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ITPOBJEMA YACTUYHBIX PA3PSIIOB B BBICOKOBOJIbTHBIX
PACIIPEJAEJIMTEJIBHBIX YCTPOUCTBAX

HYPYBEWJIN 3.K., ABPATUMXAJIAJIOB C.A.

Aszepbaiioscancruil F'ocyoapemeennuiii Ynueepcumem Hegpmu u [Ipomviuinennocmu,
AZ-1010, npocnexkm Azaonwie 34, Baxy, Azepbaiioican
omartarana@gmail.com

CraThst TOCBSIIEHA COBPEMEHHBIM TEXHONOTHSAM JIMAarHOCTHKM YacTUUHBIX paspsgoB  (UP) B
BBICOKOBOJIBTHBIX pacIpeleNuTenbHbX yerpoiictBax (BPY), momuepkuBas ux BaKHOCTb Uit OOeCHEeUYeHUs
Ha/ISKHOCTH 3HeprocHaOxeHus. PaccmatpuBarorcst mertonsl Transient Earth Voltage (TEV) u Ultra High
Frequency (UHF), kotopsie 03BOJISIIOT 3(PEKTUBHO BHIABIATH UP Ha paHHUX CTaiusX, NpefoTBpalias aBapuu U
HpoAseBast CpoK CIykObl oO0opynaoBaHus. OOCYKHarOTCs NPOOJIEMBl U BBI30OBBI, C KOTOPHIMU CTaJIKUBAETCS
JUAarHOCTHKA, TaKUe KaK BIMSHHE BHEIIHUX MTOMEX, HaJIM4Yhe MHOKECTBA MCTOYHHKOB Pa3psIOB U OIpaHUUYCHUS
TPaJULMOHHBIX METOAOB. [IpHBeneHbI pe3ysibTaThl MOJEBBIX HWCIBITAaHWH, moAaTBepxAatoine 3(pdeKTHBHOCTD
unterpaimu TEV u UHF Ttexnomoruil. CtaThsi Takke aKIEHTHPYeT BHHUMAaHHE Ha MPAKTUYECKOM 3HAYMMOCTH
BHEJIPEHUSI COBPEMEHHBIX METOJ0OB MOHHUTOPHHIA JUIS TOBBIIMICHHS HAJEKHOCTH BBICOKOBONBTHBIX CHCTEM H
CHWKEHUS PUCKOB aBapUHUHBIX CUTYaLUM.

KuioueBble ciioBa. yactuynsie paspsiabl (UP), BHICOKOBOJIBTHBIE pacnpenenuTenbhbie yerpoiicta (BPY),
[Tepexonnoe Hanpspkenue 3azemnenus (TEV), Ceepxoicokas yactora (UHF).

BBenenue. BBICOKOBOJIBTHBIE —pacmpeaenuTenbHbie  ycrpoiictBa (BPY)  wurparor
KJIFOUYEBYIO POJIb B 00CCIICYCHUH HAJIEKHON M CTAOMIBHOM PabOThl YHEPTOCUCTEM, OT KOTOPHIX
3aBUCUT OecnepeboiiHoe 3HeprocHaOkeHue mnotpeduTeneii. CoOBpeMEHHbBIE PHEPTOCHUCTEMBI
CTAJIKUBAIOTCSI C MHOXKECTBOM BBI30BOB, CBSA3aHHBIMU C POCTOM 3HEPromnoTpeOieHus U
BO3pACTAOIIMMHU  TpeOOBaHMSIMH K  HAJEKHOCTH U 0O€30MacHOCTH  JKCIUTyaTaluu
o0opynoBaHus. YBEIMYEHUE HArpy3Kd Ha DJJCKTPUYECKUE CETH U BHEAPEHHE HOBBIX
TEXHOJIOTUH, TaKUX KaK BO30OHOBIISIEMbIE HCTOYHHMKH SHEPrUU, AO0OABJSIOT CJIOXKHOCTU B
yIpaBiieHUE SHEPTOCHAOKEHUEM.

OnHoO#l W3 KIIOYEBBIX Yyrpo3 cTaOwibHOW paboTel BPY sBnswoTCcs snekrpuueckue
paspsabl, B UYAaCTHOCTHM 4vacTHuHble pas3psansl (YP), koropble MOryT BbI3BIBATH OTKa3
0o0opy/noBaHUs M TMPUBOJUTH K aBapUHHBIM CUTyalusiM. YacTuuyHble pa3psibl U KOPOHHBIE
paspsabpl TPUBOIAT K JErpafallid H30JSIUH M IMOCIEAYIOIUM OTKa3aM B CHCTEMax
pacripeenuTeNbHbIX yCTPOUCTB. XOTS TOYHBIE TJIOOANbHBIE CTATUCTUYECKUE TaHHBIE 00
OTKa3ax M3-32 YaCTHUYHBIX pa3psAIOB M KOPOH OTPAHHYEHBI, JOCTYIHBIC HCCIEI0BAHUS
MOKa3bIBalOT, uTo 0K0J0 30-40% [1] OTKa30B pacHpeneuTeIbHbIX YCTPOUCTB CBS3aHBI C
npoOieMaMy M30JISUU, TAaKUMH KaK TPEHIMHbI B H30JATOpaX, IUIOXHE DJIEKTPUUYECKUE
KOHTaKThl M 3arpsi3HEHUE U3O0JISIIMOHHBIX KOMIIOHEHTOB. Hampumep, B ra3zou30HMpOBaHHBIX
pacnpenenuTenbHbX yerpoiicTBax (GIS) oTkasbl B HIMHHBIX KaHallaX COCTaBIAIOT okoyo 30%
WHIUJCHTOB, YacTO MPOUCXOAIIMNX BOJIH3U pa3fenuTeNeld, U 4acTo 00YCIOBIEHBI HATMYHEM
YaCTHII, KOTOPBIC MPUIMIIAIOT K Pa3JIeUTENIAM U BBI3bIBAIOT YaCTHYHBIE pa3psasl [2].

Ecnu B3rnsHyTh Ha LMQPBI CTATHCTUKH CKIIAJBIBAETCS MHEHHE OyATO (eHOMEH MOoJIo-
MOK, CBSI3aHHBIX C BBICOKOBOJIBTHBIMHU pa3psiiaMu, PHOOpPET CEPhe3HYI0 3HAYUMOCTh TOJBKO C
1993 roma. OgHako 3TO He OOBsCHsAET (pakTa pe3Koro ymeHbllleHUs 3HaueHus ‘‘failing to
perform requested operation” T.e oJ0OMKa ONMCAaHa KaK He yJaBlIeecs 3a7anHoe aeiictsue [3].

Bcest mpuumHa KpoeTcst B A€TaNIAX SKCIEPTU3bI, €CIIU paHee He u3ydeHHoMY GeHomeny UP
HE MpHUIaBaId 3HAYCHHs, TO K KOHIy 90-X 3aMETHO y4YacTUIIUCh CIydyad OTKa3a TEXHUKH,
KOTOpBIE CITYCTSl TOJbl AKCIUTyaTalldW CYIIECTBEHHO MOTEPsUIM B MPOYHOCTH H30iALMU. B
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Puc.1. Cratuctuka o ctpanam EBpocoroza cornacHo otueram, CIGRE orpaxaromas
COOTHOUICHHEC NPUYNH BOSHUKHOBCHU A IIEPEPHIBOB B SHeKTpOCHaG)KeHI/II/I.

Ot tMdpel MOAYEPKUBAIOT BAXKHOCTH CBOEBPEMEHHOTO BBISIBJICHUS W yCTpaHEHUS
nedeKTOB, YTO MO3BOJISAECT MPEIOTBPATUTh MAcCHITAOHBIE aBapuM M COOU B SHEPrOCHAOKCHHH.
YacTtuuHble paspsabl MPEACTaBISIOT COOO0M JIOKaTM30BaHHBIE 3JEKTPUYECKUE pa3psijibl,
BO3HMKAIOIIME BHYTPHU M30JSLUU M yKa3blBaroline Ha Hanuuue nedexkroB. HecmoTps Ha To,
yto YP He Bcerma mpuBOAST K MTHOBEHHBIM OTKa3aM, MX HTHOPHUPOBAHHE MOJXKET BBI3BATH
MIOCTETIEHHOE DPAa3pylleHHEe H30JSLUOHHBIX MaTepHalIOB, YTO B HTOTe MPHUBEAET K IMOJHOMY
OTKa3y yCTPOMCTBA.

Pa3nooOpasue ¢akTopoB, BBI3BIBAOIMMX JIe(EKThI, JAENaeT IUArHOCTHKY OCOOEHHO
BaKHOU. V3HOC HM30JIALMOHHBIX MaTepHalioB, HAKOIUICHHE BJAru, 3arps3HeHHe U ACPeKThl
U3TOTOBJIEHUSI — BCE 3TO MOXET CINOCOOCTBOBAaTH OOpAa30BaHMIO YACTHYHBIX Ppa3psIoOB.
Hampumep, BbicOkMe TemmepaTypbl M BBICOKHE YPOBHHM BJIQKHOCTH MOTYT 3HAUUTEIbHO
CHU3UTh J(PPEKTUBHOCTb HU3OJSALMH, YTO MPUBOJAUT K YBEJIMYEHHUIO BEPOATHOCTH
BO3HUKHOBeHHsT UYP [4]. DTo momuyepkuBaeT HEOOXOIMMOCTh PETYJISIPHOTO MOHHTOPHHTA
COCTOSIHUSI 000pYIOBaHUS M ONIEPATUBHOTO pearupoBaHKsl Ha BOSHUKAIOIINUE MTPOOIIEMBI.

CBoeBpemenHas nuarHoctuka YP ummeer pemaroiee 3HaueHHUE AN MPEIOTBPAIICHUS
OTKa30B M MPOJJICHHUS CpoKa CiIykxObl oOopynoBaHusi. B mocinegnue roabl aKTHBHO
pa3BUBAIOTCS METOJbl MOHMTOpPWHIA, TaKUEe Kak YIbTPa3ByKOBas AMarHocTtuka [5], 6aza
JTaHHBIX pattern recognition [6] U aHAIM3 YACTOTHOTO CIEKTPa [7]. DTH TEXHOJIOTHH TO3BOJISIFOT
TOYHO ONPENCIUTh MECTO BO3HHUKHOBEHHS] YaCTHUYHBIX pa3psOoB M OLEHUTh CTEMEHb
MOBPEXKJICHUN HM30JALMOHHBIX MarepuanoB. Hampumep, Cuctema pattern recognition,
criocoOHa pacrno3HaBaTh UP cpeau nmpouux CUTHANIOB, a TAKXKE MPUPO]Ty MOJIYYEHHOTO CHTHAaA.
VYbpTpa3BykoBas JUArHOCTHUKA MO3BOJISIET OOHApPY>KHMBATh BHICOKOYACTOTHBIE 3BYKH, KOTOPHIE
BO3HHUKAIOT B pe3yiabTate YP, MHTEHCHUBHOCTH KOTOPBIX JaeT BO3MOXKHOCTh OIEPATHBHO
pearupoBath Ha MOTEHIUATBHBIE YTPO3bI

Kpome Toro, aHamms 4acTOTHOTO CIIEKTPAa MOXKET BBISIBUTH XapaKT€pPHbIE U3MEHEHUS B
MOBEJCHUN DJIEKTPUYECKUX CHUCTEM TapaMeTpOB, YKa3bIBAIOIIME HAa Hamuuue Ae(eKTOB.
Hcnonp30BaHue 3TUX TEXHOJOTUN HE TOJIbKO MUHUMHU3UPYET PUCKU aBapHii, HO U 3HAYUTEIBHO
CHIDKAET 3aTpaThl HAa OOCITY)KUBaHWE M PEMOHT. SIBHBIM MPUMEPOM SIBISIETCS HCCIEIOBAHMS,
npoBeaéHHble NASA kotopsie coobmaror o 8 1o 12% coxpamienus 3arpar u ot 25 1o 30%
YMEHBIIIEHUsI 3aTpaT Ha OOCTYy)KMBAaHHWE C TPUMEHEHHEM HOBBIX MPOTPAMM CHCTEMBI
MpeIuKTUBHOTO 00cmyxuBanus [8]. C mpuMeHeHHEeM CHCTEM OHJIAH-MOHUTOPHUHTA TIO3BOJISET
HE TONbKO OOHapyxkuBaTh UP, HO W NPOTHO3MPOBATH WX PA3BUTHE, YTO CYIIECTBEHHO
yJydlIaeT yIpaBJIeHUE HAIEKHOCTHIO SHEPTOCUCTEM.

Takum o0Opa3om, HccIeIOBaHUE YACTUYHBIX Pa3psSgoB M METOJOB WX JUATHOCTHKHU
MIPEJICTaBIsIeT COOOM aKTYalbHYI0O M BaXKHYIO 3a7ady JUIsl 0OecreueHus] CTaOMIbHON paboThI
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BBICOKOBOJIbTHBIX PACIPEICIUTEIbHBIX YCTPOUCTB. [loHMMaHue HpUPOABI ITUX Pa3psaoB U
CBOEBPEMEHHOE PEarMpOBAaHUE HA UX IOSBICHUE MOTYT CYIIECCTBEHHO IOBBICUTH HAJCKHOCTD
SHEProCHA0KEHUS M CHU3UTh SKOHOMUYECKHE TIOTEPH OT aBapuil U POCTOEB.

TexHO0JIOrMH TMATHOCTUKHM YACTHYHBIX Pa3ps/I0B B BHICOKOBOJLTHBIX
pacnpeneuTeIbHBIX YCTPOHCTBAX

Yactuunsle pazpsapl (UP) mpenctaBisitoT coOON KPUTHYECKM Ba)KHbIE WHIUKATOPBI
Jerpajaliid  HM30JSIIUM B BBICOKOBOJIBTHBIX PACIpPECIUTENbHBIX ycTpoiicTBax (BPY).
[TockonbKy HaZE)KHOCTh SHEPrOCHAOKEHUS HANPSMYIO 3aBUCUT OT COCTOSIHUS 3TUX YCTPOMCTB,
CBOEBpEMEHHass JuarHoctuka YP CcTaHOBUTCS HEOTHEMJIEMOW 4YaCThIO MPEAOTBPALICHUS
aBapuil M TPOJUICHUS Cpoka CcIykObl oOopynoBanus [9]. CoBpeMeHHBIE TEXHOJIOTUU
MOHUTOpPHHTa, Takue kak Mmeronsl Transient Earth Voltage (TEV) u Ultra High Frequency
(UHF), craHOBSITCS OCHOBHBIMH WHCTPYMEHTaMHU Uit 3(PQeKTUBHON auarHoctuku YP.
YuutbiBasgs pPOCT SHEPromnoTpeONeHHUs W YCIOXKHEHHE SHEProcucreM, HEOOXOJMMOCTh B
HaJIe)KHOM TUarHOCTUKE CTAHOBUTCA 00Jiee aKTyalbHOM, UeM Koraa-inoo.

1. HpOﬁJ’IeMbI U BBI3OBbI B TMAIHOCTHKE YaCTUYHBIX Paspaa0B

1.2 HasimuuMe BHELITHUX NOMeEX U IIYMOB.

B peanpHBIX YCIIOBHSX SKCIUTyaTalldd BBICOKOBOJIBTHBIX CHCTEM JJICKTPOMATrHUTHBIE U
pagroYacTOTHRIE IIyMBl MOTYT MAaCKHPOBAaTh CHTHAJIbI YaCTUYHBIX pa3psaaoB. McTouHukm
MoMeX, TaKhe KakK JBUTATeNH, TpaHC(HOPMATOPhl, BBICOKOYACTOTHBIE MpeoOpa3zoBaTeIn
YaCTOTHl M WHIYKTHUBHBIE HATrPy3KH CO3AOT 3HAYMTENIBHOE JJIEKTPOMArHUTHOE HW3ITy4eHHUE,
0oJiee TOr0 B TOPOACKUX YCIOBHUSIX TEICKOMMYHUKAIIMHA U OECIIPOBOTHOW WHTEPHET MPUBOJISAT
K BO3HHMKHOBEHHIO TMOMeX B ycrpoicTtBax moucka YP [10]. Ot  daktopsr TpedyroT
HCIOJIb30BAHUS CIIOKHBIX METOJO0B (MIBTpPAIlMM HECYIIMX YacTOT U TOJABJICHUS IIYMOB.
Hampumep, [1si MOBBIIEHUS TOYHOCTH JUArHOCTUKH MOTYT HCIOJIb30BAaThbCS aJallTUBHBIC
(GuIbTPHI, KOTOpPBIE BBIOMPAIOT HAa OCHOBE M3Y4YEHHsS] YACTOTHBIX CHEKTPOB, YYHUTHIBAIOT
XapaKTePUCTUKH IIIyMa B ONPEAeIEHHBIX ycaoBusax [11].

1.3 MHoOro4uc/jaeHHbIe HCTOYHUKH Pa3pPsa0B.

B BBICOKOBOJIBTHBIX YCTPOMCTBAX YaCcTO HAOIIOAAETCS HATHMUME HECKOJIBKUX HCTOYHUKOB
YaCTUYHBIX pa3psAoB. DTO MOXKET OBbITh BBI3BAHO PA3NUYHBIMHU (PaKTOpamMu, TaKUMHU Kak
W30JISIIUOHHBIE Ne(EeKThl, 3arpsi3HEHUS] WIK MPoOJeMbl B COCIUHEHHUSX. MHOXECTBEHHbIE
WCTOYHUKU 3aTPYAHSIOT TOYHYIO JIOKAJIM3AlMIO Pa3psiioB, YTO JielaeT AMArHOCTUKY Ooiee
cnoxknor 3amauerr [12]. B GIS (razomsonupoBaHHBIC paclpeeIUTEIbHBIE YCTPONCTBA)
paspsabl MOTYT IPOUCXOJUTh B Pa3HBIX YACTSAX CUCTEMBI, U 0€3 TOUHOU JOKAIU3alUU MOMXKHO
MPOIYCTUTh KPUTUYECKU BaXKHBIE AEPEKTHI, YTO B JAIbHEHIIIEM MOXKET MPUBECTU K CEPhE3HBIM
aBapusM.

1.4 OrpanuveHHasi YyBCTBUTEJIbHOCTh TPAJAMIMOHHBIX METO/I0B

TpanuuMOHHBIE METOAbI IUATHOCTHKHU, TAKUE KaK M3MEPEHUE aMIUIUTYIbl U KOJIMYECBa
ANIEKTPUYECKUX UMITYIBCOB, MOTYT HE O0ecrneuynBaTh HEOOXOIUMYI0O YYBCTBUTEIHHOCTH IO
OTHOIICHUIO K MajbiM pa3psaaM. Hampumep, HEKOTOpbie METOJbI MOTYT OOHApyXUBaTh
pa3psabl TOIBKO BBIIIE OMPEAETIEHHOTO MOPora, Mpomyckas 0oJiee cialdble, HO MOTEHIMATBEHO
OTIaCHbIE pa3psAbl CKIOHHBIE K TEHJIEHIIUU OBICTPOTO Pa3BUTHUS MHTEHCUBHOCTH pazpsaa [13].
D10 TpebyeT mpuMeHeHus Ooljiee YyBCTBUTENBHBIX TexHonorui, takux kak UHF u TEV,
KOTOpbIE CIIOCOOHBI OOHAPY)KUBATh pa3psiibl HA PAaHHUX CTAAUAX WX pa3BuTus. KomOuHanus
K€ ITUX TEXHOJOTHH C MPUMEHEHHWEM YIbTPa3BYKOBBIX JTAaTUYMKOB CIOCOOHBI 3HAUUTENHHO
YBEJIUYUTH IIaHC OOHAPYKEHHUS Pa3psiIoB HU3KOW YJHEPTHH.

1.5 /IlnarHocTHKa B CJI0KHBIX YCJIOBHAX IKCILTyATALMHA

CroxHble OSKCIUTyaTallMOHHbIE YCJOBMs, TaKWe KakK TIOBBIIIEHHAs BIAKHOCTH,
OKCTPEMAJIbHBIE TEMIIEPATypbl WM HAIWYME 3arpsA3HEHHMH, MOTYT CYLIECTBEHHO H3MEHATH
MIOBEJICHUE YaCTHUHBIX pa3psioB. He cekper 4To, MOBBINIEHHAs BJIAKHOCTh YacTO CHIKAET
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COMPOTHUBIIEHUE M30JIMH, YTO Yyckopsier passurue UYP [14]. Otm dakropsl coznaror
JOTIOJTHUTEIIBHBIE TPYAHOCTH JJIsi KOPPEKTHOTO OOHAapyXeHHs H TpeOyloT NPUMEHEHUS
TEXHOJIOTMI, PErUCTPUPYIOUIMX M KOMIIEHCHUPYIOLUIMX IEpEMEHHbIE MNOorojaHele ycnoBus. K
IIpUMEpY, IS TAKUX YCJIOBHM MOTYT MCIIOJIb30BATbCSl METOJbl, OCHOBAaHHbIE HAa 3HAHUAX
CBOMCTB MaTepUajoB, KOTOPBIE YUUTBHIBAIOT W3MEHEHHE 3JIEKTPUYECKUX IapaMeTpOB 0]
BO3/ICWICTBMEM BHEIIHUX (DAaKTOPOB.

1.6 UnTerpanusi coBpeMeHHbIX TEXHOJIOTMi MOHMTOPHUHTI A

TenneHuuss MHTErPUPOBAHUSI COBPEMEHHBIX TEXHOJIOTMH, TaKMX KaK HCKYCCTBEHHBIN
uateiuiekt (Al) m wmaccuBbl mannbix (Big Data), ¢ cymecTBylOmuMH —CHUCTEMaMu
noirocpoyHoro MouuTopmHra (Pmc.2), mpencraBisier co0oi emie OJWH BBI30B. OTH
TEXHOJIOTUM aBTOMATH3UPYIOT MPOIECC JTUAarHOCTHKM coOMpasi JaHHbIE C CEHCOpOB,
HanpaBJiIe€T IOJIyYEHHBIE JlaHHBIE Ha cepBep C OMONMOTEKOM pacUIMpeHUd JUId aHaiu3a
JAHHBIX U MOJIyueHHUs TIpaUKoB M BU3yallbHOM cpenwl it omeparopa [15]. JlanmpHeiimas
COPTUPOBKA TIOCPEJCTBOM TaONHI] U pattern recognition OMOTMOTEK, B 3alaHHBIX YCIOBUSIX
CIIOCOOHAa MPOTHO3UPOBAaTh BO3MOJKHBIE OTKa3bl Ha OCHOBE aHalM3a OOBEMOB JaHHBIX 3a
MpeABIYIHE TMEePUObl, COOpaHHBIX C pa3nu4HbIX ceHcopoB (Puc.3). CampiMu paHHUMHU
MPOSIBIICHUSIMU aBTOMAaTH3allMM M aHajdu3a SBISJIOCH HAJM4YMe y CHCTEM MOHUTOpPHUHTA
MexaHu3ma  cpaOaThlBaHMsI ~ TPEBOT'M  MpU  NPEBBIIEHWH  33JaHHOTO  IOpora
3apETUCTPUPOBAHHBIX AMITYJIBCOB c OIpENEIEHHOU aMILTATYIO M. Buenpenue
BBIIICYIOMSIHYTBIX ~ CUCTEM  IPOTHO3UPYEMOTO MOHHUTOPHHra TpeOyeT 3HAYUTENbHBIX
W3MEHEHUI B CYIIECTBYIOUIUX CHUCTEMaX, YTO CBS3aHO C BBICOKMMH 3aTpaTaMU M HYXKIOU
MEPenoAroTOBKH crienuanuctoB. K ToMy e anropuTMbl MallMHHOTO OOY4YeHHsI MOTYT ObITh
HAaCTPOEHBI JJIsl TMpEACKa3aHHsi HE TOJIBKO TEKYIIET0 COCTOSHUS O000pYyIOBaHMs, HO H
MOBEJICHUS IPYTUX 000PYIOBAHMH, HAXOASIINXCS B MOXOKUX yCIOBUAX [16].
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Puc.2. [Ipumep paboThl COBpEMEHHOW CHCTEMBI MOHUTOPHHTA C JATbHEHIIINM
IepeHanpaBieHHEeM COOpPaHHBIX JAaHHBIX HA 00JaYHOE XPaHUIIHUILIE.
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Puc.3. Tononorus pa6OTI)I COBpeMeHHOﬁ CHUCTCMbI MOHUTOPHUHI'A
C NOAKJIKOYCHHBIMH CECHCOPAMHU Oprmanmeﬁ CpCabl U CEHCOpaMHU YPp.
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1.7 Unterpauus meronoB TEV u UHF.

Wuterpanus meronoB TEV u UHF mpencraBnsier co0oii 3HaYMTENbHBIN IIAr BIEpEa B
npobieMax TOBBIMICHMA TOYHOCTH W NPEAMKTUBHOCTH UMeromeiics auarHoctuku YP.
CuHeprus 3TUX TEXHOJIOIMM NO3BOJISET MOJIYYUTh IOJHYIO KapTUHY paclpeesieHUus] CUTHAIOB
YP B ompenencHHbIX AMANla30HAX YacTOT COOTBETCTBEHHO IIPEACTABICHUE O COCTOSHHUU
M30JIALUU M CIIOCOOHOCTH BBISIBICHUS Ae(ekToB Ha Oosiee paHHHX cragusx. OmHako 3TO
TpeOyeT perieHusl psia TEXHHYESCKUX MPoOJieM, CBA3aHHBIX ¢ 00paboTKOM OOJBIINX 00HEMOB
JAHHBIX M CUHXpoHM3auued usmepenui. Bueapenne UHF monynelr HemumHyemo Bieuer 3a
co0oii mpuMeHeHne 00JIee BEBICOKOYACTOTHBIX MUKPOCXEM U Tporeccopos [17], mis o6paboTku
1 onu(dpOBKM JAaHHBIX C HECKOJBKHX CEHCOPOB HE PEIKO TPeOYroTCs MpeoOpa3yromue
MIPOLIECCOPbl TMrareploBbIX TAaKTOBBIX 4YacTOoT. HeoOXoauMOCTb y4YUTBIBATH CIIOKHBIE
MEXaHHU3Mbl B3aUMOJIEUCTBUS CUTHAJIIOB C COBPEMEHHBIMHU IPOLECCOPaMHU M OLIM(PPOBKU ITHUX
CUTHAJIOB, MOCTYNAIOLIUX C CO BCEX KAHAJIOB CCTEM MOHUTOPHUHIA, JEJIaeT pa3pabOTKy HOBBIX
ITOPUTMOB 00pabOTKH JaHHBIX ellle 00Jiee aKTyaIbHOM.

2. TexHoJoruu AUATHOCTHKH

2.1 Ilepexonnoe nanpsi:kenue 3azemienus (TEV)

Meronq TEV ocHOBaH Ha M3MEpPEHHWH BCIUIECKOB IIEPEXOJHBIX  HAIPSIKEHUH,
BO3HUKAIOIINX MPU YACTHYHBIX pa3psiax BO BHYTPEHHHUX CIIOSX H3OJISIIIUN BHICOKOBOJIBTHOTO
obopynoBanus. TEV-texnonorus  mo3Bojsier  oOHapyXHBaThb  HayaJlbHbIE  CTaJHUH
BO3HUKHOBeHHsI UP u MuHMManbHbIe Ne(EeKThl, HampuUMep, MOBEPXHOCTHBIC Pa3psbl, €ie
3aMETHBIC TPAAUITMOHHBIM MeToAaM. OqHako ciabas MoOMeX03alUIIeHHOCTh HE PEIKO BICUYET
3a coboi monmydyeHue MHHUMBIX UYP curHamoB, BBI3BaHHBIX IIyMamMd OT CHJIOBBIX
MOJTYITPOBOTHUKOBBIX TMpeoOpazoBateneii. Takum oOpazom npumeHeHue TEV-texnomoruit
MOXET CHU3UTh BEPOSTHOCTh OTKa30B oOopymoBanus 10 50%, dTro mMOATBEpKIAaeTCs
CTaTUCTHYCCKUMHM JaHHBIMU [ 18].

TEV-Metoa MOXHO NMPUMEHSTh B Pa3IMUHBIX CLEHAPUAX, HATIPUMED, ISl TUATHOCTUKU
TpancopMaTopoB, Kabenel W pacmpeaenuTeabHbIX ycTpoicTB. OcobeHHo 3(dekTrBHA B
CHUCTEeMaX C MHOTOYPOBHEBBIMHU H3OJISILUSAMHU, TIe OOHApy)KEHUE PaHHUX N1€(EKTOB MOXKET
peoTBpaTuTh OoJiee cepbe3Hbie npodiemsl. [Ipuunna B ToM, uro TEV Texnonorus obnagaer
BBICOKOM YYBCTBUTEJIBHOCTBIO, 332 CUET LIMPOKOW MPOIYCKHOW IOJIOCHI YacTOT YTO JIEIaeT
TEXHOJIOTUI0O OCOOEHHO TI0JIE3HOM [JIsl BBISBICHMSI BBICOKOYACTOTHBIX CHUTHAJIIOB MaJloi
MOIIIHOCTH M BCEeBO3MOXHBIX UP 0T medekToB BciiecTBHE HEHCIPABHOCTU K MPUMEPY:
TPEUIUH Ha BBICOKOBOJIBTHBIX M30JsiTopax. TEV-TexHos0orus 4acto MHTErpupoBaHa B CUCTEMBI
BoisiBiicHUsI UP, rne TEV ceHcophl MOBCEMECTHO MPUMEHSIOTCS B MHAYCTPUU B COBPEMEHHBIX
cucTteMax MOHUTOpuHra [19], 4yTO MO3BOJIIET OCYIIECTBIATh HENPEPBIBHBIN KOHTPOJIb 3a
COCTOSTHUEM 000pYAOBaHMS. 3a CUET MPOCTOTHl U HE TPEOOBATEIBHOCTH K MECTY YCTaHOBKH
LEHTPAJIBHOTO Yy3J1a CHUCTEMBbI, HE BBICOKMMHU 3alpocaMu K KBaJU(PHUKAIUU TEXHUYECKOTO
MepcoHaa yCTaHABJIMBAIOIIETO CUCTEMY MOHHTOPHHTa OECCIOPHO SIBISIETCS BBIUTPBHIIIHBIM
pemieHueM. Tak ke, OTHOCUTEIBHO JIETKAsl JJI1 U3TOTOBJIEHHUSI KOHCTPYKLIMSI CEHCOPOB JI€IaeT
TEXHOJIOTHIO KpalHEe JOCTYITHOM.

2.2 Cepxsbicokast yactora (UHF)

Meronst  UHF  HCHOJNIB3yrOT ~ CBEpPXBBICOKHE  4YAaCTOTBI  JUI  PETUCTpPalUU
ANIEKTPOMArHUTHBIX HM3JIy4eHUH, BO3HUKAIOUIMX TMPU YACTHUUHBIX paszpsiaax. CeHCOpbl 3TOTro
TUNA SBJISIOTCS BBICOKOYACTOTHBIMHU U YJIABIMBAKOT CUTHAJBI 0 IOJyTopa rurarepu. Mmeror
YHUKQJIbHBIE XAPAKTEPUCTUKH, KOTOPBIE NENAI0T HMX IIOJE3HBIMU Ul AUArHoctuku YP B
CIIOHBIX YCJOBHUSX C TMOBBIIIEHHOW 4YacTOTHOH 3arpsisHeHHOCThI0. UHF-meTtonsr ocobenHo
b deKkTUBHBl 11 OOHAPYKEHHsI YaCTUYHBIX pPa3psioB B Ta30M30JUPOBAHHBIX pacrpee-
JUTENbHBIX YCTPONCTBAX M B BBICOKOBOJBTHBIX TpaHC(hOpMATOpax, TIe TpaJullMOHHBIC
METO/Ibl MOT'YT OKa3aThCsl MEHEE pe3yabTaTUBHBIMU [20].

UHF-MeToapl MpUMEHSIOTCS UIi MOHHTOPHHTA COCTOSIHHSI O0OPYIOBAaHHS B PEAIbHOM
BpeMeHU. OHU TO3BOJISIFOT HE TOJBKO OOHAPYKHMBAaTh Ne(EKThI, HO M JIOKAIM30BATh UX C
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BBICOKOM TOYHOCTBIO. DTO OCOOCHHO BaXXHO JJIsi OBICTPOrO pearupoBaHUS HAa BO3MOXKHBIC
yrpo3sl U OpeaoTBpalleHus aBapuiiHbix cutyauuil. Hanpumep, B GIS cucremax co cTopoHsl
IIPOU3BOUTENECH YCTAHOBIIEHBI CIIELIMAIbHbIE TOUKH [l ycTaHOBKM UHF-naTt4nkoB, koTopbie
Oyayun pasMelieHbl B KIIOYEBBIX TOUYKAX JAIOT MaKCHUMAaJbHYIO 3(P(QEKTHBHOCTh B ILIaHE
obHapyxenus YP.

3. DKcnepuMeHTAIbHbIE HCCIEI0BAHMUS

[loneBple uCHBITAaHWS HAa JEHCTBYIOIIUX BBICOKOBOJIBTHBIX —PACIPEICIIUTEIbHBIX
YCTPOKCTBAX MOKAa3aJIX BBICOKYIO 3(deKTuBHOCTh ncnonb3oBanus komOunauun TEV u UHF
TexHoJorui g auarHoctuku YP. MccnmenoBanus moarBepikaaroT, 4yto npuMmeHenue TEV
MIO3BOJISIET OOHApYXUBaTh pa3psiibl C MHUHUMAJIbHOM aMIUIMTYJOW, KOTOpbIE MOIYT B
MIOCJIEJICTBUU MPUBECTH K O0Jiee Cepbe3HbIM JedeKTaM, €ClIM UX He OOHAPYXHUTh HAa paHHUX
cragusax. UHF-texHomornn BBHIY CBOUX XapaKTepUCTHK, B CBOKO O4Yepedb, IOMOTArOT
BBIJICNIUTh HY)KHbIE€ CUTHAbI, IIPU JIOJDKHOW YCTaHOBKE CIIOCOOHBI JIOKANIU30BaTh ydactu ¢ YP
U Jal0T BO3MOXHOCTb ONIEPATUBHO NMPUHUMATh MEPHI IO PEMOHTY U MPO(dUIaKTHKE.

[IpuMeps! ycnenrHoro npuMeHeHus

B Xonme moneBbIX HCHBITAHUM HAa HECKOJIBKUX KPYMHBIX SHEPreTUYECKHUX OObEeKTax
koMmOuHaimss TEV u UHF mnokaszana ynydineHHe TOYHOCTH JTUArHOCTHUKM M CHUYKEHHE
kosmuecTBa aBapuii [20]. MccrmenoBanusi MOATBEPANUIIN, YTO PaHHEE BBISIBJICHHE YaCTHUHBIX
pa3psAloB  C HCIOJB30BAHMEM J3THUX METOJOB IIO3BOJISIET COKPAaTUTh BpeMs IPOCTOS
000py/IOBaHUs U CHU3UTH 3aTPaThl Ha €ro 0OCIyKUBaHHE.

4.CpaBHeHHMe HCTOYHMKOB

CoBpemeHHbIE pelIeHHs B cdepe TPaHCHOPTHBIX KOMMYHHUKAIMA TpeOyioT Haludue
a/JIeKBaTHBIX MEp MO MOHMTOPHMHTY DPa3psIOB B MX DJEKTPHUUECKUX YaCTAX B CBOUX paboTax
Zajadatz (2022) uccieayeT BO3MOXHOCTH UCIOJIb30BAHUS TPAAUIIHOHHBIX METOI0B H3MEPEHHS
UYP npu HecuHycOMJAIbHBIX (OpMax HaINpsDKEHUS, XapaKTEePHBIX ISl AJIEKTPUUECKUX
TPAHCIOPTHBIX CpelIcTB. VccnempoBaHue JAEMOHCTPUPYET BIMAHHUE (GOPMBI M YACTOTHI
MIPUJIOKEHHOTO HAIPSDKEHUSI HAa XapaKTePUCTUKU YacTUYHBIX pa3psaoB. Ocoboe BHUMaHHE
yAensieTcsl OrPaHUYECHHUSIM U BO3MOXKHOCTSIM TPUMEHEHHs] aKyCTHUECKUX, OINTHYECKUX H
CTaHJAPTHBIX AJIEKTPHYECKUX MeToJ0B m3mepeHuit cormacHo IEC 60270. lanHas pabota
MPEeIOCTaBNIsSIeT IIEHHbIE pEeKOMEHJAaluu Mo auarHoctuke YP B coBpeMEHHBIX cHCTeMax
AJIEKTPONUTAHUS C BBICOKOYACTOTHBIMU UMITYJIbcamu [21].

CoBpeMennble ucciaenopanuss ¢gaxkropoB YP umx pa3BuTusi HamnpabjieHbl Ha
onpeaeIeHUs] M HCCIeT0BAHUA HHTeHCHBHOCTel curnagoB YP u3 takux Yoshizumi u ero
koJutern (2017) w3yyaroT BIMSHHME 3a3€MJICHUS HAa W3MEPEHHE MEPEXOJHOI0 HapsHKEHUS
3emsin (TEV), BBI3BaHHOTO YaCTHUHBIMH pa3psaamu. McciaenoBanue HampaBiIeHO HA pPa3BUTHE
TEXHOJIOTUH JUArHOCTUKH BBHICOKOBOJBTHOTO 000pynoBanus merogoM TEV. OcHOBHOI BBIBOJ
— 3a3eMJICHUE YBEJIMYUBAET MHTEHCUBHOCTh CHTHAJIa, & HU3KOYACTOTHBIE KOMIOHEHTH |EV
MIPOSIBIIAIOTCS TOJIBKO MPHU HATWYHMK 3a3eMieHus. B otnuuue ot pabot MBanosa u IlomsikoBa,
3Ta CTaThsl OPUEHTHPOBAHA HAa SKCIIEPUMEHTANbHBbIE HCCIEAOBaHUS TMoBeaeHus [EV u ero
NpUMEHEHHE B THarHocTuke [22].

Hapsiny c¢ paboramu Yoshizumi, Biswas (2012) mnpexacTaBiseT ambTepPHATHBHYIO
METO/IOJIOTHIO WACHTU(UKAIMKM M JIOKATH3AIlMH HCTOYHMKOB YaCTUYHBIX paspsangoB (UP) c
UCIIOJIb30BAHMEM ONTHYECKUX CceHCOpoB. MccnemoBanue (okycupyercs Ha SKCIEpH-
MEHTAJIBHOM TOJXOJE, TJe ONTHUYECKHE NAaTYUKH (UKCHUPYIOT M3NydeHue, Bbi3BaHHoe UP, a
anropuT™Mbl MamuHHOTO 0Oywenust (Gaussian Mixture Model u Support Vector Machine)
UCIOJIL3YIOTCS JUIsl UACHTU(DUKAIMK W JOoKanmu3auuu AedekToB. DTOT MOAXoa oOnagaer
MPEUMYIIIECTBOM TaTbBAHUYECKON U3OJISIIIMMA U BHICOKOW YCTOMYMBOCTH K DJEKTPOMArHUTHBIM
rmomMexam, OJHAKO TpeOyeT HaIU4YUsl ONTHYECKOW BUIUMOCTH NedEKTOB, YTO OTPAaHUYHUBAET

MNPUMCEHCHUC MCTOJIa K O60py,ZLOBaHI/IIO C HpO3pEl‘IHOfI NJIM 4YaCTHUYHO Hp03pa‘lHOI>'I I/I3OJ'ISII_[I/IGI71
[23].



Ontumu3anuio pacripocTpaHeHHOro Mmerona, ucciaenyemoro Khan (2018) npemnaraer
AITOPUTM JoKanmu3anuu YP B BBICOKOBOJIBTHBIX CHCTEMAaxX, OCHOBAHHBIH HAa U3MEPCHUU CHUJIBI
npunasaToro curfana (RSS), uto mo3Bonser 00XoauThes 0€3 CIIOKHOU CHHXPOHH3AIMH
IaT4uKoB. MccnenoBanne BKIIIOYAET HSKCIEPHUMEHTANIBHYIO MPOBEPKY alroOpuTMa Ha IOJIEBBIX
UCIBITAHUSAX, JEMOHCTPUPYS BBICOKYIO TOYHOCTH JIOKAIHM3AIUU 10 CPABHCHHUIO C JIPYTHMH
aropuTMaMH (METOJ] HAUMEHBIIUX KBAJpPaTOB, METOJ MOMCKAa M COOTHOIIEeHUH). OCHOBHOE
MPEUMYIIECTBO O3TOTO0 METOJa — TMPOCTOTa pealM3allid H BBICOKas TOYHOCTH 0Oe3
HEO0OXO0IMMOCTH CHHXPOHH3AIMH BPEMEHU MEKTy JaTduKamMu [24].

Ewaida et al. (2021) u3yuaroT mMerox JoKanu3auuu ASPEKTOB B CPEIHEM HANPSIKCHUH
(MV) pacrpene/uTeNIbHbIX YCTPOWCTBAX MPU MOMOINU JaTYMKOB MEPEXOJAHOTO HAIPSIKCHHUS
semimn (TEV). HccnemoBanme omumpaercss Ha meron kymynatuBHoW sHeprun (CEM) mis
TOYHOTO OTIpe/IeTICHNsI MOMEHTa npuxona curHana YP k garumkam. Pe3ynmbTaThl MOKa3bIBalOT
BBICOKYIO TOYHOCTb OIIPENEICHUS] MECTOIOJIOKEHUSI N1e()eKTOB C MOrpelmHocThio okojo 0.4
MeTpa, YTO MOATBEpXkaaeT 3()(HEKTUBHOCTh MOAXO0MA IS JAUATHOCTUKH PACIPENEIUTEIbHBIX
YCTPOUCTB CpelHel MOIITHOCTH [25].

Mpeapiayume paGoTsl MO METOAAM JOKAJM3AUMA W UX OMUMH3ALUH TpedoBaIH
HAJIM4YHUe JOJIKIoi 00padorTKku MoJiy4YeHHBIX JaHHBIX rae padorsl IHonakoea u Xoamosa
(2022) cocpemoroumncy Ha pa3pabOTKe aIrOPUTMOB OOpPAaOOTKH CHTHAIOB YaCTHUYHBIX
paspsmoB. B  HMX wuWcclemoBaHWM aKIEHT CHellaH Ha aHalu3 3aperUCTPHPOBAHHBIX
ANeKTpUdYecKnX cUTHaNOB YP, pacuér mx XapakTepHCTHK (Hampumep, KaXYIIETrocs 3apsiia)
MOCTPOCHHE  aMIUTUTYAHO-(Pa30BbIX  JMarpaMMm. OJTOT TOAXOJX  OpPHEHTUPOBAaH  Ha
BBIYUCIIUTEIBHBIC METOII 0OPaOOTKH JaHHBIX U pa3pabOTKy MPOrPAMMHOTO OOECTICUCHHS TSt
JTUATHOCTUKU HW3OJIAIMM, 4YTO JellaeT paboTy OoJjiee MPUKIATHONM TIO CpPaBHEHUIO C
uccienoBanuem MBanona [26].

HMMuTanuu ¥ CUMYJISIHE Pa3psI0B Pa3HbIX HHTEHCHMBHOCTEH B paborax Hoshino (2009)
HCTIONB3YIOT uucieHHoe MmoaenupoBanne (FDTD wmetonm) s aHanm3a pacmpoCTpaHEHHS
AIIEKTPOMArHUTHBIX BOJIH, BBI3BaHHBIX UYP, B ra3oM30JMpPOBaHHBIX paclpeieTUuTENIbHbBIX
ycrpoiictBax (GIS). Pabora dokycupyercs Ha H3y4eHHH OCTA0JICHUS CHUTHAla W YTEUKH
ANIEKTPOMArHUTHBIX BOJIH 4Yepe3 n30JaTopsl U coenunenns B GIS. MccnenoBanue obGecreunBa-
€T TEOPETUYECKYI0 OCHOBY [UIsl OLEHKA M KaJTUOPOBKM YYBCTBUTEIBHOCTH YIIbTPaBBI-
cokogactoTHbix (UHF) maTdukoB, HCHOIB3yEeMBIX IPH THATHOCTHKE 000pymoBanus [27].

Yao (2013) paspabarbiBacT u ucciaeayeT yiabtpaBbeicokodactotHyo (UHF) dhpakraipayro
aHTeHHY JUIs BbIBIeHHs UYP B pacmpenenuTenbHBIX —ycTpoiicTBax  (Switchgear). B
UCCIIeIOBaHUU 0co00e BHUMAaHUE yeNnseTcs onTuMu3anuu pacrnoioxenus UHF-natunka ns
MaKCUMaJbHOM YyBCTBUTEIBHOCTU NpHu oOHapyxeHuu UP. B pesynabrare MonenupoBaHus u
SKCIEPUMEHTAJIbHOW TMPOBEPKH OMNPEAETICHO ONTHMAIbHOE MECTOIOJIOKEHHE YCTaHOBKH
aHTCHHBI, MMOATBEPKAAIOIIEE €€ BBICOKYIO 3(D(PEKTUBHOCTH Ui MPUMEHEHHUS B MOHUTOPHUHIE
COCTOSIHUS BBICOKOBOJITHBIX PaCHpeIeIUTEIbHBIX YCTPOUCTB [28].

Ghosh u eco komanoa (2021) paccmatpuBaroT uameperre YP u OLEHKY CpoKa CITy»KObI
M30JISIMH 000pyA0BaHusl 1o Bo3aeicTBUEM nocTostHHOTO (DC) HanpshkeHusi, 0COOEHHO MpH
MEPEeXO/IHbIX pEXHMaX M YCTAHOBHBIIMXCS COCTOSIHUSAX. VccnemoBaHue I€MOHCTPHPYET
BIIUSIHUE TEPEXOJHBIX TIPOIECCOB (HAMpUMeEp, HHBEPCUS TOJSIPHOCTH H  BKIIOYCHHE
o0opynoBaHusl) Ha YpOBEHb BO3HUKHOBeHHUS UP W Mmoka3piBaeT 3HAUUTEIHHOE COKpAIllCHHE
CpoKa CIy:KObl M30JSLMU TPU YaCThIX MEPEXOIHBIX IpolleccaX. ABTOPHI pazpaboTanu ai-
TOPUTM aBTOMaTU4eckoro pacro3HaBaHusi UP, ciocoOHbIN 3(h(ekTUBHO pa3inyaTh MOJE3HbIE
CUTHAJBI OT TIOMeX Oe3 y4acTHs SKCIEPTOB, YTO JIelaeT €ro MOJE3HbIM JUIS JUATHOCTUKH U
OIICHKH COCTOSIHUS BHICOKOBOJIBTHOTO 00opynoBanus noj DC HanpsokenueM [29].

CHmXeHue pUCKOB aBapuil TpeOYIOT TiayOOTrOKO MOHUMAaHHS (U3UKH MEXaHW3Ma U
NpUPOJIbI BOSHUKHOBEHH Pa3psioB Tie B cBoux paborax Morshuis u# Smit (2005) mpoBoasT
0030p MEXaHH3MOB BO3HUKHOBEHHUS UYACTHUYHBIX DPa3psioB MPH MOCTOSHHOM HAMpsHKEHUU
(DC). B cratbe onucaHbl OCHOBHbIC (DU3MUECKHE MPOIECCH BOSHUKHOBeHUS UP, oTinuumns ux
nposiBienuss npu DC u AC HampspkeHHsIX, a Takke METOJAbl W3MepeHus W aHanm3a YP B
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000pYZOBaHUHU TOCTOSIHHOTO TOKA, TaKMX KaK BBICOKOBOJBTHBIC KaOelW MOCTOSHHOTO TOKa
(HVDC). B otinume OT JAPYrMX HCCICIOBaHHA, 3/IeCh OCHOBHOE BHUMAHHE YIIEJISICTCS
¢byHIaMeHTaIbHOMY MeXaHu3My U ¢u3uke siiaenuss YP, uro nemaer paboTy LIEHHOH C TOYKH
3peHHs] MOHMMAHUS TMPHUHLUIOB TUArHOCTUKM M aHAJIM3a YacTHYHBIX paspspoB npu DC
Hanpsokenun [30].

Heanos (2022) wuccrienyer >1MeKTpOPHU3NICCKHE IMPOIECCHl M CTAPCHHE MAaTEpHAaJoB
BBICOKOBOJIBTHBIX H30JIATOPOB C IIETbIO JMArHOCTHKH MX pabouero pecypca. B ero pabote
AHAJIM3UPYIOTCSl XapaKTEPUCTUKH YacTUYHBIX pa3psiioB (UP) B QUAIEKTpUUECKUX IMOJIOCTSIX
ne(eKToB, MPUMEHSIOTCS IEKTPOMArHUTHBIE M aKyCTHYECKUE METOIbI m3MepeHuil. OCHOBHOE
BHHUMaHUE yJemseTcsl (yHIaMeHTaJIbHBIM IIpolieccaM BO3HUKHOBEHUS U pacnpocTtpaHeHus YP,
YTO 3aKJIAJbIBACT TEOPETUUCCKYIO OCHOBY JJII MOHUTOPHHTA COCTOSTHUS U30JsTOpOB [31].

B xoneunom wurtore MoHUTOpUHT YP CBOAMTCS K OILIEHKE COCTOSHUS M HAJA0OHOCTH
MpeIBapUTEIILHOM 3aMEHBI JIeTajiei rie B cBoux padborax Subramanian et al. (2021) moapo6Ho
aHAIM3UPYIOT  METOJAbl OLIEHKM COCTOSIHUS M YINPABICHUS JKU3HEHHBIM  IIUKJIOM
BBICOKOBOJIBTHBIX ~PACIpPE/ICIUTEIbHBIX YCTpOHCTB (Switchgear). ABTOpBI aKIEHTHPYIOT
BHUMAHHE HA NPAKTHUYECKOM MNPUMEHEHWU METOJOB JWAarHOCTUKH, CTATUCTHKE OTKa30B H
aHaJIM3€ YaCTMYHBIX pa3psanoB. PaboTra mmeeT MpakTHUECKYI0 HANpPaBIE€HHOCTb U SIBISETCS
PYKOBOJICTBOM IO BBIOOPY M TPUMEHEHHIO PAa3JIMYHBIX METOJOB OLEHKU COCTOSIHUS
pacnpeenuTeNbHbIX YCTPONCTB, BKIIIOUYAs aHAJIN3 YACTUYHBIX Pa3psiioB, YTO SBJISETCS BaXKHON
COCTABJISIONIEH I 0OeCTICUeHHs HaIe)KHOCTH 00opynoBanus [32].

4. IlpakTHyeckasi 3HAYUMOCTb UCCJIEAOBAHU I

Pesynprarel 1OJIEBBIX HUCHBITAaHUN NOATBEpXkKAatoT, 4yto wuHTerpauus TEV n UHF
TEXHOJIOTUH 3HAYUTENIHO IMOBBIIIAET YPOBEHb O€30MaCHOCTH M HAJEKHOCTH SKCIUTyaTallluH
BBICOKOBOJIBTHBIX YCTPOMCTB. DTO MO3BOJIAET S3HEPTETUUECKUM KOMIIAHUSIM HE TOJIbKO CHU3UTh
PUCK aBapUMHBIX CHUTyalluii, HO M COKpAaTUTh 3aTpaTbl HAa PEMOHT U OOCIy)XHBaHHE
obopynoBanus. Kpome Toro, npumeHeHre COBPEMEHHBIX METOJIOB MOHUTOPUHTA CITIOCOOCTBYET
YMEHBIIIEHUIO BPEMEHHM TMpocTOos O0O0OpyHOBaHUS, YTO HMEET BaXXHOE 3HAUYEHUE JUIs
(hMHAHCOBOW YCTOWYMBOCTH PHEPTETUUECKUX KOMITAHUM.

3akJjiroueHue

[Ipo6meMa 4acTUUHBIX Pa3psI0B B BHICOKOBOJITHBIX PaCIpPEACIUTEIbHBIX YCTPOMCTBAX
OCTaeTCs aKTyaJIbHOM JIJIsi JHEPTrOCUCTEM I10 BCeMy MUpPY. Pa3BuTHe U BHEIpEHUE TEXHOJIOTUI
TEV u UHF oTkppiBaeT HOBbIE BO3MOYKHOCTH ISl TIOBBIIICHUS HAJIEKHOCTH U O€30MaCHOCTH
paboTel 00opymoBaHus. [[1s MTOCTHKEHUST HAMITYUIIUX PE3YIHTATOB HEOOXOIUMO MPOIOKHUTh
HMHTETPAIUIO ITUX TEXHOJIOTHI C BHEAPEHHUEM COBPEMEHHBIX CHCTEM OOpaOOTKH JAHHBIX, YTO
MMO3BOJIUT KAaYeCTBEHHO IIOHMMAaTh BO3JCHCTBUS YACTHYHBIX Pa3psAIOB Ha OIpPEACICHHOE
o0opynoBaHHWE U YIYYIIUTh alTOPUTM MPOTHO3UPOBAHMUS OTKa30B. Takum oOpaszom,
JATbHEHIITNE UCCIICIOBAHMS U Pa3pabOTKH B 3TOM 00JaCTH ONpaBAaHHBI TEM, YTO OHU aKTUBHO
MIOMOTAIOT CYIIECTBEHHOMY CHU)XCHHIO PHCKOB aBapHii, OCTAHOBKH W JAIbHEHIIEr0 OTKa3a
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1.  CIGRE Technical Brochure 580. (2014). Failure Survey on High Voltage Equipment.

2. Zhou, Y., Wang, L., & Shi, Y. (2019). Analysis of partial discharge caused by metallic
particles in GIS. IEEE Transactions on Dielectrics and Electrical Insulation, 26(4), 1235—
1242.

3. CIGRE WG A3.06. (2007). Final Report on the Reliability of High Voltage Circuit
Breakers. CIGRE.

4. Wang, Y., & Zhang, X. (2016). Effects of humidity on electrical insulation performance.
IEEE Transactions on Power Delivery, 31(3), 1245-1253.

5. Koch, M. (2010). Application of ultrasonic methods in partial discharge detection. IEEE
Electrical Insulation Magazine, 26(3), 20-25.

10



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

Yan, J.,, & Li, F. (2017). Pattern recognition techniques for partial discharge
classification. Electric Power Systems Research, 145, 221-230.

Ma, X., & Zhang, H. (2015). Frequency spectrum analysis of partial discharge signals.
IEEE Transactions on Dielectrics and Electrical Insulation, 22(2), 880—888.

Sullivan, G.P., Pugh, R., Melendez, P., & Hunt, W.D. (2010). Operations and
Maintenance Best Practices: A Guide to Achieving Operational Efficiency. National
Technical Information Service.

Smith, J.A. (2018). Electrical Discharge Phenomena in Power Systems. London:
Springer.

Sharma, P., & Chen, M. (2019). Electromagnetic interference in partial discharge
measurements: sources and mitigation. IEEE Access, 7, 98459-98469.

Liu, B., & Wang, J. (2020). High-speed digital signal processing for partial discharge
diagnostics. IEEE Transactions on Instrumentation and Measurement, 69(12), 9242—
9251.

Subramanian, S., Rao, A., & Joshi, P. (2021). Multi-source discharge localization in GIS.
IEEE Transactions on Power Delivery, 36(1), 11-20.

Stone, G.C., & Boggs, S.A. (2004). Partial Discharge Detection in High Voltage
Equipment: UHF Techniques. Wiley.

Brown, J.L. (2017). Impact of environmental conditions on partial discharge detection.
IEEE Transactions on Dielectrics and Electrical Insulation, 24(6), 3774-3781.

Xuewen, Y., Chen, C., Chen, Z., Lei, B., & Wenwen, Z. (2020). On-Line Partial Discharge
Monitoring System for Switchgears Based on the Detection of UHF Signals. IEEE
Access, 8, 100432-100443.

Singh, R., & Kapoor, A. (2020). Integration of TEV sensors in online monitoring systems.
International Journal of Electrical Power & Energy Systems, 117, 105637.

Zheng, Z., Li, J., & Huang, X. (2020). UHF Sensor Development for Partial Discharge
Detection in GIS: Experimental Analysis. IEEE Transactions on Power Systems, 35(5),
2401-2410.

Davies, P.H. (2018). Advancements in Transient Earth VVoltage Technology for Electrical
Discharge Monitoring. IET Press.

Zhang, Y., Li, M., & Wang, H. (2019). Monitoring Partial Discharges Using UHF and
TEV Methods. IEEE Transactions on Power Delivery, 34(2), 450-460.

Xiang, Y., Wang, M., & Zhou, L. (2021). Combining TEV and UHF Technologies for
Improved Partial Discharge Detection. IEEE Transactions on Dielectrics and Electrical
Insulation, 28(2), 789-798.

Zajadatz, T., Kahl, B., & Moser, A. (2022). Challenges of partial discharge diagnostics
under non-sinusoidal voltage conditions. IEEE Transactions on Dielectrics and Electrical
Insulation, 29(4), 1234-1243.

Yoshizumi, T., Tanaka, H., & Fujimoto, T. (2017). Effect of grounding on TEV signal
behavior caused by PD. IEEE Electrical Insulation Magazine, 33(5), 20-27.

Biswas, A., et al. (2012). Optical sensor-based partial discharge detection using GMM
and SVM. IEEE Sensors Journal, 12(6), 1891-1898.

Khan, H.A., et al. (2018). RSS-based partial discharge localization in high-voltage
switchgear. IEEE Transactions on Dielectrics and Electrical Insulation, 25(5), 1682—
1689.

Ewaida, M., et al. (2021). Cumulative energy method for partial discharge localization in
MV switchgear. IEEE Transactions on Power Delivery, 36(4), 3127-3135.

Polyakov, 1., & Kholmov, M. (2022). Signal processing techniques for partial discharge
diagnostics. Journal of Electrical Engineering & Automation, 10(2), 45-52.

Hoshino, T., et al. (2009). FDTD modeling of PD signal propagation in GIS. IEEE
Transactions on Dielectrics and Electrical Insulation, 16(6), 1514-1522.

11



28. Yao, J., et al. (2013). UHF fractal antenna design for switchgear PD detection. IEEE
Transactions on Antennas and Propagation, 61(4), 1994-2001.

29. Ghosh, P., et al. (2021). Partial discharge behavior under DC voltage. IEEE Transactions
on Dielectrics and Electrical Insulation, 28(5), 1622—-1631.

30. Morshuis, P.H. F., & Smit, J.J. (2005). Partial discharges at DC voltage: Their
mechanism, detection and analysis. IEEE Transactions on Dielectrics and Electrical
Insulation, 12(2), 328-340.

31. Ivanov, I.P. (2022). Diagnostics of high-voltage insulators under aging. Journal of
Electrical Engineering and Diagnostics, 11(1), 21-29.

32. Subramanian, S., et al. (2021). Life-cycle management and diagnostics for high-voltage
switchgear. Electric Power Systems Research, 189, 106663.

YUKSOK GORGINLIKLi PAYLAYICI QURGULARDA
QiSMI BOSALMA PROBLEMLORI

NURUBOYLI Z.K., IBRAHIMXOLILOV S.A.

Moqgalo yiiksok gorginlikli paylayici qurgularda (YGPQ) qismi bosalmalarin (QB)
diagnostikasinin miiasir texnologiyalarina hasr olunmusdur vo enerji tachizatinin etibarliliginin
tomin olunmasinda bu texnologiyalarin oshamiyyatini vurgulayir. TEV (Kegici Yer Garginliyi)
vo UHF (Ultra Yiksak Tezlik) metodlarinin tatbigi ilo QB-lorin erkan marhalolords effektiv
sokildo askarlanmasi, qozalarin garsisnin alinmasi vo avadanhigin xidmoat middatinin
uzadilmasi miimkiin olur. Diagnostika zamani iizlosilon problemlar vo ¢agirislar, o ciimladan
xarici maneslorin tasiri, bosalma monbalorinin ¢oxlugu vo anonavi tisullarin moahdudiyyatlori
muzakira olunur. TEV vo UHF texnologiyalarinin inteqrasiyasmin effektivliyini siibut edan
saho smaqlarmin naticalori taqdim olunur. Magalods hoamginin miiasir monitoring tisullarmin
totbiginin  yiksok gorginlikli sistemlorin etibarliligmin artirilmast vo Qoaza risklorinin
azaldilmasi baximindan praktik shamiyyati xiisusi vurgulanir.

Acar sozlar: gismi bosalmalar (QB), yiiksak gorginlikli paylayici qurgular (YGPQ), kegici yer goarginliyi
(TEV), ultra yiiksak tezlik (UHF).

THE PROBLEM OF PARTIAL DISCHARGES IN HIGH-VOLTAGE SWITCHGEAR
NURUBEYLI Z.K., IBRAHIMKHALILOV S.A.

This article is devoted to modern technologies for diagnosing partial discharges (PD) in
high-voltage switchgear, emphasizing their importance in ensuring the reliability of power
supply systems. The Transient Earth Voltage (TEV) and Ultra High Frequency (UHF) methods
are considered, which enable effective early-stage detection of PD, thereby preventing failures
and extending equipment service life. The paper discusses the challenges faced in PD
diagnostics, including external interference, the presence of multiple discharge sources, and
limitations of conventional techniques. Field test results are presented, confirming the
effectiveness of integrating TEV and UHF technologies. The article also highlights the
practical significance of implementing advanced monitoring methods to improve the reliability
of high-voltage systems and reduce the risk of accidents.

Keywords: partial discharges (PD), high-voltage switchgear (HVS), transient earth voltage (TEV), ultra-
high frequency (UHF).
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Modul, istilik, hidravlik, hibrid elektrik stansiyalarmimn (ESt), yuksok vo ifrat yuksok gorginlikli elektrik
verilis hava vo Kkabel Xotlorinin (EVHX, EVKX) inkisafi, tikintisi, yenidon qurulmasi vo istismara verilmosi,
miiasir elektrik yarimstansiyalarinin (YSt) tikintisi, onlarin miixtalif ¢esidli avadanliglarinin davamliliginin va
tohlikasiz istismarinin tomin edilmasini tolob edir. Hazirda Elektrik Sistemlorine (ES) ayrilan investisiyalarmn
hocmindon asili olmayaraq, onlarin tam yenidenqurulmasi ils, k6hno YSt avadanhglarinm gismon va ya tam
doyisdirilmasi va s. ilo enerji tachizati sistemlarinds gozalarin garsisini almaq qeyri miimkiindiir. ES-da gozalarn
tamamilos aradan qaldirilmasit miimkiin olmasa da, onlarin sayimin miimkiin qodar azaldilmasi {igiin SCADA-06I¢U,
nozarat vo idars sistemlorinin yaradilmasi giiniin aktual masalolarindon sayilir. ES-nin SCADA-ya qosulmus hor
bir avadanligmin texniki durumu barado malumat real vaxt kasiyindos intellektual vericilor vasitosilo informasiya
morkoazina daxil edilir, emal olunur vs idars mexanizminin foaliyyati i¢clin gorar gobul edilir. Belalikla, ES-nin har
hansi bir avadanliginda normal texniki durumdan forglonan Vo gozaya sobab ola bilocok bagqa bir rejim agkar
olunarsa, dorhal muvafig gorar gobul edilorok, gozanin qarsist alinir. Moagalads, elmi sahads ilk dofo olarag,
muolliflor EVHX-nin dayaqlarinin torpaglama miigavimatlorinin él¢tilmasi U¢lin tatbig olunan mdvcud lsullardan
tamamils forglonan yeni iisul isloyib hazirlamislar.

Acar sozlar: elektrik sistemi, hava elektrik xotti, torpaglama sistemi, ildimdtiiriicii, torpaglama
mugavimatinin él¢tilmasi, ildirnmétiiriiciilords vo dayaglarda induksiya olunan carayanlar.

Inkisaf etmis Avropa Olkolorinin  SCADA sistemino qosulmus ES-nin oksor
avadanhglarinin foaliyyst gostormosi ti¢iin yaradilmis agilli sistem demok olarki bu gin
muvoffoqiyyatlo istismar olunur [1]. Lakin ES-nin mihim elementlorindon biri sayilan
EVHX-nin bitln istismar doévrinds, onun mixtalif rejimlordaki bazi parametrlorinin analoq
signallara cevrilorok informasiya moarkazino Otlrilmasi mosalasi elmi odobiyyatda rast
golinmir. Belo parametrlordon biri EVHX-nin dayaqlarinin torpaglama sistemlorinin
torpaglama mugavimatlorinin (TM ) giymatloridir. Bu mogalods, mialliflor elmi odsbiyyatda
ilk dofo olarag EVHX-nin istoenilon rejimlorinds, onlarin  dayaqlarinin torpaglama
mugavimatlorinin - malum Gsullardan tamamils farglonan yeni Gsulla 6l¢tilmasi toklif olunur.
On awval, gostarak ki, EVHX-n dayaqlarinin torpaqlama sistemlori (TS) necs yaradilir, onlarin
mugavimatlarinin giymatlori no godar olmalidir vo onlaq hansi klassik Gsullarla él¢uldrlor.

ES-nin yaradilmasinda, onlarin normal rejimlorinin toskil edilmasindo muihim rol
oynayan EVHX-nin ifrat gorginliklordon qorunmasimni tomin edoan TS-nin bdyik shamiyyati
vardir. TS-nin olmamast vo ya onlarin 6z funksiyalarint bu vo ya digor soboblordon yerina
yetirmomosi, EVHX-nin avadanhqglarmm izolyasiyasinin pozulmasma, rele miihafizo
qurgularinin igdon imtina etmasino vo ya yanls iglomosine sobob ola bilor. Odur ki, TS-nin
layiho edilmasing, onlarin montajina, istismar qaydalarinin yerina yetirilmosino vo etibarligina
ciddi shamiyyat verilir. Malumdur ki, torpaglama sistemi EVHX-nin metal diroklorinin metal
govdasi vo ya geyri-metal diroklorin govdasine borkidilmis metal zolaq vasitasilo torpaglama
sistemina birlosdirilon ildirimétiiron mihafize trosundan ibarstdir. Toyinatina gora, EVHX-in
torpaqlama sistemi istismar iggilorinin tohlikasizliyini, yerlo qisa gapanma zamani rele
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muhafizasinin isini, EVHX-in ifrat yiksok gorginlikdon qorunmasini, onun ildirimdan etibarli
gorunmast iigiin ildirim carayanlarinin yera Oturtlmasini tomin etmolidir. EVHX-na 2 qonsu
dayaqlar arasi konturlardan ibatot olan qurgu kimi baxsaq, deys bilorik ki, onun torpaglama
sistemlori vasitasilo bu vazifalorin yerina yetirilmosi, ayri-ayriligda, bu konturlarin yekun
elektrik mugavimatlorinin giymatindon asihidir (sokil 1). Sokil 1-don gorindr ki, hor bir
konturun yekun migavimati, baxilan konturu yaradan ildirimétiiron trosun 2 dayaq arasi
hissasinin ~ migavimatindon, 2 qonsu dayaqlar vo onlarin torpaglama sistemlarinin
mugavimatlorindon va 2 qonsu dayaqlar arasi torpaq gatinin miiqavimatindon asilidir.

[1dirmétiiron trosun en kasik sahesi EVHX-nin biitiin uzunlugu boyu doyismoadiyindan,
onun 2 qonsu dayaq arast hissasinin  miigavimati trosun materialindan, trosun en Kkasik
sahasindon vo dayaqlar arast mosafonin uzunlugundan asilidir. Adston, xususi sart rejimli
saholorda yerloson EVHX-nin ildirimétiiran troslar1 polad kanatlardan hazirlanir. Birdovrali
EVHX iiciin kanatin en kosik sahesi 35 mm?, diger rayonlar ticiin iso 50mm?2gobul edilir. Lakin,
oksor hallarda, ildirimétiiron troslar aliminium-polad materialindan hazirlanib, en kosik
saholori 120 mm? -don ¢ox gobul edilir [2]. Umumi halda ildirmétiiran trosun miigavimati
asagidaki molun diisturla hesablanir: Ry = Ro I, Xt = Xo -1 burada Ro vo Xo - ildirimétiiran
trosun materialindan asili olan xiisusi aktiv vo induktiv. migavimatidir, Om/m, | —
ildirimotiiran trosun EVHX-n 2 qonsu dayaqlar aras1 uzunlugudur.

it

TdirimGtiiran tros
it a3
/mlq xattinin trasi boyu torpag sathi
i
/ dayag3
a1

dayag2

dayagl

Sok.1.EVHX-nin mihafizs torpaglama sisteminin sxemi.

Nozaoro almaq lazimdir ki, qonsu dayaqlar arast mesafo EVHX —nin trasinin ke¢diyi
orazinin profilindon asilidir. Yani, Xattin trasmm ke¢diyi arazinin sothi tfigi diiz sahs olarsa,
onda gonsu dayaqlar arasi masafonin uzunlugu hor yerds eyni olub, xattin gorginliyindon asili
olacaqdir (cadval 1) [3].

EVHX-nin dayaqlar aras1 mosafo

cadval 1
EVHX-nin garginliyi,kV EVHX-nin dayagqlar aras1 mosafo
0,4-1 40-50 m
10 80 m-don yuxari
35 200m-a godor
330 400m-o gador
500 450 m-a godor
750 700m
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Lakin EVHX-nin trasinin ke¢diyi arazinin sothi iifiqi diiz olmazsa, onda dayaqlar arasi
mosafonin uzunlugu qonsu dayaqlar arasinda miixtalif olub, yer ssthinin profilindon asili olaraq
xususi hesabat noticasinde muoyyan edilir [4]. Nohayat, geyd edok ki, EVHX-nin dayaqglar
arast mosafo yuxarida gostorilon faktorlardan basqa, trasin kecdiyi rayonun kiiloys Vo
buzlagmaya gora hansi iqlim rayonuna uygun galdiyindon do asilidir [5].

EVHX-nin torpaglama konturunu yaradan ikinci element-dayaqlarin torpaglama
sistemloridir. Dayaqlarin torpaqlama sistemlori, dayaqlarla yerin potensialini barabarlosdirarak,
hor hansi bir sobobdon dayaga diiso bilocok yiksok garginliyi yera 6tirmokls, is¢i personalin
tohllkasizliyini tomin edir. EVHX-nin biitiin uzunlugu boyu, dayaqlar vasitasilo ildirimétiiran
trosun yerlo birlosdirilmasi naticesindo yaranan konturlarda, dayqlarin sayr qodor paralel
birlosmis budaqlar almir (sokil 1). Bu sababdon do, EVHX-n uzunlugundan asili olmayaraq,
ildirimaétiiran trosun yekun migavimoti 50 Om-a godor olur [6]. Digoar torafdon, dayaqlardan
birinin vo ya bir negasinin torpaglama mugavimatlorinin giymatinin artaraq doyismoasi, EVHX-
n ildirimétiiron trosunun da baxilan konturda miigavimotini artiraraq, onun EVHX-nin bu
hissasinin ildirimdan qorumaq etibarligini koskin surstdo azaldir. Dayaqlarin torpaglama
mugavimatlorinin artmasinin sobabi, onlar1 havadan aqressiv yer qatina kegorok torpaglama
konturu ilo birlosdiron birlosdirici elementin korroziyaya ugramasi naticosindo en kasik
sahosiyinin azalmasidir. Aydindir ki, birlosdirici naqilin en kosik sahosinin azalmasi ils
dayagin yekun torpaglama miiqavimoti do artir. Odur ki, periodik olaraq EVHX-nin
dayaqlarinin ~ TS-nin texniki vaziyystini muoyyan etmok (c¢lin, dayaqlarin torpaqlama
mugavimoti ildo bir dofo 6lgulmalidir [7,11]. Hal-hazirda EVHX-n TS-n miigavimatlorinin
Olctlmosi Uglin, biri-bindan ¢ox da farglonmayan va hor birinin bdylk 6lgma Xatalar1 olan
asagidaki iisullardan istifads edilir:

-Duayt formulu Usulu. Burada torpaglama migavimotinin qiymoati 6lci  elektrodunun
radiusundan, onun yer qatina basdirilma dorinliyindon vo yer gatmin orta xisusi
mugavimatindoan asili olaraq hesablanir;

-potensialin diisma prinsipi tisulu;

-standart 3 naqili Gsul (Usulun digar adi- 62% Usulu);

-1ki noqtali iisul- ardicil qosulmus iki torpaglama qurgusu tisulu;

-iki ampersancaq Usulu- ampersancaqlardan biri torpaqlama konturunda corayan yaradir,
digori iso bu coroyanin qiymotini 6l¢iir;

-Venner Usulu. Bu Usulla torpaglama migavimati elektrodlar arasi mosafonin vo onlarin
basdirilma dorinliyi arasindaki asililigla miioyyan olunur.

EVHX-nin dayaqlarinin torpaglama miiqavimatlorinin yuxarida gostorilon {isullarla
Olciilmosinin  noticosi olaraq, “Elektrik avadanliglarinin qurulmasi” qaydalari, onlarin
giymoatlorinin torpagin xiisusi miigavimotindon, dayagin hiindiirliyiindon, Xottin ddvrlor
saymndan, xottin ildirnmdan agilma saymdan, xottin doniz sothindon hansi hiindiirlikds
olmasindan, xottin trasinin yasayis vo Yya Qgeyri- yasayis sahasindon kegmosindon asili olan
maksimal hadlorini miisyyan edir (Cadval 2) [8,12]:

EVHX-nin dayaqlarmm torpaglama miiqavimatlorinin maksimal qiymatlori

Cadval2
Torpaq gatinin ekvivalent miiqavimati Dayagin torpaqlama miigavimetinin maksimal
Om/km qiymati,Om
100 10
100-500 15
500 -1000 20
1000 -5000 30
5000-dan yuxart 6x10°
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Dayagqlarin torpagqlama miigavimatlorinin Cadvel 2-do gosterilon qiymetlori, EVHX-n
montajindan sonra tohvil-taslim protokolu iiglin hazirlanmis qiymatloridir. Lakun EVHX-n
biitiin sonraki istismar dovriinds aydindir ki, bu qiymotlor doyigacokdir. Yoni, dayaqlarin
torpaqlama miiqavimatlorinin real qiymstlorinin tapilmasi iiciin periodik olaraq, yuxarida
gostorilon Ol¢ii Gisullarinin birinin vasitasilo 6l¢li aparilmalidir. Lakin, 6l¢ii iisullarinin xstalari
sobabindon, xottin kecdiyi arazinin torpaq qatinin torkibinin tras boyu miixtalif oldugu ii¢lin
onun miigavimatinin qiymotinin real qiymotindon forqli olmasi sabobindon vo s. dayaqlarin
torpaglama miigavimatinin qiymsotinin tapilmasi {igiin aparilan Olgiilorin naticolorinin doqiq
olmayacag1 qabaqcadan goriiniir. Elo buna gora do, EVHX-n ildirimdan qorunma etibarligi tam
tomin olunmayacaq. Cin Respublikasinin todqiqatgilarinin galdiyi gonasta gora, 500 kV-lug
EVHX-n avadanhglarinin ildirrmdan zodslonmasinin 84% sabobi, dayaqlarin torpaglama
mugavimatlorinin real giymatlorinin tapilmasinin geyri-miimkiin oldugu t¢iin, ildirimdotiirma
sisteminin diizgiin qurulmamasidir (Cin Conub  Agilli Elektrik Soboko Kompaniyasinin
Elektrik enerjisinin  EImi-Todgiqat Institutu- China Southern Power Grid Electric Power
Research Institute).

Yuxarida gostorilonlori nozoro alaraq, bu mogalonin muslliflori, EVHX-n  TS-nin
mugavimotlorinin 6lgiilmoesini, mdvcud 6lgmo iisullar ilo deyil, onlardan tam forglonan yeni
usulla-faz carayanlarinin maqnit saholorinin ildirimétiiran trosda induksiyaladigi corayanlarinin
yaratdig istiliyin 6l¢tilmasi ilo mioyyan edirlor. Bu tisulla yuxarida gostarilon 6lgmalorin heg
birinin aparilmasina ehtiyac qalmir. Yoni, EVHX-nin trosunun 2 qonsu dayaqlar arasi
hissalorinin istiliyini 6lcmokls, dayaqlarinin torpaqlama miigavimatlorinin giymotlorinin uzun
istismar dovrinds tohvil-taslim protololundaki qiymatlorindon no doracado forglondiyini
muayyan edilir. ©gar, 6lgcmoa naticasinds molum olsa ki, ildirnmétiiran trosun bu va ya digor 2
qonsu dayaq arasi hissasinin temperaturu, trosun yerds galan hissalarinin temperaturundan bu
Vo ya digar sokilda forglonir, demoli, bu o demoakdir Ki, gdstarilon 2 qonsu dayaqlarm birinin
vo ya hor ikisinin torpaglama sisteminin hissalorinin  korroziyaya ugramasi sabobindon
mulgavimati artib. Belo olduqda, trosun forgli temperaturu olan hissasinin arasindaki
dayaglarin torpaglama sisteminin korroziyaya ugramis hissasi doyisdirilorok, dayaqlarin
torpaglama mugavimatlorinin giymotlori yens do tohvil-taslim protokolu saviyyasine ¢atdirilir.
Beloliklo, EVHX-n biitiin dayaqlarinin torpaglama sisteminin miigavimatlorinin 6l¢tiilmasins
chtiyac qalmir. GOrunduyd Kimi, bu sulun markazinds ildirimétiiran trosun qizmasina sabab
olan induksiya coroyani dayanir.

EVHX-nin faz coroyanlarinin maqnit sahslorinin ildirimétiiron trosunda induksiyaladigi
bu coroyanlarin qiymotlorinin hansi parametrlordon asili oldugunu aydmlasdiraq. [9]-do 220
kV-luq ikidovrali EVHX-nin faz corayanlarinin yaratdigi yekun maqnit seli asagidaki formulla
ifada olunur:

. Y11 . Ik Y1y .
@, =y, f Hdezd)g =l 1) H. dy,
yTZ 0 yTZ

Burada ®, - ildirimétiiron trosun 2 dayaq arasi hissesini kesen magnit selinin fiigi ox zro
toplananidir. Hx- trosun hamin hissasinds fligi ox (izro magnit sahasinin saho gorginliyidir:

H,= HXAl + HXBl + HXC1 + HXAZ + HXBZ + H)(C2

Yekun @, maqnit selinin ildirimétiiren trosda induksiyaladig1 e.h.q asagidak: formulla
ifado olunur:
S N Yoy o
Ep=-—- =-Jwuoly fy;: H,dy = Egly.

Bu e.h.g-nin EVHX-nin ildirimétiiran trosda yaratdigi carayan:
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disturu ils ifads olunacag. Burada Ry Vo Retrosun vo dayagin torpaqlam aktiv migavimatlori,
Xk- trosun induktiv migavimatidir. Alinan ifadalor Uzra ikidovrali EVHX-nin ildirimétiiran
trosunun 2 dayaq arasinda yerloson hissosinds Xottin faz (yuk ) coroyanlarmin miixtolif
giymatlorinds (ES tam simmetrikdir) induksiyalanan ehg-nin va bu e.h.g-n tesirindon trosda

axan corayanin qiymsatlori cadval 3-da gostorilib [10] .

220 kV-lug EVHX-nin faz coroyanlarinin miixtalif gqiymatlorinds ildirimétiiron trosda yaranan
e.h.q va coroyanlarin qiymati codvali

Coadval 3

220 kV-lug
EVHX-nin faz
naqillarindaki
corayan, A

200

400

600

800

1000

1200

1400

1600

1800

2000

[ldirimétiiran
trosda
induksiyalanan
e.h.q,V

268.1

536.2

804

1072

1341

1609

1877

2145

2413

2681

[Idirimétiiren
trosda yaranan
induksiya
coroyani, A

11

22

33.1

44.1

55.2

66.2

77.2

88.3

99.3

110.3

Sakil 2-do EVHX-nin trasimin kegdiyi yer sathinin tamamils tifliqi oldugu sortilo
yaradilmis modell

Sok.2. EVHX-nin modeli.

Sokilda 1-da hor bir dayagdan torpaglama sistemine axidilan carayan iq ilo, ildirimétiiran
trosun corayani iso iy ilo isars olunub. Ideal halda biitiin dayaqlarin torpaqlama miiqavimatlori
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biri- birina borabar oldugunu gobul etsok, dayaglardan torpaglama sistemino axan iq corayanlar
eyni giymoto malik olacaglar vo hobels, ildirimétiiron trosun 2 qonsu dayaqlar araliqlarindaki
hissalorinds do i Corayanlarinin qiymatlori da bir- birina borabasr olacaqdir.

= k2= 143= ....= i

1= = ige=....= lgi

Aydindir ki, ildirim 6tiiron trosun ayri-ayr1 2 qonsu dayaqlar arasindaki coroyanlarmin
giymatlorinin borabarliyi xattin trasinin kegdiyi iqlim soraitino uygun olaraq ya eyni miqdarda
Vo ya mixtolif migdarda istilik yaradacaglar.

Buradan da gorindr ki, hom dayaqlarin vo ham do ildirimétiiran trosun 2 qonsu dayarlar
arasindaki hissasinin coroyanlarinin qiymaotlori torpaqlama sisteminin ayri-ayri hissalorinin
muigavimatlorindon asihidir. Nozori va eksperimental todgigatlar goéstorir ki, torpaglama
sisteminin ayri-ayr1 hissalorinin migavimatlori, coxsayli bir-biri ilo alagali va tosirlori gox vaxt
tosadiifi olan amillorlo muoayyan olunur [11]. Bu amillors asagidakilar daxildir:

- elektrik verilis hava xottinin kecdiyi sahanin qruntunun faktiki migavimatinin
Olculmasinda gatinliklora sobab olan arazi va dorinlik Uzrs torpagin heterojenliyi, habelo onun
Olgti dsullarinin geyri-kafi doqigliyi;

- dayison iqlim soraiti (temperatur, tozyiq, rutubat) sobobindon dayaqlar aras1 mosafoda
carayan yolunun xarakterinin geyri misyyan olmasi, xattin mirakkab torpaglama konturunda
Coroyanlarin hesablanmasi tsullarinin  yol verdiyi xotalar vo sadslosdirmolor axtarilan
Carayanlarm qiymatlorinin real carayanlardan farqli olmasi;

- impuls coroyanlari zamani torpaglama konturunun yaxmliginda torpaq sahoalorinin
torpaglama migavimatinin giymatinin doyismasi;

- torpaqglamanin texniki voziyyati sabit qalmayib, bir ¢ox amillorlo miayyan edilon
korroziya prosesinin tasiri naticasinds doyismasi.

Buna go0ro do, EVHX-nin dayaqlarmin torpaglama konturlarin ayri-ayri hissalorinin
mugavimatlorinin 6l¢tilmasi vo hesablanmasi yuxarida gostarilon saboablardon mirokkob proses
olub, alinan naticalor heg vaxt reallig1 oks etdirmir. Odur ki, bu maglanin muslliflori EVHX-nin
dayaglarinin torpaglama konturlarinin miigavimatlorinin va hotta ildirimétiiron trosun ayri-ayri
hissalorindaki caroyanlarin giymatlorinin ¢lglilmasi avozina bu caroyanlarin yaratdigi istiliyin
Olctlmoasini toklif edirlor.

Yuxarida gostorilon fikirlorin tosdiqi ti¢iin Sokil 2-do gdstorilon sxemin OrCAD
programinda yigilmis hesabat sxemi (sok.3) (zro bir sira hesabatlar aparilib.

11

V
R2 R19 R20 R35 R36 R37 R39
50 R3 10 R13 10 R10 10 R14 10 R23 10 R 10 R25 10 R26 10 R43 R44 10 R45 10 R46 10
100 — 100 = 100 — 100 — 100 — 100 — 100 — 100 — 100 — 100 — 100 — 100 —

0 -0 0 -0 0 -0 0 -0 -0 -0 0 "0 -0
Sok.3.EVHX-nin hesabat sxemi.

Sxem 3-do EVHX-nin trasmm ideal soraito malik olan sahodon kecdiyi bir hissasinin
hesabat modeli verilib. Belo ki, hesab edilir ki, biitin dayaqlarm (oniarmn sayi 13-dir)
torpaglama migavimotlori, iki qonsu dayaqlar arasi ildirimétiiron trosun  hissalorinin
mugavimotlori, bu hissalordo induksiya olunan ehg-n giymatlori vo eloco do, trasin bu
hissesinin iqlim soraiti do eynidir. Gostarilon ilkin sortlor daxilindo OrCAD proqrami vasitasilo
sok.3 verilmis sxemin rejimini hesablayaraq, ildirimétiiron trosun qonsu dayaqlar arasi
hissasindo coroyanlarin qiymatlorini tapiriq. Hesabatin naticalori sokil 4-do siitunlar soklindo
gostarilib.
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Sok.4.EVHX-nin ildirimétiiran trosunun iki qonsu dayaglar arasindaki
hissalorindos ideal sahs tigiin alinan corayanlarin grafiki.

Qrafikdon goriiniir ki, ildirimdtiiron trosun dayaqlar arasi hissalorindo coroyanlarinin
giymoatlori (28-51) A intervalinda doyisir. Demali bu coroyanlarin yaratigi istilik naticosinds
ildirimétiiron trosun dayaqlar arast hissolorinin  temperaturu da biri- birindon ¢ox
farglonmayacak.

NOvboti hesabatda forz edirik ki, 1-ci dayagin torpaglama miigavimati bu vo ya digor
sababdon 5 Omdan doayisorok 50 Om olub. Hesabat naticasi sokil 5-do verilib.

60 .
|
40
) I I I I
o, 1
1 2 3 4 5 6 7 8 9 10 11 12

Ri-Ri+1

Sak.15. EVHX-nin 1-ci dayaginin torpaglamq miiqavimatinin
doyisdiyi saho ti¢iin alinan coroyanlarin grafiki.

Buradan gorundr Ki, birinci vo ikinci dayaqlar arasi ildirimétiiran trosun caroyaninin
giymoti digar caroyanlardan koskin farglonir(sok.5, 1-ci stitun). Demoali, trosun bu hissasinin
temperaturu da digor araliqlardaki hissalorin temperaturundan forglonacok. Mogalodo toklif
olunan Usulun osasmi EVHX-in trasi boyu qonsu dayaqlar arast ildirimdtiiron trosun
hissalorinin temperaturunun o6lciilmasi naticasinds dayaqlarin torpaglama miiqvimatlorinin
tohvil-taslim aktinda gostarilmis qiymatlori ilo miqgayisasi toskil edir. Yuxarida gostordiyimiz
misalda oldugu kimi, agar har hansi iki dayaq aras1 ildirimétiiran trosun hissasinin temperaturu
digarlorindon  kaskin farglonarss, demoli bu iki qonsu dayaqdan birinin vo ya har ikisinin
torpaglama mugavimoati pozulub. Demoli EVHX-nin yizlorlo dayaqlarmin torpaglama
mugavimatlarinin 6lgtlmasinin ¢atinliyini, 6l¢li vaxti buraxila bilon Xatalar1 vo S. nazars alsaq,
toklif olunan tisulun stiinlitytinii aydin gorarik.

Toklif olunan {sulun genis aprobasiyasint Azorbaycan Respublikasmin elektrik
sisteminin movcud Xatlorindon birinin Uzarindo aparilmasmi planlagdiririq. Naticaloi golocok
materiallarimizda oks etdiracayik.

NOTICO
1. EVHX-nin goza naticasinds agilmasinin statistikasi gdstorir ki, bu agilmalarin boyiik bir
hissasi ildirim vurma sababindan olur.
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10.

11.
12.

EVHX-nin ildirim vurmadan agilmasmin sobobi iso Xottin dayaqlarinin torpaglama
mugavimatlorinin bu vo ya diger sebobdon pozulmas: noticasinds ildirimétiiran trosun
yekun miigavimatinin artmasi olur.

EVHX-nin dayaqlarinm &liilmasi ¢cox murakkab bir proses olub ¢oxlu amok va vaxt talob
edir.

Moéveud tisullarla dayaqglarin torpaqlama miigavimatlorinin 6l¢tilmasi boyuk xstalar verdi-
yindon, ildirimétiiron trosun migavimatinin real giymotinin tapilmasi qeyri miimkiin olur.
Toklif olunan Gsulun asasm1i EVHX-in trasi boyu qonsu dayaqlar arasi ildirimotiiran
trosun hissalorinin - temperaturunun  6lglilmasi  naticasinds  dayaqlarin  torpaglama
muqgvimatlorinin tohvil-taslim aktinda gostarilmis giymaotlori ilo miigayisasi toskil edir.
Ogor hor hansi iki dayaq arasi ildirimétiiron trosun hissasinin temperaturu digarlorindon
kaskin farglonarsa, demali bu iki qonsu dayaqdan birinin vo ya har ikisinin torpaglama
muqgavimati pozulub.

EVHX-nin sayca yizlorlo olan dayaqlarinin torpaglama miigavimatlorini 6lgmok ovozing,
ildirnmoétiron trosun temperaturu digor  dayaq aralirlarindaki hissalorindon kaskin
forglonan hissasini birlosdiran bir vo ya iki dayagm torpaqlama miigavimatini 6lgmok
kifayat edir.
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AJIBbTEPHATUBHBIN METO/I U3MEPEHUS COITPOTUBJIEHUA 3A3EMJIEHUA

BO3JYIIHBIX JIUHUH SJIEKTPONEPEJJAYU BBICOKOT'O HANIPSI)KEHUS

30XPABOB A.3., TAMUIOBA I''M., ICMAWJIOBA III.H., BAJTUEBA JL®.
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CoBpeMEHHOE DPa3BUTHE DSHEPreTUUYECKOW OTpaciiyd, BKIIIOYAIOIIEE CTPOUTENBCTBO,
MOJIEPHU3ALMIO M BBOJ B 3KCIUIyaTallUI0 PA3JIMYHBIX TUIIOB 3JIEKTPOCTAHLUMHA (MOAYIBHBIX,
TETUIOBBIX, THAPABINYECKUX M THUOPUAHBIX), a TaKXKE BO3AYIIHBIX U KaOEIbHBIX JUHHMA
AIIEKTPOIEPEaayl BHICOKOTO M CBEPXBBICOKOTO HANPSIKEHHS, TPEOyeT CUCTEMHOTO IMOJAX0Aa K
o0ecreyeHn0 HaIEKHOCTH U 0e30MacHOCTH (PYHKIIMOHUPOBAHUS BCE MHPPACTPYKTYpPHI. DTO
KacaeTcsi M 9UIEKTPUYECKUX NOJACTaHIUli, W ux obopynoBanus. HesaBucumo ot 00BEMOB
BJIO)KEHUH B Pa3BUTHE 3JIEKTPUUYECKUX CETEU, MOJHOCTHIO MCKIIIOUUTH BEPOSTHOCTH aBapHid
HEBO3MOXKHO, JJa)Ke€ IIPU KAallUTAJIbHON MOJAEPHU3ALUU O0OBEKTOB U 3aMEHE yCTApEBIIMX Y3JIOB.
OpnHako BaxHOW 3ajadyeil ocTaércs MHMHHMMM3ALMS 4YKCIa HEUCIPABHOCTEM M cOOEB, yero
MOXKHO JIOCTUYb IMYTEM BHEAPEHUS aBTOMATU3MPOBAHHBIX CHCTEM MOHUTOPHHIA, YIPABJICHUS
n aHaiusa, Takux kak SCADA. HWHrerpanusi MHTEIUIEKTYaJIbHBIX JaTYUKOB B 3JIEMEHTHI
SHEpPreTUUecKux cucrteM M ux noaximtoueHue k SCADA-cucreMaM MO3BOJISIET B pexXUME
peaJIbHOr0 BPEMEHM I0JIyyaTh JaHHBIE O COCTOSIHUM OOopynoBaHus. OTa HHGpopManus
MIOCTYAaeT B JUCIETYEPCKHE LEHTPHI, IJI€ OHA ONEpPaTHUBHO aHAIM3UPYETCS, U Ha €€ OCHOBE
MIPUHUMAIOTCSI PEIICHNUs, MO3BOJISIOUINE MPEeNyNpeaAuTh Pa3BUTUE HEUITaTHBIX cUTyaluil. B
JaHHOU paboTe mpezcTaBiieHa aBTOPCKas pa3pab0oTKa — MHHOBAIMOHHBIN METOJ ONpeIeIeHUs
conpoTtuBiieHus 3azemiienus onop BJIDIL. [IpemioxkeHHbIi MOIX0 CYIMIECTBEHHO OTIMYAETCS
OT CYILLIECTBYIOIIUX METOJUK U paHee He ONUCHIBAJICS B HAYYHOU JIUTEpaType.

KiroueBnlie cjioBa: QJICKTpHUUCCKAasA CUCTEMA, BO3AYUIHAA JIMHUA JJICKTPOICpEaaYn, CUCTEMA 3a3C€MJICHUS,
MOJIHU€OTBOA, HU3MEPEHHUE COIMPOTUBJICHUS 3a3€EMJICHUS, NTHAYIHPOBAHHBIEC TOKH B MOJIHUCOTBOAAaX U OIOpax.

A NEW DIFFERENT METHOD FOR MEASURING GROUNDING
RESISTANCE OF HIGH-VOLTAGE OVERHEAD POWER LINES

Z0OHRABOV AA., HAMIDOVA H.M., ISMAYILOVA SH.I., VALIYEVA L.F.

Development,construction, reconstruction and commissioning of modular, thermal,
hydraulic, hybrid power plants (HPP), high and extra-high voltage overhead and cable lines
(EHV, EHVCL), construction of modern electrical substations (ESS), their various types
requires ensuring the durability and safe operation of their equipment. At present, it is
impossible to prevent accidents in power supply systems by their complete reconstruction,
partial or complete replacement of equipment at old substations, etc., regardless of the volume
of investments directed to electrical systems (ES). Although it is impossible to completely
eliminate accidents in Electrical Systems, the creation of SCADA systems for measuring,
monitoring and control to minimize their number is considered one of the urgent tasks of our
time. Information about the technical condition of each equipment of the Electrical Systems
connected to SCADA s received by the information center through intelligent sensors in real
time, processed and a decision is made on the operation of the control mechanism. Thus, when
a different mode is detected in any equipment of the Electrical Systems, which differs from the
normal technical condition and is capable of causing an accident, an appropriate decision is
immediately made and the accident is prevented. In the article, the authors for the first time in
the scientific field have developed a new method, completely different from the existing
methods for measuring the grounding resistance of overhead power line supports.

Keywords: electrical system, grounding system, grounding resistance measurement, mduced currents of
lightning rods and supports, overhead power line, lightning rods.
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SJEKTPETHBIE CBOMICTBA HAHOKOMIIO3UTOB
HOJIMITUJIEH+HAHOTI'JIMHA ITPU PA3JIMYHBIX TEMIIEPATYPAX

CAJBITOBA A.P., 'ACUJIBENJIA ILB., ’CA®HUEB D.C.,
SACUJIBEWJINA P.P., 'AJIEKIIEPOB B.A.

Y Unemumym pusuxu Munucmepcemea Hayxu u Obpazosanus Azepbaiioxcana,
AZ-1143, np. I. /]pcasuoa, 33. baxy, Azepbaiiosican.
2 Azepbatiodcanckuii 20CyO0apcmeeHHblil yHusepcument Hemi u npoMbIUIeHHOCML,
np. Azaonwie, 20, AZ1010, Baxy, Azepbaiioscan.
3 Axademus MYC Azepbaiioncanckoii Pecnyénuxu, AZ1089,
noc. T'oscanwl, yn. 2.1 acumosa, Baxy, Azepbaiioxncan.

HccnenoBaHbl 371€KTpEeTHbIE CBOMCTBA HAHOKOMIIO3MTOB HAa OCHOBE MOJIMSTHIIEHA BBICOKOH IIOTHOCTH C
JN00aBKaMH HAHOIVIMHBI TPW PAa3IMYHBIX HANPSDKEHWSX MOJSIpU3allid W Temreparypax. O¢QeKTuBHas
IMOBEPXHOCTHAA IUIOTHOCThH 3apsa0B, CO6paHHI)IX B IIOJYYEHHBIX DOJICKTPECTHBIX MaTepuaiax, 3aBUCUT OT
KOJIMYECTBA HAHOIJIMHBI. [II0THOCTH 3apsaa YBEIUMYHUBACTCA C YBCIMYCHUEM COACPKaHUA HAHOIJIMHBI, a €€
cHWKeHHe HaOmonaercss mocine 8,0%.  MakcuManbHble 3HAa4€HHs ITOBEPXHOCTHOW IUIOTHOCTH 3apsoB
U3MEHAIOTCA IIPU PA3JIMYHBIX TEMIIEpATYpPaxX U B DJICKTPHUUCCKUX ITOJIAX pa3anH0171 Halps>KEHHOCTH.

KiroueBnble ciioBa: HaHOTJIMHA, HAHOKOMITIO3UT, 3JICKTPET, MOJIApHU3alus, MOJIUITHIICH.

[TonumepHbIe AMANEKTPUKH MOTYT IEPEXOJUTh B AJIEKTPETHBIC BEIIECTBA B Ppe3yibTaTe
CO3[IaHMS TIOBEPXHOCTHBIX 3apsI0B IOl BO3JCHCTBUEM BHEIIHUX (PAaKTOPOB (3JIEKTPUUECKOE TOJIe,
MEXaHMYECKOe BO3JCHCTBHE, AJIEKTPOHHOE M HMOHHOE HW3JIydeHHe U T. 1.). B cBs3u ¢ OypHBIM
Pa3sBUTHEM PA3IHYHBIX 00MacTel (PU3MKKM M XUMHH MHTEPEC K AJIEKTPETHBIM BEIIECTBAM PACTET C
KakapiM gHeM [1,2]. CBolicTBa TMONMMMEPHBIX JJICKTPETOB XapakTepu3yroTcs 3(h(EeKTUBHOMN
IUIOTHOCTBIO 3apsfa (O,y) U BpEeMEHEM KHU3HU djekrpera (t). s 2/eKTpeToB 3TH 3HAYEHUs
COCTABJIAIOT Gy = 10°+10% Ki/m? 1 © = 3-10 ner u Gosee. DNEKTPETHI, UMEIONINE B HACTOAIICE
BpeMs MIMPOKUN CIIEKTP MPHMEHEHHs, OXBATHIBAIOT BCE O0JACTU: OT OBITOBOM 10 TEXHUKH
crenuanbHOro HazHavyeHus. [lodToMy momydeHHe 3IIEKTPETOB C OIpEAeIeHHBIMH CBOMCTBAMH
SBIISICTCS MPAKTUUECKOW HEOOXOJMMOCTBIO ISl paCIIMPEHUs (PU3MUECKIX HUCCIEIOBAHMM.

OnHUM W3 OCHOBHBIX HAlpaBJIEHUH B CO3JaHUU HOBBIX 3JIEKTPETHBIX MAaTEPHAIIOB SBISCTCS
MIPOM3BOJCTBO KOMIIO3UTOB HAa OCHOBE MOJMMEPOB. B MONMYy4eHHBIX KOMITIO3UTHBIX MaTepuaax
00pa3yroTcsi HOBBIE CTPYKTYPHBIE 3JIEMEHTHI, KOTOpBIE JEUCTBYIOT KaK JIOBYIIKU JUIS HOCHTEIEH
3apsina. JloGaBKu, BBOAMMBIE B MOJUMEPHI, U3MEHSIOT XapakTep HaJMOJEKYISIPHOW CTPYKTYPHI,
BIMSISI HAa TEPEyNaKOBKY CTPYKTYPHBIX JJIEMEHTOB M OOpa30BaHUE HOBBIX KPUCTAJUIMYECKUX
LHEHTPOB. DJTO NPHUBOAUT K OOpPA30BAHUIO KAPOOHWIBHBIX, KapOOKCHIIBHBIX, MEPOKCHIHBIX U
THIPOTIEPOKCUIHBIX TPYIII HA TPAHUIIE pa3/ieia MaTPHUIIbl M BBEJCHHOU JOOABKH.

B pesynbTare monsipuzanuy MOJMMEPHI U MOJTUMEPHBIE KOMIIO3UTHI TPUOOPETAIOT JIEKTPET-
HbIe cBOMCTBa. [lonsipuzanus — HapylleHHe CTaTHCTHYECKOr0 PaBHOBECHS PacIpeleNieHHs 3apsi-
JKCHHBIX YacCTHIl BHYTPU BEIIECTBA M IPEJICTABISET COOOW OPHEHTAIMIO MOJICKYJSPHBIX TPYIII,
00JagaonInX MEKTPHYECKIM MOMEHTOM. B TO ke Bpems B Iporiecce MOISIpU3alii Ha TPaHUIE
pasnena (a3 ¥ B HEOAHOPOIHBIX 00NACTAX (hAa30BOr0 3a30pa HAKAIUIMBAIOTCS DIIEKTPUUYECKUE
3apsiiel. IOHBI ¥ 3JIEKTPOHBI MOTYT BOOOIIE HE B3aUMOJCHCTBOBAThH B MOJIMMEpPaX, HO OHU MOTYT
OKa3aThCs B JIOBYIIKE U OCTaBaThCs TaM B TEUYEHHUE JUIMTENBHOrO BpeMeHHU. B kauecTBe JIOBYyIIEK
MOXXHO paccMaTpUBaTh Pa3IUYHbIC NEPEKThl U OPUEHTHPOBAHHBIC JUIIONIU B CTPYKTYpE MOJIMMEpa
(KOHIIEBBIC TPYIIIBI, TPAHHUIIBI MEXKTY KPUCTAUTHUYSCKUMHU U aMOp(HBIMHU 00J1acTsAMU | T. 11.) [3,4].

WoHbl, MHXKEKTUPYEMbIE U3 3JEKTPOAOB, MPOHUKAIOT HAa HEOONBIIYIO IIyOMHY (Ha paccro-
SIHUE HECKOJIbKUX MOJIEKYJISIPHBIX CJIOEB OT MIOBEPXHOCTHU ), TOT/AA KaK JIEKTPOHBI MOT'YT MPOHUKATh
rnyoke. [Tockonbky B oOpasiax, MmoaBepraeMbixX MOJSPU3ALUU MPHU pa3HBIX TeMIIEpaTypax, Ha
MOBEPXHOCTH HAKAIUTMBAIOTCS TOMO3aPSIIbl, MOKHO TOJIYYUTh TOMODJIEKTPET, CHSB dJICKTPHUECKOE
HanpsDKCHUE TIOCNIe OXJIaxIeHus. B3anMoeiicTBre Ha rpaHuie pas3ziena (a3 BeI3bIBaeT N3MEHEHUE
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CBOWCTB OTAENBHBIX KOMIIOHEHTOB CHCTEMBI, B PE3yJAbTaTe€ 4ero KOMIIO3MIIMOHHBIE MaTepHUaIbl
MPUOOpETAIOT MPUHLUIIMAIBHO HOBBIE CBOMCTBA MO CPAaBHEHUIO ¢ KOMIIOHEHTaMH, BXOSIIMMHU B
ux coctaB. CTPYKTYpHO TakW€ CHUCTEMBI COCTOST U3 OOJBIIOr0 4YuciIa aMOp(HBIX W
KpUCTalIMueckux obnacteii. OH o00pa3oBaH MEPEXOJHBIMM MaKpOMOJEKYJIaMH, KOTOpbIE
MepeXoAiIT U3 KpUCTAUIMYECKHX oOnactedl B amopdHbIe obnactu wian HaobopoT. Eciau B Takyro
CIIO)KHYIO CTPYKTYpy J[A00aBUTh BTOPOM KOMIOHEHT (HAHOIJIMHA) C HMHOW CTPYKTYpOl H
CBOWMCTBAaMH, TO TaKW€ MaTepHalibl IPUOOPETAIOT YHUKAIbHBIE CBOMCTBA M CIIOCOOHBI BIMATH HA
(U3UKO-MEXaHUYECKHE, a TAKKE AJIEKTPETHBIE CBOWCTBA MOJUMEPHBIX HAHOKOMITIO3UTOB.

B nmanHOlt pabore ucciaenoBaHbl 3JEKTPETHBIE CBOMCTBA HAHOKOMIIO3UTOB Ha OCHOBE
nojaudTUiIeHa BbICOKOM miotHoctH (IID) ¢ nmobaBnenuem Hanornumubel (HI') mpu pasmuusbix
HaNpsDKEHUSX MONIAPU3AlMU U TeMIepaTypax.

Memoowvt noo2omoexku 00pazyoe u uzmepenus:

ITocne mexanmueckoro cmemuBanus HI' ¢ 1D B pa3snuuHBIX MPOLIEHTHBIX COOTHOLICHHSX
(1,05 2,0; 3,0; 4,0; 6,0; 8,0; 10,0 mac. %) merogom ropsiaero npeccoanus (418 K, 15 MIla, 10
MUH) OblM monydeHsl ToHkHe (60-100 MxM) oOpasupsl. B kauectBe nobaBok ucnons3yrores HI,
NPEJCTaBISIIONEe COOON CIOUCTBIE CUIMKaThl MOHTMopuuioHuTa (MMT), pasmeps! 3TuX cloeB
cocraBistoT: umHa 200 HM, mmpuna 1-3 HM [5]. Ha puc.l npeacrasiena cTpykrypa aTOMHOHR
pemerkn kpuctamuia MMT: atomer Al, Mg u Fe pacnonoxeHsl B IIEHTpE M OKPY)KEHBI CIOEM
OKCHJIa KPEMHUSI.

Puc.1. AToMHas cTpyKTypa MOHTMOPHJIJIOHHTA.

DNEeKTPOCTATUIYCCKUN NucOaTaHC BHYTPU CHIIMKATOB C TAaKOW CTPYKTYpPO#l yBEIMUYWBa-
eTcsl, a 3a MpeesaMu cJIosl HaboJaeTcs yBeIMUeHuEe OTPUIATENIbHO 3apshKeHHBIX yacTull. OT-
PHUIATENBHO 3apsHKEHHBIE YACTHIBI HEUTPAIM3YIOTCS MYTEM MOIJIOMIEHHs KaTHOHOB Na® u
Ca™*. IInockas ¢opma yacturr Na* MMT 3acraBiisieT 9TH CIIOM HAKIaIbIBATLCS APYr Ha Ipyra,
co3/aBasi CJIOUCTYIO CTPYKTYPY € MOJUMEPHON MaTpuliei. B HAHOKOMIO3HUTAX ¢ TaKOU CTPYK-
TYpO#l POXOXKJACHUE BO3/lyXa U BJIard 3aTPyAHEHO, 4eM B Marpuile [5,6]. HaHokomMmno3utsl Ha
ocHoBe [1D moaBepramucey noisipuzanuu B aaexkrpuueckom noie (E,) pa3nuunoit ”HTEHCUBHOC-
1 1ipu pa3ueix Temneparypax (Tn= 360 K, 380 K, 400 K, 410 K) B Treuenue t,= 1 gac. Cxema
ycrpoiictBa anekrporepmononspusanuu (OTII) ans monspuzauuu npu paznuyssix T u Eg
MpeJICTaBJIeHa Ha pHC. 2.

VA

3y T J

TSN 7

Puc.2. YcrpoiicTBo i HCCeA0OBAHUS CBOMCTB 3JIEKTpeTa: 1 -naHens;
2- BBICOKOBOJIBTHBIH 3JIEKTPOT; 3-omopa; 4-o0paselr; S-meuka;
6-3a3eMIIeHHBIH AIIEKTPO

I

[MonydeHHbBIE Pe3yIbTAThI OBLIA PACCYMTAHBI 10 3TOH (GopmyIie:
££0Uk

l
Trac | -TOJIIHNHAa 06pa3ua, Uk -KOMIICHCUPYIOLICC HAIIPSI)KCHUC.

O-ef:
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Pezynomamul u ux odvacnenue.

MHoOrouMciaeHHble 3KCIEPUMEHTAIBHBIE PE3YIbTaThl [0 M3YYEHHMIO 3JIEKTPETHBIX
CBOMCTB MOJIMMEPHBIX JUAIICKTPUKOB MMOKA3aJIH, YTO 3apsibl (MOJIApH3anus), 00pa3yromuecs B
o0beMe MOJUMEpPOB TOJ JEHCTBUEM HIEKTPUYECKOTO MOJs, HAKAIUIMBAIOTCS B MaTpUIC B
MeCTaX, Ha3bIBAEMBIX JIOBYIIKAMM, U MOTYT OCTaBaTbCsl TaM JUIMTENbHOE Bpems [6,7,8].
CBoiicTBa 3JIEKTpeTa OIpPENEISIIOTCS Pa3HOCThIO MOTEeHUUanoB 3nekrpera Uy, co3naBaeMoit
HAKOTUICHHEM 3apsiioB, U 3()(HEKTUBHON MOBEPXHOCTHOHN IJIOTHOCTHIO HAKOIUICHHBIX 3apsi/IOB
0>p. DTO OOYCIIOBJIEHO NPEXIE BCEro M3MEHEHMSMM KOJIMYECTBA 3aps0B, HAKOIJICHHBIX B
JIOBYIIKAX Pa3IM4HOMN IIIyOMHBI AJIEKTPETHBIX TUAIEKTPUUECKUX MaTEPUAIIOB.

3aBHCHUMOCTD 05¢ OT KOJMYECTBA JOOABKHU ISl TEPMOIEKTPUKOB, noaBepraBmmxcs DTII
B T€YEHME OJIHOTO Yaca, IpejicTaBiieHa Ha puc.3.

T T
1 1
‘..ﬂ L] L] 2

L J
'e
»

Puc. 3. 3aBucumocts 3¢ pekTrBHON I0THOCTH 3apsia [19 ot konmnyectBa HI' (D):
T =380 K; E,= 12-10° B/m; t, = 1 uac.

C ysenuuenueM o0bema HI' 0,y yBenmuuBaercsa u nocne 8,0% HaOo1aeTCsl CHUXKEHHE.
brima wumccnemoBana sieKTpeTHas CTAOWJIBHOCTH OOpa3IoB HaHOKOMMO3uTa uuctoro I[19,
[15+4,0% HI" u [19+8,0% HI (puc.4).

N -H\A\‘\_‘—‘\‘\‘ ,

0,6 4

3 0,4
b\‘\‘\‘\‘_\‘\‘\‘ )
0,2
\\\‘#—%1
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10°, Ko

X
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Puc. 4. 3aBUCHMOCTD 0, OT BpeMeHHu craperus (t) B HaHokommosurtax [19+HI:
T=293K;1-1I9; 2 - I1D +4,0% HI; 3 - T13 +8,0% HI".

Hanoxomnoszur I13+8,0% HI" 60s1ee ctabunen u uMmeeT 60siee BEICOKUI 05p 4eM 119 [0
(I19)=0,2 mxKi; 059 (I123+8,0% HI') =0,9 MxKu1]. YBenuuenue g,y 00ycnoBI€HO OpUeHTaLuei
MaKpOMOJIEKYJI, HAPYLIEHUEM MU NEPECTPOUKON HAIMOJIEKYISIPHON CTPYKTYpbI, KOHCTPYKLIHN
Mexay chepoauramu u T.4. non BiusHuemM OTIL. B TepmosnekTpukax, MHOITy4E€HHBIX
noJisipu3aluedl TakuM CcrnocoOOM, MOKET 00pa30BBIBATHCS MHOXKECTBO JE(PEKTOB, KOTOpbIE
JEUCTBYIOT KaK INTyOOKHe JIOBYILIKHU JJIsi CTAOMIIM3alluy M HaKoIieHus 3apsiza [9,10].

W3 uccnenoBanuii [3,11] u3BecTHO, 4TO NpU BO3ACUCTBMM HA MOJUMEPHI pajHUalllH,
ANIEKTPUYECKOT0 paspsijia WIK MEKTPUUECKOTO MMOJIs TUIOTHOCTH 3apsa Ha €JUHUIy 0O0beMa,
oOpasylomierocs B MaTpHile, 3aBUCUT OT HAJAMOJIEKYISIPHOM CTPYKTyphl. B HccienoBaHHBIX
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Hamu obOpasuax po6asnenue HI', Ey u Ty MOXeT M3MEHUTh HAIMOJEKYISIPHYIO CTPYKTYpY. B
MOJIIPU30BAaHHBIX 00pa3lax WHIYHUPOBAHHBINA TUIOIBHBIM MOMEHT co3naercs B yactunax HI
nox neiicteuem E,. Mexanu3zMm oOpa3oBaHUS JUIOJIEHOTO MOMEHTa MOXHO OOBSCHHUTH Ha OC-
HoBe MH(popMaru 006 atoMHO# cTpykType dactuiy MMT, mpeacraBieHHON Ha pucyHKe 1, u
MOJIEIH TIOJIMAJIEKTPOJIUTa. ATOM Si, UMEIOIINK HEHACHIIIEHHYIO BAJICHTHYIO CBS3b, PAcCIIO-
JIO’)KEHHBIM Ha noBepxHOocTH YacTullbl MMT, coenunsiercss ¢ ruapokcuibHoi rpynnoii OH u
CTaHOBUTCS HACBHINIEHHBIM. Eciy 3Ta rpymma Tepsier MpoTOH, OHAa 00pa3yeT OTPHIIATEIBHO
sapsokennbie [0]° u, HaoGopot, cBssbiBatoiue nporoH [OH]" rpynmel. Iloxg nedctBrem
EKTPUYECKOTO MOJIA TAKUX 3aPsyKCHHBIX YaCTHULl IPYIIBI CMEIIAIOTCS BIOJIb TIOBEPXHOCTH B
COOTBETCTBYIOIIEM HAIPABICHHUH, YTO MIPUBOAUT K 0OPA30BAHUIO MAKPOIUIIOJICH.

[Ipy nmonspu3anmy HaHOKOMIIO3UTOB B IEKTPUYECKOM IIOJI€ MAKPOIUIIOIHA HAYMHAIOT
3aKoHOMepHO BbIcTpauBathes npu Tn=380 K u uepe3 ompeneneHHoe BpeMs OCTBIBAIOT O]
neiicteuem noss. B mpouecce oxmaxkaeHus IUI0JIM OYKBAJIbHO «3aMOPAKUBAIOTCSA», POpMHUpY-
eTCsl YIOpsA0YEHHOE PacIoyio’KeHNe, U 00pa3Ibl CTAHOBSTCA MOJspu3oBaHHbIMU. [Ipu yBenu-
YEeHUW KOJIMYeCcTBa N100aBKM B HaHOKommo3uTe a0 8,0% yBenmnyuBaeTcs U KOJUYECTBO
Makpoaumnoned. Ilpu nanpHelimeM yBeauMueHUH J00aBKU BEpOSITHOCTh —arjoMeparuu
HaHOYaCTHI[ BO3pPACTaeT.

JInst u3ydeHus 3NEeKTPETHBIX CBOMCTB KOMITO3HMTOB, coaepxamux HI', myrem n3MeHenus
YCIIOBUHN TMOJISIpU3aliK ObLT PACCUUTAH ANEKTPETHBIA MOTEHIMAJ MOJIIPU30BAaHHBIX 00pa3IoB
19 u [19+8,0% HI" npu t,=1 vac u paznuunsix Ty u Eq (puc. 5).

o T T T T T T T
4 6 8 10 12 14 16 18

E xI0", B/m E, x10°, B/m

Puc.5. 3aBECHMOCTD - OT Ey: a) T19; b) T19+8,0 % HI'.

Kak Bumno, mpu mamenennn Tn u E, Kaxnelii oOpasel; MMeeT CBOM MaKCHUMAaJIbHBIC
3HAYCHHS O»p, 3aBUCUMOCTb O>p = f (En) 9KcTpemasnbHa MpH pa3HBIX TEMIIEpaTypax, a MoJie
MOJISIPU3allMY, COOTBETCTBYIOIIEE HAHOOIbIIEMY 3HAUCHUIO O5, TAKXKE 3aBUCUT OT T 5. [Ipu Tex
xe ycnosusix (T, E; = const) 0,4 HaHOKOMMO3UTOB BhIIIE, YeM y [13. s o6oux oOpasuoB
MaKCUMaJbHbl€ 3HaueHus1 T cMelarTcs B CTOpoHy MeHbuX En o mepe yBenuuenus Ty, 4to
Habmogaetcs s Bcex obpas3noB. C poctoM TemnepaTypsl nosspusanuu (T,> 360 K) uucio
JIOBYIIEK B 00beMe 00paslla YBEIMUMBAETCS U O,y NMPUHUMAET HAMOOIBIIHE 3HAYCHUS MPU
majbix En.

3akiroueHue

HccnenoBanue 3IIEKTPETHBIX CBOMCTB, MOJSPU30BAHHBIX HAHOKOMIIO3UTOB B Pa3IMYHBIX
yCIOBUSAX TMOKa3zano, yto HaHokommo3uT I[19+8,0% HI obnamaeT BBICOKOW 3IEKTPETHOM
YCTOWYMBOCTHIO U HAUOOJBIIUM Osp. YXYAIIEHUE AJIEKTPETHBIX CBOWCTB MpPH YBEIUYCHHUH
nobaBku cBeime  §8,0% MOXHO OOBSCHUTH arjioMeparieil HaHodacTUIl. YacTHIIbI
HI'no6asnennsie B [1D BeayT ceds mogo0HO MAKPOUTIONSM U MPOSBIISIOTCS B BOSHUKHOBEHHUH
MPOLECCOB TUMNOJIbHOW penakcanuu. [Ipu paznmuunbix En u Tn u3MEeHEHNE 3HAYEHUHN 05 HOCUT
AKCTpEMAaJIbHBIN Xapakrep.
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MUXTOLIF TEMPERATURLARDA POLIETILEN+NANOGIL
NANOKOMPOZITLORININ ELEKTRET XASSOLORI

SADIQOVA A.R., 9SILBOYLI P.B., SOFIYEV E.S.,
OSILBOYLI R.R., OLOKBOROV V..

Yiksok sixligh polietilen osasinda nanogil oslavali nanokompozitlorin elektret xassalori
mixtolif polyarizasiya gorginliklorindo vo temperaturlarda Oynonilmisdir. Alinan elektret
maddalorda toplanan yiklarin effektiv sothi yiik sixligi, nanogilin migdarindan asilidir. Nanogilin
artmasi ilo yik sixlig1 artir, 8,0%-don sonra azalma miisahido olunur. Mixtslif temperaturlarda va
muxtalif intensivlikli elektrik sahasinda yiiklarin sathi sixligmin maksimum qiymatlori doyisir.

Acar sozlar: nanogil, nanokompozit, elektret, polyarlasma, polietilen.

ELEKTRET PROPERTIES OF POLYETYLENE+NANOCLAY NANOKOMPOSITES AT
DIFFERENT TEMPERATURES

SADIGOVA AR., ASILBAYLI P.B., SAFIYEV E.S.,
ASILBAYLI R.R., ALEKPEROV V.A.

It were studied electret properties of nanocomposites based on high-density polyethylene
with nanoclay additives at different polarization voltages and temperatures. The effective surface
charge density collected in the obtained electret materials depends on the amount of nanoclay. The
charge density increases with increasing nanoclay content, and its decrease is observed after 8.0%.
The maximum values of the surface charge density change at different temperatures and in electric
fields of different strengths.

Keywords: nanoclay, nanocomposite, electret, polarization, polyethylene.
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I/ICCJ’ICZ[OBaHI)I TEMIICPATYPHBIC 3aBUCHUMOCTH J3JICKTPOIPOBOJAHOCTA O , KOS(I)(I)I/IHI/IeHTa Xomna R u

ko3 durmenTa TepMo 3.1.C. & B TBepabx pactBopax TlINi,YbyTe; (0<x<0,10) mpu 80-1000 K. ITo naHHBIM
KUHETHYECKUX MapaMeTPOB ONpe/ieleHbl 3(QEKTUBHBIE MACChI JJIEKTPOHOB U JIBIPOK. Y CTAHOBIIEHO, YTO, HAUWHasI
¢ x=0.05, tBepmpie pactBophl TlIN1xYbyTe; oTHOCSATCS K Y3KO30HHBIM TOMYMPOBOMHHUKAM, O0JaJaf0IIHMU
BBICOKMMH 3HAYEHHSIMU MaTPHUYHOTO 3JIeMEHTa B3aUMOJICHCTBHSI.

KirioueBble cj10Ba: IIMpUHA 3ampelieHHON 30HbI, 3((eKTUBHAs Macca, NPHUBEACHHBIH XUMHYECKHUI
IOT€HIMaJI, Y3KO30HHBIC ITOJTYITPOBOIHUKHU.

XapakTepHO#l 0COOCHHOCTBIO KPHCTAIOB TBEpAbIX pacTBOpoB TlINixYbyTe, sBisercs
HAJIMYUE€ B HX KPUCTAUIMYECKOW PEIIETKE CTEXMOMETPUYECKHMX BAKAHCHML C BBICOKOM
xonmenTpamuein (10— 10%%M3) u CBA3aHHBIX ¢ HHMMH JIOKANTM30BAHHBIX COCTOSIHHH B
3amnpenieHHoi 30ue [1-6], u 3Ta BeauunHa pacTeT ¢ pOCTOM MOJIBHOM J0JIH UTTEPOHS B COCTaBE
TBepbIX pactBopoB. C poctoM KoHieHTpanuu YbTe TBepmoro pactBopa cpeHee paccTosiHUE
MEXKIy aToMaMH pacTBOopeHHOro BemiectBa T1YbTex mocturaer 3HaueHuil, MpU KOTOPBIX
MEXIPUMECHOE B3aMMOJCHCTBHE HAUYWHAET BHOCHTH 3aMETHBIM BKJIAJ B SHEPTUIO0 KpHCTasuia
pactBopurens TlINTez[2], u 370 MPUBOAUT K MOSBJICHHUIO MPUHIIUIIHATIBHO HOBBIX CBOMCTB, HE
XapaKTepHBIX JUIS HMCXOAHOro Marepuana. Tak, npu serupoBanud T1INTe2 HEKOTOPHIMHU
penkosemenbHbiMu dreMeHTamu (Gd, Pr, Nd, Eu, Ga, Yb) na6mogaercs sdpdexr crabunuzanuu
ypoBHa DepmHu, KOT/a €ro MoJIOKEHHUE OMPEeNsieTcsl TOJLKO COCTaBOM CIUIaBa U HE 3aBUCUT
OT KOHIICHTpAIMHX JISTUPYIOLIUX npumeceii [1,3,7].

HecMoTpst Ha TO, YTO MCCIICTIOBAHUIO AIEKTPUUIESCKUX M TEIIOBBIX cBOHCTB TNt YhyxTes,
MOCBSAIICH psif paboT [1-6], B HUX HE ObUIO U3YyUYEHO BIIMSHUE UTTEPOMs Ha SHEPreTHYECKHU I
CHEKTp HocHTenel 3apsana. [JJaHHblil BOpoc MpecTaBiseT 0COObI HAYUHBIM U MPAKTHYECKUN
uHTepec, Tak kKak mepexox ot TlinTez &  TlnixYbxTe2 mo3BosisseT  ymydiiuTh
TEePMOdJIEKTpUUYECKUe cBoiicTBa mpu TemmepaTypax T>600K [8]. IlosTomy menpio HacTosIen
paboThl SIBISETCS U3YyUYEHUE DHEPTeTUYECKOTO CIIEKTpa HOCUTENe 3apsga B TBEPABIX
pactBopax TlInixYbxTe:. B nanHoii paboTe HcCieOBaHBI TEMIIEPATypHBIC 3aBHCHMOCTH
ANEKTPOTPOBOAHOCTH (G), Koapdumment Xomna (R) u tepmo-3.1.c. (o) B TBEPIBIX pacTBOPax
TlingxYbxTe2 (0<x<0,10) npu 80 - 1000K. 1Usmepenus o, R u o mpoBOAMIHCH Ha 00pa3iax

C OMMYECKMMHU KOHTAKTaMH IpU IOCTOSHHOM TOKE€ [5] B IOCTOSHHBIX MAarHUTHBIX IOJISAX
BIJIOTH J10 1200 A/m. [TorpentHocTs n3MepeHuit He npesbiana 4-5%.

Pe3ynbTaThl U HX 00CyKACHUE.

Ha puc.] npuBeneHs! TemrneparypHble 3aBUCUMOCTH 3JIEKTPOIpOoBOIHOCTH G(T) TBEpAbIX
pactBopoB TlInixYhxTez. Kak BumHO M3 pucyHka, 3aBucumMocT o(T) IS pa3sHBIX COCTaBOB
TBEPJBIX PACTBOPOB CYIIECTBEHHO OTJIMYAIOTCSA APYr OT Apyra. s MCXOJHOTO COETUHEHHUs
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TlInTez cobcrBeHHas 00acTh MPOBOAMMOCTH HauuMHaeTcs npu temmneparype T~700K, a B
TBepbIx pactBopax TlINixYbyTez mo mMepe pocta OTHOCHTEIBLHOTO COACPIKAHUS UTTEPOHS B
COCTaBax COOCTBEHHAsl 00JIACTh CMEIACTCSl B CTOPOHY 00Jiee BBICOKHX TemriepaTyp (puc.l).
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Puc.1. TemnepatypHbie 3aBUCUMOCTH J1eKTporpoBoaHOCTH B TIIN1YhyxTey;
TOYKHU- IKCIIepuMeHTanbHbie: €- (X=0), o - (x=0.02), A- (x=0.05), *- (x=0.10).

[Mo wmaxmomam xkpuBbiXx (go(10%/T) B o06macTM BEICOKHX TeMIlepaTyp OblTa OIleHEeHa
TepMUYECKass IMUpPUHA 3amlpelnieHHol 30HbI (FEg) I HMCCIEeNOBaHHBIX 00pasmoB; ObBLIO
BBISIBJICHO, YTO MO0 MEpe POCTa COJIEP>KaHUsI OTHOCUTENFHOTO KOJIMYEeCTBa UTTEpOUs B cOCTaBax
TBepABIX pacTBOpoB Eg m3mensercs ot 0,703B mis ucxomuoro coeamuenus TlInTex u o
0,545B mist TlinggoYbo10T€2. DTO CBHAETENLCTBYET O TOM, YTO B TBEPBIX PACTBOPAX HAPSAY C
«CaMOJIETUPOBAHUEM» MPOUCXOIUT TAKKE «CAMOKOMITEHCAITHSI.

Ha puc. 2 u 3 mpeacraBieHsl TeMIepaTypHbIe 3aBUCUMOCTH KOY(PPHUIIMEHTOB XoJuia
R(T) u tepmosac o (T) tBepabix pactBopax TlINixYbxTe,. 3naku 060ux KO3GhGHUIHEHTOB
MOJIOKUTETbHBI, W 9TO CBHUJAETEIbCTBYET O TOM, UTO MPOBOAUMOCTh MOJHOCTBHIO
OCYILIECTBIISICTCS IbIPKAMH.
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Puc.2. TemnepatypHbie 3aBucuMocTd Koapduurent Xomia (mpu H=1200A/m)
B TlIn1xYbxTe,. O6o3naueHue Te %e, 4To Ha puc. 1.
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Puc.3. TemmepaTypHbIe 3aBUCHMOCTH TEPMO 3.7.C. B TlIny« YbyTey.
O6o3HadeHune Te xKe, 4To Ha puc.l.

W3 puc.2 BUIHO, YTO MpH C1aboM 3amemnieHun aroMoB In atromamu Yb, xosadduiment
XoJta yMEHBIIIaeTcsl, M, COOTBETCTBEHHO KOHIICHTpAlMs IBIPOK yBenmumBaeTcs. Ha Bcex
obpa3uax npu T>650K nabmogaercs o6nacts codcTBeHHOM npoBoanMocTH. [Ipu nanpHeimem
YBEIIMYEHUH OTHOCHTEIBHOTO cojepkanus YD B cocraBax, o00mactb COOCTBEHHOM
MPOBOJMMOCTH CMEIIaeTcs B CTOPOHY Oojee BBICOKMX Temmeparyp. JlaHHbI —dakr
Ha0mrogaeTcss Tak jke Ha TemmeparypHod 3aBucumoctu ofT), OTKyma BHAHO, YTO [0
temmneparypbl T~650K, o(T) muHeliHO Bo3pacTaeT, a mpH HACTYIUIEHUH COOCTBEHHOM 00J1acTH,
MEIJICHHO yMeHbInaeTcs. M3 puc.1-3 Buano, uto, HauuHas ¢ x>0.05 temnepatypusbiii xox o(T)
u o T) mmeeT Takoit ke XapakTep, YTO U JUIsl Y3KO30HHBIX MOJTYIIPOBOJIHHUKOB [9].

B nmamnbix oOpasmax ciabas 3aBucumocth R(T) u nmueiinas 3aBucumocth oT) 1o
T~650K o3HauyaeT, 4TO MPOBOJAUMOCTh OCYILIECTBIISIETCS OJHUM THIIOM HOCUTENEH 3apsja, 4To
1 JJaeT BO3MOKHOCTH ONpeAenuTh 3 (PeKTUBHYIO Maccy AbIpok (cM. Tab.) [10].

ITpu ompeneneHun TemreparypHoi 3aBUCUMOCTH Eg(T) ObUIO MPUHATO COOTHOIICHHE
OEg/0T=-1.210"B/K [11].

boino ycraHoBieHo, yTo A Bcex 00pasnoB 3pQeKTUBHAs Macca AbIPOK B HMHTEpBaje
temmeparyp 100-650K nourtu He MeHsieTcs. DTO yKa3bIBaeT Ha TO, YTO BaJeHTHas 30Ha T 1IN;.
xYbxTe; momuMHseTCSs KBaJpaTHYHOMY 3aKoHy aucrnepcud. Creayer OTMETHUThb, 4YTO JIO
HACTOSIIIIET0 BPEMEHU He ObLI UCCIIEJJIOBAaH PHEPIeTUYECKUUN CIEKTP 30HBI MPOBOJUMOCTU B
T“ nl-bexTez.

Ucnonb3ys 3HaueHue 5((eKTHBHOM Macchl IBIPOK U TMojaras, 4YTO KOHLIEHTPALUs
nonopoB Ng=0, no 3Hayenuro kodpdunrenta Xomra npu T < 700K HaX0AMM KOHLIEHTPALIUIO
akuentopoB Na~1,2x10'® cu® (o6pasenr x=0.05) u TemmepaTypy CHATHS BBIPOMKICHHS
JBIPOYHOTO ra3a npu  Ind~ 640K.

Kak BuaHO U3 TaOIHIGI, 3HAYEHUS m’;, m. B Tlin1xYbxTe, oTHOCHTENBHO MeHBIIE, YeM
B apyrux pactBopax TlInixLnyTez [11]. Y3 tabmuusl Takke BUAHO, 9yTo B oOpasmax TlIni.
xYbxTe2 B OCHOBHOM CYIIECTBYET KOPPENISALUS MEKAYy NIUPUHON 3amperieHHOW 30HbI,
3¢ heKTUBHONH Macchl m’;, M, W MaTPHYHBIM DIEMEHTOM B3auMoAekcTBUa. M3 sToro psua

BBINAJAET JIMIIL TO, YTO IO CPAaBHEHMIO C APYTMMH Y3KO30HHBIMH IOJyIPOBOJHHMKaMU [9]
Oonbirast dddexTuBHas Macca 371eKTpoHOB B TlIN1xYbxTe2 moxer ObiTh cBsizaHa nHOO C
MaTPUYHBIM 3JIEMEHTOM B3aUMOJCUCTBUS, TUOO0 ¢ KPUCTAIITNYECKOHN CTPYKTYPOH.

29



30HHBIC TApaMETPhI U MOIBMXKHOCTH JBIPOK B TBepAbIX pacTtBopax TIInixYbxTe,

Tabnuma
T=100K T=300K
Opasibl
x=0 x=0.02 | x=0.05 | x=0.10 | x=0 x=0.02 | x=0.05 | x=0.10
ITapamerpsl
Eqy B) 0.70 | 0.66 0.62 0.54 0.68 | 0.63 0.59 0.51
m’; 0.55 | 0.52 0.48 0.43 0.53 | 051 0.46 0.40
m: 0.040 | 0.036 0.034 0.031 0.037 | 0.033 0.032 0.030
g
PxI00 149 140 |39 |36 |40 |39 |38 |35
(®B-cm)
Hp X107
p 210 230 1200 1350 180 195 1100 1250
(cm/B-c)

Teepabie pactBopbl TlIN1xYbyxTez kpucTaIM3yIOTCS B TETParoHaIbHOW CHHTOHUH, KaK U
ucxoanoe coeauuerune TlInTez [12]. B 3To#f CHHTOHWM B3aUMOJCHCTBHE 3JICKTPOHOB C
KPUCTAJUTMYECKOU pemeTkor HesHaunTeabHO [13]. B cuty [13] MokHO mosiaraTe, 9To 00JIbIITHE

3HaueHns Eg u M, He CBA3aHBI C KPUCTAILIMYECKOHW CTPYKTYpOH. MOXKHO OXHAATh, YTO HMX
3HaYeHUs 00YCIOBJIEHBI BHICOKUM 3HAUEHHEM MaTPUYHOTO 3JI€MEHTa B3aUMOACHCTBUSI,

2 y2
P{sh Eg(l—m:)} )

4m,

N3 puc.2 BumHo, yto a0 Ttemmeparypbl T~650K koHUEHTpamusi IBIPOK BO3pPACTAET
HACTOJIbKO, YTO TMPOJIOJIKACTCSI BBIPOKJICHUE ABIPOYHOIO rasza, YTO M TaKXKe XapaKTepHO IS
Y3KO30HHBIX MOJIYIPOBOAHUKOB [9]. DTa OllEHKa NOATBEPKIACTCA TEMIIEPATYPHBIMU
3aBucumocTsiMu 6 U R mpu T < 640K.

Hrak, B wmccienoBanHoW o6Omgactu Temmeparyp TBepabiii pactBop TlInixYbyTex (0
<x<010 ) obmamaer ABIPOYHON MPOBOAMMOCTBHIO MPHU CHUIBLHOBBIPOKICHHOM COCTOSHUU

neipoyHoro raza. [lpm T>650K HaGmromaercst 0o0gacTb COOCTBEHHOW MPOBOJAMMOCTH U
XapakTep TEMIIEpAaTypHBIX 3aBUCHUMOCTEH G M 0 OOBSICHACTCS HAIUYHEM JIBYX THIIOB
Hocureneid 3apsga. Haumnas ¢ x=0.05, mpu mepexome ot TlInTez x TlinixYbyTey,
temneparypubpli  xoa o(T) KayecTBEHHO W KOJMYECTBEHHO CHJIBHO  OTJIMYAIOTCS.
[Ipenmomnaraercsi, 4TO 3TOT MEPEXOJ COMPOBOXKIAECTCA IEpexojJaM OT IMOJIYIPOBOJHUKA K
Y3KO30HHOMY MOJYIPOBOIHHKY.
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ZOIF MAQNIT SAHOLORINDO TlInixYbxTe; BORK MOHLULARININ
KINETIK @MSALLARININ OLCULM®BSINDON ISTIFADD EDOROK ELEKTRON
VO DESIKLORIN EFFEKTIV KUTLOLORININ TOYINI

EMINOVA V.I.,, HADIYEVA A A.

TlingxYbxTe2 (0< x<0,10 ) bork mohlularinda elektrikke¢cirmo Holl vo termoelektrik
omsallarinm (o,R, @ ) temperatur astliliglart ( o(T) R (T), a (T)) 80-1000K temptratur

intervalinda todqiq olunmusdur. Bu kinetik amsallar osasinda elektron vo desiklarin effektiv
kitlolori toyin olunmusdur. Miioyyan olunmusdur ki, x=0.05 qiymotindon baslayaraq, TlIn;-
xY byxTez bork mohlulu 6ziinii darzolaql yarimkegirici kimi aparir.

Acar sozlar: gqadagan olunmus zonanm eni, effektiv Kitlo, gotirilmis kimyavi potensial, darzolagl
yarimkegiricilor.

DETERMINATION OF EFFECTIVE MASSES OF ELECTRONS AND HOLES
IN TLIN:.xYBxTE2 ON THE BASES OF MEASURED KINETIC COEFFICIENTS IN
THE WEAK MAGNETIC FIELDS

EMINOVA V.1, HADIYEVA A A.

The temperature dependence of the electrical conductivity o(T), the Hall coefficient R
(T) and the coefficient of thermo-power o (T) in the solid solutions TlinixYbxTez (0< x<0,10)
at 80-1000 K have been investigated. The effective masses of electrons and holes have been
determined on the basis of the kinetic parameters. It was established that starting with x = 0.05
solid solutions of TlinixYbxTe, belong to the narrow-gap semiconductors having high
interaction matrix element.

Keywords: band gap, effective mass, chemical potential, narrow-gap semiconductors.

31



Energetikanin problemlori e  Nol e 2025 e [IpoOiemsl SDHEPreTUKU

DOI:10.70784/azip.5.2025132

TIiKiSLI POLIETILEN iZOLYASIYALI KABELLORIN
QALIQ RESURSLARININ TOYINI

9HM9DOYV E.N.,, MUXTAROVA K.M.

Azarbaycan Doviat Neft va Sonaye Universiteti
AZ1010, Baki, Azadliq prospekti, 20
elbrusahmed@gmail.com

Mogqalodo tikigli polietilen (TPE) izolyasiyali kabellorin istismar miiddotinin qiymotlondirilmasi
masalaloring hasr edilmisdir. TPE-lor yiiksok mexaniki vo elektrofiziki xaSsalora malik olmalarina baxmayaraq
istismar miiddotindo deqradasiyaya moruz qalir, bu da onlarin elektrik méhkomlilorine monfi tosir gostorir. TPE
izolyasiyasinin qaliq resursunun prognozlasdirilmasi elektrik sistemlarinin etibarli iglomasi iigiin asas amillorden
biridir. Isdo TPE izolyasiyali kabellorin istismar miiddotina tosir edon osas amillor, kéhnalmo prosesloring tosvir
edon riyazi modellor tohlil edilmis vo Arenius tonliyi asasinda kabelin resursu miioyyon edilmisdir.

Acar sozlar: Kabelin izolyasiyasi, tikisli polimer, termiki kéhnalma, izolyasiyanin qaliq resursu.

Giris. Elektrik sobokolorinin etibarliligin1 vo davamliligmi tomin edilmosindo izolyasiya
materiallar1 asas rol oynayir. Miiasir dovrds tikilisli polietilenlor kabellorin izolyasiyasinda on
cox istifado edilon materiallardan biridir. Belo izolyasiya materiallar1 yiiksok mexaniki vo
elektrik Xxisusiyyatlori, eloco do xarici amillors qarsi miiqavimati ilo xarakterizo olunur.
Bununla belo, geyd edilon iistiinliiklorino baxmayaraq, zaman ke¢dikco TPE izolyasiyasi
kohnalmoys moruz galir, bu da onun istismar xiisusiyyatlorinin azalmasina vo naticods siradan
¢ixmasina sobab ola bilir.

TPE izolyasiyanin qaliq resursunun proqnozlasdiriimasi elektrik sobokolorinin etibarl
islomosini tomin etmok tli¢iin vacib vozifolordon biridir. Bunun {i¢lin materialin deqradasiya
doracasini qiymatlondirmoyas vo onun galan istismar miiddstini prognozlasdirmaga imkan veran
riyazi modellorin tortib edilmasi lazim galir.

Togdim edilon moqals izolyasiyanin kohnalmo prosesinin tohlili osasinda izolyasiyanin
qaliq resursunun prognozlasdirmaq ti¢iin riyazi modellor arasdirilmis vo homginin TPE-nin
davamliligina tosir edon amillor nozordon kecirocok. TPE-lorin izolyasiyasinin pozulmasina
tosir edon asas amillor bunlardir:

— Temperatur: Yiiksok temperatur polimerin termiki deqradasiya prosesini siiratlondirir ki, bu
da izolyasiyanin oksidlosmasine vo onun mdhkomliyinin azalmasma sabab olur.
Izolyasiyada bas veron kimyovi reaksiyalarin siiratinin miihitin temperaturu ilo olaqolosi
Arrenius tonliyi ilo ifado edilir;

— Elektrik sahosi: Izolyasiya yiiksok gorginlikli elektrik sahosinin tasirine meruz qaldigda
daxilds olan mikro bosluglarda vo mikro catlarda qismi bosalmanin yaranmasina sabob olur
ki, bu da lokal zodoalonmalars sabab olur vo materialin kohnalmasi siiratlonir;

— Mexaniki yiiklor: Sixilma vo dartilma gorginliyi kimi daimi mexaniki ytiklor polimerds
struktur  doyisikliklorino sobob ola bilir vo bu da izolyasiyada catlarin vo
mikrozadalonmoalorin yaranmasima gotirib ¢ixara bili;

— Otraf miihitin tosiri: Ultrabondvsoyi slialanma, radiasiya, nomlik, cirklonmo va s. materialin
deqradasiyasina sobob ola bilir ki, bu da onun molekulyar strukturunun doyisilmosine vo
istismar miiddotinin azalmasina sabab olur.

Masalonin qoyulusu. Tikisli polietilen izolyasiyali kabellor yiiksok izolyasiya
xiisusiyyotlorino, kimyovi tosirloro vo mexaniki zodoloro davamliligina goro elektrik
sobokolorindo genis istifado olunur. Bununla belo, hor hansi digor element kimi, onlarin
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etibarlilig1 vo tohliikasiz istismarini tomin etmok {igiin qiymstlondirilmali olan miisyyon bir
istismar miiddoti vardir.

Isin mogsadi, TPE izolyasiyali kabellorin istismar xiisusiyyatlorino tosir edon miixtolif
amillori nazors alaraq istifade miiddstinin qaliq resursunun miioyyan edilmosi metodikasinin
aragdirilasidir.  Qeyd etmok lazimdir ki, tikisli polietilen izolyasiyasi olan kabellor standart
qusamiiddetli ifrat gorginliyin tosirino davam gotira bilir. ifrat yiiklonmo rejimindo damarlarmn
icaza verilon qizma temperaturu 130 °C-dir kabel xattinin bu rejimdo islomo miiddeti giindo
sokkiz saatdan vo biitiin xidmot miiddoti oarzindo 1000 saatdan ¢ox olmamalidir [1].

Mososlonin halli. Bozon tokco sinaqlarin kegirilmasi ilo izolyasiya materialinin vo ya
elektrik avadanliglariin xidmet miiddstinin qiymotlondirilmasi miimkiin olmur vo bunun ii¢iin
riyazi modellordon istifado edilir. izolyasiyanmn deqradasiyasinin miixtolif mexanizmlorino
asaslanan bir ¢ox molum riyazi modellor mévcuddur [2-4].

Izolyasiyanin kohnalmasinin Jurkov modeli [6]:

7, = Toexp (1) (1)
burada, 7o —eksponent vahido yaxinlasan zaman xidmot miiddati; w struktr pozulmasinin
aktivlosmo enerjisi, R - universal qaz sabiti; y—strukturun parametri; E - elektrik sahasinin
gorginliyidir.

[zolyasiyanin kéhnolmasinin J.-P.Krayna modeli [6]:

- h ex (AG—O,S-gsoAVEZ) ?)
0~ 2kT p RT

burada &, g0 materialin nisbi vo miitlaq dielektrik niifuzlugu, E elektrik sahosinin gorginliy va
AV homin sahads olan aktivlogsmo hocmidir.
Arrenius modeli-tomliyi [6]:
T, = Toexp(—BcT)(E - Eg 1)~ (ho=0<D) ©)

burada E elektrik sahasi; CT=1/To—1/T— sorti temperatur gorginliyi (T - temperatur
tur; To—nozarst olunan temperatur (otaq temperaturu); Nno—gorginliyo davamliliq kriteriyast;
Eo elektrik saho gorginliyi; 70 — T=To, E = Eo, B = AW/k olduqda xidmot miiddotidir (AW —
termiki destruksiyanin aktivlosmo enerjisidir, k - Bolsman sabitidir); b - elektrik vo istilik
saholarinin qarsiliql tasir parametridir.

[zolyasiyanin kéhnolmesinin Kuginski modeli [5]:

7, = AE "exp (%) 4)

burada E- elektrik sahasinin gorginliyi; Wa — aktivlegsdirmo enerjisi; k— Bolsman sabiti; T —
temperatur; A- izolyasiyanin materialindan vo Xxisusiyyatlorindon asili olarn sabit; n—
izolyasiyanin noviindan asili olan daraca indeksidir.

[zolyasiyanin kéhnolmosinin osas soboblorinden biri temperaturun artmasidir. Istiliyin
tosiri ilo polimer daxilinde oksidlosdirici destruksiya reaksiyasi bas verir vo yiiksok molekullu
birlogsmoalor parcalanir. Homginin temperaturun artmasi ilo kimyovi reaksiyalarin bas vermosi
stirotlonir, o climlodon dielektrikdo qismi bosalmalar yaranir vo bu bosalmanimn tosiri altinda
omolo golon digor aktiv maddolor do oksigenlo birlosok destruksiyanin intensivliyini artirirlar.
Reaksiya siiratinin temperaturdan asililig1 Arrenius qanununa tabedir vo sads sokildo asagidaki
ifado ilo gostorilir [12,13,14]:

Wa
K, = Kye «T (5)
burada Ko maddonin strukturundan asili olan sabit; Wa — hor molekul {igiin aktivlosma enerjisi;
k — Bolsman sabiti (k = 1,380649-10-23 J/K); T - miitloq temperaturdur.
Baslangic sortlori (t=0, Nt=No) (5) —do nozars alsaq yaza bilorik:

Ny = Noe~Xet (6)
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burada No verilmis maddonin molekullarinin ilkin say1; tzaman intervalindan sonra
molekullarin say1 N - dir.

Kohnolmo prosesi eksponensial xarakterlidir [8]. Izolyasiya zr1, 2 tresurslar1 Ti, T2
temperaturlarindan miivafiq olaraq asagidaki ifads soklinda olagolidirlor [7].

TT‘le—Wa/(le) :Trze_wa/(kT21) (7)

(7) ifadasindan istifads edilmoklo 90 vo 130 °C-da tikisli polimer izolyasiyanin resurslari toyin
edilmisdir [9], —©2 =30,5.
Tr (130)

Belolikla, 130 © C-ds polietilen izolyasiyasinda istilik oksidlosdirici destruksiya
reaksiyasi 90 ° C-do oldugundan 30,5 dofo daha siiratli gedir.

Kabel izolyasiyasinin galiq resursunun riyazi hesablanmasi ii¢iin materialin desilmo
ehtimalinin onun parcalanma dorocosindon asililigmi bilmok lazimdir. Bunu Veybul
paylanmast ilo toyin etmok miimkiindiir vo homin ifads asagidaki kimidir:

ok
F=1- e_(7) 8)

Burada, elektrik enerjisi sistemlorinin etibarliliginin hesablanmasinda istifado olunan
parametr kimi migyas A = 0,63 (63%), forma amsal iso k = 8 gotiiriilmasi gobul olunur. Sak.1-
do gostorilmis oyriyo osason materialin 78%-1 dagilan zaman onun desilmosi ehtimal1 vahido
yaxinlagir [10, 12].

[zolyasiya materialinin strukturunun 35,5% -i dagildiqda o, zaman istifado ii¢iin yararsiz
kimi taninmas1 tovsiyo olunur, ¢iinki qeyd edilon bu qiymotdon sonra izolyasiyanin desilmosi
ehtimali ohomiyyatli dorocodo artmaga baslayir ki, bu da izolyasiyada c¢ox sayda qilisurlarin
meydana golmosino sobob ola bilor [11, 15]. Yuxarida gostorilonlorin nozors alsaq, diistur (4)
asagidaki kimi togdim edils bilor:

1 :/:

o
oo

o
Fur

=
i

o
M

Desilma ehtimali

=

0,2 0.4 0.6 0.8 1
Pargalanmis molekullann migdan

=

Sok.1. izolyasiya materialinin desilma ehtimalimin
molekullarin par¢alanma miqdarindan asililg1

N
. = LnN—g (9)
° c-B-E"-KO-exp(—%)
Va ya

N¢

Ln—
= ——0 10
cPgpKe(t) ( )

burada Nt — verilmis zaman aninda cismin vahid hacmina diison molekullarin say1; No —
zodolonmoadoan ovval cismin vahid hacmina diison molekullarinin say1, N¢/No=0,645 gobul edilir,
Pgp = B-E" — qismi bosalmalarin giicli; B— sabit; E— elektrik sahasinin gorginliyi; n - materialin
noviinden vo qurulusundan asili deraco; Ki(T) = Ko e - verilmis zaman anmdaki
temperaturda kimyovi reaksiyalarin siirat; Ko—Arrenius qanununundaki reaksiyanm siiratini
nozara alan sabit; Wa— aktivlosmo enerjisi; k - Boltsman sabiti; T - temperatur Kelvinlo; ¢ —
vurgu amsali olub elektrik sahasi vo temperatura osason toyin edilir.
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(9) ifadosino osason, sabit gorginlik vo temperaturda verilmis zamanda par¢alanmamis
molekullarin say1 asagidaki kimi hesablanacaqdir.

n Wa
Nt — Noe—c-BE -Koexp(—ﬁ)-t (11)
Saho gorginliyinin vo temperaturun doyismosi funksiyalarinin xaotik oldugunu

nozoro alaraq hesablamanin asagidaki diisturdan istifado etmoklo aparilmasi toklif
olunur [11]:
t
Ne(t) = [, v(t)dt (12)
burada v(t) — t zaman aninda, miixtalif amillorin birgs tosiri altinda materialin par¢alanma-
dagilma siirati olub, asagidaki diisturla miioyyon edilo bilor:
w
v(t) = —% =c-B-E"™-K,-exp (— %) Ny-e P E™Koexp( i) ¢ (13)
Daha sonra, izolyasiyanin istismar miiddatini-qaliq resursunun prognozlasdirmasi iigiin
verilmis zaman orzindo aldo edilmis molumatlar asasinda Ni(t) funksiyasmi ekstrapolyasiya
etmok lazimdir. Elektroenerji sistemindo bas veran proseslorin dovrii xarakterini nozors alsaq,
geyd edilon funksiyanin eksponensial xarakterili olacagini ehtimal eds bilorik.

NOTICO

Tikisli polietilen izolyasiyali kabellor yiiksok izolyasiya xiisusiyyeotlorino malik olmaqla
yanasi, etibarliligm tomin etmok {i¢iin qaliq resursunun qiymotlondirilmosi xiisusi ohomiyyoto
malikdir. Riyazi modellordon istifado edorok, miioyyon edilmisdir ki, 130°C-do istilik
destruksiya reaksiyasi 90°C-do oldugundan 30,5 dof> daha siiratli bas verir. Izolyasiyanin
strukturunun 35,5% -i par¢alanmis olarsa, desilmo ehtimali ohomiyyatli doracods artir. Beybul
paylanmasina osason, materialin 78%-1 par¢alandiqda, siradan ¢ixma ehtimali demok olar ki,
100%-o c¢atir. Bu noticolor elektrik sistemlorinin etibarlili§im artrmaq tiglin temperatur
amillorinin nozoro alinmasinin vo izolyasiya materiallarinin voziyyotinin miitomadi olaraq
monitoringinin vacibliyini vurgulayir.
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OIPEJIEJJEHUE OCTATOYHOI'O PECYPCA KABEJIEM C CHINTOM
MOJMUATUJIEHOBOM U30JISIIIUEN

AXM3/J10B 3.H., MYXTAPOBA K.M.

CraTbsi TIOCBSIIEHA BOMpPOCAM OILIGHKHM CpOKa CIyXObl Kabemed C  CIIUTOM
MOJIMATHIIEHOBOM M3osiAnnel. HecMoTpsi Ha BBICOKHME MEXaHHUYECKHE U DJIEKTPOPU3NUYECKHE
CBOMCTBA, CIIWTHIA MOJMATUIEH B MPOLECCE AKCIUTyaTallud MOJBEpraeTcs Nerpajaluu, 4To
OTpUIIATENILHO BJMSIET HAa €ro SJeKTpUueckue cBoicTBa. [IporHo3upoBaHHe OCTATOYHOTO
pecypca U30JILUHU CIIUTOTO MOJIUATUIIEHA — OJIUH U3 KITI0UEBBIX (PAKTOPOB HaJIeKHON pabOThI
anekrpocereid. B qanHo# paboTe npoaHaaIn3upoBaHbl OCHOBHBIE (PAKTOPHI, BIUSIOLINE HA CPOK
cinykObl Kabeneil ¢ wu3odALMENd U3 CHIMTOrO TMOJIMATHIIEHA, MaTeMaTUYeCKHUEe MOJEIH,
OMHCHIBAIOIIME MPOLECCHl M3HAIIMBAHUS, U ONPEAENeH pecypc Kabelsi Ha OCHOBE ypaBHEHUS
Appenuyca.

KnwueBble ciioBa: u3oisiusi KaOews, CHIMTHIA IMOTMMEpP, TEPMHUYECKUI W3HOC, OCTAaTOYHBII pecypc
N30JIIUH.

DETERMINATION OF THE RESIDUAL LIFE OF CABLES WITH CROSS-
LINKED POLYETHYLENE INSULATION

AHMEDOV E.N., MUKHTAROVA K.M.

The article is devoted to the issues of assessing the service life of cables with cross-linked
polyethylene insulation. Despite its high mechanical and electrophysical properties, cross-
linked polyethylene is subject to degradation during operation, which negatively affects its
electrical properties. Predicting the residual life of cross-linked polyethylene insulation is one
of the key factors for the reliable operation of power grids. This paper analyzes the main factors
affecting the service life of cables with cross-linked polyethylene insulation, examines
mathematical models describing wear processes, and determines the cable life based on the
Arrhenius equation.

Keywords: cable insulation, cross-linked polymer, thermal wear, residual life of insulation.
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Growth prospects for solar photovoltaics (PV) in Africa are optimistic. Factors such as solar resource
potential, technological advances, capacity building and skills development, market demand and energy access,
climate change mitigation, and sustainability goals, among others, influence the growth in capacity and
deployment of solar PV in Africa. These factors interact in complex ways and vary across African countries and
regions, shaping the trajectory of solar PV growth on the continent. Countries must therefore strive to increase
energy security, promote economic development, and mitigate the effects of climate change. Significant growth is
expected between 2020 and 2050 due to the abundance of solar energy resources, falling costs of solar technology,
and rising energy demand driven by economic and population growth.

Keywords: photovoltaic, solar energy, African energy demands, efficiency

I-INTRODUCTION

Africa is the world's second-largest continent in terms of surface area and population.
Here is some general information on the African continent's size, approximate population, and
geographical distribution. It has a total surface area of around 30.37 million square kilometers
and a population of around 1.4 billion (in 2023). Africa is generally divided into five
geographical sub-regions: North Africa, West Africa, Central Africa, East Africa, and Southern
Africa. The energy problem is a phenomenon that affects all regions of the continent and varies
according to each country within its region. The energy sector in African countries is heavily
dependent on traditional sources such as coal, natural gas, and oil, which collectively constitute
nearly 80% of the entire energy generation [1]. This dependence poses challenges and
opportunities for the continent's energy transition, particularly in the growing adoption of
renewable energies. While Africa's energy sector remains heavily dependent on traditional
sources, there is a significant opportunity to diversify and transition to renewable energies. This
transition not only addresses environmental concerns but also enhances energy security and
supports economic development. This means that there is significant technical potential to
harness solar energy using existing technologies such as photovoltaic (PV) systems and
concentrated solar power (CSP) [2]. The adoption of these technologies can play a pivotal role
in transforming the energy landscape in Africa. There is enormous technical potential for
harnessing solar energy in Africa using PV and CSP technologies. By using these available
technologies, African countries can significantly advance their energy transition, improve
access to electricity, and achieve greater sustainability. Following [1], energy access in Africa
encounters numerous challenges, including inadequate technology and capacity development,
unfeasible renewable energy policies, insufficient financial support and high lending rates,
unsteady economies, and limited foreign investment. Consistent with efforts aimed at achieving
Agenda 2050 and Aspiration 1.7 of Africa’s Agenda 2063 [3]. Similarly, the study has
addressed specific aspects of the dynamics of the African economy, and a comprehensive
understanding of these dynamics will accelerate the achievement of the UN's Sustainable
Development Goals (SDGs) and Agenda 2063 by 2030 [4]. In recent years, the use of
renewable energies has gained momentum worldwide due to the decline of fossil fuels,
environmental deterioration, and the assertion that it can enhance the quality of life in third-

37



world countries [4]. To foster accessibility to inexpensive, dependable, environmentally
friendly, and contemporary energy by 2030, African governments should lively stimulate trade
and business freedom to increase the proportion consumption of renewable energy [5].

I1- AFRICA COUNTRY SPECIFIC INSIGHTS

The security of electricity supply is a critical consideration for investors evaluating risks
in emerging markets and developing economies. Frequent electricity outages lead to significant
efficiency losses and increased costs for backup generation, posing substantial challenges for
economic development. The Sustainable Africa Scenario (SAS) addresses these issues by
proposing a comprehensive strategy to enhance grid reliability and integrate renewable energy
sources. The Energy Service Company (ESCO) model, in which ESCOs provide energy
efficiency improvements and are compensated based on the energy savings achieved, has not
yet gained widespread use in Africa. However, the establishment of public sector "Super
ESCOs" has the potential to catalyze the growth of energy efficiency markets across the
continent. The Super ESCO model has the potential to significantly enhance energy efficiency
in Africa, providing both technical and financial support to government entities and private
ESCOs. The success of initiatives in Morocco and the AfDB’s Africa Super ESCO
Acceleration Programme demonstrates the viability and benefits of this approach. By
addressing challenges related to market development, financial barriers, and regulatory support,
the Super ESCO model can drive substantial improvements in energy efficiency across the
continent, contributing to economic development and environmental sustainability. Article 6 of
the Paris Agreement provides mechanisms for countries to cooperate on their climate targets
through market-based approaches. This allows countries to trade emission reductions,
potentially creating significant financial flows to support clean energy investments. In recent
years, many African countries have shown interest in participating in these mechanisms,
particularly as sellers of credits. The implementation of Article 6 presents a significant
opportunity for African countries to generate substantial financial flows and achieve
considerable emission reductions. By effectively leveraging these mechanisms, African nations
can attract critical investments for clean energy projects, making them more bankable and
accelerating the transition to a sustainable energy future. To fully realize this potential,
countries need to focus on capacity building, establish robust policy frameworks, foster
regional cooperation, and integrate into international carbon markets. This strategic approach
will ensure that the benefits of Article 6 are maximized, supporting both economic
development and climate goals in Africa. The Africa Mini-grids Programme (AMP) under the
Global Environment Facility's seventh replenishment (GEF-7) aims to improve the financial
viability of renewable energy mini-grids across Africa. This initiative seeks to provide
sustainable energy solutions to underserved and remote areas, contributing to universal energy
access and supporting the transition to clean energy. The Africa Mini-grids Programme (AMP)
under GEF-7 represents a crucial initiative to enhance the financial viability and scalability of
renewable energy mini-grids across Africa. By addressing key barriers such as high costs, lack
of investment, and regulatory challenges, the AMP aims to provide sustainable energy solutions
that contribute to universal energy access and the broader transition to clean energy. Through
technical assistance, policy support, innovative technologies, and community engagement, the
AMP seeks to create a conducive environment for the widespread deployment of renewable
energy mini-grids, ultimately fostering sustainable development and economic growth across
the continent.
Electricity Outages and Economic Impact
e Efficiency Losses: Companies in emerging markets face efficiency losses and costs

totaling nearly USD 1.3 trillion by 2030 due to electricity outages.
e Backup Generation: High reliance on fossil-fuel generators and rooftop solar as
alternatives to unreliable grid supply increases costs and strains utilities.
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e South Africa: Leading the continent in installed PV capacity, driven by supportive
policies and a strong commitment to renewable energy.

Egypt: Significant potential with ambitious solar targets and large-scale projects like the
Benban Solar Park.

Morocco: Focus on becoming a renewable energy hub with projects like the Noor Solar
Complex.

Case Study: Morocco

e Public Super ESCO: In February 2021, Morocco transitioned an existing entity into a
public Super ESCO with the help of a technical assistance grant from the African
Development Bank (AfDB). This Super ESCO focuses on energy efficiency in public
buildings and street lighting and will expand to industry and transport projects.

e Private Super ESCO: The Africa Energy Efficiency Fund, established in 2023, acts as a
project aggregator with a standardized tendering process and offers 100% non-recourse
financing with shared savings.

Nigeria: High potential for off-grid solar solutions to address widespread energy access
ISsues.
Case Study: Nigeria

e Dependency on Backup Generation: 40% of electricity consumed in Nigeria comes from
backup generators.

e Cost Increases: Between 2021 and 2022, electricity costs for Nigerian consumers using a
mix of grid and backup generation rose by 150% to 170%. For those relying solely on
diesel generators, costs increased by 220% to 260%.

e Financial Potential and Emission Reductions

e Revenue Generation: An assessment of the International Energy Agency's (IEA) Africa
Energy Outlook 2022 suggests that Article 6 could generate USD 225-245 billion by 2030
for African countries.

e Emission Reductions: The implementation of Article 6 could help reduce 3,500-3,850
million tons of CO, compared with scenarios without Article 6 cooperation over the same
period.

I1l- CURRENT STATE OF PV SOLAR ENERGY IN AFRICA

Africa, with its vast and largely untapped solar energy potential, is poised to become a
significant player in the global photovoltaic (PV) solar energy market. The continent's high
solar irradiance, coupled with increasing energy demands and the need for sustainable energy
solutions, makes PV solar energy a promising avenue for development. The Sustainable Africa
Scenario (SAS) outlines a pathway for doubling energy investment in Africa, emphasizing the
need for innovative solutions to mobilize capital from various sources, including national
governments, development finance institutions (DFIs), and private capital. By 2030, private
capital's contribution is expected to increase sixfold from current levels, but effective
deployment requires targeted interventions. Meanwhile, grants and concessional funding
remain crucial in specific countries and sectors. Achieving the goals of the Sustainable Africa
Scenario requires a coordinated effort to mobilize capital from diverse sources. By addressing
affordability constraints, ensuring equitable investment distribution, fostering private sector
participation, and leveraging Africa’s natural resources, the continent can meet its energy needs
sustainably and drive economic growth. Strategic use of concessional funding and innovative
financing models will be crucial in overcoming current challenges and achieving long-term
energy security and sustainability. Ensuring the security of electricity supply in Africa under
the Sustainable Africa Scenario requires a multifaceted approach. By investing in grid
infrastructure, diversifying sources of flexibility, promoting cross-border electricity trade, and
mobilizing capital through innovative financing models, Africa can overcome current
challenges and build a resilient and reliable electricity system. This will not only enhance
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economic development but also support the integration of renewable energy sources,
contributing to global sustainability goals.

Population with access to electricity (%)

Under 10%

10% to 49.9%
I 50% to 99.9%
B 100%

Not applicable

Top 20% access deficit countries L“:

Fig.1. Share of global population with access to electricity in 2021(World Bank 2023).

Green banks and facilities play a pivotal role in financing sustainable development
projects by mobilizing private capital, offering financial instruments, and providing technical
assistance. Africa currently hosts two major green banks: the Climate Finance Facility (CFF) of
the Development Bank of South Africa and Rwanda’s Green Fund (FONERWA). The African
Development Bank (AfDB) is also spearheading initiatives to establish more green facilities
across the continent. The establishment and expansion of green banks and facilities in Africa
represent a significant step towards mobilizing private capital for sustainable development. The
Climate Finance Facility and Rwanda’s Green Fund have set a precedent, and the AfDB’s
African Green Bank Initiative is poised to further enhance green financing across the continent.
By providing financial instruments, and technical assistance, and fostering local banking sector
involvement, these institutions can play a crucial role in achieving sustainable development
goals in Africa.

AfDB’s African Green Bank Initiative

Target Countries: Benin, Ghana, Mozambique, Tunisia, Uganda, and Zambia.

Funding: In May 2023, AfDB announced USD 1.6 million secured for the first two facilities
under this initiative.

Hosts: The facilities will be housed at La Caisse des Depots et Consignations du Benin and the
Ivorian National Investment Bank.

2010 2019 2021

m Southern Africa ® Eastern Africa m Central Africa W Western Africa
Fig.2. Number of people in Sub-Saharan Africa without access to electricity, by subregion,
for the years 2010, 2019, and 2021 (in millions) (World Bank 2023).
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Fig.The population in Sub-Saharan Africa is projected to grow 10-fold between 1960 and 2050
(Source: Health Stats Population Estimates and Projections database (SP.POP.TOTL)).

Table: 2 World and Africa Capacity Summary (MW).

Here is a summary of the global and African capacity (CAP) in megawatts (MW) for the years 2014 to

2023
World and Africa Capacity Summary (MW)
Year World Africa
2014 176,159 1,503
2015 224,207 1,846
2016 296,215 2,921
2017 391,245 4,581
2018 486,828 7,038
2019 589,114 8,327
2020 721,989 9,671
2021 867,482 10,550
2022 1,066,559 11,617
2023 1,412,093 12,394
Access deficit (millions) Access rate (%) Annualized increase (pp)
0 20 40 60 80 0 1 2 3 4 5 ] 02 0 02 04 06 08 1
South Sudan [N 13.3 0.00
Burundi |00 11.5 0.00
Liberia |W 4.9 0.00
Uganda : 453 -0f03 |
Sierra Leone |10 7.8 1 0.03
Central African Republic 4.8 ] 0.03
Mali | 19.5 0.00
Guinea 1 13.2 ] 0.03
Guinea-Bissau || 1.9 003 |
Madagascar W 26.6 B 0.05
Malawi | 19.3 -0.1p W
Gambia || 2.2 -0jo5 I
Niger 225 .20
Sao Tome and Principe | 0.2 I 0.25
Somalia 15.1 N 0.28
Rwanda |l 12.3 I 0.90
Haiti |m 10,7 M 0.08
Democl:lfi:h Iieg::;i; 82.6 B 008
Benin W 11.2 -0fos Ml
Mozambique 298 . 0.25

Fig.4 The 20 countries with the lowest access rates to clean fuels and technologies (orange),
2017-2021 average (WHO 2023), pp = percentage point.
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Table: 1 Evaluation and projection of Africa's Photovoltaic (PV) Solar Energy Demands:
2020 to 2050.

reach 300-350 GW

2050: Projected to

500-600 TWh

2050: Around

Year Installed_ PV Electricity Generation | Driving Factors
Capacity
2020- Approximately 6 GW| Around 9  TWh | Limited, with most energy needs met by fossil
Current (Terawatt-hours). fuels and hydroelectric power.
state Minor, with fossil fuels being the dominant
source of energy.
2020-2030 | 2025: Expected to | 2025: Approximately | Decreasing costs of solar technology.
reach 25-30 GW 35-45 TWh. Government policies promoting renewable
energy. Increasing energy demand due to
2030: Around population growth and urbanization.
2030: Projected to be| 100-130 TWh. International investments and partnerships.
around 70-90 GW. Significant increase as countries adopt more
renewable energy policies and investments in
solar infrastructure grow.
2030-2040 P035: Expected tol 2035: Approximately | Continued technological advancements in PV
reach 150-180 GW | 200-250 TWh efficiency. Expansion of grid infrastructure to
2040: Projected to | 2040: Around integrate  renewable  sources.  Increased
be around 300-400 TWh emphasis on energy security and sustainability.
200-250 GW Solar energy has become a major player in
Africa’s energy landscape, reducing reliance on
fossil fuels and enhancing energy security.
2040-2050 | 2045: Expected to| 2045: Approximately | Maturing the solar market with widespread

adoption. Enhanced energy storage solutions
improving  reliability. ~ Stronger  regional
cooperation and integration of energy markets.

be around 600-800 TWh Solar energy has become a cornerstone of
350-450 GW Africa’s energy system, potentially supplying
over 40-50% of the continent’s electricity
needs.
Conclusion

Africa’s demand for photovoltaic solar energy is projected to grow exponentially from
2020 to 2050, driven by favorable natural conditions, economic development, and supportive
policies. By 2050, solar energy is expected to contribute to the continent’s energy mix,
significantly enhancing energy security and supporting sustainable development goals.
Addressing infrastructure, financing, regulatory, and technical challenges will be crucial to
realizing this potential.

Africa's PV solar energy sector is poised for significant growth, driven by abundant solar
resources, rising energy demands, and supportive policies. While challenges remain, the
outlook is promising with substantial opportunities for investment and development. By
harnessing its solar potential, Africa can achieve greater energy security, economic
development, and environmental sustainability.
Future Forecast
1. Growth Projections: Africa's PV capacity is expected to grow substantially, potentially

reaching over 70 GW by 2030. This growth will be driven by both large-scale solar farms
and decentralized, off-grid solutions.
2. Investment Opportunities: Investment in Africa's solar sector is forecasted to increase,
with opportunities for private sector participation, public-private partnerships, and
international funding.
3. Technological Advancements: Continued advancements in PV technology, such as higher
efficiency panels and energy storage solutions, will enhance the viability and reliability of
solar energy.
4. Policy and Regulatory Support: Strengthening policies and regulatory frameworks will be
crucial in supporting and accelerating PV solar energy deployment.
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AFRIKANIN FOTOVOLTAIK (PV) GUNOS ENERJISININ
QIYMOTLONDIRILMOSI VO PROQNOZU: ISTIFADO VO TOLOBLOR

DAGAL 1.D., NAYIR A.R., TANRIOVEN K.M.

Afrikada glines fotovoltaiklorinin (PV) artim perspektivlori nikbindir. Glinos enerjisi
potensiali, texnoloji iraliloyislor, potensialin yaradilmasi va bacariqlarin inkisafi, bazar talobi va
enerjiys ¢ixis, iqlim doyisikliyinin azaldilmasi vo davamliliq moagsadlori kimi amillor Afrikada
ginos PV-nin tutumunun artmasima vo Yerlosdirilmasina tasir gostorir. Bu amillor kompleks
sokildo qarsiligl tasir gostorir va gitado glines PV artimimnin trayektoriyasini formalasdirmaqla
Afrika Olkalori vo regionlar1 arasinda doyisir. Buna goro do Glkalor enerji tohllkasizliyini
artirmaga, iqtisadi inkisafi tosviq etmoys Vo iglim doyisikliyinin tasirlorini yumsaltmaga
caligmalidirlar. 2020-2050-ci illor arasinda giinos enerjisi ehtiyatlarmin bollugu, giinos
texnologiyasinin ucuzlagsmasi vo igtisadi vo ohalinin artimi noticasindo enerjiys tolobatin
artmasi sobobindan shamiyyatli artim gozlonilir.

Acar sozlar: fotovoltaik, giinas enerjisi, afrika enerji talablori, somoralilik.

OIIEHKA ¥ ITIPOI'HO3 ®OTO3JIEKTPUYECKOM (PV) COJTHEYHOM
OHEPI'MM B A®OPUKE: IIOTPEBJIEHUE U CITPOC

AT AJI W.JT., HAWMP A.P., TAHPUOBEH K.M.

[lepciektuBpl pocTa cosiHeyHOM doTosnekTpuueckoir (PV) osuepretuku B Adpuke
ONTUMUCTUYHBI. Takue (haKTOpbl, KaK MOTEHIMAN COJHEUHBIX PECypCOB, TEXHOJIOTHMUYECKUN
MIPOrpecc, HapallMBaHWE MOTEHIMAJIa U Pa3BUTHE HABBIKOB, PHIHOYHBIM CIPOC U JOCTYI K
SHEPIruM, CMATYECHHUE NOCIECACTBUA U3MEHEHHS KIIMMATa U eI YCTOMYMBOTO Pa3BUTHS, CPEOU
MPOYUX, BIUSIOT Ha POCT MOIIHOCTH U Pa3BEPTHIBAHHUE COJIHEYHON (DOTOINEKTPUUECKOM
SHepreTHKu B AQpuke. ITH (HaKTOPHI B3aUMOJICHCTBYIOT CIIOKHBIM 00pa3oM U Pa3iUyaroTcs B
pasHbIX CTpaHax u peruoHax Adpuku, GopMUpPYs TpPAeKTOPUIO POCTa COJTHEYHOU
(OTORNEKTPUYECKON PHEPreTUKH Ha KOHTHHEHTe. [103ToMy cTpaHbl TOJKHBI CTPEMUTHCS K
MOBBIIIEHUIO YHEPreTHUECKON O€30MacHOCTH, COJEHCTBUI0O SKOHOMHUYECKOMY DPa3BUTHIO H
CMSATYEHUIO MOCIEACTBUI U3MEHEHUS KIIMMaTa. 3HAUUTEIbHBIN pOCT oxkuaaerca Mmexay 2020 u
2050 rogamu u3-3a OOWIIHSI PECYPCOB COJTHEYHON SHEPTUU, CHIKEHUS CTOMMOCTH COJTHEYHBIX
TEXHOJOTHMI W pacTyllero CIpoca Ha DJHEPTul0, OOYCIOBJIEHHOTO SKOHOMUYECKUM H
neMorpaguuecKuM POCTOM.

KnroueBble cjioBa: (HOTOIIEKTPUIECTBO, COJTHEYHAS JHEPrUs, NOTPeOHOCTH adpuKH B OSHEPTHH,
3¢ PEKTUBHOCTS.
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INTELLEKTUAL GiRIS-NOZAROT SISTEMLORININ TOHLILI Vo
TOKMILLOSDIRILMOSI

HUSEYNOV B.Q., HOSIMOV X.X.

Azorbaycan Dovlat Neft vo Sanaye Universiteti, Azadliq prospekti 20, Baka,
Azarbaycan, AZ1010
xanlar.hashimov.x@asoiu.edu.az

Bu tadqiqat intellektual giris-nazarat sistemlorinin mévcud vaziyyatini va onlarin tekmillegdirilms yollarini
tohlil edir. Movcud sistemlor fovgolads hallar1 nozoro almaqda vo effektiv nozaroti tomin etmokdo kifayot qodor
somorali deyil. Yeni yanagma olaraq, kompiiter gérms vo miiasir sensor texnologiyalarindan istifads eden, ayrilma
prinsipina asaslanan iki hissoli model toklif edilir. Bu model miisahids olunan obyektlorin real vaxt rejimindo
vaziyyatini qiymatlondirir vo qeyri-solis mentiq sistemlorindon istifads edsrok optimal idarsetmoni tomin edir.
Yeni hallor naqliyyat vasitalari vo fiziki soxslerin identifikasiyasini, qorunan arazilora girigsin mehdudlasdirilmasimi
vo vaziyyatin avtomatik analizini ohato edir. Toklif olunan model giris-nazarat sistemlorinin tohliikasizliyini v
funksionalligmni artiraraq, idarsetmanin somarsliliyini yiiksaldir.

Acar sozlar: miiossiso, idaroetmo sistemi, intellektuai, obyekt, proses, model, sonaye

Giris. Bu giin sonayedo nasos qurgularmin, generatorun gorginliyinin vo digor texniki
obyektlorin idars edilmosi iigiin intellektual texnologiyalarin aktiv totbiqi miisahido olunur [1].

Obyektlorin taninmasi ilo kompiiter gérmo sistemlori vo intellektual texnologiyalarin
totbiqi sonayedo mdvcud bir cox problemlorin halline imkan yaradir [2].

Miiossisolorin avtomatlasdirilmis idaroetmo sistemi (MAIS) ononovi olaraq texnoloji
proseslorin, maliyys, logistika va personalin idars olunmasi alt sistemlorindan ibaratdir. Bu alt
sistemlordon biri olan giris-¢ixisa nazarat vo idaroetmo alt sistemi infrastruktur obyektlorinin
muhafizasini vo onlarin tizarinds noazarati tomin edir.

Sokil 1. - do tipik miiossise orazisi tosvir edilmisdir. Rogomlorlo mohdud giriso malik
obyektlor gostorilmisdir. Sokildo asagidakilar gostorilmisdir:

1-Misssisaya girislar, 2- nazarat-buraxilis montagalori, 3- tohllikasizlik sahalori, 4- zavod
idaroetmo binasinda girig-¢ixisa noazarot sisteminin (GCNS) giris noqtalori, 5- giris-¢ixisa
nozarat sisteminin serveri, 6- uzagdan kecid yeri, 7-kecid biirosu, 8- miihasibatliq.

Sok.1. Standart miiossisonin arazisi.

Girig-¢1xisa nozarot vo idaroetmo sistemi (GCNIS) TOCT P 51241-2008 standartina
uygun olaraq, texniki, informasiya, proqram va istismar baximindan uygunluga malik nazarot
vo idaroetmo vasitolorinin birlogmaosidir.
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Bu zaman giris-¢ixisa nozarat vo idaroetmos vasitolori dedikdo, nozarst vo idaraetmo
proseslorinin hoyata kec¢irilmosini tomin edon istonilon mexaniki, elektromexaniki, elektrik,
elektron qurgular, konstruksiyalar vo program vasitolori nozards tutulur.

GCNIS-nin osas funksiyalari:

- Obyektin orazi biitovliiyiina nozarot vo idaroetmo; Icazesiz girisin vo soxslorin,
naqliyyatin horaketinin garsisini almaq; Yangin tohliikesizliyine nozarat.

GCNIS asagidaki vozifalori hall edir:

Sonaye casuslugu, ogurluq, sabotaj vo maddi dayerlorin zodolonmasinin qarsisini almag; Is
vaxtint qeydiyyata almaq; Molumatlarin moxfiliyini qorumaq; Ziyarat¢ilorin horakotini
tonzimlomok; Noqliyyatin girig va ¢ixigini1 idare etmok.

Adoton, girig-¢ixisa nozarot vo idaroetmo sistemlori texniki gérmo sistemlorinin
avadanhi@ina osaslanir vo bozilori obyektin identifikasiyasi proseslorini avtomatlasdirmaq ti¢iin
muasir komplter gérmo alqoritmlorindon istifado edir. Masalon, naqliyyat vasitalorinin giris-
¢ixisa nozarot sistemindo insan resurslarinin calb edilmosindon, kart oxuyucu cihazlar kimi
olavo avadanliglarin qurasdirilmasindan vo avtomobillorin icazosiz ke¢idindon gaginmaq
miimkiindiir. Intellektual videomiisahido sisteminin vozifasi qeyri-standart voziyyatlori
avtomatik agkar etmok yolu ilo operatorun yiikiinii azaltmaqdir [3].

GCNIS-do yaranan geyri-standart voziyyatlor:

Identifikasiya olamotlorinin olmamasi vo ya avoz olunmasi; Xarici amillorin tosiri noticosindo
idaro olunan qurgularmn siradan ¢ixmasi; Xarici miihit faktorlarmin obyektin identifikasiyasmnin
keyfiyyating tosiri; Fiziki tosirlorlo manes qurgularmin smdirilmasi cohdlori; "Icazali" soxslorlo
birlikde "qadagan olunmus" soxslorin ke¢id cahdlari; Fovgalade vaziyyastlorin toqlidi yolu ilo
sistemin sindirilmasi cohdlori.

Bu sabobdan, bels hallarin agkar edilmasi vo idaraetmo todbirlorinin hazirlanmasi miihiim
vazifalordan biridir.

Tadgigat mévzusu istigamatinda moévcud yanasmalarin tahlili.

Hazirda bir-birindon qurulusu, elektromexaniki sistemi, intellektual idaroetmo iisullari,
sensor va icra qurgular1 dosti ilo forglonon coxsayli giris-¢ixisa nozarat vo idaroetmo sistemlori
(GCNIS) mévcuddur. Osas ¢otinlik GCNIS-nin torkibino daxil olan avadanlglarin
miixtolifliyidir.

Bu sababdon, on effektiv istigamot universal aparat-proqram tominat1 osasinda idaraetmo
yanasmalarinmn yaradilmasidir. Belo yanasmalar GCNIS-nin minimal doyisikliklorlo islomosi
ticlin kifayot godor imkan tomin edir.

GCNIS toskil edorkon obyektin identifikasiyasi ii¢iin on ¢ox yayilan iisul RFID (Radio
Frequency ldentification - radio tezliklo tanima) radio tezlik etiketlorindon istifadadir [4]. Lakin
yalniz bu texnologiyadan istifads bir sira agagidaki ¢catismazliglar1 geyd etmok lazimdt:

- Etiket kopyalana va ya ogurlana bilor;

- Yiksok tatbig vo texniki xidmat xarclori;

- Oxuma Uglin alava amaliyyatlarin talob olunmasi vo s.

GCNIS-nin effektivliyini artirmaq iigiin hibrid texnologiyalardan istifade olunur, bunlara
RFID etiketi ilo kompiiter gérmo iisullarmin birlogdirilmesi daxildir. Homg¢inin, intellektual
video analitikaya osaslanan yanagmalar genis totbiq edilir. Maraqli hall yollarindan biri siini
intellekt vo kompiiter goérmo texnologiyalarmi birlosdiron kombine edilmis sistemlorin
yaradilmasidir.

Kompleks tshliikasizliyin tomin olunmasi iigiin on yaxst holl yollarindan biri, muasir
kompiiter gérmo tisullarimi totbiq edon videomiisahido sistemi osasinda morkozlosdirilmis
intellektual GCNIS-ni qurmagqdir. Bu iisul fiziki vo texniki obyektlorin (mosalon, avtomobillor,
insanlar, velosipedlor vo s.) tosniflogdirilmosine vo onlarin unikal olamotlorlo (masoalon, iiz
cizgilori, avtomobil ndmralori) identifikasiyasma imkan verir.

Bu halda, iki asas vazifani nozardon kecirmok olar:

1. Texniki obyektlor iigiin GCNIS qurmagq;
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2. Fiziki obyektlor iigiin GCNIS qurmagq.
Texniki obyektlorin taninmasi ti¢iin asagidaki avadanliglar talob olunur:
- Mihafizs olunan araziys girisdo qurasdirilan kiigo kameralari,
- Idars olunan qurgular (slagbaum/qapilar, xarici isiqlandirma, qizdiricilar);
- Soraitin monitoringi tigin sensorlar;
- Qeyri-salis montiq qaydalarina asaslanaraq videoyazilar1 emal edan, tasvirlori tantyan vo
idaroetmo todbirlorini hoyata kegiron server.
Texniki obyektlor iiciin tipik ke¢id montagasinin sxemi 2.-ci sokilds gdstarilib.

Monitoring
Noémranin taninmast
Verilanlar bazast ila —
migayisa - —
Acgilisa nazarat e T
” 4 ~sqlandirma
Video alinmast E—
Yazma
$abakaye tiirme | Videoregistrator

’ szzss s

Kontroller v SCECEEEEEEEEED

Sok.2. Texniki obyektlor {igiin tipik yoxlama montaqasi diagrami.

Insanlarin {izdon taninmas1 problemini holl etmok {iciin asagidaki avadanhq lazimdir [29]:

— binanm girisindo qurasdirilmis daxili kameralar;

— idaro olunan cihazlar (turniketlor, xarici isiglandirma);

— soraitin monitoringi t¢un sensorlar;

— video axmini1 emal edon, sokillori taniyan va geyri-salis montiq gaydalarina asaslanan
nozarat harokotlori yaradan server.

Bir ¢ox is vo patentlor sonaye miuassisalori tigiin effektiv giris-nozarat sistemlarinin
inkisafina hosr edilmisdir.

[5] némrali is 6ziinde mobil telekommunikasiya cihazi, istifadagi identifikatoru, simsiz
interfeys, elektron oxucu, NFC interfeysi, giris noqtasi ID, simsiz interfeys, telekommunikasiya
infrastrukturu, soboka interfeysi, Wiegand interfeysi, acar, nazarat¢i, giris noqtasi, aktuatordan
ibarat sistemi togdim edir. Bununla bels, bels bir sistem tocaviizkarm tohdidlorins hassasdir.

Is [5] -do noqliyyat vasitasinin identifikasiya ndmrasinin tanmmasi sistemlori ilo tochiz
edilmis obyektlor iiclin giriso nozarstin avtomatlagdirilmasinin tomin edilmasi metodunu
taqdim edir. Bununla bels, bu sistem yalniz bir identifikasiya xiisusiyyatini tantyir vo sas-kiyll
ndmraloro davamli deyil.

[6] c1 isdo avtomatlagdirilmis avtomobil dayanacagma nozarst cihazi fovgolado hallar
nozoro almur.

Kommersiya bazar1 doqiqliyi, signalin iglonmosi siirati vo natico etibarilo doyori ilo
forqlonon nogliyyat vasitolorine girigo nozarst vo idarsetmonin toskili ticlin miixtalif hazir aparat
vo program tominat1 hollori toklif edir. Nomronin taninmasi ii¢lin kommersiya halli 16vho
taniyici, 90-dan ¢ox 6lkeni dostokloyir. Nogliyyat vasitasini tanimaq ti¢lin biri ndmre niganini
axtarmaq, digori simvollar1 agkar etmok va tanimagq ii¢iin 2 neyron sabokodon istifads olunur.

"OpenALPR — aciq sistem avtomatik ndomro nisanlarini tanimaq {giindiir. Lakin
github.com-da olan manbs kodlarina asason, sistem asas olaraq TesseractOCR kitabxanasini
istifado edir, bu iso grafik stiratlondiricilordo hesablama aparmaga imkan vermir. GCNIS-nin
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vazifosi yalniz obyektin identifikasiyast deyil, ham do ndvbati gorarlarin gobul edilmasi vo ya
idaroetmo Uguin geyri-standart voziyystlorin taninmasidir. Qeyri-standart vaziyyatlora misallar
ola bilor: némra nisanmin olmamasi va ya saxtalagdirilmasi, diizgiin oxunmayan simvollar va S.

Toklif olunan iglorin asas ¢atismazlig1 ondan ibaratdir ki, todqiqat daha ¢ox identifikasiya
xarakteristikasinin aldo edilmosi prosesino vo daha az doracods giriso nozarot sistemlori ilo
qarsiligh olagoys yonoldilmisdir. Eyni zamanda, bozi alqoritmlor hesablama resurslaria
yiiksok toloblor qoyur ki, bu da onlardan RT (real-time) rejiminds istifadoni ¢otinlosdirir.

Toqdim olunan kommersiya hollori miiasir girig-nozarot sistemlorinin toloblorino cavab
vermir vo yaranan fovqgolado hallar omoliyyat xotalarma sobob olur. Belolikls, bu
catigsmazliqlardan azad olan giriso nozarat sistemlorinin hazirlanmasina ehtiyac var.

Biliklora asaslanan idaroetmo sistemlori «biliklor bloku»nu shats edir, bu blokun daxili
strukturu mirokkob ola bilor. Mosalon, biliklorin saxlanmasi, ¢ixarilmasi, doyisdi-
rilmosi/aktuallasdirilmas: vo s. daha Umumi kateqoriya isa agilli idaroetms sistemloridir (AIS).
AIS-lorin yaranmasi va istifadasinin sobablori bunlar ola bilor: obyektin idars edilmosinin giicli
geyri-Xatti olmasi, obyektin idara edilmasinin va ya xarici miihitin modelinin olmamasi, insan-
operatorunun zoif formalizo edilmis tocriibasinin ohomiyyati vo s. Biliklor qgiymot-
londirma/identifikasiya zamani istifado olunur. NUumuno olarag, xarici mihitin voziyyatlorini
tosnif etmoak Ugiin ekspert sistemlarindan istifads gostarils bilor.

Intellektual sistemlor va idaroetmoni xarakterizo edon osas kateqoriyalar:

- Ekspert sistemlori (klassik moantiqi nstico ¢ixarma va ya digar natica gaydalarindan
istifado edonlar); Qeyri-salis montig; Siini neyron sobokalori (SNS), immun, Bayes va digar
sobokalor; Genetik alqoritmlar (GA) — lokal optimallagdirma tiglin bir sinif hevristik metodlar
Vo tokamiil hesablamalari; Yumsaq hesablamalar; Koqnitiv xaritalor.

[6]-do geyri-salis montiq nozaratgisine osaslanan elektrik oturicl idaroetmo sistemi
toklif olunur. Qeyri-salis montiq nozaratgisinin istifadosi iscilori doyisdirorkon firlanma
momentinin dalgalanmasini azaltmaga imkan verir.

Basqa bir moqalods idarsetmo sistemlorinds geyri-salis mantiq nozarstgisindon istifads
mosalalori arasdirilir vo istifads olunan model va algoritmlarin muxtslif obyekt va sistemlors
uygunlagdirilmasi problemlarinin halli G¢in intellektual idarsetmo texnologiyalar1 sahasinda
movcud todgiqat metodlar1 tohlil edilir. Qeyri-salis kontrollerlordon istifado imkan verir:
klassik kontrollerlorlo miigayisado daha yaxsi noticalor oldo etmoys, adaptiv idaroetms
sisteminds geyri-salis moantiq nazarstgisindan istifads edoarkan igtisadi somoraliliyin artirilmasi
parametrlorini mioyyan etmays imkan verir.

[7] nomrali mogalodo Takagi-Sugeno vo Mamdani geyri-salis kontrollerlorinin
obyektlorin avtomatik idaro olunmasi ti¢iin isi miizakiro olunur. ©ldo edilon naticalora
asaslanaraq belo bir naticoya galmok olar ki, geyri-salis idarsetmonin istifadssi, kifayst qodor
sado riyazi model movcud olmadigda miirakkab proseslor i¢tin tovsiys olunur.

[7] nomrali isdo muolliflor geyri-salis PID-tonzimlayicilarin strukturu ve hazirlanma
prinsiplarini tahlil edirlor. Bu tonzimloyicilor ardicil PID-tonzimloyicilorin tobii inkisafi kimi
goabul edils bilar. Qeyri-salis PID-tonzimlayicinin sads dérd addimli tanzimlomo metodu toklif
olunur. Qeyri-salis tonzimlayici, klassik PID-tonzimlayicidon ¢ox daha yaxsi dinamik
xususiyyatlor gostarir.

[8] nomrali isdo mirokkab obyektin idaro vo sabitlosdirmo adaptiv sisteminin struktur-
parametrik sintezi Ggln geyri-salis montiq vo doyison struktur metodlarina osaslanan yanasma
toklif olunur.

Olds edilon noticalorin analizi gostarir ki, iki qaydalar bazasina malik geyri-solis ANF-
tonzimloyici sistemindo kecid prosesinin keyfiyyat gostoricilori, tok gaydalar bazasina malik
geyri-salis ANF-tonzimlayici va geyri-salis PID-tonzimlayiciya nisbaton daha yaxsidir.

[9] nOomrali mogalodo geyri-solis montiq osasinda hazirlannmig kranm idarosetma
kontrolleri toqdim olunur. Kontroller iki qaydalar bazasini ohato edir: birincisi, arabacigin
horokatini idara etmok Ugin, ikincisi isa yukin yellonma prosesini idara etmok Gcundur.
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Simulyasiya naticalori toqdim edilir vo bu noticalor iki bilik bazasi ilo isloyan sistemin
somoraliliyini tasdiq edir.

[10] ndémrali isdo geyri-salis mantiq vo kobud kontroller nozariyyasina asaslanan geyri-
salis moantiqi kontrollerin layihalondirilmasi proseduru tagdim edilir.

Adoton, geyri-salis idaroetmo sistemlori Mamdani vo ya Sugeno alqoritmlori asasinda
qurulur. Sugeno alqoritmi hesablama baximimdan daha somorali olsa da, Mamdani algoritmi
daha intuitiv vo basa diisiilon gaydalara malikdir.

Mamdani sistemloari insan ekspertlorinin biliklorino asaslanan gaydalar talob edon ekspert
sistemlori tigiin daha uygundur. Mamdani sistemindos hor bir qaydanin noticasi geyri-salis
coxluq saklinds olur.

Intelektual giris ¢ixis nazarat va idaraetma sxeminin tahlili

Qeyri-salis montiq sistemlarindon istifade etmoklo fiziki soxslorin (isgilorin), texniki
obyektlorin (nagliyyat vasitolorinin) girisinin monitoringi vo idaro edilmasi, normal va
fovgolado hallarin miioyyan edilmasi tgun intellektual sistem Uglin vahid aparat-program
platformasmin sxemi toklif olunur.

GCNIs

Olgmo cihazlar
(sensorlar, kameralar)

A4 i
Bir obyektin vaziyystini
giymetlondirmok Gin blok Suboptimal nozaratgi
(Kompdter gormo) (Qeyri-solis montiq)

Nozarat obyekti
(Saxslar, texniki obyektlor, bloklayici qurgular, xarici mihitin
vaziyyatini doyisdirmok Ugiin cihazlar)

Sok.3. GCNIS-nin imumi sxemi.

Ayrilma prinsipino uygun olaraq iki hissadan intellektual giris-nozarat sisteminin
qurulmasi toklif edilir. Birinci hissodan istifads edorok miisahido olunan obyektin vaziyyatinin
giymeatlondirilmoesi problemi hall edilir. ikinci blok geyri-salis mantiq sistemindon istifado
etmoklo hoyata kegirilmasi toklif olunan deterministik suboptimal nazaratgidir.

Paylanmis miisahido vo idaroetmo obyektinin vaziyystinin giymatlondirilmasi problemi
hazirda kompiter gormoa sistemlorindo istifado olunan muasir tasvirin  taninmasi
texnologiyalarindan istifads etmoklos hall edilir.

Komputer gormo qabiliyystindon istifado edorok vaziyystin giymatlondirilmasini aldo
edirik vo universal aparat vo program platformasi bloklama cihazinin idarsetms vahididir.

Agilli giris idarsetmo sistemi ekspert sistemlari sinfino aid olacaq. Meyarlara uygunluq
Cadval 1.-do verilmigdir.
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Ekspert sisteminin alamatlorine uygunluq

Codval 1.
Ne | Ekspert sistemi Toklif olunan agilli GCNIS
1 | Mutoxassisi gismon avaz eds bilor | Miihafizagi vo avtorizasiya sistemini gismon ovoz edir
2 Verilmis sort osasinda hallor Verilmis voziyysto uygun olaraq bloklayici qurgunu
tapmaga imkan verir avtomatik idars etmays imkan verir.

3 | Molumat bazas1 var Bilik bazasi vo molumat bazasi var
4 | Cixarig prosedurlarma malikdir identifikasiya xtsusiyyatlori

Qeyri-salis naticadon montigi natico ¢ixarmaq tiglin qaydalar
5 | Program tominati var var

Python/C++ dilinds mévcud program tominati
6 g;?{:(ﬁ;f’“fadsgl interfeysino Kompdterdan istifads edon grafik istifadagi interfeysi var

Isdo biz, toskilatin orazisine nogliyyat vasitalorinin daxil olma masalasini hall etmok Ggtin
kibernetik yanasma osasinda intellektual GCNIiS-nin struktur sxemini toklif edirik. Bu sxem fi-
ziki soxslorin daxil olmasi vo normada vo geyri-normada vaziyystlorin taninmasi moasaloasinin
halli ticlin asas gotirilmiisdiir. GCNIS asagidaki elementlordon ibaratdir: idareetmo cihazi (IC),
idara olunan manes cihaz: (IMC), miisahido kameras: (MK) vo xarici isiglandirma cihazlar:
(XiC).

Obyektin yoxlama-kecid ndqgtssinds (YKN) meydana goldiyi zaman ona qorunan araziys
daxil olmaq icazssi verilmali vo ya gadagan edilmali vo hadiss molumat bazasina (MB) geyd
edilmalidir.

Intellektual giris-nozarst sisteminin iimumi sxemini (Sokil 3.) nozoro alarag, geyri-salis
montig vo texniki gormo texnologiyalarmin ndomrs nisaninin tanmmasi ilo birgo istifadasine
asaslanan nagliyyat vasitalorinin girigino nozarat va idarsetmo sistemini hazirlamaq lazimdir.

Problemi agsagidaki kimi formalasdirmagq olar.

Video goriintidon mobil nagliyyat vasitasinin dovlst némrasini tanimaq va qurumun
arazisina daxil olmaq t¢iin slagbaumun agilmasi barads gorar gobul etmok lazimdir. Baryeri
acmaq Qorar1 miixtolif hava soraitindo (yagis, giiclii yagis, qar, giiclii qar, buludlu, aydin),
giiniin vaxtinda (soher, giinorta, axsam, geco) Vo koskin Kkiigo temperaturlarinda (-40°C) bas
vera bilor. Bu maneays nozarat edoarkon bu amillari nozars almaq zarurastine sobab olur. Magsad
maneonin optimal is soraitini tomin edorok obyektin tanmnmasi {glin parametrlorin
tonzimlonmasini avtomatik etmokdir.

Avtomobilin ddvlet némrs nisanlarini taniyarkon, giris tosviri sas-kiyll vo tahrif oluna
bilor, bu da némro nisanmnm tanmmasinin keyfiyyoatino tosir gostorir. Asagidaki amillor belo
tohriflora sabab ola bilar:

- isiglandirmanin normal giindalik doyismosi, siini isiq monbalorinin goriiniisii vo ya
vaziyyatinin doyismasi naticasinds sohnanin isiqlandirilmasinda dayisikliklor;

- qusurlu fotosensorlar vo ya mudaxilo noticasinds yaranan ragomsal vo analog sas-ky;

- isiglandirmanin doyismasi, hodofin harakati vo ya gundiiz/geca rejiminin doyismasi
naticasinds diggatin itirilmasi;

- qar, yagis, duman kimi hava hadisolorinin yaratdigi xarici miidaxilo.

Bu amillorin monfi tosirini azaltmagin yollar1 nomroli materialda var. Masalon,
infraqirmiz1 igiqlandirmasimnin istifadosi video kameranin tobii isigin qeyri-kafi oldugu soraitdo
islomasino  imkan verir. Eyni zamanda, xarici infraqurmizi isiqlandiricidan istifado
videokamerada qurasdirilmis infraqurmizi isiqlandiriciddan daha effektivdir, cilinki kamera
g6rinandon infraqirmizi spektro “giindiiz/geca” rejimina kegondo fokuslanma ndgtasi doyisir. ,
naticads tosvirin aydmliginin itirilmasi, elocs do fokuslanma vs alagaranliqda.

Lakin bu, yuxarida tosvir edilon bltun problemlori hall etmir vo ndmrs nisaninin
taninmasi prosesina manfi tasir gostoran biitun amillari nozars almaq vacib olaraq galir.
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Bu sobablora goro biz qeyri-salis natico ¢ixarma vo nOmro nisanmin taninmasi
texnologiyalarindan istifado etmoklo nagliyyat vasitslorine girisin monitoringi vo idars edilmasi
ucun intellektual sistem toklif edirik, onun diaqrami Sokil 4.-ds togdim olunur.

Intelektuai nazaratgi

Video axini garcivasi

Lisenziyalarin

taninmasi

Harakat

r

¥

sistemi

o
=
o

Avtomobil nomralaninin geyda alinmas:

h

Isiglandirma

seqmentlazdiril

Simvallarin

Tanunmug
némra

Bin
walcadan emal madulu

Lisenziya nomrasinin
lokallzgdirimasi

Kadr tahlili modulu
Karakterin taminmas

nMugay s3

Qeyri-salis T |
sistem T
emal

Sas-kity saviyyasi

Temperatur

Xarici cihazlar

istilik saviyyasi
Avtofokus _isiglandirma l

Geca-gundlz rejimi

hJ ¥
Mazaratci

Videokamer
Diggstmarkszi istilik -
elementlari
i "
Acih baglanma
EL =  Slagbaum cilts / bag

Sok.4. — Intellektual avtomobil girisina nozarat va idaroetmo sisteminin funksional diaqramu.

Avtomobilin d6vlot ndmro nisanlarmi taniyarkon xarici amillorin daxil olan tasviro moanfi
tosirini azaltmaq ii¢iin GCNIS-no qizdirici, temperatur sensoru, horokat sensoru, isiq sensoru,
naxis tanima bloku vo internets qosulma kimi elementlor alava edilir.

Agilli avtomobil girisino nozarot Vo idaroetms sistemi agilli noazarst¢i Vo Xarici
cihazlardan ibaratdir.

Agilli nozaratgi geyri-salis emal texnologiyalarindan vo ndmrs nisaninin taninmasindan
istifado edorak idarsetmo signallarini yaradir.

Xarici cihazlara asagidakilar daxildir:

Isiglandirma (xarici isiqlandirma); videokamera; idaroetmo nozarstcisi; qizdiric
elementlor; manes.

Toklif olunan sistem adaptivdir vo xarici soraitdon asili olmayaraq baryerin isini tam
avtomatlasdirmaga imkan verir ki, bu da real niimunads niimayis etdirilir.

Aparat-proqgram kompleksinin qurulmasina toklif olunan yanagsma digor girigo nozarat vo
idaroaetmo alt sistemlorinin inkisafi li¢iin prototip rolunu oynaya biloar.

Fiziki soxslorin girisine nozarat mosalosinin halli ii¢iin imumi intellektual GCNIS
sxeminin tatbiqini nozordon kegirak (Sakil 5.).

GMIS

g

Sok.5. Fordlorin girisine nozarat v idars etmak iiciin intellektual sistemin funksional diaqrami
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Sokildo 5-do agagidaki isarolor istifads olunur:

IQ — idarsetmo qurgusu; QIP — grafik idarsetmo prosessoru; MK — mikrokompiiter; UQ —
uygunlasdiric qurgu; TC — tezlik geviricisi; OO — idaro olunan obyekt; EMC — toklif etdiyimiz
orijinal elektromexaniki cevirici; Q — qap1; FS — fiziki soxs; MK — miisahido kameras1; 1Q —
isiglandirma qurgusu; TOA — tohliikesizlik operatorunun avtomatlasdirilms is yeri; IS —
isiglanma sensoru; MS — moévcudlug sensoru; HS — harokat sensoru; TS — tistu sensoru; TS —
tozyiq sensoru.

Bu sxem intellektual GCNIS -do miixtalif elementlorin qarsiliqli olagesini oks etdirir vo
tohliikosizliyin artirilmasi {iglin ¢oxsayli sensor vo idarsetmo qurgularinin istifadssini tosvir
edir.

Idaroetms signallarinin vektoru u = (u,...,u,)", burada ui — istiqgamat (agiq vo ya qapal),

Uz — siiriciiniin firlanma siirati, Us— arxa isigin idaro edilmoasi, us — suriclnun idarsetms
ganunu, us — aks-sada sorgulari, Us — giris saviyyasi, U7 — hayacan signali; ¢ixis signallarinin
vektoru (reaksiyalar) y =(y;,....y;, )T, burada, y1 -striicti parametrloridir, giymatlordan ibarot
gorginlik va tezlik, y» — ¢orgivonin olmasi Iy =V(t) video axim1 V(t)

Sistemin amoliyyat alqoritmi. Piroelektrik infraqirmizi sensordan istifado edorok harokot
askar edildikds sistem “yuxu” rejimindon “aktiv” rejimo kegir. Daha sonra sistem isiqlandirma
Saviyyasini yoxlayir vo geyri-salis montigdon istifado edorok iiziin taninmasi zamani video
tosviri yaxsilasdirmaq iigiin lazimi yumsaq arxa isig1 yandirir. Magbul isiglandirma saviyyasi
quruldugdan sonra insanlar neyron sobokasi vo geyri-solis yanasmalardan istifado edorok
lokallasdirilir. Binalara girigo icazo vermok Qorart normal vo ya fovgolado hallar gin
hazirlanmis boyanatlarla molumat bazasi ilo tonzimlanir.

NOTICO

1. intellektual giris-nozarot sistemlorinin tohlili gdstarir ki, mévcud hollor fovqolado hallari
nozors almaqda vo nozarat todbirlorini inkisaf etdirmokdo yetorinco effektiv deyil. Sistemlorin
optimallagdirilmas {igiin nogliyyat vasitolori vo fiziki soxslor iigiin vahid aparat vo proqram
platformasinin yaradilmasi vacibdir. Ayrilma prinsipine asaslanan iki hissali model toklif edilir:
birinci hisso miisahido olunan obyektin voziyyotinin qiymotlondirilmosini, ikinci hisso iso
geyri-solis montiq sistemindon istifado etmoklo optimal idaroetmoni tomin edir. Komputer
gdérmo vo miiasir sensor texnologiyalarindan istifado edorok girig-¢ixis sistemlorinin
avtomatlasdirilmasi nazordos tutulur.

2. Yeni model obyektlorin identifikasiyasini, qorunan orazilora girisin mohdudlasdirilmasini
vo voziyyetin real vaxt rejimindo qiymotlondirilmosini tomin edir. Paylanmis miisahido vo
idaroetmo obyektinin vaziyyastinin analizi {i¢lin tosvirin taninmasi texnologiyalarindan istifado
olunur. Mdvcud sistemlordon forqli olaraq, yeni holl fovgelads hallarin miisyysn edilmosi vo
operativ reaksiya imkanlarini artirir. Bu yanasma nozarot sistemlorinin funksionalligini
genislondirorak, tohliikasizlik vo somaraliliyi artirmaga kdmok edir.
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AHAJIM3 U COBEPHIEHCTBOBAHUWE UHTEJIVIEKTY AJIbHBIX
CUCTEM KOHTPOJISA AOCTYITIA

T'YCEHHOB B.T'., TAIIIUMOB X.X.

B nmaHHOM WCClIeIOBaHMM aHATM3UPYETCS TEKYyIlee COCTOSIHHE HMHTEIUICKTYaIbHBIX
CHCTEM KOHTpOJII JIOCTYyIla W  pacCMaTpPHUBAIOTCS IyTH WX  COBEPIICHCTBOBAHHUSL.
CymiecTByIOIIME CUCTEMBI HEAOCTATOYHO YPPEKTUBHO YIUTHIBAIOT YPE3BhIYAHBIC CUTYAIlUU H
o0ecrieynBarOT KOHTPOJIb. B KauecTBe HOBOTO MOAXOAA MpeIIaracTcsl IBYXKOMITOHCHTHAsS
MO/IeJIb, OCHOBaHHAs Ha MPHHITUIIEC PA3JICIICHUs, UCTIONB3YIOMIAs TEXHOJIOTHA KOMITBIOTEPHOTO
3pEHHsT W COBPEMEHHBIE CEHCOPHBIE CHCTEMBL. JTa MOJENb OIEHHBACT COCTOSHHE
HaOMIOgaeMbIX OOBEKTOB B PEKHME PEATbHOTO BPEMEHHM W OOCCIICUMBAET ONTHMAJILHOE
yIIpaBJICHUE C HCIIOJB30BAaHUEM HEYETKON JIOTMKH. [Ipeiaraempie pelieHus BKIOYAIOT
UACHTU(DHUKAIIMIO TPAHCHIOPTHBIX CPEACTB M (U3WYECKUX JIMIl, OrpaHHYEHHE JO0CTyma K
OXpaHsieMbIM 30HaM M aBTOMAaTHYECKUH aHanmu3 curyanuid. llpeacraBieHHas MoJeib
MOBBIIIAET 0E30TACHOCTh U (PYHKIIMOHAIBHOCTh CHCTEM KOHTPOJIS JOCTYIIA, YIydInas OOIIyro
3¢ (HEKTUBHOCTD YIIPABIICHHUS.

KnroueBble cii0Ba: IpeanpuaTHe, CUCTEMa YIPaBJICHUS, HHTEIUICKTYaIbHbBIH, OOBEKT, MPOLECC, MOIEb,
MIPOMBIIICHHOCTb

ANALYSIS AND IMPROVEMENT OF INTELLIGENT
ACCESS CONTROL SYSTEMS

HUSEYNOV B.Q., HASHIMOV Kh.Kh.

This study analyzes the current state of intelligent access control systems and examines
ways to improve them. Existing systems are not sufficiently effective in considering emergency
situations and ensuring efficient control. As a new approach, a two-part model based on the
principle of separation, utilizing computer vision and modern sensor technologies, is proposed.
This model evaluates the status of observed objects in real-time and ensures optimal
management using fuzzy logic systems. The proposed solutions include the identification of
vehicles and individuals, restriction of access to secured areas, and automatic situation analysis.
The suggested model enhances the security and functionality of access control systems,
improving overall management efficiency.

Keywords: enterprise, management system, intelligent, object, process, model, industry.
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B craTthe moxasaHbl pe3yabTaThl PacyeTOB MPOJOKUTEIBHOCTH U 3HAYCHUS SHEPTUU COJTHEUYHBIX JIydew,
MIPOXOASAIIMX 32 ONpEJeNIeHHBINH Mepruo] BpeMEeHH Ha Tepputopuio HaxdbiBanckodt ABTOHOMHOM PecryOmukiu.
OmnpenerneHa 3aBUCUMOCTh KOI((HUIMEHTa OTPa)KEHHsI COIHEYHBIX JIy4el OT BETMYMHBI TPEJIOMIICHUS! TAHHOTO
IpeAIMeTa, OT KOTOPOTrO OTPaKAIOTCsS CONHEYHbIE JIydd. JlOKa3aHO, 4TO OTpa)KCHHE COJIHEYHBIX JIyded B
COJIHEYHBIX Ipeo0pa3oBaTeNsix IUIOCKOTO Tuna Ha (Qusuko-reorpaduueckoi Ttepputopun HaxubiBaHCKON
KOTJIOBHHBI, MOKET BbI3BaTh U3MEHEHNHU TEMIIEPATYPhI M KIMMaTa, a TAK)Ke HapYIIEHUH 3KOJIOrHYecKoro OanaHca
B 3TOM peruoHe. PaccMOTpeH pacdeT MOIIHOCTH €CTECTBEHHON TEIUIOOTJAaul. OT IJIOCKHX IOBEPXHOCTEH
npeoOpa3oBaTes, MOMENIEHHOI'O B OTKPBITOM BO3YIIIHOM MPOCTPAHCTBE. AHAIM3UPOBAHBI MPUYMHBI U3MEHEHHUS
TeMIepaTypbl BO31yXa, JaBJIEHHUs U IUIOTHOCTH BO3yXa B 3aBUCHMOCTH OT BBICOTHL. PaccMOTpeHBI pe3ynbTaThl
HAayYHBIX MCCIIEIOBaHUI TIpolecca (OPMHUPOBAHMS M Pa3BUTUS YHUKAJIBHBIX SIBIICHUH-TIOpBIBA BETpa,
HaOJoiaemMble Ha TeppuTOpud HaxdbIBaHCKOWM KOTIIOBMHE TIPH TIOBBIIICHUH TEMIIEPATYphbl BO3AyXa MPU3EMHON
aTMoc(epsl 1 UX Cepbe3HYIO ONacHOCTb.

KiioueBble ci10Ba: COMHEYHBIC JIy4H, OTPAXKEHUE JIydel, TeMIepaTypa BO3/1yxa, JKOIOrHYECKHi OanaHc,
K03(GHUIMEHT OTPaXKEHHUs1, IIOPBIBBI BETPA, YparaHHas CHIa.

BBenenue: Vccrnemyemass TeppuTopusi pacmlojiokeHa B Tmpeaenax BwicoT 720-3917
METPOB HaJl ypoBHEM Mops. MecTHble ocobeHHOCTH HaxublBaHCKOI KOTIOBUHBI 00YCIOBICHBI
BBICOKMMH F'OPaMH, CO3JJAI0LINE CYXOH U PEe3KO-KOHTUHEHTAIBHBIN KIIMMAT.

OnHuUM U3 IJVIaBHBIX JOCTOMHCTB HaxX4blBaHCKOW KOTJIOBUHBI SIBJISIETCA €ro I1ejaeOHO
KypOPTHBIH KIMMAaT, OOWJIME COJHEYHBIX JHEH, YMCThI M MpO3pauHblii BO3IyX, HAJINYHME B
peruoHe 1eseOHbIX MUHEPAIbHBIX HCTOYHUKOB U LIEIEOHBIX TPaB.

C 3701 TOUKM 3peHHs NPU Pa3MEIIEHUN YCTAaHOBOK IPE0OpPa30BAHUN COJIHEYHBIX JIydeil
Ha TEPPUTOPHUM CJEyeT YYUThIBaTh SKOJIOTMYECKUN OajaHC permoHa, 370pOBbE HACEIEHUS,
KIIMMaTH4ECKHUE YCIOBUS PETUOHA U T.1I.

OnHuM U3 BakHeHmuXx ¢pakTopoB GopMupoBaHUs KJIMMAaTa JaHHOW MECTHOCTH

ABIIICTCSL CIIOKHBIA TropHbId penbed. HepaBHOMepHOe pacnpenesieHue SHEpPruu
COJIHEYHBIX JIydell IO CKJIOHAM rop pa3IMYHON 3KCIO3UIMM U BBICOTHI MIPUBOAUT K OOJIBLIMM
MUKPOKJIMMATHYECKUM PA3IAYUAM.

Jletom TemmnepaTypa Bo3myxa noanumaercst g0 47-48°C B TeHM, NpU OTHOCHTENBHOM
BiaxkHocTu 17-18%. B conHeuHble THM HarpeBaHHE U OXJIaXJIEHUE TEPPUTOPHU MPOUCXOIUT
HE TOJIBKO CHHM3Y, HO U ¢ O0koB. Ha TemmepaTypHBbIif OanaHC BIUSIOT BBHICOTA HaJ YPOBHEM
MOPs, SKCIIO3ULIUSA U KPYTU3HA CKIIOHOB.

Ecnu Gyzer cymiecTBoBaTh 6ajlaHC MEXAY MPUXOA0M COJHEUHBIX Jydel Ha TePPUTOPHIO
HaxybIiBaHCKOW KOTJIOBHHBI M €€ MpeoOpa3oBaHUEM 3HEPrUM, KIUMaT B JAHHOM MECTHOCTH
OCTaHETCSl HEU3MEHHBIM [3].

Ha ocHOBaHMM JaHHBIX, TNOJYYE€HHBl OT MECTHBIX METEOPOJOTMYECKHX CTaHIUHA H
JUYHBIX HaOmoJeHui, ycraHoBineHo, 4ro IllaxOy3ckuii, [Dxynbounckuii, Opaydanckui,
ba6ekckuii u lllapypckue palloHbl UMEIOT pa3HbId MUKPOKIMMAT.
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[Ipu ocymecTBiieHnN IPeoOpPa30BaHUs COTHEUHOM SHEPTUU B DJIEKTPUUYECKYIO SHEPTHIO,
1r000€ HE0OJyMaHHOE BMEIIATEIbCTBO C IIOMOILBI0 YCTPOMCTB OTPAXKAIOIIUX COJTHEUHBIE JIyUH
MO>KET HapyIIUTh 3TOT OajlaHC.

HckyccTBeHHOE UW3MEHEHHME TEMIIEpaTypbl BO3AyXa MpU3EMHOW aTMocdepsl Ha
JIOKAJIbHOM TEPPUTOPUH MOXKET MPUBECTH K M3MEHEHHMIO KIMMara M HKOJOTHYECKOU
KaTacTpode MECTHOCTH.

JKCcHepuMeHTaJbHbIH mpounecc: llocrymieHue sHeprum COJIHEUHBIX JIydyed Ha
JIOKANBbHYIO TeppuTopHi0 HaxubiBaHCKO# KOTIOBHHEI ¢ kKoopauHatamu A (¢ °=39° u y 9=450)

coctanisier 2900-3000 wacos B roa. B mapte, 300-310, B anpene 320-330, B mae 460, B utose
470, B aBrycre 470, B centsiope 340, B okTsi0pe 320 yacos.

Ha ocHoBanuu maHHBIX, TOJYYEHHBIX OT MECTHBIX METEOPOJOTUYECKUX CTAHIUU |
JUYHBIX HAOJIOJCHHUM, HAaMH OBUIM PAcCUMTaHbl MOCTYIUICHHS COJIHEYHBIX Jy4ell B TEUECHUU
CyTOK Ha Tepputopuio HaxubiBaHckoi koTyioBUHBI (Tabmuna 1):

Tabmuma 1.
Mecsn | 1 Il I\ V Vi Vil | VIII IX X Xl | Xl
Tc.uac 9,6 | 10,57 | 11,74 | 13,02 | 14,13 | 14,69 | 14,44 | 13,48 | 11,76 | 10,95 | 9,8 | 9,3

B npuszemnoii armocdepe W mnoAcTUIAIOIIEW IMOBEPXHOCTH 3eMi HaxublBaHCKOM
KOTJIOBUHBI B KaXIbIii MOMEHT BPEMEHHU DHEPTusl COJHEUYHBIX JIydel TMOCTYMaeT B BHUJIE TPEX
MOTOKOB: MPAMBIX (Sy), TUPPY3UOHHBIX (Sy) U OTPAXKEHHBIX (Sorp) OT MOBEPXHOCTH 3EMITH U M3
YCTaHOBOK MPE0OPa30BaHMS YPHEPTUIO COTHEUHBIX JTyUeH

Sc(t) = Su(t) + Sy (1) + Sorp (1)

3HaueHHe MaKCHUMaJbHOW BBICOTHI COJIHIIA B HaX4ybIBaHCKOW KOTJIIOBUHE B JIETHUE JHMU:

Hmax = 74,5°, B 3umune gun: Hmin = 27,5°

[To MexayHapoaHBIM CTaHAApTaM 3HAYCHHE «COJHEYHOMW TMOCTOSHHOW» MPHHATH S =
1367 Br/m?.

3HayeHHWE COJIHEUHBIX JIy4ed, MomaJaroumux Ha TeppuTopun HaxubsiBaHCKOU
KOTJIOBUHBI B JICTHHE JTHU paBHO: Sc;,= 1170,11 Brt/m?, B 3uMHue aHH; Se; = 516,75 Br/m?

PacueT MakCHMAalbHOW CYTOYHOH SHEPTHM CONHEYHBIX nydei D (kBT wac/M’CyTkm)
mokasad B Tabsme 2 [2]:

Tao0nuua 2.
Mecsing I 1 11 I\ V VI VIl VIII IX X Xl Xl
T.. wac |9,6 ] 10,57 | 11,74 | 13,02 | 14,13 | 14,69 | 14,44 | 13,48 | 11,76 | 10,95 | 9,8 9,3
O(xBt 1,80 3,09 | 51 747 1945 |104 |10,02 | 9,4 7,84 |38 2,11| 1,44
qac/m?
CYTKH)
Korpaa conmHeuHble qydn majaroT Ha MOBEPXHOCTH IUIOCKOTO MPEAMETa, B TOUKE MaJeHUs
JTy4d MEHSIOT CBOE HampaBjeHHE. JTO Ha3bIBaeTCS OTPAKEHUEM COJHEYHBIX Jydel (puc. 1.):
1- conHIe, 2 —TIPBEPXHOCTD 3eMJIH, 3 —OTpaXKeHHE Nyuyeil mpeoOpazoBaTeiem

U TpaxeHHBIE
—_ T
Iy~ - Py
= 4

,:';"
!
OTpaseHHEe \ J?:;.
A
o ;'l l'
p fo
e i r e = . prJ o e !

Puc.1. OrpaxeHue CONHEUHBIX JIydel IOCKUM IpeoOpazoBaTesieM.
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3HayeHue OTpaXXCHUA COJIHCYHBIX nyqeﬁ 3aBUCUT OT THIIA NpeAMETa, OT KOTOPOro
OTpakaloTcsi Jydd. B mpeoOpa3oBarensx 5SHEPrdM COJIHEYHBIX JIydeld IIJIOCKOTO TUMa
UCIIOJIb3YETCS CTEKJIO0. B 3aBHCHMOCTH OT TOJIIMHBI M THUIIA CTEKJIA 3HA4YCHHs KOd(pPHIMeHTa
oTpaxxeHHst KonebmoTes B penenax 1,4-2,0.

KoadduimenT oTpakeHHs MOXKET BapbUPOBATHCS B 3aBHUCHMOCTH OT COCTOSHUS
MaTtepuaia NpeaMeTa U 3aBUCUT OT 3HaueHUs rpesiomsieHus (R) coaHeuHbIX Jiyuel mpeaMeToM,
OT KOTOPOTO OTpaXKaroTcs Jtyuu [5]:

(nc _1)2
R= T
(n, +1)
[zme: N — moka3arelb MPeOMIICHHS CTEKJIA.
Hamnpumep, ecnu npumem ne = 1,5, To 3nauenue (R) Oymer:

2 2
R (n,-1) _ L5-1)
2 2
(n,+D)° (@L5+1)
Ecau npuaumats Ne = 1,7 Torga:
2 2
R (-’ (@7-1)
2 2
(n.+)° @L7+1
OTHOIIEHNE KOJMYECTBA COJIHEYHBIX JIy4E€W, OTPaKEHHOM IEATEIbHOM MOBEPXHOCTHIO
3eMJIU, K IPUXOIAIINM CYMMapHbIM COJTHEYHBIM JIy4aM, Ha3bIBaeTCs aab0eso:

A:SOTp/S

I'ne: Sorp — 3HAUEHHUS SHEPTHH OTPAKEHHBIX CONHEUHBIX mydeil (KB1/M?),
S — 3HaYeHHs CONHEYHBIX JTyueil ITOMaNAlMKUX Ha TeppHTOpHIo (KBT/M?).
OTpaXkeHHs CONHEUHBIX ydeii B HaxusiBaHCKOI KOTnOBHHE paBHO 317 B1/M?,
Torna anp6eno Tepputopun HaxuplBaHCKOW KOTJIOBHHBI B JIETHEE BpeMs Oy/IeT:

A=317/1170=0, 271

Kak BHIHO, HCKYCHOE YyBEIMYEHHE OTPAXKEHHUS COJIHEUHBIX JIyded IJIOCKUMHU
npeoOpaszoBaresiMu Ha Tepputopu HaxublBaHCKOM KOTJIOBUHBI, MOXKET BbI3BaThb U3MEHEHHE
aJib0e10 ITON TEPPUTOPHH.

Temneparypa CONHEYHBIX Jyded, KOTOpPblEe OTpaKalOTCs NPEAMETOM, Ha3bIBaeTCs
OTPaXEHHOH TemIepaTypoil. B 3aBucumocTr oT 3HaueHus npenomiieHus (R) comHeuHbIx tydeit
IIpEeIMETOM TeMIIepaTypa IPU3EMHOM BO3yXa Oy1eT MEHSThCS.

Jis  mpeoOpa3oBaHMs SHEPrHMM COJHEYHBIX Jyded B  3JIEKTPUUYECKYIO SHEPrHUIO
IPUMEHSIOTCSl COJIHEYHbIE (DOTO3EKTpUUECKUEe Oaraped B BHJIE IUIOCKMX HPSIMOYTOJIbHBIX
noBepxHocTel. Ilpu mpous3BoACTBE SHEPruM U3 COJHEUYHBIX Jydel, jr000e HeoOaymMaHHOE
BMEIIATEIbCTBO HA KIMMAT MOXKET MPUBECTU K CEPhE3HBIM MOCIEACTBHSIM.

IIo MexayHapoJHbIM CTaHAapTaM IapaMeTpsl 3TUX IpeoOpazoBaTeneil JOJKHBI
COCTaBJIATS!

— KIIJI 17-18%.

— MAaKCHMaJlbHas JHEPTHUsl COJHEUYHBIX JIYYEH Ha KaX bl Im? — 800 Br/™m?;

— pabouas Temneparypa 25°C;

— MakcuMalbHas Temreparypa Bo3ayxa 40-45 °C.

Ipu Temneparype 40-45°C u BbIIe 5TH CONHEUHBIE TPEOOPA3OBATENH TEPSIOT CBOIO
MOIIHOCTB Ha 17-19% u pacnipocTpaHsIOT B OKPYKAIOLIYIO CpEAY UCTIapEHUE TOKCUYHBIX S7I0B.

B 3aBucumoctd 0T THUHOB  (OTOZIEMEHTOB, HOMHUHAIbHAs MOIIHOCTH 3THX
npeoOpasoBateieil Ha Kax bl 1M? miomamu paccuuTtana na 200-300 Br.

Ha teppuropun HaxuyblBaHCKOM KOTJIOBHHBI YCTAHOBIJIEHBI COJTHEUHBIE ITpeoOpa3oBaTenu
wIiockoro Tuma npousBojcTBa Kuraiickoit  Hapomuoit  Pecnmy6muku.  KITJ  sTtux
npeoOpazoBareneit cocrasuser 11-12%.

=0,04=4%

=0,067=6,7%
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MOIIHOCTH 3TUX MJIOCKUX COJTHEYHBIX MPeoOpazoBaTesield HaXoauM 1o GopmyIie:
W= n¢ - Fp- S

I'ne: 77 ¢» — KIIJ poTosnexkrpuueckux npeobdpaszoareneii - 7 = 0,11

Fp — mmomans GOTOAIEKTPUYECKOTO Peobpa3oBaTes, M2,

Haxo MM MOIIHOCTL NPeoGpa3oBaTeNs ¢ MIOMIAbI0 1M? s JIETHETO BPEMEHHU:
Woa=17¢ - Fp- Sex=0,12- 1- 1170 =140,4 Br/™m?

J11s1 3MMHEro BpeMeHH:
Wgs =779+ Fp- Sei= 0,12 1- 516,75= 62,01 Br/m?
Takum o00pa3oM, HAaxXOIUM, YTO MOILIHOCTh J3THX IIpeoOpa3oBaTeieill CyIECTBEHHO
MeHbIe MexayHapoIHbIX CTaHaapToB [4].

Pesyabrarel: Jns Toro, uroObl kimmar B HaxublBaHCKOW KOTJIOBHHE OCTajCs
HEU3MEHHBIM, TEIJIOBOM OaJIaHC JI0JIKEH OCTaThCs MOCTOSIHHBIM M PaBHBIM HYJIIO:

Re+T + T3.0Tp + Ten  Ke=0
I'me: Res — pagmanmonHbIii OayiaHc;

T — TermymooOMeH 3a cueT MOTJIOMICHNUE U TIepeaau Terjia BO3IyXOM;

T5.0rp—TEMI000MEH BO3AyXa HOBEPXHOCTH 3€MJIH U TEIUIa OTPAKEHHBIX JTydeil;

Ten; Ks¢ — mOTEpH TEIUIA IPU UCTIAPSHUU WIIH MPEBPAICHUH TIapa B BOJY;

Te.n — ynenpHask TEMIIOEMKOCTh BOSHOTO Tapa;

Ks— Macca ucniapuBIIIeiicst BOABI WM TIPEBPAIIEHHBIN B BOAY Hapa.

[Ipu oTpakeHUM COJIHEYHBIX Jy4eH Temreparypa BO3ayXa NPH3EMHOW aTMocdepbl
noBbImaercs. [loaromy, B 3aBUCUMOCTH OT KOJMYECTBA OTPAKEHHBIX JIy4eM MOKET PE3KO
M3MEHUTHLCS TeMIIepaTypa MPU3eMHONU aTMOchephl TaHHON TeppuTopuH [4].

B Hax4piBaHCKO# KOTJIOBHHE TIPH MOTIAJaHUHM COJHEYHBIX Jydel Ha MmpeoOpazoBaTelib,
TeMIlepaTypa MOBEPXHOCTH Ipeodpa3zoBaTess t, MOBBIIIAETCSA U 3TO TeMIlepaTypa nepeaaercs B

OKPYXAKIIYIO cpeny toc:
QHOT = Kro (tn - tOc) S
I'ne: ko — K03 PULIMEHT TeMI00TAaYM TOBEPXHOCTH MpeoOpazoBaTens
BO3JIyXY IIPU3EMHOM aTMocdephl;
S — mJIouaib HarpeToil MOBEPXHOCTU MPeoOpazoBaTes;
ty— TemrepaTypa HarpeToi MoBepXHOCTH MpeoOpa3oBaTers;

toc — TeMIIepaTypa BO3JlyXa OKpYKarollen cpeny.
Koaddunuent temnootaauu onpeaensem no Gopmyre:

k =dlA =17/28941 = 0,5874

I'ne: d — TommmHa cTekia mpeodpa3oBaTesis;
A — K03(pPUIHEHT TEIIONPOBOAHOCTH MOBEPXHOCTHU MIpeoOpa3oBaTes;
Torpa Temmneparypa, nepeaBaemasi B OKpY>Karolyro cpeay Oyaer:

Qum = Ko (t, — 1,.)S =0,5874 (70 — 30) 1 = 23,5
Koa¢dduiment termnootaaun oT NoBEpXHOCTU MpeoOpazoBaTess B OKPYKAIOLINH BO3TyX:

Qoe=11,6+T7-Jv

['ne: V - ckopocThk BO3ayXa, 00yBarOIIET0 MOBEPXHOCTh MPeoOpa3oBaTes.
Ha pucynke 2. mokasaH, Kak BETEp OKPYKAIOIIETO BO3AyXa JIBUXKETCS BIOJb TMOBEPXHOCTH
IUIOCKOTO MpeoOpa3oBarelis B MPOCTPAHCTBE.
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Puc.2. /IBmxenne Bo3ayxa BIIOJNb MOBEPXHOCTH PeoOpa3oBaTes.

KoadduimenTt Termoornaun oT mpeoOpa3oBaTeliss K OKPYKAIOIIEH cpele HaxOIuM II0
dbopmyie:
aoc = (2,26 - 0,00G?ﬂ) (tcm — Leos0 )0'33

['ne: t — TemmniepaTypa HarpeToi MoBEpXHOCTH (CTekIa) mpeoodpaszosarens, °C;
teosn — TEMMeEparypa Bo3ayxa, °C;
[ — YroJ HakJIOHa peoOpa3zoBaTessi K TOPU30HTY, TPal.
TennoBoit koapPuIMeHT Teronepeaadn — 3T0 KoJaudecTBo sHepruu (BT), mpoxoasiee
uepe3 1 M? TOBEPXHOCTH TIPeoOPa30oBaTeIs, KOTOPHIil KOHTAKTHPYET C HAPYKHBIM BO3YXOM.
3navenune ko3¢ dunuenta tertonepenaydu (R) paccunteiBaercs mo hopmysne:

R=d/\

I'ne: d — TonmuHa MPUEMHON MTaHEeIH;

A — ko3¢ unmeHT TemnonpoogHocty, BT/K.

Taxkne pacyc€Thbl, UMCIOT MPAKTHUYCCKOC IMPUMCHCHHC. Hpe>1<)1e BCCTO, OHU IPUMCHAIOTCSA
JUI CPaBHEHMsI [apaMeTpOB MOBEPXHOCTH MMaHEIU C HOPMaMH, YKa3aHHbIMH B TEXHUYECKHX
nacropTrax. 3Has KOd(QQHUIMEHT TEIJIO0TAaud W3 MOBEPXHOCTH IUIOCKHX MpeoOpa3oBarenei
(o) HA BO3AYIIHOE MPOCTPAHCTBO, MOKHO OINPEACIUTH MOIIHOCTH TEIUIOBOrO motoka (Q) mo
M3BECTHOM pa3HocTh TemrepaTyp (At). MOIIHOCTh TEIIOBOTO MOTOKA OT WMJIU K TIOBEPXHOCTH
npeoOpazoBaTes:

Q=aAAt

I'me: A — miomaab TOBEPXHOCTH MPeoOpasoBaTens, M2,

At — pa3HOCTb TeMIepaTyp MOBEPXHOCTH U BO3AYLIHOM cpenbl, K;
At - tr[ - tBogﬂ

tn — TemmepaTypa moBepXHOCTH nipeoodpazoBares, °C;

ts — Temneparypa Bosayxa, °C

0. — CyMMapHbI# KOA(PGUIIUEHT TEIJIO0TIa4H Ha TPaHuUlle BO3AyXa U
MOBEPXHOCTH MPeoOpazoBaTes:

o= Ox+ Op

Ox— K0P PHUIIMEHT KOHBEKTHUBHON TeTIo0Taauu, BT / (M2 K);
op — K09 PULIHEHT paTuaIMOHHON TEII00TIAuH, BT/(M2 K):

ap: to 5,67 * 10_8 ((tn+273, 15)4_ (t303g+273, 15)4)/(tn — tBO3H))

€ — CTETeHb MPO3PAYHOCTH TOBEPXHOCTH MPeoOpa3oBaTers;

HecrtabunpHOCTh TpoIiecca TEIUIOOTIAa4Yd MpeoOpazoBareieM B OKPYKAIOUIUN BO3AYX,
MOPOXKAAET pa3HooOpaszue (GOopMys s BBIYHCICHHS KOI(PQHUIMEHTa TEIUIo0OTAaud (0O).
3HaueHusT TapaMeTpPoOB  TEIUIOOTIAud TOBEPXHOCTH  IUIOCKOrO  mpeoOpas3oBaTens B
aTMoc(epHBI BO3yX MOKa3aHbl B TAOIUIE 3:
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Tabumnrua 3.

No HaumenoBanue Ob6o03nauenue | 3HaueHue
1 DHeprusi CONMHEUHBIX Tydel B Hax4upIBaHCKOM KOTJIOBUHE B Se 1170,11
JIETHHE THH, Br/m?

2 | CxopocTb BO31yXa BOJb MOBEPXHOCTH Mpeodpa3oBaTensi, M/C v 1,0

3 | Temmeparypa OKpy’>KaroIero Bo3ayxa, °C tos 40,0

4 | TemmepaTypa MOBEPXHOCTH TIpeobpasoBarens, 'C ty 80

5 | CreneHp Npo3pavyHOCTH MOBEPXHOCTH MTPeOOpa3oBaTeNs € 0,85

6 | llupuna noBepxHOCTH peoOpa3oBaTeNs, M B 1

7 | JlnnHa moBepXHOCTH MpeodpaszoBarens, M L 2,0

8 | InotHOCTB OKpysXaromero Bo3ayxa,  Kr/m? P 1,14

9 Koa¢umment Bsa3koctn Bozayxa,  Ila °C H 1,867E
10 | TemoeMKOCTh BO3/yXa, Jx(xr K) Qsos 1005
11 | TenjonpoBOIHOCTh BO3AYXa, Br/(Mm K) A 2,894E
12 | Kooddurment temnoornaun, Bt/ (M°K) Ol 6,85
13 | Koodur. paguanmonsoii remnooraaun, Bt / (M°K) op 9,78
14 | CymmapHblii Kod(duiment Termnoornaun, B / (M°K) a 16,83
15 | MoIHOCTh TEIIOBOrO IMOTOKA, Bt Q 31,7

B HaxubIiBaHCKOW KOTJIOBUHE TPH TMOTAJaHUN COJIHEUHBIX JIydeld Ha TpeoOpa3oBaTeb,
TeMIlepaTypa MOBEPXHOCTH Ipeodpa3zoBaTesis t, MOBBIIIAETCS U 3TO TeMIiepaTypa nepeaaercs B

OKPYXAIIIYIO cpeny toc:
Q=Ko (tn - tOc) S=0,5874 (80' 40) =235 BT/(M2 K)

Koaddumuent tennootnaun K. onpeaensiemM mo popmyiie:

K, =d |2 =17/ 2,8941=0,5874Bm/(m K)

I'ne: d — TonmrHa crexia npeoodpa3oBaTels;
A — kK03 PHUIMEHT TETIOMPOBOIHOCTH TIOBEPXHOCTH MPEOOPa30BaATEINS;
B HaxubiBaHCKOW KOTJIOBMHE JJI1 TOBBILIICHHUS TEMIIEPATYpbl OKPYXKAIOMIETO CyXOro
BO3JlyXa OJIUH COJTHEUHBIH peoOpa3oBaTelb NepeaaeT B OKPYKArOMIHiA
Bo3ayx 23,5 B1/(M? K) umu 23,5 JIxk. sHEprum.
[ToBbIlIEHUE TEMITEPATYphl BO3yXa MOXKHO ONPEACTUTh U3 GOPMYJIbI:

At =Q/(Qsox p -S).

Tne: S — 2m? twromiaau npeoOpazoBarers;
Qsos — TeIIOEMKOCTH Bo3ayxa, JIx (kr K);
p — [110THOCTH OKpYsKaroIero Bo3ayxa, Kr/m?

At = =23,5/(1005-1,14-2) =0,0103 °C

ITnomas ofHOro NpeobpaszosaTens cocrapiseT 2 M2, Toria, OHUM CONTHEYHBIM
npeoOpa3oBaresneM OyzeT MOBbIIIEHa TeMIepaTypa oKpysatomiero Bo3ayxa Ha 0,0412°C.

PacyeTHas MOIIHOCTH YCTAHOBJIEHHOTO HAa TePpUTOpUM HaxubIBaHCKOM KOTIOBUHBI
OJIHOTO COJTHEYHOTO IpeoOpa3oBaTes B JIETHEE BpeMs paBHA

Wen = 140,4 Br/m?

OOmas miomans Teppuropur HaxublBaHCKOM KOTJIOBMHBI paBHa 5,5 ThIc. KBajapar
KHJIOMETpoB, 70% KOTOpBIX COCTaBIAIOT BBICOKHE Topbl. Ha ocranbHON TeppuUTOpHH, TAe
poxuBaeT 0koyno 470 TeIcAY HaceleHus, IUTaHupyercs noiaydutb 850 MBT anexrpuueckoin
SHEPTUH U3 COJHEUYHBIX MpeoOpa3oBareiell IUIOCKOTo Tuma mpou3BojacTBa Kutaiickoit
Hapopnoit Pecriyomuku.

B 3aBucumocTu oT KoJmuecTBa mpeodpazoBarenei, BO3ACHCTBUS OTPAXKEHHSI COTHEUHBIX
ayded mpeoOpas3oBaTessiMu, TeMIlepaTypa OKpYXKaloLIero BO3JyXa Ha TEPPUTOPUU
HaxupIBaHCKOW KOTJIOBUHBI OKa)KE€TCsl 3HAUYMTEIBHO TEIIEE.
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VYBenu4yeHne TeMIeparypbl CyXOro TEIJoro BO3JIyXa HPU3EMHOM aTMOc(epbl, KaKUM
ABIIsIETCS BO3AyX Hax4bIBaHCKOM KOTJIOBHHBI, HAXOAUM 1O (hopMyIie:
g

I'me: A ronoBast anbeno armocdepsl Ha JoKanbHOU Teppuropuu, — 0,71;
T—rermnoo0MeH Temia Bo3Iyxa MOBEPXHOCTH 36MJIH U OTPAKEHHBIX JTy4eH;
AT — u3MeHeHue TeMIepaTypbl BO3yXa Ha JOKaJIbHON TEPPUTOPUH;
AA; — n3MeHeHne To10Boro anbeno armocdeps! Ha JoKaabHOM TeppuTtopuy, 0,11,
p o— PHEPrHsl OTPAXKEHHBIX COJHEYHBIX JTyueill roga, npu Nc=1,7 p,=0,784

Torpa:
AT=AA (1-po) 23T 0 1101-0,784) 27340 _ 0238313 _ 6,22 oc
41-4)) 4(1-0,71) 1,16

[IpuBenenHbie HaMU BbIIIE POPMYIIBI MPUMEHUMBI K CYyXOMY BO3AYXY, KaKUM SIBIIICTCS
BO31yX Hax4ybIBaHCKOW KOTJIOBUHBI.

Ecniu npu  BO3geiicTBuu  mpeoOpasoBaresieil, OTpaKarolIUX COJHEYHBIE JIY4H,
TeMIlepaTypa BO3JAyXa Ha TeppuTopuu HaxuyblBaHCKOW KOTJIOBHHBI OKaXKeTCs TeIiee, TO
BEPTUKAIbHOE [BIKEHHE TEIIOr0 BO3QyXa OyAeT YCKOPSTHhCS M IMOJHHUMETCS BBEPX CO
CKOPOCTHIO 3,6 cM/cex?.

B pesynbTare BepTHKANbHOIO JBWKEHHS TMOBBIIIEHHAs TeMIepaTypa
BO3JyXa OyleT OTIMYaThCS OT TEMIEPATyphl OKPYKAIOIIEH Cpeibl.

C yBennyeHHeM OTPa)KE€HUs COJTHEUHBIX JTydel MI0CKUMH peoOpa3oBaTensiMu

Ha Tepputopur HaxdbIBaHCKON KOTJIOBHHBI IPOU30MIET M3MEHEHUE TEMIEPATYpPHOTO
Oamanca aToil Tepputopun. Ecimm 3TOT OayslaHC HapymuTCs, TOTAa OYIeT MPOUCXOIUTH
M3MEHEHHE KIuMara.

C noBblLIEHHEM TEMIEPaTypbl YBEIUYUTCS HHTEHCUBHOCTh MOPHIBOB BETPa HA TEPPUTO-
pun Hax4pIBaHCKOW KOTJIOBUHBI, KOTOpasi 00alaeT 3HAYUTEILHO OOJIbIIEH pa3pylIuTeIbHOM
cuioit. [lopeIBBI BeTpa MOTYT MOJHOCTHIO YHUUYTOXXUTh CTPOEHUS, PA3PYLIUThH JOMa, CHOCHUTD
KOHCTPYKIUH, JIOMaTh JI€PEBHS, BHI3bIBATH OOPHIB JIMHUM AJIEKTporiepeaay u T.1.

Takum o0O0pa3oM, MOXHO TBEpPAO YTBEPXk,AaTh, YTO HEOOAYMaHHOE W3MEHEHUE
TEeMIIepaTypbl MPU3eMHON aTMOcdepbl Ha JIOKaIbHOU TeppuToprur HaxubIBaHCKO# KOTIOBHUHBI
C TMOMOIIBI0 YCTPONCTB OTPAKAIOLIUX COJIHEYHBIE JTy4d, MOXKET MNPUBECTH K H3MEHEHHUIO
KJIUMAaTa | 3KOJIOTHYECKON KatacTpode MmecTHOCTH [1].

BbIBO/IbI
1. PaccMoTpeHbl OCOOEGHHOCTH HKOJIOTUYECKOTO W TeMIIepaTypHOro OallaHca MEXITy
MPU3EMHOM TMOBEPXHOCThIO U atMocdepoit B HaxubiBaHCKOW KOTJIOBHHE MpPU 3arpsisHEHUU
BO3JlyXa B aTMOoc(epe 1 OTPaKEHUH COJTHEYHBIX JTy4ei.

2. YCTaHOBIEHO, YTO CYXOM M pPe3KO-KOHTHHEHTaJbHBIM KiuMaT HaxubiBaHCKOM
KOTJIOBUHBI SIBJISIETCS HamOoliee 4yBCTBUTENbHBIM. JIt000e HEeoOaymMaHHOE BMEIIATENIbCTBO C
MOMOIIBI0 YCTPOMCTB OTPAXKAIOMIMX COJHEYHBIE JIy4d MOKET HapYIIUTh TEMIEPaTypHBIH
OajaHC ¥ MPOU30IIeT U3MEHEHUE KIINMaTa.

3. VYcraHoBieHo, 4TO Ha KiIuMaT HaxuyblBaHCKOW KOTIOBMHBI BIMSET TeMIIEpaTypa
BO3JlyXa, KOTOpas HarpeBaercs MpU OTPAXKEHUM COJHEYHBIX JIydell  IUIOCKUMU
MPSIMOYTOJIbHBIMH NTPE0Opa3oBaTesIMH.

4. Pe3koe M3MeHeHue Temreparypbl HaxublBaHCKONH KOTJIOBHUHBI MOKET MPUBECTH K
M3MEHEHHIO KJIMMaTa M 3KOJOTHYeCKOM KaTtacTpode MEeCTHOCTU. PaccMOTpeHb! peasbHble MyTH
IIPEIOTBPALLEHUS ITUX HETATUBHBIX IPOLIECCOB.

1. bopzenxosa M.M., K Bompocy 0 BIUSHHUM MECTHBIX (PaKTOPOB HA MPHUXOJ paaUaIlldU B
ropHoif MectHOCTH, Tpyael [TO, 1997 1, BEIN.2, ¢. 70 —77.
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OTPAKEHHUE COJIHEUHBIX JIYUEHN Y X BJIVSHUE HA DKOJIOTHAIO U
TEILIOBOM BAJTAHC HAXYBIBAHCKOMN KOTJIOBUHBI

KA3UMOB M.I'.

B crarnse MPUBCACHBI PE3YJIbTAThl PACYCTOB HNPOJOJDKHUTCIBHOCTH U BHGPFGTI/I‘-IGCKOI\/'I
IOEHHOCTHU COJIHCYHBIX nyqeﬁ, MpoxXoadIunXx 3a OHpelleJIeHHBIfI MMPOMEIKYTOK BpPCMCHHU Ha
tepputoputo  HaxubiBanckoli ~ ABToHOMHOM PecnyOmuxu. OmnpeneneHa 3aBUCUMOCTD
K03 ¢uImeHTa OTpPaK€HUs COJHEYHBIX Jy4ed OT BEIMYMHBI MPEIOMIIEHUS 3aJJaHHOTO
00BEKTa, OT KOTOPOTO OTPAXKAKOTCS COJIHEUHBbIE JIydH. JIOKa3aHO, YTO OTPAXKEHUE COJHEYHOTO
CBETa B COJIHEYHBIX @peoOpa3oBareNiax IUIOCKOIO THUMAa Ha (U3UKO-reorpaduiyeckon
TEPPUTOPUHA HaxuriBaHCKOM KOTJIOBHWHBI MOKET BBI3BATHh N3MEHECHUE TEMIICPATYPhI U KIIUMAaTa,
a TaKKe HapylIEHHE HKOJIOTMYECKOTO PaBHOBECHUS B 3TOM pervoHe. PaccmarpuBaercst pacder
MOII[HOCTH €CTECTBEHHOH TeIlonepesadd OT IUIOCKMX HOBEpXHOCTEH IpeoOpa3oBaTels,
Pa3MEIIEHHOTO B OTKPBITOM BO3YIIHOM ITPOCTPAHCTBE. AHATM3UPYIOTCS IPUYUHBI U3MEHEHHS
TEMIICpATypPbl BO34dyXa, OaBJICHUA W IUIOTHOCTH BO3AyXa B 3aBHUCHUMOCTH OT BBICOTEI.
PaccmarpuBaroTcs pe3yabTaThl HayYHBIX MCCIIEIOBaHUN mpouecca GOpMHUPOBAHUSA U PA3BUTHUS
YHUKAJIbHBIX SIBJICHUH - MOPBIBOB BeTpa, HaOimogaeMbiX B HaxublBaHCKON KOTJIOBHHE NpU
MOBBIIIEHUH TEMIIEPATyphl BO3/lyXa B IPU3EMHOM aTMocdepe U UX cepbe3Hasi OIIaCHOCTb.

KnroueBble cioBa: conHEYHBIC JIy4d, OTpPaKeHHE Jy4YeH, TemIepaTypa BO3AYyXa, 3KOJIOTHYECKOe
paBHOBecHe, K03(GHUIMEHT OTPaXKEHHs, IOPHIBBI BETPA, CHJIa yparaHa.

REFLECTION OF SOLAR RAYS AND THEIR IMPACT ON THE ECOLOGY
AND HEAT BALANCE OF THE NAKHCHIVAN BASIN

KAZIMOV M.H.

The article shows the results of calculations of the duration and energy value of solar rays
passing over a certain period of time to the territory of the Nakhchivan Autonomous Republic.
The dependence of the reflection coefficient of solar rays on the refraction value of the given
object from which the solar rays are reflected has been determined. Has been proven that the
reflection of sunlight in flat-type solar converters on the physical-geographical territory of the
Nakhchivan Basin can cause changes in temperature and climate, as well as disruption of the
ecological balance in this region. The calculation of the power of natural heat transfer is
considered. from the flat surfaces of the transducer placed in open air space. The reasons for
changes in air temperature, pressure and air density depending on altitude are analyzed. The
results of scientific research into the process of formation and development of unique
phenomena - gusts of wind, observed in the Nakhchivan Basin with an increase in air
temperature in the surface atmosphere and their serious danger are considered.

Keywords: sun rays, reflection of rays, air temperature, ecological balance, reflection coefficient, gusts of
wind, hurricane force.
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QUBADLI RAYONUN AQRAR SONAYE POTENSIALININ VO BiOENERJI
EHTIYATLARININ QiYMOTLONDIRILMOSI

POLADOVA V.N., SALAMOV O.M., MUSTAFAYEVA R.M., SALMANOVA F.9.,
MAHMUDOVA T.9., VOLIZADO i.E, SOFOROVA V.M.

Azarbaycan Respublikasi Elm va Tahsil Nazirliyi
Radiasiya Problemlari Institutu
Az 1143, B.Vahabzado 9
poladova-vusale@bk.ru

Moqalods isgaldan oncoki dovrlordo Qubadli rayonun aqgrar sonaye sektorundaki inkisaf tendensiyasi
aragdirilir, ayri-ayri sahalor Uzro slds edilmis gostaricilorin miigayisali tohlili aparilir. Kond tosarriifatinin, xtisuson
do meyvo-torovoz, taxilgiliq bostangiliq vo S. kimi saholorin inkisaf etdirilo bilmoasi Gg¢lin mévcud voziyyot
aragdirilir vo golocok islorin planlasdirilmasi tigiin retroskopik prognozlagsdirma iisulundan istifadonin somaralaliyi
giymatlondirilir, bitki va heyvan mansali bioktlo (BK) novlorindon istifads imkanlar aragdirilir.

Acar sozlar: Alternatif enerji, biokitlo bioenerji, giinos vo kilok enerjisi, bitki vo heyvan monsali biokitlos,
yasil enerji.

Muasir dovrdo ononavi yanacaq ndvlorino mimkin godor gonast etmok, yanacaqlari
ekoloji cohatdon tomiz, tiikonmoz olan alternativ yanacaq novlori ilo ovoz etmok diinya alimlo-
rinin qarsisinda duran aktual masalalorindadir. Enerji dasiyicilarinin giymatlorinin bir torafdon
getdikco artimi va iglim doyisikliyi, straf mihitin muhafizasi, diger torafdon ekoloji cohotdan
tomiz vo tlikonmoz olan enerji monbalordon (Gilinss, kiilok, biokdtls, geotermal enerji, dag
caylarinin enerjisi va S) istifadasi Ucln yeni lahiyslorin, texnoljiyalarin islonib hazirlanmasi,
elmi—tatqiqat islorinin stimullasdirilmasinin vacibliyini bir problem kimi garsiya qoyur.

Azarbaycan barpa olunan enerji potensialina gora diinyanin an 6nds gedon 6lkalarindan
biridir vo hal-hazirda Barpa Olunan Enerji Manbslarina (BOEM) ugurlu kecidin nimunasidir.
Neft vo gaz 6lkasi olmasina baxmayaraq, Azarbaycan yasil enerjiys kecido hodaflonon gabaqcil
yanasmalarinin totbiqi 0zrs regionda on lider 6lkadir va iglim doyismolorinin térotdiyi fosadlara
qars1 miibarizoda boyilk tohfolor verir. Mohz bu sobabdon do BMT-nin iqlim Doyisikliyi iizro
Corcivo Konvensiyasimin Taraflor Konfransinin 29-cu sessiyasia - COP29 2024-cii ilin noyabr
aymda Azorbaycan ev sahibliyi edocok vo bu Konfrans Baki sohorinds kegirilocokdir. Bu
konfransin kegirilmosi G6lkomizin  BOEM va (mumiyyatlo alternativ energetika, yasil
energetika, hidrogen energetikasi vo S. Uzra oldo etdiyi texnoloji naliyyatlori biitin diinyaya
niimayis etdirmoaya imkan veracokdir.

Torpaglarimizin isgaldan azad olunmasinin sayaSinds Azaorbaycanin yasil enerji
potensialindan istifado imkan1 artmis oldu. Belos Ki, bu arazilor BOEM-nin oksar névlari (giinss,
kllok, biokutlo, dag ¢aylarinin enerjisi va S.) ilo zongindir.

Son illords bioyanacaq diinyanin energetika sisteminin ayrilmaz hissasino gevrilib. Bu
onunla izah edilir ki, avvala homin yanacaq ndvlari barpa olunan xammal névlarindan istehsal
oluna bilir (su, mixtalif BK novlori, iizvi tullantilar (UT) va s.), ikincisi — onlarin istehsal1
zamani enerji manboyi Kimi yeno tiikenmoaz vo ekoloji cahatdon tomiz olan ginas vo kiilok
enerjisindan istifado edilo bilor vo nahayst hamin yanacaq novlorindon istifado zamani otraf
muhir anonavi yanacaq névlarindon (9YN) istifads ilo miigayisads xeyli az migdarda girklanir.

BK-dan elektirik enerjisi vo maye yanacaq istesal etmok mimkindur. Belo ki, ABS-in
Florida statinda taxta yonqarindan etanol istesal edilir, hanst ki, daha sonra ham bilavasito
nogliyyat vasitolori, hamginin do IES-da elektrik hasilat1 mogsadilo  yanacaq kimi istifado
olunur [1].

Oksar diinya Olkalorinds BK-don istifads etmoklos enerji istehsal edilir [2].
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Bilavasito heyvandarliqda istifado iiciin yararsiz olan bir sira bitki monsoli BK vo UT
novlori (0 cimlodan do yanar bark moaisot tullantilart) mévcuddur ki, onlardan da miixtolif
usullarla maye vo qaz sokilli AYN almaq mimkandur [3].

Asagida bu xammal novlorinin isgaldan azad olunmus orazilords, xiisusan do Qubadli
rayonunda mumkin ola bilacak resurslar1 barads aragdirmalar aparilir.

Qubadli rayonu Qarabagin, Ki¢ik Qafqaz daglarmin conub-sorginds, Araz ¢aymin sol sa-
hilindo yerlogir. Orazisi iqtisadi baximdan Kaolbocor-Lagin zonasina daxil olmagqla,
Azorbaycanin timumi arazisinin 0,9 faizini, Qarabag orazisinin iss tagriban 5,8 faizini togkil
edir.

Orazisinin canub hissasinds yay1 quraq kegon mulayim-isti yarimsahra va quru ¢6l, simal
hissasindo iso yay1 quraq ke¢on miilayim isti iqlim goraiti miisahido olunur. Osason dag
sabalidi, sabalid1 vo gohvayi dag-meso torpaglar1 yayilmisdir. Okin sahalori bol sulu Bazarcay
(Borgiisad), Hokari vo Meydan Darasi ¢aylart ilo suvarilir.

Qubadlinin ohalisi asason kond yerlorindo moskunlasdigindan uzun illor boyu onlarin
osas mosguliyyatlori kond tesarriifati olmusdur. Yayi isti, qis1 miilayim olan otlaq vo bigonok
sahalorinin genis olmasma (17,8 min ha) vo ohalinin maldarliq sahasinds tesarriifat¢iliq
onanalorinin saxlanilmasina géro Qubadli rayonunun aqrar potensiali daha ¢ox heyvandarliq
sahasina yonalmisdir. Qeyd etmok lazimdir ki, burada mévcud olan otlaq sahslori respublikanin
otlag sahalarinin toxminon 0,7 faizini togkil edir. Orazisinds hakim olan iqlim saraitinin va bol
sulu ¢aylarmin verdiyi imkanlara goro rayon sakinlori ham birillik, hom do coxillik bitki
novlorini rahat becars bilirdilor. ©sas mosguliyyatinin okingilik olmasina baxmayaraq, bu
rayonda hom do muxtalif meyva va toravaz névleri yetisdirilir, xtisusan do taxil, tiitiin va Uzim
okilirdi.

Bitkicilik sahasi Uzra aqrar potensialin giymoatlandirilmasi

1988-ci ilin gostaricilorine nozar saldigda Qubadli rayonunda taxil (83,4 faiz) vo ttln
(14,4 faiz) saholorinin daha genis arazilori ohato etdiyi miisahido olunur. Bu bitkilarlo yanasi,
Qubadli rayonunda 997 hektar sahads ¢oxillik bitki névi olan Gzimliklor do vardi, hansilarin
ki, Azorbaycan Uzra timumi pay1 1,1 faiz toskil edirdi. Asagidaki diagramdan bolgonin hansi
bitkicilik mohsullarinin istehsali ilo ixtisaslasdigi, kond tosorriifatinin tarixi onanesinin hansi
sahalords tomorkiizlosdiyi daha askar sokilds nazars garpir [4].

1988-ci ildo Qubadli rayonunda mdveud olan taxil sahalori 6lkomizds olan imumi okin
sahasinin 0,6 faizini, rayonda mévcud olan tutlin sahslari isa 6lkadaki Gmumi akin sahalarinin
3,6 faizini toskil etmisdir.

Teravez r Bostan
0,2% \ /1 13%
/

Kartof
0,7%

Sok.1. 1988-ci il lizro Qubadli rayonunda bitkigilik mohsullarinin akin strukturu.
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Aparilan aragdirmalar naticasinds balli olmusdur ki, intensiv okilib-becarilms tisullariin
tatbigi sayasinda 2025-ci ilo godor Qubadli rayonunda tiitiin istehsalinin imumi hacminin 2 min
tona catdirilmasi proqnozlasdirilir. Bu gostorici  thtlnin mohsuldarliginn 4  ha/tona
catdirilmasimin sayasindo oldo edilocokdir. Bu isa, 6z ndvbasinds, Olkads istehsal olunan
ttundn toxminan 25-27 faizinin mohz Qubadli rayonu hesabina formalasacagi demokdir.

Taxil istehsali potensiali. Rosmi statistik molumatlara asason, 1980-ci ildo 5,0 min
hektar sahoads taxil okilmis va 5,2 min ton mohsul slds edilmisdir. 1980-1988-ci illor arzinds
Qubadli rayonunda 6lka Uzro imumi hasilatin 0,6%-i gqodor taxil istehsal edilmisdir vo bu
gOstaricinin toxminan Olko Uzro orta gostoriciya borabar olmasi taxil istehsalinda Qubadli
rayonunun na gadar boyiik potensiala malik oldugunu bir daha tasdiq edir.

Muistaqillik oldo edildikdon sonra agrar sahads aparilan asasli islahatlarin va innovativ
texnologiyalarmn totbiginin sayssinds isgaldan azad edilmis Qubadli rayonunda timidverici
naticalorin aldo edilocayini sdylomok olar. Todgigatlardan bolli olur ki, 2025-ci ilo gadar
Qubadli rayonunda taxil istehsalinin 32,4 min tona qadar artirilmasi gézlonilir [5].

Uziim istehsali potensiali. Uziimgiilik Qarabagm digor rayonlarinda oldugu kimi,
Qubadlida da osas bitkicilik sahasi hesab olunur. 1980-1988-ci illar arzinde Qubadli rayonunda
Uzim istehsali O6lko Uzro tmumi istehsalin 0,3 faizino borabor olmusdur. Bu illords
mohsuldarligin 6lko soviyyasinin 59,2 faizini toskil etmosi {iziim istehsali sahasindo Qubadli
rayonunun tasarriifatgiliq ananslorinin mévecud oldugunu gostarir.

Yeni texnika va texnologiyalari tatbiqi, hamg¢inin isgaldan azad olunmus torpagqlar ti¢iin
gobul edilmis yeni Tadbirlor Plani gargivasinds digar bitki novlori ilo yanasi Uzimluk
saholorinin artirilmasi vo daha ylksok mohsuldarligin oldo edilmosi hesabma 6lkonin Gzlima
olan talobatinmn tam tomin edilmasi g6zlonilir. Uziimgililk sahasinin, o climladon do texniki
tiziim sortlarmin yetisdirilmoasi bu rayonda sorabgiliq sektorunun inkisafina da tokan veracakdir.
Belo ki, 2025-ci ilds tiziim istehsalinda Qubadli rayonunun pay1 6lkadoki iiziim istehsalinin 1,5
faizini toskil edorak Ki, bu da prognozlara gors ilds 2,7 min ton tzim demokdir.

Bostan bitkilarinin istehsal potensiali. Qubadli rayonunda kond tosorriifati iigiin
xarakterik olan digar bitkicilik sahasi bostan bitkigiliyidir. Tarixi ke¢gmiso nozor saldiqda, 1988-
ci ildo 53 hektar sahodon 113 ton bostan mohsulu istehsal edilmisdir. Umumiyyatlo, 1980-
1988-ci illards bu gostaricinin maksimal haddi 141 ton toskil etmisdir.

Innovativ texnologiyalarm totbigi, okin sahosinin genislondirilmesi vo yiiksok
mohsuldarhigin sldo edilmasinin hesabina, bostan bitkilarinin istehsal hacminin 2025-ci ilds 3
min tona catdirilmasi prognozlasdirilir.

2025-ci ildo Qubadli rayonu tizrs bitkicilik mohsullari istehsalinin prognozu

Cadval 1.
Rayon Uzra Rayon Uzra Rufg_(;n Rayon Uzra prognoz
Bitkicilik akin sahasi mahsuldarhq . istehsalin 6lka Uzra
istehsal .. ar
mohsullarimin adx prognozu, prognozu, iimumi istehsaldaka
prognozu,
ha sent/ha ton pay1, %

Taxil 11866,5 27,3 32441 0,8
Titln 500,0 40,0 2000 27,0
Kartof 396,4 39,4 1561 0,1
Torovoz 246,4 20,5 505,0 0,03
Bostan bitkilori 2420 117,8 2852 0,5
Meyvas va gilomeyva 3000,0 19,7 5917 0,5
Uziim 500,0 53,7 2687 1,3
Comi: 16751,3 - 47962 0,5

Digar nov bitkilarin istehsali potensiali. Qubadl rayonunda torpaq, iqlim, su resurslari,
eloco do tarixon movecud olan bitkicilik ononasi bu regionda meyva va torovaz istehsalinin da
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perspektivli olmasindan xobor verir. Qeyd etmok lazimdir ki, potensial nozara alnaraq, pilot
layiha gargivasinds bu zonada nar vo xurma baglarinin salinmas: da hoyata kegirilocokdir. Belo
ki, 6lkads aqrar saha boImasi Uzrs tatbiq edilon innovativ texnologiyalarin sayasinds yeni, daha
mohsuldar meyva-gilomeyva baglarinin salinmasina va istixanalarda torovaz yetisdirilmasina
baslanililib. Regionlarda aqrar sonaye sektorunun inkisaf perspektivi baximmdan, 6lkanin bu
mohsullar Gzro arzaq tohlikasizliyinin tominati vo ixracatinin artimma Qubadlinin boyiik
tohfasi olacaqg.

Qubadlida moévcud olan amok, torpag, iglim vo su resurslarindan samarali istifads
etmoklo hazirki dovrde Codval 1-do gostorilon istehsal hocmindan doafalorlo gox mohsul olds
etmok mumkindir. Nozoro almaq lazimdir ki, miiasir dovrdo Kkond toeSorriifatinin biitiin
saholorinds innovativ texnologiyalardan istifado sayssindo ¢ox ciddi inkisaf oldo edilib.
Heyvandarliqda yeni ndv cinslorin, bitkicilikdo iso daha mohsuldar toxumlarin totbiqi sayasinds
isgaldan avval mdvcud olan istehsal hacmi ilo miigayisads ciddi artim alda etmok mimkindur.
Biitiin bunlar Qarabagda, o ctimlodon do Qubadlida kond taSarriifati sektorunda shomiyyatli
iraliloyislara sobab olacaqg.

Heyvandarhq sahasi Uzra aqrar potensialin qiymatlondirilmasi

Statistik malumatlara asason, 1980-ci ildo Qubadlida iribuynuzlu heyvanlarin sayr 20320
toskil etmisdir. 1985-ci ildo 22323-o yiksolmis, 1988-ci ildo isa 22776 bas olmusdur.
Xirdabuynuzlu heyvanlarm sayi iso 1980-ci ildo 45126 bas, o cimlodon 32724 bas qoyun,
12402 bas kegi, 1985-ci ildo 29304 bas, o climlodon 17752 bas qoyun, 11552 bas kegi, 1988-Ci
ildo iso 30668 bas, o ciimlodon 18294 bas qoyun, 12374 bas ke¢i olmusdur. Biitiin tasarriifat
kateqoriyalar1 tizra diri ¢okido ot istehsali geyd edilan illords, mivafiq olaraq 18499, 22117,
22803 ton va kasilmis ¢okids ot istehsali isa, uygun olaraq 1093, 1296 vo 1320 tona barabor idi.
Rayon Uzra bltin tesarriifatlarin comi siid istehsali geyd olunan illor (izra 7084, 9642 vo 12055
ton, yun istehsali 1980-ci ildo 682 ton vo 1985-ci ildo 378 ton, yumurta istehsali iso 1980-cCi
ildo 3721, 1985-ci ildo 4519, 1988-ci ilds iso 4394 min odad olmusdur.

Sokil 2-do tosvir olunana histoqrammada isgaldan oavval Qubadli rayonunda iri vo xirda
buynuzlu heyvanlarin say1 tizro statistik molumatlar verilmisdir. Sokildon gorundiyu Kimi,
iribuynuzla ev heyvanlarmin sayinda illor Gzro bir 0 godor do hissolunacaq forq nazars
carpmasa ad, xirdabuynuzlu hevanlarin say1 1980-c1 ildo daha ¢ix olmusdir vo sonraki 5 il
arzinds 15822 odod azalma bas vermisdir ki, bu da faiz hesabr ilo 35% azalma demokdir [7].
Gorlndr ki, bu homin illordo Ulu 6ndar H.O.Oliyevin Azorbaycan SSR-nin birinci katibi
vozifosindon azad edilorok, SSRI Nazirlor Soveti sadrinin Birinci muavini vezifosine toyin
olunmasindan sonra Azarbaycanda Umumilikdo kond tosorriifati, o ciimlodon do heyvandarliq
sahasina diggotin azalmasi ilo izah edils bilar.
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a204 30628
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s iribuynuziu heyvanlar = Xirdabuynuziu heyvanlar

Sok.2. Isgaldan &nco Qubadli rayonunda iri vo xirdabuynuzlu heyvanlarim sayi.
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Isgaldan azad olundugdan sonra iimumilikde Qarabag vo Sorgi Zongozur inzibati
orazilorino daxil olan butin rayonlarda, o cimladon do Qubadlida aqrar sahonin inkisaf
etdirilmasi Uzroa prespektiv planlar iglonir. Homin planlara asasan Qubadli rayonunda 2025-ci il
ticiin heyvandarliq mohsullarinin istehsali vo 0lko miqyasinda istehsal gostaricilorina tohfosi
barads prognoz gostaricilor miiayyan edilmisdir, hansilar ki, Cadval 2-da gostarilib.

2025-ci ildo Qubadli rayonu iizro heyvandarliq mohsullari istehsalinin prognozu

Cadval 2
Heyvandarliq Olko tizro i§tehsal Rayon uzro istehsal %iﬁgllg]ra:;;ﬁﬁ;%ﬁslﬁ
mohsullarmin adi hacmi hacmi .
hominda pay1, %
Ot (diri) 668224 1270 0,2
Sud 2431880 47159 1,9
Yumurta, min adad 2104081 907702 0,4
Yun 19975 64 0,3
Comi: 3246324 49038 15

2025-ci ilo godor Qubadl rayonunda heyvandarligin borpa edilmasi sayasindo 34,1 min
bas iribuynuzlu va 51,7 min bas xirdabuynuzlu ev heyvanmi yetisdirmok nazards tutulub ki, bu
da 6lkado hom Umumilikdo bu sahonin inkisafina, homginin do stiri dévriyyasinin togribon
1,7% artimina sabob ola bilor. Bu g6stoaricilora asasan diri ¢okido vo kasilmis ot istehsalinda
0,2%, yun istehsalinda tagriban 0,3%, sid vo yumurta istehsalinda, miivafiq olaraq 1,9% va
0,4% artim gozlonilir [6].

Aragdirmalara asason 2025-ci ilo godar 6lks Uzro heyvandarliq sahssinin inkisafinda
Qubadlinin paymin 50 min tona yaxin Vo yaxud 1,5% olacagi ehtimal edilir. Rayon {izro 37,5
milyon manat dayarinds heyvandarliq mohsulu istehsali gézlonilir ki, bu da 6lks Gizro muvafiq
istehsal miqyasinda 0,8 faiz slavo doyar demokdir.

Rayon ohalisinin barama istehsalinin ke¢misdon galma onsnasi do var. Ona goro do,
toxminan 45-50 ton barama istehsalinin miimkiinliyli nazars alinmalidir.

Qubadli rayonunda yeni taxil, siid, gon-doari va ipak emali miiassisalorinin qurulmasi tigiin
boyiik potensial vardir. ©gor meyvacilik Uzro emal miassisalori vo arigiliq mohsullarinin
istehsali imkanlar1 da nazors alinarsa, Qubadlida aqro-sonayenin tomoarkiizlosmis vo Klasterial
inkisafi iqtisadiyyata sovet dovriindokindoan ds ¢ox tohfs vers bilar.

Umumilikds, Qubadli rayonunda kond tosorriifat1 infrastrukturun berpasi, yeni okin
sahalori vo baglarin salinmasi, otlaq sahalorinin, eloca do heyvandarliq sahasinin inkisafi tiglin
zoruri infrastrukturun barpasi naticasinds, mohsuldar dovriin baslangici hesab olunan 2025-ci
ildo Olkodoki kond tosarriifat: istehsalina olave tohfonin 65,1 milyon manat, basqa sézlo 0,7
faiz olacagi proqnozlagdirilir. Tabii ki, bu prognozlar sadeco aqrar potensiali ohato edir.
Sonraki dovrde emal vo doyar zonciri Uzro aqro-senaye potensiali da hesablanarsa, rayonun
respublika izra Gmumi daxili mohsulda va yeni is yerlorinin yaradilmasi baximindan rolu daha
boéyiik olacag.
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OIIEHKA TTOTEHITUAJIA ATPAPHOM MMTPOMBIIIIJIEHHOCTH U
BUOSHEPTETUYECKHNX PECYPCOB I'YBAJIJIMHCKOI'O PAMOHA

INOJIAJOBA B.H., CAJTIAMOB O.M., MYCTA®AEBA P.M., CAJIMAHOBA ®.A.,
MAXMY/JAOBA T.A., BAJIU3A/IE U.3.

B cratee aHanM3MpyOTCS TEHIEHIIMA Pa3BUTHS B arpoNpPOMBIIUIEHHOM CEKTOpE
['y6ammHCcKOTO paiioHa 10 TMepruoaa OKKYMAIlUH, MPUBOJATCS COMOCTABUTEIHHBIC aHATH3bI
MoKa3aTesei, IOCTUTHYTBIX B OTICNBHBIX OOJACTAX. AHATU3HPYIOTCS CYIIECTBYIOMIAS
CUTYaIusi JUIsi BO3MOKHOCTH Pa3BUTHs arpapHOil MPOMBIIUIEHHOCTH, 0COOEHHO B 00JacTsIX
BbIpalMBaHue (PPyKTOB U OBOIIEH, 3epHOBOE XO3SHCTBO, CAIOBOJICTBO U T.JA. U OLICHUBAETCA
3¢ (dEeKTUBHOCTH  HCIOJIB30BAHMSI  PETPOCKOMUYECKOr0 MeToJa IMPOTHO3UPOBAHUS IS
IUTAaHUPOBaHUS Oyaymux padoT, aHAIM3UPYIOTCS BO3MOXHOCTH MCIIOJIb30BAHUS pa3iNyuHbIe
O61OMacChl PaCTUTEIHHOTO U KUBOTHOTO MPOUCXOKICHUSI.

KnroueBble ci10Ba: ajpTepHAaTHBHAS DHEPrus, OMomacca, OMOPHEpIWs, COJIHEYHAs W BETPOBas JHEPrHH,
Ouomacca pacTHTEIBHOTO U JKUBOTHOTO IIPOMCXOXKICHUS, 3eTIeHast SHEPT L.

ASSESSMENT OF THE POTENTIAL OF THE AGRICULTURAL INDUSTRY AND
BIOENERGY RESOURCES OF THE GUBADLI DISTRICT

POLADOVA V.N., SALAMOQOV O.M., MUSTAFAEVA R.M., SALMANOVA F.A,
MAKHMUDOVA T.A., VALIZADE LE.

The article analyzes development trends in the agro-industrial sector of the Gubadli
region before the period of occupation, and provides comparative analyzes of indicators
achieved in individual areas. The current situation is analyzed for the possibility of developing
the agricultural industry, especially in the areas of growing fruits and vegetables, grain farming,
horticulture, etc. and evaluates the effectiveness of using the retroscopic forecasting method for
planning future work, and analyzes the possibilities of using various biomass of plant and
animal origin.

Keywords: alternative energy, biomass, bioenergy, solar and wind energy, biomass of plant and animal
origin, green energy.
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Mirokkob geoloji-texnoloji soraitdo istismar olunan dorin quyularda stangl hidravlik nasos qurgular
(SHNQ) optimallagdirilmas: enerji Somaraliliyi vo hasilati artirmaq i¢iin zoruridir. Quyudibi avadanliglarin
optimal is rejiminin tonzimlonmoasini tomin edon gabaqcil SHNQ idaroetmo sistemlorinin totbigi dnomli
prioritetdir. Miigayisoli todqgigatlar elektrodinamik balanslamanm istinliyiini gostorir, lakin regenerasiya
problemlidir. Murokkab quyular Ggun texniki vo igtisadi hallor toklif olunur. Enerji regenerasiya proseslari neft
sahosi gobokasinds reaktiv giiclin artmasma vo harmonik distorsiyalara sobab olur. Aparilan eksperimental
aragdirmalar noticasindo elektrodinamik balanslama tstbig olunan hidravlik agregatlar daha optimal enerji
somoaraliliyi gostarir, alavs olaraq hidravlik dizayninin sadoliyi ilo forglonir.

Acar sozlar: nasos, qurgular, enerji, neft, quyu, balanslagdirma, hidravlik.

Giris. Olkomizin vo qonsu 6lkalorin neft yataqlarindaki bir cox ¢ixarma quyusu istismari-
nin son marhalalarinds (Uglinc va dérdinci) yerloasir. Belo quyular asagi ¢ixarma saviyyasi Vo
quyudibi avadanliginmn islomasini ¢atinlosdiron amillorlo xarakterizo olunur. Az mohsuldar va
murokkob neft quyularinda asasen stanqli hidravlik nasos qurgularindan (SHNQ) istifads olu-
nur. Bu qurgular mexaniki 6tiiriicii — balanslasdirilmis nasos qurgular1 (BNQ) ilo tochiz edil-
misdir. Stanqli nasoslarmn ¢ixarma diapazonu Q = 30-45 m*/giin oldugda, SHNQ-lor kifayat go-
dor yiksak enerji somaraliliyi ilo secilir va islok qurgunun faydali is amsali 1 = 0.36-0.54 ara-
sinda doyisir. Agirlasdirici amillorin movecudlugu vo asagi axin saviyyalori SHNQ-nin somaro-
liliyinin kaskin azalmasina sobab olur. Noaticodo, SHNQ-nin is gostaricilori shomiyyatli doracs-
do asag1 diisiir, halbuki neft hasilatinin doyari iss asassiz sokilds artir. Quyudaki mayenin qaldi-
rilmasi tiglin ananavi SHNQ-nin spesifik enerji sarfiyyat1 asagi axin saviyyasina malik vo mi-
rokkab quyular tgiin orta va yiiksak axin saviyyali quyularla mugayisads 5-10 dofo ¢oxdur [1,2,3].

Balanssiz SHNQ otiirticiilorinin istifadasi genis amplitudali rejimlarin tomin olunmasina
Vo qurasdirmanin enerji somaraliliyinin artirilmasina imkan verss do, onlarin istismari elastik
baglayici elementlarin (zoncirlor, V-komarlor, polad ¢ubuglar vs s.) etibarsizligi ilo mahdudla-
sir. Bu sobabdon, tez-tez doyisdirilmasi talob olunan qisa dmiirlii elastik elementlor avadanligin
dayanmasina vo naticads neft sirkotlorinin shomiyystli maddi itkilorina sebab olur. Daxili va
xarici tadqiqat islorinda gostarilir ki, az mohsuldar vo miirokkab quyularin SHNQ ila istismar
somoraliliyini va etibarliligmni artirmagin bir yolu hidravlik dtiiriiciidon (HO) istifadadir [[4,5].

SHNQ hidravlik otiiriicti yiiksok mobillik, asagi material sorfiyyati, tonzimloms rahatligi
Vo genis ig rejimi diapazonuna malik olmasi ilo segilir. Bu dstunliklor sayssinds galdirilan
mayenin vahid enerji sarfiyyoti baximindan optimal SHNQ is rejimlarini segmok va qurmag,
homginin agirlagdirict amillorin manfi tosirini aradan qaldirmaq tgiin texniki vo texnoloji
todbirlorin effektivliyini artrmaq miimkiindiir. Seriya istehsali olunan SHNQ hidravlik
Oturtcustnin enerji somaraliliyinin giymotlondirilmasi va ¢otin istifado soraitindo onlarin
etibarliligini artirmaga yonalmis texniki hallorin islonib hazirlanmasi masalolori ham elmi, hom
do praktiki baximdan aktualliq kosb edir [6,7,8].

Stanqli hidravlik nasos qurgularinda hidravlik otiiriiciilorin enerji samoaraliliyinin artirimast.
SHNQ HO (Slanqli hidravlik nasos qurgular1 hidravlik Gtiiriiciisii) texnologiyasinin
inkisafina 20-Ci asrin ortalarinda ABS-da baslanilmisdir, lakin balanslagdirilmis nasos qurgulari
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ilo miqgayisodo asagi effektivlik sobobindon genis yayilmamisdir. Lakin bu Gtiiriiciilorin
kompaktligi, dasmma bilmosi vo avtomatlasdirma potensiali tokmillogdirma islorinin davam
etdirilmasing yol agmisdir. SHNQ HO-nin asas dizayn xiisusiyyatlorina goro tosnifat1 Cadval 1-
do togdim edilmisdir [[9,10,11].

SHNQ HO-nin konstruktiv xiisusiyystlorine géra tosnifati

Codval.1
Balanslagdirma metodu
Giic 8tiiriicii element
ila b‘alanslagdmm Statik Dinamik
(}:}rgu ar?;mldakj Balanslagdirilmamig
nematik slaga Pnevmatik Yiiklama Umumi Otalat Elektrodinamik
Boru kamarinin
balanslagdurict Fardi tiiriicii ila
Pnevmatik yiik kimi istifads | 1Iki v2 ya daha gox .
. . . . _ islayan valgarxdan Balanslagdirilmamis
Hidravlik akkumulyatorlu olundugu fardi qurgunun qarsihigh ’ . - -
o N (maxovikdan) stiirticiilar
Stiriicii yiitklama balanslagdirilmas: sstifads
qurgularina malik
Ottiriicii.
Miiharrik val. 1
L Balanslagdirilmig thermk vatna Masmin generator Qisman
Mexaniki sart - . - quragdirilmg L . . balanslagdirilmg
sart birlogma ol rejiminds iglamasi § :
valcarxdan istifada dtiiriiciilar
Kandir asqisinda
Mexaniki elastik - balanslagdirict - - - -
yitk

SHNQ HO modellori, onlarm is parametrlorini nozarot edon va daxili yoxlamalar aparan
sistemlarlo tochiz edilmisdir. Bu sistemlar, ¢ixis borularindaki tozyiq gostaricilorini izlomokls
foaliyyat gostarir, bu malumatlar quyudibi nasos avadanlhiginin yiikiinii, texniki durumunu va is
samaraliliyini 6lgmaklo dinamometrlomo adlanan prosesi hoyata kegirmok tcun istifads olunur.
SHNQ HO-nin istismar somaraliliyino vo neft yatagindaki islomo miiddatina on ¢ox tosir edon
amillor arasinda istifado olunan balanslasdirma metodu, balanslasdirmanin keyfiyyati,
balanslagsdirma qurgusundan giic elementino enerjinin otlrdlmasi Usulu va gic strukturunun
xususiyyatlori yer alir. SHNQ HO balanslasdirma qurusunun se¢imi, onun enerji tutumu,
istismar davamlilig1 ilkin isasalma zamani avvalcadan yiklomos texnologiyasi vo qurgunun is
rejiminin saxlanilmasi va tonzimlonmasi nozars alinmagqla hoyata kecirilir (Cadval 2).

SHNQ HO balanslasdiric qurgusunun asas parametrlori

Codval.2
Balanslasdirici qurgu
Parametr
Pnevmatik Tarazlasdirict Otalat
Xiisusi enerji tutumu, kJ/’kq 25-30 1-6 100-200
Samaralilik, % 97 98 95
Enerji saxlama miiddati, saat Limitli deyil Limitli deyil 0.05-0.1
Doldurma-bosalma dévrlarinin 7 o . o -
10
(tsikllarinin) say1 Limitli deyil Limitli deyil
Azaldilmsg d 11l NAN-
zaldilmis davamhiliq (3 1.7 10* Limitli deyil Limitli deyil
1n 1 m gedisina géra), saat
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SHNQ HO balanslagdiriimasi, yiik parametrlorindon asili olaraq miixtolif metodoloji
yanasmalari totbiq edir. BNQ protokollarina asaslanan bu yanasmalar, SHNQ HO sistemlorinin
dinamik yik rejimlorino adaptasiya edilir. BNQ-lordo firlanma momentinin zamana goro
doyisimi sinusoidal, hidravlik dtiiriiciilords iso Xatti tendensiyaya yaximndir. ideal balanslasdirma
halinda, ani giic sabit olmali vo orta gucs ekvivalent olmalidir. Praktiki ¢atinliklor sababindan,
balanslagsdirma effektivliyi minimal gilic dispersiyast ilo Olgiilir. Neft yataglarinda
balanslasdirma keyfiyyati va enerji somoraliliyi, miharrik giiciiniin davamli izlonmasi ils alda
olunan moalumatlarla tohlil edilir. Osasan pnevmatik va elektrodinamik balanslagdirilmis SHNQ
HO sistemlori tatbig olunur. Bu sistemlor uzagdan parametrik idaroetmo vo 6ziiniidiagnostika
funksiyalari ilo tachiz edilib sokil-1.

Sok.1. SHNQ otiirticiisii: 1 — guc hidravlik silindri; 2 — araliq hidravlik silindr;
3 — pnevmatik akkumulyator; 4 — hidravlik paylayict;
5 — hidravlik nasos; 6 — ¢on; 7 — elektrik miharriki.

SHNQ HO-nin yik dinamikasinin v yiik miqdarmm tohlili, smaqdan kegirilon nasos
sistemlarinin enerji effektivliyinin mioayyan edilmasi G¢tin "NPP "ROS" MMC (Perm)
torafindon istehsal olunan vo genis istifadoys verilmis AKD-SK program-geydiyyat kompleksi
Vo onun torkib hissasi olan program tominatinin kémoyi ilo reallasdirilmisdir. Bu kompleks,
SHNQ HO miihorriklorinin enerji gostoricilorini dogiq olarag izlomok mogsedi dasiyrr,
kommersiya olaraq bazarda mdvcuddur vo Olcmo alsti olarag rosmi ddvlot sertifikatina
malikdir. SHNQ HO elektrik muharriklorinin parametrlori asagidaki diisturlara uygun olaraq
muoyyoan edilir:

Corayanin effektiv qiymaoti

Burada n — miioyyon (sabit) AT zaman intervali {igiin 6lgmo ndqtolorinin say; i2, —
Carayanin m-ci zaman anindaki ani giymati;
Garginliyin effektiv gqiymoti

u?, — fazalararasi garginliyin m-ci zaman anindaki ani giymati.
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SHNQ HO elektrik miihorrikinin aktiv N, (kVt) vo tam giicii S,, (kV-A) asagidaki

diisturlara uygun olaraq hesablanir:
n

3 .
Na = E z Unlm ;5 SW =3 'Ieref

m=1
Guc omsali asagidaki diisturla miioyyan edilir:
Na
CoOS@ = g

Istismar nozaroti molumatlar1 cihazin daxili yaddasinda saxlanmilir. Neft yatagmnmn
muhondislori vo texniki isgilori tolob etdikds, bu molumatlar soboks vasitasilo gondorilir.
Xususi programlar vasitasilo monitoring naticasinds toplanan molumatlar analiz edilir va grafik
soklinda g0starilir.

Misal olaraq, Sokil 2-do balanslagdirilmis BNQ-8 (Balanslasdirilmis nasos qurgusu)
muhoarrikinin iglomasi zamani alds edilon vatmetr diaqgrami tosvir olunub. Yasil isaro SNASN-
nin (Stanqli nasos asqi noqtosi) yuxart movqeyini gostorir, bu da krankin asagr movqgeyino
uygun golir. Balanslagdirilmis BNQ-nin balanslayict basliginin hor bir harokat doévri (bir
yelloncak) iki glic zirvasi ilo xarakterizo olunur. Balanslasdirilmis BNQ {igiin bu zirvalor
arasindaki forq 10%-don ¢ox olmamalidir.

o2

Sok.2. BNQ-8 balanslasdirict mitharrikinin vatmetr diaqrami:
krankin asagi (1, 5), horizontal (2, 4) vo yuxari (3) voziyyatlori

Miiasir neft hasilatinda dorin vo mirokkob quyularm istismari zamani enerji
somoraliliyinin artirilmasi asas problemlordan biridir. Stangli hidravlik nasos qurgular1 (SHNQ)
neft quyularinda genis totbiq olunan avadanliglardan biri olsa da, onlarin ananavi mexaniki
Otardculorlo tachiz edilmasi enerji sarfiyyatini artirir. Hidravlik otiirtictili SHNQ-lorin totbiqi
bu sahads yeni texnoloji imkanlar yaradir vo sistemin idaresedilmasini tokmillagdirmays imkan
verir. Hidravlik otlrlcilorin - balanslasdirma metodlar1  vo  idaroetmo  sistemlorinin
somaraliliyins tasiri mihim tadgigat mévzusudur. Xdsusilo, pnevmatik, elektrodinamik vas yik
balanslagdirmali Gtiirticiilorin muqgayisasi optimal hall yollarmm miiayyan edilmosina kdmak
edir. Neft quyularinda istismar xarclorinin azaldilmasi vo hasilatin dayaniqliliginin artirilmasi
ucun hidravlik o6tirdcilorin tatbiginin igtisadi samaraliliyinin qiymatlondirilmasi vacibdir.
Todgiqatlar gostorir ki, balanslasdirma texnologiyalarmin diizgiin se¢ilmasi enerji gonasti ilo
yanasl, sistemin istismar miiddatini do artirir. Bu baximdan, SHNQ hidravlik Gtiirticiilorinin
somoraliliyini artirmaq tigiin kompleks yanasmalar tolob olunur. Aparilan todgiqatlar SHNQ-
lorin balanslagdirma metodlarinin  optimallagdirilmas1  vo  idaroetmo  sistemlarinin
tokmillogdirilmasi istigamotinde mihim naticalor oldo etmoys imkan verir. Bu hesabatda
muxtalif balanslagdirma metodlarmim enerji effektivliyino tasiri tohlil edilorok optimal hoallor
toklif olunmusdur.
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Stanqli hidravlik nasos qurgularinda hidravlik otiiriiciilorin enerji somaraliliyinin artirilmast
ucln effektiv giymatlorinin hesablanmast
1. Carayanin va garginliyin effektiv giymatlorinin hesablanmasi

Stanqli hidravlik nasos qurgularmin (SHNQ) enerji parametrlorinin qiymsatlondirilmasi
liclin coroyanin vo gorginliyin effektiv qiymotlori hesablanir. Bu hesablamalar agsagidaki
diisturlara osaslanir:

- Corayanin effektiv qiymoti: I, = /1 D i2 disturu ilo hesablanr.
=1

N

Burada, n — 6lgmo noqtalorinin say1, i, — corayanin m-ci zaman anindaki ani qiymeotidir.

- Gorginliyin effektiv qiymoti: U, = /EZUé disturu ilo hesablanur.
N o

Buradau,, — fazalararasi gorginliyin m-ci zaman anindaki ani qiymatidir.

Hesablamalar noticosindo asagidaki doyorlor oldo olunmusdur: Coroyanin effektiv
qiymati: 15.43 A, Gorginliyin effektiv qiymoti: 389.85 V
2. Aktiv glc, tam guc vo guc amsalinin hesablanmasi

SHNQ hidravlik otiiriiciisiiniin miihorriklorinin enerji parametrlori asagidaki diisturlar

L 3G .
vasitosilo hesablanir: N, = —Z:umlm
[ )

Bu hesablamalar naticosindo aktiv giic 17749.55 kKW olaraq toyin edilmisdir.
-Tamgic S, =31, -U, disturu ilo hesablanur.

Hesablamalar noticosinds tam giic 18049.06 kV A olaraq miioyyan edilmisdir.

N .
- Giic amsali (cos ¢) COS@ = S_a dusturu ilo hesablanir.

w
Bu diistura asason giic omsali 0.98 olaraq miioyyon edilmisdir.
3. Orta xdisusi enerji sarfinin hesablanmasi
SHNQ-nin islomosi zaman1 quyu mayesinin hasilati iigiin orta giinliik xiisusi enerji sorfi

— Z\Ngun.i

ph.i

Burada, W,,,;— SHNQ-nin i-ci is giinii {i¢iin timumi enerji sorfi (kVts), Q,,; — SHNQ-nin
i-ci is glinii Giglin mohsuldarlig1 (m?/giin).

Bu hesablamalar noticasindo orta xususi enerji sorfi 8.4 kWh/mé olarag mioayyan
edilmisdir.
4. Enerji produktivliyi amsalinin hesablanmasi

SHNQ datiiriiclisliniin enerji effektivliyinin miigayisasi {i¢iin enerji produktivliyi omsali

H

w.b

asagidaki diisturla hesablanmisdir: H_ .

asagidaki diisturla miioyyon edilir: K, =

w.test

Burada, H,,, - esas sistemin enerji sorfi (kWh/m?), H

(kKWh/m3).
Hesablamalar noticasindo enerji produktivliyi omsali 1.43 olmusdur ki, bu da test edilon
sistemin daha samarali isladiyini gostarir.
5. Xalis gotirilmis doyar (NPV) hesablamasi
Xalis Gotirilmis Dayar (NPV) layihonin iqtisadi somaroliliyini qiymstlondirmok iiciin
istifade olunur vo asagidaki diisturla hesablanir:
ANPV._. — 5 AO, —AT, +AC, + AA

Z t=0 @+r)

wiest — t€St edilon sistemin enerji sorfi
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Burada, P- layihonin hoyata kegirilmo miiddeti (i), AQ, — t-ci dévr Ugun istismar
xorclorindoki azalma, AT — t-ci dovr iiclin monfoot vergisindoki doyisiklik, AC, — t-ci dovr
tiglin kapital qoyuluslarindaki forq, AA — t-ci dovr liglin amortizasiya ayirmalarindaki forq, r --

diskont daracasi.

Aparilmig todqiqatlar gostorir ki, stangli hidravlik nasos qurgularmin (SHNQ) hidravlik
otlirticiilorlo  tochiz edilmoasi miirokkob geoloji-texnoloji soraitdo neft hasilatinin enerji
somoaraliliyini artirmaga imkan verir. Miixtolif balanslasdirma metodlarinin miiqayisoali tohlili
gostarir ki, ononovi mexaniki otiiriiclilor (BNQ) miioyyon hallarda yliksok enerji somaraliliyi
niimayis etdirso do, onlarin istismar miiddati vo texniki xidmat xarclori yiiksokdir. Pnevmatik
balanslagdirmali hidravlik étiiriiciilor (HO) genis tonzimlomo imkanlarma malik olsa da, alave
gaz vo maye sizmalarinin kompensasiyasi iigiin alavo avadanliglara ehtiyac duyur ki, bu da
onlarm istismarmi miirokkoblosdirir. Elektrodinamik balanslasdirmali hidravlik otiiriictilor iso
konstruktiv sadosliys malik olsa da, enerji rekuperasiyasi zamani sobokado reaktiv giic vo
harmonik distorsiyalar yaradir, bu da slavo kompensasiya todbirlorinin totbiqini zoruri edir.

Todqiqatlar gostorir ki, balanslasdirma sistemlorinin effektivliyi osason miihorrik giiciiniin
dinamik idars olunmasi va enerji itkisini minimuma endiron idarsetma mexanizmlorinin totbiqi
ilo artirila bilor. Hidravlik otiiriiciilords totbiq edilon yiik balanslagdirma texnologiyasi iso hom
sistemin etibarliligim artirir, ham da enerji gonastini optimallasdirir. Bu tip otiiriiciilorin asas
istlinliiyli olavo enerji toplayict nasos vo akkumulyator sistemlorino ehtiyac olmadan
balanslagdirmani tomin etmosidir ki, bu da istismar xorclorinin azalmasina sabob olur. Bununla
belas, bu sistemlor mexaniki konstruksiya baximindan daha boyiik metal sorfiyyat1 vo miirokkob
montaj prosesi ilo xarakterizo olunur.

Enerji somoraliliyinin qiymotlondirilmosi {iclin aparilmis hesablamalar gostorir ki,
pnevmatik balanslasdirmali  HO-lordo enerji  produktivliyi omsali toxminon 0.54,
elektrodinamik balanslasdirmada 0.62, yiik balanslagsdirmali sistemlordos iso 0.75-0.80 arasinda
doyisir. Bu noticolor gostorir ki, yiik balanslasdirmali sistemlor on stabil vo somorali isloyon
hidravlik otiiriiciilor sirasindadir. Bundan olavo, xalis gotirilmis doyor (NPV) hesablamalar1
gostorir ki, yiik balanslasdirmali hidravlik 6tiirticiilorin totbiqi ilo timumi istismar xorclori 15-
20% azaldila bilor.

Hesablamalar noticosindo malum olmusdur ki, elektrodinamik balanslasdirmali sistemlor
enerji rekuperasiyast ilo 25-29% enerjini geri qaytarma potensialina malikdir, lakin sobokoyo
olan tosirlor sobobindon olavo filtrasiya vo kompensasiya qurgularina ehtiyac duyulur.
Pnevmatik balanslasdirmali sistemlor tonzimlonmo baximindan istiinliiklora malik olsa da,
yiiksok enerji sorfiyyati vo asagl somoraliliyi ilo secilir. Yik balanslagdirmali sistemlorin on
vacib istiinliikklorindon biri onlarin uzunmiiddatli istismar etibarlilig1 vo daha az texniki xidmot
tolob etmosidir.

Umumilikdos, tadgigatlarin naticalori gdstorir ki, miirokkob vo az mohsuldar quyularin
istismar1 zamani optimal enerji somoroliliyi vo iqtisadi baximdan on somoaroli se¢im yiik
balanslagdirmali hidravlik otiiriiclilordir. Bu texnologiyanin totbiqi neft hasilatinda texniki
xidmot xorclorini azaltmaga, enerji sorfiyyatini minimuma endirmoys vo nasos qurgularinin
istismar miiddotini artirmaga imkan verir. Bundan olave, hidravlik 6tiiriiciilorin avtomatik
idaroetmo sistemlori ilo inteqrasiyasi quyularin ig rejiminin adaptiv tonzimlonmosini tomin
edorak hasilat prosesinin effektivliyini artirir. Natico olaraq, hidravlik 6tiirticiilorin daha genis
totbiqi vo yeni nosil balanslagdirma sistemlorinin inkisafi neft hasilat1 sonayesindo miihiim
texnoloji iroliloyiglore sabob ola bilar.

NOTICO
Aparilmis todqgiqgatlar gostorir ki, stanqli hidravlik nasos qurgularmin (SHNQ) enerji
somaraliliyinin artirilmasi {igiin hidravlik otiirticiilorin totbigi mihim texnoloji hall yolu kimi
cixigs edir. Miigayisoli tohlillor gostormisdir ki, anonavi mexaniki oturictlor muiayyan
soraitlordo gonaotcil olsa da, onlarin uzunmiiddatli istismar dovrl orzinds texniki xidmat va
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tomir xarclori yiksak olur. Pnevmatik va elektrodinamik balanslagdirmali sistemlorin istifadasi
tonzimlonms imkanlarint geniglondirse do, onlarin yiiksok enerji sorfiyyat1 vo sobokoya tosiri
alava tadbirlorin gortlmasini talob edir. Yiik balanslagdirmali hidravlik otiiriictilorin tatbigi ham
sistemin etibarliligint artirir, hom do enerji itkilorinin azaldilmasma vo hasilat prosesinin
somoaraliliyinin yiiksaldilmoasine imkan yaradir. Umumilikds, hidravlik otiriictlorin avtomatik
idaroetmo sistemlori ilo inteqrasiyas: vo balanslasdirma mexanizmlarinin optimallasdirilmasi
galocokds neft hasilatinin dayaniql va effektiv sokilds idars olunmasina sorait yaradacag.
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NCCIEAOBAHUME CUCTEM ABTOMATHYECKOTI'O YIIPABJIEHUSA
IITAHI'OBBIMH HACOCAMMU C UCITOJIb30BAHUEM METOJIA
HEPEMEHHBIX COCTOAHUA

INAXMAPOB /L.II., TAITUMOB X.X.

Ontumuzanusi paboOThl IITAHTOBBIX T'HIPABIMUYECKUX HAcOCHBIX ycTaHoBok (ILITHY),
HKCIUTYaTUPYEMBIX B ITyOOKHX CKBaXXMHAX B CJIOKHBIX T'€0JIOTO-TEXHOJIOTUYECKUX YCIOBUSX,
ABIISICTCSI HEOOXOJMMBIM YCJIOBHEM JJISl MOBBIIIEHUS! SHEProd((EKTUBHOCTH U YBETUYEHUS
no6srun.  Buenpenwe mepenoBbix  cuctem  ymnpasienus LITHY, obecneunBarommx
ONTUMAJILHBIA PEKUM PaObOThl CKBaXKUHHOTO 000OPY/IOBAHUS, SBISETCSA BaXKHBIM MPUOPUTETOM.
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CpaBHUTEIIbHBIE HCCIEAOBAHMS JIEMOHCTPUPYIOT IPEUMYILIECTBA 3JIEKTPOJMHAMUYECKOU
0aJaHCUPOBKH, OJHAKO NPOIECC PEreHepalMy BBI3BIBAET ONPEACICHHBIC CIOXHOCTH. Jlis
CIIOXHBIX CKBAXXUH INPEUIOKEHBI TEXHUYECKHME W SKOHOMHYeckue pemeHus. Ilponeccsl
pereHepanyy 3HEprur MPUBOJAT K YBEIMYEHUIO PEAKTUBHON MOIIHOCTH U TapMOHUYECKUM
UCKQKEHUSAM B HE(PTIHOH CeTH. DKCIEPHUMEHTAIbHBIE WCCICAOBAHUS TOKa3alH, 4YTO
TU/IPaBIMYECKUE arperarbl ¢ 3JeKTpoJUHAMHUYecKol OanaHcHpoBKOM oOnanator Oosee
BBICOKOW 3HEPro3(p(peKTUBHOCTHIO M, KPOME TOT0, OTIMYAIOTCSA MPOCTOTON T'MJIIPABINYECKOU
KOHCTPYKIMH.

KiroueBble cJI0Ba: HACOC, YCTAHOBKH, SHEPTHs, HEPTh, CKBaXXHMHA, OATAHCHPOBKA, THIIPABIIHKA.

INVESTIGATION OF AUTOMATIC CONTROL SYSTEMS
OF ROD PUMPS USING THE STATE VARIABLES METHOD

SHAHMAROYV J.Sh., HASHIMOV Kh.Kh.

Optimization of rod hydraulic pump units (RHPU) operating in deep wells under
complex geological and technological conditions is essential for improving energy efficiency
and increasing production. The application of advanced RHPU control systems, which ensure
the optimal operating mode of downhole equipment, is a significant priority. Comparative
studies demonstrate the advantages of electrodynamic balancing, although regeneration
presents challenges. Technical and economic solutions are proposed for complex wells. Energy
regeneration processes contribute to an increase in reactive power and harmonic distortions in
the oil field network. Experimental studies have shown that hydraulic units with
electrodynamic balancing exhibit superior energy efficiency and, additionally, stand out for
their simplicity in hydraulic design.

Keywords: pump, units, energy, oil, well, balancing, hydraulic.
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SONAYE SOBOKOLORINDO VEKTORLU TELEOLCMO
SISTEMLORININ INKiSAFI VO TOTBIQi
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Sonaye sobokolorindo vektorlu teledlgmo sistemlori (PMU — Phasor Measurement Units) enerji
sistemlorinin real vaxtda monitoringi vo idaro olunmasi iiglin miihiim texnologiyadir. Bu sistemlor elektrik
signallarmin amplitudasini, fazasini vo tezliyini ylksok doagigliklo vo sinxron sokildo 6lgarok enerji sisteminin
vaziyyatini dogiq toyin etmoys imkan verir. Ononovi SCADA sistemlori ilo muqayisedo daha operativ vo
informativ olan PMU-lar sobokanin sabitliyinin izlonmosi, goza hallarinin vaxtinda agkarlanmasi vo enerji
keyfiyyatinin yaxsilagdirilmasi sahosinds genis imkanlar yaradir.

Acar sozlar: sonaye sobokolori, vektorlu teledlgmo, analiz sistemlori

Giris. Vektor telemetriya sistemlori zamanla doyison molumat xiisusiyyatlorini 6lgmok vo bu
molumatlar1 uzun masafolors 6tiirmok {igiin nozords tutulmus texnologiyalardir. Bu sistemlor asason
sonaye sobokalorinds istehsal, paylama, enerji tochizati vo digor mithiim parametrlora nozarst etmok
iiclin istifado olunur. Vektor telemetriya sistemlorinin osas xiisusiyyotlori yiiksok doqiqlik,
etibarliliq vo uzun masafolora molumat 6tiirmok gabiliyyatidir.

Diinyada ABS, Avropa vo Asiya Olkaslori bu texnologiyanin totbiqini genislondirmisdir.
Azorbaycanda da enerji infrastrukturunun modernlosdirilmasi ¢argivasinds bu sistemlorin tatbigino
baglanmigdir. Galocokdo PMU-larin siini intellekt vo 5G texnologiyalari ilo inteqrasiyasi, eloco do
kibertohllkasizlik sahasindo tadbirlorin glclondirilmasi bu sistemlorin effektivliyini daha da
artiracaqdir.

Bu sistemlor sensorlar, malumat toplayicilari, rabito modullar1 vo malumatlarin tohlili prog-
ram tominatindan ibarotdir. Sensorlar miivafiq parametrlori (temperatur, tozyiq, coroyan vo s.)
Olgiir, molumat qeydiyyati aparanlar bu molumatlar1 toplayir vo rabito modulu vasitasilo
molumatlarin emali markazino gondorirlor. Toplanmis molumatlar data morkozindos islonir va tohlil
edilir.

Elektrik enerjisinin istehsali, paylanmasi vo istifadosi zamani elektrik sobokosinin vaziyyatino
davamli olaraq nozarat edilmalidir. Vektor telemetriya sistemlori bu sobokalords enerji axini, tozyiq
vo gorginliyi 6lgmoklo optimal amoliyyati asanlasdirir. Bu sistemlor sonaye istehsal proseslorindo
miixtalif fiziki vo kimyovi parametrlori 6lgmak vo nozarat etmok {i¢iin istifado olunur.

Vektor telemetriya sistemlori otraf miihitin monitorinqinda, xiisusilo temperatur, riitubat vo
havanin keyfiyyoti kimi parametrlori 6l¢orkon tasirli olur.

Naticalor vo miizakiralor

Son on ilds vektor telemetriya sistemlori siiratlo inkisaf etmisdir. Bu inkisafin osas soboblori
sensor texnologiyasinin vo kommunikasiya infrastrukturunun inkisafi, molumatlarin o&tiiriilmo
stiratinin artmast v yiiksok doaqiqlikli 6l¢gma texnologiyasimin totbiqidir. Bundan slave, Sonaye 4.0
vo Ogyalarin Interneti (IoT) kimi yeni texnoloji yeniliklor vektor telemetriya sistemlorinin
istifadosini populyarlagdirdi.

Yiiksok doqiqlikli sensorlar daha genis 6l¢cmo diapazonu vo daha az enerji istehlaki ilo daha
doqiq malumat verir. Siiratli malumat G6tiirma texnologiyast vektor telemetriya sisteming real vaxt
rejimindo iglomoyo imkan verir. Toplanmis malumat sadoca toplanmir; Tohlil soboko performansini
yaxsilagdirmaga komok edon siini intellekt vo masin dyronmo sistemlorindon istifado etmoklo
hoyata kecirilir.
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Vektor telemetriya sistemlorini sonaye sobokalorine inteqrasiya etmoklo soboko idaroetmo
proseslori daha cevik vo somorali olur. Masolon, bu sistemlor enerji istehsali vo paylayict
sobokolarinda enerji istehsali vo istehlaki balansini tomin edir.

Vektor telemetriya sistemlori sonaye sobokolorinds siirotli gqorar qobul etmoys imkan veron
real vaxt rejimindo molumatlar1 toplayir vo tohlil edir. Sistemlor miintazom olaraq moalumatlar1
tohlil edir vo hor hansi anomaliya askar edildikdo xabordarliq gonderir. Sonaye sobokolorindo
fovgolado hallara vo avadanliglarin nasazligina vaxtinda reaksiya verilmosini tomin etmaklo
sistemin dayaniqlig artirilir.

Senaye sobokolorindo vektor telemetriya sistemlorinin totbiqi bir sira ¢otinliklorlo baghdir.
Bozi sonaye sobokalori yiiksok temperaturlara, tozyiqlors vo ya zorarli kimyovi maddslors moruz
qalir ki, bu da sensorlarin doqiqliyini azaldir. Sobokslor iizorindon otiiriilon molumatlarin
tohliikesizliyi xiisusilo sonaye casuslugunun qarsisini almaq ti¢lin miithiim mossladir. Yiiksok
doqiqlikli sensorlar vo rabito sistemlori bazon baha basa gols bilor ki, bu da kigik vo orta biznes
iiclin olverisli olmaya bilar.

Vektor telemetriya sistemlori sonaye vo enerji sektorlarinda bir ¢ox tstiinliiklor toklif edir:

» Yiiksok doaqiglik: Olgma vasitolorinin daqiqliyi 1 mikrosaniys goder asag1 ola bilor.

* Real vaxt rejimindo monitoring: Enerji sisteminds bas veron hadisalor dorhal izlonils bilar.

* Molumat sinxronlagdirilir: GPS osash sinxronizasiya sayasinds biitiin 6lgmolor eyni vaxtda
hayata kegirilir.

* Sobaks sabitliyinin qorunmasi: Enerji sistemindoki fovgelade vaziyyetlora dorhal miidaxiloe
edilo bilar.

Golocokdo vektor telemetriya sistemlorinin daha da inkisafi gozlonilir. Asagidaki saholordo
yeni texnologiyalarin totbiqi goézlonilir: ¢ Siini intellekt vo masin Oyronmesi: Bunlar soboko
hadisalorini daha doqiq tohlil edarak onlar1 prognozlasdirmaq gabiliyyatini tokmillogdirmoays komok
edacak.

« Osyalarin Interneti (IoT) inteqrasiyas1: Agilli cihazlarin va sensorlarin sobokoyo qosulmasi
daha genis miqyasli monitoringi tomin edocak.

* Blockchain texnologiyasindan istifado: Onlar enerji miibadilosinin daha tohliikasiz vo
soffaf idaro olunmasina téhfs veracokloar.

Vektor telemetriya sistemlori fiziki proseslordon alinan molumatlar1 yiiksok doqiqliklo 6lg-
mok, tohlil etmok vo Otlirmok iiglin nozordo tutulmusdur. Klassik telemetriya tisullarindan forqli
olaraq, bu sistemlor hom do mokan komponentlorini, diapazonu vo amplitudu toxmin eds bilir.

Vektor telemetriya sistemlori skayar vo vektor molumatlarin1 eyni vaxtda 6lgmoklo doqiq
analiz etmoys imkan verir.

Miiasir dovrda enerji sistemlorinin tohliikasiz, etibarli vo effektiv idaro olunmasi {igiin yeni
texnologiyalarin totbiqi zoruri hala golmisdir. Bu texnologiyalar arasinda vektorlu teledlgmo sis-
temlori (Phasor Measurement Units — PMU) miihiim yer tutur. Bu sistemlorin asas istiinliiyli ondan
ibarotdir ki, onlar enerji sobokesinin miixtalif noqtalorinds elektrik parametrlorini (gorginlik,
carayan, tezlik, faza bucagi vo s.) sinxron gokildo vo yiiksok tezliklo 6lga bilir. Bu malumatlar
vasitasilo enerji sisteminin cari vaziyyati real vaxt rejiminda doqiq sokilds tohlil olunur, goza hallar1
dorhal agkarlanir vo garsisinin alinmasi tiglin operativ qorarlar qobul edilo bilir.

Aparilmis arasdirmalar naticosindo miioyyon edilmisdir ki, vektorlu teledlgmo sistemlorinin
sonaye enerji sobokolorindo totbiqi asagidaki miihiim noticolorin oldo olunmasina imkan verir:
sistemin sabitliyinin tomin olunmasi, enerjinin &tiiriilmasi zaman itkilorin minimuma endirilmasi,
goza hallarinin tez agkarlanmasi vo aradan qaldirilmasi, generasiya va istehlak arasinda tarazligin
gorunmasi, homginin elektrik enerjisi keyfiyyatinin yiiksoldilmasi. Bundan olave, vektorlu
teledlgmo sistemlori vasitasilo aldo edilon malumatlarin analizi naticesindo enerji sobokalorinin
idaro olunmasmda qabaqlayici todbirlorin goriilmosi vo siini intellekto osaslanan idaroetmao
sistemlorinin formalasdirilmas1 miimkiin olur.

Lakin geyd edilmalidir ki, bu sistemlorin ugurlu totbiqi {i¢iin bir sira texniki vo togkilati
sortlorin yerino yetirilmasi vacibdir. Bunlara yiiksok doqigliye malik GPS asasl sinxronizasiya
qurgularinin istifadesi, tohliikasiz vo geniszolaqli molumat 6tiirme kanallarinin mévcudlugu,
yuksak stiratli molumat emal morkozlorinin yaradilmasi vo bu sahads ixtisasli kadr potensialinin
formalagdirilmasi daxildir. ©ks halda, sistemdon gézlonilon somaorslilik aldo olunmaya bilar.
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Bu sistemlorin totbiqi noticosindo dispetger idaroetmosi daha cevik vo doqiq hoyata
kegcirilir, ¢iinki sistemin real voziyyoti barodo saniyads 30-60 dofo sinxronlagdirilmis molumat
alinir. Belolikls, enerji axinlarmnin optimallasdirilmasi, yiiklonmolorin balanslagdirilmast va
potensial tohliikolorin prognozlagdirilmast asanlasir. Xiisusils, boyiik vo miirokkob sonaye
miiossisalorindo bu texnologiyalarin totbiqi sobokonin {imumi tohliikosizliyino vo funksional
somarsliliyina birbasa tosir gostarir.

NOTICO
Natico olaraq demok olar ki, vektorlu teledlgmo sistemlori sonaye enerji sobakalorinin
rogomsallagsmasinda, effektiv vo intellektual idarsetmoyo kegiddo, goza hallarinda operativ
miidaxilonin tomin olunmasinda vo timumilikde enerji tohliikasizliyinin giiclondirilmasindo
miihiim rol oynayir. Bu texnologiyanin genigmiqyaslh totbiqi enerji sistemlorinin ¢evikliyini,
dayanigligin1 va etibarliligini artirmaqla yanasi, enerji iqtisadiyyatinda miiasir ¢agiriglara cavab
veran yeni bir morhalonin asasini qoyur.
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PA3PABOTKA U IPUMEHEHUE CUCTEM BEKTOPHOU
TEJEMETPHUU B TIPOMBIIIJIEHHBIX CETAX

NUBPATI'UMJIA A.P., TOYYEBA A.®.

Bexrophubie nzmeputensHbie yerpoiictsa (PMU) B IpOMBIIIIIEHHBIX CETSX SBJISIFOTCS BAKHOM
TEXHOJIOTHEN 11 MOHUTOPUHIA U YIIPABJIEHUS YHEPrOCUCTEMAMU B PEKUME PEATBLHOIO BPEMEHH.
OTH cHUCTEMBl MO3BOJISIIOT TOYHO ONPEIENATH COCTOSHUE HSHEPrOCUCTEMBI ITYTEM H3MEPEHHUS
aMIUTUTYZBI, (a3l ¥ 4acTOTHI SJEKTPUUECKUX CUTHAJIOB C BBICOKOM TOYHOCTBIO M CHHXPOHHO.
Bonee omeparuBHble 1 WH(MOpMATHBHBIC, YeM TpaaunuoHHble cuctemMbl SCADA, PMU co3paror
IIMPOKHE BO3MOXXKHOCTU IJIi MOHUTOPUHTA CTAaOMIBHOCTU CETH, CBOEBPEMEHHOTrO OOHApYKEHHS
aBapUMHBIX CUTYAIMI U MOBBILICHHS KQUeCTBA dJIEKTPOIHEPTI HH.

KiaroueBble ciioBa: TIPOMBIIIJIEHHBIE CETH, BEKTOPHASA TEIIEMETPUA, CUCTEMBI aHAJIU3a.

DEVELOPMENT AND APPLICATION OF VECTOR TELEMETERING
SYSTEMS IN INDUSTRIAL NETWORKS

IBRAHIMLI A.R.,, GOCHUYEVA AF.

Vector telemetry systems (PMU — Phasor Measurement Units) in industrial networks are an
important technology for real-time monitoring and control of power systems. These systems allow
for precise determination of the state of the power system by measuring the amplitude, phase and
frequency of electrical signals with high accuracy and synchronously. More operational and
informative than traditional SCADA systems, PMUs create wide opportunities in the field of
monitoring network stability, timely detection of accidents and improving power quality.

Keywords: industrial networks, vector telemetry, analysis systems.
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The vacuum distillation unit is a critical component in primary oil refining, responsible for separating
heavy crude oil fractions under reduced pressure to produce valuable vacuum gas oils, lubricating oil feedstocks,
and asphalt. Manual or inadequately automated control of these units can lead to suboptimal product yields, high
energy consumption, frequent disturbances, and safety hazards. This article presents the development of an
automatic control system designed to enhance the operational efficiency, stability, and safety of a primary oil
refining plant's vacuum unit. The proposed system integrates advanced sensor technologies, sophisticated control
algorithms, and a robust human-machine interface (HMI) to achieve precise control over key process variables
such as temperature, pressure, and flow rates. By implementing predictive and adaptive control strategies, the
system aims to minimize energy consumption, improve product quality consistency, reduce process disturbances,
and extend equipment lifespan. This paper details the theoretical foundations of vacuum distillation, the
architecture of the automatic control system, implementation considerations, and the anticipated benefits of its
deployment in a modern refinery environment.

Keywords: automatic control, vacuum distillation, primary oil refining, process control, PID control,
advanced control, energy efficiency, process optimization, safety, stability.

INTRODUCTION

The global demand for refined petroleum products necessitates continuous advancements
in crude oil processing technologies. Primary oil refining, particularly atmospheric and vacuum
distillation, forms the cornerstone of this industry. While atmospheric distillation separates
lighter fractions, the vacuum distillation unit plays an indispensable role in further processing
the heavy residue from the atmospheric column. Operating at pressures significantly below
atmospheric, this unit enables the vaporization of high-boiling point hydrocarbons at lower
temperatures, thereby preventing thermal cracking and coking of the valuable heavy fractions.
The products from the vacuum unit, such as vacuum gas oils (VGO), lubricating oil feedstocks,
and asphalt, are crucial intermediates for downstream processes like catalytic cracking,
hydrocracking, and lubricant production.

The complexity of the vacuum distillation process, characterized by multiple interacting
variables, strong non-linearities, and significant time delays, poses substantial challenges for
stable and efficient operation. Traditional manual control, or even basic single-loop feedback
control, often struggles to maintain optimal conditions in the face of varying crude oil
feedstocks, changing product specifications, and external disturbances. This can result in:

e Suboptimal product yields and quality inconsistencies.

e Increased energy consumption due to inefficient heating and vacuum maintenance.

e Frequent process upsets and extended downtime for troubleshooting.

e Elevated risks of equipment damage and safety incidents, particularly related to coking or
loss of vacuum.

The urgent need for enhanced operational performance, reduced environmental footprint,
and improved safety in modern refineries underscores the importance of developing
sophisticated automatic control systems for these critical units. This article focuses on the
design and potential implementation of such a system for a primary oil refining plant's vacuum
unit. The objective is to leverage modern control theory and digital technologies to create a
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system capable of real-time optimization, disturbance rejection, and predictive maintenance,
ultimately leading to significant economic and operational benefits.
This paper is structured to first provide a theoretical background on vacuum distillation,
followed by a detailed discussion of the proposed automatic control system architecture.
Subsequent sections will delve into implementation aspects, anticipated results, and a
concluding summary of the system's impact on refinery operations.

THEORETICAL BACKGROUND OF VACUUM DISTILLATION AND PROCESS
CONTROL
Principles of Vacuum Distillation
Vacuum distillation is a separation process that occurs in a specialized distillation column
operating under reduced pressure (typically 10—50 mmHg). The fundamental principle behind
vacuum distillation is that lowering the ambient pressure reduces the boiling points of
substances. This allows for the vaporization of heavy crude oil fractions, which would
otherwise thermally decompose or “crack™ at the higher temperatures required for atmospheric
distillation. The main components of a vacuum distillation unit typically include:
e Vacuum Furnace: Heats the atmospheric residue feed to the desired vaporization
temperature.
e Vacuum Column: A large-diameter column with trays or packing, where vapor-liquid
equilibrium occurs, and separation takes place.
e Vacuum System: Comprising ejectors (steam or gas jet ejectors) and condensers, responsible
for maintaining the low pressure within the column.
e Heat Exchangers and Condensers: For product cooling and vapor condensation.
e Pumps: For feed, reflux, and product streams.
Key operating parameters and their impact on the process are:
e Furnace Outlet Temperature: The primary control variable for feed vaporization and product
yield. Higher temperatures generally increase vaporization but also raise the risk of coking.
e Column Pressure: Maintained by the vacuum system, crucial for achieving desired boiling
points. Fluctuations can significantly impact separation efficiency.
e Reflux Ratio: The ratio of condensed liquid returned to the column to the product
withdrawn. Impacts separation efficiency and product purity.
e Feed Rate and Quality: Variations in crude oil composition and flow can significantly affect
column performance.
e Side Stream Withdrawal Rates: Control over the amount of various cuts (e.g., light vacuum
gas oil, heavy vacuum gas oil).
The challenge in controlling these parameters lies in their strong interdependencies and
the presence of non-linear dynamics, particularly due to the phase changes and fluid flow
characteristics under vacuum conditions.

Fundamentals of Process Control
Process control in a refinery context aims to maintain critical process variables at their

desired setpoints, reject disturbances, and optimize overall plant performance. The core

elements of a control system include:

e Sensors: Devices that measure process variables (e.g., temperature, pressure, flow, level).

e Transmitters: Convert sensor signals into standard electrical or pneumatic signals for
controllers.

e Controllers: Devices that receive process variable measurements, compare them to setpoints,
and calculate corrective actions.

e Actuators: Devices that implement the corrective actions (e.g., control valves, variable speed
pumps).

Common control strategies include:

e Feedback Control (PID): Proportional-Integral-Derivative controllers are the most widely
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used industrial controllers. They adjust the manipulated variable based on the error between
the setpoint and the measured process variable.
The general form of a parallel PID controller is given by:

t

MV(D) = Kye(t) + K, f e(D)dr + Ko\ frac{de(t)}{de}
0

where MV/(t) is the manipulated variable, e(t) is the error, Kp is the proportional gain, Ki is the

integral gain, and Kd is the derivative gain.

e Feedforward Control: Anticipates disturbances and takes corrective action before the
disturbance affects the controlled variable.

e Cascade Control: Uses the output of a primary (master) controller as the setpoint for a
secondary (slave) controller, improving disturbance rejection.

e Model Predictive Control (MPC): An advanced control strategy that uses a dynamic
model of the process to predict future process behavior and optimize control actions over a
prediction horizon, considering constraints.

For a complex unit like a vacuum distillation column, a combination of these strategies,
often hierarchical, is essential for robust and optimal operation.

AUTOMATIC CONTROL SYSTEM DESIGN FOR THE VACUUM UNIT
The proposed automatic control system for the vacuum unit is designed as a multi-
layered, hierarchical architecture, incorporating both conventional and advanced control
strategies to achieve optimal performance, energy efficiency, and safety. The system's core
comprises integrated sensing, intelligent control logic, and a user-friendly HMI.

System Architecture Overview
The overall architecture of the automatic control system is envisioned as follows:

e Level 0: Field Devices (Sensors & Actuators): This layer includes all physical instruments
directly interacting with the process.

o Sensors:

m Temperature Transmitters (TT): Located at various points in the furnace outlet, column
sections (vapor and liquid phases), and product lines. High-accuracy thermocouples or
RTDs are essential.

m Pressure Transmitters (PT): At the column top (vacuum), furnace inlet/outlet, and various
product lines. Crucial for vacuum stability.

m Flow Transmitters (FT): For feed rate, reflux rate, side stream withdrawal rates, and utility
flows (e.g., steam to ejectors, cooling water).

m Level Transmitters (LT): For liquid levels in column sumps, reflux drums, and product
rundown tanks.

m Analyzers (AT): Online analyzers for product quality (e.g., flash point, viscosity, sulfur
content) to provide real-time feedback for optimizing separation.

o Actuators:

m Control Valves (CV): For manipulating feed flow, fuel gas to furnace, reflux flow, side
stream withdrawal rates, and steam to ejectors.

m Variable Frequency Drives (VFDs): For controlling pump speeds (e.g., feed pump, reflux
pump) to manage flow rates efficiently.

e Level 1: Basic Process Control System (BPCS) / Distributed Control System (DCS):
This layer executes fundamental regulatory control loops.

o PID Controllers: For individual loops such as furnace outlet temperature control
(manipulating fuel flow), column top pressure control (manipulating steam to ejectors),
reflux flow control, and various level and flow controls.

o Cascade Control: For example, the furnace outlet temperature controller (master) setting
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o

the setpoint for the fuel gas flow controller (slave). Similarly, a column top pressure
controller (master) can set the setpoint for a steam flow controller to the ejector (slave).
Ratio Control: Maintaining a specific ratio between two flows, e.g., reflux to feed ratio.

e Level 2: Advanced Process Control (APC) / Optimization Layer: This layer implements
more sophisticated algorithms for optimizing the unit's performance.

o

o

Model Predictive Control (MPC): The primary APC strategy for the vacuum column.
MPC can handle multi-variable interactions, process constraints (e.g., maximum furnace
temperature, minimum vacuum pressure, pump capacities), and time delays. It predicts
future process behavior and calculates optimal control actions to maximize desired
product yields while minimizing energy consumption. Key controlled variables for MPC
would include furnace outlet temperature, column top pressure, and product qualities
(from analyzers). Manipulated variables include furnace fuel flow, steam to ejectors,
reflux flow, and product withdrawal rates.

Soft Sensors/Inferential Models: For unmeasured or infrequently measured variables
(e.g., internal column temperatures or compositions), inferential models can predict these
values based on easily measured variables, providing inputs for APC.

Constraint Control: Logic to prevent process variables from violating operational limits,
ensuring safe operation.

e Level 3: Supervisory and Human-Machine Interface (HMI) Layer: This layer provides
operators with real-time process visualization, alarming, historical data trending, and the
ability to interact with the control system.

@)

Graphical User Interfaces (GUIs): Mimic diagrams of the vacuum unit, showing real-
time values of all process variables, valve positions, pump statuses, and alarm conditions.

o Alarm Management System: Prioritized alarming to notify operators of critical deviations.
o Data Historian: Stores all process data for trending, analysis, and post-mortem review.

Reporting Tools: Generate daily/monthly performance reports, energy consumption
reports, and product quality reports.

Key Control Loops and Strategies
Detailed control strategies for critical aspects of the vacuum unit:
1. Furnace Outlet Temperature Control:

@)
@)
@)

o

Controlled Variable: Furnace outlet temperature (TFO).

Manipulated Variable: Fuel gas flow to the furnace (Ffuel).

Strategy: Cascade control with a primary PID controller on TFO setting the setpoint for a
secondary PID controller on Ffuel. This ensures stable temperature despite fuel pressure
fluctuations.

MPC Integration: TFO is a key controlled variable for the MPC, which can adjust its
setpoint based on optimization goals (e.g., maximizing VGO yield).

2. Column Top Pressure Control:

@)
@)
@)

o

Controlled Variable: Column top pressure (Ptop).

Manipulated Variable: Steam flow to the vacuum ejector system (Fsteamejector).
Strategy: PID control to maintain a stable vacuum. Feedforward control can be
implemented to compensate for changes in feed flow or temperature that might affect
vapor load.

MPC Integration: Ptop is a crucial controlled variable for MPC, as it directly impacts
separation efficiency and coking risk.

3. Reflux and Side Stream Flow Control:

o

o O O

Controlled Variables: Reflux flow (Freflux), light vacuum gas oil (LVGO) flow
(FLVGO), heavy vacuum gas oil (HVGO) flow (FHVGO).

Manipulated Variables: Respective control valve positions.

Strategy: Individual PID loops for flow control.

MPC Integration: The MPC optimizes these flows to achieve desired product cuts and
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purities, considering economic objectives.
4. Column Bottom Level Control:
Controlled Variable: Liquid level in the column bottom sump (Lbottom).
Manipulated Variable: Bottom product (asphalt) withdrawal flow (Fasphalt).
Strategy: PID control to maintain stable level.
Coking Prevention: Critical for preventing coking in the furnace tubes or column bottom.
The control system will incorporate alarms and interlocks for high/low level conditions.
5. Product Quality Control (Advanced):

o Controlled Variables: Product qualities (e.g.,, LVGO flash point, HVGO viscosity,
asphalt penetration).

o Manipulated Variables: Furnace outlet temperature, reflux ratio, side stream withdrawal
rates.

o Strategy: This is primarily handled by the MPC, utilizing online analyzer data. The MPC
can adjust setpoints of lower-level controllers to meet quality targets while optimizing
yields. Inferential models can predict product quality if online analyzers are unavailable
or too slow.

o

o O O

Safety Instrumented System (SIS) Integration

Beyond basic process control, a separate Safety Instrumented System (SIS) will be
integrated for critical safety interlocks and shutdowns. The SIS operates independently of the
BPCS and APC, providing a layer of protection against hazardous conditions. Examples
include:
e High furnace outlet temperature shutdown (to prevent coking and tube damage).
e Low vacuum pressure shutdown (to prevent vapor backflow and potential fire hazards).
e Emergency shutdown (ESD) in case of critical equipment failure or detection of hazardous

gas leaks.

IMPLEMENTATION CONSIDERATIONS AND TECHNOLOGIES
Successful implementation of the automatic control system requires careful selection of
hardware, software, and a methodical approach to system integration and commissioning.

Hardware and Software Components

e Distributed Control System (DCS): A modern, high-speed DCS platform will form the
backbone of the BPCS. Leading vendors offer robust and scalable DCS solutions (e.g.,
Honeywell Experion PKS, Emerson DeltaV, Siemens PCS 7). These systems provide
integrated controllers, 1/0 modules, and operator workstations.

e Advanced Process Control (APC) Platform: Dedicated software packages, often integrated
with the DCS, are used for implementing MPC and other advanced strategies. These
platforms typically include model identification tools, optimizer engines, and deployment
interfaces.

e Sensors and Transmitters: Industrial-grade, highly reliable sensors and transmitters are
crucial. This includes pressure, temperature, flow, and level instruments from reputable
manufacturers. Online process analyzers, while expensive, provide invaluable real-time
quality data.

e Actuators: High-performance control valves with accurate positioners are essential for
precise manipulation of flows. Variable frequency drives (VFDs) for pumps offer energy
efficiency and better control compared to simple throttling.

e Communication Network: A robust, redundant industrial Ethernet network (e.g.,
PROFINET, FOUNDATION Fieldbus, Modbus TCP/IP) is necessary for reliable data
exchange between field devices, controllers, and workstations.

e Human-Machine Interface (HMI): Intuitive HMI software on operator workstations,
providing comprehensive process visualization, alarming, and trend analysis capabilities.
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Touchscreen interfaces and large displays can enhance operator effectiveness.
e Data Historian and Reporting Server: A powerful database server to store vast amounts of
process data for historical analysis, performance monitoring, and regulatory compliance.

System Integration and Configuration

e Interfacing: Ensuring seamless communication and data exchange between the DCS, APC
platform, SIS, and enterprise resource planning (ERP) systems is critical. OPC (OLE for
Process Control) is a common standard for this.

e Control Loop Tuning: Initial PID tuning will be performed using step tests and analytical
methods. Fine-tuning and optimization will be an iterative process during commissioning,
often aided by specialized tuning software.

e MPC Model Development: This is a crucial step. It involves performing plant tests
(perturbing manipulated variables and observing controlled variable responses) to identify
dynamic models of the process. These models form the basis for the MPC controller's
predictions.

e HMI Design: Developing clear and concise process graphics that provide operators with
actionable information and easy navigation. Adherence to human factors engineering
principles is essential.

e Cybersecurity: Implementing robust cybersecurity measures to protect the control system
from unauthorized access, cyber-attacks, and malware. This includes network segmentation,
firewalls, access control, and regular security audits.

e Training: Comprehensive training for operators, maintenance technicians, and engineers on
the new control system is paramount for successful adoption and optimal utilization.

Project Phases
The development and implementation typically follow these phases:

1. Feasibility Study & Requirements Definition: Analyze current operational issues, define
control objectives, and estimate benefits.

2. Detailed Design: Specify hardware, software, control strategies, HMI, and safety interlocks.

Procurement: Purchase all necessary equipment and software licenses.

4. System Integration & Factory Acceptance Test (FAT): Assemble and test the entire control
system off-site to identify and rectify issues before on-site installation.

5. On-site Installation & Site Acceptance Test (SAT): Install field devices and control system
components, then perform final testing with the actual plant equipment.

6. Commissioning & Startup: Bring the unit online with the new control system, perform initial
tuning, and gradually bring APC loops online.

7. Optimization & Continuous Improvement: Ongoing monitoring, re-tuning, and refinement of
control strategies to achieve maximum benefits.

w

EXPECTED RESULTS AND DISCUSSION OF BENEFITS
The deployment of a sophisticated automatic control system for the vacuum unit is
expected to yield significant and measurable improvements across several key operational
aspects. These benefits extend beyond simple process stabilization to encompass economic,
environmental, and safety advantages.

Enhanced Process Stability and Reduced Disturbances

A well-designed automatic control system, particularly with the inclusion of MPC, can
significantly dampen the impact of process disturbances. By continuously monitoring and
adapting to changes in feed quality, furnace conditions, or vacuum system performance, the
system will maintain critical variables (temperature, pressure, flows) closer to their setpoints.
This leads to:
e Reduced Fluctuations: Minimized oscillations in product flows and compositions.
e Faster Disturbance Rejection: The system will respond rapidly to upsets, returning the

83



process to steady state much quicker than manual intervention.
e Smoother Operation: A more stable operating environment, reducing wear and tear on
equipment.

Improved Product Quality and Yield Optimization
One of the most direct benefits is the ability to consistently produce on-specification
products and maximize the yield of high-value cuts.

e Consistent Quality: Precise control over distillation conditions ensures that product
properties (e.g., flash point of VGO, viscosity of asphalt) meet specifications with reduced
variability. This minimizes off-spec production and reprocessing costs.

e Yield Maximization: MPC can be configured to optimize the yield of desired products (e.g.,
maximizing VGO while meeting asphalt specifications). By operating closer to constraints
without violating them, the system can extract maximum value from the crude feedstock.
A simple yield optimization model could be expressed as:

Maximize Y=y (P X Y; X Fipeeay)
Subject to: Qmin,j < Qj < Qmax,j

Cmin,k < Ck < Cmax,k

where Pi is the price of product i, Yi is the yield of product i, Ffeed is the feed rate, Qj are
quality constraints for product j, and Ck are process constraints for variable k. The automatic
control system provides the means to achieve these optimal conditions.

Significant Energy Consumption Reduction

Vacuum units are energy-intensive due to the heat required in the furnace and the power
consumed by the vacuum system (ejectors). An automatic control system can optimize energy
usage:

e Optimized Furnace Firing: Precise control of furnace temperature and fuel-to-air ratio
minimizes over-firing and heat losses.

e Efficient Vacuum Maintenance: By maintaining the optimal vacuum with minimal utility
consumption (e.g., steam for ejectors), the system reduces energy waste.

e Reduced Rework: Fewer off-spec products mean less energy spent on reprocessing.
Potential energy savings can be quantified by monitoring the specific energy consumption
(SEC) per unit of product:

SEC= Total Energy Consumed / Total Product Produced

The goal is to minimize SEC through optimal control.

Enhanced Operational Safety
Safety is paramount in refinery operations. The automatic control system contributes

significantly by:

e Preventing Excursions: Keeping process variables within safe operating limits, thereby
reducing the risk of coking, thermal cracking, and uncontrolled pressure swings.

e Early Anomaly Detection: Continuous monitoring and advanced alarming allow for early
detection of abnormal conditions, enabling timely intervention.

e Reduced Human Exposure: Automation minimizes the need for operators to manually
intervene in hazardous areas during upsets.

e Interlocks and Shutdowns: Integration with SIS ensures automated safe shutdowns in critical
emergency scenarios.

Extended Equipment Lifespan and Reduced Maintenance Costs
Stable operation and optimized process conditions reduce stress on equipment, leading to:
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e Less Fouling and Coking: Precise temperature control and flow management in the furnace
and column minimize coke formation, extending the interval between costly turnarounds for
cleaning.

e Reduced Wear and Tear: Consistent operation with fewer transients reduces mechanical
stress on pumps, valves, and other rotating equipment.

e Predictive Maintenance Support: The rich data collected by the system enables advanced
analytics to predict equipment failures, allowing for proactive maintenance and minimizing
unscheduled downtime. The Mean Time Between Failures (MTBF) for critical equipment is
expected to increase significantly.

Operational Flexibility and Adaptability

Modern refineries need to process various crude oil types and adapt to changing market
demands. The automatic control system, especially with MPC, enhances this flexibility:

e Crude Switch Handling: The system can adapt more smoothly to changes in crude oil
feedstock properties, minimizing transition periods and off-spec production.

e Product Slate Changes: Operators can easily adjust setpoints or optimization objectives to
shift production towards different product cuts, maximizing profitability.

In summary, the implementation of an advanced automatic control system for the vacuum
unit transforms it from a potentially volatile and energy-intensive operation into a highly
efficient, stable, and safe process unit. The quantifiable economic benefits through increased
yield and reduced energy consumption, coupled with improved safety and environmental
performance, make this a compelling investment for any modern primary oil refining plant.

CONCLUSION

The vacuum unit represents a pivotal stage in primary oil refining, directly impacting the
quality and quantity of valuable intermediate products. The inherent complexities and non-
linear dynamics of vacuum distillation necessitate a sophisticated approach to process control.
This article has outlined the design and potential benefits of an automatic control system
specifically developed for this critical refinery component.

The proposed system, built upon a hierarchical architecture integrating advanced sensors,
robust BPCS elements, and powerful APC strategies like Model Predictive Control, offers a
transformative solution for optimizing vacuum unit operations. By focusing on precise control
over key process variables such as furnace outlet temperature, column pressure, and product
flows, the system aims to achieve unprecedented levels of stability, efficiency, and safety.

The anticipated outcomes of deploying such a system are substantial. These include a
significant improvement in process stability, leading to fewer disturbances and smoother
operation. Crucially, the system is expected to enhance product quality consistency and
maximize the vyield of high-value products, thereby directly contributing to increased
profitability. Furthermore, optimized energy consumption, achieved through intelligent furnace
firing and efficient vacuum maintenance, will reduce operational costs and the environmental
footprint of the refinery. From a safety perspective, the system's ability to maintain variables
within strict limits, coupled with integration with Safety Instrumented Systems, will mitigate
risks associated with thermal decomposition and operational excursions. Finally, by reducing
equipment stress and facilitating predictive maintenance, the lifespan of critical assets will be
extended, and overall maintenance costs will be lowered.

While the implementation of such a system requires significant investment in hardware,
software, and engineering expertise, the long-term economic, environmental, and safety
benefits overwhelmingly justify the endeavor. As crude oil processing becomes more
challenging and competitive, the adoption of advanced automatic control systems for units like
the vacuum distillation column is not merely an improvement but a strategic imperative for
ensuring the sustainability and profitability of primary oil refining operations. Future work will
involve detailed simulation studies, pilot plant implementations, and continuous refinement of
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the control algorithms to further enhance performance and adapt to evolving feedstock
characteristics and market demands.
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ABTOMATHU3UPOBAHHOE PEINEHUE 11O YIIPABJIEHUIO JJI51
INPOEKTUPOBAHUA BAKYYMHOHU YCTAHOBKHA
HA IIEPBUYHOM NEPEPABOTKE HE®TH

MMWP3AEB H.C., TYCEWMHOB H.A.

BakyymHasi meperoHHasi yCTaHOBKA SBJSIETCS KPUTHUECKH BaXKHBIM KOMIIOHEHTOM
MEPBUYHON MepepaboTKu HEePTH, OTBEYAIOMIMM 3a pa3leleHHE TOKEIbIX (pakiuil ChIpoit
He(TU MPU NOHWKEHHOM JIaBJICHUH JJISl TTOJIyUYEHUs [ICHHBIX BaKyyMHBIX Ta30iljied, ChIpbs IS
CMa304HbIX Macels U acdanbra. PydHoe wiM HEIOCTaTOYHO aBTOMATU3UPOBAHHOE YIPaBIICHUE
9TUMH YCTAaHOBKAMU MOXET MPHUBECTH K HEONTHUMAIBHOMY BBIXOJY MPOAYKTa, BBICOKOMY
MOTPeOJICHUIO SHEPTUH, YACTBIM CO0AM U yrpo3am 6e3omacHOCTH. B 3Toii craTthe mpencTaBieHa
pa3paboTka aBTOMATHYECKOW CHCTEMBbI YIIPaBJICHMsS, MPEAHA3HAUYEHHOW ISl TOBBIIICHHUS
3¢ deKTUBHOCTH PAa0OTHI, CTAOMIBHOCTH U 0€30MAaCHOCTH BAaKYyMHOW YCTAaHOBKU NEPBUYHOU
nepepabotku Hedtu. [Ipennaraemas cucrema 0ObeAUHAET NEPETOBBIE CEHCOPHBIE TEXHOIOTHH,
CIIOXHBIE AITOPUTMBI YIIPABJICHUS U HAACKHBIN yeloBeKo-MamnHHbIN untepdeiic (HMI) mis
JOCTH>KEHHMS] TOYHOTO KOHTPOJISI HaJ KIIOUEBBIMU MEPEMEHHBIMU IMpOIECCa, TAaKUMH Kak
TeMIeparypa, JaBJI€HuEe U CKOPOCTh NOTOKa. Pean3yst crpaTeruu NporHo3HOTO U aAanTUBHOTO
yIpaBJICHHs, CUCTEMa CTPEMHUTCS MUHUMH3UPOBATh TOTpPEeOICHHE HHEPrUuM, YIy4IIUTh
MOCTOSTHCTBO KadecTBa MPOAYKIMHM, COKPAaTUTh HaApyIIEHUs Mpolecca M MPOMJIUTh CPOK
cnykObl oOopynoBaHus. B 3Toi crathbe MOAPOOHO U3MAraroTCs TEOPETHUECKUE OCHOBBI
BaKyyMHOW  JUCTWJUIISIIUH, AapXUTEKTypa CHCTEMbl  aBTOMATMYECKOTO  yIpaBJICHHUS,
COOOpaxeHUsI TI0 BHEJPEHHUIO U OKUJAeMble MPEUMYIIECTBA €€ Pa3BepTHIBAHUS B YCIOBHIX
COBPEMEHHOTO HeTenepepadaThIBAIOIETO 3aBOIA.
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KnroueBble cjioBa: aBTOMAaTHUECKOE YIpaBieHWE, BaKyyMHasl TUCTHIULANMS, TEpBUYHAsi mepepaboTka
HedtH, ynpaBneHue mpoueccoM, [IWJ[-perynupoBaHue, paclIMpeHHOE YIpaBiieHHE, 3HEProd((eKTHBHOCTD,
ONTHMU3AIHS TIpoliecca, 6e30MacHOCTh, CTAOMIBHOCTD.

NEFTIN ILKIN EMALINDA VAKUUM QURULUSUNUN LAYIHOSI
UCUN AVTOMATLI IDARODETMO HOLLI

MIRZOYEV N.S., HUSEYNOV i.A.

Vakuum distillo qurgusu xam neft emalinin mithiim komponentidir vo giymatli vakuum
qaz yaglari, slirtkii yaglar1 vo asfalt istehsal etmok Uglin xam neftin agir fraksiyalarini asagi
tozyiq altinda aymrmaga cavabdehdir. Bu aqreqatlarm ol ilo vo ya Kkifayat qodor
avtomatlagdirilmamis idaro edilmosi optimal olmayan mohsul mohsuldarligi, yiiksok enerji
istehlaki, tez-tez nasazliglar vo tohlukasizlik tohlukalori ilo noticalons bilor. Bu sanad xam neft
emalinin vakuum distillo qurgusunun isinin somaraliliyini, dayaniqhigmni vo tohlikasizliyini
artirmaq tiglin nazards tutulmus avtomatik idaroetmo sisteminin iglonmasini toqdim edir. Toklif
olunan sistem temperatur, tozyiq vo axin siirati Kimi osas proses doyisonlori tGzorinds dogiq
nozarsto nail olmaq {iglin gabaqcil sensor texnologiyasini, miirokkab idaroetmo algoritmlorini
vo mdhkam insan-masin interfeysini (HMI) birlosdirir. Prognozlasdirilan vo uygunlasan nozarat
strategiyalarin1 hoyata kegirmoklo sistem enerji istehlakini minimuma endirmok, mohsulun
keyfiyyatinin ardicilligini yaxsilagdirmaq, proses pozgunluglarini azaltmaq vo avadanliglarin
Omrind uzatmaq moagsadi dasiyir. Bu yazida vakuum distillasinin nozori osaslari, avtomatik
idaroetmo sisteminin arxitekturasi, totbiqi milahizalori vo onun miiasir neft emali miihitinda
yerlosdirilmasinin g6zlonilon faydalar1 toforriiathidir.

Acar sozlar: avtomatik idaroetms, vakuum distillo, xam neft emali, prosess nazarat, PID nozarat, qabaqeil
nozarat, enerji somaroliliyi, prosesin optimallagdirilmasi, tohliikasizlik, sabitlik.
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MUOLLIFLORIN NOZORINO

1. Umumi gaydalar.
“Energetikanin  problemlori” “jurnalinda  energetikanin  kompleks problemloari,

elektroenergetika, istilik energetikasi, istilik fizikasi, elektrofizika, -elektrotexnologiya,
informatika vo yeni texnika sahalorino hasr olunmus elmi-texnki mogalolor dorc edilir, eyni
zamanda cari xronika da verilir.

Jurnalin asas moqsadi yiksok elmi keyfiyyat kriteriyalarina cavab veran orijinal elmi-

texniki magalalarin darc edilmasidir.

Jurnal eyni zamanda konfranslar, sinpoziumlar, elmi moktoblor, Gmumiyystlo elmi

hoyatda corayan edon hadisalor hagqinda malumatlar1 da dorc edir.

Redaksiya heyati, bu vo ya digor sobablordon, jurnalin taloblorini tomin etmoyan

moqalalori dorc etmomoak hliququnu Gzlinds saxlayir.

2. Moagalslarin tagdim edilmasi.
Butlin moagalslor asagida qostarilon Ginvana, jurnalin redaksiyasma gondarilmalidir:

Azarbaycan, Az-1143, Baki, HuseynCavidprospekti, 131
Azarbaycan MEAFizikalnstitutu
Tel.: (994 12) 538 — 16 — 60; (994 12) 539 — 44 - 02; Faks : (994 12) 539 - 31 -16
E — mail: a.hashimov@physics.science.az;
Masul katib Qurbanov Kamil Baxtiyar oglu.

3. Magalalarin matninin dili.
Moqalslor azorbaycan, rus vo ingilis dillorinds qobul edilir. Respublika miislliflorinin

moqalolori yalniz azorbaycan vo ya rus dillorindo, yaxin xarici 6lkolordon olan miislliflorin
moqalolori yalniz rus dilindos, uzaq xarici 6lkolorin miislliflorinin moaqgalslori iso yalniz ingilis
dilinds gobul edilir.

4.1.

4.2.

4.3.

4. Maqalalarin tartib edilmasi qaydalari.

Moqalslor, jurnalin redaksiyasima disket toqdim etmoklo, fordi kompyuterds, A4 formath
ag kagizda, sohifonin parametrlori: yuxaridan vo asagidan — 2sm, soldan vs sagdan — 2,5
sm moasafs ilo, Times New Roman 12 sriftindo yazilarasq, 1 niisxodo, Sotir araligi 1
interval olmagq sartilo ¢ap edilorak, qosulmus CD disk ilo taqdim edilir.

Moagalalorin Gmumi hocmi, grafiki materiallar, fotolar, codvallor, dusturlar, adabiyyatin
siyahis1 vo XxUlasalor do daxil olmagla 8 sahifodon yuxari olmamalidir.

Moagalalorinin birinci sshifasinin sol kiinciinds Universal onluq tesnifati (UOT) {izra
indeksi gostorilmolidir. Sonra 1 interval asagidan, qalin vo bdyik hariflorlo magalonin ad:
yazilir. Sonra 1 interval asagidan, qalin vo bdyuk horiflorlo misllifin (muslliflorin)
soyadi, ad1 vo atasinin admin bas horiflori yazilir. 1 interval asagidan moagaloni toqdim
edon toskilatin adi yazilir. 1 interval agagidan, mogalonin motninin dilino uygun olan,
hocmi 10 sotirdon ¢ox olmamagq sortilo, 10 srifti ilo cap edilon xilass, acar stzlor (5-6
s0z), magalonin asas matninin énunds verilir. Sonra 1 interval asagidan moagalonin asas
motni 12 grifti ilo ¢ap edilir. Bilavasito mogalonin matninin davami olaraq, heg bir basliq
vermodon, yalniz 20-25 simvollug xatt gokarak, say sirasi ilo istifado edilon adobiyyatin
siyahist verilir. Sonra ardicil olaraq rus (vo ya azorbaycan) vo ingilis dillorinda olan
xulasalor va agar sozlor (10 srifti ilo ¢ap edilorok) verilir. Magalonin motninin sonunda,
olags telefonlari, telefakslar vo E — mail-1 gostormoklo, mislliflor mogaloni imzalayirlar.

91


mailto:a.hashimov@physics.science.az

4.4. Mogalonin qrafiki materiallari, fotolar, codvallor, disturlar matno uygun yerlords
yerlogdirilmalidir. Qrafiki materiallarin gorhino aid olan yazilar mogalonin matnindo
verilmalidir. Qrafiki materiallarda adadi vo ya horfi isaralor gostarilorak, uygun izahatlar
motnin igarisinds verilmolidir. Qrafiki materiallarmn asagi hissasinds say sirasi verilir vo
ad1 yazila bilar (misal G¢tin, Sok.3. Smaq qurgusunun sxemi).

4.5. Odobiyyat say sirasi qeyd edilmakls, orijinalin dilinds verilir. Mislliflorin soyadi, ad1 v
atasinin adi kursivdon istifado etmoklo yazilir. Odobiyyatin siyahist asagida verilon
niimunalar tizrs tortib edilir.
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K CBEAEHUIO ABTOPOB

1. O6uue npaBuia.

B xypnane “IlpoGiembl DHepreTukn” MyONIHKYIOTCS HAYYHO - TEXHHUYECKHE CTaThbH B
00JTacCTH KOMIUIEKCHBIX TPOOJIEM DHEPTreTHUKH, OJIEKTPOIHEPIeTUKH, TEIUIOPHEPTEeTHKH,
TEIUIO(U3UKH, DICKTPOPHU3UKH, SIEKTPOTEXHOJIOTUH, WH(OPMATHKH W HOBOM TEXHHKH, a
TaK)Ke MPUBOJIUTCS TEKYIasi XpPOHUKA.

OCHOBHOH 11€J1bI0 KYypHaJa SIBJSIETCS MyOIMKaAUs OPUTMHAIBHBIX HAyYHO-TEXHUYECKUX
CTaTel, OTBEUYaIOUIMX TPeOOBAHUSAM BBICOKOTO HAYYHOI'O KauecTBa.

B xypHane npuBonsTcs cBeleHUs 0 padoTe KOH(EpeHIHH, CUMIO3MYMOB, pa3IMYHbIX
HayYHBIX IIKOJI, a TAK)K€ 00 UHTEPECHBIX COOBITUAX, IPOUCXOISIINX B HAYYHOM MUDE.

Penakiust coxpanser 3a coOoil mpaBo He MyOJIMKOBaTh MaTepUalbl 10 TEM WJIM UHBIM
MpUYKHAM, HE yI0BJIETBOPSIOLUIUM TPEOOBAHUSM KypHaa.

2. IIpeacraBienne crareii.

CraThu T0JKHBI OBITH IPEJICTABIICHBI B PEAAKIUIO KYPHAJIA 0 CIEAYIOIIEMY aJIpecy:

Azep6aiinxkan, A3-1143, baky, np. I'. I:kaBuaa, 131
HNucruryr ®usuxku HAH A3epoaiixkana
Ten: (994 12) 538-16-60; (994 12) 539-44-02; dakc: (994 12) 539-31-16

E-mail: a.hashimov@physics.science.az;
OTtBeTcTBeHHBIH cekpeTraphb - ['ypoanoB Kamwib baxTusip oribl.

3. SI3bIk cTaTeii.

CraThu NpUHUMAIOTCS Ha a3epOaiiKaHCKOM, PYCCKOM U aHTJIMHCKOM SI3bIKaX, MPUYEM CTaThbU
aBTOpPOB U3 AsepOaiijykaHa JOJDKHBI ObITh MPEJCTaBICHBI HA a3epOallPKaHCKOM WIJIM PYCCKOM
s3bIKaX, craTbu aBTOpoB U3 cTpaH CHI' - Tonbko Ha pycCKOM s3bIKE, CTaThH aBTOPOB M3
JaJIbHET0 3apy0eXbsl - TOJBKO HA aHTJIMICKOM S3bIKE.

4. MpaBuaa opopmiieHHs cTATEA.

4.1. B pemakuuio XypHalla MpEACTaBISAIOTCA CTaThb, HAOpaHHbIC U HAlEYaTaHHBIC B OJTHOM
9K3eMILISIpEe Yepe3 OAMH MHTEpPBAI Ha MEPCOHALHOM KOMIIbIOTEpe, Ha Oenoil Oymare
dopmata A 4, mpudtom Times New Roman, pasmep mpudra 12, a Ttaxxke
npenacTasiseTcs B anekTpoHHoM Buze Ha CD aucke. Ilons cBepxy u cHuU3y - 2 cM, cieBa
U crpasa - 2,5 cM.

4.2. OObeM cTaThbUHE JOJDKEH NMPEBBINIATH 8 CTpaHMI, BKIOYas rpaduyeckue mMarepuabl,
¢doto, Tabau1bl, GOPMYIIBI, CIIUCOK JIUTEPATYPhl U aHHOTALIUH.

4.3. B BepxHeM JileBOM YIily NEpBOM CTpaHUIBI cTaTbi ykasbiBaeTcs uHaekc YJIK. Uepes 1
MHTEpBaJ HIDKE MOMEIAeTCs Ha3BaHUE CTaThU JKUPHBIM U 3arjiaBHbIM HipudTom. Yepes
1 uaTepBan nomemaercs GpamMunaus (haMUINM), 1 UHUIUAIBI aBTOPA (aBTOPOB) JKUPHBIM
U 3aryaBHBIM mpudToM. Yepe3 1 MHTEpBan yka3bIBaeTcs HaMMEHOBAaHHE OpraHU3allMu.
UYepes 1 uHTEpBa)l MOMEIIAETCS] AaHHOTAIMS Ha SI3bIKE CTaTbu 00beMoM He 6osee 10 cTpok
U KiIroueBble cioBa (5-6 crno) mpudtom 10. YUepes 1 uHTepBan nomemaercs OCHOBHOE
cojepxkaHue ctarbu mpupToM 12. B KOHIIE OCHOBHOTO TEKCTa CTaTbU IPOBOAUTCS
npodepk AnuHON 20-25 cUMBOJIOB, MOCHE Yero MOMEIIAeTCsl CIMCOK JHMTepaTyphl 0e3
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KaKoro-1m0o Ha3BaHWs, B TOPSJIKE HyMEpalMH CCBUIOK B TeKCTe cTarhu. [locie 3toro
yepe3 | MHTEpBaJl MOMEMIAIOTCS aHHOTAIMM Ha JBYX JOPYTUX SI3bIKAX — PYCCKOM (WU
azepOaiiPkaHCKOM), aHTJIMICKOM U KITIOYeBBIE ciioBa (5-6 cioB) mipudrom 10.

B camoM KoHIIE CTaTby OMEIIAIOTCSl KOHTAaKTHBIE Tenedonsl, ¢akcsl U E —mail, a Taxoke
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