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Energetikanin problemlori e Noe2 e 2018 e  [IpoGiembl YHEPTeTUKH

GORKOMLI AZORBAYCAN ALIMi AKADEMIK
H.M.ABDULLAYEVIN 100 iLLIK YUBILEYINO
HOSR OLUNUR

Gorkamli Azarbaycan alimi vo elm togkilatgisi
fizika elmlori doktoru, Azorbaycan EA hoqiqi lizvii,
Rusiya Federasiyasi EA miixbir ilizvii, Azorbaycan
EA-nin prezidenti olmus, professor H.M. Abdullayev
1918-ci ilde Naxc¢ivan Muxtar Respublikasinin Culfa
rayonunda anadan olmusdur. 1941-ci ildo Azorbay-
can Pedaqoji Institutunun fizika-riyaziyyat fakiilto-
sini bitiron H.M. Abdullayev biitiin sonraki dmriinii
Azorbaycanda elmin, tohsilin inkisafina sorf etmisdir. : ‘
1948-ci ildo H.M. Abdullayev EA Fizika-Riyaziyyat Institutunda aspiranturani bitirorok
“Elektron yarimkeciricilordo anod polyarizasiyanin temperatur asililifinin  todqiqi”
movzusunda namizadlik dissertasiyasini ugurla miidafio etmigdir. Gonc miitoxassis H.M.
Abdullayev 1949-1953-cii illordo kegmis Sovetlor ittifaqinin taninmis elmi morkoazi olan
Leningrad A.F. loffe adina Fizika-Texnika Institutunda doktoranturada olarag, gorkomli alim
professor D.N. Nasledovun laboratoriyasinda, o dovr fiigiin aktual olan bir sahoni —
yarimkegirici-metal yarimkecirici sarhodindo bas veran fiziki proseslorin dyronilmasi iizro
todqigatlar aparmigdir.

Azorbaycan Dovlot miikafati laureati, amokdar elm xadimi 1970-1983-cii illordo
Azorbaycan EA prezidenti, 1957-ci ildon AEA Fizika vo Riyaziyyat Institutunun, 1959-cu
ildon dmriiniin sonunadok akademik H.M. Abdullayev AEA Fizika Institutunun direktoru
olmusdur. Azorbaycan fizika elminin diinya soviyyasino yiiksalmasindo akademik
H.Abdullayevin boylik amayi olmusdur.

SSRI EA-nin Azorbaycan filialinin fizika-riyaziyyat bdlmosindo elmi faaliyyato
baslayan alim Respublikada fizika elminin inkisafi iigiin vacib olan maddi-texniki bazanin
mohdud olmasi, uygun odobiyyatin qithgi, miiasir fiziki avadanliglarinin ¢atismamazligi,
fizikanin miixtolif bolmolori lizro Respublikada yiiksok ixtisasl kadirlarin olmamasi vo bu
kimi digor cotinliklorlo tizlosmisdir. H.M. Abdullayev qarsiya cixan ¢otinliklori aradan
galdirmaq mogsadilo yollar axtararkon, diizgiin istigamot segorok, SSRI-nin  Moskva,
Leningrad, Kiyev, Novosibirsk, Xarkov, Kazan vo digor gohorlorinds yerlogson gabaqcil elm
moarkazlori ilo olagoalor yaratmaqla Respublikada fizika elminin pillo-pille inkisafina nail
olmusdur. Aspiranturaya qobul olunmus onlarla gonclorin tohsillorinin, yuxarida qeyd olunan
sohorlords, yerlogon taninmis elmi morkozlords, xiisuson do Leninqrad sohorindo foaliyyot
gostoron A.F. loofe adma Fizika-Texnika Institutunda davam etdirilmosindo H.M.
Abdullayevin gostordiyi komokliklor yiiksok saviyyade gonc fiziklor naslinin yetismasinda
onun avazsiz xidmatlori olmusdur. Ganc fiziklorin Sankt-Peterburqun Fiztexds va digor elmi
markazlorinds tosil alan aspirantlarin elmi faaliyyati haqqinda genis molumatlar, redaktoru
akademik Arif Hosimov vo tortibatgist $.0. Orucova olan “Azorbaycan fiziklorin Snkt-
Peterburq Fiztexi haqqinda xatirolori” Baki; “Elm”, 2008-200 sohifalik kitabda 6z oksini
tapmisdir. HM. Abdullayevin rohberlik etdiyi Fizika Institutunda fizika elminin bork
cisimlor fizikasi, yarimkeciricilor fizikasi, radiofizika, elementar hissociklor va niive fizikasi,
elektrofizika, astrofizika vo sair bdlmslorinin foaliyyot gostormosi tliglin real imkanlar
yaradilmigdir.

Azorbaycan elmi XX osrin 70 ili orzindo boyiik bir tarixi yol kegmisdir. Bu dovr orzindo
Respublika igtisadiyyati siirotli inkisaf etmis, elmin, tohsilin, modoniyyatin vo digor
hayativacib saholorin inkisafi miimkiin olmusdur. Respublikada kifayyat qodor sosial, iqtisadi
vo intellektual potensial yaranmigdir. Lakin asrimizin 60-c1 illarinde Respublikamizda
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iqtisadiyyatin, elmin, modaniyyatin, incasonatin vo digor vacib sahalorin inkisafinda
durgunlug, tozahiir etmoys baglamisdir.

Azorbaycan xalqmnin yasadigi mohz belo bir ¢otin dévrde Respublikada rohborliya
baslayan, xalqin taninmis oglu Heydor Oliyevin iradesi, isgiizarlifi vo uzaqgoranliyi
noticasinda Respublika yeni inkisaf yoluna ke¢mis vo hazirda xalqumiz torofindon qazanilmis
miistoqilliyin tomal das1 qoyulmusdur.

1970-ci ildo Akademiyaya kimin rohborlik etmasi sual altinda idi. Azarbaycan rohbari,
ulu o6ndor conab Heydor Oliyev Akademiyanin Fizika institutuna gedorok, bir nec¢o saat
orzindo, akademik H.M. Abdullayevin elmi todqiqat islori vo toskilat¢iliq foaliyyeti ilo
yaxindan tanig olmus, sonra iso onun Akademiyaya rohbarlik etmosini maslohat bilmisdir.

Akademiyanin prezidenti oldugu miiddotdo H.M.Abdullayevin, comiyyeotin vo elmin
inkisaf perspektivlorini nozors almaqla hamiya tam fordi vo hoérmotlo yanasmaq
xUisusiyyatlorini bir cox alimlorin elmi vo soxsi taleyinds izlomok olar. Bu iso onun yiiksok
humanist bir insan vo qaygikes toskilat¢1 kimi xarakterizo edir. Respbublika rohborliyinin,
soxson conab Heydor Oliyevin bdyiik qaygisinin naticasi olan Respublikadan konarda tohsil
alan tolobolorin oksoriyystinin akademik Hoson Abdullayev torofindon Akademiyada islo
tomin olunmasi, onlarin 9sil miitoxassis kimi yetismosino sorait yaradilmasi yaddaslardan
silinmir. Hoson miisllimin Akademiyanin prezidenti secildiyi 70-ci illorin oavvelorinds
Respublikanin yeni rohberi toyin edilmis Heydor Olirza oglu Oliyev Azarbaycanin sosial-
iqtisadi vo modoni hoyatinda ¢ox ciddi vo koklii yenilogsmo todbirlori hoyata kecirirdi.
Respublikanin hartorafli toraqqisinds elmin giiclii tosirini yiiksok giymotlondiron mdhtorom
Heydor Oliyev onun miixtalif saholorindo aparilan arasdirmalarindan olds edilmis naticalorin
Azorbaycan hoyatinin  biitlin - saholorine  totbiqi  yolunda Akademiya prezidentinin
togabbiislorini gotiyyotlo miidafio edir vo onlarin gergoklosdirilmosine istonilon kdmaokliyi
gostormisdir.

Elmin toskilindo osas masolololorindon biri do elmi is iiglin maddi bazanin
yaradilmasidir. Azorbaycan EA Fizika Institutunda elmin maddi bazasinin toskili mosalosinda
akademik H.M. Abdullayev, akademik A.F. Ioffenin bdyiik tocriibesindon istifado etmoya
baslamigdir. O, Institutda yeni yaranan hor bir labaratoriyanin intensiv inkisafi iiciin lazim
olan alverisli sorait yaratmaga calismigdir.

Akademik Hason Abdullayev elmimiz iiciin ¢ox islor gérmiisdiir. Oz istedad, yiiksok
insani keyfiyyetlorino §6ro onu taniyanlarin bdyiik hdrmatine layiq olmus bu insan alim va
pedaqoqlarin parlag niimayondosi vo elm toskilat¢ist kimi onlarin xatirosindo yasayir vo
yasayacaqdir [1- Boyiik fizik — Nurlu insan. "Elm” nagriyyati, Baki: 1999. — 164 s.].

H.M. Abdullayevin beynslxalq elmi alagolor sahasindo gordiiyii islordon do s6hbat
acmamaq miimkiin deyil. Ciinki beynslxalq slagolor hor bir boyiik alimin faaliyyatindo
mithiim yer tutur. Digor torofdon iso elmin 6ziinlin mahiyyati, onun beynolxalq xarakteri
alimlorin vaxtasirt bir-birlori ilo {insiyyotdo olmalarini zoruri edir. Onlarin qarsiligh elmi
sofarlori, beynolxalq seminarlar, konfranslar, simpoziumlar — bunlarin hamisi elmin inkisafi
liclin ¢ox lazimdir. Bildiyimiz kimi, diinya elmino bdyiik tohva olan nailiyyastlorin qiymati
Beynolxalq iclaslarda, konfranslarda vo basqa elmi toplantilarda verilir. Akademik H.M.
Abdulleyev buna boyiik ohomiyyot verorok, alimlorimizin Umumittifag vo Beynalxalq
konfranslarin, kongreslorin, simpoziumlarin isinds foal istirakina komok edirdi.

H.M. Abdullayev konfransda edilon moruzslorin, demok olar ki, hamisinin miizaki-
rosindo istirak edir, gorkomli alimlorlo institut omokdaglarini tanis edir,onlarla elmi olago
yaradilmasini maslohot goriir, ali moktobi yenico bitirib aspiranturaya gobul olunan goncloro
elmi rohborlik etmok iiclin konfransa golon gorkomli alimlorin elo oradaca raziligini alirdu.
1972-ci ildo SSRI EA prezidenti, akademik M.V. Keldis Azorbaycan EA-ya golmisdir. O,
Azorbaycan EA Fizika institutunun seminarinda istirak etmis, ayri-ayri laboratoriyalarda
aparilan islorlo vo alinan noticolorlo tanis olmus, onlara yiiksok giymot verorok, yarim-
kegiricilor fizikas1 sahasindo todqiqat movzularini boaysnmis vo homin mdvzular {izra
aparilacaq islorin perspektivli oldugunu geyd etmisdir.
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70-80-c1 illordo yarimkegiricilor fizikasi vo yarimkegirici ¢eviricilor sahasindo
todgigatlar toplusunda Azorbaycan fiziklorinin Amerikali homkarlari ilo, yarimkegiricilordos
dasinma hadisslorininin todqiqi tizro Fransali homkarlar ilo birgo moqalslori dorc edilmisdir.
Elmi movzularin vo yaradici heyotin secilmosi mosololori, alman elmi noticolor Institutda
toskil olunan elmi yigincaqlarda, elmi suralarda miintozom miizakiro olunurdu. Elmin
istedadli toskilatcist H.M. Abdullayev biitiin elmi omokdaslarin {imuminstitut seminarlarinda
hokmon istirak etmosini tolob edirdi. Seminarin boyiik torbiyyavi ohomiyyati oldugunu yaxsi
bilirdi.O, Institutda ovvolcoden elmi ictimaiyyoti maraglandiran on aktual mévzulari ozii
se¢ar vo homin movzular barods seminarda moruzslor edordi. H.Abdullayevin rohbarlik etdiyi
seminarlar hor yerdo moshurlasmisdir. Onun isindo sohorimizin digor uygun elmi
moarkazlarinin bir ¢ox alimlari miintozom olaraq istirak edirdilor.

Akademik H.M.Abdullayevin seminar1 fiziklorin biitiin nasillori tiglin haqiqi moktob
idi. Kegmis Ittifagmn bir ¢ox elmi morkozlori {iciin bu seminar niimuno olmusdur. [2- Valiyev
Muxtar I. /H.M.Abdullayev. Alim va elm taskilat¢ist. Baki-EIm-1999].

H.M. Abdullayevin rohborlik etdiyi Fizika Institutunda fizika elminin bork cisimlor
fizikasi, yarimkegiriCilor fizikasi, radiofizika, elementar hissociklor vo niive fizikasi,
elektrofizika, astrofizika vo sair bdlmolorinin foaliyyot gdstormasi liclin real imkanlar
yaradilmigdir.

Fizika Institutunda aparilan elmi todqiqatlardan alinmis miihiim noticolor miixtolif
soviyyolordo miizakiro edilmoklo yanas1 miitloq H.M. Abdullayevin istiraki ilo baxildigdan
sonra hoqiqi doyerini alirdi vo aparilan isin elmi ohomiyyati, texniki vacibliyi, texnoloji
somaraliliyi, totbiq sahalori vo digor keyfiyyatlori tam askar edilirdi.

Obyektiv sorait va soxsi keyfiyyoatlori H.M. Abdullayeve imkan vermisdir ki, har yerds
taninan Azorbaycan yarimkegiricilor vo dielektriklor fizikasi maktobini yaratsin.

H.M. Abdullayev elmi-pedaqoji foaliyyoti miiddotinds 6lkemizds vo onun sorhadlorin-
don konarlarda da taninan vo sayilan ¢oxlu fizik kadrlar yetisdirmisdir.

Akademik Hoson Abdullayev elmi—todqiqatlart ilo yanasi, rohborlikde 6ziino maoxsus is
metodu ilo daha cox yaddasimizda qalib. Alim elmlo nofos alir, nozoriyyads diisiiniir,
tacriibado hayata kegirir, tapintilari totbiq edir, todqiqatlarla yasayirdi.

Bu dislub onun hor hofto kecirdiyi elmi seminarlarin ana xottini toskil edirdi.
Respublikada kecirilon biitliin seminarlar da bu tocriibays asaslanib, nozoriyys, tocriiba vo
totbiq metodlar1 asasinda aparilirdi.

H.M. Abdullayev, elmi seminarlar1 rohborlik etdiyi kollektivinin foaliyystinin osas
formalarindan hesab edarak, onlarin isinds ¢ox faal istirak edirdi. H.M.Abdullayevin fizika
seminarlarinda vaxtasir1 olaraq fizikanin folsofi problemlorine toxunmasi, miixtolif geyri-
standart monbolordo 6ziino yer tapmis fiziki mahiyystlori miizakiro edilorok moqgsodyonlii
sokildo istifado edilirdi. Bu baximdan fizika seminarlarinda xalqimizin klassik sairi Nizami
Goncoavi irsinin genis miqyasda tadqiqati aparilmis vo alinmis naticolor asasinda kitab nosr
edilmisdir. Kitabcada dahi sair N.Gancavinin asarlerinds olan doqiq elmlor sahasindoki elmi
fikirlorini genis oxucu kiitlosina ¢atdirmaq magsadi qoyulmusdur. [3 - Valiyev L.M. /Nizami
Goncavinin elm diinyasot —B. Azarnagrs1991.¢.83.].

Burada sair filosofun materiya-kainatin yaranmasinda ilkin amil hesab etdiyi harokotin
novlari, ¢cevrilmalari va bu ¢evrilmolori yaradan qilivvalarin xiisusiyyetlori haqqinda baxislari,
kainatda movcud olan saxlanma ganunlarinin rolu, mokanin geyri-evklid xarakters malik
olmasi, is181n tabiati, torkibi va xiisusiyyatlori baradaki fundamental elmi fikirlori sorh edilir.

Cox dorin yaddasa malik olan H.M. Abdullayevlo tomasda olmaq tadqiqatcim
zonginlogdirir, yeni tacriibalorin qurulmasi vo hoyata kegirilmasi {igiin fikirlogmoys mocbur
edirdi. Hoson Abdullayev 6z omokdaslaranin miivaffaqiyyatlori ilo sevinor, qiirur hissi
kegirordi.

Akademik Hoson Abdullayev on ildon artiq bir miiddot orzindo Akademiyaya rohborlik
etmisdir. BOylik foxrlo demok olar ki, o, Akademiyanin prezidenti islodiyi ddévrdo
Akademiyanin tarixi yaddasina 6z 6mriindon is1qli sohifalor boxs etmisdir.
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Genis ictimai, toskilati vo pedaqoji foaliyyati ilo yanasi, H.M. Abdullayev original elmi-
tadqiqatlarla da mosgul olurdu ki, bu da ona elm alominds bdyiikk hormot vo sohrot
gotirmisdir.

H.M.Abdullayev Fizika Institutuna rohberlik etdiyi dovrda Institutun amokdaslar1 SSRI,
Azorbaycan, Ukrayna Respublikalarmin Dévlot, SSRI EA-nin adli miikafatlarina layiq
goriilmiislor.

H.M. Abdullayev yeni elmi adobiyyati miitamadi olaraq izlomok vardigine malik idi vo
bunu dmrii boyu 6z tolobalarine do tovsiyys edirdi.

Cagdas elmin ayri-ayr1 saholori iizro omokdashiga yiiksok 6nom veron H.Abdullayev,
xtisusilo Akademiyanin prezidenti oldugu dovrde fizika, riyaziyyat, kimya elmlorinin
qarsiligli slagolarinin giiclonmasi yolunda boytik islor gormiisdiir.

Akademik Hoson Mammadbagir oglu Abdullayev Azarbaycan EA-nin prezidenti kimi
ictimai, humanitar elmlorin inkisafina da homiso diqget yetirmis vo gaygi gostormisdir.
Hoason miisllim, Azorbaycan xalqinin tarixinin todqiqine, yazilmasina vo nasrind ¢ox Onom
verirdi. Molumdur ki, onun arzusunu yalniz tarixg¢ilor hoyata kegirirdi. 1979-cu ildo rus
dilinds on bir ¢ap veraqi hacminds on min tirajla miniatiir formada ¢ox nafis poligrafik
tortibatda kitab¢a cap olundu. Ozii do bu kitabga Respublikadan konarda da az bir vaxtda
yayild.

Akademik H.M. Abdullayevin, Azaorbaycan xalqmnin ¢oxasirlik tarixinds, hérmatli ulu
ondorimiz Heydor Oliyevin rohborliyi sayosindo, nosr olunmus on cildlik Azorbaycan
Ensiklopediyasinin yaradilmasinda noinki Azarbaycan EA prezidenti kimi, (¢linki Azorbaycan
Ensiklopediyasinin  hazirlanmasina elmi rohbarlik hokumotin qorart ilo  Elmlor
Akademiyasina tapsirilmisdi), homgcinin, ASE Bas Redaksiyasi heyyotinin {izvii kimi
bilavasito xidmaoti olmusdur.

H.M. Abdullayev elmin dar sahosinin ¢or¢ivasing sigismirdi. Soziin genis monasinda
ziyali, modoni bir adam olan Hoson miisllim, tobii ki, madoniyyatin bir ¢cox sahalorindon
pesokar saviyyodo xabardar idi. Biitiin Azarbaycan alimlorini do 6zii kimi gormok istoyirdi.

Azorbaycan Elmlor Akademiyasi, biitovliitkds Azorbaycan elmi ictimaiyyoti Azorbaycan
xalqt Hoson miiallimin xidmatlorini vo onun fenomenal soxsiyyatini unutmayacaq.

Akademik H.M.Abdullayevin yetirmalori — onun parlaq xatirasini homigo galbimizdo
yasadacagq, ideyalarin1 hoyata ke¢irmok ti¢iin olimizdon galoni edacayik...

Filologiya iizra folsafo doktoru,
aparici elmi ig¢i Bagirova T.O.
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PACYUHET JOIIYCTHUMOI'O IO YCJIOBUAM HAI'PEBA MOMEHTA
HAI'PY3KU PEI'YJIMPYEMOI'O ACHHXPOHHOI'O AIBUT'ATEJIA

ABAYJIKAIBIPOB A .M., AIMEB H A.,, OCMAHOB C..

Asepbatioocanckuti I ocyoapcmeennsitl Ynugepcumem
Hegmu u Ilpomeiutnennocmu

B cratbe npemiaraeTcss MaTeMaTHYECKOE BBIPAXKEHHE MOMEHTAa HArPY3KH PETYIHPYEMOT0 aCHHXPOHHOTO
JBHUTATENs, NOIYCTHMOTO IO YCJIOBHSM HAarpeBa C y4eTOM 3aJaHHOTO [Hana3oHa PEryJlHpOBaHHUS YacCTOTHI
BpamieHus. JlaHHOe BBIpa)KCHHWE IIOKA3bIBAET, KAaK HYKHO IIOBBICHTh MEPETPY30YHYIO CIIOCOOHOCTD
ACHHXPOHHOTO JBUTATEIS IIPU MapaMETPUIECKOM PEryJIHpPOBAHUN YacTOTHI BPAILCHHMS.

KutoueBble cioBa: aCUHXpOHHBIM JBUraTellb, NapaMeTPUUECKOE PETYIMPOBAHUE YacTOTHI BpalllEHUs,
MOMEHT Harpy3KH.

Benynme 31eKTpOTEXHUYECKHE KOMIIAHWM, MCIOJIb3yEMbIE B CBOMX TEXHOJOTHYECKHUX
YCTAHOBKAaX aCUHXPOHHBIE JIBUTATeNM, CHA0KaIOT TUPUCTOPHBIMU KOMMYTALIMOHHBIMHU (IIyC-
KOBBIMM) ycTpoicTBaMu. OHU BBIIOJHSAIOT cleayroume (GyHKINN: HETOCPEICTBEHHO KOMMY-
Tal[MOHHbIE, 3alUTHbIE U PEBEPCHUBHBIE. DTH YCTPOWCTBA 00ECIEUMBAIOT TAKXe HMapaMeTpu-
YECKOEe PEryJupoBaHUE YacTOTHI BpaIICHUS ACHHXPOHHOro asurareis. KoHedHo ke, pedb
uzeT o0 aCMHXPOHHOM JIBUTaTelle CHEeLMaIbHOIO MCIIOJIHEHHs — ABUraTels C MOBBILICHHBIM
cKkonpxkeHueM. [Ipu 3ToM, 1OCTATOYHO XOpOIIME Pe3yJIbTaThl MOIY4arOTCsA B Clydae Mexa-
HU3MOB C BEHTUJISITOPHBIM MOMEHTOM Ha Baily (HacOChl, BEHTHIISTOPHI).

IIpn mapamMeTpU4ecKOM peryjaupOBaHUH, OCYIIECTBISIEMOM H3MEHEHHMEM BEJIMYMHBI
HANpPsDKEHUS JBUTATENs, C OQHOW CTOPOHBI, IOCKOJBKY BpPAILAIOIIUI MOMEHT JBUTaTels
MPOMOPLMOHAJIEH KBaJpaTy 3TOr0 HANpPSsLKEHUs, YMEHBIIAeTCS NEePEerpy304Hasi CiocCOOHOCTb,
a ¢ Ipyroll — B CBSI3U C YMEHBIIEHUEM YacTOThl BPALLEHUS, YXYALIAIOTCA YCIOBHS OXJIakK-
JICHUs IBUTATEIS.

[TosTOMy, MOKMCK CIOCOOOB YBEINYEHHUS MOMEHTA Harpy3KH peryJupyeMoro aCHHXpOH-
HOTO JABUTaTelIs, JOIYCTUMOIO 110 YCIOBUSM HAarpeBa, sIBISAETCS aKTyaJbHOM 3a1a4eil.

B nanHOl cTatbe mpemiaraeTcss MaTeMAaTUYECKOE BBIPAKEHUE MOMEHTAa HArpys3KH,
JIOIIyCTUMOI'0 IO YCIOBHSM HarpeBa € yd4eTOM 3aJaHHOr0 JIHala30Ha peryJupoBaHUs
4aCcTOTHI BPAILLIEHUS.

[Tpu 3aganHbIX BennuynHax MoMeHTa (M) u Auamna3oHa nmapaMeTpu4eckoro peryianpoBa-
HUS YaCTOTHI BPAIIEHUs (Smax), TOTEPHU B POTOPE ACHHXPOHHOT'O IBUraTeNs ONPEAEIISIOTCS:

AP; = M S5 (1)
rac Smax'MaKCI/IMaHBHOC CKOJIB2XKCHUC, QC- CI/IHXpOHHaH er'IOBaH qactroTta BpaH_[eHI/Iﬂ.

B 3akpsITON MalMHe NMPAaKTUYECKU BCE IPEIOIIUE IIOTEPU PACCEUBAIOTCS Yepe3 MOBEPX -
HOCTb cTaHuHBI [1]. I[loaTOMY neperpeB NoBepXHOCTH CTAHUHBI MOYKHO OMPEIENIUTh KaK:

TAP

On = S o (2)

oxXJ1 n

rae: LAP- cymmapHbIe MOTEepH; Soxa- TOBEPXHOCTD OXJIAXKICHHS CTAHUHBIL; Olp-KO3(PPHUIIUEHT
TETIOOTaYH TOBEPXHOCTH CTAaHHUHBI.



['peromne nmorepu, BxoAsume B Boipaxenue AP, mpu MUHUMaNbHOW YacTOTe Bpalie-
HUSI B OCHOBHOM COCTOSIT U3 MOTEPh B 00OMOTKax poropa AP, u ctatropa APy, a Takxke morepb
OT BBICIINX rapMoHuK. [loTepu B cTaiiv U MeXaHUYECKHE MOTEPH MPU MUHUMAIbHON YacTOTE
BpAIlICHUsI UTPAIOT HEOOIBIIYIO POJIb, TOITOMY UMHU MOXHO MpeHeOpeus [2].

OOBIYHO, TEIJIOBOM PEKUM JBUTATENS OrPaHUYMBAETCS JOMYCTHMOW TeMIepaTypoid
0OMOTKHM cTaTOpa, 3aBUCALIEH OT Kjlacca HarpeBOCTOMKOCTH u3oysauuu. Ha mpakTuke yacto
OTPaHUYEHUEM CITY>KUT MeperpeB MOBEPXHOCTU CTaHUHBI On, BHI3BAHHOM HEOOXOAMMOCTHIO
obecrieunTh HOpMaJIbHYIO TemmepaTypy noamumaukoB (80+90°C). Hcxoms wu3 3Toro,
neperpeB cTaHMHbBI MpuHUMaeTcst He Boiie 40+50°C.

Haiinem BenuuuHy neperpeBa 0OMOTKHU CTaTopa:

O = 0, + 0, + 0, (3)

rze: 0y~ mepenaj TeMIeparypsl B jkenese; 0,- mepemnaj TeMnepaTypbl B U30JISINH.

B GonbummHCTBE cilyyaeB, NMpH TEIUIOBBIX pacyeTax Iepernaj TeMIepaTypbl B jKesese
craropa He yuuTbiBaeTca. OTHAKO WM3BECTHBI CIydaW, KOTJa O3TOT IEpenaj IOCTHraeT
BenuunHbl 10+15°C n nmostomy TpeOyer yuéra. [lepenan Temmeparypbl H30JIALUN OOBIYHO
Haxoautes B npenenax 20+30°C.

Hcxons u3 3T0T0, U H30JIAIKN Kiacca HarpeBocTorkocTr F mpu 0,6=100°C momyunm
0,=55+65°C, a ans u3ossKK Kiacca HarpeBocToiikoctu E mpu 0,6=75°C; 0,=30+40°C[1].

MowmenT u3 (1):

M=_—"2 4)

chmax
HOTepI/I C YUCTOM CHACIIaHHBIX I[OHym@HPIfIZ
SAP = AP; + AP, + AP, (5)

YMHOXHUM U ITOJIETIUM BBIpa)KEHHE MOMEHTA HaXAP:

M = AP;Sox5 Oy — A OnSoxn (6)
QcSmax(AP1+AP,+AP 106) QcSmax(1+AP; /AP, +AP o6 /AP,)

Ecnu B nepBoM npubnmxeHun npenedpedb APros, To 13 (6) moaydunum:

— A1 OnSoxn (7)
QcSmax(1+AP1/AP;)

®opwmya (7) moka3bIBaeT, YTO MPU 3aJAHHBIX Oy, Soxi, On M Smax ©3MEHSISI COOTHOIIICHHE
[IOTEPh MEXKIY CTaTOPOM M POTOPOM, MOKHO CYIIECTBEHHO IIOBBICUTH JIOIIYCTHUMYIO
BEJIMYMHY MOMEHTA Harpy3KHu.

B nBuraresnsix HOpMajabHOTO MCHOJIHEHUS U3 COOOpaXkeHUs moxydeHus: Bbicokoro KIT/T
AP1=AP;, unorga AP1>AP2. B cnywae perymupyemoro nsurarens BenuuuHa KIIJ[ He
ABJISIETCSL ONPEAEISIIONIEH, TO3TOMY MOXHO M CIIEYeT MU3MEHHUTh 3TO COOTHOIICHHE TaK,
4yTo0BI AP1/AP2<1.

[Tonydyennas ¢opMyna HO3BOJSET pacCUUTATh JOMYCTUMYIO 110 HArpeBy BEJIUYHHY
MOMEHTa PEryJUpyeMOro aCHHXPOHHOTO JIBUTATENs, a TAaKXKe MMOKA3bIBAET, YTO HEOOXOIUMO
C/leNaTh, YTOOBI IOBBICUTh €0 BEIUUYUHY.
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3akarouenue

1. HpOBe,HeH aHaIU3 MaTeMaTHYSCKOM MOACIN OJICKTPOMAarHuTHOrO MOMCHTA
peryinpyeMoro aCHHXpOHHOI'0 ABUTaTCIId C LICJIbIO YBCIIMUCHUSA €TI0 110 YCJIOBUAM HarpceBa.

2. y‘lI/ITBIBaH, 4TO K.II.A. PETryIUupyeMOro ABHUIaTCIsA HE SABJIACTCA OIMPCACIIAIOIINM
q)aKTOpOM, YCTAHOBJICHO, YTO U3MCHCHUECM COOTHOIICHHA IMTOTCPb B POTOPE U CTATOPEC MOKHO
IIOBBICUTD €TI0 SJ'ICKTpOMaFHI/ITHLJﬁ IIOTOK.

1. Q@uaunnos U.@. TermnooOMeH B deKTpuuecKuXx MamuHax. JI.: DHeproaromusnar, 1986,

256 c.
2. IlpoexktupoBanue s3nekTpudeckux mamwuH /mon pexn. W.IT.KampiioBa. M.:DHeproaTtom-
uznat, 1980, 496 c.

TONZIMLONON ASiNXRQN MI‘_’J_HBRRiKiN BURAXILA BIiLON
QIZMA SORTIN® GORO YUK MOMENTININ HESABI

ABDULKADIROV A.I., OLIYEV N.A., OSMANOV S.C.

Mogqaladon, verilmis firlanma diapazonu daxilinds firlanma tezliyinin tonzimi zamant,
buraxila bilon qizma sortino géro momentinin riyazi ifadasi toklif olunur. Bu ifads firlanma
tezliyinin parametrik tonzimlonmosi zamani asinxron miihorrikin yiiklonmo xiisusiyyatlorinin
neca artirilmasini gostorir.

Acar sozlar: asinxrom miithorrik, firlanma tezliyinin parametrik tonzimi, yiik momenti.

CALCULATION OF ALLOWABLE UNDER THE TERMS OF THE
HEATING LOAD TORQUE CONTROLLED INDUCTION MOTOR

ABDULKADIROV A.i., ALIYEV N.A., OSMANOV S.C.

In the article, the mathematical expression of the load-controlled induction motor is
permissible on the heating conditions, taking into account the specified range of the rotation
frequency control. This expression shows how to increase the overload capacity of the
induction motor with parametric of rotation frequency control.

Key words: induction motor, parametric control of rotation frequency, torque of load.
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ON RATE OF APPROACHING TO ZERO SWITCHED-OFF
CAPACITIVE CURRENTS IN HIGH VOLTAGE
ELECTRICAL NETWORKS

LAZIMOV T.M.

Azerbaijan Technical University,
25 Huseyn Javid ave, Baku, Azerbaijan

Abstract. Possibility of arc quenching in circuit-breakers at high-frequency transitional processes in
electric power systems by some physical conditions is considered in the article. Investigation carried-out shown
that steepness of high-frequency transitional voltages may have taken place at switching-offs power transmission
lines and capacitor banks are favorable from the point of view of arc quenching possibility.

Key words: capacitive currents, free frequency, rate of current’s change, switching-off.

I.INTRODUCTION

Switching-offs high voltage electrical installations are accompanied by rapid changes of
transitional voltages and are therefore considered one of the most dangerous regimes for
insulation of electric power systems.

Models of switching-offs transitional processes in electric power systems include some
conditions reflecting the features of current disconnection (arc quenching) and arc’s repeated
restrikes and re-ignitions in circuit-breaker cameras.

There is the known special condition of interruption arcs in arc chute of circuit-breakers
at very high rates of change of switched-off current, e.g. as it is stated in [1] it equals about 50
Alusec and even more (respectively to [2]) for vacuum circuit-breakers. Such great rates of
current’s change may have taken place at very high frequencies i.e. at transitional processes
especially switching-offs.

The phenomenon minded is conditioned by impossibility of re-combinations at very
rapid changes of applied voltage’s polarity.

As it is known from [3] the maximum rate of approaching current to zero equals

i/or), .= Imw(l+n) = Ly (0 + B),

where I,,, is an amplitude of switched-off current, A; w is an angular frequency corresponded
to the standard frequency, Rad/sec; n is a ratio of natural frequency to standard one, p.u.; B is
angular natural frequency, Rad/sec.

The present research is devoted to estimation the product of I,,,5 at the switching-off
capacitive load i.e.unloaded 110 kV power transmission lines and power capacitor banks of
the same rated voltage.

Since 110 kV power transmission lines have very little length in comparison with wave
length then di/adt ~ I,,B, i.e. both amplitude of current and natural frequency must have great
values to reach 50 A/usec.

Consider the rate studied for aerial power transmission lines and high-voltage capacitor banks
respectively.

ILESTIMATION THE RATIO (di/dt),, .. FOR AERIAL TRANSMISSION LINES

The amplitude of the current of unloaded power transmission line with capacitance
relatively Earth per kilometer ¢, and length | is equaled to

12



In = (U/V3 V2wl

where U is the rated voltage of power transmission line.

E.g. per 1 kilometer of 110 kV line (¢, = 8 nF/km [4]) at standard frequency 50 Hz
I,~ 0.226 A/km. It means that even 50 — 100 kilometers lines will have switched-off
currents (amplitudes about 23 and 11 Ams respectively) notably less than ones for capacitor
banks of the same voltage level.

Typical curves of transitional voltages got at computer simulation switching-off power
transmission line of 110 kV and length 50 km presented in Fig.1 (details of modeling is given

in [5]).

|

u]

oltage [p

Recovery v

005

‘I'mifhcc]
Fig.1. Transitional voltages at switching-off 110 kV power transmission
line of 50 km length by vacuum circuit-breaker.

Analyze of the curves of transitional voltages got at computer simulation of switching-
offs unloaded power transmission lines of rated voltage 110 kV (presented via the only m-
section) shows that there is certain relation between line’s length 1, km and transitional
frequency (line’s natural frequency f4¢, KHz) as follows

Frar | ~ 120.
So
B =240*103m /1, Rad/sec
and respectively
(9i/at),_=240%103ml,,.

As it is seen from the last expression the maximum rate of change of power
transmission line’s switched-off current does not depend on line’s length. It is conditioned by
direct proportionality of line’s current peak value to its length whereas line’s natural
frequency is inversely proportional to length. So the lengths minded are subtracted at the

multiplication.
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Let us estimate numerically the (di/dt), . rate for the power transmission lines of
rated voltage 110 kV. It equals about 170.4 A/msec i.e. significantly less than one which
blocks interruption of vacuum arcs by physical conditions (see above).

A similar estimation carried out for power transmission lines of rated voltage 220 kV gives
[5]
fnat [ ~96

and [,,~ 0.496 A/km and finally (9i/dt), . = 299.2 A/msec.

The presented analyze shows that it is quite obvious that possibility of interruption of
arcs at switching-off power transmission lines is not a matter for vacuum circuit-breakers (and
probably other kinds of circuit-breakers) because of the small values of velocity of
approaching the switched-off current to zero in comparison with one making the interruption
of the arc impossible.

IHLESTIMATION THE RATIO (ai/at)max FOR HIGH-VOLTAGE CAPACITOR BANKS

Evaluate now the (9i/dt),, . rate for shunt power capacitor banks used in electrical
systems as a facility of voltage control. Electrical scheme and equivalent network are
presented in the Fig.2.

Here R, L, C and G are resistance, inductance, capacitance and conductance
accordingly. Index “s” concerns to the source parameters, “I”’- to the load parameters, “c”- to
the capacitor banks parameters, Es is e.m.f. of voltage source.

As it may be easily shown that the (di/dt) . corresponded to the highest free

frequency could be appeared in the considered network is equaled to

. 2 VwC,
/900 = [ieim

where V is r.m.s. of rated voltage, 110 kV in the considered case.

Use for evaluation by the last formula the typical parameters of the network shown in the
Fig.2 such as C. = (5-25) uF, Lg= (15-40) mH, C; = (0.5-5) uF. Then we obtain (for the
worst combination of parameters)

(di/at),, .. ~ 8.15 Alusec.

110 kV Capacitor
busbars banks

P I

System .
Circuit

(: ) ( (} )7 breaker

Transformer

7

1

= = . b)
Fig.2. Connection scheme and equivalent network for simulation
switching-offs power capacitor banks.
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Use for evaluation by the last formula the typical parameters of the network shown in the
Fig.2 such as C. = (5-25) uF, Lg= (15-40) mH, C; = (0.5-5) uF. Then we obtain (for the
worst combination of parameters)

(di/at),, .. ~ 8.15 Alusec

with obvious overestimation. Although this value is notably greater than one got above for the
power transmission lines it is significantly less than limit value given in [1]. It is also obvious
that for capacitor banks of higher rated voltages the condition

(9i/ar) < (9i/or),

will also be satisfied. It is conditioned by decreasing of capacitor banks’ capacitance for
higher rated voltages at relatively little changes of other parameters.

It seems expedient to recollect here the known numerical value of the switched-off
current’s chop duration for vacuum circuit breakers estimated in [7] as 9 usec (this time
period corresponds approximately to the free frequency 30 kHz). Since chop currents of the
modern circuit-breakers do not exceed 5 or 10 Amperes then the rate of chop current’s change
will be just about 1.11 A/usec by this criterion.

CONCLUSION
Rate of approaching to zero switched-off capacitive currents in high-voltage electrical
networks do not exceed the critical value which prevents arc breaking according to physical
conditions.

1. Matsui Y., Yokoyama T., Umeya E. Reignition current interruption characteristics of the
vacuum interrupters. IEEE Transactions on Power Delivery, 1988, vol.3, 4

2. Yevdokunin G.A., Korepanov A.A. Overvoltages and their limitation at switching with
vacuum circuit-breakers // Electricity. 1998, Ne4, p. 3-10
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Power Engineering Problems, No 2, pp. 38-43, 2000

4, CHpaBO‘lHI/IK 0  JBJICKTPUYCCKUM YCTpOﬁCTBaM BBICOKOI'O HaIIPsAKCHUS. HOI[ pea.
Bbaymwmeuina U.A., Basxcanosa C.A., M., ueproaromusnart, 1989, 768 c.

5. Lazimov T., Saafan E., Transitional processes at switching-off unloaded power
transmission lines by modern circuit-breakers and their computer simulation, Present
Problems of Power Systems Control, 2013, vol.3, 2, p. 67-75, Wroclaw, Poland

6. Lazimov T., Imanov S., Some results of unloaded line switching-offs’ computer
Simulation, Proc. of the 5-th International Conference ELECO’2007, Bursa, Turkey, Dec
2007, pp. 147-150

7. Jlaspunosuu B. A., Xoane Tyan Amw, VccrnenoBaHue CBOWCTB AYTM B BaKyyMHOM
}IYFOFaCHTeJII)HOfI KaMeEpe IpH MAJIBIX PACCTOAHUAX MEKAY KOHTAKTaMH N3Bectus

TIIY, 2010, cc. 79-83, 1. 317, Ne 4

YUKSOK GORGINLIKLI SOBOKOLORDO ACILAN TUTUM
COROYANLARININ SIFRA YAXINLASMASI SUROTI HAQQINDA

LAZIMOV T.M.

Elektroenergetika sistemlorindo bag veron yiiksok tezlikli ke¢id proseslorindo acarlarida
omolo golon qovsiin bozi fiziki sortlora goro qirtlmasinin miimkiinliiyli todqiq edilmisdir.
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Gostorilmisdir ki, hava elektrik verilis xotlori vo giic kondensator batareyalarinin
acilmalarinda yiiksok tezlik kecid gorginliklorinin dikliklori tutum coratanlarin agilmasinin
miimkiinliiyli baximindan olverislidir.

Acar sozlar: tutum coroyanlar, sorbast tezlik, coroyanin doyisma siiroti, sondiirmo.

O CKOPOCTHU NPUBJIMNXEHUSA K HYJIIO OTKIIOYAEMBIX
EMKOCTHBIX TOKOB B CETAX BBICOKOI'O HAIIPAKEHUSA

JIABUMOB T.M.

PaCCMOTpCHO BJIIMAHHUE BO3MOXHOCTH Tall€HUA OYI'M B  BBIKIHOYATCIAX IIPU
BBICOKOYAaCTOTHBIX IEPCXOJHBIX MpoHecCax II0 HEKOTOPbIM (bI/IBI/I‘IeCKI/IM YCIOBUAM.
HpOBeI[eHHBIe HCCIICAOBAHUA ITOKA3aJIh, YTO KPYTHU3HBI IIEPCXOJHBIX HaprDKeHPIfI, MOI'ymux
BO3HUKATb IIPHU OTKIIOYCHHAX  BO3AYHIHBIX JIMHHAN QJICKTponepcaaun MW  CHUJIIOBBIX
KOHACHCATOPHLIX 6aTapeI71, SABJIIFOTCA 6HaFOHpI/IHTHLIMI/I C TOYKH 3PCHHA BO3MOXHOCTH
TalICHUA OYT'U B BBIKJIIIOYATCIIAX.

KnaroueBble ¢J10Ba: EMKOCTHEIC TOKH, CBO60£[H3,$I JacToOTa, CKOPOCTb U3MCHCHUS TOKA, BBIKJIFOUCHHC.
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VJIK. 621

N3JIYYEHUA DOHEPI'MH ITOJIYITPOBOJHUKOB
C I''1YBOKUMH JIOBYIIKAMMU

'TACAHOB 2.P., 2lOCU®OBA K.H., 2TAT’)KUEBA B.M.

' Baxuncxuii F'ocyoapcmeennviil Yuusepcumemn,
AZ-1148, yn. 3. Xanunosa, 23
2Unemumym ¢usuxu HAH Azepbationcana,
baxy, AZ-1143 .np. I. Jocasuoa, 33

B craree moctpoeHa Teopust KoieOaHHS TOKAa B IOJYNPOBOJHHMKAX C TIIIyOOKHMH JIOBYIIKAMU B
9JIEKTpUYECKOM IoJie. J[0Ka3aHO, 4TO OTHOILIEHUS PAaBHOBECHBIX 3HAYCHUM 3JIEKTPOHOB M [JBIPOK SBIISIETCA
OCHOBHBIM NapaMeTpOM IS MOSIBJICHUS KOJleOaHus Toka B 1enu. Yacrora kosebaHUs MEHSETCS Kak (yHKIHS
WH)KEKLIUU HA KOHTaKTax.

JlokazaHo, YTO CYIIECTBYET YETHIPE BO3MOXKHBIX CIIydast AJISI ITOSIBICHMS KOJeOaHMS TOKA BO-BHEIIHEM
nenu. Haiinens! anamutndeckue (OpMysbl U 9acTOTHI, BJICKTPUUYECKOTO IO, W JUIS CONPOTHUBICHHA
€MKOCTHOT'O MJIM HHAYKTHBHOTO XapakTepa B Lenu. [loaydeHo, 9To Kora 9acToTa KojaeOaHus ToKa OOJIbIIe YeM
BCE XapaKTEpHBIE YAaCTOTHl B TEOPHH BHYTPH IIOIYHPOBOJHKMKA BO30YyKAaeTcsl TONBKO OfHA BosHA. Jlokas3aHo,
4TO B 00JACTM 4YacTOTHI MEHbIIE YeM BCE XapaKTepHbIE YacTOTHl B TEOPHH, BHYTPH IOJYIPOBOIHHKA
BO30YK1a€TCs] HECKONIBKO BOJIH.

KnaroueBrble ciioBa: HMIICIaHC, H€YCTOI>'I‘IHBOCTL, KoJieOaHus TOKa, 4aCTOTa, SJICKTPUICCKOC 1OJIC.

OKCIIepUMEHTAIbHOMY U TEOPETHMUYECKOMY HCCIIEOBAaHUIO HEYCTOWYMBOCTH TOKa B
NPUMECHBIX TOJYNMPOBOJHUKAX W BO3HUKAIOIIMM KOJIEOATEIbHBIM SIBICHHSIM B HHUX
MOCBALIIEHO OYeHb MHOro pabor. IlosBieHune Takoro KoiaudecTBa pabOT CBA3aHO C
BO3MOXXHOCTBIO ~ NPAKTHYECKOTO HCIIONB30BAaHUS  SIBIICHHUS HEYCTOWYMBOCTH TOKAa B
HOJYIPOBOJHUKAX JUISI CO3JJaHUS BBICOKOYACTOTHBIX T€HEPAaTOpOB, YCHUJIIMTENEH, a TaKxke
CTpeMIIEHHEM pa3padoTaTh TEOPETUIECKHUE MOJIENH Il OOBSICHEHUS! Pa3HOOOPA3HBIX IPUIHH
BO3HUKHOBEHHUS HEYCTOWYMBOCTEH B MOJYNpPOBOAHUKAX. OueHb HIMPOKYI H3BECTHOCTh
npuobpen 3¢dexkr ['anna [1,2] 0OyclOBIEHHBIH CHEUUATBHOW CTPYKTYpPOH 30HBI
IPOBOJUMOCTH HEKOTOPBIX IOJIYIPOBOAHUKOB. B pabotax [3-5] uccnenyrorcst koneGaHUs
TOKa B TIOJYIPOBOJHHKAX C TIYyOOKMMH MPHUMECHBIMH YpOBHSAMH. CKOpOCTh 3axBara
HocuTenel 3apsaa NPUMECHBIM LIEHTPOM B IMOJYNPOBOAHUKE, BOOOIIE TOBOps, 3aBUCUT OT
DHEPTUW HOCHTENeW 3apsana. Hammume >IEKTPUYECKOTO IMOJNIsT MOXKET YBEIHYUTHh SHEPTHUIO
HocuTenel 3apsiia. Takum 00pazoM, cTallMOHapHas KOHIEHTpAIMs HOCUTENEH 3apsaa MOXKET
WU3MEHATHCS TIPU YBEIIMYCHUH AJIEKTpUIecKoro noist. CKOpocTh 3aXBaTa HOCHUTENEH 3apsiaa B
AIIEKTPUYECKOM TIOJIEM YBEIMYMBAETCS, KOTJa IpPHMECHbIE ILEHTPbl  (T.e. JIOBYIIKH)
NPEJCTABISIIOT OTTAIKMBAIOIINN KYJIOHOBCKHW IIGHTP sl 3JeKTpOoHOB. OOHapyXHTb
HKCIEPUMEHTAIBHO KOJIeOaHUs TOKA B MOIYNPOBOJHHUKAX C TITyOOKMMH JIOBYIIKAMH MOYHO,
UCCIIeys] UMIIEJTaHC, BHOCHMBIM B IeNb MOJYIPOBOTHUKOM. [IpH ompeneneHHbIX YCIOBHIX
HApacTaHUs BOJIH, AaKTHBHOE COINpPOTHBIEHHE, BHOCHMOE B II€Mb IOJYIPOBOJHUKOM,
OTPHIIATEIEHO B HEKOTOPOW 007acTH 4acTOThl. HeKoTophle MpHMecH B IOJYIIPOBOJIHUKE
CO3JIAI0T LEHTPBI, KOTOPHIE CIIOCOOHBI HAXOAUTHCS B HECKOJIBKHX 3apSDKEHHBIX COCTOSHUSX
(OMHOKpATHO, JIBYKPATHO, TPEXKPATHO, MOJOKHUTEIBHO WM OTPULATEIFHO 3apsHKEHHBIX).
ATOMBI 30J0Ta B T€pPMaHUU MOTYT, KpOME HEHTpPaJIbHOTO COCTOSIHHS, OBITH OJHOKPATHO
HOJOXKUTEIBHO 3apsHKCHHBIMH M OJHOKPAaTHO, ABYKPAaTHO M TPEXKPaTHO OTPHUIATEIHHO
3apsHKEHHBIMU [IEHTpaMU. TakuM MPUMECHBIM LIEHTPaM COOTBETCTBYIOT B 3alpeIieHHON 30HE
HECKOJIPKO JHEPreTHYeCKUX YPOBHEH. DTH ypOBHH CHOCOOHBI 3aXBAaTHTh 3JIEKTPOHBI WU
JBIPKH B 3aBHCHMOCTH OT MX 3apsA0BBIX COCTOSIHUH.
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B pesynprare 3axBaTa W UCIYCKaHUS HOCHUTENCH 3apsiia TaKUMH TIyOOKHMH
JIOBYIIIKAMH, TPOHMCXOJAT KOJCOaHUS TOKAa B IOJIYIPOBOAHUKE (T.€. HEYCTOWYHMBOCTH IIO
UMIIEIAHCY).

B paborax [5-7] mocTtpoeHa nUHEWHAs W HEIWHEHHas TeopHs KoyieOaHUS TOKa B
MOJIYIIPOBOJTHUKAX C TIYOOKMMH JIOBYIIKaMH. B 3TuUX TeopeTHueckux paboTax HaiIeHBI
3HAUEHUS AJIEKTPUIECKOTO TOJISI U YaCTOTHI KOJIEOAHUS TOKA MPH HEYCTOWYMBOM COCTOSTHUH
MOJTYIIPOBOTHUKA. B 3T0M TeopeTrnueckoit pabore Mbl OylieM HCCIIe0BaTh KOJICOaHHS TOKa C
OTIpe/ICIEHHOW YacTOTOW B TIOMYIPOBOJHUKE MPU HATUMYMH KOHKPETHBIX TTTyOOKUX JIOBYIIEK
BO BHEIIHEM TIOCTOSIHHOM JJIEKTPUYECKOM TI0JIE.

OcHoBHBIE YypaBHEHUs 3afgaud: Mbl B JanbHeWmieM OyaeM UMETh B BUAY
TIOJTYIIPOBOTHUK C HOCUTEISIMH OOOHMX 3HAKOB, T.€. 3JICKTPOHOB H JBIPOK C KOHIIEHTPAIMSIMA
COOTBETCTBEHHO N. u N+ Kpome TOro B MOTYNPOBOAHHKE HUMEIOTCS OTPHUIATEIIEHO
3apspKEHHBIE TITyOOKHe JIOBYIIKU ¢ KoHIeHTpanued No. M3 HUX OjHa 4acTh KOHIIEHTpAIHS
OJIHOKPATHO 3apsDKEHHBIX JIOBYIIEK, «,N. - KOHIIGHTpamusl OTPUIATEIBHO 3apsKEHHBIX
JIOBYIIICK

No=N:N. )
(n%n+%)«(No,NO,N%)

YPaBHeHI/IC HCPA3pbIBHOCTU JIA DJICKTPOHOB B MOJIYIIPOBOAHUKE C BBINICYKA3aHHBIMU
TUITaMH JIOBYIICK 6y11eT UMCTBb BHUA!

Py N on_
a_rtl + dlﬁj_ = a_(O)nl_N_ —0_ (Eo)n_N = (6_72) pex (2)

31ech- J_ -IUIOTHOCTh MOTOKA AJIEKTPOHOB, o (E) -Koa(duumeHT 3axBara 3JIeKTPOHOB
OJTHOKPATHO OTPULIATENBHO 3apsKEHHBIMH JIOBYILIKAMU MPU HAJIMYUH JIEKTPHUUECKOTO MOJIs.

ITpu E=0, o (0)=a_(E) 3)
B (2) n1_-ompenensieTcst pu CTAI[HOHAPHBIX ¥ PABHOBECHBIX YCIOBUSAX

on_ NON
2==0, @ = a(E), n_="73° @)

IInoTHOCTE MOTOKA j_ npu OTCYTCTBUHU MAIHUTHOTO IOJIAI U I'PaaAUCHTA TEMIICPATYPbI
OMpeACIIACTCA BRIPAKCHUEM

I =—-nu(E)E —D_An_ (5)
rae iy (E)- MoaABHKHOCTD 3JIEKTPOHOB

D_ -xoadduuument quddy3nun 37eKTPOHOB.
YpaBHEHUE HEPA3PBIBHOCTH IS IBIPOK OyIET UMETh BHI:

M. | divj, = (E N —e, (OnN_= (6”+j
ot at
pex (6)

JE=mnppy (E)E - D+Vn+ (7)
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a+(E) - x03(dduimeHT ucmycKkaHus AbBIPOK OJHOKPATHO OTPHUIIATEIHLHO 3apsKCHHBIMU
JIOBYIIKAMH TPU HAIWYUK dyekTpudeckoro mois. a+(E)- xoddduiment 3axBata IbIPOK
JIBYKPATHO OTPHIIATEIHHO 3apSKECHHBIMU JIOBYIIKAMH 0€3 JIEKTPUIECKOTO TTOJIS.

on, _ . _ ngNO
(E)pex =0, a,(E)=a_0), Ny, = Ne
(8)

B HectanMoHapHBIX YCJIOBUSAX HW3MEHSETCA YHUCIO JABYKPAaTHO M  OJHOKPATHO
OTPULATENIBHO  3apsDKEHHBIX  JIOBYIIEK M ONpPENENsIeTcs H3MEHEHHE  OJHOKPaTHO
OTPHLIATENIBHO 3apsDKEHHBIX JIOBYIIEK. [lo3TOMy, ypaBHEHHE OIpelelsiolnee H3MEHEHUs
JIOBYLIEK CO BpEMEHEM UMEET BUJL:

5= (G G ©

[Tpu HanmuuuKu peKOMOMHALIMY U T€HEPallui HOCUTEJIEH 3apsiia yClIoBUE KBa3UHEHTPaIbHOCTH
03HayaeT, YTO MOJHBINA TOK HE 3aBUCUT OT KOOPJMHAT, HO 3aBUCHUT OT BPEMEHH

div J =edid(G;—72) =0 (10)

Teopus: Ilpum mosBiIeHMM KoJIeOAaHW TOKAa BO BHEIIHOW II€MH, BOJbTaMIIEpHas
XapaKTEePUCTUKA MOJIYITPOBOJHUKA UMEET MAJA0IINM YYaCTOK U peajibHas 4acTh MMIIEaHCa
oTpunarenbHa. [lo3ToMy, HY)XHO BBIUMCIUTH HUMIIEIAHC MOJIYNpPOBOAHMKA. [Ipym Hammuum
KojicOaHWH BO BHEIIHOW IIEMH, BOJHOBOH BEKTOP KOJICOAHMS SIBISETCS KOMILICKCHOM, a
YacTOTa BEIIECTBEHHOMN BEIMUMHOMN.

[IpencraBum Benuuunsl N+, N, N_,E cnenyronum obpazom

n=n+An, n=n"+An, N=N +AN, N =N*+AN, E=E,+AE
(An, An , AN, AE )~ei(K7-o1) (11)

U BBOJIS XapaKTE€PHbIE YACTOTHI:

N = a_(E;)N, -4yacToTa 3aXBaTa EKTPOHOB OTHOKPATHO 3apsKCHHBIMH JIOBYIIIKAMU,;
0, = a_(Ey)N, -uactoTa UCITyCKaHUS JHIPOK OJHOKPATHO 3apPsDKCHHBIMH JIOBYIIIKAMH;
v, = @,(0)N’ -uacToTa 3axBata ABIPOK IBYKPATHO 3apSKEHHBIMH JIOBYIIKAMH;

'

2 = a,(0)n’ +a,(E))ny,; -KOMOMHMPOBAHHAs YACTOTA 3aXBaTa M HCIYCKAHHUS JIBIPOK
HEPaBHOBECHBIMU JIOBYILIIKAMH,
Q' = a_(0)n;_ +a_(E,)n® -koMOUHUPOBAHHAs YACTOTA 3aXBATA U MCITYCKAHUS SJIEKTPOHOB
HEPaBHOBECHBIMU JIOBYILIIKAMH,

a TaKke Ko HUIHEHTHI

n
BY =2 (%éf;) u3 (2,6,9) Jerko moayunm:
- 0
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(0~ i — ikt + L) An_"+ (25 ik n” ) AE" — 0_AN. = 0

0

s . Z 2 ” . _ n;+'y+ﬁz " ' "o
0, —iw+ik9, + . Wk ) An, + (iku,n, — AE +0N,AN_=0
0

A

) (12)
" 1 " " AE
AN = —— [Q_n_ — N Any + (n1+y+ﬁ_{n_(2_ﬁ1’)E—0

N_+0_—-iw

| AE= g(—ﬁ_An” — 9, A} + ik, An] - ikgu_Ani)
( .. AE
(O — iw)An' +n'QY Y — — 0 AN = 0

Eo
, , y oAE" .,
(y- —iw)An, —ny vy fin_0_pY - N,AN_=0
X 0
, 1 : : v o AE
AN_ = m .Q_n_ - a+An+ + (Tl1+]/+ﬁ+n_ﬂ_)E—0
L AE' = %(A? —ed_An_ —ed,An,)

9+ =u Ey,  Any =Anyn}, Any = AN +AN’
o=0_+o0y4

Uckmouast AN, AN, AE', AE w3 (11-12), mony4nm CIeayIONIYI0 CUCTEMY YpaBHEHHI 151
ompezeneHus Ang, An'i Y BOJIHOBOT'O BEKTOpA K:

¢_(k)An_" + ¢, (k)An] =0 13
F_(k)An_" + F_.(k)An} =0 (13)

d_(0)An "+ ¢, (0)An, + pAT =0 (14)
F.(0)An "+ F,(0)An, + FA7 =0
Koadppummentsr ¢4 u Fy, ¢, F nerko momyuarores npu nepexone u3 (11-12) B (13-14)

Jl1s monydeHus 3Ha4YeHUs] BOTHOBOT'O BEKTOPA K MBI peliaeM TUCIEPCUOHHOE YPaBHEHUE
nosrydeHHoe u3 (13)

¢-(k) F.(k) = ¢, (k) F.(k) (15)

OnHako, BBIPAKEHHE 711 OMpENEIeHUsT BOJTHOBOro BekTopa w3 (15) ciaumkom

TpPOMO3AKO U IMO3TOMY MBI HNOJIYYUM U3 (15) BBIPAKCHUEC BOJIHOBOI'O BCKTOpa B JBYX
MNpEaACIbHBIX Cliy4dasX.

1) Bbicoko4acTOTHBIH caydaid w >> Oy, V4, Q)

= olw(n2-nQ)+i(n2Qs—n4Q_+ny1y4BY+n20_gY)]
| =

(16)

2
(BXHO_Q++BXD1+Y+D1++HQQ_BX)
2
()

epp+Eo|(n2-n2)+

_eEg[on2n}(Q- — ) — (BYn2Q, + BYny,y, +)(no_ +nfo,)]| —iwo(nZ —n?)

K
27T ow(n? —nY)?2

ITpu pemieHnn AUCIIEPCUOHHOTO ypaBHEHMs (15) Mcoabp30BaIM Masble IapaMeTphl
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Q! Q
=<1, T q, L

+ eEo + eEoL
TeMIlepaTypa u 3pr).
2) HuskowacToTHBIN ciydai w < Qy, Qf,yy

< 1, nu Dy =£ U+ (L-mmmea nomynpoBoanukw, T-

o wo[n?02 —n%Q2 — (- + Q) (n_Q_BY +ny,y,BY)]
1= 2
euu+E0(nﬂQ+ —n_Q_+nQ_pY + n1+y+BD

K, = {o?0[2n_n, (Q_ + Q) — (n_Q_BY + ny,y,BY)(n_ + n)] +
ocw(n_pYQ_ +ny,yBY)(n_ +n)(o_+0,) —io (n,Q,—n_Q_pY +
n1+y+BK)[(n_B‘iV_ + n1+Y+BK)(0— +o0,) — 0(n_ﬂ_+n+ﬂ+)][(0_ + 0+)(n_V_ BY +
ni4v+BY) — o0 +n,0,)]" (17)

OTKJIOHEHHE OT PaBHOBECHBIX 3HAYEHUH AN IIpeCcTaBUM
An, (x t) = ufe™* + ujetk2* + U*+A7
B ClIeAYyIOLIEM BUIC
An, (x,t) = Oy e*1* + gFetk2* 4 9=AT (18)

Koncrautsl u u 6 omnpepenstorcs M3 TpaHUYHBIX YcinoBui. Jlig QopMyaupoBKU
IPaHUYHBIX YCJIOBHM YYTE€M, 4YTO KOHTAKThl BCErJa SBISIIOTCS B HEKOTOPOW CTENEHU
BBIIPSAMIISIIOIIMMHUCS, TOTOMY TaK Ha3bIBAEMbIE OMHYECKHE KOHTAKTBI IPEICTAaBISAIOT HE
Oonee Kak NpeAenbHBIM ciaydail. B 3aBHCHMMOCTH OT NpONMYCKHBIX HampaBiIeHUH 0OOMX
KOHTaKTOB MO’KHO Pa3JIM4aTh J1BA THUIIA TPAHUYHBIX YCIOBHUM.

1) Ha 000uX KOHTaKTax WHKEKTUPYIOTCS YACTHIIBI OJJMHAKOBOTO 3HAKA

An,(0) = 89A7, An, (L) = 6LA7, 6o An_(0) = §4AT, An_(L) = 6:A7  (19)
2) Ha O6OI/IX KOHTAaKTaX MHXKCKTHPYKOTCA YaCTHULIBI ITPOTHBOIIOJIOKHBIX 3HAKOB
An,(0) = 89A7, An_(L) = §LAT, 6o An_(0) = §°AF, An,(L) = 6LAT (20)

C nomomipto rpaHuyHbIX ycnoBuil (19-20) ompeznenseM KOHCTaHTHI U U O U mocie
ATOT0, MO’KHO BBIUMCIIUTh UMIIEAAHC KPUCTAIIIA CIEAYIOUIMM 00pa3oM

1

Z=—
ATS

[ AE(x, t)dx (21)
AE(x,t) = i [A? —ed_An(x,t) —ed, An,(x,t) + % Vn,(x,t) — T%Vn+ (x, t)] (22)

T
Dy =Zus

[Tocne anreOpamdecknx BbIUUCIHCHUNW U3 (21) momyduM BBIpaXKeHHE IS HMMIIeJaHCa
CJIETYIOIIEro BUA

Z =Zy[1 — (el — 1)y + (e™2l — Dy + po] (23)
3Ha4yeHus U, fly, [l TPOMO3JKO, MBI HX HE BHITHCHIBAEM.
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Z=—, o=emu® +n2u)

S1- nonepeunoe ceuenne kpucramia. [logcTaBiss 3Ha4EHUs. K; U K, B BBICOKOYACTOTHOM U B
HH3KOYAaCTOTHOM CJIydae MbI ompeneisieM BemnectBenHyo (D_ez) u muumyto (Jmz) gacts
MMIIE/IaHCa.

Ananmu3 BeIpaxeHus (23) mMOKa3bIBae€T, 4YTO B 3aBHCHUMOCTH OT COOTHOIICHHM

. . nl nl .
KOHIIEHTpallMUd HOCUTEJIEH 3apslia (T. e.n—0 > 1 I/IJII/In—O 1G4 1) U WH)KCKIIUU Ha KOHTAKTax, B
+ +

o01ieM ciyyae UMEIOTCs UeThIpe BapUaHTa KOTOPbIX REZ u (JMZ uMeroT onpeiesieH bl 3HaK.
1)(n% » n%), 3amano 62, 2)(n° » n?),3amano §°, 3)(n® « n?),3amano 6L,
4)(n® « n?) zanano 6%

B »sTux chnyyasx B BBICOKOYACTOTHOM W B HH3KOYACTOTHOM TMpEAeNbl HMEIOT
onpeaeneHHbId 3Hak. [Ipu onpeneneHHOM 3HaYEHHUE YaCTOTHI:

Konebanus Toka (w = 2v_pY). (24)
Rez E, N (EO)Z (3 - )
7o B \g,) 2 sina + cos «
gmz _ 4 30 _ (Eo\’ (o4 3
7o = 1 7 (Ez) (sma + 2p7 €08 a) (25)
3n1ech:

Ey

2Ry Y
_ LOIBIn = (L.Qv_ﬁ_ ) 12
’ 0
2V+.“+ﬁ1n p-piedy
[Tpu Hanmuuuu xKonebaHus TOka BO BHelTHOM 1enu Rez< 0, a Jmz moxeT uMeTh J11000it

3HaK. JlJi1 HaXOXKIACHHS NEKTPUIECKOro most u3 (25) mpu vactore (24) MbI JOJHKHBI PelIaTh
CHUCTEMY

Rz, R _0o

z Z

gmz | Ra_ (26)
Zo  Zo

3nech R- MONOXHUTENbHOE OMHUYECKOE COMPOTHUBIICHHE B IIEMH I aHHYJIUPOBAHUS
CONPOTHUBIICHUS B LIEMHU. R{- CONPOTUBIEHNE EMKOCTHOTO WJIM MHIYKTUBHOIO Xapakrtepa. U3
pemieHus (26) JIerko MoIyduM:

E, = E, (% + Rlz;R) 27)

et R=ZonRy >0 uR =2Zp,E=F

[Tpu rpannyHOM ycnoBuu (25) u3 pemeHus (26) Momydnm:

_831’ . _ 4ﬁy. _ BV 1/2
R=%2y; Ry=1+%; E=25(%)

1/2 2
— y = #+ B (s =B
)R =2p T ul E (n_) » Eo = Eq
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1/2

VT e T pr\eatup,
HR=Ry=Zo Ry >0, Eg=Ey; pY ="t
200 \"?
~ \eatup,

TakuM 00pa3oM BO-BCEX YEThIPEX ClIydasx HailieHbl 3HAUEHUS SJIEKTPUYECKOTO MOJ,
OMHUYECKOTO COMPOTUBIICHHUS, UHYKTUBHOI'O UJIM EMKOCTHOTO XapaKTepa.

B HU3KOYACTOTHOM cily4ae, MOJACTABIISIA 3HAYCHUS BOJHOBBIX BEKTOpoB (17) B (23)
nocJie anreOpandecKux BbIYUCICHUN MOTYIUM:

R=7 R, =3Z = 1.(2 E, = i
= 4o, 1 = 94, w = 74 O—E1
LO%u_n_ LO.u 1/2
1= Q= L= |\ T
n+V+ﬂ3—.BI HH+€0232:
Do =25 R >0, [R|=R=2Z, E,=2
6 E, ’ 1 ’ 1 0’ 0 E;
1/2
L1 L1
E, + +

=—; E,=|———
weB” P \upu_ea®p?
1/2 1/2 Z,
NE=E Bra)’’ w=0.(a+a ﬁl’)R—j

14 14
_n_p’* _n_0_
az%ﬁ++u ﬁ_(l_u

2, pany ' e £2y
of3
E2 E3 Z
4)E0:E_2;w: RE22 - 72
1 1—a+%—E—%+a1(ﬁ_)
Lo, \? LQ,n,
Ey=\—"7% s Er=——yy
pip-eozf’ p-n_p -

O6CY)K,Z[CHI/IC PE3yJIbTaTOB: B MOJIYIIPOBOAHUKAX, C YKA3aHHBIMU BBIIIC FHY6OKI/IMI/I
JIOBYIIKaMH, B MMOCTOAHHOM BHCHIHEM OJSJICKTPUUYCCKOM II0JIC B036Y)KI[3IOTC$I HeyCTOI\/JILII/IBI)IG
BOJIHBI C PA3HBIMH YaCTOTaMH. OTHU BOJHEI BO36y>KI[aIOTCH B Pa3HBIX 3HAYCHHUAX BHCIIHETO
SJICKTPHUYECCKOTO  IIOJIA. KonTakTn IMOJIYIIPOBOAHWKA  ABJIAIOTCA  HMHXKXCKTUPYIOIIHMHU.
I/IH)KGKLII/IH Ha KOHTAKTax OYC€Hb CHJIBHO MCHACTCA B 3aBUCHUMOCTU OT PABHOBCCHBIX

o o o n_
OTHOIICHWHN KOHLICHTPAIIMKW HOCUTECIICH 3apaa n_ = 4.
+

3HaueHHs mapaMeTpa § OmpenesseT 4acToTa M 3JIEKTPUYECKOE MOJIe MPH KOTOPBIX
YKa3aHHBII TOJYNPOBOJHUK HAaXOJUTCS B HEYCTOMYMBOM cocTosiHME. Bo-Bcex ciydasx B
LENMM BO3HUKAECT CONPOTUBIECHUWE WHAYKTHBHOIO WJIM €MKOCTHOIO Xapakrepa. B
BBICOKOYAaCTOTHOM ciy4ae (T.e. KOrJa dacTora KojeOaHMs Toka OoJibllle 4YeM Bce
XapaKTepHble  PEKOMOMHAIIMOHHbIE UM  TEHEpallMOHHBIE  YacTOThl)) B  YKa3aHHOM
MOJIYIIPOBOTHUKE BO30YX/IaeTcs OJJHA BOJHA C ONpPEAEICHHOM YacToTol. B HHM3KOUaCTOTHOM
Clly4ae B 3aBHCHMOCTH OT IPOITYCKHBIX HaIlpaBJIEHUH KOHTAaKTOB KpHUCTasla BO30yKIaeTcs
HECKOJIbKO BOJIH. [loiydeHHbIe 3HAUYEHUS S3JEKTPUYECKOTO TMOJsl U YacTOThl KoJIeOaHMs
BITOJIHE JOCTHKMMBIE SKCIICPUMEHTAJIBHO.
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DORIN TOLOLI YARIMKECIRICILORIN ENERJi SUALANDIRMASI
HOSONOV E.R., YUSIFOVA K.H., HACIYEVA V.M.

Mogalada dorin talali yarimkegiricilords elektrik sahoasinds yaranan coarayan ragslorinin
nazariyyosi verilmisdir. Isbat olunmusdur ki, elektron va desiklorin nisboti dévrads yaranan
ragslorda asas rol oynayir. Ragsin tezliklori kontaktda olan injeksiya hesabina doyisir. Isbat
olunmusdur ki, dévrado dord halda rogs yarana bilor. Dévrado yaranan induktiv va tutum
miigavimatlori vo elektrik sahosinin analitik ifadolori hesablanmisdir. Roagsin tezliyi,
nazariyyads olan tezliklordon boyiik olanda yarimkegiricido yalniz bir dalga yaranir. Tezliyin
kigik giymatlorindo dovrados bir nega dalga yaranir.

Acar sozlar: impedans, dayanigsizliq, corayan ragslari, tezlik, elektrik.

RADIATION OF ENERGY OF SEMICONDUCTORS WITH DEEP TRAPS

HASANOV E.R., YUSIFOVA K.H., HACIiYEVA V.M.

The theory of current oscillation in semiconductors with deep traps in an electric field is
constructed in this paper. It is proved that the ratio of the equilibrium values of electrons and
holes is the main parameter for the appearance of a current oscillation in the circuit. The
oscillation frequency varies as a function of injection at the contacts. It is proved that there are
four possible cases for the appearance of a current oscillation in the external circuit.
Analytical formulas are found for the frequency, electric field, and for capacitive or inductive
resistance in the circuit. It is obtained that when the frequency of the current oscillation is
greater than all characteristic frequencies in the theory, only one wave is excited inside the
semiconductor. It is proved that in the frequency region less than all the characteristic
frequencies in the theory, several waves are excited inside the semiconductor.

Key words: impedance, instability, current oscillations, frequency, electric field.

Energetikanin problemlori e No2 e 2018 e IIpoGnemsbl SHEPTETUKH
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VIK 539.2

(Sb2Ses)1-x (YbSb2)x (x=0.01,0.03,0.05) ELEKTROFIZiKi XASSOLORI
SOMODOVA U.F., HOSONLI S.M., XOLILOVA A.X.

AMEA Fizika Institutu
AZ-1143, H.Cavid 131, Baki, Azarbaycan

Toqdim olunan moagalados sintez edilmis bir fazali sistemlorin otaq temperaturunda elektrofiziki xassolori
tadqiq edilmisdir. Naticolorin analizindon malum olmusdur ki, sintez edilmis sistemds YbSbh; hall olma miqdart
artdiqca birlogsmonin kegiriciliyinin qiymati artir.

Acar sozlar: holl olma, binar birlogsmo, elektrik kegiriciliyi, dielektrik itgisi.

Son zamanlar optoelektron qurgularda genis istifado imkanlarma goro xalkogen oasasli
nazik tobagalorin tadqiqi ¢ox aktualdir [1-3]. Xalkogen birlogsmolor igarisindo tomiz vo ya
asqarlanmis SboSz vo SboSes nazik tobogolori giinos enerji ¢evricilorinin, fotokegirici
misenlorin vo termoelektrik soyuducularin hazirlanmasinda gemis istifado edilirlor[1- 5].
YDbSh, binar birlosmasina galdikds iso ilk dofs Yamaquti torafindan I tip ifrat kegirici oldugu
siibut edilmisdir. Qeyd etmok lazimdir ki, bu birlosmoalor hom ayriligda, hom do birlosmo
Sh2Ses- YbSh, soklindo fiziki xassolori otrafli todqiq edilmomisdir. Orintinin sintezi kvars
ampulalarda binar birlosmolorin qarisig1 naticosinde ~ 1200 °C-do aparilmisdir. Hall olma
diagramina osasan deyo bilarik ki, arintido YbSb2 migdar1 10 mol% olana kimi bircins sistem
alinir. Sokil 1-do SboSes- YbShy arintisinin hall olma diaqrami gostorilmisdir.

T, K
1200 |
0 XK
0 -
. x+YbSb,
KL
P
800 |- < x+Yb,SbSe, 888
725 3
e >
=
600 =
L
m@
=
a+Yb,Sb,Se 2
400 | * > ¢
1 1 1 1
Sb,Se, 20 40 60 80 YbSb,
mol%o

Sok.1. Hall olma diagrami[1].

25



Isdo sintez edilmis bir fazali (Sb2Ses)ix (YbSb2)x (x=0.01,0.03,0.05) birlosmolor
osasinda tabletka gokilli nlimunalor hazirlanmisdir vo onlarin elektro fiziki xassolori todqiq
edilmisdir.

Niimunolorin hazirlanmasi t¢lin sintez edilmis birlosmalor planetar doyirmanda
7000d6vr/30 doq miiddstindos toz halina salinmisdir va har bir niimunadon 450 qr
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Sok.2. Dielektrik niifuzlugunun tezlikdon asililig1
1-1%YbSh,-99% Sh:Ses;
2-3%YbSh,-97% ShaSes;
3-5%YbSh2-95% Sh.Ses.
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Sok.3. Dielektrik itgisinin tezlikdon asililig
1-1%YbSh,-99% Sb,Ses;
2-3%YbSh,-97% Sh,Ses;
3-5%YbSb,-95% ShSes.
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Sok.4. Dielektrik itgisinin tezlikdon asililig
1-1%YDbSh,-99% Sh.Ses;
2-3%YbSh2-97% ShSes;
3-5%YbSh,-95% Sh,Ses.

gotiiriilmoklo hiindiirliiyli 1mm, diametri 6 mm olan tabletkalar hazirlanmisdir. Niimunoslora
hor iki torofdon giimiis pasta ilo kontaktlar ¢okilmisdir. Elektrik tutumunun, miigavimatin vo
dielektrik itgisinin todqiqi otaq temperaturunda immitans E7-20 (102-10°Hz) raqomsal
qurgusu vasitesilo aparilmisdir. Olgii zamam gorginliyin qiymati 1V-dur. Niimunolords
dielektrik parametrlorinin tezlikdon asililigini miisyyonlosdirmok iiciin elektrik tutumunun,
dielektrik itgisinin tezlikdon asililigi todqiq edilmis vo (1) diisturlarindan istifado edorok
dielektrik niifuzlugunun vo elektrik kegiriciliyinin qiymati hesablanmigdir [6,7].

c= SZ—OS o = 2nfe'eyD (D
burada C-kondensatorun tutumu, so-dielektrik niifuzlugu, D-dielektrik itgisi, o-elektrik
keciriciliyidir. Alinmig naticolor Sok 2-4-do gdstorilmisdir.

Elektrik kegiriciliyinin tezlikden asililig1 bir daha bu deyilonlori siibut edir (Sok.4).
Alinmis naticolorin analizindon demok olar ki, arintido YbSb2 holl olma miqdar artdiqca
birlogmanin kegiriciliyinin qiymati artir. Bu onunla izah olunur ki, YbSb2 binar birlosmasi I
tip ifrat kegirici oldugundan sintez edilmis (Sb2Ses)1-x (YbSh2)x (x=0.01,0.03,0.05) sisteminda
YbSb2-un miqdar ardiqca birlosmonin xassasi YbSb xassasino yaxinlasir.
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JIEKTPO®U3INYECKUE CBONCTBA OJHO®A3HBIX CHCTEM
(Sb2Ses)1x (YbShz)x (x=0.01,0.03,0.05)

CAMEJIOBA Y.®., TACAHJIBI HI.M., XAJIMJIOBA A.X.

B mpezcTaBieHHOM CTaThe HCCIIENOBAHBI DJIEKTPODU3IMUECKHE CBOMCTBA CHHTE3HPO-
BaHHBIX OJHO(MA3HBIX CHCTEM IIPH KOMHATHON TeMIiepaType. AHaau3 0oOpasloB MOKa3hIBAET,
4TO C yBEIMYEHHEM KOHICHTpaiu pactBopumoctd YhShy B cucteme (SbaSes)ix (YbSh2)x
YBEJIMYMBAETCS 3HAUYECHHE TIPOBOJIUMOCTH.

KaroueBrble ciioBa: PpacTBOPHUMOCTD, 6I/IHapHBIe COCANHCHMUS, SJICKTPOIPOBOJAHOCTD, AUDJICKTPUICCKUC ITOTCPH.

ELECTROPHYSICAL PROPERTIES OF SINGLE-PHASE SYSTEMS
(Sb2Ses)1x (YbSb2)x (x=0.01,0.03,0.05)

SAMEDOVA U.F., HASANLI SH.M., KHALILOV A.X.

In the present article, the electrophysical properties of synthesized single-phase systems
at room temperature are investigated. Analysis of the samples shows that with an increase in
the solubility concentration of YbSb2 in the system (Sh2Se3) 1-x (YbSb2) x, the conductivity
increases.

Keywords: solubility, binary compounds, electrical conductivity, dielectric losses.
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BJIMAHUE TEMIIEPATYPBI OTKUI'A HA SJIEKTPO®PU3NYECKHUE
XAPAKTEPUCTUKHN HE MOAUPUIINPOBAHHOI'O BEHTOHUTA

AMAHOBA C.P., '\CA®AP3AJIE Y.M., TYCEMHOBA A.T

YUnemumym @usuxu Hayuonanonoii Axademuu Hayx Azepbaiioscana
2anoorcunckutl Iocyoapecmeennviil Yuueepcumem
E-mail: Hasanli_Sh@rambler.ru

OToXOKEeHHBIH OEHTOHUT C OONBIIMM YCIEXOM MOXET OBITh HCIONB30BaH ISl MPAKTUYECKOTO
MPUMEHEHHUS, & UMEHHO, JJISl U3TOTOBJIEHUS! BHICOKOBOJBTHBIX M BBICOKOYACTOTHBIX YCTPOHCTB. Temmeparypa
OTXKHra CHJIBHO BJIMSCT Ha JJICKTPOPHU3UUCCKUEC XapaKTCPUCTUKUA OCHTOHHMTA. B TOM dmMCIEe COMPOTUBIICHUE
OCHTOHHWTA PACTET, AUAIIEKTPUUYCCKAs MPOHUIIAEMOCTD U AMAJICKTPHUECKUE TIOTEPH YMEHBIIAIOTCS, JOOPOTHOCTH
YBEIIMYHUBACTCS C POCTOM TEMIIEPATYpPhl OT)KHUTA.

KarodeBble cj10Ba: KOMIIO3WT, MOJMMEpP, MOIMMEPHbIE HAHOKOMITO3HUTHI, OCHTOHHT, AUAJIECKTPHICCKUE
apaMeTpsl

BBenenune

Pa3zpaboTka M uccieoBaHUE CBOMCTB CIOUCTOCHJIMKATHBIX MOJIMMEPHBIX HAHOKOM-
MO3UTOB SIBJISIETCS MEPCHEKTUBHBIM HalpaBICHUEM MOJIMMEPHON XUMUU B CBSI3U C BO3MOXK-
HOCTBIO IIOJIyYEHHUS HAHOCTPYKTYPHUPOBAaHHBIX MATE€pPHAJIOB C TOBBIIMIEHHBIMH JKCIIITyaTa-
IIMOHHBIMU cBoWcTBaMu [1-5]. Ha cerofHsHuil JeHb PHIHOK CIOUCTOCHIIMKATHBIX IOJH-
MEpPHBIX HAaHOKOMIIO3UTOB SIBISIETCS OJHUM M3 HauOojiee JMHAMHYHO Pa3BUBAIOIIMXCS C
o0beMoM okosi0 950 mMuyuMoHOB nosutapoB B 2014 romy. OTMeruM, 4YTO NOJIydEHUE
MOJMMEPHBIX KOMITO3UIMI C 0COOBIMU 3JEKTPOPU3NIECKUMHU CBOMCTBAMHU B 3HAUUTEIIbHOU
CTENEHHM 3aBUCUT OT MPHUPOJAbI HAMOJHUTENSA, OT (OpPMBI, pa3Mepa U XapakTepa pachpe-
JIEJIEHNs] YacTHIl, a TaKXXE OT CTENEHU B3aMMOICHCTBMSI MEXKIY KOMIIOHEHTaMHU. XapakTep
arperaliid 4acTWIl HAINOJHWUTENS, YCJIOBHUS KpHUCTAUIM3allUM U pAA JAPYyrux (PakTopoB
U3MEHSIOT MOP(OJIOTHIO MOJIMMEPHON MaTpHIlbl, U B pe3yJibTaTe, MoJlyyaeMble Ha UX OCHOBE
KOMIIO3UI[MOHHbIE MaTepuaibl MPUOOPETAIOT YHHUKAJIbHbIE CBOMCTBA, YTO M HPHUBOIUT K
BO3PACTaHHUIO BO3MOYKHOCTEH MX IMPAKTHYECKOIO NMPUMEHEHMs. DTO CBSI3aHO C TEM, YTO B
OTJIMYME OT TPAJUIMOHHBIX HEIMHEHWHBIX MPUOOPOB OHU COAEPKAT CUMMETPUUYHBIE BOJIBT-
amrepHble xapakrepuctuku (BAX). Pa3Butue QU3MKOXUMHHM M TEXHOJIOTUU KOMITO3UTHBIX
MaTepuasoB, SBISIOUMXCA B OOJBIIMHCTBE CIy4aeB HAIOJIHEHHBIMHU JIMHEHHBIMU U CeT4Ya-
TBIMU TIOJIUMEPAaMH, TPeOyeT YTOUHEHHs HAIUX MPEICTAaBICHUN O XapakTepe MX OMKHen
YIOPSAOYEHHOCTH M 00 HMX HAAMOJEKYJIsSpHOM mopsake. Kpome Toro, mMamou3ydyeHHbIMU
SBJISIIOTCSI KOHTAKTHBIE SIBJICHUS, W3MEHEHME OHJIEKTPO(U3NYECKHX U DIIEKTPOAKTHUBHBIX
CBOMCTB reTepOTreHHbIX CUCTEM MOJIMMEP-HAIOIHUTEIh, 0COOEHHOCTH MEX(a3HbIX SBICHHM.

OtmeruMm, 4TO 007aCTh NMPUMEHEHHS KOMITO3UTHBIX MAaTe€pHUajoB MPOCTUPAETCS OT
HAHOJJIEKTPOHUKH, HHTETPAIbHBIX MUKPOCXEM 10 MAaJIOMOLIHBIX Pa3psIHUKOB (IEpeKtova-
IOIINX AJIEMEHTOB) Pa3IUUHbIX Ha3Ha4YeHUit [6-8].

[lenpto HacTosimiel pabOThl SBISETCS W3yUEHHE BIUSHHUS TEMIEpaTypbl OTXKHra Ha
ANEKTPOPU3NUECKHIE XapaKTEPUCTUKH HEMOIU(PUITIPOBAHHOTO OCHTOHUTA

MOHTMOPWIIOHUT (OEHTOHUT) SIBISCTCS OJHUM M3 MOPOJ000PA3YIOIINX MHHEPAJIOB
OCHTOHUTOBBIX TJIMH, MECTOPOXKJEHHS KOTOPBIX PACIOIIOXKEHBI 10 BCEMY MHUPY M SBISETCA
[JIMHUACTBIM MHHEpaJl U3 IPYNIbl CMEKTUTOB OJKJIACCA CIOUCTBIX CHJIMKATOB. XUMUYECKUI
COCTaB HEMOCTOSHHBIN, CHJIBHO 3aBHCHT OT BAPBUPYIOLIETO colepkaHus BoAel. [Io ananusam
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YHUCTBIX Pa3HOCTEH yCTaHABIMBAIOTCS cienyromue konedanus (B %): SiO2 - 48-56, Al.O3 -
11-22, Fe;0O3 - 5 u Gonee, MgO - 4-9, CaO - 0,8-3,5 u 6onee, H2O- 12-24. Kpome Toro,
nHorna ycraHaBiauBaroTcs K20, Na;O u gp. CUHrOHHMS MOHOKJIMHHAS, KPUCTAJIMYECKAs
CTPYKTypa clioucTtasi. B MexcioeBoe HMpOCTpaHCTBO HMHOTAA BXOISAT MOJSPHBIC KUIKOCTH
(rmunepuH), OOMEHHBIE KaTHOHBI M aHWOHBI. L[BeT Oenblif, cepoBaTO-0emblid, TOTYyOOBATHIMH,
PO30BBIM, KPaCHOBATO-pO30BbIH, 3eneHoBaTbii. [llupuna 3anpenieHHoN 30HBI paBHa 3.7 3B
[8]. MHorue OEHTOHMTOBBIE TJIMHBI, COCTOSIINE U3 MOHTMOPWJUIOHHTA, OOpa30OBajUCh B
KauecTBE MPOAYKTa Pa3NIOKECHUS BYJKAHUYECKUX TEIJIOB, OCEAABIIMX IIaBHBIM 00Opa3oM B
Mopckux OacceiiHax. biaromapss BBICOKOW MOTJIOTUTEIBHOW CIIOCOOHOCTH MOHTMOPUII-
JIOHUTOBBIC TJIMHBI IIUPOKO MCIIOIB3YIOTCS ISl PA3TUYHBIX IIeJIel B TPOMBIIIIICHHOCTH JTHOO0
HEMOCPEACTBEHHO B IMPOCYLIEHHOM BHJE, JHO0 MOcie MpeABapUTEIbHON XHUMHUYECKON
o0pabotku (aktuBaiyn), (HeQTAHOU, TEKCTHILHOW U KOCMETUYCCKON MPOMBIILICHHOCTIX B
MEUIIMHE | T.]1.). Bei0op OeHTOHMTA, CBA3aH C MaJIO0 U3YYEHHOCTHIO €ro JIEKTPOPUIHUSCKUX
XapaKTEePUCTHUK, a TaKXKE MEPCHEKTUBHOCTH €ro Il TOJYYEeHHUs] HOBBIX JOCTATOYHO 3JIac-
TUYHBIX TOHKOTJIEHOYHBIX KOMIIO3UTOB C HOBBIMU CBOMCTBAMHU.

JKCNepUMEHTAJILHASI METOAUKA M 00CYy:KIeHHe IKCIePUMEHTAIbHBIX pe3yJibTa-
ToB: B pabore ucnonp3zoBan O0eHTOHUT Na-monTMOopmutoHut [am-CagaxImHCKOTO MecCTo-
poxnaenus. Mccnemyemple 00pasmbl ObUIM TIOMYYEHBI M3 MEIKOIMCIIEPCHOTO OCHTOHWTA B
BHJIC TUCKOB (m1aii0) ¢ TommmHon 1,5 MM 1 tuamerpom 7 M. Jucku ObUM TIpeccoBaHbI O€3
HarpeBa npu KOMHAaTHOU Temrieparype moxa aasinenueM | I'Tla. 3arem u3 HUX 5 aucka Obun
TOJIBEPTHYTHI TeMnepaTypHoMmy oTxury mpu 400°C, 500°C, 600°C, 800°C u 1000 °C. Orsxur
JMCKOB ObLI TpoBejeH B atMocdepe Bo3ayxa B meun Turma RH15/15. Jlnsg ucciemoBaHus
AMEKTPOPU3UUECKUX XaPAKTEPUCTUK Ha 00€ CTOPOHBI MPECCOBAHHBIX TUCKOB ObUIM HaHe-
CCHBI U3MEPUTEIILHBIC YJICKTPOIBI U3 CEPEOPSTHON TACTHI.

Ha Bcex o0pasmax Obutd MCCIEIOBAHbI TUAIEKTPUUECKUE MTapaMeTphbl HE OTOXKKEHHBIX
U OTOXKEHHBIX IMOPOIIKOB C MOMOIIBIO CIIEKTpoMeTpa. M3MepeHus eMKOCTH M COMPOTHB-
JICHUS], AMDJICKTPUUECKUX TOTeph {gO MPOBOAUINCH C MOMOIIBI0 MU(PPOBBIX H3MEpPUTENEH
nmmuTanca E7-20 (#a wacrorax 102—10° T'i). Ha o6paser] momaBanochk H3MEpHTENHHOE
HanpspkeHue 1V. Moct obecrieynBal aBTOMAaTUYECKUH BBIOOp XapakTepa pPeakTHUBHOCTH
SKBUBAJICHTHON CXEMBbI 3aMEIECHHS UCCISTyEMBIX 00pa3IioB, TOYHOCTh U3Mepenus € u tgd(D)
cocraisiia 3 v 5% COOTBETCTBEHHO.

W3mepeHuss mapaMmeTpoB, HMCCIEIOBAHHBIX O0O0pa3lloB MPOBENEHBI MPU KOMHATHOM
TeMIIepaType
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Puc. 1. 3aBUCHMOCTh IUAIEKTPUYECKON MPOHUIIAEMOCTH OT YacTOTHI IPH PA3THMYHBIX
TeMIepaTypax OTKHra.l-He oToMOKeHHBIH Oentonut, 2-T=500°C, 3-T=800°C,
4-T=1000°C.
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Ha puc 1, 2 npuBeaeHbl 3aBUCUMOCTH JUAJIEKTPUYECKON MPOHUIIAEMOCTH U AUJICKTPHU-
YEeCKUX MOTEPb OT YaCTOTHI MEPEeMEHHOro HampspkeHus. M3 puc 1. BUIHO, YTO: a) 3aBUCH-
mMocTh &€=f(F) HOCUT nmucmepcHbIii Xxapaktep, 0) HauOOJbIIAS BEIWYMHA JUDICKTPUUCCKON
NPOHHMIIAEMOCTH HaOMIoaeTcs Ha HE OTOXOKeHHOM oOpasue (50000), a HammeHbIIas
BEJIMYMHA Ha o6pasie oToxokeHHoro mpu 1000°C(39). M3 puc 2. BHIHBI ClIEHYIOIIHE
ocobennoctu 3aucumoctu D=F(F): a) mis He oToxokeHHOro obpasma D ¢ pocToM 4acTOThI
PE3KO YMEHbBINACTCs, AOXOAUT J0 MHUHHManbHOro 3Hadenus npu f= 100x[1, a 3atem ¢
POCTOM YacTOTHI MOHOTOHHO pacTeT; 6) mns oOpasua, otoxkenHoro mpu 500°C D ¢ poctom
9acTOThl PacTeT [0 MaKCUMaiabHOro 3HaueHus mnpu f=150k['1, a 3areM MOHOTOHHO
yMeHbIIaeTcs, ¢) s o0pasios, otoxokeHHbX mpu 800°C u 1000°C 3aBucumoctu D=f(F)
HOCSIT OJTMHAKOBBIN, & MMEHHO, AUCIEpCHbIN Xxapakrtep. [losBnenne makcumyma Ha D=f(F) na
pHC 2. CBsI3aH C IUIIOJIBHO-PEIAKCAllMOHHOM nonsipu3anreil Makcseia.
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Puc. 2. 3aBUCHUMOCTb AUAJAEKTPUUYECKUX MTOTEPH OT YACTOThI IEPEMEHHOTO
momst: 1-T=25°C, 2-T=500°C.

C yderom TOro, YTo BOJa 00J]aJaeT BBICOKOW MPOBOAMMOCTBIO OTCYTCTBHE €€ IpH
temneparype oTxura T=1000°C IpuBOAUT K YMEHBIIEHUIO IPOBOAUMOCTH OEHTOHMTA. JTO B
CBOIO ouepenb, cornacHOo ¢Gopmyie (1), TPUBOAUT K YMEHBIICHUIO IHAJICKTPHYCCKON
MPOHUI[AEMOCTH, TUIIEKTPUUECKUX MOTEPh U K POCTY ANEKTPUUYECKOTO CONPOTUBIICHHUS.

o = ¢ey2nfD Q)

OTMeTuM, 4TO JJII MaTepUajIoB, UCIIOIh3YEMBIX B YCTAHOBKAX BBICOKOTO HAIPSIKEHUS,
B OCOOCHHOCTH, B BBICOKOBOJBTHBIX M BBICOKOYACTOTHBIX YCTPOWCTBAX BaXKHO, YTOOBI 3TH
MaTepuaibl WMEIM MaJylble 3HAaYeHUs JUAICKTPHUYECKUX TMOTEPh W JUIJICKTPUIECCKOMN
npoHuraeMoctd. Jlemo B TOM, YTO HajaudMe OONBIIMX JUDIEKTPHUUECKUX TOTEepPh B
AJICKTPOU3OIISIITAIOHHOM MaTepuajie BBI3BIBACT CHJIBHBIM HArpeB, B PE3yJIbTaTe KOTOPOTO
MaTepuanl MOXET MOJBEpraThCsi TEIUIOBOMY paspylueHuto. KpoMe Toro, ecim AUIIEKTPUK
HCIIONIB3YETCSI B KOJEOATEIIBHOM KOHTYpE TO, IUAJIEKTPUUYECKHE TIOTEPU TMPEMATCTBYIOT
JOCTHMKEHUIO BBICOKOW JTOOPOTHOCTH, TaK KaK C yBEIMYCHHEM OSKBUBaJCHTHOTO
COIPOTUBIICHUS KOHTYpa MOTEPb YCUIIMBAETCS 3aTyXaHHe KojeOaHuii B KOHTYpeE.

C ydeToM BBIILIE H3JIOKEHHBIX, MOJIYYCHHBIE JKCIEPUMEHTAJIbHBIE PE3YJbTAaThl MO3-
BOJISIIOT YTBEP)KIaTh O TOM, YTO OTOXOKCHHBI OCHTOHUT C OOJIBIIMM YCIEXOM MOKET ObITh
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UCIONB30BAaH JUIsl NPAaKTUYECKOTO MPUMEHEHHs, a WMEHHO, JJs HW3TOTOBJICHUS
BBICOKOBOJIbTHBIX M BBICOKOYACTOTHBIX YCTPOMCTB. J[€MCTBUTENBHO KaK BUIHO W3 pUC. 1 B
UCCJIEIOBAHHBIX O0pa3lax IUAJIEKTpUYecKas MPOHUIIAEMOCTh U JUAJIEKTPUYECKUE MOTEpHU C
pPOCTOM TeMIEpaTypbl OTXKUTra yMeHbIIaroTca. [lpu 3TOM BenMYMHA AUAIIEKTPUUYECKON
npoHHIaeMocT yMmeHbimaercss B 1300 pasa, a AWDIIEKTpUYECKHE TIOTEpH 5 pasza
COOTBETCTBEHHO. Kpome TOro, BenmuynHa 3JIeKTPUUECKOr0 COMPOTUBIICHUS YBEJIMUYMBAETCS Ha
TPpH TOPAJZIK, T0OpoTHOCTH pacteT B100 pa3za.

Jnst onpeneneHuss pe3UCTUBHOTO WU JAMDJIEKTPUUYECKOTO COCTOSIHUSL OTOMXKEHHBIX
00pa3110B OEHTOHHUTA MPOBOJWINCH OLICHKH BPEMEHH peliakcauu MakcBemia no gopmyse
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Puc 4.3aBucumMocTb 31€KTPUIECKOTO Puc 5.3aBucumocts 106poTHOCTH
COIIPOTHUBIIEHUS OT TEMIEPaTyphbl OTHKUTA. OT TeMIIepaTyphl OTHKUTA.

O1eHKHM BpEMEHHU JAUIIEKTPUUECKON penakcanuu MakcBesuia B 00pasiax mokasai, 4To
BBITIOJHACTCA YCIOBUEC, KOTJa BpPEMs BHCIIHETO BOS}IGI\/'ICTBI/HI Ha Cp€ay HaMHOT'O MCHbLIIC
BPEMEHHM penlakcaluu. B HameM cirydae BpeMsi BO3JIEHCTBUS COCTaBUIIO OKOJIO 1 psS, a camoe
MaJjioe BpeMs penakcanuu Makcseia — 0KoJo S ps.

Takum 00pa3oM, MOXXHO cCKa3aTh, YTO OTOXJKEHHbIE 00pa3ibl OEHTOHHUTa BO BHEUIHEM
AJIEKTPOMArHUTHOM I10JI€ BEAYT €05 KaK JUDIICKTPUK.
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W3 aHanm3a 3KCIEepUMEHTAIbHBIX PE3yJIbTaTOB YCTAaHOBJIEHO, YTO TEMIIEPATypa OTKUTA
CHJIBHO BIIMS€T Ha DJIEKTPOPHU3MUECKUE XapaKTepUCTUKU OeHToHHTAa. B Tom uucne
CONpPOTUBIIEHNE OCHTOHUTA PACTET, MUAJIEKTpUYECKas MPOHUIAEMOCTh U JAMAJIEKTPUUECKUE
NOTEPU YMEHBINAIOTCS, JOOPOTHOCTh YBEIMYMBACTCSA C POCTOM TEMIEpaTypbl OTXKHUTaA.
OCHOBHOM TPUYHMHON SBISIETCS YMEHBIICHHWE IIPOLICHTHOTO COAEP/KAaHUS IOISPHBIX
coemunennit (H20, OH rpymm u T.1).
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DOMLOMO TEMPERATURUNUN MODIFIKASiYA EDILMIS
BENTONITIN ELEKTROFIZIKi XASSOLORINO TOSIiRI

IMANOVA S.R., SOFORZAD®O U.M., HUSEYNOVA A.Q.

Yanmig bentonit praktikada osasondo yiiksok gorginlikli vo yiiksok tezlikli qurgularda bdyiik ugurla

istifado oluna bilor. Domlomos temperaturu bentonitin elektrofiziki xassalorino giiclil tosir edir. Beloki, yanma
temperaturu artiqca bentonitin miiqavimati artir, dielektrik niifuzlugu vo dielektrik itkisi azalir, keyfiyyst omsali

artir.

Acgar sozlar: kompozit, polimer, poliumer nanokompozit, bentonit, dielektrik parametrlori.

INFLUENCE OF ANNEALING TEMPERATURE ON ELECTROPHYSICAL
CHARACTERISTICS OF UNMODIFIED BENTONITE

IMANOVA S.R., SAFARZADEH U.M., HUSEYNOVA A.Q.

An annealed bentonite can be used with great success for practical use, namely, for manufacturing high-

voltage and high-frequency devices. The annealing temperature strongly influences the electrophysical
characteristics of bentonite. Including the resistance of bentonite grows, the dielectric constant and dielectric
losses decrease, the quality factor increases with the annealing temperature

Keywords: composite, polymer, polymeric nanocomposites, bentonite, dielectric parameters
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STUDY OF SIMULTANEOUS IMPACT OF ELECTRIC FIELD
AND MECHANICAL LOAD TO SOME COMPOSITE
ELECTROINSULATING MATERIALS

AHMADOYV E.N., SAFIYEV E.S., JAHANGIROV A.N.

Azerbaijan State University of Oil and Industry
Azerbaijan, Baku, AZ1010, Azadliq pr., 20
E-mail : cahangirov.ali@gmail.com

It was studied the simultaneous effect of electric field and mechanical loading on some composite
materials. It was determined the dependence of durability (time to mechanical destruction) on the rupture stress
and the influence of temperature on this dependence is determined.

Key words: durability, mechanical loading, simultaneous impact, composite material.

During operation, electrical insulation is subject to the simultaneous impact of many
factors. Therefore, a more accurate determination of their service life is possible by
investigating the complex effects of various operating factors on them. At the same time, in
the case of determining the service life of high-voltage insulation, the electric field factor is
paramount, therefore, in the study of simultaneous impact, the value of the applied electric
field strength should be close to its critical values, i.e., values close to the electrical strength
of the insulation. When determining the service life of low-voltage insulation, the mechanical
characteristics of insulation can be taken as the criterion.

Last years the gamma of composite materials on the basis of polymer films intended for
work in low-voltage electrical equipment has been developed, where electrical insulation is
exposed to various mechanical forces: stretching, compression, vibration, piercing, and so on.

It is known that the long-term mechanical strength (durability, t) of materials, including
polymeric materials, depends on the rupture stress o by the following relation:

Ug—oy
T=1p exp () (1)
where U, is the activation energy of bond disruption; t, is the inverse frequency of molecular
oscillations; y is the sensitive structure coefficient; k is the Boltzmann constant; T is the
absolute temperature.
At a constant temperature under test, formula (1) is transformed into the form:

lgt= A-Bo, (2
where A and B are constant coefficients:

— Yo, .

A—lgro+kT, B= =t
Composite electroinsulating materials based on polymeric materials are made, mainly
from three-layer homogeneous polymeric materials, on both sides are glued to substrates of
other polymeric material. It was noted above that the dependence (1), and hence (2), is
satisfied for polymeric materials. We have investigated the dependence Ig (t, s) = f (o,
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kgf/mm?) for composite materials based on polymers at various temperatures and electric
field strengths. The results of the tests are shown in the table 1.

Table 1.
Conditions and results of studies of composite electroinsulating materials
Investigated composite Experiment conditions Coefficients of the obtained | Ratio 2B
material dependence E
T, K E, MV/m A B
LAVITERM, TU OAB 293 - 14 0.45
503.026-88 ( the outer layers 203 30 14 0.60 0.0050
o | 93| ow | oo
. ! 363 20 10.3 0.50
layer is polyethylene 438 N 81 0.38
terephthalate) 438 15 8.1 0.45 0.0066
ARITHERM, TU OAB 293 - 16 0.0046
503.028-88 (the outer layers 293 43.2 16 0.80
arethe material are made of a 363 0 1.00
olyarylate film, the inner y 0.62
Faygr ig polyamide) 363 30 10 0.80 00060
438 - 6 0.50
438 30 6 0.75 0.0083
ARIFLEX, TU OAB 293 - 17 0.58 0.0075
503.019-88 (the outer layers 203 20 17 0.73
of the material are made of a 363 - 13.8
polyarylate film, the inner 0.53
layer is polyethylene 363 20 138 0.7 0.0085
terephthalate) 438 - 11.3 0.47 0.015
438 15 11.3 0.7

As seen in the table, the coefficients A and B for each of the composite materials (2)
vary with the effect of the electric field (E) and the temperature (T). For example, if the A =
16, B = 0.8 for Ariterm material isE=01in E =0, E = 43.2 MV / m, A does not change, and B
is1.0.A=10,B=0.6atE=0at T = 363K, A is not changed, and B is 0.8 when E = 30MV /
m. A coefficient does not change, and B is 0.75 when E = 30MV / m, where A=6, B=0.5 if
E = 0 at 438K. Since the "B" coefficient Igt = f (o) characterizes the "breaking speed” in the
straight dependence, the AB / E ratio determines the effect of the "breaking speed" on the
electric field tension. The table shows these rates for the materials being tested.

The above research made it possible to do the following conclusions, which are of a
scientific and applied character:

1) Formulas (1) and (2) are satisfied for composite electroinsulating materials on the
basis of polymeric films;

2) With the simultaneous action of the electric field and the mechanical load, the slope
of the curve Igt = f (o), i.e. the coefficient B in the formula (2) increases;

3) With increasing temperature at simultaneous action of the electric field and the
mechanical load, the rate of inclination of the curve lgt = f (5), i.e. the ratio AB/E increases;

1. Robert J. Hart, Olesya I. Zhupanska. Development of the experimental procedure to exa-
mine the response of carbon fiber-reinforced polymer composites subjected to a high-in-
tensity pulsed electric field and low-velocity impact. Department of Mechanical and
Industrial Engineering, The University of lowa, lowa City, lowa 52242, USA. 2015-56 p.

2. Justin Mcandrew, Olesya I. Zhupanska. Experimental Assessment of Single and
Cumulative Impact Damage in Carbon Fiber Polymer Matrix Composites Using
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http://dx.doi.org/10.1016/j.compscitech.2006.12.020. 2006: 62 p.
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BOZI KOMPOZIiSiYA ELEKTROIZOLYASIYA MATERIALLARINA ELEKTRIK
SAHOSININ VO MEXANIKi YUKUN BiRGO TOSIRININ TODQIQI

OHMODOV E.N., SOFIYEV E.S., CAHANGIROV O.N.

Bozi kompozisiya elektroizolyasiya materiallara elektrik sahasinin vo mexaniki yiikiin
birgo tosirinin todqiqi apartlmigdir. Qirtlma miiddotinin @ mexaniki gorginlikdon vo
temperaturdan asililg1 toyin edilmisdir.

Acar sozlar: davamliliq, mexaniki garginlik, birgs tasir, kompozit material.

HCCJIEJOBAHUE OJHOBPEMEHHOI'O BO3JEVCTBHUA JIEKTPHUYECKOI'O
HOJIAA ® MEXAHUYECKOU HAT'PY3KHN HA HEKOTOPBIE
KOMIIO3UIUOHHBIE JIEKTPOU3O0JALNOHHBIE MATEPHUAJIBI

AXMEJOB 2.H., CA®HUEB 2.C., 1’ KAXAHI'NPOB A.H.

HcenenoBaHo OAHOBPEMEHHOE BO3JIEUCTBHE JJIEKTPUUYECKOTIO IOJISI U MEXAaHUYECKOH
Harpy3Ky Ha HEKOTOPbIE KOMIIO3UIIMOHHBIE IEKTPOU30JIALIMOHHBIE MaTepuaibl. OnpeneneHa
3aBUCHUMOCTh JIOJITOBEYHOCTH (BPEMEHHU JI0 MEXAHWYECKOTO pa3pyLIEHUs) OT MEXaHUYECKON
Harpy3KHU U BIMSIHME TEMIIEPATYPBI HA 9Ty 3aBUCUMOCT.

KioueBble cjioBa: [1ONTOBEYHOCTh, MEXaHMYECKas Harpyska, OJHOBPEMEHHOE BO3JCHCTBHE,
KOMIIO3UTHBIA MaTepuai.

Energetikanin problemlori e Ne2 e 2018 e  IIpob6iemMbl JHEPreTHKH

36


http://dx.doi.org/10.1016/j.compscitech.2006.12.020

UOT. 537.533.3;54. 1
HIDROKIMYOVI METODLA MiS(I) TETRATIOARSENATIN ALINMASI

HUSEYNOV Q.M., KAZIMOV M.H.

AMEA Nax¢ivan Bolmasi Tobii Ehtiyatlar Institutu
E-mail: gorxmazhuseynli@rambler.ru

Maogalods mis(I) xlorid, natrium arsenat vo natrium sulfid mohlullart osasinda mis(I) tetratioarsenatin
alinmasi goraitine aid fiziki-kimyavi analizinin aid todqiqat noticalori verilmigdir. Differensial-termiki (DTA),
rentgenfaza (RFA), skanedici elektron mikroskopik (SEM) vo infraqirmuzi spektrofotometrik (IQS) analiz
metodlar1 vasitosi ilo birlosmonin fordiliyi tesdiq edilmis vo mikromorfologiyast Oyronilmisdir. Miioyyon
edilmisdir ki, hidrokimyavi metodla alinan mis(I) tetratioarsenatin torkibi CuzAsSs2H,0 kimidir. 553 K-2 kimi
qizdirdiqda kristallasma suyunu itirir. CuzAsSs birlosmasinin agagitemperaturlu modifikasiyast ortorombik,
yuxaritemperaturlu modifikasiyast iso tetraqonal sinqoniyada kristallasir. DTA naticolorino osason bu
birlosmonin polmorf ¢evrilmo vo orimo temperaturlari miivafiq olaraq 545,8 K vo 943,4 K-dir. Nanodlgiili
Cu3AsS, birlogsmosinin optik xassolori todqiq edilmis vo udma oyrisine osason qadagan olunmus zonasinin eni
toyin edilmisdir.

Acar sozlar: hidrokimyovi metod, ¢okiintii, mis(I) tetratioarsenat, difraktoqram, termoqram, mikrogokil,
termiki effekt, gadagan olunmus zona.

Arsenin ikili va liglii halkogenidlori yarimkegirici xassolora malikdirlor. Bu birlogsmolor
perspektivli materiallar kimi radio-elektron sonayesindo genis tatbiq olunur va ya totbiq ti¢iin
ohomiyyatli sayilir. d-metallarinin arsenlo (V) omolo gotirdiyi tetratioarsenatlarda fotoelektrik
vo termoelektrik xassolor miisahido olundugu ii¢lin onlar da perspektivli funksional
materiallar hesab edilir [1, 3].

Odobiyyatda d-metallarinin arsenlo (V) omolo gotirdiyi tetraoksoarsenatlarin alinmasi
soratiti haqqinda ¢oxlu molumatlara rast golmok olur. Kegon asrdo bu sahads genis todqiqatlar
aparilmis vo tetraoksoarsenatlarin osas sintez metodlari miioyyonlosdirilmisdir. d-metallarinin
tetraoksoarsenatlar1 hidrokimyoavi, hidrotermal vo barkfazali metodlarla sintez edilmisdir [2,
4, 5]. Lakin bu birlosmalorin fordi sokildo alinmasi elementar komponentlordon birbasa sintez
metodu ilo hayata kegirilmisdir [1].

Miiasir dovrde hidrokimyovi metodla d-metallarinin bir sira ikili vo ti¢lii halkogenid-
lorinin sintezi daha ¢ox maraq kasb edir. Belo ki, hidrokimyavi metodda soraiti diizgiin
secdikdo kimyovi tomiz maddslor almaq olur. Hidrokimyavi metodla tetraoksoarsenatlar1 vo
tetratioarsenatlar1 almaq ti¢lin suda hall olan miivafiq duz mohlullarindan istifado edilir.
Miihitin pH-dan asili olaraq tetraoksoarsenatlar vo tetratioarsenatlarin alinma reaksiyalar adi
soraitdo bas verir [5].

Bizim todqiqat isindo magsad hidrokimyavi metodla mis(I) teratioarsenatin (CusAsSs)
alinma soraitini vo bozi fiziki-kimyovi xassalorini todqiq etmok olmusdur.

Mogaloda CusAsSs birlogmasinin hidrokimyavi metodla alinmasina, xarakterik fiziki vo
kimyovi xassalorinin tadqgiqatina aid naticalar verilmisdir.

Tacriibi hissa va naticolorin miizakirasi: Mis(I) teratioarsenatin alinmasinda ilkin
komponent kimi natrium tetraoksoarsenat (NazAsOs8H.0), mis(l) xlorid (CuCI'HCI) va
natrium  sulfid  (Na2S)  mohlullarindan  istifado  edilmisdir. =~ Komponentlorin
NasAsS4/CuCIHCI=3:1 mol nisbotindo qarigdirtlmis mohlulun pH-1 2-3 araliginda olur.
Sulfidlasdirici reagent kimi istifado edilon Na2S mohlulunu nozari hesablanmis miqdardan 5-
10% artiq alava etdikdo miihitin pH-1 7-5 kimi qalxir. Bu zaman qonur-qara rongli ¢okiintii
omalo golir. Bag veran reaksiya tonliyini imumi sokilde agagidaki kimi yazmagq olar:

NasAsO4+3CuCIHCI+5HCI +4Na2S—CuszAsSs+11NaCl+4H20
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Reaksiya qarisigr avtoklava (100 ml) yerlosdirilmis vo mikrodalgali sobada 423 K
temperaturda 12 saat miiddotindo termiki emal edilmisdir. Cokiintii siiziildiikdon,
yuyuldugdan vo quruduldugdan sonra vakuumlasdirilmis kvars ampullarda 673 vo 873 K
temperaturlarda 2 saat miiddotinds termiki emal edilmisdir.

CuzAsSs birlosmosinin fordiliyi rentgenfaza (RFA) (2D PHASER “Bruker”, CuKe, 260,
20-80 dor.) vo differensial-termiki (DTA) (dervatoqraf NETZSCH STA 449F3) metodlari
vasitosilo tosdiq edilmisdir. CusAsSs birlosmosinin  difraktoqramindaki  intensivlik
maksimumlarinin qiymatlori digor islorin [1, 3, 5] naticalori ilo yaxs1 uygun golmisdir. RFA
noticolorino osason miloyyon edilmisdir ki, CusAsSs birlosmosinin asagitemperaturlu
modifikasiyasi ortorombik (F.qr.: Pmn21, a=0,7427 nm, b=0,6453 nm, ¢=0,6155 nm va Z=2;

d=4,38 qg/sm?), yiiksoktemperaturlu modifikasiyas1 iso tetraqonal (F.qr.: I212m, a=0,5288
nm, b=1,0455 nm; d=4,47 g/sm®) qurulusda kristallasir:
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Saokil 1. CuzAsSs birlogmasinin difraktoqrama:
a) 423 K (mohluldan alinmis),
b) 673 K
c) 873 K.

Mohluldan alinmig CusAsSs birlosmasinin torkibindo (sok. 1, a) miioyyon miqdar
kiikiird misahido olunur. Bunu onunla izah etmok olar ki, NazAsOs8H20 vo CuCI'HCI
mohlullarin1 qarigdirdigda miihit turs olur. Belo soraitdo mohlula NazS olave etdikdo miisyyon
gadar sarbast kiikiird ayrilir ki, bu da birlosmonin torkibindo qalir.

CusAsSs birlogmosinin mikromorfologiyast HITACHI TM3000 markali mikroskopda
todqiq edilmisdir. SEM sokillorindon goriindiiyli kimi, 423 K-do mohluldan alinmis CusAsSs4
birlosmosi pambiqvari formadadir (sek. 1, a). Birlosmoni vakuumlasdirilmis (~102 Pa) kvars
ampulda 673 K temperaturda 2 saat miiddotindo termiki emal etdikdo nanohissociklorin
bitismasi naticasinds iri aqreqatlar amolo golir (sok. 1, b). 873 K-do iso yiiksok adgeziyali
nanokristallar formalasir (sak. 1, ).
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Sokil 2. CuzAsSs birlogmasinin mikromorfologiyast:
a) 423 K (mohluldan alinmus),
b) 673 K
¢) 873 K-do termiki emal edilmis.

CusAsSs birlogsmosinin DTA oyrisinde 545,8 K vo 943,4 K temperaturlarda iki
endotermik effekt miisahido edilmisdir. Bu effektlor miifaviq olaraq birlogsmonin polimorf
cevrilmo vo orimo temperaturlarina  uygundur. Mohluldan ¢okdiiriilmiis CuzAsSs
birlosmasinin DTA oayrisinds 386 K-do daha bir zoif endotermok effekt miisahide alunur ki,
bu da sarbast kiikiirdiin orimasing aiddir.

CusAsSs birlogmasinin stexiometrik torkibini dogiqlosdirmok {i¢iin alinmis ¢okiintiiniin
termoqravimetrik (TQ) analizi aparilmisdir (sok. 3).
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Sakil 3. CuzAsSs birlogsmasinin termoqrami.

Termoqramdan goriindiiyii kimi, 17,8 mq niimunada 373-553 K (100-280°C) temperatur
araliginda kiitlos itkisi 1,49 mq (8,37%) olur. Bu miqdar birlosmenin torkibindoki kristallasma
suyunun ¢ixmasina uygundur. Mioyyon edilmisdir ki, birlosmonin torkibindo 2 mol
kristallagsma suyu istirak edir:

Cu,AsS, - 2H,0—55_,cy AsS, +2H,0
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553-736 K (280-460°C) temperatur araliginda CusAsSs birlosmosinin oksidlosmasi vo
reduksiyasi bas verir va kiitls itkisi 5,92 mq (33,43%) olur. RFA naticalorine asason miioyyan
edilmisdir ki, bu temperatur araliginda alinan qaligin torkibi Cu.S, Cu20, CuzAsSz, CuzAsQOs,
As>S3, As203 vo AsS qarisigindan ibaratdir. 898 K temperaturda As2Os-iin qovulmasi
naticasinds imumi kiitls itkisi 8,43 mq (46,69%) olur. Miixtalif temperatur araligindaki kiitlo
itkilorino osason miioyyon edilmisdir ki, hidrotermal metodla alinan birlosmonin imumi
formulu CuzAsS42H20 kimidir.

CusAsS, birlogsmasinin optik xassolorini tadqiq etmoak ii¢iin Nicolet-IS10 infraqirmizi
spektrofotometrinda (IQS) optik udma oyrilori ¢okilmis vo element analizinin noticalori ilo
miigayisa aparilmisdir (sok. 4). Optik udma oyrisindo As-S rabirasino uygun raqgsi horokatlorin
udma xotlori 430-470 sm™ saholora diisiir. Cu-S rabitosinin rogslorino uygun udma xotlori
669,37 sm™ sahodo miisahids olunur. Birlogsmonin torkibindoki kristallasma suyuna aid xotlor
1637,35 sm, Cu-S-As rabitolorinin rogsi horokatine aid xotlor iso 2340,32 sm™ va 2360,86
sm? saholordo alinir. IQ spektrindo 3450,63 sm™-doki udma xotti iso OH qrupunun rogsi
harakatine uygundur [9].

[QS-don alinan noticolor TQ analiz noticolori yaxsi uygun golmisdir. Belo ki,
hidrokimyavi metodla alinan mis(I) tetratioarsenatin torkibindo kristallagma suyu oldugu tam
tosdiq edilmisdir. Digar torofdon, IQS analizdon molum olmusdur ki, birlosmanin torkibinda
konar garisiglar yoxdur.

Hidrokimyovi metodla alinmis CusAsSs birlogsmosi nanpdlgiilii hissocikilordon toskil
olunmusdur (sok. 2, a). Molumdur ki, nanohissociklorin bir sira fiziki-kimyoavi xassslori
monokristallardan farqlonir. Mahz bunu nozars alaraq isdo CuzAsSs birlogsmasinin optik udma
oyrising asasan onun qadagan olunmus zonasinin eni toyin edilmisdir.

Optik udma oyrisine osason a(hv) asihigt  qurulmusgdur. Bildiyimiz kimi,

yarimkeg¢iricinin qadagan olunmus zonasinin enini hesablamaq ii¢clin Taug¢ diisturundan
istifado edilir [6-8]:

(ahv)s = Alhv—E, )

Burada A — sabit ododdir, Eq — yarimkegiricinin qadagan olunmus zonasinin eni, hv
— fotonun enerjisidir. n iss kecidin tipindon asili olaraq dord miixtalif qiymat ala bilor. Belo
Ki, icazo verilmis diiz kegid ti¢iin n=1/2, icazs verilmis ¢op kegid {iglin n=2, qadagan olunmus
diiz kegid tigtin n=3/2, qadagan olunmus ¢op ke¢id tiglin n=3 qiymatlori alir [8-10].

CusAsSs birlosmoasinin qadagan olunmus zonalarinin enini tapmaq tigiin (e v)’-nmn hy
-don (E, eV) asililiq ayrisi qurulmusdur (sok. 5).
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Sokil 4. CuzAsS, birlosmosinin 1Q spektri.
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Sakil 5. CuszAsSs birlogmoasi tigiin (ah V)2 —hvasililigr.

Bu oyridon diiz xatt oblastinin absis hv oxu ilo kasismasine asason CuzAsSs birlosmasi
iciin qadagan olunmus zonalarinin eni miisyyon edilmisdir. Diaqramdan goriindiiyii kimi,
Eq=0,32 eV olmusdur. Demali, nanodl¢iilii CuzAsSs birlosmasi dar zonali yarimkegiricidir.

Notica

Hidrokimyovi metodla natrium tetraoksoarsenat, mis(I) xlorid vo natrium sulfid
osasinda CuzAsSs birlogmasi alinmig vo onun fardiliyi tosdiq edilmisdir. Miioyyon edilmisdir
ki, bu birlosmo pH-in 4-7 araliginda davamlidir. Bu metodla alinan CusAsSs birlosmasi
nanodl¢ilii (40-110 nm) hissaciklordon togkil olunmusdur. Temperatur artdiqda (423—873 K)
birlosmanin torkibindoki kristallasma suyu ayrilir vo nanohissaciklarin bitismasi naticosinda
maddo nanokristallik hala kegir. Belo halda CusAsSs birlosmasinin gadagan olunmusg
zonasinin eni 0,32 eV-dan 1,18 eV-a kimi artir. Bunu onun kristallasmasi zamani bas veran
qurulus doyisikliyi ilo izah etmak olar.
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MNOJYYEHUE TETPATUOAPCEHATA MEJHA(I)
CI'uJPOXMUMHYECKUM METOJIOM

I'YCEWHOB I''M., KA3UMOB M.IT.

B crathe mnpencTaBiieHbl pe3ynbTaThl MCCIENOBAHUN YCIOBHS TMOJYYEHHS TeTpa-
troapceHara meau(l) pu3nko-XxuMHUYECKOTo aHaJIM3a Ha OCHOBE pacTBOpoB xjopuaa meau(l),
apceHata HaTpus U cyiabGuas HaTpusi. UHIUBUAYaTbHOCTh COEIMHEHUs Obljla OITBEPKICHA
B muddepenunansuo-repmudyeckum (JTA), pentrendazoseiMm (PDA), cxaHupyrommm
3eKTpoHHO-MUKpockonuyeckuM (COM) u undppakpacusim criekrpoporomerpuueckum (MK)
METOJIOMH aHaIM3a M HU3Y4eHO MHUKPOMOPQOJOTHs. YCTaHOBIEHO, YTO COCTaB TeTpa-
tuoapenata meau(l) momyueHHoe ruapoxumMuueckuM metoaoM coctaBiser CusAsSs2H:0.
ITpu HarpeBanuu 10 553 K tepsier cBoro KpucTamuin3aluoHHyo Boay. HuskoremnepartypHast
monupuxamms CusAsSSs KpUCTAIIU3YeTCS B OPTOPOMOMYECKOM, a BBICOKOTEMIIepaTypHas
Monupukanuss B TerparoHaqbHOl cTpykType. I[lo nannsiM DTA ycraHOBiI€HO, YTO
nonuMop(dHOe TpeBpalleHre U TeMIepaTypa IJIaBICHUS 3TOTO COEAUHEHHUS COCTABIISIIOT
545,8 K u 943,4 K coorBercTBeHHO. VccnenoBanbl ONTHYECKHE CBOWCTBA HAHOPA3MEPHOTO
coenuHeHust CusAsSs u onpezienieHa MyUprHa 3apelIeHHON 30HbI IO KPUBO MOTIOIIEHUS.

KaroueBble ciioBa: THIPOXUMHUYECKHI MeToJ, 0cajiok, TerpatnoapceHar meau(l), amudppakrorpamma,
TepMorpamMma, MUKpo(hoTo, TepMuueckuii 3 GexT, 3anpenieHHas 30Ha.

PRODUCTION OF COPPER(l) TETRATIOARSENATE
WITH HYDROCHEMICAL METHOD

HUSEYNOV G.M., KAZIMOV M.H.

The article presents the results of studies about conditions for the production of
copper(l) tetrathioarsenate on the basis of solutions of copper(l) chloride, sodium arsenate and
sodium sulfide and physicochemical analysis. The individuality of the compound was
confirmed by differential thermal (DTA), X-ray phase, scanning electron microscopic (SEM)
and infrared spectrophotometric (IR) analysis methods and its micromorphology were studied.
It has been learnt that the composition of copper(l) tetrathioarenate obtained by the
hydrochemical method is CuzAsS42H>O. When heated up to 553 K, it loses its crystallization
water. The low-temperature modification of CuzAsSs crystallizes in the orthorhombic, and
high-temperature modification in the tetragonal structure. According to DTA results, it was
found that the polymorphic transformation and the melting point of this compound are 545,8
K and 943,4 K, respectively. The optical properties of the Nano sized CuzAsSs compound are
studied and the width of the forbidden band is determined from the absorption curve.

Key words: hydrochemical method, precipitate, copper(l) tetrathioarsenate, diffractogram, thermogram,
microphoto, thermal effect, forbidden band.
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MUXTOLIF BIOKUTLO NOVLORINDON VO TULLANTILARDAN
ALTERNATIV YANACAQ ALINMASININ PERSPEKTiVLORI

SALAMOV O.M.

AMEA Radiasiya Problemlori Institutu
AZ 1143, Azarbaycan, Baki sahari, B.Vahabzado kiigasi, 9
oktay dae@mail.ru

Isdo miixtalif biokiitlo (BK) novlerinden, homginin do sanaye, moaisot vo kond tosarriifati tullantilarindan
maye vo gaz sokilli yanacaglarin alinma imkanlar1 otrafli nozarden kegirilir, qaz sokilli yanacagin alinma iisullart
aragdirilir. Bu sahado bazi diinya 6lkalorindo vo Azorbaycanda aparilan islor barado otrafli molumatlar verilir vo
uygun tahlillor aparilir. Homginin ds, BK va tullantilardan maye va qaz sokilli yanacaq ndvleri almaq mogsadils
Alternativ vo barpa olunan enerji monbalorindon (ABOEM) istifads imkanlar1 aragdirilir.

Acar sozlar: biokiitlo, sonaye, maisot vo kond tosorriifati (heyvandarliq) tullantilari, bork, maye vo qaz
sokilli yanacaq, maye bioyanacaq, biogaz, piroliz, qazlagdirma, fermentasiya, termokimyovi reaktor.

Hal-hazirda mdvcud, yoni ononavi (tobii) yanacaq ndvlerine miimkiin qodor gonaot
etmok va tadricon homin yanacaqlar1 ekoloji cohatdon tomiz va tiikonmoz olan yeni, alternativ
(slini va sintetik) yanacaq novlari ilo ovaz etmok biitiin diinya alimlorinin qarsisinda duran on
aktual masalolordon biridir. Balli oldugu kimi anonavi, yoni tobii yanacagin asas ndvlori das
komiir, neft, gaz vo niivo yanacagidir. Ondan basqa, tobii yanacagin oslavo novlori do vardir,
hansilara ki, qonur komiir (lignit), yanar sistlor, yanacaq torfu, odun vo oduncaq qaliglari,
miixtolif nov taxta tullantilar1 (mebel vo agac emali sexlorindo omolo golon tullantilar),
hamginin istfadoye yararsiz domiryolu spallari, modon pistaxtalari, taxta qutular vo s. daxildir.
Lakin bu ononovi yanacaq novlorindon osas novlor olan ovvalki dordii tiikonondir. Bolli
oldugu kimi, bosoriyyat yaxin golocokdo tobii enerji monbolori ¢atismamazhigr ilo
tizlogocokdir. Belo ki, inkisaf etmis Olkolordo elektrik enerjisino olan tolobatin illik artim
tempinin 2,53% oldugunu nozoro aldiqda, diinya iizro neft ehtiyatlarimin 25-48, gaz
eytiyatlarinin 35-64, das komiir ehtiyatlarinin 228-330, uran ehtiyatlarinin isa 30-60 ilo tam
tiikonacayi balli olur [1]. Tobii yanacagin yuxarida qeyd olunan digor ndvlaring goldikds isa,
homin yanacaq novlorinin odun istisna olmaqla, yerdo galan bir ¢oxunun ehtiyatlar1 onlardan
har-hans1 boyiik enerji tolobatin1 6domok {igiin yetorli deyildir. Digor torofdon, qonur kdmiir
(lignit), yanar sistlor, yanacaq torfu da tiikonon yanacaq novlori kateqoriyasina aiddir. Odun,
tarixon bogoriyyoto balli olan on godim yanacaq novlerindondir. Lakin ondan ¢ox planl
sokildo istifado etmok lazimdir. Belo ki, no gqodor meso qirilirsa, ona arekvat miqdarda da
mesosalma iglori icra olunmalidir vo yaxud da, oksor agac ndvlorinin, xiisuson do moisotdo
oduncaq insaat vo mebel sonayesinds iso xammal kimi daha genis miqyasda istifads olunan
iri govdali (50 ildon artiq yast olan) palid, fisdig, vales, qoz, agcaqayin, coko va.s. név
agaclarin tokrar barpa miiddstinin 50 ildon yuxari oldugunu nazars alaraq, homin agaclarin
har ildo 2%-don artiq kosilmasine goti qadagalar qoyulmalidir. ©ks halda, yaxin golocokds
bosoriyyat biitliin canli alom {iglin miistosna ohomiyyat kosb edon meso fondundan todricon
mohrum ola biler ki, bu da ¢cox bdyiik ekoloji problemlors gatirib ¢ixara biler. Bu barado tokca
onu geyd etmok kifayotdir ki, kond tosarriifatmin baslandigi dovra gador (togriban 10 min il bundan
gabaq) Yer kiirrosindo mesolorin sahasi 6,2 milyard hektar idi. XX asrin ikinci yarisinda bu rogom 4,2
milyard hektara endi ki, bunun da 2,8 milyard hektar sonaye shomiyyatli idi. Hazirda meso saholori
osasan kasilmonin hesabma azalir. Nozoro almaq lazimdir ki, hatta mesosalma todbirlori do nozors
alindigda belo, hazirda mesolorin timumi sahosi 2,9-3,5 milyard hektardir. Aparilan ilkin hesablamalara
g0ora tropik mesolorin sahasi ildo 12-15 milyon hektar azalir. Son 200 il orzinds isa diinya {izro meso
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orazilorinin sahasi 2 dofadon do ¢ox azalmisdir. Belo davam edarso, onda XXI-osrin sonlarinda
diinya meso fondu yox olmagq tohliikesi garsisinda gala bilor [2].

Azorbaycana golinco oavvallor bizim 6lkomiz mesolik vo yasilliglarina goro zongin vo
tobii muzeyi xatirladan 6lko hesab olunmus vo XVII-XIX asrlordo Azorbaycanin orazisinin
35%-ni mesaliklor toskil etmisdir. Hazirda Azorbaycan mesalorinin {imumi sahosi 1021 min
hektardir ki, bu da onun iimumi orazisinin 11,8%-ni toskil edir. Bu rogom Rusiya
Federasiyasinda 44%, Latviyada 41%, Giirciistanda 39% toskil edir. Olkomizin meso
ehtiyatlainin 49%-1 Boyiik vo 34%-1 Kigik Qafqaz regionunun, 15%-i Talis, 2%-i iso Aran
zonalarinin (Naxg¢ivan MR ilo birlikdo) payina diisiir. Azorbaycanda adambasina 0,12 ha meso
sahosi diisiir ki, bu da qonsu 6lkalorlo miiqayisado cox azdir. Onu da geyd etmok lazimdir ki,
hazirda Azorbaycanin 261 min ha sahoyo malik on mohsuldar meso fondu Ermonistan iggali
altindadir vo kegon miiddst orzindo homin fond yanacaq vo biznes mogsodilo vohsicosino
mohv edilir [3].

Bagda Rusiya Federasiyast olmagqla diinyanin bir sira 6lkoslorindo das komiir vo tobii
gaz moigat vo sonaye ilo yanasi, hom do miixtolif ndv istilik elektrik stansiyalarinda (IES)
yanacaq kimi istifado olunur. Bu cohotdon tobii qaz daha universal yanacaq ndvii hesab
olunur. Bels ki, o boru komarlori vasitasilo naql oluna bildiyinden, biitiin diinya 6lkslorindo
daha genis miqyasda istifado oluna bilir. Nefto goldikds iso, bu yanacaq novii ohali torofindon
istifade olunmur, yalniz onun mohsullar1 olan af neft vo dizel yanacagi mohdud sokilds istifa-
do edilir. Neft mohsullar1 xiisuson IES-da va nogliyyat sektorunda istifado olunur. Lakin, yu-
xarida qeyd olundugu kimi, avvala bu yanacaq ndvlorinin hor birinin ehtiyatlar1 yaxin golo-
cokdo tiikano bilor, ikincisi do onlar IES-da bilavasito yanacaqr kimi istifado edilorkon otraf
miihit, xiisuson do atmosfer miixtolif nov istilik effekti yaradan gazlar (CO, CO2, CHs vo s.),
hoamginin do digar zoharli qazlarla (N20, NOx, SOz vs s.) keskin sokildo ¢irklonir. Ondan bas-
ga IES-nin isi zamam otraf miihito xeyli miqdarda freonlar (ftor xlor karbohidrogenlori) da
atilir, hansilara ki, hidrofliiorkarbonlar (HFCs) vo perfliiorkarbonlari (PFCs) misal gostormok
olar. Bu tullant1 qazlardan SO2-in atmosferdo yasama miiddoti 3 giin, CO2 vo freonlarin ya-
sama miiddatlori, uygun olaraq 5 giin va 50-70 il, azot oksidlarininki iso 120 il toskil edir [4].

Biitlin yuxarida qeyd olunanlar1 timumilosdirorak bels naticoys golmok olar ki, galacok
naslin etibarli sokilds elektrik vo istilik enerjisi ilo tomin olunmasi li¢lin, bir torafdon yeni,
tiikonmoz vo ekoloji cohatdon tomiz enerji monbalori, digar torafdon do yeni, alternativ (siini
vo sintetik) yanacaq ndvlorino kegmok labiiddiir. Bu baximdan, holo kegon asrin axirlarindan
etibaron biitliin diinya 6lkolorinin alimlori va iri istehsalg1 Sirkatlorinin diqqstlori ilkin enerji
monbayi kimi alternativ va barpa olunan enerji monbalarinin (ABOEM) yeni, daha miitaraqqi
ndvlerinin yaradilmasina, hamginin do mdvcud ehtiyatlar1 barpa vo idars oluna bilon miixtalif
nov biokiitlo (BK) va tullantilardan bark, maye vo gaz soklinds yeni siini va sintetik yanacaq
ndvlorinin alinmasina yonalmisdir. Bels yanacaq névlorinin tokco BK va tullantilardan deyil,
yuxarida qeyd olunan slavo tobii yanacaq novlorindon (das kémiir, qonur komiir, yanar sistlor,
yanacaq torfu, neft mohsullar1 vo s.) alinmasi da, ilkin (tebii) yanacaqla miiqayisadas iqtisadi,
energetik vo ekoloji cohotdon daha somoralidir. Son zamanlar aprilan todqiqatlar naticosindo
balli olmugdur ki, BK-don alternativ yanacaq kimi istifade olunmasi diinya enerji talobatinin
26 %-o qodorini 6domays imkan vers bilor [1]. Lakin, asas yanacaq ndvlarinin tiikkonacayi,
enerjiya olan tolobatin iso koskin artacagi bir halda bu yetorli deyildir. Bu sababdon do, holslik
ABOEM-dan anonavi enerji manbaolari ilo birgs istifads, golocokds iso onlarin imumi enerji
balansindaki payin1 50 %-o catdirmaq lazim golir. Digor torafdon do, hazirda elmi vo texniki
toraqqinin sayasindo yeni enerjigonastcil avadanliglar, xiisuson do elektrik corayani ilo isloyon
moigat avadanliglar istehsal olunur vo bu saho get-geds daha da inkisaf edir. Bu iso elektrik
enerjisino olan tolobatin xeyli doracados (2 dofoyo gqodor) azalamasina sobab olur. Bunu nazors
aldigda BK-nin diinya enerji tolobatinin 6donilmasindo oynaya bilocoyi rol qonastboxs hesab
oluna bilor.

Bu sobobdon son zamanlar miixtolif BK ndvlorindon bork (aktivlesdirilmis komiir),
maye (metanol, etanol vo s.) vo qaz (bioqaz, tomiz hidrogen vo hidrogen torkibli yanar qaz
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qaris181) sokilli yanacaq novlorinin alinmsina boytik iistiinliik verilir vo bu sahado doyaerli iglor
aparilir, miixtalif konstruksiyali energetik qurgular yaradilir [5-9]. Tomiz hidrogen qazinin
alinamsi {i¢iin ekoloji cohatdon tomiz vo tiikkonmoz xammal sudur. Kegon asrin avvallorindon
etibaron bir-sira diinya 6lkelorindo sudan elektroliz tisulu ilo hidrogen vo oksigen qazlari
alinmisdir. Lakin bu proses ¢ox boOyiik enerji tolob etdiyindon, kegon osrin 80-c1 illorindon
etibaron homin prosesin ABOEM-dan, xiisuson do giinos-fotoelektrik coroyan monboindon vo
kiilok elektrik miihorrikindan istifado etmoklo reallasdirmasina iistiinliik verilmis va ilk belo
qurgular ABS-dan sonra mohz Azorbaycanda yaradilmigdir [10].

BK-don bilavasito yanacaq vo yaxud da yeni alternativ yanacaq ndvlorinin alinmasi

ticlin xammal kimi istifadonin asagidaki Gistiinliiklori vardir [1]:

- tobii ehtiyatlar barpa olundugundan qorunub saxlanila bilir;

- istilik effekti yaradan CO2 qazinin emissiyasi problemi aradan qalxir;

- atmosferin SO2, NOx kimi zaharli qazlar va kiillii mohsullarla ¢irklonma doracasi azalir;

- istehsal olunan enerjinin maya doyori xeyli miqdarda asag diisiir;

- alinan maye vo gaz sokilli yanacaq novleri bilavasito borularla nagl oluna bildiyindon,
naqliyyat xorclori minimuma enir:

- mirokkab relyef qurulusuna malik yerlora, o ciimlodon do dagliq orazilordo yerloson
harbi vo metereoloji obyektlors fasilasiz yanacaq noqli miimkiin olur;

Biitiin bulardan basqga mdvcud BK novlerinin agsagidaki resurs xarakteristikalari do ¢ox
boyiik shomiyyat kosb edir:

- biitlin canli materiyanin timumi kiitlosi 2000 milyard tondur;

- yerda biton bitkilorin imumi kiitlosi 1800 milyard tondur;

- megalorin timumi kiitlasi 1600 milyard tondur;

- bir noforo diison yeriistii (su bitkilori nozors alinmadan) BK-nin kiitlosi 400 tondur;

- yeriistii BK novlerinds akkumulyasiya olunan enerjinin miqdar1 25000 EC-a berabardir
(1EC =10 C);

- BK-nin bir illik artim1 400 milyard tona borabordir;

- yeriistli BK novlorinin enerji toplama siirati 3000 EC/il (95 TVt) toskil edir;

- biitiin enerji ndvloring olan timumi talabat 400 EC/il (12 TVt) toskil edir;

- BK enerjisino olan timumi tolabat 55 EC/il (1,7 TVt), yoni 14,2 % toskil edir.

Yuxarida geyd olundugu kimi, agor planh sokilds istifads olunarsa, onda BK-nin (akilib
becarilon ndvlar do daxil olmaqla) hesabina biitiin diinya 6lkalarinin entji tolabatinin sonuncu
bandds geyd olundugu kimi 14,2 %-ni deyil, 26 %-ni tomin etmok miimkiindiir.

Sakil 1-ds diinya 6lkolori {izro bioyanacaq bazarinin 2005-2012-ci illor orzindoki inkisaf
tempinin doyismo qrafiki tosvir olunmusdur.

Sokildon goriindiiyii kimi, agar 2005-ci ilds bu 100

ndv yanacagin doyori 15,7 milyard ABS dollar1 = 80 ]
olmugdursa, 2012-ci ildo bu géstorici 6,064 <= 10
dofo artmig vo 95,2 milyard ABS dollart toskil % 20 i 1r
etmisdir. Bu iso orta illik artim tempinin (95,2- £ 2 miim i i
15,7)/8 = 9,94 %-o barabor olmas1 demokdir voa % ﬂ%ﬁ—£ .
¢ox yaxs1 gostarici hesab oluna bilor. /0 6 © ~ o o o 4 «
BK-don va selliiloza torkibli bark maigat g 8 8 8 8 8 8 ¢
tullantilarindan (BMT) istifadonin digor vacib illor
cohoti iso ondan ibaratdir ki, oksar nov BK-in Sokil 1. Diinya iizra bioyanacaq bazarinin
(xiisuson do agac vo agac mohsullari, pambiq inkisaf tempinin doyigmo qrafiki

va iizim budaqciqlari, vo s.-nin) tokibinin 45-

60 %-ni selliiloza, 15-35 %-ni lignin, 15-25 %-ni iso gemiselliiloza togkil edir. Bitki moansali
BK névlarinin torkibinin isa 25 %-i lignin, 75 %-i karbohidrogenlordon (asason selliiloza) va
saxaridlordon ibaratdir, hansilar ki, biri-biri ilo uzun polimer zoncir soklindo slagoys malikdir.
Lignin selliiloza molekullarini alagalondirmak {i¢iin “yapisqan” funksiyasini icra edir. Ondan
basqga, aparilan element analizlorindon balli olur ki, quru agac materialinda miioyyon godor
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kalsium vo magnezium pektatlari, qatranlar, kamedlor, yaglar, tanidlor, pigmentlor vo mineral
maddolor olur. Quru agac (oduncaq) 50 % karbona, 6 % hidrogena, 44 % oksigens, 0,2 %-o
gadar azota vo 1,0%-don az kiikiirds malikdir. Mineral maddslorin (kiillii maddslsr) miqdari
0,2-1,0 % arasinda doyisir. Lakin agac budaqciglar1 vo kdklorinds kiillii maddslorin miqdari,
miivafiq olaraq, 2 % va 5 % toskil edo bilor. Kiillii maddslor asason Na2CO3 vo K2COz -don
ibarotdir, hansilarin ki, 10%-don 25%-o qodor hissasi suda hall ola bilir. Kiillii maddonin suda
hall olmayan hissosino goldikdo iso, bu hissonin an vacib komponentlori ohong, hom¢inin do
domir, magnazium vo manqanin karbonatli, silikatli vo fosfatli duzlarindan ibaratdir.

Biitiin bu miisbat xiisusiyyatlori ilo yanasi, BK-in genis miqyasda todbiqini ongolliyon
bir-sira faktorlar vardir, hansilar ki, asagidakilardan ibaratdir:

- bitki ehtiyatlarinin miioyyan hissosinin rentabelli istifado ii¢iin slgatmaz olmasi;

- bir-sira BK névlarinin tobistde nisbaton az partiyalarla, yoni geyri-barabar paylanmasi
ilo olagadar, onlarin yigilmasinin (bir yerds toplanmasinin) vo naqlinin ¢atinliyi;

- bozi BK novlorinin reallasma bazarinin movsiimi xarakterli olmast;

- BK-rin uzun middat orzinds saxlanila bilmomasi;

- bir ¢ox diinya 6lkolorinds oldugu kimi bizim olkomizds do yaranan stereotip, iqtisadi vo
ganunvericilik cohotdon hovaslondirmonin yetorinco olmamasi.

Lakin, geyd olunan bu c¢atigmamazliglara baxmayaraq, BK-don bork, maye vo qaz
sokilli yanacaq novlerinin alinmasi vo genis miqyasda totbiqi olduqca vacibdir vo homin
proseslorin reallagdirilmasi golocok noslin etibarli enerji tominatinda shomiyyatli rol oynaya
bilor.

Kegon osrin 80-ci illorindon etibaron bizim O6lkomizdo giines enerjisindon istifado
etmoklo das komiir vo qonur komiirdon, homginin do miixtolif BK noévlorindon gaz sokilli
alternativ yanacaq novlorinin alinmasi tizra ¢oxsayli elmi-tadqiqat islori aparilmisir [7-10]. Bu
mogsadls ilkin olaraq iiziim, pambiq va tiitlinlin gévds va qigalarindan [8], daha sonra iso qoz
vo findiq gabiglarindan [9] istifads edilmisdir. Qazlasdirma prosesinin reallagdirilmasi iigiin
miixtolif név termokimyovi reaktorlardan (TKR) istifado olunmusdur. Bu tisula asason alinan
yanacaq novii CO+Ho+CHgs torkibli yanar qaz qarigigindan ibarotdir, hansina ki, bir ¢ox
odobiyyatlarda generator qazi da deyilir. Azorbaycan iizro aparilan arasdirma vo prognozlar
gostarir ki, bizim 6lkomizds eyni torkibli alternativ yanacaq digor BK novlarindon do alina
bilor, hansilara ki, misal olaraq agac vo agac mohsullarin1 (budaq va budaqciqlari), qargidali,
giinobaxan, tiitiin, gondolas, qija vo s. Kimi
bir-sira ¢oxillik bitki noévlerinin zog vo
cotirlorini, homg¢inin do miixtalif nov
selliloza vo lignin torkibli BMT-ni,
xlisuson do ingaat, mebel istehsali vo agac
emal1 sahasinds yaranan tullantilar1 gdstora
bilorik. Planetin ohalisi artdigca antropogen
vo texnogen faktorlarla olaqeli, BMT-nin
miqdari da ilbail yiiksslon templs artir. Bu
sobobdon BMT, homginin do istehsalat vo
sonaye tullantilar1 tiikonmoyon “xammal” 1- B!\/IT-nm d'é')V'r eda’bilan, yani tokrar xam-mal
hesab oluna bilor. BMT-nin hor adambasina chtiyatiari kimi yenidon sanayeyo qayta-rila

.. 11: . . .. . bilon hissasi (30-50 %);
diison illik migdaria goaldikds, bu 6lkolorin 2- BMT-nin qazlasdirilan, yaxud da istilik vo

Sokil 2. BMT-nin emalinin miixtalif yollar:

inkisaf soviyyosindon asili olaragq 300-700 ya elektrik enerjisi almaq mogsadilo bilvasito
kg/adam arasinda doyisir. Bu gostoriciyo yandirilan yanar hissasi (20-30%);
gora, hololik ABS liderlik edir, lakin yaxin 3- BMT-min anaerob (metanlasdirma) vo ya ae-

rob (kompostlagdirma) qicqirma yolu ils bio-
qaz va ya kompost alinmast maqgsadils biopar-
calana bilon hissosi (15-25 %);

golocokds Cin, Hindistan va s. kimi 6lkalor
bu sahodo ABS-n1 iistoloys bilor ki, bu da,

bir torofdon ohalinin sayinin siirotlo artmasi 4- BMT-nin emal oluna bilmoyan va poligon-
ilo olagolidirsa, digor torafdon do sonayenin larda basdirilaraq zararsizlosdirilon hissasi (10-
stirotli inkisafi ilo xarakterizo oluna bilor. 20 %).
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Azorbaycanda adam basina diison BMT-nin illik migdar1 barodo miixtolif monbalordo forqli
rogomlor verilir. Hololik bu gostarici orta hesabla 400 kq/adam qobul edilmisdir [11,12]. Bu
1s9 respublika iizra bir ildo 3,6 milyon ton tullanti demokdir. Hal-hazirda BMT-nin emalinin
dord miixtolif tisulu mévcuddur, hansilar barads ki, Sokil 2-do molumatlar verilmisdir. Sokil
2-don goriindiiyti kimi, BMT-nin anaerob va ya aerob qicqirma yolu ils biogaz vo ya kompost
almaq maqsadilo biopargalana bilon hissosi 15-25 %, qazlagdirilma vo bilavasito yandirilma
yolu ils istifads oluna bilon hissasi 1s9 20-30 % toskil edir. Belsliklo do, BMT-nin generator
gazi, biogaz vo kompost almaq mogsadils pargalana bilon hissasi 35-55 % arasinda doyisir ki,
burada da kompostun paytr BMT-nin névii vo nomlik dorocesindon, TKR vo biogaz
qurgusunun ndviinden va prosesin aparilma texnologiyasindan asili olaraq 5-10 % arasinda
doyisir. Bu gostaricinin ¢ox olmasi monfi hesab oluna bilmoz. Belo ki, bir torofdon alinan
generator qazi vo ya bioqazin miqdar1 azalsa da, digor torafdon kond tosorriifati iiglin bdoyiik
ohomiyyat kasb edon kompostun, yoni keyfiyyotli mineral giibronin miqdari artir.

Sokildon goriindiiyii kimi BMT-nin emal oluna bilmoyon hissasi 10-20% arasinda
doyisir. Lakin, sohv yanasma sobobindon diinyanin oksor Olkolorinde, o ciimlodon do
Azorbaycanda, uzun illor orzindo ovvalki {i¢ lisula deyil, dordiincii tisula daha boyiik
iistiinliik verilmisdir. Yalniz 2014-cii ildo “Tomiz Sohar” ASC, homginin do Balaxan1t BMT-
nin Cesidlonmosi vo Yandirilmas: Zavodlart yaradildigdan sonra Baki sohorindo BMT-nin
emal olunmayan hissasi 25%-0 enmisdir. Belo ki, ogor 2011-ci basdirilma yolu ilo
zarasizlosdirilon BMT-nin migdar1 900 min ton togkil edirdisa, 2014-cii ildo bu rogom 230
min tona godor azalmisdir. Bu iso 3,91 dofs, yoni ~74,5 % azalma demokdir. Dogrudur bu
gostorici miimkiin oldugundan 5 % azdir, lakin hor-halda pis gostorici deyil Toasstif ki, BMT-
nin emali proseslori respublikanin digar sohor vo rayonlarinda halolik yetorinco reallasdirimar.

Enerji hasilatinda BMT-dan istifadonin energetik vo iqtisadi cohatdon ohamiyyatli
Cadval 1-da verilon molumatlarin miiqayisali tohlilinden agkar gorsonir.

Cadval 1

Azorbaycanda 2012-2016-c1 illor orzinds elektrik enerjisi istahsali Tizro gostaricilor

(natura ifadssi ilo)

Enerji manbayinin novii Illor

2012 2013 2014 2015 2016
Comi hasil olunan elekirik enerjisi, 22988,1 | 233544 | 247277 | 246884 | 249529
milyon kVt-saat
SES torafindon, milyon kVt-saat 1821,0 1489,1 2299,7 1637,5 1959,3
KES torofindon, milyon kVt-saat - 0,8 2,3 4,6 22,8
GES torafindon, milyon kVt-saat - 0,8 2,9 4.6 35,3
Tgllantllardan alinan elektrik enerjisi, ) 1341 1735 1818 1745
milyon kVt-saat
Odundan istifado, min ton 194.6 202,9 180,0 162,1 66,6

*Qeyd: Cadval 1-da SES -su, KES - kiilak, GES iss giinos elektrik stansiyas1 demokdir.

Cadvel 1-don goriindiiyli kimi, agor SES-nin da ABOEM qrupuna daxil oldugunu
nazars alsaq, onda 2016-cl ilin ¢ostaricilorine asason ABOEM-nin geyd olunan bu 4 néviiniin
timumi enerji hasilatindaki payinin comisi 8,78 % tokil etdiyi balli olur. Cox toasssiif doguran
cohot iso ondan ibarotdir ki, Azorbaycan Respublikasmin Przidenti Ilham Oliyevin
Soroncamina osason 2009-cu ildon etibaron &lkado ABOEM {izro Dovlst Agentliyi
yaradilmasina vo bu agentliyo ABOEM iizrs islori inkisaf etdirmok ti¢iin neco milyard pul
vosaiti ayrilmasina baxmayaraq, sirf KES vo GES torafindon hasil olunan enerjinin imumi
enerji hasilatindaki pay1 on yaxsi hesab olunan 2016-c1 ildo belo comisi 0,23 % toskil edir. Bu
baximdan, BMT-dan elektrik enerjisi alinmasi daha perspektivli gorsonir. Belo ki, bu yolla
elektrik enerjisi hasilatina respublikamizda daha gec baslanilsa da, BMT-dan alinan elektrik
enerjisinin imumi enerji balansindaki payr GES vo KES-nin iist-iisto olan payindan xeyli
coxdur vo yeno do 2016-c1 ilin gdstaricilorino asason toyin etsok, bu gostorici faiz hesabi ilo
0,7 % toskil edir. Onu da geyd etmok lazimdir ki, BMT-dan istifado etmoklo elektrik enerjisi
hasilat1 prosesi, hololik ancaq Baki gohorindo reallasir vo alinan enerji Baki sohorinin Xotai
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rayonu bdoyliklilkdo bir rayonunu biitiin il orzindo fasilosiz olaraq elektrik enerjisi ilo tomin
etmok tgilin yetorlidir [11]. Lakin, halolik bu zavodlarda elektrik enerjisi ancaq BMT-nin
yandirilmasi yolu ila olds edilir, halbuki, homin tullantilardan yuxarida geyd olundugu kimi,
yanar qaz qarigiginin alinmasi, daha sonra iso hamin qazdan ya bilavasito moisatde vo yaxud
da IES-da yanacaq kimi istifade olunmasi daha boyiik somors vers bilor.

Cadval 1-do odundan istifadoys goldikdo, bu gostarici tonlarla verildiyindon, onu digor
gostaricilorlo miiqayise eda bilmak iigiin 1 kq odunun istilik verma gabiliyyatini (IVQ) nozoro
almaq lazimdir. Cadval 2-do hom agac vo agac mohsullarinin, hom do digor BK névlorinin 1
kg-nin IVQ-nin miixtalif 6l¢ii vahidlori ilo xarakterizo olunmus qiymatlori vo onlarin basqa

yanacaq novlori ilo ekvivalentlori verilmisdir.
Codvael 2.
Agac, agac mohsullar vo diger BK névlorinin 1 kg-nin IVQ-nin miixtolif 6l¢ii vahidlori ilo
xarakterize olunmus qiymatlari vo onlarin bagqa yanacaq ndvlari ile ekvivalentlari

S Digar yanacaq novii ils ekvivalenti
kVt's | MG | Tobii qaz, m® | Dizel yanacag:, 1 | Mazut, |

Agac ovuntusu 4.7 17,17 0,513 0,398 0,423
Yas agac (W=50-60%) 2,2 8,12 0,243 0,188 0,200
Quru agac (W=20%) 3,9 14,24 0,425 0,330 0,351
Agac parcalari 3,0 10,93 0,326 0,253 0,269
Agac kopayi 2,3 8,37 0,250 0,194 0,206
Pambiq budaqciqlart 4,0 14,53 0,434 0,337 0,358
Tonok ¢oplari (W=20%) 3,9 14,00 0,418 0,325 0,345
Saman ovuntusu I xr | 3465 4,0 14,51 0,433
Gilinobaxan zogu ovuntusu lxr | 4320 5,0 18,09 0,540
Kagiz 1 xr 3970 4.6 16,62 0,496
Gilinobaxan qigalari, soya 1 kr 4060 4.7 17,00 0,508
Diiytli qigalari 1 xr 3180 3,7 13,31 0,398
Katan emalinin qaliglar 1 xr 3805 4.4 15,93 0,477
Qargidali qigas1 (W>10%) 1 xr | 3500 4,0 14,65 0,438
Kiiloas I kr | 3750 4,3 15,70 0,469

Codval 2-don goriindiiyii kimi, agac vo agac mohsullarmin IVQ nomlikdon koskin
asithidir. Lakin, adoton odun vo digor agac mohsullar1 quru halda istifado olundugundan,
hazirki halda agac pargalari ilo quru odunun IVQ-nin orta adodi qiymotini (3,45 kVt-saat)
hesabat {igiin asas kimi gobul edarak, Cadval 1-ds ayri-ayri illor iizrs istifado edilon odunun
vera bilacayi istilik enerjisinin milyon kVt-saatla miqdar1 toyin olunmus vo hesabatdan alinan
naticalor Cadval 3-do verilmisdir. Cadval 3-do homginin do odundan basqa digsr ABOEM
novlorinin birgo hasil etdiyi enerjinin miqdar1 vo bu enerjinin imumi enerji hasilatindaki
paylar1 da faiz hesabi ilo verilmisdir.

Cadval 3
Odundan sldos olunan enerji do nozare alinmagqla, 2012-2016-c1 iller arzindo Azarbaycanda
ABOEM (SES, KES, GES, tullant1 vo odun) tarafindon hasil olunan yekun enerjinin imumi
enerji balansindaki pay1, %-ls

illor
2012 2013 2014 2015 2016

18210 1624,8 2478,4 1828,5 21919

Enerji manbaloring aid gostaricilor

SES, KES, GES va tullantidan alds olunan
iimumi enerji hasilati, milyon kVt-saat

Odundan alian enerji, milyon kVt-saat 671,4 700,0 575,0 559,2 229.8
Umumi enerji hasilatinda odunun pay1, % 2,92 3,0 2,51 2,27 0,92
Umumi hasilatda ABOEM-nin pay1, % 10,84 9,95 12,35 9,67 9,71
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Cadval 3 vo Cadval 1-i miiqayiso etdikdo askar goriiniir ki, ABOEM-nin geyd olunan
ndvlarinin imumi enerji hasilatinda faiz hesabi ilo asas hissa SES, odun va tullantilarin payina
diisiir. Bu balansda odunun payinin 2013-cii ildon sonra hor il azalmasi fakti iso, ¢cox giiman
ki, dagliq va dagoatoyi rayonlarin qazlasdirilmasi ve mesalorin icazasiz olaraq qirilmasina qarsi
dovlat, xiisuson do Azorbaycan Respublikasi Ekologiya vo Tabii Sarvatlor Nazirliyi torafindon
yasaqlarin qoyulmasi ilo alagolidir. SES-nin enerji hasilatinin miixtoalif illorde xaotik sokildo
doyismasina golinco, bu da yaqin ki, klimatik faktorlarla, yoni miixtolif aylarda ¢aylardaki su
selinin sixliginin miixtolif olmasi ilo xarakterizo oluna bilor. Codvallordo Azarbaycanin digor
BK ehtiyatlarindan hasil oluna bilocok elektrik vo ya istilik enerjisi barodo molumat verilmir
ki, bu da hoalalik bu sahads islorin yetorinco aparilmamasi ilo olagolidir. Onu da geyd etmok
lazimdir ki, Cadval 1 vo Cadval 3-do odun ayrica enerji moanbayi kimi geyd olunsa da, ondan
elektrik enerjisi hasilat1 tiglin deyil, istilik va isti su tominati {i¢iin enerjidasiyici, yoni yanacaq
kimi istifado olunmusdur.

Azorbaycanin dagliq vo dagotoyi rayonlari {i¢iin agacdan, homginin do onun budaq vo
budaqcigindan briketlor, agac kopoyindon iso generator qazi, vo yaxud da metanol, etanol
kimi mayesokilli bioyanacaq ndvlari, homginin do heyvandarliq faaliyyati naticoesinds yaranan
tullantilardan bioqaz istehsali xiisusi shomiyyat kosb edir. Ondan basqa, dagliq rayonlarda,
xlisuson do Boyiik Qafqaz sira daglarinin conub torofindo yerloson rayonlarda (Samaxidan
Balakona qodor) biton vo bilavasito istifads liglin yararsiz olan c¢oxillik bitki ndvlerindon
(gondolasin hor iki novii, qija, tiitiin, qargidali, giinobaxan vo qamisin zoglari vo qigalari,
boymadoran otu, qanqgal, dovatikani vo s.) istifado boylik shomiyyat kosb edir. Bels ki, gqeyd
olunan bu bitki ndvlalorindon gondoslas, qija, gargidali, glinobaxan, qamis, tiitlin vo s. ¢ox
mohsuldar olmaqla yanasi, hom do 2 m-don hiindiir boya malikdir vo tiitlin, giinabaxan vo
qargidali istisna olmagqla, yerde qalanlar ¢oxillik yabani bitki ndvii oldugundan, onlar barpa
olunan enerjidastyicilart hesab oluna bilorlor. Aran
rayonlarina goaldikds iso, bu rayonlarda 6nca geyd
olunan BK névlerindon pambiq, iiziim, glinebaxan
vo gqamis bitkilori daha boylik ohomiyyat kosb edir.
Braziliyada vo digor diinya 6lkolorinds hals kegon
asrin 80-ci illarindon etibaron BK-don metanol vo
etanol alinmasi tiglin gamisin ¢ox mohsuldar xiisusi
novii olan sokor gqamisindan istifads olunmus vo bu
yolla alinan maye yanacaq oavvellor 20 % toskil
etmokls avtomobil yanacagina (benzino) slave kimi
istifado edilmisdi. Indi iso Braziliyada avtomobillor
tam sokildo metanol vo yaxud da etanolla igloyirlor.  Sokil 3. BK-don diinya 6lkslorinda isti-

2

Bu yanacaq novii neft vo qaz ehtiyatlar tiikonoacoyi fadonin faizlo miqdart:

hﬁld"a IES iisiin do bir alternativ yanacaq kimi gox 1- Asiya 43,6%; 2- Afrika 21,1
boyiik ohomiyyat kasb eds bilor. Son zamanlar bu %; 3- Kanada vo ABS 11,8 %; 4-
sahado Hindistan on Onciil 6lkays cevrilmokdadir. Latin Amerikas1 vo Karib ad.
Belo ki, 2030-cu ildo Hindistanda sokor gamisinin 11,7 %; 5- Avropa, Tiirkiyo vo
hesabina ildo 550 TVt-saat/il elektrik enerjisi hasil Israil 8,5 %; Ke¢mis SSSR 1,9
olunmas1 miimkiindiir. Onu da qeyd etmoak lazimdir %; Avstraliya, Yeni Zelandiya vo
ki, 1987-ci ilin gostaricilorino osason Hindistanin Yaponiya 1,2 %; Okeaniya 0,3

moveud olan biitiin manbalorinin birgs hasil etdiyi

elektrik enerjisinin miqdar1 220 TVt-saat toskil etmisdir. Diinyanin sokor gamisindan sokor
istehsal edon 80 Olkesindo yaranan tullantilarin potensiali nozeri cohotdon ilds 2800
TVt-saat/il toskil edir ki, bu da 1987-ci ilds homin 6lkalords hasil olunan elektrik enrjisinin
iimumi miqdarindan 70 % g¢oxdur. Nozors alinsa ki, sokor gamisinin tullantilarinin tigdo bir
hissosi elektrik enerjisi hasilati {i¢iin istifado oluna bilir, onda hazirda islonmis yeni
texnologiyalarin totbiginin sayasinde biitlin diinya oOlkslorinin elektrik enerjisine timumi
tolabatinin 10 %-nin (10000 TVt-saat/il) bu hesaba 6daonils bilacayi balli olur [13].
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Sokil 3-do diinya 6lkolorindo BK-don istifadonin faizlo miqdari verilmisdir. Gorlindiiyti
kimi, halslik bu sahodo 43,6 % gostarici ilo Asiya olkolori istiinliik toskil edir. Bu sadoco
homin oraziys daxil olan 6lkalorin iimumi orazisinin daha boyiik olmasi ilo izah oluna bilor.
Belos ki, Sokil 3-don goriindiiyii kimi, bu siralamaya gora 21,1 % gostarici ilo ikinci yeri tutan
Afrika vo 11, 8 % gostarici ilo ligiincii yeri tutan Latin Amerikas1 vo Karib adalar1 6lkolori do
elo bu xtisusiyyoto gora forqlonir. Lakin agor heyvandarliq tullantilarindan alinan bioqaza
g0ra belo bir siralama aparilarsa, yaqin ki, tamamilo bagqga bir natico aldo eds olunar. Bels ki,
bu zaman 6lkenin orazisinin boyiikliiyli deyil, onun ohalisinin nisbi sixlig1 vo heyvandarligin
inkisafi osas gostorici kimi 6n plana ¢ixa bilor.

Qeyd etmok lazimdir ki, diinyanin oksor Olkelorinde hoalo do yanacaq kimi genis
miqgyasda odundan istifads edilir. Bels ki, diinya iizro bu gostarici orta hesabla 10 %, Asiya vo
Latin Amerikasi olkalari tiglin 20 %, Afrika o6lkalori {igiin isa 50 % toskil edir. Bu zaman,
oduncaq bir ¢ox kasib vo inkisaf etmokdo olan olkolordo, xilisuson moigot mogsadi ligiin
istifads edilon asas enerji monbayi hesab olunur. Hazirda diinyanin 22 6lkasinds imumi enerji
tolobatinin 25-49%-i, 17 6lkasinds 50-74 %-i, 26 6lkasindos iso 75-100 %-i yanacaq odununun
hesabina tomin olunur. Masalon, Tanzaniya 6z meso fondunun 97 %-don ¢oxunu yanacaq
mogsadile istifado edir. Bu iso tokco homin Olkolordo deyil, yerdo qalan 6lkalords do ¢ox
boyiik ekoloji deqradasiyalarin omoalo golmasi ilo naticolonir. Aparilan prognozlar naticosindo
bolli olmusdur ki, hazirda diinya 6lkolorinin iigdo biri moisot mogsadlori tigiin giindslik
yanacaq tapmaqda c¢ox bdyiik ¢otinliklorlo tizlogir [13].

Qazsakilli alternativ yanacagin digor ndvii bioqazdir, hanst ki, bioloji kiitlonin, yoni
tizvii maddolorin, xiisuson do, iri vo xirdabuynuzlu mal-qaranin peyini, qus zili vo s.-nin
anaerob (oksigensiz miihitds) qicqirdilmasi yolu ilo alinir vo torkibinin osas hissosini metan
(CHa4) gaz1 toskil edir. Tosarriifatinda il arzindo yetorinco peyin, bitki qaliglari, miixtolif bitki
vo heyvan maensali lizvi tullantilar toplanir. ©gor yaxs: toskil olunarsa, yanacagin bu iisulla
alinmasi ¢ox boylik potensiala malik ola bilor. Bioqaz hom istehsalatda elektrik enerjisi, istilik
vo ya buxar almaq mogsadilo yanacaq qismindo, ham do moisot vo avtomobil yanacad: kimi
¢ox genis miqyasda totbiq olunur. Hazirda Hindistan, Vyetnam, Nepal vo s. 6lkolordo kicik
(bir ailolik) biogaz qurgularindan moisotdo genis istifado olunur. Bioqaz qurgularindan
istifado sahosindo Cin daha gabagqcil yerlori tutur, bels ki, holo kegon asrin sonlarinda Cindo
10 milyondan ¢ox bioqaz qurgusu olmusdur. Bu qurgularla ildo 7 mird. m® biogaz istehsal
olunmusdur ki, bu da 60 mln. kond ohalisinin yanacaq tolobatinin 6donilmasi {iciin yetorlidir.
2006-c1 ilds ise Cinds olan bioqaz qurgularinin iimumi say1 18 milyona ¢atmisdir ki, bu da
100 milyon ohalinin tobii qazla tominati demokdir vo homin qurgularin sayssinds ~ 11 milyon
ton sorti yanacaga qonast olunur. Hazirda Cindos bu tendensiya eyni sokildo davam etdirilir.
Bioqaz qurgulan fermalar, qusculuq fabriki, sorabgiliq zavodlart vo ot kombinatlarinda
tomizloyici qurgular kimi istifada oluna bilar. Inkisaf etmis &lkalordon Danimarkada biogaz
istehsali vo istifadoasi 6lkenin enerji balansinin 18%-o qodorini togkil edir, istifadede olan
bioqaz qurgularinin sayina goro miitloq gostarici lizro hazirda 8 milyon adodlo Almaniyaya
liderlik edir. Qarbi Avropada qusguluq fermalarinin 50%-9 qadorinin qizdicirict sistemlori
bioqaz asasinda foaliyyot gostorir. Volvo vo Scania Sirkatlori artiq bioqaz ssasinda isloyon
avtobuslar istehsal edir. Bu tip avtobuslar Isve¢ronin Bern, Bazel, Cenevra, Liitsern, Lozanna
soharlarinda genis istifado edilir [3, 14].

Azorbaycana golinco, bizim Olkomizdo neco ki, ABOEM-nin digor saholordoki
tatbiqina, eloco do bioqaz qurgularinin qurasdirilmasi vo istifadasi masaloesine oldugca lageyd
yanasilir, BK-don fermentasiya (qicqirtma) yolu ilo metanol vo etanol alinmasi sahasinds
hololik demok olar ki, hec bir todgiqat isi getmir. Istisna olaraq onu qeyd etmok olar ki, bu
osrin avvollorinds t.e.d. professor Fogan Oliyevin bilavasito rohborliyi ilo Qubanin Xinaliq
kondindos vo bir ¢ox digor yerlords bioqaz qurgulart qurasdirmisdir. Toossiif ki, sonralar lazimi
maliyys dostoyinin gostorilmomaosi tiziindon bu iglor do dayandirilmisdir.

Generator qazinin alinmasi ii¢iin bilavasito qazlasdirma vo piroliz, son zamanlar iso hom
do piroliz va sonraki morholods yiiksoktemperaturlu heterogen kreking prosesindon istifado
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olunur. Lakin, bu proseslorin har birinin, yoni hom homogen, hom do heterogen reaksiyalarin
reallagdirilmas iiciin yiiksok temperatur rejimi, yani istilik manboyindon (sobalardan) istifads
lazim golir. Odur ki, hazirda bir-¢ox hallarda bu moagsadls tobii yanacagin 6ziindon vo yaxud
miixtalif BK vo tullanti ndvlerindon istifads edilir. Dogrudur, yuxarida qeyd olundugu kimi,
hololik BMT-dan piroliz vo ya gqazlasdirma yolu ilo yanar qaz qarigigi alinmasi iizro bir o
gadar da iglor aparilmir va asanliq namins onlar ancaq yandirilma yolu il utilizasiya olunur.
Piroliz vo qazlasdirma proseslorinin enerji tutumlu oldugunu nozoro alarag, bu mogsadlo
ABOEM-dan, xiisuson do parabolik konsentratorlu, yiiksok temperaturlu giinos qurgularindan
istifadonin daha somorali oldugu miioyyan edilmisdir. Bu mogsadlo kegon oasrin 80-Ci
illorindon etibaron bir-sira diinya 6lkolorindo eksperimental qurgular yaradilaraq laboratoriya
soraitindo sinaqdan kegirilmislor. Azorbaycan da, 6nco qeyd olundugu kimi, homin illordo bu
sahodo on 6ndo gedon Slkolordon biri olmusdur [7-10]. Lakin, alternativ energetika sahasino
olan qgorazli yanagma sobabindon, 2012-ci ildo bu qurgular yenisi yaradilmadan mohv edilmis
va indi do homin qurgularin yerlosdiyi kigik 6l¢iilii poligon istifadasiz qalir.

Azarbaycan hom gilinos, hom do kiilok ehtiyatlarina géra ¢ox zongin 6lkadir. Odur ki,
ogor lazimi dostok gostorilorss, yaxin golocokdo hom giinog, hom do kiilok enerjisindon
istifado etmoklo, sonaye miqyasinda maye vo qaz sokilli alternativ yanacaq novlori istehsal
etmok miimkiindiir. Bioqaz qurgularinda iso asagi temperaturlu gilinos enerji ¢eviricisi olan
yastt giinos kollektorlarindan istifado daha somorali ola bilor. Moagqalonin hocmino
mohdudiyystlor qoyuldugundan, bu masoalolori daha otrafli sokildo ndvbeti moqalslords
nazaordan kecirmok nozards tutulur.

Natico

1. Arasdirmalar naticosindoa balli olmusdur ki, hazirda diinya {lizrs olan neft ehtiyatlari 25-
48, qaz eytiyatlar1 35-64, das komiir ehtiyatlar1 228-330, uran ehtiyatlar1 iso 30-60 il arzindo
tilkono bilar, digor torofdon do homin yanacaq ndvlorindon istifado bir-sira ekoloji fosadlarin
yaranmasi, xiisuson do istilik effekti yaradan qaz emissiyasi vo digor zoharli qazlarin atilmasi
noticasindo yerotrafi atmosfer qatinin kaskin ¢irklonmasina sabob olur. Diinya meso fondu da
agaclardan yanacaq, homg¢inin do mebel sonayesi v ingaat sektoru liclin xammal kimi istifado
naticasinda son 200 il arzinds 2 dofodon ¢ox azalmisdir ki, bu da biitiin canli alomin varlig:
ticiin ¢ox boyiik tohliikadir. Bunlar1 nozere alaraq, golocok noslin dayaniqli sokilde enerji ilo
tomin oluna bilmasi {iclin miixtolif BK ndvlorindon, homg¢inin do sonaye, moisot vo kond
tosarriifiiti (heyvandarliq) tullantilarindan yeni, alternativ yanacaq ndvlerinin istehsalinin ¢ox
vacib oldugu miioyyan edilmisdir.

2. Maye vo qaz sokilli alternativ yanacaq ndvlerinin alinmast magsadilo miixtalif név BK
vo BMT-dan xammal kimi istifadonin energetik, iqtisadi vo ekoloji tstilinliiklori gostorilmis,
BMT-nin emalinin hazirda totbiq olunan miixtslif yollarinin faiz hesab1 ilo paylari, hamginin
da, hazirki moarhsalado miixtalif diinya 6lkslorinds BK-don istifadonin faiz hesabi ilo miqdari
grafik sokilds verilmis vo miiqayisali analizlor aparilmisdir.

3. Azorbaycanda mdvcud olan BK vo BMT ehtiyatlar1 vo onlardan istifado imkanlar
barods aragdirmalar aparilmis vo goriilmasi lazim galon islor barads tovsiyyslor verilmisdir.
BK vo BMT-dan piroliz va qazlasdirma yolu ils yanar qaz qarisig1 alinmasi proseslorinin ¢cox
bdyiik enerjitutumlu, Azerbaycanin iso gilinos va kiilok enerjisi ehtiyatlarina goro diinyanin
ondo gedon 6lkoalorindon biri oldugunu nazors alaraq, homin proseslorin reallasdirilmasi tigiin
giinas vo kiilok enerjisindon istifadonin miistosna shamiyyat kasb etdiyi asaslandirilmisdr.
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HEPCIHEKTUBBI IOJYYEHUSA AIBTEPHATUBHOI'O TOIIVIUBA U3
PA3JIMYHBIX BUIOB BUOMACCBHI 1 OTXO/J10B

CAJIAMOB O.M.

B paGore mnoapoOGHO paccMaTpUBAIOTCS BO3MOXKHOCTH IOJIYYEHHs] HKHJIKOIO U
ra3o00pa3HOro TOIUIMBA U3 Pa3IMYHbIX BUJIOB OMomaccel (BM), a Takke U3 IPOMBIIIIEHHBIX,
KOMMYHAJIBHBIX U CEJIbCKOXO3SHCTBEHHBIX OTXOJOB, AQHAIM3UPYIOTCS METOIbI MOIYYEHHS
razoobpaszHoro Torumaa. Jlarorcs moapoOHbie nHPpopManuu o padboTax, MPOBOJUMBIX B 3TOU
o0nacT, B HEKOTOPbIX CTpaHaXx MHpa, a Takke B AsepOailjpkaHe M TPOBOIATCA
COOTBETCTBYIOIIME aHaidu3bl. PaccMaTpuBaroTCs Takke BO3MOXKHOCTH HCHOJIb30BaHUS
AJNBTEpHATUBHBIX M BO300HOBJISIEMBIX HCTOYHHUKOB »sHeprun (ABUD) nns nomydeHus
KUAKOTO U ra3000pa3Horo BUAOB ToIuMBa U3 bM u 0Tx0/10B.

KaroueBble cioBa: 6HOMacca, MMPOMBIIIJICHHBIC, KOMMYHAQJIbHBIC U CEIbCKOXO3SMCTBEHHBIC OTXO/JHI,
TBEpAOE, XXUIKOE W Ta3000pa3HOE TOILIMBA, OWOTOIUIMBO, OWoras, mupoius, rasudukanus, (epmeHTanus,
TEPMOXHUMHYECKUH PeaKkTop.

PROSPECTS OF OBTAINING ALTERNATIVE FUEL FROM
VARIOUS BIOMASS TYPES AND WASTE

SALAMOV O.M.

In the paper the possibilities of obtaining liquid and gaseous fuels from various types of
biomass (BM), as well as from industrial, communal and agricultural wastes are discussed in
detail, methods of obtaining gaseous fuels are analyzed. Detailed information is given on the
work carried out in this field, in some countries of the world, as well as in Azerbaijan, and
relevant analyzes are carried out. Alternative and renewable energy sources (ARES) for the
production of liquid and gaseous fuels from BM and waste are also considered.

Key words: biomass, industrial, municipal and agricultural waste, solid, liquid and gaseous fuels, biofuel,
biogas, pyrolysis, gasification, fermentation, thermo chemical reactor.
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GUNOS BATAREYALARININ FAYDALI iS OMSALINA
TEMPERATURUN TOSIRI

MORUFOV i.M, PIRIYEVA N.M, MUXTAROVA K.M, AGALIiYEV N.N.

Azarbaycan Doviat Neft vo Sanaye Universiteti
E-mail: ilkinmarifov@mail.ru

On genis istifado edilon borpa olunan enerji monbalorindon biri do giinos enerjisidir vo golocokdo do bu
halin davam edacayi prognozlasdirilir. Son zamanlar hom fotogalvanik (isigin tesirindon elektrik enerjisi oamola
gotiran) cihazlarinin is prinsipinin dyronilmesinds ham do onlarin effektivliyinin artirilmasinda bdyiik artim
miisahido olunmusdur. Giinos batareyalar1 tempraturun dayigsmosi naticosindo doyigir. Tempraturun doyismasi
onun effektivliyino vo giiciino birbasa tosir gostorir. Bu moqalodo miixtolif soraitlordo giinos radiyasiyasi,
effektivlik vo tempratur arasindaki slagolor miioyyon edilmisdir.

Acar sozlar: Faydali is omsali, tempratur, fotogalvanik elementlor, effektivlik, tempraturun tosiri.

Giris: Son zamanlar boylik enerji sorfi vo yanacagin tiikkonmosi barpa olunan (giinos
enerjisi) enerjiys maragi artirmigdir. Fotoqalvanik giic elo bir texnologiyadir ki, son 10 ilds
onun istifadosinds bdyiik artim miisahido olunub. Giinos enerjisinin istifadosi glinogli saatlarin
cox oldugu dlkalar tiglin magsadouygundur. Masalon, Misir, Hindistan vo s. Eyni zamanda
geyd etmok lazimdir ki, Bakida vo Abseron yarimadasinda giinasli saatlarin say1 28000-3000
saatdir. Fotogalvanik panellorin rast goldiyi on Onomli problemlordon biri do giinosg
radiasiyasinin vo asirt tempraturun sabab oldugu qizmalardir. Yiiksok tempraturlu qizmalar
panellorin faydal is omsalin1 asag salir. 0 -75 °C arasinda tempratur doyismosino osason
giinos  panelinin ideal xarakteristikasi da doyisir. Xarakteristika giinos parlaghgt E vo
modulun tempraturunun T, sabit saxlandigi miiddotdo dogrudur. Ogoar bu iki parametrdon biri
doyisorso biitiin xarakteristika doyisor. Glinos panelinin tempraturu artdigca maksimum giic
hasilat1 azalir. Bu arasdirmada istifado olunmus giinos panellorinin tempratur omsali 0.5 %/
OC-dir. Bu amsala osason goriiniir ki, tempratur har 1 selsi qalxanda , effektivlik 0.5% asag
diisiir. Giinos batareyas1 p-n kegiriciliyino malik olan yarimkegirici qurulusdur. Giinos isiqlart
onun Uizoring tasir gostordikdo sabit coroyan yaranir. Glinog enerjisini digor barpa olunan
enerji novlorindon farqlondiran bazi iistlin toraflori var. Onlar asagidakilardir.

» Yiiksok etibarliliq

> Igtisadi cohatdon somarali olmasi
» Otraf miihiti ¢irklondirmamasi

> Istismarin sadoliyi

Mosalonin qoyulusu: Fotogalvanik elementlorin elektrik sxemi sokildoki Kkimi
gostorilmisdir (Sokil 1). Burada, Ity modul coroyan, I isi@in tosiri ilo yaranan caroyan, I,
diodun doyma caroayani, q elektrik yiikii, K Bolsman sabiti, A diod faktoru, R, ardicil tam
miiqavimat, R, paralel tam miiqavimat, Uy gix1s  gorginliyidir.

Fotogalvanik (FQ) ayrilari giinas insolyasiyasi vo tempratur modulu ils farqlonir. Asagidaki
diisturlara baxagq.

Ugg+Ileg R
— Ugq+IsqgR3)/AKT fqTfq Ra
Ifq |I — |0(eQ( fqTlfq a)/ — ]) _—d 1 ° (|)
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Sokil 1. Fotogalvanik elementlorin elektrik sxemi.
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Sokil 2. Garginliyin tempraturdan asili olaraq doyismasi.
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Sokil 3. Sabit radiasiyada FQ- nin |-V xarakteristikast.

Pfq = qux Ifq
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Tempraturun doyismosi glinog batareyalarina vo eyni zamanda giico do tosir gostorir. FQ-do
omolo golon gorginlik tempraturdan asili olaraq doyisir [5]. Tempratur artdigca gorginlik
azalir (Sokil 2).
Sakil 3 sabit radiasiyada FQ- nin I-V xarakteristikasini gostorir. Tempratur azaldigca FQ —nin
corayani azalir, gorginliyi is9 artir.

Glinos batareyalarinin faydali is omsali asagidaki diisturla verilir.

T] - pmax — Imax Umax (3)
P Py 1(t) Ap

Batareyalarin faydali is amsali 1 toxminen 12-30 % araliginda doyisir. Burada Imax vo Umax
uygun olaraq maksimum gorginlik vo corayandir. Havanin doyismo funksiyasi osasinda FQ
modulunun tempraturunu Tp, otraf miihitin tempraturunu iso T, ilo gobul edok. Tempraturun
giinas modullarina tasirini nozors alaraq, onun faydali is amsalin1 asagidaki kimi yaza bilarik.

Np="x [1- Bx(Tp =T+ ylogao I(1)] (4)

Burada nx gobul olunmus tempraturdaki faydali is omsalidir. nx vo Bx parametrlori normal
olaraq fotogalvanik hiiceyralor vasitasilo verilir. Tempratur amsali tokco FQ modulunun
materialindan yox, homdo Tx -dan asilidir vo asagidaki kimi verilir.

1

Bx = Ty— T, (5)

Burada To faydali is omsalin1 0-a qodor endiran yiiksok tempraturdur. Kristal silikonlu giinog
elementlori iiciin bu tempratur 270° C-yos godordir. Konveksiya yerdoki istiliyin yayilmasi
lclin asas mexanizmdir. Faydali is omsali asason modulun qurasdirilmasindan, kiiloyin
stiratindon, otraf mihitin riitubatindon vo modulun xarakteristikasindan asilidir. Modulun
tempraturu ag1q dovroe altinda &lgiiliir. Tempratur 20° C olanda parlaqliq 0.8 W/m? va kiiloyin
stirati 159 1 m/san olur. Modulun tempraturu va is1q siddstindoki doyisikliklor {i¢iin modulun
tempraturunu toxmin etmok olar.[2]

Th —2

n 0 X
To=Tot ow/me (O (6)

(6) barabarliyini (4) barabarliyinds yerina qoysaq asagidaki barabarliyi alariq:

o= [1- B[ Tor T +(To-20) 72T+ logao ()] * 100 (7)

Umumilikde hesab olunur ki, Tx = 25 °C olanda orta hesabla nx = 12% va Bx = 0.0045 K olur.
Bildiyimiz kimi hava bazon giinasli bozon ds buludlu olur. Buna géra ds coroyan zamanin
miixtalif aninda miixtalif olacaq. Sokil 4-don goriindiiyii kimi miisyyon zaman intervalinda
tempratur artdiqca effektivlik azalir. Effektivliys tosir edon diger amil iso giinas radiasiyasinin
tez- tez doyismosidir. Beloliklo deys bilarik ki,effektivlik giinos radiasiyasi vo tempratur

doyisdikca dayisir.[4]
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Sakil 4. Milayyan zaman intervalinda tempraturun effektivlikdon asililigi.

Sokil 5-do giinos radiasiyast 1000 W/m? olan halda effektivliyin tempraturdan asililig
verilmigdir. Gorlindiiyii kimi tempratur vo effektivlik arasinda xotti asililiq var. Tempratur
artanda effektivlik azalir. Notico etibarils istodiyimiz effektivliyi tempraturu doyismoklo ala

bilorik.[6]

16

0 10 20 30 40 50 60 70 80
tempratur (°()

Sokil 5. Giinos radiasiyas1 1000 W/m? olan halda effektivliyin tempraturdan asilihig:.

Fotogalvanik elementlar ¢oxlu itkilor naticasinds effektivliklo limitlonib [1]. Onlarin bazilari
aradan qaldirila bilor, ama digorlari iso yox. Ona gore do biitiin hallarda tempraturun azalmasi
effektivliyi artirmir. Tempraturun azaldilmasinin asas vasitasi soyudulmadir. Giinag
panellorinin soyudulmast miixtolif metodlarla hoyata kecirilo bilor. Asagidaki metodlara
baxaq:

Su vasitasilo

Ekranlasdirilmis ortiiklorlo

Suyun aliiminium borularda harakati ilo

Natico
Bu moqalodo tempratur effekti vo fotogalvanik monbalor arasdirildi. Sads diisturlardan
istifado etmoklo giinos radiyasiyasi vo tempratur arasindaki slaqalor miioyyan edildi. Buludlu
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soraitdo tempratur effektinin fotogalvanik monbalorin effektivliyino tosiri gostorildi. Miioyyan
edildi ki, tempraturun artmasi fotoqalvanik elementlorin effektivliyinin azalmasia sabab olur.
Belo bir natico ¢ixarmaq olar ki, tempraturu azalmagla fotogalvanik elementlorinin faydali is

omsalini artira bilorik.
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BJIUSIHUE TEMIIEPATYPbI HA DOOEKTUBHOCTD
COJIHEYHOM KJIETKHA

MAPY®OB UM, INPUEBA H.M., MYXTAPOBA K.M. ATAJIMEB H.H.

OmuuM u3 HamboJiee MHUPOKO HCIOIB3YEeMbIX BO30OHOBISIEMBIX MCTOYHHKOB DHEPTUHU
SBIIIETCS. COJIHEYHAs] DHEPrusi, U MPOTHO3HPYETCS, YTO 3TO OydeT MpOJOIKAThCI U B
OynymeMm. B mocnegHee BpeMsi HaOJIOAACTCS 3HAUYUTENBbHBIA POCT B M3YUYCHUM TPHUHIUIA
paboTel Kak ¢  (OTOINEKTPUUECKUMHU (DIEKTPOTEHEPHUPYIOIIUMU  DIECKTPHUUESCKUMHU)
ycTpoiicTBamMH, Tak u C¢ uX 3ddextuBHocThIO. [logconHeunsle OaTtaped MEHSIOTCS B
pe3ynbTaTe TEMIEpAaTypHOro 3actos. M3mMeHeHue TemmepaTypbl HANpsIMYI0 BIHMSET Ha €€
3G (PEKTUBHOCT U MOIIHOCTh. B 3TOM cTaTbe MOAYEPKUBACTCS B3aUMOCBSI3b MEXIY
COJTHEYHOU pajuainue, 3¢ (HheKTUBHOCTHIO U TEMIIEPATYPOl B PA3IMUHBIX YCIOBHSIX.

KiaoueBble ciaoBa:  Ko3(QQHUIUMEHT TOJE3HOTO  JEHCTBUA, O3JEMEHTHI,  (POTOINEKTpHUUECKHE
3¢ HEKTHBHOCTD, ISHCTBHE TEMIIEPATYPHI.

TEMPRATURE EFFECT TO EFFICIENCY OF SOLAR CELL
MARUFOV I.M., PIRIYEVA N.M., MUXTAROVA K.M. AGALIYEV N.N.

One of the most widely used renewable energy sources is solar energy and it is
predicted that this will continue in the future. Recently, a great increase has been observed in
the study of the principle of working on both photovoltaic (electricity-generating electricity)
devices and their effectiveness. Sunflower batteries change as a result of the temprature
stagnation. Changing the temprature directly affects its effectiveness and power. This article
highlights the relationship between solar radiation, efficiency and temperature in various
settings.

Keywords: efficiency, photovoltaic elements, efficiency, temperature effect.
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DARTI YéRIMSTANSiYALARIN!N .GiRiS PAYLAYICI
QURGULARININ SXEMLORININ SECILMOSI

MOMMoODOV E.M.

Azarbaycan Texniki Universiteti

Maqaladas istehlakgilarin fasilasiz vo etibarli elektrik tochizatin1 tomin eden darti yarimstansiyalarinin
giris paylayict qurgularinin sxemlorinin sec¢ilmoasi maslolorine baxilmisdir. Yeni layiholondirilon va yenilosdirilon
mdvcud dart1 yarimstansiyalarinin giris, birinci torof gorginliyinin 110 kV-a kecirilmosi toklif edilir. Mdvcud 6,
10 vo 35kV-luq dart1 yarimstansiyalarinin 110kV-luq dart1 yarimstansiyalari ilo avoz olunmasi va giris paylayict
qurgularinin sxemlorinin segilmosi tohlil edilmisdir. Paylayici qurgularin sxemlorinin yenilosdirilmoasi vo
secilmosi biitlin i rejimlorini nozors almaqla hoyata kegirilmalidir.

Acar sozlar: paylayici qurgu, elektrik tochizati, darti yarimstansiyasi, enerji sistemi, gorginlik.

Giris: Damir yollari ii¢iin elektrik enerjisi bir nego elektrik stansiyasini birlogdiron enerji
ssitemindon almir. Yiiksok gorginlikli hava elektrik xotlori vasitoesi ilo darti yarim-
stansiyalarina otiirtilon elektrik enerjisi sabit corayanla elektriklogdirilmads 3 kV-a, dayison
coroyanla elektriklogdirilmado iso 25 kV-a qadar algaldirilaraq dartt sabokosineg verilir [1].

Hal-hazirda Azorbaycan Domir Yollarinda istismarda olan mdvcud darti
yarimstansiyalarinin birinci torof gorginliyi 6,10 vo 35 kV-dur. Dart1 yarimstansiyalarindan
elektrik dartisindan olavoe domir yollari boyunca yerloson rayon vo geyri-darti istehlakgilar
qidalandirilir. Rayon istehlak¢ilarin1 qidalandirmaq tiglin tolob olunan yiiklorin miintozom
artmasi vo eloco do qorb istigamatinds doyigon corayanla elektriklosdirilmoya kegirildiyindon
movcud dartt yarimstansiyalar: talablori 6domir. Birinci torof gorginliyi 35 kV olan Keslo
dart1 yarimstansiyasinda qurasdirilan iki dart1 transformatorlarindan biri vasitasi ilo 35 kV-lug
gorginlik 3,3 kV-a qodor algaldilaraq sabit coroyan darti sobokosi qidalandirilir. Digor
transformator vasitasi ilo 35 kV-luq gorginlik 27,5 kV-a qodor algaldilaraq Baki-Tiblisi-Qars
istigamoatindo  doyison coroyana kecirilon darti sobokosi qidalandirilir.  Bu darti
yarimstansiyasinin istismarinda problemlor yaradir. Yeni tikilon vo mdvcud dartt
yarimstansiyalarinin giiciiniin artirilmasi vo fasilosiz, qrafik iizro qatarlarin horokotini tomin
etmok mogsadi ilo dart1 yarimstansiyalarimin giris paylayict qurgularinin 110 kV-a uygun
hazirlanmas1 zorurati yaranir.

Paylayic1 qurgularin sxemlarinin secilmasi. Darti yarimstansiyalarmin layihalon-
dirilmasi, mévcud yarimstansiyalarin yenilosdirilmasi qlivvads olan layihalondirmo norma-
larina vo domir yollarinin dart1 elektrik tochizat1 sistemlorinin quragdirilma qaydalarina uygun
yering yetirilir[2], [3].

Dart1 yarimstansiyalarinin giris paylayict qurgularmin sxemlori emerji sistemlorinin,
elektrik sobokolorinin vo rayonlarin elektrik tochizatinin inkisafi nozors alinmaqla hazirlanir.
Bu sxemlor paylayici qurgularin isinin tolob olunan etibarligini, sxemlorin miixtalif
elementlorindo tohliikasiz istismar vo tomir islorinin yerina yetirilmasini, isladicilorin
kateqoriyalarina uygun elektrik tochizatini tomin etmolidir.

Domir yollarinin dart1 istehlakgilar 1 kateqoriyali isladicilor oldugundan, xarici elektrik
tochizatt sxemi elo olmalidir ki, dart1 yarimstansiyasini qidalandiran xatlordon birinin siradan
¢ixmasi yarimstansiyanin acilmasi ilo noticolonmosin. Bununla olagodar, dartt yarim-
stansiyalar1 enerji sisteminin on azi iki yarimstansiyasindan iki torofli qidalandirilmalidir.
Bundan olavo, dart1 yarimstansiyalarinda on az1 iki algaldici transformator qurasdirilir. Sabit
corayan darti yarimstansiyalarinda iso iki pilloli transformasiya totbiq edilir. Ug¢ dolaqli giic
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transformatorlar1 vasitosi ilo 110 kV-luq birinci toraf gorginliyi 10 vo 35 kV-a godor vo sonra
dart1 transformatorlar1 ilo 10 kV-luq gorginlik 3,3 kV-a qodor algaldilaraq dart1 yiiklorini
gidalandirmaq {giin dartt sobokosina verilir. 35 kV-luq gorginlik iso rayon islodicilorinin
qidalandirilmasi tigiin istifado edilir.Dayison caroyan darti yarimstansiyalarinda qurasdirilan
tic dolagh giic transformatorlar1 vasitosi ilo 110kV-luq gorginlik 35 vo 27.5 kV-a godor
algaldirilir. 27.5 kV-luq sinlordon dart1 sobokesi, 35kV-luq sinlordon iso rayon islodicilori
gidalandirilir. Dart1 yarimstansiyalarinin layiholondirilmosi zamani yarimstansiyanin novii
(dayaq, kegid), giris xotlorinin gorginliyi vo sayi, gilic transformatorlariin say1 vo texniki
parametrlori nozars alinmalidir [4].

Birinci torof gorginliyi 110 kV olan darti yarimstansiyalarmin giris paylayic
qurgularinin secilmosi vo islonmosi yarimstansiyanin enerji sistemindoki toyinatinin, hava
xatlorinin vo dart1 yarimstansiyasinin isinin etibarliginin vo ehtiyatlandirilmasinin, tohliikesiz
xidmatin yerino yetirilmoasinin tomin olunmasi sortlori daxilindo olmalidir. Eyni zamanda
seksiyalandirilmis yigma sinlori olan 110 kV-luq giris paylayici qurguda istonilon agarin
imtinast 6-dan ¢ox birlosmonin acilmasina sabab olmamalidir. Qida xottinin zadalonmasi
zamani 2-don ¢ox, transformatorun acgilmasianinda iso 4-don artiq paylayici qurgu agarlarinin
eyni vaxtda agilmasina yol verilmomoalidir.

Qeyd olunanlar nozors alinmagla yeni layiholondirilon vo mdvcud darti
yarimstansiyalarinin yenilogdirilmosi zamani asagida qeyd olunan giris paylayict qurgularinin
sxemlori toklif olunur:

-iki rayon yarimstansiyasindan 4 girislo gidalanan 110kV-luq sabit coroyan dayaq darti
yarimstansiyasi;

Rstl R ¥ist2

f—l_] f—l_]

-~
[] []

[]

| | 1-cidivra

2-ci divra

EVX 110KV

HX2

110V

Trl T2 g 10V
3.3V T

Sokil 1. Iki rayon yarimstansiyasindan 4 girislo gidalanan 110kV-luq sabit
corayan dayaq dart1 yarimstansiyasi.

|
[]

59



-iki dovrali xatdon gidalanan 110kV-luq sabit coroyan araliq dart1 yarimstansiyast;

1-ci dovra EVX-110 kV
T 2-ci di}vr:-
P\ T

Sokil 2. iki dovrali xotdon gidalanan 110kV-luq sabit corayan
araliq dart1 yarimstansiyasi.

-bir dovrali xotdon iki girislo qidalanan 110kV-lug doyison coroyan darti
yarimstansiyast;

2-ci dovra
@ —— — —— —
RY/stl I-cidovrs RY/st2
EVX-110kV EVX-110kV
r e
110 kV 110kV
P~
— DY/st
e Sppred

38,5 Y @ L 38,5
&J)Trl &)Tr2

2735 kV

Ydart1 sobokosino

Sakil 3. Bir dévrali xatdon iki girislo gidalanan 110kV-lug doyisan
Corayan dart1 yarimstansiyasi.
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Natica

Layihalondirilon vo movcud darti yarimstansiyalar1 tigiin moagalods toklif olunan giris
paylayict qurgu sxemlori domir yollarmin istehlak¢ilarmin fasilosiz vo etibarli elektrik
tochizatini tomin edir. Giris paylayici qurgu sxemlori xarici elektrik tochizati sxemlori vo darti
yarimstansiyalariin toyinati nazors alinmagqla segilorak totbiq edilir.

1. Mammadov E.M. Domir yollarinin elektrik tochizati. Baki 2008. 158 sah.

2. Hopmbl TEXHOJOTMYECKOTO MPOEKTUPOBAHMS MOJCTAHIMI MEPEeMEHHOTO TOKa C
HanpspkeHueM 35-750 kB. Crannapt 2006.

3. IlpaBuna ycTpoiicTBa CHCTEMBI TATOBOTO 3JIEKTPOCHAOXKEHHS >Kee3HbIX maopor: MIIC
P®.M 1997.

4. Ilpoxopckuii A.A. «TsaroBble 1 TpaHCHOPMATOPHBIC TOICTAHITII.
M.: Tpaucnopt 1983.

YCOBEPHIEHCTBOBAHUE CXEM PACIIPEJAEJIUTEJIbHBIX
YCTPOUCTB BBOJA TAI'OBBIX TIOACTAHIIUU

MAMEJIOB D.M.

B cratbe paccMOTpeHBI BONPOCHI BHIOOpPA U NPUMEHEHHUS] CXEM pPacHpeieIUuTeIbHbIX
YCTPOMCTB BBOJA TATOBBIX MOJICTAHLMH oOecmevynBaromux OecriepeboitHoe 3IeKTpocHa0-
xKeHue norpedureneil. HampspkeHne Ha nepBUYHON CTOPOHE BBOJ/IA HOBBIX MPOEKTHPYEMBIX U
OOHOBJICHHBIX CYILECTBYIOIIMX TATOBBIX MOJACTaHUUN mpenioroercs He MmeHee 110 kB.
OOHoOBIIeHHE U BBIOOpP CXEM paclpeieIMTeNbHbIX YCTPOWCTB BBOJAA TATOBBIX MOACTAHIMNA
JIOJI’KHBI OBITH BBITTOJIHEHBI C YUETOM BCEX PEKUMOB paOOTHI.

KnaroueBble cioBa: pacnpeaAcanTeIbHOC yc’[‘pOﬁCTBO, TATOBasT I1OACTaHIIMA, 3H6KTpOCHa6)K€HI/I€,
HaJAC)KHOCTb, SJHEProCUCTECMa, HAIIPSIKCHUC.

IMPROVEMENT OF INPUT DISTRIBUTION NETWORKS
OF TRACTION SUBSTATIONS

MAMMADOV E.M.

The selection and application issues of improved networks of switching devices for
input of traction substations providing continuous power supply to consumers are considered
in the article. When designing or modernizing existing electric substations, the choice of the
switchgears’ networks for the substations' input must satisfy the economically feasible level
of reliability. Upgrading and selection of switchgear circuits is performed taking into
consideration the normal and post-emergency operation mode, as well as repair schemes.

Keywords:switchgear, traction substation, electric supply, reliability, voltage, power electric system.
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W CHOJIb30BAHUE COJTHEYHOM SHEPTUH
B TEXHOJIOTHYECKUX IMTPOLHECCAX

IMAXBA30B LI.A., MYCTA®AEBA P.M.,
CAJIMAHOBA ®.A., MAXMYJIOBA T.A.

Hucmumym Paouayuonnsix Ilpoonem HAH Asepbatioscana,
A3 1143, 5.Baxab3aoe 9,

B nmaHHO# cTaThe paccMaTpHBaeTCsA IIONYUYEHHE BOJOPOAA M BOAOPOJCOAEPKALIMX Ta30B W3 YIS U
OTXOJIOB TIPOHM3BOZACTBA OCHOBHBIX BHJ/IOB CEIbCKOXO3SHCTBEHHBIX KyJbTYyp C HCIOJIB30BAaHHEM COJHEYHOU
SHEPTHUH.

Knioueguie cnosa: Conneunas sHeprus, ra3udukanuy, reIuoycTaHOBKaA, TIHOIPUEMHHUK.

B nactosmee BpeMs ynensieTcst OONblIOe BHUMaHUE MPOBEACHUIO MEP MO 3KOHOMHUU
TOIJIMBA W DSHEPTHH, CO3JAaHHIO HHEProcOeperaroIux TEXHOJOTHH M HCIOJIb30BAHUIO
aNbTEPHATUBHBIX HCTOYHUKOB JHEpPruu. Bo30OHOBIsieMble UCTOYHUKUA DHEPTHUM HE MOTYT
3aMECHHUTH TPAJAUIMOHHBIE BHUIBl TOIUIMBA, B OYAyIIeM WX CJCAyeT pacCMaTpHUBATh Kak
JOTIOTHUTEIbHBIA HMCTOYHUK SHEPTUU, MOITOMY, TaK BaKEH IMOUCK MyTE€H ONTHUMAlIbHOTO
COYETaHUS TPAJUIIMOHHBIX M HETPAJAUIIMOHHBIX HCTOYHUKOB SHepruu [1].

B cBsi3u ¢ 3TUM, B MOCIEIHUE TOJBI 32 PyOEKOM M B HaIlleH pecrmyOiIMKe MOJIy4aroT
pa3BUTHE HCCIIEAOBAHMS IO pPa3padOTKe HETPATUIIMOHHBIX MPOIECCOB TasU(pHUKAIMA U
MUPOJIM3a yIJied U YIIeBOAOPOOB C IENbI0 MOTYYeHHUS YHUBEPCAIbHBIX YHEPrOHOCUTENEH -
BOJIOPO/I, BOJOPOIOCO AeprKaIiie ra3sr [2].

Bricokuii ypoBeHb KOHIIEHTPALIMHU COTHEYHOM SHEPTUU B MapaOOIOUIHBIX 3€PKATbHBIX
otpaxkatensax (10 105-10° k/Ix/mM?4ac) mMo3BONSET MCIONB30BATh UX I 000rPEBa PEAKTOPOB
C TEJBIO UCCIICJIOBAHMSI SHIOTCPMUICCKIX PEaKIUi ra3uUKaluyd TBEPABIX TOIUTHB TPU UX
B3aMMOJICHCTBUHM C Pa3MTUYHBIMU OKHUCIHUTEISIMH JJIs TOJyUY€HHUs BOJOpOJa U APYTUX
TOPIOYHX Ta30B.

Ho naumbonbiiee KomuyecTBO pabOT MO NPUMEHEHHIO COJNHEYHOW OSHEpPruu BCe
UCCIIeIOBATEIH CBSI3BIBAIOT C YISl M YIIIEBOAOPOIHBIM chipbeM [3]. IIporecch razudukarmm
yriei u Ipyrue IpoIecchl MONyUYeHUs BOAOPOIa U BOJAOPOACOAEPKAIINX CMECE OTKPHIBAIOT
JIOTIOTHATEIFHBIC  BO3MOXKHOCTH ~ NPUMEHEHHSI  COJIHEYHOW DHEPruu  JUIS  3aMEHBI
OpPTaHMYECKUX TOIIMB, HCIONB3yeMbIX sl OOECIeYeHUs] SHIOTEPMHUYECKUX IPOILIECCOB
HEOOXOJUMBIM TeIuioM. [IpakTudeckoe MCIONb30BaHUE COJTHEYHOTO TEIUIa OrpaHHYUBACTCS
MOKa HEJIOCTATOYHO BBICOKOW MPOU3BOIUTEIHHOCTHIO T€THOYCTAHOBOK, MPUMEHSEMBIX IS
MOJTyYEHUsSI BBICOKO IMOTCHIIMAIBLHOTO TeIUla Ha OOJBINUX TMOBEPXHOCTSIX. [Ipu yMepeHHBIX
Temmeparypax (<700°C) Bo3MOkHO obecrieueHHe HEOOXOMMMOKH CKOPOCTH —MpoIlecca
razudukanun, npu 3Tom ~40% pacxosia YHEPTUH B TPOIECCe TOYISHHUsT BOJopoaa Ha 0aze
YISl 3aMEHSIETCS ICIIEBBIM COJIHEYHBIM TETIOM.

CrnenoBarenbHO, OCHOBHBIM BOIIPOCOM IIPH WCIOJIB30BAHUU COJTHEYHON SHEPTHH IS
nenel rasuduKanuu SIBISIeTCS BHIOOp yIiIepojcoAepiKaliero marepuana. B 3Toil cBs3w,
aBTOpPaMHU TIPOBEICHBI AKCIEPUMEHTAIbHBIC WCCIENIOBAHHUS 10 Ta3u(UKAIMH B COIHEYHOU
neyn 4yucTtoro yriaepoxaa (rpadurt), Oypeix yriei Kancko-Aruuckoro 6Oacceiina (KAB) u
OTXOJI0B [TPOU3BOJICTBA OCHOBHBIX BHJIOB CEIbCKOXO3IHCTBEHHBIX KYJIbTYP — BUHOTPAIHBIX U
XJIOKOBBIX CTEOJICH.

B sTom acmekte ocoOblii MHTEpeC MpEeACTaBIsSET HCCIEIOBaHUS, HAlpaBICHHbIE Ha
YTHIIU3ALUI0 OTXOJOB CENbCKOXO3SIMCTBEHHBIX MPOIYKTOB, MX ra3u(uKaii B COTHEYHBIX
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nevyax ¢ IeIbl0 IOJYYCHHS TOPIOYMX Ta30B. BbUTM BBIOpAHBI OTXOJBI OT BaKHEHIIHMX
CEJIbCKOXO03SUCTBEHHBIX KYIbTYp A3epOaiikana — cTeOn XJI0NKa U BUHOTPaIa.

MogenbHble  SKCIIEPUMEHTBHI  Ha  TIeIMONpUEMHUKE W3  rpadura  IMoKazaiu
MPUHIMITAATBHYI0O BO3MOXXHOCTh Trasu(uKaus yris ¢ BHENIHAM I[OJBOJOM Telia B
Ka4yeCTBE, KOTOPOI'O HCIIOJIb30BAJIM COJTHEYHYIO SHEpruto. Bricokas Temieparypa mpolecca,
€CTECTBCHHO, YMCHBIIACT IPOU3BOJUTEILHOCTh YCTAHOBKM M MaKCHMAJIBHO BO3MOXHAs
TIPOM3BOIUTENBHOCTh He TpeBbimaer 1,13 mM3/4-kr. Pe3ynbTaThl SKCIIEPHMEHTOB IPUBEICHBI
B Tabmie 1.

Tabnuna 1.
lNazudukanus rpadura B COJHEUHOMN NIeUH
Cocras rasa, % 00.
Temneparypa, Beixop raza,
Ne 0 3
C M>/4-KT N
H. co CO, CHa 2
2,5
1 1000 0,79 45,0 47,0 4,0 15
2 1100 0,94 45,0 45,0 35 35 | 30
3 1200 1,13 46,5 44,5 2,0 35 35

Jns onbitoB ¢ Oypeimu yrasimu KAB Obumi B3siThl 00pasubl Mpma-boponuHckoro u
bepe3oBckoro MecropoxzaeHuid. B 3ToM ciydae renMoOnpuEMHHMKOM TIelMOYCTaHOBKHU
CILY’)KWJIM M3MEJIbYEHHbIE U3MOJIOThIE 00pa3libl YKa3aHHBIX YIJIEW ¢ pa3MepOM YacTHIl 5 MM.
Temnepatypubiit  unteppan 700-900°C. DkcnepuMeHTaNbHBIE MCCIEIOBAHMA TOKA3AIU
BO3MOXKHOCTh razu(ukanuy OypbIX yriiel B T€JIMOYCTaHOBKE C MOBBIILIEHHOM, 10 CPaBHEHUIO
¢ rpauTOM, 3a CUET UCIOJIb30BaHUS COIHEYHOHN sHepruu. B Tabnuue 2 npuBeeHbl JaHHbIE
no razucuxanuu 0ypsix yrieit KAB.

Tabnuma 2.
INasuduxanus 6ypeix yrieit KAb B rennoyctaHoBke.
Cocras raza, % 00.
Brixon
Temneparypa,
I/ICXO,HHOC ChIpbC OC rasa,
3/q.
MKy | co | co, | CHi | N
700 1,69 45,0 30,0 20,0 1,5 3,5
Mpma-bopoaunckuit
YIOJlb.
MECTOPOKACHIS 800 2,26 430 | 320 | 115 | 100 |35
(KAB)
900 3,39 50,0 30,0 2,5 15,0 2,5
700 2,07 40,0 28,0 20,0 7,0 5,0
bepe3oBckuii yross.
MECTOPOXKICHHS 800 2,83 44,0 27,0 15,0 9,0 5,0
(KAB)
900 3,20 50,0 24,0 10,0 10,0 5,0
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B nameit Pecriybnmke 0CHOBHOE CEITbCKOXO3SIMCTBEHHOE MPOU3BOJICTBO Oa3upyeTcs Ha
KyJIbTUBAlUU [IBYX Ba)KHEUIITNUX IOpOAYKTOB — XJIOIIOK W BHUHOI'pAA. OTXOI[LI ITUX
MIPOU3BOJICTBE SABIISAIOTCA XOPOIICH ChIpbeBOW 0a3oi [isi rasupuKaluu 3TUX OTXOJ0B U
MOJIY4YCHHA Ha UX OCHOBEC I'OPHOUUX 6BITOBBIX Tra30B. 3KCH€pI/IMeHTaJIBHbIC HUCCICOOBAHUA I10
ra3u(uKaluy 3TUX OTXOOB MPOBOJWIHM B T€IMOYCTAHOBKE MapabOIMUYEeCKUM OTPa)KaTesIeM.
MaTepI/IaJIOM I‘CJII/IOHpI/IéMHI/IKa CIIYKWJIA U3MCJIIBYCHHBIC BUHOT'PAHBIC U XJIOIIKOBBIC CT€6HI/I.
Pe3ynbratel ucciaenoBaHuil IpeCTaBICHbI B Ta0nuie 3.

Tabmumna 3.
lNasuduxanus crednell BAHOrpaaa M XJIONKa B FeIMOYCTaHOBKE
Cocras rasa, % 00.
CrIpbe Temneparypa, °C | BrIxon raza, M%/d-Kr

H, Cco CO, CHq4 N2

700 1,54 41,3 44,7 2,6 9,4 2,0

Bunorpanmrre 800 1,79 456 | 394 2,8 102 | 20
crebnun

900 2,07 46,0 38,0 2,0 12,0 2,0

700 1,60 42,0 33,0 3,2 5,8 4,0

Xuorkoseie 800 1,73 52,5 29,5 6,0 80 | 40
credim

900 2,01 54,0 28,0 45 9,5 4.0

Kak BuaHo, B TemneparypHoM uHTepsane 700-900°C mpomecchl rasudukaiuy oTX010B
npoTekarT 3¢p(HEeKTUBHO ¢ 00pa30BaHUEM BOJOPOJICOJEPKALINX TOPIOUMX razoB. Heckonbko
Oosbliee cofep)kaHue BOJIOPOJIAa XapaKTepU3yeTcs Ul XJIONKOBBIX cTebJell 0 CpaBHEHUIO ¢
BUHOT'paJIHBIMH CTEOIAMMU.

CocraB raza xapakTepu3yeTcsi BHICOKUM COJIEpKaHUEM MOpPIOYUX KOMIIOHEHTOB /ISl BU-
HOTpaHbIX cTebnet — 94-96 00 %, IS XJIOMKOBBIX cTeOJIel HECKOJIBKO HIKE - 82-90 00 %.

Pa3paboTanHblii coco0 M yCTpOHCTBO JAJIsl MPOU3BOJICTBA BOJIOPOJIA M FOPIOYMX Ta3oB
3a CYET TeIlIa COJTHEYHOW YHEPTHH MOYKHO MCTIOIh30BATh ISl PEHICHUS PSS SJHEPTETHUECKUX
3ajJay B TeX perrmoHax AsepOaiiipkaHa, Kyaa 3aTpyJHEHa JocTaBKa ToruuBa. [lpum sTom
AKKyMYJIMPOBAaHUE COJIHEYHOM SHEPTHH MO3BOJIUT SKOHOMUTH 110 40% TBEpAOro TOILUIMBA, YTO
OYECHb BXHO U JUISI COXPAaHEHHsI YUCTOTHI BO3IYIITHOTO OacceiiHa.

1. Muposas sHepreruka. [Ipornos passurus 10 2020 roga. M. Dueprus, 1980.

2. Mustafayeva R.M., Sahbazov S.C., Rzayev P.F., Mahmudova T.O. Alternativ enerji
monbalarindan istifado etmokls biokiitladon sintetik yanacaqlarin alinmasi perspektivlari.
Energetikanin problemlori, Ne3, 2013.

3. Mycmacgpaesa P.M., Mycmagaes U.U., P3aes 1. @. COTHEUHO-TEPMHUUECKHIE TPOIECCHI
nepepadoTku HePTsIHBIX ocTaTKOB. XK. ['enmorexnuka, Ne 6, 1996.
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TEXNOLOJI PROSESLORDO GUNOS ENERJISINDON ISTIFADO EDILMOSI

SAHBAZOYV §.C., MUSTAFAYEVA R.M.,
SALMANOVA F.9., MAHMUDOVA T.9.

Mogaloda komiirdon vo kond tosorriifatt mohsullarinin  tullantilarindan  giinos
enerjisindon istifado etmoklo qazlasma tdsulu ilo hidrogen vo hidrogen torkibli gazlarin
alinmasi prosesina baxilmigdir.

Acar sozlar: giinas enerjisi, qazlagdirma, helioqurgu, heliogsbuledici.

THE USE OF SOLAR ENERGY IN ECHNOLOGICAL PROCESSES

SHAHBAZOV SH.D., MUSTAFAYEVA R.M.,
SALMANOVA F.A,, MAHMUDOVA T.A.

In the article it has been reviewed the process of obtaining hydrogen and hydrogen

containing gases from coal and agricultural wastes through the use of solar energy by
gasification method.

Keywords: solar energy, gasification, helio-device, helio-acceptor.
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ELEKTRIK MUHORRIKLORININ YUKLONMOSININ
STATIKI-RIiYAZI METODLA ISLONMOSI

HOMIDOV M.H., MURADOVA R.O.

Azarbaycan Doviat Neft va Sanaye Universiteti

Mogalods elektrik enerjisinin imumi Vo xiisusi sorfino goro elektrik miiharriklorinin yiiklonmasinin
statistik modeli islonmisdir. Islonilmis model elektrik enerji sorfinin normallasdirilmasina imkan verir. Eyni
zamanda tortib edilmis model tolobateilarin  girigindo 6l¢lilmiis statistik xarakteristikalar osasinda elektrik
tochizatinin qurulmasi zamani zororlarin giymatlorinin toyin olunmasina imkan verir.

Acar sozlar: elektrik enerjisi, elektrik miihorriklori, paylanma qanununa uygunlugu, yiiklonmo omsali.

Umumiyyotlo gotiirsok elektrik elektrik enerjisinin @imumi vo xiisusi sarfino
miiharriklorinin yliklomo omsali miihim tosir gostorir [1]. Odur ki, elektrik enerji normalarinin
elektrik sorfinin hocmilo obyektiv olaraq no doracods osaslandirilmagini miioyyon etmok
magsadils elektrik mitharriklorinin yliklonmo amsalinin paylanma ganununa uygunluqglarinin
toyin olunmasi lazimdir.

Statistik toplamlarin osas xarakteristikalarin1 hesablamaq ii¢clin todqiq olunan
parametrlorin paylanma sirasini qurmaq olduqca vacibdir. Paylanma sirasinin, “slamstin”
maksimal vo minimal giymatlorino géra qurulmasi daha moagsads uygun hesab edilir. Odur ki,
normal paylanma qanununun tadqiqinin totbiqini arasdiririq. Bu qanunauygunlugu asagidaki
ardicilligla todqiq edirik.

Miisahidslorin hacmindon (N) asili olaraq intervallarin saymi miioyyon edorok hesabat
aparilir vo eyni zamanda intervalin addimi A -tayin edilir.

Intervallarin sarhadlori vo bu interval daxilinds slamotin orta giymatlori toyin olunmasi
tolob olunur.

Miiharrikin yiiklonmo omsalinin (slamatin) minimumdan maksimuma qodor genis
diapazonda doyismasi zamani intervalin addimini tayin edirik:

_ K]max_ijin
A= S Simn (1)

Bu zaman intervalin sarhadlori (2) ifadoasindaki kimi toyin olunur:

Kjlmin + A= Kjlmax = KjZmin
KjZmin + A= KjZmax = Bj3min

Kjkmin + A= Kjkmax J
Qeyd olunan (1va2) ifadolords Kjpmin Vo Kjkmax —miiharriklorin yiiklonmo omsallarmin

I-intervalina Uygun olaraq, on kicik vo on boyiik qiymatloridir. Miiharriklorin yiiklonmasinin
interval daxilinds orta giymatini

I(j' — Kjlmin;Kjimax (3)

(3) ifadasilo toyin edo bilorik.
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Qeyd etdiklorimizo asason miiharriklorin yiiklonmo amsali interval daxilinds sarhad va
orta giymatlorini va onlardan har birina diison miisahidalorin saymi (n; —tezliyi) xarakterizo
edon cadval tortib edilorak, statistik siran1 aliriq:

mon=n+n,+n;+.... + ny, (4)

i-intervalina diison miisahidslorin sayinin n; miisahidoalorin timumi sayina (N) nisbati
hadisonin tezlik gostoricisinin yaxud onun statistik ehtimalin1 xarakterizo edir. Statistik
hesablamalar1 qrafiki ifado etmok ticiin 5:10 kvt giici olan elektrik miiharriklorinin
yiikklonmasinin paylanma histoqgramindan vo nozori ayrisindan istifade edirik (sok.1).
Histogramaya osasan toplanmis tezliklorin qrafikini qururug. Bu mogsadlo saquli oxda i —
intervalina qodor miisahidolorin  saymin comina borabar olan toplanmis tezliklorin
eksperimental oyrisi ixtiyari uzunluglu intervalda yerloson vo totbiq edilmis har hansi
giymotdon yiiksok olmayan miisahidalorin sayinin toyin olunmasina imkan verir.

Toplanmus tezliklorin eksperimental oayrisi ixtiyari uzunluglu intervalda yerloson va
totbiq edilmis hor hansi gqiymotdon yiiksok olmayan miisahidalorin sayinin toyin olunmasina
imkan verir. Statistik toplanmis molumatlarin sayi- N, hamiso moahdud olur va niimunavi
mocmu yaxud se¢mo adlandirilir ki, har hansi bir asas nazari macmu tasvir eds bilsin. Statistik
rogomlorin biitiin moalumati paylanma qanunu, yiiklonmo omsalinin orta qiymatino I?] =

Kjorm Vo Orta —kvadratik meylina o —ilo xarakterizo olunur.

Tezliklor—t

Y E

)

06 ¥ ) ' Thil

055’ o'ch 0¥ 0,80“, ’9~ 0'35!’0 /05",

(PRI . i 2
25 |26 |

- pra—

J
——

Yiiklonms omsalt —K;

Sakil. 1. Giicii 3-7 kv olan elektrik miiharriklarinin yliklonmasinin
paylanma qistoqrami vo nozori ayrisi
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Molumatlarin islonmasi naticosi olaraq elektrik miharriklorinin  yiiklonmasinin
paylanma histogqrami va nazori ayrisi sok.1-do gostorilmisdir. Sokildon (1) goriindiiyli kimi
diizbucaglarin orta giymatlorini birlogsdirmoklo paylanma poliqonu alinir ki, bu da normal
paylanma ayrisi ilo hamarlanir. Normal ayrinin an bdyiik ordinanti siranin orta qiymatini
gostorir. Ogar bu giymatdan hoar iki torafs absis oxu iizerinds orta kvadratik meylini (o) geyd
edib, parganin uclarindan perpendikulyarlar qaldirsaq, onda oyrinin altindaki saho miisahids
edilon biitiin variantlardan miisyyan a = 68% toskil edar vo onun hor bir giymati I?] t+o
intervalinda yerlosor. Orta noqtalordon har iki torafo 20 mosafasi biitiin variantlardan X =
95% ohato edar ki, onunda har bir giymati K; + 20 intervalinda yerlosor.

K; — n olgiilmiis orta qiymoti yaxud riyazi gozlome hor bir intervalindaki tezliklori
nozoars almagqla asagidaki ifads ilo toyin olunur:

= 1
Kj=ﬁ' =1 Kj-my ®)

Qeyd edak ki normal paylanma ayrisinin qurulmasi {igiin:

N et2
== V= ¢ (6)
Burada N’ — aparilmis miisahidalorin say1, A’- paylanmis empirik siranin addimidir, t-

normalasmis meyletms, e "t/2 —sorgu cadvalindon segilir.

Biitiin kamiyyatlorin nozoari cohotdon hesablanmasinda komokgi vo asas cadvallordon
istifado olunmusdur ki, bu da codvallordo hesablama ifadslorina daxil olan biitiin araliq
komiyyatlor 6z oksini tapmusdir. (Magalonin hacmini nozaro alaraq codvallor bura daxil
edilmomisdir).

Natica

Magalods elektrik enerjisinin iimumi vo xiisusi sarfino goro elektrik miiharriklorinin
yiiklonmosinin statistik modeli islonmisdir. Islonilmis model elektrik enerji sorfinin
normallagdirilmasina imkan verir. Eyni zamanda tortib edilmis model talobatgilarin  girisindo
Ol¢iilmiis statistik xarakteristikalar asasinda elektrik tochizatinin qurulmasi zamani zararlarin
giymatlarinin toyin olunmasina imkan verir.

1. Meoseoves I'J]. “InekTpo0OOPYAOBAHHUE U DIEKTPOCHAOKEHUE TOPHBIX MPEeNNpUITUH ~
Mocksa 1980 401 ctp.

2. Kownosanosa JI.JI., Poxckosa JI./[. “InexTpocHa0KeHUE IPOMBIIIUIEHHBIX MTPEINPUATHI U
ycTaHoBOK” MockBa 1989 sueprousnar 452 ctp.

3. Homidov M.H., Muradova R.O. “Daniz —neft madon elektrik avadinliglar’” Baki 2012,
301 soh.

PABOTA IIEPEI'PY3KHU JEKTPUYECKHUX MOTOPOB
CTATUCTHYECKO-MATEMATHYECKUM METOJ1OM

I'AMHUJIOB M.I'., MYPAJIOBA P.A.

B crarbe unccnepoBaHa IMHAMMYECKas YCTOMYMBOCTb TIE€HEPATOPOB C YYETOM HX
B3aMMOJICUCTBYIOIINX JBWKEHUH. JJI1 3TOro cocrtaBiieHa pacu€THas cXema, a TaKxke
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pazpaboTaHa MeTOAMKA Ui pacyéra JIUHAMUYECKOM YCTOMYMBOCTH MPOCTBIX CXEM
HSHEPreTUYECKUX CUCTEM.

Pa3paborannas MeToaMKa U KOMIUIEKCHAs ITporpaMMa J1aéT BO3MOXKHOCTh yuéTa JoJira
U JUTUTEIBHBIX HECUMMETPUUECKUX PEKUMOB CUCTEMBI. MeTOoIMKa TakKe 1a€T BO3MOKHOCTD
BbIOOpPA MapaMeTPOB U MPOrpaMM Ui pacuéTa BBIOPAHHBIX PEXKHMOB.

KiroueBble cjioBa: d3JeKTpuUYeckas »JHEPrus, 3JICKTPUUYECKUE MOTOPBI, COOTBETCTBHE 3aKOHY
pacnpeseneHus, KO3QQUIHEHT neperpy3KH.

WORK OF ELECTRIC MOTORS OVERLOADING BY
STATISTICAL-MATHEMATICAL METHOD

HAMIDOV M.H., MURADOVA R.A.

The statistic model of electric motors have been organized according to the common
and specialconsumption of electricity/ The model organized contribute for normalization of
electricity which consumed by these motors. This model also allowance creating of statistic
characteristics that based on on measured parameters. With the help of these parameters the
technical and financial losses can be determined compiling of electrical supplying network.

Key words: electric energy, electric motors, compliance with the law of distribution, overload factor.
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UOT 621-313.32-85
CIXIS GORGINLIYININ FORMALASDIRILMASI USULLARI

9KBOROYV Y.S.

Azarbaycan Doviat Neft va Sanaye Universiteti

Azorbaycan, Baki, AZ1010, Azadliq pr., 20
E-mail:benzol-78@rambler.ru

Tezliklo tonzimlonan asinxron miihorriklorinin (AM) siiratinin tonzim olunmasi tezlik g¢eviricilori (TC)
vasitosilo hoyata kegirilir. Tezlik g¢eviricilorinin ¢ixigsinda gorginliyin formalagdirilmasi tigiin miixtalif iisullar
mdvcuddur. Bu iisullarin aragdirilmasinin vacibliyi aktualliq baximindan heg vaxt 6z shomiyyatini itirmir.

Acar sozlor: asinxron miihorrik, tezlik c¢eviricisi, avtonom gorginlik ¢eviricisi, enino impuls
tonzimloyicisi, enino impuls modulyasiyasi.

Indiki zamanda istehsalatda qisa qapanmis rotorlu asinxron miihorrriklorini (AM) tezlik
geviricisiz tosovviir etmok miimkiin deyil. Statik tezlik ¢evrici (TC) sinfino birbasa rabitali
tezlik geviricilorini (BTC) aid etmok olar. BTC-mahiyyatino gora elo avtonom gorginlik
ceviriciloridir (AGC) [1].

Idaroetmo qanunlarmin miixtolifliyine géra ¢ixis gorginliyinin formalasdirilmasi iisullar:
asagidakilardir[2]:

-Enina- impuls-tonzimloyicisi (EIT)
-Enina-impuls modulyasiyas1 (EIM)

-EIT vo EIM birlikdo

-Sinusoidal gorginlik etalonunun izlonmasi.

Hor bir isulun {Ustlinliiyliniin vacib kriteriyalart BTC-nin ¢ixisindaki gorginliyin
tezliyini vo amplitudasini tonzim etmok imkanimin olmasi, EIM- nin sado kommutasiyaya
malik olmasi vo nohayotds ¢ixigda pilloli formali gorginlik formalasdiriimasidir (Sakil 1).
Tonzimlonma prosesinda pillalorin eni kigilir vo onlarin arasinda fasilo yaranir. Bununla
¢ixigda gorginliyin qiymatinin doyismosi almir. Bu iisul eyni qiitblii EIT adlanir. Eyni qiitblii
EIT-do fasilo vaxti gorginlik kasilir, yiik iso qisagapanmus olur. ikiqiitblii EIT-do fasilo vaxti
gorginlik qitblorini doyisir vo giymotco doyismoz qalir. Fasilonin eni tonzimlonmonin
darinliyindon asilidir va tonzimlonma bucagi a -ilo toyin olunur [3]. Onlarin say1 isa ¢ixi1s

gorginliyini T, = 1 / £ periodu arzinds modulyasiyanin tezlik dofaliyi ilo toyin olunur, (yeni,
n

k= Tn/ £, = f m/ £, miinasibati il9), burada, T,,- modulyasiya periodudur. Cixis gorginliyinin

spektrindo (6s + 1)f,, tezlikli (burada, s=1,2,3,...;) harmonikalar g¢atigmir. Tonzimlonmo
bucaginin doyismosi vaxti tezlik spektri doyismoz qalir. Yalniz qoyulmus harmonikalarin
amplitudas1 doyisir[4,5].

Tonzimlonon gorginlik fasilorlo ovoz olunan impulslardir. Cixis  gorginliyinin
fatezliyinin doyismasi ilo U/f = const miinasibati qorunub saxlanilir. Bu iso tezliklo

tonzimlonon doyison coroyan elektrik intigallar1 {iclin vacib sortdir. Lakin tezlik azalarkon
uygun olaraq fasilslorin artmasi1 miimkiinsiiz olur. Bu ¢atigmamazlig1 aradan qaldirmagq ti¢iin
(mithorrikdo coroyanin formasini yaxsilasdirmaq tg¢iin) asagi tezliklordo modulyasiyanin
tezlik dofoliyi olan k-m1 u tam odod dofs yiiksoldirlor, belo ki, onu k=12,18,24 vo i.a.
gqiymotino catdirirlar. Beloliklo, modulyasiyanin tezlik dofoliyini yiiksoltmok hesabina
tonzimlomodo qobul olunan qiymotlor almana qodor 5;7;11;13-cii  harmonikalarin
amplitudasini azaltmaqla, TC-nin ¢ixisinda tolob olunan keyfiyyotli enerjinin alinmasi tomin
edilir [5].
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Belo doyisiklords TC -nin idareetma. sistemi miirokkoblosir. Bunun {i¢iin onun
kommutasiya bonding slava toloblor qoyulur. EIM-in tatbiqi ilo diizlonmis gorginlik periodik

olaraq f, = 1/T tezliyi ilo kommutasiya olunur. EIM-in formasindan asili olaraq TC-nin
n
yiikii periodik olaraq agilir, baglanir yaxud oks qiitblorlo qosulur.

Kommutasiya noticosindo eyniqiiblii EIM-d_e qoyulmus osas tezliyin qiymati f,
modulyasiya tezliyino beraberdir vo dayismoz galir. ikiqiitblii EIM-do bu 0-a barabordir [2].
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Sokil 1. EIM-li TC-nin ¢ixisindaki gorginlik.

Bu goyulmus gorginliyin amplitudu vo tezliyi modulyasiyanin tezliyi vo dorinliyino
uygun olaraq toyin olunur. Bu iisulun se¢ilmasinin asas kriteriyast TC-nin ¢ixisindaki tezlik
vo gorginliyin salis tonziminin genis hadlorde vo verilmis ganuna gors idarsetmo impulslarin
voziyyatinin modulyasiyasinin tomin olunmasimin miimkiinliiyii hesab oluur. EIT vo EIM-in
birlikdo tatbiginds hor iki {isulun iistiinliiklorindon istifado edilir. EIT-do yiiksok tezliklorda
yaxst keyfiyyatli gorginlik almir. EIM-do iso yaxsi keyfiyyotli cixis gorginliyi asag
tezliklordo alinir. EiT vo EiM-in birlikds totbiqinin is prinsipi sokil 2-do aydinlasir. Cixis
tezliyinin yenidon qurulmasi Tgjr -in doyismosi vo Tgiy -in periodlar saymin bir tsikl
orzindo doyigsmolori hesabini hoyata kegirilir. Bunun iigiin belo bir sort gobul olunur. Cixig
gorginliyinin hor periodunun tsikli tam Ty, intervali ilo dolur,qalan tsikl iso  Tgir mosafo
intervali ilo toyin olunur [4].

[ TEIH

'} Ta‘: ikl

s,

TEIT

L

Y

Sokil 2. EiT vo EIM -in birlikds totbigi ilo birlikds is prinsipi.

Sinusoidal gorginliyin etalonunun izlonmosi iisulu birbsa TC-do siini kommutasiyalar
vasitosilo hoyata kecirilir. Bu sistem bagli vo agiq izlonmo sistemi prinsipi 9sasinda
qurulmusdur. Burada asas mogsad TC-nin cixisinda sinusoidal formaya yaxin gorginliyin
alinmasidir. izlonmo iisulu ¢ixigda yaxsi keyfiyyotli enerjinin alinmasina imkan verir. Lakin
sxemdo etalon gorginlik generatorlarinun olmasi, tonzim olunan gorginliklo etalon
gorginliyinin miiqayiseli bondlorinin olmasi bu proseslori miirakkoblogdirir.

Cixis gorginliyinin formalasdirilmasi tisullarinin miigayisoli tohlilindon aydin olur ki,
yiiksak tezliklorda EiT iisulu ¢ixisda keyfiyyotli enrejinin alinmasini tomin edir. EIM {isulu ilo
asagi tezliklordo tonzimlonmoni miikommal yerino yetirir. Yoni asagi tezliklordo fasilolorin
artmasini tomin edon tezlik modulyasiyasinin dofaliliyini artirmaqla ¢ixisda keyfiyyotli
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gorginlik almaq miimkiindiir. TC-nin ¢ixisinda sinusoidaya yaxin gorginliyin alinmasi tigiin
sinusoidal garginliyin etalonunun izlonmaesi tisulu da effektli tisul sayila bilor. Lakin burada
gorginlik generatorunun mévcudlugu proseslori bir godar miirokkeblosdirir. Bu baximdan EiT
vo EIM iisullarmin her ikisinin yuxarida sadaladigimiz iistiinliiklorindon istifads etmoklo daha
somarali natica aldo etmak olar.

Natica

Asinxron miiharrikinin siiratinin tonzimlonmasi zamani tezlik g¢eviricisinin ¢ixisindaki
gorginliyin formalasdirilmasi {isullarindan hor biri arasdirilaraq belo naticoys golmok olur ki,
enino impuls tonzimloyicisi vo enino impuls modulyasiyasi usllarinin birlikdo totbiqi daha
somarali hesab olunur.
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METOAbI @OPMHUPOBAHUA BBIXO/JHOT'O HAITPSKEHUA
AKBEPOB 41.C.

PerynupoBka CKOpPOCTH YacTOTHO PeryjlupyeMbIM AaCHHXPOHHBIX jaBurarenei (AM)
OCyIlecTBIsieTCsl ¢ moMolibio mnpeoOpazoBateneit yactorbl (ITH). CymecTByroT pasHble
crocoObl (popMUpOBaHUST HAMPSDKEHHS Ha BBIXOAAX IpeoOpazoBaress 4acToThl. M3ydeHus
ATUX METO/OB C TOYKU 3pPEHMs aKTyaJlbHOCTH BcCerja TpeOyeTcs HCCIeOBaTh BBIXOJHOTO
Hanpsokenus [14.

KioueBble caoBa:  aCMHXPOHHBIM  JBHTATelb, NpeoOpa3oBaTeNlb  YacTOTHI,  aBTOHOMHBIH
npeoOpa3oBaTeNb HAPSDKEHHS, MIHPOTHO UMITYJIBCHBIN PETyIATOP, MIHPOTHO-UMITYIBCHAS MO TSNS

METHODS OF OUTPUT VOLTAGE FORMATION
AKBAROV Y.S.

The speed adjustable asynchronous motors (AM) is carried out by frequency converter
(FC). There are various methods for the formation of voltage in the output frequency
converter. The importance of investigating these methods is never does not lose important in
terms of actuality.

Key words: asynchronous motors, frequency converter, avtonomous voltage converter, pulse width
regulator, pulse with modulation.
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“Energetikanin  problemlori” “jurnalinda energetikanin kompleks problemlori,
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siyahis1 vo xiilasolor do daxil olmagla 8 sohifodon yuxari olmamalidir.

4.3. Moaqaloalorinin birinci sohifosinin sol kiinciindo Universal onluq tosnifati (UOT) tizro
indeksi gostorilmalidir. Sonra 1 interval asagidan, qalin vo bdyiik hariflorls maqalonin
ad1 yazilir. Sonra 1 interval asagidan, qalin vo boylik hariflorlo miisllifin (miislliflorin)
soyadi, ad1 vo atasinin admin bas hariflori yazilir. 1 interval agagidan moqaloni toqdim
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K CBEAEHUIO ABTOPOB

1. O6mme mpaBuJa.

B xypnane “TIpoGiembl DHEpreTUKu” MyOJUKYIOTCS HayYHO - TEXHUYECKHE CTaThU B
007acT KOMIUICKCHBIX MPOOJIEeM DSHEPreTHKH, SIEKTPOIHEPTETHKH, TEIJIOIHEPTEeTHKH,
3MEeKTPOPU3UKH, IEKTPOTEXHOIOTHH, UH(POPMATUKN 1 HOBOM TEXHUKH, a TAK)KE MPUBOIUTCS
TEKyIasi XpPOHHUKa.

OCHOBHOM 1ENIbIO KypHaNa SIBISIETCS MyOJIMKAIKsl OPUTMHAIBHBIX HAay4YHO-TEXHUYEC-
KHUX CTaTel, OTBEUAIONINX TPEOOBAHMSIM BBICOKOTO HAYYHOTO Ka4eCTBa.

B xypHane npuBoasTcs cBeleHuss 0 pabote KoH(MepeHIHi, CHUMIIO3UYMOB, Pa3IUUYHbBIX
HAYYHBIX IIIKOJI, 3 TAK)KE 00 MHTEPECHBIX COOBITUSX, TPOUCXOSAIINX B HAYIHOM MUPE.

Penakuus coxpanser 3a co0oil mpaBo He MyOJIMKOBAaTh MaTepUajbl MO TEM WU UHBIM
MPUYHHAM, HE YAOBJICTBOPSIOIMIUM TPEOOBAHUSAM SKypHAJIa.

2. IIpeacraBjieHue craTei.
Cratbu JOKHBI OBITh MPEACTABICHBI B PEIAKIIMIO JKypHaa M0 CIEAYIOIEMY aapecy:

Azepbaiimxan, A3-1143, baky, np. I'. JI>xaBuna, 33
WNuctutyr @usuxku HAH Aszep0Oaiimkana
Ten: (994 12) 539-41-61 ; (994 12) 539-44-02; ®dakc : (994 12) 447-04-56
E-mail: arif@ physics.ab.az ;
OTtBeTcTBeHHBIN cekpeTaps - ['ypbanoB Ksamunbp baxTtusip orisi

3. SI3bIK cTaTeii.

Crarbu IpUHUMAIOTCA Ha a3epOailPKaHCKOM, PYCCKOM UM aHTJIMHCKOM SI3bIKax, IPUYEM
CTaThbU aBTOPOB U3 A3epOaiikaHa TOJKHBI ObITh IIPEACTABICHbI HA a3epOaiiXKaHCKOM HUJIIH
PYCCKOM $i3bIKax, cTaTbu aBTOpoB U3 cTpaH CHI' - Tonbko Ha pycckoM si3bIKE, CTaThbU aBTOPOB
U3 JaJBHETO 3apyOeXkbs - TOJIBKO HA AHIVINHCKOM SI3bIKE.

4. Mpasuia opopmiIeHHs CTATEI.

4.1. B pemakuuio >xypHaJia IPEACTABISIIOTCA CTaTbU, HAOpaHHBIC U HalleYaTaHHBIE B OJJHOM
9K3EMIUIApE Yepe3 OJIMH MHTEpPBAJ Ha MEPCOHATLHOM KOMIIbIOTEpe, Ha Oenoi Gymare
dopmata A 4, mpudprom Times New Roman, pasmep wmpudra 12, a Taxxke
npezcTaBisieTcss B anekTpoHHOM Buae Ha CD naucke. Ilons cBepxy u cHH3Y - 2 cM,
cJeBa U cripasa - 2,5 cM.

4.2. OOBeM cTaThu HE JOJDKEH NMPEBBIMATh 8 CTPAaHUI, BKIIOYas rpad)udeckue MaTepHabl,
¢oro, Tabau1bl, (GOPMYJIBI, CIIUCOK JUTEPATYpPhl U AHHOTALIMH.

4.3. B BepxHeM JIEBOM YIIIy TIEpBOW CTpaHUIIBI CTaTh yKasbiBaercs mHaekc YJIK. Yepes 1
MHTEpBaJl HI)KE TOMEIIAETCsl Ha3BaHWE CTaThU )KUPHBIM M 3arjiaBHbIM mpudToM. Yepes
1 unTepBan nomemaercs pamuing (haMUINK), 1 UHULIAAJIBI aBTOpa (aBTOPOB) )KUPHBIM
U 3arjaBHbIM mpudToM. Uepes 1 nHTEepBan yka3blBaeTcsi HAUMEHOBAHUE OpraHU3aIUH.
Yepe3 1 uHTEpBan momemiaercs aHHOTAIMsS Ha s3bIKE CTaTbu o0beMoM He Oosiee 10
CTPOK MW KJtoueBble cioBa (5-6 cmoB) mpudtom 10. Uepe3 1 mHTEpBa) MoOMeniaeTcs
OCHOBHOE cojzepkaHue cTtarbu mpudrom 12. B KOHIIE OCHOBHOTO TEKCTa CTaThH
MPOBOAUTCA TpouYepK IHMHOM 20-25 CHMBOJIOB, TMOCJHE YEro MOMENIAETCS CIUCOK
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4.4.

JUTEpaTyphl 0€3 KaKOoro-NuOO Ha3BaHWs, B TOPSAKE HYMEpAIMH CCHUIOK B TEKCTE
crarbu. [locme 3Toro uepes | MHTEpBaT MOMEMIAIOTCS AHHOTAIMM HA JABYX APYTHX
S3bIKaX — PYCCKOM (MW a3epOaiipkaHCKOM), aHTJIMHCKOM W KJItoueBble ciioBa (5-6
cioB) mpudTom 10.

B camom KoHIle CTaThW MOMEMIAIOTCS KOHTAaKTHBIC Tenedonbl, Gakcel u E — mail, a
TaKXe MOJIUCH BCEX aBTOPOB.

I'padpuueckue  marepuwanpl, ¢Goto, TaduUIBl, GOPMYJIBI  MOMEMIAIOTCS B
COOTBETCTBYIOIIUX pa3feliax TeKcTa cTarbu. Hanmmucu, oTHOCAIIMECs K TpadudecKum
Marepualiam, MOMENIarTCs B TEKCTE CTaThu. B rpaduueckoM MaTtepuaie yKa3bIBaroTCs
OykBeHHBbIE M HHU(PPOBBIE 0003HAYCHHS, & MX KOMMEHTApUU TOMEIIAIOTCS B TEKCTE
cTatbu. B HIKHEH uyacTH TrpadUyeckoro Marepuana yKa3blBaeTCs HOMEP U MOMKET
yKa3bIBaThCsl Ha3BaHue MaTepuana ( Hamp., Puc.3. Cxema ycTaHOBKH. ... )

4.5. Cnucok IUTHPOBAHHOM JIMTEPATYpPhl IPUBOJMTCS Ha A3bIKAX OPMTMHAIOB. Damuiuu u

WHUIMAIB aBTOPOB TMEYaTaloTcs KypcuBOM. CIUCOK JUTEpaTypbl O(OPMIISETCS IO
o0pa3sily, IpUBEICHHOMY HUXKE!
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Institute of Physics of the National Academy of Sciences of Azerbaijan
Tel: (994 12) 539-41-61 ; 539-44-02; Fax : (994 12) 447-04-56
E-mail: arif@physics.ab.az;
For the Attention of K.B.Kurbanov — the Responsible Secretary

3. 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.

4. 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 reference list, the summaries and keywords (5-6 words) in Russian and English must
follow.
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At the end of the paper, the contact details must be placed, and also all the authors must
put their signatures.

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

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

Books

1. De Gennes P.G. The Physics of Liquid Crystalls. London: Cambridge Univ. Press,1974.
Journals

2. Price D.A,, Lucas I.L., MoruzziJ.D. // J.Phys.D(Appl.Phys),1973,v.6,N0.12,p.1514-1524.
3. Anaxoapos O.3. /| ®uzuka-1999-Ne 3- ¢.44-49.

Patents

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