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HHO®OPMALMUA O CTATBE PE3IOME

Hcmopusa cmamou B cmamve onucan memoo obpammueix 3a0au OuAcHOCMUKU O0OBEKMo8 u
Honyueno: 03.07.2025 onpedenenvl UX QusanuyecKue XapaxKmepucmuKu, pe3yibmamsl NPUMeHeHbl K
Hcnpasneno: 16.09.2025 ouazHocmuke HeQmaAHbIX naacmos. s ACHOCMU NOCMABLEHHOU 3a0ayu
Hpunsmo: 22.09.2025 ucciedoganue npogedeHo Oisi  OOHOMEPHO20, O00HOMA3HO20 CAYYAs C

npocmulM  ypasHenuem — cocmosiHus.  Jlokazano - cywecmeosanue  u
Knioueswvie cnoea e0UHCMBEHHOCMb peueHUs 3a0a4u OUASHOCMUKU 0Jis1 abCMpaKmHo20 Cyuas,
8apuUAYUOHHBII MEMOO, KOMOopas cnpageoausa makxdice O 3a0auu 6 NPUTONCEHUU, UZNONCEHDL
MamemMamuyeckas MoOeib, Menioéas  NPUHYUNbl UMepamusHoll pezyrapu3ayuy peuleHus 3a0auu OUasHOCMuKY u
Hepaspyuaiowas OuazHoCmuxa, aneopumm pewienus O MUNUYHO20 CAYHasA. s MUnu4Ho20 Cayyas 3a0ayu
Hepmezazosvie niacmol, npueeden YUCIeHHbI Npumep OeMOHCIMPUPYIOWULE MemoOuKy npoGeoeHUs.
pezyaapuzayus, oopamuule 3a0a4u Oouaenocmuxu. Jlna — Opyeux  00vekmog  OUACHOCMUKa  NOBOOUMCS

AHAN02UYHBIM o6pa30M

1. BBegenue

JlnarHoCTHKOW  SBJSIETCS  ONpeleicHhe  (PU3NYSCKUX  XapPaKTEPUCTUK  OOBCKTa,
HEOOXOIUMBIX JJIsi OonucaHus ero oopasza [1-3]. Cpenu METONOB JMArHOCTHKHA 0CO0OE MECTO
3aHMMaeT Hepaspylaromas JAAarHOCTUKA, TO €CTh JUArHOCTHKA Oe3 BBIBOJAa OOBEKTA WIIM €ro
OCHOBHBIX 4acTeil M3 pabouero pexkuma, 0e3 U3bATHS Mpod, 0e3 HapylIeHUS €ro CTPYKTYphl U
[IEJIOCTHOCTH, TOJBKO HA OCHOBE HaOmrojeHud BHe oObekTa [1,4]. TemoBasi AMAarHOCTHKA,
OCHOBaHa Ha OMPEIENICHUU TEIIO(QU3MUECKUX XAPAKTEPUCTUK OOBEKTOB. MeToAbl TUATHOCTHKHU
OOBEKTOB OCHOBAHHBIX Ha PEIICHUW OOpaTHBIX 3aJad JAeT BO3MOXHOCTh WX TEIJIOBOH
Hepa3pyllaIel TMarHoCTUKU. B manHON paboTe uccneayercss MeToA AUarHOCTUKH, OCHOBAHHBIM
Ha pelIeHu o0paTHbIX 3a1a4 [ 1-6].

Bonpocel AMarHoCTHKU MMEIOT JaBHIOK ucTopuio. OIHAKO, 3HAYMTENBHBIM TMporpecc B
ATOM HalpaBiIeHUW ObUT caenaH mociie 60-X rofoB MPOIIOr0 CTOJIETHUS, KOT/Aa OBLIM CO3/IaHbI
METOJIbl pelIeHHs] HEKOPPEeKTHBIX 3amad [1; 4-9]. OHu oOpa3oBaiu OCHOBY pelIeHHS OOpaTHBIX
3a/1a4u, COCTaBIAIOMIMX (QYHAAMEHT JIJIsi UCCJIEIOBAHUS HEPaA3pPYIIAIOIICH TUAarHOCTUKUA OOBEKTOB.
[Tocme cozmaHusi W Pa3BUTUST METOJOB pEIICHUS HEKOPPEKTHBIX 3a7ad WHTEHCHBHO BEJHCH
pa3paboOTKM 1O HEpa3pylIalIIeMy H3MEPEHUI0, KOHTPOJI0 | JHArHOCTUKE, CO3JaBajUCh
¢dbu3nueckue OCHOBBI M TMPHUOOPHI Ansg 3Tod 1enu [1-6]. BypHoe pa3BuTHE TEOpHH U METOJIOB
pelIeHrs MIUPOKOTO Kjacca OOpaTHBIX M HEKOPPEKTHBIX 3a/Ja4 MPHUKIATHOTO M TEOPETUYCCKOTO
3HaueHus [1-9] 3a ucTeKmUil MEepUOJl COCTAaBMIIM OCHOBY pa3pabOTKU METOJOB TUATHOCTHKHU
MEIUIIMHCKOTO ¥ MTPOMBIIUICHHOTO HazHa4yeHus [ 1-10].

B OonpmmHCTBE METOAOB JAMArHOCTUKH TIO HAOMIOACHHUSIM BHE OOBEKTa MPOU3BOIAUTCS
pacrno3HaBaHue ero ¢pu3nueckoro oopasa. /luarnoctupoBaHue oObIYHO IPOBOAUTCS OIpPE/IEICHUEM
(U3MYECKUX XapaKTePUCTHK OOBEKTOB, MO KOTOPBIM JaeTcs 3akioueHue o0 ux QusmdeckoM
oOpaze. B sToM cMmBICIe OUarHOCTHKa TECHO CBsi3aHa C METOJAaMH pelieHusi OOpaTHBIX |
HEKOPPEKTHBIX 3a7ad. AHAIU3 OMbITa MPOBEIECHUS MHOTOYUCICHHBIX pa0dOT MO JAMArHOCTHUKE B
MEIWIIMHE W B MPOMBINUICHHOCTH JaeT OCHOBaHWE OO0OOINTH WX pe3ynbrarbl. CoOBpeMeHHOE
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pa3BUTHE METOAOB JMATHOCTUKH OIMPACTCS HA Pa3BUTHE METOAOB pelIeHHS OOpaTHBIX 3amad. B
HaCTofIIEee BpeMsi 3Ta pabdora TpeOyeT BapHAIlMOHHYIO MOCTAHOBKY M3y4aeMbIX OOpaTHBIX 3ajay
[1-9], Tak Kak GOJBIIMHCTBO METOIOB PETYJIAPH3AIMKA UMEIOT BapUallMOHHYIO Ipupoay. Ha ocHoBe
3TUX 00O0OIICHUN HMKE M3JIaraeTcs MareMaTuyeckass MOJeb JUarHOCTUKU B aOCTPaKTHOM BUJIE,
rie Jajee OHAa NPHMEHEHAa K JHArHOCTUKE HEPTSIHBIX IUTACTOB W TPHBOTUTCS THUITHYHBINA
YHCJICHHBINA MTPUMEp 3THUX 3a7au.

2. [TocTaHoBKa 3a1a4M M A0CTPAKTHOM MO/1eJIU JUATHOCTUKH

[ycte H rusbeproBo, U, Fu G GanaxoBo mpocrpancTsa. [Ipeamonokum, 4To 3JeMeHT V

MPUHAVICKUT TUIHOEPTOBOMY MPOCTpaHCTBY H , ecTb Habop TeX XapaKTepUCTHUK Marepualia
00BEKTa, KOTOPBIC B MIPUHITOM IS TUATHOCTHKU CMBICIIE OJTHO3HAYHO BBIPAXKAIOT €ro (PU3HUSCKUN
o0pa3. Takoii a1eMeHT, 00bIYHO, Ha3bIBAIOT (QYHKIMEH WM IPU3HAKOM JIUArHOCTUKU. Bo3moxHbIE
dusnueckre o6pasbl 00BEKTA COCTABISAIOT MHOKECTBO S C H , TO €CTh (PYHKIMU JUATHOCTHKH V €
ScH . TIlpeanonoxum, 9T0 MHOXECTBO (YHKIHMI IHATHOCTHKH BXOAsT B map S, cH ¢
paauycoM R B mpoctpanctBe H . [l mpOCTOTHI M3JI0KEHUS MPEAINOJIOKHUM, YTO IPU3HAKU
AuarHocTHKU 06pasyror map S; < H ¢ pagmycom R B mpoctpanctse H . IlycTh @ —HEKOTOpPBIit
3a/IaHHBII AIEMEHT MHOXKeCTBa Sy C H | KOTOpBIil HA30BEM TaKKE STATOHOM JHATHOCTHKHU, TO €CTh

o € Sy C H sBisieTcss NpH3HAKOM HATHOCTHUKHM STalnoHa. B mpakTuke snemeHt o € S, < H
3a1aeTCsl HOPMATUBHBIMU OpPraHaMH, TO €CTh C yYaCTHEM OPraHOB OTBETCTBEHHBIX 3a PE3YJbTATOB
nuarHocTukd. OOBIYHO, 3JE€MEHT @ 3agaercss U3 MHOXectB Sy CH , kak Haumbonee
IPEIIONIOKHUTEIIFHO OXKUIACMBIN (u3udecKuii 00pa3 oobekTa. [10aTOMY, HOMyCKaeTCsl, YTO ITAIOH
o€ Sy < H moxer comepxut Hemano norpemsoctei [1-3].

HeTpyaHo mnpoBeputh, 4TO 3amaud MuHuMmsamuu Qyrkmmonama d(V)= [v-w(]® Ha
MHOXeCTBe Sy C H nmeer enuHCTBeHHOE perieHue. J{eiicTBUTENbHO, MHOXECTBO S,  H sBisercs
mapoM ¢ paauycom R > 0. [Mosromy oHO Bbimykio B mpoctpanctBe H . ®yukuuonan d(v)
SIBJSIETCSI HETIPEPBIBHBIM U CHIILHO BBIMYKJIBIM Ha MHOXecTBe S, < H . Tloatomy, U3 Teopembl O
CYIIECTBOBAHUS M €IWHCTBEHHOCTH MHHMMYMa CHJIBHO BBIMYKJIOrO (DYHKIIMOHATAa Ha BBITYKJIOM
MHOJKECTBE CIEMYET, 4TO 3a1a4a o MuHMMH3anuu (yHkuuonana d(v) =1v—w[]’ Ha MHOXKECTBE
Sp © H umeer enquHCTBEHHOE pelieHHE.

N3BecTHO, 4YTO JMr00asi JMArHOCTHMKa OOBEKTa MPOU3ZBOAMTCA IMpPH OOCTOSATEIHCTBAX
MIPOTEKaHUs B HUX HEKOTOPbIX IpoueccoB. IlycTs npoTekaromye B H3y4aeMoM O0OBEKTE MPOLIECCHI

ONHUCHIBAIOTCS ceMeiicTBOM orepatopoB A(V, U), KOTopele Uit Kaxaoro Ve Sy < H |, neiictByrot u3

banaxoBa mpoctpanctBa U B 6aHax0BO MPOCTPAHCTBO F :

A(v,u)=f, (1)
rne, f € F — 3amannslit anement, U € U — pemenue ypaBHenus (1). B ypaBuenuu (1) onuceiBarotces
MPOIIECCHl MPOTEKAIOIINE B JTUATHOCTHPYEMBIX OOBEKTaX, HAPSIY C DJIEMEHTOM U TakkKe BXOIUT
SJIEMEHT BBIpaXaromuii (usmyeckuii obpaz obwvekra V € Sy H . Tlostomy, 3aBHCHMOCTH
omepatopa A Kak OT d3JeMeHTa U Tak W OT JJIEMEHTa V SBISETCS ECTECTBEHHBIM. Terepb
HPENOIoKKM, 4TO npH (ukcupoBanHoM f € F u mpomsBonbHBIX V € Sp C H | Ha pemenusx
ypasaenus (1) ueU 3amaHo NOMOMHUTEBHOE COOTHOIICHHE

B(v,u)=g, ueU, geG, 2
riae g-— oieMeHT OaHaxoBa mpoctpancta G, omeparop B s KaXIOro djieMeHTa VESy CH, 110
nepeMeHHON U geiictByer u3 mpoctpanctBa U B mpoctpancteo G . YcioBus ajist omepatopos
A(v,u)u B(v,u), a Taxxe Bbibop mpoctparcts H, U, F, G — oroBapuBaroTCst mpu pacCMOTPEHUH
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KOHKPETHBIX 3aJla4 JHArHOCTUKH. B yKa3aHHBIX BBINIE COOTHONICHUSX OHH OOIIME OIepaTophl,
YIOBJIETBOPSIOLINE YCIOBUSIM, KOTOPbIE YKa3aHbI B KOHKPETHBIX cly4asx. Bo MHOIMX mpakTH4ecKu
BXHBIX CIIydasix oreparop B(v; U) He UMeeT 0oOpaTHOM 3a1auu, a ceMeicTBo omeparopos A(V,U)

mi1st Kaxaoro VE S, < H orHocutensHo U € U
OOBIYHO, UMECT OrpaHUYCHHYIO0 00paTHyto 3amady [5]. [Ipeamomnoxkum, uro omeparop A(V,U) s

o - 9 -1
Kakaoro V € S, cH wumeer HempepwiBHBIA M orpanudeHHbli obparnbii A (v, f) . Ecmm

nozcraBuM pernenne ypasuenust (1) u= A(v, f), B coornomenue (2), TO OHO OTHOCHTEIHHO
nepeMeHHON V € S c H mpu kaxaom f W g NOPUBOOUT K CIEAYIONIEMY OIEPATOPHOMY
YpaBHEHHUIO:

B(v) =g, 3)
rje B(v) =B(v, A™(v,f) ). HesBuas HeauHeHHOCTH omepatopa B(v) 3aTpymHseT SBHOE

uccaenoBanue 3anaun (3). [lpenmnonaraercs, yto onepatop B(v) HENPEPHIBHBIN U OrpaHUYCHHBINH. B
MPAaKTHUKE UCXOAHbIC naHHbIe 3a1aun (1) u (3) 3agaroTes ¢ norperrHocTsMu. [Ipeanonoxum, urto f u
g 3a7aHbl C TOYHOCTHIO 0>(), TO €CTh:

"f _f5||F <0, "9_95"6S 0,

rne fs € Fu gs € G — 3aaHHbIe JIEMEHTHI, 0 — 3aJaHHOE MOJOKUTEIbHOE Yrcio. Eciu yuecTsb
cootHoteHus (1), (2), TO 3TU COOTHOILIEHHUS MOTYT OBIT 3aITUCaHbI B BUJIE:

|Av,u)-f <6, [BMvu-g< s, (5)
W3 3THX cooTHOIICHUI MOJIYyYHM:
A, u)— £l HIB(v, 4 (vi f))-glls < 25, (6)

13 BBIIICU3JIOKCHHOI'O CJICeayeT, 4qTo JIIA JUAarHOCTUKH 00BbeKTa  JKeJaTeIbHO

2 .
MUHUMU3HUPOBATh (PYHKIIMOHAI ||V—V\I||H Ha MHOXecTBe S, — H mpu BbINONIHEHUU yCioBHit (5)

win (6). Ota 3amaua sBisieTcs BapUallMOHHOW 3a/1adeil Ha yCIOBHBIA SKCTPEMYM M OHA METOJIOM
MHOXUTENeH Jlarpanka CBOIUTCS K CIeAYyIoNIeH 3aqaye 0 MUHUMYMe (DyHKITMOHAIIA

— 2 2 2
3, ()= LA = 1l 2+ 1B(v, v)-g > +alv v
Ha MHOXectBe Sy < H [4,7,9]. [dpyrumu cioBamu, Ui TUArHOCTUKHA OOBEKTa HEOOXOIMMO
PEIINTh BapUAIIMOHHYIO 33/1a9y
— 2 2 2 .
3, (v) =AW, u)— £ ]| 2+[B(v, u)-g,|ls > +afv—w],, —inf , veSzcH (7)
C HEU3BECTHBIM MapaMeTpoM 0>(), KOTOphIi onpenensercs u3 yciaous (6) unu (5) (em.[1-9]), o -
3aaHHBIA dJeMeHT MHokecTBa Sy —H . 3amawa (7) npu ycnmoBum (5) wimm (6), sBiseTcs
MaTeMaTHYeCKOH MOJENbI0 MUarHocTuku. [IpakTuka pemieHus SKcTpeMalbHON 3anaun Ttuma (7) C
Heu3BeCTHBIM mapamerpoM a > 0 [2-9] mokasbiBaeT, uTo Ooyiee ymoOHOW (opmoii peanu3aiyu
ycnoBust Tumna (5) unm (6) sBaseTcss TpeOOBaHUE BBINOJIHEHUS €r0 B BHJIE PaBEHCTBA, TO €CTh B
BHJIE:
”A(V’u)_ f(i”F +|| B(V’ u)_ gs"s =20. 8
Cuctema (1), (2) stBisieTcst 0qHOM U3 00X a0CTPAKTHBIX MOCTAHOBOK 3a/1a4 TUarHOCTHKHU.
B utore, MaTemaTndeckasi MOJieTib TMarHOCTUKU OOBEKTA 33/1a€TCSl B BUJIE SKCTPEMAIBHOM 3a/auu
(7) ¢ ompeneneHueM Hew3BecTHOTO mapamerpa o > 0 u3 ycnoBus (8). OUeBUAHO, YTO MIHPOKUI
KJIAaCC TMPOIIECCOB MOXET OBbITh OMHCaH B BHUJIE omneparopHoro ypaHenus (1). B cucreme
cootHotrenuit (1), (2) ¢ 3amanHbiMu dnemeHTamu f, g, smemeHnt U € U u snement Ve S, c H

ABIAIOTCA HEU3BECTHBIMM. Pemas 3amauy (7) mpu yciaoBum (8) HaXOmUTCS DIEMEHTV ., a TakKe
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snemeHT ug, [1 —9]. YkaxeM TeopeMsl CyIIECTBOBAHUS U SAWHCTBEHHOCTH pelneHue 3a1a4u (7)
pu yciaoBud (8).
Teopema 1. ITycts ¢ynxumonan J, (V) Ha MHOxecTBa S; < H sBisiercss HempepbIBHBIM.

Torna 3anava (7) npu ycrnous (8) uMeeT X0Ts ObI OHO pEIICHHE.
JlokasarenbctBo Teopemsl 1 poBoaUTCS METOIOM padboThl [7].

HenpepbiBrocts  pynkumonana J, (V) Moxker ObITb OGecreueHa HENPEPBIBHOCTBIO
oneparopos  A(V,u),B(V, U) ¢ COBOKYIHOCTBIO IIEPEMEHHBIX.

Teopema 2. Ilycts ¢dynkmmonan J, (V) Ha MHOXecCTBa S; C H sBisieTcst HenpephIBHBIM.

Torna cymecTByeT Takoe IIOTHOE MHOKeCTBO K B mpoctpancTse H , uto npu mobom @ >0 s
npou3BoJbHOTO @ € K 3amawa (7) npu ycnoBuw (8) HMEET EIMHCTBEHHOE pEIICHUE.
Jloka3aTenbCcTBO ATOU TeopeMbl Oasupyetcs Ha npuHimne M. Dximanna [13] u ganee mpoBoauTCS
METOJOM, YKa3aHHOM B pabote [7].

3. luarHocTuKa He(pTAHBIX IIACTOB

Bonpocel nuarHOCTMKM HE(TSHBIX IUIACTOB YacTO BO3HUKAIOT B HePTeqo0BIYe U
MIPEJICTABJISIOT MEPBOCTEIICHHOE 3HAYEHUE B BOMNpPOCaxX OLEHKH 3amacoB Hedtu. Jmarnoctuka
I1acTa YacTO CBOJUTCS K OLIEHKE TMIPOAMHAMUYECKON CBSI3M MEXIY CKBAKMHAMH U IIJIacTOM, a
TaK)Xe OMpeJesIeHneM THApPOoIMHAMUYecKoro koddduimenta nponunaeMoctd. OTMETHM, UTO MU
OKCIUTyaTallil HE(QTSIHBIX MECTOPOKICHUN TPOBOIAMTCS PErYJSAPHBIA KOHTPOJIb M TUArHOCTHUKU
COCTOSIHMSI IUIacTa, CJEKEHHE 3a MPOUCXONAIIMMHU HW3MEHEHUsSMU ee (DUIbTPalMOHHBIX
xapakTepucTuk [12]. Bce TexHuueckue MeponpuATHs C IJIaCTaMM IPOBOJSATCS HA OCHOBE
nH(OpMAaLIUY O TUArHOCTUKYU MiacTta. Mcnonp3yloTcest TaHHbIe TIOTYyYEHHBIX M0 BCEM CKBaXHHAM U
10 MEKCKBAKMHHBIM ITpocTpaHcTBaM. Hanbosnee TpyaHBIM sBIISE€TCS NOJYy4YE€HUU MH(POPMALUU 110
MEKCKBOXMHHBIM IpocTpaHcTBam [11,12].

Hccnenyem npuMeHeHUE U3I0KEHHON BBILIE METOJUKU K IUarHOCTUKE HE(PTAHBIX IJIACTOB.
[Iycte D miiockuii, HEOMHOPOAHBIA MIIACT C IEHTPAJIbHOW CKBaXXUHOW pamuyca I >0, B BHUIe
OKPYXHOCTH ¢ paamycoMm R u rpammueit OD , r — paccrosame OT IieHTpa 3TOHW 00JaCTH JI0

IPOM3BONBHOI ee ToukH, t — Bpemennas nepemennas, t€(0,T) T >0 — ppems nabmonenus 3a
mractom, 2= Dx(0,T),S=0Dx(0,T),

PaccMoTpuM 3amauy AMAarHOCTUKU HEPTSIHOIO IUIacTa MO HAOMIOACHUSM 3a IEHTPAIbHON
cKBaXXHHOM. [Tpu 3TOM, )KMIKOCTB, TO €cTh HE(Th MpeAroaaraeTcst HeckuMmaeMon. /i mpocToTh
paccMaTpuBaeTCsl aCCUMETPUYHbBIN OJHO(a3HbI HECTAllMOHAPHBINA MpoLece GUIbTpaluil HEPTU K
[CHTPaIbHOW CKBaXkMHe. Bce cka3aHHOE CrpaBeIMBO Takke sl obero ciydas. Yepes p=p(r,t)
0003HaYMM JaBJICHHE B IJIACTE B TOUKEe I B MOMEHT BpemeHu t, a uepe3 K(r)>0 -koadunment
THJIPOTIPOBOJHOCTU Iacta B Touke I. [Ipu 3THX MpennoyioKeHUsx pacrpeaeieHue IaBlIeHUs B
IlacTe OmuceiBaercs ypaBHeHueM [11,12]:

lei rk(r)M +f(rt),0<r,<r <R, 0<t<T, 9)
dt ror or
rae f(r,t) —3amanHas GyHKIUS apryMEHTOB T, t.

B 3amaue puarHocTuku miacra Hapsay ¢ Gyukiwmeit p(r, t), yakius k(r) Takke sBIsercs
HEW3BECTHOM W TOUICKHT OTpeiesicHnio. Tak BO3HUKAeT oOpaTHas 3aiada uist ypasHenwus (9) [11],
KOTOpasi WCIOJb3yeTCs IS JMArHOCTHKU Iuiacta. Ilycteh K ypaBHeHHIO (9) NpPHCOCIMHEHBI
HaYaIbHOE

p(r,0) =0, O<r.<r <R, (10)

W T'paHUYHBIC YCIIOBUSA

k(rc)%(rc,t)zg(t),OdsT, (11)

7
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P (R.1)=0,0<t=T, (12)

rae, g(t) - samanHas  QYHKIUS SBJISIONIAACS JEOMTOM IICHTPAIbHOW CKBaKHMHBI, (DYHKIIHS
f(r,t) BeIpakaeT BHyTpEHHUE UCTOYHUKH, (12) SBISETCS yCIOBUEM «HE MPOTEKAHHS HA TPAHUIIC
ruiacta [10-12].

[Ipoueccsl mpoucxoasmue B HEPTIHOM IUIACTE TUATHOCTUPYIOTCS 3HaHUEM Kod(duimenTa
rugpornpoBogHoctu K(r). Jpyrumu ciioBamu, TUarHOCTUPOBAHUE IUIacTa 0Aa3UpyeTcsi Ha PEIICHHH
oOpaTHO# 3amaun JuIs ypaBHeHHHU (9), TO ecTh ompeeneHne Kod(pGHUINEHTA THIPOIPOBOIHOCTH
k(r) u naBnenust p=p(r,t) muacra. s onpenenenus ruaponpoBoanoct K(r), mycts K yCIoBUSM
(9)-(12) npucoearHeHbI elie CICAYIOUIME YCIOBHS O NAaBJICHUHM B LEHTPAIBHOH CKBaXUHE (CM.
taxoke [11,12]):

p(r,t)=q(t),0<t<T, (13)

rae q(t) — 3agaHHOC [aBICHHE HA LCHTPAIBHON CKBaXHHE, KOTOPOC M3MEPSACTCS |
KOHTpoiHupyeTcs. Huke HCImoNb30BaHbl  OOIICU3BECTHBIE (YHKIIMOHATBHBIE IPOCTPAHCTBA,
KOTOpPBIC BBEJICHBI, HAIIpUMeED, B padorax [7,8,10] u mp.

1

ITycts g(t) € L,(0,T), q(t)EWZE (0,T). IMapy dbyukuuit p(r,t) u k(r)>0 HazoBeM perieHnEM
1

3agaun (10)-(13), ecnum, maBicHHE p(r,t)ewl'g(D) u K(r)eL,(ro,R), a Takxke yHaOBIETBOPSETCS
CIIEIYIOIIEe HHTETPATBHOE TOKIECTBO:

ffﬂ[—p(r, D¥(r, ) + k(M)p,(r, O (1, 1) — f(x, O¥ (r, ) |drdt = fOTg(t)‘P(rC,t)dt ., (14)

s mo6oit Gpynxuu ¥ (r, t) € WLO(D) Takoe, uto ¥ (r,T) = 0, rie HWKHUE HHAEKCH (YHKIMIA
Y.(r,t) p(r,t),¥.(r,t) o03HAYAIOT MPOU3BOJHBIE IO COOTBETCTBYIOUIMM IE€PEMEHHBIM.
W3BecTHO, YTO pelieHHe HavdaabHOM—KpaeBoi 3amaun (9)-(12) cymiecTByeT u il HEro BepHA
clieyrolas anpuopHasi orenka [10-12]:

ol .2 = C lIglli,om), (15)
w,2(2)

rae C — monoxurenbHast TOCTOSHHAS.
CornacHO M3J0KE€HHOW MOJENW B NYyHKTE 2, JUIsl JUarHOCTUKM HEe(QTSHOro Iulacta Ha
muoxkecTBe S={K: k=K(r) eL(rc,R), 0<k(r)<oo} ciemyer MUHUMH3HPOBATH (HYHKIIHOHAI

— dp ap
J,(V)=8p(re t) — qs(DBF or) +BK(rc) 5, (o) = gs(DBF, om)* 5. R D87, om) *
all k@) — o (1) If, ¢ ry — inf , (16)
rae 3amanHas (QyHKuus 0=o(r)—Onpenensercs ¢ y4acTMEM MHEHHMA HOPMATHUBHBIX OpTaHOB,

OTBETCTBEHHBIX 3a IMPOBEACHUEM JMArHOCTUKHU. [IpM 3TOM HEM3BECTHBIM YHCIOBOM MapameTp
a 20, cornacHo ycrnoButo (8), orpeneanTcst U3 COOTHOIICHUS:

Bp(re, t) —qs(® B,om +2 k( rc)% (re,t) — gs(t) By, om = 26. (17)

DyHKIWS @=©(f) Ha3bIBaeTCs MPU3HAKOM JMArHOCTHKH JTallOHA, OHA 3a/aeTcsl Kak Haubolee
OXHAaeMblii  pu3nveckuii 00pa3 AmarHoctupyemoro racta, qs (t) M gs(t) — 3amaHHBIC
KBaJPaTUYHO CyMMHUpyeMble (YHKIMH, SBISIOUIMECS MPUOIMKEHHBIMU 3HAUYCHUSIMU (YHKLIUH
q(t) u g(t), COOTBETCTBEHHO, ONpeieNsieMble MPAaKTHUECKUMHU n3MepeHusiMu. Pemas 3agauy (16)
npu ycnoBuu (17) naxomum ¢ynkmmioo K =K5(r) m ¢ ero momompio u3 (9)-(12) dynxuuio
ps = p; (r,t) BeIpaxaronryro pacnpezeieHie AaBlIeHHs B IulacTe. DTy 3ajJady HA30BEM 3ajauci
(16). 13 yrBepxaenunii Teopem 1 u 2 cnenyrot yrBepxkaenus Teopem 3 u 4.

Teopema 3. 3amgaua (16) mpu TEepeUUCIEHHBIX BBHINIE YCIOBUAX HMMEET XOTsA OBl OJHO
pelieHue.

Teopema 4. CymiecTByeT Takoe iotHoe MHOkecTBO K B mpoctpancTBe L, (7, R), uTo mpu
mobom « >0 s npousBonbHBIX @ €K 3amada (16) mMeeT eMMHCTBEHHOE PEIICHNUE.

8
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B Teopeme 4 eIuHCTBEHHOCTh peUIEHMs] UMeeT MecTo Ipu o>(). IIpumepsl aHaIOrM4HbIE
TOMYy, KOTOpbIE TpHuBEIEHbI B [7,8] moka3piBarOT, 4To TIpH o=(0, pemenue 3amgaun (16) He
eMHCTBEHHOE U HeycTtonuuBoe. CienoBareiabHo, ycioBus o>(0 B Teopemax 2 u 4 CyliecTBEHHO
JUIS €IUHCTBEHHOCTH PELICHUS 3314yl TUarHOCTHKU.

4. UTepaTuBHAas peryjsipu3anus 3a/1a4u JUATHOCTUKH

3amava TUarHOCTUKU OTHOCUTCSA K KJIACCy HEYCTONYMBBIX 3a1a4 (cM. [1-9]). [ToaTomy kK HUM
HE00XO0IMMO TPUMEHHUTh YCTOWYMBBIC METOBI pelicHHs. M37105)KUM UTEPAaTUBHYIO PEeryIIspU3aIiio
VIS pelenHus 3Tux 3a1a4 [1-9].

W3BecTHO, UYTO wuTEpaTHBHAs peryjspu3anus SBISETCS OJHUM M3 YHUBEPCAIbHBIX
YCTOWYMBBIX BBIYUCIUTEIBHBIX METOMOB PEHICHHS HEKOPPEKTHBIX 3amaud. B paborax [1-11]
M3JIOKEHA W JOKa3aHa peryasipu3yeMOCTh HWTEpPaTUBHBIX aJTOPUTMOB MHUHHMMH3ALUUA B
(GYHKIIMOHATBHBIX MPOCTpaHcTBaxX. [IpuMeHNM HUTepaTHBHBIE AITOPUTMBI K pelieHuto 3aaaun (7).
Pasm KOHKPETHOCTH W3JI0KUM UTEPALUOHHYIO NPOLIEAYPY 0 METOY YCIOBHOIO rpaauenta [7-9].
XOTsl K peUIeHHI0 3aJlaud JAUAarHOCTUKHU (7) MOryT OBITh HNPUMEHEHBI TaKXe APYyrue METOJbI
WTEPaTUBHOMN peryisipu3aiuu, kak Meto] HploToHa, MeTo MpOeKIIMU TPaueHTa U IPYyrue MEeTO IbI
MUHUMU3ALINH.

[Mycts ¢ynkumonan Jo(v) auddeperuupyem no dpemie Ha MHOKeCTBe Sg. Paccmorpum
UTEPATUBHYIO POLEAYpPY AJs peuieHus 3aaauu (7):

v ™ g [a)— v(m)], m=12,... (18)

rae V9 — nauansHoe npuOIMKEHNE, IPU KOTOPOM MOXET ObITh BBIOpAH NMPOU3BOJIBHBIM 3JIEMEHT
MHOKeCTBa Sg, uucio f,, € (0,1) — ecTb mapameTp anropuTMma, KOTOPBIA OIpenensercs M3

ycioBus yObBanus (GyHKIMOHANA: J, (V(m+l))§ J, (V(m)), snement V™ ompenensieTcs U3 ycIoBHs

MUHAMYaM CJICAYIOLIEro JHHEIHOro (GYHKIMOHAIA OTHOCUTENbHO dnementa V(™) :
<J, (v(m)),a)—v(m) > + a <V™ v p_vM > | m=12,... (19)

Ha MHOXeCTBe S, , o> 0 —I1 apameTp peryispH3alyd, KOTOPbIA BBIOMPACTCS B 3aBUCHMOCTH

ot 6 > 0 u3 ycnoBus (8). Ilpyn NMPUHATHIX BBIIIEC MPEANONOKEHUSIX W YKa3aHHBIX BBIIIE YCIOBHE
st BbIOOpa mapamerpa airoputvma f,, B pabortax [6-9] gokazaHBl peryasipH3yeMOCTb
uTepannoHHou mpoueaypst (18), (19).

Anroput™m utepatuBHbIi perynspuzauuu (18), (19) npuMeHUM Takke K pelIeHHIO 3aJlauu
(16) o numarHoctuke HeQTAHBIX I1acToB. JlIg 3TOro HEOOXOAWMO BBIYUCIUTH T'PATUEHT
¢yukuonana (15) u peanuzoBaTh urepatuBHyro mnpoueaypy (18),(19). Herpynno mnpoBeputh
muddepentmpyemocts  pynkuuonana J, (V). IpuaepxkuBasch wu3BecTHOH mnpoueaype [7-9]
HETPYAHO YIOCTOBEPUTHCS, YTO NP NEPEUNCIICHHBIX BBIIIE YCIOBUAX, 3aJJaHHBIA  (opMyoif (16)
dyrkmonan ] (K) muppepenuupyem mo dpemre u miist ero rpaauenta J' o (K) Bepra popmyna

. Tp Op
3 (k)= joagdHZa(k—a)), (20)

rae p=p(r,z)=p(K;r.t) sBusercs periennem KpaeBoi 3anaun (9)-(12) npu mobom k€ S, cL,(QQ) wu
@ = @(r,t) —perieHne, COOTBETCTBYIOIIEH compspKeHHOM 3amaun. 13 (20) moaydnm, 9To

TOp O

3y(k)= [ PPt (21)

°or or
Ota popmyna ucnonsdyercs B (19) ais mpoBeneHUs CIEAYIOMIETO Iara UTepanui. 1TeM cambIM
UTEepaTUBHAs TPOIEAypa PEryIIpH3aUN IS PEIICHHs 331aul JUarHOCTHKU HE(PTSIHOTO IUIacTa
MPUMET BH]T

1]
k™D =k™ + 8 [0—k™], m=12,... (22)
rae k© — mavansHOe MpUGIMKEHME, KOTOPOE MOXKET OBITh BHIOPAHO KAK MPOU3BOIBHBIA JIEMEHT
MHOXeCTBa Sy , uucio fBp, € (0,1) — ectp mapameTp, KOTOPBI ONpEENSeTCs] U3 YCIOBHSI

9
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yObIBaHHs (DYHKIHOHANA: Jo(k(””l)) < Jo(k(m)), snement k™ — ompenensercs W3 ycuoBus

MUHHMYMa CJIEIYIOLIET0 JUHEHHOTo (pyHKIIOHAIA
<3 (k™) 0-k™ > + a<k®™ k™ p-k™ >, m=12.., (23)

rre J'y(k)= IT@a—(pdt . p= p™=p" (r,t) — pewenune xpaesoii 3agaun (9) — (12)
°or or

npu k™ (@)u @ = ™ (r,t)- pemenne cooTBeTCTBYIOIIEH CONpsXeH — HOM 3ajauH, o = 0-

napameTp peryispu3aliu, KOTopblid 3aBuceTsb o § > 0.

5. 3akiro4enue

3amaun  TMArHOCTUKM OTHOCATCS K KIJAacCy 3aaad ¢ OOJBIIMMHU  BBIYMCIUTEIHHBIMU
obbeMamMu. SIpkMM [pUMEpPOM JTOro Kjacca 3agad SBJISAIOTCS 3aJayd  BBIYMCIMTEIbHOMN
tomorpaduu [5]. B Hacrosimiee Bpems i 3a4ad BBIYMCIUTENBHOW TOMorpaduu pa3zpaboTaHbl
HECKOJIbKO ThICSiY airoputMoB. K TakoMy kiaccy 3afady ¢ OOJIBIIMMH BBIYMCIUTEIBHBIMU
o0bEeMaMHU OTHOCATCS TaKXke psA 3a7ad AuarHocTuku. Creayer ydecTb, YTO JUIA psAa 3anad
Hepa3pyllaomeil JIMarHoCTUKM, CHUCTeMa YpaBHEHUM OKa3blBalOTCS B J00AaBOK  ILIOXO
OOyCIIOBICHHBIMH, 4YTO MPHUBOAUT K PE3KOMY 3aMEUICHUIO WTEPAllMOHHON TpOLEAyphl |
YXYIIIEHUIO pe3ylbTaToB. B ciydae HenuHEMHBIX ypaBHEHUH cuTyanus emie OoJjblie
ycnoxHsiercs. Kak Beime ObIJIO OTMEYEHO, YTO 3a/a4d JAMArHOCTHKH IO CBOEMY XapakTepy
NPUHAIJIEKAT K Kiaccy OOpaTHBIX 3ajad, KOTOpble OOBIYHO SBISIIOTCA HEKOPPeKTHbIMHU. Jlis
YAaCTHBIX CIIy4aeB 3TOM 3a1ayu MpUMepbl HEKOPPEKTHOCTH IIPUBENIEHBI B [7, 8] 1 Ap.

HerpynHo 3aMeTuTh, 4TO pe3yabTaThl pazzesioB 3 U 4 MOryT ObITh 00OOILIEHBI HA Jpyrue
cllydad Hepas3pyLIAloUIMi JUAarHOCTHKHU, KOIJla B H3Y4aeMbIX OOBEKTaX HPOTEKalOT MPOIECCHI
OIUCBIBaEMbIE IPYTUMH YpPaBHEHUAMHU. TakuM ke 00pa3oM Kak B IyHKTE 4, JJIs BCEX ITHUX CIIydacB
BbIBOJ TMOHATUsA (yHKUuU [amunbroHa-IloHTpsirmHa W rpagueHT (QYHKIMOHANa KadecTBa
aHAJIOTMYHO TOMY Kak OBLIO CAETaHO BBILIE IS 33aJjaud IMarHOCTUKU HeTsiHoro miacta. [To Takoi
KEe cxeme peanu3yercss WTEpalMOHHBIA Mporecc (25) Aind YMCICHHOTO pELIeHUs 3ajadu
JTMarHOCTHUKH.
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Xiilasa
Neft laylarinin diagnostikasinin tors masalalor iisulu
Musayeva M.A.

Agar sozlar: Variasiya metodu, riyazi model, diagnostika, neft va gaz laylari, tors masalolor

Obyektlorin fiziki xiisusiyystlorinin toyini tors masalalor metodu iizro diagnostikast miicorrad sokildo tosvir
edilmis, naticolor neft laylarinin diagnostikasina totbiq edilmisdir. Burada aydinliq {i¢lin toqdimat sads hal tonliyi ilo,
birdlgiilii, birfazali hal {i¢lin hoyata kecirilir. Olavadoki masals ii¢lin do etibarli olan miicorrad hal {igiin diaqnostika
masalonin hollinin mévcudlugu vo egansliyi isbat edilmis, diagnostika masolonin hollinin  requlyarlagsmasi prinsiplori
vo tipik hal ii¢lin hall alqoritmi togdim olunur. Problemin tipik hali ii¢iin diaqnostikanin aparilmasi metodologiyasini
niimayis etdiron adadi niimuna verilir. Digar obyektlor iiclin diagnostika oxsar sokildos aparilir.

Summary
Inverse Problem Method for Oil Reservoir Diagnostics
Musayeva M.A.

Keywords: Variational method, mathematical model, thermal non-destructive diagnostics, oil and gas
reservoirs, inverse problems

Description of the inverse problem method for diagnostics of objects for determine their physical
characteristics; results are applied to diagnostics of oil reservoirs. For clarity, the presentation is given for a one-
dimensional, single-phase case with a simple equation of state. Existence and uniqueness of the diagnostic problem
solution for the abstract case, which is also valid for the problem in the appendix, are proven; principles of iterative
regularization of the diagnostic problem solution and a solution algorithm for a typical case are presented. A humerical
example demonstrating diagnostic methods is given for a typical case of the problem. Diagnostics for other objects is
proved in a similar manner.
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Neyron $abaka ilo obraz tanima masaldlorinin analizi

Oliyeva Konul Rizvan quzi R<I2

Sumgqayit Dévlat Universiteti, Sumqayit, Azarbaycan,
konul.aliyeval @sdu.edu.az

MOQALO HAQQINDA MOLUMAT XULASO
Magalanin tarix¢asi Moagalada neyron sabaka ilo obraz taminma masalalorinin analiz olunmasina
Daxilolma tarixi: 04.04.2025 baxilmigdir. Bu moagsadlo siini intelekt vo magsin Oyronmada neyron
Diizoliy tarixi: 18.05.2025 sabakasinin riyazi model kimi tatbiqi asaslandirilmigdir. Neyron sabakasinin
Qabulolunma tarixi: 20.09.2025 riyazi modeli tayin edilmis, ¢oki omsallart vo hiidud qiymatlori
hesablanmuigdwr. Iki girisli neyronun dyratma va obraz tamnma algoritmi
Agar sdzlar islonmisdir.Istifada¢i  interfeysi  vasitosilo  modelin  sinaqg  morhalalori

neyron sabakasi, oOyratma alqoritmi, reallasdirilmisdir
tanminma alqoritmi, obraz taminmasi,
riyazi model

Giris

Neyron sobokolor siini intellekt vo masin dyronmasinin asas alatlorindon biridir. Onlar insan
beyninin islomo prinsiplori osasinda yaradilmis riyazi modellordir. Neyron sobokolor verilon
molumatlari gobul edir, onlar1 emal edir vo natico ¢ixarir — masalon, tosvir tanima, nitq tanima,
prognozlasdirma va s. kimi saholorda totbiq olunur [1].

Obraz Tanimada verilonlorin azlifi vo ya qeyri-doqiqliyi, Overfitting vo underfitting
problemlori, Isiq, bucaq, fon doyisikliklori,real vaxtda siiratli tanima tolob edon sistemlordo resurs
mohdudiyyati, modelin sahv tanimasina sabab ola bilor.

Mogalods agiq manbali (open-source) siini intellekt vo magin 6yronmasi vo dorin dyronma
(deep learning) modellorinin qurulmasi igiin istifado olunan TensorFlow kitabxanasina miiraciot
olunaraq python proqramlasdirma dilinin totbiqi ilo alqoritm tortib olunur. Neyron sobokslorin
qurulmasi, tolimi vo real totbiqi, emalin siini intellektlo tochiz edilmosi proqramin osas
moqsadlorindondir. Verilonlorin ¢oxdlciilii strukturu (matris, vektor vo s.), hesablama omoliyyatlari
graf soklindo modellogdirilmasi, modellarin vizual tohlili vo izlonmasi ii¢iin interfeys icra edilir.

Neyron sabakasinin dyratma alqoritmi

Neyron sobokasinin asas torkib hissolorindon biri daxili strukturu toyin edilmis vo signallari
¢evirmo qaydasina malik olan siini neyronlardir. Siini neyron torkibi sinapslardan, camlayici vo
geyri Xatti geviricidon ibarat olur. Sinapslar neyron sobokasinds kiiraciklorlo tosvir olunur, giris
signallarinin sabit ododlorlo hasilinin hesablanmasi funksiyasini yerino yetirir. Homin sabit odolor
sinapsin ¢okisi adlanir vo bu alagslorin giiclinii xarakteriza edir. Comlayici neyronun girisina digar
neyronlardan daxil olan, hamginin biitiin xarici giris signallarint comlayir. Qeyri Xotti gevirici
comlayicinin dayisan geyri Xatti ¢ix1s giymatlorini hesablayan birdayisonli funksiyadir. Bu funksiya
aktivlik vo ya otiirmo funksiyasi adlanir. Signallarin gevrilmasi qaydasi neyron sobokasinin riyazi
modeli ilo tayin edilir vo asagidak: analitik ifados ilo yazilir [2]:

S=>wx +b; y=f(x),

i=1
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burada w, (i e{l,Z,...ﬂ}) — sinapslarin gokisidir, b - qarigma qgiymotidir, x; (i e{l,Z,...h}) —giris
signallaridir, S - camlomanin naticasidir, y - neyronun ¢ixis signalidir, n- neyronun girislorinin
sayidir, f - neyronun miiayyan geyri Xatti cevirmolarini yerina yetiron 6tiirms funksiyasidir, W, X;
beR(iefl2,..n})

Sabit strukturlu neyron sobokosi c¢okisinin toyin edilmosi miloyyon bir giris-¢ixis
molumatlar1 osasinda yerino yetirilir. Bu molumatlar tolim coxlugu adlanan miioyyon ¢ixis
qiymatlarinin giris qiymetlorinin kombinasiyalarmin asililigini oks etdirir [3].

Tadgigat ¢oxlugundan verilmis neyrosoboko modelinin uygunluq inteqral doracasi (biitiin
qaydalara goro) asagidak: funksional vasitosilo verils bilor.

@) =5 X0 =3 X0 (@ -5 = |y@ - 1)

burada y(w)ve y - miivafiq olaraq todqiqat ¢oxlugu iizro NS BY-nin ¢ixis vektoru vo miiollim

tolimatlarinin vektorudur. NS-in tolim moagsadi - elo bir ¢oki vektoru " miioyyon etmok lazimdir
ki, (1) funksionalinin minimal qiymati olsun [4].

@ = arg miRQ J (w) (2)

Faktiki olaraq, NS-in Oyronilmosi - geyri-xotti modelin parametrik identifikasiyasinin
coxekstremal masalasidir ki, bu da optimallagsma tisullar1 vasitosilo hoyata kegirilo bilor.

Neyron sabokalorinin todqiqi miioyyan bir girig-¢ixis molumatlar1 asasinda sabit strukturlu
NS ¢okisinin toyin edilmesidir. Ikidoyisenli BULL funksiyalar ii¢iin asagidaki formada toyin
olunur: har bir giris obrazina elementlori 0 vo 1 olan X=(x1,X2,...xn) vektoru qars1 qoyulur. Y ¢ixis,
X vektor komponentlorinin uygun ¢oki yiikiino hasilininn cobri cominin hor hansi bir T hiidud
qiymatini agmasi ilo toyin olinur. Neyron sobokasi qurulan zaman ¢oki omsali vo hiidiidd qiymati
tosadiifi verilir [5].
LaoX +o,X, +...+o,X, =T

o(net) = { (3)

Verilmis alqoritmin icrasmi y=X, v X, bul funksiyasinin tothigindo nozordon kegirok.

0, o X +@,%X, +...4+ X, <T

Niimunslorin say1 k=3 . Perseptronun ¢akilorinin toyini alqoritm asagidaki addimlarla icra olunur
6].
,[Ag)DI M 1. Oyronilon alqoritmin ilkin addiminin sabitini toyin edilir: 1:=0.8.
ADDIM 2. Qiymati inisiallagdirilir: E:=0, m:=1, vektorlarin ¢aki giymatini o= [1 0 2] geyd edilir.
ADDIM 3. Oyroanilon ¢oxlugdan birinci misal niimuna segilir. m=1%=[10 0], ¥:=1
Neyronun aktivlik daracasi hesablanir. net=1-1+0-0+2-0=1. Perseptronun ¢ixisi: Yy = 1 gobul
edilir.
ADDIM 4. Y = 37 oldugu ti¢iin ¢okilarin yenilonmasi bag vermir.

ADDIM 5. Perseptron isinin xotas1 E:=0+1/2-0=00lur.
ADDIM 6. m<3 oldugu iiglin m:=m:+1=2 gobul edilir vo novbati 3-cii addima ke¢id olur.
Algoritmi icra edilir.
ADDIM 7. Talim ¢oxlugundan ikinci girig vo ¢ixi1s signallar1 X:=[110], y:=0 segilir.

Neyronun aktivlik doracasi hesablanir vo naticods net=1, perseptronun ¢ixisi y=1 alinir.
ADDIM 4.y # y oldugu iigiin ¢akilari alqoritmin addimlarina uygun olaraq yenilanir.

1 17 [0.2
©=[0|+08-(0-1) |1 |=|-08
2 o| |2

ADDIM 5. E:=0+ 1/2-||0—]j|2 =1/2 7. E =1/2 =0 oldugundan bozi misallarda perseptron sohv
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naticalar verib, tolim dovrii yenidan tokrarlanir. E:=0, m:=1.qobul edilir, 3-cii addima kegid olunur.
ADDIM 3. Talim ¢oxlugundan birinci niimuno segilir: (m=1). X :=[100], ¥ :=1 net=0.2, y=1.

ADDIM 4. Y = y oldugu tigiin ¢akilarin yenilonmasi bas vermir.

ADDIM 5. E:=0+1/2-0=0 Perseptron xostasi E :=0Va novbati addimin icrasina kegid olunur.
ADDIM 6. m<3 oldugu tigiin m:=m+1 artirilir vo 3-cii addim yerina yetirilir.

ADDIM 3. Oyronma ¢oxlugundan m=2 oldugu iigiin X:=|110| ¥:=0, net=-0,6, y=0 olur.

ADDIM 4. Y = )7 oldugu tigtin ¢akilorin yenilonmasi bas vermir va xsta hesablanir.

ADDIM 5. E:=0+1/2-0=0 Isin xotas1 0-a borabar oldugundan nsbati addim icra olunur.
ADDIM 6. m<3 oldugu tigtin m:=m+2 artirilir vo 3-cii addima kegilir vo algoritmi icra edilir.
ADDIM 3. Oyranma ¢oxlugundan ikinci misalin segilir. X :=[110] ¥ :=0, net=-0.6, y=0.

ADDIM 4. Y = y oldugu tigiin ¢akilarin yenilonmasi bas vermir.

ADDIM 5. E:=0+1/2-0=0
ADDIM 6. m=2 oldugu ti¢iin 7-ci addima kegilir.
ADDIM 7. E=0 oldugundan proses sona catir vo asagidaki ¢okilor vektoru alinir:

0.2
o=|-0.8 4)
2

Neyron sabakasi ila obraz taninma alqoritmi
Bir neyron soboko asagidaki hissalordon ibarat olur:
1. Giris qati1 (Input Layer): Molumatlar bu gatla neyron sobokoys daxil olur.
2. Gizli qat (Hidden Layers): Hesablama bu qatlarda aparilir. Burada neyronlar aktivasiya
funksiyalar1 vasitasilo malumati emal edir.
3. Cixis qat1 (Output Layer): Oldo olunan natics bu qatda formalasir.
4. Agirhqlar (Weights) va bias: Molumatin no godor shomiyyatli oldugunu miioyyon edir.
5. Aktivasiya funksiyasi: Neyronun aktiv olub-olmayacagini gorarlagdirir (masolon, ReLU,
Sigmoid, Tanh).
Bu saho siini intellektin vo kompiiter gormosinin miihiim istigamatlorindon biridir.

Obraz tammmmasi, sokillor, videolardaki obyektlori, canlilar1 vo ya simvollar1 avtomatik
sokildo tanimaq prosesidir. Bu proses siini neyron sabakalori (Artificial Neural Networks —
ANN) vasitoasilo hoyata kegirilir.

Osas maqsadlar sokildoki obyektlori tanimagq,iiz taninmasi (face recognition) xastaliklorin
tibbi sokillordon diagqnostikasi, noqliyyat vasitalorinin némro nisanlarinin taninmast (ANPR)
prosesinin toyinl edilmosidir. Bu tip masalolor Konvolyusiya Neyron Sabakalari (CNN) ils sakil
malumatlarinin emah iigiin xiisusi olaraq dizayn edilir. Konvolyusiya layr (Convolutional
Layer) — sokildon xiisusiyyatlori ¢ixarir, aktivasiya funksiyasi (ReLU v3 s.) — sobokoya qeyri-xatti
davranis verir, pooling lay1 (Max Pooling, Average Pooling) — molumati sixlagdirir vo sonda tam
dlagoli lay (Fully Connected Layer) — son qorar1 yoni naticoni emal edir. Obrazin hansi sinfs aid
oldugunu miiayyon edir. Daha daqiq tocriibadon ke¢mis, dyradilmis modellorden istifade edorak
(moasolon, ResNet, VGG, MobileNet, EfficientNet) yeni verilonlor iizorindo daha az resursla
effektiv notico almaq miimkiindiir.

Obraz tannnma sisteminin is prinsipi
1. Verilonlorin hazirlanmasi

e Minlorlo sokil va onlarin sinif etiketlori

e Verilonlorin normallagdirilmasi va artirilmasi (data augmentation)
2. Modelin qurulmasi

e (NN arxitekturast qurulur

o Layer-lor vo hiperparametrlor tayin olunur
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3. Modelin dyradilmasi (training)

e Sistem molumatlardan dyronir

e Loss function (xata 6l¢iisii) vo optimizer-lor (mos: Adam) istifado olunur
4. Test vo qiymatlondirma

e Accuracy, Confusion Matrix, Precision vao Recall kimi metriklorlo yoxlanilir
5. Real vaxt va ya offline tatbiqi
Effektivlik ticiin miixtalif kitabxanalara miiraciat etmaklo yeni metodlarla obraz taninmasi
prosesinin alqoritmini daha daqiq etmok miimkiindiir.
Siini intellekt vo masin Oyronmosi sahosindo, xiisusilo obraz tanima (image recognition)
modellorinin sinaqdan kegirilmoasi vo Oyradilmasi tigtin MNIST (Modified National Institute of
Standards and Technology) — ol yazisi ilo yazilmig rogamlorden ibarat moshur goriintii (image)
datasetindon istifado olunur. Ol ilo daxil edilmis roqgom obrazlarinin taninmasi proqram kodlari
tamlig1 vo haqiqiliyi tomin edir.
Ik olaraq layihodo istifade olunacaq osas kitabxanalar idxal edilir. TensorFlow vo Keras neyron
sobokonin qurulmasit vo Oyrodilmesi {igilin istifado olunur. NumPy massiv omsaliyyatlarini,
matplotlib.pyplot iso vizualizasiyani tomin edir.
Obrazlar kitabxanasina miiraciat alqoritmi asagidaki marhalslordon ibarstdir.
1.Kitabxanaya miiraciat
Python
import tensorflow as tf
from tensorflow.keras import layers, models
import numpy as np
import matplotlib.pyplot as plt
2.MINIST Verilonlor Bazasindan istifads
MNIST, 0-dan 9-a godor olan rogomlorin olyazma sokillorini ehtiva edon moshur verilonlor
bazasidir. tf.keras.datasets.mnist.load data() funksiyasi ilo verilonlor bazasi yiiklonorok vo x_train,
y_train, X_test, y_test kimi tolim va test hissolorino ayrilir. MNIST verilonlorini (x_train, y_train),
(x_test, y test) = tfkeras.datasets.mnist.load data() ardicilligt ilo yiiklonir. Verilonlorin
normallagdirilmasi prosesi 0-255 araliginda sokillorin piksel doyarlori ilo miioyyon olunaraq neyron
sobakonin daha effektiv dyronmasi ti¢iin bu dayarlor 0 ilo 1 arasina normallasdirilir.
X_train = x_train / 255.0
X_test = x_test / 255.0
3.Modelin secilmasi marhoalosi
Neyron Sabakanin Qurulmasi iiclin Sequential model yaradilir. Giris qat Flatten vasitosilo 28x28
Olciili sokil bir sira miixtolif voziyyatlords geyd olunur. Daha sonra r aktivasiya funksiyasina sahib
128 neyronluq gizli qat vo 10 neyronlu softmax ¢ixis funksiyali ¢ixis qatt daxil olunaraq har roqgom
tiglin ehtimal notico verir.
4.Model qurulmasinin avtomatlasdirilmasi marhslslari.
model = models.Sequential ([
layers.Flatten(input_shape=(28, 28)),
layers.Dense(128, activation="relu’),

layers.Dense(10, activation="softmax")])
5.Modelin Compile edilmasi marhalasi
Model adam optimizatoru ilo, sparse categorical crossentropy itkisi vo accuracy gostaricisi ilo
compile edilir.
Compile
model.compile(optimizer="adam’,

loss="sparse_categorical_crossentropy’,
metrics=["accuracy'])
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6.Modelin Oyradilmosi vo qiymoatlondirilmasi marhalasi
Model fit funksiyasi ilo Gyradilir. Daha sonra evaluate ilo test doqiqliyi Ol¢iiliir vo notico qeyd
olunur.
model.fit(x_train, y_train, epochs=5)

test_loss, test_acc = model.evaluate(x_test, y_test)

print("Test doqiqliyi:", test acc)

7.Verilonlorin test edilmasi marhalasi
Istifadogi Google Colab-da files.upload() funksiyasi ilo 6z ¢okdiyi sokli yiikloys bilor. Bu, interaktiv
totbiq hissasidir.
from google.colab import files\
uploaded = files.upload()
8.Yiiklonmis Sokil iizorinda Proseslor vo Toxmin
Bu hissodo istifadogi torofindon yiiklonmis sokil avvolco PIL kitabxanasi ilo oxunur vo L (boz)
rejiming ¢evrilir. Daha sonra sokil MNIST formatina uygun olaraq 28x28 6lgiisiine salinir, massivo
cevrilir vo normallasdirilir. Fon ag oldugu iigiin rogom daha aydin goriinsiin deys 255 - img_array
omoliyyat1 aparilir.
Models uygun olmasi iiciin sokil (1, 28, 28) oOl¢iisiindo formatlasdirilir vo predict() ilo toxmin
edilorok miiayyan olunur.

from PIL import Image ;= ¢ © Prediction - mdel.predici(x_test(ii1])
. | I , = predicted_label = np.argmax(prediction)
ImaQE_path = my_dlgltpng @ plt.title(f"Toxmin: {predicted_label}")
1t.show()
<> ’
img = Image.open(image_path).convert('L") o T MR e amisteyp

Taxmin: 5

img = img.resize((28, 28)) &
img_array = np.array(img)
img_array = 255 - img_array
img_array = img_array / 255.0
input_data = img_array.reshape(1, 28, 28)
prediction = model.predict(input_data)
predicted_label = np.argmax(prediction)
plt.imshow(img_array, cmap='gray’)

Natica

Mogalada neyron saboka ilo obraz taninma maosalalorinin analiz olunmasina baxilmisdir. Bu
mogsadla siini intelekt vo masm Oyronmods neyron sobokosinin riyazi model kimi totbiqi
osaslandirilmigdir. Neyron sobokosinin riyazi modeli toyin edilmis, ¢oki omsallar1 vo hiidud
qiymotlori hesablanmigdir. Iki girisli neyronun Oyrotme  vo  obraz tanmma alqoritmi
islonmisdir.Istifadogi interfeysi vasitosilo modelin sinaq morhalolori reallasdirilmigdir. Bu layiho
gostorir ki, ¢cox sado bir neyron soboko ilo MNIST verilonlori lizerindo yiiksok doqiqlikle rogem
tanimaq miimkiindiir. Eyni zamanda istifado¢i interfeysi vasitosilo 6z sokillorini sinamaq vo
modelin performansini yoxlamaq olar.
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Summary
Analysis of image recognition issues with neural network
Aliyeva K.R.

Keywords: neural network, learning algorithm, recognition algorithm, image recognition, mathematical model

Analysis of image recognition problems with neural network was considered in the article. For this purpose, the application
of the neural network as a mathematical model in artificial intelligence and machine learning is substantiated. A mathematical model
of the neural network was determined, weight coefficients and boundary values were calculated. The algorithm for teaching and
image recognition of two-input neurons has been developed.Test stages of the model were carried out through the user interface.

Pesiome
AHanu3 npo0/ieM pacno3HABAHUS U300pasKeHUl ¢ IOMOLILIO HEHPOHHOI ceTH
Anuega K.P.

Knioueevie cnoea: mneiiponnas cemv, ancopumm o006yueHUs, ANCOPUMM PACNO3HABAHUA, PACNO3HABAHUE 00pA308,
Mamemamuyeckas Mooensb

B cratee paccmarpuBaercst aHanu3 MpoOiieM paclo3HaBaHUs W300pakeHU ¢ MOMOLIbI0 HEHUPOHHOH ceTu. C 3TOH Henbio

000CHOBAaHO IPUMEHEHHE HEHPOHHOI CeTH B KayeCTBE MAaTeMAaTHYECKOH MOMAENH B MCKYCCTBEHHOM HHTEIUIEKTE M MAaIIMHHOM

oOyuennu. OmnpezenieHa MaTeMaTHIeCKass MOJIeNIb HEHPOHHOM CEeTH, pacCYMTaHbI BECOBBIE KOI((UIIMEHTH! U TOPOTOBEIC 3HAUCHUSL.

Br11 paspaboTaH anroputM o0y4eHHs U pacrio3HaBaHHs 00pa30B HEWPOHOB ¢ ABYMs BXoJaMHu.Uepes Mmojab30BaTeNIbCKUI HHTEpenc
pean30BaHbl 3Talbl TECTUPOBAHUS MOJICIIH.
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(TlinTe, - TIDyTe,) sistem arintisinin goafas istilikkegiriciliyi va fononlarin
sarbast yolunun orta uzunlugu
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Sumgqayit Dovlat Universiteti, Sumqayit, Azarbaycan, miiallim
kifayat.quliyeva@sdu.edu.az

MOQALO HAQQINDA MOLUMAT XULASO
Magalanin tarix¢asi Bu igdo TlInTe,-TIDyTe, sistem arintisinin istidan geniglanmasi va izotermik
Daxilolma tarixi: 04.04.2025 sixtlma omsallarinin eksperimental qiymatlori verilmisdir. Istilik parametrlari
Diizalis tarixi: 18.05.2025 arasinda 2lagani miiayyan edon méveud nazari Vo empik diistiirlar asasinda
Qabulolunma tarixi: 20.09.2025 hesablanmig  Debay xarakteristik temperaturu, fonon dalgasimin yayilma
stirati, Qrunayzen parametri, qofas istilik kegiriiciliyi va fononlarin sarbast
Agar sozlar yolunun orta uzunlugunun gqiymatlari cadval soklinda verilmisdir. Istilik
orinti, istilik kecirmo, istidaon parametrlorinin temperatur asililiglari nazori baximdan asaslandirilmis va
genislonma, izotermik sixilma, istilik praktik totbiq sahalorine aid miiayyan tokliflor verilmisdir. Méveud nazori
tutumu, Debay temperature, fonon, modellorin miirakkob yarimkegiricilor iigiin yararhihigi arasdiilmigdir. Istilik
Debay funksiyasi kegiriciliyinda bas veran dayisikliyin istilik fononlarmin sapilma mexanizmi va
kristal gafasinda atomlarin ragsinin geyri-harmoniklik daracasi ilo alagadar
oldugu gostorilmigdir.

Giri

A3B§CGZ— A383062 tipli sistemlorin hal diagramlarinin tohlili naticasindo miisyyon edilmisdir
ki, bu tip sistemlorin bark mohlullarinda genis hallolma sahoslori mévcuddur. ©dabiyyatdan malumdur
ki, geyri-mohdud bork mohlullar T1GaS,;—TlInS,, TIGaS, — TIGaSe,, TlinTe,— TIGaTe,, TlInSe, —
TlIinTe, sistemlorindo yaranir. Bu sistemlordo istirak edon birlosmolorin elementar 6zayinin a
parametrinin forqlonmesi Aa = 1,0-6,4% arasinda doyigmasino baxmayaraq, C parametrindo doyigmo
(Ac) iso son doraco zoifdir. A®B3C®, — A’BC®, tipli sistemlorin bozisindo likvidus oyrisindo
minimumun yaranmasi miisahide olunur, mévcud diaqramlar lizro apardigimiz tohlil géstormisdir ki,
bu hal gofas parametrlari kicik olan komponentin ovazloms zamani parametrlori bdyiidiiyii halda hal
diagraminda ona yaxin sahalords bag verir.

Hazirda optoelektronikanin siiratli inkisafi todqiqatgilari, fiziki xassoalori lazimi géstaricilora
malik olan yarimkegirici materiallar axtarigina vadar edir. Bu baximdan tallium, indium,qalliumun
ticgat halkogenidli birlogsmalari va elocads onlarin nadir torpaq elementlori daxil olan birlogsmolor
osasinda alinmig bark mohlullari daha perskeptivli materiallar hesab edilir. Bu tip materiallar eyni
zamanda tenzo-hossas materiallar oldugundan, onlarin osainda bir sira hassas geviricilor
diizeldilmasindo istifads edilir.

Bu materiallarin istilik parametrlorinin genis temperatur intervalinda todqiqi, bir torafdon
moveud nazari modellorin yoxlanilmasi vo miirokkab yarimkegiricilorin termodinamik parametrlori
arasinda qarsiliqh alagoni 6ziinds birlosdiran yeni modellorin islonib hazirlanmasi, digor torafdon
todqgiq edilon materiallarin praktik totbiq sahslorinin avvalcadon prognozlasdirilmasina imkan
yaradir. Bu todgigatlar homginin, todgiq edilon materiallarda bas vera bilocok istonilon doayisikliyi, o
climlodon faza kegidini agkara ¢ixarmaga imkan verir [1].

Bu isdo TlInTe, - TIDyTe, sistem orintisinin istidon genislonma Vo izotermik sixlama
omsallarmin tacriibi gqiymatlorinin daxil oldugu nozari vo empik diistiirlar osasinda hesablanmis
istilik kegiriiciliyi vo fononlarin sarbast yolunun orta uzunlugunun giymatlori verilmisdir.
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Eksperimental metod

Niimunolor TlinTe, vo TIDyTe, orintilorinden hazirlanmisdir. Orintilor 10° Pa tezyiq
altinda vakuumda sintez edilmisdir. Pa . TIDyTe , TI -000 tallium , In-000 indium , Dy-000
gallium, Te-3 tellur vo OSCh 16-4 selenium. Nimunoslori 5-7 saat 75-130 K- do tablama
aparilmisdir. DTA vo RFA analizlor aparilmigsdir. Niimunolor Bridjman - Stokbarger iisulu
vasitosilo aparilmigdir. Sintez olunan niimunoadon galinligi 8-10 mm olgiido Kasilib gotiiriilmiis
nimunalords  6lgmolor aparilmisdir. X-siialarmin  difraksiyasi
niimunalori DRON-3 rentgen difraktometrinds temperatur ( CuK
o slialanmast ). Goriiniir Ki hor ikisi son iizvler tetragonal
simmetriyada kristallasir vo TlInTe , qurulusu sokil 1-da oldugu
kimi alinir .( Sokil 1).

Indium atomlar1 gismon disprosium atomlar1 ilo ovoz
olundugca, hallolma boélgasinds elementar qoafos parametrlori (O-
10 mol% TIDyTe ;) Veqard gaydasina uygun olaraq slavs olaraq
artir. Bu onunla olagadardir ki, TlInTe, kristal sobokasindo ion
radiusu 0,81 A olan trivalent In atomlar1 daha bdyiik ion radiuslu
(0,908 A) Dy atomlart ilo avoz olunur [2]. ii¢iin rentgen siialarinin
difraksiya molumatlari TlInTe; — TIDyTe; - nin son tzvlori  g,kjr 1. Kristal strukturu TlinTe ,
sistemi vo tetraqonal qurulus, sp. gr. Di8 =I4/mcma the
naticalori tohlil var Cadval 1- do gostorilmisdir .

Te?-

Cadval 1.
orintilarin gafas parametrlori
Faza a, A c,A
TlInTe , 8,484+0,002 6,471+0,004
TIDyTe 8,871%0,002 6,736+0,004
TlinTe , - TIDyTe , 8,678+0,002 6,601+0,004

Naticalor vo miizakira

Nisbi uzanmanin temperatur asililigina osason istidon genislonmo vo izotermik sixlama
omsallarinin giymatlori toyin edilmisdir. Bu parametrlorin temperatur asliliglart sokildoki kimidir
(sokil 2 ava b)

13 2
CE]_UE, K_l I].U ,meN
65
il [ MME‘M/
ok 60F
5 -
50k
1 1 1 1 1 1 1 1
0 100 200 300 400 100 200 300 400 TK
TK b)

a)

Sakil 2. TlinTe, - TIDyTe; sistem arintisnin istidon genisionma amsalt (a) vo
izotermik sixtlma amsalinin (b) temperatur asuiligi.

Sokillordon goériindiiylinii kimi 6lgli aparilan temperatur intervalinda TlInTe, - TIDyTe,
sistem arintisinds heg bir faza kegidi miisahido edilmamisdir.
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Istidon genislonma (a) Vo izotermik sixilma y; omsallariin giymatlorindon istifads edorok
movcud diisturlar asasinda todqiq edilon sistem orintide fonon dalgasinin yayilma siiratinin orta
giymati (¥) vo Debay xarakteristik temperaturu (6p) hesablanmisdir [4].

1

v=(p.-xp) 2 1)
O = \/;’23/7305 @)

Burada A - orta kvadratik atom kiitlesi, V - molyar hacm, p - sixligdir. Sixhigin qiymoti
piknometrik iisulla tayin olumusdur.
Olgmolorin va hesablamalarin naticalori codvaldos verilmisdir (Cadval2).

i - Cadval 2.

K ai/lrg Xﬁi}/(l)\l 0.K C/rggi-K C/nC1:<;/1~K o | 7| vimk | vimk 1ol'§m
% | 98 | 605 | 330 | 702 69.0 | 1.73 | 3762 | 315 | 124 | 63
100 | 10,61 | 613 | 325 | 741 718 | 1.76 | 3516 | 295 | 121 | 64
120 | 1112 | 618 | 321 | 803 776 | 178 | 3321 | 264 | 119 | 65
140 | 1324 | 621 | 316 | 832 806 | 1,83 | 3148 | 232 | 118 | 66
160 | 1581 | 623 | 286 | 863 835 | 1,89 | 2036 | 224 | 117 | 67
180 | 16,06 | 625 | 274 | 891 864 | 195 | 2712 | 178 | 116 | 68
200 | 1645 | 626 | 260 | 924 808 | 1,97 | 2538 | 145 | 114 | 69
250 | 1654 | 628 | 257 | 956 922 | 1,98 | 2246 | 135 | 111 | 74
300 | 16,72 | 629 | 254 | 981 051 | 1,98 | 2090 | 136 | 108 | 7.2

Istilik kegiriciliyinin tayin olunmast {i¢iin mévcud termodinamik miinasibatdon istifade edilmisdir [5]:

XL = Xof (67[)) 3)
Burada y; - gofos istilik kegirmasi, y, - Debay temperaturundaki istilik kegiriciliyi, (H?D)
iso Debay funksiyasidir. y, - m qiymati bu méveud miinasibotton toyin edilmisdir:
Yo = 2. a1/3 (K 0% @
5 h Yo

Burada k - Bolsman sabiti, h - Plank sabiti, M - molyar kiitlo, 3-bir atomaya diism hacm,
6y -Debay temperaturu vo y,- Qryunayzen parametridirir. Qrunayzen parametrinin giymoti

aV
Yo = rCy ®)
diisturu vasitasilo hesablanmigdir. Burada Cv-sabit hocmo diison istilik tutumudur. Debay
funksiyasinin qiymoti méveud codvaldon gétiiriilmiisdiir [6]

Fononlarin sarbast yolunun orta uzunlugunu (1) tapmaq tigiin:

XL = %CVﬁl (6)
diisturundan istifado edilmisdir. Cy-nin giymati istidon genislonma va izotermik sixilma omsallar
ilo sabit tozyigds xiisusi istilik tutumu va (Cp — Cy) - forgins aid termodinamik miinasibatlordan
tapilmisdir [7]. Biitiin bu hesablamalarin naticalari do cadval 1- do geyd olunmusdur.

Codvaldon goriiniindiiyli kimi, TlInTe, - TIDyTe, sistem arintisinds istidon genislonma va
izotermik sixlama omsallari, eloco do xiisusi istilik tutumu temperaturun artmasi ilo artirlar. Debay
xarakteristik temperaturu vo fonon dalgalarinin yayilmasi siiratinin giymotinds ise aksino azalma
bas verir. Bu doyisikliyi onunla alagalondimok olar ki, temperaturun armasi ilo kristal gofasinds
atomlarin kimyavi rabito qiivvasi zayiflayir va rogslorin geyri harmoniklik daracasi artir.
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Istilik kegiricliyinin giymatindaki dayisikliyi tokca bu sebablarla slagoalondirmok olmur. Bels ki,
orada Qofos istilikkegiriciliyino elektronlarin vo fononlarin hesabina yaranan olavalor do tasir
gostarir. Kimyavi rabitanin va garsiliqh oalags qiivvalari ilo fononlarin sarbast yolunun uzunlugu da
doyisir ki, bu da bilavasits istilikkegiriciliyinin timumi giymatinin doyismasine tosir gostarir.

Cadvallordon goriindiiyti kimi, tocriiba edilon sistem orintido gofos istilik kegiriciliyi
temperaturun artmasi ilo azalir. Bu azalmanin bir sobobi do metallardan forgli olaraq
yarimkegciricilordo sorbast elektronlar hesabina verilon olavenin nozors alinmaz doracods kigik
olmasi ilo alagalondirmak olar. Fononlarin sarbast yolunun uzunlugunun dayismasini ragslorin geyri
- hormoniklik daracaesinin temperatur asililigindaki doyisikliklo bas verdiyini demoak olar.

Aparilan todgiqati yekunlasdiraraq onu demok olar ki, bark cisimlorin istilikkegiriciliyinin
temperatur asililigina aid kvant noazoriyyasi asasinda ¢ixarilmis diisturlart yiiksok dagiglik tolob
olunmayan hallar {i¢iin miirokkob yarimkegirici birlogsmolor tigiin do totbiq etmok olar. Belaliklods,
uzun miiddat vaxt tolob edon miirokkab eksperimentlor aparmadan da praktik totbiglo slagodar
lazim olan molumatlar1 aldo etmak miimkiin olur.

Istilikkegiriciliyin qiymetine tosir gdstoron digar amillor hagda otrafli molumat oldo etmak {iciin
daha asagi temperaturlarda todqiqat aparmaq lazim galir.
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Summary
Lattice thermal conductivity and phonon mean free path of (TlInTe, - TIDyTe;) system alloy
Guliyeva K.A.

Keywords: alloy, heat conduction, heat expansion, isothermal compression, heat capacity, Debay temperature,
phonon, Debay function

In this work, experimental values of thermal expansion and isothermal compression coefficients of the
TlInTe,-TIDyTe, system alloy are given. The values of the Debye characteristic temperature, phonon wave propagation
velocity, Gruneisen parameter, lattice thermal conductivity and phonon mean free path calculated on the basis of
existing theoretical and empirical formulas determining the relationship between thermal parameters are given in
tabular form. The temperature dependences of thermal parameters are theoretically justified and certain proposals for
practical application areas are given. The suitability of existing theoretical models for complex semiconductors is
investigated. It is shown that the change in thermal conductivity is related to the scattering mechanism of thermal
phonons and the degree of anharmonicity of the oscillation of atoms in the crystal lattice.
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Pesrome
PenrerouHas TENJI0NPOBOIHOCTD U JJTHHA CBOGOHOIO npodera ¢poHonos cmiiasa cucrembl (TIINTe, - TIDyTe,)
T'ynuesa K.A.

Knrouesvle cnoea: cnnas, menionposooHOCMb, MENI060e PACUWUDEHUE, US0MepMUYEcKoe Ccaxcamue,
mennoemxkocmyv, memnepamypa lebas, ponon, pynxyus [ebas

B pabore mnpuBeneHbI OSKCIEPUMEHTANbHBIC 3HAYEHUS KOI(D(UIMEHTOB TEIUIOBOTO pPACHIUPEHHS U
H30TEPMHUUYECKOTO Cxatust ciuiaBa cucreMbl TlInTe,-TIDyTe,. B TabnuuHoM BuUIe TNPHUBEACHBI 3HAYCHUS
XapaKTEPUCTUUECKON Temmepatypbl [lebast, CKOPOCTH pacrlpocTpaHeHUs1 (POHOHHBIX BOJIH, mapamerpa | proHaii3eHa,
PEIIETOYHOM TEIIONPOBOAHOCTH U JUTHHBI CBOOOAHOTO mpodera pOHOHOB, PACCUYMTAHHBIE HA OCHOBE CYIIECTBYIOIIUX
TEOPETHUCCKUX M IMIIUPUUCCKAX (POPMYII, OMPENEISIONIAX CBA3h MEKIY TEIUIOBBIMH TapamerpaMu. TeopeTHdecku
000CHOBaHBI TEMIIEpATypHBIEC 3aBUCHMOCTH TEIUIOBBIX MApaMETPOB WM TAHBI HEKOTOPHIC MPEIUIONKEHHS MO 00JaCTIM
MPaKTAYECKOr0 MpUMEHeHus. McclieqoBaHa TPUTOAHOCTD CYIIECTBYIOIIUX TEOPETHUSCKUX MOJENCH UIS CIIOXKHBIX
MOJTYTIPOBOJHUKOB. [l0oKa3aHO, YTO WM3MECHCHHE TETUIONPOBOJHOCTH CBS3aHO C MEXaHM3MOM PACCESHHS TETIOBBIX
(DOHOHOB ¥ CTEIICHBIO AHTAPMOHUIHOCTH KOJICOaHHUI aTOMOB B KPUCTAJUTHUECKON peIleTKe.
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ARTICLE INFO ABSTRACT

Article history: The article presents a study of the effect of polyacrylate and filler from
Received 01.06.2025 natural mineral rocks as a finishing coating on composites created on the
Received in revised form 21.07.2025 basis of high-pressure polyethylene. The scientific study was conducted taking
Accepted 18.09.2025 into account a number of characteristic properties of the original raw

materials taken in the conducted research work. Samples were selected in
Keywords various mass percentage ratios of the components included in the created
HDPE, finishing agent, natural polymer composite, and their physical, mechanical, thermal properties were
mineral rock, polyacrylate, Vict. heat determined. High-density polyethylene was used as a polymer matrix, local
resistance, MFI natural mineral rocks were used as a filler, and polyacrylate synthesized in

laboratory conditions was used as a finishing coating. Composite samples
corresponding to a 106-micrometer dispersion of the filler and 3-5% by
weight of the finishing coating were processed. Strength, relative elongation,
rheological properties and heat resistance properties of the samples
corresponding to individual ratios of the components included in the
composite were compared, and the optimal ratio was determined

Introduction

The production of materials characterized by complex quality criteria as a result of the
development of polymer composite materials directly depends on the distinctive properties of the
components that make up the composite. Thus, the properties of a composite created on the basis of
polyolefin, mineral rock and filler depend on the stereoregular structure of the selected polymer, the
reactivity of the outer rings and the conditions for breaking the strength bonds of the groups, the
shape and nature of the filler, the structural features of the area from which it is obtained, the degree
of functionality of the filler, etc. The correct selection of the appropriate initial raw material leads to
the improvement of a number of properties and the solution of the problem.

Based on a series of literature reviews, information on polyolefins, fillers, and binders has
been collected and presented.

Bio-polymer composites are emerging as a feasible substitute for conventional polymers in
various major fields of applications. In the current research, the impact of hybridization of inter and
intra-woven natural engineering fibers namely, brown flax, white flax, and jute of different
amalgamations along with commingled SCF and novel nano IW filler has been studied. The
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composites are manufactured by hand layup process and physical and thermomechanical
characteristics of the composites are experimentally studied. The composites mingled with IW filler
demonstrated better dimensional stability and mechanical properties such as maximum tensile
strength of 36.74 MPa, bending strength of 82.53 MPa, and hardness of 84.89 D compared to other
composites. However, elastic and flexural modulus are maximum for composite without any filler.
The composites mingled with SCF filler demonstrated the highest impact strength, energy
absorption, and elongation. Thermogravimetric analysis and thermal conductivity study
demonstrated that the composite with SCF filler exhibited better thermal stability and thermal
resistance than the other hybrid composites [1].

The most widely used plasticized polymer is poly(vinyl chloride) (PVC) due to its excellent
plasticizer compatibility characteristics. Traditionally, PVC plasticizers belong to the phthalate
family; however, they have harmful effects on human health and the environment. In this work, we
evaluated the effect of six types of plasticizers (dioctyl phthalate, dioctyl adipate, Lestarflex (a
polymeric polyester plasticizer), polycaprolactone, polyester polyol, and 1,2,3-propanetriol
triacetate) on the properties of PVC plastisol used in manufacturing shoes and toys. The mechanical
properties (hardness, tensile strength, tear strength, and elongation at break) were evaluated before
and after accelerated aging tests (in an ultraviolet oven and at 50°C). A thermal study was also
carried out using differential scanning calorimetry and thermogravimetric analysis, while possible
structural changes during deformation were investigated using the small-angle X-ray scattering
technique. In general, the results have shown that in the plasticization and stabilization of PVC, the
plasticizer dioctyl phthalate can be replaced by dioctyl adipate or Lestarflex without relevant
changes in the final properties of the material, even after accelerated aging [2].

This study investigates the impact of heat treatment on the mechanical, morphological, and
dimensional properties of polyethylene terephthalate glycol (PETG), a commonly used
thermoplastic in 3D printing. Taguchi L25 orthogonal array (OA) was employed to optimize 3D
printing parameters, considering factors such as infill percentage (ranging from 20% to 100%),
layer height (0.12 mm to 0.28 mm), layer width (0.32 mm to 0.62 mm), and infill pattern. Following
ASTM D638 type IV standards, mechanical testing revealed that the optimal printing conditions
included a 100% infill percentage, a layer height of 0.16 mm, a layer width of 0.32 mm, and an
infill pattern of 5. Specimen 22, produced under these conditions, exhibited a notable stress-bearing
capacity of 46.43 + 1.394 MPa [3].

The presented research work provides for the production of new composites with complex
performance properties in various mass. % ratios of components based on isotactic polypropylene
and the natural mineral “Demirchi Dam” of the Karabakh region and the study of the effect of
fillers on a number of their properties is reflected. In order to ensure and improve adhesion between
the polymer matrix and the filler, as well as to obtain composites with higher physical and
mechanical properties, a sizing agent is included in the system. Acrylic acid polymer synthesized in
laboratory conditions was taken as a coupling agent. The complex and multifaceted properties of
polymers greatly facilitate their use as a matrix in obtaining a homogeneous system using them as
raw materials. The goal is to realize the possibility of obtaining and using both economically and
environmentally competent products for various purposes. It has been established that a number of
properties of the resulting polymer composites directly depend on various factors - the structure of
the polymer matrix, the amount and dispersion properties of fillers, and the properties of the sizing
agent in the interfacial layer. From this point of view, work is considered purposeful [4].

The review, presented as a continuation of a series of studies of literature reviews, reports on
the influence of tantalum oxide nanoparticles on the structure and thermal properties of HDPE +
Ta,Os based polymer nanocomposites prepared by ex-situ solution casting method. XRD analysis
confirmed the orthorhombic structure of Ta,Os nanoparticles and an increase in the degree of
crystallinity of HDPE/Ta,0s based nanocomposites after the introduction of Ta,Os into the HDPE
matrix. SEM analysis showed that Ta,Os nanoparticles were distributed over the surface of the
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sample in a spherical shape. FT-IR analysis confirmed the presence of Ta —O-Ta stretching
vibration bands at 557 cm’', 584cm”', 599cm”’', 614cm 'and Ta-O bands at 824 cm ',
828 cm™' for HDPE/3-7 wt%Ta,Os nanocomposites. The results indicate that small amounts of
Ta,Os nanoparticles (3—7 wt.%) introduced into HDPE act as nucleating agents, which enhance the
thermal properties of the HDPE/Ta,Os nanocomposite. Additionally, the properties of the polymer
nanocomposite are influenced by both the structural changes in the polymer matrix and the
interactions at the nanoparticle-polymer interface [5].

The minerals used as fillers are solid. However, the material that plays the role of a modifier
can be either a liquid or a gas aggregate. When polymers are filled with gases, a polymer-foam
composite is obtained, thus it is possible to reduce the density of materials or increase
intermolecular pores. Filling polymers with liquid is a technologically complex process. Using
liquid filler emulsions, it is possible to obtain a solid and fairly durable material as the final product.
A number of scientific research works produces a new generation of composites with different
ratios of components based on lowdensity polyethylene (LDPE) and natural mineral from the
village of Gizil Zod in the Kelbajar region. The influence of the filler on the properties of the
resulting composites was studied. In order to improve the adhesion between the polymer matrix and
the filler and obtain composites with higher physical and mechanical properties, a sizing agent is
included in the system. A copolymer of heptene-1 with maleic anhydride was taken as a coupling
agent (apprete). It has been established that the properties of the resulting polymer composites directly
depend on various factors: the structure of the polymer matrix, the amount and dispersion properties
of fillers, and the properties of the sizing agent formed and acting on the interfacial layer [6].

The study of a number of properties of composites obtained in the presence of various
modifiers is also a large-scale scientific research area by our laboratory. For example, in the
presented scientific research presents the creation of a new generation of high-performance
composite materials using high-density polyethylene (HDPE) as a matrix and natural local mineral
rocks as a filler. The goal is to obtain new generation composite materials with high physical and
mechanical properties. Thus, carrying out research work towards the production of new generation
composites with simple technology and low cost due to processing is considered relevant,
economically and environmentally beneficial. To ensure conditions for the fusion of the polymer
matrix and mineral rock with each other and achieve parameters characteristic of high performance
indicators, a sizing agent synthesized in the laboratory is included in the composition of the filled
system.

One of the advanced directions of modern science and technology is to obtain polymer
composites with complex properties by mixing two or more polymers. The application of fillers to
the acquired system and, as a result, the acquisition of a newer type of material is considered
progressive. Currently, there is increasing interest in composite materials based on polymer matrix
and small particles. Thus, they have the possibility of wide application in various fields, from
catalysis to modern information technology, as well as chemistry, physics and material science. The
development of scientific research on the study of particles with different natural mineral
composition as a filler has led to the achievement of polymer composites with many characteristic
physical-mechanical and operating properties. Such materials have properties such as high thermal
and electrical conductivity, magnetization, shielding of ionizing rays [7].

Based on experimental parameters, in most cases the optimal amount of filler in the
composition varies depending on its nature, composition, dispersion, porosity. Increasing the
amount of filler to 70 or even 80 mass percent can achieve high results [8].

The demand for fillers is based on: high dispersibility, thermal stability, easy compatibility
with the matrix, low cost and environmental friendliness [9].

Obtaining a quality material depends on a number of conditions and the issue of the
influence of factors is relevant. In order to ensure maximum compatibility in the system and to
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obtain a material that meets higher quality criteria, a filler synthesized in laboratory conditions is
added to the system [10].

Obtaining composites with complex operational properties and their analysis from an
experimental aspect indicate the effectiveness of research conducted by mixing two or more
polymers. The purpose of mixing polymers is to improve the properties of the resulting material by
introducing a number of targeted additives into the initial polymer. Extrusion, pressure casting, and
pressing methods are widely used as mixing methods in the technological process [11].

Experimental part:

High-density polyethylene (HDPE) of the brand 108-030-020 was taken as a polymer
matrix. A number of specific properties of HDPE make it necessary to use it as a matrix.

The presented article clarifies the production of polymer composite materials based on a
number of natural mineral rocks and the effect of sizing on the created materials.

A number of chemical and mineralogical compositions and properties of the natural mineral
rocks used in the work were studied.

Table 1.
Chemical composition of bentonite, vesuvian, albite mineral rocks. (%)
le)?f(]:g SlOz A|203 Fe,O4 MgO Na,O K,O P,O5 SO; CaO T|02
Bent. 58.6 13.4 4.7 2.3 2.3 0.40 0.11 0.25 2.05 0.39
Vesuv. 36.7 15.8 4.8 3.2 0.5 0.3 0.02 0.03 30.5 0.05
Albite 63.7 13.7 4.2 15 0.05 3.3 0.12 0.17 3.8 0.53

Based on the chemical compositions given in the table, it is determined that albite is a glass-
quartz-sand mineral. The composition of the Vesuvian rock is higher in aluminum oxide than in
the others.

The mineralogical composition of the extracted fillers was also determined.

Vesuvian:  Ca;gMgFeAlio(SizgO70)(OH)g - 71.3 % - vesuvianit

(Mg,Al)s(Si,Al)s010(OH)- 28.7% - clorite-serpentine

Albite: (Ca,Mg(CO3)) — calsit, magnesite — 10 %

(Na(AlSi;03)) — albite — 30 %
Caolinite — 15%

Mllite — 7 %

Chematite — 4 %

In order to improve the compatibility between the polymer matrix and the modifier and
obtain a higher quality product, a sizing agent - polyacrylate synthesized in a laboratory is added to

the system.
Polyacrilate: general formula (-CH,-CR'(COOR)-)n
Akrylic acid CH,=CH-COOH

Molecular mass Mr(C3H40,=72 g/mol
Presure - d,?° 1,05 g/mol

Melting temperature T,,=13°C

Boiling temperature T,=141C

Synthesis of polyacrylate from acrylic acid:

72 g (1 g/mol) of acrylic acid and 300 ml of benzene are added to a three-necked reaction
flask and heated at a temperature of 70-75°C. A solution of 0.01 g of benzoyl peroxide dissolved in
50 ml of benzene is added dropwise to the reaction medium. Benzoyl peroxide is synthesized in the
laboratory by a known method. When the reaction is complete, a white (grayish) viscous product
precipitates at the bottom of the flask. The obtained product polyacrylate is washed repeatedly with
hot benzene and dried in a vacuum (desiccator) and then in a drying cabinet for 1.5-2 hours at a
temperature of 80-900C and stored in a closed laboratory container. The yield was 86% (29).
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The principle scheme of the reaction:

I
O O
NCH,=CH S CH,—CH
COOH COOH |,
n

Results and their discussion:

The initial raw materials taken were brought into a state suitable for production, research
was carried out and a number of physical-mechanical, thermal-physical properties of the created
composites were determined. The process was carried out by taking the fillers in a dispersion of 106
microns.

Table 2.
Physical and mechanical properties of bentonite-based composite
samples without and with apprete
Ne Composition, % Tensile strength limit, Relative MFI,
o, MPa elongation, €, % 9/10min
1. HDPE-70 12.0 50 2.1
Bentonite-30
2. HDPE-50 13.6 32 0.5
Bentonite-50
3. HDPE-30 16.7 12 -
Bentonite-70
4, HDPE-70
Bentonite-30 14.2 34 25
Polyacrylate-3
5. HDPE-50
Bentonite-50 15.0 10 1.2
Polyacrylate-3
6. HDPE-30
Bentonite-70 175 4 0.8
Polyacrylaet-3

HDPE - high density polyethylene: Polymer matrix
Bentonite - natural mineral rock: Filler-106 mkm
Polyacrylate - Appete: 3 %

It is clear from table 2 that as the amount of filler in the composite system increases and in
the presence of sizing, the strength indicators increase. Thus, in the sample corresponding to the
HDPE/Bentonite-30/70% mass ratio, the strength increases and becomes 6=16.7 MPa. When sizing is
introduced into the system, the strength indicator in analgy ratios increases and becomes 17.5 MPa. In
the absence of sizing, the fluidity indicator of the alloy does not give any results, that is, the system
does not flow. However, in the presence of sizing, this indicator increases slightly and becomes 0.8
g/10 min. This is explained by the fact that the sizing introduced into the system affects the softness
and adhesive properties of the homogeneous mass, causing very little fluidity in it.

Table 3 presents the physical and mechanical characteristics of the vesuvian-based
composite samples. Here, the tensile strength of the uncoated sample corresponding to the
HDPE/Vesuviane-70/30% mass fraction is 18.7 MPa, while the tensile strength of the
HDPE/Vesuviane/Polyacrylate-30/70/3% mass fraction with the presence of the size is 19.0 MPa.
Therefore, when the size is included in the system, the strength characteristics reach maximum
values at a filler size of 106 mkm and a mass content of 70%.
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Table 3.
Physical and mechanical properties of vesuviane-based composite
samples without and with apprete
Ne Composition, % Tensile strength Relative elongation, &, MFI,
limit, o, MPa % g/10min
1. HDPE-70 15.0 30 1.4
Vesuviane-30
2. HDPE-50 17.6 22 0.3
Vesuviane -50
3. HDPE-30 18.7 8 -
Vesuviane -70
4, HDPE-70
Vesuviane -30 15.2 24 1.5
Polyacrylate-3
5. HDPE-50
Vesuviane -50 18.0 10 1.3
Polyacrylate-3
6. HDPE-30
Vesuviane -70 19.0 4 0.3
Polyacrylaet-3
HDPE - high density polyethylene: Polymer matrix
Vesuviane - natural mineral rock: Filler-106 mkm
Polyacrylate - Appete: 3 %
Table 4.
Physical and mechanical properties of albite-based composite
samples without and with apprete
Ne Composition, % Tensile strength Relative elongation, MFI,
limit, o, MPa g, % g/10min
1. HDPE-70 11.4 36 24
Albite-30
2. HDPE-50 12.8 24 0.9
Albite -50
3. HDPE-30 14.7 4 -
Albite -70
4, HDPE-70
Albite -30 13.2 40 19
Polyacrylate-3
5. HDPE-50
Albite -50 14.0 19 1.7
Polyacrylate-3
6. HDPE-30
Albite -70 16.7 4 0.9

Polyacrylaet-3

HDPE - high density polyethylene: Polymer matrix
Albite - natural mineral rock: Filler-106 mkm

Polyacrylate - Appete: 3 %

Looking at table 4., a number of physical and mechanical indicators of composite samples
based on natural albite mineral and HDPE with different mass percentages of components without
and with the presence of a filler are presented. When the component ratio of the system without the
presence of a filler is HDPE/Albite-30/70%, the tensile strength indicator is 14.7 MPa, but when a
filler is included in the system, this value increases and becomes 6=16.7 MPa. This is explained by
the fact that the strength occurs as a result of the dominance of gravitational forces in the interlayer
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layers in a homogeneous system due to the effect of the filler. Analogously, here, unlike samples
without a filler, the fluidity indicator of the alloy takes a certain value and is MFI=0.9 g/10min.

By studying the physical and mechanical properties of the composite samples
corresponding to the dispersion of all three modifiers at 106 mkm, it was concluded that the most
suitable filler, both experimentally and scientifically, was Vesuvian. As a result of Vesuvian
showing superior properties to other fillers, a high result was obtained by conducting a study in its
dhah ratio in the system. Thus, when the filler was taken in an amount of 80% by mass, the tensile
strength limit was exceptionally 32.1 MPa.

The thermal-physical properties of composite systems filled with modifiers corresponding
to a dispersion size of 106 microns were studied and the heat resistance indicators according to Vic
were determined.

Table 5.

Heat resistance of composite samples treated with fillers with a dispersion of 106 mkm

Ne Bentonite- Heat Vesuviane Heat Albite Heat

containing resis.accor. containing resis.accor. Containing resis.accor.
comp., % toVic., °C comp., % toVic., °C comp., % toVic., °C

1. | HDPE-70 132 HDPE -70 140 HDPE -70 130
Bentonite-30 Vesuviane-30 Albite-30

2. | HDPE-50 136 HDPE -50 143 HDPE -50 132
Bentonite-50 Vesuviane-50 Albite -50

3. | HDPE-30 143 HDPE -30 148 HDPE -30 141
Bentonite-70 Vesuviane-70 Albite-70

4. | HDPE-70 HDPE -70 HDPE -70
Bentonite-30 135 Vesuviane-30 145 Albite -30 131
Polyacrylate-3 Polyacrylate-3 Polyacrylate-3

5. | HDPE-50 HDPE -50 HDPE -50
Bentonite-50 151 Vesuviane-50 155 Albite -50 148
Polyacrylate-3 Polyacrylate-3 Polyacrylate-3

6. | HDPE-30 HDPE -30 HDPE -30
Bentonite-70 155 Vesuviane-70 165 Albite -70 150
Polyacrylate-3 Polyacrylate-3 Polyacrylate-3

Analyzing the evidence in table 5, it is observed that the composite containing vesuvian is
more favorable in terms of both strength and heat resistance.

Conclusion

The demand for new class of polymer composite materials, which are obtained with the aim
of maintaining their importance from an ecological and economic point of view, is increasing day
by day. Taking this into account, new class of composites based on polyolefin, modifier and binder
were created and a number of their important properties were analyzed. As a result of the research,
it was determined that these composites, which are considered valuable from a scientific and
practical aspect, can be applied as raw materials in various fields, in the industrial sphere, in the
production of household and other equipment. Composites were created in different proportions of
components based on three types of local natural mineral rock, high-pressure polyethylene and
polyacrylate synthesized in the laboratory in 106 micron dispersion and their properties were
studied.

As a result of the scientific research work conducted, it can be said that the composite, the
ratio of components of which corresponds to the amount of YTPE/Filler/Appret-30/70/3% in the
presence of a finish based on a natural mineral from Vesuvian, is considered a more favorable
material from a physical-mechanical and thermal-physical aspect and carries quality criteria. Thus,
in the HDPE/Vesuviane/Polyacrylate HDPE/VV/PA-30/70/3 % system, the tensile strength 6=19.0
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MPa, the relative elongation at break =4 %, and the fluidity index of the alloy MFi=0.3 g/10 min
were obtained.

The polymer composite materials created in this way are considered economically and

environmentally favorable and have a wide range of applications.
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Xiilaso
Yiiksok tazyiq polietileni va poliakrilat 3sasinda kompozitlorin xiisusiyyatlori
Cafarov V.C"., Mbanafov M.O., Bektasi S.0., Racabova M.C., Xalilova S.M.,
Ismayilova G.C., Korimova N.N., Olimirzayeva N.O.

Acar sozlar: YTPE, appret, tabii mineral stixur, poliakrilat, Vik.-a géro istiliyadavamlilig, 904G

Maqalads yiiksok tozyiq polietileni osasinda yaradilmis kompozitlora appret olaraq poliakrilatin va tobii
mineral siixur torkibli doldurucunun tasirinin tadqiqi toqdim edilir. Aparilan elmi todqiqat isinds gotiiriilon ilkin
xammallarin bir sira saciyyavi xassalari nazers alinaraq yerina yetirilmisdir. Yaradilan polimer kompoziti togkil eden
komponentlorin mixtalif kiitlo faizi nisbotlorinde niimunslor alinmis vo fiziki-mexaniki, istilik-fiziki xassolori
mioyyanlosdirilmisdir. Polimer motris kimi YTPE, doldurucu olaraq yerli tobii mineral siixurlar vo appret olaraq
laboratoriya goraitinds sintez edilmis poliakrilat gotiirilmiisdiir. Doldurucunun 106 mikrometr dispersliyins va appretin
3-5 % kiitlo miqdarina uygun kompozit niimunoler islonmisdir. Kompoziti toskil edon komponentlorin ayri-ayri
nisbatlorine uygun niimunslorde méhkomlik doracasi, nisbi uzanma, axiciliq xiisusiyyatlori, istiliyodavamliliq xassalori
miiqayiso eilorok optimal nisbot miioyyonlosdirilmisdir.

Pe3rome
XapakTepuCTHKH KOMIIO3UTOB HA 0CHOBE MOJHITHIIEHA BHICOKOTO JAaBJCHHUA H MOJHAKPHIATA
Jicagpapoe B./c., Managpoe M. A., bexkmawu C.A., Paoxncadboea M. /.,
Xanunoea C.M., Hcmaunoea I'. /., Kapumosa H.H, Anumupszaesa H.A.

Knioueswie cnoea: I[I1DBJ], annpem, npupooHas MuHepaivbuas nopood, NOAUAKPUIAmM, MepMOCMOUKOCHb no
Bux., IITP

B crarbe npencTaBIeHO HCCIEIOBAHUE BIMSHUS MTOJHAKPHIIATA U HAMOJHUTEIS U3 TPUPOIHBIX MUHEPATbHBIX
MOPOA B KaUeCTBE OTECIIOYHOTO MOKPHITHS HAa KOMIIO3UTHI, CO3/IaHHBIC HAa OCHOBE IOJMITHIICHA BBHICOKOTO JIABJICHHMS.
Haydnoe wuccnenoBaHne NPOBOIMIOCH C YYETOM psiia XapaKTEpPHBIX CBOMCTB HCXOIHOTO CBIPbS, B3STOTO B
MIPOBEJICHHON HayYHO-HCCIE0BATENbCKOW paboTe. OTOMpanmucs 00pa3ibl B PAa3IHMYHBIX MACCOBBIX ITPOIEHTHBIX
COOTHOUICHHUSX KOMIIOHEHTOB, BXO/AIINX B COCTAB CO3AaHHOTO MOJIMMEPHOT0 KOMIIO3UTA, ¥ ONPENEIIITICH X (PU3HUKO-
MEXaHWYECKHE, TeIIo(pU3NIecKue CBOMCTBA. B kadecTBe MOIMMEPHOH MAaTpHUIBI HCIOIB30BAJICS MONUAITIICH
BBICOKOTO [IaBJICHUs, B Ka4yeCTBE HAINOJHHUTENS — MECTHbIC INPHPOAHBIE MHUHEpaJbHbIC IIOPOJBI, B KauecTBE
OTJIEJIOYHOTO MOKPHITUS — TOJIMAKpWIIAT, CHHTE3UPOBAaHHBIA B J1a0OpaTOpHBIX ycioBusax. O0pabaThiBaIuch 00pasibl
KOMITO3HTa, COOTBeTCTBYIoIMe 106-MHKpOMETpoBOil AMCIEpCHOCTH HamojHUTeNd M 3-5% 1o Macce OTIENI0YHOI0
nokpeITus. CpaBHUBAINCH IPOYHOCTHBIC, OTHOCHTENIBbHOE YAJIMHEHUE, PpEOJOTMYecKHe CBOIlCTBa U CBOWCTBA
TEPMOCTOMKOCTH 00pa3lioB, COOTBETCTBYIOIINE WHIUBUIYAILHBIM COOTHOIIEHHSIM KOMIIOHEHTOB, BXOJASIINX B COCTaB
KOMITO3MTa, ¥ ONPE/IEISNIOCh ONTUMAIbHOE COOTHOIIIEHHE.
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MOQALO HAQQINDA MOLUMAT XULASO
Magalanin tarix¢asi Rh(acac)(CO)3  istiraki  ila  triorganosilanlarin  propinil  Ester
Daxilolma tarixi: 04.04.2025 3-propeniloksipropanoik  tursuya  katalitik  birlogmasinin  reaksiyasi
Diizalis tarixi: 18.05.2025 arasdirildi.  Miiayyan edilmisdir ki, triorganosilanlarin reaksiya veran
Qabulolunma tarixi: 20.09.2025 komponentlorinin ekvimolyar nisbati, asason dien seriyasuun miivafiq
orqanosilikon esterlorinin amalo galmasi ilo alaqali tadqgiq olunmamis etera
Acar sozlar qosulur.

polimer materiallar, iigiizvisilanlar,
katalizator, silisiumtizvi miirakkob
efirlar, spektr, udma zolagi, valent
raqslari, hidroliz

Miirokkab efirlor {izvi tursularin nisbaton asan aldo olunan vo genis yayilmis téromolorindon
biridir. Onlar asasinda alinan sintetik qatranlar qiymotli texniki-istismar xassalorino malik olduglari
iiclin sonaye vo texnikanin miixtolif saholorindo genis totbiq olunurlar. Lakin onlarin termiki
davamliliginin vo termooksidlogsmo stabilliyinin asagi olmasi, eloco do asan yanmalar1 bu qatranlarin
totbiq sahalorinin miqyasini miioyyan qoder mohdudlagdirir. Odur ki, uzun miiddet yiiksok temperatur
soraitinds vo aqressiv miihitds istismar oluna bilon xiisusi toyinath polimer materiallarinin alinmasina
yararli, karbofunksional silisiumiizvi monomerlorin olverisli alinma iisulunun islonib hazirlanmasi
sintetik izvi kimyanin qarsisinda duran osas problemlordon biridir [1-3].

Hazirda silisiumiizvi polimerlor vo onlar osasinda hazirlanmis polimer kompozisiya
materiallart boyaq maddolori istehsalinda istifado olunur, miixtolif materiallardan hazirlanan
osyalarin sothino asanliqla yapisaraq davamli vo stabil Ortiik omolo gotirirlor. Onlar yiiksok
termoizolyasiya gabiliyyatino malik olduqglarindan vo istiliyoa davamliliglar1 yiiksok oldugundan,
eloco do hidrofob xassali birlogmalor kimi elektroenergetika sonayesindo, masinqayirmada, kimya
sonayesindo vo sonayenin digor saholorindo genis totbiq olunurlar. Polihidrid birlogsmo reaksiyasi
iizro alman vinilsiloksanlar korroziya sleyhina ortiiklor, hidravlik mayelor, adgeziya materiallari,
kopiiksondiirticiilor, yaglara agqarlar vo bioloji foal maddslor kimi genis totbiq olunurlar [4, 5].

Belo perspektivli silisitumiizvi monomerlor sirasina doymamis iizvi tursularin silistumiizvi
doymamis efirlorini do aid etmok olar. Bu efirlorin molekulunda yiiksok reaksiya qabiliyyatli
CH,=CH-, -CH=CH- rabitoalorinin, alkeniloksikarbonil qrupunun va silisium atomunun olmasi,
onlarin qiymatli texniki-istismar xassolorino malik yiiksokmolekullu birlogsmoalorin alinmasinda,
polimerlorin va sintetik gatranlarin xassolorinin mogsadyonlii modifikasiyasinda, homg¢inin yeni
sinif silisiumiizvi karbofunksional birlogmalorin sintezinds istifadesino genis imkanlar agir.

Qeyd olunanlar nozoro alinaraq epoksid qatranlart {iciin somorali modifikatorlarin sintezi,
iciizvisilanlarla reaksiyada doymamis miirokkeb efir molekulundaki CH;=CH- vo HC=C-
gruplarinin nisbi reaksiya gabiliyyatlorinin toyini, silistumiizvi miirokkob efirlorin sintezi, kimyavi
xassalorinin vo miimkiin totbiq sahoalorinin dyronilmasi magsadilo 3-propeniloksipropan tursusunun
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propinil efirinin rodium dikarbonilasetilasetonat katalizatoru istirakinda iclizvisilanlarla
hidrosilillosma reaksiyasi strafli tadqiq edilmisdir.

Miioyyan edilmisdir ki, tiglizvisilanlar ad1 ¢okilon katalizator istirakinda ekvimolyar nisbotdo
gotlirtilmiis 3-propeniloksipropan tursusunun propinil efirino asason HC=C- rabitasi tizrs birlasirlar.
Reaksiya noticosindo dien sira silisiumiizvi miirokkob efirlor alinir:

@)
| R
XN TN N TN+ R—Si—H ——>
R
(1)
@)
. I g
\/\O/\/\O/\/\Si/
|
R2

R:CHg N R1:R2:C2H5 (|), C3H7 (”), iZO-C3H7 (|||), C5H5 (|V), R:R]_:CHg, R2:C6H5 (V),
CH,CeHs (VI).

Birlogsmo istigamotini toyin etmok mogsadilo reaksiya mohsullarmm torkibi Q-
spektroskopiyasmin komayilo otrafli todqiq edilmisdir. Belo ki, I birlosmonin 1Q-spektrindo Si—
CH=CH- rabitssinin valentlik ragslerino moxsus rags tezliyi 1618 sm™ olan orta intensivlikli vo
>C=0 rabitosinin valentlik rogslerini saciyyalondiren rags tezliyi 1730 sm™ olan intensiv udma
zolag1 miisahids olunur [6]. Adeton HC=C- rabitosinin identifikasiyasi {i¢iin istifads olunan udma
zolagi iso aragdirilan spektrin 2260-2190 sm™ sahosinds miisahido edilmir.

(1) Reaksiyasinin HC=C- rabitasi {izro getmasi kimyavi yolla da tosdiq edilmigdir. Belo ki,
V birlosmonin hidroliz reaksiyasi mohsullarindan 3-propeniloksipropan tursusu vo VII silisiumiizvi
doymamus spirt ayrilaraq xarakterizo edilmigdir:

0]
| R
| CgH
\/\O/\/KO/\/\SH/ 6715 + H,0
R; (2)
0]
\/\O OH + HO/\/\Si/ 6715
|
Ry

R=R;=CHs (V).

Hidroliz reaksiyasi iizro alinan silisiumiizvi doymamis spirt qarsiligli sintez reaksiyasinin
komoyilo do sintez edilorok xarakterizo edilmisdir. Qarsiligl sintez  dimetilfenilsilanin
Rh(asas)(CO);, katalizatoru istirakinda propinola katalitik birlosma reaksiyasi tizro aparilmigdir:
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R
|
CeH:—Si—H + X\ R
s F|2 N"oH —— C6H5\~/\/\OH @)
1
R1
R=R;=CHj3 (VII).

Hom hidroliz reaksiyasi, hom do garsiliglh sintezlo alinan VII silisiumiizvi doymamis spirtin
fiziki xassalori vo 1Q-spektrinin noticolori eyni olmusdur. Beloliklo, yuxarida geyd olunan dolillor
ticiizvisilanlarla reaksiyada 3-propeniloksipropan tursusunun propinil efirinin HC=C- rabitasinin
daha yiiksok reaksiya qabiliyyatli olmasini gostarir.

Miioyyon edilmisdir ki, reaksiya mohsullarinin ¢iximi tiigiizvisilan molekulunda silisium
atomu ilo birlogmis iizvi ovozloyicilorin tobistindon vo qurulusundan nozoragarpacaq doracods
asilidir. Belo ki, dimetilbenzil-, dimetilfenil- vo metildifenilsilanlar todqiq olunan efirs birlosorak
miivafiq olaraq 74.7, 80.8 vo 86.8% c¢iximla hidrosilillosmo mohsullar1 amoals gotirdiklori halda,
metildietil- vo metildipropilsilanlarla reaksiyada ¢ixim miivafiq olaraq 67.6 va 66.5% toskil edir.
Metildiizopropilsilan iss comisi 60.2% ¢iximla mohsul amolo gatirir.

Tadqiq olunan reaksiyada aromatik sira iiglizvisilanlarin nisbi reaksiya qabiliyystinin yiiksok
olmasin1 fenil qrupunun elektronlarinin silisium atomunun 3d-orbitallari ilo qosulma effekti ilo izah
etmok olar. Belo ki, arilsilanlarda silisium atomu 3d-orbitallarindan istifade etmoklo valent
imkanlarint artira vo xarici enerji soviyyasinds 10 elektron yerlosdira bilir. Belo birlosmoalords
benzol niivosinin m-elektronlar1t elo yerlosir ki, onlarin silisium atomunun elektronlarla
tamamlanmamis 3d-orbitallar1 ilo Ortiilmasi miimkiin olur. Bunun naticasinda silisium atomu ila
fenil radikalinin karbon atomu arasindaki kimyavi rabito qismon ikiqat rabito xarakteri dasiyir. Belo
kimyovi rabito d.—p; tipine aid edilir [7].

Bels qosulma effekti Si-H rabitasini slavs olaraq polyarlasdirir vo silani aktivlesdirir.

Saxoli quruluslu hidrosilanlarin aktivliyinin agsagi olmasi iso sterik effektlo olagodardir.

Tacriibi hissa

Baslangic  3-propeniloksipropan tursusunun propinil efiri allil spirtinin akrilnitrillo
sianetillosmosindon alinan doymamis nitrilin turs miihitdo hidroliz mohsulunun xloroform
mithitindo sulfat tursusunun katalizatorlugu soraitindo propinolla efirlosmo reaksiyasi iizro sintez
edilmisdir. T.qay. 96-97 °C (6 mm c. siit.), np®° 1.4594, d,*° 1.0342.

Ugiizvisilanlar alkil(aril)dixlorsilanlarin miivafiq qrinyar reaktivi ilo qarsiligli tesirinden
alinmisdir.

Sintez edilmis birlosmolorin tomizliyino “Varion-1200” vo “Xromatekc” markali
xromatoqrafda gaz-maye xromatoqrafiyasinin komayi ilo nozarat edilmisdir.

Maddolorin  1Q spektrlori  “Specord-75” cihazinda vo ikisiiali UR-20 markali
spektrofotometrdo 600-2400 sm™ (prizma NaCl) vo 2400-3600 sm™ (prizma LiF) saholorindo
yazilmigdir.

1-Propeniloksi-2-(3 -metildietilsilil) propeniloksikarboniletan (I). Mexaniki garisdirici,
oks soyuducu vo damci qifi ile tochiz olunmus reaksiya kolbasia 8.4 q (0.05 mol) yeni qovulmus
3-propeniloksipropan tursusunun propinil efiri vo katalitik miqdarda Rh(asas)(CO), yerlosdirilir.
Qaris1q 90 °c temperaturadok qizdirilir vo intensiv qarigdirilmagla tizerina asta damcilarla 5.1 q
(0.05 mol) metildietilsilan olavo edilir. Metildietilsilanin hamis1 reaksiya zonasina verildikdon sonra
kiitlo 18 saat miiddetinds hamin temperaturda qarisdirilir. Reaksiya basa ¢atdiqdan sonra qarisiqgdan
fraksiyali distillo ilo 8.6 q I mogsadlik mahsul alinir. Tokrar distillo edildikden sonra asagidaki
gostaricilari tayin olunur:
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T.qay. 106-107 °C (0.5 mm c. siit.), np?° 1.4632, d,*° 0.9423. Cixim 67.6%. Tapild:: C 62.09,
62.26; H 9.75, 9.81; Si 10.26, 10.42%; MRp 79.20. C14H2SiO3. Hesablandi: C 62.18; H 9.69; Si
10.38%; MRp 79.07.

Asagidaki silisiumiizvi doymamis miirokkob efirlor do eyni metodika iizro sintez edilorok
fiziki sabitlori toyin edilmisdir. Onlarin fiziki sabitlorinin qiymatlori vo elementanalizinin naticalori
cadvalda verilmisdir:

Cadval.
Ne | T. qay. °c nDzo d420 MRp Element analizin naticalori Cixim,
(P, mmc. Hes. Tap. Hesablanib Tapilib %

siit.) C H Si C H Si

I 119-120 | 1.4642 |(0.9347 | 87.54 | 88.14 | 64.38 | 10.13| 9.41 | 64.46 | 10.06 | 9.34 66.5
05 64.53 | 10.12 | 9.28

I | 114-115 | 1.4650|0.9333 | 87.54 | 88.40 | 64.38 | 10.13| 9.41 | 64.28 | 10.19 | 9.26 60.2
0.5 64.43 | 10.08 | 9.19

IV | 188-189 | 15506 |1.0691 |109.56 | 109.30| 72.09 | 7.15| 7.66 | 72.02| 7.06 | 7.55 86.8
0.5 7211 7.17 | 71.71

\Y 152-153 | 15136 |1.0193 | 89.74 | 89.96 | 67.06 | 7.95| 9.22 | 67.02 | 8.05 | 9.06 80.8
0.5 67.13 | 8.11 | 9.17

VI | 158-159 | 1.5156 |1.0102 | 94.55 | 95.17 | 67.88 | 8.23 | 8.82 | 67.84 | 8.16 | 8.86 74.7
0.5 67.92 | 8.31 | 8.93

3-Dimetilfenilsililpropen-2-ol-1 (VII). ©ks soyuducu vo mexaniki qarisdirici ilo tochiz
olunmus kolbaya 15.2 q (0.05 mol) V vo 50 ml gat1 xlorid tursusu mohlulu yerlosdirilorok 6 saat
miiddatinde 50-60 °C temperaturda qarigdirilir. Reaksiya basa ¢atdigdan sonra kiitlo efir olavo
edilmoklo iki tobaqoya ayrilir. Uzvi tabage su tobaqoasindon ayrilaraq iki dofo distilla edilmis su ilo
yuyulur. Uzvi tobagalor birlosdirilorok kozordilmis MgSOy iizorindo qurudulur. Torkibindon efir
qovuldugdan sonra qalan hissodon vakuumda distillo ilo 6.2 q VII silisiumiizvi doymamis spirt
alinir. T. qay. 101-102 °C (0.5 mm c. siit.), np® 1.6311, d42° 0.9898. Cixim 64.6%. Tapildi: C 68.61,
68.76; H 8.48, 8.36; Si 14.43, 14.32%; MRp 60.39. C;1H16SiO. Hesablandi: C 68.69; H 8.39; Si
14.60%; MRp 60.44. Hidroksil adadi: tapildi-8.7, hesablandi-8.8%.

VII birlasmonin gqarsiligh sintezi. 5.6 q (0.1 mol) yeni distillo edilmis propinol, 13.6 q (0.1
mol) dimetilfenilsilan vo torkibindo katalitik miqdarda Rh(asas)(CO), olan 40 ml tiofendon azad
edilmis benzoldan ibarat qarisiq oks soyuducu ilo tochiz olunmus birbogazli reaksiya kolbasinda 16
saat orzindo qaynadilir. Reaksiya basa catdiqgdan sonra qarigigin torkibindon holledici vo tez
qaynayan maddolor qovulur. Qalan hissadon vakuumda distills ilo 15.6 q VII alinir. T. qay. 102-104
%C (0.5 mm c. siit.), np®® 1.4425, d;?° 1.0648. Cixim 81%. Tapildi: C 68.77, 68.82; H 8.46, 8.53; Si
14.41, 14.54%. C11H15S10. Hesabland1: C 68.69; H 8.39; Si 14.60%.
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Summary
Catalytic hydrosililation of propynyl ester of 3-propeniloxipropan acid
Mustafayev M.M., Hasanova S.H., Ahmadova F.F.

Key words: thresubstiuted silanes, catalizator, catalitic sistems, hudrosililation, sintetic rezins

It has been investigated catalytic hydrosililation of propinyl esters of 3-propeniloxipropan acid with
threorganosilanes in the presence of Rh(asas)(CO)s,.

It has been established that independing of nature and structure of substituents in silanes threorganosilanes
ekzothermically added to unsaturated HC=C- bond with forming hem- and trans- structure.

Pesrome
KaranuTuyeckoro ruipocHyIyiMpoBaHue NPONUHUIOBOr0 3¢upa 3-NponeHUJIOKCHIIPONAHOBOI KHCJIOThI
Mycmagpaee M.M., I'acanosa C.I., Axmedoea @.D.

Knrwueevie cnosa: nonumepuvie mamepuansl, MPUOP2AHOCUNIAHBL, KAMAIUZAMOP, KPEeMHUUOP2AHUYECKUE
CoJICHBIE IPUPDL, CREKMP, NOJIOCHL NO2TOWEHUs, 8ANIeHMHble Konebanue, CUOPOaU3
HccnenoBana peakiys KaTATUTHYECKOTO NPUCOCIMHEHHS TPUOPTaHOCHUIIAHOB K MPONHMHUIOBOMY 3dupy 3-
MPOTCHIIOKCHIIPONIaHOBOH kucioTel B mpucyrctBud Rh(ana)(CO),. VcTaHOBICHO, YTO MPH IKBUMOIBSIPHOM
COOTHOIIIEHHE PEarupyIONINX KOMIIOHEHTOB TPUOPTAaHOCUIIAHBI MPUCOEANHACTCA K HCCIEIOBAHHOMY HENpelelbHOMY
s¢upy B ocHoBHOM 110 —C=CH cBs31 ¢ 00pa3oBaHNEeM COOTBETCTBYIOIINX KPEMHHHOPTaHWMYECKUX CIIOXKHBIX 3(pUpoB
JTUEHOBOTO Psijia.
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MOQALD HAQQINDA MOLUMAT XULASO

Magalanin tarixgasi Mbalum metodla miiqayisada kiikiird birlasmalorini neft va qaz kondensatindan

Daxilolma tarixi: 30.05.2025 tomizlomak iigiin toklif olunan elektrokimyavi iisul asagidak iistiinliikiora

Diizalis tarixi: 02.07.2025 malikdir: Oksidlasma proseslori ahamiyyatli daracada selektivdir. Qeyd etmak

Qabulolunma tarixi: 19.09.2025 lazimdir ki, proses zamani alinan su - qalovi mahlulu O2 istehsal manbayi,
elaca do neytrallagdirict rolunu oynayir. Prosesin texnoloji sxemi sadadir,

Acar sozlar alava olaraq hidrogen sulfiddon agwr yaglari, qoalovi su ilo emulsiyan

elektrokimyavi metod, elektroliz tamizlomak iigiin istifada edila bilar.

qurgusu, hidrogensulfid, su-qalovi
mahlulu, ftalosianin katalizatoru,
gazokondensat, merkaptanlar,
¢atinayrilan emulsiya

Neftin kompleks emalinin on miihiim mosalolorindon biri do neftin torkibindon onun
heterogen komponentlorinin ayrilaraq istifado edilmasindon ibaratdir. Kiikiird neftin torkibinds olan
mithiim heteroelementlordon biridir vo burada qatilig1 6-8% qador, ¢ox az hallarda 9,6% bozon iso
hatta 14%-o gatir. Neftdo az miqdarda sorbast kiikiird vo hidrogen sulfid (H2S) olur.

Neftdo kiikiird asason onun kiikiirdlii birlosmolori olan merkaptanlar (RSH), sulfidlor (RSRY),
disulfidlor (RSSR), tsiklik sulfidlor (CnH2nS) sokilinds olurlar.

Kiikiirdli neftlor vo onlarin fraksiyalarimin iglonmosinin mdvcud sonaye metodlar: osason
kiikiird tizvi birlogsmalorinin dagidilmasi vo onlarin yanacaqdan ayrilmasi ilo alagadardir. Neft emali
zavodlarinda neft mohsullarinin tomizlonmosi sutomizloma qurgularinda hoyata kegirilir, noticoado
kiikiird ayrilir. Bu tobii kiikiird birlogsmalorinin istifado olunmasini istisna edir.

Diinyada neft mohsullari ils birlikdo har il 4107 ton kiikiird yandirilir. Yanma mohsullarina
nisbotdo bu togribon 8107 ton karbon-dioksid yaxud 1,2108 ton sulfat tursusu toskil edir, tursu
yagist omoalo gotirir vo ohalinin xostolonmesini artirir. Bundan basqa neftdo olan kiikiirdli
birlogsmolor yanacaq vo yaglarin istismar keyfiyystini koskin pislogdirir, cithazlarin korlanmasina
sobab olur, antidetanatorlarin aktivliyini vo yanacagin antioksidlogdirici stabilliyini azaldir, kreking-
benzinds gatran omolo golmasini artirir. Bununla belo, lizvi birlogsmoalarin kiikiirdli birlogsmolori neft
mohsullarindan konsentratlar, homg¢inin neft sulfoksidlori vo sulfonlar1 soklinds ¢ixarilaraq miixtolif
xalq tosarriifat1 sahalorinds istifads olunur.

Neft fraksiyalarimin kiikiird {izvi birlosmolordon tomizlonmosinin bir sira metodlari
movecuddur.

Qolovi ilo tomizloms metodunda golovinin hidrogensulfidlo qarsiliqlt tesirinden turs vo
normal duzlar alinir. Merkapitanlar iss galavinin tosirindon merkaptidlor amalo gatirir.
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Bu metodun g¢atigmayan cohoti qiymatli reagentlorin itkisi vo amolo golon kiikiirdgelovili
tullantilarin ¢atin ultilize edilmosidir.

Katalitik hidrotomizlomo C-S slagasinin selektiv hidrogenolizins asaslanir, hidrogen sulfid vo
karbohidrogenlorin amalo galmasi ils bas verir, kiikiirdiin miqdarin1 85-97% azaltmaga imkan verir.
Hidrogenoliz biitiin kiikiird {izvi birlogsmolor qrupu {igiin xarakerikdir. Yiingiil vo orta distilyatlarin
hidrotomizlonmosi prosesi daha effektli olur vo sonayedo genis totbiq olunur; osas ¢otinlik agir
fraksiyalarin vo neft qaliqlarinin hidrotomizlonmaesinds yaranir.

Neft mohsullarinin kiikiirdlii birlosmalorinin tomizlonmasinin on kéhno metodlarindan biri
sulfat tursusu metodudur. Sulfat tursusu giiclii oksidlogdiricidir, ona goro do kiikiird iizvi
birlogsmoalor hom sulfolasir, hom do oksidlogir. Bu zaman merkaptanlar disulfidloro godor, sulfidlor
sulfooksidlora qodor, tiofanlar va tiofenlar sulfooksidlors qador oksidloagirlor.

Metodun catismayan cohati sulfat tursusunun c¢ox sorf olunmasi, destruksiya olunma vo
sulfidlorin itkisindon ibaratdir.

Metodlardan biri do oksidlosmo metodudur ki, metod funksional qruplarin modifikasiyasina
osaslanir vo avvallords kiikiird birlogmalorinin oksidlogmasi ilo karbohidrogenlorin oksigentarkibli
mohsullardan asanliqla ayrilmasi ilo slagodar olaraq kiikiirdlii birlogsmolorin neft mohsullarindan
ayirmagq U¢iin istifado olunmusdur.

Oksidlosma metodunun perspektivliyi omalo golon sulfoksid vo sulfonlarin praktiki olaraq
istifado olunma imkanlart ilo sortlonir.

Neft xammalindan sulfooksid vo sulfonlarin alinma imkanlar1 ikivalentli kiikiirdiin vo
miixtolif qrup karbohidrogenlorin nisbi oksidlogsmalori todqigatlarina osaslanir, hansi ki, sulfidlorin
oksidlosmo potensiali aromatik vo tsiklik sulfidlorin oksidlosmo potensialindan kifayst qodor
asagidir. Buna gors do, onlarin sulfoksidlors vo sulfonlara qodor oksidlosmaolori daha tez gedir.

Neft sulfoksid vo sulfonlariin iki alinma tisulundan istifade olunur. Birinci tisulda baslangic
neft fraksiyasindan segici holledicilorlo ekstraksiya etmoklo sulfid konsentratt ayrilir, sonra iso onu
sulfoksid vo sulfonlara godor oksidlosdirirlor. Ikinci iisulda neft fraksiyasinda sulfidlor maye
ekstraksiya metodu ilo ayrilir.

Neft sulfidlori miixtalif oksidlosdiricilarle oksidlasdirilir. Mas.: sulfat, nitrat tursulari, kalium
persulfat, azot oksidlori, hipoxloritlor, peroksidlor, ozon vo molekulyar oksidlogdirmo metodlari.

Neft sulfidlorindon holledici miihitindo oksidlosmo ilo neft sulfoksidlorinin alinmasi
metodlarinin imumi bir catismayan cshati vardir ki, bu da hslledicinin yiiksok qatiligi vo onlari
reaksiya kiitlosindon ayirmagin ¢otinliyidir.

Neft vo gazkondensatin hidrogensulfiddon oksidlosmo ilo tomizlonmasi qaz, neftgixarma
sonayesindo istifado oluna bilor. Neft vo yaxud qazkondensatda olan hidrogensulfid havanin
oksigeni 1ilo ftalsian katalizatorunun su golovi mohlulu istirakinda elemenrat kiikiirds qodor
oksidlosir. Katalizator mohlulu baslangic xammala 0,05-1,0% miqdarinda vurulur. Qslovi mahlulu
olarag NaOH vyaxud NHj, ya da Na,COs, Kkatalizator olaraq iso disulfo-, tetrasulfo-,
dixlordioksidisulfo-, vo kobaltpoliftalsianin istifade olunur. 1 mol hidrogen sulfid ii¢iin NaOH, NH3
vo Na,COjs 0,3-1,6 mol, hava 0,1-0,2 HM?, katalizator 0,05-0,2q sorf olunur. Oksidlogsma prosesi
20-70-°C-do 5-180 dogiqe miiddatinds, 0,3-1,5Mpa tozyiqde aparilir. Hidrogensulfidlo yanagi
yiingiil merkaptanlarin hissolori do oksidloasir. Bu iisulda golovi mohlulu ilo davamli emulsiya omalo
goldikdo neftin vo qazkondensatin dezodorasiyasini aparmaq olur, Kiikiird galovi drenajlar olmur.

Neft vo gazkondensatda 0,05% (500ppm) hidrogensulfid ola biler. Hidrogensulfid va yiingiil
asag1 qaynama temperaturlu merkaptanlarin olmasi neftds pis iy omolo golmasine sobab olur.

Hermetiklik pozuldugda hidrogensulfid vo asagi qaynama temperaturlu merkaptanlarin
saxlanildig1 yerdon atmosfero daxil olmasi bas vers bilor. Yasayis zonasinda yol verilon qatlh%
haddi hidrogensulfid {i¢iin 8- 107, metilmerkaptan tiglin 9- 102 vo etilmerkaptan ii¢iin 3-10° mg/m
toskil edir. Neftcixarma sonayesindo neftdon hidrogensulfidin kenarlagdirilmas: seperasiya vo
stabillosmo morhalasi ilo hayata kecirilir, haradaki temperaturun yiiksalmasi ilo hidrogen sulfid somt
qazlart ilo (C1-C,) birlikdo buxarlanir.
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Somt qazlar1 hidrogensulfiddon qaz emali zavodlarinda (QEZ) tomizlonir, yaxud fakeldo
yandirilir ki, bu da otraf miihitin ¢irklonmasino sobab olur. Az hocmdo somt gazlar {iciin QEZ
yaratmaq vo qazin dasinmasi {igiin boyliik kapital qoyulmasi tolob olunduguna gors iqtisadi cohotdon
somarali deyildir. Qaz buraxmagla havanin hidrogensulfidls ¢irklonmasi gagilmazdir.

Neft mohsullarindan hidrogensulfidin, yiingiil, asag1 qaynama temperaturlu merkaptanlarin vo
turs birlogsmolorin konarlagdirilmasi {igiin golovilosmo aparilir. Qolovinin suda mohlulu ilo neft
tursularinin, fenolun hidrogensulfidin vo ylingiil merkaptanlarin yuyulmasi naticasinds suda hall
olan duzlar omolo golir vo yuma suyu ilo aparilir [1].

Xarici Olkolordo neft mohsullarini hidrogensulfiddoen vo merkaptanlardan tomizlonmasi
“Mepokc” qurgusunda hoyata kegirilir [2].

Yuyulma sular1 vo kiikiird-qolovi ¢irkab sular xiisusi qurgularda tomizlonir, hansi ki, orada
sulfidlor havanin oksigeni ilo katalizator istirakinda daha az zororli sulfatlara qodor oksidlosir.
Hidrogensulfidden alave yuma {igiin bir hisso neft mohsuluna 0,1-0,25 hissa galavinin suda mohlulu
gotiiriliir. HpS+2NaOH, 2Na;S+2H,0 (1) reaksiya tonliyindo 1 kiitlo hisso hidrogensulfidi
neytrallasdirmaq ticiin 2,35 kiitlo hisso qolovi tolob olunur. Qolovi daha ¢ox sorf olunur,
hidrogensulfid gslovi ilo yalmiz pH>10 olduqda slagods olur, galovinin bir hissasi isa tursu vo
fenolun neytrallasmasina sorf olunur.

Hidrogensulfidin neftdon vo kondendensatlardan qolovi mohlulu ilo yumaqla
tomizlonmosinindo ¢atigmayan cohot ondan ibarotdir ki, golovi ¢ox sorf olunur, proses
coxmarhalalidir vo ¢oxlu miqdarda ¢irkab sulari amals galir.

Bundan bagga bu metodun agir neftin hidrogensulfiddon tomizlonmasi zaman1 galovi mohlulu
ilo ¢otinayrilan emulsiyalarin amala golmasine gors totbiq oluna bilmomasidir.

0,5-1 mol NaOH sorf edildikds H,S-1s yalniz gismon neytrallagma ilo hidrosulfid omolo golir.

H,S+NaOH —NaHS+H,0 (2

Soda istifads etdikda:

H>S+Na, CO3 —»NaHS+NaHCOs

Katalizator istiraki ilo hidrosulfid havanin oksigeni ilo elementar kiikiird amolo golmasilo

oksidlasir:

2NaHS+0, = 2S+2NaOH (3)

Regenerasiya olunmus NaOH sorbost H,S ilo tosirdon (2) reaksiyasi lizro hidrogensulfid
amoala gatirir ki, bu da gazkondensatdan va neftdon hidrogen sulfidin tomizlonmasins daha az NaOH
sorf olunmasina gatirir,

Bir ton kondensata yaxud 120 ppm H,S-o yaxud 1 mol H,S-o0 0,0567q katalizator sorf olunur.

Imol natriumhidrosulfidin (yaxud 1mol H,S-id)  {igdo biri tiosulfata vo sulfata godor
asagidaki reaksiya tlizro oksidlogir:

NaHS +20, — Na,S,03+H,0 (4)
Na,S + 20, —-Na,SO, (5)

3,4, 5- reaksiyalarinda oksigenin timumi sorfi 1 mol H,S-0 goro 20-30q toskil edir. Islonmis
havada 5-7% oksigen qalir.

Yalniz (3) reaksiyasina géro 1 mol H,S-in oksidlogmasina hesablanmig havanin sarfi 891 olur.
4 va 5 Reaksiyalarinda olavo reaksiyalara on yaxsi halda 0,1nm® hava sorf olunur. Bundan asag:
hidrogensulfidin tam oksidlosmasinas ¢atmaq olmur.

Havanin dozasini artirdiqda oksidlosma reaksiyasinin siirati artir, lakin havanin sarfi bir mol
H,S-2 0,2nm3-dan cox artdigda enerji sorfinin artmasina vo neft buxarinin islonmis havada
azalmasina goro iqtisadi cohatdon sorfi deyildir. Katalizatorun vacib sorfi todqigatlarin osasinda
qurulur. 1mol H;S-o 0,050-dan asagi katalizator sorf olunarsa, lazimi oksidlogsmo siirati tomin
olunmur, 1Imol H,S-o gors katalizatorun migdarini 0,20g-a gadar artirmaga ehtiyac yoxdur.

50-70°C temperaturda H,S 5-15 doqigo orzindo tamamilo oksidlssir, temperatur 70°C-dan
yuxar1 qaldirmaga ehtiyac yoxdur.
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20°C-do reaksiyanin tam getmosi figiin 3 saatdan cox vaxt sorf olunur. Temperaturun asagi
sorhaddo 20°C ils mohdudlasmasi reaksiya siiratinin yavasimasi vo neftin dzliliiyiiniin artmasi ilo
neftdo KQM mohlulunun emulgatorlasmasinin ¢atinlogdirilmasi ils slagodardir.

Tozyiq sorhaddi (haddi) havanin neft vo gazkondensatda hall olmasi hesabi ilo 0,3-1,5Mpa
olur. Tozyigin 0,3Mpa giymotinds havanin holl olmas: 1m® nefto yaxud gazokondensata gora 0,2-
0,3nm? toskil edir ki, bu da 1mol H,S-a 0,2nm* hava sorf olunur vo 1-1,5mol yaxud 34-51 ppm
H,S-in tamamila oksidlagmasini tomin edir. Neftdo daha asagi qatiligda H,S oldugda tomizlomaya
ehtiyac yoxdur.

Tozyigin 15 MPa-dan yuxari artirlmasi vacib deyil, bunun igiin Im® neft yaxud
gazkondensatda 2nm®-a gador hava hall olur ki, bu da 10-15mol H,S-in oksidlosmasi iiciin kifayot
edir.

Ftalosianin katalizatorunun su-galovi mohlulu istirakinda neftin vo gqazkondensatin havanin
oksigeni ilo hidrogensulfiddon tomizlonmosi tisulu onunla farglonir ki, neft vo gazkondensat
qarisdirilmada 0,05-1,0 kiitlo %-i flatasianin katalizator-su-galovi mshlulu vs hava 0,3-1,6 mol
natrium karbonatin hesablanmig migdarindan vo 0,1-0,2nm?® hava 1 mol hidrogen sulfido daxil edilir
va qarisiq 20-70°C temperaturda, 0,3-1,5Mpa tozyiqdo 5-180 dogige miiddatinds saxlanilir.

Neft qazkondensatlarin hidrogen sulfiddon va yaxud merkaptanlardan {izvi oksigen vo yaxud
azottorkibli reagent-agentlorlo, halogenanhidridlo, karbon tursularinin amidlori, fenoksidls,
izosianatla, azodikarboksilatla, asetilenkarboksilatla, fumaronitrillo, malein anhidridi ilo
alkilhidroperoksidlo, ammoniumun dordli birlosmalori ilo trialkilheksahidrotriazinlo, arilsulfin
tursusunun duzu va S ilo emali (islonmoasi) yolu ilo tomizlonmasi [3].

Bu tisulun osas ¢atismayan cohati sonayeds onlarin tatbiq olunan reagent neytralizatorlarinin
mohdud olmasidir.

Homginin neftin hidrogen sulfiddon hidrogenperoksidlo 20-50%-li mohlulu ils 0-60°C
temperatur va 0,5-2 Mpa tazyiqds oksidlagmasi ilo tamizlonma tisulu da moalumdur.

Gostorilon tisulun ¢atigmayan cohoti merkaptanlardan neftin yiiksok tomizlonma daracasinin
kifayot olmamasi vo prosesin uzunmiiddatli olmasidir (peroksidin sulu mohlulunda onlarin asagi
stiratlo oksidlosmasi).

Toklif olunan ixtiraya daha yaxin olant maye karbohidrogenlorin, qazkondensat iistiinliik
toskil etmoklo, merkaptanlardan onlarin artiq miqdarda gotiiriilmiis havanin oksigeni vasitasilo
oksidlosmosi oks corayanla 1: (1-10) miinasibotinds 15-65°C vo 1,4-2,1 atmosferdo tomizlonmis
xammalin sonraki ayrilmasi alkonalaminin iglonmis mohlulunun regenrasiyast vo onun tomizlonma
morhalasine gaytarilmasi aiddir. Buna gora alkonalamin kimi detanolaminin 5-70%-li sulu mahlulu
gotiiriiliir vo reaksiyanin siiratini artirmaq iiglin uygun oksidlogmo katalizatorlari, on istiint 0,01-
0,1q (metala goro hesablanmis) ftalosianin kobaltin 100 ml alkanolamin mohlulunda gotiiriiliir [4].

Gostorilon iisulun osas c¢atismayan cohoti alkanolaminin sulu mohlulu istifado etdikdo
tomizlonon xammalin ayrilmasi, xiisuson do agir neftin yiliksok ozlililyli noticesindo dayanigh
emulsiyanin yaranmasi, defisit qiymatli katalizator ftalsianin kobaltin sonraki regenerasiyasinin
vacibliyi va prosesin miirokkabliyidir.

Homginin neftin hidrogen sulfiddon tamizlonmasinin 20-50%-I1i hidrogen peroksid mahlulu ilo
0-60°C vo 0,5-2MPa tozyiqde oksidlosmasi iisulu da molumdur [5]. Bu iisulun catismayan cohoti
neftin merkaptanlardan tomizlonmasinin kifayst godor yiiksok olmamasi vo aparilan prosesin uzun
miiddatli olmasidir (hidrogen peroksid mahlulu ils onlarin oksidlogma siiratinin asagi olmasi).

Neftin, gazkondensatin vo neft mohsullarinin hidrogen sulfiddon 20-70°C temperaturda vo
yiiksok tozyiqdos, effektiv migdarda oasas vo yaxud galovi reagentlo vo Kkatalizator olaraq doyiskon
valentli metal birlosmalari (doyiskon valentli metallarin suda hall olan duzlari, pirofosfat yaxud
ammoniyakla doyiskon valentli metalin geyri-iizvi kompleksi) istifado etmoklo hava oksigeni ilo
oksidlogdirmoklo tomizlonmasi iisulu da moalumdur. Prosesin gatismayan cohati yiiksok tozyigde
aparilmasidir.
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Neftin hidrogen sulfid vo merkaptanlardan reagent neytralizatorla olagslondirmaklo
katalizator istirakinda kimyavi tomizlonmoasi tisulu da malumdur [6].

Usulun catismayan cohoti neftdon reaksiya mohsullarinin sixliglar: farginin az olmasina géra
ayrilmasinin ¢atinliyi, tomizlonmis nefto reaksiya mohsulunun diismasi ilo borularda vo mohsul
rezervvuarlarinda ¢okiintiiniin amalo galmasidir.

Homg¢inin gismon hazirlanmig xammalin karbohidrogen qazlari vasitasilo desorbsiya kalonuna
tftirtilmasi (fiziki isul) ilo tomizlonmasi, hidrogen sulfid metil va etilmerkaptanlarin kimyavi aktiv
reagent-neytralizatorla oslagasi yolu ilo (Kimyoavi iisul) tomizlonmays qodor hazirlanmis neftin
torkibindo daha yiiksok gaynayn vo az aqressiv kiikiirdlizvi birlogsmolorin amala goalmasi ilo
torkibinds hidrogen sulfid vo merkaptan olan neftlorin hazirlanmasi usullarida malumdur [7].

Bu sulun catigmayan cohatlorindon biri  asagi qaynama temperaturlu  benzin
komponentlorinin (C4 Vo yuxart qaynayan) ifliriilmo qazi ilo  ifiiriilmads ¢oxlu miqdarda
itirilmasidir.
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Sakil. Neft vo gaz kondensatin hidrogen sulfiddan elektrokimyavi metodla tomizlonma qurgusu

Yuxarida gostorilon tisullardaki ¢atigsmamazliqlarin aradan qaldirilmasi ti¢lin elektrokimyovi
isuldan istifado etmoklo neftin torkibindo olan hidrogen sulfidin, merkaptanlarin tomizlonmasi
torofimizdon toklif olunmusdur. Difragma olaraq xrizolit azbesindon hazirlanmis (3MgO-2Si0; -
2H,0) diafragmadan istifado olunmusdur. Toklif etdiyimiz iisulda istifads olunan golovi mohlulu
(NaOH mohlulu) hom oksidlosdirici, hom do neytrallasdirici kimi tosir gostorir. Belo ki, golovi
mohlulunun elektrolizi ilo alinan oksigendon oksidlogsdirici kimi, golovi mohlulundan iso
neytrallagdirict kimi istifade etmokls iki marhaloni birgs hall etmays nail olunmusdur. Katalizator
olarag 0,01-0,5 kiitlo %-ilo ftalsianin istifado olunmusdur. Proses sokil 1-do gostorilon qurguda
hoyata keg¢irilmisdir.

Homginin natrium-sulfat mohlulundan istifads etmoklo alinan oksigen, natrium qalovisi vo
sulfat tursusunun alinmasi asasinda ii¢ tisulun birga hall olunmasini (O, vo H,SOy-1 ilo oksidlosma,
NaOH ils iso neytrallagmani) hoyata ke¢irmak olar.

41



Hatomov M.M., Sirinov P.M., Riistamova G.C. va b. | Scientific News 25 Issue 3 (2025)

Odabiyyat

[1]. ®axpues, A.M., Paxpues, P.A. Ilarear PO Ne 2218974, MIIK BO 19/100. —2001.07.25. —
Crioco6 moAroToBKH CEPOBOJOPO- M MEPKaNTaHCcoAepKalel HedTu.

[2]. BasBka BemukobOpuranmu Ne 2185994, Ne 2185995, Ne 2186590; 3asBka EIIB Ne 0261974;
nareHT CLIA Ne 4909925, Ne 5344555, Ne 5354453; aBropckoe cBuuerenbctBo CCCP Ne
1810377.

[3]. Masrapos, A.M. Xumus u TexHosorus Toriue u macen /| A.M.Masrapos, A.®.Busbnanos [u
ap.] —1996. —Ne 6. —.11-12

[4]. TTatenT CIIA Ne 4412913, k. ¢.10 G 29/02, 1983 // Ped. x. “Xumus™ —1984. Ne 14n. —. 335.

[5]. IMarent ®PI" Ne 3151133, k1. ¢.10 G 27/12, —-1983.

[6]. TIpockypsikoBa, B.A. Xumus nHeptn u rasa / Ilogpen. a.t.H. [IpockypsikoBoit B.A. —JL.:
Xumus. 1981. -358 c.

[7]. Currur, M. IIpouecchl okcuiieHus yriieBoaopoAHoro cbipbs / M.Curtur —M.: Xumus, 1970. —
300 c.

Summary
Cleaning of oil and gas condensate from hydrogen sulfide b electrochemical method
Hatamov M.M., Shirinov P.M., Mustafayeva K.M., Rustamova G.J.

Keywords: electrochemical method, hydrogen sulfide, electrolysis unit, aqueous alkaline solution, phlathocyane
catalyst, gas condensate, mercaptans, difficult to separate emulsions.
Compared with the known method, the proposed electrochemical method for cleaning sulfur compounds from oil
and gas condensate has the following advantages:
Oxidation processes occur significantly selectively, it should be noted that, during the process, the aqueous alkaline
solution taken acts as a source of O,, as well as a neutralizer. The process flow chart is simple; in addition, it can be
used to clean heavy oils from hydrogen sulfide, emulsions with alkaline water.

Pesrome
Ouncrka HeTH ¥ ra30BOro KOH/JIEHCATa 0T CEPOBOAOPOAA YIEKTPOXHMHUYECKHM METOA0M
T'amamoe M.M., IlTupunoe II.M., Mycmacgpaesa K.M., Pycmamosa I /]xc.

Knroueevie cnoea: snexmpoxumuyeckutl Memoo, cepo8ooopoo, 1eKMPOIUIHOU YCIMAHOBKY, 800HO-WYEIOYHOU
pacmeop, pmanoyuaHuHo8020 KAmaiu3amopd, 2a30KOHOEHCam, MEepKANManos, mpyoHa pazoensiouuecs MyabCull.

ITo cpaBHEHHIO C W3BECTHBIM CIOCOOOM, MpeaaraeMblil JIEKTPOXUMHUYECKUH CIMOCOO0 OYMCTKH CEPHHUCTBIX
coeMHEHUH 13 HeTH U Ta30KOHJIEHCATa UMEET CIICYIOIINe TPEUMYIIeCTBa:

[Iporecchl OKMCIEHHS MPOUCXOIUT CYIIECTBEHHO CENEKTUBHO, HAI0 OTMETUTh YTO, MPHU MPOIECCe B3SITHIN
BOJIHO-IIIEJIOYHON PACTBOP BBIMOJHICT (DYHKIMM MCTOYHHKA TonydeHust Op, a Takke B KayecTBE HEHTpaiu3aTopa.
TexHonornueckas cxema mpolecca mpocTasi, KpoMe TOTO MOKET ObITh MCIOJB30BaH JUIsi OYUCTKH OT CEPOBOJOPOJIA
TSOKETBIX HE(PTEH, IMYIBCUH C IIEIOYHON BOJIOM.
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Kniouesvie cnosa
Heghmenepepabamupisaouas
NPOMBIULEHHOCTD,
NPOMBIUAEHHOCHb, CIOYHbIE 800bI,
KOA2YJNIsHM, CMECh OMX0008
Heghmenpooykmos, 3phekmusHas
ouucmka

Kax u3BeCcmmo, NPOMbIUUTICHHbIE CMoyHbvle 60001 (IICB)
Hegpmenepepabamoviearoueti npomviunennocmu (HIIII), cooepocawue cmecny
omx0008 Hegpmenpooykmog (COHII), umerom ouenb CROJNCHBI COCMAB, NO
oMol npuyune 2nyboKas OYUCMKA IMUX 800 00 CUX NOP OCMAEMCIL BANCHOU
aKonozuyeckou npobaemou. Hamu 6 nabopamopHvix yciosusx nposedeHvl
uccreoogamenvcekue padomvl nO BbIAGIEHUIO IKOA0SUYECKU 3PhekmusHbIxX
Koacynanmog oas  enyookoun ouucmku npo6 IICB, omobpannbix ¢
meppumopuu Hegpmenepepabamuvigaroueco 3a800a umenu Ieiidapa Anuesa
(HI13), om COHII, 638ewiennbix ewecms, a maxkice cOeOUHeHUll Memauios.
B xo00e uccreoosanuii ycmarnoesneno, umo ons obpaszyoe IICB, codepacausux
COHII, xoacynsiyuonnas s¢hpexmusHocmv gewecms noGblUAemcsi no cxeme,
npeocmagieHHolU Hudice:

1) FeCl; —» Fe,(S0,); = FeS0O, — KAI(S0,), — AlCl; — Al,(S0,)
Koaeynsyuonnas spghexmuenocms cunukamuvix coieil yeeaudugaemcs 6
HUICEYKAZAHHOU NOCAE008AMENbHOCTIU.

2) Fe,(50,); = FeS0O, — Al,(S0,)5

Ilpu omnpedenenuu roazynsyuonuvix ceoticmé Oasi ouucmku npo6 [ICB g
obveme 100 mn om COHII ¢ ucnonvwsosanuem 5; 10 u 20% pacmeopos
Kaxco020 U3 GblULeNepeqUcieHHblX geujecme Haubonree 3¢hgdexmusnbiil
xoazynanm Al (SOg4)3 noxasan sppexmusnocmo ouucmru 76,58% npu nuzkoi
xonyenmpayuu. Ilpu ouucmrxe o6bpazyoe IICB om COHII oOpyeumu
UCCIeOYeMbIMU 8EUWECBAMU UX IPDEKMUBHOCb OYUCMKY cocmasuia 55-
65%.

BBeaenue

Kak wuszBectno, [ICB, oOpasyrommecs na HIIII, uMeoT oOYeHb CIOXKHBII COCTaB U
BbICOKOAMCHIEpCHYO cucTtemy ¢ COHII, mpoyHyro, yCTOWYMBYIO 3MYJIBCHUIO M IIPOLECC OYUCTKH
CTOYHBIX BOJ TaKOTO TUIIa BecbMa cioxkeH. Hecmotps Ha 10, uto oumctka IICB npoBoautcsa Ha
MPENNPUATHIX B HECKOJIBKO 3TAIOB, SKOJIOIHYECKHEe TPOOJIEMBI B 3TOM 30HE BCE €I11€ COXPaHSIOTCS.
Taxkum o6pazom, IICB, obpasyromuecs na HIIII, ounmatorcst or COHII Ha 3TOM mpon3BOACTBE
TONBKO B KoHIEeHTpauuu, B 100 pa3 mpeBsimaromiei npeaenbno pomnyctumeiii copoc (IIJIC), T.e.
skosorunueckue HopMel (0,05 Mr/m).

B nmocnengnee Bpems, Kak BHJIHO W3 NPHUBEACHHBIX B JUTEPATYpPE NMOSICHEHUH KO MHOTUM
Hay4YHbIM HcciaenoBaHusM [1-5], ompaBnaHo mpoBeaenue ounctku npod I[ICB, copepkammx
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COHII, xoarymaunoHHO-(PpIOKYISIIHOHHBIM MeTonoM 110 ~90-94%. DTu MeTonsl B HacTosIIee
BpeMs UCIIOJIB3YIOTCS Ha HEKOTOPBIX npeanpustusx HITII.

MIMeHHO T03TOMY OJHUM W3 TJIaBHBIX YCIIOBUH sIBIsieTcs ompeaeneHue 3hQexTuBHOCTH
npuMeHeHust 6osee 3(hPEKTUBHBIX KOAryasHTOB M (JIoKyIsHTOB mpu ounctke [ICB Ha ocHOBe
Hay4HBIX MCCIICIOBAHUM.

C 9To#l menpl0 HaMH B JIA0OPATOPHBIX YCIOBUAX OBLIM MPOBEICHBI HCCIEIOBATEIBCKUC
pabotel o ouuctke pod IICB, coxepxamux 1000-5000 mr/m COHII ¢ ucnons3oBanuem 2,5; 5;
10; 15; 20% pacTBOPOB HECKOJIBKUX BEIIECTB UMEIOLINX KOATYJISIHUOHHBIE CBOWCTBA.

JKCNEePpUMEHTAJIbHAS YaCTh

s onpenenenus 6omnee 3h(PEKTUBHOrO KOaryasHTa B OTACIbHBIX CTEKIISTHHBIX €MKOCTSX
obutn mpurotoByieHsl 2,5; 5; 10; 15; 20% pactBopsl coneit FeSiO4, Fey(SiO4)s; FeCls; FeSOy;
Fex(SO4)3; AICI3; KAI(SO4)2; Alx(SO4)s. B x01e KaKa0ro 5KCIIEPUMEHTA B ICTUTEIBHYIO BOPOHKY
sanmuBatoT 100 M mpoOsl, B34TOH ¢ HedTenepepabaTeiBarolIero 3aBoja uMeHu [ eiigapa Anuesa
(H33), u x wneit mobammsror 0,5; 1; 2; 4; 6; 8; 10 My KakIOro W3 ATUX BEHIECTB. 3aTeM
MEePUOANYECKH NEpPEMEUIMBAIOT MpPU KOMHATHOM Temmneparype B TeueHue 5-25 munyt. s
YCKOPEHUS U 3aBEPIICHUS KOATYJISIIIUH COOTBETCTBEHHO aHHOHY Ka)JI0TO HCCIIEyeMOro BEIlllecTBa
B KauecTBe (iokyisHTa menonb3oanu 0,1; 0,5; 1,0; 1,5; 2,0; 5,0 mi 5%-HBIX pacTBOPOB KHCIIOT
H,SiO4, HC1 u HSO4. ®i0KyISIHTEL 100ABISIOT B CMECh B JICIUTEIBHON BOPOHKE 0 3aBEPIICHHS
KOAryJSIIUM M KaXKIbI pa3 MepeMemuBaT 1o 3-5 MUHYT. B Xo/1e KaXIOoro SKCIIepUMEHTa B
BopoHke pazaenstorcs Tpu (asel — COHII (opranuueckas), BogaHas u TBepaas. KommdectBa
nosryaeHHbIX COHII, BOBI 1 MEXaHUYECKHX OCAIKOB ONPEACIISUITH U3BECTHBIMU METOIAMH.

B kaxagoMm osKkcmepuMeHTe J0 W TOcie  KOaryasuuu-(GIOKYISIIIUH  POBOIUICS
konnyecTBeHHbIH aHanu3 COHII, B3BeIICHHBIX BEIIECTB M MEXAHUUECKHX COCIUHCHHM B COCTaBE
I1ICB.

B rtabimme 1 mpuBeACHBI CPEAHEBBICOKUE PE3YJIbTAThl WCCIEAOBAHUN TIO OMPEICIICHUIO
KOAryJISIIUOHHBIX M (DIOKYJSIIMOHHBIX CBOMCTB BELIECTB [UIsI SKOJOTHYECKH IPGHEeKTUBHON
ounctkn 1npod6 IICB HedremepepabarpBaromero 3aBoja C HCIOJB30BAHHEM PA3IMYHBIX
KOHIICHTpAaUi 1 00bEMOB Ka)kKJIOT'O 13 BBIIICIIEPEYHCICHHBIX BEIICCTB.

Tabauya 1.
Cpeoneguicoxue pe3yibmamul UCCIEO08AHUL NO ONPeOesleHUI0 KOA2YISAHMO8 U
Gnoxkynanmos ons sxonocuvecku 3gpgdexkmusno ouucmru npoo I[ICB

ITpo6a ITICB

VYcraos- Mo ouncrtkn Hcnonp3oBaHHbIE A1 OYMCTKH Cocras nocie Oddex-

HBIN OUYHCTKHU TUB-

Ne, pH Koin-Bo Koar. Bemr. | %- D10k, Oo6mem 5% pH Koin-Bo HOCTh

o0BeM COHI], x.¢. HOCTb, BEIII. pacTBopa COHII, OUYMCTKU

B MII Mr/a o0beM x.. daok. Bem- mr/n oT
pacTB. Ba, MJ1 COHH,
KOar. 5 %
BCII-Ba

1 2 3 4 5 6 7 8 9 10

N-1 10,5 | 1000,0 | FeCls 2,5%, HCI

100,0 0,5 mn 0,1 8,2 555 45,5

MIT 2,0 M 0,5 8,0 368,5 63,15
8,0 M 1,0 6,2 321,6 67,84
10,0 mn 2,0 5,8 669,4 34,06

N-2 10,5 | 1000,0 | FeCls 5,0% HCI

100,0 0,5 mn 0,1 8,0 523,7 47,63

MII 1,0 mn 0,5 79 310,4 68,96
2,0 mn 1,0 6,1 425,8 57,42
4,0 M 2,0 5,6 597,7 40,23
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N-3 10,5 | 1000,0 | FeCl, 10% HCI

100,0 0,5 mn 0,1 7,6 302,9 69,71

MII 1,0 M 0,5 7,5 397,6 60,24
2,0 M 1,0 6,4 601,4 39,96
4,0 M 2,0 5,8 711,7 28,83

N-4 10,5 | 1000,0 | AICl, 2,5% HCI

100,0 0,5 M 0,1 7,8 432,0 56,8

MII 2,0 M 0,5 7.5 273,9 72,61
8,0 M 2,0 52 502,5 49,75

N-5 10,5 | 1000,0 | AICl, 10% HCI

100,0 0,5 M 0,1 73 250,4 74,96

MJI 2,0 M 0,5 6,45 375,3 62,47
8,0 M 2,0 6,28 594,8 40,52

N-6 10,5 | 1000,0 | FeSO, 2,5% H,SO,

100,0 0,5 M 0,1 7,75 514,4 48,56

MII 2,0 mn 0,5 7,5 317,5 69,25
8,0 M 2,0 6,2 598,8 40,12

N-7 10,5 | 1000,0 | Fex(SOy)z | 10% H,SO,

100,0 0,5 M 0,1 7.9 301,16 69,84

MII 2,0 mn 0,5 7,5 234,2 76,58
8,0 M 2,0 6,2 618,8 38,12

N-8 10,5 | 1000,0 | Alx(SQy)z | 5% H,SO,

100,0 0,5 mn 0,1 7,8 298,6 70,14

MII 2,0 mn 0,5 7,65 2425 75,75
8,0 M 2,0 6,5 377,7 62,23

N-9 10,5 | 1000,0 | Alx(SOy); | 10% H,SO,

100,0 0,5 mn 0,1 7,65 261,6 73,84

MII 2,0 mn 0,5 7,1 217,72 78,28
8,0 M 2,0 6,2 458,3 54,17

N-10 10,5 | 1000,0 | KAI(SOy), | 10% H,SO,

100,0 0,5 mn 0,1 7,54 270,5 72,95

MII 2,0 mn 0,5 7.5 2419 71,81
8,0 M 2,0 6,1 470,4 52,96

N-11 10,5 | 1000,0 | FeSiO, 2,5% H,SiO./

100,0 05mMa1 | H,SO, |01 9,9/8,5 | 715,0 28,5

MJI 2,0 M 0,5 9,5/8,0 | 525,2 47,48
8,0 M 1,0 9,3/75 | 462,6 53,74
10,0 mut 2,0 9,1/7,1 | 517,7 48,23
20,0 mu 4,0 9,0/6,2 | 738,4 26,16

N-12 10,5 | 1000,0 | FeSiO, 10% H,SiO./

100,0 05ma1 | H,SO, |01 9,6/10,5 | 530,8 46,92

MII 2,0 mn 0,5 9,2/9,6 | 488,3 51,17
8,0 M 1,0 9,4/8,5 | 546,2 45,38
10,0 mu 2,0 9,2/7,7 | 6279 37,21
20,0 mu 4,0 9,2/75 | 698,6 30,14

N-13 10,5 | 1000,0 | Fey(SiO,)s | 10% H,SiO./

100,0 0,5ma | H,SO, |01 10,2/85 | 471,4 52,86

MII 2,0 mn 0,5 9,8/7,8 | 432,9 55,71
8,0 M 1,0 9,6/75 | 623,6 37,64
10,0 mu 2,0 9,6/7,3 | 699,8 30,02
20,0 mu 4,0 9,5/6,2 | 735,0 26,5

N-14 10,5 | 1000,0 | Alx(SiOy); | 5,0% H,SiO./

100,0 05mn1 | H,SO, |01 10,5/9,1 | 452,7 54,73

MJI 2,0 M 0,5 10,2/8,4 | 313,5 63,65
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8,0 M 1,0 9,5/7,6 | 528,8 47,12
10,0 M 2,0 9,5/7,5 | 627,2 37,28
20,0 mn 4,0 9,4/6,5 | 8053 19,47

N-15 10,5 | 1000,0 | Aly(SiOy4); | 10% H,SiO4/

100,0 05mn | H,SO, |01 10,4/8,6 | 352,4 64,76

M 2,0 Mn 0,5 10,2/8,2 | 301,6 69,84
8,0 M 1,0 10,0/7,1 | 477,3 52,27
10,0 mn 2,0 10,0/6,2 | 696,1 30,39
20,0 M 4,0 10,0/5,8 | 875,9 12,41

O0cy:xnenue uccjae10BaHus ri1yookoi ouncTtku oopasuos I[1CB,

B3AThIX ¢ HIIII u BLIBOABI

Kak BumHO u3 TaOmUIBl, COCTaBICHHONM Ha OCHOBE pE3yJIbTaTOB HCCIEI0BATEIbCKON
paboThI, XapaKTEPUCTUKH BEIICCTB, KOAryJISAIHOHHAS 3()PEKTUBHOCTH KOTOPBIX OMPEICISICTCS,
CIWJIBHO OTIMYAIOTCS ApYyr oT Jpyra. Kak ymomuHaercs BO MHOTOM TEXHHYECKOW JUTepaType
[1-15], cwimkaTHBE, XJOPHAHBIE U CyJdb(paTHbIE COJIM JKele3a W AIIOMUHHS, OBICTPO
MOABEPraloOIIMecs] THAPOIU3Y B BOJE€ M 00pa3yrolive THAPOKCUIBHBIE COCAMHEHUS, 00J1alaioT
pPa3IMYHBIMM  KOAryJIALMOHHBIMM CBOWCTBAMHU B Pa3lIMYHBIX CpelaX M KOHIEHTpaIUsX.
['uapokcuiibHBIE COEIMHEHMS] METAJUIOB, OoOpasyromuecs B pe3yjbTare THAPOIN3a ITHUX COJIEH,
ocenatoT Ha qHO mpoOsl [ICB, moaBepraromeics o4YnuCTKe, OTAENSAS OPraHUYECKUEe COSIUHEHHS OT
YCTOMUYMBBIX TUCTIEPCHBIX KOJUIOMAHBIX pacTBopoB, COHII oT BomHO# (a3bl, a Takke MPUTATHBAS
K cebe MexaHWYeckue coequHeHus. TeopeTnyeckoe OOBSACHEHHWE YKa3aHHOrO Mpoliecca
KOaryJisiuy, JOKa3aHHOE B pe3yJbTaTe HCCICIOBAHUN, IOJYYWIO HaydyHOEe OOOCHOBAaHHE B
TuTepaType, yKa3aHHOH BBIIIE, a TAaKXKe B nutepatype [16-23].

O} deKTUBHOCTH MpoIiiecca KOaryJsiiuy 3aBUCHT OT KAUECTBEHHBIX MTApaMeTPOB KOAryJysHTa,
€ro KOHCHCTEHIIMM, BPEMEHH IepEeMEIIMBAHUs, TEMIIEpaTyphl, CEJIEKTHUBHOCTU (IOKYyISHTA U
IJIAaBHBIM 00Pa30M OT ONPEIETICHUs ONTUMATIBLHBIX YCIIOBUM.

B xoxe uccnenoBanuii yCTaHOBIEHO, YTO HECMOTPS Ha TO, YTO PACTBOPHI XJIOPUAOB Keje3a
Y aTIOMHUHUS SBIAIOTCS 3G ()EKTUBHBIMU KOATYJISTHTAMU, BBIICISIONINICS B MPOIECCE KOATrysIIUN
ra3z HCI pacnpoctpansiercst B paboueil 30He u okpyxatouieil cpene. [loaromy sxonornyecku 6omuee
1es1ecoo0pa3sHo  MCIOJb30BaTh B KadecTBe KoaryiasHToB coiu FeSOgs, Aly(SOy)s u FeSiOy,
Aly(SiO4)s.

MoxHO 0000UIUTH CHEAyIOIIHe pe3yNbTaThl MPOBEACHHOro wucciaenoBanus: 5-10%
pacTBOpbl  3Kojormueckd  BakHoW comu  Aly(SO4); obnmamaror  HambOosiee  BBICOKHMH
KOAryJSIIHOHHBIMH CBOHCTBaMH.
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Xiilaso
Neft emali sanayesinin tullanti sularinin dorindon tamizlonmasinds ekoloji effektiv koaqulyantlarin miiayyan
edilmasi iiciin tadgiqatin apariimasi
Mbammadov R.Y., Haciyeva S.R., Bayramov Q.1., Cafarova N.M.

Acar sézlor:  neft emalr sonayesi, Sonaye, tullanti sulari, koaqulyant, tullanti neft Mohsullarimin qarisigi,
effektiv tomizlonma
Molum oldugu kimi, neft emali sonayesinin neft mohsullari garisigi olan sonaye tullant1 sulart ¢ox miirokkob
torkibo malikdir, mohz bu sobobdon bu sularin dorindon tomizlonmasi holo do miihiim ekoloji problem olaraq galir.
Heydor Oliyev adina Neft Emali Zavodunun (NEZ) orazisindon gotiiriilmiis EPS niimunslorinin bark maddoslordon asili,
metal birlosmalerinden darinden temizlonmasi iigiin ekoloji cohatdon samarali koaqulyantlarin miioyyen edilmasi liglin
laboratoriyada todqiqat islori aparmisdir. Todqiqat zamani miioyyon edilmisdir ki, torkibindo SONP olan EPS
niimunolori iiclin maddolorin koaqulyasiya effektivliyi asagida toqdim olunan sxemo uygun olaraq artir:
1) FeCl; — Fe,(S0,); = FeS0O, —» KAI(S0,), — AlCl; - Al,(S50,);
Silikat duzlarinin koaqulyasiya effektivliyi asagidaki ardicilligla artir:
2) Fe,(50,); — FeS0, — Al,(S0,)5
Yuxarida gostorilon maddalorin hor birinin 5, 10 vo 20% mohlullarindan istifado etmoklo SONP-don 100 ml
EPS niimunalarinin tomizlonmasi ti¢iin koaqulyasiya xiisusiyyatlorini toyin edarkon, on tosirli koaqulyant Al2(S04)3
asag1 konsentrasiyada 76,58% tomizlonma effektivliyini gostordi. SONP-lordon EPS niimunoslorini digor sinaq
maddolori ilo tomizloyarkon onlarin tomizlonms effektivliyi 55-65% toskil edirdi.

Summary
Conducting a study to identify environmentally effective coagulants for deep cleaning
of wastewater from the oil refining industry
Mammadov R.Y., Hajiyeva S.R., Bayramov G.I., Jafarova N.M.

Keywords: oil refining industry, industry, waste water, coagulant, mixture of waste oil products, efficient
cleaning

As is known, industrial wastewater (IW) of the oil refining industry (ORI), containing a mixture of petroleum
product waste (MPW), has a very complex composition, for this reason, deep purification of this water still remains an
important environmental problem. We have conducted laboratory research to identify environmentally effective
coagulants for deep purification of IW samples taken from the territory of the Heydar Aliyev Qil Refinery (OR) from
MPW, suspended solids, and metal compounds. During the research, it was found that for IW samples containing
MPW, the coagulation efficiency of substances increases according to the scheme presented below:

1) FeCl; — Fe,(S0,); = FeSO, —» KAI(S0,), — AlCl; - Al,(50,);
The coagulation efficiency of silicate salts increases in the following sequence:
2) Fe,(504); — FeS0, — Al,(50,)5

When determining the coagulation properties for cleaning 100 ml PSW samples from SONP using 5; 10 and
20% solutions of each of the above substances, the most effective coagulant Al2(SO4)3 showed a cleaning efficiency of
76.58% at a low concentration. When cleaning PSW samples from SONP using other studied substances, their cleaning
efficiency was 55-65%.
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ARTICLE INFO ABSTRACT
Article history: By processing wood ash and grass ash with sulfuric acid, nitric acid, or
Received 10.06.2025 phosphoric acid at 50-70°C, a fertilizer mixture rich in macro- and
Received in revised form 15.07.2025 microelements with a pH of 6.5-7.5 was obtained. Trials of this fertilizer
Accepted 21.09.2025 mixture on vegetables showed high productivity.
The article is dedicated to the analysis of wood and grass ashes, their
Keywords solubility properties in water and acids, and their application as

ash, coal ash, wood ash, charcoal ash, fertilizers.[1]
grass ash, single superphosphate,
double superphosphate

Although most plant ashes, composed of inorganic substances, are rich in nutrient elements,
their basic nature (pH 9-12) can cause plants to stop developing and dry out upon absorption. When
solid and liquid fuels contain few organic compounds, the ash components increase. As shown in
the table below, ash content varies depending on the type of fuel.

Table 1.

Type of fuel Ash Content (%)

Oil shale 45-80
Coal (black) 2-50
Brown coal 5-55

Peat fuel 2-30
Wood fuel 0,8-1,3

Fuel oil 0,2-1

As seen from the table, 45+80 tons of ash components are obtained from every 100 tons of
oil shale used as fuel. In contrast, fuel oil contains only 0.2-1% ash elements. Unlike other ashes,
fuel oil ash contains 23-25% sodium salt of vanadium acid (NasVVO,), which is a valuable raw
material for vanadium and its compounds.

The composition of coal ash includes the following inorganic substances (in % composition) [2].

Table 2.
Sio, 54,3%
Al,O3 27,9%
Fe,O3 6,6%
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CaO 5,8%
MgO 1,85%
K,0 1,1%
Na,O 1,0%

The remaining 1.5% consists of compounds of heavy metals (such as Ar, U, Hg, Ba, Zn, Rn,
etc.). This mixture of compounds is currently used, to a small extent, for neutralizing acidic gases.
According to reports [4], the amount of arsenic (280,000 tons) and uranium (224,000 tons) released
from burning 2.4 billion tons of coal and 0.9 billion tons of brown coal is seven times the global
extracted quantities of arsenic (40,000 tons) and uranium (30,000 tons). [3]

Ash contains other mineral substances needed by plants—phosphorus, calcium, magnesium,
sulfur, boron, manganese, and various macro- and microelements .[4]

When burning 100 tons of oak, walnut, ash, or chestnut wood, 1.3-1.4 tons of ash are
produced, while 0.9+1 ton of ash is obtained from 100 tons of coniferous wood or linden and
willow wood.

Broadleaf wood ash contains 17-19% potassium carbonate (K,CO3) along with 9-12% of
calcium, magnesium, phosphate, silicon, and other microelement compounds.

In coniferous wood ash, there is 10-12% potassium carbonate and 4-6% calcium,
magnesium oxides, phosphates, and microelements.

From this data, it is clear that wood ash, especially from broadleaf trees, is rich in potassium,
calcium, magnesium, phosphates, and plant-essential microelements.

The ash of broadleaf wood or its charcoal contains 16-18% potassium carbonate, with the
remainder comprising silicon dioxide, aluminum oxide, and plant-absorbable microelements.

Thousands of tons of ash, a raw material rich in fertilizer, are discarded annually in Baku
from restaurants, banquet halls, and cafeterias. Since potassium carbonate (K,COs3) has a basic
nature (pH-10.5), despite its high nutrient content, plants tend to dry out. By converting the potash
in ash to potassium nitrate or potassium sulfate, the resulting solution becomes neutral (pH-7),
making it easily absorbable by plants. The exothermic neutralization process completes with the
following reaction:

K,CO3 + 2HNO; — 2KNO3;+ CO,+ H,0O
K,CO3z + H,SO, — K,SO4+ CO; + H,O

From our experiments, it was observed that when nitric acid is added in 30% excess of the
equimolar amount of potash, the calcium carbonate in the solution converts to calcium nitrate
(Ca(NOs),), creating an acidic environment (pH-6) that optimally supports the growth of potatoes
and legumes.

Since potatoes contain high amounts of sulfur compounds (xanthates, sulfur proteins), the
ash is treated with sulfuric acid in an equimolar amount relative to potassium, converting it to
potassium sulfate. After adjusting the calcium carbonate (CaCOs3) content in the solution with an
appropriate amount of nitric acid, the acidic calcium nitrate (Ca(NO3),) in the mixture achieves a
pH of 5-6, providing optimal conditions for potato growth.

Potash (K,CO3) in the ash is a powerful antibacterial and disinfectant compound. By using
it to dust a chicken coop once a month, the potash in the ash effectively disperses as a powder,
acting as a contact and systemic treatment. Additionally, spraying apple, quince, pomegranate,
plum, and peach trees weekly during the flowering period, either with dry ash or an aqueous
solution, prevented worm infestation in the fruit.

Currently, tree leaves are either burned, turning into carbon dioxide, or discarded in
landfills. Leaves contain 4% nitrogen, potassium, calcium, and magnesium ions, but no phosphorus.
Our experiments demonstrated that by plowing wet leaves into the soil, they decompose within four
months, turning into humus and enriching the soil’s fertility.
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Using organic materials as fuel contributes to global warming, producing millions of tons of
carbon dioxide. Carbon dioxide, being 1.5 times heavier than air, spreads along the ground, trapping
infrared radiation from the sun. Consequently, the Earth's surface heats up, gradually melting the
planet’s four glaciers (Antarctica, Arctic Ocean, Greenland, and tundra glaciers).

To mitigate such harmful processes, it is crucial to transition to a green economy (planting
forests, orchards, and conducting agricultural practices) and develop syntheses based on carbon
dioxide (such as urea production).

Bone ash [Cas(OH)(PO,)s] is also a valuable fertilizer raw material composed of calcium
phosphate. When treated with sulfuric acid at 50-60°C, bone ash produces single superphosphate
fertilizer.

C&3(PO4)2+ 2H,S0, — Ca(H2PO4)2+ 2CaS0y,

Processing this ash with nitric acid is more valuable, as it produces a water-soluble complex
fertilizer containing three micronutrients (N, P,Os, CaO).

Cag(PO4)2+ 4HNO; — Ca(H2PO4)2+2C3(N03)2

Since coal ash is rich in silicon dioxide (50-55%) and aluminum oxide (25-28%), it can be
used as a raw material for these compounds.

It is known that pool water is disinfected weekly with 0.5 liters of chlorinated water
(NaOCl) containing active oxygen. A 500 ml solution containing 25% potash can disinfect 45 m?® of
pool water and keep it clean for 10 days.

Our scientists processed a fertilizer with an acidic pH (4.5) by treating the oxidizing
component of rocket fuel (76% pure HNO3, 24% N,0,) with CaCO3. By mixing this fertilizer with
wood ash, our team created a neutral complex fertilizer by adding 1.5 kg of ash to every 10 liters of
fertilizer solution.

Grass ash is particularly valuable as a fertilizer because it contains potassium and calcium
ions in the form of carbonates.

Currently, thousands of tons of ash from wood and coal burned in restaurants, banquet halls,
and homes are disposed of in landfills each year, causing environmental strain. From our
experiments, we found that every 11 kg of walnut, ash, or chestnut charcoal produces 1 kg of pure
ash. Oak charcoal yields 1 kg of ash from 12 kg of charcoal. This ash is 12% soluble in water, 14—
16% soluble in sulfuric acid, and 78% soluble in nitric acid. Our experiments indicate that 50 ml of
concentrated sulfuric acid (density 1.83) is required to completely neutralize 100 g of ash. Grass
and straw ash contain 19-21% potassium carbonate and 9-11% compounds with calcium,
magnesium, phosphate, borate, and other microelements. Burned roots contain a higher level of
phosphate ions.

Depending on the composition, plant ash can be treated with sulfuric, nitric, or phosphoric
acid in amounts equivalent to its potassium, calcium, and magnesium ions. By mixing for 10
minutes at 20-50°C, a water-soluble complex fertilizer can be obtained and used in agriculture to
yield abundant crops. Our experiments show that adding 5 liters of water to 2.15 kg of ash at room
temperature, followed by 1 liter of 96% sulfuric acid, results in an exothermic reaction that converts
83% of the ash components into sulfates, creating a valuable fertilizer mix (complex fertilizer) for
legumes and potatoes. We applied this fertilizer by spreading 5 kg of it, along with 3 kg of urea and
300 kg of poultry manure, on a 100 m? potato field. After softening the soil, we planted the potatoes
and watered the plot four times in Absheron region. The yield was 300-340 kg per 100 m?, a
globally high result. The sulfate ions in this fertilizer are converted by potatoes and legumes into
valuable proteins like mellitin and xanthates.

When ash is treated with sulfuric acid at room temperature, an exothermic reaction first
produces the acidic salt KHSO,.

K,CO3 + 2H,S0O, — KHSO, +CO, +H-,0

This salt is highly hydrophilic (dissolving 47 g in 100 ml of water at 20°C), and through a

dual-dissolution process, it dissolves calcium carbonate (CaCQO3) in the soil, which is otherwise
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water-insoluble. This promotes the synthesis of high-molecular-weight carbohydrates (cellulose
amine, lignin), thereby supporting the intensive growth of plants. The calcium and magnesium ions
in the ash also react with sulfuric acid to form calcium sulfate and highly hydrophilic MgSQ,,
accelerating the dissolution of components. The neutralization reaction with the acid proceeds as
follows:

CaCO;3 + H,SO, — CaSO4 + H,O +CO»

MgCO3+stO4 — MgSO4 +CO,+H,0

When ash is treated with nitric acid at room temperature, all carbonates are converted into
easily soluble nitrates [KNO3, Ca(NOs),, Mg(NO3),]. This complex fertilizer mixture can be used
for cereal crops and vegetables without adding additional fertilizers. When treated with phosphoric
acid, the resulting phosphorus-rich fertilizers, supplemented with nitrogen fertilizers, can be applied
as nutrients for oilseeds (such as sunflower and soybean) and cereal crops.

It is known that most nitrogen fertilizers [NH,NO3, (NH,4)2SO,, (NH4)sPO,4, (NH;),HPO,]
(except urea) are acidic in nature (pH 4-5.5). By applying 1 kg of ash per 4 kg of such acidic
fertilizers on farmland, the soil solution’s pH was balanced to 6.5. Neutral soil conditions are fully
suitable for cultivation, and all plants thrive in such an environment. At this stage, a neutralization
reaction occurs without any loss, as shown below.

K2C03+2NH4N03—>mH4)2C03 + KNO;

An ash suspension (aqueous solution of ash) can neutralize acidic gases (NOx, SO;)
produced in industrial processes, thereby protecting the environment from pollution while
simultaneously creating a valuable fertilizer mixture. This ash solution has a high capacity for
absorbing acidic gases due to its ample absorbent components.

It is known that acidic soils are usually neutralized by applying calcium carbonate sand. Our
experiments have shown that spreading wood ash on such soils not only neutralizes the acidity but
also allows the K,COz3 in the ash to react with acidic precipitates like AIPO, and FePO, in the soil.
Through the following reaction, these compounds become water-soluble and are easily absorbed by
plants:

3K,CO3 + 2AIPO, + 3H20—>2K3PO4+2A|(OH)3+3C02

It is known that wastewater containing biogenic elements leads to eutrophication, causing
the formation of green algae, which negatively impacts aquatic life and the surrounding
environment. Adding 15+25 grams of coal ash to 10 liters of such wastewater prevented
eutrophication for several months.

Due to its strong disinfectant properties, applying ash water to trees in February and March
helps eliminate certain diseases in trees. Ash itself also has beneficial effects on plant diseases (like
phytophthora); when it enters the soil, it becomes a neutral potassium-rich fertilizer due to the soil's
buffering capacity.

Bone ash is an ecologically clean source, containing 90-95% calcium phosphate
(Caz(PO,),). Our experiments have shown that 5 kg of dry bone produces 4.1 kg of ash. When this
ash is processed with phosphoric acid at 60-70°C, an environmentally friendly double
superphosphate fertilizer is produced:

2C&3(PO4)2+8H3PO4+6H20—>6Ca (H2P04)2'H20

When bone ash is processed with sulfuric acid at 60-70°C, it produces environmentally
friendly simple superphosphate fertilizer instead of harmful heavy metals (cadmium, selenium,
strontium, lead) obtained from apatite. When bone ash is processed with nitric acid, 82-86% water-
soluble calcium dihydrophosphate and calcium nitrate are obtained. Because these compounds are
easily soluble in water, plants can readily absorb them and grow rapidly.

Furthermore, since bone ash consists of pure calcium phosphate, it can be used as an
additive (component) in poultry and livestock feed.

Plant ashes, being difil molecules (hydrophilic and hydrophobic), significantly reduce the
surface tension of water, making absorption (uptake) by plants easier.
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It has been found that when 1.6 kg of ash is added to 10 kg of acidic (pH 4.5-5) poultry
manure, the pH — 7 of the solution becomes , which is a normal absorption environment for all
plants.

To address the economic efficiency and sustainability of ash utilization methods, it is worth
highlighting that fertilizers obtained from ash will lead to rapid growth of plants, higher crop yields,
reducing costs for farmers and significantly increasing profits, which will create a beneficial impact
not only for farmers, but also for the country’s agricultural productivity. Given the focus on food
security, this approach aligns directly with several of Sustainable Development Goals of the UN,
notably SDG 1 (No Poverty), SDG 2 (Zero Hunger) and SDG 12 (Responsible Consumption and
Production).

For poultry farmers, this closed loop—where ash is recycled from crop waste to soil—
supports both economic and operational efficiency. In addition, the integration of ash-based
fertilizers, which are then used as poultry feed, into crop production supports a circular economy
model that increases resource efficiency and reduces input costs.

Futhermore, bone ash, which is used as a feed supplement for poultry and livestock,
improves the health of animals, produces ecologically clean food, and reduces feed-related
expenses, especially the need for chemical fertilizers. As global populations grow and consumption
accelerates, the use of ash in this direction is of great economic importance. By promoting resource-
efficient, low-waste farming methods, ash applications also contribute substantially to advancing
sustainable agriculture.
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Xiilasa
Miixtalif nov kiillarin atilmasi iisullar: va iqtisadi somarsliliyi
Ohmadova R.R., Hasanov H.M., Hacryeva X.A., Seyidova G.M., Omirova R.M.,

Acar sozlar: kiil, komiir kiilii, odun kiilii, ot kiilii, stimiik kiilii, sada superfosfat, ikigat superfosfat.

Agac kiiliiniin azot, kiikiird vo fosfor tursulari ilo 50-700 dorocs istilikde miialicasi bitkilor ii¢lin lazim olan
biitiin gidalar1 ehtiva edon kompleks giibro oldo etmoys imkan verir. Agac Kiilii vo ot kiilii azota olave olaraq biitiin
makro vo mikroelementlari ehtiva edir vo siimiik kiilii ekoloji cohatdon tomiz kalsium fosfatdir. Siimiik kiilii fosfor vo
kiikiird tursular ilo 50-700C temperaturda iglondikds ikiqat vo sado superfosfatlar aldo edilir. Siimiik kiiliiniin azot
tursusu ilo 50-600c temperaturda qarsiliqli tosiri kalsium dihidrofosfat vo kalsium nitratin amoslo golmosine sabab oldu.
Bu giibralarin kartof iizerinds sinaqdan kegirilmasi kartofun yiiksok mohsuldarligini gostordi

Pe3ome
MeToanl yTHIH3ANNA ¥ IKOHOMHUYECKAS 3PPeKTHBHOCTH PA3THYHBIX BUIOB 30J1bI
Axmeoosa P.P., I'acanoe I M., I'aoscuesa X.A., Ceuoosa I M., Amupoea P.M.

Knrwouegvle cnoea:. 3ona, yzonvHnas 301a, OpeBecHAs 3014, MPAsAHAs 3014, KOCMAHASL 301d, NPOCMOU

cynepgocgam, 0gotinotl cynepgocgam.

OO6paboTka JpeBecHOW 30JbI a30THOMW, CepHOM W QocopHOH KuciaoTamu mpu Temreparype 50-700°C
MIO3BOJISIET TOJYYNTHh KOMIUIEKCHOE yN0OpeHne, cojepikalee Bce HEOOXOANMBIE PACTCHHSIM IHUTAaTENIbHBIE BELIECTBA.
JlpeBecHast 30112 W 30J1a TpPaB COJEpKAaT BCE MAKpO- M MHKPOIEMEHTHI B JOMOJHEHHE K a30Ty, a KOCTSHas 30Jja
SIBISIETCSL 9KOJIOTMYEeCKH 4YHCTBIM (ocaTom kambums. [Ipum 0OpaboTke KOCTSHOH 30i7bI (OCHOpHOH W CepHOH
kuciortamu nipu temneparype 50-700C nonyuarorcst qBOMHBIE U pocThie cynepdocdaTsl. B3aumoneiicTBie KOCTIHON
30JIbI C a30THOW KHCiI0TOH 1pHu Temneparype 50-600C mpuseno k oOpazoBanuto auruapodocdara Kanblus U HATpaTa
KaJbIyA. VcTibITaHus 5THX yA0O0peHU Ha KapTodese MoKa3all BEICOKYIO YPOXKaHHOCTE KapToders.

53



Scientific News - Series for Natural and Technical Sciences 25 Issue 3 (2025)

journal homepage: www.ssu-scientificnews.edu.az

UOT 504.75 DOI 10.54758/16801245_2025 25 3 54

Iqlim dayisikliklari va onun Azarbaycanda tabii ekosistemlara tasiri

Karimova Aygiin Ohmad

Azorbaycan Dillor Universiteti, Baki, Azarbaycan, bas miiallim
aygunaskerova@mail.ru

MOQALO HAQQINDA MOLUMAT XULASO
Magalanin tarix¢asi Maqalada iqlim dayisikliyinin  Azorbaycamin tabii ekosistemloring tosiri
Daxilolma tarixi: 02.06.2025 miizakira olunub. Qlobal istilagma vo antropogen amillar naticasinda olkado
Diizalis tarixi: 01.07.2025 temperaturun artmasi, yagis rejiminin dayismaSi Va su ehtiyatlarinin azalmasi
Qabulolunma tarixi: 17.09.2025 miigahida olunur. Bu dayisikliklar bitki ortiiyiiniin qurulusuna va yayilmasna,
heyvanlarin  yasayis miihitino tosir gostorir Vo su  ekosistemlarinin
Acar sozlor dayamqlhigin azaldir. Magaloda hamginin Azarbaycamin iglim doyisikliyi ilo
iqlim dayisikliklori,Azorbaycanda miibarizo  sahasindo  beynalxalg ohdoliklori, milli  ganunvericilik  va
iglim,tobii ekosistemlar,global strategiyalar, ekosistem yanagmasi, te"xnoloji hallor Vo ictimai stiurun
istilosma, biomiixtaliflik,su artirdmast tadbirlori toqdim olunub. Ofkanin ekoloji dayaniqligini tomin
ehtiyatlari,ekoloji dayanighiliq etmak ii¢iin monitoring va uygunlagma tadbirlarinin giiclondirilmasi lazimdwr

Son onilliklordo diinyada iqlim doyisikliklori qlobal miqyasda comiyyatlorin vo tobii
sistemlorin qarsisinda duran on ciddi cagirislardan birina ¢evrilmisdir. Temperaturun artmas,
yagint1 rejiminin doyismosi, ekstremal hava hadisslorinin tezlogsmasi vo digor iglimlo baglh faktorlar
tokco insan saglamligina vo iqtisadi foaliyysto deyil, hom do tobii ekosistemlorin sabitliyina vo
davamliligina birbasa tosir gostormokdadir[1]. Xiisusilo hassas cografi bolgalords yerlogon dlkalor
ticlin bu proses daha tohliikalidir.

Azorbaycan da bu prosesdan konarda qalmamigdir. Olko orazisi miixtolif iqlim qursaqlarinda
yerlosmosi, zongin biomiixtalifliyo malik olmasi vo miirokkab relyef qurulusuna sahib olmasi
sabobilo iglim doyisikliklorino qarst xilisusilo hossasdir. Son illordo miisahido olunan temperatur
artimi, yagintilarin geyri-barabor bolgiisii, ¢aylarin aximinda azalma va su ehtiyatlarinin tiikonmasi
Azorbaycandaki tobii ekosistemlorin funksionalligina manfi tosir gostormokdadir.

Bu elmi moqalonin moagsadi, iqlim dayisikliklerinin Azerbaycanda tobii ekosistemlors olan
tosirini tohlil etmok, konkret niimunolor asasinda bu tesirlorin tabioto neco sirayot etdiyini izah
etmok vo eyni zamanda uygun adaptasiya vo miibariza tadbirlori barads tovsiyolor toqdim etmokdir.
Tadqgigat prosesinds ham beynolxalq, hom do yerli monbalordon istifads olunacaq vo miivafiq elmi
istinadlar osasinda aragdirmalar aparilacaqdir.

Iqlim dayisikliklorinin iimumi xarakteristikasi

Iqlim doyisikliklori termini Yer sothinds uzunmiiddotli hava soraitindo bas veron davamli
doyisikliklori ifado edir. Bu doyisikliklor asason atmosferin istilik balansindaki doyisikliklor, okean
axinlarinda geyri-sabitliklor vo giinos radiasiyasi ilo bagl faktorlarla alagelondirilir. Bununla bels,
miiasir dovrds iqlim dayisikliklorinin asas sababi antropogen — yani insan faaliyysti ilo slagodar
amillordir.

Sonayelogsma ddvriiniin baslangicindan etibaron atmosfers atilan karbon qazi (CO;), metan
(CH,), azot oksidlari (NOy) va digor istixana qazlarinin miqdari siiratlo artmisdir. Bu gazlar Yer
atmosferindo istixana effekti yaradaraq istiliyin atmosferdo tutulmasina sobob olur vo noticods
qlobal orta temperatur yiiksolir. Bu fenomen “qlobal istilosma” adlanir vo iglim dayisikliklorinin an
bariz tozahiirlorindon biridir.

Iglim doyisikliklorinin osas xiisusiyyatlorino asagidakilar daxildir:
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» Qlobal orta temperaturun artmast — 20-ci osrin sonlarindan bari Yer kiirosinin orta

temperaturu toxminon 1,1°C artmisdir[2].

» Ekstremal hava hadisalorinin artmasi — istilik dalgalari, giiclii tufanlar, dasqinlar vo

quragliglarin daha six vo siddotli hal almas.

» Buzlaqlarin orimasi vo doniz soviyyasinin qalxmasi — xiisusilo Qrenlandiya vo Antarktika

buzlaglarinda shomiyyatli arimo miisahids olunur.

» Ekosistemlorin pozulmast — bir ¢ox canli ndvlorinin moskunlagsdigi orazilords

doyisikliklor, migrasiya vo hatta nasil tilkonmasi hallarinin artmas.

Beynolxalq toskilatlar, xiisusilo BMT-nin Iqlim Dayisikliklori {izro Hokumaotloraras: Paneli
(IPCC), bu doyisikliklorin qarsisin1 almaq vo adaptasiya todbirlori gérmok {i¢iin 6lkolor arasinda
koordinasiyali todbirlorin hoyata kecirilmosini vacib sayir [3]. Elmi osaslara sdykonon bu
molumatlar gostorir ki, ogor istilosmo tendensiyasi davam edorso, yaxin onilliklords iglim
sistemindo donmoz doyisikliklor bag vers bilar.

Azdrbaycanda miisahids olunan iqlim dayisikliklori

Azorbaycan cografi movqeyina goro Sorqi Avropa ilo Qorbi Asiya arasinda yerlogir vo
miixtolif iqlim tiplorinin miisahids olundugu nadir 6lkolordon biridir. Respublika orazisindo 9 iglim
tipi movcuddur ki, bu da onu iglim doyisikliyino qars1 son doraco hossas edir. Son onilliklorda
Azorbaycanda aparilmis meteoroloji miisahidslor iglim doyisikliklorinin artiq real sokilds 6ziinii
gostordiyini siibut edir.

Azorbaycan Respublikasinin Ekologiya vo Tobii Sarvetlor Nazirliyinin malumatina goro,
0lko orazisindo son 30 il arzinds orta illik temperatur toxminon 0.4—0.8°C yiiksolmisdir. Xiisusilo
aran rayonlarinda vo Xozoryani bolgolords bu artim daha qabariq sokilds hiss olunur[1]. Bu artim
tokco yay movslimiinds deyil, hom do qis vo yaz aylarinda miisahido olunmusdur, bu da vegetasiya
ddvriinlin uzanmasina vo ekosistemlordo balansin pozulmasina sabab olur.

Bundan olavo, yagintilarin illik bolglisiindo do ciddi doyisikliklor geyde alinmisdir.
Azorbaycanin bazi dagstoyi vo dagliq arazilorinds yagimntilarin azalmasi, aran srazilorinds iss geyri-
miintozom paylanmasi torpaq eroziyasi, su c¢atismazligi vo kond tosorriifatinda mohsuldarligin
azalmasi ilo noticolonir. Kiir vo Araz caylarinda su soviyyssinin azalmasi, xiisusilo yaz-yay
aylarinda ¢ay axininin zsiflomasi miisahids olunur ki, bu da su ehtiyatlarina ciddi tazyiq yaradir.

Iqlim doyisikliklorinin digor bariz niimunasi Xozor donizindo miisahido edilon soviyya
doyismoloridir. Son illordo doniz soviyyasinin enmosi miisahido olunmus vo bu proses sahil
ekosistemloring, homginin sahilyani yasayis montogoaloring tosir gdstormaye baglamisdir. Doniz
saviyyasindaki dayisikliklor ham ekoloji, hom ds iqtisadi baximdan strateji shomiyyat dasiyir.

Biitiin bu amiller onu gdstorir ki, Azorbaycan orazisinds iqlim dayisikliklori artiq noazori
deyil, praktik vo hiss olunan bir realligdir. Bu doyisikliklorin tobii ekosistemlora tosirini
dayarlondirmok vo zoruri tadbirlor plan1 hazirlamaq {igiin elmi osaslara sdykonon tohlillore ehtiyac
vardir.

Tabii ekosistemlors tasiri

Iqlim doyisikliklori Azorbaycanda tobii ekosistemlorin strukturuna vo funksionalligina
coxsaxoli tosirlor gostorir. Bu tosirlor bitki Ortliylindon baslayaraq heyvanat alomino vo su
ehtiyatlarina godor genis ohato dairasino malikdir.

Bitki ortiiyii

Temperaturun yiliksolmasi vo yaginti rejiminin doyismasi noticosindo Azorbaycanda bitki
ortliyliniin torkibi vo moskunlasdigi saholordo ciddi doyisikliklor miisahido olunur[3]. Masalon,
dagliq zonalarda bozi soyugseveor novlorin yayilmasi mohdudlasir, ¢6l vo aran zonalarinda iso
quragliga davamli ot vo kollarin payi artir. Bu, ekosistemin biomiixtalifliyinin azalmasina vo nadir
bitki névlarinin nasil tohliikasi ilo iizlosmasina sabab olur.

Heyvanat alomi

Iqlim doyisikliklori heyvanlarin yasayis yerlorini doyismoyo macbur edir. Temperaturun
yiiksalmosi ilo olagadar soyuq iqlim soraitindo yasayan ndvlor yasayis sahalorini daha yiiksok
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relyefo dogru genislondirirlor. Bu, homginin bozi ndvlorin saymin azalmasina, digorlorinin isa
invaziv olaraq bolgoyo daxil olmasina gotirib ¢ixarir. Azorbaycanda bozi qus ndvlorinin kog
marsrutlarinin doyismasi, homginin nadir heyvanlarin nasil azalmasi miisahido olunmusdur.

Su ehtiyatlar

Iglim doyisikliyi su ehtiyatlarmin tiikonmosi ilo naticalonir. Kiir vo Araz ¢aylarinin aximinda
azalma, quragligin artmasi su ehtiyatlarinin istifadesindo ¢otinliklor yaradir[5]. Bu, tokco insan
ehtiyaclarini deyil, eyni zamanda suya bagli ekosistemlori da tohdid edir. Xiisusilo bataqliq va ¢ay
saholorinds suyun soviyyasinin asagi diismosi, homin arazilords yasayan flora vo fauna {iciin tohliiko
monbayidir.

Umumilikdo, iglim doyisikliklorinin tasiri noticosinda tobii ekosistemlords tarazliq pozulur,
biomiixtaliflik azalir vo ekoloji xidmatlorin keyfiyyoti pislosir. Bu sababdon 6lkemizds iglim
doyisikliklorino qars1 adaptasiya todbirlorinin hoyata kegirilmosi vo davamli ekosistem idaroetmasi
vacibdir.

Iqlim dayisikliyi ilo miibarizos vo adaptasiya todbirlori

Iqlim dayisikliklorinin Azarbaycanda tobii ekosistemlors tosirini minimuma endirmok vo bu
proseso uygunlagsmaq iiclin miixtolif soviyyolordo miibarizo vo adaptasiya todbirlori hoyata
kegirilir[4]. Bu todbirlor hom beynolxalq, hom do yerli soviyyado kooperasiya vo strategiyalarin
hazirlanmasini talab edir.

Qlobal v regional amokdashq

Azorbaycan, BMT-nin iqlim Dayisikliklori iizro Cargive Konvensiyast (UNFCCC) vo Paris
Sazisi kimi beynolxalq miigavilalorin torofdaridir. Bu ¢orgivolor c¢orgivesindo 6lko 6z milli
tohfolorini miioyyanlosdirarak, istixana qazlarimin emissiyasinin azaldilmasi vo iglime davamli
inkisaf istigamatindo addimlar atir.

Qanunvericilik vo milli strategiyalar

Azorbaycanda iglim siyasatinin tonzimlonmasi maqsadilo bir sira gqanunvericilik aktlart vo
strategiyalar qobul edilmisdir. “Milli iglim siyasoti” vo “Davamli inkisaf strategiyasi” kimi sonadlor
ekosistemlorin qorunmasi va iqlim doyisikliyino adaptasiya masalslorini 6ziinds ehtiva edir.

Ekosistem asash yanasmalar

Tobii miihitin qorunmast vo baorpast iqlim doyisikliyi ilo miibarizonin vacib hissasidir.
Mesolorin, bataqliglarin vo su hdvzelorinin barpast biomiixtalifliyin qorunmasma vo karbon
tutumunun artirilmasia xidmot edir. Azorbaycanda Milli Parklar vo Qoruglar sistemi iglim
dayisikliklorinin manfi tosirlorine qars1 dayaniqli ekosistemlorin formalagmasina imkan yaradir.

Texnoloji va innovativ hallor

Enerji sektorunda borpa olunan enerji menbalorinin totbiqi vo enerji somoraliliyinin
artirtlmasi istixana qazlarinin azaldilmasia boyiik tohfs verir. Eyni zamanda, kond tosarriifatinda
suya qonast edon texnologiyalarin totbigi, torpagin eroziyaya qars1 qorunmasi vo aqroekoloji
todbirlor adaptasiya strategiyalarinin miithiim elementloridir.

Maarifloandirms vJ ictimai istirakcilhiq

Iqlim doyisikliyi ilo miibarizodo ictimaiyyatin maariflondirilmosi vo yerli icmalarin
prosesloro colb edilmosi ohomiyyatlidir. Bu sahodo tohsil programlarinin hazirlanmasi, KiV
vasitasilo molumatlandirma va yerli toadbirlorin togkili davamliliq magsadlarine ¢atmaga komok edir.

Natica va tovsiyalar

Bu moqalodo iqlim doyisikliklorinin Azorbaycanda tobii ekosistemloro olan tosiri tohlil
edilmigdir. Arasdirma gostorir ki, 6lkomizds son illordo miisahido olunan temperatur artimi, yaginti
rejiminin dayismasi va su ehtiyatlarinin azalmasi ekosistemlorin strukturunda va funksionalliginda
ciddi doyisikliklora sobob olmusdur. Bitki vo heyvan ndvlerinin moskunlagmasinda miisahido
olunan dayisikliklor, su ehtiyatlariin tiikonmasi vo biomiixtalifliyin azalmasi 6lkonin ekoloji
dayanigligini zaifladir.

Bununla yanagi, Azorbaycan beynolxalq razilagmalara qosularaq, milli qanunvericilik
bazasini giiclondirorak vo adaptasiya tadbirlorini hoyata kecirorok iqlim dayisikliyi ilo miibarizada
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aktiv rol oynamaqdadir. Lakin iqlim doyisikliyi qlobal vo miirokkab bir problem oldugundan,
davamli vo somorali todbirlorin hoyata kegirilmoasi ligiin daha genis todqiqatlar vo resurslar tolob
olunur.

Golocokdo asagidaki tovsiyolorin hoyata kecirilmosi 6lkomizin tobii ekosistemlorinin
qorunmasi vo davamli idara olunmasi {igiin zoruridir:

v Iqlim doyisikliklorino dair milli malumat bazalarinin yaradilmas1 vo davamli monitoring

sistemlorinin qurulmasi.

v" Ekosistemlorin qorunmasi vo barpasi sahasindo proqramlarin genislondirilmasi, xiisusilo

biomiixtalifliyin qorunmasina yonolik todbirlor.

v Kond tosarriifatinda iglimo davamli texnologiyalarin totbigi vo su resurslarinin somorali

idara olunmasi.

v Ictimaiyyatin iqlim dayisikliyi mévzusunda maariflondirilmosi vo ictimai istirak¢iligin

artirtlmasi.

v Qlobal iglim siyasatindo aktiv istirakin davam etdirilmosi vo beynalxalq omokdashigin

giiclondirilmasi.

Yekun olaraq, iqlim doayisikliklori ilo miibarizo hom ekoloji, ham ds sosial-igtisadi baximdan
Azorbaycan iiciin prioritet mosaladir. Bu istigamotds davamli elmi todqiqatlar, qanunvericilik
dostoyi vo ictimai dostok Slkomizin tobii sorvetlorinin qorunmasi va golocok noasillors saglam
ekosistemlorin Gtiiriilmasi tiglin osas amillordir.
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Summary
Climate Change and Its Impact on Natural Ecosystems in Azerbaijan
Karimova A.A.

Keywords: climate change, climate in Azerbaijan, natural ecosystems, global warming, biodiversity, water
resources, ecological sustainability

This article examines the impact of climate change on the natural ecosystems of Azerbaijan. Due to global
warming and anthropogenic factors, the country has experienced rising temperatures, altered precipitation patterns, and
decreasing water resources. These changes affect the structure and distribution of vegetation, the habitats of wildlife,
and reduce the resilience of aquatic ecosystems. The article also presents Azerbaijan’s international commitments to
combat climate change, national legislation and strategies, ecosystem-based approaches, technological solutions, and
public awareness initiatives. Strengthening monitoring and adaptation measures is essential to ensure the country’s
ecological sustainability.

57



Karimova A.O. | Scientific News 25 Issue 3 (2025)

Pesrome
HN3meHeHne KJIMMATA U ero BJMAHUE HA PHPOJHBIE IKOCHCTEMbI B A3epOaiifKkaHe
Kepumoea A.A.

Knrwouegvie cnosa: usmenenue kaumama, xiumam 6 Asepbdaiiodxcane, npupooHvie dKOCUCEMbL, 2100aNbHOE
nomenaenue, 6uopazHoobpasue, 600HbIe PecypChl, IKOJIOSUUECKAS, YCMOUYUBOCb

B craree paccMoTpeHO BIMSHHME W3MEHEHHUS KiIMMara Ha IPHUPOJHBIE 3KOCHCTEMBI AsepOaiimkana. B
pe3ynbTare rJI00aibHOr0 MOTEIUIEHHS] M aHTPONIOI€HHBIX (JaKTOPOB B CTpaHe HAOJIONAETCs HOBBIICHUE TEMIIEPaTypHl,
U3MEHEHHE peXUMa OCaJAKOB M COKpAaleHHE BOAHBIX PECYpCOB. OTHU H3MEHEHMS BIUSIOT Ha CIPYKTypy U
pacrpocTpaHeHHe pacTUTEIBHOIO MTOKPOBA, Ha cpeay OOMTaHUsI )KUBOTHBIX, @ TAK)KE CHIDKAIOT YCTOWYHMBOCTD BOJHBIX
sKocUcTeM. B crarbe Takke NpelCcTaBiIeHbl MEXAYyHapOIHble 00s3aTenbcTBa AzepOaiimkana B obmactu OOpHOBI C
U3MEHEHHEM KJIMMaTa, HallMOHAJIbHOE 3aKOHOJATEeNbCTBO M CTPATErMU, SKOCHCTEMHBIN MOAXOJ, TEXHOJOTHMUYECKHUE
pEIIeHHs U MEPHI TI0 MOBBIIICHUIO 00IECTBEHHONW 0CBEOMIIEHHOCTH. J{J1s1 00ecIiedeH s 3KOIOTHIeCKOH YCTOHUYNBOCTH
CTpaHbl HEOOXOANMO YCHIICHNE MOHUTOPHHTA U aAaNTAllHOHHBIX MeEp.
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MOQALO HAQQINDA MOLUMAT XULASO
Magalanin tarix¢asi Maqalada zaharli kimyavi maddalorin Gigiyenik normasinin 2sas prinsiplori
Daxilolma tarixi: 24.02.2025 miizakira olunur. Zahorli kimyavi maddalora zoharli maruz galma riskini
Diizalis tarixi: 02.05.2025 azaltmagin bir yolu kimyavi mahsullarin gigiyenik standartlagdirilmasidir.
Qabulolunma tarixi: 17.09.2025 Bazi kimyavi mohsullarda miiayyan sartlorda daha ¢ox zararli tasir gostaran

alavalor va garisiglar var. Uzvi halledicilar yiiksok zaharli alavalar olan
kimyavi mahsullara aiddir. Is sahasinin havasinda zararli kimyavi maddalarin

Acar sozlar

reqlamentlagdirilma, ekspozisiya
testlari, toksikoloji tadgiqatlar, tasirin
hadd konsepsiyasi, psixi-sosial
pozgunluglar, reproduktiv funksiya,

Gigiyenik normasi bir sira prinsiplor asasinda hayata kegirilir. Bu prinsiplara
toksikoloji tadgigatlar, tibbi va bioloji gostaricilarin asaslandwrilmasinda
moveud texniki imkanlardan va iqtisadi taloblordon iistiin olmas: daxildir
icazo verilon maksimum konsentrasiva (MPC), effektin eksperimental

s ) il b modellasdirilmasi, hamcginin  "zororli  tosirlori”  "sado  tosirlordan”
anserogen [asir, zorariiiiyin meyariart forglondirmak iigiin molekulyar, struktur va funksional dayisikliklorin vahdati
prinsiplori

Sonaye zohorlorinin istehsalat binalariniz  havasinda  gigiyenik normalagdirilmasi
(reqlamentlosdirilmasi) ilk dofs olaraq 1922-ci ildo kegmis Sovet Ittifaqinda kiikiird qazinin
miqdarimin 0,006 mg/l soviyyasinds toyin olunmasi ilo baglanmigdir. 1930-cu ilds iso ilk dofo “yol
verilon hodd konsentrasiyasi” (YVHK) is¢i zonasinin havasinda zororli kimyovi maddoslorin
gigiyenik normativi kimi totbiq olunmusdur [1].

Iscilorin daimi vo ya miivaqqgati yerlosdiyi sahanin sothindon vo ya désomanin soviyyasindon
2 m yiiksoklikds olan zona is¢i zonasi sayilir, zonanin havasi iso is¢i zonasinin havasi adlandirilir.

Isci zonasinin havasinda istehsalatla olagadar zororli kimyovi maddolorin gigiyenik
reqlamentlosdirilmasinin osas moagsadi homin maddoslorin YVHK-nin saviyyasinin elmi cohatdon
osaslandirilaraq gigiyenik normativ kimi tosdiq edilmosidir.

Isci zonasinin havasinda zorarli maddalarin yol verilon hodd konsentrasiyalar1 — YVHK el
konsentrasiyalardir ki, giindalik (istirahot giinlorindon basqa) 8 saatliq is zaman1 vo ya digor vaxt
davamiyyatindo, hoftodo 41 saatdan ¢ox olmamagqla biitiin is staji miiddotinds, is prosesinds vo ya
hoyatin sonraki dovrlorindo indiki vo golocok nasillordo miiasir todqigat tisullari ilo askar olunan
xostaliklor vo ya saglamliq vaziyyatinda ayintilor amala gotira bilmosin (DUIST 12.1.005-88).

YVHK sonaye obyektlorinin, istehsalat binalarinin, ventilyasinin, avadanligin
layihalogdirilmasinds, gabaqlayici (xaberdaredici) vo cari sanitar nazarstinin vo saglamlasdirici
tadbirlarin effektivliyinin qiymatlondirilmasi {i¢iin hiiquqi asasdir.

Laborator heyvanlar iizorinds aparilmis tacriibalarin naticaloring gors esaslandirilmis YVHK
gqanunvericilikdo nozordo tutulmus formada dovlst sanitar-gigiyenik normativi kmi tosdiq olunur.
Mabhiyyat etibari ilo doqiq olmayan bu normativ elmin inkisafi vo alava kliniki materiallarin aldo
olunmasi ils slagadar dayisdirils bilor.
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YVHK-dan basqa sanitar standarti kimi ‘“ekspozisiya test’-lorindon do istifado olunur.
“Ekspozisiya testi” bioloji YVHK kimi organizmin miixtolif bioloji miihitlorindo (qgan, sidik,
nofosvermo havasi, ana siidi, tiipiircok, tiik, dirnaglar vo s.) zororli maddonin vo ya onun
metobilitlorinin, zodolonon ferment vo substratlarin ifrat miqdarinin gostoricisidir. “Ekspozisiya
test”-lari toksikokinetik tisullardan istifads etmokls orqanizmo miixtalif yollarla daxil olan zohorin
iimumi miqdarini toyin etmoyo imkan vermosino baxmayaraq he¢ do YVHK-n1 ovoz etmir, beloki,
“ekspozisiya test”-lori ¢cox az miqdarda maddslor ii¢iin islonilmis vo gobul olunmusdur [3].

Zororli kimyovi maddolorin is¢i zonasinin havasinda gigiyenik reqlamentlosdirilmasi
profilaktik toksikologiyada parktiki tosdigini tapmis bir sira prinsiplor esasinda aparilir. Bu
prinsiplor asagidakilardir:

1. Toksikoloji tadqgiqatlarin aparilmasimnin homin maddolorin istehsalatda totbiq olunmasini
gabaglamaq prinsipi: bu dovlot sanitar nozarati iiglin osas prinsiplordon biridir. Bu prinsipa goro
hartarafli toksikoloji-gigiyenik qiymatlondirilmamis kimyovi madds vo ya mohsul istehsal vo
istehlak oluna bimoz.

2. Gigiyenik normativin (YVHK) oasaslandirilmasinda tibbi-bioloji gostoriglorin giiniin
texniki imkanlarindan vo iqtisadi toloblorindon {istiin tutulmasi prinsipi.

3. Tasirin hadd konsepsiyas1 prinsipi:

Biitiin kimyavi maddslor miioyyon bir hadd saviyyasinds 6z bioloji tesirlorini gostarirlor.
Bioloji substratin vo ya orqanizmin bir keyfiyyst voziyystino ke¢mosi kimyavi maddonin tasir
intensivliyinin els bir soviyyasinda bas verir ki, bu soviyys tosir haddi adlanir.

Orqganizmin hayat foaliyyastini sociyyslondiran ¢oxsayli gostoricilorin normal fizioloji hadlori
movcuddur. Kimyavi maddonin hodd tosiri noticosinds orqanizmin gostoricilori normal fizioloji
hodlor soviyyesindo doyisilo bilor ki, bu da organizmin doyisilon otraf miihiito adaptasiya
olunmasinin fizioloji osasini togkil edir. Eyni zamanda tesirin intensivliyi elo hadds ola biler ki,
omolo golon doyisikliklor normal fizioloji hadd ¢orgivesindon konara ¢ixaraq yeni bir keyfiyyot
vaziyyati yaratmis olsun, yani zorarlari tasir géstormis olsun [4].

Zorarli tasir haddi otraf miihitdo maddonin elo minimal konsentrasiyasidir (vo ya orqanizma
daxil olan doza) ki, onun tosiri ilo (konkret daxilma soraitinds) orqanizmds fizioloji uygunlagma
reaksiyalar1 ¢or¢ivasindon konara ¢ixan doyisikliklor vo yaxud gizli (miivoqgoti kompenso olunmus)
patologiya omalo golsin.

Maddoanin zorarli tesir haddi onun tosiri ilo orqanizmdos asagidaki slamatlorlo xarakterizio
olunan doyisikliklori amale goatiron konsentrasiya vo ya dozanin minimum miqdaridir:

- omolo golon doyisikliklor nozarot qrupundan statistik ohomiyyatli dorocodo forglonir
(p<0,05) vo tocriibi heyvanlarin todqiqat aparilan ilin fosli iiclin xarakterik olan fizioloji hodd
corcivosindon konara ¢ixir ( >26 );

- doyisikliklorin nozarst qrupu ilo statistik ohomiyyatli forqi yoxdur (p>0,05), lakin
funksional vo ya ekstremal yiiklomolordon istifado etmoklo organizmin otraf miihitlo
tonzimlonmasinin gizli pozulmasi (adaptasiya imkanlarmin daralmasi) miisahido edilir — doyisiklik
miivafiq normanin £26 hoddindon konara ¢ixir;

- doyisikliklor nezarot qrupundan statistik ohomiyyatli derocedo forglonmir (p>0,05),
fizioloji norma haddindon konara ¢ixmuir, lakin stabil olaraq miioyyon miiddoat qalir (1 aydan ¢ox).

Belaliklos, kimyavi qiciglandiriciya qarst orqanizmin har bir reaksiyasini zororli tosir hoddi
kimi qiymatlondirmok olmaz, tokco zorarlilik meyarlarina uygun (N.S.Pravdins gors - “gigiyenik
ohomiyyati” olan) reaksiyalar zarorli tosir hoddi hesab edilmalidir.

4. Gigiyenik normativlorin  osasiandirilmasit  Uiglin -~ zororli  tosirin  eksperimental
modellogdirilmosi  prinsipi: insanlarin  saglamligr iiclin  tohliikesiz  gigiyenik normativler
eksperimental heyvanlar (momolilor) {izorindo zororli tosirin  modellogdirilmasi  yolu il
osaslandirilir. Eksperimentlordo maddolorin real istehsalat soraitindo orqanizma daxil olma soraiti
yaradilir (daxilolma yolu, tosir rejimi, miiddati va s.). Eksperimentin modellagdirilmasinds tocriibi
heyvanlarin yas, nov, cinsi xiisusiyyatlori, eyni zamanda kombina olunmus, kompleks vo miistorak
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tosiri  nozore almmalidir. Son illords  toksikoloji-gigiyenik reqlamentlogdirmods  riyazi
modellogdirmo metodlarindan da genis istifado olunur [5].

5. “Sad tesirle” “zororli tosir” in differensasiyasi ticiin molekulyar, struktur vo funksional
doyisiklorin vohdatlik prinsipi asas gotiiriiliir. Bu prinsipe gora orqanizmin voziyystini xarakterizio
edon hor hansi bir gostaricinin fizioloji hadlor ¢or¢ivasindon konara ¢ixmasi maddonin totbiq olunan
dozada zorarli vo ya zororsiz tasir géstormasi barado miilahizs yiirlitmoys imkan vermir. Zorarli tosir
meyart noqteyi-nozorindon daha doaqiqi orqanizm saviyyesinde qiymotlondirilon inteqral
gostaricilorin doyisikliyidir. Eyni zamanda xarakterindon vo intensivliyindon asili olaraq ayri-ayri
orqan v sistemlorde gedon doyisikliklor, hiiceyra vo molekulyar saviyyade olan pozgunluqglar da
nozoro alinmalidir. Fizioloji-biokimyavi-morfoloji paralellorin aparilmasi, miisahido olunan
dayisikliklorin spesifikliyinin vo inkisaf istiqamotinin qiymatlondirilmasi, davamli tosir zamani
progressivlosmosi, davamlilig1 (borpa dovriindo), metabolitik vo toksikokinenetik parametrlorin
todqiqi hor hansi bir gostoricinin digor gostericilorlo olagali olub-olmamasini aydinlagdirmaga
komok edir vo homin gdstarcini zorarli tosir meyari kimi giymoatlondirmoys imkan verir.

Profilaktik toksikologiyada an gox istifads olunan zararli tosir meyarlar1 asagidakilardir.

Zororliliyin iimumi boiloji meyarlari:

- orta dmriin qisalmast;

- fiziki inkisafin pozulmast;

- morkoazi sinir sisteminin faaliyyatinin doyisilmasi;

- yaradic1 miihitins adaptasiya qabiliyyetinin pozulmasi;

Psixi-sosial pozgunluglar: xarakterizo edon meyarlar:

- psixi funksiyalarin pozulmasi (yaddas, nitq, qavranis, tofokkiir vo s.)

- emosional voziyyatin pislogsmasi;

- fordlorarasi miinasibatin pozulmasi;

- yaradici istehsalat foaliyyati qabiliyyatinin zaiflomasi;

- davranigin dinamik stereotipinin pozulmas.

Reproduktiv funksiyasinin pozulmasini xarakterizio edon meyarlar:

- genetik materialin doyisilmasi;

- spermaya tosir;

- dollonmo qabiliyyati vo sonsuzlug;

- implantasiyadan gabaq va sonraki 6liim vo ya inkisafdan qalma;

- nasillords biokimyavi, fizioloji vo davranig doyisiklori.

Kanserogen tasiri xarakterizio edon meyarlar:

- sislorin omalo golmasi;

- spontan sislorin omolo golmosinin ¢oxalmasi vo onlarin inkisafinin latent dovriiniin
qisalmast;

- sislorin nazarat qrupundan forqli yerlords omalo golmosi.

Zororliliyin fizioloji meyarlari:

- fizioloji sistemlorin funksional foaliyyati;

- uygunlagna (tonzimloyici) mexanizmlorin funksiyast;

- erkon qocalma;

- bioloji ritmlar;

- davranig reaksiyalari (reflekslori).

Zororliliyin biokimyavi meyarlari:

- toxumalarin biokimyavi konstantlari;

- nuklein tursularinin strukturunun vo foza togkilinin pozulmasi vo kimyovi modifikasiyasi.

Zoararliliyin immunoloji meyarlari:

- immunoloji reaktivliyin geyri-spesifik gostaricilari,

- antitellor immunitetin spesifik amili kimi;

- siiratli hiperhossasliq reaksiyalari;

61



Karimova A.O. | Scientific News 25 Issue 3 (2025)

- long hiperhassasliq reaksiyalari.

Zoararliliyin metabolik meyarlary:

- dozadan asili olaraq maddslarin metobolizmi va xaricolunma siirati;

- dozadan asil1 olaraq maddolorin kritik orqanlarda y1gilmast;

- ganda orqanotrop fermentlorin peyda olmast;

- metobolitik sistemlords acar fermentlorinin zodolonmasi vo ya aktivliyin zaifliyi;

- garaciyorin mikrosomal fermentlorinin aktivliyi;

- lizosomal mangoli fermentlorin aktivliyinin doyisilmosi ilo miisaiyat olunan lizosom
membranlarinin labillogsmasi;

- zoharin substrat oldugu ferment sistemlorinin kompensator aktivlogmosi;

- ferment sistemlorinin qarsiliqli tesirinin pozulmasi.

Zoararliliyin morfoloji meyarlari:

- hiiceyro strukturlarinin destruktiv vo distrofik doyisikliklori;

- hiiceyralorda biopolimerlorin miqdart;

- histoenzimoloji analiz zamani hiiceyralorin ferment sistemlorindo doyisikliklar;

- elektron mikroskopik analizds hiiceyradaxili organellorin funksional aktivliyi;

- hiiceyralorin DNT-sintezi funksiyasinin aktivlogmasi;

- orqanlarda mikrosirkulyasiyas1 proseslori;

- tosqun-hiiceyrs sisteminin deqronulyasiya indeksinin yiiksalmasi.

Zororliliyin statistik meyarlari:

- sort bioloji gostoricilor (variabellik amsali < 10% {igiin doyisikliyin ohomiyyatli kritik
saviyyasi Styundents gors 0,1 (p<0,1);

- plastik bioloji gostaricilor (variablelik omsali =10-40%) tli¢lin doyisikliyin ohamiyyatli
krifik soviyyesi Styundents gora 0,05 (p<0,05);

- yliksok olastikliyi olan gostaricilor (variabellik omsali  >40%) {ciin doyisikliyin
ohamiyyatli kritik saviyyesi 0,01 (p<0,01).

Qeyd olunan zororlilik meyarlar1 kimyavi maddalorin tasiri ilo orqanizmds patalogiya 6zii
vaziyyatlorin askarlanmasi tigiin nozords tutulmusdur. Onlarin kompleks sokildos totbiq olunmasi bas
veran fizioloji uygunlasma soddlorindon konara c¢ixan bioloji ohomiyyatli doyisikliklori
askarlamaga, alinmis naticalorin bioloji vo statistik analizine osaslanan zorarli tosir haddinin tayin
etmoyo imkan verir [2].

6. Gigiyenik-toksikoloji tadqiqatlarin morholali aparilmasi prinsipi: Hoalo 1957-ci ildo
L.I.Medved vo Y.S.Kaqan toksikoloji gigiyenik todqiqatlarin morhaloli aparilmasi ideyasm iroli
siirmiis, sonralar iso S.D.Zauqolnikov, 1.V.Sanotski vo digarlori torafindon toksikoloji tadgiqatlarin
miimkiin morhalalorinin sxemi togkil olunmusdur (codval 1 vo 2).

Cadval 1.
Tadgiqatin marhalalori S.D.Zauqolnikov va digorlara gora)
Maorhalalor Tibbi todqgigatlar Sifarig¢inin malumatlar
Odabiyyat molumatlari Ogor molum mohsuldursa son natica | Fiziki-kimyavi xassalori, nazords
osasinda islonilmo (YVHK vo digar); tam 6yronilmamis | tutulan texnologiya
mohsuldursa-ilkin noatico; toksiklik
barasindo moalumat yoxdursa-toxmini
natica
Laborator iglonilmosi Toxmini tohliikasiz tesir saviyyasinin | ©lave mslumatlar, toyin olunmus
(TTTS) miixtalif miihitlor {iglin toyin | tGisulunun islonilmasi iiclin
olunamsi mohsulun niimunslarinin alinmasi
Tacriibi-istehsalat Miixtolif miihitlor iiciin YVHK-nin | Olava moalumatlar, suda
eksperimental yolla islonilmesi vo | maddenin toyin olunmasi metodu
osaslandirilmasi, toksikoloji pasport,
eksperimental terapiya, omoyin vo
xostolonmanin sanitar-gigiyenik
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xarakteristikasi, tOvsiyolor. Fordi
miihafizo qaydalarinin islonilmasi.

Sonaye istehsali va tatbiqi Tacriibalarin yekunlagdirilmasi. | Istehsalm hocmi vo tomasda olan
Omok  soraitinin, otraf miihitin | ig¢ilorin say1

sanitar gigiyenik tadgigatinin
davami, xostolonmolorin klinikasi,
diagnostikasi vo omok qabiliyystinin
ekspertizast barosindo tolimatlarin,
sanitar  qaydalarinin  islonilmasi.
Otraf miihito, omok soraitino vo
ig¢ilorin saglamligina nozarat.

Cadval 2.
Texnoloji prosesin islonilmasi va onun toksikoloji giymatlondirilmasinin marhalalori
(LV.Sanotskiys gora)
Kimyavi va texnoloji iglonma Toksikoloji Toksikoloji tadgigatlarin mahiyyati
morhalolori giymatlondirma
morhalalori

[.Texnoloji sxemin nazari [lkin toksikoloji giymaot Nozards tutulan xammal reagentlor,
layihasi katalizatorlar vo yarimmshsullarin

toksikliyi barasindo adobiyyat
molumatlarin analizi, kimyovi
maddolarin strukturu, xassalori (kimyavi,
fiziki) ilo bioloji tasiri arasindaki molum
olaqgolordan istifads edorok maddslorin
cargazlords intepolyasiya va
ekstrapolyasiya yolu ils toksikometrik
parametrlorin hesablanmasi

I1. Texnoloji sxemin laborator Toksikoloji ekspertiza Heyvanlar {izorinds koskin va
islonilmasi yarimkaskin tacriibalor. Texnoloji
niimunolorin toksikoloji sinagi
III. Tacriibi zavod qurgusu Toksikoloji Heyvanlar tizorinds xroniki tacriibalor,
pasportlagdirma. Tam uzaq effektlorin dyronilmosi. Istehsalatda
toksikoloji qiymat ig¢ilorinmilayinasi. Zavod istehsalatinin

lahilosdirilmasi tigiin tibbi-texniki
talablarin islonilmasi

IV. Zavod istehsalatinin Olava toksikoliji tadqgiqatlar | Tesir mexanizmlorinin dyronilmasi, ilkin

layihslondirilmasi va deffirensial diagnostika,
eskperimental terapiya vo s.

V. Zavod istehsalati (totbiqi) Natur tadqiqatlar Iscilorin amak soraitinin, saglamliq

vaziyyatinin dyranilmasi. Statistik
(epidemoloji) tadqiqatlar. Eskperimental
terapiyanin, diagnostika va proflatikanin
klinik aprobasiyasi. Istehsalata tibbi-
texniki toloblorin korreksiyasi
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Summary
Hygienic regulation of toxic chemicals in the air of the working area
Khalilov T.A., Mammadov I.Y., Alekberli G.Y.

Key words: regulation, exposure tests, toxicological studies, concept of threshold effect, psychosocial
disorders, reproductive function, carcinogenic effect, physiological criteria of harm, biochemical
criteria of harm, immunological criteria of harm, metabolic criteria of harm, morphological
criteria of harm, statistical criteria of harm.

The article discusses the main principles of hygienic normalization of toxic chemicals. One of the ways to
reduce the risk of toxic effects of toxic chemicals is the hygienic standardization of chemical products. A number of
chemical products contain additives and mixtures that have a stronger harmful effect under certain conditions. Organic
solvents can be cited as chemical products containing additives with a high toxic effect. Hygienic regulation of harmful
chemicals in the air of the working area is carried out on the basis of a number of principles. These principles include
toxicological studies, prioritizing medical biological indicators over current technical capabilities and economic
requirements in the justification of the permissible limit concentration, experimental modeling of the effect, and the
principles of unity of molecular, structural and functional changes for the differentiation of “harmful effects” from
“simple effects”.

Pe3ome
I'uruennyeckoe HOPMUPOBAHHE TOKCUYHBIX XHMHYECKHX BelIeCTB B BO3AyXe padoueii 30HbI
Xanunoe T.A., Mameooe U.JO., Anexnepau I'.A.

Knrwouegvie cnosa. pezynuposanue, ucnvlmanusi Ha 6030eticmeue, MOKCUKOIO2UYECKUe UCCIe008AHUS,
KOHYenyus nopoz2oeozo @ghexma, nCuxocoyuanbhvie paccmpoucmea, penpooyKmusHasl
@ynryus, kanyepozennvlii dQ@exm, Pusuonozureckue Kpumepuu epeoda, buoxumuecKue
Kpumepuu 6peoa, UMMYHOIO2UYECKUe Kpumepuu epeod, Mmemabonuyeckue Kpumepuu
6peoa, mopghonocuueckue Kpumepuy 6peoa, CMAmucCmuyeckue Kpumepui 6peod.

B cratbe paccmaTpuBarOTCS OCHOBHBIC NPUHIMIIBI THTHEHUYIECKOTO HOPMUPOBAHMS TOKCHUHBIX XUMHYECKHX
BemiectB. OJHUM M3 CIOCOOOB CHMIKEHHMS PUCKA TOKCHYECKOTO BO3JICUCTBUSI TOKCHYHBIX XHMHUYECKHX BEIECTB
SIBISIETCSI TUTHEHWYECKas CTaHAAPTU3alMs XMMHUYECKOH Npomykimu. Hekoropble XMMHYECKHE MPOAYKTHI COIEpXKAT
J00aBKM M CMecH, KOTOpble NpH OIpPENENCHHBIX YCIOBHSIX OKAa3blBAalOT OoJiee CHIIBHOE BpPEAHOE BO3JCHCTBHE.
OpraHuyeckue pacTBOPHUTENN OTHOCATCA K XMMHUYECKMM IIPOAYKTaM, COAEp>KallliM BBICOKOTOKCHYHBIC I0OaBKH.
I'mruennveckoe HOPMHUPOBAHNE BPEAHBIX XUMHUYECKHX BEIIECTB B BO3AyXe paboveil 30HBI OCYIIECTBISIETCS HA OCHOBE
psana mpuHOunoB. K 3TUM NpHHOMOAM OTHOCSTCS TOKCHKOJIOTHYECKHE WCCIICOBAHUS, HPHUOPHUTET MEIUKO-
OMOJIOTHYECKUX TTOKa3aTeNel Ha/l TEeKYIIUMH TEXHHYECKUMH BO3MOXKHOCTSAMHU U 9KOHOMHYECKUMH TPEOOBaHUAMU MIPH
obocHOBaHMH TIpeaenbHO pomyctuMast koHmeHTpanus (I1JIK), sxcnepumenTtansHoe MoaenupoBanue 3G dexTa, a Takxke
MPUHIUIIBI €UHCTBA MOJICKYJISIPHBIX, CTPYKTYPHBIX M (DYHKIIMOHAIBHBIX U3MEHEHHH 1i1st quddepeHumanum «BpeaHbix
3 PEKTOB» OT «IIPOCTHIX IPPEKTOBY.
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MOQALD HAQQINDA MOLUMAT XULASO

Magalanin tarixgasi Malyariya-protozoa sabab oldugu kaskin va ya xroniki, vaxtasirt agirlasan
Daxilolma tarixi: 05.11.2024 antroponoz yoluxucu yoluxucu xastalik. Qadim dovriardon bari bilinon
Diizalis tarixi: 28.02.2025 malyariya Asiya, Avropa, Amerika va Afrikaya yayimigdwr. 1717-ci ildo
Qabulolunma tarixi: 03.04.2025 italyan alimi Lancini bu xastaliyi "bataqlhq zohori", daha sonra isa

"malyariya" (Italyan malariadan - "pis qoxulu, ¢irkli hava") adlandirdi. X1X

asrin sonlarinda Ronald Ross xastaliyin téradicisini Anopheles cinsinin
agcaqanadlart dasidigin siibut etdi. Son statistikaya gora, hor il toxminon
200 milyon insan malyariyaya yoluxur, onlardan toxminan yarum milyonu
oliir. Xostoliyin 90%-i Conubi Afiika vo Sahara dlkalorindadir. Bununla
birlikda, malyariya Asiya, Latin Amerikasi, Orta Sorq va Avropamin bazi
bélgalorinda da olur. Azorbaycanda malyariya tarix boyu mévcud olub,
vaxtasirt béyiik populyasiyalart mahv edir, lakin mahv etmir. Xastaliyin an
¢ox yayumasit Kiir-Araz ovaliginda miisahids edilmisdir. 2013-cii ildan
Azarbaycanda malyariya hallari rasmi olaraq qeyds alinmayib. Bes
yasmadak usaqlar an ¢ox infeksiya riski altindadwr

Acar sozlar
plazmodium, Anofeles agcaganad:,
garaciyar, dalaq, eritrositlor

Malyariya — koskin vo ya xroniki gediso malik olan, vaxtasirt kaskinloson, antroponoz,
protozoy moangali transmissiv infeksion xastolikdir. Cox gqodim zamanlardan mdvcud olan bu
xostolik Asiya, Avropa, Amerika vo Afrika qitolorindo yayilmigdir. 1717-ci ilds italyan alim
Lancini bu xostoliys "bataqliq zohori" adin1 vermis, sonralar iso "Malaria" (pis iyli, ¢iirlintiilii hava)
adlandirmigdir. XIX osrin sonlarinda R. Rossi xastaliyin Anopheles ndviinden olan agcaqanadlar
vasitasilo kec¢diyini siibut etmisdir.

Son statistik gostaricilora asason, har il diinyada toxminon 200 milyon insan malyariyaya
yoluxur vo bu hallarin toxminon yarim milyonu 6liimlo naticolonir. Yoluxmalarin 90%-1 asasan
Conubi Afrika vo Saxaraalti Afrika regionlarinda qeyds aliir. Bununla bels, Asiya, Latin
Amerikasi, Yaxin Sarq 6lkalori vo bazi Avropa bolgalorinds do xastaliya rast galinir.

Tarixon malyariya Azorbaycanda da genis yayilmis, xiisusilo Kiir-Araz ovaliginda ohali
arasinda xostolik hallar1 miisahido olunmusdur. Lakin 2013-cii ildon etibaron 6lkodo malyariya
hadisolori geyds alinmir. Xostaliyin risk qrupuna iso asason bes yasadok usaqlar daxildir, ¢linki
onlarin immun sistemi yetkin yaslilara nisboton daha zaifdir.

Epidemiologiya vo patogenezi.Xastaliyin toradicisi Protozoa tipinin Plazmodium cinsino
moxsus ibtidailor - Malyariya plazmodiloridir. Malyarrya ptazmodilori obligat hiiceyro daxili
parazitlordir.Insanlarda malyarrya xostaliyini térado bilocok plazmodilorin 4 névii ayird edilmisdir.

1)Plasmodium falciparum-trofik malyariyanin téradicisi.

2)Plasmodium vivax-3 giinliikk malyariyanin toradicisi .

3)Plasmodium malariae-4 giinliilk malyariyanin toradicisi.

4)Plasmodium ovale-oval malyariyanin toradicisi.

Malyariya paraziti mikroskopik 6l¢iids olub, insanlara anofeles cinsindon olan agcaqanadlar
vasitasilo otiiriiliir. Y oluxmus agcaqanad saglam insani sancdiqda, parazit onun qan dévranina kegir.
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Parazitlo yoluxmus agcaqand saglam insan1 sancdiqda parazit insanin qanimna kegir.Nadir hallarda
iso infeksiya insanlara hemotransfuziya, geyri-steril tibbi alstlorlo manipulyasiyalar zamani da kego
bilir. Tropik malyariyanin xasto anadan dols transplasentar mexanizmlo do kegmasi miimkiindiir.
Bu zaman iso anadangolmo malyariya inkisaf edir.Malyariya plazmodilorinin hoyat ddvrlori vo
coxalmast ardicil olaraq bir-birino kegon ayri-ayri miixtalif morhololordon ibarst miirokkob bir
prosesdir.Belo ki, onlarin ¢oxalmasi hom asas sahib hesab edilon Anopheles agcaganadlarinda, hom
do araliq sahib rolu oynayan insan orqanizmindo davam edir. Agcaqanadlarda olan dovro
sporogoniya vo ya cinsi dovr, insan orqanizminds kecon dovrs isa sizoqoniya vo ya geyri-cinsi dovr
deyilir [2]. Malyariyaya yoluxmus xosto insan orqanizminda plazmodilorin cinsi hiiceyrolori -
gametlor omolo golir. Anopheles agcaqanadlar1 belo xostalori dislodikdo vo ganini sovurdugda bu
qametlor agcaqanadlara kecir,sporoqoniya morholosi baglanir,qametlordon kiilli-miqdarda (bir ciit
gqametdan 10 minlarla) sporozoitlor omalo galir. Otraf miihitdo havanin temperaturu yiiksok oldugca
sporoqoniya prosesi daha qisa miiddotdo basa ¢atir. 15°C-don asag1 temperaturda iso sporoqoniya
prosesi dayanmis olur.Omolo golmis kiilli-miqdarda sporozoitlor agcaqanadlarin agiz suyunda
toplanir vo saglam soxslori digloyarkon onlara kegirilir.

Insan orqanizminda iso malyariya parazitlorinin ¢oxalmasinin sizoqoniya dévrii baslanir. Bu
coxalma geyri-cinsi yolla hoyata kecirilir. Sizoqoniya dovrii 6zii do ardicil 2 marhsladon ibaratdir:
toxuma marhalasi va eritrositar marholo. Toxuma morhalasindo malyariya parazitlori (sporozoitlor)
qaraciyarin hepatosit hiiceyroalorino daxil olaraq burada boyliyiir vo ¢oxalirlar. Daha sonra parazitlor
qaraciyari tork edarok qirmizi gan hiiceyralorino — eritrositlora kegirlor. Bu morhols bir haftodon bir
ne¢o aya qodor davam edo bilor. Qaraciyor morhoslosindo insan heg bir klinik alamot hiss etmir.
Parazitlor eritrositlora daxil olduqdan sonra inkisaf etmoys vo ¢oxalmaga davam edirlor. Naticado
eritrositlorin qilafi parcalanir vo parazitlor yeni hiiceyralore daxil olmaq imkani sldo edirlor. Bu
proses zamani onlar zohorli maddslor — toksinlor ifraz edirlor. Toksinlor qana qarigdiqda digor
orqanlara, xtisusilo do beyins zorar vero bilor. Bu, infeksiyalagmis eritrositlorin laxtalanmasi va bu
laxtalarin kapilyar gan ddvranina manes yaratmasi ilo baglidir. Noticods bodon toxumalarina
oksigen vo qida maddslorinin dasinmasi pozulur. Bu morholods insan artiq halsizliq, zoiflik vo
iimumi narahatliq hiss etmaya baslayir.

Plazmodilorin eritrositlors daxil olmasi ilo orada artib ¢oxalmasi, eritrositlorin hemolizo
ugramasi vo parazitlorin yeniden qana tokiilmosi arasindaki miiddot (eritrositdaxili miiddet) ayri-
ayr1 plazmodilordo miixtolifdir. Bela ki, PI. malarie {iciin bu miiddat 72 saat (4-giinliik malyariya),
digor ndv plazmodilords iso 48 saatdir

3-giinliik malyariya digorlorine nisboton daha ¢ox rast goalinir. Vivax plazmodilor torafindon
toradildiyi iiclin buna "Vivax-malyariya” da deyilir. Toxminon 2 haftolik inkubasiya dovriine
malikdir. Eritrositlorin massiv sokildo damar daxili hemolizi ilo olagadar xastolordo anemiya va
digor miivafiq klinik slamatlor vo morfoloji doyisikliklor bas verir[2]. Qara ciyarin dlgiilori boyiiylir,
damarlar vo sinusoidlor kaskin doluganli olur rengi qaralir. Xroniki malyariya zamani iso qara
ciyordo diffuz sklerotik doyisikliklar, yoni sirroz baslanir.

Dalaq hocmco boyliyiir, c¢ekisi bir, hotta bir neca kq-a belo cata bilir (malyariya
splenomeqaliyas1). Dalagin toxumasinin rongi todricon qaralir, konsistensiyas: yumsalir.Xostolik
xroniki gediso ke¢dikds 1so sklerozla olagodar dalagin konsistensiyasi da todricon borkiyir, kapsulu
fibrozlasaraq qalinlasir.

Dord giinliik malyariya digor formalarla miiqayisade nisbaton az hallarda miisahids olunur
vo Plasmodium malariae paraziti torofindon toradilir. Bu formanin inkubasiya dévrii digor novlorlo
miiqayisodo daha uzundur — toxminon 1 ay davam edir. Xostolik zamani miisahido olunan
patomorfoloji doyisikliklor iso asason ii¢ giinlilk malyariyada bag veranlarlo oxsardir.

Tropik malyariya Plazmodium falciparum torafindon toradildiyi ii¢iin buna "falciparum-
malyariya" da deyilir.Toxminon 12 giinliik inkubasiya dovriine malikdir. Tropik malyariya hom
klinik gedisino, hom do patomorfoloji doyisikliklorina géra malyariyanin digor formalarindan bozi
xiisusiyyatlorino gora bu vo ya digor dorcads forqlonir.Bu xiisusiyyatlorin asasini iso o toskil edir ki,
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tropik malyariya zamani igarisindo coxlu miqdarda hala tam yetismomis plazmodilor olan
eritrositlor mikrosirkulyator damarlarda aqreqasiyaya ugrayir, kapilyarlarda parazitar mongoli
stazlar toradilir, hialin tromblar amalo golir. Bu isa biitlin iizv vo toxumalarda miivafiq fasadlarin,
bas beyinde isa daha agir doyisikliklorin meydana ¢ixmasina sobab olur.

Klinik Tesviri.Malyariyanin inkubasiya dovrii adoton 10 giin ilo 1 ay arasinda doyisir, lakin
bozi hallarda bu miiddst 1 hoftodon 1 ilo godor do uzana bilor.Xostoliyin timumi simptomlarina
asagidakilar aiddir:

- Yiiksok horarat

- Giiclii tislitma va titroma

- Bas vo ozolo agrilari

- Umumi halsizliq

- Urokbulanma, qusma va ishal

- Eritrositlorin par¢alanmasi naticosinda yaranan anemiya

- Darinin vo selikli gisalarin saralmasi

- Qaraciyor vo dalagin boylimosi.

Malyariyanin on xarakterik klinik olamoti malyariya tutmalaridir. Bu tutmalar adoton
iistitmo, yliksok qizdirma va bol torloms ilo miisayiat olunur. Bu slamatlor bir nego saat davam edo
bilor vo periodik olaraq tokrarlanir.

Residiv vo Yenidon Yoluxma.Malyariyanin bir digor xarakterik xiisusiyyati do residivlorin
(xastaliyin gayitmasi) olmasidir. Plasmodium vivax va Plasmodium ovale novlari garaciyards latent
(sakit) formada galaraqg, 3 ilo gador aktivlosmadon mévcud ola bilirlor. Belo hallarda xastaliyin
yenidon bas galdirmasi, ilkin yoluxmadan aylar, hatta 4 il sonra bas vera bilar.

Miialico olunmamis vo ya yarimgiq miialico olunmus malyariya, insan orqanizmindos illorlo
simptomsuz qalaraq istonilon vaxt iizo ¢ixa bilor — bozon Omiir boyu belo davam edo
bilor.Plasmodium falciparum kimi dermanlara qarsi rezistent (davamli) parazit ndvlorinin yayildig
bolgolords is9, xostalik kliniki miialicaden bir ay vo ya daha ¢ox miiddot sonra yenidon aktivlogo
bilor.

Tokrar yoluxma riski.Endemik bolgoalorde (malyariyanin davamli yayildigi orazilords)
yasayan vo ya Sofor edon soxslor ii¢iin tokrar yoluxma riski daim moévcuddur. Bu sobabdan
profilaktik tadbirlar, vaxtinda diagnoz vo tam miialica xiisusi shamiyyat dasiyir.

Agirlagsmalari: Xastaliyin agirlagsmalarina asagidakilar aiddir:

v" Bayilmalar, malyariya komalari.

v' Qaraciyar catmamazlig.

v Nevroloji simptomlar, somnolensiya, qicolmalar (serebral malyariya) tonoffiis

catismazligi, agciyarlorin 6demi, KRDS.

v" Oliquriya, boyrak funksiyasinin pozgunlugu .

v" Sok (sistolik QT < 80 mm c.s.).

v Hemorragik diatez, sariliq .

v Agir anemiya (Hb < 70 g/l).

v" Hipogqlikemiya, asidoz, plazmada laktat konsentrasiyasinin yiiksolmasi, agir hemoliz.

Diaqnostikasi: Malyariyanin diagnostikasinda istifade olunan asas iisul qalin qan damlas1
tsuludur.Bir monfi niimuns malyariyan: istisna etmir. Niimuno gotiiriilmosi 3-4 saatdan sonra va
qizdirmanin pikinda tokrar edilmalidir.

3-4 nazik yaxmanin hazirlanmasi. 9nanavi May-Qriinvald-Gimza iisulu ilo boyama istifado
edilo bilar, lakin sado Gimza mohlulunun istifadosi daha yaxsidir.

Malyariya xostoliyi vaxtinda vo diizgiin mialico olundugu halda tam sagalma
mimkiindiir. Xostoliyin effektiv miialicosi iiglin malyariyaya qarsi dorman preparatlarindan istifado
olunmalidir.Miialico liglin osason asagidaki preparatlar toyin edilir: delagil, xloroxin, primaxin,
mefloxin va s.
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Agir vo ya agirlasmis malyariya hallarinda mialico intensiv terapiya sObosinda
aparilmalidir. Imkan daxilindo, malyariya diagnozu qoyulmus pasiyentlorin stasionar soraitdo
miialicosi tdvsiys olunur.

Malyariyanin novii doqiglosdirilonodok xosto Plasmodium falciparum malyariyasi dasiyicisi
kimi qobul edilorok miialicoys baslanmalidir. Bu yanasma, xostoliyin daha agir vo hoyati tohliiko
yaradan formalarinin garsisini almagq {i¢iin vacibdir.

Profilaktika.Agcaqanadlarin miixtalif ndvleri movcud olsa da, malyariya parazitinin
oOtiirtilmasindo vektorial rol yalniz Anopheles cinsino aid disi agcaqanadlara moxsusdur. Bu cinsin
niimayondolori qanadlarinda tipik olaraq ag-qara lokolor dasiyir, lakin bu morfoloji xiisusiyyst digor
cinslorlo do {ist-listo diiso bildiyi {i¢iin tokco bu alamot Anopheles novlorini identifikasiya etmok
ticiin kifayat etmir.

Onlarin asas aktivliyi giin batandan giin ¢ixana godor olan miiddstdo miisahido edilir. Disi
agcaqanad qanla qgidalanir, ¢linki yumurtalarinin inkisafi ii¢lin qana ehtiyac duyur.Agcaqanadin
yumurtalar1 gozlo goriinmoyacok qodor kicikdir vo asason durgun vo ya yavas axan sularda qoyulur
[3]. Yumurtalardan 2-3 giin orzinds stirfalor ¢ixir. Bu siirfolor xirda su orqanizmlori va bitkilarlo
qidalanaraq pup morhalasine kecir. Pupalar suda qalir, lakin qidalanmirlar. Bir ne¢o giinden sonra
yetkin agcaqanadlar ¢ixaraq otraf miihito yayilirlar. ©gor yetkin ford disi olarsa, qanla qidalanmaq
iiclin insanlar sancir. Qidalanmadan sonra agcaqanad yaxinligdaki sothlords istirahst edir vo daha
sonra yenidon yumurta qoyaraq dovrii tokrarlayir.

Malyariyadan qorunmagq iiciin asagidaki tisullardan istifads olunur:

1. Insanlarin agcaqanad sancmasindan qorunmasi

Geco saatlarinda ¢dlo ¢ixmaqdan c¢okinmok — Agcaqanadlarin aktiv oldugu vaxt giin
batandan giin ¢ixana qodor olan miiddotdir, bu zaman ag¢iq havada olmaq risklidir.

Insektisid torkibli agcaqanad torlarmn istifadosi xiisusilo tdvsiya olunur, ciinki bu torlar
hom fiziki manes yaradir, hom do agcaqanadlar1 zoharloyorak 6ldiiriir. Evlorda, xiisusilo do yataq
otaglarinda, poncaro va qapilarin agcaqanad torlari ilo qorunmasi miihiim shomiyyat dasiyir.Diizgiin
geyim secimi — Uzungollu vo uzun otokli geyimlors istiinliik verilmali, tiind rongli paltarlardan
cokinmok lazimdir, ¢iinki onlar agcaqanadlar1 daha ¢ox calb edir.

Doarinin aciq hissalorinin qorunmast — Agcaqanadlardan qorunmagq tigiin repellentlordon
(qoruyucu vasitolordon) istifado olunmalidir.

Spreylordon istifado etmok — Agcaqanadlara qarsi tosirli insektisid spreylorden istifado
edilmolidir.

2. Agcaqanadlarin ¢oxalmasinin qarsisint almaq

Durgun su monbolorini aradan qaldirmaq — Agcaqganadlar yumurtalarini durgun suya
qoyduglari iigiin gélmagalor vo digor su y18ilmis sahslor logv edilmalidir.

Tabii bioloji miibarizo iisullart — Agcaqanadlarin yumurtalar ilo qidalanan xiisusi baliq
novlorinin (qambuziya, ¢oki baligi, qizil dabanbaligi va s.) yetisdirilmasi.

Insektisidlorin istifadosi — Agcaqanad yumurtalarmin mohv edilmosi iigiin suya xiisusi
insektisidlor olava olunmalidir.

3. Yetkin agcaqanadlarin mahy edilmasi

Evlorin dezinfeksiya olunmasi — yatmazdan avval otaqlarin insektisid torkibli aerozollarla
islonmasi tovsiyas olunur.

Genis yayilmis infeksion xostoliklorlo miibarizo kompleks vo sistemli todbirlor tolob edir.
Umumdiinya Sohiyya Toskilat1 (UST) bu sahodo xiisusi programlar hoyata kegirir. Hor il 25 aprel
tarixi Umumdiinya Malyariya ilo Miibarizo Giinii kimi qeyd olunur. Bu ¢or¢ivodo malyariyanin
yayilmasinin qarsisini almaq ii¢iin miixtalif maariflondirici vo profilaktik tadbirlor hayata kegirilir.

Azorbaycanda malyariya xastoliyl uzun illor orzindos ciddi bir saglamliq problemi olmusdur.
Xiisusilo XX asrin avvallorinds vo ortalarinda bu xastalik genis yayilmigdi. Lakin miixtolif illords
hoyata kegirilon genismiqyash profilaktik todbirlor noticosindo xastoliyin yayillma soviyyasi
ohomiyyatli doracado azalmisdir [4].
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Tarixi kontekst

Sovet donomindo malyariya ilo miibarizo moqgsadilo 6lko miqyasinda genis dezinfeksiya
todbirlori hoyata kegirilmisdir.

1960-c1 illordo Azorbaycanda malyariya xostoliyinin tam nozarot altina alindigi elan
olunmusdur.

Lakin 1990-c1 illorin avvallarinda, 6lkadaki sosial-igtisadi ¢atinliklor vo miqrasiya proseslori
naticasinds malyariya yenidon yayillmaga baslamigdir.

Miiasir dovrde voziyyot:

-Son illordo Umumdiinya Sohiyye Toskilat1 (UST) vo Azarbaycan hokumaotinin birge soylori
noticosinds malyariyanin yayilmasi demok olar ki, minimuma endirilmisdir.

-2013-cii ildo UST Azorbaycanda yerli monsoli malyariya yoluxmalarmin olmadigimi
tosdiglomis vo dlko "Malyariyadan Azad Olko" statusunu qazanmisdir.

-Hazirda Azorbaycanda malyariya xostoliyinin osason idxal olunmus hallart (xarici
Olkolordon golon soxslordo agkarlanan yoluxmalar) miisahido edilir.

Profilaktika vo miibarizs todbirlori:

-Sarhad-ke¢id mantoqgalorinds nazarat tadbirlori gliclondirilmisdir.

-Respublikanin sohiyys orqanlar1 torofindon agcaqanadlarla miibarizo todbirlori davam
etdirilir.

-Malyariya riski olan soxslor ii¢iin tibbi maariflondirma vo preventiv todbirlor hoyata
kegcirilir.

Bu giin Azorbaycan malyariya ilo miibarizodo ugurlu naticalor aldo etmis 6lkalordon biri
hesab olunur. Lakin iglim doyisikliyi vo beynolxalq soyahotlorin artmasi sababindon bu xastaliyin
qarsisinin alinmast ti¢iin profilaktik todbirlor davam etdirilmolidir.
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Summary
Spread of malaria in Azerbaijan
Akhmedova R.K., Azizova Kh.S.

Keywords: plasmodium, Anopheles mosquito, liver, spleen, erythrocytes

Malaria is an acute or chronic, periodically aggravating anthroponotic transmissible infectious disease caused
by protozoa. Known since ancient times, malaria has spread across Asia, Europe, America and Africa. In 1717, the
Italian scientist Lancini called this disease "swamp poison", and later - "malaria” (from the Italian mala aria - "fetid,
putrid air").

At the end of the 19th century, Ronald Ross proved that the causative agent of the disease is carried by
mosquitoes of the genus Anopheles.

According to the latest statistics, about 200 million people are infected with malaria every year, of which about
half a million die. 90% of cases of the disease occur in the countries of South Africa and the Sahara. However, malaria
is also found in Asia, Latin America, the Middle East and some regions of Europe.

In Azerbaijan, malaria has existed throughout history, periodically affecting, but not destroying large
populations. The greatest spread of the disease was observed in the Kura-Araz Lowland. Since 2013, cases of malaria
have not been officially registered in Azerbaijan. Children under five years of age are at the greatest risk of infection.
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Pe3rome
Pacnpocrpanenne mansipum B A3epoaiiakane
Axmeooea P.K., Azuzoea X.C.

Knrwouegvie cnoga: niazmooutl, komap Anopheles, neuens, cenesenxa, spumpoyunel

Mansipust — oCTpoe WIM XPOHHYECKOE, MEPHOANYECKH OOOCTPSIOLIEECs] aHTPOIOHO3HOE TPAHCMHCCHBHOE
nHpekuuoHHOe 3aboieBaHHe, BBI3BIBAEMOE IPOCTEHIIMMHU. JI3BecTHas C JApeBHEHIIMX BpEMEH, MaJsIpHs
pacrmpoctpanmiack nmo Asuu, EBpone, Amepuke u Adpuke. B 1717 roxy uranbsHckuid yueHblit JlaHunHM Ha3Bax 3TO
3abosieBaHne «OOJIOTHBIM SJI0M», a MO3IHee — «MaJisIpuei» (0T UTaJIbIHCKOTO mala aria — «3JI0BOHHBIN, THUJIOCTHBIN
BO3IYX»).

B konme XIX Beka Ponanbg Pocc mokasan, yto Bo30yautens 00Je3HH MEPEHOCAT KoMaphl pojaa Anopheles.

ITo mocnenqHUM CTaTUCTUYECKHUM JaHHBIM, €KETOJHO Majsipueil 3apaxkaroTcs okono 200 MUJUIMOHOB YeIOBEK,
13 KOTOPBIX OKOJIO MOTyMHJUTHOHA ymMuparoT. 90% ciaydaeB 3aboneBaHus npuxoauTcs Ha crpadsl OxHOW Adpuku u
Caxapsl. OHaKo MaJsSIpus Takke BCTpedaeTcs B Aznu, JlatmHCKOM AMmepuke, Ha brmmkaeM BocToke W B HEKOTOPBIX
peruoHax EBporsl.

B Azep0Oaiimkane Mamsapus CyIIeCTBOBaJia HAa MPOTSDKCHHH BCEH MCTOPHH, NEPHUOIMYECKH TOpaxkas, HO HE
YHUYTOXass KpymHBIe nomymsnun. Hambomnpmmee pacmpocTpaHeHne Oonesnn Habmomanock B Kypa-Apasckoit
ausmeHHOCcTH. C 2013 Troma B A3seplaifmpkaHe ciydan Maisapuu O(QUIIMATBFHO HE PETUCTPUpYIOTCA. Hambompmemy
PHUCKY 3apa)K€HHs IOABEPraloTCs IE€TH B BO3pAcTe JI0 MATH JIeT.
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Avtomatlasdirilmis layihalondirms sistemlorinin paylanmis heterogen
verilonlor bazalarina asaslanan biliklor bazasimin taskili ticiin multiagent

sistemin islonmasi

"Hiiseynov Aqil Homid oglu SL )
’Salimova Mehriban Rosid quza 2RCER
3Hiiseynzada Aysel Elxan qi1z1

Sumgqayit Doviat Universiteti, Sumqayit, Azarbaycan, 1-professor, 2-miiallim
mehriban_mr@mail.ru

MOQALO HAQQINDA MOLUMAT XULASO
Magalanin tarixgasi Maqgalada miixtalif malumat qurulusiu Kompiiter dastakli dizayn sistemlarinin
Daxilolma tarixi: 15.04.2025 paylanmig verilonlor bazalarindan bilikiarin ¢ixarimast prosesi miizakira
Diizalis tarixi: 20.05.2025 olunur. Maqsad paylanmis heterojen verilonlor bazalarindan bilik alda etmak
Qabulolunma tarixi: 10.07.2025 tictin alt sistem arxitekturasmm inkisaf etdirmakdir. Paylanmis heterogen
verilonlor bazalarindan bilik ¢ixarmagq iigiin ¢ox agentli bir sistem modeli
Acar sozlar hazirlanmigdr. Agentlorin a2sas modellari vo onlarin bir-biri ila garsiligh

multiagent sistemlor, idaraetmo agenti, 2laqasi tasvir edilmisdir
heterogen, verilanlor, biliklor

Miirokkob obyektlorin layiholondirilmasi zamani avtomatlagdirilmis layihslondirma
sistemlorinin (ALS) verilonlor bazasinda golocokdo miisyyon tohlillordon sonra molumatlarin
istismarinda vo ya tokmillosdirilmis analoglarin layiholorindo faydali ola bilocok boyiik migdarda
verilonlor toplanir. Tohlil dedikdo, biliklorin verilonlorden ¢ixarilmasi — verilonlor toplusundan
biliyin avvoallor namolum, praktiki olaraq faydali vo ol¢atan sorhlorinin ¢ixarilmasinin iterativ
prosesi bagsa distiiliir. Bilik kimi klasterlor, assosiativ qaydalar, produksiya qaydalari, neyron
sabokolor vo s. ola bilorlor. Miiasir istehsal soraitindo miirokkob momulatlarin layihalondirilmosi
morhalasinds timumi mosolonin miiayyon hissolorini holl etmok {igiin xiisusi ALS istifado edan,
orazico bir-birindon arali togkilatlar colb oluna bilorlor. Bu halda verilonlor miixtalif paylanmig
strukturlagdirilmis (verilonlor bazasi, verilonlorin saxlanilmasi vo s.) vo strukturlasdirilmamis
(Internet, motn fayllar1 vo s.) monbolordo saxlanilirlar. Belo monbolordon biliklorin ¢ixarilmasi
asagida qeyd olunan sobablordan ¢atin mosoladir:

— yerli manbalarde miixtalif malumat strukturlarinin farqli qurulusda olmasi;

— molumatlarda natamamliq, uygunsuzluq vo digor sohvlar;

— verilonlorin miixtalif fiziki tobisti, forqli daqiqlik vo etibarliliq;

— verilonlorin bdyiik hacmlori va dlgiilori;

— strukturlagdirilmamis manbslardan biliyin ¢ixarilmasinin ¢atinliyi.

Hazirda paylanmis monbolordon bilik alds etmak {igiin iic yanasma molumdur [1].

Birinci yanasma — Verilonlorin intellektual tohlili (VIT) lokal monbolordon alinan biitiin
verilonlori birlosdirilmis vahid verilonlor toplusuna daxil edir. Ikinci yanasmada VIT alqoritmlori
mistoqil sokildo verilonlorin yerli verilonlor toplusuna totbiqini reallagdirir vo sonra naticolorin
gismon birlosdirilmasi aparilir. Ugiincii yanasma — iki yanasmanimn birlosdirilmosi olaraq 4
marhaloya boliiniir:

1) yerli verilonlor toplusunun vahid verilonlar toplusunda birlasdirilmasi;

2) verilonlor toplusunda axtaris vo sohvlorin aradan qaldirilmast;
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3) hesablamalarin tapsiriqlar vo ya verilonlor iizra paralellosdirilmasi;

4) naticalorin gismon birlogdirilmasi.

Bu isdo liglincii yanagmanin totbiqi masalalorino baxilir. Bu yanasma gobul edilmis miiddot
orzindo hesablamalarin paylanmasi vo tapilmis sohvlordon tomizlonmis, totbiq sahosino aid
toplanmis biliklordon daha yaxsi naticolor oldo etmoys imkan verir [2].

VIiT-do verilonlorin monbaolorinin paylanmasi vo hesablamalarin paylanmasi biliklorin
cixartlmasina ¢oxagentli yanagmani sortlondirir, bu yanasmada hor agent tapsiriq hagda miioyyon
tosovviirloro malikdir vo onun boazi hissalorini yerina yetira bilor. Bu halda agentlor 6z aralarinda
foaliyyet gostorarok formalizo olunmayan masalalari hall etmaye qadirdirlor.

Totbiqi ¢oxagentli sistemlorin (CAS) islonmosi iki moarholodon ibaratdir: predmet sahasinin
analizi morholasi v totbiqi sistemin analizi moarhalesi. Bu zaman analiz morholosinin mogsadi heg
bir layiho detallarini tosvir etmoadon sistemi vo onun qurulusunu basa diismokdir, layihalondirmo
morholosinin moagsadi iso - analiz morholasinds tosvir olunmus miicorrad hollori vo anlayiglart daha
asag1 abstraksiya soviyyali modelo ¢evirmokdir.

Mogsad coxagentli sistemlorin islonmosinin birinci morholosi hesab olunan predmet
sahasinin tohlilidir, burada agent modellarin tosvirindon va onlarin qarsiliqli slagslarinin tosvirinden
ibarat olan CAS-lorin togkilati modelinin qurulmasi mosalasini hall etmaolidir.

Predmet sahosinin tohlili. Biliklorin verilonlor bazalarindan ¢ixarilmasi prosesini 4
marhalays bolmak olar:

- Biliklorin ¢ixarilmasi masalasinin qoyulusu;

- Tahlil ti¢lin verilonlorin toplanilmasina hazirliq;

- Verilonlarin intellektual tahlili;

- Cixarilmis biliklorin yadda saxlanilmasi, totbiqi vo vizuallagdirilmasi.

Masalonin qoyulusu moarhalasinds biliklorin ¢ixarilmasi mogsadi, biliklarin ¢ixarilmasi ii¢lin
manbalar, tolob olunan bilikler vo onlarin keyfiyyastina tolobatlar miioyyan edilir.

Novboti morholods miixtalif monbolordon moalumatlarin toplanmasi, onlarin birlosdirilmasi
vo zonginlogdirilmasindon ibarat olan yiliksok keyfiyyotli molumat toplusunun tohlil {igiin
hazirlanmas1 problemi hall edilir. Bu morhslads asas problem moalumat monbaolorinin heterogenliyi
ilo osaslandirilir ki, bu da yerli monbolordon molumatlarin spesifikasiyasinda istifado olunan
terminlorin semantikasinin qlobal birmonaliliginin tomin edilmesi zoruratidir [3].

Tohlil iiglin verilonlor toplusunun bir ne¢o monbodon aliman molumatlar1 birlogdirarak
formalagsmasinin noticosi, analiz alqoritmlorinin isine vo c¢ixarilan biliklorin keyfiyyetino tosir
gostora bilon ¢oxlu sayda sohvlorin olmasidir. Mévcud moalumatlardan adekvat bilik oldo etmok
iclin onlarin ilkin emal1 tisullarindan istifadoe olunur. Onlara iki morholo daxildir: sohvlorin agkar
edilmasi vo aradan galdirilmasi. Birinci moarholodo molumatlar "¢irklonma" {i¢lin yoxlanilir, onlarda
xotalarin olub-olmamasi vo hansi néves aid oldugu miisyyon edilir.

Askar edilmis catismazliglardan asili olaraq novboti morholods tomizloms, oxsarlarin
birlogdirilmasi, ziddiyyetlorin aradan qaldirilmasi, ¢atigmayan doyerlorin doldurulmasi ve s. {iglin
miixtolif alqoritmlor totbiq edilir [4].

Verilonlor toplusunun ilkin emalindan sonra VIT tapsirig: secilir. VIT-in iki osas vozifosi
var: proqnozlasdirma (tosnifat, reqressiya) vo tosvir (klasterlogsdirma, vizuallagdirma vo assosiasiya
qaydalarinin axtarig1). Alqoritmlorin isini miiqayise etmak vo optimal naticoni se¢gmok ti¢lin analiz
tapsirigindan asili olaraq bir vo ya bir nego VIT alqoritmi segilir.

Hor bir VIT alqoritmi mévcud ilkin molumatlardan, hesablama resurslarindan, homginin
alian niimunalorin tolob olunan ndéviindon vo keyfiyystindon asili olaraq 6z totbiq xiisusiyyatlorino
malikdir. Verilonlor toplusunu totbiq olunan alqoritm baximindan optimal olan konkret tosvira,
formata vo ya formaya cevirmok iiclin asagidaki proseslori 6ziinde birlogdiren ikinci doraceli
molumat emal1 hayata kegirilir:

— anomal giymatlorin axtarisi;

— kodlasdirma vo normallagdirma;
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— on ohomiyyatli atributlarin sec¢ilmasi;

— atribut sahasinin 6l¢iilorinin azalmasi;

— qruplagdirma, filtrloms va toplama;

— prognozlagdirma probleminin halli {igiin tolim vo sinaq niimunslorinin hazirlanmasi.

Molumat toplusunun hazirlanmasi prosesinin ¢ixisinda holl olunan problem baximindan
optimal formata gotirilmis, askar edilmis xotalardan tomizlonmis vo segilmis VIT alqoritmlorinin
tatbiqi li¢lin uygun olan verilonlar toplusu formalasir.

VIT morholosindo secilmis alqoritmlor istonilon natico oldo olunana qodor miixtolif
parametrlorlo bir nego dofa totbiq oluna bilor. Ilkin verilonlor toplusunda totbiq edilon VIT-*
algoritminin keyfiyyotini miioyyon etmok {i¢iin birinci moarhalodo qarsiya qoyulan mogsodlor nozors
alinmagqla oldo edilmis asililiglar qiymotlondirilir vo sorh edilir. Bu morhoalodo ¢ixarilan biliklorin
adekvatlig1 vo ohomiyyati yoxlanilir - oldo edilmis biliklor istifado olunan verilonlor toplusu iiglin
tosadiifi olub-olmamasi vo biitovlikdo bu movzu sahosi ligiin qeyri-saciyyavidir. Modelin
adekvatliginin miistoqil giymotlondirilmosini oldo etmok {i¢lin sinaq onun qurulmasinda istirak
etmoyon yeni molumatlar {izorindo aparilir, smaq Ugiin istifads olunan molumatlar iso model
imzasina uygun olmalidir.

Son morholo ¢ixarilan biliyin totbiqi vo vizuallasdirilmasidir ki, bu zaman olds edilmis
biliklor bazi ilkin malumatlarin model daxiline togdim edilmasi vo gostorilon ¢ixis noticosinin oldo
edilmasi yolu ilo yeni problemlorin holli ii¢lin totbiq edilir. Modelin istifadosi zamani istifadogi
modeli totbiq edorkon hansi molumatlara ehtiyact oldugunu dsqiqlosdirmalidir. Bu, modelin yeni
molumatlara totbigini optimallagdirmaga imkan veracokdir [5].

Paylanmis heterogen ALS verilonlor bazalarindan bilik ¢ixarma sisteminin multiagent
arxitekturas1 asagidakilardan ibarotdir: predmet oblastinin analizi vo biitiin sistemin isini
olagalondirmok ii¢iin masul olan komponentlar (sok. 1).

Tohlil t¢iin verilonlor toplusunun hazirlanmasinin birinci morhalasinds - biliklorin
cixarilmasi mogsadinin qoyulmasi - CAS iki alaqgolondirici agentdon (sokil 2) ibaratdir: istifadagi vo
interfeys agenti.

| ilkin emal multi- ilkin emal multi-
agent sistemi agent sistemi
Toplama, bir- \ / . :
Baz: —» | logdirma multi- |, | idarsetma agenti > VIT.muItllagt-ant
proyektor agent sistemlori \ sistemlari

/ Biliklar

. bazasi

Istifadaci

agent

Sakil 1. Verilonlor bazasindan biliklorin ¢ixarilmast iiciin CAS-in taskilati strukturu.
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Biliklarin ¢ixariimasi ligiin sorgu

Araliq naticalar

F Y

&

Sorguya diizalis

BiLiK

iSTIFAFD3CI
M3NBYi

Bilirlari ¢ixarilma naticasinin otiirlilmasi

IDARQETMS
AGENTI

r 3

Sakil 2. Istifadagi va idaraedici agentin qarsiligh alagasi.

Molumatlarin toplanmasi, birlogdirilmasi vo zonginlosdirilmasi morhalasindo multiagent

sistemlori asagidakilardan ibaratdir:

— Ontologiya agenti - yerli monbalorin molumat strukturlariin predmet sahosinin
ontologiyasinin sartlari ils tohlili vo miiqayisesine cavabdehdir;

— Verilonlor bazasinin idareetmo agetlori -— yerli monbonin melumat strukturu haqqinda
molumatlara malikdir vo yerli monbanin molumatlarina ¢ixisin tomin edildiyi sliiz rolunu
oynayir;

— axtarig agentlori — yerli monbalords ardicil (bir agent) vo ya paralel (bir neco agent)
molumat axtarisina cavabdehdir. Paralel molumat axtariginin  istiinliiyt  yiiksok
mohsuldarligli hesab olunur, ¢iinki axtaris biitiin verilonlor bazalarinda eyni vaxtda bir
ne¢o agent torofindon hoyata kegirilir. Paralel molumat axtarisinin catismamazligi
molumat toplusunun axtaris agentindon idaroetms agentino Otiirlilmosi zamani sobakods
yiiksok yiikiin olmasidir;

— verilonlorin birlogdirilmasi agenti — bir nego verilonlar toplusunu bir yers birlogdirmoya
cavabdehdir.

idarasetma Birlasdirma Ontologiva Axtansg VB idaraetma
agenti agenti agenti agenti agentlari

wB terminolr:_:giva SOrgusu WB struktur sorgusu

'
VB strukturunun Stirdlmasi l

WE strukturunun l H

VB terminologiyarin Stdridlmasi .
H analizi
I

T -
WB terminlarinda wverilanlarin toplanmas: Ggln SQL sorgu ; .
0 - I——l- i
VB terminlarind=a verilanlarin Sturdlmasi VEBE-na algatan- i
- : ' nEn t2mini :
wWerilznlzrin birlzsdirilmasi i . .
'

sorgusu H

Werilanlar toplusunun terminologiyva sorgusu

'
Werilanlar toplusunun terminologiyasimin H

. - . . otdrdalmasi
Birlasdirilmis werilanlar

Toplusu

Werilanlar toplulapimn birlasdirilmasi
'

Sakil 3. Analiz iigiin verilanlarin toplanmasi va birlasdirilmasi multiagent sistemlori.

74



Hiiseynov A.H., Salimova M.R., Hiiseynzada A.E. | Scientific News 25 Issue 3 (2025)

Verilonlor toplusunun xaricdon zonginlogdirilmasi tapsirigr miixtolif axtaris meyarlari,
informasiya bazalari ilo alagodo molumatlarin toplanmasi va birlogdirilmasi multiagent sistemlori ilo
hall edilo bilar.

Verilonlor toplusunun ilkin emalinin multiagent sistemlori. Verilonlor toplusunun ilkin emali
morholosindo multiagent sistemlor (sokil 4) asagidakilardan ibarat olur:

-sohvlorin axtarigi agentlori - verilonlor toplusunda se¢ilmis sohvlorin ardicil (bir agent) vo
ya paralel (bir ne¢o agent) axtarigina cavabdehdir;

— sohvlorin aradan qaldirilmasi agentlori — se¢ilmis sohvlorin ardicil (bir agent) vo ya paralel
(bir neg¢o agent) aradan qaldirilmasina cavabdehdir;

- Noticolorin birlogdirilmosi agentlori - Sazlamanin xiisusi naticolorini vahid verilonlor
bazasinda birlagdirmok {igiin cavabdehdir (paralel sazlama ii¢iin).

Idarsetma Naticalerin Xata axtarisy Xatalann aradan
: : i ;
Xatalarin axtarisi sorgusu
: >
_ Xatalar hagda informasiyanin étiridlmasi 1
- !
Xatalann aradan galdirilmasi sorgusu !
: >
Tamizlanmis verilanlar toplusunun Stlrilmasi

Birlasdirma
SOrgusu

-

Verilanlar toplusu-
nun &tirilmasi

Sakil 4. Verilonlor toplusunun ilkin emali multiagent sistemlori.

Qeyd edok ki, verilonlor toplusunun keyfiyyoti hor bir xotanin aradan qaldirilma
ardicilligindan asili olaraq forqlona bilor. Verilonlor toplusunun keyfiyyetini yaxsilasdirmaq {iigiin
mioyyon verilonlor toplusu {iclin optimal ardicilligt miioyyon etmok {iclin sohvlorin aradan
qaldirilmasinin  forqli ardicilligt ilo ilkin emal aparmaq lazimdir. Bu halda keyfiyystin
qiymatlondirilmasi meyar1 malumat dastlorinin keyfiyyastinin ekspert qiymatlondirmasi ola bilar.

Verilonlor toplusunun tokrar emalinin mutliagent sistemlori. Verilonlor toplusunun tokrar
emali morholosinds (sok. 5) idaroetmo agenti verilonlor toplusunu emal etmok ti¢lin tokrar emal
agentino sorgu gondorir. Tokrar emal agentlorinin say1 analiz liclin istifadogi torofindon secilmis
algoritmlorin sayi ilo miioyyan edilir.

idarsetma agenti > Takrar emal agenti

Al

Verilanlar toplusunun gevrilmasi sorgusu

Verilanlar toplusunun Stdridlmasi

A

Sakil 5. Verilanlar toplusunun tokrar emalimin multiagent sistemlori.
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Verilonlorin tokrar emali agentlori idaroetmo agentlorindon verilonlorin hansi formada
olmas1 haqda informasiyani alir, onlarin iizorindo lazimi doyisikliklori aparir vo sonraki analizo
otiiriirlor.

Verilonlorin intellektual analizlori multiagent sistemlori. Bu morholodo multiagent sistemlor
asagidakilardan ibarat olurlar:

- hesablama agentlori — VIT agentlorine 6z hesablama resurslarini toqdim edir;

- analiz naticalorinin miiqayisesi agenti — analiz noticolorinin segilmis kriteriya iizro
miiqayisosine cavabdehdir;

- biliklor bazasinin idaroetmo agenti — ¢ixarilmig biliklorin yadda saxlamasi iigiin idaroetmao
agentinin biliklor bazasina slgatanligini tomin edir.
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Summary
Development of a multi-agent system for organizing a knowledge base based on distributed
heterogeneous databases of computer-aided design systems
Hyseynov A.H., Salimova M.R., Huseynzadeh A.E.

Keywords: multiagent systems, control agent, heterogeneous, data, knowledge.

The article discusses the process of extracting knowledge from distributed databases of computer-aided design
systems with different information structures. The goal is to develop a subsystem architecture for extracting knowledge
from distributed heterogeneous databases. A model of a multiagent system has been developed to extract knowledge
from distributed heterogeneous databases. The main models of agents and their interaction with each other are
described.

Pesome
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B cratee paccmaTpmBaeTcsi TpOIECC W3BICUEHHS 3HAHWKM W3 paCHpeleleHHBIX 0a3 IaHHBIX CHCTEM
aBTOMAaTH3UPOBAHHOTO MPOEKTHPOBAHUS C PA3TUIHON MH(POPMALMOHHON CTPYKTypod. Llemp cocToWT B TOM, YTOOBI
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nmaHHbIX. ONMCaHbl OCHOBHBIE MOJIETH aT€HTOB U MX B3aUMOJCHCTBUE IPYT C JPYTOM.
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MOQALO HAQQINDA MOLUMAT XULASO
Magalanin tarix¢asi Maqalo qeyri-salis gaydalar iigiin  timumi interpolyasiya tisulunun Z-
Daxilolma tarixi: 06.03.2025 informasiyaya asaslanan OGOR-ONDA qaydalarina  geniglondirilmasinag
Diizalis tarixi: 20.05.2025 hasr olunmusdur. Taklif olunan yanasma cari miisahida va awoalki qaydalar
Qabulolunma tarixi: 19.09.2025 arasindaki masafanin miiayyon edilmasina asaslanir. Usul nisbatotn asagi
hesablama miirakkabliyina malikdir. Irali siiriilon yanasmamn tatbigi misal
Acar sozlor tizarinda gostorilmisdir.

Z-adadlor, interpolyasiya, Z-qaydalar

Qeyri-solis  qaydalarin  interpolasiya nozoriyyoesi  qeyri-solis qaydalar  bazasinin
miirokkobliyini azaltmaq sahasindoki unikal iistiinliiklori sobabindon son illordo genis arasdirilan bir
sahaya cevrilmisdir [1]. Totbiq olunan ilk geyri-salis qaydalarin interpolyasiyast tisulu masafonin
azaldilmasina osaslanan qeyri-solis qaydalarin interpolyasiya adlandirildi. Yaxinlasmanin vo
miirokkabliyin azalmasimin miixtolif aspektlorindo faydali xiisusiyystlorina baxmayaraq, bazi
ohomiyyastli catismazliglara da malikdir. Bu, todqiqatcilar1 ¢atismazliglar1 aradan qaldirmagq tigiin
miixtolif interpolyasiya tsullarini inkisaf etdirmoys sovq etdi. Bu sobabdon, [1] -do osas fikir
qusaldilmis masafolorin interpolyasiyast ovozino olagolorin interpolyasiyasina osaslanan bir yol
toklif olunur. Toklif olunan interpolyasiya miinasibotlori konsepsiyasi burada qeyri-solis vo
semantik miinasibatlordon istifado etmoklo hazirlanmisdir.

[2]-do biitovliikdo sistemin ohato dairasini vo somaraliliyini artirmaq ii¢iin interpolyasiya
gaydalarindan istifado edorok qeyri-solis gaydalarin dinamik interpolyasiyasi (D-FRI) kimi adlanan
yanasma irali sliriiliir. Yaranan D-FRI sistemi interpolyativ miilahizalori yerino yetirorkon mévcud
qayda bazasi ilo birlosmoe iiciin informativ, tez-tez istifado olunan interpolyasiya edilmis qaydalari
se¢o, birlogdira vo imumilogdira bilir. Sistematik eksperimental todqiqatlar gostarir ki, D-FRI artan
doagiqlik va etibatliliq sayasinds a anonovi FRI texnikalarindan iistiindiir [2].

Qeyri-salis qaydalarin interpolyasiyasi qeyri-solis qayda bazasi sistemlorindo natico
cixarmagqla qeyri-salis modellorin méhkomliyini artirmaq Giglin faydali vasits toklif edir [3]. Bunula
belo, praktiki tatbiglords qeyri-salis sistemlarin totbiq sahosi daha miirokkab olanlara genislondikca,
adi geyri-salis sistemlordo Ol¢li problemi yaradir. Bu da notico ¢ixarmaq vo interpolyasiya kimi
onsuz da c¢otin olan prosesi daha da c¢otinlosdirir. Bu mogsadlo [3]-do iyerarxik qeyri-salis
interpolyasiyanin ilkin ideyas1 toklif olunur. Toklif olunan yanagma iyerarxik qgeyri-solis sistemlori
vo qeyri-salis sistemlori vo qeyri-salis qayda interpolyasiyasini birlosdirir. Iyerarxik qeyri-solis
interpolyasiya ¢oxlu ¢ox-avvalki qaydalar sisteminin ¢oxqatli geyri-solis sistema yenidon qurulmast
lazim oldugu vo alt qat qaydalar1 bazasinin seyrok oldugu vaziyyatlora totbiq edilir. Bu yanagmanin
potensialin1 niimayis etdirmok iiciin [3]-do beynolxalq turist otellorinin yer se¢imi liglin iyerarxik
geyri-salis gorar gabuletma modeli tagdim edilmisdir.

[4]-do geyri-salis molumatlarin interpolyasiyasi ii¢lin qeyri-solis Lanqranj interpolyasiyasi
vo tobii geyri-salis splayn polinomlarindan istifado edilir. Qeyri-salis polinomlar1 optimallasdiraraq
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geyri-salis interpolyasiya totbiq edilir va geyri-salis funksiyanin on yaxsi yaxinlasmasina nail olmaq
iiclin geyri-salis molumat interpolyasiyasi arasdirilir.

[5]-da lingvistik terminlorin doyisdirilmasi va qiitb kasma konsepsiyasindan istifado edorak
geyri-solis qaydalarin interpolyasiyasina osaslanan yeni bir noti¢o ¢ixarma texnologiyasi toklif
olunur. Buna FRIPOC (qiitb kosiklorino osaslanan qeyri-solis qayda interpolyasiyasi) deyilir vo
seyrok vo six qayda bazalari halinda da totbiq olunur. Osas iistiinliiklori onun basa diisiilon,
ekstrapolyasiya qabiliyyoti vo hatta bir vo ya bir nego geyri-salis ¢oxlugun hiindiirliiyii birdon kigik
olsa bela totbiq oluna bilmasidir.

Qeyri-solis qaydalara osaslanan praktik totbiglor arasinsda qeyri-solis qaydalara goro az
interpolyasiya iisuluna rast galmok olar [6]. Bir torofdon FRI iisullar1 genis tanmmir va bir ¢oxunun
praktik tobigetmo baximindan mohdudiyyatlari var, masalon, yalniz bir6l¢iili bir voziyyatds tatbiq
oluna bilar vo ya on yaxin iki real miisahido gaydasi osasinda miioyyon edilo bilor. Digor torofdon,
seyrok gayda bazalarinin totbiq olunmasina imkan vermokls, FRI iisullar1 qeyri-solis qaydalar
bazasinin yaradilmasini ¢ox asanlagsdira bilor. Bu iisullar eksperti ¢ixarilan qaydalarla islomokdon
xilas edo bilor vo yalniz kardinal horokatlora digqget yetirmoys komok edo bilor vo buna goro do
qaydalar bazasinin yaradimasini asanilsdirir [6].

Bu moqalads geyri-salis qaydalar {iglin [1] iimumi interpolasiya tisulunun Z-adadli qaydalara
genislonmasing hasr edilmisdir.

Tariflor

Taif 1. Z-adadlar arasindaki masafa [7]. Z-odad geyri-solis A-adadi va geyri-salis B-adadi
va G ehtimal paylanmalari ¢oxluqlar ilo xarakterizo olundugu tigiin Z-ododlori arasindaki D (Z4, Z,)
mosafoni asagidaki kimi toyin etmok toklif olunur.

A4 vo A, arasindaki mosafo

D(Aq,Az) = SUPae(o0,1] D (AT, A2), 1)
D(A%,Ag) _ A11:A12 _ A21;'A22 _ (2)

kimi toyin olunur.
§ vo A A; vo A, -nin miivafiq a -kesikloridir, A;7,A;5; Af -nin asagi vo yuxar
sorhadloridir (uygun olaraq, Azf, Azg A%-nin). B; vo B, arasindaki masafs asaloji olaraq hesabianir.
Biz Z; vo Z, -ya uygun p, va p, ehtimal paylanmalarina miivafiq G; vo G, ¢oxluglart
arasinda masafani tayin edirik. p; vo p, arasindaki mosafs asagidaki kimi ifads oluna bilor:

D(G1,G2) = infiyeq,pyec, {(1 = [y (prp2)2dx)z) ®)

(3)-do fiqurlu motarizo igarisindoki p; va p,iki ehtimal sixlig1 funksiyasi arasindaki
Heellinger mosafosidir. inf operatoru p; € G; vo p, € G, iki ehtimal sixlif1 funksiyasina yaxin
mosafonin tapilmasi {igiin istifado olunur. Basqa s6zlo, iki yaxin p; € G; va p, € G,ciitii D(G4, G;)
mosafosini toyin etmok {igiin biitlin miimiikiin paylama ciitlori arasinda on yaxin p; € G, vop, €
G clitii tapilir.

D(Ay,A3), D(B,B,) vo D(G4, Gy) verilmisdir vo Z-odadlar arasinadaki masafo

D(Z1,Z7) = BD (A1, A2) + (1 = B) Dgmumi (B1, B2). (4)

(B1,B;) = wD(By,B,) + (1 — w)D(Gy, Gy), 5)
kimi miioyyan edilir, harada ki, §,w € (0,1) istifadoginin toyin etdiyi doracolordir, hansi ki, Z-
ododlor arasindaki mosafonin hesablanmasi {igiin 4, B va G ¢iitlorinin ohomiyyatinin 6lgmok ii¢iin
istifads olunur.

Tarif 2. Z-adadlorin miiqayisasi [7]. Z-Z-odadlori tigiin Z°

Z<Z'iftD(Z,Z*)=D(Z',Z")
sartini 6dayir, harada ki, D masafasi ((1)-(5)disturlar1) Torif 6-ya osas toyin olunur. Z* = (4, B) Z-
odadinin komponenetlori geyri-solis singltonlardir: 1) A =a , a XeR fozasimnin univertsumunun
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yuxar1 sarhaddidir; 2) B = 1. Beloliklo, Z*ideal (yiiksok ) Z-adaddir. — A ekstremal dayarini alir vo
etibarlihigi 100%-dir. Belsliklo, agor Z' ideal Z* Z-odadino daha yaxindir-sa Z' Z-adodi Z-yo
nisbaton yiiksokdir.

Nazardan kegirilon miinasibat < qismon nizamlidir [7].

Masalonin qoyulusu.

Z-qaydalarinin interpolyasiyasi problemi agagidaki kimi tortib edilmisdir [8,9].

Asagidaki Z qaydalar1 nozors alinmagqla:

Qayda 1: OGOR X, Zy 1 = (Ax, 1,Bx, 1) -dirsa va,...,va X Zy ;= (Ax,_1,Bx, 1) -dirsa
ONDA'Y Zy = (Ay 4, By 1) -dir

Qayda 2: OGOR X, Zx, , = (Ax, 2, Bx,2) ~dirsa va,..., vo X Zy , = (Ax, 2 Bx, 2) -dirso
ONDA Y Zy = (AY,Z’ By’z) -dll‘

Qayda n: OGOR Xl ZX1,n = (Axljn, BXl,Tl) -dirsa Vo, ..., Vo Xm ZXm,TL = (AXm,TU BXm,n) -
dirso ONDA Y Zy = (Ayn, By ) -dir
va cari giriglor

X Zy, = (Ax,, Bx,) -dirva,...,va X, Zy = (Ay,_, By, ) -dir,
Y -in Z-qiymatini tapin.

[1]-do verilmis geyri-salis qaydalar ii¢iin iimumi interpolasiya tisulunun Z-adadli qaydalara
genislonmosini toklif edirik. Osas fikir eyni olaraq qalir: ogor cari Z' = (Z,,...Zy, ) miisahido
vektorunun  komponentlori ovvalki Zy = (Zx, 1,..+,2x,,1) +Z2 = (Zx,,2,--+, Zx,,2) 1ki gaydanin
vektorlarinin komponentlori “arasindadirsa”, onda miivafiq natico ardicilligin xott kombinasiyasi
kimi hesablanir. Bu birlosmonin amsallar1 har bir sonraki gaydanin naticoys tosirini oks etdirir [1].

Z-odadli qaydalar {igiin toklif olunan {imumi interpolyasiya iisulu asagida tosvir olunan
addimlar1 shato edir:

Morhalo 1. Z' = (Zx,,...Zy,) cari  miisahido vo  ovvalki  qaydalarin
Z1=Ex 101 Zx1) » L2 = (Zx,2,-+-,Zx,,2) Vvektorlart li¢lin gortlorin  yerino yetirildiyini
yoxlamaq lazimdir:

Zy 1 <Zy <Zx ., (Vo yaZy ,<Zy <Zx 1)wZx,1<Zx, <Zx, o (Vo yaZy , <
Zx < Zxpn)-

Torif 2-don istifads edorak bu sortlor agagidaki kimi tosvir edilir:

D(Zx,1,2,") = D(24,,2,") = D(Zx,2,Z,") Vo ya D(Zy,1,2,") < D(Zy,,Z,") <
D(Zx,2:Z1" ). D(Zx, 01, Zm™) = D(Z) , Z0") = D(Zx, 2, Zm") (Vo YA D(Zy, 1,2 ") <
D(Zx,»Zm") < D(Zx,2.Zm ")) (6)

harada ki, Z,",...,Z,," ideal Z-adadlordir.

Morhalo 2. Ogor (6) -da verilon sartlor 6donirsa, onda Z' cari miisahido vektoru va avvalki
iki gaydalarin vektorlar1 arasindaki D,(Z',Z,) vo D,(Z',Z,) masafalorinin giymatlori asagidaki

kmim hesablanir:

DU(Z,rzl) = \/DZ(Z;(1’ZX1'1)+' " +D2(Z),(m’ZXm’1)’

Dy (7' Z,) = \/DZ(Z,’(I,ZXLZ)+. +D2(ZY 2y ) )
harada ki, D Z-adadlor arasindaki mosafadir (Tarif 1)).
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Morhalo 3. Morholo 2-do verilmis vo hesablanmus D, (Z',Z;) vo Dy,(Z',Z;) wj,j =
1,2 interpolyasiya omsallarin1 (gokilori) hesablamaq tiglin lazimdir. Z'cari miisahido vektorunun
Zjovvokli  miisahido vektoruna olan mosafosi no godor az olarsa, coki wj,j = 1,2 bir o gador
yiiksokdir. Eyni zamanda, cokilor wj,j = 1,2 vo wy, w, € [0,1] sortlorini odomalidir vo w; + w, =
1 olmalidir. Bunu noazoros alaraq asagidaki diisturdan istifads etmok olar:

Dy(Z',Z; .

~ s = V2 ®)

Siibhasiz ki, wy, w;, € [0,1] vow; +w, = 1.

Moarhala 4. Noticovi ¢ixis 1-ci vo 2-ci qaydalarin gixislarinin (consequance) cokili comi kim
hesablanir:

Z'=wiZy +wyZy,, €)]
harada ki, Zy; j-cu qaydanin Z-qiymatli ¢ixisi, wj,j = 1,2 Morholo 3-do hesablanmis xatti
interpolyasiyanin ¢okiloridir.

Toklif olunan yanagsmani gostarmok ti¢lin niimunani nazardon kegirak.

Misal. Asagidaki Z-qaydalar nazordon kegirilir [9]:
Qayda 1: OGOR X; Zy, ; = (A T) -dirso vo X, Zx, 1 = (A A) -dirso vo X3 Zy, ; = (Y, T) -dirso
ONDAY Zy, = (A A) -dir;
Qayda 2: OGORX; Zy, , = (0, A) -dirsa va X, Zx, , = (Y, H) -dirso vo X3Zy, , = (A, A) -dirss
ONDAY Zy, = (CY, T) -dir.
Ugbucagsokilli qeyri-solis adadlor (TFN) ila tosvir edilon linqvistik termlarin codebbook-u Cadval
1, 2-do verlimisdir.

Cadval 1.
Z-adadin A hissasi ticiin ligvistik termlor
Migyas Momuunlugun saviyyosi Linqgvistik qiymatlor
Cox Asagi (CA) (1,1,2)
Asagi (A) (1,2,3)
Orta (O) (2,3,4)
Yiiksok (Y) (3,4,5)
Cox Yiiksok (CY) (4,5,5)
Cadval 2.
Z-adadin B hissasi ticiin lingvistik termlar (Etibarliliq)
Miqyas Momuunlugun soviyyosi Linqgvistik qiymatlor
Hardanbir (H) (0.05,0.25,0.5)
Tez-tez (T) (0.25,0.5,0.85)
Adaton (A) (0.5,0.85,1)

Cari girislor ligbucaqsokilli geyri-salis adadlora (TFN) osaslanan hissalordon ibarot olan Z -
adadlar ils tasvir olunur:
X1-Zy, = ((1.5 25 3.5)(0.35 0.65 0.95)),

X,-Zy, = ((25 35 4.5)(02 04 0.6)),vo
X;- Z,, =((25 35 45)(0.35 0.65 0.95))-dir.

Cari girislor vektoru asagidaki kimi olsun:
Z'=(Zy,=((1.5 25 3.5)(035 0.65 0.95)),
Zy, =((25 35 4.5)(0.2 04 0.6)),
Zy,=((25 3.5 45)(035 0.65 0.95))
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Haor bir qaydada olan giriglor vektoru asagida verilmisdir:

Zy = (ZX1,1 = (4 T)rZXz,l = (4 A)’ZX3,1 =, T)),

Zy = (Zx,2=(0,4),Zx,, = (Y,H), Zx, , = (A, A)).

Y -in Z-qiymatini tapin.

Morhoals 1-9 asason, sortlor ardicilliginin yerino yetirilmosi (6)-dan istifado etmoklo yoxlanilir:
D(Zx,2,Z *) =117 < D(Zy,,Z *) = 1.6 < D(Zx,1,Z *) = 1.99

D(Zx,;,Z ) =0.69 < D(Zx,,Z *) = 1.6 < D(Zx,,,Z *) = 1.87,

D(Zx,1,Z *) = 0.59 < D(Zx,,Z *) = 0.9 < D(Zx,,,Z *) = 1.87.

Belalikla, sortlor ardicilligr 6danilir.

Morhals 2-ds, (7)-ya asason D,(Z',Z,) va D,(Z', Z,) mosafalorinin qiymotlori hesablanir:
D,(Z',Z;) = /0.432 + 1.24% + 0.432 = 1.38

D,(Z',Z,) =+/0.43%2 4+ 0.45 + 1.13%2 = 1.29
3-cii Morholads (8) vasitasile interpolyasiya ¢okilori tapilir:

41

Wy =

Dy(Z',21) 1.38

=1- - — =1 = 0.48,
Dy(Z',21)+Dy(Z',Z,) 1.38+1.29

Dy(Z',Z5) _ 129 0.52

Dy(Z',21)+Dyp(Z",Z2) 1.38+1.29

Morhals 4-da, (9)-dan istifado edorak naticovi ¢ixis tapilir:
Zy, =wiZ, +wyZ, =048+ (4,4)+0.52«(CY,T) = = (2.56,3.56,4.04)(0.43,0.7,0.79)
Bu Z-adad (0, A) kimi adlandirila bilor.
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Summary
An interpolation method based on Z-information
Cabbarova K I.

Keywords: Z-numbers, interpolation, Z-rules

The article is devoted to the extension of the general method of interpolation of fuzzy rules to I-informational
if-then rules. The proposed approach is based on determining the distance between the current observation and the
previous rules. The method has a low computational complexity. The application of the proposed approach is shown by
an example.

Pe3ome
MeToa HHTEPNOJALMA HA OCHOBE Z-HH(OpMALNH
/Dicadoaposa K.H.

Knrwouegvie cnosa: Z-uucna, unmepnonayus, Z-npaguid

Crathsl MOCBAIIEHA PACHIMPEHHUIO OOINETO METO/A MHTEPIONANN HEYETKUX MPaBHiI Ha Z-MH(OPMALMOHHbIE
ecnu-mo npaBuna. IIpeuIoKeHHBIN MOIX0l OCHOBAH HA ONPEICICHUH PACCTOSIHUS MEXIY TEKYIIUM HaONIOACHHEM H
MPEABIIYIIAMH TIpaBWIaMH. METOA HMMEET HHU3KYI0 BBIYUCIUTENBHYIO CIOKHOCTH. [IpHMMEHEHHE NpelIOKEHHOTO
MOJX0/a OKa3aHo Ha IIPUMepeE.
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HNH®OPMALIUSA O CTATBE PE3IOME
Hcmopua cmamou B yensax obecneuenus s¢gpgpexmusnou unmezpayuu y4eoHo-60CNUMAMENbHDIX,
Honyueno: 02.04.2025 HAYUHLIX, NPOU3BOOCHIBEHHBIX U KOMMEPUECKUX NPOUECCO8 UHINCEHEPHO20
Hcnpasneno: 03.06.2025 Gaxyremema CI'Y, a marxoce 83auMHO20 UHDOPMAYUOHHO20 O0OMeHA ¢
Ipunamo: 20.09.2025 Ppykosoocmeom u noopaszoenenuamu CI'Y cnianuposan pecnamenm pabomol
aA8MOMAMU3UPOBAHHON  KOPHOPAMUBHOU — UHMOPMAYUOHHOU  CUCHEMbl
Knrueevie cnosa (AKHUC) u cozoana obwas @ynxkyuonanvuaa cxema. Ocnoenas (ynkyus
ABMOMAMU3UPOBANHAS AKHUC, nonyyusweti naszéanue «CI'Y-Hnoicunepuney, 3akniouaemcs 6
KOPNopamueHas uHGOpMayuoHHas obecneuenuu KOMNJIEKCHOU asmomamusayuu OCHOBHBIX 81008
cucmema (AKHUC), ¢pynkyuonarvras 0bpazoeamenvholl,  HAYYHOU,  NPOUIBOOCMBEHHOU U  KOMMEPHecKol
cxema mooyaet, MoOOy1b yueOHo20 0eamenbHOCmU OAHHO20 YUPeXtCOeHUs, 0Cyuwecmanenuy KOHmpoisa Kauecmed
npoyecca, 31eKmpOHHbII 0eKaHam, opeanusayuu yuebonozo npoyecca nocpeocmeom AKUC, nogviutenuu ypoeHs
pacnucanue ypoxos NO020MOBKU CHeYUATUCTNOS UHIHCEHEPHO20 NPOPUA.

BriBenenue yueOHoOro npouecca U HaydHblx padoT BY3a Ha HOBBIN KauecTBEHHBIN YPOBEHbD,
MOJHATHE YPOBHS MOJrOTOBKHM CIELUAIUCTOB JI0 MEXIYHApOJHOIO YPOBHS, KOPIOPAaTUBHOE
yhpaBjieHHEe Y4YeOHBIM IPOLIECCOM HHKEHEPHO-OpPUEHTHUPOBaHHBIX BY30B, HayuHble paboTHI,
MIPOM3BOJICTBEHHAsl JEATENbHOCTh U KOMMEpLMaIM3alus CTapTan-mpoAyKTOB Ha 0a3e M0 HOBBIM
MH(OPMALIMOHHBIM TEXHOJOTUSM M KOMIBIOTEPHOM TEXHUKE CUUTAEeTCd OJHOM U3 Hay4YHBIX
npobiem.

B nensx obecneuenus 3(pHekTUBHON MHTETrpallMi yu4eOHBIX, HAyYHBIX, IPOU3BOACTBEHHBIX
U KOMMEpPYECKHX IpoLeccoB HHkKeHepHoro ¢akynprera CI'Y M B3auMHOro MH(pOPMAIMOHHOTO
oOMeHa ¢ pykoBoacTBoM U kKadeapamu CI'Y HE0OXOIUMO TJIAHUPOBATH U OCYIIECTBIATH OOIIUNA
MOPSAIOK PabOTHl aBTOMATU3MPOBAHHOW KOPHOPATUBHOM WH(GOPMALMOHHOM CHCTEMBI. JOJKHA
ObITh yCTaHOBJICHa (yHKIMOHANbHAs cXeMma. 3ajJadya aBTOMAaTU3MPOBAHHOM KOPIOPAaTHUBHOMN
nHpopmannonHoi cucremsl (AKUC), xotopast Ha3piBaeTrca «CI'Y-UHxeHepuHr», — o0OecneduThb
KOMIUIEKCHYIO ~ aBTOMATH3allMI0  OCHOBHOW  yueOHOH, HayyHOW, MpPOM3BOACTBEHHOHM U
KOMMEpPUECKOH paboThl 3TOr0 YUYPEKICHHs, IOBBICUTH YpPOBEHb IOJIOTOBKH HHXEHEPHBIX
CHEIMAJIMCTOB 32 CYET KOHTPOJsA KauecTBa OpraHU3alud IPOU3BOJCTBEHHOIO Ipoliecca.
oOpazoBarenbHbIi iporiece yepe3d AKUC.

C nomomrsto AKUC «CI'Y-MHXeHepuHT» PYKOBOJACTBO (paKkyjibTeTa B KOPOTKHE CPOKH
UCIOJIb3YET BCE JNaHHbIe, HEOOXOIMMBIE NJISi BBINIOJHEHHUS CBOMX YIpaBieHuYeckux ¢GyHKuil. B
otinume oT moo0HbIX cucteM, AKHC obnagaer cieayomyuMu BO3MOKHOCTSIMU:

- ero KOMIIOHEHThl TOCTPOEHbl B MOJYJIBHOM BHJE, YTO IIO3BOJIAET IOJIb30BATEIIO
MCIOJIb30BaTh HEOOXOMMbIE KOMIOHEHTHI;

- 33 CYET BO3MOYKHOCTH CHCTEMHOW MHTErpaldd BO3MOXKHO IPO3payHOE YIpaBiIeHUE
O0OMEHOM JTaHHBIMH MEX[Y CYLIECTBYIOIIMMH MOAYISAMU U MHPOPMALMOHHBIMUA CHCTEMaMHU Yepes3
CEpBUCHYIO IIIHUHY;
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- B 3aBHCHMOCTH OT 3arpy>K€HHOCTH II0JIb30BaTeNIl BO3MOXKHO HcHojib3oBaHue cpen OC
Windows 1 BeO-caiiToB;

- BO3MOJKHa TMOKas HaCTPOWKa MpaB padOThI MOJIL30BATENS B CUCTEME;

- g paboThl € TEPCOHAIBHBIMU JaHHBIMU HCHOJB3YIOTCS  CePTHUPHUIMPOBAHHBIC
kommoHeHThl Microsoft Windows Server, Microsoft SQL Server, Microsoft SharePoint.

Ha pucynke mnpezacraBieHa ¢yHkiumoHanpHas cxema monaynei AKHWC, obecrneunBaromias
UHTErpalyio JJidl KOMIUIEKCHOW aBTOMAaTM3alMd Ipollecca B3aMMHOIO OOMEHa Mexay
yupexaeHusmMu umwkeHepHoro ¢akyiapreta CI'Y. AKHMC nonx HazBanuem CI'Y-HHxeHepuHr
COCTOUT M3 CIEAYIOMUX (QYHKIIMOHATBHBIX MOYJIEH :

1. Moaynbs KOHTHUHTEHTa MPOQECcCCOPCKO-NPENOJAaBATEIBCKOIO0 COCTaBa HMHXKEHEPHOIO
dakynprera.

2. Monynb CTyI€HY€CKOT0 KOHTUHT€HTa MHKEHEPHOTo (haKyibTeTa.

3. Mogynp yueOHOTO mpoliecca HHXEHEPHOTo (haKyJIbTeTa.

4. HayudHo-uccien0BaTeNbCKUN MOy b HHKEHEPHOTO (haKybTeTa.

5. Moysib ”HHOBAIIMOHHOW PabOThI MHKEHEPHOTO (haKyIbTeTA.

Monyne yuebHo2o npoyecca CUATAETCS OJAHMM M3 OCHOBHBIX M KPYIHBIX MPOrPaMMHBIX
moayieir AKHC. Ponb 3Toro momyins 3akiodaetcs B 0OydeHHH WH)XEeHepHoro ¢akynsreta CI'Y
JUII MOHUTOPHHTA KOH(PHUACHIINATHHOCTH B JIONOJHEHUE K aBTOMATU3allMHU TIpoIecca.

Monynb yuebHo20 npoyecca COCTOUT U3 CIEAYIOIUX MOAMOTYICH:

1. DneKTpOHHBIH JIeKaHaT.

2. [1nanupoBanme yaeOHOTO mporecca.

3. Pacniucanue 3aHsaTHil.

DnekmponHbIll OeKanam PeIaeT CIeAYIoIue TPoOIeMbI:

1. ®opmupoBaHHe yIOCTOBEPEHUS JIMYHOCTU U KApTOUKH CTyIAeHTAa. BBoaMMbIE DaHHbBIE
BKJIIOYAIOT B ce0sl MepcoHaJIbHBIE JaHHBIC, JaHHbIE 00 y4eOHOW (opMme, TaHHBIE O PETUCTPAIHH,
JaHHBIE O TEepeBOJE CTyJIEHTa W T.A. BKIOYaeT B cebs. OpHa U3 BO3MOXKHOCTEH CyOMOIyIs
AJIEKTPOHHOTO JIEKaHa — MPOCMOTP APYTHX MOIYJIEH | mepeaada HeoOXOIMMBIX JaHHBIX ce0e.

2. ®opmupoBaHHE OTYETOB /JIsi OTAENA CTYIEHYECKOr0 KOHTHMHIEHTa [0 pPa3IMYHBbIM
napaMmerpam.

3. Koutpons mnepeBoja cTyaeHTOB U (opmupoBaHHe TNpUKa3oB (TpueM, MEpeBo/,
OTYHCIIEHNE, BOCCTAHOBJIEHUE CTYJECHTOB).

4. ®opMUpOBaHHE KBapTaJIbHBIX M TOJOBBIX OTYETOB, CTATUCTHUYECKUX (OPM IO 3ampocam
KOHTPOJIMPYIOIIUX OPTaHU3aLUN.

5. Benenne undopmanmu o 10roBopax CTyI€HTOB, KOHTPOJb OIJIATHI.

6. [Tonyyenue cnpaBouHON MH(DOPMAIIUHY TIO TIOAPA3AEICHUSIM U UX KOHTUHTEHTY.

7. HazHaueHWe U y4eT CTUNICH M.

8. Yuer nocemaemoctu (pe3yiabTarhl (akynbTeTa, Kypca U IPyNIOBBIX 3aHATHI), BeJeHUE
3a4eTHOW KHIKKU, cOOp nH(popmanmu 06 akaJeMUIecKon 3aJ0IKEHHOCTH (HaOpaHHBIX KPEAUTAaX ).

9. ABToMarnyeckoe (HPOpMHpPOBAHHUE CIUCKA CTYJEHTOB, JOMYIIEHHBIX K AK3aMEHAllMOHHON
CECCHH.

10. IlogroroBka, pacrieyaTtka U CKaHHPOBAaHUE OJIAHKOB IO PE3yJIbTaTaM 3KCIEPTUHI.

[TnanupoBaHue y4eOHOTO Mpollecca C MOMOIIBI0 CyOMOAYNSI aBTOMAaTHYECKH PEIIaloTcs
CJIETyIOIIIHE BOIPOCHI:

1. ®opmupoBaHNEe OCHOBHBIX M pabodnx yueOHBIX MpOrpaMM (Ha ypOBHsX OakalaBpuaTa u
MarucTparypsl) o HoBsIM cTangaptam (Popma 1).

2. ®opMupoBaHUE TOAOBBIX YUeOHBIX Harpy3ok (Popma 3) Ha OCHOBaHHH 33/IaHUU.

3.Pacnipenenenue yueOHOM Harpy3ku cpeau cCOTpyaHUKoB Kadenpsl (Dopma 4).

4. ®opmupoBanue oobema padotsl otena (Gopma 5).

5. ®opMHpOBaHHE aKaIeMUIECKON yueOHOoM Harpy3ku kadeaps! (Dopma 6).
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ARTOMATH IUPORAHHAR KOPAOPATUAHAR
MrPopMaumoHHan CHETemMa MHMeHe pPHOMD
darynsTeTa CIY

Npageccopons
npenogasa-

CrygeHec-

KMA

Ve fubE
npoysce

TENLCHHA HOMTHHTEHT
ROHTHHIEHT

MpoexTHo-
NPOMIBOOCTEEHH Bl

UEHTp MO
nNoaroToesxe startuP
NpoCHToD

Hay-miae
palfores

Hrusosayuon- HMHPopmaL o=

Hble pafoTe Hbidi nopTan
takyisTETA

e HTROHHMA
AoRyMeATo

ofopor
FnTerpausonnsil smogyne

I
Craenis
HEpApEMYe-
KOH CTRYHTY PYMOBOACTEG (1Y OITARA MAMCT AT R - YusfHan U HBWHEA
cry SoxTopawTyps CMY BrbanoTena CMY
YeBii OTAEA CTY Hayuunii oraes CFY Byuranteporui
argen CMY h

Pucynok. Qyukyuonanvuas cxema agmomamu3upo8anHol KOpnopamueHol UHGOPMayuoHHoU
cucmembl undcenepnozo gaxyrbmema CI'Y

Pacnucanue ypokos Ha 0cCHOBE CyOMOYIISI pEIIEHbI CIIEAYIOLUE TPOOIEMBI:

1. Yuer 3purenbckoro Gonaa mxeHepHoro pakynprera CI'Y (emMKocTh, 000pyaOBaHUE,
CTEH/Ibl, UHBEHTApPb, AJIEKTPOHUKA U VIHTEepHET).

2. @opMupoBaHWE W TIeYaTh PACHUCAHUN JICKITUH, 3aHATUH M JTA0OPATOPHBIX 3aHATUN B
3aBHCUMOCTH OT KOJIMYECTBa rpynn kKadeap ¢axyabTeTa, BMECTUMOCTH ayAMTOPUH M C y4eTOM
MpeII0KEHU I MPOoPeccCOPCKO-NPENOIaBaTEIbCKOr0 COCTaBA.

3. TIlogroroBka, medaTb M  YTBEpPXKIECHUE  KaJEHIAPHO-TEMATUYECKUX  IUIAHOB
MIPEIo/IaBaeMbIX IPEIMETOB MpenoaaBaTeIsiMu Kadeapsl.

4. ®opmMupoBaHHE pacCHUCaHHS KOJUIOKBUYMOB Ha CEMECTp U KOHTPOJb 3a XOJIOM
KOJUIOKBUYMOB.
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5. ®opMHpoBaHME pacClHHUCaHUs OSK3aMEHAllMOHHOM CECCMU M KOHTPOJIb 33 XOAOM
9K3aMEHALlMOHHOMN CECCHUMU.

[Tpu ucnonb30BaHUU MOAYIIA « YuebOHviti-npoyeccy NOCTUTAIOTCS CIEYIOIINE PE3YIbTAThI:

- MPO3PaYyHOCTh M KOHTPOJb BCEX ATANOB OpPraHu3alluu y4eOHOTO Ipoliecca HHKEHEPHOrO
(dakynpTeTa;

-33]a4M, [IPUKAa3bl, CIIUCKU U T.JI. 5KOHOMUS BPEMEHHU CIIELIMAJIMCTOB 3a CYET aBTOMAaTU3ALINU
MHOTOYHCIICHHBIX ONepanuii mo GopMUpoOBaHUIO BOIIPOCOB;

- [IOJIHAsA aBTOMATHU3aIs pabOThI ClIEUAINCTa, HACTPAUBAIOLIET0 pacucaHue 3aHATHIA.
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Xiilasa
Sumgqayit Dovlot Universitetinin mithandislik fakiiltasinin avtomatlasdirilmis korporativ informasiya
sisteminin funksional sxeminin hazirlanmasi
Oliyeva A.Q.

Acar sozlor: avtomatlagdirilmis korporativ informasiya sistemi (AKIS), modullarin funksional diagrami, tadris
prosesi modulu, elektron dekanlq, dars cadvali

SDU-nun Miihondislik fakiiltasinin tadris, elmi, istehsalat vo kommersiya proseslorinin somarali inteqrasiyasint
vo SDU-nun rohborliyi vo kafedralart ilo garsiligli molumat miibadilasini tomin etmok mogsadilo avtomatlagdirilmig
korporativ informasiya sisteminin (AKIS) is prosedurlari planlasdirilmis vo {imumi funksional sxem yaradilmisdir.
“SDU-Miihondislik” adlanan AKIS-in vazifasi bu qurumun osas todris, elmi, istehsalat vo kommersiya islorinin
kompleks avtomatlagdirilmasini tomin etmok, AKIS vasitesilo tadris prosesinin taskilinin keyfiyyatino nozarat etmok,
mithondis miitoxassislorinin hazirliq soviyyasini yiiksoltmokdon ibaratdir.

Summary
Preparation of a functional diagram of the automated corporate information system of the faculty
of engineering of Sumgayit State University
Aliyeva A.G.

Key words: automated corporate information system (ACIS), functional diagram of modules, educational
process module, electronic dean's office, lesson schedule

In order to ensure the effective integration of the educational, scientific, production and commercial processes of

the Faculty of Engineering of SSU and mutual information exchange with the management and departments of SSU, the

operating procedures of the automated corporate information system (AKIS) have been planned and a general

functional scheme has been established. The task of AKIS, called “SSU-Engineering”, is to ensure the complex

automation of the main educational, scientific, production and commercial work of this institution, to monitor the

quality of the organization of the educational process through AKIS, and to increase the level of training of engineering
specialists.
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Mexaniki emal markazinin intensivlik saviyyasinin tayini ii¢iin
garar gabuletma modeli
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MOQALD HAQQINDA -
I\Q’IaLUMAgQ XULAS9

Magalanin tarixgasi Maqala, qeyri-salis produkusiya qaydalarima a2saslanan mexaniki emal

Daxilolma tarixi: 15.04.2025 moarkazinin intensivlik saviyyasinin miiayyanlasdirilmasi iigiin montiqi ¢ixaris

Diizalis tarixi: 03.06.2025 sisteminin  islonmasinag hasr olunmusdur. Islonan sistem real istehsal

Qabulolunma tarixi: 20.09.2025 proseslorina xas olan verilanlarin geyri-miiayyanliyini vo natamamiigini
nazara alaraq, xarici amillarin dayismasi saraitinda proseslorin idara edilma

Acar sézlar keyfiyyatini artirmaga imkan verir. Todgigatin elmi shamiyyati, emal

Moantiqi ¢ixaris sistemi, produksiya markazinin faaliyyatinin optimallasdirilmast yolu ilo istehsal prosesinin

qaydalar, fazzifikasiya, Mahsuldarligini artiracaq parametrlorin alinmasidr

trapesiyasakilli monsubluq funksiyast,

mexaniki emal

Miiasir idareetmo texnologiyalarinin genis totbiq olunan istigamstlorindon biri geyri-solis
idaroetmadir. Qeyri-solis idaroetmo nozoriyyasinds totbiq edilon metodlar komiyyotlo ifado edilo
bilmayon geyri-miisyyan, geyri-doqiq informasiyalarla islomoys imkan veran geyri-salis ¢oxluglar
Nnozoriyyasind vo qeyri-salis montiqo osaslanir [1,2]. Daqiq riyazi komiyyatlorlo ifado oluna
bilmoyon miirokkab proseslori idars edarken, qeyri-salis sistemlor ononovi sistemlorlo miiqayisado
foaliyyot gostordiklori real miihitin daha adekvat tosviri sayosindo xotalara daha dayanigli olub,
daha boyiik siirats vo doqiqliye malikdirlor [3,4].

Qeyri-salis mantiqi ¢ixaris sistemi qeyri-doaqiq ilkin sortlor asasinda, obyektin talob olunan
idaro edilmosi liglin obyektin cari voziyyoti haqqinda informasiyani ifado edon geyri-solis
naticalorin aldo edilmasi prosesidir va bu sistemin islonmasi, totbiqi bir sira marhalalari ohato edir:
geyri-solis  produksiyalarin  togkili, fazzifikasiya, aqreqasiya, aktivlosmo, akumlyasiya,
defazzifikasiya prosedurlar1 [5].

Magqalodo bir fordi girig, bir fordi ¢ixis saxlayicilarindan, iki név detal tizorindo iki forqli
omoliyyat yerino yetiron qurgudan idarat mexaniki emal markozinin foaliyyeoti aragdirilmisdir. Emal
qurgusunun intensivliyinin idars olunmasini tomin etmok mogsodilo hazirlanmis montiqi ¢ixarig
sisteminin formalasdirilmasi li¢lin asagidaki linqvistik doyisonlor miioyyon edilmisdir [6,7]:

—Giris linqvistik dayisonlori: A — “emal morkazinin sazlanma zaman1” vo bu doyison
iiclin TA = {normaldan xeyli ki¢ik, normaldan kicik, normala monfi yaxin, normal, normala miisbot
yaxin, normaldan bir qoder bdyiik, normaldan bdyiik, normadan xeyli boyiik} term ¢oxlugu tayin
edilmisdir; B—*“emal qurgusunun amoliyyat miiddati” vo bu doyigon iiciin TB={minimal, orta,
maksimal} term ¢oxlugu toyin edilmisdir.

—Cixas linqvistik doyisoni: C- “emal moarkazinin intensivliyi” vo bu doyison {i¢iin
TC={minimal, minimala miisbat yaxin, ortaya monfi yaxin, orta, ortaya miisbat yaxin, maksimala
monfi yaxin, maksimal} term ¢oxlugu toyin edilmisdir.

Montiqi ¢ixarig sisteminin produksiya qaydalar1 bazasi asagidaki kimi formalasdirilmigdir
[8]:
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Qayda 1. ©OGOR emal morkozinin sazlanma zamani normaldirsa VO emal qurgusunun
omoliyyat miiddati minimaldirsa, ONDA emal morkozinin intensivliyi maksimaldir.

Qayda 2. OGOR emal morkozinin sazlanma zamani normaldirsa VO emal qurgusunun
omoliyyat miiddati minimaldirsa, ONDA emal morkozinin intensivliyi maksimala monfi yaxindir.

Qayda 3. OGOR emal moarkazinin sazlanma zamani normala manfi yaxindirsa, VO “emal
qurgusunun oamoliyyat miiddoti” minimaldirsa, ONDA emal morkozinin intensivliyi maksimuma
manfi yaxindir.

Qayda 4. OGOR emal morkozinin sazlanma zamani normala miisbat yaxindirsa VO emal
qurgusunun omoliyyat miiddoti minimumdursa, ONDA emal morkazinin intensivliyi maksimaldir.

Qayda 5. OGOR emal morkozinin sazlanma zamani normaldan bdyiikdiirss, VO emal
qurgusunun omoliyyat miiddoti ortadirsa, ONDA emal morkozinin intensivliyi ortadir.

Qayda 6. OGOR emal moarkozinin sazlanma zamani normaldan xeyli kigikdirss, VO emal
qurgusunun omoliyyat miiddoti ortadirsa, ONDA emal morkozinin intensivliyi ortaya monfi
yaxindir.

Qayda 7. ©OGOR emal morkazinin sazlanma zamani normadan kigikdirsa VO emal
qurgusunun omoliyyat miiddsti ortadirsa, ONDA emal morkozinin intensivliyi orta soviyyayo
miisbat yaxindir.

Qayda 8. OGOR emal morkozinin sazlanma zamani normaldan xeyli boyiikdiirso VO emal
qurgusunun omoliyyat miiddoti maksimumdursa, ONDA emal markozinin intensivliyi minimumdur.

Qayda 9. O9GOR emal morkozinin sazlanma zamani normaldan bir qader boyiikdiirso VO
emal qurgusunun omoliyyat miiddoti maksimumdursa, ONDA emal morkozinin intensivliyi
minimuma miisbat yaxindir.

A linqvistik dayiseninin termlorinin fazzifikasiya proseduru ii¢cin X=[0,60] universumunda
trapesiyasokilli monsubluq funksiyalar1 se¢ilmis vo term c¢oxlugunun elementlorine uygun olaraq
asagidaki qeyri-solis coxluglar miioyyon edilmisdir: 4; = [0,0,4,8]- normaldan xeyli kigik;
A, =[48,13,18]- normaldan kicik; A; =[12,17,22.5,24]- normala monfi  yax;
A, =[20,25,29,33]-normal; A; =[30,31,35,40]- normala miisbot yaxm; A, =[37,39,42.5,48]-
normaldan bir qodor boyiik; 4,=[43,45,50,54]- normaldan béyiik; Ag= [50.8,53.2,60,60]- normadan
xeyli boyiik.

"Emal morkazinin sazlanma zamani" linqvistik doyisoni ii¢iin X universumunda asagidaki

geyri-salis ¢oxluq toyin olunmusdur [9]:

Asy2o #al) _ 1 0375 | 1 D% 034 1, 095 075, 1,098, 02 1y

Xi X1 X2 X3 Xa X5 X6 X7 Xg X9 X10 X11 X12
0.625 1 1 0.199 1 0.7 1 1
—+—t+—F—+—+—+—+—

X13 X14 X15 X16 X17 X18 X19 X20

A linqvistik doyiseninin termlor ¢oxlugunun elementlorino uygun mensubluq funksiyalari
qurulmusdur:
uz; (x) = {(1/0),(1/2),(1/4),(0.5/6),(0/8)};
uz; (x) = {(0/4),(0.5/6),(1/8),(1/10),(1/12),(0.8/14),(0.4/16), (0/18)};
ua; (x) = {(0/12),(0.4/14),(0,8/16), (1/18)(1/20), (1/22), (0/24)};
ux, (x) = {(0/20),(0.4/22),(0.8/24),(1/26),(1/28),(0.75/30), (0.25/32)};
us(x) = {(0/30),(1/32),(1/34),(0.8/36), (0.4/38), (0/40)};
px (x) = {(0,5/38),(1/40),(1/42),(0.727 /44), (0.363/46), (0/48)};
uz; (x) = {(0.5/44), (1/46),(1/48),(1/50), (0.5/52), (0/54)};
ua;(x) = {(0.5/52),(1/54),(1/56), (1/58)};

B linqvistik doyiseninin termlorinin fazzifikasiya proseduru ii¢iin Y=[0,60] universumunda
trapesiyasokilli monsubluq funksiyalar1 secilmis secilmis vo term ¢oxluguna uygun olaraq asagidaki
geyri-salis coxluglar miioyyon edilmisdir: B;= [0,0,10,26]- minimal; B,= [8,24,36,52]- orta; B;=
[36,50,60,60]- maksimal.
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"Emal qurgusunun amsliyyat miiddati " linqvistik doyisoni tli¢iin X universumunda asagidaki
geyri-salis ¢oxluq toyin olunmusdur:

B = Z20 ﬂB(xl) 1 + + + +093+073+0625+0813+ +_+

Xi X1 X5 X6 X7 Xg X9 X10
1 1 1 0, 812 0 625 0.642 0 857 1 1 1
—+—+—+ + +—t—t+—
X11  X12 X313 X14 X15 X16 X17 X18  X19 X0

B linqvistik doyigoninin termlor coxlugunun elementlorine uygun golon monsubluq
funksiyalar1 qurulmusdur:
ug; (x) = {(1/0),(1/5),(1/10),(0.687/15),(0,375/20), (0,062/25)};
ug, (x) = (0,12/10), (0,44/15), (0,75/20), (1/25),(1/30),(1/35),(0,75/40),
(0,437/45),(0,13/50)};

C c¢ixis linqvistik doyigsoninin termlorinin  fazzifikasiya proseduru {iglin  Z=[0,60]
universumunda trapesiyasokilli monsubluq funksiyalar1 se¢ilmis (sok. 5) sec¢ilmis vo term ¢oxluguna
uygun olaraq asagidaki qeyri-solis ¢oxluglar miioyyen edilmisdir: C; = [0,0,3,5]- minimal;
Z’; =[3.5,4,6.5,10]- minimala miisbot yaxin; Z’; = [7,10,12.5,14]- ortaya monfi yaxin;
C, =[11,13.5,16.5,19]- orta; Cs = [16.7,18,20,24] - ortaya miisbat yaxin; C, = [21,24,27,28]-
maksimala manfi yaxin; E;: [25,28,30,30]- maksimal.

C linqvistik doyiseninin termlor ¢oxlugunun elementlorine uygun golon mansubluq
funksiyalar1 qurulmusdur:

g () = {(1/0),(1/2),(0.5/4),(0/6)};

te; () = {(1/4),(1/6),(0.57/8),(0/10)};

ug; (x) = {(0,33/8),(1/10),(1/12), (0/14)};

ug; (x) ={(0,4/12),(1/14),(1/16),(0,4/18)};

ue; (x) = {(1/18),(1/20),(0.5/22), (0/24)};

ug; (x) = {(0.33/22), (1/24),(1/26), (0/28)};

ug; (x) = {(0,33/26),(1/28),(1/30)};

Fazzifikasiya morhalasi geyri-solis ¢ixaris sisteminin har bir giris doyisoninin verilmis adadi
qiymati ilo giris linqvistik doyisonin miivafiq termininin monsubluq funksiyasinin qiymsti arasinda
uygunlugun qurulmasidir. Bu morhslonin sonunda biitiin giris doyisonlori {i¢lin montiqi ¢ixaris
sisteminin qaydalar bazasmmin On sortlorino daxil olan termlorin hor biri {iglin monsubluq
funksiyalarinin daqiq qiymatlori miioyyon edilir.

Mamdani alqoritmini totbiqi edorok, x=23.4 vo y=12.7 giris qiymatlorindo produksiya
qaydalarinin 6n  sortlorino daxil olan linqvistik doyisenlorin  termlorinin hor biri {iglin
pz;(x) v ug;(y) monsubluq funksiyalarmin qiymatlari miiayyon edilmisdir:

pa (x) = 0; uz; (%) = 0; ugz;(x) = 0.33; ug, (x)=0.7; pa;(x) = 0; uz(x) =0
1, (x)=0; uz; (x); ug (v) = 0.831; ug;(y)=0.293; ug; (¥)=0.

Montiqi ¢ixarig sisteminin  bir qaydasi {¢iin sortlorin limumilosdirilmosi qgeyri-salis
implikasiyadan istifado etmokls hoyata kegirilir. Hor bir produksiya gaydasi {iciin sortlorin dogruluq
daracolori Cadval 1-ds 6z oksini tapmisdir.

Cadval 1.
Aqreqasiya marhalasinin naticalori

Produksiyalar 1 2 3 4 5 6 7 8 9
A dayisoninin 6n sortlorinin 07 | 07 0 0 0 0 0 0.33 0
dogruluq giymatlori
B dayisoninin on sartlorinin | 4 g1 | 5831 | 9293 | 0203 | 0203 | 0 0 | 0831|0831
dogruluq giymatlori
Qaydalarin dogrulug 07 | 07 0 0 0 0 0 0.33 0
qiymatlori
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Aktivlosdirma proseduru qeyri-salis produksiya qaydalarimin antesedentlorinin q; (i=1,9)
dogruluq doracosinin tapilmasi prosesini ifado edir. Bunun {igiin produksiya qaydalarinin o6n
naticalorinin dogruluq qiymatlori ilo onlarin ¢oki omsallarinin cobri hasili hesablanir. Baxilan halda
hor bir qayda iiclin F; ¢oki omsallar1 bir gobul edilir. Aktivlesdirma naticolori Cadval 2-do
gostorilmisdir.

Cadval 2.
Aktiviasdirma morhalasinin naticalori

Produksiyalar 1 2 3 4 5 6 7 8 9

On noticalarin dogruluq 0.7 0.7 0 0 0 0 0 0.33 0
qiymotlori ' ' .

q; (i = 1,9) ¢oxlugu toyin edildikden sonra, p; produksiya qaydalarmnin ilkin naticalorinin
monsubluq funksiyalarmin giymetlori u(p;) = min{q;, uz (x;)}, i = 1,9, geyri-solis kompozisiya
tisulu ilo toyin edilir, burada ugz (x;) vo q; uygun olaraq geyri-salis p; produksiya qaydasinin ¢ixis
lingvistik dayisoninin termlorinin mansubluq funksiyasi va ilkin naticalorinin dogruluq doracalidir:

u(p1) = min{qy, ug; (26)} = min{0.7; 0.33} = 0.33;

u(p,) = min{qz,ug;(ZB)} =min{0.7;1} = 0.7;

u(pg) = min{qs, g (4)} = min{0.33; 0.5} = 0.33;

u(ps) = ulps) = ulps) = u(ps) = ulps) = plps) = 0.

Defazzifikasiya c¢ixis lingvistik doyisonin monsubluq funksiyasindan onun komiyyat
qiymatine kegid prosesidir. Agirlig morkozi metodundan istifade edorok C doyisoninin
defazzifikasiyasi yerino yetirilmis vo agsagidaki natico alinmisdir:

x=(26-033+28-0.7+4-0.33)/(0-33+ 0.7 + 0.33) = 21.69.

Mexaniki emal morkozinin intensivliyinin qeyri-salis idarsetmo modeli MATLAB-1n Fuzzy
Logic Toolbox qrafik miihitinde hoyata kegirilib [10]. Islonmis qeyri-solis ¢ixaris sistemini
qiymatlondirmok {i¢iin giris doyigonlorin qiymati 24 vo 12 olaraq daxil edilmis vo naticads "emal
morkozinin intensivliyi" ¢ixis doyisoni iiglin 22.1 qiymati alinmisdir vo bu, modelin adekvatligini
tasdiglayir (Sakil).

+ Rule Viewer: mel - i | =

Filg Edit g Options

NOS = 24 VWOOU = 12 oS =21
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2 | \ I P~ | L 4
a | AN | ~ | L 4
s | | L | | AN |
s | | [ | L~ |
6 | | | | | TN
7| | | | LJ |
s | J [ J L |
9 | | C I | | Z A\
10 | | T | | el
o 60 o &0 ahn
0 30

Inputs o492 Plot points: 159 |"""“"": left | right | dﬂ'ﬁﬂl up ]

Opened system mel, 10 rules Halp | Close |

Sakil. Noticalorin oks olundugu qrafiki program interfeysi
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Avtomatlagdirilmig qgeyri-solis idareetmonin totbiqi, sistemin foaliyyotini termlorin
giymatlorino osason tosvir etmoyo, prosesin cevikliyini, somoraliliyini artirmaga, diiriist vo real
naticalora gotirib ¢ixaran idarsetmo qaydalarini linqvistik sokilds formalasdiraraq emal prosesinda
meydana ¢ixan geyri-miioyyonliklori nozora almaga imkan verir.
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Summary
Decision making model for determining the intensity level of a machining center
Salmanova M.N.

Key words: inference system, production rules, fuzzification, trapezoidal membership function, mechanical
processing
This article focuses on the development of a logical inference system for controlling the operational intensity of
a machining center based on fuzzy production rules. The proposed system effectively accounts for the uncertainty and
incompleteness of data, which are inherent in real-world production processes, thereby enhancing process control under
varying external conditions. The significance of this study lies in its potential application to optimize the operation of
machining centers, ultimately improving both productivity and the quality of the final product.
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Pe3ome
Mopnesb NTPUHATHUS pPellleHuH 151 onmpe/iejieHHs] YPOBHS HHTEHCHBHOCTH MeXaHUYeCKOT 0
o0padaTbIBalOIIero HeHTpa
Canmanoea M.H.

Kntouesvle cnosa: cucmema no2uieckozo 6v18600a, npasuia npooyKyuil, gassuguxayus, mpaneyuesuonas
DYHKYUSL RPUHAONIeHCHOCMU, MEXAHUYeCKas 0bpabomka

Cratbsi TOCBAIIEHa pa3pabOTKe CHCTEMBI JIOTUUECKOTO BBIBOAA JAJISL YIPABICHUS MHTEHCHBHOCTBHIO PabOTHI

MeXaHO00pabaThIBAIOIIEr0 [EHTPa, OCHOBAaHHOW Ha HEYETKHX NPOAYKIMOHHBIX INpaBwiax. Paspaborannas cucrema

no3BoiisieT 3()(EKTHBHO YYHUTHIBATH HEONPEAEICHHOCTh W HEINOJHOTY JAHHBIX, XapaKTepPHBIX Ui pealbHBIX

MIPOM3BOJICTBEHHBIX IPOIIECCOB, YTO CIIOCOOCTBYET YIJIYYIICHHIO KadeCTBa YNPABJIEHHs IPOIECCAMU B YCIIOBHSAX

N3MEHSIOMINXCS. BHEIIHUX (DAaKTOPOB. Ba)kHOCTH HCClleIOBaHUs 3aKII0YaeTCsl B €0 NMPUMEHEHHH JUIS ONTUMH3aLUH

paboTel MexaHOOOpaOaTHIBAIONINX IIEHTPOB, HYTO CIOCOOCTBYET YIIYYIICHHIO TIPOW3BOAWUTEIFHOCTH M KadecTBa
KOHEYHOTO IPOIYKTa.
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Katod miihafiza stansiyasinin avtomatlasdiriimasi

ORCID

'Sirinova Aynur Yasar qizi
’Hasanova Ulviyys Elxan qiz1

Sumgqayit Dovlat Universiteti, Sumqayit, Azarbaycan, I- t.f.d.
Balki Miihandislik Universiteti, 2-prorektor komakgisi
aynur.shirinova.(@sdu.edu.az, uhasanova@beu.edu.az

MOQALO HAQQINDA MOLUMAT XULASO

Magalanin tarixgasi Katod miihafizo  stansiyasimin  metal konstruksiyalarimin  dayaqlarinda

Daxilolma tarixi: 02.05.2025 miihafiza potensialinin yarimkegirici qurgularla avtomatik tonzimlanmasi

Diizalis tarixi: 20.06.2025 korroziyamin yaranma daraCasini asagi salmaga imkan verir. Korroziyya

Qabulolunma tarixi: 20.09.2025 ugramis  metal  konstruksiyalarda  katod miihafizo  stansiyalarindaki
avtomatlasdirilmis sistemlor asagidaki asas iistiinliikloro malikdir: korro-

Agar sozlar ziyamin stiratinin 6l¢tilmasi, korroziya prosesinin parametrlorinin tayini va

katod, korroziya, miihafiza Carayant, onlarn statiki giymatlondirilmasi, Xidmat miiddatinin artirilmasi, etibariiligin

tonzimlayici, transformator, yiiksadilmasi va texniki kamiyyatin miiayyan etdirilmasi.

giiclondirici

Metal konstruksiyalar donizds istismar zamani miixtalif vozifolori yerino yetirorkon doniz
soraitinds kiillii miqdarda korroziyaya ugrayirlar. Yaranmis korroziya prosesinin artiminin qarsisini
almaq ti¢lin miixtolif miihafizo iisullar1 islonmis vo totbiq edilmisdir. Lakin bir ¢ox miihafizo
metodlarinin totbigino baxmayaraq metal konstruksiyalarin (MK) korroziya olunmasinin garsisinin
alinmasi tam miimkiin olmamisdir. MK-nin korroziyaya ugramasinin qarsisinin alinmast doniz
soraitindoki tiklilor iiclin bu giin do aktual maslo kimi qarsida durur. Buna goro do donizds su
altinda olan tikililarin hissalarinin effektli va iqtisadi cohatdon alverisli olmasi tigiin elektrokimyavi
tisuldan korroziyaya qars1 miibarizo aparmaq qarsiya qoyulur. Lakin donizdo MK hocminin artmast
bunlarda katod miihafizo qurgularinin tatbiqins spesifik ¢atinliklor yaradir.

Yaranmig ¢otinliklor tikililorin uzunlugunun artmasi, katod stansiyalarinin giiciiniin
artmasini tolob edir ki, bu da tikilinin uzunlugu boyu miintozom coroyan paylanmasi ¢atinliyini
yaradir. Bu halda kigik giiclii katod stansiyalarinin saymin artmasi tolob olunur, bu da iqtisadi
cohatdon olverisli hesab olunmur. Belo halda 300-500 m-don bir katod miihafizo stansiyasinin
yerlosdirilmosi lazim golir. Biitlin bunlar katod stansiyasinin parametrlorina nozarst etmoyi
cotinlosdirir vo iqtisadi gostaricilori asagi salir.

Odur ki, deyilonlori nozors alaraq katod miihafizo stansiyasinin avtomatlasdirilmasi ilo
onlarin etibarliligini va iqtisadi gostaricilorini artirmaq olur.

Yuxarida deyilonlori nozora alaraq, neft-modon tikililorinin dayaqlarinin katod miihafizo
stansiyalarinin  avtomatlasdirlmasi, onlarin ¢ixig parametrlorinin  yarimkegirici  qurgularla
tonzimlonmasini tomin edon sxem islonmisdir. Islonmis sxem avtomatik katod stansiyalarinin saym1
azaltmaga vo bir qurgu ilo bir ne¢o katod miihafizosinin ¢ixis parametrlorini tonzimlomoayo imkan
verir [2,3].

Islonmis qurgu 9 kVt giico malik olub, giicii 15kVt olan 6 katod stansiyasinin parametrlorini
avtomatik tonzimlomo omoliyyatini1 yerino yetirir. Belo avtomatik katod stansiyasinin prinsipial
elektrik sxemi Sokil 1-do verilmisdir. Qeyd etmok lazim golir ki, yaradilmis blok sxem metal
konstruksiyasimin uzunlugu boyu miihafizo potensialinin miintozom paylanmasini tomin edir.
Sokildon goriindiiyii kimi, doyison coroyan avtomatik tonzimloyicidon, D1—D, diizlondiricilorindon
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kegarak, 6ziinlin miisbat qiitblori ilo anoda, manfi qiitblori ilo miihafizo obyektino qosulur [1].

Bu halda miihafizo coroyan1 vo miihafizo potensiali miintozom paylanmis olur. Bununla
olaqodar olaraq, miiqayiss elektrodu miihafizo olunan sahonin istonilon ndqtesinds yerlosdirils bilor.
Signal miigayiso elektrodundan tonzimlayici bloka daxil olaraq, onun qiymstinden asili olaraq,
katod miihafizesinin corayanini tonzimloyir.

Qurgunun elementlorinin qarsiliqh slagesi asagidaki kimi yerina yetirilir. Miihafiza olunan
dayagin yaxinliginda yerlogon vericinin ¢ixisinda potensial ¢ doyisir vo bu potensialin doyismasi
uzlajdiric1 bonddon kecorok miigayiso blokuna otiiriiliir. Burada vericinin ¢ixis signali etalon
gorginlik Ug ilo miiqayiss edilir. Miiqayiso blokunun ¢ixisnda U gorginliklor forqi alinir.

Alinmis gorginliklor forqi U, giiclondirilorok idarsedici bloka étiiriiliir. Idaroedici blokun
cixisinda onun giris signalindan asili olan bucagin tonzimlonmosi omoliyyati yerino yetirilir.
Bucagin tonzimlonmasi ise 6z ndvbaesinda tiristorlara otiiriilorak, Ug doyison gorginliyi tonzimlayir
vo bu gorginlik D;—D, diizlondiricilorinin girigine otiirtiliir.

Katod miihafizo coroyani miihafizs olunan obyektin, diizlondiricinin, torpaqlayict qurgunun
miigavimatindon vo Uy gorginliyinden asili toyin edilir. Diizlondiricilorin anodlara verdiyi carayan,
0z novbosinda dayaqlardan miihafizo potensialint doyisdirir. Belsliklo, yaradilmis qurgu qapali
avtomatik tonzimloma sistemi hesab olunur.

Qapal1 sistem dayaqdan, torpaqlayicidan, deniz suyundan, tonzimlonon parametrdon,
miihafizo potensialindan ibaratdir. Burada oks rabito dovrosi 1—etalon gorginlik monboyindon, 2—
miiqayiso bondindon, 3—uzlasdirici bonddon, 4-vericisindon, S5-tiristor tonzimloyicisindon, 6—
transformatordan, 7—giiclondiricidon, 8—idaraedici bonddon, gorginlik D;—D,, diizlondiricisindon vo
a1 — an anodundan ibaratdir.

Sakil. Daniz avtomatik katod miihafizasinin blok sxemi.
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Summary
Automation of cathode protection station
Shirinova A.Y., Hasanova U.E.

Keywords: cathode, corrosion, protection current, regulator, transformer, amplifier

Automatic regulation of the protection potential on the supports of metal structures of the cathodic protection
station with semiconductor devices allows to reduce the rate of corrosion. Automated systems in cathodic protection
stations on corroded metal structures have the following main advantages: measurement of the corrosion rate,
determination of the parameters of the corrosion process and their static assessment, increase in service life, increase in
reliability and determination of technical quantities.

Pe3rome
ABTOMATH3alIUA CTAHIIUM KATOAHOM 3aIUThI
Hlupunosa A.A., I'acanosa Y.3.

Kniwouegvle cnosa: kamoo, Koppo3us, 3auWumnblii MOK, pe2yisimop, MpancQopmamop, yCuiumens

ABTOMAaTHYECKOE PETYINPOBAaHME 3alIUTHOTO IOTEHIHANa Ha ONOpax METaUIOKOHCTPYKIUI CTaHIMH
KaTOMHOW 3alUThl C IIOMOIIBIO IIOJYNIPOBOJHUKOBBIX TNPHOOPOB TIO3BOMSACT CHU3UTH CKOPOCTh KOPPO3HH.
ABTOMaTH3UPOBAHHBIE CUCTEMBl Ha CTaHLUAX KaTOMHOW 3aIIUTHl KOPPOIUPOBAHHBIX METAJUIOKOHCTPYKLIHH HMEIOT
ClIelyIOIe OCHOBHBIE TPEHMYIIECTBA: M3MEPEHUE CKOPOCTH KOPPO3UH, ONpEAEieHHE MapaMeTpPOB KOPPO3HOHHOIO
mpolecca M HMX CTaTHYecKas OLCHKA, YBEIMYEHHE CpOKa CIYXObI, MOBBIIICHHE HAAEKHOCTH, OIpeerIeHHe
TEXHUYECKHUX BEJIMYUH.
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Istehsalatda insan-robot amokdashg va siini intellekt

ORCID

Dovlatzado Aynurs 9hmoadaga qiz1

Sumgqayit Dévlat Universiteti, Sumqayit, Azarbaycan, miiallim
aynura.dovlatzada@sdu.edu.az
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Magalanin tarix¢asi Malum metodla miiqayisada kiikiird birlagmalarini neft va gaz kondensatindan

Daxilolma tarixi: 18.06.2025 tomizlomak iiciin toklif olunan elektrokimyavi idisul asagidaki iistiinliiklora

Diizalis tarixi: 20.07.2025 malikdir: Oksidlagma proseslari ashamiyyatli daracada selektivdir, geyd etmok

Qoabulolunma tarixi: 16.09.2025 lazimdwr ki, proses zamami alman su-Qolavi mohlulu O2 istehsal manbayi,
eloco do neytrallagdirici rolunu oynayw. Prosesin texnoloji sxemi sadadir,

Agar sozlar alava olaraq hidrogen sulfiddon agir yaglar, gqalovi su ilo emulsiyan

insan-robot smakdasiigi, istehsalat, tomizlomoak iigiin istifads edilo bilor.

Sanaye robotlari, siini intellekt,
avtomatlasdirma, agilli texnologiyalar,
amak bazari, texnoloji yenliklar

Miiasir texnoloji inkisaf morhoalosindo sonaye sahoasindo bas veron doyisikliklor istehsalat
proseslarini daha gevik, mohsuldar va tohliikasiz etmoak ii¢iin yeni yanagmalarin totbiqini zoruri edir.
Bu yanagmalardan biri insan va robotlarin birgs omokdasligidir. Insan-robot omokdashgi (HRC —
Human-Robot Collaboration) — bu, insan amayinin elastikliyi vo yaradici diisiincasi ilo robotlarin
doqiqliyini vo davamliligimni birlosdiron birgo is modelidir. Siini intellektin bu omokdasliga
inteqrasiya olunmasi iso istehsalatin keyfiyyotini vo siirotini daha da artirmaq imkani yaradir. Bu
sahadoki inkisaflar “Sonaye 4.0” anlayis1 ¢or¢ivasinda qiymatlondirilir. Senaye 4.0-dan sonaye 5.0-
a kecid, avtomatlagdirma morkozli yanagmalardan daha ¢ox insan morkozli, davamli vo dayanigh
sonaye modellorina kegidi simvolizo edir. Bu yeni gargivods insan-Robot ©mokdashigi (HRC) artiq
tokco somoraliliyin artirilmast ilo mohdudlasmir, hom ds is yerinds insan rifahi, yaradiciligi vo
tohliikasizliyinin giliclondirilmasini hodafloyir. Sonaye 5.0 insanlarla agilli masinlar arasinda etik
prinsiplora osaslanan omokdasliq miinasibatlorini vurgulayir vo bu omokdashgi siini intellekt
dostokloyir. ©vvalki sonaye inqilablarindan forqli olaraq, hansi ki insan omoyini ovozlomayi
hodofloyirdi. ©nonavi sonaye robotlar1 osason tokrarlanan vo proqramlasdirilmis tapsiriglar icra
edon qurgular kimi ¢ixig edirdilor. Lakin muasir dévrdos kollaborativ robotlar (cobot-lar) insanlarla
birgs islomok ii¢lin nozords tutulmusdur. Bu robotlar sensorlar, gérma sistemlari va siini intellekt
alqoritmlori ilo tochiz olunaraq miistoqil qorarvermo qabiliyyotine malikdirlor. Belo omokdasliq
modelindo robotlar fiziki agir vo monoton islori yerino yetirir, insanlar iso noazarat, yaradiciliq vo
texniki gorarlarin verilmasi funksiyalarini 6z lizerlorina gotiirtirlor.

Sonaye 5.0 insanin intellekti vo yaradiciligini robotlarin doqiqliyi va giicii ilo birlosdirmoyi
qarsisina moqsad qoyur. Siini intellekt sayasinds robotlar konteksti dork eda bilir, qorar vers bilir vo
adaptasiya ola bilir. O©mokdagliq artiq ovoz etmoys deyil, ortaq tarafdashga cevrilir. Bu moqalodo
stini intellektinin sonaye 5.0-da insan—robot omokdasligini neco tokmillosdirdiyi, insan markazli
dizayn, etik masalalor vo uygunlasa bilon sistemlor miizakirs edilir.

Sonaye 4.0 kiber-fiziki sistemlor, ogyalarin interneti (IoT) vo agilli avtomatlagdirma {igiin
asas tomal qoydu. Lakin bu sistemlar ¢ox vaxt insan is¢ilori konarda qoyur va avazolunacaq element
kimi qiymatlondirirdi. Senaye 5.0 is9 insan1 doyar yaradilmasinin morkozina gatirir, birgayaratma,
ortaq intellekt vo etik amokdasliga tstilinliikk verir). Loris Roveda qeyd edir ki, Sonaye 5.0
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omokdaslig1 yenidon miioyyonlogdirir — insan ehtiyaclarini, idrak ergonomikasini vo psixoloji
tohliikosizliyi robot sistemlorine inteqrasiya edir. Stini intellekt tokco hesablama aloti deyil, hom do
robot funksionallig: ilo insan doyarlori arasinda vasitaci rolunu oynayir. Masolon, robotlar
(kooperativ robotlar) artiq insanin emosiyalarina, yorgunluguna vo qeyri-verbal signallarina
reaksiya vera bilmok {i¢lin masin Oyronmosi, kompiiter gormosi vo tobii dil islonmosi
texnologiyalarindan istifado edirlor.

Stini intellekt ilo tochiz olunmus sistemlor artiq insan torofdaglardan dinamik sakilda
Ooyrand vo real vaxtda adaptasiya ola bilir. Masalon, giiclondirici dyronmo robotlara insan geri
bildirimi asasinda tapsiriq iistiinliiklorini 6yronmays imkan verir. Dorin dyronma texnikalari iso jest
Vo nitqin taninmasini tomin edir. Robotlar artiq sort tolimatlara tabe olmur — onlar insan ritmina va
is tarzind uygun adaptasiya olunur.

Insan-robot omokdashig yalmz tapsirigin icrasi ilo mohdudlasmir. Yiiksok stressli vo ya
tokrarlanan is miihitlorinds siini intellekt fizioloji signallar (iirok doylintiistiniin dayiskonliyi, iz
ozolalorinin gorginliyi vo s.) tohlil edorok is¢inin stres vo ya yorgunluq soviyyasini qiymoatlondirs
bilir. Bu sahays effektiv hesablama deyilir. Bels bir robot amayin gedisini yavaslada, komok toklif
eda va ya nazarat¢ini xobordar edos bilor — bu da insan rifahim 6n planda tutur .

HRC-do asas maneolordon biri etimadsizhqdir. Iscilor ¢ox vaxt anlayamadiglar1 sistemloro
giivonmirlor. Izaholunan siini intellekt (XAI) robotlarin qararlarini soffaf vo aydin formada izah
etmays imkan verir. Masalon, robot qolu montaj zamani niys miioyyan bir doyisiklik etdiyini izah
eda bilor. Bu soffafliq istifadagi etimadini vo hesabatlilig1 artirir — bunlar insan morkozli dizayn
tiglin asas elementlordir.

Sonaye 5.0 istifads rahath@indan loyaqats, mohsuldarhqdan salahiyystlondirmaya dogru
yonolmis yeni yanagsma tolob edir. Bu iso insanlarin tokco istifadogi deyil, omokdas sistemlarin
ham dJ ortaq dizaynerlari kimi istirakin1 nozords tutur.

Emalatxanalar vo dizayn atelyelori operatorlara robot davraniglarini 6z bacariqlar1 vo
madani kontekstlari ilo uygunlasdiraraq birlikds yaratmaq imkani verir. Bu ciir yanagsma daha
yiiksak gabul, az sohv v9 yiiksok is momnuniyyati ilo naticolonir.

Ononavi senaye miihitlorinds insanlar robotlardan tohliikesizlik sobabilo uzaq saxlanilirdi.
Sonaye 5.0-da iso kobotlar insanlara yaxin masafads tahliikasiz faaliyyat gostors bilocak sokilda
hazirlanir. Siini intellekt osasli prognozlasdirici nazarat sistemlori kobotlara toqqusma riskini toyin
etmak, trayektoriyasini doyisdirmak vo ya amsliyyatlart miivoqqgoti dayandirmaq imkani verir. Artiq
HRC sistemlorinin saffafliq, adalat, hesabathliq vo maxfiliys riayat etmoli oldugu genis sokildo
gobul edilir. Doyoarlors hossas dizayn yanasmasi sistemlorin gorazlori gliclondirmomasini vo is¢i
miistogilliyini pozmamasini tomin edir. Avropa Ittifagmin siini intellekt akti kimi normativ
corcivalar bu prinsiplori rosmi sokildo dostokloyir.

Miiasir istehsalat saholorinds, masalon, avtomobil vo ya elektronika sektorlarinda, siini
intellekt ilo tochiz olunmus kobotlar texniklorlo yanasi igloyir, onlarin horokatlorini dyronir vo
ndvboti addimi 6ncadon toxmin edir. Masalon, bir kobot bir detali yerinds saxlaya vo ya lazim olan
aloti vaxtinda vera bilor — bunlar hamis1 s6zlii komandasiz bas verir. Bu sinxronluq zamani, fiziki
gorginliyi vo zehni yorgunlugu azaldir.

Agir sonaye vo ya aerokosmik saholordo, vizual SI vo artirilmis realliq (AR) interfeyslori ilo
tochiz olunmugs kobotlar texniklora miirokkeb yoxlamalarda komok edir. Bu kobotlar anormalliglar
askar edo, tarixconi AR vasitosilo gdstoro vo hotta diizoldici todbirlor toklif edo bilirlor — biitiin
bunlar texnikin nazarati altinda olur. Bu yalniz mohsuldarlig1 artirmaqla qalmir, hom ds insanin
mithiim gorarvermo bacarigini qoruyur.

Rogomsal ikizler vo VR/AR texnologiyalarindan istifads etmokls miihandisler vo operatorlar
kobotlarla uzagdan omokdasliq edo bilirlor. SI fiziki sistemlorin rogomsal niisxolorini
sinxronlagdiraraq real vaxtda monitoring vo gorarvermeni tomin edir. Bu xtisusilo tohliikali vo ya
uzaq orazilords faydalidir.
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Sonaye 5.0-nin bdyiik vadlorine baxmayaraq, HRC-nin hoyata kegirilmosi zamani bir sira
texniki vo sosial ¢agirislar mévcuddur:

Molumat Maxfiliyi: Emosional va fizioloji miisahido etik suallar dogurur.

Bacariq Uygunsuzlugu: Biitiin iscilor agilli sistemlorlo islomok {i¢iin tolim almamisdir.

Sistem Soffaflig1: izaholunan SI yalniz miihandislor {iciin deyil, biitiin istifadagiler iiciin basa
diistilon olmalidir.

Uzunmiiddatli Etimad: Davamli omokdasliq iigiin etimad zamanla formalasmalidir, yoni
robotlar ardicil davranis niimayis etdirmoli vo insanin {istlinliiklorini &yronmolidirlor. Bu
mosololorin holli ii¢lin todqiqatgilar dizayn multimodal qarsiliqlt slage, modoniyyotlorarast vo
etnografik qiymetlondirmo iizorinds isloyirlor. Bundan olava, qayda osasli vo dyronon sistemlorin
birlosdirildiyi hibrid siini intellekt yanasmalar1 da inkisaf etdirilir ki, bu da g¢evikliyi vo
prognozlasdirmani tarazlayir. Senaye 5.0-da insan-robot amokdasligr isin goriilmo torzinin osaslh
sokildo yenidon diisiiniilmasini tolob edir. Artiq robotlar sadoco avtomatlasdirma alotlori deyil —
onlar ortaq, dinamik vo insan morkozli is mokaninda torafdaslara ¢evrilirlor. Uygunlasa bilon siini
intellekt, emosional intellekt vo istirak¢1 dizayn vasitosilo HRC daha monali, tohliikesiz vo etik
baximdan uygun sonaye miihitlorins yol aga bilor.

Golacoyo baxdiqda, ¢agiris yalniz texnoloji deyil, folsofi xarakter dasiyir: Biz neco maginlar
yarada bilorik ki, onlar insanlara sadoco komok etmasin, hom do onlara xidmot etsin, hormot
gostarsin vo onlari giiclondirsin? Cavab fonlorarast amokdagliqda vo insan loyaqgotini innovasiyanin
morkozina qoymagqda yatir.

Siini intellekt sistemlori istehsalat proseslorinin optimallagdirilmasinda miihiim rol oynayir.
Molumatlarin emali, anomaliyalarin askarlanmasi, prognozlasdirma, gorarvermo vo keyfiyyoto
nozarat kimi saholordo siini intellektdon istifado olunur. Masolon, dorin dyronmo alqoritmlori
mohsul xatalarin1 avtomatik taniya bilir, bu da mohsulun keyfiyyatini artirir vo itkilori azaldir. Siini
intellekt homginin robotlarin real vaxtda adaptiv davranis sorgilomosino gorait yaradir ki, bu da
onlar1 daha ¢evik vo insanla uygun isloyon hala gatirir.

Insan-robot amokdaslig1 va siini intellektin totbiqi ilo bozi pesolorin avtomatlasdiriimasi bas
verir. Lakin bu eyni zamanda yeni ixtisas va i§ yerlorinin yaranmasina da sobab olur. Robot
operatorlari, proqramgilar, texniki mithandislor va siini intellekt miitoxassislori kimi sahalors tolobat
artir. Olavo olaraq, bu texnologiyalar is soraitini yaxsilasdirir, tohliikeli sahalorde insanin yerini
robotlar tutur.

Istehsalatda insan-robot omokdaslhigi vo siini intellektin totbiqi sonaye proseslorinin daha
samarali, tohliikesiz vo mohsuldar sokilds toskil olunmasina imkan yaradir. Bu amokdasliq modeli
insanin intellektual vo yaradiciliq imkanlar ilo robotlarin fiziki giiciinii vo daqiqliyini birlesdirorak
yeni nosil istehsalat sistemlorinin formalagsmasina sobab olur. Siini intellektin dostoyi ilo robotlar
daha ¢evik vo miistaqil qorarlar gqobul edo bilir, bu iso onlar real vaxtda doyison miihito
uygunlasmaga gadir edir.

Eyni zamanda, bu texnologiyalarin totbiqi emok bazarinda yeni peso vo bacariglarin
formalagmasin1  tolob edir. Golocoyin sonayesinds ugur qazanmaq Ug¢lin mihondislik,
programlagdirma vo analitik diistinmo kimi saholordo ixtisaslagsmis kadrlara ehtiyac artacaq. Bu
sababdon do ali tohsil miiossisalori vo sonaye miiossisolori arasinda omokdagliq giiclondirilmali,
insan kapitalina sormays yatirimi artirilmalidir.

Natico etibarils, insan-robot omokdasligi vo siini intellekt yalniz istehsalatin texniki
toroflorine deyil, ham do sosial-iqtisadi strukturlarina tasir gostoran ¢oxsahali va strateji ohomiyyatli
bir movzudur. Bu sababdon onun davamli inkisafi vo diizgiin idars olunmasi comiyyatin dayaniqh
golocayi liglin vacib sortlordon biridir.
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Summer
Human-Robot Collaboration in Manufacturing and the Role of Artificial Intelligence
Dovlatzadeh A.A.

Key words: human- robot collaboration,manufacturing, industrial robots, artificial intelligence, automation,

smart technologies, labor marker, technological innovations.

In modern industrial production, human-robot collaboration is gaining increasing importance, especially with
the rapid advancement of artificial intelligence (Al). The integration of Al and robotic systems enhances the efficiency,
safety, and flexibility of manufacturing processes. This article explores the main directions of human-robot interaction,
the role of Al in task automation, and the benefits and challenges associated with the implementation of these
technologies. Special attention is given to the impact of Al on the labor market, workforce training, and ethical issues in
the context of industrial transformation. The paper analyzes examples of successful applications of human-robot
collaboration in various industries, emphasizing the importance of harmoniously combining human intelligence with the
capabilities of modern technologies.

Pe3ome
CoTpyAHUYECTBO YeJ0BeKa H Po00TAa B IPOU3BOACTBE U POJIb HCKYCCTBEHHOTO HHTEJIEKTA
Moenam3saoe A.A.

Knwouegvie cnosa: uenoseko-pobomnoe compyoHUuecmeo, NpOU3BOOCMEO, HPObIUACHHbIE POOOMbL,
UCKYCCMBEHHbIL UHMENIEKM, A8MOMAMU3AYUs, YMHbIE MEXHON02UU, PLIHOK mpyoa
mexHon02u4ecKue UHHOBAYUU.

B coBpeMeHHOM NPOMBIIIICHHOM NPOW3BOACTBE BCE OOIBIIYI0 3HAYUMOCTH NMPHOOPETAET COTPYIHUYECTBO

MEX]ly 4eJIOBEKOM M POOOTOM, OCOOEHHO B YCJIOBHSX CTPEMHTENIBHOTO Pa3BUTUSA UCKYCCTBEHHOTO MHTeiiekra (MN).
Wurerpamust U1 1 poOOTOTEXHUYECKMX CHCTEM IO3BOJIAET MOBBICHTH 3(P(PEKTUBHOCTh, 0E30MaCHOCTh U T'MOKOCTD
MIPOU3BOJCTBEHHBIX IIPOIECCOB. B crarbe paccMaTpHBAIOTCS OCHOBHBIE HAMpaBJICHHUS YEJIOBEKO-POOOTHOIO
B3auMozeiicTBusA, poias MM B aBTOMaTH3alMuM 3a/ad, a TakkKe NMPEHUMYIIECTBA M BBI3OBHI, CBA3AHHBIE C BHEIPECHHEM
9THX TexHosorui. OTneNbHOe BHUMaHKe yiemsiercst BiausHuio M Ha peIHOK Tpyza, MOJAroTOBKE KaJpoB M BOIIPOCAM
9THKH B KOHTEKCTE MPOMBIIIICHHON TpaHc(hopManuy. AHAIM3UPYIOTCS IPUMEpPhI YCIEITHOTO TPUMEHEHUSI YEII0OBEKO -
POOOTHOTO COTPYAHMYECTBA B pPa3IMUHBIX OTPAcisX, YTO MOJAYEPKUBAET BAXXKHOCTH TapMOHMYHOTO COYETaHUS
YeJI0BEYECKOr0 MHTENIEKTa U BO3MOXKHOCTEN COBPEMEHHBIX TEXHOIOT U,
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