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IIpennoxena Monenb KOMOMHMPOBAHHON BBIPAOOTKM MOIIMHOCTH COJNHEYHBIMH W BETPOBBIMH
SNEeKTPOCTAHLUAMH, YCTAHOBJICHHBIMH B PErMOHAaX CTPaHbl C OTIMYAOUUMHCA METEOPOJIOTHUECKUMH U
reorpauuecKuMH yclIoBUsIMH. Ha OCHOBE JaHHBIX YacOBBIX M3MEHEHUI COJTHEUHOW pajinanny, TeMIeparypbl
OKpY’Kalolled cpeasl M CKOPOCTH BETpa IMOCTPOEHBI CPEHECYTOYHbIE XapaKTePUCTUKH BBHIPAOOTKH MOIIHOCTH
KaXI0M CTaHIMM B pa3nuyHble nepuonasl roga. OmpeaeneHbl JOAM ydacTHS COJHEYHBIX U BETPOBBIX
3JEKTPOCTAHLUH B MOKPBITUM CYMMapHOTO CIIPOCa PHEPTOCUCTEMBI B TEUEHUM CYTOK JUIS KaXKIOTO OTJENIBHOTO
neprosa roga. Ha ocHOBe aHanmn3a W3MEHEHHs BEJIMYMHBI OTKJIOHEHUS MEXIY T€Hepanuel OT BO300OHOBIIIEMbIX
3JIEKTPOCTAHIMH W MOIIHOCTBIO CHPOCA YCTAHABIMBACTCS MHTEPBAJIBI M BEIWYMHA BBIPAOOTKH MOIIHOCTH OT
HUCTOYHMKOB XPaHEHUS O3JEKTPUYECKOW JHEPrUM MpPEIYCMOTPEHHBIX B OHEProCHCTEME B  KadyecTBE
Oamancupytomed crannuu. [IpoBenéH aHanM3 BIMSHUS POCTa YCTAHOBIIEHHOH MomrHOcTH BeTpoBbIX (BOC) m
coHeuHbIX 3ekTpoctannuii (COC) Ha BenmunHy 0amaHCOBOW MOIIHOCTH 3HEprocucTeMsl. [Ipemoxena Moaenb
pacnpesneneHus OalaHCOBOM MOIIHOCTH MEXKAYy PErHOHAMHM, B KOTOPBIX YCTAHOBJIEHBI BO300OHOBIISIEMBIC
anekTpocTauuu. I[locTpoeHbl 3aBHCMMOCTH AJisl OalaHCHUPYIOLICH MOLIHOCTH TNpH Y4€Te OrpaHHYeHH IO
YCTOMUYMBOCTH HAIIPSHKEHHA B OaJTaHCHUPYIOIIEH YacTH CUCTEME.

KioueBble coBa: BO300HOBISIEMbIE HCTOUYHHUKH SHEPIHH, COJIHEUHBIE 3JEKTPOCTAHIIMH, BETPOBBIE
AJIEKTPOCTAHIINY, OaTaHCUPYIOIIasi MOIIHOCTh, XapaKTePUCTUKU CPETHECYTOUHOH BhIpaOdoTKu MomHocTH COC u
BO3C, ycToitunBOCTh 1O HaNpsDKEHUE.

BBenenne. Pazputre BO300OHOBISIEMON SHEpreTUKU B AzepOaiimxkane 3a mociennue 10
JIeT OCYUIIECTBIISETCS MAacCIITa0HBIM CTPOUTENHLCTBOM M MOJAKIIOUEHHUEM B JHEPrOCHCTEMBI
COJIHEYHBIX M BETPOBBIX 3JIEKTPOCTAHIMH OoibIMX MouiHocTed. Hambonee moTeHuManbHO
3HAaYUMBIMU BHUJAMHU BO300HOBIJIIEMOI 3HEPIUU CTpPaHbI SBIAIOTCS COJIHEYHAsl, BETpOBas U
ruapo3Heprud. llpoBeneHHbIE MEpBUYHBIE OLIEHKU PACIIOIOraeMoro MOTEHIMala 3TUX BHUJIOB
BO300HOBJISIEMOI SHEPTHH COCTABJISIOT MIPUMEPHO OT COJIHEUHOU 3Hepruu - 23 I'Bt, BeTpeBoit
srepruu — 3 I'Bt, rugposnepruu — 520MBT. CornacHo pazpaboranusiM npoektam kK 2030 roay
Ha 0a3ze BBEJIEHHBIX B KCILTyaTallli0 BO3OOHOBISEMBIX 3JIEKTPOCTAHINI, HCIOIB3YIOUIUX ITH
TPU BHUJAa BO30OHOBIIsIEMOIl SHEpruu OyzAeT BhIpaboTaHa MEKTPHUUECKasi MOLUTHOCTH 0koi1o 30%
0T CyMMapHoO# renepanuu [5-7].

VYuuteiBasg Haubosiee OJaronpsATHBIC YCIOBUS Ui Pa3BUTHs COJIHEYHOM HHEPTEeTHKHU B
MEPBYIO OYepeb MPEAYCMOTPEHO MACIITaOHOE CTPOUTEIHCTBO COJNHEYHBIX JIEKTPOCTAHLHU B
HaxuueBanckoit aBroHomHoii PecryOnuke u B Paiionax KapabGaxckokoro 3KOHOMHYECKOTO
peruona. Ilo mpenBapuTenbHBIM HAOMIOJEHUSM OMPEENIeHbl COOTBETCTBYIOIINE PAHOHBI C
ONaronpusATHON COJHEYHOM panuaruei (tTadu.l).

Crny4aifHBIi ¥ TPEPBIBUCTBHIN XapakTep BBIPaOOTKH MomurHOCTH BeTpoBbiMH (BOC) m
comHeyHbiMU (COC) cTaHIUMSIMU TPUBOAIT K HEOOXOJMMOCTH HAIUYHUS B IHEPTOCHUCTEME
UCTOYHUKA, BBINOJHAIOMIETO pPOJb OalaHCHPOBAHMUSI MOIIHOCTH OTKJIOHEHUS MEXIYy
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CyMMapHO# BBIpaOOTKOH OT BCEX MCTOYHHUKOB M CYMMapHbIM CIIPOCOM B TEKYILUE
MPOMEXKYTKH BpeMeHU. B OGONBIIMHCTBE ClyyaeB, B SHEProCHCTEMax C MPEUMYILECTBEHHOM
BBIPA0OTKON OT TETJIOBBIX CTAHIMI B KQUeCTBE MCTOYHUKA OaTaHCUPOBAHHS BBIOMPAETCS OJHA
WIM JB€ W3 JCUCTBYIOIIMX TPAJULIUOHHBIX CTAaHUWWA, B KOTOPOM YacTh MOIIHOCTH OT
CYMMapHOW T€HEpallUud BBIACISACTCS I KOMIICHCAIIMU W30bITKa WK JeUIIUTa BhIPAOOTKH
MOIIIHOCTH BETPOBBIMH U COJTHEYHBIMH CTAHIIMSIMU CUCTEMBI.

[TokazaTenu COMTHEYHON pajMallii pailoHOB A3epOaiikaHa

Tabmuma 1
Ne HazBanus IInomans, I'a [Ipeanonaraemast IToTeHman coTHEYHOH
paiioHa YCTaHOBJICHHAs SHepruu, KBT.-u/m?
MOIITHOCTE, MBT
1 Ouzynu 3989 1995 1546
2 Jxebpann 1618 809 1618
3 3aHrmunan 1470 735 1607
4 I'y6amisl 2000 1000 1622
5 Jlaunn 1053 527 1347

Beibop BenmuuuHBI 337aBaeMOl  MOIIMHOCTH Ui OajaHCHpYOIIed CTaHIMH AT
BO3MOXXHOCTh ONITUMAJILHO PaCHpeleNsiTh HAarpy3Ky MEKIy CTAHLIUSIMU B PA3IMYHBIEC TIEPUO/IBI
CYTOYHOTO TpaduKka, KOHTPOJIUPOBATH TOTOKOPACIPENEICHHE B JIIEKTPUYECKONW CETH
SHEPTrOCHUCTEMBI M TEM caMbIM d(PPEKTUBHO HCTIOIB30BaTh BEIPaOOTKY MontHOCTH BOC 1 COC.

[IpenBaputenbHble pe3yabTaThl HUCCIENOBAHUM TMOKa3ald, YTO JJisi SHEPrOCHUCTEMBI
AzepOaiipkaHa B KauecTBe OaJaHCHUPYIOIIMX CTaHIMH MOTYT OBITh PacCMOTPEHBI
ra3otypOunnbie craniuu [llupBan u Cymraut, KOTOpble UMEIOT CBSI3b K paclpeieuTeIbHBIM
ceram 110 kB, kpoMme TOro cBA3aHbl B MUTAIOIIEH CETHU CUCTEMBI MO HampsbkeHuto 220 kB no
JUHUSAM. Y CTaHOBJIEHO, YTO BEPOSTHOCTh MEPErPY3KH JIMHUM B PACTIPEAEIUTEIbHBIX CETSIX OT
Kosie0aHui TeHepali MOIIIHOCTH BETPOCTAHIIMY U COJIHEYHON CTaHIIMK Majla, YTO MPUBOAUT K
HE3HAYNTEILHOMY COKPAIIEHUIO BEIPAOOTKH STUMH CTAHIIUSMHU.

DHEProcUCTeMbl C BBICOKOW maojel uHTerpupoBaHHor BUD [14-18] mpencraBisroT
coboii mpoOieMy UIsi JIUCHETYEPOB U3-32 TPEPHIBUCTOCTH BBIPAOOTKH MOIIHOCTH U
OTpaHMYEHUH B MX MPEJCKa3yeMOCTU. B Kakol-TO MOMEHT orepaTop MOXET ObITh BBIHYXACH
pa3peluTh YMEHBIIUTh BBIPAOOTKY BETpa U COJHEYHBIX HCTOYHUKOB, OTHOCHTEIHHO
UMeIolIeiicss B TEKYIIHMI MOMEHT TreHepaluuu. OJTa BeJMYMHA yMEHBIIEHUS BBIPAaOOTKH OT
npeoOpa3oBaHUs HSHEPTrUU BETpa W COJHIIA MOXKET pacCMaTPUBATHCA KaK BO3MOXKHOCTH
COKpAIIIEHUS] CyMMapHOU TeHepaiuu B cucreMe. TakuM 00pa3oM OrpaHUYEeHUs BO3HUKAIOT U3-
3a OrpaHUYCHHH Tepeadyr MOIIHOCTH TI0 MUTAIONIEH CeTH WK OallaHCUPOBAHUE MOIIIHOCTEH B
pacnpeeuTeNbHON CeTH MEKAY IOCTyMaronie u morpebiaseMoit momuoctamu [14,15,19].
[TosToMy HEOOXOAMMO MOBBICHUTH TMOKOCTh SHEPrOCHCTEMBI, YTOOBI YBEIUYHUTH BBIPAOOTKY
[IBUD u npu 3TOM KOMIIEHCUPOBATh MPEPHIBUCTOCTH BEIPAOOTKH MOIIHOCTH 3TUX MCTOYHUKOB
[15,20,21]. HekoTopble TpaaulMOHHBIC AJIEKTPOCTAHIIMU HE MOTYT OBICTPO aaanTUpOBaTh
yIpaBieHUE CBOEH BBIPAOOTKONM B CHCTEME H3-32 TEXHUYECKUX WM SKOHOMHYECKHUX
orpanuuenuit [11].

PexumHble orpaHnYeHHsl CBA3aHbI CO CKOPOCThIO HAOOpa, MPOAOKUTEIBHOCTBIO MYyCKa,
a TaKk)Ke BEJMYMHOW MUHUMAJIbHOM Harpy3ku [15,20,21].

Craruyeckas yCTOMYMBOCTh SHEPrOCHCTEMbI MO HANPSHKEHUIO, KOTOpas B OCHOBHOM
YXYIIIaeTCsl U3-3a MEPerpy’KeHHOCTH cucrtemMooOpasyroumx JIOII wim HemocTaTouHOU
00€CreYeHHOCTH DJIEKTPUUECKUX CEeTeH CYIIECTBYIOUIMX TPAJAULHUOHHBIX 3HEPrOCUCTEM
CpeICTBaMU PEryJUpOBaHUs MOTOKAMH AKTUBHON M PEAKTUBHOW MOIIHOCTH, CTAJKHUBAETCS C
HOBBIMH TMpOOJIEeMaMH U3-32 MAaCHITAOHOW WHTErpallMk TIEPEMEHHOW BO300HOBIISIEMO
reHeparu [25-28]. B paGore mpeanaraercss METOJ OLICHUBAHUS CTATHUYECKON yCTOHYMBOCTH
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HaNpsDKEHUsT B CHUCTEME C OOJBINON Joyiell BBIPAOOTKH MOIIHOCTH BETPO M COJHEYHBIMHU
CTaHIUSAMH, HWCCIeayeTcss BiausHue uncia padorarommx BOC uw COC Ha pexum
6aJIaHCI/IPYIOH_IeI‘O HUCTOYHUKA C LCIIBIO OMPCACIICHNA BCJINYNHBI, reHeppreMoﬁ UM MOIIIHOCTHU
JUISL COXpAaHEHUS] YCTOWYUBOCTH HaIPSHKECHUS.

Mopeas momuocTH Oananca B JHeprocucreme ¢ BHWD. UnterpupoBanue B
sHeprocucremy BUD yBennuuBaeT HeonpeaeaEéHHOCTh T€HEPUPYEMOM MOIITHOCTH U COBMECTHO
C  JCHUCTBHEM  HEONPENCIEHHOCTH  HArpy3ku  JEJNal0T  HEBO3MOXHBIM  CTPOIOro
JNETEPMUHUCTUYECKOTO OMMCAHUSI BETMYMHBI OaJJaHCOBON MOITHOCTH.

B o0mem omeHKy BeIMYMHBI OaNaHCHUPYIOIEH MOIIHOCTH MOXKHO OIpPENCIUuTh U3
CJIETYIOIIETO PaBEHCTBA!

0=p!

mpad.ucm.

" + Py — Pii, — AP + Pyt (1)

Haz

t t
I'ne, Pmlpa().ucm./ Pgi5 — mommoCTD TPAAUITMOHHBIX ¥ BO30OHOBIISIEMBIX MCTOYHHKOB B B

t o
CYTOYHOM HWHTEpBajie cyTouHoro rpaduka; P/, — MOIIHOCTh Harpy3ku B OallaHCHPYIOLICH

=, . o t.
YacTH PHEpProCHCTEMHI B MHTepBase i; AP' —moTepu B >nekTpudeckoii cetn; Py, — Benmuumna
OaTaHCHPYIOIIEH MOIIIHOCTH.

B ypaBuenun (1) Pmpaa_ucm,, Pgyi5, P, 3a0anbl Ha OCHOBE IIONYYEHHBIX M3MEPEHMH B

JUTUTEIbHBIA Tepuoll (pyHKIMOHUpPOBaHUs cucteMbl. Benmmumna AP, Py | - Gamancupyromei

MOIIIHOCTHU U MTOTEPU B CETH SBJISIIOTCS UCKOMBIMHU MTapaMeTpamH.
Jns pemienus ypaBHeHui (1) co cTOXaCTMUECKUMU 3a/IaHHBIMH BXOJAHBIMU ITapaMeTpaMu

Pyouem.r Poyss Pge TIOCTHCMHUE 3aMAIOTCSL MPECTIaMH MX H3MCHCHHHM B BHAC ypaBHCHUH

HEPABEHCTB, HAIPUMED
Prin, 8115 < Peis < Prax, Bis (2)

Prin 8115 Pmax Bis — YCTaHAaBIMBAIOTCS Ha 3Tale MPEABApUTENBHOIO aHAIM3a CTOXACTHUECKUX

MEPEMEHHBIX Pgy 5 .
Takum oOpa3oM, OIlEHKAa 3HAYCHUN OaJaHCOBOM MOIITHOCTH P,

oMm,i

B kaxaoMm [0,i]
WHTEpBAJIC CBOJAUTCS K PEIICHUIO CTOXACTUYECKOM CHCTEMBI YpaBHEHHH

O:piiz +PI§M9_Prl;az_APi+P6i.M

pad.ucm.

[Ipu yu€re orpaHnueHni
min, 8119 < P19 < Prax, 8119

Bansana BUD nHa 6ananc mMomHocTH. BEposSTHOCTHBIM NOIXO0J NPUMEHHUTEIBHO K
3ajaue onpezesieHusl pe3epBa MOIIHOCTU AJis OajlaHca MEXIy MOKPBITHEM U CIIPOCOM BBI3BaH
MPEXJIe BCEro CTOXAaCTUYHOCTHIO reHepanuu BUD. [IpuMeHeHne cToxacTHYECKOTO MOAXoia
pu BbIOOpE 0aTaHCOBOM MOIIHOCTH CBSI3aH C BEPOSTHOCTHBIM aHAJIN30M JIaHHBIX HAOJI0ICHUM
CKOpOCTEH BeTpa M COTHEYHOCTEeH paguanuu 3a OOJNbIION Mepro]] HaOMIOACHUH, B TOITYYEHUN
YCTOMYMBOW OIIEHKE XapaKTePUCTUK HX PaACHpEIEICHUs], MOJYYeHUs MPOTHO3HOW MOJEIU
BBIPA0OTKHM MOIIIHOCTH BETPOBBIMHU YCTAaHOBKAMH B HCCIIEIyeMOU reorpauueckoil MECTHOCTH
u apyrue napamerpsl. [Ipu 3ToM, BaXHO Take MMETh JIaHHBIE O XAPaKTepe CTOXACTHYECKOU
M3MEHYMBOCTH HArpy3KH CUCTEMBI.

Onpenenenne 6aTaHCOBOW MOIIHOCTH JIJIs YCTAHOBUBIIHUXCS TTOCIICABAPUMHBIX PEKUMOB
(mocne 0TKa30B €€ OCHOBHBIX AJIEMEHTOB — I'€HEPAaTOPOB, JIMHUH 3JIeKTporiepeayd) norpedyer
aHaJIM3a MPeAesioB YCTOMYUBOCTH COCTOSIHUSL CUCTEMBI B 3TUX peXHMMax. 3JHaueHHEe OallaHca B
NepUOAbl KPUTUYECKMX COCTOSHHUH B OTJIMYME OT CYLIECTBYIOLIErO IETEPMUHUCTUYECKOTO
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NOJIX0Ja JTOJKEH MMETh BEPOSITHYIO OLIEHKY C Y4ETOM HEOMNPENEIIEHHOCTH IPENNOoaraéMbIX
aBapuUHHBIX cOCTOSHUN. B maHHOW paboTe mpesiaraeTcs METOJ CTaTUCTHYECKOW OIICHKH
npejiena cTaTH4ecKoi ycTonunBocTy HanpskeHus 17 N-1, N-2 cocTosiHMi cXeMBbI CUCTEMBI.

B paGore mnpuBomsTcs pe3ynapTaThl pacdyéra OajaHCa MOIIHOCTH B JHEPrOCUCTEME
AzepOaiikaHa ¢ pa3IMYHbIM COUYETAaHHEM JIEKTPHUECKUX cTaHuuid ¢ BUD as HopManbHBIX U
MIOCJICABAPUMHBIX  YCTAHOBUBIIMXCA PEKHUMOB, MW Pa3IMYHBIX COCTOSIHMM  aBapHUUHBIX
OTKJIFOYCHUN 3JIEMEHTOB CXEMBI. YUHUTHIBas, YTO 0a30BYIO YaCTh CTPYKTYPBHI JICKTPUUECKUX
ctaHiuii cocrapisioT (80% OT ycTaHOBJIEHHON MOIIHOCTH) TEIIOBBbIE CTAHLIMU, Ha KOTOPBIX
IPENoiIaraeTcsi pa3MeCTUTh Pe3epB MOITHOCTEH A MOKphITHS Hebananca or BUD, nostomy
OUEHb BAXHBIM (DAKTOpOM SBISIETCS pa3MEIlEHHE pe3epBa MOIIHOCTH M OIpeAeTeHUe
CTpaTeruil ynpasjieHus: HIOTOKOPACIIPENEICHUEM B CETH.

2025 romy B cucteMy A3EpIHEPKH IUIAHUPYETCS BBECTH B OKCIUTyaTalli0 TP
BerpocTanHiuu: BOC «Xs13u-Anmepon» MomHocTeio 240 MBT (ycnoBHO Ha3BaHa cT. baky);
BOC «JIxxanyo» 220 MBT (JIenkopan) u BOC «llluman» 240 MBT (Mapa3a).

Jnist orieHKH 0aaHCOBOM MOIUTHOCTH M aHAJIHM3a PEKHMOB CUCTEMbI A3EpIHEpPKH B CBSI3U
¢ BBOJIOM BbIlIeyka3zaHHbIX BMD ¢ yuerom [Mapagarckoro COC nmpoBeneHbl MOAECIUPOBAHUE U
KOMIIBIOTEPHBIE TECTHI 7S CIEAYIOIINX BAPUAHTOB CXEMBI:

— B cucremy nojkitoueHa BOC «bakyy;

— B cucreMmy nogkimoueHa BOC «Mapazay;

— B cucreMmy nogkiaoueHa BOC «Jlenkopany;

— B cucremy noakimoueHa COC «["apagary;

— B cucremy nogkimoueHa BOC «baky» + COC «"apagary;

— B cucremy nogkiaoueHa BOC «baky» + BOC «Jlenkopany;

— B cucreMmy nogkimoueHa BOC «baky» + BOC «Mapazay;

— B cucremy nogakinoueHa BOC «baky» + BOC «Mapaza» + COC «I"apagary;

— B cucremy noakimodyeHa BOC «baky» + BOC «Jlenkopan» + BOC «Mapaza» + COC
«["apamar».

Ha puc. | mpuBeneHa cTpykTypa dacTeil cucteM AsepIHepkH — OallaHCHpyIoLIas U
CUHXpOHHas. B CHHXpOHHOW 4YacTU cuUCTEeMa «A3EpIHEPKU» COCAUHEHA C HIHEPrOCHUCTEMOM
Poccun nunumeit snexrponepenaun 330 kB Xaumas-JlapOGenn. I[To sToii nuHMM ycTpaHseTcs
HebaNlaHC 1Mo aKTUBHOIM MOITHOCTH M OCYILECTBIISIETCS PETYINPOBAHUS YAaCTOTHI.

s
SHAMKIR s

N L = v T

AmsugRON

cenus
. IMISHL

Puc.1. Ctpykrypa yacreii cucteM — OanaHcupyromas 1 CHHXpOHHAs A7t A3epIHEPKH.

Ha puc. 2,a u 2,b npeacrasinen QyHKIME pacrnpeneieHuss BEPOITHOCTH MOTPEIIHOCTH
nporHo3a MomHoctd BOC mpu pa3nuyHbIX BENMYMHAX BBIPAOOTKH 3TOM MomHOCTU. [lpm
pEIIeHNH 3aJjauyd HMHTErpalud BO30OHOBIIAEMBIX MCTOYHHMKOB SHEPrHM, NPHU OLIEHKE 3amaca
MOIIHOCTH B y371aX, K KOTOPBHIM OHHU MOJKJIIOYEHBI, OOJBIIOE 3HAYEHHE MUMEET MPaBUIHHOE
Olpe/ieIeHue OIIMOOK IPOTHO3UPOBAHMA MOILIHOCTH HX TE€HEpPAlUd M MpPOSBISETCS B
orpeneneHnu OanaHcupyromeil MouHocTi. Kak BUIHO M3 pHC.2, BEIWYMHA TOTPEIIHOCTH B
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pa3HBIX BapUAHTAX MOJKIIOUYEHUSI BETPO U COJTHEYHBIX MAPKOB MOCTETIEHHO YMEHbINAETCS, YTO
CHI)KAeT MOTPEIIHOCTh ONpe/esieHNs OalaHCUPYIOLEH MOITHOCTH.
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PasnunyHble BeTpoOBble NapKbl
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ERROR % OF INSTALL CAPACITY 1->50%, 2-40-50%,3-30-40% ,4-20-30%, 5-
15-20%, 6-10-15%, 7-5-10%, 8-5-0%,9-NO ERROR
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b)
Puc.2. PacnpeneneHue BEpOSATHOCTH MOTPEUTHOCTH MPOTHO32 MOIIIHOCTH
BOC npu pa3nuyHbIX BeTHYUHAX BEIPAOOTKH 3TOM MOIIHOCTH.

Ha puc.3a pesepB minsa 6amaHcUpOBaHUS MOIIHOCTH B dHEprocucteMe AsepOaiimkaHa B
CIIy4asiX YCTaHOBKHM Ka)KJOW OTIEJIBHON BeTpocTaHIMM B MecTax pasmerieHus BOC «baky»,
BOC «JIenkopan» u BOC «Mapasa». Ha puc.4 - puc.6 nokasansl "3MEHEHUE CKOPOCTH BETPaA B
paiionax baky, Mapasa u Jlenkopas.

60

50 |
40

%
w
S

=
o

o

n
Pe3epBHass MOLWHOCTb,

N

o

1 2 3 4 5

Pa3nu4Hble BeTpoOBbLIe NapkKbl

et

Puc.3. Peseps qiis1 6anancupoBaHUs MOIITHOCTH B dHEprocucTeMe AsepOaiipkaHa B CITydasx
YCTaHOBKH KaX/10¥ oTAenbHoU BeTpoctaniuu (baky, Mapasa, Jlenkopan) u ux.
couetanwmii 1-JIenkopan; 2-Mapa3za; 3-baky; 4-baky+Mapasa;
5-baky+Mapaza+Jlenkopan.
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Puc.4. YacoBrie N3MEHEHHSI CKOPOCTH BETpa B pailoHe yCTAHOBKHU BETPOCTAHITHHU baky.
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Puc.5. YacoBble u3BMEHEHH CKOPOCTH BETPA B pailOHE YCTAHOBKH BETpOCTaHIIMK Mapasa.
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Puc.6. YacoBbie H3MEHEHHS CKOPOCTH BETPa B palfOHE YCTAHOBKHU BETPOCTaHIINN JICHKOpaH.

Ha puc. 7,a,0,8B noka3zanbl cpefHUE C€30HHBIE CKOPOCTHU BETpa JJIsl OT/IEIbHBIX PETHOHOB,
B KOTOPBIX IPEIYCMOTPEHBI BETPOIHEPreTUUYECKUE YCTaHOBKHM. Kak BUAHO M3 PUCYHKOB, B
9TUX PETrMOHAaX YCTAaHOBKA BETPOMApKOB IenecooOpa3Ha M [UIsl MHTErpaliy 3TUX CTaHIUN
HEOO0XO/MMO TPOBEJCHUE COOTBETCTBYIOIIMX PEXHMHBIX HCCIECAOBAHUHI IO yCTOMYMBOCTH
SHEPrOCHUCTEMBI.
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B)
Puc.7. Cpennue ce30HHBIE CKOPOCTH BETpa ISl BRIOPAHHBIX PErHOHOB
a - CpeHss CKOPOCTh BETPa BECEHHUH CE30H; b - CpeHss CKOPOCTh
BETPa OCCHHUH CE30H; B - CPEHSSA CKOPOCTh BETpa 3UMHHUI CE30H.

Ha puc.8 npencrasnen cpennmii Berep Ha BoicoTe 90 M Ha Geperax Kacmuiickom mope
Azep0aiimxane.

AVERAGED WIND 90 (m/s) 2000-2009
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Puc.8. YcpenneHHble 3HaUeHUS CKOPOCTH BeTep Ha BbIcoTe 90 M
(MakcuMaIbHasi CKOPOCTh BeTpa 00Be/IcHa 3eJICHBIM I[BETOM).



Ha puc.9 nmoka3anbl 30HbI aKTUBHOW COJTHEUHOW paJualiy Uil pernoHoB AzepOaiimxana
B 3aBUCHUMOCTH OT a3UMYTa U BBICOTHI.

eh/ k
o P ':i"r\ LAY

Morth East South West Mortk
Terrain horizon — AT (UTC+04:00)
Active area = = Solar time

Puc.9. AkTuBHAS 30HA COTHEUHOH paguariiil B 3aBUCHMOCTH OT 3UMYTa U BBICOTEI.

Bausinue BHUD Ha crarucTuyeckyrw ycroiuumBocThb. HeoOXxomuMocTs aHanmmza
BinusHusT BUD Ha craTuyeckylo yCTOMYMBOCTH SHEPrOCUCTEMBI B YCIOBUSIX ONEPATHUBHOTO
YIpaBJICHUS BHIOPAHHOW BEIMUYMHON pe3epBa OaJaHCHUPYIOIIEH MOIIHOCTH BbI3BaHA OOJIBIION
JOJIeH TEeHEPUPYEMOI B CUCTEMY MOIITHOCTU OT BETPOBBIX cTaHIUM (10 20% OT ycTaHOBICHHOMN
B CHCTEME TPaJULMOHHBIX CTaHIMI). MHOroneTHue HaOMIOACHUS KIMMATUYECKUX YCIOBHM
MOKA3bIBAET, YTO B PsAJIE pETHOHOB A3epOaiikaHa n3-3a XapaKTepHOH 0COOCHHOCTH TUHAMUKH
SHEPro-rmoTeHlMaga  CKOpPOCTel  BeTpa  dSIEKTpUYecKas  JHeprusi,  MNpOU3BEJECHHAs
BETPOTYpOMHAMH B HEKOTOPBIE MEPUOJBI BPEMEHH MOXXET MUMETh OOJBIIYI0 aMIuiuTyny. B
paboTe 1 OUEHKM IIpeleia YCTOMYMBOCTH HampsbkeHuss B OajaHCHpyOIIed dYacTu
sHeprocucTemMbl (puc.l) Ha KaxaoM J3Tame peanu3aluy 0aJTaHCOBOTO pPe3epBa MOIIHOCTH
IPUMEHEH METO/I OCIICA0BATEIBHOTO yTsDKeIeH s pexuma [13].

Ha puc.10 mpexncraBineHsl KpuBble 3aBucuMocTd U — P s mepenays MOIIHOCTH 1O
JIDIT 220 kB B uacwel BeuepHero MakcuMyma Harpy3ku. CymmapHasi BeIpabOTKa OT BCeX
BeTpocTaHiui nopsaaka 340 MBT, uro cocrasisier 0okoi0 10% cyMMapHOro cnpoca CUCTEMBI.
Kak Opi1o  ycranosneno panee [10] mpu coBmecTHOI paboTe TpEX BeTpocTaHIMNA (BETPOMIAPKBI
baky, Mapa3za, Jlenkopan) cyMMapHbIii pe3epB COCTaBUI OKolO 25% yCTaHOBIIEHHOM
MOIIHOCTH BeTpocTaHuuii (~ 80 —85MBm).

Y921 4y oe

1 g = = e - o == = = = -
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0,88 1 $/Q-220-DW \

08 4 — — -wp-sB \
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0,84 T T T T T T T T 1
100 200 300 400 500 600 700 800 900 1000

Puc. 10. Kpussie 3aBucumoct U — P u1st mepenaum Mmommuoctu
o JIBIT 220-330 kB B uackl BedepHEro MakcuMyMa Harpy3KH.

Kak BuaHO u3 kpuBbx puc.3 u puc.10, ecan cymmapHasi BbIpaOOTKa OT BETPOCTAHIIMNA
cokparutcs Ha 30-40%, T1.e. Gonee 85 MBT, pe3epB MOIIHOCTH COXpPaHUT HaNpsHKEHUE
KOHTPOJIMPYEMOH 3JIEKTpONEpeaud B IMpeAesax JOIMYCTUMOIO MO BEJIMYMHE KPUTUYECKOTO
HanpsbkeHus. Kak BUHO, BO3MOXKEH KOJUTaIic HanpsbkeHus B 3aBucumoctd U — P Tonbko ams
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OJTHOW cucTeMooOpasyromeid auHuu - JuHun S/Q-220-SV. Jlns ycTpaHeHHs 3TOrO pucKa
BO3MOXXHOCTH  HapylIeHHE YCTOWYMBOCTH IO  HaNpsHKEHHE  HEOOXOJUMO  MPHUHSTH
COOTBETCTBYIOIIHE TEXHUYECKHE MEPHI.

Kpome Ttoro, xak moka3zano Ha puc. 10, korma oOmias WHTErpHUpOBAaHHAs BETPOBas M
CONTHEYHass MOMIHOCTh cocrtaBiser 930 MBT (240+240+220+230 MBT), cabmogaercs
YCTOMYMBOCTH T10 HAIIPSKEHHUIO TI0 JTUHUAM 3JIeKTponiepenaun (naxe mist auauu S/Q-220-SV B
KOTOPOM HAXOAWTCSI OTHOCHTEIHHO B YTSKEIIEHHOM COCTOSHUHM) U 00ECTICUUBAIOTCS 3HAYCHHUS
HanpspkeHus Bbime 0,97Unom. [loaToMy Ha mepBOM 3Tane WHTETpPallMM KPYIHBIX MOIIHBIX
BETPOIAPKOB YCIOBUE YCTOWYMBOCTH 10 HAIMPSHKCHHUIO BBITIONHSIETCS BO BCEX Y3Jax
SHEPrOCHCTEMBI.

SAK/IIOYEHUE

1. Poct unTerpupoBanus BUD yBenwumBaeT moTpeOHOCTH B pe3epBE MOITHOCTH IS
HNOKpBITUsL nedurnmra OamaHca MeEXIy CHpocoM U mpeanoxeHueM. CroxacTHuecKas
u3MeHYnBoCcTh BID npuBoauT K HEOOXOAMMOCTH MpU BbIOOpE BEIMUMHBI MOIIHOCTH pe3epBa
g OanaHca y4yéra BIMSHUS CIEAYIOMMX (DaKTOPOB: MOTPEIIHOCTH IMPOTHO3a BBIPAOOTKU
MOIIHOCTH BETPOTYpOMHAMHM U COJIHEYHBIMH YCTAHOBKAaMH, BIIMSHUE TOTPEHIHOCTH B
pacuéTHOll Mozenu OalaHCUPYIOIIMX PE3epBOB, BIMSIHUE Ha INpelelbHOE 3HAYCHHE pe3epBa
OaaHCUPYIOUIET0 OTKJIOHEHHE MEX/y CYMMapHOU reHepaleil u moTpedieHueM.

2. Ilpennaraercst MOAXO/ OLEHKU pe3epBa [Isd OalaHCUPOBAHUS aKTUBHOW MOIIHOCTH B
cucteme ¢ JoMuHaHTHOM noneit BUD B unTepBane 30 MUHYTHBIX CTOXaCTUYECKUX U3MEHEHUH
TeHEPHUPYIOLIEH MOIIHOCTH OT BETPOTYPOMH M COJIHEYHBIX YCTAaHOBOK; CTOXAaCTHUYECKUX
U3MEHEHUN Harpys3Ku, CIy4yailHbIX aBapuUHHBIX OTKa3aX OCHOBHBIX OOBEKTOB CXEMbI—
TPaAULMOHHBIX TE€HEPAaTOPOB W JIMHHUM dJeKTporepenay nurawowmend ceru. I[Ipemiaraemsrii
MOJIXO/] TIO3BOJISIET YUECTh TMHAMUKY WU3MEHEHUs OallaHCUPYIOIE MOIIHOCTH B 3aBUCHMOCTH
OT TOTPELIHOCTH MPOTHO3a PpACXOXAEHUs MpoleccoB reHepaunn BHD u  MomHocTH
MOTpeOICHUSI.

3. Ha ocHoBe pacdy€THO-3KCIEPUMEHTAIbHBIX HCCIIEJOBAHUM YCTAHOBJIEHO, YTO INpHU
yBenudeHun yucia BUD, moakmou€HHBIX K CHCTEeMOOOpa3yIoIIe cXxeMe B pa3HBIX €€ y3Jiax
NOTPEOHOCTh B pE3epBE MOIITHOCTH MOXKET COKPAaTUThCSA CyliecTBeHHOo. Bnusunue BUD
UJCHTUYHOW MOIIHOCTH B PA3JIMYHBIX MECTAX CXEMbI SHEPrOCUCTEMBI UMEET HEOIMHAKOBBIN
3 EeKT U BeIUYHHBI 0AIAHCOBOM MOIIHOCTH, TPeOYEeMON OT MX BIMSHUS MOTYT 3HAYHTEIHHO
pa3HUTCS.
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AZORBAYCAN RESPUBLIKASININ ENERJI SISTEMINDO KULOK
VO GUNOS ELEKTRIK STANSIYALARININ INTEQRASIYA
VO ISTIFADOSININ AKTUAL MOSOLOLORI

HOSIMOV A.M., ROHMANOV N.R., QULIYEV H.B., IBRAHIMOV F.S.

Bu mogalo inteqrasiya olunmus barpaolunan enerji monbalorinin boyiik pay1 ilo
Azorbaycanin  enerjisistemindo  glic  balanslasdirilmasi  gabiliyyatinin ~ miqyasinin
giymatlondirilmasi metodologiyasinin iglonib hazirlanmasina hasr edilmisdir. Bu moqgsadlo
kilok vo glinos elektrik stansiyalarinin artan qurasdirilmis giicliniin enerjisistemin balans
glicuna tasirinin, eloca do sistemds foaliyyat gostoran kilok vo gunas elektrik stansiyalarinin
mixtolif kombinasiyalar1 ti¢iin onun doyiskonliyinin tosadiifi xarakteristikasi ilo baglh tahlillor
aparilmigdir. Tipik enerjisisteminin kritik yiik soraitinds balans hacminin paylanmasinin hoyata
kecirilmasi  imkanlar1 nozordon kegirilmisdir. Azoarbaycan enerjisistemi  nlimunasinds
hazirlanmig programlar vasitssilo bu stansiyalarin miixtalif kombinasiyalari hallarinda sistemin
rejimlarinin simulyasiyas1 ti¢iin kiilok va giinas elektrik stansiyalarinin cografi yerlari ti¢tin alds
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edilmis kiiloyin surati vo glnos radiasiyasinin real Olgiilorindon istifado edilmisdir.
Balanslagdirma giiciindon asililiglar qurulmus, bu giiclin azaldilmasi sartlori, habels sistemin
balanslagdirict hissasindo onun mohdudlasdirict sartlor daxilinda garginliyin dayaniqlig: sortlori
muoayyon edilmisdir.

Acar sozlar: enerjisistem, barpaolunan enerji manbasloari, balanslagdirici giic, enerjisistemin dayanigliginin
kritik gartlori, elektrik sobokasinds giic axininin paylanmasi, modellogdirma, garginliys gore dayamiqliq.

TOPICAL ISSUES OF INTEGRATION AND OPERATION
OF WIND AND SOLAR POWER PLANTS IN THE ENERGY
SYSTEM OF THE REPUBLIC OF AZERBAIJAN

HASHIMOV A.M., RAHMANOV N.R., GULIYEV H.B., IBRAHIMOV F.SH.

This paper is devoted to the development of a methodology for estimating the magnitude
of balancing capacity in the Azerbaijani power system with a large share of integrated
renewable energy sources (RES). To this end, an analysis was conducted of the impact of
increasing installed capacity of wind and solar power plants (WPPs) on the balance capacity of
the power system, as well as the random characteristics of its variability for various
combinations of wind and solar power plants operating in the system. The possibilities of
implementing balance capacity distribution under typical critical power system load conditions
were considered. Using the Azerbaijan power system as an example, wind speed and solar
radiation measurements obtained for the geographic locations of wind and solar power plants
were used to simulate system modes for various combinations of these plants using developed
programs. Dependencies for balancing power were constructed, conditions for reducing this
power, as well as conditions for limiting it based on voltage stability in the balancing part of the
system, were determined.

Keywords: power system, renewable energy sources, balancing power, critical power system conditions,
power flow distribution in the electric network, modeling, voltage stability.
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B cratke paccMOTpPEHBI COBPEMCHHBIC TCHJACHIMM HApAIMBAaHUS MOIIHOCTEH BO30OHOBIISIEMBIX
uctouHukoB 3Heprun (BUD) B mupe u B Azepbaiimkane. Ocob00oe BHUMAaHHE YJCIICHO HAIIMOHAIBHOU MOJIUTHUKE
AzepOaiikana B 00JIACTH YCTOWYHMBOM 3HEPreTHKH, BKJIIOYAs COJHEYHYIO M BETPOBYHO JHEPIETHKY, a TaKXKe
peamu3yeMbiM TpoekTaM B chepe BUD. OtpaxkeHbl KIOYEBBIC (PAKTOPBI, CIOCOOCTBYIOUINE HAACKHOMY
MEPEXOY K «3EJIEHO0I) IHEPTETHKE.

KawueBble cjioBa: BO300HOBJISIEMblE HCTOYHHKH DHEPTHM, COJHEYHAsi OHEPrusi, SHEPrus BeTpa,
MPOU3BOJICTBO JIEKTPOIHEPTUU

BBenenue. CtpemiieHME YMEHBIIUTH YPOBEHb 3arpsi3HEHUS OKPYKAIOLIECH Cpeabl M
COXpaHUTL 3allacChbl Heq)TI/I M ra3a HOATAJIKHBAIOT IPaBUTCIbCTBA MHOI'MX CTpaH pa3BHUBATb
aTbTEPHATUBHYIO JHEPreTuky. YToObl BeIMONMHUTE cornamenne COP29 o6 yrpoenun
BO30OHOBISIEMON JHEPrMM K  KOHIy OTOTO  JCCSITHICTHUS, ©€XKETOAHBIH  MPUPOCT
BO300OHOBJISIEMBIX UCTOYHUKOB dHeprun (BUD) nomxen cocraButh He MeHee 320 I'BT x 2030
roay. I[J'I}I JOCTHUIKCHUS OTUX PE3YJIbTATOB, KaXKAasd U3 CTpaH HAXOAWUT CBOU ITYyTHU, UCIIOJIb3Ys
reorpadUyecKre U KIMMaTHICCKHUE TPEUMYIIECTBA JIJIs1 TPOU3BOACTBA YHCTOU dHEpTHH [ 1].

Opnako BHeApeHUE OOJNBIIUX MOIHOCTEH MEPEeMEHHOTO M HEIMpeICKa3yeMOro IMOTOKa
sueprun (B1D) TpebyeT MoaepHU3aAIMY U aJalTalliU CYIIECTBYIONMINX JJICKTPOCETEH.

COon W aBapuM B DHEPrOCUCTEMAax, BBI3BaHHBIC IPEPHIBUCTOCTHIO IPOU3BOJICTBA
SHEPTHH, CI0KHOCThIO MHTerpanuu BUD B CyliecTBYIONyIO CeTh, TPUBEIO K MACIITa0OHBIM
OTKJIFOUEHUSIM DJIEKTPOIHEPTUU, HAHOCAIINM YIIepO SKOHOMHUKE U COIMAIBHOM cdepe.

HapammuBanue mournocteit BUD B mupe

Jons BO300HOBJISIEMBIX HWCTOYHMKOB DSHEPTHU B TJI00aJbHOM SHEPreTHYECKOW U
AJIIEKTPOIHEPIETHUECKON CTPYKTYpPE MOCTOSIHHO PacTET HA MPOTSXKEHUH MHOTHX JIET.

CormacHo eXerogHoMy oTdety MexayHapoaHoro sHepreTudeckoro areHTcTBa (IEA) o
BO300HOBIsieMoli dHepruu 3a 2024 rton, Onaromaps TONACPKHUBAIONICH TIONHTHKE W
OJIaronpUsATHBIM IKOHOMUYECKHUM YCJIOBHUSM OKHJIAETCS 3HAYUTEIBHBIA POCT TI00aIbHBIX
MOIIIHOCTEH BO300HOBIsIeMoit 3Hepruun k 2030 roay [2].

VYBenuueHue JOAM  BO30OHOBJISIEMBIX HCTOYHHUKOB DJHEPrHM B o0mEeM o00bEMe
MPOU3BOJICTBA YAaCTUYHO OOBACHSAETCS  (PAKTUYECKMM  BBIBOJIOM M3  DKCIUTyaTallWH
3JIEKTPOCTAHIIMA Ha OCHOBE HCKomaemoro tormiuBa B EBpome, CeBepHOil AMepuke U —
BriepBeie — B EBpasum (Apmenun, A3zepOaiimkane, ['py3um, Poccuiickoii ®enepanuu u
Typuun). O6muii 066EM PUPOCTa MOIITHOCTEN HA UCKOMAEMBIX BUaX TOILIMBA CHU3UICS C 64
I'Br B 2019 roay no 70 I'Bt B 2023 roxy, nmomu€pkuBas MNpOOJDKAIOUIYIOCS TEHACHIIUIO
CHIDKEHHS 00bEMOB MTPUPOCTA MOIITHOCTEH HA MCKOMAEMBIX BUJaX TOIUMBA [3].
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Puc. 1 IlpousBoactBo anexTposneprun Ha BUD no mupy, TBT 4.

Ha puc.l mokazana amarpamma TpPOW3BOJCTBA JJeKTpodHeprur Ha BUD mo wux
KOMIIOHEHTaM — THJPO3HEPTeTUKa, COJTHEYHasi HEpPreTuKa, BETpOBasi dSHEPreTUKa U JIpyrue
BUJBI BO30OHOBIISIEMBIX HMCTOYHHKOB OdHepruu. Kak BHUIHO ©W3 JuarpaMmbl, 3a
paccMaTpuBaeMblil MEpUOJl TUIPOIHEPTeTHKA JAOMUHUPYET HaJ JAPYTUMHU BUIAMH SHEPTHUU.
OpnHako BeTpOBasi U COJIHEYHASI SHEPTeTUKA JEMOHCTPUPYIOT BBICOKHE TEMITBI POCTA.

Oxkoio 60% MupoBO# BbIpaOOTKH BO300OHOBIIAEMOI 3Hepruu B 2023 rony npuxoguTcs Ha
nonto Kuras, CIIA, bpa3zunuu, Kananst u Uaaum [3].
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Puc. 2. JIugeps! B mpon3BoACTBE ANIeKTposHeprun Ha BUD.

Cornacno otueram Bloomberg NEF (BNEF), B 2023 roay noutu 91% uncroro npupocra
9HEPreTUYEeCKUX MOIIHOCTE BO BCEM MUPE MPULIEIICS Ha COTHEYHYIO U BETPSIHYIO SHEPTUI0 —
no cpaBHeHuio ¢ 83% B 2022 rony — u 6% Ha HUCKOMaeMoe TOIUIMBO, YTO SIBJISIETCS CaMbIM
HU3KHM [TOKa3aTeJeM 3a BCIO UCTOPHIO [4].

[To maHHBIM MexayHapoaHOTro 3HepreTmueckoro areHtctBa (MDA), B 2023 roay
COBOKYITHbIE HWHBECTHUIIMM B BO30OHOBISIEMbIE WCTOYHUKHM SHEPrUU TpeBbickid 570 mipa
JIOJUTApOB, YTO MPEBBICKIIM 00BEM 3aTpaT Ha HcKomaeMoe TorinBo. 80% OT Bcex BIOKEHHI Ha
BUD npuxonutcs Ha 10110 COJTHEYHOU U BETPOBOM SHEPreTUKH [2].

B nepBoit monoBuHe 2024-ro roja WHBECTUIIMM B BETPOIHEPreTHKY aocturiu 90,7
MIULIHAp/Aa 0JU1apoB, 4to Ha 11% Huxke, yem 3a aHanornusblid nepuoy 2023 roga. OcoGeHHO
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3aMeTHBI crnaa Habmrojancs B 0O0JAcTH WCMONB30BAHUS BETPOIHEPTETUKH B MOPCKUX
pernonax. HazeMHasi BeTposHEpreTHKa 4acTO CTAJIKUBAETCS C MpoOsieMaMy MOJKIIOUEHUS K
CeTSIM U TMOJIyYEeHUEM PA3PEIICHHI, HO BETPOBBIE MPOEKTHI MPOJOKAIOT Pa3BUBATHCS, XOTSA U
HE C TaKOM CKOPOCThIO, KaK COJTHEYHAs dSHepreTuka [35,6].

WHBecTuMy B COJTHEUHYIO SHEPreTUKY B nepBoil nosioBuHe 2024-ro roxa nocturiu 221
MUJIMAp/ia T0JIJIApOB 71l MajblX U KOMMYHAIbHBIX OOBEKTOB, HO MOSBUJIMCH IPU3HAKU TOTO,
YTO TEMIbl POCTa 3aMEIJISIOTCS, MOCKOJbKY MEHEE J0pOrMe MOAYJIW O3HAYal0T MEHBIIUI
00beM HMHBECTHIMM ISl TOJY4YEHHUS TOH K€ MOIIHOCTH, a NPOOJIEMBI C AIIEKTPOCETIMHU
HAYMHAIOT TOPMO3UTh HEKOTOPHIE PHIHKH.

B nocneanue necstunerus Kuraii ctan MUPOBBIM JIJIEPOM B Pa3BUTUU BO30OHOBIISIEMbIX
UCTOYHUKOB DSHEPTrUU. DTO CBS3aHO C OTPOMHBIM CIIPOCOM Ha JHEPIHI0, 00YCIOBICHHBIM
CUJIbHBIM 3KOHOMHYECKUM POCTOM M MHAYCTPHAIN3aLUEN CTPAHBI.

BetpoBas u conHeuHasi SHEprusi, B YaCTHOCTHU, HAXOJATCA B LIeHTpe cTpareruu Kuras. B
Hacrosiee Bpemsi Kutait obnagaeT KpymHEHIIMME yCTaHOBIICHHBIMUA MOITHOCTSIMH BETPOBOM
U COJTHEYHOUN DHEPIHH, a TAaK)Ke MACIITAa0HO PacIIUPSieT MOUTHOCTU THAPOIHEPTEeTHUKU. XOTS
n00bIua U CKUTAaHHWE MCKOIMAeMOro TOIUIMBA MO-MPEKHEMY COCTABJISIOT 3HAUUTENbHYIO YacTb
sHeprocHaOxeHus Kwutas, 7075 BO30OHOBISEMBIX HCTOYHUKOB SHEPTrUU B TPOU3BOICTBE
3JIEKTPOIHEPTUU B CTPAHE MPOAOIIKAET PACTH.

ITo 06bémy unBecTuIMii B 6osee yem 280 mupa mosapos, Kurail sBnsercs aGcomioT-
HBIM JIUJIEPOM, HECMOTPSI Ha CHIDKEHHE CTOMMOCTU oOopynoBanus Ha 4%. Kutail mpousBoaut
6osee 70% MUPOBBIX COTHEYHBIX MAHENEH U aKTUBHO 3KCIIOPTUPYET TEXHOJIOTHH [7].

Bropeim 1o 06semy unBecturuii B 90 mupa pomwtapos cran CIHIA. B 2022 rony, mocne
npuHsaTus 3akoHa o cmwkennn undusinuu Inflation Reduction Act (IRA), nonyromoBoit 00bem
naBectuiii B CIIIA Beipoc Ha 63 %. Orta cTpaHa SBASETCS MHUPOBBIM JHUIAEPOM IO
MIPOU3BOJICTBY OMO-TOIINBA, B YACTHOCTU OMO-AM3EIILHOTO TOIUIMBA B OMO-ITaHOMA.

Hecmortps Ha 10, uTo CoenuHennbie 1ITaTel AMEPUKN UCTOPUYECKH SABJISIIOTCS OJHOM U3
BEJYIIUX MPOMBIIUICHHBIX CTpaH, HPOU3BOACTBO HHEPrUU KOTOPBIX JOJITO€ BpEMs B
3HAYUTENIbHOM CTENEeHU 3aBUCeNI0 OT HeTH, MPUPOIHOTO ra3a U YIJisl, BHIIUIA HA 2-€ MECTO IO
Pa3BUTHIO SHEPTETUKHU € UCTIOIb30BaHuEM BUD.

Hauunas ¢ 2010-ro roga, pa3Mep MHBECTUIIMH B Pa3BUTHUE aJbTEPHATUBHOW YHEPrETUKHU
B Unauu Bapbupyercs B npenenax ot 5,11 mo 11,9 mupna eBpo B roa. Beero 5 ner Hazan B
NHaum XoTenu MOCTPOUTh THUTAHTCKYIO TEIUIOBYIO AJIEKTPOCTAHIMIO MOIIHOCTHIO 14 I'Br,
paboTaromlyto Ha yriie, HO 3THM IUIaHAM He CYXIACHO ObLIO COBITHCSI M CETOIHS MPABUTEIHCTBO
Wuauu peanusyer MPOEKT MO CO3AaHHI0 OOBEKTOB, pabOTAIOLIUX 3a CUET SHEPruu COJIHIIA,
cymmapsoi MmourHoctsio 100 I'BT.

HapamuBanue momnocteii BUD B A3zepbaiixxane

Pa3zButne B0O30OHOBISIEMBIX HCTOYHHUKOB SHEPrMM OCTae€TCA OAHMM M3 IPHOPUTETOB
TOCYyJapCTBEHHOM OSHEPreTHYecKOd TMONMTUKU  A3sepbaiimpkana. bnaromaps OGoraromy
NOTEHIMATy COJIHEYHOM M BETPSHOM SHEPruM, B CTpaHE BEAETCS aKTHUBHas paboTa 1o
NPUBJICUYCHUIO UHOCTPAHHBIX MHBECTHIIMNA B 3TOT CEKTOP. 3a MOCIEIHNE HECKOIBKO JIET ObLTH
HOJNMCAaHbl COIVIAIIEHUS C BEAYLIIUMH MEXIYHApOAHBIMM UIPOKAMHU OTpPACIH, TAKHUMHU Kak
Masdar (OAD) u ACWA Power (CaynoBckast ApaBusi), Ui CTPOMTENbCTBA B A3epOaiimkane
conaeunbix (COC) u BetpoBeix dnekTpoctannuii (BOC) [8,9].

Ocoboe MecTo B cnucKe 3HAYMMBIX coObITHI 2024 ronga 3aHMMaeT npoBeneHue B baky
pamouHoii koHpepeniun COP29, Ha kKOTOpOW Hapsay C OCHOBHBIMHU BOMpOCaMU OOpHOBI C
U3MEHEHHUSAMH KJIMMaTa, ObLIM TaKXKE TOCTUTHYTHI CTpaTerHuecKue JOrOBOPEHHOCTH B 001aCTH
pa3BUTHSA “3€JI€HON’ YSHEPTHH.

[To nanHbIM MuUHHCTEpCTBA YHEPIETUKU, IKOHOMHUYECKUI MoTeHIHan AszepOaiikaHa B
00J1aCTH BO30OHOBIISIEMBIX HCTOYHUKOB dHEPTrun orieHnBaercs B 27 I'Bt [10]:

* BeTpoBas 3Heprus Ha cyme 3 ['BT;

* cosiHeuHas sHeprus 23 I'BT;
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* 6uosneprus 0,38 I'Br;

* 3Heprus ropHbiX pek 0,52 I'Br.

OOmast MoIHOCTh BbIpabaTeiBaeMoil B AzepOaiijykaHe 3JIEKTPOIHEPIHMH COCTABIISIET
8320,8 MBT, u3 xotopbix 1650 MBT - 3TO MOIIIHOCTB 3JEKTPOCTAHITHHN, UCTIOIB3YIOIIMX BO300-
HOBJISIEMbIE MCTOYHHMKH SHEPIHM, B TOM YHCJE KPYIMHBIX THAPOIIEKTPOCTAHIUNA. MOIIHOCTh
ruaposnekTpoctannuii coctapisier 1301 MBT, BeTpsiHBIX 3ekTpocTanmuii - 66,45 MBT (8
CTaHUUH, M3 HUX 2 TUOpuaHbIe), OnosHepretuku - 38,7 MBT (2 cranumu, u3 Hux 1
ruOpuIHas), COTHEUYHOM dHepreTuky - 281,9 MBT (13 cranmnwmii, u3 Hux 2 rudpunneie). B 2023
rogy Obua 3amymiena ['apagarckas COC momHocThi0 230 MBT. CraHius nmoctpoeHa 3a cyer
WHOCTPAHHBIX MHBECTHIUMK B pazMepe 262 mwumoHoB nosuiapoB CIIIA u crama mepBoi B
CTpaHe COJIHEYHOM  3JIEKTPOCTAaHIMEH MPOMBIIUICHHOT0  Maciutaba, CO3JaHHOH ¢
MPUBJICYCHHUEM UHOCTPAHHBIX UHBECTHUIIHH.

B 2023 rony mpou3BOACTBO 3JIEKTPO3HEPTMM HA BETPSHBIX U COJHEYHBIX 3JIEKTPOC-
TaHIMIX, a TAK)KE Ha 3aBOJIE 110 CKUTAHUIO TBEPABIX OBITOBBIX OTXOJO0B COCTaBMIIO 359,1 MiH.
kB1'u. 3a rox BeTpsHBIE 3MEKTpOCTAaHIMU BbIpaboTanmu 55,4 mMuH. KBT'4 syekTposHepruu,
COJIHEUHBIE AeKTpocTaHmuu — 80,7 MiH. KBT 4, 3aBOJ MO CXKUTAHUIO TBEPABIX OBITOBBIX
0TX010B — 223 MiH. KBT'4 371€KTpOsHEpruyu, a CyMMapHOE MPOU3BOJCTBO 3JIEKTPOIHEPTHH
THIPOAIIEKTPOCTAHINH, BKiItouast Masbie ['DC coctaBmio 1763 mutH. kBT 4. (pucynok 3) [11].
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Ocoboe BHUMaHHE YJENAETCs pealn3alud MPOEKTOB BO30OHOBISEMON 3HEPreTHKH Ha
0CBOOOXICHHBIX TeppuTopusax Aszepbaiimkana [10,12].

Kapabax u Bocrounsiit 3anre3yp, obnagaromnue 00IbIIMM TOTEHIIMAIOM B IJIaHE BO300-
HOBJISIEMbIX HCTOYHHUKOB SHEPTUU, UMEIOT CTPATErnYeCcKoe 3HaU€HUE C TOYKU 3PEHUs CO3AaHUS
9HEPreTUYEeCKUX OOBEKTOB JJISi IPOM3BOJCTBA 3KOJIOIMYECKH YMCTOM »Hepruu. PasButne
BO300OHOBJISIEMBIX MCTOYHUKOB SHEPIHMHM B ATHUX PErHOHAX OyAeT CIIOCOOCTBOBATH OBICTPOMY
BOCCTAHOBJIEHMIO U 3KOHOMHYECKOMY BO3POKICHHUIO 3TUX PETHMOHOB, & TAK)KE MPUBJICUYECHUIO
JIOTIOTHUTEIbHBIX WHBECTUIMH, CO3JJaHUIO HOBBIX pabOYMX MECT U CO3JaHHUI0 YCTOWYMBOU U
9HEeprodGeKTUBHON HHPPACTPYKTYpbI, KOTOpas OyneT NOJAepKuBaTh Oyaymui pocT u
YCTOMYMBOE Pa3BUTHE BCEU CTPAHBI.

[IepBbIM IPOMBIIIIICHHBIM TPOEKTOM B 00JIaCTH COTHEYHOM HEPreTHKH U KPYMHEHIINM
IPOEKTOM TMPSMBIX HWHOCTPAHHBIX HMHBECTHLIMIA Ha OCBOOOXKICHHBIX TEPPUTOPUSX CTaJOo
CTPOUTENBCTBO COTHEUHOM AtekTpocTanuuu «lagar» momrHocThIO 240 MBT.

A3zepOaiipkaH HalleJIeH Ha YBEIWYCHUE JOJIM BO30OHOBISIEMOW DSHEPrUU B
sHepretuueckoM Oanance crtpansl A0 30% k 2030 roxy. Ilo nmaHHBIM MHHHCTEPCTBA
SHEPIeTHKHU, TeXHUueckui moteHiman BUD AszepOaiimxana coctaBiser 135 I'Bt Ha cyme
(comueunasi, BeTpoBasi M THIposHepreTHka) U 157 I'Br Ha Mope (B OCHOBHOM MOpCKas
BeTpodHepreTuka B Kacnuiickom mope).
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IIpobaemsbl HapammBanus BUD

B MupoBo#i mpakTuke, B 3aBUCUMOCTH OT f0ju BUD B 001IeM mpoM3BOJCTBE AJIEKTPO-
DHEPruM, BBIICISIOT YeThIpe 3Tana (YHKIMOHHPOBAHUS SHEProcucTeMbl. [lepBbIif — mous
anexkTpodHeprun Ha BUD menee 3%. B atom ciiydae BBog BUD He BiausieT Ha paboTy 3HEpro-
cucrteMbl. Bropoit — nons BUD no 13% ot obmiero o6beMa BBIPaOOTKU 3JEKTpOIHEprun. B
3TOM Cilyyae BapbUpoBaHUE Harpy3ku BUD perynupyroT peryaupyromumMu 3JeKTPOCTaHIUsI-
mu. Tperuit stan—nons BUD moxer nocturate 25%. B aTom ciydae, mpu Habope u coOpoce
Harpy3Ku, BbIpa0OTKa 3JIEKTPOIHEPTUH TJI0X0 MporHo3upyemMa. CHUCTEMHBIE OnepaTophl T0JIK-
HbI pPa3BUBATh MEXaHU3Mbl KOMIIEHCALIUU, TAKUE KAK CO3/IaHHE CUCTEM HAKOILJICHUS 3JIEKTPO3-
HEPruu, paclIMpeHue MPONyCKHONW CIOCOOHOCTH CEeTH, MOAEepKaHNEe B TOTOBHOCTH PE3EPBHBIX
MOIIIHOCTEH B TPAaJULMOHHOM reHepauuu. YeTBepThlil dTan, korga aoias BUD cocraBiser ot
25% no 50%, cTaOMIbHOCTh SHEPTOCUCTEMBI CTAHOBUTCS aKTyalbHOW. DHEprocucreMa J10JIxK-
Ha OBITH CIIOCOOHA MPOTUBOCTOATH BO3MYIIeHHSIM BUD B 04eHb KOPOTKHE CPOKH, T.K. IJHEPro-
cHUCTeMa MPaKTUUECKH MOJTHOCTHIO MIEPEXOIUT Ha BO30OHOBIISIEMbIC HCTOYHHUKHY dHepruu [ 13].

C npobaemamu norepu MorHoct BUD cronkuynuce Mcnanus u [lopryranus.

Haunnas ¢ 2010-ro roma ycraHoBieHHass wmomHocTh BHUD B HMcnanum
cTpemuTenbHO yBenuumiach ¢ 42 I'Bt no 88 I'Bt B 2024-om roay, npu stom aois BUD B
BbIpa0OTKe 3yeKTpodHepruu cocraBuia 57%. B Ilopryraaum 3a TOT ke MNEpUON HOJS
BO300HOBIsIEMOl TreHepauuu Boipocaa ¢ 53% 10 85%. [lpu 3ToM ycTaHOBJIEHHAs MOLTHOCTh
TEIJIOBBIX, AaTOMHBIX U THIPOSJIEKTPOCTAHIIUI COXPAHUIACh IPAKTUYECKN HA TOM K€ YPOBHE.

B amnpene 2025 roga B Ucnanuu u Ilopryranuu npousonuia KpynHas aBapusl B 3HEPIo-
CUCTEME, B PE3yJIbTaTe KOTOPOM MPOU30LUIO0 MACCOBOE OTKIIIOUEHHE JIIEKTpOoIHeprun. OKoo
60% cmpoca Ha 3IIEKTPOIHEPTUIO, OBIJIO MOTEPSHO B CUCTEME BCETO 3a MATh cekyHa. OmHa u3
BEpCHil IPUYUH aBapuH Oblia pe3Kas MoTepsl TeHepaliy Ha I0ro-3amnajie CTpaHbl, Tae 0oJbIast
YaCTh AJIEKTPOCTAHLIUNA COTHEUHBIE.

B BenukoOputanuun nerom 2019-ro roma Takke MNPOM3ONLIA CUCTEMHAs aBapwsl.
[IpuunHON MHIMACHTA CTAaI0 BO3HUKHOBEHHUE IEMHOW PEAaKIMH W3-3a CHCTEMHBIX MpobiieM
sHeprerudeckoit ceru. Ilocie oOTKIrOUYeHHs BeTpoBOW snekrpocrannuu Hornsea offshore
windfarm mormsocThIO 1,2 I'BT, cpaboTana aBTOMaTHUECKasi CUCTeMa KOHTpoJisi. B pe3ysbrare
OTKJIFOUMJIMCH JIBE SJIEKTPOCTAHIIMH, YTO TPUBEJIO K MAJCHUIO YacToTa B ceTu 10 48,88 I'r [14].

BbBIBO/1bI
ConHEeUYHBIC ¥ BETPSHBIC DJIEKTPOCTAHIIMHU, B OTIUYHME OT TPATUIIMOHHBIX 3JIEKTPOCTaH-

[IUH, TTIOJBEPYKEHBI PUCKY PE3KUX CKAUYKOB TCHEPAIMH. ITO MOXKET MPUBECTH K PE3KUM KoJieOa-
HUSIM YaCcTOTHl M HAMPSHKEHUS, YTO MPUBEAET K MOJHON moTepe redepanuu. [Ipu BBoge 00ib-
mux o0beMoB TeHepauun BWD, nns Hame:xxHoro u OecrepeOOMHOr0 IHEProcHaOKEeHHS,
HE00XO0IMMO PELIUTh Psil 3a7ay:

— HOBBIE TEXHOJIOTUH, 00ECIICUYNBAIOIINE CTAOUIILHOCTh B YHEPTOCUCTEME,

— CIEUHUAJIbHBIE CHUCTEMBbI PETyJUPOBAHUS HANPSDKEHUS € YCTPAHCHHUS TEPETPy30K

B pacIpeeUTEIbHbBIX CETAX Y KOHCUHBIX MOTPEOUTEIICH.
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BORPA OLUNAN ENERJI MONBOLORININ INKISAF PERSPEKTIVLORI VO
AZORBAYCAN ENERJI SISTEMINO BOYUK HOCMDO BORPA OLAN ENERJI
MONBOLORININ TOTBIiQ EDILMOSi PROBLEMLORI

OLIZADO R.R.

Mogaloda diinyada vo Azarbaycanda borpa olunan enerji potensialinin artirilmasi tizra
moveud tendensiyalar aragdirilir. Azorbaycanda dayaniqli enerjiya, 0 cimlodan glinos va killok
enerjisi sahosindo milli siyasate, borpa olunan enerji sahasinds hayata kegirilon layihalora
xususi digqget yetirilir. “Yasil” enerjiys etibarl kegidi sortlondiran asas amillor 6z oksini tapib.

Acar sozlar: barpa olunan enerji, glinas enerjisi, kiilok enerjisi, elektrik enerjisi istehsali.

PROSPECTS FOR THE DEVELOPMENT OF RENEWABLE ENERGY SOURCES
AND PROBLEMS OF INTRODUCING LARGE VOLUMES OF RENEWABLE
ENERGY SOURCES INTO THE ENERGY SYSTEM OF AZERBAIJAN

ALIZADE R.R.

The article examines current trends in increasing renewable energy capacity in the world
and in Azerbaijan. Particular attention is paid to the national policy of Azerbaijan in the field of
sustainable energy, including solar and wind energy, as well as ongoing projects in the field of
renewable energy. Key factors contributing to a reliable transition to "green" energy are
reflected.

Keywords: renewable energy, solar energy, wind energy, electricity production.
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VWHHOBAIIMOHHBIE HAITPABJIEHUSA PA3BUTHS TAPOTYPEUHHOMN
I'EHEPAIIMH B YCJIOBUAX SQHEPTETHYECKOTI'O IIEPEXO/JIA

EYYUBOVA K.S.

Mingacevir Dovlat Universiteti, D.Oliyev kii¢asi, 21 Mingagevir,
AZ4500 Azorbaycan, BAKI .
kemale.eyyubova.77@mail.ru

B crathe paccMOTpeHBI COBpPEMEHHBIE WHHOBALMOHHBIE HAIPaBJICHHS Pa3BUTHS MapOTypOMHHOM
reHepallMi B KOHTEKCTE IJI00AJbHOIO JHEPreTHYeckoro mnepexona. IIpoaHamu3upoBaHbI TEXHOJIOTHYECKHE
peleHns o MOBBIMIEHHIO 3()()EKTUBHOCTH MapOTypOMHHBIX YCTaHOBOK, CHIDKEHHIO BHIOPOCOB M MHTErpaluy C
BO300HOBJISIEMBIMH HCTOYHMKAaMH 3Hepruu. Ocoboe BHUMaHHE yJeJIeHO HU(PPOBU3ALNH TIPOLIECCOB YIIPABICHUS U
9KOJIOTMYECKOH YCTOWYMBOCTH, BKIIOYAs TEXHOJOTWH YJIABIMBAHUS W XPAHECHUS YIJIEKUCIOTO rasa, a TaKxKe
Iepexoay Ha aJbTEpPHATHBHBIC BHABI TOIUTMBA. [IpMBeAEHBI NPUMEPHI YCHEMIHBIX IPOEKTOB M JaHBI
PEKOMEHAAINH TI0 Pa3BUTHIO OTPACIH B YCIOBUSIX HOBBIX BBI30BOB SHEPTOCHCTEMBI.

K.moqem,le cjJoBa: HapOTyp6I/IHHaH FGHepaHI/Iﬂ, BHGPFCTI/I‘IGCKI/Iﬁ nepexoa, WHHOBAIIMOHHBIC TCXHOJIOTUH,
I_II/ICl)pOBI/ISaHI/IH, yHaBHI/IBaHI/Ie yFHeKPICHOFO rasa, BOSO6HOBHH€MBI€ HNCTOYHUKHU 3Hepr1/m, OKOJIOTHs, ITOBBIIICHUEC
KITJI.

BBenenue

CoBpeMeHHBIE BBI30BbI SHEPTETHUECKOTO Mepexo/ia TPeOYIOT OT SHEPreTUIECKUX CUCTEM
rMOKOCTH, YCTOHYMBOCTM M MHUHMMH3ALUU BO3JCHCTBUS HAa OKPYXAIOILYI Cpemdy.
[TapoTypOuHHBIE YCTaHOBKH, SIBJISISICH OCHOBOM TEIUIOBOW SHEPIEeTHUKH, MIPAIOT KIFOYEBYIO
poib B OOECleYeHUH CTaOMIBHOCTH SHEeprocHadxkeHus. OQHAKO JUIsl COOTBETCTBUS HOBBIM
TpeOOBaHUSAM HEOOXOIMMO BHEIPEHHE MHHOBAIIMOHHBIX TEXHOJOTWH W moaxonoB [1, 4]. B
AzepOaiigykaHe nmapoTypOMHHAs T€Hepalusi MCIOJb3yeTCs NMPEUMMYIIECTBEHHO Ha TEIJIOBBIX
AIIEKTPOCTAHIIUAX, KOTOPbIE 00ECMEeUNBAIOT CTAOMIBFHOE M PEryIHpPYyeMOe SHEPrOCHAOKCHHE
cTpanbl. OCHOBHbBIE OOBEKTHI ¢ MAPOTYPOUHHBIMU YCTAHOBKAMHU BKJIFOYAIOT:

1. Aszepbaiioncanckaa TOL]-1 u TOIL]-2 — TENMIOAIEKTPOLEHTPAIH, padboTarone Ha
OPUPOJHOM Trase, e MNapoTypOMHHBIE YCTAaHOBKM MIPAIOT KIIOYEBYIO pOJb B
BBIPA0OTKE 3JIEKTPOIHEPTHH U TEILIa Il OBITOBBIX M MIPOMBIIIICHHBIX HYXI.

2. Asepsnepoicu — TOCYNapCTBEHHAash KOMIIAHUS, YHpPABIAOLIAs  OOJBIIMHCTBOM
AIIEKTPOCTAHLIUMH, B TOM YHCIE MAapOTYpOMHHBIMH, KOTOpBIE OOecreynBaroT OanaHc
MEXy BO30OHOBIISIEMBIMU HCTOUYHUKAMHM U TIOTPEOJICHUEM YHEPTUU.

3. Ilpoexmwvi mooepnuzayuu u unmezpayuu ¢ B — B AzepOaiimxane pa3padaTbiBaioTCs
UHUIHMATUBBl IO YBEIMYEHHMIO JOJIM BO30OHOBISEMON »SHepruu (BETpoBOH u
COJIHEYHOM), TPU 3TOM MapOTypOWHHBIE YCTAaHOBKM OCTAIOTCS BaKHBIM PE3EPBOM U
00ecreunBaroT CTAOMIBHOCTD 3JIEKTPOCETH B MIEPUO Bl HU3KOH BbIpaboTku BUD.

4. Hunoycmpuanvhvlie 30HbI U KpYNHble NpeOnpusmus — MHOTHE HCIOJIb3YIOT
COOCTBEHHBIC MMAPOTYPOMHHBIC YCTAHOBKH [UII KOMOWHUPOBAHHOM BBIPAOOTKH
AIIEKTPOIHEPTUHU U TEIUIA, YTO MOBBIMIACT YHEProdPPEKTUBHOCTH MPOU3BOICTBA.

Taxkum 00pazom, mapoTypOuHHas reHepaius B AzepOaiipkaHe WTpaeT BaXKHYIO POJb B
oOecrieyeHUH HaA&KHOTO W THOKOTO DHEProcHaOKeHHs, JONOJHIS W OamaHCUpys
BO300HOBJISIEMbIE HCTOYHUKH SHEPTHH B PAMKax SHEPreTUYEeCcKoro nepexona [4].

1. TexHOMOrMUYECKass MOJEPHU3ALMS TAPOTYPOUHHBIX YCTAHOBOK - 3TO KOMIUIEKC TEXHUYECKHX
MEpONPHUATHIA, HAPABJIEHHBIX HA MOBbIIIEHHE (P(PEKTUBHOCTH, HAAEKHOCTH U HKOJIOTHYHOCTH
paboTbl TypOuH. OCHOBHBIE HAIPABICHMS BKJIIOYAIOT 3aMEHY HM3HOLICHHBIX KOMIIOHEHTOB,
yAy4IIeHWe  a’3pOJMHAMUKMA  HPOTOYHOM  YacTH, MOJCPHHU3AIMIO  BCIOMOTaTEIbHOTO
000py0BaHUs, MOBBILICHWE MAPaMETPOB Mapa U BHEIPEHUE aBTOMATU3UPOBAHHBIX CHUCTEM
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ynpasieHus. B pe3ynbrate cHUXKaeTcs: pacxo]] Torumaa, ysenunuuBaetrcs KIIJ{ u nmpoaneBaercs
CPOK CITy’KOBbI YCTaHOBKH.

o  [losviwenue KIIJ] u chudsicenue 8b1opocos

OaHUM M3 MPUOPUTETHBIX HAIPABJICHUN SIBJISETCS MOBBILICHHE KO3(POUIUMEHTA IMOJIE3HOTO
neiictBust (KI1/1) mapoTypOMHHBIX YCTAaHOBOK M CHMXKEHHME BHIOPOCOB MApHUKOBBIX Ta30B. s
3TOr0 MPHUMEHSIIOTCS HOBbIE MaTepualbl, YCTOWYMBBIE K BBICOKMM TEMIIEpaTypaM, a TaKxke
TEXHOJIOTUH, TTO3BOJISIOIINE YIaBIUBATh U IiepepadaTbIBaTh YIIIEKUCIbIN a3 [3].

o Uumeepayus c 60306H061AEMbIMU UCIOYHUKAMU IHEPSUU

C uenbio MOBBIIIEHHUS THOKOCTH YHEPrOCUCTEMBl TAPOTYPOUHHBIE YCTAHOBKH MHTETPUPYIOTCS
C BO300OHOBISEMBIMH HMCTOYHHMKAMHU DJHEPIrUH, TaKMMU KaK COJHEYHBIE M BETPOBBIC
AMEKTPOCTAHIIMU. DTO MO3BOJSAET dPPEKTUBHO KOMIIEHCUPOBATh UX IEPEMEHHYIO BBIPAOOTKY U
obOecrieunBaTh cTaOMIIbLHOE SHEprocHadxkenwue [ 1, 4].

2. HudpoBuzaus u aBTOMaTHU3alMs MPOLECCOB - 3TO BHEIPEHHUE COBPEMEHHBIX HU(POBBIX
TEXHOJIOTUH W aBTOMATU3MPOBAHHBIX CHUCTEM YIPABICHHS Il MOBBIICHUA PPEKTUBHOCTH,
TOYHOCTH M HaJAEKHOCTU paboThl 06opynoBaHus. OCHOBHbIE 33a/la4l: MOHUTOPUHT B pEAIbHOM
BpEMEHH, YAaJIEHHOE YIPABICHHUE, CHIDKEHUE BIUSHUS YEIOBEUYECKOro (akTopa U Mepexos K
NPEIUKTUBHOMY OOCITY)KMBAaHHMIO. OTO TIO3BOJISIET ONTHMHU3MPOBATh IPOU3BOJICTBEHHBIE
IPOIIECChl, COKPATUTh U3AECP>KKH U IOBBICUTH OOIIYIO IPOU3BOAUTEIHHOCTb.

e BueopeHue yughposvix mexnoiocuil

Hcnonb3oBanne udpoBBIX TEXHOIOTUH, Takux Kak MHTepHeT Bemel (10T), 6ompime qaHHbIe
U UCKYCCTBEHHBI HMHTEIIEKT, IO3BOJSIET MOHMTOPUTH M ONTHMH3HPOBATH paboTy
NapoTypOMHHBIX YCTAaHOBOK B pPEAJbHOM BpEMEHH. ITO CHOCOOCTBYET IOBBIIIEHUIO
HaJIeKHOCTH U 3(P(PEKTUBHOCTH UX IKCILTyaTanuu [2].

e [IpocHo3uposanue u ynpasieHue

[IpuMeHeHrne anropuTMOB MAIIMHHOTO OOydYeHHUs [Js MPOTHO3UPOBAHUS MOTPEOHOCTH B
SHEPTUU U YIPABICHHUS PEXKUMaMH pabOThl MapOTYpOMHHBIX YCTaHOBOK II03BOJISIET Ooiee
TOYHO COOTBETCTBOBATH TPEOOBAHMIM YHEPTOCUCTEMBI U CHIKATD MTOTEPH dSHEPTrHu [2].

3. Okonoruyeckas yCTOMYMBOCTb M COLMAJIbHAas OTBETCTBEHHOCTh — OTO IPHUHLUIIBI,
HalpaBJieHHbIE HAa MHUHHUMHU3ALMI0O HETaTUBHOTO BO3ACMCTBUS HAa OKPYXKAIOLIYIO Cpeay H
yAy4IlIeHHEe KayecTBa JKM3HM oOmiecTBa. BKIIIOUAlOT CHIKEHHE BBIOPOCOB, palMOHAIBHOE
HCIIOJIb30BAaHUE PECYPCOB, BHEAPEHHE HKOJIOTMYHBIX TEXHOJOTUH, 3a00Ty O 3/I0pOBbE HU
0€30MaCHOCTH COTPYAHMKOB, a TaKXKe TOJJAEPKKY MECTHBIX COOOIIECTB. OTH Mepbl
CIOCOOCTBYIOT AOJITOCPOYHOMY PA3BUTHIO MPEATIPUSATHUS U YKPEIUIAIOT €r0 PemyTaIuIo.

o CHudicenue 8030elCmEUs HA OKPYIHCAIOWYIO CPeOY

BHenpenue TexHOJIOTHN ynaBiIMBaHUs U XpaHeHHs yraekucioro rasza (CCS), a takxe nepexon
Ha OoJiee YKMCThIE BU/BI TOIUIMBA, TAKHE KaK BOJIOPOJ, CIIOCOOCTBYET CHUKEHHUIO BO3IACHCTBUS
NapoTypOMHHBIX YCTAHOBOK HA KJIMMAaTH4YeCKUE U3MEHEHus [3].

o  Coyuanvhas omeemcmeeHHOCHb

Pa3Butre mapoTypOMHHOW TeHepalud TakKe BKJIIOYAaeT B Cce0s acCleKThl COIMaIbHON
OTBETCTBEHHOCTH, TaKuWe Kak o0ecredeHne Oe30MacHbIX YCIOBUH TpyAa, IMOBBIIICHUE
KBATH(UKAIMK paOOTHUKOB M y4acTHE B COITMATIBLHBIX MpoeKTax [1].

4. ITpumMepbl YCHEIHBIX TPOEKTOB

e Mooepuuzayus 6 Poccuu

Kommanus «aTep PAO» peanu3yeT NpoeKTHI M0 MOJICPHU3AIMH MApOTYPOMHHBIX YCTAHOBOK
C HCIOJb30BAaHMEM OTCUECTBEHHBIX TEXHOJOIMH, YTO CIIOCOOCTBYET MOBBIIICHUIO HX
3 PEKTUBHOCTH U CHIKEHUIO 3aBUCHMOCTH OT UMIIOPTHOTO 000pyoBanus [ 1].

o UnuknoszusHulii nooxod 8 Azepbatioxcane

B AszepOaiixane pa3pabarbIBaroTCs NPOEKTHI, HANpaBlICHHBbIE Ha pa3BUTHE  Kak
TPaJWLMOHHON, TaK U aJbTEPHATUBHON SHEPreTHKH, YTO CHOCOOCTBYET IUBEPCHPHUKAIIUU
HHEPTreTUYECKOro OajlaHCca 1 MOBBIIIEHUIO YCTOHYUBOCTH YHEPTOCUCTEMBI [4].
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[Tonp3a MHHOBAIIMOHHBIX HAPABJICHUH B pa3BUTHH MAPOTYPOMHHOMN reHepariu:

1. TloBsmenue 3(hPeKTUBHOCTHU:
CoBpeMeHHbIE TEXHOJIOTUU TO3BOJISIIOT cymiecTBeHHO yBenuuuth KIIJ mapoTypOuMHHBIX
YCTAHOBOK 3a CYET YJIYYIIEHUS MAaTepHUasoB, ONTUMH3ALMKU KOHCTPYKLIMU TYpOUH H
MHTETPAIlM C COBPEMEHHBIMU CHCTEMaMH yTIPaBJICHUSI.

2. CHmwKeHHe BRIOPOCOB U IKOJIOTHUYECKasi 0€30MacHOCTh
VHHOBaITMOHHBIE pEIIEHUs] CIIOCOOCTBYIOT YMEHBIICHUIO BBIOPOCOB YIJIIEKHCIOTO Ta3a U
JPYTUX 3arps3HUTENEH, YTO BaKHO B YCJIOBUSAX CTPEMJIEHUS K YCTOHYHMBOMY Pa3BUTHUIO U
COOJTIOJICHHIO KIIMMATHYECKUX COTJIAIICHU.

3. HWHrerpauus ¢ BO30OHOBIAEMBIMU HCTOUHUKAMH SHEPIHH
[TapoTypOMHHBIE YCTaHOBKM CTAHOBSITCS Oojiee THOKMMHM W aJalTHPYEMbIMH, YTO
NO3BOJISIET HCMOJB30BaTh HUX B TMOPUIHBIX PHEPrOCUCTEMAX BMECTE C COJIHEYHOH H
BETPOBOU DHEPrETUKOM.

4. VYBenuueHHE CPOKa CITYKOBI U HAJICHKHOCTH
Hcnonp3oBaHWe HOBBIX MAaTEpUANOB W TEXHOJIOTMH MOHUTOPHHTA  COCTOSIHUS
000pyOBaHUS TIOMOIAe€T CHU3UTh AaBAPUMHOCTb M CHM3MTh PAcXOAbl Ha PEMOHT MU
o0cyXKBaHUE.

5. CHmXeHHE dKCIUTyaTallHOHHBIX 3aTpaT
6. ABTOMaTH3alUs MPOIECCOB U YIYYIICHHWE MPOCKTHBIX PEUICHUH TO3BOJSIOT COKPATHUThH
SKCIUTyaTallMOHHBIE  W3JCPXKKH, 4YTO JeJlaeT TapoTypOMHHBICE YCTaHOBKH OoJjee
SKOHOMUYECKU BBITOJIHBIMU.
CpaBHUTENIBHBIE XapaKTEPUCTUKNA COBPEMEHHBIX TApOTYPOUHHBIX YCTaHOBOK
Taonuma 1.
ITapameTtp TpanuoHHbIE MoiepHU3UpOBaHHbIE MHHOBalIMOHHBIE
YCTaHOBKH YCTaHOBKH pemieHus
KILJ (%) 38-42 44-47 48-52
Bri6pocst CO- 700-800 400-500 <300
(r/kBTt-4)
Bpems 3anycka (MuH) 30-40 20-25 10-15

B Tabnuue mnpuBeneHo cpaBHEHHME TpPEX THUIOB MAapOTypOMHHBIX YCTaHOBOK-
TPaJMLMOHHBIX, MOJEPHU3UPOBAHHBIX M WHHOBAIIMOHHBIX pELMIEHUH — M0 KIIIOUYEBbIM
napameTpam, BIHUSIOIIUM Ha UX 3((PEKTUBHOCTH, SKOJIOTUYHOCTD U ONEPATHBHOCTH PabOTHI.

1. KIJT (%)
TpaauuMOHHBIE YCTAHOBKU UMEIOT 3PPEKTUBHOCTH B AuanazoHe 38—42%, 4To COOTBETCT-
ByeT 0a30BOMY YPOBHIO NapOTypOMHHON reHepaIuy MPOILIbIX JecATuiIeTuid. MoaepHu3u-
pOBaHHBIEC YCTAaHOBKH JeMOHCTpHUpYIoT yinyumienue KIT/{ no 44—-47% Gnaromapst npumene-
HUIO 00JIee COBEPIICHHBIX MaTEpPHAIIOB M TexHonorui. Hanbonpmue mokazarenu 3¢ dek-
TUBHOCTH — 48-52% — 1ocTUraroTcsi B ”HHOBAIIMOHHBIX PEIICHUSIX, KOTOPbIE BKJIIOYAIOT
nepeoBble METOIbI TPOEKTUPOBAHMUS, YIydllIEHHbIE MaTepUaibl 1 CHCTEMbI YITPABIICHUS.

2. Buwiopocer CO: (o/kBm-u)
[Toxazarenb BEIOPOCOB YIJIEKHCIIOTO ra3a CyIIECTBEHHO CHUXKAETCS M0 MEPE COBEPILIEHCT-
BOBaHMA TexHojorui. TpamurnuonHsle ycraHoBku BbaessitoT 700-800 rpammoB CO: Ha
KUJIOBATT-4ac, YTO CYIIECTBEHHO MPEBBIIIAET COBPEMEHHBIE SKOJIOTHYECKHe HOPMBbI. Mo-
JIEPHU3NPOBAHHBIC YCTAHOBKU CHIKAIOT BBIOpOCH! 10 400-500 r/kBT 4. IHHOBaIMOHHBIE
pelIeHus MO3BOJITIOT YMEHBITUTE BHIOPOCH! 10 MeHee YeM 300 r/kBT 4, uTo cnocoOcTByeT
JOCTIDKEHUIO IeNiel 1o JeKapOOHU3allMi M CHU)KCHUIO HEraTMBHOIO BO3JCHCTBUS Ha
KJIUMar.

3. Bpemsa 3anycka (mun)
Bpewms 3amycka ycTaHOBKHM OTpakaeT €€ THOKOCTh U CIIOCOOHOCTh OBICTPO pearnpoBaTh HA
U3MeHeHHue Harpy3ku. TpaauiuoHnHsle ycTaHOBKH TpeOyioT 30-40 MUHYT Ui BBIXOJa Ha
pabouunii peXuM, YTO OTpaHUYMBACT MX NPHUMEHEHHE B CHCTEMaX C BBICOKOW JOJeH
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BO300HOBIISIEMBIX HMCTOYHHKOB 3HEPrUU. MOAEPHU3HPOBAHHBIE YCTAHOBKU COKpAIIAIOT
BpeMs 3amycka 10 20-25 muuHyT. Hambonee mnepemoBble WHHOBAIIMOHHBIC PEIICHUS
NO3BOJIAIOT CHMU3UTH BpeMs 3amycka 10 10—15 MuHYT, 4TO 3HAYMTENBHO IOBBIIIAET
aJIaNITUBHOCTH YHEPTOCUCTEMBI U YITy4IlIaeT OajaHC crpoca U MPeasIoKEHusI.

JlaHnHple ~ TaOMMUBI ~ JEMOHCTPUPYIOT  OYEBUIHYIO  TEHACHUUIO  TOBBIIICHHUS
3¢ (PEeKTUBHOCTH M HKOJIOTMYHOCTH TMAapOTYPOUHHBIX YCTAHOBOK MpPH OJHOBPEMEHHOM
YIAyYIIEHUU UX OINEPATUBHBIX XapaKTEPUCTHK. OJTO J€JacT HMHHOBALMOHHBIE DELICHUS
O0COOCHHO Ba)XKHBIMH B YCJIOBHSIX COBPEMEHHOTO SHEPreTHUECKOIo Iepexoja, Korjaa pacTer
NOTPeOHOCTh B THOKUX M YMCTHIX HCTOUYHMKAX YHEPTUH.

Jlnst  OGonee TMOJMHOTO aHajdM3a COBPEMEHHBIX MMapOTYPOMHHBIX YCTAaHOBOK OBLIO
pacIIMpeHO CpaBHEHUE C YYETOM JOMOJIHMUTEIBHBIX BaXXHBIX IApaMETpPOB — CTOMMOCTHU
YCTaHOBKH, CPOKa CIIYXKOBI U TPEOOBaHMI K TEXHUYECKOMY o0cmyxuBanuto (Tabmuma 2).
Cmoumocmp ycmanoseku

TpaguuoHHble MapoTypOMHHBIE YCTAHOBKHM XapaKTEpU3YIOTCS CPaBHUTEIBHO HEBBICO-
KOl CTOMMOCTBIO, UTO OOYCIIOBJICHO MPUMEHEHHEM 0a30BBIX MAaTEpUANIOB M TEXHOJOTHH. Mo-
JNEPHU3UPOBAHHBIE YCTAHOBKU TPEOYIOT YBEIMYEHHBIX KAUTAIOBIOKEHUH B CBSA3H C UCIOJIb-
30BaHHUEM YJIYULIEHHBIX KOMIIOHEHTOB M aBTOMAaTHU3UPOBAHHBIX cUCTEM. VIHHOBAllMOHHBIE pe-
HICHUSI UMEIOT HauOOJIBIITYI0O CTOUMOCTb, 00YCIIOBICHHYIO PUMEHEHUEM TIEPEOBbIX MaTepua-
JIOB, IIU(PPOBBIX CUCTEM YIPABJICHUS M KOMIUJICKCHBIX TEXHOJOTHH KOHTPOJISI COCTOSHUS 000-
pynoBanus. Hecmotpst Ha Gojiee BBICOKYIO IIEHY, TaKHE YCTAaHOBKH 00J1a/latloT 00jiee BHICOKOH
HKOHOMHUECKON 3P EeKTUBHOCTHIO 3a c4ET pocTa KII/I 1 cHI>KEHUS 3aTpaT Ha TOIUIUBO.

Cpok cnyscowl

ViaydiieHHble MaTepualbl M TEXHOJIOTMUYECKHUE PEIIEHUS I03BOJISIOT  yBEJIUYMTH
9KCIITyaTallMOHHBIN pecypc MapoTypOMHHBIX YCTAHOBOK: TPAJAULIMOHHBIE HUMEIOT CPOK CITYKObI
nopsiaka 25-30 ner, monepausupoBannbie — 30-35 ner, a nHHOBaMOHHbIE — 10 35—40 ner.
OTO yMEHbBIIAET YacTOTy KamUTAIbHBIX PEMOHTOB U  YJIy4llIaeT 3KOHOMHUYECKYIO
3¢ (HEeKTUBHOCTH IKCILTYaTaIHH.

Tpebosanun Kk mexHuuecKoOMy 00CaAYHCUBAHUIO

TpaauuMoOHHBIE YCTAaHOBKHM TPEOYIOT CTaHJIAPTHOTO KOMIUIEKCA IUIAHOBBIX PEMOHTOB U
3aMEHBI M3HAIMBAEMBIX JeTayieid. MoaepHU3UPOBAaHHBIE CUCTEMBI 00Jagal0T O0JIee CIOXKHOMN
KOHCTPYKLIMEH, UTO YBEINYUBACT TPEOOBAHUS K KBATHU(PHUKAIIMUA 00CTY)KUBAIOIIETO MEPCOHAIA.
MHHOBAaIlMOHHBIE pEIIeHHs BKIIOYAIOT CJIOXHBbIE LU(POBBIE CHUCTEMBl MOHUTOPUHIA H
JMAarHOCTUKH, YTO TpeOyeT BBICOKOKBAIM(UIIMPOBAHHBIX CIHEIHMAINCTOB M COBPEMEHHOTO
cepBHCHOro obopynoBanus. [Ipu 3ToM Takue cUCTEMBI MO3BOJSIOT CHU3UTh PUCKH aBapuil
COKpPATUTb BPEMsI IPOCTOEB.

(Tabnuma 2)
[Tapamerp TpaguiioHHbIE MonepHU3npoBaHHbBIE MHHOBanMOHHBIE

YCTaHOBKHU YCTaHOBKH peleHus
KITA (%) 38-42 44-47 48-52
Bri6pocel CO: (1/kBT- 1) 700-800 400-500 <300
Bpewmst 3amycka (MyH) 30-40 20-25 10-15
CroumocTs ycTaHoBKH (MiTH $) 50-70 70-90 90-120
Cpok citysk0bI (JIET) 25-30 30-35 35-40
TpeCosarms Kk TexHmccKoMy Cpennue IToBbIlIIEHHBIE Bricokue
00CITyKBAHHIO

PacimmpeHHbIli aHAIN3 IEMOHCTPUPYET, YTO MHHOBAI[MOHHBIC HAIPABJICHUS B Pa3BUTHU
napoTypOMHHOI TeHepaluu O0eCleYrMBalOT KOMIUIGKCHOE — YIy4IIeHHWEe IIOKa3aTelei:
NOBBIIIIEHUE YPPEKTHBHOCTH M 3KOJOTHYHOCTH, COKpAIICHHE BPEMEHH 3aIlyCKa, YBEIMYCHUE
CpOKa CIYyXOBbI, a TakKe TMOBBIIIEHHE TpeOOBaHUI K OOCITY)KHUBaHHIO, YTO B MTOTe
crocoOcTByeT 0Oojiee yCTOWYMBOM W IKOHOMHYHOW pabOTe HIHEPrOCUCTEMBI B YCIOBHSIX
HHEPTEeTUYECKOTr0 Mepexoa.
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Ha pucynke 1. IlpencraBieHa cxemMa HWHTErpalddl NapoOTypOMHHOM YCTaHOBKU C
BO300HOBIISIEMBIMH MCTOYHMKAMM SHepruu. Ha cxeme mokas3aHa mapoTypOMHHas yCTaHOBKA,
MOAKIIOYEHHAs K BETPOBOM M COJIHEUHOM JJIEKTPOCTAHLMM 4Yepe3 CUCTEMY YIIPABICHUS U
aKKyMyJsITopHble Oarapen. Cuctema yInpaBl€HHUsl PEeryjJupyeT Harpy3ky M IEepeKIr4aeTcs
MEXIy HCTOUYHMKAMH OHEPrHM B 3aBUCUMOCTH OT HX JOCTYMHOCTM U TOTpeOHOCTEH
sHeprocucreMsl. CTPENKU YKa3bIBAIOT HAIIPABJICHUS TIOTOKOB YHEPTUU:

e U3 BDOC u COC — B 0011y10 CETh W/MIM B aKKyMYJISTOPHI.

e [Ipu Hemocrarke BUD — IITY yBenuuuBaeT mpou3BOJCTBO JIEKTPOIHEPTUH.

e [Ipu u36eiTke BUD — IITY cHMXaeT Harpy3Ky, akKyMyJIsITOPBI 3apsKatOTCs.
Llenb cxemvl: TOKa3aTh, KaK MAapOTypOMHHAas YCTaHOBKA pa0OTaeT B KOMIUIEKCE C
BO300HOBJISIEMBIMH MCTOUYHUKAMHU JJIsi 00ECTeUeHHsI CTa0MIBHOTO U JKOJIOTUYECKH YHCTOTO
SHEPTrOCHA0KEHUSI.

— W —

LA
Conreunas CHcTeMa Betpsanas
31eKTPOC TAHITHA yIIpaBlIeHHA IMCKTPOCTAaHITHA
3HEpTrHeH l
'.
+ —-|4¢— av e
Haxkomrenne ITapoTyp GHHHBIH DnekTpHYecKad
IHEPTHH reaepaTop pemeTKa

Puc.1. Cxema unTerpanuu napoTypOMHHON yCTaHOBKH
C BO30OHOBIISIEMBIMH UCTOYHUKAMH SHEPTUH.

IIpakTHYecKkas 4acTh.
HHHOBaIMOHHBIE pEIIeHUs U pacu€Thl 17151 MOBBIICHUS 3P(HEKTUBHOCTH MAPOTYPOUHHOM
reHepaluu:
1. Ilosviuwenue mepmuuecxkoeo KIIJ] mypounwvi
OcnosHas popmyna nns pacuéra KI1J] mukna Penkuna:

Whosnesn. — h1—h2
QBXOL{ hl_h4—

Il:

rae: N1 - SHTaNbIUs Mapa Ha BXOJIE B TYpOUHY
h2- sHTaNBIHS TTapa Ha BBIXOJE U3 TYPOHUHBI
hs - SHTaNIBNKS KOHACHCATA MTOCTIE KOHICHCATOPA
Hunosayuu:
- Ucnons3oBanue 6osee BRICOKUX MapaMeTpoB mapa (Hanpumep, 600°C, 25 MITa).
- BHenpenne mpoMexyToqHOro neperpeBa napa (IByXCTyIeHYaToro).
- [IpyuMeHeHne HOBBIX JIOMATOK C YJIYUYIIEHHON a3pOAMHAMHUKOM.
2. Veenuuenue svipabomku 3a cuém pezenepayuu
®dopmyiia pacué€ra S)KOHOMHUHU TOIJIMBA 3a CUET PEreHepalui:

— n
qpereH.—qHaqanLHLIﬁ - 2i=1 qi

rze (i - TerioTa, COKOHOMJIEHHAs 3a CUET Ka)I0T0 MOI0rpeBaTelis pereHepalnu.
Hunosayuu:
- MHoroctyneHnyaras perenepaius (6—8 cryrneHei).

25



- Ucnonb3oBanue nupoBOro yrnpaBieHHs TOAOTPEBOM.
3. MoaenupoBaHue MapoTypOMHHON YCTAHOBKH C IIU(PPOBBIM JTBOHHUKOM
Coznanue nugpoBOro IBOMHUKA TYpOUHBI MTO3BOJISET:
e B pexume peansHoro Bpemenu paccunutbiaTh KIT/I:

npacqu(t):f(hl(t) ) hZ(t) ,TKOHI[eH(:aTa(t))

o Ilpexacka3piBaTh U3HOC Y3JI0B HA OCHOBE JIaTYMKOB BUOpAIIUU, TEMIIEPATYPbI, 1aBICHUS.
[Tpumep hopMymbl 4151 OLIEHKH JErpaalliyl JIOMATKHU 110 BPEMEHH:

D(t)=Do-e™

rae: D(t) - Texymiast cTenenp n3HoOCA,

A - KO3QPHUIHEHT cTapeHus] MaTepuana,

T - BpeMst paGoTHI.
4. Oyenxa coxpawernus eviopocos CO: npu mooepHuzayuu
®opmyna pacuéra cHuxeHus BoiopocoB COq:

ACOZZ(q):[o_qnocne) ‘EF

rae: Q - ynenbnbiid pacxop Torua (I'J[x/MBT-4)
EF - smuccuonsstii pakrop Tormmsa (kr CO2/TJIx)

Hnnosayuu:

- [lepexon ¢ yris Ha IPUPOIHBIN ras.

- Uactuunas uaTerpanus ¢ BUD (Hanmpumep, UCMOIb30BaHKE Mapa OT COTHEYHBIX
KOJUIEKTOPOB).
5. Uumeepayus ¢ napoeazosvimu ycmanosxkamu (I111'Y)
DddextuBnocts [1I'Y paccunThiBaeTCs Kak:

_Wras+Wnap
nry=——,———

QTOl'lJT

rae: Wras - MOIITHOCTh Ta30BOM TYpOUHBI
Wiiap - MOIIIHOCTH TAPOBOM TYpOMHBI
Qo - TETIOBOM SKBUBAJIEHT TOILJIMBA
Hunosayuu:
- Ucnionb30BaHne HU3KOTEMIIEPATYPHBIX TEIIOBBIX HAKOMUTEIEH.
- Ynpasnenue I1I'Y uepe3 MU u npeuKTUBHBIE AITOPUTMBI.
TakuMm 00pa3oM MHHOBAIIMOHHBIE MOAXO0/bI B TAPOTYPOMHHOM reHepaluu M03BOJISIOT:
- [ToBeicuTh KITJI Ha 5-10%
- CHM3UTH pacxoj ToruBa 10 15%
- Ymenbmnth BoiOpocsl CO: Ha 20-25%
- YBEeNIUUUTh HAZIEKHOCTh M CPOK CITY>KOBI 000PYI0BaHHS

BriBoabI

o IlapoTypOuHHas reHepamusi OCTaeTCsl BaXKHOM COCTABIISIOIICH YHEPTETHUECKON CHCTEMBI,
HECMOTPS Ha POCT J0JIM BO30OHOBIISIEMBIX HUCTOYHHMKOB, OJ1arofapsi CBOeH HaJeKHOCTH U
CHOCOOHOCTH 0OecIeunBaTh 0a30BYI0 HATPY3KYy.

e lHHOBanmuM HampaBie€Hbl Ha MOBBIIIEHUE SKOJOTMYHOCTH M I(P(PEKTUBHOCTH, YTO
COOTBETCTBYET TJIOOAJBHBIM TpPEHIAM JSHEPreTUYEeCKOro Iepexoja U COKpalleHHs
YIJIEPOAHOTIO CIIEaa.

e T'mbGkocTh MapoTypOMHHBIX YCTaHOBOK BO3pPAcTaeT, IO3BOJISA Jiydlle OalaHCHpOBATh
SHEPTrOCHUCTEMY IIPH YBEIWYEHUH JOJU HecTaOmiIbHBIX BUD.
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o Dbynymee 3a KOMIUIEKCHBIM IMOIXOO0M, BKIJIIOYAIOIUM LU(GPOBU3AIMIO, HCIIOIb30BAaHUE
HOBBIX MaTEPHAJIOB, HHTEIPALIMIO C BO30OHOBIIIEMOM YHEPIETUKOM M YITydIlIeHHE IIUKIIOB
paboThI.

3aki04eHne
VHHOBallMOHHBIE HANpaBIEHUS B DPA3BUTHM MNapOTYpOMHHOM T€HEpaluu SBISIOTCA
KJIIOYEBBIMH JUIsI 00ECIIEUeHHUsI YCTOMYMBOIO SHEPreTHYECKOro mnepexonaa. TexHojormueckas
MoJepHU3alus, LU(POBU3ALUSA TMPOLECCOB M BHUMAHUE K HKOJOIMUECKOW YCTOMYMBOCTH
NO3BOJAIOT 3()()EKTUBHO HWHTETPUPOBATH NAPOTYpPOMHHBIE YCTAaHOBKHM B COBPEMEHHBIE
9HeprocucTeMsl. [IpuMeps! yCHEemHbIX MPOEKTOB NOATBEPKAAIOT 3(P(PEKTUBHOCTh BHIOPAHHBIX
HIOZIXOJIOB M CITY’KaT OPUEHTHUPOM JIJIsl TalIbHEHIIIero pa3BuTus otpaciu [ 1-4].

1. MUsanos HU.U., [lempos I1.Il. CoBpeMEHHBIC TEXHOJOTHHU TMOBBIMICHUS 3((PEKTUBHOCTH
napoTypOMHHBIX YCTAaHOBOK // DHepreruka. - 2023. - Ned. - ¢. 45-52.

2. Cmupnosa A.B., Kysneyos B.H. lludpoBuzamus B SHEPreTHUKE: BOSMOKHOCTH U BBI3OBHI //
Temnosnepreruka. - 2024. - T. 68, Ne2. - C. 100-110.

3. Johnson M., Lee H. Carbon Capture Technologies for Power Plants // Renewable Energy
Journal. - 2022. - Vol. 45. - p. 123-136.

4. World Energy Council. Global Energy Transitions Outlook //2023.-URL.:
https://www.worldenergy.org/energy-transitions

ENERJI KECIDI SORAITINDO BUXAR TURBINLI GENERASIYANIN
INNOVATIV INKIiSAF ISTIQAMOTLORI

EYYUBOVAK.S.

Bu mogalo global enerji kecidi kontekstinda buxar turbinlorinin yaradilmasinda miiasir
innovativ inkisaflar1 arasdirir. Buxar turbin qurgularinin somoroliliyinin  artirilmast,
emissiyalarin azaldilmas1 vo borpa olunan enerji moanbolori ilo inteqrasiyanin texnoloji hallori
tohlil edilir. Idaroetma proseslorinin ragomsallasdiriimasia va ekoloji dayamqliga, o ciimlodan
karbon tutma vo saxlama texnologiyalarina, homginin alternativ yanacaga kegido xususi digqst
yetirilir. Ugurlu layihalordon numunalar verilir, enerji sisteminin qarsisinda duran yeni
cagirislar soraitinds Sanayenin inkisafi tigiin tovsiyalor verilir.

Acar sOzlor: Buxar turbininin istehsali, enerji kegidi, innovativ texnologiyalar, rogomsallasma, karbon
tutma, barpa olunan enerji monbolari, ekologiya, somaraliliyin artirilmasi.

INNOVATIVE DIRECTIONS FOR THE DEVELOPMENT OF STEAM TURBINE
GENERATION IN THE CONTEXT OF THE ENERGY TRANSITION

EYYUBOVA K.S.

This article examines modern innovative developments in steam turbine generation in the
context of the global energy transition. Technological solutions for increasing the efficiency of
steam turbine units, reducing emissions, and integrating with renewable energy sources are
analyzed. Particular attention is paid to the digitalization of management processes and
environmental sustainability, including carbon capture and storage technologies, as well as the
transition to alternative fuels. Examples of successful projects are provided, and
recommendations for the industry's development are offered in the face of new challenges
facing the energy system.

Keywords: Steam turbine generation, energy transition, innovative technologies, digitalization, carbon
capture, renewable energy sources, ecology, efficiency improvement.
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The temperature dependences of the current-voltage characteristic in the region of strong electric fields in
layered Ing.93Smo.o7Se single crystals are studied. It is shown that the current in the nonlinear region of the current-
voltage characteristic is due to the Frenkel thermal-field effect. The Frenkel coefficients are determined at T=110K
B=5-10[cm/V]*?, at T=200K B=6.3-10[cm/V]*?, at T=294K B=5.9-10[cm/V]*?, the trap concentrations are
N¢=5.83-10%cm3, N=6.18-10%cm?, Nt=2.4-10%cm3, respectively. The shapes of the potential well of the electron
trap are respectively @(x) = 1-102 eV, ¢(x) = 2.56-102 eV, ¢(x) = 3.33-10 eV. The mean free path of current
carriers turned out to be respectively: A=4.74-10° cm, A=1.1-10"° cm, A=1.3-10° cm.

Keywords: frenkel thermal-field effect, trap concentrations, rare earth elements, potential wells, mean free
paths.

Introduction

InSe crystals belong to the layered crystals of the A3B® group. Due to their unique proper-
ties, these crystals are suitable for creating solar cells [1,2], optical modulators [3,4], X-ray de-
tectors [5], devices for radioactive measurements in nuclear reactors [6,7], pressure sensors [8].

According to [9], rare earth elements (REE) in semiconductors have low solubility and
cleaning ability, which are associated with a decrease in the concentration of uncontrolled
impurities and an increase in the mobility of charge carriers. Replacing indium atoms with REE
atoms in crystals leads to an increase in the number of donor-type levels, which creates
conditions for the formation of n-type conductivity.

Experiment and discussion of results

In InSe, the coordination number of In atoms is 4, and the coordination number of Se
atoms is 3. Accordingly, 4-coordinated In atoms form a tetrahedral bond with 3-coordinated Se
atoms. Some In atoms are hybridized with sp® based on sp? electrons [7]. To study the
electrophysical properties, it is necessary to obtain homogenic samples of Ing.93Smoo7Se. We
used the direct synthesis method. To obtain these materials, we used elements with the
following brands: In 000, Se B-3, Sm M-1. Chemical elements In, Se, Sm were crushed and
immersed in quartz ampoules, which were evacuated to pressure of 10° Pa. The speed of
movement of the ampoule in the furnace was 0.3 cm/h. To measure the current-voltage
characteristics, contacts to the samples were created with silver paste to the opposite surfaces
(sandwich structures). The thickness of the studied single crystals was 200 um, and the contact
areas were equal to 2:102cm™. For low-temperature studies, the samples were placed in a
special cryostat operating in liquid nitrogen vapors. The temperature was measured with a
chromel-copel thermocouple, the junction of which was on the surface of the sample. The
temperature dependences of the current-voltage characteristic (CVC) in the region of strong
electric fields in solid solutions Inge3Smoo7Se at different temperatures were determined
(Fig.1). The Frenkel's coefficients were determined at different temperatures and the
dependences of the current density on voltage are shown on Fig.2.

It is known that the Frenkel's coefficient is determined by the formula o=c.exp(BVF)
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Where o is the electrical conductivity, B is the Frenkel's coefficient.
These data are in good agreement with the theory of thermionic ionization of the Frenkel's
coefficient [10]. B is calculated using the following formula.

p=—rr, (1)
KT TTEY ¢
1, A

107 |

10% [~
1
2
3

102 1 1

101 10° 10°
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Fig. 1. I-V characteristics of Ing.s3Smo.07Se solid solutions at different temperatures.
Curves 1, 2 and 3 are determined at temperatures T1=294K, T2= 200K, T3 -100K.
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Fig. 2. Frenkel's coefficients at different temperatures, T, K: 1-294, 2-200, 3-100.

Where e is the electron charge, ¢is the permittivity, o is the permittivity, k is the
Boltzmann’s constant, and T is the absolute temperature. The agreement between these data
and the Frenkel’s theory developed in [11] allows us to estimate accurately the trap
concentration in Ino.93Smo.o7Se solid solutions. The following formula exactly determines the

trap concentrations:
2
Nt:(éﬂ FCI‘)3! (2)

Under the action of F.., Ohm's law is violated.
The trap concentrations for different temperatures are shown in the table. To determine
the shape of the potential well in solid solutions, we estimated the potential energy function

(Fig. 3).
The estimates of potential wells for different temperatures are shown in the table.
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Given the shape of the potential energy curve for interaction with a specific center, information
can be obtained on the structure of the centers, the capture. From the work [12] it is shown that
electrons leave the center, at the condition E>Eo - AU. where Eo is the depth of the level in
which the electrons are localized, AU is the decrease in the potential barrier in the electric field.
It is necessary that the electrons retain energy until the moment when it passes the saddle point
and does not lose its thermal collisions. This takes place only in those cases when the mean free
path of the electron is greater than the effective dimensions of the potential well. In this case,
the mean free path of the current carriers is determined by the formula [12].

The mean free path of the electron A in Ino.93Smoo7Se single crystals was calculated from
the experimental data, which is shown in the table.

X, Cm

1] 2 4 & 8 10 12 14 16
T T T T T T T T

¢, 3B

Fig. 3. Dependences of the potential well of electron benches
on the distance of impurity states in the solid solution Ing.g3Smo.o7Se
at different temperatures T = (294, 200, 100 K).

Some electrical parameters of Ino.93Smo.07Se single crystals

Table
T,K B, (eMm/V)¥2 | Niem™® A, cM o, eV
100 5.102 5,83-10%° 4,74.10° 1-107?
200 6,3-102 6,18-10* 1,1-10° 2,56-107
294 5,9-102 2,4-10% 1,3-10° 3,33-10%?
Conclusions

It was shown that in Ino.93Smo.o7Se single crystals the I-V characteristics in the region of
strong fields correspond to the fact that the current in the nonlinear region of the volt-ampere
characteristic is caused by Frenkel’s effect. The Frenkel's coefficients are determined at
temperatures T1=294K, T,=200K, T3=100K. f=5.9-10[cm/V]*?, p=6.3-102[cm/V]*?, B=5-10"
2[em/V]*2, accordingly, the trap concentrations at temperatures T1=294K, T>=200K, Ts=100K,
N=5.83-10%cm3, N=6.18-10cm3, N=2.4-10*cm, accordingly, the shapes of the potential
well of the electron trap in the Ino.93Smo.07Se solid solution at temperatures T1=294K, T>=200K,
T3=100K. ¢ (X) =1-102 eV, ¢ (x) =2.56-10 eV, ¢ (x) =3.33-102 eV, accordingly, and the
mean free paths of current carriers at temperatures T:=294K, T,=200K, T3=100K are: A
=1.3-10° cm, A =1.1-10° cm, A =4.74-10%cm, accordingly.
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InSe — SmSe SISTEMININ BORK MOHLULLARININ MONOKRISTALLARININ
FiZiKi XASSOLORINO GUCLU ELEKTRIK SAHOSININ TOSIiRI

ISMAYILOV A.9., RUSTOMOVA L.V., ISMAYILOV 9.9., SIRINOV M.M.

Layl1 Ino.93Smo.07Se monokristallarda guicli elektrik sahalari bolgasinds carayan-gorginlik
xarakteristikasinin temperaturdan asililiglar1 todqiq edilmisdir. Gostarilirki, carayan-gorginlik
xarakteristika siningeyri-Xotti bolgesindo coroyan Frenkel istilik-saha effektiilo baglidir.
Frenkel omsallar: T =110 KB = 5-102 [sm / V] Y2, T = 200 Kp= 6.3-102 [sm / V] ¥2, T = 294
K B = 5.9-10 [sm / V] ¥2-do miioyyonedilir, konsentrasiyalarmiivafiq olaraq Nt=5,83-10 sm
3 Nt = 6,18-10%sm3 N=2,4-10%sm . Elektron tolonin potensial quyusunun formasi miivafiq
olarag ¢(x)=1-102 eV, ¢(x)=2,56-102eV,¢p(x)=3,33-10%eV-o borabordir. Coroyan dasiyicilarin
orta sorbast yolun uzunluqu miivafiq olaraq A=4,74-10%sm, A=1,1-10°sm, A=1,3-10°sm.

Acar sozlar: Frenkelin termal saho effekti, tolo konsentrasiyalari, nadir torpaq elementlori, potensial guxur,
orta sarbast yollarinin uzunlugu.

IPPEKT CUIBHOI'O 3JIEKTPUYECKOI'O ITOJIAA HA ®U3NYECKHUE
CBOHCTBA MOHOKPHUCTAJLJIOB TBEPJbIX PACTBOPOB
CUCTEMBI InSe-SmSe

NCMANJIOB A.A., PYCTAMOBA JI.B., HCMAHWJIOB A.A., INPUHOB M.M.

HccnenoBansl TemmepaTypHble 3aBUCHUMOCTH BOJIbT-aMIIEPHON XapakTEpUCTUKU B
00JacTH CWJIBHBIX OJJICKTPUYECKUX TIOJIEH B CIOHMCTBIX MOHOKpHCTAIax INog93Smoo7Se.
[ToxazaHo, 4TO TOK B HEJIMHEHHON 00JIACTH BOJBT-aMIIEPHOW XapPaKTEPUCTUKU OOYCIOBJICH
TepMornoneBbiM dppexkrom Ppenkens. Omnpenenensl kodpdunuentsr Openxens npu T=110K
B=5-107[cM/B]*?, mpu T=200KB=6,3-10?[cm/B]*?, mpm T=294K P=5,9-10[cm/B]*?,
KOHIIGHTpAI[MH JIOBYIIEK COOTBeTCTBeHHO paBHEI Ni=5,83-10%cm3, N=6,18-10%cm3,
Ni=2,4-10%cm. ®opmbl IOTEHIMATBHOMN MBI SIEKTPOHHOMN JTOBYIIKM COOTBETCTBEHHO PABHBI
o(x) =1-10%B, @(x) =2,56-102 5B, ¢(x) =3,33-10%B . JlnuHa cBOGOMHOTO mpobera
HOCHTEJeH TOKa 0Ka3aiach COOTBETCTBEHHO: A=4,74-10%cm, A=1,1-10"cm, A=1,3-105cm.

KiroueBble cioBa: 3(1)(1)6KT TCILIOBOT'O IIOJIA CDpeHKeJ'IS[, KOHICHTpAIlUNU JIOBYIICK, PEAKO3CEMECIbHBIC
3JICMCHTBI, IIOTCHIMAJIbHEBIC AMbI, JJIMHA CB060,HH01"0 np06era
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Ag2Te OLAVO FAZASININ AgSbTe, BIRLOSMOSININ
ISTILIKKECIRICILIYINO TOSIRI

BABAYEVA A.E., SODDINOVA A.A., SOLIM-ZADO R.i., DOMIROVA S.Z.

Azorbaycan Respublikast Elm va Tahsil Nazirliyi Fizika Institutu
Baki Az-1073, H.Cavid pr.131
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Ag-Sb-Te sisteminin ikifazali niimunslorinds istilikkegiriciliyinin p-Ag.Te ikinci fazasimn faiz
miqdarindan asililiginin hesablama va tocriibi naticalori verilmisdir. Gostorilmisdir ki, fazalar arasi sopilma
naticasinds slavs istilik migavimatinin yaranmasina baxmayaraq, Ag,Te ikinci fazasinin faiz miqdarinin artimi
AgSbTe; birlogsmasinda Umumi istilikkegirmonin giymetinin artmasina gotirib ¢ixarir. Buna sobab AgSbTe,-do
mdvcud olan Ag.Te fazasinin istilikkegiriciliyinin monofazali Ag-Sh-Te birlosmasino nishoton boyiik olmasidir.
Bu da naticods Umumi istilikkegiriciliyine 6z tasirini gostorir.

Acar sozlar: termoelektrik material, istilikkegiriciliyi, effektiv muhit.

Giris. Enerjinin alinmasi, qorunmasi vo idaro edilmasi ii¢clin meydana ¢ixan qlobal
ehtiyac elektrik enerjisinin daha effektiv vasitolorino maragin artmasina sobob olmusdur.
Movceud enerji ehtiyyatinin artirtlmast magsadilo giinas, kiilok, biokitlo vo digor alternativ
enerji moanboalorindan istifade olunmalidir. Bunlardan biri do termoelektrik materiallarindan
hazirlanan vo istilik enerjisini elektrik enerjisina ¢eviron monbalardir. Buna goro do
termoelektrik materiallar elektrik enerjisi istehsalinda vo enerjiya Qonastdo mioayyan
ohomiyyato malikdir. Burada osas rolu istifado olunan termoelektrik materiallarin (TE)
effektivliyi oynayir. Ag-Sb-Te asasinda alinan birlosmalor ds orta temperatur araliginda islayan
yuksok effektivlikli termoelektrik materiallardir [3].

AgSbhTe, birlosmasi Ag.Te vo SboTes kimi iki binar birlogmo asasinda alinir. AgyTe-
Sb,Tes faza diaqraminin tadqiqi gostarir ki, Ag-Sb-Te sistemina daxil olan birlosmalar ham bir,
hom do ikifazali alinir [5]. Bu baximdan Ag-Sh-Te sistemi nimunalarinin Kinetik, xususilo doa
termoelektrik xassalarina Ag2Te alave fazasinin tasirinin arasdirilmasi xiisusi maraq kasb edir.

Tacribi naticalar va onlarmm analizi. Todqiq etdiyimiz Ag-Sh-Te sistemina daxil olan
maddolarin tomizlik daracasi 99.99%, Umumi ¢okisi isa 8-10qr toskil edir. Maddalor 12-17sm
uzunluglu, diametri 8-10mm olan kvars ampulaya tokiilmiis vo vakuumda (10*mm c.s.)
hermetik baglanmisdir. Daha sonra torkiblor 3K/sm sabit temperatur gradiyenti olan sobada
sintez olunmusdur. Sintezin temperatur rejimi vo Kristalin yetisdirilmasi bir ne¢a marhalodon
ibaratdir. ik olaraq, temperatur 10-12 saat orzindo 700°-900°C kimi qaldirilir vo 10-12 saat
arzinds nimuna bu temperaturda tablanir. Bircinsliyi tomin etmok {igiin tablama zaman1 soba
400-600 dofo calxalanir. Bundan sonra orinti 550°-600°C kimi soyudulur ve 5-10 saat bu
doracado saxlanilir. Sonra eyni siiratlo 10-12 saat orzinds soyudulur.

Sintez olunmus AgSbTez-nin rentgen qurulus analizi aparilmisdir. Alinmis naticalords
Ago.s2Sb11sTez 18 birlogsmasi ilo migayisads bu torkibde AgoTe fazasina aid piklor miisahido
olunmusdur. Miisyyon edilmisdir ki, bu niimunodo AgSbTe, vo Kicik migdarda gofas
parametrlori a=16.27A, b=26.68A, ¢=7.55A olan ortorombik strukturda kristallasan AgTe
fazas1 movcuddur.
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Miiasir termoelektronikanin asas masalalorindon  biri  kristallik strukturun daxili
defektlorinin tobistinin otrafli tadqiqgi, defektlorin materialin termoelektrik xassalarina tasirinin
aragdirilmasi vo bunun naticasinds yuxari termoelektrik effektivliyino ZT malik materiallarin
alinma metodlarinin optimallagdirilmasidir.

ZT termoelektrik effektivliyi omsalinin analizi gostorir ki, termoelektrik materiallarda
effektivliyin artmasina sabab olan asas parametrlor - konsentrasiya (n) vo fononlarin sarbast
qagis yolunun orta uzunlugudur (lf). Nozaro alsaq ki, konsentrasiyanin bir tortib artmast uygun
olaraq, termoe.h.q. omsalinin (S) kifayat qodar azalmasina sabab olacaq, bu halda ZT amsalinin
artirtlmasi {iglin on perspektivli secim |l , Cp-istilik tutumu vo Vs-Sos slrati omsallarinin
azaldilmasi1 hesabina istilikkegirmo omsalinin (k) qiymotinin asagi salinmasidir.

Molum oldugu kimi, istilikkegiriciliyin imumi qiymoti asagidaki ifads ilo miayyon
edilir:

Kim = Kgof + Kel + Kop + Kop, (1)

burada Kqor —qofas istilikegirmo omsali;

kel —elektron istilikkegirmo omsali;

Kop —optik istilikkegirmo omsali (agor material tam soffaf vo ya gisman uducu deyilso);

kbp — ylikdastyicilarin bipolyar istilikkegirmo omsalidir.

Bu mogsadls, togqdim etdiyimiz isdo istilikkegiriciliyi 5-500 K temperatur intervalinda
sabit istilik axmi1 metodundan istifado etmoklo &lgiilmiisdiir. Istilikkeciriciliyinin dl¢iilmosi
metodu daha atrafli sokilds [2] isinds toqdim olunmusdur.

Sokil 1-do todgiq olunan nidmunoanin istilikkegirms omsalinin temperatur asililiginin
tocriibi va hesablama ayrilori gostorilmisdir.

k103 Vt/smk
5.3

50 100 150 200 250 300 350 400 450 500

Sok.1. 1-(Ikifazal sistemlor {iciin), 2-(Kallavey nozariyyasi)-hesablama ayrilori,
3-AgShTe; istilikkegirma amsalinin temperatur asililig.

Tocriibodon alinmis naticalorin izahi tigliin AgSbTe, birlogsmasinin istilikkegiriciliyina
olavo fazanin tosiri arasdirilmis vo Ag2Te-un mixtalif faiz nisbatlorinds hesablamalar
apartlmigdir. Sokil 1-do 10% p-Ag.Te fazasi olan niimunolor Ggln hesablama naticalori
verilmigdir. Hesablama zamani p-Ag.Te fazasmin istilikkeciriciliyinin k; asagt temperatur
oblastina uygun naticalorindan [1] istifads olunub.

AgSbTe> nimunasinin istilikkeciriciliyini hesablamaqg magsadi ilo bitiin konsentrasiya
oblastinda (X=0-1) ikifazali sistemlarin istilikkegiriciliyini hesablamaq U¢lin nazords tutulan
disturdan istifads olunub:

= 4=, Ko
k=K [1+x(52+ 2] (2)

Burada k-yekun istilikkegirmo omsali;
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ko-matrisin istilikkegirmo omsali;

k; -ikinci fazanin istilikkegirmo omsali;

X-fazanin hacmi.

AgSbTe, birlogsmolorinds olavo AQ.Te fazasinin imumi istilik kegiriciliyino tosiri
mosalosine aydinliq gotirmok (glin heterogen sistemlor noazariyyasine asasan, komiyyat
hesablamalar1 apartilmigdir.

Qeyd edok ki, ikifazali sistemlordo olavo istilik sopilmosi monbolori yarandigina goro
asagl temperaturlarda istilikke¢cirmonin qiymotinin azalmasi1 miisahide olunmalidir. Lakin
tocriibi olaraq miioyyon olunmusdur ki, ikifazali AgSbTe, numunosinin istilikkegiriciliyi
monofazali Agog>Sb1.18Te2.18 niimunasinin istilikkegiriciliyindon boyiikdiir [4].
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Sok.2. AgSbTez-nin istilikkegirma omsalinin p-Ag>Te
fazasinin hocmi faiz miqdarindan asililig1.

Sakil 2-do 300K-do Ag-Sb-Te sisteminin ikifazali niimunslorinds istilikkegiriciliyinin p-
AQ.Te ikinci fazasinin faiz miqdarindan asililiginin hesablama naticalori verilmisdir. Sokildan
goriindiiyti kimi ikinci fazanin miqdari artdiqca istilikkegiriciliyinin qiymati do artir. Bu halda
perkolyasiya effekti miisahido olunmur. Bu da 300K temperaturunda AgSbTe, birlosmasinda
movcud olan osas (Agos2SbiisTez18) Vo olava fazamin (Ag2Te) istilikkegiriciliyinin
giymatlorinin yaxin olmasi ils alagodardir.

Beloliklo, Ag.Te olavo fazasimin AgSbTez birlosmasinin istilikkegiriciliyino toasiri
aragdirilmig, hamginin AgoTe-un mixtolif faiz miqdarlarinda istilikkegiriciliyi {iglin nazoari
hesablamalar aparilmisdir. Hesablama gqiymatlorinin tocriiba giymatlori ilo uygun golmasi
matris vo slave fazanin orta torkibinin diizgiin sec¢ilmasinin va bu kristallarda ytikdastyicilarin
sarbast qagis yolunu mohdudlasdiran amilin tasirinin shomiyyatsiz oldugunu gostarir.

Eyni zamanda geyd etmok olar ki, bu torkiblords faza sorhadlorindan sopilmays sabab olan
olavo fazalarin yaranmasit kimi struktur komponentlori AgSbTe, birlogsmasindo qofas
istilikkegirmo omsalmin ¢ox kigik giymaoto (6-8-10-*Vt/sm-K) malik olmasina gatirib ¢ixarir.
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BJIUAHUE JOMOJHUTEJIBHOM ®A3BI Ag:Te HA
TEIVIOITPOBOJHOCTDb COEAUHEHUS AgSbTe:

BABAEBA A.3., CAJJIMHOBA A.A., CEJIUM-3AJIE P.!., JAMHPOBA C.3.

[IpuBeneHbl  pacyeTHble UM OKCIEPUMEHTAJIbHBIE  pPE3YylbTaTbl  3aBUCHMOCTH
TEIUIONPOBOAHOCTH OT TPOLIEHTHOTO cojepkaHusi BTOpol (a3l p-Agz.Te B nByx(aszHbIx
obpasmax cucrembl Ag-Sb-Te. IlokasaHo, YTO, HECMOTpsS Ha IOMOJIHUTECIHLHOE TEIUIOBOE
COIIPOTHUBIICHUE, BO3HUKAIOLIEE 3a CUET MEXK(a3HOTO pPACCEsHUs, yBEIHMUEHHE MPOLIEHTHOTO
comepxaHuss BTOpod ¢a3zpl AgoTe NpUBOAUT K YBEIWYEHHUIO OOIIEH TETUIONPOBOIHOCTH
coequnenusi AgSbTez. D10 cCBsizaHO € TeMm, YTO TEMJIONPOBOIHOCTh (a3zbl AgoTe,
npucytcTByromieit B AgSbTez, Boilie, 4eM TEIIONPOBOIHOCTh MOHO(A3HOTO COeTUHEHUS Ag-
Sb-Te. B pe3ynbrare 310 Takke BIHUIET Ha OOIIYIO TEIIONPOBOJIHOCTb.

KioueBble c10Ba: TEPMOIIEKTPUUECKHN MAaTepHa, TEIUIONPOBOIHOCTh, 3G PEKTUBHAS Cpe/ia.

THE ADDITIONAL FACE AgzTe INFLUENCE ON THE
THERMAL CONDUCTIVITY OF AgSbTez

BABAYEVA A.E., SADDINOVA A A., SELIM-ZADE R.l1., DAMIROVAS.Z.

The calculated and experimental results of the dependence of thermal conductivity on the
percentage of the second phase p-Ag.Te in two-phase samples of the Ag-Sb-Te system are
presented. It is shown that, despite the additional thermal resistance arising due to interphase
scattering, an increase in the percentage of the second phase Ag>Te leads to an increase in the
total thermal conductivity of the AgSbTe, compound. This is due to the fact that the thermal
conductivity of the Ag-Te phase present in AgSbTe; is higher than the thermal conductivity of
the single-phase Ag-Sb-Te compound. As a result, this also affects the total thermal
conductivity.

Keywords: thermoelectric material, thermal conductivity, effective medium.

35



Energetikanin problemlori e Ne3 e 2025 e [IpoGiieMbl SHEPTETHKH

DOI:10.70784/azip.5.2025336

DIAGNOSING THE COEFFICIENT OF ELECTRICAL
CONDUCTIVITY OF LIQUIDS

JAFAROVA AN., HADIYEVA A A.
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The work considers the method of diagnosing the coefficient of electrical conductivity of liquids under
simultaneous exposure to an electric field and laser radiation. The method is based on the measurement of the
temperature of the environment in which the optoacoustic signal is formed, and the solution of the thermal
conductivity equation under the given boundary conditions. It is shown that taking into account the joint effect
allows to estimate the synergistic effect of combined fields. The obtained formula allows to study the change of
the electroconductivity coefficient from point to point under the simultaneous influence of external fields. The
proposed method makes it possible to establish a connection between the optical and electrical properties of the
medium.

Keywords: electric field, electrical conductivity, liquid, temperature, absorption coefficient.
INTRODUCTION

The influence of physical fields on technological processes has always attracted the
attention of researchers [1-2]. This unabated interest is explained by several reasons: the
availability of field application in production, the technical simplicity of the implementation of
the effect, the high degree of control and regulation of the properties of liquids during the entire
process. The noted reasons make the use of physical fields economically beneficial, as they
create prerequisites for the development of resource-saving technologies, especially in those
cases when the use of expensive chemical reagents is difficult, due to the manifestation of side
complicating effects or environmental reasons.

The influence of constant electric and magnetic fields on thermophysical properties of
liquids is theoretically and experimentally studied in [1,2]. Experiments carried out in [3]
showed that the dynamic viscosity changes strongly with the increase in the intensity of the
constant electric field. This change is caused by the structural change that occurs in liquids.
Therefore, it can be assumed that other thermophysical parameters, including heat capacity,
change under the action of a constant electric field. The paper [4] considers the theoretical
study of the influence of physical fields on isobaric heat capacity. The effect of alternating
electric field on heat capacity was studied in [5].

THEORETICAL STUDIES

Modern studies confirm that the combined effect of an electric field and laser radiation

can significantly change the electrical and optical properties of liquids.
The joint influence of the electric field and laser beams was studied in this work with the aim of
establishing the possible effects of significant improvement of the rheological properties of oils
under their joint influence, i.e. establishing a possible synergistic effect. When the object is
affected simultaneously by several factors, the total effect of their influence is much greater
than the effect of the influence of each factor separately.

The existing research methods related to the issues of diagnosing electroconductivity are
studied insufficiently. As it is known, existing theoretical and experimental research methods
allow to determine average integral values of electrical conductivity of liquids. Determination
of electrical conductivity of heterogeneous liquids depending on coordinates is associated with
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significant difficulties. To solve this problem, this paper proposes a method for diagnosing the
electrical conductivity of liquids, which is reduced to solving the heat conduction equation for a
homogeneous temperature field:

Cp(ﬂ—kugj :i(ﬂﬂj+aloe‘” +oE?, (1)

ot oXx ) ox\' ox
where ¢ - is the isobaric heat capacity, I, - is the intensity of laser radiation , o - is the

electrical conductivity of liquids, « - is absorption coefficient of laser beams. The remaining
designations are generally accepted.
Considering that heat transfer due to convection is much greater than due to diffusion, i.e.

2

cpua—T >> /18—-'2- , equation (1) can be written as:
ox OX

Cp(ﬂ - Uﬂj =al e +oE’. (2)
ot OX

To solve (2), the following initial and boundary conditions are specified:
T(x,00=T,=const  T(0,t)= f(t). (3)

Therefore, the study of the influence of laser beams and electric field is mathematically
reduced to solving the differential equation (2) with the initial and boundary conditions (3).
Using the averaging method [6], we introduce the designation:

1¢0T
t)==|—dx
o(t) 4 P
Then equation (2) has the form:

ar _alo gowx, 0 g2 o) (@)
dx cpv cpv v

The solution to equation (4) is:

2 X
T = E jodx—l—oe’“x—ﬂx+c,
cpv

()

where C - is some constant.

Applying condition (3) to (5) and introducing the designation: y(x) = Iodx we will have:
0

_T2v, _Z2v,
T=tO)1- 2 [+ @-e™)a-e )+ X[fDdt+Te -
l cov v
(6)
2l 2x] . E? 2y
e ¢ 1=+ Elya—e )
l cpov

For the electrical conductivity of liquids, we obtain from (6):
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2{f(t)+ f(0)eﬂ—ljf(t)dt
1 v al, _
0 g= (7)
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Formula (7) allows us to study the change in the electrical conductivity coefficient from
point to point under the simultaneous influence of an electric field and laser beams.

CONCLUSION

Based on the research conducted, the following conclusions can be made:

1. The proposed method for diagnosing the electrical conductivity coefficient is based on
measuring the temperature of the medium in which the optoacoustic signal is generated
and spread, and solving the heat conductivity equation.

2. The method allows to estimate the effect of temperature changes on the electrical
conductivity coefficient and identify its spatial heterogeneity.

3. Consideration of the simultaneous effect of the electric field and laser radiation opens up
the possibility of regulating the properties of liquid media in order to optimize
technological processes.

4. The obtained results can be applied in the petrochemical, chemical and energy industries to
improve rheological properties and increase energy efficiency.
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MAYELORIN ELEKTRIKKECIRICILIK @MSALININ DIAQNOSTIKASI
CI9F9ROVA AN., HADIYEVA A.90.

Isdo elektrik sahosi vo lazer siialanmasmin eyni vaxtda tosiri altinda mayelorin
elektrikkegiricilik amsalinin diagnostika tisulu nozardon kegirilir. Metod, optoakustik signalin
formalagdigt miihitin temperaturunun Olgiilmasine vo verilmis sarhad sortlori  Ugln
istilikkecirma tonliyinin hollino oasaslanir. Gostorilmisdir ki, birga tasirin nazaro alinmasi
kombino edilmis saholorin sinergetik effektini giymotlondirmays imkan verir. Eyni vaxtda
xarici sahalarin tasiri altinda elektrikkegiricilik amsalinin négtadan-ndgtays doyismasini tadqiq
etmoys imkan veran distur oldo edilmigdir. Toklif olunan metod muhitin optik vo elektrik
xassolori arasinda alagoni miayyan etmays sorait yaradir.

Acar sozlar: elektrik sahasi, elektrikkegiricilik, maye, temperatur, udma amsali.
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AUATHOCTUPOBAHUE KO3POPUIIUEHTA
SJIEKTPOITPOBOJHOCTH XKUJIKOCTEHN

JKADAPOBA A.H., XAJUEBA A.A.

B paGore paccmaTpuBaeTcs METOA JIUArHOCTHPOBAaHUS KOI(PPHUIIMEHTAa DIIEKTPO-
IPOBOJHOCTH JKUAKOCTEH NpPHU OJHOBPEMEHHOM BO3JCHCTBUU DSJCKTPUUYECKOTO TMOJIA U
Ja3epHOTO W3ITydeHHsA. MeTox OCHOBaH Ha HW3MEPEHUH TEMIIEpaTypbl Cpeabl, B KOTOPOI
dopmMHpyeTcsi ONTOAKYCTUYECKHI CUTHAN, W PEHICHUH YPAaBHEHUS TEIUIONPOBOJHOCTH IIPH
3aJJaHHBIX TPAaHUYHBIX ycIoBUAX. [loka3aHO, YTO y4eT COBMECTHOTO BO3JCHCTBUS IO3BOJISECT
OLIGHUTH CUHepreTuyeckuii 3¢¢exT KoMOMHNpPOBaHHBIX Nojel. [Tomydena ¢opmyna, koTopas
IIO3BOJISICT MCCIIEZIOBAaTh M3MEHEHHE KOA(PQHIMEHTA HIIEKTPOIPOBOJHOCTH OT TOYKH K TOYKE
Opd OJHOBPEMEHHOM BIHUSHMM BHEIIHHX moJiell. IIpeanokeHHbIi MeToa TMO3BOJET
YCTaHOBHTH CBSI3b MEX/y ONTHYECKUMH U 3JICKTPHYECKUMHU CBOMCTBAMHU CPEJIBL.

KiroueBble ciioBa: QJICKTPUYCCKOC II0JIC, JJICKTPONPOBOAHOCTD, KUAKOCTH, TCMIIEpATypa, KOS(I)(I)I/IIII/ICHT
MOTJIOIICHMS.
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NEFT HASILATI QUYULARININ iDARQETM®O SiISTEMLORININ
TOHLILI VO TOKMILLOSDIRILMOSI

HOSIMOV X.X., ASLANLI S.Q.

Azorbaycan Ddévlat Neft va Sanaye Universiteti, Baku, Azerbaijan
xanlar.hashimov.x@asoiu.edu.az

Neft hasilati quyularinin idarsetmo sistemlorinin tohlili gdstorir ki, mdvcud sistemlor texnoloji
parametrlorin doyismesine uygun effektiv idareetmoni tam tomin etmir. Quyularin istismar rejimlorinin
optimallasdirilmasi ii¢iin mayenin sixligi, su ilo doyma deracasi vo tozyiq kimi osas parametrlorin real vaxt
rejiminds Olgiilmasi vacibdir. Lay vo quyu dibi tozyiqlerinin hesablanma metodlarinda mévcud olan sohvler
idarsetma gorarlarinin diizgiin verilmosine mane olur. Miiasir neft hasilati proseslorinin sabit vo effektiv idars
olunmasi iigiin dorinlik nasoslarinin girig vo ¢ixig tozyiglorinin, eloco do quyu goévdoesinin miixtolif hissolorinda
tozyiqin davamli monitoringi tolob olunur. Bu ¢orcivados, yeni avtomatlagdirma sistemlorinin islonib hazirlanmasi
va daha doqiq 6l¢mo vasitolorinin totbiqi neft hasilatinin somoraliliyini artirmaq ii¢iin osas istiqamotlordon biridir.

Acar sozlar: neft, lay, stanq, nasos, boru, hasilat.

Giris

Neft hasil edon quyu, mahsulun darinlikden nasos qurgusu vasitssilo satha qaldirilmasi
Uclin nozards tutulmus texniki qurgudur. Adaton, neft hasil edon quyu- quyu dibi zonasi —
borulararas1 saha — nasos — nasos-kompressor borulardan ibarat mirakkab bir hidrodinamik
sistemdan ibarotdir.

Mayenin quyudan ¢ixarilma siirati vo hacmi neft hasilati prosesini xarakterizo edon asas
parametrdir. Ononovi olarag, mayenin quyudan ¢ixarilma siirati vo hacmi dorinlik nasos
qurgusunun mohsuldarliginin doyisdirilmasi ilo tonzimlonir. Sakil 1.-do neft hasil edon quyunun
sxemi gostorilmisdir.

Pat T

Sak.1. — Neft hasil edan quyunun sxemi, 1 — layin quyu dibi zonasi; 2 — quyunun quyu dibi zonasi;
3 — nasosun qabulu; 4 — borulararasi saha; 5 — nasos ¢ixis1; 6 — nasos-kompressor borulari;
Hga — quyunun darinliyi; Hnag — nasosun asilma dorinliyi; Pip va Ppp — lay vo quyu dibi
tozyiqlori; Pgat — quyunun agiz tozyiqi; Pawsp — quyunun borulararasi sahosindoki qaz tozyiqi,
Hmdp — mayenin dinamik soviyyasi.

Nasosun girisinds iki axin mévcuddur: Q1 — laydan golon maye axini vo Q2 — borulararasi
sahadoki maye axini (sokil 1.). Bu axinlar nasos torafindan birlasdirilarok bir axin, yani Qn —
nasos-kompressor borularindaki maye axinina gevrilir.
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Qn = Ql + Qz (1)

Ogor laydan galon maye axin1 Q1 nasosun mohsuldarligindan azdirsa, yani Q1<Qn, bu
halda borulararasi sahadoki maye axin1 Q2 laydan galon maye axini1 Q1 ilo toplanir vo
borulararasi sahadoki soviyys azalir. ©ksina, ogor laydan golon maye axin1 Q1 nasosun
mohsuldarligindan ¢oxdursa, bu zaman borulararasi sahadoki maye axin1 Q2 laydan golon maye
axini Q1-don ¢ixilir va borulararas: sahadoki saviyys artir [1].

Quyunun is rejimi sabit hesab olunur ohalda ki, agor Q2= 0, Q1 = Qn vo mayenin dinamik
soviyyasi sabitdirsa, yoni Hgin (dinamik saviyya)=const. Bu vaziyyat avtomatik olaraq yaranir
vo miloyyan edilmis maye quyudan ¢ixarilma slrati vo hocmi uygun olmaya bilor. Miioyyan
edilmis maye hasilati normasini, yani Qp-ni tomin etmok {i¢iin quyunun is rejiminin idaroetmao
sistemi bu tolobi yerino yetirmoalidir [1].

Qn dayari yalniz sabit rejimds laydan golon maye axinina barabardir, digor hallarda, yoni
quyu kecid rejimindo islodiyi zaman iso nasosun sorf (tozyiq) xarakteristikasi ilo miioyyon
edilir.

Hazirda neft ¢ixaris1 sahosindo mayenin sotho ¢ixarilmasi liciin hom yerli, hom do xarici
istehsal olunan miixtalif nasos ndvleri istifads olunur. Bunlar arasinda asagidaki novler genis
yayilib:

e Dorin stanq nasosunun qurgusu;

« Elektrocentrifugal (elektrik muaharriki ilo isloyan vo mayeni firlanma harokati ilo 6tiiran
nasoslar) nasosunun qurgusu;

e Stanq vo ya elektro-submersible sturval nasosunun qurgusu va s.

On genis yayillmis nasos novii dorin stanq nasoslaridir, lakin elektrocentrifugal nasoslar
neft hasilatinda miihiim rol oynayir. Neft quyularinin nasos qurgulari ilo istismart mohsulun
xususiyyatlorina va digar amillora gora doyisir. Maye ¢ixaris normasi daimi foaliyyat gostoran
geoloji-texnoloji model asasinda miiayyan edilir. Neft hasilatinin sabitliyi ti¢lin nasosun isloma
rejimi idaro olunmali va tozyiq mohdudiyyatlori nazora alinmalidir. ©n optimal tonzimloma
isulu nasosun firlanma siiratinin vo ya qaldirma stansiyasinin horokoat saymin doyisdirilmasidir.

Neft cixaran quyunun dinamik modelinin strukturu

[2] nomrali isds neft ¢ixaran quyunun dinamik modeli miirokkob sistem olaraq toqdim
edilir vo agagidakilar ohato edir:

 Rezervuarlar sistemi: nasos-kompressor borulari, boru arasi sahs, quyunun yaxinliq
zonast;

« Hidrodinamik sistem: nasos-kompressor borularindaki maye, boru arasi sahadoki maye,
quyunun yaxinliq zonasindaki maye;

e Maye 0tlirma sistemi: dorin nasos - idaroetma stansiyast;

e Texnoloji parametrlorin nozarat sistemi.

Yuxarida gostorilon sistemlorin tohlili gostorir ki, idareetma obyektine (hidrodinamik
sistemo) tasir edon icra mexanizmi dorin nasosdur. Neft ¢ixaran quyunun dinamik modelinin
idareetmo obyekti kimi strukturu saokil 2.-ds taqdim olunub.

Neft hasil edon quyunun dinamik modeli

X
> ; .
Mayenin Hidrodinamik sistem
nasoslama sistemi Qn
-
Idaraetma Nasos L - LTSS ‘Born arasi NKT
1 stansiyasi - boslug -
: N
—
Nasos-kompressor
borusu

N Lay tazyiqini saxlama sistemi
Sak.2. — Neft ¢ixaran quyunun dinamik modelinin idaraetma obyekti kimi strukturu.
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Neft ¢ixaran quyunun dinamik modelini formula soklinds asagidaki kimi togdim etmok
ola:

Qn =F(X,Y) (@)

Burada Qn — ¢ix1s parametri (mayenin axini); X — idaroetmo parametrlori (U — nasosun
elektrik muharrikini tomin edon gorginlik, ® — muihoarrikin gorginlik tezliyi, n — nasosun
dovriyys tezliyi (qaldirma stansiyasinin harokat say1)); Y — giris parametrlori (RL vo Rq — lay
Vo quyunun tazyiglori, Hgs — mayenin dinamik soviyyasi).

Mayenin yatagdan quyunun yaxinliq zonasina — nasosa axininin riyazi modelinin asasini,
agar quyunun tozyiqi doymus tozyiqdon ylksakdirsa, idaraetms tonliyi [3] toskil eds bilar vo bu
tonlik avtomatlagdirilmis quyular sistemindos indikator oyrisi soklinds togdim olunur. Bu
parametrler real vaxt rejiminds mioayyan edilmalidir.

Q = Kma(Pyp - Pqp) 3

Burada Q1 — maye axini; Kms — mohsuldarliq amsali; Py, — yataq tozyiqi; Pgp— quyunun
tozyiqi; n — indikator ayrisinin geyri-xatti omsali.

Movcud olan neft ¢ixaran quyularin idarsetms sistemlorinin analizi

Movcud olan texniki vasitolor, neft c¢ixarist obyektlorinin cari vaziyysti haqqinda
muayyan miqgdarda molumatin oldo edilmasi Ugun tstbiq olunur. Masalon, quyularin maye
axini, quyularin texnoloji is rejimi va s. basqa sozlo, bu, operativ sokilds aldo edilon malumat
hocmi olub, adoton, neft ¢ixarisi prosesinin planlagdirilmasi vo idars olunmasi {igiin
uzunmuddatli gorarlarin gobul edilmasi magsadils toplanir va istifads olunur [4].

Onanavi olaraq, neft ¢ixarig1 prosesinin asagi soviyyali avtomatlasdirilmasinda quyularin
texnoloji parametrlorinin nozaroti hoyata kegirilir, bu da molumatlarin avtomatik toplanmasi,
saxlanmasi, Otiiriilmasi vo emalin1 ohats edir [5].

Orta soviyyoli avtomatlasdirmada, SCADA (Supervisory Control and Data Acquisition)
texnoloji proseslorin nozarst vo wuzaqdan idaro olunmasi {iglin nozords tutulmus
avtomatlasdirilmis dispecer nozarot vo idaroetmo sistemlorindon istifado edilir. Bu soviyyado
texnoloji prosesin idaro edilmosi osason nasoslarin uzaqdan agilmasi vo baglanmasi ilo
mohdudlasir.

Yuxart soviyyodo iso, neft c¢ixarist obyektlorinin  molumatlarint  hesablama,
prognozlasdirma vo vizuallagdirma islorini hoyata kegiron sobokoyo birlosdirilmis kompiiterlor
vasitosilo idaroetmo proseslori hoyata kegcirilir [3].

Movcud neft ¢ixarisi proseslorinin idaroetmo sistemlori bazi sistem prinsiplorinin yerino
yetirilmamasi ilo xarakteriza olunur:

* idaraedils bilmo — dorin nasoslar asason agma/baglama prinsipi ilo idars olunur;

* nozarot edilo bilmo — texnoloji prosesin is rejimlori homiss real vaxt rejimindo nozarot
olunmur,;

* hoyata kegcirilo bilmo — masolon, hor yerdo dorin nasosun mohsuldarligini tonzimlomoyo
imkan veran tezlik tonzimlonan elektrik Gtiiriiciisii totbiq olunmur;

* geribildirim — gorarlarin qobul edilmosi yigilan molumatlara osaslanir, real vaxt rejimindo
deyil [5].

Bir ¢ox neft yataglarinin riyazi modellori, artiq praktiki totbiq tapmis riyazi proqramlar
soklindo olan bu modellorin 6zlorindo osash aradan qaldirila bilmoyon sohvlori ehtiva edir. Bu
sohvlor arasinda miihiim olanlar: har bir neft ¢ixaran quyu iizra qaneedici doqiqgliklo malumatin
olmamasi; quyularin iglori hagqinda tolob olunan molumatin yetorli hocmdo olmamasi.

Qeyd olunan islords yerli vo xarici istehsal olan stanq dorin nasoslarla tochiz olunmus
quyularin avtomatlasdirma sistemlorinin tohlili aparilib. Xarici istehsal olunan on taninmig
nozarat cihazlarindan biri “Lufkin Automation” sirkotinin “Sam Well Manager” modelidir.
Stanq dorin nasoslarla tochiz olunmus quyularin avtomatlasdirilmasi elektrik miihorrikinin
idare olunmasini, nasosun agilib-baglanmasint vo tazyiqin nozarstini tomin edon sistemlori
ohato edir. Bu qurgulara gqaldirma stansiyasinin idaroetmo stansiyasi, glic sensorlari,
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manometrlor vo soviyys Olgmo cihazlar daxildir. “Mega-SKV” kimi nozarot cihazlar
parametrlori  dovri Olgiir, dinamogramlarin avtomatik tofsirini vo osas nasazliglarin
diagnostikasini hoyata kecirir. Avtomatlagdirma sistemi nasosun is rejiming, tozyiqin sabit
saxlanmasma vo elektrik miihorrikinin qorunmasina nozarot edir. Elektrik enerjisinin
verilmasinds fasilo yarandiqda, qurgu avtomatik iso diigiir. Maye aximinimn 6l¢iilmasi, dinamik
soviyyonin  vo  nasosun doldurma omsalimin  miioyyon edilmosi  sistemin  9sas
funksiyalarindandir. Dinamoqramlardan istifads edarok maye aximinin siiroti vo lay tozyiqlori
hesablanir. Stanq dorin nasoslarla tochiz olunmus quyularin avtomatlasdirilmasi hasilatin
effektivliyini artirir vo nazarati optimallagdirir.
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Sok.3. — Darin ¢ubuglu nasosla neft quyusunun avtomatlasdirilmasinin
funksional diagrami (CREP-gevik rejimli elektrik paylayici)

Stangli dorinlik nasosu ilo isloyon quyularin iso salinmast zamani adston quyunun
dinamik soviyyosi quyudan golon ekolotun 6lgmo molumatlarina asason nozarot olunur. Ekolot
vasitosilo 6lgmao aparilarkon quyu borulari arasindaki mokan avvolcadon bosaldilmali, yoni artiq
tozylq "sixigdirillaraq" azaldilmalidir. Bu todbirlor tez-tez borulararasi mokanda maye
soviyyesinin kopiiklonmasine vo (30-60 m) hiindiirlikde "kopiik tobogasinin” yaranmasina
sabob olur ki, bu da signalin doqiq oks olunmasina mane olur vo mayenin dinamik soviyyasini
kifayat qodor doqiglikle 6l¢gmays imkan vermir.

Bundan olavo, ekolotla todqigat aparilmasi yiiksok qaz faktoruna malik olan neft
quyularinda yol verilmozdir. Mayenin dinamik soviyyesinin qeyds alinmasi miiddoti 1-2
sutkadan az olmamalidir. Dinamik soviyyonin qisamiiddatli dlgiilori molumatliliq baximindan
geyri-effektivdir.

Yuxarida geyd olunanlarla slagodar olaraq, stangli dorinlik nasosu ilo isloyon miiasir
avtomatlagdirma sistemlorindo quyu borular1 arasindaki tozyiqo nozarst etmok iiclin quyuda
birbasa qurasdirilmis sensorlardan istifado olunmalidir.

Monbalorda [6] derinlik nasosunun idare edilmesi ii¢lin yeni metod vo alqoritmlorin
islonmosi ilo bagli masalalor hall olunur, lakin togdim olunan idaraetma sistemlorinin totbiqino
xtisusi 6lgma qurgulariin olmamas: mane olur.

Neft hasil edon quyularin dalgic elektro-morkozdongagma nasoslari ilo istismari nisbaton
qisa tomiraras1 miiddati ils forglonir. Bu quyular avtomatlasdirma va nazarat vasitolori ilo tochiz
olunmusdur. Elektro-morkozdongagma nasoslarinin osas funksiyalarina yerli vo telemexaniki
idareetmo, maye verilisine nozarat vo miiharrikin voziyyatine nazarat daxildir. "Kabel xotti -
dalgic elektrik miihorriki" sisteminin izolyasiya miigavimatino nozarat tomin edilir. Elektrik
miiharriki haddinden artiq yiiklonmadaen, qisagapanmadan va gorginlik sapmalarindan qorunur.
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Nasosun qobulunda tozyiqin kritik soviyyodon asagi diismosino garst miidafio mexanizmi
movcuddur. Elektrik enerjisinin kosilmosi zamani nasos avtomatik olaraq iso diisiir. Is
parametrlorinds kritik sapmalar vo dayanma hallar1 haqqinda tele-signalizasiya mévcuddur.
Elektrik enerjisi istehlaki 6l¢iiliir vo analiz edilir. Quyu agzinda tozyiqin qobuledilmoz artmasi
vo ya azalmasina garsi qoruma todbirlori goriiliir. Avtomatlagsdirma sistemlori hasilat prosesinin
dayanigligini vo tohliikosizliyini tomin edir.
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Sok.4. — Elektrik markozdangagma nasosu ilo neft¢ixarma quyusunun
avtomatlagdirilmasinin funksional diagrami

Bundan olave, tokmillosdirilmis elektro-markazdongagma nasosunun idarosetma
stansiyalar1 doarinlik telemetriya sistemlori va tezliklo tonzimlonan elektrik 6turicisu ils tachiz
edilir [6]. Muasir elektro-markazdoangagma nasoslarinin avtomatlasdirma sistemlorina doarinlik
telemetriya sistemlori vo tezliklo tonzimlonon elektrik 6tirticusinin daxil edilmasi nasosun
isinin gorunmasi va optimallasdirilmasina imkan verir.

Termomanometrik sistem asagidaki parametrlorin yeristi stansiyaya qeydiyyati vo
Oturtlmasi tgun nazards tutulub [7]:

 Nasosun qobul yerindo maye tozyiqi;

« Lay mayesinin temperaturu;

e Dalgic elektrik miihorrikinin yag temperaturu;

e Dalgic elektrik miihorrikinin radial vo ox istigamotlorinds vibrasiya siiratlonmo
SoViyyosi;

« "0 DNQES"(dalgic nasoslu qurgunun elektrik sisteminds sifir noqtasi) ndqtesindo
doyison gorginlik;

" DNQES - dalgic kabel — dalgic miiharrik" sisteminin izolyasiya miigavimoti vo ya
sizma caroyani (se¢imo bagl).

Bu sistemlorin taninmis istehsalgilarina "UP3 TOK", "DOnekron", "HoBomer-Ilepmp" vo
digorlori daxildir.

Bununla bels, yerli istehsal olunan “Termomanometrik sistemlor” istehsal, montaj vo
istismar baximindan ¢atindir. Biitiin “Termomanometrik sistemlor” nasosun hom qgabul, ham da
¢ix1s hissasindo parametrlori eyni anda 6lgmok imkanina malik deyil, asag etibarliliga, yiiksok
giymoto, kifayat godor doqgiglik olmamasina vo az funksionalliga malikdir (az sayda sensorla
idaroetma sisteminin genis funksionalligini tomin etmok gabiliyyati).
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Arasdirmalara goros [8], elektro-moarkozdongagma nasoslu quyularda lay tozyiqinin dayeri
genis diapazonda doyiso bilor vo quyunun iso salinmasi vo uzunmiiddotli istismari zamani
dorinlik nasosunun idaroetmo sistemino osas tolob mayenin dinamik soviyyasinin
stabillogdirilmosidir.

[9]-do sistem analizi asasinda quyunun igloma prosesinda xarici faktorlarin, quyunun va
nasosun xiisusiyyatlorinin tosirini nozoro alaraq dorinlik nasosunun cari voziyyatini miioyyon
edan bir sira texnoloji parametrlor miioyyan edilib.

Adaoton, neft hasilat1 prosesi iki asas masalonin hollino yonalib:

e Quyunu tolob olunan stabil rejimo ¢ixarmaq liclin programlasdirilmis avtomatik idaroetmo,
burada quyuda dinamik maye soviyyasi saxlanilir;
e Stabil rejimin uzun miiddoat saxlanilmasinin avtomatlasdirilmasi.

Bununla belo, quyuda dinamik maye soviyyosinin saxlanilmasi ilo bagli idaroetmo
sistemlori maye hasilatinin sabitlosdirilmosi mosalosini holl etmir. Vaxt kec¢dikco neft hasil
edon quyularda maye hasilat1 azalir.

Maye hasilatin1 sabitlogdirmak iiclin quyunun bir ne¢o ndqtesinda Ol¢iilmiis tozyiqlori
daxil etmoklo neft hasilati prosesinin idars olunmasi sistemi hazirlanmalidir.

Neftcixarma quyularinin is rejimlorinin tohlili

[7]-ci isdo neftgixarma quyularinin {i¢ istismar rejimi nozordon kegirilir: stasionar,
periodik va geyri-stasionar. Neftcixarma quyularinin osas istismar rejimi, adoton, stasionar olur,
bu zaman nasosun mohsuldarligi sabit qalir. Bu mohsuldarliq, maye debitino uygun olaraq
hesablama yolu ilo toyin edilir vo nasosun sec¢imi, onun xarakteristikalari, nasosun dorinliyo
endirilmasi, quyularin hidrodinamik tadqiqatlarinin naticalorine gors layin mohsuldarliq amsali
osasinda miioyyan edilir.

Son illords neft ehtiyatlarmin tiikkonmosi quyularin mohsuldarliginin azalmasina sobab
olmusdur ki, bu da 6z ndvbasinds neft hasilatinin hocminin azalmasina gotirib ¢ixarir. Hazirda
maye hasilatinin artirilmasi yollar: totbiq olunur, bunlar neft hasilatinin hacminin artirilmasina,
avadanliglarin tomiraras1 dovriiniin uzadilmasina, avadanliglarin maya doyorinin azaldilmasina
va onlarin xidmat miiddatinin artirilmasina yonaldilmisdir.

Neft¢ixarma quyularinin istismar somoraliliyinin artirilmasi yollarindan bazilori agsagidaki
istismar rejimlarini ohats edir: periodik, geyri-stasionar va quyularin qisa miiddatli istismar
rejimi.

Belolikla, neftgixarma quyularmin avtomatlagdirilmas: baximindan quyularin dord
istismar rejimini nazordon kegirmok olar (sokil 5.).

Quyularin istismar rejimlari

Stasionar
Periodik

AN
\
Qisa miiddatli /

Qeyri-stasionar

Sak.5. — Neft hasil edon quyularin is rejimlori.

Stasionar istismar rejiminin totbiqi daha sadadir vo is rejiminin doyisdirilmasi zaman
kecid proseslori ilo alagoli quyu dorinlik nasos avadanligina monfi tosir gostormir.

Periodik istismar rejimi quyu dorinlik nasosunun miisyyon edilmis zaman intervallarina
uygun olaraq idaroetmo stansiyasi vo kontrollerin komoyi ilo igo salinmasi vo dayandirilmasini
nazards tutur.
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Qeyri-stasionar istismar rejimi nasosun dayandirilmadan tatbiq olunmasini ohats edir. Bu
rejimdo nasosun dovriyys tezliyi maksimumdan minimuma vo ya oksino olaraq toyin edilmis
program osasinda doyisdirilir.

Qisa miiddotli istismar rejimi (Kuzmigev lisulu) periodik rejimin bir noviidiir vo burada
yiiksok mohsuldarliga malik nasosdan (orta debetli quyular iiclin giindo 100 m3-don ¢ox)
istifado olunur. Maye osason quyu aralig boru mokanindan gotiiriiliir. Burada nasosun
sondiiriilmosi dovriinds neft yigilir (y1gilma dovrii). Qisa miiddotli maye goétiirmo dovrlori (3-
10 dog.) nisbaton uzun miiddatli y1gilma dovrlori (10-60 doq.) ilo avoz olunur.

Periodik, qeyri-stasionar vo qisa middotli istismar rejimlori quyularin texnoloji
parametrlorinin monitoringinin vacibliyini artirir. Bu, texnoloji parametrlorin idars olunmasi vo
nazarat sistemlarinin totbiqini tolab edir (quyu araliq boru mokanindaki mayenin sixlig1 va ya
su ilo doymast).

Quyularin istismar rejimlorinin idars edilmasi quyunun basinda quragdirilmis yerdistii
Olcmo vasitolori ilo oldo edilmis maye sixligit vo ya su ilo doymasi gdostoricilorino osason
effektiv deyil. Bunun sobablori agagidakilardi:

e Laydan quyu govdosino daxil olan ii¢ fazali maye axii (neft, su, qaz) qalxma
prosesinda strukturunu dayisir. Qaz diger komponentlara nisbaton daha siiratli qalxir, neft daha
yavas horokot edir, su iso quyunun asagi hissosindo galir. Bu, laydan ¢ixan mayenin sixlig1 ilo
quyu govdesindoki mayenin sixlig1 arasinda forq yaradir. Bu sixliq forqi sathds yerlagon 6lgma
vasitolori ilo miioyyon edilo bilmoz.

» Laydan golon maye axini nasosun istehsal giiciinii asdiqda, quyu araliq boru mokaninda
mayenin dinamik soviyyesi artir. Bu voziyyst nasosun ¢ixisinda mayenin su ilo doyma
daracasinin artmasina sabob olur.

Beloliklo, toyin edilmis hasilat normasinin stabilizasiyasi vo istismar rejimlorinin
(periodik, geyri-stasionar vo qisa middatli) effektiv idara edilmasi ii¢lin quyu igarisindo
mayenin sixl1g1 vo ya su ilo doymasinin davamli olaraq 6lgiilmosi tolob olunur. Bu gdstaricilor
asason nasos-kompressor borularinda vo quyu araliq boru mokaninda alinmalidir.

[10]-cti isdo quyularin hidrodinamik todgiqatlart (HDT) zamani malumatlarin tohlili va
interpretasiyas1 ardicilligina baxilaraq, saquli quyunun diaqnostik qrafikinds tozyiq toromaesi
oyrisinin 10 saat orzindo koskin azalmasi, sonra iso koskin artmasi miioyyon edilmisdir. Bu hal
tazyiqin Olclilmasi zamani buraxilan sohvlor vo ya basqa layin tosiri ilo slagali ola bilor. Bu
niimuns todqigatlar zamani daha doqiq dorinlik manometrlorinin istifadesinin vacibliyini
gostarir.

[11]-cu isdos quyunun dayanmasindan sonra dib tozyiqinin doyismo ganunauygunluqlar
vo miisahido olunan hadisolor Oyronilmisdir. Molum olmusdur ki, "soviyyonin izlonmosi
metodu" effektiv deyil. Todqgigat naticolorine asaslanan indikator oyrilori hoqiqoti oks etdirmir,
bu isa debitin, maye saviyyesinin, tozyiqin Ol¢iilmesi zamani buraxilan qiisurlar vo ya
todqiqatlarin laydan sabit olmayan maye axin1 zamani aparilmasi ilo baglh ola bilor. Bu geyd do
tozyiq doyisikliklorini izlomok {iglin yiiksok doqiqlikli derinlik manometrlorinin totbiqinin
vacibliyini goéstarir.

Son illordo nasos-kompressor borularinin vo borulararasi boslugun daxilinds tozyiqin
Olgiilmoasi iiclin  hazirlanmis mosafodon idaro olunan stasionar manometrlorin tohlili, o
climlodon mayenin sixligin1 vo su ilo qarisma dorocosini toyin etmok iiglin istifado olunan
sistemlorin totbiqi zamani bir sira ¢atismazliglar miioyyon edilmisdir:

e quyunun gdvdosi iki budagli oldugundan, quyudibi 6lgma cihazlarinin quyunun kamera
noqtosindon asagi endirilmasinin miimkiin olmamasi;

e nasos-kompressor borularinin daxilinde hidravlik kanalin geometriyasinin doyismasi
sobobindon stanqli dorinlik nasoslari ilo tochiz edilmis quyularda istifado oluna bilmomasi,

e tozyiq sensorlarinin dorinlik tizra doyisma ilo yerlosdirilmasi;

e nNasos-kompressor borularinin kolonunda ard-arda bir ne¢o sensorun qurasdirilmasinin
miimkiin olmamasi.
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Termomanometrik sistem cihazlar1 asagidaki catismazliglart ilo izah edilir: asagi
etibarliliq (xtisusilo enerji baglantis1 diiyiiniiniin), miirokkob konstruksiya, yiiksok doyer.
Darinlik avadanliglarinin nasazliq faizlori isa 1.6-c1 sokildo gdstorilmisdir.

B 2lags voxdur

®  Islomir

W1 Dageik diizalmir

B Kabellar iglamir

¥ Diizgiin olmayan dayarlar

Basqa niigsanlar

Sok.6. Darin avadanliglarin nasazliginin faizi.

Yuxarida deyilonlordon belo noticoyo golmok olar ki, nasos-kompressor borularinin
daxilindo vo borulararast boslugda tozyiqin eyni vaxtda oOlgiilmosi li¢iin, quyularin biitiin
fondlarinda istifado oluna bilon vo nasos-kompressor borular1 kolonunda ard-arda bir nego
sensorun qurasdirilmasina imkan veran bir sistemin hazirlanmasi zoruridir.

Bozon darinlik cihazlarinin endirilmasi va buna uygun olaraq quyunun daxilinds texnoloji
parametrlorin Sl¢lilmasi texniki cohotdon miimkiin olmur vo ya iqtisadi baximdan samaerasiz
olur. Bu halda parametrlor dolayr metodla miioyyon edilir. Bu xiisusilo asag1 debetli quyular
ticiin aktualdir, burada quyunun istismar rejimini xarakterizo edon osas parametrlordon biri
tozyiqdir.

Quyunun lay tozyiqinin hesablanmasi {i¢iin bir sira metodikalar mévcuddur, lakin hor bir
hesablama alqoritmi konkret yataq iigiin uygundur. Praktik totbiq ii¢lin on genis istifado olunan
metodlardan biri “Hasan-Kabir” metodudur. Bu metod axin rejimlorinin prognozlasdirilmasina
osaslanir vo quyunun saftinda bir yiliksolon axin rejimindon digorino kegid zamani bas veron
fiziki proseslori nozoroa alir [1]. Metoduna gors, lay tozyiqini miioyyan etmok ii¢lin nasosun
gobulunda olan tozyiq ilo quyunun lay tozyiqi arasindaki tozyiq qradiyenti AP hesablanir.

Pay = Py + AL - AP 4)

Burada, P1 — nasosun gobul hissasindaki tozyiqdir, hansi ki, nasosun gobul hissasinds
yerlogon tozyiq sensoru vasitasilo 6l¢ulir, vahidi-Pasgal.

[1]-cU isdo neft¢ixarma quyusunun istismar rejiminin idarsetmo sistemindo quyu dibi
tazyiqinin dolayi tisulla alde edilmasinin tatbiqi gostarilmis vo “Hasan-Kabir” metoduna goéroa
quyu dibi tozyiqlorinin hesablanan gdstaricilorinin miigayisosi aparilmisdir. Molum olmusdur
ki, har iki metod miioyyon daqiqlik xotas1 ilo xarakterizo olunur.

Tozyiqin hesablanmasi metodlarinin totbiq olunmasi olavo todqiqatlar tolob edir, ¢ilinki
bu, neftgixarma prosesinin idaroetmo sisteminin somorasiz islomosino sobab ola bilar.

Molumdur ki, quyunun araliq boru mokaninda olan vo ayri-ayri komponentlordon (neft,
su vo qaz) ibarat mayenin sixliginin doyismasi do nozaras alinmalidir. Praktikada, adoton, tozyiq
dinamik maye soviyyosini quyudaki mayenin orta xiisusi ¢okisino vurmaqla oldo edilir. Bu cur
ononavi metodlar, sixligin sabit doyeri osasinda qurulduguna gora, qaz torkibinin yiiksok
oldugu hallarda nasosun gobul hissasindoki tozyiqin hesablanmasinda 50%-o qodor xotalara
gotirib ¢ixarir.

Foaliyyotdo olan neft¢cixarma quyusundaki real tozyiq gostoricilorinin oldo edilmasi,
quyularda osasli geoloji-texniki todbirlorin planlasdirilmasi vo onlarin  somarsliliyinin
komiyyoatco gqiymotlondirilmasi iigiin vacib amildir.

Neftcixarma prosesinin effektiv idaro olunmasi {i¢iin yalniz dorinlik nasosunun gobul
hissasindaki tozyiqin dlglilmasi kifayat deyil. Quyunun sabit rejima ¢ixarilmasi vo onun sonraki
stabilizasiyast dovriindo quyunun araliq boru mokanindaki vo dorinlik nasosunun ¢ixis
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hissasindaki tozyiqin, ham¢inin quyu gdvdesinin miivafiq hissslorindoki maye sixligini tayin
etmo imkanina malik olmaqla bir ne¢o néqtads tozyiqin alavo dlgiilmasi tolob olunur.

Neft hasil edon quyularin istismar rejimini xarakteriza edon asas texnoloji parametrlor lay
tozyiqi, dib tozyiqi, hasilat debiti vo mayenin su ilo doyma dorocosidir. Bu parametrlorin
doyismasi, foaliyyotdo olan quyunun gdévdesindo maye axinlarimin vo tozyiqlorin yenidon
boliisdiiriilmasine sobob olur. Bu doyisikliklor daim nozarotdo saxlanmali vo neft hasilati
prosesinin avtomatlasdirilmig idarsetmo sistemlorinin alqoritmlorindo moalumat tominati kimi
istifado olunmalidir.

Quyularin effektiv istismar rejimine nail olmaq {iglin tozyiqin davamli monitoringi
aparilmali, homginin hasil edilon mayenin sixligt vo su ilo doyma dorocosino nozarot
edilmolidir. Bu gostoricilor asason quyunun daxilindo miisahido olunmali vo doyisikliklora
uygun olaraq quyunun isi real vaxt rejimindo operativ sokildo idars edilmolidir.

Oksar neft yataqlarinin istismarin son morhalasine daxil oldugunu nazars alaraq, hasilat
normasini stabillogsdirmok vo neft sonayesini inkisaf etdirmok {i¢iin yliksok effektiv texnoloji
hollorin islonib hazirlanmasi va totbiqi osas sortdir.

Neft hasilat1 prosesinin idaroetmao sistemlorinin yaradilmasi zamani nasos avadanliginin is
rejiminin samarali se¢ilmasi masalasi qarsiya qoyulmalidir. Bu halda, nasosun moahsuldarliginin
tonzimlonmasi tisulu (nasosun noviindon asili olaraq) nozors alinmalidir.

Bu sahodo yaranan bir sira problemlorin halli {i¢iin quyunun govdesinde nozarot
noqtolorinds tozyiqin 6lgiilmasi sisteminin iglonib hazirlanmasi vo totbiqi tolob olunur. Bununla
yanagl, mayenin sixlig1, su ilo doyma daracasi, homginin idaroeetms alqoritmlari vo neft hasilatt
prosesinin idaroetmo sisteminin modelinin miioyyon edilmasi do vacibdir.

NOTICO

1. Neft hasilati quyularinda movcud idaroetms sistemlori texnoloji parametrlorin
doyismosi soraitindo yetorinco effektiv deyil. Real vaxt rejimindo mayenin su ilo qarisma
doracosi vo sixligr kimi parametrlorin oldo olunmasi vacibdir. Informasiya texnologiyalarmin
inkisafi bu problemlorin hollini tolob edir.

2. Quyunun stabil is rejimini tomin etmok ii¢lin dorinlik nasosunun girig-¢ixisinda vo
quyu govdosindo tozyiqin doqiq Olgiilmasi vacibdir. Movecud tozyiq hesablanma metodlar
mioyyan sohvlora sobab olur. Bu, idarsetms qorarlarinin diizgiin sec¢ilmasina vo hasilat
prosesinin optimallasdirilmasina tosir edir.

3. Movcud idarsetma sistemlorinin tohlili gosterir ki, quyularin avtomatlagdirilmasinda
tezliklo tonzimlonon elektrik Gtiiriiciilorinin vo yiiksok doqiqlikli dorinlik 6l¢gma cihazlarinin
tatbiqi zoruridir. Bu texnologiyalar maye hasilatinin vo tozyiqin effektiv idars olunmasina
imkan yaradir vo avadanliglarin is gabiliyyotini artirir.
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AHAJIN3 U COBEPIIEHCTBOBAHUE CUCTEM YIIPABJIEHUSA
HE®TEJOBbIBAIOIIUMHU CKBA’KUHAMMU

IF'AIIMMOB X.X., ACJIAHJIBI C.I'.

AHanm3 cucTeM ynpaBlieHHs He(TeZOOBIBAIONIMMU CKBAXHHAMH I[TOKA3bIBAET, YTO
CYIIECTBYIOIIME CHCTEMBbl HE 00ECHEeUMBAIOT MOJHOCTHIO (P (GEKTUBHOE YIIpaBlIeHUE INPU
WU3MEHEHHN TEXHOJIOTUYECKUX TapameTpoB. [l ONTHMHU3AIUHU IKCIUTyaTaIl[HOHHBIX PEKHMOB
CKBaXHMH HEOOXOIMMO H3MEpEHHE B PEaTbHOM BPEMEHM TaKMX KIIIOUEBBIX MapaMeTpoB, Kak
IUIOTHOCTh JKHJKOCTH, CTETICHb HACHIIIEHHOCTH BOMOW W namieHue. OmMOKH B MeTOHax
pacuera MJAacTOBOIO W 3a00OWHOTO JABJICHUH 3aTPYIHSIOT MPUHATHE YIPABICHYECKHX
pemenuit. Jlns crabunmbHOTO W 3((PEKTUBHOTO YIMPaBICHUS COBPEMEHHBIMHU IPOIECCaMU
HeQTeno0bIuN TpeOyeTcs TIOCTOSHHBIE MOHUTOPUHI BXOJHOTO M BBIXOJHOTO JIABJICHUS
TITyOMHHBIX HACOCOB, a TaKXKe MABIICHHS B PA3IMYHBIX TOYKAX CTBOJA CKBAXHHBL. B 3TOM
KOHTEKCTE pa3paboTKa HOBBIX CHCTEM aBTOMATHU3allMd M BHEApeHHe Oojiee TOUYHBIX
U3MEPUTENBHBIX TMPHOOPOB SBISIOTCS OJHUMH W3 KIIOYEBBIX HANpaBICHUH MOBBIIICHUS
3¢ hekTUBHOCTH HEPTETOOBIUH.

KuoueBbie cioBa: HeTh, TUTACT, IITAHTA, HACOC, TPYyOa, JOOBIYA.

ANALYSIS AND IMPROVEMENT OF OIL PRODUCTION WELL
MANAGEMENT SYSTEMS

HASHIMOV KH.KH., ASLANLI S.G.

The analysis of oil production well management systems indicates that existing systems
do not fully ensure effective control in response to changes in technological parameters. To
optimize the operational modes of wells, real-time measurement of key parameters such as
fluid density, water saturation degree, and pressure is essential. Errors in the calculation
methods of reservoir and bottomhole pressures hinder the accuracy of management decisions.
For stable and efficient management of modern oil production processes, continuous
monitoring of the intake and discharge pressures of downhole pumps, as well as pressure at
various points within the wellbore, is required. In this context, the development of new
automation systems and the implementation of more precise measurement instruments are
among the key directions for enhancing oil production efficiency.

Keywords: Oil, reservoir, rod, pump, pipe, production.
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KARBON EMISSiYALARININ AZALDILMASINDA NUVO
ENERJISINDON iSTiFADONIN USTUNLUKLORI

ROHIMOV F.A., ROHIMOVA T.A.
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[stixana qazi emissiyalarinin azalmas1 vo iqlim doyisikliyi ilo miibarizo ii¢iin diinya, iizvi yanacaqlardan
stiratle uzaqlagmalidir. Niiva enerjisi iso karbon emissiyalarmin tullantilart sahasinds an asag1 hadds olan olan bir
manba olaraq, etibarli va tomiz elektrik enerjisini miinasib qiymats tomin eds va gqlobal miqyasda istifads va tatbiq
oluna bilar.

Acar sozlar: iglim dayisikliyi, Paris sazisi, karbon emissiyalari, istixana qazlari, niive enerjisi, global
istilosmo.

Birlogmis Millatlor Togkilati, 2015-ci il Paris Sazisinds Sonayedon avvalki dovrlo migayisodo
qlobal temperatur artimini 2°C-don asagi haddo saxlamaqg vo mimkin gador 1,5°C ilo moahdud-
lagdirmaq moqsadini asas hadof kimi mioayyan edib. BMT bu ssbabdon iglim doyisikliyini
“zamanimizin holledici problemi” kimi giymotlondirir. Bu yanasma, elmi dairalords 1,5°C-lik
mohdudiyyatin iglim doyisikliyindon irali golon risklori nozaragarpacaq dorocads azaldacagina dair
formalasmis razilifa osaslanir. Lakin biitiin bu cagirislara baxmayaraq, enerji sektoru ilo bagh
karbon gazi emissiyalar1 artmaqda davam edir. 2018-ci ildo bu ragem 33,1 milyard tona c¢ataraq
rekord saviyyays yiksalib va 2000-ci illo mlgayisads 40%-don ¢ox artim geyds alinib.

Son 20 il orzindo beynolxalg saylor naticasindo kilok, gunas vo digor borpa olunan
moanbolordan olds edilon elektrik enerjisinin hacmi artmigdir. Lakin bu artim, qaliq yanacaqglarin
enerji istehsalindaki rolunu aradan qaldirmagq tigilin kifayat etmomisdir. ©ksina, 2017-ci ilds qaliq
yanacaglardan olds olunan elektrik enerjisi avvalki illorlo migayiseds ham nisbi, ham do mitlog
baximdan daha ¢ox olmusdur. iqlim Dayisikliyi iizro Hokumotloraras: ekspertlor grupunun (IPCC)
2018-ci ilds yaydig1 hesabatda iso Xobordarliq edilir ki, diinya 2030-cu ilo godar 1,5°C-lik istilogma
hoddini kega bilar [1].

Bosoriyyotin qarsilagdigr on bdyiik problemlordon birinin hoallino koémok eds bilocok
bitun texnologiyalar dorhal totbiq edilmolidir. G6zlomoak olmaz, ¢iinki iqlim doyisikliyinin
tosirlori ilk ndvbado on yoxsul vo hassas toboqoyo tosir edocok, vaxtinda horokoto kegmomok
1sa ciddi humanitar naticalors yol aca biler.
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Sok.1. 2000 voa 2017-ci illords elektrik enerjisi istehsalinda tizvi.
Vo geyri-lzvi yanacaglardan istifadonin %-lo muiqayisasi.
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Nivo elektrik stansiyalart istismar marhalosinds he¢ bir istixana qazi tullantisi yaratmuir.
Hoyat dovrii boyunca iss, nlva enerjisi elektrik vahidi basina kiilok enerjisina bonzar miqgdarda
karbon dioksid ekvivalenti emissiyasi yaradir vo bu gostorici giines enerjisi ilo mugayisada
toxminoan Ugds bir godor azdir.

Mutoxoassislorin gonastina gors, iglim doyisikliyi ilo effektiv miibarizo aparmaq va global
tempuratur arttmini  1,5°C-don asagi saxlamaq tg¢iin tolob olunan dorin karbonsuzlasdirma
(dekarbonizasiya) yalniz niivo enerjisinin rolunun artirtlmasi ilo mimkinduir. Niva enerjisi ham
etibarli, hom do genis miqyasda totbig oluna bildiyina gors, iizvi yanacaqlarla isloyan istilik elektrik
stansiyalarini birbasa ovoz eds vo onlarin yaratdigi zorarli tullantilardan qgagmaga imkan verar [2].

Niva energetikast bu giin elektrik enerjisinin 10%-ni tomin etmoklo elektrik vo istilik
enerjilori istehsalina mihim tohfo verir vo atmosfers on az karbon emissiyalari atan an boyuk
elektrik enerjisi hasil edon manbadir. 2018-ci ilds global elektrik enerjisi tochizatinda iqgtisadiyyati
inkisaf etmis 6lkalordos elektrik enerjisi hasilinds niiva enerjisinin pay1 18% toskil edirdi.

Bununla bels, global elektrik enerjisi tochizatinda niivo enerjisinin payr son illards
azalmigdir. Bu, 1970 vo 1980-ci illordo tikilmis bozi Atom elektrik stansiyalarinin istismar
muddotlorinin basa catmasi ilo vo molum gozalardan sonra atom Olkalorinin gokinarak yeni
reaktorlarin tikintisinin dayandirilmasi ilo olagodardir. Bu, da 6z ndvbesindo tomiz elektrik
sistemino kecidi longitdi. ©homiyyatli tosiri olmasina baxmayaraq giinos vo Kilok enerjisinin
artimi, tomiz enerji monbalarinin Umumi elektrik tochizatinda imumi payinin 2018-ci ildo 36%
saviyyasindo, niiva enerjisindan istifadonin azalmasi sobobindon 20 il avvalki il ilo eyni idi. AES-
larin barpasi elektrik enerjisi tochizatinin karbonsuzlogsdirilmasinin suratini artirmaq tgiin hoyati
ohamiyyat kasb edacak.

Hal-hazirda niive enerjisindon istifads, miqyas baximindan, diinyada istismar olunan biitiin
avtomobillorin lc¢do birinin yollarimizdan ¢ixarilmast ilo barabar miqdarda karbon tullantisinin
qarsisini alir.

Kaliforniyada yerlogson Diablo Kanyon elektrik stansiyasi kimi niiva enerji obyektlori, shaliys
har giin etibarli vo sarfali elektrik enerjisi tomin edir. Muasir dovrds comiyyatin elektrik enerjisina
olan asililigi artir, ¢iinki nogliyyat, evlorin isitmo sistemlori vo sonaye proseslori siratlo
elektriklosir. Istehlak ndqtasinda elektrik tomiz olsa da, onun istehsali biitiin enerji ilo bagli karbon
emissiyalarinin 40%-don goxuna sabab olur. Buna gora ds, surstlo artan dinya ohalisini ham
etibarli, hom do sorfoli elektrik enerjisi ilo tomin etmoklo yanasi, elektrik istehsalinin
karbonsuzlasdirilmasi, iglim dayisikliyi ilo mlbarizods asas hodsflordon biri olmalidir [2].
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Sok.2. Hor kV1t/saat elektrik enerjisi hasil etmok G¢lin mixtalif manbalardan
atmosfers atilan CO2-nin qramlarla miqdart.
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Niva enerjisi, iglim doayisikliyi halo global giindomds olmadigi dévrda bels, dayaniql
enerji kecidlorini tomin etmok (glin glclu bir katalizator ola bilacayini siibut etmisdir. Fransa
bu sahada numunoavi 6lkadir — o, elektrik enerjisinin 70%-don ¢oxunu niiva enerjisindan alda
edir. Bu gostorici, dinyada niiva enerjisina an yiiksok pay ayiran 6lko olaraq Fransani 6no
cixarir. Noticods, Fransanin elektrik enerjisi sektorunda karbon emissiyalart Avropa
ortalamasinin altida birino borabardir. Comi 15 il arzindo niva enerjisi Fransanin enerji
sisteminds kigik paydan asas monbays ¢evrilmisdir va bu, niva enerjisinin iglim dayisikliyi ilo
mibarizads lazim olan siiratlo genislondirilo bilocayini agiq sokilda gostarir [5].
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Sok.3. 1974-2017-ci illords elektrik enerjisi istehsalinda Fransanin
istifado etdiyi enerji enerji manbolarinin tosnifati [5].

Bu sokil Fransanin 1974-2017-ci illor arasinda elektrik enerjisi istehsalinda istifads etdiyi
enerji manbalarinin doyisimasini gostorir. Qrafikdo muxtalif enerji novlarinin illor Gzra pay:
teravatt-saatla (TVt) gostarilib.

Nivo sonayesi, iqlim dayisikliyi probleminin miqyasini va tacililiyini, hamginin butln
asag1 karbonlu enerji moanbalorinin oynayacagi miihiim rolu dark edir. “0 karbon emissiyalari”
tosabbsi 2050-ci ils gadar karbon neytralligina ¢atmagq ti¢iin qlobal niiva potensialini on azi {ig
dofo artirmaq moagsadini gudir vo bu magsads catmaq Uglin hokumot vo sonaye liderlori
arasinda gorinmomis omokdasliq tolob edir. Diinyamizin niiva enerjisina ehtiyact var va bu
giiniin ¢agiriglarina cavab vermok, homginin bizi sabahin hadaflorino yonoltmoak dglin bu
sahads daha ¢ox inkisaf etmaliyik.

NUva enerjisi, barpa olunan enerji moanbalari, enerji samaraliliyi va digor innovativ
texnologiyalarla birlikds, dayanigli enerji mogsadlorino c¢atmaga vo enerji tohllkasizliyini
artirmaga miihiim tohfa vers bilar.

1. https://www.iea.org/reports/nuclear-power-in-a-clean-energy-system

https://world-nuclear.org/nuclear-essentials/how-can-nuclear-combat-climate-change

3. Williams M. (2012) Climate change: information kit, Geneva: the United Nations
Environment Programme (UNEP) and the United Nations Framework Convention on
Climate Change (UNFCCC).

4. BEIS (Department for Business, Energy & Industrial Strategy) (2019a), “Statement on
suspension of work on the Wylfa Newydd nuclear project”, www.gov.uk/government/
speeches/statement-onsuspension-of-work-on-thewylfa-newyddnuclear-project.

5. EDF (Electricité de France) (2017), “2017 facts & figures”, www.edf. fr/sites /default/
files/contrib/groupeedf/espaces-dedies/espace-finance-en/financial-
information/publications/facts-figures/facts-andfigures-2017-en.pdf.
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MNEPCIEKTHUBBI UCIIOJIb30BAHUA SAIEPHOM DY HEPT U
JJIA CHUKEHHUSA BBIBPOCOB OKCHAOB YIVIEPOJA

PAT'UMOB ®.A., PATUMOBA T.A.

YToOBl COKpATHTh BBIOPOCHI MAPHUKOBBIX Ta30B U OOPOTHCS C M3MEHECHHWEM KIIMMATa,
MUpPY HEOOXOIMMO KaK MOXKHO CKOpee OTKazaTbCsi OT HCKOIMAeMOro TOIUIMBA. SnepHas
JHEPrus, Kak UCTOYHUK C HAMMEHBIIIMMH BIOPOCAMH YTJIEPOa, MOXKET 00SCIICUNTh HASKHOE
U 4YUuCTocC BHCKTpI/I‘-IGCTBO 10 I[OCTyrIHOﬁ IHEHEC U MOXKCT HCIIOJIB30BATHCA U HpI/IMeHHTBCH B
ria00aJbpHOM MaciiTaoe.

KiroueBble ciioBa: HM3MEHCHUE Kiumara, HapI/I)KCKOG CorjlaliCHuC, BLIGpOCLI yriepoaa, MapHHUKOBBIC
rasbl, sI/ICpHAs SOHEPTETHUKA, rino0ansLHOE HOTEIICHHE.

PROSPECTS OF USING NUCLEAR ENERGY
TO REDUCE CARBON OXIDES

RAHIMOV F.A.,, RAHIMOVA T A.

To reduce greenhouse gas emissions and combat climate change, the world must rapidly
transition away from fossil fuels. Nuclear power, as a source with the lowest carbon emissions,
can provide reliable and clean electricity at an affordable price and can be used and deployed
on a global scale.

Keywords: climate change, Paris Agreement, carbon emissions, greenhouse gases, nuclear energy, global
warming.
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ASINXRON MUHORRIKIN QOSULMA USULLARI VO QEYRI BORABOR
MAQNETIK DARTISININ pAiRavi ZAMAN INTERVALI
QRAFIKI ILO IDENTIFIKASIYASI
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Asinxron muiharrikin qosulma tsullariin xiisusiyyatlarinin tohlili miharrikin enerji effektivliyini artirmagq,
onun igloma soraitini optimallagdirmagq, sistemin etibarliligini ve tahliikasizliyini tomin etmak, sonaye proseslarini
somarsli idara etmok vo texniki xidmotin keyfiyystini yaxsilagdirmagq tigiin zaruridir. Qeyri-borabor maqnit dartist
(QBMD) firlanan elektrik magmlarinin etibarliligina, enerji somarsliliyina vo uzunmiiddatli istismar dayamqligina
ohomiyyatli doracads tosir gdstoron mirokkob elektromagnit hadisadir. Bu hadiso, osasan, rotorun mexaniki
morkoazi ilo magnit oxunun Ust-Uste diismomasi naticasinds yaranir va hava boslugunun geyri-borabor paylanmasi
ilo miigahido olunur. Magalods sanaye soraitinds qurasdirilmis boyiik giico malik {i¢ fazali induksiya miharrikinin
yiiksiiz islomo sinagi zamani geyds alinmis QBMD-nin miisahidasi vo tohlili gOstarilir. Sinaq prossesinda geyri-
adi vibrasiya gostericilori, magnit sahosinin geyri-simmetrik paylanmasi vo elektrik parametrlorindaki (carayan va
garginlik) giymetlori ilo dart1 hadisasi mioyyan edilmisdir. Todgiqgat naticalori gostorir ki, bels hallarin vaxtinda
askarlanmas1 vo aradan qaldirilmasi mihorriklorin - uzundmurltliytnin vo tohllikesiz igslomasinin  tomin
edilmasinds miihiim rol oynayir. Magalods ham¢inin QBMD-nin diagnostikasi, monitoringi vo azaldilmasi ti¢iin
vibrasiya va elektromagnit analizino asaslanan tacriibs yoniimlii metodoloji yanagmalar gostorilmisdir.

Agar sozlor: asinxron miihorrik, etibarliliq, “yumsaq” iso salma, Soft Starter, invertor, sinxron,
optimallagdirmaq, qeyri-barabor maqnit dartisi, ekssentriklik, vibrasiya.

Giris. Asinxron miihorrik diinya tocriibasindo on ¢ox inkisaf tapmis elektrik miiharrikidir.
Asinxron miiharriklor 6zliiyiindo sado konfiqurasiyaya malik olurlar. Onlarin diizgiin vo effektiv
islomasi, enerjiya gonaot, uzundmiirliilik vo sistemin etibarlilig {iciin mithiim amillordon biridir.
Asinxron miiharriklorin qosulma iisullar1 iso bu miiharriklorin enerji tochizati ilo alagosinin vo
idarasinin 9sas mexanizmini togkil edir. Onlarin miixtalif qosulma tisullar1 mévcuddur va bu tisullar
miihorrikin konstruksiyasina, is soraitino vo totbiq sahosino goro secilir. Bu qosulma iisullar
miihorrikin igo diismo xiisusiyyotlorini, momentini vo somaoraliliyini miioyyon edir. Arasdirmalar
noticosindo agagida asinxron miihorrikin osas qosulma iisullar1 vo onlarin xiisusiyyatlorinin tohlili
gostorilmisdir.

1. Birbasa Saboakaya Qosulma (Direct-on-line, DOL)
- Miihorrik birbasa 380V (va ya sistem gorginliyino uygun) sobakoyo qosulur. Sados va ucuz
gosulma iisuludur. Bu qosulma ancaq kig¢ik vo orta giicdo miiharriklor ii¢iin uygundur.
Sxemin sado vo asagl qiymato olmasi iistiin cohatidir.
2. Ulduz-U¢bucaq qosulma

Bu tip qosulmada miiharrik avvalco ulduzla iso salinir, sonra avtomatik olaraq tigbucaga
kecir. Baslangicda coroyan azaldigi ti¢iin elektrik sobokasinds yiik az olur. Orta vo boyiik giiclii
miihaorriklorin yumsaq is9 salinmasi ti¢tin istifads olunur.

3. Avtotransformator vasitasilo qosulma

Baslangicda miihorriks gorginlik avtotransformator vasitasilo azaldilaraq verilir, Sonra tam
gorginliklo iso davam edir. Baslangic corayan vo moment tonzimlona bilir. Bu qosulma boytik
giicdo miiharriklor {i¢lin uygundur.

4. Reostat vasitasilo rotor dovrasine qosulma (Siirtiskon halqali miiharriklor G¢un).

Bu qosulmada xarici reostat rotora ardicil qosulur. Baslangicda reostat maksimum
miigavimat verir, sonra todricon azaldilir. Bu {isuldan yiiksok baslangic momenti tolob olunan
hallarda totbiq edilir (kranlar, liftlor vo s.). Rotor dovrasino reostat qosularaq baslangic
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momenti vo coroyan tonzimlonir. Xiisusilo agir is rejimi olan qurgularda istifads olunur
(masalon, kranlar, preslor).
5. Muharrikin Soft Starter (yumsaq iso salma cihazi) ilo qosulmasi.
Bu Gsul muasir idaroetmo Usuludur. Miiharrikin iso diismosi zamani gorginlik vo tezlik
tonzimlonir, belaliklo corayan sigrayist vo moment todricon artir. Sonaye avadanliglarinda vo
avtomatlagdirilmis sistemlords genis istifado olunur. Elektron idarsetms vasitasilo muharrikin
tadrican igo diismasi tamin olunur vo baglangic garginliyi vo momenti proqramlagdirilir.
6. Frekans ceviricisi ilo qosulma
Bu qosulmada miihorrik gorginlik vo tezliyi doyisen formada qidalanir vo Siirat genis
diapazonda tonzimlono bilor.
Arasdirmalardan vo muqayisali tohlillordon alinan naticalor codval 1-do gostarilmisdir.

Arasdirmalardan vo muqayisali tohlillordon alinan naticalor

Coadval 1
Qosulma tsulu Baslangic coroyan | Baslangic moment | Qiymot | Istifado sahosi
DOL Yiiksok Yiiksok Asag1 | Kigik miiharriklor
Ulduz-Ugbucaq Orta Orta Orta Orta giicdo miihorriklor
Avtotransformator | Asagi - Orta Orta - Yiiksok Yiiksok | Boyiik giicdo mitharriklor

Reostat (halgali rotor) | Asagi Yiiksok Yiiksok | Agir rejimli qurgular
Soft starter Asagi Tonzimlonan Yiiksok | Inco idaroetmo tolob edonlor
Frekans cevirici Asagi Tam tonzimlonan | COX Stirat tonzimlonmosi talob
yuksak | edon

Qosulma iisullarinin diizgiin toyini miihorrikin daha ¢ox yiiklonmasini, qizmasini va
nasazliglarini 6nlayir. Bu da texniki xidmat xarclorini azaldir vo miiharrikin dmriinii uzadar.

Beloliklo, qosulma {isullarinin tohlili — miihorrikin effektiv, tohliikasiz vo uzunémiirlii
islomosi Uguin vacib olan texniki vo iqtisadi asaslandirmani tomin edir.

Masalanin qoyulusu. Qeyri-barabor maqnit dartisi (QBMD) asinxron masinlarda yaranan
radial elektromagnit quvvadir. Bu quvvve rotorun stator hava arahiginda ideal sokildo
morkazlosdirilmamasindan amolo golir. Saz miharriklordo rotor vo stator hava araligi yekcins-
borabor olur, bu sobobdon magnit sahasi borabor paylanir. Amma oagar rotor statorun hondasi
morkozindan konara meyl edirss (yastiglarda olan problemlar olarsa, rotorun mexaniki problemlori,
rotorun ayilmasi va s. sobobindon) rotorla stator arasindaki hava boslugu bir hissads kigik digor
hissalords iso daha boyiik olacaqdir. Bu hadiso magqnit selinin sixiliginin hava araligi kigik olan
saholords daha ¢ox olmasina gatirib ¢ixaracaq bu da 6z novbasindo lateral elektromagnetik qlivva
amaloa gotiracakdir ki, bu da Qeyri-barabar magnit dartisidir.

Masalanin halli. Bu magalads sonaye soraitinds qurasdirilmis boyiik glico malik {i¢ fazali in-
duksiya muharrikinin yiiksiiz isloms sinagi zamani gqeyds alinmis QBMD-nin miisahidasi va tahlili
togdim olunur. Sinaq prosesinda geyri-adi vibrasiya gostoricilori, magnit sahasinin geyri-simmetrik
paylanmasi vo elektrik parametrlarindoki (corayan vo gorginlik) giymatlori vasitosilo dart1 hadisasi
muioayyan edilmisdir. Tahlil noticasinde QBMD-nin asas sobabloari kimi rotorun stator moarkazins no-
zoran ekssentrik yerlogsmosi, hamginin hava boslugunun mexaniki deformasiyalar vo montaj xotala-
rindan irali golon geyri-barabor paylanmasi miioyyon edilmisdir. Bu amillorin miharrikin istismar
dovriinds yastiglara olave mexaniki yiklor yaratdigi, vibrasiyani artirdigt vo enerji itkilorino sabab
oldugu mioyyanlosdirilmisdir. QBMD oan kigik hava araligi olan torafo harokot edir, agar rotor mu-
ayyan problemlar sababindan statorun handasi markazindan konara meyl edirdiso bu geyri-barabor
darti onu daha ¢ox markozdon konara itoloyacokdir. Bu hadisa sistema neqativ sartlik gatirir ki,
naticads rotor eksentrsikliyini kompensasiya etmok avozina qlivvatlonir. Bu qlivvays belo bir ifads
vera bilarik.

d
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0-hava boslugundaki ekssentriklik.

Jo-nominal hava bosligu.
k-mutonasiblik sabiti masinin dizaynindan asilidir.

55



Sakil 1-do qgeyri barabor maqnit dartisinin rotor iizorindoki quvvolori dekart 2-li kordinat
sistemindo gOstorilmigdir. Burada yastiqdaki qiivvalor vo agirliq qiivesi geyri barabar magnit
dartisini stabillogdirmaya ¢alisir. Magnit sahasi iso dartini giiclondirir.

Sok.1. Dekart 2-li kordinat sisteminda geyri barabar magnit
dartisinin rotor tizarindaki quvvalari.

Elektrik Muharriklarinde QBMD-nin miayyan olunmasi:

Yuxarida geyd etdiyimiz kimi QBMD rotorun ekssentrikliyini artiran bir qiivvadir, rotorun
eksentrikliyi artdigi tiglin bu qiivve muharrikin yastiglarina 6tiiriiliir vo valin yastiq daxili yerdoyis-
moasini artirir, bu vibrasiya hamginin stator gévdasins do 6tlrilir. Ona gors do bu problemi miay-
yan etmok Ugln, elektrik vo mexaniki parametrlori 6l¢a bilorik. QBMD-nin milayyan olunmasinda
muixtalif teoretik Gsullar movcuddur. Maksvell Goarginlik tensoru tisulunu; Dolaq Funksiyasi
yanagmasi, 2D vo 3D sonlu element metodunu vo s. bunlara misal gotiro bilorik [4-11]. Biz
problemin tapilmasi ii¢lin empirik metodu -vibrasiyaya nazarot cihazi vo dairovi zaman interval
grafikini nazordon kegiracik.

Baxilacaq miiharrikin giicii 4 MW, firlanma siirati iso 3000 RPM dir. Miharrikds nasazligi
mioayyan etmok (gln istifado olunmus vibrasiyaya nozarat cihazlari; firlanan masinlarin avtomatik
diagnostika avadanligi (FMADA 408) vo ona qosulu olan 330500 tipli pyezoelektrilk vibrasiyanin
siiratini 6lgon vericilordir. Bundan basqa test zamani, rotorun yastiq daxili val vibrasiyasina nazarat
liciin yaxinlq (proximity) vericilorindan do istifade olunmusdur. Umumilikdo 8 vericidon istifads
olunmusdur bunlardan 4-ii yaxinliq vericilori va 4 vibrasiyanin siiratini olgon vericilordir.

Bu vibrasiya siroti vericlori, MTR NDE (mihorrik firlanmayan son), MTR DE (miiharrik
firlanan son-yika qosulan hissa), Miharrik morkaz vo MTR X-oxu 6l¢timii kimi asagidaki sokil 2-
do gOstorilmisdir.

MTR NDE vericisi yuxaridan baxdigimzda yastiq korpusunun iizorinds 45 doracs sol, MTR
DE yastiq korpusunun iizarinds 45 doraco sag kimi maqnit asas1 vasitasilo quragdirilib. Miiharrik
Moarkoaz vericisi rotorun markoaz finlorina magnit ilo barkidilib. Rotorun, statorun elektromagnit sa-
hasindo markazinds dayanigli yerini mioyyan etmoak iigiin MTD DE (firlanan son) yastlgin kor-
pusuna X-oxu istigamatinda verici barkidilmisdir. Bundan slave malumatlarin miihorrikin surati ilo
sinxron toplanmast {iglin vala siirat 6l¢on yaxinliq(proximity) vericilari do barkidilmisdir. Vericilarin
muihorrik zarinds yerlosmasini asagida gostorilmis sxematik diaqramda gora bilorik.

Proximity Probes
MTRNDE A4S L MTRNDE 45 R Proximity Probes
MTRDEA4S L MTRDE4SR

MTR NDE 45 L casing \/'\/ / \

MTR NDE 45 R casing

Viewed

—_—
[

MTR Axial casing

MTR Center 0L Casing

Sok.2. Vibrasiyaya nozarat vericilorinin 6lgma nogtslori.
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Butun vericilor muharrik Uzarinds borkidildikdon sonra onlarin signal kabellori
molumatlarin  toplanmasit vo @olock qgrafik tosvir {igin FMADA 408 avadanligina
birlosdirilmisdir [11-14].

(XX XXX T
PPOOPOSO

Sok.3. FMADA 408 (ADRE).

Olciilor alimmamisdan 6nca rotor mexaniki yilkdon agilmis, yuxarida géstorilon vericilor
muharrikin Gzarinds qurasdirilmigdir. Miiharrik iso DOL (birbasa iso salma metodu) ilo qosul-
musdur [15, 16]. Muharrikin vibrasiyasina asagidaki rejimlards baxilmigdir; iso diisma, tam Su-
rot vo sondirlma (slrotin azalmasi). Elektromaqnit sahasinin rotordaki effektini miioyyon et-
mok Ugclin, slirat azaldilmadan 6nca, elektrik enerjisinin stator dolaglarina verilmasi test mogse-
di ilo ani olaraq kasilmisdir. Elektrik enerjisi rotor tam dayanana qodor bir daha verilmomisdir.

Vericilordon toplanmig vibrasiya dlgiimlori FMADA SXP program tominati vasitasilo vi-
zualizo edilmis vo baxilmisdir. Molumatlarin analizi ticin FMADA SXP program tomina-
tindaki qrafiklordon istifado olunmusdur. Bu grafikloro misal olaraq zaman intervali (timebase)
grafikini va dairovi (wrapped timebase) zaman intervali qrafikini géstormok olar [5].

Zaman intervali grafiki vibrasiyanin amplitudunun zamana goéro doyismasini gostorir
basqa dildo desok; zaman intervali grafiki signalin ani amplitudasinin zaman funksiyasi kimi
togdimatidir. Ani rogomsal giymotlor birlogdirildikds, barpa olunan dalgaformasi signalin za-
man oblastinda klassik osiloskop goriintiisiine uygun goalir. Zaman intervali grafiklori FMADA
Sxp vo System 1* kimi program tominatlarinda vibrasiya molumatlarini gostormok Uglin ¢ox
genis istifado olunur. Sxp progqraminda “dairovi zaman intervali” qrafiki dalgaformasi1 malu-
matlarin1 x-y qrafiki avozino dairovi formatda gostorir. izlonilon rotordanin hor bir tam firlan-
mas1 tam bir daira ilo tosvir olunur. Vibrasiya signalinin tam miqyasli diapazonu daxili vo xari-
ci dairalor arasindaki mosafs ilo qrafik olaraq ifads edilir. Akselerometr signali “+” (sensor is-
tigamatinda) va “~” (sensor istigamatindon uzaq) olarag, “0” dayarini gostaran kasikli dairs
otrafinda oks olunur [3].

Indi iso toplanmis molumatlarin dairovi zaman intervali qrafiki ilo vizualizasiyasina
baxag.

Isa diisma: Tlkin olaraq iso diismo aninda vibrasiya siirat vericilorinin siqnallarinin giiclii
sokilds tohrif oldugunu gors bilarik. Burada qirmizi dairs soklinds gostorilmis grafik, gézloni-
lon dairavi zaman intervali qrafikidir. Umiimi olaraq &lgiilon néqtalords vibrasiyanin amplitu-
dunun va fazasinin zamana gora doyismasinds yiksak giymatlor MTR DE ndqtssinds 4 mm/s
OKK (Orta Kvadratik Kok dayari-RMS) va Muharrik markaz négtasin 5 mm/s OKK civarinda
doyisir. Carayan vo gorginliyin (sokil 4.) giymatlorindan fazalara géro giymatlorin barabar ol-
dugunu gora bilarik bu da statorda dolaglar bagli bir problemin olmadigini sdylomaya asas
VErir.
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Sok.4. Iso diismo zamaninda fazalara gora gorginlik ¢ohray1 rongdo
Vo Corayan mavi rangdo.
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Sokil 5-da vibrasiyanin amplitudunun vo fazasinin zamana gora doyismasi Sokil 6-da iso
elektrik muharrikin iso diismasi aninda dairavi zaman intervali qrafiki gostorilmisdir.
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Sok.6 Elektrik miharrikinin iso diismosi aninda dairavi zaman intervali qrafiki.
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Tam stratda ¢calisma:

Sokil 7-do tam sirotdo ¢alisma zamaninda fazalara goro gorginlik ¢ohrayr rongds vo
corayan-mavi rongds olmagla gostorilmisdir. Miiharrik tam sirotdo ¢alisan zaman vibrasiya
siirati 6l¢an vericilorin signallari iso diisma anina nisbatds daha az tohrif olunmus sakildo gora
bilorik. Burada dairovi zaman intervali qrafiki, dairavidon daha ¢ox ellipsvari soklinda 6zini
gostorir. Vericilordon alinan signallarin amplitudunun vo fazasinin zamana goro doyismasi
grafikinds periodik doyison amplituda vo faza qiymatlori miisahids olunur (sokil 8).
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Sok.7. Tam suiratds caligma zamaninda fazalara gora gorginlik ¢ohray1
rangds va carayan-mavi rangdo.
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Sek 8 Tam Suratde calisma zamaninda vibrasiyanin amphtudunun
Vo fazasinin zamana gors doyismasi.

Sokil 9-da elektrik muharrikinin tam sirotdo ¢alismasi zamani dairovi zaman intervali
grafiki gostorilmisdir. Elektrik enerjisinin Kosilmasi, stirat azalmasi: Elektrik enerjisi kosildikda
statorun firlanan sahosi dayanir vo rotordan EHQ induksiyalanmir vo magnit sahasi zaiflomaya
dogru gedir. Bu rejim zamani, avvalki rejimlordon forqli olaraq rotorun firlanmasi zamani
geyri-barabor maqgnit dartis1 azalir. Bu zaman miiharrikdo vibrasiya sursti 6lclimlori tam
dairavi zaman oast qrafiki gostorir vo signalin tohrif olunmadigini géra bilorik. Muharrik
siratinin 100 dovr/san azalmasi zamani sokil 10- da 6lcllon, vibrasiya gostaricilorinin sokil 8
gostaricilaring nishatds 4 dofo azaldigini miisahids edo bilarik.
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Sok.9. Elektrik muharrikinin tam sirotdo ¢alismasi zamani
dairovi zaman interval grafiki.
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Sok.10. Siratin azilmasi1 zamani vibrasiyanin amplitudunun vo fazasinin
zamana gors doyismasi.

Sakil 11-ds isa elektrik miharrikinin elektrik enerjisinin koasilmasi aninda dairavi zaman
intervali qrafiki gostorilmisdir.
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Sok.1. Dairovi zaman intervali qrafiki elektrik miiharrikinin elektrik
enerjisinin kasilmasi aninda.
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NOTICO

Magalada asinxron miiharrikin qosulma iisullarinin xiisusiyyatlori tohlil olunmusdur. Asinx-
ron miiharriklorin diizgiin qosulma tisulunun secilmasi, sistemin etibarli, somarali vo uzunomiirli
islomosi {iciin vacibdir. Iso diismo zaman start coroyaninin azaldilmasi va momentin tonzimlonmasi
ham enerji gonaoti, hom do avadanlhigin miihafizosi baximindan 6nomlidir. Miharrikin vibrasiyanin
slirat 6lciilmoalarindon alinmig dairavi zaman intervali qrafiki onu demoys asas verir ki, baxilan mii-
horrik ¢alisan zaman geyri borabar maqnit dartisina moruz galir. Dairovi zaman intervali grafikin-
don daha ¢ox signal tohrifi; iso diismo vo tam siratdo ¢alisma zamani Miihorrik DE-do (firlanan
son-ylka qosulan hisso) goriiniir. Bu miisahido onu demays asas verir ki, miharrik firlanan son yas-
tiginda onun govdasinae nozaron mexaniki bosluq vo ya yastigin korpus daxili diizgiin morkozlosdi-
rilmamoasi ola bilor. Aparilan mexaniki aragdirmalar bu problemin hor ikisinin mévcudlugunu
sonraki etaplarda tasdiglomisdir. Maqalods ilk dofo olaraq dairovi zaman intervali qrafiki vasitasi
ilo geyri borabor magnit dartisinin miioyyan olunmasi gostorilmisdir. Eksperimental metod 6z
dogrulugunu empirik testlor zamani siibuta yetirmisdir.
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CIIOCOBBI HOAKJJIIOYEHUA ACUHXPOHHOTI'O IBUT'ATEJIA 1
OINPEAEJIEHUE HEPABHOI'O MAI'HUTHOI'O MOMEHTA 110 KPYT'OBOMY
I'PA®UKY BPEMEHHBIX UHTEPBAJIOB

ITMPUEBA H.M., ABBACJIM X.P.

OcoOenHocTelt  CcrOCOOOB MOJKIIOYEHHS ACHHXPOHHOIO JIBUTaTellss HEeoOXoIuM Ul
MOBBILIEHHS YHEProd((HEKTUBHOCTH JABUTATENSI, ONTUMU3ALUMHU YCIOBUH €ro paboThl, o0ecnedeHus
HA/IeKHOCTH M 0€30IacCHOCTH CHUCTeMbI, 3(P(EKTHBHOrO YHpaBICHUS MPOU3BOACTBEHHBIMHU
nporeccaMy M TOBBIIICHNST KauecTBa TEXHUYECKOTro oOciykuBaHus. HepaBHOMepHas MarHUTHas
tara (HMT) — cioxHOe 3JeKTpOMarHuTHOE SBIICHUE, CYIIECTBEHHO BIIMSIONICE HA HAJIC)KHOCTD,
9HEeprodPpPeKTUBHOCTH U TONTOBPEMEHHYIO YCTOMYUBOCTH PaOOThI BPALIAIONINXCS AIEKTPHUECKUX
MamuH. JTO sBJIeHHE 00YCIOBJIECHO, TIIaBHBIM 00pa3oM, HECOBMAJAECHHEM MEXaHWYECKOTO IEHTpa
poTOpa C MarHUTHOW OChIO M HAOJIOAAETCA MPU HEPABHOMEPHOM paclpeAesieHUH BO3IYIIHOTO
3a3opa. B cratee npencrasiensl HabmoaeHus U aHanu3 HMT, 3adukcupoBaHHBIX NP UCTIBITAHUU
Ha XOJIOCTOM XOJy TpeX(a3zHOro aCHHXPOHHOTO ABUraTessi OOJIbIION MOIIHOCTH, YCTAHOBICHHOTO
B IPOMBIIIJICHHBIX YCJIOBHAX. B mponecce HCIBITAHUH OBLIO BBIIBIEHO SBJICHUE TATH C
HECTAaHAAPTHBIMU IMOKA3aTCIIIMU BI/I6paL[I/II/I, HECCUMMCETPUYHBIM PACIIPpCACIICHUCM MArHUTHOT'O I1OJIA
U 3HAYCHHUSMHU DJICKTPUYECKUX MapaMeTpoB (TOKa M HampsbkeHus). PesynbraTel MccienoBaHui
MOKAa3bIBAIOT, YTO CBOEBPEMEHHOE BBISBICHHE M yCTPaHEHHE MOJAOOHBIX CIy4aeB UTPAIOT BAXKHYIO
poib B oOecrieueHNH JTOJITOBEYHOCTH M OE30MacHOM SKCIUTyaTalluu ABHraTeneil. B cratee Taxxke
NPEJCTABICHbl AMIMPUYECKH OpPUEHTHPOBAHHBIE METOJUYECKHE IOAXO/bl, OCHOBAHHBIE Ha
BUOpAIlMOHHOM U JJIEKTPOMAarHUTHOM aHalu3€ s JUArHOCTHKH, MOHHTOPWMHTA W CHW)KEHUS
KBM/I.

KiaroueBble c€I0Ba: aCUHXPOHHBIN JIBUTATENb, HAJCKHOCTh, «IUIABHBIN» ITYCK, YCTPOMCTBO ILIABHOTO
MyCKa, WHBEPTOP, CHHXPOHHBIN, ONTUMU3AIMsI, HEPABHOMEPHOEC MATHHTHOE MPHUTSKCHUE, IKCIICHTPUCHUTET,
BUOpAIHs.

METHODS OF CONNECTING AN ASYNCHRONOUS MOTOR
AND DETERMINING THE UNEQUAL MAGNETIC MOMENT
FROM A CIRCULAR GRAPH OF TIME INTERVALS

PIRIYEVA N.M., ABBASLI| KH.R.

Analyzing the specific features of asynchronous motor connection methods is necessary
to improve motor energy efficiency, optimize operating conditions, ensure system reliability
and safety, effectively manage production processes, and improve the quality of maintenance.
Uneven magnetic thrust (UMT) is a complex electromagnetic phenomenon that significantly
impacts the reliability, energy efficiency, and long-term stability of rotating electric machines.
This phenomenon is primarily caused by misalignment of the rotor's mechanical center with the
magnetic axis and is observed with uneven air gap distribution. This article presents
observations and analysis of UMT recorded during no-load testing of a high-power three-phase
asynchronous motor installed in an industrial environment. During testing, a traction
phenomenon with abnormal vibration parameters, asymmetrical magnetic field distribution,
and electrical parameter values (current and voltage) was detected. The research results
demonstrate that the timely detection and elimination of such issues are crucial for ensuring the
longevity and safe operation of motors. The article also presents empirically oriented
methodological approaches based on vibration and electromagnetic analysis for the diagnosis,
monitoring and reduction of CMD.

Keywords: asynchronous motor, reliability, soft start, soft starter, inverter, synchronous motor,
optimization, uneven magnetic attraction, eccentricity, vibration.
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Mogalods Azorbaycanda yasil enerjidon istifads, biokitlalordon enerji alinmasi perspektivlori
barods aragdirmalar aparilir vo Fiizuli rayonunun aqgrar sektorunda moévcud olan bionerji potensali
barados otrafli malumatlar verilir, giymotlondirilmalor aparilir vo miigayisali tohlillor edilir.

Acar sozlar: Yasil enerji, glinos enerjisi, kiilok enerjisi, biokitls, biokitla enerjisi, gaz sokilli
yanacaq, maye sakilli yanacag, agrar potensal.

GIRIS

Azorbaycan Respublikasi cografi movqgeyino goro coxlu miqgdarda gunss, kilok va
biokiitlo enerjilorina malikdir. Qarabag vo Sarqi Zongazur orazilorinin isgaladan azad olunmasi
ilo olagadar Umumilikdo Azorbaycanda yasil enerji potensialindan istifado imkanlar1 artmis
oldu. Belos ki, bu arazilar barpa olunan enerji manbalari (BOEM) ils zangindir.

Yer sothino diison giines radiyasiyasinin miqdarina goéro Qarabagin conub dizanlik
hissasinda yerlagon Fuzuli, Cabrayil vo Zangilan rayonlart Naxcivan Muxtarn Respublikasin
orazisindon sonra ikinci yerdodir. Burada bir 1 m? {fiigi sotho il orzinde daxil olan Gmumi
ginas radiasiyas1 (UGR) 1600-1700 kVt toskil edir. Bu orazilordo prognozlasdirilan iimumi
glnas enerjisinin 4000 MVt-dan coxdur.

Yaxin golocokdo Qarabag vo Sorqi Zongozur orazilorino daxil olan Fizuli, Cabrayil,
Zongilan, Qubadli, Lacin, Susa, Agdam vo Kalbacar rayonlarinda timulikdo 308 km uzunluga
malik yuksok gorginlikli elektirik xattinin ¢okilmasi vo yeni yarimstansiyalarin tikilmosi
sayasinds 110 kVt-liq sobokanin yaradilacagi nazards tutulub.

Xususan geyd etmok lazimdir ki, isgaldan azad edilmis orazilordo Zongilan, Cobrayail,
Qubadli vo Flzulids giinas enerjisi layihalorini hoyatda kegirmok (glin alverisli potensial
vardir. Belo ki, bu orazilords giines enerjisi potensiali 7200 MVt - dan artiq qiymatltondirilir .

Ilkin todgiaqatlar zamani, giinos enerjisi layiholori iigiin topoqrafiya, iqlim soraiti,
sobokays yaxinlig, enerji istehsali potensiali, nagliyyat infrasturukturu vo digor texniki
faktorlarin miiqayisoli tohlili apariimisdir. ilkin miisahidelors osason belo gorara golinmisdir ki,
bu potensialdan mivafiq olaraq istilik vo isti su tominati {igiin istifado daha boyuk shamiyyat
kash edir.

Son zamanlar gunss enerjisindon istifado ilo yanasi, ekoloji cohstdon daha tomiz vo
tikonmoz olan, muxtalif biokitlo (BK) novlerindon maye vo gaz sokilli siini va sintetik
yanacagq novlori, 0o climlodon do bioyanacaq alimaq masalasi dlinya energetika sisteminin
ayrilmaz hissasina cevrilib. BK enrerjsinidon ¢ox gadim zamanlardan istifado olunur. Mixtalif
BK novlorindon gazlagdirma yolu ilo CO+H2+CHg torkibli yanar qaz qarisigi (YQQ) ve yaxud
da piroliz yolu ilo CO+H; torkibli sintez qazin alinmasi tisullar1 ballidir. Bununla yanas1 BK-
don metanol (metil spirti) vo etanol (elil spirti), hamginin do dimetil-efir kimi maye sokilli
yanacaq novloari do istehsal edilir [1-4]. BK-nin an genis yayilan névlari moaisat, kand tosarriifati
Vo Conaye tullantilari, kagiz, agac kopayi vo s-dir. Bu geyd olunanlarin hamisi bitki mansali BK
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novlaring aiddir. Bundan basqa bir-sira heyvan mansoli BK novlori do vardir, hansilardan ki,
CH4+CO:g torkibli biogazin alinmasi miimkiindiir. Daha sonra bu qaz garisigindan CO; qazini
ayirmagqla, yliksok keyfiyyatli metan qazinin alinir. Belo qurgularda BK kimi daha ¢ox
iribuynuzlu va xirdabuynuzlu ev heyvanlarinin tozayi, qus zili, hamginin do mal kosimi zamani
amoala golon va adaton tullanaraq otraf muhits ciddi zazar vuran, antisanitar voziyyst yaradan,
qarin, mada, bagirsaq, yag, piy, gan kimi maddslordan istifads edilir. Dlinya ohalisinin yarisi
BK-don istifado edorok enerji istehsal edir. Buna misal olaraq Braziliyan1 gostormak olar. Halo
kecan asrin 80-ci illorindan etibaron, ABS torafindon Braziliyaya neft mohsullarinin idxalina
qars1 qoyulan embarqo ilo alagadar hamin Olka macburiyyst qarsisinda qalaraq, diinyada ilk
dofa sokor ¢ugundurundan etanol istehsal etmays basladi. Hansi ki, ilk dnca binzine miayyan
faizlorlo qatqr kimi olavo edilirdi. Daha sonralar avtomobillorin muharriklorinds muoyyan
doyisikliklor edildi vo bu benzindan bir dofalik imtina etmays imkan verdi. Belaliklo do,
Braziliyada avvalco avtomobillar, avtobuslar va digar yerustl nagliyyat novlari etenolla va
metanolla islomays basladi, daha sonra isa bu yanacaq névlori gatarlarda, gemilords va xlisusan
do toyyaralords istifado olundu. Hazirda Braziliyada elektrik enerjisi tochizati vo evlorin
morkozlosmis qaydada isidilmasi tiglin lazim golon istilik enerjisi do, mohz metanol va etanol
kimi yanacaq novlari vasitasilo tomin olunur [5,6]. Ondan basqa, Braziliya hazirda bir-sira
dinya 6lkalarine, o cimladan do Cin Xalq Respublikasi kimi inkisaf etmis vo bdyuk yanacaq
tolobati olan 6lkoys bioyanacaq ixrac etmoklo 6z 6lkasinin maddi rifahin1 xeyli yaxsilagdirir.
Onu da geyd etmok lazimdir ki, neft mohsullar1, o ctimlodan da benzinin muxtalif névlari ils
mugayisado metanol vo etanol kimi maye sokilli siini yanacaq novlari ekoloji cohatdon daha
tomiz hesab edilir va onlardan istifade zamani atraf mihitos atilan istilik effekti yaradan qazlarin
miqdart xeyli dorocado azalir. Azorbaycan EIm vo Tohsil Nazirliyi Radiasiya Problemlori
Institutunun  “Borpa olunan enerji novlorinin gevrilmasi” laboratoriyasmin omaokdaslari
torafindon do bu sahads goxsayli tadqiqat islori aparilmis, miivafiq qurgular yaradilaraq, Baki
sohorinin klimatik soraitindo smaqdan kecirilmislor. Onlardan bir ¢oxuna kegmis SSRI-nun
Muolliflik gohadstnamalari [7,8], Homginin do Azarbaycan Respublikasinin patentlori [9-12]
alimmigdir. Aparilan nazari va praktiki islorin naticalori bir-sira yerli [13-15] vo xarici [16-21]
elmi jurnallarda nasr olunmusdur.

Biokutlodon yanar qazlarin, maye sokilli yanacaq névlorinin alinmasinin igtsadi cahatdon
somoraliliyi asagidaki holledici fakorlardan aslidir.

1. Meso Vo kond tasarriifati qaliglarlnin region {iciin resurslarinin migdar vo onlardan
istifado imkanlarsi;

2. Homin regionun iglim soraiti, emal zavoduna yaxin olmasi.

3. Xammalin (BK) dasinma xarclarinin nozors alinmas.

Nozozro almaq lazimdir ki, bitki qaliglarinin naql edilmasi prosesi ¢otin olmagla BK
yigimina cox boyiik tasir gostarir.

Yuxaridakilar1 nazoro alarag, daha ovvallor torafimizdon Azaorbaycanin isgaldan azad
olunmus Zangilan, Agdam, Cobrayil vo Lasin rayonlarinda kond tosorriifat: sahasindoki inkisaf
tendensiyalar1 vo homin rayonlarda movcud olan BK ehtiyatlar1 barads tadqiqatlar aparmisiq vo
alian naticalor elmi jurnallarda darc olunub [22-25],

Hazirki moqalads iss Fiizuli rayonun BK ehtiyatlar1 tizro mioayyan illordo mévcud olmus
potensiali barada tahlillor va giymatlondirilmolor aparilir.

1. isgaldan azad olunmus Fiizuli rayonunun aqrar potensiah

Isgaldan azad edilmis rayonlarin arasinda ohalinin sayina gérs Fiizuli Agdamdan sonra
ikinci on boyiik rayondur. Olka orazisinin 1,6 faizini ohato edon vo sahosi 1386 km? olan
rayonun relyefi asason diizonliklardoan vo gismon dagliq orazilordon ibaratdir. Fuzuli rayonu
Qarabag dag silsilasinin conub-sorg otoklorindon Araz ¢ayina qodar maili dizanliklori vo
muiayyoan ¢Okokliklori ohato edir. ©Orazi baximindan Yuxari Qarabag iqtisadi rayonunun
torkibino daxildir. Isgaldan 6nco Fiizuli rayonunda 89 min insan yasayirdi. Rayon orazisinin 85
min hektara yaxin hissasi kond tesarriifatina yararli torpaqglardan ibarstdir. Bu sababdon do,
rayon ohalisi asasan kond yerlarinds maskunlasmisdi vo asas masguliyyati kond tosarriifati idi.
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Flizuli rayonunun iqlimi simal hissodo yayr quraq kegon mulayim-isti yarimsshra vo
quru-¢ol, gorb hissads yay1 quraq kegon mulayim-isti olmasi ilo saciyyslanir. Rayonun mévcud
torpaq Ortuyinds asason boz va gomon-boz, sabalidi vo agig-sabalidi, dag-sabalidi, dag boz-
gohvayi torpag tiplori daha genis yayilib. Yuxar1 Qarabag iqtisadi rayonunda an ¢ox suvarilan
torpaglar Agdamdan sonra Fiizuli rayonundadir. Rayonun okin sahalori osason Araz,
Kondslongay, Saparti, Qurucay Vo Qozlugay c¢aylar1 vasitasilo suvarilir. Lakin, isgaldan azad
edildikdan sonra, Fuzuli rayonunun okin dovriyyasina calb edilon azad orazilorin suvarilmasi
liclin yeni potensial da yaradilib. Belo ki, Suqovusan, Xudafarin vo Sarsong su anbarlarinin
Fuzulinin okin torpaqlarinin suvarilmasi {i¢iin istifado edilmasinin rayonun kond tosarriifatinin
inkisafina ¢ox yiiksok tohfo veracayi gozlonilir.

Fiizuli rayonunda genis Oriis-otlag vo bigonak sahalori (25.5 min ha) var vo ohalinin
maldarliq sahasinds olan tasarriifat¢iliq onanalori qorunub saxlanilib. Qeyd edok ki, burada
movcud olan driis-otlaq vo bigonok sahalari respublikanin miivafiq sahalarinin ~ 1,1 %-ni toskil
edir. Orazisindo hakim olan iglimin vo bol sulu g¢aylarinin verdiyi imkanlara géra rayon
sakinlori ham bir illik, ham do coxillik mohsul névlarini (meyva, torovaz) rahat becara
bilirdilor. Kegmis SSRi dovriinde Fiizuli rayonunda okingiliyin osas saholorini taxilgilig,
pambiqgilig, sokar ¢ugunduru, liziimgiilikk vo torovazgilik togkil edirdi. Rayon oarazisinds taxil
zomilari, pambiq tarlalari, tizimliiklor, meyvo baglar1 genis sahalori ohato edirdi. Heyvandarliq
sahasinds isa baramagiliq xiisusils farglonirdi.

2. Bitkicilik sahasi Uzra aqrar potensialin qiymatlondirilmasi

Fuzuli rayonunda 1980-ci ilin okin sahalarinin strukturuna nazar saldiqda taxil sahalarinin
(77.4%) vo pambiq saholorinin (21,0%) daha genis sahalori shato etdiyi miisahido olunur. Bu
bitkilorlo yanasi, 1980-ci ilds Flzuli rayonunda coxillik skmolar Uzrs 18.2 min hektar sahado
Gzimliklorin moéveud olmasi vo bu Uzimllklarin 6lkadoki paymin 6.9 faizlik bir hissasini
toskil etmosi (izimgiliyiin bu rayonda prioritet saho oldugunu géstormokdadir. Uziimgilikla
yanasi, 1980-ci illordo 79 hektar sahado meyva va gilomeyva sahalorinin mévcudlugu Fiizuli
rayonunun  coxillik bitkicilik tocriibasine do malik oldugunu goéstormisdir. Asagidaki
diagramda oks olunan strukturdan bolgonin hansi bitkigilik mohsullarinin istehsali ilo
ixtisaslasdigi, kond tasarriifatinin tarixi onanasinin hansi sahalords tomoarkiizlosdiyi balli olur.

Umumilikds, Fuizuli rayonunda 1980-ci ildo mdvcud olan taxil sahalori 6lkadoki miivafig
okin sahasinin 2.4 faizini, elaco do rayonda mdveud olan pambiq sahalari iso 0lkadoki sahanin
1,3 faizi toskil etmisdi.

- Taxil — 77,4%
- Pambiq - 21,0%
- Kartof — 0,2%

w -Teravaz - 0,7%
® - Bostan - 0,7%

Qrafik 1. 1980-ci il Gzrs Fizuli rayonunda bitkigilik
mMohsullarinin okin strukturu, %

Manba: Dovlat Statistika Komitasi

Flizulinin isgala moruz qalmamis hissasinds 2019-cu ilin okin sahalarinin strukturuna
nozar saldiqda taxil sahalori 94.4% vo pambiq saholori iso 2.0% azalmis olsa da, oslinds daha
genis sahalori ohato etdiyi gortndr. Bununla bels, kartof, toravoz vo bostan bitkilorinin comi
xususi cokisi 2.2 faiz toskil edib. Bu bitkilordon basqa, homin illordo Flzulids 554 hektar
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arazini ohato edon sokor ¢ugunduru sahoalori do rayonun tmumi okin strukturunda 1.4 faizlik
paya malik olub. Fiizulinin isgala moruz qalmamis hissasinds Uzimlik sahalori 161 hektara
godar azalib va isgaldan avvalki mumi sahalarlo mugayisads, demak olar ki, galmayib. Lakin,
meyva Vo gilomeyvaliklorin sahosi 678.5 hektar olub. Illor kecdikca okin strukturunda pambiq
sahalarinin goxillik akmalar va digoar birillik bitkilorlo avazlondiyi miisahids edilir.

2019-cu ilds iso rayonda movcud olan taxil sahalori 6lkadoki mivafig akin sahasinin
4.1%-ni, pambiq sahalari isa 0.9%-ni toskil edib.

= Taxil

- Pambiq

- $8Kar gugunduru
- Kartof

- Teravaz

- Bostan

OoEEOO0O@ DO

Qrafik 2. 2019-cu il Uizra Fiizulinin isgala moruz gqalmamig
hissasindo bitkicilik mohsullarinin okin strukturu, %
Manba: Dovlat Statistika Komitasi

1. Taxil istehsal potensiali. ©lds edilon rosmi statistik molumatlara asason, 1980-ci ilds
11.8 min hektar sahado taxil okilmis vo bicilmis taxil sahoalorindon 14.5 min ton mohsul aldo
edilmisdir, 1985-ci ildo muvafiq olaraq saho 10.4 min hektar vo ondan bigilmis taxil 24.6 min
ton olmusdur. 1988-ci ildo iso 13.2 min hektar taxil sahasindon 31.9 min ton taxil bi¢ilmisdir.
Gorilindiiyt kimi, isgaldan avvalki dovr arzinds (1980-1988) taxil istehsalinda 2.2 dofoya godor
artim miisahido olunmusdur. Taxil {izro orta mohsuldarliq 20.5 sent/ha toskil etmisdir,
maksimum mohsuldarliq iso 24.2 sent/ha olmusdur ki, bu da homin illords 06lko Uzro
mohsuldarliq gostaricilorina yaxin oldugunu gostorir. Lakin taxilin avvalki mohsuldarhq
gostaricisi 2019-cu illo mugayisads 30 faiz az olub. Bu da son illor Fiizulinin isgala moruz
galmayan orazilorinds taxil okinlarina totbiq edilon intensiv va innovativ inkisaf naticasinda
olmusdur. Odur ki, agar 1980-1988-ci illor orzinds Fiizuli rayonunda taxil istehsali 6lko Uzra
istehsalin 2.3 faizini togkil edirdiso, 2019-cu ilds isgala moaruz gqalmayan orazisindoki muvafiq
istehsalin xiisusi ¢okisi 3.3 faizo ¢atmis vo 118.1 min ton toskil etmisdir. 2019-cu ilds arzilorda
mohsuldarligin 6lko Saviyyasindo olmasi, taxil istehsalinda Fiizuli rayonunun potensial
imkanlara malik oldugunu gostorir. Mistaqillik oldo edildikdan sonra agrar sahado aparilmis
asasli islahatlar vo innovativ texnologiyalarin tatbigi naticasinds 6lkodo mohsuldarligin artmasi
ilo yanasi, Fiizuli rayonunun isgaldan azad edilmis orazilorindo yeni aqrar islahatlarin
aparilmasi vo innovativ texnologiyalarin tatbiqi ilo Umidverici naticolor aldo etmok olar.
Todgigatlar onu demays asas verir ki, prognoz inkisaf dovrii hesab edilon 2025-ci ilo godor
Flizuli rayonunda taxil istehsalinin 130.4 min tona, yani 6lks izro imumi taxil istehsalinin 3.1
%-na ¢amaq ehtimal1 vardir.

2. Pambiq istehsali potensiali. Rosmi statistik molumatlar1 tohlil edarkon bels balli olur
ki, pambiqeiliq sahasi taxilgiligdan sonra tarixan, rayon ohalisi torafinden istehsalina an ¢ox
ustunliik verilon kond tosarriifati sahosi olmusdur. Bu Qrafik 1 vo Qrafik 2-don do askar
gorindr. 1980-ci ilds 3200 hektar sahadon 12993 ton, 1988-ci ilds iso 600 hektar sahadon 1512
ton mohsul istehsal edilib. Aparilmis tohlillordon goriindiiyii kimi, isgaldan ovvalki dovr
arzindo (1980-1988) pambiqgiliq sahasinds 6lka (zro mohsuldarligin maksimal haddi 35.4
sent/ha oldugu halda Fiizuli rayonunda bu gostarici 40.6 sent/ha toskil etmisdir ki, bu da 12,8%
artim demokdir. 1980-1988-ci illor orzindo Fiizuli rayonunda pambiq istehsali 6lka Uzro
istehsalin toxminan 1.5 faizini toskil etmisdir. Homin illor orzindo mohsuldarligin 6lka
soviyyasindon 14.7 faiz ¢cox olmasi pambiq istehsalinda Fiizuli rayonunun daha artiq mohsul
istehsal etmos imkanlarinin mévcud oldugunu gostarir. Qeyd etmok lazimdir ki, 2019-cu ilds
Fuzulinin isgala moaruz qalmamig kondlarindo 800 hektar sahada 20.4 sent/ha mohsuldarligla
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1.6 min ton pambiq becorilmisdir. Aparilan aragdirmalar naticasinda 2025-ci ilo godar Flzuli
rayonunda pambigin intensiv iisullarla okilib-becarilmoasi hesabina 41.0 sent/ha mohsuldarligla
istehsalin 5.5 min tona gatdirilmasi prognozlasdirilir ki, bu da 6lkads pambiq istehsalinin
toxminan 1.4 faizinin mohz Fiizuli rayonu hesabina formalasacagi demokdir. Onu da qeyd
etmok lazimdir ki, pambiq qozalar1 va ¢ubuqglart YQQ va sintez gqaz almaq Uglin on yaxs1 BK
novi hesab edilir.

3. Taravaz istehsal potensiali. Flizuli rayonunda kond tasarriifati istehsali {igiin potensial
olan digar bitkicilik sahasi torovozgilikdir. Tarixi ke¢gmisa nazar saldiqda, 1980-ci ildo 109
hektar sahadon 237 ton torovaz istehsal edilmisdir, iimumiyyatlo 1980-1988-ci illar arzinds bu
saholords istehsal olunan moahsulun maksimal haddi 713 ton olmusdur. Cari dovr tigiin Fiizuli
rayonu uzra movcud statistik molumatlarina nazar saldiqda iso 2019-cu ildo 453 hektar sahadon
4.0 min ton toravazin oldo edildiyi balli olur. Tahlildon gérindiyd Kimi, Fizuli rayonunda
torovozgilik Gzro  mohsuldarliq 84.8 sent/ha hoddini ke¢momisdir, lakin 2019-cu ilds bu
mohsuldarliq 88.0 sent/ha toskil edir. 1980-1988-ci illor orzinds Fizuli rayonunda torovaz
istehsal1 6lko Uzro istehsalin 0.08 %-ni toskil etdiyi halda, 2019-cu ilds bu goéstarici 0.23%-o
catmisdir. Son illar arzinds Fiizulinin isgala moruz qalmamis hissasinds toravaz okinlaring,
xususilo do sogan vo sarimsaq istehsalina olan maragin artmasi iqtisadi gostoricilora mushot
tosir etdiyindon, bu trendin diger azad edilmis sahoalors do samil edilacayini demok olar.
Innovativ tadbirlor naticesinds rayonda digar bitki novlori ilo yanasi, torovaz bitkilorinin akin
sahoasinin genislondirilmasi vo Yyuksok mohsuldarligin oldo edilmasi hesabina istehsalin
hocminin artimi ilo 2025-ci ilds 5.4 min tona yaxin torovaz, 3.0 min tona yaxin kartof vo 5.9
min tona yaxin bostan mohsullarinin istehsali proqnozlasdirilir.

4. Uziim istehsall potensiall. Uziim bitkisi Qarabagin digor rayonlarinda oldugu kimi,
Fuzuli rayonunda da tosarriifatgiliq ananasinin mévcud oldugu bitkigilik sahalarindan biri hesab
edilir. Tadqgigatlar onu gostarir ki, 1980-ci ildo 18.2 min hektar sahadon 76.7 min ton (izim
istehsal edilib, lakin sonraki illar arzinds tzim sahslori azaldilaraq 1988-ci ildo 14.1 min hektar
olmusdur. 1988-ci ilda bu iso Gztimliklardon 100.8 min ton mohsul aldo edilmisdir. 2019-cu
ildo iso Fiizulinin tiziim istehsali comi 960 ton olmusdur ki, bu da tiziimliik saholorinin
galmadigini, boyiik saholorin isgal altinda qalmis oldugu, digor orazidoki tzumliklorin iso
toravaz va s. diger sahalarla avazlondiyini gostorir. Gortindiiyii kimi, kegmis illor arzinds Fizuli
rayonunda (zumgculik sahosinin on mohsuldar dovri elo 1985-ci ilo tosadif edir. Tohlildon
aydin olur kimi, isgaldan 6ncoki dovr arzindos (1980-1988) {iziim baglarinin mohsuldarliginda
Olka Uzra maksimum mohsuldarliq 95.3 sent/ha oldugu halda, Fiizuli rayonunda bu bitkinin
mohsuldarligi 71.2 sent/ha olmusdur. 1980-1988-ci illor orzinds Fizuli rayonunda Gzim
istehsali Olko 0zro istehsalin toqribon 7.0 %-ni toskil etmisdir. Homin illor orzinda
mohsuldarligin 6lka Saviyyasinin 91.9 %-ni toskil etmosi iiziim istehsali sahasindo Fizuli
rayonunun tosorriifatgiliq onanalorinin hamin dévrlordo mdveud oldugunu gostorir. Yeni
texnika vo texnologiyalarin tatbiqi, homg¢inin isgaldan azad edilmis torpaglar tgiin qabul
edilmis yeni todbirlor plani ¢argivasinda digar bitki novlari ilo yanasi, lizlimgiiliikk sahalorinin
artim1 vo daha yuksok mohsuldarligin Saviyyasi hesabina 6lkonin zmo olan tolabatin tam
tomin edilmoasi gozlonilir. Uzumglik sahssinin, o cimlodon texniki iiziim sortlarinm
yetisdirilmasi bu rayonda sorabgiliq sektorunun canlanmasimin bilavasito asas amili olacag.
Belo ki, 6lkadoki Uzlim istehsalinda yiiksok mohsuldarliq tempi barpa olundugu toqdirdo 2025-
ci ildo Fazuli rayonunun Gzimgulik sahssindoki paymin 5.1 % toskil edorok 10.5 min ton
civarinda olmasi prognozlasdirilir. Qeyd etmok lazimdir ki, iiziim ¢ubuglar1 da YQQ va sintez
qaz hasilati ti¢iin n yaxs1 BK névlarindan hesab edilir.

5. Digar n0Ov bitkilorin istehsali potensial. Fizuli rayonunda torpag, iglim, su
resurslari, eloca doa tarixon mévcud olan bitkigilik ananasinin mévcudlugu bu regionda meyva
Vo torovaz istehsalinin da istehsal potensiali vad etdiyini soylomok mimkundir. Qeyd etmoak
lazimdir ki, potensial nozors alinaraq, pilot layiho olarag, bu zonada nar vo xurma baglarinin
salimmas1 da plan ¢orgivasinds hoyata kegirilocok. Belo ki, regionlarda aqrar inkisaf
perspektivlori nazars alinmagla vo 06lkods totbiq edilon agrar innovasiyalardan istifads
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edilmoaklo yeni meyvo-gilomeyvo baglarinin salinmasi vo bostan bitkilorinin yetisdirilmasi bu
mohsullar Uzrs orzaq tohllkasizliyinin tominati vo ixracatinin artimina boyiik tohfs olacaqdir.
Yuxarida qeyd olunan bitki novlari ilo yanasi, son illor Flizulids sanaye shamiyyatli mahsul
olan va bioetenol alinmasi ti¢tin an minasib bitki mongali BK névii olan sokor ¢ugundurunun
da akinina baglanib ki, bu da isgaldan azad edilmis rayon orazisi {igiin genis niimuna ola bilar.
Bu, ham do 6lks ohalisinin sokora vo sokor tozuna olan ehtiyacinin bir hissasinin 6donmasi
baximimdan da miistosna shamiyyat kosb edir. Heyvandarliq sahasinin yema olan tolobati
nozars alinarsa, bu rayonda yemlik otlarin da yetigdirilmasi t¢ln saholorin salinmasi todbirlor
plani1 gargivasinds nozars alinacaqdir.

Umumilikds, 1980-1988-ci illorin tocriibasi, 6lkado son illor orzindo agrar innovativ
inkisaf trendlori vo statistik gostaricilorin tahlili onu gostorir ki, 2025-ci ilo godor Fuzuli
rayonunda 47.4 min hektarliq okin vo bag saholorindon 208.2 min ton bitkigilik mshsulu
istehsali imkanlar1 var. Bu da timumilikdo 6lkoda mivafiq moahsullar tzra prognoz istehsal
gostaricilarinin 2.1%-ni ohato edir. Bitkicilik mohsullar1 istehsali naticasinds Flizuli rayonunun
yaratdig1 alavo mohsulun dayarinin 119.8 milyon manat, 6lks Uzra prognoz gostoricilarindoki
payinin isa 2.8% olmasi gozlanilir.

Fuzuli rayonunda 2025-ci il Ggln bitkicilik mahsullarinin istehsali vo 0lka miqyasinda
istehsal gostaricilarina téhfasi barads prognoz gostaricilor asagidaki codvaldo daha aydin tosvir
edilib:

2025-ci ilds Fuzuli rayonu tizra bitkigilik mohsullart
istehsalinin prognozu (Manba: Dévlot Statistika Komitasi)

Cadval 1
, Rayon uzro |Rayon Uzrs Rayon uzrs prognoz
Bitkisilik mohsullar: F:Ii?:] Ogalﬁi;? mohsuldarhiq | istehsal istehsal_ln Olka is‘.tlehsal_lna
prognozu, ha prognozu, | prognozu, |natural ifadeds gozlonilon
’ sent/ha ton faydasi, %

Taxil 40752 32,0 130406 3,1
Pambiq 1341 41,0 5496 1,4
Sokar gugunduru 822 360,2 29595 7,8
Kartof 200 140,0 2800 0,2
Toravoz 500 107,5 5375 0,3
Bostan bitkilori 475 1240 5888 1,0
Meyva Vo gilomeyvo 2000 90,8 18160 1,4
Uziim 1337 78,3 10469 51
Comi 47426 + 208190 2,1

Sadalanan amok, torpaq, iglim va su resurslari ilo hazirki vaxtda avvalkindan dofalarlo
cox mohsul istehsal etmok mumkindir. Nozoro almaq lazimdir ki, miiasir dovrdo kond
tosorriifatinin biitiin sahalorinda totbig edilon miiasir yanasma ils ciddi inkisaf aldo olunub. Istor
heyvandarliqda yeni nov cinslar, bitkicilikds iso daha mohsuldar toxumlarin totbigi ilo isgaldan
avval olan istehsal hacmindas ciddi artim slds etmak mimkaindur.

Heyvandarhq sahasi (izra aqrar potensialin giymatlondirilmasi

Rosmi statistik molumatlara asason, Fuzuli rayonu Uzro 1980-ci ildo 30156 olan
iribuynuzlu mal-garanin say1 xeyli artaraq 1985-ci ildo 36047 basa, 1988-ci ildo iso 37783 basa
catmigdir. Xirdabuynuzlu mal-qaranin sayinda iso artim daha yiiksok templo bas vermisdir.
Belo ki, 1980-ci ildo say1 107813 bas toskil edib, 1985-ci ildo 148043, 1988-ci ildo iso 149018
basa ¢atib. Sonraki dovrlordo, isgalla olagodar olaraq Fuzuli rayonunda ham iri, ham do
xirdabuynuzlu mal-qaranin sayinda xeyli azalmalar bas vermis vo 2019-cu ildo comisi 36956
bas iribuynuzlu vo 138912 bas xirdabuynuzlu mal-qara olmusdur. Biitiin toSorrifat
kateqoriyalar1 {izra diri ¢okido ot istehsali gqeyd edilon illords, mivafiq olarag 2031, 2624 va
2806 ton togkil edib. Rayon tizra bitiin tesarriifatlarin comi siid istehsali mivafiq olaraq 12.3
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min ton, 16.1 min ton vo 20.0 min ton, yumurta istehsali isa geyd edilon 3 ilo uygun olaraq 8.7
milyon, 11.2 milyon va 11.8 milyon adad olmusdur. 2019-cu ilds iss rayonda muvafiq olaraq
1615 ton Kasilmis ot, 28.1 min ton sid, 15.2 milyon adod yumurta vo 250 ton yun istehsal
edilmisdir. Statistik molumatlara osason deys bilorik ki, SSRI dovrii orzinds Fiizuli rayonunda
heyvandarligin biitiin sahalori Uzro mohsul istehsali artan dinamika ils inkigaf etmisdir. Bu isa,
hamin dévrlorde SSRI-ya daxil olan bitiin mittofig respublikalarda morkozdon idars olunan bir
illik vo coxillik planlarin vaxtinda yerino yetirilmosi t¢tin kond tosorriifat1 iscilori qarsisinda
gorulan ¢ox ciddi toloblarlo bagli idi. Yani ¢ox bdyik zohmot bahasina basa goalirdi.
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E0000
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miribuynuzlu heyvanlar & Xirdabuynuzlu heyvanlar
Qrafik 3. Isgaldan 6nco Flzuli rayonunda iri vo xirdabuynuzlu
heyvanlarin say1, bas: (Moanba: Ddvlat Statistika Komitasi)

Fizuli rayonunda 2025-ci il ii¢iin heyvandarliq mohsullariin istehsali vo 6lko miqyasinda
istehsal gostaricilorina tohfasi (faizlo) barado prognoz gostoricilor asagida daha aydin tosvir
edilib:

2025-ci ilds Fuzuli rayonu tzra heyvandarliq mahsullari
istehsalinin prognozu (Manba: Dévlat Statistika Komitasi)

Cadval 2
Raon Uzrs prognoz
Heyvandu | Ol e ehat | FUDIES | e ol
sahasi prognozu . L
prognozu ifadado gozlanilan
faydasi, %
Ot (diri) 668224 4170 0,6
Sud 2431880 29788 1,2
Yumurta, min 2104081 2012 1,6
Yun 19975 470 2,4
Barama, ton 1679 200 11,9
Comi: 3246324 36640 1,1

Codval 2-don goriindlyld kimi, 2025-ci ilo godor Flzuli rayonunda iribuynuzlu mal-
qaranin (inok vo camis) saymin 56.3 min bas, xirdabuynuzlu mal-qaranin (qoyun vo keci)
saymin isa 260.4 min bas olmasi1 prognozlasdililir ki, bu da heyvandarligin barpa edilmasi ils
Olkodo heyvandarligin inkisafina vo surd dovriyyasinin togribon 2.4% artimina sobob olacag.
Bununla yanasi, ev quslarinin saymin 470.9 min basa qoadar, ar1 ailslorinin saymin isa 4 min
olmasi gozlanilir. Bu sahoalords 0lka istehsalindaki paymin miivafiq olaraq st istehsalinda 0.6%
Vo yun istehsalinda iso togriban 2.4% olacaq. Sud va yumurta istehsalinda iso mivafiq olarag
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1.2% va 1.6% olmas1 prognozlasdirilir. Burada barama istehsalinin kegmisdon galan anonasi
onu gostarir Ki, taxminan 200 ton barama istehsali potensiali da nazors alinmalidir. Arasdirma
Vo todgiqat naticasinds prognoz dovrs godar heyvandarliq sahasinin inkisafinda Fiizulinin pay1
36.6 min tona yaxin vo yaxud 1.1 faiz olacagi ehtimal edilir. Rayon iizro 28.1 milyon manatliq
heyvandarliq mohsulu istehsali gézlonilir ki, bu da 6lks Uzrs miivafiq istehsal miqyasinda 0.6
faiz slavoa doyar yaradacagi potensialindan xobor verir.

Agrar istehsal potensiali ilo yanasi, Fiizuli rayonunda taxilin emali, siidiin emali, gon-
dorinin emal1, barama va ipak emali miiassisalorinin qurulmasi tigiin bdyiik potensial da nozara
alimmalidir.

Belaliklo region Ggln trend hesab edilon toravozgilik sektoru Uzro emal misassisalari,
arigiliq mohsullariin istehsali imkanlar1 da nozoro alinarsa, burada aqro-Senayenin
tomorkizlosmis vo klasterial inkisafindan iqtisadiyyata tohfasinin sovet ddévrindoki
potensialdan daha artiq oldugu miisahido edilir.

Umumilikds, Fiizuli rayonunda kond tosarriifat1 infrastrukturun borpasi, yeni okin saholori
Vo baglarin salinmasi, otlaq sahalorinin, elocods heyvandarliq sahasinin inkisafi {igiin zoruri
infrastrukturun barpasi naticasindo mohsuldar dovriin baslangici hesab olunan 2025-ci ilds
Olkadaki kond tosarriifati istehsalina birbasa olave tOhfosinin 147.8 milyon manat, basqa sozlo
1.6 faiz olacag1 prognozlasdirilir. Tobii ki, bu prognozlar sadoco aqrar potensiali shato edir.
Sonraki dovrdo emal va doyar zanciri izro aqro-Senaye potensiali da hesablanarsa, dolay1
olaraq daha bdyuk miqgyasda Umumi daxili mohsulda vo yeni is yerlorinin yaradilmasi
baximindan handasi silsila ilo musbat effekti hiss olunacag.
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PROSPECTS FOR THE USE OF GREEN ENERGY iN AZERBAiJAN.
AGRARIAN POTENTIAL OF THE FUZULI REGION

SALAMOV O.M., POLADOVA V.N., MUSTAFAYEVA R.M,,
SALMANOVA F.A,, MAHMUDOVA.T.A., SAFEROVA V.M. VELIZADE |.E.

The article studies the prospects of using green energy and obtaining energy from
biomass in Azerbaijan, and provides detailed information on the bioenergy potential existing in
the agricultural sector of Fuzuli region, makes assessments and makes comparative analyses.

Key words: Green energy, solar energy, wind energy, biomass, biomass energy, gaseous fuel, liquid fuel,
agricultural potential.
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Muasir camiyyatds talab olunan vacib taraflordan biri doa 6lkalor, gitalor arasinda siiratli,
etibarli vo rahat informasiya miubadilasinin hayata kecirilmasidir. Kompliterlor arasinda slagos
sobokalor vasitasilo tamin edilir. Magalods kompiiter sobokalorinin asas tipik topologiyalari
aragdirilacaqdir. Todgiqatin  moaqsadlorine  soboko topologiyalarimin  todqiqi, muxtalif
topologiyali gobokolorin islomasi haqqinda natico ¢ixarmaq, sobokolorin Ustlnliklori vo
catismamazliglarinin miioyyan edilmasi daxildir.

Acar sozlar: topologiya, radiorabits, telekommunikasiya.
GIRIS

Mogalomizds kompiiter sobokalorinin tipik topologiyalar1 todqiq olunmusdur. Tadgigat
zamant miixtalif topologiyali sobokolorin islomasi haqqinda natico ¢ixarilmis, sobokalorin
ustinliklori vo ¢atismamazliglart miioyyan edilmisdir.

Dizgin toskil edilmis vo mutoxassis torafindon idara olunan goboka ayrica kompiiterlo
muqayisads bir cox usttnliklori tamin edir:

1. Moalumat paylasimi. Soboko Uzro molumatlar morkazi kompiterdo saxlanilir va

sobokadaki istanilon komputer vasitasila alds edils bilar.

2. Resurslarin Paylasilmasi. Periferik cihazlar soboko hostlar1 torofindon paylasilir vo
hor kasin bu sobokads olan hostlardan istifado etmok imkani olur. Masalan, printer,
faks, modem, skaner, yaddas qurgulari va global sobokays qosulma imkanlari.

3. Programlarin Paylasiimasi. Moarkozlosdirilmis sokildo qurasdirilmis proqramlar
biitiin soboka istifadacilori Gglin algatan olur, belslikls hor kas hamin programlari bir
dofa yuklomokls istifads eds bilar.

4. Elektron Pogt. Soboko istifadogilori arasinda elektron pogt vasitosilo mesaj
géndarmoak va gabul etmak mimkindur.

5. Yaddas va Performans Toalablori. Yaddas vo performans ehtiyaclar1 sobokanin daha
genis istifado sahalarinds tatbiq oluna bilon ¢oxsayli tapsiriglar yerina yetira bilmoak
uctin vacibdir.

Lokal sabokalara aid bazi vacib xususiyyatlor mévcuddur. On 6namlisi stratli va etibarli
olage qurma bacarigidir. Lokal sobokolor tipik olaraq bir ne¢o otag vo ya bir bina ilo
mohdudlasir, buna goéra do alags Xattinin uzunlugu imumiyyatlo yiz metrdon ¢ox olmur. Onlar
muoyyon sayda komputeri birlogdirir vo bu da yiiksok keyfiyyatli slags tomin edir. Bu sobobdan
molumat Otirilmo sursti 10 Mbit/s vo daha yiiksok ola bilor. Homginin, dizgin olage
qurulmasi vacibdir, ¢iinki sohv diizaltmo zamani siirat itkisi bas vera bilor. Lokal sobokoalorda
xiisusi texniki avadanliglardan istifads olunur [1,2].

Saboka topologiyasinin iki asas ndévii moévcuddur:

o Fiziki Topologiya: Saboka qovsaqlari arasinda real yerlari va alagalori tasvir edir.
o Montiqgi Topologiya: Fiziki topologiya asasinda signalin 6tiiriilma Usulunu tasvir edir.

Topoloji struktur lokal sabakanin giymatina, eloca do Otlirma gabiliyyatino birbasa tasir
goOstorir. Todgigat osasinda hor hansi bir mogsad Uc¢lin on uygun kompiiter sobokasi
topologiyasini segmok mumkdn olur.

72



NOTICOLOR VO MUZAKIROLOR

Mixtolif soboko avadanliginin yani Kkabellor, birlogdiricilor vo soboks avadanliginin
birlosdirilmasi tsullarmin fiziki alagelorini toskil etmak {igiin fiziki soboka topologiyalar istifado
olunur. Qiymat vo funksiya baximindan fiziki soboko topologiyalart miixtalif olur. Sobakoyo
qosulan cihazlarin say1 artarsa miimkiin konfiqurasiya se¢imlorinin say1 koskin sokildo artacaq.
Belaliklo, dord komputeri iki yolla birlosdira bilsok, besinci kompyiiter {igiin miixtalif topoloji forgli
konfiqurasiya toklif eds bilorik (kompiiterlarin farglonmomasi sarti ilo).

Biz hor bir komplteri bir-birino birbasa baglamaq yerino, molumatlarin digor qovsaqlar
vasitasilo otlrlilmasini tomin edan bir struktur qura bilorik. Bu zaman tranzit qovsaqlar1 xiisusi
vasitolorlo tochiz edilmali vo molumatlar hor bir qovsaq vasitasilo Otirilorok soboko Gzvlori
arasinda oalago qurulmalidir. Hom Umumi magsadli kompiterlor, hom do xiisusi avadanliglar tranzit
govsagl rolunu oynaya bilor. Sabakanin xisusiyyatlori alags topologiyasina baglidir. Masalan,
qovsaqlar arasinda ¢oxlu alags yollarinin olmasi sobokanin etibarliligini artirir vo forqli baglantilar
balanslagdirmaga imkan verir [3].

Mesh Topologiyasi. Mesh (tam olagoli) topologiyasina gora, hor bir kompdter digor
komputerlorlo birbasa olage saxlayir. Bu sado goOriinon, lakin ¢cox mirakkab vo tasirsiz bir
yanagmadir. Belo ki, sobokadoki har bir komputer diger komputerlorlo slage qurmaq Ggtin kifayot
godor rabits portuna sahib olmalidir vo har bir kompiiter ciitii ticlin ayri-ayr1 fiziki olage Xatti tolab
olunur. Sobakads N qovsagi varsa, bu, N(N-1)/2 olago xotti demokdir ki, bu da boyiik sobokalor
Uclin cox sayda xott tolob edir. Bu sobsbdon bu tip topologiya adoaton kicik vo orta olcull
sobokolordo istifads olunur.

Fiziki Saboko Topologiyalari. Fiziki soboko topologiyalari arasinda sin, agac vo passiv
morkazli ulduz kimi nimunalor movcuddur. Homginin, malumat yoniimli sobokalor do mixtolif
topologiyalara osaslanir: ardicil (ndqte-noqte), ulduz, halga, zencir, tam qosulmus vo tosadufi.
Burada biz sin, ulduz vs halqa topologiyalarini daha otrafli sokilds izah edacayik.

e Sin Topologiyasi: Bu topologiyada butiin cihazlar bir Gmumi xotto qosulur. Moalumat
Oturuldukds, bdtin cihazlar molumati gobul edir. Lakin, sobokodo hor hansi bir xott
kosildikda, biitiin soboka islomaz voziyysto golir vo bunun harada bas verdiyini tapmaq
cotin ola bilor.

e Ulduz Topologiyasi: Ulduz topologiyasinda biitiin cihazlar markazi bir cihaz (hub vo ya
kecid) ilo alaga qurur. Bir cihazin ugursuz olmasi sobokanin digar hissaloring tasir etmaz,
cunki malumatlar yalniz markoazi cihaz vasitosilo 6ttrillr.

e Halga Topologiyasi: Halga topologiyasinda hor bir cihaz bir-birina birlogorak bir halga
toskil edir. Molumat, hodof cihaza catana godor bir cihazdan digerine Oturalir. Lakin, bu
topologiyada bir cihazin siradan ¢ixmasi halganin tamamina tasir eds bilor [4].

Saboka Topologiyalarinin Xiisusiyyatlari vao Ustiinliklari

e Sadolik: Bozi topologiyalar, masalon, ulduz topologiyasi, soboks administratorlari tiglin
sads Vo basa diisiilon olur. Bu, sobokanin strukturunu daha asan idars etmays va problemlori
tez hall etmoys imkan verir.

e Etibarhhq: Molumatin diizgiin sokilds 6tlrtlmasi tgun fiziki yolun sads olmasi sabokanin
etibarliligini artirir. Masalon, sin topologiyasinda malumatin Gtiiriilmasi daha etibarli olur,
¢linki soboko ugursuzluglari digar cihazlarla yerina yetirilo bilor.

o Faydalari: Fiziki soboko topologiyasi yeni cihazlarin alavo edilmasini asanlagdirir. Bu,
sobokani asanligla genislondirmays imkan verir.

e Zolaq Genisliyi: Sobokonin 06tlrmo gabiliyysti topologiyaya goro doyisir. Bozi
topologiyalar, masalon, halga, molumatlarin halqadak: biitiin cihazlardan ke¢masini tolob
etdiyi G¢tin daha mohdud 6tiirme gabiliyystine malik ola bilar, ulduz topologiyasi iso daha
yuksak somoarali malumat 6trtilmasi tamin edir.

Sin Topologiyasimin Catismaziiglari. Sin topologiyasinin asas ¢atismazliglari arasinda soboka
xattinin kasilmasi zamani biitiin sobokonin siradan ¢ixmasi, nasazliglarin yerini miioyyan etmayin
cotinliyi vo molumatin zoiflomosi mévcuddur. Ssboks uzunlugu miisyyan bir limito gatdiqda,
molumat &tliriilmasi azalir vo bu da sobokonin performansina moanfi tosir edo bilor. Bu sababdan,
sin topologiyasinin istifads edildiyi sobakalords xtisusi guclondiricilor vo tokrarlayicilar istifado
edilir, amma bu da uzunlug mahdudiyyatlorini tam aradan qaldirmur.
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"Ulduz" topologiyasinin "sin" topologiyasi ilo muigayisada bir sira tstiinliiklori vardir. On
Onomlisi, ulduz topologiyasinin lokal sabokonin etibarliligini artirmasi vo nasazliglara garsi
daha doziimlii olmasidir. Bu strukturda tixacin yaranma ehtimali da daha azdir, ¢iinki soboka
alagolori markazi bir cihaz vasitesilo idara olunur vo molumatlar bu morkozo yonlondirilir.
Ayrica, "biikiilmiis ciit" kabellor (zarindo isloyan avadanhiglarin dostoklondiyi ulduz
topologiyasi, daha yiiksok slirat vo sabitlik toklif edir. Saboks qovsaglarindan birinin ugursuz
olmasi, sobokanin galan hissosinin islomasinag tasir etmoz, yalniz moarkazi cihaz olan hubin
siradan ¢ixmasi, sobokanin tamamilo dayanmasina sabab ola bilor. Lakin, ulduz topologiyasinin
totbigi daha ylksok maliyya xarclori tolob edir. Buna baxmayaraq, bu tip soboka sisteminin
tomin etdiyi yiiksok etibarliliq vo performans, onu daha ¢ox Ustun edir [5].

Montiqi topologiya, soboka cihazlari arasinda molumat axininin hansi yollarla vo neca
Oturulocayini tasvir edir. Bu topologiya, malumatlarin 6tiiriilmasi qaydalarini miisyyan edorak,
muhitdoki hor hansi miidaxilonin 6tlrdlmonin dizglnllyina tasir etmomosini tomin edir.
Montiqi topologiyanin bazi asas xususiyyatlori asagidakilardir:

1. Fiziki vao Montigi Topologiyanin Forgi: Moantiqi topologiya fiziki topologiyadan
forglono bilor. Bu o demokdir ki, sobokadoki cihazlarin fiziki yerlogsmosi, onlarin
montigi alagalarini hamisa oks etdirmir. Masalon, bir nego komputer fiziki olaraq eyni
sobokaya qosulsa da, moantiqi olaraq onlar mixtalif alt sabakalords yerloga bilar.

2. Morkazlasdirilmis va Moarkazlasdirilmamis Topologiyalar: Montiqi topologiya hom
morkazlosdirilmis, hom do morkozlosdirilmomis ola bilor. Moarkozlosdirilmis
topologiyada butiin cihazlar, oslagslorini idara edon markazi bir qovsaga (adston
marsrutlasdirict) qosulur.

3. Sin Topologiyasi: Montiqi topologiyanin on yayilmis formalarindan biri, cihazlarin
ardicil olaraq bir vahid rabito Xattino qosuldugu sindir. Bu, malumatlarin eyni vaxtda
Otartlmasine imkan verir, lakin togqusmalarin qarsisini almaq tli¢in miiayyon iisullarin
tatbigini talob edir.

4. Halga Topologiyasi: Basqa bir mantiqi topologiya, molumatlarin yalniz bir istiqamatdo
otiiriildiiyti qapali halga strukturu ilo alagoslidir. Bu, sabakoya Xotaya dozimlilik olava
edir, lakin sinxronlagdirilmis malumat ottrilmasi talab edir.

5. Ulduz Topologiyast: Switch (kecid) asasli sabokoalords daha ¢ox istifads edilon mantiqi
topologiya ulduz topologiyasidir. Har bir cihaz, malumatlarini kecida 6turir vo bu kecid
cihazlar arasinda molumatlar1 otiiriir. Bu, sobokonin daha ¢evik olmasma vo idaro
edilmasinin asanlagmasina sobab olur.

Molumatlarin paylanmasini hoyata kegiron sistemlorin qurulma variantlarinin say1 ayri-
ayr Otlirlicii qurgularin, istiqgamatlondiricilorin, son qurgularin bloklarinin goxalmasi ila slratlo
artir. Bagqa sistemlorin bloklarindan hansi blokun informasiyani yalniz 6tiiracayini va ya yalniz
gobul edacayini arasdirmaq lazimdir.

Molumatlarin paylanmasini hoyata kegiron birlogdirici sistemlorin iglomasi Vo onlarin
konstruksiyalarinin hesabati bir ¢ox amillardon asilidir. Bu amillors asagidakilar daxildir:

a) verilis sistemlorino qoyulan texniki tolabat; b) golocokds sistemin genislonacayini
nozors alaraq qurasdirilan terminal qurgularin miqdart; €) molumatin Stiiriilmo mosafasi; d)
birlosdirici qurgulardaki itki; €) otraf miihitin soraiti; f) bir-birindan forglonan, qosa terminallar
arasinda lazim olan dinamik diapazonun maksimal giymati. Adoton bu xarakteristikalar ardicil
Vo paralel qosulmus sistemloro malik konfiqurasiyalarda muxtolif sokildo hesablanir. Tabiidir
ki, hazirki mogalomizda topologiyalarin bazilori hagda malumat verilmisdir. Sabakonin geyd
olunan bu topologiyalar ilo toskil olundugu zaman yuxarida sadalanan amillorino fikir
verilmalidir. Mas bels oldugu toqdirdsa saboko ham maliyys baximindan, hom do daha etibarli,
keyfiyyatli vo dayanigli sokilds foaliyyat gostarar [5,6].

NOTIiCO
Sobokonin etibarliligi, avadanliglarin miirokkabliyi, moalumat mubadiloasinin idars
olunmasi metodlari, istifado olunan kommunikasiya kanallarmin névlari vo sobakanin icazos
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verilon Olgiisii, topologiyanin segilmasindon asili olaraq miioyyan edilir. Soboka ilo
birlosdirilmis cihazlarin fiziki yeri iso topologiyanin se¢ilmoasine shomiyyatli doracads tasir
etmir. Yalniz topoloji struktur sobokonin Otirmo qabiliyyatini vo Xarcini muoayyanlosdirir.
Burada istifado olunan topologiyalar sabokonin cihazlarinda malumat mubadilosini miixtalif
tisullarla hanst sokilda 6tlrllacayini tosvir edir. Beloliklo, bu topologiyalar molumatlarin
Oturilmasi qaydalarin1 miioyyan edir vo informasiyanin daha optimal sokildo mibadilasine
imkan yaradir.
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AHAJIA3 TUITUYHBIX TONOJIOT Wil KOMIIBIOTEPHBIX CETEM
BABA3AJIE LK., TOUYEBA A.®.

OnHUM W3 BaXHBIX ACMEKTOB, HEOOXOIMMBIX COBPEMEHHOMY OOIIECTBY, SIBISETCS
OCYIIECTBIIEHNE OBICTPOTO, HAJICKHOTO U yI00HOTO 0OMeHa HH(pOpMaIueln MeXIy CTpaHaMH 1
KOHTHHEHTaMHu. CBsi3b MEXIy KOMITBIOTEPAMHU OCYIIECTBIISIETCS yepe3 ceTu. B cratbe OymyT
paccMOTpeHbl OCHOBHBIE TUITOBBIE TOMOJIOTUN KOMITBIOTEPHBIX ceTell. B 3agaun nccnenoBanus
BXOJMT HM3y4CHHWE TOMOJOIMHA ceTell, MOJydeHHe BBIBOJOB O paboTe ceTeil C pa3iIuyHON
TOTOJIOTHEH, BBISIBICHHE MPEUMYIIECTB U HEJJOCTATKOB CETEH.

KiaroueBble ciioBa: TOMOJIOTHA, paAUOCBA3b, TCIICKOMMYHUKAIIUU.

ANALYSIS OF TYPIiCAL COMPUTER NETWORK TOPOLOGIES
BABAZADEH SH.J., GOCHUYEVA A.F.

One of the important aspects required in modern society is the implementation of fast,
reliable and convenient information exchange between countries and continents.
Communication between computers is provided through networks. The article will examine the
main typical topologies of computer networks. The objectives of the study include the study of
network topologies, drawing conclusions about the functioning of networks with different
topologies, and identifying the advantages and disadvantages of networks.

Keywords: topology, radio communications, telecommunications.
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0.S. Mommodyarovun elmi foaliyystinin osas istiqamati elektroenergetik sistemlords rejimlorin
idaro olunmasnin kompleks masalolori, xususils, elektrik enerjisinin keyfiyyatinin statistik-ehtimal
tadqiqi, elektroenergetik sistemlorin gorarlasmis rejimlorinin hesablanmasi vo avtomatik idars edilmasi,
elektrik stansiyalarinda vo sobokolorinds reaktiv giiclin vo gorginliyin avtomatik tonzim edilmasi
mosalalori ilo olagodardir. O, riyazi reqressiya modellori osasinda elektroenergetik sistemlarin
optimallagdirilmas1 vo idaro edilmasi sahosinds, homginin ¢ox kriteriyaliligi nazoro almagla real
zamanda idarsetmanin elmi moktobini yaratmisdir.

Onun tarafindon enerji tochizat sistemlorinin keyfiyyatli idaro edilmoasi vo elektrik enerjisinin
keyfiyyatino nozarat, onun yaxsilasdirilmasi iigiin lazim olan tadbirlarin se¢ilmasi problemi sahasinds
ciddi iglor aparilmisdir. Digar torafdon o, enerji sistemlorin beynalxalq soviyyads foaliyyst gostormasi
ilo olagodar olarag, enerji sistemlorinin paralel vo sinxron islomasi Ucgin tezliyin avtomatik
tonzimlonmoasi vo Azorenerji sisteminin Rusiya vo Iran sistemlori ilo enerji miibadilosini nazors alan
tadgiqat isloerini hoyata kegirmigdir.

0.S. Mammadyarovun rahbarliyi altinda yerino yetirilmis bir sira islor Zaqafqaziyanin Birlogmis
Dispetcer Idarasinde, “Azorenerji” ASC-nin elektrik sobokolorindo vo stansiyalarinda, Dagistan vo
Yakutsk enerji sistemlorinds va digor musssisalords ugurla totbiq edilmisdir. O, beynoalxalq, kegmis
ittifag vo respublika nagrlorinds ¢ap edilmis 200-0 yaxin elmi oSorin, o climlodan, elektroenergetika
moasalalorinds eksperimentin planlasdirilmasi vo elektrik sobakasi rejiminin igtisadi masalalorina hasr
edilmis monografiyalarin vo ixtiralarin musllifidir. Onun rohborliyi ilo 10-dan artiq namizadlik
dissertasiyas1 hazirlanmig va mivaffaqiyystlo midafio edilmisdir. 40 ildon ¢ox middstdo o, ali
moktoblords pedaqoji foaliyyat gdstormisdir. O, bir ne¢a dars vasaitinin muollifidir. 2004-cl ilds onun 2
ixtiras1 Azarbaycan Respublikasinin patentine layiq goriilmiisdiir.

Onun tosobblst ilo «Azorenerji» ASC-nin mitoxassislorinin  hazirlanmasi va ixtisasinin
artirtlmasi moagsadilo Tadris Moarkazi yaradilmigdir. Orxan musllim onun muasir tadris vasaitlori ilo
tomin olunmasina nail olmus va Markazs ugurla rohbarlik etmisdir.

0.S. Mommoadyarov bir sira beynalxalq va respublika elmi-texniki konfranslarinin togkilatgisi
olmus va moaruzalorls ¢ixis etmisdir. Genis elmi-pedaqoji Ve ictimai is aparmagla yanasi o, respublika
Ali Attestasiya Komissiyasi ekspert surasinin, Respublika energetika vo elektrotexnika elmi-texniki
comiyyatinin sadr muavinlori vazifalorinds caligmisdir. O, qazandigr nailiyystlora gors energetika vo
elektriklosdirma sahasinin fargqlonma nisanlar1 va slagisi adu ils taltif edilmisdir.

Gorkomli alim, niimunavi miisllim, nacib va xeyirxah, tovazokar insan, sadiq vo mehriban dost
olan Orxan musllimin xatirasi onu taniyanlarin iirayinds hamiss galacag.

Redaksiya heyati.
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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 saholorino hasr olunmus elmi-texnki magalalor dorc edilir, eyni
zamanda cari xronika da verilir.

Jurnalin asas moqgsadi yiksok elmi keyfiyyot kriteriyalarina cavab veran orijinal elmi-

texniki magalalarin darc edilmasidir.

Jurnal eyni zamanda konfranslar, sinpoziumlar, elmi moktablor, Umumiyyatlo elmi

hoyatda corayan edon hadisalor hagqinda malumatlari da dorc edir.

Redaksiya heyati, bu vo ya digar sobablordon, jurnalin talablorini tomin etmoyon

moqalalari darc etmomak hliqugqunu Gzinds saxlayir.

2. Magalalarin tagdim edilmasi.
Butlin moqalslor asagida qostarilon tinvana, jurnalin redaksiyasina 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.
Mogqalslar azorbaycan, rus vo ingilis dillorinds gobul edilir. Respublika miislliflorinin

moqalolori yalniz azorbaycan va ya rus dillorindo, yaxin xarici 6lkolordon olan miialliflorin
magqalalari yalniz rus dilinda, uzaq xarici 6lkelorin miislliflorinin maqalolari ise yalniz ingilis
dilindo gobul edilir.

4.1.

4.2.

4.3.

4. Magalalarin tartib edilmasi qaydalari.

Mogalalar, jurnalin redaksiyasina disket toqdim etmokls, fordi kompydterds, A4 formath
ag kagizda, sohifonin parametrlori: yuxaridan vo asagidan — 2sm, soldan vo sagdan — 2,5
sm masafs ilo, Times New Roman 12 sriftindo yazilarasq, 1 niisxado, Saotir araligr 1
interval olmagq sartilo ¢ap edilorok, qosulmus CD disk ilo taqdim edilir.

Mogalalorin imumi hacmi, grafiki materiallar, fotolar, cadvallor, disturlar, adobiyyatin
siyahisi va Xilasalor do daxil olmagla 8 sohifodon yuxari olmamalidir.

Magqalalarinin birinci sshifasinin sol kinclnds Universal onlug tesnifati (UOT) iizra
indeksi gostarilmalidir. Sonra 1 interval asagidan, qalin vo boyik hariflarlo magalonin adi
yazilir. Sonra 1 interval asagidan, qalin vo boyuk hariflorlo maollifin (muslliflarin)
soyadi, ad1 va atasinin adinin bas hariflori yazilir. 1 interval asagidan mogaloni togdim
edon toskilatin adi yazilir. 1 interval asagidan, mogalonin matninin dilina uygun olan,
hocmi 10 satirdon ¢ox olmamaq sartilo, 10 srifti ilo ¢ap edilon xulase, acar suzlor (5-6
s0z), magalonin asas matninin 6nunds verilir. Sonra 1 interval asagidan mogalonin asas
motni 12 srifti ilo ¢ap edilir. Bilavasito magalonin motninin davami olaraq, heg bir basliq
vermoadoan, yalniz 20-25 simvollug xatt ¢okarok, say sirasi ilo istifado edilon adobiyyatin
siyahist verilir. Sonra ardicil olaraq rus (vo ya azarbaycan) va ingilis dillorinds olan
xulasalor vo agar sozlor (10 srifti ilo ¢ap edilorak) verilir. Magalonin motninin sonunda,
alago telefonlari, telefakslar vo E — mail-1 gostarmoklo, mislliflor magaloni imzalayirlar.
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4.4. Mogalonin qrafiki materiallari, fotolar, codvallor, dlsturlar matns uygun yerlordo
yerlogdirilmolidir. Qrafiki materiallarin sorhina aid olan yazilar magalonin motninds
verilmalidir. Qrafiki materiallarda adadi vo ya hoarfi isaralor gostarilorak, uygun izahatlar
motnin igarisindo verilmolidir. Qrafiki materiallarin asagi hissasinds say sirast verilir vo
ad1 yazila bilor (misal {i¢lin, Sok.3. Sinaq qurgusunun sxemi).

4.5. Odobiyyat say sirasi geyd edilmoklo, orijinalin dilinds verilir. Miislliflorin soyadi, ad1 vo
atasinin adi kursivdon istifado etmoklo yazilir. ©dobiyyatin siyahisi asagida verilon
nliimunalar iizras tortib edilir.

Kitablar

1. Pazesue JI.B., Cokxonosa M.B. PacdeT HauadbHBIX U Pa3psAIHBIX HAIMPSHKEHUN Ta30BBIX
npoMexyTkoB. M.: Oneprus, 1977. - 178 c.
2. De Gennes P.G. The Physics of Liquid Crystalls. London: Cambridge Univ. Press, 1974.

3. Ckanvuuiti A.B. XuMA4YeCKHE 3JIEMEHTHI B (DM3UOJIOTHH M 3KOJOTHH 4enoBeka. M.: OHUKC
21 Bek. 2004. 216 c.

Jurnallar

4. Aeanos B.I'., Pasesue /].B. // nextpudectBo. - 1972. - Ne 5. - ¢. 32-36.
5. Anaxosapos O.3. /| duznka-1999-Ne 3- c.44-49,

6. lawumos A.M., Hypybeinu T.K., Hypues K.3., I'ypbanose K.b. [[’Kypuan TexHudeckoit
¢uzuku. 2009, 1. 79, Ne 8, ¢. 99-103,

Depons edilmis 3l yazmasi.

1. Usanos JI.I1. M., 1985. 40c. - Jlen. 8 BUHWTH 25.10.85, Ne19233.
8. Buxynuna T.J1.; 1998. 214 c. — Jlen. 8 UTHWOH PAH 06.10.98, Ne 53913.

Dissertasiyalar

9. Ilempos B.I. Jluc. xauxn. ¢wusz.-mar. Hayk. JI.. HMHCTUTYT BBICOKOMOJIEKYISPHBIX
coequHeHMi, 1985.

10.Cuoopos H.B. luc. n-pa xum. Hayk. HoBocubupck: Muctutyr Xumun, 1979.

11.Nurubeyli T.K. Fiz. lzro folsofo dok. dis. Baki: Fizika Institutu, 2010

Miislliflik sohadatnamalori va patentlor

12. Anues C.I'., J[rcananos K.X. A.C. 163514 CCCP // B.1. 1988. Ne 4.¢.50
13.ITar. 3386968 CIIIA // PXK ®U13. 1970, 25, c. 400.

14.Langsam M., Savoca A.C.L. Pat. 4759776, USA,1988.

15.Hasimov A.M., Nurubayli T.K., Nuriyev K.Z.//Pat. 12015 0010, Baki, 2015

Konfranslar, simpoziumlar

16. Meoseoes I1.T. // Tes. noki. |1l Beecoro3. Cosemi. o npo6iemam sHepreTuku. JI.: U3,
JITIN, 1984, ¢.30.

17. Hypues K.3, ['ypbanos K.b., Hypyoeiniu3.K.,.//Te3.nok. IV Bcepoccuiickas koHpepeHIus

«Macc-cniekTpoMeTpus 1 ee pukiIaaabie mpoodsembn» 2011 r. Mocksa c. 92
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K CBEIEHUIO ABTOPOB

1. O0mue npasuia.

B xypnane “Ilpobraembl DHepreTuku” MyOJUKYIOTCS HAYYHO - TEXHHUYECKHE CTaTbH B
00/1aCTH KOMIUIEKCHBIX HPOOJEM HHEPreTUKH, DJIEKTPOIHEPreTUKH, TEMJIOIHEPreTUKHY,
TETUIOPHU3UKH, 3IEKTPOPU3UKH, 3IIEKTPOTEXHOJOTHH, WH(POPMATUKM W HOBOM TEXHMKH, a
TaKXe MPUBOAMUTCS TEKYIas XpPOHUKA.

OCHOBHOI 11eNBI0 JKypHAJIa SBJISICTCS MyONMKAlKs OPUTHHAIBHBIX HAYYHO-TEXHHUUYECKUX
cTarel, OTBEYaroIIKUX TPEOOBAHUAM BBICOKOTO HAYYHOI'O Ka4ecTBa.

B xypHane npuBonsTCs cBefeHUs 0 paboTe KOH(epeHLUH, CUMIIO3UYMOB, Pa3IMYHbBIX
HaYYHBIX IIKOJ, & TAK)KE 00 MHTEPECHBIX COOBITUAX, MIPOMCXOAIINX B HAYYHOM MHpE.

Penaxmust coxpansieT 3a co0O# MpaBo HEe MyOJUMKOBaTh MaTepHalbl IO TEM MU WHBIM
IPUYMHAM, HE YJOBJIETBOPSIOIINUM TPEOOBaHUSIM XKypHaa.

2. IlpencraBiaenue crareit.

Crarbu JOKHEI OBITH MPEACTABICHBI B PEIAKIINIO JKypHAaA M0 CIEAYIOMEMY aapecy:

Azepb0aiimkan, A3-1143, baxy, np. I'. I:xkaBuaa, 131
Hucruryr @usuku HAH Asepoaiigxana
Tex: (994 12) 538-16-60; (994 12) 539-44-02; dakc: (994 12) 539-31-16

E-mail: a.hashimov@physics.science.az;
OTtBeTcTBeHHBIH cekpeTapsb - 'ypoanoB Ksamuiab baxTusip oruabl.

3. SI3bIK cTaTeii.

CraTby IPUHUMAIOTCS HA a3epOaiiPKaHCKOM, PYCCKOM M aHIJIMICKOM SI3bIKaX, MPHYEM CTAThU
aBTOPOB U3 AzepOaiipkaHa TOJDKHBI OBITh MIPEACTABICHBI HA a3epOailPKaHCKOM HIIH PYCCKOM
si3pIKaX, cTarbu aBTOpoB W3 cTpaH CHI' - Tombko Ha pycCcKOM sI3bIKE, CTaThU aBTOPOB U3
JATBHETO 3apyOeKbs - TOJNBKO Ha aHTIMICKOM SI3BIKE.

4, MpaBuia opopmiieHHs cTaTei.

4.1. B pemakiuio xypHaja MpeACTaBISAIOTCS CTaThU, HAOpaHHBIE W HANlCYaTaHHBIC B OJHOM
IK3EMIUISIpPE Yepe3 OJWH MHTEPBAI HA MEPCOHATBLHOM KOMITbIOTEpe, Ha Oenoil Oymare
dopmara A 4, mpudprom Times New Roman, pasmep mpudra 12, a Taxxke
npencTaBisieTcs B anekTpoHHoM Buae Ha CD mucke. [Tonst cBepxy u cHU3Y - 2 cM, clieBa
U crpasa - 2,5 cMm.

4.2. OOBeM cTaThHUHE JOJDKEH MPEBBIIATh 8 CTPaHUII, BKJIHOYas rpaduueckue MaTepHabl,
¢oro, Tabau1bl, HOPMYIIBI, CIIUCOK JTUTEPATYPhl U AHHOTALIUU.

4.3. B BepxHEM JIeBOM YIIIy MEpBOH CTpaHUIIBI cTaThU yka3biBaeTcs mHaekc Y JIK. Uepes 1
MHTEpBAJl HIKE NMOMENIAeTCsl Ha3BaHUE CTAThbU JKUPHBIM U 3arjaBHbIM mpudroM. Yepes
1 unTepBan nomemaercs Gpamunus (haMUINN), 1 HTHALUAIBI aBTOpa (aBTOPOB) KUPHBIM
U 3arjaBHbIM Hipu¢ToM. Yepe3 1 mHTepBan ykas3bIBaeTCs HaUMEHOBAaHHE OpraHU3alUH.
UYepes 1 uHTEpBa MOMEIIACTCSI aHHOTAIMS Ha SI3bIKE cTaThl 00beMoM He Oosee 10 cTpok
U KIIto4eBbIe cioBa (5-6 cioB) mpudTtom 10. Uepes 1 uHTEpBan momemaercs OCHOBHOE
cojepkaHue ctarbu mpuprom 12. B KOHIIE OCHOBHOTO TEKCTa CTaThbH MPOBOIUTCS
npouepk aauHOM 20-25 CHMMBOJIOB, MOCJE YEro MOMEMIAETCS CIHCOK JUTEpaTyphl 0e3
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Kakoro-1ubo Ha3BaHUS, B TOPSAIKE HYMEpalMH CChUIOK B TeKcTe crarhu. [locie »Toro
yepe3 | WMHTEpBa] MOMEIIAIOTCS aHHOTAIMK Ha JIBYX JAPYTHX S3BIKAX — PYCCKOM (WITH
azepOaii[KaHCKOM), aHTIIMICKOM U KITF0UeBbIe cioBa (5-6 cno) mpudrom 10.

B camoMm KoHIIE CTaThi MOMEMIAIOTCSI KOHTAaKTHBIE TenedoHbl, hakcel u E — mail, a Takxe
MOJIITMCH BCEX aBTOPOB.

4.4. Tpaduueckue marepuansl, GoTo, TaOIUILBI, GOPMYIIBI TOMEIIAIOTCS B COOTBETCTBYIOLINX
pa3zmemax Tekcta craThM. Hamnucn, oTHocsmmecss K rpadUyuecKUM MaTepuanam,
MIOMEIIAIOTCS. B TEKCTE CTaThH. B rpaduueckomM marepuaine yKa3blBalOTCS OyKBEHHBIE U
rQpoBble 0003HAUCHHS, @ UX KOMMEHTapUH MTOMEIIAIOTCS B TEKCTEe cTaTbu. B HIDKHEH
yacTu rpaduyeckoro marepuaiga yKa3blBaeTCsl HOMEP M MOXKET YKa3bIBaThbCs Ha3BaHHE
Martepuana (Hamp., Puc.3. Cxema ycTaHOBKH. . ..)

4.5. CnucoK UUTUPOBAHHOM JIUTEPATyphl TPUBOJIUTCS HA S3bIKaX OpuruHanioB. amunuu u
HWHULUAJIBI aBTOPOB MCYATAOTCA KYPCHUBOM. Crucok JIUTCPATyPhI O(bOpMH}IGTC}I 110
o0pa3ily, IpUBEIEHHOMY HUXKeE:

Knaurn

1.Pazesue /].B., Cokonosa M.B. Pacdyer HadalbHBIX M pa3psAAHBIX HANPSHKEHUM Ta30BbIX
npoMexyTkoB. M.: Dueprus, 1977. - 178 c.

2. De Gennes P.G. The Physics of Liquid Crystalls. London: CambridgeUniv. Press, 1974.

3. Ckanvuoiii A.B. XUMU4eCKUE 3JIEMEHTHI B (PU3HOIOTUN U 3KOJIOrUU yenaoBeka. M.: Onukc 21
Bek. 2004. 216 c.

KypHanabl

4. Aeanos B.I'., Pazesue /[.B. // DnextpuuectBo. - 1972. - Ne 5. - c. 32-36.

5. Anaxosapos O.3. /| duznka-1999-Ne 3- ¢.44-49.

6. lawumos A.M., Hypybeinu T.K., Hypues K.3., I'ypbanose K.b. [[XKypnan TexHudeckoit
buzuku. 2009, 1. 79, Ne 8, ¢. 99-103

JlemoHupoBaHHbIE PYKONUCH
1. Usanos JI.II. M., 1985. 40c. - Jlen. 8 BUHWTH 25.10.85, Ne19233.
8. Buxynuna T./1.; 1998. 214 c. — len. B UTHUOH PAH 06.10.98, No 53913.

Auccepranuu

9.llempos B.I'.Jluc. xaun. ¢us.-mar. Hayk. JI.: MlHCTUTYT BBICOKOMONIEKYISPHBIX COCTUHEHUH,
1985.

10.Cuoopos H.B. luc. n-pa xum. Hayk. HoBocubupck: Muactutyr Xumuu, 1979.

11.Anowxuna FO.B. [luc. xana. XxuM. HayK. TOMCKHI rocyiapcTBEHHbIN yHUBEpcUTET, 2012

ABTOpPCKHE CBHIETEILCTBA H MATEHThI

12.Anues C.I'., [rcananos K.X. A.C. 163514 CCCP // .. 1988. Ne 4.¢.50
13.1Tat. 3386968 CIIIA // PXK ®U3. 1970, 25, c. 400.

14.Langsam M., Savoca A.C.L. Pat. 4759776, USA,1988.

15.Tawumos A.M., I'ypbanos K.5. [/ Tlat. 12015 0010, Baxy, 2015

Kondepenunu, cumMnosnymsl

16. Meoseoes I1.T. // Tes. noxi. |1l Bececoros. Cosent. mo nmpobaemam sHepretuku. JI.: 3.
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FOR THE ATTENTION OF AUTHORS

General Rules.

The Journal of Electric Power is dedicated to publicize scientific research articles
reflecting the current problems in the electric power systems, heat transfer, technology and

information technology, and digests.

The main purpose of the Journal is publishing of the original scientific articles, meeting high
quality requirements.

The journal also informs about the results of conferences, seminars, various scientific
schools, and the events taking place in the scientific society.

The editorial board reserves the right not to publish the submitted documents, which for
various reasons do not satisfy the requirements of the Journal.

4.

4.1.

4.2.

4.3.

Submission of the papers.
The papers must be submitted to the editorial body at the following address:
Azerbaijan, A3-1143, Baku, pr. G.Javid, 131
Institute of Physics of the National Academy of Sciences of Azerbaijan

Tel: (994 12) 539-16-60; 539-44-02; Fax: (994 12) 539-31-16

E-mail: a.hashimov@physics.science.az;
For the Attention of K.B. Kurbanov — the Responsible Secretary

The Language

The papers can be accepted in either of Azeri, Russian or English. The papers submitted by
Azerbaijani authors must be submitted in Azeri and Russian, the papers of those from CIS
countries—in Russian, and those originated from the countries outside CIS-in English.

The papers must be submitted in the following format.

The hard copy of the paper must be submitted on the A4 format in 1-line interval, typed in
“Times New Roman”, in 12 font, with the borders from top and bottom — 20 mm, from left
and right — 25 mm. The electronic copy on a CD-disk should be submitted along with the
hard copy.

The paper must not contain more than 8 pages of text, inclusive of any graphs, photos,
formulas, reference lists and annotations.

In the upper left corner of the paper the index of UDC must be indicated. Below that,
omitting one line, the name of the article must be placed printed in a BOLD CAPITAL
LETTERS. Underneath the name of the paper, omitting 1 line, the name of the author(s)
printed in capital letters must be printed. Below that, omitting 1 line, the name of the
organization must be indicated, which supported the research. The abstract follows that,
leaving 1 line of blank space, which must be no more than 10 lines, and keywords (5-6
words) of font 10. The text of the paper follows the abstract, leaving 1 line. Drawing a line
with the length 20-25 symbols must indicate the end of the text. The reference list is
printed below the line, following the same order as it was referred to in the text. Below the
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reference list, the summaries and keywords (5-6 words) in Russian and English must
follow.

At the end of the paper, the contact details must be placed, and also all the authors must put
their signatures.

4.4. All graphic materials, photos, tables, formulas must be placed in the corresponding place
of the text. The legends must be placed in the text. All the keys to the symbols must be
given in the text of the paper. Below the graphic material the number can be indicated
followed by the name of the material (e.g. Fig. 3. Schematic drawing of the installation...)

4.5. The cited materials must be referred to using their original language. The names of authors
must be given in italics. The reference list must follow the example below:

Books

1. Gielen M., Tiekink E.R.T. Metallotherapeutic Drugs and Metal-Based Diagnostic Agents.
N.Y.: Wiley. 2005. 598 p.

2. Venkatesh lyengar G., Subramanian K.S., Woittiez J.R.W. Element Analysis of Biological
Samples: Principles and Practices, V Il. N.Y.: CRC Press. 1997. 272 p.

Journals

3. Timerbaev A.R. // J. Anal. At. Spectrom. 2014. V. 29. Ne 6. P. 1058-1072.
4. Guo W., Hu Sh., Zhang J., Hu Zh., Zhang H., Wang Y. // Talanta. 2012. V. 91. P. 60-64.

Patents

5. Langsam M., Savoca A.C.L. Pat. 4759776, USA, 1988.
6. Hashimov A.M., Qurbanov K.B.//Pat. 12015 0010, Baku, 2015

Deposited manuscripts

7. lvanov L.P. M., 1985, 40s. - Dep. in VINITI 10/25/85, No. 19233.
8. Vikulina T.D.; 1998, 214 s. - Dep. at INION RAN 06.10.98, No. 53913.

Dissertation

9. Petrov V.G. Dis. Cand. phys.-mat. sciences. L.: Institute of High Molecular Compounds,
1985.

10. Sidorov N.V. Dis. Dr. chem. sciences. Novosibirsk: Institute of Chemistry, 1979.

11. Anoshkina Yu.V. PhD in chem. Tomsk State University, 2012

Conferences, symposia

16. Medvedev P.T. // Abstracts. report I11 All-Union. Meeting. on energy problems. L .: Ed.
LPI, 1984, p. 30.

17. Nuriev K.Z., Gurbanov K. B., Nurubeyli Z. K.// Abstracts of documents. IV All-Russian
conference "Mass spectrometry and its applied problems™ 2011 Moscow p. 92
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