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Elektrik stansiyasindan elektrik enerjisinin naqli mohsulun dziiniin miisyyan hissesinin sorfi hesabina
hoayata kecir ki, bu da g¢ox vaxt elektrik enerjisi itkilori adlanir. Onun Gtiiriilmasi zaman elektrik enerji itkilori
qagilmazdir. Elektrik sabakslorini idars edan isgilorin vazifasi onlarin optimal soviyyassini miiayysn etmak vo bu
saviyyado faktiki itkilori saxlamagqdir. Istehlakgilara elektrik enerjisinin istehsali vo tachizati xerclorine onun
elektrik sobokalori vasitasilo 6tiiriilmasi {iglin sorf olunan elektrik enerjisi itkilorinin doyori daxildir. Odur ki, tarifs
daxil edilmosi osaslandirilmis itkilorin normativ qiymaotlorinin miioyyon edilmasi problemi yaranir. Moqalado
elektrik enerjisinin otiiriilmosi zamani elektrik sobokasinin texniki vo iqtisadi optimal yliklonmosi konsepsiyalarina
baxilmigdir. Bir elektrik gsobaokasi toskilatinin gostoricilori nlimunasinds elektrik sobokosinin texniki vo iqtisadi
optimal yiikiinii toyin etmoays imkan veran elektrik enerjisinin otiiriilmosinin enerji vo iqtisadi-riyazi modellori
togdim olunur. Elektrik gsobokasinin riyazi modelinin tohlili elektrik enerjisinin soboke vasitasilo dtiiriilmosinin
texniki vo iqtisadi somorsliliyini miioyyon etmoyo imkan verir vo elektrik sobokosinin inkigafinin
layiholondirilmasindos vo onun istismari soraitindo somarali idars olunmasi voziyyatine nazarat edilmosindo istifado
edilo bilar.

Acar sozlor: elektrik sobokosi, enerji itkilori, standart xarakteristika, 6tiirmo doyeri, riyazi modellar,
optimal yiiklonma.

Giris. Elektrik sobokosinin texniki optimal yiiklonma soviyyesi - elektrik sobokasi
vasitosilo elektrik enerjisinin Otiiriilmosinin maksimum samarsliliyina (f.i.s.) nail olunan
elektrik sobokasinin yiikiidiir. Elektrik sobokosinin texniki optimal yiikii (maksimum f.i.o)
elektrik sabokosinda onun 6tiiriilmasi zamani elektrik enerjisinin minimum texniki itkilori ilo
olda edilir ki, bu da elektrik enerjisinin sabit vo doyisen yiik itkilorinin baraborliyi soraitindo
yaranir [1]. Bu, elektrik sobakasindaon o6tiirtilon elektrik enerjisinin (EE) vahid yiikiina ¢okilon
minimal xarclor ilo xarakterizo olunur. Bu zaman sobokodon EE &tiiriilmasinin etibarliligy,
keyfiyyati vo tohliikasizliyi tiglin texniki toloblorin tomin edilmasi sorti gdzlonilmalidir.

Sabokalorin gorginlik sinfindon va elektrik verilisi xatlori -EVX uzunluqlarindan, her bir
enerji tochizati togkilati tiglin itkilorin normasi elektrik sobokslorinin sxemlori vo is rejimlori,
homginin elektrik sobokalorinin tochizati vo xiisusiyystlori ssasinda miioyyon edilon bir
qiymatdir [2].

Faktiki itkilor. Elektrik enerjisinin verilmasi vo onun istehlak¢ilara somarali 6tiirtilmasi
saygaclarin gostaricilorindaki forq ilo miioyyan edilir. Bura tokcs texniki itkilor deyil, hom do
istehlakcilara faydali elektrik enerjisi tochizatinin miioyyon edilmasi tisullarinin miikommal
olmamasi sababindon kommersiya xarakterli itkilor daxildir.

Texniki itkilor elektrik dovralorinin malum ganunlarina asason hesablana bilor, ¢iinki
onlarin biitlin komponentlari riyazi tosvirlora vo hesablama alqoritmlorine malikdir. Taninmis
optimallagsdirma {isullariin istifadoesi onlarin iqtisadi cshatdon osaslandirilmis saviyyesini
komiyyotca qiymatlondirmaya vo mdveud azalma ehtiyatlarini giymetlondirmays imkan verir.

Texniki itkilar. Bu itkilor hesablama ilo muoyyon edilir. Tonzimloyici orqanlarin
omokdaslari torafindon onun diizgiin giymatlondirilmasi ¢atindir, ¢linki bu, yizlarlo vo minlarlo
elementdo itkilorin comidir, bunun hesablanmasi ti¢iin elektrik biliklorine sahib olmaq lazimdir.
Cixis yolu kimi, texniki itkilorin normativ xarakteristikalarindan istifado etmok lazimdir ki, bu
da itkilorin dayarini muayyan edon osas amillordon asililigidir.
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Elektrik enerjisi itkilarinin tahlili - igtisadi ndqgteyi-nazardan itkilor saviyyasinin
moagbullugunu qiymatlondirmak, bltovlikds obyektds vo onun hissalarinds elektrik enerjisinin
icazo verilon geyri-balansimi asmasinin soaboblorini mioyyanlosdirmok, orazi zonalarini,
element qruplarini va fordi xsusiyyatlori miiayyan etmokdan ibaratdir. EE itkilarinin nisbaton
¢ox oldugu elementlorin arasdirilmasi, hesablanmuis itkilarin tasiri saviyyolarinin muayyen
edilmasi vo onlarin enerji otiiriilmasi rejimlorini xarakterizo edon gorginlik siniflori tzro
strukturunun tahlilinin yerino yetirilmasindan ibaratdir.

Elektrik enerjisi itkisinin azaldilmasi1 tadbiri elektrik enerjisi itkilorinin azalmasi
sababindan igtisadi cohotdon asaslandirilmis todbirlordir. Bunun naticasinds toalob olunan
xarclara, enerjiya gonast, Xorclorin qaytarilma miiddoti vo ya iqtisadi samoraliliyin digoar
gostoaricilori asaslandirilmasina sarait yaradir.

Enerji itkisinin azaldilmasi ehtiyatlar1 — ES-nin inkisafi, yenidon qurulmasi vo texniki
cohoatdan yenidan tachiz edilmasi, onlarin istismari vo idars edilmasi tglin Gsul va vasitalorinin
tokmillagdirilmasi, EE 0Olglilmasinin daqiqliyinin artirilmasi, istehlakgilara verilon EE haqqlart
Uzro maliyyas vasaitlorinin yi1gilmasinda somaralilik va s.

Elektrik enerji itkilarinin normallasdirilmasi elektrik enerjisi tariflorino daxil olan
texniki-igtisadi meyarlara osason, elektrik enerjisi itkilorinin normal soviyyasinin itki
normativinin muoyyan edilmasidir.

Elektrik enerjisinin texnoloji itkilorinin normativ xarakteristikas1 - elektrik
enerjisinin balansinda oks olunan 6lgmoa montoagolorinds elektrik enerjisi itkilorinin normal
soviyyasinin onun gabakayas daxil olmasi va sabokadan ¢ixis hacmindan asililigidir.

Elektrik sobakalarinds texniki itkilorin xarakterik formasi var:
WZ

AW, = AW + AW, = AT+ A, - ;B, 1)
burada, Wsg -sobokoya T saat orzindo buraxilmis elektrik enerjisinin miqdari; Ao Vo As-
miuvafig olaraq sabit omsallar, AWss - sorti sabit itkilor; AWvyuk- yik itkilaridir.
Paylayici elektrik soboakalari tigtin texniki itkilorin hesablanmasinin normativ xarakteristika ilo
verilmasi bu sabokalords yik itkilorinin yalniz bir amildan - sabokaya buraxilan timumi elektrik
enerjisinin saviyyasindan, asili olmasini ifado edir.

EE 6tiiriilmosinin doyarinin texniki-igtisadi modeli (TIM).

Paylayici elektrik sabokosinin niimunasinds (sokil 1) EE 6tiiriilmasinin doyarinin iqtisadi-
riyazi modelini qurag.

Elektrik sobakasindd elektrik enerjisi itkilorinin texniki cohatdon optimal soviyyasi.
Umumi texniki itkilorin EE-nin elektrik sobokosindon &tiiriilmasi soviyyosindon Wsg, is
rejiminin T davam etmo miiddatindon asili olaraq (1) normativ xarakteristikaya uygun miisyyon
edilir [3-4].

Paylayici elektrik soboko miiossisosi -PESM iizro baza ili iiglin texniki itkilorin
hesablanmasinin naticoloring asason, Ag vo A1 amsallart hesablanmigdir:

AW
_AWss _ 2806 _ 4 opsxi4
T 8760

! S =4.141
w3 110

A

burada, qorarlasmis rejimlorin hesablamalarinin naticolorino osason, AWss=2.86
milyon-'kVt-saat; AWvyok=5.72 milyon-'kVtsaat; AWr=8.58 milyon-kVt-saat; Wsp=110
milyon-kVt-saat -baza dovri U¢lin EE-nin 6tiirtilon miqdaridir.
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Sok.1. 0,4+110 kV-luq paylayici elektrik sobakenin ekvivalent sxemi.

Bu giymatlor (1) ifadesindo nozore alinsa vo il orzindo T=8760 saat oldugunu nozors
alsaqg, EE-nin texniki itkilorinin PESM-ds EE tachizatindan asililigini alds edirik:

AW = 2.86+4.727-107 - W;. )

(2) tonliyi osasinda elektrik enerjisinin texniki itkilorinin PESM sobokasinin elektrik
enerjisi ilo tochizatindan asililig1 qurulur (sokil 1). Buradan goriiniir ki, nisbi texniki itkilorin
minimumu $abakays verilon elektrik enerjisi sabit vo doyison itkilorin barabarliyine uygundur.

EE Itkilari %
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Sok.2. EE-nin texniki itkilorinin EE-nin talobatindan asililig.

Daha sonra avadanligin doyismaz torkibini, elektrik sabokolorinin is rejimlorini vo
sabakaya verilon elektrik enerjisinin artimini nozars alsaq, elektrik enerjisinin miitlaq vo nisbi
texniki itkilorinds yalniz tadrici arttim miisahids olunacagq.

(2) ifadasinin, yoni sobakado EE-nin texniki itkilorinin normativ xarakteristikasinin
faizlo ifadosi asagidaki kimidir:

AWqq, = 2.86- V1VOO+ 4.727-107% .W§B .Vlvoo. 3)

SB SB
Birinci téromanin sifira borabor olmasi sortindon (Wre=0) texniki itkilorin normativ
qiymatinin optimal qiymati (texniki sobakonin optimal yiiklonmasi) Wsg =75 milyon-kVt-saat
miuoyyen edirik ki, bu da We, =77.78 qiymotine uygundur.

5



100 _ 100
AWrgptop = 2.86- +4.727-207 W,
SBopt SBopt
ES-da illik enerji itkilori vo f.i.o.
Cadval 1.
ES-don buraxilan EE-nin texniki itkilori, F.i.o,
Rejim EE, %-1o %
milyon-kVt-saat Yukstz Yuk | Comi
Cari 110 2.6 5.2 78 | 92.2
Optimal 78 3.677 3.677 | 7.354 | 92,65

Sokil 2 gostorir ki, Wsg=110 milyon-kVt-saat, sonra (3)-o uygun olaraq, nisbi itkilor 6%
togkil edir. Naticads, biitiin gorginlik sinif elektrik sobokoslorindon 110 milyon-kVt-saat
hacminds EE buraxildigda sobokads, texniki itkilorin normativ qiymati 7.8%, o ciimlodon, sorti
sabit itkilor - 2.6%, yiik itkilori 5.2% , vo EE 6tiiriilmasinin f.i.a. (100-6)~92.5% olacaqdir.

EE otilirtilmosinin texniki somoraliliyinin hesablamalarindan belo ¢ixir ki, iimumilikds
nozordon kegirilon sabokadon 78 milyon-kVt-saat (Mmax=92.65%) otiirtildiikdo, yoni texniki
optimal yiikk EE itkilorinin soviyyasi minimum qiymati 7.354% toskil edir.

ES ilo dtiiriilon EE-nin migdarmin artmasi ilo enerji itkilorinin soviyyasi artir.

Elektrik sabakoasinin iqtisadi cohatdon optimal yiik 6tiirma qabiliyyati. Elektrik
sobakolorinin istismari an boylik somarsliliyin tolablorine cavab vermolidir. Bu, hom elektrik
sobokosinin dizaynina, hom ds is soraitino aiddir.

Tacriibado enerji tochizatinin etibarliligina vo Gtiiriilon elektrik enerjisinin keyfiyyatino
dair texniki toloblor, adoton elektrik sobokolorinin ig rejimlori {igiin ilkin toloblor kimi gobul
edilir vo gqobul edilmis texniki hallor sonradan somoralilik sortlorine uygun olaraq tonzimlonir.

Buna gora do elektrik sobokolorinin istismar soraitindos elektrik sobokalorinin istismarinin
somaraliliyini artirmaq ti¢lin tohlil aparilmalidir ki, bu da soboke vasitasilo otiiriilon elektrik
enerjisi vahidine minimum xarclar ilo xarakterizs olunur.

ES miiossisosi tarifino asason:

- sobokaya elektrik enerjisi Otiiriilorkon sobokalorin istismari tigiin sabit xarclor, Xsab;

- elektrik enerjisinin illik texniki itkilori, AWr;

- sobakalords elektrik enerjisi itkilorini kompensasiya etmak tigiin elektrik enerjisi tarifi.
Elektrik enerjisinin 6tiiriilmasi xorclorinin iqtisadi-riyazi modelini (IRM) tortib edok. (2)
tonliyinin sol vo sag toraflorini zararin 6danilmasi tarifi, Tiki-y9 vuraraq, itkilorin dayari ti¢lin
tonliyi oldo edirik:

AW; Tiyi = 2.86- Tiyi +4.727-107° - W§B T (4)

(4) tonliy1 elektrik enerjisinin sobokoyo verilmosindon vo doyison itkilorin doyorindon
(Witi) asili olmayaragq, sorti sabit itkilorin doyarindon ibarat olan illik elektrik enerjisi itkilorinin
(Xitki) doyarinin ifadasidir, sobokada elektrik tochizatinin kvadratindan asililidir.

Xiti = Xitkigs T Xitkigd )

Hesabat niimunasi. Forz edok ki, baxilan elektrik sobokolari tariflorino osason soboka
vasitosilo Wsg =110 milyon kVt/il elektrik enerjisinin Otiiriilorkon tolob olunan sorti sabit
xarclor 2.4 milyon.man/il teskil edir.

Hesabatlar sobokado elektrik enerjisi itkilorini kompensasiya etmok mogsadile elektrik
enerjisi tarifi 0.04 qopik/kVt*saat gobul olunub halinda kegirilib.

—sabokaya elektrik enerjisi verilorkan sobokalorin saxlanmasi {igiin sarti-sabit xarclor 2.4
milyon man/il toskil etdi - Wsg =110 milyon kV1t/saat;
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— ilds elektrik enerjisinin texnoloji itkilori AWt = 8.58%, 7.8 milyon kVt/saat (AW =
2.86 milyon kVt/saat-2.6%, AWyiwki = 5.2 milyon kVt/saat 5.2%);

- sobokado elektrik enerjisi itkilorini kompensasiya etmok {igiin elektrik enerjisi tarifi —
Titki=0.04 man/kVt*saat.

Elektrik enerjisinin otiiriilmasi xarclorinin iqtisadi-riyazi modelini (EMM) yaradag.
(2) tonliyinin sol vo sag toroflorini zorarin ddonilmasi tarifi, Tpot ilo vuraraq, itkilorin doyari
ticlin tonliyi oldo edirik:

Xiwi = 2.86-0.04+4.727.107 '0'04'W$23- ©)

Tonlik (4) sobokayo elektrik enerjisinin verilmasindon vo doyison itkilorin doyorindon
(Wpot) asili olmayaraq sorti sabit itkilorin (Zpot up.) doyerindon ibarat olan illik elektrik
enerjisi itkilorinin (Zpot) doyarinin ifadasidir. per.), sobokada elektrik tochizatinin kvadratindan
asil1 olaraq miivafiq ¢evirmalordon sonra aliriq:

Xigi =0.11+18.9-107° -Wg;. )

Sobokalorin saxlanmasi tigiin galirdon (Gsaxi) vo elektrik enerjisinin standart texnoloji
(texniki) itkilorinin 6donilmasi liglin galirdon Gtexn ibarat olan elektrik sobokalori ilo elektrik
enerjisinin Gtiirlilmasi ligiin sirkatin tolob olunan timumi golirinin tanliyini yazaq. (7).

Bu hesablamalarda IRM-nin tikintisi zamam texniki itkilorin doyorinin ddenilmosi
mobloging uygun olaraq itkilorin 6donilmasi tizro galir gotiiriiliib ki, bu da faktiki olaraq yekun
naticalara tosir gostormir.

Rogomsal dayarlari (7) (2.4 milyon man) va itkilorinin 6donilmasi ii¢lin galiri (6) uygun
olaraq, sobokoyo elektrik enerjisinin verilmosindon asili olaraq elektrik enerjisinin
otiiriilmosinin IRM oldo edirik:

Gigi =4.8+18.9-107% - W&, (8)

burada HBBperel — milyon rubl; Wsg - milyon kilovatsaat; 4,8 milyon man - sabakoya
elektrik enerjisinin verilmosindon asili olmayan daimi hissosi;18.9 107° -WSZB -sobakaoyo

elektrik enerjisinin verilmasindon asili olaraq elektrik enerjisinin Gtilirlilmosi {izro golirin
doyison hissosi.

(8) tonliyinin sol vo sag toroflorini Wsg-a bolorak, elektrik enerjisinin Otiirtilmasi dayari
liciin ifadoni (IRM) alirq:

Qotorm = 2:486-W ' +14.18-107° -Wp. 9)

Wsg dayisonina miinasibatds (9) ifadasinin birinci téromasini gotiiriib bu ifadoni sifira
borabor tutaraq, sldo edirik:

106
Wepopr = 1 2200107 _ 416 auancim. (10)

14.18

S"6ncaki>0-dan avvalki ikinci téromo oldugundan Wgg = 503 milyon*kWh* doyari (9)
ilo miioyyon edilo bilon min funksiyasinin minimum doyarine uygundur:

Qstirm(min) = %f'f;+14.18 :107%.416 = 0.012 man/kVt - saat

Elektrik enerjisinin dtiiriilmosi doyorinin IRM asasinda (9) mévcud elektrik sobokasi iiciin
sabokoyo elektrik enerjisi tochizatinin miixtalif soviyyalori tigiin elektrik enerjisinin otiiriilmosi
xorclorinin smetast tortib edilmisdir (sok. 3):
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Sok.3. Elektrik enerjisinin sobokadon otiirtilmasinin qiymatinin yiiklonmadon asililig.
Igtisadi somoraliliyinin yuxarida gostorilon diisturlarla hesablamalarindan bela naticays galmok
olar ki, elektrik sobokasindan 6tiriilon EE saviyyasindan asili olaraq asagidaki togkil edicilora

ayirmaq olar olar Cadval 2.

Elektrik sabakasindon 6tiriilon EE saviyyasindan asili olaraq iqtsadi gostaricilari.

Codval 2.
Wsg Qetarmo,, Man/
min*kVt*saat kVt*saat
1 | Sobokanin yiiksiiz isloma rejiming yaxin rejimlorda 10 25
2 | Optimal yuklanma rejiminds 78 3.29
Cari yklanma rejiminda 110 2.416
3 | Texniki cohatdon buraxila bilon maksimal 330 1.22
yuklonmada rejiminda
4 | Igtisadi optimal rejimda 416 1.18

Elektrik sobokasindon 6tiriilon elektrik enerjisinin saviyyasindon asili olaraq enerji
ikilarinin giymatlori 1.18+25 gopik/kVt*saat civarinda dayisir.

NOTICO

1. Elektrik sobokosinin istismarinin texniki-iqtisadi samarsliliyini miiayyan etmak {igiin
texniki-igtisadi modelindon istifadasi toklif olunur. Elektrik sobokasinin texniki iqtisd modeli
yiik 6tiirma effektivliyini, o climlodon maksimum 6tlirma somaraliliyini gorginlik siniflori izra
vo imumilikds sobaka {igiin qiymatlondirmays imkan verir.

2. Elektrik sobokosinin texniki-igtisadi modeli elektrik sobokalorinin layihalondi-
rilmasinda, yenidon qurulmasinda va ya texniki tochizatinda, istismarinda EE-nin 6tiiriilmasinin
texniki-igtisadi somoraliliyi soviyyasini giymatlondirmoya nexniki iqtisadi miioyyan etmaya.

3. Istismar soraitindo ES-nin optimal texniki va iqtisadi yiiklonmasinin miioyyan edilmosi
EE-nin otiiriilmo xorclorini azaltmaq vo olavo monfast oldo etmok {igiin iqtisadi vo texniki
cohatdon olds edils bilon potensialin reallagdirilmagq iigiin tovsiyalor vermoayo imkan verir.
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MOJAEJIb TEXHUKO-9KOHOMHNYECKOI'O AHAJIM3A
3®PEKTUBHOCTHU SJIEKTPUYECKUX CETEN

BAJIAMETOB A.B., CAJIUMOBA A.K., 3EMHAJIOBA H.®., BATAMETOB E.A.

TpaHCIOPTUPOBKA 3JEKTPUYECKOH SHEPrHMM OT 3JEKTPOCTAHIMM OCYIIECTBISETCS 3a
C4eT MOTpeOJeHUs] OMPEIENIEHHON YacTh caMmMOW MNPOAYKLHH, KOTOPYK) YacTO Ha3bIBarOT
HOTEPSIMHU dJIeKTpUYecKoi 3Hepruu. [lotepu ayekTposHepruu npu ee nepegade Hen30€KHBI.
3ajaya COTPYAHMKOB, YIPABISAIOIUX JJIEKTPUYECKUMHU CETSAMHM, — OIpPENEIUTh HX
ONTUMAJIbHBIA ypOBEHb M IIOJJIEPKMBAaTh Ha 3TOM YpoBHE (akTuueckue mnorepu. B
ce0ecTOMMOCTh IPOU3BOJICTBA U IOCTaBKU 3JEKTPOIHEPIHMH MOTPEOUTENSIM BKIIIOYAETCS
CTOMMOCTb IMOTEPh AJIEKTPOIHEPIUH, 3aTPAuCHHBIX Ha €€ Mepeayy 1o JIEKTPUUECKUM CETSIM.
Ananuzupyercsi 000CHOBAHHOCTb YPOBHS IOTEPh, BKIIOYAEMBIX B TapuQ MPH yCTaHOBICHUU
Tapuda Ha 3IEKTPOIHEPrUI0. DHEProcHabKarolue OpraHu3alud UIMEIOT pe3epBbl CHUKEHUS
1OTePb, W BKJIIOYEHHE (HAaKTUYECKOTO YPOBHS MOTEph B Tapud He OyAeT CTUMYJIHpPOBATH
peanu3aluio SKOHOMUYECKH OOOCHOBAHHBIX MEp IO MX CHUXKEHHI0. IloaToMy BO3HHMKaeT
npobiieMa ornpeaeneH!us HOpMaTUBHBIX 3HAYEHUH MOTEph, OOOCHOBAHHBIX JJISl BKIIOUEHUS B
tapu¢. B cTarbe paccMOTpeHbI KOHIENIIUN TEXHUKO-3KOHOMUYECKOH ONTUMAIBbHOM 3arpy3Ku
AIIEKTPUYECKON CETH MpH Mepeaaye deKTpruueckoi s3Heprun. [IpencraBieHsl s3HepreTnyeckue
U DKOHOMHKO-MAaTEMAaTHYECKUE MOJEIM MEpefadn IEKTPUUYECKON HEPruu, MO3BOJIAIOIINE
ONpEAEIUTh TEXHUKO-DKOHOMUYECKYIO ONTUMAbHYIO HAarpy3Ky JJIEKTPUYECKOW CEeTH Ha
IpUMepe TOKa3aTesIed 3JIEKTPOCETEBOM OpraHu3alMyd. AHaJIW3 MAaTeMaTUYeCKOW MOJEIU
AIIEKTPUYECKOW CETH TMO3BOJIAET ONPEIENIUTh TEXHUKO-3KOHOMHUYECKYIO 3((EKTUBHOCTh
nepeaayy AEKTPUUECKON SJHEPTUH IO CETH U MOXKET OBITh MCIIOJIb30BaH IPU MPOEKTUPOBAHUU
Pa3BUTHSL AJNEKTPUUYECKOW CETH U KOHTPOJIE COCTOSIHUS €€ 3(P(PEeKTUBHOIO YIpaBJICHUA. B
YCIIOBUSIX €r0 KCILTyaTaluy.

KiroueBble cjioBa: 3yIeKTpUYecKas CeTh, IIOTEPH SHEPTUH, HOPMATHBHBIE XapaKTEPUCTHKH, CTOUMOCTh
nepeaayn, MaTeMaTHYECKUE MOJIENH, ONTHMalIbHAs 3arpy3Ka.

TECHNICAL-ECONOMIC EFFICIENCY ANALYSIS MODEL
OF ELECTRICAL NETWORKS

BALAMETOV AB., SALIMOVA A K., ZEYNALOVA N.F.,, BALAMETOV E.A.

The transportation of electricity from the power plant is carried out by consuming a
certain part of the product itself, which is often called electricity losses. Losses of electricity
during its transmission are inevitable. The task of employees managing electric networks is to
determine their optimal level and maintain actual losses at this level. The cost of production
and supply of electricity to consumers includes the cost of electricity losses spent on its
transmission through electric networks. Analyzes the validity of the level of losses included in
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the tariff when setting the tariff for electricity. Energy supply organizations have reserves to
reduce losses, and the inclusion of the actual level of losses in the tariff will not contribute to
the implementation of economically justified measures to reduce them. Therefore, the problem
arises of determining the normative values of losses that are justified for inclusion in the tariff.
The article considers the concepts of technical and economic optimal loading of the electrical
network during the transmission of electrical energy. The energy and economic-mathematical
models of electric power transmission are presented, which allow to determine the technical
and economic optimal load of the electric network on the example of the indicators of the
electric grid organization. The analysis of the mathematical model of the electrical network
makes it possible to determine the technical and economic efficiency of the transmission of
electrical energy through the network and can be used in the design of the development of the
electrical network and monitoring the state of its effective management. under the conditions
of its operation.

Key words: electrical network, energy losses, standard characteristics, transmission cost, mathematical
models, optimal load.
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QOVS iFRAT GORGINLIYIN YERLO QAPANMA MUQAVIMOTI VO YERLO
QAPANMA BUCAGINDAN ASILILIGININ 3D MODELLOSDIRILMOSI
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Neytrali izols olunmus sobokslords elektrik avadanliglarinin izolyasiyanin yiik altinda sinaqdan
kecirilmasi birfazali qeyri-stasionar yerls qapanmalar zaman1 bir sira parametrlor arasinda asililiglarin
miloyyan edilmoasini tolob edir. Bu ciir parametrlor arasindaki olagoalorin miioyyon edilmasi tiglin
birfazali qeyri-stasionar yerlo qapanma kegid proseslori sahosindsi ¢oxlu vaxt vo amok sorf edilon
tadqiqat islorinin aparilmasi talob olunur. Odur ki, praktik soraitlor iiciin bu parametrlor arasindaki
astliliglar1 bilmoys imkan veran sado riyazi modellor islonmolidir. isdo geyri-stasionar yerlo gapanmalar
naticasindo neytrali izolo olunmus sobakado yaranan ifrat gorginliklo yerlo gapanma miigavimati va
yerlo gapanma bucagi arasindaki slagonin toyin edilmasi masslasine baxilmigdir. Bu mogsadls ifrat
gorginliyin dofaliyinin yerlo gapanma miigavimati va yerlo gapanma bucagidan asililigi ii¢iin reqressiya
tonliyi alinmig vo ona uygun 3D goriintiisii qurulmusdur.

Acgar sozlor: neytrali izolo olunmus soboks, geyri-stasionar yerlo qapanma, ifrat gorginliyin
dofoliyi, reqressiya tonliyi, 3D modellosdirma.

Giris. Molumdur ki, elektrik avadanhgqlarinin isdon ¢ixmasi isgi heyatin muxtalif
travmalarina, texnoloji prosesin pozulmasina va ciddi gozalara sobab ola bildiyindan bels
problemlorin avvalcadan qarsisinin alinmast iigiin xiisusi sinaqlar hoyata kegirilir. Umumi halda
belo smaqlar asagidaki hallardan biri bas verdikdo aparilir: avadanligin vo ya qurgunun
istismara dail edilmasi, gaza, planli vo plandan konar tamirlordon sonra, avvalki yoxlamalardan
sonra misyyan middstin kegmasi va s. Eyni zamanda elektrik avadanliglarinin izolyasiyasin
yuksok gorginliklo simagi 35 kV-a godor gorginlikli neytrali izolo edilmis elektrik sobokalor
ucun macburidir [1, 2].

Neytrali izolo edilmis gobokalords elektrik avadanliglarinin potensial zadolonmalarine
dair avvolcodon molumatlarin olds edilmasi vo elektrik talobat¢ilariin fasilosiz elektrik enerji
tochizatinin tomin edilmasi mogsadils izolyasiyanin yiik altinda yiiksok garginlikls sinaqlarinin
yerina yetirilmasi oldugca aktual masaladir [3, 4]. Bu istigamotds yerina yetirilmis togigat
islorindan aydin olur ki, miixtalif Usul va vasitalor toklif edilir [5-7].

[8]-do neytrali izolo olunmus sobokslords izolyasiyanin yiik altinda sinaq tisulu toklif
olunmusdur. Bu iisula asason izolyasiyani yilik altinda sinaqdan kegirmok ii¢lin sobokodo
Petersen nozoriyyasi osasinda siini geyri-stasionar yerlo qapanmalar yaradilir. Qeyd etmok
lazimdir ki, belos yerlo gapanmalar zamani sobokalords yaranan qovs ifrat gorginliyinin qiymati
yerlo gapanma miigavimati, yerlo gapanma bucagi vo sobokonin yers nozoron faza tutumundan
asili olur. Ona goro smnaq gorginliyinin qiymatinin toyin edilmesi ii¢lin yerlo gapanma
miigavimati vo yerlo gapanma bucaginin avvalcadon miioyyonlogdirilmasi vacibdir. Bu
mogsadla geyri-stasionar yerlo gqapanmalar naticosindo neytrali izolo olunmus sobsakalordo
yaranan qovs ifrat garginliyin dofaliyinin yerlo qapanma miiqavimati, yerlo gapanma bucagi vo
sobakonin yers nazaron faza tutumundan asililiglart miisyyan edilir.
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Zaxdolonmo parametrlorinin reqressiya modeli {i¢iin masalonin qoyulusu.

Umumi halda geyd olunan parametrlor arasindaki asililiglar1 miioyyonlosdirmok iigiin
neytrali izolo olunmus sobokolordo yaradilan geyri-stasionar yerlo qapanma kecgid prosesini
xarakterizo edon diferensial tonliklor sisteminin miiasir hesablama texnologiyalarinin totbiqi ilo
odadi halli yerine yetirilmolidir. Lakin masalonin odadi halli ad1 ¢okilon diferensial tonliklorin
“sortliyi” sobobindon xeyli ¢otinlosir, bazi hallarda diferensial tonliklor sisteminin hollinin
dayaniqlig1 pozulur vo naticolor tohrif olunur. Ona gors belo ¢atinliklori aradan galdirmagq tigiin

qovs ifrat gorginliyin dofaliyi (k) ilo yerlo gapanma miigavimati (RO), yerlo gapanma bucagi
(qo) va sabakonin yers nazoron faza tutumu (Cf) arasindaki asililiglar1 toyin eden analitik

ifadolorin alinmasi vacibdir. Qeyd edok ki, bu mogsadlo [9,10]-da qOvs ifrat gorginliyin
dofaliyinin yerlo qgapanma miigavimatindon, [11,12]-do qovs ifrat gorginliyin dofaliyinin yerlo
gapanma bucagindan, [13-16]-ds iso qovs ifrat gorginliyin dofaliyinin sobokonin yers nazaran
faza tutumundan, yerlo gapanma miigavimoti vo bucagindan analitik asililiq ifadolorinin
alinmasina artiq baxilmisdir. Aparilmis todqgiqatlarin davami olaraq, neytrali izoloolunmus
sobakoalords birfazali qovs ifrat gorginliyinin yerlo qapanma miigavimati vo yerlo qapanma
bucagindan asililiginin reqressiya modelinin alinmasina baxilir.

Masalonin hall iisulu, alqoritmi vo modellogdirma naticolari.

Neytrali izoloedilmis elektrik sobakosinda (Cf = const) birfazali zodolonmolor zamani
yaranan qOvs ifrat gorginliyin dofoliyinin yerlo gapanma miigavimati vo yerlo gapanma
bucagindan asililig1 iigiin analitik ifadonin alinmasi nozordon kegirilir. Bu maqgsadlo neytrali
izolo olunmus sobokonin algaq gorginlikli modelinds aparilmis eksperimental tadqiqatlarin
cadval 1-da verilon naticalorindaen istifads edilir (Cf = 1mkF) [8].

k = f(RO,go) asililig

Codval 1.
R,,Om ®

30° 60° 90° 120° 150°
5 2,45 3,16 3,30 3,10 216
10 2,29 2,91 2,96 2,86 2,03
15 2,16 2,69 2,77 2,66 1,93
20 2,05 2,51 2,62 2,49 184
25 1,96 2,35 2,49 2,35 1,76
30 1,88 2,22 2,38 2,24 1,69

Cadval 1-don goriindiiyli kimi qovs ifrat gorginliyin dofaliyi il yerlo gapanma miigavimati
vo yerlo qapanma bucagi arasindaki asililiq asagidaki reqressiya tonliyi ilo approksimasiya
oluna bilor [17,5.133-135]:

k:i+bsingo+c, 1)
RO
Burada a, b, ¢ — reqressiya omsallar1 adlanir.

(1) tenliyinda Ri = XVa sin ¢ = y ovazlomalorini gabul etsok
0

k =ax+by+c, 2

olar, yoni qdvs ifrat gorginliyin dofoliyi (k) ilo yerlo gapanma dévrasinin kegiriciliyi (x) vo
yerlo gapanma bucaginin sinusu (y) arasindaki asililiq xotti reqgressiya tonliyi ilo
approksimasiya oluna bilar (Cadval 2).
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Reqressiya omsallar1 on Kigik kvadratlar tsuluna asason toyin edilir [17,5.55-59].
Bu uUsula osason reqressiya omsallarmin qiymatlorini elo se¢mok talob olunur ki,

approksimasiyaedici funksiya ilo eksperimental giymatlor arasindak: xotalarin kvadratlar: comi
an Kigik (minimum) olsun:

(3)
k=f(x, y) asililigi S(a,b,c) = Z:(axi +by, +c—k;)* — min,
i=1
Cadval 2.
X,Sm y
0,500 0,866 1,000 0,866 0,500
0,200 2,45 3,16 3,30 3,10 2,16
0,100 2,29 2,91 2,96 2,86 2,03
0,067 2,16 2,69 2,77 2,66 193
0,050 2,05 2,51 2,62 2,49 184
0,040 196 2,35 2,49 2,35 1,76
0,033 1,88 2,22 2,38 2,24 1,69

S(a,b,c) funksiyasinin on Kigik (minimum) giymat almasi ti¢iin onun a, b vo ¢ —ya gors
xususi téromoalori sifra barabor olmalidir:

S(a,b,c)
oa
S(a,b,c)
ob
S(a,b,c)
oc

0;

0; 4)

0.

S(a,b,c) funksiyasindan a, bvo c—yo goro xlsusi téromolor alib, (4) tonliklor
sisteminda nozars alsaq, asagidaki xatti tonliklor sistemini aliriq:

azn:xf +bZn:xiyi +cZn:xi = Zn:kixi;
i=1 i=1 i=1 i=1
aixiyi +bi y; +0i Yi =ikiyi:
i=1 i=1 i=1 i=1
azn:xi erZn:yi +cn =Zn:ki.
i=1 i=1 i=1

Hesabatin aparilmasini asanlagdirmaq moagsadilo cadval 3-do gostorilmis korrelyasiya
codvalini tortib edirik. 30 segma hacmdon ibarat statistik verilonlor {igiin alinmis naticalor
asagida verilir.

n = 30;
Zn: X; = 2,45; i y, = 22,392, iki =72,26;
i=1 i=1 i=1
Zn: x’ =0,2984; Zn: y7 =17,9995; Zn: k? =179,441;
i=1 i=1 i=1
Zn: X;y; =1,8287; Zn: k;X; =6,3125; Zn: k;y; =55,9336;
i=1 i=1

i=1
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n

D k(. ) —k;)

i=1

2

i=1

k(X i) —k

n

ax; +hy, +c—k|

k.

2_

=Z‘

i=1

>

i=1

k.

Korrelyasiya cadvali

‘ =1,4628;

(ax, + by, + ¢ —k; )’ =0,5638.

Cadval 3.
i Xi Yi k; x? yi k? XiYi kix; k;y; w‘ (k(xi'zyi)
i i i ki _ kl)

1 | 0,200 [ 0,500 2,45 0,040 0,250 6,0025 | 0,100000 | 0,49000 | 1,22500 0,02888596 0,0050085
2 | 0,200 | 0,866 3,16 0,040 0,750 9,9856 | 0,173200 | 0,63200 | 2,73656 0,02228092 0,0049572
3 10,200 | 1,000 3,30 0,040 1,000 10,8900 | 0,200000 | 0,66000 | 3,30000 0,00065169 0,0000046
4 | 0,200 | 0,866 3,10 0,040 0,750 9,6100 | 0,173200 | 0,62000 | 2,68460 0,00335733 0,0001083
5 10,200 | 0,500 2,16 0,040 0,250 4,6656 | 0,100000 | 0,43200 | 1,08000 0,16702343 0,1301554
6 | 0,100 | 0,500 2,29 0,010 0,250 5,2441 | 0,050000 | 0,22900 | 1,14500 0,08191272 0,0351863
7 | 0,100 | 0,866 2,91 0,010 0,750 8,4681 | 0,086600 | 0,29100 | 2,52006 0,08204758 0,0570056
8 | 0,100 | 1,000 2,96 0,010 1,000 8,7616 | 0,100000 | 0,29600 | 2,96000 0,02719639 0,0064805
9 | 0,100 | 0,866 2,86 0,010 0,750 8,1796 | 0,086600 | 0,28600 | 2,47676 0,06599946 0,0356298
10 | 0,100 | 0,500 2,03 0,010 0,250 4,1209 | 0,050000 | 0,20300 | 1,01500 0,03567481 0,0052446
11 | 0,067 | 0,500 2,16 0,004 0,250 4,6656 | 0,033500 | 0,14472 | 1,08000 0,09057217 0,0382734
12 | 0,067 | 0,866 2,69 0,004 0,750 7,2361 | 0,058022 | 0,18023 | 2,32954 0,05829524 0,0245907
13 | 0,067 | 1,000 2,77 0,004 1,000 7,6729 | 0,067000 | 0,18559 | 2,77000 0,01030941 0,0008155
14 | 0,067 | 0,866 2,66 0,004 0,750 7,0756 | 0,058022 | 0,17822 | 2,30356 0,04767451 0,0160818
15 | 0,067 | 0,500 1,93 0,004 0,250 3,7249 | 0,033500 | 0,12931 | 0,96500 0,01780524 0,0011809
16 | 0,050 | 0,500 2,05 0,003 0,250 4,2025 | 0,025000 | 0,10250 | 1,02500 0,07646610 0,0245723
17 | 0,050 | 0,866 2,51 0,003 0,750 6,3001 | 0,043300 | 0,12550 | 2,17366 0,01909714 0,0022977
18 | 0,050 | 1,000 2,62 0,003 1,000 6,8644 | 0,050000 | 0,13100 | 2,62000 0,01920737 0,0025324
19 | 0,050 | 0,866 2,49 0,003 0,750 6,2001 | 0,043300 | 0,12450 | 2,15634 0,01121840 0,0007803
20 | 0,050 | 0,500 1,84 0,003 0,250 3,3856 | 0,025000 | 0,09200 | 0,92000 0,02893723 0,0028350
21 | 0,040 | 0,500 1,96 0,002 0,250 3,8416 | 0,020000 | 0,07840 | 0,98000 0,05540336 0,0117919
22 | 0,040 | 0,866 2,35 0,002 0,750 5,5225 | 0,034640 | 0,09400 | 2,03510 0,02988558 0,0049324
23 [ 0,040 | 1,000 2,49 0,002 1,000 6,2001 | 0,040000 | 0,09960 | 2,49000 0,05561776 0,0191790
24 | 0,040 | 0,866 2,35 0,002 0,750 5,5225 | 0,034640 | 0,09400 | 2,03510 0,02988558 0,0049324
25 [ 0,040 | 0,500 1,76 0,002 0,250 3,0976 | 0,020000 | 0,07040 | 0,88000 0,05193717 0,0083557
26 | 0,033 | 0,500 1,88 0,001 0,250 3,5344 | 0,016500 | 0,06204 | 0,94000 0,03078464 0,0033495
27 | 0,033 | 0,866 2,22 0,001 0,750 4,9284 | 0,028578 | 0,07326 | 1,92252 0,07700295 0,0292227
28 | 0,033 | 1,000 2,38 0,001 1,000 5,6644 | 0,033000 | 0,07854 | 2,38000 0,09210239 0,0480503
29 | 0,033 | 0,866 2,24 0,001 0,750 5,0176 | 0,028578 | 0,07392 | 1,93984 0,06738686 0,0227849
30 [ 0,033 | 0,500 1,69 0,001 0,250 2,8561 | 0,016500 | 0,05577 | 0,84500 0,07818040 0,0174570
Y | 2450 | 22,392 | 72,26 | 0,2984 | 17,9995 | 179,441 1,8287 6,3125 | 55,9336 1,4628 0,5638

(5) xatti tonliklor sistemi malum Qaus, Kramer va tors matris tisullarindan biri ilo hall

edilorok reqgressiya omsallari tapilir. Omsallar {igiin asagidaki qiymotlor alinmigdir:

a=418; b=155c=0091.

Belaliklo, regressiya omsallar1 toyin edildikdon sonra geyri-stasionar yerla gapanmalar
naticasinds neytrali izolo edilmis sobokolords yaranan qovs ifrat gorginliyin dofaliyi ilo yerlo
gapanma dovrasinin kegciriciliyi va yerlo gapanma bucaginin sinusu arasindaki (2) asililigi
asagidaki kimi askar sokilds yazila bilor:

k = 418x +1,55y + 0,91,

Ct xotti korrelyasiya omsallar1 asagidaki molum ifadslarlo toyin edilir:
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(6)




Xy-x-y
Ny = p—
X2y
(= x—k-x; | )
Gkgx
_ky-k-y
v 0,0,

Burada X, Y, R—uygun olaraq X, Y, kK kemiyyatlorinin orta giymatlori; Xy, kx, @—uygun
olarag Xy, kx, ky hasillorinin orta qiymetlori; o, o,, 0~ uygun olarag X Y,k

komiyyatlarinin orta kvadratik meyletmalari olub, korrelyasiya cadvalina asasan tayin olunurlar
(Cadval 3):

n

B ZXi _ Zyi _ Zki
x=t1-=0082 y="l =074 k="Tl—=2409

2 XY, D kX, B Zn‘,kiyi

Xy=-=L  =0,060956; kx=-=——=0,210417; ky=-L — =1864455;

Onda (7) ifadalorine asason r,, =0; r,, =0,565; r,, = 0,759.

Qeyri-stasionar yerlo gqapanmalar zamani ifrat gorginliyin dofoliyi ilo yerlo gapanma
dovrasinin kegiriciliyi vo yerlo qapanma bucaginin sinusu arasinda alinmis (6) reqressiya
tonliyinin adekvathigini yoxlayaq. Bunun ii¢lin ¢oxdlgiilii korrelyasiya amsalin1 hesablayaraq,
onun oshomiyyatliliyini Fiser kriteriyasi ilo yoxlamag olar [17,5.133-135].

Coxolcull korrelyasiya amsalinin qiymati asagidaki malum ifads ilo toyin edilir:

r2+r2—2r.r.r
R:\/kx YW 0,95
1-r,

Coxolculi korrelyasiya amsalinin vahids yaxin (R =0,95 —>1) olmasi onu gostarir Ki,
qovs ifrat gorginliyin dofaliyi ilo yerlo gapanma dovrasinin kegiriciliyi vo yerlo gapanma
bucaginin sinusu arasindaki asililiq giiclii xotti korrelyasiya slagosi hesab edils bilor.

Coxolgill korrelyasiya omsalinin shamiyyatliliyini F —Fiser kriteriyasi ilo yoxlayiriq.
Molumdur ki, & oshamiyyatlilik saviyyasinds reqressiya tonliyi o zaman adekvat hesab olunur

ki, F > F(a,0,,0,) sorti 6danilsin [16, 5.50], burada q,q, —sarbastlik doracaloridir.
F —Fiser kriteriyasinin hesabat qiymoti verilonlor osasinda asagidaki kimi tayin edilir:

F= ' ) (8)
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Burada n—eksperimentlorin sayi, n=30; m-—faktorlarin sayidir, m=2. Onda (8)
ifadasino asasen F =125,4.
F —Fiser kriteriyasinin cadval giymati shamiyyatlilik saviyyasi (a) Vo Sorbastlik
daracalarindan (ql, qz) asil1 olaraq cadvaldan goturalir [16,s.370]:
=005 ¢, =m=2;q, =n-m-1=30-2-1=27; F(a,q,,q,)=23,35.
F =125,4> F(e,q,,0,) =335 oldugundan ¢oxdlgiilii korrelyasiya omsali (R =0,95) vo
regressiya tonliyinin statistik shomiyyatliliyi tosdiq edilir.

Approksimasiyanin orta nisbi vo orta kvadratik Xotalar1 uygun olaraq asagidaki malum
ifadalorls tayin edilir:

E:liw‘-loo%zliaxi“Lby‘+c_ki|.100%=4,88%;
) i ni:l‘ i ‘
Zn:(k(xi,yi)—ki)z Zn:(axi+byi+c—ki)2
o= — = . ~0137.

Determinasiya indeksinin R? =0,95° =0,90250lmas1 onu gostorir ki, qovs ifrat
gorginliyin dofaliyinin (k) dayismasinin 90,25 %-i yerlo qapanma dévrasinin kegiriciliyi ()
Vo yerlo gapanma bucaginin sinusunun (y) doyigmosi hesabina, qalan 9,75 %-i iso nozors

alinmayan digor faktorlarin doyismasi hesabina bas verir.
Orta elastiklik omsallari iso asagidaki molum ifadslorls tayin edilir [18, s.102]:

Ex :—::aé20,142,
oX k k

E, =&Y _pY_o0us2
K K

Buradan belo notice alinir ki, yerlo gapanma dévrasinin kegiriciliyinin (x) 1% artmasi
qovs ifrat garginliyin dafaliyinin (k) 0,142 % artmasina, yerlo gapanma bucaginin sinusunun
(y) 1% artmas1 isa qOvs ifrat gorginliyin dofaliyinin (k) 0,482 % artmasina sabab olur.
Ex =0142<E, =0,482 oldugu ti¢iin yerlo gapanma dévrasinin kegiriciliyi (x) yerlo gapanma
bucaginin sinusuna (y) nisbaton qovs ifrat garginliyin dofaliyino (k) daha az tasir gostarir.
Orta elastiklik amsallarinin 1%-don kigik olmasi qdvs ifrat gorginliyin dofaliyinin (k) yerlo
gapanma dovrasinin kegiriciliyi (X) Vo yerlo qapanma bucaginin sinusunun (y) doyigmasina
qars1 elastik olmadigini gostorir.

Belaliklo, geyri-stasionar yerlo gapanmalar naticasinds neytrali izols edilmis sobakalords
yaranan qovs ifrat garginliyin dofaliyi ilo yerlo gapanma mugavimati va yerlo qapanma bucagi
arasindaki (1) asililigr agagidaki kimi askar sokilds yazila bilar:

418

0
OriginLab [19] proqramindan istifado etmoklo alinmis reqressiya tonliyine asason qovs
ifrat gorginliyin dofaliyinin yerlo gapanma migavimoti vo yerlo gapanma bucagindan
astliliginin 3D (foza) goriintiisii qurulmusdur (Sokil 1).
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Sok.1. ifrat gorginliyin dofoliyinin yerlo gapanma migavimati
Vo yerlo gapanma bucagindan asililiginin 3D goriintiisii.

NOTICO

1. Petersen noazoriyyasino tabe olan geyri-stasionar yerlo gapanmalar naticasinds neytrali
izolo olunmus sabokalords yaranan qovs ifrat gorginliyin dofaliyi ilo yerlo gapanma miigavimati
vo yerlo gqapanma bucagi arasindaki asililiq tiglin praktik olaraq asan realizo edilo bilon
reqressiya modeli alinmigdir. Toklif edilon riyazi model neytrali izolo olunmus sobokoalords
isloyon avadanhglarin yiik altinda smaqlarin1 hoyata Kkegirorkon qovs ifrat gorginliyinin
giymatinin idars olunmasinda effektiv istifads oluna bilar.

2. Alinmus reqgressiya modeli Azorenerji sisteminin neytrali izolo olunmus sobokalarinda
izolyasiyanin yiik altinda sinagi vo eyni zamanda sobokodo bas vermis qeyri-Stasionar yerlo
gapanmalarin aragdirilmasi vo naticalorinin tohlili zamani asanliqla istifado edilo bilor.
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PEI'PECCUOHHASA MOJAEJIb 3ABUCUMOCTHU AYT'OBOI'O
HEPEHAIPSAKEHUSA OT COITPOTUBJIEHUA 3AMBIKAHUSA HA 3EMJIIO 1
YI'JIA 3AMBIKAHUSA HA 3EMJITO

OPY’KEB H.U., I'YJIMEB I'.b., AIMAMMA 10OBA C./{x.

WcnpiTanus nekTpoobopy1oBaHuUS MO/ HATPY3KOM M30JISILIMM B CETSAX C U30JIMPOBAHHON
HelTpanplo TpeOyloT OnpefeNeHuss 3aBUCUMOCTEH MEXIy psAlIoM [apaMeTpoB NpHU
0/1HO(a3HBIX HECTAIIMOHAPHBIX 3aMbIKaHUAX Ha 3eMito. OmnpeneneHne B3auMOCBsI3eN MEXIy
TaKUMHU TapaMeTpamMu TpeOyeT UIMTENbHBIX M TPYJOEMKHX, CIOXKHBIX HCCIIEIOBAaHUI B
00JacTl MEepexXOJHbIX MPOIECCOB OJHO(A3HBIX HECTAIMOHAPHBIX 3aMBIKAHUSAX Ha 3EeMIIIO.
[TosTOMy 171 TpPaKTUYECKUX YCIOBHH cleayer pa3paboTaTh MNpPOCThIE MaTeMaTUYeCKHe
MOJIEH, MO3BOJISIONIME y3HATh 3aBUCHMOCTh MapaMeTpoOB MOBPEXJIEHUN Mexay coboil. B
pabope paccMaTpuBaeTCs 3agada ONPEAENCHHsS 3aBUCUMOCTH MEXIy NepeHanpsiKeHueM,
BO3HMKAKOIIUM B CETH C HW30JMPOBAHHOM HEUTPAIBIO NPUHECTALMOHAPHBIX 3aMBIKAHWW Ha
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3eMJTIO, COIIPOTHUBIICHHEM 3aMbIKAaHHIO Ha 3€MJTIO U YTIIOM 3aMbIKaHUs Ha 3eMJTr0. C 3TOH IEeNbIo
ObUIO TIONYYEHO YpaBHEHUE PErPEecCHH Ul 3aBHCUMOCTH KO3((PHUIMEHTOB IYTOBBIX
NIEpEHAIPSHKCHUH OT CONPOTHUBIICHHUS 3aMbIKAHHS Ha 3€MJII0 U yIJia 3aMbIKaHUS Ha 3eMIIIO U
MOCTPOCHO cooTBeTcTBYIOMIEe 3D n3o0paxenue.

KnaroueBble cjioBa: ceTH ¢ W30JIMPOBAaHHOW HEUTPaiblo, HECTAIMOHAPHBIX 3aMBIKAHMAX Ha 3EMIIIO,
KpaTHOCTb JyTOBBIX NIEPEHANPSIKEHH, YpaBHEHNE perpeccu, 3D MonenupoBaHue.

REGRESSION MODEL OF THE DEPENDENCE OF ARC OVERVOLTAGE ON
GROUND-FAULT RESISTANCE AND GROUND-FAULT ANGLE

ORUJOV N.i., GULIYEV H.B., ALMAMMADOVA S.J.

Testing electrical equipment under load of insulation in neutral-insulated networks
requires determination of dependencies between a number of parameters during single-phase
non-stationary earth faults. Determining the relationships between such parameters requires
time-consuming and labor-intensive research in the field of single-phase non-stationary
grounding transition processes. Therefore, for practical conditions, simple mathematical
models should be developed that allow knowing the dependencies between these parameters.
The issue of determining the relationship between the overvoltage generated in the neutral
isolated network as a result of non-stationary earth faults, the earth fault resistance and the earth
fault angle was considered in the work. For this purpose, the regression equation for the
dependence of the overvoltage frequency on the grounding resistance and the grounding angle
was obtained and a corresponding 3D image was constructed.

Key words: neutral isolated network, non-stationary ground fault, overvoltage frequency, regression
equation, 3D modeling.
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KONDENSASION iSTIiLIK ELEKTRIK STANSIYALARINDA YANACAGIN
XUSUSI SORFINO TOSIR EDON AMILLOR VO ONLARIN
TOKMILLOSDIRILMOSI

TALIBOV N.K., 'KHUDAVERDIYEYV V.G., TALIBOV N.N.

'Radiasiya Problemlari Institutu,
Bohtiyar Vahabzada kii¢. 9, Baki, AZ1143
vx5357484@gmail.com

Bu mogalods kondensasion Istilik Elektrik Stansiyalarinda yanacagm xiisusi sarfina tosir edon amillarin
effektivliyi arasdirilib, xiisusiylo istilik sxemlorinin faydali is omsalina tosiri qostorilib. Buxar-qaz qurgusu
sxemlori, xiisusiylo patentin (ixtiranin) Ne 120230038 miiddoalarinin osasinda toqdim olunan istilik sxemi genis
aragdirilib. Is¢i cismin atmosfer havasinin enerjisinin hesabimna buxarlandirilmasi qurgusunun prinsipal sxemi
togdim olunub.

Acar sdzlar: Yanacagin xiisusi sorfi, istilik diis¢iisii, soyuqluq agentlori, doniz suyunun sirinlogdirilmasi,
istilik nasosu, detander, soyuqluq enerjisi, faydal is omsali.

Istilik elektrik stansiyasmin istilik ekonomikliyi onun faydali is omsali ilo xarakterizo
edilir. Bu da alinan elektrik enerjisinin sorf olunan yanacagin enerjisi nisbati ilo 6l¢uldr.
Istalinon zaman arzinda, masalon illik isti elektrik stansiyasi ti¢iin [1]:
8603

BQY

Ne =

3 — alinan elektrik enerjisi, kVt*s
B — elektrik enerjisinin istehsalina sarf olunan yanacag, kq
QPx— Yanacag istilik toratma qgabiliyyati, kkal/kq

Bgor D=0, enerjinin xtsusi sarfi kdmokgci mexanizimlari nozors alinmur, bu burutto F.1.9
adlanir n° .

Elektrik stansiyalarinda elektrik enerjisinin xiisusi sorfi basloyici nasos, kondensat
nasosu, gqazanda ventiliyator va tiistiisoranlardir.

Ogor D=3, olanda elektrik stansiyanin komok¢i avadanliqlarina xiisusi sarf nazars alinir.

) Do= —90.1{,
onda elektrik stansiyanin netto F.1.O. adlanur.

. 860(3, — 3,
Te =7 pqp

Elektrik enerjisinin xuisusi sorfiyat1 .E.S —da 5-7 % arasinda dayisir.

LE.S —lorin faydali is omsali faydali is omsallarinin hasilindon asilidir. Bunlar gazandan
turbina gedan buxari nagl edan boru xatlorinin, turbinin vo qazanin faydali is omsalaridir.

) Ne = NeNgMy

Istilik elektrik stansiyalarimin istilik effektliliyinds buxar turbinin rolu daha béyukddr, bu
da termodinamik tsiklin istilik tokmilliyindon, onun parametrlorindon, turbin qurgusunun
texniki tokmilliyindan asilidir. Sakil 1- do kondensasion turbinds buxarin isi gostorilmisdir.
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KKas);
Ke

kran/kz-2pad
Sok.1. Kondensatorlu turbinds buxarin isi [1].
Ixa- Turbindo adiobatik (izoentropik) is¢i prosesde buxarin son
entalpiyasi kkal/kq;
Ix - Turbinin hogiqi is prosesinda son entalpiyasi kkal/kq;
H. - turbinds adiobatik istilik diisgiisii, kkal/kq;
H; - turbinds buxarin haqiqi istilik diismasi, kkal/kg.

Hasillori kimi gostarmak olar: Elektro stansiyanin F.1.O 2sas tasiri [1].

N’ = NeloiMmNinpMiey

Elektrik stansiyanin faydali is amsalina osas tosiri termodinamik tsiklin F.1.O gostorir. 7
—nin yiksalmasina baslangic parametrlarin giymatlonlarinin yiksalmasi tozyiq Po, to, vakumun
darinlogmasi, sads termodinamik Renkin tsiklinds miiasir elektro stansiyanin miirakkab tsiklina
kegmok, buxarin araliq qizdirilmasina kegid, basloyici suyun rengenativ qizdirilmasina kegid
olmalidir. Elektrik stansiyanin F.1.© hissolunacaq artimma turbin vo qazan aparatlarmm va
istilik sxemlorinin tokmillosdirilmasi il nail olunur.

Elektrik stansiyalarinda faydali is omsali ilo borabar, istiliyin vo yanacagin xiisusi sorfi
diggot markazinds olur [1,2]

14
= % _ 5% ppal/kVis

Cc

ge =% = ? kkal/kVts
[ [
Kondensasion elektrik satansiyalarinda turbin qurgusu tigiin [1]:
Q, 860
r’ = — =
CoW o,
gc Vo O, burutto gcVve @, anlayisina uygundur. qc Voya ¢, netto anlayisina uygundur [1]:
br _ 860 . 4 _ 860
qC ngp ’ qC 77?
6p _ 860 . , _ 860
qa - ngp ’ 3 = n?
Elektrik stansiyasinin F.1.O toyin edilmasindo, sorfi yanacagin bir saatliq sorfi
B, = 860W, 0,123 i
Y700~

Muvafiq olaraq sorfi yanacagin xiisusi sarfi va istilik arasindaki asililiq
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B 4
b, = =2~ 0,123 =
‘T w

Nec
Buxarm parametrlorinin F.1.® bir basa tasiri var. Mosalon: stilik termini F.1.9[1, 3]:
Ne =11 T,

Tobii ki, xam (qizismis) buxarin tempraturasi na godar yiksak hamginin kondensatorda
tozyigq no godor asag1 (miivafiq olaraq temperaturda asag: olarsa) termiki F.1.©-do 0 godor
yuksak olar.

Bu deyanlor is diagraminda (sok.1) aydin goriiniir. Kondesatorda tozyiqin diismasi alda
olan istilik diisgiisiinii artirir. Tozyiqin diismasinin haddi kondensatordaki tozyige uygun
tempraturadan asilidir.

Buxarin araliq qizdirilmas1 OTS-doan sonra gazana yenidon qizmaga gondarilir. Buxarin
tempraturu qizmis buxarin tepraturuna qodor yuksoldilir. Orta, bozon ATS (asag1 tozyiq
silinlondirma) gondarilarak, kondensatorun tazyiqins gadar genislondirilir.

Turbinin axirinci pillarinds buxarin namliyi azaldigi tiglin, turbinin nisbi faydali is omsali
yuksalir.

Yuxarida deyilonlorin oksariyyat, tsiklin faydali is omsalin1 1-2%-don artiq ¢oxaltmaga
gadir deyil. Buxar-gaz-turbin qurgusuna kegildikton sonra F.I.9-n1 55-56%-o godar qaldirmaq
mimkiindir. Masolon: Sokil Ne2 - Simal IES-1n 400 MVt-liq buxar-gaz turbindir vo Sokil 3 -
Sumgqayit IES-do 525 MVt-liq buxar-gaz-turbinin sxemi verilib. Qurgunun F.1.8 55%-za qador.
Azorbaycan IES-do iki enerji blokunda istilik sxeminin buxar gaz-turbin qurgusuna doyisilmasi
F.1.B —n1 56%-za qaldirilmasina imkan verir.

Toqdim etdiyimiz yeni ixtiranin moévcud olan istilik sxemlorindon osas forgi vo
ustinliklori asagidakilardir:

1. ©nonovi IES-do istifads edilon yanacagin istilik enerjisinin toxminan 60 %-i islonmis
buxarin kondensatlasdirilmasina sorf edilorok agiq tobioto atilir. Bu da 1ES-lorin faydali is
omsalin1 koskin azaldir, qlobal istilosmani stratlondirir. Toklif edilon qurguda (iisulda) asagi
potensialli istilik dasiyicilarindan istifado edilorok buxarlanma istiliyi atmosfer havasinin
enerjisi hesabina alindig1 ii¢iin qurgunun (iisulun) faydali is amsal1 vahide yaxinlasir. Onda 1
kilovat-saat elektrik enerjisina sarf olunan sorti yanacagin miqdar1 123 qram/kilovat-saat ola
bilor. Istiliyin ¢evrilma omsali, istilik nasosu effekti alindig1 {iciin 1,05 - 1,5 ola bilor, onda 1
kilovatt-saat elektrik enerjisina yanacagin xiisusi sorfi 117 - 82 qram/kilovatt-saata godor azala
bilor. Azorbaycan (izro hazirda 1 kilovatt-saat elektrik enerjisino yanacagin xsusi sorfi 250
gram/kilovatt-saatdir.

2. Bu iisulda (qurguda) kiilli migdarda soyuqluq enerjisi alindigindan, hamin enerjidon
daniz suyunun dondurulma Usulu ilo sirinlosdirilmasinds vo digar mogsadlor G¢un istifads
etmak mumkdnddr.

3. Borpaolunan enerji qurgularindan forgi: glinos elektrik stansiyasi giinosli giinlordan,
kulok elektrik qurgusu kiilokdon tam asili oldugu halda, atmosfer havasinin daimi mévcudlugu
bu iisulla elektrik enerjisinin istehsalinin fasilosiz aparilmasina imkan yaradir. Atmosfer
temperaturunun qis-yay, geco-gundiz doyismasi iso qurgunun effektivliyino gismon tosir
gOstars bilar.

4. Bu ixtira (usul) ikimagsadli xususiyyato malikdir: yani elektrik enerjisinin istehsali vo
doniz suyunun sirinlagdirilmasi {igiin soyuqluq enerjisinin alinmasi eyni qurguda (eyni vaxta)
hoyata kegirildiyindan hor iki mahsulun kapital qoyulusu, o ciimlodon maya doyarli kaskin
sokildo azalir.

Toklif edilon bu Gsul vo qurgu barpaolunan enerjilora vo daha gox hibrid tipli elektrik
stansiyalarina aid olub, Oziinds istilik nasoslari, kriogen texnikasi, asagi temperaturlu
energetika sahoalorinin elementlarini va prinsiplarini birlogdirir, analoqu olmamagla barabar son
daracs faydalidir.

Toklif olunan ixtiranin 6lkamizds vo dlinyada totbiqgi - az yanacagla elektrik enerjisinin
alinmasi vo doniz suyunun sirinlogdirilmasi boyuk iqgtisadi somora vers bilor.
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Sok.2. 400 MV1t-lig buxar-gaz turbin qurgusunun principal istilik sxemi.

1 — hava kompressoru, 2 — yanma kamerasi, 3 — gaz turbini, 4 — hava soyuducusu,
5 — buxar turbinin YTS, 6 — QTS, 7 — ATS, 8 — generator, 9 — kondensator,

10 — kondensat nasosu, 11 — kiploms buxarinin soyuducusu, 12 — kondensat
qizdiricisinin resirkulyasiya nasosu, 13 — deaerator, 14 — alcaq tozyigli baslayici
nasos, 15 — orta vo yiksak tozyigli baslayici nasos, 16 — algaq tozyigli baraban,

17 — orta tozyiqli baraban, 18 — yiiksok tozyigli baraban, 19 — ham su ¢ani, 20 — ham
su nasosu, 21 — kimyavi su tamizlayici qurgu, 22 — tomizlonmis su ¢ani,

23 — to mizlonmis suyun nasosu.

Homginin Azorbaycan Respublika ©qli Miilkiyyat Agentliyindon verilmis 120230038
patent (ixtira) osasinda istilik sxemi {izra totbiq edilss atilan elektrik enerjisinin 1 Kv/ saat - na
az1 nazori migdarda yanacaq sorf edirlor. Ciinkii bu tisulda (qurguda) is¢i cismin kondensatlas-
dirllmasina sorf edilon soyuducu su ilo otraf mihits atilan 60% istilik enerjisinin qarsisi alinir.
Bu da hom qurgunun faydali is amsalin1 artirir (az1 Y= 90%) hom do otraf mihito atmosfers
buraxilan global istilosmoni slratlondiron qazlarin migdarini koskin azaldir, homginin alinan
(izafi) soyuglug enerjisi ila doniz suyunu domdurma tsulu ils sirinlogdirmok olar.

Cinki bu qurguda, islonmis buxarin soyudulmasina sarf edilon buxarlanma istiliyi
(kondensalasdirma) aciq tobioto atilmir. Doyma tempraturari bir atmosferda (-79,56° - CO,, -
33,33% — ammiak, -19° — kiikiirt) oldugu ii¢iin onlarin buxarlama istiliyi atmoser havasinda olur
(sokil 5). Gostorilon sokildads gosterilon qurgunun asagi atmosfer buxarlanmasinin enerjisi
ilo buxarlandirilaraq, giinas enerjisi ilo oks tsklin soyuqluq agentlorinin sxemi enerjisi hesabina
bir gqodor do qizdirilib, turbinds genislondilib mexaniki enerjini genaratorda elektrik enerjisi
verilir.

Asag1 potensialli istilik dastyicilarindan istifads etmokls elektrik enerjisinin alinmasi vo
doniz suyunun dondurulma Gsulu ils sirinlagsdirmak {iglin soyuqluq enerjisinin alinmasi qurgusu
Vo Usulu tagdim edilir.
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Sok. 3. 525 MVt-liq giiciinds buxar-qgaz turbin qurgusunun prinsipial istilik sxemi.
1 —hava kompressoru; 2 - yanma kamerasa; 3 — yanacaq qizdiricisi; 4 — gaz turbini;
5 — elektrik generatoru; 6 — util qazani; 7 — buxar turbini; 8 — kondensator;
9 — kondensat nasosu; 10 — kondensat qizdiricilarina kondensatin verilmas;
11 — kondensat qizdiricisi; 12 — kondensat qizdiricilarinda kondensatin qaytarilmast;
13 — Baslayici nasoslara deaerasiya olunmus suyun verilmasi; 14 — Basloyici nasos;
15 — Baslayici suyun yanacaq qizdiricisina verilmasi; 16, 17 — Baslayici suyun util
qazanininn alcaq tozyiqli barabanina verilmosi; 18 — Alcaq tozyiqli barabandan buxar
turbinina gedan buxar Xatti; 19 — kondensatin bir hissasinin baslayici nasosa
qaytarilmasi; 20 — Util qazanimin yiiksok tozigli barabanina suyun verilmasi;
21 — util gazaninin yiiksok tozyiqli barabanindan buxarin turbinin yiiksok tozyigli
hissasina verilmasi; 22 — yliksok tozyigli hissadon ¢ixan buxarin qarigdirici noqtays
verilmasi; 23 — turbinin algaq tozyigli hissasine garigmis buxarmn verilmasi;
24 — iglonmis buxarin kondensatora otiirtilmasi; 25 — tiistli borulari.

Bu iisulda is¢i cisim sixilir, sonra qizdirilir vo buxarlandirilir. Omolo golon buxar turbindo
genislondirilorok elektrik enerjisi hasil edir. Sonra kondenslosdirilir vo oks energetik sikl,
burada soyuqluq agenti kompressorda sixilir, tozyiqi qaldirilir, onun istiliyi is¢i cisma verilorok
soyudulur va detanderds tozyiqi asaga diisarok genislandirilib daha darin soyudulur.

Is¢i cisim otraf miihitin temperaturundan asag:i temperaturda kondensatlagidirilir.
Soyuqluq agentinin temperaturu kompressorda sixilmadan 6nca rekuperativ istilikdoyisdirma
yolu ilo otraf miihitin temperaturundan asagi temperaturaya qodor salinir. Soyuqluq agenti
detanderdo is¢i cismin kondensatlasdirilma temperaturundan asagi temperatura qodor
soyudulur vo soyuducu mayeni soyudaraq onu kondensatlasdirma istiliyini konarlagdirmaq
iclin kondensatora otiiriiliir. Osas enerji monbayi kimi atmosfer havasindan istifads edilir,
elektrik enerjisinin hasili turbinlari olan ii¢ blokda aparilir.

Onlarin isgi cisimlori asagi, orta va yiksok tozyiqli soyuglug agentloridirlor. Ancaq bu
turbinlorin kondensatorlart ardicil pillali soyuducu maye ilo soyudulurlar. No vaxtki soyuglug
agentino havanin namliyi negativ tasir edirss o zaman kondensatlagdirma bir atmosfera borabar
tozyigdo aparilir. Ogor neqativ tesir etmirso, kondensatlagdirma dorin vakuumda aparilir.
Usulda oks energetik tsikldo soyuqlug agenti heliumdur. Usulda talob olunanda (¢ blok,
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istonilon iki blok va istanilon bir blok mustaqil isloys bilir. Usul glines qizdirilmasi olmayanda,
tisulun effektivliyini artirmaq ii¢iin optimal miqdarda ciizi yanacaq yandirilmasi ilo hayata
kecirilir.

Qoyulan masalonin halli ticlin asagi potensialli istilik dastyicilarindan istifado etmaklo
elektrik enerjisi va doniz suyunun sirinlogdirilmasi ti¢iin soyuqluq enerjisinin alinmasi nazards
tutulub. Qurgunun diiz energetik tsiklin konturunda ardicil olaraq nasos, istilikdoyisdiricisi,
elektrik generatoru vo turbin, kondensator var. Homgcinin oks energetik tsiklinds
kompressorlar, ilanabonzor borular, araliq qizdirici, detanderlar va istilik doyisdirici var. Diiz
Vo oks energetik tsiklor ti¢iin istilik kameras1 qurulub. Bu kamerada dord ilanabanzar borular
var, bunlarin {i¢ii bloklarla slagadardir, dordiinciisii iso heliumun mimkun olan maksimal
soyudulmas {iciin nozars tutulub. Is¢i cismi atmosfer havanin temperaturuna qodar qizdirmaq
ucun har blokda agiq havada ilanabanzar borular yerlasdiriliblor. Olave enerjinin hasili Ggiin
har blokun ilanabanzar borularinin va istilik kamerasinin arasinda parabolik giinos qizdiricilari
yerlosdirilirlar. Har blokun turbininin va istilik kamerasinin arasinda yanma kamerasi yerlasib,
istilik kamerasinin vo detanderin arasinda iso araliq istilikdoyisdirici yerlosdirilib.

Asagi potensialli istilik dasiyicilarindan istifado etmoklo elektrik enerjisi alinmasi
qurgusunda ideyanin mahiyyati onunla baghdir ki, diiz vo oks energetik tsikllor Ggun istilik
kamerast qurulub, bu kamerada dord ilanabonzor borular var, hansilardan tigli bloklarla
olagadardirlar, dordiinciisti iso heliumun miimkiin olan maksimal soyudulmasi tiglin nazora
alinib, hor blokda qgapali tipli qizdirict qurulub, hansi ki, is¢i cismi +1°C temperaturuna qadar
qizdirir, is¢i cismin atmosfer havanin temperaturuna qador qizdirmaq Ucln har blokda agiq
havada ilanabanzor borularinin vo istilik kamerasinin arasinda parabolik giinos qizdiricilart
yerlosdiriliblar, har blokun turbininin va istilik kamerasinin arasinda yanma kamerasi yerlosib,
istilik kamerasinin va detanderin arasinda iso araliq istilikdoyisdirici yerlogdirilib.

Sok. 4-do asagi potensiall istilik dasiyicilarindan istifade etmaklo elektrik enerjisinin
alinmasi yeni tisulun hayata kegirilmasi tigiin qurgunun sxemi togqdim olunub.

p22
1
15 '%‘ .
Ig’ i
i 1 - T (l:.__.j_.,

-

2
Pz ¥t 2
: L--n C )\ 15 ~
ot 1
35 4 33 ' as”
Va1
¥
36
37 -
A

Sok. 4. Asagi potensialli istilik dasiyicilarindan istifads etmokls elektrik
enerjisinin alinmasi yeni iisulun hayata kegirilmasi ii¢iin qurgunun sxemi.
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Sok. 2-do toklif olunan yeni Gsulu hayata kegirdon yeni qurgunun asagidaki elementlari
gostarilib: 1(1), 1(2) va 1(3) — heliumu sixmagq ti¢iin kompressorlar; 2(1), 2(2) va 2(3)- komp-
ressorlarin elektrik miiharriklari; 3 — heliumun sixilmasindan alinan enerjinin moanimsanilmasi
ticiin istilik kamerasi; 4 — detanderdon 6nca heliumun miimkiin olan soyudulmasi ti¢iin istilikde-
yisdiricisi; 5(1), 5(2) va 5(3) — detanderlar; 6(1), 6(2) va 6(3) - detanderlorin elektrik genera-
torlar1; 7 — soyudan mayenin soyudulmasi tigiin istilikdoyisdirici; 8 - turbinlardan 6nca istilik
kamerasinda asag1, orta vo yuksak tozyigli soyuqlug agentlorinin qizdirilmasi tiglin ilanabanzar
borular; 9 — is¢i cismin (asagi, orta vo Yiksok tozyigli soyugluqg agentlorinin) genislondirmak
Uclin turbinlor; 10 — elektrik generatorlari; 11 —is¢i cismin (asagi, orta va yiksok tozyiqli soyug-
lug agentlorinin) kondensatlasdirmaq ti¢in kondensator qurgulari; 12 — is¢i cismin (asagt, orta
Vo Yuksak tozyiqli soyuqluq agentinin) kondensatlarini yigmaq ti¢iin conlor; 13 — is¢i cismin
(asag1, orta vo Yyuksok tozyigli soyuglug agentlorinin) kondensat nasoslari; 14 — is¢i cismin
(asag1, orta vo ylksak tozyiqli soyuglug agentlorinin) atmosfer havasinin enerjisi hesabina
qizdirmaq tgiin, agiq havada yerlogdirilmis ilanabanzor borular; 15 — soyudan mayenin
dovriyyasi U¢iin nasos; 16 —havanin dévriyyasi U¢iin ventilyatorlar; 17 — is¢i cismin (asagi, orta
Vo yiksok tazyiqli soyuqluq agentlarinin) kondensatinin +1°C temperaturuna gadar qizdirmaq
ticlin qapal1 tipli quzdiricilar; 18 — detanders 6tiirtilon heliumu nisbaton darin soyutmag tgcin
ilanabanzoar borular; 19 — kondensatorlarda vakuumu saxlamaq tglin vakuum nasoslar; 20 —
yanma kameralari; 21 — parabolik giinos qizdiricilart; 22 — ilanvari borulara 18 is¢i cismin
kondensatinmi 6tiirmoak U¢lin tonzimlayici; 23 — heliumun dovriyyasi Ugiin xatt; 24 — soyuducu
mayenin dovriyyasi U¢lin xatt; 25 — asag1 tozyiqli soyuqluq agentinin buxarinin horokat Xatti;
26 — orta tozyiqli soyuqluq agentinin buxarinin hoarokat xatti; 27 — yiksok tozyigli soyuglug
agentinin buxarmin harokat Xatti; 28 — asagi tozyiqli soyuqluq agentinin kondensatinin harokot
Xatti; 29 — orta tazyiqli soyuqluq agentinin kondensatinin harakat Xxatti; 30 — yiksok tozyiqli
soyuqluq agentinin kondensatinin harakat Xatti; 31 — tonzimlayici siyirtmalar; 32 — soyuducu
mayenin bloklara 6tirmok tgiin nasos; 33, 34, 35 — doniz suyunun dondurma Usulu ils
sirinlogdirici qurguya gedon soyuducu mayelor; 36 — dondurma qurgusuna gedon soyuducu
suyun Umumi Xotti; 37 — dondurma qurgusundan gayidan soyuducu suyun Umumi Xatti. Sokil
2-do qurgunun vacib elementi - is¢i cisimin atmosfer havasinin enerji hesabina buxarlanama
qurgusunun prinsipial sxemi verilmisdir.

isci sxem:

1. Isci cismin kondensatinin qurguya giris xatti
2. Siyirtma

3. Is¢i cismi sisteme vuran nasos

4. Qurgunun giris kollektoru

5. llanvari borular

6. Qurgunun ¢ixis kollektoru
7. Nem buxarin drenaj xatti
8. Radial oxvari siklon

9. Nem buxarin sirkulyasiya xatti
10. Siklondan buxarin ¢ixist
11. Ventilyator
12. Quru havanin atmosfer havasi ile qizdinimasi aparati
13. Saviyya odlgan
14. Isgi cismi quru hava ile qizdinimasi miibadile
aparati

15. Tempratoru 1 daraca C yuxari buxar

16.Turbinin aynmindan gelen su buxari

17. Su buxarinin drenaji

18. Igci cismin nam buxarinin ayrim buxari ile
qizdiriimasi tigiin istilik miibadilo aparati

————————— qurudulmus hava
is¢i cisimin kondensati
— === —.. igci cisimin nem buxari

Sok.5. Isci cisimin atmosfer havasimin enerji hesabina buxarlanama
Qurgusunun prinsipial sxemi Qurgunun sxeminds 17.
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®AKTOPHI, BJIUAIOIIUAE HA YJEJbHBIN PACXO/I TOILINBA B
KOHAEHCAIOMOHHBIX TEIIVIOBBIX JIEKTPOCTAHIUAX U UX
COBEPHIEHCTBOBAHHUE

TAJIBIBOB H.K., XYJIABEPIUEB B.I'., TAJIbIOB H.H.

B nannoii crarbe uccinenoBaHa 3)(PeKTUBHOCTh (PAaKTOPOB, BIMSIOMIMX Ha YAEIbHBIH
pacxoll TOIJIMBA B KOHJEHCAIIMOHHBIX TEIUIOBBIX DJJIEKTPOCTAHIMAX, IMOKA3aHO BIIUSHUE
YAETbHBIX TEIUIOBBIX Liened Ha kKoddduuueHT noae3noro Aeiictus. lupoko mccnenoBaHbl
CXEMbI [apora3oBOl YCTAaHOBKM, B OCOOEHHOCTH TEIIOBas CXEMa, IpEACTaBICHHas Ha
OCHOBAHHWH TOJIO)KCHHM dYacTHoro mareHta (m3o0perenms) Ne 120230038. Ilpencrabiiena
NPUHIMIIMATIbHAS CXEMa YCTPONCTBA HCHApeHHss pabouero Teina 3a CYET HHEPruu
aTMocdepHOro Bo3ayxa.

KiroueBble cjioBa: yaenbHBIA pacxo]l TOIUIMBA, MAJCHUE TEMIEpaTyphbl, areHThl X0J0/1a, ONpPECHEHHUEe
MOPCKO#1 BOJIbl, TEIJIOBOW HACOC, PACIBUIUTEINb, SHEPTHUS X0J10/12, KOI((GHULUEHT MOJIE3HOTO JeHCTBHUSI.

THE TIiTLE OF THE ARTICLE iS THE FACTORS INFLUENCING THE SPECIFiC
FUEL CONSUMPTION iN CONDENSING THERMAL POWER PLANTS AND
THEIiR IMPROVEMENT

TALIBOV N.K., KHUDAVERDIEV V.G., TALIBOV N.N.

In this article, the effectiveness of factors affecting the specific fuel consumption in
condensing thermal power plants is investigated, and the influence of specific heat circuits on
the efficiency is shown. The schemes of a combined-cycle gas installation have been widely
studied, in particular the thermal scheme presented on the basis of the provisions of private
patent (invention) No. 120230038. A schematic diagram of the evaporation device of the
working fluid due to the energy of atmospheric air is presented.

Key words: specific fuel consumption, temperature drop, cold agents, seawater desalination, heat pump,
atomizer, cold energy, efficiency.
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HOTVIOINEHUE DOHEPTUN MOHOXPOMATHYECKHUX BOJIH B BAKYYME
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Bakyym 10 cux nop ocraeTcs 3aralo4HoH cpeoi ¢ PU3NUECKON TOUKH 3pEHHS, 0COOECHHO C TOUKH 3PEHHUS
ero Gu3nvecKux cBoicTB. B Hareil pabore paccMaTprBaeTCs MPOXOXKICHHE MOHOXPOMATHYECKOM BOJIHBI Yepes3
BakyyM pazmepoM L. MoHOXpoMaTHdeckasi BOJIHA 00J1aaeT ONpeeICHHON SHEPTHEH 1 IPU ITPOXOXKICHUH Yepe3
BaKyyM HeE JOIDKHA TepsATh dHEpruto. [IpH pasInuYHBIX 3HAYEHHSAX pasMepa BaKyyMa, COTJIIACHO CBOWCTBAM
BaKyyMa, HE JOJDKHO OBITh MOTEPh SHEPTUH BOJHOW. EciaM mpu MpOXO0XICHWH BOJHBI MIPOMCXOMHT IHOTEPS
SHEPrUM, TO NPUYMHOW MOTEPH SHEPTUU SBISAETCS HEOAHOPOAHOCTh. HEeOomTHOPOOHOCTH BakyyMa IOKa3bIBacT
CYIIIECTBOBAHME B BaKyyM€ HEKOTOPBIX YAacTHII, T. €. BaKyyM — 3TO OOBbIYHas Marepus. MOXKHO CKa3aTb, 4TO
OIpeeNIeHHasl YacTh 3HEPTUH MOHOXPOMATHYECKOHN BOJHBI MOTIOIAETCS BEIIECTBOM, T. €. BAKyyMOM. B naHHO#
paboTe paccuuTaHa 3HEPrUsi MOHOXPOMAaTHYECKOW BOJIHBI JI0 M TOCIIE MIPOXOXKIICHUS Yepe3 BakyyM pasmepa L.
Jloxa3aHo, 4TO OTHOIIIEHHE YHEPTUH MOHOXPOMATHUYECKOH BOJIHBI 10 IPOXOXKICHUS Yyepe3 BaKyyM MeHble 1. 910
03HAYaeT, YTO MOHOXPOMATHYECKAs BOIHA YIIPYTO PACCEUBANACh B BAKYYyME, a BAKYYM SIBJIIETCS IUNIOTHOW CPEJIOM.
Ilocne  mpoXoXkACHHs ~ BaKyyMHOH  BOJHBI  JUIMHA  MOHOXPOMAaTUYECKOM  BOJHBI  YMEHBIIAETCS.
MonoxpomaTHuecKas BOJIHA TEPSIET YHEPIUIO B BAKyyMe.

KnawueBble ciioBa: BAKYYM, OHCPIrUd, HCYHNPYyroe BBaHMOﬂeﬁCTBHC, MOHOXpOMATHYCCKas BOJIHA,
MorjiomeHne, HCOAHOPOAHOCTD.

BBenenune. KsanroBas MexaHHMKa Kak MaTeMaTHUYECKUN METOJ OCHOBaHa Ha BOJIHOBOU
dbysakun. B oqHOMEpHOM Cilydae MOHOXpOMaTHUeCKast BOJTHOBasE (QYHKIIUS UMEET BUI:

kx—Ej

w(xt)=ce'™ ) = cei( " (1)

2
3nece K -BonHOBOM BekTOp K = 7” n, (n =0,£1,%2,.. .), A -nnuHa BoJiHbI, K - sHeprus

BOJIHBI B BAKYYMEC, KOTOpasd CBsA3aHa C BOJIHOBBIM BEKTOPOM CJICAYIOIIHUM 06pa30M:
h*k*n?
E=——, n=0+1+2,... (2)
2m,
my - Macca CB060,[[H01"0 OJICKTpOHA

Bonnosast pynkuus (1) ynosnersopsier ypasHenuto Lllpeaunrepa

ow ih 0w
= 3)
ot 2m, ox
Hpe,Z[CTaBI/IM, YTO HAa BAKYYM MMaJa€T MOHOXPOMATHUYCCKAA BOJIHA C 3Heprneﬁ
27°h®
E,=—"F 4).
mOA‘O
Teopus

C Touku 3peHHs KIacCHuecKoil (pU3MKH, 3Ta BOIHA HE JOHKHA MEHSITHh SHEPTHIO MOCIIe
BBIXOJIa M3 BakyyMa ¢ JuinHOM L. OmHaKo MBI MOKakeM, 9TO SHepTust (4) U3MEHSETCs MOCIe
BBIXOJIa M3 BaKyyMa. JTO O3HAYaeT, YTO BAKyyM B3aUMOJIEMCTBYET C MOHOXPOMATHYECKOU
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BOJHOM. MTak, MpOMCXOOUT B3aUMOJICMCTBHME C BOJHOW B BakyyMe. Mcmosb3ysi ypaBHEHHE
[penunrepa (3), BBIYUCIUM YHEPTHIO B BAKyyMe

oy o’y
N3 (1) — u
M ot Ox?
WY _ 2z [—lzd—’l— h2+2h§dij (5)
A dt mA® mA® dt
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BBIUHCIISIFOTCSL.
[ToacraBuB (5) u (6) B (3) W pa3aenuB pealbHYlD M MHHUMYIO 4YacTh ypaBHEHUS,
OJTyYaroTCA.
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Sranerll vl by ie | B ML Ry (8)
A~ mpz ot mA” ma Adx  mA® dx
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OX X ®)
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Or___2m |y, 2uA(t) N (Au)? (10)
OX mAA(t) X X
2nt X 6nt
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My A=—X u=2 (11)
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on_2mh 12
ot mx
l=20+@:10(1+ Zﬂﬁtj (13)
mx mxA,
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[Tpu nomyuenun ypasueHus (12) Mbl oTOpOCHIN WieH Yl 1 9TO BIIOJIHE ONPABJAHO, T.K.

A3aBHUCUT OT KOOPAMHAT JIMHEWHBIM 00pazoM. Takum o0pa3oM, KOHEUHas SHEPIrHsi BOJHBI
HIOCJIE BBIXOJIa U3 BaKyyma pa3MepoM X = L:

_2x’h’ 1
nocie mo/ié Zﬂ.ht 2
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my A, L
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[TosTomy

E
% _ = L <<1 (14)

Epocre 27t )’
1+
my 4, L

Bripaxxenue (14) nonyueHo B pesyipraTe pemieHus ypasaenus (10) co 3nauenusmu (11)
A u U. Iua snauennit A=0,u=0 u A —>o0310 KIaccuueckas 00jacTh, TJAC BOJHA
MpEeBpaILAETCs B JUHUIO. )15 3HAaUeHU I

Ao 27/th2 U= 67"zt2 (15)
myA myA
Pemenue ypaBuenust (10) cinoxxuoe. [Toacrasus (15) B (10) a1 AJTMHBI BOJHBI, TIOJTYYHM:
one V(32|
A=y|1-2 = | | (16)
m, Ag L
u
S _ L 7)

%

EV!OL’/I(:’ h 2 31 2
1-2 = (Oj
m, A, L

3neck, 7 - BpeMs MIPOXO0XKACHUS BOJIHBI 4epe3 BakyyM pazmepoM L.

Takum o00pa3oM, MOHOXpOMAaTH4ecKas BOJIHA, NPOXOJAs dYepe3 BakyyM JUUHBI L,
YMEHBIIIAET CBOIO SHEPTHIO. ITO HEYNPYroe B3aUMOCHCTBHE BOJIHBI C BAKYYMOM. DTO 3HAYHT,
YTO BaKyyM — HE IIyCTOE CPEJICTRBO.

3akirouenne

JlokazaHo, 4TO MOHOXpOMaTHYecKasi BOJIHA, IPOXO/Is Yyepe3 BakyyM pasmepom L, Tepser
yacThb cBoell 3Hepruu. Ilorepst sHepruu NpoucXoAUT MpU pa3HbIX 3HAUEHUAX L mo-pasHomy.
Bakyywm siBnsieTcst MmaTepueit u 001a1aeT HeOJHOPOAHOCTHIO. DTa HEOJTHOPOAHOCTh IPUBOTUT
K HOTepe 3H€pFI/II/I MOHOXpOMaTquCKOﬁ BOJIHBI.

Bonna ¢ Gomnblneil AMWHONM BOJHBI TepseT OONblle SHEPTrUU, YeM BOJIHA C KOPOTKOM
I[J'[I/IHOfI BOJIHBI. KpOMC TOro, BOJIHA, Tepsm 3H€pFI/IIO, IIOKNOAacT BaKYYM, a 3TO 3HAa4YuT, 4TO
BaKyyM BeJIeT ce0sl Kak MaCcCHBHas cpejia, B KOTOPOid MPOUCXOAUT HEYIIPYTroe B3auMOICHCTBUE
¢ BoTHOH. OTHAKO, K COKAJICHHUIO, HEM3BECTHO, KAKUMH JICMEHTAPHBIMU YaCTHIIAMH 3aTIOJTHEH
BaKyyM M 10 KaKOMYy 3aKOHY OHHU JBHXKYTCsA. Bakyym (mycToTa) — 3arajouHblii OOBEKT B
cMbIcie ¢pu3nueckoro mnoHnManus. CBoMCTBAa BaKyyMa YETKO HE OIPENIEIeHbI U 3aKPBITHI [T
TOZICH.

1. Landau L.D., Lifshitz E.M. Quantum Mechanics. Non-Relativistic Theory. Series:
Theoretical physics, Moscow: Nauka, 1984, pp.13-37.

2. Landau L.D., Lifshitz E.M. Quantum Mechanics. Non-Relativistic Theory. Series:
Theoretical physics, Moscow: Nauka, 1984, pp.42-66.

3. Landau L.D., Lifshitz E.M. Quantum Mechanics. Non-Relativistic Theory. Series:
Theoretical physics, Moscow: Nauka, 1984, pp.70-100.

VAKUUMDA MONOXROMATIK DALGA ENERJiISININ UDULMASI

HOSONOV E.R., XOLILOVA S.Q., MUSTAFAYEVA R.K.
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Vakuum fiziki nogteyi-nazardan, xtisusan do fiziki xtsusiyyatlori baximindan halos do sirli
bir miihit olaraq qalir. Bizim igimiz monoxromatik dalganin L 6l¢iilii vakuumdan kegmasini
nozards tutur. Monoxromatik dalga miioyyan enerjiys malikdir vo vakuumdan kecarkon enerji
itirmamolidir. Vakuum oOlcusunin miixtalif doyarlarinds, vakuumun xtsusiyyatlarina gors,
dalga ilo enerji itkisi olmamalidir. ©gar dalganin kegmasi zamani enerji itkisi bas verirsa, enerji
itkisinin  sababi geyri-bircinsdir. Vakuumun geyri-bircins vakuumda bozi hissaciklorin
movcudlugunu siibut edir, yoni vakuum adi maddadir. Deys bilorik ki, monoxromatik dalganin
enerjisinin muoayyan hissasi madda, yani vakuum tarafindon udulur. Bu isdo monoxromatik
dalganin L 6l¢iilii vakuumdan kegmozdon ovvol vo sonra enerjisi hesablanmisdir. Isbut
edilmisdir ki, monoxromatik dalganin vakuumdan kegmazdan avvalki enerjisinin nisbati 1-don
azdir. Bu 0 demokdir ki, monoxromatik dalga elastik olaraq vakuumda sopslonmisdir vo
vakuum six bir mithitdir. Vakuum dalgasi ke¢dikdon sonra monoxromatik dalganin uzunlugu
azalir. Monoxromatik dalga vakuumda enerji itirir.

Acar sozlar: vakuum, enerji, geyri-elastik qarsiligl tasir, monoxromatik dalga, udma, qeyri-bircins.

ABSORPTION OF MONOCHROMATIC WAVE ENERGY IN VACUUM
HASANOV E.R., KHALILOVA SH.G., MUSTAFAEVA R.K.

Vacuum still remains a mysterious medium from a physical point of view, especially in
terms of its physical properties. Our work considers the passage of a monochromatic wave
through a vacuum of size L. A monochromatic wave has a certain energy and should not lose
energy when passing through a vacuum. At different values of the vacuum size, according to
the properties of the vacuum, there should be no loss of energy by the wave. If energy loss
occurs during the passage of a wave, then the cause of the energy loss is inhomogeneity. The
inhomogeneity of the vacuum proves the existence of some particles in the vacuum, i.e. vacuum
is ordinary matter. We can say that a certain part of the energy of a monochromatic wave is
absorbed by matter, that is, by vacuum. In this work, the energy of a monochromatic wave
before and after passing through a vacuum of size L is calculated. It is proven that the ratio of
the energy of a monochromatic wave before passing through a vacuum is less than 1. This
means that the monochromatic wave was elastically scattered in a vacuum, and vacuum is a
dense medium. After the passage of the vacuum wave, the length of the monochromatic wave
decreases. A monochromatic wave loses energy in a vacuum.

Key words: vacuum, energy, inelastic interaction, monochromatic wave, absorption, inhomogeneity.
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PHOTOGENERATION AND RECOMBINATION IN
AMORPHOUS SEMICONDUCTORS

NAZARENKO A A.

Department of Cyber Security and Technical Information Protection
"State University Of Intelligent Technologies and Telecommunications",
Odessa, Ukraine
duitz.od@gmail.com

In disordered semiconductors, unlike crystalline semiconductors, there is no long-range order. At the same
time it is established that in disordered semiconductors there is a near and middle order. For semiconductor
materials with predominance of covalent type of chemical bonds, the short-range order is determined by the
interaction of covalently bonded atoms and extends to the first and partially second coordination spheres. The
middle order is determined by the interactions of electrons of unpartitioned pairs, van der Waals interaction and is
formed by atoms that are partially included in the second coordination sphere and coordination spheres of higher
orders.

Key words: silicon, solar energy, semiconductor, covalent, thin film, electron, near-order.

Figure 1 shows the spectral dependence of the quantum yield for a-Si:H films obtained
by the glow discharge method and at different temperatures [1].
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Fig. 1. Spectral dependence of quantum yield for amorphous silicon films obtained
in glow discharge at different temperatures: 1 - T =500 K; 2 - T = 380 K;
3 - T =350 K; a - absorption coefficient of the film deposited at T = 500 K

Significant absorption is observed in the region where the quantum yield has small values
(see fig. 1). The dependence of the quantum yield on temperature and wavelength can be
explained as follows. Suppose that an electron is excited to an energy AE greater than the
conduction band bottom energy. If the electron loses one photon quantum ho during the time
1/m, it will diffuse to a distance before thermalization (i.e. when the binding energy is equal to
e?/er):

e? 2

2 + [ 5]

hw? ’

TO =
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where, ¢ — is the dielectric constant; D — is the diffusion coefficient.
If ro is greater than the Onzager radius re, defined by the formula:

e/(ere) = KT,

then the particles will be released into the zone.
If ro is smaller than re, they will unite and form an exciton. There are two possibilities
for the exciton:
1) recombination of an electron and a hole - the quantum yield at ro < re has the form:

1
=TT Ry
1+ exp (ﬁ)
where:
e’r1t 1
PN
elr, 1

2) electron and hole exit into the zones before recombination - in this case n = 1.
In the forbidden zone of amorphous silicon there are overlapping zones of acceptor Ex
and donor Ey states (fig. 2).

-

NEW

Fig. 2. Energy diagram of overlapping acceptor E, and donor E, states in the
forbidden zone of amorphous silicon.

The carriers trapped on them are released during the fly-through process under changing
external conditions (field, temperature). This can be used to determine the carrier lifetime, or
the time in which a carrier is lost due to its entrapment on a deep trap. The product uDt (the
distance that charge carriers are free to travel in a unit external electric field) is an important
material parameter.

For a-Si:H film obtained in a glow discharge, it is assumed that in the region where the
number of photogenerated charge carriers is greater than the dark concentration, holes are
trapped by Ey-type centres (see fig. 2). If these centres are charged, they should be located in
the overlap region with the Ex zone. It has been found experimentally that at room temperature
the subsequent electron recombination is irradiation-free. The recombination rate 1/t depends
on the number of excess carriers and hence on the product AF (A - absorption; F - photon flux
incident on the sample).

It was found that for a-Si:H:

ip = (AF ),
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where, 0,5 <y < 1,0 (the degree exponent y does not depend on the photon flux when its value
changes by several orders of magnitude, but is largely determined by temperature).

In accordance with the Mott-Davis-Street energy state distribution model, three
mechanisms of charge carrier transfer in disordered semiconductors are possible [2-5].

If the Fermi level is located in the zone of localised states N(Es), then at low temperatures
a hopping mechanism of conduction by states located near the Fermi level is possible. In this
case, carriers tunnel between nodes that differ weakly in energy over a distance of variable
length. This conduction mechanism has been termed hopping conduction with variable hopping
length.

Mott derived an expression for this mode of conduction:

o=Aexp I— (%)%l, 1)

where, To = const.
The pre-exponential multiplier A is defined as:

A = ze?R?vyN(Ey). )
where, R —is the hopping length; v¢ — is the phonon frequency of the order of 101352,

Thus, it follows from expressions (1) and (2) that the density of states at the Fermi level
N(Ef) can be determined from the dependence lgc ~ (1/T)Y* at low temperatures. The T~
dependence is observed in pure a-Si or in heavily doped samples of hydrogenated amorphous
silicon, when the density of states near the Fermi level is large and is carried out with the first
transport mechanism.

At higher temperatures, the charge carriers can either be trapped on localised states of the
valence band and conduction band tails, or end up in pervasive band states above the mobility
threshold.

The second mechanism of conduction at high temperatures is associated with the transfer
of charge carriers on localised states on the tails of the zones. In this case, the mobility of charge
carriers can be determined from the expression:

ea’ w
He = Vph - XD [— k—T] exp(—2aR),

where exp[-W/kT] — is the Boltzmann factor; W is the difference of energies in the state
before and after the jump or the activation energy of the jump; exp(—2aR) — is a multiplier
depending on the overlap of wave functions; R — is the distance covered by one jump, at
energies close to Ec, the overlap is large and exp(—2aR) ~ 1.

As we see, the expression for the mobility of charge carriers includes an exponential
multiplier related to the activation energy of the jump, which causes an exponential dependence
of the drift mobility on temperature. In this case, the activation energy of conductivity includes
the sum of the activation energies of concentration and drift mobility. If charge transfer is
carried out along the localised states of the conduction band tail, the expression for o will take
the form:

o= ovexp[— (En — EF + W)/KT],
where, Ea — is the edge of the tail of the conduction zone.
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The third mechanism is realised when charge transfer is carried out by delocalised states,
and the free path length is less than the interatomic distance but comparable to it (L ~ a),
conduction can be described by diffusive motion. In this regime, the electron mobility is
determined by the formula:

He =55V, (33)

where, a — is the interatomic distance; v — is the hopping frequency.
The value of pc =1 — 10 sm?/(V-s).
Considering that uc ~ 1/KT, the expression for electrical conductivity is transformed as:

o= owexp[—Ec — Er)/KT], (3.4)

where, oy — is the minimum metallic conductivity.
It is defined as the minimum non-activation conductivity. For the majority of disordered
semiconductors the value of oy, lies in the range of 10-10° Ohm™.cm™.
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Fig. 3. Temperature dependence of electron drift mobility uD (a) and conductivity
o (b) for silicon film deposited in glow discharge at 500 K.

It follows from expressions (3) and (4) that the mobility depends weakly on temperature
when charge carriers are transported along the propagated states of the valence and conduction
zones. The activation energy of conduction is determined by the activation energy of the
concentration of free charge carriers.

Conclusion

Measurements of electron drift mobility in the sample deposited in the glow discharge at
T =500 K have shown that the temperature dependence curve has a kink at temperature T¢ (~
250 K), above which the activation energy is 0.19 eV and below which it is 0.09 eV (fig. 3, a).
The temperature dependence curve of the conductivity (fig. 3, b) also shows a slope change at
the same temperature (~ 250 K). The obtained dependences can be explained by the transport
over non-localised states at T > T , and the activation energy of drift mobility is due to the
capture of carriers in the region of small localised states at the edge of the conduction zone, as
well as the hopping mechanism of transport over these states at T < Te.

1. Aganacves B.11., I'voosckux A.C., Kazax-Kazaxesuu A.3., Cazanos A.Il. iccnenoBanue
BIIUSTHUS TEPMOOOPAaOOTKH Ha pa3Mephl U 00beMHYI0 0J1t0 nc-Si:H B aMmopHbIX mieHkax
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FOTOGENERASIYA VO REKOMBINASIYA
AMORF YARIMKECIRICILORDO

NAZARENKO A A.

Kristallik yarimkegiricilordon forqli olaraq nizamsiz yarimkegiricilordo uzaq nizamliq
movcud deyildir. Bununla yanasi miisyyon edilmisdir ki, nizamsiz yarimkegiricilords yaxin vo
orta nizamliq moévcuddur. Kovalent tip kimyavi oalagelori Ustlinlik toskil edon yarsmkegirici
materiallar Giglin yaxin nizam kovalent rabitali atomlarin qarsiliql tasiri ilo tayin olunur va
birinci vo gismon ikinci koordinasiya sferasina yayilir. Orta nizamliq ayrilmamis ciitlorin
elektronlarnin qarsiligh tasiri, van-der-vaals qqarsiligli tasiri ilo tayin olunur va gismon ikinci
koordinasiya sferasina vo daha yiiksok nizamliga malik koordinasiya sferalarina daxil olan
atomlarla formalasir.

Acar sozlar: silisium, giinas energetikasi, yarimkegirici, kovalent, nazik tobago, elektron, yaxin tortib.

OOTOI'EHEPAIIMA U PEKOMBHUHALIUA B AMOP®HbBIX
IHOJYITPOBOJHUKAX

HA3APEHKO A A.

B Heynopsa04eHHBIX MOIYIIPOBOAHHUKAX, B OTJIMYME OT KPUCTAJUIMYECKUX, OTCYTCTBYET
JaTbHUM MOPSAIOK. BMecTe ¢ TeM yCTaHOBIIEHO, YTO B HEYNOPSAIOYEHHBIX MOJYIPOBOJHUKAX
CyllecTByeT OMMKHUN M cpeiaHuil mopsaaok. Jlias MoJynpoBOJAHUKOBBIX MaTepHalloB C
npeobiiajaHieM KOBAJIEHTHOTO TUIA XMMHUYECKUX CBSA3€M ONMKHHUM MOPSAOK ONpenemnsieTcs
B3aMMOJICICTBUEM KOBAJIECHTHO CBS3aHHBIX aTOMOB M PpAacCIpOCTPaHsSETCd Ha NEPBYIO U
YaCTUYHO BTOPYI0 KOOpAMHAIMOHHBIE cdepbl. CpenHuil MOPAJOK  oOmperensercs
B3aMMOJECHCTBUSMM  D3JEKTPOHOB  HE  MOJEJIEHHBIX  @ap,  BaH-JEpP-BaalbCOBBIM
B3auMojieiictBieM ©  (GopMUpyeTcs aTOMaMH{, BXOJSMIIMMHM YacTMYHO BO BTOPYIO
KOOPJIMHAIIMOHHYIO cepy U KOOpIUHALMOHHBIE cepbl 00JIee BEICOKUX MOPSAKOB.

KiroueBble ci10Ba: KpeMHUH, CONHEYHAas SHEPreTHKa, IOJYNPOBOAHUK, KOBAJIEHT, TOHKas IJIEHKA,
3JIEKTPOH, OJIVDKHHUI TTOPSI/IOK.
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_PP+Fe O9SASLI NAN OKOMPOZiTLBRi.N NANODOLDURUCUNUN
MIQDARINDAN ASILI OLARAQ MEXANIKI XASSOLORININ TODQIQI

SULTANOVA C.R.

Azarbaycan Dovlat Neft va Sanaye Universiteti
ceyranrehmetova@mail.ru

Polipropilen termoplastik polimeri vo Fe nanohissaciklori asasinda yeni nanokompozit materiallar sintez
olunmusdur. Fe nanohissaciklari ilo dolduruldugdan sonra alinmig niimunaloarin torkib va qurulug deyismolarini
askar etmok (i¢lin 400-4000 sm™ dalga ododi araliginda infraqirmizi spektroskopiya (1Q) metodu istifado olunaragq
nanakompozit nimunslor tadqiq edilmisdir. Homginin, tadqiqat isinde PP+Fe asasli polimer nanokompozitlarinin
Fe nanohissaciyinin hacmi migdarindan asili olaraq mexaniki xassolarinin doyismosi Oyronilmisdir.

Acar sozlor: polipropilen, Fe nanohissaciklori, polimer nanokompozitlor, nanodoldurucu, IQ analizi.

Giris. Polimerin mexaniki xassalori xarici qivvanin tesirine moruz qaldigda onun
mexaniki xususiyyatlorinin necs doayisdiyini miioyyan edan xassalor kompleksidir. Mexaniki
quvvalarin tasirindon bitiin maddalor oldugu kimi polimerlar do deformasiyaya, daha gucld,
uzunmuddatli tesir oldugda iso dagilmaya moruz qalir. Polimerlor {igiin onun qurulus
xassalorindon giiclii asili olan mexaniki xarakteristikalarinin genis diapazonu xarakterikdir.
Qurulus parametrlorindan slave polimerin mexaniki xassalorina xarici faktorlar: yikin totbiq
olunma surati vo middati, tazyiq, temperatur, atraf muhit va s. tosir edir.

Molum olmusdur ki, tizvi vo ya qeyri-Uzvi tobisto malik bark dispers fazanin polimer
fazaya daxil edilmosi materialin fiziki-Kimyavi, mexaniki, termik, elektrik vo doldurucunun
novindon asli olaraq digor funksional xassolorinin doyismosino sabob olur [1]. Belo ki,
nanodoldurucu hissaciklori otrafinda xiisusi strukturlagsmis (six gablasmis) polimer gati omoalo
galir ki, bu da nanokompozitin mexaniki xassalorini muoyyan edir. Molekulyar-dinamik
modellosma metodu il polimer kompozitlords tsiklik deformasiya zamani1 mexaniki xassalori
todgiq edilorok nanohissaciklorin  matriso daxil edilmoasi ilo polimerin Gstmolekulyar
qurulusunun yenidon toskili naticasindo makromolekullarin konformasiya doyiskonliyi bas
vermoasi Vo mexaniki xassalorinin geyri-xatti doyismosi miisahids olunmusdur [2]. Bu baximdan
polimer matrisdo nanohissaciyin miqdarindan asili olaraq polimer nanokompozitlorin mexaniki
xassalarinin tadqigi aktual masalalordan hesab olunur.

Polimer nanokompozitlarin sintezi. Toadqiqat isindo PP+Fe nanokompozitlorinin
alinmasi ti¢lin dlgtlori 0,5-1,0 mkm olan izotaktik polipropilen tozlart 120°C toluolda hall
edilmigdir. Hall olunmus polimerdan ibarat mohlula hissaciklarinin dl¢tlari 20-100 nm olan
0,1%; 0,3%; 0,5%; 1%; 3%; 5%; 7% va 10% hacmi miqdarlarinda Fe nanotozlar1 alavs edilmis
Vo 1 saat arzinds komponentlor maqnit qarigdiricida qarigdirilmisdir. ©lds olunmus qgarisiqdan
holledici buxarlandirilaraq nanokompozit kiilgalor soklina salinmisdir. Bu kiilgalordon 10 MPa
tozyiq altinda polipropilenin arima temperaturunda (160°C) isti preslomo metodu ils 100-120
mkm galinliglt nanokompozit tobagolori alinmisdir. Bu zaman alinmig nanokompozitlords Fe
nanohissaciklorin hacmi miqdarina goro qaramtil, nisboton gara vo tlind qgara olmagla
forglonmisdir (sokil 1).

Isti preslomo tisulu mixtolif formali, 6l¢ii vo qalinliglt polimer nanokompozit tobagalarin
alinmasina imkan verir. Digor torofdon bu metodla mogseddon asili olaraq texnoloji
parametrlori-tozyiq, temperatur, nimunanin saxlanma mdiddatini idaro etmoklo polimer
nanokompozitlorinin {ist molekulyar qurulusuna, buna uygun olaraq da bir sira xassalarina tasir
etmok mumkdndr.
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__v’ Buxarlanma

Presloma

Nazik tabaqgoa
Sak.1. Polimer nanokompozitlorin alinma marhalalori.

Tadqgiqat metodlar: Todqigat isindo nimunalorin torkib vo qurulusunun analizi
infraqirmiz1 spektroskopiya iisulu ilo aparilmisdir. IQ analizi todgiqgi Furye Spectrofotometr
Varian 3600 FT-IR spektrometri vasitasi ilo yerino yetirilmisdir.

Polimer nanokompozitlorin  mexaniki mdhkamliyini  6lgmak Gglin - nanokompozit
nimunalor uzunlugu 10 mm, uclarinin eni 3 mm olan ikitorafli kiirok formasinda xiisusi forma
bigagla kosilmisdir. Xiisusi Olglido hazirlandigdan sonra niimuna mivafiq 6lgmo yerina
borkidilir vo P yiikii nizamlayici1 vasitasilo nimuna ilo olagolondirilir. Nizamlayic1 artan
garginliyi tonzimloms funksiyasini yerina yetirir. Belo ki, 6lgma zamani niimuns uzanir, en
kasiyinin sahasi isa azalir va naticada sabit yikiin garginliyi artir.

Nozars alsaq ki, nimunanin en kasiyinin sahasi uzunlugunun artmasina miitonasib olaraq
azalir, onda niimunoanin hocmi doyismayacok vo demali o = const bu zaman €%
deformasiyanin artmasi ilo nizamlayicinin qolunun uzunlugu azalmalidir.

R:Ro

o 1+¢
Burada, € — nisbi uzanma,

Ry Vo R — yiks(iz vo yiiklii halda radius vektorun {ifiiqi oxa proyeksiyasidir.

NOTICO

Fe nanohissaciklori ilo daxil edildikdon sonra alinmig niimunalorin torkib vo qurulus
doyismolorinin askar etmok Ugin 400-4000 sm™ dalga ododi araliginda infraqurmizi
spektroskopiya metodu istifade olunaraq nanakompozit numunslor todqiq edilmisdir.
Birlosmalarin 1Q spektrlarinin todgigi onun torkibi, qurulusu, qurulus vahidlarinin garsiligh
(fragmentlori) tasiri (ham bark halinda-kristallik va ya amorf, hom do moahlul halinda) haqqinda
ohomiyyatli informasiya oldo etmoys imkan verir. IQ spektrlor hamginin miioyyan
mosamoloarin, kanallarin, hesabina maddonin sathina sorbsiya olunmus va ya hacminda
yerlosmis molekullar vo onlarin voziyysti haqqinda molumat verir. IQ spektrlor bitin
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molekullarin xarakteristikasin1 oks etdirir, belo ki, bazi grup atomlar molekulun diger
hissalarinin strukturundan asili olmayaraq miiayyon tezliklordo udma zolaglarina malik olurlar.
Bu zolaglar molekul strukturunun elementlori haqqinda informasiya dasiyir. Xarakteristik
tezliklorin cadvoli m@vcuddur vo burada bir ¢ox zolaglar molekulun torkibina daxil olan
funksional gruplarla slagodardir [3]. Yiingiil hidrogen atomuna (C-H, O-H, N-H), ikiqat
rabitoys malik qruplarin (C=C, C=N, C=0) ragslori xarakteristik olur [4]. Bu funksional qruplar
4000-don 1600 sm™ diapazonda 6ziinii gostorir. 1300-don 625 sm™ spektr oblast1 “barmaq
izlori” oblast1 sayilir. Bels ki, buraya C-C, C-O, C-N gruplarinin elaca do deformasiya ragslarini
oks etdiron udma zolaglar1 daxildir. Bu ragslorin giiclii qarsiligh tasiri naticasinds ayrica
rabitalorin muayyoan edilmasi mimkin olmur. Bununla belo bu oblastda bitin udma
zolaglarmin toplusu birlogsmolorin individual xarakteristikas1 sayilir [5]. Toadqig olunan
maddanin biitiin udma zolaqlarinin mévcud etalon spektrlorla Gst-lsta diismasi onun identifika-
siyasint  siibutudur. Sokil 2-do saf polipropilen eloco do PP+Fe osasli polimer
nanokompozitlarinin IQ spektrlari verilmisdir.

1Q spektrlorindan gériindiiyti kimi domir nanohissaciklorinin polipropilen matrisina daxil
edildikda bir ¢ox piklorin udulma zolaqlarinin intensivliyinin azalmasi bas verir. 1376 sm™
dalga ododine uygun udma zolagi CHs grupunun simmetrik deformasiya ragslorina, 1459 sm
antisimmetrik deformasiya roagslorine, 2839 sm™ CH. grupunun valent ragslorine uygun galir

[6]

6=
148
128
108 1
g1
2
=
= ]
S
0= i 3

1 .~ MA—;;

ETEY PTETY P thresrdorasbavialianrbaiiabiieg prboveabaaraboreadarie il

| i
3900 3600 3400 3200 3000 2300 2600 2400 2200 2000 1500 1600 1400 1200 1000 800 600 " 500
Dalga adadi, sm™

Sok.2. PP vo PP+Fe nanokompozitlorinin 1Q spektrlari:
1. PP; 2. PP+1%Fe; 3. PP+3%Fe; 4. PP+5%Fe.

Fe nanohissaciklarinin 5% hacmi miqdarinda nanokompozitin IQ spektrindo 1376 sm™,
1459 sm'1, 2839 sm™ dalga adodine uygun udma zolagmin intensivliyi koskin azalir. Beloliklo,
PP+Fe nanokompozitlerinin 1Q todqigi gostordi ki, nanodlgiilii Fe doldurucusunun polimer
matrisaya daxil edilmasi polimerin kimyoavi qurulusunda heg¢ bir doyisiklik yaratmir, yalniz
fiziki qurulusunu doyisir-polimerin udulma zolaginin intensivliyinin azalmasi bas verir.

Todgiqat isindo PP+Fe osasli polimer nanokompozitlorinin Fe nanohissaciyinin

39



konsentrasiyasindan asili olaraq mexaniki xassolorinin doyismasi Oyronilmisdir. Miiayyan
olunmusdur ki, nanokompozitlorin mexaniki mohkomliyi Fe nanohissaciyinin 1%
konsentrasiyasina kimi saf polimers nisbaton artir, lakin nanodoldurcunun miqdarmnin sonraki
arttm1 mexaniki moéhkomliyin azalmasina gatirib ¢ixarir (sokil 3) [7].
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Sok.3. PP+Fe nanokompozitlorinin mexaniki méhkamliyinin
nanodoldurucunun miqdarindan asililig.

Polimer matrisa ilo nanohissaciklor giiclii fiziki qarsiliqli tasirds olur ki, bu qarsiligli tasir
doldurucu fazanin konsentrasiyasindan, nanohissaciklorin 6l¢lisiindon nanokompozitlarin
almma sortlorinden asili olur. iki fazanin sorhodinds nanodoldurucu ilo matrisa arasinda
fazalararasi vo ya sorhad gat amalo golir, amala golon fazalararasi sahanin xassolori matrisanin
xassalorindon  kaskin farglonir. Nanokompozitin  sorhoddinds nanohissaciklor qurulus
omologatirici  funksiya yerino yetirorok kristallik polimer qurulusu formalagdirir.
Nanohissaciklorin qurulus amalas gotirms aktivliyi fazalararasi sorhaddo molekulyar zoncirlorin
kristallikliyinin termodinamik parametrlorinin yaxsilagsmasina imkan verir. Belalikla, polimer
matrisada domir nanohissaciklorinin az migdarinda qurulus amalo gatirici 6zok rolunu oynayir
vo nanokompozit daha yaxsi xassolor niimayis etdirir, lakin nanohissaciklorin miqgdarinin
sonraki artimi polimerlarin fiziki qurulusunun dagilmasina gatirib ¢ixarir.

NOTICO

PP+Fe nanokompozitlorinin mohlulda garigdirma metodu ilo alinmasi naticasindo Fe
nanohissaciklorin polimer matrisada homogen paylanmasina nail olunmusdur. Sintez olunmus
PP+Fe nanokompozitlorinin 1Q todqigi gostordi ki, nanodlgiilii Fe doldurucusunun polimer
matrisaya daxil edilmasi polimerin kimyoavi qurulusunda heg¢ bir doyisiklik yaratmir, yalniz
fiziki qurulusunu doyisir-polimerin udulma zolagmin intensivliyinin azalmasi bas verir.
Homginin  mioyyon olunmusdur ki, nanokompozitlorin mexaniki mdohkomliyi Fe
nanohissaciyinin 1% konsentrasiyasina kimi saf polimera nisbaton artir, lakin nanodoldurcunun
miqdarinin sonraki artimi mexaniki méhkamliyin azalmasina gatirib ¢ixarir. Polimer matrisada
domir nanohissaciklorinin az miqdarinda qurulus amalo gotirici 0zok rolunu oynayir vo
nanokompozit daha yaxsi xassolor niimayis etdirir, lakin nanohissaciklorin miqdarinin
artmasinin polimerlorin  fiziki qurulusunun dagilmasina gotirib ¢ixarmasi naticasine
golinmisdir.
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UCCJEIOBAHUE MEXAHUYECKNX CBOVCTB HAHOKOMIIO3UTOB PP+Fe
B 3ABUCUMOCTHU OT KOHOHEHTPAIIMN HAHOHAIIOJIHUTEJIA

CYJITAHOBA JTXK.P.

CuHTE3MpOBaHbl HOBbIE HAHOKOMIIO3UTHBIE MaTE€pHalibl HA OCHOBE TEPMOILIACTUYHOTO
noJInMepa MmoJMnponuieHa u Hanodactui] Fe. O0pa3iibl HAHOKOMITO3UTOB OBLITH HCCIIETOBAHBI
MeTo0M nHdpakpacHoii cnexrpockonuu (MK) B muanazone BoaHoBbIX uncen 400-4000 cm™ ¢
1eNbl0 OOHApy)KeHHUsS W3MEHEHHUH B COCTaBE M CTPYKType OOpas3loB, MOJyYEHHBIX IOCIE
HarolHeHus HaHodacTuamMu Fe. Taxoke B mccienoBaTellbCkoil paboTe M3yuyeHO M3MEHEHHE
MEXaHUYECKUX MPOYHOCTHBIX CBOMCTB MOJMMEPHBIX HAHOKOMMO3UTOB Ha ocHoBe IIII+Fe B
3aBHCUMOCTH OT 0ObeMa HaHouacTull Fe.

KioueBble ciI0Ba: TONMIPONMIICH, HAHOYACTHIBI JKeJle3a, IIOJUMEpPHBIE  HAHOKOMIIO3UTHI,
HaHOHanoyHuTeNIb, UK ciekTpockomnms.

STUDY OF THE MECHANICAL PROPERTIES OF PP+FE NANOCOMPOSITES
DEPENDING ON THE NANOFIiLLER CONCENTRATION

SULTANOVA J.R.

A new class of nanocomposite materials has been synthesised, based on thermoplastic
polymer polypropylene and iron nanoparticles. The samples of nanocomposites were
investigated by infrared spectroscopy (IR) in the wave number range of 400-4000 cm-1, with
the objective of detecting changes in the composition and structure of the samples obtained
after filling with iron nanoparticles. Additionally, the research examined the impact of varying
the volume of Fe nanoparticles on the mechanical properties of PP+Fe-based polymer
nanocomposites.

Key words: polypropylene, iron nanoparticles, polymer nanocomposites, nanofiller, IR spectroscopy.
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IAJIEKTPOHOI'PAONYECKOE UCCIIEJOBAHUE KUHETUKHU
KPUCTAJIUIM3AIIUU AMOP®HBIX IIVIEHOK CulnsSes
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MeTomoM KHHEMAaTHYECKOH HJIEeKTpOHOTrpadHu, MO3BOJAIOMICH IPOM3BOIUTH HENPEPHIBHYIO CHEMKY
00BEKTa MPH Pa3NIUYHBIX YCIOBUAX TEPMOOOPAOOTKH HMCCIIEOBAaHBI IMpoIecch (a3000pa3oBaHus u (Ha30BBIX
nepexoJoB B TOHKHX ciosx CulnsSes, YcTaHOBIEHBI KMHETHUECKHE MapaMeTpbl KPUCTaUTU3alud aMOp(HBIX
wieHoK coctaBoB CulnsSes. OnpeneneHbl MEPHOCTh POCTa KPUCTAIIMKOB W 3HAYEHHS DHEPrHH aKTHBAIMA
3apoJIbIIe00Pa30BaHUs U JaTbHEHIIET0 UX POCTa.

KiroueBsle c1oBa: (ha3000pa3oBaHue, TOHKUE IICHKH, KPHCTAILTH3ALMS

o v > Iplll VI
BBenenue. XaabKOTCHUIbI TPOUHBIX COCAUHCHUN XUMUYCCKOUN I'PYIIIbL A'B CZ U ux

aHaJoTH 00Ja/IafoNIe, EHHBIMA (U3UYECKUMHU CBOMCTBAMH SIBIISIIOTCS TEPCIIEKTUBHBIMU
MaTepuaiaMy JUisl COBPEMEHHOM ONTO3JIEKTPOHHON TeXHUKH. HecMoTps Ha TO, YTO N3y4YEHHUIO
ITHX MAaTEpUAIOB yJelseTcss OOJbIIOe BHUMAHHE, 1O CeW JCHb OCTAIOTCS Psij MpoOiieM U
HEBBIICHEHHBIE BOIIPOCHI, KAK CO CTPYKTYPHOM TOYKH 3PEHUS, TaK U CBS3aHHBIE CI0KHOCTBIO
MOJyYeHHUST MOHOKPHCTAJUIOB BBICOKOTO COBEPIICHCTBA W OOBEMHBIX CTEKIOOOpPa3HBIX
BEIIIECTB, IPUTOJIHBIE /1151 PEHTTeHOrpaMueCKUX UCCIET0BAaHHM.

B otnnune ot MacCUBHBIX 00pa31oB IJIEHKU C HAHOPAa3MEPHOU TOJIIIMHOM OJTHOTO ¥ TOTO
K€ COCTaBa, B 3aBUCUMOCTH OT YCJIOBUH MOJTy4yeHHs MOTYT OBITh C(hOPMUPOBaHbI B aMOp(HOM,
MOJIMKPUCTAIIINYECKOM, TEKCTYPUPOBAHHOM U MOHOKPHUCTAJIIMYECKOM COCTOSIHUSIX.

CHOXHOCTh TMPOLIECCOB KHHETUKM KPUCTAIU3AIMM aMOpP(QHBIX IUIEHOK M BO3-
HUKHOBEHUS HOBBIX KPUCTAINIMYECKUX MOAU(PUKALUI TPH (Pa30BbIX MPEBPAIICHUIX B TOM, YTO
3a4acTyl0 HEM3BECTEH MEXaHMU3M 00pa30BaHMs LIEHTPOB KPUCTAJUIN3ALMHI U JaJIbHEHIIEro ux
pocta. CBeJieHHSI O MEXaHU3ME POCTa KPUCTAJIMKOB M 3aBHUCHUMOCTH CKOPOCTH (pa30BBIX
IPEBPAlICHU OT TEMIIEpaTypbl MOYKHO IIOJIy4YMTb, H3y4das TEMIIEPATypHO-BPEMEHHBIE
3aBUCHUMOCTH KPUCTAUNIM3AaLMA  aMOPQHBIX IJICHOK U MEPEeKPUCTAIUIM3ALUI0 TOHKUX
KPUCTAJNTNYECKUX CIOEB, ONpeAesis KHHETHYEeCKHEe TapaMeTphl (pa30BbIX MEPEXOI0B.

[lenpro nmaHHOW pabOTBI SABISETCS oOmpenesicHne ycioBui cuHTe3a CulnsSeg,
oOpasyrolierocs Mpu BaKyyMHOH KOHJIEHCALUU ABOMHBIX coelMHEHHH cocTaBoB CuU2Se, In2Ses,
¥ KHHETUYECKHX IMapaMeTpoOB KpHCTAILTH3aK aMopHbIX TuieHok CulnsSeg.

KuneTtuky kak pu3nueckux, Tak U1 XMMUYECKHX IPOILIECCOB OMpeEAesieT COOTHOIIEHUE
MeXy oJiel mpeBpatuBiIerocs oobema V u BpeMeneM npespaiieHus t. Tepmonnnamuyeckue
ycnoBHs 00pa3oBaHMs HOBOH (ha3bl yCTaHOBIIEHBI B paboTe [5], B KOTOpO MOKa3aHO, YTO BO
BCEX CIIydasiX MpeBpalleHre BO BpeMEHU 00YyCIIOBIEHO BOZHUKHOBEHUEM LIEHTPOB HOBOH (ha3bl
B 00beMe Ha4YallbHOW M MX MOCIEAYIOIUM pocToM. KuHeTHka KpucTalmu3auu aMmop(HbIX
BEIIECTB OINpeAeseTcs] AByMsl B3aUMOCBS3aHHBIMU MapaMeTpaMH: CKOPOCTbIO 00pa3oBaHUs
LEHTPOB 3apO/IBIIEH B euHnIEe 00bema (33) M IMHEHHOH cKOpOCThIO X pocta (8p). CxopocTh

BO3HUKHOBCHHS LIEHTPOB HOBOH $asbl- 93 ( ciyuae KpHCTAIIM3aMiH aMOP(HBIX MLICHOK)
oTpesieNsgeTcss Kak YHCIO 3apoJbllIel, MPeBpallaloluXcsl B IEHTPHl B €AMHUIE 00beMa
MeTacTaOuiIbHON (a3bl. CKOPOCTh U3MEHEHUS IMHEIHBIX pa3MEPOB PaCTYIIUX LIEHTPOB HOBOM
dasbl, cormacuo [2], ONpPENENSCTCS JMHEHHOW CKOPOCTBIO KPUCTAILIM3aLMH aMOP(HBIX
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BemiecTs (9p). M3 CKa3aHHOro BBITCKACT, YTO JUIsl YCTAHOBICHWS 3aBHCHMOCTH MEXIY
3aKpUCTAJUITM30BAaHHBIM 00BEMOM U BPEMEHEM JOCTATOYHO OTIPEIEIUTD JUIIb ITapaMeTpPhl 95

(Sp)-

METOAUKA OCIIEPUMEHTA

ToHKOIJIEHOYHbIE MaTepHalibl, MPUTOJHBIC IJIS WCCIETOBAaHUN METOIOM AU(PpPaKINU
OBICTPBIX JCKTPOHOB, MOTYYalId KaK B MPOIIECCE UCTIAPECHUSI CHHTE3UPOBAHHOTO COCTUHEHUS
CulnsSes, Tak U B pe3ysbTare TEPMUYECKOTO HAIMBUICHUS TBONHBIX COCAMHEHUN COCTABOB
Cu.Se u In2Ses B cootHomienuu 1:5. [lpu 0THOBPEMEHHOM | MOCIOWHOM ocaxkaeHuu CuzSe u
IN2S€e3 MCTOYHWKM HCMapeHUs] — BOJNb(PPaMOBbIE KOP3MHOYKU C KOHUYECKUM IMpoduieMm —
CTOAJIM Jpyr OT japyra Ha paccrosHuu 150 MM u Ha BbicoTe 50 MM OTHOCUTEIBHO
mMoHokpuctaundeckux momaoxkek NaCl u KCIl, HaHeceHHBIX Ha CETOYKH, MOKPBITHIX
nestynonoM. [1oamoKku mpeacTaBIsiin cO00M TOHKHE CIIOM MUKPOHHOM TOJIIUHEI, KOTOPHIE
OTKaJbIBaIK OT O00sbmiuX 1mo 0obemy MonokpuctauioB NaCl u KCl nenocpeacrsento nepen
MIOMEIIEHUEM HX B BaKYyMHYIO YCTaHOBKY.

[Tappl KOHAEHCHPOBAIUCH HA TOJJIOXKKHU MPU KOMHATHOM TemrmepaType B BaKyyMe,
JaBJIEHHE OCTATOYHBIX I'a30B B KOTOpPoM cocTasisio ~10* ITa. CkopocTs ocaxneHns Oblaa
~0.2 wm/C. [Ins mpenoTBpallleHUs [OBTOPHOTO HCHApeHHUs, a TakKkKe OKHUCICHUS
TOHKOIUICHOYHBIX OOPA3IOB MPH WX TEPMHUYECKOH OOpabOTKE MPHU BBICOKUX TEMIIEPATypax
UCCJIeTyeMbIE TJICHKH, TOJIIMHA KOTOPBIX COCTaBIsIa 7 ¥ 35 HM, MOKPHIBAIUCH TOHKUM CIIOEM
[EJUTyJIONIa TaK, YTO OHHU OKa3bIBAIMCH 3aKIIOYEHHBIMM B CBOCOOpa3HYIO Karcyly.
KonnyectBo ncnapsiembix BemectB CuxSe u In2Ses cocrapisiio 3.4 1 13.8 M COOTBETCTBEHHO.
Crnenyer ykazaTh, uTo npu Temneparypax 423K u Bbllie 3amuTHas HEIUTYJIOMIHAS TICHKA
pazpyuianace. J{Jis UCKITIOYeHHS TTOJOOHBIX MTPOIECCOB, BEPOSITHOCTU OKUCIICHUS B BO3AyXE U
pa3NoKEHUs B MPOIECCE MOCISAYIONUX TEPMOOOPaObOTOK MPH MOBHINICHHBIX TEMIIEpaTypax,
WIHM TIPU AJTUTENHOM XpaHEHUU UCCielyeMble 00pasiibl KacyIMpOBAIUCH TOHKUMHU CIIOSIMU
amop¢Horo yraepoaa [1, 2]. C y4eTom yriaepoaHbIX CIIOEB CyMMapHast TOJIIUHA HCCIIETYEMBIX
00bekToB He mpeBbimana ~50 HM. CTpyKTypHbIE XapaKTepUCTUKH TOHKHX cioeB CulnsSes,
nony4yeHHbIX Ha moBepxHOCTIX NaCl u KCI nmpu pa3nnynbix TeMiepatypax u (a30BbIii COCTaB
TUICHOK, 00pa30BaBIIMXCS B PE3yNbTaTe OJHOBPEMEHHOTO M MOCIEI0BATEILHOTO HCIIapEHUS
CuSe, In Ses, msydamuce B anektpoHorpadpe DMP-102. DxcrneprMeHTH TIO TOTYYCHHIO
amop¢HbIX MmiIeHoK coctaBa CulnsSeg mns ucciaenoBaHUS KMHETUKM HMX KPUCTAIUIH3AIUU
MIPOBOJIMIINCH | TS CITydasi, TJIe TOTOKKaMHU CITY KUK Takke MoHokpucTamuibl KCI.

PE3YJBbTATHI U UX OBCYXJIEHUE

HeszaBucumo ot mnocienoBarenbHocTH ucnapeHuss CuzSe u In:Ses Ha mutockocTtH
KOHJICHCAIINW, HapaBHE ¢ coequHeHUsMHU cucteM Cu-Se, In-Se, sBISFOIMMHECS JBOWHBIMU
ceueHUsIMU TpoiiHoi cuctembl Cu—In—Se, oOpa3syercs TpoitHoe coenuHenne coctaBa CulnsSes.
Bce menku, oOpasyrompiecss Ha TOJUIOKKAaX NMPH KOMHATHOW TemIieparype, Kpome (assl
cocraBa CU2Se, hopMupyroTcst B aMOp(HOM COCTOSIHUU.

Jns  mudQy3HBIX JTHHUN DIIEKTPOHOTPaMM, IIOJYYEHHBIX OT aMOP(HBIX IUICHOK,
dopMHpyIOIIUXCS Ha MOJUIOKKAX, PACMOJOKEHHBIX B TOW 00JacTH KOJJIEKTOpa, I/E IO
pacuety JOJDKHO ObUIO (opmupoBaThes TpolHOe coeauHenne CulnsSes, 3HaveHUs
S =4msin 0/ = 30.52, 40.43, 60.85 uM . AMOp(HbIE MIIEHKH, 00pa3yIOMIKECs B JOCTATOYHO
MIMPOKON 00JacTH MIIOCKOCTH KOHAEHcaluu npu Temmneparype 383 K, kpucTtamumzyroTes ¢
napamerpamu pemretkn a = 0.572, ¢ = 1.162 HM, coOmIacylONIMMUCS C JaHHBIMHU JUIS
rekcaroHanbHoro a-CulnsSes, npuBeneHHbIMHU B [3].

C menpio W3y4YeHHs KWHETHKH KpHCTaUTM3alu aMop@HbIX TuieHOK CulnsSeg Obuim
MOJIy4YeHbl M30TEPMUYECKHUE KUHEMAaTHUECKUE 3JIEKTPOHOTPaMMBbI, MOKa3bIBAIOIINE MPOIIECC
kpuctaummsannu pu 363, 373 n 383 K. [Ipu temneparypax Beime 393-398 K npoucxoaur
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pe3kuii (a3oBbIil MEpPexo/l, BCIEACTBHE KOTOPOTO HE ynaaercs (UKCUPOBATh OT HAYajio 0
KOHIIA IIPOIIecC KHHETUKU (ha30BOT0 PEBPALCHHUS.

Kunemarndeckas 2JI€KTpOHOTpaMMa, Ha KOTOPOH 3aperHCTPHPOBAH MPOIECC KPUCTa-
mu3anuu amopduoro CulnsSeg mpu Temneparype 373 K, npuBenena Ha puc. 1. B mpormecce
KpUCTAJUTH3allud  00pasyercs TMOJMKpPUCTAUIMUECKass rekcaroHaidbHas ¢aza CulnsSes.
JAuddysubie muann amopduoit ¢assl uienku CulnsSeg B pesynbraTe oT)KUTa “ocinabeBas’, co
BPEMEHEM  TIOJHOCTHIO  HWCYE3al0T, a WHTCHCHBHOCTH  TUQMPAKIUOHHBIX  JTMHHA
KPHUCTAJNTHYECKOM reKcaroHaabHOM (pa3bl BO3pacTaroT.

Jdns  w3MepeHHWss  3aBUCUMOCTH  WHTCHCHUBHOCTEH  JAM(PAKIUOHHBIX  JIMHUH
rekcaroHanbHo# (azbl CulnsSeg ot Bpemenn oTxkura ObUIM BBIOpAHBI JIMHUU C MHICKCAMHU
2021, 3142, 5051, He mepekpbIBaroUIrecs ¢ JIMHUSIMH aMOpGHOM ¢a3bl U OIU3ISKALTUMU
JVHUASMHU KPUCTAJUIMYECKON (Das3bl, 9YTO MOTJIO ObI BHECTH ONPEACICHHYIO JIONIO ONIMOOK B
U3MEpEHUs] MHTEHCUBHOCTEH. HANIIMpOBaHNE SIIEKTPOHOTPAaMM OT HOJIMKPUCTAIUINYECKOTO
obpasa CulnsSegs w wuneHtudukanuo obOpasywommxcs ¢a3, TPOBOAWIM CpPaBHUBAS
IKCIIEPUMEHTAILHO HAOJI0aeMbIe MEKIUIOCKOCTHBIC PACCTOSIHUS Ohki ¢ pACUETHBIMH.

TKOMH o

240c

192 ¢
144 ¢

383K

96 ¢

48 ¢
Oc

CulnsSeg (amopd.) ~
5051
3142
2021
Puc. 1. Kunemaruueckast anekrpoHorpamma npeBpaieHust CulNsSegawopy)— CUlNsSes(rec).

[ns mepexona OT 3HAYEHUN MHTEHCUBHOCTH K KOJWYECTBY 3aKPUCTAILIM30BABIICHCS
dazer CulnsSeg MakcumanbHOE 3HAYEHHE MHTEHCHBHOCTH COIMOCTABIISLIOCH C TOJHOCTHIO
3aKpHUCTAJUIM30BAHHBIM 00BEMOM HcclieyeMoro oObekra. Takum o0pa3zom, ompeaesnsscs
00BbeM, MPUXOASIIUNCS Ha €IUHUIY UHTEHCUBHOCTH, YTO B KOHEUHOM UTOTE MO3BOJISIIO HAWTH
00beM 3aKpUCTATUIM30BABIICHCS YaCTH BEIIECTBA B 3aBUCUMOCTH OT BPEMEHH OTKHTA.

CornacHo [4]

2 2
I = onﬂ v dinAP J 1)
Q 4nlA

rzie lo— MHTEeHCHBHOCTD MEPBUYHOTO ITyYKa; A — JJIMHA BOJHBI 3JICKTPOHHOTO My4Ka, paBHAs
0.0448 A; @ — cTpykTypHBIil pakTop; Q — 06bEM dIeMEHTapHBIH sUeliku, paBHbi 0.323x10°
2 oM 3 V — obmydaemsiit 06bem 14x107° em3, onpenensncst kak V =sh, Tae S — cedenue
3JIEKTPOHHOTO MydKa, paBHoe 2.8 X107 cM?, h — TomMHA MIEHKH TOMMKPUCTAILINIECKOTO
BellecTBa, paBHas 50 HM; Ohk — MEXKIUIOCKOCTHBIE PACCTOSIHUS [T Pe(ICKCOB ¢ MHICKCAMHU
2021,3142, 5051, cocrasnsior 2.51, 1.66, 1.33 A cooTBercTBeHHO; A — Majbli y4acTOK
JleGaeBckoro konbla, P — ¢akTop noropsieMocTy; LA —nmocrosHHas npubopa, paBHas 52.73
MM~ A. CooTHOIIEHHE MEsK Ty JOIAMH MPEBPATUBILIErocst 0obemMa V i BpeMeHeM TIpeBpalieHus
t ompenenser KWHETHKY mpoiecca. KuHeTHueckMe W TEpMOJMHAMUYECKHE KPHUTEpPHUU
00pa3oBaHUs ¥ pocTa HOBBIX (ha3 ycTaHOBJICHHI B [5]. da3oBble MpeBpanieHust BO BPEMEHH BO
BCEX CIIy4yasiX TEPMOJMHAMUYECKHE, 00YCIOBIEHbl BOSHUKHOBEHHEM IIEHTPOB HOBOW (ha3bl B
00beMe UCXOTHOW U TIOCIIEAYIONIMM UX POCTOM.
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VYpaBHeHHe, oOmuCHIBaIOIIee  KUHETUYECKUE  3aKOHOMEPHOCTH,  OOBSCHSIEMbIE
CTAaTHCTUYECKUM XapaKTepOM 3aIoJHEHUsI 00beMa IEHTPaMU KPUCTAILTU3ALNHU, TTOTyUYeHO B
BHJIC AHAJIUTUYECKOTO YpaBHEHHUS B [6]:

Vi= Vo [1 - exp(-Kt™)]. (2)
3nech Vi — 00beM 3aKpUCTAITU30BABILETOCS BEIIECTBA K MOMEHTY 1, Vo — HauanbHbIH 00beM,

3

1
K- KoHCTaHTa CKOPOCTH peaKlyH, paBHas 3 v,

3nech 3, U, CKOPOCTH POCTa KPUCTAJI-

JIMYECKUX 33p0,£[BIH.I€I>i nu z[aaneﬁmero X poCTa COOTBETCTBCHHO, KOTOPBLIC OIMUCBIBAIOTCS BbI-
E E

3 p

paxennsmu tuna 3, = de ®T 9 =A,e R, rne A1 u Az HeKOTOpble NOCTOSHHBIE, HE

3aBHCSIIUE OT Temnepatypsl, E; u E, — sHeprum aktuBanuu 3aposliieo0pa3oBaHus U pocTa
KPUCTAIMKOB. R- yHUBepcanbHas ra3oBas MOCTOsHHAs, T — aOCoOJIOTHas TeMmIeparypa.
Benuuuna “m” pasznuuHa ais BO3MOKHBIX THUIIOB MPEBPAIEHUA U 3aBUCUT OT Pa3MEPHOCTH
pocTa, Ha OCHOBAaHUHU KOTOPOTO JIETAIOTCS BHIBOBI O BOZMOXXHOM MEXaHU3ME MIPEBPAIlICHHUS.

3HaveHHs o0beMa 3akpucTauI3oBaBierocs Bemectsa CulnsSeg Vi B MOMEHT BpeMeHH
t, momydeHHBIC I AUPPAKIUOHHBIX JIMHUK C WHICKCAMU, YKa3aHHBIMHU BBIIIC, OKA3aJUCh
IPUMEpPHO OJIMHAKOBBIMU, pa3HULa He mpeBblmana 3%. M3orepmuueckre KUHETHYECKHE
KPHUBBIC, TIOCTPOCHHBIE JIUIS BBIICYKA3aHHBIX TEMIIEPaTyp, IPEACTABICHBI HA pUC. 2.

V., 10°%cm®

363 K 373K 383K

7,07
6,0 7
5,01
4,07
3,07
2,01

1,07

T T T T T T T T T t(CEK)
50 150 250 350 450

Puc.2. Kunetnueckue kpuBble kKpuctamuzaunu amopguaoro CulnsSes.

ComnocTaBieHle JaHHBIX H30TEPM C AHAJTUTHUYECKHM BBIPAXEHHMEM I10Ka3ajo, 4YTo
Jydiee COBNAJEHUE BBIABIsIETCS pu M = 4. 3HadeHne M = 4 yka3bpIBaeT, 4TO B Ciydae
Kpuctau3anuu amopduoit ¢azsr CulnsSeg mporcXoaUT TPeXMEpHBI POCT KPUCTAIIIHKOB.
3unavenus INK mis 363, 373, 383 K, coorBcTBeHHO, paBHbI 25.7, —22.2, —19.8. I'paduku

3aBucumocTr In In V% _y OT Int ns Temmeparyp 363, 373, 383 K mpenacraBienHsie Ha
(o] t

puc.3 BBIPaXKAIOTCS MPSIMBIMU JTUHUSMHU.
3aBucumocth INK ot obpatHoit Temneparypsl mis CulnsSeg okasanach JIMHEHHOU.

1
CornacHo ypaBHeHnuto Appenuyca: In K = A— " (E ,+3E,), (3)

rne E; m E, — 3HaYeHMs DHHEPrUM AaKTHBALMM 3apoAbIIIeoOpa3oBaHUS M poOCTa
cootBeTcTBeHHO. Cymma E; + 3E), onpesienieHHas o HakJIOHy KpuBoii 3aBucumoctu InK ot
1/T, paBHa 87.7 KKaJI/MOJIb.
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DOHeprusi aKkTUBAIMH 3apobIeo0pa3oBaHus FEs;, oONpeneneHHas IO 3aBHCUMOCTH
IKCIICPUMEHTAIBHO HAOMI0JaeMo BpeMeHH Hadvana Kpucrawmsamuu 1l/tjor 1T (10 —

WHIyKIHMOHHOE Bpems [7]), paBHa 21.4 kkan/mon (puc. 3).

vV
Inln 0

0 1

1.5 383K 373 K
363 K

1.0 1

0.5 1

0.0 1

-1.0

=1.5:

L - . . . Int
2.7 3.2 3.7 4.2 4.7

V
Puc. 3. 3aBucumocts In In —OV ot Int npu kpucTanmmsamuu amopduoro CulnsSes.
0~ Vi

3HavyeHne SHEPTMM aKTMBAllMM POCTA, TOJNYYEHHOE M3 paBeHcTBa E o = E, +3E

oKa3aJioch paBHbIM 22.1 kkay/Moib. TakuM 00pa3oM, yCTaHOBIEHO, YTO IIPU KPUCTATU3AIMN
amopdubIxX mieHok CulnsSes 3HaYeHNs SHEPTUH aKTUBAIMH, HEOOXOAUMBIE /Il 00pa30BaHuUs
LIEHTPOB KPUCTAJUIM3ALMHU — 3apObIIe00pa3oBaHysl U JAlbHEHIIEro X pocTa — MPUMEPHO
OJIMHAKOBBI M COCTaBISIOT 21.4 1 22.1 kkay/mMoib, 4TO OBIBACT KpaitHE pejKo.

InL

Ty
-1.54 383K
-2.01
373K
2.5 1
-3.0
363 K
-3.5 4
Ta . ; l . . 1/T, K
2.6 2.7 2.8

Puc. 4. 3aBucumocTs In 1/10 oT Temneparypsl kpuctayuuzanuu CulnsSeg.
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SAK/IIOYEHUE

Jns usydenus, KuHeTUKH amMopdHbIX mieHoK CulnsSeg moiyueHbl U30TEpPMUYECKUE
KHHEMATUYEeCKHE 3JEKTPOHOTPAMMBI KOTOPBIE IMOKA3bIBAIOT IMPOLECC KPUCTAIUIM3ALUU TPU
temnepatypax 363, 373 u 383 K. Ilpu temmneparype 373 K 3apeructpupoBaH mpouecc
kpuctamu3anuun ~ amoppuoro  CulnsSes u  oOpa3oBaHue  MOJUKPHUCTAIITHYECKOU
rekcaroHasbHOM (a3el. Ilpu kpuctammuzanuu amopdHbix 1wieHOK CulnsSeg mpowucxomut
TPEXMEPHBI POCT KPUCTAUIMKOB. 3HAYCHUSI SHEPIHMM aKTHBALMU 3apOJbIIICOOpPa30BaHUS U
poCTa MPUMEPHO PaBHBI U COCTABISIIOT 21.4 11 22.1 KKaja/MOJIb COOTBETCTBEHHO.
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CulnsSes AMORF NAZIK TOBOQOSININ KRISTALLASMA
KINETIKASININ ELEKTRONOQRAFIK TODQIQi

MOMMODOVA A.C.

Termiki islonmalarinin mixtalif soraitlorinds nimunalorin fasilesiz geyd edilmasina
imkan veron kinematik elektronografiya Usulu ilo CulnsSes nazik tobogolorinds
fazasmalagalmo vo faza gevrilmalari prosesi toadqiq olunmusdur. CulnsSeg amorf tobagasinin
kristallagmasinin  kinetik parametrlori toyin olunmusdur. Kristallarin riiseym halinda
yaranmalart vo onlarin sonraki bdytimalori Uglin tolob edilon olavo enerji — aktivasiya
enerjilorinin giymotlori miayyoanlosdirilmisdir.

Acar sozlar: fazaomologalms, nazik tobags, kristallasma.

ELECTRONOGRAPHIC STUDY OF THE KINETICS OF
CRYSTALLIZATION OF AMORPHOUS CulnsSes FILMS

MAMMADOVA A.CH.

The processes of phase formation and phase transitions in thin layers of CulnsSeg were
studied using the method of kinematic electron diffraction, which allows for continuous
recording of an object under various heat treatment conditions. The Kkinetic parameters of
crystallization of amorphous films of CulnsSeg compositions have been established. The
dimensionality of crystal growth and the activation energies of nucleation and their further
growth were determined.

Key words: phase formation, thin films, crystallization.
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AZORBAYCANDA YASIL ENERJIYO KECiD
LACIN RAYONUNUN AQRAR POTENSIALI

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

Azorbaycan Respublikasi Elm va Tohsil Nazirliyi
Radiasiya Problemlori Institutu
Az 1143, B.Vahabzada 9
poladova-vusale@bk.ru

Mogalodo Azorbaycanda yasil enerji ndvlorinin aragdirilmas, istifado perspektivlori, Lagin rayonun aqrar
bioenerji potensiali, tahlili va giymatlondirilmasi aparilmigdir.

Acar sozlar: yasil enererji, giinas, kiilok enerjisi, bionerji, biokutlo, hidroenerji.

Giris. Hazirda yasil enerjiyo kegid biitiin diinyada bdyiik aktualliq dastyan problemlordan
biridir. Enerji ke¢idi on muasir texnologiyalar totbiq edilmakls ananavi enerji resuslarinin barpa
olunan enerji moanbalari il gisman avoz edilmasidir. Barpa olunan enerji texnologiyalarinin
sliratli inkisafi, diilnya 6lkolorinin qarsiya qoydugqlart iqlim doyisikliklori, ekoloji cohotdon
tomiz enerji moanbalarindan istifadoni genislondirilmasi Paris Sazisi ¢ar¢ivasinds gobul edilmis
6hdaliklorin icrasinda 6z tohvasini verir.

BMT-nin Iqlim Dayisikliyi {izra Cargive Konvensiyasina iizv dlkolor 2015-ci ilds 175
Olkonin imzaladig1 Paris razlasmasinda qlobal istilosmonin qarsisini almaq iiciin tempraturun
1.5° soviyyssinds saxlanilmast vo ABOEM-don istifade Uzro 0Olkalor 6z bldcalorini
formalasdirmagi qorara almisglar. 2016-c1 illdon bu razilagsmaya qosulan Azarbaycan 2030-cu
ilodok karbon emissiyasinin 1990-cu il soviyyasindon 30% azaldilacagini "koniillii hodof" kimi
boyan etmisdir.

Bu mogsadlo 2050-ci ilodok ABOEM-dan istifado payinin 50 faizo catdirilmasi, bu
hocmda do tobii gaza gonast vo atmosfers atilan karbon tullantilarinin azaldilmasi 6hdaliyini
gotiirmiisdiir.

Azorbaycan barpa olunan enerji manbalarindan istifadonin inkisaf etdirlmasi Uzro genis
potensiala malik olan 6lkalardondir. Borpa olunan enerji manbolori 27000MVt hacminds
giymatlondirilir.

Kilok enerjisi potensiali 3000 MVt, giinos enerjisi potensiali 23000MVt , bionerji
potensiali 380MVt, dag ¢aylar1 iizro potensial iso 520 MVt hacmindadir.

Isgaldan azad edilmis orazilor do borpa olunan enerji manbalori (BOEM) ila zongindir.
Bu arazilarin yerlosdiyi olverisli cografi mévge bu potensialdan kifayat godor istifads etmaya
sorait yaradir. Ilkin giymotlondirmoloro osason bu orazilordo 7200MVt —dan cox gnes,
2000MVt-a dok kiilok enerjisi Uzro potensiali moiiveuddur. Giines potensiali isa Fuzuli,
Cobrayil, Zangilan, rayonlari, kiilok enerjisi ilo asason dagliq rayonlar olan Lacin, Kalbacor
rayonlar1 zongindir. Ilkin olaraq Kolbacor, Lacin, Qubadli, Zongilan, Cobrayil, Fiizuli
rayonlarinin arazisinds ylksok giinas enerjisi potensialina malik imumi sahasi 14427 ha olan
8 potensial orazi segilmisdir.

Bu orazilords 7214 MVt guclinds glinas stansiyalarinin yerlogdirilmosi miimkiin gorniiso
do conub orazilarin bir hissasinin kond tosariifati toyinatli ola bilacayi nazars alaraq burada
umumi potensial 4000MVt—dan yiiksok giymatlondirilir.

Azorbaycan an bol giinasli respublikadir, bels ki arazisinin 80% glinos radiyasiyasina
malikdir. Respublika arazisinds glinosli saatlarin illik miqdar1 1800-2900 saat arasinda doyisir.
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[lkin miisahidolor gdstorir ki , Qubadli, Zangilan, Cobrayil vo Fiizuli rayonlarinda giinos
enerjisi lahiyalori Uglin olverisli potensial mévcuddur. Bu orazilords Yasil Enerji Zonasinin
yaradilmasina dair strateji baxis irali stirtilmiis vo bunun ¢tin hamin arazilords kifayat goador
barpa olunan enerji potensialinin olmasi bildirilmisdir. Yaponiyanin TEPSCO Sirkati ilo
omokdasliga baslanmis vo Konsepsiya sonadi hazirlanmisdir.

Konsepsiyanin moagsadi isgaldan azad edilmis, orazilordo movcud olan yiksok barpa
olunan enerji, potensialindan istifado etmoklo orazini ekoloji cohotdon tomiz vo enerji
somoraliyino malik yasil texnologiyalarin  totbiqi perspektivlorini aragdiraraq tokliflor
formalasdirmaqdadir. Bunun ti¢iin miixtalif senarilor tatbiq edilmokls orazilorin enerji talabati
hazirlanmigdir.

Yasil Enerji Zonasinin yaradilmasi ¢agivasinds isgaldan azad edilmis orazilordos borpa
olunan enerji manbolarindon elektirik enerjisi istesali, tikilorin damlarinda barpa olunan enerji
qurgularinin (xiisuson ginas panellorinin, kollektorlarinin) qurulmasi, homginin kiisalorin va
yollarin isiqlandirilmasinda giinas enerjisi asast LED lampalarindan istifads, istilik, agilli enerji
idaroetmo texnolgiyalarmin totbigi tullantilarinin enerji moqsadi ilo idaro edilmosi Kimi
tadbirlar nazards tutulmusdur.

Lagin rayonu respublikamizin conub-goarbinds, Qarabag silsilasinda yerlagir. Rayonun
relyefi daglar vo dagliq yaylalardan ibaratdir. Yetmis iki min hektar yaylaq vo 34 min hektar
zongin mesd sahosinoe malikdir. On hiindiir ndqtasi iss 3594 metr olan Qizilbogaz dagidir. Orazi
baximindan Koalbacor-Lagin iqtisadi rayonunun torkibino daxildir. Qarabagin Kigik Rayon
orazisinds Umumi sahasi 1092 hektar olan tglinct dévrin relikt ndvlorine aid “Ardic mesasi”
dovlat tobiot abidasi kimi xUsusi giymatli meso sahalarinin siyahisina daxil olunub. Bol su
ehtiyatlarina malik olan rayonun orazisindon axan Alxasli, Salva vo Minkand ¢aylari birlagarok
Hokari ¢ayini (uzunlugu 113 km) yaradir ki, bu ¢ay da Araz ¢ayina qovusur.

Qeyd edok ki, burada movcud olan otlaq sahslari respublikanin otlaq sahalorinin togriban
3.1 faizini toskil edir. Orazisinds hakim olan iglimin vo bol sulu ¢aylarinin verdiyi imkanlara
gbra rayon sakinlori hom birillik, hom do ¢oxillik okmolari rahat becors bilirdilor. Burada
heyvandarliqla yanasi, okingilik ds inkisaf etdirilirdi. Belo ki, La¢in rayonunda 10.5 min hektar
okin sahasi va 245 hektar ¢oxillik okmalor mévcud olmusdur. 9sason taxilgiliq vo meyvagilik
kimi saholori do movcud idi.

Bitkigilik sahasi iizra aqrar potensialin qgiymatlandirilmasi. Lagin rayonunda 1988-ci ilin
okin sahalorinin strukturuna nozor saldiqda taxil sahoalorinin (96.3%) daha genis sahalori ohato
etdiyi, digor saholords iso asason tiitiin saholorinin (2.1%) oldugu miisahido olunur. Bununla
yanasi, La¢in rayonunda toqriban 175 ha sahado meyvo vo gilomeyvo baglari olsa da, dag relyefi
ticiin olverigli intensiv meyva baglarinin salinmasi ilo bu sahonin do potensialindan istifads
etmok olar. Asagidaki diaqgramda oks olunan strukturdan bélgonin hansi bitki¢ilik mohsullarinin
istehsal1 ilo ixtisaslasdigi, kond tosorriifatinin tarixi onsnasinin hansi sahalords tomorkiizlogdiyi
NJZArd garpir.

Umumilikdo, Lagin rayonunda 1988-ci ildo mévcud olan taxil saholori dlkodoki miivafiq okin
sahosinin 0.7 faizini, tiitiin sahoalori iso 0.5 faizini, eloca do rayonda mdvcud olan kartof, torovoz
va bostan bitkilarinin okin sahalori iso 6lkadaki sahonin 0.1 faizini togkil etmisdi.

Todqiqgatlar noticosindo prognoz inkisaf dovrii hesab edilon 2025-ci ilo godor Lagin
rayonunda taxil istehsalinin 5.3 min tona qador artirilmasi gozlonilir.

Meyva va gilameyva istehsali potensiali. Movcud olan rosmi statistik molumatlara osason
rayonda 1980-ci ildo 210 ha, 1985-ci ildo 241 ha vo 1988-ci ildo isa 175 ha meyva vo gilomeyva
baglart mévcud olmusdur. Bu baglardan homin illor orzindo maksimum 74 ton mohsul aldo
edilmisdir. Lacin rayonunda da yeni islahatlar vo innovativ texnologiyalarin totbiqi ilo
timidverici naticolor oaldo etmok miimkiindiir. Todqigatlar noticasindo proqnoz inkisaf dovrii
hesab edilon 2025-ci il qodar Lacin rayonunda kartof istehsalinin 300 tona qoadar artirilmast
gbzlonilir.

Tiitiin istehsali potensiali. 1988-ci ildo iso 83 ha sahodon 142 ton mohsul istehsal
edilmisdir. Statistik gostaricilordon goriindiiyii kimi, isgaldan 6ncaki dovr arzinds (1980-1988)
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tiitin mohsuldarhiginda 6lko {izro maksimum mohsuldarliq 39.0 sent/ha oldugu halda, Lagin
rayonunda bu bitkinin mohsuldarligi 19.3 sent/ha olmusdur. Halbuki 1980-1988-ci illordo Lagin
rayonunda tiitiin istehsali 6lko tizro istehsalin 0.2 faizini togkil etmisdir. Gorlndiyd Kimi,
tiitlingiiliik sahosi barada tarixi statistik gostericilor hamin illor arzinda tiitlin istehsalinda Lagin
rayonunun tiitin mohsulu istehsal etmo imkanlarinin mévcud oldugunu gdostorir. Aparilan
arasdirmalar naticosindo 2025-ci ilo godor Lagin rayonda tiitiiniin intensiv tlsullarla okilib-
becorilmasi hesabina 2 ton/ha mohsuldarligla istehsalin 200 tona ¢atdirilmasi prognozlasdirilir
ki, bu da Olkodo tiitiin istehsalinin toxminon 1.4 faizinin mohz Lagin rayonu hesabina
formalagsacagi demokdir.
Qrafik
1988-ci il iizra Lacin rayonunda bitki¢ilik mahsullarinin akin strukturu, %

Kartof Tersvaz

2?& 0,5% \[ 0,9%

Bostan

= Taxil

» Kartof
» Torevez
= Bostan

Digar nov bitkilarin istehsali potensiali. Lagin rayonunda torpaq, iqlim, su resurslari,
elaca do tarixoen m@vcud olan bitkigilik ananasinin méveud olmasi bu regionda meyvagilik vo
torovazgilik sahasinds ds istehsal potensiali vad edir. Qeyd etmok lazimdir ki, potensial nazara
alinaraq bu zonada 300 hektarliq intensiv nar, alma vo xurma baglarinin pilot layiha olaraq
salinmasi da plan ¢argivasinda hayata kecirilocok. Bundan slavo, Lagin rayonunda 1000 hektara
gadar sahalords kartof, taravaz va bostan bitkilari okilacayi da gozlanilir. Bels ki, regionlarda
aqrar inkisaf perspektivi nozors alinarsa, 6lkads totbig olunan agrar innovasiyalardan istifado
edilmasi ilo yeni intensiv meyva-gilomeyva baglarinin salinmasi toravaz istehsalini artirir. Bu
baximdan Laginin 6lkonin bu mohsullar Uzra orzaq tehlikasizliyinin tominati vo ixracatinin
artimina boytik tohfosi olacaq. Heyvandarliq sahasinin yemo olan tolobati nozars alinarsa, bu
rayonda yemlik otlarin da yetisdirilmasi tigiin 1000 hektarliq alave akin sahasinin salinmasi
tadbirlar plani gargivasinda nozars alinacagq.

Umumilikds, 1980-1988-ci illorin tocriibasi, 6lkado son illor orzinda agrar innovativ
inkisaf trendlori va statistik gdstaricilorinin tahlilindan alda naticalor géra, 2025-ci ilo gadar
Lagin rayonunda 7.6 min hektarliq okin vo bag sahalorindon 38.4 min ton bitkicilik moahsulu
istehsali imkanlar1 vardir ki, bu da imumilikdas, 6lkads mivafiq mohsullar Gizrs prognoz istehsal
gostaricilorinin 0.4 faizini ohato edir. Bitkigilik mohsullar1 istehsali nsticosinde Lagin
rayonunun yaratdigi oslave mohsul doyarinin 22.0 milyon manat, 6lks Uzro prognoz
gostaricilorindaki payimin iss 0.51 faiz olmasi gozlanilir.

Lagin rayonunda 2025-ci il t¢iin bitkicilik mohsullarinin istehsali vo 6lko miqyasinda
istehsal gostoricilorina tohfasi (faizlo) barado prognoz gostoricilor asagida daha aydin tasvir
edilib:
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2025-ci ilds Lagin rayonu tizrs bitkicilik mohsullari istehsalinin prognozu

Cadval
. Rayon Uzrs prognoz
- Rayon Uzra okin Rayon Uzra Ra_lyon uzrs istehsalin 6lko
Bitkigilik . istehsal .
sahasi prognozu, mohsuldarliq istehsalina natural
mohsullart prognozu, . o
ha prognoz, sent/ha ifadados gOzlonilan
ton
faydast, %
Taxil 5000 10.5 5250 0.1
Titdn 100 20.0 200 1.4
Kartof 800 66.0 5280 0.4
Torovoz 170 120.0 2040 0.1
Bostan bitkilori 30 106.6 320 0.1
Meyvo va 500 6.0 300 0.02
gilomeyva
Yem bitkilori 1000 250.0 25000 6.7
Coam 7600 + 38390 0.4

Manba: Dovlat Statistika Komitasi

Sadalanan amok, torpaq, iglim va su resurslar ils indiki vaxtda bu istehsaldan doafalorls
cox mohsul istehsal etmok mimkindlr. Nozoro almaq lazimdir ki, miiasir dévrdo kond
tosorriifatinin biitiin sahalorinda tatbiq edilon miiasir yanasma ilo ciddi inkisaf aldo olunub. istor
heyvandarliqda yeni nov cinslar, bitkicilikds iso daha mohsuldar toxumlarin tatbigi ilo isgaldan
avval olan istehsal hacminda ciddi artim alds etmak miimkiindiir. Biitiin bunlar Laginin xiisusilo
kond tosarriifatinda shamiyyatli iraliloyislore sobab olacaqg.

Gunass, kiilok enerjisi kimi bioyanacaq da diinyanin energetika sisiteminin ayrilmaz
hissasine cevrilib. Glnas enerjisi kimi atraf mihito hec bir negativ tosir etmir, barpa olunan
enerji monbayi katiqoriyasina aiddir.

Azarbaycan bitki monsali biokiitlo (BK)va iizvii tulantilar ehtiyatlarina (UT) ehtiyatlarina
gora ¢ox zangin Olkadir. Cox illik bitki ndvlari olmagqla yanasi, tabistdsa 6z0-0ziins yani vohsi
soklinds yetisir, tistiin cohatlori har il barpa olunur.

Agrar sahods aparilmig osashi islahatlari vo innovativ texnologiyalarin tatbiqi ilo
umudverici naticalar alda etmayin mimkindir. Tadgigatlar naticasinds prognoz inkisaf hesab
edilon 2025-ci ilo godor Lacin rayonunda taxil istesalinin 5.3min tona qodor artirilmasi
gozlonir.

Belalikla, Lacin igtisadi rayonun bitkigilik sahasi Uizro aparilan aragdirmalar gostarir Ki,
region zongin aqrar potensiala malikdir. Tullantilardan giinog enerjisi vasitasi ilo bionerji alinir.
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MEPEXO/ HA 3EJIEHYIO DHEPTETHUKY B ABEPBANI)KAHE
ATPAPHBIN NOTEHITUAJI JAYHHCKOI'O PAVMIOHA

MYCTA®AEBA P.M., CAIMAHOBA ®.A., MAXMY/JIOBA T.A
IHOJIAJOBA B.H., BEJIM3AJE U.E., IOCYIIOB .M.

B crathe mpoBeneHbl HccleNOBaHUS BUAOB 3€JICHOW JHEpruM B AsepOaiimkane,
MEePCIEKTUBBI UCIIOIH30BAHNS, AHAIN3 U OLICHKA arpapHoro OMOIHEPreTUYECKOro MOTeHITuaNa
JlaunHCKOTO paitoHa.

KiroueBble cj10Ba: 3e7eHas SHEPreTHKa, COJHEYHas, BETPOBas SHepreTHKa, OMo’HepreTHka, duomacca,
TUIPOdHEPTUN.

SWITCH TO GREEN ENERGY IN AZERBAIJAN
AGRICULTURAL POTENTIAL OF LACHIN DISTRICT

MUSTAFAYEVA R.M., SALMANOVA F.A., MAHMUDOVAT.A,,
POLADOVA V.N., VALIZADE |.E., YUSUPOV |.M.

In the article, research of their green energy types in Azerbaijan, perspectives of their use,
agrarian bioenergy potential of Lachin region, analysis and assessment were carried out.

Key words: green energy, solar, wind energy, bioenergy, biomass, hydropower.
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XapakTepHOH 0COOCHHOCTBIO TEXHHYECKON IESTeIHHOCTH YeIOBEYECTBA BO BTOPOU IOJIOBHHE XX U B
Havane XXI BekoB sABIsIETCS OBICTPBIM pocT dHepromoTpedinerns. [1o omeHKamM MOTPEOHOCTH UYENOBEUECTBA B
SHEPTUU MO CPAaBHEHHIO C CYIIECTBYIOMMM ypoBHeM mnotpebienus (~ 13 TBr) x cepenmue XXI B. Oonee yem
yaBosites (~ 30 TBT), a x kormy XXI B. — Oomnee uem yrposites (~ 46 TBT). 310 CBsA3aHO, BO-TIEPBBIX, C POCTOM
MHUPOBOH SKOHOMHUKH B 1esioM (110 4 pa3 x 2050 T.), M pe3KHM SKOHOMHYECKHAM POCTOM Pa3BHBAIOIIUXCS CTpPaH,
takux Kak Kwrail u VHOUA, HacemeHWe KOTOPHIX COCTaBISAeT 2/3 OT YHCICHHOCTH HACEIEHHWs IUIaHeTHL. Bo-
BTOPBIX, CBSI3aHO C 3aMETHBIM POCTOM HaceseHus mianeThl. K 2050 r. yucieHHoCTh HaceNleHus 3eMITH IOCTUTHET
10-11 mupn. yenoBex.

KirwueBble CJI0Ba: COMHEUHBIN DJIEMEHT, YHEPTOMOTPEOICHHS, TEXHUICCKUN MTPOrpece, TOHKHE MJICHKH,
BOJHEIE IOTOKH, OroMacca.

YBenuyeHrne MpoOU3BOJCTBA PHEPTUU JIO CHUX IMOP MPOHUCXOAMIO B OCHOBHOM 3a CYET
UCIIONIb30BAaHUsl MCKOMAeMbIX HCTOYHHMKOB JHEPTUU — HE(PTH, MPUPOJHOTO Tasza, YIJs,
sepHoro TorumBa. OIHAKO YIOBICTBOPUTH TATbHEHIIUN POCT SHEPTOMOTPEOICHUS TOJIBKO 32
CYET UCIOJIb30BaHUS UCKOMAeMbIX HCTOUHUKOB HEBO3MOXKHO.

B 1o xe BpeMs MPOUCXOAWT WCYECPIACMOCTh TPATUIIMOHHBIX HUCTOYHHKOB JHEPTHUHU.
['eopusux Kunr XyOepT oIHUM U3 NEPBBIX TOCTPOUI MOJIETIh UCTOLIEHUS MUPOBBIX 3aI1aCOB
HepTH U Ha ee ocHOBe mnpejackazan nmuk ao0bryn HedTu B CIIA (mpumepno wa 1970 r.).
[Ipenckasan oH 1 MUK MUPOBOM 100buM HedTH (MpuMepHO Ha 1995 T.), 0OAHAKO STOT MPOTHO3
He cObuIcs. Tem He MeHee, OOJIBITMHCTBO 3KCIIEPTOB YBEPEHBI, UTO ITO JIUIITL BOITPOC BpEMEHH,
U yBeIMYEHHE TJIOOANBHBIX TMOTPEOHOCTE B HHEPrUM HCYEpHaeT TPaIUIIMOHHBIE
DHEPTeTUYECKUE PECYpChl K CEpeAMHE ITOTO CTONETHS. TeXHWYECKHid MpOorpecc, OCBOCHHE
HOBBIX TPYAHOAOCTYIHBIX MECTOPOXKIEHUHN (TITyOOKOBOJHBIX M TOJSPHBIX MECTOPOKIICHUH,
OMTYMHBIX ITECKOB) TOJLKO OTOBUTAIOT ICUEpITaHue pecypcoB. [Ipu 3TOM Ha10 TOHUMATh, YTO
JaXe eclid 3amachl TPAAUIIMOHHBIX SHEPreTHYEeCKHX pEecypcoB He OyAyT MOIHOCTHIO
UCTOIIEHBI, OyZeT HaOII0IaThCS UX OCTPBIA JeUITUT U PE3KU POCT IICH.

[TpoGiieMy Heb3s PEIMIUTH TAKXKE U 32 CYET AaTOMHOM SHEPTeTUKH, TaK KaK 3amachl ypaHa
OTpPaHUYECHBI.

Crnenyromast mpobiemMa cBs3aHa ¢ YKOJOTUYECKAM U TETIOBBIM 3arpsi3HEHHEM 3eMIIH,
YTO MOXKET MPUBECTU K HEOOpATUMOMY U3MEHEeHHI0 Kiumara [1-3].

[TponcxoauT 3arpsi3HeHue aTMOCc(ephl B pe3yJIbTaTe CXKUTAHUS TOIUIMBA, OKeaHa U CYIITH
He(ThIO, PAIMOAKTUBHBIMH 3JIEMEHTAMHU B PE3yIbTaTe aBapuil, IMEIOIINX KaTacTpoUIecKue
rnobanpHbIe TocencTsus. [locnennnii mpumep - 5 aBapus Ha HepTenoObIBaromel miargopme
B Mexkcukanckom 3amuBe B 2010 r. Yromp, 3alekud KOTOPOTO JOBOJBHO BEIUKH, KakK
SHEPrOHOCHUTENh HE YJIOBJIETBOPSET COBPEMEHHBIM JKOJOTHYCCKHM TpeOOBaHMSIM. AKTHBHO
pa3pabaThIBAIOTCS «YUCTHIE» CITOCOOBI €r0 MCIOIB30BaHMs, OJJHAKO 3TO BEAET K YJIOPOKAHUIO
CTOMMOCTH TIOJTy4aeMoOW HSHeprud. Tarkke CyIIeCTBYeT cephe3Has mpolieMa yTHIH3alud
paZOaKTUBHBIX OTXOJIOB.

TerutoBoe 3arpsi3HeHHE 3eMJIM MPOWCXOJUT TPH CKUTaHWUW JIFOOOTO BHUAA TOTUIABA:
yBenmuuuBaeTcs konueHtpamus CO2 B arMocdepe, 4TO CHOCOOCTBYET BO3HHUKHOBEHHIO
«mapHUKOBOTO Q) dekray. [Ipu yBeTuueHUH pocTa MPOU3BOACTBA SHEPTHH 3a CUECT CIKUTAHUS
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TOIIMBA, BKJIIOYasl SJCPHYIO SHEPTreTUKY, O€30MaCHbIN Mpe/ien MOBBIIICHHs TEMIIepaTyphl Ha
3emiie MOXKeT OBITh IOCTUTHYT yxke B X XI Beke.

Hakoner, cymecTByer cepbe3Has mpolOiieMa - 3TO 3HEProde30macHOCTb, KOTOpas
noOyXJ1aeT K JUBEPCUDUITUTPOBAHUIO UCIIOJIb3YEMbIX UCTOYHUKOB SHEPTHH.

HeobxoaumocTh 60pBOBI ¢ 3TUMH TIPOOIEeMaMH TOTPEOyET OT MHOTHX CTPaH H, MPEKIC
BCEr0, OT WHIYCTPUAIBHO Pa3BUTHIX, 3HAUUTENBHBIX 3aTpaT U PAJAUKAIHLHOTO CHUXKEHUS
YPOBHS HCIIOJIb30BaHMs YTIEBOIOPOIHOTO ChIpbs. B pesynbrare, 1o olleHKaM 3TH IPUYKUHBI HE
MIO3BOJIAT YAOBJIETBOPATH PACTyIIHE OTPEOHOCTH MUPOBOM SHEPTETUKH 3a CUET UCKOIAaeMBbIX
HMCTOYHUKOB 3HEpruu yxe uepe3 10—15 ner.

Takum oOpa3zom, B Hadane XXI Beka MUPOBas DSHEPreTUKa CTOJIKHYJIACch C
HEOOXOIUMOCTBIO PE3KOT0 U3MEHEHUS CTPYKTYPbl HICTOUHUKOB MOTPEOIIIEMOI SHEPTUu.

[ITo oOpasHOMY  OHpEIENEHHIO  TIJIABHOTO  SKOHOMMCTAa  MeXIyHapoJHOro
sHeprerndeckoro areHrctBa (MDA) daruxa bupons npu COXpaHEHHH HBIHEITHUX TEMIIOB
pocra 3uepronorpednenus k 2030 r. Hy)HO Oyaer 11ub0 HAlTH «IIecTh HOBBIX CaymoBCKHUX
Apasuiiy, 1100 clienarb CTaBKy Ha Ipyrue HICTOYHUKHU SHEPTUH.

BOJBIIMHCTBO aHAIMTHYECKUX MCCIEJOBAaHUN aKaJIeMHUUYECKUX YUYEHBIX W YYEHBIX
komnanuii TOK npeanonaraet 3nauntensHoe (10 30 %) yBenuueHue 1011 HETPAAUIIMOHHBIX
BO300HOBJISIEMBIX HCTOYHHUKOB B TedeHHE ciemyronmx 20—30 ner.

Bo306HOBNsSIeMbIE MCTOYHUKHA HHEPrUM — ATO HCTOYHHKKM HA OCHOBE IOCTOSIHHO
CYLLECTBYIOIIMX WM NEPUOANYECKH BO3HUKAIOIINX B OKPY’KaIOIIEH cpejie OTOKOB 3HEPTUu.

[To xmaccupukanmu OOH (1978 r.), K HETPaTUIMOHHBIM M BO30OHOBISEMBIM
MCTOYHUKAM PHEPTUU OTHOCATCS CIIEIYIOIINE:

1) Topo;

2) osHeprus OWOMacchl, KOTOPYIO  TOJYYalOT W3  Pa3IUYHBIX  OTXOJIOB:
CEJIbCKOXO03SHCTBEHHBIX, IECHOTO KOMIUIEKCa, KOMMYHAJIbHO-OBITOBBIX U IMTPOMBIIIJICHHBIX;

3) sHepreTuyeckue Mmiantanuu. K HUIM OTHOCSITCS CENbCKOXO3SMCTBEHHBIE KYJIbTYPHI,
JPEBECHO-KYCTapHUKOBAsS M TPABSIHUCTAs paCTUTENLHOCTD;

4) sHeprus BeTpa;

5) ’Heprus COoNHIIA;

6) PHeprusi BOJHBIX IOTOKOB Ha CyIle, MCHOJb3yemass Ha MHUHU- U MUKpol DC —
TUAPOITEKTPOCTAHLMIX MOITHOCTHIO MeHee | MBT;

7) cpemHe W BBICOKOIIOTEHIIMANbHAS TeoTepMalibHasi dHEPrusi (TUIpOTEepMalbHBIE M
MaporuIpoTepMalibHbIE HCTOUHUKH);

8) sHeprust Mopel U OKEaHOB — TIPUJIMBHI M OTIIUBHI, TEUCHHS], BOJIHBI, TEMIIEPATYPHBII
TPaIUEHT, TPAJIUEHT COJICHOCTH;

9) HU3KOMOTEHITMAIbHAS TETUIOBASI DHEPTHUS 36MJIM, BO3/IyXa M BOJIbI, TPOMBIIIUICHHBIX U
OBITOBBIX CTOKOB.

Pa3Butbie cTpaHbl Ha MPOTSHKEHWH MHOTHUX JIET €XKErOJHO BKJIAIBIBAIOT B Pa3BUTHE
aIbTEPHATUBHBIX ~ MCTOYHUKOB  JSHEpPruM  mMwumapasl  jaomiapoB.  CyliecTByrOT
rOCYJIapCTBEHHBIE MPOTPAMMBI TTOJIEPKKUA PA3BUTHSI BOZOOHOBIISIEMBIX HCTOYHHKOB YHEPTHUU.
OpHako B HacTosIIee BpeMsi BO3OOHOBIIsIEMbIe (aIbTepHATUBHBIC) UICTOYHUKH DHEPTUH TTOKA
HE MOTYT KOHKYpHUPOBaTh C TpaJAulHOHHBIMHA. CyMMmapHas HX J0Ji1 B oOImEeM oObeMme
notpedisemoii sHeprun coctasisieT 8—10 % mpoueHTos, HO k 2020 rogy oHa CyIIECTBEHHO
BO3pAacTeT, KaK [M0Ka3aHo Ha pUCYHKe 1.

OcHOBHasl MPUYNHA HEKOHKYPEHTOCIIOCOOHOCTH - SKOHOMHYECKAas - JOPOrOBH3HA BhIpabda-
ThIBaeMo# 3Hepruu [1].

Kpome TOro, BCce BO30OHOBISIEMbIE HWCTOYHUKHA DSHEPTUM HMEIOT OTPaHUYCHHUS,
CBA3aHHbIE, HAIpUMeEp, C paACIHOJOKEHHEM OObEKTa, HaAJIUYUEM  OIpeAeTICHHBIX
KIIMMATHYECKUX YCJIOBHM, XapaKTEepPHU3YIOTCS MO0 OrpaHUYSHHBIM IMOTEHIMAIOM, OO0
3HAYUTEILHBIMU TPYIHOCTSIMH IIIUPOKOTO HUCIIOJIB30BAHUS [6].

OnHUM U3 caMBIX MPUBIEKATEIBHBIX U NMEPCIIEKTUBHBIX BO30OHOBIISEMBIX HCTOUHUKOB
SHEpPruM BCerja cuuTanach (poToBOJIbTaNKA, T. €. IPSMOE IPeoOpa30BaHUE COTHEUHON SHEPTUU
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B 2j1ekTpuuecKyto. ColHIle MOXKET 00ecIeuuTh pacTyllrue NOoTpeOHOCTH B SHEPTUU B TE€UECHUE
MHOTUX coTeH JeT. OOlnee KOJIUYECTBO CONHEYHOW IHEPrHH, MOCTYMAomed Ha 3eMilio B
TEYEHHE Yaca, MPEBBIIIAET KOJIUYECTBO MOTPEOIIEMOM YeIOBEYECTBOM SHEPTUU B TEUCHUE
roja.

Berpsiwas Jueprus  1IpuinBHas

SOS;HEHHM sHeprus  Oomaccel M MeOTEpMalbHaAA
HEpris ] i
npo- 15,0 % 4 0% IHEprus
Fuapo- 19094 ° T
IHEPrus 0°
0.0 %
Hejre
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Puc.1. Ctpykrypa mupoBoro sHepromnorpednerus B 2020 r.

3a nocneanue 20-30 et TeMIbl pocTa COJTHEYHOM dHEPreTUKU COCTABIISUIM B CPEAHEM
npumepHo 25 %. CormnacHo nporHo3am B XXI Beke pa3BUTHE COTHEYHON IHEPTETUKH OyIeT
OCTaBaThCA OCHOBHBIM CPEIM BCEX aJlbTEPHATUBHBIX MCTOYHUKOB. ITo omenkam k 2050 r.
COJIHEYHast SHeprust MoxkeT obecnieuuts 2025 % MUPOBOTO MPOU3BOJICTBA SHEPTHUH, a K KOHILY
XXI Beka cojHE4Has SHEpreTHKa JOJKHA CTaThb JOMHHHUPYIOIIMM HMCTOYHUKOM 3HEPIUU C
noJeii, nocruraromeii 60 % [4,5].

Hecmotpss Ha 3HauuTENbHBIE TEMIBI POCTa M BIEYATIISIIOIIME OLIEHKH HEPCIEKTUB
COJIHEYHON SHEpreTHKH, 0ObeM BbIpabaThIBA€MOl B HacTodllee BpeMs (POTOBOIBTAMKON
AJIEKTPO3HEPTUU MaJl 10 CPABHEHHUIO C JPYTMMH BO30OHOBISIEMBIMU HCTOYHUKAMU SHEPTHUU.
OCHOBHBIM 0apbepoM, HPENATCTBYIOLUIMM HIMPOKOMY BHEAPEHHMIO COJIHEUHBIX 3JEMEHTOB,
SIBIISIETCS BBICOKAsh CTOMMOCTD BBIpa0aThIBaeMoil MMH 3JekTpodneprun [6]. Ha ceromns sto
caMblii IOPOTOH BUJI MEKTPOIHEPTUHU, TPAKTUUECKH IIOJHOCTBIO TOTUPYEMBIN FOCYAAPCTBAMHU.

Ilena Ha 351eKTPOIHEPTHUIO, BBIpadbaThIBaeMyI0 (POTOBOIBTANKOM, cocTaBiseT oT 20 10 65
eBpolleHTOB/KBTu. lleHa Ha 3/eKTpOIHEpruio, BbIPAOATHIBAEMYIO TPAAMLIMOHHBIMU
HMCTOYHHKAMHU SHEPIHH, COCTABIIsAECT B HacTosIIee Bpems oT 2 1o 3,5 eBporeHTa/kBT4 U 1o
nporxHo3am k 2020 r. Bo3pacteT 70 5—6 eBpoueHToB/kBT-u. Takum oOpa3om, ajs TOro, 4ToOb!
¢doToBONIbTaNKa MOTJIa KOHKYPUPOBaTh C MCKONAEMbIMM HCTOYHHUKAMM HSHEPrUH, LI€HA Ha
BbIpabaThIBAEMYIO €10 3JIEKTPOIHEPIHIO JIOJDKHA OBITh CHUXKEHa npumepHo B 5—10 pa3. [{na
3TOro HeoO0XoAuMO pa3paboTarh 3(P(EKTUBHbBIE, ACIIEBbIE TEXHOJOTMH M KOHCTPYKIUHU
doroanexTpuueckux npeodpazopareneit (OII1). [lepcrieKTHBHBIM HalpaBIeHUEM CHIDKEHUS
CTOMMOCTH BbIpa0aTbiBaeMoil (OTOBOJIbTAUKON 3JEKTPOIHEPTHH SBISIETCS pa3pabdoTKa
TEXHOJIOTUM TOHKOIUIEHOYHBIX COJHEYHBIX 3yieMeHToB (CD) Ha OCHOBe aMOpQHOro
TUAPOT€HU3UPOBAHHOTO W MMKpPOKpUCTaJIMueckoro kpemHus [7]. llena npousBoaumoit
IIEKTPO3HEPTUH ONPENENAETCs, NPEXKIE BCET0, CTOMMOCTBIO MaTepuala, U3 KOTOpOro
usrorosiaeH C3, U 3aTpaTaMH TEXHOJIOTMUECKOro mpoiecca mpousojactBa CO. OCHOBHBIM
MaTepUajoM JJsi M3TOTOBIICHUS COJHEUYHBIX 3JEMEHTOB B HACTOSIEE BPEMs SBISAETCS
KPUCTAJUIMYECKUM KPEMHHM, TaK KaKk OH SBJSETCS OCHOBHBIM MAaTEpHAIOM BCEU
TBEPAOTEIBHOM 3JIEKTPOHUKH, U €70 POU3BOACTBO OTIAKEHO.

OcHoBHBIM HezocTaTkKOM CD Ha OCHOBE KPUCTAJUIMUECKOTO KPEMHUS SIBISETCS HUX
BBICOKAasi CTOMMOCTb, Tak Kak 50 % oT oOmiell CTOMMOCTH JaHHBIX 3JEMEHTOB COCTaBIISET
croumMocth  Si-mojyioxkku. [Ipm  wm3roroBmennn CD  maHHOTO BHJA  HMCIOJB3YETCS
BBICOKOKAUECTBEHHOE CHIPbE, MPOU3BOACTBO KOTOPOTO B HACTOSIIEE BPEMs SIBISIETCS OUEHB
sHepro3arpaTHeIM. Benuku obmiye notepu KpeMHuUs B pe3yibTaTte ero oopaboTku u pe3ku. B
CBSI3M C TEM, YTO MOHOKPHCTAJUIMUECKUIN U TOJUKPUCTAIUIMUECKNN KPEMHUI HETIPSMO30HHbIE
MOJTYTIPOBOTHUKH U X KOA((HUIIMEHT MOTIIOMIEHNUS HEBBICOK, JIJIs1 9(P(EKTUBHOTO MOTJIOMICHHS
COJIHEYHOI'O CBETA TOJIIMHA M3roraBiauBaeMblXx u3 HUX DOIIoB nomKHA COCTAaBIATH COTHU
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MHUKPOH. OTO MNPHUBOJUT K 3HAYUTENBHBIM pacxojaM KpPEMHHS M BBICOKOH CTOMMOCTH
COJIHEYHBIX JIEMEHTOB.

Takum 00Opa3oM, NEpCHEKTUBHBIM IPEJICTABIACTCS CO3/aHUE TOHKOIUIEHOYHBIX
COJIHEYHBIX AJIEMEHTOB Ha OCHOBE aMOpP(HOr0 THAPOTEHU3UPOBAHHOTO M MHUKPOKPHUCTAJ-
JMYECKOr0 KPEMHHUSI BMECTO JOPOIOCTOSALIETO KPUCTANINYECKOT0 KpeMHMsl. TOHKOIIeHOYHas
TEXHOJIOTUSI MMEET OOJIbIIME MOTEHIMAJbHbIE BO3MOXKHOCTHU Ui CHIDKEHHSI CTOMMOCTHU
COJHEYHBIX MojnyJsiell. Temmbl CHUXKEHHUS CTOMMOCTH IPOU3BOJACTBA TOHKOIUICHOYHBIX
COJIHEYHBIX MOJYJIEH 3HAUUTENbHO BBIIIE, YEM MOJYJIEH Ha OCHOBE KPHUCTAJUIMYECKOTO
KPEMHHUS.

Kpome Toro, TOHKOIMJIEHOYHAs! TEXHOJIOTUS MUMEET PAJ CHEHU(PUUECKUX MPUMEHEHUH,
HEBO3MOXKHBIX WJIN 3aTPyIHEHHbBIX IIPU UCIOJIBb30BAaHIH KPUCTAIUINYECKUX MOJIyTIPOBOJHUKOB
(rubkue Motysu, IOAYNPO3payHble MOAYJIH U T. 11.). OJHUM U3 JOCTOMHCTB TOHKOIIEHOYHOU
TEXHOJIOTUM  SABJISETCA  IMOJy4E€HUE CJI0eB  aMOp(HOro TI'MIPOr€HU3UPOBAHHOIO U
MUKpPOKPHUCTAJUINYECKOTO KPEMHHUSI NpU HHU3KOH TeMmieparype. IJTO JaeT BO3MOXKHOCTb
CO3/1aBaTh HOJYIPOBOJHUKOBBIE CTPYKTYpbl Ha TMOKuX moanoxkax. CO Ha ruOKoi ocHOBe
UMEIOT Majblii BeC, MOHTHPYIOTCS Ha JIF0OON MOBEPXHOCTH U MOTYT HCIIOJIB30BAThCS IS
U3rOTOBJICHUSI CYMOK, YEXJIOB, BCTPAMBaThCS B OASKIY U T. A. Ilomympo3spaunble mMomynu
Pa3IMYHOIO IBETAa HAXOAAT NpPUMEHEHUE, HampuMmep, Uil yKpalleHus 3naHuil. Haxower,
CYLIECTBEHHBIM JIOCTOMHCTBOM TOHKOIUICHOYHON TEXHOJIOTHUHM SIBJSIETCS BO3MOXKHOCTb
CO3/aHUsI IPUOOPHBIX CTPYKTYP HA OUEHBb OONBIINX MJIOLIAASX.

1. Posa AJle. Bo3oOHOBIs€EMble HCTOUYHUKH SHEPruu. DUBNKO-TEXHUYECKHUE OCHOBBI:
VY4ebHn. mocobue / Ilep. ¢ anrn. Jonronpynasni: U3n. mom «aTemnext; M.: M3a. nom
MD3BU, 2010. ¢.704.
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B XXI Beke B KOHTEK CT€ UCTOPUYECKUX TCHICHIINM // PoCCHIICKMI XMMUYECKUI KypHAIL.
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6. Awuopees B.M. ®oTosnexTpuieckoe npeodpa3oBaHue coaHeIHOH dHEpruy // COpOCOBCKHIA
oOpa3oBaTenbHbIi )XypHal. 1996. Ne 7. ¢.93-98.
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N

NAZIK TOBOQOLI GUNOS ELEMENTLORININ PERSPEKTIVLORI
MUSAYEVA S.N., KORIMOV E.O.

XX osrin ikinci yarisinda vo XXI asrin avvallorinda bagariyyatin texniki foaliyyatinin
xarakterik xususiyyoti enerji istifadasinin slrotli artimi ilo sociyyalonir. Miayyan
giymatlondirilmolora gora insanlar torafindan enerji tolabatinin hazirki soviyyasi (~ 13 TVt)
XXI1 osrin ortalarinda iki defodon artiq ¢oxalacaq (~ 30 TVt), XXI asrin sonuna iss Uggat
olacaqdir (~ 46 TVt). Bu fakt iso birincisi, diinya iqtisadiyyatinin biitiinliikkds artmasi (2050-cCi
ilo 4 dofodon ¢ox) va shalisi planetin ohalisinin 2/3-ni toskil edon Cin vo Hindistan kimi inkisaf
edon Olkalorin koskin iqtisadi artimi ilo olagedardir. Ikinci sobob iso planetin ohalisinin
nozoragarpacaq artimi ilo baghdir. 2050-ci ildo planetin ohalisi 10-11 milyarda gatacag:
gozlonilir.

Acar sozlar: gunes elementi, enerji istifadasi, texniki progres, nazik tabagaler, su axinlari, biokiitls.
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THE PROSPECTS FOR THIN-FILM SOLAR CELLS
MUSAYEVA S.N., KERIMOV E.A.

A characteristic feature of mankind's technical activity in the second half of the 20th and
early 21st centuries is the rapid growth of energy consumption. According to estimations
mankind needs in energy in comparison with current consumption level (~ 13 TW) by the
middle of XXI century will more than double (~ 30 TW), and by the end of XXI century, more
than tripling (~ 46 TW). Firstly, it is connected with the growth of world economy as a whole
(up to 4 times by 2050) and a sharp economic growth of developing countries, such as China
and India, which population is 2/3 of global population. Secondly, there is a marked increase
in the world's population. By 2050, the global population will reach 10-11 billion people.

Key words: solar cell, energy consumption, technical progress, thin films, water flows, biomass.
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RESEARCH AND ASSESSMENT OF SOLAR, WIND AND BIOENERGY
POTENTIAL OF JABRAYIL DISTRICT

POLADOVA V.N.
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For the implementation of projects related to solar and wind energy potential, the climate, ecological,
transport, infrastructure and other technical factors of Jabrayil region were analyzed, the amount of agricultural
waste in the post-Soviet period was determined, and the green energy potential of the region was assessed.

Key words: solar energy, wind energy, biomass.

1. INTRODUCTION

The green energy potential in the territories liberated from occupation is vast, and the
favorable geographical location of these territories enables sufficient use of this potential.
According to preliminary estimates, the potential for wind energy is from 7200MW to 2000MW in
the territories liberated from occupation. Fuzuli, Jabrayil, and Zangilan regions mainly have solar
energy potential, and Lachin and Kalbajar regions, which are mainly mountainous regions, have
wind energy potential.

According to the information of the State Agency of Renewable Energy Sources, the solar
power plant to be built in Jabrayl will provide annual electricity for 150 thousand households. This
project, which will be implemented, is generally considered as one of the components of creating a
"green energy" zone in the territories liberated from occupation. The project is being implemented
thanks to the signed implementation contract.

Based on the comparative analysis of climate conditions, network proximity, energy
production potential, transport infrastructure and other technical factors, according to preliminary
studies, the territory of Jabrayil region was considered suitable for the purpose of "solar energy"
projects.

Before the occupation, the basis of the region's economy was animal husbandry, viticulture
and cocooning. Over 60,000 tons of grapes were produced in recent years.

2. THE POSSIBILITIES OF TURNING JABRAYIL INTO A "SOLAR AND WIND
ENERGY" ZONE. EXPECTED RESULTS.

Jabrayl has a great potential of solar and wind energy. Preliminary studies were conducted
and it was determined that thanks to the reconstruction of power generation facilities and
transmission lines on the freed lands, agriculture, fruit growing, and animal husbandry will develop
faster.

The population of the region was mainly settled in rural areas and the main occupation was
agriculture. Due to the opportunities provided by the prevailing climate and abundant water rivers,
the inhabitants of the region could comfortably cultivate both annual crops and perennial crops. In
the district, where agriculture was the main occupation, various fruits, vegetables and mainly
tobacco and grapes were grown. Due to the wide range of pastures in the region, which has hot
summers and mild winters, both cattle and small cattle breeding was developed.

According to official statistics, the number of cattle increased from 19,314 in 1980 to 22,905
in 1985 and 26,364 in 1988. As for small-horned animals, in 1980 there were 89,831 heads,
including 81,825 sheep and 8,006 goats, and in 1988, there were 114,202 heads, including 104,958
sheep and 9,244 goats. Meat production in live weight for all farm categories was 2766, 3309, 4024
tons and cut weight was 1631, 1904, 2271 tons respectively. Meat production in live weight for all
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farm categories was 2766, 3309, 4024 tons and cut weight was 1631, 1904, 2271 tons respectively.
The total milk production of all farms in the region was 8708, 10615 and 14025 tons. Wool
production was 156 tons in 1980 and 173 tons in 1985. Egg production was 7,866, 10,997 and
11,415 thousand in accordance with the mentioned three years. Based on the statistical data, we can
say that production in all areas of animal husbandry has developed with increasing dynamics.

According to the official statistics on crop production, in 1980, autumn and spring wheat were
planted on 6468 hectares of grain production and 5543 tons of crops were obtained. In 1985, the
area was 5424 hectares, and the harvested product was 9635 tons. In 1988, 12,176 tons of wheat
were produced from 5,699 hectares of land. In 1980, 2,041 tons of autumn and spring barley were
harvested from 2,601 hectares, in 1985, 6,185 tons from 2,659 hectares, and 7,907 tons from 3,184
hectares in 1988. In 1980, cereals and pulses were planted on 9383 hectares and 9403 tons of crops
were collected. In 1985, 15,837 tons were produced from 8,176 hectares, and in 1988, 20,143 tons
were produced from 8,995 hectares.

Viticulture is one of the developed fields in the region. In 1980, 6,334 tons were harvested
from 6,419 hectares of land, in 1985, 45,982 tons were harvested from 8,438 hectares of land, and
in 1988, 41,995 tons were harvested from 6,570 hectares of land.

According to the statistics of 1988, 77,639 tons of different products were produced in the
district with a total cultivated area of 24,877 hectares. With the listed labor, land, climate and water
resources, it is possible to produce many times more than this production today. If we take into
account that in modern times in our country, serious development has been achieved with the
modern approach applied in all fields of agriculture, it is possible to achieve a significant increase
in the production volume that was before the occupation by introducing new types of breeds in
animal husbandry and more productive seeds in crop cultivation. All this will lead to significant
progress in the agriculture of the country, including Karabakh and Jabrayil.

The following table shows the production in 2019 in various fields of agriculture across the
country and the potential production opportunities of Jabrayil region for those products and the
share (in percentage) in increasing that production across the country. The table reflects the benefits
that will be given to our country in this field after the restoration of agricultural activities in Jabrayil
district.

After the restoration of
S agricultural activity in
No. NAME Total(%lcgo)untry Jabr?)llgg)s trict Jabrgyil district, the irBI/crease
in indicators for the country,
in percentage
1 Cultivated area (ha) 1717054 24877 1.45
2 Number of cattle (head) 2646629 22905 0.87
3 | Number of small horned animals (head) 8189223 99321 1.21
4 |Meat production in live weight (ton) 573300 3309 0.58
5 Meat production in cut weight (ton) 335719 1904 0.57
6 Milk production (ton) 2150817 10615 0.49
7 Egg production (number) 1827072 10997 0.60
8 Wool production (ton) 16095 173 1.07
9 Wheat (ton) 2171490 9635 0.44
10 Barley (tons) 1015539 6185 0.61
11 Cereals and pulses (ton) 3538489 15837 0.45
12 Grapes (tons) 201842.4 45982 22.8

It is clear from the table above that the district, which has only 1.45 percent of the cultivated
land in the country, is using its manpower and climate resources very productively. The region,
which mainly specializes in grape production, will see an increase of approximately 23 percent after
the restoration of grape production. Among the other crops, barley, wheat and cereals, and from the
planting of cereal legumes, only approximately 1.5 percent increase will be observed. An increase
of approximately 1 percent will be achieved in cattle breeding, and 1.2 percent in small cattle
breeding. According to these areas, live and slaughtered meat production will increase by 0.6
percent, and wool production by approximately 1 percent. Milk and egg production will increase
by 0.5 and 0.6 percent, respectively.
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A very long time has passed since 1985, 35 years. The Republic of Azerbaijan has achieved
significant development in all fields of agriculture during the past few years. Undoubtedly, if it had
not been occupied by Armenians, Jabrayil region would not have been left out of this development.
At the same time, in modern times, the level of development of science, intensive production
technologies, innovative methods of cultivation and other factors indicate that the potential
opportunities of the region are greater.

CONCLUSION

The solar, wind and bioenergy resources of the region are significantly high. We come to the
conclusion that Jabrayil region will play a special role in transforming Karabakh into a "wind and
solar energy" zone.

According to the official statistics on bioenergy, grain and leguminous plants, tobacco
growing, grape growing, and fruit growing will develop with increasing dynamics. Preliminary
studies conducted in the field of analysis of climate conditions, energy potential, transport
infrastructure and other technical factors allow to consider the territory of Jabrayil region suitable
for implementing various "solar energy" projects.

1. Canamos O.M., lawumos A.M. Anue @.D. llepcrieKTUBBI HCTOIL30BAHUS COTHEYHOU
sHeprun B A3sepOaiiipkane. MexayHapOAHBIH HAy4YHBIH JKypHAT «AJbTepHATHBHAS
SHEpreTHKa U dKOJIoTHs», Mocksa, Ne02/2 (120), 2013, 5.121-132.

2. Rzaev P.F., Salmanova F.A., Mustafayeva R.M., Mahmudova T.A., Valizade 1.E. Application
of high-potential heat of solar radiation for biomass transformation in hydrogen and hydrogen
containing gases. United — journal Ne12, 2018, p. 31-34 Talinn, Estonia.

3. Firuza Salmanova, Roza Mustafayeva, Oktay Salamov, Tarana Mahmudova. The getting of a

synthetic fuel from a biomass through the solar energy. NV, United States. American

Scientific Journal Ne18, 2018.

Poladova V.N., Velizade I.E. “assesment of green energy potental of zangilan district”.

5. https://azertag.az/xeber/Isgaldan_azad olunmus_Cebrayilin_aqrar_potensiali_ AHLIL -
1641437.
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HNCCIEJOBAHUE U OHEHKA COJIHEYUHOI'O, BETPOBOI'O U
BUOYHEPTETUYECKOI'O TOTEHIUAJIA JT)KEBPAUJIBCKOIO PANOHA

MOJIAJIOBA B.H.

B nensx peanuzanuu MpoeKTOB, CBSI3aHHBIX C COJHEYHBIM M BETPOBBIM IHEPIETUYECKUM
NOTEHUHMAIOM OBUIM MPOAHAIU3UPOBAHbl KJIMMAaTHYECKHE, OSKOJIOTMYECKHE, TPAHCIOPTHBIE,
UH(QPACTPYKTYpHBIE M Jpyrue TexHudeckue (axtopsl JxeOpamibCKoro paioHa, OMpeIerIeHo
KOJIMYECTBO CEJIbCKOXO3AUCTBEHHBIX OTXOJIOB B IMOCTCOBETCKUN MEPHOJ, ONPEAESeH MOTEHIUA
3€JIEHOM SHEPreTUKH, OLEHEH MOTEHLIMA PErHoHa.

KaroueBble ¢j10Ba: COIHEUHAs OHEPIrusd, SHEPIrud BETpa, 6uomacca.

RESEARCH AND ASSESSMENT OF SOLAR, WIND AND BIOENERGY
POTENTIAL OF JABRAYIL DISTRICT

POLADOVA V.N.

In order to implement projects related to solar and wind energy potential, climatic,
environmental, transport, infrastructure and other technical factors of Jabrayl region were analyzed,
the amount of agricultural waste in the post-Soviet period was determined, and the green energy
potential of the region was assessed.

Key words: solar energy, wind energy, biomass.
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Research revealed that the Kalbajar region possesses abundant renewable resources, including hydropower,
biomass, solar, and wind power. The goal of the energy transition is to replace traditional energy sources by
applying the most modern technologies. Several research projects have been carried out in a variety of sectors
using renewable energy sources. Thus, it is possible to obtain 55-65% hydrogen gas from oil residues, forestry
waste, and agricultural waste by the heliogasification method.

Key words: Solar energy, wind energy, bioenergy, biomass.

The use of renewable energy sources is likewise quite promising in Azerbaijan. By 2030, the
country's installed power share of renewable energy is expected to reach 30%, a goal that takes into
consideration ~ the  potential of the  nation's renewable  energy  sources.

The potential to utilize Azerbaijan's renewable energy resources has expanded since our lands
were freed from colonization. Renewably sourced energy is abundant in these regions.

There are sizable regions in Karabakh's mountainous interior where, at a height of 100 meters,
the yearly average wind speed is 7-8 meters per second. The average yearly wind speed in the border
regions of Kalbajar and Lachin with Armenia is 10 meters per second. Generally speaking, 500
megawatts of wind energy are thought to exist in Karabakh's hilly regions. These are, of course,
initial approximations.

Initially, the nation's energy production sources will be varied. While Azerbaijan possesses
substantial reserves of gas and oil, it is widely known that conventional energy sources are not
boundless. The amount of carbon emissions into the atmosphere will also decrease as a result of the
switch to renewable energy. Furthermore, the avenue for conserving natural gas, the primary energy
source for the generation of power, would be made available. By creating more export prospects,
preserving natural gas will help the nation's foreign exchange profits.

Given the high altitude of the Kalbajar and Lachin regions, using renewable energy sources
will be more effective.

It is essential to use renewable and alternative energy sources that are both ecologically pure
and endlessly replenishable in order to offer energy to future generations.

Due to its geographical location, the Republic of Azerbaijan has a large amount of solar, wind
and biomass energy.

The annual amount of sunny hours in the republic varies between 1800-2900 hours. In
Nakhchivan, the annual number of sunny hours reaches 2500-2800 hours in the Araz-wide plains,
2000-2500 hours in Jeyranchol, Absheron, Kura, Araz plains and at the foot of the mountains. Solar
radiation in Kura-Araz plain is 130-135 Kcal/cm?. The annual number of sunny hours in the
mountains varies between 2400-2600 hours. The cost of solar radiation decreases from the plains
to the mountains.

The highest values of both indicators of solar radiation (150-160Kcal/cm?) are observed in
Nakhchivan. Such a situation is related to the low cloudiness in Nakhchivan MR during the year.

With the liberation of our lands from occupation, the opportunity to use the green energy
potential of Azerbaijan has increased. These areas are rich in renewable energy sources.

One of the main trends in global energy policy in recent years is energy transition.
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The energy transition involves the replacement of traditional energy resources with renewable
energy sources by applying the most modern technologies. The rapid development of renewable
energy technologies and the climate goals set by countries around the world are accelerating the
"green energy" transition.

In the mountainous part of Karabakh, there are large areas where the average annual wind
speed is 7-8 meters per second at an altitude of 100 meters. Especially in the border areas of Kalbajar
and Lachin regions with Armenia, the average annual wind speed reaches 10 meters per second. In
general, the potential of wind energy in the mountainous areas of Karabakh is estimated up to 500
megawatts. Of course, these are preliminary estimates.

On the one hand, the increasing price of energy carriers and climate change, environmental
protection, and on the other hand, the importance of developing new projects, technologies, and
stimulating research and development for the use of clean energy sources (solar wind, biomass, etc.)
is a problem.

In the past decades, many achievements have been achieved in various technological fields
using alternative and renewable energy sources. One of these works is research conducted in the
field of "Solar-Hydrogen" energy. In the field of Solar-Hydrogen energy, many scientific works
have been reviewed and research works have been carried out in the laboratory for years.

A high-potential solar energy device has been developed, in these devices combustible gases
- Hz, CH4, CO - were obtained from solid fuels (coal, agricultural waste) and biomass. The
characteristics of the thermochemical decomposition of hydrocarbon substances, solar radiation of
the focal area of the device in a large interval, and the cases of temperature optimization were
considered.

Obtaining of H, from biomass
(C¢H190s5) + aH,0 — CH, + (5 —a)CO + aC0, + (3 + a)H,

The process of gasification of hydrogen from biomass (BM) by pyrolysis or water vapor was
carried out in a helioreactor at a temperature of 600-1000°C. Depending on the composition of the
obtained gas mixture, the potential power of the solar power plant, and the BM:H>O ratio, it is
possible to obtain 55-65 volume % H; gas.

Thermochemical and biochemical conversion of biomass is one of the main methods of
obtaining hydrogen. Obtaining H. gas through thermal and biochemical processing of forest and
agricultural production waste is the most promising method, the cost of 1 kg of H, purchased is $4-
7, experts predict that this price will drop to $1-1.5 in the future.

The calorific value (CV) of hydrogen gas exceeds the calorific value of all other fuels. Of the
conventional fuels, gas has the largest CV, but the CV of hydrogen gas is 28700/11950=2.4 times
that of methane gas. This once again proves how important this gas is as an energy carrier for the
energy of the future. At the same time, the product of combustion is more ecologically efficient
than water.

Thus, it can be noted that its favorable geographical location and climatic conditions create a
basis for wider use of ecologically clean biomass and solar energy in Azerbaijan, as in a number of
developed countries of the world.

The economic efficiency of obtaining combustible gases (Hz, CHa4, CO..) from biomass
depends on the following decisive factors:

1. Resus of agricultural residues for that region

2. That region is close to the processing plant

So, it is necessary to take into account that plant residues have a great influence on the
difficulty of transporting, and on the biomass collection due to the topography of the field.

The table below shows the amount (tons) of cotton, grapes and tobacco produced and
harvested in Azerbaijan in certain years.

During the year in Azerbaijan, enough wood shavings, wood processing waste, agricultural
residues and waste, and animal excrement are produced.

As a result of the experiments, it was determined that 500 m® (Hz, CH4, CO) of combustible
gas mixture can be obtained from one ton of biomass by pyrolysis and gasification, the combustion
heat is 4500-6000 kcal/m?, which is equivalent to 0.6-0.8 kg of solid fuel. At the same time, high-
quality mineral fertilizer is obtained in the process, which can be used in agriculture.

62



Table 1.

No. . . Cotton Tobacco Grapes
Economic regions
Tone
1 Absheron - - 4500
2 Shamakhi - 800 123600
3 Guba-Khachmaz - - 38500
4 Lankaran - 700 117200
5 Kur-Araz 598500 - 317200
6 Sheki-Zagatala - 42200 2300
7 Ganja-Kazakh 25500 - 233900
8 Kalbajar-Gubadli - 2900 3000
9 Nakhchivan AR - 2100 6300
10 Karabakh - 280 72600
11 General 600000 50000 1000000

Ecological assessment It was determined that the average temperature in Azerbaijan has
increased by 1.3-1.5° in accordance with global climate changes. According to forecasts, the
average annual temperature will increase by 1.5-1.6°C in 2020-2050. Warming will affect more
water resources, agriculture and energy sector, dangerous natural events occurring in the country,
such as rain, floods, floods, etc. the frequency of observation will increase. In Azerbaijan, 28.6 min.
tons of carbon dioxide (CO.), 0.6 million tons of nitrogen oxide (N20), 9.5 million tons of methane
(CHa), etc. Gases that create a heating effect are released.

In Kalbajar, Lachin, Gubadli, Zangilan, Jabrayil, Fuzuli regions, 8 potential areas with a total
area of 14,427 ha with high solar energy potential were selected. Although it seems possible to
place a total of 7,214 MW of solar power plants in these areas, the total potential here is estimated
higher than 4,000 MW, taking into account that part of the southern areas may be used for
agriculture.

Then the wind energy resources of Kalbajar and Lachin regions were reviewed. It was
reported that the potential of wind energy in the mountainous areas of Karabakh is estimated to be
higher than 500 megawatts, and most of this potential falls in the border zones of the mentioned
regions with Armenia. Despite such great potential, due to the lack of suitable infrastructure, it was
emphasized that the issue of generating electricity from wind energy in these areas requires on-site
research and research.

"Green energy" projects are preferred in the construction works to be carried out in the
territories freed from occupation. According to the preliminary assessment, the solar energy
potential of the area is 7200 MW and the wind energy potential is 2000 MW. 45 stations with a
total capacity of 241.3 MW, including 156 MW (41 units) of Small Hydro Power Plant’s in areas
freed from occupation (including areas where peacekeepers are stationed) in numerous expeditions
organized to Gubadli, Lachin, Kalbajar regions for the study of Small Hydro Power Plant’s has been
determined. It turned out that 34 stations were rendered useless by the invaders when they left the
territories. In relation to Small Hydro Power Plant’s, the water receiving part of most stations, the
coordinates of the generator building and the height differences for calculating the water pressure
have been determined accordingly.

There is a need to rebuild 12 hydropower plants in Kalbajar region. Azerbaijan intends to
rebuild the stations destroyed by the enemy in accordance with the plan of the Great Return to the
territories cleared of occupation.

Building energy infrastructure and ensuring energy security are given special importance as
an important component of the process of restoration of the liberated territories. In accordance with
this goal, 4 hydropower plants with a capacity of 20.2 MW, restored in Lachin, Kalbajar and
Sugovushan, have already been put into operation.

Also, the implementation of the wind power plant project, which is planned to be built in the
area of Lachin/Kalbajar, with a capacity of approximately 100 MW, will make an additional
contribution to the creation of the "Green Energy Zone" in the liberated territories.

There are many factors that accelerate the transition to environmentally friendly “green
energy" in the world, one of which is the development of technology and the reduction of its price.
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Between 2010 and 2019, the price of electricity per kilowatt-hour in industrial-scale solar power
plants fell by 82%, and the price of energy produced by wind power plants fell by 29%. Another
factor contributing to the decrease in price is the expansion of renewable energy auctions in the
world, which leads to the development of the use of "green energy" due to private investments.
Opportunities for use of wind, solar and biomass energy of kalbajar.

There are Alagoller, Garagol, Zalkha and other lakes in Kalbajar district. Grassy mountain-
meadow and brown mountain-forest lands are mainly spread in the region. The area is dominated
by cold and mountainous climate. The climate of the region is mild in the lower parts, and cold
mountain climate above 200 meters. Summer is cool and winter is relatively cold. Most of the pre-
cipitation falls in the cold season and early spring. The total area of forests is about 30 thousand
hectares. The upper course and tributaries of Tartarchay, one of the largest rivers of our country
(Levchay, Tutgunchay), Bazarchay, Zaylik, Keshdag, Khachinchay, Karaagach, start from the edge
of Kalbajar region. Big and Small Alagols, Zalkhagol and Sarsang reservoirs are located in the
region.

Most of the population of the region settled in rural areas and their main occupation was
agriculture. When it was part of the former Soviet Union, the agricultural potential of this region
was mostly formed in the field of animal husbandry, due to the large area of pastures and hayfields
in Kalbajar district (83.2 thousand ha) and the preservation of the farming traditions of the
population in the area of cattle breeding. It should be noted that the grazing areas available here
make up approximately 3.4 percent of the grazing areas of the republic. Due to the opportunities
provided by the prevailing climate and abundant water rivers, the residents of the region could
comfortably cultivate both annual and perennial crops. Along with animal husbandry, agriculture
was also developed here, and there were mainly fields such as tobacco and vegetable growing.
Assessment of agricultural potential in the field of crop production

If we look at the structure of cultivated areas in Kalbajar region in 1980, it is observed that
tobacco fields (71.7%) and potato, vegetable and melon fields (27.3%) cover larger areas. In
addition to these plants, although there are fruit and berry orchards in the Kalbajar district on a very
small, approximately 10-hectare area, the potential of this area can be used by planting intensive
orchards suitable for the mountain terrain. From the structure shown in the diagram below, it is
noticeable which agricultural products the region specializes in, and in which areas the historical
tradition of agriculture is concentrated.

In general, the tobacco fields in Kalbajar region in 1980 were 2.7 percent of the relevant
cultivated area in the country, as well as the cultivated areas of potatoes, vegetables and melons in
the region were 0.2 percent of the country's area.

Planting structure of crop production in Kalbajar district in 1980, %
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1. Tobacco production potential. According to official statistical data, we can say that
tobacco farming is the most preferred agricultural field by the population of the region. In 1980,
1,285 tons were produced from an area of 456 ha, in 1985, 1,597 tons were produced from an area
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of 801 ha, and in 1988, 896 tons were produced from an area of 660 ha. As can be seen from the
analysis, during the pre-occupation period (1980-1988), the maximum productivity of tobacco in
the country was 39.0 cents/ha, while the productivity of this plant in Kalbajar region was 28.2
cents/ha. During 1980-1988, tobacco production in Kalbajar region was 2.1% of the country's
production. As it can be seen, the historical statistical indicators of the field of tobacco production
show that the Kalbajar region had the opportunity to produce tobacco products during those years.
As a result of the conducted research, it is predicted that by 2025, due to intensive cultivation of
tobacco in the Kalbajar region, the production will reach 668 tons with a yield of 3 tons/ha, which
means that approximately 9% of the tobacco production in the country will be formed at the expense
of the Kalbajar region.

2. Potato production potential. According to the available official statistics, in 1980 there
were potato crops on 119 ha. It is possible to say that it is possible to achieve promising results with
the application of these new reforms and innovative technologies in Kalbajar region, which was
freed from occupation, in addition to the increase in productivity in the country as a result of the
fundamental reforms and application of innovative technologies in the agricultural field during the
years of independence. As a result of the research, by 2025, which is considered the forecast
development period, potato production in Kalbajar region is expected to increase to 6.7 thousand
tons.

3. Production potential of vegetables and melon plants. Melon plants are considered to be
one of the fields of agriculture where there is a tradition of farming in Kalbajar, as in a number of
Karabakh regions. Studies have shown that in 1980, melons were planted on 42 ha of land, and
vegetable crops on 13 ha of land, but during the following years, the areas were seriously reduced
and decreased to 9 ha. Thus, although there is little production in Kalbajar region, it is noticeable
that farming traditions in the field of vegetable growing existed in those times. It is expected that
the country's food demand will increase due to the increase in the areas of vegetable growing and
melon crops with other types of plants and the higher productivity level due to the introduction of
new techniques and technologies, as well as the new Action Plan adopted for the lands freed from
occupation. The development of the vegetable sector, processed along the value chain, will also
stimulate the growth of exports. Thus, in 2025, the share of melon and vegetable production in the
Kalbajar region in the country's production is 0.12% and it is predicted that 3.6 thousand tons of
products will be produced.

4. Production potential of other types of plants. It is possible to say that the presence of
soil, climate, water resources, as well as the historically existing tradition of plant growing in
Kalbajar region promises production potential in the field of fruit growing in this region. It should
be noted that taking into account the potential, the establishment of 500 hectares of intensive
pomegranate, apple and date orchards in this zone as a pilot project will also be implemented within
the plan. In addition, it is expected that grain will be planted in up to 1000 hectares of land in
Kalbajar region. If we take into account the establishment of new intensive fruit and berry orchards
in the regions using agrarian innovations, as well as the increase in vegetable production, Kalbajar
will make a great contribution to ensuring the country's food security and increasing exports of
these products. In terms of the livestock area's demand for fodder, the construction of an additional
220 hectares of arable land for the cultivation of fodder grass in this region will be considered within
the framework of the Action Plan.

In general, the experience of 1980-1988, the analysis of agrarian innovative development
trends and statistical indicators in the country over the last years show that by 2025, Kalbajar region
has the potential to produce 44.2 thousand tons of agricultural products from 2.7 thousand hectares
of cultivated and garden areas. This covers 0.5% of the forecast production indicators for the
relevant products in the country in general. As a result of the production of agricultural products,
the value of additional products created by Kalbajar region is expected to be 25.4 million manats,
and its share in the forecast indicators for the country is expected to be 0.58%.

Forecast indicators of the production of crop products in Kalbajar region for 2025 and their
contribution to the country-wide production indicators (in percentage) are more clearly described
below:

65



Forecast of crop production in Kalbajar region in 2025

Table 1.
Expected benefit of
Cropland Productivity Production forecast production by
Crop products forecast for the | forecast for the forecast by region to national
region, ha region, cents/ha | region, tons production in natural
terms, %

Grain 1000 28.5 2850 0.1
Tobacco 223 30.0 668 9.0
Potato 481 138.7 6676 0.5
Vegetables 100 76.0 760 0.04
Watermelon plants 150 192.0 2872 0.5
Fruits and berries 500 80.0 4000 0.3
Fodder plants 220 120.0 26400 7.1
Total 2673 + 44226 0.5

With the listed labor, land, climate and water resources, it is possible to produce many times
more than this production today. If we take into account that in the modern era, serious development
has been achieved with the modern approach applied in all fields of agriculture. It is possible to
achieve a significant increase in the volume of production that was before the invasion, both in
animal husbandry and with the introduction of more productive seeds.

Assessment of agrarian potential in the area of animal husbandry

According to official statistics, the number of cattle increased from 33,791 in 1980 to 38,582
in 1985 and 31,881 in 1988. This was 1.6% of the corresponding number of vessels in the country.
At the same time, there were 66,725 small-horned animals in 1980, 90,701 in 1985, and 97,428 in
1988, which was equal to 1.7% of the corresponding number of herds in the country. Meat
production for all farm categories was 28,907, 38,096 and 35,870 tons respectively in the mentioned
years. A total of 16,272 tons of milk was produced in 1988 in all farms of the region. Wool
production was 200 tons and egg production was 8,086 thousand units in that year. According to
the statistical data, we can say that during the period when we were part of the Soviet Union, the
production of products in all areas of animal husbandry in Kalbajar developed with increasing

dynamics.
Before the occupation, the number of large and small animals in Kalbajar district
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Forecast indicators of the production of livestock products in Kalbajar region for 2025
and their contribution to national production indicators (in percentage) are more clearly
described below:

66



Forecast of production of livestock products in Kalbajar region in 2025

Table2.
_ Production Production forecast Expeqted benefl_t of forec_ast
Livestock area forecast by b ; production by region to national
y region, tons S
country production in natural terms, %
Meat (live) 668224 16769 2.5
Milk 2431880 83962 3.5
Eggs, one thousand 2104081 958 0.05
pieces '
Wool 19975 287 1.4
Total 3246324 101976 3.1

By 2025, the feeding of 57.8 thousand cattle (cows and buffaloes) and 164.6 thousand
small cattle (sheep and goats) in Kalbajar region will lead to an increase of livestock and herd
turnover in the country by approximately 3.6%. It is also predicted that there will be 83.1
thousand birds and 13.5 thousand bee families in Kalbajar, which will boost the production of
eggs, poultry meat and honey. According to these areas, a 2.5% increase in live and slaughtered
meat production and a 1.4% increase in wool production are expected. Milk and egg production
will increase by 3.5% and 0.05%, respectively. As a result of research and research, the share
of Kalbajar in the development of the livestock sector until the forecast period is expected to
be close to 102 thousand tons or 3.1%. Production of livestock products worth 58.7 million
manats is expected in the region, which indicates the potential to create 1.4% added value in
the corresponding production scale across the country.

Kalbajar region has a lot of potential for agricultural output, but it also has a lot of promise
for the establishment of businesses that process milk, wool, and tobacco. If one accounts for
production opportunities for beekeeping products as well as processing businesses in the fruit
growing sector—which is seen as a new trend in this region—it can be concluded that the
economy will benefit more from the concentrated and clustered development of the agro-
industry than it did during the Soviet era.

In general, the country's agricultural production in 2025—which is considered to be the
start of the productive period—is expected to directly contribute 84.1 million manats, or 0.9%,
as a result of the restoration of the agricultural infrastructure in the Kalbajar district, the creation
of new farmlands and gardens, the restoration of the infrastructure required for the development
of pastures, and the livestock sector. These projections, of course, only account for potential in
agriculture. The beneficial impact will be felt indirectly in the GDP (Gross Domestic Product)
on a bigger scale and in terms of the creation of new jobs with a geometric chain if the agro-
industrial potential of the processing and value chain is also estimated in the next period.
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KOLBOCOR RAYONU GUNOS-KULOK-ENERJI
POTENSIALININ QiYMOTLONDIRILMOSI

SALMANOVA F.A., POLADOVA V.N., MAXMUDOVA T.A,,
MUSTAFAEVA R.M., VOLIZADO i.E., YUSUPOV I.M.

Aragdirmalar gostorib ki, Kalbocor rayonu zangin barpa olunan resurslara, o climloden
hidroenergetika, biokiitlo, glinos va kiilok enerjisino malikdir. Enerji kegidinin moaqsadi
ananavi enerji monbalarini an miiasir texnologiyalardan istifado etmokls avoz etmoakdir.
Miixtolif sektorlarda barpa olunan enerji monbalorindon istifado etmoklo bir sira todqiqat
layiholori hoyata kecirilmisdir. Beloliklo, hidrogen qazinin 55-65%-ni neft qaliglarindan, meso
tosarriifatt vo kond tosorriifat: tullantilarindan helioqazlasdirmadan istifads etmakls oldo
etmok olar.

Acar sozlar: gilinos enerjisi, kiilok enerjisi, bioenerji, biokiitlo.

OILIEHKA COJIHEYHO-BETPO-SOHEPTETHYECKOI'O HIOTEHIIUAJIA
KAJBBAJTJKAPCKOI'O PAVIOHA

CAJIMAHOBA ®.A., IIOJIATIOBA B.H., MAXMYJIOBA T.A.,
MYCTA®AEBA P.M., BEJIM3AJIE U.E., OCYIIOB U.M.

UccnenoBanust mokazanu, 4to KenbOamxapckuit pernoH oOnagaeT OoratbiMu
BO300HOBIISIEMBIMH peCypcaMM, BKJIIOYas THAPOIHEPreTHKY, OMoMaccy, COJHEUHYI0 U
BETPOBYIO HEPTHIO. L{ebi0 SHEPTeTHIECKOTo epexo/ia sBIsETCS 3aMeHa TPaAUIIMOHHBIX
UCTOYHHUKOB PHEPIrUU NMPUMEHEHUEM CaMbIX COBPEMEHHBIX TEXHOJIOTHMH. B pazmuuHbIx
CeKTOpax OBIIO  peajn30BaHO  HECKOJBKO  HCCIENOBATEIBCKUX  IPOEKTOB  C
UCIOJIb30BAaHUEM BO30OHOBIIIEMBIX HCTOUHUKOB 3HEPruH. Takum 0O6pa3oM, U3 HEPTAHBIX
OCTaTKOB, OTXOJOB JIECHOTO XO3SHCTBA M  CEIIbCKOTO  XO3AHCTBA METOJIOM
reauorasupuKai MoOKHO oiay4ars 55-65% razoodpa3zHoro Bo1opoJia.

KnroueBble cjioBa: cotHEUHAs OHEPIusd, SHEPTUA BETPA, 6I/IO3HCpFeTI/IKa, ouomacca.
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HiBRID ENERJI TOCHIZATI SISTEMININ SOMOROLILiYI
NAYIB-ZADO R.C.

Azarbaycan Ddovlat Neft va Sanaye Universiteti
Azorbaycan, Baki AZ 1010, Azadliq prospekti, 34
nayibzadarahima@gmail.com

Enerji tochizati sistemlari muasir comiyyatin har sahasinds asas rol oynayir. Bu sistemlar hoyatin har bir
sahasinds - sonayedoan noagliyyata, ev tosarriifatlarindan ictimai xidmatlors godor - enerji tominatini hoyata kegirir.
Ononavi enerji manbalarinin tiikonmosi vo artan ekoloji problemlor fonunda, daha dayanigh va ekoloji tamiz enerji
monbolarins olan ehtiyac getdikco artir. Hibrid enerji tochizati sistemlari, bu problemlarin halli Gglin perspektivli
bir yanagma toklif edir. Bu sistemlor muxtolif enerji monbalorinin (masalon, giines, kiilok, hidroenerji vo fosil
yanacaglar) birlogdirilmosi ilo enerji tominatinin somarsliliyini artirmaga va karbon izini azaltmaga komok edir.

Acar sozlar: barpa olunan enerji, kiilok turbini, somoralilik, hibrid sistem, hibrid enerji.

Giris. Hibrid enerji sistemlori, iki vo ya daha ¢ox enerji manbayinin birlosdirilmasi ilo
enerji tochizatini hoyata keciron kompleks sistemlordir. Bu sistemlordo onsnovi enerji
monbalari (masalan, fosil yanacaglar) ilo barpa olunan enerji manbalari (masalan, glinas, kiilok)
birlosdirilir. Hibrid sistemlarin asas magsadi, enerji tominatinin dayaniqligini artirmagq vo enerji
somaoraliliyini maksimuma catdirmaqdir.

Gunas va Kiulak Enerjisi Hibrid Sistemlari: Giinoas va kiilok enerjisi hibrid sistemlori,
gunas panellari va kiilok turbinalarinin birlagdirilmasi ilo enerji tominatini hoyata kegirir. Glinas
enerjisi giin arzindo, killok enerjisi isa glintin mixtalif vaxtlarinda enerji istehsal edir. Bu iki
enerji monbayi bir-birini tamamlayir vo enerji tominatinin dayaniqligini artirir. Masalon,
glnasli giinlords glines panellori maksimum enerji istehsal edarkan, kilokli giinlards kiilok
turbinalar1 daha gox enerji tomin edir [1-3].

Gunas va Hidroenerji Hibrid Sistemlari: Gunas va hidroenerji hibrid sistemlari, glinas
panellori va hidroenerji stansiyalarinin birlagdirilmasi ilo enerji tominatini hayata kegirir. Glinasg
enerjisi glin orzinds, hidroenerji iso suyun axinina osaslanaraq enerji istehsal edir. Bu
kombinasiyalar enerji tominatini stabillasdirir vo su ehtiyatlarinin idars edilmasini asanlasdirir.
Hidroenerji stansiyalari, giinos enerjisi mdvcud olmadiqda enerji tomin eds bilar vo bununla
enerji tominatinin fasilosizliyini tomin edir.

Gunoas va Fosil Yanacaqglar Hibrid Sistemlari: Giinos vo fosil yanacaglar hibrid
sistemlori, glinas panellari va fosil yanacaq stansiyalarinin birlosdirilmasi ilo enerji tominatini
hoyata Kkegcirir. Glinos enerjisi giin oarzinds enerji istehsal edir, fosil yanacaglar iso enerji
tolobatinin yiiksok oldugu vaxtlarda vo geco saatlarinda istifads edilir. Bu sistemlor, enerji
tominatinin stabilliyini vo dayaniqligini artirir vo eyni zamanda fosil yanacaqlarin istifadosini
azaldaraq karbon emissiyalarint minimuma endirir [4-7].

Hibrid Enerji Sistemlarinin Samaraliliyi. Hibrid enerji sistemlorinin somoraliliyi bir
neco amillo dlgils bilor:

1. Enerji Istehsalimn Stabilliyi: Hibrid sistemlor, miixtolif enerji monbolorinin
birlogdirilmasi ils enerji istehsalinin stabilliyini artirir. Bu, enerjinin fasilesiz vo davamli sokilds
tomin edilmasino kdmok edir. Masalon, giinos enerjisi giinosli gilinlords maksimum enerji
istehsal edir, lakin buludlu giinlords va geco saatlarinda enerji istehsali azalir. Kiilok enerjisi iso
kiilokli gilinlords maksimum enerji tomin edir. Bu iki enerji manbayinin birlogdirilmasi, enerji
tominatinin stabilliyini artirir vo enerji tochizatinin fasilasizliyini tomin edir.
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2. Enerji Itkilorinin Azalmasi: Hibrid sistemlor, enerji itkilorini azaltmaga kémok edir.
Miixtolif enerji monbalori arasinda optimal balansin yaradilmasi ilo enerji itkilori minimuma
endirilir. Masolon, gilinos enerjisi vo kiilok enerjisinin birlosdirilmosi, hor iki monbonin
maksimum somoraliliklo islomasini tomin edir va enerji itkilorini minimuma endirir. Bu, enerji
tominatinin daha somarali vo effektiv olmasina komok edir.

3. Karbon Emissiyalarinin Azalmasi: Hibrid sistemlor, karbon emissiyalarini azaltmaga
kdmok edir. Fosil yanacaqglarin istifadesinin azalmasi vo barpa olunan enerji monbalorinin
artmasi ilo karbon emissiyalar1 shomiyyaetli doracods azalir. Masalon, giinas enerjisi vo kiilok
enerjisinin birlogdirilmasi, fosil yanacaglarin istifadosini minimuma endirir vo bununla karbon
emissiyalarint azaltmaga komok edir. Bu, otraf miihitin qorunmasina vo iqlim doyisikliyinin
garsisinin alinmasina kémok edir.

4. Iqtisadi Samarolilik: Hibrid sistemlor, uzunmiiddetli iqtisadi semoralilik tomin edir.
Ilkin qurulus xarclori yiiksok olsa da, enerji xorclorinin azalmas1 vo karbon emissiyalarinin
azaldilmasi ilo uzunmiiddatli iqtisadi faydalar tomin edilir. Masalon, gilinos panellari vo kiilok
turbinalarinin qurulmasi yiiksok ilkin xarclor tolob edir, lakin bu sistemlorin uzunmiiddatli
istifadasi enerji xarclorini shamiyyatli doracods azaldir va iqtisadi samaralilik tomin edir [8].

Hibrid Enerji Sistemlarinin Tatbiqi. Hibrid enerji sistemlari mixtalif saholords genis
totbiq olunur. Asagida bazi osas totbig sahalori toqdim edilir:

Senaye Sektoru: Hibrid enerji sistemlori sonaye miossisalorinds enerji tominatinin
stabilliyini artirmaq T{giin istifado olunur. Bu sistemlor, enerji tochizatinin dayaniqligini
artirmaq vo enerji xoarclorini azaltmag mogsadi ilo totbiq olunur. Masalon, boyik sonaye
muassisalori glinos enerjisi vo Kullok enerjisindan istifads edorak enerji tominatini hoyata kegirir
va bununla enerji xarclorini azaldir. Hibrid enerji sistemlori, sonaye mdioassisalorinin enerji
tachizatinin stabilliyini vo somaraliliyini artirir.

Noagliyyat Sektoru: Hibrid enerji sistemlori nagliyyat vasitolorindos do genis istifado
olunur. Masalon, hibrid avtomobillar, elektrik vo fosil yanacaqlarin birlosmasi ilo enerji
tominatin1 hoyata kegirir. Bu, yanacaq sesmoraliliyini artirir vo karbon emissiyalarini azaldir.
Hibrid avtomobillor, elektrik muharriklori vo daxili yanma muharriklorinin birlosmasi ilo enerji
tominatin1 hayata kegirir vo bununla yanacaq somoraliliyini artirir vo karbon emissiyalarini
minimuma endirir.

Ev Tasarriifatlari: Hibrid enerji sistemlori ev tosorriifatlarinda da istifado olunur. Giinosg
panellari vo kilok turbinalari ev tosorriifatlarinin enerji tominatini hoyata kegirir vo enerji
xarclorini azaltmaga komok edir. Masalon, glinas enerjisi giin arzinds enerji tomin edir, kilok
enerjisi iso gecs saatlarinda enerji tominatint hoayata kegirir. Bu, enerji tominatinin stabilliyini
artirir vo enerji xarclorini azaldir. Hibrid enerji sistemlori, ev tosarriifatlarinin enerji tominatinin
somoaraliliyini artirir [9].

Ictimai Xidmotlor: Hibrid enerji sistemlori ictimai xidmotlorda, masalon, su tachizati vo
kanalizasiya sistemlorindo do istifado olunur. Bu sistemlar, enerji tominatinin dayanigligini
artirmaq va xarclori azaltmaq mogsadi ilo totbig olunur. Masalon, su tachizati sistemlorindo
guinas enerjisi vo killok enerjisindan istifads edilorak enerji tominati hoyata kegirilir vo bununla
enerji xorclori azaldilir. Hibrid enerji sistemlori, ictimai Xxidmotlorin enerji tominatinin
samaoraliliyini artirir.

Hibrid Enerji Sistemlarinin Qarsilasdigi Cotinliklor. Hibrid enerji sistemlarinin bir
cox Ustinliklori olsa da, bazi ¢atinliklorlo do qarsilasirlar:

1. Tlkin Qurulus Xorclori: Hibrid enerji sistemlorinin qurulus xorclori yiiksokdir. Bu,
xiisuson do kicik vo orta miiossisalor iigiin ¢otinlik yarada bilar. Ilkin xorclorin yiiksok olmast,
bu sistemlorin genis totbiqini mohdudlagdira bilor. Masalon, gilinos panellori vo kiilok
turbinalarinin qurulmasi yiiksak xaorclor tolob edir vo bu, kigik vo orta miiassisalorin bu
sistemlori totbiq etmasini ¢otinlosdirir.

2. Texnoloji Inkisaf: Hibrid enerji sistemlorinin somoraliliyi texnoloji inkisafla baghdir.
Texnologiyanin siiratli inkisafi, sistemlorin yenilonmasini tolob edir va bu, alave xarclor yarada
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bilor. Moasolon, gilinos panellori vo kiilok turbinalarinin texnoloji inkisafi, bu sistemlorin daha
somoarali vo effektiv olmasini tomin edir, lakin bu, alave xarclar talab edir.

3. iqlim Soraiti: Hibrid enerji sistemlorinin somoraliliyi, enerji monbolorinin mévcud
oldugu iqlim soraitino baglidir. Masalon, giines enerjisi sistemlori gilinogli bolgalordo daha
somarali igloyir, lakin buludlu va yagish bolgolords effektivliyi azalir. Kiilok enerjisi sistemlori
iso kiilokli bolgolordo daha somorali isloyir, lakin kiiloksiz bolgalorde effektivliyi azalir. Bu,
hibrid enerji sistemlarinin genis tatbiqini mohdudlasdira bilar [10].

NOTICO
Hibrid enerji tochizati sistemlori, enerji tominatinin dayaniqligini artirmaq vo enerji
somaraliliyini maksimuma ¢atdirmagq ti¢iin perspektivli bir yanagsmadir. Bu sistemlar, ananavi
Vo barpa olunan enerji manbalarinin birlogdirilmasi ila enerji tominatinin somoraliliyini artirir
Vo karbon emissiyalarini azaldir. Lakin, bu sistemlorin somaraliliyini artirmaq va genis tatbiq
etmok ticlin texnoloji inkisaf vo iqtisadi dostok vacibdir. Hibrid enerji sistemlorinin genis
totbiqi, enerji sektorunda dayaniqli vo ekoloji tomiz galacak tigiin miihiim addim olacaqdir.
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3OOPEKTUBHOCTH T'MBPUJIHOM CUCTEMbBI DJIEKTPOITUTAHUS
HAMUB-3AJIA P. JIk.
CucreMbl HSHEProcHaOXEHMsI HWIPAIOT KIIOYEBYIO pOJIb BO BceX cdepax KU3HU

COBPEMEHHOT0 0011ecTBA. DTH CUCTEMbI 00€CIIEUNBAIOT SHEPTHUIO BO BCeX cepax KU3HU — OT
MIPOMBIIIIEHHOCTH /10 TPAHCIOPTa, OT JOMAIIHEro XO035SHCTBA 10 KOMMYHaJIbHBIX yciayr. Ha
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(oHe UCTOIEHNS TPAJUINOHHBIX UICTOYHUKOB SHEPTUH U PACTYIIHNX YKOJIOTUIECKUX MPOOIeM
BO3PACTaeT MOTPEOHOCTH B 00JIee yCTOMUUBBIX U KOJIOTMYECKH YHCTHIX HCTOYHUKAX SHEPTHH.
['nOpuHBIE CHCTEMBI SHEPrOCHA0KEHUS TPEATIaraloT MHOTO00CIIAIOIINHI MTOIX0/1 K PEIICHUIO
3TUX TpoOJeM. DTU CUCTEMBI MOMOTAIOT IMOBBICUTH 3HEProd)(EeKTUBHOCT, U COKPATHTH
BBIOPOCHI YIJIEKHCIIOTO Ta3a 3a CYET COYCTAHMsI PA3IMYHBIX UCTOYHUKOB SHEPTUU (TaKUX KaK
COJIHEYHasl, BETPOBast, THIPOIHEPTETHKA 1 UCKOIIAEMOE TOILINBO).

KiaoueBble cjioBa: BO300HOBIIsIEMAas SHEPTHS, BETpsiHAs TypOuHa, 3((eKTHBHOCTH, THOpHIHAS CHCTEMA,
ruOpuIHAS YHEPTEeTHKA.

HYBRID POWER SUPPLY SYSTEM EFFICIENCY
NAYIB-ZADA R.C.

Energy supply systems play a key role in every area of modern society. These systems
provide energy in every sphere of life - from industry to transport, from households to public
services. Against the backdrop of depletion of traditional energy sources and growing
environmental problems, the need for more sustainable and environmentally friendly energy
sources is increasing. Hybrid energy supply systems offer a promising approach to solving these
problems. These systems help improve energy efficiency and reduce carbon footprint by
combining different energy sources (such as solar, wind, hydropower and fossil fuels).

Key words: renewable energy, wind turbine, efficiency, hybrid system, hybrid energy.
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MEXAHW3MbI HEPEHOCA HOCUTEJIEM U TEMHOBAS BOJIbT-AMIIEPHASI
XAPAKTEPUCTUKA COJIHEYHBIX 3JIEMEHTOB

KEPUMOB 3.A.

Aszepbatioocanckuti mexnuueckuil Yuusepcumem, npoc. I'. [[casuoa 23, AZ 1073
E_Kerimov.fizik@mail.ru

M3MmepeHne TEMHOBEIX BOJIBT-aMIIEPHBIX XapaKTEPUCTHK CONHEYHBIX 3JeMeHTOB (CD) mo3BoiseT HaiiTH
npeobIagarommne MeXaHiu3Mbl IepeHoca B COTHEYHBIX 3JIEMEHTaX, KOTOPHIE OTPEACIIIOT KO3 UIIHEHT GOPMEL,
a TaKkKe OLCHWUTh TAaKHe BakKHBIC MapaMeTphbl, KaK IOCIENOBATEeIbHOS M LIYHTHPYIOLIeE CONPOTUBICHUS. B
COJIHEYHBIX 3JIEMEHTaX HAa OCHOBE KPUCTAJUIMYESCKUX MAaTepHAaIOB, KaK MPaBIJIO, IpeobialatoT JBa MEXaHU3Ma
nepeHoca Hocurene: MudQy3nOHHBIH W PEeKOMOWHAIMOHHEBIN. B 3ToM ciydae TemHOBYt0o BAX CD MOXHO
OIIKMCATh C IOMOIIBIO [[ByXSKCHOHeHHHaHLHOﬁ MOJICIIN.

KaroueBble cioBa: IIyHT, COJNHEYHBIH 3JIeMEHT, KOI(GGUIMEHT, Ipedd HocuTenel, TEeMHOBOH TOK,
MOJIYTIPOBOJIHUK.

C y4eToM LIYHTUPYIOIIEro U MOCIe10BATEIbHOTO COPOTUBIIEHUH 1151 TeMHOBOM BAX
CO nonyuum:

_ q(V —IRy) qV —=IRy)| V—IR,
ID—101{exp[ — 1¢+ Iy jexp sz R —_—

rae Ry, Ru — mocnenoBaTensHOE M MIYHTUPYIOIIEE COMPOTUBICHUS; N1, N2 — KO3(PPHUIIHEHTHI
uaeansHoct it nuddysuonHoro (n1 = 1) u pekomObuHanmonHoro (nz = 1-2) MexaHu3zMoB
nepeHoca.

OpnHako He Bcerga, ocodeHHo i1 CO Ha 0OCHOBE aMOp(HBIX MOJIyIPOBOAHUKOB, TaHHAS
MoJieJb TpPUMEHHMMa Uid onucaHuss TeMHOBoM BAX, Tak kak HEOOXOJUMO YYHMTHIBAaTh
IPUCYTCTBUE JPYIMX MEXaHU3MOB IlepeHoca. B Hay4YHO-TEXHHYECKOW JHUTepaType
OTMEYaeTcsl, 4YTO B OSTOM ciy4yae MOryT jeiictBoBath »¢¢ekr [lyma—Dpenkens u
TyHHeJIupoBaHue. Hannune ykazaHHBIX MEXaHHU3MOB IEPEHOCA MOXKET YBEIMUYUTH 3HAYEHUS
Koa(dumeHTa uaeanbHOCTH npeBbimatoniero 2 [1,2].

Mexanusm [lyna—®penkens npenctaBisieT coO0M yCKOPEHHBIH 3JIEKTPUYECKUM HOJIeM
MPOLIECC TEPMOBO30YX ACHUSI DJIEKTPOHA C JIOBYLIEK B 30HY IPOBOAMMOCTH. B 3TOM ciyuae
3alMILIEM BbIpa)KEHHE

-E . q
Ingooexp [W o [exp (57) ~ 1]

—E,(T) + q\/B-VE W*[ex (q >_1]

2kT P\2kT
rne E — anexTpuueckoe moie B 007acTH PEKOMOWHAIIMOHHOTO IeHTpa; [ = g/ne (¢ —
JUDIEKTPUYECKas TPOHUIIAEMOCTE); Ni — COOCTBEHHAs KOHIEHTpamusi Hocuteneir; W —
3 peKTUBHAS TOJIIHMHA 00JACTH IPOCTPAHCTBEHHOIO 3apsia.

Jns CO c BBICOKOW IUIOTHOCTBIO J1€(EKTOB BO3MOXKHO MPHUCYTCTBHE MeEXaHHU3Ma
TyHHEIUPOBaHUA. TOK IpU TYHHEINPOBAHUH OIMCHIBAETCS] COOTHOLIEHUEM

nJIn

Iy T3 2exp

I(T) = los-exp(AV), (1)
rne los = Bexp(aEqy(T)) (B — koo duimenT, oTBevarommii 3a BEpOsITHOCTh TYHHEIIMPOBAHUS; O
— k03¢ uimeHT, He 3aBUCANMA 0T Temneparypsl; Eg(T) — mmpuHa 3anpeiieHHON 30HBbI,
3aBUCSIIAs OT TEMIEpPaTyphl; A — KOA(QQHUIMEHT, HE 3aBUCAIINI OT TEMIIEPATYPHhI).
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B paborax Marcyypsl moka3aso [3,4], 4To B T€TEpOCTPYKTYpax Ha OCHOBE aMOP(HOTO
THJIPOT€HU3UPOBAHHOTO KPEMHHUS TMPeo0sIaaeT MEXaHW3M MHOTOCTYIIEHYATOro TYHHEH-
pPOBaHMS C 3aXBAaTOM U IMHCCHEN HocuTeneil 3apsana (puc. 1).

[lpu 3TOM MexaHU3Me JBIPKH W3 BAICHTHOW 30HBI C-Si P-THIA TEpeMEIAlTCsS B
aMOp(hHBII MOTYIPOBOAHUK OT OJHOTO JIOKAJIU30BAHHOTO COCTOSIHHSI K JIPYTOMY, KOTOpPbIE
pa3invaroTCAda 10 SHEPIruu Ha BCIUYNHY IMOPAJIKa kT, 3a CYCT MHOI'OCTYIICHYATHIX ITPOLIECCOB
TyHHenupoBaHus. [lonoOHoe mepemenieHne HOCUTENIEH MPOJIOIKACTCS 0 TeX IMOp, MOKa
CKOPOCTb TYHHCIIMPOBAHUA HC CTAHOBUTCA MCHBIIC CKOPOCTU 3MHUCCUHN BIPOK B BAJICHTHYIO
30Hy JH0O CKOPOCTHM PEKOMOMHALIMU JABIPOK C 3JIEKTPOHAMH W3 30HBI IPOBOAMMOCTH
amop¢HOTO TOMynpoBogHNKA. KOHEUHass TOUKa TYHHETUPOBAHUS JTBIPOK HAXOMUTCS BOIH3U
Kpasi obnactu oOenHEeHUS aMOpP(HOro MOJIYNPOBOAHHUKA, /1€ CKOPOCTb TYHHEIUPOBAHUS
CHMIXACTCA H3-3a YMCHBIICHHA BCIIMYUHBI JJICKTPUYCCKOI'O IT10JIA. B »Tom ciIydac 103 B

BeIpakeHnH (1) onpeaensercs Kak

lys =B [apvthNVexp (— %) + o, v Neexp (— %)], 2
rae B — mocTosiHHas, 3aBUCSAIIAsS OT BEPOSTHOCTU TYHHEJIUPOBAHMSI HOCUTENEH; Gp, Gn —
CeUueHHsI 3axXBaTa JJIsl JICKTPOHOB H JBIPOK COOTBETCTBEHHO; Vih — TEPMUYECKasi CKOPOCTh; Ny,
Nc — a¢dekTuBHbIE TUIOTHOCTH COCTOSHMII B BAJICHTHON 30HE M 30HE IMPOBOJUMOCTH
amMopgHOro moJynpoBoaHuKa cootBercTBeHHO; ET, Ev, Ec, EF — sHEprum, coorBeTcTBYyIOIIIE
ypoBHsM PepMU U JIOBYIIEK, KpasiM BAJICHTHOI 30HBI M 30HBI IPOBOIUMOCTH.

- p-c-5i i~a-Si:H
Ecy
DNeKTPOH
Een
——————————— Ep
___________ E,
E 2

Puc.1. Moaenb TyHHENHPOBAHUS C 3aXBATOM U SMHUCCHEN HOCUTENEH 3apsiaa
Ha JIOKAJIM30BaHHBIX COCTOSIHUSIX B T€TepOCTpyKTypax a-Si:H/c-Si.

[lepBblii uneH B BBIpaKEHUHU (2) OTpa)kaeT CKOPOCTh 3MMCCHUU JABIPOK, a BTOPOU —
CKOPOCTh 3axBaTa JJICKTPOHOB Ha JIOBYIIKH. B ciydae rerepocTpyktyp n-o-Si:H/p-c-Si,
UCCIIEIOBaHHBIX Marcyypoil, MeXaHuW3M TYHHEIMPOBAHUS JUMHUTHPOBAJICS CKOPOCTHIO
OMHUCCHH JBIPOK.

Bxnan B nocienoBatenbHoe conpoTuBieHne CO BHOCST CONPOTUBICHUE METAJUTMUECKOM
CETKH, KOHTAKTHBIE COINPOTUBIIEHUS, YACIBHOE IIOBEPXHOCTHOE  COIPOTUBIICHUE,
COTMPOTHUBIIEHUS 0a3bl U OOPATHOTO KOHTAKTA.

IyHTHpyloIIee CONPOTUBIEHUE COTHEYHOTO AIEMEHTa 00YCIOBIEHO Pa3IMYHOIO poja
TOKOB yTeuKaMu (10 MOBEPXHOCTH, NepuepuitHpIM 001acTaM, 00beMy noaynpoBogHuka CO
U T. I.).

Teopernueckuil pacyeT BOJbT-AMIIEPHBIX XapAaKTEPUCTUK COJHEYHBIX AJIEMEHTOB Ha
OCHOBE aMOP(HBIX MOJYINPOBOJHUKOB 3HAYUTENBHO OCIOXKHSAETCS KBa3HHENPEPHIBHBIM
pacrpeeIeHueM JJIEKTPOHHBIX COCTOSIHUWA B IIEJIM MOJBWXHOCTU. B 3ampenieHHoil 30HE
KPUCTAJTIMYECKHX MTOIYIIPOBOJHUKOB IPUCYTCTBYIOT TOJIBKO OT/EIbHBIE JUCKPETHBIE YPOBHH,
KOTOpBIE IEUCTBYIOT KaK peKOMOWHALMOHHbBIE IEHTPbl. PeKOMOMHAIIMOHHBIE TPOLIECCHI B 3TOM
cirydae onucbiBaroTces Mojenbto [loxnm — Puna — Xomnna. Kak npaBuio, BKi1agoM HOCUTENEH B
00IIMIi MPOCTPAHCTBEHHBIN 3apsi/l, 3aXBaUCHHBIX HA COCTOSHUS B 3aMPEIIEHHON 30HE, MOXXHO
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npeHeOpeys 13-3a HU3KOU IJIOTHOCTH COCTOSTHUH. B 1mienu nmoaBmxHOCTH aMOp(PHOTO KpeMHHUS
CYLIECTBYET KBa3MHENPEPHIBHOE PACIPENEICHUE DIIEKTPOHHBIX COCTOSIHMM, KOTOpBIE B
3HAYUTEIIBHOM CTEIEHHU BIIMAIOT HA 2JICKTPOHHBIE CBOMCTBA MaTepuaia. Bkiagom Hocurenei,
3aXBAaYCHHBIX HA COCTOSIHHSI B 3allPEIICHHON 30HE, B OOLIMI MPOCTPAHCTBEHHBIN 3apsy] yiKe
Hellb3sl npeHeoperaTsb. Kpome Toro, Bpems KU3HU HOCUTEINEH 3apsaa B 3HAUUTEIIbHON CTENICHH
3aBUCUT OT CMEUICHMSI, ITOCKOJbKY OT HEr0 3aBUCUT YHUCIIO COCTOSIHMM, yYacTBYIOIIMX B
nporeccax peKOMOMHAIUH.

Kak npaBuiio, mpu MaTeMaTHYECKOM OIMCAaHUU PAOOTHI MPHOOPOB HA OCHOBE aMOP(HHOTO
KPEMHHUS UCIOJIb3YHOTCS CIEAYIOIUE TOMYIECHUS.

1. IlpuHuMaeTcsi, 4TO NEPEHOC HOCUTENEH 3apsia OCYLIECTBISAETCA TOJIBKO IIO
pacpoCTpaHEHHBIM COCTOSHUSM.

2. HmeroTcs pe3kHe TpaHMIBl  IOJABMKHOCTH, pa3JEISIIOIIME HOCUTEIM Ha
pacnpoCTpaHEHHBIE U JIOKATU30BAHHBIE COCTOSIHMUS.

3. 3amosiHeHNE JTOKATU30BAHHBIX COCTOSIHUN OMpeAessieTcss CBOOOAHBIMU HOCHTEISIMU
3apsaga. lIpuHMMaroTCs BO BHUMAaHHME TOJBKO IIPOLIECCHI 3aXBaTa M OMHUCCHUM MEXIY
pacupoCTpaHEHHbIMU U JIOKAJIM30BAHHBIMM COCTOSIHUSMHM, @ BO3MOXKHOCTbIO OOMEHa
HOCUTEIISIMU MEX/1y JIOKaJIM30BaHHBIMM COCTOSIHUSMU IpeHeOperaercs.

YkazaHHbIE Oy IIEHHUS CITPABEUIMBHI TP KOMHATHBIX M 00JIee BRICOKUX TEMIIEpaTypax.

[TpakTHUecku BO BCEX CIIydasiX HCIIOJIB3YOTCSI OIHOMEPHBIE MOJENH YCTPOUCTB. B TO ke
BpEMsi peasibHbIC P-I-N — CTPYKTYPhI COTHEYHBIX IIECMEHTOB (DOPMHUPYIOTCS HA TEKCTYPUPOBAH-
HOM CJIO€ JUIsl YCWJICHHs PacCesHUs U IOTJIOLIEHUS CBeTa. B pe3ynbrare TOJIIMHA CIOEB O-
Si:H He omHOpoMHA MO TUIOIAAN. DJIEKTPOHHBIA U JBIPOYHBIA MMEPEHOC B MOIYIPOBOJHHUKE
OIMCBHIBAETCS CUCTEMOM ypaBHEHUN: ypaBHeHUeM IlyaccoHa U ypaBHEHUSAMU HENPEPBIBHOCTH
110 st 371€KTPOHOB U JBIPOK [5], KOTOpPBIE AJI1 OTHOMEPHOTI'O CIIy4asl BBIIJISIAT CIEIYOINM

o0OpazoM:
02U

€52 = —p(x); )
AJp _ .
%% =G(x) — R(x), Jn=24q (n.unE + D, 3_2)' ()

I7ie € — qUdJIeKTprueckas nmponunaemMoctsb; U — noteHuuai; G(x) — ckopocTh reHepanuu; R(x)
— CKOPOCTh peKOMOMHALNY; P — 3apsaf; Jn , Jp — MIOTHOCTH 3JIEKTPOHHOTO U ILIPOYHOT'O TOKOB
COOTBETCTBEHHO.

B amopdHOM TONMYIpOBOIHUKE 3apssl P OIMpEeNseTcsl KOHIEHTpalueld JOHOPOB U
aKLENTOPOB, CBOOOIHBIX AJIEKTPOHOB N U JIBIPOK P, @ TAKXKE 3apsII0M HOCUTENEH, 3aXBaYeHHBIX
Ha COCTOSIHUSI B 3alIPENIEHHOMN 30HE Prrap. Takum obpazom, p = g-(p — N+ Np* — Na™) + prrap.

B o0rieM Buzie A1 ABIPOYHOTO U 3JIEKTPOHHOTO TOKOB

d
]p =q (p.upE - Dp ﬁ)' (6)
0
Jhn=4q (nUnE - Dy £)1 (7
r7e Mp, HUn — MOJBHHOCTb IBIPOK U 3MEKTpoHOB; Dn, Dp — xoadduumentsr nudpdysun

AIEKTPOHOB M JIBIPOK; E — HANPSyKEHHOCTh AIEKTPUUECKOTO OIS,
C npyroii cTopoHsl, Jp 1 Jy onpenensitorcst rpaiMeHTOM KBa3uypoBHEH Depmu:

dE
_ fp
Jo = toP (")
dE
f
]Tl = luTln dxn
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YUK DASIYICILARIN KOCURULM®OSI VO GUNOS ELEMENTLORININ
QARANLIQ VOLT-AMPER XARAKTERISTIKASI

KORIMOV E.O.

Gunas elementlorinin  garanliq volt-amper xarakteristikalarinin = 6l¢iilmasi  giinas
elementlorinds forma asmalini tayin edon vo homg¢inin ardicil vo suntlayict miigavimat kimi
mihim parametrlorin giymatlondirilmasina imkan veron yiik dastyicilarin kogtiriilmasinin
ustlinlik togkil edon mexanizmlarini tapmaga imkan yaradir. Kristallik materiallar asasinda
gunas elementlorinds bir qayda olaraq, yiikk dasiyicilarin kogiiriilmasinin iki mexanizmi
usttinlik togkil edir: diffuziya vo rekombinasiya. Bu halda giinos elementlorinin qaranliq VAX-
1 ikieksponensial modelin komayi ilo tosvir etmok mimkiindr.

Acar sozlar: sunt, glinas elementi, omsal, yiik dasiyicilarin dreyfi, qaranliq corayani, yarimkegirici.

CARRIER TRANSPORT MECHANISMS AND DARK VOLT-AMPERE
CHARACTERIZATION OF SOLAR CELLS

KERIMOV E.A.

Measurement of the dark volt-ampere characteristics of SEs makes it possible to find
the prevailing transport mechanisms in solar cells, which determine the shape factor, as well as
to estimate such important parameters as series and shunt resistances. In solar cells based on
crystalline materials, as a rule, two carrier transport mechanisms prevail: diffusion and
recombination. In this case, the dark VAC of the SE can be described using a two-exponential
model.

Key words: shunt, solar cell, coefficient, carrier drift, dark current, semiconductor.
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DEVELOPMENT OF ALGORITHMS FOR INTELLIGENT
CONTROL OF WIND TURBINES
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Currently, wind energy plays an important role in providing a sustainable source of electricity, but in order
to maximize the efficiency of wind turbines, the development of innovative control methods is required. The
development of algorithms for intelligent control of wind turbines is becoming increasingly important in the quest
to optimize the production of renewable energy. This paper proposes algorithms that use modern artificial
intelligence techniques, including machine learning and adaptive control, to optimize wind turbine operation.
These algorithms are designed to adaptively respond to changes in wind flow, load dynamics and other factors.
The main goals of these algorithms include increasing power output, increasing operational reliability and reducing
operating costs. This article also provides examples of these algorithms in Python.

Key words: renewable energy, wind turbine, efficiency, algorithm, optimization, adaptive control

Introduction. Modern society faces the challenge of not only providing a constant and
sustainable source of energy, but also minimizing the negative impact on the environment. In
this context, wind energy occupies an important place as one of the most promising sources of
clean energy. Wind turbines, which convert the kinetic energy of the wind into electrical energy,
are an efficient and environmentally friendly means of generating electricity.

However, despite the potential of wind energy, the efficiency of wind power plants can
be significantly reduced due to variability in wind flow. Therefore, the efficiency of wind
energy use directly depends on the management efficiency of wind electric installations.
Traditional control methods are limited in their ability to adapt to changing conditions and may
not provide sufficient efficiency and reliability. In this context, the development of an
algorithms for intelligent control wind turbines is becoming an important research area.
Intelligent wind turbine control involves the use of advanced techniques and technologies such
as artificial intelligence (Al) and machine learning (ML) to optimize plant operation in real
time. The goal of such algorithms is to maximize electricity production at minimal costs and
minimize negative impacts on the environment.

One of the key aspects of developing an intelligent control algorithms for a wind turbine
is taking into account variable environmental conditions, such as wind speed and direction,
temperature, humidity and other factors affecting the operation of the wind generator. Using
sensors and data collection systems, the installation continuously monitors environmental
conditions, and algorithms analyze this data and make decisions on the optimal operating mode.

The first important aspect of intelligent control is also the prediction of changes in wind
conditions in order to adapt the operation of the wind generator in advance. Using data from
past weather conditions and weather forecasts, algorithms can determine optimal plant
operating parameters to maximize energy production. The second important aspect is
optimizing the operation of the wind generator under conditions of variable load on the power
grid. Control algorithms must effectively balance energy production with consumption, taking
into account the specifics of the power grid and the needs of consumers [1-3].

The third important aspect is the coordination of work between several wind turbines in
a wind farm. Intelligent control systems must ensure optimal load distribution between
installations, taking into account their geographical location, wind flow characteristics and
other parameters, to ensure maximum efficiency of the entire wind farm. The use of algorithms
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for intelligent control of wind electric installations is already showing significant results.
Increasing the efficiency of installations can reduce the cost of electricity production and make
wind energy more competitive compared to traditional energy sources. Moreover, it helps
reduce emissions of greenhouse gases and other harmful substances, which in turn has a
beneficial effect on the environment and human health [4-5].

Materials and Methods. The development of algorithms for intelligent control of wind
turbines includes the use of advanced methods of machine learning, optimization and system
management. Below is an overview of several types of such algorithms:

1. Wind Conditions Forecasting.

- Machine learning methods such as regression models or neural networks can be used
to predict wind speed and direction based on historical data and data from weather stations.

- Time series algorithms such as ARIMA (autoregressive integrated moving average)
can be used to predict wind conditions based on previous measurements.

# Using Machine Learning

from sklearn.linear_model import LinearRegression

wind_forecast_model = LinearRegression()

# Training the model

wind_forecast_model.fit(training_features, training_labels)

# Predicting wind speed and direction

wind_speed = wind_forecast_model.predict(new_data)

# Time Series Algorithms

from statsmodels.tsa.arima.model import ARIMA

# Fitting ARIMA model

arima_model = ARIMA(data, order=(p, d, q))

# Making predictions

forecast = arima_model.predict(start=start_date, end=end_date, typ="levels’)

Example 1. Algorithm of wind conditions forecasting

2.Blade angle control. Proportional-Integral-Derivative (PID) controllers can be used to
maintain an optimal blade angle based on current wind conditions. These controllers adjust the
angle of the blades to maximize energy production.

# PID Control
class PIDController:
def _init_ (self, Kp, Ki, Kd, setpoint):

self.Kp = Kp
self.Ki = Ki
self.Kd = Kd

self.setpoint = setpoint
self.prev_error =0
self.integral = 0
def compute(self, current_value):
error = self.setpoint - current_value
self.integral += error
derivative = error - self.prev_error
output = self.Kp * error + self.Ki * self.integral + self.Kd * derivative
self.prev_error = error
return output
# Initializing PID Controller
pid_controller = PIDController(Kp=0.5, Ki=0.1, Kd=0.2, setpoint=desired_angle)
# Calculating control signal
control_signal = pid_controller.compute(current_angle)
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Example 2. Algorithm of blade angle control

3. Maximizing energy output. Optimization techniques, such as genetic algorithms or
simulated annealing algorithms, can be used to find optimal wind turbine operating parameters,
such as rotor speed or blade angle of attack, to maximize energy production [6-10].

# Genetic Algorithm
import numpy as np
from geneticalgorithm import geneticalgorithm as ga
def fitness_function(x):
# Function to maximize (e.g., energy output)
return -1 * energy_output(x)
varbound = np.array([[0, 100], [0, 360]])
algorithm_param = {'max_num_iteration": 1000, 'population_size": 100}

model = ga(function=fitness_function,  dimension=2, variable_type='real’,
variable_boundaries=varbound, algorithm_parameters=algorithm_param)
model.run()

# Retrieving optimal parameters
optimal_parameters = model.output_dict['variable']
# Simulated Annealing
from scipy.optimize import dual_annealing
# Define objective function
def objective_function(x):
return -1 * energy_output(x)
# Define bounds
bounds = [(0, 100), (0, 360)]
# Perform optimization
result = dual_annealing(objective_function, bounds)
# Extract optimal solution
optimal_solution = result.x

Example 3. Genetic algorithm

4. Power grid load management. Grid load management involves monitoring current
load and forecasting energy demand. The system adjusts the wind turbine's production
according to this data, activating or deactivating additional loads as needed. The goal is to
optimize energy production and consumption to ensure stable operation of the electrical grid.
Load control algorithms can be used to balance wind turbine power production and grid power
consumption. These algorithms can take into account current network load and energy
consumption forecasts to optimally distribute the energy produced.

# Load Management Algorithm
def manage_load(wind_energy, grid_demand):
if wind_energy > grid_demand:
excess_energy = wind_energy - grid_demand
# Utilize excess energy or store it
else:
deficit_energy = grid_demand - wind_energy
# Compensate deficit energy from other sources or storage
# Return optimized load management strategy
return optimized_strategy
# Usage
optimized_strategy=manage_load(wind_energy, grid_demand)

79



Example 4. Load management algorithm

5. Adaptive Control. Adaptive control algorithms can be used to continuously optimize
wind turbine operating parameters based on changing wind conditions and grid requirements
[11-17].

# Adaptive Control Algorithm
def adaptive_control(current_wind_speed):
if current_wind_speed < threshold_1:
# Adjust parameters for low wind speeds
adjust_parameters_low_wind()
elif threshold_1 <= current_wind_speed < threshold_2:
# Adjust parameters for moderate wind speeds
adjust_parameters_moderate_wind()
else:
# Adjust parameters for high wind speeds
adjust_parameters_high_wind()
# Continue operation with updated parameters
continue_operation()
# Usage
adaptive_control(current_wind_speed)

Example 5. Adaptive control algorithm

The first step in adaptive control is to continuously monitor the environment and the
condition of the wind turbine using sensors and data acquisition systems. This includes
measuring wind speed and direction, temperature, humidity, as well as plant operating
parameters such as rotor speed and energy production. Based on data collected in real time,
adaptive control algorithms regularly evaluate the current state of the wind turbine and compare
it to desired energy production and safety goals. If necessary, the algorithms take corrective
measures to ensure optimal plant performance. Depending on current wind conditions, energy
consumption and other factors, adaptive control algorithms can dynamically adjust wind
generator operating parameters such as rotor speed, blade angle and grid load distribution. This
provides flexibility and efficiency in the operation of the unit in various conditions [18-23].

CONCLUSION

In conclusion, the development of algorithms for intelligent control of wind turbines
marks a significant milestone in the quest for enhancing renewable energy efficiency and
sustainability. Through the algorithms outlined above, we have demonstrated a multifaceted
approach to optimizing the performance of wind turbines in varying environmental conditions.
By predicting wind speeds accurately using machine learning models, we can anticipate
changes in wind conditions and adjust turbine operations preemptively. The implementation of
PID control algorithms allows for real-time adjustment of turbine parameters such as blade
pitch angle, enabling optimal energy extraction from the wind while minimizing mechanical
stress. Furthermore, the utilization of optimization algorithms, such as genetic algorithms,
facilitates the fine-tuning of turbine settings to maximize energy output over time. These
algorithms iteratively search for the most efficient configuration parameters, ensuring that wind
turbines operate at peak performance levels.

Overall, the integration algorithms for intelligent control into wind turbine systems
enhances their adaptability, efficiency, and reliability. As a result, wind energy becomes a more
competitive and sustainable alternative to traditional fossil fuel-based energy sources. Looking
ahead, continued research and development in this field will further refine and enhance these
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algorithms, ultimately driving advancements in wind turbine technology and accelerating the
global transition to clean and renewable energy solutions.
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KULOK TURBINLORININ INTELLEKTUAL iDAROETMO
ALQORITMLORININ iISLONMOSI

MOMMODOYV N.S., MUXTAROVA K.M.

Hazirda kiilok enerjisi dayanigli elektrik enerjisi manbayinin tomin edilmasinds mihim
rol oynayir, lakin kiilok turbinlarinin samarsliliyini maksimuma g¢atdirmaq {iglin innovativ
idaroetms tsullarinin hazirlanmast tolob olunur. Kilok turbinlarinin agilli idars edilmasi tgiin
algoritmlorin inkisafi barpa olunan enerji istehsalinin optimallagdirilmasi axtariginda getdikco
daha ¢ox shamiyyat kasb edir. Bu mogals killok turbininin isini optimallasdirmagq tigiin masin
Oyronmoasi vo adaptiv idarsetmo do daxil olmagla miiasir siini intellekt {isullarindan istifada
edon algoritmlor toklif edir. Bu alqoritmlar kiilok axini, yiik dinamikasi vo digor amillordoki
doyisikliklora adaptiv cavab vermak Uglin nazards tutulub. Bu algoritmlarin asas moagsadlari
enerji istehsalinin artirilmasi, amaliyyat etibarliliginin artirilmasi va amaliyyat Xarclarinin
azaldilmasidir. Bu moagalods Python-da bu algoritmlorin nimunalori do tagdim olunur.

Acar sozlar: barpa olunan enerji, kiilak turbini, somoaralilik, alqoritm, optimallasdirma, adaptiv idarsetma.

PA3PABOTKA AJITOPUTMOB UHTEJVIEKTYAJIBHOI'O
YIIPABJIEHUA BETPAHBIX TYPBUH

MAMEJOB H.C., MYXTAPOBA K.M.

B HacTosiiee Bpems BETPOIHEpPreTMKa WrpaeT BaXHYIO poJib B 00ecleueHUH
YCTOMUMBOTO UCTOYHMKA 3IEKTPOIHEPTHH, HO I MAaKCUMH3AUU 3P (HEKTUBHOCTH BETPSIHBIX
TypOuH TpebOyeTrcsi pa3paboTKa WMHHOBAallMOHHBIX METOJOB ympasiieHus. PazpabOoTka
QITOPUTMOB UHTEJUIEKTYaJIbHOIO yIpaBJIEHUS BETPSHBIMU TypOMHAMH CTaHOBHUTCS Bce Ooee
BaXHOW B CTPEMJIEHUHU ONTUMU3UPOBAThH MPOU3BOACTBO BO30OHOBIsIEeMO sHepruu. B nanHoi
CTaTh€ MPEAIAraloTCs aJIrOPUTMBI, UCHOJB3YIOLUIME COBPEMEHHBIE METO/BI UCKYCCTBEHHOTO
MHTEJJIEKTa, BKIIIOYash MAallMHHOE OOydeHHEe W aJlaiTUBHOE yMpaBieHHUE, JJIsi ONTUMHU3ALUU
paboThI BETPSIHBIX TYPOUH. DTH alrOPUTMBI NPEIHA3HAYEHBI JUI aAalITUBHOTO PearupoBaHus
Ha M3MEHEHHUs BETPOBOIO IOTOKA, IWHAMUKHU Harpy3ku M Apyrux ¢akropoB. OCHOBHBIMU
LHEISIMM 3TUX aJTOPUTMOB SBIIIOTCS YBEJIWYEHHE BBIXOJHOM MOIIHOCTH, IOBBILIEHUE
JKCIUTyaTallMOHHOW HAJEKHOCTH W CHI)KEHHME SKCIUIyaTallMOHHBIX 3arpaTr. B 3Toil crarbe
TaKXe MPUBEICHBI MPUMEPHI ITUX aIropuTMOB Ha Python.

KioueBble ciioBa: BO30OHOBIIsIEeMas >HEPreTHKa, BETpoBas TypOWHA, 3(PQPEKTHBHOCTH, AITOPUTM,
ONTUMU3ALMS, AJaNTUBHOE yIPaBICHUE.
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NMPUMEHEHUE COBPEMEHHBIX HH®OPMAIIAOHHBIX TEXHOJIOI UiA
AJIS1 HOBBIINEHUSA 9@PEKTUBHOCTHU IEPEJAYA THOOPMALIMN K
OIEHKH YPOBHs 3HAHUM B PEXKUME OHJIAUH

MACTAJIMEB H.10.

Asepbatioscanckuti Hayuno-Hccrnedosamenvckuii
u Ilpoexmmno-Hzvickamenvckuil Mncmumym OHepeemuxu
ismayil.mestaliyev@aztu.edu.az

B cratee paccMOTpeHBI BONPOCHL CO3JAHUSI pecypca, pPa3padOTKH MPWIOKECHHS Ha  S3bIKE
nporpammupoBanust Delphi u mpoBepku ypoBHS 3HaHMH B pPEXHME OHJIANH, a TaKKe PACHIMPEHUs €ro
BO3MOXKHOCTEH. PaboThl, mpoBelecHHbIE B JaHHOW CTaThe, HAllpaBieHbl Ha co3laHue VIHTepHeT-pecypca c
HMIMPOKMMH BO3MOXHOCTSIMH B €JHHOM MH(MOPMAIIHIOHHOM IPOCTPAHCTBE.

KuroueBble ciioBa: BeO-cTpaHuIla, CChUIKA (JIMHK), OHJIAMH, SJEKTPOHHBINA pecypc, JOKajdbHas CeTh, BEO-
cepBep, NMPUKIaaHas Mporpamma, 0asa naHHbIX, delphi, http, html.

Bonpoc nocrossHHOTO pa3BUTHS HHPOPMAIIMOHHBIX 1 KOMMYHHKAIIMOHHBIX TEXHOJIOTHH,
OTKPBITUS HOBBIX OHJIAMH pabo4uX MecCT, ObICTPbIX U3MEHEHUH B UHPPACTPYKTYPE S3KOHOMUKHU
HaXOJMTCS B LIEHTpE BHUMaHUA Kak B A3epOaiipkanckoi Pecniy0nrke, Tak 1 BO BCEM MHUPE.

PaGoTsl Hax NMpPoeKTOM cO31aHHMA Bed-pecypca ¢ IIHPOKMMH BO3MOKHOCTSIMH.
[IpumeHenne WHGPOPMALMOHHBIX TEXHOJOTHHA BO BceX cdepax aearenbHOCTH oOmiecTBa
HOJHSUIIO €r0 JKU3HEAEATEIbHOCTh Ha HOBBIN KaueCTBEHHbIN ypoBeHb. Kak 1 Bo BceM Mupe, B
Azepbaitkanckoit PecrryOmike 00bIoe BHUIMaHHE YIENSETCS Pa3BUTHIO HH()OPMAITHOHHBIX
TEXHOJIOTUH M MX UCIOJB30BAaHUIO B CHELUANbHBIX OO0NACTAX MNpUMEHEeHHs. Spkum
JI0Ka3aTeNbCTBOM 3TOro siBisiercs To, 4Tto llpesument AsepOaiimxanckoir PecnyOnuku
00bsBrI1 2013 rog ['ogom nHOPMAITMOHHBIX TEXHOJIOTHI U MHHOBALMN, U UHPOPMALIMOHHBIE
TEXHOJIOTUH BCET/Ia JIOJDKHBI HAXOIUTCS B IIECHTPE BHUMAHHUSL.

AKTyalbHOCTH BONpoca. B Xxozme rmporeccoB, NPOUCXOIAIIMX B MHpPE, B
Asepbaiixanckoil Peciy6nmke 3a nociegsee aecarusiaeTre Oblia pojenana 6omblast padora,
CBsI3aHHAs ¢ T100anbHOM ceThio (HTepHeT).

CoznanHblii MHOM BeO-pecypc Ha Tpex s3blkax (a3epOailKaHCKOM, PYCCKOM U
AHTJIMICKOM) MOJKET MPEIOCTABIATh HH(POPMALIHIO O JESTEIbHOCTH SHEPreTHYECKOI OTpacin
A3ep0aiikaHa U pacrpoCTPaHITh €€ TI0 BCeMY MUPY uepes3 riobanbHyto ceTh (MHTepHeT).

Pacmmpena 6a3a JaHHBIX Tpex Bepcuil BeO-pecypca, B 0a3y 100aBiIeHbl U3MEHEHHbIE
nanHable. Kpome Toro, KITto4eBblie CII0BA PETUCTPUPYIOTCS B TII00ATBHBIX TIOUCKOBBIX CHCTEMax
Ha TPeX SI3bIKaXx.

NuTepdetic BeO-pecypca, pa3paboTaHHBIN BO BCEX TPEX BEPCUSIX, HE YCTyIAET IOpTajiaM,
CO3JIaHHBIM B 00JIACTH SHEPreTUKHU B HAILIEH cTpaHe U 3a pyOeKoM, U 1aXke MPEBOCXOIUT UX B
HEKOTOPBIX CIIy4asX C TOYKHA 3peHUs (yHKIMOHAIBHOCTH, CIHOCOOHOCTH OTBEYATh
COBPEMEHHBIM TPEOOBAHUSIM.

B pazpenax «HoBusna» m «MKT» maHHOro pecypca mpeicTaBiieHa camasi CBEXKas
UH(pOpMaLKs IO YHEPTeTHUECKON cdepe B peciyOIuKe U 3a ee MpeJieaMu.

Onucanue 3xpana Bed-pecypca. OOHOBIEHUS Ha TJIABHOW CTPAHUIIE a3epOaii KaHCKOM
BEPCUU pecypca MOJTHOCThIO MPUMEHEHBI KO BceM MeHIo. Hapsiiy ¢ 3TMMu M3MEHEHUsIMH Ha
pecypce Hallljla CBOe OTpakeHHe U MHpopmanonHas 6a3za. Cpeau 3TUX HOBOBBEACHUN OJUH
u3 (parMeHTOB, NPUBJIEKAIONUI OCHOBHOE BHHMMAaHHE, — 3TO MEHIO BHYTpH OJl0Ka
OOHOBJIEHMS. DTH MEHIO CO3JIaHbl JUIsl OTpakeHus HHpopmanuu ocoboil BakHOCTH. B
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YaCTHOCTH, ATH MEHIO TNPUBJIEKAIOT BHUMAHHUE IOCPEICTBOM H300pakeHHil B OO0BEKTax,
OCHOBaHHBIX Ha TUHAMHYECKHX MPUHIUINAX. DTH U300pakeHUs MPEICTaBISIIOT cO00H OYeHb
Ba)KHbIE (hparMeHThI, BKItovatomue oonactu 3Hepretuku 1 UKT. Ha rimaBHo# cTpanwuie Beo-
pecypca cCUCTeMaTH3UpPOBaHa U OTpakeHa BakHas MH(pOpManMs, Mpousomennas B 001acTu
sHepreTuku. Hiwke, Ha pucyHnke 1 mpeacTaBiieH BIIEHU3II0KEHHBIH pecypc.

“AzorEncrji  DAKIMPONHAR GubAuOIIENa As
uddpoexmno-Hsbicxi

y g T WS T =2 -
o e W TR Y T W O e
- - -~ fTSevLs e - T - .

B [aasnas crpansua JIHCTaHIHOHHOE o0y4yeHHe B =S e

- — —

8 06 wncruryre

B [lepuonueckne wanamus POTF

I Hayunse pesvasrares Adobe Acrobat Reader
AsepBaiiumancine wpudrey
B Crpysrypa DIVU

B Haysno-Texmueckiuii Coper

I 3axcomonareverae Bubanorexa

Jaextpomnas Gubmorera

OfpasopaTenbmbii nopra1

Bxoa B cHcTemy

 AncTanmmontoe obyuenne-
Orvesme Dossspia

Top. Basy, apocaest T Japasbu s

Puc.1. I'naBHbIi 3KpaH pecypca.

I. XAPAKTEPUCTUKHU PECYPCA

1.1. CocraB CUCTEMBI.

CucremHas wuHbopMalus W MOporpaMMHOE  OOeCHedeHHe MPEIOCTaBISIOTCS
MOJIb30BATENI0 B BHJIE YCTaHOBIIEHHOTO ¢haitna ¢ mMeHem «Test.exe», 3amMcaHHOTO Ha
komnakT-aucke/Flash. DToT daiin Takke MOKHO cKayaTh C pecypca.

1.2. 3arpy3ka cucTeMbl Ha KOMITbIOTEP MOJIb30BATES.

JIist yCTaHOBKM CHUCTEMBI HEOOXOAMMO 3allyCTHTh €€ JBOWHBIM IIEeTYKOM 1Mo (aiimy
«Test.exe». B pe3ynbTare ycTaHOBKM B yKa3aHHOM BaMu Kartajore OyJeT co3jaHa namnka Test
(katasor: C:\ProgramFiles) ¢ cucremHo#i porpammoii 1 uHGOpMarmeii, 1 mporpaMma HaqHeT
paborare aBTOMaTH4ecku. Kpome TOro, 3amycTUTh IpOTrpaMMy MOXKHO, CO3/IaB Ha pabodeMm
CTOJIE U B TJIABHOM MEHIO OTEPAIIIOHHON CUCTEMBI SPJBIK MO Ha3BaHueM « Tecty.

CxkayaB nmporpaMmy ¢ 3TOT0 pecypca, BaMm He0OXOAMMO BBIOPATh PEKUM « BBITTOIIHUTH»
u BBecTH «Tect». B aTOM ciydae mocne 3aBepiieHUs! 3arpy3Kd MpoIlecc YCTaHOBKHU OyIeT
BBITIOJIHEH aBTOMATHYECKH (PUCYHOK 2).

BriBenenue cructeMbl Ha pabouyuil CTOJ KOMIIBIOTEPA MOJIb30BATENS OCYIIECTBISETCS
cTaHgapTHHIMUA MeTogamMu Windows.

2. Pabora ¢ cucteMoil TUCTaHITMOHHOTO 00pa30BaHUS

2.1. 3amycK CUCTEMBI.

2.1.1. TTonb30BaThCs CHUCTEMOWM MOKHO C MOMOIIBIO APJBIKa Ha pabodeM CTole MOJ
Ha3BaHueM «TecT».

2.1.2. Tlocne 3amycka HporpaMMbl 3acTaBKa 3arojioBKa M OCHOBHOE MeHiO (puc. 3)
cocToaAT W3 cieayrommx TyHKTOB: «lIpemmpustus» («Ox3amen»), «lludp» («Ilapomby),
«Coobmenus» («omkHocTb»), «[lomHoe ums» («DUO»), «Bomnpocsr», «Beioopy, «TeMb»,
«IIpenmets», «Kpurepun» («Apxusy), («Illkanay), «I[Tomomsy, «Bexom.
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Puc.2. Tloctpoenue cucteMsl U3 pecypcea.
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B Laasnas crpanuua
B 06 uncruryre

B [epuomuueckue samus

B Hayumse pesvavtare:
B Crpymypa
B Hayuso-texmieckiii Coner

Bubanorexa
B Corpynmmuectno Daextpomunas Gubamorera
B [ones
Torornn mecTuTyTa Bxoj B cHcTeMy

- AmcTanunonHoe 0fydenne-

A —

ABTOMATU3UPOBAHHAS CUCTEMA OLIEHKHU
3HAHUU PYKOBOJAIIETO U
OTEPaTUBHO-TEXHUYECKOTO TMEPCOHATIA
SHEPTONPEATIPUITUAIN

Puc.3. TuTynbpHBIN 5KpaH U OCHOBHOE MEHIO CUCTEMBI.

Ecnu TekcT MEHI0 W 3aCTaBKM OTOOpaKarOTCsl HEBEPHO: HYKHO Ha)KaTh Ha KHOMKY C
Haanuchlo «Haxkmute 31ech, €Cii CUMBOJIBI OTOOPaXKatOTCsl HEBEPHO!» (HAXKMHUTE 3/1€Ch, €CITH
BO3HUKIIM TPOOJIEMBI C TIOSIBIICHHEM CUMBOJIOB Ha dKpaHe!)

«MEeHIO TIPeNNpUATHS» HCIONB3yeTCs I BBIOOpA TPEINPHUATHSI, Ha KOTOPOM
MPOBOAMTCS MPOBEPKA 3HAHUN COTPYIHUKOB. MEHIO «DK3aMEeH» HCIOJIb3YeTCsl HEMOCPEACT-
BEHHO ]ISl IIPOBEPKH 3HAHHUH COTPYTHUKOB.

Mesnto «ITaponb» obecrieunBaeT HECAHKIIMOHUPOBAHHBIN TOCTYN K 0a3e JaHHBIX KaJIpOB
¥ 9K3aMEHAIMOHHBIM BOITPOCAM.

Hasnauenue ocTaibHBIX MyHKTOB MEHIO OMMCAHO HUXKE Ha PUCYHOKE 4.
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B Test - [Test]

HHOPOPMAITMOHHAA BA3A

BribepiuTe cTPOKY ¢ Ha3BaHIEM HOAPa3IeneHid. BRIOpaHHOE MOApa3aeneHne MOKHO:
Vmamuts, M3MeHHTS ero Hasame win J[06aBUTh MOCTIe HErO HOBOE MOAPA3/IeeHIIe.

PeMOHTHO-CTPOHTENBHEIIT IEX
P 0 Jlob6aBuTH

2 g avmvsass s ans

KotnorypouuHsIl 1ex

HM3mennts
» DIeKTpoIex
XuMmaecKIi Lex
ITex neHTpanm30BaHHOIO PEMOHTA Vmanute

ITex TerroBoli aBTOMATHKI 1 I3MepeHIi

@PeMOHTHO-CTPONTENBHBI HEX B
BIXOJ

Otoen MTC
IITO

Pl

Puc.4. baza gaHHbBIX TpeaNpUATHIL.

2.2. Tect nnst NpOBEPKU 3HAHUI.
2.2.1. BpibpaB meHI0 «DK3aMeH» BBIOMpAETCS THUI SK3aMeHa, Jajnee OTKPHIBACTCS
HE0OXOAMMOE OKHO MPOTrpaMMBbl (PUCYHOK 4).

B3 Test - [Test] - [m]

IpoBepKy 3HAHMIH IPOXOIUT

II/ICMHHJIOB Cadap FOnuc ormy. Jupextop TOI]

PykoBoguTenH
B cnrcke BEIGEPHTE JODKHOCTE COTPYAHHKA, IIPOXOJAIIETO IPOBEPKY 3HAHMI
01 Tmermop LT e
j72502 TnapHeIH HEKeHEp TOIT.
2503 HayameHHK cMeHBI TOL]
2504 HmkeHep

Tum 3x3aMeHa

« T2, TITE, TG

Hauamo

Brxon

(el

[ITE, TG 3K3aMeHa

Puc.5. OxHO [u1st BEIOOpA SK3aMEHa.

2.2.2. Cucrema — paBuiia TEXHUYECKON IKCILTyaTalliu, IpaBuiia TEXHUKU 0€30IaCHOCTH
u noxapuoit 6ezonmacuoctu («IITO, IITh, IIIIb») npegycmaTpuBaeT ABa BHA 3KCIEPTU3BI
(O6mas skcnepTr3a) TOIBKO MO MpaBuiIaM 0e30MacHOCTH U ToxkapHoi 6e3omnacHoctu («I1Th,
[1I1b»). Cchuiku, pa3MelIeHHbIe B paMKe ¢ Ha3BaHWEM «THWIl dK3amMeHa», BBHIOMPAIOT THIT
MPOBOIMMOTO 3K3aMeHa (TUIl 3k3aMeHa BeiOupaetcs kak «[1TD, I1TH, II1b»).

2.2.3. B 3TOM OKHE (C MOMOIIBIO MBIIIH ) BEIOWpaeTCs MO3ULMSI BHIOPAHHOTO COTPYAHHKA.
[Ipu sToM B TEKCTOBOM Tmoyie «JK3aMeHOBaHHBIN» («COTPYIHUK, CHABIIMA 3K3aMCH»)
MOSIBIISIFOTCS. (paMIIINS, UMSI K OTYECTBO COTPYIHUKA.
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2.2.4. ]ns 3ammycka dK3aMeHa HaxuMaeTcs KHonka «HauaTte sk3amen». Ecnn Haxkath Ha
9Ty KHOTIKY, HE BHIOpaB MpeABapUTEIBHO COTPYIHUKA, KOTOPOTO HYXKHO 3K3aMEHOBaTh, Ha
JKpaHe MOSBUTCS COOOLIEHHE O TOM, YTO HEOOXOAMMO CJIeNaTh COOTBETCTBYIOIIUN BHIOOD.
Haxar xHomky «OK» B OKkHe cooOmIeHus U BhIOWpaeTcs HYXHBIA cOTpyaHUK. Ha skpane
OTKPOETCSI OKHO 3K3aMeHa, II0Ka3aHHOE Ha PUCYHKE O.

Knonka «BbIXom» MO3BONISIET BEPHYTHCSI B OCHOBHOE MEHIO MPOTpaMMbl 0€3 caadu
JK3aMeHa.

2.2.5. Ilocne Havana 3K3aMEHa Ha SKpaHE MOSABISAIOTCS BOIPOCHI, COOTBETCTBYIOILIUE
BbIOpaHHBIM JOJKHOCTSIM COTPYAHHUKOB.

B nepBoii cTpoke BBEpXy OKHA yKa3aHbl ()aMHIIUS, UMS U OTYECTBO COOTBETCTBYIOILIETO
COTpyIHUKA. B mpaBoM BepxHEM YIiIy SKpaHa KpPacHBIM I[BETOM OTOOPa)KaeTcsi OCTaBILIEECs
Bpems (Bpemst) (MUHYTBI M CEKyHJBI) /10 3aBEPLICHMsI AK3aMEHAa M BOIIPOCHI, Ha KOTOPbIE
MIPEACTOUT OTBETUTH (BOTIPOC).

B cneunanbHOM OKHE OTOOpa)kaeTcsl COAEpKaHUE CIAEAYIOLIEro BOIpoca U OTBETHI Ha
Hero. Ecnu TekcT BapmaHTa BOmpoca M OTBETa HE IIOMELIACTCS B OKHE, HCIOJb3YyeTCs
crelualibHas 10JI0ca MIPOKPYTKHU, KOTOpas MosiBisgeTcs B 3ToM ciydae. Lllemukom ykazarens
MBIIIY Ha 9TOM YaCTH, OTKPBIBAETCS BECh TEKCT.

B3 Test - [Test] — [m]
@GaMHIHA, HMi, 0TYECTBO H JOLKHOCTD CAARIIET0 SK3aMeH Bpems  Bompoc
[[/ICMaHJIOB Cacap FOnrHC ormy. Jupektop TIL] ‘ 0: 54 20
JIOIZKHOCTE, II0 KOTOPOI caaeTcd sK3aMeH "
Crenyrommit
‘HH‘pCKTOp T3H. PykoBoHTEH. BOIIpOC
BriOepHTe IpaBHILHEIH OTBET HA MpeAiaracMblid HHKE BOIIPOC E
Bonpoc Ne XTB 36. -
TIpexvinymui
Kakylo paGoTy H3 HIDKEIIEPEUHCISHHBIX 3allpeIaeTCA IIPOH3BOIHTE C HOINOC
TIPHCTABHBIX IEPEHOCHBIX TECTHHI] H CTPEMAHOK? j
OTBETHI :
BriGepurte
1. O6CTyKHBAHHE COCYIOR H TPYGOIPOBOIOB MOIKOHTPOIEHEIX D)
TocropTeXHanzopy. HPIEIEEOIS
2. JIxoOy1o padoTy IPOH3BOIHMBIE JIHLIAMH MOJIOKE 18 JeT.
3. I'a30 H 31eKTpPOCBApOYHEIE PA0OTEL “1
4. IIpon3BOACTBO PaGOT C IPHCTABHBIX IECTHHN H CTPEMAHOK B 2
SHEProNpeINPHATHAY KAaTeTOPHYECKH 3allpeIaeTcs. 3
c 4
TlogTBepmuTe
BEIOOD, |

Puc.6. OxHO DK3ameHa.

2.2.6. BoiOupaeTcs npaBUIIbHBIA HOMEP OTBETA, HAXKaB HA COOTBETCTBYIOLIYIO CCHUIKY B
none «Bwibop». HeobOxonnmoe MeHIO NpPUHUMAETCS TOJBKO TOCHE HaXaTUs KHOIKU
«IlogtBepautes BbIOOpP». Takum o0pa3om, BbIOOp TPaBUIBHOTO HOMEpa OTBETa,
IIPEyCMOTPEHHBIN Mepe]l Ha)KaTUEM 3TOW KHONKH, MOKHO HM3MEHMTh. HakaB Ha KHOIIKY
«IToaTBepauThH BHIOOP», B TEKCTOBOM I10JI€ MOSIBIISIETCS CIEIYIOIHI BOIIPOC.

2.2.7 MOXHO H3MEHHUTb BOIIPOC, OTOOpakaeMbIii Ha HKpaHe, 4TOObI O0OecreYuTh
MOPSAZI0K, B KOTOPOM BBl OyJieTe OTBEeYaTh Ha BOIPOCHI, MpeiJiaraeMble BO BpeMsl 3K3aMeHa.
YroObl ©3MEHUTH BOIIPOC O6e3 BbIOOpa 0TBETa, HAXKUMAETCs Ha KHONKY «CleTyromuii BOIpocy,
60 Ha kHOTKY «IIpeapiaynuii BOmpocy, pacnoioKeHHbIN HaJ nojeM «Beioopy.

2.2.8. DK3aMeH 3aKaHYMBAETCs MOCIe TOro, Kak OyIyT JJaHbl OTBETHI Ha BCE BOIIPOCHI U
UCTEUeT BpeMs, OTBEJAEHHOE Ha 3K3aMeH. Bompochl, ocTaBmiuecss 0e3 OTBeTa BO BpeMs
9K3aMEHA, CUMTAIOTCS HENPaBUIbHBIM OTBETAMU. 3aBEPLICHHE 3K3aMEHA OCYIIECTBISAETCS
KHONKOU «BrIxomy.
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2.2.9. Ilocne aToro nmporpamma GOpMHPYET MHEHHE O pe3yJIbTaTax MPOBEPKU TECTa MO
ONpEeIETICHHBIM KPUTEPHUSIM. COOTBETCTBYIOIIKUE OT3bIBHI CIIETYIOLIHUE:

— TI0JIb30BaTENIb, HEMPABWJIHLHO OTBETUBLIMH HAa 2 BONpPOCA, IMOJYy4YaeT OLECHKY
«OTIHYIHOY,

— TI0JIb30BaTElb, HEMPABWILHO OTBETUBIINI Ha 4 BOIpoca - «XOpOoIIoy,

— TM0H30BaTElb, HEMIPABWIPHO OTBETUBIINI HAa HeOoyiee 4eM 5 BOMPOCOB, MOJydaeT
OLICHKY «Y IOBJIETBOPUTEIHHOY.

— €CJIM KOJIMYECTBO HEMPaBUIBLHBIX OTBETOB Oouiee 5 - «HeyaoBIeTBOPUTEIBHOY,

Nudopmanus o pe3ynbraTax »3K3aMeHa OTOOpaxkaeTcsi Ha O3KpaHe B BHUJC

9K3aMEHAIIMOHHOTO JIUCTA, KaK MOKa3aHO Ha PUCYHKE 7.

£5. Protokol x
SK3AMEHAIHOHEIH JIHCT

COTpPYIHHK: Hemannor Cadap FOHHC ormy
JIOTKHOCTE: JupexTop T3I]
IIpeanprarne: PyKoBoIHTENIH

DK3aMeH: IIT3, IITE, IIITB

TIpeameTsr Ne |OtBeET Ne OneHka Bpema

IIpoTokon

Puc.7. Pe3ynbraTsl 3K3aMeHa.

2.2.10. HaxaTtuem kHonkH «Ileqats», MOXKHO pacrieuaTaTbh dK3aMEHAILIMOHHBIH JIUCT.

2.2.11. Haxaruem kHonku «[IpoTrokon», Ha 5KkpaHe OTOOpa)kaloTcs pe3yibTaTbl
sKk3aMeHa. [IpoTokos moka3bpIBaeT X0/ U pe3yIbTaThl 9k3aMeHa. UToObl pacnieyaTaTs POTOKOJ,
Ha)knuMaeTcs KHonka «lleuaTh» B OKHE pe3yJibTaTa dK3aMeHa.

3AKJIIOYEHHUE

1. Pecypc mnpenocraBisieT BO3MOXXHOCTb IPOBEPUTH YPOBEHb 3HAHHMH I0JIb30BaTeNeH
OHJIAMH.

2. Ilaker mpuUKJIAAHOTO MPOrpaMMHOrO oOOeCleyYeHMs], CO3JaHHbI B paMmKax pecypca,

pa3paboTaH Ha s3bIKe porpamMmMupoBanust Delphi.

[To3Bomsier 3arpysaTh ¢ pecypca mpudTsl, npunoxenus Adobe Reader, djvu u ap.

Pa3meren cueT4ynk co crienuabHBIM HHAWKATOPOM, KOTOPHIH (PUKCHPYET oOpareHus 13

ry100anbHOM ceTH pecypca. DTOT UHIUKATOP IPUMEHSETCS KO BCEM MEHIO.

5. Hndopmamus o kaxaoM paszaene onucaHa B (opmax, oGOpMIECHHBIX B HOBOM
CHelHaIbHOM JTU3aiHe.

6. OO0ecreunBaeT JOCTaBKy pecypca MHUPOKOMY KpyTy MOJB30BaTeIel 3a CYET COXPaHECHUS
BCeil nH(pOpMAIMK C TOUKH 3pEHHS HJIEKTPOHHON MH(OpMAIUH.

7. Pecypc mpencraBiser co0oOl COBOKYHMHOCTh D3JIEKTPOHHBIX IaHHBIX B BUPTYaJbHOM
IPOCTPAHCTBE M UMEET BHYTPH NMPHUKIATHYIO IPOTPaMMYy.

8. CosznmanHas B paMKax pecypca dJeKTpOHHas OMOIMOTeKa MpeqHa3HaYeHa I [ITHPOKOTO
UCIIOJIb30BAaHUS PA3IMYHBIX BUJIOB AJIEKTPOHHBIX KHUT B BUPTYaJIbHOM IIPOCTPAHCTBE.

~ow
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INFORMASIYANIN OTURULMOSININ SOMOROLIYININ ARTIRILMASI VO
BILIK SOVOYIYONIN QiYMOTLONMOSI UCUN MUASIR INFORMASIYA
TEXNOLOGIYALARININ ONLAYN TOTBIiQi

MOSTALIYEV i.Y.

Mogaloda resursun yaradilmasi, Delphi proqramlasdirma dilindo olavenin islonib
hazirlanmasi vo bilik saviyyasinin onlayn sinaqdan kegirilmasi, eloco do onun imkanlarinin
genislondirilmasi masalalari miizakira olunur. Bu moagalods aparilan islor vahid informasiya
mokaninda genis imkanlara malik internet resursunun yaradilmasina yonalib.

Acar sozlar: veb sohifs, kegid (link), onlayn, elektron resurs, lokal sobokos, veb server, totbiq programu,
verilonlar bazasi, delphi, http, htm, html.

APPLICATION OF MODERN INFORMATION TECHNOLOGIES TO INCREASE
THE EFFICIENCY OF INFORMATION TRANSMISSION AND
ASSESSMENT OF KNOWLEDGE LEVEL ONLINE

MASTALIYEV LY.

The article discusses the issues of creating a resource, developing an application in the
Delphi programming language and testing the level of knowledge online, as well as expanding
its capabilities. The work carried out in this article is aimed at creating an Internet resource with
extensive capabilities in a single information space.

Key words: web page, link (link), online, electronic resource, local network, web server, application
program, database, delphi, http, htm, html.
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Magalomizds simsiz infokommunikasiya sistemlarinin gobuledici traktinin tezlik-selektiv qurgularinin
sintezi  mosalalorinin - mizakirasine baxilmigdir. Molum olmusdur ki, miiasir dovriimiizdo simsiz
infokommunikasiya sistemlorinds asagidak: tezlik diapazonlarindan aktiv istifade olunur: UHF (300 MHz - 3
GHz), mikrodalgali soba (3-30 GHz), EHF (30-300 GHz). Yeni standartlara vo protokollara kecidlo UHF
diapazonuna va daha yuksok tezliklora kegorkon, enerjiyoa gonast mobil cihazlarin vo 5G baza stansiyalarimin
sahasinds yeni hallor tolob olunur.

Acar sozlar: infokommunikasiya, tezlik-selektiv qurgular.

Giris. Qabul yolunun preselektorunun girig sxemi, spektri qabuledici kanalin miisyyan
edilmis is diapazonuna uygun golon antenna torafindoan gobul edilon signallar1 segon tezlik
segici bir cihazdir.

Miiasir simsiz infokommunikasiya sistemlorinds asagidaki tezlik diapazonlarindan aktiv
istifado olunur: UHF (300 MHz - 3 GHz), mikrodalgali soba (3-30 GHz), EHF (30-300
GHz). Yeni standartlara vo protokollara kegidlo UHF diapazonuna vo daha yiiksok tezliklora
kegoarkan, enerjiyo gqonast vo mobil cihazlarin vo 5G baza stansiyalarinin sahasinds yeni hoallor
tolob olunur. Homginin avtomobil sonayesinds yol tohliikosizliyini yaxsilasdirmaq vo nohayat,
noqliyyat vasitolorinin idaro edilmosinin insanlardan kompiiterlora kegmosi iiciin istifado
olunan miiasir qisa monzilli radar sistemlori do bdyiikk maraq dogurur. Yeni 6tlrucu yol
hallorinin totbiqinin asagidaki asas saholori miisyyan edils bilor:

- mobil rabito - asason 5G standart sistemlari iiglin;

- radar - ilk névbada naqliyyat vasitalari tigiin hallor;

- radionaviqgasiya - universal GPS/Glonass/ va s. gqabuledicinin qurulmasi baximindan;
- Ogyalarin Interneti (Intemet-0f-ThingsJ " X).

Prinsipco, hom inteqrasiya olunmus, hom do ¢ipdonkenar versiyalarda bant kegirici filtrlor
(bazi gabuledici strukturlarda - asag: otiiriicii filtrlor) avvalcadon secicilorin giris sxemlori kimi
istifado edilo bilor. Dizayndan asili olaraq, preselektor giris dovrolorinin asagidaki osas
novlarini ayird etmak olar:

- passiv vo aktiv YAS/LYAS/ELS/LESS sxemlori;

- soth (SAW) / toplu akustik dalgalar (BAW) asasinda filtrlor
- mikroelektromexaniki sistemlor (MEMS) asasinda filtrlor;

- hacmli rezonatorlarda filtrlor;

- zolagli/mikrozolaql zolaql filtrlor.

Muzakiralor.  Aktiv elementlori olmayan passiv 1G-sxemlar yiiksok segicilorin giris
sxemlari kimi istifads edilo bilmoz, ¢iinki kaskad baglantilar daxiletms itkilorinin artmasina
sobob olacaq vo boytik rezistor dayarlari, istilik soviyyasini artiracaq, gobuledicinin hossasligini
va dinamik diapazonunu shomiyyatli doracads azaldacag. ARC sxemlorinin tezlik diapazonu
guclondiricilorin tezlik xususiyyatlori ilo mohdudlasir vo bir gayda olaraq onlarla MHz tezlik
toskil edir. Bundan slava, ARC sxemlarinin sas-kily xisusiyyatlori do onlarin yiiksok tezlikli
yolun giris dovrasinds istifadasini nozords tutmur. Bu tip dovrs, yalniz istifado olunan
komponent (element) bazasinda ciddi mohdudiyyatlor oldugda, ovvalcadon segici giris
dovrasinin hoyata kegirilmasi tGglin nazardon kegirilo bilor.
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Passiv RLC sxemlori, induktorlarin keyfiyyot amili ilo miioyyon edilon (inteqrasiya
edilmis dizaynda onlarla vahiddon ¢ox olmayan) hoyata kegirilon segiciliklo mohdudlasir, bu
da filtr keyfiyyot amilini hayata kegirmoyo imkan verir. Induktorlarin planar konstruksiyasi ilo
xtisusilo nazora carpan parametrlorin texnoloji dispersiyasinin tosirini nazors alaraq, tezlik
xassalorinin avtomatik tonzimlonmasi iigiin aktiv elementlordon istifado etmadan belo filtrlorin
praktiki istifadesi miimkiin deyil. Eyni zamanda, filtrlorin keyfiyyst amilini artirmaga vo
temperaturdan asilili§1 azaltmaga imkan veron aktiv elementlorin totbiqi, aktiv elementlorin
tezlik xiisusiyyatlori ilo bagli yeni bir mohdudiyyat qoyur, lakin asas odur ki, dovrani passiv
kateqoriyadan aktiv kateqoriyaya kecirir.

RC/ARC/RLC/ARLC sxemlorinin ¢ipdonkonar icrasi vo ya elementlorin inteqrasiya
olunmus icras1 zamani texnoloji c¢otinliklorin yarandigi tezlik diapazonlarinda istifads
olunur. Bu, ya mohsuldarligi mohdudlasdirir, ya da slavo tonzimlomo sxemlarinin tatbiqini
tolob edir, dovroni ¢otinlosdirir vo enerji istehlakini shomiyyetli doracodo artirir. Qarsiligl
birlogmolorin uzunluglarinin dalga uzunlugunun fraksiyalar1 ilo miiqayisa oluna bilacoyi
diapazonlara kecgorkon (substrat se¢imindon vo dovronin hondasi 6l¢iilorindon asili olaraq, hadd
doyise bilar, lakin bir qayda olaraq, UHF diapazonunda slds edilir), homg¢inin inteqral sxemlor
liclin daha sonra bas veran va bir qayda olaraq CAD sistemlori ilo daha doqiq modellasdirilon
olagolorin parametrlorini nozars almaq zorurati yaranir.

SAW filtrlori (Ingilis adobiyyatinda SAW - Sathi Akustik Dalgalar) vo ya OAV (vo ya
BAR - Toplu Akustik Rezonator, miasir totbiqlordo FBAR - (nazik) Film Toplu Akustik
Rezonator, nazik film hocmli akustik rezonator) yalniz 6n segici giris dovroasi kimi istifado
olunur. Dar diapazonlu sistemlords - temperaturun sabitliyi (toxminon 10-6 1/K), xattilik vo
yiiksak keyfiyyat omsali (filtr iiglin on az1 1000 vahid) xassoalori yalniz 10%-don az tezlik
zolaglari ligiin qorunur; 10-17% bu xassalori yalniz chomiyyatli artan saho va kegid zolaginda
daxiletmao itkilori ilo qorunub saxlanila bilor . Bununla bels, GHz vahidlorinde (GSM, IEEE
802.11) moveud telekommunikasiya protokollarinin talablori ¢ar¢ivasinde hom bir sira todqiqat
islori, hom do filtrlorin sanaye totbigi movcuddur. Eyni zamanda, sathi aktiv madds filtrlorinin
sonaye dizayni yalniz parametrlorin otraf mihitin tosirlorine yiiksok miigavimati vo
parametrlorin yiiksok tokrarlanabilarliyi ilo deyil, hom do kiitlovi istehsal {igiin agag1 qiymatlo
(telekommunikasiya mogsadlori {i¢iin qablagdirilmig filtr {iciin toxminan bir nego ABS dollar)
forqlonir. Lakin geniszolagl filtrlomo zamani (10%-don ¢ox) dévrayo aktiv elementlori daxil
etmok lazimdir ki, bu da cihazin texnoloji miirokkabliyini dorhal artirir.

MEMS texnologiyasindan istifade edorkon on genis tezlik diapazonunda THz-o qodor
olan radioelektron cihazlari, o climlodan filtrlori hayata ke¢irmok miimkiindiir. MEMS texno-
logiyasina osaslanan filtrlorin keyfiyyot omsali 80.000-0 ¢ata bilor ki, bu da ¢ox dar diapazonlu
sistemlori totbiq etmoyo vo ya yiiksok filtr segicikabellordo do istifado olunur. MEMS sis-
temlorinin osas istiinliiklorino elementlorin tezlik xassalorinin elektron sokildo tonzimlonmaosi
va xaricl tosirlora davamli cihazlarin yaradilmasinin fundamental imkanlar1 daxildir. Bununla
belo, bu sinif cihazlarin istifadesini praktiki olaraq istisna edon istehsal texnologiyasinin
ohomiyyatli doracado ¢otinlogsmasi sabobindon yiiksok performans oldo edilir. Qeyd etmok
lazimdir ki, yliksok tezlikli MEMS filtrlori adoton forqli texnologiyadan istifade etmoklo
hazirlanmis rezonator sistemlori asasinda, masalon, mikrostripli LTCC (Low-Temperature Co-
fired Ceramics) rezonatorlar1 osasinda qurulur. 9slinde MEMS cihazlari, bir qayda olaraq,
yluksok sabitlik xiisusiyyatlorino malik deyildir vo xarici tonzimloma sxemlori tolob olunur.

Kiitlovi o6l¢iilii  xtisusiyyotlora mohdudiyystlor olmadiqda, bozi hallarda hocmli
rezonatorlara osaslanan filtrloro ehtiyac yaranir. Bu tipo aid olan strukturlarin asagidaki
gruplarii gostormoak olar:

1. Dalga otiirticii rezonatorlar;

2. Dielektrik rezonatorlar;

3. Keramika rezonatorlari.

Dizayn baximindan yuxarida gostarilon biitiin hallarda rezonatorlar hocmlidir vo onlarin
xisusiyyatlori hor ii¢ istiqgamotdo xotti Slgiiliir vo qgeyri-barabarliklo miioyyon edilir. Birinci
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halda, rezonatorlar i¢i bosdur vo onlarin hondosi Olgiilori biitiin hocmli olanlarin on
boylyudir. Bir qayda olaraq, bu ciir dizaynlar dalga Gtiiriicii texnologiyasi ¢argivasinda istifado
olunur. Osasan, bu, ilk ndvbads ikili istifads va harbi texnologiyadir, ¢iinki milki texnologiya
ticiin klassik dalga otiirticiilorindon istifadenin artiq praktiki monast yoxdur.

Dielektrik vo keramika rezonatorlar1 miioyyon monada yalniz rezonatorun hocmini
dolduran material va istehsal iisulu ilo forglonir. Dielektrik rezonatorlar ya dalga Gtiirticiilorinin
modifikasiyas1 (dielektrik doldurucusu olan dalga otiiriiciilori) vo ya emal noticosi, mosalon,
koaksial xottlor ola bilor. Keramika rezonatorlari, 6z novbosinds, ya metal elementlori keramika
massivino daxil etmoklo istehsal oluna bilor vo ya yumsalma prosesi ilo, xiisuson do LTCC
texnologiyasindan istifads edorak istehsal edils bilor.

Bosluq rezonatorlarina asaslanan filtrlorin xtisusiyyatlorini imumilosdirorok geyd etmok
lazimdir ki, onlarin keyfiyyst amsali zolaqlt vo mikrozolaqli rezonatorlardan xeyli yiiksokdir
ki, bu da seciciliyi (filtr keyfiyyot omsali 10.000-0 godor) vo texnoloji prosesi shomiyyatli
daracads artirir. Miixtalif dizaynlar1 nozors alaraq, bosluq rezonatorlarindaki filtrler 0,3 GHz-
don 15 GHz-5 qodar moarkazi tezlik diapazonunu shato edir, zolagin genisliyi 0,5% -don 25% -
9 gadar, geniszolaql dizaynlarda (10% va ya daha ¢ox) 0-dan az daxiletms itkisi var.

Mikrozolagli filtrlor on az1 XX asrin 50-ci illarinin ikinci yarisindan todqiqat obyekti ol-
musdur. Bu tip dizayn masalalari ilo bagl filtrlor, bir sira monoqrafiyalar, bir ¢cox mogqalalor
yazilmigdir vo asagi texnoloji toloblar, xarici tosirlors yiiksok miigavimaetls birlikde (kommer-
siya substratlari ti¢ilin tipik doyar 10-5 1/don pis deyil) va xiisusiyyatlorin yiiksok tokrarolunma
gabiliyyati onlara radiotezlik sonayesi miiossisalorinin mohsullarinda, masalon, mohsullarinda
0z yerini tutmaga imkan verdi. Sonaye niimunalori 3%-don 100%-o qadar nisbi kanal genisliyi
va 1-don 3 dB-5 goador daxiletma itkilori ilo 1-don 18 GHz-o qadar markozi tezliklor arasinda
doyison filtrlorlo tomsil olunur. 50-100 diapazonunda mikrozolagqli rezonatorlarin tipik
keyfiyyat faktorlar1 vo kegid diapazonunda geyri-baraborliys yiiksok tolablor ilo, tipik dizaynlar
ticlin filtr sifarisi ligiin hor oktava ligiin toxminon 6 dB-nin sixisdirilmas: miimkiindiir.

Mikrozolaqli filtrlorin istehsali {i¢lin texnoloji tolablar, dielektrik substratin ekranina nis-
boton kegirici tobagado topologiyanin tokrar istehsalina aiddir ki, bu da prosesi ham ¢ap dovra
I6vhosino, hom do inteqrasiya edilmis sxem texnologiyasina inteqrasiya etmoyi asanlagdi-
rir. Bununla belo, onlarin tatbiqi is tezliyi ilo mohdudlasir: Bels filtrlorin xatti 6l¢iilori yarim-
kegiricilords bir ne¢o dalga uzunlugudur, hatta mikrodalgali diapazonun yuxari haddi iigiin bir
ne¢o millimetrdir. Birlikdo gotiirdiikds, inteqral sxemlorin istehsali prosesino inteqrasiya ado-
ton EHF/HHF diapazonunda nazords tutulur. Halllorin miqyasliligini nozars alsaq, bu yanas-
manin yegano ohomiyyotli mohdudiyyoti daxilindo kegirici yollarin icrasinin doqiqli-
yidir. Gorundiyu kimi, bu inteqrasiya novii cari todqiqat sahosi kimi, xtisuson do 5G sobokolori
tictin texnologiya hesab olunur. Is mikrozolaqli bandpass filtrlorinin iki tatbiqini toqdim edir:

1) morkazi tezlik - 27 GHz, zolagin genisliyi toxminan 18%, daxiletms itkisi 2,6 dB;

2) moarkazi tezlik - 40,25 GHz, zolagin genisliyi toxminan 16%, daxiletms itkisi 1,43 dB.

Istehsal - rezonatorlar arasinda mikron bosluglar ovozino dérddobir dalgali stub
birlogsmalari istifade olunur. Bununla bels, elliptik toxminlori hoyata ke¢iron modifikasiyalarin
miimkiin istifadosini nozors alsaq da, bu tip filtr iki osas ¢atismazliga goroe genis praktik totbiq
tapmamisdir. Birincisi, bunlar birlosdirilmis rezonatorlardaki on sado filtr qurulusundan belo
artiq olan xotti Slgiilordir vo ikincisi, giris vo ¢ixis arasinda bir qalvanik slagonin olmast,
imumiyyatlo giris dovrasi liclin arzuolunmazdir. Ayri-ayriliqda, klassik dalga otiirticiilori vo
mikrostrip xatlori arasinda texnoloji kompromis olan birlosdirilmis dalga otiirticii filtrlori (SIW,
Substrate Integrated Waveguide) alt sinif kimi nozordon kegira bilorik, lakin bu halo genis
praktik totbiq tapmamisdir. Eyni zamanda, dalga otiiriicii filtrlorin xotti Olgtilori vo osas
xiisusiyyatlori timumiyyatlo mikrozolaqlt filtrlora yaxindir, onlarin istiinliiyli daha ytiksok
elektromaqnit uygunlugu vo daha az daxiletms itkilori olmasidir.

NOTICO
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Qeyd etmok lazimdir ki, kommersiya mikrozolaqli filtrlor, bir qayda olaraq, filtrin xotti
Olciilori goyulmus mohdudiyyatlori asmamaq sorti ilo hor oktavada 40 dB-don ¢ox olmayan
tozyiqi tomin edir. Standart dizaynlar {li¢lin xotti Olgiilor filtrin sirasinin mohsuluna vo bir
torofdon mikrostrip xattinds dalga uzunlugunun doérdde birine miitonasibdir. Bu baximdan,
filtrin tutdugu sahoni artirmadan vo istifado olunan texnologiyani ¢otinlogdirmadon segiciliyin
artirllmasi mosoalosi aktual olaraq qalir.
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IPUEMHBIN TPAKT BECITPOBOIHBIX WH®OKOMMYHHUKAIIMOHHbIX
CUCTEM CHUHTE3 YACTOTHO-CEJIEKTUBHBIX YCTPOUCTB

XAJINJIN M.A., TOYYEBA A.®.

B Hameli cratee paccMOTpeHO OOCYXKJEHHWE BOIPOCOB CHHTE3a YacTOTHO-
U30MpaTeNbHBIX YCTPOMCTB MPUEMHOr0 TpakTa OeCHpOBOAHBIX HMH(POKOMMYHHKAIIMOHHBIX
cucreM. CTajno W3BECTHO, YTO B HAIly COBPEMEHHYIO JMOXY B CHCTEMax OeCHpOBOIHOMN
UH(POPMALIMOHHOM CBSI3M aKTUBHO MCHOJIb3YIOTCS CleAyIoure quana3onsl yactor: YBY (300
MI'n—3TIT), CBY (3-30 I'T), KBY (30-300 I'T'w). [Tpu nepexoxe B auana3zon Y BY u Gonee
BBICOKHX YacCTOT C II€PEX0/IOM Ha HOBbIE CTaHAAPTHI U IPOTOKOJIBI TPEOYIOTCSI HOBBIE PELICHHUs
B 00J1acTH SHEprocOeperarmx MOOUIBHBIX YCTPOUCTB U 0a30BbIX cTaHIui 5G.

KiroueBble cjioBa: HHOOKOMMYHHKAIIHSI, YACTOTHO-U30MpaTENbHBIE YCTPOUCTBA.

RECEIVER TRACT OF WIiRELESS INFOCOMMUNICATION SYSTEMS
SYNTHESIS OF FREQUENCY-SELECTIVE DEVICES

XALILLi M.A., GOCHUYEVA A F.

In our article, the discussion of the issues of synthesis of frequency-selective devices of
the receiving tract of wireless infocommunication systems was considered. It became known
that in our modern era, the following frequency ranges are actively used in wireless information
communication systems: UHF (300 MHz - 3 GHz), microwave oven (3-30 GHz), EHF (30-300
GHz). When moving to the UHF range and higher frequencies with the transition to new
standards and protocols, new solutions are required in the field of energy-saving mobile devices
and 5G base stations.

Key words: infocommunication, frequency-selective devices.
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Elektrik sobokalorinin etibarliligimin artirilmasi istehlakgilarin enerji tochizatinda yaranan nasazliglarin
miiddatinin minimuma endirilmasinin asas amillorinden biridir ve demali, istehsal proseslorinin samaraliliyinin
artirilmasina sorait yaradir. Etibarliligin qiymotlondirilmasi elektrik sobokalorinin (ES) topologiyasinin
istehlakc¢ilarin enerji tochizatinin etibarliligina dair tolobloro cavab verib-vermodiyini miioyyon etmok {igiin
lazimdir. Bundan slavo, elektrik sobakosine texniki xidmat sisteminin somaraliliyi qiymetlondirile bilor. Masalon,
istehlak¢inin enerji tochizati sistemindo lazimi ehtiyat soviyyasi ilo ES-do nasazliqlarin yiiksok tezliyi miigahido
olunarsa, texniki xidmotin keyfiyyatinin yaxsilagdirilmasi istiqgamati miioyyan edilmolidir, o ciimlodon faktiki
olaraq xidmot olunan avadanliglarin nisboti texniki voziyyoto osason artirilmalidir. Etibarliliq gostoricilori
vasitosilo ES xidmatinin keyfiyyatino olan toloblori miioyyon etmok miimkiindiir. Etibarliliq gostaricilori istonilon
texniki-tosarriifat foaliyysti zamani enerji tochizatinin etibarliiginin dinamikasini komiyystco giymotlondirmoaya
imkan verir.

Acar sozlar: elektrik kompleksinin etibarlilig1, gorginliyin azalmasi, miivaqqati ehtiyat, asinxron miitharrik,
gevirici, enerji tochizati sobakasi, ¢evirici.

Giris. Etibarliliq gostoricilori elektrik sabakalarinin planlagdirilmasi, modernlasdirilmasi
Vo yenidan qurulmasi tiglin asasdir [1,2]. Etibarliliq gostaricilori hom da sobakada glictin gofil
azalmasi vo ya gorginliyin keyfiyyatinin pislogsmosi kimi kritik vaziyystlorin prognozlas-
dirtlmas1 metodlarinin islonib hazirlanmasi zamani asas rol oynayir [3]. Ehtimall1 etibarliliq
gostoricilorinin giymotlondirilmasi tisullar1 enerji catismazligi vo gozlonilon yuk itkisi Ggln
uzunmuddatli prognozu mioayyan etmok (¢lin [4]-do toklif edilmisdir. Bir ¢ox osorlorda
etibarliligin hoartarafli giymatlondirilmasinin zoruriliyi geyd olunur, masalon, [5] moagalods
doqiq etibarliliq gostaricilorini aldo etmoak Uglin mixtolif enerji tochizati alt sistemlarinin
(generasiyadan paylanmaya godar) birlasdirilmoesinin vacibliyi vurgulanir.

Onu da qeyd edirik ki, etibarliliq modellori smart sobokolorin yaradilmasi iigiin osas
olacaq [6] vo bu modellarin dogigliyi hoyata kegirilmasi tigtin muhim amildir.

Neft-madan elektrik sobakalorinin etibarliliginin osas tolobi elektrik enerjisinin kosilmasi
sobobindon mohsullarin (¢ixarilan neftin) ¢catigmazligini azaltmaqdir.

Bu movgedoan elektrik sobokasinin nasazligi va istehlak¢inin enerji tochizatinin nasazligt
homigo Ust-Usto diismiir. Masalon, gorginliyin diismasi elektrik sobokasinin nasazligi deyil,
istismar quyularinin baglanmasina sobob ola bilor. Istismar quyularinin asas elektrik avadanlig
sualtt miharriklordir. Gorginlik eniglori muhoarriklorin firlanma momentinin azalmasina,
gebuledilmoaz siirisma dayarlorine vo slricllorin miimkiin dayandirilmasina sabsb olur. Bu
zaman istehsal muassisasinda texnoloji prosesin barpasi zamani mahsul ¢atismazligi yaranir.

Neft emali vo nogli qurgulari (moasalon, guclondirici nasos stansiyalari) hasilat
quyularindan sonra texnoloji zoncirdadir. Bu obyektlorin enerji tochizatinin pozulmasi
istehsalat muassisalorinin macburi dayanmasina sobob ola bilor, lakin saxlama ¢ondon
(texnoloji ehtiyatdan) istifado etmoklo quyulardan mayenin ¢ixarilmasi prosesi dayandirila
bilmaz, buna gors do elektrik enerjisinin ¢atismazligindan heg bir zorar olmayacaqdir.

Bu movgedon asagidaki imtina anlayist gobul edilir. Ugursuzlug elektrik tochizati
sistemindoki  pozgunluglar sobobindon quyulardan mayenin ¢ixarilmasi prosesinin
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dayandirildig1 bir elektrik kompleksinin vaziyyatidir. Ugursuzlugun slamoti karbohidrogen
hasilat1 prosesinin dayandirilmasidir.

9sas hissa. Etibarlilig modellarinds enerji tachizati sistemi va istehlak¢1 (bundan sonra
elektrik texniki kompleks) hartarafli nozors alinir. Istehlakgilarm xiisusiyyatlori baximindan iki
nov elektrik texniki komplekslor (ETK) mdévcuddur.

1-ci tipli ETK istismar quyularmin klasterlorinin elektrik sobokasidir. Bu kompleksin
ugursuzluglarmin sabablari arasinda ES-nin islomayan vaziyyati, homg¢inin goarginlik diismolori
va kasilmalor var.

2-ci nov ETK quyu Klasterindon morkazi amtos anbarina gador neftin hazirlanmasi va
nogli obyektlorinin elektrik sobokoaloridir. Elektrik enerjisinin oasas istehlakgilart nasos
avadanlhiginin stirticiiloridir. Onlarin shamiyyatli otalot anlar1 var, buna goro do gorginlik
diismolorino daha az hassasdirlar. Bu istehlakgilara enerji  verilmomasi neft hasilati
obyektlarinin (yani 1-ci név ETK istehlak¢isinin) macburi dayanmasina sabab ola bilor.

Bu ETK-nin etibarlilig modeli neft hasilati prosesini dayandirmamaga imkan veran
texnoloji ehtiyati nazoro alir. Bu kompleksin ugursuzlugunun oslamsti texnoloji obyektds
mivaqgati ehtiyat olmadiqda ES-nin iglomomasidir.

1-ci tipli ETK -nin nasazliginin soboblori elektrik sobokalarinds asagidaki sartlordir:

1. FOvgolado nasazliglar - enerji tochizatinin kasilmasi hallari. Fovgolads nasazliglar
daxili nasazliq sababindan tolob olunan funksiyalar1 lazimi sokilds yerino yetira bilmomok
vaziyystindon gaynaqlanir [7,8].

2. Gorginliyin asagi diismasi - elektrik enerjisi sisteminda bir néqtada garginliyin gafil
azalmasi, qisa miiddatdan sonra goarginliyin barpasi, sinusoidal garginlik dalgasinin bir ne¢o
dovrindan bir ne¢a saniyays gadar davam etmosi.

2-ci nov ETK "elektrik tochizati sistemi - mivaqqoti ehtiyati olan texnoloji obyekt"
elektrik kompleksidir. Muvaqqoti ixtisar texnoloji qurgularin 1-ci tip ETK-nin is soraitino
uygun olaraq quyulardan hasil olunan mayeni ¢on parkinin sarbast hacmina toplamaq
gabiliyyati ilo olagodardir.

Neftgixarma obyektlorinin enerji tochizatinin somoraliliyinin artirilmasina hom itkilori
azaltmagla, ham do somorali muharriklordon istifado etmoklo nail olmaq olar. Adi asinxron
muharriklori igo salarkon yiiksok corayan tolob edir, ham itkilora sobab olur, ham do goarginliyin
artmast sababindon digor qurgularin zodolonma ehtimalini artirir, onlarimn etibarliligint azaldur.

Buna goro do muasir muharrik idaroetmo sistemlorinds invertor tipli muhorriklorin
istifadosi va onlarin tahlili, hamginin enerji tochizati sxemlorinds dorin girisin istifadosi daha
somarali va etibarli naticalara sabab olacaqdir.

Sokil 1 - do inverter - miharrik blokunun sxemi gostarilmisdir. Bu sxem sads sokildos izah
{iciin verilmisdir. SA, SB, SC acarlarinin yerindo IGBT tipli tranzistorlardan istifado etmaklo
Vo onlarin idara etmo modullarindan istifads etmoklo sxemi daha da tokmil etmak olar [9].

inverter
Fm————————— Asinxron
I - _—
YL 1 | miuharrik
N .
+ I SA : ‘i n
Vg —— : 0 SB:,,, | E { nmn
- 7 I
I 0 sc &N " E \ M
| of |
J |
e - _ J

Sok.1. Inverter miiharrik blokunun sxemi.
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Inverterin idara etma bloku ils tezliyin salis tonzimi ilo iso diismo Coroyanimi nominal
caroyana godor salib tokanlart yox etmok olar. Bununla da etibarliliq vo itkilor azaldig: {igiin
effektivlik do artmis olacaqdir [10].

Passiv filtrlorlo stizulma prinsipi induktiv vo tutumlu migavimatin asililigina, hamginin
aktiv migavimatin elektrik corayaninin tezliyindon asililigina ssaslanir. Bunun sayasinds
arzuolunmaz harmonik axinin yolunda boyiik miiqavimat yaratmaq vo yaxud bu arzuolunmaz
harmonik manbayini asag1 miigavimatlo manevr etmok mimkundir ki, arzuolunmaz harmonik
corayanin on boyuk hissasi bu sunt vasitasilo baglansin.

Bu asililigdan da belo ¢ixir ki, yarimkegirici elementlorin kegid tezliyinin artmasi ilo
transformatorun sizma endiiktansinin kifayot Qodor oldugunu nozoro alaraq reaktor
induktivliyinin doyorini azaltmag vo ya ondan tamamilo imtina etmok olar. Induktordaki
corayan daha yuksok tezlikdo daha boyuk bir gorginlik diismasi yaratdigindan, sunt filtrinin
guci shomiyyatli doracads azaldila bilor. Bu elementlordan istifado etmoklo elektrik tochizat
sobakasinin keyfiyyat parametrlorinin yaxsilasdirilmas: miimkiin olacaqdir.

Inverter bloklarindan vo idaro etms modullarindan istifado etmoklo onlari PLS ilo
olagalondirib RTU qurgular ilo uzaqdan idaro etmo sistemlorina vers bilorik. Bununla da
sistemin morkazi idars etms sistemini toskil edib, hor bir avadanliga morkozi formada noazarat
etmok vo onlarin effektiv isini toamin etmok miimkiin olacaqdir [11]. Bels bir sxem sakil 2 - do
verilmisdir.

_ Markazi
idaraetma

o

.
:
pi
2

Sak.2. Markazi idars etmas sisteminin topologiyasi.

Digor masalo iso dorin girislordon istifadodir. Bu sxem 10/0.4 kV- luq tochizat
sxemloarinin yerina 35/0.4 KV - luq tachizat sxemlarinin istifadasi sayilir. Bu sxemlarlo 10 kV -
luq transforatorlar1 yox etmis olacayiq vo bununla da transformator itkilori gat - gat azalmagla
sistemin effektivliyi artmis olacaqdir (sakil 3). Transformatorlarin vo 10kV - lug EVX - lorin
cixarilmasi ilo azalan avadanliq hesabina xarabolmalar say1 vo iqtisadi xarclorini do azaltmis
oluruq [12].
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Sok.3. 35/0.4 KV - lug tochizat sxemi.

NOTICO

Enerji tochizatinin etibarliliginin géstaricilori mumkin igtisadi zororlo birbasa baglidir,
onlarin tohlili texnoloji qurgulardan mohsul ¢atismazlhiginin azaldilmasi istigamatlorini
muoayyan etmoaya imkan verir. Bu mévgedon istehlakgilar: garginliyin diismasindan va texnoloji
imkanlar nazora alinmagqla, elektrik kompleksindo muisyyan miqdarda mivaqgsti ehtiyatin
movcudlugundan qorumaq tgiin todbirlordon istifado etmok mogsadouygun goriiniir.
Karbohidrogen istehsali miiassisalorinin enerji tochizatinin etibarliliginin  artirilmasi
istigamatlorindon biri do gorginliyin azalmasina qarst qabaglayici todbirlorin islonib
hazirlanmasidir. Gorginlik dayarinin barpasi prosesi demok olar ki, qagilmaz olaraq enerjinin
kompensatordan xarici sistema noaglini tolob edir vo paylanmis istehsal {glin kapital
goyuluslarini talob edir. Garginliyin azalmasi ilo mabariza Gglin an tasirli tadbirlor fasilasiz
enerji tochizati vo ya komokgi elektrik stansiyalaridir. Beloliklo, istehlak¢ilarin enerji
tochizatinin etibarliligi modellorindo dogigliya nail olmaq ugun texnoloji obyektlorin
xususiyyatlorini (elektrik enerjisinin keyfiyyat gostoricilorina hassasliq) vo imkanlarini
(mivaqgati ehtiyatin mévcudlugu) nazors almaq lazimdir.
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MNOBBIINEHUE DQHEPI'O®®EKTUBHOCTU U HAJIEXKHOCTHU
IAJIEKTPOCHABXEHHUA OBBEKTOB HE®TEJOBbIYHN

BEJIMEBA T./.

[ToBbIIeHNE HA/IEKHOCTH AIIEKTPUUECKHUX CETEH SABISETCA OJJHUM U3 TIaBHBIX (aKTOPOB
MUHUMU3ALUU ITTUTEIBHOCTA OTKAa30B 3JIEKTPOCHAOKEHUS MOTpeOuTeNnel 1, Cie10BaTeNbHO,
CHocoOCTBYeT pocTy 3¢ (HEKTUBHOCTH MPOU3BOJCTBEHHBIX IpoleccoB. OeHKa Ha/le)KHOCTU
HeoOXxoauMa Il OTpPEAENICHUsT COOTBETCTBHUSL TOMOJOTHH diekrpudeckux cereit (2C)
TpeOOBaHUSAM OE30TKAa3HOCTH DJIEKTpOCHAOXeHus mnorpeduteneil. Kpome TOro, MokHO
OLICHUTh I(P(PEKTUBHOCTh CUCTEMBI OOCITYKHBaHUS dJeKTpuueckux cereil. Hampumep, ecnu
Opy HaJUIeXKalleM YPOBHE PE3epBUPOBAHUS B CHUCTEME JJIEKTPOCHAOXKEHHUs IMOTpeOUTeIs
Ha0JI0/1aeTCs BhICOKasi yacToTa oTka3zoB DC, cielyeT onpeAeauTh HallpaBIeHUE MOBBIILIECHUS
KayecTBa TEXHUYECKOTo OOCITY>XMBaHMsA, B TOM 4YHCIE YBEIMYEHHE JOIM 0O0OpYyH0BaHMS,
oOciykuBaeMoro 1o (HaKTHUECKOMY TEXHHYECKOMY COCTOSHMIO. Yepe3 Mokaszarenu
HAJIeKHOCTH MOKHO OTpENENUTh TpeOOBaHUs 1Mo kauecTBy oOciyskuBaHus JC. Ilokaszarenu
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INCREASING ENERGY EFFICIENCY AND RELIABILITY OF ELECTRIC
SUPPLY TO OIL PRODUCTION FACILITIES

VELIEVA T.D.

Increasing the reliability of electrical networks is one of the main factors in minimizing
the duration of power supply failures to consumers and, therefore, contributes to an increase in
the efficiency of production processes. Reliability assessment is necessary to determine whether
the topology of electrical networks (EN) meets the requirements for the reliability of power
supply to consumers. In addition, the efficiency of the electrical network maintenance system
can be assessed. For example, if, with an appropriate level of redundancy in the consumer’s
power supply system, a high frequency of ES failures is observed, the direction for improving
the quality of maintenance should be determined, including increasing the proportion of
equipment serviced according to its actual technical condition. Through reliability indicators, it
is possible to determine the requirements for the quality of ES service. Reliability indicators
make it possible to quantify the dynamics of the reliability of power supply during any technical
and economic activities.

Key words: reliability of the electrical complex, voltage dips, temporary redundancy, asynchronous motor,
inverter, power supply network, converter.
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SABIT COROYAN MUHORRIKLORININ BURAXILABILON HODD
COROYANLARINDAN iSTIFADO ETMOKLO MOHDUDLASDIRILMASININ
YENIi SXEMININ DINAMIKASI

SULTANOV R.Z., OLIYEV N.9., QANIYEVA N.A.

Azarbaycan Ddvlat Neft va Sanaye Universiteti
nigar.atakisiyeva75@mail.ru

Sabit corayan miuharriklorinin buraxilabilon hadd coroyanlarindan istifado etmoklo momentin
mohdudlasdirilmasinin yeni sxeminin dinamikasi masalasine, aparilmis analiz gostarir ki, movcud sabit carayan
intiqallarinin  idaro  sxemlori momentin buraxilabilon hadd coroyanlarindan tam istifado etmoklo
mohdudlasdirilmasina imkan vermir. Bununla slagedar toklif olunmus yeni idara sxemi olan sabit corayan elektrik
intiqalinin dinamika tonliklori verilmisdir.

Acar sozlar: elektrik miharriki, elektrik intiqali, kegid prosesi, firlanma siirati.

Molumdur ki, kegid masalasina proseslorinin caldliyi son naticads is¢i mexanizmin
mohsuldarligini artirir. Bu magsadla, yoni kecid proseslorinin caldliyini artirmaq ti¢iin méveud
sabit coroyan elektrik intigallart sxemlarinin totbig oluna bilmosi masalosi aragdirtlmigdir [1].
Molum olmusdurki, bu mdvcud sxemlar slroti tonzim olunan intigallarda tapsiriq signalinin
maksimaldan asagi qiymotlori tgilin intiqalin elektrik miiharrikinin 16vbar corayaninin
buraxilabilon hoddo godor artmasina imkan yarada bilmir vo bununla da kegid prosesinin
caldliyini azalmis olur. Bununla slagodar olaraq [1] va [2]-do musllif tarafindon mévcud sabit
coroyan elektrik intigallarinin idars sxemlorinin bu ndgsanli cohotini aradan galdiran yeni
sxemlor toklif olunmusdur [3] vo [4]. Homin odobiyyatlarda toklif olunmus yeni sxemlorlo
isloyan elektrik intiqallarinin statik siirot xarakteristikalarinin tonliklori vo uygun grafiklori do
verilmigdir.[5]-do [1] vo [3]-do toklif olunmus sabit coroyan elektrik intiqali sxeminin
dinamikas1 masalosine baxilmisdir. Bu mogalods [2] vo [4]-do toklif olunmus yeni sabit
caroyan elektrik intigali sxeminin dinamikasi masalosini aragdiracayiq.

Sokil 1-do bu sxemin sadslosdirilmis variant1 verilmisdir. Bu sxemi tortib edorkon goabul
edilmisdir ki, M- sabit coroyan miharrikini qidalandiran C — geviricisi U; — tapsiriq signalini
Vo Uy - coroyanmohdudlasdirma ddvrasinin natica signalini cobri comlomokdan 6trii TID va
CMD idars dolaglar1 olan comlayiciys malikdir.

Bu sxemo osason elektrik intiqali mitharrikinin firlanma siirati Gglin kegid prosesinin
dinamika tonliyini asagidaki sokildo yazmaq olar:

w(P)zKC'KT ] KymUr _ KoKy Us(P) -1 (AD) )
14T7P  TeTpP24TyP+1  14T;P TeTyP+TpP+1

Burada K. = £(P)/Fs(P) — com giris M.h.Q-si (Fx) —a g0ro geviricinin giclondirmo
omsali; Ky = % Vo K; :% - uygun olaraq tapsiriq idaro dolagi TID vo coroyan
T /

mohdudlagdirma idaro dolaginin CMD dolaq omsallari; Ky, = — muharrikin garginliys

K-y,
gors Gtirmo omsal; Te:i_Z’ Tr = i—T Vo T; = i—’ - uygun olaraq miiharrikin 16vhor ddvrasinin,
T s
TID vo CMD idars dolaglarinin elektromaqnit zaman sabitlori;

v = (K.q:l)Z — miharrikin elektromexaniki zaman sabiti;
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1 (AD) - lévbar coroyaninin kasmo coroyanindan kigik vo bOylk giymotlorinds uygun
olaraq “0” vo “+1” — barabar olan vahid funksiyadir.

v ¢

"y E& + o —

e Ur ks TiDéﬁ Ur
NE . o+
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Uay . Ur cnngl{}
wa Ml il Bl
1 F 4 F

Sok.1. Yeni toklif olunmus carayanmohdudlasdirma ditylimiiniin sadslogdirilmis sxemi.

(1) tonliyini ¢ixararkeon sadolik Uglin gobul edilmisdir ki, C-geviricisi otalstsizdir vo
muhorrikin valindaki statik moment M ~ 0.

(1) tonliyindan gériiniir ki, baxilan elektrik intigali tigiin biitov kegid prosesina sxemin iKi
halda ( va ya rejimds) islomasindan alinan pargalarin (intervallarin) comi Kimi baxmagq olar,
yani:

-1(AD) = 0 halinda (caroyanmohdudlasdirma diiytimii tasir etmayan zaman);

-1(A)) = +1 halinda (corayanmohdudlasdirma diiytimii tasir etmays basladiqdan
sonrak1 zaman.

Bu zaman har sonraki intervalin baslangic sortlori 6ziindon avvalki intervalin son
sortlori olacaqdir. Masalan, agor sadslik ti¢in etsak ki, sistemda rogslor olmuyacaq, onda
muharrikin iso buraxilmasi zamani bas veran ke¢id prosesinin hesablanmasini vahid funksiya
1(AD-nin giymatlorini ardicil olaraq doyigsmaklo aparmaq lazimdir.

Vahid funksiya 1 (A7) - nin giymatindon asili olaraq (1) tonliyi asagidaki kimi olur:

1 (A)) =0 olanda:
K(;'KT ] Ky .
14Ty'P Te Ty P2+TyP+1

w (P) = Up ()

1(AD) = +1 olduqda, U;s{P) - (Ugey — Ur) oldugunu nozars alsaq

w (P) = KeKyv  [K/(14TP)=K7(1+Ty'P)]- Uy KeKyKUgay @3)
1+Ty'P (1+TP)(Te'TyP?+TyP+1)+aTyP (14T, P)(Te'TyP?+TyP+1)+a-Ty P
Burada
. [-P-w(P) T, )
Ui(P)=i.(P) 1y = P 2 = KM_Sre T, - Pw(P); 4)

Uaay — dayaq gorginliyi; a = K¢ * K;* 1, /7,; 7 — sunt miiqavimati
(3) tonliyindon goéruinir ki, ager TID vo CMD idars dolaglarinin eyniyyatini aldo etsok, 0 zaman
1 (AD) =+1 oldugu halda kegid proseslori tapsiriq signali Uy —don asili olmayacaqdir. Bu, toklif
edilon yeni idara sxeminin asas Usttnliyadar.

Qeyd edak ki, I6vbar corayaninin i,(P) dinamika tanliyini (4) nazars almagla (2) v (3)
tonliklari asasinda asanligla slds etmok olar.

Olavo edok ki, kecgid proseslorinin hesablanmasina artimlarla aparmaq daha rahatdir
[4,6,7]
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NOTICO
Mogalo sabit coroyan muharriklorinin buraxilabilon hodd caroyanlarindan istifado
etmoklo mohdudlasdirilmasinin yeni sxeminin dinamikasina hasr olunmusdur. Cixarilmis
dinamika tonliklorindon istifads etmaklo toklif olunmus yeni caroyanmohdudlasdirma diiyliimii
olan sabit caroyan elektrik intiqali ti¢iin kegid proseslarinin hesabatini aparmagq olar.
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JIMHAMHKA HOBOM CXEMBI OTPAHUYEHUS JIBUTATEJEN
MHOCTOAHHOI'O TOKA C HCITIOJIb30OBAHUEM
OI'PAHUYMTEJIBHBIX TOKOB

CYJITAHOB P.3., AJIMEB H.A.,, TAHUEBA H.A.

K BOIIPOCY IAWHAMHKHN HOBOM CXEMBI OrpaHu4cHusds MOMCHTAa C HCIIOJIb30BAHUCM
npeacibHO JOMYCTUMBIX TOKOB )IBI/IFaTeJIefI IIOCTOSHHOI'O TOKaA.

HpOBGI[CHHBIfI dHaJIN3 CYIICCTBYIOIIUX CXEM  YHOPABJICHUA  DJIICKTPOIPUBOAAMU
MMOCTOAHHOI'O TOKa IMOKasall, 4YTO 3TU CXCMbl HC MOT'YT 00ecneyuTh OrpaHn4€Husd MOMCHTA C
IMMOJIHBIM UCTIOJIb30BAHHUEM ITPECACIIEHO-A0ITYCTUMBIX TOKOB SAKOPA. B cBs13u ¢ aTUM IMPEAJIOKCHA
HOBasd CXEMa yIpaBJICHUA U JaHbI YITPABJICHUA TUHAMHUKU 3TOI'0 3JICKTPONIPHUBOJa TIOCTOAHHOTO
TOKa.

KnrodeBble c10Ba: 3JI€KTpPOABUTATENb, IIEKTPHUYECKas Iepelaya, MPOLECC MEPEKIIFOUEHHs, 4acToTa
BpalllCHHUS.

DYNAMICS OF A NEW SCHEME FOR LIMITING
DC MOTORS USING LIMITING CURRENTS

SULTANOV R.Z,, ALIEV N.A., GANIEVA N.A.

On the issue of the dynamics of a new torque limiting circuit using the maximum
permissible currents of DC motors.

The analysis of existing control circuits for DC electric drives showed that these circuits
cannot provide torque limitations with full use of the maximum permissible armature currents.
In this regard, a new control scheme is proposed and the dynamics of this DC electric drive are
controlled.

Key words: electric motor, electric transmission, switching process, rotation speed.
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Toagdim olunan mogalads temperatur vericilori asasinda qurulan kontrollerli idaraetms sistemi kompleks
bir masals olaraq todqig olunur. Bu layiho bir ne¢o miihandislik va fiziki prinsiplori ohats edir. Bu isdo temperatur
vericilarinin Ustunltklori va gatismazliglari aragdirilaraq, miiqayise asasinda istifads edilocak asas sensor mioyyon
edilib. Tinkercad program paketinds temperatur vericilorinin simuliyasiyasi hoyata kegirilib. Eloca do nozarat vo
idaroetmo sistemlori otrafli tohlil edilib vo tonzimloma prinsiplorini diizgiin sokilds idaro etmoklo TMP 36
temperatur sensorundan istifads edorok temperatur diapazonuna uygun isiq diodlarinin igiqlanmasi layihasi hoyata
kegcirilocokdir ki, bu da 6z névbaesinds idaroetmads vizual nozarat imkani yaratmis olur.

Acar sozlar: kontroller, temperatur vericilori, Tinkercad program paketi, TMP 36 temperatur sensoru.

Giris. Temperatur cismin qizma (soyuma) daracasini muayyan edon kamiyyatdir.
Temperaturun 6él¢ilmoasi, tayin edilmasi va tonzimlonmasi sonayeds, neft emali prosesinds vo
bir sira digar texnoloji saholordo mihum masalalordon biridir. Cismin temperaturu ham do
molekullarin siiratindon asili olaraq doyisa bilor. Basqa sozls, hissaciklorin siirati artdigda
temperatur artir, azaldiqda iso oksino olaraq azalir. Sorti olaraq 0°C-don yuxari temperaturlari
musbat vo uygun olaraq 0°C-don asagi temperaturlari iso monfi gobul eds bilorik.
Temperaturun tayin edilmasi tguin mixtalif Gsullar mévcuddur. Bu tsullara hacm, manometrik,
termorezistiv, termoelektrik vo pirometrik metodlari aid etmak olar [1]. Bu metodlara uygun
olaraq [1]-do temperatur vericilorinin is prinsiplori, yerina yetirdiklori funksiyalar haqqinda
genis molumat verilmisdir. Tacribads temperatur sensorlar1 kimi vericilarin fiziki xassalori
adoton temperaturdan vo yaxud diger komponentlordon, masalon, rutubstdon, atmosfer
tozyigindan, otraf miihitin (havanin) torkibi vo s. kimi amillordon asili olaraq dayison funksiya
kimi alagoli olan ilk geviricilordan istifads edilir. Temperatur vericilorinds (sensorlarinda) daha
boylk Xotti vo ya temperatur genislonmo omsalina, miiqavimatin temperatur omsalina,
termoelektrik harokat quivvasine, radiasion siialanmanin intensivliyinin doyismasina, tozyiqin
doyismosing, muxtalif maddalorin sixliginin temperaturdan asililigina malik olan elementlor
genis istifado olunurlar.

NOTICOLOR VO MUZAKIROLOR

Temperaturdan asili olaraq miixtolif maddoalorin hacminin neco doyismasino asaslanan
usul hacm tsuludur. Hocm Gsulu asasinda oason maye termometrlori, dilatometrik termometrlor
Vo ya bimetal termometrlor hazirlanir.

Temperaturun toyin edilmasinin digor Gsulu olan manometr Gsulu asason tazyigin
temperaturdan asili olaraq doyismasine asaslanan tGsuldur. Manometr temperatur vericilarinds
temperatur xususi membran, silfon va yaxud yaysokilli borularin yerdayismasina gevirilir.

Temperaturun toayin edilmasinin termorezistiv Gsulu iso kegirici vo ya yarimkegirici
materiallarin elektrik miigavimatlorinin temperaturdan asili doyigsmasine asaslanan tsuldur.

Termoelektrik sul asasan —100°C...+2000°C diapazona qodor temperaturu masafodan
6lgmak vo homginin ona nozarst etmok Ugln totbiq olunan Usul hesab olunur. Termocut
vericilori xiisusi olaraq secilmis iki naqildon ibarot olaraq termoelektrik tsula asaslanan
vericilar hesab olunur. Termocut vericilori {igiin etibarliliq, yiiksok daqiqlik, konstruksiyasinin
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sadaliyi, otalatliyinin kigik olmas1 xarakterik hesab olunur. Bu magsadlo termocut vericilori
genis istifada edilon vericilordir.

Temperaturun tayin edilmasinin pirometrik tisulu genis temperatur diapazonunu shato
edir vo asagi, orta vo yiksok olmagqla ii¢ alt diapazona boliiniir. Bu iisullar qizdirilan zonanin
temperatur diapazonunu pozmadan obyektin istilik radiasiyasinin parametrlarinin misyyan
edilmasing asaslanir.

Kontrollerin va temperatur sensorunun secilmasi

Kontroller olarag ardiuno idaroetmo platformasi se¢ilmisdir. Ardiuno agiq monbali
program tominati va cihazlara malik olan mikro idarsetms platformasidir. Ardiuno platformasi
sado dizayna malik olur [2]. Arduino idaroetmo lahiyasinin hoyata kegirilmosi asagidaki
marhalani ohato edir:

. Kodlasdirma;

o Prototiplosdirma (golocok mahsulun sadslasdirilmis variantinin hazirlanmasi
morhalasidir);

. Program tominati.

Ardiuno idaroetma platformasi tizarindo TMP 36 temperatur vericisindon istifado edorok
temperatur diapazonlarina uygun isiq diodlarmin isiglandirilmasini hoyata kegiron zaman
asagidaki komponentlordon istifads edilmisdir:

Ardiuno Uno;

Breadboard;

TMP 36 temperatur verici;

Is1q diodlu indikasiya elementlori;

Rezistorlar;

Birlosdirici nagqillar.

TMP 36 temperatur sensoru Arduino idaroetma platformasi tizarinds totbig olunaraq
temperaturu tayin etmok cln istifads olunur. Bu temperatur sensoru —40°C —dan 125°C-yo
godar temperatur diapazonunu 6l¢a bilir. TMP 36 temperatur sensorunun goriiniisi sokil 1.-do
verilmisdir:

/ I\

Pin1 Pin 2 Pin 3
DC garginlik Analog GND
2.7-55V giris torpaqlanma

Sok.1. TMP 36 temperatur sensoru.

TMP 36 temperatur vericisinin asagidaki pinlari mévcuddur:
e TMP 36 temperatur vericisinin 1-ci pini 5 Volta qosulur;
e TMP 36 temperatur vericisinin 2-ci pini analoq giriso qosulur;
e TMP 36 temperatur vericisinin 3-cu pini iso torpaglanmaya verilir.
TMP 36 temperatur vericisinin texniki-istismar parametrlori cadvalds verilmisdir:
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TMP 36 temperatur sensorunun texniki xususiyyatlori

Codval 1.
Temperatur diapazonu -40°+125°C
Enerji tochizati 2.7+55V
Dagiglik +2°C

Ardiuno UNO platformasi tizorindo TMP 36 temperatur vericisinin qosulmasi qaydasi
sokil 2-da verilmisdir.

A=

o

=
035

Sok.2. Temperatur sensorun arduinoya qosulmasi qaydasi.

TMP36 temperatur vericisinin 1-ci pinini (VCC pinini) Arduino platformasindaki 5 V
pinina birlogdirilir, daha sonra 2-ci pinini Arduino platformasinin A0 olan analoq girigino
birlagdirilir, son olaraq 3-ct pinini (GND pinini ) isa Ardiuno platformasinin GND girigino
qosulur.

Temperatura nozarot liglin is1q diodlu indikasiya elementlorindon istifads edirik. Arduino
platformast tizorinds igiq diodlarinin qosulma qaydasi sokil 3-do verilmisdir.

Sok.3. LED-larin arduinoya qosulmasi.

Arduino platformasinda ranglori mavi, narinci vo qirmizi olan 3 isiq yayan yarimkegirici
is1q diodlu elementdon istifado edilmisdir. Is1q diodlarinin anod kontaktlarina mohdudlasdiric
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miugavimat qosulur, katod kontaktlar1 isa Arduino platformasinin GND (torpaqlanma) girisino
birlagdirilir. Novbati addimda mavi isiq yayan diodun pinini arduino platformasinin 5-ci pinins,
narinci isiq yayan diodun pinini iss arduino platformasinin 4-cii pinins, son olaraq qirmizi isiq
diodunun pini iso arduino platformasinin 3-ci pinina birlosdirilir.

Arduino platformasinda isiq diodlarinin anod ayaqlarina qosulan rezistor aason isiq yayan
dioddan kegan corayani mohdudlasdirmaq {i¢iin nozords tutulur. Mohdudlasdirci diodun
nominal giymatini va glicini miisyyan etmak ti¢iin asagidaki ifadadan istifads edirik:

R > (1)
Iypbb

Burada, U- is1q dioduna totbiq edilon gorginlik (V), Uyp- isiq diodunda diison gorginlik,
Iyppp- 151q diodunun texniki-istismar parametrlorindo gostorilmis buraxila bilon coroyandir
(mA).

Platforma Uzorinds isiq yayan diodu birlagdirarkon miayyan mogamlari nazara almaq
lazimdir. Osasan carayan uzun nagildon qisa cihaza dogru axir. Tasavvir edok ki, dovrads
Carayan iigcbucagin yonaldiyi istigamatds axir. Ogar isiq yayan diodu aksina yerlogdirsak, onda
ledin yanmayacagim gororik. Isiq yayan dioddan fargli olaraq dovrs (izorindo rezistorun necs
birlagdirilmasinin forgi yoxdur. Rezistoru ¢evirmomizdan asili olmayaraq dovranin isino tosir
etmoyacak. Rezistor ddvrads isiq diodundan axan corayant mohdudlasdiracaq.

Mikrokontroller I16vhasi va alqoritmin yazilmasi. Arduino platformasi tizarindo TMP

36 temperatur sensorundan istifads edarok temperatur diapazonuna uygun isiq diodlarinin

isiglanmasi layihasi Tinkercad programinda hoyata kecirilmisdir.

Tinkercad proqrami agildigdan sonra birlosmolor bélimindon Arduino Uno ddvrasi
secilir. Ardinca iso TMP 36 temperatur sensoru secilorok breadboard Uzoarinds yerlosdirilir.
Yuxarida da geyd edildiyi kimi TMP 36 temperatur sensorunun 1-ci pini jumper kabeli
vasitosilo Arduino platformasinin 5 V girising, 2-ci pini Arduino platformasinin A0 olan analoq
girising, 3-cl pini iss Arduinonun GND girigina birlosdirilir.

=OQuo_,

o ARDUING - .

Sok.4. Temperatur sensor vasitssilo LED-larin idars olunmast.

NGvboti addimda breadboard iizorinde 3 adod LED (isiq yayan diod) yerlosdirilir. Isiq
diodlarmin rongi uygun olaraq mavi, narmnci vo qirmizi kimi toyin edilir. Is1q diodlarinin anod
kontaktlarin1 coroyant mohdudlasdirmaq {i¢iin miigavimato qosuruq, katod kontaktlarini iso
arduino platformasiin GND girisina birlosdiririk. Mavi is1q yayan diodun anod pini arduino
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platformasinin 5-ci girising, narinci is1q yayan diodun pini arduino platformasinin 4-cii girisino

Vo qirmizi isiq yayan diodun pini iso arduino platformasinin 3-cii girigino birlosdirilir.
Noticado yaratdigimiz bu arduino idaraetms platformasi asagidaki rejimlords islayir:

. Mavi LED temperatur gostarici asagi olduqgda isiglanacagq;

o Narinci1 LED temperatur diapazonu orta araliqda olduqda isiqlanacagq;

o Qurmiz1 LED temperatur gostaricisi yuksak oldugda isiglanmaga baslayacaq.
Mikrokontroller 16vhasi hazir oldugdan sonra ndvbati addim alqoritm kodunu yazmagqdir.

Arduino platformasinin proqramlasdirilmasi iiglin asason C++ proqramlasdirma dilinin sado-

lasdirilon versiyalarindan istifado olunur. C++ proqramlasdirma dili avvalcadan toyin edilmis

muayyan funksiyalara sahibdir. C++ proqramlasdirma dilinds da diger proqramlasdirma dil-

lo_rinds oldugu kimi kod yazmagq ii¢iin bir sira qaydalar tatbiq olunur [3]. Belo qaydalara asasan

asagidaki qaydalar aid etmok olar:

o Kod yazilarkan har bir gosterisdon sonra ndgtsli vergiil (;) qgoyulmalidir;

o Dayisoni elan etmozdan 6nca verilanlarin tipi miayyan edilmalidir;

o Bu gaydalarla yanasi kod yazilarkon mixtalif sayda sarhlor istifads oluna bilor : Sorh bir
satirdon ibaroat olarsa (//), daha ¢ox satirdon ibarat olarsa (/ * * /) belo gqeyd olunur.
Tinkercad proqrami {izorinds qurdugumuz arduino idarsetms platformasinin islomasi

tiglin program kodunun yazilis1 sokil 5.-dos verilmisdir.

-

int temperatur = 0;

void setup()

'nI*"'h:lE {n.l:l INF U'I'I;

m 'r_j

pinMode (5, OUTPUT) ;
pinMode (4, OUTPUT) ;
pinMode (3, CUTPUT) ;

void loop ()
{
temperatur = map(({analocgBead (&0) - 20) * 3.04), , 1023, -40, 125)
Serial.println {tﬂnueraturj,
if (temperatur< 25 ){
digitalWrite (S, HIGH) ;
digitalWrice (4, LOH) ;
digitalWritce (3, LOH) ;
}
if (temperatur »>25 && temperatur <50) {
digitalWrite (5, LCWH) ;
digitalWrite {4,HIGH)
digitalWrite {3, LOW):
I
if (temperatur >30 && temperatur <125} {
digitalWrite (5, LOW) ;
digitalWrite (4, LOWH) ;
digitalWrite (3,HIGH) ;
i
delay (10} ; Delay & little bit to improwve simulation performance

Sak.5. Temperatur diapazonuna uygun ledlarin isiqlandirilmasi ti¢iin kodun yazilist

NOTICO
Temperatur vericilori asasinda qurulan kontrollerli idaroetma sistemlori, mixtalif sonaye
saholorindo, eloco do binalarin avtomatlasdirilmasi, neft emali sahoasindo vo mihondislik
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sistemlarinda genis tatbiq olunur. Bu clr sistemlar, mlsyyan bir temperaturu dogiglikls 6lgmok,
nozarat etmak Vo idars etmok iiciin dizayn edilmisdir. Yiiksok doqiqlikli temperatur sensorlari
va intellektual kontrol algoritmlari sayasinds, bu cihazlar doyison miihit soraitina stratli vo
dagiq cavab vera bilir. Bu, istehsal proseslarinin optimallasdirilmasi va enerji somaraliliyinin
artirtlmasi tiglin mithtim shomiyyat kasb edir. Son naticads, temperatur vericilori asasinda
qurulan kontrollerli idarsetma sistemlori, miiasir avtomatlasdirma va idaroetma sistemloarinin
ayrilmaz bir hissasi olaraq, effektivlik, etibarliliq vo enerji somaraliliyini tomin edir. Bu
texnologiyalarin tatbiqi, islorin daha somarali vo igtisadi cohotdon effektiv hayata kegirilmasina
imkan verir.
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CUCTEMA YIIPABJIEHUA C KOHTPOJIJIEPOM
IIPEOBPA3OBATEJIAA TEMIIEPATYPbI

JKADPAPJIN P.J., ATAEB ®.X.

B mpencraBneHHoO# craThe cUcTeMa YIpaBlIeHUs KOHTPOJIJIEpOM Ha 0a3ze JaT4MKOB
TEMIIepaTypbl PacCMaTPUBACTCS KaK KOMIUIEKCHBIH BOMPOC. DTOT MPOEKT BKIIOYACT B ceOs
HECKOJIbKO MH)KEHEPHBIX U (PU3NYECKUX TPUHLUIOB. /lJ1 MpoBeIeHHsI JAHHOTO UCCIIEIOBAHUS
OBLIM KCCIIEeIOBaHbl M ONPEENICHbI MPEUMYILIECTBA U HEIOCTATKU JIaTYMKOB TEMIIEPaTypBhl.
MonenupoBaHue JaTYMKOB TEMIIEpaTypsl IPOBOAWIOCH B IPOTPAMMHOM  KOMILIEKCE
Tinkercad. [TomuMo crucTeM KOHTPOJS M yOpaBie€HUs, AETATBHOIO aHaJM3a M MPaBUIBHOTO
KOHTPOJISI IPUHLMIIOB PETYJIUPOBaHUA, b IPOEKTE CBETOJMOAHO OCBEUIECHUS MO AMANA30HY
TEMIEpATyp C UCIOJIb30BaHUEM JaTuuka TemnepaTypsl TMII 36 B 3aBUCHMOCTH OT Jpyrux
IIapaMeTpoB.

KaroueBble cjioBa: KOHTpOJUIEp, IATYUKH TEMIIEpaTypbl, nporpaMMHbii komiuieke Tinkercad, maramk
temnepatypsl TMII 36.

CONTROL SYSTEM WiTH TEMPERATURE TRANSMITTER CONTROLLER
JAFARLI R.E., AGAYEV F.H.

In this paper, the controller management system based on temperature transmitters is
studied as a complex issue. This project involves several engineering and physical principles.
To perform this study, the advantages and disadvantages of temperature transmitters were
investigated and determined. Simulation of temperature transmitters was carried out in
Tinkercad software package. As well as control and management systems, detailed analysis and
proper control of regulation principles, we study the project of LED lighting according to the
temperature range using the TMP 36 temperature sensor, depending on other parameters.

Key words: controller, temperature sensors, Tinkercad software package, TMP 36 temperature sensor.
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Hazirda TETRA soboks infrastrukturu avadanliglarinin vo yaxud istifadagi terminallarinin bir g¢ox
istehsalgilar1 tarofindon dostoklonon Pegokar Mobil Radio (PMR) tigiin aparici agiq rogomsal standartdir.
Mogalomizds Tetra — tranking mobil radiorabito sistemlorinin standartlari, GSM standartlar1 ilo miqgayisasi,
onlarm miixtalif Ustlin vo ¢atismayan toraflari, eloca do bu texnologiyalarin istehsalg1 firmalar1 hagqinda malumat
verilmisdir.

Acar sozlar: tetra-tranking, radiorabits, telekommunikasiya.

Giris. TETRA vahid Umumavropa ragomsal standart1 kimi yaradilmisdir. Buna goérs da,
1997-ci ilin aprel ayma qoador TETRA abreviaturasit Trans-Avropa Trunked Radio adlanirdi.
Bununla bels, digor bolgslords standarta olan marag TETRA-nin indi Terrestrial Trunked
Radio kimi adlanmasina sobab oldu.

Standartin hazirlanmasi tizro is holo 1988-ci ildo baslamigdir. 1991-ci ilo goador
funksionallig, gostorilon xidmotlorin névlari va son istifadagilor tGgun xidmatlor miiayyan
edilmisdir. 1992-1993-cl illorda texniki toloblor hazirlanmisdir. 1994-cii ilin yanvar ayinda
Umumi Texniki Taloblor ETR 086-nm ilk variant1 nasr olundu. Standartin osas1 (iimumi soboka
strukturu, radio interfeysi va s.) 1995-ci ilds tasdiq edildi. 1998-ci ildo standartin biitiin zaruri
bolmaloari tasdiq edildi.

Hazirda TETRA standartinin hazirlanmasi tizorinds islor davam etdirilir. 2004-cu ilda
doyisikliklor edilmisdir vo ISI (Sistemloraras: interfeys) spesifikasiyasi nohayat tosdiglondir.
2005-ci ildo 115/230 kbit/s-a gadar olan siratlo malumatlarin 6tiirtilmasini tamin edon TEDS
(TETRA Enhanced Data Service) ylksok stratli malumat 6tiirms standarti tosdiq edilmisdir.
2009-cu ilin sonunda Avropa, Yaxin Sarq, Afrika, Asiya-Sakit Okean, Karib hdvzasi vo Latin
Amerikasinda 114 6lka TETRA sistemlorindan istifads edirdi.

NOTICOLOR VO MUZAKIROLOR

TETRA standarti 2 hissadan ibaratdir: TETRA V+D (TETRA Voice + Data) - integrasiya
edilmis sas Vo moalumat 6tlirma sistemi tigiin standartidir. TETRA PDO (TETRA Packed Data
Optimized) iso - yalniz molumatlarin 6tiiriilmasi tiglin optimallasdirilmis standartdir. Qeyd
etmok lazimdir ki, hazirda biitiin istehsalgilar TETRA V+D standart sistemlari ii¢lin avadanliq
istehsal edirlor. Azorbaycanda TETRA avadanligi bir sira sistem inteqrator sirkatlori torafindon
toklif olunur. TETRA sobokalorinin bir sira pilot layihalori hayata kegirilib. Son bir nega ilds
Olkodo neft-gaz muassisalori, energetiklor, naqliyyat isgilori vo Ssonaye musassisalori U¢ln
muxtalif 6lculti TETRA sistemlarinin bir ne¢s onlarla layihasi hoyata kegirilmisdir.

TETRA bir radio dastyicisinda dord istifadagi rejimi vo 25 kHz dasiyict intervali ilo vaxt
bolglsine malik ¢coxlu girisdon (TDMA) istifads edir. Noqtodan bir ndgtays vo ya ndgtodan bir
cox noqtays Otlrmo amoliyyati yarada bilor. Asagi oOtiirmo siratindo olsa da, rogomsal
molumatlarin 6tiirtilmoasi do standarta daxildir.

TETRA mobil stansiyalart (MS) TETRA baza stansiyalarindan (TBS) ibarot
kommutasiya va idaroetms infrastrukturundan (SwMI) istifads edorak birbasa rejimds (DMO)
vo ya magistral rejimdo (TMO) olago saxlaya bilor. Sabokonin shato dairasinin mévcud
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olmadig1 vaziyyatlords birbasa slagani tomin etmoklo yanasi, DMO bir va ya bir neco TETRA
terminalini rele kimi istifado etmok imkan1 da ehtiva edir. Bu funksiya DMO sliizii (DMO-dan
TMO-ya) vo ya DMO tokrarlayicis1 (DMO-dan DMO) adlanir. Févgalads hallarda, bu funksiya
yeralt1 vo ya zaif ohato dairasinds birbasa olage yaratmaga imkan verir.

Sos vo dispetcer xidmotlorindon olave, TETRA sistemi bir ne¢co név molumat
Oturulmasini dastoklayir. Vaziyyat va Qisa Malumat Xidmati (SDS) mesajlar1 asas sistemin
idaroetmo kanalinda tomin edir, kommutasiya edilmis verilonlor vo ya dévra kecidli malumat
rabitesi xususi kanallardan istifado edir.

TETRA terminallarin infrastruktura vo oksino autentifikasiyasini tomin edir.
Dinlomalardon qorunmagq ti¢lin hava interfeysi sifrolomasi vo ucdan-uca sifraloms mévcuddur.

Normal is rejimi qrup zongi rejimidir Ki, burada bir dilyms rozetkas istifadogini se¢ilmis
grupa va yaxud menecers birlogdirir. Terminal hom da tokbatok telsiz rabito kimi ¢ixis eds bilar.
Buna baxmayaraq zong halo do mohdudiyyst olmadan sobokodon istifado edir. TETRA
terminallart digor TETRA vo ya PSTN istifadagilori ilo tam dupleks birbasa alagssi olan mobil
telefonlar kimi ¢ixis eds bilor. Terminallarda ¢ixan fovqgoalads vaziyyat dilymalari, eyni anda
bas veran har hansi digar signal1 bildirarak, tacili signallarin harakatini igo salir.

Usttinltklor
TETRA-nin digar texnologiyalardan (mosalon, GSM) asas tstunluklori bunlardir:

e istifado olunan daha asag tezlik daha genis diapazon verir ki, bu da 6z névbesinda daha
az oturicu ilo ¢ox ylksok soviyyali cografi ohatoys imkan verir vo infrastruktur
xarclorini azaldir;

e Sosli zang zamani basqa soboka qovsagina kegoarkon alags kasilmir. Bu, yerli zanglori
qurmaq imkani kimi ¢oxsayli geri qaytarma rejimino imkan veron dPMR sobokasinda
genis istifado olunan unikal xisusiyyatdir. Bitiin aspektlorin nasazliga déziimlii oldugu
TETRA-dan istifado etmokls “kritik missiya” sobokalori qurula biloar;

e Sobokos olmadigda, mobil portativ qurgular TETRA kanallarindan yararlanaraq "birbasa
rejimdon™ istifads eds bilarlor;

e Sliiz rejimi - burada soboko baglantis1 olan bir mobil telefon, infrastrukturun shato
dairasindon konarda olan digar yaxinligdaki mobil telefonlar {iglin rele rolunu oynaya
bilor. Analog radio sistemlarindon forqli olaraq bu funksiyani yerino yetirmok Ug¢tin
xususi transponder sistemi talob olunmur;

e TETRA hamginin analoq fovgelado xidmatlor radio sistemlorinin tomin etmodiyi
nogtodon-ndqto funksiyasini tomin edir. Bu, dispetgerin birbasa istiraki ehtiyaci
arasinda magistralsiz "radio rabitasi"no imkan verir;

e Birabunagini digor abunagiys (birs-bir) baglayan mobil texnologiyalardan forgli olarag,
TETRA fordi, bir va ya ¢oxlu sorgulari idars etmok {igiin qurulub. Bu is rejimlori birbaga
ictimai tohllkasizlik va pesokar istifadogilor tiglin uygundur;

e TETRA tohllkasizliyi terminal qeydiyyatini, autentifikasiyani, hava interfeysinin
sifrolonmosini vo ugdan-uca sifralomani dastokloyir;

e Siratli Yerlogdirmo (Portativ) Folakotlorin aradan qaldirilmasi vo miivaqgati 6tiirmo
gabiliyyatinin tomin edilmasi Ugln alverisli gaboka hallori yaradir;

e Soboka hollari hom etibarli dovra ilo kommutasiya edilmis enerjido (mosalon, telefon),
hom do program asasli (program tominati) agarlari olan diiz IP sobokasindo mévcuddur.

Catismamazliqlar iso agsagidakilardir:
e Xaotti gliclondirici digor radio xidmatlori ilo yanasi mévcud olmasina imkan veroan ciddi
RF spesifikasiyalarina cavab vermak i¢iin talab olunur;
Mdasir standartlara géra molumatlarin Gtiiriilmasi yavasdir;
NoOqtadan-ndgtays qosulma zamani 7,2 kbit/s-o godor vaxt intervali;
IP inkapsulyasiyas1 zamani har bir slot vaxti iigiin 3,5 kbit/s;
Hor iki se¢im birdon doérd vaxt araligindan istifado etmays imkan verir.
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Mixtolif totbiglora hor ikisi vo ya heg biri, bir vo ya daha ¢ox vaxt araligi olan slago
secimlorindan biri daxildir. Bu stratlarin ragib DMR, dPMR va P25 texnologiyalarindan daha
siratli oldugu giiman edilir. Standartin oan son versiyasi 25 kHz-dos 115,2 kbit/s vo ya 150 kHz
genislondirilmis kanalda 691,2 kbit/s-o godor sirati dostoklayir. Mohdudiyyatlori aradan
qaldirmagq ti¢iin bir ¢ox proqram tominatgist TETRA-dan istifads edon hibrid hallari nazardon
kecirmayoa baglayib, mosolon, 3G/LTE Uzarindon hoyata kecirilon bdyuk molumatlarin
sinxronizasiyasi, gortintli vo video Oturilmasi.

Radionun aspektlori

Modulyasiya ti¢iin TETRA /4-diferensial kvadrat faza kegid agarindan istifado edir.
Simvol siirati (baud) saniyads 18 000 simvol taskil edir va har bir simvol 2 bita ¢evrilir, naticads
Umumi 36 000 bit/san olur.

Hor bir paket moalumatlarin Gtiiriilmasi zamani bir faza siirlismo agar istifads edir. Bu
zaman O6tlirms giiciiniin sabit olacagi ugurlu natico kimi gorundr. Lakin, bels deyil. Bunun
Sobabi, asas dasiyict modulyasiyadaki moalumatlarin tokrari olan yan kanallarin lazimsiz
spektrdon istifado edilmomasi Uglin kaskin elektron slizgacdon kegmolidir. Bu, amplitud
modulyasiyasi ilo naticalonir vo buna gors do TETRA xatti guclondiricilor tolob edir. Noticado
sondaki orta giic nisbati (RMS) 3,65 dB-dir.

Qeyri-xatti (vo ya kifayat godor xotti) guclondiricilordon istifads edilarss, yan zolaglar
yenidoan goriindr va bitisik kanallarda miidaxilaya sabob olur. Talob olunan xattiliys nail olmag
ugun Gmumi istifads edilon Gsullara Kartezian dongslori vo adaptiv 6n vurgu daxildir.

Baza stansiyalari, bir qayda olaraq, miixtolif dasiyici tezliklords muxtalif mobil
cihazlardan davamli olaraq Gtiirtir vo davamli olaraq gabul edir; buna goro do TETRA sistemi
tezlik bolgisu dupleksi (FDD) sistemidir. TETRA hamgcinin GSM kimi FDMA/TDMA-dan
istifado edir. Cib telefonlar1 adoton yalniz 1 slot/4-do 6tlrGlir vo 1 slot/4 gobul edir (GSM tgun
1 slot/8 avozino).

TETRA-da nitq signallart 8 kHz-do saxlanilir vo sonra Cobri Kodlu Xotti
Prognozlagdirma (ACELP) istifado edorok Oturtlir. Bu 4.567 kbps molumat axinidir. Bu
molumat axini hotta sas-kiyli (sehv) kanallarda da diizglin desifroni tomin etmoak gln
Oturilmazdan avval kodlasdirilib. Kodlasdirmadan sonra molumat 6tlirms sirsti 7,2 kbit/s
toskil edir.

Istifado edilo bilon 255 simvoldan ibarat bir slot, qalan vaxt sinxronizasiya ardicilligs,
yandirma, sondiirma vo s. U¢ln istifads olunur. Bir ¢argivo 4 yuvadan vo multiframe (1,02
saniys uzunlugunda) 18 kadrdan ibaratdir. Hiperkadrlar da mévcuddur, lakin osason sifrolomo
alqoritmlori tgun istifads olunur.

TETRA-da ¢argiva strukturu (17.65 fps) 18.000 simvol/s-dan ibaratdir; 255 simvol/slot;
4 slot/cargiva vo 17 Hz-do gobul edilon bu "amplitud modulyasiyasindan" istifado edan vo
yalniz bir yuvada/4 6tiiron mobil cihazlarda xususila nazors ¢arpir. Onlar verilmis bir paketdan,
paket almaq tgun tezliklori doyismok Uglin isa galan U¢ slotdan istifads edirlor. Stansiya iki
yuvadan sonra 6tiirma tezliyino (TDMA) qayidir.

TETRA standart1 bazarda yalniz tohllkasizlik strukturlart ti¢iin korporativ mobil radio
(PMR) sistemi kimi deyil, ham do IT totbiglorinin hoyata kegirilmosi ticlin effektiv muasir
informasiya vo telekommunikasiya platformasi kimi do moshurdur. Bununla bels, bu gln
TETRA sistemlorinin genis totbigi PMR sektorunda mévcud analoq radio avadanligimin (adi
sistemlor, MRT1327 standart sistemlori) olmasina gismon mane olur ki, bu da analoq
texnologiyadan ragomsal texnologiyalara rovan kegidin igtisadi problemini ortaya qoyur. Daha
avval edilon investisiyalarin shomiyyatli itkilori buna niimunas ola bilor.

NOTICO
Mogalods Tetra- tranking radiorabita sistemlarinin bir gox Ustun vo catigmayan toraflori
muzakirs olunmusdur. TETRA standartina bazarda yalmz tohlikasizlik strukturlari tigiin
korporativ mobil radio sistemi kimi deyil, ham do IT totbiglorinin hoyata kegirilmasi lgiin
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effektiv. miuasir informasiya vo telekommunikasiya platformast kimi do tanimmasi
gOstorilmisdir.
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TETPA — OBCJIEAJOBAHUE TPAHKUHI'OBBIX CUCTEM
MOBWJIBHOM PATMOCBS3H

KACYM3AJIE E.M., TOYYEBA A.®.

TETRA B HacTosimiee BpeMs SBISETCS BEAYIIUM OTKPBITHIM HU(PPOBBIM CTAaHAAPTOM IS
npodeccuoHaabHOM  MoOuIbHOM  paauocBszu  (IIMP), nonaepkuBaeMbiM  MHOTMMHU
POM3BOIUTENSIMU  000OpPYJIOBaHUSI CETEBOW MHMPACTPYKTYphl MM MOJIH30BATEIBCKHX
TepMUHAJIOB. B Halell craThe npejcTaBieHa HH(OpMAIMs O CTaHAapTax TeTPAaTPAHKUHIOBBIX
CHCTEM MOOWJIBHON pPaauOCBSA3HM, WX CpaBHEHUHM co craHaapramu GSM, WX pa3IU4HBIX
IIPEUMYIIECTBAX U HEJOCTATKAX, a TAK)KE O POU3BOJUTENSIX ATUX TEXHOJIOTHUH.

Karouesrble ciioBa: TCTPATPAHKHUHI', paIUOCBA3b, TCJICKOMMYHUKAIIUU.

TETRA — SURVEY OF TRUNKING MOBILE RADIO
COMMUNICATION SYSTEMS

KASIMZADE E.i., GOCHUYEVA A F.

Currently, TETRA is the leading open digital standard for Professional Mobile Radio
(PMR), supported by many manufacturers of network infrastructure equipment or user
terminals. Our article provides information on the standards of Tetra-trunking mobile radio
communication systems, their comparison with GSM standards, their various advantages and
disadvantages, as well as the manufacturers of these technologies.

Key words: tetra-trunking, radio communication, telecommunication.

112



Energetikanin problemlori e  Ne2 e 2024 e IIpoOjeMbl SHEPTETUKH

DOI:10.70784/azip.5.20242113
KUCO ISIQLANDIRILMASINDA MUASIR PYEZOELEKTRIKLORIN TOTBIQi
SOMIYEV C.M., HOSIMOV X.X.

Azarbaycan Dovlat Neft va Sonaye Universiteti, Azadliq prospekti 20,
Baki, Azarbaycan, AZ1010
cavidshamiyev@gmail.com

xanlar.hashimov.x@asoiu.edu.az

Maqals piyada kegidlorinds intensiv horokotds olan insanlar va avtomobillorden slds edilon enerjinin
miasir pyezokeramik generatorlar vasitasilo elektrik enerjisine ¢evrilorok somorali sokilde kiigo
isiglandirilmasinda istifadesine hasr edilmisdir. Maqalads pyezoelektriklorden hasil olunan enerji, isiqlandirmada
istifade olunan avadanliqlar, enerjinin idars edilmasi va pyezo generatorlarin yeni texnologiyaya uygun is rejimi
haqqinda molumat verilmisdir.

Acar sozlar: pyezokeramika, piyada kegidi, ¢ix1s coroyani, batareya, sinxron idaraetmo.

Giris. Kucgo isiglandirilmasinda istifado olunan movcud texnologiyalar isiglandirma
zamani samaraliliyin artirilmasina vo insan muadaxilasi olmadan avtomatik idaraetmoya gatirib
cixarir. Miasir dovrdo alternativ  enerji  monbalorindon istifado  olunmasi  kii¢o
isiglandirilmasinda da 6z oksini tapir. Bu totbiglora giinas, kiilok vo mexaniki enerjidon oldo
edilon elektrik enerjisini misal gdstormak olar. Kiigalords insanlarin va nogliyyat vasitalorinin
intensiv harokatindon elektrik enerjisinin aldo edilmasi son dovrds todgigat obyektina
cevrilmisdir. Mexaniki enerjini elektrik enerjisino ¢evirmak ¢un kiigalorda, xususan piyada
kecidlorinds pyezoelektriklordon istifado etmok on uygun se¢imdir [1]. Mexaniki deformasiya
naticasinda elektrik sahasi yaranan dielektriklara pyezoelektriklor deyilir. Xarici F qlivvasinin
tasiri naticasinds pyezoelektrik 16vha deformasiyaya ugrayir vo homin I6vhads polyarizasiya
yuklori yaranir, noticodo orada elektrik sahasi meydana golir. Bu effekt birbasa pyezoelektrik
effekti adlanir. Homginin bu prosesin torsi do mévcuddur ki, bu effekt torsino pyezoelektrik
effekti adlanir. Lakin burada digqqot edilocok osas mosalo tok pyezoelektrik materialin kifayot
godoar ¢ixis giiciino malik olmamasidir. Bunun tiglin generator funksiyasini yerino yetirocok
pyezoelektrik elementlor 6z aralarinda ardicil-paralel olaraq birlosdirilmali vo mivafiq
parametrlori Ustiin olaraq secilmalidir [2]. Kii¢a isiglandirilmasinda istifado olunacaq bu tatbig
pyezoelektrik matrislor soklindo insanlarin daha intensiv oldugu piyada kegidlorindos
quragdirtlir. Notico etibarilo aldo edilon yiiksok giymoato malik ¢ixis giicii batareyalarin
doldurulmasinda istifads olunur. Isiglandirilma piyada zolaqlarinin yaxmliginda yerlogon tipik
yol harakati nisanlari ii¢iin nozorads tutulub vo bu isiglandirmada qida manbayi kimi yenidon
doldurula bilon batareya va ya akkumlyator istifads olunur.

MOSOLONIN QOYULUSU VO HOLLI

Bu mogalods kiigo isiglandirilmasinda istifado olunan gida monbayinin yenidon
doldurulmasi, hoamginin insanlarin v noqliyyatin horokati zamani yaranan enerjinin mahsuldar
sokildo istifado edilorok ondan elektrik enerjisinin oldo edilmasi ilo bagli tokliflor irali
siiriilmiisdiir. Insanlarin horokoti zamani yaranan mexaniki enerjini elektrik enerjisino gevirmok
uclin pyezoelektrik generatorlardan istifads edilir [3]. Son dénomlar pyezoelektrik generator
kimi pyezokeramika materiallarindan istifado olunur. Cadval 1-do mixtalif pyezokeramika
materiallar1 vo onlarin fiziki parametrlori gostorilmisdir.
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Otaq temperaturunda pyezo keramikanin pyezoelektrik omsallarmin d;;(pKI/N) va
dielektrik niifuzlugunun g, eksperimental giymatlori.

Codval 1.

Pyezo keramika dsq ds3 dis & €9

o €0
BaTiO3 -79 191 270 1623 1900
ZTS-19 -126 307 442 1350 1500
PZT-4 -124 291 496 1440 1280
PZT-5 -170 373 583 1730 1700
PZT-5H -128 315 482 2640 2490
PZT-7TA -60.2 151 364 843 427
PCR-1, hp -95 220 420 1130 650
PCR-7, hp -280 610 760 2970 3500
PCR-21, hp -109 250 370 1400 1350
PCR-63, hp -60 140 166 960 1170
PCR-73, hp -380 860 980 4750 6000

PCR-73 tipli pyezokeramika material1 d33 Vo KT, parametrlorinin yuxari qiymotlorine
gora digar materiallardan farglonirlor vo bu markali pyezoelektriklor gaynar preslomo tsulu ils
hazirlanirlar [4]. Hans1 ki, bu parametrlor pyezoelektrikin elektrik tutumuna vo ¢ixis
garginliyinoa bilavasits tosir edon parametrlordir.

Fh
U(,‘IX = % 1)

Burada g3 — gorginliys goro elektrik omsali, F — pyezoelektriks tatbiq olunan quvva, h —
materialin qalinligi, r — materialin radiusudur.

Pyezoelektriklora quvva totbig olunarkon onlar 6zlorini tutum kimi aparir vo bu tutum
asagidaki ifado ilo tayin edilir:

¢ = Keastom )

Burada €, — vakuumdaki dielektrik niifuzlugudur.
Pyezoelektrik totbiq olunacaq piyada kegidi insanlarin vo avtomobillorin intensiv
harakatine miivafiq se¢ilmisdir(Sakil 1).

Sok.1. Piyada kegidi.

Piyada kecidindo istifado olunacaq pyezo materiallarin say ¢oxlugunu nozors alaraq
onlarin miivafiq birlosmasini hoyata kegirmok olar. Bundan &trii pyezo generatorlarin tatbiq
olunacagi piyada kegidlari vo onlarda olan zolaqlarin say1, 6l¢iilari balli olmalidir. Piyada kegidi
2 cargali va har cargads 15 adad olmagla toplam 30 zolagdan toskil edilmisdir. Hor zolagin eni
30 sm, uzunlugu isa 2 metrdir. Hesablamalara goro har zolaga toxminan 1000 adod pyezo
keramika materiali yerlosdirmok olar. Natico etibarils sakil 1-do gOstorilon piyada kecidi tcun
30000 odad pyezoelektrik yerlasdirila bilor ki, bu da isiglandirmani hoyata kegirmak 0g¢tin
Kifayot qodor yaxsi gostoricidir. Pyezoelektriklor generator olaraq istifads olunarkan onlar
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0zlorini tutum kimi apardiqglari tigiin lazimi ¢ixis giictinii almaq moagsadilo pyezoelektriklor 6z
aralarinda ham ardicil, ham paralel, hom ds ardicil-paralel olaraq birlosdirils bilar [6]. Layihada
totbiq olunan pyezoelektriklorin tutumunu artirmaq moqsadilo onlar1 paralel birlosdirmoak

garakdir (Sakil 2).

Sok.2. Paralel birlagdirilmis pyezoelektrik 16vhasi.

Tadqgiqat isindoki osas 6zallik piyada kecidlorino qurasdirilacaq pyezo generatorlarin
isigforla sinxron iglomasidir. Belo ki, avtomobillorin vo piyadalarin harokati zamani hasil
olunacaq giiciin miqdari bir-birindon kaskin forglonir. Bu enerjinin batareyalara toplanmasi
tiglin iki kanall1 sistemdon istifads edilocokdir. Kanallardan biri piyadalardan slds edilon enerji,
digari isa avtomobillordon olda edilon enerji tiglin ayrilmisdir (Sokil 3). Horokot zamani
pyezoelektriklords yaranan sigrayish carayan rele vasitossils iki kanalli diizlondirma dévrasinds
sabit coroyana cevrilir vo batareyalara doldurulur. Relenin “normalda qapali” kontaktina
baglanmis diizlondirms kanali avtomobillar ti¢iin, “normalda ag1q” kontakti iso piyadalar ti¢tin
nozards tutulmus kanaldir. Avtomobillardan olds edilon enerji daha yulksok ¢ixis garginliyine
monsub oldugu {igiin o, birbasa algaldici transformatora qosulur. Noticods transformatorun
ikinci dolaginda induksiyalanan garginliyin giymati asagi, coroyanin giymati iso daha yuxari
olmus olacaq. Bu da batareyalar1 daha yuxar1 corayanlarla doldurmaq tgin olverisli addimdir.
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Sak.3. Pyezo generatordan enerji aldo edilmasi tigiin 2 kanalli diizlondirms dovrasi.

Hesabatlar 1 enerji yaradacaq monba asasinda aparilmigdir. Buna baxmayaraq xiisusan
avtomobillarin intensiv horokati zamani yaranan yiiksok gorginlikli doyison coroyanin orta
giymoti nozoro alinaraq transformatorun dolaglarmin  sayr diizgiin  segilmalidir.
Transformatorun ikinci dolagir 300 Voltluq sigrayish gorginliyi 18 Volta endirmok Gglin
hazirlanmisdir. Algaldici transformatorun istifadosi ikinci dolagda induksiyalanan corayanin
giymatini birinci dolaga nazaran daha ylksok gétiirmak tiglin magsads uygundur.

I, =U;1;/ U, 3)

Burada U;, U, vo Ij, I, uygun olaraq transformatorun birinci va ikinci dolagindaki
garginlik va corayandir.

Iki kanalli sistemi idaro etmok ii¢iin relenin sargact mikrokontrollerin komaokliyi ilo

isigfora qosulur vo sinxron idarsetmo hayata kegirilir. Qirmizi isiqda piyadalarin horakati, yasil
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isigda iso avtomobillorin harokati mikrokontroller tarafindon sinxron tonzimlonir vo
duizlondirma dovrasinin ¢ixiginda sabit 15 Voltluq garginlik alds edilir.

Pyezoelektriklordon olds edilon sigrayisla doayison coroyami diizlondirarkon istifads
olunacaq duzlondirici diodlar elo segilmalidir ki, onlarin {izarinds diison garginlik diisgiisii kigik
olsun [5]. IN5820 seriyal1 Sottki diodlarindan istifado etmoklo buna nail olurug. Bu diodun diiz
istigamatda kegiricilik zamani1 gorginlik diisgiisii 0.475 Volta, maksimum buraxa bilacayi
corayan iso 3 Amperas borabordir.

Kico isiglandirmasinda tatbiq olunan lampalarin névii vo onlarin texniki parametrlori
asag1 enerji istehlaki tiglin diizgiin se¢imalidir. Spiral asasli, xtisuson volfram lampalar daha ¢ox
enerji sorf etdiyi tictin bunun avazins led lampalardan istifade etmok olar. Isiglandirma iigiin
asag1 gorginliys va ylksak liimen dayarino malik olan yeni nasil neon filament ledlor istifads
oluna bilar (sakil 4).

Sok.4. Neon filament led.

Pyezoelektrik generatorlarin nizamlanmis piyada kegidlorinds olan totbiginds isiqforun
ilk 30 saniyasi piyadalar tgtin, digor 30 saniyasi ise avtomobillor ¢ln nazards tutulmusdur.

Piyada va avtomobilin pyezoelektrikds yaratdigi ¢ixis garginliyi va coroayani.

Codval 1.
Kiitlo Qiivva Gorginlik Corayan
Piyada 70 kg 686 N 10.55V 0.29 mA
Avtomobil 1500 kg 14700 N 226.11V 75.3 mA

Piyada kegidlorindo qurasdirilacaq pyezokeramikanin saymi vo (2) ifadssini nazors
alaraq, pyezoelektrik generatorun elektrik tutumunu 1.66 mF almis oluruq. Bir piyadanin
kitlosini orta hesabla 70 kq, bir avtomobilin kitlasini isa 1500 kq gotirak. Natica etibarilo bir
piyadanin piyada keg¢idinda harokoati zamani olds edilocak ¢ixis corayant 0.29 mA-a barabardir.
Avtomobilin harokoti zamani isa sigrayisla doyison ¢ixis garginliyinin giymati yiksak oldugu
tiglin algaldici transformatorun komokliyi ilo gorginlik asagi endirilir. Buna miivafiq olaraq
transformatorun ¢ixisindaki caroyanin qiymoti artir ki, bu da batareyalar1 daha qisa zamanda
doldurmaq Ucgln olverislidir. Beloliklo bir avtomobilin haroksti zamani oaldo edilon ¢ixis
corayani 75.3 mA-o barabardir(Cadval 2). Giiniin pik saatlarinda intensiv horokati nozors alaraq
geyd etmoak olar ki, pyezo generatorun hasil edacayi carayan bu saatlarda daha yuksak olacag.
Noticads, axsam saatlarinda isiqlandirma zamani enerjisi azalmig batareya giindiiz vaxti qisa
zamanda Vo rahat bir sokildo yenidon doldurula bilor. Bununla da kiigo avadanliglarinin
muxtalif isiqlandirilmasini hayata kegirmak mumkainddr.

NOTICO
Kigolords insanlar vo avtomobillorin six horokatindon alds edilon enerjinin somorali
istifado edilmasi Uglin piyada kegidlorinds pyezoelektrik generatorlarin tatbigi vo onlarin

vasitosilo isiglandirilmanin asagi enerji istehlakina malik neon filament ledlorlo apariimasi
toklif edilmisdir.
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Todgigat noticasinds bir avtomobilin vo piyadanin harokati naticasinds olds edilon
enerjinin hesabati aparilmusdir. Isiqforun piyadalar iigiin olan 30 saniyslik periodunda bir
piyadanin harokati zamani oldo edilon ¢ix1s caroyani 0.29 mA olmusdur. Isigforun avtomobillor
Uclin olan periodunda isa ¢ixis carayani daha yuxart olub 75.3 mA-o barabordir ki, bu da
isiglandirmani hoyata kecgiron batareyalar1 giin orzinds yenidon doldurmaq Uciin kifayatdir.
Giinlin pik saatlarinda nogliyyatin intensiv oldugu miiddstdo pyezoelektrikdon oaldo edilon
coroyan daha yiksok olacaqdir ki, bu da batareyalar1 daha qisa zamanda doldurmaq {igiin
effektividr.
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NPUMEHEHME COBPEMEHHBIX IIBE3O2JIEKTPUKOB
B YJIMYHOM OCBEIIEHUH

INAMMEB .M., TAIIUMOB X.X.

Cratbs nocsimieHa 3(hGpeKTHBHOMY UCIIOIB30BAHUIO YHEPTUH, MTOTY4aeMOi OT J0eH U
ABTOMOOMJICH, MEPEIBUTAIOIIINXCS T10 TTENIEXO0IHBIM IIEPEX0IaM, B YIUYHOM OCBEIICHUH ITyTEM
npeoOpa3oBaHus €€ B DJICKTPOIHEPTHUIO C TMOMOIIBI0 COBPEMEHHBIX MHhE30KEPAMUUYECKUX
reHepatopoB. B craThbe mTpHUBEIEHBI CBEICHHS OO0 JHEPrud, MOJY4aeMOM C TOMOIIBIO
ME30DJIEKTPUKOB, O0OPYIOBAHHH, HUCIOJIB3YEMOM B OCBEIICHHH, YHEPrOMEHEIKMEHTE H
pexuMe paboThl MHE30ICKTPUIECKUX T€HEPATOPOB TTO HOBOM TEXHOJIOTHH.

KaioueBble cj10Ba: Mbe30KepaMuKa, ENIEX0AHBIN epexol, BEIXOJHOH TOK, aKKYMYJISATOp, CHHXPOHHOE
yIpaBJIeHHE.

APPLICATION OF MODERN PIEZOELECTRICS IN STREET LIGHTING
SHAMIYEV J.M., HASHIMOV KH. KH.

The article is devoted to the efficient use of the energy obtained from people and cars
moving on the pedestrian crossings in street lighting by converting it into electricity through
modern piezoceramic generators. The article provides information about the energy produced
from piezoelectrics, the equipment used in lighting, energy management and the mode of
operation of piezoelectric generators according to the new technology.

Key words: piezoceramics, pedestrian crossing, output current, battery, synchronous control.
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Yuksok gorginlikli elektrik sahslorinin insan saglamligina vo straf mihito tosirinin dyranilmasi yliksak elmi
va praktiki shamiyyst kasb edir. Magalods yilksak garginlikli elektrik sahslorinin insan saglamligina vo otraf
muhito tosiri aragdirilmis, potensial risklorin giymotlondirilmasi vo minimuma endirilmasi t¢lin effektiv metodlar
muoyyan olunmusdur. Elektrik xoatlori, yarimstansiyalar vo digor elektrik infrastrukturlar: torofindon yaradilan
yiuksak garginlikli elektrik sahalori hom insan saglamligi, hom do otraf mihit ti¢lin oh omiyyatli tasirlora malik ola
bilor. Bu tasirlorin basa diisiilmasi vo giymotlondirilmasi insanlarin tohllkasizliyini vo ekosistemlorin qorunmasini
tomin etmok Ugin ¢ox vacibdir. Yiksok gorginlikli elektrik sahalori onlarla tomasda olan soxslor Gi¢iin birbasa
elektrik sahasinin tosiri riski yaradir. Elektrik enerjisi sistemlorinin istismari noticosindo yaranan yiksok
gorginlikli elektrik vo magnit saholori insanlara vo otraf mihito genis spektrli monfi tosirlor gostorir. insan
boadaninds bu ciir sahalor mixtalif xastoliklorin, o climladan Xar¢ang, nevroloji pozgunluglar, tirok-damar prob-
lemlori riskinin artmasina sabab olur. Magalads elektrik vo magnit sahalorinin manfi tasirlorini basa diismok vo
minimuma endirmok tohlilkasizliyin tamin edilmasi va otraf miihitin qorunmas iigiin asas masalalar tahlil olunur.

Acar sozlar: elektrik vo magnit sahalori, straf mihit, yiksok gorginlik, elektrik xatlari.

Yuksak gorginlikli elektrik xotlori xottin faza kegiricilori otrafinda yaranan son daracs
gucli elektromagnit sahoalorinin - monboyidir. Belo elektromagnit sahalori ultra ylksok
gorginlikli elektrik xatlorinin marsrutlarinin yaxinliginda yerloson ekosistemlora son doaraco
monfi tosir gostorir [1-3].

Elektromagnit saholarinin bioloji organizmlara tesirinin iki névi var - istilik vo
elektromaqnit. Ultra yuksak tezlikli (300 MHs va ya daha ¢ox) elektromaqgnit sahalarinds 6zln(
gostarir va bu giina gadar kifayat godar dyranilmomisdir.

Ultra ylksak garginlikli xatlorin sanaye tezlik sahalori tigiin asas név bioloji organizmin
bodonindo yaranan elektrik coroyanlarmin istilik effektidir. Asagidaki tasir névlori
forglondirilir:

* birbasa, insan elektrik sahasinds oldugda 6zUnu gostarir. Bu moruz qalmanin tasiri saha
guci va maruz galma middati artdiqca artir;

« yerdan tacrid olunmus konstruksiyalara toxunduqda vo ya yerdan tocrid olunmus soXs
bitkilora vo mixtslif ndv torpaqlanmis tikililoro toxundugda yaranan elektrik yiklorinin (puls
Carayant) tasiri;

* sizma carayanlarinin tasiri.

Elektromagnit sahalarinin, xtisusan ds elektrik xatlari sahalorinin bioloji organizmlars vo
ilk névbads insanlara tasiri sahasinds uzun illor aparilan tadgigatlar géstormisdir ki, insan
organizminin oan hassas sistemlari sinir, immun, endokrin vo reproduktiv sistemlardir. Elektro-
magnit saholari insan va heyvanlarin tirok-damar vo immun sistemlarina son daraco manfi tasir
gostorir.

Uzunmuddoatli moruz qalma soraitindo elektromagnit saholarinin bioloji tasirinin
y1gilmasi stibut edilmisdir. Bu, galocakds uzunmuddatli manfi naticalars, 0 cimladan markazi
sinir sisteminin degenerativ proseslorinin, gan xargonglorinin (leykemiya), beyin sislorinin va
hormonal xastaliklorin inkisafina sobob ola bilor. Elektromagnit saholori usaqglar, hamilo
qadinlar, moarkoazi sinir, hormonal va Urok-damar sistemi xostoliklori olan insanlar, allergiya
xastalori vo immun sistemi zoif olan insanlar ti¢tin xtisusi tohliiks yaradr.
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Arasdirmalar gostarib Ki, elektromagnit sahalorinin tasiri altinda isloyan insanlar tez-tez
asobilik vo sobirsizlikdon sikayat edirlor. Sahalora uzun muddot moruz galma yiksak
yorgunluga, yuxu somaraliliyinin azalmasina, diqqat vo yaddasin pozulmasina, daxili garginlik
Vo tolas hissino Sabab olur. Qeyd edok ki, yuxaridaki tadgigat naticalori tokco ultra yliksok
garginlikli elektrik xatlorinin elektromagnit sahalarina deyil, hom ds bitun tezlik diapazonunda
olan istanilan sahalars aiddir.

Sonaye tezlikli elektromaqgnit sahalorinin ekosistemlors monfi tasiri 0 godor do
ohamiyyatli deyil, baxmayaraq ki, ultra yuksok goarginlikli elektrik 6tlrict xatlorin (Sakil 1.)
tikintisi zamani nazars alinmalidir.

Yiksok intensivliya malik elektrik sahalari (50 kV/m) insan va heyvanlarin tiiklorinin
titromasina sabab olur Ki, bu da son daraca xosagalmoz hisslar va ilk ndvbads siddstli gasinma
ilo naticalonir. 20-50 kV/m elektrik sahasinin gucinds bitkinin yarpaq toxumasinin
zodalonmasi miisahida olunur ki, bu da bitkilorin ¢ixan hissalarinin taclanmasi zamani yaranan
caroyanlarin istilik effekti ilo izah olunur [10]. Belo moruz galma nom itiran, quruyan va Kigilon
hlceyralorin 6limina sobab olur.

Elektrik sahasinin insan organizminas tasiri tokca sahanin intensivliyi ilo deyil, hom da
moruz galma muddati ilo mioyyan edilir. Bir insanin elektrik sahasinds icaza verilon galma
muddati (dogigalarlo) elektrik sahasinin giicindon malum eksponensial asililigla ifads edilir.

Yuksak tezlik saholori mikrodalgali sobalar, mobil telefonlar, biitiin simsiz rabito
formalari, televiziya vo radio yayimlaridir. Cox guiclu sahslor katod siia borulari, video ekran
terminallar1, TV monitorlaridir.

Davamli inkisafin asasii togkil edon quru vo su ekosistemlorinin qorunmasini tomin
etmok c¢uin elektromagnit sahslarinin straf mihits har hansi tasirlori barods molumatli olmaq
vacibdir. Otraf miihitin miihafizasi va tobistin mihafizasi ictimaiyyatin, eloco do dovlstlorin
boyiik maragina sabab olmusdur. Bu ciir maraqlar ¢ox vaxt bandlor, atom elektrik stansiyalart,
radiotezlik otdrtcilori kimi iri texnoloji layihalorin straf mihito mumkun tosirlori ilo bagh
narahatliq kimi ifads edilir.

EMS-nin otraf miihito moruz qalmasi ilo bagl ictimai narahatliq elektrik xotlori altinda
otarilan inaklordo siid istehsalinin azalmasi iddialarindan tutmus, yiiksok giiclii radarlarin
yaximliginda agaclarin zadalonmasina gador uzanir. Bu ciir narahatliglar mobil telefonlar kimi
yeni texnologiyanin inkisafina da tosir edo bilor.

Butlin nov va tezliklords elektromagnit sahalorinin emissiyalari {igiin standartlara vo ya
hoddi doyarlora goldikds, Olkolor elektromagnit sahslorine moruz galma Gglin 6z milli
standartlarini tayin edirlor. Bununla belo, bu milli standartlarin oksoriyyati Qeyri-ionlasdiric
Radiasiyadan Muhafizo lzro Beynolxalqg Komissiya (ICNIRP) torafindon miayyan edilmis
tolimatlara asaslanir.

Elektromagnit sahalarinin 6lgiilmasi metodlar:

v" Elektromaqnit sahs sensorlarimin istifadasi: Bu metod forqli ndv sensorlarin istifadosini
nozors alir, mosalan, induktiv va ya aktiv sensorlar. Induktiv sensorlar obyektindon kegon
mignatis sahasinin induksiya dayisikliyindon istifade edorok mignatis sahalorini 6l¢gmayo
yarayan, qutunun induksiya doyisikliyino osaslanir. Tutumlu sensorlar, oksina, elektrik
sahasinin sabab oldugu kondensatorun tutmundaki doyisikliklori dl¢tir. Aktiv sensorlar iso
hoqiqi vaxtda elektromaqnit sahoasini dogrudan 6lgmok imkani verir vo konstruksiyanin
ndviing asason, ham mignatis, hom da elektrik sahslarini 6l¢gmoys qabiliyyatli olabilir.

v Spektral analiz: Bu metod, elektromaqnit saholori miixtolif tezliklor araliglarinda tohlil
etmaya imkan verir. Adaton spektr analizatorlar: istifads olunur, onlar signal tezlik tizro
komponentlora bolgaloyir vo onlarin amplitudunu 6lciir. Bu, aragdirilan elektromaqnit
sahado hansitezliyin osas oldugunu vo onlarin intensivliyini miioyyanlosdirmaye imkan
VErIr.
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v Saha zondlar1: Bu metod, sahado miioyyan ndqtolords elektromagnit saholorin 6l¢iilmoasi
liciin anten va ya zondlar istifads etmoni nozars alir. Zondlar pasiv ola bilir, yalniz saho
intensivliyini ol¢iir vo ya aktiv olub, daha doqiq 6l¢limlar tigiin signal géndars vo gqobul eda
bilar.

v' Elektromagnit radiasiyanmin askarlanmasi va ol¢iilmasi vasitalori: Bu, spektr
analizatorlar, osiloskoplar, elektromaqnit dozimetrlor vo digor vasitolori daxil edir, ki,
forqli frekans vo intensivliklords elektromaqnit saholorini agkar eds, 6l¢go vo tohlil edo bilor.

v Riyazi modellema: Elektromaqnit saholorin xiisusiyyatlorini prognozlagdirmaq tgiin,
Maksvellin tonliklorine asaslanan riyazi modellor vo kompiiter proqramlari istifado olunur.
Bu, aragdirmacilara tocriibosiz miixtalif soraitlords vo forqli frekanslarda elektromaqnit
saholorini tohlil etmoyo imkan verir.

Elektromagnit sahalarinin tasirinin azaldilmasi metodlari

Yiksok gorginlikli xatlorin vo yarimstansiyalarin yaratdigi elektromagnit sahalarinin
canli orqanizmlars Vo atraf mihits tasirinin azaldilmasina miixtalif Gsullarla nail olmag olar, o
cimladan:

Infrastruktur plammmin  optimallagdirilmasi:  Yiiksok gorginlikli  xatlorin  vo
yarimstansiyalarin layihalondirilmasi zamani yasayis moantagalarinin, maktablarin, xastoxana-
larin vo insanlarin yasadigi digor yerlorin yerlosmosi nozors alma bilor. Infrastrukturun
moskunlasan orazilordon uzaqda yerlosdirilmasi insanlarin elektromaqnit sahalorine moruz
galmasini azalda bilar.

Ekranlayicilardan istifada: Yuksok gorginlikli Xatlorin vo yarimstansiyalarin metal
ekranlardan va ya xususi goruyucu materiallardan istifads etmaklo qorunmasi otraf muhitdoki
elektromagnit sahalarinin saviyyasini shomiyyatli doracads azalda bilar.

Kompensasiya cihazlarimin istifadasi: Xotlorin vo yarimstansiyalarin yaxinliginda
elektromaqnit sahalorini azaltmag U¢lin asas sahani kompensasiya etmak i¢tin oks saho yaradan
kompensasiya qurgularindan istifads edilo bilar.

Enerji itkisinin azaldilmasi texnologiyalarinin tatbiqgi: Elektrik enerjisi sistemindo
enerji itkilorinin azaldilmasina yo6nolmis ftsullar, moasolon, superkegiricilorin, somarali
transformatorlarin vo geviricilorin istifadasi elektromagnit saholorinin buraxilmasini azaltmaga
kdmoak edo bilar.

Tohsil Proqramlari vo normativlorin qorunmasi: Elektrik vo elektromagnit
saholorindon tohllikasiz istifado haqqinda maariflondirici proqramlarin aparilmasi vacibdir.
Bundan olava, otraf mihitds vo is yerlorinda elektromagnit sahalarinin saviyyasino nazarat
etmok Uclin ciddi gaydalar vo standartlar hazirlanmali vo tatbiq edilmolidir.

Bu Usullar elektromagnit saholorinin canli orqanizmloro vo otraf muhito tosirini
minimuma endirmok, comiyyatin tohliikasizliyini vo saglamligini toamin etmok Ugin birlikds
somarali sokilds istifado edils bilar.

Yuksok gorginlikli verilis xatlori vo elektrik yarimstansiyalari radiasiya tohlikasi
yaradirlar. Ohamiyyatli olan, yasadiginiz yerin elektromaqnit sahasinin gticudur.

Elektrik Oturtict xatlorin konfiqurasiyasi elektromaqnit sahasinin (EMS) biotasirlorina
boyuk tesir gostarir. Yiksak garginlikli, yuksok carayan kegiran elektrik ottrici xatlor Ggln
400 metro godor masafalordo glicli normal maisot muhit saviyyasindon xeyli yiksok olan
maqnit sahosi yaratmaq adi haldir. Har bir halda, ¢ox tasirlor nagillorin konfiqurasiyasindan va
onlarin kecirdiyi corayanin miqdarindan asilidir

Elektromagnit sahslorinin (EMS) insan saglamligina muxtolif xorgong, leykemiya, sis
bdylmasi, dari zodalonmasi, anormal hiiceyrs foaliyyati, yuxu va glindslik ritm pozgunluglart,
qavrayis vo yaddas doyisikliklari, genetik qusurlar vo hormonun pozulmasi.kimi tasirlor
gostorir. Homginin vozi ¢atismazliglari, psixi vo davranig problemlori, immun sistemi
catismazliglari, sinir sistemi pozgunluqglari, doliin inkisafi problemlori, diisiiklor, dogus
qiisurlari, gan vo gan dévrani problemlari yarada bilir.
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Sok.1. Ug fazali elektrik xattinin yaydig1 maqnit sahoalorinin sxemi.
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ra, Ie,,fc — M noqgtssinin A, B va C nagillorino olan mosafalor, era, ers, €rc — bunlara
uygun vahid vektorlardir.

1 =~/ Con — %)%+ (0w — ¥1)?

burada :
ri — ndqtodon nagil mosafasi; Xi, yi — bu naqgil markazinin koordinatlari.
i-fazalar xottinin indekslori

y oXu ilo era, B, erc vahid vektorlarinin yaratdigi bucaqlar (Sokil 1) disturlardan istifada
etmaklos tapilir:
¢ Xpm — Xi
a; = arctg
‘ Ym ~ Vi
Kosinus ciit funksiya oldugundan, H vektorlarinin koordinatlara proyeksiyalar1 iki halda
asagidaki diisturlara asasan hesablanir:
a) ym—yi <0
H;, = —H;cosa;
{ Hiy = HiSiTl(li

b) ym-yi >0

{Hix = —H;cosq;
H;, = H;sina;
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Belalikla, magnit sahasinin giicti vektorunun koordinatlara proyeksiyalar1 asagidaki kimi
tapilacaqdir:
Hy = Hyy + Hpy + Hey
Hy, = Hyy, + Hg, + Hey,
H vektorunun modulu vo M bucagi (x oxu ilo) asagidaki kimi hesablanir:

H
Hy = /(HZ + H3) ; aM:H_i
Magnit axininin sixlig1 B asagidaki kimi hesablanir:
B=urpoH
harada:
Hr — nisbi magnit kegiriciliyi, po— vakuum magnit kegiriciliyi (L0 = 4nx10-7 H/m).
Magnit sahoalorinin toklif olunan riyazi modeli ossasinda nagqillor boyu muxtalif
caroyanlarda 230 kV va 110 kV garginlikli elektrik xatti antennasinin maqnit axininin sixliginin
(B) hesablanmis giymatini toyin etmok ¢lin analitik Gsuldan istifads edilmisdir. HV xatlori ilo
stialanan elektromaqnit sahasinin davranisini tahlil etmok tiglin yuxarida hazirlanmis E (r) vo B
(r) modellarini Matlabda imitasiya edirik (sokil 2 va sokil 3).

e
P
1

| Denendenpeofe/ectrlcfre/dEon d/stancef(om 110kv : o T . e AN S OO Y DO S S P aae
1 1 [}

- RS poer/m fffffffffffff

o

Elegtric Fielg £ kV/m,,
o wow
w

[
L

w
1

Electric Field E kV/m
-

~
'

0.5
0 2
" distance (m) 0
-200 -160 -120 -80 -40 0 40 80 120 160 200 Distarice (m]
-200 -160 -120 -80 -40 O 40 80 120 160 200
a) b)
Sok.2 YG hava xatlorinds elektrik saha goarginliyinin masafodon asililig::
(a) 110 KV-lug HX, (b) 230 kV-lug HX.
Y pn—— e s G N oo f tic field density & dt fi
a. Dependenceofmagneﬁlcf/e/d densttyB on distance i epen ence[o mafg;k’\i 18 5 elnS’ y ‘on Istdncerran
25 4 ,v,,,,,ftom23QkX/powar‘lma SO O AN— 0.75 N\~ -im - pow»r B T s -
= ! = i ! !
= 3 i i i i i i
= 2 0 - o T . T
Simulation curve ofthe Lendance i
o o
2 15 2
S ke
g =
0.5
i L !
0 Distance (i) 0 E ! ! ! S
0 20 40 60 80 100 120 140 (0] 20 40 60 80 100 120 140

Sak.3. Magqnit sahi garginliyinin masafodon asililigi: (a) 230kV, (b)110kV hava elektrik xatlori

Migrasiya dovriinds quslarin boyiik hissasi qidalanir vo istirahot edir, lakin kitlovi
migrasiya orazilorinds hava Xatlori mexaniki manes rolunu oynaya bilar.

Elektrik xatlorinin c¢okilmasi kond tosarriifatina tasir edon torpaqlarin 6zgoninkilos-
dirilmasi ilo baglidir. Hava xotlorinin nizamsiz sokildo toskili okin sahalorinin vo yem
sahalorinin biitovliylinii pozur. Okin sahalarinin becarilmasino havadan mudaxilo yaradilir,
kond tesarriifati texnologiyalarindan istifade mohdudlasdirilir. Hava xatlori do mesolordon

kegir, onlarin giymati odun, dorman bitkilori, ov heyvanlari, gilomeyvo, gobslok ehtiyatlar ilo
muayyan edilir.
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Hava xatlorinin otraf mihits tasirinin asas spesifik amili elektromaqgnit sahasidir (EMS).
EMS-nin torpaga tasiri torpagin 6ziindo domir vo birlosmolorinin konsentrasiyasindan asilidir.
Elektrik sahasi torpag elementlarinin qutblosmasins va struktur yenidon qurulmasina sabab olur
Vo torpagi omolo golmasi prosesing tasir gostorir. EMS inkisafin ilkin marhalasinds yasil
bitkilorin bdylma sliratino stimullasdirici tasir gostora bilor, sonra EMS-nin tosiri depressiv
olur.

Hava xatlorinin uzunlugu boyiikdiir vo demak olar ki, har biri bir sira irili-xirdali ¢ay vo
gollordon kecir. EMS baliglara qovucu tosir g0storir. Baliglarin miqrasiya yolunda
elektromagnit bandlari vo kiirli tokmonin qarsisini alir.

NOTICO

Mogalodoa hava elektrik verlis xatlorinnin canli orqanizmos Vo otraf muhito tasiri
aragdirilmis vo on glclu elektrik saha gorginliyinin xattin alt hissasinds oldugu miisyyon
edilmisdir.

Elektrik verilis xatlorinin digor obyektlorlo kasisdiyi yerlorda (masalon, binalar vo ya
agaclarlar) olavo yiksok gorginlik zonalari yaranma ehtimalinin oldugunu nazors alinmali,
digor muhafizs todbirlori gorilmali vo ya Xattin marsrutunda diizalislor edilmalidir.

Elektrik saha gorginliyinin giymoti monbodon uzaqlasdiqca azaldigimi nozoro alaraq
elektrik verilis xatlori sanitar miihafizo zonasi nazars alinmagqla diizgiin layihalondirilmali vo
otraf muhito vo canlilarin saglamliglarina qarsi tosir riski minimuma enidirilmalidir.
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W3YUYEHHUE BO3JIENCTBUS DJEKTPOMATHUTHBIX BOJIH HA
OKPYXAIOIYIO CPENY

IIMPUEBA H.M., TAIIUMOB A.T.
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W3ydyeHue BIMSHUS DIEKTPUYECKUX TIIOJIEH BBICOKOTO HANpPSDKEHUS Ha 370pPOBbE
YeJI0BEKa M OKPYKAIOIIYI0 Cpely MMeeT OOJblIoe HAyyHOe M MpakTHYecKoe 3HadeHue. B
CTaTbhe MCCIEAOBAHO BIMSHUE JJIEKTPUUYECKHUX I0JIEH BBICOKOTO HAMPSIKEHHS Ha 30POBBE
YeJI0BEKa M OKPYXKAIOIIYI0 Cpeay, a TaKkkKe ornpenesneHbl d((EeKTUBHBIE METOMAbI OLCHKH U
MUHUMU3ALUN TOTCHUUATbHBIX PUCKOB. OJIEKTPUUYECKHE IOJISI BBICOKOTO HampsKEHUs,
CO37aBacMble JIMHUAMU JJIEKTponepenad, MOACTAaHUUSAMU U JAPYroM 3IEKTPUUECKOM
UH(PACTPYKTYPOii, MOTYT OKa3bIBaTh CYIIECTBEHHOE BO3/IEHCTBUE KaK Ha 3JI0POBbE YEIIOBEKA,
TaK U Ha OKpy»Kawllyto cpeny. [loHnMaHne u olieHKa 3TUX BO3JEHCTBUN MMEET PEIIaroLIee
3HauYeHHe IS o0ecrieueHus 0e30MacHOCTH YeIOBEKa U 3alllUThl SKOCUCTEM. DJIEKTPUUYECKUE
NOJII  BBICOKOTO  HANpPsDKEHUS  NPEACTABISAIOT  ONACHOCTh  INPSMOr0  BO3JAEHCTBUS
JJIEKTPUYECKOTO TMOJsl Ha JIMI, HAXOMASIIMXCS C HUMU B KOHTaKTe. BBICOKOBOIBTHBIE
AIIEKTPUYECKHE U MAarHUTHBIC TOJISL, OOpasylomuecs Mpu padoTe 3JIEKTPOIHEPreTHUYECKHX
CUCTEM, MOTYT OKa3bIBaTh IIUPOKHI CIEKTp HEraTWBHOIO BO3JCHCTBUS Ha JoJed U
OKpYyXarollyro cpely. Takue yd4acTKM 4eJI0BEUECKOro Teja MOBBIIAIOT PUCK BO3SHUKHOBEHUS
pa3iINuHbIX 3a00JeBaHMUM, BKIIOYash pak, HEBPOJIOTHUYECKHE pPACCTPOMCTBA M CEPIIECYHO-
COCYIUCTBIE TpoONeMbl. B cTarbe aHaNM3MPYIOTCS OCHOBHBIE BOMIPOCHI MOHUMAHHUS U
MUHUMU3ALUN HETaTUBHOTO BO3JEHCTBUS AJIEKTPUUECKUX U MarHUTHBIX MOJIeH, oOecriedeHus
0€30MMaCHOCTH U 3aLUThI OKPYKAIOIIEH CPEJIbL.

KnaroueBble cioBa: JJICKTPHUYUCCKUEC U MArHuTHBIC IIOJIA, OKpYIKarollass Cpelid, BBICOKOC HANPSKECHUC,
JIMHUU DJICKTPOIICpEaAavIn.

STUDYING THE IMPACT OF ELECTROMAGNETIC
WAVES ON THE ENVIRONMENT

PIRIYEVA N.M., GASHIMOV A.T.

Studying the influence of high voltage electric fields on human health and the
environment is of great scientific and practical importance. The article examines the impact of
high-voltage electric fields on human health and the environment, and also identifies effective
methods for assessing and minimizing potential risks. High voltage electrical fields generated
by power lines, substations and other electrical infrastructure can have significant impacts on
both human health and the environment. Understanding and assessing these impacts is critical
to ensuring human safety and protecting ecosystems. High voltage electric fields pose a risk of
direct exposure to the electric field to persons in contact with them. High-voltage electric and
magnetic fields generated by the operation of electrical power systems can have a wide range
of negative effects on people and the environment. These areas of the human body increase the
risk of various diseases, including cancer, neurological disorders and cardiovascular problems.
The article analyzes the main issues of understanding and minimizing the negative effects of
electric and magnetic fields, ensuring safety and protecting the environment.

Key words: electric and magnetic fields, environment, high voltage, power lines.
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ELEKTRIK ENERJISININ KEYFiYYOTi PROBLEMLORI
VO HOLLI YOLARI

OHMODOYV E.N., RZAYEVA S.V.

Azorbaycan Dovlat Neft va Sonaye Universiteti PHS
sona.rzayeva@asoiu.edu.az

Mogalo elektrik enerjisinin asas keyfiyyst gostoricilori, bu gostoricilorin tolabatgilarin is rejimlorine
gostardiyi tosirlor vo onlara qarsi irali siirilon standart tolobloro hasr edilmisgdir. Elektrik enerjisinin keyfiyyot
problemlarinin halli yolar1 aragdirilmis vo enerji paylama sistemlarinds aktiv giic siizgaclorinin tatbigi maslslorine
baxilmisdir.

Acar sozlar: elektrik energisinin keyfiyyati; gorginliyin keyfiyyst gdstoricilari; harmonik tahrif; aktiv g
stizgaclori.

Giris. Elektrik enerjisinin keyfiyyoti (EEK) miiayyon standartlarda gostorilmis
parametrlors uygun olmazsa, miixtalif ndv texnoloji avadanliglarin vo enerji sisteminin etibarli
is rejimi pozulur vo butdvlikds sistemin iqgtisadi gostoricilori asag: diisiir.

Beynolxalq ekspertlorin fikrinca, elektrik enerjisinin 6tlrdlmasi vo paylanmasi zamani
umumi itkilor 4-5%-don ¢ox olmadigda gonastboxs hesab edilo bilor. Rusiyada bu giymat 11-
13%, Yaponiya vo Qorbi Avropada 6-7% -don ¢ox deyil. Azorbaycan Respublikasinda, bu
itkilor orta hesabla 11-13% toskil edir [1].

Elektrik enerjisinin keyfiyati, sistemin yuklo qarsiligli slagesi do nozora alinmagla,
garginliyin va coroyanin keyfiyyotindan asilidir. Garginliyin keyfiyyati onun dalga formasinin,
sabit giymotli vo sabit tezlikli ideal sinusoidal gorginlik formasindan konaragixmasi ilo
muoyyon edilir. Coroyanin keyfiyyati anlayisi olavo termin kimi istifado edlimokls, onun
formasinin sabit komiyyatli vo sabit tezlikli ideal sinusoidal coroyan formasindan konara
¢ixmasi kimi basa diistiliir.

Elektrik enerjisinin keyfiyyotinin pozulmasinin soboblori elektrik sobokasina daxil olan
qaynaq qurgulari, ventil vo tezlik geviricilori, induksiya, qovs elektrik sobalari, filiz-termik
qurgulardir, domir yollarinin dartma yarimstansiyalari, xiisusi birfazali yiiklor vo geyri-xatti
carayan-gorginlik xarakteristikasina malik bir sira digar elektron texniki vasitalordir.

Istonilon giic sistemindo gorginlik vo coroyan arasinda homiso six olage mdvcuddur.
Generatorlar ideal sinusoidal gorginliyi tomin edo bilsalor do, sistemdon kegon carayan,
gorginlikdo muxtalif tohriflora sobob ola bilor. Bir ¢ox enerji keyfiyyati problemlarini ardan
galdirmaq ti¢iin yiik vo enerji sistemi arasindaki qarsiliglt alagoni hall etmok lazimdir. Enerji
sistemi yalniz qidalanma gorginliyinin keyfiyyatino nozarot eds bilor, lakin muyon bir yikdan
kegon coroyana nozarst edo bilmir. Buna goro do, enerji keyfiyyoti sahosindoki standartlar
gidalanma garginliyinin mioyyan hadlords saxlanmasini nozards tutur.

Standarlara goro EEK gostoriciloring aiddir [2]:

— gorginliyin gorarlasmis sokildo konaragixmasi;

— gorginliyin doyisilmo diapazonu;

—fliker (titromo) dozasi;

— gorginlik ayrisinin sinusoidalliginin tohrif amsali;

— garginliyin n-ci harmonik komponentinin omsali;

— gorginliyin oks ardicilligla asimmetriya amsali;

— gorginliyin sifir ardicilliginda asimmetriya omsali;

— tezliyin konaragixmasi;
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— gorginliyin asag1 diismasinin middati;

— impuls goarginliyi;

— muvaqqati ifrat gorginlik omsali.

Gorginliyin keyfiyyot xarakteristikalari. Elektrik enerjisinin osas osas keyfiyyat
gostaricilarindan biri garginlikdir. Bu baximdan Elektrotexniki Standartlasdirma tizra Avropa
Komitasi (The European Committee for Electrotechnical Standardisation - CENELEC)
“Ictimai paylayic1 sistemlor torofindon tomin edilon elektrik enerjisinin gorginlik
xususiyyatlori” EN50160 standartini gabul etmisdir. EN50160 standart1 garginliyin keyfiyyati
ilo bagli istehlakg¢ilarin monafelorino xidmot edon1 ilk sonadlordon biridir. Burada
istehlak¢ilarin qosulduqlart imumi sobakalarin tachizat terminallarinda (qosulma noqtalorinda)
asag1 garginliyin (1kV-a godar), orta garginliyin (1 kV-dan 35 kV-dok) va ylksak gorginliyin
osas xarakteristikalar1 verilmisdir [5].

Gorginliyin keyfiyyoti gorginliyin xarakteristikalar1 ilo mioayyan edilir. Qidalanma
gorginliyino tosir edon bozi hadisslor zaman vo mokan baximindan tosadiifi oldugundan,
statistik parametrlorls tosvir edilir. Bazi xarakteristikalar Ugctin, masalan, gorginliyin enmolari,
kosilmalor va ifrat garginliklor, yalniz toxmini giymatlorlo verilir.

e Gorginliyin magnitudast — bir hofto arzindo 10 doagigalik orta gostaricilorin 95%-i
nominal garginliyin £10%-i daxilinds olmalidir. Bu onu gdstarir ki, manbayin garginliyinin 10
doagigolik orta kvadratik giymatinin doyismo diapazonu haftanin 95%-i Uglin Un = 10% toskil
edir. Bir sozlos, bu 0 demakdir ki, hoftads 8 saatdan ¢ox middat arzinds tachizat gorginliyinin
giymati Ugun heg bir mohdudiyyast yoxdur.

e Tezliyin dayismasi - 10 saniyolik ortakvadtatik giymotin 95%-i, 49,5+ 50,5 Hs
diapazonundan konara ¢gixmamalidir.

e Gorginliyin dayismasi (fluktasiyasi) - bir hofto orzinds, 2 saatliq miiddatdo, titromo
intensivliyinin giymotinin 95%-i, 1-don ¢ox olmamalidir.

eHarmonik tahrif - harmonik gorginliklor fordi vo ya bultévlikds (global)
giymaotlondirilir. Fordi olarag, asas gorginliklo U slagsli olan, nisbi amplitudaya goro un,
giymotlondirlir (burada h harmonikanin sirasidir). 25-a gadar olan harmonik komponentlarin
garginliyi, bir hofto arzinds aldo edilon 10 doagigoalik orta gostaricilorin 95%-ni  ke¢gmoamoalidir
vo bu giymatlor codvall-do verilmisdir. Qlobal olaraq iimumi harmonik tohrif faktoru (UTF)
ilo asagidaki kimi hesablanir [5]:

UTF hoftonin 95%-i orzindo 8%-don ¢ox olmamalidir.

Cadval 1. 25-ci tortibo gador gidalanma monbayinin sixaclarinda ayri-ayri harmoniklorin U;
asas garginliya goro faizlo giymatlori.

Tok harmoniklor Ucqat tok harmoniklor Cut harmoniklar
tortib h gorginliyin tortib h garginliyin tortib h garginliyin
nisbati, ux[%] nisbati, un[%] nisbati, ux[%]

5 6 3 5 2 2

7 5 9 15 4 1

11 3,5 15 0,5 6...24 0,5

13 3 21 0,5

17 2
19,23,25 15
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e Gorginliyin asimmetrikliyi — monfi ardicil Ug) vo musbat ardicil Uy kimi gorginlik
koamiyyatlori 10 dagige middatindaki orta giymat kimi alda edilmali va onlarin har birinin
95%-i bir hafto arzinds 2%-don ¢ox olmamalidir. Garginliyin asimmetrikliyi asagidaki ifados
ilo mlayyan edilir [5]:

U
py = 72+ 100 [%]
(1)

e Mllvaqgati ifrat garginliklor — 230 V-lug sistemds Umumiyyatls 1,5 kV-dan ¢ox olmur va
S.

e Signal garginliklori - 500 Hs-a goador tezliklor Gglin, bir glin arzinds 3 saniyslik orta
gostaricilorin 95%-i Un-nin 9%-ni, 1 vo 10 kHs intervalindaki tezliklar Gglin Un-nin 5%-ni
Vo daha yuksok tezliklor G¢lin Un-nin 1% -o godar hoddi kegmomolidir.

e Gorginliyin magnituda (migyas) addimlar: — bunlar adston nominal gorginliyin £5%-don
cox deyil, lakin £10%-o godor doyisikliklar glinda bir ne¢a dofs bas vera bilor.

e Gorginlik diiggiisii - bas verma tezliyi bir ilds onlarla vo minlarla dafs bas vera bilir. Miiddot
asasan 1 saniyadon azdir va gorginlik nadir hallarda Un-nin 40% -don asag1 diisiir.

e Ousa fasilolor — ilds onlarla va bir nego yiz dofo arasinda bag verir. Miiddat toxminan 70%
hallarda 1 saniyadon az olur.

e Uzun fasilalor - bag vermo tezliyi ildo 10-dan az vo ya 50-ya gadar ola bilor.

e Kegici ifrat garginliklor — 230 V-lug sistemds Umumiyyatlo 6 kV-dan ¢ox olmayir .

Elektrik enerjisinin keyfiyyati problemlarinin halli yolari. Umumi sokilda elektrik
enerjisinin keyfiyyati ilo bagl problemlorin aradan galdirilmasi tisullar1 asagidakilardir [3]:

v’ yiik avadanhgqlarinin diizgiin layiholondirilmasi;

v passiv, aktiv va hibrid harmonik stizgaclorin tatbiqi;

v elektrik tachizati sisteminin diizgiin layihalondirilmasi;
v gorginlik kompensatorlarinin tatbiqi;

v fasilosiz enerji tochizati (UPS) manbalarindan istifado;
v ehtiyat qidalanmanin etibarlilig1.

Lakin enerji keyfiyyati ilo bagli problemlarin hallinds iki yanasma osas goturulir [4].
Birinci yanagma yiikiin formalagmasi (load conditioning) adlanir ki, bu da gidalanmanin
pozulmasi zamani avadanligin daha az hossas olmasini tomin edir vo hatta gorginliyin
ohomiyyatli dorocads tohrif olunmasi hallarinda bels islomalori mimkiin olur. Digar hall yolu
enerji sistemindoki nasazliglarin garsisini alan vo ya onlara qarsi tosir gostara bilon Xottdo
uygunlasdirilma (line conditioning) sistemlorinin qurasdirilmasidir. Garginliyin keyfiyyati
problemlarinin gevik va ¢ox yonli halli aktiv guic siizgaclarinin tatbigidir. Onlar hazirda enino-
impuls modulyasiya (EIM) ceviricilorina asaslanir vo asagi vo orta gorginlikli paylama
sistemina sunt vo ya ardicil sokildo qosulur. Ardicil aktiv giic siizgaclori yuk coroyaninin
harmonikasin1 kompensasiya etmok ii¢iin suntlayici passiv siizgaclorlo birlikdo iglomalidir.
Suntlayic1 aktiv giic siizgaclori idara olunan carayan monbayi kimi vo ardicil aktiv giic
stizgaclori isa idara olunan gorginlik monbayi kimi foaliyyat gostorir. Hor iki sxem, asason
kondensator kimi reaktiv elemento malik invertor gorginlik monbayi - EIM vasitasilo
reallagdirilir. Aktiv giic silizgoclori enerji sistemlorini kompensasiya etmok vo enerji
keyfiyyatini yaxsilagsdirmagq tigiin talob olunan bir va ya bir ne¢s funksiyan1 yerina yetira bilar,

Suntlayic aktiv giic siizgaclori. Suntlayici aktiv giic stizgaclari eyni, lakin oks harmonik
caroyan vermoklo asas coroyanin harmonikasint kompensasiya edir. Bu zaman suntlayici aktiv
glic sugaci, fazaya goro 180° siirlismiis corayan monbayi kimi faaliyyat gdstorir. Bu prinsip
harmonik monba hesab edilon istonilon yiuk néviins totbiq edilo bilor. Bundan slave, miivafiq
idaroetmoa sxemi ilo aktiv gtic sugaci yukin giic amsalint da kompensasiya eds bilor. Belaliklo,
enerji paylama sistemi qeyri-xotti yikid vo aktiv glc sligocini ideal rezistor kimi gorr.
Suntlayict aktiv giic siizgacinin coroyan kompensasiya xarakteristikasi sok.1-do gostorilmisdir.
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Xatt caraym Yiik carayam

Qeyri-xatti
vk

Suntlayict alktiv
giic siizgaci

Sok.1. Suntlayici aktiv giic siizgaci vasitasilo kompensasiya.

Ardicil aktiv gii¢ siizgaclari. Molumdur ki, ardicil aktiv giic siizgaclori geyri-xatti
yuklanmalarin sabab oldugu carayan sisteminin tohriflorini, coroyanin harmonikasina yiiksok
impedansli yol totbiq etmoklo kompensasiya edirlor ki, bu da yuksak tezlikli corayanlart yiiko
paralel olaraq baglanmis passiv LC siizgoc vasitosilo axmaga mocbur edir. Ardicil aktiv giic
slizgacinin yaratdigi yiliksok impedans aradan qaldirilmali olan caroyanin harmonik torkib
hissasi ilo eyni tezlikli gorginliyi generasiya etmoklo yaradilir. Gorginliyin balanssizligi
sistemin asas tezlikli manfi va sifir ardicilliqi garginlik komponentlorini kompensasiya etmoklo
korrekto edilir.

Hibrid aktiv guc stgaclari. Aktiv guc slizgaclori passiv stizgaclorin kompensasiya
xususiyyatlorini yaxsilasdiran passiv siizgaclorlo birlikds istifads edilo bilor vo bu zaman,
ardicil vo ya paralel rezonansin yaranmasinin qarsisi alinmig olur (sok.2). Bu sxemdoan
goriindiiyti kimi (sok.2), agor passiv stizgaclor qosulmayibsa, ardicil aktiv giic siizgaclori yalniz
gorginliyin tonzimlonmasini vo gorginliyin asimmetriyasini kompensasiya edo bilor. Ogor
sxemda (sok.2) passiv stizgaclordon isifads edilmazss, corayanin harmonik komponentlorinin
kompensasiyas1 miimkiin olmur.

Va I

o A AAS

Ve [ Qeyri
D Cha Ty Xatti

n U Y Yllk
V. =
5 Chb €
Ly ]

Chre 5
C EL&; éfafr‘o Lt gﬂfﬁ%ﬁfﬁilﬁilﬂ Lo3ls
i |Cr5 j

1051 Cr]Crs |
— Passiv siizgac Passiv siizgac
lnvertor 5-ci harmonika  7-ci harmonika

Enina-impuls modulyasiya
Sok.2. Ardicil birlosdirilmis aktiv giic siizgacinin imumi sxemi.

Digor mumkiin imkanlardan biri do passiv vo aktiv glic stzgaclorinin kompensasiya
xususiyyatlarini birlosdirmakdon ibaratdir (sok.3). Gortinduyu kimi aktiv- passiv stizgaclor
passiv stzgaclro ardicil olaraq birlosdirilmisdir. Bu yolla passiv siizgacin kompensasiya
xususiyyatlori shamiyyatli doracods yaxsilasdirilir. Cilinki bu sxemdo, ardicil birlasdirilmis
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transformatorun birinci torof dolagimin sixaclarinda (klemlarinds) gorginlikliyin harmonik
komponentlorini yaradir va yiikiin yaratdigi corayan harmoniklorini passiv suizgocdon kegmays
macbur edir.
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Sok.3. Hibrid aktiv giic stizgozinin sxemi.

Birlosdirici transformatorda gorginliyin osas komponentinin amplitudasina noazarat
etmokla, enerji paylama sisteminin giic amsalinin tonzimlanmasi mimkin olur. Bununla bels,
yukun glc amsalina nazarat edilmoasi t¢iin  kondensatorlardan ibarat stizgaclords daha yliksak
gorginliyin totbig edilmasi talab olunur. Kondensatorlu suizgaclorin tatbiqi zamani bunlar nazara
alinmalidir. Bu tip konfiqurasiya yiiksok glcli, orta gorginlikli geyri-xatti yuklorin
kompensasiyasi {i¢iin ¢ox alverislidir, masalon, geviricilori olan boyuk giiclii doyison gorginlikli
intiqallarda, qovs sobalar1 vo s.

Hal-hazirda, on ¢ox istifads edilon statik reaktiv giic kompensatorlar1 tam idara olunan
glic yarimkegirici cihazlarina asaslanan, Umumiyyatlo, ifrat reaktiv enerji istehlaki noqtosindo
birlogdirilmis kondensatorlardan ibaratdir. Belo kompensasiya mixtalif gorginlik siniflori Gglin
elektrik dovralorinin mixtolif qovsaqlarinda istifado edilo bilor. Bundan olavs, geri cevrilon
avtomatlagdirilmis doyigon carayan elektrik 6tirtctlorini gliclondirmok tgtin aktiv garginlikli
dizlondiricilori (AGD) istehsalda genis sokilds totbiq edilmisdir. Belo dizlondiricilor ham do
tochizat sobokasinds reaktiv giiclin tonzimlanmasinds istirak etmok imkanina malikdir [32].

Sok.4-do AGD-nin prinsipial sxemi, bir fazali ekvivalent ovoz sxemi vo vektor diaqrami
gostorilmisdir.

AGD

> 5 5

SC
Es Up U, Eup |
1.

Sok.4. Sabakaya qosulma négtasinds AGD sxemi (a),
birfazali ekvivalent dovra va vektor diagrami (b).
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AGD sabit coroyan qovsagi ilo idaro olunan gorginlik monboyidir. Oksor hallarda,
nominal giicii 1 MVt-dan yuxari olan reversiv avtomatlagdirilmis elektrik intigal ilo tomin
olunurlar. AGD-lor izolyasiya edilmis diodlar ii¢ soviyyali topologiyaya uygun olaraq yerino
yetirilir. AGD {i¢iin secilmis harmoniklorin ¢ixarilmasi vo ya timumi harmonik tohrifin (THD)
minimuma endirilmosi ilo yarimkegirici agarlarin doyisdirilmosi iigilin miiasir alqoritmlordon
istifads olunur.

AGD-nin is prinsipini bir fazali ekvivalent dovrodon istifado etmoklo nozordon kecgirmok
daha rahatdir sok.4,b. Sobokoys qosulma noqtesinds o, ekvivalent induktiv miigavimat Xz vo
ekvivalent aktiv miigavimoat R olan reaktor vasitosilo E4gp gorginlikli tochizati sobokosino
gosulmus ¢ixis gorginliyi monbayi E4cp kimi toqdim edils bilor. E4Gp vo soboko E. arasindaki
gorginlik forqi Xz vo R-o diistir, Uy vo Ur olan gorginlik diismasi, a- E4cp va E. arasinda siirlismo
bucagi, ¢ iso coroyan / vo E. arasinda siliriismo bucagidir. Vektor diagramindan (sok. 4, b)
tochizat sobokasino nisbaton aktiv P, reaktiv Q. vo imumi giic Sc {i¢iin tonliklor oldo etmok
olar:

E.E,qp(R cos(a) + X, sin(a)) — EZR

P. = ) (1)
¢ R% + X}
_ E.Eagp(X, cos(a) — Rsin(a)) — EZX,
Q= R2 + X? ’ @
2 2o, 2
5, = \/EC (E3cp 2§;f,§(lz;c cos(a)+ E2 ’ 3)
Eqp =m-Ugc * Kgin “4)

Burada Kgiyr — nino impuls modulyasiya omsalidir.

Qeyd edilonlori nozare alaraq reaktiv enerji istehlakcilar sobokaya qosulma ndqtesinin
yaxinliginda paralel olaraq isloyarkon yeni AGD idarsetmo sistemindon istifads edilmasi
mogsadouygundur. Bu idarsetmo tisulu intellektual sonaye sobokosinin (Industrial Smart Grid)
texnologiyasi ilo birlikde perspektivlidir. Industrial Smart Grid yuxari idaraetma saviyyasinda
cos(@)c sabako giic omsalini real vaxt rejiminds monitoringini hayata kegira va yerli idaroetma
saviyyasinda O, reaktiv giiciliniin istehsal1 va ya istehlaki tigiin tapsiriq yarada bilor. Bu, tachizat
sobakasina qosulma ndqtesinds giic omsalini diizeldocak va artiq reaktiv giicii kompensasiya
edacakdir. Yarimstansiyada reaktiv giiclin ifrat kompensasiyasi vo ya az kompensasiyasi
olduqda, inteqalin i rejimindon asili olaraq, AGD miioyyon miqdarda reaktiv giic yarada vo ya
istehlak edo bilocok vo bununla da talob olunan ndqtado giic omsalin1 yaxsilagsdiracaqdir.

Sok.5-do miiessisonin intelektual enerji tachizati sistemi iiglin enerjiyo qonast edon AGD
idaroetma sistemlori vasitasilo sobokonin giic omsalini korreksiyasi prinsipi sadslosdirilmis
formada gdstorilmisdir.

Miioyyon edilmisdir ki, yeni AGD idaroetmo sisteminin komoyi ilo reversiv
avtomatlagdirilmis doyison corayan verilorkon reaktiv giicii kompensasiya etmok va tochizat
sabakasinin giic amsalini koreksiya etmok miimkiindiir. Bu, enerji sorfini azaldacaq, gorginliyi
sabitlogdiracak vo sabakonin dtiirmoe qabiliyyastini artiracaq. Sorf olunan olunan vo ya yaranan
reaktiv giiciin qiymaoti elektrik intigalini yilik diagramina uygun olaraq hesablanmalidir. Elektrik
intigalinin tachizati gobokosine, yoni reaktiv enerji istehlakcilarina qosulma ndqtesinin
yaxinliginda geyri-xatti yiikii olan qurgular paralel isloyarkon bu nazarst metodundan istifads
etmoak daha olveriglidir. Bu nazarat metodunun /ndustrial Smart Grid texnologiyasi ilo birlikda
istifadasi xiisusila perspektivlidir.

Merus Statik Sinxron Kompensator (STATCOM-Static Synchronous Compensator)
enerji keyfiyyati problemlori ii¢iin son doracs siiratli vo etibarli halldir. Merus STATCOM bir
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millisaniyadon az cavab miiddati ilo enerji sisteminin sabitliyino zomanat vera bilor. Merus
STATCOM bir cihazda dinamik reaktiv giic kompensasiyas1 vo miixtolif miistori problemlorini
hall eds bilon harmoniklarin aktiv sokildos slizgaclonmaosi funksiyalarini birlogdirir.

Milassisanin idara sabakasi

Yarimstansiva T cos(OIm 1 X -

cos(@.: | Monitoring, enerji menec-
= menti va enerjinin

paylanmasi

! T Idarsohmmanm yuxan saviyyasi
0,

Kontroller

‘|, Lokal sabaka

, Onl !

iy
» 5 :
w_ I Qas:‘ idarsetmanin lokal |
i Saviyasi il
4 A A . @ m

- T ESP

T @—;_—j K3 Ka g

T.-a

Sabaka

Sok.5. Intellektual enerji tochizati sistemi.

NOTICO

Elektrik eneji islodicilorinin normal is rejimlorinin tomin edilmasi magsadilo enerji
paylama sistemlarinds aktiv guc stizgaclarinin tatbiginin Gstinluklari asaslandirilmigdir. Enerji
sisteminds aktiv glic stizgaclorinin xususiyyatlori analiz edimis vo harmoniklarin kompensasiya
edimasi Ugln aktiv guc stizaclorindan istifade mimkinliyu gostorilmisdir.

Simmetrik vo geyri-simmetrik yuklor torofindon yaradilan harmoniklorin va gorginlik
dalgalanmalarinin mohdudlasdirilmasi Giglin tachizat sistemins suntlayic aktiv giic siizgacinin
todbiq edilmis vo har iki halda elektrik enerjisinin keyfiyyotinin yaxsilasdirilmasina nail
olunmusdur.
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IMPOBJIEMbBI KAYECTBA 2JIEKTPOOHEPI'MM U UX PEIHLIEHUA
AXMEJOB 2. H., P3AEBA C.B.

Cratbs IOCBsAIICHA OCHOBHBIM IIOKa3aTCJIIM Kad€CTBa BHCKTqueCKOﬁ SHEPIruu,

BJIIMSIHUIO 3TUX TOKa3aTelnel Ha pexXuMbl paboThl MOTpeOUTENeH, a TakKe NPeabABIsIEMbIM K
HUM HOpPMAaTUBHBIM TpeOoBaHUAM. McciaenoBaHbl NyTH pelleHUs MpoOJieM KadecTBa
AIIEKTPUUYECKONW SHEPrMM M PacCMOTPEHBI MpOOJeMbl NMPUMEHEHHs (GHIBTPOB AKTUBHOU
MOIIHOCTH B CUCTEMAaX paclpeaeseHus 3JIeKTPOIHEPTUH.

KnaroueBble cjioBa: KadecTBO BHCKTpHHGCKOﬁ OHCPIruu; KaYCCTBCHHBIC II0KA3aTCJIM HAIIPAKCHUA;

TapMOHHUYCCKUEC UCKAKCHUA (bHJ'IprBI aKTHBHOH MOIITHOCTH.

POWER QUALITY PROBLEMS AND SOLUTIONS
AHMEDOV E.N., RZAYEVAS.V.

The article is devoted to the main indicators of the quality of electrical energy, the impact

of these indicators on the modes of operation of consumers; and the regulatory requirements
for them. The ways of solving the problems of electric energy quality are being investigated,
and the problems of using active power filters in electric power distribution systems are being
considered.

Key words: electrical energy quality; voltage quality indicators; harmonic distortion; active power filters.
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MUOLLIFLORIN NOZORINO

1. Umumi gaydalar.

“Energetikanin  problemlori” “jurnalinda energetikanin kompleks problemloari,
elektroenergetika, istilik energetikasi, istilik fizikasi, elektrofizika, elektrotexnologiya,
informatika vo yeni texnika sahalorina hasr olunmus elmi-texnki magalslor darc edilir, eyni
zamanda cari xronika da verilir.

Jurnalin asas magsadi yiksok elmi keyfiyyat kriteriyalarina cavab veran orijinal elmi-
texniki magalalarin darc edilmasidir.

Jurnal eyni zamanda konfranslar, sinpoziumlar, elmi moktablor, Umumiyyastlo elmi
hoyatda corayan edon hadisslor hagqinda malumatlari da darc edir.

Redaksiya heyati, bu vo ya digor ssbablordon, jurnalin talablorini tomin etmayan
moqalalori dorc etmomoak hliqugunu Gzinds saxlayir.

2. Magqalalarin tagdim edilmasi.
Butlin magalslor asagida qostorilon invana, jurnalin redaksiyasina gondarilmolidir:

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

3. Magalalarin matninin dili.

Moqalslar azarbaycan, rus vo ingilis dillorinds gabul edilir. Respublika miislliflarinin
moqalolori yalniz azarbaycan va ya rus dillorindo, yaxin xarici 6lkalordon olan miislliflorin
magqaloalori yalniz rus dilindo, uzaq xarici 6lkelorin miislliflorinin maqaloalori ise yalniz ingilis
dilinds gobul edilir.

4. Magalalarin tartib edilmasi qaydalari.

4.1. Moqalalar, jurnalin redaksiyasina disket toqdim etmoklo, fordi kompydterdo, A4 formatl
ag kagizda, sohifonin parametrlori: yuxaridan vo asagidan — 2sm, soldan vo sagdan — 2,5
sm moasafs ilo, Times New Roman 12 sriftindo yazilarasq, 1 niisxodo, Satir araligi 1
interval olmagq sartilo ¢ap edilorok, qosulmus CD disk ils toqdim edilir.

4.2. Mogalalorin tmumi hacmi, grafiki materiallar, fotolar, cadvallor, dusturlar, adobiyyatin
siyahis1 va xilasalor do daxil olmagla 8 sohifodon yuxari olmamalidir.

4.3. Moqalalorinin birinci sohifasinin sol kiinciinds Universal onluq tosnifatt (UOT) iizro
indeksi gostarilmalidir. Sonra 1 interval asagidan, galin vo bdyuk hariflarlo magalonin adi
yazilir. Sonra 1 interval asagidan, qalin vo boytk hariflorlo muollifin (muslliflarin)
soyadi, adi1 vo atasinin adinin bas horiflori yazilir. 1 interval agagidan mogaloni togdim
edon toskilatin adi yazilir. 1 interval asagidan, magalonin matninin dilina uygun olan,
hocmi 10 satirdon ¢ox olmamaq sartilo, 10 srifti ilo ¢ap edilon xulass, acar suzlor (5-6
s0z), magalanin asas matninin Oniinds verilir. Sonra 1 interval asagidan mogalonin asas
motni 12 srifti ilo ¢ap edilir. Bilavasito magalonin moatninin davami olaraq, heg bir basliq
vermadon, yalniz 20-25 simvollug xatt gokarak, say sirasi ils istifads edilon odobiyyatin
siyahis1 verilir. Sonra ardicil olaraq rus (vo ya azorbaycan) vo ingilis dillorinds olan
xulasolor vo agar sozlor (10 srifti ilo ¢ap edilorak) verilir. Magalonin matninin sonunda,
olags telefonlari, telefakslar vo E — mail-1 gostormoklo, mialliflor mogaloni imzalayirlar.
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4.4. Moqalonin qrafiki materiallari, fotolar, cadvallor, dusturlar moatna uygun yerlords
yerlosdirilmalidir. Qrafiki materiallarin sorhino aid olan yazilar moagalonin matninda
verilmalidir. Qrafiki materiallarda adadi va ya horfi isaralor gostarilorak, uygun izahatlar
motnin icarisinds verilmolidir. Qrafiki materiallarin asag1 hissasinds say sirasi verilir vo
ad1 yazila bilor (misal ti¢ilin, Sok.3. Sinaq qurgusunun sxemi).

4.5. Odobiyyat say siras1 qeyd edilmaklo, orijinalin dilinds verilir. Miislliflorin soyadi, ad1 vo
atasinin adi kursivdon istifado etmoklo yazilir. Odobiyyatin siyahis1 asagida verilon
niimunalor iizrs tortib edilir.
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K CBEJAEHHIO ABTOPOB
1. O6mme npaBuJa.

B xypnane “TIpoGiembl DHEpreTUKu” MyOJUKYIOTCS HAYYHO - TEXHUYECKHUE CTATbH B
007acT KOMIUICKCHBIX MPOOJIEM DSHEPreTHKH, SJICKTPOIHEPTETHKHU, TEIIOIHEPTETHKH,
TEIIOQU3UKY, EKTPOPU3UKHU, FIIEKTPOTEXHOJIOTUH, MH(POPMATUKH W HOBOM TEXHHUKH, a
TaK)Ke MPUBOJUTCS TEKYIIash XpOHUKA.

OCHOBHOM 11eJIbI0 )KypHaJia SIBJIAETCS MyOIUKaINs OPUTMHAIBHBIX HAYYHO-TEXHUYECKUX
cTaTel, OTBEYaIOIINX TPEOOBAHUSIM BBICOKOTO HAYYHOT'O KauecTBa.

B xypHaie npuBoasTcs cBeleHus: 0 paboTe KOH(EepeHIHil, CHMIIO3UYMOB, Pa3IUYHbBIX
HAYYHBIX IIKOJI, a TAK)KE 00 MHTEPECHBIX COOBITUSX, TPOUCXOISAIINX B HAYYHOM MHUPE.

Penakuus coxpanser 3a co0oii mpaBo HE MyOJIMKOBAaTh MAaT€pUANbl IO TEM WM WHBIM
MPUYHHAM, HE YIOBJIETBOPSIOIINM TPEOOBAHUSIM KypHaJa.

2. llpencrasienue crareii.
Crarby JODKHEI OBITH MPEICTABICHBI B PEIAKIIHIO JKypHAIA 10 CISAYIOMEMY aapecy:
Azep6aiimxan, A3-1143, baky, np. I'. I:kaBuaa, 131
Hucruryr ®usuxku HAH A3zepoaiiikana

Ten: (994 12) 538-16-60; (994 12) 539-44-02; Maxc: (994 12 ) 539-31-16

E-mail: a.hashimov@physics.science.az;
OTtBercTBeHHBII cekpeTapsb - 'ypoanoB Ksamuiabs baxtusip orusl.

3. SI3bIK cTaTeid.

CraTby NpUHUMAIOTCS Ha a3epOailKaHCKOM, PYCCKOM M aHTJIMHCKOM SI3bIKaX, IPUYEM CTaThbU
aBTOPOB U3 AzepOaiijkaHa JODKHBI ObITh IPECTABICHBI Ha a3epOaiiKaHCKOM WIIM PYCCKOM
A3blKax, cTaTbu aBTOpoB K3 crpaH CHI' - Tonbko Ha pycckoM si3bIKe, CTaTbU aBTOPOB W3
JTAJIbHETO0 3apy0eXbs - TOJIBKO HAa aHTJIMHCKOM SI3BIKE.

4. MpaBuaa odpopmiienus crareii.

4.1. B pepakuuio xypHaJia IPEACTABISIIOTCS CTaTbi, HAOpaHHBIC U HalleYaTaHHBIE B OJTHOM
HK3EMIUIIpE Yepe3 OJIMH MHTEpBAJl Ha MEePCOHATLHOM KOMIIbIOTEpe, Ha Oenoi Oymare
dopmata A 4, mpudrom Times New Roman, pazmep wmpudra 12, a Ttaxxke
npezcTaBisiercs B 3JeKkTpoHHOM Bue Ha CD aucke. Ilonst cBepxy u cHU3Y - 2 cM, cieBa
U cipasa - 2,5 CM.

4.2. OOBeM CcTaTbMHE JIOJDKEH MPEBBINIATh 8 CTpaHUI], BKIOYas rpaduyecKkue MaTepuaibl,
¢doro, Tabau1Ibl, (HOPMYJIBI, CIIUCOK JTUTEPATYPbl U AHHOTALINH.

4.3. B BepxHeM JIEBOM YIIIy MEpBOW CTpaHUIIBI CTaThi yKasbiBaercs mHaekc YJIK. Yepes 1
MHTEpPBaJl HIKE IMOMEIAaeTCsl Ha3BaHUEe CTaThH KUPHBIM U 3aryiaBHbIM IpudTom. Yepes
1 uaTepBan noMemiaercs GpamMuins (haMUINK), 1 HHULMAIIBI aBTOPA (aBTOPOB) KUPHBIM
U 3arjaBHbeIM mpudToM. Yepes 1 nHTEepBan yka3bplBaeTcsi HAUMEHOBAHUE OpraHU3alUu.
Yepes 1 nHTEpBa HOMEIIAETCS aHHOTAIIMA Ha A3bIKE CTaThbu 00beMoM He Oonee 10 cTpok
U KIJtoueBble cioBa (5-6 cios) mpudrom 10. Uepes 1 uHTEepBan noMeniaeTcsi OCHOBHOE
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comepxanue ctatbu mpudToM 12. B KOHIIE OCHOBHOTO TEKCTa CTaThU MPOBOIUTCS
npodepk AMMHON 20-25 CHMBOJIOB, MMOCJE Yero MOMEIIAeTCs CHHCOK JUTepaTypsl 0e3
Kakoro-au0o Ha3BaHUs, B MOPSAKE HyMepallH CChUIOK B TekcTe cTartbu. [locne saToro
yepe3 | MHTEpBal MOMEMIAIOTCS aHHOTALMK Ha JIBYX IPYTHUX SI3bIKaX — PYyCCKOM (MJIH
azepOaipPKaHCKOM ), aHTJIMHCKOM U KJTtoueBbie ciioBa (5-6 cioB) mpudrom 10.

B camoMm koHIIE cTaThi IOMEIIAIOTCS KOHTAKTHBIE TeneoHsl, (pakcel U E —mail, a Takxke
MOJIITUCHU BCEX aBTOPOB.

4.4. T'paduueckue maTepuaibl, HOTO, TAOIUIIEI, POPMYITBI TOMEIIAIOTCS B COOTBETCTBYIOITUX
pa3zmenax TekcTa craTbu. Haamucu, oTHOcsmmecs K TpadUuecKuM MaTepualiam,
MIOMEIIAIOTCS B TEKCTE CTaThU. B rpaduueckoM marepualie yKa3bIBatoTCsl OyKBECHHBIE U
udpoBbie 0003HAUCHHS, & UX KOMMEHTAPHH ITOMELIAIOTCS B TEKCTE CTaTbu. B HIxHEH
YacTu TpadHuuecKoro MaTepuaia yKa3blBacTCs HOMEP W MOXKET YKa3bIBaThCs Ha3BaHUE
MaTepuaia (Hamp., Puc.3. Cxema yCcTaHOBKH. ...)

4.5. Criucox HUTUPOBAHHOM JINTEPATYPbl IPUBOJAUTCS Ha S3bIKaX OPUTHHANOB. PamMuiInu u
WHUIMAIIB] aBTOPOB IeYaTaroTcs KypcuBoM. CIIMCOK JTUTEpaTypbl 0POPMIISIETCS 1O
00pas3iry, MPUBEJICHHOMY HIKE:
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FOR THE ATTENTION OF AUTHORS
General Rules.

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

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

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

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

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

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

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

The Language

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

The papers must be submitted in the following format.

4.1. The hard copy of the paper must be submitted on the A4 format in 1-line interval, typed in

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

4.2. The paper must not contain more than 8 pages of text, inclusive of any graphs, photos,

formulas, reference lists and annotations.

4.3. In the upper left corner of the paper the index of UDC must be indicated. Below that,

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

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