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rekupersiya enerjisindbpn istifadbpdir. Bu texnol oc
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Enerji rekupersiya sistemlbrinin iklbmbp prinsi
zamané vDpD ya kabinbnin yuxaré bok, akajé isb dolu
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Summary
USE OF REGENERATIVE TECHNOLOGIES IN ELEVATORS OF RESIDENTIAL BUILDINGS TO IMPROVE THE
ENERGY EFFICIENCY OF MULTI -APARTMENT RESIDENTIAL COMPLEXES
Harunov A.T,Camalova A.V, Xagova L.E.

This paper explores the application of energy recuperation technologies in passenger elevators of residential complexes as
an effective method to reduce energy consumption. It describes the operating principle of a system that converts gitetiti@nd
enegy into electrical energy. The advantages are highlighted: up to 40% reduction in electricity costs, environmentalligystainab
and decreased greenhouse gas emissionB of which are especially relevant for modern enegfficient residential compies.

Keywords: energy efficiency, energy regeneration, residential buildings, passenger elevators, asynchronous electric drive,
energy consumption
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Mpgalodp i s t ipdpkioldr i kK ¢ Bslgyiti slyun pnpbnov i csula hazérlmmané, asu éemaf an
vemn wi K i s edibidin aaxZ@pEec@rze ¥i v s u orimdp istFadbledilmosi nzordenmlk e - i r i | i or .
A - ar orsistilik lenejisi, istilik monbpy i , ipkos il ponkmikgh | no |, axénteée mEwdsara@&x éntkal é

s ¢ ,gosloyici su, reagent.

Gi r Kt blaibkatt- €l ar a emgipjnog| dedéy écéesBuv axyetr | i (

su buwxaktief ymijhava bs. blabibr . K sbbkblorindke nke r j i daképyacéeseé
buxar da pkildgistiedoie dk | i r . Kstinli k Zdam@pmaéh & amiantma k ¢
it kisiz -at ér magl aorin istisni enrajrié priafeddmtad & wortlendors iredim |
Bildiyimiz ki mi e n e r gnhoyindbra igtiByy tél caébsaét DRIl miz @ moyymre | imlg,
spboblordon yol boyu itkiobrbompr u z g a bbBbdon Smoe rsj i e f forecikitdo avkl ai] ygir ndi ¢gnk
VD Si st emin rentabel iyl pposiz v litkil ori. pvpzS etrebk e gi- . N n o rsma
mpbnbbyindd plavb yanacaq istifad etnoklb ar t € q i st i | i k bprdka sigeyneplad SE € ma
verilmolidir.

K K i pgsbdinvp yerinp yetiriimpsi: Ak aj € doeilpn gsxembrdb m¢ asi r bd Isit 2 d ti &
sistembrindp totbig edibn forgli  sxembr g islt mi k di rordp isBlik tbcshxiezrd t éinds i st e n
enerji d a K Bripi épenZ ede bilbcok Dlava sku | ha z ér | apyp@licctéu tqud mjéew dmnr .
g u rlgrda suyun keyfiygti sistemin istifad salbsindbn a s € | ®/pb edilbm manega wttolpblorip
cavab vermlidir.
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ATQ-vpYTQ-al - bygeespz yi gl i s u q-&andedsaté c €l ar é, K
nas os ulWwkkSSXQ-ci vp2-ci pillpkpbpkpbs u gézdér écél ar é

Kst bclhii kz att @indssi isstteemmhi n u z u mmirPempkr | ¢¢pheenp @ ”EIPoEdina K

biri su itkilorini minumuma endirmk vb plavb suyun keyfiyyt i n i ar ol e&urnmdaugrmbokir i., MK
avadan!| éql miomi&oy@mdogbonanwuwdgr €l mé Kk plelanehtba ¥y & c gothlarindma s u r
- 0 k ¢printopolp golmps i, K| a mé m boxuaottl@imndaxdi &b xarici thlorindbk or r oz i y an

pmblp golmbsi boblor i n i aradan gal deéer el nbeksseyunurabdkibimdokiiagresiv B ¢ nur
ybni  C&’ Mg?i o n |lpg m @ a iKKHCO;Qp silisium birlk miori xaric edibrok m¢pyyon hoddo qodor
azal dél mal édeéer .

Suda codlug w golov i | i k i onl ar é&np orpm | pmoid sg@mpski | nai nmé ortipdiNk i n K
maoyyoniok di r ithdiswidmd € i onl| apygom Ioarnt @i edgchgedly & haézna | & | ma s
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me¢ Blti f emalo gmdlut ar Bumvonddy i @gnau lkiu migi mi  okgastuil oun knn i
reagentrlp emal, iondy i B gnsul bguekal t ma, Dkusr kKas mxsler magni t a
k e-okipemal ws. aid etk ol ar . omdPgktippmt ¢, o Djlvarmet np - ¢ n si st emi
g ° silbn emal prosesinindn h a n swj rba d éle&r .| mé Ik doeoustilik ooy If 11 zyayt @i s i st
- ¢bud edi | mbnediordpobeordmt tuit vu [ onthow & prblidir[1-3]
Kst bclhiikz att érinds istifatbeediidn s u Hol o?PvdBunl ar: mimzsuzl
yumkal de b mbbkkbsld k., - ¢n hazeéer | ananorilozaraktevidedilirg! u s u ki

Mpgalbdp dor i n yumkeal d €iphoilir i w ¢ - ¢ n hazeéerkiamlain xuls:
i st e h snadipve vp&koloji cohotdon tomi z m¢ a s i r orini@ ekolojil aspekidrinirs tghidlim |
veril mikdir.

Reagent f i nin stexi ometr i Bicosmbqad &@mé eda udsinidiin enma s
edbn t exnol ohigiediransimb aph!| €dér . Bu zaman meratli neadliél mi ka h
ol an cod i onl arogaydink agrabl onmaast @ribnslD’dbogpattg sve si nib art ér
ekol oj i y a n andbirlardian bgsirvogndognrnaa | tar aft gmompma masdad aspe
t a ma mlpdbirlF ¢ @ tgsinegph edir.

Su emal épedient eshiof adi yada t ul | a noawreagentdraistifach d a k €
etnrodbn wya reagentsiz ol araq B-u° khdagzrépnlihga Imhéullarpemal sne si ni
regenerasiya prosesmthfy v modi su hazér | ama g u oiiruediuknsut nbbbledlgki@onkt € s €
veriibpnpblavbs u y u n pbigdailbsei tgeni Kk ol a3). ¢sul l ardandeéer [ 1

kokil 2-db bnonov i axéntéseexnal bgzgahamapiri insveiial mske i

| Fe enerlasi @
»
Ilkules\; - 5 4

Yumsaldglmis su

Kpkil 2. Pnpnpv i axeéntéséez su y
prinsipial sxemi

Bu ongdmovi texnoloji sxemabilkin su 1-kof f af | akdér écés énrfaf eefmad eméu
-phinindbn 2- su nasosu vasii ilb 5- mexaniki w4- k at i o mdiotindos ¢ & @rdki ryi U mk al dél é
i st bbbkpsikovie r i | i r . R e g exréenrt a&s-i-gyuab \a& Eie | 7@ iroi6- nasosul \eagisi 8 s
-bhinover i | i r. oBmi shlamevmolarichodgi s o d a  ¢pdokrdr emal edilir. Sonra s9-

-phinby €] é1 mé Kk a-xnasoduévagisi Uoyld- bl & ar | andér éxca&crylaand&@r iélciéd
axént él-250® nq /110 0q ahlubiI1Zbjuéxnadral kaén dme r € ¢ € atai rqgiulriur .d uBu hzad
duz hal éhludardoniirame tmondan mizmleedil lamiavm we r-gidlotilie. anbar da
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Saldl3 Amntilart bilavasits emal prosesinds istifada olunan ammntisiz texnologivalanin
prinsipial szemlari

Gor¢ndeye¢ aki md x elokgph athgr t é g befmiey @t € nsa machli Kk ol
avadanl euilizaedibnadon yevin drinlikiorindbb asdér échd |l duwZ2n@®n anbarl ai
cohotdon  t i ki nt i slbon vbiashtai sbhiamaar égn en ekolpjimia ;& med gaimli obmdyan bir
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sxemdir. Sxemg oot r af mephdimh | ax énkég yul argaenkegm ol sm@msdyan bu
emalrclor i ofpdon d- ox arter [ 4] .

Belolikl b, i sobokolbriik ¢k- ¢n qgi dal andeéer éeldcodsdigp u ns uh ahzaézrélral r
prosesind istifadp edilbn reagentin sorfinivbr e g e n e r a sompjpgoloiz aavaé et € sul ar eéneé
azal dél madifée edilpgn- wny u x armomden rken i rtielx nol ogi y anba&us e -l
-at ekmamazl é gl arrén pdfgvmcinokanl veriu Nbhayot, lgoyulan nogsodb nail olmag
¢ - ¢ n pypergpektiv istigamt me vcud qurj ul aonrdtakmilioe & inosididoigy bu pr o s
mpgsodipdomy¢, ®Iti f  t e x rpexenbj ibmokdsdir[b]. v

Kon mpbaudlbwawisluyun hazér| aomona s énné@&nxnbluogicyal ar
m¢badut umunun az ol masé, oowll lagr eboivbeps & et Enéqgoyal ma

- at & kK ma macgyolenig. Digor bé istigasmt isbs u  hég zéenoabw | i onptmgbradli dgi yas
m¢ d oetmbbn ax ént é sul arénémuxi $ugicozdoy uf amarr dae xennod 10
totbigidir

kokil 3idotok | i f edi |l mi k texnol ogiocgkau lakof a aud \f Jakmd éo e & 1€ ¢
olaraqg 2 -bninp, oradan ie 3- nasosu vagisi ilIb4 w5-s ¢ igrindon  d ¢ z a xofloy u skt a lgdaem ar
i sti si ma pbnamiveelulré 4orinpardarkem T-nasosuiv8-s at ur atobfahtiarder écéy
kokil birincinin regenerasiya, ikincininisemal prosesinin k i a o & mmao$oaylonir. |

Suyun kabtbcindonu mk aled@®l macsbd ¢ o0 ¥ aar kdagdjadgy atdpis g iz isif) aam
ilb do tomin edib bilor. Bu zaman regenerasiya prosesimdgenerasiyaedici ph | u | u mep ikiselliz g

y u x ar adkaan] évd asi voiv enkmii lgiml no | | a pbégos i ind mi tartal exqdif raizlamiém da
drenaj sisteminbh g © tog iiDyerim yetrilir. Digor sxemab ispbi k i a x € rodb @mal edibsdlg, su g
ikiselli T yuxarodmra] &¢dani | edi | i r, pignit mbogpd idréil mé apsiradué gi sh

gurakdeéer él mex oont ax adi enascdint i 58 & g afh¢pzdga s | iypaldu&un 1 e g
yuxardan-a K a ] € y aorpkdtlonj miuk hiotisdp & |0 @ @ 9 sdlkon.birinci texnoloji sxemon  yok k s

keyfiyyot | i y U mkK a bl éolundéqea otlsiqu etmk mbgsodo uy j undur . Yumkal de|
keyfiyyotinoy ¢ Bkédl a b at g o yisoikimoisxemdnistfadoetrbk daha m¢egnasi bdir .
Ekol oj i baxémeéndahlulu &imieNa8Q, adsni igtifade B a t i o nElotinins ¢ z g

i enlmi ghsnul | arénén migdar éné azpoamt ehnajoa bidomrdenkifaypte r i r .
godorgi ps ayr él méek ol ur .

Qeyd etk | a z é shmhglore mlkail , zamané s uphongi sgoad aé gqe oeadhdéel nuaj un
x eyl ik yolkusr pdoypummak gl°Pmék suyun duftupuopuaemamasEBEkin;
golpviliyin tolbb olunan Ibdd giynotlor bsa®n regenerasiyaya vemit  d u z u norfindpns uassié s ol ur
ki, kokil 37 dp tbsvir edibn sxemb y a n eonginonsdigor sxembr istifadb edildikdbd u z un  ®ff s us i
migdarcam = 1,3- 1,65 gekv/gekv ik kK i | edir .

B u n a odogtsklif edilpn texnoloji sxentr deyibn c at € Kk mamhanxli € galraardéa nn q a |
imkan verir,olbm- i ni pvbpk Bkkomyyotdbo | a nobclerdp kogstruktivay i ki kodonk o@ti @mr én
rejimlorino m pyyon blavblpr etnokip, t ex n oayicitoj ii nigléilgyk spt ul | ant § vsul ai
ediimosimi mk an yar aodbremal \Wregenergstya rejirofini tokmillok doiok, stexiometrik
mi gdarda regener asbtiy@ai ne di ¢ mbilerlion oi ity ksstohzang K bu c¢¢
axént és émiz w ktsddiogmbrol su hazeéer | amabnilmpg xontooldigoedilnogia s é n €
aktual nosplodir[1].

Mpgalbdp a Kk a | Bzmtda tutlan nosplplorin ekoloji aspekdn holl edilmpsi nmbgsodou y | u sab h e
edilir:

1 -pbnbnpv i regenermaebny d omnechirl i ¢ iZlini todgig adimkd | su hazeéer
¢Ssul uommohi | Byoitmbk ¥ ¢ k8 daxi Ipbyyonlbknaki asiillanr én myg

1 -stexiometrik migdarda ohlul ilbr e gener as i y ecloroilnu ninku odgegij gtroigp ni n -t
onl ar én e mahbig spiso ¢ i mrmaktdér él mas é;

T - ki s elbbkis adfzmtleedongstifadpedrok | o n i D prosgsibimadgigivoo nl ar én
i K- ptewtaudmu nobbn f mpxdr odi namiek |l ealefenlear anda&ué.
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Summary
WAYS OF IMPROVING THE EFFICIENCY OF WATER PREPARATION IN HEAT SUPPLY SYSTEMS
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Summary
METHODS OF TARGETED DISTRIBUTION OF FLOWS AND LOSSES FOR WHOLESALE MARKET MODELING
BalametovA.B., Agakhanovak.A., Isgenderow.G., Balameto\E.A.

The EEmarketis characterizedy the followingfeatures:it is impossibleto determinethe EE manufacturer foa given
consumer, which generators suptilg consumerthe amountof power thats transmitted via varioupower transmissiotines from
generatorsandpower losses dum thetransmissiorof EE (EE) froma particular generator tiheload. EE flow tracking allows u®
establish routes connecting generators to individual consumers.

Keywords: energy system EE market,flow distribution, power losses, addressable distributionhotd, matrix,
decomposition, marginal,-tatrices.
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enerfisibc hi zat @énén et i b a roh @nhodlijistifadp v kegfiyyotrii rki mkligesr igreblenibrnibs é x b aj | édé
Elektrik pbekolbrindp elektrik enerjisi itkibr i n i a z a bdbinorekgmplegksi @ b © vy ghomiyyot kpsb edir.

Mplumdur ki, elektrik enerjisi itkibr i naqi | i msiyigvg a g un lewjtuk 4@x4 kV transformator
yar émst ans i ypad &m &py@lordons aayséé | e d € mhokon P a y bryapgkéhc sémulyiasiya modeadk d i msii | m
prosesind yerinp yetirilbn hesablamapticolor i ni n st abt oxtsialy | € méetpassiyath y alsi y a p eticodblOmée k d € r .
kV-l u obokstordp verilbn el&k t r i k ener j i si f0 kv-l mk q di&zruéd dig u,n ddiak sT@y MR On 4v k
10/0,4kMl ug transformator |Ipar asé hoyimediknesd a § |- tpwénk onilpcricersakl iéynamétk d e r .

A- ar orsefezjiioc hi zat éat br agaf é mmt alosrangfarinadoriag, elektnilatkia X

Elektrikioc hi zat é n é n e tldiintps eldktékl edefjid itkir N nyi ¢nk sa z a bttngirs é n a
edir, -gmeéilsnggni h ar t éryé& lBmosiéeboeaur, imti@oddelektrik gnérjisi
itkil or i azal éer .

10 kv-l ug e IDeHolbrircordy am ay épboe ¢ € mahP ikt ol-¢ @fjntmgomiran AT\
cODy an ayér éc e psind yetibe @ ianb iunuh mtiéogintb elektrik enerjisininminimal itkilori
tomin olunur. @za rejimbrindd xotlorin bir hisos i nbn i-kdk a pq alléeagm ai wolan hissginb mi n d
b a k pofdontgida verdikdy ¢ k oi it kii b ar t oeaikr,édunangbeba hyipady a o & elektrik
xottinin mzankt wpwhepedeér

Kbnd r ayonl ambpcéhniézna tedl ieskiitsrtiekmlk i Kk msfaé edhdirnd @ pdii Y amd &
10 kV-l ugooketor i N et i banodilmos ] @ nen 0Ok g kpxaik Bdbirlot | mwrisinds 10
kV-lug xotlorin 35 kV-lug asma izolyatorlu ptlorlp pvbz edilnpsi Kklif olunur. Baxmayaraq ki, bu

todbirlorin hoy at a losgwe 4 oot mibb ol unur | | atdon sonraubm mdivirlor m ¢ °dzd¢ n ¢
dojrul dacagder .
cn rasional msplplprdon biri a-é€eq i z dug yotlsin ypd lié | 28@. .i.z200 y

naqillorio C R Horloovbz edilnos @ d i r b u hoairicd edemantprdos istifach ddildiyihdon hom
S € z oy aa | mnraEbirlok hmyerlorindbk e - i d  milproxeylr doroeodba z a | € r .

Eyni zamanda 10 kNuq pay a y Bbok@orinkmagistral prinsipiibg u d &k € | ma skapklia k e - r
ol unmukdur . dBruen kosiyl rdagistral mtqti d 0zmnf -don (al ¢ mi ni ump az ¢
xot tin b¢gtegn uzunluju boyunca eyni ol mal edeéer .

Bu da elektrik bic hi zat éa E a] @mdmbi,y L kst i s naérnaeynvrzararada | €
elektrik itkilor i ni n a oDwd noalsaécnaaq dsé r .

Doy iork itkilorin real qiynot i pboke hisos i ni n D3¢f g avi comy avn €pgiq myin
edilmosindbn as él édm@wo, dQaynd aol uorogan jelek rkiodokosikin elementrindon
keokbn onl ar enpooh € oinais € n aBus z a mathdoyn akg irl,i nb usipdyarafd 2n n °
m¢ehitin temphrawqarfualdtaor Ioawitkion i a s ¢ & & abobhokurs EBym 2a S
manda naqi Iotitobi m¢otRasihdomdb as &l édéond osh w ¢ ait rdka ttl g 10 kK
pay!| adpokolore@- okx ai ddi mhokolor ¢ nloix dba Kk mkoaon dbhuanékokey f iy
elektrotexniki materiallardan istifackdilmi k @ i r

A K a jprég ign bbokodd yi ¢ kikh geyris i mmet r i Dkgos @ i n Ipgkidyisdp k ep-bilor,
noticodof a z a | a orgegribbrayog, k p a y | a melekikik epekjiitkibr v ar t ér .

Qeyris i mmet r i kKl i yi ar adanmn gla? ¢ &lper@upda {saat Hdon 3 k |
godor ) bodoicorpysaarhl aor é h ahada ©°ind gslywmupos apanéba oaboz al ar é
y ¢niosinitoy at a kel azgmdeéer
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Simmetrikbk mnin o halda yerin yetirmbpk ol ar pdkg € fondokDiDy@ e n ot a qi
I5Adon - ox ol ur.

kobokpnin his®lorindd coroy a n | @ eénokt  pyypn otinliklorloplagpd ar d e r -¢enki |
KkDbDkDl Dr -0X b°y¢kpbpuaxnilsagldaj ag ovolfoegiona. Belbykobskdiprdm tskép i |
b a k| a rojoié elektskaererjisimol um o | u rp,corpp & mlayig@mTY 1L0/0,4kvV\n én qoy ul u
g¢écogfioy ¢ kegn proporsi onatbiggdiry |l anmasé met odu t

Doy iorkitkilori toyin etmrbk ¢ - ¢ nDHSI ul Inaera. v B d dorigimdenmn iopt i mal én
se-MLonkv gor gi nl i k1 pDbokphlag € a y @ cok U ka ocmindbn o dogigliyindbon as él éd é
B¢t ¢phu ma torti @araq ikiyepb © b determibk mi bistoxastik.

Determibk mi elumat dedikdd bir mon a | &€ v elr u rhanti Ika rnh bra rlégu ablgrik ¢
°t¢rglmd nx sayé, trams)formator|l arén sayeé v

Stoxastik ml u ma tobdokonin geyrixpt t i i K r eojndongbl i £ a maBrué difal d a
f or mal ar d a noboegnéelerdentwindmgorgntk,vbyke, oy idk i r .

Elektrik enerjishin texniki itkilor i bgas qgr upa boyliog)n,:,s § zokoi(gabit)( d

k1 i mat i k.or i¥pkodd déorbykainlépp i esip xarakerizo ol unur |, o, kthsl ri z i K
transformatorl arén dol aql ar énd a cisingpy ao la m& dtéoripitha var x
izolyatonlrakémrdaerel sk orindonwosa €z iy a@ | sman®dbgdia n s

Kbnd payl ay ebokAoringd yardnanrtexrdki itkibrin soviyyposi bsa®sn  y ¢ oy iR vii d
y ¢ ks omp (sabi litkilorindon as él e d ®bu itkilBrin dbg i @ ° he s ab a réi nt eaxkad jké
s al

al & nmas ®mwniyyoto malikdig. k
El ektrik stansiyal arénda i s tbephosegitd bo r wniefen- el e
transformatorlarda transformasiyaiour, hava wya kabel xtlori vasibsilptolbbedicibbbp ay | anér .
Elektrik xotlori, transformatorlar w digor el ektri k qumpumladi & @&ktdiujy un
bunlardanoroy a n okbkerpy a n  d a K Boy & gdavp elkkirik enerjisisor f i yar anér .

El ektri k ener joknsniond inosii idbispa mlavb xonal@siz vt blavb xorclorin
k°oyiilbhoy at a Dplkito- Hakhi al z € r ddairlorbiun tapar él masé - ohemiygptk t u al
kesb edir. ¢¢omskinj nel akesablat énér apiadoqing I1°il k ¢s ikrofmipn ierk
(cobyanwgor gi nl i k transf or mat or |Ipa.l) @asibsileHesabamayankeleldrik e r | i
enerjisini azaltmaq olar,oticodp elektrik enerjisi itkibrinin K 0 me r s ikkpabs imgir azal t maqgq |
olur T .

Nozoobal mag | azémder ki, Re s pudsihdd feaimeé z d b aledtelkd m
el ektrik enerjisi s atbagprigar lam é o | @b @ InaxoEggbalols@am da b
elektrik enerjisinin dqgiq hesablama s € m¢pdplgondbnm b i r i s a yolagbdarrkomerSiya® u n | a
texniki itkilor i n hesoabgt éanpéar da q &-én yenio @vbtiogna ol ar da
bakl anmékdeéer .

Noticodo b u e n eompki n¢j Dafmelektrik enerjisi istehsal olunurbwanacaq & f i arter
Elektrik tbc h i z aphbdyindon milpbedicibbro godor el ekt r i k okennedektijkienrerjisinibhit ¢ r ¢ |
texnoloji rfi elektrik enerjisinin texniki itkibr i a d | a n éopokploriftlb texkiki itkil tkdbn wlavp
el ektrik enerjisinin ofjurl anmame&dmmubiyimdo voosnyaranarh e s a b
kommersiya itkibi dom® vcuddur .
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Summary
ELECTRICITY LOSSES AND METHODS OF THEIR CALCULATION
Mammadov R.E.

Increasing the efficiency of power supply systems is an important task of modern power engineering. It is closely related to
the problems of power supply reliability, rational use of electric energy and improving its quality. A set of measuraeseto red
electrical energy losses in electrical networks is also of great importance. It is known that electrical energy losses depand o
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guantities as power, crasgction and length of the wire, the number of 10/0.4 kV transformer substations on the |B&tistical
processing and multiple correlatioaegression analysis of the calculation results performed in the process of simulation modeling of
distribution network loading were carried out. As a result, regression equations were obtained for dgtémiidikV networks,
depending on the amount of supplied electricity, the length oflUAV, the number of 10/0.4 kV transformer substations or the
installed capacity of 10/0.4 kV transformers.

Key words: power supply, transformer substations, overhéaegs|, transformers, electrical losses.
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ENERGETKKANI N KQTKSATKYYATI Ve KNKKKkAF TI

k °©y ¢ Bohommpd
Mingp- e v i rpt Unizefsiteti Mingb- e v i prbaycad z
mahammad.shoyubov@mdu.edu.az

X¢lpeEEsnergeti kanén iqtisamnyiayy at® & r g mrigoprind -jecpdalivpmatddnpaylamaé n  h
vDistehlaka gdor bhabedn globali gt i s amhi wyatidn komponenti dir. Enerji sektoru
vD® Ipler i n i n lomikedifmsinddos as r ol oy n argo@lobal erggimiob anh € h € h Kk & r dolarauskg bum¢, k a h i
dapbhal i ni n baarntinzaasseipthorampsiévn i rs kg ir kokdd o le & mlor®% Ink ener j i ehtiyatlparéna
pagpd ar d ér .

Enerji i nki oafi &ogéphn D emarjisi ikimi dpgdn olunan enerji onbolorinbk e - brdgpms al | ak ma v
avtomatkamideymai t eothigida.|Aerapa Bidyl va¢ e md & x i | ol maop| ak di bon oami®°d ki y
azaltmaqgwk ar bon neytral |l €] éna pfeailtkildmil nnvaegs t¢i-s¢iny a" ygaokyéul r*. eBougarujnilya vy
kimi pnonovi enerji nonbolor i gl obal ener jiokkst eptditha kkelojdtmtdog i ¢zn | e, rke rtj i f or me
k e Dkm ¢ -Dignliklor- yar adéer .

A- ar orsEPnzelr geti kaneém piaqtoil ssadiny yeanted ,j bfpmskad rl ekima& miesnstiryyal ar e,

Enerji, detbk o | ar k Diorin fbaliyyoty, n grfemmth  psag, olan br hanseninbir 0
i gti sadoswyatyemda ut ur .pboipa dlunan engrd enbol orikd® daxjl rolmagla enerji
mbnbolorinp toloh a t daionmenegis e &t owvunu yoehdtdmévacib deyilr lnt do jgtisadic
i nki esi fedin psas amilbrdon biri thaligna Qdp teknaldjildsy kK m aorko enekil
iqgtisadiyyaté kar bon emi s s bekaoji ahotdmt@miz ereeri abhbolpgno ma s €
k e - bemherjivoh | psikliyinin tomin edilnpsi kimi yeni problenirip¢, od i r .

ctraf ptos¢ihriit azal t mabtprlipy apakar t ameitij i e ksteikyt eobrlua rté r

i XxXracéndan bders &g -&¢ no |pirgmhogldog ikg ol maja davam edir. En e
phomiyyot i enerji t exnoowbogpgaskEondakéewenjl nkh inkika
enerji sistendrinin igtisadi sabitliyini wd av a ml € bygoplskmdé r mg [ 2, pqaledd endjio | . B

i qgti sadi yy agyg énunbhas ér & @d evinrs K iy ad fa rong dabeb pglebkl igiisadi
amillor i n ener jbsibazavphmrké ma t

Enerji i gt i s a doyinyeta bsésnteéndgensiyalardan biendnm@inkarbohidrogen enerji
mpbnbolorindon borpa olunan enerji ombolorinok e - # ddi roor Dgenpar Pl kbal ansénda
artérmaja - absask @lim dayri Kk ilbmg o wvoibeyd x al q e dikbofinoyprim  © h d
yetirilmpsi zoruroti ilbblagpd ar d € r . Db eok @ mkkhigtoivolo li okegtelk t ri k st ansi yal
investisiya arctildoggowmok@plkguwnr]j ul2®dr2&na ql obal i nvesti
-0X o0l ubowdkiilpnibmon d @ 0 % - wpa dlunan. nNbBorD k e - okab ekoloji vbziyyotin
yaxkeél akd éok &tmimos &neaerjiyik oment vb enerji moroliliyi kimi saholordb i k- bynia r |
yaradeot emmasel o9gi yanén inkikafé ¢-¢n yeni i mkanl ar a
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Bundan plavp, me¢asir enerji impt 1 sadeyyhat é s éndsst aebhlE b k[E

ilppblagol i b¢t orimrpgpmsoaslelsd Kk dav @b mas Eawdeér edokoers € & rn.i  "i Ajt &
b°y¢oumathar b | ok - ey n keknologiyamy enesjisrayedind foa | okildo totbig olunur o
somorDl i i yi o ni x eyl orenar diseeméirni MBui kyiemii | o kit ii maalzlaa k& drar] re
toh | osiklik soviyyps i n i ar tokrediraNbsolon kK © b i r plorse@erjid s © b k b eell &axte v
payl anmaséné pr oqghn oz | mogadananmamtoringevidametms gistembrinidon foed | | e Kk t
kokildp istifadd edirlor . B u , omojiygat xo€lzini minimuma endirroyp deyil, lom ddb tod ar ¢ k ¢ n
kosimbe ht i mal ea@ &alad deot h b amint etoyimkarr verir.  t

Enerji i gtisadiyyat ekpzgyenoindoh bigrnii siadt utsurst emnae

hasideartad émdan t ut musko np a yslt aehinnh aaslaaimmgat satplorini phab edir. Bu

sektor bkep© IDlr ¢ - ¢ n  Dim gnbngoyndewyil, hom db sosial wigtisadi sabitliyin bmin edilnosindd

psas amildir. Enerjimmiyyot i n b plbrigonps s abrg°rst mal | adeam énmbhebadha
eviorin vb ofislorin eneji il tomin edilnosinb godor. Son  onillikbrdo global igtisadiyyatda enerji
sbnayesininhomiyypt i y al neée oh alrit rdiénb kabowiik nhaais @otlmrgosi ilbpblagpd ar d é r .

Qlobal enerjitibb at € ar t ma qdbai rdbamenr-in & dkiedir. Blarflardan birbhalinin
art mas é-dewvgbdbr 2 0Y4elnsinirkohalisinin oxminon 2 milyard mfpr ar t mpawjererji v
ehtiyaclaré yaradaca] éhofok mgmog ¢ aokmimestiedienm .k iKkibhwid
vD ticamt obyektbri, elbco do nbg | i yy at infrastoobkt @anan ¢ ebgbholueesnéern g
kohorlok mon i n a roteleldrik énerjisiip toiob a t d a a phorénfrastruktuguph&linin ey at é n é
tominetnbk ¢ - ¢ n  okabhvaenemi Hiob edn sigemior tolob edir.

Beymplxalq Enerji Agentliyinin (IEA) nol u ma t | oairrkig 2020¢isldbog | o b a | enerji
toxminbn 580 exacoul (1 exacoul = 1 milyard gigacook k i | pbdi b s v e hduaogadmm 40200 3 0
artacajé pr oaqmrdzlm kHlied éér setka nmiBwokdn & li & ralbr i lek e ht i yacl
art maoRdgpd airldér ki prdbb gt idsa adioobbbindnil keanfel rajrié isst ehl akéne
Mpspipn , diHindistan n a y e orig gadernbk d ibyp i phomiyyotli migdarda enerjitibb edn
yeni yakay@ik wommpdjedrsdavam edir|

Azorbaycan bm- i ni n kar bohi dono goePny ¢e&kh tiisyt aailnl sxaarlaécnaétna € ¢ a d
biri ol magla d¢nya ener gentiink abs®eyngtkai nnegbhe;,zm e hotl i yoaytnl a:
da onu ener j ion dbXozradond red esifiPrRégs M oy u n - w Qaz dDdrlvaycanN e f t
i gt i sadi psgsagir&mbonlpyidg wp onun xarici ticaot | ni n  m pddig. Mzoribaycans neft
sektoruphobmiyyntli investisiyalar ob edir, bom- i ni n Awdigoppanégi on |Dalrpgiyi ener |
¢ - ¢ N shbmiygoto malikdir.

2020ci ildoenerji sektoru A baycanén ¢ mu+bn - xodl cholkn & n ¢ 30 % da
mph s u |l u n u noxnminpn20%ni tok k i | e t onbaykath beypl x Az g bazar | aqaa m¢ h,
todar ¢ k- psgdagt ejpi me vgeyi orikpai Astya e Xogbi regiorauisdanr Asrbpaya € n é n
-atdéer élpgnas ét ragni t hal gasé ol medden biii Azkr bna ywerniér .d ¢a
bazarpbalxk&bhn wlRusi ya mar kr ut | ar é nidldisii Ceylsae (BEQ) @dgigaz a z a |
komoridir [7, s. 129].

Lakin digor  8or kimi, Azor baycan da ©°z elondirimosinin@onliyini a¢otk i n i n
edir w borpa olunan enerji onbolor i n i i n koyok- aafl é & €& aroor Addrbaycandal dlternativ
enerfipmar aj én ar ponlags ruogpexblklpdd el ekt ri k stansi ybal ar én
i g | oraitinirkbu enerji rmnbolorindon somorpli istifadbni tok v i g  enuldvd Xpaor yCa n elordb fbal g
kokildp a r a k d é rciéldo.Azobaycribrazisind g ¢ok Dk Dk el ekt ri k stansiyal a

beyml x al miorlxbiirrloimme- sazi k i mzal anéb [3, s. 49].
Bundan b mbaygam , aerjiAsemorol i@ | i yi ni n y a xokdahla aekotbje tm&| ma s €

texnol ogi ym-l aalréak ékre.- m¥ak é | e n e mj-iosimdb A IDRABKcuU HDayddoE st r

enerji b mph almanémnibler | m  lengivg/obliédorocodd a r t € ¢ noEinglpdirnkd, uyda

karbon emissi yamil qtriesnagd iayzyaal tdéancodkgaim\doyoi hesindlor laggliexarici g i y m
Kokl ara qatriknéi nmairqtaévrianc aqdér .
Azorbaycan karbohidrogen sektorundabmiyyotli dorocodb a s €1 € ol mas émpa b axm

olunan enerjimonbolor i ni n  iomn@bifoa b byé Kk, Z&K i b uD ekiolji cohmidpnaomie enkrjig v
golocoyinintomi n ol u n nofimglbim ¢ ihs,tm cpadmd € md é r .
csas gl obal tendensiyal ardan b D iglim diya rky dkml i e mi

m¢ b g + 2z n choblor sebobindbon " y ak épnlk'e - e mathi jri. y Bu t esn d eonl sairyaagn € no
° IDkri vDK iDiDk i DIg D& PH el ekt r i k s orEamsnay enerjga pneolor K inmi i ki K
etdirmoyp vD enerji morpliliyite x n o | o g iblyicpetneyp -éanléé ktér | ar . Aci lp@ce Bi r |
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karbon neytralléejéna pdbhhi bopyadmagqg, ¢kambadrdddiadles ibd r
doyorlorb endirilmpsini nbzordp tutan bu prosesdiderlordon biri oldu [1,s. 118].

Bu nbgsodd - a t mm g osindd A K orpa olunan enerji onbolorini foa | okildoi n ki k a f et d
2020ci ildbAB-dbbor pa ol unan €ner jotoppdye@u2 %r -doibgodoa4p¥%®n 20 3
D- at ecoybh inlior g P s tol&rBi  Bigpghelbri vbk HRturbinbr i ni n qurakdeér él masé
vDenerjiypgohaotedbn t exnol ogi yal ara i nvest i o orkidvomalkyyomi m¢,
mexanizmbrini dostoklpyorok borpa olunan enerji pnbolorinin totbiginb tokan veir.

Texnol ogi y ecomgoms & Inlk aakvatdoérnmait!l| a kodvacib birohotbn ew j i Hi r .
illorddb " aj el | & "pbokeltr € K t rsi¢gkn i xbi® ry t¢, étumlatkrk kimi texnologiyalar smoroliliyi
artéermaq ¢ - ¢ n pe ioeldojisiifadosod kutnamay rad ab afkpboeDldré . e n"eArjjéil |iés't e
daha aqiq idap etmoyp, pitriycpklognomnlebedé&r mkj stvansi yal ar énén
imkan verir. Bu texnologiyalar,oeordl i | i yi D& ratrédromagen smagalag@na aaz d
°t ¢pvppayl ama zamané en e rofedr[6 6 KO3]si ni azal tmaja k°m
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Summary
ENERGY ECONOMICS AND DEVELOPMENT TRENDS
Shoyubov M.

The energy economy is the most important component of the global economy, covering all stages of the life cycle of energy

resources- from production and processing to distribution and consumption. The energy sector plays a key role in ensuring
sustainableeconomic growth, social stability and the development of countries. In recent decades, there has been an increase in
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global energy demand, which is associated with an increase in population, acceleration of urbanization and an incresese fiorthe
eneagy resources of developing countries.

Important areas of energy development are the transition to renewable energy sources such as solar and wind energy and
the introduction of new technologies such as digitalization and automation. Many countriegngnthed European Union and
China, are actively investing in "green" energy to reduce carbon emissions and achieve carbon neutrality. However, traditiona
energy sources such as coal, oil and gas dominate global energy consumption, creating challehgesafwsition to more
environmentally friendly forms of energy.

Keywords: Energy economics, renewable energy sources, carbon emissions, digitalization, energy transition.
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CONTROL OF ACTIVE PO WER FLOWS IN HETEROG ENEOUS NETWORKS USING
PHASE-SHIFT TRANSFORMERS

Balametov Eldar Elchin
NAZERCONNECTO LLC, Baku, Azerbaijan
balametov_eldar@mail.ru

Summary. This article examines the use of phabéting devicesa specialized transformenodification used to control
the power of thre@hase electrical networks. Phadefting devices consist of two transformers at the beginning of the line: an
adjustable transformer, connected parallel to the line, and a series transformer, the sedondutaypimwwhich is connected in series
with the line. Due to the winding connection scheme, the voltage vector on the series winding is directed at an angletrafe80 e
degreessliding to the phase voltage of the network. By varying the voltage serifeewinding using an adjustable transformer, it is
possible to rotate the total voltage vector at the beginning of the network and control the angle between the volthgginairige
and end of the line, altering the power flow transmitted throtighni example is given illustrating the regulation of the distribution
of active power flow between parallel lines using a ptssiting transformer.

Keywords: closedelectrical networks, heterogeneityNitrogenreversible transformers, increased thimugt, reduced
power losses.

In AC networks, the active power flows in the lines are proportional to the sine of the phase shift
angle between the voltage vectors of the electrical energy source located at the beginning of the line and the
electrical energy receiver located at the efthe line. A phasshifting transformer is a specially designed
transformer and is designed to directly control the flows of both activecantve powein three-phase AC
networks, it is designed to control the phase angle of voltage in-phese electrical networks. The
advantage of a phashifting transformer is that it can relieve the most loaded line by redistributing power
flows in an optimal manner {3].

A phaseshifting transformer consists of two separate transformers: a series transformer and a
parallel transformer. The parallel transformer has a primary winding configured as a delta, which is
necessary for organizing a thypkase voltage system wih9Gdegree shift in relation to the phase voltages,
and a secondary winding, which can be implemented as isolated phases with a grounded center tap block.
The phaseshifting transformer circuithe design of a stepp transformer is shown in Fig. 1.

The phases of the secondary winding of the parallel transformer are connected through the output of
the tap switch to the primary winding of the series transformer, which is usually implemented in a star
configuration with a grounded neutral.

The secondary witing of a series transformer, in turn, is made in the form of three isolated phases,
each connected in series to the cresstion of the corresponding line wire, related in phase so that a
component shifted in phase by 90 degrees is added to the soliage wector.
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Thus, at the output of the line, the voltage obtained is equal to the sum of the vectors of the power
source voltages and the additional vector of the quadrature component introduced by thehifilrese
transformer, that is, as a resulie fphase changes.

In the UK, phassehifting transformers began to be used as early as 1969, in France they have been
installed since 1998, in the Netherlands and Germany they began to be implemented in 2002, and in Belgium
and Kazakhstan in 2009.

The expernce of these countries shows that the use of gtaiemg transformers allows for the
efficient management of energy flows between different regions and networks, ensuring a balance between
supply and demand, and increasing the resilience of the pgstensto external and internal disturbances.
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Fig. 1. Phaseshifting stepup transformer

Global experience with phashifting transformers in the aforementioned countries clearly
demonstrates the increased efficiency of electrical grids thankeeti@y flow management using phase
shifting transformers for optimal distribution. This opens up opportunities for energy companies to improve
power supply quality and reduce operating costs.

This article examines the use of phabédting deviced a specialized transformer modification used
to monitor the power of threghase electrical networks. Phad#fting devices consist of two transformers at
the beginning of the line (at the power s@)r@an adjustable transformer, connected parallel to the line, and a
series transformer, the secondary winding of which is connected in series with the line. Due to the winding
connection scheme, the voltage vector on the series winding is directedregl@mfa90 electrical degrees
sliding to the phase voltage of the network. By varying the voltage on the series winding using the adjustable
transformer, it is possible to rotate the total voltage vector at the beginning of the network and contra the angl
between the voltages at the beginning and end of the line, altering the power flow transmitted through it.

The phase shifter affects the U0 angle and, co
The simplest phase shifter circuit consistaved transformers: parallel T1 and series T2, which create an
additional voltage vector on the line directed perpendicular to vector U1, which will lead to a change in the
ual, 02 angl es angtolt,he | ine current fr oml

The application of phasshifting transformers in global practice is discussed. These functions
include: targeted redistribution of power flows in complex closed electrical networks; increasing the capacity
of individual power system sections; limiting overloads on transmission lineseshbyt highetoltage
transmission lines; reducing active power transport losses; and improving the static and dynamic stability of
the power system.

Voltage regulation in higivoltage networks (HVL) is an effective means of improving the efficiency
of the electric power system. Typically, 52250 kV transmission lines operate in parallel with-330 kV
overhead lines in closddop circuits. In this case, the overhead lines have different active and reactive
resistances (Xi/Ri ratios). This leads towetk heterogeneity, suboptimal power flow in these circuits, and
increased losses. The impact of heterogeneity can be so significant that measures must be taken to improve
the operating conditions of such networks.

A nonruniform closed network consisting two parallel lines with resistances Z1=R1+jX1 and
Z2=R2+jX2;31=X1/R1>82=X2/R2, can be considered as an indicator ofurmiformity in closed electrical
networks.

The power transmitted by a higloltage AC transmission line depends on the voltages aiothes,
the angle of the voltage vector shift, and the total reactive impedance of the line [1]:
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Here R and Q are the active and reactive powers transmitted through the power transmission line;
Ui; U; are the voltages at the ends of the litig; the shift angle between the voltage vectorg;is<the
inductive reactance of the line.

It should be noted that for lines rated at 110 kV and below, the throughput capacity is determined
based on permissible heating conditions. For lines rated &t1%80 kV, the throughput capacity is
determined prirarily based on stability conditions. For lines rated ati 330 kV, the throughput capacity
depends on both sensitivity and heating conditions.

The throughput under heating conditions is determined by the following formula:

0 Moo "Yi 10k 3)

where U is the line voltage; | is the current that can be released as a result of heating

0 — — @)

where U is the line altage; Ib.b. is the power factor that can be released due to heatifigs ¢he power
factor.

It should be noted that existing means of increasing transmitted power only allow for the regulation
of voltage moduli, for example, Ui at the power plant, &fjdusing a reactive power compensator. In
addition to an alternative approach implemented at the design stage to solve the problem, namely,
constructing a new transmission line, implementing compensation devices, and increasing the line conductor
crosssection, another possible approach is the use of frequemttyolled alternating current transmission
line technologies (FACTS) [2].

One way to increase the active power transmitted through power lines is to stabilize the voltage
between them. A phashifting transformer (PST) is a device that changes the angle between the voltage
phases at the beginning and end of the line.

The FPT function can be implemented using one of the most modern FACTS devices. Thus, by
adding a voltagepdJk, whose angle variesdrm 0 t o 360A relative to volt
regulator.

In the literature, such a regulator is called a universal power regulator (UPR). diUtheector
forms a 90A angle with the Ul vector, then the UP

Thevector diagram of stresses is presedésitghaseshifting transformer Fig. 2.

Una AU,

Fig. 2. Vector diagram of phasghifting transformer voltages.

The use of thyristor or triac switches as power elements allows setting the required rate of change of
theapplied voltage in the load circuit and creating initial conditions when the load is turned on.

Let us consider an example illustrating the possibilities of regulating the distribution of active power
flow between parallel lines using a phase shjfte3](Fig. 3).
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Fig. 3. Distribution of active power flows between parallel lines

Let U1 = U2 =500 kV; X1 = X2 =150 Ohm, P = P1 + P2 = 350 MW.

We determine the angle of the URM in such a way that the following condition is met:

The capacity inthe 16ti ne shoul d be P1 = 0.75 A P = 0.75

The capacity in the 2nd | ine should be P2 = 0.

The POWER WORD program was used for modeling (Figure 1).

The solutions obtained by the analytical modeling method in the FOWBRD program for the
transmission of 350 MW of power are shown in the table below and in Figure 2.

Table 1
Distribution of active power flow between parallel lines

Dependence of active power| Total power at the end ofthe Power in Power in the lower voltage
transfer on the FPT angled, transmission line Rtotal, 500 kV overhead | transmission line P2, MW

deg MW power line P2,

MW

4.62 350 262.5 87.5

5.54 350 280 70

6.47 350 297.5 52.5

7.39 350 315 35

8.32 350 332.5 15.5

Thus, by placing the FPT onhdgh-voltage overhead line or by changing the angle between the
voltage phases in the FACTS, it is possible to redistribute the active power flows along this line and reduce
active power losses.

Concl uséon

1. The POWER WORD program simulates flexible colnof an overhead line.

2. It has been established that by placing a-ki@tage overhead power line (HVPL) it is possible to
increase the active power flows along the line, redistribute the flows and reduce active power losses.

3. While the FPT changeabe sliding angle discretely, FACTS devices allow it to be changed
regularly and more accurately, which ensures a high economic effect.
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intellekt texnologiyala8 kadr i darpbpet mbsi proseslbrini xeyl:i do
i mkan yarader . Onun bu sahbdbp DS as toptbig i st
pmpbpkdakl arén fpaliyybtinin monid®mrélinmgas é@ Kkadapt-aésx
proseslibrinin tokmillbokdiril mbpsidir.

Tohl ¢kbpsizlik hpor bir sahbpdbp ol duj u ki mi iqtis
ckbDsi ik m¢pssisbnin davaml é vobi ceitri.baMd a&s ifrp a
S hom maddi , hom dpop informasiya resur sl
r r Kiberh¢gcum nbpticbpsindbp mbl umat baze
r mi ImgmosBu sopdvvaedp i nfor masi ya texnol ogiy
roi geni kK «kbkildbo tbotbiq edilir. S¢ni i n
S mal ar énén qar kKés énebn iadaé nmmacs|éu mrmasskd ,parv
| I ik monitoringindbp totbiqg edilir. Séni
r barpdbop®@®xpbbordarl éqlar g°ndbprir
yyat é |l ogi sti kaséz tbsDVVY kmr stammls i nn¢dnok
iyal arséz tbosbpvvegr et mpkmagmkynl degnl pl 8o
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anbar i kinin tokkili i, Dks Iogistikanén (revier se |
X¢suUsi mmiomatalmnté vbo informasivya t 8x |l ogiyal ar é

S¢ni intell ekt texnol ogiyal arénén tDtblqi |l og
arteéereéer. Onun bu sahbpdbp bDs@8stolbur nMarbwrtut liasrtéing e
anbar idarp-ilivyi, ks |l ogi sti kanén idarop ol unma:
optimall akdérél masé vb prognozlakdeéer él masé.

Blok-eyn texnologiyalaré m¢&sipnp i goibs¥®di glymun
texnol ogiya iqgtisadi m¢énasi boptl bpri i ngil abi KDKI
tohl ¢kbpsizliyini vbD etibarl el éejéne -admihinrds$onurk:
blok-eqlnogleyxanlaréné totbiqgi nboticbpsindbp d¢gnya 0
Dl av dopyboDr yaradél acajé g°zIlpbnilir.Bu potensi al
°z¢anstus cstenl ¢kl bpri m¢ h¢e mt or-oill poiynayarradBain
pmpl i yyatl ar én kpoffafl & énén t Dmi n edi | mbpsi , mp
Contracts) aiddir. Bl ok-eyn texnol ogi yaseé vasi tor
avtomat!|l akdéveélimmséeBa mgmgawi | bl pr m¢gpyybn kKbrtloor
vD i nsan m¢gdaxil bsini mi ni muma endirir

Bu g¢negn kKuaréna -evrilmik yakeéel igtisadiyyateée
durur . Qeyd et mbiti sadrdyaki °ygréb n°vbbpti csteéenl ¢

ombk mbphsul darl éfjénén artéreéel masée;

ki rkbopt gpblirlborinin y¢kspldil mpsi;

btraf m¢ghitbp mbonfi tbpsirin azal dél masé;

-biznesin uzunm¢gddptli dayanéqgql él eéf énén tbomin e

Bu model hom ilgti Bachi dpopheimobopgi abaxémdan dava
-éxexk edir

Mbgal opdp qeyd etdi klborimdbopn belb bir not.i DyD
daxi l ol magla hbpor yeniliyi 0z;zatiDIDktsoeddnrbr vbDd
Qésa qgqeyd etdiyimiz mbplumatl ardan g°r¢ndeyé kim|
var . Biz qismbndbp olsa bu ehtiyaclarée ©°dpbpybo bild
gotsoridiyimiz ¢-¢n inkikafak edirik vp edbcbyi k.
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Summary

THE ROLE OF MODERN TECHNOLOGKES KN THE ECONOMY AND
Makhmudova N.

Modern technologies have become the main driving force behind the development of the economy and business.
Digitalization, artificial intelligence,Big Data analytics, cloud technologies, and automation optimize management processes,
increase productivity, and reduce operational costs for enterprises. These technologies accelerate the global integragts) of
expand the competitive environmemtnd create conditions for the emergence of new business models. At the same time, the
development of €ommerce and digital payment systems changes consumer behavior and contributes to the growth of economic
turnover. The application of modern technologiso plays a significant role in ensuring transparency in public administration,
accelerating information flow, and improving decisimaking mechanisms. Thus, technological innovations play a crucial role in
strengthening economic stability, ensuringtaimable development, and shaping a competitive business environment.

Keywords: economy, information technologies, artificial intelligence
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Rc Qc MSAL D¥VLc T KDARc ¢ KKYKVc ELEKTRON XKDMc TLc RKN KNKK AF MEY KLL ¢ RK

H¢mbbtova Aynur Sahibqé&é
Sumgag D°vlpt Universiteti Sumqgag, AZorbaycan
aynurhumbtov@5@gmail.com

X¢lasb. Rogpmsaltransformasiydaendensiyala#d® viot idarm-iliyind b k° ki ¢, dpyikiklikl orp sobob olur. Elektron
xidmotlorin totbigi d°viot organlagén foaliyyotinin effektivliyini ar&é&, votbndadarla m¢nasikotiori sadlpidirir vb
xidmotlorin Dl-atank hé&genkondirir. Bu arad@mada rogpomsal d°vipt idam-iliyinin  psas x¢susiyytlori, elektron
xidmotlorin inkikaf istiganotlori, onlam ictimai idametnpyp tosiri vb rbgpmsal mpdbniyyotin formalamasprosesind
rolu tohlil edilir.

A-ar zlor: elektronxidmotlor, rogpmsalidametnp, informasiyacomiyynti, d° viot modernizasiyasinnovativ
yanama

Kaformasiyatexnologiyalaéé s¢rotli inkikafévp onladn d°viot sektorunatotbigi m¢asir idametnmp
modelininyenidbn formalaxmasha sbbob olmukdur. Rogpmsal d®viot idam-iliyi yaln& elektronxidmotlorin
iklbombsi denpk deyil; bu, d°viotin stratejifpaliyyotinin tamkokild b rogpmsalmpdbniyyotp uyj unlakd@démase |,
idametnonin operatiy offaf vb votondak y°n¢ml¢, Dkdbp apadmase denpokdir. Elektron xidmotlorin psas
mpqsddi idametnp proseabrini avtomatlad@mag insanresursagde heéazaltmaqvo xidmotlorin vahid
platforma¢zorindbn fasilbsiz g° storilmpsini tomin etnokdir.

c nonovi d°vlot idam-iliyindb votondak red®viot qurumunafiziki m¢racioti zoruri hesabolunurdu
M¢raciot prosesbri hom vaxt bax@nédanuzun-okir, hom dp plavp resurstolbb edirdi. Rogpmsalidametnb
modeliisb bu -ptinlikl ori aradangaldgaraqgxidmotiorin 24 saatfasilbsiz kokildb tbgdim olunmagna imkan
verir. Elektron imza elektron identifikasiya vbD elektron sonbd dPvriyypsi bu prosesin bpsas
elementbrindondir. Votbnda eyni xidmoti gésazamarprzindd vb fiziki iktirakaehtiyacolmadanoldp edir.

Elektron xidmotlor d°vipt organlaé araghda mpolumat inteqrasiyagé g¢clondirir.  nfdfmasiya
sistembri aragndaplagp yaradmase noticosindd tokrarlanansonpd tolpblori aradangalx@ vb mblumat axéé
dahadbqiq formadahpyatake-irilir . Bu dad®vlpt resurslagagonapt olunmagha, xidmotlorin dahaardeé vb
standartlade#d@mé «okildo togqdim edilmpsinb spbob olur. Elektron xidmotlorin genkipndirilmosi hom-inin
dovlotin daxili idametnmp mexanizmbrini optimallakd@aragomoliyyat xprclorini azaldg.

Rogpmsal idametnonin mghem x¢susiyyotiorindon biri do koffaflé jh 8min edilmpsidir. Elektron
sistembrdd b¢t¢n foaliyyotiorin izlenebilir olmase korrupsiyariskiorini minimumaendirir. Hor bir elektron
pmoliyyat sistema geyd aléndé | € n xiglmpgorin icrasgdahaayda vb nbzamtolunankokild b tokkil olunur.
Bu, votondadaran d° viot organla@aolanetimadnég¢clondirir.

M¢asir d°vrdp innovativ texnologiyalar rogpmsal d°viot modelinin m¢hem torkib  hissinb
-evrilmikdir. S¢ni intellekt, b°y¢k mpolumatanalitikagvo bulud texnologiyalaéd® viot idametmpsindd totbig
edilmoyp badameda. S¢ni intellekt m¢raciotlorin avtomatik tosnifatné mpolumat analitikag xidmotlorin
optimallaxd&éd@masné pulud sistembri isD mplumat tohl¢kosizliyinin tomin olunmagné dostoklpyir. Bu
texnologiyalare-xidmpotlorin dahasbmoroli kokildp idam olunmagha imkan yarad¥ vb d°viotin rogpmsal
-evikliyini art@é.

Rogpmsal xidmotlorin inkikafé votondadaren idametno prosesim dahaaktiv gokulmasné da tbmin
edir. Elektron sof ular, ictimai roy platformalaé vb interaktiv xidmot panelbri vasipsilp votondadarén
fikirl ori nozorp alénd vb d°viot siyatinp tosir imkanlaéart. Bu isb dahademokratikvp iktirak- &lametnmp
modelininformalaxmasna spbob olur.

Elektron xidmotlorin genk totbigi ¢, -n¢d°viptin hom texniki, hom dp institusional resurslagén
ge¢clondirilmosi vacibdir.  nfrstrukturungenikiondirilmosi, tohl¢kosizlik sistembrinin qurulmag rpgomsal
kadr potensiadhé art@dmase vb normativh¢quqgi bazadn yenilbonmpsi rogpmsal d°viot strategiyaéén
m¢hem torkib hisssidir. Eyni zamandacomiyyntin rogpmsal savadéey soviyypsinin ar@@masebu modelin
effektiv hpyatake-irilmpsi ¢, - npsaskortiprdondir.
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Noticp etibarilb, rogpmsal d°viot idam-iliyi vb elektron xidmptlor m¢asir idametnp sisteminin
ayrdmaz hissinp - evrilmikdir. Elektronxidmotlorin totbigi d° viot qurumlagén foaliyyotini optimalladeé,
idametnonin somorpliliyini art@& vp votondak momnuniyyotini y¢ksoldir. Bu modelin inkikafé gol bcokdb
d°vlpt-votonda m¢nasilotiorinin daha- evik vp effektiv kokild b formalaxmasnakorait yaradacag
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3. Heeks R. Digital Governance and Public Innovation, 2020

4. JansseoMer ilent I ntegration and Transformati ono
Summary
DEVELOPMENT TRENDS OF DIGITAL GOVERNANCE AND PUBLIC E -SERVICES
Humbatova AS.

Digital transformation trends are causing profound changes in public administration. The implementation of electronic
services increases the efficiency of government agencies, simtifexactions with citizens, and expands the accessibility of
services. This study analyzes the main features of digital public administration, the directions of development of skvinasic
their impact on public governance, and their role in tlegss of forming a digital culture.

Keywords: digital governance, public services, modernization, information society, administrative reforms

tdLe sl
SILTtVARR t oy I RuRC ARAt LI LIS 4 fevrdtevlprr 1L vitolfryrrRC R
lzd3B OlIss9 O ¢ . u.

UjodzH | deyifileso 52 b OdMY stedkOydd fedosuwl € Cotjddy &5 dL kj d
ldzjHtcjded) {czjCltetsdady R bkmdkze fsorhOjls 1%WjChkdodshls! ©OBSKN e
GOy HORZOB] d ©OMhdiwjls Hishsk] dsdGdd Lz ds v | s ks & dz'd jn i) dzf)is s § 6
EsMiznOMmise j dzdetsets k§ teOo dzj dzd W, zOf t6Oo dzj dzdv wOL o dlsdw « dzj § Is te ts dzdz'
fesyj M Ystkdess Oddy yditses? SCkd k' .

sdzEyjorj Tis®sts] bkfwOsdzj dadj,, ! aiag i isHo@tcdgds g j ozbzh &zlz ¢ffj S s s te,
Jdztf SteBOYdsdedesj ©Bh jMlsots

SAHKBKARLI Q FCALKYYCcTKNKN KNKKKAFI NDA D¥VLcT
ROLUNUN QKYMcTLcNDKRKLMc SK

Qas émov abMizplg iz ¢ y
Taj eyeoNal ihd gqéz e
Sumgag DOvipt UniversitetiSu mq Ay tr bay c an
zulfiyya.gasimova@sdu.edu.az
aida.tagiyeva@sdu.edu.az

X¢ IlpaMpgalbdo sahi bkar | &ji € na-mapidplmgtki svadi yyat énéeodqgiionkedaf smh d d
Sahi bk esat éfloadi ri ci ptlox ¢ve ufsuinykysi yal ar ® umagqéwdrai | mi kdi r . Sahi b
real | ak d épurdiyi msassl éannédné o &1 lprogesd s & h i b k arpkbtlerinire mon thi q i ar dsexceeklihd®@j é bl o
ver i | mioklhdaycanAdza s ahi dvigyesrilnégnskhy ri n k n eddfioaliygta h grénssubyekir i N sayé v
y ar a diam dayor son iliorin sttistik ol u ma bslaasréeh d al t edi | mi kodliyyot.i nS athordifterehosinie q  f
zoruriliyi bs a s | a n dséarsé | f nuenklgzsfol pir \e tokanill & ,d i wsiiistiganotioritod qi q edi | mi kdi r .

A-ar ors®ali bkar | & goaliyyss & h i bskaahri Ib&ap rof tBhzjmloindseiy,a siés t edh®sval | mi kr
infrastruktur

Sahi bkar | éjpégnar ikrélsiéw abfaeactpodyitoldrdenn bi ri di r . olBiazar

Kpraitindd torpaq, kapitalpmpk kimi klassik igtisadi resurslarlg a n a Kk € , sahintbdemg h €ip q a
resur sdur . pSmthddb &traoypl ye°phémi m\ncomiyyotin sosialigtisadi oy at € n é n b¢t
salblorindb r e a | | a wrdpenoli & daligyot limil xarakterio etnrok ol ar . Sahi bkarl éqg

satborini n ki waif@ n@did rmi wkosiremh fiyuy ulpkmaseséinma o &&mi bkmr | éq
xidmotlor i ny ar agEilo g $ & ornskhsa amibirinin dlagolondirilmosi vo birlok d 1 msii | m
foaliyyoti ilptok k i | ol unan i nsd@mw¢lkdgpi.t al @énén xg¢gsusi
Sahibkarl éqg axkaj édaké skahmilbhkfagkodsgl ilePeg sefti Bkildex b i |
real | akodé uBE |l bBg atms kbhlekdaa istifaddon, oh s ul dar | € qdmfo Dokl st e me
etroyp y °oh mi maliyydtdir [5, s . 14] . S apdliyyii k lzor  big gnishbotbn q é sqa, d

26


mailto:zulfiyya.qasimova@sdu.edu.az
mailto:aida.tagiyeva@sdu.edu.az

mayyonlok di r i | mi K voamp d ui dnl t aekr avra Ya@pardilél omdl | i y w a t bbnausuéun m

Sahi bk ar |lomiyyotdmgiyasssabitliyicbmi nat - € s &€ prk i tmin lorta Snfinalaha dindmik

kokildpf or mal ak d ér maBEldikipj mk a hipklera g fir @t odi ughtyi eskatdii vdavr ané

yaradéeceée n°v¢pdoetmok ¢ q¢tnsbogi gonfamelohdrz x¢gsusiyy
Sahi bladiyydt € gi h abiglenfl € d a & € otldrigi geydseinmk y | azé mdeéer :
-s a hi b kalyyoli diskretdir;

-sahi bk ag ekna prigtt tdeyilblol mas é K

-sahi bkar i X t ok brido polcolod € i h, | enkkedir.l Br éné d

Sahibkarl éq funksiyalaréna aiddir:

-pmto ppyaxidnotlor i n i st enysian & katgont @d prawsi; vb i r |

-m¢ h ¢ orarlay ¢pbulu;

-i stehsal at dabbiginnovasi yal areéen t

-r i s kiorin®gZ’ t @sar m

Sahi bk asad mgpeh aistehsala yeni th s ul ormhvl gabaqc ébiznesire x n o |
tok ki | i ni n m¢ abig etnblf olh an@BisdDy je@iev .t Sahi oo k andligthfrindbu by e k
m pyypn ideyayans as | anér ki, bu da sahibkarl eq ideyaseée &
s ér arholoimr i n &g éadathldiirbar Sahi bkarl éq i deyaseéneéen
horokotlorininmon t 1 q i ar deé c éekil vasifbsipmke etdiobitpjk.e d a k € K
Nozorimol umat (i deyanén for mal ak ma
{I
Kdey aawéin owigoa t p r a k oviykki © - ngpsigiiosasinin giymtlondirilmosi
||
Baz ar miaviti#okwtiori nozorpa | ar a a toc d ediptetbio @dilnosi, bazarml u mat | a
il
Tos i r ovwometmok /. Dd.ani dat | a r comoliviat xerelog. imenb b ) v apar é |
1
Al @énan ohuamatr| arad n &m duv h etispmrimin eksnartl avmtléndirilnmosi

Sahib kDraﬂri ®myEedjnTgi
h
Sosial, ekoloji, kommersiyapdigor m oribbidikdbs ahi bk ar | eogr ¢ Wie y@ls 4

kbkil 1. Sahibkarl éq ideyasénén reall a

Hazér aorabapzanda sahi bkar | édgpcok i niknikki akfa f pel dgeerr.s p ©k
Sahi bkarl é@éjén inkikafeée ¢(-pnxtiavhadasmibé iedaahr $aapnaérné | hr
zoruridir. Sahibkarlar daimmy ook i nf or ma spifodigypt megnftiedts aldi bkar | €ég stru
rohborlor i péliyyot $alpsindoki doy | K iorkdaim kzibmpl i ,pyyon galmdbp edkkar ol mal édéer | a
- ¢n sahiomik sormépkpssisbraInin i xti saséné amtpiogranbda ed@ée n
doy i r mi ma s a briavp @osiphotlok moler niinn gsla y € n € pzdoori hellretmek gldarra b u v

Sahi bkar | 8fidaotiy 2 nimalbav ar d ank t a kodlrgofitg.¢Bdzai ksPamh i bk ar
subyektbr i n i rohsl w xidmotlorini reklam etnbk @ mk an | ar & ogilvoyaadrénjaérnkdaalna, r
vaxt onphlsaurldmrmeams at @k é aondreple v ge pmmf egad pl atfor may
Bu baxémdan yar mar kal atrewngt ikagriztegdistadrysamweainawsdar 1o
| azémder .

¥Ipibsahi bkarl @éj én i nki kK a bzgiglog azgitmaqg cstigamindostodbiyler r k € i
go°mokm | az é mdeéeomyiglor Kmz i @zma b d ath ma &k a r Iondifilreoe i ,gep & mrlnin i K vy
yar adel| ohangygot b F ¢ pot ensi al mevcuddur .

Azor baycan i gqtosesialdabdpgidditd®y m ckaork ¥ i &ll o b al tridxoagpdarp r o s e
ol ar aq, sk haimg K gzond@él fjménn ntor mat i v h ¢ g u gosokibh@moz a ngps ul s &
mexanizmbrinin ciddi kokildb yenicbn gurul maséna ehtivyac v aotinin @ Sahi
ganunvericiikbk ons ol i dasi yasé qekeo®rdumeanax j all u ro | pannfpaligyptiind &  t

27



deyil, habedb i gt i sadi yyopas dsa P uagksiodoniah degabbmygyenmm i mk e
maoyybn orkor i n o | Deo@istlEUN € N

Sahi b koaliyybti®@nggolocok  u J u orinafmalgyot fsatpsinin tortorofli toh | i | 1 nion d ¢ :
aparél maséndan apsligybtigind Eontorofli v a by izlgkhalril ké g o nf uspektbbnmt ¢ n a
morholpl iDkildio © yomilmpsi prosesidir [2, s.48].

Hazérodbapeanda s ah ipdykosir h eninck w r;, + @ kodooalifyyst & hgprbns t
subyektbr i n Dldileddkn & t

389133

400000 389133 366994
350000 366944
300000 346171
250000
200000
150000
100000
50000 0850 2879 750138 "% 3406 77603138 o010 3406
0
2019 2020 2021 2022 2023

m Mikro mY A oaiCyta

kKpkil2.AZ2r baycanda sahprbkanl egysubyekt]|

kokil 2-don g°r ¢ n arbakic,anda oaligybtiillp kex§ lud g ofbsasnhisssimi € n
mi kr os ahok lbik la r oeorig2028c Mp,i | slahi bkaodri eqgnsehbhyéek“4l01149 o
97%-i mikro, 2,1%i ki - i-iksport®salibkdre q smbyékt lpaymnmddoydakadel a&n
plavb dpoyorin 7653,2 milyon AZNi vb ya 46%mikro, 3200,8 milyon AZN vD ya 16%i ki -1k, 92
milyon AZN-ivbya 38%iisbor t a s ahi btrdmli eq pawykEyeak tdlg K ¢ r .

Azor baycanda sahi bkar | éfpédp d ¢ oh koizimlenipsi toeiyynsindbn x e y | i

aséleder .

Sahi bkar btétpnambonmodi® dedikad, homin foaliyypt satpsindd d © of |siyastinin
real | akdeé oédintaaygeh afb g R aolidid. By, &P wtl torofindbn s ahi bkar |l €] én
m¢nbortai Ki ny agqadild énlg, mid sabp vomistiganotlor R g ¥ msilbn dostok sistemidir.
Sahi bk a rof toeofinéon dostbid brnips | sahi bkar | ] é msapith dai dogiil lrmas €n b i
s é pdhirlori phab edir [3, s.411].

Sahi bk aro tengimlommpgdl miyyotin vbod °t li n i ct i mali mar aqgl ar én
tomin etnok, habebs a hi bk ar | éfgsdiloon nykdoemd ték yma r adt unraiqd igr- ., nSahi b
d ° ot tbnzimlonmosinin vozifolorinp aid edib bilor:

-pt r af m¢ hipdi;i n m¢hafiz

-normal nk j u | | poni edinosk;

-vbton d a K |lpgarvgsna jhl aml éJ énén qgorunmas é;

- bazardamgatoto dostok  gofllrsosi

-sahi bk esoklorepsevmi ndk i Kk af € ;

-sahi b khasrgluagrl éanr @&@snié n¢ -nmy; millaidbgiveu s i t

Sahi bk a rol tmjindonmosd vzifolorinintog d i m o | u n a rorir ki,iby, skeo@l® & | g ° st
- ¢hn depsidh i bhkaamrelil a gpeudin.® z |

Sahi bkar | é&qgnottomzirhonmogsinmib n r dsagsk af unksi yal ar é& vardér

1. Bazar pbinfgaliyyot | grtnsti t ¢ - ¢on ann ah at ymr adél masé.

2. Milli igtisadiyyatda problentr yaradan msplDiorin tonzimlbnmpsi. Bu, son bticodd sosial
m¢ dmnfi in f or mal ak mecsmigimar, t niastéenhas a |l i qltlonreosing, i basrtoPévm ésnk
denlin tarazotéri bki-kxfaegmz ag .

3. ETT-ni n nog d B osir Vb tokmillok d i msiil. m M¢vafiq obdxr agn | amg&Em
foaliyyotini sacblok d ipkvowkof f af | a kK d @€ r ma gnphsuilasatogtimadoiod i oyhoplor a mlk, m
toklifi t onzimlbmok, yeniliklor yaratmaq v totbig etk vD s.

28



4. Vergi sisteminingkmillok d i msii | m

Sahi bk arpttmiindonmosdi® v4d a mogymné -md ékmazl éql ar meydana
gal dé&r manq a wsagblénllekkdépistiganotlor i ni  ayér maq ol ar .

Kl k opap° v b otktofimdon s a hi b k a rotaignbéfoaliyytt a zgafns ik gqay dal ar
kof fafbeglRi tvl ipiai tgi-g ny &r aodyetirilme $ @ a &iioj grdtuurdar & z ©
foaliyyotini golocok illor - ¢ - ¢n pl @aplt agdére magdephihm q iYmabkcakdpézgw e r

vDy a o r bilepergpdkivabd © ot Kreditlk s i ¢ - ¢n resondirdmolidia zasé geni Kl
Sahi bk asokicarfip€in - ¢n A npragtamkha hazéerl amaq | a
strukturun wu z u n meldid i nki Kaf strategi yasémieebni zynaersa dhé | gnaarst

plagosini dd tomin etrbk | az € md € rom-[i4n i ns,. 1b7i] z n astonzim@primbsti i nniimei  hdg°qv |
tomi nat & opnrdorbzorédom!| qa- ér maq ol maz.

M ¢pssiplor i n i st e hosninl yenidntnosir voy modernbk d i msii | m¢ -Drgrin olarz
subvensipwsalbarn @n y adsiayoléiips aler bk ar | € q ontpnzimldnmosi ikimi ma | i
altlorp ¢st ¢ n | ¢ blidirvkeeditiobbrmomamt , bpd ° wlé] or t a ¢ dempag @ Mg dat fair i f |

siyasti, pdalotli vbazad pqalot i n g o r eodmbaaszéa, r émld is maiifiri digpr vasiplori dp© omli
rol oynayéronfo[bd, ag.tleOdha.cpo kg+ ¢ #ignehsswh i ealkktéln DS astt @ &smad

-Dkilbn xorclor i azal t mal &, p keyfiyyat ri éan dDtmpk ikisd inmgin atleri b opyani y m
etnolidirl or.
Belbikip, s a hi bokirmbrmbgeodiorps @ | o | u n mazifoforindodia folebdedirk € v
1. Kreditmaliyyp mexanizmbrinin, mikromaliyyon i n i nki kaf é.

2. Bolodiyypp r 0 g r a mostekibnéwosié n d

3. pbvbonun regi onl ar cohodlmxbs -as € bhndiyyi vard S ohXidaotonnin
g ° millnosi nogsdilpinformasiya si st emi niphnkakad &l. masé v

4 . B Yov Wolpdiyyp nozamtinin tok K i O H ¢gnofd uogsiorin, kfior d i sahibkarl areén
m ¢, d Bsifmiexaniznirinin totbiqi.

5. pbvbonun r egi oohvblopdéyp didmotldriCreydstrininwp ornén éi nf or ma s
Si st emini noiynakriakda&fléma s é v

Sahi bkar | &joeombtiunt knink ayf uexnaéntlérd ank ér eiad tl iak afoeodoébll ma s €
salbdbd © ot tbnzimlbnmbsi viyybsindbn as él édeéer .

¢ dobiyyat
1.Ar bayc anén boitora $tatistik nocknun.g °Bd k € 2024, 225 s.
2. Qaséemova Z. M. oiiraxXaricibidtisadi bakygptins tosib gdm larhillor . e avrl a s €

igtisadiplagolor :  m¢ a s i roperspektebr 8 K madvzuvsohxdd g Béynmm konfrans
Sung a y € tt Uriversiteti, 2526 may 2023, s.460

3. | ZOH S d R, [ . ¢. J[MtsBj dedesisd ftcOomsotsets tsBJ MY j Yd
ZOf Qo dzj degd W dn Mmtse jteh jdzMiseo s OdedwY [/ . ¢. JidzOHSC -
20190 7 12 (1 &.04)1413

4.__ jozl{I;fr]lso 1. . JOodtsy fHtejHY tedded BOISIjfdz': MiIRa-fo,1/92 @ 1 5 .
o . -21

5. tkura, . 1. ltjHftedded d&30Isj dz! MECOW HJWIS]j dz' detsfls :

4 j dzsls to 2 tsRotek 2 Is ) € RS EISMRI2 d deisdidsdeisj M § d dzd O &)
CsmMizH OteMmise j dzdzsects COL j dzdzse s Bt OL 59 Olsj dz' dzsegts bk yte
ftesC Oz { sMMd2MILO3AfHHjOYdd", 2023.

6. cCsodzjo J.[. [Od&sj fjHfttddddEOlsd mMisoas o | E&

I.f.cSsodzjo /] PAv, Ajdst iffetse djeld 4 3ddsydets? ! C 5dzts

Summary
ASSESSMENT OF THE REGULATORY ROLE OF THE STATE IN THE DEVELOPMENT
OF ENTREPRENEURIAL ACTIVITY
Gasimova Z.M., Taghiyeva A.V.

The article reveals the essenceeotrepreneurship and examines its role in the development of the country's economy.
Information is provided on the main distinctive features and functions of entrepreneurship. The need to implement are@ridlepre
idea is substantiated, and the logisafjuence of actions of entrepreneurs in this process is presented in the form of a structural
diagram. In order to determine the level of development of entrepreneurship in Azerbaijan, based on statistical daenfrom rec
years, the number of entities opng in this area and the added value created were analyzed. The need for state regulation of
business activity is substantiated, the main functions, tasks and areas of improvement are studied.
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Summary
THE ENERGY FACTORIN HI STORI CAL CONFLI CTS AND TODAY6S ENERGY SECUR
Maharramov S.G.

The thesis examines the role of the energy factor in the history of Azerbaijan and the impact of historical processes on the
formation of modern energy security issues. fraasformation of Baku into one of the global centers of the oil industry in the 19th
century, the strategic importance of oil during the First and Second World Wars, the development of the energy seStriéh the
period, and the major energy projectsnp | e ment ed after i ndependence have been key
economic course. In the 21st century, the international i
infrastructure, and the potential of renbMae ener gy are regarded as main direction
strategy. Historical experience demonstrates that energy security is crucial not only from an economic standpoint teutredsaf in
national security and geopoliticability.
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(yongar , alaka) yanma teXzokrbgyyvasdadahtgemiaki vs
potensial é oldugqca y¢ksbpkdir. Bel o ki, son tbodqgi
eneripot ensi al énén m°Pvcudlujunu tbosdiqgloboyib. Bunun i
g¢nbpk enerjisinin, 380 megqavaté bioenerjinin, 520
hazéeérda Azpmbagramjg@inbpswahlsaha&@mdanerjinin payé 17
3 bDsas enerji Kirkpbpt.i il o anl akma memaflt agébmuOwnb a
guruda, hom dbp dbonnadbpglborRi gavat!| beyigaedu i soocmiin
gi gavaténent i Maddagogrivakenén AFortescueo Kirknbpti
Power o Kirkpbpt.i isb 2,5 gigavat Aegmebjaiyciamda stoe h |
sajJl aml akdeér él maswm éb thropyaad lau nkaen- ie@mer j i i s tvexgn s a | |
gészobotbiq edil mpscinommaor deonetrytiulmnbpl prinin tod
i stifadpo Zzamaneé ptraf me¢ hitop vurul an kel I mi q
°l kpl bprindp ek dlpojpia eooamijadkhomd mbminz ( g¢ nbDK-ivkp- KXES D |
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i stehsal ol unan emBermrjpianion uh3a,n5 efnaeirdii dpraHm.] Dr i 8
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Al mani yada k¢l bk ener ji gurjularéenén istehsal e,
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fyanma qgqabiliyypbti olan sbnaye tull anteéel ar é;
imekb tbospbprr¢,fatée vbp ajac emal é& sahplborinin tul]
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imbDi KDt vD komnmuwndlanga&HhHnDlroér;i ni n
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enerjisinin istehsalénda istifadbp olunan biogaz,
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Summary
SUSTAINABLE ENERGY SOURCES OF AZERBAIJAN
Musayeva F

In this thesis, preliminary information on the use of renewable energy sources is presented. Examples of renewable energy
sources include wind energy, solar energy, and geothermal energy. In accordance with theteplectda: research reflects
information on the sustainable energy sources of Azerbaijan.

Keywords: geothermal, renewable energy, bioenergy potential
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THERMAL MANAGEMENT OF LIGHTING DEVICES

'Rakhmonov 1.U., ?Toirov M.T.
TashkenState Technical University named after Isldarimov, Tashkent, @hbekistan
ilider1987 @yandex.ru

Nowadays, the demand for LEpe lighting devices is increasing proportionally with the growth of
the population.This is due to their long service life and compliance with environmental requirements.
However, this does not mean that such lighting devices have no disadvantages. During operation, these
devices generate heat, which results in a decrease in the @fécadincy and service life of the lighting
device. Improper thermal management can lead to a reduction in LED brightness, rapid degradation of
components, and even complete failure of the entire device. This, in turn, directly necessitates thermal
managerant. The primary function of thermal management systems is to effectively dissipate excess heat
and prevent overheating of device components. Properly designed thermal management approaches not only
maintain the operational efficiency of the device bub aignificantly extend its service life. This thesis
examines the main types of thermal management technologies, their advantages and disadvantages, as well
as modern solutions.

There are two types of thermal management systems: passive and active syxikngs. Passive
cooling technologies include heat sinks, thermally conductive materials, and optimal design solutions for
their placement. The schematic diagram of the passive cooling system is presented below.

Network Power LED Radiator
; T (Ps \-.-\.1\.1_

220 V () Supply
12~ (=) lamp cooling »

Fig. 1. Schematic diagram of the passaaoling system in the thermal
management of a lighting device

In Figure 1, a schematic diagram of the thermal management system of a lighting device operating
from a 220 V network is presented. In this system, the 220 V alternating voltage of the netwarkerted
into 12 V direct current by a converter device, which supplies the specified voltage to the LED lamp, and
radiators are used in the lamp structure for cooling purposes. In particular, aluminum radiators are widely
used because they have thality to effectively dissipate heat through convection and radiation. This
process is directly referred to as passive cooling. The passive cooling system is considered a simpler and
more costeffective system scheme. However, it provides lower reliability

The active cooling system in the thermal management of a lighting device is also considered reliable.
The reason for this is that the number of devices used in this system is greater and it is more expensive in
terms of cost. In Figure 2, a schematiagram of the active cooling system in the thermal management of a
lighting device is presented. In this system, the alternating voltage obtained from the 220 V network goes to
a device that serves as the power supply for lighting devices and convewtsri?@1.2 V direct voltage, and
from there it goes to a temperature sensor installed to obtain direct information about temperature, and from
this device it goes to the microcontroller, which is one of the main control components of the process. In the
next stage, the voltage value output from the microcontroller is directly connected in parallel with the lamps
at the same time. After that, it goes to the final part of the cooling system through a fan. Active cooling
systems include fans, airflow systemesifined for heat circulation, as well as thermoelectric (Peltier)
modules. These systems provide efficient cooling under high thermal loads. Modern lighting devices are
often equipped with temperature sensors, which allows the operating mode to be aalignatjusted
depending on the LED temperature using intelligent control systems.

Cetwork | Power . Thermal . Miu:rocon-} . _
?‘.Et“ C.Jﬂ* . . {3 sensor | troller Lol Lampi Cooling
220V (=) supply ENTC/PTOY LA rduing, p Fan
12V (=) ) STM32)
L
Lamp N

Figure 2. Schematic diagram of the active cooling system in the thermal management
of a lighting device
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Such an approach not only manages heat but also increases effiergiycy. Currently, the field of
modeling, which is considered one of the modern solutions to this problem, is becoming widespread. That is,
the process of modeling heat distribution is one of the most important stages for ensuring more efficient
operaion of LED-based lamps. Fourier heat conduction equations are widely used to effectively manage the
heat generated in the chips of LED lighting devices. Using these equations, it becomes possible to determine
temperature distribution and heat flux. The tmsmmonly used software environments in thermal modeling
are ANSYS and COMSOL Multiphysics. The ANSYS software environment is based on the Finite Element
Analysis (FEA) methodology and is used to determine heat distribution in LED packages and heandinks,
through the results, it can enable optimization of convection, radiation, and heat conduction parameters. The
next multiphysics modeling environment allows simultaneous analysis of thermal, electrical, and mechanical
stresses. By modeling the real oggéng conditions of the LED module, it serves to optimize the design.

The Fourier equation in a thre@mensional, steadstate condition is defined as follows:

QYn mn

Here: k is the thermal conductivity coefficient, T is the temperature, and giist¢heal heat source,
that is, in the case of an LED, it is the power converted from electrical energy into heat.

In experiments conducted by certain researchers, LED modules equipped with various heat sinks were
tested. The temperature was measured usiagnocouples and an infrared camera. The obtained results
showed that as the temperature increases, luminous efficiency decreases. This confirms the necessity of
improving the efficiency of thermal management systems. Thermal performance can be enlyanced b
modifying heat sink geometry, using new materials with high thermal conductivity, and applying intelligent
control algorithms. Control systems based on PID and fuzzy logic monitor temperature in real time and
adjust lighting intensity accordingly.

Conclwsion: The research results indicate that effective design and optimization of thermal
management systems in LEdased lighting devices play an important role in increasing their overall energy
efficiency and extending their service life. By modeling hésgigation, identifying hot spots and managing
them effectively creates a foundation for the further development of lighting technologies. In the future, the
development of new heat sinks and thermal interface materials with high thermal conductivitytased
nanomaterials will be of significance as an innovative direction. This will increase the thermal durability of
lighting devices and provide opportunities for compact design, high performance, and environmental safety.

References

1. Baniya, B., & Lee, J(2020). Thermal management in sedithte lighting: A review of the statd-the-art
and future directions. Renewable and Sustainable Energy Reviews, 133, 110261.

2. COMSOL Inc. (2023). Modeling Thermal Management in LED Lighting Modules. Application Gallery.

3. ANSYS Inc. (2022). Thermal Simulation of LED Lighting Devices. White Paper.

4, 0O6zbekiston Respublikasi Energetika vazirliagi (
bodéyicha texnik tavsiyalar. Texnik hisobot.

5. Hamidov, M. A. (2021). Yoritish timlarida energiya tejamkorlik va termal boshqgaruv muammolari.
O6zMU I I miy axbdbflotnomasi, 2(3), 45

6. Lasance, C. J. M. (2008). Thermal management of -bB&ed systems: Some recent developments.
Journal of Thermal Analysis and Calorimetry, 92(18 1

kcHCR SAHKLLCRKNKN KNTEQRATKY PLANLAKDI RI LMASI
TEXNOLOJK YANAKMALARIN SKNTEZK

Rpohmanovc li Boxdiyar
AZxr baycan MPEmmad®©qUwi veri steti

X ¢ | pakohor sahil z o okandamhraléin sosid) bByna t r@ n ekaloji sistemingor unmasénda m¢hyg
oynay &azior Buo x f un k smpygsallbrié isfiraddt, tufizen,dogliyyat vwom¢ h g 2n vaci daml. arSéaméan
somorol i pl an| skeodoBors@rhanwamseEmatr | € g b a x éom&mtexaiki tohd egjkiik] , e hol oj i b davaml
texnol ogi y @big tpésré x u ypjaj i é d enohoMsakilleriirni ah® wridanl akdér él masépofiinteq
hoyata ke-irilir. B u ptexnolajikoihai bimaeya aptirrhoid oy sahdl zonea & momrfuriksional, bm estetik,
homdm¢ dabfax é méndan efdhakti w aoimiob@whdrn &ukhm | zonal arénén mlanl ack
texnol oji yanakmal aphélni |qg aorlkuénbhisgling ptresesskicerfyniksional bnaalsiréyerlbk d i msinil m
deyib,lom- i ni n ekol oj i t anptexniki Bhd siklgia tneitni ko | uuypsipbouedisl éungé vt

A- ar orskpherls al ma, sahil zonasé, memar !l éqgq pdurnjl lblkadréad masé, t e

36



ri K
phpor sal mai ko bsdrelnd roirn vV D di gbpr yakayecxk mbnt D
MmD S | vb idarbp olunmasé ¢(-¢n totbig edilobn
DI KDhbDr m¢ehdovnindwyp sekiodloj i | @mi $ & adir i mmz
Ssiz yakayékéné tomin etmbpyb xidmbt edir. Kk
|yyat infrastruktur u, i cti mai XK dmohalodrye
ril mpsi Ki mi psas mbobsblblbor m¢gpyybnl okdir
af me¢ hi t arasénda harmoniyanén yaradél masé
n t poEnyimi eazdrhanpdd dbu. si steml pr phal i arte
[ transformasiyalar Ki mi doyi kkbon amill b

I A a2 )
® > —®O0o —
> wn a

X x o~

|
edir.

M¢asir "
Kbpkil db b a

d dbo kbphpborsal ma yanakm«lpama "r kpmmepls i
] r
pl anl akdeérm
en
h
d

vV D bu, ur ban me¢ hi tin daha f unik
énén spombr bl i hpyata ke-iril mpsi e - 6
| kmomdanasiyalé vb tpohl ¢kbpsi z pmpbpkd

funksional , hpom dbp esteti k vbp ekol o
eyni zaman , -lcgotmisyaydpit iinn ksi cksgitaéln @h mmgh-gmydnankiegg & oe
vD ekol oj i abitliyin dbp tominindbp aparécé rola 1
dbork etmbpk ¢-¢é¢n Kbphborlbprin tarixi i nki kaf mbr hol c
Kcti mai istehsaleéen tokkili, demoagbriarfii ki ldoi n@ani kall
ol aragq «kbphborlborin tbokbkkygl tapmaséna tbsir g°stobp
igtisadi fopal i ytyaltil mi ndemnb d Kk unhlpank map X susi yybptl bpri
asénda formal akér .

M¢xtol i f regionlarda «kbpbhorlbrin | ayihbplondiri
ktorunun t ol obl pr i nbpzpbor o lail eneécxkkiklii, haux édmeé nu ma
hpomdoiqd i yyat infrastrukturu Kbhbpor sal ma sistemi.
unmasénda Dsas stratej.i amillbpbrdbon biri ki mi
rpéel omyr tvonedi gbor nbogl iyyat gurjul ar é Kbhborin
rokotliliyini tomin edir vbD m¢gxtolif yakayék zo

tbpchizat é, kanal i zasvbo at eled kedkmmu rki keanse ryjai -Sk b b Dgk
mmuni kasiya infrastrukturu kKkbphborin texniki baza
ir. Davaml é «kbhbrl bor konsepsiyasé m¢gasir ur ban
ki kafén dbpstbokl bnmbpsi vbD ekol oj i tarazl
ato edir. Bu model Kbhporl bprin m°vc
si al pdal pt prinsspshembsearshBnaqui d

Davamlé kbphorlorin tokkild. gpl bpcpbok nDsi
nakmal ar € tolpbob edir . Nbpticbp etibarilob
ti gambpt araq , daha sajl am, sosi al cohptdbn

a
e

maraql € ¢8
mpkanénda

w)
(7))

wWo ~—"DOXWnWITXOoOZO”

O O5S Q0O C U ©—q

radeéel mas Xi dmpt edi r . Bu yanakma yalneéz KD

manda pl tin uzunm¢ddod ottolmi ne keot Inoojki  nipboghsip¢dki D sdiazkl €

NpticbpD

Sahi |l zonal aréenén planlakdéréel masénda memar | éq

dayanéglée vb funksional Kbkildp inkikaféna i mkan
1Sahi l zpolnaarsléankédnér é 1l masé yalnéez estetik deyil,

baxéméndan da kompleks yanakma t bl [ .
fYalnez memarl|l ééqg baxéeké deyil, texnol oj i VD I

uzun°m¢grl ¢ vD cbmiyybpbtpbo yararl edeér.

kbbprsal ma sisteminin formalakdéreél masé vD onu

én

ol
én
an

N —<
[OREO RO RN}

kadr potensial é bpsas amillbordbon biri ikmemarl axkgegkkes
pl anlakdéer écélaré, ingamab mg¢ hiokxoohsos il snrobkrawnd ao térnafn e
funksi onal vD estetik baxémdan bal ansl & inkikafée

cdobiyyat

1. A] zopaRl. phksalma zoriyypsininbs a s | a f2@7 Bak é

2. CofbrovX.Mos kunl akma sistemimiumuimpl faond mx2065k8iBhs st r Bk k a
3. Hsonov T.-chtriasadirayel2akder ma. Bakeé

4. Hosbnov T. Korimli Y. Rayonwkohorlor i - p | an | a k2614.83%Is.ma s é . Baké

37



Summary
THE SYNTHESIS OF ARCHITECTURAL AND TECHNOLOGICAL APPROACHES IN INTEGRATIVE
PLANNING OF URBAN WATERFRONTS
RakhmanovA.B.

Urban coastal zones play an important role in the social life of the population in urban space and in the protection of the
ecological system. These areas are important for multifunctional purpaseseation, tourism, transportation and protection.
Effective planning of coastal areas is closely related not only to urban planning and architecture, but also to teelyical saf
environmental sustainability and appropriate application of technologies. In modern times, urban coastal planningostcaittied
the concept of an fAintegrative approacho. Thi s appaeatesc h, by
conditions for the coastal zone to be effective in terms of both functionality, aesthetics and protection. This artzels dozaly
mutual integration of architectural and technological approaches in the planning of urban coastal zones. Thebaad@anning
process requires not only the placement of functional areas, but also ensuring ecological balance, aesthetic compgatibility an
technical safety

Keywords: : Urban planning, coastal zone, architectural planning, technological approachestiywalevices
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INTERACTION OF ENERGY & CLIMATE SECURITY RISK WITH FINANCIAL RISK IN EU
MEMBER STATES

Ahmet kKT
Mal atya Turgut Ozal University, Malaty
ahmet.sit@ozal.edu.tr

Keywords: Energy and Climate Security Risk, Financial Risk, European Union Countries, GMM

The aim of this study is to investigate the impact of energy and climate security risks on financial risks in European Union
member states. Ehstudy covers the period 202023. The independent variable is the energy and climate security risk of the
countries; the dependent variable is the CDS premiums representing their financial risks. The GMM analysis shows thatlenergy
climate securityisks have a direct and inverse effect on the financial risks of the countries.
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The aim of this study is tmvestigate the impact of energy expenditure budgets on the sustainable development of OECD
countries. The study period is 202823. The dependent variable of the model is the growth rate of the countries, and the
independent variable is the ratio of emeexpenditures to the budget, as obtained from the World Bank. The GMM analysis shows
that the budget allocated to energy expenditures has a positive impact on sustainable growth. These results indigattéethat cou
aiming for sustainable growth showdtlocate more budget to energy
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Summary. This paper examines the application of f&witching thyristor modules for effective reactive power control in
electrical networks. The study focuses on how rapid switching;aess operation, and dynamic compensation improve power
factor, reduce insh currents, and stabilize voltage under rapidly changing load conditions. The paper highlights the advantages of
using thyristotbased PFC systems in comparison to traditional electromechanical switching devices and discusses their impact on
network relidility, operational efficiency, and overall power quality.

Keywords. Fastswitching thyristor modules, reactive power control, dynamic compensation, power factor improvement,
rapid load changes, inrush current reduction, voltage stability;czess swithing, PFC system, electrical network reliability

Introduction. In modern power distribution systems, rapid load variations, voltage instability, and
excessive reactive power flow have become critical factors affecting overall power quality. Industrial
environments with welding equipment, induction motors, presses, transformers, and automated production
lines generate highly dynamic and fluctuating loads that significantly alter the reactive power balance in the
network. Under such conditions, traditibrn@ower factor correction systems based on electromechanical
contactors are unable to provide the required speed of response, as their switching operations involve
noticeable delays and are subject to mechanical wear.

The use of fasswitching thyristor mdules introduces new technical possibilities for efficient
reactive power management. By enabling zgass switching, thyristors virtually eliminate inrush currents,
reduce voltage transients, and minimize disturbances in the electrical network. Titgitoatperate within
milliseconds allows redime compensation, ensuring stable power factor even under rapidly changing load
conditions.
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This approach not only improves the reliability of electrical systems but also reduces energy losses,
prolongs eqipment lifetime, and enhances the stability of industrial power supply infrastructures.
Consequently, dynamic compensation systems based on thyristor technology have become an increasingly
important solution in facilities where high responsiveness andspacin reactive power control are
essential. This paper examines the operating principles edvdtsthing thyristor modules, their advantages
in reactive power control, and their performance compared to conventional PFC systems. Furthermore, the
study explores effective methods for improving power quality through advanced thasted
compensation techniques.

Conventional power factor correction (PFC) units are typically built around a power factor controller
paired with capacitor banks. These capmsi are usually connected to the electrical network through
electromechanical contactors. However, because capacitors require a considerable amount of time to
discharge after being switched off, the contactors cannot be reactivated immediately; thigiteresé often
exceeds 60 seconds, which significantly limits system responsiveness.

As modern electrical loads increasingly demand instantaneous compensation, systems based on
electromechanical switches are no longer adequate. For this reas@actif@stelectronic device$
particularly thyristor module® have begun to replace traditional contactors in dynamic PFC solutions.
Unlike mechanical switches, thyristors do not experience physical wear, giving them a much longer
operational lifetime. Their @d switching capability is another key advantage: by engaging the capacitors
precisely at -ctodsieg pain, thyristor inédsles prevend the extremely high inrush currents
that mechanical contactors often produce. In some cases, these surges can reach up to 200 times the
nominal operating value.
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Fig 1. Inrush Current Transient Waveform During Capacitor Switching

Benefits of Dynamic PFC System3ynamic PFC technology provides several performance and
operational advantages:

1 It decreases reactive power flow and correspondingly reduces energy losses, even when load profiles
change rapidly.

1 It offers switching speeds of well under 20 milliseconds, enabling neaimsatompensation.

1 The mitigation of peak currents lowers the isiveent needed for electrical infrastructure such as
distribution lines, transformers, and cable assemblies.

1 It helps maintain voltage stability across the netwibrikor example, preventing voltage dips during
welding processes.

1 Flicker effects caused byuttuating loads are minimized.

1 Capacitors can be switched smoothly without generating harmful transients.

1 Both the compensation system and downstream equipment benefit from longer service life due to
stressfree operation.

Dynamic PFC is implemented acra@ssvide variety of industrial applications, including welding units,
automotive manufacturing press lines, wind power installations, crane systems, elevator drives, and large
motor startup systems. In many of these areas, thyrlséed compensation caven eliminate the need for
soft starters.

If a low-voltage capacitor is connected directly to the network without any damping, it behaves much
like a short circuit at the instant of energization. This situation is especially problematic when multiple
capaitors operate in parallel or when already charged capacitors are reconnected. Under such conditions,
extremely high inrush currents occur, potentially damaging both the capacitor bank and other equipment. For
this reason, effective damping mechanismseasential to protect power quality and prolong capacitor life.

Figure 1 illustrates an example where the inrush current reaches 157 times the ratéd aaksult
of connecting capacitors in parallel through a standard motor contactor.
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Voltage transientgenerated by sudden current peaks represent a serious challengevoitime
power systems. Such disturbances may lead to insulation degradation, flashover events, or premature
failure of electrical components. In addition, these transient phenomesra difirupt the operation of
measurement devices, automation systems, and digital control units, which are highly sensitive to rapid
variations in current and voltage.

A more effective solution is achieved by replacing mechanical contactors with thyristhries.

These semiconductor switches allow virtually unlimited switching cycles and exhibit extremely fast response
times, making them suitable for environments where load conditions fluctuate rapidly. One of the major
advantages of thyristdrased systems their ability to energize capacitors at the exact moment the current
crosses zero. Because the connection occurs at zero current, the system avoids the steep inrush peaks
typically observed with mechanical switching devices.

Once the control signal relaes the thyristor, the capacitor is energized almost instantaneously. The
current rises smoothly to its steastpte amplitude without producing the high transients normally associated
with conventional capacitor switching. As a result, no harmful oveagets or transient disturbances are
introduced into the electrical network. Figure 2 demonstrates how the capacitor current remains free of
inrush peaks when a thyristor is used.
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Fig 2. Current Waveform Analysis: Contactor Switching, Thyristor Aéross and
Nori Zero-Cross Modes

In networks affected by harmonic distortion, dynamic PFC stages must be designed with appropriate
detuning inductors to prevent excessive capacitor loading. cidmbination of thyristor switching and
harmonic protection results in a highly reliable and stable compensation system.

Dynamic PFC systems are widely used in industrial sectors where power demand fluctuates within
millisecond® for example, in steel prodtion facilities, welding systems, robotic manufacturing lines,
cranes, elevators, and large motor st@rtapplications. In such environments, fiége compensation is
essential to maintain acceptable voltage stability and power quality. Properly edesignamic PFC
significantly decreases the systembs apparent p o\
the efficiency of the power distribution network. This, in turn, lowers the capital investment required for
components such as busbaransformers, and lowoltage switchgear.

The schematic represents the operational principle of a thybatmd dynamic power factor
correction (PFC) system designed to regulate reactive power flow in aptimee electrical network under
reaktime conditons. At the top of the diagram, the three phases, L2, and L® enter the compensation
stage through protective devices that serve as the first barrier againstighitrtcurrents and abnormal
overloads in the capacitor branches. Following these piatecomponents, each phase passes through
detuning reactors, which are connected in series with the capacitor banks. These inductive elements play a
critical role in reducing the risk of harmorirduced resonance and limiting the thermal and dieledtess
on the capacitors when the network contains significant harmonic distortion.

At the center of the schematic is the thyristor switching module, which constitutes the core functional block
of the dynamic PFC system. The bidirectional thyristor pa@mbles the capacitor banks to be energized
precisely at the moment when the line current crosses zero. When the power factor controller issues a firing
signal to the gate terminal, the thyristor conducts only when the instantaneous current reaches zero
anplitude. This switching strategy eliminates the highgnitude inrush currents that are characteristic of
mechanical contactdyvased systems. As a result, the capacitor charges smoothly, without producing steep
transient phenomena, voltage spikes, or edetagnetic disturbances within the network.

The lower section of the schematic contains the capacitor banks, which provide the reactive power
compensation required to correct the displacement between voltage and current. The series combination of
the reaadr and capacitor not only shapes the impedance profile of the compensation branch but also protects
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the capacitors from harmonic overload. By ensuring soft switching and minimizing electrical stress, the
thyristorbased topology significantly extends caparc lifetime and allows the system to respond to
dynamic load variations within 120 m® performance that is essential in industrial environments such as
welding, rolling, lifting, and robotic applications.

The righthand portion of the schematic illusiea a traditional contactdrased capacitor switching
stage. In such systems, the capacitor is energized regardless of the instantaneous value of the line current or
voltage. Consequently, the switching operation frequently results in inrush currentsyricogi 1000 A to
over 3000 A, depending on the capacitor size and network impedance. These high transients accelerate
contact wear, reduce the operating life of the capacitors, and introduce harmful overvoltage peaks into the
power system. The contrasttWween this mechanical switching approach and the thwisteed method
underscores the superior dynamic performance, reliability, and-swlity benefits of modern
semiconductecontrolled PFC systems.

Taken together, the arrangement of componentthén schematic clearly demonstrates how the
integration of thyristor switching, detuned reactors, and controlled capacitor banks creates a highly
responsive and efficient reactive power compensation architecture. Such systems maintain voltage stability
unde rapidly varying loads, reduce current flow through distribution infrastructure, and substantially extend
the service life of electrical equipment across industrial installations.

The schematic provides a comprehensive representation of a thipasexddynamic power factor
correction (PFC) system and illustrates the functional interaction of its major components in regulating
reactive power flow within a thrgghase electrical network under réiahe operating conditions. The
compensation process begias the three incoming phases (L1, L2, L3) are routed thrélighrotection
devices such as fuses or circuit breakers, which constitute the first defensive layer against abnormal
operating conditions. These devices ensure the safe disconnection of thensation branch in the
presence of shedircuit currents, excessive inrush events, or capacitor failures, thereby preventing thermal
and mechanical stress from propagating into downstream components Figure 3.

Immediately following the protection stagegch phase passes throu@) detuning reactorswhich
are connected in series with the corresponding capacitor stages. These inductive elements tune the branch
impedance below critical harmonic frequencies, thus preventing resonance phenomena andgmitigatin
harmonic overloading on the capacitors. By reducing dielectric and thermal stress, the reactors significantly
enhance the lonterm stability and reliability of the compensation system in industrial networks
characterized by nonsinusoidal waveforms.

Thelower portion of the schematic contaif® capacitor banksvhich serve as the primary energy
storage elements responsible for supplying the reactive power required to improve the displacement power
factor. Depending on system requirements, these bankbenarranged in delta or star configuration. When
activated, they inject capacitive current that offsets the inductive characteristics of the load, thereby reducing
line current, stabilizing voltage levels, and relieving the stress on distribution trapsfo
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Fig 3. Comparative Switching Scheme: ThyrisBased Dynamic PFC and
Conventional Contactor PFC

At the core of the system li€4) the thyristor switching moduleomprising a bidirectional thyristor
pair that enables precise zenwss switching of the capacitor banks. When the power factor controller issues
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a gate signal, the thyristors conduct exclusively at the instant the phase current reaches zerahenmshieing
capacitor is energized without inducing higfagnitude inrush currents. This semicondutiased switching

method contrasts sharply with the transient behavior of mechanical switching devices, as it prevents the steep
voltage spikes, oscillationsand electromagnetic disturbances typically associated with capacitor
energization. The soefiwitching nature of the thyristor topology not only improves power quality but also
significantly extends the operational life of the capacitor banks, enablipgnsstimes in the range ofil0

20 msi a crucial requirement in processes such as welding, rolling, lifting, and automated manufacturing.

For comparison, the rigitand side of the schematic depi¢f a mechanical contactbased
switching stagerepresatative of traditional PFC configurations. In such systems, the capacitor is energized
irrespective of the instantaneous current magnitude, frequently leading to severe inrush currents that may
exceed 10038000 A depending on network impedance and capagitong. These uncontrolled transients
accelerate contact wear, induce premature capacitor aging, and generate harmful overvoltage disturbances
throughout the electrical system. The juxtaposition of the mechanical and thigaseat switching branches
within the schematic highlights the decisive performance advantages of semicoodottoied PFC in
terms of grid stability, equipment longevity, and dynamic responsiveness.

Taken together, the coordinated interaction of eleméhysthrough (5)demonstrates how the
integration of protective devices, detuned reactors, controlled capacitor banks, amdogerthyristor
switching forms an advanced reactive power compensation architecture capable of maintaining voltage
stability under rapidly chaging load conditions. This configuration not only minimizes the current burden
on distribution infrastructure but also enhances operational reliability and extends the service life of
electrical equipment across a wide range of industrial applications.
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FACTORS AFFECTING THE FORECAST INDICATORS OF ELECTRICITY CONSUMPTION
OF TEXTILE INDUSTRY ENTERPRISES
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Summary This study analyzes the key factors influencing the forecast indicators of electricity consumption in textile
industry enterprises. Electricity usage in textile production is multifactorial and depends on the interaction of teahnologic

operational, me&torological, organizational, and enemgye | at ed par ameter s. Based on expert
GROUPO LLC, ten primary f act or spoimtecale afterdviich theirfreliabitity caefficienta wesee s s e d
calculated. Fat or s with a reliability coefficient of K O 0.6 were d

including production volume, equipment load level, energy losses, number of interruptions, extended operating hours, indoor a
humidity, and weather temperature. A functional model describing the relationship between these factors and electricity consumption
was established to support forecasting and

efficiency improvement. The results demonstrate that accurate factor classificationatdrematical modeling are essential for
reducing energy waste, optimizing production processes, lowering operational costs, and enhancing energy management systems i
textile enterprises.

Keywords. Electricity consumption; textile industry; forecastingctors; expert evaluation; technological processes;
mathematical modeling; energy efficiency; production planning; environmental conditions; operational factors.

Introduction. When forecasting electricity consumption during technological processes of textile
enterprises, various factors simultaneously affect. Among these factors, some significantly determine energy
consumption, while others have a relatively low, indirect orettain effect. In addition, these factors are
divided into two groups in terms of their scope of influence: constant, i.e., depending on stable indicators of
the technological process, and seasonal, i.e., varying with external environmental conditsnss sea
market demand. Therefore, the actual consumption of electricity is multifactorial and complex, and it is
important to use mathematical modeling and statistical analysis methods to determine the share of each
factor. For effective and scientificallpound forecasting of electricity consumption at enterprises, it is
important to identify and group the factors affecting consumption. Based on preliminary scientific analyses,
these factors were divided into 6 main gro(fegure 1).
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Factors of

Factors of - affecting F .

Sy o < = > actors of
pr OLLbdh }Onlllnully clcgtnut:\' energy
and supply consumption
< >

Factors of i i Factors of

organizational technical and

and management operational

Fig. 1. Factors of affecting the forecast of electricity consumption

Based on the analysis of Figure 1 above, the factors affecting the forecast of electricity consumption

of textile enterprises were divided into the following six main groups:

1. Technologicahnd process factorsfactors related to product volume, type, raw material quality,
processing level, production technology, product strength and dimensions.

2. Process continuity and supply factergroduction interruptions, raw material supply, equiptne
condition, maintenance frequency, adjustment and lubrication.

3. Energy factors energy losses in networks, load imbalance, power reserve, load differences during
weekends and holidays.
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4. Meteorological (external environment) factorsveather tempetare, humidity, daily daylight
hours, changes in the external environment.

5. Organizational and management factotse level of production planning, working hours, shift
organization, personnel qualifications, level of automation, availability of aigynenagement system.

6. Technical and operational factorshe technical condition of the main and auxiliary equipment,
operational efficiency, repair modes, technological reserves.

Many factors affect the consumption of electricity in the technologacesses of textile
enterprises. These factors are of different nature, and each of them affects electricity consumption to a
different extent. It turns out that some factors have a direct and strong impact, while others have an indirect
or insignificantimpact. Taking into account all of these factors at the same time when building mathematical
models can not only complicate calculations, but also lead to excess data that negatively affects the accuracy
of the model. Therefore, when forecasting eledtriconsumption, it is important to sort factors by their
level of impact to divide them into high, medium and low impact groups.

Main part. As a preliminary stage of the study, the factors influencing electricity consumption
depending on technologicatppcesses were identified at the text]
which was the object of the study. The assessment process was organized with the participation of leading
specialists of the enterprisel0 highly qualified employees with many yeafspractical experience, as a
result of which a questionnaire was formed to identify factors influencing electricity consumption. During
the survey, experts identified 10 main factors that could affect electricity consumption and evaluated them
based on thir professional experience and practical observations. The assessment was carried out on a 10
point scale, and the degree of influence of each factor on electricity consumption was expressed in the
corresponding points (Table 1). The estimates obtainedhenbasis of this approach, as a result of
mathematical and statistical processing at the next stage, were scientifically substantiated with a reliability
coefficient (K). The reliability coefficient is determined using the following mathematical formula:

K

Kr‘e.tiabﬂity. = E 1)

Here K- is the absolute reliability of the scores given by the experts participating in the survey and is

defined as follows:
Ny
K =
Ntota.i

(2)
K,; — Since the questionnaire uses a collective expert assessment method, it is necessary to

determine the relativesliability of the scores given, which is expressed as follows::
M

Ky = %Z K, &)
The reliability coefficient of the results obtained in the course of such a-stade questionnaire
tends to K Y 1. The results of the expert assessm
Table 1

Expert assessment metbd for determining factors affecting electricity consumption in textile industry
enterprises

Number of individual experts Collective
B Factors expert
1 2 3 4 5 6 7 8 9 10 | assessment
result K
1 Volume of fabric produceq 6 5 10 | 9 7 5 8 9 9 9 0,77
2 Equipment load level 4 3 7 9 |7 10 |5 7 9 5 0,66
3 Technical condition of
equipment (weal 6 7 7 4 5 3 4 8 5 4 0,53
coefficient)
4 Loss of electricity 8 7 6 9 10 | 6 8 5 9 9 0,77
5 Number of interruptions | 9 6 8 7 6 10 | 6 9 5 8 0,74
6 Extension of working 5 8 5 7 4 6 8 5 6 4 061
hours
7 Type_ of products (fabriq 6 8 7 7 4 5 7 5 7 3 059
density)
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8 Indoor air humidity 8 9 5 6 7 4 5 7 4 6 0,61
9 Weekends 6 3 4 2 5 3 6 7 5 5 0,46
10 | Weather temperature 7 9 10 | 8 7 9 8 10 | 8 7 0,83

Taking into account thdata in Table 1 above and the results of the collective expert assessment, i.e.
the tendency of the reliability coefficient K Y 1
identified as factors that significantly affect electricity somption, and they include the following:

- F, — Volume of fabric produced\, tonna;

- F, — Equipment load levek,,,,;. %;

- F; — Loss of electricityAP,k Vt Asoat ;

- F, — Number of interruptionl, dona (marta);

- F. — Extension of working hourgsoat

- F, — Weather temperatui@ c°.

- F, — Indoor air humidity ¢, %

The functional relationship between the factors influencing the forecast of the electricity
consumption of the research object is presented in expression 4, which serves to determine the relationship
between these factors and energy consumption. Based on this relationship model, it is possible to determine
the forecast valuesf electricity, asess the degree of influence of factors, and increase the efficiency of
technological processes:

I"‘L';j"c-re?. = f(A, kipga, t, AP, N, 9, T,) (4

Conclusion. The need to choose a forecasting method for electricity consumption in textile
enterprises, including knitwear enterprises, based on the tegiwablprocess of production, and at the same
time develop forecasting models taking into account the factors affecting electricity consumption, has been
scientifically substantiated. The factors affecting electricity consumption in textile enterprises were
determined using the expert assessment method. According to it, it was found that electricity consumption in
textile enterprises is significantly affected by factors such as production volume, equipment load, number of
stops, and operating hours. This aggeh allows us to reveal internal dependencies in the production system,
reduce waste, increase energy efficiency, and digitally control production. Mathematical modeling of energy
indicators is not only of theoretical importance, but also an importahirteeal practice for increasing the
efficiency of enterprises, optimizing resource use, reducing production costs, and ensuring environmental
sustainability.
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R fIs ts y dzgi.energosovet.ru
Il bOBddyj ddyj wOmMhmdaslstdd ksOsddy"r flstj s dj ddWw

[ jyHEdOBHd &5 {1 daj bEjlsduiMEdds Ocj desmlse sds dz0 ©hdese
fls t6 © dzO d3q :
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vsOBd&dyoO 3

2010 2015 2020

ltetsdL ltetsdL o JtetsdL o

4 dzdzOw 1 tsls| dedzOW 1 tsls| dedzO W - 1 tsls

(.‘dzJQIS} E“Gtsq, deJlete} EJthsq, deJletG}]SEJthsd,

dej e d % Jteedw, % jteedw, %

[l [1s [11s
1 jdz gdw [90251 4283 4,75 | 86917 3815 439 [83117 3444 4,14
dboMmistedw | 65422 3350 5,12 | 67 050 3 466 5,17 | 66911 3191 4,77
Yjadw 62 559 4 466 7,14 | 62740 4 066 6,48 | 63271 4117 6,51
H Odzd W 35737 2 624 7,34 | 33832 1765 522 | 34194 1573 4,60
A d dzdzv dzH d | 87 720 2761 3,15 | 82490 2434 2,95 | 81869 3021 3,69
AtcOdzyd"v | 506988 | 35414 6,99 | 484 187 36 140 7,46 | 459578 35 893 7,81
| j tod3Odzad W[ 570840 [ 23973 4,20 | 553955 25 605 4,62 | 525180 26 939 5,13
Ltejydw 59 058 3782 6,40 | 57 340 4 895 8,54 | 52315 3256 6,22
]l jdzetedw | 39807 3800 9,55 | 41836 3695 8,83 | 44591 3139 7,04
R todzOdzgH d W | 27 622 2 098 7,60 | 27768 2084 7,51 | 30832 2313 7,50
R Is Odzd W 330453 | 20570 6,22 | 316 897 19 717 6,22 | 301755 17 760 5,89
CMilstsded W | 8477 1047 12,3 | 8136 697 8,57 | 8588 404 4,70
[ Ole dw 6 942 725 104 | 6914 450 6,51 | 7009 381 5,44
[ dlse O 10 316 989 9,59 | 10960 793 7,24 | 11975 951 7,94
1 dH j tedzOdg 117600 | 5633 4,79 | 114651 5 264 459 | 116491 5 059 4,34
1 5t j ¢ dw | 130100 | 9554 7,34 | 127 647 7 469 5,85 | 133180 8 909 6,69
l sdz2 " O 141275 | 11851 8,39 | 149461 10534 7,05 | 158 080 9995 6,32
]l stelslz ¢ Odf 54893 4280 7,80 | 51746 4 894 9,46 | 51551 4501 8,73
4 dzso OC d W | 25936 856 3,30 | 26737 1363 510 | 23341 1571 6,73
4 dztso j dzd W [ 13045 982 7,53 | 13758 864 6,28 | 11360 849 7,47
R Odzd W | 278160 | 27 400 9,85 | 265098 26 509 10,0 | 262 409 25 631 9,77
zojydqw 147194 | 10561 7,17 | 136 263 6 988 5,13 | 135287 10 434 7,71
z9j2yOted| 64157 4372 6,81 | 62787 4 540 7,23 | 59894 4190 7,00
] j &z C 5B to( 364395 | 26 884 7,38 | 371954 28 719 7,72 | 313760 26 323 8,39
sktydWw 202272 | 30222 14,9 | 253841 36 528 14,3 | 292070 29 126 9,97
boMistcOdzq | 236 472 | 16 381 6,93 | 234 756 14 296 6,09 | 250 020 8933 3,57
L 5o Ow ) j| 43446 3101 7,14 | 42895 2902 6,76 | 43768 2 755 6,29
s 0dzOH O 559 794 | 48 659 8,69 | 578723 33263 5,75 | 565 814 33 650 5,95
42z 0 4155366 | 260999 | 6,28 | 4150687 | 255322 | 6,5 | 4057937 | 197969 | 4,88
[ iSMdC O |263385 | 44252 16,8 | 297 107 40 640 13,6 | 334805 31633 9,45
5. ststejw | 476729 | 18034 3,78 | 524141 17 979 3,43 | 557 463 18 433 3,31
c ff tsdzd W 1102998 | 47 917 434 [ 1025301 |[41162 4,01 | 993136 44194 4,45
RMIstsy energodata.ru

] dbofmisted d, Jndd, A d dzdzv dzH d AtcOdzydd, 1 stco j

Ldzj Clstetst dzj o d d UtGJH dzv 8 Is fyw BOMdzOdzlmtso " d3 d3j IstsH s
1 JQIStGBidZJtGGdJQ o[ lStGJBdZJdZdZTSQ s. j. wWodzwe Isfpw W OC

IS
] s OB diaff v ji OmMmdsslsted d3 MtcOo dzd Is§ dz' dz" | IsOB dzd y -
Clsdyd MSdn ljtslscltc;J ] €0 2¢l¢ ejsteidh:T ce L O 2016
vsO0Bd&Zdyo 4
dtcQodzgj dzdj WOSIduimMédr f§Blsjtc! 5 1G202SIHIEZEG.OCE [ ¢

3akyn.sHeprua Feamneninng dakTUyecKue noTepu Hopsotheso Komepu eckue notepu
m sHeprua Tex.notepm

kvts kvts kvts % kvts % kvts %
2021 9220 282598 8771638 200 448 644 398 4,87% | 673205889 7,30% -224 561491 -2,44%
2020 8430 181864 8024691 120 405490 744 481% | 631658089 7,49% -226 167 344 -2,68%
2019 8978 613450 8496744 331 481869 119 5,37% | 708007 231 7,89% -226 138112 2,52%
2018 8953 873311 8 338920 597 614952 715 6,87% | 714485575 7,98% 99532 860 -1,11%
2017 8739055170 8163777 311 575277 860 6,58% | 703 059507 8,05% -127 781647 -1,46%
2016 8963 210418 8221704 720 741505 698 8,27% | 737086374 822% 4419324 0,05%

HteOodzj dedj WOSKdujMmSdn cffslsjjtdaf  rfcse 2t 7 qAddaceds [ ¢ [
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11 10k .| {JOddrl AOCIdUdMEd)| 1 OedBslsdodets Iy stsd3j teud MEdJ
1 dgj oG d| dzOW 1 dzj
kVts kVts kVts % kVts % kVts %
2021 | 10542 648 155| 8911 156 677 1631491 478| 15,48% | 1058462211 | 10,04% 573029 267 5,4%%
2020 | 10104 858 601| 8 427 708 065| 1 677 150 535| 16,60% | 1025037 138 | 10,14% 652113 398 6,430
2019 | 10056 771 364| 8 341616 874| 1715154 489| 17,05% | 1131268031 | 11,25% 583886 459 5,81%
2018 | 9831736544 | 7978805867 1852930677 18,85% | 1117088 355 | 11,36% 735842 322 7,48%
2017 | 9848611369 | 7 600048 088| 2248 563 280| 22,83% | 1128300408 | 11,46% | 1120262872 | 11,3®%
2016 | 10293 253 174| 7 824 095 646| 2 469 157 528| 23,99% | 1196923069 | 11,63% | 1272234458 | 12,36%

HicOo dzj ded s s YO (d toj ¢ d 5 dzO )

W OClkdUujimMS RO Bl g 6!

| daiedd v fhad roskduinedi1 oudsdods & 55U N,
kVts kVts kVts % kVts % kVts %

2021 | 19762 930 753| 17 682 794 877| 2 080 135 876| 10,53% | 1731668 100 | 8,76% 348467 776 1,76%
2020 | 18535040465 16 452 399 185| 2 082 641 280| 11,24% | 1656695 227 | 8,94% 425946 053 2,300
2019 | 19035384 814| 16 838 361 205| 2 197 023 608| 11,54% | 1839275261 | 9,66% 357748 347 1,880
2018 | 18 785609 856 | 16 317 726 464 | 2 467 883 392| 13,14% | 1831573930 | 9,75% 636309 462 3,3
2017 | 18 587 666 539| 15 763 825 399 | 2 823 841 140] 15,19% | 1831359914 | 9,85% 992481 225 5,3%%
2016 | 19 256 463 592| 16 045 800 366 | 3 210 663 226| 16,67% | 1934009 443 | 10,04% | 1276653782 | 6,60

RMNSBUBEYY 5’ (65 CBHO®R §6 [0 coL,jGdhn ' ¢é

' 5 Byjdtog L Ehf bt o) dduddO ¥OLkdu N d
04500 ¢) daj HEdH&O fjor Ol 8% Bl i) nOddss?

BOSC d 3Odz! de" §

\dzj Sstetst dzj tec q (.

ZOdzd udj &3 Ytej L &3f tedz"
ltojHJdz' dgr §
L dzj Slsteduj MS d-

L dzd 66 dd:

) 60CkdCO f 5Cd2ad mglsh d jylstssls j tod
L HJ M

[ fdzd

WOCIsdud MCdJ

{0

fslsjity % dgpls H sk dzy ¢ Ofj telztss?
WOSIsdud M9H3 %.f siistg edIsts datp 56 f dats
odHdzts L
Isj ndzsdztse d Yjddn ¢ d gzO

fslsjte: . sOS
slsdetsdls j dz' dzr §
mdilsd 2
220- 500 kV 0,87 1,5%
110 kV 1,27 2,0%
35 kV 2,071 4,0%
6-10 kV 4,07 6,0%
0,4 kV 6,01 8,0%
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lted { Istsds OdzOdzd s B t§ X AL oadd jrls f togflysf dz H dzw . Mistsdzr o f

IMmMdeso dzr | Hftedydde or MsCdrn lsjte! o tojedtsdzOr oL J

Vo jddyjdd folkjttdu® iY@l ©JIsdo ds?2 Bsh dzt
ZzOoctclzL € d;

4 sfpls dz2OctekzL € d o MmJ lfwnO dirfa £dedwpj daPy ton ty dedlzdey’ Istso ' -

1 Ml Bk eyl MEAR] fisdejjledtetst dzj e dd) |

4 smls d HdWW it dydoydw scfdk@o! dgftstd dzd ydz' = s Ote

stsCtOh jdzdj Gtsmizu Oemistd dOatzd] Mzsdgasa)? 5 MicOo dzj
GHOR ;

L IsmiElsmisady BGlse jlsmiseojiidzsdgB®aftc L@ Of miispytafds mw  dzO0 o
fiwejnorndj Mmjld: o -

JsMmizlsmise dj  deghejdaodQdO il ¢ B¢ ) dady ey puj dedj 30
fjteiHOUYdod BOEzPEHHhr )" o 2015 G.

[ dzv fMmdedq J dzd@ % f Slsg BR S Hftpistlzo pisfiplOdsd § MR tcOL p dlsdw
dzj 5B~ SH d @35 Apfys df'2L pdGdss o 52 ff tc vz nfislsla] 2 sy ddsz W OCIsd y,
MW ddzdL s Ols! tejLjtor | His®dz2 dgE fctiz| ey G Istie(tey (2 B Odz
Ldzj Clstetst dzj eedd, tojczdzw tcdets f tod dzd 3O Bjter 5 5 fd>
WOCItster , odzdwe h dj dzO dzdn .

l1tcj HdZOGE O] BOW fMmnaj BO  sMistetsj dzd W dBldED delif R 1 figigj IS Wshte t5 4

I | BanaHc 3neKTpuYecKon cetu n pecnybnukn |

'

| 1l BanaHcobl 3nen<Tpnqecn<oﬁ CETU 1 PETMOHOB I

!

I Il BanaHCbl 3NEeKTPUYECKOW CeTn ropoaa W panoHoB |

!

| IV BanaHCbl 3NeKTpPUYEeCKon CeTu y4acTKoB |

!

I V banaHcel TM (KTM) noTpebutens |

1

I VI BanaHc no MHOroKBapTUPHbIM AoMam |

1 OdzOdzfp 1 dzj S Istetst dgjteedd 5 ERZtotsodgvd3 dzOff oWy j dedwV o o
Mz HEE P dd3 tsBtOL tsSd3:

I OdzOdzly L dzj Slteduj MS AR ik kgR
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1 OdzOdzin of wist€jle dlIsj dz

v dzdloddgtic e j sy MSCd2 BOdZOdM S OS¢ dqdHdSC Ot Mmiss:
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AZc RBAYCAN RESPUBLKKASI NIN ELEKTRKK kcBcKcLcRKNDc ELEKTRE
Kbadhkv ¢
Elektrik enerji%a¢inpimpx Dound Dx ¢ kugniyyotl orop mal i kdir. Onu
anbarl akdérél masé megsmikygre @lrmasesjlonrdandi golrgéomt obl prl b mgqgayi
enerjisinin istehsal dan yiosti eéhloanklau q- ohxi sgsé@d @ r in¢, dbd ti chmd b s a rait d €
kbpbbokbpblbrinin m¢grpopkkbopb infrastruktura mali k ol maseé mnhaiknt.ri k
M vcud problem bununl ai shtieems al.d aEn eiksttre bkl aekn-eé&ryja sgondonr ol an qé:
itkilborp sbpbbb ol ur. Kstehsaldan istehlaka qgbpdbr ol amp mbpr hp
payl ama «kbpbbkbolbrinintéomsinsibztb#daop tekenmask@eypybni heomoer
yaranér. Son illpbrdp bu itkilbprin bphomiyybtl.i dDr bWemmldraq azal d
gal magdadeér ciBell okpkgmAz@®Qrlayon el ektrik kpbbopkbolbrindo 575, 0
normativ texniKki itkil bordon arteéq itkilbpr bak verwmiskaipr,. yDmc
88%D endiril mesali gewoi pir shen yaradél maséndan daha iqtisadi C |
m¢egstoqgilliyinin tominat-ésé olduju bir devrdbp el ekt mblkiener]
liberal bazarigtisadyat éna ke-id kbpraitindbp d°vibtloborin qgar ésénda dur al
A- &rr zémer | i bal anseé, faktiki itkilobor, texni ki itkilobor, k o
Summary
ELECTRICITY BALANCE IN THE ELECTRIC NETWORKS OF THE AZERBAIJAN REPUBLIC
Ibadov ChSh.

Electricity as a commodity has unique characteristics. Since it cannot be stored in large quantities, i.e. warehousing, the
processes of buying and selling create more difficulties than ctinemodities. The fact that electricity is delivered from production
to consumption in a very short time (tenths of a second) and the transmission and distribution networks have a cortipietxiafras
are among the main reasons why technical lossesdifiely are inevitable. The current problem does not end there. If electricity is
not metered on the short path from production to the consumer, this also leads to additional losses. Due to the impfoper use
electricity and inefficient management ofrteanission and distribution networks at the stages from production to consumption, not
only technical losses arise, but also f#technical ones, i.e. commercial. Although a lot of work has been done in recent years to
significantly reduce these losses, tls#ll remain a serious problem. Thus, in 2021, 575.0 million kWh of imbalance occurred in the
district networks of Azerishig OJSC, i.e. losses exceeding the standard technical losses. Studies show that reducisesthe teelo
level of standard techeal losses, i.e. 8.8%, is more ceffiective than introducing new production capacities. In an era when energy
security is the guarantor of the independence of countries, minimizing losses in the transmission and distributionityfisleciei
of themost important tasks facing states in connection with the transition to a liberal market economy.
Keywords: energy balance, actual losses, technical losses, commercial losses, load losses, conditionally stable losses, edimatic loss
etc.
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TERCKH OLUNAN Dj Y} N Gc RGKNLKYKMEYARINA G¥ Rc 0,4KV k Bc KcLc RN KNTELLEKTUAL
SKMMETR KZASKYASI METODOLOG KYASININ KNKK AFI
kakirov bl .F., Makl et sov A. M.

0,4 KV-d a pybnk | a koegjnlili egl e k tbokdlok i Ky a kK atwmEsenaye abyekthanin enerjibc hi zat &€ ¢-¢n @
istifadbo | unur . Y pk s g e bldgisikdekia orqior sobobindon b u pbokglor tezkez asimmetrik rejimoli - myir, bu da
faz gorginliklor i ni n poikiol imas aneaaaaé anal oddntba r & n toégsinoisthob blir. Fogpms al | ak ma v
enerjioc hi z at étinplolarydobloy y n a praitimde eolépkoleedp s | mme t r iy a m édilmpsang kée -1 badi dlad a r
csamfpyal néz ay gk} ak d éommaipbakond eny idli,n alwmi- Kk and én éx,¢ sh shomiyyptmivnezaog | ar é n
al maj a iombebbi rverexni kanén hazodralyd ramsiteeikkirddr nogliyyauvasiolseicvse Uasji &1 1 e
i stehl ak- é4 ax remedidgibagod a rua u r

A - a r porsirftelektual simmetriya, grginlik, kommutasiya, elektrik enerjisik y al ar én Knt ernet i .

Summary
DEVELOPMENT OF A METHODOLOGY FOR INTELLIGENT SYMMETRIZATION OF 0.4 KV NETWORKS
ACCORDING TO THE CRITERION OF PREFERRED NODE VOLTAGES
Shakirov ALF., Makletsov AM.

Low-voltage electric networks operating at 0.4 kV are widely used for power supply of residential, commercial and
industrial facilities. Due to the load structure and differences in constonaections, such networks often operate in an unbalanced
mode, which causes phase voltage distortions, increased losses and overheating of equipment. In the context of dagithlization
increasing demands on the quality of electricity supply, it becameesssary to switch to intelligent symmetry management in
networks. The main task is to develop a methodology that would allow not only load balancing, but also take into account the
dynamics of the network, as well as the importance of specific nodesisTégpecially important in the context of the emergence of
distributed generation, electric vehicles and "smart" consumers.

Keywords: intelligent symmetry, voltage, switching, electric power, Internet of Things.

110 KV YARI MSTANSKYALARICBICKCEIl RKNRKKK DAYANI QL1 J |
PRAKTKK TcTBKQK

Hosonl i Cahi d kahin oflu
Sumqgay @Uunivesitetil Su mqebgyean, Az
X¢lpald0o KVyar eémstansiyalar elektrik enerjisinin xdnribkmiekl
elektrik a v a d a n bbekosli adri & .xg¢ @oné@ler Zv ki mii fm¢exitekt ri k yar éméor armbs iry ali anr &
avtomati k a-ar é, i zol yat or b a.rofur ki, tsisteannfagisd rzpsaiitnoldr | Bmn € j ik i ®i sstiesr
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Summary
DURABILITY OF ELECTRICITY NETWORKS OF 110 KV SUBSTATIONS PRACTICAL APPLICATION
Hasanli J.Sh.

110 kV substations are networks of electrical equipment structurally connected to deliver electricity to end consumers.
There are various types of electrical substations, such as outgoing and incoming circuits, each equipped with its twneakecsiit
insulators, transformers, bus systems, etc., to ensure the continuous operation of the system. The power system ediisists of m
components, including distribution, transmission, and generation systems, and substations serve as essential comienents for
operation of the power system. Substations are facilities where consumers receive electricity to operate their loads,eghired
power quality can be delivered to consumers through adjustments in frequency, voltage levels, and other mettesignTof a
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110 kV electrical substation depends entirely on the requirements, such as a simple bus system or a complex bus arrangement.
Additionally, the design also depends on the application, for example, indoor substations, generating sulrstasionssidn
substations, poleype substations, outdoor substations, converter substations, and switching substations, among others.

Keywords: Substation, electricity, 110 kV, industry, voltage, equipment.
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Summary
INVESTIGATION OF THE MAGNETIC SYSTEM OF AN ELECTROMAGNETIC VIBROEXCITER
HuseynovR.A.

This paper presents a theoretical analysis ofrtagnetic system of an electromagnetic vibroexciter (EV) operating at a low
mechanical frequency. The study investigates the distribution of the magnetic field, magnetic field intensity, and toagnetic f
behavior within the device's structure. Acylindicacoor di nate system and simplified for ms
to a differential equation that corresponds to a modified Bessel equation of zero order. Boundary conditions are aphimihts d
the integral constants that define thegigtion of magnetic field intensity within the core. The findings of the study are applicable to
the design of electromagnetic systems and accurate calculation of their magnetic parameters.

Keywords: electromagnetic, vibration device, vibroexciter, magnggstem, Bessel equation, magnetic field intensity.
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INFLUENCE OF ELECTRIC ARC FURNACE OPERATION ON ELECTRICAL
NETWORK PARAMETERS

'Bobojanov M.Q., *Makhmutkhonov S.K.,
“Aliguliyeva Kh.V., “Harunov A.T.
1-Tashkent State Technical University named after Ifdanmov, Tashkent, Uzbekistan
2-Sumgayit State University, Sumgayit. Azerbaijan
mahmutkhonov.sultonkhoja.93@gmail.casim.harunov@sdu.edu.az

Summary. This paper presents the resultsegperimental studies conducted on a EBBFelectric arc furnace operated at
the ALI DA METAL TECHNOLOGYO plant. The analysis revealed ¢
waveforms, with several harmonics (2nd, 3rd, 5th, 7th) exngettie permissible limits defined by GOST 324213. The total
harmonic distortion (THD) was found to be 37.4%. The results confirm that arc furnaces are major sources of harmom@pdllutio
necessitate the application of compensation devices suiteasdnd static VAR generators.

Keywords. Electric arc furnace, harmonic analysis, power quality, THD, GOST 32043, reactive power,
electromagnetic disturbances.

In modern power systems, the issue of kogther harmonics is becoming increasingtitical. Such
distortions are primarily caused by nonlinear loads. Among the largest of these are electric arc steel melting
furnaces[1]. These furnaces introduce various negative impacts into the power grid, includingrdegh
harmonics, voltage flughtions, increased reactive power, and phase imbalances. These effects degrade
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power quality, adversely affect the operation of other consumers, and compromise the stability of the power
system. Therefore, experimentally studying the impact of electrifuaraces on the electrical network and
developing mitigation solutions is an important scientific and practica[3gsk

Electric arc furnaces represent higbwer loads characterized by the continuous ignition and
extinction of the arc and variable th&l control. This operational behavior distorts the sinusoidal waveform
of the current and voltage in the network, leading to Haiglter harmonics, voltage flicker, reactive power
increase, asymmetry, and electromagnetic interference.

Theoretically, any nalinear loa@ especially the current flowing in an arc furndcean be analyzed
using Fourier series expansion, which reveals that, in addition to the fundamental 50 Hz frequency, multiple
higherorder harmonics are presgdt. These harmonics can adverseffect other consumers, reduce power
quality, and increase energy losses. Furthermore, high harmonic currents can cause overheating in
transformers, cables, and other equipnight

Additionally, when an electric arc furnace is switched on or duringtdref each melting cycle, a
strong inrush current is generated in the power network. This leads toteshorivoltage sags and
destabilization of the system. To analyze and mitigate these impacts, it is essential to conduct experimental
research on an epating electric arc steel melting furnace in real time.

Based on the above, this research was conducted through an experimental study of the operational
processofaDSB 0 el ectric arc furnace at the melting wor
LLC enterprisé7].

Figure 1 shows the monitor of the visualization system that controls the operation of 80 DSP
furnace. From the image, it can be observed that the electrodes, which are the main components of the
electric arc furnace, are generally conedcto the secondary winding of the furnace transformer and are
moved vertically with the help of a hydraulic system.

The timedependent variations of the phase currents are continuously displayed on the monitor. The
furnace transformer is connected to gmaver grid through a reactor and an SF6 (sulfur hexafluoride) circuit
breaker.
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Fig.1. Visualization syétem of the DS® electric arc furnace

Through the Online Trend Control window, tirdependent current variation graphs for each phase
of the electric arc furnace (EAF) are presented. From the graph, it can be observed that during the melting
phasé when the furnace operates under heavydotiee phase currents reach high magnitudes and differ
significantly from each other.

For instance, at 19:34he current in the second phase (shown in green) exceeds 40 kA, while at
19:40, it is approximately 36 kA. At the same moments, the current in phase A decreases from 36 kA to
about 6 kA at 19:34, and is around 30 kA at 19:40.

The subsequent melting phaseds at 19:43, which is reflected by the sharp drop of the phase
currents to zero on the graph. After a short pause, once a new batch of scrap metal is loaded into the furnace,
the process resumes.

It is important to note that the melting current valued amelting duration depend on several
parameters, such as the type of scrap metal (iron, cast iron, etc.), its compaction level, and other related
characteristics.

During the melting process at the #fLI DA METAI
varnations in the shottircuit network of the DSBO electric arc furnace were recorded using theGAR
Circutor power quality analyzer.
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Fig. 2. Voltage variation in the shodtircuit network of the DSBO electric arc furnace

The voltage variation grapdf a single phase in this oscillogram was analyzed using Fourier series
expansion to determine the amplitudes of thedoigler harmonics contained within it.
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Fig. 2. Harmonic content and diagram of the voltage in the shiwcuit network of thdSR-30 furnace
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Fig. 2 presents the harmonic composition of the voltage in the-shnowit network of the DSRB0
electric arc furnace, shown in the form of a histogram.

As seen in the histogram, in addition to the fundamental harmonic, the 2nd, 3rath5®th, 9th,
and 10th harmonics have noticeably significant amplitudes within the voltage waveform. According to the
analysis results, the 1st harmonic represents the fundamental energy component of the signal and is taken as
100%.

Relative to it, the mplitude of the 2nd harmonic is approximately 32%, and the 3rd harmonic is
around 14%, both of which significantly distort the sinusoidal waveform.

The 5th, 7th, 8th, 9th, and 10th harmonics have amplitudes of about 9%, 6%, 8%, 5%, and 7%,
respectively, ath also negatively affect waveform quality.

The total harmonic distortion (THD) in the network was calculated to be 37.4%. The obtained results
are compared with the maximum permissible values specified in GOST-2R134tandard, as presented in
Table 1.

Table 1. Comparison of the amplitudes of higkorder harmonics generated by the DSFR0
electric arc furnace with the GOST 321442013 standard

Harmo Measured GOST 321442013
nic Order Amplitude (%) Limit (%)

2nd Harmonic 11.28% O 1%

3rd Harmonic 24.51% O5%

5th Harmonic 14.40% O 6%

7th Harmonic 8.82% O 5%

9th Harmonic 4.62% O 1.5%
THD (Total) 37.4% O 5%

The conducted experimental analyses and comparisons with the GOSTF28AB4A4tandard have

clearly demonstrated that electric arc furnaces (EAfg)ificantly and negatively impact power supply
systems as major sources of higider harmonics.
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Spectral analysis of voltage and current variations in the-shiodtit network of the DSBO0 electric
arc furnace revealed that the 2nd, 3rd, 5th, 7th, &hdharmonics significantly exceeded the standard
permissible levels. In particular, the 2nd harmonic reached 11.28% (limit: 1%), the 3rd harmonic reached
24.51% (limit: 5%), and the 5th harmonic reached 14.4% (limit: 6%), which indicates that the fojeetse
strong electromagnetic disturbances into the grid.

The total harmonic distortion (THD) was found to be 37.4%, nearly five times higher than the
allowable limit of 8% p]. Such conditions pose serious threats to power quality, including voltageidis
phase imbalance, malfunction of sensitive equipment, increased thermal losses, and overheating of
transformers.

Considering these factors, electric arc furnaces are classified among the most powerful industrial
sources of harmonic distortion. Toitigate their impact on the power supply system, it is essential to
implement modern compensation devices such as harmonic filters, reactors, and SVG (Static VAR
Generators)6-7].
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X¢l aG¢pc kabell prinin etibarl él @&f é@éné arteérmaqgq ¢-¢n bir ne

hom di zayn, hom dbp istismar vbD texniKki xi dmbpt |l o bajg¢lzégdéenr . K i
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D lvoon dg urrmebk d € r ma , aqressiv ifrat atmosfer tbobsirloborindbn
I ro garké d°z¢gml ¢ i zolyasiya se-il mpsi génegn vaci b mbs
sg¢zcl okrabel I pri, g¢c kabell eti bianl édb2igf gpPstibriaqt @s $ i,

v O

i.Cc kabell bri el ektrik en nin °tg¢r el mbpsi
agressiv m¢ghitlordbp vy emper at wam,e gk ieEmy
eér . abelin etibarl e artér magqg é - ¢én
vD texniki Xi dmpt gostoril mol
¢ phByukmet atdl gfr nkabeml nred sbpm
erji r¢l mpsinbp i mkan yaradér .
i obyektlborinin i stismar xarakteristikal
ne, dayaneg!| éepamna eb mumkubamgmeEpdane str
enerjisinin fasilbsiz vb tbohl ¢kbpsiz ©°t ¢
gestoriciloborinin optimall akdeéer éIxankis é b ¢
i stikal aréneéen etibarléléjénén v onl ar én
X¢gsusilop kabell bprin dayanégl é] éneén arte
Il orinin i sitrilsomadpén d¢i-r¢.n vaci b tbdb
i zamanda kabell bprin uzun°megrl ¢l ¢yéenegn art é
l'iyinin vb elektrik ke-iriciliyinin yaxkeél a
arén dawvelmbmp svip eltd ltarrilke enerjisinin sabit
DSiz enerji tbochizatée il b tomin olunmaséna K
G¢c kaledlelkomii k enerjisinin mbnbbopdbpn i stehl ak-
olunan izolyasiyp € kabel |l prdir. Oonl ar yé¢kspopk gborginlik, c
ol maqg ¢-é6n X¢gsusi materiall ardan hazeérl anér. Me X @
arasénda séxékderéler vD Vyarremk@ab&jiaen eglassttréedgqd et C
al ¢minium konstruksiya ol duju vb i stehsal Zaman
dorbocpbpdbp qorunma tblbob olunur. Tipik ol aragq, pas|
mm xarici diametri)as| € ol ar ad ridorluyfa dbaixri | edi ir. Boru, h o
maneb torptmbk ¢-¢n bir n°v sudaBuwi®rptng k obzo rvubs wy ap
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polad vb ya mis ola bilbr. el Ms$tsi kbloirku, t odki Igipfr & dirr
pol addan nisbpbpton zpifdir vb zpif Dzil mp g¢ceéenbp
k¢-bp k¢egncegndbp 90A pyil mpk mbpcburiyybptindbp qal degd

Kabel XxDttindpnrbiovwbiakai yerid®i ndbp - bkmbk é - én
ol unmuck kabell prdpbpn i st iaf agdmmd pal uanluan  zGorreggh Inil @ kab
xbndbopkl bordbo qurakdeéer él er . Xpndopyin dibinp €0 sm
yverl okdirilir. Kabelin ¢zbprinbop yenidbpn yumkaq tor
korpic vbp ya beton °rte¢gkdpn istifadbp edilir. Bu
yeralté kommuni kasi yahdpbpyi n pd krpismdkoddyoyrm i ayzear|Sit orma q
dorinliyi azal dél mExn xomtdéoy i ol mazmall &g ar 5 m
G¢c kabell brinin vbzi fbsi, el ektrik stansiyala é
obyekt!|l ori rdo,gpolbri riaslterhd akp él ara enerjinin -atderél
hbpyata ke-irilir.

Y¢kspk i zolyasiya vbp dayanégl el ég saybsindbp e
tomin edilir.

Su, istilik, k inmyko v iv bmaedkdopl lopjri, ameixlal br o qar K é
gorunmaqg ¢-¢6N X¢égSusi goruyucu gatlarla tbochiz ol wu

El ektri k gésagapanmal arénén vD sézmalaréeneén ¢
X¢susiyyptlorino malikdirlor.

Yerd t €, sual t é, a-€e&€q hava vbp bina daxil:@ gur akd
Se-im tptbigq sahbpsinbp vbp elektrik y¢kl pnmbpsinbp uy
orta vb y¢ksbpk gorginl ikl ol araqg totbiqg edilir.

Kabel xbtl orinin -pkilikindbp al ¢ ¢minium damarl é
torpagqda -bkilbcok 11 vbp 111 kateqoriyaleée elektri
daxilindp isbybatdtorphgnuPkoepkRdn onun i-Drisindbp
bilon qgéréntélar ol mamal édér, torpaq iKIlDri geo°ror

Agqressiv «kbraitdbop kabellbrin idtikomarzé i xdmanmé& i
séra m¢ghem faktorl ar nbozbrpbo al é@énmal édeéer . Agressi v



Y¢eékspk vbp akajé temperatur npoticbopsindbp kabeldi
zpdpol onb b m. vKi rkyoorwiozmaddblsobbnaye m¢gbDsSsi sDl Dri
ki mypbpvi ma kabell brin izolyasiya qgqaténa vbD
Mexani ki t [ gpor g¢irraldiakn, - ®wial mp | v
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A - d bell opr g¢nbpk Ke¢alar
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gestoricilobori, kabelin dayana bilbcbyi
in icazbp verilbn maksi mal ncovboyahek¢tkid
aneql éjené g%°storir.

€sagqapanma cbrboyanl aréna qgqarkeé d°zg¢ml ¢

n
k n
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é Drinin etibarl &l é&j édnuér .arBuénrlmaarq h¢p-ng nmabt
hom di zayn, hpm dbp i stismar vD texni ki XxXi dmptl b
davamlé ©°rte¢gklpr,de¢gzgen |ayi hopl bpndirmbp vb qur akdE
goruma ayep ®smpbDsSssisblbrindbp turkulara vb digbpr aqr
Kabelin hpddi ndbn arteq yeé¢klbpnmbsinin gar Késeéne
vacibdir. Bu metodl ar g¢c kabelkléprilmom dosti simlagk
somprol iliyini y¢kspldir.

dbobiyyat

E. M. Fbprhadzadbpb, M. A. Hakémov, V. A. Kbl bpnt bor ov. E
] 02 MOt 1-R., [ ow 1. U. lrBBBG L dzj Clsted

dLdzv Iststetse . v j dzv B d dzfy 2

.R. K. MDmmbpdzadpo. El
El ektron qurjular

NEFO

i stansiyal arénén el ektri
nén bsaslareé, (anl.az), (2014

W

Summary
ANALYSIS OF THE EXPLOITATION OF POWER CABLES IN AGGRESSIVE CONDITIONS
Mammadzade R.KJ amal xanova K. S., Jamaledinova U. H., A

There are several methods and techniques to increase the reliability of power cables. These are related to the choice of
materials, design, operation and maintenance. The use cfjbajity materials, arrosionresistant coatings, proper design and
installation, protection from aggressive extreme atmospheric influences, and the selection of insulation resistanthtbathiels a
aggressive substances in industrial enterprises are important issuedayf.the

Keywords: power cables, functions of power cables, aggressive conditions, reliability indicators, increasing reliability.
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LQR VE PID TABANLI KONTROL ALGORITMALARININ OWC (SALINIMLI SU KOLONU)
DALGA ENERJISI SISTEMLERINDE PERFORMANSKARK I LAKTI RMASI

"MerveKibar Al t dHakaa!, | k ®&rs &Baibay
T BuTegnik ni v e rBarsafferski,y e
] Mal atya Turgut ¥zadrKinjeersitesi, Ma |
merveakcill@gmail.corhakan.ulker@btu.edu.tasim.balbay@ozal.edu.tr

¥zeBu al ékxmada, salénéeml é& su kolonu (OWC) tipi dal ga ¢
amacéyl a Dojrusal Kuadr aKink eTgergebvl a(tPIrD)( LkQoRY)t rvoel Carlagnosrailt mal ar
anali zi s.unbDodjmaks aldéhal e getirilmik OWC model. szerinde ger
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S e referans takib
awaceil 8t e mi den maksi mum d
akK ma ané ve kontrol -abasée ile P

Anahtar Kelimeler: OWC, PID kontrol, LQR kontrol,denizdalgaenerjisi,enerjiv e r i ml i | i
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e
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Girick

Sal enéml e su kol onu ( OwWC) sistemleri, deni z
den¢gkt egr ¢l mesi nde kull anél an °nemli t e kdreg li kjeinl eg
seviyesi, sistemdeki hava sé¢tununu hareket e ge-
sistemlerinde rotor hezénen et kildi bir kekil de k
gerekliliktir.

Bu kapsamda sistem performa é né i yi |l ektirmek amacéyla -exit
Literate¢rde, °czelli kle PID kontrol yapél arénén O
[ 1] . ¥te yandan, opti mal kontr ol emberl erdie Kap ks
sistemlerinde bakaréyla uygulanmaktadeéer [ 2].

Bazé -alékmalarda ise maksimum g¢- noktasé tak
mo d e | kestiri mi [ 3] ve akek koinctirloelr¢ [i4-]i nt ebrucliahn éel
-okl u model ge-ikKine dayalée yapeéelar da denenmi kKt

Bu -al éxmada, OWC sisteminin dojrusal model i
referans rotor héeze takibi ger-ekl defierilemdkyri per

Y°ntem

OWC sistemleri, dal ga @akhkij®i yhlag eket sevity si nib
hava odasénda bimedcdarciol dwejju kKy&pélfjameol arak taneé,
hava akéeké meydana getirir. Ol ukan hava akéemé Wel
T¢rbine bajl é rotorun d°nmesi yl e fisined % nk¢tket ¢erngelréjri.,

Bu -aléekmada kull anélan OWC model i, bu fiziks
Mishra ve ar k a d H]ktl aarr &&f °émedraiind emu s al Y apgeméla € Emaa d&l ekt i r il
Dojrusal mo d el &€ z& ek 0 mtdreo Ir od dbirl en b¢y ¢kl ¢k ol ar ak
ise rotor geril i mi kull anél mékt ér . Dal ga girdisi
uygul anméxter

PIDvelLQRal go
kapsaménda ko

Pl D kontr

ol performansl|l aré karkél akt ér mal é

i d onjarl nestie), z e rentegeeedilerek, rotor h € z @efemmstakibi
r
CéSé, dojrusal hal e getiril mik S
r

\_,@THO:—x-

tasarl anméekt é Bu y°ndareandteer isd tsitle md enn KKlagmil éi |- e vi
PI'D kazahebkapéanméxkt ér .

Kontrol y a s @ & @] éekdeakki ifade edilir:

O Y 0 —KgS

PI'D algoritmasé; oransal (Kp), ol okagraKagBin)
maksi mum -ékék g¢ceéene ulakacak kKekilde se-il mi kK v
hedefl enmi ktir.

LQR kontr ol stratejisi, sistemin performans i n

Performans ok si yonu akaj éda tanémlanan formda ol up,
al @énméexkt ér :

o= [w(‘)bd((‘)) + 0"(O'YO(OI D

Burada x(t) sistemin durum vekt©or ¢, u(t) kontr
ajéerl ék matrisidir. Bu matrisl er, kararl el ek ve e
LQR kontrol yasaddegemelélféear mdua tK u=T1kKexk it )

70



Téem simeglasyonl ar zaman domeninde ger-ekl exkti
rotor hézeéené izleme bakarémée dejerlendirilmicktir.

refer asmsdaleg ekararl @ bi-imde ul aktérasakgPl &miek Kién
BulgularveT ar t &€ Kk ma

Tablo1.Referandakibia | t € komtralperforman® | - ¢t | er i
Kriter PID LOR
Maksimum a K n{%) 33.8 4.3
Yer |l sgm@)s i 235 23.5

Enerjit ¢ketimi 7.09%106. 9%1 10

kekil 16de sistem referanseénée takip eden Pl
g°steril mektedir. L QR,k ¢rke fheartaan si | sei ntyaakliipn ee ddearhkae n
ve ge-isail émeéjmlmr e g°zlemlenmiktir.
kekil 26de ise PID kontrolce¢gse yéksek genli ki
dengel. ve seéneéerl e kontrol sinyall eri cretmi ktir
ol dujunu g°stermektedir.
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k e KLiRkferandakibia | t @otorchatepgisi k e RiRkferangakibia | t & o d & geoilimc ¢
sinyalleri

250

Referans
PID
LQR

150

n
=]
S}

100

)
@
o

PID

50 LQR

=}
S}

Rotor Hizi (rad/s
Gerilim (V)
o

o
=]

-50

=]

-100

-50

s L L L L L L L L -150 L L L .
0 50 100 150 200 250 300 350 400 450 500 0 50 100 150 200 250 300 350 400 450 500

Zaman (s) Zaman (s)

k e IBiStokastikbozucuetkilera | t éotorcha z k e KiStokastibozucwetkilera | t @ nd & r ¢

tepkisi gerilim sinyalleri
Tablo2. Stokastikbozucwetkilera | t &ontlperforman® | - st | er i
Kriter PID LOR
Maksimuma K r¥4) 36.3 9.3
Yer |l sgni®si 245 27.6
Enerjit ¢ ket i mi 7.1X21 10 6.9871 10
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kekil 30t e bozucu et kiler ail nyealdian eL QdRa hlkao nk a

y a k| ak érkkoennt,r a&hkbglisgin sapmalarve d ¢ zegal @ ngermeltanBuidtai rLLQR& ni n
bozucur e d d i performansénda ¢stenl ¢jénég ortaya koymak
kekil 406te Iise PID kontrold¢¢g¢sdingazeémsiiz ¢vet img)
LQR kontrolc¢se¢e daha stabil ve enerji a-éséndan t
Sim¢glasyon sonu-1ar é, LQR kontrolc¢gseéeneégn hem
a-éséndan PI'D konvewoi mkis¢gmer gpreef damans sergilec
stokasti k bozucu etkiler alténda, PI' D kontrol cg¢ sy
dezavant aj ol uUkKtur muktur .
Sonu-1ar
B u -al ékxkmada, owcC sisteimiinni nLQR, rbéen PhPz k&ohn
karkél aktérmal & ol arak dejerlendirilmicktir. Her
Ger - ek-i dal ga kokull ar énda, LQR kontrol c¢syé¢, °z
PIDkont ol c¢se¢ne glPre ¢stenl ¢k sajl amékter. Bu neden
LQR y°nteminin Q@WQudiasntacomlla@rriln g e g¢-1 ¢ bir kxekild
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Summary
PERFORMANCE COMPARISON OF LQR AND PID BASED CONTROL ALGORITHMS IN OWC
(OSCILLATING WATER COLUMN) WAVE ENERGY SYSTEMS
Altayli M.K., I HkRalbayA.

This paper presents a comparative performance analy$tsopbrtionalintegratDerivative (PID) and Linear Quadratic
Regulator (LQR) control algorithms applied for rotor speed regulation in Oscillating Water Column (OWC) wave energy oonversio
systems. The analysis is conducted on a linearized OWC system mbeéet both control strategies are evaluated in terms of
reference tracking and energy efficiendihe main objective is to maximize energy extraction from the OWC system through
effective control. Simulation results indicate that the LQR controller achigsweerior performance compared to the PID controller,
with lower overshoot and reduced control effort.

Keywords: OWC, PID control,LQR control,waveenergy energyefficiency
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Pl iyev N.b., Hacébal ay epiyetd EM.. kirinova A.Y., B
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Summary
METHODS FOR OPTIMIZING THE ENERGY PERFORMANCE OF WIND TURBINES.
Aliyev N.A., Hacibalayev N.M.Shirinova A.Y., Bayramaliyeva E.N.

This article is dedicated to methods for optimizing the energy performance of wind power plants (WPPs), which are
devices consisting of an electric generator and blades installed on a shaft with pulleys. Thestomifue of this installation,
including the angular displacement of the blades and a protective screen, enhances its efficiency. Several methodairfgr optimi
energy performance are proposed in this project. The study will consider the applicatiateaf technologies in this field, as well
as the possibility of adapting WPPs to different climatic conditions and various terrains.

Keywords: wind energy, wind power plants, mufthase AC generator, optimization, electrical parameters;giunrator
WPP.
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A- ar brsAl-zalr s ° z exniki kompletsth g it @atq kfichson a y e awtogebevatotezlik
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b uc aq bwdcioid0’, 120, 180bucaq al t e nd abmbx ¢ $ eolioling yadiknokirlad © n d
Bununla plagod a r ol arag buxarl andeéereclédrmarnikalzekdla-nimasi
istifadd olunan SR n g ol un un ositd® vm1BP a®biibmBundanb ak ga buxar |l and
kanal | ar endirégmosindg d&idravik | presbrdon istifacb olunur. Beb presbr i n aptnéElon X
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SRi n gol unun noabkusciajuerm @th? nirdsit d rgavm i k bpysinceperpendkutyar b a g
ol ur . Bu per eomukhon ysaar]buédnsold@Rerim yetirilir. Nozordd tutulan program
psass € nda S Rbpysaa jsdoal kdea kve  h ipyir voayval ibko Kpeolheddaiiki hidrd®ied pres bir
SR xidnot  @rfr. Bununlaplagpd ar ol ar a gos ibmina 8¢ pli®0H P vb 187 vericini
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Summary
ON THE STUDY OF A SENSOR MEASURING ANGULAR DISPLACEMENT IN ROBOTIC COMPLEXES
Ahmadova T. A.,.Hajiyeva K.R

The article examines the issue of selecting the operating frequency of an angular rotational electromagnetic sensor
developed for measuring the angular displacement of an industrial robot arm.
Keywords: robotic complex, angular rotation, sensor, industriabtphutogenerator, frequency
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MALFUNCTIONS IN ELECTRIC VEHICLES AND THEIR MAIN ORIGINS
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Summary
EXISTING METHODS AND ANALYSIS OF DIAGNOSTICS OF MALFUNCTIONS OF ELECTRICAL MACHINERY
Guliyeva T.S., Hasanova U.E.

The development of effective new diagnostic methods should take into account the changes in the harmonic and spectral
components ofunctional physical processes depending on the fault. New methods should be suitable for use in determining faults
that arise in the machine under operating conditions, and should also allow for early diagnostic analysis of the tedtiticabto
the machine.

Keywords: stator, electrical machines, phase winding, induction, amplifier
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Summary
INDUCTION HEATING OF METAL USING A TRANSISTOR FREQUENCY CONVERTER
Sagyndikova A.zZh.

Frequency converters for induction heating of metal are technologies with low cost, high efficiency, low weight and
dimensions. They provide the required frequency control range for the IF frequency, the choice of the minimum npouar of
transistors, and the minimum installed power. An experimental model of a frequency converter and a power inductor ae designe
and manufactured. Experimental studies and tests of a prototype frequency converter for induction heating of metaiditiossl
have been carried out.

Keywords: frequency convertergnduction heating, transistarodule triacs,threephase rectifierinverter
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Bayrampliyeva E. N.
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Summary

MODELING OF LOADS IN THE FORM OF GENERALIZED OPERATOR EQUATIONS
Bayramaliyeva E.N.

The article addresses the determination of the transfer function typetimdard load unit used in the task of identifying
its frequency characteristics. The problem is solved using the example of modeling a mipextiwition load unit in which
induction motors constitute the predominant components. The transfer fulickiotisfor the load unit as a whole and for its motor
sectior® are considered in the form of the operator admittance of atdonninal or tweterminal network, constructed on the basis
of smallsignal equations written in rotating coordinate axes.

Keywords: typical load node, reactive power, steadgte calculation methods
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Summary
RESEARCH OF SAFETY ISSUES IN ENERGY SYSTEMS AND COMPLEXES
Safarova T.A. Taghizadeh R.A.

Currently, the use of modern means of security of energy systems and compietgséevant for the development of the
economy and society in accordance with the requirements of the time. If any malfunction or danger occurs in the process of
transmission and distribution of electricity generation, this can lead to major consequeneesesult, interruptions in energy
supply occur, which causes great damage to the economy. For this purpose, the study of the use and research of sesurity metho
energy systems is studied.

Keywords: artificial intelligence, energy system, cyberelts, risk management, reliability, sustainable energy, energy
security
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ETKBARLI LI JI NA TE¥SKIR RKDCKNL c RKN NcZcRc ALI NMAS
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X ¢ IpMsgabdome t r op ol i bhekoor e hé kt eit bribilerirvd néetrodun fagisizenerjibc h i z abmigin é n t
ar akdeér ehiomé r¥\d &idi.€FTA) modeliilpe | e k tbokdofndob a Kk pbiloa r n a s a zoboB-rmpticaoladpl orinins
tohlili vb kobokolor i n e t i bbsa edné |g#F¢bdim mzorwa | € n maosr &, netPopotiten elektrikdc h i zolaokol rinirk
eti baovijymsli @g ns artérél mes @r »-qa rekmilledréivsldih mxts ¢dmi totbiginos @ 6 | @ dipagnost
ehtiyat gida ronbolorinin istifadpsi xeyirlidir. Bu da metro g | i péy eIt & k vbokolpknin enerjioc hi zat & dwwvaml él
sor nipknitcthl sk z |1 i yi ni arteéerer.

A- ar ornsMeztlr opol i tobokosi, EET @l hvigk A end® | T (pRcipA) , g° st

Girik M¢, a sphor nogkyyat infrastrukturunda metropoliten sistemli X phoniyystikosb edir
vD bu sistenmirin fasilbsiz foaliyyot i bhorkhoy at € n € n ritmini cprorotou m@al dir.k ¢, - ¢ n
Metropolitenin baliyyotininbs as day a q | meterik hcami zbaohoRDlorvii 11 bk yestkisb ar | €
soviyyps i di r . DdEKDlEr ki tnriink ek or b aok § @ ¢ Ir @jhoaoh ¢ @siklidnn hdids edrok,
kohorin iqtisadi oy a t @ noafitos | r orogofios[l). Met r op o | | Dbekolor @ Ine knt rn io#as s mar
mpqgsodlor gpza riskbrini minimuma endirrok, fasilbsiz enerjibc hi z ®aeadéanml €7 én uzunon
tomin etnokdir. Bu npbgsodiorp - at ma q bbgkelop, h n K eétqgi bogcd diné | dogiq ohlili, gbza
risklior i ni n vaxténda akk arplsanor@i bdaroetnmobasdtarna t ea@li d/@ar @&lr mane
vacibdir [2].

Et i bar briéilbri@img todgidi, $on texniki, lom dotok k i Ibviyypdbk e mp | e k' s bpba na kK m

edir. Texni ki bbekotpénim ckamponentr @ knti i kickk gabeknpy oj i av
nasazl eéq mendarmabsistainbgr mi n  dalvlaiml & b B ppR kn#é IDvyybépriss T

risklorin idamo | un mas é ¢é gpabirltp aba @ll aynl akdéer él ma stlérin tokpkriolfii | &
vpf ° plagph a | | mfmaliyyptz rpl anl ar énén hazérl anmasé °n pl ana

Met r opol i toekoloriedb reskiotinin iid&metrosi potensialoh | plpkn vbzoi f  oD9ng t
vaxt & n dogyonimk;,d i osij dumskbr i N e ht i ma hoticoorininrgigmapttorEdirilmosi voo n |l ar € n
aradan gal der él masé ¢, Dthjigindonoipamtdirm[&,| 4]. Burayaa bme texnikia | ar €
modernbk d ip todhirlori, hom dbinsan brofindon idametn ¢, 2 todbirlor daxildir.

Butod g i mnaodqsod i, met r o p obokplbré M i enl ekt tonbilakri | mé | né gkilds®t setm| i
tohlil edilmpsi, psas riskbr i n pyyom¢ ol unomas & d avn galmeg abmasndi dger
y a n a kK ma bkld eddmpgidir. Tdgigat prosesirm pldp olunan mticolor me t r mbgkobotinint e n K

dayanéql ] én@ésxr na mitiléngilyinimmnsireedilapsinoy °oh mi Kk -perlarkit iplor t © v s |
¢-¢h baza rolunu oynayacaqgder.

Mpsoibn i n g o. WMetropoliteusistembr i m prar snirastrukturundahomiyyot | i r ol oyn
vDg ¢ oiklsor ni Ki n dak esmaoh hosikxiddoh  {préndidir [lvd bu nogspdIp metropolitenin
el e kbokdlok i ki bk yestkisb a r Ipheniygof kis bx ¢jsduisritbc hH | zeakt t érrbdiiicokb a kK v
g°mimpz nasmpnicEgnéyal néz romhbkithbyatos mg | dheny iephd mlla ci d d i

bilor . Omap, gmet r opol obokeoni reil re k & t Drikilarmih ®dqigi gp b g1 brs-tobv

risklorin idamo | u n maassé a r a eodir@on bignpb-seavhr i | mi kdir [ 3, 5].
Metropolitenbrin elektrik bc hi z at € s bDsas komponelidon ibamted ioho: @ &k ¢ mu mi

e n e migokosinirk  yog lgos g i nl i kK gadan @Imasn amsiey akdar gk nleinyir j | a

soviyypyp endirilir vbXx ¢ S U S i jpbakplor asitsilo @ a tk a r ooledtiniéomin Bcdbn k ontoAnk t K i n
ot ¢r ¢l ¢pc.hi Erad régniieznlti fya s i¢lenigplor 1 gehdratosfag tUPSrsisteonl vb batareya
gurjul aré da m° vmawlydnsasenerBmnbogindmijaslaad éq hal |l ar énda
enerjibc h i z @ me¥ropélitevibaliyyotinin toh | psikliyini tomin edir.

Met ropol i t ebokoorimih eligpt sonake wkkohor kobokplorindbn  forglpnon bir Sér
X ¢ S upHDri yak Bu sistenirdd- oyl ¢ loy ihesi m° vddwvbq at a ropetndbe nkr | i i ste
s oo doy i k ipapb dp, nietropoliten elektrik sistemi fasfl i zomplidk Vohor hansé& bir texn
dorhal arzudunmazciddi noticolorogot @ r i b br & x avfea r lmbgkbofinint ehna vial and ér ma,
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toh | osikliyi vb obyektlorin i n q akpnéatda (tumetido vD stansiyalarda) yek d i y i  gaklgim b u
sor niprdbnmpt i | i b erm g Pfodblavb enaer j i resursl| ebok@on e n ehst yamar
y ¢ Bksoviyypdba vt o mat | eozawt & idaibetn® gistembr i, @S USCADA texnol o
g e nobk) olunur.

kobokon i n et ipvywosini doyorborglirmek ¢ - ¢ ml i nfi épei@l Brdent istifadb e d i | i or . c

vaci loicilgrios t b i r i bmponn ¢t dadlir it ioni foaliyyotindo fasiolorlp noticoobnbbpn nas az | e gl 3
araseéendaobondaovwatna evda x toricig MT[B6F]). gPustpar ametr avadanl
sbviyypsini byin ethbybp imkan verir. Digr  DPnlhparametr isT n a s @lzd k¥ vbeonud opria drpa

my¢, tdi ( MT DrRi) c igsLisdi roriciloi/d a s @ d a sbekiis @ knti rni  kepmmeugabiliyyoli K |

(availability) h e s @ bnalidiknndodelbr Skt usricioPs & ti k h ene d bolhd ralma své n
oynayeér.
Met ropol it ebokoorininetbhd kstknoidka v a ndmis i i K |¢ Brig n riskil

effektiv idab ol un mas & v a c pethmbii potensiaRdh § @pknivol zoir f oD iqn vaxt én
m pyyon edilnosini, ehtimal w noticolorin - giymotlondirilmpsini vo m¢ v af i g p odlmriorin | a k t i
g ° r gsihimbmi n edi r . pbokBdrirdix tisklir k aw adanl eéql ar da texni ki
toc h i z a pbsiEnplmdan, igtismar wi ns an | a r idnpt sshwdosndon, kbm- ix robii fiplakiot!prdon,

f ° stagp vD s. hallardanomplp golp bilor. Riskiorin doyorlondirilmos i ¢-¢é¢n FMEA (Fail u
Effects Analysis- Knt i néaml® &r vp noticolorinin tohlili) vbo FTA (Fault Tree Analysis Sphviora | a ¢ €
toh | i | i) Ki mi me t o edilirg8]. Raskiorin ¢ elo®mosi isH 8 g wlitftEnd @ rk° orihin

ehtimal wtos | r  opdlopgontetsay el ér .

M¢asir t e x nothigiorigki iglamdtnasini@ reffektivliyini phomiyyotli dorocodp ar t. ér &
Avtomat | akdeéer é@mondoking disteatlg h 0 s 6 i, k @iri venlonler| |aenkat! i wsiiilk a s &
potensi al Ikinaghalxdd &gk amr | ainér [ 9 bri.vasiBs{IbASD Aoboks real tvaxim |
rejimindd izlpnilir vb f © nlagp voziyyotlorp operativ reaksiyi® r veroylamak madlar metr
kobokplorinin -~ fasilbsizliyini vD sor n i pini o | osikliyini tbmin - edn psas  texnoloji  dstok
mexanizmbridir.

Todgigat mticosindd m Dyybn ol unmukdur ki, phbekblor O po hi teetni bal
soviyybs i ni mldimog ks ¢ - ¢n  t ex ni k bmadi yeaibhraosi,| peegehtia texniki xidmy, t
pr oqr a noknallokédni émsiivbpne r s o n@mhl aézné rpl eék] € nm@undir.aBundadnotad,| ehtigas €  z
enerji sistentrinin g¢, orldirilmosi vb risk idametno sistembrininrogpms a |l | a kK d € méldnuma s & t ° v ¢

FTA modeli sad bir sistemin rontigi olagolorini sbhvior a | a ¢ ésilbifads eédit [10]. Modelpn
arzuolunmaz hadisbon bak | ay ér , s obob blanosasreleplsiped zd aérj aél néaqorsdigom s e s |
yetirir vD sistemin nontigi strukturunu shvlor a | a okiendokg ° s § r . Bu vy a pmtuitmdir, vi z u.
dart e yar é msiin&leksik enerjsianetoraun | @ k tbokosindp deyikon vb sabit mroyanlar
f o r maistiéadb ddilir [11]. Bdp enerji sistemims t r ukt ur na wadad rkldé g -woifdiri d i -
Bunabdg©° ret i bhidimdbn@wpEststentin strukturunu satbk d ipk zonuridir.

Sistenp tosir edn tezlik v z amanén Dyai skidikii @mopo d | ar aq, metr ont
yar émst ansi ypcahsiéznaétne esnbearij&it uim ué df wir &@cewiétl ab r & adk esrcso)i
birlok di r i ci a - ar Ip&abelbf Kimi komponentht \adiosils n ¢, wif saholorb b © b pilkor
[12] pAMemndo Line 90 adlanan bir pdalrdd g¢°osyialrn@inmsdiarr
Yuxar édan akajéya doj r u, orlmnkanmponentrdon ikaibtdirs t r ukt ur u ack

- giriogi; hi ss

- 33kV gxginliklidoyikoncoroy an  Kiin si st em

- akabprgi @l iorkd iir idcizose(siepdownlreéctlfiaation zone);

- 1500 V grginlikli sabitaroy an Ki n sbsist emi nin sah

- monbodon golbnsolws a] i d edloesalie r é c € X
rels rekuperasiya sasi.

Gi r i m®si endrjisbe h i zotihpéaiddicr vo bu nbgabdbo dar t € yar émstansi ya:
giymotlpndirilmps i apar el dé&jnzopg + € n rdd Kb, réldErekgperasiya sehi ni n nasaz
¢ mu mi si st embpbni reajpbdar ¢ 1€ m& § € jho@ibinpzorpa h & Ir molildRearletronun
dart e yar émst ansiohlii ¥y giy@notlondgimbsib galarl Eompoifeain € g - pgata h
k e - ioidir. | m

Darté yar émsit baogi°gsiths &xenmgnb elkekt ri k strAyBwvouM | ar é
zonal ar én a dixgtlorlev earr ialgAiB¥oidtz o n al ar ekllenrmon @aj @qic diomqgr aml
kokil 2 vbkokil 3-dotog di m ol unmukdur .

\
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T Al zonmsas&sn da aidda’ndaé qlrd rap 260 11,0 6a yve r 220FEL] adarl dECE1
transformator RT1wR 1  dnglidcidir;

T A2 zonasé Al zonasénmos afgKacx add®nplak tau 1 ap2@a 110k d i
ayer eceép2@i,alfaDdé&ceg tr anoRf20 romezilor c RdEr v

B 2z oinsacslé qi d atl ta nzdc m atektékdlégosi ilvb i r b a wtat isno | lomkosinm kKt K
birlok i kil 3-dpg ° meildiyi kimi, B1,B2wB 3 alt zonoditar @éndan i bar

1 B1 zonaessaésndeav atl sabit oy badeyon i wtlgri pa? &r ép 2211 v
ayeéerecéseder ;

1T B2 zonasé Bl zonasénabsaxk arv adlteahitideyd maogoma Ki k d
s otrl i pad-avrréep22 B3 wayérecéeséder .

kokil3-don g°r ¢nd¢éy¢ ki mi pbiuohor lrinin Stoviora ap) aarcaél emio dbeil ril

1T B3 zdmdtené a-é€q ol an 2otliBvoRlyveB Z c £d @ & Iokddbié&nbér .bicd
birinci hisodon as az | efgp, b @ &€ 3 v a - abrikiéci Hiseppilinaininémerjiic h i z amineedire  t
¢ @r ikinci hisodbn a s a z | émsp, thrgnat his® bur vozifon i origbzg © t ¢ r Biklp, Bel o - hi
fil¢gond | ki sobdonisi s ekekmil nod Bii, B2,w B b ° blonindon ikisivoya ondan - oxu
anda séradan -éxar sa, b¢eten B zonasé séradan -éxm

M z o i akskié 3-dp g ° msilbn 33 kV-lug orta g@rginlikli doy iobbk corby a n d eyon i kli n
sistemindn ( M1 &59&\ au)q veoialikli&abigcorby a ndogon i K1 n o Bni s(tM2miznodn a s
ibamtdir:

fM1z onas én-ugortd8 @ginkkdoy iorkecorboy an  Ki n s ioypb @img n ¢ doi ( hii 13
Kin ol ) kiHKkKin papgal eli ngolk usl émmuakddaurr ,- éx ar oygetrirvi n | |
DKSIinD;

fM2 zonaséndapy smbikti n c si st emimiirnbarasatedtejre mes
yar émst ansi yalsiématsilamosieesobelrojuri.  t

NbpticpD

Met ropol it obokooreil reikn r iekoviyywos ir h i@ hok qy @ kb sneh énpgliyyat
sistembrinin fasilbsizliyi vb sor ni whlmsktz | i y i b a x e@hmmaiyynipanmalikds.t Todgiqate j i
noticosindd m pyybn edi I mi kdir bbbkplorinimre t i s 0 Isimtae i@ n &k a&nerjn as a z |
toc hi zat @Mordan fqaasriklée séné al ma q ohli-ve nsk hadistotindorglaib agti aly @
idametnp todbirlori hoy at a  loligic. i r i | m

FTA modelinintt bi gi , dart e yar énmsrtuakn suiryuanldaar énnaéssaszki ogngp |

salborinvba v a d a n | éyyonlekrdé msioligmk an vemidor . dXgs@si lyarémst an
gor gi nl iobkdiirideizlzonao &, zoikdasléa omagprad céqd ammodelbx! dgigr nv
nasazl éq eht ipomalall eitéqgil@pkondiriimesinoadrait edir.

Toh | i Iorigre s ki orginlilliksaljit @roygan  Ki n pBasbhemirangdaz| éq b ¢t
yar émst ansio h$ @ amsiinosiebrsobok ¢la bibrt Bu iso metro sistemino ciddi fasiblorb vb
sor n i Bhil msikliyi risklorinoy o | ar- .a Buoide, Dapkd elementbrinp tosir ecbn parametorin
nozorba | € n malem@ntbiinlparalel strukturdapk k i | ol unmas @enboloeihn i y mape@RE |
avtomat!| akdér el romnik totmoing it ome thokmopsio sitteerd ayxanéqgl el éj é
vacibdir.

M¢asir t exnol odo SCADAasisemdrj vbD % ¢ 8 U s ii 8 & ephliEapiotinin
totbigi, real vaxt refimind nasaz| €éqgl ar é np rsk kadipldr & m ma s Eobidédoridam | v K
ol unmaséna ibogwkaanma Kvmaar ibokpsini fdibsiz vOKDh | s Kk zDmDBirk tbmin etrmok
- onas !l e tosokmemanizmbrii dr ol unu oynayeéer .

I mumid imetbp | i t en mbokobok it n i K @ t i pdcdorifiné tohélig vb gisks t
hadiglorinin idametnp sistembr i ni n i osikd akpad réé Islaggat, @lncokdb me t pbokolbkinin
daha daph&gi&weffekiividamo | u n ma Dlé miak y fimikpgaktik reticolor togdim edir.
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Summary
ELECTRICITY IN METROPOLITAN TRANSPORT OPERATION AFFECTING THE RELIABILITY
OF NETWORKS CONSIDERATION OF INDICATORS
SadigliBM., As |.B,Aliyev GK, Rzayev JZ., Shukurov AT., Agayeva 5.

The article examines the reliability indicators of metropolitan electrical networks and the provision of uninterrupted power
supply to the metro. Analysis of tlrauseeffect relationships of faults that may occur in electrical networks using the Fault Tree
Analysis (FTA) model and consideration of the indicators affecting the reliability of the networks show that improvinganeite
programs, applying artificiahtelligence, basic diagnostics and using backup power sources are beneficial in increasing the reliability
of metropolitan electrical networks. This, in turn, increases the continuity of power supply of metro transport eldvindes aad
passengeraety.

Keywords: Metropolitan, Electrical network, Reliability, Fault Tree Analysis (FTA), indicators.
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| EC 61850 STANDARTINA UYJUN RcQcMSAL 110/10 KV Y

cliyevNadirNozi r oj | u
Sumqgay @Uunivesitetil Su mqgebgyean, Az

X¢lpd€EC 61850 st aopumalt ehh0uyQ ukiv pgnebi @ame v a b § wopignsdeaslgnain é n t

bir sistem kimi perspektivli istiqanh hesab ol upookosi komiteksaokyenr ioski | K a v aotb@ininfoénjagyn  t
ax énl axiknintékmillok docok | be¢tdoni r? IDky dudigiyini vb vahidliyini tomin edcok. Belb holorin psas
¢ St ¢ onnp gekniki xidmotin hocminin wistismar rclor i ni n azal masé da dgamsialldiyra.r éBnsnt wmlsa
totbiginin bsas noqsodior i apbekblor € n Kk yar adél moake @,v acdrelkéjraoké ak étniaklinmin prvos es
opti mal | amstichssndbépmoivgad &p kapital >orclor i ni n ¢omeuze |l d &kbdma sné ,n  ha v miglystinih € ] én \
monitoringi W idam olunma s & ¢ - ¢n  yeni ptthd>xgn ol loeys a bbdkmaiarobyakibrhin txidniotk xorclorinin
azal dél maséedeéer. | ECogoin$ 850 140414 6@ a ktveoy @m gy in g rs e og wisa dak Bggmsah
yar émst ansipyhaoldabiar keekdduall ar mevcuddur . Kst etomiak - el aneas &
mbgsdilp yeni mgpomsal idapetnp sistembrinin elementbrini istismara verrok morholol iokildoa p a r é b sist@rhb&ip efatiyat
n¢dmnozopal énmall eédéer [ 1

A- ar orsIPCz61850,pgpms aobokp, K y a r € ms tpasistem, maael r abi t
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D¢ nyanepmsiall k yrar € mssia2006d &y asienidka & | éonbéub gve n ¢i n
texnol om iby am léing zodir. 2014& ¢ D dodor ¢pi funksionaluy ] unlpbucqg hazd ar é
testor i nin 6 sesBhwyaseés kieydirdrld etoldg s dlkté r mikiridedi it . 2 (
¢-¢n milli standart ( DL /oduiBe6ill o KEMADbirgpo EC 61850 @8stkd st a n
ci hazyjaurelnug yoxl amal arénén apar él masé pik+tpgomsal abor
y ar &€ ms tosasgsginlik 410 KV)2006c € i | i n maat é a gbsnmitdl OoikdR t €19003 5
kV psas orginlikli, IEC 618508-1 dostokli ikincil cihazlara malik 10 00@on - o x y ar BIreslt Gameéeh .y
2013c ¢ il i nodosopuoaeg magipet uabangameéemst ahadwpakliar én
edib. Bundamlawvp, bu texnol ogbRws iAB&K plordddnig e®dlak vt aiki iklaif b .e B
d¢nyabp aparr éc é e | e kotlori,i édoco eon gpms al K iyre&kr émst ansi ya t
layiholondirilmpsi o tot b i gpixidmptz r grBns totiorrb sabdp foaliyyot  @rft. Saén illordp elektrik
enerjisinin oiokpdivokaff @r md €iky & i ikn e daisosiiamiliklobuar] || aérdéeenrée n 1

| EC 61850 standar togpmsaa lu yy airné nisgtDa/ nksdi ayka® al ratpliahk d &
pr ot ok oshslaman e vboa vt omat i ka orsiibs theana&ohdmadir.Layilo ¢ -

soviyyol i ar x i ozoeditt wtrwam:é yhaovigymes t, a ngsavyyehi NBProses Bviyyos i . csas
prinsip or g | i i stehsal - éloaumat am &l aadpilaleoqikzd rsstend mirlikadp
i Brbsinbimkanvebn st andar ltaikgdié pggoat medelidim

Layiholondirmon i n b bsas nmhélplpa i vardemar Kbhekptur a, D/ar é m:
idametnbs i st emi ni n ¢ moyyon edifirt avivykidroubrocu pmogorbal énér  sfyg ar € ms
soviyyps i,  q owyybsi, prasesswiyyps i ) . Loqgiokmosniodell E@ 6 K&%aflanawaga nd a |
gurjularéen |1 oqgi k moo ailma t gtagrdaide | ol r uymgabcuaj] BBbneee Iva ma s € 1

° t ¢papy,il n i (I oqgoldgkdiyyy dullooy v di r . Avamanliég sq e-hismil ,- ¢
61850 standarteéna wuy] un a]padhidsistemintedrasiyaolanurd2u r J ul ar é

|l EC 61850 st agpdualti nBh0/uly(§ ukiv opndiriinesng e e @ms yans iy
kobokpi n f r a s t mnig kabiip ruo ti okkiokbookoatroép oM o0 g i y mvigyBlor s e+ ialsiemdas e
mol umat oeigomadi ledipdinbDvodi Kpat -er si st e mbeinpbyiagtéamit apns,
progambmi nat Eam@arz,er SCADA s i st esmwiyypsiohdanx i Y a roél nmeatygabsies, i ysaa hs
mol u mat bbaurléun, gepoa li emninelunur. Kiber bh | ogiklik, rogpms a | yar émst ans
bo°y pdndbmol u mat Ibmbsi vbxariéi ®whididiordon g or ubbmaeléun d uj u pkibere n f i
toh | psikliyin tomin edilnps i ,odbirlor th az éortdt ®m @r oV u nou xsalm& &sigtenin v
funksi omhjpt € é nooblommaityij wnt uj un upgsdibokdmplekatgstkm a p ar €1 ér
i osalmamrholpsitoy at a ke-irilir.
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Summary
DIGITAL 110/10KV SUBSTATION PROJECT IN ACCORDANCE WITH IEC 61850STANDARD
AliyevN.N.

The digital 110/10 kV substation project in accordance with the IEC 61850 standard is considered a promising direction as
a system based on the application of innovative methods. The implementation-génerdtion equipment in the power network
complexwill improve the organization of information flows and ensure high accuracy and consistency of all measurements. The
main advantages of such solutions also include a reduction in the volume of technical maintenance and operationalditiets. In a
the primary goals of implementing digital substations are the creation of smart grids, optimization of the construction and
procurement processes of power network equipment leading to a general reduction of operational and capital expeneéituass, as w
the reduction of maintenance costs of power network facilities through the application of new technologies for monitoring and
managing equipment condition. Although the IEC 6186fpliant digital 110/10 kV substation project has certain advantages, there
reman many questions regarding the transition to digital substations. To ensure reliable IECc6ifiant power supply to
consumers, the commissioning of new elements of digital control systems must be carried out gradually, and system redundancy
should beiaken into account.

Keywords. IEC 61850, digital, network, substation, communication, system, model.
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ENERJKS | STEMKL ¢ RK N KENQ ABTK LRAMY Y ¢ RRKSADKSC Mc Re L KLKY KNK
ARTKRMAQ ! ¢! N F A COL®GRELARKNKN Tc TBKOK

Solimova Afaq®, Zeynalova Nurido’, Yaqublu Tofig®, Rocobov Kamran®
1, 2, Jr, eifiédrzj i [wbaysd® ElmiTpdgmat LayilpA x t apEéker get i ka Knstit ul
B a k &rbpaydarr
afag_sk@mail.ru; nurida.zeynalova@azerenerji.gov.az
tofig.yaqubov.92@mail.rukamran.racabov@azerenerji.gov.az

X¢lpa@r ar | akménki i k QixbRypan Ererjisistemimd(EES) FACTS (Flexible AC Transmission System)
ci haodpaléé miba gl b eogypnl ierd.i IMg kdir ki ,puShT ATeC QM | comeimayixig AJEAA)x\VvE n & t
220330500 kV el ettttriink nv ¢ oHgsbiiyyet 9xn 4 r @A rotgiBlik sjdyyos i, nig y a x K paktversrg r maj a
itkilorini azaltm@ a i mk abEtektrik ¥oiti iipP t ¢pm ¢y etct i 0 ucirginkiklerdod a k@nlgar araséndakeée f a
xot t i n ¢ mumi roéndbk t B 8 € Im¢ d éatnip prébleraimin rtorofli dosoptimal Holli idam olunan ay ibrkooroyan
Ot ¢sgreéegce¢y sistem t oemmkbwmgink asYegbsainl i konvadt oos aséexhal pagi d 8k mé «
cihazl ar e i kol ngeyrib @ rric richpblkodmig K & ¢ oc b mr i p a yomia retmzk,s EP8Snén idamolunma
gabiliyyot i n i a orgindiki o saljitbk dgiok, mgshor i yumkal todaqp,ams katsiakbi ¢ 1 i yi arter magq
optimal |l amkdiEBwmamunwk artér magq, r eaniokt ;i vt seinkelrij ki etnasox@siihbesaixéiinie d a rd a
y ¢x | al torgimiydnaharmgonik sviyyolorini azaltmaq w enerji itkilorini azaltmag. & gi nl i y i n Dsalitiv Enarji € | ma s €
itkilor i ni n azal deébnmmsokvppriarkcéoddn d amMbkelr o &I0Ok oV ik n ipsma 820 kVHug X
K i onofindbUEAT-i n qur akdeér él maséedeéer .

A-ar brsélké k ookoldr 1 K -Dg ok ¢oroy d n Ot or G STATGECGORMI uni ver sal en
tbnzimlpyicisi.

Elektrik xotti ilp® t ¢pm ¢ @ i1 u corginliklerdod a k@nlgar én ar aséeondakeée
buxt ti n ¢ mumi rogndok t iae € Mg d apetiomrBbteminin rtorofli & maptimal Holli
idam olunandpby iorkecorby a n °t ¢ r prictée xaniod togmly @ etegoklmmanmki ¢sntdi¢frad F AC
me¢asir e lpetdbcthri @ n i oktlew iorkdoroyan © t ¢ r ¢ c ¢pr isdiisrt.e mFACOhEosi el e k t
funksi yaséne bpmPakticou-de vifesiaps.i v" dkonvert @3 astéenxchaotlRoan & d
FACTS <cihazl aré i mitohlmnouv ef un: o bkkob p ehtedngobomdp gta ¢ & n
moc b ur i p a y bminn et@ols, € EESNin tidapolunma qabiliypt i n i a r orgaliklmia q , g
sabitbk d ipk, mgsior i y umk al tomda ogn,a ms toal tétidkeavaad t €r magq, enerji
opti mal | akkdiEBumamunw art ér magqpn alivibe d ij osinDlapra®tregmkeé n y e
t si kl i k mmemmskpndofibgeygi-xot t B or y ¢akl | orgimivdnaharrgonik sviyyolorini azaltmaqg o
eneriji itkilorini azaltmaq. FACT Sibn istifacb EPS problenmrini effektiv holl etmpyp imkan verir [46].

Birinci nos i | F A CT STiristorla alaplolamarefaza oy i k dori (TCRS), tiristorla iday
olunan seriyalé kondhaoonlsantam (IT&LSICH ,g¢crkempehaat d
Kki mgi | nFACT SKoovertortarzikinai me i: | FACTS s b &KkEBdi éendéinr

cn son pBikli NEACTHS ci h®)ztdnaidaeoalaunadFmMCg&c el ektroni ka
tranzi st &ClTartéd r i srivps)ds a s eémnolyygat parametmanin kbnzimibhnmosini bmin

edn qurjul ar daxil dir: STATCOM; statik sinxron
Tonzimby i ci si  VGAN; | PF @zargt Da xsiil)i G¢c Akékeée N
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b-¢ncog | n FACTS i hamoglairne : omdgsimdmy Birlok di r i | mi K géc
tonzimipyicisi-BGAT Va hi d E n nzinlbyicish }JBFE). FACTS3cihazlaron  mogikol FACTS
ci hazédeéer.

Statik sinxron kompensator (STATCOM), tutumloy a i n d u korpyase pDydiBnxc@bgan ¢
kobokp gorginliyindbon a s €1 € oy liohilany agtaagt idk r eakt i v pgliyyot kpdPmpgens e
stati kpopeawil minainy bir cihazdér . o®&olATOKOM - @ kmdiiisd d K & ¢
bilor: gorginliyin sabitbk idlmbpsi vb tonzimlbnmos i ; reaktiv g¢céen kompensasiy
i st eltldigpk é f azaya Dgtédenéelbmdsaeasi hkdérmkl maesaék@inpy BA TsG
mal i k ol duj undekni evni ebmbolbdpirsyjasa feimy khoil kompeasasiya etbhk ¢ - ¢ n
toobb ol unan vy al ong&élgin degly oo b dolihagnonik @rginliyin ompolp  golmpbsinin
m¢ mk ¢ n Ipgzahg edibnlaktiv gor gi nl i yin f il toriamsiity aéama iyl &n ngar saéf, i
e di | omginlik torgfindby ¢ ks t ut uml u ener ji saxl ama qurjnolsu ol c
1) aktivwor ea kt i v difiisteplak osgelRsal rejindrindd i ®ribyp gadir olan w acdbtopn g ap al €
yerlordp yerlbkon stat i lon ibam \Wdii rri; c ikl gor gyi ¢nkl silbdo 1gio K wli ma g - ¢én
transformator; 3) sinusoidabwy a n | abrgialiklor ( ¢ ) mo d u bbyyaatsa ydaes-ginogynahncé n
(gorginliyin) sabitliyini tomin edn b i robp&m Cr ekt i fipkgsnhlyiak)edbaml antg
coby anl anéasaéendaniinejke gée ¢tn poassi v filtrl

Vahi d G¢ ozarBtx-é(nseGAN) b i bsi vasipsickobioyovarr d € ¢ é | ol ar agqg
STATCOM terminatdf &f € a& t &4 9 esndomin pthkok Mg bam i 4 mupsiip DC d
gOKUKMSTATESOMatvi k sinxron s er iy abkawsidik @nxariei resegit or un
mbnboyindbn istifacb etnbdon xottin aktiv vwr ea kt i v gécéngégn eyni vaxt da
ol unur . VGAN, b uc a]j @rgidiy tonzimlamékip,éeynioviaxtda v & a a cp,yottig c a  x
gorginliyini, xot t i n  rotnigva lv U ena jp §anx@tin &ktiv wr ea kt i v gegcbdpn YGANd a r
hom- i ni ogilidawet unan kKunt reakti v bgpedbpilmregn kompensasiy

Enerji sistemindoki problemlorin hol | i ic-¢n effektiv ¢sul ordoh mi - e
istifadp. 220/ 750 kV-lug xotlor i n g¢ o¢i nnagqédetlastéet rv bsi At gr dlamaneéql
mph d u d | ®lwr&ur ki, oMt b oy un c apn aktivigj coiovm u vt gc lar € mdreaktiv st e h
gé¢c, Dbtugrmaméndan O aso@findon orbidgob a q e vrisBtthidmalik ekvivalent

t ransf or ma okbndoimpyyomeedilie | i K
5 cOs

0 ——isim VL (1)

burada, U, U, -xpttin pvvolindp vb sonunda grginliklordir; X, 7 xot t i n i ndubkttii;y Umely a
wU,vekt orl aré ar as ®ondRk ég iohdgdigyntiok ém . %t % io ¢ 1d o weiklik  t
faktoru ilb normal rejimab statik sabitliyin bmin edilnos i ehtiyacéndan qgqaynaql aneéer
Otent —=—100 % 0 %, (2)

Hom- i nozarejimind d i nami k d & Kga.tO& 08l % | eptpostf & nlagp reéjindd
el ekt ri kot bogunda bbbk iolxunan ggsioidgomin énolg, r | B mé md @sindon (1)
ger¢ndeye¢e kiothor,i nianomB ¢ hi-gxetdtAixn mgigmivi anz al t magl a ar t é

Azor baycaneén ener FACTS i Isda 2 éenm éxud i psiailt meffektivliyinin
giymotlondirilm psi. FACTS-dbn istifaco EPS problentkini effektiv holl etmpypimkan verir [46].

220 w 500 kV-lug hava elektrik stlorinin daimov i msiftdw e kK vi val enuolori ib$dam ¢ mu n
olunan FACTS&dan istifadonin - morpliliyi  giymotion d i r i | mi wde vwi.r M3 @y 220
yar émst anos & g ad pninddaiviSg€yri-b i r ¢ ipbokesind VGAN -nin yerbk d i msinin m
spmorpliliyinin giym otlondirilmps i a p a preéel néebr. j-niM@R@2383D0 kV-lik dairpvi geyri-bircinsli
kobpkosindb STATCOM-dan istifaadnin somorpliliyinin giym otlondirilmps i ¢-¢nh hesabl amal ar

VGAN effektivliyinin giym otlondiriimbsi. Uy vDQ, ¢ - ¢ n or fgri ad i g | i ebttie kt ril
rejiminin opet.i miadgrsgk é i &Il na se btlerkitnriink kvoemmpielniskaisi y a
gorginlik vbor eakt i v g ¢ ¢ ¢ milorni noi pyyon mggnbsi ngpsbigommpb a x é | ér 500 kWV
verio t k hi msindoryistifach edorok, VGAN -nin idap edilmpbs i- ¢¢n m¢ v adiof gng hagi ¥
etdirilir vb verilir.

Mi s@a00 kV elektrik veriliki xbDttinin parametr|
330/ 43, par-al anmad, add e e M/0R 819 MmOk /] KA, $Bkm, yaxke
uyjaml on tacda x¢sudigd tWti/lnp,r igiokbiullpo rea dii Igiorryga5n |l i k
kimi gobul edilir. El ekt-di k. verilik xbpttinin uzun

He s abaiddarn ogrkisxot t i n uzunl o umgdaann mMibgdgegdend&or o
itkilorindbn as el & tdlnarbaak | xanj egingkrxol d K @ & @ tniu marnkigon &:586mi n a |
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y ¢ bkdir, yon i . 250 km uzurnlryjownhidxa ¢ € b e k b p t-XkO@rpinlikipenp i mi n

uyjundur . Bon haa&kltd av, g°tcidrplgdod et max ¢ & usitvoaxg & id Ini tukoiuln | uj
gor ginliyin azal masé arteéer.
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kpkil -330500VA Qug Db°l mbpnin ekxemival ent el ekt

220, 330 -lwupg 500 kkV i k veri-liilki xoxtot l-igre i ypa NeEkiNa k5
Abkeron STATCOM yar émbsugnstiiyralsemiémdbp 2 2ur kW déer él |
Azprbaycamnean g8l zonaséndad aekalkinriikstehaas-&E§gat.oxm
Abkeron zonasénda elektrik stansiyalarénén istehs

M¢ q apimpgcolor. 800 MV A 220 -ktd¥vtokamstoematorl R)yorofdon 500 k\Alug
hava elektrik gttinin sonunda VGANNni n qur akdeéor ébmasai gyegicg¢ HBP MVt
Aj dak, Dbopyar é@stansiyal armnddadkaektoiny zgoaasahdaanle O
i st ehl akmozoror eeljré@ Hedablamalar Axbaycan ElmiTodgigat w LayihbAxt ar é Kk  Ener g
Knstitutununpsmars@aqrdam apmedsEing dutumu¥ dakitozigyotin sabitlik hoddi,
istiik hod d i k e - ibddiivo sisteminidemipfepkoos - k i phif amihhggpxg ®omph d u d dolokp. K
di aqgr améemidrac bighelgy 220 kVv-l ugq el e k t ottinirkhoddirebn i lair ® EODRINY WK |
aktiv enerji itkibr i ni n  a obib ralars WEATNIn 500 k\Alug hava »ttindbqur ak dér él mas é
aktiv emer j8i8 8daBE iMI\NMVia cpdor ar t é-uq hava dtbndoksv482 MVt-dan 433
MVt-agpdor azal é ozopaM@EANmang | aor iengélj #6 i MKt lpzazall &rbmm gVl GeA Ny
nozorbpa | € n ma d amdp gmiginiklornokik 2-dbog °s i | mV@ANInmzopa | é nmaql aiener |
11,46 MVt azal méxpicBow i o€ & Ikli g maAlbakre&m nn e n-dar 220 bl o
kV-lug avtobuslarda normal rejmdb qur ak dér €l mas é&ini AkMMt-danreneo x i azalkt
imkan verir. VGAN-ni n 6 in°egqovka] énda qur @in i2eviViadaa na k-toi av] aeznael rt
imkan verir [10.Ak t i v  gigirc kompteks itrdnsformasiya niginin eniro komponentindn as él él &
kokil 3-dbg ° s i | mi kdi r
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kpkil2.D° paq o v Kk a qbghrgingk profil jori kKpkil 3. Akt i v pgeai nt kiomgpl
niskptinin -~ enirp komponentinph
asél el eje

1600 MVtpedgekdnmd k ened jejimnibMAibk e P 6 g r gloob olarfaré n d a
reaktiv enerji bDdisitlehesdil eVGARHa& sMV&dr in& ldiggyusrnadk d éor € | ma
pldp edilir.
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Noticp. M ¢pyyon edilib ki, gor g i n | i ylimma ssédiwehegikdior i ni n azal déel masé
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Summary
APPLICATION OF FACTS TECHNOLOGIES TO IMPROVE THE TRANSMISSION CAPACITY AND ECONOMIC
EFFICIENCY OF ENERGY SYSTEMS
Salimova A., Zeynalova N., Yagublli, Rajabov K.

The determined operating modes (DOM) are analyzed in the Azerbaijan Energy System (EES) taking into account FACTS
(Flexible AC Transmission System) devices. It was found that STATCOM devices and universal energy flow regulator (UEAT)
allow to increase the transmission capacity of the-22B500 kV power transmission line (EVX), improve the voltage level and
reduce active energy losses. The power transmitted by the power line depends on the voltages at the ends of thedmantiie pha
between them and the total reactive resistance of the line. A comprehensive and optimal solution to the power manadement prob
is possible using the technology of controlled alternating current transmission systems. FACTS devices, created oof thewbasis
generation converter technology, allow: to ensure forced power distribution in a complex heterogeneous network, increase the
controllability of the EPS, stabilize voltages, smooth out oscillations, increase static and dynamic stability, optimize flow
distribution, increase network capacity, control reactive energy flows; to control cyclic flows, reduce voltage harmsniodere
sudden nonlinear loads, and reduce energy losses. The most efficient and priority measure in terms of maintainiagdvoltage
reducing active energy losses is the installation of a UEAT on the 220 kV busbar side of the Absheron 500 kV powerdransmissi
line circuit.
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Keywords: electrical networks, flexible alternating current transmission systems, STATCOM, universal fimwer
controller.
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SultanovE IpokFoxrod di n oj | u,
Hpspnov Elsevor Ak i f oj I u,
clicanovRuslanRa mi z oj | u

AZr baycamDnbZzvIl Ak ade mB g fmbayganR H k
elshen_sultanov@mail.rhasanov.079@mail.turalicanov@mail.ru

X¢lasp. M¢ asir gomi -ili k sbpbnayesi yé¢kspk dbprbobcecpobdbp avto
tbpchiz olunmukdur. Bu sistemlbrin bpsasénée tbokkil edbn
gptirbon elektrik intxagmildmirédayeéel &Goml °\gloymr vbp wmanal ma
kranlaréna vb digbpr k°mbk-i gurjulara gbodbpr bg¢tegn bu o
ol araq istifadbp olunan el ektri k iinntni qtaolkémiél nlMbogdbdmpilrodp na sw
mpgqsdip g b mi geybrtp mexanizmlbrindp totbiqg edilbon el ektri
m¢qayispli tohlili aparél mékdér .

A - ar orisgbng, elektriki n t i g @&tbn@exanizm,idametnD sistemj m ¢, ofi Bolili - s

Gi r Bildiyimiz kimi g° yport o mexani zml pr ipmsiars  el¢eskutsriiyky pit nh tc
yéken vbp seéegrptin i kK prosediacdEmmige gi Kk glyapapomea ad
el ekt ri k ity edijpa | I¢ aot &sngdrar ot or u g € s a goaikinavp UK idaa S i n X r
sisteminin bi roholeroix v-aartdééxkr mat yo@aminecrpidola in@ ¢ |, mapstEoniré | i d
prosesinin kontakitar vasibsilp yerinp yetirilmps i n i or r i &disimn vehoc mi ni n b°y gk ol n
eyni zamanda bel m¢dirikin g° ybr t b mexani zml or i fdiare &€ ra | pazkntami kt
xar akt er i s opmbdkiaysi énnié onricksaanl® dg © st

Beynpol xal §o Obinliat @énén (BDT) tbolboblbrinbp g°ropbp ¢

i dOrpb jdilmbpli, s¢rptlori gJnik hpopddp tonzim jdil
Jtmolidir Qeyd et mbpk | aizgg maceirl okn , b thzaiz ég dyD rgtbomi e
intiqallaré m¢ehporri kinin qurulukuna vbp idarnpbet mbp
Bel o ki, bu m¢horri kl prin hbpem vb k¢t psis bboitrbndo
-ox olur vbp onlar g°ybrtpop mexanizmlborinbp | azéem ol
c sas hiss. Gbmii el ektri k avad atrindoj birimenry, aisn ki kga,fc bped teikg a
yeni mikroprosessor idegetnp sistembrindon istifacb edorbk tamamiby e n i bir el ektri k

yaradél masédeéer
Dbni z kbDr aitiyglhks ogkortrt,¢ ttdoulzd bul sruiyun korroziyaya
vV D mbp hdud enerji resurslaré g°ybDrto mexani zmlobor
mbpgal pdbp gD mi geybprtp mexanizmlborindp tpoteétimp edi
sistemloori ptrafl é kbpkildbp nbzbprdbon ke-irilpbcbok v
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Tarixopon gomilbordp hbpm sabit, hom dbp dbyi Kbn ¢
gomi -ili kdp dbpyikbn c¢cbrbyan ibptigatliatek xpgusile
Dbpyi kbpn c¢cbrpbyan Bblbekttiilgal hargalxlcsam&pbn dbp r o
m¢ehorri kl bpr, etibarl él eje, sadbp konstruksiyase, t
sbbbobindbpn gbpbmiml @y mrdtbb pme xgaennii K kypakyi@ld mB ey i kb m qab
elektrik intigalénéen tezlik -eviricisi il b idarope

(] — XXX KK

| | | XXX

T B W

kpkiDpyli.kpn cprpyan elektrik intiqgal énén tez
Bu sXxemamiasron m¢ehorri kl bprion idarpo edil mbpsi
strukturunu bpks etdirir. Sxem (- Dsas hisspbpdbn ib

D¢z | pnkdoibroikcoidbpn gbol pn dbpyi kbn cbrbpbyané (AC) sal
DC d°vropbosi (sadbsizi dg o ¢ imnlki okigmin) i yi hamar | ayé
Knve$dawmirt cborbobpyané yenidbopn tbolbb olunan tezl ik
Drri ko °tg¢reér. Bu prinsip m¢ghorrikin segrptinin

rriklor ajér dbniz «kbraitind

3
[
>

Bu m¢hbo D Ratanun m¢ d d
gésagqapanmeécxk asi fypophpo mmbarani Kmbborignin DKsDriyyrl
ventilyator]|l arFazi srtoitfoardpu o&lkubnnuxro.tsoor md hor osi no m¢,
gokul mase [ ) y ¢ ksbk i Kbsal ma moment i V D S¢roti
d°vrbosindbpki m¢egavi mptl pr-dpl yekthoangeweaj éneéen kd atb
tol oboal mpein t ot bi giorkis emmhdu dlasksdiéartéomm. mah j red iak 1eé m
sayéné dbpyikmbpkl bo i Kki VD ya ¢- sabit feéerlanma sg¢
|l °vypamal ma qurjul arénf84d4. geni kK tpbthbig tapmékdeér

Sabit cbprbyan elSalbt ti kc pirmtyiaecal me¢ahroér r i kI pri g€
tonzi mlomp vb y¢ksbpk férlanma momentidboyamédi madg Dbk
el ektrik intigalénén 2.darpbpetmb sxemi gestoril mixkd

3 fazahi DC ac g
manbayi generatoru mitharriki
1
: = .
1 1
1 1
1 ' 1
I %’\I: 1
1 . 1
I 1 I
! ! 1
1 . - 5 . 1
1 H ]
1 i 1
kpkiSlaba.t cprpyan elektrik intigal énén

Bu sxem, mpgal opdp bbohs edilbn sabit cbrbyan mg
Ward-Leonard metodu klassik "geratorm¢ hor r i k" si st emi ni gestorir. SH
il o hprokbptpo gbptirilbopn sabit c¢cbrbyan generatoru,
Generatorun tbosirlonmbp cbprbyané&mé&pbpdmsialsmonglhmraon Kkn
di apazonda sbl i s Kbpkildbp tbonzimlbonir. Bu sistem
mexanizmlpbordp istifadbp olunurdu.

Bu x¢susiyybptlor onlaré y¢k kranl aré kirmikl dbpg
edir . Lakin bir -ox mbpnfi cohptl bri onl arén tobtbi
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n ol masé m¢ghbDrr

M¢rokkopb KBawkowd ekt or govkaj é
z texni ki qgul l ugqg

etibarl él ejéne azal deé
Qidalanma problemi: M¢ asi r g
t coborbobyan m¢ghorri

o >
3 ®

%
[ prin elektrik kbpbbkbsi C
i Drini gi dal anMghmagi g* ¢8i &
bbb ol unur. Bu i sbpD m i gtieadivbcoexthdkmnb.xb mono b
Bu sbpbbobl bordbpn, hazérda sabit cbrbpyan intigal
kranlara mali k gbomil brdp vabx iyla oA UWTn2 gaovntiol noartd pa krdansat

GD mi geybDrto mexanizmlobrinin el ektr GRybDirntoi g
mexani zminin i Kinin effektivliyi V D tohl ¢kbpsi z|
Texnol ogi yaneén i nkikoaf Bontl @k elbu | wsixsetmd mirodron s ang as i
-eviricilpborbp godbpr tbokamgl etmi kdir .

V Kontaktor-r el e i dar petBmp 9®ins tseamdIppbrvip. pnbnbpvVvi i dar o
birbaka kKbpbbopkbyb qgokul masé vbDyyadioxs$ympopseil komgl i
vasitbpsilpbp hbpyata ke-irilir.
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k olan c¢cpbrbyan tbolbob edir ki, bu da gominin m
Mexani ki Amir bbpdwlran] éc vb dayanma hbm m¢ghbprr
ktor vb digbpr hissbplbrinbp mexani ki zprbolbor v
Splis tonzi ml oSgormitn yall maéma spéd:l | bl i kbpkildbp db
kimi dbpqiqgq bompbliyyatlar ¢-¢n plveri kI deyi |
Tezlik -eviricilori ilDidarpetmp. Y ar émke - i ri ci texnol ogi yaseé
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ortaya -éxan tezlik -eviricilbori dbpyikbn -db
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kpkijl- F.azal e iKki Ss¢rptli asinxron m¢ghprri
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) kombi nasiyal aré vas
prrikin féerlaamabsy¢lbsbd
[ i K rej i ml paanalma o mi n
adop ol unur [
rful ar gésagqapanmék asi nmamentm¢nhiprgdrkilkw rd
kildbp tbonziml ombypb i mkan verir
T Tezli k =-eviriciTlebzrliinki n- eivki rprciirsdi pgioomi ni n el e
k1 i (adbpton 50 vbp ya 60 Hz) vb gbrginlikIi d
i ki vDbD gbrginlikl:i dboyi kKbn <cpDoptiyabar bawar on,.
cbrpyanén tezliyindbpn asélé olduju ¢-¢n, tezliyi
T Tezli k -evdtrgrelidlkolrormii nakaj eédakeéel arder
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1T S¢rpot hboddinin genmekk athoreznim dipd pdbdomrui:nbp uyju
se-ilmpbsini tomin edir.
1T Enerji ypbm¢goonrarpitkii n hbor an tbolbb olunan yg¢kbp

elektr i k enerjisinbp xeyl.i gbpnapbt edir.
T Avt omat | awx,dérima:t ezl i k -eviricilori mi kropro
gopmi ni n ¢ mumi avtomatl| akdérél mék idarpbpetmbpb sistem

m¢egddbptini artéereéer.

Kontaktorl a darpbpetmpdp m¢ghborri k "tobii XxXar a
corbopyanl aré yaradeéer. Tezli k -eviricisibpliiso ibwbD xalr
tomin edir.

Sistemlbrin m ¢ Aqkaay]i ésdpal ki éd i copmdlévixoltlip | 1 f el ektrik i

1T Eti barl él ejmex ammitkeir éld imasmli o raizra | yWeayrialgmmvadan|
5]
[

sistemlbrinin bpsas parametrlbpr ¢zrb m¢ggqayi sbpsi  ve
Cpdvpl 1
Parametr Sabit F:DI‘Dy. Dby ickobrnby an DD(yt'glenilfD_re
(Generator-M¢ hpr rj(releekont aktor .
i darpbet mg
S¢rmnzi ml pjGeni kK diapazgqPillbli vbD vy Sgln:g di apaz
Kkbpsalrmyg alAka] é ¢tox y¢ksbpk AkajJé (tbonzi
Enerisompr ol iOrta (-evirmgAkaj é Y¢ kspk
Mexanikito s i r Splis Zpr bpol i Spl i s
K| knvestisiya ¢tox y¢ksbpk Akaj é Y¢ ksbk
KstixemaltpbrY¢kspk (texnijAka]j é ¢ox akajé
Etibarl el gOrta (fér-algY¢kspk tox y¢kspk
AvtomatlakM‘:’mk°ndé’r’ laMbhduddur Asan vbp tam
merokkobdir
M¢asir texniKki toproggbmvbgtphkmt bl medanmembor of
sahbpsindbp inkikaf davam etmbpkdbpdir:
fKnteqrasiya ol EnhmkK ri darimagtimgm:l | ar é& artéqgq tobpk
sistemlpbor deyil, gomi ni n mbr kb zlIntegiatddbAutoneatiomBystem) mo r
tam integrasiya olunmuk komponentlordir.
1Di agnosti W axsii d mo tdia:r pnesthnoor rsiiksitne mdpbbzriiyy ot i, Y ¢
ki mi parametr| pri dai mi izl obyir, m¢mk¢n nasazl eql
1IYéken yell onmbsi nve kqak kan | sairsétnednal ptrot bi g edi |
-eviricisininvasgs$tuopisi abg&rian@inborhor okbpti ni idarob
endirir, pmpliyyatlarén tohl ¢¢kbpsizliyini vb s¢ropt
Npt iIApm.r él mék arakdér mal apdhangdgombbumealmiuegdlboDr kr
sadmy hprri kl prdon m¢rpopkkbpb, ajéellée vb inteqrasiyas
ke-mi kdir . M¢gayi sbpl i tohl il gestorir ki, rotoru
birlikdbp istifadbpsi m¢, acspitri nmgad mic-avia by i we rtoonl pDibo IDir d il
enerji somorpoliliyi, sbplis vbp dbgiq idarpbpetmbp, Vy¢
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Summary
COMPARATIVE ANALYSIS OF TYPES OF ELECTRICAL D R KV BSED IN SHIP DECK MECHANISMS
AND THEIR CONTROL SYSTEM
Sultanov E.F., Hasanov E.AAlicanov R.R.

The modern shipping industry is equipped with highly automated and complex technological systems. One of the main
elements that form the backbone of theggteans is the electric drives that drive the deck mechanisms. The reliable, efficient and
safe operation of all these mechanisms, from anchor and mooring winches to cargo cranes and other auxiliary devices, directly
depends on the type of electric driveedsand the sophistication of its control system. For this purpose, the article has conducted a
comparative analysis of the types of electric drives used in ship deck mechanisms and their control system

Key words: ship, electrical drive, deck mechanisoontrol system, comparative analysis
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Summary
ANALYSIS OF PARAMETERS DETERMINING OPERATIONAL INDICATORS
OF INDUSTRIAL GROUNDING SYSTEMS
AhmedoVvSE.

Traditional substation grounding methods are not sufficient for large industrial facilities. In such facilities, potential
differenceseven at 60 Hz, the influence of deep soil layers on the current, and the integration of subsystems based on different
standards must be taken into account. This study examines the limitations of existing methods and recommends the aipplication
geophysichmethods and simulation programs that take into account complex soil models for large grounding systems.

Keywords: grounding, industrial facilities, soil models, geophysical methods.
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Summary
DEVELOPMENT OF A REACTIVE POWER COMPENSATION CONTROL MODEL IN MATLAB
Rahimov Sh.R., Mammadova G.A.

In industry, certain devices are used whose resistance is inductive in nEtis@.ecessitates the need to analyse reactive
power, to save energy in industrial plarits general, induction furnaces include both an active and a reactive part of the electrical
parametric device, which is controlled by the reactive power of indudttda.creates the possibility of achieving efficiency through
compensation by analysing reactive power. As a result, a model based on the scheme and fuzzy algorithm for reactivergdower con
at the point of connection of the power supply inductor to thetiét furnace transformer has been developed in Matlab environment
using fuzzy logic.

Keywords:powe supply systems, Matlab system, regulation systems, fuzzy logic, reactive power, induction furnaces.
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The thesis examines the development of modern power systems, improvement of the operational performance of overhead
power lines, mechanical strength, corrosion resistance, and the normal operation and stabiligycafritieg device of overhead
power lines in all atmospheric conditions.
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BOIlsj BOISdUI MEd) dsHjdd, foLesdvehdj sfdhmreOl! {§o
otsL gz jdedwa. dwtjHd dzdr o H Jrdgw sdgdmwj dagj:lsm toj W kdzH Odzd

lLutcOodzgjdzdj HJdZOBISd yYyOfMmlstslsr (swing equation).
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yomlssisr  dOftewyjddw, vyt M jddzes Ctodlilsd ydets Hdzw
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Summary

METHODS FOR ENSURING THE STABILITY OF ELECTRIC GRIDS IN THE CONTEXT OF THE GROWING
SHARE OF RENEWABLE ENERGY SOURCES
Niyozov NN., Nishonaliev RN.

The paper discusses methods for ensuring the stability of power grids under the increasing share of renewable energy
sources. It analyzes the dynamic characteristics of power systems, focusing on the impact of reduced inertia and tweiteages fluc
on rdiability. Mathematical models such as the swing equation, transient stability, and virtual inertia methods are proposed for
frequency and voltage stability assessment. The use of LSTM algorithms for forecasting system behavior is also considered,
enablirg improved reliability, reduced operational risks, and sustainable energy .supply

Keywords. renewable energy, stability, frequency, voltage, virtual inertia, mathematical modeling, LSTM.
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Summary
OPTIMIZING POWER SYSTEMS UNDER UNCERTAINTY: AN OVERVIEW OF METHODS AND APPLICATIONS
Latipov Sh.Sh.

Electric power systems and the companies and customermtiwatct with them are experiencing increasing levels of
uncertainty due to factors such as renewable energy generatidketliberalization,andclimatechangeThis raises the important
question of how to make optimal decisions under uncertainty. gdper aims to provide an overview of existing methdaois
modeling and optimization of problemsaffected by uncertainty, targeted at researchers with a familiarity with power systems and
optimization. We also review some important applications of optilizainder uncertainty in power systems and provide an
outlook to future directions of research.

Keywords. Electric power systems, uncertainties, renewable energy, market liberalization, optimization
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Mexaniki mgsiorin tezliyi vboa mp | i t uohzimdo@mosé alekttomagnitkin gorginliyi, corpy a n @ mabsj mDi t q¢é¢v
digor parametmrin doy i Kk dositydlulilohoy at a pkieo- i r Vi brasiya qurjul ar @éndoy aryé ac ®ans
X¢SsupHoh vy si sdiemizomnkygf b korooy i pehilo iMbgalbbdolhom- i ni n el eksr omimagRr g 6 u®
pol addan h a plurzdmamyaranambsne#fekti fenomenininoeorpal é nmas énén mphi¢glm ro | dBud uy agnfe
ci hazeéonegdéddc kv di a p apmmsini tomirdednoks a¢bplaymnozorktbhlillorin vboh e s ab | amal ar emi apar €|
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A-arorselzelkt ri k sigmsbt | avieEbr mekpai ¢ inrejsiuggheffektie | ekt r omaqgni t

Elektrik siqgnal geclondiricilori el min vbp tex
ol unur . Bu genik istifkodpiyiymt sEpbobbhi ,emgkt mbbi Z B
signall arénén uyjun icra qurjularénén nor mal i KI D
ehtiyacdér [1].

Mexani ki rogslorin °yroponil mpsi yeminl istadde yislul
hbpyata ke-irilir. Lakin belb tbopdgiqgatlarén apar él
avadan!|l éql arén inkikaféna uyjun ol araq davamlé o
mbsafbo °l-mbpla kéig¢tthDXxdt kmeKkVE-¢6n tDrpzi Ki mi DN s a
csul  fiziki hadi splborin vbp °l -mbp prinsiplbporinin d
°]l -mpbl brin dbopqgiqliyi akaj éeédénr .olDiiglpoor tha prl a nant aéskémavze
komp¢terpop daxil edil mpsinin tbpolbob olunmasédeér

M¢asir ecsul l ar i sD mextolif nev sensorl ardan
Dsasl aneéer Bu avadanl éqgl ar bgiurt ugi rkiikmiv pg pkbiurl -eé&x d
tbpcr ¢boni bakl ader , avadanl éqg mplumatl aré topl ayée
-éxeéekénda togdim edir Kstifadpbp- mbpl umat | abirén ne
-atéekmazl égdeéer . Di gbor torofdbn, bel o avadanl éqgl a
icmal arée ¢-¢n bl -atan deyi l

Mexani ki rbogslpborin tezliyi vb amplitudasé axkaj

1. El ektromagqgni tliplroinn gsparrgjiénllairyéinna avvetrot r ansf or mat

22 El ektromagnitdbp c¢cbrpbyan kKiddbptinin aktiv m¢ggav

3. Armat ¢r vD n¢gvbD araséndakeé hava boklujunun tbn
doyi kd.i ri |l mps

4. Sarjélardake d°vrpblborin sayénén doyikdiril mbpsi

5, Kondensatorun tutumunun dbpoyi kdiril mbpsi il b faz

Vi brasiya s°nd¢grmb qgurjusunun rezonansa uyjunl a
doyi kdiril mpsi il o hbpyata ke-irilp bilobr

l.Yayl arén kbpsik sahbpblbrinin bptalpbot momentl!l bpri

2.¥t ¢gr¢gcenegn ioK- i uzunl uj u.
3.Sisteminin k¢gtlbpsi vbp ya ¢ mumi pDtal bt moment.i
4. Yayl arén iklpbpk halqgal arénén saye.

Bundan bl avbp, tezli k diapazemunustgbnl ki Bhompi
é - ¢én el ektromaqgni t NégvbDsSinin X¢éSUusi pol addan ha
edi |l mikdir [ 3]

1 -fazal e, i kKivurukl u vibrasiya qurjulare adpbt
birlipkdnms i barobpt ol ur . Hor bir -ubugda bir sar]j
birlokdirilpborbpk ¢-fazal é enerji Kbbbokbsinbp qgqokul u
maqnit d°vrobpsi maqgqnit asi mmetriyaséna mal i kdir

X¢susliadpd °vhpl brin el ektromaqgnit N¢VDSI é - ¢ n
fenomeninin yarandéjé yaxké& mbplumdur . Bu effekt,
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Summary
METHODS OF RECEIVING LOW -FREQUENCY OSCILLATION
Rasulzadeh M.Sh.

The article compares classical and modern approaches to stedgatdc signal amplifiers and mechanical vibrations.
While traditional methods are simple but less precise, modern techniques provide high accuracy and automation but gsivde expe
and lack transparency in data processing. The paper outlines waygusb \dbration frequency and amplitude by changing
parameters like electromagnetic voltage, air gap, and spring characteristics. It also highlights the importance ofiakgigedgec
the electromagnet core and considering the surface effect inparfoe calculations.

Keywords: electric signals, mechanical vibrations, vibration device, electromagnet core, surface effect
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Summary
DEVELOPMENT OF A METHODOLOGY FOR DETERMINING THE RELIABILITY INDICES OF THE POWER
SUPPLY SYSTEM
Jafarxanov AJ.

Since the reliability of powesupply systems is a key condition for the continuous and stable operation of consumers,
the article presents astbg-st ep met hodol ogy for cal cul ati ng -flovedistrilzution | i ty i
matrix, possible fault conditions ardeintified, critical voltage parameters for induction motors are determined, anfhplost
operating modes are evaluated in both stestdie and transient conditions. Reliability indices are calculated using formulas that
account for element failures afmtced outages. Based on the results, technical measures for improving reliability are proposed,
including the addition of parallel elements, enhancement of emergency automation, increasing active and reactive power
reserves, and modernization of protectaevices.

Keywords: power supply, reliability, failure, failure probability
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X¢l aBslpektri k kbpbbopkblborinin bpsas el ementii ol an g¢c kabell
artérél masé mbpsbpl pDsix ¢asruaskidyéyrpétlléprr.i , G ¢ocn | kaar béenl | npefixoannci pknil pvdpp ne | zei kr
kabellobr, kabel kanall ar é, avtomat i ki kaabeecléll barri nv pz o door | ppangnhpasman
garkéséné al maay anédll &lkéjséd ztlodrki v petdmbp kdi r .

A-ar sel zelkotrr:i Kk kbpbbokbsi, kabel m¢éhafizbpsi, avtomati k a-eée
materiall ar e, etibarl el eq.

El ektri k kpbpbokbplborinin ikKini i dbmirnm néedporyagg€l e
etibarl éjén artérél masé m¢gasir devr¢gmegasgmanakiyabdhbr
i Kl pdicil opel ekthrikrkl®ol kpdrinrgodnp d & m- & stansiyal ardan Vv
kompleksdirEl ekt ri k KbbbkbDsi bir séra bplambptloboprp g°rop
KDbbDkbDSsi vD energetika sistemli el ektrik KbDbbDKkDbDS|
dart e el ektrik kpbokmsii nohur . El ekdbnskr 9k gir ymos &m
KDbbDkbDsi var . El ektrik birlbokmbpsi sxeminbp g°rp a-
gi dal andéerécé kbpbbkbl or, cbroyan vD gbDr gipnlyiuykism kr
gorginli kIl el ektri k kpbbokbpl bori var . [ 1]

G¢c kabell bri elektrik enerjisinin mbpnbbpdbpn i
olunan izolyasiyalé kabellobordir. Onl ar yé¢kspk gbo
olmaqg ¢ - ¢ n X¢éSsSusi materiall ardan hazérl anér . Yékso
yékl pnmpl bprbp garké dayanéqglé ol maledeéer . Kabelin
istifadp edilmoli, d¢gzgen Ig@witholid mail fidli mpl i[ 2yb

Kabell bprin zobdbplbonmbsinin vb ya nasazl éjJénén c
ol unmasé zpbruridir. M¢hafi zp hom mexani ki, hpm db
Mexani ki m¢ hafi zp zamapniéastk &b edlolrourl amet(aPlVCy D -wj un
s ul kabellpbri fiziki tbosirlpbordbpn qoruyur . [ 4]

Kabel kanall aré ybni kabel yoll aré x¢susilb s
tohl ¢kbpsiz kbpkildp .yerlpopkdirilmbpsini tomin edir

Zirehli vbD armaturl u kabell br, Xxari ci hi ssbDsi
sprt m¢ghitlor ¢-¢n uyjundur . [ 5]

Torpagqaltée kabelloDr - éNnN Xésusi goruyucu | ent]
kabel |l pvimplzmdamedi ci l ent vb beton | °vhbp qgoyul ul

El ektriki m¢éhafi zbpsi Zzamané avtomati k a-écéel a
hal éeénda d°vroboni avtomati k kbpkil dp] kbpsbprbok kabelin

Di ferensi al avtomatl!l ar sézma c¢bDrbyanlaréné ac
kpsir. Kabel vb avadanl éeglarén d¢gzgen torpagl anmas
é&-¢nh torpaqglama sistemindbon istifadbp ol unur.

Y¢ kskpeky f i yypt | i i zolyasiya materiallaré bptraf
maddbpl brbp garké gqorunmané tomin edir. Havanén si
kabell bprin haval andér él méndurlanal arda -bkil mbpsi mD
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Summary
PROTECTION OF POWER CABLES IN ELECTRICAL NETWORKS
Alizade J. E.

This thesis investigates the improvement of operatipedbrmance and the enhancement of reliability of power cables,
which are a key component of electrical networks. The characteristics of power cables and their mechanical and ekectiimal pro
methodsi including armored cables, cable ducts, automeiticuit breakers, and grounding systeimare explained. The main
objective is to prevent cable damage and faults, ensuring safety and durability.

Keywords: electrical network, cable protection, automatic circuit breakers, residual current devices, rgyaystiem,
insulation materials, reliability.

td Lo did
192zrRUd wRrR[ I ZMm sodarfre | CI/ISULRY[HSRM H[U(CM
ZzdL OHy . €G.

1 HOdzdzts?2 tOBtls] tOMMdzOstcdoa Ojsmw otsftetsfy Htsorh jdedw ¢t dz
CoBjdzj2, wodwes hdrofmw i iz dudint dg dhdstd. [fdMr o Os sy S OtOCIsj |
BjlstsHT dn & nOdduj MS 52 8dp Ciarzjuol te dpUgiTEdEDts o 1O@RE I§7 € OB j dzd, §$ OB j dz
or Cdz¢ yOIlsj dzd d fdflsj " L Od jydietgjrbs(lve te O f) dgeogdiaofvizfe 1 gagrdi MY tc O o datsMls § 2
sBifMfjuijddj BjLBYfOMdsMisd  HBdése jydsshisd.

sdze yjorj imdgsdOed yd s ow fmd s, LOhMdlsO €C€0OBJdzj 2, Qo lssdBOIs d y
Qo lstsdiOIsr, MdMmlsj BO L OL j Bdzj dedV, dJLBdY ydtsdsds j RBOIjtedOdzr, dzOHY ) dz

PAYLAYI Cl ELKEKBIcRKKCKL ¢ RKNDc AKTKY KSTEHLAKC ¢I
Qa s &€ mAhbab Rasim

AZx b ay c anNefDfSmlay e Uni verisbaycamt i , Baké, Az
gasimzadeabbas6634@gmail.com

Togdim olunan mqalpdp, aktiv i st olblua &nerg seldoruhaavigisadiyatavbs i r i arakdéerel é
istehl ak-é& konsep séngrmis Blap dddmpaim| me ti osdaledh riadgom@dory dvi srighont dm osial \»
ekoloji sistembri nozorp a |l €r . M¢ asi r Dkkgbtiyi epaekdloy yiskir 8 m mgrt mas é istehl ak-é8

y anak mal abetrakio giymstiondifilracsini oiob e d i r . Eyni zamanda, epkogomsaljioliorind ay a n @ «
istifadps i ¢ - Joorverifirv s iy

A- ar orsaktizise h|l ak- &, ene oD isleikytio,r ue k ®lnejripsilc sy anéql él éq, iqt

Aktiv istehlak-e& diggptini resursl ardan sbpmbDr I
mpbsuliyybtopo y°npl dir. Bu yanakmasadbx vip reikfodlwg i an
edil mpbsinbp y°npblib. Aktiv istehlak-é&l ar yalnéz m
tbochizat zpncirlbprinin qurul maséna, siyasbptin ik
g° sirt D

Kstehl ak-él ar artéq passiv bazar i Ktirak-¢el ar
aktiv gbrar qgbpbul edonl ordir. Onl arén eneriji S D MI
di nami kaséné vbD kKd°nvIimgh ¢sm yaansipltlionrid ocho ybii ri di r . Kst
psasl anan mbhsul vD Xxidmbptl ori se-bDrok m¢gbpssisbpl
endensiyané npbpzbrpo alaragq, h° kumortalrbrarvm éme yoraxla:
artéermaq ¢-¢n megxtolif stimull akdérécé mexani zmlob

M(;asir enerjidbp innovativ hpollbrin totbigini S
m¢ h ¢ r ol oynayan Dsas ami éhbak-a&ltarv arsdrejhil agkp @b
bDrpa ol unan enerji mpbnbol obrindbopn daha geni kK i st
hom db ¢ mu mi enerji sombroliliyinbp m¢gsbbpt t@mlmasir g
mpbhdudl akmér, hbom dbp iqgtisadi aspektl!l bpri nNbozbrob a

Ener ji sompr ol il iyl konsepsiyasé istifadbp ol ur
pl dpb et mbpynbD y°nbpl mi kdayd Akit liovn imo geshd calkpréd amai |
strategiyal ardan faydalaneérl ar

iKnvestisiyalarén vbD bbrpa olunan enerj.i mbp n b |
géenbk panell orinin, k¢l bk tur btiomtloirgini o vifop rbdioyean
artéerél mase;
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enerji idarpetmbp sistemlbrinin totbigqi
optimall akdér an l oT (ckyal ar én Knt e
istifadp edil mpsi ;
enerji somprolilik g°stpboricilborinbp mal
mpi Kbt vD sbnhaye avadanl égl arénén gen
stehl akéneén rogomséal il akidga @b tmas@&ép ven
dan, enerji bazarénda dinamik tari
rdon istifadbpsi
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el o ki,
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é a ke-id vb bobo
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D
22El ektrik kKbpbbokbpl priiend ek D
istehsal sistemlbri vb intel aI i darpbpet mbpdpbn
3Enerji tohl ¢kpsyedliiyiingthela érc&ll mmasm® bborpa ol
enerji idxal éna ehtiyac azaldela biIDr;
4. Azal déel méxk kar bione yemil xai yaltaordqgi gat !l ar g°stor
mpnbbol orindbpn genik istifadbp g@bdipsferal €ar bohbpemi
Akti v i stehlak-¢él ar enerji sektorunda pdawsa nlot
oynayéerl ar. Bu istigambptdpbp inkikafé s¢rptlondir mp
hesab edilir. Bunlardan:
I Tonzimlboyi ci sitéemaet j ayen gpopmabi qgiedbn cihazl a
mDanIDrinDedeen—isduibstiDdKivyianar VD vergi gézbkKtlbprig
i Kcti mai mbpl umatil eéhef apmer el mhsgi vV D ekol
mpl umatl él éjén arteéerél mas S-¢é¢h genikmigyasl & toh
I Texnoloji innovasy al ar é i Smak v i rid sistemlbrinin vb s,
i darpbpetmp hpol Il brinin genl pndiril mbpsi ;
i D°vPeobl pmbkdakl eéj @erengrjcil psdimpirlomo slii yi V D
texnologiyal aréné i-hkli kmmpled aklreanp kmex gmi d/ilvd mit ni n
Bu todbirlbrin hbyata Kke-iril mpsi enerji s ek
mi ni muma cbk vbp gl obal dayanéql é inkikaf mb
Akti v kehsepsbpa®°l kbpdpo totbiqgi, e kc
igtisadi l ondiril mpsi VD innovativ tex
tbosirloor n m¢gasiefmeldel vl bghasfapndal aEa
monbbol brin Kmiqgyasl & tbotbiginin vbp gbl bcbk
m¢evafiqg strateji addemlarée °z¢gndb bDKks et diyir i r .
n I iy
nevb
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subyektdbp enerji tohl ¢kbDsi prinsiplbprinb
me hkomlondiril mpsi mpgsbodil b Dt m¢ehem i sl aha
hesab edilir:

1. Knstitusi onalaswm éma mgw,rcv eornidd irli il knolsa : y ak é | i
tokvi qi &-én d°viIbpt-hsggoqi yybazaldar énorimakt bwi b h
geni Kkl ondirilmpolidir. Fordi i stehl ak- él-ambpéy pv bt DNK:VDI
etmbpk ¢-¢n maariflbondirmbp proqramlaré hpbpyata ke-|

2. Maliyyp stimullarénén yaradél masé: yakeéel [

i vD ekol oj i innovasiyalaia. i H&smbDs$ i yva
ar ée arasénda ekol oj i l ayi hpol borin birgpo
jén geniklbondirilmbpsi vacibdir.
Kcti mai davranékén dpoyikdiril mpsi?®l ¢akkmo kvl Di
bakqgal aréné ekol oj i cohptdbon tomiz hbyat tor zi s e
m¢hitop qgarkée mbopsuliyybptl i i stehlak-¢é&l ar ol maséna
¥l komi zdbop bu i stigahmgudp, bblzaakndséarréy ammagseéma tgiovl D ¢
enerji mbpbnbobl br i-adspakh)i bl ypak énli ng ¢ zZLobkOtkavti mkanl ar énda
tophl ¢kpsi zl iyl baxéméndan payl anmék generasiya mb
verilib. N°evbbDt i mpr hpol pdpo, Aktiv Kstehl ak-é& wvbpD Pro
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Summary
ACTIVE CONSUMER IN DISTRIBUTION ELECTRICITY NETWORKS
GasémzRde A

The presented article explores the concept of the active consumer and its impact on the energy sector and the economy. The
concept of an active consumer is based on sustainable consumption and energy management methods and takes into account bott
individud choices and social and ecological systems. The complexity of the modern economy and the increase in environmental risks
require the assessment of consumer behavior using new approaches. At the same time, recommendations are given for increasing
environmatal sustainability and the use of digital solutions.

Keywords: active consumer, energy sector, energy efficiency, ecological sustainability, economic impacts
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X ¢ |paBsi mpgalbdpp a y | adypknin@nonevi 35/10(6)1 10(6)/0,4 kvl u q  gli-elekirik tbchizat sisteminin 35/0,4
kV-luq iki pill oli elektrik tochizat sistemink e - i d | odo@nrened smdroliliyin ptos i r i a roklikedilenr énh¢€ars.i rT mo d e
© z ¢p borabor, digor i nnovati v bthigiindo tokovgiiqy a¢ dirmg.n p By bbbksds texaiki ikkilorin koskin

azal modigaz&r,f ity yonatetnogpvogCOFe mi s si yal ar & n é rosinokornai i ntu nyamreanddsz ra.i &dlgmé n
bak bpteerznhi yiopbakafARAKOK/KSH K Fpkcioinenyvbiohpkpd ayanéql éj émam i dr t- dmxagrea
day anéq blériniretot édri jgii b ax é m@omiya n diaxkleymar .

A- ar orsPkzp ay | aypkd,cSAIDIK enerfibc hi zat énda i by ditd SAIFIt anerimah | fzag i€lnd a
illik ortalama fasibs ay € , -BofpR dlunan enerji pnbolori, CO2-k ar bon gazé edmiismi iarsiék| iDGyar é
HEVX -hava el ekdtiri k veril ik x

Elektroenergetika sistemindp a y | aoppkbon En Kk moder ni z apsbsay ok @&naypr o s e s
problembrdon biri do enerji itkilor i ni n mi ni muma sal éonimaisédernt . v KISk ] S
gabiliyypt i  tkststermbhoy at a pheeli e kt rqgilka raév apdakomal nél ad aky ané qgol éj €,
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kpskin tosir edir. Enerji itkisi sad mph f u m deyi logollor { n hazohl ghidile &% 1@
ol duj] upmudztuu tns a q pmizin toki sorvotidtidinkisraf edilmpsi denok d i r . M¢nsiyalara t en
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-DKir vb bu obobdon, ot r a f me¢hi ti pmgoirtknvmapspd mgezdoy alt arkée -h r i | i
mbqsodip,  Azorbaycan  203@u  ilb  godor garkKkeéséna e n erpaj blunan <«megih s al
mpobnbolor i ni n( BOE M)-pgpdary éanrét €3rOmda q , C B5%m oridos azaltymay Ibdofr é n €
goymukdur .

M©° v ¢ u d Dli;celektrig todhitat sxemindgor g i n | i yoviyypdm®ktas] sgXodmdoar t € g
y ¢aioyp, cooby an s éx|l éf énén art maseéna, u p fioticodo aktiv enerja q , a’
itkilor i ni n - opb@Ebl md u& n abnAB sbvigygs i yngi knl  Bookodoter-te£2pzka a- €1 mal al
got i ri b -éxar érpSKKF Kb e gpficikoBwh IgifK msinogot i r i b [5] osapa,r € r .
10,6 kVgr gi nbbikkoipa i @ el ekt r i k onu rajrutleaploeynidkgl € b a K goeap B h ma
a- €l mabbkenriéen ket i bar | élpg,jgrngé nn | a k a joéystadilgym lpaorzé& | ma s é [
noticolbnir [6]. Bu b a xpeamd|aayplkd@yo @° w c u d ol glektrilptochizat sxeminon 35/0,4 k\lug
iki pilloli sxemin vtbigi texniki - enerji itkilor i ni n a z ebdkmh & INnmaestéi,bak | €l E] éné

dayanéqbdeflorieomern jl i oh un ma sréihdsalnluaumé ndan z
M¢ a s phor  Deekplorindo i r i pssimlpr yerlbkon pDrazilbordd pnbnpv i - mi xtpchizatl
sisteminbrin pvbzinb dor i n girikl:i yar é mst aonmsistifgda édirG Beb sxand | a n a |

transformasiya pilorivba par at | ar é n één, akzgpksabkgod a b ot Imamginliymkkea-jiéd g
edorok odiglbbo ma k si mum y ap ey wlmaurs Br iinl gi ri kK yasl&mst an

i edicilorin or az i si boyomwda gk ea-nimmal ara ayr él ar xd6i Bu yar
yar é msltaarmesnisy ax ptsiu sd oyginlliképdlor § ni n ol ma ma ssa&pd &0 b &kkV, bu
gor gi nl i kil h a vodorinie Ioje\k t epdl ikol xawakterip ¢ i « n wmn, 35/0,4 v y=a 20/0,4

kV gorginlik pillosiou y J u n -laD&@byq edilir. Qu a k d ®&wonévi 140435/10(6)i 10(6)/0,4 k\luqg
yarémstansi yopld iamiéem &&ratpmd @aé n a, olorli anri énn gt eubt iadkul] i ug i teéanr
nozorb alsaqg, bu sxenmdistifadd olunan xtliorin vboe | e k't r i k o wr jeodlila brE ¥ @xmiki- |
i gt i sadior Ddpsetmpkn | @& nk[Z].nRIigyw!| ay & c épbokblbrieirk topodrdfik skemino
gorginlik pillpsinin sadlok d i wsiindticosind:
1. Tomir vpistismar lIbc mi a z d0kWdgar lgé rn | i k Db otufian texpiki @ tok kti | cairt i i K
hocmiaz al ér ;
2. Aj & bbbk@elementbrinin totbigi vboperativompl i yyat | ar € n arpganhsdaél | | naaksnga Vi
vDintellektual idapetmo mpntogplorinb vb sistemimk e - bralbr x  a[flal ér ;
3.Qpzal arén pdbmypan éngdg cid n azmli dél SnaksBK FyK oricidisrirant
yaxkeéel a[@]d-éerléelkntarsiék enep f ma mn ipfina38%-it 10 I1- i6 kkV-lugl
kobokolor i ' payéna d¢Keér ;
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morholpl | sxoelmhagz ekidohoypt @ ke- i rilir;
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min ha) xalqwsor r ¢ f at éna qgaytar él masé;
8 Transformator sayénén 20% ( 68 1dpb MV eopve ikkikogn) ma s é
azal masé kopmalikdig.st ¢ nl ¢ kil
35/0,4 kMluq sadlok d i ir k | snxoe lmi gipbdtatog, b ak ga | n notbiga&tebypy al ar
tok vi g edir ki ,p-bédmlaagr diaa gtlbbilmii n hdmicah 2ki¢ad ak éy an iz
kabelbrlp( ¥ K Wvpz o | u n mapsb@ydagdabu sigtemin tbigi 10-6/0,4 kV:l u cpbokeyp aid
avadanlog g loicosiadn P khin xeyli sadiok mwsinD sbbob o | a c amhkd, éomonov i Be-lé1 pagq
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naqillorlp -ok i | mi #orddB Y¥OrXq | i ol aoaq,e | nndkhtatdindz (ME¥X) istifadDd oldnan
nagqillor b i orm ¢, keonstruktivx ¢ s ubdDipyon i, el ektrik ke- bDoogpsicib nagqi
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edilmosimmal i k o bnores BEYVE o m¢ g apgpi¥ K W m¢ h alf ragllor bir-birinby a x & n
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2.KI I i k ofiaibh 25%bgador saz al mas é;
3. Texniki itkilorin 97 12%-dpn 3,57 4%-D godor minimuma endirilrosi;
4. Elektromaqgnitsabk ¢ a | a moha sad Dtps¢ hrii t Dvyykoddp € ma s €
5, YanjpBhsk yarat mamaseé.
Kkinci mE, isd sni¢, th alf kabellorhi dakeéeyaonaxloanp d 8y0dokV-lagr d ér .
elekk r i k p aoyot a y, édopdn-b ext o n met al okl mezinp k p-kfli kKomdoat di r
materi al danokibenmteb il qain Mm@ &« mriddarl¢ish dli@n .¢ WK bcooy ama € éypg © v d
s €z mas é& ohoapli metal @ domhiabeton droklordbn  d aha y a x kK @€  olorenhakikdirt r i k
[4] ¢ s enskond v ucgar brazilordb kompozit dipklorin istifadosi texniki xidnot m¢, dtohi azalda o
i KDrii In i Kk ior doibilorg M dday aql ar ésé rdaadhaansort -igiiex oiddé kompozit
mate i al | ar i nfr ast rhomkomoliyyat om € rexnikixidmot xoeckrihi@zalda bibr. [2]
Kompozitbs a s Ipkéor prabribwi metal \o domir-beton dipklorilbm ¢, g apgoii
1. Y ¢ bksdielektrik o me x a ni k i ptloro ¢nalikdg; i Kergoziyaya, ert iglim vb prazi
koraitinod avaml edeér ;
2. Y¢éngel o | pdotin relyeflaorazjldor ahat | eql a dakéna bilir;
3. Bax @hbolunmurwqgur akdér maq asandér ;
4, Uzun?o m¢,[r4]l e der .
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sxeminin35/0,4 kKM u g i ki pill ol sxeml b bpvbz olunmasé te:
Dhomi yybptbpo vbD ¢stenl ¢¢yp mali kdir. Akajeée gbrginli
aktiv enerji itkilborinige¢llkmijm@p dgXmDyY mDi, nianv adm@tn
Kbbokbnin etibarl el é&jénén artmaséna KDrai-t yarad
SAKDK vbp SAKFK g°stpboricilpbori yaxkél akér vD enerj.i

Eynil b, bugsxemhaftebbi ¥KN kabel xptlborinin \
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Summary
MODERNIZATION OF THE DISTRIBUTION NETWORK i SUSTAINABLE DEVELOPMENT SOLUTIONS
HuseynovT .E., BabayevaZ.E.

This article examines the possibilities of transitioning tilaglitional 35/10(6) 10(6)/0.4 kV thregphase power supply
system of the distribution network to a 35/0.4 kV {plmase power supply system and its impact on energy efficiency. The proposed
modern model also encourages the application of other innotatikiaologies. This project creates conditions for a sharp reduction
in technical losses in the distribution network, saving natural gas consumption and minimizirgmn@Sions. It also leads to a
decrease in the frequency of accidents, which leadsto anriease i n the quality indicators o
which is of great importance in terms of the implementation of sustainable energy solutions.
Key words: DN 1 Distribution Network, SAIDIi System Average Interruption Duration IndexIBl i System Average
Interruption Frequency Index, RESRenewable Energy Sources, EOCarbon Dioxide Emissions, DISDeepInfeed Substation,
OPTL1 Overhead Power Transmission Line.
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Summary
AN EXPERKMENTAL STUDY OF ANAEROBKC WASTE FERMENTATKON US
Muradov M.M., NazarovaM.K., Garaeval.E., ValievaK.S., Shirinova G.S, AliyevalL.l.

During the study, the fermentation process was carried otiteiimophilic mode using a biocatalyst. The temperature,
stirring conditions, and amount of waste in the solution were maintained as in a similar experiment [1, 2]. The bicuatihyst ¢
was 2.02.5% of the solution volume. In this experiment, biogas ypetidn was observed after 2.5 days and reached a steady state
(0.24 m3/s) with rapid growth within 10 hours. The results obtained during the experiments show that the biocatalys¢saccelera
anaerobic fermentation processes by268ttimes compared to tiional thermophilic anaerobic fermentation processes and leads
to an approximately twdold increase in the rate of biogas production compared to traditional thermophilic anaerobic fermentation
processes.

Keywords: biocatalyst, bioreactor, biogas, ferntation, biogas, syngas, livestock waste, sewage sludge.
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Summary
STUDY OF THE ANAEROBIC ACTIVATION PROCESS OF DOMESTIC WASTEWATER SLUDGE UNDER
THERMOPHILIC CONDITIONS WITH THE PARTICIPATION OF A BIOCATALYST
Muradov M.M., NazarovaM.K., Garaeval.E., PirguliyevaM.S,, ValiyevaK.S, KarimovaS.G.

The research results show that the biocatalyst accelerates anaerobic fermentation processg® liyn2$ compared to
traditional thermophilic anaerobic fermentation processes and leads to an increase in the biogas production rate by meesthan
compared to conventional thermophilic anaerobic fermentation procissas.established that mixing the catalyst in the bioreactor
is one of the key factors. At the same time, an effective catalyst for anaerobic fermentation processes of livestacid waste
wastewater sludge was developed and tested.

Keywords: biocatalyst, bioreactor, biogas, fermentation, synthesis gas, livestock waste, wastewater sludge
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FOTOELEKTRKK SKSTEMLcRKN X] SUSKYYcTLcRKNK
Abdulova NafispAbdulfos q é z é
Sumgayeéet D°vIpt Universiteti, Sumqgayeé
abdulovanafise @gmail.com
X¢lpalkBot oel ektri k sistemlbprin qurul masénén é mu mi prinsip
fotoel ektrik sistemlbrin yerl pkdiril mbpsinin ¢ mu mi i K prin
°yroni Kpi edi maqlsasdéeml or ¢-¢n bpsas tpolboblori arakdér el mex, k
edi | mMgeatol if t empempdrur kar db&t evroilstt i kal ar é el ementin ge¢cen
gpbprginliyindbopnrasél él @&éfé qurul mukdu
A-arosgpzrlgi nl i k, fotoelektrik, intensivlik, g¢nbpk el ement
G¢nbk batareyal arénén istifadbpsi digpopr el ektr
forqgldi ol ar aq, g¢enbk panell bpriaséhnleaceéen dMoshbhil om, d
bul udl ar fotovoltaik panelin -éxé® gopdopm¢ Hbommii yny
el ementl bprindbpki ki-ik bir q¢sur belbpb eyni partiy
dotpoinsl bpn g¢ce tomin etmbk ¢-¢n el ementl bpri - 86X €K
ki faybt gopdpor bey¢k di ametr | i bir su borusuna da
axénéenén daha ki-ik ghacajegitsbii gdiimdbkPal amentl or
bak verir
Silikon g¢nbpkxpetemertbkbmentqgeyduju ¢-¢n sadbp O
Bunun bvbDzinb elementin x¢susi yynbpt | ofraidpi eidzba hb i€ ton
car.i gprginlik x¢gsusiyybptl pri (CveC) (kbpoki l 1) .

Bir el ement torbofindbon yaradélan a-éq d°vrobp g

i stehsal-é&&dan digbprinbp ke- perdkiorn bBiur edopbyidoorr °eld peyns g n d
dein. Cari il o vbziyybt forglidir. Kkéjén intens
asél éeder. ¥l -¢s¢ 100x100 mm ol an el ement 10x10 mm
eyni i kKélgtleamddedrana a0 0 dbpf b b°y¢k cbrbobyan verpcbkdi
.‘I,A
1000 Vt/m?
750\/:/n'f-
500 Vi/m?
250 Vi/m?
01 02 03 04 05 06 U v
kpkiGlgnbk batareysaasénén tipik VAX
Bel ol ikl b, génbK el emendip tg8dntipecomdiyyik| &kmoni s

goprginliypbp garké tipik qrafiKki pldo edil b bilobor.
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U.v
k pkiElemedting¢ce¢negn vp cprpyanén g¢e¢npk batareya

Maksi mum g¢c toxminbon 0,47 V gpbrginliybp uyjun
dé¢zgen qiymbptlondirmbpk ¢-¢n, h-bmri ni hpepmpHlraxoswi &
yékl opmpk | azémdeéer ki, -éxek gbprginliyi 0,47 V ol
éc-¢é¢n se-il mik, onl ar l ehimlopnmbol i dir. Seri al el e
tutul muk cbrbyan etdoipllnaiykadni rt o[fr3]Ja.rl a tbchi z

G¢nbDK batareyaséneén i K pbmbpbsinin vacib aspekt]|
el ement normadan yalnéz bir dbrbpbcb yuxareé gézder e
ybpni. 0, 4%/-dor2>2DoA0REki emPperaturlar ¢-¢n CVC bpyri

ALA

e

01 02 03 04 05 06 UV
kpkiMegx3 pl i f temperaturlarda VAX

Ki faybpt gbodbor g¢nbpkloi B7i Or -Bg ¢Ghoddob r m¢gxétzodl €irfa- ebli el noe
0,09 V itirp bil or. Bu sbbboplg¢,¢mmK gbakt ayiey a d&§ xanm s
azal masénén bsas sbpbboblbrindbpn biridir. G¢nbDK ba
el ement i standart kpraitdp (Standart Reé&sAt QGoempietriadn
cormyarmgi nl i yi DYTri si Kbklindp tbogdim olunur. C vVvbD

AI,A

Usx
Ay O
u v

kpkiMaks&s.i mum g¢gcen neqtpl pri

'
!
|
'
'
'
'
'
I
I
A
e

cyrinin gborginlik oxu il pU.k,psdxrdoyadan né@xu-pi lym K|
gésaqapanma cbDr pdy)an eéMakk sa dduam é&gr¢ c( kroekyitli nqi STC ( St ¢
uyjun ol araqg m¢gpyybn edilir. Gorginlik, maksi mum
Yuxaré), bu n°qgtoybp uyjun gblbn c orow&mEé sb maksi
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36 el ementdbpn ibarpbpt olan modulun i kKIbmbp gbpr gi
t oxmi Alorn Vi®I|l acaqgdeéer .

Qeyd et mp Kk | azemdeér ki, modul un a-€eq d°vro
gésaqapanmansomifoyamd avmqg i K cbrbyané i kéeqlandeér ma

Bel oli kIl b, real i K KkDr7a0 tA Q dtpe mpeezrdadtr erl ad éoqoldap rmi
goprginliyi n°qtosinin yerdbyi Kmbsi nb ugy-jeéunn dduory, b rmp
V-dan 13,7244V-a gbodbpr (hbor -®4VeEment ¢-¢n 0, 38

Yuxar eéda gostorilonl bori8ESihna ma@g & m& paaell dmai a
el ementlbprinin sayeéenén hesabl anmase metodologiyas

Hesablama moduliaé n n o mi nal géceéenegn, onl arén sayénén,
Kpbraitinin vb tutumunun se-il mbpsi, Kar j tonzi ml by
aiddir [1].
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Summary
RESEARCH OF THE PROPERTIES OF PHOTOELECTRIC SYSTEM
Abdul ova N. A.

The general principles of photovoltaic systems construction and the working principle of solar cells were investigated, the
general working principles of photovoltaic systems placement, design, geographical and climatic conditions were studad. The
requirements for street lighting systems were investigated, street lighting and their characteristics were analyapthekéolt
characteristics at different temperatures, the dependence of the element power and current on the voltage of the ear cell w
established

Keywords:voltage, photoelectric, intensity, solar cell, regulator
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HarunovA.T.,c | i qul i yBohomnoXM.Q.,.Makhmutkhonov S.K.,¥ norov S.A.
Sumgayfgt Um% wler s i bhprit AZybayGam mgayi t K
asim.harunov@sdu.edu.azmahmutkhonov.sultonkhoja.93@gmail.com

el ektrik sisteml modarnl| pkidkiérgillampdséir ma b a

X¢l aBo mpqal pdbpb
stansiyal arénén (SPS) inteqgrasiyasé yolu ilbpb -oxmbpneshbi y a
aspektlori arakdeéereéel er. Bi nal ar én eihxdanyacazentublPldambé&l areédreé
enerjisinin potensialénén tohlilinbp Xx¢susi diqgot kgemidblir.
binanén fasadénda gurakdér &l méxk Ka ntardiak Ggthamnxs i mad&Ilnléar équar a
hesabl anmasé tbogdim olunur Mpgal pdp davaml é& inkikaftenkont ek s
yanakmasénén vacibliyi wvurjulanér.

A-ar sGgzhmk : ener jisi, acmgrejki koommpodreklsil, i yfiot oel ekt ri k mo

i kéqlandér ma.
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Bi nal ar én enerji sombroliliyinin artéereéel maseée
strategiyaseéenén m¢hyg¢ rrk cansnpuenkat |l ptro snodrorntg, fhaikr éi s, is srthoonsdi i ol |
i Kéqlandérma avadanl!l éqgl arénén modernl okdiril mbpsi
sahbpsindbp qabaqgcél-dhod!l §LED) o6ecpoml oddbyai @a€gnén v
totbiqi,| aeknéerrgn D hsotneihy ypt | i dorbocpbpdbp azal maséna v
olur.

Bundan bl avb, k°hnbol mik étr&knsfidkr maxonilkar ko mpp
avtomatl|l akdér Bldm& k kK kiormipll recksit pied i® k tt bickhi zat eneér
éneé artereéer. Kstismara yararseéz avadar
re bpvvblcbopdbon m¢pyybpn et mbyb vbD[llJonl ar
r d¢nyada dayanéqglé inkikaf VD enerji
] eéndan, yakayeék binalaréenén enerij.i S D MD

-evrilmigdmpt!| grmdornebi ci gesnbk el ektri
kompleksl brinin (¢MYK) enerji tomi natée si
ki mi i stifadbp edi | mpsi , DAonbdvD r pecroedrpj i a zk
gazé emissiyalaréné azaltmaja vb maliyyp
SIprin-ldcMWYKa tbotbiq perspektivlobori bir ne-on

panel i i st ehsadl -tetxanmo | woy i e/fafl eakr téi vo nd dhirré. dkakhia

n bpDratbkrbndmguGB88deéer el mas e, torpaq ehtiyacéne

nmasé xbrclobrini azal daraq g¢nbk eppBCpESgindsn
i f

D
an g¢nbpkK enerjisi $ mu mi i st adopdp ol an sahbl
zate ki mi kompleksin m¢gxtpoliR]l. ehtiyacl aréne
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kpkiI.DI ALUX evo pr quiaIrTiéin dyaa k- aoyxenk pskrio mp |l ek si ni n

Lakin, génbK el ektrik stansiyalareéenén ( GES)
Regionun iglim x¢gsusiyynbptlori, bi namfévnc uodr isypetnht assail
kompl eksin enerji i stehlakeé *kinmieffaktowl!l afrpahd yiy!
aktivliyinin y¢kspk ol duju de°vrlbordbp istehsal o |
K¢al anmasénén eaczpal viemxstél aroéenya ¢ sti fadbpsini t Dmi n
tutul Bal edeéer

Bi nanén yerdomkhno sy ® emlniulb, bu da damda vyerl|l pkdi
opti mal me vyl bucajénir naBl bumagihaj mganell rin ct
el ektrik enerjisi gdeome r- aosxi yoa snéunr € n Bauz -ebhuntaasi éérnp 96 ei- si tl
yaz bporabborlik ge¢negndon (22 mart) pagézt bormbdbbsi m
SDViyybpybp -atdeéer éyanwveerk) aeynerrjéin dias t(edhesgéhlb& phbomi yyI

Bi nanén daménda 100 bpdbd, fasadenda isb Kaqu
gurakder @lame k,dzérro. moydul | ar t or pf i ndi®Dna kiasjtéedhal kagk - dE¢ys
hesabl anér

o w JYw & g O- 3 h
burada:o T ay | @bk K¢ rm IDviyypsnEada o ¢y Y i bir modulun sabsi, 46 0 i bir
modul un no@mbdénalgignody) sayeée,ispedpbid;mi Kk modul un fayd
olaraq, 20.5%)- ise-il mik invertorun faydalé ik bpmsal é

Hesdb | amal ar é&-¢nh Canadi anpolS8norl[5 [6]. mdMa dlull a rséaryda na |

d ¢ s t nsrals & mpgyen edilig
s Y POT
Y pH o
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. Y TXP DE O
& Y pH oL C e a
Fotoelektrik sistemin panebd aséel e o | @ insolyasiya yqiyretioriacodvgl °1r i db
g ° osilib.
Cpdvpl 1.
FESi n hesabl anmas gviypyplprie¢ n i nsol yasi ya ¢
Panel Tipi / Ay yan | fev | mart | apr | may | iyn | iyul | avq | sen| okt | noy | dek | K|
Vfeqi panel 44 |66 | 113 | 158| 188 | 215| 210 | 188 | 158 | 108| 68 | 48 | 1574
kaqul i panel|95 | 105|112 | 122|128 | 122| 115| 110|105|95 |90 | 85 | 1344
Panelinmeyli 35. 00U |73 |92 | 138 | 178|205 | 225|220 | 195| 165| 125|88 | 68 | 1777
Q¢t b oxu Dt r|93 |117|158 | 207|240 | 255|250 | 225| 185| 135| 97 | 78 | 2040

Bir Canadian Sol afineddkodul unun g¢ceéhng ot
0 6t0i—- pPHOP NTOR TVLOOPX VO OWO
cKndi bu d¢psetbrokr ddhaam i (2100 achodmoil 9§t ehlsankn- REA/yae gvigerro
s¢tunumu hyeesnabdl ayacaj eq. e
Yanvara y épi¢sztre h|l apn- &ynaeryer imi gdar éné hesabl ayagq:

0O ® JOYd I g5 3 C @dpd otm® oitp miv® mird v
ot 'chbﬁ
¢ XMNCE dw

GHYPO modul unoddddcmodulun sabsi (36, 03 st anpaitd g ¢k K ¢ al amomas &
1000w 1 9,— 6 modul un Dnasyad a@bné( mgka s iDr  p-auR@d, hudada 0.205,ppi

20.5%0 Canadian Solar modetl i ¢ - ¢ horicwlir).t a g° st
Eyni gaymada amd atr da bnas e rejhil arkodvgl dog @& | éni Kt i r .
Chdvpl 2.
M¢ Blti f ayl ar da pi sd reérl jaik - miyqad arred i |
Ay Orta ayleq i Kstehlak-8& ¢- ¢
T (kVtLsaat)

Yanvar 28.83 270.42

Fevral 48.72 457.03

Mart 90.21 846.65

Aprel 117 1,097.79

May 158.1 1,482.34

Kyun 155.4 1,457.24

Bel plgipckhbbm, el ektri k stansiyasénén ¢ mumi gur akdEé

33 kVt vp f[@]sadda 95 kVt)
G¢nbk elektrik sakapsdgkhéépnpenasskeosmpminent | prdbpn
invertorlar.

Damda qurakdeéer él nmleRk géomookk kpaabneellil pirlip Pavr d é c e | K
20 panel ol magla 5 blok ombl b gaotriirior.o kF&@s a&d okame
bl okda 18 panel tbokkil ekdoinrt.r oHbplre rbiinri nb | aoykr & cnav egritroi

I nvertorl ar én -éxéexklare géc payl ayéece gal xan:
avadanl!l éql ar é dé ne mesrajsi pialyd aty®Emién gar j-diy ai § tVRIUIRLZJ | b
vb invertorlar tporpofindbon sbprf edilbon elektrik en

Kstifadpbp olunan invertorl ar il dpulésn dorkail mlail lal
integrasiya olunmuk (vD ya xarici)[8.ko@prnmeksp aroe lul
met al -Dr-ivbo el ementl bpri il der[@mdan m¢hafizp si s

¢coxmonzil i yakayék kompl eks!| proimudpog ml¢gmoxy pe | ye%
bir inves®, selaldejri tohl ¢kbpsizliyi, igtisadi S D MD |
m¢asir cobmiggpoptawmwabpVvebbboprdayanéql & vbD enerjiybp (¢
t°hfpo verir.

coxmbonzil i yakayek kompl eksl brinin enerj i t
i ntegrasi yaseé ener ji m¢stboqi ltlmayyi nypo akt o maqgne hiit
g°stporicilpborini yaxkélakdérmaq ¢-¢n spopmbpr bl bir
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Apar él an hesabl amal ar ¢ mu mi géce 128 ki ol ar
gurakdérél masénén texniki cohptd®&m dngmgem Hé diufiu
birl pkmbp sxemi vDbD i glim x¢susiyybptlobrinin nbpzbprec
somorol il iyini tomin edir. Topgqdim olunan yanakma
verpon dawyasHéaqglaé ,gqpmeasst edbn vbD rahat yakayék m¢ghit
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Summary
IMPROVING THE ENERGY EFFICIENCY OF A MULTI -APARTMENT RESIDENTIAL COMPLEX THROUGH THE
USE OF A SOLAR POWER PLANT AS AN ADDITIONAL ENERGY SOURCE
Harunov A.T.,Aliguliyeva X.V., Bobojanov M.G., Makhmutkhonov S.K., Omarov S.A.

This paper examines the key aspects of improving the energy efficiency ofapaittment residential complexes (MRC)
through the modernization of electrical systems, lighting equipmedt,ttan integration of solar power plants (SPP). Particular
attention is given to the analysis of the potential use of solar energy to meet building needs, reduce energy consdrigwien, an
greenhouse gas emissions. The study presents a calculationirdtéiled capacity of the SPP based on Canadian Solar modules
installed on both the roof and the facade of the building, taking into account climatic conditions and building orighiatiaork
emphasizes the importance of a systematic approach tesigndf power supply systems for modern residential buildings in the
context of sustainable development.

Keywords: Solar energy, energy efficiency, residential complex, photovoltaic modules, sustainable development, LED
lighting
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Gc MKLcRDc BcRPA OLUNAN ENERJK McNBCLCcRKNKN TcTE
SCcRFKYYATI NA TcSKRK

"Murado i yev Aydén Zurab ojlu
H¢esey moarmhkkud o] | u
1- Azxrbaycan ElImiTpdgiqat \pLayilbAxt ar é Kk En e rBjeek dayp@zKk n st i t ut u
2-AZx baycapDhnD%Zv Ak ade Biak dbayca Hk ,
aydin_murad@yahoo.comkenanhuseyn26@gmail.com

X¢lasp. Bu mpgalpdp borpa olunan enerji ombolorinin gpmi - i | osikdb tbaghvbo bu  t exnol ogi yal ar é
sor fi yyat Bsna i olaam kK ook vped ¢goké K € @ esr. g si Epeigbra texnologiyalar oh | i | ol unmucx, m¢ as
tocrgpobnobs asl anaraq onl @clan eafgfeedkyt]isvoticddki . g®Neitk di r ki, bnonovit e x n o |«
enerji nonbolorini tam olaracpvbz etnpsb dp, yanacaqs f iy pheniyyoti édorocodba z al d maq | mkanéna mal i kdi

A- ar orshbrzpla ol un abkturkinibe ir jok g p drigyerdadaqer f i yyat €, kaombgamayémimasi ya

Girik

Halkhazér da d ¢ no\paadtaé eagwetrtg@ikk i ctv ar t € mé n onodoai veaenjil €1 €]
r esur srefaga2mke®nme r ki mi f o s oninpsinp e mtarcaafqd ot Meomfi tosirlpria
g ¢ mrhosinD sbbob olur. Atmosfepb ur ax €1 an digorb oins tgiaxzaénav qazlmr e i
global istibk m kimi ciddi ekoloji problembri daha da &skinlok d i r i r . BU baxémdan e
X ¢ S m sDgliyyat vo gomi - i | osikin afteanbtiv @ daha bmiz enerji nonbolorinD k e - 1 d i stroa
phomiyyot kosb edir. [1]

Gomi - ibhakesi ctnin ypxaninon DO0&eaitok K i | D leudsalndp istifadp olunan dizel

y a n a c aaphiwot & i mi gdar da t olblua mtx &l abmbé € o) laaubnmwo didela r
m ¢ ouriklor i, B dgp szaggnoshblorby ¢ K dakéwimn i isti sgar openadnyanagaqg b° y ¢
soif edirBuna D goni - i | osikdd enexjih moroliliyi v b ekoloji tomizlik mpsdlDlor i aktuall
gazanméexkdeéer . [ 2]

Bu nmpgalbdd k ok vD g ¢DR k i orppa olupan enerji ombolorinin gpmi texnol ogi yae
i nteqr ansyayaeag 8 f h y y at € n ém da ekaldji tosirerg minimuma endirmk mpgsodi
dakeyeéer . Bu t epgomo | gyplivizded caw Disx dy e ok g ipterinletbclh i z o lbun mas

hibrid sistembrp k @»K turbinibrinin blavp edilmbsi yolu ilb hoy at a pkbior. iMpgalodp bu totbig
imkanl acgréel aar én | omoiblsialdiiy ie nbhamjygotiiEsmIidialn edi | mi kdi r .

K ¢ok enerjisi tarion gomi - iplistifddml olunan ilk obii enerji monbolorindon b i r i ol muk
c nonovi yelkonli gomilor gpd i m ofdorv tbd yanachiz g | | yygéeendaolsanrmhad, | a
sonaye inqil abéndmrikli genmolomorvae rymé idn ir . mdvhy, a s ibkr enetjigninn ol o0 g

yenidon gomi sistembrinbi nt eqr asi yaséneé m¢ mkpniordeekt Bk iturbidion,rrotohr t € g
sistembrivbp a r a K ¢ t pnlbr totpid edilnoyoeblakc | anél éb .

Rotorlu sistentr digor sistembronistotbon © z akt ual | éf énéedod EX EAMBERSE T
rotor | ar é paygbldbegnuarna,k dceir ke | vmé Kk soyinl tosimndon yararkan magnusffekti a r k|
noticosindd plavb horpkot g¢cCc¢ yaradeéerShi Al Maomii aydalnédroug A Exnol ogi vy
n ¢ mosidir. Bu gomi 4 odod 27 mlik FLETTNER rotoru ibtoc hi z o | ubprl®tDmtion yanagaq
goneotinon a i | o | mutieotioo onun diBelm ¢, trriklorinb dosttk o | a ok &reerjisknagnl somorpli

istifadbe t d i y orin i g[3]s t

-

kpkil 1. 4 pdpd 27 mlik FLETTNER rotoru btbc hi z ol un mu k -sAli pa ripoysicardd & fgE
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Bundan bakga fABel ugamiSkiy marn dkksStandkitegnil) ietpdniey g
olunaraq alternativtibket g ¢ c¢ Qqazanmémwdaeroy cBsmesbeemgbglal gnd:
axénl apebok gentiinfiand © midp horskbtini ¢(p@mimn e d i r oticosfnsbt1@-12%n ganacan
goneoti ldbo | u n miokknillok d i msii | rh a | ceomich 80%b-uatracaj & prognozl akdeée

] 2 /leqaqhhal‘a girigi olan rotor
X1

inxron generator

1!
7, Aerodinamilt tormoz
|- Markaz Akkumlyator
/.\lxkaznxu - |va batareyalan
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Kpkil 2.K (;blkturbinihin gbmilprdptptbigininsagplpk di r i | mi K s x e mi

Bu texnologiyalar biol i k geni K yayél masa oddai rom¢ @lr @l ¢pkot
sérasénda emi ssi vy al painoréminimara lemndiElhnshaosuéz, u n e ktioisteajar t
d ° v rpigtisadi faydaoldp edilmps i pgl B kelor . opshdudiyyotiorinbisbh a voeaitinkbn a s @l €1 € q
sistembr i N g urpd kd&er rkaorchi & n é mkliyydaxkds.

B u n plonu n@risrt bki enerjidi isla s orkipio y ar d € m- & rol oynama
sor fiyyaténén azal @eébisteads € ma i ismkosima g e mg ddi@ristifad keyf
intensivliyivot e x n i Kk ioviyypsinkbd dna s € | & mk enerjisi ibd gaybn sistembrin (mpsdlon, mg¢ asi r
yelkonlor, rotor yellonlorvoy a p ar akgnlor )t iipsitiiobynead eéka k@ ékli mi di r : [ 5]

1. Adi yelkpnlor (klassik dobniz yelkonlori) T mat er i al énd&Ibilamagrad ol ar
texni ki gul l ugl a od@dbanokol n i st i smar m¢gdd

2. Rotor sail sistembr i ( FLETTNERT 2025t iloi rsl tai r semetir var, nmgetdl d
konstruls i y a ba&akda&jré vt e xombiedii qul | uqg t
3. Kite sail ( upnlaripy T ppaarr eaaexaviki sistentréibn ibamt o1 d u5F undan

10il, lakin hava wdpbn i mraitisdon a s €| By ipdilirar aq d
Gpbmilprdok i g eistifados ivz Drtpsalpior | big ¢ o arinieyerdok d i osii | m@l-veenr i K1 i di
Gomilor gogdgor p arnienliln pnvB yeripddi y i cojrafi Z 0 n a dra nnofiixsté | €
miqgdarda enerji istehsal pthilor. Gomilor - ¢ n uyj un panel S e - Dilomindonpofion n st r
mar Krutundan, npDgd@ogbsainsd o anfBhn gasrg hvdd éer .
G¢ox p arinbe | 4 o B | g ¢ploodd fbatlyypt  @rBns tt r a y e b howkotiedonagpmidpbe r
c-¢n ef feaknil adiyra.n alRlidz i b ut eshnlikivkeiind ekl | orge¢nnlsayénén az
enerji saxlama gabiiliygtinin  mph d u d | w] panelbrin mexaniki bsirlobb g ar kK é dayanéaq
garkéelakméxkder .
G¢w paneltle x no Iotlmrjndg °xngesplts f gropp®©M g n¢gr @ [ 4]
V  Monokristal panelpr - y ¢ ks e ner j D effektigliyinpi (| toxminon 22%) malikdir,
uzun°megrl ¢gder |l akin istehsalé bahal édeéer .
V Polikristal panelbr- daha az effekti vdioirvbg® ® %Xk pdiuadt.ii f awc u z
V Amorf (nazik tbpgpli) panellpr izoi f by ¢ h K € ] éoyodbdlir, elaatikdir, kakin enerji
- evpDsviyynsi57 % akaj éder .
V Kadmium tellurid \p selenidps a s | épripyagntled | K € g u dtmmmalikdirbvo bbzi y y
\Y

hallarda srfol i alternativ sayeéel ér.
Polimer panelpri 'y ¢ n g ¢ | ,poyitodilondik gowi sothiorinbuy J unl akdér maq as:
effektivliyi akajéder.

G¢ok  p arinie gomilordd totbigi yanacag f i yyat éné pazadit maj ar¢ kRim
yardeéem-oei ai ¢ 1 & mgidasya,dk@mmomekasiyay soyutmas.) enerjibibb at éné qgar Kk é |
di zel generatorl arénén iomi gihkoomplangd &lsd ésrt.mnmBansién eég!
olarag yanacagps f i y y a t obkrb-d18%, pz mbdid sistembrdp ispillik 2 0-30% -D gpdor gpneot tbmin
ed bilor. Belblikibg ¢pr e n ekco Dinbyyat xorclorini deyil,  omdk ar bon emi ssi yal ar
baxeémewmygpnl| i rol oynayér.

Tokep g ¢or Dk DK enerjisi iDi Bybn sistemr  h araittndork as él énotddupkumngdés
moh sul dar | eopistemixr nriga IBedwyg tod aimk pd t | ar épké eannearljiiz iesdt €
tonzimipyir. Bu yanacag® f i yyat éné azaldeéer, di zeb ¢ nguermieriag toir $ «
xorclor i ni akaj é sal éer.
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Bu sistembr daha - ox @ veybo nzagmsablerpsibfometbn vbenerjibmi nat énd a
d ay an éghl ouhad gmildr ¢ - ¢n  uy] ubrod wrn.mukK o reboieirnjiin sa ksaijeend a k ¢
mevcuddur : [ 6]

a) G¢gm  + DkKsigtembri T cn geni K hy by & d ménio oke | p adn eptzindb Gy, ¢nn
i Byli r pktukbiplri isbgemvby a b ul u drhitindp. lBa sistenkbir-b i r i n i t memajiml ay é
davaml él ejJ éné artéreéer.

b) G ¢ x+ Bioenerji sistembri T G¢mk panel i g¢ndye z epsolenr, ] ibowoekrgitrl,
ya biogaz) isgeovbya gQék ayba@unwnda istifad

c)G¢m + bat ar ey ai+@¢oepsas enerjnhnlyyi adti & batareyal ar
enerjini s a xotli dyludlu havalerdawy @ ¢ dledorhgllarda dizel generat@htiyyat kimi
i Byir.

Bu sistembrinbs as ¢ ®rti¢ nd g\kd md Bi zanted,j it Ul | ant esiekalog n mi r
toh | osikliyi, dizel w f os i | yanacaql ardan apgoeDl el eyiemi nazat de
m¢ mk ¢ nl ¢Akaij, & da koaoticq olaaly imdpad olunan enerji onbolorinin totbiginin yanacaq
sor fi yypait@éinmain qgqrafiki verilmikdir

o5 Barpa olunan enerji sistemlarinin yanacaq sarfiyyatina tasiri

20%

N
[=]

Yanacaq ganasti (%)
=
u

=
[=]

7%

il

[¢]

Kulsk enerjisi Glnss enerjisi Kombina clunmus sistem

kpkil 3. Bprpa olunan enerji sisterplinin yanacaq pr f i y ypsirinie qradiki t

Nbticb

Apar él an ar &k, édopaaslurar engji°cmiblorinin T X ¢ S @ ok DK PR
enerjisinin @gmi - i | osikb tot @ q i m¢hegm potensi al a omadiirkogilimg st B
enerji bmi n a ondmeinosts d M°® vc ud dorikleinp y g d € m- ébnbmyinkint fipliyypt m
g ° etk yanacaqm f iy phentiyyotii @orpcbdd azalda bibr.

Golocokdpt € x n o | o gkimilioa 0 & wsi@lhbnut  ogri€ilerti n daha da opnir¥xx é1 a K |
bebsistembr i n d a btligi ggrein-iikl itk sekt or undmé slgirbbilgr.i tr ansf o
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Summary
IMPACT OF THE APPLICATION OF RENEWABLE ENERGY SOURCES ON FUEL CONSUMPTION IN SHIPS
Muradaliyev AZ., Huseynov KSh.

This article examines the application of renewable energy sources in shipbuilding and the impact of these technologies on
fuel consumption. Wind and solar technologies are analyzed, and their efficiency indicators are compared based on ldurrent wor
experienceThe results show that these technologies, although not completely replacing traditional energy sources, can significantly
reduce fuel consumption.

Key words: renewable energy, wind turbines, solar panels, fuel consumption, carbon emissions, shipbuilding
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Y2Harunov Asim Teyruno j | u

1% liquliyeva Xpyalp Vaqif q & z &
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X¢lpasen ilobdbbi nal akda ngg m orsini &i d tneomlgkademik, yna draktiki bdgigatlarda
prioritet salmyp - evr i | Biu k diikridnal amokd a i sgtgiflotkoeblvektrik toexingil 0 g ipyearlfaorrény
opti mal | akmbdelibkéd imsiislém vak dér é1 mé k dokiailor i B 1 mkadyygglikld modetbr @ 1 gsiieheg © s t
i st ehblarkanemissiy@lr e né azal pknaanjlaa,r édna xkiolmf omt unu artérmaja, eyni z
vwbt exnol ojokvi gogpiemkanfverir. fbd q i opa i1psindb TRNSYS, EnergyPlus ovIDA ICE kimi modelbk d ipr m
proqgr aml ar émnenmohdudiviyogon Igignkotion d i r i FDhi/ ®CM vD hibrid istilik nasosu sistemti iIDb aj | &

eksperimental vododi analizbr  apar éommé md &r, . bHnal ara i nteqgqrasi yai roilocsgfuxt f ot
h a vm@aitinkbn as el éoneoqup e rkerl jgi y éoji ifbao pdii sntad hlak d éohma | | midah Ima ke i t . S
kobpkol DrinD psaslanan real vaxt monitoring sistermivbs i ms i z Dpbskelonirenaotbigi Kotoelektrik panetr i n et i bar | &l &
ener ji i stehsalrgaregrerstabilliyin

A - ar prsbbrgalolunan enerji pnbolor i , kgemer jrsi, giaxtagralk oo nialliapkié, i sgeshne i K i
sistembr i , yakél texnologiyalar.

Girik
Son illordo doy ibrk borpa olunan enerji pmbolor i ( BOEM) b¢xrgm| dg my ada
morkpz i D ®rlerk sistentr i ¢ olirle, v elloji tbmiz alternatiw - evr i | mi kdi r psikliLaki n

doy i ox,kstoxastik, idar oluna bilnmoypn xarakteri sbobindon enerji sistemin m pyyon hocmdd enerji
toc hi zat &nda nolavwrmplauri Xidirotlor tsgé@im e bilmirlor. BOEM-lDrin enerji sistentrinb
i nt eqr asviyypsins ®morel niokilsoar t € r maq onook | @ F € n éosodhyEmkeE dnt e d
modelbr i ni n dmevireakntérkiek vener j i si iha threihrs a & B hodukidir.IBinar saéni K
baxémdaodbpbsiorn pdgidat BOGEMIpr i pookoypi nt e g r asddoynays®®h nm kK d i r .

Kg !l bym kd tt Iriayf ip potersial bsiri vbinsan oy at € nfi npticol brivebbpbindon son
ill ordp psas problenordon birinb- e v r i blbunda bmizwb borpa olunan enerji onbolorinin istifadbsinin
artmacbobnal mukdur . OWDKHRDODKH NKkdtiopmar s é& PaneclilpgodrP CC,
gl obal mi gyasda sé®eéert udadlaing léinaphiiedin I @il COlift@toi.
Tikinti sektorunun global istik mn i n yumk al d@hiyyet 4 @ podrensi al a mal.i
ol unur . Avr opano Kimai 1 aog @hm ehalig @rnkigda davam eabk vb 2050ci ilD
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godor  ngigphalisinin 66%i bDherlordby a K ay a ¢ a q . biBru , i ndkai v hamiiygbtli preblembr
vwi mkanl ar yarmBvMVEmi nB &eydj & inkDa lypiKoinny et s b ¥6& € @oflog, z r
Konfr ans é plpro P0808i)ilD opdbr kjlobalt e mper at ur m@mocotSélgné@messind 1, 5
mbhdud| akdéobéelenha s édm@|Staezd ikh igmz a bloa ma @ In & a roBygosigbm kK ¢ K R f
asélée ol Mmayarsad,y alC®b demegrafik aneyilrdoa d ia y & r madbirlorg, - ek r t
° hodi vy i oot ¢rdgl

Bu ©°hdpliklbrin yerinbo yetiril mbpsi i sp gl obal
[ i mi kK, X¢suspbn dpop maliyybp mexanizmlori
ri ldmink diirg.l i Bru db gpXd éomat i y a s@GP22% lgmu i@ wrb.pt
ake Kbhpor i nddior kteporiofidompsAzbpr baycaneé b

mpr kbpzi np éexar mex, di gor torpofdbopn isbprqgl-oobrali vibe
yarat mékder Konfrarmdéni |odsoans smmg sap geqi¢ gl@ab2igim mi n b
mal i yybpl opkdir mb hpdpfini ( New Col |l ectii WEQG)Quant
m¢epyybnl bokdirmbpk vb inkikaf et mplkdo sei gpal @ri&m| ar
davaml é Kbhbr transformasi yaseé S - én daha -dapmbpr D
Kbhporl pkmbpnin s¢grptl pnmbpsi fonunda iqglim riskIobri
kohor !l bpri nkéenenrpqil iiysytaethleami ssi yal aré vb infrastrul
sahbpl pri hesab olunur v D baijnél | g° rkob hobo, ly B« réfl rs aerange tr
si st edmlymarnié q lvelkk anvotbo n ineytgmd | ¥ rein at keepbhbd¢g sl bpr m¢za

Belolikl b, COP29 yal néz gl obal iglim ©°hdbpl ik
ur bani zasiya meyl I brinin yaratdéj é -ajeéeréxklarén
baxéeméndan XxXx kosdi emhomi Bwubtkonfrans Kbhborl brin ene
i nki kaf i stigambptloorini formal akdeér an DS as pl at
di pl omatiyasénda yeni mpr hopl onini beelt adj éebnéar an
SZro yeni -bpr-ivolpbor formal akdeéecriméikldleorn eKtoinkfa ramms é
NCQG maliyypblpbokdirmbp mexanizminin gbopbuludur, bu ¢
i nki kadp edlmork °Il kbl bprin adaptasiya VvD emissiya a
proqnozl akdeéereéela bilbn maliyybp axénlaré vb igqglim
yarader . Baké Bbpyannambsi Al kbbedi gl Ay 5AC wmplgamd |
karbon neytrall éjeé, yakél texnol ogiyalar vD bbDr pée
somproliliyini artéraraq davamleée inkikafén bDsasl a

COP29 -Dr-ivosizéb awmalparol wmamr Iroar i n, X¢susil
hpodpofl brinbpo uyjunl akdér el maséneén n o gopdbpr vaci b
somproliliyinin artérél maseé, binal ar én i gdrbom ri s
emi ssiyal ar énén azal dél maseé LZr o go bul edil bpn 0
s¢rotlondirmboyi zDrur i edir . Mp h z bu kont ekstd
emi ssiyalaréndaké payé énpizbkbntall ehkansagpsisyeafléar éa
strategiyalarénén ayrélmaz hissbpsinbp -evrilir.

Bi nalar d¢ opamp & ¢ me mj bdbaillrabyaék ak avr b o noxménomi sge-i dy a | ¢
birinp spbob oIdUJundan, "seéefer Kar B-@ bo0gddomi ¢ 9 iky anlb8 € Brgrha 't

emissiya bdofinD - a t ma g othiy-edimbiloh innovativ enerji gnaot modeli bmsil edir. Bu, enerji
i stehl akéemdga miediémalkawy bon emi ssi yas éopaolumenlenedfi ol a
monbolor i ni N i nt e qorgmadti ydhisDae ypedjew jii gyt e h | adsigdnbeimbinalar a |l d é |
xalis séfer karbon emissiyasé olan binalar status
Son onillikdb g ¢bv e ner j i s i mhignsahisindm tadl gai rqdaat olil ty i & vksn eitdibn
pdobiyyat ozordbpn k e-osasidiqgt r ,et i b ehrslud | déamc, vbeagps, t e % prinklbacomiprar.
Mpgalbn i n sonmeikdd g gk | mot o eblieskttirliikk vt exnol ogipginabl ar én
et i bar bmn edlpmsinmemphsutl dar |l €] énén arobo énélomas emmabdolidik dar é|
hollor i N axtohipg gp@ emen jt i sobiglorinadp bt®iyksikntpottensi al & ng¢ may
hom- i ni n t a pgegwrdraha modetg dipgmul | ar @&di rgimu.mi Sonr a phi bri
g¢pr i stilik texnologiyalarénén i nke Xtad téi kotlooaghs uosliuy
tos i r i ar ak dolavpginnévaty W @abdqgaél t e x n o embgkbnyeatdtila aspgektn i St
dggpt y et ioeidliilmidolec Ingke nenerof bsgnninntinki kafénén daha
k °okedbilorvotod gi gabn- ésloanr at ex nombdlboigh iy abdah éany & xkked bilarn | a ma j
kokil 1-dp bu nmpgalbnin bsas nbzmunu bgdim olunur.
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G¢inbDK
Texnologiyal arénén
Bi nalarda Tbpbtbigqi

FotoelektrikK s t i | i k
G¢e¢nbpk Kstilik Fotoelektrik Hibrid
Texnol ogiyal ar e TexnolodPyaTarxpkolFodEPyal aré F
K

K-ateqr-asi y-a—=o-—Un muKk

. . - - : ] fotovoltaik binalarda fotovoltaik
G¢nbpkK kol lleKs$ birl sam éanbar éPVsnodslt e mi texnol ogivyainsstni | ik texnologiyasé
gur wl maseé
D r Bivatarda EP Yar e mgPf f af F
May e tDChlzang rgﬁ]a%fginf simulyasiyasmodul | ar e
. : . Lo . erovskit g¢nbpk
Binalarda simulyasiya Kki¢zl ¢ mod l‘FIeII &Mment | pri

[

texn Zgllilta!\!@ﬁzgéﬁ eéll z?qIDI' ge¢enbK

S|mulya5|yas

kpkiBli nla.l arda G¢npk Enerjisi Texnologiyalarénén Tpthb

Binal aroklaK$&tginl i kT e xoibigi VodMgdelipad iaosielnmn T

G ¢ DK istilik texnol ogiyal ar @énahki ebanénmaalralrédgad ai netr
somorliliyi istigamptindbm¢ h ¢ mbd § a h  Bu,  bmizvoebbrpa olungn-egenji alternativbqdim
edir, ononovi enerji nonbolorindon a s @hbn@ylypdi jdsepcodD a z a | odbé r a fv D Wsyi iminimuma
endirir. Texnd o gi yaneéng dom kii «taifléi k | e n e r mpindb getlilkersdéa hrme mresrhl¢éém r
oynayacad.

Binal arén enerji g°stporicilpborinin y¢gksbpk sbombr
emi ssiyal aréneéen azal masiégryao,t i dami lvip mookhasrull adraénl é k
zamanda tikint.i sektorunda innovasiyalarén vbp te>
baxéméeéndan somborolilik, parametrlorin optimaamil dpd
bi nalaréen enerji i stehlakénén modellpbkdiril mpsin
vasitbpybp -evirir. Yeni texnol ogiyalara bsasl anan
bu modeIIDrin gtipani al éjpémi mp odobgimas é il b m¢ mk
model | Kdirmbpnin rol u m¢asir texnol oj i natdlpi yyobt
(DIaVDIDr) pvvbDl ki topdgiqatlar ¢zrbp sitimuigasbyanete
gésa m¢ggayisbp togdim edilir.

Arakdér mal ar g°storir ki, bina enerji spombpr Dl i
EnergyPlus vb I DA | CE ki mi model |l pkdirmbp albptl bpr |
ye¢kKksodbopqgigqgli k ngmayi k etdirir, PCM tpotbigqgi Zzamaneé
t ok kil edir. Model |l pkdirmp mbhdudiyypbtloorini aza
inteqgrasiyaséna Dsasl|l anamnnémxgo/ ps iomwlnyasi yBaE S- parl -
daha dbpqig prognozl ar pldo edi |l mi kdir. Kg-avas a di
i stilik nasosu sistemi l ayi hopl ondiril miKk, daha so
optima | g¢énbk payé dbopybrl ori m¢epyybn edil mikdir. K
psaséenda PEGMili k yéjéelimoggpawgp iBddino Kk khalsloskitoorhi b
giymoptlondiril mik, opnteirma |l | paxrda&o téil mgrar atsd @ jsanat &8
birbaka geni k|l bonmbpl i g¢enbkl b dopstokl onbon  i-asd i |i Kk
hi sterezis effektini npzborpbp alan istilikamkewWel I D
gézdérma model |l bDri i Kl onmi kdir. i mumi | i kdb, mo d e
enerji sistemlbrinin sombroliliyini gi ymotl ondi r
daha davamlé, resubpsbisgogmermbyobi meampbVémoi i .

147



Binal ar a Kntegrasiya O brin fP@bleml BFiovido eIt @ kmtarl il lka K & & IS ¢
Hollor

Arakdeéer mal ar gostorir ki, binal ar a inteqrasi
mbpnt ogqopl oprindp bosrtpd adbenahnhnegenj kl onmbpsi ndbp m¢h
mbhdudi yybpti hava «kbraitindobn asél é kbpsikl: i K r
gazénté yanacajéna bDsasl anan el ekbtrriidk bsktda rnrsmipy aylod ri
bilbor. Xprclborin miqgyas effekt.i hesabéna azal mas
kontaktlarén inkikafé npticbsindbp RBDIlermeruyij umaswe:
azal t-mang béiat areya enerji yéjém sistemlobori akaj e t
KbDbbopkbybpb gaytarmaja i mkan verir; bu prosesin opt
optimall akdérma ¢(sull an& idligxghbypaia ke<cinitlkiid pvob
bajl é& xbprclpborin azal dél maséna «KbDrai-t yarader . Fo
-atékmazl éjée borpa@aom|luoxamnnemei $t inli iny B8 0%e lektarda mbp s i o
dé¢zgeéen kKbkildbp saxl anél mazsa, PV el ementlbrinbp po

Bi nalarda Kntegrasiya Olunmuk Fotoelektrik Sis

BKFE sistemlborinin s¢grptli inki kafé g¢nbpk ko
istehsalx br cl bpri nin azal maseé vV D rogabpot | i enerji i s
Arakdér mal ar gestorir ki, BKFE sistemlobori son il |l
t omi n edi | mpsi baxémeénddinr . x ;Baixsnoldijggopd o rchooldd pet
i stigambptini m¢DYyyDnN etmi kdir: yeéengel el astik
tokmil I bpkdirilmik BKFE komponentl bori; vD sosi al
idatmp sistemlobri. Eyni zamanda, BKFE tbpotbiqlobori
sajl aml éq, di zayn vb sosi al amil |l borl b bajleée ¢stegr
sistemlbrin real KDomlapt idmp mpxt ot i fahasaerl enqsirepr
mal i k sbombpr ool i monitori nognosnosvie nd eblrd Inims avsalcd brhd ryii
ekol oj i mp n f i tbpsirlborinp qgqarkeéel eq, nmgrais i » h psninysyi i
dorocbopdbp azal daragqgq real vaxtda qgbprar gbbul et mbpni
salma vbp digbpr nasazl éegl arén akkarl anmasé ¢zrpbp in
KDbbDkbDSsIi i | mmu K t-xpmty traiis i nyaak soilmium g¢c n°qt bpsi i z| pmbp

texnoloji
tokmil |l
v Dnnovasiya J

XD r c Garir
Qayt ar-e

igtisadi
sbDmDr D

Nasazl €
Monitoringi -

sistem
et i bavrpl
perfor

kpkil 2. Binalarda Kntegrasiya Olunmuk Fotoelektr

Enerji i s toeildildor adoiod atkréa f d praitihin ¢by | kesnh , Dickrfbl vy ya
nasazloamdaarr lcal duj undan ,orinfvoaiyym e Ineédyybnredikos pagelein i nt el
monitoring sistemin ehtiyac duyulur. Bu mgsdip, uce apar at p | epypfbitom, koanpaktr € n d a
| aki mkeffektlygp mal i kK s ¢ mbokosn e yarroxni toeasdtanam yemisréalinvaxt monitoring
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sistemi bgdim olunur. Bklif edilbn sistem fotoelektrik paneidd goza rejimbri noticosindd yaranan
degradasiyamy i Kk iorkil n dgyoomeinoypgq a di kil R-dbBuk BKFE ( Bi nal arda Knt

Fotoelektrik) sisteminin hprtorobofli baxéekéené g°°st
Binalarda Fotoelektrik Sistemlorin Modellok d i bsi | m
Binalarda fotoelektk sistemlbrin model | pkdiril mbpsi gén
Kpraitlborindpb davranékeéenée, el ektrik -é@xékene, i
gi ymbptl ondirmbpybp i mkan verpbpn m¢h¢m famtad eIt e Kkt ryialkh ax
K¢alanma intensivliyinbp, temperatur dbpyi ki kIl ikl obr
reaksiyalar dbpqig tohl il ol unur, bu i sbp enerji [
sistemdtbarl el éj énén artereélmasé ¢-¢nh Dsas baza vyar a
KbDbbokbsi, enerji yéjém qurjularé vbp hibrid gener.
texni ki, hom db i gti salb!l | max édmdanmiopytyipmal e dli d ynp
model Il pbkdirmbp yanakmal aré Dbinanén ¢ mumi enerji p €
idarpbpet mp strategiyal arénén hazéerl anmaséna KDr ai- t
Qeyd etmbpk | azéemder kimat ereindl |taeaxemo | togti byiad iar i€ Ir
model Il pbkdirmbp program tbominaté bphomiynpotslaidpkbpkal s
model | pri yar émknpf faf FE modul tiplobori ar asaéendak
binalaréen enerji gestoricilobori &-¢nh model |l bpkdir mbp
G¢DKk e n eDpy ok kmnboddi r , - onki onunbpcnPjvrcaufdidoru § mis Ehlaé/daée

G¢ok ener ji si nodmvbp paugeaundd xdtifagpgin | ¢ - ¢ n  oiire\joz&d omMaasréa q- q al
Boralorsiz xarakteri kompensasiya afn ¢ -pg opi ¢at - €1 ar e n e oripndd a kytédgkiomk q u r
i mmipklip birlikdp, bi r -poohavptakmifppe K totolob edir.

G¢nbDK ener geitn kdab ysorsitreind pazaanl maséna baxmayar agq

m¢qgayi spdp ni sbbpton bahal é ol araq gal ér, bu da on
m¢vafiqg siyasbptin ol mamasé da danbpknbdpthaxwrdd lakgliéy al s
pl avob, daha genik yayél maséna vb davamleé inkikaf
utilizasiyasé mbpspDIlI DI DT nbpzborpbp al é&nmal eédér .

NpticbpD

Binalarda g¢nbk istilik vbehetpkel eslotmoirlol BI BYE
kar bon emi ssiyal arénén azalmasé vbp daxil: mp k a n |
potensiala malikdir. Modedl TRMEY S mMpDEwver gy Rlud sy,asl A
di gpr opti mall dda&kidrea Imar emetioglt i | i k vb el ektrik perf
i mkan verir, sistemlbrin etibarl él éjéné vb enerji
istilik yéjémé panellpbrin perhodmgngkona oRtir @l Ima
artereéer. Binalara inteqrasiya olunmuk fotoel ektri
monitoring texnologiyalaré ilbp birlpopkdirik#bkdbpb,
akkarl anmaséné tbmin edi r . Hi brid sistemlborin vi
texni ki, hom db iqtisadi baxémdan davaml & VD ¢
energeti kasénén binal arpdak atrpbtobni ga z ayl adl énl énza seen edrejyii | c
iqglim dbpyi kmbsinbp qarké dayanéql é bina texnologiy
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Summary
DEVELOPMENT OF SOLAR ENERGY SYSTEMS IN BUILDINGS AND THE ZERO -CARBON BUILDING CONCEPT:
MODELING, MONITORING, AND ENERGY OPTIMIZATION
Harunov A.T., Aliguliyeva KhV., Bakhishli N.V., Atajiyev S.M.

In recent years, the integration of solar energy systems in buildings has become a priority area in both academic and
practical research. This study investigates the application, performance optimization, and modeling of solar thero@ivaitdiph
technologies in buildings. Higaccuracy modeling of building energy performance enables the reduction of energy consumption and
carbon emissions, enhances indoor comfort, and simultaneously promotes innovation and technological development in t
construction sector. Within the study, the advantages and limitations of simulation software such as TRNSYS, EnergiPAus, and
ICE were evaluated, and experimental and numerical analyses were conducted for FDM/PCM and hybrid heat pump systems.
Additionally, the performance of buildirigtegrated photovoltaic (BIPV) systems, their dependence on weather conditions, shading
effects, and optimization possibilities with energy storage systems were analyzed. The implementatictinté reahitoring
systemsbased on artificial neural networks and wireless sensor networks improves the reliability of photovoltaic panels and
stabilizes energy production.

Keywords: renewable energy sources, solar energy systems, residential buildings, energy efficiency, solar thermal systems,
green technologies.
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IMPACT OF SILICON CARBIDE TECHNOLOGY ON EFFICIENCY AND SUSTAINABILITY
IN SOLAR ENERGY SYSTEMS

Mahmudova Telkhanim Suleyman
SABAH Groups Faculty, Baku State University, Baku, Azerbaijan
telxanim2002@gmail.com

Summary Silicon carbide (SiC) provides high efficiency and durability in solar energy systemgdésand gap, high
thermal conductivity, and radiation resistance make it an ideal semiconductor. SiC reduces losses in energy convets®n, opera
efficiently at high power and frequencies. These properties increase the efficiency of solar panelseamdpaiters and enable
the miniaturization of energy systems.

Keywords: Silicon carbide, solar energy, efficiency, durability, wide band gap, energy conversion, thermal conductivity

Introduction

The rapid development of solar technologies in recensyeas paved the way for the development
of more sustainable energy sources in the future. Solar energy is a clean and abundant source of energy that
is captured from the Sun and converted into heat or electricity. This energy can be obtained in vgsious wa
such as photovoltaic systems and solar thermal technologies. Solar power plants can be built as small grids
that deliver energy to individual consumers, central plants close to renewable sources, ssudlangants
that feed energy into the elecity grid. Although the amount of energy reaching the Earth from the Sun is
very high, the full use of this energy is limited by factors such as scattering, absorption, reflection, and
climate. In addition, the efficiency of currently used silidmsed slar panels varies between 15P%%,
which hinders efficient energy conversion. Modern multilayer and focused photovoltaic cells can achieve
higher efficiencies, but their high cost limits their wide application possibilities[4].

Physical Properties of Silion Carbide and Its Application in Solar Energy Systems

The discovery of a new production method at the end of the nineteenth century led to its use as a
ceramic material. SiC is the most stable of the carbides due to the protective layer of siliconoforitsed
surface. The global production market has shown that it is used primarily as an abrasitempigfature,
and weaitresistant product, as well as in metallurgy. SiC is the only carbide used as a ceramic material. SiC
is also found in meteoroids mature. In 1891, a chemist named Edward Goodrich Acheson tried to make
diamonds by passing an electric current through clay using a carbon rod. The hard crystal he produced was
not diamond, but carborundum, or SiC. Edward Goodrich thought this materi bewseful, created the
Acheson furnace, and began producing abrasive products from SiC. To obtain Sgbflowpetroleum
coke was used as carbon, and sand with a very high purity (99.4%) was used as silicon. The reaction between
silicon and carbon lggns when the temperature reaches 14D0 When t he temperature
cubic formof SICH-Si C) i s obtained, and when the tenperat u
SiC) is obtained[2].

The theoretical efficiency of silicebased cells is calculated to be between -30%. However, in
real conditions, this figure varies between 13084. In solar power plants that are being built, the efficiency
is usually below 30%. In concentrated solawpr plants, this figure can be higher. The demand for solar
energy continues to increase over the years, and strong development is predicted in this area. However, the
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conversion of solar energy into electricity with high efficiency and low cost remaisgréficant
technological challenge. Innovative approaches to this end include the use of lead and $slsedim
nanocrystals, new technologies that reduce manufacturing costs, natraatdred cells, and methods such
as combining titanium dioxide witthye molecules[4].

SiC is a semiconductor material with a wide bandgap, which is widely used in optical applications.
The bandgap of SiC is approximately 3.2 eV (for-8i€) and 3.0 eV (for 6+BiC), making it an ideal
material for use in higkemperaturend highvoltage applications. The optical properties of SiC are closely
related to its bandgap, as SiC has a wide bandgap, which allows it to transmit light with low loss in the
visible and infrared spectral ranges and provides high optical transmittarmaytypes of SiC (e.g., 4H,
6H, 3C), the bandgap width varies depending on the polytype structure, which directly affects the optical
properties of the material. Polytypes with a wide band gap transmit light better at shorter wavelengths (e.g.,
blue aml ultraviolet) (reduced transparency). The wide band gap of SiC minimizes the number of electron
hole pairs created, which reduces light absorption and makes the material useful in optical devices (e.g.,
LEDs, lasers, detectors). The thermal conductivit$i€ is higher than that of other materials with a wide
band gap (e.g., GaN), which allows for better thermal management of optical components. SiC is highly
radiation resistant, which makes it widely used in optical applications[1].
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AMO photoresponse of a thin n-on-p SiC solar cell.

This image showshe AMO (Air Mass Zero) photoresponse of a thiomp SiC solar cell. The
graph depicts the relationship between current (A) and voltage (V). The wide energy bandgap and high
thermal conductivity of SiC material help to increase the efficiency of solagmpeygtems. These properties
make SiC a better choice for higher performance and lower power loss than traditionatbsiiedn
components. As mentioned in the article, SiC power switches are ideal for use-poWwghapplications,
such as solar invern® and electric vehicle charging systems. The photoresponse curve in the image
demonstrates how a Si@ased solar cell can control the current as the voltage changes[3].

The role of renewable energy sources is rapidly increasing as a result of the enehgtyon taking
place around the world. According to the International Energy Agency, by 2026, more than 95 percent of the
growth in energy capacity will be in this area, and more than half of this will be solar energy. In such a
situation, it has becommportant to make energy conversion systems operate with higher efficiency, take up
less space, and increase reliability. To meet these needs, SiC material is widely used and opens up new
opportunities in the field of renewable energy. SiC has severahtadygs compared to traditional power
converters. Its low electrical resistance and capacitance reduce energy loss and increase conversion
efficiency. This means that solar panels and energy storage systems can produce more energy. Since SiC has
a higher svtching speed, losses during energy conversion are reduced, which increases the overall energy
output. In addition, this material allows for the development of smaller and denser devices, as it can operate
at higher temperatures, which ensures more effioclmergy management. There are important points to
consider when working with SiC. Since these power switches require high voltage and current, suitable gate
drivers are needed to control them. Inappropriate drivers can cause power losses and compagent da
SiC elements are less tolerant to short circuits, so additional protection mechanisms must be implemented.
There are drivers on the market that have functions such as short circuit and temperature control already built
into them. This both increaseafety and simplifies design. The graph below shows at which frequency and
power levels different power switches work most effectively. Traditional sHizased components are used
at lower power and frequencies. Super junction silicon can operate avielearange. IGBT and GTO
technologies are designed for higbwer applications, but their frequency range is limited. Gallium nitride
material is mainly suitable for very high frequencies, but the power level is relatively low. SiC is a very
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suitable mateal for power conversion systems, as it can be widely used at both high power and high
frequencies.

Considering all these properties, the use of SiC in renewable energy systems not only increases
efficiency but also makes the system more durable and @nmjss makes its application in solar energy
systems, energy storage devices, and charging infrastructure for electric vehicles even more attractive[5].

Conclusion

The rapid development of solar technologies in recent years has led to significant spingres
achieving more efficient and sustainable energy generation. The integration of SiC into solar energy systems
is one of the main technological pillars of this progress. The stable operation of this material at high
temperatures and voltages, low enelags, wide band gap, and high thermal conductivity enables it to be
widely used in both energy conversion systems and optical devices. SiC structures, which offer higher
efficiency compared to classic silictiased panels, are candidates to play a grea&ein the future of solar
cells. At the same time, the advantages of devices made based on this material in terms of durability,
radiation tolerance, and miniaturization will allow for a wider application of solar technologies in the future.
The data msented in this study show that SiC can play a key role in the more efficient use of solar energy
and that its technological potential has not yet been fully exhausted.
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Summary
SUN IS THE KEY TO SUSTAINABLE DEVELOPMENT AND ENERGY SECURITY
Guliyeva A.l., Jamalxanova |.S.

Solar energy is one of the alternative energy sources capable of meeting humanity's energy needs in an environmentally
friendly, sustainable aneconomically viable manner; in regions with high solar radiation, especially in Azerbaijan, the application
of this type of energy can make a significant contribution to ensuring energy security and protecting the environment.

In recent decades, the woddenergy demand has been growing rapidly, while traditional energy sources are gradually
being depleted. At the same time, environmental problems resulting from the use of fossildumetspheric pollution, global
warming and climate changeose serias threats to the future of humanity. For this reason, humanity has begun to give preference
to alternative and environmentally friendly energy sources when meeting its energy needs. Among alternative energgartypes, sol
energy occupies a special placehwits wide distribution potential, technological development and sustainability. The aim of the
article is to analyze the advantages of solar energy, its technologies and, in particular, the potential of Azerbsifeahdin thi

Keywords: global, energytraditional, panel, electricity
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Enerji ke-idindp d-d&wamll elré oo pv o Xkxlairrld demg |1 gatr snteabkr ai J1 €

*Enerji kecidinde davamliliq va barpa
oluna bilenlik anlayiglar1 bir-biri ila
Oxgarhq alagolidir, eyni zamanda muixtelif
istigamsatlare malikdir.

* Davamliliq ekoloji, igtisadi vo sosial
amillori 6ziinds birlegdiron daha genis
Faqr anlayigdir. Yenilone bilanlik daha konkret
bir mesaloya - barpa olunan tobii
ehtiyatlara-digget-yetirir.

Davaml él g enerjinin istehsalé vbp istehl akeé, (
i gtisadi dayanéqgléq vbD c¢cbpmiyybptbp tbDsir ki mi ene
resursl arénén sombryetlin tokrar i stehsaléna diqgqgbpt

 mumi yyotl b, bbprpa olunan enerj.i mbpnbbol borinp |
X¢susil b Avropa Kttifaqé °l kbplobori, ¢in vbp ABk bor
enerji garékéj-erinébomnpa mmbmmwbo508dbn tomin edir. |
i stehsalénda | iderdir.

Avropa Kttifaqé bor pa ol unan enerji sektoru
texnologiyalarée dbostoklpbyir vb bu isti,gakKknogami ylaa
Dani marka °I|l kbl bri génbDK vDbD kel bk enerjisi sahbpsi

D¢nyada bbrpa olunan enerji texnol ogiyal aréené
enerjisinin istehsal é&na g@C%rhm siilnkd by dreix ntodtoyri. Bemp d

Bbprpa olunan ener | idai dtaeagalm@E kde@&mr .i | | prdbp ABK

|l kpmi zdp neft, gaz ehtiyaténa rbpjmbpn bbrpa o

goprb Db°l gpolborindp ke¢rllok temtelrijgisni |tasyp éwrp.l pri °z uj
Son illordo Azorbaycan BP, Masdar, ACWA Power, China Gezhouba Group Overseas Investment,
Fortescue Future Industries, Total Energies/ £zech Engineering, Balteclp Wobel Energy ib borpa

olunan enerji satsindbb i r s éomim il @mkpipvvla d @k v érgi siamz xllamékdér [ 2] .
Xézé vb Siybzbn b°lgbplbri k¢l bk enerjisi pot el
génNnDK enerjisi i-¢n Dl veriklidir.

Respubli kada bbrpa olunan ener jpiemispe BWOVI| o mihl
etmbpk ol ar:

G¢cl ¢ torpoflpoprp devibtin siyasi i radbsi vD dbp
tbopsirvbop ql obal tendensiyalara wuyjunluj u, zpi f t DI
-at ékémavzol étjpl i m ehtiyacé, enerji saxlama texnol ogi

Kmkanl ara xari ci investisiyalarén c¢ol bi, regic
inki kaf e, tohl ¢kpl borpbo i sbp yinpltilm nddo yimok bsmlvii yiy,D sq In¢
bil bor.

Azbrbaycanén enerji tohl ¢kbpsi zlivyi, ptraf m¢hi
bpoprpa olunan enerji strateji phomi yyboto mal i kdir
t°vsiybplbor iropli s¢reéel b bilbor:

1. Maariflbondirmbp proqgramlaréné tokkil et mbk ol .
mpl umatl andérél masé bak versin.

2.Tpdgigat vb innovasiya dbpstbpyi baxéméendan ye
yeniliklborbp t°hfbp ver mbsi i mkanl aré geni klbnsin.

3.Kadr hazeéer | épjeék piksatri gmagnmmobtnidnidspo vbp texni k|l bprin vy

4. Sosi al vD ekol oj i |l ayi hol orin hpyata ke-irilr
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Nbpticbp okamal§y ogéwnd ki, bprpa olunan enerji n

gl obal mi gyasda, hom dbo respublikanén enerji gol b
yeni bir mbprhpoplboybp gopdbpm qoyacagqg.
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Summary
CURRENT STATUS AND DEVELOPMENT PROSPECTS OF RENEWABLE ENERGY SOURCES
Jafarova SN., Mammadov A.A., Allahverdiyeva S.N.

The development cfustainable energy sources with minimal environmental impact is one of the main priorities of global
energy policy. The increasing energy demand worldwide, carbon emissions, and the maximum climate change make the development
of renewable energy sourcesyant. Our republic is rich in oil and gas reserves. However, in order to ensure sustainable energy
security, it attaches i mportance to the figreen enerogthiso pol i
purpose, the developniepotential of renewable energy sources (solar, wind, hydro and bioenergy) in Azerbaijan, the work done in
this area, and the opportunities ahead are analyzed.

Keywords: environment, green energy, renewable energy, wind energycddwyon technologies
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X¢loKendtsor r ¢ f at @ gl olsads i e ki tsaardli ayryéart caxmd ¢bniyraid ao | nairlayqo ngl aal rél ra,
przaq bh | psikliyini vbomok J u | | onjinuediu Bubunla bel d Pnaylai si niotob ai t ema ¢ éhydautdl aorlénma sné

sobobindonobnoviok i n- i | i k ¢sulpioe,rodi ci dokig k p o bysieimlirtecsruprasd as @mlear @ al ma
keyfiyyotinin pisiok wsi, atmosfew zoror | i emi ssiyal arémmdbeoziaf d&tl tnas &t ehs aly@meca@ %keni,
somorbli yanak mal eobéedir. axt ar @kéné t
Bu kontekstd g ¢or e n enrperspekiivli Inllordon biridir. Mpgabdbg ¢pk ener j i si ni mdoggrdrr sek
bilocoy i ni , onu dasdmooli eticcoypeoyn i€ qd eawd ér é1 ér .
A- ar orsafrardatb, gixkn enerki Eb| |l gkhor | arpée, fotovoltaik sisteml
Agrar sektor kK- dgrexmP%Jyowd yprdmr éna ¢ mumi baxeéexk
cl - at apopaljur@nobicb vboot r af pmyjhunl osjndbg sy ener j bng i y at

tosor r ¢ f at éEbA Enhn yad rei pgkaigkn ol maqgq pot eondismirgmat @alsixkd ior u
texnol ogi y abteke enaribarciorinivek a f ma@n e mi ssi y a bkaetmi & dazalt
kond osor r ¢ f a@ssi@oriniméenerji giynotlorindok i dal j ad aavnammal | éal r éap Bunuala dar t ér é
przagbh | gk z | i yidinri g ¢ c |

Agr ar sektor ¢ - ¢DR mex oot o il yadoh dagogattak ,\o agro ¢ ¢ ml
fotovoltaik sistenrp, OKé, ne n ebn jeyibns i s ui,l hava mséuzvdaérrneac Bgl -agraésngpg, Inva r ¢
daha y apzoé saldcp Bu texnologiyalarokd osor r ¢ f at € Dmpbikyinisvad apaneée gl €] €
phomiyyotli dorocodpa r t éom imanoviativ Il ori tomsil edir[1,2].

1. Fotovoltaik sistenor
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G¢x  p arinotatad da bildiyimiz feovoltaik (PV) sistentr ok, nener jisini bir
enerjisim- evi rir .o PVbehaheée mlipdjamlaard®moépme K e 1y i arotae r maq
g ¢pr i orokohini izioypn @k, myialdr ioklindkbqgur akdoer €l a bi l

Agrar sektoda fotovoltaik sistenokdon tosor r ¢ f at b bkn-a | e i@ilorl ki°tm ¢n s ¢ n
i Kéqgql and eirvmenerjgpinzamnte monitoring \b suvarma sisternt i ¢ - ¢ ominetmpi r j¢i- ¢
istifadp edilp bilor [ 3ohovi enerji nonbolorindon a B € | @ Iz @ol istismar gorclerini minimuma
endimok pot en iPédiserakogor r ¢ f at épgap wley @i kakeéer .

2.Suisikn g, nkol | ekt orl ar e

G¢w eneoijegbs i sl gézdéer écél ar éoks wyeon fsifasbdedini ma q
sonradan suvarma, heyvanlara qullug yerin isitilmosi do d a x i | o | mii& kohdatosomr, xt at €
moqsodior i ¢ - ¢Dmolunia billr. iBd ststéndy acdbton gk, nr adi asi yjms &onoé |l ed oor §gan
gézdeéer él an s u yubn ibasotdid. Aktivarmpassiv sy isitm sistembri var: aktiv olanlar suyun
kollektorlar vasitsilp d © v DsSiiy y ¢ - ¢ n n a s o adir, gpasdiva elanlar &s tohii fkankksiyaya
osasl aneéer [ 4].

G¢k enebnijgmibnsisui 1qéezdepgdke | errsar,j iok ¢ &l sagilprdp suyun
istidilmpsi xorclorini phomiyyotli dorbebdb azalda bibr. Onlar lbm- i nondhtosok r ¢ f assi®lorining,
karbon emi ssiyasedmée azaltmaja k°m

3. Suvarnma gpagaoashganeé

G¢w s uvar mabonhimsorpfsd tag ét kr pteminlemok € g é ¢ skuefielgilk hsll
yoludur. Bu sistenor fotovoltaik panelr torofindbon y ar ad él an eIl eyk vorquyklardanpn e r j i
-ayl amydansw anbanpknekr &n d,anp edistilor f. a d& ¢ m arseéodkdai aelektrik
kobokpsinbD g 0 K u | nonnve ya geyrim¢ mk ¢n ol dmyauc ruizda qooremilordoy K s s i |
effektivdir[5].

G¢k nasos | abpné md agnort iigsntd irgfka emoliglyat xoeckrai] édaxi | di r , -
y a n a coani,elei kktlr i k e n enri jpkob sitmir vgot ¢ B f Bdhalados i r orig Busdanolavp,
busistemr - ox vaxt modul gosor w g uat ehti kdchrar dudam das
mi gyasl andérmaja i mkan verir.

4Kond bsor r ¢ foastuél Inmr énén qurudul maseé

Mbhsul |l aménpdmed§g, taxél, bpso.t), gurtuwduy lpsliaasr € ndai, me-j :
tolbb etnoypbn prosesiin yerimp yetirilmosindbe ner j i yéjan (akkumulyator) g
belb sallor  gke ne sinnrt bi q i ¢ - ¢ myodouly d wogsonavolidin. Digor torofdon mohsul
yej] esamn yay oyl agema,ey ji sinin pbhadg¢ folodthd sap gvpexk t | a

enerjisinintt bi qi ¢, - ghasah edile.a | sah
5.Aqgrofotovoltaika
Kbondbsor r ¢ f asinddi B k h Kk arfagpekiridibyga n a kK € , Y Eesuisa oppatt edonj i v

texnol ogi y alpdoy agnofotovaltdikbcin tod§iqr bo | n ki kK &sf € kmhéh tosor r ¢ f at é
todgi gat - €l ammkoziadodirda di gq
Bu mpgsodip torpaqdhn istifadn i n i ki me¢ mk ¢ n -yadondtsont ¢ f @ Briding b g t ki

bearilmps i yax dmo dwInl ar énén g u pakyyoitbekond lbsorars¢ef.a t £o nnmaak émi
i BmpbsinD imkan veon g, nmodul | ar @énén qur aokndtéarjé | snars @k tgu-relna r x
etmokipbirlok d i r pticodotorpagMimbh s ul  vexr iem:eokmpgosi r yfoas @l mar é.

ABK, Al mani ya, pdigoa p Sohirkupieetsitetrinimalinvor i -oxsayl & ar at

s¢butorke ditbhelx nol ogi ya qur aof tolbbaayt adrébka re Gég-mejni Dykgndiss t e h
tosor r ¢ f a t DR mwsé tokep Bzorbalycan kimibh a | i n ips k s 1@ Ix a wiokdd fo@voltaik Ikyirolor
&-¢n mevcud t or mhngtokhf etrhiréhonmde odi Etkil@immaoims il dar | € énén a
k © pk ed bilor[6].

Kpndtshr r ¢ f at @xkn dean egwgjstifagpn nd ¢ spti¢ nl ¢ k|

Kondisor r ¢ f atokn e a em jstifadbkonddpsor r ¢ f at € s ekt ornigtisadi d av a
spmorpliliyin b bhomiyynotli dorocodptos @ r orogoApedk b i r - ooxtoklfedit. ¢ n |1 ¢ Kk |

1.Elektrik enerjiorclor i ni n azal del masé

G¢owk e n eon jstifasbhimmh nozorb - ar pan f aydal ar €n d aborclorifni r i e
azal masedeéer . Brovb digoro | @gka mtke xsniod toegantyra¢) faartél aaogetekifiz y er
enerjisi istehsal etoyp imkan verir, lonar nonbblordon elekirik enerjisial maq ehti ymywéné a
aradan qgal dér ér .pyBuksoped te k t 8, elékigikeahegjisirjini dgdii phomiyyotli
dorbcodp arta bibepy i dréowrelsmask tt ual d éavp, bZzu noltednlar t € q enmr j i ni
kobokoypsatma q m¢ mk ¢ nodegmerpbr  béwlaypgelirmonboy i yar at maj a i mkan ve

2. Karbon izininin azal dél masé
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Gew enekeibndostr r ¢ faté sektorunun kmmrabBomolil ziorwinn

¢ nbnovi yanacaglar, meblbn karbohidrogen on @ i enerji yandéeréel demda - c
digor i Ssti xana opadurdxaraq &lobal isektmyoot s°bheerir. Bununoksino o | ar amg, gér
enerjisi bmiz vb borpa olunan bir mbodir vbe | ekt ri k ener ji si i yheyaalaé me
Bu, kg ¢thexnol ogi y a shétdoreomiz aphdaa v e kothsiéllarj idtehsal etok istoypn kond
tosor r ¢ f BSEIEADr ¢, ¢ - ¢n 1 deal se-im edir.
3. Enerjinin giynotlorindoki doy | okligkpg ar k € dawvmgmHEgté | €j gnnvart ér &l ma
Ere r j i Dqilliyi, wot enerji giynotiorindok i artemlarmd mwoavagmhélEkada kg

enerjisinan istifacbnin digor  m¢ h ¢ m ¢ s t gwvil yangcagdwemerji giyerntliori siyasi, igtisadi »

tobii amillorp g °org e n bkikdp dey D kilor, bu dabsor r ¢ f at | arpqgeyrrp@oyyomlail yiy yy ar ac
Gé¢k t exnol oopigiysabit p E 0 gno 2| enkedegi mmnboyatomnietnokibpb u  as él &1 é
azal t maledir. BuAdarlavp, K¢, ne n eondjpsors i ¢, fkassiglor mpi N ena&r éma by h
elektrik enerjisinin ksilmosimd avaml €1 €] éné ar t ébmimatijog vD nbhsw itkisii € 1 st

azal t makeadr. k° m

Kond bsor r ¢ f at Bxn dean epngdtifasbh n d  f a y mkap iqésade faydalart B ekoloji
davaml é homgoagqtag sab¢) -, ¢ N  arogillikeptomg sk z1 | k dxxitlekinrol o@d 1y a
k e - Dimtokdg brzaq dh | ggikliyinin vbod a v a ond &@sor kk ¢ f at &€ n & omini edilkosicdaosa8 n é n t
amil ola bibr.

Agr ar s epk t e n ditbiglpiingigm ti gt i spxpcipr if myglearsié oty t ar €1 r

Agr ar s elx oe metbigloinegi¢qnt i sadi dgaeyrdia | gaar yét phéilineipana s € n ¢
olunan enerji mnbolorinb k e - ipabrdon n k oekenipsas aspektdir. Buitlil kond osor ragtfé i st eh s a
xorclor i N az ab@moilmalsiéeéyivn  art ér é bkmatseéx ntod xogmérmmd aambeég an i
dorocodbf ay dal € oyyoa etrpjpk fokeding

1. Qur apyodvditkimiaveslisiya

G¢w sipbsit eimh qur alkindxérelpg bhoma/ otk alagbitor vbob u n | aoka papre | |
- e Vv ipbt montaj Isistendr i g u roanaqdice i mkdmosy xorclori daxildir. Bununla bes, bir - 0 X
toc hi zmits-téehvsal - & avadanl é@ql ar & nbpliaihg&istemixisodiiredir. a s anl ak

2 . K's pbrdlps vngpnant x

G¢w texnol oogayal @ingomé b Ki i ooonl aa wrapjiygat ixsscloridir.
G ¢ DK siosit emlur akdeéer él dé g dtavo tonsroxoralpa i ,t ex gosododovi enerjd m
mbnbolori ilb m¢, q abgpiadstbn minimal olur. Xorclorb gonaot xarici monbolordon elektrik enerjisi almaq
ehti yaceéneé ncodoolavbgdietbmimaed @ipn elr t € q pbekoymsr g ti énl b oo sddir. | |

3Xorcin geri o@aytareéel ma m¢gdd

G¢w texnol ogtly alnargéenrdia oxatyit a g & Ir soecioi grecanm alektnik
tariflor i cojpgaoki egper j vsi nbc® ondeswyciundilnujme® vwecudl uju da d
-ox mdomi lals él eédeér . okOrstiad SHéeidraindd °az, ¢ ngyir,Munidan sonra onlar xalis
gpnaot yar at maj a bkdnsdlyasiyeew yl sabtk elektrik sakifler i 0 | mordp gherlbgo © d
m¢ dtdi dahaogésa ola bil

4. Enerji giynotlorinin doy | esimbd avaml €l éq

G ¢ DK enexnokogitywambym qgogmaq Ibms db aqrar sabdp enerji giynotlorinin
doy i mliginomor uz qgal mal ar éné azal toimzifidad a hnak a-nobsakittiv Voi,y yu z L
enerjiorclor i nin prognonhaikdér €l maséneée t

5. ¢ noyo@dpknD tdsir

G¢ok sibsiteimh qgqur ak doopBliyimmamsdca veanne réjliéj € né bpyda x K é |
tosor r ¢ f at &ininodbypre kntil ar .t é Bk be@reni hvebshi si yanmcloippal né z

gonaot b a x é ofdlineyip hom dbaktiviorindbyor i§ ni n ar t ér € bymlieedirée baxéménda
Agr ar sekok o enedpginsigry, hi gt i s @dbiclor fi any dgaelrair eégnaéynt avr
toh | i | i poclori ezaltrag, maliyp d ay ané ql €] © koad psor it & fr anta & ony aakkéemng@anz

doyor i ni artérmaq potensial @éné vur ] ubtlagpnéeorvoplavboki n i n
gébm texnol ogipgasafnlé& aiqgnrvaers telisshi ya hal éna g

Kbndtosr r ¢ f at & k¢ -e¢gnre rigiadpgpdgigat wihn ki k a f

Kbnd bsor r ¢ f at éDk ¢ € o @ rogingbdapdgiqad @ okmillok d iolor mqrar sektordadopa
olunan enerji mnbblorindon istifacdbn i N o pt i ma Ib g e kodd&lmsihdnss & v o | oynay
soylor somorol i | i yi n a ortloe 1 @ | neazsaél ndadéeknikia w &gtisadi manelorin  aradan
gal dér élpibaséna y°n

Agrarsalm¢ - ¢ nobkg gmedrgiigsait ltar @énda m°vcud tendensiyal e

1. ¢emneropdiosoi mg ha tkodilppmo egslasi yasé
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Aparéceé tendenki ¢ al ojdisrnrnsfi akticBnogpsinob as d i ont eqr a
sistembr i n haz ®ttl mingnadiér .w Bura suvar ma av @dlannordozitén e,
sistembr i n i bi r bteamna&tnok ngr pn f bt oondoo istifaebdakildis i s t e ml

2.¢evibkap ol uxmpwmnedinn hazéerl anmaseé

Xésusi mo oittoto) & li s mand an f edonnistidarsalardaay kondobsore rg, gnfl a t €
avadanl! éqloid solomas amm¢] xétq | a i n toe glastkso -yaap oo luunnamulki If ot
mat eri al | arok kp anmie lpnidodaigwg ok i kaf et diril ir.

3.9morDl i | iy i DrDorclbri@zaltmaq v

Fotovoltaik elementyin somorol i | i yi ni np anlt@&@re&n malsd ealvaalazal dé
istiganotindoi & bavam etdirilir. Peovskitlor vb¢, z v i f oor kami yenhi maderiatldr v texnologiyalar
todgi g edil i rok kénerbjui sdiani goi-ne Vv esiad oehkaz aawdjah sioky ¢ k s

somorolilik v od edir.
4. Enerji saxlama sisteoil
Art émk georer pvpyaniakage € | rmosndolisyfadsetngka ¢d-%wvnr Isa x| abmaj] a |
enerji saxlama sisteml i ni n binrkti kqarf &s ivydtayeti@in Bu, kdnd bsot ir g at € eht i
¢ - ¢ n dabet iskaari btéh ve radimagdire  tt
Npticp
Borpa olunan enerjiy k e - bkeb pbniliyyat xorclor i n i azoatbsk mafat var én kar
azalt maf emrkldmmbon!| ar én @®lorierdoyii e ¢ avaml él épénerg  ar t
m¢ sqti | | i ynidinr.i g¢cl
G¢x e n e mdgintbsni¢, a soigigatlar wi n ki koadtdsoar ¢ kat é L-én o yeni
g ¢k e n eDn igtifadrii dalda dal - a b somorolivedon innovativioliortok | i f edi r . M° v cud
vomaneiorbb ax mayar aq, t exnol obpgli°wnaobeaymealy Dwdygodpmisok siyadkti kK a f &
bu manelori dof etmoypk © ok edir.
Kond tosor r ¢ f at &n d & n egrépiigis ilkin iinvestidiya w ° holik tolbb edir, lakin
u z u n mlfdydalarilkin>orclordbon qatq at ¢ st ¢ndg¢ér .
Kond bsor r ¢ f adipéoyi @ @ v @ ml & pibonpk iolunanf eneyi ombblorindon istifac ilD
ayr élokidozo ak | e dogr .en&g ni sios bsu elreomerstiindi r me¢asir C
¢, D mypvbd ¢ nophalisininorzaq bh | psikliyini tomin etmoypga di r o | & dahadsetroh vDy a K €
day anddgdoer kf at € sektor upkedirr yaradéel maséna k°m
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Summary
APPLICATION OF SOLAR ENERGY IN THE AGRICULTURAL SECTOR
Nadirov N.A., Bayramova AS.

Agriculture remains one of the key sectors of the global economy, providing food security and employment for
millions of people around the world. However, due to the growth of the world population and the limited availabilityaf natur
resources, tradithal farming methods are facing serious challenges. Climate change, the depletion of soil and water resources
and their deterioration, and the need to reduce harmful emissions into the atmosphere require the search for new, more
sustainable and efficientpproaches to agricultural production. In this context, solar energy is one of the most promising
solutions. The article examines how solar energy can transform the agricultural sector, making it more sustainablerand effici

Keywords:agriculture, solarmergy, solar collectors, photovoltaic systems
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M ¢, wlif pvpzlpyicilorp malik tsikloproparnrkibli efirl or sintez ol unmuk doxroorin ®kivinde2z ol un
tsiklopropamvoz | i grupl arén ol masé onlara bioloji a k t ipwtbrbkk ovnelrairré. n
potensialbioloji aktiviiklor i oyypp edi | mi kdi r . Si n tokibli efilbrin Penigilkum vpsAsplkrgillugp migerp a n t
t Dmol i olgkPorboleyhinb fungisid aktivliklori tod q i g edi loyyonk doilrunmMg d ur ki ok mxi kift e z ed
g °ploklori bleyhinod a h a oky ¢tkosk si kipirakti vIii k g°st

A- ar ors tsikldpropandrkibli efirlor, bioloji aktivlik, fungisid, herbisid, inseksisid, bitki i n b°yat mas
tonzimipyicisi

Summary
SYNTHESIS AND INVESTIGATION OF FUNGICIDAL ACTIVITY OF CYCLOPROPANE-CONTAINING ESTERS
Shahnazarli R.Z., Nazaraliyev Kh.G., Garayeva Sh.G.

Cyclopropanecontaining esterswith various substituentshave beensynthesized.The availability of 2 cyclopropane
substitutedgroups in the synthesizedcompoundsgives them biological activity. Their potential biological activity has been
determinedusing the PASS Online computerprogram.The fungicidal activity of the synthesizeccyclopropanecontainingesters
againstfungi of the genusPenicillium vb Aspergillus nigerhas keen investigatedit has been established that thynthesized
compoundshowhighertoxic activity againstmold fungi.

Key words: cyclopropanecontainingesters biological activity, fungicideherbicide insecticide plantgrowthregulator.
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El ektr omexmgnuirkjiu s-uenwinmoghyyat vasibsiinnsiinpidanyanacaql ar da
voy a Dsigmi n azal ddunanduskéiyalgrimaond aircdréar .o B w rprozd easnmdh z am
yaranan mexaniki enerji tormozlanma digkine r i | i r . M¢ asosasn tteammd nigayad a
nogliyyat vasibs i n i msinmbdrvkdi d i | ogdi edibr . g ulr J un wn ykoeTtdrewxl ay é c €
disk arxabkor  k©°r p¢ s ¢ n ¢ p/2lougag gdir o ydBihmo & ¢ s ubl olan ykonstruksiyaya
malikdir

Mexaniki enerjinin Iocmi P, nbDgliyyat vasibs i nioh i i, m t= 0 anénda t
d° mmucaj é&ndan aseéel edmbru.c andw 6156 d ardbie s Eanné he dl@mm[ 10

- ictimai npgliyyat vasitpbsinin tutumundan;

- ictimai npgliyyat vasitbs i n i oind@ny, r

- ictimai npgliyyat vasitpbsinin tormozlanma intensivliyindon;

-mexani ki enerji toplayeéceEm@mmdos. real topl anan e

Npgliyyat vasiblor i ni n i sti smar @icodimb ytaa ramonzélka nma x am i K i
topl amemmhslet vomelmmsni Ki¢g--¢canvr el ebbsiromemiamii ki kit ew k t ur
2-dog °os & | milOxLdd].i r

1 2 3
LL,
Kpkil2.E1 e k't r o me xpaisteminin strukéuwskemim

1-npgliyyat vasiplprinintpkbr - q u r mesxw;n i X i e n e-el¢kirogenesapol; ay é c é s € ;
4 -tros.

El ektr omexmsii kti e mienviir mMkonstr uksi yas éreldkrik me x ar

generatoruby anak & bokdi s&mematikhmdordon | °t ¢r ¢ corgon dbimtdadipa n i z ml
olunur [1;7]. Lakin, npogliyyat vasiblorindD tormozlanma nticbsindd  tokpr konstrmksiyas
tormozl ayéecé disk ar aséndapbsiywmerlaenkatnr omeexxaapndosékii e reevri
z amanmgombrtukzi 1g al a r @by edibg mexanizdba@p v birlok miordo yaranan bu itkir
gurjunun phayldame&n iebdba lonhausré.n aMesx ani ki enepsjwnin to

el ekt r ome xppmseskndy a re & m menk D raexamiki ftkiloi ik i a v a kodkéir axiotoig, g © r
mexanizmbrdp, birlok miordp itkilor # Ny aroanh ma € épyd,sygyilntoyd mon u z gad masé \
def or masi yappsa udfardtyrdon omblolgoio bilor, bebk |,  oh piswiorg tosir edn

yéken migdar éndan, dtimmonmo z | kaonmsatnréunk sn iysabni&kimgognrat er i a
X, Sustiiy,y mat eri al | arpewws. omdipiddn i ykran kr-[7;8r9]. Noiorb alsag ki d
konstruksiyada istifamolunan tor bir mexanizmin f.D.

— p < Olur
buradas T mexanizma itki ons al @diéor s eV &hi d |l araséndadddakimdqgl a uy
m — polmaglaady i ki r [ 20totbiq @unantmexardzof i n gqokul ma ardéecéell éj
1 3 4 ) 6 8
2 v 7 7

Kpkil3.El ekt r o me xpgmwir K iu s -uea winprimm nbel px gmsxierai m |
1 - npgliyyat vasipsinin fokpr sistemi; 2tros; 3-me x ani ki ene-djiik | ti pcplcaydgés é
5-shrbpstorpkpt mu f-da € & 7  6ps; i7-wal; 8 elektrikngeneratoru

Tormozlanmada yaranan mexaniki enerjinbgi i , t o poelektrik énensim€ e v psi | m
prossesindy a r a n moé kpzoid Blkagla, konstruksiyadatbig edibn aayyréé mermam i z ml
elektrik generatorunun fo.- n @yintetnokip[ 1; 8; 9], qubjnun ¢mumi f .

— — 3 3 g3 > egd s T YOTi o0t YOrtw YOrtw YOrtw w W
mpo p wttpyi n edi | mi kdi r .

Notico. Tod gi gat da r i y a zptcosinekspeanehta m aldbenris @ m Bicpsind
al & n mépkori tgsdigomi r . Qur pyyom u e d i Inmginezorpialim&gla,l tormozlanmada
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yaranan mexaniki enerjinin 70% qgodor e |l e k't r o mensing, nyiaknia ceadtar ogl mmp mas € v
i stehsal ol unan enerjiniogl iajkykaotwdinu ypimibasAEMa kimi t opl a
istifadbsinp nail olmaq olur.
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Summary
TRANSPORTATION, COLLECTION AND LOSSES IN THE PROCESS OF ELECTROMECHANICAL
CONVERSION OF MECHANICAL ENERGY OCCURRING DURING BRAKING IN THE OPERATION OF
VEHICLES
Balayeva AH., Shirinova AY., Abdullayeva UR.

The article presents the problems of preventing carbon emissions into the atmosphere, which are among the solutions to
the environmental problems that cause concern to humanity, the problems that have arisen in energy saving issues and their
elimination, ad the analysis of fuel losses during the braking process during the operation of urban passenger transport vehicles.
The issues of transporting, accumulating, achieving up to 70% electromechanical conversion of mechanical energy generated in
the wheel costruction during braking during the operation of vehicles and the application of the device for collecting the
generated electrical energy were considered. The issues of investigating the causes of mechanical and electricalelosses in th
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structural elemest transmission mechanisms, and electric generator of the device during its operation and determining the useful
work coefficient of the device were resolved.

Keywords: brake disc, electric generator, mechanical energy accumulator, gear complex, stelerugat, kinematic
joints, accumulator.

Jirewlryr1lRrRe SvrrtdtroRrYy[ras B 111 oy Jour, 10 [uy [l
Reu[Y1LRS [ Cl1rt1RR

HYdBOMZOjo 1 OHYWOdAdditsoOd EdgB,OW O | O] H ,
BgHBO O | ¢ dzdz®to) OBIBIPLANED, 4 OBdicO® [ sAkBB OIS
G O( EshffzdH20 te ) daded alzpas Baf.Is j dskz &3¢ O d Is dLjtBO2HYC
B O2 H gz COtedh) ldnleq atziiae @i & |5 e § 3" " dzj dzdzs s
10CE, ¢LjteBO2HY Odz
nadir.hacibalalaye@sdueduaz, hemidow946@nail.ru, samiracabbarovasdueduaz

SO
{O
1,4-u 2
23T oL j te

tdLElR MsOk! j ©wOMMBOkEde Ojkmw osfEsh ©OLodlsdw dzj kit dg
ttedd (JRrRC). sOC B' dzs EMlsOdeso dzj dzts, ybsts Mmjlsd f oL B detso dzv §
Bisdzj § Bflddi0d d' &3d d¥ § s d3j ik 5 &3/ Balls s vy inksj BWpoOr Jdadsj cteOydW
dLetsHfpsets 1 RC, O IsOSYJ fsLotsdzw jIs or ff tsdzdaw Is Is t5 y dzts § BB HJ
zj Hs9 Oded?2 MHJj dzOdets o atsH, yYlsts fjtejntsH dz0 degeicc 6 OH Qi & s deds'L jol5
HOdzdY BBdzjj EfMbts2ydets? d BJjLGYH OMdts?2 + dzj Clstetst dzj tsc d (.

sdzs yjor j difpstsoy@zd $d + dzj ecdd, oL sBdsodzw j 5" § dMmbssyddSd 1 dzj
jteedw, dBsHjddJeseo Oddy d Mmdizdw ydw.

It twjLbkzd Ok f&s@dg H dzj¢§ 20MMPdzj stsHiz t6OMR SH f to
ftosdLotsHMisa ] 1 dzj Cltedy MEBs?2 1 dgjteedd otLtcOMIsOs s fi
s dzdo des? JjHddedyr (k. 4.)

l fsdLeossHMmlsej 1 dzj Cltedy MSd2 1 dzgjteedd o COyJ Mise
-COMR) dedzz G tsdz! ;9 Hos L20B d@ts o dzw j o3F J d fylsots yB&LCHls .4 dzj e dd d

Its tejLbkd sOk MisOlsdudi MSddy tjLbkzd sOtsdg 1 dzj € Ist
ftesdLotsHdls! Mw o Mdso disds dzO BMdztseo Odzd d tstec Oded yd ME «
dfmisg ud ded v .

1 si stsdBz o1 weo dzj ded d ML HOdz] j dztseo r A dzj stcc Oded
OClskzOdz dets? L OHOYJj?2, Msflstswh j2 fjtejH Mo tcj d3j dede’ kg
cdBtedHdz » MOdzyd?2 tyjdz +WWjClsdoe dets.

LdBtedHdz J 1 dzj SbtesmisOdzydd ddg@ sy o vz BE dtf o df'h
ftoesdLotsHMIsa O 1 dzj Slstedud ME B2 1 dgjtcedd Msdzdzj ydz' €3 Mo j Is

l MmMyjlOoddd f cOLBHdL jdz d" 3 G J dzgj cOlsstcOBd 1 Ists
fsHOYk 1 dzitcedd f¢tlsteiBdlsj dzvds dzj L O @fnpddiztsH taddss A d dir O € ¢
dHdzOw 1 dzj Slstedyd MOV MmMlsOdzydwy MmMsmistsdls dL dzgj ME s
dd, BsHEZdd Mtsdzdzj ydzr = 1 dzj Slstedyd Mme dn mMsOdzyd d
kv iIststedzr | BOIsSOtej d, HdL j Eeslzsier jd dzd ¢ te@kL lds o to fs dz'c

J
G
s
L

Jtsfadzrz tesmls ydmdzj dedetsfilsd dzOMm 4 ilzks gz§ Wzd U ji i<zs &
MO dgj teOL ter 9 dets Mo w L Odg M kejdzduyjddj dz 1+ dzj
iMisets Isfdzdeo O sl dztzd € iz t¢ s dz’j clzdzts gilp Iz tc )
, ftedoe jdzs ¢ Itsdglz, yksts fjtejH yYjdsejyj mlse ts
Ctse 1 dgjtcedd. ] Mewird fm 1Ilsdds otsL dzgd ¢ dzO dzj
hjGets o dzj Ht6h dedf iz O dp'dd®jutg dz® s dsdzdztso dzv j 3" = d Mistsy
pdz' Isj tcdzOIsd o dz" j i islassy defffiflsts  ddgfj Stos dFO0 tshdese j  sMmists
gsHduiMSd oL ddSCOshda ) sCtolzy O h j2 fMtej H J J Mls
smwismw  Mdzj Hize " dJj yedsPrr degpjetedfd'd . ifgegdedz dv o j st6 O,
Isj ed3Odz! dzOW 1 dgj ecdwVw d Hts.

Cdzgj ed jIsdyd MSd?2 fslsj dzydOdz BBdz! hddgmlsea © dL 9" h
ftejorhOjls Moty 3 dedz™ 2 Ekttso § dz 1 dgj cetstf sSIstej B dzj dad W .
ZOMmlsswp gy MMisOodw jIs 30 &zicH. Istsddz Edzse desec s s dz
CGBHBo 52 HtsBT yd eofmjn odHBo stceOdzed yj MEsets Issff dzd 9 ©
dmlssydzd ¢ siol 9 wlzjitCetxfdfts e d yj S OV ydmstslsO.

168

Q@7
—


mailto:nadir.hacibalalayev@sdu.edu.az
mailto:hemidov1946@mail.ru

O ud mlse 0 d f szt aftsizd to @ eafduls{(fizs 20 BL 5B dats o dzv | Bt
sedetsL s jJ tWOLodIlsdw o Bdzdy O2N j &
dRrRC slsdatsiw Is fiyw : dzj o " MsC OW f dzts Is
otej d3j dzd d dzj 5B - SHARABS,MIst B Ji fif figOdaas
Odzdj d ftoj sBtcOLBSOdedj {dzaj tecdd.

dossHdl ¢ L dOydlsj d dsdikz fmdad 3y J d
dZ{\HIZ"“dJ sdeso dz" § ff tod uflstll v yj
R

L Ofdzs s d ;

My jyddedd + SBdzsed;
smts

g

cffr]ljisdzJ LISSOdzq’W ()
[y dets o7 HJ dzd Is
Ldgjteejlsdcj dzO B

B4 dzdzts © tcOL
s s dzfodefi Icmts o
B4 dzj ded § ) ts dzdzj  dzts 2 Ldgj sedd
' ' o 1 dzj Sltedyj MS Iz
1 dzgj eedd HdzW dzgzyH Isj f dzsmdzOB ¥ J
ted focPlfdtohgmisj i3 Midzdzj ydesets Isj ff dztsfdzOB 3 § ded v
sBdUiMSd Yyjdz NcsBeOL ds §sCtr 00Is! L O Muil Mtsdd
sots? TRAOGIMISPEdz dz ¥l 5§ pUDfiHsi'sdzy j dz 5B | ) tcjowa KOs
Y
J
H

&
o,

s
=
7]
&
&
=
&
]

dzd ¢ { daj e dd.
fw ydzOw H s dzW f ts dzdzj W dzts 2 1 dzj e dd b fsCte’ Isdd
Jdzvjlsmw §ts :

p —= 1)

8
ud 0 D] of dztipj Py Y dz® § te LT, U J M ls o
0Cts?2 HBfbdzdedIlsj dzt dz" = dMilstsyded ¢
dzv Mtsdzdzj ydets?2 L dzj tecdd o fHsCtrilsd

O - BB : )

Isdz "s) fHtoj ddskzh j ihse ts, COo¢ 1 C¢Bdsedyi MSd ydmlsr 2
L dzjteedw 9 jlstcO. RL ozj igls glzlscfm;fmﬁm’: ol fislc@®dzso s¢ (1 Cv) ,
COMEOHESd 1 G, oM sdztsy j dzedz" 7 &8 tokzfmdze tSHdB2 tj €d.
fsor Mdls! EMmMlsOdztse dzj dzdzz® Bsh detsfmils! 4 Cu §tod dzj dL d3j dzdets

[ dzv  dzOfmtsmdatsets o j stots ¢ | digjaddsds tcDtc Grp dzj dizef t§ 5 BCE dzQiglzif
fsHOa Oj i3s2 d YolstejBdzv j B2 L O tOMyjbsdr 2 fitedtsH BEH

® ® _ 0Qo, 6 Q0 (3)
HwdwitsBl jdg atsH', MBHjtey Ooahd2Mmw o BOC] Mtsxgo jolsMmlise
dzj S Slstster 2, BEABNZEBOL dZOY o tSHEBY Sty B dzj dedj L O 9tcj A3V

l tBh jd3 adH] 1 dzgjteedw M cdHESOCCERzdzdtekzs hdd EMmlis

O O-.. 0-Q6_ O Q0 4)

Cdzj eesB j L bf Offdestigsco O RBdtesots?2 BjL BT OMdesMmisd. 1 toj
slsdasmdlsmw + Ctsdetsdzsdw ftodtesHde 7 toj Mzteie],. j @k datdsldf Qddsif
dzj cOQo dzs B3] tcdzse s twOMYtej Hy dzj dedw BJtetsear 7 dhistsydzed C tso
tej hjdzdw Ctslstster » IstejBlzjlsmw deser j dMmMmdzi Hse OdedwY d 4

g4 {Csdsdiiddyj MEs2 bsySd Ltjddw 1 dzjtcetsBjL s OmMdasfls

-t jMselzs M ddi3d { Stdsdi3dui M dBd Efdss dv &d;

-l dzjteesB LY OfMdesMmis! dd3d JIs ctsMmMizH OteMmise j dzdesy L dzOy.

-l dzgj e sBj LY OfMdesMis! cOtcOdzEsdckzjls MlsOBddz! dgr §j &5

-1 dzgj cdtsBj L s OMdetsmls! tfitejHjdzwjls, ¢ ®F cafddddtc dedzj J
Il smétsdz S22 o Mbotej i3 deges stz tcts f Fhpdmyfislslg d j ! SO O
sylsd o fnj A slsteOfmdzj 2 1 Ctsdatsdsd € LOadMmdls d d3j dzdzts
dzj cetsB j L s OmMdesisd dzj sBrtsHd Bts §f sdzdetsjy L lzyd dedd MmEh
[Mdztso dp'sd OL Ols j dzj a3 { dzj teetsB j L 5 Ofdetsfylsd MydlsOj Is
slstster 2 SftejHjdvjlsmw ft fdjHEzsh j2 ¥ isttdzdj:

B — (5)
GHig -CBLWWdydj dals 1 dzgj tacf tielpdfQ mfsjHdpds o5 d fga] tededufts o Odzd j ¢
169

r



J sMdatso dztsds o cdBtedHdz R~ mMdMmlsj BOR tcOMmMftej HJ dzj
dimlstsyded S Od3d 1+ dzj ecdd MydlsOjlsmw dzeOdBBdzj § VYJ dzj MssBtcO

t OMMdisOIsted o OW tsMmdetsodz" § Isj dznj dzydd twOLoadIlsdw & dzj
Lodgstfaslsj dzydOdz  +dzgjteetsB LY OmMdesmis | mMdzj Hkjl i,
BJLBYf Ofndesls stsf dzd & O, OHJ C o 0Oldesmis | EMmlsts?2 yde sfmlis:
ykze mlse disj dz detsfyls d (Oo Oted?2 dz § SlsCdzs yj dzdw) . frdstgedicj o3
stciBlzé Is twOMh Jqtedls! WO 1 dzj teetsBjLtsf OMdetsmisd, ¢ BIstste
sBiMfjuyudeaOjls dzOdBtsdzjj o' etsHdets] d dzgOH Yy dets] f sdzkzyy
Ldgj e dvw, f sdzkzyOj dzOw L tsdsdzty dndzvis ooz sz dqifgdsfiafy, dzdHCesSpls d 6 dzd Is 4
Csdzd yj Mso O ftesdLotsHdBs2 1 dzj tec d (.

rdzv Emygdej tegse j L s OfMdesmisd IsteiBlzjlsmw, o Moty tyJ
sL dZOy0j Is: Fojdzduyjddy tOLddydse = 1 dzjtcetste] Metemtse, tc
MtsL HOM] tesW Isdztsisd oL Bsy dgr = S dB j tedzOf OH j dad 2 .

s OC B dzts tslsd3d ud dats or hj, 1 dzgj cetsB j L tstf OMdatsfyls!
csfmMkzH OtefMmlise O, Hdzw yjets lstsJBIlesan 9 fjtolky tyjtejH!
COtcOdzlsdtelzjls esMmMikzH Otemistodz ff ©f dfjsHefmlisdsd Hzj 3 j &ZOIs j dz' dz

[ dzv efmddzj dedvw tsdzd dMstsydedSso otsL sBdatso dzv j s 4
dej sBrtSH B dzdxJ 4t udfmdzj dedz’ j EkMmdztse W :

-EmMCtste] dedzts] teOMh dqtop ted 5B dzlg ¥ etz B8 Odefis sydzd S s L dz

-toj Ctsdemistez S ydvw esstesHMEdn Mjlsy 2;

-EmMse jtoh jdeMlsoaso Odzadj ftesdLoasHMisa O d fjtejHOyYyd 1 dz

-dLd3d dzgj dzdd MstekzSlskzter L Ctsdsd3dSCd Hdzvw B4 M J yud dedw

-Mistesed?2 SCtdalstetsdz?r dzOH dMf sdz' L so Odzed j A3 + dzj Clstetst dz

1 dxd fwdosHdbmY (o HfsdzO6 O] BOY M-\WKED (sl dze@ 2t
tcOMmn SH tstjteJHszWJIsan (SO

wg g Yo -

CHPgi6OMRBH | dzj Sl dzj X - »eq etdsQ) Atalzdptst2) Shisitdss dzj ts e d .
[ OO o fty,j dsdsd Meslsdsh jddd SftejHjdy iy f

Op Ppnnp (6)

W g
I sdzjLdgr 2 tcOMmR SH BUtGJHJdZWJISfQW CoO¢:

wWg g Yo )
GHojg -CdzdyujMlsots « dzj SBtoEOd&zp iz I HPeted { d&zj Ctesi dz

W,

u.p — TIOMESHEIH

CHETYHKH %/’/_/\ pacxon
\‘i\\\

W, ; — onIaTHEAeMAaT

JIEKTPOIHEPTHA

r v v

{dMunj B0 Sf ZO' ©OMARBHO { dzj Slstetst dzj tsc d

dlsj tOlskztcO

o.M 2dtse, €. .1 EMj2dse. o¢dz sjie@Olde &5 gt ydzed
[ . Vo O2Hjdz, A. vi22t. | L e(darotEs'y Qg t§d3ddLirmis@dsy, dzd1$9d
U 3y OW Otetse. RMlssydzd S d otsL tsBdatso dzv j dzgts?2 1 dzgj tec d d
J 13 95 fMmlists.

170



X¢ lpas
BcRPA OLAN ENERJK McNBcLcRK ¢cSASI NDA ENERJK TcHL]| Kc
Ha c &€ b aNlMg, HEnidovM.H., HpmidovaG.M., CabbarovaS.M.

Mpgalodp borpa olunan enerji onbolorino (RES) psaslanan elektrik enerjisibmay esi ni n i nkiowomf é ar
edi | mi erpaiolunarkenerji mibolor i odokalor K gt i s a ohioptimad & téthigdlana bibndir. Qeyd etk | az é md ér
ki, Si st emoripmat eogl ruansai ny aesnée mglirmok i $ mé la sicehbmé @ énogign enodelbk Id ip woreimulyasiya
etoypi mkan veriodqi & p toiicioling npsash beb gonadtp golinib ki, geyri-ononovi vb borpa olunan eneriji
monbolorinok e - i d d a h atohd agykaz égll ek tvr i k enerjisi yaratmaja imkan veri

A- ar brsénerjl nbnbolori, borpa olunan enerji pnbolori, enerji oth Il sk z 1 i yi , davammdéeonvmner j i
simulyasiya

Summary
ENERGY SECURITY BASED ON RENEWABLE ENERGY SOURCES
HajibalayevN.M., HamidovM.H., GamidovaG.M., JabbarovaS.M.

The article raises questions on the feasibility of development of energy based on alternative energy sources. Asdt was foun
networks withrenewable energy sources are the most optimal from an economic point of view. It should be noted that system
integration makes it possible to expand the production of RES, and also allows you to perform accurate modeling and. simulatio
According to the reults of the studies, it can be conducted that the transition ttraditional and renewable energy sources makes it
possible to create a more sustainable and safe energy.

Keywords: energy sources, energy security, alternative energy courses, reneneablesources, sustainable energy.

INTEGRATING THE CONCEPT OF ALTERNATIVE ENERGY INTO THE EDUCATION OF
THE YOUNGER GENERATION

Latifova Sevil Seyfulla Mammadov Murad Mardan,
Novruzova Rahida Emin, Abdulova Izzat Najmaddin
Sumgait State Universitumgait, Azerbaijan
letifovasevil1968@gmail.comemmedowmurad@gmail.com
rahidanovruz@gmail.comizzet.abdulova@mail.ru

Summary. The depletion of traditional energy sources and the environmental threats they create increase the importance of
alternative energy resources in the modern era. Integrating knowledge about solar, wind, hydro, biomass, and geothemtal energ
educationhelps develop ecological responsibility and enesgying awareness among youth. Prefgsed learning, experiments,
and digital simulations strengthen practical skills, while the STEAM model enhances innovative and critical thinking dthiiitie
apprach contributes to the expansion of ecological culture and improved energy efficiency in line with sustainable development
goals and is considered essential for the future of society.

Keywords: alternative energy, ecological education, sustainable develupenergy in STEAM, energy efficiency, youth
ecological awareness

The Necessity of Integrating Alternative Energy into Education

Alternative energy is not only a field of technical knowledge but also an important means of shaping
ecological responsibtly and environmental culture. In the modern era, the depletion of energy resources,
climate change, and global warming pose serious threats to the future of humanity[3]. Therefore, the study
and application of alternative energy sources (solar, wind, ls®nydro, and geothermal energy) should
become one of the main directions not only in engineering and technology but also in general education.

Integrating the concept of alternative energy into the education system from early years directly
influences tle culture of energy consumption and ecological values of future citizens[11]. Integrating
alternative energy topics into education is an indispensable tool for raising environmentally aware young
people, fostering responsible behavior toward nature, anelageng innovative thinking. This integration
must be reflected in curricula as well as extracurricular activities and should be implemented using practical
and researcbriented methods.

The main reasons for integrating alternative energy into educatioare as follows:

A Environment al awareness: Students develop a
about the environmental impact of energy sources[7]. For this purpose, the scope of alternative energy topics
in the physics curriculum shoulte expanded and supported with #ifal examples and experiments. For
example, by studying the operating principles of solar cells in laboratory settings, students gain a deeper
understanding of the ecological consequences of energy production. Additionpa within @AGre
initiatives, concepts such as energy saving, waste management, and environmental protection can be
combined with practical activities.
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A Innovative thinking: The topic of al mernat.
interest in technology. Innovative technologies in the field of energy production and use such as solar panels,
smart energy systems, and energy storage devices
modern pedagogical approachessias critical thinking, problem solving, and projbased learning
naturally develop in the teaching process.

A Sustainable development : Future engineer s, S
take energy efficiency into account. Therefothe concept of the Sustainable Development Goals (SDGSs)
mu st be widely promoted within the education sys
affordable energy for all, d should be itwvwapprogeior at e
among economics, environmental sciences, and social sciences in the teaching process creates a foundatior
for equipping future decisiemakers with the ability to guide energy policies in the right direction.

Appl i ed s ki lphojscts, stidentsccangrieatesimpleommdels of solar panels and wind
turbines. These activities not only reinforce theoretical knowledge but also develop practical skills[4]. For
instance, in physics classes, assembling small-polaered car models, cdnscting miniature versions of
wind turbines, and conducting experiments on ener
and enhance their engineering thinking. Thus, st
acquire the ahity to apply their knowledge to reéife problems.

Methods of Implementation in the Educational Process

I ntegrating the concept of alternative energy
ability to apply scientific knowledge in realdifout also develops their creative and critical thinking skills.

This process requires not only enriching the curriculum but also combining modern pedagogical methods
projectbased learning, experimentation, digital simulation, and ecological initiatitieis & unified system.
Below are the main methods of implementation:

1. Integration into Physics Lessons: Physics is the most suitable scientific platform for teaching
alternative energy concepts. This integration must be reflected in both the corgdatafional programs
and teaching methods.

Explaining alternative sources within the topic of energy transformations: When explaining the
process of converting one form of energy into another, special emphasis should be placed on the role of
solar, wind, gdro, and biomass as alternative energy sources. Along with the laws of energy exchange,
classroom discussions should also address the ecological consequences of efficient natural resource use. Fol
example, while explaining the working principle of solangls, their mechanism of converting light energy
into electrical energy can be demonstrated using practical models.

Practical examples related to energy efficiency in heat and mechanics: Topics such as thermal
insulation, mechanical energy loss, and ioictshould be taught in relation to daily life. For example,
students can test the selection of mater-ficle® t o r
house model . O

2. The STEAM Approach: The STEAM model (Science, Technology, Engineering, Art,
Mathematics) provides a multidisciplinary framework for teaching alternative energy topics[1]. Through
preparing projects on alternative energy, students develop both tecimicateative skills. They not only
learn the principles of energy production but also integrate design, aesthetics, and functionality to create
innovative projects. For example, some students construct solar powered car models, while others build
models ugg wind turbines. Thus, they bring together engineering thinking and artistic creativity.

3. Laboratory Work and Experiments: Experiments conducted in laboratory settings develop
studentsd scientific resear ch theoketichlknewlesiged ensur e t

Preparing models of solar panels and wind tur
draw scientific conclusions and solve readrld problems [8]. Students can create srsadlle energy
systems using various materialad observe both the mechanical structure and the process of electrical
energy generation.

Experiments on energy production from waste: During biomass energy experiments, students learn
the principles of generating energy from organic waste (plant resithad waste, etc.). This increases their
ecological and economic sense of responsibility.

4. Digital Technologies: Integrating digital technologies into education is one of the core
requirements of the 21sentury learning environment.

Modeling energy pduction and consumption using computer simulations: Students can analyze the
functioning of energy systems using programmed models and evaluate the results. Program®IsE¢h as
Simulationand Energy3Dallow the observation of energy flow, changes ifasangles, and efficiency
factors. Learning the working principles of alternative energy stations through virtual reality: Through VR
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technologies, students can take a Avirtual touro
interactiwely. This significantly enhances learning motivation and retention.

5. Ecological Projects and Volunteering: The social dimension of alternative energy is closely related
to ecological responsibility and civic engagement. Misconceptions about the cohesrgy are often
resolved through projects and experiments[9].

Organi zing fAiGreen Energy Dayod event s: Student s

awareness among their peers about energy efficiency. Such events strengthen the prorectiogical
values within the learning environment. Participation in commtdriiged ecological projects: In
cooperation with environmental organizations, students can participate -plantig campaigns, waste
separation initiatives, and renewable rgiyeprojects[6]. These activities help shape social responsibility and
develop ecological leadership.

Forming an Alternative Energy Mindset Among the Younger Generation

Shaping the concept of alternative energy in the worldview of the younger generatiena$ the
most important directions of modern education. This approach involves integrating not only technological
knowledge but also social responsibility, ecological ethics, and global citizenship values into the educational
system. The energy crisisné climate change key challenges of the 21st century require not only
strengthening scientific literacy but also transforming values and behavioral models.

Key directions for forming an alternative energy culture among youth include:

A Val ue s :valiensuah gsrfragality responsibility, and respect for nature

Education related to alternative energy should not only convey knowledge but also aim to form a
harmonious relationship between humans and nature. Therefore, incorporating moral and kvalaga
such as conservation, responsibility, and respect for nature into the teaching process is essential. For

example, organizing discussions on the consequences of energy waste, the impact of increased waste on the

climate, and the importance of rerewe | e ener gy sources can fundament
toward nature. The unity of moral and social values with scientific knowledge forms the basis of ecological
citizenship.

AMotivation: presenting examples of successful youth in alteraahergy projects

Moti vation strengthens young peoplebs scienti
learn. Presenting examples of local and international youth who have succeeded in alternative energy
projects fost er sindset aimdng studemts. &Far instahce, sharn@ thensuccess stories of
participants in international programs suchvasing Innovators for Renewable Eneegyd Green Skills for
Youth can inspire students to join similar initiatives. Additionally, scHeekle vent s such as
Saving Weekodo or fiGreen |l deas Competitionod help tr

A Studying local problemsanalyzing regional energy consumption, waste recycling, and green
technologies

Studying local issues strengthe st udent sé connection to their
oriented thinking. Analyzing regional energy consumption, managing and recycling waste, and applying
green technologies suitable for local conditions give students opportunities foicgrdearning. For
example, building simple biomass energy models in rural schools or conducting-eriggring projects
in urban schools is valuable both in terms of experience and ecological responsibility. These activities help
students become notlgrconsumers but also active participants in energy production and management.

A Career orientation: increasing interest i n
scientific research

Alternative energy is one of the fastgsbwing professioal fields of the 21st century. Therefore, it
is necessary to implement careeiented awareness programs in schools and universities. Organizing
seminars on fAgreen careers, 0 promoting specializ
andener gy management guide young peopleds future
fieldwork, startup projects, and universiayn dust r vy cooperation strength
practical engagement.

Conclusion

Integrating the cacept of alternative energy into the education of the younger generation is an
important step toward forming ecological awareness, applying innovative technologies, and achieving
sustainable development goals. If educational institutions work systemaiictiis direction, young people
will develop a culture based on energy efficiency and ecological values. This will contribute to sustainable
development in both the economy and societal behavior. Applying alternative energy technologies in the
teaching © physics fosters the development of environmentally responsible and socially conscious
citizens[5].
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Zmls Odztso dzj dzdzOwW s h dzts s ¢ 1 dzj o6 mifddnls j 3y  CHtslsidy tel2O7  dsdn,ls
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L dzj tasMmdzOB Y § dad W .
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orlsy mdgwils! mMwv, MrtOdvwi:! fJtojddkzh jmlse jdedzts Hdzv t6j G lzc
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ETIC m[3C mB3C m@aC Barapes
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momnocrei (I'Br)
2030r. 2035,

2, 27 33,6

o 107¢3%)  18(54%)
BB 65(24%)  65(19%)

It seee  sogew

m 31(12%)  3,1(9%)

2024 2025 2026 2027 2028 2029 2030 2035
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ydesfylsd, frdzjots?2 dzOctelzL €d) ddzojtolstster ftsHO jtoy j
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B¥Y] K G Nck ELEKTRI K STANSI YALARI NDA I NVERTORLARI N A
DI AQNOSTI KASI ! ¢! N AJILLI METODLAR
Raxmonov I.U., Reymov K.M., Rasulov A.N.

Mbpgal pdpb ¥zbbpkistandakeé iri génDK el ektrik stansiyal ar
arakdeéer éel er . Re al vaxt rejimindbpb monitoring é - én l oT senso
di aqgqnostika ¢sullarée toklIl if ol unur . Hazérl anmék di naimi Kk mon
prognoz|l akdérmaja vD enerji si.steminin sabitliyini artérmaja

A-ar sg¢znlookr el ektri k stansiyal ar é, mpr kopzlokdirilmik inv

dinami k algoritm, etibarl el éq.

Summary
INTELLIGENT METHODS FOR ANALYZING AND DIAGNOSING INVERTERS
IN LARGE SOLAR POWER PLANTS
Rakhmonov I.U., Reimov K.M., Rasulov A.N,

This paper addresses the reliability challenges of centralized inverters irs¢atgesolar power plants in Uzbekistan.
Intelligent methods of analysis and diagnostics based on 10T sensors and digital platforms are propos¢idifmeaitoring. The
developed dynamic monitoring algorithm enables early anomaly detection, failure prediction, and improved system stability,
ensuring efficient operation and reducing risks for sustainable energy development

Keywords. solar power plants, centralized inverters, 10T sensors, digital monitoring, diagnostics, dynamic algorithm,
reliability.
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tdLezi MOl | t©OMMd3OIstedo O Isfqw  Ctsd3f dzj Cdz" § B ssHT  dats
edmMise o ojibttliditteilsdej. 1tjHEZOCO]IsMmv didelszndae®ygdwd ifddr
LI DAR/ tor ¢t Hd&zv oBtsddlcodzizicc® OOls dimfigdi jdzg'™ dsif Omdzr 7 B Isd skzfMmc
tOmMyj SO f dzslsdsmisd B d&ZOS 59, tOHdOydsdedes? dzOctelzL €d d 9§
HOdzdzr = d Odzestedlsdite OdzZOdzdL © fYtsor h Ojls dzOH | ) desfls 94 Istet
mMfsmMseMlsoakzjls kEMs2ydotsdz wOLodlsds o jlstetst dzjtccjilsds¢d

sdzt yjorj : foditdsac@® ! dzj s jIsd¢C O, G dzigd jer QN d Y B,s56 ddsa Tetso C
LI DAR/ t dfdztls,ded S sor 2 disdzedilststed dze, dzOH | y desflss .

1 slstoj BdzsMmils! dRwJtetsots?2 1 Ctsdatsd3BdSd o + dejstelzdfd ¢
tesdz? o jY BBiMfjyidedd dcoctcOsls otsL sBdatso dzv j 3"
sBEMdse dzj dz dzj Itd! ¢ dzjtsBoBHd BN 5  Mdedy j d
o' fsdzdzj dzdW BjyHEZdOLSHAE & 0 CddBOsdyjmsds tBW
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fndad 3 J dzd L O dimd dissfmlis d s ls dmMSsf Oj @G s Ists i dzd o
Hy BsdeMistcdtczjls o jlstest dzgjtecjIsdC O, CtslststeOw L O { f
Cdzs yjornm Mjod3j destso SadzsB Odz! dats?2 1 dzgj oG j Isd

J 2024 cectsHEZ Brdz LOWdSMdieseo Odz toj CtstoH dz" 2
9Jstetst dzgj dccljllyd Sl Is, Yylsts wodzw jlsfmw dzOdetsdz h dd3
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Summary
INTEGRATED METHODS OF LIGHTNING PROTECTION AND LIGHTNING RISK FORECASTING
IN WIND ENERGY
Kurbonov N.N., Uzakov N.Ch.

This paper presents comprehensive methods for lightning protection and thunderstorm risk forecasting in wind energy
systems. It highlights the integration of satellite data, grehaskd 10T sensors, abtDAR/RADAR technologies for atmospheric
monitoring and early detection of hazardous weather conditions. Models for cloud density, radiation intensity, and lightning
probability are proposed. The use of statistical data and analytical algorithms impmsgesinyine reliability, reduces operational
risks, and supports the sustainable development of wind energy

Keywords: wind energy, lightning protection, 10T sensors, thunderstorm forecasting, LIDAR/RADAR, satellite
monitoring, reliability.

X¢ Ilpas
Ki LcK ENERGETKKASI NDA KNTEQRASI YA OLUNMUK | LDI RI MDAN QORUN
PROQNOZLAKDI RI LMASI METODL AR
Kurbonov N.N., UzakovN ¢ .

Mpgabdb k 4 ener geti kaséndabiil [de& méamdiams kgdrood gmanal avk d ér €1 mas é
togdim olunur. Atmosferin monitoringio/toh | ol k hoeaitingn ekkon ak kar |l anmasléumatdmr pagk, myer
sensor bar PARhRADAR texnol ogiyalarénén integqgr apsiilydaé&réé nv ueglj tuil ma
hesabl anmasmimniadeé Ir . o itmeatt ib stalitddalgoxtmbrin istifados i pkktwdinbr i ni n et i barl el é&]
istismar riskbr i n i alk @dl deénrervget i kasénémbkldypyanéql é inkikaféneée d

A-ar skoizllookk energeti kasé, ildéerémdan gor unma, Il oT sensor
monitoringi, etibarl él é&q.
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Summary

FEASIBILITY STUDY OF A NEW DESIGN OF A PUMPED STORAGE UNIT
Juraev SR, Juraev KS.

The article presents the technical awbnomic justification of a new design for a pumgtatage plant (PSP) using a
cascade system of hydraulic rams. The proposed scheme increases energy storage efficiency by lifting water to thevapper reser
without consuming electrical energy. The desfgatures and operation principles are described, and the economic performance is
compared with that of conventional PSPs. Calculations show that using three hydraulic rams allows up to 78% of therlmiver rese
water to be returned to the upper tank aades approximately 113,730 kWh of electricity per year, making the proposed design both
energyefficient and economically advantageous.

Keywords. pumpedstorage plant, renewable energy, hydraulic ram, energy efficiency, energy storage, electrigty savin
water lifting system, pump unit.

INVESTIGATION OF BIODEGRADABLE ADSORBENTS AND THEIR MODIFIED
DERIVATIVES

Gubadova Rugiyya Bahruz
NazarovaRoya Zakir
Baku Engineering University, Baku, Azerbaijan
rqubadova@std.beu.edu.az

Summary. A biodegradable polymer made from sea algae, sodium alginate is a great option for medication administration
because of its high level of environmental safety and biocompatibility. When paired with sodium algioat®sic and
biodegradable qualities, the medicinal qualities of naturally occurring curcumin provide substantial benefits for caintrglled
release systems. Curcumin's conjugation with sodium alginate extends the compound's bioactivity in viviblasdaegeated
distribution. This combination was used to create a drug delivery system, which was then thoroughly tested at different
concentrations to determine its stability and effectiveness.

Introduction
Keywords: Biodegradable adsorbents, curcumodism alginate, adsorption, drug delivery systems

One of the most important areas of study in pharmaceutical sciences and biomedical engineering
nowadays is the creation of safe and effective drug delivery systems [7]. Traditional medication
administratbn techniques frequently encounter issues such low bioavailability, quick degradation, and
untargeted distribution, which reduce therapeutic effectiveness and may result in unfavorable side effects [8].
Because of their biocompatibility, environmentaletaf and capacity for regulated and targeted drug release,
biodegradable polymers generated from natural sources have garnered a lot of attention as a means of
overcoming these constraints [4].

One substance that shows promise in this area is sodium talgiaanaturally occurring
polysaccharide that is mostly derived from marine algae [5]. It is a great option for creating drug delivery
systems because of its special qualities, which include biodegradabilitytoxioity, and outstanding
biocompatibility[6]. Furthermore, a variety of bioactive chemicals may be encapsulated and released under
regulated conditions thanks to its gefming property when divalent cations are present [1]. One possible
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tactic to improve curcumin's stability, bioavailabilipnd targeted distribution is to combine it with sodium
alginatebased carriers [9].

In this work, a new drug delivery system based on the conjugation of sodium alginate with
curcumin, which is derived from turmeric, is synthesized and characterizednaXimize the system's
stability and effectiveness, a variety of extraction techniques and compositions were studied. The main
objective is to create a safe, efficient, and biodegradable platform for regulated medication administration
that will enhance #rapeutic results and lessen adverse effects [3].

Modification Techniques

Sodium alginate and other biodegradable adsorbents need to be modified in order to enhance their
mechanical strength, controlled release behavior, drug loading efficiency, ansicoumgmical
characteristics. These parameters are optimized using a number anttiede methods for efficient
medication delivery applications.

1. Crosslinking of chemicals

Chemical crosslinking is frequently used to improve sodium alginate hsldragechanical and
stability characteristics. The most popular technique is ionic crosslinking with calcium ions (Ca2+), which
creates a thredimensional network that enhances encapsulation effectiveness and regulates drug release
rates [1,2]. To altemechanical strength and degradation rates, additional crosslinkers as genipin or
glutaraldehyde are also employed [3].

2. Composite Formation and Physical Blending

The characteristics of the composite are improved by physically mixing sodium algirfatethvet
natural or artificial polymers like chitosan, gelatin, or polyethylene glycol (PEG). Better drug delivery
performance can be facilitated by these blends by enhancing the cualgmate formulations' solubility,
stability, and mucoadhesive prapes [4,5].

3. Surface Alteration

Alginate-based carriers' selectivity and biocompatibility are improved by surface functionalization
methods such as PEGylation and grafting with targeted ligands. For targeted drug delivery systems, surface
charge aktration is essential because it enhances interaction with biological membranes and encourages
cellular absorption [6,7].

4. Formation of Nanoparticles

When sodium alginateurcumin nanoparticles are produced via ionic gelation or emulsification
techniques the curcumin is protected from early degradation, has a larger surface area, and is more
bioavailable. By enabling targeted distribution and controlled release, nanoparticles increase the
effectiveness of treatments [8,9].

5. Techniques for Encapsutat

Curcumin bioactivity is preserved and a longer shelf life is provided by stable albassd
microparticles or nanoparticles produced by encapsulation using-fitegnag or spraydrying. Particle size
and release kinetics may also be precisehtroied using these techniques [1].

We changed sodium alginate in our work utilizing the ionic crosslinking method, a practical and
biocompatible technology, to enhance its structural properties for potential functional purposes.

Application areas

In contemporary drug delivery systems, biodegradable adsorbents like sodium alginate and its
modified derivatives have garnered a lot of interest because of their functional versatility, biocompatibility,
and biodegradability. Numerous application optioneeigulated, targeted, and effective medicinal delivery
are provided by these materials.

Sustained and Regulated Drug Release

The matrix structures offered by biodegradable carriers allow for slow and prolonged drug release,
which lowers the frequency dbsage and helps to maintain therapeutic concentrations over time [3, 4].

Targeted Administration of Medicines

In order to facilitate sitspecific delivery and reduce efirget effects, surfaeinctionalized
adsorbents can be designed to identifyaierbiological targets, such as tumor receptors or inflammatory
tissues [1].

Enhancement of Bioavailability via Nanoformulations

Hydrophobic medications, such as curcumin, are encapsulated in nanoparticles made of modified
polysaccharidéased adsorbenli&e alginate, which improve solubility, stability, and bioavailability while
maintaining therapeutic effectiveness [2, 8].

Transdermal and Oral Administration
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These materials are frequently used in oral and transdermal administration systems bdbeirse of
mucoadhesive and gBrming qualities. They facilitate skin absorption in transdermal systems and
safeguard medications in the gastrointestinal tract [3, 9].

Combining Regenerative Medicine with Integration
Biodegradable hydrogels serve as sddffan tissue engineering, delivering therapeuticagents including
antrinflammatory chemicals along with structural support,promoting healing and regeneration [4, 6].

Multipurpose Systems in the Environment and Cosmetics

These compounds are employedccasmetic formulations and environmental detoxification, despite
their primary usage in medicines [5, 6].

Experimental Procedure
In this work, sodium alginate, a naturally occurring biopolymer obtained from seaweed, was combined with
curcumin and calcium dbride-mediated ionic crosknking to create a biodegradable hydrogel with
improved adsorption capabilities. To create a uniform viscous solution, six grams of sodium alginate were
dissolved in 200 milliliters of distilled water while being stirred mampadly for 30 to 40 minutes at room
temperature.

After that, 100 mL of curcumin solution was added. This solution was made by dissolving curcumin
in a tiny amount of ethanol and then diluting it with distilled water. To guarantee that curcumin wgs evenl
distributed throughout the alginate matrix, the mixture was agitated for 80 minutes at 700 rpm. The pH was
then gradually raised to 5 by adding 1 M NaOH, which improved didag by ionizing functional
groups.

In order to start ionic crodmking and create hydrogel beads using "dgrx" structures, the curcuniin
alginate solution was then put dropwise into a 2% calcium chloride solution while being constantly stirred.
For sixty minutes, the crodigking process was let to continue.

Following a 2-hour aging period at room temperature to improve ion transport and structural
integrity, the hydrogels were filtered and dried
of 7.751q, indicating hydrogel stability. A magnetic stirrer, pietter, vacuum filtration unit, drying oven,
ultrasonic bath, and centrifuge were among the tools utilized to guarantee accuracy and effectiveness during
the synthesis.

Conclusion

This work used ionic crodimking with calcium chloride to effectively crea a biodegradable
hydrogel system based on sodium alginate and curcumin. Curcumin's uniform dispersion and successful
absorption into the alginate matrix were guaranteed by the meticulous preparation process, which included
pH adjustment, regulated stirg, and dropwise addition. Infrared (IR) spectroscopy, which showed clear
spectrum changes indicating effective chemical interaction and alteration, validated the hydrogel's desired
physicochemical characteristics and structural stability.

The improved fdrogel's potential for oral drug delivery applications was confirmed by further
testing in simulated gastrointestinal fluids (SGF, SIF, and SCF), which showed that it retained structural
integrity throughout a range of physiological settings. The mésepi@mise as a viable option for targeted
and sustained drug release systems is highlighted by its biocompatibility, environmental safety, and capacity
to encapsulate and shield hydrophobic molecules like curcumin. These results highlight the uséeaf mod
biodegradable adsorbents in pharmaceutical and biomedical domains, especially in the creation of secure and
effective drug delivery systems.
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Summary
SOLAR ENERGY POTENTIAL AND FUTURE COOPERATION OPPORTUNITIES IN THE TURKISH WORLD
Maharramov A.F.

Turkic world countries have high solar energy potential and have shown significant development in this field in the last 5
years. Solar energy production is increasing in countries such as Turkey, Azerbaijan, Kazakhstan, UzbekistanistGartkme
Hungary and the Turkish Republic of Northern Cyprus. Regional cooperation projects and technology exchange can play an
important role in strengthening the energy sector. Solar energy is of strategic importance for both energy securityimanideunity
Turkic world.

Keywords: Solar energy, Turkish world, Energy potential, Renewable energy, Energy cooperation, Regional development,
Energy security
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Summary
DESIGN AND SIMULATION OF MAXIMUM POWER POINT TRACKING (MPPT) ALGORITHMS FOR SOLAR PV
SYSTEMS
MammadovA A.

This dissertation analyzes MPPT algorithfos solar PV systems. Traditional methods (P&O, IC) are compared with
modern Albased techniques (PSO, GWO, Fuzzy Logic). Simulations in MATLAB/Simulink show that modern methods improve
energy efficiency and adaptability. Hybrid MPPT strategies are recadwdefor better performance and are considered a key
direction for future photovoltaic system research and practical implementation.

Keywords: Solar photovoltaic system, Maximum Power Point Tracking (MPPT), MPPT algorithms, Simulation, Energy
efficiency, Artificial intelligence, Perturb and Observe method
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GREEN HYDROGEN THROUGH ADVANCED ELECTROLYZER MODELING:
A PATHWAY TOWARD SUST AINABLE ENERGY SYSTEMS AND GLOBAL
ENERGY SECURITY
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Sumgayit State Universjtgumgayit, Azerbaijan
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Summary Green hydrogen produced through water electrolysis using renewable electricity is a promising vector for
decarbonization and strengthening national energy security. This extBadedarypresents a contrgkady, reatime multiphysics
model of a Proton ¥hange Membrane (PEM) electrolyzer implemented in the Typhoon HIL environment. The model couples three
core subsystems electrical polarization, thermal dynamics, and hydrogen production kinetics and is integrated with &Buck DC/
converter and a variableenewable source model (PV/wind profiles). Lookaple representations of polarization curves and
temperaturalependent parameterizations preserve nonlinear fidelity while enabling deterministic HIL execution. The platform is
explicitly prepared for ModePredictive Control (MPC) integration to optimize hydrogen production under fluctuating renewable
inputs. Validation planning and initial model checks indicate physical consistency across electrical and thermal domains and
suitability for controllerin-the-loop experiments that aim to increase renewable utilization, reduce curtailment, and support resilient
energy systems.

Keywords: green hydrogen, electrolyzer modeling, Typhoon HIL, model predictive control, renewable integration, energy
security

1. Intr oduction

Transitioning to lowcarbon energy systems requires practical pathways for storing and transporting
renewable energy at scale. Green hydrogen hydrogen produced by electrolysis powered by renewable
electricity offers a flexible solution for londuration storage, sector coupling, and reduction of imported
fossil fuels. To deploy hydrogen systems reliably, engineers must address technical challenges related to
electrolyzer dynamics, thermal management, and control under variable power inputs fdoamdvaolar.

This research develops a modular, 4t#ak electrolyzer model in the Typhoon HIL environment to
serve as a testing platform for advanced control strategies. The model is intended to bridge detailed
electrochemical behavior and sysuswel issues in power electronics and grid interaction, creating a
research tool that supports both academic study and practical controller validation.
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2. Research Objectives

The main objectives of this work are:

1. To build a modular, physically groundeslectrolyzer model compatible with re@he HIL
simulation.

2. To integrate the electrolyzer with a buck DC/DC converter and-¥emging renewable source
models to reproduce realistic operating conditions.

3. To prepare the model for Model Predictive ContMPC) integration, enabling anticipatory and
constrained optimization of hydrogen production.

4. To provide a validation roadmap that establishes the model's credibility for cortmettherloop
experiments.

3. Modeling Approach

3.1 Subsystem decomposition

The model is organized into three tightly coupled subsystems:

Electrical Polarization: Represents the stack voltage as a sum of reversible voltage, activation over
potential, ohmic losses and when needed concentration overpotential. Lookup tables mapaadrren
temperature to component voltages to keep execution deterministic.

Thermal Dynamics: A lumpedparameter hedialance model captures temperature evolution using
stack thermal capacitance, heat generation (electrical loss and reaction enthalpghvaotive/conductive
losses to ambient. Temperature feedback modifies polarization and efficiency.

Hydrogen Production Kinetics: Far aday 6 s l aw i s used to compu
volumetric hydrogen production, while Faraday and energy efficiemce®stimated from lookup tables
indexed by operating point and temperature.

3.2 Powerelectronic interface

A buck DC/DC converter regulates current to the electrolyzer stack. The converter model includes
switching devices, filter elements, sensinigcks, and a PWM generator whose duty cycle is the control
input. Signal conditioning blocks emulate sensor delays and filtering to improve controller realism.

3.3 Realtime considerations

Lookup tables and simplified algebraic relationships are preféosretbmputational efficiency. The
model uses Typhoon HIL native blocks (math, integrators, lookup tables) and hierarchical subcircuits to keep
the toplevel schematic readable and maintainable.

4. Control Strategy and MPC Preparation

Model Predictive Combl is chosen for its ability to optimize performance over a finite horizon while
handling constraints (current limits, thermal thresholds, renewable availability). To support MPC, a-reduced
order discret¢gime model is derived that captures the saliemadyics (fast electrical transients and slower
thermal response) while remaining tractable for -tisaé optimization. The Typhoon HIL platform is
arranged to exchange measured states with an external MPC solver or with an embedded optimization
routine forclosedloop testing.

5. Validation Roadmap

The validation process is organized in phases:

Phase 1i Openloop parameter checks:Constancurrent sweeps and comparison to expected
polarization curves; thermal step tests to verify time constants.

Phase 271 Closedloop basic control: Implement Pl current loop and verify tracking and
disturbance rejection under simulated renewable transients.

Phase 3i Systemlevel scenarios:Simulate realistic irradiance and wind profiles to measure total
hydrogen output, effiency, and thermal safety margins.

Phase 4i MPC trials: Integrate the MPC solver and quantify improvements in hydrogen yield,
reduced curtailment, smoother control actions, and better thermal management.

Success criteria include close agreement wiianufacturer curves (where available), stable
numerical performance in Typhoon, and reliable controller behavior under disturbances.

6. Expected Contributions and Impact

This work provides a reusable Hikady electrolyzer model that advances experimesaatrol
research for renewabliriven hydrogen systemBxpected benefits include:

Enhanced renewable energy utilization and reduced curtailment through predictive control;

Support for scalable hydrogen demonstrations and energy security strategies;

A pradical testbed for students and researchers to prototype controllers prior to hardware
deployment.

7. Challenges and Future Work

197



Remaining challenges include accounting for loegn degradation under dynamic operation,
scaling the model to mulsitack instllations, and coupling the electrolyzer model with hydrogen storage and
fuel cell systems for rounttip analyses. Future work will focus on hardwargheloop demonstrations,
MPC refinement, and systelevel optimization for economic and operationatmoes.
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Summary The integration of renewable energy sources (RES) like solar and wind challenges grid stability due to
production uncertainties. This study applies fuzzy logic theory (FLT) to manage and integrate RES efficiently. A destsloged m
and algorithm assess surplus and deficit balances, analyzing their impact using real system data. Results confirmldigat-fuzzy
based management improves reliability, stability, and RES integration capacity. Additionally, implementing turboterote c
systems increases the flexibility and sustainability of modern energy systems, ensuring more stable and efficient ergéngy prod
and consumption processes.

Keywords: energy system, power system, renewable energy sources, fuzzy logic, gemengyion forecasting, fuzzy
control systems, uncertainty management.

Introduction
In recent years, the rise of renewable energy sources (RES) has significantly transformed energy

production and consumption. Climate change, energy securitgraimnmental concerns have accelerated
the expansion of RES, making their integration essential for building more stable and flexible energy
systems. However, this integration faces major challenges, particularly in balancing consumption with
intermittentenergy production [i13]. The increase in production capacity in modern energy systems is
largely driven by the widespread use of wind and solar power, with numerous plants commissioned annually
in various regions [46]. Modeling the variability of annuglroduction capacity in wind and solar plants is
crucial for addressing integration challenges. Unlike conventional plants, the stochastic uncertainty of RES
requires the use of additional energy sources and storage systems to reliably meet demandhgniesduc
operational conditions [7,8]. This article explores the integration of RES into energy systems using Fuzzy
Logic Theory (FLT). FLT offers an effective and universal approach to managing complex systems and,
with its strength in handling uncertainserves as an ideal tool for solving the challenges of RES integration
[9713].

FLT and the Integration of RES into Energy Systems

The Fuzzy Logical Theory (FLT) was introduced by Lotfi Zadeh in 1965. This approach helps to
make decisions underircumstances where the information is not entirely accurate [14]. Fuzzy systems
enable more adequate decisions to be made under uncertain conditions [0.1] by accepting membership
values in the interval.

The implementation of FLT to address issues relébe®ES integration into electrical systems
covers the following areas with more impactful results:

Data analysis: Fuzzy systems allow for a more accurate analysis of uncertain data related to energy
production. Data analysis and processing play an importde in predicting electricity production within
the RES and the electricity system in general. FLT enables complex linked data to be better adapted for use
[15].

Generation forecasting of electricity. By applying FLT, you can get more accurate resints
predicting reS production while reviewing unstable factors in the electrical system. The following formula is
used when predicting generations to achieve more accurate results:

) 0 O 1™ O p 1 O p (1)
Here,0 0 at the time, RES represents the predicted generation of power, the existing power
production,d 0| and the forecasting process.

Application of FLT in the Optimal Management of Electricity Generation, Transmission, and
Consumption. FLT enables the development of methods and algorithms that ensure the optimal utilization
of generation resources in Ri8egrated power systems. It facilitates the efficient management of power
generation, tramsission, and consumption processes by handling uncertainties and variability.

For optimal control, the following linear programming model can be applied:

0 Q¢ "QIOQIRY & Ao (2)

Here & i epresents the total cosh i is the cost coefficient of th&th resourcew - is the

production volume of thé& th resource.
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Integration of Renewable Energy Sources into the Power System

The integration of RES into power systems involvasous nor r adi t i onal ener gy
examine them individually:

1 Integration of Solar Energy Sources.This process involves converting natural solar radiation
into electrical energy using solar panels. The electrical power generated from sofpr isnexpressed
using the following formula [6]:

0 6 000- (3)

Here0 i Solar panel generation power; i Surface area of the solar pané®i Amount of
solar radiation: T is the efficiency coefficient of the solar panel..

The comparison between actual energy production and the electricity generation forecasted using
fuzzy logic demonstrates the superiority of FLT over other methodshém wtords, the obtained results are
very close (the difference does not excee2Pd), confirming that forecasting with FLT provides more
accurate results. This highlights the potential of fuzzy logic in predicting solar energy generation, which is
stochagtally variable due to climatic conditions, enabling a more precise formulation of integration
problems.

Beyond this, integrating RES into the grid faces several challenges:

1 Instability : RES production depends on climatic conditions, threateningeliadility and stable
operation of the system [16]. Figure 3 shows production variations in real solar and wind plants,
highlighting intermittency as a key challenge requiring FLT application.

1 Infrastructure demands: Integrating RES requires developingew infrastructure and
modernizing existing grids with smart technologies like WAMS and PMUs [17].

FLT in Enhancing the Reliability and Optimization of RES-Integrated Power Systems

The integration of RES into power systems presents challenges in enslidbdity and stability,
making the application of FLT particularly important due to the limitations of traditional approaches. To
address integration issues, FLT is applied in the following areas:

A Electricity Di str i but icantly: enh&nuoezthey stakility roft power sy
generation, ensuring efficient electricity distribution [18].

A Demand M&onsiderng ther stochastic variations in consumer loads, FLT optimizes
electricity generation. In this case, with demand mansmt as the objective function, FLT expresses the
following relationship:

00 Q0 h"y (4)

Here, O 0 i expresses the energy demand at a specific time (t). Demand is related to electricity
consumption and varies depending on the forecasted production volume and ambient temperature.
0 i Forecasted electricity production. This represehés amount of energy (power) that will be
generated by renewable energy sources (such as solar, wind, etc.) at a given time. The forecasted generation
of renewable sources is used to determine the potential power capacity of energy S¥urces; i
Ambient temperature. This parameter plays a crucial role in the integration, generation, and management of
demand for solar and wind energy. Ambient temperature significantly affects the efficiency of renewable
energy production, as well as overall gjyedemand.

The following key drawbacks also exist:

fiData quality: The accuracy of fuzzy systems depends heavily on the quality input data.

T Application development: The use of FLT models in RES integration is still developing and
can be extended to mosectors in the future.

Y Future research should aim to expand FLT modeling capabilities and ensure more effective

RES integration. Advancements expected in this direction include [19]:

1 Development of new algorithms: Improved computational methods, suchnasinaag
machine learning with fuzzy logic, can enhance forecasting and optimization for RES integration

[20].

fModern intelligent control systems: Integrating fuzzy logic with Smart Grid technologies
will enable more efficient energy production, transmissi@nd consumption management,
including intelligent fault handling. Such systems will allow sié#@le data collection and flexible
energy strategies.

fInfrastructure upgrades: Modernizing energy infrastructure is essential for effective RES
use. FLT can asst in planning and designing new RE$grated infrastructures.
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Conclusion

The integration of renewable energy sources (RES) into the power system with the help of fuzzy
logic theory (FLT) has been demonstrated as an effective approach for mattggohgamics of energy
production and consumption. It has been confirmed through examples that FLT is a crucial mathematical
tool for ensuring the reliability and resilience of the energy system while increasing the integration volume
of RES. It has beenetkermined that the application of fuzzy control systems will significantly enhance the
flexibility of RES-integrated energy systems, leading to the creation of more resilient and reliable modern
transformed energy systems.
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