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Kniouegwie cnoesa:.
INEKMPONPOBOOHOCIb,
UB0MEPMUUECKOU CIHCUMACMOCTU,

TI A" BY! (rpe A = In,Ga; B = S,Se.Te) coedunenuii u meepowix pacmeopos,
NOMYHUEHHbIX HA UX OCHOBE, CUUMAIOMCS NEPCNEeKMUBHBIMU MAMEPUATAMU C
MOYKU ~ 3pPEHUs  NPUMEHEeHUsi 8  ONMOINEeKMPOHUKe.  3A6UCUMOCTND
anexmpogusuueckux ceoticme cucmemuvix cniasos tlins_2-tlgds_ (2) om
memnepamypul u cocmasa [9] ovina ucciedosana 6 e2o pabome. Ho ocobuiii
unmepec npedCmasisiem uzyueHue Menjioynpyeux CeOUCms UCCIedyemblx
00beKmMo8 ¢ MOYKU  3PeHUs.  U3VHeHUs.  63AUMOCEA3U  XUMUHECKO20
63aumooeiicmeust meepovix pacmeopos thins 2 u nonryuennvix nHa e2o ocroge

cucmemnvix  cnaasos  tlins_2-tlgds_(2). C omoii  yenvio  usyuena
MeMNEPaAmypHas 3a6UCUMOCHb KOIDOUYUEHMA TUHEUHO20 PACUWUPeHUs U
usomepMuyecko2o cocamusi om meniomol npu memnepamype 80-350 k.

penmeenozpaguueckuil anaus,
Oeghekmbl, WUPUHA 3ANPeujeHHOU
30Ha, memnepamypa /lebas, cuneonus,
NPBIACKOBASL RPOBOOUMOCb, 3P ghexm
Xouna, pasosvle npespawenus.

Beenenue

UuTepec K TOMYyMpoBOAHHKOBEIM coenuHenusm tuHa T1A''BY!(rpe A =In,Ga; B =
S,Se.Te) u TBepABIX PacCTBOpPaM Ha MX OCHOBE M3HAYaJBHO OOYCIIOBIIEH TEM, YTO KPHCTAJLIBI
MIPEJICTABISIOT cO00M MepCIEeKTUBHBIN AJI UCIIOJIb30BAHUSI B ONITUYECKOM 3JIEKTPOHUKE MaTepHall .
TemmnepaTypHble ¥ KOHLEHTPAIIMOHHBIE 3aBUCUMOCTH TEIUIOBBIX U AJIEKTPO(U3NYECKUX CBOUCTB
crtaBoB cucteM TlInS, — TIGAS, w3ydenst B padore[1]. OmHaKO 3THX JTAHHBIX HEIOCTATOYHO IS
BBISICHEHUSIX XapakTepa CBSI3M M CHJIBI MEXKATOMHOTO B3aUMOJCHCTBHS B coequHEHUsx TlnS, u
TBEpABIX pacTtBopax cucteMbl T0lInS, — TIGAS, , KOTOpble TPEACTABISIOT OCOOBIA WHTEpPEC IS
aHaJIM3a TEIUIOBBIX M YIPYIMX CBOMCTB IaHHOTO OOBEKTA.

Jlnis mosy4yeHus JOMOJHUTEIbHOM MH(POPMALMU O XMMUYECKON CBSI3U B KPUCTAJUINYECKOMH
pelierke, OBUIM  HCCIEA0BaHbI TEMIEpaTypHas 3aBUCUMOCTb TEIUIOEMKOCTH TEIJIOBOIO
pacmmpenust (@) U W30TEPMUYECKass CKUMaeMOCTh (Y7 ) B MHMpoKoM TemreparypHoM (80-350
K) 1 KOHIIEHTPAIMOHHOM HHTEPBaJIaXx.

Meroauka IKCriepuMeHTa

Cmnassl cucremsl TlHUnS, — TIGAS, n3yyanu metogamu quddepeHnnanbHO-TepMUYECKOTO,
peHTreHo(a3oBOro, MHKPOCTPYKTYypHOro aHaiu3oB. JITA  o0pa3sloB  OCYIIECTBISIM B
HU3KOYacTHOM TepMopeructpatope mapku HTP-73 ¢ Pt-Pt/Ph-tepmonapoit  mpu ckopoctu
HarpeBanus 10 K/mun. POA npooamnu Ha anmapare JIPOH-1,5 (CuK, —u3nydenue, Ni- puabtp,
35kv, 10 mA). PacumdpoBKy peHTIEHOTpaMM OCYIIECTBISUTM Ha Kommaparope W3A-2 ¢
norpemrHocTbio 0,01-0,05 Mmm. Pentrenorpammsl kauanus Obly nosrydeHsl B kamepe PKOII-A.
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WMHTEHCUBHOCT JIMHUHM ONpPENeNsUIM BH3YalIbHO IO JecATHOAUIbHOM mikane. [lapamerpbl

pereTKu OTpe eI METOIOM AKCTPAITOJISITUN o byHKIIIH
1 (cos?0 = cos?0 .
o o 5 ¢ ToyHocTbio 0,001A. MoHOKpUCTAIUTBI  00pa3IOB  BHIPAIIMBATIN  METOJOM

bpumxkMena B BakyyMUPOBaHHBIX KBapIlEBbIX —amiryiax auamerpoM 20-25 MM C pa3iM4HbIMU
¢dopmanu nHa. Hamnmyumme mo ogHOpoxHOCTH 00pasiibl ObUIH MOMYyYeHBl HpU KOHHYECKOH dopme
JIHA aMITyJIbl U1 CKOPOCTh POCTa MOHOKpHCTA/LIIOB 0,5MM/4. O MOHOKPHUCTAJUIMYHOCTH BbIPAILEHHbIX
KpHUCTaJLJIOB CYIUIIN [0 CHATBIM Jlayerpammam. Jlns T[poBeneHHsT TeMIEepaTypHOro
PEHTreHOAN(DPAKTOMEPUUYECKOTO UCCIIEIOBAHUS, U3 MTOJYYEHHOIO0 MOHOKpHCTa/UIa ObUTU BBIJIEIICHBI
IUIOCKOMapaJIesIbHbIEe IIACTUHKU IO IJIOCKOCTH CHANMHOCTH M YCTAHOBJIEHBl HA TOHUMETPUUYECKOU
rojoBke nudpakromerpa JIPOH-1,5.

W3mepenusi 37eKTponpoBoAHOCTH M dddekra Xoiuta NPOBOIWINCH Ha o0pasumax ¢
OMHYECKUMH KOHTAKTAMH HPH MOCTOSIHHOM TOKE [2] B MOCTOSHHBIX MarHUTHBIX MOJISIX BILUIOTH JI0
1200 A/m. IlorpemHocTh U3MEpEeHH He npeBbimana 4-5 % .

Jlnis mu3MepeHusi BCECTOpOHHEro cxartus cruiaBoB cucremsl TlInS, — TIGdS, B untepnane
77 — 420 K wucnons30Baid yCTaHOBKY, omucanHyio B [3]. C Iepl0 yBEJIWYEHHS TOYHOCTH
U3MEpPEHUs] 4YacTOThl CHHYCOMJAJIbHBIX CHUTHAJIOB C pPa3HbIMM IOMEXaMHU B PETUCTPALMOHHOMN
cxeme ucnoib3oBanu tpurrep llIMuaTa B MHTErpaJbHOM HCHOJIHEHUH. Y CTaHOBKY I'paJlyMpOBAJIH
M0 C)KMMAEMOCTH ATAJOHHBIX 00pa3loB Meau W amroMuHMA. [ ckatusi oOpasna NpUMEHSITH
reMeBkIi Ta3, JaBIeHne KOTOporo Bapeuposamy ot 10° Ia o 10 MITa.

ITpu HeOOMBILION O/ENKE, HA 3TOM K€ YCTAHOBKE, HE BBIHMMAsl 00pa3lia MPOBOJIMIN TAKKE
M3MEPEHUs TeIIOBOTO pacmmpenus. CKOpOCTh MoabEMa TeMIepaTypsl He IPEeBOCX0uIa 2 K /MHH.
OO6pa3ubl umenu ¢opmy mwimHApa BbicoToll 30 MM u auamerpom Smm. [lorpemrHocts npu
M3MEPEHUHU TEIUIOBOr0 pacuiupeHust coctaBisia ~ 1,45%, a npu M3MEpeHMH H30TEPMHUYECKON
cxumaemoctu ~ 4,5/%.

Cunre3 M peHTreHorpauyeckoe mccieloBaHue o00pa3unoB

Teepasie pactBopsl  (TIInS,);_, (TIGAS,), cuHTE3MpOBa M B KBAPLEBBIX aMITyjIaX ITyTEM
pacruiaBieHUs] UCXOAHBIX BellecTB. VICXOAHBIMU BEUIECTBAMM CIIY>KUJIM 3JIEMEHTBI BBICOKOM
gucrotsl (T1 — 99.99 macc %, Gd — 99,5 macc %, in — 99,999 macc %, S — oc.4.16 —5). U3
9TUX JaHHBIX, 3a HCKIIOUEHUEM TaJOJIMHUA, CIEAYET 4YTO, YHUCTOTAa HMCXOAHBIX D3JIEMEHTOB
yA0OBIIeTBOpUTENbHA. bblI0 ycTaHOBNIEHO, uTO 8-10 KpaTHAas 30HHAST OYUCTKE MO3BOJISIET TTOBBICUTH
YUCTOTY 3J€MeHTa ragonuHus 1o 99,7 macc %. CuHTE3 cIIaBOB MPOBOAMICS CIEAYIOIIUM
oOpa3om. VicxoHbIe AIIeMEHTHI, 3arpyKeHHbIE B 3BaKkyrnpoBaHHyto 70 0,01 Ila amnyny nomemanu B
nedsb. B 3aBUCUMOCTH OT coiep kaHus TaJl0JMHUS NIeub HarpeBaiu 1o temmeparypsl (1100-1200) k.
Bpems BblIep:KKM ammyJsbl ¢ BEHIECTBOM B 3TOW TEMIEPAType TaKKe€ 3aBUCEIO OT COAEpHKaHHS
raJOJIMHUS M [0 Mepe €ro YBeIWYEeHHs YBEIMYUBaIOCh OoT 2 — 10 3 — X 4yacoB. Ilocie uero
TEeMIIepaTypa amIyJjbl C BELIECTBOM OXJaXJanach A0 KOMHAaTHOH co ckopocthio 15 — 20 K/uac.
[TomyyenHble o0O0pa3ibl UMENU 30J0TUCTO — OpaHXKeBbl 1BeT. CHHTE3MPOBAINCH CIUIABBI

(TlnS,)1_, (TIGAS,), rHe 0 <x < 10.

Jns mpoBeseHusi peHTreHorpaduyeckoro uccienoBaHus MeTojoM bpumxmena Obuin
BbIpallleHbl MOHOKPHCTaIbl CIUIaBOB cucteMbl T1lInS, — TIGdS, . CkopocTb mnepeMelnieHus
aMIlyJIbl C pacIiulaBoM cocTaBisuia 3 MMm/gac. Ilpu BbIpalMBaHMM MOHOKPHUCTAJIIOB CIUIABOB
(TlnS,);1_, (TIGAS,),, TemiepaTypa BBICOKOTEMIIEPATYpHO# 30HBI BapbrpoBaiack ot 1000 no
1300 K. B wactHoctu, mist coctaBa X = 0,05 temnepatypa 30HbI coctaBisina 1130 K, a st x=0,10
1300 K. Jns ycraHoBieHHs o0O0JacTH pPacTBOPHUMOCTH Ha ocHoBe TlInS, momydeHHBIC
MOHOKPHUCTAJIJIBl MO/ABEPrajiuCh peHTreHo(a3oBoMy aHanu3y. PeHTreHorpaduueckuii aHamu3
kpuctaioB X = 0,05 u x=0,10 moka3an, 4ro 3TH (a3l KPUCTALIM3YIOTCS B MOHOKITHHHOMN
CHHIOHUM Ha OocHoBe pemeTku T1inS,. Pacuersl qudpakTorpamm nopomkos coctapa X = 0,05 u
x= 0,10 mpuBeneHs! B Tabnuuel.
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Jlyist omipeienieHUsT Ka4eCcTBa MOHOKPHUCTAJUIMYHOCTH M3 MOJYYCHHOTO 00pasia ObUTH CHSTHI
nmaysrpamMmbl.  [lokaszanoch, 4TO  TOJNy4YCHHBIE  OOpaslbl  SIBJISIFOTCS — COBEPUICHHBIMH
MOHOKpHUCTaIIaMU. KadecTBO MOHOKPHCTA/UIOB C YBEJIMYECHHWEM KOHIICHTPAIMH TaOJUHUS B
UCCIIEYEeMbIX ~COCTaBax yxymmiaercs. Ha oOcHOBe pEHTICHOTpaMMbl KaudaHUsl B Tpex
Kpucramuiorpadpuueckux HampasieHusx [h00], [0kO] u [001], nns monokpucramioB X = 0,05 wu
x=0,10 ObLIM yCTAaHOBJIECHBI CIEAYIOIIUE TAPAMETPHI PEIIETKH MOHOKIMHHONW CHHTOHUU:

a =10.843;b = 10.90;c = 15.145 4; B = 100°,z = 16; a = 10.964,b = 10.848,

c=15.167 4,8 = 100°,z = 16.

PaccuntanHple YuWClia MOJEKYJ, TPUXOIANIMXCA HA OJHY OJJIEMEHTApHYI0 SYCHKY
noareepxaaer, 4to (TlnS,)q 95 (TIGAS;)g0s 1 (TlnS,)q 9 (TIGAS,)( 4 a Takxke u crassl (0 —
10) mon% TIGdS, aBna0OTCS TBEPABIMU PACTBOPAMU 3aMEIICHHE.

M3 yKka3aHHOrO BBINIE KpHUCTaia 1O IUIOCKOCTH [0OOl] ObUIM TONYyYEHBI B YCTKHX
TUQGPAKITMOHHBIX OTPAKEHUI COOTBETCTBYIOIIUX YTIIAM:

6 = 5°55(002),11°55°(004), 24°23(006), 31°03°(008),
38°15°(00,10),46°14 (00,12) .

Ha ocnoBe mpoBeieHHOTO TeMIlepaTypHOTO MCCIIeIOBaHUs, B HHTepBayie Temmneparyp 320 —
800 K, ObLIH MOCTPOCHBI KPUBBIC 3aBUCHMOCTH TIapameTpa pemeTku «C» OT TeMIepaTyphbl.

Okasajoch, YTO C POCTOM TeMIeparypbl 1o Iutockoctu [00l] HabmonaeTcs aMHEHHOE
pacmupenue kpucramia (TIInS;)q 95 (TIGAS,) 05 Takum 06pasom, B pe3ynbrare MPOBEICHHOTO
PEHTIeHOrpaMUECKOr0  HMCCIIEAOBAaHUS  MOHOKPHCTAILJIOB (TlInS,),_, (TIGAS,), ObLIO
YCTaHOBJIEHO, YTO HpM 3aMerieHuu atomoB T1GdS, B TlinS, B unteppane (0 — 10 ) macc %
CTPYKTypa HE U3MEHSETCS U 00pa3yroTCs TBEPABIC PACTBOPHI 3aMEIICHHS.

Tabauya 1.
Pacuema ougppaxmoepamm nopowros cocmaea (TlUnS,);_, (TIGAS,),
Ne x=0 x = 0,05 x=0,1 hKI
dTeOp.A d3KCH.A daKCH.A
1 7,4550 7,4576 7,4681 002
2 3,8417 3,8176 3,8230 220, 212
3 3,7275 3,7282 3,7283 004
4 3,4554 3,4400 3,4531 311
5 3,0116 3,0232 2,9958 105
6 2,8661 2,8628 2,8610 321, 224
7 2,7545 2,7563 2,7568 323
8 2,5202 2,5191 2,4957 305
9 2,3904 2,3891 2,3820 404
10 2,1347 2,1351 2,1295 151
11 1,9902 1,9875 1,9902 414
12 1,9262 1,9342 1,9271 252
13 1,8643 1,8688 1,8664 208, 008
14 1,7712 1,7716 1,7672 155
15 1,7199 1,7181 1,7184 614
16 1,6867 1,6846 1,6900 317
17 1,6009 1,6037 1,5977 328, 319
18 1,5006 1,4944 1,4903 721
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Pe3yabTaThl U uUX 00CyxkIaeHHE




TemmnepaTypHble  3aBUCUMOCTH  3JIEKTPONPOBOAMMOCTH  (G)  TBEPIBIX  PACTBOPOB
[TUnS,]1_,[TlGAS,],  oxa3amoce  cinoxkHbiMH  (puc.la). BumHo, dYTO  MaKCHMyMBI
AJIEKTPONPOBOAMMOCTH HAOJIIOAAOTCS Tipu TemmepaTtypax ~795, 810, 830K mist x=0,01; 0,05; 0,10
coorBeTcTBeHHO. C JajgbHEHIIUM TMOBBIIICHUEM  TEMIIEPAaTypbl G YMEHBILIAETCS, JOCTHTaeT
MUHHUMYyMa M CHOBa pe3KO BoO3pacTaeT (00JiacTh COOCTBEHHOI MPOBOAMMOCTH). Takoe MmoBeneHHe
AJIEKTPONPOBOAMMOCTh B TBEPABIX pacTBopax cucrembl T1InS, — TlGAS, MoXeT OBITh CBSI3aHO C
MPBIKKOBOM MPOBOJUMOCTH.

B 3T0ii 0651aCTH BBINONHAETCSA TEMIEpaTypHas 3aBUCHUMOCTb, lg0'~AT1/ 4 XapakTepHasl JUIs
Takux mpbbKKOB. CormacHo pabotam [4] gaxke B CHENUAIbHO HE JIETUPOBAHHBIX KPHUCTAIIAX
TlInS, , TlGaSe, , TlGaS, wumeer MecTo mpbDKKOBas mpoBoguMocte T=200K. IIpupona
HEKOHTposupyeMblii nedextoB, B TlInS, cBs3aHa, ckopee BCEro, ¢ aHHUOHHBIMU BaKaHCHUSMU,
KOTOpbIE M MPHUBOJAT K MPBDKKOBOM MPOBOJUMOCTH, MPH CPABHUTEIHLHO BBICOKHX TeMIlepaTypax
MOXET OBITh Pa3nu4HOM. [IpuunHONi 3TOro MOryT OBITh Kak aHHOHHBIC, TaK M KaTHOHHBIE [5]
BaKaHCHUU Pa3yHopsiJOYCHHbIE B CTHIKOBKE ClI0eB U apyrue aedektsl. OaHako, Kak ObLI0 OTMEUYEHO
B [6] aTH nedeKThI He TPUBOJIAT K COCTOSIHHSI IM CETHETOd(P(PEKTUISCKOTO CTEKIIO.

a} . b)

i
=

(=

1ga (sm/ m)

=
n

-0,25

1,5 2,0 13/TK —

Puc. 1. Temnepamypuas 3a8ucmmocmu 31eKmponposoOHOCMU d) U KOHYEHMPAYUOHHAS
3A8UCUMOCHb WUPUHBL 3anpeujeHHol 30HbL (b)meepovix pacmeopos
(TUnSy)1—, (TIGAS,), (1-x=0.02; 2-x=0.05; 3-x=0.10)

[upuHbl 3amperieHHo 30Hbl yKa3aHHBIX (a3 ompeneraeHsl MO BBICOKOTEMIIEPATYPHBIM
HAKJIOHOM TeMIEepaTypHOI 3aBUCUMOCTH 3JIEKTPONPOBOJUMOCTH U 3 dekTa Xoiia U HaXoAsTcs B
xopomiem cornacuu. Ha puc.1,b . npuBoasiTcs 3aBUCHMOCTH MIMPUHBI 3aMPENICHHON 30HBI TBEPIBIX

3
pactBopoB [T1InS,),_,[TlGdS,],, onpeneneunsie mo lgo = f (%) BuHo, 9TO NMpH yBETUYEHUH

TlGdS, B TlInS, 3Ha4eHus E; yMEHIIaeThCH.
Ha pwuc.2. npuBOmsATCS pe3ynbTaThl HCCIECIOBAHUS TEMIIEPATYpHOH 3aBUCHMOCTH
n30TepMHUUeCcKOil cxkumaemoctu (Y1 ) B obmactu 80-400 K B TlInS,
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Puc. 3. TemnepamypHas 3a6UcUMOCmes Meniogoe pacuiupenue meeposix pacmeopos
Tlin,_,Gd,S,(1 —x =0,02;2 —x = 0,05;3 —x =0,10)

W3 pucyHka cienyer, 4To JUIsi MOHOKpUCTaJuIMdeckoro obpasua TlInS, Habmogaercs 1Be
aHOMaJIUM, KOTOpbIE COOTBETCTBYIOT OOJIaCTM  TEMIIEpaTyp  CErHETOINIEKTPHUYECKOro U
HECOM3MEPHMOr0 — COM3MEPUMOTro TiepexooB [7]. st nonykpucrammudeckoro TUnS, Ha KpuBoit
HaOJI0AaeTCsl TOMBKO OJIHA aHOMAJIMs, OXBATHIBAIOIIAsg Oosiee IIMPOKYI0 00JacTh TeMmepaTryp, U
YeTHas 'paHMIla aHOMAJIMH, HaOIoJaeMasl B cllydae MOHOKPUCTAJUIMYECKOro oOpasla nccyes3aer.
OOHapy)XxeHHbIe HAMU M3MEHEHHUS aHOMAJIMU B MOHOKPHUCTAIIMYECKOM M MOJIYKPHCTAITMYECKOM
obpasuax TlInS, Taxke MOKHO CBSI3bIBATh C BISTHUEM J1€(EKTOB «CIy4allHOE MOJIe» U «CITydaifHast
TeMIepaTypa», TaK Kak ATH JAe(eKThl CO3Jal0T HEHYJEeBble 3HAUEHHUs IapameTrpa MopsaKa
HE30BHUCUMOE OT CUMMETPHUM. B CBA3M C 3TUM CO34AETCS IIEKTPUYECKOE I0JIE, KOTOPbIE CUIIHO
BJIUSIET HA HECOU3MEPUMBIE — COU3MEpPUMBIE (Da3bl.

8
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z 102 miN

T.K

Puc. 4. TemnepamypHoe 3a8uUcumocms U30MePMUUECKOe CHCUMAEMOCTb MEEPObIX PACBOPO8
Tln,_,Gd,S,(1 —x=10,02; 2—x =0,05 3—x=0,10)

Pesynbrarel  ucciaenoBaHUM — TEMIIEpaTypHOM 3aBUCMUMMOCTH JIMHEWHOIO  TEIUIOBOIO
pacIIMpeHus W HM30TEPMHUYECKOW  Cxmmaemoctd (@ M Yr) TBEPIABIX  PacTBOPOB
(TUn S3)1_, (TIGAS;),), tne 0 K x < 0,1 mpu 80+400K mpuBenensl Ha puc.3,4. BugHo, 4to
Ha TEMIIEPaTYPHBIX 3aBUCHMOCTSX Q; U Y7 B HCCJICIOBAHHOM HHTEpPBAIC TEMIIEPATyp HHUKAKHX
aHOMAaJIM He HAO0JaeTcsl. DTO CBHIETEILCTBYET O TOM, YTO B YKa3aHHOM MHTEPBAJIC TEMIIEPATyP
(ha3oBbIC MPEBPAIECHUS OTCYTCTBYIOT.

[Tonmy4yeHHbIE HaMU SKCIIEpUMEHTANbHbBIC JTAaHHBIE 1O 3HAa4YeHusM «; T1InS, W pa3auuHBIX
cocraBoB  TBepAbix pactBopoB (TlInS,),_, (TIGAS,), ObUIM  WCHONB30BaHBI S pacueTa
temrepatypbl Jlebas (0p) W cpeaHe KBaApaTUYHBIX JUHAMUYECKUX CMEIICHUH aTOMOB (\/?) o
CIIEAYIOIIMM COOTOIIeHUsIM [8]

_ 14,37
(Kv3/z.q)'/?

€y

Op

. -14
G2 = 4,310 [D(@;éZ)(HD/T)+1/4] (2)

rae ap- K03 uuueHT IMHEHHOTo TEMIOBO paclIMpeHus, A —cpeHss aToMHas Macca, V-CpeaHen

aromublii 00weM, D(6p/T) — dyukius [le6as[9]. lanubie pacueroB BiawuuH (6p) u (\/ﬁ) o
BbIpaxkeHUsM (1) u (2) mpencrasiieHsl B Tabiuie 2.

Taonuua 2.
3nauenue memnepamyp Jlebas u cpedne K8AOPAMUUHbIX OUHAMUYECKUX CMEWEHUL AMOMO8 8

Kkpucmanauyeckou peuemke meepovix pacmeopos (TlInS,),_(TIGdS,),

X=0 X=0,02 X=0,05 X=0,10

T 0K | Ju2A | 6pK JazA 6p, K JuzA 6p, K JazA
80 335 0,066 392 0,072 323 0,080 313 0,084
100 314 0,075 353 0,081 306 0,091 300 0,093
120 290 0,085 325 0,092 292 0,101 283 0,104

9




Baipamos []ic./[c., Opyosces C.K., Jamupos P.A. u op. [ Scientific News 25 Issue 2(2025)

140 266 0,098 302 0,103 280 0,111 269 0,115
160 240 0,113 285 0,115 270 0,120 260 0,126
180 206 0,139 272 0,126 263 0,131 252 0,137
200 182 0,166 264 0,136 257 0,141 245 0,148
220 178 0,177 259 0,145 253 0,149 240 0,160
240 220 0,115 256 0,153 250 0,158 236 0,168
280 174 0,120 255 0,167 248 0,172 232 0,185
310 171 0,122 254 0,175 247 0,179 230 0,196
350 170 0,123 253 0,187 246 0,194 228 0,210

BujHO 49TO IpH 3aMEHEIIEHH aTOMOB WHIMs aTOMaMM TaJOJMHHUS CPEIHEKBAJPATHYHOE
JMHAMUYECKOE CMEIICHHH aTOMOB B KPHCTaJUIMYECKOW PEIIETKE YBEIMYHUBAETCS,a TEMIIEpPATypa
Jlle6ass ymenmraercs B (TUnS,),_4(TlGdS;),. U3menenue temmepatypa Jebas ¢ TemmepaTypoii
CBHIETEIBCTBYET 00 OTKJIOHEHHE (DOHOHHOTO CIIEKTPa OT J1e0aeBCKOro.
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Xiilasa
(TlInS,),_,(TlGdS;), bark mahlullarda defektlarin istilik va elastiki xassalarina tasiri
Bayramov C.C., Orucov S.K., Damirov R.Y., Abdulova 7.N.

Acgar sozlar: elektrokegiricilik, izotermik sixilma, rentroqrafik analiz, defekt, qadagan olunmug zonanin eni,

Debay temperaturu, kristallasma qafasi, sigrayish kegiricilik, Holl effekti, faza ¢evrilmalori
TIAYBY!(rqe A = In,Ga; B =S,Se.Te) birlosmolori vo onlarin osasinda alinmis bork mohlullarin
optoelektronikada istifade olunma baximindan perspektivli material hesab olunur. TlInS, — TIGdS, sistem arintilorinin
elektrofiziki xassolorinin temperatur vo torkibindon asililigi [9] isinds tadqiq edilmisdir. Lakin TIInS, va onun ssasinda
alinmig TIInS, — TIGdS, sistem arintilorinin bork mshlullarmm kimyavi qarsiligli tosir slagesinin  Syranilmasi
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baximindan tadqiq olunan obyektlorin istilik vo elastiki xassalorinin 6yronilmasi xiisusi maraq kasb edir. Bu mogsadlo
80-350 K temperaturda istidon xatti genislonms Vo izotermik sixilma amsalinin temperatur asililigi 6yronilmisdir.

Summary
Influence of defects on thermal and elastic properties of solid solutions (T1InS;),_,(TlGdS,),
Bayramov C.C., Orujov S.K., Damirov R.Y., Abdulova I.N.

Key words: electrical conductivity, isothermal compression, radiographic analysis, defect, band gap width,
Debye temperature, crystallization lattice, jump conductivity, Hall effect, phase transformations

TI AMBY!(rpe A = In,Ga; B = S,Se.Te) compounds and solid solutions based on them are considered
promising materials for optoelectronics. The dependence of the electrophysical properties of TlInS, — TIGdS, system
alloys on temperature and composition has been investigated in [1]. However, studying the chemical interaction in
TlInS,and solid solutions of TlInS, — TIGdS, system alloys derived from it, particularly in terms of their thermal and
elastic properties, is of special interest. For this purpose, the temperature dependence of the linear thermal expansion
coefficient and the isothermal compressibility coefficient was examined in the temperature range of 80—350 K.
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ARTICLE INFO ABSTRACT

Article history: This article explores the theoretical foundations and application directions of
Received 23.04.2025 constructivist theory in mathematics education. According to constructivism,
Received in revised form 28.05.2025 knowledge is actively constructed by the learner and connected with their
Accepted 20.06.2025 prior experiences. In mathematics, this approach involves the student being

an active participant rather than a passive listener, understanding problems,
Keywords: forming personal strategies, and developing logical thinking skills. Based on
constructivist approach, cognitive the ideas of theorists such as Piaget and Vygotsky, this article analyzes the
development theory, social role of the constructivist approach in the teaching process, its impact on
constructivism, contextual learning, teacher-student relations, the importance of practical activities in forming
reflective thinking mathematical concepts, and environments supported by technology. It also

presents sample lessons demonstrating the implementation of constructivist
teaching. As a result, it is concluded that the constructivist approach is
effective in fostering a deeper understanding of mathematics and in forming
functional knowledge.

Introduction

Since the second half of the 20th century, new perspectives have emerged in educational
theory. One of these is the theory of constructivism, which accepts that students build knowledge
actively rather than receiving it passively. According to this theory, learning is built and developed
based on existing experiences and prior knowledge. The essence of constructivism lies in learners
internalizing knowledge through their own experiences rather than having it transferred by the
teacher.

For many years, mathematics education was carried out using traditional, teacher-centered
methods. Students were presented with ready-made formulas, rules, and examples and were
expected to apply them mechanically. However, modern pedagogical approaches, especially
constructivist theory, have shown that this method of teaching is not sufficiently effective.
Constructivist-based mathematics lessons develop students’ critical and creative thinking skills and
increase their ability to apply knowledge in real-life situations.

In recent decades, the constructivist approach has found wide application in education.
Especially in mathematics, this approach emphasizes that the student has an active role in learning,
knowledge is not presented in a ready-made form but is reconstructed based on the learner’s
previous experiences. The purpose of this article is to investigate the impact of constructivism on
mathematics teaching and to present specific lesson examples from both general secondary and
higher education levels.

Constructivism is a theory that originated in the fields of psychology and philosophy and
was later applied in education. Its foundation was laid by thinkers such as Jean Piaget and Lev
Vygotsky.
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Jean Piaget: According to his cognitive development theory, children build knowledge
through their own experiences and interactions with their environment. Piaget explained learning
through two processes: assimilation and accommodation.

Lev Vygotsky: Considered the founder of social constructivism. He emphasized that
learning takes place in a social context and through cultural tools. His concept of the “Zone of
Proximal Development (ZPD)” refers to knowledge and skills a student cannot acquire
independently but can learn with the support of a teacher or a more experienced individual.

Problem statement

Key principles of constructivist theory:

o Active learning: Students learn not passively, but through investigation, discovery, and
experience.

e Role of prior knowledge: New knowledge is constructed by relating it to existing
knowledge.

« Social interaction: Knowledge is constructed in a social environment through discussion
and collaboration.

o Contextual learning: Knowledge is learned more meaningfully in real-life contexts.

o Teacher’s role: The teacher is no longer a knowledge transmitter but a guide who directs
learning.

Applications and methods of constructivist teaching

The theory of constructivism is widely applied in education. It brings significant changes to
teacher-student relationships and the structure of lessons. Some areas and methods of constructivist
teaching include:

1. Project-based learning — Students work on real-life problems, acquiring both knowledge
and skills. This makes learning more meaningful and motivating.

2. Problem-based learning — Learners are given open-ended problems, which they
investigate and solve either independently or in groups.

3. Collaborative learning — Through group work and discussions, students build
knowledge together. This also supports the development of social skills.

4. Reflective thinking and self-assessment — Learners analyze their own learning
processes, realizing what they have learned and what they still need to understand.

Constructivist approach in mathematics teaching

In the context of mathematics, constructivist teaching is based on the following principles:

1. Discovery of mathematical concepts — In traditional teaching, rules are given
beforehand. In constructivist teaching, students discover these rules through observation and
experience.

Example:

o Traditional: The teacher tells students that the sum of a triangle’s internal angles is 180°.

o Constructivist: Students draw various triangles, measure their angles, and discover this
rule on their own.

2. Problem-based learning — By presenting open-ended and real-life-related problems in
math lessons, students are encouraged to think critically. Example: “What is the shortest way to
build a fence around a garden?”” Through this question, students explore concepts such as perimeter,
area, and geometric shapes.

3. Collaboration and group work — By solving mathematical problems together, students
improve their social skills and are exposed to different perspectives. This approach is especially
effective for analyzing complex problems.

4. Building on prior knowledge — Mathematics is a subject structured in a spiral manner.
When introducing new topics, prior knowledge is actively recalled and connected to new
information. The teacher supports this process by asking guiding questions that promote thinking
and connections.
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5. Reflective thinking and metacognition — At the end of lessons, students are encouraged
to reflect by asking themselves:

“What did I learn?”

“Where can I use this knowledge in real life?”

“Which part did I find difficult to understand?”

This leads students to actively participate in the learning process.

The role of the teacher in constructivist teaching

In the constructivist approach, the teacher is no longer a transmitter of knowledge, but a
guide who facilitates learning. They ask questions, guide discussions, encourage idea exchange, and
use various resources (visual materials, technology, practical tools) to enrich the learning
environment.

However, there may be some challenges such as:

« Lesson planning requires more time and creativity;

 Students may struggle initially with independent learning;

« Alternative assessment methods may be needed.

Nevertheless, the advantages are significant:

« Students express their ideas;

e They learn problem-solving and critical thinking;

« Mathematics becomes more engaging and meaningful;

« Acquired knowledge is more applicable to real life.

Sample Lessons Based on the Constructivist Approach

Each of the following examples is structured in a way that enables students to discover
mathematical concepts through observation and active engagement.

Topic: Understanding Percentages

Grade: 6th—7th grade

Objective: To learn how to calculate percentages by applying the concept to real-life
situations.

Stages of instruction:

« A shopping situation involving discounts is presented (e.g., an item with 20% off).

o Students solve the problem using different methods and discover the meaning of
percentages.

o They apply the proportion to 100 and the percentage formula.

Expected outcome:

Students understand that a percentage is a ratio to 100 and learn how to calculate a
percentage of a number.

Topic: Circumference and Circumference Length

Grade: 6th—7th grade

Objective: To discover the formula for calculating the circumference of a circle.

Stages of instruction:

« Students measure the circumference and diameter of circular objects.

e The ratio of circumference to diameter =~ 3.14 is observed, leading to the introduction of .

e They arrive at the formulas C = n-d and C = 2ar.

Expected outcome: Students discover the formula for circumference based on observations
and measurements.

Topic: Area of Rectangles and Squares

Grade: 6th grade

Teaching approach: Constructivist learning (discovery-based learning)
1. Lesson objectives: Students will:
« Determine how to calculate the area of rectangles and squares through discovery.
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e Link new knowledge to prior knowledge (e.g., length, equal-sided figures, unit
measures).

o Derive the formula for the area of geometric shapes through their own observations and
discussions.

2. Lesson flow (Based on constructivist model):

Stage | — Motivation and problem introduction:

The teacher distributes square-grid paper (each cell = 1 cm?) and asks:

e “How can we calculate the area of different rectangles drawn on this paper?”

o “If arectangle is 3 cm wide and 4 cm long, how many square cells does it contain?”’

Goal: Students intuitively grasp the concept of area using square units.

Stage Il — Investigation and discovery:

Students:

« Draw rectangles of various sizes.

e Count squares to find the area (e.g., 3 x 4 = 12 squares).

e Observe that width x length works in every case.

Group discussion:

e “Why does a 3 cm x 4 cm rectangle contain 12 squares?”’

They conclude: Area = width x length.

Note: The teacher does not provide the formula but creates conditions for students to derive
it themselves.

Stage 111 — Presentation and discussion:

Each group presents their result. For example:

e “Our rectangle is 2 cm X 5 cm, and the area is 10 squares.”

Another group draws a 4 cm x 4 cm square and reports an area of 16.

The teacher guides the class in formally writing down the general conclusion:

e Area = Side x Side (for squares),

e Area = Width x Length (for rectangles)

Stage IV — Application and extension:

The teacher presents a real-world problem:

o “If a carpet is 3 meters wide and 6 meters long, what is its area? Will it fit in the room?”

Students apply their knowledge to this real-life scenario.

Stage V - Reflection and self-assessment:

The teacher asks:

e “What did you discover in this lesson?”

e “What rule did you find for calculating area?”

e “Where could this knowledge be useful in everyday life?”

Students express their thoughts in writing or verbally.

Assessment (Formative):

Activity Outcome Assessment Method
CIiD_etermmmg area formula by Width x Length formula Observation and presentation
iscovery
Calculating areas of various Areas four_wd through Worksheets and group work
rectangles collaboration
Real-life application Prac_tlca_l reasoning and Oral and written tasks
application

This example clearly shows that through constructivist learning:
« Students acquire knowledge actively rather than passively;

o They discover mathematical rules through exploration;

e They learn through collaboration and discussion;

o They relate mathematical knowledge to real-life contexts.
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An example from higher education

Let’s consider a sample lesson at the higher education level, in Applied Mathematics for
students in economics, engineering, or teacher training fields.

Topic: Mathematical modeling - solving economic problems with functions
Objective: The student constructs a functional model for a given problem and interprets it.
Method: Project-based learning, collaborative discussions.

Lesson flow (Aligned with the ADDIE Model):

1. Analysis: The problem is presented: "How should a company optimize its advertising
expenses to maximize revenue?"

2. Design: Groups analyze the problem and choose appropriate functions (quadratic,
logarithmic, etc.).

3. Development: Each group builds a model using tools like GeoGebra or Excel.

4. Implementation: Presentations and interpretations of the models are shared. Students
compare alternative models.

5. Evaluation: Includes self-assessment and peer review.

Conclusion

Mathematics lessons built on a constructivist approach increase students’ motivation and
learning skills. This approach places the learner at the center of the educational process, allowing
them to construct knowledge themselves. Using constructivist methods in mathematics instruction
plays a crucial role in developing 21st-century skills such as creative thinking, problem-solving, and
collaboration.
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Xiilasa
Riyaziyyatda konstruktivizm nazariyyoasinin izlori
Oliyeva K.H., Babayeva X.C.

Acar sozlor: konstruktiv yanasma, kognitiv inkisaf nazoriyyasi, sosial konstruktivizm, kontekstual &yranma,
reflektiv diisiinma
Bu moqalods riyaziyyat toliminde konstruktivizm nozariyyesinin nazeri asaslart vo totbiq istiqamatlari
aragdirilir. Konstruktivizme asasen bilik Oyrenan terofinden aktiv sokilde qurulur ve fordin avvalki tocriibalari ilo
olagealondirilir. Riyaziyyat fonninds bu yanasma talabanin passiv dinlayici yox, faal istirak¢1 olmasini, problemi dork
edib 0z strategiyasini formalagdirmasini vo mentiqi diisiinma bacarigini inkisaf etdirmesini nozards tutur. Maqalada
Piaget vo Vygotsky kimi nozariyyagilorin fikirlori esasinda konstruktiv yanagsmanin tolim prosesinds rolu, miisllim vo
sagird mijnasibstlsrina tosiri, riyazi anlayislarin formalagsmasinda praktiki fsaliyyatin ohomiyysti vo texnologiyanin
dostayi ilo qurulan 1t19r 3 usdur. konst; tsll stb ars niimunoalori toqdim
olunmusdur. Nstlc EMQSKH %E%Xﬁ& ?rqyj %h%“ d&h %q 2@26 funksional biliklorin
formalasmas1 baximindan effektiv oldugu qonaotine golinmisdir.
Pesome
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Cieapl KOHCTPYKTHBHCTCKOI TEOPUH B MaTeMaTHKe
Anueea K.I'., babaesa X./[oic.

Knrwouegvie cnoea. KoncmpyKmugucmckuti nooxoo0, meopus KOZHUMUGHO20 pA36UMUS,  COYUATbHbII
KOHCMPYKMUBU3M, KOHMEKCMHOoe 00yueHue, pehiekcusHoe MblilleHue

B craTthe paccMaTpUBaOTCSI TEOPETHUECKUE OCHOBEI M HANIPABJICHHS IPUMEHEHUS TEOPUU KOHCTPYKTHBU3MA B
MaremMaruueckoM oOpa3zoBaHuH. COIJIACHO KOHCTPYKTHUBHM3MY, 3HAaHHs aKTHMBHO KOHCTPYHPYIOTCS OOy4arolIMMCS U
CBSI3aHBI C IPEABIIYIIMM ONBITOM HMHAMBUAA. B MaremaTHke STOT MOAX0] TpeOyeT OT y4eHUKa ObITh aKTUBHBIM
YYacTHHKOM, a HE NAaCCHBHBIM ClIyllaTesieM, NMOHUMAaTh NpodiieMy, (OpMYIHpOBaTh COOCTBEHHYIO CTPATETHIO H
pa3BHBaTh HAaBBIKM JIOTHYECKOTO MBINUICHUS. B crarbe aHanmu3upyercs pojib KOHCTPYKTHBHCTCKOTO MOAXOIa B
nporecce 00y4eHHs1, €ro BIUSHNAE Ha B3aMMOOTHOLICHUS YUUTENS U YUCHHKa, 3HAUEHUE MPAKTHYECKOH AesATeIHbHOCTH B
(OpMUPOBaHUM MaTEMAaTHYECKHUX MOHSATHH, a TaKXKe CPEJibl, CO3aHHbIE C MOJICPKKON TEXHOJIOTHH, Ha OCHOBE HJICH
TaKAX TEOpeTHKOB, Kak [Imaske m BruiroTckmii. Takke OBUTH TpPEACTABICHBI IPUMEPH YPOKOB MO MPHUMEHEHHUIO
KOHCTPYKTUBHOTO 00yueHus. B pesynpraTe ObUI cheiaH BBIBOJ, YTO KOHCTPYKTHBHUCTCKHH mMonaxon 3(QeKTHBEeH ¢
TOYKH 3peHus OoJiee TITyOOKOTo MOHNMAaHHS MAaTeMaTHKU B (POPMUPOBaHUS (yHKIIMOHATHHBIX 3HAHHH.
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ARTICLE INFO ABSTRACT

Article history: This work is devoted to the study of the kinetics and mechanism of cobalt
Received 10.07.2024 electrodeposition from aqueous solutions and the influence of various factors
Received in revised form 28.02.2025 on the deposition process. The study of the kinetics and mechanism of cobalt
Accepted 10.04.2025 electrodeposition was carried out in aqueous solutions of CoCl, + H,O. The

range of electroreduction potentials of Co ions in aqueous solution was
Keywords: determined by recording cyclic and linear polarization curves. It was found
Co, thin coatings, electrochemical that the values of the cathode and anode peak potentials are -0.2V.
deposition, alloys, current density Electrochemical reduction process of cobalt occurs in 2 stages. The influence

of the potential sweep rate and concentration of components in solution on
the electrodeposition process was studied. According to experimental data,
with an increase in the potential sweep rate and the concentration of
components in the solution, the rate of the deposition process and the current
spent on cathodic process increase. Both temperature and electrode material
have a significant effect on the kinetics of Co electrodeposition. High-quality
thin cobalt films on Pt electrode are obtained in the temperature range of 25-
60°C. At temperatures above 60°C, the quality of the film obtained on Ni, Pt
electrode deteriorates. The optimal conditions for electrodeposition of cobalt
were determined: 0,1CoCl, +100 maH,0, i=0,2-0,4 Alom?, T=298-333 K,
Kamoo - Ni, Pt. Anoo — Pt.

Introduction

Cobalt (Co)-based electrocatalysts have been widely applied as electrocatalysts for HER and
OER in water splitting [1-3].

Electrolyzers as promising candidates for hydrogen production are of attractive interest, but
the expensive noble-metal based catalysts are the main obstacle to their wide applications.
Transition metal-based catalysts such as Co, Ni, Mn, and Fe have shown to be promising substitutes

[4].

As one of the advanced cobalt-based materials, cobalt sulfides with novel architecture have
attracted huge interest due to the low cost, easy availability, and promising bifunctional activity for
both the oxygen evolution reaction (OER) and oxygen reduction reaction (ORR), which is essential
for next-generation energy storage devices [5].

Especially, due to the low cost, earth-abundance and tunable properties, transition metal
selenides with different compositions, sizes and structures have been explored broadly as efficient
catalysts with the relatively high activities, high stabilities and high efficiencies in full pH range of
electrolyte for electrochemical hydrogen evolution reaction [6].
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The electrode  material selected should have good corrosion resistance, high
conductivity, high catalytic effect, and low price [7].

The more current passes through one unit of surface area, the more hydrogen is released;
therefore, it is necessary to take into account the properties of the surface and the structure of the
selected cathode material. CoSe has just such a structure. Thus, the number of surface-active sites
on the surface of CoSe is large, and these active sites have catalytic properties. Co, as a monatomic
element, is used as a catalyst in hydrogen evolution during water electrolysis, however, the catalytic
properties of cobalt chalcogenide solutions are 15-20 times higher than that of monatomic Co.

Water electrolysis involving the hydrogen evolution reaction (HER) on the cathode and
oxygen evolution reaction (OER) on the anode plays a significant role in eco-friendly energy
conversion of water to hydrogen. The common catalysts for HER and OER are composed of
precious metals as well as their alloys and compounds, but the high cost and natural scarcity are
impeding wider application. In this respect, cobalt-based complexes have been investigated as
homogeneous molecular catalysts for HER and OER in order to satisfy the low overpotential
demand. Owing to the earth abundance and simple chemistry to form compounds with different
valence states, cobalt-based compounds are promising alternatives [8].

The electrochemical deposition of cobalt and its alloys from various solutions is widely
described in the literature [9-14]. Electrodeposition of thin films semiconductor using aqueous
solution has attracted lots of attention due to its simplicity, low-cost growth conditions, scalability
and manufacturability. Other advantages of electrodeposition technigue using aqueous solution can
be related to ease of compositional variation of thin films and production of high quality large-area
semiconductor materials in a continuous manufacturing process [15]. Cobalt-based compounds,
including cobalt metal, oxides, hydroxides, carbides, nitrides, phosphides, sulfides, selenides,
tellurides, etc., have been studied as alternative catalysts for electrochemical water splitting due to
their natural abundance, low cost, and simple chemistry [16-23].

This work is devoted to obtaining thin Co films from aqueous solutions and studying the
influence of various factors on the electrodeposition process. The present work is an integral part of
CoSe electrodeposition. To obtain thin CoSe films, the kinetics and mechanism of individual
components (Co and Se) should be studied.

Experimental part

The working electrodes were platinum and nickel electrodes with the surface area of 0.07
cm?. The three-electrode cell contained the electrode under study, an auxiliary platinum electrode
with an area of 4 cm? and silver chloride reference electrode. To study the structure and
composition the films were deposited on Pt and Ni substrates with a surface area of 2.0 cm?. The
working temperature for electrodeposition was 25-60°C, deposition time 60 min. The kinetics of the
processes was controlled using measurements by the method of cyclic voltammetry on
IVIUMSTAT. X-ray diffraction analysis of the obtained films was carried out on a DRON-5 using
CuKa radiation. The films were obtained in the galvanostatic mode without electrolyte stirring. For
analysis, the cathode deposit was dissolved on heating in concentrated nitric acid.

Results and discussion

Cyclic voltammetry is a popular and powerful electroanalytical technique employed to
investigate redox processes of molecular species and elucidate the electron transfer mechanisms of
catalytic reactions

The present work is an integral part of CoSe electrodeposition. To obtain cobalt selenide
thin films, the kinetics and mechanism of individual components (Co and Se) should be studied.
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Fig.1. Cyclic polarization curve of electrodeposition of CoSe from an aqueous electrolyte on a Pt-electrode.
Electrolyte composition 0.01 M H,SeO; + 0.1 M CoCl,, T=25°C. E, = 0.02 V/s.

Current

Figure 1 shows a cyclic polarization curve obtained from an aqueous solution of cobalt
chloride and selenous acid starting from a stationary potential of 0.7 V in the potential range of
(-0.2 = 1.0 V). Co-deposition of CoSe occurs at -0.1 V, anodic dissolution at 0.45 V. Further, a peak
of selenium dissolution is observed. Anodic dissolution of selenium occurs in the potential range
(0.2+0.3 V).

The kinetics and mechanism of Co electrodeposition were studied in aqueous solutions of

0.1 M CoCl,. By recording cyclic polarization curves, the range of Co electroreduction potentials
was determined.

[ mi

. _

Current

0.0 0.5 1.0
Potential

Fig. 2. The cyclic polarization curve of Co electrodeposition from aqueous electrolyte on the Pt electrode.
Electrolyte composition: 0.1 M CoCl,, T=298 K, E, = 0.08 V/s.

Figure 2 shows the cyclic polarization curve of cobalt recorded in a potentiodynamic mode
on platinum electrode in the potential range of (-0.2 + 0.8 V) at E,=0.08 V/s, 1=10mA.
Electrodeposition of Co from 0.1 M CoCl, begins at -0.05 V, and at -0.2 V potential the surface of

the Pt electrode is completely covered with cobalt. The process of electrochemical reduction of Co
occurs in 2 stages (24).

Co*?+e=Co" I
Co*+e=Co° Il
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The processes of anodic dissolution and cathodic deposition occur at the same potential and

are -0.2 V. After studying the kinetics and mechanism of the cobalt electroreduction process, the
influence of some factors on this process was studied.

Current

-100_|
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0.0 0.2 0. [1)
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Fig.3. The influence of the potential sweep rate on the electrodeposition of Co on Pt electrode.(1-0.005, 2-
0.02, 3-0.04, 4-0.08V/s). Electrolyte composition: 0.1 M CoCl,, T= 298 K,

The influence of the potential sweep rate on the process of electrochemical deposition of Co
from aqueous solution of 0.1 M CoCl, is shown in fig 3. Linear potentiodynamic polarization
curves were recorded at various potential sweep rates (Ev=0.005, 0.02, 0.04, 0.08 V/s). As can be

seen, with an increase in the potential sweep rate, the rate of the Jdif increases. The
electrodeposition potential region shifts to the positive side.
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Fig 4. Linear potentiodynamic polarization curve of Co on Pt-electrode. Electrolyte composition:
0.1 M CoCl,, T=298 K, Ev=0.02 V/s.

Fig 4 shows a linear potentiodynamtic polarization curve of Co on Pt electrode in a solution
of 0.1 M CoCl,. The polarization curve was recorded in the potential range of (-0.1 + 1.0 V). The
linear and cyclic cathode polarization curves of cobalt are the same.
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Fig 5. Cyclic polarization curve of electrochemical deposition of Co from aqueous electrolyte on
Pt-electrode. Electrolyte composition: 0.1 M CoCl,, T =298 K, Ev =0.02 VI/s.

Cyclic polarization curve presented in fig 5 shows the deposition of Co at a potential sweep
rate Ev=0.02 V/s As can be seen from the cyclic curve, at a lower potential sweep rate, smaller

peaks of anodic c'*~~~'ution of Co are observed.
[
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&

0 65  4p EV
Potential
Fig.6. The effect of concentration on the process of electrochemical deposition of Co from aqueous
electrolyte on Pt electrode. Electrolyte composition (M):
1-0.02,2-0.05,3-0.1, CoCl, T=298 K, Ev =0.02 V/s.

The effect of concentration on the electrochemical deposition of Co on Pt electrode was
studied. As can be seen from the cyclic polarization curves (Fig. 6.), with an increase in the
concentration of Co in the solution, the current spent on the of electroreduction process and the
content of Co in the cathode deposit increase. This also shows up in the resulting peaks. The higher
the concentration, the more clearly peaks are visible. Depending on the concentration, the Co
deposition process is accompanied by electrochemical kinetics.
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Fig.7. Cyclic polarization curve of Se on a nickel electrode. Electrolyte composition:
0.01 M CoCl,, E=0.02 V/s T=25 °C.

A cyclic polarization curve of cobalt was taken from an aqueous solution on a nickel
electrode (Fig.7) starting from a stationary potential of 0.2 V in the range (-1.0-0.5 V).
Electroreduction of cobalt on a nickel electrode is observed in the potential range -0.2 0.4 V.
Thus, depending on the nature of the electrode, the process of electroreduction of cobalt occurs at
rachlic potentials.

In the experiments conducted on nickel electrode in the galvanostatic mode, Co deposition
(black deposit) is observed at a current density value i=0.2-0.4 mA/dm?.

Both temperature and electrode material have a significant effect on the kinetics of Co
electrodeposition. High-quality thin films on Pt electrode are obtained at 25-60°C . At temperatures
above 60°C, the quality of the films deteriorates.

Conclusion

The influence of the potential sweep rate on the cathode process was studied. It can be seen
that an increase in the potential sweep rate accelerates the process of Co deposition to varying
degrees. The effect of concentration on the electrodeposition process was studied. As can be seen
from the cyclic polarization curves, with an increase in the concentration of Co in the solution, the
current spent on the electroreduction process and the amount of Co in the cathode deposit increase.
The process of Co deposition, depending on the concentration, is accompanied by electrochemical
kinetics. By recording cyclic polarization curves, it was found that the processes of
electrodeposition of Co in an aqueous solution of CoCl, and anodic dissolution occur at the same
potential (-0.2 V). Thus, based on experimental data, the following electrolyte composition (mol/l)
is recommended to obtain thin cobalt coatings: - Ni, Pt. Anod-Pt.
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Xiilaso
Elektrokimyavi yolla kobalt nazik tabagalorinin sulu mahlullardan alinmasi
Haciyeva K.1I., Olizada Y .E., Oliyeva A.Q., Cavadova S.P.

Agar sozlar: Co, nazik tobaqa, elektrokimyavi ¢6kma, arintilar, corayan sixligi.

Hazirki is kobaltin sulu mohlullardan elektrokimyovi ¢okmosine vo proseso miixtolif faktorlarin tosirinin
Oyronilmasina hasr olunub. Kobaltin elektrokimyavi ¢okmasinin kinetika vo mexanizminin dyranilmasi CoCl,+H,0
sulu mohlullarinda aparilmigdir. Co ionlarmin sulu mohlulda elektroreduksiya potensialinin diapazonu tsiklik vo xotti
polyarizasya oyrilari ¢okilmakls miioyyon edilmisdir. Malum olmusdur ki, anod va katod piklsrinin potensiallari iist-
tista disiir va (-0,2V) toskil edir. Potensialin deyisma siiratinin vo mohlulda komponentlarin qatiliginin elektrokimyovi
¢Okmo prosesing tosiri yronilmisdir. Tocriibi naticolora asason ponteisalin doyisma siirati vo mohlulda komponentlorin
qatiligii artiqda, ¢okmo prosesinin siirati vo prosesa sorf edilon coroyan artir. Hom temperatir hom elektrokd material1
kobaltin elektrokimyovi ¢okmos kinetikasina ohomiyystli dorococds tosir gésterirr. 25-60 °C temperatur diapazonunda
Pt elektrodu iizorindo yiiksok keyfiyyotli nazik kobalt tebagolori alinir. Temperatru 60 °C don yuxar1 olduqda iso Ni vo
Pt elektodu iizerinds alinin tobobgalrin kefiyyati pislosir Kobaltin elektrokimyavi ¢cokmaosi {igiin optimal sorait miioyyon
edilmisdir:0 ,1CoCl, +100 mH,0, i=0,2-0,4 A/dm?, T=298-333 K, Katod - Ni, Pt. Anod — Pt.

Pe3rome
DJIeKTPoOCaKIeHHe TOHKIX MOKPBITH K00OAIbTa U3 BOJHBIX PACTBOPOB
Taoscuesa K.H., Anuzaoe H.3., Anuesa A.I., /Incasaooea C.II.

Kniouegvie cnoga: Co, monxue nokpulmus, 21eKmpoXuMuiecKoe ocaicoenue, Cnaasbl, niomHocms mokKa.

[Jannas pabora MOCBSIIEHA M3YYCHHWIO KMHETHKH W MEXaHHM3Ma 3JIEKTPOOCAXKICHUS KOOAIbTa M3 BOJHBIX
pacTBOPOB M M3YYEHHIO BIMSIHUS DPA3IMYHBIX (JAaKTOpPOB HA MpoLecc OocaxJeHus. lccremoBaHume KHHETHKHA H
MEXaHH3Ma JIEKTPOOCAKICHUS KoOalIbTa IIPOBOJMIOCH B BOAHBIX pacTBopax CoCl, + HyO. CHATHEM HUKINYECKON 1
JMHEHHON MOJSPHU3AlMOHHBIX KPUBBIX OBUI ONpe/esieH HHTEPBaJ MMOTEHINAIOB 3JIEKTPOBOCCTAaHOBJICHHST HOHOB Co B
BOJIHOM pPacTBOpe. BBIICHMIOCH, YTO IMOTEHIHAIBl aHOJHOTO M KAaTOIHOTO IHKA COBMNAAAOT M cocTtaBisiioT (-0,2B).
V3ydeHO BIMSHHE CKOPOCTH Pa3BEpPTKH NOTEHNIHANTa M KOHIEHTPAllMM KOMIIOHEHTOB B PAacTBOpPE Ha IIPOILECC
anekTpoocaxaeHuss. CorjlacHO 3KCHEpHMEHTANIbHBIM JaHHBIM, C YBEIHMYCHHEM CKOPOCTH pa3BEpTKU IOTEHIHAla U
KOHIIEHTPAI[MN KOMIIOHEHTOB B PacTBOPE CKOPOCTH MpOIecca OCAKIACHUSA U TOK, PACXOJyeMBbIi Ha KaTOAHBIH IpoIecC
yBenuunBaioTcs. Kak TemmepaTypa, Tak M MaTepHal 3JIEKTPOJa OKAa3bIBalOT 3HAUMTEIHHOE BIHMSHHUE HAa KUHETHUKY
anekTpoocaxaeHus: Co. KauecTBeHHbIe TOHKHME MJIEHKH Ha Pt-anekrpoze nosyuatorces npu 25-60°C. Tlpu temneparype
cebime 60°C kauectBo mieHku nonyuernoi Ha Ni, Pt anektpoze, yxyammaercs. OnpeneseHbl ONTHMATbHBIE YCIOBHS
anexTpoocaxaenus kodansta: 0,1CoCl, +100 muH,0, i=0,2-0,4 A/mv?, T=298-333 K, Karox - Ni, Pt. Anox — Pt.
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MOQALO HAQQINDA MOLUMAT XULASO

Magalanin tarixgasi Toqdim olunan tadgigat isi, 85-90°C temperaturda xitinin tabii seolitla
Daxilolma tarixi: 04.04.2025 (klinoptilolit)  modifikasiyast asasinda agir metallarin ¢irkab sularindan
Diizalis tarixi: 18.05.2025 tomizlonmasi iigiin yiiksok effektli sorbentin alinmasina hasr olunmusdur.
Qabulolunma tarixi: 20.05.2025 Hissaciklorin orta 6l¢iisii 0,01 mm olan Klinoptilolit hissacikiari, sirka tursusu

miihitinda termiki emal prosesi naticasinda xitinin sathinda tobaqa soklinda
Acar sozlar: barabar paylanmigdir. Modifikasiya olunmus xitosandakiamin (-NH2) va
tabii seolit, modifikasiya olunmus, hidroksil (OH-) gruplari metal ionlart iigiin méhkom rabitolori tomin edon
xitozan, agwr metallar, ¢irkab sular, funksional gruplarin daxil edilmasiylo sorbsiya qabiliyyatini ahomiyyatli
adsorbsiya, amin (-NH2) grupu, doracado artirr. 85-90° C-do termiki emalklinoptilolitin sathinda xitozan
hidroksil (OH-) grupu, seolit-xitozan qatimin  sabitliyini va bircinsliliyini tomin edir. Modifikasiya olunmus
hibrid sistemi, ekoloji problem material, Pb** vo Hg?* kimi agwr metallarin tobii Klinoptilolit va xitindan

alman saf xitosanla miiqayisada adsorbsiya qabiliyyatini artirir.  Alinmis
seolit-xitozan hibrid sisteminda yiiksak doracadaki adsorbsiya prosesi onun
¢irkab sularin  tomizlonmoasinda, elaco do otraf miihitin barpasinda
istifadasinin perspektivlorini gostorir.

Giris. Molumdur ki, elektrokimyavi, neft-kimya vo madongixarma sanayesindoki proseslor
naticasinds yaranan tullanti sularmin agir metallarla ¢irklonmosi boyiik ekoloji problemlar yaradir.
Kadmium(Cd),qurgusun(Pb),mis(Cu),civo Hg vo nikel (Ni) kimi metallar ekosistemlorde uzun
miiddot qaldiglarina, bioloji cohatdon parcalanmadiqlarina vo tobistlorino gora xiisusilo zorarlidir,
uzunmiiddatli ekoloji ziyana va insan saglamligina tohliiko yaradir.

Su hovzalorinin agir metallarla vo digor tullantilarla ¢irklonmo hallar1 asasen sonaye, kond
tosarriifatt vo gohor tosrriifatlarinin foaliyyatlori naticosindo bas verir vo bu sobobdon do boylik
ekoloji problemlor yaradir. Mis (Cu?*), qurgusun (Pb**) vo kadmium (Cd?*) kimi metallar asagi
qatiliglarda belo yiiksok toksiki xassoya malikdir, insan saglamligi, flora vo fauna, su ekosistemlori
ticlin ciddi tohliikolora sobab olur. Bu metallarin tullant1 sularindan somorali sokildo ¢ixarilmasi
suyun keyfiyyastinin vo ohalinin saglamliginin qorunmasi li¢iin mithiim amillordon biridir. Agir metal
ionlariniononanovi kimyavi ¢okiintii, ion miibadilosi vo aktivlosdirilmis karbon adsorbsiyasi iisullar
ilo konarlasdirilmas1 proseslori, xiisusilo do metalinbdyiik miqdarda vo ya asagi qatiliqlara malik
oldugu sistemlordo proseslorin hoyata kegirilmasi iqgtisadi baximdan baha basa golir vo ekoloji
cohotdon yasil kimyanin toloblorini 6domir, az somarali olur olverigli sayillmir[1].

Agir metallarin tullanti sularindan tomizlonmosi somaroli tomizloma iisullarmin inkisaf
etdirilmasini tolob edir. Malumdur ki, movcud tabii adsorbentlorin modifikasiyas1 vo tomizloma
proseslorinin optimallasdirilmasi tizra davam etdirilon todqiqatlar suyun ¢irklonmasi ils bagli global
ekolojo problemlorin hallinds, insan saglamliginin vo otraf miihitin qorunmasinda miihiim
ohomiyyat kosb edir.
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Metal ionlarinin ¢irkab sularindan tomizlonmasi ii¢lin miixtalif ononovi {isullar arasinda
adsorbsiya iisulu effektiv vo genis istifado olunan tisullardan hesab olunur. Tobii seolitlor, xiisusilo
klinoptilolitlor yiiksok soth sahasing, ion miibadilo qabiliyyatine vo iqtisadi cohstdon olverisli
olmalarina goéro daha bdyiikiistiinlik toskil edir. Todgigatlarin noticolori gostorir ki, seolitlor
cirklonmis sulardan agir metal ionlarin1 somarali adsorbsiya edir ki,bu da onlarin sonaye ¢irkab
sulariin tomizlonmoasinds genis istifado olunmasina zomanot verir.

Qeyd edok ki, metal ionlarmin ¢irkab sularindan tomizlonmosindo tobiiseolitlorin effektiv
adsorbentlor kimi totbiq olunmalarina baxmayaraq, adsorbsiya prosesino mohlulun pH-1,
temperatur vo mohlulda digor ionlarin olmasi kimi amillor tosir edir.Mohz buna goro, tobii
seolitlorin modifikasiya edilmosi ilo onlarin adsorbsiya imkanlarinin artirilmasi, onlarin soth
saholarinin funksionallagsdirilmasi vacib masalalordondir [2].

Adsorbsiya qabiliyyotinin artirilmasi ilo yanasi, adsorbentlorin borpasi vo tokrar
istifadoolunmas: imkanlarini nozoro almaq da miihiim sortlordondir.. Belo ki, ¢irklondiricilorin
uzunmiiddatli yigilmas1 onlarin effektivliyinin azalmasina sobob ola bilir. Adsorbentlorin tokrar
istifadosine imkan veron belo barpa iisullari, tullantilarin migdarinin minimuma endirilmasing vo
emal xorclorinin azalmasina imkan verir. Bundan basqa, faktiki olaraq otraf miihitin qorunmasi,
movcud soraitin daha da yaxsilagdirilmasi {iglin agir metallarin tomizlonma {isullarinin praktiki
totbiq saholorinin genislondirilmasini tomin etmok {i¢lin yeni miiasir iisullarin axtarilmasit vo
todqgigat islorinin bu istigamotdo reallifa g¢evrilmosi miiasir dovriin  miithiim problemlorindon
sayilir.

Xitin — xar¢ongkimilarin ekzoskletloring, hosoratlar vo gobaloklorin toxuma divarlarina
mohkomlik veran tobistdo daha genis yayilmis aminpolisaxarid polimerlsrindondir. Bu polimerlor
N-asetilglyukozaminin (xitin) vo yaxud qlyukozaminin (xitozan) uzun zoncirlorindon togkil
olunmuglar. Hal hazirda xitin va xitozan yeyinti, kosmetika, biotibbi va aczagiliq sonayesindo genis
totbiq saholorino maikdir. Qeyd edok ki, xitinin ¢oxlu sayda tobii monbalori mdévcuddur. Xitini
xor¢ongkimilorin-omarlar, krablar vo krevetkalar, elocads baliq pulcuqlarindan vo miixtslif nov
orqanizmlorin (hoagorat vo gobaloklordon) gabiglarindan almaq miimkiindiir.

Qeyd etdimiz kimi, son dovrlordo modifikasiya olunmus materiallarin adsorbsiya
proseslorinds istifado edilmosi genis viisot almisdur. Cirkab sularinin neft vo neft mohsullarindan
tomizlonmosinds, tullant1 sularindan agir metal ionlarinin ¢ixarilmasinda, xiisuson tobii seolitlorin
adsorbsiya qabiliyyatlorinin artirilmasi mogsodilo xitozanla modifikasiyas1 todqiqat¢i alimlorin
diqqat markozindadir [3].

Klinoptilolit kimi tobii seolitlor yliksok soth sahasing, ion miibadile qabiliyystine, adsorbsiya
xassaloring vo ekoloji cohatdon tomizliyino goro ¢ikab sularinin agir metallardan tomizlonmosi tigiin
potensial adsorbentlor kimi elmi va praktiki cohatdon maraq dogurur.

Tobiotds, xiisuson do respublikamizda olan zongin seolit yataqlart otraf miihitin
tomizlonmosi liclin gézol imkanlar agir, sorfoli vo perspektivli hall yollar1 toqdim edir. Ay-dag
yataglarindan gotiiriilmiis klinoptilolit tufu orta hesabla 80-85% klinoptilolitdon (kimyovi formulu
(Na,K)g (AlgSiz2030) :12H,0-dur) ibarat olub faizlo torkibl asagidaki kimidir: SiO, -65,9; Al,Os-
12,2; Fe,03 -1,01; Ca0-4,05; Mg0O-0,57; Na,0-2,55; K,0-1,18; H,0+-6,20; H,0—-5,25 [4].

Biitiin bunlara baxmayaraq, onlarin adsorbsiya qabiliyysti miioyyon metallar {iciin
mohdudlasdirila  vo onlarin segicilik qabiliyyoti miixtolif modifikasiya {isullar1 vasitosilo
yaxsilagdirila bilor. Qeyd edok ki, ¢irkab sularindan cirklondirici komponentlorin, xiisuson agir
metal ionlarmin tomizlonmasi vo uygun adsorbentlorin secilmosi adsorbentlor iizorinde metal
ionlarinin adsorbsiya mexanizmini doindon dyronmok, basa diismok va tohlil etmokdon ibaratdir

Mbohz bu sobobdon, tobii seolitlorin modifikasyasi, onlarin istismar miiddotinin, soth
sahalorinin, secicilik gabiliyyotinin, adsorbsiya xassslorinin artirilmast bu giin do akual olaraq
qalmaqdadir.
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Toklif olunan isin moagsadi civo Hg2+, qurgusun (Pb?*) kimi agir metallarin cirkab sularindan
tomizlonmosi iiglin tobii seolit olan klinoptiloliti xitindon alinmis xitozanla modifikasiya etmoklo
yiiksok adsorbsiya gabiliyyotina, segiciliyo malik, ekoloji tomiz sorbentin alinmasindan ibaratdir.

Qeyd edilmoalidir ki, qurgusun (Pb), xrom (Cr), kadmium (Cd), sink (Zn) vo nikel (Ni) ilo
cirklonmis sulardan onlarin tamamilo tomizlonmosi vo ya minimuma qodor azaldilmasi {i¢ilin genis
sokildo todqiq edilmis vo daha effektiv iisullar inkisaf etdirilmisdir. Modiikasiya olunmus tobii
adsorbentlorin istifado olunmasi ilo oldo edilon noticolor adsorbsiya imkanlarini, o ciimlodon
toksikoloji aspektlori 6n plana ¢okmokls otrafli miizakirs edilmasini talob edir. Seolitlora goldikda
159, mosamosinin diametrlori vahido barabar olan sintetik materiallarin alinmasi son zamanlar diqqgot
cokir. Aparilan tohlillora asason, tobii klinoptilolitin miixtalif agentlorlo modifikasiyaolunmasi daha
az xorc tolob edir, iqtisadi baximdan olverislidir, adsorbsiya qabiiyyati yiiksokdir, masamalilik, soth
sahasinin bdyiik vo sothds ion Otlirma xassasinin giiclii olmasi vo s. kimi parametrlor onun suyun
tomizlonmosi {i¢lin on somoroli alternativ sorbento c¢evirir.Seolitlorin modifikasiyasit sothin
kimyasini vo masamo strukturunu ohomiyyatli doracods doyisdire bilor, bununla da ammonium,
fosfor vo agir metallar kimi timumi ¢irklondiricilorin ¢ixarilmasinda effektivliyini artirir. Digor
torofdon, agir metallar {i¢iin seolitin mosamaliliyino vo adsorbsiya qabiliyyatino osaslanaraq, daha
genis miqyash tatbiglords, o climlodon sonaye obyektlorindon ¢irkab sularin tomizlonmosinds genis
istifado edilmosi vo bununla da suyun tomizlonmesindo bdylik rol oynayacagi giiman
olunur.Klinoptilolitin madon tullanti sularindan APP*, Cd**, Cu?®*, Fe**, Ni**, Pb*" vo Zn?* kimi
metal kationlarinin konarlagdirilmasindabdyiik tosiri oldugu tocriibi yollarla miisyyon edilmisdir.
Klinoptilolitin agir metal ionlar1 uglin asagidaki ardicilligla: Pb>">Cd>">
Cu?"™>Co?">Cr**>Zn*">Ni?"> Hg?"yiiksok seg¢icilik niimayis etdirdiyi miisahids edilir [5].

Klinoptilolitin miixtslif temperaturlarda (25, 45 vo 60°C), pH=1-4 qiymatlorinds vo 0,100,
200 vo 400 rpm qarigdirma siiratlorinde sulu mohlullardan Cu2*kationunu adsorbsiya etmok
qabiliyyoti Oyronilmis vo mis ionlarmin tomizlonmoeffektivliyinin optimal soraiti pH=4
qiymatlorinds alinmigdir.

Tacriibalorin yerino yetirilmasi zamani qarigdirma siirotinin xaricetma siirating tosir etdiyi
miisahido olunmus, on yiiksok xaricetmo somoraliliyi 25°C temperaturda vo 400 rpm qarigdirma
siiratindoa 37,3% toskil etmisdir.

Molumdur ki, adsorbsiya prosesinin gedisini vo naticasini toyin edon on miihiim amillordon
biri adsorbsiya siiratidir. Adsorbsiya mexanizmini daha yaxsi basa diismok ii¢lin adsorbsiyanin
kinetik asililiglarin1 almaq vo tohlil etmok lazimdir. Adsorbsiya siirati vo bir komponentin digoring
nisbaton aktivliyinin miiqayise olunmasi adsorbsiyanin siirat sabitlorinin hesablanmasi1 yolu ilo aldo
olunur. Son zamanlar oldo ollunan noticolor vo miivafiq nailiyyotlor seolitlorin adsorbsiya
qabiliyyatini artirmaq li¢iin onlarin modifikasiya olunaraq istifade olunmasina yonaldilmisdir.Belo
modifikasiya iisullarinda sothin funksionallagdirilmasi vo polimer materiallardan istifado edilmosi
onamli yerlordon birini tutur. Modifikasiya edilmis seolitlorin adsorbsiya qabiliyystlorinin artmasi
bu nov seolitlorin tobii klinoptilolitlo miigayisado Pb** vo Cd** ionlarinin tomizlonmasi iigiin daha
somarolidir. Bu tadqiqatlarin naticolori gostarir ki, modifikasiya olunmus seolitlorin metal ionlarini
cirkab sularinndan tomizlomosi 50%-don c¢ox yaxsilasir vo genis miqyasda totbiq olunmsi ii¢lin
maqgsadyonlii perspektivlor ortaya qoyur.

Miixtalif adsorbentlor arasinda klinoptilolit kimi tobii seolitlor bdyiik soth sahasina, ion
miibadilosi xiisusiyyetlorine vo ucuz qiymoto malik olduqglarina goéro boyiik maraq kasb edir. Bu
seolitlorin tullanti sularndan Cu*? vo Cd*? kimi zororli metal ionlarimeffektiv tomizlomosi
todqiqatlarla siibut edilmisdir [6].

Tacriibi hissa

Materiallar va tacriibonin yerind yetirilmd metodikasi: Todqiqat islorindo doniz
mohsullarindan alinmis xar¢ong qabiqlarindan, yani xitindon istifads edilmisdir. Bu qabiglar zongin
xitin torkibina va xitozani togkil edon biopolimers goro forqlonir.Tozo xor¢ong vo ya krevetka
gabiglar1 kran suyu ilo yaxsica yuyulur vo sonra hor hansi soth ¢irklondiricilorini konarlasdirmaq
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ticlin distillo edilmis su ilo yenidon yuyulur. Tomizlondikdon sonra 65-75°C-do dondurulur, bu
omoliyyat sonraki emaldan avval qabiglarin 6z strukturlarini saxlamasi {igiin yerina yetirilir.

Qabiglardan alman xitozan CsgH103NgO3z9 molekulyar formuluna vo 75% deasetillosmo
doracosine malikdir. Bu yiiksok molekul kiitloli biopolimerdir, bioloji parcalanma qabiliyyati,
toksiki olmamasi vo metal ionlarini adsorbsiya etmok qabiliyyati ilo forqlonir.

Toqdim olunan isdo xitindon alinan xitozan olavo modifikasiya iigiin osas material kimi
istifado olunur va xitozanin modifikasiyasi {i¢iin tobii seolit minerali klinoptilolitden istifado olunur.
Klinoptilolit miistosna ion miibadilasi qabiliyyatino malikdir vo bu da onun sulu mohlullardan agir
metallarin ¢ixarilmasi li¢iin perspektivli material kimi istifado olunmasina sorait yaradir.

Togdim olunan todqgiqat isindogirkab sularindan Hg2+ vo Pb?*ionlarinin kenarlagdiriimasi
prosesinin adsorbsiya xlisusiyyatlorinin artirilmast mogsadilo,xitozanin modifikasiyast tobii
klinoptilolitlo hoyata kegirilmisdir.

Ekstraksiya vo modifikasiya proseslorinin yerina yetirilmosindoeasagidakimaddslordon :

-Mineralsizlagdirma ti¢iin hidrogen xlorid tursusunun (HC1):5% mohlulu; mineralsizlagdirma
vo ziilalsizlagdirmamarhalslorinds zararsizlagdirme ti¢innatrium hidroksid (NaOH) mohlulu; alinan
xitozanin agardilmasi tgtinhidrogen peroksidin  (H20,)5% mohlulu; Xitozaninmodifikasiya
prosesindacalaq rabitonin yaradilmasi tigtinglutar aldehidinin (GA)2% mohlulundan istifads olunur

Tacriibalorin aparilmasinda tokrarlanma vo ardicilligi tomin etmok iiclin biitiin kimyavi
maddolor vo materiallar etibarl todariik¢iilordon alinmisdir.

Xoargong gabiqlarinin saothinin ¢irklondiricilordon tomizlonilmasimoagsadilo avvalcs kran
suyundan, sonra is9 distillo suyundan istifado edilorok yuyulur. Tomizlondikdon sonra qabiglar 65-
75°C-ds dondurulur, dondurulmus qgabiglardan suyungixarilmasi iigiin vakuum altinda liofillosmo
iisulundan istifado edilir vo sonraki emal {iglin strukturlarinin stabilliyi qorunur. Liyofillosmadon
sonra gabiqlar 1 mm kicik hissaciklor,yoni incs toz halina salinir.

Xitozanin ¢ixarilmasi prosesi ii¢ asas morhaloni 6ziindo birlosdirir:

-Uyiidiilmiis xorgong vo ya krevetka gabiglarindan mineral torkiblori ¢ixarmagq iigiin 24 saat
orzinds 1:6 (agirlig/hacm) nisbatindo 5%-li xlorid tursusu (HCI) mohlulu ils iglonilir,sonra natrium
hidroksid (NaOH) olavo olunaraq pH=7-ya qodor neytrallagdirilir vo qarisiq siiziiliir. Alinan bark
halda reasiya kiitlasi 22 saat arzinds 50-65°C-da qurudulur.

- Mineralsizlagdirilmisqabiqlar 3:40 (agirlig/hacm) nisbotindo 2N natrium hidroksid (NaOH)
mohlulu ilo emal olunur, ziilallar1 vo digor lizvi ¢irklondiricilori uzaqlasdirmaq ticiin 90-105°C-do
30-45doq. qizdirilir. Daha sonra mohlul ortofosfat tursusu ilo zorarsizlesdirilir, siiziiliir vo tomiz
xitozan almagq ii¢lin 50-65°C-do 22 saat qurudulur.

- Ayrilan xitozanin rongini almaq vo onun tomizlonilmasi {i¢iin qabiqlar 2-4 saat arzindo 3%-
li hidrogen peroksid mohlulu (1:10) ils islonilir. Tomizlonmis xitozan artiq galan hidrogen peroksidi
cixarmagq l¢iin distillo edilmis su ilo yuyulur va sonra 8 saat arzinds 40-50°C-ds qurudulur.

- Xitozanin metallar1 adsorbsiya etmo gabiliyyatini artirmagq tigiin 85-90°C-ds klinoptilolitls
modifikasiya edilmisdir. Klinoptilolit ayrilan xitozanla nozarot olunan nisbotds qarigdirilmis vo
modifikasiya prosesini asanlasdirmagq {i¢iin qizdirilmigdir. Sonda alinan kiitloyagors, klinoptilolitlo
modifikasiya olunmus xitozanin sulu mohlullardan Hg?*voPb?* ionlarinin  adsorbsiya etmasi
qabiliyyati qiymotlondirilmisdir.

Allan naticalorin miizakirasi:Metal ionlarinin qatiliglarinin proseso tosiri, adsorbsiya
qabiliyyati (Q) adsorbent torofindon adsorbsiya olunan metal ionlarinin miqdar1 ddsturu ils

hesablanir.

Q - (Co;:‘e)-V
Q - metal ionlarinin adsorbsiya edilmis miqdar1 (q); Co - metal ionlarinin ilkin qatilig1 (mol/l); Ce -
adsorbsiyadan sonra metal ionlarmin son qatiligi(mol/l); V -mohlulun hocmi (1); m - adsorbentin

kiitlosidir (q).
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Mohluldan metal ionlarmin ¢ixarilmasinda adsorbentin tomizloma effektivliyi (%-1o)
gostarilon diisturla miiayyan edilir:

Te=-22.100
Co - metal ionlarinin ilkin gatiligir(mol/l); Ce - adsorbsiyadan sonra metal ionlarinin son
qatiligidir (mol/1).

Adsorbsiya faizi (effektivlik)- adsorbsiya prosesindo ionlarin tomizlonmoadaracasinin

effektivliyini, yoniadsorbsiya faizini ( adsorbsiya effektivliyi)- asagidaki diisturla hesablayiriq:
E, = 2100
Co-V
Q - adsorbsiya edilmis metal ionlarinin miqdart (q), Co -metal ionlarmin ilkin
qatiligir(mol/l); V- mohlulun hocmi (1).

Tabii seolitda (klinoptilolit)ymetallarin adsorbsiyas:

Cadval.
Miixtolif temperaturlarda adsorbsiya edilmis Pb? *va Hg?” ionlarimin migdari (qr.)

Tempera- | Pb*adsorbsiya Hg**adsorbsiya Hg™, Pb”* ,adsorbsiya olunmus

tur, effektivliyi, (%) effektivliyi, (%) adsorbsiya olunmus miqdar1 (q)

°Cc miqdar (q)

25 20 15 0.2 0.15

45 35 25 0.35 0.25

65 50 40 0.5 0.4

75 60 50 0.6 0.5

95 70 65 0.55 0.65

B0

Metal ionlarmin adsorbsiyasy, (%49)

20 40 S0 &0 7O 80 90

Temperatur °C

Sakil. Pb?*va Hg” ionlarinin ¢irkab sularindan adsorbsiya effektivliyina va adsorbsiya olunmus
miqdarina temperaturun tasiri

Toqdim olunan diaqgramda Hg2+ vo Pb?* jonlarimin girkab sularmdan adsorbsiyas1 prosesino
temperaturun tosiri toqdim edilmisdir. Diagramdan goriiniir ki, temperatur artdigca hor iki metalin
adsorbsiyasinin effetivlik faizi yiiksalir, bu iso yiiksok temperaturda adsorbsiya qabiliyyatinin
artmasini gostorir. GOy rogli xott Hg2+ -nin, yasil xott iso Pb?*-nin adsorbsiyasini gostorir.

Alman naticalar

- Alinan naticolor gostorir ki, temperatur artdigca hom Hg2+ hom do Pb*" ionlar {igiin
adsorbsiya somoraliliyi do artir. Bu onona 25°C-don 95°C-o qodor olan biitlin temperatur
intervallar iigiin miisahide olunur. 25°C-do adsorbsiya somoraliliyi Hg?* iigiin 15% vo Pb?* iigiin
20% toskil edir. Bununla bels, 95°C-do adsorbsiya somoraliliyi Hg2+ liglin 65%-2 vo Pb?* {iglin 70
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%-o catir. Bu ohomiyyatli artim onu gostorir ki, daha yiiksok temperaturlarda adsorbent vo metal
ionlar1 arasindaki molekulyar qarsiligli tosirin yaranmasi buionlarin adsorbsiyasini hoyata kegirir.

- Adsorbsiya somoraliliyinin artmast ilo yanasi, temperatur yiliksoldikco adsorbsiya olunan
metal ionlarimin miqdari da artir, beloki, 30°C-do adsorbsiya olunan Hg** miqdar1 0,1q, Pb** iigiin
iss 0,15 q olur. 85-90°C -do adsorbsiya olunan miqdar Hg** ii¢iin 0,55 g, Pb** iigiin ise 0,65 q-a
qodor artir.

- Noticolor gostorir ki, adsorbsiya prosesi termiki olaraq aktivlosir, yoni yiiksok temperatur
metal ionlarinin daha siirotli diffuziyasina vo adsorbentlo daha somarali qarsiligli tesirds olmasina
sobab olur.

- modifikasiya olunmus xitozan-klinoptilolit materiali,xiisusilo do yiiksok temperaturlarda
agir metal ionlarmm sulu mohlullardan tomizlenmoesindo, xiisusilo Hg*vo Pb** ionlari ilo
cirklonmis sonaye tullantilarinin tomizlonmosi perspektivli materialdir. Yiiksok adsorbsiya
qabiliyyatini nozoro alaraq, bu material Hg2+va Pb?* ionlar1 ilo ¢irklonmis sonaye tullantilarinin
tomizlonmasi tigiin perspektivli sayila bilor. Todqiqat isinin naticalarinin tohlili gosterir ki,xitozanin
klinoptilolitlo modifikasiya olunmus sistemindo temperaturun artirtlmasisulu mohlullardan Pb**
V9Hg2+ionlar1n1n adsorbsiya effektivliyinin yliksalmasinds miihiim rol oynayir.
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Summary
Removal of heavy metals from wastewater using modified sorbent
Ahmadov V.N., Mammadova., Shahgeldiyev F.Kh., Murshudlu N. A.

Keywords: natural zeolite, modified, chitosan, heavy metals, wastewater, adsorption, amine (—NH2) group,

hydroxyl (OH-) group, zeolite-chitosan hybrid system, environmental problem.

In the presented research work, a highly efficient sorbent for the removal of heavy metals from wastewater was
prepared based on the modification of chitin with natural zeolite (clinoptilolite) at a temperature of 85-90°C.
Clinoptilolite particles with an average size of 0.01 mm were coated on the surface of chitin in the form of an evenly
distributed layer as a result of the thermal treatment process in acetic acid. The amine (—NH2) and hydroxyl (OH-)
groups in the modified chitosan significantly increase the sorption capacity due to the inclusion of functional groups
that provide strong bonds for metal ions. Thermal treatment carried out at a temperature of 85-90°C ensures the stability
and homogeneity of the chitosan layer on the surface of clinoptilolite. The modified material increases the adsorption
capacity of heavy metals such as Pb?* and Hg?* compared to natural clinoptilolite and pure chitosan. The high degree of
adsorption process in the prepared zeolite-chitosan hybrid system demonstrates the potential of its application in
wastewater treatment, as well as environmental restoration.
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Pesrome
YnaneHue TsizkeJIbIX METALJIOB U3 CTOYHBIX BO/l C HCII0JIb30BaHHEM MOAM(PUIHPOBAHHOTO COPOEHTA
Axmeooe B.H., Mameoosa A.A., Illaxzenoues @.X., Mypuyony H.A.

Kntouesnie cnosa: npupoonuiii yeonum, MoOUGUYuposaHHwiil, XUmo3aH, maxceavle Memaiisl, CMmouHvle 800bl,
aocopoyusa, amunnasa(-NH,) epynna, eudpoxcunvnaa (OH)epynna, eubpuonas cucmema
Yeonum-xumo3aHm, IKon02u4eckas npoonema.

B npencraBnenHo# paboTe UccienyeTcs MojaydeHre BEICOKOA(P(EKTHBHOrO copOeHTa ISl YAAJICHUs TSKEIbIX
METaIOB U3 CTOYHBIX BOJ Ha OCHOBE MOJM(MUKAIMU XHUTHHA INPHPOAHBIM LEOJIUTOM (KIMHONTWIOIMTOM) HpPH
temneparype 85-90° C. UacTHIE! KIMHONTHIONATA CO CpeAHHM pasmepoM 0,01 MM 3aKpeIUIsIHCh Ha TOBEPXHOCTH
XUTHHA B BHJE DaBHOMEPHO pacHpelieNIeHHOro CJIos B pe3yibTaTe IIpoliecca TepMHUUYECKOH 00paboTke B cpene
ykcycHod kucnotsl. I'mapoxcunbabeie (OHY) u amuHorpynmst (-NH;) B MoaudumupoBaHHOM XHMTO3aHE 3HAYHUTEIHHO
YBEJINYUBAIOT COPOLMOHHYIO €MKOCTB 32 CUET BKIIOYCHUS ()YHKINOHAIBHBIX IPYIIT, 00SCIICYHBAIOIIMX POYHBIE CBSI3H
11 MOHOB MetamioB. Tepmudeckas oGpaborka mpu 85-90° C obecredmBaer CTaGHIBHOCTH M OJHOPOIHOCTH
XHUTO3aHOBOT'O CJIOS Ha TIOBEPXHOCTH KIMHONTIIONNTA. MOoAN(HUIIMPOBaHHbIH MaTepuall yBEINIUBACT alCOPOLIOHHYIO
CIIOCOOHOCTD TSKEIBIX METAILIOB, TAKUX Kak Pb*'u Hg?*, mo cpaBHEHHUIO ¢ MPUPOIHBIM KIMHONTHIONATOM M YHCTHIM
XHUTO3aHOM, ITOJYYCHHOTO M3 XHTHHA. BBICOKas cremeHb ancopOLMOHHOTO Mpolecca B IOJTYYSHHOH THOPUIHOM
CUCTEME IIEOJIMT-XUTO3aH CBHJETENHCTBYET O MEPCIEKTHBHOCTH €€ NPUMEHEHHS B OYMCTKE CTOYHBIX BOJ, & TaKKe
BOCCTaHOBJIEHHU OKPYXKalOIeH Cpeasl.
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ARTICLE INFO ABSTRACT
Article history: The kinetic model of the polymer dissolution process in the system of solid
Received 01.05.2025 polymers — solvent has been developed and the kinetic regularities of NH,-
Received in revised form 28.05.2025 CMC dissolution process in water have been determined depending on
Accepted 21.05.2025 various factors. The necessary equations describing these regularities with
sufficient accuracy have been obtained. It has been shown that the dissolution
Keywords: process of special polymer is accompanied by an induction period, the
ammonium salt of duration of which takes a large part of the full duration of the total
carboxymethylcellulose, kinetic dissolution process. The empirical equations for calculation of the induction
coefficient, polymer dissolution rate, period duration and the total dissolution process of special polymer in water
induction period have been obtained.

Introduction

One of the main ways to control the properties of the prolonged action of capsulated
fertilizers is the change of a number of elementary links containing hydrophilic groups in the
macromolecule of the polymer capsule-forming agent. Therefore, the study of the kinetics of the
polymer dissolution in water, depending on the number of hydrophilic groups in its macromolecule,
is of great theoretical and practical importance in the technology of capsulation of the mineral
fertilizer [1-2].

The purpose of this investigation was the study of the kinetic regularities of dissolution in
water of laboratory batches of NH;-CMC with various content of carboxymethyl groups in the
macromolecule, depending on some basic factors synthesized by us.

Experimental part

The photocolorimetric method was used for experimental study of the kinetics of dissolution
of NH4;-CMC in water [3]. This method of determination of the concentration of solutions has been
based on measurement of their optical density. KFK-2 photoelectrocolorimeter was used for this
purpose. The samples of laboratory samples of NH,-CMC purified from impurities with a degree of
substitution in the macromolecule by carboxymethyl groups of 0,3; 0,4; 0,5; 0,6; 0,7 were placed in
a glass filled with the calculated quantity of water. In the conditions of weak mixing, the samples
were taken from the solution in the course, the optical density was measured and the relative
concentration of the polymer was determined using the calibration curve. Based on experimental
data found by the photoelectrocolorimetric method, the kinetic curves of NH;-CMC dissolution in
water at various temperatures and substitution degrees (ni/n) were constructed.

Results and discussion

In Figs.1-3 the kinetic curves of NH;-CMC dissolution in water at temperatures of 10-20-
30°C and various values of the substitution degree are presented. As can be seen from the Figures,
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the Kkinetic curves of dissolution have an exponential character of change. The curves (1-5)
characterize the kinetics of the solid dissolution of NH;-CMC, and (1'-5") — the accumulation of the
polymer in solution. It can be concluded on these curves that NH;-CMC with a degree of
substitution higher 0.4 is well soluble in water. Further, the analysis of curves 3-5 (Fig.1-3) shows
that the polymer dissolution rate mainly depends on the degree of substitution and the medium
temperature. With temperature decrease, in all other things being equal, the polymer dissolution rate
increases. Apparently, this has been connected with the fact that at low temperatures, the hydrogen
bonds weakening and increase of the internal surface of the polymer occur, which leads to an
increase in the intensity of its swelling [4]. With the increase of the degree of substitution in the
polymer macromolecule by carboxymethyl radical, the dissolution rate at constant temperatures is
also increased. This is explained by increase of the degree of contact between the polymer and
solvent molecules [5].
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Fig.1. Kinetic curves of dissolution in water (1-5) and curves of accumulation in solution (1'5") of purified
ammonium carboxymethylcellulose at t=70°C and various values of ny/n:
1,1-n/n=03;2,2-04;3,3-05;4,4-06;55-0,7.
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Fig.2. Kinetic curves of dissolution in water (1-5) and curves of accumulation in solution (1'5") of purified
ammonium carboxymethylcellulose at t=20°C and various values of ny/n:
1,1-ny/n=03;2,2-04;3,3-05;4,4-06;55-0,7.
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Fig.3. Kinetic curves of dissolution in water (1-5) and curves of accumulation in solution (1'5") of purified
ammonium carboxymethylcellulose at t=30°C and various values of ny/n:
1,1-ny/n=0.3;2,2-04;3,3-05;4,4-06;55-0,7.
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The rate constant values of NH,-CMC dissolution in water have been found by graphical
differentiation of the experimental kinetic curves (Fig.1-3) and presented in Table.
The values of the kinetic coefficient of NH,-CMC dissolution in water

nJ/n k-10° at various values of temperature, 1/s.

t=10°C t=20°C t=30°C
0.5 7.6 6.0 5.6
0.6 8.0 7.0 6.6
0.7 10 8.9 7.8

It follows from the NH4;-CMC -CMC macromolecule by carboxymethyl groups and the
medium temperature. This coefficient value is increased with the increase of the degree of
substitution, and on the contrary, is decreased with the medium temperature rise.

Besides the above-mentioned one, it follows from Figures 1-3 that the dissolution process of
NH4-CMC is accompanied by an induction period (t;), the value of which mainly depends on ni/n
and the dissolution temperature, and also on the properties of the polymer itself. It follows from the
graphical dependence t=f(t, ni/n) shown in Figure 4 that the temperature dependence of the
induction period of the dissolution process of NH4,-CMC in water has a linear character of change.

10 20 30
i, 0
Fig.4. Dependence of the induction period of the NH,-CMC dissolution process in water on temperature at
various values of n;/n: 1-n;/n=0,3;2-0,4;3-0,5; 4-0,6; 5-0,7.

The graphical dependence t=f(t, n1/n) is shown in Figure 4, from which it follows that the
temperature dependence of the induction period of the dissolution process of NH,-CMC in water
has a linear character of change. The physical essence of the induction period, as is known from
literary sources [6], is the time required for the molecular diffusion of a solvent into the internal
field of the polymer, which is accompanied by swelling of the latter one and then its dissolution.
Taking into account the above-mentioned one, the following empirical equation describing the
dependence of the induction period on various factors of the dissolution process of ammonium
carboxymethyl cellulose in water has been proposed.

n

P =1.6~102[1—F1J +2.2t (1)
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The full duration of the total dissolution process of any polymers consists of the sum of two
components and can be described by the equation (2).

T,=7,+7; (2)
The expression (2) is transformed into the following one:
2.31g %
r :1.6-102(1—ﬁ)+ 22t+— & 3)
n K
or
23lg, %o

(0(0 _CT)
" " (4)
where, 1;— induction period duration; tc — the current duration of polymer dissolution without taking
into account t;; t¢— the full duration of the total polymer dissolution process; t — dissolution process
temperature.

It follows from equations (3) and (4) that the full duration of the polymer dissolution process
mainly depends on the degree of substitution in NH;-CMC macromolecule with carboxymethyl
groups, the medium temperature, and the dissolution rate constant. The value of this time is
decreased with growth of the degree of substitution and the dissolution constant rate, and also with
temperature rise of the initial relative concentration of the solid polymer.

The results of this test showed that these equations describe the experimental curves with
sufficient accuracy. In this case, the error determined by a method of mean-square deviation is +(3-
5%), which is sufficient for engineering calculations using the specified equations of the dissolution
system of the polymer investigated in water.

Thus, the kinetic model of the polymer dissolution process in the solid polymer-solvent
system has been developed and the kinetic regularities of the dissolution process of NH4;-CMC in
water have been determined, depending on various factors. The necessary equations describing
these regularities with sufficient accuracy have been obtained.

Conclusions

The kinetic regularities of the dissolution process of NH;-CMC in water have been
determined, and the necessary equations describing these regularities with sufficient accuracy have
been obtained.

It has been shown that the polymer dissolution process is accompanied by an induction
period, the duration of which takes a large part of the full duration of the total dissolution process.

T =1.6-102[1—ﬁ)+2.2t+
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Xiilasa
Karboksimetilselliillozun sintez olunmus ammonium duzunun suda hallolma prosesinin ganunauygunluglari
Qurbanov M.S., Rzayeva 8.9., Alxazov T.1.

Acar sozlar: karboksimetilselliilozun ammonium duzu, kinetik amsal, polimerin hallolma siirati, induksiya

periodu.

NH4-KMS-nin suda hollolmasi prosesinin miixtolif faktorlardan asili olan kinetik qanunauygunluqlart toyin
olunmusdur. Gostorilmisdir ki, xiisusi polimerin hallolma prosesi induksiya dovrii ilo miisayiot olunur. Induksiya
dovriiniin davam etmo vaxti hollolmanin summar prosesinin {imumi vaxtinin toyin olunmasinda mithiim yer tutur.
Induksiya dovriiniin vo xiisusi polimerin suda hollolmasmin summar prosesinin davam etmo vaxtinin hesablanmasi
iictin empirik diisturlar alds olunmusdur.

Pesrome
3aKOHOMEPHOCTH PACTBOPEHUs CHHTE3HPOBAHHOI aMMOHHEBOI COJIM KAPOOKCHMETHIINE/LII0JI03bI B BOjIe
TI'ypoanoe M.ILIL., P3aesa C.A., Anxazoe T.HU.

Knioueguvie cnosa: ammonuesas conv KapbokcumMemunyeiniono3sl, KuHemuyeckui Kos@guyuenm, ckopocms

pacmeopenus noaumepa, UHOYKYUOHHbIN Nepuoo.

OmnpeneneHpl KHHETHIECKNE 3aKOHOMepHOcTH mponecca pactBopeHus NH,-KMII B Boxe B 3aBHCHMOCTH OT
pasnuuHbIX (akTopoB. IlokazaHo, YTO MpPOIECC PACTBOPEHMS CHEUIOJIMMEpPA CONPOBOXKIACTCS HHAYKIMOHHBIM
MIEPHO/IOM, IIPONOJDKUTEIBHOCTh KOTOPOTO 3aHMMAET OOJNBIIYIO OJII0 B OOWIEH IPOMOIDKUTENBHOCTH CYMMapHOTO
mporecca pacTBOpeHus. [lomydeHsl SMOHMpHYECKHE ypaBHEHHS JUIA pacuyeTa NMPOAODKUTEIBHOCTH HHIYKIIMOHHOTO
Mepro/ia ¥ CYMMAapHOTO Tpoliecca pacTBOPEHHS CIIEHIIOINMEPa B BOJIE.
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Z,5if aerozollu sahalorlo mesa-bitki ortiiyii arasindaki qarsiligh tasirinin CIS
texnologiyalar vasitasils ekoloji qiymatlondirilmasi

(Lacin, Qubadh va Zangilan bélgalori timsalinda)
"Mommoadoliyeva Valido Mehman quiz1 28<2
“Nasirova Viisalo Rahib quz1 28<2

3Heyderzada Giinoal Sarvan qizi CREID

Milli Aerokosmik Agentliyi EImi-Tadgigat Aerokosmik Informasiya Institutu, Baki, Azarbaycan
1- c.e.n., dosent, 2-disertant,

Baki Doviat Universiteti, Baki, Azarbaycan, 3- doktorant

valide.mamedaliyeva@mail.ru

MOQALO HAQQINDA MOLUMAT XULASO
Magalanin tarix¢asi Uzaqdan zondlama moalumatlarina asasan, zaif aerozol zonalarimin mega
Daxilolma tarixi: 25.02.2024 ortiiyiinda bitki ortiiyii ilo qarsiligh alaqasi Syranilmisdir. Tadgiq olunan
Diizalis tarixi: 02.04.2025 arazi mesadaki aerozolun sixligina va bitki ortiiyiina goro dord sinfs
Qabulolunma tarixi: 15.05.2025 boliinmiisdiir. Tasvir va kamiyyat gostoricilori asasinda tadqiq olunan arazido
zaif aerozol zonalarimin dinamikasini aks etdiran histogram qurulub vo
Agar sizlar: onlarin siniflor tizra an sabit zonalar oldugu miiayyan edilib. Zaif aerozollu

Aerozol, AFRI-1600, ArcGIS, NDVI,  arazilorin mesa ortiiyii bitki ortiiyii indeksina, yoni NDVI indeksina tosiri

mesa-bitki ortiiyii, Landsat5 Landsat-8  aragdirilmisdir. 2000 va 2021-ci illor diciin todqiq olunan arazinin NDVI
indeksinin (zaif aerozollu sahalorin artmasi) Saha gostoricilorini aks etdiran
histogram qurulub. Tadgigatin naticalori gostordi ki, 2021-ci ilda kol va otlag
sahasi 2000-ci ila nisbaton kaskin sakilda azaldr va six bitki ortiiyii (¢alilar)
artdt.

Giris

Aerozol — havada asili voziyyatdo olan miixtalif boyiikliikde vo formada, kimyovi torkibi,
habolo fiziki xassolorine goro basqa-basqa olan on kigik hissacik (toz, buz kristali, duz,
mikroorqanizm va s.)

Aerozol — qaz miihitindo (adoton havada) asili vaziyyotds olan bork vo maye hissogiklordon
ibarat dispers sistemdir. Bitki tozcuqlari ilo doymus hava, tiistii, duman, tozlu hava tobii aerozollar
sayilir. Yalniz tiistii kigik bork hissolordon vo ¢ox az dorocads su damcilardan vo qatrandan amolo
golmis asilgan, duman isa yalniz bir mayedon — sudan amalo golmis aerozoldur. Dumanda, tiistiide
vo diger aerozollarda hissaciklorin diametri 1-don 100 mikrometra qodar olur. Hava axini, kiilok
onlar1 qarisdirir vo yers diismays imkan vermir.

Bitkilorin ¢oxu ¢igok tozcuqglarin aerozolu ilo tozlanir, duru yanacaqlar vo bork yanacaqlarin
coxu aerozol soklinda yandirilir, bitki ziyanvericiloring qars1 kimyovi aerozollarla miibarizs aparilir.

Radioaktiv maddaler, silisium 4-oksid, aliiminium oksid, qurgusun, xrom tozu va s. ilo qarisiq
texniki aerozollar ¢ox ziyanli olub agir xostolikloro sobab olur. Zavod borulardan ¢ixan kigik
damgilar soklinda aerozollar zararli ola bilor.

Metodlar. Belaliklo mesa-bitki ortiiylindo aerozollu sahalorin toyin edilmasi ii¢iin asagidaki
ifadodon istifads olunur.

Bu indekslor tiistii, antropogen c¢irklonmo Vo ya vulkanik sleyflorin (piiskiirmolorin)
movecudlugunda bitki drtiiyiiniin qiymotlondirmoesi miimkiindiir. AFRI {istiinliiyii tiistii vo sulfatlarin
movcudlugu belo atmosfer siitununa niifuz etmo gabiliyyatino malikdir.[1] AFRI-1600 asagidaki
ifads ilo tayin olunur:
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AFRI 1600 = NiR — 0,66 ——~__ 1)
NiR+0,66SWIR1

Burada:

NIR - yaxin infraqirmiz1 kanalda piksellorin giymotidir (Landsat-5 peykinds 4-cii vo Landsat-
8 peykindos 5-ci kanaldir).

SWIR1- yaxin infraqirmizi kanalda piksellorin qiymotidir (Landsat-5 peykinds 5-ci va
Landsat-8 peykinds 6-c1 kanaldir, SWIR1 = 1600 giymotindo gotiiriiliir).

Kosmik tasvirlor tizorindo buludlarin miixtalif yerds oldugundan saholorin miiqaisosi diizgiin
sayllmayacaq vo bu sobobdon biitiin buludlari comloyib biitiin tosvirlordon Erase aloti vasitosilo
kasib ¢ixardirig. Aldigimiz 13 qradasiyalarini 4 sinif iizro pargalayaq. Belo ki, -0,7+-0,3 yiiksok
aerozollu, -0,3+-0,1 orta aerozollu, -0,1+0,3 zaif acrozollu, 0,3+0,68 acrozolsuz (tomiz) meso-bitKi
ortliytinii qobul edok. Aldigimiz tosvirlor sokil 1-do, saha gostaricilori iso gokil 2-do oks olunmusdur.

4000t 300 @ ove ' 0TE

AFRI 1600 = AFRI1600

.
> e

AOUN N

% 20TN W 0TN 3NN NN

20'00N
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B yuksok aerozoliu
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R aorozotsuz ’ 4 e I oerozolsuz
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orta aeozollu

Sakil 1. Tadgiqat arazisini mesa-bitki ortiiytiniin aerozollugu dord sinif tizra siniflondirma

Table O X | Table O x
ERAR AL -1 i S ERAR- AL R i
afri_2000_buludsuz_dis_etalon_esasCopy X | afri_2021_buludsuz_dis_etalon_esasCopy X
Class Name sinif Class Name sinif sahe
Density slice range -0.1000 to 0.3000 zaif aerozollu 2066745 Density slice range -0.1000 to 0.3000 | zaif aerozoliu 2061258
Density slice range -0.3000 to -0.1000 | orta aerozollu 102475,8 Density slice range -0.3000 to -0.1000 | orta aerozollu 94920
Density slice range -0.7307 to -0.3000 | yiiksak aerozollu 2260,3 Density slice range -0.6000 to -0.3000 | yiksak aerozollu 80446
Density slice range 0.3000 to 0.6945 aerozolsuz 846 Density slice range 0.3000 to 0.6839 | aerozolsuz 4469
o 0 » » [E]= (0outof 4 Selected) T 0 » » |[E]=| ©0outof 4 Selected)
| afri_2000_bulud... | afri_2009_bulud... | afri_2021_bulud... afri_2000_bulud... afri_2009_bulud... | afri_2021_bulud...

Sakil 2. Tadgiqat arazisini mega-bitki ortiiyiiniin aerozollugu dord sinif tizra siniflondirmanin saha
gostoricilori

Beloliklo zoif aerozollu saholorini aragdirag. ©ldo etdiyimiz notico codval 1-do geyd
olunmusdur.
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Cadval 1.

illor Illor iizra sahalor Dinamika
2000-ci 206674
2021-ci 206125 5400

Ayirdigimiz zoif aerozollu sinifi {izro rayonlarin voziyyatini nozarden kegirok. Bunun iiciin

Clip alotindon istifade edok. Aldigimiz noticalori

Lacin, Qubadli vo Zangilan rayonlar iizro saho

gostoricilori 2000 vo 2021-ci ilds sokil 3-5-ds oks olunmusdur.

Table o x| Table <
He- & HR B EREE - AL L R
afri_2000_buludsuz_dis_etalon_esasCopy_lacin_1 X | afri_2021_buludsuz_dis_etalon_esasCopy_lacin X
Class Name Aot sahe | I_ Class Name sinit sahe |
] Densty skce range -0.1000 to 0.3000 | zad aerozoty | 1338469 Densty sice range -0.1000 1o 0.3000 | zaif serozolly 134443

0 » » [E]® (0outof4 Selected)
?afri_ZOOO_bulu... | afri_2000_bulu... | afri_2000_bulu..

(L}

[u « 0 n - (0 out of 4 Selected)
| afri_2021_bulu., |afri_2021_bulu.. | afri_2021_bulu..

Sakil 3. Lagin rayon arazisinda2000 va 2021-ci illarin siniflor iizra saha gostaricilori

d3- 8- 58 x Gl BB C W x
afri_2000_buludsuz_dis_etalon_esasCopy_qubadli_1 X | afri 2021 buludsuz_dis_etalon_esasCopy_qubadli X
Class Name sinit | sahe | Class Name ini
Densty sice range -0.1000 f0 0.2000 | zaif acrozolu 334578 Densty slice range -0.1000 1o 0 3000 | zaif serozolk 34824 7
L) S o»n E (0 out of 4 Selected) "o« 0ormn @- (0 out of 4 Selected)
affi_2000_bulu... |afri_ 2000 bulu. |afri_2000_bulu- ||| afri 2021_bulu.. | afri_2021_bulu.. | afri_2021_bulu... |

Sakil 4. Qubadl rayon arazisinda 2000 va 202 1-ci illarin siniflor iizra saha géstoricilori

Table x| [eblel o x
H- B0 X d3-B-%8 x
afri_2000_buludsuz_dis_etalon_esasCopy_zengilan_1 X | afrj _2021_buludsuz_dis_etalon_esasCopy_zengilan X
Class Name_ | st | sahe Class Mame sinf | sshe
||| Densiy sice range -0.1000 to 0 3000 | zsif asrozodu | 332018 Densty sice range -0.1000 1o 03000 | 7o serozolu | 36852

LL I |

0 » » [E]® | (0outof 4 Selected)

afri_2000_buly... ' afri_2000_bulu.. afri_2000_bulu..

M <«

0 » » [B|= (00outof 4 Selected)

afri_2021_bulu.. | afn_ 2021 _bulu_. | afri_2021 bulu..

Sakil 5. Zongilan rayon arazisinda 2000 va 202 1-ci illorin siniflar iizro saha gostoricilori

Aldigimiz naticalori iimumilesdirarak codval 2 tortib edok.

Cadval 2.
Rayonlar Illor iizra saha gostoricilori Dinamika
2000 2021 (2000-2021)
Lacin 133846,9 134449 602,11
Qubadl 39457,6 34824,7 4632,93
Zangilan 33201,6 36852 3650,4T
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Cadval 2-do oks olunan naticolora osason rayonlar iizro 2000-ci il ilo 2021-ci illerin
miiqaisasindo zoif aerozollu saholorin artmasi Lac¢in vo Zongilan, azalmasi iso Qubadli rayonda
miisahido edilmisdir.

Beloliklo miioyyon etdik ki, rayonlar iizro meso-bitki Ortiiylindo rayonlarda doyismosi neco
gedib.

Bundan sonra 2000-ci il ilo 2021-ci illorin dord sinif tizro saholorindo artan, azalan vo
doyismoyon saholorini miioyyon edok. Bu aragdirmanin aparilmasinda mogsod doyismonin hansi
orazilordo bas vermoyini toyin etmokdir.

Ik morholodo 2000 vo 2021-ci illorin ist-listo diison, yoni doyismoyon saholorin toyin
edilmasi aparilir. Bunun iiciin /nteresect alotindon istifado olunmusdur.

Bundan sonra Erase aloti vasitosilo bu doyismoyon saholorini 2000-ci vo 2021-ci ilin
tosvirindon kasib ¢ixardilir, yerdo qalan hissalor, yoni 2000-ci ilin tosvirindon qalan hisso azalan
hissadir, 2021-ci ildon iso qalan hisso artan hissolordir. [2,3,4]

Novbati sinif olaraq zoif aerozollu saholori nozordon kegirdok. Sokil 16-da oks olunan tosviro
diggat etsok on ¢ox zoif aerozollu meso-bitki Ortiiyli Lagin rayon orazisindo miisahido edilmisdir.

46°00°E 46°300°E

AFRIi-1600 g
oo Z8if @aerozollu sahalarin dinamikasi S uwroon

39°30'0°N

Sorti isaralar
- azglan

artan

I coyismeyen - ——
JE’(;O‘E ~l6'3bO‘E

Sakil 6. Tadgiqat arazisinds zaif aerozollu sahalorin dinamikasin aks etdiran tasvir

Zoif aerozollu meso-bitki Ortliyliniin saho gostaricilorini nazordon kegirdok vo natico sokil 7-
do oks olunmusdur.

Artan ¢ 28188 ha
Azalan ¢ 28737 ha
Dayismayan e 177937 ha

Sakil 7. Todgiqat arazisinda zaif aerozollu sahalorin dinamikasi

Sokil 7-da oks olunan saha gostariciloring asason histoqrami quraraq sokil 8-da verilmigdir.
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Sakil 8. Tadgiqat arazisi tizra siniflor iizra tomiz aerozollu sahalarin dinamikasim aks etdiron histogram

Sokil 8-da oks olunan grafikdon goriindiiyii kimi, siniflor {izro oan ¢ox doyismoyon saholordir.

Yuxaridakilar1 nozars alaraq zoeif aerozollu saholorin NDVI indeksi olan meso-bitki ortiiyiin
vegetasiya indeksing tosirini arasdiraq.

Sokil 9-da 2000 va 2021-ci illorde zoif aerozollu saholorin artiminda NDVI indeksin saho

gostoricilori oks olunub.

Table o x VTabIe o x
ERAE =Rl 3 ERAE--RAL "L 3
ndvi_2000 x | ndvi_2021 X
_ e _
F1| Shape Class Name sinif saha 13 Shape _Class Name W saha
»| 0 | Polygon | Density slice range -0.1000 to 0.1000 | Dag ndvleri, qum, gar 288,81 0 | Polygon Dens_gx slfce range -0.1000 to 0.1000 | Dag novlar.| qum, gar 2256
1 | Polygon | Density slice range -0.1759 to -0.1000| Su obyekti 379 1| Polygon | Density slice range -0.4966 to -0.1000| Su obyekti 261
2 | Polygon | Density slice range 0.0900 to 0.2000 | Mesasiz arazi 1053,69 2 | Polygon | Denstty slice range 0.0900 to 0.2000 | Mesasiz arazi 348,03
3 | Polygon | Denstty slice range 0.2000 to 0.4000 | Kolluglar va otiag 1448476 3 | Polygon | Density slice range 0.2000 to 0.4000 | Kolluglar va otlag | 04567
4 | Polygon | Density slice range 0.4000 to 0.5000 | Cilpaq va seyralmis adac va kol bitkilari | 9629,87 4 | Polygon | Dens_r_tx sl{ce range 0.4000 to 0.5000 Cllgfng__va sex‘ ralm§ augac va kol bitkilari 5982,84
5 | Polygon | Density slice range 0.5000 to 0.6700 | Giclu s bitki drtdyd (kolluglar) 227081 S | Polygon | Denstty slice range 0.5000 to 0.6700 | Glclu s bitki drtiyu (kolluglar) 1435314
6 | Polygon | Density slice range 0.6700 to 0.8000 | Giicld six bitki drtuyi (mesa) 27,06 6 Poiym_Dens.g! slfce range 0.6700 to 0.8000 | Gicld %K})Rkl o!thy}l (rn_gga) 3069,18
7 | Polygon | Density slice range 0.8000 to 0.8994 | Cox qiicli si bitki drtlyi (mesa) 386,28 7 | Polygon | Density slice range 0.8000 to 0.8831 | Cox glicli six bitki drtlyl (mesa) 328,24
o 1 » » [E]®| ©0outof 8 Selected) LR 0 » »|E|S (©0outof 8 Selected)
| ndvi_20... | ndvi_20.. | ndvi_20.. | ndvi_20.. | ndvi_20.. | ndvi_20.. | ndvi_20.. || |ndvi_2.. |ndvi2.. |ndvi2.. |ndvi2.. |ndvi2.. |ndvi2.. |ndvi2.. |ndvi2.. |

Sakil 9. Todgiqat arazisinin 2000 va 2021-ci illorin NDVI indeksin

(zaif aerozollu sahalarin artiminda) saha gostoricilori

Sokil 9-da oks olunan naticalori iimumilasdirarok cadval 3-do geyd edok

Cadval 3.
Miixtolif illor tizra BIEINI
2000 2021

Dag novlori, qum, qar 288,81 22,56 266,25{
Su obyekti 3,79 2,61 1,18 4
Mesasiz arazi 1053,69 348,03 705,66
Kolluglar v otlaq 14484,76 4045,67 10439,09 ¥
Cilpaq va seyralmis agac va kol bitkilori 9629,87 5982,84 3647,034
Giiclii six bitki ortityii (koluglar) 2270,81 14353,14 12082,3 T
Giiclii six bitki ortiiyii (mesd) 27,06 3069,18 3042,121
Cox giiclii six bitki ortiiyii (meso) 386,28 328,24 58,04 |

Caodval 3-do oks olunan saho gostoriciloro osason histoqram tortib edorok sokil 10-da oks

etdirak.
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B Dag novlari, qum, gar
16000 -~
14000 - B Su obyekti
12000 B Megsasiz arazi
10000
8000 H Kolluglar va otlaq
6000 s
B Cilpaq va seyralmis agac va
4000 kol bitkilari
2000 M Gicla six bitki 6rtayd
0 L » (koluglar)
2000 2021 Gucli six bitki 6rtiyd (mesa)

Sakil 10. Tadgigat arazisinin 2000 va 2021-ci illorin NDVI indeksin
(zaif aerozollu sahalarin artmasinda) saha gostaricilori aks etdiran histogram

Sakil 10-da oks olunan histoqrama asasan deya bilarik ki, kaskin olaraq 202 1-ci ilds 2000-ci il
ilo miiqaisadas kolluqlar va otlaq azalmis, giiclii six bitki Ortiiyii (kolluglar) ise artmisdir.
Digor torafdon zoif aerozollu sahslorin azalmasini nozardon kecgirdok. Zsif aerozollu sahslarin
mesgo-bitki ortiiyii olan NDVI indeksin 2000 vo 2021-ci illorino baxaq. Sokil 11-do zoif aerozollu
saholorin azalmasinda NDVI indeksin siniflor iizra saho gostaricilori oks olunub.

Table O X | Table ox
ERE ALY ERAR L3 |
ndvi_2000 X | ndvi_2021 2
ElLi Shape Class Name sinif saha FID | Shape Class Name sinif saha
0 | Polygon | Density slice range -0.1000 to 0.1000 | Dag novlari, qum, gar 136,82 » 0 | Polygon| Density slice range -0.1000 to 0.1000 | Dag névlari, qum, gar 52,09
1 | Polygon | Density slice range -0.1759 to -0.1000 | Su obyekti 6,17 1 | Polygon | Density slice range -0.4966 to -0.1000| Su obyekti 22975
2 | Polygon | Denstty slice range 0.0900 to 0.2000 Mesasiz arazi 141,96 2 | Polygon| Density slice range 0.0900 to 0.2000 Mesasiz arazi 424 02
3 | Polygon | Denstty siice range 0.2000 to 0.4000 | Kolluglar va otlag 986,55 3 | Polygon| Density slice range 0.2000 to 0.4000 | Kolluglar va otlag 10195,38
4 | Polygon | Density slice range 0.4000 to 0.5000 | Cilpag va seyralmis agac va kol bitkilari| 445389 4 | Polygon| Density slice range 0.4000 to 0.5000 | Cilpag va seyralmis agac va kol bitkilari| 12036,74
S | Polygon | Denstty siice range 0.5000 to 0.6700 | Guicli sx bitki drtuyd (kolluglar) 18242,37 5 | Polygon | Density slice range 0.5000 to 0.6700 | Gucla s bitki ortuy (kolluglar) 5229,42
6 | Polygon | Density slice range 0.6700 to 0.8000 | Guclu si bitki drtlyd (mesa) 443485 6 | Polygon| Density siice range 0.6700 to 0.8000 | Gucla six bitki ortuyd (mesa) 30,06
7 | Polygon | Density slice range 0.8000 to 0.8994 Cox gicld sx bitki drtlyd (mesa) 160,65 7 | Polygon| Denstty slice range 0.8000 to 0.8831 Cox giicli si bitki drtdyi (mesa) 359,36
"o 0 » » [B|®| (0out of 8 Selected) o 1 » » [E]S (0outof 8 Selected)
ndvi_2000 | ndvi_2021 | ndvi_2021 | ndvi_2000 | ndvi_2000 | | ndvi_2000 | ndvi_2021 | ndvi_2021 | ndvi_2000 | ndvi_2000 | ndvi_2021
Sakil 11. Todgiqat arazisinin 2000 va 2021-ci illarin NDVI indeksin
(zaif aerozollu sahalarin azalmasinda) saha gostoricilari
Sokil 11-da oks olunan sahagostaricilori codval 4-da qeyd edok
Cadval 4.
Miixtalif illor iizro
Dinamika
2000 2021
Dag novlori, qum, qar 136,82 52,09 84,734
Su obyekti 6,17 229,75 223,58 T
Mesasiz arazi 141,96 424,02 282,06 T
Kolluglar vo otlaq 986,55 10195,38 9208,83 T
Cilpaq va seyralmis agac va kol bitkilari 4453,89 12036,74 7582,85T
Giiclii six bitki ortiiyii (koluglar) 18242,37 5229,42 13012,95
Giiclii six bitki ortiiyii (mesd) 4434,85 30,06 4404,794
Cox giiclii six bitki ortiiyii (meso) 160,65 359,36 198,71 1

Cadval 4 oks olunan saho gostoricilorini histoqram olaraq sokil 12-do oks olunmusdur.
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W Dag novlari, qum, gar
20000 & a a
18000 - ® Su obyekti
16000 -+
M Megasiz arazi
14000 -+
12000 - H Kolluglar va otlag
10000 -~
] M Cilpag va seyralmis agac va kol
8000 bitkilari
6000 - ® Giclii six bitki értiyi (koluglar)
4000 -~
2000 - Gucl six bitki 6rtiiyt (mesa)
0 - - - Cox giiclii six bitki 6rtiyi
2000 2021 (mesa)

Sakil 12. Tadgiqat arazisinin 2000 va 2021-ci illarin NDVI indeksin (zaif aerozollu sahalarin
azalmasinda) saha gostoricilori oks etdiran histogram

Sokil 12-do oks olunan histoqrama osason giiclii six bitki Ortliyiin (kolluglarin) kaskin
azalmasi, dag ndvlori, qum, gar sinifi ils kolluq va otlaq saholorin kaskin artmasi bag vermisdir.

Beloliklo zoif aerozollu saholorin azalmasi vo artmasinin bitki Ortliylino tosirini ayriliqda
cadval soklinds verdik. Aldigimiz cadval 3 ilo 4 iimumilssdirarak naticalari cadval 5 oks etdirak.

Cadval 5.
Sinif Artim Azalma
Dag névlari, qum, qar 266,254 84,734
Su obyekti 1,18 223,58 T
Mesasiz arazi 705,66 4 282,06 T
Kolluglar va otlaq 10439,09 4 9208,83 T
Cilpaq va seyralmis agac va kol bitkilori 3647,034 7582,85T
Giiclii six bitki drtiiyii (koluglar) 12082,3 T 13012,95 ¢
Giiclii six bitki drtiiyii (mesa) 3042,12% 4404,794
Cox giiclii six bitki ortiiyii (meso) 58,04 198,71 7

Natica. Aparilan arasdirmaya goro oldo olunan noticoloro osason meso-bitki Ortiiylin
giiclonmasi {igiin zaif aerozollu sahalorin azalmasi ¢ilpaq vo seyralmis agac vo kol bitkilari ilo gox
giiclii s1x bitki ortiiyii (meso) sahalorin artmasi bag verir.
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Summary
Ecological assessment of the interaction of low aerosol impact zones with forest vegetation cover using GIS
technologies (on the example of Lachin, Gubadli and Zangilan districts)
Mammadaliyeva V.M., Nasirova V.R., Heydarzade G.S.

Keywords: Aerosol, AFRI-1600, ArcGIS, NDVI, forest-vegetation cover, Landsat-5, Landsat-8

The interaction of weak aerosol zones with vegetation in the forest canopy was studied using remote sensing
data. The study area was divided into four classes depending on the aerosol density in the forest and vegetation cover.
Based on the image and quantitative indicators, a histogram was constructed reflecting the dynamics of weak aerosol
zones in the study area, and it was found that these are the most stable zones by class. The influence of areas with weak
aerosols on the forest vegetation index, i.e. the NDVI index, was studied. A histogram was constructed reflecting the
areal indicators of the NDVI index (an increase in areas with weak aerosols) in the study area for 2000 and 2021.

The results of the study showed that in 2021, compared to 2000, the area of shrubs and pastures sharply
decreased, and the dense vegetation cover (shrubs) increased.

Pe3rome
IK0JIOrHYeCKas OLIEHKA B3aMMO/IeiicTBHS 30H €1a00r0 a3p030JbHOI0 BO3AeiCTBUS C JIECHBIM PACTUTEIbHBIM
NOKPOBOM ¢ ucnoJjb3oBanueM I'MC-TexHoJiorui
(Ha npumepe JlaunHckoro, I'y0aainHcKoro u 3aHrMJIAHCKOI0 PaiioHOB)
Mameoanuesa B.M., Hacuposa B.P., I'eiioap3aoe I'.C.

Knwoueswie cnosa: Asposzons, AFRI-1600, ArcGIS, NDVI, necnoii pacmumensuuwiii nokpos, Landsat-5, Landsat-8

Ha ocHOBe JaHHBIX AMCTAHIIMOHHOTO 30HAMPOBAHUS HCCIIEJ0BAHO B3aUMO/ICHCTBUE CIIa0bIX a3PO30JIbHBIX 30H C
PacTHTENBHOCTRIO B ToJiore Jieca. Mccneayemast TeppuTopust Oblia paszielieHa Ha 4YeThIpe Kiacca B 3aBHCHMOCTH OT
IUIOTHOCTH a3pO30Jisl B JIECY M PACTUTEIHLHOM MOKpoBe. Ha ocHOBe M300paXkeHUsI M KOJIMYECTBEHHBIX MOKa3aTelei
ObLIa MOCTPOCHA THCTOrPaMMa, OTPAXKAOIIAs JHHAMKKY 30H C1a00ro a’po3oiisi Ha HCCIeyeMOil TEpPUTOPHH, U OBLIO
BBISIBJICHO, YTO 3TO Hauboyiee cTaOWIbHBIC 30HBI MO KiaccaM. VcciemnoBaHO BIHMSHUE TEPPUTOPUN CO ClabbIMU
a’pO30JIsIMH HAa HHJIEKC PACTUTENBHOCTH JIECHOTO MOKpoBa, To ecTh uHmekc NDVI. Tloctpoena rucrorpamma,
oTpaxkarolias IUIOMIaHbIe ToKa3atend wuHAekca NDVI (yBenuueHue I[wiom@aneii co ciaadbIMH  adpO30JIIMH)
uccinenyemont Tepputopun 3a 2000 u 2021 ronel. Pe3ynbratsl uccneaoBanus mokasanu, 4To B 2021 roay mo cpaBHEHUIO
¢ 2000 romoM pe3Ko COKpaTWIach MJIOIMIAAh KYCTAPHUKOB U MACTOMIN, a I'yCTOW pacTUTENbHBIH MOKPOB (KyCTapHUKN)
YBEITMYHJICS.
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Baki saharinda atmosfer havasinin ¢irklonmasinda naqliyyat vasitalori va
sanaye miiassisalorinin rolu elmi-metodoloji yanasmalar asasinda tohlil
olunur. Tadgiqatlarin naticalorina asason, sohar miihitinda atmosfer
havasimin keyfiyyatinin pislosmasi asasan avtomobil naqliyyatindan yayilan
zororli qazlar vo sonaye sahasindaki faaliyyatin yaratdigi emissiyalarla
alagalandirilir. Xiisusilo, miiddati uzun istismar olunan va ekoloji taloblara
cavab vermayan naqliyyat vasitalorinin faaliyyati noticasinda atmosfera
buraxilan karbon oksid, azot oksidlori va digar zorarli qazlarin
konsentrasiyast sahor ekosistemina va oahalinin saglamhigina ciddi tasir

gostarir.  Sanaye sektorunda aparilan tadqiqatlar géstarir ki, bazi
miiassisalorda  miiasir filtrasiya va tamizloma texnologiyalarinin tatbig
edilmomasi  naticasindo atmosfera atilan zorarli maddalorin  migdari
ahamiyyatli doracada artir. Magaloda hava keyfiyyatinin monitoringina dair
aldos edilmiys statistik malumatlar asasinda aparimus tohlillor va bu tohlillora
asaslanan qiymatlondirmalor taqdim olunur. Eyni zamanda, movcud ekoloji
vaziyyatin  yaxsilasdirilmasi  moqsadilo  davamli  soharsalma va yagsil
iqtisadiyyat prinsiplorina asaslanan strateji yanasmalar toklif edilmisdir.
Arasdirilmalar asasinda gostorilmisdir ki, naqliyyat va sanaye sektorlarinda
ekoloji idaraetma mexanizmlarinin giiclondirilmasi, innovativ
texnologiyalarin tatbiqi va ictimai siiurun artirllmast ilo atmosferin ¢irklonma
saviyyasinin  azaldilmast  miimkiindiir. Bu magsadls, elmi cahotdan
asaslandirilmis ekoloji strategiyalar va tévsiyalor maqalonin asas naticalori
kimi tagdim olunmusdur

Giris

Miiasir dovriimiizds urbanizasiya proseslorinin siirotlonmasi, texnogen foaliyyatlorin
intensivlogmosi vo iqtisadi inkisafin dinamikas1 ilo paralel olaraq otraf miihitin miixtolif
komponentlorina, o climlodon atmosfer havasina olan antropogen tosirlor do artmaqdadir. Xisusilo,
stiratlo inkisaf edon iri sohor mokanlarinda, masalon, Baki soharinds bu tosirlor 6ziinii daha qabariq
sokildo gostormokdadir. Baki regionun asas sonaye, naqliyyat vo iqtisadi morkozlorindon biri
olmagqla yanasi, hom do ohalisinin sixl1g1 vo texnogen yiiklonmasinin ytiksakliyi ils forqlonir ki, bu
da sohoarin ekoloji voziyyatino birbasa tosir gdstorir.

Nogliyyat vasitolorinin saymin artmasi, xiisusilo do ekoloji toloblora cavab vermoayon
avtomobillarin istismari, atmosfer havasina buraxilan zararli qazlarin (karbon oksid, azot oksidloari,
ucucu lizvi birlogsmalar va s.) miqdarimi artirmaqla havanin keyfiyyatinin pislosmasina sabab olur.
Bundan olava, sonaye miiassisalorinin foaliyyotinda totbiq olunan texnoloji proseslorin bir qismi
otraf miihitin miihafizosi iizro normativ toloblorlo tam uzlagsmadigindan, bu sahe do atmosferin
cirklonmosindo miihiim rol oynayir [1].
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Baki gohorindo noqgliyyat vo sonaye saholorinin foaliyystindon yaranan atmosfer ¢irklonmosi
problemlorinin elmi asaslarla tohlil olunmasi, mévcud statistik gostoricilor vo monitoring naticolori
osasinda bu tosirlorin doyorlondirilmosi, homg¢inin sohor miihitindo ekoloji tarazligin tomin
olunmasina xidmot edon somorali idaroetmo mexanizmlori vo strateji holl yollarinin irali stiriilmasi
bu todqgiqatin asas maqgsadini togkil edir. Aparilan aragdirmalar hom elmi-nozori, hom do praktiki
baximdan Baki1 soharinin ekoloji tohliikasizliyinin tomin olunmasina téhfo vermok mogsadi dasiyir.

Baki sohorinin ekoloji vaziyyatina iimumi baxis

Azorbaycan Respublikasinin siyasi, iqtisadi vo inzibati morkozi kimi ¢ixis edon Baki gohori,
eyni zamanda 6lkonin aparici sanaye vo naqliyyat infrastrukturlarinin comlosdiyi osas regionlardan
biridir. Son illordo miisahido olunan intensiv urbanizasiya prosesi, iqtisadi foalligin artmasi va
sonaye miiassisalorinin yliksok sixligt soharin ekoloji voziyystino hom birbasa, hom do dolay: tasir
gostoron mithiim amillor kimi qiymotlondirilir. Baki sohorindo otraf miihito yonolmis texnogen
tosirlorin intensivliyi, xiisusilo atmosfer havasinin ¢irklonmosi baximindan aktual ekoloji problemlor
sirasinda xiisusi ohomiyyat dasiyir.

Sohor orazisindo yerlogon iri sonaye komplekslori — neft emali zavodlari, metallurgiya
miiassisalori, kimya sonayesi obyektlori vo digar istehsalat saholori — atmosfers miixtslif monsoli vo
torkibli zorarli maddolorin atilmasi ilo xarakterizo olunur. Bu emissiyalar asason karbon qazi (CO,),
azot oksidlori (NOy), kiikiird dioksid (SO-), toz hissaciklori vo digor zararli birlogmolori shato edir.
Atmosfero buraxilan bu cirklondirici komponentlor yalniz sohor ekosistemlorine deyil, eyni
zamanda ohalinin saglamligina da monfi tosir gostormokdadir [2].

Dovlot Statistika Komitosinin 2023-cii il iizro toqdim etdiyi rosmi molumatlara asason tokco
noqliyyat sektorundan atmosfers buraxilan karbon qazinin imumi miqdari toxminan 1.2 milyon ton
togkil etmisdir ki, bu da {imumi emissiya hocminin shomiyyastli bir hissosini ohato edir. Nogliyyat
vasitolorinin sayimnin ilden-ilo artmasi vo onlarin boyiik bir hissesinin daxiliyanma miiharriklori ilo
tochiz olunmasi ekoloji tarazligin pozulmasinda miithiim rol oynayir. Bu voziyyat Baki sohorindo
havanin keyfiyystinin idars olunmasi va ekoloji dayaniqliginin tomin edilmosi baximindan
kompleks yanagmalarin totbiqi zoruratini qarsiya ¢ixarir [3, 4].

Nogliyyat sektorunun atmosfera tasiri

Baki soharinde nogliyyat sektorunun intensiv inkisafi vo avtomobil naqliyyat vasitalorinin
sayinin stiratlo artmasi sshar ekosistemina yonalmis antropogen tosirlorin asas istigamatlarindan biri
kimi qiymotlondirilir. ©halinin vo iqtisadi aktivliyin artmasi ilo olagodar olaraq fordi vo ictimai
noqliyyat vasitolorinin sayinda miisahido olunan davamli artim sohor miihitindo atmosfer havasinin
cirklonmosi, akustik komfortluq soraitinin pozulmasi vo timumilikds ekoloji gorginliyin yiiksolmasi
ilo naticolonmisdir.

Avtomobil naqliyyat vasitolorinin istismar1 naticasindo atmosfers atilan zorarli qazlar tokco
karbon gazi (CO,) ilo mohdudlagmir. Miiasir ekoloji aragdirmalar siibut edir ki, daxiliyanma
miiharriklori ilo isloyan nogliyyat vasitolori torofindon atmosfers azot oksidlori (NOy), kiikiird
dioksidi (SO;), benzopiren, formaldehidlor vo digor toksik birlogsmalor emissiya olunur ki, bu da
hava keyfiyyatinin pislosmasine vo insan saglamligina ciddi tohliike yaradir [5].

Baki Nogliyyat Agentliyinin rosmi malumatlarina asason hazirda sohords geydiyyatda olan
avtomobillorin toxminon 70%-1 benzin va dizel yanacagi ils isloyir. Soziigedon gdstarici noqliyyat
sektorunun otraf miihito gostordiyi tosirin miqyasim1 daha da genislondirorak, yasil enerji
texnologiyalarina kegidin vo ekoloji baximdan effektiv naqliyyat vasitalorinin totbiqinin zaruriliyini
ono ¢ixarir [6].

Toqdim olunan cadvalde 2015-2023-cii illor orzinds Baki goharinde nogliyyat vasitalorinin
saymdaki artim vo bununla slagadar olaraq CO, emissiyalarinin dinamikasi gostorilmisdir (cadval 1).
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Cadval 1.
2015-2023-cii illorda Baki sahorinda naqliyyat vasitalarinin sayt va CO ; emissiyasinin migdart
S/n illor Nagliyyat vasitalarinin say1 CO; emissiyasi (min ton)
1 2015 420,000 960
2 2018 540,000 1,100
3 2021 610,000 1,180
4 2023 680,000 1,250

Cadvelds toqdim olunan statistik gostaricilorden do goriindiiyii kimi noqliyyat vasitalorinin
saymin artmasi ilo paralel sokildo atmosfera buraxilan karbon qazinin miqdarinda da
nozoragarpacaq artim qeydo alinmigdir. Bu tendensiya sohor miihitindo ekoloji tohliikosizlik
mosalolorinin aktualligini artirmaqda vo davamli naqgliyyat sistemlorinin totbiqini zaorurini 6n plana
cokmisdir.

Sonaye miiassisalorinin atmosfers tasiri

Baki gohorinin ekoloji voziyyotino tosir edon osas antropogen amillordon biri sonaye
sahasindo aparilan intensiv foaliyyatlordir. Soharin iqtisadi strukturunda miihiim yer tutan sonaye
foaliyyotlori osason Suraxani, Qaradag vo Binaqodi inzibati rayonlarinda yerlogon iri istehsalat
obyektlori vasitosilo hoyata kegirilir. Bu bolgolordo yerlogon neftayirma zavodlari, kimya vo
metallurgiya miiossisalori giindolik olaraq atmosfers miixtalif torkibli sonaye tullantilar1 buraxmagqla
havanin keyfiyyatino shomiyyastli doracods monfi tosir gostarir.

Aparilan arasdirmalara asason bu saholordo hoyata kegirilon istehsal proseslori naticosindo
atmosfera buraxilan ¢irklondirici maddalorin asas komponentlarini kiikiird birlosmalari (SO, H,S),
azot dioksidi (NO,), karbon birlogsmalari, ugucu iizvi birlosmalor (VOC), hamg¢inin qurgusun, civa,
kadmium kimi agir metallar togkil edir. Bu maddolorin uzunmiiddotli tosiri noticosinds tokco
atmosferin kimyavi torkibindoe doyisikliklor bag vermir, hom dos insan orqanizminin tonaffiis, sinir vo
iirok-damar sistemlori izorinde monfi fizioloji tasirlor miisahids olunur. Bundan slava, yerli floranin
biomiixtoalifliyi azalir, torpaq vo su ehtiyatlarinda ikinci doracali ¢irklonma hallart miisahids olunur
[3].

Olds edilon moalumatlar ssasinda tortib olunmus asagidaki diaqram sonaye emissiyalarinin
sohar orazisindoki bolgalor iizro paylanmasini oks etdirir:

Digar arazils
12%

Binagadi
18%

Suraxani Qaradag M Binagadi M Digor arazilor

Sakil. Sonaye emissiyalarimin bélgalor tizra paylanma diagrami

Bu boélgo tizro paylanma gostoricilori sonaye istehsalinin mokan strukturunu vo miivafiq
orazilordoki ekoloji yiikklonmonin saviyyasini miioyyon etmays imkan verir. Miivafiq orazilordo
sonaye miiossisalorinin faaliyyatindo miiasir filtrasiya vo tomizloma texnologiyalarinin totbiq
edilmomasi atmosfers atilan zororli maddslorin normativ gdstaricilorden artiq saviyyads olmasina
sabob olur. Bu sobobdon sonaye sektorunda ekoloji idaroetmonin tokmillosdirilmasi, emissiyalarin
azaldilmasina yonalmis texnoloji modernlosdirma todbirlorinin goriilmasi vo miintozom monitoring
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sistemlorinin totbiqi Baki sohorinin ekoloji davamliligi baximindan prioritet istiqgamatlorden biri
kimi ¢ixis edir [7].

Havanin keyfiyyatinin monitorinqi vo naticalori

Baki1 gohorinin atmosfer havasinin keyfiyyotino nozarst vo onun analitik qiymatlondirilmasi
Azorbaycan Milli Hidrometeorologiya Xidmati (AMHX) torafinden sistemli sokilds hayata kegirilir.
2023-cii il lizro togdim edilon rosmi hesabatlara osason gohorin bir sira bolgolorindo, xtisusilo
markozi hissolordo vo osas sonaye zonalarinda havanin keyfiyyat gdstoricilori Umumdiinya Sohiyyo
Toskilatinin (UST) miioyyon etdiyi sanitar-normalara uygun golmomis vo “orta” vo “pis”
kateqoriyalari ilo xarakterizo olunmusdur.

Monitoringin naticalori gostorir ki, PM10 vo PM2.5 tipli toz hissociklorinin konsentrasiyasi
ilin bazi aylarinda kritik hadds gataraq UST torafindon miioyyan edilon giindolik orta haddi (PM2.5
ticlin 15 pg/m?) 2-3 dofo iistolomisdir. Xiisusilo qis aylarinda, inversiya hadisoalorinin bas verdiyi
dovrlordo bu gostaricilor daha da yiiksok olmusdur ki, bu da tonaffiis yollar1 xastoliklorinin vo
allergik reaksiyalarin intensivlosmosino sobob olmusdur. Asagidaki codvoldo Baki soharinin
miixtolif zonalarinda 2023-cii ildo qeydo alinmis osas ¢irklondirici maddolorin orta illik
konsentrasiyasi togdim olunmusdur (cadval 2).

2

Cadval 2.
2023-cii ild> Baki saharinds havanin asas ¢irklondirici géstaricilori
Zona PM2.5 (ng/m?) NO; (nug/m?3) SO, (ng/md)
Morkoz 48 75 30
Binogadi 52 81 34
Suraxant 56 89 40

Cadveldaki gostaricilordon do goriindiiyii kimi Suraxani vo Binoqadi rayonlarinda PM2.5 vo
azot dioksidinin (NO,) konsentrasiyalar1 digar zonalarla miigayisads daha yiiksokdir. Bu arazilorda
sonaye obyektlorinin sixlig1 vo nogliyyat axininin intensivliyi belo noticolorin formalagmasinda
mithiim rol oynayir. SO,-nin (kiikiird dioksidi) yiiksok konsentrasiyasi xiisusilo neft emali
zavodlarinin vo yanacagla isloyan miisssisalorin otraf orazilorindo miisahids olunur.

Bu gostaricilor ekoloji risklorin effektiv idars edilmasi, ictimai sohiyyonin qorunmast vo
uzunmiiddatli sohor inkisaf strategiyalarinda hava keyfiyyotinin miihiim amil kimi nozore
alimmasmin vacibliyini vurgulayir. Homginin, havanin keyfiyyotino dair real vaxt rejimindo
monitoring sistemlorinin genislondirilmosi vo ictimai molumatlandirmanin giiclondirilmesi kimi
tadbirlar do otraf miihitin miihafizesi baximindan xiisusi shomiyyast kasb edir.

Holl yollar1 vo davamh sahar inkisafi

Baki gsohorindo noqliyyat vo sonaye sektorlarinin atmosfero olan monfi tosirlorinin
azaldilmas1 vo otraf miihitin qorunmasinin tomin edilmosi mogsadilo kompleks, elmi osash
yanasmalarin totbiqi zoruri hesab olunur. Bu kontekstdo ekoloji dayanigliligi tomin etmoyo
yonalmis bir sira prioritet strategiyalar agagidaki kimi sistemlosdirilo bilor:

a) Elektrik naqliyyatinin tagvigi va emissiyasiz naqliyyatin inkigafi: Soxsi avtomobillorin
saymin artmasi ilo bagli yaranan ekoloji yiikii azaltmagq ti¢iin elektromobillarin va elektriklo isloyon
ictimai noqliyyat vasitolorinin istifadosi genislondirilmoalidir. Bu mogsadlo sohor daxilindo elektrik
enerjisi ilo isloyon avtobus marsrutlarinin sayinin artirilmasi, elektromobil sahiblori {igiin
stimullasdirict mexanizmlorin (vergi giizostlori, pulsuz park yerlori vo s.) totbiqi vacibdir.

b) Sonaye miiassisalarinin ekoloji modernizasiyasi. Ononovi istehsal texnologiyalarinin
miasir, ekoloji cohotdon tomiz alternativ texnologiyalarla ovozlonmosi, eloco do sonaye
tullantilarinin filtrasiyas1 vo utilizasiyas: sahosindo innovativ yanagmalarin totbiqi otraf miihitin
miihafizesindo holledici shomiyyat kasb edir. Eyni zamanda, emissiyalarin miqdarini real vaxt
rejiminds izloya bilon avtomatlasdirilmis monitoring sistemlori ilo sonaye miiassisalorinin tochiz
olunmasi toklif olunur.
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C) Yasiul zonalarin genislondirilmasi va sohor landsaftinin ekoloji balansi. Atmosfer
cirklonmosi ilo miibarizods tobii filtr funksiyasin1 yerino yetiron yasil zonalarin artirilmasi miithiim
todbirlordon biridir. Soharin otraf zonalarinda meso zolaglarinin yenidon qurulmasi, sohor daxilindos
park vo yasilliq sahalorinin genislondirilmasi, eloco do binalarin yasillagdirilmasi maqgsadilo "yasil
damlar" vo "yasil fasadlar" kimi miasir gohorsalma texnologiyalarinin totbiqi otraf miihitin
gorunmasina mithiim téhfo vers bilor [8].

d) Ictimai noaqliyyat infrastrukturunun takmillosdirilmasi. Davamli sohor inkisafi
cor¢ivosindo ictimai noqliyyata iistiinliik verilmosi soxsi avtomobillors olan tolobati azalda bilar.
Baki gohorindo metro vo avtobus xatlorinin cografi ohatssinin genislondirilmasi, multimodal
nogliyyat sistemlorinin totbiqi vo kec¢id montogolorinin optimallagdirilmasi havanin ¢irklonmasinin
azaldilmasina sorait yaradar.

€) Monitoring sistemlorinin tokmillogdirilmasi va ictimai maariflondirma. Atmosferin
cirklonmosino dair molumatlarin agiq vo soffaf sokildo togdim edilmasi, homginin vatondaslarin bu
sahodo maariflondirilmosi otraf miihitin qorunmasima comiyyotin foal istirakin1 tomin edir.
Roagomsal platformalar {izerindon real vaxt rejimindo hava keyfiyyat gdstaricilorinin yayimlanmasi
va ohalinin ekoloji tohsili {izro maariflondirici proqramlarin togkili vacib todbirlor sirasinda yer
almalidir.

Natica

Aparilan todqigatlar siibut edir ki, Baki gohorindo atmosfer ¢irklonmaosinin asas monbalori
naqliyyat vo sonaye sektorlaridir vo bu saholor gohorin ekosistemino ohomiyyatli doracado tosir
gostorir. Baki sohorindoki noaqliyyat sobokosinin sixli§i vo sonaye miiossisolorinin faaliyyat
intensivliyi, xiisuson do kohnalmis texnologiyalarin istifads edilmosi havaya zororli tullantilarin
buraxilmasina sabob olur. Belo c¢irklonmalorin qarsisint almaq vo otraf miihitin qorunmasini tomin
etmok ii¢lin ekoloji yoniimlii program vo konsepsiyalarin qabul edilmasi shomiyyatli masslalorden
biridir.

Alternativ noqgliyyat vasitolorinin, xiisusila elektrik avtomobillorinin vo ictimai nagliyyatin
inkisaf etdirilmosi vo tosviqi mogsadilo miivafiq todbirlor goriilmolidir. Bununla yanasi, sonaye
proseslorinin ekoloji baximdan modernlosdirilmasi vo tomiz texnologiyalarin totbiqi zoruridir. Bu
tadbirlor yalniz atmosfer ¢irklonmasinin soviyyasini azaltmaqla kifaystlonmir, eyni zamanda sohar
ohalisinin saglamligin1 qorumaga vo hayat keyfiyyatini artirmaga komok edir.

Miiasir monitorinq sistemlori vo analitik metodlar atmosferin voziyyatini daqiq
qiymatlondirmoys vo ortaya ¢ixan ekoloji problemlori vaxtinda miisyyonlosdirmoys imkan yaradir.
Bu ciir texnologiyalar homg¢inin hokumst vo miivafiq qurumlar iciin effektiv qorarlarin qabul
edilmasi baximindan miihiim rol oynayir.

Notico olaraq molumdur ki, Baki sohorinds saglam vo davamli ekoloji miihitin
formalagdirilmas1  tiglin ~ kompleks yanagmalarin  totbiqi  vacibdir. Ekoloji  siyasotlorin
mohkamlondirilmasi va tomiz enerji texnologiyalariin tosviqi ils paralel olaraq, comiyyatin ekoloji
maariflondirilmasinin yiiksoldilmasi do bu sahads vacib strateji tadbir kimi qiymatlondirilmalidir.

I9dabiyyat

[1]. Mustafazads, N.X. Atmosfer cirklonmolorinin otraf miihito tosiri vo istixana qazlari /
N.X.Mustafazados // AMAKA-nin xobarlori. —Baki, Nel (27), —2024, —s.45-52

[2]. Mycradazane, H.X. OcoOeHHOCTH MPOBEICHUS MOHHUTOPUHIa aTMOC(HEPHOTrO 3arpsi3HEHUS C
WCITIOJIb30BAHUEM JIAHHBIX MOOHMILHOTO U3MEPUTENILHOTO KoMIutekca // «[IpupoaHbIe CUCTEMBI U
pecypce». T.14, No2. -2024, —c.40-46.

[3]. Diinya Banki. (2022). Baki sohorindos ekoloji inkisafin dayaniqli modellori.

[4]. Avropa Komissiyasi. (2021). Hava keyfiyyati vo sohar siyasatlori: Tocriibalor vo tokliflor.

[5]. BaitipamoBa, A.C. DKoJOTHYECKHE aCIEKThl 3alIUThl aTMOC(Epbl OT MPOMBINUICHHBIX Ta30B
MeTOA0M aacopoinu // Dxomorust u cTpouTebetBO. —M., 2024, Nel. —C.4-8

51



Mustafazads N.X., Bayramova A.S., Ohmadli L.V. | Scientific News 25 Issue 2(2025)

[6]. ©liyev, M. Baki soharinds ekoloji miihitin davamli inkisafi vo problemlori / M.Oliyev S.Quliyev
// iqtisadiyyat vo Ekologiya. —2019. 7(4). —s.210-218.

[7]. baiipamoBa, A.C., MamenoB, P.A. Dkoyornueckuii MOHHUTOPHUHI COCTOSIHUSI OKpYXKaromien
cpembl Ha OCHOBE JIAHHBIX JUCTAHIIMOHHOTO 30HIUpoBanust [/ Marepuansl 21-i
Mexaynapoatoit koH(pepeHnun «CoBpeMeHHbIE MPOOJIEMbl JUCTAHIIMOHHOTO 30HIWPOBAHUSI
3emun u3 kocMoca» MKW PAH. —-Mocksa, —13-17 nos6ps, —2023, —¢.140

[8]. Diinya Sohiyys Taskilati (WHO). Hava ¢irklonmosi vo saglamliq: Baki sohorindoki todqigatin
naticalori. Regional Hava Keyfiyyati Hesabati. (2023).

Summary
The impact of transport and industry on the atmosphere of Baku
Mustafazade N.Kh., Bayramova A.S., Ahmadli L.V.

Keywords: atmospheric pollution, transport, industry, environmental strategy, air quality

The article presents analyses based on the obtained statistical data on air quality monitoring, and estimates based
on these analyses. At the same time, strategic approaches based on the principles of sustainable urbanism and green
economy have been proposed to improve the existing environmental situation. Based on the conducted research, it has
been shown that by strengthening environmental management mechanisms in the transport and industrial sectors,
introducing innovative technologies and raising public awareness, it is possible to reduce the level of atmospheric
pollution. To this end, scientifically based environmental strategies and recommendations were presented as the main
results of the article.

Pesrome
Buiusinue TpancnopTa M NpoMbIILIEHHOCTH Ha aTMocdepy ropoaa baky
Mycmadgpazaoe H.X., baiipamosa A.C., Axmeonu JI.B.

Knrueevie cnoea: sacpsasuenue ammocgepuvl, MpaHCnopm, APOMbIULIEHHOCMb, KOJI02UYECKAs Cmpameus,
Kauecmeo 6030yxa

B cratee mpencTaBieHBl aHANHM3BI, TPOBEICHHBIC HAa OCHOBE IOJNYYCHHBIX CTATHCTHYECKUX TAHHBIX IIO
MOHHTOPHHTY KadecTBa BO3IyXa, W OCHOBAHHBIE Ha OTHUX AaHAJH3aX OICHKHA. Takke C MEeNbl0 YIIy4IICHUS
CYIIECTBYIOMIEH YKOJOTHICCKON CHTyalnu OBUTH MPEAJIOKEHBI CTPaTermdecKue MOIX0AbI, OCHOBAaHHBIC HA MPUHIIAIIAX
ycToifunBoro ypOaHu3Ma W 3eJIeHOW SKOHOMHKH. Ha OCHOBaHWHU MPOBEICHHBIX MCCIEIOBAaHUN OBLIO ITOKA3aHO, YTO 3a
CUCT YCHUJICHUA MEXAaHU3MOB 5KOJIOTMYECKOT0 MCHE/PKMCHTA B TPAHCIIOPTHOM U MMPOMBIINIJICHHOM CEKTOpPax, BHCAPCHUA
MHHOBAIIMOHHBIX TEXHOJIOTHUM WM TOBBIIIECHUS O6H_ICCTBCHHOFO CO3HAHUA BO3MOKXHO CHUXXCHHC YPOBHSA 3arpsA3HCHUA
atMochepbl. C 3TO# 1eNbI0 B KaUYeCTBE OCHOBHBIX PE3YJIbTATOB CTAThH OBUIM MPEACTABICHBI HAYYHO OOOCHOBAHHBIC
9KOJIOTHYECKHE CTPATETHH U PEKOMEHIAIUH.
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MOQALO HAQQINDA MOLUMAT XULASO

Magalanin tarixgasi Azaorbaycan Respublikasi Goygol Milli Park landsaftlarinin ekosistemlarinda
Daxilolma tarixi: 13.04.2025 moveud olan  bitki noviarindan gétiiriilmiis  niimunalarin mikoloji aspektda
Diizalis tarixi: 20.05.2025 analizi zamant malum olmugdur ki, onlarin iizarindaki gobalak noviarinin 85-
Qabulolunma tarixi: 17.06.2025 90%-i bu va ya digar daracads patogenlik xassasi dasiyir. Orazinin

bitkilorinda gobalokmonsali ¢iiriima, unlu seh va pas xastoliklorinin nisbaton
Acar sozlor: az, lakin lakalilik xastoliyinin aksina daha genis yayilmas: miisahida
milli park, fitopatogen, mikobiota, olunmugdur. Burada qeyds aliman xaSta bitkilordaki gobalaklaordan tagriban
ekobiologiya, ekosistem, taksonomik 58,7%-inin lakalilik, 28,5%- inin ¢iiriima, 9,2%- inin unilu seh, 3,6%- inin iss
struktur, biomiixtaoliflik pas Xostoliklori toratdiyi miisahido olunmugsdur. Unlu seh, ¢iiriima Vo pas

xastaliklarina an ¢ox buradaki Adi qovaq va Sabalidyarpaq palid néviorinin
fordlorinda rast galinmisdir.

Todqiq olunan mikobiotalardaki noviordon 13-niin substrat spesifikliyina
malik olub yalniz bir bitki iizaorinda yayilmast malum olmugsdur.

Goygol Milli Parkinin meso vo gomonlik ekosistemlarinds 420 bitki noviine rast galinir ki,
bunun da tagriban 80 novii agac va kollar, galan 340 novii iso otlardir.

Burada geyds alinan xasta bitkilordoki goéboaloklordan tagriban 58,7%-inin lokalilik, 28,5%-
inin ¢iiriimoa, 9,2%- inin unlu seh, 3,6%- inin isa pas xastaliklari toratdiyi miisahids olunmusdur.

Tadgiqatin aktualligt va maqsadi: Kigik Qafgaz sira daglarinin Azorbaycan orazisine aid
simal-sorq yamaclarinda yerloson Goygdol Milli Parki 2008-ci ildo Azarbaycan Respublikasi
Prezidentinin Saroncami ilo Azarbaycanin ilk tobiot qorugu olan- Goygol Doviat Tabiat Qorugunun
Vo ona bitisik meso Vo torpaqlarin bazasinda yaradilmisdir. 12755 hektar saho tutan Milli park
hipsometrik olaraq deaniz saviyyasindan 1000- 3060 metr hiindiirlilkds yerlosir vo arazisi kigik, lakin
iti axan c¢aylara malik dorin vadilora par¢alanmisdir. Parkin oarazisinds gozalliyi ilo gdzoxsayan
Géygl, eloco do burada yerloson Maralgél, Giizgii gol, Qaragdl, Qaban gél, Samligél, Ordak gélii,
Aggol, Cilligol, Zaligdl, Qus golii, Kicik ayr golii vo digar xirda gollor mévcuddur. Bu gollarin
hamisi 1139-cu ildo burada bas veron 11 balliq dohsotli zalzolo noticasindo Kigik Qafgazin
Murovdag silsilesinin gsimal yamacinda yerlason Kopaz daginin ugmasi vo monbayini buradan
gotiiron Agsu ¢ayinin macrasini kasmasi naticasinds meydana golmisdir.

Biomiixtalifliyinin zonginliyi ilo segilon tobii colbedici landsaftlari, eloco do Milli Park
statusu aldiqdan sonra hoyata kegirilon bir ¢ox dovlst todbirlori burada ekoturizmin yiiksok
saviyyada inkisafina sobob olmusdur. Artiq uzun illardir ki, buraya nosinki 6lks, hom do diinyanin
oksar dlkalarinin minlarls turistlorinin ziyarati miisahids olunur.

Goygol Milli Parkina 900-1100 metr yiiksokliklor arasinda yerloson - asag: dag-mesa
qursagi, 1100-1600 metr yiiksokliklor arasinda yerloson- orta dag-mesa qursagi:, 1600-1800 metr
yiiksokliklor arasinda yerloson- yuxar: dag-mesa qursagi, 1800-2200 metr yiiksokliklor arasinda
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yerlason- subalp qursagi, 2200- 3000 metr yiiksokliklor arasinda yerloson- alp qursagi xasdir.
Parkin orazisindoki mesoalords gonur dag-mesa, gomonliklorinds iso dag-coman torpaglari
moveuddur. Bu torpaglarda hoyati formalarina gora ot, kol vo agacsokilli olaraq foarglondirilon,
elaca do ¢oxlu endemik va relikt bitki novlarina rast galinir.

Goygol Milli Parkinin meso Vo gamanlik ekosistemlarinds 420 bitki ndviine rast galinir ki,
bunun da taqribon 80 noévii agac va kollar, qalan 340 n6vii iso otlardir. Burada asason Sarg fistig
(Fagus orientalis), Qafqaz valasi (Carpinus caucasica), Ag govaq (Populus alba), Urakvari céka
(Tilia cordata Mill.), Adi goyriis (Fraxinus excelsior L.), Tozagaci (Betula pendula), Agcaqayin
(Acer campestre), Sarq palidi (Quercus macranthera), Sabalidyarpaq palid (Quércus castaneifolia)
Vo S. kimi enliyarpaqli, Kox sami (Pinus kochiana), Qarmagvari sam (Pinus hamata) Kimi
iynayarpaqli agac novlarina, Yemisan (Crataegus pektinata), Ozgil (Mespilus germanica), Zogal
(Cornus mas L.), Boyiirtkan (Rubus caesius L.), Garmasov (Viburnumm lantana), Zirinc (Berberis
vulgaris L.), Alga (Prunus divaricata), Qus armudu (Sorbus L.), Dogquzdon (Lonicera caucasica),
Adi findig (Corulus avellana) Vs s. kimi kol novlarine, Alp disasi (Poa alpina), Cobanyastigi
(Anthemis sp), Swrimli topal (Festuca rupicola), Zonggicayi (Campanula sp.), Agbig (Nardus
stricta), Steven zoncirotu (Taraxacum stevenii), Qirtic (Poa bulbosa), Qafgaz bandvsasi (Viola
caucasica) va s. kimi ot ndvlaring rast galinir [5].

Molumdur ki, ekotrofik qruplasma kimi gobaloklor tobii ekosistemlorin  vacib
komponentlorindon olub, burada bas veran maddalarin kigik bioloji dévraninda, eloca do torpag-
humusamalogolmo proseslorinds mithiim rol oynayirlar.  Odur ki, goboloklorin mixtalif
ekosistemlords yayilmasinin ganunauygunluqlarini, buradaki ekoloji funksiyalarini, név tarkibini,
rastgolma tezliyini, fitopatogen ndvlorinin sahib bitkilorlo mévcud olan vo digor ektrofiki
olagalorinin xarakerini aydinlasdirmaq vacib masalalordondir. Togdim olunan bu igin do baslica
mogsadi Azorbaycan Respublikasi Goygdél Milli Parkinin bitki ekosistemlorinin asas hoyati
formalarinin mikobiotasinin formalagsmasinda istirak edon goboloklorin fitopatogen nd&vlorini
ekobiologiyasina gora todqiq edilmasidir. Qeyd olunan moagsadin hayata kegirilmasi ti¢iin 2021-
2024-cii illor orzindo apardigimiz todqiqatlarin  gedisinde GOyg6l Milli Parkinin  bitki
ekosistemlorinin  formalasmasinda istirak edon osas bitki taksonlarinin hazirki  vaziyyati
mioyyanlosdirilmis, onlarin fitopatogen mikobiotast ndv torkibina, ekotrofiki olagolorina va
rastgolmo tezliyino goro giymotlondirilmis vo onlarin toratdiyi patologiyalarin yayilma doracasi
mioyyanlosdirilmisdir [2].

Material vo metodlar. Todgigat prosesindo Azorbaycan Respublikasi Goygol Milli
Parkinin orazisinds yerlogon miixtalif meso Vo ¢amanlik landsaftlarindan ekoloji tadqiqatlarda genis
istifado olunan planli marsurut vo daimi stasionar sahslorin segilmosi metodlarina asasan 2700-o
yaxin bitki niimunalori gétiiriilmiisdiir. ©ldo olunan niimunalorinin pasportlagdirlmasi, laborator
analizi, fitopatogenin 6ziiniin va toratdiyi Xastaliklorin miiayyan olunmasi va S. proseslor hazirda bu
tip tadgiqatlarda genis totbig olunan metod va yanagmalara uygun hoyata kegirilmisdir.

Toplanmig canli bitki niimunalarinin vo onlardan hazirlanmis herbarilorin mikoloji analizi
osasan Azorbaycan Respublikast Elm vo Tohsil nazirliyinin kegmis Mikrobiologiya (hazirda
Molekulyar biologiya) Institutunun vo Sumgayit Dévlet Universitetinin - mikrobioloji
laboratoriyalarinda hoyata kegirilmisdir. Nimunolor tizorindoki gébaloklorin kultivasiyast vo tomiz
kulturaya ¢ixarilma proseslori bu ciir mikoloji tadqiqatlarda genis totbiq olunan Esbi, Capek, Capek-
Doks, aqarli somoni sirasi vo digor standart qidali miihitlordo aparilmigdir. Tomiz kulturaya
cixarilmig gdbaloklorin identifikasiya mogsadi ilo todqigi osason 2500 dofoyadok bdyiitmo
gabiliyyati olan “OMAX 40X-2500X LED Digital Lab Trinocular Compound Microscope with
USB Camera” markali mikroskopla hoyata kecirilmis, onlarin cinsa vo novo godar dogig tayini
zamani isd bir sira miiasir mikotik toyinedicilordon vo Beynalxalq Mikologiya Assosasiyasinin
rosmi saytinda verilon molumatlardan istifads olunmusdur.

Patologiyatoradicilorinin vo onlarin toratdiklori Xastoliklorin ayri-ayri bitkilor tizro rastgalma
tezliyi va ya yayilma daracasi N=(a/A)*100 formuluna asason hesablanmisdir.
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Tocriibalor oan az1 4 tokrarda qoyulmus vo naticalor statistik islonilorok diiriistliiyii moévcud
tolablors cavab veran gostaricilor (m/M = P < 0,05) asas kimi gobul edilmisdir [1, 3, 4].

Niimuna secimi vo mikoloji analiz. Azarbaycan Respublikasi Goygol Milli Parkinin
ekosistemlarinds movcud olan 248 nov bitkidon gotiiriilmiis 3700-0 yaxin bitki niimunalarinin
mikoloji aspektdo analizi zamani malum olmusdur ki, onlarin mikobiotasinin formalagmasinda
tumumilikds 92 gobalok noévii istirak edir ki, onlarin da igarisinde hom Oomycotalarin timsalinda
goboloyabanzor canlilar yarimalomino (Pseudomycota), hom do Mycormycota, Ascomycota
(anamorflarla birlikds) vo Bazidiomycotalarin timsalinda haqiqi gobaloklor (Mycota va ya Fungi)
yarimaloming aid névlor vardir.

Homin noévlor taksonomik strukturuna gora do tohlil edilorkon moalum oldu ki, onlarin
52,9%-i Ascomycota, 30,8%-i Bazidiomycota, 12,8%-i Oomycota, galan 3,5%-i iss Mucormycota
sOboalorino aiddir. Onlarin arasinda kifsokilli vo digor geyri-mitselial tallomlularla yanasi,
monomitik, dimitik va trimitik hifal sistemina malik asil mitselial tallomlu novlar do mévcuddur.

Isin miizakirasi, elmi yeniliyi, praktiki ahamiyyati va natica. Azorbaycan Respublikasi
Goygol Milli Parkiin ekosistemlarinds mévcud olan bitki novlerindon gotiiriillmiis niimunalorin
mikoloji aspektdo analizi zamani molum olmusdur ki, onlarin mikobiotasinin formalagsmasinda
istirak edon go6balok ndvlarinin igarisinds hoqiqgi biotroflar va haqiqi saprotroflarla yanasi
fakultativloro vo epifitloro do rast golinmisdir. Lakin onlarmn an az1 85- 90%-i bu vo ya digar
daracads patogenlik xassosi dasiyir.

Milli parkin todgiq edilon bitkilorinda gobolokmongali ¢liriima, unlu seh vo pas
xastaliklorinin nishaton az, lakin lokalilik xastaliyinin oksina daha genis yayilmasi miisahida
olunmusdur. Hans1 ki, burada qeyds alinan xasto bitkilordoki gobaloklardon tagriban 58,7%-inin
lokalilik, 28,5%- inin ¢ilirima, 9,2%- inin unlu seh, 3,6%- inin isa pas Xxostaliklori torotdiyi
miisahido olunmusdur. Eyni zamanda ¢ilirima térodon gobalok ndvlori arasinda ayriligda ag vo
qonur ¢iirima toradanlarls yanasi, qarisiq tipde Vo yumsaq ¢liriima téradanlora do rast golinmisdir.
Qeyd edak ki, unlu seh, ¢lirima va pas xastaliklorina an ¢ox buradaki Adi qovaq va Sabalidyarpag
palid novlarinin fardlarinds rast gelinmisdir.

Mikobiotasinin zonginliyi baximindan analiz edorkon orazidoki Sorq fistigi (Fagus
orientalis), Qafqaz valasi (Carpinus caucasica), Qovaq (Populus L.), Urakvari céka (Tilia cordata
Mill.), Adi goyriis (Fraxinus excelsior L.), Tozagaci (Betula pendula), Agcagayin (Acer campestre),
Sorq palidi (Quercus macranthera), Ozgil (Mespilus germanica), Adi findig (Corulus avellana),
Al¢a (Prunus divaricata), Qus armudu (Sorbus L.) Vo s. kimi enliyarpaqli bitki fardlarinin, Alp
disasi (Poa alpina), Sirimli topal (Festuca rupicola), Zonggicayi (Campanula sp.), Agbig (Nardus
stricta) vo s. kimi ot bitkilorinin mikobiotasinin miixtalif gobalok novlari ilo daha zangin, Kox sami
(Pinus kochiana) va Qarmagvari sam (Pinus hamata) kimi iynayarpaqli agac névlarinin, Yemisan
(Crataegus pektinata), Zogal (Cornus mas L.), Boyiirtkon (Rubus caesius L.), Garmasov
(Viburnumm lantana), Zirinc (Berberis vulgaris L.), Dogquzdon (Lonicera caucasica) vo S. Kimi
kol bitki novlarinin, Cobanyastigi (Anthemis sp), Steven zancirotu (Taraxacum stevenii), Qurtic
(Poa bulbosa), Qafgaz bandvsasi (Viola caucasica) va s. kimi ot bitki ndvlorinin mikobiotasinin
daha kasad olmas1 miisahido olunmusdur [3].

Yuxarida qgeyd olunan bitki noévlerindo miisahido olunan mikotik mangsali Xastalik
marhoalasinds patologiya toradicilorinin sporulyasiyasina, meyve cisimlarinin morfologiyasina va S.
xtsusiyyatlorina orazinin iglim vo torpag komponentlorinin ciddi sokildo tosir etdiyi malum
olmusdur.

Umumi mikobiotada universal novlarin xiisusi ¢okisinin spesifik novlorlo miigayisado daha
iistlin olmas1 askarlanmigdir. Belo ki, todqiq olunan mikobiotalarda novlordon 13-niin substrat
spesifikliyino malik olub yalmz bir bitki {izorindo yayilmasi moalum olmusdur. Bu aspektdon
yanasdiqda buradaki Sorq fistig1 {izorinds onlarin maksimal név saymin 8- barabarliyi malum
olmusdur.
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Isdo oldo olunan noticalor, Géygdl Milli Parkinin ekosistemlorindoki bitkilorin patogen
mikobiotasinin nov torkibi vo inkisaf biologiyas1 haqqindaki tosovviirlori genislondiron faktiki
material olub, onun orazisinds yayilan gobalokmansoli Xxastaliklora qarsi profilaktik miibarizo
todbirlari tigun nozari va prakitik asas ola bilar.
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Summary
Ecobiology of phytopathogenic mycobiota of landscape ecosystems of Goygol National Park
of the Republic of Azerbaijan
Namazov N.R., Yusiphova S.N.

Key words: national park, phytopathogen, mycobiota, ecobiology, ecosystem, taxonomic structure,

biodiversity.

During the mycological analysis of plant samples existing in the ecosystems of the Goygol National Park of the
Republic of Azerbaijan, it was found that 85-90% of fungi species on them to one degree or another have pathogenic
properties. It was noted that fungal spot disease is more widespread in the plants of the area, than diseases rotting,
mealy grew and rust. Of the fungi recorded here in diseased plants about 58.7% cause spots, 28.5% - rot, 9.2% -
powdery dew, 3.6% - rust. Mealy grew, rotting and rust diseases most often found here in individuals Poplar white
(Populus alba) and Chestnut-leaved oak (Quércus castaneifdlia).

Pe3tome
JK00u0JIorNs (PUTONATOreHHOH MUKOOUOTHI JTaHAIAPTHBIX K0ocucTeM [ eiireJibCKOro HAaMOHAJIBHOTO NMapKa
AzepOaiigxanckoi Pecy6amnku
Hamaszoe H.P., IOcugosa C.H.

Knwouegvle cnosa: nayuonanvhwlll napxk, @QumonamozeH, Muxodouoma, 3KoOUOIO2US, IKOCUCHEMA,
MAKCOHOMUYECKAsi CMpYKmypa, buopasnoobpasue.

B xozme aHannsza B MHMKOJIOTMYECKOM aclieKTe OOpasloB, B3ATHIX W3 BHUJIOB PACTEHUH, NPUCYTCTBYIOIINX B
sKocHcTeMax JaHqmadToB [elreapckoro HalMOHANBEHOTO Tapka AsepOaipkaHckoil Pecrrybmnku, ObIIIO ycTaHOBIICHO,
910 85 - 90% BUIOB TPHOOB Ha HUX B TOW WJIM HHOM CTENEHH 00Jaal0T CBOWCTBOM MATOTCHHOCTH. I prOKOBast THUIb,
My4YHHCTasi poca ¥ OOJE3HH P)KaBUMHBI OTHOCHTEIFHO HEMHOTOUYMCIIEHHBI B PAacTEHHUSAX 3TOTO paiioHa, HO Ooiee
pacmpocTpaHeHbl, 9eM 00JIe3Hb MATHUCTOCTH. M3 TpHOKOB Ha OOJBHBIX PACTEHHX, 3aPETUCTPHUPOBAHHBIX 3/1€Ch, OBLIO
3aMeueHo, 4TO OKOJO 58,7% BBI3BIBAIOT MATHUCTOCTbH, 28,5%-rHUIbL, 9,2% - MydHuHCcTyIO pocy U 3,6% - Gone3Hu
p>kaBurHBI. My4YHHCTas poca, THHUIIb U 00JIE3HU PKABYMHBI Yallle BCETO BCTPEUAINCH Y 0c00eii 0OBIKHOBEHHOT'O TOIOJIS
u KamranonuctHoro nyb6a. V3 n3ydeHHBIX BUIOB MUKOOHOTHI H3BECTHO, YTO 13 MMEIOT CyOCTpaTHYIO cienupuIHOCTh
U paclpOCTPAHSIOTCS TOJIBKO Ha OJHO PAaCTEHUE.
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MOQALD HAQQINDA MOLUMAT XULASO

Magalanin tarixgasi Moalumdur ki, istismarda olan neft va qaz komorlorinin etibarliliq
Daxilolma tarixi: 05.11.2024 parametrlorinin daqiqlasdirilmasi (tayini) tohliikasizlik baximindan xiisusi
Diizalis tarixi: 28.02.2025 ohoamiyyat kasb edir. Bu magsadlo komoarlords aparilan texniki diagnostika
Qoabulolunma tarixi: 03.04.2025 moalumatlarindan istifado olunur. Boru komoarlorinin xarici va boru daxili

miiayinasi naticasinds alda olunan malumatlar asasinda tohlillor va

hesablamalar aparilir.

Diagnostika malumatlarimin tahlili naticasinda neft va qaz kamoarlorinin qalig
resurslarimin (etibarli istismara yararliligi miiddati) hesablanmast aparilir.
Mbaqalada faktiki istismar gostoricilori va diagnostika malumatlarina asasan

Acar sozlar:
boru kamari, diagnostika, qaliq
resursu, mohkamlik, etibarliq, qalinlq,

korroziya L .
y boru komoarinin qalq resursunun hesablanmasina baxilmis, komarin
tahliikasiz istismar miiddati tayin edilmisdir. Boru kamoarinin qaliq resursunun
onun divarimin minimal ehtimal olunan qalimligina va iimumi korroziya
stiratina gora hesablanmasinin niimunasi verilmigdir.
Giris.

Magistral vo madon texnoloji boru komarlorinin istismar olunan sistemlori verilon etibarliq
soviyyasini tomin etmolidir. Obyektin toyinatindan asili olaraq etibarliq anlayisi asagidakilar
oziinds oks etdirir:

- isdon dayanmamagq;

- uzun miiddatlilik;

- tomirs yararliliq vo s [1 + 5].

Boru komarinin etibarliliq parametrlorinin toyini mogqsadils, xiisusi halda, uzundmiirliyii
texniki voziyyot haqqinda olan melumatarinin tohlili aparilir. Bu tohlil asasinda boru kemarinin
veralon rejimlorde vo istismar goraitlorindo boru komaorinin tolob olunan funksiyalari yerino
yetirmak, texniki xidmot gostormak, tomir vo noql isini hoyata kegirmok gabiliyyati toyin edilir. Bu
maqsadla tohlil ticlin asas boru komarinin xarici va borudaxili miiayinasi naticesinds sldo olunan
molumatlar hesab edilir [6, 7]. Tohlilin noticasinds qaliq resurslarinin hesablanmasi ssasinda boru
komorinin tohlii-kosiz istismar miiddoti miioyyon edilir. Hesablamalarin aparilmasi {i¢iin asagidaki
ilkin molumatlardan istifads olunur:

- boru keamarinin borudaxili miiayinasinin malumatlari;

- boru koamarinin texniki va istismar xiisusiyyatlori;

- borunun materialinin texniki gostoricilori (xiisusiyyatlori).
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Boru komorlorinin qaliq resurslarinin giymatlondirilmasi magsadilo avvalco boru komorlori
ticlin uzunomiirliik, limit (on konar) voziyyot, komorin xidmot miiddati anlayislarinin izahina baxagq.

Uzunomiirliik dedikds qobul edilmis texniki xidmat vo tomir sistemino uygun obyektin (boru
komorinin) limit voziyyatinadok 0z is qabiliyyatini saxlamasi nozordo tutulur. Limit (on son)
voziyyat boru komori li¢iin daha artiq 0z toyinati {izro foaliyyati miimkiin deyil, yaxud
mogsadouygun sayilmair.

Boru komorinin ehtiyati (resursu) onun dayanmadan istismar miiddotidir (yoni igo diismo
anindan son (limit) voziyyato kimi olan miiddotdo).

Boru komoari ii¢lin xidmot miiddati iso komaor igo diison vaxtdan limit vozyyoto kegono kimi
olan taqvim vaxt1 hesab olunur.

Boru komoarinin qaliq resursunun boru divarmin minimal ehtimal olunan galinligina goro
hesablanmasina baxagq:

Miixtolif {isullarda boru komorinin elementlorinds basdan-basa nozarot hoyata kegirilmaosi
he¢ do homiso miimkiin olmur. Bu asason komaorin bazi hissalorinin nozarot-miiayino edilmaosi {igiin
saraitin olmamasi ilo bagli olur. Boazi hallarda iso heg buna ehtiyac da olmur. Odur ki, adoton on ¢ox
zadoalonan hissalar segma yolu ila, an boyiik qiisurlu sahalar {iglin nazarat-monitoring {isulu hayata
kegirilmis olur.

Boru kemarinin faktiki 6l¢lilmiis galinliglarinin qiymatlori nozars alinmagqla verilon variant
ti¢tin olglilmiis galinliglarin orta giymati (t,,.) toyin edilir:

et
tor = N £ (1)

Burada: N — olgmolorin say1 (ogor N < 10 olarsa, onda orta kvadratik yaymma (o)
hesablanmuir).

Ona gors ki, 6lgmolarin say1 az oldugundan onun tayinin daqiqliyi asagi olur;

ty — divarin galinliginin k-c1 sahados 6lglilmiis qiymati.

Eyni istismar soraitinds olan bir ne¢o sahada 6l¢gmalarin naticalarine asason orta kvadratik
farglonma (o) hesablanir:

0= |—=X(tx —tor)? 2)

Biitiin madon boru komoarlarina totbiq olunan (95% inamla) nazarot olunmayan sahalor

nazars alinmagqla borunun miimkiin olan minimal qalinlig1 hesablanir:
tmin = tor —2°0 3

Boru divarinin minimal ehtimal olunan qiymati miioyyonlosdirildikdon sonra méhkomliyi
yoxlama iiclin hesablama aparilir. Bu halda mohkomliye hesablama statik yiiklonmo vo korroziya
soraitlorindo komarin istismariin tohlili osasinda aparilir. Bu zaman osas zadsloyici amil kimi
imumi korroziya qobul edilir. Ciinki imumi korroziyanin hesabina boru divarinin qalinlig1 azalir vo
belaliklo, kamarin aparici qabiliyyati azalmis olur. Boru komarinin istismari miimkiin hesab edilir o
hallarda ki, divarin faktiki gqalinlig1 brak hesab olunan galinligdan (t,-) ¢ox olsun.

[1] standartina uygun olaraq boru komorinin qaliq resursunun giymotlondirilmasi boru
daxilinds olan tozyige osason aparilir. Borunun materialinin osas moéhkonlik xarakteristikas1 kimi
komorlorin hesablanmasi zamani dartilmaya (sixilmaya) normativ vo hesabi miiqavimatlor istifados
olunur. Ogor diagnostik 6lgmalor zamani onlar normativ qiymatlordon az olarsa, onda faktiki
molumatlardan istifado olunur. R ve R} normativ miigavimoatlor uygun olaraq miivoqqoti
miiqavimatin (o) vo axiciliq haddinin (a,,) minimal qiymatlorina barabar gobul edilir.

Qaliq resursunun qiymatlondirilmasinin vacib sartlorindon biri boru divarinin qalinligi ii¢iin
hesabi (t,,), brak hesab olunan (t;,) vo minimal (t,,;,) qiymatlorin toyin edilmasidir.

Divarin gqalinliginin yoxlanilan hesabi qalinlig1 asagidaki ifadoys asason toyin edilir:
t _ ‘yf.k.P.Dx (4)
h T 2(R+0,675P)
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R =min[m,m] (5)
Ym¥Yn 0,9Vn

Burada: k — borularin va birlogdirici hissalorin dasiyici gabiliyyati amsali olub CIT 34-115-
97 sonadins uygun olaraq gobul edilir;

P — boru kamorinds is¢i tozyiq, MPa;

D, — kamarin va ya hissalorinin xarici diametri, mm;

Boru komaori {igiin brak galinliq hesab olunan giymati [2,3] sonadlorino asason asagidaki
kimi miioyyanlosdirilir. Ovvalca asagidaki nisbat hesablanir:

R}-ms3
Y (6)
Burada: R — borunun materialinin dagilma miivaqgsti miigavimatinin an kig¢ik giymatine
borabar olan normativ miigavimat. Miivafig QOST-a asaasan gobul edilir;
RY} — borunun materialini dartilma, sixilma va oyilmo zamani axiciliq haddinin on kigik
giymatina barabar olan normativ miigavimat. Miivafiqg QOST-a asaason gabul olunur;
m, — Naql olunan miihitdon asili olaraq gabul edilon va boru kamarinin is soraiti omsali;

mg — yliksok temperaturlarda borunun materialinin is soraiti omsali.

Ogoar % > 0,75 olarsa, onda boru kamoarinin divarmin brak olunmus galinligi asagidaki
112
kimi toyin edilir:
__ nPaDy
tor = 2-(Ry+n-P) )
R}-ms3 .
Ogor ——— < 0,75 olarsa, onda:
Rl'mz
n-P-a-Dy
tpr (8)

- 2:(0,9R}-m3z+n-P)

Burada: R; — borunun materialinin vo boru kamarinin hissalorinin hesabi miigavimati;

n — boru kamarinds is¢i tozyiqin ¢ox olmasini gostaran amsal;

a — borunun aparici qabiliyyatini xarakteriza edon amsal,

P — boru kamorinds is¢i tozyiqidir.

Boru kamarinin tohliikasiz istismarinin miimkiinliiyli asagdaki xarakteristikalar {izra yerina
yetirilir. Borunun divarinin minimal qalinligt (¢,,;,) brak cixan qalinliqla (tp,) tutusdurulur.
Qaydalara uygun olaraq boru komorinin elementlorinin tab gotirocoyi boru daxili tozyiq (P,)
hesablanilir:

2tminR
p = Zninlts ©)

Boru kamarinin sonraki istismarina asagidaki sartlorin 6donilmasi halinda icazs verilir:
tmin > tbr Vo PO > PiS (10)

Burada: P;; — bor daxili isci tozyiqdir.
Novbati addim korroziya prosesinin siiratinin tayini ilo baglidir. Minimal qalinliq nozars
alinmagla korroziya siirati asagidaki ifadoys asaasn miioyyanlosdirilir:

Vor = @ (11)
Burada t,, — layihs {izro (nominal) qalinliq, mm;
7 — boru kamarinin istismar middstidir.
Sonda boru kamarinin qaliq resursu (744;) hesablanir:

tmin—tp
Tqar = 2 (12

Asagida boru kamoarinin galiq resursunun hesablanmasi niimunasins do baxilmigdir.

Hesablama {igiin ilkin molumatlart aldo etmok iiglin neftqazmadon boru kemoarinin texniki
diagnostikasi aparilmisdir. Nagl olunan mshsulda hidrogensulfid yoxdur. Boru kamari 1990-c1 ildan
istismar olunur vo QOST 8731-0 asason qurasdirilib vo polad 20 markali materialdan (QOST 1050)
ibaratdir.
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Boru komorinin istismar xarakteristikasi CIT 34-116-97 normativ Sonado uygun qabul
olunubdur.

- Borunun xarici diametri - D,, = 279 mm;

- Nominal qalinhq ¢,, = 10 mm;,

- Is¢i tozyiq Py = 10MPa;

- Borunun aparici qabiliyyst omsali k = 1,

- Polad 20 tigiin R} = 420MPa, R} = 250MPa;

- Boru kamarinin aidiyyati tizrs etibarliq amsali y,, = 1;

- Boru kamarinin is soraiti amsali (nagl olunan mahsula gora) m, = 0,75;

- Material iizro etibarhiq omsal1 y,, = 1,55;

- Yiik tizro etibarliq omsali Yr = 1,15;

- Is¢i tozyigdon ¢ox yiiklonmo omsali n = 1,2;

- Borunun aparici gabiliyyasti a = 1;

- Borunun materialinin dagilma zamana is soraiti omsali m; = 0,85;

- Yiiksok temperaturlarda boru materialinin is soraiti omsali my = 1;

- Borunun materialinin bircinslilik amsali k; = 0,8.

Aparilan tadgigatlar naticasinds boru divarmin galinliginin 6lgiilmiis qiymatlori cadvaldo
verilmigdir.

Cadval.
Ol¢ma naticalarinds qahnhglar (mm)

" Layiho tizra qalinliq Olgmo aparilan ndqtalor

SRy (tn) | T i vV
1 10 8,5 8,5 8,6 8,7
2 10 8,7 7,8 8,6 9
3 10 7,8 8,6 7,9 8,9
4 10 7,7 8,4 8,5 8,9
5 10 9,3 9,3 9,4 9,4
6 10 9,1 9 9 9
7 10 7,8 7,7 8,3 8,7
8 10 8,8 8,7 8,7 8,8
9 10 8,5 7,9 8 8
10 10 9,3 7,9 8,4 7,9

Olgmo molumatlari nozars alinmagla hesablamalar asagidaki ardicilligla apariimigdir:
(4) ifadasina uygun olaraq boru divarinin qalinlig {iglin yoxlama hesablamasi apartlir.
¥pk-P-Dy 1,15:110:0,273
= = = 0,0078m
2(R+0,67P)  2(203+0,6'1,15:10)
Burada R-in giymati asagidaki kimi toyin edilmisdir:

th

R = min

Ym¥n 09¥n 1,551 0,91
Brak hesab olunan qalinligin hesablanmasi {igiin asagidaki nisbot hesablanilir:
n, .
Roms - 2590 _ 79 > 0,75

R™m,  420:0,75
tpr qalinlig (7) diisturuna asason tayin edirik:

_ mPaby _ 121010273 _ o q00.
2(Ry+n'P) ~ 2(214,2+1,2+10)
R; — borunun materialinin hesabi miigavimati olub, asagidaki kimi toyin edilir:
Ry =Ry -my-m,-k; =420-0,8-0,75-0,85 = 214,2MPa
Codval 1-do verilon 6lgma molumatlarina asasen borunun divarinin qalinliginin orta qiymati:

tbr
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Nt 1426
for = 8" =0
Onda orta kvadratik farglonmoa (meyl) asagidaki kimi olur:

= 8,55mm

1 10,28
o= EZ(tk —lory = =9 0,513mm

Divarin minimal qalinh@1 (t,,;,) nazarot aparilmast mimkiin olmayan hissalor nozaros
alinmagla biitiin madon boru kamarlarine samil edilon ehtimalla (95%) asagidaki kimi hesablanir:
tp =ty —2-0=855—2-0513 = 7,52mm

Korroziyanin orta siirati (v, (11) ifadasine asason miioyyon edilir:

_ tn—tmin _ 10-7,52 _ mm
Vpr = = = 0,206—“

T 12
Boru kamarinin qaliq resursu tayin edilir:
_ tmin—tpr _ 7,52—-7 _ .
tgal = = 0206 = 2,52il
Sonra boru kemarinin soraki istismarinin miimkiinliiyii ti¢iin asagidaki sartlorin yoxlanmasi

hoyata kegirilir:

tmin > th‘ Vo PO > Pi$
Diagnostika molumatlarini geyd olunan sortlorin yoxlanilmasina baxaq. ©Ovvalco (9)-a
osason minimal qalinliga tab gotiracok buraxilabilon tozyiqi (P,) hesablayaq.
2 tmin Ry 2-2,75-214,2
Po = n-D,  1,2-1-273

= 9,8MPa

Belaliklo, boru komorinin sonraki toyin olunmus miiddatds tohliikesiz istismar1 o sortlo
miimkiindiir ki, komards daxili tozyiq 9,8MPa-dan ¢ox olmasin.

Ogar tmin < tp, Olarsa, onda hamin hissolorde miivafiq tomir islorindon vo ya komar
hissasini dayisdikdon sonra kamari istismara buraxmag olar.

Natica.

Magistral vo texnoloji madon boru komorlorinin istismar xarakteristikalarini oks etdiran
diagnostika molumatlarina oasason boru komorlori tiglin qaliq resurslarinin hesablanmasinin
ardicilligr gostorilmisdir. Qaliq resursunun boru komarinin divarinin minimal ehtimal olunan
galinhigma va korroziya siiratine goro hesablanmasi niimunasi verilmisdir.
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Summary
Evaluation of the remaining resource of a pipeline based on diagnostic data
Ismailov G.G., Nagizade A.R., Ismayilova F.B.

Keywords: pipeline, diagnostics, remaining resource, strength, reliability, thickness, corrosion.

It is well known that determining the reliability parameters of oil and gas pipelines in operation is of critical
importance for safety. For this purpose, technical diagnostics data from pipelines are used. Based on the results of
external and internal inspections of pipelines, analyses and calculations are carried out. The analysis of diagnostic data
results in the calculation of the remaining resource (safe operational lifespan) of oil and gas pipelines.

In the article, the calculation of the remaining resource of the pipeline, based on actual operational indicators
and diagnostic data, is examined, and the safe operational period of the pipeline is determined. An example of
calculating the remaining resource of the pipeline based on its minimum probable remaining wall thickness and general
corrosion rate is provided.

Pe3ome
O1neHKa 0CTATOYHOI0 pecypca TPyOONnpoBo/a HA OCHOBE JaHHBIX THATHOCTUKH
Hcemanvinoe Q.Q., Hazuzaoe A.P., Hemaiivinosa @. 6.

Knrouesvie cnosa: mpybonposood, ouazHoCmuKa, 0CmamouHslil pecypc, NPOUHOCHb, HAOEHCHOCHb, MOJUUHA,
KOppO3Usl.

W3BecTHO, YTO YTOYHCHHE MAPaMETPOB HAJCIKHOCTH NCHCTBYIOIIUX HE(TETa30MpOBOJOB HMEET 0c000¢
3HaUEHUE C TOYKW 3peHus Oe3zomacHOCTH. [[isi 3TON 1INy HCMONB3YIOTCS JaHHbIE TEXHHUYECKOW JAMAarHOCTUKH,
MPOBOMUMON Ha TpyOompoBogax. Ha oOCHOBe MaHHBIX, MOJIYYCHHBIX B pPE3yJbTaTe BHEIIHETO M BHYTPEHHETO
o0crnetoBaHust TPyOOIPOBOIOB, MPOBOISITCS AHATU3BI M PACUETHI.

B pesynbTare aHanm3a JMATHOCTHYECKHX JAHHBIX IMPOU3BOJMTCS pacdéT OCTATOYHOrO pecypca (cpoka
Oe3omacHoOi SKcIulyatanuu) He(Tera3onpoBojoB. B crarbe pacCMOTPEHbI pacué€Thl OCTATOYHOTO —pecypca
TpyOOMpOBOAa HA OCHOBE (DAKTHUECKHUX IKCILTyaTAIIMOHHBIX MOKA3aTeliell M JAHHBIX AMATHOCTHKH, OMPEACTEH CPOK
Oe30macHoi 3KcIuTyatanuu Tpyobonposona. [IpuBeneH mpumep pacuéra OCTATOYHOTO pecypca TpyOOMpoBOJa MO ero
MUHUMAaJTbHON BEPOATHON OCTATOYHOM TOJIIKMHE U 00Iel CKOPOCTH KOPPO3HH.
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Su sarfiyyatinin 6l¢ma cihazlari va iisullarimin icmah
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MOQALO HAQQINDA MOLUMAT XULAS®

Magalanin tarixgasi Bir ¢ox beynolxalq togkilatlar sudan samorali istifadanin vacibliyini
Daxilolma tarixi: 15.04.2025 vurgulamis vo suyun davamli idaro olunmasi iigiin uzunmiiddatli planlar
Diizalis tarixi: 20.05.2025 hazirlamiglar. Su ehtiyatlarimin idara edilmasi iizro milli strategiyanin timumi
Qabulolunma tarixi: 10.06.2025 maqsadi, ahamiyyatli ictimai-igtisadi inkisafa davamli sakilda nail olmag

tictin Azarbaycanda mévcud su ehtiyatlarimin samarali, barabar va optimal
Acar sézlar: istifadasine  yonalmis milli  cohdlorin  mohkamlandirilmasi  vo  tablig
Su Sarfiyyati, axin Miisahida edilmasidir. Azarbaycan Respublikasinin Milli Su Strategiyas: 6lkada olan su
Stansiyalari, limnigraf, limnimetr, ehtiyatlarimin milli ganunvericiliyin va beynalxalqg normalarin talablarina
mulinler uygun miihafizasina, istifadasing, inkisaf etdirilmasina, idara edilmasina va

nazaratine yonaldilacak. Maqalada diinya migyasinda hamginin Azarbaycanda
suyun vacibliyi gostorilmis va SU taSarriifatinda sarfiyyatin 6lgma texnologiya
Vo tisullart tohlil edilmisdir.

Giris. Ekoloji tarazligin yaradilmasinda su ehtiyatlar1 vacib rol oynayir. Tosssiif ki, son
illordo su itkisi miisahido olunur. ©n vacib mosololordon biri, su monbalorinin diizgiin tohlil
edilmomasidir. Bu da 6z ndvbasinda golocok nasillor iiclin tohliike dogurur. Ogor su itkilorinin
qarsis1 alinmazsa, iqlim dayisikliklori nozors alinmazsa 2030-cu ilds 6lkads formalasan sohralasma
prosessinin tasirlorindon gagmaq miimkiin olmayacaqdir.

“Su ehtiyatlarindan somaroli istifadonin tomin edilmesi ilo bagli tadbirlor haqqinda”
Azorbaycan Respublikast Prezidentinin 2020-ci il 15 aprel tarixli 1986 némrali Soroncami ilo
komissiya yaradilmigdir. Kommisiyanin sadri bag nazirin miiavini Sahin Musatafayev 2020-ci il 23
iyul tarixli su tosarriifatinin vaziyyatinoe hasr olunmus miisavirado qeyd etdi ki, Azorbaycanda su
problemlarini siiratlondiron amillors su ehtiyatlarinin azligi, iqlim doyisikliklori, orta temperaturun
qalxmasi, osason qonsu Olkolordon orazimizo daxil olan yeriisti su ehtiyatlarmin, caylarda
sululugun vo yagintilarin miqdarinin azalmasi, eyni zamanda 6lko iqtisadiyyatinin, o climlodon
kond tosorriifatinin son illordoki inkisafi, okin sahslorinin, suvarma vo i¢mali su tochizati lizro
sobokolorin genislondirilmasi daxildir [1]. 2020-ci ilin statistikalarina, asason, 6lkads su ehtiyyatlari
sahasindo ciddi vaziyyot miisahido olunur. ©vvalki illoro nisbaton osas su anbarlarinda 20,5
milyard kubmetr tutuma qarst comi 11,1 milyard kubmetr su vardir. Homin su ehtiyyatinin da 8,6
milyard kubmetri 61ii hocm hesab edilir.

Su tosarriifatt sahasindo vahid idareetmo vo nozarot sisteminin, effektiv koordinasiyanin
olmamas1 su ehtiyatlarindan somorasiz istifadoyo gotirib ¢ixarmisdir. Su vo su tosorriifati
obyektlorindo hoyata kecirilon miisahidolor gostordi ki, nozarstdonkonar qosulma hallari, eyni
zamanda doqiq ugot v optimal bolgii totbiq edilmadan istifads hallar1 mévcuddur.
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Hidroloji dovriin on vacib elementlorindon biri olan sorf, bir hdvzodo bas veron biitiin
meteoroloji vo hidroloji formalarin noticoesi hesab olunur [2]. Aximn sorfi, hidrologiyanin on
mithiim 6lgmalorindon biridir vo axinin miloyyon en kasik sahasindon vahid zamanda kegon suyun
hocmidir. Bununla oslagoli sahoys hidrometriya deyilir. Beloliklo, hidrometriya, suyun axma siirati,
sarfi, saviyyasi vo s. kimi hidroloji kemiyyatlorin 6l¢lilmasi vo monitoringini hoyata kegiron iisullar
haqda olan elm sahasidir [3].

Axinin sorfing tosir edon amillori iki qrupa ayirmaq olar:

e Iglim faktorlari- Yagis vo evopotranspirasiya (Evopotransiya vo transpirasiya sézlorinin
birlosmasindon yaranib. Evopotransiya, donizlor, gollor, ¢caylar vo quru sathlor kimi agiq orazilordo
bas veran su itkisidir. Transpirasiya, canli bitki toxumalarinda su itkisidir)

o Fiziki faktorlar- Yagis sahasinin xiisusiyyatlori (6l¢iisii, formasi, istigamati, hiindiirliiyt,
torpaq Ortiiyii, yer novii, geologiyasi) vo ¢ay yataginin en kosiyinin formasi, Olgiisli, yamaci,
nahamarligi, uzunlugu, yan qollari, qabarma toasirlari va s. xiisusiyyatlori ohats edir. [4]

e Bir giin, bir ay, bir il vo ya daha uzun miiddst orzinds c¢aylardan kecon suyun miqdarini
miloyyon etmok {icliin Axin Miisahido Stansiyalari (AMS) yaradilmisdir. Qurulan bu stansiyalarda
miisahidolor vo 6l¢malar vasitasilo axin haqqinda hidrometrik malumatlar olds edilir.

Axin Miisahido Stansiyalar1 (AMS), axinin miloyyan sahslorindo tikilmis qurgulardir ki,
burada suyun sothinin soviyyesi giindslik vo ya davamli olaraq qeyde alinaraq, axin siirati vo su
sorfi vaxtasir1 Olglilir. AMS-nin qurasdirilmasinin  moagsodi, hoyata kegirilocok layihonin
hidrometrik molumatlarin1 alds etmok vo ya qurulan obyektlor (band, tonzimloyici, doryaca,
suvarma sobokosi, dasqin xobordarligi, dasqindan miihafizo vo meliorasiya islori) iiglin lazimi
molumatlarin  toplanmasidir. Su  soviyyesinin giindolik miisahidalori ilo yanasi, miixtolif
saviyyalordo vo vaxtlarda su sorfinin Ol¢iilmasi aparilir. Bu 6lgmalorlo soviyyo-sorf baglantisi ilo
acar ayrilari oldo edilir. [5, s. 2]

Keyfiyyatli AMS-do mdvcud olan elementlor:

e Soviyya 0lgma vasitalori (skala, limniqgraf),

e Su sorfi 6lgmo vasitolori (kanat, sorf 6lgmo korpiisii),

e Nozarot saholari (siini vo tobii gkalalar).

o - Axin miigahido stansiyasinin istismarinin osas
mogsadi, homin stansiyanin yerlosdiyi ¢ayin en kosik
sahosindon kecon suyun miqdarin1 miioyyon etmokdir.
Cayda suyun soviyyosi miloyyon Yyiiksoklik osasinda
! geydedicisi  (limniqraf) ve qeydedicisi olmayan
(limnimetr) alotlor ilo Slgiiliir. Baza hiindiirliiyii cayda
suyun minimum saviyyasindon asagi olmalidir. [7]

Qeydedicisi olmayan (limnimetr) saygaclar, ¢ox
sado vo ucuz olsa da, suyun soviyyosinin siirotlo
doyisdiyi zaman doqiq hidrografi tomin edir. Buna nail

Sakil 1. Axin Miisahida Stansiyalar olmaq figiin 61.(;m919"r sox teZ'-teZ fasilalorlo
(AMS) aparl!mahdlr. Belel}kle, (?lg:m? aparan insanlarin t_ez-tez
stansiyaya getmosi ¢otinlogir. Bu sobobdon imkan

daxilinds geydedici cihazlarindan istifads edilir.

Su soviyyesini Olgmoyin basqa bir yolu, hiindiirliiyli molum olan strukturdan agirliq
asmaqla (masalon, su iizorinds korpii), suyun sothina gador olan mosafoni dlgmak vo sonra bu
masafo ilo strukturun hiindiirliiyli arasindaki forqi miioyyan etmokls. su soviyyasini toyin etmok
miimkiindiir. Su soviyyasi dlgmalor arasinda ¢ox forgli qiymatlor alir. Xiisusilo dasqinlar zamani
su sarfinin qiymati bir va ya iki saat arzindo miixtalif qiymaotlor ola bilor. Bazi hallarda bu 6lgmalor
geyd edilmoys bilor.
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Oxumalar, adoaton, giinds iki dofs (08:00 vo 16.00-dan sonra) kegirilir. Dasqin zaman1 on az1
6 saatdan bir oxumaq tolob olunur. Axin yatagindaki suyun soviyyosi on sado sokildo skalali
xotkeslo Ol¢iiliir. Skala “sm” bdlmaosi olan taxta vo ya metal ¢ubuqdur. Skala, adoton, kdrpiiniin
dayagina vo ya hor hansi digor strukturun iizorino qoyulur ki, o, homiso su altinda qalsin. Yataq
genisdirsa va suyun soviyyasindoki doyisikliklor bdyiikdiirss, miixtalif bolgalar iiclin bir nego skala
istifado edilo bilor vo ya yatagin yamacinda oyrilik varsa, skala homin yamacda yerlosdirilir [8 s.

16].

Caylarda, gollordo soviyyo doyisikliklorini rogomsal olaraq 6lgon vo geyd edon cihazlara

Limniqraf deyilir. Bu cihazlarda axar vo gollordoki soviyye
doyisikliklori davamli olaraq vo istonilon vaxt intervalinda geydo
alinir [8, s. 17].

Qeydedici cihazlara aid xiisusiyyatlor asagida gostorilmisdir [9]:

e Qeydedici cihazlar, bir boru vasitosilo axinla birlogdirilon
sakitlosdirici quyuya malikdir.

e Quyudaki suyun saviyyasini su sathindo iizon cismin
harakatinin davamli olaraq geydi ilo miisyyan etmak olar.

e Qeyd cihazina nozarot etmok {igiin, adston, quyunun
icarising va xaricina skala qoyulur.

e Quyu ilo cay arasinda on az1 iki olago vardir. Beloliklo,
borulardan biri hor hansi sobobdon tixansa belo, digorine qosulma

homiss tomin edilir.

e Quyunun i¢indoki su hom do axin sothinds bas vers bilocok

dalgalanmalardan qorunur.

Masalonin qoyulusu: Mogqalodo qarsiya qoyulan osas
moqsad su tosorriifatinda sorfiyyatin  6lgcmo texnologiyast vo
iisullarini tohlil etmokdir.

Masalonin holli: Siirot Olgmolori ilo sorf hesabi: Siiroti
O0lgmok Ticilin istifado olunan miixtolif alotlor vardir. Bu alotloro
niimuno olaraq Mulinlerlori gdstormok olar [10]. Mulinlerlorin
strukturunda {ifiiqi vo ya saquli ox otrafinda dénon bir parvano
movcuddur. Parvananin firlanma siirati axin stirati ilo miitonasibdir.
Su dorinliyi yiiksokdirse vo suda 6l¢gmoe aparmaq miimkiin deyilso,
dayandirilmis axin Olclilmasi aparilir. Bu voziyyotds, Mulinlerlori
axin istigamatinae yonolden bir quyruq ve onun siirligmosine mane
olan agirlig1 olur [10].

®
©
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Su sorfinin hesablanmasinda totbiq olunan Mulinler lisulu asagida gosterilon ardicilligla

yering yetirilir. [11]

e bir axinin en kosiyini lazzim oldugu qador hissalore bdlmak, derinlik vo masafslori

6legmoklo saholorini hesablamag;
e bu sahalorin orta siiratlorini hesablamag;
e bu saholordon kegon su sorflorini hesablamagq;
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e toyin edilon su sarflarini toplayaraq, iimumi su sarfini hesablamagq.

Mulinler avvalcadon miisyyon edilmis noqtads vo dorinlikdo suya batirilir vo miiayyan
miiddat orzinds iso salinir. Asagidaki tonlikdoan istifads edarok, parvansnin miisyyan bir miiddotds
firlanma sayindan siirat tapilir [6, Soh 14].

V =a+ bN

V : siirat (m/s)
N: saniyado firlanma siirati

e a: alotin omsali (0,02-0,03)

e b: alotin omsal1 (0,60-0,70)

a vo b amsallart hor bir alot iiclin ayridir vo onlarmn istehsal olundugu fabrikdo aparilan
tocriiboalorlo miioyyan edilir vo xlisusi olaraq verilir. Lakin uzun miiddst istifads etdikdon sonra bu
omsallar doyise bildiyinden, siiratin miioyyan oldugu laboratoriya kanallarinda Mulinler miisyyon
fasilolorlo kalibrlonir. Mulinlerds birdon ¢ox porvans varsa, omsallar hor bir pervane {igiin ayrica
hesablanir. Siirati 6lgorkon miivafiq parvanoys uygun olaraq diizgiin omsallarla hesablamalar
aparilmalidir.

Qum=Ay Vi + Ay x Vo + -+ A x Vi= Tl AV,

e Qipm: iimumi su sorfi (m®/s)

e A;: i diliminin sahasi (mz) (homin dilimin enini va dorinliyini vurmagqla tapilir)

e Vi idilimindos orta siirat (m/s)

® i: dilimlorin say1

Su sorfinin hesablanmasi tigiin on etibarli isul Mulinler ilo 6lgmo hesab edilir. Bu 6lgmalori
hoyata kecirmok iiclin en kosiyi diizgiin segmok Ol¢gmonin doqiqliyi, sohihliyi vo etibarliligi
baximindan vacibdir [6 sah 12].

Mulinler ils su sorfinin 6l¢iilmasi iisullarina “Suya daxil olaraq 6lgmo”, “Qayi1q vasitasilo
6lema”, “Olgmo kérpiisii ilo 6lgmoa”, “Kranla 6lgma” vo “Kanatla 8lgmo” aid edilir.

Mulinler iisulunun totbiq edildiyi bozi Azerbaycan kanallarmma Samur-Abseron kanali,
Yuxart Qarabag kanali, Ceyranbatan kanalini niimuns gostormok olar.

Natica.

Kanallarda su sorfiyyatinin siirot 6lgmo tsullar ilo 6l¢lilmasiylo asagidaki noticalor oldo
edilmisdir:

1. Axarlarda su sorfinin 6l¢iilmasinds doqiqliyin vo davamliligin tomin edilmasi xiisusilo su
strukturlarinin planlagdirilmasi vo suyun idars edilmasi baximindan bdyiik shomiyyat kasb edir.

2. Mulinler ilo hoyata kecirilon 6lgmalorin daha daqiq olmasi {igiin bu cihazlar miintozom
olaraq kalibrlonmalidir.

3. Kanallarda su sorfiyyatinin miiasir 6l¢mo cihaz vo tisullarinin icmali gostorir ki, hazirda
istifado olunan cihazlar va tisullar yalniz yerli rejimdo su sarfini 6l¢ms imkanina malikdir.
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Summary
Overview of water consumption measuring devices and methods
Rzayev A.H., Mammadli M.I.

Keywords: water consumption, Flow Monitoring Stations, Limnigraph, Limnimeter, Mulins

Many international organizations have emphasized the importance of efficient water use and have developed
long-term plans for sustainable water management. The overall goal of the national strategy for water resources
management is to strengthen and promote national efforts aimed at efficient, equitable and optimal use of existing
water resources in Azerbaijan in order to achieve significant socio-economic development in a sustainable manner. The
National Water Strategy of the Republic of Azerbaijan will be directed to the protection, use, development,
management and control of water resources in the country in accordance with the requirements of national legislation
and international norms. The article shows the importance of water on a global scale as well as in Azerbaijan and
analyzes the technologies and methods of measuring consumption in the water industry.

Pe3rome
Ipubopbl M3MepeHHUs1 pacxoaa BoAbl U 0030p MeTO10B
P3aee A X, Mameonu M. U.

Knrwouegvie cnosa: pacxoo 600vl, cmanyuu MOHUMOPUH2A PACX00d, TUMHUSPAD, TUMHUMEMD, MYTUHC

MHorne MeXIyHapoAHBIE OpraHW3alldd IMOJYEPKHBAIOT BAXXHOCTh 3((PEKTHBHOTO HCIOIB30BAHUS BOIHBIX
pecypcoB M pa3pabaThIBalOT JOJTOCPOYHBIE IUIAHBI TI0 YCTOHYMBOMY YIIPaBIEHHIO BOJHBIMH pecypcamu. OOmiei
nenbto HanumoHanbHOM cTpaTeruu yHpaBlIEHUs BOJHBIMM PECYpPCaMM  SIBISIETCSl YKPEIUIEHUE U IOOLIPEHUE
HAIIMOHAJIBHBIX YCHJIMIl, HampaBlIeHHBIX Ha 3((EeKTHBHOE, CIpaBeIMBOE M ONTHMAaJIbHOE HCIIOJIb30BaHHE
CYIIECTBYIOIINX BOAHBIX PECypcoB B AsepbOaifipkaHe B LEISIX YCTOHYHMBOTO JOCTIDKEHHS 3HAYUTEIHHOTO COIMATbHO-
9KOHOMHYECKOTO pa3BuTHs. HannonansHas BogHas cTpaTterus AsepOaiimkanckoil PecriyOnmku OyneT HampaBieHa Ha
OXpaHy, HCIOJIb30BAHHUE, PAa3BUTUE, YIPABIECHUE U KOHTPOJIb BOJHBIX PECYpPCOB CTPaHbl B COOTBETCTBUHU C
TpeOOBAHMAMH HAITMOHAIBHOTO 3aKOHOJATEIhCTBA M MEXKTYHAPOTHEIMI HOpMaMu. B cTaTbe moka3aHa Ba)KHOCTB BOJIBI
BO BceM MHpe U B AsepOaiipkaHe, a TakKe IPOAHAIM3UPOBAHBI TEXHOJIOTUH M METO/bI M3MEPEHHs MOTPeOJICHUs B
YIIPABJIEHUU BOJHBIMH PECYPCAMHU.
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ARTICLE INFO ABSTRACT

Article history: This article presents a study on the use of X-ray photoelectron spectroscopy
Received 06.04.2025 (XPS) for analyzing the surface properties of various materials. The main
Received in revised form 28.05.2025 attention is paid to the study of the chemical composition of aluminum oxide
Accepted 17.06.2025 and polymer samples. Experimental data obtained using XPS allow us to

identify characteristic peaks corresponding to elements and their chemical
Keywords: bonds. The results show high stability of the oxygen-dominated aluminum
X-ray photoelectron spectroscopy oxide surface and the presence of various forms of carbon in the polymer
(XPS), surface properties, aluminum samples. Comparison of the experimental data with literature values confirms
oxide, polymer samples, chemical the accuracy of the obtained results. The work emphasizes the importance of
composition, surface stability, XPS as a method for analyzing the surface properties of materials, which is of
nanotechnology great importance for the development of new technologies and materials. The

obtained data can be used for further research in the field of materials
science and nanotechnology

Introduction

Modern technologies require a deep understanding of the surface properties of materials,
which plays a key role in their application in various industries such as electronics, energy and
nanotechnology. Aluminum oxide (Al,O3) is an important material due to its unique properties such
as high strength, heat resistance and corrosion resistance [1]. It is widely used in the production of
abrasives, ceramics, and as an insulating material in electronics [2]. In addition, aluminum oxide is
often used as a coating to improve adhesion and protect other materials [3]. Polymers such as
polystyrene and polypropylene also occupy a significant place in modern technology due to their
light weight, flexibility, and resistance to chemical influences [4]. They find application in
packaging, construction, electronics, and many other fields [5]. Understanding the interactions
between aluminum oxide and polymers will not only help in optimizing adhesion, but will also
contribute to the creation of more efficient and durable composite materials [6]. X-ray
photoelectron spectroscopy (XPS) is one of the most effective methods for analyzing the chemical
composition and surface condition of materials [7]. This method allows not only to identify the
elements present on the surface, but also to study their chemical bonds, which is essential for
understanding interactions at the micro level [8]. In this paper, we focus on the analysis of
aluminum oxide and polymer samples using XPS to determine their chemical composition and
stability. The results of this study will help improve existing technologies and develop new
materials with desired properties, which is of great importance for scientific and industrial
applications [9]. The study also highlights the relevance of analytical methods in materials science
[10].

Methodology. X-ray photoelectron spectroscopy (XPS) was used in the study to analyze the
surface properties of aluminum oxide and polymer samples [11]. The samples were prepared by
mechanical and chemical cleaning to remove contaminants [12]. XPS measurements were
performed using an X-ray source with an aluminum anode (Al Ka) [13]. The spectra were obtained
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in the binding range from 0 to 1200 eV, which allowed identifying characteristic peaks
corresponding to different elements and their chemical states [14]. Data processing was performed
using spectral analysis software, which ensured accurate determination of the chemical composition
and surface state of the samples [15]. The results were compared with literature data to confirm the
reliability [16].

Scientific novelty. This study reveals the interactions between aluminum oxide and
polymers using X-ray photoelectron spectroscopy (XPS). The application of XPS allows for a
detailed examination of the chemical composition and bonds, opening new possibilities for
optimizing the adhesive properties of composite materials.

The interdisciplinary approach combines materials science and analytics, expanding existing
knowledge and creating a foundation for future research in electronics, packaging, and
nanotechnology. This research makes a significant contribution to the understanding of material
properties.

Experimental part. Figure 1 shows a schematic of the experimental setup for determining
the chemical composition, valence state, and energy characteristics of the surface layer of solids
based on the analysis of the energy of photoelectrons induced by X-rays.

X-ray source Sargple Electron Electron
(Anod Al K,) OIC®"_ detector  getector

—T
Electron
energy Sample
analyzer preparation
system
Sample
i preparation
' Vacuum system

Computer with pumping
software system

Fig. 1. Experimental setup diagram

The experimental setup consists of the following components:

1. Vacuum chamber (center): The main unit that contains all the key components. Provides
an ultra-high vacuum (around 10~ ° mbar) to prevent samples from interacting with the atmosphere.

2. Sample holder (inside the chamber): Located on a movable platform. The materials to be
studied (e.g. Al-Os, polymers) are mounted there. Can be rotated or moved for optimal positioning
under the X-ray beam.

3. Aluminum anode X-ray source: Provides 1486.6 eV (Al Ka)) X-rays that are directed onto
the sample surface.

4. Energy analyzer (hemispherical): Measures the kinetic energy of the emitted
photoelectrons.

5. Photoelectron detector: Registers the number of electrons with a certain energy and
constructs an XPS spectrum.

6. Pumping systems: Consists of turbomolecular and ion pumps that maintain ultra-high
vacuum.

7. Computer with analysis software: Controls the setup and analyzes the resulting spectra.

Two types of samples were selected for analysis: aluminum oxide and polymer samples.
Each type of sample was pre-cleaned to remove contaminants, which is a critical step for obtaining
reliable XPS results. Aluminum oxide was obtained by thermal treatment of aluminum in an oxygen
environment according to the reaction:
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4A1+ 302 — 2A1203 4A1 + 302 — 2A1203

The samples were mechanically processed to achieve a uniform surface, after which they
were chemically cleaned using a sulfuric acid solution. This removed oxides and other possible
contaminants. The samples were then washed with distilled water and dried in a drying oven at 60 °
C for 2 hours.

Polymer samples were made of polystyrene and polypropylene. To remove surface
contaminants, the samples were mechanically polished and then immersed in isopropyl alcohol and
acetone solutions. The oxidation reaction of isopropanol to produce acetone occurs according to the
following equation:

C3H80—C3H60+H2C3H80—C3H60+H2

After chemical cleaning, the samples were washed with distilled water and dried in an inert
gas atmosphere (argon) to prevent recontamination.

For XPS measurements, an X-ray source with an aluminum anode (Al Ka) with an energy of
1486.6 eV was used. The spectrometer was calibrated using standard samples to ensure the
accuracy of the measurements. The measurements were carried out in a vacuum chamber with a
pressure of about 10"-9 mbar, which minimized the effect of atmospheric gases on the results.

The measurements were carried out in the scanning mode using a fixed angle of inclination
of the X-ray beam to the sample surface. The spectra were recorded in the binding range from 0 to
1200 eV with a step of 0.1 eV. At least three replicate measurements were performed for each
sample to ensure data reproducibility.

After the spectra were acquired, the data were processed using specialized software that
allowed for basic background correction as well as for the extraction of peaks corresponding to
different elements. Calibration was performed based on the carbon peak (C 1s) at 284.8 eV, which
is standard practice in XPS.

Each peak in the spectrum was compared with known binding values for different elements.
This allowed the chemical composition of the samples and their chemical states to be determined.
For example, peaks corresponding to aluminum (Al 2p) and oxygen (O 1s) were analyzed for
aluminum oxide, while for polymers, peaks of carbon (C 1s) and hydrogen (H 1s) were identified.

Methods based on the analysis of peak shapes and positions were used to determine the
chemical state of the elements. For example, a shift in binding may indicate the presence of
different chemical bonds and oxides. The peaks were further analyzed using fitting software,
allowing for a more accurate determination of the relative abundance of the different chemical
forms.

Results and Discussion. Figure 1 shows the electron microscopic structure of the surface of
a composite material consisting of aluminum oxide and a polymer matrix.

Fig. 2. Electron microscopic structure of the surface of a composite material consisting
of aluminum oxide and a polymer matrix.
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The left part of Figure 1 shows a porous phase with a characteristic uneven and loose
microstructure, which can be attributed to aluminum oxide. The surface has pronounced
microporosity, with numerous depressions and pores of various shapes and sizes, indicating a high
specific surface and possible catalytic or sorption properties of the material.

The right part of Figure 1 shows an organized structure in the form of oval formations
uniformly distributed over the surface. These structures relate to the polymer phase, formed in the
form of smooth, slightly convex areas. Between them are elongated fibrous elements, intertwined
and curved along the surface, indicating the presence of reinforcing polymer fibers or nano-
reinforcers.

The contrast between the porous and smooth structure highlights the difference in
morphology between the two components of the composite material, providing a visual
representation of the heterogeneous microstructure at the phase boundary. The image is made in
black and white in scanning electron microscopy (SEM) mode, which allows a detailed examination
of the surface relief and spatial distribution of the components without the use of color processing.

Table 1 presents the XPS results for aluminum oxide

Table 1.
Key XPS results for aluminum oxide
Element Peak (eV) Notes
Al 2p 74.0 Corresponds to Al203
O 1s 532.0 Oxide bonds
Cls 284.8 Carbon contamination

The peaks for aluminum oxide are consistent with the literature data, confirming the high
purity of the sample. The presence of carbon may indicate contamination, which is important to
consider for further investigations.

Peak Spectra for Aluminum Oxide
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Fig. 3. Graph XPS spectrum of aluminum oxide

The graph shows the XPS spectrum of aluminum oxide, showing clear peaks corresponding
to aluminum and oxygen. The Al 2p and O 1s peaks were detected at the binding levels of 74 eV
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and 532 eV, respectively, indicating the presence of oxide bonds. The stability of aluminum oxide
can be described by the following reaction:
Al203+6HCI—2AICI3+3H20A1203+6HCI—2AICI3+3H20
Additional analysis showed that the samples contain a small amount of contaminants such as
carbon, which may be due to the adsorption of carbon from the atmosphere.

Table 2.
Key XPS results for polymer samples
Polymer C 1s Peak (eV) H 1s Peak (eV) Notes
Polystyrene 284.6 15.0 Pure sample
Polypropylene 284.5 15.1 Pure sample
Polyethylene 284.4 15.2 Pure sample

All polymer samples show C 1s and H 1s peaks in the expected ranges. Small differences between
samples may indicate different contamination levels or differences in polymer structure.

Peak Spectra for Polymer Sample
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Fig. 4. Graph XPS spectra of polymer samples

The graph shows XPS spectra for polystyrene, polypropylene, and polyethylene. Polystyrene

(CsHs) can undergo oxidation, which can be described by the following reaction:
C8H8+02—C8H602+H20C8H8+02—C8H602+H20
Polypropylene (CsH¢) can also undergo oxidation:
C3H6+02—C3H40+H20C3H6+02—C3H40+H20

Carbon in polymer samples can exist in various forms, including graphite and amorphous

carbon. The reaction of graphite formation can be represented as follows:
6C + 3H2 — C6H6 6C + 3H2 — C6H6
Polymers can react with water, which can lead to hydrolysis:
OHCnH2n + H20 — CnH2n — 10H
During the oxidation of carbon, carbon oxides can be formed:
C+02—-C0O2C+02—C0O2
2C+02 —-2C02C+02—2CO
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Clear peaks indicate the purity of the samples and the absence of significant contamination

Comparison of XPS Results for Aluminum Oxide and Polymers

Table 3.

Material Al 2p Peak (eV) O 1s Peak (eV) C 1s Peak (eV) H 1s Peak (eV)
Aluminum Oxide 74.0 532.0 284.8 -
Polystyrene - - 284.6 15.0
Polypropylene - - 284.5 15.1
Polyethylene - - 284.4 15.2

The table shows the results for aluminum oxide and polymers. The comparison shows that
aluminum oxide has characteristic peaks that are different from the polymers, confirming the unique
properties of each material.

Ccomparison of Experimental and Literature
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Fig. 5. Graph Comparative XPS spectrum for different materials

The graph shows comparative XPS spectra for aluminum oxide, polystyrene, polypropylene,
and polyethylene. The clear differences in the peaks highlight the unique characteristics of each
material.

Conclusions: In this study, the surface compounds of aluminum and oxygen were analyzed,
as well as the properties of polymer samples based on polystyrene and polypropylene.

The use of aluminum plates with an oxide coating and polymer samples provided valuable
data on the interaction of materials with the environment.

The X-ray photoelectron spectroscopy (XPS) method provided high accuracy and
reproducibility of the results, which was confirmed by multiple measurements. Effective sample
cleaning methods, including ultrasonic treatment and chemical cleaning, played a key role in
obtaining reliable data.

The obtained spectra revealed characteristic peaks corresponding to different chemical states
of the elements, which contributes to a better understanding of surface processes.

These results can be useful for further research in the field of materials science and the
development of new technologies based on the interaction of various materials.
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Xiilaso
X-sualar1 fotoelektron spektroskopiyasi (XPS) istifado aliiminiyum oksid vo polimerlorin
kimyavi tarkibinin va sath xiisusiyyatlorinin tadqiqi
Kuznetsov V.A.

Acgar sozlar: X-ray fotoelektron spektroskopiyasi (XPS), sothin xiisusiyyatlori, aliiminium oksidi, polimer

niimunalari, kimyavi torkib, sathin dayamqligi, nanotexnologiya.

Bu moqalo miixtolif materiallarin soth xiisusiyystlorinin tohlili li¢in bir aragdirma toqdim edir. 9sas diqqot
aliiminium oksidi va polimer niimunalorinin kimyavi torkibinin dyronilmesine yonalib. XPS-den istifade etmaklo alda
edilon eksperimental malumatlar elementlars va onlarin kimyavi baglarina uygun golon xarakterik zirvalori miiayyen
etmoys imkan verir. Naticolor oksigenin istiinliik toskil etdiyi aliiminium oksidinin sathinin yiiksak sabitliyini va
polimer niimunslorinde miixtalif karbon formalarinin oldugunu gostorir. Eksperimental molumatlarin adabiyyat
doyarlori ilo miiqayisasi alinan naticolorin diizgilinliiyiinii tosdiqloyir. Moqalods yeni texnologiyalarin vo materiallarin
inkisafi {i¢iin boylik shomiyyat kosb edon materiallarin soth xiisusiyyotlorinin tohlili metodu kimi XPS-nin shomiyyati
vurgulanir. Olde edilmis molumatlar materialslinasliq vo nanotexnologiya sahoasindo goalocok todqiqatlar {igiin istifado
edilo biler.

Pe3rome
HccnenoBanne XMMHY€ECKOTO COCTABA M MIOBEPXHOCTHBIX XapaKTEPUCTHK AJIOMUHHEBOTO OKCHAA
Y TI0JIMMEPOB € MIOMOIIBI0O PEHTTeHOBCKOIi (hOT03/1eKTPOHHOI CIIEKTPOCKONUH (XPS)
Ky3neuyog B.A.

Knioueevte cnosa: penmeenoeckas pomoanexmponnas cnekmpockonus (XPS), nosepxnocmmuvle ceoticmaa,
AMOMUHUEBbIN  OKCUO, NOAUMepHble 00pasybl, XUMUYECKUll cOCmas, CmabuibHOCHb
NOBEPXHOCHU, HAHOMEXHOIOSUU
B nmaHHOW cTaThe TPEACTABICHO  HCCICNOBAHWE, IIOCBSAMICHHOE MPUMEHCHHIO  PEHTTCHOBCKOW
(oTo3neKTpOoHHON cnekTpockomuu (XPS) mis aHanmM3a MOBEpXHOCTHBIX CBOHCTB pa3iMYHBIX MaTepuasnoB. OCHOBHOE
BHUMaHHE VACICHO W3YUYCHHIO XHMHYECKOTO COCTaBa alIOMHHHAEBOTO OKCHIa U MOJHMEPHBIX O0pa3IoB.
OKCIIepUMEHTANbHBIE JaHHBIC, MOJIYYCHHBIE ¢ TMOMOImBI0 XPS, TMO3BONSIOT BBHISIBUTH XapaKTepHBIC ITHKH,
COOTBETCTBYIOIIME DJEMEHTAaM M HUX XUMHYECKUM CBS3SIM. Pe3ynbTaThl MOKa3bIBAalOT BBICOKYIO CTaOWJIBHOCTD
MOBEPXHOCTH AJTIOMUHHMEBOTO OKCHJA C NpeoliajgaHieM KUCIOpOoJa, a TakKe HaIWYue passinuHbIX (OpM yriiepoja B
MOJUMepHBIX oOpasiax. CpaBHEHHE SKCHEPHMEHTANBHBIX JaHHBIX C JIUTEPATYPHBIMH 3HAYCHHSIMH IIOJTBEPIKAACT
TOYHOCTH IOJY4EHHBIX pe3ynbTaroB. PaboTa momuepkuBaeT BakHOCTh XPS Kak Merona il aHaIM3a MOBEPXHOCTHBIX
CBOMCTB MaTepHanoB, YTO HMMEET 3HAYMTEIbHOE 3HAa4YCHHE I Pa3pabOOTKHM HOBBIX TEXHOJOTHMM M MaTepHalloB.
ITonmy4yeHHbIe NaHHBIE MOTYT OBITH MCIIONB30BAHBI IS JANbHEHIINX HCCIEIOBAHMI B 00JIACTH MaTepHAIOBEICHHS U
HAaHOTEXHOJIOTHH.
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Elektrik masinlarinin diaqnoz obyekti baximindan tasviri v
riyazi modellosdirilmasi

Abdulova Nafiso Abdulfos quzi 2

Sumgqayit Dovlat Universiteti, Sumqayit, Azorbaycan, t.f.d., dosent
abdulovanafise@gmail.com

MOQALO HAQQINDA MOLUMAT XULASO
Magalanin tarix¢asi Maqgalada elektrik magsinlari, texniki diagnostika, ehtimal nazariyyasi va riyazi
Daxilolma tarixi: 11.04.2025 statistika ilo  yanasi, hesablama texnikasi nazoriyyolorinin - miivafiq
Diizolig tarixi: 20.05.2025 prinsiplarini vo metodlarini istifads edarak masalalorin hallina kompleks bir
Qabulolunma tarixi: 04.06.2025 yanasma  taqdim  edilmisdir.  Erkan  diagnostika  parametrlorinin
miiayyonlagdirilmasi elektrik masinlarmin klassik nazariyyasindan iralilayarak
Acar sozlar: miiayyan edilon yanasmalar va riyazi analizin asasinda hayata kegirilmisdir.
diagnostik model, elektromagnit, Elektrik  maginlarindaki  nasazliglarin  erkan  diagnostika  iisullarinin
vibro-akustik, istilik-kimyavi, fiziki hazirlanmast zamani, natur-eksperiment vasitasilo alda olunan malumat
proses, riyazi model bazasindan istifada edilmisdir

Islomo soraitindo elektrik masminin texniki voziyyeti, elektromaqnit, vibro-akustik, istilik-
kimyovi vo digor funksional fiziki proseslorin dinamik tozahiirlori vasitasilo xarakterizo edilir. Bu
proseslorin parametrlori vo xiisusiyyatlori vasitosilo texniki voziyystin qiymotlondirilmasi daha
alverisli olur.

Texniki obyektin saz vo nasaz voziyyotlorinin tosviri (analitik, codval, vektor, grafik va s.)
riyazi model kimi nazordon kegirilo bilor. Bu modellor obyekti vo onun voziyyatlorini lazimi
doaqiqlikls tosvir etmalidir.

Saz va nasaz elektrik masini, miirokkob dinamik bir sistem olaraq, texniki vaziyyati miioyyan
bir vaxt intervallar1 boyunca, giris, daxili vo ¢ixis parametrlorinin qiymatlori ilo miisyyon edils bilar.
Texniki vaziyyot deyondo nasazligin olub-olmamasi nozords tutulur. Bu vaziyyetlor funksional
fiziki proseslorin xarakteristikalarindaki doyisikliklorlo miisayiot olunur.

Umumilikda, islomo soraitindo elektrik masminin texniki voziyyatino nozarot naticasi (R),
asagidaki funksional asililigla tosvir oluna bilar[1,2].

R(x,t) = f(xn, Yy, Zp, t) (1

Burada X-coxdl¢iilii vektor olaraq x;, X, ...,X, parametrlorilo xarici (giris) tosir faktorlarini
(masolon totbiq edilon gorginliyl); Y — c¢oxdlgiilii vektor olaraq yi,y2, ..., Yo parametrlorilo is
rejiminin elektromaqnit vo energetik gostoricilorini; Z c¢oxolciilii vektor olaraq z;,zs,...,7,
parametrlorilo funksional fiziki proseslorin (texniki voziyystin) Xiisusiyyastlori verilon t zaman
kosiyindo qiymotlondirilir.

Oslindo (1) funksional asililig, texniki voziyyotin saz oldugu vaxtda elektrik masininin
diagnostik modelini tomsil eda biler.

Elektrik masinlarinin istismar tocriibasindon aydin olur ki, nasazliglarin bagslangic
marhalalorinds asas energetik gostaricilor doyigmir, yalniz zadelonmonin yiiksok hadlerins ¢atdiqda,
masin siradan ¢ixdiqda bu gostoricilor koskin sokildo doyisir. Mohz buna gors, rele miihafizosi
masini isdon ¢ixarir.
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Giris tesiri parametrlori vo is rejimi gostaricilorinin normal qiymatlori ilo texniki voziyyatin
xarakteristikalarin1 tosvir edon parametrlorin etalon qiymetlorindon forqlonmosi, masinda s(i)
nasazliginin meydana golmasini gostora bilar.

Bu halda, texniki voziyyat asagidaki funksional asililigla xarakterizs edilo bilor:

Rsiy=f (Xn» Yo, Zsiy, Zs (%) ) t) ()

Burada Zg, verilon konstruktiv hissods yaranan i fiziki nasazliginin texniki voziyyato tosirini
xarakterizo edon parametrlori tomsil edir; Zgjs), 1 fiziki nasazliginin tosirindon diger konstruktiv
hissolordo meydana golo bilon j sorti nasazliglarin texniki voziyyotdoki doyisikliklorini xarakterizo
edon parametrlori gostarir.

Verilon funksional konstruktiv hissodo hor hansi bir fiziki nasazliq yarandiqda, digor
konstruktiv elementlords sorti nasazliqlarin amolo golmasi izah olunur, ¢linki elektrik maginlarinda
funksional diiyiinlor (konstruktiv hissalor) six elektromaqnit vo mexaniki slage i¢inds oldugundan,
onlarin arasinda miioyyan diagnostik slagalor do mdévcuddur. Masalan, agor fiziki nasazliq - sargilar
vo ya fazalar arasinda qisa qapanma stator dolaginda bas verirso, faz coroyanlarinin simmetrikliyi
pozulur, yerli qizmalar yaranir va s., bu voziyyat homin konstruktiv hissads (dolagda) elektromaqnit
funksional proseslori parametrlorinin vo xarakteristikalarinin doyismosi kimi qiymetlondirilir. Lakin
qeyd edilon fiziki nasazliglar maginda maqnit simmetrikliyini pozaraq geyri-taraz maqnit dartinma
qiivvalarinin yarandig1 polad niivads, yastiglarda vo digor konstruktiv hissolords vibrasiyalarin
doyismosino sobob olur. Bu halda, vibrasiya dolayr tesirdon meydana goldiyi iiciin homin
konstruktiv hissalor {igiin sorti nasazliq kimi qabul edilir. Olavas olaraq, statorun polad niivasinda vo
yastiglarda vibrasiyanin doyismasi homin konstruktiv hissalords yaranan fiziki nasazliglarin noticosi
olaraq da bas vero bilor. Bu voziyyotdo, niivonin sixliginin azaldigi, yastiqlarda catlaqlarin meydana
goldiyi vo s. fiziki nasazliglar uygun funksional hissalordo gobul edilir.

Beloliklo, masmin verilmis s(i) nasazliginda texniki voziyystin xiisusiyyatlori hom do
funksional slagado olan konstruktiv hissalorin sorti nasazliglart ilo - s(j/i) xarakterizo olunur. Bu
baximdan, masmin istismar texniki voziyystindoki nasazliglarin miixtslifliyi asagidaki funksional
asililigla tasvir oluna bilar:

s =f{s@.sb} 3)

Goriindiiyti kimi, texniki voziyyatin (1-3) modellori masinin funksional elementlori arasindaki
elektromaqnit vo mexaniki olagoalori tam sokilds tosvir edo bilmir vo bu olagelorin diagnozunu
acmaqda ¢atinlik yaradir. Bu modellar, nasazliglarin funksional elementlorin texniki vaziyyatindoki
xiisusiyyotlorine dair nisanolori miioyyon etmoys imkan vermir. Bu mogsadlor {igiin [1,3]
monboalorindo doyison coroyanli elektrik masinlarinin  montiqi  xarakterli riyazi modelinin
(diagnostik model) toklifi irali siiriiliir. Elektrik masini 5 asas funksional elementdon ibarat olaraq
gobul edilir: stator dolagi, stator niivasi, hava masafasi, rotor dolagi vo yastiglar.

Diagnostik modelds, is¢i rejimindo funksional elementlor arasindaki elektromaqnit,
elektromexaniki, mexaniki, istilik-kimyavi slagolor vo miimkiin diagnostik slagalor oxlu xatlorlo
aclq sokildo gostorilir. Bu modelin qurulmasi yalniz verilon nasazliq iiglin faydalidir. Belo bir
model, miioyyon bir funksional elementds yaranan fiziki nasazliq zamani, homin elementlo
diagnostik olaqosi olan digor elementlordoki sorti nasazliglari nozere alaraq texniki voziyyetin
miimkiin doyisikliklorini arasdirmaga vo ilkin diaqnoz nisanslori vo parametrlorini miioyyon etmoyo
imkan verir.

Natica.

Elektrik miiharriklorinin texnoloji proseslordoki miihiim rolunu va is rejimlorine olan ytliksok
tolablori nozoro alaraq, onlarin istismar voziyyatlorinin izlonmasi vo diaqnostikasinin aparilmast
moqgsadilo miivafiq diagnostika metodlarinin inkisafi vo bu metodlarin praktiki totbiqi
ohamiyyatlidir. Diagnostik modelds, is¢i rejimindo funksional elementlor arasindaki elektromaqnit,
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elektromexaniki, mexaniki, istilik-kimyavi alagelor vo miimkiin diaqnostik olagalor oxlu xatlorle
aciq sokildo gostorilir. Bu modelin qurulmasi yalniz verilon nasazliq tiglin faydalidir.
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Summary
Descriptive and mathematical modeling of electrical machines in terms of diagnostic object
Abdulova N. A.

Keywords: diagnostic model, electromagnetic, vibro-acoustic, thermal-chemical, physical process,
mathematical model
The article presents a comprehensive approach to solving problems using the relevant principles and methods
of the theories of electrical machines, technical diagnostics, probability theory and mathematical statistics, as well as
computational techniques. The determination of early diagnostic parameters was carried out on the basis of approaches
and mathematical analysis, proceeding from the classical theory of electrical machines. When developing methods for
early diagnostics of faults in electrical machines, the database obtained through natural experiments was used.

Pe3rome
OnucarejibHO-MaTeMaTHYeCKOe MO/IeJMPOBAHME YJIEKTPUYECKUX MALIMH B acneKkTe 00beKTa ITMarHOCTUKH
Aboynoea H. A.

Knroueewie cnosa: ouaznocmuueckas mooennv, 31eKMpOMASHUMHbIL, 8UOPOAKYCMUYECKUL, MepMOXUMUYECKUL],
@usuueckuti npoyecc, mamemamuyecKas Mooesb

B cratbe mpezacraBiieH KOMIUIEKCHBIM MOAXOJ K PELIEHHIO 3aJad C MCIOJIb30BAHMEM COOTBETCTBYIOLIMX
IPUHLMIIOB U METOAOB TEOPUU DJIEKTPUUECKUX MAIlUH, TEXHUYECKOW JAMAarHOCTUKM, TEOPUM BEPOSITHOCTEH H
MaTeMaTHYeCKOM CTaTHCTHUKH, a TakXe BBIYUCIMTENBHOM TexHUKU. OmpeneneHue paHHUX AWATHOCTUYECKHX
apaMmeTpoB MIPOBOAWIOCH HA OCHOBE IIOJIXOJ0B U MaTEMAaTUYECKOI0 aHAJIN3a, BBITEKAIOIIUX U3 KIIACCUYECKOU TEOpUHU
anekTpuyecknx MamwuH. [Ipu pa3paboTke METOHOB paHHEH MUATHOCTHUKH HEHCIPABHOCTEH 3JIEKTPUUYECKHX MAIIWH
HCTIONB30BajTack 06a3a JaHHBIX, OJIYYCHHAS B pe3yIbTaTe HATYPHBIX HKCIIEPUMEHTOB.
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Transponirs edilmis heterogen matrislor vo onlarin bir totbiqi barada
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MOQALD HAQQINDA MOLUMAT XULASO
Magalanin tarixgasi Bu giin istonilon iqtisadi masalonin hallindo an miikommal, an mdtabar
Daxilolma tarixi: 09.01.2025 naticalor yalniz kompiiter texnologiyalarimin tatbiqi ilo alina bilor. Miixtalif
Diizalis tarixi: 03.03.2025 masalalorin kompiiter halli ii¢iin ilk novbado miiayyon riyazi tisullardan
Qabulolunma tarixi: 26.05.2025 istifads edilir, alqoritmlor qurulur, programlar tortib edilir. Togdim edilon bu
maqalada heterogen matrislorin transponira olunma qaydasi gostarilir.
Acar sozlar: Isda> miihasibat ucotunun asasini tagkil edin bas kitabin avtomatlasdirilmasi

heterogen matris, transponira olunmus  masalasinda alqoritmin  miiayyan addiminda alman iki 6lgiilii - massiv
heterogen matris, memorial order, bas  heterogen matris saklinda oldugundan bu matris transponira edilir vo bas
kitab kitabin memorial formasini almagq iigiin naticalar Excel tatbigina yonlondirilir

Giris

Taskilat, idaro vo miiassisolordo miihasibat ugotu masalalorinin hollinds heterogen matrislor
([1], [2]) adlanan xiisusi tip matrislordon genis istifads edilir. Bu matrislor iizorindo toplama,
¢ixma vo adodo vurma omollarinin yering yetirilmo qaydasi [1], [2]-do gostorilmigdir.

Ononovi matrislordon forqli olaraq bu matrislor hom odod vo hom do moatn tipli
elementlordon ibaratdir

Heterogen matris liciin do transponirs anlayis1 vermok miimkiindiir. Burada ¢evrilmo prosesi
onanoavi qaydada deyil, basqa ciir toyin edilir. Masalon, A tipli heterogen matrisds siitun elementlori
ilo miivafiq satir elementlorinin yerini doyisdikds alinan yeni satir lizra hor bir matn tipli element
iki dofs tokrarlanir, yoni iki ardicil (sol vo sag) siitunda yerlogir. Hom do bu halda onlarin har birine
uygun siitunda hanst ododi elementin yerlogsmosi baxilan (verilmis) matrisdo homin motn tipli
elementin hansi siitun elementi olmasindan asilidir. Yoni hor hansit motn tipli element baxilan
(verilmis) matrisdo birinci silitun elementidirso, o halda homin matrisin miivafiq sotrindoki odod
tipli element transponire olunmus matrisde matn tipli doyisenin yerlosdiyi sol siitunda yerlogocokdir.
Eloco do miisyyan bir matn tipli element verilmis matrisin ikinci siitun elementidirss, o zaman
homin matrisin miivafiq sotrindoki adad tipli element transponire olunmus matrisdo hamin matn
tipli doyisonin yerlosdiyi sag slitunda yerlogocokdir.

Transponire olunmus matrisdoki ododi elementlorin sayi, transponire olunan matrisdoki
simvollarin satir lizro tokrarlanma sayindan asili olacaq. Bu qeyd edilonlorin daha aydin olmasi
ticlin asagidaki ¢evrilmaya baxaq. Tutaq ki, Ca matrisi verilmisdir.

>< v 15

v b 25
c, =| b < 3.5

< b 58

v > 78.5
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Onda yuxarida geyd etdiyimiz qaydaya uygun olaraq transponiro olunmus C, matrisi asagidaki

kimi olacaq:
X X Yy y b b
C, =|15 3.5 25 15 3.5 25
58 78.5 78.5 0] 0] 58

B tipli heterogen matrislor transponiro olundugda da onun motn tipli elementlori alinan
yeni matrisdo A tipli matrislorde oldugu kimi iki dofs tokrarlanir, yoni hamin elementlor iki ardicil
(sol vo sag) siitunda yerlosir. Lakin forq iso ondan ibarotdir ki, B tipli matrislor transponiro
olunarkon ododi elementlor yerlosdiyi siitun nomrolorindon asili olaraq transponiro olunmus
matrisdo matn tipli doyisonin yerlosdiyi sol vo ya sag siitunda yerlosirlor.

Basgqga sozlo,
X 15 3.5

olarsa, onda CJ =| X y 'y b b
T Y is 122 | "5 35 25 15 35 25/

Transponira edilmis heterogen matrisin tatbiqi

Adoton miihasibat ugotu qaydalarina goro aparilan ugota uygun olaraq ayliq, riiblikk vo illik
miivafiq ucot sonadlori tortib edilir ki, bu sonadlor arasinda da memorial order vo bas kitab
sonadlorinin  hazirlanmasi  xiisusi diqqet ¢okir. Miihasibat ugotunun avtomatlasdirilmasi
masalolorinds asason ilkin ugot sonadinin emali naticesindo yaranacaq molumat bazalar1 osasinda,
ucotun hor bir sahosi ilizro memorial orderlor, bas kitab vo dovriyys coadvallori bazalar
formalagdirilmalidir ki, bunun da osasinda riibliik, illik miihasibat hesabatlart vo illik maliyya
hesabatlar1 tortib edilmolidir. Togdim edilon bu isdo memorial orderlor asasinda bas kitab bazasinin
formalasdirilmasi vo onun ¢apr mosalolorine baxilir. Belo ki, miihasibatin biitiin saholori {izro
memorial orderlorin bazalar1 bir yera toplanir. Bu bazanin strukturu els tortib edilmisdir ki, bu
struktur Ca tipli matrisi xatirladir. Homin bazadan bir niimuns asagida gostorilmisdir (sokil 1).

Debet Kredit Mablag
1224 307-1 47014
1224 30822 103.43
1224 308-5 2.35
1224 308-5-1 240
307-1 308-1 47914
307-1 3084 3942
307-1 308-3 16812
307-1 308-3-2 16812
307-1 308-2-1 252.14
1224 307-1 220.00
1224 30822 -840
1224 308-5 -1.10
1224 308-5-1 ~1.40

Sakil 1. Bc;s }ci-tab bazasindan niimuna

Sokil 1-do verilmis Heterogen matris soklinds oks olunan bag kitab bazasini yuxarida qeyd
edilon formada transponirs etmok vo alinan naticolori Excel totbiqine yonsldorok bas kitabin
memorial formasin1 almaq lazimdir. Bunun {igiin ovvalco sokil 1-doki “debet” vo “kredit”
siitunlarinda gostorilon matn tipli elementlor arasinda tokrarlananlardan ancaq biri gotiiriilmaklo
yeni massiv yaradilmali, sonra bu massiv elementlori Excel totbiginin avvalcoadon nozords tutulmus
bir kitabinin miioyyon bir sotri {izro, hor bir motn tipli elementi iki dofo tokrarlanmaqla
yerlogdirilmalidir. Odur ki, baxilan cadvalds “debet” vo “kredit” siitunlarindaki (sokil 1) tokrarlanan
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moatn tipli elementlorin ancaq biri gotiiriilmoklo yeni massiv yaradilmasinin alqoritmi asagidaki
kimidir:

1. Eyni tarixo vo eyni kodlara (muxabirlogsmalara) gors bas kitab bazasinda amoeliyyatlarin
naticalorinin toplanmasi amoliyyati aparilir;

2. Olgiisii  yeni alinmis baza codvelinin yazilarinin sayina barabar olan A massivi elan
edilir vo onun biitiin elementlorino baslangic qiymat olaraq “”’(bosluq) monimsadilir;

3. Odad tipli har hanst i vo | doyisoni gotiiriilir vo onlara baslangic qiymat olaraq “1”
monimsadilir;

4. Bu addimda bas kitab bazasi agilir vo birinci yazinin “debet” vo “kredit” saholorino
uygun kodlarinin hor biri uygun olaraq al vo bl doyisonlorine monimsadilir;

5. i=1 vo al#bl sorti yoxlanilir;

6. Ogor sort dogrudursa onda A(l)=al amaliyyati icra olunur;

7. l-in qiymati bir vahid artirilir: 1=1+1;

8. A(l)=bl amoliyyati icra olunur;

9. ogor 5 sorti dogru deyilsa, onda i>1sarti yoxlanilir;

10. agor 9 sorti dogrudursa, onda j=1, k=0 qobul edilir;

11. j<I sorti yoxlanilir;

12. ogor 11 sorti dogrudursa al=A(j) sorti yoxlanilir;

13. ogor 12 sorti dogrudursa, k-nin qiymati bir vahid artirilir: k=k+1,;

14. j-nin giymati bir vahid artirihir: j=j+1 va 11-ci bandos kegid edilir;

15. 12-ci sort pozulduqda da 14-cii banddoki amoliyyat aparilir;

16. 11-ci sort dogru olmadiqda k=0 sorti yoxlanilir vo agor sort dogrudursa;

17. l-in qiymati bir vahid artirilir: 1=1+1;

18. A(l)=al amaliyyati icra olunur;

19. 16-c1 bonddoki sort dogru deyilss j=1, kk=0 gobul edilir;

20. Sonra j<I sorti yoxlanilir vo agar sort dogrudursa;

21. b1=A(j) sorti yoxlanilir vo agar bu sort dogrudursa, onda;

22. Kk -nin qiymoti bir vahid artirilir: Kk=kk+1;

23. ogor 21-ci bonddoki sort dogru deyilss, onda;

24. ] -nin qiymati bir vahid artirilir: j=j+1 vo 20-ci bando ke¢id edilir;

25. ogor 20-ci bonddoki sort dogru olmazsa, onda;

26. kk=0 sorti yoxlanilir;

27. Ogor sort dogrudursa, I-in qiymati bir vahid artirilir: 1=1+1;

28. A(l)=bl gobul edilir;

29. [-nin qiymati bir vahid artirilir: i=i+1;

30. Ogor eof() voziyyati yaranibsa, proses dayandirilir, oks halda 4-cii bandos kegid edilir;

31. 26-c1 banddaki sort dogru deyilsa, 29-cu bands kegid edilir;

32. Faylin oxunusu basa ¢atibsa, yoni eof() voziyyati yaranibsa proses dayandirilir.

Qeyd edilon bu masalonin programindan niimuns asagida verilmisdir:

SELECT 8 DO WHILE .not. EOF()
USE bazhaskt EXCLUSIVE al=deb
n=RECCOUNT() bl=kre

m=2*n IF al<>bl .and. i=1
DIMENSION A(m) as String a(l)=al

=1 al(zl)liél

DO WHILE i<=m ENDIF
a(i)=SPACE(8) IF i>1

=i+l =1

ENDDO k=0
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anc

i=1

=1
=1

DO WHILE j<=I
IF al=a(j)
k=k+1
ENDIF
=jtl

ENDDO
IF k=0
I=1+1
a(l)=al
ENDIF
=1
kk=0

DO WHILE j<=I
IF bl=a(j)
kk=kk+1
ENDIF

=il

ENDDO
IF kk=0
|=1+1
a(l)=b1
ENDIF

endif
i=i+1
SKIP

ENDDO

Gostorilon bu alqoritm aparilan omoliyyatlar naticosindo bas kitab bazasinin “debet” vo
“kredit” sahalori iizro kodlar1 bir dofs se¢moklo yeni yaranacaq massivin formalagmasi iigiindiir.
Yoni, bu alqoritm asasinda tortib edilon proqram sokil 1-do gostorilon formada olan baza codvalindo
aparilmis omoliyyat kodlarindan ibarot A massivi yaradir vo burada tokrar istirak edon kodlardan

aq biri gotiirtliir.

Bas kitabin memorial formasinin tortib edilmasi li¢lin oavvalco Excel totbiqi agilir vo bas
kitab {i¢iin nozordos tutulan bagkitab.xlsx fayl totbiqo yonlondirilir. Homin faylin avvalcadon toyin
edilmis sotrino amoliyyat kodlarindan ibarot A massivinin elementlori tokrarlanmaqla yazilir.
Bu alqoritm osasinda tortib edilmis proqramdan bir hisso asagida verilmisdir:
Oleam=createobject(“Excel. Application™)
Oleam.Visible=.T.
fayun=SY S(5)+yol1+"baskit.xls”
Oleam.Workbooks.Open(fayun)

Oleam.Range(Oleam.Cells(3,1),0leam.Cells(3,k1)).select
Oleam.Selection.NumberFormat = “@”

k=2
Oleam.Cells(3,2)="Memop Ne”
DO WHILE i<=l
k=k+1

Oleam.Cells(3.k)=a(1)+’D’
k=k+1
Oleam.Cells(3.k)=a(i)+’K’
i=i+l

EN

DDO

Programin icras1 zamani alinan natico asagidaki codvoldo oks olunur (sokil 2).

A B

C

D

E

F

BASKITAB

G H

J

Memor Ne

3071 D

3071 K

084 D

084 K

103-1D:103-1 K

081D

081K

308-2-1D

308-2-1K

41D

MK

Sakil 2.0moalivyat kodlarinin Excel totbigino vonlondirilmosi
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Miihasibat qaydalarina goéro bas kitabda miixtolif
tarixlordo aparilmis omoliyyatlarin hor bir kodu (balans hesabi)
tizro sokil 1-do gostorildiyi kimi kodun birinci vo ya ikinci
siitunda yerlosmosindon asili olaraq mobloglor sokil 2-do oldugu
kimi homin kodun sol vo ya sag siitunlarinda vo omoliyyatin
aparildigr hor bir aymn vo memorial orderin ndmrosino uygun
satirlords yerlogsmoalidir. Yoni avtomatlagma zamani axtarig ancaq
kodlarin yerlosdiyi sotir iizro aparilmali, kod tapildigr halda
homin koda uygun moblog miivafiq ayin vo memorial orderin
némrasing uygun sotirdoki xanaya oslave edilmolidir. ©lave etmok
ona goro lazimdir ki, ay orzindoki miixtolif tarixlords eyni
memorial order vo kodlar iizro omoaliyyatlar aparila bilor ki, bu
omoliyyatlarin noticolori toplanib omoliyyata uygun xanada
comlonmoalidir. Qeyd edilon bu prosesin blok-sxemi asagidaki
kimidir (sxem 3):

Blok-sxemdon goriindiiyli kimi transponirs zamani bas
kitab bazasindan gotiiriilmiis molumatlar osasinda hor bir yaziya
uygun kodun Excel faylinin 3-cii sotrinds oks etdirilmis kodlarla
miiqayisosi aparilir vo lazim olan kod tapilan kimi, homin koda
uygun mablog, bu kodun yerlosdiyi siitunun miivafiq sotrindoki
xanadaki mabloglo toplanaraq homin xanaya yerlosdirilir.
Gostorilon alqoritmin proqram tominatindan bir fragment
asagidaki kimidir:

SELECT 8
GO1
=1
ajn=MONTH(dat)
DO WHILE .not. eof()
IF n<>MONTH(dat).or. il<>YEAR(dat) .or. mb<>mk
=i+l
endif
i=3
kk=3
Oleam.Cells(3+j,1)=dat
Oleam.Cells(3+j,2)=mk
DO WHILE i<=mn&&nnl1&&k
IF ALLTRIM(deb)=ALLTRIM(LEFT(Oleam.Cells(3,i).Value,

C Bastangr. >

| N=month(dat) mb=gus.il= year(dat).j=1 |

| Celis(3+j,1)=dat, Cells(3+, 2)=00k |

N

Deb ceIIs{3,}\)+D" ~
s

| Qiy= cells(3+i) value | ‘

~¥

=cells(3.0)+"F
—

— _
| Qiy= cells(3+,4). value |
-—
[
v

| N=month(datl.mb=puk.il=year(dat)./=1 |

/*\

~"Not Eaf{]~
— f—>

~———
¥OxX

Sxem. Verilonlor bazasi
cadvalinin transponira
edilmasinin sxemi

L Ha -

LEN(alltrim(Oleam.Cells(3,i).VValue))-1)) .and. RIGHT(ALLTRIM(Oleam.Cells(3,i).Value),1)="D'

.and.;

LEN(ALLTRIM(deb))=LEN(ALLTRIM(LEFT(Oleam.Cells(3,i).Value, LEN(ALLTRIM(Oleam.Ce

l1s(3,i).Value))-1)))

Oleam.Range(Oleam.Cells(3+j,i),Oleam.Cells(3+j,i)).select
Oleam.Selection.NumberFormat="0.00"
giy=Oleam.Cells(3+j,i).value

IF qiy<>0
Oleam.Cells(3+j,i)=qiy+qgaliq

ELSE
Oleam.Cells(3+j,i)=qaliq

endif
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ENDIF
IF
ALLTRIM(kre)=ALLTRIM(LEFT(Oleam.Cells(3,i).Value,LEN(ALLTRIM(Oleam.Cells(3,i).Valu
e))-1)) .and. RIGHT(ALLTRIM(Oleam.Cells(3,i).Value),1)='K" .and.LEN(ALLTRIM(kre))=
LEN(ALLTRIM(LEFT(Oleam.Cells(3,i).Value,LEN(ALLTRIM(Oleam.Cells(3,i).Value))-1)))
Oleam.Range(Oleam.Cells(3+j,i),Oleam.Cells(3+j,i)).select
Oleam.Selection.NumberFormat="0.00"
giy=Oleam.Cells(3+j,i).value
IF qiy<>0
Oleam.Cells(3+j,i)=qiy+qaliq
ELSE
Oleam.Cells(3+j,i)=qaliq
endif
ENDIF
=i+l
ENDDO
mb=mk
n=MONTH(dat)
iII=YEAR(dat)
SELECT 8
skip
ENDDO
Bu gostarilonlorlo yanasi bag kitabin memorial formasi yaradildigda kodlara (balans
hesablarina) goéro omoliyyatin naticolorinin yekun mabloglori riib iizro hesablanmali vo naticalor
Excel totbiqi faylinin miivafiq sotrino yazilmalidir. Bundan basqa hor kod iizrs alinan sag va sol
siitunlardaki comlor miiqayiss edilmoli, boylik moblogdon kicik mablsg cixilaraq alinan forq
(miihasibat islorindo bu forq saldo adlanir) boyiik mablog olan siitunun comlor sotirindon bir satir
asagida yazilmalidir. Qeyd edilon omoliyyatlarin proqram tominatindan bir fragment asagidaki
kimidir:
* Riibiin ceminin hesablanmasi
IF ABS(MONTH(dat)-n)>=3
=i+l
Oleam.Cells(3+j,1)="Riib iizro comi"
i=3
DO WHILE i<=m
Oleam.Range(Oleam.Cells(jj,i),Oleam.Cells(3+j,i+1)).select
Oleam.Range(Oleam.Cells(3+j,i),Oleam.Cells(3+},i+1)).Activate
li=il+1
sm="=SUM(R['+alltrim(STR(-1i,4))+]C:R[-1]C)'
Oleam.ActiveCell.FormulaR1C1=sm
Oleam.Range(Oleam.Cells(jj,i+2),0leam.Cells(4+j,i)).select
i=i+1
ENDDO
=i+l
i=3
Oleam.Cells(3+j,1)="Subhesablar iizro saldo"
DO WHILE i<=m
farg=Oleam.Cells(2+j,i).value-Oleam.Cells(2+j,i+1).value
IF farg>0
Oleam.Cells(3+j,i).value=farq
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else
Oleam.Cells(3+j,i+1).value=-farq
endif
I=i+2
enddo
=il
n=MONTH(dat)
endif
Programin bu fragmentindon goriiniir ki, har bir kod {izro uygun siitunlar segilir va secilmis
siitunlar {izro mabloglorin comi tapilir. Eyni bir koda uygun “Debet” vo “Kredit” siitunlar1 {izro
tapilan comlor miigayiso edilir vo boyiik moblogdon ki¢ik mablog c¢ixilaraq boyiik moblog olan
siitunda, comlor sotrindon bir sotir asagidaki xanaya yazilir. Bu programin icrasi zamani alinan
naticadan bir niimuns asagidaki kimidir (sokil 3):

A B C D E F G H J K L M N
BASKITAB
Memor Nei307-1 D 307-1 K 13084 Di3084 K 103-1D 031 Ki308-1 Di308-1K  308-2-1 D 30821 K {41 DMK
Hin Svvslina Qabglar 0.00 0.00 0.00 0.00 0.00 0.00
27.01.2022 3t 40858.5TF 21490745 1005.82 23738.28 6418.19
21.02.2022 31 46199931 23366411 1097.56 2715945 6993.63
15.03.2022 31140499 241 583346.03 2608.17 9413260 1748192
Riib iizra cami 227557.7411031917.59 0.00 4801.55:  000: 000! 0.00:145030.42 0,000 3089574 0.00f 000
|Subhe:"|bl:|r iizra saldo 804359.85 480155 0.00 143030.42 3089574 0.00

Sakil 3. Verilonlor bazasi cadvalinin Excel-da transponira edilmig formast

Beloliklo, transponirs edilmis heterogen matrislorin totbiqins aid bir niimuns gostordik.
Sonda bela gonasto golmok olar ki, istifadogilor bu iisuldan istifads edorak belos sopkili bir ¢ox islori
yerina yetiro bilarlor.
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Summary
About transponirated heterogeneous matrices and their one application
Hajiyev A.@., Mammadov F.O.

Key words: heterogeneous Matrix, transponirated heterogeneous Matrix, memorial order, head book

Today, the most perfect and reliable results in solving any economic problem can be obtained only by using
computer technologies. For computer solutions to various problems, first of all, certain mathematical methods are used,
algorithms are built, programs are compiled.

This article presents the rule for transposing heterogeneous matrices. In the case of automating the general
ledger, which is the basis of accounting, the two-dimensional array obtained at a certain step of the algorithm has the
form of a heterogeneous matrix, so this matrix is transposed and the results are sent to the Excel application to obtain a
memorandum form of the general ledger
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Pe3rome
O TpPaHCIOHUPOBAHHBIX reTEPOreHHbIX MATPUIIAX U UX IPUMEHEHU
Taoscuee A.A., Mameooe @.O0.

Knrwouegvie cnoea: cemepozennas mampuya, mpancnoHUpoSaHHas 2emepo2eHHAsl Mampuya, MeMOPUATbHbII

opoeH, 2nasHas Knuea

CeroJtHst caMble COBEPIICHHBIEC U Ha/IS)KHBIE PE3YJITAaThl IPU PELICHUH JII000I YKOHOMUYECKOH 3aJa4l MOYKHO
MOJYYUTh TOJBKO C MOMOIIBIO IPUMEHEHUS KOMIIBIOTEPHBIX TEXHOJIOTUH. 711 KOMIBIOTEPHOTO PEIIeHHs Pa3IUYHbIX
3aJa4, B IMEPBYI0 OYepelb, HUCIONB3YIOTCS OIpeJeNieHHble MaTeMaTHYeCKHe METOIbl, CTPOATCS alrOpPUTMBI,
COCTaBJIAIOTCS TIPOTPAMMBI.

B naHHON cTaThe NpEACTAaBICHO NPABMWIIO TPAHCIOHUPOBAHUS TETEPOTreHHBIX Marpull. B cimyuae
aBTOMATH3allUY TTIaBHON KHUTH, KOTOpasi ABJSIETCA OCHOBOM OyXTraJlTepCKOro ydeTa, IByMEpHbI MacCUB, OJTy4eHHBII
Ha ONpPENeNICHHOM IIare alropuTMa, MMEeT BHJ FeTEPOTCHHONW MATpHIlBI, ITO3TOMY 3Ta MaTpHILa TPAHCIOHHUPYETCS U
PE3yNbTaThl OTHPABIAIOTCS B IpHiIokeHne Excel s momydenust MeMopuanbHOH ()OPMBI TIIaBHOM KHUTH.
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Ragamsal dezinformasiya ragamsal platformalar vasitosilo yayilan yalan va
ya yamltict malumatlara aiddir. Bu malumatlar ictimai rayi manipulyasiya
etmak, siyasi maqsadlora ¢catmagq va ya igtisadi fayda alda etmak iigiin istifada
olunur. Sosial media platformalarinin va Internetin genis yayilmast ilo
raQomsal dezinformasiyanin yayilmasi xeyli artmisdir. BU magalonin magsadi
raQomsal dezinformasiyanmin yayimast yollarini, onun siyasi taSirini vo ona
qarst todbirlori miizakira etmokdir. RoQomsal dezinformasiyanmin tasirlarini
azaltmaq va comiyyati etibarli malumatlarla tomin etmoak iiciin texnoloji
hallor, hiiqugi va tanzimlayici tadbirlor, maolumatlandirma kampaniyalar: va
media savadliligimin artirilmasi tasabbiislori kimi miixtolif tadbirlor tolab
olunur. Galacak tadgiqatlar bu tohliikoni daha yaxsit basa diismak va bununla
miibariza iigiin yeni strategiyalar hazirlamaq iigiin ¢ox vacibdir.

dezinformasiya strategiyalar

Giris

Rogomsal dezinformasiya, raqomsal platformalar vasitasilo yayilan yanlis vo ya yaniltici
molumatlardir. Bu molumatlar, ictimai royi manipulyasiya etmok, siyasi mogsadlori hoyata
kecirmok vo ya iqtisadi monfoat oldo etmok iigiin istifado olunur. Sosial media platformalarinin vo
internetin genis yayilmasi ilo rogomsal dezinformasiyanin yayilmasi daha da artmigdir. Moaqalods,
rogomsal dezinformasiyanin yayilma yollari, siyasi tosiri vo garsisinin alinmasi yollar1 miizakiro
edilocok. Texnoloji haller, hiiquqi vo tonzimloayici tadbirlor, maariflondirme vo media savadlilig:
togabbiislori kimi miixtslif todbirlor, rogomsal dezinformasiyanin tosirini azaltmaq vo comiyyatin
dogru molumatlarla tomin edilmosini tomin etmak liclin vacibdir. Galacok tadqiqatlar, bu tohdidin
daha yaxs1 basa diisiilmasi vo onunla miibarizo aparmagq liciin yeni strategiyalarin inkisaf etdirilmasi
ti¢lin vacibdir.

Rogomsal dezinformasiyani yaymagq li¢lin coxsayli roqomsal platformalardan istifado edilir.
E-poct vo mesajlasma proqramlari, bloglar, sosial media platformalar1 vo vebsaytlarin hamisi bu
biliklorin yayilmasimna ohomiyyatli tohfo verir. Sosial media platformalart molumatin siiratlo
yayilmasi vo genis auditoriyaya catmasi iiciin faydali alotlordir. Veb saytlar vo bloqglar sayassinda
yanlis malumatlarin yayilmasi li¢iin ¢oxlu imkanlar var. Digor torafdon, ani mesajlasma proqramlari
va e-pogt istifadagilora molumati bir-biri ilo paylasmaga imkan verir.

Roagomsal dezinformasiya, miiasir dovrde siyasi miihitin formalagmasina ciddi tosir gostora
bilon effektiv bir vasitadir. Sosial mediadan istifade edarok, miixtalif qruplar, dlkslor vo toskilatlar
0z siyasi magsadloring nail olmagq ti¢iin dezinformasiyadan istifado edir.[1]

Sosial media platformalar1 roqomsal dezinformasiyanin yayilmasinda on genis yayilmis vo
tosirli vasitolordon biridir. Bu platformalar, malumatlarin siiratls vo genis auditoriyaya ¢atdirilmasi
ticiin idealdir. Sosial medianin istifada¢i say1 milyardlarla Sl¢iiliir vo bu da dezinformasiyanin genis
miqyasda yayilmasi li¢iin boylik imkanlar yaradir.
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Sosial media platformalar1, dezinformasiyanin yayilmasi iigiin ideal miihit yaradir. Insanin
hiss va fikirlorine tosir etmo qabiliyyati, sosial medianin buradaki rolunu artirir. Masalon, Facebook
vo Twitter, dezinformasiya mozmununun yayilmasinda miihiim vasitolordir.[4]

Facebook: Diinyanin on bdyilik sosial media platformalarindan biri olan Facebook,
dezinformasiyanin yayilmasi ii¢iin genis imkanlar toqdim edir. Burada molumatlar qisa miiddstdo
milyonlarla insana catdirila bilir.

Twitter: Twitter, dezinformasiyanin siiratli vo effektiv sokildo yayilmasi iigiin istifads edilir.
Qi1sa molumatlar bir tweet vasitosilo tez bir zamanda yayilir vo retweet edilorok genis kiitlolors ¢atir.

Instagram: Vizual mozmun iizorindo qurulmus Instagram, dezinformasiyani sokillor vo
videolar vasitosilo yaymagq tigiin istifado olunur, bu da onu tosirli edir.

YouTube: Video mozmunlari vasitasilo dezinformasiya yaymagq ii¢lin genis imkanlar toqdim
edon YouTube, yalan molumatlarin tosirini daha da giiclondirir.

Rogomsal dezinformasiya, yanlis vo ya yaniltict malumatlarin yayimlanmasi yoluyla ictimai
fikri manipulyasiya etmok mogqsodini giidiir. Sosial mediada siiratlo yayilan bu molumatlar, bozon
Olkadaxili va ya beynolxalq miinaqigolorin baglanmasina sobab ola bilor.[2]

Sosial media platformalari, dezinformasiyanin viral yayillmasina imkan verir ki, bu da onun
tosirini  artirtr.  Molumatlarin  tez-tez yoxlanmadan paylasilmasi dezinformasiyanin genis
yayilmasina sobab olur.

Internet saytlar1 vo bloglar, roqomsal dezinformasiyanin yayilmasinda genis istifado olunan
vasitolordir. Bu platformalar molumatlarin genis auditoriyaya ¢atdirilmasi {igiin idealdir va asanligla
manipulyasiya edils bilir.

Dezinformasiya kampaniyalari, spesifik hodof qruplar {lizerinds tosir etmok mogsadils
hazirlanir. Masalon, gonclor, yaglilar, siyasatlo olagasi olmayan insanlar bu hadoaflors daxil ola biler.
Hadoaf olunan qruplar, dezinformasiyaya daha hassasdir[5]

Fake News Saytlar1: Yalan xabarlor yayan saytlar dezinformasiyanin yayilmasinda miithiim
rol oynayir. Bu saytlar, sensasiyali vo yanlis malumatlar yayaraq insanlarin diqqgotini calb edir.

Bloglar: Fordi bloglar dezinformasiyanin yayilmasi ii¢lin olverisli platformalardir. Bloglar
vasitosilo yanlis molumatlar paylasilir vo genis auditoriyaya ¢atdirila bilir.

Alternativ Media Saytlari: ©Ononovi media qurumlarina inamsizliq yaradan alternativ media
saytlar1 dezinformasiyanin yayilmasinda miihiim rol oynayir. Bu saytlar, yalan moalumatlarla dolu
olan magqaloalor vo xabarlor yayimlayir.

Internet saytlar1 vo bloglar, insanlarmm molumat monbolorino olan inamm sarsidir vo
dezinformasiyanin yayilmasina sorait yaradir. Bu da comiyyatdo narahatliq vo anlagilmazlig: artirir.

E-poct vo mesajlagsma totbiqlori roqomsal dezinformasiyanin yayilmasi ii¢lin genis imkanlar
yaradir. Bu vasitolor, molumatlarin soxsi va stiratli yayilmasi ii¢lin idealdir.

E-poct: E-pogt vasitosilo dezinformasiya yaymaq, molumatlarin birbasa soxsi qutulara
catdirilmasi il effektiv olur. Bu, fordlor arasinda yalan molumatlarin yayilmasina sabab olur.

WhatsApp vo Telegram: WhatsApp vo Telegram kimi mesajlasma totbiglori
dezinformasiyanin siirotlo yayilmasi {iclin genis istifado olunur. Bu totbiglor vasitosilo molumatlar
qisa miiddatda boyiik qruplara géndorils bilir.

SMS: SMS vasitasilo dezinformasiya yaymaq, malumatlarin siiratlo vo genis yayilmasi iigiin
istifado edilo bilir.

E-poct vo mesajlasma totbiqlori, soxsi molumatlarin yayilmasi iigiin olverislidir vo bu da
dezinformasiyanin tasirini artirir. Bu vasitelor, malumatlarin genis yayilmasina vo insanlarin yanlis
molumatlar osasinda qorar vermosino sabob olur.

Rogomsal dezinformasiya kampaniyalar1 siyasot diinyasinda tesir yaratmaq iiclin genis
istifado olunur. Bu kampaniyalar ictimai royin yonlondirilmasi, secki proseslorinin tasirlonmasi vo
dovlatlorarast miinasibatlorin pozulmasi mogsadi ilo hoyata kegirilir. Dezinformasiyanin yayildigi
zaman insanlar yanlis molumatlara osason diisiincolorini vo davraniglarini doyisdirir, noticado
ictimai roy manipulyasiya olunur.
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Ictimai royin manipulyasiyasi, dezinformasiya vasitesilo insanlarin diisiincolorini vo
davraniglarini doyisdirmok mogsadi dasiyir. Sosial media platformalar1 vo digor rogomsal vasitolor
bu manipulyasiyanin hoyata kecirilmosi iiclin ideal vasitolordir. Dezinformasiya kampaniyalari
insanlarin emosiyalarini vo inanclarin1 manipulyasiya edorok, onlarin miioyyon bir mévzuya vo ya
$9xs9 qarst miinasibotlorini doyisdirir. Bu, siyasi mogsadlorin hoyata kegirilmosi iiglin giiclii bir
vasitadir.

Rogomsal dezinformasiya kampaniyalarinin noticolori genis miqyasda aragdirilmigdir.
Masoalon, siyasi seckilordo dezinformasiyanin tosiri segici davranisa vo secki noticolorino birbasa
tosir edir. 2016 ABS prezident segkilori zamani bu fenomen genis miizakirs olunmusdur.[3]

Secki prosesloring tosir etdikdo, segicilor yalan molumatlara osaslanaraq qorarlar qobul edir
vo bu da demokratik proseslorin etibarliligini siibho altina alir. Dezinformasiya kampaniyalari
seckigabaglr dovrlordo xiisusilo tosirli olur. Yalan molumatlar namizodlor haqqinda yanlis
tasavviirlor yaradir va segicilorin gorarlarint manipulyasiya edir. Bu, seckilorin naticalarins tosir edir
va demokratik proseslorin soffafligini vo odalstliliyini pozur.

Dovlotlorarast miinasibatlore golincs, dezinformasiya vasitasilo dovlotlor arasinda gorginlik
artirilir vo movcud problemlor daha da dorinlosir. Dezinformasiya kampaniyalart dovlstlor arasinda
yanlis molumatlar yayaraq, onlarin bir-birilorino qarst diismongilik hisslorini artirir. Bu, dévlotlor
arasinda diplomatik miinasibatlorin pozulmasina vo hotta miinaqisolorin yaranmasina sobab ola
bilor. Dezinformasiya dovlstlor arasinda etimadsizliq yaradir vo beynslxalq miinasibotlori
gorginlosdirir.

Coxsayli ekspertlor vo todqigatgilar, rogomsal dezinformasiyanin qarsisini almaq tigiin
miixtolif strategiyalar toklif edirlor. Todqgiqatlar, tohsilin artirilmasi, media savadliliginin
yiiksaldilmasi vo miivafiq qanunvericilik doyisikliklorinin vacibliyini vurgulayir.[6]

Rogomsal dezinformasiyanin qarsisinin alinmasi iiglin miixtolif texnoloji, hiiquqi vo
maariflondirms todbirlori hoyata kegcirilir. Texnoloji hollor vo alqoritmlor dezinformasiyanin
yayilmasini mohdudlagdirmaq vo yanlis malumatlar1 miioyyon etmak ii¢iin istifado olunur. Hiiquqi
vo tonzimloyici todbirlor dezinformasiyanin yayilmasini cinayat hesab etmok vo bu foaliyystlori
cozalandirmaq moqsadi dasiyir. Maariflondirme vo media savadlilifi  iso insanlarin
dezinformasiyani tanima v ona qarsi miibarizo aparma gabiliyyatini artirmaq moaqsadi dasiyir.

Istifado olunan strategiyalar arasinda doqiq molumatlarin  toqdim edilmosi  va
dezinformasiyanin ifsa edilmasi vacibdir. Homginin, sosial media platformalarinin masuliyyatli
davranisi da 6nomlidir.[7]

Beynolxalq toskilatlar, dezinformasiya ilo miibarizodo shomiyystli rol oynayir. Masalon,
NATO vo BMT, bu mdvzuda qlobal yanagmalarin inkisafina dostok olurlar.[§]

Texnoloji hallor vo alqoritmlor dezinformasiyanin yayilmasini mohdudlasdirmaq vo yanlis
molumatlar1 miioyyon etmok {igiin istifado olunur. Sosial media platformalar1 vo diger rogomsal
vasitolor dezinformasiyanin yayilmasii mohdudlasdirmaq ti¢iin miixtalif alqoritmlor vo texnoloji
hallor totbiq edir. Bu alqoritmlor yalan molumatlari miioyyon edir vo onlarm yayilmasini
mohdudlasdirir.

Hiiquqi va tonzimloyici tadbirlor dezinformasiyanin yayilmasini cinayat hesab etmok va bu
foaliyyotlori  cozalandirmaq moqgsadi  dasiyir.  Dovlotlor  dezinformasiyanin  yayilmasini
mohdudlagsdirmaq ii¢lin qanunlar qobul edir vo bu qanunlart totbiq edir. Bu todbirler
dezinformasiyanin yayilmasimni mohdudlasdirmaq vo bu foaliyyotlori cozalandirmaq mogsadi
dasiyir.

Maariflondirmo vo media savadlilifi insanlarin dezinformasiyani tanima va ona qarsi
miibarizo aparma qabiliyyatini artirmaq moqsodi dasiyir. Maariflondirma kampaniyalar1 vo tolim
programlari insanlarin dezinformasiyani tanima vo ona qarsi miibarizo aparma qabiliyyatini artirir.
Bu tadbirlor insanlarin dezinformasiyaya qars1 daha molumatli vo hazirligl olmasini tomin edir.

Texnologiyanin inkisafi ilo rogomsal dezinformasiya kampaniyalarinin da inkisaf edocoyi
gozlonilir. Yeni texnologiyalar vo platformalar, dezinformasiyanin yayilmasi li¢iin yeni imkanlar
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yaradir. Beynolxalq omokdasliq vo qlobal strategiyalar, rogomsal dezinformasiyanin garsisinin
alimmasinda miihiim rol oynayir. Dovlatlor vo beynolxalq toskilatlar, bu tohdido garst miibarizo
aparmaq ligiin birgo tadbirlor hoyata kegirmalidirlor.

Natico

Rogomsal dezinformasiya kampaniyalar1 miiasir diinya siyasstindo ciddi bir tohdid olaraq
galir. Bu kampaniyalar ictimai royin manipulyasiyasi, secki proseslorinin tosirlonmosi vo
dovlstlorarast miinasibatlorin  pozulmas: kimi miixtolif yollarla siyasi tesir yaradir.
Dezinformasiyanin yayilmasi, insanlarin yanlis molumatlara asason diisiincolorini vo davraniglarini
dayisdirmasine sobab olur va naticads ictimai roy manipulyasiya olunur.

Ictimai royin manipulyasiyasi, dezinformasiya vasitesilo insanlarin emosiyalarmni vo
inanclarin1 manipulyasiya edorak, onlarin miisyyon bir mdvzuya vo ya $oxso qarst miinasibotlorini
doyisdirir. Bu, siyasi mogsadlorin hoyata kegirilmasi {i¢lin giiclii bir vasitodir. Segki proseslorino
tosir etdikdo iso segicilor yalan molumatlara asaslanaraq qorarlar qabul edir vo bu da demokratik
proseslorin etibarliligin1 siibho altina alir. Dezinformasiya kampaniyalar1 seckigabagi dovrlordo
xlisusils tasirli olur va seckilarin naticalaring tasir edir.

Dovlatlorarast miinasibatlora galinco, dezinformasiya vasitasilo dovlatlor arasinda gorginlik
artirilir vo mévcud problemlor daha da dorinlogir. Dezinformasiya kampaniyalar1 dovlatlor arasinda
yanlis molumatlar yayaraq, onlarin bir-birilorine qarsit diismongilik hisslorini artirir. Bu, dovlatlor
arasinda diplomatik miinasibotlorin pozulmasina vo hotta miinaqgisolorin yaranmasina sabob ola
bilor. Dezinformasiya dovlotlor arasinda etimadsizliq yaradir vo beynolxalq miinasibatlori
gorginlogdirir.

Rogomsal dezinformasiyanin garsisini almaq iiclin miixtalif texnoloji hallor, hiiquqi vo
tonzimloyici tadbirlor vo maariflondirmo togabbiislori birgs istifads edilmalidir. Texnoloji hallor vo
alqoritmlor dezinformasiyanin yayilmasini mshdudlasdirmaq vo yanlis molumatlari miisyyon etmoak
ticiin effektiv iisullardir. Hiiquqi vo tonzimloyici tadbirlor yalan molumatlarin yayilmasini cinayat
hesab etmok vo bu foaliyystlori cozalandirmaq mogsodi dasiyir. Maariflondirms vo media
savadlilig1 tosobbiislori insanlarin dezinformasiyani tanima vo ona qarst mibarizo aparmaq
qabiliyyatini artirmagq {i¢iin vacibdir.

Golocok todqiqatlar, rogomsal dezinformasiyaya qarst miibariza strategiyalarinin
effektivliyini vo comiyyatin bu fenomens qarsi reaksiyasint daha detalli bir sokildo
arasdirmalidir.[9] Rogomsal dezinformasiyanin tosirini daha yaxsi basa diismok vo onunla miibarizo
aparmagq l¢lin yeni strategiyalarin inkisaf etdirilmasi ii¢lin vacibdir. Bu tohdidin qarsisin1 almaq
iclin  dovlatlor, beynolxalq toskilatlar vo comiyyotlor birgo ¢alismalidir. Rogomsal
dezinformasiyanin tesirini azaltmaq vo comiyystin dogru molumatlarla tomin edilmesini tomin
etmak liglin har kasin tizorina boyiik masuliyyat diisiir.
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Summary
Political impact of digital disinformation campaigns
Rustamov M.A.

Key words: Digital disinformation, political impact, information warfare, social media manipulation, internet

security, media literacy, cybersecurity, digital platforms, fake news, disinformation strategies

Digital disinformation refers to false or misleading information disseminated through digital platforms. This
information is utilized to manipulate public opinion, achieve political objectives, or gain economic benefits. With the
widespread use of social media platforms and the internet, the spread of digital disinformation has increased
significantly.

This paper aims to discuss the ways in which digital disinformation spreads, its political impact, and measures
to counteract it. Various measures such as technological solutions, legal and regulatory actions, awareness campaigns,
and media literacy initiatives are essential to mitigate the effects of digital disinformation and ensure that society is
provided with accurate information. Future research is crucial to gain a better understanding of this threat and to
develop new strategies to combat it.

Pesrome
HoanTnyeckoe BIAUsIHNE KAMIIAHUI M (POBOI Ae3uHpopManuu
Pycmamos M A.

Knwouesvie cnosa: yugposas Oesungopmayus, noaumuyeckoe 6ausAHUe, UHDOPMAYUOHHASL  BOUHA,
MAHURYTIAYUSA 8 COYUANbHBIX Meoud, UHmMepHem-0e30nacHOCHb, MeOUacpaMOmMHOCHb,
Kubepbesonacnocmnv, yugposvie niamgopmvl, elurogvle HOBOCMU, CmMpameuu
oesungpopmayuu.

Ludposas ne3uHpOpManyss OTHOCUTCS K JIOKHOW WJIM BBOAAIIEH B 3a0iyxaeHne HHGPOPMAIHH,
pacmnpoctpansieMoii  4yepe3 1uppoBbie TIATPOPMBI. ITa HHPOPMALUS HCHOIB3YETCS Ui MAaHUIYJIMPOBAHUS
0O0IIIECTBEHHBIM MHEHHEM, JOCTHKECHUsI MOJUTHUECKUX LIeJIei WM TI0JIy4eHUs] SKOHOMUYECKOU BbIT0Jbl. C HIMPOKUM
pacrpocTpaHeHHeM COLHMAIbHBIX Menua IUaTGopM M HHTEpHETa, paclpocTpaHeHHe UUQpOBOH ae3nHdopManru
3HAYUTEJIBHO YBEINYMIOCh.

Lenp naHHOW CTAaThH - OOCYIUTH CIOCOOBI pacnpocTpaHeHUsI HUPPOBOH Ne3MH(POPMAINHY, €€ TOINTHIECKOe
BIMSHHE W MEpHI M0 MPOTHBOJACHCTBHIO €if. PasnmuuHble Mephl, Takue KaK TEXHOJIOTMYECKHE PEIICHHs, NPABOBBIE U
pEryJIATOpHBIE JeWCTBHSA, WH()OPMAIMOHHBIE KaMINAaHWW W WHHULIWATUBBl 110 TIOBBIIICHWIO MEAWArpaMoOTHOCTH,
HEOOXOAMMBI ISl CMSTYEHHs IOCHEACTBUH IM(pPOBOH ae3nHpopManmuu W obecrieueHHs OOIIECTBa JOCTOBEPHOM
nadopmanmeir. bynymue nccienoBaHWS HMMEIOT pelIaroniee 3HAuCHWE JUI JIy4IIeTo MOHUMAaHHS 3TOH yrpo3sl H
pa3paboTKH HOBBIX CTpaTeruit 60pbObI ¢ HEll.
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MOQALSD HAQQINDA MOLUMAT XULASO
Magalanin tarixgasi Bu moqalada enerji istehsali prosesinda texniki keyfiyyata nazaratin
Daxilolma tarixi: 25.03.2025 giiclondirilmasi, hamginin raQamsal yarimstansiyalarda kibertohliikasizliyin
Diizoliy tarixi: 20.04.2025 artirilmast ti¢iin SCADA sisteminds tatbiq olunan program tominatinin
Qobulolunma tarixi: 25.05.2025 tokmillosdirilmasi masalalari miizakira olunur. Maqalada real vaxt rejiminda
toplanan malumatlarin tohliikasizliyini vo dayismoazliyini tomin etmoak iigiin
Agar sozlar: blockchain texnologiyasmmin SCADA sistemlarina inteqrasiyast toklif olunur.
keyfiyyata nazarat, blokchain Enerji istehsalimin va texnoloji proseslorin modul qurulusunu nazara alaraq,
texnologiyasi, freym modellasdirma, ¢oar¢ivo modellogdirma metodundan istifado edarak idaraetma va noazarat
raQomsal yarimstansiya, alqoritmlaori hazirlanmisdir

kibertahliikasizlik

Yasil energetikaya kecidin aktualliq kosb etdiyi hazirki dovrds elektroenergetik sistemlords
istehsal olunan enerjisinin keyfiyystino texniki nozarst sisteminin qurulus sxemlorinin miihandis
layihalondirilmesi morholosinds layihosinin vacib masalalorindon biri istehsal modullarinda
enerjinin keyfiyystino texniki nozarst vasitslorinin tiplorinin seg¢ilmosi, 6lgmo avadanliglarinin
daqiq isci zonalarda vo lazimi1 mdvqelords yerlosdirilmasi, texnoloji prosess uygun texniki nozarat
prosesinin avtomatik idaro edilmasi iigiin lokal vo iimumi program tominatinin islonmosindon vo
rogamsal yarimstansiyalarin kibertohliikesizliyinin tomin olunmasindan ibaratdir.

Malum oldugu kimi, enerjinin istehsali, 6tiiriilmasi, optimal paylanmasi vo miihafizasi tiglin
energetika miiossisolorinin rogomsallagdirilmasina kegido 6nom verildiyi bir dévrds enerjinin
keyfiyyot gostoricilorinin ciddi gokildo artirilmasina nail olmaq mogsadi ilo vacib program
alotlorindon biri SCADA sistemidir. Bu sistemin komoyi ilo istehsalin biitiin magsadlorine nail
olundugunu vo hazir mohsulun keyfiyyst standartlarina cavab verib-vermadiyini miioyyon etmok
imkani reallagir. SCADA sisteminin islonmosi zamani qarsiya qoyulan vozifalordon asili olaraq,
istehsalatin dispetger-operator nazarstetmo prosesindo hor hanst bir sahads tolobatgilara otiiriilon
enerjinin keyfiyyotinin va enerjini istehsal edon avadanliglarin cari texniki voziyyestinin doqiq
miisahidasi naticosindo nozarot molumatlarinin tez bir zamanda olds etmoys vo miistaqil gorar qobul
etmoyo imkan yaranir.

Bildiyimiz kimi, SCADA sistemi, elektrik enerjisinin paylanma elektrik sobokolorinin idara
olunmasinda ¢ox miihiim rol oynayir. Onlar elektrik stansiyalarindan vo paylayicit sobokolordon
golon molumatlari toplayaraq, enerji istehsalini, paylanmasin1 vo soboka tlizerindoki yiiklori izlayir.
Bu, saboks nasazliqlarini, enerji itkilorini vo ya giic balanssizliglarini vaxtinda askarlamaga komak
edir.

Bundan basga, borpa olunan enerji monbolorindo elektrik enerjisi istehsal olunan zaman
SCADA sistemlori, enerji istehsalin1 izlomok vo sistemin foaliyystini optimallagdirmaq iiciin,
hamginin, akkumulyatorlarin texniki voziyyatini izlomak vo idara etmak ii¢ilin ds istifads olunur.

Hazirki moqaladoa elektrik enerjisinin istehsali prosesindoe SCADA-nin totbiqi ilo proseso
texniki nozarat sisteminin giiclondirilmasi mogsadi ilo onun etibarli avtomatlasdirilmasi sxeminin
yaradilmasi, sistemin proqram tominatinin tokmillogdirilmasi, roqomsal yarimstansiyalarda idars
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sisteminin tohliikesizliyinin tomin olunmasi ii¢lin sistemdo blokchain texnologiyasindan istifado
etmoyin miimkiinliiyli mosalosino baxilir.

Molumdur ki, Siemens vo ABB kimi sonaye liderlori artiq blokchain osasli enerji ticarati vo
SCADA sistemlori ilo inteqrasiya {izorindo layihalor hoyata kegirirlor. Qeyd etmok lazimdir ki,
rogomsal yarimstansiyalarin isino konar tosirlorin miimkiinliiyiiniin yox edilmosi iigiin do SCADA
sistemindo blokchain texnologiyasindan tohliikasizlik vo molumatlarin konardan doyisdirilmasinin
qarsisinin alinmast ii¢iin istifado olunmasi toklif olunur.

Blokchain texnologiyasinin is prinsipino asason demok olar ki, SCADA sistemlorindo real
vaxtda oldo olunmus coroyan, gorginlik, aktiv vo reaktiv giic itkilori vo s. sobokonin aktiv
parametrlorini 6ziindo oks etdiron molumatlar blokchain iizorindo saxlanarsa, bu molumatlari
sonradan doyisdirmak miimkiin olmaz. Kibertohliikasizliyin artirilmasi baximindan deyas bilarik ki,
ononavi SCADA sistemlori morkozlosdirilmis olur, bu da onlar1 kiber hiicumlara qarsi1 daha zoif
edir. Blokchain paylanmis bir sistem oldugu ii¢iin, molumatlar birdon ¢ox yerds saxlanilir vo bir
noqtodon doyisdirilmosi ¢otinlosir. Bundan basga enerjini istehsal edon, Otiiron vo islodicilor
arasinda paylayan sirkotlorin arasinda ideal soffafliq yaranmis olur ki, bu da maliyys hasabatlarinin
dogruluguna siibhs yaranmaga imkan vermir.

Blokchain texnologiyasindan istifado edorok qeyd etdiyimiz sistemi sxematik olaraq
asagidaki kimi gostors bilorik.

)
EMS | 4 :;.@

Xidmot -t BLGCK TCP/IP »
tominatcisi @ GHAY @\ é/’___‘? Enerji istehsal

2 sistemi
EMS

\E Mbisatda istifada

olunan yiiklar

TCPHP

SCADA asasinda enerjinin istehsali texnoloji prosesina vo enerjinin keyfiyyatina nazarati
tomin etmok li¢lin avtomatlagdirilmis idarsetma sisteminin alt sistem saviyyasinds morkozi nozarot
program tominatinin iglonmasi tolob olunur. Nozors alsaq ki, bu proses ii¢ istehsal modulundan —
istehsal, Otiirmo vo paylanma ibarotdir vo hor bir modulda aktiv elementlorin texnoloji
omoliyyatlarina, enerji ¢evrilmasinds istirak edon avadanliglara vo moahsulun keyfiyyatino nazaratin
cox sayli vo qarsiligl slagali funksiyalar mévcuddur, informasiya olagalorin saxelonmosi olduguna
goro, freym montiqi modellosdirma tisulundan istifado etmok daha mogsadouygundur [2, 3].

Enerji tominatt modullarinin texniki nozarot sisteminin alqoritminin layiholondirilmasi, har
bir aktiv elementin (AEi) amaliyyatinin vo mohsulun keyfiyyatino nazarstin diizglin qurulmasim
tomin etmok li¢lin agagidaki tosnifat prinsiplorine asaslanir. Bu prinsiplor homginin texniki nozarat
sisteminin is rejiminin, nazarat parametrlorinin vo digor slagoli elementlorin qarsiliqli slagosini
tomin etmayo xidmot edir.

[lkin morholods asagidaki molumatlar freym modellosdirmo prinsipi osasinda tosnif olunur:

AEi-lorin Adlar1 (AEi_ady: Hor bir aktiv elementin (AEi) adi, onlarmn forqli
funksiyalarin1 miioyyan edir. Bu adlar sistemdoki miixtalif hissalorin vo komponentlorin diizgiin
taninmasini tomin edir.

Verilon molumatlara asaslanaraq, enerjinin keyfiyyatina (EK) texniki nozarst sistemi ilo
bagl slotlarin vo prosedurlarin strukturu, eloca do prosesin marhalali sokilde programlasdirilmasi
haqqinda molumatlar aydin sokildo toqdim etmok ii¢lin asagidaki sokildo mantiqi alqoritm qurulur:

EK-rin Texniki Nazarat Sistemi:

Slot 1: AEi-nin Texniki Nazarat Vasitalari
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Slot 2: EK-nin Texniki Nazarat Vasitalari

Slot 3: AEi-nin Texniki Nazarat Vasitalarinin Gostoricilari

Slot 4: EK-nin Texniki Nazarat Prosedurlarinin Algoritmi

EK-nin Texniki Nazaratinin Marhalali Programlasdirmast

Programin hoyata kegirilmasi {igiin har bir slotda verilon sortlor vo gostaricilor daxil edilir.
Biitiin bu proseslor bir-biri ilo alagoali olub, enerjinin istehsalinda keyfiyyatin tomin edilmosi ii¢iin
nozarat edilir.

Blok-sxemdaki ardicilliq gostarir ki, har bir texniki nozarat proseduru, uygun gostaricilorin
oldo edilmesi ilo aktivlesir. Prosesin diizglin islomosi {iglin hor bir slotun diizglin
programlasdirilmasi vacibdir.

Yuxarida gostorilon alqoritmo osason, g¢evik istehsal sahosinin qurulug sxemi SCADA
TRACE MODE asasinda avtomatlasdirilmis idaraetms sistemi formalasir [1]. TRACE MODE-nin
funksiyalar1 dord morhalods hoyata kegirilir:

- periferik sistem avadanliginin va saboko avadanliginin se¢imi;

- sistemdo informasiya axinlarinin strukturunun toskili;

- informasiya trafiki qaydalarinin miioyyon edilmasi;

-  TRACE MODE serverlorinin qurulmast.

EK-nin informasiya-6l¢mo vo idarsetmao vasitolorinin axtarisi, analizi, se¢imi va alqoritminin
layihalondirilmesinin freym modelinin proqramlagdirilmas: {igiin ekspert sisteminin proqram
tominati prosedurlari qurulur.

Layiholondirmo {i¢iin enerji sistemindon axtaris va se¢im ii¢iin bilik bazasi formalasdirarkon,
anlayislarin tosviri zamani linqvistik dayisonlar istifads olunur. Linqvistik doyison EK-nin se¢iming
vo dizaynina, onun avtomatlagdirilmis idaroetmo sistemino vo mohsullarin keyfiyystino nozarsto
nozarat prosesinin qaydalarina dair noticalor iigiin ekspert programinin slotunun hom simvolik, hom
do adadi giymatlorini toyin etmoys imkan verir. Hor bir simvolik doyars lingvistik doyisonin adadi
doyari ilo verilmis adadi doyar {iciin etibarliliq amsali arasinda slagoni toyin edon {izvliik funksiyasi
verilir (simvolik doyars uygundur). Linqvistik doyisenin har bir simvolik dayarinin 6z funksiyasi
var. Uzvliik funksiyasi linqvistik doyisonin biitiin simvolik giymatlori {i¢iin eyni olan metrik skala
seqmentindo miioyyaon edilir.

Bu alqoritm todqiq olunan istehsal prosesinin idarsetmosini tomin edon ekspert proqram
miihiti yaratmaga imkan verir.
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Summary
Development of information and software support for the quality control system of generated energy
Huseynova G.H.

Keywords: quality assurance, blockchain technology, frame-based modeling, digital substation, cybersecurity

This article explores the improvement of software applied in SCADA systems to enhance technical quality
control in energy production, as well as to strengthen cybersecurity in digital substations. The paper proposes the
integration of blockchain technology into SCADA systems to ensure the security and immutability of real-time
collected data. Based on the modular structure of energy production and its technological processes, control and
monitoring algorithms have been developed using the frame-based modeling method.

Pesiome
Pa3paborka HH(OPMALIMOHHOI0 M IPOTPAMMHOI0 o0ecreYyeHHs CUCTeMbl KOHTPOJISI KauecTBa
BbIpadaThIBaeMoii JHeprun
T'yceitnosa I'. I.

Knroueevie cnoea: kowmponv Kauecmea, mexHoao2us ONOKYelH, @peim-modenuposanue, yupposas
noocmanyus, Kubepoe30nacHocms

B nmaHHO# cTaThe paccMaTpPHUBAIOTCS BOMPOCHI COBCPIICHCTBOBAHUS IPOTPAMMHOIO  OOCCICUCHHS,
npumensiemoro B cucteme SCADA, nmnsi ycuJgeHHs] TEXHHYECKOTO KOHTpOJISI KauecTBa B MPOIECCe MPOU3BOJCTBA
9HEPI'HH, a TaK)KE MOBBIIMICHUS KUOEepOe30macHOCTH B MUGPOBBIX MOJCTAHIUIX. B cTaThe mpemiaracTcsi MHTETPaIUs
TexHOJoruu Ojokueiin B cuctreMbl SCADA ¢ 1enpio obOecredeHuss 0€30MacHOCTH M HEM3MEHHOCTH JaHHBIX,
cobupaemMbIXx B peXHUMe peanbHOTO BpeMeHu. C ydyeToM MOAYJIbHOHW CTPYKTYphl TPOW3BOJACTBA JHEPTUU H
TEXHOJIOTHYECKUX TPOIECCOB OBUIH Pa3pabOTaHBI aNTOPUTMBI YIIPABICHHUS W KOHTPOJS C HCIOJIB30BAHHEM METONA
(bperiM-MOoAeTPOBAHUS.
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Xiisusi toayinath elektron alaqa interfeysinin elektron qurgu vo sxemlarinin
ALS miihitinda foaliyyat gostoran avtomatlasdirilmis layihalondirmo aloti ilo
islonmasi

Zeynalova Solmaz Maharrom qizi ORcID

Sumqayit Doviat Universiteti, Sumqayit, Azorbaycan, doktorant
solmaz.zeynalova.2017@mail.ru

MOQALO HAQQINDA MOLUMAT XULASO
Magalanin tarix¢asi Maqalada Kompiiter Dastakli Dizayn alatindon (IAP) istifada edarak GPS
Daxilolma tarixi: 11.04.2025 niimunasindan istifads edarak elektron interfeysin dizayni masalolori miizakira
Diizalis tarixi: 20.05.2025 olunur. AP-nin ¢oxfunksiyali elektron cihazlarin va sxemlorin CAD miihitinda
Qabulolunma tarixi: 04.06.2025 isladiyi gostorilir. Maqalada bir CAD miihiti olaraq P-CAD vo SPECCTRA
gobul edilmisdir ki , bu da bir ¢ox qrafik redaktorundan ibaratdir va elektron
Acar sozlar: cihazlarin PCB dizaynimin tam dévriina imkan verir. BFG va P-CAD sematik

ALS, CIS, ALS miihiti, CAD framework program komplekslorindan istifads edarak vo P-CAD PCB elektron
interfeysin dovra elektrik dovrolorinin  kompiiter doStokli  dizaymi  va
elementlarinin PCB-ya yerlosdirilmasi iigiin alqoritmlar hazirlanmisdir

Miixtalif tayinatli texniki sistemlorin, o ciimloden ¢evik istehsal sistemlorinin (CIS) sonaye
va digor sahalordo genis sokilds totbiqi gostorir ki, onlarin onun asas komponentlorindon biri olan
idaroetmo sistemlori qarsilarinda qoyulan hor hansi bir masalonin real vaxt rejiminds hoallini tomin
etmak liglin ham 6z daxilinds, hom do slavo avadanliglarla qarsiligh slagads miixtalif informasiya
monbalorindon molumatlart toplamali, emal etmali vo situasiyalara uygun icra qorarlarini
formalagdiraraq qarsisina qoyulan mogsado nail olmalidir. Malumdur ki, informasiya manbalari
miixtolif toyinatli qurgulardan alinaraq obyektin idars sisteminin baza elementi olan kompiiterin
isini tomin etmoali vo miixtalif sensorlardan qobul olunan informasiyalarin kompiiterin toloblorino
uygun soviyyads olmasina cavab verilmolidir.

Todgiqat obyekti kimi secilmis CiS-do adaton ii¢ nov xiisusi toyinath olago interfeysloring
rast golinir: CiS-in mexatron qurgular1 vo digor komponentlori arasindaki vo ixtisaslasdirilmis
konstruktor va layihoetma togkilatlarinin miitoxassislori torofindon layihoalondirilmis standart olaqo
interfeyslori (bu nov interfeyslor xiisusi zavodlarda istehsal olunur); xiisusi toyinath olago
interfeyslori — idaro sistemi ilo CIS-in standart vo geyri-standart avadanliglarinin miixtolif
movqelorinds qurasdirilmis sensorlarla vo icra mexanizmlori ilo olagoni tomin etmok {i¢iin ( bu név
interfeyslor adoton sinaq vo totbiq morhalalorindo konkret obyektin xiisusiyyatlorindon va
toloblorindon asili olaraq layiholondirilir) [1].

Mogqalodo CiS-in obyektlo olago interfeysinin elektron qurgu vo sxemlori ALS-lori
mihitindo foaliyyot gdstoron avtomatlagdirilmis layihalondirmo alotindon (ALA) istifado etmoklo
qurgunun prinsipial elektrik sxeminin layiholondirilmasi vo onun elektroradioelementlorini (ERE)
cap platasinda yerlosdirilmosi morhalalorine baxilir[2,3].

Hesab olunur ki, ALA-dan istifado etmolko ¢ox funksiyali ALS-lor miihiti ilo qarsiligh
olagodo miixtalif toyinatli ERE-lorin sorti qrafiki tosvirlorinin (SQT) kitabxanalar1 biliklor bazasi
(BB) yaradilmigdir. Hor bir ERE-in SQT-in kitabxanasina daxildir:

(.lib)-secilmis elementin simvolunun alt kitabxanast,

(.lib)-secilmis elementin cap platasinda yerlogdirma yuvasi (YY) alt kitabxanast;
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(.1ib)- kitabxana elementi ( simvol, YY va elementin ¢ap platasindaki kontakt yuvalarinin
SQT-in kontaktlarina uygunlugu).

ALA coxfunksiyali elektron qurgu vo sxemlori ALS-lori miihitino daxil edilmiis CAPR P-
CAD u Specctra ALS-in proqram modullar1 miihitindo foaliyyot gostorir [4].

1. CAPR P-CAD wu Specctra ALS-in proqram kompleksindon istifado etmokls
elektron qurgu va sxemlorinin ALA-nin iimumilosdirilmis struktur funksional
sxeminin islonmasi.

ALA elektron qurgu vo sxemlori ALS-lori miihitindo se¢ilmis CAPR P-CAD u Specctra
program kompleksinin modullart ilo qarsilighh oslaqade foaliyyst gostorir vo asagidaki osas
funksional bloklardan togkil edilmisdir (sokil 1): ALS miihiti ilo ALA arasinda qarsiliqli olagoni
yaradan ALA-nin istifadagi interfeysi; ALA-1n istifadogi interfeysi vasitasi ilo yaradilan ERE-lorin
SQT-in kitabxanalar BB; layiholondirilon konkret elektron qurgusunda istifado olunacaq ERE-lorin
SQT-in BB; layihalondirilon konkret sxemin ERE-in SQT-in kitabxanasi; P-CAD-in cari is¢i
program modulunun bloku; P-CAD-1n cari is¢i program modulunun icra bloku va prosedurlarin
ardicilligini 6ziinds oks etdiron P-CAD proqram modullarinin grafiki redaktorlarinin monitoru[3].

Coxfunksival elektron qurgu ve sxemleri ALS -lari muhiti
CAITP P-CAD-da Specctra ALS-m program modullan: Library Executive, Schematic, P-
CAD PCB, P-CAD Autoreuters, Symbol Editor, Pattem Editor, InterPlace PCB, Relay,
Signal Integrity, Specctra P-CAD

2t

N2
ALA-m iztifadagt interfevs:

[ l [
" v v

ERE-larin $QT-in kitabxanalar P-CAD-m
bilikler bazas cari iggl
program
T modulu
'{ bloku
Konkret sxemm y
ERE-in §QT-m [ l
EB >

P-CAD program P-CAD-m
modullarmin [/  Program
Konkret sxemin > grafik N u_wdulunun
ERE-m §QT-in | redaktorlarmn icra bloku
kitabxanasi manitoru
I l 1 [y
S Natica <

Sakil 1. P-CAD u Specctra ALS-in program kompleksi bazasinda ALA-n struktur funksional sxemi.

Elektron qurgu vo sxemlorinin P-CAD proqram modullar1 miihitinds foaliyysti asagidaki
alqoritmlo yerina yetirilir.
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Algoritm.

Addim 1. Ilkin tapsiriga uygun olaraq ALA-m istifadogci interfeysi tarofindon ERE-in SQT-in
kitabxanalar BB-don konkret cari sxemin ERE-in SQT-in BB yaradilir.

Addim 2. Secilmis ERE-lorin SQT-in kitabxanalar1 SQT-in kitabxanalar blokuna yiiklonir.

Addim 3. Layiho tapsirigina uygun prosedurun yerino yetirilmosi iiciin ALA-1n istifadogi
interfeysi torofindon P-CAD u Specctra miihitindon tolob olunan proqram modulu segilorok P-CAD-
1n cari is¢i blokuna yliklonir vo idarasetmo homin modula &tiiriliir.

Addim 4. Layiho tapsirigina uygun prosedurlar ardicil olaraq interaktiv vo ya avtomatik
rejimlords tolab olunan informasiyalardan istifads etmokls layihalondirms prosesini yerine yetirir.

Addim 5. Nozordo tutulan biitiin layiholondirmo prosedurlar1 yerino yetirildikdon sonra
naticalor monitorda ask etdirilir.

Addim 6. Son.

2. Elektron interfeysinin prinsipial elektrik sxeminin ALA-dan istifado  olunmaqla

lahiyalondirmasi vo onun komponentlerinin cap platasinda yerlasdirilmasi.

CiS-lorin real foalliyotdo olan istehsallarda totbigindo oksor hallarda miixtolif toyinath
sensorlardan forqli ¢ixislara malik (esason 8-don 48 v kimi) vo idaroetma sisteminin baza elementi
olan kompiiterlorin is¢i gorginliklori ilo uzlasmayan(0-5B) signallarla islomak tolob olunur. Digor
torofdon idaroetmo sistemlori ilo yiiksok sabit vo doyison qida monbolori ilo isloyan olavo
avadanliglarm idars edilmasi zorurotlori yaranir. Bu halda idaroetma sistemlorinin CIS-in ayri-ayr
komponentlori vo xarici avadanliglarla qarsilighh olagado foalliystini tomin etmok {i¢iin olago
interfeyslorinin proqram va ya apparat yolu vasitosi ilo yaradilmasi aktualllagir.

Moasalonin qoyulusu. Toklif olunan elektron olago interfeysi sensorlardan daxil olan
signallarmn (+24B) CIS-in idaroetmo sisteminin girisindo +5B saviyyasino ¢evrilmosi funksiyasini
yerino yetirmoalidir. Elektron interfeysinin ilkin prinsipial elektrik sxemi asagidaki ERE-lordon
toskil olunur: DST-IRBP-N-optiko-galvanik element; 9A[10] J- reziztor bloku; CY74FST23T -
bufer registr bloku.

Elekton interfeysinin ALA vasitosi ilo prinsipial elektrik sxeminin layiholondirilmasi vo
komponentlorinin ¢ap platasinda yerlogdirilmasi tolob olunur.

3. Elektron dlaqa interfeysinin prinsipial elektrik sxeminin ALA-dan istifado etmokls

layihalondirilmasi alqoritminin islonmasi.

Layihalondirma prosesinds son dovrlor iigiin elektron qurgu vo sxemlorin avtomatlasdiriimis
layihalondirilmosindo genis tatbiq sahasi tapmig CAPR P - CAD u Specctra program kompleksinin
elementlorindon, moaqgalado toklif edilmis ALA-nin foaliyystinds istifads olunmusdur.

P- CAD Schematic qrafik redaktoru elementlorin SQT-don istidafo etmoklo prinsipial
elektrik sxemlorinin layiholondirilmasi {i¢iin islonmisdir. Bu halda elektron interfereysinds istifado
edilmis ERE-lorin SQT-lari uygun kitabxanalar BB-dan oxunur. Qeyd edok ki, ogor hor hansi ERE-
in SQT-i olmazsa P-CAD program kompleksinin P-CAD symbol Editor program modulu vasitasila
ERE-nin SQT yaradila biler.

Gostorilon halda cap platasinin yaradilmast mosslosino baxilmadigindan, ancaq ndvbaoti
morhalalords istifade olunacaq. Prinsial elektrik sxeminin islonmasi tolob oldugundan, elementin
SQT-in (.lib) simvol alt kitabxanasindan istifado olunur. 9gor ¢ap platasinin digor qovsaqlarinin
layiholondilirmasi masoalalorino baxilirsa, onda (.lib) simvoldan olava texnoloji-konstruktiv
informasiya alt kitabxanalardan da istifads olunur.

ALA-dan istifado etmoklo elektron interfeysinin prinsipal elektrik  sxeminin
layihalondirilmosini imumilosdirilmis alqoritmini asagidaki kimi tosvir etmok olar.

Alqgoritm

Addim1. P-CAD Schematic program modulunun ALA-1n is¢i program  modulu blokuna
yiiklonmasi vo igo salinmasi.

Natica: monitorda program modulunun is¢i  blokunun qgrafik redaktorunun
ekran1 vo alatlorinin menyusunun piktoqrammlar: tosvir olunur.

98



Zeynalova S.M. / Scientific News 25 Issue 2(2025)

Addim 2. Qrafik redaktorun konfiqurasiyalarinin sazlanmasi.

Natica:

» Dialoq pancarasi agilir, A3 formati vo ya 297x420 mm o6lgiilori segilir;

mm-asas Ol¢ii vahidi kimi segilir.

» tolob olunan addimla grafik redaktorun yeni qiymat setkasi toyin olunur.

» elementlorin yerlosdirilmasi va elektrik xatlorinin bir xatt lizra tosviri.

Addim 3. Osas yazilislarin goriintiilorinin sazlanmast.

Noatica: Windows-un standart dialoq pancarasing asas yazilislarin fayl yiiklonir.

Addim 4. Elementlorin yerlosdirilmasi:

Natica:

» Eyni adli pancorads elektron interfeysinin komponentlori agilir: D1.DST-1RBP-N;R1-
R8.9A110J;D2.CY74FST823T;R9-R16.9A110J; ON-KS-10. Elektrik birlogdiricisi; torpaqlama
elementi (korpus).

» Kitabxanalar pancarasinda elementlorin SQT-1n kitabxanalar1 yiiklanir;

» Windows-un standart pancarasindo ERE-larin (.1ib) kitabxanalari segilir.

Addim 5. Elektron interefeysinin elementlorinin dialoq pancarasinds yerlogdirilmasi (sokil 2):

Natica:

» DI elementi segilir, kursorla is¢i pancorads onun yerlogdirilmasi ti¢iin koordinatlar toyin
olunur va secilon element is¢i pancorads yerindo yerlosdirilir;

» dialoq pancarasinds 9A110J rezistoru segilir. Vo is¢i pancarads se¢ilmis koordinatlarda
16 oadod yerlosdirilir.

» D2 elementi segilir, kursorla is¢i pancarado onun yerlogdirilmasi {igiin koordinatlar toyin
olunur va secilon element is¢i pancorads yerindo yerlosdirilir;

» elektrik birlosdiricisi segilir va is¢i pancarada har biri 8 elementdon ibarat

olmaqgla 2 odod (giris vo ¢ixis) elektrik birlosdiricilori-10-ks-10 kursorla uygun
koordinatlarda yerlosdirilir.

» korpus elementi segilir vo ig¢i pancorado 3 adad korpus elementi kursorla toyin edilmis
koordinatlarda yerlosdirilir.

X1 D1 R1-R8 D2 R9 - R16 X2

S$akil 2. Elektron interfeysin elementlorinin dialog pancarasinda yerlasdirilmasi

Addim 6. Qrup slagali xattin (sin slagosi) ¢okilmasi (sokil 3).

Natica:

» sin olagosi elektron interfeysinin biitiin elementlorini giriglori eyni bir sinds toplayir.

» isci pancarads yan-yana yerlogmis elementlorin ¢ixislari arasinda elektrik alaqosi ¢okilir.
» elektron interfeysinin biitiin elementlorin gixislari sindo birlosdirilir.
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» xiisusi portlardan istifado etmokls elektrik olagalorine némralor verilir.

» birlogdirici elementlards (razyom) ¢ixislarin adlarinin yazilmast ;

» sxemin yaradilmasinda bas vermis sohvlarin yoxlanilmasi vo programla

sohvlorin axtarilaraq motn faylinda yerlosdilirmosi ;

» formalasdirilmis sxemin xiisusi papkaya yazilisu vo novbati morholalorda, yoni ¢ap
platasinin lahiyandilirmasindas istifads {i¢iin hazirlanmasi (sokil 4).

X1 D1 R1 - RS D2 R9 - R16 X2
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Sakil 3. Orup alagali xattin(sin alaqasi) ¢okilmasi
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Sakil 4. Prinsipial elektrik sxeminin elementlorinin giris vo ¢ixislarimin grup alagali sinla birlagdirilmasi

4. Elektron interfeysin ERE-nin cap platasinda yerlasdirilmasi alqoritminin islonmasi

ERE-lorin ¢ap platasinda yerlosdirilmasi P-CAD PCB qrafik redaktoru vasitasi ilo yerino
yetirilir vo asagidaki morhalalordon ibarotdir: sxemin elementlorinin ¢ap platasinda komponovkast;
cap platasinin Olgiilorinin, kegirici xotlorin Slgiilorinin verimoasi, kontakt saholorinin Olgiilorinin,
kegid xotlorinin diametrlorinin vo ekran saviyyelorinin verilmosi. Qrafik redaktor eyni zamanda
elementlorin markirovkasi, onlarin yerlosdirilmosi, kegirici xotlorin ollo trassirovkasit kimi
funksiyalar1 da yerino yetirir.

Qrafik redaktor iso diisdiilkdon sonra onun ekrani va alotlorinin menyusunun piktoqramlari
ekranda tosvir olunur.

ERE-lorin ¢ap platasinda yerlogdirilmasi asagidaki ardicilligla yerina yetirilir.

Alqgoritm:

AddIm 1. Sistemlorin sazlanmasi;

Notica:

> Olgii sistemi kimi mm secilir;

> Isci sahonin (gap platasinin) dlciilorinin gdstorilmasi.

Addim 2. Cap platasinin strukturunun toyini;

Notica:

» cap platasinin yuxar1 vo asag1 toraflorinin 6l¢iilorinin toyini;
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» platanin konturu;

» platanin yuxari va agagi toraflorinds nazords tutulan kegidlorin maskalanmast;

» cap platasinin yuxari vo asagi toraflorindoe maskirovka soviyyslarinin toyini(selkoqrafiya);

Addim 3. Displeyin parametrlorinin sazlanmasi.

Addim 4. Kegirici xattlorin 6lgiilorinin toyini.

Addim 5. Sriftlorin secilmosi.

Addim 6. Sxemin ERE-in SQT-in kitabxanalarin qosulmasi.

Addim 7. Sxemin elementlorinin SQT-in kitabxanalarin yiikilonmasi.

Natica:

» kitabxanalarla idars olunan eyni adli pancars agilir;

» Windovs standart pancarasinda talob olunan kitabxana segilir.

Addim 8. Elektrik prinsipial sxemin elementlerinin birlosmalari siyahisi yiiklenir.

Natica:

» acilmis Windovs standart pancorasinds avvalcodon yaradilmis birlogsmoalor siyahisinda
<<Sxema.net>> fayli se¢ilir;

» 1isci sahada ERE-in konturu va onlar arasindaki alagoalor agilir;

» tekst faylinda translyasiya prosesindo yaranmis sohvlor vo xabardarliglar 6z oksini tapir;

» ogor sohvlor agkarlanirsa birlosmolor fayli yiikklonmir ;

» sohvlor siyahisi vo xobardarliglar arasdirilir va diizaldilir.

Addim 9. Cap platasinin diizbucaqli konturunun daxil edilmasi.

Addim 10. ERE-in ¢ap platasinda yerlogdirilmasi.

Addim 11. ERE-in ¢ap platasinda yerlosdirilmasi basa ¢atdigdan sonra montiqi ekvivalent
seksiya vo c¢ixislarin cap platasi {lizorindoki yerlorinin doyisdirilmoasi yolu ilo birlogsmoalorin
uzunluqglarini minimallagdirmaq magsadouygundur.

Natica:

» avtomatik optimallagdirma yolu ilo ;

» ekvivalent seksiya va elementlorin yerdoyisdirilmosinin ol ils (kursorla);

» elementlorin ekvivalent ¢ixislarinin yerlosdirilmoasinin al ilo;

Addim12. ERE-in gap platasinda yerlasdirilmasinin naticalarinin <<layiha >> papkasinda
novbati prosedurlar iiclin saxlanmasi .

Algoritmin sonu.

Natica.

Maqalads coxfunksiyalr elektron qurgu vo sxemlori ALS-lori miihitinde (CAD framework)
foaliyyot gdstoron ALA-dan istifado etmoklo CIS-in elektron olago interfeysinin layiholondirilmosi
mosololorine baxilmisdir. Gostarilmisdir ki, miixtalif toyinath texniki sistemlorin, xiisusondo CIS-
lorin smaq vo totbiq morhalolorinde obyektin spesifik xiisusiyyotlori nozers alinmagla
xtisusilogdirilmis geyri-standart elektron qurgularinin layiholondirilmasi zoruriyysti yaranir vo
onlarin toklif edilmis korporativ ALA vasitasilo yerlords layiholondirilmasi osaslandirilmigdir.

Maqalads ¢oxfunksiyali elektron qurgu vo sxemlort ALS-lori miihitinds foaliyyot gdstoran
ALA-dan istifado etmoklo CiS-in elektron olaqo interfeysinin P-CAD u Specctra program
kompleksinin - P- CAD Schematik vo P-CAD PCB qrafiki redaktorlarindan, istifado etmoklo CIS-
in olago interfeysinin prinsipial elektrik sxeminin vo ERE-lorin ¢ap platasinda yerlogdirilmosinin
algoritmlori toklif edilmis vo ALA ilo realizo edilmisdir.
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Summary
Design of special-purpose electronic interfaces using ADT operating
in the CAD environment of multifunctional electronic circuits and devices
Zeynalova S.M.

Keywords: CAD environment, FMS, CAD framework, ADT

The article discusses the design of an electronic interface using the example of a FMS using an automated
design tool (ADT). It is shown that the ADT operates in the CAD environment of multifunctional electronic devices and
circuits. The article adopts P-CAD and SPECCTRA as the CAD environment, which consists of many graphic editors
and allows a complete design cycle for printed circuit boards of electronic devices.

Using ADT and P-CAD Schematic and P-CAD PCB algorithms for automated design of electronic interface
circuit diagrams and placement of its elements on a printed circuit board have been developed.

PE3IOME
IIpoexTpoBaHue 3JIEKTPOHHBIX HHTepP(delicoB CeUAJbLHOr0 Ha3HAYeHMs ¢ ucnouab3oBanuem UAII,
¢pynxmmonnpyromero B cpene CAITP MHOro(p)yHKIIMOHAJIBHBIX 3JIeKTPOHHBIX CXeM U yCTPOHCTB
3eitnanoga C.M.

Kniouesvie cnosa: Cpeoa CAIIP, I'TIC, CAD framework, 41T

B crartee paccmarpuBaloTCs BONPOCH NPOEKTHPOBAHMS 3IIEKTpoHHOTo uHTepdelica Ha mnpumepe ITIC ¢
HCIIONIb30BaHHEM MHCTPYMEHTa aBToMaTu3uponHoro npoekrupoBanus (MAII). [Tokazano, uto MAII ¢pyHKumnoHupyer B
cpene CAIIP MHOTO(YHKIIMOHATBHBIX AJIEKTPOHHEIX YCTpoiicTB U cxeM. B kauecte cpenbt CAIIP B cTatse mpunsTa P-
CAD u SPECCTRA, koTopas COCTOMT W3 MHOXXECTBa TIpaUIeCKHX pPETAKTOPOB M TIIO3BOJIICT IIONHBIA ITHKI
MIPOEKTUPOBAHMS EYATHBIX IUIAT JIEKTPOHHBIX YCTPOICTB.

C wucnons3oBanueM WMAIIl u mporpamubix kommiekcoB P-CAD Schematic u P-CAD PCB paspobatambi
aNrOpUTMBl A TOMAaTH3MPOBAHHOTO IPOCKTUPOBAHHUS NPUHIUNUAIBHBIX 3JIEKTPUYECKHX CXEM JJICKTPOHHOTO
nuHTep(eiica u pa3MeIeHNe ero IEMEHTOB Ha IIe4aTHO TuiaTe.
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