Occupational exposure of
firefighters to carcinogenic chemicals may increase their risk of developing different
types of cancer. PFAS are one of the major classes of carcinogenic chemicals that
firefighters are exposed to as occupational hazard. Elevated levels of PFAS have
been observed in firefighters’ blood serum in recent studies. Possible sources of
occupational exposure to PFAS include turnout gear, aqueous filmforming foam,
and air and dust at both the fire scene and fire station. Preliminary discussion on
PFAS includes definition, classification, and chemical structure. The review is then
followed by identifying the sources of PFAS that firefighters may encounter as an
occupational hazard. The structural properties of the PFAS used in identified
sources, their degradation, and exposure pathways are reviewed. The elevated level
of PFAS in the blood serum and how this might associate with an increased risk of
cancer is discussed. Our review shows a significant amount of PFAS on turnout gear
and their migration to untreated layers, and how turnout gear itself might be a
potential source of PFAS exposure. PFAS from aqueous filmforming foams (AFFF),
air, and dust of fire stations have been already established as potential exposure
sources. Studies on firefighters’ cancer suggest that firefighters have a higher
cancer risk compared to the general population. This review suggests that increased
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exposure to PFAS as an occupational hazard could be a potential cancer risk for
firefighters.

Key words. PFAS, firefighters, cancer, turnout gear, AFFF, occupational
hazard
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Abstract: This article explores how Artificial Intelligence (Al) can support
mental health at work. Stress and burnout impact performance and safety. Al tools
offer 24/7 emotional support and early warning signs. Based on World Health
Organization, International Labour Organization, and American Psychological
Association data, the article emphasizes ethical use, data security, and human
empathy.

Keywords: Al, HSE, mental health, burnout, stress, workplace well-being

1. Introduction

A new era of human-machine interaction

We are stepping into a new era - an era where human-machine interaction
shapes how we live, work, and stay well. At the center of this transformation is
Artificial Intelligence (Al) - a technology that learns, adapts, and helps us make
better decisions.

But what does this mean for the workplace? For years, workplace safety meant
physical protection, like wearing helmets on dangerous sites, following emergency
drills, avoiding physical hazards and so on. However, today’s workplaces come with
new challenges - challenges you can’t always see:

. stress from tight deadlines;

- pressure to perform;

« job insecurity;

« constant connectivity that blurs work - life boundaries.

These invisible stressors can be just as harmful as physical dangers.

The growing role of well-being in workplace safety

Modern workplaces are recognizing an essential truth: mental and emotional
well-being is as important as physical safety. When employees are overwhelmed,
safety protocols can be overlooked, and accidents become more likely. Global
statistics highlight the urgency: here are global statistics on burnout and its impact
on workplace performance, sourced from reputable international organizations:
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« Global Prevalence of Burnout: A 2024 study by Boston Consulting Group
(BCG) found that, on average, 48% of workers across eight countries (Australia,
Canada, France, Germany, India, Japan, the UK, and the US) are currently
grappling with burnout.

« Economic Impact: The World Health Organization (WHQ) reports that
depression and anxiety disorders cost the global economy approximately $1
trillion each year, primarily due to lost productivity.

« Work-Related Deaths: According to a joint report by WHO and the
International Labor Organization (ILO), nearly 2 million people die each year from
work-related causes, with a significant portion attributed to stress-related conditions.

« Impact on Health and Safety Professionals: A study published in the
National Institutes of Health (NIH) found that among health professionals, the
prevalence of workplace violence—which can contribute to burnout - was 64.2%
during the COVID-19 pandemic.

Global Prevalence of Burnout by Year and Country (2015-2025)
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Fig. 1. The plot visually represents how burnout rates vary across different countries
over the specified years.

These numbers send a clear message: mental health isn’t just a personal issue;
it’s a workplace safety issue.

The Challenge and the Opportunity

The big question now is: How can workplaces support mental well-being while
ensuring safety? The challenge lies in identifying and addressing psychological risks
before they lead to burnout, accidents, or disengagement. Traditional methods - such
as wellness programs or flexible working hours - are helpful but often lack
personalization and scalability.
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This is where Al comes in. The potential is clear: with AIl’s precision and
scalability, organizations can move from reacting to well-being crises to prevent
them altogether. True workplace safety goes beyond physical protection. It’s about
supporting the mind, nurturing emotional resilience, and building environments
where people can truly thrive.

2. The new importance: Well-being in the workplace

Workplace safety is changing. In the past, safety meant protecting workers
from physical risks - accidents, falls, or injuries. But today, there’s a new focus:
mental health and well-being at work. Why? Because workplaces have changed.
Deadlines are tighter, technology keeps us connected 24/7, and many employees
face high expectations and pressure. This creates invisible risks:

. stress that drains energy and focus;

« burnout that leads to exhaustion and mistakes;

« mental fatigue that slows decision-making.

These risks don’t cause physical injuries, but they affect how well and safely
people work. A stressed mind can be just as dangerous in the workplace as unsafe
equipment.

Why mental health matters for Workplace Safety?

Mental health is now seen as a key part of safety. When employees feel
mentally strong, they work better and safer. But when mental well-being is ignored,
problems arise.

A healthy mind means:

« Better focus: Fewer mistakes and safer work habits;

« Stronger decision-making: Quicker, clearer thinking in critical moments;

« Higher motivation: More energy and commitment to tasks.

In industries where safety is crucial - like healthcare, construction, or
manufacturing - mental fatigue can result in serious accidents. One moment of lost
concentration could have dangerous consequences.

The real impact of Stress, Burnout, and Mental Fatigue

Let’s look at how stress, burnout, and mental fatigue specifically affect the
workplace.

1. Stress: The silent disruptor. Some stress at work is normal, it can push us to
meet deadlines or complete tasks. But chronic stress (stress that lasts a long time)
is harmful. It affects:

- memory: forgetting important details;

. focus: making mistakes due to lack of attention;

« teamwork: poor communication when stress causes frustration.

2. Burnout: When stress becomes too much. Burnout happens when stress isn’t
managed. It shows up as:

« emotional exhaustion: feeling tired and unmotivated;

« detachment: not caring about work or safety rules;

« reduced performance: struggling to complete tasks.
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3. Mental Fatigue: The hidden danger. Mental fatigue is hard to see but
dangerous. It happens when the brain works too hard for too long. Signs include:

« slow reactions during emergencies;

« poor problem-solving skills;

« mood changes that affect teamwork.

From Reactive to Proactive: Changing the approach

In the past, companies only acted when problems arose - when employees got
sick or made mistakes. But today, a proactive approach is needed. This means:

. identifying stress early: spotting warning signs before they lead to burnout;

« Creating supportive environments: making it safe to talk about mental health;

« offering tools and training: helping employees build resilience.

3. Role of Al in Supporting Workplace Well-Being

How Al supports mental health at work

As workplaces become more complex, traditional methods for supporting
well-being are no longer enough. Different employees have different needs, and
stress affects everyone in unique ways. To keep workplaces safe and healthy,
companies need flexible, smart solutions that can adapt to these needs.

This is where Artificial Intelligence (Al) comes in. Al is more than just robots
and data analysis. It can help create workplaces where employees feel supported,
safe, and mentally strong. By providing personalized, real-time support, Al can
help employees manage stress, avoid burnout, and stay focused.

Al-powered mental health tools: 24/7 support - One of the most useful ways
Al helps is through mental health tools like chatbots and virtual assistants. Unlike
traditional support, which may only be available during working hours, Al tools are
there 24/7.

For example, if an employee feels anxious late at night, they can chat with an
Al assistant that suggests calming exercises. This kind of on-demand support helps
employees manage their emotions without waiting for an appointment or fearing
judgment.

Breaking down barriers - Many employees hesitate to talk about mental
health because of stigma - the fear that colleagues or managers will judge them. Al-
powered tools help overcome this by providing:

. private, judgment-free spaces for reflection and support;

« proactive check-ins that ask employees how they’re feeling;

. regular reminders for self-care, helping employees stay mindful of their
mental state.

By making mental health support accessible and private, Al helps create
psychologically safe workplaces, where employees feel comfortable seeking help.

Personalized Well-being plans: Tailored support for everyone - Not
everyone experiences stress in the same way. Some employees may feel anxious,
while others might struggle with focus or energy. Traditional wellness programs
often fail because they use a one-size-fits-all approach.
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Al changes this by offering personalised well-being plans that adapt to
individual needs. These recommendations aren’t static. As employees use these
apps, the Al learns and adjusts, offering new suggestions based on progress. This
ensures the support remains relevant and effective over time.

Predictive analytics for Safety: Stopping burnout before it starts - Al’s
power goes beyond offering support - it can also predict problems before they
happen. Using predictive analytics, Al looks at data to detect patterns that indicate
stress, fatigue, or burnout. Al analyzes information like:

« Work hours: Are employees working overtime regularly?

. Sleep patterns: Are employees getting enough rest?

« Productivity levels: Are there drops in performance?

« Team surveys: Are employees reporting higher stress?

If Al detects signs of increasing stress, it can:

. alert managers so they can reduce workloads or offer support;

« recommend breaks or flexible hours;

« suggest wellness programs tailored to specific needs.

This means organizations don’t have to wait for employees to show visible
signs of burnout - they can intervene early, keeping employees healthy and
workplaces safe.

Predicting team-level stress - Al doesn’t just work on the individual level. It
can also help teams by identifying systemic stressors - issues affecting entire
departments or groups. For example:

« Al may detect that a team’s stress levels rise during a particular project phase.

. Leaders can then plan for extra resources or adjust timelines to reduce
pressure.

By identifying these trends, organizations can build resilient teams that handle
stress better and perform more effectively.

4. The Future of Safe and Healthy Workplaces

Workplaces are changing. In the past, safety meant hard hats, safety drills, and
protective equipment. But today, we understand that true workplace safety is about
more than just physical protection - it includes mental and emotional well-being.

When employees feel mentally strong, motivated, and supported, they:

« make fewer mistakes;

. Stay more engaged;

- work more safely and productively.

Ignoring mental health at work leads to higher stress, more burnout, and
lower performance. Companies that take well-being seriously will attract better
talent, reduce turnover, and improve productivity. Al gives us new ways to support
mental health in the workplace. It can:

« provide 24/7 mental health support through chatbots and virtual assistants;

« personalize well-being plans so every employee gets the right support;

« predict stress and burnout risks before they become serious problems.
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But Al is not a magic pill. It cannot replace human care, empathy, or
leadership. Instead, it should be used to help managers, HR teams, and employees
make better decisions about mental health and well-being.

Al won’t replace human care, but it can amplify it. Together, they can build
workplaces where safety includes not just our bodies - but also our minds. The best
workplaces will combine AI’s intelligence with human understanding. This means:

. using ai to monitor well-being trends, but keeping human conversations at
the center;

. providing mental health resources through ai, while encouraging personal
support from colleagues and managers;

« building a culture of well-being, where employees feel safe discussing
mental health.

A healthy workplace is one where employees feel valued, supported, and
motivated - and Al can help make that a reality.
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RIFAH UCUN AI: iS YERINDO ZEHNi DAYANIQLIGIN
ARTIRILMASI

Xiilasa: Mogqalo siini intellektin (SI) is yerinda psixi saglamliga neco komok
etdiyini izah edir. Yorgunluq vo stress tohliikosizlik, digqetlilik vo mohsuldarlig
azaldir. SI alotlori 24/7 dostok vo erkon xobardarligi tomin edir. Umumdiinya
Sohiyyos Toskilatinin, Beynolxalg Omok Togkilatinin vo Amerika Psixologiya
Assosiasiyasinin molumatlar1 osasinda etik vo empatik yanasma vurgulanir.

Acar sozlar: Al, omoyin miihafizosi, psixi saglamliq, tiikonmislik, stress, is
yerindo rifah

WU J1JI51 BJATONOJIYYMS: MOBBIIIEHUE IICUXOJOI' MYECKOH
YCTOUYUBOCTU HA PABOYEM MECTE

AnHoTanms: B cratbe nokazano, kak I MokeT noaiepKuBaTh ICUXUYECKOE
30pOBbE Ha paboTe. VYCTaloCTh M CTPECC CHUXKAeT O€30MacCHOCTb U
sbdextuBHocts. MW mipemnnaraer momoms 24/7 u BeIsBIsSeT pucku. Ha ocHoBe
naHHblx  Bcemupnoit  Opranuzanuu — 3ApaBOOXpaHEHUs, MeXIyHapoIHOM
Opranmzanuun  Tpyna u  Awmepukanckoi [lcuxonmormueckoil — Acconuanuu
ITOJYEPKUBACTCS BaXKHOCTh 3TUKH, 3aLIUTHI TAHHBIX U YEJIOBEUECKON IMIIATUH.

Kuarwuesbie cioBa: 1, oxpana tpyna, ICUXUYECKOE 300POBbE, BHITOPAHUE,
cTpecc, OJ1aronoyiygue Ha paboueM MecTe.
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Xiilasa. Moqalodo fovgolado hal risklorinin prognozlasdirilmasinda riyazi
modellosdirms tisullart ilo yanasi, siini intellekt texnologiyalarinin totbiq potensiali
tohlil olunur. ©nonovi riyazi yanagmalarin sobab-notico olagolorinin analitik
tosvirindo somorali oldugu gostorilso do, kompleks vo qeyri-xotti xarakterli
proseslords bu iisullarin prognoz doqiqliyindo mohdudiyyotlor miisahido edilmisdir.
Masin 6yronmaosi alqoritmlari iso genis hocmli verilonlor asasinda ¢evik vo real vaxt
rejiminds isloya bilon modellor qurmaga imkan verir. Soziligedon iki yanasmanin
sintezi osasinda formalasdirilan hibrid modellor riskin prognozlagdirilmasi
prosesindo hom yiiksok doqiqlik, hom do izaholunma gqabiliyysti baximindan
tistiinliik toskil edir. Tadqigatda bu modellorin qurulma moarhslalari vo onlarin real
verilonlar lizorinds tatbiqina dair naticalar atrafli sokilds toqdim olunur.

Acar sozlar: Fovgolads hallar, risk prognozlasdirilmasi, riyazi modellar, siini
intellekt, magin dyronmasi, hibrid modellar, ehtimal nazoriyyasi.

Miiasir dovr {i¢lin urbanizasiya, sonayelosmo, iqlim doyisikliyi vo texnogen
inkisaf kimi xarakterik olan faktorlar noticoasindo miixtalif tobiotli fovgolads hallarin
bas vermo tezliyinin vo fosadlarmin ohomiyyotli dorocodo artmasina sobab
olmusdur. Belo hallarin bag vermasi insanlarin hoyat vo saglamligma, eloco do
normal foaliyyst rejimino, otraf miihito vo iqtisadi infrastrukturun dayanigligina
ciddi tohliikali risklorin meydana golmosing sorait yaradir. Qeyd edilonlori nozoro
alaraq, belo risklorin avvalcodon miiayyon edilmasi, qiymatlondirilmasi, habelo
fovgolado hallarin bas vermodon Onco qarsisinin alinmasi tiglin elmi osaslara
soykonon prognozlasdirma modellorinin qurulmasi vacib vo aktual massladir.

Fovgoalads hal risklorinin prognozlagdirilmasi sahasinds aparilan elmi
todqiqatlarda istifado olunan metodlar osason statistik analiz, riyazi modellor,
ehtimal nozoriyyasi vo son illords daha da aktuallasan siini intellekt, bilavasito masin
Oyronmasi  texnologiyalarina  osaslanir.  Xisusilo  masin  dyronmasi
alqoritmlori totbiqi tokco kegmis molumatlar asasinda risklorin qiymaotlondirilmosi
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ilo kifayotlonmoyarak, real vaxt rejimindo yenilonon verilonlorini analiz edorak
dinamik sakilds tohliike soviyyasini miioyyan etms imkanlarina sahibdir..

Onanavi riyazi modellor fovgelads hallarin prognozlasdirilmasi iizro sabob-
natico slagolorinin qurulmasinda miihiim rol oynaya bilar. Lakin, belo modellorin
geyri-xotti vo yiikksok 0l¢iilii verilonlor miihitindo effektivliyi azalir. Belo oldugu
toqdirdo masin Oyronmosi alqoritmlorinin totbiqi prognozlarin doqigliyini vo
operativliyini artirmaga imkan yaradir. Son zamanlar bu iki metodikanin — klassik
riyazi modellorin vo masin 0yronmasi alqoritmlorinin — sintez olunmasi ilo yaradilan
hibrid modellor risk prognozlasdirilmasinda on ugurlu yanasmalardan biri kimi
doyorlondirilir.

Hazirki moqalonin mazmunu févgelads hal risklorinin qiymatlondirilmasi vo
prognozlasdirilmasi magsadils tatbiq olunan miixtalif riyazi metod vo modellar, real
vaxt rejiminda isloyan sistemlorin prinsiplori vo masin dyronmasi alqoritmlorinin
effektivliyindon bohs etmoklo yanasi, eyni zamanda bu komponentlorin
inteqrasiyasi osasinda qurulan hibrid modellor vo onlarin totbiq perspektivlori
toqdim olunur. Bu tadqiqatin asas maqgsadi iso elmi asaslara sOykonon, ¢evik vo
doqiq prognoz sistemi yaratmaq ti¢iin kompleks yanagsmanin vacibliyini
goOstormokdir.

Fovqalads hallar tabiot hadisalari (zalzala, dasqin, torpaq siiriismasi), texnogen
qoza (sonaye partlayislar, radiasiya sizmasi), sosial vo ya bioloji folakotlor
(pandemiyalar, kiitlovi igtisaslar vo s.) formasinda miixtolif mongoaloro malik ola
bilor. Onlarin yaratdig1 risklorin diizgiin qiymotlondirilmosi vo ovvalcodon
prognozlasdirilmast miiasir elmi yanasmalar vo modellosdirmo metodlart ilo daha
effektiv vo operativ reaksiya verilmasi ila saciyyslondirilir.

Bu va ya digor sahados aparilan elmi todqiqatlara nozar yetirdikdo, fovgelads hal
risklorinin modellosdirilmasi liclin miixtolif elmi yanagmalar vo alatlor movcud
oldugu molumdur. Bu yanagmalar asagidaki asas kateqoriyalara boliiniir:

e Deterministik modellor - hadisalorin sabab-natico slagelarini nazers alaraq
doqiq naticalor ¢ixarmaga calisir. Bu modellor fiziki qanunlar, riyazi diisturlarin
tatbiqi vo empirik sabitloma asasinda qurulur [1]-[3];

o Statistik modellar - kegmis verilonlor osasinda ehtimal paylanmalari qurur vo
golacokda bas veracak risklari prognozlasdirmagq ticiin bu paylanmalardan istifade
edir [4]-[5];

e Ssenari asaslhi modellagdirma - miimkiin risklorin miixtalif inkisaf yollarini
modellosdirir. Bu metod asasan tolimlords vo gorar gabuletms proseslorinds istifado
olunur [6]-[8];

® Risk komponentlarina asaslanan modellasdirma - beynolxalq praktikada risk
asagidaki komponentlarls ifads olunur [9]-[10]:

Risk=Tohliiko x Zaiflik x Maruz qalma (1).
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Bu yanagma BMT-nin Folakot Riskinin Azaldilmasi 1iizro ¢orgivo
konvensiyasinin sonadlorindo (mos. Sendai Corgivosi) do istifado olunur. Hor bir
komponent ii¢iin ayrica verilonlor toplanir vo qiymatlondirilir;

o Siini intellekt va masin dyronmoasi asasli modellor - son illordo risk
prognozlasdirilmasinda daha adaptiv vo ¢evik yanasma kimi siini intellekt alotlori,
xiisusilo masin Oyronmasi modellori (decision tree, logistic regression, random
forest, LSTM va s.) totbiq edilmoaya baglanilib [11]-[12];

e Hibrid modellor — deterministik vo statistik yanasmalari, siini intellekt
tisullarin birlogdirarok daha ¢evik vo doqiq prognozlar togdim edir [13].

Aragdirma {izra nazar yetirilon adabiyyat analizina asason geyd etmak olar ki,
mdvcud modellarin har biri spesifik iistiinliiklora malik olsa da, onlarin aksariyyati
ya fiziki, ya da statistik komponentlor {izorinde qurulmusdur, lakin real vaxt
rejimindo gorar dostayi kimi vacib funksiyalar holo do mohduddur. Bu sobabdon,
riyazi modellar, siini intellekt alqoritmlori va risk komponentlorinin inteqrasiyasi ilo
daha cevik, izah edils bilon vo prognozlasdirma gabiliyysti yiiksok olan sistemin
yaradilmasina ehtiyac vardir.

Riyazi modellor va ehtimal nazariyyasi asasinda proqnozlasdirma. Qeyd
etmok miitloqdir ki, fovgolads hallarin bas verma ehtimalinin qiymatlondirilmasi vo
bu risklorin galacokds neca inkisaf edocayinin prognozlasdirilmasi li¢iin ananavi vo
riyazi yanagmalar hals da 6z aktualligin1 qorumaqdadir. Riyazi modellar, hadisalorin
sabab-natico olagolorinin formal sokilds ifado olunmasina vo miixtolif ssenarilor
osasinda prognozlarin verilmosino imkan yaradir [14]. Bu yanasma xiisusilo
verilonlorin mohdud oldugu, lakin sistemin fiziki va loqiki strukturu molum olan
hallarda effektivdir.

Xarakterik fovgelads hal riski {liciin prognoz modeli asagidaki kimi
strukturlasdirila bilor:

R=aP+ T+ yY+6L+60E+¢ (2)

Burada:

e R- risk gostarici;

e P - ohali sixligs;

e T — orta tempratur;

e Y — yaginti miqdari;

e | - yerin cografi movqeyi;

e E — zorar¢okanlorin sayi;

ea, 3, v, 6, 8 — modelin empirik vo ya statistik metodlarla toyin edilon
omsallari;

e ¢ — stoxastik (tesadifi) doyisan.

Ehtimal nazariyyasi vo Bayes yanasmasi. Riyazi modellorin daha dinamik vo
adaptiv olmasini tomin edon yanagmalardan biri Bayes nozariyyssidir. Bu nozariyyo
avvalcadon molum ehtimallarin yeni malumatlara asason yenilonmasini tomin edir:
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P(D|H)+P(H)
P(D)

P(H|D) = 3)

Burada:

¢ P(H|D) — miisahidodon sonra hadisanin ehtimali (aposteriori ehtimal);

e P(D|H) — verilmis hadiso bas verdikdo malumatin miisahido olunma ehtimali;

¢ P(H) — hadisonin ilkin ehtimal;

e P(D) — molumatin iimumi ehtimali.

Verilonlorin statistik analizlo proqnozlasdirilmasi. Riyazi modellorin
effektiv islomosi ii¢iin ilkin molumatlarin statistik tohlili miitlogdir:

 orta, dispersiya vo kovariasiya hesablamalart;

o zaman sirasi analizlori (m&vsiimi doyisikliklor);

« c¢oxsayli doyisonlor arasindaki slagalarin korrelyasiya tohlili.

Oldo edilmis statistik naticolor progqnoz modellarinin kalibrlonmasi vo modelin
real verilonlors uygunlasdirilmasi iigiin baza rolunu oynayir.

Masin 6yranmasi alqoritmlarinin tatbiqi. Son illords verilonlorin hacmi vo
miurokkobliy1 artdiqca, fovgolado hallarin prognozlasdirilmasi sahosindo masin
Oyronmosi (ML) alqoritmlorinin  totbiqi  aktuallasmisdir. ML metodlar,
verilonlordon niimunsloari vo olagelori avtomatik dyronorok golocokdo bag veracok
hadisalorin ehtimalin1 giymotlondirir [15]-[16]. Bu texnologiya, xiisusilo
strukturlagdirilmis vo zaman seriyasi formasinda olan moalumatlarda yiiksok doqiqlik
va ceviklik gostarir.

on cox istifads olunan ML alqoritmlori asagidakilardir:

o Decision Tree (Qorar agaci): sado vo daha asan interpretasiya olunan
struktura malikdir. Masalon: “Ogor temperatur > 35°C va riitubat < 20% iso risk
yiiksokdir”;

« Random Forest: ¢coxsayli agaclarin birlagdirilmasi ile natica alds olunur;

« Logistic Regression: iki ehtimalli hadisaler ii¢iin effektivdir (“risk var” /
“yox”);

o XGBoost: Yiiksok performanslt giiclondirma xiisusiyyati ilo ¢ox parametrli
mihitlordo genis istifado olunur;

« LSTM (Long Short-Term Memory): hadisalarin ayliq va illik trendlarinin
prognozlasdirilmasi tigiin istifade olunur.

Hibrid modellosdirma: riyazi vo ML metodlarimin birlasdirilmasi. Ononavi
riyazi modellar vo siini intellekt asasli masin 6yronmasi (ML) alqoritmlari fovgelads
hal risklorinin prognozlasdirilmasi sahasinds hor biri 6ziinamoxsus tstiinliiklora
malikdir. Riyazi modellor sistemin sobob-natico oslagslorini nozors alaraq prognoz
verir va interpretasiya baximindan soffafdir [17]. Digor torofdon, ML alqoritmlori
boyiik hocmli, qgeyri-xotti vo yliksok doyiskonlikli verilonlorlo daha effektiv
isloyarak prognozun doqiqliyini artirir. Lakin hor iki yanagmanin mahdudiyyatlori
do movcuddur. Bu sababdon miiasir elmi yanagmalarda bu iki metodologiyanin
birlogdirilmasi, yoni hibrid modellosdirmo, daha optimal noticalor alds etmok {i¢iin
asas strategiyalardan birina ¢evrilmisdir.
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Hibrid modelin osas moagsadi — anonavi riyazi modelin izahliligin1 vo ML-in
Oyranma qabiliyyatini bir sistemds birlosdirmokdir [17].

Bu ciir modellor adoton asagidak struktur lizro qurulur:

1. Ilkin morhalo — klassik riyazi model (mosalon, reqressiya) vasitosilo ilkin
risk hesablanir;

2. Qaliglarin analizi — riyazi modelin sohv va ya qaliq doyarlori (residuals) ML
algoritmina Otiirtiliir;

3. Tokmillosdirilmis ¢ixis — ML algoritmi bu qaliglara asason olava diizaliglor
edir vo yekun notico daha doqiq olur.

Data S R

asash girily tatictile ivazi

Qal Q Ye

qlarm aliglara kun risk

Saokil 1. Hibrid modelloma totbig ardicillig

Natica va takliflor.

Arasdirma c¢orgivasindo fovgolado hal risklorinin prognozlasdirilmasi ticiin
totbiq olunan riyazi modellor, ehtimal nozoriyyasi va siini intellekt alqoritmlori
asasinda kompleks bir yanagsma totbiqi ilo real vaxt rejiminds fovgolado hallarin
prognozlagdirilmasinin effektiv naticesinin oldugu stibuta yetirilmisdir. Hazirki
todgqigat lizro movcud odaobiyyat analizi aparildigdan sonra bu saha iizro
catismazliglarin inkisaf etdirilmasina ehtiyac oldugu miioyyan olundu. ©lds olunan
asas naticalar asagidakilardir:

e Ononovi riyazi modellor hadisalorin sobab-natico oalagoalorinin  analitik
ifadesindo vo miioyyon sabit doyisonlor osasinda ilkin qiymatlondirmolorin
aparilmasinda effektiv olsa da, mirokkob vo doyiskon miihitlordo prognoz
daqiqliyini mahdudlasdirir;

e Masin Oyronmosi alqoritmlori boyiikhacmli vo geyri-xotti verilonlorlo
isloyorok daha cevik vo yliksok doqiqliye malik prognozlar vermokdo iistiinliik
gostormisdir;

e Hibrid modellogdirmo yanasmasi — yoni riyazi modellor vo ML
algoritmlorinin inteqrasiyasi — fovgolado hal risklorinin qiymotlondirilmasindo hom
1zahli, hom ds yiiksak daqiqliye malik naticalar toqdim etmisdir.

Qeyd etmok lazimdir ki, fovgolado hal risklorinin prognozlasdirilmasinda
hibrid modellarin totbiqi genislondirilmalidir. Riyazi asaslandirma ils yanasi, ML
alqoritmlari da daxil edilmakla, modellor hom izahli, hom do dyronma gabiliyyatli
olmalidir. Golocok todqiqatlarda geyri-xotti sistemlor ii¢lin diferensial tonliklor ilo
ML yanasmalarinin birlogdirilmasi yolu ilo daha sabit va dinamik modellar iglonib
hazirlanmalidir. Verilanlarin shataliliyi vo keyfiyyati modelin effektivliyina birbasa
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tosir gostordiyindon, molumatlarin toplanmasi vo ovvolcadon emal morholslorine
xiisusi diqget yetirilmolidir.
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MATEMATHYECKHUE H UHTEJUIEKTYAJIBHBIE IOAXObI K
ITPOT'HO3NPOBAHUIO PUCKOB YPE3BbBIYAUHBIX CUTYALIUN

AHHOTanms. B cTaTee aHAIM3UpyETCS MOTEHUHUAN PUMEHEHUS TEXHOJIOTHIA
UCKYCCTBEHHOIO  MHTEJUIEKTa HapsAay ¢  METoAaMH  MaTeMaTU4eCKOTO
MOJIECJINPOBAHUS B IPOrHO3UPOBAHUH PUCKOB YpE3BBIUAlHBIX cuTyanuil. Hecmotps
Ha 3(PPEKTUBHOCTD TPATUIIMOHHBIX MATEMATHUYECKUX TI0JIX0/I0B B aHAJTUTHYECKOM
OMMCAHWUU MPUYUHHO-CIIEICTBEHHBIX CBS3€H, B YCIOBUSX CIOKHBIX U HETMHEUHBIX
IPOLIECCOB OTMEYAIOTCS OrPaHUYEHHS] B TOYHOCTH IPOTHO30B. AJTOPUTMBI
MalIMHHOTO 00YYEHUS MO3BOJISIIOT CTPOUTh TMOKHE MOJIENH, CIOCOOHBIE pabOTaTh
B PEKUME PEabHOTO BPEMEHHM Ha OCHOBE 00JIBIIIOr0 00beMa JaHHbIX. CUHTE3 3TUX
JBYX MOJXO0/IOB B BUJE TMOPUJIHBIX MOJeNel o0ecreuynBaeT NpeuMyIIeCcTBO KaK B
TOYHOCTU TPOTHO3MPOBAaHUA, TaK M B HHTEPIPETUPYEMOCTH pe3yibTaToB. B
MCCJIEI0BAHUH TIOJIPOOHO PACCMaTPHUBAIOTCA 3TAMbl MOCTPOCHUS TAKUX MOJENEH 1
MPUBOJATCS PE3YJIbTAThI UX IPUMEHEHUS K PEAJIbHBIM JIaHHBIM.

KaroueBbie ciioBa: UpesBblUaliHbIE CHUTYAl[MH, NPOTHO3UPOBAHUE PHUCKOB,
MaTeMaTU4ecKoe MOJEINPOBAHUE, HWCKYCCTBEHHBI WHTEJUIEKT, MAIIWHHOE
oOyueHue, ruOpuIHbIE MOJIEIH, TEOPHUS BEPOSITHOCTEH.

MATHEMATICAL AND ARTIFICIAL INTELLIGENCE
APPROACHES TO EMERGENCY RISK FORECASTING

Annotation. The article analyzes the potential of applying artificial intelligence
technologies alongside mathematical modeling methods in forecasting emergency
risks. While traditional mathematical approaches are effective in analytically
describing cause-and-effect relationships, their predictive accuracy becomes limited
in complex and nonlinear systems. Machine learning algorithms enable the
development of flexible models capable of operating in real time based on large-
scale datasets. The synthesis of these two approaches into hybrid models offers
advantages in both prediction accuracy and interpretability. The study presents the
development stages of such models and provides detailed results of their application
to real-world data.

Keywords: Emergency risks, risk forecasting, mathematical modeling,
artificial intelligence, machine learning, hybrid models, probability theory.
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Xiilasa. Moqalods fovgelads hallar, sonaye vo maisot hadisalori zamani 6liim
vo xosaratlorin azaldilmasina mobil proqramlarin tesiri aragdirilir. Risklorin vo
zorarin azaldilmasinda texnologiyalarin tosirini gdstoron riyazi hesablamalar,
codvoallor vo grafiklor togdim olunur. Sonda bu saho iizro totbiqin hazirlanmasi vo
totbiqi ilo bagh tévsiya verilir.

Acar sozlar: tohliikosizlik, totbiglor, fovgolado hallar, omoyin miihafizosi,
xasaratlar, risklorin idars edilmosi

Giris. Son illor orizindo informasiya texnologiyalar1 miiasir diinyada hoyat
torzini, omok strukturunu, linsiyyoti, tolim vo todrisi kordinal sokildo doyisib vo
doyigsmakdadir. Bels ki, giindslik hayatda “Whatsapp”, “Telegram” kimi totbiglor
molumat Gtiirlilmasinin vo iinsiyyatin, onlayn xidmotlor taksi xidmatini, bilet vo
digor mohsullarin  almmasmin, agilli ev totbiglori evin temperaturunun,
isqlanmasinin video miisahido vo tohliikasizliyinin mosafodon idara edilmasinin,
“Zoom”, “Microsoft Teams” kimi totbiqlor distant tohsili hoyata kegirilmasinin,
miistori miinasibotlorinin idaro edilmosi sistemlori miihasibat ucotu, sonoad
dovriyyasinin, elektron hokiimoat portallar1t vo totbiglori dovlet qurumlarinin
gostordiyi xidmaotin keyfiyyot vo rahatligini kegon asrlordo holo aglasigmaz olan bir
soviyyayo gotirib ¢ixarmisdir. Bundan olavo olaraq miiasir tendensiyada siini
intelektin inkisafi bir c¢ox peso saholorindo hesablamalarin totqigatlarin
asandlasdirilmasina xidmeot edir vo bir ¢ox funksiyalari ilo miihiim proseslari
avtomatlagdirir. Hal-hazirada diinyada fovgolads hallar sahasi iizro do informasiya
texnologiyalarinin bu kimi xidmatlorindon genis istifads edilir.

Mosalonin qoyulusu. Fovgolado hallarin, istehsalat vo moisot gozalarinin
sayimin artmasi soraitindo votondaslarin hoyat vo saglamliginin tohliikasizliyinin
tomin edilmasi hom dovlet, hom do 0zal sektor iigiin prioritet vozifolordon
birins ¢evrilir. Umumdiinya Sohiyyo Toskilati, Beynolxalq ©mok Toskilat: vo milli
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strukturlar torofindon togdim olunan Oliim vo xosarot statistikasi hadisolorin
risklorini vo naticalarini azaltmagq ii¢ilin sistemli vo innovativ tadbirlorin goriilmasing
ehtiyac oldugunu gostorir.

On perspektivli vasitolordon biri tokca shalini vo pesokar xidmatlori operativ
sokildo molumatlandirmaq deyil, hom do reaksiya, risklorin qiymotlondirilmosi,
sonadlogdirmo vo gorarlarin gobulu proseslorini avtomatlasdira bilon totbiglorin
yaradilmasidir.

Rogomsal texnologiyalarin  foal inkisafina baxmayaraq, Azorbaycan
Respublikasinda hoyat tohliikosizliyi sahasindo bu kimi totbiglor méveud deyildir.
Beloliklo, bu todqgigatin yaradilmasinin aktuallig1 6liim, xosarat vo iqtisadi itkilorin
soviyyosini azalda bilon, habelo votondaslar, igogotiironlor, omoyin miihafizosi iizro
mutoxassislor vo ddvlot qurumlar1 arasinda qarsiligli olagoni giiclondira bilon
effektiv rogomsal alatin hazirlanmasi zarurati ils baghdir.

Bu maqals asagida geyd edilmis masalalora hadaflonib:

e tohliikasizlik sahasinds mobil tatbiglardan istifads lizra beynolxalq va yerli
tocriibonin tohlili;

e onlarin tosirinin komiyyst qiymatlondirilmosi;

e vahid milli totbigin yaradilmasinin asaslandirilmasi;

e onun strukturu, funksiyalar1 vo gozlonilon effekti tizro tokliflorin
formalasdirilmasi.

Isas hissa. Texnologiyalarin vo mobil platformalarin inkisafi ilo insan
hoyatinin tohliikasizliyini tomin edilmasi ii¢lin hazirlanan totbiglor risklorin
azaldilmasinda, qgozalarin qarsisinin alinmasinda vo fovgolado hallara effektiv
reaksiya verilmoasindo miihiim rol oynaya, miixtalif soviyyolordo soxsi va kollektiv
tohliikosizliyin tomin edilmosindo miihiim aloto ¢evrilo bilor. Lakin voziyyati tam
anlamaq ii¢lin ilk novboado diinya vo Olkomizdo tohliikali hadisslor, 6liimlo
naticolonan hallar, istehsalat vo moisot qazalarinin, fovgolads hallarin statistikasin
aragdirmali, omok miihafizosinin osaslarint vo bu kimi hadisalorlo bagli ohali
torofindon edilon miiraciotlori totqiq etmoliyik. Beloki, Umumdiinya Sohiyyo
Taskilati, Beynalxalq ©Omak Taskilati vo Beynalxalq Tohliikasizlik Assosiasiyasinin
molumatlarina gora Oliimlo naticolonan hadisalarin son illar iiglin statistikasi
asagidaki kimidir:

* Yol-nogliyyat hadisalari: ildo ~1,3 milyon 6liim — Umumdiinya Sohiyyo
Taskilatinin molumatlari, Yol Tohliikasizliyi tizra Qlobal Status Hesabati, 2023; [1]

* Peso xosaratlori: ~2,3 milyon 06lim — Beynolxalgq Omok Toaskilati
malumatlari, Tohliikasizlik va Saglamliq ©mayin Galacayinin Qalbinda, 2022; [2]

* Moisot gozalari: ~3,16 milyon 6liim — Umumdiinya Sohiyys Toskilatmin
molumatlari, 2023; [3]

* Tabii va texnogen fovgalada hallar: ~1 milyon 6lim — Fovqgolada hallar tigiin
molumat bazasi (Beynolxalq Folakot Moalumat Bazasi), 2023. [4]

Azorbaycan lizro statistikani (Azorbaycan Respublikast Fovgolado Hallar
Nazirliyinin vo Dovlat Statistika Komitasinin molumatlar1 asasinda) nozordon
kegirak. [5,6]
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Cadval 1
) ) Tabii vo
Olimls - : Olimls Yanginlar texnogen
. Umumi . .o
. naticalonan | . naticolonan |zamani vofat fovgolada
Il . istehsalat | . .
nagliyyat zalart istehsalat edonlorin | hallar zamani
gazalar1 hallar q gqazalan sayl1 vafat edanlorin
say1
2019 821 309 63 53 70
2020 696 250 48 49 87
2021 706 327 51 38 55
2022 834 281 34 51 67
2023 862 454 70 40 62
Qrafik 1
Oliimla naticalanan hadisalarin illar (izra gostaricilari
100
90 87
80
70 70
60 68 & (75(2)
50 » 45 37 51
: . . :
20
10
0
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Oliimla naticalenan istehsalat gazalari
Yanginlar zamani vafat edanlarin sayi

Tabii va texnogen févgalads hallar zamani vafat edanlarin sayi

Qeyd edilmis molumatlara asason 6liimlo noticolonon istehsalat gozalarindan
doyon sosial-igtisadi zororin qiymoatlondirilmosini edok:

Burada: Z — zorar, N — 6liim hallariin say1, C, — orta hayat itkisi (toxmini =

1.500.000 AZN (BOT metodologiyasina osason, Azorbaycanin adambasina diison
imumi daxili mohsul uygunlasdirilmigdir)), Cq — miialico vo amok gabiliyyatinin

itirilmasi  (toqribi

10.000 AZN moblogindo qiymsetlondirilir); C, — borpa,

kompensasiya, hiiquqi vo reputasiya xarclori (toxminon 5000 AZN).
2023-ci il tiglin sosial-iqtisadi zarar:
Z =70 % (1.500.000+10.000+5000) = 106 050 000 AZN
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Istehsalat soraitindo tohliikosizliyin tomin edilmosi mogsodi ilo omoyin
miihafizosi Uzro cavabdeh iscilorino Azorbaycan Respublikasiin  Omok
Macallasine, ©Omok vo Ohalinin Sosial Miidafiasi Nazirliyinin normativ hiiquqi
aktlarina, habelo sonaye tohliikosizliyino dair miiddoalara uygun olaraq asagidaki
asas vazifolor hovals edilir:

e Pesokar risk giymatlondirmolorinin aparilmast;

e Brifinglorin, tolimlorin vo kadrlarin maariflondirilmosinin togkili;

o Tohliikosizlik, omoyin gigiyenasi vo otraf miihitin miihafizosi standartlarina
riayot olunmasina nozarat;

o Istehsalat xosarotlorinin qarsisinin  alinmast  vo azaldilmasi iigiin
programlarin islonib hazirlanmasi vo hoyata kegirilmasi;

e (Qozalarin arasdirilmasinda istirak etmok;

e Omoyin miithafizosi sonadlorinin hazirlanmasi vo saxlanmasi;

e Miiasir texnologiyalarin (o ciimlodon mobil vo onlayn sistemlor) risklorin
monitoringi va qarsisinin alinmasi prosesloring inteqrasiyast.

omok miihafizasi ila bagli qeyd edilonlordon olava 1§ yerlorindo gozalar vo
badbaxt hadisslor zamani goriilon islori nazordon keg¢irmoyimiz vacibdir. Qaza bas
verdikdo, Azorbaycan qanunvericiliyi asagidaki macburi todbirlorin goriilmasini
tolab edir:

1. Rohboarliyin dorhal molumatlandirilmast vo tocili yardim vo ya xilasetmo
xidmaotlorinin ¢agirilmast;

2. Hadisonin bas verma soraitinin qeydo alinmasi (video ¢okilis, fotosokillor,
sahidlorin dindirilmasi);

3. Dovlot Omok Miifattisliyine vo lazim goldikds digor orqanlara (Fovgolado
Hallar Nazirliyi, prokurorluq) malumat vermak;

4. 24 saat orzindo aragdirma aparilmasi vo akt tortib edilmasi;

5. Omoak gabiliyyatini itirma doracasinin tibbi miiayinasi;

6. Kompensasiyanin tomin edilmasi vo sigorta 6donislorinin geydiyyati.

Qozalar zamani miivafiq sonadlar tortib edilir:
1Z formali aktlar (rosmi arasdirma sonadi);

Qozalarin geydiyyati jurnals;

Zorar¢cokmis vo sahidlorin izahatlari;

Istintaq komissiyasinin protokolu;

zadonin xarakteri haqqinda tibb miiossisasinin rayi;
Dovlat Omok Miifattigliyine bildiris.

Molumatlarimiz tam olmasi ti¢iin Fovgoalads hallar Nazirliyina ohalinin, mulki
va hiiquqi soxslorin etdiyi miiracistlori nazordon kecirok. Nazirlik votondaslara vo
hiiquqi soxslara genis spektrli dovlat xidmatlori gostarir, o cimladon:

e Tohliikoli orazilords layihalondirma vo tikinti isloring lisenziyalarin verilmasi;

e Layiha sonadlorinin va evakuasiya planlarinin slagalondirilmasi;

e Yang va tikinti standartlarina uygunlugun yoxlanilmasi;

[
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e Fdvqgolads xilasetmo vo yangin-xilasetmo omoliyyatlart;

e Tolim todbirlorinin va brifinglorin kegirilmosi;

e Tohliikali maddoalorin saxlanmasina va istifadasine icazolorin verilmasi;

Daha ovval geyd etdiyimiz kimi totbiglorin bu saholordo istifadosi risklorin
azaldilmasinda, gazalarin qarsisinin alinmasinda vo fovgslads voziyyatlora effektiv
reaksiya verilmosindo miihiim rol oynaya, miilki vo hiiquqi soxslorin miiraciatlorini
daha rahat hoyata kecirmosi iiclin miithiim bir olato ¢evrilo bilor. Tohliikasizlik
programlarinin osas funksiyalarindan biri potensial tohliikolor barads vaxtinda
xobordarliq etmok qabiliyyatidir. Totbiglor sensorlardan, monitoring sistemlorindon,
homginin hava soraiti, seysmik aktivlik, miimkiin texnogen folakotlor vo digor risklor
hagqinda molumatlardan istifado eds bilor. Bu ciir hadisalor haqqinda bildirislor real
vaxt rejimindo gobul edilo bilor ki, bu da tez reaksiya vermoyo vo miimkiin zorori
minimuma endirmoys imkan verir. Buna niimuno potensial tohliikolor haqqinda
molumatlar tohlil edon va istifadoginin yerindon asili olaraq xobardarliglar gondoron
programlardir. Belo programlar prognozlasdirma vo erkon xobordarliq tigiin GPS,
cografi xaritolor vo molumatlarin tohlili alqoritmlorindon istifads edir. Fovgolada
hallar1 effektiv idars etmok iigiin totbiglor fovgolads hallar vo xilasetmo
xidmatlorinin  morkozlosdirilmis  sokildo olagolondirilmosine imkan veron
funksiyalarla tochiz edilo, hom¢inin zororgcokonlori on yaxin siginacaqlar, tibb
miiassisalari va tohliikasiz evakuasiya marsrutlart hagqinda molumatlandira bilar.
Tatbiglor miixtalif nov fovgelads hallar zamani neca harokat etmok barada tolimatlar
togdim eds bilar ki, bu da panik reaksiyalarini shomiyyatli doracads azaldir vo siiratli
reaksiyan1 asanlasdirir.

Istehsalat soraiti vo iscilorin saglamligina nozarot etmok iigiin progqramlar faal
sokildo istifado oluna bilor. Totbiglor is yerlorindo qurasdirilmis sensorlardan
molumat toplaya vo artan sos-kiiy, vibrasiya, temperatur, zohorli maddoslor vo
is¢ilorin saglamligina tosir edon digor amillor kimi potensial tohliikolori miisyyon
etmok Ucilin onlart tohlil eds bilor. Real vaxt rejimindo is¢ilorin saglamliginin
monitoringi tiglin totbiglor xiisusile vacibdir. Bu clir totbiglor is¢ilorin hor bir faktor
ticlin tohliikasizlik standartlarin1 agmasi barado xobardarliq eds bilar, hamg¢inin fordi
qoruyucu vasitolordon istifado etmok vo ya evakuasiya etmok zorursti barads
xobardarliglar gondara bilar.

Totbiglor somoaraliliyi, olgatanligi vo digor tohliikosizlik sistemloari ilo
inteqrasiyasi sayoasindo hom sonaye miihitinds, hom do evdo xosarot vo Oliim
hallarinin sayin1 shomiyystli doracado azalda bilor. Proqramlar totbiqi gozalara
operativ reaksiya vermoayo imkan verir ki, bu da 6z névbosinds zorargokmislora
yardimin siiratlo gostorilmasina vo sonraki naticalorin garsisinin alinmasina sorait
yaradir.

Umumdiinya Sohiyys Toskilatinin, Beynolxalq ©mok Taskilatinin vo digar
monbalorin molumatina gora, tohliikosizlik ii¢lin mobil proqramlardan istifado
onlarin tatbiq olundugu ilk illords fovqgoalads hallarda 6liim hallarmi 7-15% azalda
bilor [11-16]. Xiisusilo, potensial tohliikalor vo risklori minimuma endirmok ti¢lin
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todbirlor haqqinda istifadogilori molumatlandiran proqramlar, siiratli reaksiya vo
insanlarin hoyatini xilas etmok ehtimalin1 shomiyyatli doracads artira bilar.

Qlobal statistikaya osason, proqramlarin totbiqindon sonraki ilk illords
Azorbaycanda 6lim hallarinin asagidaki kateqoriyalar tizro 7-15% azalmasini
gozlomok olar:

e Yol-nogliyyat hadisolori

e Istehsalat xosaratlori

e Moisat gozalari

e Fovgolads hallar

Xarici Olkolordoki tocriibo gostorir ki, hoyat tohliikosizliyinin tomin edilmosi
iclin mobil programlarin totbiqi risklorin vo zororlorin azaldilmasina ochomiyyatli
tosir gdstarir. Buna misal olaraq ABS vo Al 6lkalarinda bu ciir tatbiqlordan istifadoni
gostormok olar ki, burada mobil hollor is yerindo tohliikasizlik voziyyeotinin
monitoringi, votondaglari tobii vo texnogen tohliikalor barods molumatlandirmaq vo
fovgealada hallar xidmatlarinin somaraliliyini artirmagq tli¢iin ugurla istifads olunur.

e ABS: Is yerlorinda iscilorin saglamlig1 va tohliikesizliyinin monitoringi {i¢iin
mobil programlar totbiq olundugu ilk 2-3 ilds istehsalat xasaratlarinin sayini1 10-20%
azaldir [10, 17].

e Avropa Birliyi: Fovgolado hallar xidmotlorinin olagolondirilmosi iigiin
mobil programlarin istifadosi cavab miiddotinin 15-25% azalmasina vo xilasetmo
qruplarinin dogiqliyinin artmasina sabab olub [9].

Bu gostaricilor tosdigloyir ki, programlar miixtolif saholordo insanlarin
tohliikasizliyini vo saglamligini yaxsilasdirmagq tigiin effektiv vasito ola bilar.

Qeyd edilonlori nozars alaraq respublikamiz ii¢iin févgolado hallar, istehsalat
vo moisot hadisolori zamani votondaslarin vo miiossisalorin is¢ilorinin  hoyat
tohliikasizliyinin ~ saviyyesini  yiikksaltmaya  yOnalmis hertorofli  rogomsal
platformanin olmasi1 zoriiroti oldugunu anlayiriq. Bu totbiq Fovgolado Hallar
Nazirliyinin sistemlori, omoyin miihafizosi organlari, e-gov.az, ASAN xidmaot,
ASAN imza platformalari ilo, hamginin real vaxt rejiminda tohliikalorin monitoringi
lictin avadanhqlar (sensorlar, kameralar, panik diiymolori) ilo inteqrasiya
olunmalidir. Program bir ¢ox istifadog¢i qruplarini ohota etmalidir.

Cadval 3

Istifadaci qruplar Istifado magsadlori

Soxsi tohliikasizlik, yardim ¢agirmaq, fovgelade hallar barado
molumat almaq vo molumat vermoak, tolimatlar

Miiossisalorin is¢ilori Talimatlar, risklorin giymatlondirilmasi, hesabatlar

Omoyin  mihafizesi  iizro|Nozarat, risklorin giymotlondirilmasi, sonadlogmo, hadisonin
miitoxassislor arasdirilmasi

Fovgolads Hallar Nazirliyinin
omokdaslari

Hiiquqi soxsler Lisenziyalar, icazalor, layihs tosdiqlori

Votondaslar

Monitoring, sorgularin gobulu, cavablandirilmasi
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Tohliikosizlik tizro xususilogdirilmis bu ciir totbiqin istifadosindon gozlonilon
tosir effektino nozor yetirok.

Cadval 4
Géstoricilor Istifadodan Istifadayo
gabaqg baslanandan 3 il sonra
Fovgolado voziyyatloro orta Gostorici 5-8
reaksiya miiddoti o doqiqo azala bilor
Istehsalatda xosarotlorinin o 7_15%
azaldilmasi
Doyon ziyana sosial-igtisadi ildo 48 min AZN-
gonast o dok
Fovgolade Hallar Nazirliyina
onlayn olaraq daxil olan — >70%
miraciatlorin say1

Cografi yerlogsma, avtomatik bildirislor vo zanglorin rogomsal marsrutizasiyast
hadisoyo orta cavab miiddoti 5-8 doqiqoys qodor azalda bilor. Buna asagida geyd
edilon amillor tosir edir.

Cadval 5
Amillor Qonast edilon zaman
Sifahi izahatlarin aradan qaldirilmasi 2-3 doqiqo
Mokan sohvinin aradan galdirilmasi 1-2 doqiqoe
Birbasa sorgu marsrutu 1-2 doqiqe
Tibbi malumatlarin otiiriilmosi 1 doqigo
Umumi gonaot 5-8 daqiqo

Daha ovval gostarildiyi kimi, totbiq tatbiqin ilk illarinds istehsalatda 6liimle
naticolonan badboxt hadisalorin  saymm1  7-15% azalda bilor. 2023-ci ilin
gostaricilorini (70 nafor) nozors alasaq 7% azalmaya nisboton (5 nofor) 7 575 000
AZN gonast miimkiindiir.

5% 1515000 = 7575000 AZN (1)

2023-cii ilin gostaricisine osason sosial-igtisadi zorordon qonasti hesablasaq
asagidaki gostoricilori ala bilorik.

83



R.I Rzayev

Cadval 6
Azalma % Olim hallarinin Xilas ed1.19r} heyatlarm iqtisadi doyoari,
say1 iqtisadi gonaot
Minimal (7%) 70x0.07=5 5x 1515000 =7 575 000
Orta (11%) 70x0.11=8 8 x 1515000 =12 120 000
Maksimal _ _
(15%) 70x0.15=11 11 x 1515 000 = 16 655 000

Fovgolado Hallar Nazirliyino onlayn olaraq daxil olan miiraciatlorin sayinin E-
gov, ASAN xidmaot vo onlayn miiraciot formalar ilo inteqrasiya sayasindo 70-80%-
o godor artim gozlonilir.

Natica. Rogomsal texnologiyalarin inkisafinin miiasir soraitinds totbiglor hom
fovgolado hallarda, hom do istehsalat vo moisotdo bas veron boadboxt hadisolor
zamani insanlarim hayat vo saglamligimin tohliikasizliyinin tomin edilmosinda
getdikco daha miihiim rol oynayir. Qlobal vo milli statistikanin aparilmis tohlili
gostordi ki, dovlot qurumlarinin vo beynalxalq toskilatlarin soylorino baxmayaraqg,
Oliim vo xosarat soviyyasi yiiksok olaraq qalir. Lakin gabacil cografi movge,
ixtisaslagsmis bildiris sistemlori, tolim programlar1 kimi platformalarin istifadosinin
ugurlu niimunslari tatbiglorin istifadosinin ilk illorinde 6liim hallarinin davamli
olaraq 7-15% azaldigin1 niimayis etdirir.

Bu tadqiqat ¢or¢ivasinda aparilan riyazi hesablamalar bels hallorin ochomiyyatli
igtisadi potensialini tosdigloyir. Tokco Azorbaycan Respublikasinda potensial
gonaost ildo 7-16 milyon manata cata bilor.

Tohlillor osasinda fovgolads hallarda, isdo vo evdo tohliikoesizliyin tomin
edilmosi funksiyalarin1 6ziindo birlesdiron, homginin Azorbaycan Respublikasi
Fovgolado Hallar Nazirliyinin xidmatlorini 6ziindo birlosdiran totbiqin yaradilmasi
toklif edilir. Totbiqdo risklorin qiymatlondirilmasi, insidentlor barade molumat
verilmasi, arizo va sanadlarin avtomatik togdim edilmasi, amayin miihafizasi tizro
iscilora dastok va istifadogilorin miihafizs tisullari tizro 6yradilmasi nozords tutulur.

Qlobal tocriibo agiq sokildo gostorir ki, ictimai tohliikasizlik sistemina
texnologiyalarin totbiqi votondaslarin fovgolade hallara hazirligini ohomiyyatli
dorocodo artira, reaksiya vermo prosesini siirotlondira vo hadisalorin naticalorini
azalda bilan effektiv vasitadir.

Qeyd edilon totbiq layihasinin hoyata kecirilmosi, homginin miiasir rogomsal
texnologiyalarin movcud omoyin miihafizosi vo miilki miidafio mexanizmlorino
inteqrasiyast yolu ilo milli mobil tohliikesizlik sisteminin foal sokildo inkisaf
etdirilmosi tovsiys olunur.
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POJIb MOBUJIBHBIX MPUJIOKEHUMA B 3AIIIUTE )KU3HU U
3JIOPOBbS JIOJAEN ITPU YPE3BBIUAMHBIX CUTYAILIUSIX,
HPOU3BOJACTBEHHBIX U BBITOBBIX HECHACTHBIX CJIYYASAX

AnHOTanus. B cTtathe paccMarpuBaeTcs BIMSHUE MOOWIBHBIX MPUIIOKEHUN
Ha CHIDKEHUE CMEPTHOCTHM M TpaBMAaTH3Ma MpPH YPE3BBIYANHHBIX CUTYyalUsX,
MIPOMBITIUICHHBIX 1 OBITOBBIX MPOUCHIECTBUSX. [IpeacTaBieHpl MaTeMaTHYECKUE
pacyeTsl, TaOIHIIBI ¥ TPaUKH, MOKA3BIBAOIINE BIMSHUE TEXHOJIOTHIA HA CHI)KCHUE
pPUCKOB M MOTepb. B 3akimioyeHwe nalTcs pPEeKOMEHIAluu MO0 pa3paboTke u
BHEJIPEHUIO MTPUIIOKEHUS B ATOU 00JIaCTH.

KuroueBble ci1oBa: 0€30MaCHOCTD, MPUIIOKEHUS, YPE3BbIYATHBIE CUTYaAlIUH,

OXpaHa TpyJAa, TPaBMbI, YIIPABICHHE PUCKAMHU
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Abstract: At present, obtained information related with occupational
diseases estimation rate in industrial process activities is very actual. In appointed
scientific article were being presented vital information related with number of
harmful factors, with deterioration influence for stuff health condition in case of
industrial activity of metallurgical plant. In detail, was described real sanitarian
situation of metallurgical plant activity. Clearly was described, which kinds of
harmful risks of occupational diseases can be exposure among appointed employees
in several departments in case of activity. Briefly was given the recommendations
and conclusions, in order to prevent the appearance of occupational diseases related
with activity of metallurgical plant.

Keywords: harmful production factors, measurements, productivity,
environmental factor.

Introduction: Occupational diseases - wildly range of human illnesses, the
majority of them, clinically and pathologically are not different from those of non-
occupational origins. They are contracted as finally result of exposure to risk factors
resulting from job activities. The diagnosis of occupational diseases can rarely be
established on clinical sings. It is essential the link between occupation and disease
because of the employers’ responsibility to prevent occupational diseases and
the compensation of ill workers. But, as a matter of fact, an official list of reportable
occupational diseases, as well as the related with compensation systems, differs in
different countries, making comparisons considerably more important and different
also in the Republic of Azerbaijan.

It is clearly known an official information related with Definition of
‘occupational disease’ in over the world:

Several definitions of the term “occupational disease” exist. However, for the
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purpose of the Protocol of 2002 to the Occupational Safety and Health Convention
of International Labour Organization (ILO), the term ‘occupational disease’ covers
any disease contracted as a result of an exposure to risk factors arising from work
activity” (Article 1 (b)) [1]. The ILO Employment Injury Benefits Recommendation
(1964, Article 6.

Work-related diseases: All illnesses that can be caused, worsened or jointly
caused by working conditions. Work-related diseases have a complex aetiology.
Among their multiple causal agents, factors arising from the work and/or working
environment play a role in the development of such diseases. Work-related diseases
include diseases with solid scientific evidence concerning a possible occupational
origin which may, however, not fulfil all given criteria for recognition of an
occupational disease according to the rules of the national authorities[8].

The EU parliament adopted in 2022 a resolution on a new EU strategic
framework on health and safety at work post 2020[20].

In the resolution the parliament stresses the importance of ensuring proper
compensation for workers in cases of occupational diseases. The parliament calls on
the Commission to revise the 2003 Commission Recommendation concerning the
European Schedule of Occupational Diseases with additions such as work-related
musculoskeletal disorders, work-related mental health disorders, all asbestos-
related diseases, all skin cancers and rheumatic and chronic inflammation and so
on.

Purpose of investigation. The purpose of investigation was to estimate rate
risks of occupational diseases exposures in cases of activities among employers of
metallurgical plant in the Republic of Azerbaijan.

Methods and results: In order to achieve our purpose, were being used a
number of technical equipment as presented in (table 1.) for estimation of risk
exposures of occupational diseases among employees in cases of activity of
metallurgical plant. All parameters of presented 7 devices were being presented in
detail.

Table 1. Provided databases of devices for estimation.

N Purpose of devices usage Type of devices Place of production
1. | Noise condition testing Assistent-SIUV Russia
2. | Microclimat condition H/h Metrel slovenia
3. | Electromagnet resting BE-METR- AT-004 Russia
4. | Pulsimetr-luksimetr ARQUS Russia
5. | Air pollution testing IKP-5 Russia
6. | Gas concentration testing ®I1-34 Russia
7. | Radioaktiv indicator SOEKS Russia

88


https://oshwiki.eu/wiki/Introduction_to_occupational_diseases#cite_note-one-1
https://oshwiki.eu/wiki/Burden_of_occupational_diseases
https://oshwiki.eu/wiki/Introduction_to_occupational_diseases#cite_note-8
https://oshwiki.eu/wiki/Introduction_to_occupational_diseases#cite_note-20
https://oshwiki.eu/wiki/Category:Musculoskeletal_disorders
https://oshwiki.eu/wiki/Category:Musculoskeletal_disorders
https://oshwiki.eu/wiki/Mental_health
https://oshwiki.eu/wiki/Asbestos

P.M. Valiyev

So, as a matter of fact, had been proved the number of various harmful factors
related with different metal production plant activity.

It is already known, that the harmful risk factors are able to deteriorate
employers health and that is actually problematic every time and everywhere.

In detail, had already been carried out an estimation process of harmful risk
factors by the stuff of our laboratory of State Scientific-Research Institute of
labor Protection and Safety Engineering.

Obtained information was being accurately included in “control Protocol
results”, sooner being proved and calculated by us the following databases. In
(table 2.) were being provided and calculated the following databases of harmful
risk factors for employees health-condition in case of production process of
different metal production plant .

It had been observed several harmful risk factors related with different
metal production plant such as: different toxic elements in air pollution,
especially  aerosols Dby fibrinogen etiology also noise factor, vibration,
electromagnet impulses resulted especially during attestation control process.

It is known, than metallurgic metal production should be carried out in
several parts and can be observed by different several harmful factor such as: air
pollution with several concentration of toxic elements and also with noise,
vibration, reddish radiation, high level of temperature and so on.

Refer to presented databases of investigation had already been observed
such factors as:

- mangan oxide and amorf silicium dioxide more than 10% in polluted
part of air, that should not be excluded.

- toxic aérosol parts by fibrinogéne ehtiology,

- noise, vibration

- high temperature

- deterioration of work condition

- ionization and electromagnet radiation.

In some parts of metal production process can be observed high
concentration of CO more than normal 20 mg/m? ,that is not normal.

Nouse factor more than 80 dBA and at some places more impulsable more
than normal rate. In other parts noise factor is 92dBA, toxic éléments 28 mg/m*
fibrinogen aerosols 1,2 mg/m3and temperature 34 °C.

Refer to presented databases, we could estimate the risk factors for employers
health condition deteriorated presented in (table 2.) .

Refer to presented the databases, we were able to estimate the risk factors for
employees health condition deterioration in case of activity of different metal
production plant is finally proved clear. Precisely, in structure of air pollution
some type of factors were being presented as well as: CO gas and mg/m?, that
also harmful with complications of different systems of human body especially with
Central Nervous System.
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been reported in an individual who consumed high amounts of manganese
supplements for several years and in individuals who have consumed water
containing high levels of manganese.

In additional to neural damage, reproductive and immune system
dysfunction, nephritis, testicular damage, pancreatitis, lung disease, and hepatic
damage can occur with manganese toxicity, though the frequency of these disorders
is unknown. Similarly to the cases in humans, chronic manganese toxicity in rhesus
monkeys is characterized by muscular weakness, rigidity of the lower limbs, and
neuron damage in the substantiation of nigra. Neural toxicity is a consistent finding
in rats exposed to chronic manganese toxicity. The mechanisms underlying
the toxicity of manganese have not been agreed upon but probably involve both
endocrinological dysfunction and excessive tissue oxidative damage.

Occupational exposure to crystalline silica dust is associated with an increased
risk for pulmonary diseases such as silicosis, tuberculosis, chronic bronchitis,
chronic obstructive pulmonary disease (COPD) and lung cancer. This review
summarizes the current knowledge about the health effects of amorphous (non-
crystalline) forms of silica.

The major problem in the assessment of health effects of amorphous silica is
its contamination with crystalline silica. This applies particularly to well-
documented pneumoconiosis among diatomaceous earth workers. Intentionally
manufactured synthetic amorphous silicas are without contamination of crystalline
silica. These synthetic forms may be classified as wet process silica, pyrogenic
("thermal” or "fumed") silica, and chemically or physically modified silica.
According to the different physicochemical properties, the major classes of synthetic
amorphous silica are used in a variety of products, e.g. as fillers in the rubber
industry, in tyre compounds, as free-flow and anti-caking agents in powder
materials, and as liquid carriers, particularly in the manufacture of animal feed and
agrochemicals; other uses are found in toothpaste additives, paints, silicon rubber,
insulation material, liquid systems in coatings, adhesives, printing inks, plastisol car
undercoats, and cosmetics.

Animal inhalation studies with intentionally manufactured synthetic
amorphous silica showed at least partially reversible inflammation, granuloma
formation and emphysema, but no progressive fibrosis of the lungs. Epidemiological
studies do not support the hypothesis that amorphous silicas have any relevant
potential to induce fibrosis in workers with high occupational exposure to these
substances, although one study disclosed four cases with silicosis among subjects
exposed to apparently non-contaminated amorphous silica. Since the data have been
limited, a risk of chronic bronchitis, COPD or emphysema cannot be excluded. There
IS no study that allows the classification of amorphous silica with regard to its
carcinogenicity in humans. Further work is necessary in order to define the effects
of amorphous silica on morbidity and mortality of workers with exposure to these
substances.

Noise factor by dBA is possibly finally also clear.
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It should be also noted the heaviness of work, movement rate km is < 10/30,
that more than normal rate, refer to the adopted rules. But normal rate is 4,1-10 as
approved according the adopted rules.

According to the obtained databases in (table 4.) is able to considerate about
the risk type of the occupational diseases. For example deterioration of function
of Central Nervous System (mental chronic disorder), that should be noted about
noise is stressful factor and had been influenced for a long time of duration. It
could be resulted with by different deteriorated conditions such as: nervousness,
psychosis, decreasing the decreased ability of work, physical activity of persons at
the places of job, especially decreasing concentration of listening, thinking,
problems with emotional stability, observed deterioration of acoustic organs
function.

Exposure to high levels of noise can cause permanent hearing loss. Neither
surgery nor a hearing aid can help correct this type of hearing loss. Short term
exposure to loud noise can also cause a temporary change in hearing (your ears may
feel stuffed up) or a ringing in your ears (tinnitus). These short-term problems may
go away within a few minutes or hours after leaving the noise. However, repeated
exposures to loud noise can lead to permanent tinnitus and/or hearing loss.

Loud noise can create physical and psychological stress, reduce productivity,
interfere with communication and concentration, and contribute to workplace
accidents and injuries by making it difficult to hear warning signals. The effects of
noise induced hearing loss can be profound, limiting your ability to hear high
frequency sounds, understand speech, and seriously impairing your ability to
communicate, that is absolutely clear.

It should be pied an attention for such factor as an increased level of
temperature 34C, but normal rate is 21-24C. That factor is also harmful for cardio-
vessel system of human body.

Previously identified risk factors for work-related hyperthermia include high
temperature and humidity in the work setting, environmental (ambient) heat,
physical exertion, heavy or protective clothing, exposure to direct sunlight, limited
air movement, fluid loss, excessive perspiration, and a lack of heat function.

About risk of vibration as the occupational health problems associated with
the use of vibrating tools and provides criteria for reducing the risk of developing
vibration-induced health problems. In this document, the term “vibrating tools”
includes both hand-held vibrating tools and stationary tools that transmit vibration
through a work piece. The major health problems associated with the use of vibrating
tools are signs and symptoms of peripheral vascular and peripheral neural disorders
of the fingers and hands.
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Table 2

Provided databases of deterioration risk factors for employers health-condition in case of
production process
of metallurgical plant.

Nouse | Vibration, | . .o Air Light
factor, (Lokal) db ment ollution |measuremen
Place of job LA.eqv. m /m’3 pm 3 t (komb.)

Ne | (specialties) | dBA g q LK
normal fak normal fa normal fak | nor fakt |[normal |fakt

t kt t |mal
1 2 3 4 5 6 7 8 9 10 11 12
1. Ofis

Department of i i i i i i 150- | 29
2 managers ! 0.2 500 0
150- | 28
3. manager - - - - - - 1 0,2 500 3
Assistant of 150- | 28
4. manager ) ] ) ] ] © 161061 50 | 6
Finance deal 150- | 28
> manager ] ] ] ] ] R B I
150- | 28
6. Cash manager - - - - - - 1 0,2 500 5
150- | 28
7. Stuff manager - - - - - - 6 0,6 500 5
. 150- | 28
8. Judicial person - - - - - - 1 0,2 500 5
. 150- | 28
9. Cash specialist - - - - - - 6 0,6 500 5
) 150- | 28
10. | Energetic - - - - - - 1 0,2 500 9
Elektrik 150- | 28
1L engineener ] ] ] ] ] © 6108 5 | g
150- | 28
12. | casher - - - - - - 6 0,6 500 5
- 150- | 28
13. | Cash specialist - - - - - - 6 0,6 500 5
) 150- | 28
14. | Pyrotechnic - - - - - - 1 1,2 500 5
Selling 150- | 28
15 manager ) ) ) ) ) T 6106 5 | 3
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16. | Wheehouse employer - | -] -1-1-]-16]06] 75 |279
17. | driver 101 (25(112|23/20|0,1| 6 |0,6| 10 | 26
: 150-
18. | provider - -1 -1-1-1]1-16106 500 282
19 1 -st part (production of
" | steel)

20. | empoyer - |- - ]1-120121|1/|0,2| 200 | 235
21. | employer - |- - ]-120121|1/|0,2| 200 |235
22. | employer - |- - 1]1-120121|1|0,2| 200 |235
23. | employer - |- - 1-120]21|1/|0,2| 200 | 235
24. | employer - | -] - 1-120121|1/|0,2| 200 | 235
25. | 2 -nd part (production)

26. | empoyer 101|27|11223(20|1,2| 1 |0,2| 200 | 232
27. | employer 101 (27112 |123|120|1,2| 1 |0,2| 200 | 232
28. | employer - |- - 1-120121]1|0,2| 200 | 232
29. | employer - |- - 1-120121]1|0,2| 200 | 232
30. | employer - | -] - 1]-120121]1]0,2| 200 | 232
31. | empoyer - |- - 1-120121]1|0,2| 200 | 232
32. | employer - | -] -1]1-120(09]1|0,2| 200 |232
33. | employer - | -1 - 1-120]21]1|0,2| 200 |232
34. | employer - | -] - ]-120025]1|0,2| 200 | 232
35. | employer - |- - 1-120]21]1|0,2| 200 | 232
36. | empoyer - |- - 1-120121]1|0,2| 200 | 232
37. | employer - |- - 1-120121]1|0,2| 200 | 232
38. | employer - |- -1-120]21]10,2| 200 |232
39. | employer - | -1 -1-120] - |1]0,2| 200 |232
40. | employer - | -] - |-120021]1|0,2| 200 |232
41 3 -rd aprt (production of

" | steel)

42. | empoyer - | -] - |-120]2811/6/1,2| 200 | 241
43. | employer - | -] - ]-120115]11]0,2| 50 |196
44. | employer - | -] - ] -120(128]1|1,2| 200 |?241
45. | employer - | -] - ] -120(128]1|1,2| 200 |?241
46. | employer - | -] - ] -120(128]1|1,2]| 200 |?241
47. | empoyer - | -] -] -120128]1|1,2]| 200 |?241
48. | employer - | -] - ]1-120128|1|1,2| 200 |241
49. | employer - | -] - ]1-120128|1|1,2| 200 |241
50. | employer 101|24|112|17|{20(28 | 1 |(1,2| 50 |210
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51. | employer - -] - - 20 28| 1 | 1.2 200 241
52. | empoyer - -] - - 20 0,8|1/6| 0,6 | 150-500 | 287
53. | employer - -] - - 20 28| 1 | 1.2 200 241
54. | employer - -] - - 20 28| 1 | 15 200 241
55. | empoyer - | -] - - 20 28 1 | 15 200 241
56. | employer - -] - - 20 28| 1 | 1.2 200 241
57. | empoyer - -] - - 20 28| 1 | 1.2 200 241
58. | employer - -] - - 20 28 1 | 1.2 200 241
59. | employer
60. | employer - -] - - 20 31108 200 244
61. | employer 10123 112| 15 20 241 1 |08 50 205
62. | empoyer - -] - - 20 31| 108 200 244
63. | employer - -] - - - - | 6 |05 150-500 | 284
64. | employer - -] - - - - | 6 | 05 150-500 | 284
65. | employer - -] - - 20 31108 200 244
66. | employer - -] - - - - 1112 200 244
67. | employer - -] - - 20 31108 200 244
68. | employer - -] - - - - | 1108 | 150-500 | 292
69 Kitchen
" | deals part
70, | Kitehen -l -] - | 20 |06/ 6| - |150500 | 292
employer
71, | Kitchen -l -] - | 20 |o6| 6| - |150500 | 292
employer
79 Garden ] i ] C 6 ] i i
employer
73. | employer - -] - - - -6 ]12 - -
74. | employer - -] - - - - | 6 |09 | 100-500 | 292
75. | driver 10124112 | 17 20 05| 6 |04 10 25
76. | Warehouse | | - |- 16| - | 150500 | 292
employer
77 Monitor
controler
78. | monitor - - - - - - % 0,8 | 150-500 | 290
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Table 3.

Provided databases of job conditions attestation of metallurgical plant.

Radiatio| Elektro | Microclimat parametres
Nouse n magnit
factor, | measure| measure vV Deterioratio
Place of job| LA.eqv. | ment, ment t°C % /h’ n of iob
S/s| (specialties)| dBA mkZv/s| mkTL/n m/san cate (J)r
aat TL gory
nor nor norm| reajnor nor |rea| nor
real real real
mal mal al | {malreal j/mal| | \mal
1 2 3| 4 |56 | 7 |89 |10|11|12|13 |14 15
1. | Ofice
0,25/2 29 | 21 5 [0,1- 0,0
2. | Manager 60 | 75 |0,25/0,11 5 21/ 28 30 | 60 5(03| 8 So-so la
Assistant 0,1 0,25/2 29 | 21- 5 0,1-| 0,0
3. of manager 60 | 75 (0,25 1|5 12/ 28 30 | 60 503/ 8 So-so la
Cash 0,2/0,1/0,250,03| 21- 510,1-/0,0
4 manager 601 41 15 11 | o5 [ /1 | 28|22 | %05 03| 5 S0-s0 la
0,2/0,1|0,25 21- 510,1-/0,0
5. | Casher 60 | 75 5| 1| /95| " | o8 30 | 60 5103 8 So-so la
Stuff 0,2(0,10,250,03| 21- 510,1-10,0
O manager | %0 % |5 | 1 |25 |1 |28(30(%0|5]03] g | SOSOla
Selling
0,2/0,1/0,250,03| 21- 510,1-/0,0
7. | deal 60 | 42 5 1| /05 | /1|08 22 | 60 5103 5 So-so la
manager
Engineer
responsible
0,2(0,1(0,25 21- 510,1-10,0
8. | for _ 60 | 75 511 |5 |28 30 | 60 5(03] 8 So-so la
protection
of job
0,2(0,10,250,03| 21- 510,1-10,0
9. | Casher 60 | 41 5 | 1 |05 | /1| 28 22 | 60 5103 5 So0-s0 la
. 0,2/0,1|0,25 21- 510,1-/0,0
10/ Energetic 60 | 75 511 |/5 | |28 30 | 60 5103 8 So0-s0 la
Electric 0,2/0,1|0,25 21- 510,1-/0,0
Wimanager |90 % |5 | 1| /5| " |28]%2|%|5|03| 5 | Sosola
0,0
0,1/0,25| 7, |21- 510,1-/0,0
12| Casher 60 | 42 (0,25 1| s 3;/ 28 22 | 60 5103 5 So-so la
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0,2 0,110,25 |0,03/] 21- 5] 0,1-
13. | Casher 60 | 42 s |1 /o511 | 28 22 | 60 5 03 0,05 | So-sola
Pyrotechni 0,210,110,25 |0,03/] 21- 5] 0,1-
14, c 60 | 75 5 | 1| /o5 | 1|28 30 | 60 5| 03 0,08 | So-sola
Selling 60
0,2(01]025|0,0 | 21- 5] 0,1-
15. | deal 41 s | 1| /25 |31 28 22 | 60 5 03 0,05 | So-sola
manager
0,2 0,110,25 |0,03/] 21- 5] 0,1-
16. | Werehouse | 60 | 45 5 | 1| /95| 1|28 22 | 60 5|03 0,05 | So-sola
. 0,210,1]0,25 21- 5] 0,1-
17. | Driver 60 | 55 5 1|5 | " | o8 22 | 60 5| 03 0,05 | So-sola
Provider 60 020102500 | 21- 5] 0,1-
18. employer 42 05 11 s 3| 28] %2905 0,3 0,05 So-sola
1t part
(steel
19. productio
n)
Employer | 80 | 89 |0,2|0,1 18- 51| 0,2- | 0,08 .
20| controler 5 1| ° C 973455 0,4 midle fla
88 020,11 16- 5| 0,2- | 0,08 .
21. | Employer | 80 5 | 1 - © |97 34 | 70 5| 04 midle 11b
90 |0,2|0,1 16- 5| 0,2- | 0,08 .
22. | Employer | 80 5 | 1 - © |97 34 | 70 5| 04 midle Ilb
89 10,2|01 16- 5| 0,2- | 0,08 .
23. | Employer | 80 5 | 1 - © |97 34 | 70 5| 04 midlellb
0,201 16- 5| 0,2- | 0,08 .
24. | Employer | 80 | 89 5 | 1 - “ |97 34 | 70 5| 04 midle 1Ib
2 sd part
25. | (productio
n)
2nd part 02101 18- 5| 0,2- | 0,08 .
26. employer 80 | 89 5 | 1 - = | o7 34 | 65 5| 04 midle lla
1 2 3 4 516 7 8 | 9 |10 11 |12] 13 | 14 15
2- nd part 02101 18- 5| 0,2- | 0,08 .
217. employer 80 | 89 5 | 1 - = | o7 34 | 65 5| 04 midle lla
0,201 18- 5| 0,2- | 0,08 .

28. | Master 80 | 87 5 | 1 - “ |97 34 | 65 5| 04 midle lla
29. 0,201 16- 5| 0,2- | 0,08 .

Employer | 80 | 86 5 | 1 . Y 34|70 5| 04 midle 11b
Elektric 0,201 16- 51| 0,2- | 0,08 .

30. employer 80 | 87 5 | 1 - "~ | o7 34 | 70 5| 04 midle Ilb
0,201 16- 5| 0,2- | 0,08 .

31. | employer | 80 | 87 5 | 1 - “ |97 34 | 70 5| 04 midle 11b
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Manager 0,2 18 0,0
30, | resPONSIbl g | g7 1 SO b g a5 | 2102 8 | midle 11
e for 1 5104
. 27
quality
0,2 16 0,0
33. |Employer |80 | 90 | 5 0Ll 1 o 3a70]2]%%] & | midie b
1 97 50,4
0,2 16 0,0
Qas 0L | 510,2-| :
34, employer 80| 90 | 5|7 - 3470 | 5| 5| 8 | midlellb
0,2 16 0,0
35. | Employer |80 | 90 | 5 |21 - | - | - |3a]70]2/%%] & | midle b
1 97 5|04
0,2 18 0,0
36, | Fart 80|89 |5 %% _ | - laale5|2]9%%] 8 | midlela
manager 1 97 5104
0,2 16 0,0
37. | operator |80 | 90 | 5 |21 - | - | - 36]70(2|%%] & | midle b
1 57 5104
0,2 16 0,0
38. | Employer |80 | 86 | 5 |21 - | - | - |3a]70]2/%%] & | midle b
1 57 5104
0,2 16 0,0
39. |[Employer |80 | 81 | 5 0Ll o 2517002122 & | midie b
1 97 5|04
0,2 16 0,0
20. |Employer |80 | 87 | 5 |21 - | - |2 13a]70]2/%%] 8 | midle b
1 57 5|04
3-rd part
41. | (productio
n)
0,2 18 0,0
Part “10,110,25 |0,20 510,2-| ¢ :
42, manager 80|86 | 5|1 | e | /1g 2-7 3265 | 5|0y 8 midle lla
Werehous 0,2 21 0,0
“10,10,25 0,09 510,1-|
43. | e 751 60 | 5 1151 /6 | " 22 | 60 503 5 s0-s0 Ib
employer 28
0,2 16 0,0
“10,110,25 |0,20 5(0,2-| .
44. | Emlpoyer |80 | 87 | 5 1| /25 | 118 2—7 32 |70 5|04 8 midle Ilb
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. 0,2 0,25 16 0,0
Electric 10,11 ,.-" 10,09 510,2-| .
45 employer 80| 8 | 5 | |/25 [ 2-7 32|70 | ¢ 0.4 8 | midle b
. 0,2 0,25 16 0,0
a6, |EleCtric | gq 1 gg | 5 [0 o5 (02007 1y | 20 12102157 e 11
employer 1 /18 97 5|04
0,2 0,25 16 0,0
47. | Electronic | 80 | 86 | 5 |2 25 (999 13207012192 8 | midle 1
1 6] 5 50,4
0,2 0,25 16 0,0
48. | operator | 80| 88 | 5 |2t |/25 220 U132 ( 70222 8 | midle b
1 18| 50,4
0,2 0,25 16 0,0
49. | Employer |80 | 87 | 5 0.1 125 0,20~ 32 | 70 5 10.2- 8 | midlellb
1 118 504
0,2 0,25 16 0,0
50. | Employer | 80 | 83 | 5 0.1 125 0,09~ 32 | 70 5 10.2- 8 | midlellb
1 6] 5 50,4
0,2 0,25 16 0,0
Qas 10,1 | ;52 10,09 7 502 _
51. employer 80| 90 | 5 |7 |/25 T M 32|70 | ¢ 0.4 8 | midle b
0,2/0,1|0,25 (0,09 21- 510,1-/ 0,0
52. | Laborant | 75 | 52 5| 1 |/95 | /6 | 28 30 | 60 5103 5 s0-so Ib
0,2 0,25 16 0,0
53. | Mechanic |80 | 86 | 5 0.1 125 0,20 32 |70 5 |0,2- 8 midle Ilb
1 18| ,, 504
0,2 0,25 16 0,0
54. | Employer | 80 | 89 | 5 |%% /25 {929 132170 (2192 & | midle b
1 18| - 50,4
. 0,2 0,25 16 0,0
55, | ASSISENt | g | g9 | 5 |0 o5 {020 1 ao 170 (2102 g1 midle 11
employer 1 /18 97 5|04
0,2 0,25 16 0,0
56. | Employer {80 | 85 | 5 0.1 125 6/0,1 ~_ 32 |70 5 10.2- 8 | midlellb
1 09 97 504
0,2 0,25 16 0,0
57. | Employer | 80 | 83 | 5 0.11 /25 1020 " "1 35 1 70| 21927 ' |  mide 11
1 /18| - 50,4
0,2 0,25 16 0,0
= 10,111,227 10,20 50,2- .
58. | master 80| 83 | 5 1 125 ns| - 32|70 5104 8 midle Ilb

27
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4-th part
59. | (producti
on)
1 2 3 4 8 |9 1011 (12|13 |14 15
16 5 102 0,0
60. | Employer | 80 | 83 - 32|70 | 8 | midlellb
5104
27
16 5 | 0.- 0,0
61. | Employer | 80 | 83 - 132170 ' 8 | midle llb
5104
27
16 0,0
62, | Q8 80 | 89 13217012192 8 | midle b
employer 97 5104
Manager | 60 | 75 21- 510,1-10,0
63. | for metal 2826|605 g5 5 | Sosolb
Agent for | 60 | 75 21- 510,1-/0,0
64. metal 28 26 | 60 5|03/ 5 So-so Ib
18 0,0
Part 510,2-| . .
65. manager 80 | 83 2-7 32 | 65 5104 8 midle lla
Pyrotechn 21- 510,1-/0,0
66. i 60 | 65 o8 34 | 60 5103 5 So-so Ib
18 0,0
67. | Part 80 | 83 13216512192 8 | midlella
manager 97 5104
80 | 64 21- 510,1-/0,0
68. | Employer 28 23 | 60 5103 5 So-so Ib
69 kitchen
part
) 18 0,0
70. | Kitchen a1 o) 12506512192 g | midlella
employer 97 5104
Assistant 18 0,0
71. Of 80 | 52 - [ 25165 502 8 midle lla
kitchen 97 5104
employer
18 0,0
70, |Garden a0 1 44 - 1es-12% 8 | midela
employer 7 0,4
18 0.2- 0,0
73. | Employer | 80 | 74 - | - |65]- 0’4 8 | midle lla
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18 5 | 0.- 0,0
74. | Employer | 80 | 72 - 123 |65 18 midle lla
5104
27
18 5 | 0.- 0,0
75. | Driver 60 | 55 - 120 |65 ’ 8 midle lla
5104
27
18 5 | 0.- 0,0
76. | Dmployer | 60 | 43 - 124 |65 8 midle lla
97 5104
77 Control
part
21- 510,1-|1 0,0 )
78. | Controler | 65 | 53 o8 23 | 60 5103 5 midle Ib
Table 4.

Provided databases of job condition attestation at work places
of metallurgical plant .

TBH, |Real factors and
Condition of work SBH . condition
Normati

-Ves
Attention, % 75 >75
Monotonic rithm of work, 10-4 3-2
Heaviness of work, movement 10/30 < 10/30
rate, km

Conclusions and recommendations:

1.According an agreement

among Azerbaijan State Scientific-Research

Institute of labor Protection and Safety Engineering of the Ministry of Emergency
Situations and metallurgical plant had already been provided audit control for

exposure of the harmful factors for employees health

metallurgical plant activity.

condition in case of

2. During the audit process control had been already proved several harmful
risk factors for employees health condition deteriorated, in case of metallurgical
plant activity and refer the adopted rules of labor protection of the Republic of
Azerbaijan additional payment for employers should be paid as additional payment.
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3. It is recommended to organize an additional medical examination,
dispanserization for employees of metallurgical plant in order to make clear and
prevent the risks of occupational diseases exposure, also the following complication
in future.

4. Itis vital to improve job conditions, according to the adopted rules of labor
protection of the Republic of Azerbaijan, that is absolutely clear and recommended.
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OIIEHKA PUCKA MTPO®ECCHUOHAJIBHON 3ABOJIEBAEMOCTH
PABOTHHUKOB B CJIYYAE ITPOU3BOACTBEHHOU JEATEJIBHOCTHN
METAJIUTYPTUYECKOI'O ITPEAIIPUATHUSA

Annoranus. IIpobiema mnpodeccroHanbHbIX 3a00Ji€BaHMl OblIa U €CTh
aKTyaJlbHOM, Kak B IPOILLIOM, TaK W B HACToOsfllee Bpemsa. B maHHOU crarhe
yKa3aHbl BpPEIOHOCHBIE (haKTOPbl BO BpeMsl IPOU3BOJICTBEHHON AEATEILHOCTH
METATypPrUUECKOTO MPEANPUATHAS HA COCTOSIHUE 370pPOBbsI paOOTHUKOB.

[TogpoOHO TpuBENEHBI JaHHBIE, TIPU TMPOBEACHU ayauTa YCIOBHM paOOTHI
corpynaukamu jgabaparopun «Paguarnuu, Canutapuu u [ urueHsn Ha
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P.M. Valiyev

IIPOU3BOJICTBE METAILTYPrUYECKOro 3aBojaa B AsepOaiimxaHckod PecnyOmuke, a
TaK>K€ BO3MOKHBIE PUCKHU BO3JICHCTBUS BPEAOHOCHBIX (PaKTOPOB HAa BOSHUKHOBEHUS
COOTBETCBYIOIIUX TMPO(ECCUOHANBHBIX 3a00JieBaHUN Yy paOOTHUKOB JaHHOTO
npeanpusTus. beUIM 1aHbl COOTBECTCBYIOIINE PEKOMEHAIMU COTJACHO TaHHON
poOJIEMBL.

Key worlds: epedonocnvie pucku, ¢axmopsi, npogheccuonanvhvie
3abonesanus, cmpecc, IKojocuieckue Gakxmopul.

ISCILOR ARASINDA PESO XOSTOLIKLORI RISKININ
QiYMOTLONMOSI
METALURGiIYA KOMBINASININ SONAYE FOALIYYOTI.

XUlasa. Peso xastaliklorin problemi har bir zaman aktual olub. metalurgiya
istehsali bu sahado isloyon iscilorin saglamligina vo is qabiliyyatino monfi tosir
gOstoran amak soraiti ilo saciyyalonir.

Bu problemin tadgigi magsadilo “Radiasiya, sonayeda gigiyena va sanitariya
laboratoriyasi”nin miitaxassislori torafindon is yerlorinin attestasiyasi zamani zararli
istehsalat amillorinin  6lgmolori  aparilmis, alinmig naticalora oasasen titiin
momulatlar1 istehsal1 is¢ilorinin amok soraitinin yaxsilasdirilmasi tizro tOvsiyalor
verilmisdir.

Acar sozlar: zororli istehsalat amillori, dlgmalor, pesa Xastaliklari, ecoloji
factor.

102



MOQALOLORIN TORTIBAT QAYDALARI

1. Baxilmaq  ii¢lin  jurnalin elmi
istigamotine uygun aktual elmi problemlors aid
todqgiqatlarin  ilk  dofo  dorc

materiallar gobul olunur.

oluna bilon

2. Mogqalo Azorbaycan, ingilis vo ya rus
dillorindon  birindo  redaksiyanin  e-mail
tinvanina (editor.academy@thn.gov.az) bir
faylda togdim olunmalidir.

3. Mogalonin ilk sshifasinde moagqalonin
adi, miiollif(lor)i, musllif(lor)in elmi doracosi,
vozifalori, ad vo soyadlari, ¢alisdiglart qurum

vo elektron pogt (eposta) iinvanlari
gostorilmolidir.
4, Mogalado acar sz (Azorbaycan,

Ingilis vo Rus dillorinda, 8-10 s6z), xiilasa
(Azorbaycan, Ingilis vo Rus dillorindo), giris,
asas hissa, natico, manbalar, alavalar, sakil vo
cadvallor daxil olmaqgla 10 sohifodon artiq
olmamalidir.

5. Mogalonin xiilasasi 200-250 sozdon
cox olmamali, todgigatin  magsadini,
ohomiyyatini vo elmi dovriyyadoki yerini,
istifads edilon vo ya formalasdirilan metodlari,
hans1 suallara cavab verildiyini vo totbiq
dairesini gostormali, giris vo notico hissasi
kimi yazilmamalidir.

6. Mogalo A4 formatinda, 1,5 (bir tam
onda bes) intervalla, Times New Roman 14
sriftilo yazilmali, konarlarindan (soldan 30 mm,
sagdan 15 mm, yuxardan 25 mm vo asagidan 20
mm) bosluq buraxilmalidir.

7. Dasturlar Equation of WinWord-do
yigilmalidir. Matndo ancaq istinad olunan
diisturlar nomrolonir. Diisturlarin  némrasi
motarizada, sotrin sag sorhadindo yazilir.
Riyazi simvol va indekslor ancaq latin vo
yunan harflori ilo meylli sriftlo yazilmaldir.
Abreviaturalar izah olunmalidir.

8. Cadvoallar va sokillor ndmralonmalidir:
codvollor yuxaridan (morkozo diizlonmis)
(mas. Cadval 1), sokillor altdan (morkozo

diizlonmisg) (Sakil 1). Cadvallarin adi cadvalin
yuxarisinda, sokilin ad1 onun altinda yazilir.

9. Mogalodo elmi monbolors istinadlar
olmalhidir. Maogqalonin  sonunda  verilon
odabiyyat siyahisi olifba ardicillign ilo deyil,
istinad olunan odobiyyatlarin motndo rast
golindiyi  ardicilligla  nomrolonmali  va
mosalon, [1] vo ya [1, s. 119] kimi isaro
olunmalidir. Eyni adobiyyata motnds basqa bir
yerdo tokrar istinad olunarsa, onda istinad
olunan homin odobiyyat ovvolki nomros ilo
gostorilmalidir.

10. Odobiyyat siyahisinda son 5-10 ilin
elmi mogqalslorine, monoqrafiyalarina vo s.
istinadlara tstlinliik verilmolidir.

11. Moqalslar orijinal olmali vo avvaller
basqa milli vo ya beynolxalq jurnallara vo
konfranslara toqdim edilmomalidir.

12. Mogalonin xiilasosi mogqalonin
mozmumuna uygun olmalidir. Xiilass elmi vo

gramatik baximdan ciddi redakts olunmalidir.

13. Miislliflor maqalayas roy vermak {igiin
4 royci tovsiya edo bilor

14. Alinmis roylor vo Redaksiya heyatinin
tovsiyasini nozoro alaraqg Bas Redaktor
mogqalonin ¢apa qobul edilmasi, ¢apa gobul
edilmomosi vo ya redakto edilmok iicilin
miollifo qaytarilmasi1 haqqinda yekun qorar
Verir.

15. Mogalonin gobulu vo rodd edilmosi
redaksiya heyotinin miizakirasindon sonra elan
edilocakdir.
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FORMATTING RULES OF ARTICLES

1. Materials that can be published for the
first time on the researches in relation to the
actual scientific problems in accordance with
the scientific direction of the journal are
accepted in order to review.

2. The article must be in one of the
Azerbaijani, Russian and English languages
and submitted in one file to the e-mail address
(editor.academy@fhn.gov.az) of the editorial
office.

3. The first page of the article should
contain the name of the article, the author (s),
the scientific degree of the author (s), their
titles, names and surnames, e-mail addresses
and the institution they work for.

4, The article should not exceed 10 pages,
including key words (8-10 words in
Azerbaijani, English and Russian), summary
(in  Azerbaijani, English and Russian),
introduction, main part, conclusion, sources,
appendices, figures and tables.

5. The summary of the article should not
exceed 200250 words, should indicate the
purpose, importance and place of the research
in the scientific community, the methods used
or formed, what questions are answered and the
scope, and shouldn’t be written as an
introduction and conclusion.

6. The article should be written in A4
format, 1.5 (one-tenth to five) spacing, Times
New Roman 14 font, space (30mm from left,
15mm from right, 25mm from top and 20mm
from bottom).

7. Formulas must be written in equation of
WinWord. Only referenced formulas are
numbered in the text. The number of the
formula is written in bracket, on the right border
of the line. The mathematical symbol and
indexes should be written only in inclined fonts
in Latin and Greek letters. Abbreviations
should be explained.

8. Tables and figures should be numbered:
tables from above (centered) (eg Table 1.),
images from bottom (centered) (Figure 1). The
names of the tables are written at the top of the
table, and the name of the figures is written
below it.

9. Scientific sources should be referred in
the article. The list of literature at the end of the
article should be numbered in the order of
sequence of references in the article, not in
alphabetical order, and should be marked, as [1]
or [1, p.119]. If the same literature is referenced
elsewhere in the text, then the literature referred
to should be indicated by the previous number.

10. Scientific articles, monographs, etc.
references of the last 5-10 years in the list of
literature should be preferred.

11. The articles should be original and
should not be previously submitted to other
national or international journals and
conferences.

12. The summary of the article should be
relevant to the content of the article. The
summary must be seriously edited from a
scientific and grammatical point of view.

13. The authors can recommend 4
reviewers to give opinion on the article.

14. Taking into account the received
opinions and the recommendation of the
editorial staff, Editor-in-chief makes the final
decision on whether to accept the article for
publication, not to accept it for publication, or
to return it to the author for editing.

15. Acceptance and rejection of the article

will be announced after discussion by the
editorial board.
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MPABUJIA O®OPMJIEHUS CTATEN

1. K PacCMOTPEHUIO [IPUHUMAIOTCS
MaTEepUaJbl, KOTOpBIE MOTYT OBbIThH
OnyOJIMKOBaHbl BIIEPBbIE IO MCCIEJOBAHUAM
aKTyaJIbHBIX Hay4YHBIX npodiem B

COOTBCTCTBHMHM C HAYYHbBIM HalIpaBJICHHUCM

KypHaa.

2. CraThsi JOJDKHA OBITH OTIIPABJICHA OJHUM
azapec
(editor.academy@thn.gov.az) pemakuu Ha
azepOaipPKaHCKOM,

daitnom  Ha AIIEKTPOHHOM  TTOYTHI
OJTHOM U3 TPEX SI3BIKOB —
QHTJIMHCKOM HJIH PYCCKOM.

3. Ha nepBoii cTpanuiie cTaTbu TOKHBI OBITh
yYKa3aHbl Ha3BaHHE CTaTbH, aBTOP(bI) (MM U
dbamunus, yuyeHas cTereHb U HaydHOE 3BaHUE,
OpraHu3aIusl) u azapec
AIEKTPOHHOM MOYTHI.

JOJDKHOCTB,

4. CraThs J0JKHA OBITH HamucaHa B ¢popmare
A4 ¢ unrepBanom 1,5, mpudrom Times New
Roman 14, ¢ momamu 30 MM cieBa, 15 MM
crpaBa, 25 MM cBepxy U 20 MM CHU3Y.

5. Crarbs He A0JKHA npeBblmarh 10 cTpanuil,
(Ha
azepOail/kaHCKOM, aHIJIMICKOM M PYCCKOM
A3bIKAX, 8-10 CIIOB), pe3tome (Ha
azepOail/kaHCKOM, aHTJIMICKOM M PYCCKOM
A3bIKAX ), OCHOBHYIO
MCTOYHUKH,

BKJIrO4as KJIFOYCBBIC CJIOBa

BBEJIEHHE, YacTh,
3aKJIIOYEHNE,

PUCYHKH U TaOJIMIIBI.

IIPUITOKCHUA,

6. Pe3tome cTatbu He 10JKHO TpeBbIaTh 200-
250 cnoB, yKa3bIBaTh 11€Jb, BAXKHOCTh U MECTO
coo0OI11IeCTBE,
chopMUpPOBaHHbBIE

HCCICI0OBaHUA B HayYHOM

HCIIOJIB3YCMbIC nJIn
METOJbI, Ha KAaKHC BOIIPOCHI JaHbl OTBCTHI U
O6’L€M, HC JOJIXKHO OBITh HaliuCaHO, KaK 4aCTb

BBCJIACHUA U 3aKJIIOYCHU .

7. ®opMynbl  JOJDKHBI  BBIOJHATHCS B
Equation of WinWord. HymepyroTcs TonbK0 TE
dbopMyIbI, Ha KOTOpBIE €cTh CChUIKH. Homep
(GopMyIBI yKa3zbIBaeTCs B CKOOKaxX C IPaBOTO
Kpas CTpOKH. MaTeMaTHYecKhe CHUMBOIBI U
WHJICKCHI CIIEAYeT MHCATh TOJIBKO JIATHHCKHUMU

uim  rpedeckumu  OykBamu. CokparieHus

JIOJDKHBI pacIn(pOBBIBATHCS.

8. Tabnmuipl W PUCYHKH JIOJDKHBI  OBITh
IPOHYMEPOBAHBI: TAOJIHIIBI - CBEPXY IO IICHTPY
cTpoku (Hanpumep, Tabmuma 1), nzoopakeHus
- cHu3y mo 1ueHTpy ctpoku (Pucynox 1).
Ha3Banust TaOuuip ykas3pIBalOTCS CBEpXy, a

Ha3BaHWEC pPHUCYHKaA - 1O HUM.

9. B crarbe 10J1KHBI ObITh CCHIJIKM Ha HAY4YHbIE
ncTouyHUKU. CMCOK JUTEpaTyphl PUBOAUTCA
B KOHILIE M JOJDKEH OBITh NMPOHYMEPOBaH B
HOpsIIKE CCBUIKM. Ecau Ha TOT € MCTOYHHK
€CTb CCBIIKAa B APYIOM MECT€ TEKCTa, TO OHa
YKa3bIBACTCs [0 paHee Ha3HAYCHHOMY
HOMEDY.

10. B ctaThe J0KHBI OBITH CCBIIKH Ha HAayY4YHBIC

HCTOYHUKMU. Crmcok HCITOJIb30BaHHOM

JUTEpaTyppl B  KOHIIE CTaThU  JOJDKEH
IPOHYMEPOBAHbBI HE B ali()aBUTHOM TIOPSJIKE, a
B TOM IOPSJIKE, B KOTOPOM CCBUIKH HaXOJSATCS
B TeKCTe, Hanpumep, [1] umu [1, c. 119]. Ecou
Ha Ty € JIUTEpaTypy €CTh CCHUIKUA B JIPYTOM
MecTe B TEKCTE, TO CChUIKa Ha JUTEpPaTypy
JNOKHa OBITh  O0O3HAau€Ha MPEIBIIYIIUM

HOMEPOM.
11.Hayunsle cTaThbu, MOHOTpapuu U Jp.
CCBUIKM mocieqHux 5-10 jer B CHOHCKE

JIATCPATYPBI IPEATIOYTUTCIILHBI.

12. CTaTh¥ JOJKHBI OBITH OPUTUHAILHBIMU U HE

MpeACTaBICHHBIC paHee B Ipyrue
HallMOHAJILHBIE 583071 MEXTyHApOIHBIC
KypHAIIbI U KOH(DEPEHITHH.

13. AHHOTAIHS CTaTbu JOJDKHA
COOTBETCTBOBATh COJIEpKAHUIO CTaTbH.
AHHOTAIUIO clenyeT CEPBhE3HO
OTPEIAKTUPOBATH c Hay4YHOH H

Ip aMMaTHUYEeCKOH TOUYKH 3pCHHA.

14. ABTOpBI  MOTYT

PCUCH3CHTAM TIPOKOMMCHTHUPOBATL CTATBHIO.

nopekoMeHaoBarb 4

15.IlpuHsATHE U OTKJIOHEHUE CTaThbu OyHeT
O0OBSBIICHO MMOCTE 0O0CYKACHUS PEAAKIIMOHHOMN
KOJIJICTHEH.
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