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EFFEKTIV SOYUDULMA SISTEMLI TONZIMLONON
ASINXRON MUHORRIK

FORHADZAD® E.M., SIXOLIYEVAS.Y.

AzarbaycanDdévlatNeftvaSanayeUniversiteti

e-mail: sadet70@mail.ru

Tonzimlonan asinxron masin tgiin toklif olunan konstruksiyanin konstruktiv xiisusiyyotlori vo islomo
prinsipi hagqinda malumatlar verilir.Qisaca olaraq temperature qizmasi, moment vo masinin soyudulmasi mo-
solasi tohlil edilmigdir.Firlanma tezliyi tonzim olunan digs rmaginlara géra miisbot cohatlori gostorilmisdir.

Acar sozlar: firlanma tezliyi, hava kanali, ventilyator, ig¢i sorfiyyati, porlorarasi kanal, sirkulyasiya.

Elektrik masginlarinin inkisaf sorfiyyatinin yiiksaldilmosi artiq material sorfiyyatinin
energetik xarakteristikalarinin soviyyasi ilo oldo etmok xeyli ¢otinlogmisdir. Son zamanlar
soyudulmanin intensivlogdirilmasi rolu artir. Bu mosalo an vacib formada iP44 ifal1 firlanma
tezliyi tonzim olunan masinlara aid edilir. Qeyd edilon konstruksiyada [1,2] masinin rotor zo-
nasinda iki oadad rotor yerlosdirilmisdir ki, onlar tam sorbast firlanma sistemino malikdirlor:
rotorun biri — iglok rotor — stator paketinin uzunlugunun 80- 90%- ni, digar hissasini iss
olava rotor—ventilyasiya sorfiyyatli rotor qapayir. Isci rotor statora verilon gorginliyin doyis-
masilo genis hodlordo firlanmaya malikdir. Olava rotor iss gorginliyin biitiin giymatlorinds
asinxron firlanmaya malik olub daxili vo xarici ventilyatorlari biitiin firlanma tezliyi zona-
sinda demak olar sabit firlanma tezliyino malikdir. Demali, kigik firlanma tezliklorinds belo
soyudulma prosesi normal elektrik masiinin soyudulma sistemi kimidir. Daxili ventilyasiya
sistemi elo qurulmusdur ki, stator sahasinin firlanma istigamatindon asili olmayaraq soyuducu
hava axini1 bir istigamatlidir. Ventilyasiya hesablamarindaki baxilan masalalors nozar salag.

Layiho olunan elektrik masiminin ventilyasiya hesablamalarinin asas moaqsadi biitovliik-
do ventilyasiya sxeminin se¢imi vo homg¢inin hava vuran elementlorin isini miioyyonlosdir-
mokdir ki, bununla da vahid zamanda soyuducu miihitin zoruri hacmds verilisinin tomin
edilmosi vo ya basqa sozlo zoruri hava miihitinin sorfiyyatina baxilir.

Havanin hocmi sorfiyyati (vo ya qisa olaraq sorfiyyati) vahid zaman orzinds kanalin
enino kosiyindon kecon miihitin hocmidir. Biitiin elektrik maginina aid edilon bu elo bir
hocmdir ki, vahid zaman orzindo ya ventilyasiya gedisinin biitiin paralel yollarindan vo ya da
gatiron (aparan) araliglarin en kosiyindon kegir.

Sarfiyyat Q saniys arzinds metr kubu ils ifads olunur vo havanin kanalinda orta harokat
stirati w ilo sada slagados olur:

Q=wS
burada S- kanalin en kasiyi sahasidir.

Beloliklo, havanin sorfiyyatim1 elektrik dovrosindoki coroyanla miiqayise etmok olar,
stirat 1s9, yoni kanalin en kosiyinin vahidina diison sorfiyyati — elektrik corayanmin sixligi
kimi gabul oluna bilar. No godar ki, soyuducu hava elektrik masininin itkilorini qobul edorak
onu soyuq miihitlo alagolondirir, zoruri havanin miqdar1 kenarlagdirilan itkilorin hacmi ila
toyin olunur, yoni elektrik masminin layiholondirilmesi — elektromaqnit vo istilik
hesablamalarinin naticasi olur. Beloliklo, ventilyasiya hesablamalar1 ¢or¢ivesinde nominal
sorfiyyat Q verilmis qiymatidir.

Masinin ventilyasiya trakti kanallarinda sirkulyasiya edon hava 6z harokati istigamatin-
do miigavimatlori &tiir. Bagsqa s6zlo desok, havanin sirkulyasiyasini tomin etmak {i¢iin mexa-
niki enerji sorf etmok lazimdir. Bu isi hava burucu elementlor yerino yetirir ki, ventilyasiya
traktinin giris va ¢ixis en kasiklarinda tozyiqlorin miixtalifliyini yaradirlar.
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Hor bir ventilyasiya sahosi miigavimoato malikdir vo bununla olagodar olaraq havanin
tam tozyiqi sahonin sonunda homiso asagidir (baslangic sahaya nisboton); azalma tamamilo
yox olmus tozyiq itkisi goador olur; tozyiq itkisini Ap ilo isars edirik. Havanin harokat forma-
sindan (laminar va ya turbolent) asili olmayaraq tozyiq itkisi asagidaki ifads ilo hesablanir:

Ap = zQ? 1)

Bu ifads asagidaki kimi basa diigtilmolidir:

Tazyiq itkisi sorfiyyatin ikinci daracasine nisbatdo oldugda nisbat amsali z (1) ifado-
sindo sabit qiymot kimi olacaqdir. ©gor gostorilon nisbat haqgigoton saxlanilmirsa z omsali elo
olacaqdir ki, (1) ifadasi haqgigato uygun olacaqdir.

Z omsali hor bir perodinamik miigavimoat ii¢lin noinki kanalin 6lgiilori vo havanin
xtisusiyyatlori ilo hamginin yerli miigavimoat ¢ ilo miioyyan olunur. Bu tosdiq gostorir ki,
ancaq yerli miigavimati uygun formada (masalon, tacriibadon) qobul etmok lazimdir.

Natico olaraq nisbi amsal olan z (aerodinamik miigavimat adlanir) asagidak: ifads ilo
hesablanir:

2=§ 50 @

Elektrik masminin hava vurucu elementlorinin se¢imi, yani, verilmis nominal Qn
sarfiyyatini nozors almaqla ventilyatorlarin zoruri nominal tozyiqinin Pp toyini asagidaki ifado
ilo hesablana bilar:

b =ZQ1% (3)

burada z — elektrik masininin com aerodinamik miigavimatidir.

Bu ifadodon goriiniir ki, masinda tozyiq itkisi hava vurucu elementlorin yaratdiglar
tozyigo barabardir, belos ki (3) tonliyi baraborlik faktini tosdigloyir.

Beloliklo, elektrik magininin ventilyasiya hesablamalarinda onun aerodinamik miiqavi-
moti z v barabarlik tanliyi (3) hall olunmalidir. Bundan sonra sxemin ayri-ayr1 budaqlarinda
sorfiyyatin paylanmasi hesabi aparila bilor.

Aerodinamik miigavimatin z malum giymatina asason masindaki tozyiq diiskiisiic AP, =
zQ2 toyin oluna bilar, lakin sonradan o verilmis Qn sorfiyyatina géro ventilyatorun nominal
tozyiqi Pn ilo miiqayise olunmalidir.

Burada masolonin miirokkabliyi yaranir, belos ki, ventilyatorun tozyiqi P=¢(Q) sorfiyya-
tinin miirakkab funksiyasidir ki, bu ventilyatorun aerodinamik xarakteristikas1 adlanir.

Tacriibi yolla vo ya da modeldon hesablamalara goro alinmig xarakteristika hor zaman
sado analitik yazilmalara moruz qala bilmir. Bu sabobdon do barabarlik tonliyinin analitik
formada yazilmasi ¢ox ¢otinliklor yaradir.

9(Q) =2Q° (4)

Elektrik masinlarinin layihalondirilmaesi praktikasinda (4) tenliyinin qrafiki halli genis
yayilmisdir. Bu metod ¢ox sado vo baximlhidir (sokil 1).

Q Vo p koordinatlarinda iki sorfiyyat funksiyas1 qeyd olunur: P=¢(Q) Vo
Ap = zQ?. Onlarin kosismo ndqtasi boraborlik noqtasi olur: néqto tozyiq itkisi vo ventilyator
tozyiqlarinin qarsiligh uygunluq noqtasidir.

Ventilyasiya hesablamalarinin naticosinds is¢i sorfiyyat Qi he¢ vaxt nominal sorfiyyata
Qn borabar olmur. Bu iki soboba goro bas verir. Bir torofdon ona goro ki, hava vurucu
elementlorin se¢imindo onlarin xarakterisikalarinin tozyiq ayrisi ilo kasismasi lazim ndqtads
bas vermis (Qn, AP,). Digor torofdon nozors alinir ki, ventilyatorun xarakteristikasi vo tozyiq
itkilorinin oyrisi bir qadar xata ilo toyin edilirlor ki, bu da xosagolmoz hava gatismamazligina
sobob olar, baxmayaraq ki, elektrik masmi Qn giymotino hesablanmisdir. Bununla olagodar
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olaraq hava vurucu elementlor elo segilmoalidirlor ki, is¢i sarfiyyat Q; nominaldan 10% ¢ox
olsun. Bels ehtiyat tozyiq itkisinin toyininds buraxilan xatanin 20% kompensasiyasina sobob
olar.

A p, Ap
p
Apn
Ap
Q @,
< Qn >
< Qe >

Sokil 1.Isci sarfiyyatin grafiki toyini.

Natico
Baxilan masalalarin oan 6namlisi ventilyasiya sisteminin aragdirilmasidir.
2. lsci rotorun firlanma tezliyinin asag1 qiymetlorindo belo ventilyasiya sistemi yiiksok
saviyyads isloyir.
3. Ventilyasiya sisteminda rotorlarin istigamatinin doyismoasinds soyuducu hava axini
istigamatini doyismir.

=
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ACHUHXPOHHBIN IBUTATEJIb C 9®®EKTUBHbIM
BO31YHIHBIM OXVIAKIEHUEM

DAPXABAIE 2.M., INXAJUEBA C.10.

JlatoTcst cBeieHUst 0 MOTPEOHOCTH PErYINPYEMBIX aCHHXPOHHBIX MAIIMH, O MPUHLHUIE
paboThI penIaraeéMoi KOHCTPYKIIMHU U KOHCTPYKTUBHBIX oco0eHHOCTsAX. KopoTko mpoananu-
3UPOBAHBI BOIPOCHI TEMIIEPATYPHOIO HAarpeBa, MOMEHTA U OXJIAKJICHUs MAIlWHBI. Y Ka3aHBbI
HEKOTOpbIE MPEHMYIIECTBA Ieped APYITMMH MAallMHAMHA C PETryJIHPOBAHUEM YaCTOTHI
BpallCHUS.

KiroueBble cj10Ba: 9acTOTa BpAIIEHHUs, BO3AYITHBIN KaHAaJ, BEHTHIATOP, pabodnii pacxo, KaHAI MEXIY
BEHTUJIATOPAMHU, LUPKYJIALIUA.

ASYNCHRONOUS ENGINE WITH EFFICIENT AIR COOLING
FARKHADZADE EM, SHIKHALIEVA S.Yu.

Information is given on the needs of adjustable asynchronous machines, on the principle
of construction of the proposed design and design features. The questions of temperature
heating, moment and cooling of the machine are briefly analyzed. There are some advantages
over other machines with speed controu.

Keywords: speed, air channel, fan, operating flow, channel between fans, circulation.
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SFs QAZ MUHITINDO, ELEKTRIK QAZBOSALMASININ TOSIRi
SORAITINDO POLIETILENTEREFTALAT MATERIALINDAN
EMISSiYA PROSESLORI

HOSIMOV A.M., SULEYMANOVA L.C., QURBANOV K.B.

Azorbaycan MEA-min Fizika Institutu
Az1143, Baki 5. H.Cavid prospekti, 131
tzenfira@mail.ru

Mogqalads SFs qaz miihiti soraitinds, moasal sokilli elektrik qazbosalmasinin tasirlorine moruz qalan amorf
vo polikristallik struktura malik polietilentereftalat polimer materialinin sothundon ikinci ion emissiya
proseslorinin todqiqindon oldo edilon noticolor gorh olunmusdur. Miioyyon edilmigdir ki, materialda nizamli
qurulus artdiqca sothdon emissiya prosesi zoifloyir. Oldo edilon naticolorin struktur anlayislari vastosilo
izzahatlar1 verilmisdir.

Acar sozlori: polietilentereftalat, izotrop, anizatrop, amorf, kristallik, polikristal, deformasiya, sixliq,
kristallagma temperaturu.

Kondenss halinda olan maddolordon ion emissiyast prosesi miirokkob mosalo olaraq,
emissiya olunan ionlarin miqdari vo ndvii, maddenin kimyavi torkibindon, togkil oldugu
elementlordan, fiziki strukturundan va tosir vasitosinin giiciindon asili olur.

Metallardan ion emissiyasinin mexanizmlorini molekulyar dielektriklora totbiq etmok
olmur. Metall, biri digori ilo eyni ndv rabito olagasi olan, bir ndv atomdan toskil olunur,
molekulyar dielektrik iso miixtalif kimyovi olagalori olan, miixtalif atomlardan togkil
olunurlar. Bombaardiman noticosindo metallarda kristal qofosi doyisilikloro moruz qaldigi
halda, molekulyar dielektriklordo molekulyar qurlusun doyismasi ilo yanasi eyni zamanda
torkibdos kimyovi dayisiliklor do miisahids oluna bilar [2-4].

Toqdim olunan isdo SFe qaz miihitindo, masal sokilli gazbosalmasinin tosirlorina moaruz
qalan, amorf va polikristallik struktura malik, izotrop vo anizatrop qurluslu polietilentereftalat
(PETF) materialindan emissiya proseslorinin todqiqinden oldo edilon naticalor sorh
olunmusdur.

Asagida PETF-1n tokrar olunan elementar kimyovi bondinin konfiqurasiyasi verilmisdir:

H H o
[ |

1
H H O

Polietilentereftalat 80°C-don asag1 temperaturlarda emal etdikdo siisovari olaraq amorf
struktura, 110°C-don yuxar1 temperaturlarda iso polikristallik struktura malik olur.qeyd etmok
lazimdir ki, 110°C-don yuxar1 temperaturlarda emal etdikde izotrop halda-sferolit, anizotrop
halda iso-fibrilyar struktur elementlori ilo xarakterizs olunur.

Sokil 1 do PETF-in sferolit strukturlarin1 xarakterizo edon mikrofotoqrafiyalar1 verilmis-
dir [1].

Yuxarida qgeyd olundugu kimi temperatur parametrlorindon istifado edorok PETF-1
amorf vo polikristallik sokildo almaq olar. PETF-in orima temperaturu 265°C toskil edir.
Amorf struktura malik PETF-in sixlig1 1,335q/sm?, polikristallik halda iso sixlig1 1,455q/sm?
olaraq toyin edilmisdir [1].
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a) b)
Sokil 1. Polikristallik polietilentereftalat polimer matSerialinin 140°C (a) vo 165°C(b)
temperaturlarda emal olunmus niimunalarini xarakterizo edan sferolit
strukturlarinin mikrosokillori [1].
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Sakil 2. Amorf struktura malik izotroplll va bir ox istigamatinds amorf
materialin deformasiya olunmug anizotrop[] niimunalarinin
sathindon emissiya p-roseslorinin kiitla-spektoqrammasi. Orintinin
kristallasma miiddoti 15 dagiqo, kristallagma temperaturu t,=20°C
toskil etmisdir. Spektoqrammada isars edilon ion
carayanlarini xarakterizo edon gostaricalor, miivafiq olaraq, izotrop
va bir ox istigameatindo deformasiya olunmus (anizatrop)

niimunalordon miigsahids edilon emissiya prosesine aiddir.
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Sokil 3. Amorf struktura malik, kristallasma miiddoti 30 doaq., t=50°C-do
emal olunmus PETF-in sothinden miisahids olunmus kiitls- spektogrammasi.
M - ilkin halin gostaricilori
[0 -deformasiya olunmus halin gostoricileri

7



Todgiqat niimiinolori birinci halda 0,3mm qalinligda, 300°C tempaturda PETF-in
sonayedo istehsal olunan isti proseslonmosi iisulu ilo oldo edilmisdir, izotrop amorf
niimunolorin orintilorinin kristallasmas1 t=15 doqiqqe miiddetindo t=20°C temperaturda
yerino yetirilmisdir. Ikinci halda niimune t=30 doq; t=50°C rejimlorindo oldo edilmisdir.
Polikristallik izotrop niimunolor birinci halda t=40daq; t=160°C, ikinci halda t=60doq;
t=220°C temperaturunda emal edilmisdir.

Yuxarida geyd olunan hallarada emal olunmus todqgiqat niimunalori bir ox istigamatindo
deformasiya edarak, struktur baximindan farqlonen yeni todqiqat edilmisdir vo biitiin hallarda
oldo edilmis niimunoslordon, gaz bosalmasinin tosirlori noticosinds, miimkiin olan emissiya
proseslori tadqiq edilmisdir. Sakil 2-do yuxarida geyd olunan hallara miivafiq olan kiitlo-
spektrogrammalar1 togdim olunmusdur.

Amorf struktur ilo xarakterizo olunan va kristallasma ¢iiddeti 30 daqiqo, tk=50°C-da
emal olunan polietilentereftalat niimunolorindon bas veron emissiya prosesini xarakterizo edon
kiitls spektoqrammast sokil 3-do toqdim olunmusdur.

Saokil 2 va 3-don gorsonir ki PETF-in emal (tk) temperaturunu artiqdiqca materialda
mioyyan godor nizamli qurlug amalo goldikco, materialin sixlig1 artir vo bu sababdon do
sothdon emisiya miioyyon qodor zoifloyir. Material yuxarida qeyd olunan emal
temperaturunda yenos do amorf struktura malik olur. Hor iki halda deformasiya
olunmusmateriallardan sathi emisiyanin zsiflonmasi prosesin materialin strikturu vo sixligi ilo
olagadar oldugunu tosdiq etmis olur.

Tadqigatlarin ndvbati marhalasinds polikristallik struktura malik niimunalorin sathindon
bas veron emissiya proseslori todqiq edilmisdir.

Todgiqatlar PETF materialinin kristallasma temperaturlarinin tw=160 vo t=200°C
giymatlorinds hazirlanmis niimunalorindon istifads edorok yerino yetirilmisdir.

Sokil 4 vo 5 miixtolif kristallasma vo miixtalif zaman miiddotindo emal olunmus vo eyni
zamanda hor iki halda, bir ox istigamotindo deformasiyaya moruz galan polietilentereftalat
materialin  sothindo, qazboslmasinin sotho t6osirlori naticosinds, reallagan emissiya
proseslorinin kiitlo spektoqgrammalari toqdim olunmusdur.

Sokil 4-don goriiniir ki, polikristallik materialda, amorf materiala nisboton (sokil 2 va 3)

sothdon emissiya prosesinin intensivliyi nozoro carpacaq dorocodo azalmisdir. Sokil 5-do,
materialin emal miiddotinin ¢ox olmasi va tk-Kristallasma temperaturunun materialin arimo
temperaturuna yaxin olmasi ila olagadar olaraq emisiya prosesinin intensivliyi kasgin olaraq
azalmisdir.
Qeyd etmok lazimdir ki, qazbosalmasinin tosiri naticosindo polimer materialin sathindo lokal
qizma oblastlart mévcud olur. Malumdur ki, polimer materiali makromolekullardan togkil
olunur vo materialdan makromolekulanin tam sokilds desorbsiyasi (emissiyasi) iigiin xaricdon
materiala yiiksok enerji daxil etmok lazimdir. Bu halda polimer material onu xarakterizo edon
xassolorini itirorok, algaq molekullu materiala ¢evrilo bilor. Odur ki, polimer materialin
sothindon miisahido olunan emissiya prosesini, qazbosalmasmin sothi tesiri naticasindo,
sothds amals golon lokal qizma oblastlarindan makromolekullart bir hissasinin (gslpasinin)
ionlasaraq emissiya prosesine moruz qalmasi ilo izah etmok olar. Qazbosalmasinin sotha
tosirinin ilk aninda, materialin lokal qizma oblastlarinda makromolekulanin bir hissosinin
hayacanlanmasi va tosir vastasinin sonraki miiddatlorinde makromolekulanin hayacanlanmis
hissasinin emissiya prosesine ugramasi mexanizmini ehtimalli hesab etmak olar.

Qeyd etmok lazimdir ki, makromolekullardan bir hissonin ionlasaraq emisiya etmasi
ticlin tosir vastasinin sorf etdiyi enerji, algaq molekullu birlosmalordo molekullararasi slagolori
parcalamaq iiclin lazin olan enerjidon c¢ox olmalidir vo bu sabobdon yiiksok molekullu
birlosmolordon emissiya prosesi nisbaton zaif olur.

Toqdim olunan kiitlo-spektoqrammalarinda emissiya prosesindo qeyde alinan ionlarin,
sistemin qaliq qaz miihitinds mévcud olan atom vo molekullarla ion-molekulyar reaksiyalar
naticasinda amolo golon birlosmalors aid maksimumlar, todqiq edilon polimer materialt
xarakterizo etmoadiyi tigiin spektoqrammalarda geydiyyati aparilmamisdir.
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Sokil 4. Polikristallik PETF materialindan emissiya prosesi.
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Sokil 4. Polikristallik PETF materialindan emissiya prosesi.
T=60 daq., t=220°C

Qeyd etmok lazimdir ki, yerina yetirilmis tadqgiqatlarda olde edilmis naticalor, polimer
materiallarda “struktur-xasso” olagolorinin dyronilmasi iizra elmi ohamiyyst kosb etmosi ilo
yanasi, eyni zamanda polietilentereftalatin giicli elektrik saholorindo vo elektrik
qazbosalmalarinin tosirlori mdvcud olan sonaye saholorindo-fiziki cihaz vo texniki
avadanliqlarda elektroizoloedici material kimi istifado edilmosinin istismar miiddotinin
prognozlasdirilmasi baximindan da shamiyyat kasb edir.

Natica
1. Miyyon edilmisdir ki, PETF-in emal temperaturunun yiiksok giymatlarindo,
materialda miioyyangador nuzamli qurulus amala galmasi sababindon materialin sixlig1 artir
Va bu sobabdon da sathdon miisahids olunan emissiya prosesi zaiflayir.
2. Material bir ox istigamatindo deformasiya prosesine maruz qaldiqda materialda amorf-
kristallik strukturun omolo golmasi vo kristallasma dorocasinin artmasi sothdon emissiya
prosesinin zaiflomasina sabab olur.



3. Tadgiqatin naticalori PTEF-in, elektrik gazbosalmalarinin sotho tosiri soraitindo,
istismar miiddetinin prognozlagdirilmasina imkan verir.
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MMPOLHECCHI DMUCCHUHU C TIOBEPXHOCTHU
HTOJIMETHJIEHTEPE®TAJIATA IIOABEPIHYTOI'O
BO3JIEUCTBHUIO DJIEKTPUUYECKOI'O PA3PAIA B CPEJE I'A3A SFs

TAILIUMOB A.M., CYJJEUMAHOBA JL.Y., TYPBAHOB K.B.

B cratbe paccMoTpeHBI npolecchl BTOPUUHON MOHHOW SMHUCCHH C IIOBEPXHOCTH KpHUC-
TAJJIM3YIOLIErocs MOJIMMEPHOI0 MaTepualla, MOJBEPTHYTOr0 BO3AECUCTBUIO 3JIEKTPUUYECKHUX
pa3psIoB.

KnaroueBsle ciioBa: MOJIMUMEP, AUDJICKTPHUK, U30TPOIl, AHU30TPOII, SMUCCHUS, 3J'IeI(TpPI‘I€CKPII7[ 3apdan, Macc-
CIICKTPOMETP, NOH, CIICKTpOIpaMmMa.

THE PROCESSES OF EMISSION FROM THE SURFACE OF
POLYETHYLENETEREPHTHALATE SUBJECTED FO INFLUENCE
ELECTRIC DISCHARGE IN THE QAS ENVIRONMENT SFe
HASHIMOV A.M., SULEYMANOVA L.H., GURBANOV K.B.

In the article, the processes of secondary ion emission from the surface of the
crystallizable polymeric materials subjected to electrical discharges are considered.

Keywords: polymer, dielectric, isotropy, anisotropy, emission, electric charge, mass.

10



Energetikanin problemlori e Nol e 2018 e  [IpoGreMbl SHEPTETHKH

UOT 621

ELEKTRON TiP KECIRICILIYIN® MALIK MUHITLORDO
DAXILI VO XARICi DAYANIQSIZLIQ

HOSONOV E.R.}, DLOKBOROV 9.1i.2

1Baki Déviat Universiteti, 2AMEA Fizika Institutu

Xarici sabit elektrik vo maqnit sahasindo yerlogon elektron tip keciricikli miihitlordo daxili vo xarici
dayanigsizliglar nozori olaraq arasdirtlmigdir. Daxili vo xarici dayanigsizliq olanda yaranan dalgalarin tezliklori
hesablanmisdir. Nozori hesablanmis impedaksin ifadosindon elektrik sahasinin analitik ifadesi hesablanmigdir.

Acar sozlar: dalga, rogs, dayanigsizliq, impedans, elektrik sahasi.

Ogor elektrik yiiklori miihitde bircins paylanibsa, miihit yiliklorin paylanmasina nozoron
tarazliq halindadir. Ixtiyari xarici tosir yiliklorin paylanmasini poza bilor vo sistem tarazliq
halindan qgeyri-tarazliq halina kegor. Sitem geyri-tarazliq halinda olanda elektrik yiiklorino
g0ra paylanma borabor (bircinsli) olmur. Termodinamik tarazliga yaxin hallarda, makroskopik
sistemin hali koordinata nozoron bircinsli olur. Miihit tarazligdan giiclii aralana bilor. Belo hal
xarici elektrik, yaxud elektrik vo magqnit saholorinin tosiri ilo ola bilor. Tarazligdan
uzaqglasdigca elektrik sahasinin (ham do maqnit sahasinin) miihit daxilinds paylanmasi geyri-
bircins hala kegir, daxilds elektrik saho intensivliyinin az olan hissalors vo ona nozoran ¢ox
olan saholori yaranir. Bu saholori elektrik domenlori (elektrik vo magqgnit domenlori)
adlandirirlar [1]. Domenlor statik (horokat etmoyon) yaxud dinamik (harokot edon) ola bilirlar.
Domenlori olan miihitlordo coroyan siddotinin elektrik sahosindon (elektrik vo magnit
saholorindon) asililigi qeyri-xotti olur. Belo xarakteristikali mihitlorde elektromaqnit
rogslorinin amals golmasi vo giiclonmasi miimkiin olur vo miihit geyri-tarazliq halinda olur.
Miixtalif bork cisimlordo yaranan qeyri-tarazliq hali miihitin fiziki xassolorini koskin
doyisdirir. Domen qeyri-tarazliq hali, miihitdo olan yiikdasiyicilarin enerji spektrinin
qiymatindon, yiikdasiyicilarin agsqar atomlar torafindon tutulmasindan (rekombinasiya), asqar
atomlar torofindon buraxilmasindan (generasiya) koskin asili olur. Aydindir ki, geyri-tarazliq
halinin alinmasinda xarici elektrik sahosinin (xarici elektrik vo maqnit sahosinin) qiymati
vacib amildir. Xarici elektrik vo maqnit sahalorinds yerlogon miihitlorde yaranan qeyri-
tarazliq hallar1 metal, yarimkegirici vo dielektriklordo miixtolif mexanizm vasitosi ilo olur.
agar miihitdo harokot edon yiikdasiyicinin elektrik sahasi olanda siirati U; = uE, (Ug — dreyf
stiroti, u — yiriklik, E, — elektrik sahosinin intensivliyinin giymoti), miihitdoki Ssos
dalgalarmin siiratindon (s) boyliik olarsa, (U; = S) onda elektrik sahosi giiclii adlanir, (oks
halda U;<S =zoif adlanir). Kegon asrin (XIX) ortalarindan sonra miixtolif metal vo
yarimkegiricilorin fiziki xassalori hom tocriibada, ham do nozari olaraq 6yranilmays baslanib.

Bir qayda olaraq isbat olunmusdur ki, horokot edon domenlor yarananda elektrik
dovrasinda rags yaranir. Belo rogslor niimunonin bir torofindo domenin yaranmasi, o biri
torofindo itmosi demokdir. Ogor domenlarin yaranma va yox olma zamanlari, domenlorin
niimunani kegma zamanindan kigikdirss, Coroyanin periodu domenlorin miihiti kegmo zaman
ilo 6l¢iilir vo T=L/U; (L — niimunanin tzunlugudur). Sakil 1-do R miigavimatine ardicil
birlogsmis niimunadon sabit corayan buraxilir [2].

E—gorginliyini artirdigda dovrads sabit caroyan pozulur vo dévrade rags yaranir. Bu
ragsin periodu niimunanin uzunlugu L ilo miitonasib olur. Sabit corayan rejiminin pozulmasi
volt-amper xarakteristikasinda qirilma va sigrayisa sobab olur. 1964-cii ilds ingilis alimi Qann
uzunlugu [~0,1 sm olan GaAs yarimkecirici birlosmosindo, xarici elektrik sahasinin
Eo~3-10%V/sm qiymotindo, tezliyi 5-108+5-10° Hers olan rogslor miisahido etmisdir. Bu effekt
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Qann effekti adlanmisdir [2]. Elektron tip kegiriciliya malik Ge yarimkegiricisindo L=1sm,
Eo=10V/sm qiymatinds bir kilohers tezlikli [2-5] rogslor miisahido olunmusdur.

L R

Niimiina

| ]
|l

Sokil 1.

Coroyan rogslorinin miisahido olunmasi, miihit daxilindo yaranan domenlorin horokotdo
olmasini gostorir. Domenlorin harokatlori niimunsnin, dovrays qosulma qaydasindan (yeni
sorhad sortlorindon) kaskin asilidir. Niimunonin dévrays baglanmagi omik yaxud geyri-omik,
yaoni injeksiya xarakterli olmasindan asili olaraq yaranan corayan ragslorinin tezliyi miixtslif
olur. Ogor spontan yaranan rogslor niimunonin daxilinde yayilirsa ancaq xarici dovrado
corayan 1ags etmirsa (yani carayan sabitdirse) belo dayanigsizliq daxili adlanir [3]. Niimuno
daxilindo rogslor corayan rogslorinin olmasina sobab olursa, belo dayanigsizliq xarici
dayanigsizliq adlanir. Daxili va xarici dayanigsizliq, asqarli yarimkeciricilordos ilk dofs olaraq
[3-5] islorindo nazori olaraq Oyronilmisdir. Biz bu nazori isimizds elektron tip kegiricikli
miihitlords, (metallarda, yarimkeciricilords) xarici elektrik vo maqnit sahosinin tosiri ilo
yaranan daxili vo xarici dayanigsizliq hallarinin yaranma mexanizmini, yaranan rogslorin
tezliklorini daxilds yaranan dalgalarin istigamatlorini tohlil edocayik.

Daxili dayamgsizlig:Elektron kegiricikli miihitdo coroyan siddoti, xarici elektrik vo
magqnit sahasi olduqda agagidaki kimidir.

_7 = O-(Eo, Ho)E - O-l(EO' H)[Eﬁ] + 0'2(E0, Ho)ﬁ[ﬁﬁ] + DVp -
—Dy(Eo, Ho)[Vph] + D, (Ey, Ho)h[Vph] (1)

(1)-tenliyinds E-Xarici sabit elektrik sahasi,
H,-xarici sabit magnit sahasi,
o0(Ey, Hy) = enguo(Ey, Hy)-omik kegiricilik,
01(Ey, Hy)engu, (Ey, Hy)-Holl kegiriciliyi, o,(E,, Hy)-fokuslayict kegiricilik,

D = =L u(Eq, Hy) omik diffuziya amsalt, Dy (Eg, Ho) =~ 1, (Eq, Ho) Holl diffuziya omsals,

D, = Tff u2(Eqg, Hy) fokuslayic1 diffuziya omsal, T,p-giiclii elektrik sahosindo elektron
temperaturu, p, = en,, ny-elektronlarin tarazliq halindaki konsentrasiyasidir.

T-maqnit sahosi istigamatindo vahid vektordur. Daxili dayanigsizliq halinda ragslorin

tezliklorini
ap -

Pl divy =10

divE == )
i -

5 = —crotE,

(2)-sistem tonliklarinin birgo hallinden tapmaq lazimdir. Kristal daxilinds yaranan dalgalar,
doyison elektrik sahasina (E')naZQran miixtalif istigamotlords yayila bilor. Yoni E-dalga
vektoru vo E_ elektrik sahasi ilo miixtolif bucaq smalo gatira bilor. Dgor k | |F olarsa, belo

dalgalara uzununa dalgalar deyilir. avvalca uzununa dalgalarin dayanigsizliq halina baxagq.
(2)-tanliklor sisteminds olan dayison kamiyyatlar:
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(B H n)~eilEF-ot), 3)
kimi monoxramatik dalga kimi qobul etsok
aﬁ — e . ’
—; = —crotH = —ci[kE | = 0 olur, yani H =const (4)

Uzununa dalgalar yalniz doyison elektrik sahosinin hesabina yaranir. (3) vo (4) sartlorini
nozars alaraq (2) tonliklor sistemini

E=E,+E, n=ny+n, H=H, ifadolori ilo Xotlilosdirsok asagidaki dispersiya
tonliyini alariq.

47r01

4oy  8mogEy - 1 du
+i—p ( 0)—m (kit)sina +

w+i — o (kEo) + i

8moy, 1 duy 47r 20 . /7=
+i—— EgH — ™ d(EZ) sina(kit) — py  EoHsina (ki) + i = H(kH) +
Ano, 1
H— 2 HE2 d( 2) cosﬁ(kH) uZOEOHcosﬁ(kH) + iDk? +
+in'k(kH)D, + lDZn (kH) =0, (5)

(5)-dispersiya tonliyindo n” = — 4% (kE).

_ 2dlnp
 din(E2)

(5)-tonliyinds k | | E,, Ey_|Hy, k__H, istigamatlorino baxsag

411'00 2E§ du
e | uo d(E2)]

w = pokEy — (6)

ifadosini aliriq. Buradan goriiniir ki,

2B} du _ 2E}
Mo d(E ) ko

dau

a(E5)

_daup

a(E3)

2E§
Ho

p=—

47'[0'0
olsa va T[

]>Dk2

sorti 6donando w, = pokE, tezlikli dalga dayanigsiz olur.

Yoni @ = pokEy+iy = wy +iy ifadesini  (E, n')~ei("7“"t) yerino  yazsaq

2

(E',n)~encoslokEot+8) goklindo amplitudu e™ kimi artan harmonik rags alinir. ﬁdg‘z)
Ho 0
ifadasinin manfi olmasi, elektronlarin xarici elektrik sahasindon aldigi eE,l (I-elektronun
sorbast yolun orta uzunlugudur) enerji hesabina yiiriikliiyiin azalmasi demokdir. Bdoyiik
enerjiyo malik elektronlar zoif, kigik enerjiyo malik elektronlar giiclii kegiricilik yaradirlar.

(5)-tonliyindon k | Ey, k | |Ey, kL7, E, L H,

253 du +”20H2 1 E§du,
ko d(EZ) Uo o d(EZ )

© = pipgEoH — 2% [1 + 258 — Dk? — k2D, H?, )
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3gar wg + iy kimi yazsaq (7)-don p, EoH, tezlikli dalganin dayanigsizliq sortinin olmasi
yens yiiriikliiytin xarici elektrik sahasinin tosiri ilo azalmasi tolob edir. Indi forz edak ki,
dalga vektoru k, (ﬁ, E)mﬁstevisinda deyil vo asagidaki kimi yonalib. Onda (5) dispersiya
tonliyi asagidaki kimi olur.

w = +i 2% 4 2% E0 d(E )smesm(p pokEysinfsing +
Ho
4mo, H 8mo 1
+i——2" 5in(90 — ) + i —2 E? d(gz) cosf — py \EgHcos6 +
Amay,
+lTH2cos(9O —0)cos(90 —6) =0
w = wo + 1y, wy = YokEysinbsing + py EgHkcos6
470, H H?
y = — 20101 L B0 90 — 0) + E207 65(90 — 0)cos(90 — 6) +
€ :ulo :UZO
2E§ 2E§ duy
o 452 )smﬂsm(p +— o (52 )HCOSH] (8)

(8)-ifadosini 6 = %, Q= % giymatlarinds sadolosdirmok olar, onda

1 1
(1)0 = E'uOkEO + EHIOEOHIC’
__Amoy, 1 pigH luonZ (Egdu 1 E2du, H>]
p= -t Ft e (B R ®)

(9) ifadalorindon goriiniir ki, yaranan dayaniqsiz dalgalarinda Holl yiirtikliiyli asas rol oynayir.
Tezliyin boyiik giymatlorinda, doyisma caroyani nazors alinmalidir, onda tam corayan
asagidaki kimidir.

N oF
/= :,T — -+ o(E, H)E — o, (E, H)[ER] + o,(E, H) [ER]R + DVp -
_Dl[Vph] + Dzh(Vph), 5, T divj =0 (10)
divE = 4mp’ H=0

(3) monoxromatik sortini nazars alsaq (10) tonliklor sistemindon asagidaki tonliyi aliriq

d?Ey |, Upy+Usvs % 01,Y1(1+@1)+y(0o—Q) E = Y ] (11)
dx2 Dy+D;y; dx Dy+D;y1 X Dy+D;y; %

Burada UO = |.10E0, Y= 4mQ) + SDkZ - iUlOkY’ U10 = |110E0
= % — 0g, Og = enouo, €D, k —4moy, + ieU,

01, = eNgly,; Ky = m m=0,+1,+2,+........

L-y oxu tizrs kristalin 6lgusudur. Daxili dayanigsizliq oldugda J, = 0 oldugundan (11) tonliyi
asagidaki kimi olur.
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A szulk sD kg io;
2 — |14 ket = ||y +—>Q2+@;—@)=0
g2 47tu0k U ( Ky Y kyUO( P1 =)

0 =B B dwg
burada y = kyUo y Q= o d(Eg), ¥ = M1 d(Eg) (12)

giiclii maqnit sahosinds 2= LI 1[5]

1 T /cEq\°
" f T 0
D=—n Dl_%‘l' ef_§<S_H>

Ifadolori nazors alinmusdir, Tep- elektronlarin effektiv temperaturu, T-kristal gofosin
temperaturu, c-isigin bosluqda yayilma siiratidir.
2
©= a(g) ui m =2, g, =buo, axb~1[6] ifadolorini (12) tonliyinds nozors
0
alsaq (12)-tonliyinin holli asagidaki kimidir.

Y1z == (a+if) £ T2V =5, (13)
burada = ?\1/0512 B = 2me- OL (1 + )
§= \/_“‘;H 21ﬂ eLnoELx 2+ @, — @), § K1voa K 2oldugundan
V=T ig B Y, =0+i5p (14)

2na

(14)-ifadasini w = (55 + i)k Uy, @y =i ZF
(E ',n')~ei("x"“’t) ifadasindon goriintir ki, a)z-tezllyl ilo yaranan dalgalar aperiodikdir, yani

> Bk, Uq kimi yazsaq:

. A Bk Uoty, s o L
(E',n")~e=2"™ 0t kimidir. w,-tezliyi ilo yaranan dalga
- - An in drta
(E N )~e ziylot . zPtUyloc _ Aoeszﬁtkyu"cos (—ZkyUOt + 9)
&

4T
kimi harmonik rogsdir va ragsin amplitudu A = Aoee_zﬁ”‘yu0 kimi artandir, yoni sistem geyri-
tarazliq halindadir.
Bels halda sistem wo = ‘:—’;akyuo, (15)

Tezliklo stialanir vo enerji manbayina gevrilir.
Xarici dayamgsizhg. Impedans dayanmgsizligi: Xarici dovrada carayan ragslarini tadgiq
etmak {iglin miithitin impedansini hesablamaq lazimdir. Niimunays lazimdir. Niimunayas kigik

doyigon goaginlik verilso
+00

SV (t) = f SV (w)e “tdw

— 00

Onda sistemda J godar carayan dayiser, yani
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Z(w)é](w) = 6V (w) (17)

burada Z(w) — w tezliyino uygun impedansdir. Impedansin hesablanmasinda asagidaki iic
mosalo maraq kasb edir
1) impedansin hogigi hissesinin Jmw = 0 olanda isarasi, Rez(w) < 0 oldugda niimuna
giiclondirici kimi islayir;
2) impedansin sifirlarin;
3) Impedansin qiitiiblorini tapmag.

Biz burada impedansin hoqigi hissesinin isarasini todqiq edoacayik. AVgorginliy

doyismasi
sv(t) = [ E(x, t)dx, (18)
Kimidir.

L-niimunsnin dl¢isidir. E(x,t) = E (x,t) komiyyati (11) tonliyindon sarhad sortlori
vasitosi ilo hesablanmalidir. Xarici dayanigsizliq olduqda ragsin tezliyi hogigi komiyyatdir.
(11)- tonliyi integral-differensial tonlikdir, ona gora onun tam hoalli niimunonin uclarinda
dayisen elektrik sahssinin E'(0,t) vo E (L, t) giymatlori molum olduqda miimkiindiir. aslinda
kontraktlarda sorhad sortlori do fluktasiyaya ugraya bilor. Ona gora do Sarhodlords elektrik
sahasino miixtoalif sortlor yazib, hesablaninan qiymatlori tocriibs ilo miiqayise etmak olar.

Sarhadlordo elektrik sahasinin paylanmasi bircinsli ola bilar, yani

E(0,t)=E(Lt) =0, (19)
Sorhadlords fluktasiya zamani periodiklik olarsa

E(0,t)=E(Lt)=0, p(0,t)=p(Lt)=0, (20)
olar.
Sarhodlords yiikdasiyicilarin konsentrasiyasi verilibso Puasson tonliyins asasan

dE
= =0, 21
Ox Ix=0x=L ( )
yazmagq olar (19-20-21) ifadslori
: OE _ 2 OE _
(alE + B, E>x=o =0, (@E +; E)m =0 (22)

(22)- sortinin xiisusi hallaridir. (19-20-21) vo (22) sortlori ayri-ayriligda nozori todqiq
olunmaludir. Biz impedansi periodiklik sorti 6dondikds hesablayacagiq, yani [2]

E(x,w) =Ao] +Xq4,e%, (23)

olur ki, burada g — E (x, w) 6dadiyi tonliyin tortibi, xarici dayanigsizliq halinda niimunado
yayilan dalganin vektorudur. Niimunonin impendansini hesablamaq ti¢iin (11) tonliyini
asagidaki kimi yazaq

d? d oy
[@ +aq ix + az] Ex = Bl (24)

olur. (24)-tonliyinin hallindon k, kompleks dalga vektorunu tapmaq lazimdir. (24) - tonliyi
k.-o gora kvadratik oldugundan (24)-tanliyinin tam halli asagidaki kimidir.

E'(x,t) = ciet*1* 4 c,etkex aﬁlx, (25)
2
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oU = fOLE'(x, t)dx [7] inteqralim1 (23) periodiklik sortini nazoro almagla integrallasaq
Vo 8U = Z(w)] oldugunu nazors alsaq

_Sug
Z2w)=2L, (26)
alariqg.
Ly
C—lf e ¥d(ikyx) = (e”‘le -1)= i(cosk L, + sink;L, —1) =0
ik, k ik, 15 1o
onda (26)-ifadesi asagidaki kimidir
Z=1 . P Zy =, 27
0%(1+<91)Y1+Y(cp—f—0) * 7 o (@7)

(27) tonliyinin haqigi vo xayali hissasini ayirsaq

Z(w) Yoel €Uy ,ky0;

Re
Zo 62+632 28)
M _ Y062+£U10ky91 ’ (
Jm zZy, 07+63
burada
2wl k
01 = o (1 + )0 +v(@+1) — ——0, Oy = eDk; — 4moy,
41mo,
WYoE€

0, = EkyU10(<P1 ®) — - v Yo = EDk321 — 410,
Go

(28)- ifadolorindon goriiniir ki, impedansin haqiqi vo Xayalihissalorinin isaralorinibirgiymaotli

Z(w) Vo ]m2 isaralorini tocriibado elektrik
0

toyin etmok miimkiin deyil, ona goro do Re
0

sahasi (Ey) vo magnit sahosi (H) komiyyatlorinin miisahide olunan giymatlarini nazors
alacaqu. (28)-ifadesindon goriiniir ki, niimunonin L,, 6l¢iisii asas rol oynayr. k,, = i—n ; L5 =
y

ef L qumatlarml (28) ifadasimda yerins yazsaq [8]

Re Z(w) _ (cp ¢1) _\
Zo (418100) +(1—@)?
w , 29
]mz(w)z (ﬁ) ( )
% (4:“;0) +(p1-¢)?

(29) ifadalorindon molumdur ki, ]m ) <0. Demoli niimunods tutum xarakterli Rivtum =

0
2@)

_E (C-elektrik tutumu) miiqavimotini yaradir. R, -igarasinin monfi olmast (yoni

kristalin enerji siialandirmasi) ¢ vo @1 ifadolorinin isarolorindon asilidir. ©gor p vop
yurtikliklori elektrik sahosi artdiqca azalirlarsa, onda [@| > |¢@4| olmalidir. ¢ > 0,¢; >0
olanda ¢; > ¢, @ <0, @, > 0olanda ¢ > ¢,, @ = ¢, olanda iso impedans sifirdan kegir.

Belalikla, R, 2 ifadasinin manfi giymatindo —R.Z (w) ~-=0 8]
0 0

tonliyindon siialanan enerjinin tezliyini hesablayagq.
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0?2 = (T2) g — o1y (20 + 1) (30)
(30) ifadosindon goriiniir ki, dovraye qosulan R miigavimatini doyismoklo (0?0 sorti
daxilinda) miixtalif tezlikli siialanma almaq olar. A amplitudu A~e' [9], y>0 sortindo artan
olur, ancaq bu artma ylikdastyicilarin yiiriikliiklorini elektrik sahasindon asili olaraq azalmasi
prosesi dayananda sabitlogir. Xarici elektrik sahosindon alinan enerji artdiqca elektronlar
keciricilikdo az istirak edirlor. Bu mexanizm impedans dayanigsizliginda tezliyin (30) ifadosi
ilo toyin olunan giymoti baglanir. Bu sortlo ki, Ug>S olmalidir.

Naticalar: n-tip kegiricikli kegirici miihitlords, Xarici elektrik vo magnit sahalarinin
perpendikuliyar yonalmasi ilo dayanigsiz elektromaqnit dalgalar1 yaranir. Magnit sahasinin
uH>c qiymotindo bu dalgalarin tezliklori hesablanmigdir. Niimuno daxilindo yayilan
dalgalarin istigamotlorindon asili olaraq silialanma tezliklori doyisir. Belo halda olan
niimunslordon istonilon tezliyi aldo etmok miimkiindiir. Daxildo yaranan dalgalar enino olarsa,

yani [ﬁ LH ] hasili sifirdan forqli hali {i¢lin nozari todqiqgat miirokkabdir, ancaq vacibdir.
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No ko

BHYTPEHHSAA U BHEIITHASA HEYCTOMYUBOCTD B ITIPOBO JAIINX
CPEJAX QJIEKTPOHHOI'O THITIA ITPOBOJIUMOCTH

I'ACAHOB 2.P. AJIEKBEPOB A.H.

Teopernuecku MCCIIEOBAHbI BHYTPEHHSS U BHEIIHSAS HEYCTOMYMBOCTb B MPOBOMSIINAX
cpemax OJJIEKTPOHHOIO THMA HOCHTeNned 3apsana. HalneHel BbIpaXkeHus Ui 4acTOTHI
KOJIEOAHUS ¥ 3JIEKTPUUECKOTO I0JIsl IPU BHYTPEHHEH U BHEIIHEH HEyCTOWYMBOCTH.

KaroueBble cjioBa: BOJIHA, KOHC6aHI/I$I, HCyCTOfI‘IHBOCTPI HUMIIEJAHC, DJICKTPUICCKOE OJIC.

INTERNAL AND EXCESSIVE INCIDENTIAL FUNDAMENTALS
FOR ELECTRONIC TIP LIFE

HASANOV E.R., ALEKPEROV ALl

The internal and external instabilities in conducting media of electronic type of charge
carriers are theoretically investigated. Expressions are found for the oscillation frequency and
the electric field for internal and external instability.

Key words: wave, oscillations, instability impedance, electric field.
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Energetikanin problemlori e Nol e 2018 e IIpoGiemsl SHEPTETHKH

VJIK 543.51+53.08

OBPA3OBAHUA IBYKPATHO 3APSKEHHBIX NOHOB
B MACC-CIIEKTPOMETPE C WHIYKTABHO-CBS3AHHOM
IIJTASMOMU (MCII-MC)

HYPYBEIIHN T.K.
HAHA Hucmumym @u3uxu

B pabote paccMmoTpeHa 3(PEeKTHBHOCTH 00pa30BaHMS ABYX3aPSAHBIX HOHOB B pa3psic ¢ MHAYKTUBHO
CBSI3aHHOM IJIa3MOM. HOKaSaHO, YTO MOABJICHUE ABYX3apsAAHbIX HOHOB 3aBUCUT OT MHOTHX OKCIICPUMECHTAJIbHBIX
(hakTOpOB M B MEPBYIO OYEpeab OT U3MEHEHHUsI TEMIepaTyphl IJIa3Mbl B aHaJUTHYeCcKoil 30He. Teopernueckue
pacuetst M2t /M*, mnoxo KOppENMPYIOT ¢ OSKCNEPMMEHTANLHBIMH JIAHHBIMM JJIi OTPaHMYEHHOTO YHCa
sneMeHToB. DhDEKTUBHOCTL 00pa3oBaHus M2 He 3aBHCHUT OT BTOPOrO MOTEHIMANA MOHH3ALMH aTOMOB
dJIeMEHTa.

KaroueBble cj10Ba: MOHU3ALMOHHBIA MOTEHINAJ, MACC-CIIEKTPOMETPHUS, KOIPPHUIIMEHT OTHOCUTEIHHOM
YyBCTBUTEIBHOCTH, IJIa3Ma B MAacC-CIIEKTPOMETPUH C MHIYKTUBHO CBS3aHHOM IJIa3MOH.

BBeaenue: i1 Macc-CIEKTPOMETPHUM BJEMEHTHOTO aHajiu3a TBEPIABIX TEJI LEHTPaJIbHOU
ABIIETCS MpoOJieMa IMONY4YeHHUS HAJIeKHBIX KONMYECTBEHHBIX [aHHBIX. Jle1o B TOM, 4TO
COCTaB MaccC-CIEeKTpa HEPEIKO HE COOTBETCTBYET HCTUHHOMY XUMHYECKOMY COCTaBY MPOOHI.
[IpuunrHOii 3TOrO SIBISETCS HEOAMHAKOBBIN BBIXOJ HOHOB PA3JIMYHBIX 3JIEMEHTOB HE3aBUCUMO
OT M€TOo/1a HOHM3AIMH. JJ1 yueTa 3TOro HECOOTBETCTBHS OOBIYHO UCIOJIB3YIOT KOAPGUIIUEHT
oTHOcuTenbHOM uyBcTBUTENbHOCTH (KOY) ompenensemoro siemeHta X MO OTHOUICHHIO
BHYTpEHHero cranjapra [1].

[TocTpoenune Teopernueckoit monenu ais pacuera KOY okaszanach HepeanbHOM MO TOM
npuurHe, 4To peasibHOo Ha KOY BIMSIIOT BCe CTaauM Macc-CIIEKTPOMETPUUYECKOTO aHaIHN3a.
[TepBas cocTaBmstomIas cBsA3aHa ¢ PUIUKON MPOIECCOB ISl Pa3HBIX JIEMEHTOB M BKIIOYAET B
ce0s1 BKJIQ/l CTaJMHM aTOMHU3AIMK U WOHU3AIMH, CIOJa K€ CIeIyeT OTHECTH W BKJIAJ CTaIuu
dbopMupoBaHUA pa3ieTa HOHHBIX MakeToB. Btopas o00ycioBieHa IUCKPUMHUHAIMSIMH B
AQHAJTMTUYECKON CHUCTEME 3a CUET Pa3HOCTH CTENEHW MOHM3AIMHU, a TaKXKe TUCKpPUMHUHAIUH,
00yCIIOBJIICHHOH I€TEeKTUPOBAHUEM HOHOB [2].

Hns anamormu (U3MYECKUX TIPOILIECCOB B pacueTax s MOJTYKOJUYECTBEHHOTO
onpeneneHuss KOY npuMeHSIOT TEPMOJAMHAMUYECKUE XAPAKTEPUCTUKU WHIAMBUIYAITbHBIX
BemecTB [3]. OmHako HaJIMuWe HEPABHOBECHBIX COCTOSHUN UPE3BBIYANHO 3aTpPYAHSIET
TEOpEeTHUECKoe omucaHue mpoieccos, nporekaromux B MCIL. Tem He MeHee co3aaBaeMble
HEKOTOPBHIMHU aBTOpPaMHU CJIOKHBIE (DPU3UYECKHE MOJCIH TO3BOJISTIOT PACCUUTHIBATH CTETICHb
OTKJIOHEHHI OT TEePMOJAMHAMHUYECKOTO PaBHOBECHUS, pacCHpelesieHue 3IEKTPOMAarHUTHBIX
MOJICH, TeMIlepaTyp W KOHIIEHTpAIMi AJIEKTPOHOB, ATOMOB B PA3JIMYHBIX 30HAX paspsfa.
OnHako, K COXAJIEHHIO, J0 HACTOSLIErO0 BPEMEHUM JTH MOJEIM TOKa HE TMO3BOJIAIOT
pPacCUHMTHIBATh SMHUCCHOHHBIA CHEKTP TUIa3Mbl MPUTOIHBIM i1 aHanmm3a. Kpome Toro c
MPUMEHEHHEM TMOAOOHBIX MOJIEEeH OlEHUBACTCS Mpe/iebHbIe aHATUTUYECKNE BOZMOKHOCTH
JTAHHBIX UCTOYHUKOB.

[lenpr0 HACTOAIMIUX WCCIAEAOBAHHWM SIBISETCS BBISIBJICHHUE POJU BBIMIECTPUBEICHHBIX
mporeccoB Ha (GOPMUPOBAHHE HOHHOTO COCTaBa HMHIYKTUBHO CBSI3aHHOW TUIa3Mbl U Ha
KOA((UIIMEHT OTHOCUTEIBHBIX YyBCTBUTEILHOCTEN AIIEMEHTOB, COACPKAIIUXCS B 00pasIie.

HNonmszammsa 3iaementoB B UCII MC: Kak u3BecTHO, B HMHIYKTMBHO-CBA3aHHOMN
11a3Me HaOI01aeTcsl 3HaUUTeIbHas CTENEHb OJHOKPATHBIX HOHOB OOJIBIIMHCTBA AJIEMEHTOB
nepuoanydeckoi cucreMsl. B [4] mo ypaBHenuto Caxa
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M (anekT)S/ ? g L, Tol

M®\  R? Zyry Me kT
3
M2+ (anekT) /2 2Zyry 1 [qoiz“] 1)
M°  \  h? Zyery TMe KT

rJie M, — Macca dJeKTpoHa, h - moctosiHHas Ilmanka; k — mocrosHHas boibimana; Z ,L(T),
Zyierys Zigery - CYMMa 10 COCTOSHHMIO M IIpM Temmeparype T juis aToMa, OJHOKPATHO M
JIBYKPAaTHO 3apsDKEHHOTO HMOHA, Oblla pacCyMTaHa CTENeHb OJHOKPAaTHOM MOHHU3AIUU
37eMEHTOB TpH (GUKCHPOBaHHBIX mapamerpax mnasmbl (T, = 7500K, n, = 10¥°cu®) u
CZIeNIaH BBIBOJI, YTO IS OOJILITMHCTBA 3JeMEeHTOB (Oosiee 50) cTerneHb HOHU3AINH MTPEBBIIACT
90%. CornacHo 3TOoi paboTe MakCHMalIbHOE COJAEpKAHHME JIBYKPATHO 3apsDKEHHBIX HOHOB
cocraBisieT 7-10%, mpuyeM ajs 3JE€MEHTOB y KOTOPBIX MOTEHIMA] BTOPUYHON HMOHU3ALUU
MEHBIIIE UM PaBHbI OCHOBHBIX KOMIOHEHTOB mia3Mmbl H, O, Ar 3To maeT ocHoBaHHE NpU
pacuerax CTeNeHH HOHU3AUU MHOTOKOMITOHEHTHOH TIJIa3MBbl MJIM MOXHO TIPEHEOPEYb.

Ha puc.1 npuBeneHa 3aBUCUMOCTh CTENIEHU OJHOKPATHON MOHU3AILUU O, pPaCCUMTAHHAS
Hamu 110 ypaBHeHHro Caxa juist Temrieparypsl miasmel T, = 7500K u KOHIEHTpauuu n, =
10*°cu3, or morenumanos mnepeuuHoli (@1) pama smementoB. Ha pucymke OT4ETIMBO
BBIICTISIIOTCS. TP 30HBI, CYIIECTBEHHO Pa3INYaIOIINEecs MO CTETIEHU MOHU3AIUU AJIEMEHTOB:
nerkononusupyemsie (@ < 89B, § > 90%); cpennenonmsupyemsie (@* < 8 — 12,298, § >
10%) u TpyaHononusupyembie (@* > 12,25B, § < 10%). Ilpu stom B obnactu ¢ < 8 —
12,25B nabnrofaercs CyleCTBEHHbII pa30poc 3HaUCHHUM CTENeHN NOHU3ALUY JIEMEHTOB pU
ouenb Ommskux @ (manpumep, B u Si, Au u Cd, Se u As, Su J).

3 (Me), %
] Pb
100 Lo L? 4?0 7 © .
K Cug BSE'.C&E
Beg OZFI
.
.Teo
o o %
Auo o
50+ )
e ol
SeoJ.
Ce
P
e0
So
.Brnge
g © c Kr N Ar
0 | | | | L . e o [
4 6 8 10 12 14 E(Me), 3B

Puc.1 3aBHCHMOCTb CTETIEHH OJHOKPATHOH HOHM3AIMH & OT TEMIIEPATYPHI TIA3MBI
T, = 7500K u xonuentpamun n, = 1015sm3.

TakuMm oOpa3om Bbicokasi 3PPEKTUBHOCTh OJHOKPATHON MOHU3ALMU OOJIBIION TPYIIIBI
JIETKOMOHU3UPYEMBIX 2JIeMeHTOB (@* < 89B) momkHa o0ecreynBaTh MPH TPOYUX PABHBIX
yCIIOBUSIX, UX Onu3kue npeaensl ooHapyxkeHus B merone VCII MC, B To Bpemsi Kak ais
CpelHe- U TPYIHOMOHH3UPYEMBIX 3JIEMEHTOB Mpeesibl OOHapyKeHHs B HEPBYIO OuYepellb
JOJDKHBI ~ ONPENENAThCS  3HAYeHUSIMH 6. OTO  TOATBEPAMIIOCH YK€ B  IEPBBIX
AKCIIEPUMEHTAIIbHBIX padoTax[S].

N3y4yeHne aHaIMTUYECKUX BO3MOKHOCTEH M CBOMCTB IJIa3Mbl HHAYKTUBHO CBSI3aHHOTO
paspsga, ycremHo mnpumensemor B Macc-cnektpomerpun (MCII MC) mocsiieHo
JIOCTATOYHO MHOTO 3KCIEPUMEHTAIbHBIX U TeOpeTHuecKuX padot [1-4]. YcraHoBiEeHO, YTO
U3MEPEHHBIE B pa3psijie ¥ KOHIEHTPAIMU 3JIEKTPOHOB 3aBUCAT OT IJ1a3M000pa3yIoLIero ra3a u
€ro pacxoja, U3y4aeMoM 30HbI, KOHCTPYKLUN TOPEJIKK; B MEHBIIEH CTENEHU OT KOJIMYECTBa,
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BBOJMMOIO B ILJIa3My; a3po30Js aHAJIM3UPYEMOTO PAacTBOPA, BKJIAJBIBAEMON MOIIHOCTH U
4aCTOTHI BBICOKOYACTOTHOTO reHeparopa. Hanpumep, 1 aproHOBOM HHAYKTUBHO CBA3aHHOMU
IJIa3Mbl 3aperucTpupoBanbl Temieparypsl, aromoB 4000-10000 K, snekrponon 5500-9000 K,
nonmsarmu 5100-11400 K, Bo36yxaenust 4500-10000 K; konientpanus 1ekTpoHoB n(e) =
1-10%° —7,8-10'® cm® [1-6]. IIpu >ToM B OOJNBIIMHCTBE OIYOIMKOBAHHEIX PaboT
OTMEUAETCsl, YTO pa3Hble BHJbl OSKCIEPUMEHTAIBHBIX TEMIEpaTyp, Kak IpaBUiIO, HE
COBIAJAIOT MEXIy CO000#, a W3MepeHHble KOHIEHTparuud n(e) OOBIYHO CYIIECTBEHHO
[IPEBBINIAIOT 3HAYEHMsI, PACCUUTAHHBIE 110 TEMIEpaTypaM 3JIEKTPOHOB HCXOJS U3 YCIOBUS
JIOKAJIbHOTO ~ TepMoauHamuyeckoro pasHoBecus (JITP). Cuuraercs, dYTO OCHOBHBIMU
npuuvHamu Hapywenus JITP B muiasmMe MHIYKTMBHO CBA3aHHOTO paspsia SBIETCA
HEKOMIICHCHUPOBAHHBIA BBIXOJl M3JIyUY€HHUs, HEYPaBHOBEUICHHOCTh Ipollecca Mepe3apsaKu,
amMOUTIONApHON MU Py3un 3apsHKEHHBIX YaCTHUI] B KaHAJIE C a3PO30JIEM.

Opnako, M0 MHEHMIO psAja aBTOpoB, oTkiIoHeHue oT JITP B momoOHbIX paspsimax He
CIIMIIKOM  3HauuTeNbHBL. [loaTOMy B Hacrosimeil pa®oTe  HMCIONB30BaH  METOJ
MOJICJTUPOBAHUS, 3aKIIIOYAIONIAsCS B aHANM3€ MOBEICHUS MOJIEIbHBIX MHOTOKOMIIOHEHTHBIX
TEPMOJMHAMHYECKUX CHCTEM, OIMCBHIBAIOIINUX PEAbHBIX MPOLIECC WIIM YCTAHOBKY HAa OCHOBE
pacueTa UX MOJIHOTO PaBHOBECHOTO cocTaBa. [Ipu 5TOM NPUHSATHI CIEYIOIINE JOMYIICHHUS:

-paccMaTpuBaeTCs LIEHTpaJIbHas 30Ha HA OCH pa3psijia, B KOTOPYIO BBOJUTCS aHAIMUT U3
KOTOPOI1 yale BCero uAeT 0TOOp U3NyueHUs: WK HOHOB;

-aHAJIMTUYECKOM 30HE BBIIIOJIHAETCS JIOKAIbHOE TEPMOJAUHAMUYECKOE PAaBHOBECHE;

-KOMITOHEHTBI CUCTEMbI PABHOMEPHO pacIpe/ieieHbl 0 00beMy aHATUTUYECKOM 30HBI;

-sHemHee nasienue — 0,1013 Mia.

[Tpu MomenupoOBaHUU pacUYETHBIN TeMIlepaTypHbIi nuana3oH BeiOpan ot 6000 go 9000
K. Ckopocte pacmpuisitoniero (BHYTpEHHEro) IIOTOKa aproHa TnpuHATa  17/MUH,
oxjaxaatouiero (BHemHero) — 10n/mun. Ilpu mpoBeneHHM pacyeToB Mperoiaraid, 4To
npoba BBOJUTCS B PACMbUIUTEIbHYIO CUCTEMY C MOMOUIbIO NEPUCTATBTUYECKOTO Hacoca C
MOCTOSIHHOM cKopocThio 2 wi/MuH. Cojep:kaHue aHaluTa B AHAJIM3UPYEMOM BOJHOM
pactBope 1-10 mkr/mi. IlpeamosiaraeTcs,4T0 TMPH TaKUX KOHIIEHTPAIMAX aHAIUTA MOXXHO
npeHeOpeyb ero BIMSHUEM Ha OCHOBHBIE TEPMOXUMMUYECKHE MPOLECCHl, MPOUCXOJAIINE B
UHAYKTUBHO CBSI3aHHOM paspsae. [IpucyrcTBui0O B aHalIM3UPYEeMOM pacTBOpE a30THOMN
kucnoThl (H-O-N) mpakTudecku He BIUSET Ha pe3yibTaThl pacyeToB. [losToMy Bce pacdersl
BBIIIOJIHEHBI [T CUCTEMEI, cocrosameii u3 Ar, H, O u H-O-M;.

C nomomsto ypaBHeHus Caxa [3] Oblia paccuMTaHa CTENeHb OJTHOKPATHON MOHHU3ALIUN
MHOTHX 3JIEMEHTOB MPHU (PUKCHPOBAHHBIX mapameTpax masmel (T = 7500K, n, = 1015 cm®)
W CHIeNlaH BBIBOJ, YTO JJisi 54 SJIEMEHTOB CTENEHb MOHM3AIMU JIOJDKHA TpeBbimath 90%.
MakcumanbHOE COJIepKaHUE JIBaXK]Ibl JTBYXKPATHO 3apsyKEHHBIX aTOMHBIX MOHOB, COTJIACHO
orienkaM 1o cpaBHenuio Caxa [3], cocraiser makcumym 7-10% mist La, Pr, Ba, Tm, Cd (mst
OTJENIBHBIX PEKO3EMENIbHBIX 3JIEMEHTOB pacyeT He mpou3BeieH). [loaToMy KOHIEeHTpauus
JBYXKPATHO 3apsKEHHBIX MOHOB JUISl 3TUX 3JIEMEHTOB JOJDKHO OBITh CYIIECTBEHHO MEHbIIEH
U ero MoxxHO nipeHeopedsn oi(M;).

[TpoBeneHHbie pacyeThl mokazanu (Tabn.l), 4TO TpU OAMHAKOBHIX TeMIepaTypax
paBHOBECHAs KOHIEHTPALUs 3JIEKTPOHOB B KOMIIOHEHTHOM IJIa3M€ JOJKHA ObITh HUXKE, YEM
00BIYHO TIPUHUMAaEMast JUI IByXKOMIIOHEHTHON CUCTEMbI aproH-aHanuT. CoraacHo pacueram
KOHIIGHTPAIMsl OIEKTPOHOB MOXKeT jocTurath n, = (1 —5)-10% cm3 Ttomeko mnpm
TeMreparypax rmia3Mel Beire 7500K. 3HaueHHe N, MUHUMAIBHO JUIS TUTa3Mbl 0€3 BBEJICHUS
a’po30iis  aHanmsupyemoro pactBopa mas T = 6000K —0,29-10'* cm® |, mua T =
7500K — 0,66 10*°> cm3, mms T = 9000K —0,52-10%® cm® wu Bo3pacraer mpm
yBenuueHuu Moisipuoro coctossaus  M(H20)/M(Ar) B wmcxomHoit cmecu (Tabm.2).
CrnenoBarenbHo, MoHM3amuss H u O, uMerommx ¢; MeHbIIMi, aproH ¥ aHaIH3HPYEMBIX
areMeHTOB (Tabi.1), mOBBIMAET KOHIEHTpamuio 3yekTpoHoB. Ha pwuc.l. mnpuBenena
3aBHCHMOCTh CTEIICHU OJHOKpaTHOW WoHu3amuu O;(M;) snemeHTa M; mpu TemIeparypax
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7500K, paccunTaHHass HaMU JUIsl Pa3IMYHBIX BapuaHTOB (Tabi.l.) /uisl KBa3MpaBHOBECHOU
MHOTOKOMIIOHEHTHOH TILIa3Mbl, MOTEHIHMada IEPBMYHOM HOHM3alMK d1eMeHTOB @ . Ha
PUCYHKE OTHYETIMBO BBIJIEISIIOTCS TPU 30HBI, CYIIECTBEHHO DAa3IMYalOUIUecs] MO CTENeHU
MOHU3AIMN DJIEMEHTOB, HWCXOAS M3 3HAYeHHH §;, BCE ODIIEMEHTHI MOXKHO pa3JeiUTh,
npuMeHuTeNbHO K yenosusam WCII, Ha Tpu rpynmsl: jerkouonusupyemsie (@ < 82B;8; >
90%), cpennenonuzupyemsie (@7 = 8 — 12,29B;8; = 10 — 90%) u TpyIHOUOHU3HPYEMBIE
((pl-+ > 12,25B; 6; < 10%). HeoOXoauMo OTMETHTH, YTO B 0O0JIACTH (pl-+ =8—12,25B 1o
HAllMM pacyetaM U omneHkam [3] HaOmomaeTcs CyHMIECTBEHHBIH pa30poCc MEpBUYHON
vonunszauuu. Hanpumep, s Hg, P, J u Se snauenue @] cocrapustor or 10,35 no 14,44 B
[7], B To Bpems kak 6; omimyaercs Ha 24% ¥ SBHO HapylIaeTCs MOHOTOHHBIA XOJ
¢GyHKUMOHATBHON 3aBUCHUMOCTH (puc.l.). DTO, Ha Ham B3IJIAL, MOXET OBITH OOBICHEHO
TOIBKO PA3IMYHBIMU COOTHOIIEHHSAMH B CyMMaXx II0 COCTOSIHUSM HOHOB M atromoB G(M*)/
G(M®) paccmarpuBaeMbIx 31meMeHTOB B ypaBHenmu Caxa (1), a clnemosaTenbHO, M B
TEPMOJIMHAMHYECKUX JAHHBIX JUTSI STHX MHIUBUIYaJIbHBIX BELICCTB.

Tabnuua 1.
CornocTaBleHHe PacueTHBIX JaHHBIX M0 (G deKTHBHOCTH 06pa3zoBanus atomoB (M) 1 HOHOB
(M* u M?**) B UICII-MC npu T = 7500K.

Dnement | Pacyer T = 7500K n, = 1-10%%, cu™3 Ham pacuer o ypoBusim Caxa

Hon % AtomM% M’ Mt Mt
Ca 99 1 0,307 98,58 1,104
Sz 96 4 0,192 95,39 4,42
Ba 91 9 0,105 90,27 9,62
La 90 10 0,217 96,58 3,20
Ce 98 2 0,167 96,59 3,24
Pr 90 10 0,180 92,82 6,98
Nd 99 - 0,145 96,60 3,26
Pm 0,108 93,53 6,36
Sm 97 3 0,154 96,38 3,44
Eu 100 - 0,203 98,56 3,23
Gd 93 7 0,395 98,41 1,18
Tb 99 - 0,520 96,96 2,51
Dy 100 - 0,306 97,6 2,08
Ho - - 0,449 97,34 2,21
Er 91 0,431 98,62 0,97
Tm 90 10 0,406 98,61 0,95
Yb 92 8 0,373 98,80 0,829
Pb 97 0,1 0,173 96,81 0,262

Takum oOpa3oM, coriacHo pacueTaMm, BbICOKas d()PEKTUBHOCTh OJHOKPATHOM
MOHM3alluK 0GOJIbIION rpynmbl (okono 60) IEerkoMOHM3UpYeMBIX dieMeHToB (@] < 89B)
JOJKHO OOEeCneurBaTh MPH MPOYUX PABHBIX YCIOBUAX, UX OIU3KHE MOISPHBIC MPEIEIbI
OOHapyXEeHHS B TICPBYIO OUEPe]lb JOHKHBI ONPEACTATHCSA 3HAYCHUSIME §. ITO MOATBEPIIIACH
YK€ B MEPBBIX IKCIIEPUMEHTAX.

Hcxons w3 pacdeToB, Uil YBEJIIMYCHHUS CTENEHW WOHU3ANWW DJIEMCHTOB, W,
CIIeIOBATENbHO, YAYUIICHUS WX TMPEAeNoB OOHAPYKEHUS, B JAHHOM METOJe HEe0OXOIUMO
YMEHBINIATh IMOCTYIUICHHE IapoOB BOABI B IUIa3My pa3psjga. IJTO  corjacyercss ¢
HKCIIEPUMEHTATbHBIMUA PEKOMOWHAITUSMHU M YACTHIM UCTIOJIB30BaHUEM YCTPONCTBA.

Pacuer nByKpaTHO 3apsizKeHHBIX HOHOB:IIepBoHAYALHO HEOOXOIUMO OIPEACITUTH
KpYyT 2JIEMEHTOB, JUIsI KOTOPBIX HanOojiee BEPOSTHO OOpa3oOBaHUE MOHOB Mi2+ B YCIIOBHUSIX
HCTI-MC. CormocTaBieHre BCEX 3JIEMEHTOB IepHOIUYecKoil Tadnuibl MeHaeneeBa Io
3HAYEHUIO BTOPOrO MOTEHIMajda MOHU3AIMKU aTOMOB [7], MOKa3bIBAIOT, YTO MHUHHMAJIbHOE
snauenne @7 (@f u @?*) cooTBeTCTBYeT MPaKTUYECKU OJHMM M TEM e dIeMeHTaM. DTo
OOyCIIOBJICHO TE€M, YTO /s OOJBIIMHCTBA JJEMEHTOB IEPHUOJUYECKON TaONUIbI, 3a
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UCKJTIOYEHHEM T'PYIIbI MIETOYHBIX 3JIEMEHTOB BBIMIOJHAETCS €MHAs JUHEWHas 3aBUCUMOCTh
mexay @ u (pf @7") [8]. CpaBHUBas KOppPENALHOHHbIE 3aBUCUMOCTH, TIPHBEIEHHBIE B [8]
MOKHO 3aKJIOYHTh, YTO KOJIMYECTBEHHBIX OIICHOK ILieJecoo0pa3Ho B JalibHEHIIeM
paccMaTpuBaTh 3aBHCUMOCTH J(PQPEKTHBHOCTH OOpa30BaHUS JBYKPAaTHO 3apsDKEHHBIX
aTOMHBIX HOHOB TOJIBKO OT @F 7™,

Pacuer s¢dexTBHOCTH 00pa3oBaHUs ABYKPATHO 3apsDKEHHBIX MOHOB MBI IPOBOJIMIIH,
ucnoip3ys ypaBHeHue Caxa, mpezcraBiieHHOM B (1). Pe3ynpTaThl pacueToB NpUBEICHBI B
Tabs.1 u Ha puc.2. 13 nanHbix rpad)uKoB XOpPOIIO BUJHO, YTO YTOUYHEHUE 3HAYCHHUI CyMM I10
COCTOSIHUIO aTOMOB M MX MOHOB, IPUBEIEHHBIX HAaMH, IIO3BOJIUJIO CYIIECTBEHHO IIPOSCHUTH
KapTMHY (yHKmuE ~ 3aBucuMmocteii @77 = @} + @2t  mabmopmaiorcs  MOHOTOHHBIE
3aBHCHUMOCTH, XOJI KPUBBIX KOTOPBIX COOTBETCTBYET SKCIIEPUMEHTAIBLHBIM JaHHBIM. OJIHAKO
pacueTHbIH ypoBeHb KOHIeHTpamuii monos M7, a cnenoparensho, u cootHomenuit M; 2/
M}, mpeBblmaeT dKcHepHMMEHTaNbHO HadmomaeMbix B npubopax MCII-MC ¢ ycTpoeHHBIM

)
BTOPUYHBIM Pa3psIOM, YTO Ha MEPBbIi B3I, MOATBEPKAACT aHAIOTMYHBIN BBIBOJ [3].
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Pucynok 2. Beruucnenne 3¢ ¢GeKTHBHOCTH 00pa30BaHUsl JBYKPATHO 3apsKEHHBIX HOHOB.

B peanpubix ycnousx MCII-MC npu Bapuanuu 3KCIepUMEHTAIbHBIX YCIOBHH (B
NEPBYI0 OYEepeIb — MOIIHOCTh pa3psiia U pacxo] rasa, HaJarollero a’po30jb aHAJINUTA)
IPOMCXOIUT CYLIECTBEHHOE U3MEHEHHE TeMIIEPATyphl IEHTPAILHOTO KaHalla (akelia Mmia3Msl,
13 KOTOPOTO uaeT 0TOop noHoB. Kpome Toro, koHreHTpamuu 351ekTpoHoB B ICII mensiercs B
3aBHUCUMOCTH OT COJEpKaHHs B NpoOe MATPUUHBIX 3JIEMEHTOB. OTO MPHUBOIUT K
CYILLIECTBEHHOMY U3MEHEHUIO 3¢ (EeKTUBHOCTH o0pa3oBaHus M?*31emeHTOB.
[IporHo3upoBaHre aHAJOTMYHBIX HW3MEHEHUH C HCIOoib30BaHMEM ypaBHeHus (1) He
BO3MOYHO 0€3 3HaHUs SKCIIEPUMEHTAILHON B TJIa3Me.

BriBoamI:

1.PaccmoTpenne oOnyOJIMKOBAaHHBIX JAHHBIX I[OKa3bIBalOT, 4YTO 3(deKkTuBHOCTH
00pa3oBaHUs JABYXPa3psIHbIX HOHOB B MHIYKTUBHO-CBA3aHHOM IJIJa3M€ 3aBUCUT OT MHOTUX
HKCIEpUMEHTANbHBIX (DakTopoB. JleiicTBue STHX (PaKTOPOB B MEPBYIO OYEpe]b CBOIUTCS K
W3MEHEHUIO TEMIEPAaTypbl IUIa3Mbl B AHAJIWTHYECKOW 30HE W YCIOBUH BO3HUKHOBEHMS
BTOPUYHOTO pa3psija B uHTepdeiice.

2.Teopetuueckue pacueta M;'?/M;" BbImONHEHBI 171 BeChbMa OTPAHMUYEHHOTO YHCIA
AJIEMEHTOB, IUIOXO KOPPEIHUPYIOT C 3KCHEPUMEHTAIbHBIMU pPE3yJbTaTaMHU CO 3HAYEHUSMH
M} /M}.

3.YcraHOBNIEH KPYT 3JIEMEHTOB, UMEIOIINX HEOOJbIyI0 3(PPEeKTUBHOCTh 00pa3oBaHuUs
nonos M; 2.

4.C wucnonp3oBaHueM ypaBHeHHss (Caxa ©  METOAOM  TEPMOJMHAMUYECKOTO
MOJIEIMPOBAHMs paccuuTaHbl 3(PpPeKTUBHOCTH 00pa30BaHMs JBYKPATHBIX HOHOB JUIS BCEX
PENKO3EMEIBHBIX JJIEMEHTOB.
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INDUKTIV 9LAQOLI PLAZMALI KUTLO SPEKTROMETRIND®O (i9P-KS)
IKIQAT YUKLONMIS IONLARIN YARANMASI

NURUBOYLI T.K.

Isdo induktiv olaqali plazmada ikiqat ionlarin yaranma effektliyi baxilmisdi. Miioyyon
olunmusdur ki, ikiqat yiiklii ionlarin yaranmasi bir ¢ox eksperimental amillorden, ilk ndvbada
analitik zonada plazmanin temperaturunun doyigsmasindon asilidir. Mohdud sayda elementlor
liclin nozori hesablamalar M?*/M*, eksperimental molumatlarla yaxs1 olagelonmir. Ikiqat
ionlarin Yaranma effektivliyi elementlorin atomlarinin ikinci ionlagma potensialindan M?*asili

deyil.

Acar sozlor: ionlagsma potensiali, kiitlo spektrometriyasi, nisbi hossasliq amsali, induktiv alagali plazmali
kiitle spektrometriyasi.

FORMATION OF TWO-CHARGED IONS IN MASS-SPECTROMETER
WITH INDUCTIVE-CONNECTED PLASMA (ISP-MS)

NURUBEYLI T.K.

The efficiency of the formation of doubly charged ions in a discharge with inductively
coupled plasma is considered. It is shown that the appearance of doubly charged ions depends
on many experimental factors and, first of all, on the change in the plasma temperature in the
analytic zone. Theoretical calculations mM2*/m*, do not correlate well with experimental data
for a limited number of elements. The production of efficiency does not depend on the second
ionization potential m2+of the atoms of the element.

Key words: ionization potential, mass spectrometry, coefficient of relative sensitivity, plasma in
inductively coupled plasma mass spectrometry.
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NCCIEJOBAHUE U PASPABOTKA TEXHOJIOI'MH OYUCTKH ITOYBbI
OT COEIUHEHUWM TAXKEJBIX METAJLJIOB

JKADPAPOBA @. 111., BAKUEBA U.T.

Huctutyt ®usuku HAH Azepbaiimxana AZ 1143, r. baky,
mp. I'. JbxkaBuma 131

firuza_djafarova@inbox.ru

B cratbe mpuBOAMTCS MCclenoBaHHE M pa3paboTKa Mpoliecca OYUCTKM M HEWTpalu3alMy IOYBBI OT
TSKENBIX METAJUIOB, IIyTEM BO3JEUCTBUS CUJIBHBIX JJIEKTPUYECKUX T0oJel u paspspoB. Hccinenosanus
MPOBEICHBI Ha 00pa3lax MoYBbl MecTOpOXKAeHUs banaxanel. Pe3ynbrarel ouncTkr 00pas3loB MOYBHI 70 U I1OCIE
00paboTKN 030HMPOBAHHOW BOJOH MPOBEPSUIM Macc-CHEKTPOMETPHYECKUM METOAOM. BhIsBIeHa BO3MOKHOCTD
OUYHUCTKH MOYBBI OT ONPEJAEIIEHHOI0 HANMEHOBAHUS TSKEIIBIX METAIUIOB ITyTEM BO3AECHCTBHS 030HOBOW BOJBL.

KnroueBble cj10Ba: TSKEIbIC MCTaJllIbl, ITI0OYBa, O30H, MaCC-CHeKTpOMeTpI/I‘IeCKI/Iﬁ aHaJIn3, SKOJIOI'us.

HTorom CTpEeMUTENBHOTO pa3BUTHUS YEJIOBEUECKOM JEsATeNbHOCTH 3a IMOCIeqHEee
CTOJIETHE BO BCEX 00JIACTSAX S3KOHOMUKH CTaJI0 HETaTUBHOE OTHOLIEHHE K OKpY’Karollel cpese
U uype3MepHas SKCIulyaTanus HpupoaHbix OorarctB. Kak u B OONBIIMHCTBE CTpaH, B
Azepbaiimxanckoil PecriyOnmke orpoMHOE 3HaU€HHE MPHUIAETCS PEIICHUIO MTPOOJIEM OXpaHbl
OKpY’Kalollel cpeibl U pallMOHAIBHOTO HCII0JIb30BaHMsI TPUPOTHBIX OOraTCTB.

[TouBEHHBII MOKPOB SIBISETCS BaXXHEHIIMM MPUPOJIHBIM oOpazoBaHueM. Ero 3HaueHue
JUI JKU3HU OOlIecTBa OmNpeAesnsercs TeM, 4TO I0YBa SBISETCS OCHOBHBIM HCTOYHHUKOM
IPOJOBOJIBLCTBUS, obecreunBaroiero 97—98% npoaoBOJILCTBEHHBIX PECYPCOB HACEICHUS
IU1aHeTbl. BMecTe ¢ TeM, MOYBEHHBIN NOKPOB SIBIISIETCS MECTOM JAEATEIBLHOCTH YEJIOBEKA, Ha
KOTOPOM pa3MellaeTcs MPOMBIIIJIEHHOE U CEIbCKOXO03SIICTBEHHOE TPOU3BOICTBO.

OpHUM K3 BUJIOB XUMUYECKOTO 3arpsi3HEHUS TIOUBBI SIBJISIETCS 3arpsA3HEHUE TSHKEIIBIMU
MeTaimamMu.  VICTOYHMKM TOCTYIJIEHUS TSDKEIbIX METaJuIOB JENATCS Ha MPHUPOIHBIE
(BBIBETpUBAHHE TOPHBIX MOPOJ W MHHEPAJOB, 3PO3UNHBIE MPOLECCHI, BYJIKAaHHMYECKas
JeSATeTbHOCTh) U TEXHOTEHHBIE (00bIYa M repepaboTKa MOJIE3HBIX MCKOMAEMBIX, CKUTAHUE
TOIIJINBA, JBM)KEHHE TPAHCIOPTA, AEATEIbHOCTh CEILCKOro X03sicTBa). YacTh TEXHOT€HHBIX
BBIOPOCOB, MOCTYMNAIOMIMX B MPUPOAHYIO CpPely B BHUJE TOHKHX a’po30Jiel, MEPEHOCUTCS Ha
3HAYUTEJIbHbIE PACCTOSIHUA U BBI3BIBAET T100abHOE 3arpsizHeHue. [Ipyras 4acTb MOCTyHaeT B
OeccTouHbIE BOJOEMBI, IJ€ TsDKEIble METaJlIbl HAKAIJIMBAIOTCS U CTAHOBATCS HMCTOYHUKOM
BTOPUYHOTO 3arpsi3HEHUS.

Tsokenple MeTayulbl HaKalUIMBAIOTCS B IOYBE, OCOOEHHO B BEPXHHX TI'YMYCOBBIX
TOPU30HTaX, U MENJICHHO YAAISAIOTCS NpPU BBILIEIAYMBAHUM, MOTPEOJICHUU PACTEHUSIMH,
9pO3UH U Ae(IIALNN — BBIAYBAaHUHU MTOYB.

Tspkenble  MeTaulbl  O0JIQAAlOT  BBICOKOW  CHOCOOHOCTBIO K~ MHOTOOOpPa3HbIM
XUMHUYECKUM, (PU3UKO-XUMUYECKUM U OHOJIOTMYECKUM peakuusM. MHOTHe W3 HUX HUMEIOT
IIEPEMEHHYI0 BAJEHTHOCTh M YYAaCTBYIOT B OKHMCIMTEIBHO-BOCCTAHOBUTENIBHBIX IpOLECCaX.
Tspkenbple MeTallIbl M UX COSTUHEHHUs CIIOCOOHBI Tiepemertarbes [ 1-5].

PryTh, cBUHEN, KaAMHUI BXOJAT B OOIIMI MepeueHb Haubosee BaKHBIX 3arps3HsIOMINX
BEILIECTB OKPYKAIOLIEH Cpebl, COTJIaCOBaHHBIN cTpaHamu, BxoasmMu B OOH. AKTUBHBIMU
UCTOYHUKAMHU 3arpsi3HCHHUS CBUHIIOM SIBIISIIOTCS 3JEKTPOCTAHIMM UM OBITOBBIC TIEYH,
pabotatonre Ha yrie. [loTeHIMAIBHBIM HCTOYHUKOM 3arpsi3HEHUS KaJMHEM SIBIISIFOTCS
ynoopenusi. CaMbIMH CHUIBHBIMH HWCTOYHUKAMU 3arpsi3HEHUS MBIIIBIKOM  SIBIISIOTCS
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repOunmabl, (yHTUIIUIBI, WHCEKTHUIUABL. Meap OOHapyKHMBAIOT B CYJb(PUIHBIX OCaIKaX
BMECTE CO CBMHIIOM, KagMUeM U LHUHKOM. [IpupoaHoe conep:kaHue MapraHia B pacTEHHUSX,
KUBOTHBIX M II0YBaX O4YEHb BBICOKO. OCHOBHBIE 00JaCTH NPOM3BOJACTBA MapraHua —
NPOM3BOJICTBO JIETUPOBAHHBIX CTajJel, CIJIABOB, DJEKTPUYECKHX OaTapeil W Jpyrux
XUMHUYECKHX UCTOUHUKOB TOKA.

BenenctBue pa3zHooOpasusi cocTaBa MOYBBL, MX OKHCIUTEIHHO-BOCCTAHOBUTEIIBHBIX
YCIOBUH M PEAaKUMOHHOW CHOCOOHOCTH, MEXaHM3Mbl M CIIOCOOBI CBSI3bIBAHUS TSIKENbBIX
METaJUIOB B IMOYBE Pa3HOOOpa3Hbl [6-7]. Ha mornomenue MHKPOdJIEMEHTOB MOYBAMHU IIPH
TEXHOT€HHOM  3arps3HEHMM OKa3bIBAIOT BIUSHHE MEXaHUYECKUH COCTaB, peakius,
coJiepKkaHUEe Tymyca UM KapOOHATOB, €MKOCTb IOIVIOUIEHMS] M YCIIOBUSL BOJHOIO pPEXKUMA.
MHUKpPO3JIEMEHTBI, B TOM YHCIE TSXKENble METallibl, B IIOYBE COJIEPXKATCS B PA3IUYHBIX
dopmax: B KpUCTALIMUECKON pEIIeTKE MUHEPAIOB B BHJIE N30MOP(HOI MOJIMECH, B COIEBOM
U OKUCHOH (opMe, B COCTaBE pa3HbIX OPraHUYECKUX BELIECTB, B HOHOOOMEHHOM COCTOSIHUU
U B pacTBOpHMOH (popMe B MOYBEHHOM pacTBope. Ha moBeneHne MUKpPOIJIEMEHTOB B MOYBE
BJIMSIIOT OKHMCIMTEIbHO-BOCCTAHOBUTEbHBIC YCIOBHS, pEAaKLUs Cpelbl, KOHILEHTpauus
YIJIEKKMCIIOTO Ta3a U HaJIMYUe OpraHMYecKoro BeiecTra [8,14].

O030p CyIIECTBYIOIUX METOJIOB OOpaOOTKHM M PEKYyJIbTUBALUHU IOYB, 3apPa)KEHHBIX
TSOKETIBIMU METAJUTAMU M APYTUMH BPEIHBIMHU MPUMECSIMH, BBISBUJ, YTO B HACTOAIIEE BPEMs
Haun0oJiee paclpoCTPaHEHb! CJAEAYIOIINE METOIbI OUUCTKH ITOYBbI:

- y/1aJIeHUEe 3arpsA3BHEHHOTO CJIOSI U €r0 3aXOPOHEHMUE;

- MHAKTHBALUA WM CHI)KEHHE TOKCHYECKOIO JIEHCTBMS BPEIHBIX IPUMECEH C MOMOILBIO
MOHOOOMEHHBIX CMOJI, COPOEHTOB, OPraHU4YECKHUX BEIIECTB;

- U3BECTKOBaHME, BHECEHNUE OPraHMYECKUX yI0OpEeHUH, COPOUPYIOIUX BpeIHbIe IPUMECH U
CHIJKAIOIIMX UX MOCTYIJIEHUE B PACTCHMUS;

- BHECEHHE MHHEPAJbHBIX YIOOPEHUH, CHMKAIOIIUX TOKCHUYECKOE [eHCTBHE TSKEIbIX
METAaJIJIOB;

-3JIeKTPOPU3HUECKHUE, HIEKTPOXUMUIECKHE, TEKTPOKMHETUYECKUE METO/IbI OUHUCTKH IOYBBHI.

N3BecTHbIE CIOCOOBI OUMCTKH MOYBBI OT TSLKEIBIX METAJJIOB HE BCErJa Aal0T XOPOIIUe
pE3yNbTaThl, JJIEKTPOXUMHUYECKHE TEXHOJIOTHU HCIOJB3YIOTCA PEIKO, C HX IOMOULIBIO
00€3BpeKUBAIOT  HEOONbIINE KOJMYECTBA 3arpsi3HEHHOrO0 TpPyHTa, a peanusarus
ANIEKTPO(PU3NYECKUX, HIEKTPOMArHUTHBIX M AJIEKTPOKUHETHUYECKUX METOJIOB, XOTS W JIaeT
XOpoIlIne pe3yibTaThl, MOKa KpaiiHe Jopora.

BelmensnoxkeHHoe TOKa3bIBaeT, YTO pPa3pabOTKH, HaNpaBIECHHBIE Ha IOJHOE WIIH
YaCTUYHOE pellieHne MPOOIEeMbl OUUCTKH MOYBBI OT TSKEIBIX METAIJIOB aKTYyaIbHBbI.

B stom cmbiciie, uccnenoBaHue W pa3paboTKa Mpolecca OYUCTKH W HEWTpaau3aluu
MOYBBI OT TSDKENBIX METAJJIOB, MYyTEM BO3JEUCTBUS CUJIBHBIX DJIEKTPUYECKUX IMOJIEH U
pa3psioB SABISETCS BAKHOM 3a7aueil Ha MyTH 03J0POBIICHUS OKPYKAIOIIENH CPEJIbI.

[TouBa, TIIe ompeAenseTcsl couepKaHue THKEIBIX METAIOB, OblIa B3siTa ¢ HEPTIHOTO
MecToposkaeHus nocenka bamaxansl B 2012 roay. [Ipo6s1 6panu B paauyce 50=100 meTpos, ¢
YpOBHS MOYBHI cBepxy Ha riyoune 0 + 10 cM (mepBbie MpoObl), C YPOBHS MOYBBI HA TI1yOHUHE
10 + 20 cm (BTopsle mpoObl). Hamu OblIM B34THI MPOOBI C TpeX pasHbIX TOUEK, T.e. 6 Mpod
MOYBBI, TPH C BEPXHETO CJI0S - TIEPBbIE MPOOBI, U TPU C HUKHETO CII0SI — BTOPBIE IPOOBI.

Jlna onpenenenns KOJIM4eCTBEHHOTO COCTaBa 3JIEMEHTOB TSKENbIX METAJNIOB B IIOYBE, B
nabopaTopun ObUT MPOBEJEH MacC-CIEKTPOMETPUYECKUN aHaIu3 BCEX O0OpasIoB, /IS YEro
HE0O0X0uMO ObUIO HMCXOJHBIE 00pa3lbl IOYBBI MPOCEATh, BBICYIIUTH B T€UH MpHU
Temmepatype okono 200+250 %S, 3aTem ¢ kKaxm0T0 06pa3Ia B3ATh 1O 5 TPaMM M KHIIATHTH B
30 MJI KOHLIEHTPUPOBAHHOW a30THOM KUCJIOTHL. Bpemsa kunsuenus 1,5+2 gaca. OcTyKE€HHBIN
U OTGUIBTPOBAHHBIA pacTBOp oOpasla MoAaBaji Ha Macc-CIEKTPOMETPUUYECKUIN aHATU3 IS
KOJIMYECTBEHHOT'O ONPEJEIIEHUSI COCTABa TSKEIIbIX METAJIJIOB.

CrnenyronuMm 3TanmoM B paboTe ObUIO TPOBEACHHE OOpaOOTKHM OOpa3IOB  MMOYBHI
OObIKHOBEeHHOM Bojmoil. Kaxzaplii oOpasen, MpOKaJeHHOM M OCTYXEHHOH IOYBBI
00pabaThIBaJICS BOJION B MEPHBIX CTEKJITHHBIX CTaKaHax B30aJThIBAHUEM.
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3aremM, Ha Macc-CIIEKTPOMETpE ONpEACSUId COCTaB  TSDKEIBIX METAJUIOB  IOCIIE
00pabOTKK TOYBBI OOBIKHOBEHHOU BOJIOM.

HccnenoBanue mporecca OYUCTKA W HEHTpalM3alliyl TMOYBBI OT TSIKEIBIX METalIoB,
MyTeM BO3JCHCTBHS AJICKTPUUECKOTO IMOJISI OapbepHOro pas3psijia MPOBOJIUIN HAa YCTAaHOBKE,
1oKa3aHHOM Ha pucynke 1 [9-11].
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Puc. 1. JlabopaTopHast ycTaHOBKA 10 OYMCTKE MOYBBI OT TSHKEIBIX METAJIIOB,
IIyTEM BO3ACHUCTBHS QJIEKTPUIECKOTr0 MOJIsl 0aphepHOro paspsia.

Bo3nyx, HarHeraemslii KoMmmpeccopoM 1, depe3 pacxomomep-peomerp 2, ¢
OTpEe/ICIEHHON YCTAHOBJIEHHON IOCTOSIHHOM CKOpocThi0 V=1,5 1/MHUH, HampaBisercs B
peaktop 3. B peakTtope 3 mpu nogauye HanpsiKeHUs! BHICOKOBOJBTHBIM TpaHC(opMaTopoM 5 B
npeaenax U=8+14 kB B OGapsepHoM paspsue oOpasyercss 030H. [lomydeHHBIN 030H U3
peakTopa mocrynaer B 6apOOTa)kHOE YCTPOWCTBO 4, TJie MPOMCXOIUT OOOTaIlleHuEe 030HOM
OTpEeIeNIEHHOr0 KoJaruecTBa BoJbl. OOorameHHol 030HOM BOJI0M 00paldaThIBatOTCsl 00pa3Libl
MOYBBI TYT K€, TIOTOMY YTO JKU3HECIIOCOOHOCTH MOJIyY€HHOTI'O 030Ha B BOJIE OUYEHb KOPOTKasl.

KonuuecTBeHHbI aHanmu3 o00pa3loB IMMOYBBI, Kak JO, TaKk M Mociae o0pabdoTKu
OOBIKHOBEHHOM M 030HMPOBAHHOM BOJIOM, MpUBeeH B Tabnunax 1, 2, 3.

Kak noka3piBaeT aHanu3 JaHHBIX TAOJUL, COJEPKaHUE TSKENbIX METANIOB B UCXOIHOM
IIOYBE IIPEBBILIAET MIPEAEIBHO JOIYCTUMYIO KOHIIEHTPALIUIO.

[Tocne 06paboTkH OOBIKHOBEHHOM BOJOM, Kak B oOpasuax 0-10cm, Tak U B oOpasuax
nouBsl 10-20cM HaOmOJaeTCss YMEHBIIEHNE KOHIIEHTPALMH TSKENIBIX METaUIOB B Mpeaenax
ot 30 o 60%.

b mpoBeneHBl HCCIENOBAaHUSA 10 O30HMPOBaHUIO BoAbl 15 m 30 mMuHYT npu
HanpsbkeHun 8 kB. PesynbpraThl aHanmmsa mouBbl, 00pabOTaHHON 030HHMPOBAHHOW BOAOH
NIOKa3aJId, YTO HaOI0aeTcsl CHIKeHUe KoHueHTpauuu Ni, Pb, Mo u Al Ha 75 + 80%.

bbUIM mpoBenEeHBl UCCIENOBAaHMS IO O30HHpOBaHUIO Boabl 15 m 30 mMuHyT 1pu
HanpsbkeHuu 14 kB. Pe3ynbraThl aHanmm3a MoYBBI, 00pabOTaHHON Takoil 030HMPOBAHHOU
BOJIOM TIOKa3aJid, 9TO HaOJIoaeTcs CHUXKEeHHe KoHIeHTpanuu Ni Ha 92,3 %, Mo na 98-100
%, Al na 56%, Cu Ha 57-64%.

Bbln poBeieHBl TakKe SKCIEPUMEHTHI IO 030HUPOBAHUIO IIPH HampsbkeHuu 14 kB B
TedeHre 30 MMHYT CyCIIEH3UM IOYBBI U BOABI. Macc-CIEKTPOMETPUYECKUI aHAIN3 MOYBBI,
00pabOTaHHOW TaKWM METOJOM, TOKa3ajl YTO, B CPaBHEHHHM C HMCXOAHBIMH OOpa3ramu
KOHIICHTPALUsl YKa3aHHBIX TSDKENBIX METAUIOB B OOpasliaX yMEHbLIaeTcs B mpexaenax 45—
80%.
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Yem xe OOBSICHSIETCS TaKOE M3MEHEHUE KOHIICHTPAIIMM METAJUIOB IMOcie 00paboTKH
MOYBBI OOBIKHOBEHHOUN BOJIOH, BOJIOW O30HUPOBAHHOW M COBMECTHOW OOpaOOTKH CYCIICH3UU
MOYBBI U BOJIBL.

[Tpouiecc XMMHUYECKOTO OKMCIEHUS 3arps3HEHHUN B II0YBAaX, I'PYHTaX, MOA3EMHBIX U
MOBEPXHOCTHBIX BOJaX OCHOBBIBAETCS HA OTJAaue€ DJEKTPOHOB C BHEIIHErO HE YCTOWYUBOTO
CJIOSI DJIEKTPOHHOW OOOJIOUKH aTOMOB BEIIECTB M JIEMEHTOB, YTO MPHUBOAMUT K IMEPEXOIY
3arpsI3HSIOLIETO BEIIECTBA B MEHEE TOKCHUHYIO U peaklnoHHococoOHyo dhopmy. K otnaue
AJIEKTPOHOB CKJIOHHBI aTOMBI AJIEMEHTOB, Y KOTOPBIX BO BHEUIHEM 3JIEKTPOHHOM CIIO€
COJICP)KUTCS Majoe 4YHCIO DIeKTpoHOB. Ilpomecc sBisieTcs COCTaBHOW — 4acTbiO
OKHUCJIUTEIbHO-BOCCTAHOBUTENIBHOIO  B3aUMOJACWUCTBUS ~ 3arpsI3HAIOLIEIO  BEIIECTBA U
XUMpeareHTa Uil peaklmOHHOCIIOCOOHON TOBEPXHOCTH.

B kauecTtBe peareHTOB, CO3JAOLIUX OKHCIUTEIbHO-BOCCTAHOBUTEIIBHBIE YCIOBUS U
CBOOOHBIE 3JIEKTPOHBI B IOPOBOM PAcTBOPE I'PYHTOB, MOJA3EMHBIX U MOBEPXHOCTHBIX BOJAX,
UCIIOJIB3YIOT XJIOP, KHCIOPOI, 030H 1 aTMochepHsIii Bo3nyx [12,13].

OxucieHre KUCIOPOAOM U BO3AYXOM HUCHOJB3YIOT MPEUMYIIECTBEHHO IJII OYHCTKH
MOYB, TMPUPOIAHBIX W TEXHOTCHHBIX T'PYHTOB HEOJHOPOJHBIX [0 MPOHUIIAEMOCTH HWIU
CIa0OMPOHUIIAEMBIX. DTHM CIOCOOOM yIaeTCsl CHU3UTh UCXOJHBIE COJIEP>KaHUs 3arpsi3HeHU
10 3% (<200 ppm).

O30oHUpOBaHNE — OAMH U3 HauOOJee MPOTPECCUBHBIX COBPEMEHHBIX TEXHOJIOTUUECKUX
IIPOLIECCOB, HAIIPABJICHHBIX Ha CO3JJaHME SKOJOTMYECKH UYUCTHIX, OJAaronpUATHBIX YCIOBUI
Tpy/la U )KHU3HEAEATeIbHOCTH yenoBeka [14,15].

O30H 00pazyercst U3 OOBIYHOTO KUCIIOPOJIa MO/ ACWCTBUEM TIICIOMIETO IEKTPHUIECKOTO
paspsga win yapTpaduoiaeToBoro wusnydeHus. O30H, SBIASICH OJHUM M3 CHIbHEHIIMX
OKHUCJIMTEJIEH, UMEET 0YEeHb BBICOKOE CPOJACTBO K 3JIeKTpoHY (1,9 3B), uto u 00ycnoBnuBaeT
€ro CBOMCTBA CHUJILHOTO OKHUCIUTENS, IPEBOCXOJMMOrO B 3TOM OTHOILIEHUH TOJIHKO (TOPOM.
HecmoTpss Ha BBICOKMM OKHCIUTENBHBIA IOTEHIMAI O30HA, B3aUMOJCHUCTBYET OH
Ype3BBIYAHO CEIeKTUBHO. [IpUYMHON STOM CENEeKTUBHOCTH SIBISETCS MOJSPHOE CTPOSHUE
MOJIEKYJIbl 030HA, WJIM TOYHEE — IO3UTHUBHO MOJSPU30BAHHBIA aTOM KHCIOpPOJa, KOTOPBII
npuaaeT Bceld MoJieKyne S3JeKTpoduinbHbI XapakTep. [loaToOMy MoONeKymnbl ¢ BBICOKOH
IUIOTHOCTBIO ~ BJIEKTPOHOB  SIBJISIIOTCS ~ HamOosee  MPEeANOYTUTEIbHBIMU  PEaKIMOHHO
CIIOCOOHBIMU 3JieMeHTaMH. [Ipu 030HMpPOBaHHUH, B OTJIMYUE OT XJIOPUPOBAHHUS, MPOTEKAIOT
TaKU€ peaklMd OKHUCICHHsS, KaK pACKpbITHE apOMaTHUYECKOTO KOJblla U TOJIy4YEeHUE
HETOKCHYHBIX KOHEUYHBIX MPOAYKTOB. OTH NPOAYKTHI JIETKO YIAISIOTCS C TOMOIIBIO
bunbTpanuu.

C wMmeramnamMu O30H 0O0pa3yeT HEpeakTHUBHBIE OKCHIBI (OKCH]I >Kele3a, Maprasiia,
amroMUHMS U 11p.). OKCUIBI BBINAAIOT B OCAJIOK U JIETKO yCTpaHstoTcs ¢uiabTpanueii. O30H
JIETKO OKHUCIISIET COJIM Kelle3a W MapraHiia ¢ oOpa30oBaHHEM HEPACTBOPHMBIX BEIECTB,
KOTOpPBIE 3aT€M MOTYT OBITh y/1aJ€Hbl MEXaHUYECKHU.

bnaronaps ©Ooniee BBICOKOW OKUCIHUTENBHOW CIIOCOOHOCTH O030H B COCTOSHUH
NeIICTBOBATh HAa COEIMHEHUs, KOTOPbIE HE MOBEPTatOTCs BO3JAEUCTBUIO IPYTHX XUMUYECKUX
peareHToB.

O30H - OKUCIISIET TTOYTH BCE METAILIBI (32 MCKITIOYEHUEM 30J10Ta, IJIATUHBI U UPUIHUS) 10
WX BBICIHIMX CTETICHEH OKHUCIIGHHs, MHOTHE HeMeTalbl. [IpoaykTomM peakuuu B OCHOBHOM
ABIISIETCS KUCIOPO/I.
2Cu?* + 2H,0" + 03—2Cu®* + 3H.0 + O;

O30H pearupyer ¢ cyabhuaamu ¢ 00pazoBaHuEM CYIb(HaTOB:
PbS + 403 — PbSO4 + 40>
OxkucneHne 030HOM rujipaTa OKUCH CBUHIA!
Pb(OH)2+03 — PbO(OH), + O,.
Oxucnenue cepeOpa 030HOM.
4Ag + 203 — 2AQ20 + 20..
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O6paboTka 030HOM pacTBOpa KaJbIlMS B aMMHaKe MPUBOJAUT K 00pa30BaHUIO O30HH]IA
AMMOHHMSI, @ HE KaJIbLIMSL:
3Ca + 10NH3 + 703— Ca'6 NH3 + Ca(OH), + Ca(NO3)2 +2 NH403 +3 O2 + 2 H,0

O30H MOxeT ObITh  HCIONB30BaH IS yJAJIEHUS MapraHia u3  BOABI  C
o0pa3oBaHHEM OCaJIKa, KOTOPbIIl MOXKET OBITh OTAENEH (PUIBTPOBAHUEM:
2Mn?* + 203 + 4H,0—2MnO(OH),| + 20, + 4H*

OcHOBHBIE JOCTOMHCTBA UCIIOJIb30BAaHHUS 030HA:

- BBICOKMH OKHCIHMTEIbHBI MOTEHIMAJ oO30Ha (ycTymaeT TOdbKo (Topy U
HECTaOMJIBLHBIM pauKaliaM);

- BO3MOXXHOCTH IOJTy4aTh O30H HAa MECTE IMOTPEOJICHHS M3 KHUCIOpoJa BO3/AyXa, B
ANIEKTPUYECKUX almaparax (030HaTopax);

- SKOHOMHYECKas IIeJIeCO00Pa3HOCTh MPUMEHEHHUS 030HA IO CPAaBHEHHIO C JIPYTHMMHU
M3BECTHBIMH OKHUCTUTENAMU (B 2 U OoJiee pa3a HIKE CTOUMOCTH JIPYTHX OKUCIUTENeH);

- SKOJIOTUYECKasi COBMECTUMOCTh 030HA C OKPYKAIOILIEH CPEION.

TakuM o0Opa3oM, ucciaenoBaH U pa3pabOTaH MPOIECC OYUCTKA M HEUTpanu3aluu
MIOYBBI OT TSDKEJIBIX METAJUIOB ITyTEM BO3JEHCTBHUS 030HOBOU BOJIBI.

BrisiBieHo, uto B mouse, 00paboTaHHON BOJ0M 030HHPOBaHHOU 15 1 30 MUHYT Kak mpu
HanpsbkeHuu 8 kB, Tak u npu HanpspkeHun 14 kB HaGmomaercs CymiecTBEHHOE CHIKEHHE
konuentpauu Ni, Pb, Mo, Cu u Al.

OKCHepUMEHThl 1O O30HHPOBaHMIO IHpu HampsokeHun 14 kB B Teuenue 30 MuHyT
CYCIICH3HUH MOYBBI U BOJIbI, TOKA3aJIM HE3HAYUTEIIbHOE YMEHBIIICHHE KOHIICHTPAINH TSKEIIbIX
METaJIJIOB.
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TORPAGI AGIR METALLARIN BiRLBSMBLBRiNDBN TOMIZLOMO
TEXNOLOGIYASININ TODQIQATI VO ARASDIRILMASI

COFOROVAF.S., ZOKIYEVA . G.

Mogalado, torpagr agir metallardan giiclii elektrik sahoalori vo bosalmalar ilo tomizloma
va neytrallagdirma prosesinin tadqiqi taqdim edilir. Tadqiqat islori Balaxani yataginin torpaq
niimunaloari tizra aparilmigdir. Torpagin niimunslari tomizlomoadan avval vo ozonlanmis su ilo
tomizladikdon sonra kiitlo spektrometrik iisulla yoxlanilib. Torpagi, agir metallarin miioyyon
bir nlimunalarindon ozonlanmis Su ila tomizlomak imkan1 agkar edilmisdir.

Acar sozlar: agir metallar, torpaq, ozon, kiitlovi spektrometrik analiz, ekologiya.

RESEARCH AND DEVELOPMENT OF SOIL PURIFICATION TECHNOLOGY
FROM HEAVY METAL COMPOUNDS

JAFAROVA F.SH., ZAKIEVA |.H.

The article presents the research and development process of cleaning and neutralization
of soil by heavy metals, by the action of strong electric fields and discharges. The Exploration
conducted on the field soil samples of Balakhani. The results of the cleaning-up of soil
samples and tested mass-spektrometric method with ozonated water after handling. It revealed
the possibility of cleaning the soil from a particular name heavy metal by the action of ozone
water.

Keywords: heavy metals, soil, ozone, mass-spektrometrichesky analysis, ecology.

30


http://www.ecolog-alfa.kamsh.ru/page6.htm
http://www.ecolog-alfa.kamsh.ru/page6.htm
http://www.xumuk.ru/encyklopedia/2/3007.html
http://www.xumuk.ru/bse/2325.html
http://www.xumuk.ru/nekrasov/x-02.html

Energetikanin problemlori e Nol e 2018 e  [IpoGreMbl SHEPTETHKH

YJIK: 678.017.620.17

HAKOIIMTEJIBHBIE INTPOLHECCBHI B KHHETHUKE 3JIEKTPHYECKOI'O
PAZPYHIEHUA MOJAITUJIEHA B YCJIOBUAX OJHOBPEMEHHOI'O
BO3JEUCTBUA MEXAHUYECKOHU HAI'PY3KH
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BrrumciieHo pacrpenenieHHe 1O JOJTOBEYHOCTH Tp — BpeMsl OKumaHus npoOos mommdtuieHa (I1D) B
[IOCTOSIHHOM IO 3HaKy M BEJIMYMHE 3JIEKTPUYECKOro mnojis E B yCIOBUSAX OJHOBPEMEHHOI'O BO3AECUCTBUS
MexaHn4yeckoil Harpy3ku o. IlokazaHo, yTo HakamMBarouuecs noj AeilctBueM E U ¢ u3MeHeHUs B KUHETHKE
AJEKTPUYECKOTO pa3pylIEeHUs MpPU OJHOBPEMEHHOM BO3JCHCTBUM MEXAHHYECKOI'O HAIpPSKEHUS YaCTHYHO
PEreHEPUPYIOTCS B 3aBUCUMOCTH OT HAIpPSDKEHHOCTH M BPEMEHM BO3JEWUCTBUS NPOTHUBOIONSA, a TaKXKE OT
MOBBILIEHUS TEMIIEPATYPBHI.

KiaroueBble ci10Ba: KHHCTHKA pa3pyaicHus, 3JICKTPUYCCKOC pa3pylHICHUC, HAKOIUTCIIbHBIC
MMpOUECChl, NOJIMMECPHBIC KOMITIO3UIINHN, HAAMOJICKYJIAPpHAsA CTPYKTYpa.

BBenenue: DNEeKTpUYECKUM pa3pylUIeHHEM TMOJUMEPOB (KaK W JPYIHMX TBEPABIX
JUBJIEKTPUKOB) MPUHATO Ha3bIBaTh NMPOOOH — oOpa3zoBaHME MPOBOSAIIEIO KaHajga B CIIOE
MOJIMMEpPA, HAXOIAIIErocs MEXAY DJEKTpoJaMHu, MpU NPUIIOKEHUH  BJIEKTPUUECKOTO
HanpspkeHuss. O TOM, 4TO paspylIEeHUE IOJMMEPA €CThb KHHETUYECKOE SIBICHHE, a HE
KPUTHYECKOE COOBITHE CBHJIETEIIBCTBYIOT MHOTOYMCICHHBIE JaHHbIE 10 MpoOoro
HOJMMEPHBIX 00pa3loB MpU JOCTATOYHO Malblx HampsbkeHusx [1, 2]. B atux cimywasx
npo0oil MPOUCXOAUT HE Cpa3y Mocje NPHIOKEHHUS MOJs, a M0 HUCTEYEHHIO HEKOTOPOro
BpeMeHM, npudyeM ueM MeHblie E, Tem Oonbuietg. i 3I€KTpUYECKOro paspyLieHHs
MOJIMMEPOB YCTAaHOBJIEHA CHOCOOHOCTh HAKaIUIMBAIOIIMXCS W3MEHEHHH K pereHepanuu
(BIJIOTH 70 MOJHOM), YTO MO3BOJSET CBA3AaTh KMHETHKY AJIEKTPHUUECKOTO pa3pylIEHUs C
dbopMUpPOBaHHEM BO BpPEMEHM OOBEMHBIX JJIEKTPOHHBIX 3apsAIoB, MO JOCTHXKEHHUIO
KPUTUYECKON BEIMYMHBI KOTOPBIX M HacTymaeT mpoboit [3]. BecbMa MHTEpecHBIM SBUIOCH
oOHapyxeHHe BIMsSHUS Ha T He Tonbko E u Temmeparypel T, HO M MeXaHMYECKOTO
Harpy)kXeHusi G NOJUMEpHBIX 00pa3noB [4]. IloaToMy BaXHBIMU SBISIOTCS BOIPOCHI
00paTUMOCTH W HEOOPATHMOCTH 3JIEMEHTAPHBIX IMPOIECCOB, MOATOTABIMBAIOIINX MPOOOI
NOJMMEPHBIX 00pa3llOB B YCIOBUAX OJHOBPEMEHHOTO BO3JIEHCTBHS MEXaHHYECKOTO
HANpPSDKEHUs, TaK KaK B 3aBUCUMOCTHU OT YCJIOBHM TEXHUYECKOTO MPUMEHEHHUSI, TOJTUMEPHbIE
M30JSIIMOHHBIE MaTepUabl OJIBEPTalOTCs OAHOBpEMEHHOMY Bo3aelicTeuio E, T u 6.

B HacTosmel pabote mpoBOIMIOCH BRISICHEHUE CTEMEHN 00PaTUMOCTH HAKOTTUTEIIBHBIX
IIPOLECCOB B  KHHETHKE DJIEKTPUYECKOTO  pa3pylIEHUs IOJIMMEPOB B YCIOBHUAX
OJIHOBPEMEHHOTO BO3CHCTBUS MEXaHUUECKON Harpy3Ku Mpy HU3KHUX TemIepaTypax.

O0bekThI M MeTOAMKA H3MepeHMii. BbIsicHeHHMe cremeHM  0OpaTMMOCTH
HAKOMUTENbHBIX MPOIECCOB, BEAYHIMX K MpPOOOI0, MPOBOAMIOCH Ha OCHOBE H3BECTHOTO
crioco0a — CpaBHEHHsI PE3yJIbTATOB U3MEPEHHSI JOJITOBEYHOCTH TPU HENPEPHIBHOM JCHCTBUN
Harpy3Ku C pe3yibTaTaMU U3MEPEHUS J0JTOBEUHOCTH MPH NMPEPHIBAHUY JIEUCTBUS HATPY3KH.
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OObexkTaMH HCCIeI0BaHUSL OBLIM B3STHl HEOPHUEHTHPOBAHHbIE IUICHKH IMOJIHATUIICHA
tonmuHoN ~50 MKkM. Vcnofib30BaICh IJIOCKUE MPUKUMHBIEC 3JIEKTPOJIbI, Uepe3 KOTOphIEe Ha
00pa31ibl 0AaBaIOCh MOCTOSHHOE 110 3HAKY JIEKTPUYECKOE HANpsKEHUE.

[lepen momaueil SIEKTPUYECKOTO HAMNPSOHKEHUS K oOpasliaM  MPUKIIAJbIBAIOCH
paCTATMBAIOIIEE MEXAaHUYECKOE HAINPSIKEHHE G M 3aTeM H3MEpPsUIach dJIEKTpUYECKas
JIOJTOBEYHOCTh Tr. MeXaHn4ecKoe HalpsHKEHHE 3a/1aBAIOCh TOCTATOYHO HEOOJBIINM, YTOOBI
n30exaTb OPUEHTALMOHHOMN BBITSYKKU [TOJINMEPOB.

BcenenctBue xapaktepHoro paszdopoca Ty ais Kaxkaod komOunanmu yciaouit: E, T u ¢
POU3BOIMIINCE U3MepeHus Ty st 30 06pasioB, U3 KOTOPBIX HAXOIMIIOCH CpeIHEE 3HAUCHHE
Tg, T.€. AaHATTM3UPOBAIUCH QYHKIIMH pacrpeiesieHus o0pa3oB Mo A0JITOBEYHOCTH.

Pe3yabTaThl M uX o0cy:kaeHue. Ha puc. 1 mpeacraBiena uuTterpaibHas (QyHKIHS
pacnpeznenenusi oopasnos [19 mo lgt mpum ogHOBpeMEHHOM BO3JCHCTBHU MEXaHHYECKOIO
HampspDkeHus Ipu nocrosHHoM 3HadeHun E, T u o. Ilo ocum OpaAMHAHT OTJIOXKEHa

1-n;
byHKIUS "
LIEJIBIMU T10CJIE BPEMEHU BBIJIEPIKKH T.

, TJIe N — MOJIHOE YKCII0 00pa3lioB B CEPUU, N, — YUCIO 00Pa3IOB OCTABIIMXCS

1- n,r/n
08
06+

04

0,24

0,0 T
15 2,0 25 3,0 35
lgt., ¢

Puc.1. MuTerpansHoe pacnpezencHue oopasios [19 mo ajnekTpuyeckoit
JO0JITOBEYHOCTHU TP OTHOBPEMEHHOM B03I[el\/'ICTBI/II/I MEXaHUYECKOI'O
nanpsoxenns. E=5-102B/m, 6=40 MIla, T=200K

Kak BuaHO, rpaduk sTol (yHKUMU A JIEKTPUUYECKOH OJTOBEYHOCTH B YCIOBHSAX
OJTHOBPEMEHHOTO BO3JICHCTBUS MEXaHHYECKOW Harpy3ku mMmeeT S — oOpasHyio (opmy c
apdexTuBHON mMpHHON pacnpenenenus Algt = 1. dopma pacnpeneneHuss TpUOTMKEHHO
OTBEYAET HOPMAJIBHOMY pacCHpEleNICHUIO ciaydyaiHbplx BennuuH. [lupuna pacnpeneneHus

T1 >
lgt

Puc.2. Cxema pacnpenenenus oopasios [1D mo monroBeqHoCTH:
1- mpoOuTHIE 32 BpeMsI, IPEBBIMIAIONIEE T1;
- TO X npeieieHne, HO I T—T4)-TI0 BTOPUYHON JONTOBEYHOCTH; 3-
2- TO ’Ke pacmpenencHue, HO 1o | T4)-TI0 BTO 0 ONTOBEYHOCTH; 3
pacnpeselieHue 10 BTOPHUYHOM JIONTOBEYHOCTH TEX JKe 00pas3loB MpH WX
YAaCTUYHOU pereHepaluu.
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00yCJIOBJICHa, OYEBHIHO, BapHaIlMed TOJIIWHBI, CTPYKTYpbl M Je(EKTHOCTH OOpPa3IloB,
CIIy4aifHBIMU MOTPEITHOCTSMH SKCIIEPUMEHTA U T.1.

U3 puc.1l onpenensinock 3HaU€HUE JTOJITOBEYHOCTH T1=355C, OTBEUaIOIIee pa3pyLICHUIO
NOJIOBUHBI 4Hcha oOpasnoB. Jlamee Opaiwch HOBBIE CEPHUM TaKuUX e 00pasloB H
BblIepkuBasiuch npu Takux ke E, T u ¢ B TeueHune BpeMeHM T, IOCJIE YEro Harpyska
cHUMalack. B pe3ysibTare octaBasiach HEMPOOUTOM MOJOBHHA YKCcia 00Pa3loB, C KOTOPHIMU
Y TIPOU3BOAWINCH JAJIbHEHNIINE ONEepaIiy.

CwmbIcn U crioco0 aHanu3a JaHHBIX CXEMaTHYECKH MOsSCHEH Ha puC. 2.

OHu 3aKiI04aroTCsl B CIEAYIOLIEM: €CIU JIOMYCTUTb, YTO IIOCJIE BBIAECPKKU I0]
Harpy3koil E, ¢ B TeueHue BpeMEHHM T; B OCTaBUIMXCA HEMPOOUTHIMU OOpa3lax HaKOIWB-
HIMecs U3MEHEHHU 3a BPEMs IIepEPhIBA paccoCAIUCh (TIOJIHAsL peEreHepanus), TO Toraa nocie
BTOPUYHOTO MPUIOKEHHUS TOW K€ Harpy3KH paclpeleieHHe 3TUX 00pa3oB MO BTOPUYHOMN
JIOJITOBEYHOCTH JOJDKHO COBIIACTH C ONOPHOM KpPUBOHW, T.€. C KPHUBOM, OTBEYAIOLICH
pacnpezieNIeHUIO 0 JI0JITOBEYHOCTH BTOPO MOJIOBUHBI ynciia 00pa3ioB Ha puc. 2 (kpusas 1).
Ecnu ske BO BpeMs mepephiBa MOCIe BBIICPKKH B TEUCHHE BPEMEHH T; M CHATHS HArpy3Kd
HAKOMUBIIMECS H3MEHEHUS TIOJHOCTHIO COXPAHSIOTCSA, TO pachpeaeneHue o0pasloB IO
BTOPUYHOM JIOJITOBEYHOCTH JIOJDKHO CMECTHTHCS B 00JaCTh MEHBIINX 3HAYCHHUU T, OCOOCHHO
B o0acTH HavyaJlbHOW (HWDKHEW) yacTH pacmupeneicHus (puc.2 kpusas 2). Hakoner, eciou B
nepepbIBe MEXy CHITHEM Harpy3Kd W IOBTOPHBIM €€ NMPHJIOKEHHEM B o0pasiax mpouuia
YacTUYHas pereHepanus HaKOMMBIIMXCS HW3MEHEHUH, TO pachpeieleHue o00pasioB
BTOPUYHOM JOJTOBEYHOCTH JIOJDKHO MOWTH MEXAY KpHBBIMH 1 M 2, T.e. COOTBETCTBOBATH
KpuBoii 3 (puc. 2).

JlaHHbIC, OTBEYAIOIIHME SKCIECPUMEHTAIbHOMY HaOmoaeHuio (kpuBble 2 u 3) s
MOJIMMEPOB, B TOM yucie u it [1D B cirydae 371eKTpUUecKOro M MEXaHUYECKOTO pa3pylIeHus
IIpU OJHOBPEMEHHOM BO3JIEHCTBUU 3JIEKTPUUECKOIO IOJIs NMpUBeAeHbI B padoTax [3,5]. OHu
MOKa3bIBAIOT, YTO M3MEHEHUsl HAKOMMBIIMECS B 00pasliax 3a BpeMs T;COXPaHSAIOTCS, €ClId B
nepepsiBe 00pa3el] He HarpeBaTh WIM e He MOJBepraTh AEUCTBUIO MpoTUBONOA. B cioyyae
MEXaHUYECKOT0 pa3pylleHUsl pereHepalys HaKONMMBIIMXCS HM3MEHEHUH IMpOM3BOANIACH
nyreM HarpeBaHus. [lokazaHO, 4TO TOBBIIIEHHE TEMIEPATyphl “OTHbIXa’ HE TPUBEIO K
U3MEHEHMIO paclpesesieHus o0pasloB MO BTOPUYHOM JOJTOBEYHOCTH, T.€. pereHeparuu
u3MeHeHnid He HabOmromaercst [3,6]. A B ciydae SJEKTPUYECKOTO pa3pylICHUS IIyTeM
HarpeBaHusl WIN K€ MPUIIOKEHUsS MPOTHBOMNOJA (B MEpEphIBE) JOCTUTAIOCh MEepeMelIeHue
pacripeiefieHust 0 BTOPUYHOM JJOJTOBEYHOCTH OT KPUBOHM 2 10 KPUBOH 1, 4TO OTBEYasio TOM
WIA WHOW CTENEeHM pereHepalyy HaKONMUBIIMXCS 3a BpeMs T; u3MeHeHuil [3]. IMeHHO 3TO
(0COOEHHO JaHHBIE TIO PErCHEPUPYIONIEMY JIEUCTBUIO TMPOTHBOMOJS) M TPUBEIO K
3aKJIFOYEHHI0, YTO MPOILECC MOATOTOBKM O0pasloB MpPoOOI0 CBs3aH, MPEeXJe BCEro, ¢
dbopMupoBaHUEM OOBEMHBIX JJIEKTPUUYECKUX 3apsAI0B (CKOpee BCEero, ¢ HaKOIJIEHUEM
3JIEKTPOHOB B JIOBYIIKaX). B Toxe Bpemst ObLIO MOKa3aHO, YTO U JJIS CIIy4aeB MEXaHHMYECKOTO
paspylieHusl Ipu OJHOBPEMEHHOM BO3JIEHCTBUU 3JEKTPUUECKOTO IO TOXKE MPOUCXOAUT
pereHepanus (4actuyHasi) [5], B OTaMUMe OT MEXaHHMYECKOTo pa3pylieHus 6e3 Bo3JeicTBUs
anektpudeckoro noist [3]. Y Torga BO3HHKAeT BONPOC — MOKET JIM MPOUCXOJUTH MOJHAs
pereHepanys HAaKONMBIIUXCS H3MEHEHHH B clydae 3JIEKTPHYECKOro pas3pyIIeHus Mpu
OJTHOBPEMEHHOM BO3/ICHCTBUU MEXaHWYECKOTO HAMPSHKECHUSI.

OO6patuMcs K pe3ysibTaTaM ONBITOB C MIPEPhIBAHUEM JICHCTBUS HATPY3KH.

Ha puc. 3 Toukamu | mpencTaBiieHBl paclpeAesieHus 10 IEKTPUIECKONW JOJITOBEYHOC-
TH B YCIOBHSIX OJJHOBPEMEHHOI'O BO3/JECHCTBHS MEXaHWYECKOTO HAIPSDKEHHS MPU HEMpephIB-
HoM aeiictBuu Harpy3ku (E, o) mns obpasuoB [ID ¢ 1oaroBe4HOCTHIO, MpEBBIIIAIONIEH
7,=355 ¢, T.e. nepeHopMHupoBaHHble N Ha 0,5N BepxXHHE YaCTH KPHUBBIX pacHpeaeTICHHS

(puc. 1).
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Puc 3. HuTterpambHOe pactipeaenenre oopasmos I19 mo amekTpudaeckoit
JOJITOBEYHOCTH IIPU OJTHOBPEMEHHOM BO3AEHCTBIH MEXaHUYECKOM
narpysku: E=5-108BM, 6=40MIIa, T=200K. Touku 1- npo6utsie

3a BpeMsl, PEeBbIIIaonIee T;=335 ¢; 2-pacnpeieliecHue TeX ke 00pasioB
no 1g(t — 71); 3-usMepenHoe pacnpeaeseHue 00pasioB M0 BTOPUIHON
JIOJITOBEYHOCTH MocIe “oTabixa” B Teuenue 1,8-10% mpu 200K.

Touku 2-pe3ynbTaThl MEPECTPOCHUs Touyek Mo KoopauHare Ig(t — t,).Touku 3—
OKCIIEPUMEHTAIBHBIC JJAHHBIE TI0 BTOPHYHON JIOJITOBEYHOCTH TIOCIIE BBIIEPKKH 00pas3IioB Mo
Harpyskoii (E, ) B TeueHue BpeMeHH T, U IepepbiBa AeiicTus Harpysku 1.8-10% ¢ mpu T=200
K nmns snekrpuueckoro mpoOOsi TP  OAHOBPEMEHHOM MPHIOKEHHH MEXaHHYECKOTO
HanpspkeHus. bauzocts Touek 2 u 3 Ha puc. 3 CBUAECTENLCTBYET O TOM, UYTO 33 BpeMs MEepBOit
BBIJICP)KKU B TEUEHHE T, MoJ neiictBueM E, 6 B 0Opa3iax HaKOMWINCH U3MEHEHHSI, KOTOpPbIE
COXpaHWJIUCH B MepepbiBe aeicTBus Harpysku (E, 6) mpu Toii xe TemnepaTtype, Ipu KOTOpOi
JeiicTBOBasIa Harpy3Ka, M MpUBEH K 0ojiee HU3KUM 3HAYEHUSIM BTOPUYHOMN J10JITOBEYHOCTH.

Takum 00pa3oM, B KHHETHKE DJEKTPUYECKOTO TPoOO0sI TOIMMEPOB B YCIOBHIX
OJTHOBPEMEHHOT'0 BO3JICHCTBUS MEXaHMUYECKOTO HANpsDKEHUs MPU HU3KMX TeMIlepaTypax

HaKaIlJIMBaIOUINECs] U3MEHEHUsI BHICTYIAIOT KaK HEOOpaTHUMBbIE.
[Tepeiinem Temeps K ombITaM, KOrja BO BpeMsl IepepbiBa (CHATHS Harpy3ku) Oyaem

MEHATH BO3/IEHCTBHE HA 00pa3IIbl.

B ciyuae 3neKTprU4ecKoro pazpyuieHus Ipu OJHOBPEMEHHOM HAJIOXKEHUHM G BO BpPEMs
“orapixa” OBLIM NMPUMEHEHBI JBAa BHJIA BO3JECHCTBUS: IMOBBIIIEHUE TEMIEPATYphI, a TaKkKe
HaJIO)KEHHEe Ha oO0pasell MOCTOSIHHOTO 3JEKTPUYECKOro TIOJis IMPOTHUBOIOJIOKHOIO 3HAKa
(mpotuBorone).

Ha puc. 4 (xpuBas 3) nokaszaHo pacnpenenenue oopasuos 13 nmo BTopuyHOl 10aTr0BeY-
HOCTH, KOI/Ia BO BpeMs mepepbiBa neiictBus E, ¢ oOpasusl BeiaepxkuBaiuch npu 333K B
Teuenue 1.8:10%c.

BuaHo, 4T0 MpOM30IIIO CMEIlleHNe pacipe/iesieHrs B CTOPOHY MOBBIIIEHUS BTOPUYHOM
JIOJITOBEYHOCTH, T.. IO OTHOILICHHWIO K KpUBOW 2. DTO O3HayaeT, 4ro B oOpasuax I[1D
IIPOM30IILIA ONPEEICHHAs CTENEHb PEreHEepallii HAKOIIUBIINXCS H3MEHEHUN.

Ha puc. 4 (xpuBas 4) Taxke IOKa3aHO BJIMSHHE IPOTUBOIOIS HA BTOPUUYHYIO
nonroBeqHocTh [ID. BuiaHO, 4To M 31€Ch 3a BpeMsl “OTHbpIXa” NMPOUCXOIUT pPEreHepanus
HaKOMUBIIMXCS U3MeHeHni. O1HaKo, caelyeT OTMETUTh, YTO B 000UX CIy4asx pereHepanuio
cieNaTh MPAKTUYECKHU MOJHON HEBO3MOXHO, KaK B Cllyyae 3JEKTPUUECKOro pa3pyiieHus 0e3
BO3JICUCTBUS MEXaHUYECKOTO HanpsbkeHus [3].

Taxum 00pa3oM, HaKaIJIMBAIOIIMECS U3MEHEHHS B ITPOIECCe KHHETUKH IEKTPUUYECKOTO
paspylieHMs IIOJMMEPOB B YCIOBHAX OJHOBPEMEHHOIO BO3JCHCTBHA MEXaHUYECKOU
Harpy3Ku 4aCTUYHO PETEHEPUPYETCS.

Bompoc 00 »sieMeHTapHBIX akTax —Iporecca,
AOJITOBCYHOCTh MNOJUMCPOB B YCIOBUAX OJHOBPECMCHHOI'O BOBHCﬁCTBHﬂ MEXaHHUYECKOT'O
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HaIPSDKEHUS, SBIIIETCS MHTEPECHBIM C TOYKM 3PEHHSI M3YYECHHS] MEXAHU3Ma pa3pylIeHUs
MOJIMMEPOB MPH MEXaHMYECKOM HarpyxeHuu. PaHee ObLJIO MOKa3aHO, YTO MPUIIOKEHHUE G K

00pas3ily MOJIMMEpPOB MPUBOIUT K YMECHBIIICHHUIO ero T [4].
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Puc.4. UnterpanpHoe pacnpenenienue oopasnos [1D mo anexkTpuueckoit
JIOTITOBEYHOCTH MTPH OJTHOBPEMEHHOM BO3JICHICTBUY MEXaHUIECKON HATPY3KH.
E=5-108BM, 6=40MIla, T=200K. Touku 1- npoGHTEIE 3a BpeMs, IPEBHIIAIOIIEE
71=335 ¢; 2usmepeHHoe pacrpeaeicHue 00pas3IoB M0 BTOPUIHOHN JI0JITOBEYHOCTH
nocne “orapixa” B Teuenuu 1,8 -10% npu 200K; 3- nocie “otapixa”’s Teuenun 10%c
mpu 333 K (qactuunas pereHepaius IporpeBoM); 4-mocie “oTasixa” B TEYCHUN
1,8-10% npu 200K u peiicTBus npotuBonos Eu,=2,4-108BM (vacTnunas

pere’epanus MPOTHUBOIOJIEM).

PaccMoTpuM BO3MOKHBIE IPUUMHBL, 00YCIaBIMBAIOLINE YMEHbIIEHUE 3JIEKTPUUECKON
JOJTOBEYHOCTH TIOJMMEPHBIX JAMDJIEKTPUKOB B  YCIOBHUAX JEHCTBHS MEXaHMYECKOIO
HaNpsDKEHUs, M TMPUYMHY HEIMOJIHOM pereHepanyy HaKalJIMBaeMbIX H3MeHeHuil. MOoxkHO
OPEINoNI0XKUTh, YTO TMPHJIOXKEHHE K 00paslly MOoJIMMepa 3JIEKTPHUUECKOro TMoJisd MpU
UCIBITAHUU €r0 Ha JJIEKTPUYECKYI0 IPOYHOCTh MPHUBOJUT K BO3HHUKHOBEHHIO OOBEMHBIX
3aps0B  (RJIEKTPOHOB) 3@ CYET MHXKEKIMOHHBIX M HOHU3AIMOHHBIX MPOIECCOB, IO
JOCTHKEHUIO JOCTaTOYHOW KOHIIEHTPALMK KOTOPBIX U HacTymnaeT npoboii. Pasymeercs, 4uto ¢
00pa3oBaHUEM pa3IMYHbIX J€(PEKTOB U N3MEHEHHEM IOBEPXHOCTHBIX COCTOSHUM B MOIMMEpe
TECHO CBsI3aHAa MHTEHCHBHOCTh IIPOIIECCOB HMHXKEKIUMU U OOBEMHONW HOHM3ALMU IPU
IPWIOKEHUN  JJIeKTpudeckoro noinsd. IlomaraeM, dYro MeXaHMYECKOE HarpyKeHue
MOJIMMEPHBIX TEN NPUBOJUT K H3MEHEHHMIO TIOBEPXHOCTHOTO COCTOSIHUSA, YCIOBHS
BO3HUKHOBEHUSI MUKPOJE(PEKTOB U, CIEI0BATEIbHO, PA3BUTHUIO MHKEKIIMOHHBIX U 00BEMHBIX
MPOLECCOB, a »3TO, B CBOIO O4Yepelb, NPOSBISETCS B U3MEHEHUU (YMEHbILIEHUN)
IEKTPUYECKON 10JIrOBEUYHOCTH. [lo-BUAMMOMY, 110 ATOM K€ MPUUMHE HE MOJIy4aeTCs MOJIHAs
pereHepanysi HaKarIMBaeMbIX IO/ JIEHCTBHUEM DJIEKTPUYECKOrO IMOJII U MEXaHUYECKOTo
HANpsDKEHUS M3MEHEHUH B KHHETHKE AJIEKTPUYECKOIO pa3pyLIeHMs] NMPU OJHOBPEMEHHOM
BO3JICUCTBUS MEXAHUYECKON HArpy3KH.

3akmouyenue: HMrorom Hacrosmed pabOThl SBISETCS MOJYYEHHbIE Ha OCHOBE
CTaTUCTUYECKOTO aHaJIM3a JOJITOBEYHOCTH JIAHHBIE O XapaKTepe HaKOMHUTEIbHBIX MPOLIECCOB,
BEAyIIUX K TNpoOOI0 TMOJMMEPOB TNPU OJHOBPEMEHHOM BO3ICHCTBUU MEXaHMYECKOTO
HaANPSDKEHUS U YCTAaHOBJIEHUE YaCTUYHON OOpPAaTHUMOCTH 3TUX 3J€MEHTapHBIX MPOLIECCOB.

1. Cnyyxep A.HU., [lonuxapnos FO.U., I'unapoeé B.JI. O6 >neMEeHTapHBIX aKTaX B KHHETHUKE
AJIEKTPUUECKOTO paspymeHus moaumepos. KTD,2006,1.76, Nel12,¢.52-56.

2. Cunyyxep A.U., Berues T.M., Anuesa U.K., Anexnepoe B.A., Ilonuxapnos FO.U., Kapos
1./ OCOOEHHOCTH KWHETUKH 3JIEKTPUYECKOTO pazpymieHus nomumepoB. OTT,2016,T.58,
Ne9, ¢.1826-1835.

35



3. Cnyyxep A.U., Berues T.M., Anuesa U K., Anexnepos B.A.,Abacos C.A.HakonutenbHbIC
MPOIECChl B KUHETHKE MEXAaHHYECKOTO M JJIEKTPUYECKOTO PAa3PYIICHUS MOIUMEPOB.
®TT,1990,1.32, Ne8,¢.2339-2344,

4. Cnyyxep A.U., Benues T.M., Anuesa U.K., Anexnepos B.A., Ilonuxapnos FO.U., Kapos
/1./[. BiiusiHue MeXaHW4YeCKOTOHArpY)KEHUSI Ha DJICKTPHYECKYIO MPOYHOCTH MOJMMEPOB.
®TT,2017,1.59, Nel,c.183-188.

5. Bemues T.M., Abacos C.A., Amesa HK., Anexnepoé B.A., Hcmainos HM.
HakomnuTenbHbIE TPOIIECCH B KMHETUKE MEXAHHUYECKOTO Pa3pyIICHUsS MOJUATHIICHA TIPU
OJTHOBPEMEHHOM BO3JICHCTBUH 3j1eKTprudeckoro mois. Fizika,1997,c.3,Ne3,¢.9-12.

6. Aliveva LK., Asiloeyli P.B., Veliyev T.M., Safiyev E.S, Khadiyeva A.A. Elementary
processes in kinetics of mechanikal faulure of PP-PELD polymer compositions. AJP
Fizika,2016,v.22,Nel,section:En, p.28-30.

POLIETILENIN MEXANIKi YI"JKI"H\{ EYNi VAXTDA TOSIR ETDIiYi
HALLARDA ELEKTRIK DAGILMASI KiNETiKASININ
YIGILMA PROSESLORI

OLIYEVA i.K., VOLIYEV T.M., OSILBOYLI P.B.,
SADIQOVA A.R., SOFIYEV E.S.

Mogala, polietilen plonkasinin elektrik vo mexaniki yiikiiniin eyni vaxtda tosir etdiyi
hallarda, elektrik dagilmasi kinetikasinin yigilma proseslorinin dénan vo donmoyan olmasinin
oyranilmasino hasr olunmugdur. Gostorilmisdir ki, elektrik sahasi vo mexaniki gorginliyinin
eyni vaxtda tosirlori altinda elektrik dagilmasi kinetikasinda yi8ilan yiiklor oks qiitbli sahonin
intensivliyindon, tosir miiddotindon vo temperaturun qiymotindon asili olaraq qismon
regenerasiya olunurlar.

Acar sozlar:polimer kompozit materiallar, iist molekulyar qurulus, elektrik dagilmasmin kinetikasi,
y1gilma proseslori.

CUMULATIVE PROCESSES IN THE KINETICS OF ELECTRICAL
DESTRUCTION OF POLYETHYLENE UNDER CONDITIONS OF
SIMULTANEOUS EXPOSURE TO MECHANICAL STRESS

ALIYEVA LK., VELIYEV T.M., ASILBEYLI P.B,,
SADIQOVA AR., SAFIYEV E.S.

It was measured the distribution over the lifetime , i.e. time before electrical breakdown
of polyethylene (PE) in a constant electric field E of different polarity under conditions of
simultaneous action of the mechanical load c. It is shown that the changes in the kinetics of
electrical destruction that accumulate under the simultaneous action of E and ¢ are partially
regenerated as a function of the time of action of the electric field of different polarities, and
also on the temperature.

Key words: polymer compositions, mechanical failure, supramolecular structure, above-barrier transition,
kinetics of destruction.
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CHUHTE3 HAHOYACTHUI CoFe204u CoGaxFe2-xO4, (x = 0,05, n 0,10) K1
WCCJEJOBAHME UX CBOMCTB

I'YCEHHOBA A.I'., \CA®AP3AJIE V.M., 2AJIJIA30B M. P.

! Hayuonanonas Axademus Hayx Azepbaiioocana, Hncmumym dusuxu,
Asepbationcan, Az 1141 baxy, np. I'. [{xcasuda 131
2 Baxunckuii Iocyoapcmeennuiii Ynusepcumem, Azepbatioscarn,
Az 1141 Faxy, ya. 3. Xarunosa 23
%e-mail: allazov_m@mail.ru

MeTooM  HHU3KOTEMIIEPAaTypPHOTO TOpPEHHUS MPEANICCTBEHHMKA - METaJJIOKOMILICKCOB
JUTHIPA3UIOB MAJIOHOBOM KHCIOTHI KOOanbTa, TaJIUs U Kele3a ObUIM  CHUHTEC3UPOBAHBI
HaHOpa3MepHbIe YacTHIbI MOpoImKkoB coctaBa CoFe,04u CoGayxFezxO4, Tae x = 0,05, u 0,10.

KaroueBble c10Ba: MeTO/l HU3KOTEMIIEPATYPHOTO FOPEHUs, (heppUTHI — IIITHHEIH,
HIIEKTPHYECKOE COTPOTHBICHHE, KOMITO3HT.

Cerognsi Haubosiee pPacHpOCTPAHEHHBIM METOJOM CHHTE3a CIIOKHBIX OKCHIAHBIX
MaTepuasoB SIBISETCS KEPaMHUYECKUW METOJ, OCYLIECTBIISEMbIN MPECCOBAHUEM HCXOIHBIX
OKHMCJIOB W CIIEKaHWEM TMOJy4eHHbIX Tabmerok mpu (> 1000°C) [1,2]. TlIpomecc
B3aMMOJICHCTBHUSL MEX]y HCXOJHBIMH KOMIIOHEHTaMU HOCHUT UG Y3UOHHBIH XapakTtep U
HECMOTpPS Ha TPOJOJDKUTEIHLHOCTh O0XKHUTA, TIOMYUYCHHBIC MPOAYKTHI HE 00JalaloT CTPOTOH
OJIHOPOAHOCTBIO. bonee romoreHHble OO0pa3Ibl TONYYAIOTCS 3a CYET YMEHBIICHUS
1 HY3MOHHOTO TTYTH B3aWMOJICHCTBYIOIIMX YACTHUIl, TO €CTh ITyTeM YMEHBIICHUS Pa3MEepOB
UCXOJHBIX OWHAPHBIX OKHUCIOB. B JaHHBIE MOMEHT CYIIECTBYIOT PsSI METOJIOB  JUIS
MOJTyYEHUST MEJTKOJUCTICPCHBIX (a3, KOTOphIe 0oJiee OJHOPOIHO PACHPEICIISIOTCS B IIUXTE
JUIsE  KepamMuueckoro cuHrte3a. Cpenu HuX HauOollee paclpOCTpaHEHHBIMU CIIOCOOAMU
SIBIISTFOTCSI METOJIBI COOCXKJICHHS JIBYX H 00Jiee KATHOHOB OJTHOBPEMEHHO M3 OJTHOTO PacTBOpa
[3,4], ocaxaeHus ¢ paclbICHUEM Ha TOpsYel CTeHKE, OCAXK/ICHHUS C 3aMOpaKHUBaHUEM, 3011b-
reixb mMeton [5,6], ruaporepmanbHbld Meton [7,8], meton Mukposmynbcuu [9,10] u T.n.
[Tocnennee BpeMsi MEPCHEKTUBHBIM METOAOM IS CHHTE3a JIETMPOBAHHBIX, OJHOPOIHBIX U
HAHOPA3MEPHBIX KPUCTAJUIOB SIBIIICTCS METOJ TOPSHHS METaUIOPraHMYEeCKHX KOMILIEKCOB
npy HU3KO# Temmepatype [11-13].

IOKCnepUMeHTAIbHA 4YacTh:CHHTE3 JICTUPOBAHHBIX TaUIMEM HaHOPa3MEPHBIX
KpucTtayioB Ha ocHoBe CoFe204 oCYIIECTBIISIIN METOIOM TOPEHUs AUTHUAPA3UIA MaTOHOBOM
KHCJIOTHI METAJUIOB: KOOAJTbTA, JKeje3a U TaJlIus.

HcxoaHpIMU peakTHBaMHU ISl CHHTE3a OBLITU CIIEAYIOIIHE:

- rekcaruapar Hutpat xenesa (I11) - Fe(NO3)3-6H20;

- rekcaruapart Hutpat kodansTa (II) - Co(NO3)2-6H20;

- okcu ramuus — Gaz0s;

- nmuetrimaiionat- C7H1204;

- ruapat rugpasuna - NH2NHz-H20;

- cnupT abcomoTHbI- C2HsOH;

- azotHas kuciora (HNO3) c konuenrpareii 65%.

Jluruapasua MajJoHOBOM KUCIIOTHI CHHTE3UPOBAH HEMOCPEACTBEHHO Mepel] MPUTOTOBICHUEM
COOTBETCTBYIOIIUX METAIJIOKOMITJIEKCOB. Tak Kak, B OTJIMYME OT TOTOBOTO pPEaKTHBA
CBEKETPUTOTOBJIICHHBIN pPEAareHT - IUTHAPA3U] MaJOHOBOW KHCIOTHI JIETYE€ BCTYHAET B
peakiuio 00pa3oBaHM METANTIOKOMITJIEKCHBIX coequHeHuH [14].
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[TpoBoaMIM  TEPMOTPAaBUMETPHUYHBIM  aHAJU3, IOJYYCHHBIX  HAHOYACTHMII  Ha
TepMudeckoM aHanmuzatope mapku Shimadzu DT-50. Ha pucynke 1 mpuBeneHa auarpamma
TG/DTA cyxoro npeamiectBenHuka st cuare3a CoFe204.

DTG/%/min
TG,mg
1 2
DTA End: 13,3 min/286.4°C T
110— ‘
Inflektion:9,7min/188.6°C |
| T0
set: 8.9 min/164.4°C
100 | Lo
Peak:12,5min/264.7°C,-2.80% min -
Mass change: -10.17% 1 _4
90 —
Peak:5,8min/79.6°€.74.11% min | _6
Mass change: -6.57%
/ Mass change: -2.79% Mass change: 0.90%
/
S I y 10
70 Residual mass: 75.05 % (48.8 min/998.0°)
Peak:9,7min/188.6°C,-10.31% min — -12

[ I I [ I | [ I [ [
100 200 300 400 500 600 700 800 900 1000

Temperature,°C

Puc.1. Kpussie TG/DTA Boicytiennoro mpu 50 °C npeimecTBeHHIKA JIJIsl CHHTE3a
CoFe;04. O603nauenme kpusbix: 1 — DTG; 2-TG; 3—DTA.

[Ipy TOpeHMM WHTEHCHBHO BBIJCISAIOTCS Tra3000pa3Hble BELIECTB U XJOMIbS
MHHEPAIbHBIX OCTATKOB C OJMHAKOBBIM IIBETOBBIM OTTeHKOM. B wmHTepBame 300-500°C
POMCXOIUT yBenndeHue maccol Ha 0,9%, a ganee macca ocraercs MOCTOSTHHAs PUMEPHO 10
1000°C. B wmntepBane 300-1000°C otcyrctByroT Tepmuueckue 3(GeKkTsl  (Ha3oBbIX
[IPEBPALLICHUN.

Jns ompeneneHus TeMIepaTypbl CHEKaHHs, IMOJyYeHHBIE TOCIE TOPEHHS TPOJIYKTEHI,
npeccoBaan B TabieTkd u Harpesamu mpu 500, 700, 800, 1000 u 1200°C B TeueHue 6—u
yacoB. [ToirydeHHbBIE TaKM 00pa3oM BajioBble cocTaBbl opomkoB CoFex04, CoGap,osFe1,9504
u CoGap1Fe1904 wuccrnemoBanuce peHtrenorpaduyeckum meroaoM. JudpakrorpaMmsl
NOPOIIKOB ObLTH CHATHI Ha mudpakTomerpe XRD D8 ¢upmer «Broker» na CuKa m3mydenun.
Ha pucynke 2 mpexacraBiensl audpakrorpamMmmbr coctaBa CoFe;0s, custhix mpu 500, 700,
1000 u 1200°C. AHanornyHble KapTHHBI OTYYalOTCS B Ciiydae HU(PaKTOrpaMMbl IIOPOIIKOB
CoGao,osFe1,9504 1 CoGag 1Fe1,90a.

Kak BuaHo u3 pucynka 2 tepmuuecku oOpabortannbie mpu 500 m 700°C obpasiisl
UMEIOT, B OCHOBHOM, XapakTepHbIC ISl INIHHEIBHOH CTPYKTYpHl, HO OOHapyXCHHBIC
peHTreHOope(IeKChl OTHOCHUTENBHO clladble. DTO yKa3blBaeT Ha HE TMOJHOTY MPOTEKaHMS
nporiecca 00pa3oBaHUs MMUHETBHON (ha3bl B YKa3aHHBIX ycioBusaX. CriedeHne o0pasinoB npu
1000°C Heckonbpko ycunuBaeT nqudGy3noHHBIN Mpoiiecc 00pa3oBaHUU MINUHENBHOHN (a3bl. B
tepmudecku o0padoTaHHbix Tpu 1200°C CoFe;Os4 m nermpoBaHHBIX TaueM oOpasmax
HaOmroatoTcest 60siee MHTEHCUBHBIE Pe(IIEKChI MIMUHEIBHOW CTPYKTYpbI. TakuM o0pazom,
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Puc.2. JludpaxTorpaMMbl MOPOIIKOB, OTOXKKEHHBIE TIPU Pa3HBIX
TEMIIepaTypax B TeUeHue 6 yacos.

OoJsice COBEPIIEHHBIE KPUCTALUIBI KOOAIBTOBBIX (EPPUTOB MOIYYAIOTCS IPH CIIEKAHHUH
obpasmoB Bbimre 1200°C. Pasmepsr kpuctammuroB CoFexOs u CoGaxFerxOs 3aBucsaT oT

TEMITEPATYPhbl U BPEMEHH TEPMUYECKON 00pabOTKH.
Pazmepsr kpucrammroB CoGaxFer «O4 Tepmudecku odbpadboranusix npu 500, 700, 1000

u 1200°C B TeueHuu 6 4yacoB OMpENENICHbI MO MIMPUHE pedIeKCOB IIMUHETbHOU (as3bl,
cornacHo ypaBHeHuto lllepepa. Ilpu ucnons3oBanuu CuKo msnyuenun ypaBuenue Illepepa
MMeEET BUI:

11~ 10/A

rae, JI- numamerp wdactui, NM; A- cpemHss MUPHHA peHTreHopeduiekcoB, 20 (rpan).
PesynbTathl mpeacrasiensl B Tabnuie 1.
[To maxHBIM aUGPAKTOrpaMMbI PACCUMTAH TaKXkKe MmapaMeTp KyOudeckoi perretku (a),

JMaMeTpbl KpUCTAJUIUTOB (Tabum. 1).
Tabnuna 1.

[Tapamerpbl 00pa3ioB, TepMuuecku 00padoTanubix mpu 800,1000 u 1200°C B TeueHue 2-x
9JacoB.

[MokazaTenu dbazbr

CoFe04 CoGapsFe1,9504 CoGap 1Fe1904
T. repmuueckoii 06padoTku, °C 500
Huametps! kpuctamumtoB D, (HM) 107.6 103.4 81.4
[Mapamerp pemetkn a, (HM) 0,8390 0,8390 0,8390
T. repmuueckoit 06padboTku, °C 700
HuameTpsl KpuctauutoB D, (HM) 242.6 280.3 100.2
[Tapamerp pewmerku a, (HM) 0,839 0,839 0,839
T. repmudeckoii 06padoTku, °C 1000
JuameTpsl KpucTauuToB D, (HM) 315 365 210
[Mapamerp pemerku a, (HM) 0,839 0,839 0,839
T. repmuueckoit o6paboTku, °C 1200
HuameTpsl KpuctauutoB D, (HM) 476.1 4355 317.5
[Mapamerp pemierku a, (HM) 0,8334 0,8345 0,8353
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Puc. 3. 3aBUCUMOCTE pa3MEPOB KPUCTATUIUTOB UCCIIETOBAHHBIX
00pas3IoB OT TeMIepaTyphl OTXKUTA.

Pe3ynbTarhl TEpMUUEeCKOro aHaiu3a MOKAa3aJd, YTO YEM BBILLE TEMIIEpaTypa OTXKUIa,
TeM OoJibllle KPUCTAUIMYHOCTh M pa3Mep KpucramiuToB. Ilo auHamuke pocra pa3MepoB
KPUCTAUTUTOB MOXHO Mpeanoiarate, 4ro Bbime 1000°C mpowcxomuT WX arperamuu, U
peasbHbIe pa3Mephl YaCTHUI] IOPOIIKOB OYAyT HECKOJIBKO pa3 OoJibLIe.

W3BecTHO, 4YTO (HU3MUECKHE CBOMCTBA MENKHUX 4YacTHI[ 3aBHCAT OT pa3Mepa H
COBEpILEHCTBA KpUCTALIOB. OOBIYHO 3TO 0ojiee pe3KO BBIPAXKAETCA B AMIIEKTPUUYECKUX U
MarHUTHBIX ~ CBOMCTBaX KEpaMUYECKUX  (EppUTOB  INMUHETBHOTO  THUIIA. Orto
SKCHEPUMEHTAJIbHO  IMOATBEPXKACHO  HM3MEPEHHMEM  3aBUCHUMOCTH  JMIJIEKTPHUECKON
IPOHUIAEMOCTH U DJIEKTPUUYECKOIO CONPOTUBJIEHMST Ha oOpa3lax MarHUTOTBEPIOIo
coequHenuss CoFe,04 ¢ MMNMHENbHON CTPYKTYpOHl. a Takke Ha JIETMPOBAHHBIMU TaJlIIMEM
oOpa3lax, OTOXKEHHBIMU IpH pa3JIMYHBIX TemmepaTypax. MHcciaenyemble 00pasiibl
IPECTaBIsUIN cOO0K0 KOMITIO3UTHI HA OCHOBE MOJIMMEPAa U MarHUTHBIX HAaHOYACTHUI] TBEPIOTO
pactBopa CoGaxFez.xO4 ¢ coctaBom 25M011%(TB)+75M0m.%(119). Tonmuua 06pa3oB ObLIa
paBHa 100MkM. [t m3MepeHus: 3MeKTpOPU3NUECKUX XapaKTEepPUCTHK Ha 0Opa3ipl ¢ 00eux
CTOPOH ObUIM HAHECEHbl KOHTAaKThl cepeOpsHOHN macToi, ¢ auamerpoMm 5 mMm. M3mepenus
TIPOBOJIIIIH C TOMOIIEI0 MMMuTaHca E7-20 B ananasone wyactot (25-10%)' mpu T=300K. Ha
puc.4 npuBOJATCS pe3ynbTaThl u3Mepenus npu 1 kl'.
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154
12

Kak BuaHO u3 puc.4 temmneparypa OTKUTa BIMSET Ha JUAJIEKTPUUYECKHUE MapaMeTphl U
3JIEKTPUYECKOE CONIPOTUBIIEHUE, & UMEHHO:
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1. JIns oOpa3uoB, JErUpOBaHHBIX TaJNIUEM, C POCTOM TEMIEPATYpPbl OTKHUTa BEITUYHUHA
JTURJICKTPUYECKO mpoHunaemoctn ymenbmaercs Ha 40-50%, a y uncroro CoFe2Os ona
pacrtet 00JIbllIe MOJITOpa pasa.

2. B numanazone temmnepatrypsl omTxkura (500-700)C, BenuuMHAa 3IEKTPUUECKOTO
CONPOTHUBIICHUS KOMITIO3UIIUM YMEHbIIaeTcs B 2,5-3 pasa.

[lpeamomnaraercsi, YTO NPUYMHOW  YMEHBIICHHS  BEJIWYMHBI  AJIEKTPHUYECKOTO
CONPOTHUBJICHUS SBJISIETCSI OOJIbIIAst 10J1s1 aMOPGHOCTH CTPYKTYphI mipu 500°C.

Jlanee, HECMOTpS Ha YBEJIWYCHHE Pa3MEpPOB KPHCTALUIUTOB U COBEPIICHCTBOBAHUS
KPUCTAJIMYECKON CTPYKTYPbl MarHMTHBIX HAHOYACTHUI, HAOJIOIAETCS MOYTH MOHOTOHHBIN
POCT CONPOTUBICHHUA OT TEMIIEPATYPhl OTXKUTA. DTO MOXKHO OOBSICHUTH yMEHBIIEHHUEM
TUDJIEKTPUYECKOW  IPOHUI[AEMOCTH  IIMUHEIbHOW  CTPYKTYphl,  KOTOpble  Oosee
COBEPILEHCTBYIOTCS B HCCIIEAYEMBIX 00pa3iax ¢ pOCTOM TEMIIEPATyphbl OTXKHUTA.

Takum o00pa3oMm, METOJAOM HHU3KOTEMIEPATYPHOTO TOPEHUS TMpEAIICCTBEHHUKA -
COOTBETCTBYIOIIMX METAJUIOKOMIUJICKCOB JIUTHIPA3HIOB MAaJIOHOBOH KHCIOTHI CHUHTE3H-
pOBaHbI HaHOpa3MepHbIe KpUcTALIUTHI coctaBa CoFe;04 u CoGaxFez«xOas, Toe: x = 0,05, u
0,10. IToxa3zaHo, YyTO TemIepaTypa OTKHUIA IMOPOIIKOB IMPUBOJUT K POCTY HAHOPA3MEPOB
KPUCTAJIUTOB, ycUIUBaeT (OPMUPOBAHME IIMUHENIBHONH CTPYKTYPBL, YBEJIUYUBAET
DIIEKTPUYECKOE  COMPOTUBICHWE W  YMEHBIIACT JUAJICKTPUUYECKYI0  IPOHUIIAEMOCTb
uccienoBanHbix (kpome CoFe204) 06pasuos.
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CoFe204 va CoGaxFe2-x04, (x = 0.05 va 0.10) NANOHISSOCIKLORININ
SINTEZi VO ONLARIN XASSOLORININ ToDQIiQi

HUSEYNOVA A.Q., SOFBRZAD®D U.M., ALLAZOV M.R.
Malon tursusunun kobalt, gallium vo domir dihidrazidlorinin solofi metal
komplekslorinin asagi temperaturda yanma isulu ilo CoFe204 vo CoGaxFe2-x04, (x = 0.05
Vs 0.10) tarkibli nanodl¢iilii hissaciklor sintez edilmisdir.

Acar sozlar: asagi temperaturlu yanma aisulu, ferritlor - spinellor, elektrik miigavimoti, kompozit.

SYNTHESIS NANOPARTICLES CoGaxFe2-xO4 BY COMBUSTION
METHOD AND STUDY THEIR PROPERTIES

QUSEYNOVA A.Q., SAFARZADE U.M., ALLAZOV M.R.
Nanoparticles praseodymium magnesium aluminates structure (CoGaxFe2-xO4) where

x=0, 0.05, and 0.10 powders were synthesized using low combustion method for the
corresponding metal complexes of malonic acid dihydrazide.

Key words: ferromagnetic, combustion method, metal complexes of malonic acid dihydrazide. Method
of low - temperature heat, ferrite - spinel, electric resistance, composite.
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TEMPERATURE DEPENDENCE OF THERMOELECTRIC FIGURE
OF MERIT IN TlnixYbxTe2 (0<x<0.10)

'ALIEV F.F.,'1EMINOVA V.1, 'KAZIMOV S.B.,
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On the basis of the temperature dependences of the electrical conductivity (o), the thermopower
coefficient (a) and total thermal conductivity (xwo:) in the solid solutions TlnixYbxTe; (0 <x <0.10)
thermoelectric figure of merit Z have been calculated in the temperature range of 80-1000K. It was established
that the maximum thermoelectric figure of merit Z~3K* reaches at 800K for the solid solution of TlingeYbo1Tes.
It is shown that the growth of Z is mainly due to increasing of the hole mobility and concentration of defects in
the samples.

Key words: thermoelectric figure of merit, thermopower, solid solution, thermoelectric efficiency,
thermal conductivity.

1. Introduction;Sufficiently intensive studies of electrical and thermoelectric properties
of Tlin1xYbxTe> solid solutions [1-6] are connected primarily with the use of these materials
in a variety of energy converters and, particularly in the manufacture of thermoelectric
transducers operating at high temperatures.

According to [1] the solubility region of TIYbTez in TlinTe, at room temperature is up
to 10%. Transition from TlInTez to TlinixYbxTez is accompanied by the increasing of hole
concentration. The increasing of the hole concentration is connected with arising of various
structural imperfections, vacancies and anti-structure defects in these alloys; emerging
intrinsic defects, mainly vacancies, are electroactive.

2. Synthesis of Samples;The Synthesis of TlInTe; - TIYbTe> solid solutions was
conducted by fusing the initial components taken in stoichiometric ratio. For the synthesis
were used high purity materials (99.999 - 99.992 %). According to the constitution diagram
[1], a minor deviation from stoichiometry in any direction may result in heterophase samples.
Therefore, the batch was added up to 0.05 mass% of tellurium over the stoichiometric
requirement. The synthesis was carried out in the evacuated to 10 Pa, and sealed quartz
ampoules in the following way: the temperature of the heater with quartz ampoules containing
substance, was being raised at a rate of 20 - 25 K/h up to 750K. The samples were kept for 3 -
4 hours at this temperature and then were being heated to 1100K and kept for another 4 hours.
After homogenization lasting for 20-25 hours at 1250K the ampoule was moved with the
speed of 2-3 mm/h through the zone with a temperature gradient of 50 K/cm.

The obtained ingots were cooled slowly (2 K/hr) to 1000 K and then down to 500K at
a rate of 4 K/h, after which the furnace was turned off. As a result a single crystals and large-
block polycrystalline p-Tlini.xYbxTe> were obtained. The measurements were performed on
polycrystalline samples.

3. Results and discussion; According to loffe A. [7], increasing the value of p/ ypn (3ph -
phonon part of the heat conductivity, mobility of charge carriers) leads to an increase in Z. It
means that a quantitative decrease in phonon scattering is fully compensated by an increase in
scattering by defects [8]. As the wavelength of electrons is more than of phonons it leads to
the total increase in p / ypn. The thermoelectrical peculiarities of the TlinixYbxTe2 solid
solutions show that these materials can provide rather high thermoelectrical figure of merit.
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It is known that efficiency o
formula:

f a thermoelectric transducer is determined by the following

Z =00/ 1ot 1)
Here ac — thermoelectrical power, o - total heat conductivity.
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dependencies of electrical conduction in Tln..YbxTey;
(x=0.02), A — (x=0.05), % — (x=0.10).

The temperature dependencies of the measured electrical conductivity o and
thermopower coefficient o for TlinixYbxTe2 (0 <x <0.10) solid solutions in the temperature
range of 80-1000K are shown in the figures 1 and 2, correspondingly. As seen from the fig.1,
the o(T) dependencies for different compositions of the solid solutions are substantially unlike

one another.
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Fig.2. Temperature dependences of thermopower coefficient in TlIni«YbyTe..
Markers describing experimental points correspond to the values of x as in Fig.1.
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The region of intrinsic conduction for the initial compound TlInTe, begins at the
temperature ~700K while the intrinsic region shifts towards higher temperatures with increase
in relative content of ytterbium in TlIin1xYbxTez solid solutions. As seen from the Figure 2 the
o(T) dependences have similar character — a(T) grows linearly up to T~650K and then
decreases in the intrinsic region — for all compositions and the sign of thermopower
coefficients in the investigated temperature range is positive that proves that conduction
occurs by holes in TlInixYbxTez solid solutions.

Total heat conductivity is determined as the sum of phonon ypn and hole yn heat
conductivities. Taking into account that  yn = Lo-s"T, where Lo = (1%/3)-(k/e)? = 2.44-10°®
W-Q/K, we get

Ytot = Yph+ Lo-cT (2)

According to the theoretical calculations of G.l.Leibfried and P.Haasen [9] at temperatures
T>6 phonon conductivity is determined as

12 (k)® Ms6 Mo6® (3)
X =\ v | o =2
5 th Vol 75T

here yo- Gruneisen constant; it is usually on the order of 2 for the most solid state materials;
0 - Debye temperature, M - average mass of the compound atoms, ¢ - cube root of the volume
per atom. For the solid solutions of TlIn1xYbyTe> M can be calculated from

(1_ X)M TlinTe, +xM TIYbTe

2

M = ,where Mrynre,=143.60, Myyypre,= 158.15; 6 =200K [10];

s—32  where Q,=a’c —volume of the tetragonal unit cell, N — the number of atoms

per unit volume [11]. By substituting the data into Eq.(3), we get values for ypn, Which are
presented in the Table. Values of ywt, calculated on the basis of Eq. (2) are also given in the
table. Having values of yt, the values of Z can be calculated according to Eq.(1) (see the
table).

Table. Main parameters influencing to the figure of merit for TlinixYbxTe, solid
solutions.

[Here, m;, and my, — effective masses of electrons and holes, correspondingly [16]; yph 1072
(W-em™-K'1) — coefficient of phonon thermal conductivity; ot -102 (W-em K1) —
coefficient of total thermal conductivity; AW; (cm-K-W1) — coefficient of thermal resistance;
I"-10° — parameter of disorder]

Samples

* *

T my, m, Yph Yot AW; r
X=0 100 | 0.040 0.55 0.98 |0.98
300 | 0.040 0.53 0.95 |0.95
500 | 0.040 0.53 079 |0.80
600 | 0.039 0.52 073 |0.78
700 | 0.038 0.51 0,68 |0.75
800 | 0.037 0.51 062 |0.76
900 | 0.036 0.50 060 |0.78
X=0,02 100 | 0.036 0.52 086 |087 |14 2.9
300 |0.036 0.52 082 |0.83 |16
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500 0.035 0.51 0.64 |0.67 |29
600 0.035 0.51 060 |0.66 |50
700 0.034 0.50 058 | 0.68 |58
800 0.033 0.49 054 | 070 |69
900 0.032 0.48 047 |074 |78
X=0,05 100 0.034 0.48 0.76 |0.83 |29 7.1
300 0.034 0.47 0.63 | 078 |35
500 0.033 0.47 058 |0.72 |49
600 0.032 0.46 0.56 |0.70 | 58
700 0.031 0.45 055 |0.72 |69
800 0.030 0.45 051 | 074 |76
900 0.029 0.44 046 |0.78 |84
X=0,10 100 0.031 0.47 066 |0.78 |49 12.3
300 0.031 0.47 042 |075 | 133
500 0.030 0.46 037 | 0.76 | 143
600 0.029 0.46 032 | 078 | 183
700 0.028 0.46 0.30 |0.85 | 200
800 0.027 0.45 029 |0.88 | 237
900 0.026 0.45 024 | 094 |25

For taking into consideration the influence of disorders in the lattice thermal conduction
we used the theory of Klemens [12], which takes into account scattering phonons by point
defects in addition to the Umklapp scattering processes.

Yo = 1y (@o/w)arctg(wa/wo) (4)

where, wy/wqg = k/(anmedA) and A = (1/4V2N) - T. Here, y - heat conductance of the
stoichiometric compound in the absence of defects’ influence, wg = 6-k/A is the maximum
frequency in the Debye model (Debye frequency), ax is the frequency at which the value of
relaxation times due to U-processes and scattering on defects are equal, v is average sound
velocity in the crystal, N is number of atoms in a unit volume, I" is the parameter of disorder
which is equal to

I = x-(1-x)-[(AM/M)? + &(A8/8)?] (5)

and takes into consideration simultaneous influence of a local change in density and elastic
properties, € — characterizes elastic properties of medium and am/m is a relative change in
mass when basic atoms are replaced by impurity atoms, which can be expressed a:

AM/M _ MTIYbTek - MTnnTe2

(1_ X)M TiinTe, T Xmﬂvm

According to [13] a value of A&/ — can be computed from the difference of parameters of
elementary cell of matrix amat and impurity aimp as:

AS aTIInTg _aTIYbTeg n 6
6 - 1 ( )

1+
aTIInTeZ K
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where, n=(1+v)/[2(1 —-2v)], v - Poisson’s ratio. All parameters necessary for
calculations (v,e,v, 0, N etc.) were taken from [10-11; 14,15] and linearly extrapolated for
T“nl-bexTGZ solid solutions as P = (1'X)' })TllnTe2 + xP T|YbT62, where P is a necessary

parameter for calculation thermal conductivity of the solid solutions.

It should be noted that values of ypn(T) calculated by expressions (3) and (4)
insignificantly differ. Values of the I'" parameter for various X in the TlInixYbxTe, are
presented in the Table. From the comparison of stoichiometric compound TlInTe, with the
solid solutions of TlInixYbxTe> it is clear that the parameter of disorder I" changes by nearly
4.3 times at room temperature. It means that for other parameters being equal, thermal
resistance arising in the solid solutions due to disorder must be much more than in TlIinTex. It
gives a reason that the determined values of I" are true reflection of real relation of the basic
factors responsible for additional scattering of phonons by point defects. It leads to the
additional thermal resistance as [13]:

AVV| = 1/Xph - 1/Xv

Calculated data for AW; are also presented in the Table.

Having all necessary data set in the Table allows us to analyze the thermoelectrical
peculiarities of the TlIni1xYbxTe2 solid solutions more preciously for the getting rather high
thermoelectrical figure of merit. The dependence of Z on the content of YDb in TlinixYbxTe
solid solutions for fixed temperatures 300, 500 and 800K are describes in the figure 3. As
seen from the figure, Z increases both with temperature and the content of Yb in the solid
solutions; Z has its minimal value for x=0 at T=300K and maximal value for x= 0.1 at 800K.

It is clear that increasing o, o and decreasing y:wt lead to an increase in the values of
thermoelectrical power (a?s) and thermoelectric figure of merit (Z). Strong influence of the
content of Yb atoms on Z in the investigated solid solutions is connected with high content of
intrinsic defects in the materials [8].
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Fig. 3. The dependence of the thermoelectric figure of merit on the content
of Yb in Tlin1x YbxTe; solid solutions at the temperatures 300K (m),
500K (e) and 800K (A).
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The peculiarities of temperature dependence of ypnh also may be explained by high
concentration of defects in the materials [8]. It should be noted that for the TlIn1xYbxTe solid
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solutions always yph > yn, inspite of yn is rising, but y,n decreasing with temperature in the
temperature range where the material keeps its solid state.

As seen from the figures 1 and 2, o is decreasing, but a increasing in the temperature
range of 300-700K. Therefore the decreasing of ¢ with temperature in the abovementioned
temperature range is connected to decreasing mobility of holes. The decreasing of hole
mobility with temperature occurs mainly due to scattering of holes on thermal lattice
vibrations and on defects according to punh ~ T%7 [1,4]. The defects arise in the TlinixYbxTez
solid solutions mainly due to vacancies of In and Yb and Yb atoms’ vacancies have more
effect than In ones. The last is connected with the large value of screening of Yb atoms (ionic
radiuses of Ryp = 1.93A, Rin = 1.57A) in the TlIn1.YbyTe,. At the same time phonon-phonon
and phonon-defect scattering effects bring to decreasing of ypn with temperature as ypn ~ T2,
With increasing of Yb atoms™ content in the solid solutions the values of ypn and index nin the
expression of ypn ~ T also decreases. As a result for x > 0.05 we have the following relation
hAph ~ TO2. Thus the increasing of Z up to ~ 700K is due to linear increasing of o (T) (fig.2).

As seen from the Table for the temperatures T>700K rising the x brings to increasing of
xwot(T). 1t is connected with high contribution of bipolar thermal conductivity (y') into the total
heat conductivity. So, for the temperatures T>700K its contribution to the total heat
conductance is more than 40%. Thus at that case the expression (10) may be rewritten as ot =
xph + %', where ' = (on + on) Lo-T.

Conclusion:It is shown that the solid solutions of TlInixYbxTe, at x>0.05 are

perspective materials for practical using in the thrmoelectrical transducers operating at high
temperatures. It is also established the following features for those materials:

The wavelength of holes is greater than wavelength of phonons and this fact bring to
higher values of Z;

Due to the peculiar defect structure of the TlInixYbxTez solid solutions the condition of
un >>ypn>> 1 for the charge carriers and phonons is fulfilled, which result in gaining higher
values for Z;

The increasing of the level of submission of In atoms with Yb ones leads to an increase
in the values of thermoelectrical power (a2c) and thermoelectric figure of merit (2);

The maximum thermoelectric figure of merit Z ~ 3K is reached at 800K for the solid
solution of TlIngoYbo1Te>.

=

3apoanues M.M. // Heopran. Matep., 1999, 1.5, Ne35, ¢.560.

2. Opyoocos I'.C., T'ooxncaes E.M., Kopumosa P.A. //®uzuxka Teepnoo Tena, 2006, T.1,
Ne4s§, c.40.

3. MUsanosa JLJ., Ilemposa IO.B., [panamkxuna FO.B., Cseeukosa T.D., Kopzaee M.A.,
3emuckos B.C. // Heopran. Marep., 2007, T.12, Ne43, c.1436.

4. Zarbaliev M.M. [llzv. AN Azerb. Repub. Fizika. -1999. -Ne3. -¢.26.

5. Tooocaes D.M., Kopumosa P.A. // Heopran. Martep., 2004, 1.11, Ne40, c.1314.

6. 3apbanues M.M., Axmedosa A.M., 3apbanuesa Y.M. // Bectauk, bak. I'oc.Yuus -2011. -
Nel. -c.1435.

7. loffe A.F. Semiconductor Thermoelements. Moscow: AS USSR Publishing House, 1960.

8. Oskotskiy V.S., Smirnov I.1. Defects in crystals and heat conductivity. Leningrad: Nauka,
1972.

9. Leibfried G.l., Haasen P. // Zum mechanismus der plastischen verformung. Z.Physik.,
1954, v.1, Ne67, ¢.37.

10. Gojayev E.M, Zarbaliev M.M., Kurbanov M.M., Nagiev A.B., Bayramov D.D. Il 1zv. AN
SSSR ser. Inorqanic Mater., 1987, No23, c.163.

11. Hajiyev V.A., Kurbanov M.M. et al // Inorganic Materials., 1990, v.6, Ne26, c.1325.

12. Klemens P.G. // Phys. Rev., 1960, v.5, Ne119, ¢.1906.

48



13. Abeles B. // Phys. Rev., 1963, v.2, Ne131, ¢.507.

14. Kepumosa 3.M. Kpucrannohusruka HU3KOpa3MepHbIX XainbkoreHu0B. baky: Elm, 2012.

15. Zarbaliev. M.M. /I Inorganic Materials, 2004, v.40, p.1314.

16. Aliev F.F., Eminova V.l., Agaeva U.M., Zarbaliev M.M., Yusifova T.F. //Transactions of
ANAS: Physics and Astronomy, 2015, v.2, Nel4, ¢.35.

TlInixYbxTe2 (0<x<0.10) BORK MOHLULLARINDA TERMOELEKTRIK
KEYFiYYOTLILIYININ TEMPERATUR ASILILIGI

OLIYEV F.F., EMINOVA V.l1., KAZIMOV S.B.,
AGAYEVA U.M., ZORBOLIYEV M.M.

TlinixYbxTez (0 <x <0.10) bork mohlullarinda elektrikkegirma (o), termoelektrik
harakat qlivvesi (o) vo limumi istilikkegirmanin (ytot) temperatur asililigina asason 80-1000K
temperatur intervalinda termoelektrik keyfiyyatliliyi Z hesablanmigdir. Miioyyon olunmusdur
ki, termoelektrik keyfiyyatliliyi TlInogYbo1Te> bork mohlulunda temperaturun 800K
giymatindo 6z maksimum (Z ~3K™) giymeotino catir. Gosterilmisdir ki, Z —in bu ciir artmasi
osason niimunolords desiklorin yiiriikliiyii vo defektlorin konsentrasiyasinin artmasi ilo
olagodardir.

Acar sozlar: termoelektrik keyfiyyatliliyi, termoelektrik horakot qlivvasi, bark mohlul, termoelektrik
effektivliyi, istilikkegirma.

TEMIIEPATYPHBIE 3ABUCUMOCTHU TEPMOJJIEKTPUYECKHUX
JOBPOTHOCTMH B TBEPJABIX PACTBOPAX TIlIni-xYbxTez2 (0<x<0.10).

AJIMEB ®.®., SJ)MUHOBA B.HU., KA3BIMOB C.b.,
AT'AEBA Y.M., 3APGAJIMEB M.M.

Ha ocHoBe TemmnepaTypHBIX 3aBHCUMOCTEH 3JIEKTPONPOBOAHOCTH (0), KO3IPPHUIIUCHTHI
TEPMOdJIC (o) U 00Iasl TEIUIONPOBOTHOCTh (Yosy) PACCUMTAHBI TEPMOIICKTPUUCCKUN
no0potHOCTh Z B TemmepatypHom auanazone 80-1000K B tBepasix pactBopax TllnixYbxTe2
(0 <x <0.10). BbIIO yCTaHOBJIEHO, YTO MaKCHMaJlbHAas TEPMODJICKTPHUYECKas TOOPOTHOCTH
nocruraercs 10 Z ~ 3K mpu 800K s tBepmoro pactsopa TlIngoYbo1Tez. TToxasano, uto
pOCT Z B OCHOBHOM OOYCIIOBJIEH YBEIWYEHHMEM MOJBM)KHOCTU IBIPOK M KOHLIEHTpaIHen
nedexToB B oOpasax.

KaoueBble cioBa: QJICKTPOIIPOBOAHOCTb, TEPMOSJAC, TCIUIOMPOBOAHOCTh, TBEPABIX PACTBOD,
TepMO3J’I€KTpPI‘leCKPIﬁ I[O6p0THOCTI>.
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BO3MOXHOCTH UCITOJIb30BAHUSA SOHEPI'MU BETPA U BO/IbI
B YCJIOBUAX HAXYBIBAHCKOH ABTOHOMHOH PECITYBJIUKHA

JAJAIIOB A.C., MAMEVIN A.I'.,, MAMEJOB P.T.

Haxuwvieancroeo omoenenus HAH Azepdaiioscana
AZ-7000, 2. Haxuuegan, npocnexm I". Anuesa 35
E-mail: dadal_1954@mail.ru

B cratee paccMaTpuBaroTCs MpoOJIeMBI BO3MOXXHOCTH U 3(P(PEKTHBHOCTH HCIOJB30BaHMS BETPOBOW U
BOJISIHOW 3HEPruM B ycioBusx HaxubiBanckoii ABToHOMHO# Pecnyonmuku. B oOrieM Bume maetcs uHGOpMAIHS
00 OTMCUCHHBIX BUJIaX SHEPIUH, YKA3bIBAIOTCS YCJIOBHUS MOCTPOCHHS W HCIIOJIH30BAHUSA BOJHBIX U BETPOBBIX
AJIEKTPOCTAHIUI MaJloW MOIIHOCTU. Takke MPUBEACHBI (POPMYIIBI I BBIYMCICHUS MOIIHOCTH IMOJYy4aeMOTO
3IEKTPUUECKOTO TOKA.

KaroueBrble ciioBa: OHEPIrud BETpa, FI/I,HpO3HeKTpOCTéHL[I/I$I, MOIIHOCTD 3JICKTPUYICCKOI'0 TOKA, 9KOJIOI'U4d.

OHeprus BeTpa MW BOJBI HCIOJIB3YETCS YEIOBEKOM C JAaBHMX BpeMeH. Bo3MoxkHO,
NEpBOOBITHBIM YENOBEK BIEPBBIC YMYAPHIICS HCIOIB30BATh DHEPTUIO BETpa B MApPYCHBIX
JOJKAxX, Il YUCTKUM 3€pHa OT KOJOCA WM B BETpPAHBIX MenbHuULAxX. [Ipm stom oH
HCIIOJIB30BAJ JIMIIb HUYTOKHYIO JIOJK M3 T€X OIPOMHBIX KOJMYECTB JSHEPIHH, KOTOPBIMHU
oOnajgaroT BeTphsl, Ayromue Ha 3emie. BerpoBoil sHepreTnueckuii nmoteHuuan 3emiu Obul
orneaeH B 300 muipa. kB1/4 B roa. OCHOBHOE HampaBlIeHUE MCIIOJIB30BAHUS YHEPTHH BETpa —
HOJydeHUE 3JIEKTPOHEPrHuH Ui aBTOHOMHBIX IOTpeOuTeNel, a TakkKe MeXaHHMYeCKOH
SHEPruM JUIs MOJbEeMa BO/bI B 3aCyLUTMBBIX pallOHaxX, Ha macToumax u [5].

B Hamm nHM [OBUTaTENM, MCMOJIB3YIOIIHME BETEP, NMOKPBHIBAIOT BCETO OJHY THICSYHYIO
MHUpPOBBIX MOTpeOHOCTel B sHepruu. Iloyemy ke CTOJIb OOWJIBHBI JOCTYHNHBIH U
HKOJIOTMYECKU YMCTBIH MCTOYHMK 3HEPruM Tak ciaabo ucnonbpdyercsa? ['maBHOe mpensiTcTBHe
JUIL  HEro, 3TO PACCEIHHOCTh M HENOCTOSIHCTBO BETPOBOM DJHEPrHMM W OrpOMHAas
cebectouMocTh. HemocTosHCTBO BeTpa TpeOyeT COOPYKEHHUs aKKyMYJSTOPOB SHEPTHH, UTO
3HAUUTENBHO YJOpPO’KAaeT Ce0eCTOMMOCTh 3JeKTpodHepruu. W3-3a paccessHHOCTH TpU
COOPYKEHHH PAaBHBIX IO MOIIHOCTH BOJHBIX M BETPOBBIX JJIEKTPOCTAHLIMN, IS MOCIEIHUX
TpeOyeTrcs B iecsiTh pa3 Oosblie 3aTpar. Ho, Ha 3eMiie ecTh U Takue paiioHbl, TJI€ BETPhI AYIOT
U MIOCTOSIHHO C JAOCTaTOYHOU cuioi. (Berep, nyromuii co ckopocTbio 5-8 M/cek., Ha3bIBaeTcs
yMmepeHHbIM, 14-20 m/cek. — cuiabHbINA, 20-25 M/cek. — ITOPMOBBIM, a cBbliie 30 m/cek. —
ypara"abim) [4].

[Ipumepamu nogoOHBIX pailoHOB B A3epOaiiikaHe MOTYT CIYXUTh JOJUHBI peK Apas,
HaxubiBanuaii, ['mnangaii u npyrue BeTpsHble 30HbI HaxubiBanckoil AP. B atux 30Hax
CpemHsii CKOPOCTh BeTpa jJocTthraer 8-14 M/Cex, UTO TO3BOJIIET COOPYKHTH
BETPOUIEKTPUUYECKUE CTAHLUU Maynod MomHocTH. CTpeMieHHE OCBOUTH IMPOU3BOJICTBO
BETPOIHEPreTHUECKUX MAIllMH IPUBEJIO K MOSBIECHUIO HA CBET MHOXKECTBa arperaros [1].

Marnble  BETPORJIEKTPUYECKHE  arperatbl  MpeiHa3HAaueHbl  JUIsI  CHAOXKEHHs
ANIEKTPOIHEPIUEeN OTIEIBHBIX JOMOB. 3J€Ch PACCKaXXeM, KaK pPAJOBOMY TIPaXKIAHUHY
palMOHATIBHO M JOCTYIHO, ¢ (PMHAHCOBOM TOYKM 3PEHUs, HUCIOJIB30BATH DHEPTUIO BETpA.
[Tepen tem, kak BBIOpaTh BeTpodiiekrpocTtaHiuioo (BOC), ciexyer y3HaTh, KakuM 00pa3om
MOTOK BO3JlyXa TPaHC(HOPMHUPYETCS B IJIEKTPUUYECKYIO SHEPTHI0 M CKOJIBKO TAaKOH 3HEPrHH
MO>KHO OyZIeT OJyYUTh Ha CBOEM y4acTKe.

Pacuer BeTpo3I€KTPOCTAHIIMN OCYILIECTBISAETCS CIAECTYIONUM 00pa3oM.

[To nmpuBeneHHOM HIKE HOPMYJIE MOKHO PACCUUTATh SHEPTHIO:

P=V3pS.
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rae: V — cKOpoCcTb BeTpa; p — IUIOTHOCTh BO3AYXa; S — IJIOLIAJb HA KOTOPYIO JIEHCTBYET
IIOTOK BO3]lyXa.

IIpoBeneHHble HaMHM pacyeTbl IOKa3bIBAIOT, YTO BO3AYLIHBIA IOTOK OOBIYHOM
IUIOTHOCTH JYIOIIMH CO CKOPOCTbIO S5 M/C Ha IUIOMA[b paBHOW 3 KB.M CO37aeT
JIEKTPOIHEPIUI0 CUJIONW MpUONIM3UTENbHO 2 KBT/4ac. OTO BIOJHE JOCTAaTOYHO JJIs
o0ecrneyeHns CpeHeCTaTUCTUUECKON CEMbH.

B ycnoBusx HaxubiBanckoit AP 6osee BBIrOJHO UCIIOIb30BaHUE SHEPTHH BOJL MECTHBIX
peK. DHeprusi BoJbl UCHOJIb30BAIACH B ATUX MECTaX, B OCHOBHOM B BOJHBIX MeJbHULIAX. B
IpPUHIUIE, TPeo0Opa30oBaTh SHEPrUI0 BOJABI B IEKTPHUUECKUI TOK, Ka3aJoch Obl, HETPYAHO—
JUIS 3TOTO JOCTAaTOYHO 3aMEHHUTh MEJIBbHUYHBIA JKEPHOB HJeKTporeHepatopoM. OObIUHO
pabouuM OpraHoM BOJOJBHUIraTeNs CIyXaT JONacTW BHUHTA, KOTOPBIH M HA3bIBAIOT
BoJIoKOJIecoM. B 90-bie Tozbl B ycioBusx 010kaasl HaxusiBana B pecmyOinke, B HEKOTOPBIX
nepeBHsax Oppy6anckoro, Jxynbdunckoro m IaxOy3ckoro pailoHOB ObUIM COOPYKEHBI
MHOTO MaJIOMOLIHBIX 3JIGKTPOCTAHLUH, paboTaIUX BOJHOM B3HEpPrued YacTHOIO
II0JIb30BAHNUSA, OTAEIbHBIMHU JIIOAbMU. BoJsiHOE KOJIECO MPUBOAWIO B IBUKEHUE T€HEPATOP U
AJIEKTPO3HEPIUs MOCTyNala B ceTh. ECTECTBEHHO, 3TU CTAaHIMM ObUIM NPUMHUTHUBHBIMH, HO B
Te BpeMeHa ObLIM OYeHb NOJe3HbIMHU. biaromapst pykoBOJICTBY peciyOiIMKH, 3TH CTaHIMU
YK€ HE DIKCIUIyaTUPYIOTCS, B CBS3U C IOCTOSIHHBIM OOECIIE€UE€HUEM PECIYOJIMKH JEIIEeBON
JJNEKTpO’HEprue. B OCHOBHOM 3TM CTaHIUMU COOPYXKEHbBl B TOpPHBIX celax II0
JIEpPUBAllMOHHOM CXEME.

[lpu nepuBanmoHHOM cxeme Hamop Ha [DC oOpasyercs myTeM CO3JIaHMS
COCpEI0TOYEHHOT0 Mepenaa 3a CUeT 0TBOJIAa BOAbI U3 PEKU 110 UCKYCCTBEHHOMY BOJIOBOJY, B
KAaueCTBE KOTOPOTO IPUMEHSIOTCA OTKPBITBIE KaHajbl, HAIlOPHBIE TYHHEIU WU
TpybonpoBoasl. s 3abopa Boapl Ha ['DC mpu nepuBalMOHHOW cXeMe B OOJBIIMHCTBE
CllyuaeB B peKe BO3BOJAUTCA IJIOTHHA, OoOpasyrolias HeOOJbIIOe BOJOXPAHMIIMUILE, YaCTO
BBITOJIHSIONIEE CYTOYHOE PETYIUPOBAHUE.

JlepuBallMOHHYIO CXeMY 11eJ1ecO00pa3HO MPUMEHATh B TOPHBIX YCIOBUAX MPU OOJIBIINX
VKJIOHAaX W CpPAaBHUTENbHO HEOOJBIIMX pacxojaxX, YTO IMO3BOJIAET NPU OTHOCUTEIHHO
HEOOJIBIION JJIMHE JEepUBAI[MOHHOIO BOJOBOJA MONYy4uTh Oosiblioi Hamop. Mansie I'EC
(MomHOCTBIO MeHee 100 kBT) 00b14HO npeHa3zHavaoTCs sl aBTOHOMHOM paboThI [2].

OnHUM U3 OCHOBHBIX (DaKTOpPOB, ONPEACIAIOMHUX SPPEKTUBHOCTh HCIIOJIb30BAHUS
MCTOYHUKA FMIPO3JIEKTPOIHEPTHH, SIBJISETCS JOKAJIbHBIN SHEPreTHYECKUI NOTEHIIMaN OTOKa
Bosbl. Ilpu BeIOOpe pamuoHanpHOro Mecta pasMenieHus Mukpo I'D9C mpuxoaurcs pemarb
KOMIUIEKCHYIO 3a/lady, CBSI3aHHYIO C OIpEAEJICHUEM KOJUYECTBA HHEPrUHu, KOTOpPOe
BO3MO>KHO IIOJy4YUTh IPHU MCIIOJIB30BAHMM JJAHHOTO BOJOTOKA M €ro JOCTaTOYHOCTH JUIS
YIIOBJIETBOPEHUS HYXK] MOTpEOUTENEH; HAaop WM BBICOTY MaJ€HUs, KOTOPBIM pacrojaraer
JAHHBIM HMCTOYHUK BOABI; OOBEMHBIM pPacXod M CKOpPOCTh; pasMepbl HAIOPHOTO
TpyOOIIpOBOJa; PACCTOSIHUSA M MOILIHOCTH, MEpeAaBaeMble MO JMHUSAM 3JeKTponepenady ot
pabouero koJyieca K reHepaTopy U OT reHepaTopa K norpedutensiM. OCHOBHBIMU pacyeTHBIMU
napaMeTrpamMM TpU  OIpeNeIeHUH MOIIHOCTM M THIAa MHUKPOTHUAPOIIEKTPOCTAHIIUI
SBJISIIOTCSI HANOp U OOBEMHBIM pacxo/, COOTBETCTBEHHO IOTCHUUAIbHAs W KUHETHYEeCKas
COCTaBJISIOLIAs TUIPOIHEPTHH.

MomHocTs I'DC MOXKHO ONpeAennuTh U3 BEIPAKECHMUS:

P =9,8InQH (xBr),

rae: Q — pacxoa BOJIbI uepe3 omnpezeseHHoe ceueHue; H — Hamop Boxbl, MOJABEACHHON K
ruapotypoune; 1 — KJII ruaposnexrpocranmum [3].

[Tpu ompeneneHuu Harmopa, HEOOXOAMMO YYUTHIBATH IOJIHBINA (CTATUYECKUI) HAMOp U
pabounii (muHamMudeckuid) Hamop. [1omHBINA HAMOpP - ATO pacCTOSHUE IO BEPTHKAIU MEXKIY
BEpXHEH TOUKOM mMOABOASAIICH TPyOBI (OTMETKH BOA03a0OpPHMKA) M TOYKOH, TJe BOJA
ocBOOOXaeTCsl U3 TypOuHBL. Paboumii Hamop — ATO TMOJHBIM HANMOp MHHYC JaBJICHUE WIIU
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TUApPABIMYECKHUE NTOTEPH, CBSI3aHHbIE C TPEHHUEM U SBJICHHEM TypOyJEHTHOCTH B
TpyOomnpoBoJe. OTH MOTEpH 3aBUCAT OT THIMA, MaTepuaia, AUaMeTpa, JIUHBI TPYOBI,
KOJIMYECTBa U3rHOO0B U IIp.
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NAXCIVAN MUXTAR RESPUBLIKASI SORAITINDO KULOK VO SU
ENERJiISINDON iSTIFADONIN IMKANLARI

DADASOV 9.S., MOMMODLI A.H.,, MOMMODOV R.T.

Mogqalado Nax¢ivan Muxtar Respublikasi soraitinds kiilok vo su enerjisindon istifadonin
miimkiinliiyli vo somaoralsliyi problemlorina baxilir. Qeyd olunan enerji novlori haqqinda
timumi sokildo molumat verilir, kicik giiclii su vo kiilok elektrik stansiyalarinin qurulma va
istifado sortlori gostorilir. Homginin alinacaq elektrik coroyaninin giiciinii hesablamaq {i¢iin
diisturlar taqdim olunur.

Acar sozlar: kiilok enerjisi, su elektrik stansiyasi, elektrik coroyaninin giicii, ekologiya.

OPPORTUNITIES OF USAGE OF WIND AND WATER ENERGY IN THE
CONDITION OF NAKHCHIVAN AUTONOMOUS REPUBLIC

DADASHOV A.S., MAMMADLI A.H.,, MAMMADOYV R.T.

The article investigates the problem of possibility and efficiency of the usage of wind
and water energy in the condition of Nakhchivan Autonomous Republic. It is given general
information on the above mentioned types of energy, and the conditions of usage and
construction of less powered wind and hydroelectric stations are shown. Also, formulas are
produced to calculate the power of the electric current that will be obtained.

Key words: wind energy, hydroelectric station, the power of the electric current, ecology.
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SOYYAR ENERGETIK SISTEMLORDO ELEKTRIK
ENERJI KEYFIYYOTININ TODQIQI

HOMIDOVA H.M.

Azarbaycan Déviat Neft va Sanaye Universiteti
Az. 1010, Baki Azadhq pr-ti, 20
Email: hemidov1946@mail.ru

Doniz neft tosorriifatinda elektrik tolobatcilart miixtslif is rejimlorine malik olmalar1 ilo yanasi hom do
olduqca miirokkob soraitdo isloyir. Odur ki, belo avadanliglarda yaranan giic vo enerji itkilorinin azaldilmasi,
elocado tolobatgilarin  keyfiyyatli elektrik enerjisi ilo tomin olunmasi liizumu yaranir. Elektrik enerji itkilorinin
azaldilmas1 va enerjinin keyfiyyastinin analizi mosaloys kompleks yanagmani tolab edir [ 2].

Acar sozlor: elektrik enerji itkilori, enerjinin keyfiyyati, neft-moadon, elektrik  avadanliqlari,
normalasdirma, enerji sorfi.

Doniz soraitindo, neft quyularmin gazilmasinda, neftin vo qazin istismarinda, neftin
parafindon va digor qarisiqlardan tomizlonmosinds eloco do onun naql olunmasinda istirak
edon biitiin elektrik avadanliq vo qurgulart neft—-modon elektrik sobokalorindon baslonirlor.
Bu sobokolorin asas enerji manboyini dizel-generatorlar olaraq platformalarda qurasdirilmig
paralel igloyon sinxron generatorlardan ibarotdir. Belo bir enerji kompleksi, 6z aralarinda
otiirticii xatlor ilo olagoalondirilmis avtonom elektrik stansiyalarindan paylayici quruluslardan
vo elektrik tolobatgilardan toskil olunmusdur. Molum oldugu kimi doniz neft modon
saholorinds xeyli sayda miirokkob quruluslu vo xarakterli elektrik avadanliglarindan vo eyni
zamanda doqiq Ol¢ii vo ¢evirici cithazlardan istifads olunur. Belo cihaz vo avadanliglar iso 6z
novbosindo qidalandiqlart elektrik enerjisinin keyfiyystino qarst hossasdirlar. Odur ki,
avtonom elektroenergetik sistemlorindo istehsal olunan elektrik enerjisinin keyfiyyatinin
analiz olunmas1 mogsadile tadqiqat apariimisdir.

Neft-moadon sahasinds xeyli sayda olan asinxron miihorriklorin iso diismasi zamani
generatorlarin ¢ixisinda gorginliyin normadan artiq azalmasina, dinamik ytklorin tasirindon
159 tezliyin asag1 diismoasi hallar1 bas verirki, bu da 6z ndvbasinda elektrik enerji keyfiyyatinin
pislosmasilo miisahida edilir. Bundan slava generatorlarin uzun miiddstli is rejiminds geyri-
simmetrik yiiklonmodon faza gorginliklori forqi yaranir.

Demoli qarsiya qoyulan mosolonin  hoallindo  elektrik  tochizati  sxemlorinin,
xiisusiyyetlori, eloco do etibarliligi nozors alinmalidir. Neftin istismarinda istifade olunan
elektrik avadanliglarinin 65-70% -ni asinxron elektrik miiharriklori togkil edir.

Bu miiharriklor xiisusilo do mancanaq dozgahlarinin elektrik intiqalinin horakoto
gotrilmoasino  xidmot edir. Neft modon elektrik tochizati sistemlorindo, asinxron
miiharriklordon do genis istifade olunur. Hor bir halda telabatgilar keyfiyyatli elektrik enerjisi
ilo tomin olunmalidir. Bu iso 6z ndvbasinds elektrik enerji itkilorinin azaldilmasi vo
avadanliglarin istismar miiddstinin artirilmasina imkan yaradir. Mahsuldarligin ytiksoldilmasi
va sabit saxlanilmasinda gostorilon faktorlarin rolu olduqca shomiyyatlidir. Elektrik enerji
itkilorinin azaldilmasinin on effektli iisullarindan biri reaktiv giiciin kompensasiyasidir.
Kompensasiya tobii vo siini tisullar vasitasilo yerino yetrilir [1]. Neft-modonlorindo reaktiv
giiclin kompensasiyasinda osason siini lisula daha ¢ox {istiinliik verilir. Bu mogsodlo sinxron
komensator vo ya kondensator batareyalarindan istifado olunur.
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Sokil 1. Harmonikali vo harmonikasiz dalga qrafiklori.
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Sakil 2. Harmonikasiz saf sinusoidal harmonik hissalari.

Qeyd etmoliyik ki bir ¢ox inkisaf etmis Olkolorde giic omsalinin qiymeti 95%-o
catdirilmasidir.

Kanada da bu omsal hotta 90-100% arasina, Fransada 93%, Portuqaliyada 92%,
Macaristana 92-97% v s. yiiksoldilmisdir.

Azaorbaycanda da giic omsalimin  vo elocoads qidalandirict elektrik enerjisinin
keyfiyyatinin yiiksaldilmasi ti¢iin bir ¢ox tadbirlor goriilmokdadir.

Neft -madon miiossisasinda elektrik enerji keyfiyyati miiasir cihazlar vasitasils 6l¢iilmiis
vo standarta goro miioyyon olunmus vo bu keyfiyyotsizliyin miiossisodo meydana gotira
bilocayi zororli tosirlor miioyyonlosdirilmisdir. Cihaz stasionar olub platformalarda istifado
oluna bilir.

Elektrik enerjisinin keyfiyyat gostoricilori diinya standartlar1 10 miiqayise olunmalidir.
Bu mogsadle keyfiyyatlo olagoli biitiin parametrlori hom anliq olaraq izloyon hom do
keyfiyyot doyigsmolorini geyd edon cihazlara ehtiyac yaranir. Odur ki, elektrik enerjisi
keyfiyyatino nozarat etmok iiciin enerji keyfiyyotino tosir edon parametrlor anliq olaraq
Olciilmali, internet alaqosi ilo markozi kompiitera geyd olunmalidir. Bu parametrlorin qeyd
olunmasi1 ilo yanas1t keyfiyyotdoki doyisikliklor yaddasda saxlanmilir [3]. Enerji
keyfiyyatsizliyindoki doyisikliklords, zaman geydi do oldugundan, bu sahodo miiossisolordoki
istehsalat itkilorini vo zororlorin sobablorini toxmini olaraq hesablamaq olar.

Avtonom energetik qurgularda aparilmig 6l¢iilorin naticesinds alinmas ayrilor sok.1 vo
2-do gostorilmigdir. Oyrilorden goriildiiyli kimi gorginlik vo corayan oayrilorinds dalga soklli
konara ¢ixmalar miisahids olunur. Yarimkegirici elementlorin cihazlarda istifadasi, bazi qeyri-
xotti yiiklorin tosiri ilo coroyan vo gorginlik dalga formalari periodik olmaqla barabor
sinusoidal dalga ilo tezlik vo qiymati forgli olan digor sinusoidal dalgalarin toplusundan omolo
golir.

Giic sistemindo gorginlikdo harmonik hissolor olanda bundan biitiin yiiklor tosirlonir.
Harmonika dasiyan bir coroyan iso sadoco harmonik corayan omolo gatiron bir yiiks tosir edo
bilor. Harmonikalarla slaqoli xiisusiyyatlor asagidaki kimi ifados olunur:

Gorginliyin effektiv qiymati:
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Burada U1, Uz, .. Un hor bir harmonikanin effektiv qiymotloridir
Carayanin effektiv qiymati
R R P R ) i T .
[=Jii+
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Gorginliyin com harmonik doyisikliyi:

1
Carayanin com harmonik dayisikliyi
%CHD; = \/i%+i§+iﬁ;-i§+....+1% (4)
1

Harmonikalarin sistemdo vo miiossisado sobab oldugu monfi tosirlori asagidakilardan ibarot
olur:

- Kompensasiyadaki kondensatorlarin hoddindon artiq yiiklonmasi vo oOmiirlorinin

azalmasi;

- Rele, ayirici vo qoruyucularin sohv iglomasi;

- Xatlorin hoddon artiq qizmast,

- 3o 3-cii harmonikalarin neytral xatti haddon artiq yiiklomasi;

- Sistemda ardicil vo paralel rezonanslar;

- Saygaclarda 0l¢ii xatalari;

- Transformatorlarda itkilorin artmasi;

- Miharrik, generator vo kegirici xotlordoaki itkilar;

Sistemdoaki digor yiiklori harmonikalarin manfi tasirindon miihafizo etmok vo isladiciys
daha keyfiyyatli enerji 6tiiriilo bilmasi {igilin harmonikalar miioyyon soviyyods saxlanilmalidir.
Umumiyyatlo geyri-xatti yiiklorin meydana gotirdiyi harmonik hissolori mohdudlasdirmagla
standartlara uygunasdirmaq miimkiin olur.

Beloliklo neft-modon sonaye qurgularmin elektrik tochizati sistemlorindo, yiiklorin
quragdirilmasi, movcud avadanliglarin yenilosdirilmasi, yiik altinda tonzimlome qurgularindan
istifado, elektrik enerjisinin keyfiyyotinin yiiksoldilmasi vo s.bir ¢ox masalolorin  kompleks
tadbirlorinin goriilmasi, avtonom elektroenergetik sistemin somorali vo etibarli isini tomin
edar.

Natica
Sonaye miisssisolorinds xiisusilo do neft-madon saholorinds elektrik enerji itkilorinin
azadilmasi vo istehsalin maya doyorinin asagi salinmasi mogsadilo miixtolif nozori vo praktiki
tocriibolor osasinda konkret noticolor oldo edilmisdir.
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Miiossisolorin  elektrik  tochizati sisteminin  kompleks avtomatlagdirimasi,
texnologiyanin  miiassirlogdirilmosi vo tokmillogdirilmasi naticosinds elektrik enerjisinin
keyfiyyatinin yiiksoldilmasi todbirlori arasdirilmigdir.

1. Homidov M.H., Muradova R.O. “Doniz-neft modon elektrik avadanliglar1”. Baki1-2012.
Ti- media nos. 302 soh.

2. Noasirov Q.0., Homidov M.H. “Doniz neft-qaz ¢ixarma obyektlorinin avtonom elektrik
tochizatinin somorali islonmosi”. Baki-2016. XI Beynolxalq elmi-texniki konfrans.
Soh.121-127.

3. Homidov M.H., Maharromov R.N. “Elektrik enerjisinin keyfiyyot gostoricilori vo onlarin
normalagdirilmasi1”. ETJ Energerikanin problemlori. Baki-2016. soh. 99.

PA3PABOTKA MEPOIIPUATHI IO YMEHBIIIEHUIO
IJIEKTPOOHEPI'ETUYECKHUX IIOTEPDH HA ITPEAIIPUATUAX
HE®TSIHON MPOMBIIIJIEHHOCTH

I'AMUIOBA I'.'M.

Ha ocHOBaHMM TEOpPETHMYECKOrO M NPAKTUYECKOIO OIBITA I10Jy4YEHbl KOHKPETHBIC
pe3yJbTaThl 10 YMEHBUICHUIO 3JICKTPO3HEPreTUUECKUX MOTEPh B Mpolecce 100buu HedTH, a
TaKXKe I0 CHIKECHHIO Ce0eCTOMMOCTH He(TEempoayKTOB Ha HedTempombIciax. DKOHOMUS
JNEKTPO’HEPIMM  JOCTUraeTcs 3a  C4YeT  KOMIUIEKCHOM ~ aBTOMAaTH3alMM  CUCTEM
AIIEKTPOCHAOKEHUSI TPEANPUATUS M 3a CYET MPUMEHEHMS] HOBEHIIMX COBPEMEHHBIX
TexHoysoruil. Jlas  ympaBiieHHsT HPOMBIIIJIEHHBIM — OOOpPYAOBaHHEM  IPEAYCMOTPEHO
IIPUMEHEHNE aBTOMAaTU3UPOBAHHON CUCTEMBI.

KniodeBble c10Ba: >IEKTPO’HEPTeTHUECKHE IIOTEPH, KAdeCTBO BIICKTPOIHEPTHH, HE(PTEIPOMBICIEI,
3NIEeKTPOo0OOPYAOBaHUE, PACXO]] AIEKTPOIHEPTUH.

RESEARCH METHODS OF REDUCING ELECTRICAL ENERGY
LOSSES IN THE OILFIELD COMPANIES

HAMIDOVA H.M.

There is a net result obtained in reducing the cost of production of electrical energy
based on theoretical and practical experiences in industrial companies, especially in oil and
gas field. The economic benefit in production of electrical energy is mainly based on complex
process of automation, modernization and improvement of industrial facilities. In order to
successfully manage and operate industrial facilities control system is considered the most
suitable and reliable.

Keywords: electrical energy losses, energy quality, the oilfield, electrical facilities, rationing, energy
expenditure.
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TONZIMLONON ELEKTRIK INTIQALININ KOMOYI iLO DORINLIK NASOS
QURGUSU AVADANLIGININ EFFEKTIV ISININ TODQIQi

IJKBOROYV Y.S., MUSTAFAYEYV R.X.

Azarbaycan Doviat Neft va Sanaye Universiteti
Azarbaycan,Baki,AZ1010,Azadliq pr.,20
E-mail:benzol-78@rambler.ru

Mogqaloads neft ¢ixarilma prosesindostangli derinlik nasos qurgularininavtomatik idars olunmasinin tomin
edilmasimosoalasine baxilmisdir. Bu mogsodlo xiisusi idaroetmo stansiyasi islonilmigve stansiyanin komoyi ilo
stanqlt derinlik nasos qurgularmin texnoloji avadanhqlarimin istismar xarakteristikalarindan ve quyunun
parametrlorindon asili olaraq dayisen corayan elektrik miiharrikinin valinin idarsedilmasi, miihafizasi v firlanma
tezliyinin salis tonzimins nail olunmusdur.

Acar sozlar: elektrik intigali,plunjer,stanq asilqgant néqtasi,dorinlik nasos qurgusu.

Mancanaq dozgahinin tonzimlonon doyison caorayan elektrik intiqalinin idareedilmasi
isini asanlasdirmaq maqsadilo idaroetmo stansiyast qurasdirilir ki, bu da 6z ndvbasindo
dorinlik nasos qurgusunun avtomatik idars edilmosini tomin edir.

Idaroetmo stansiyast stangli dorinlik nasos qurgularmin (SDNQ) texnoloji
avadanlglarinin istismar xarakteristikalarindan vo quyunun parametrlorindon asili olaraq
doyison coroyan elektrik miihorrikinin (mancanaq dozgahi intigall) valinin idarsedilmosi,
miihafizasi vo firlanma tezliyinin salist tonzimi {i¢iin hazirlanmisdir[1]..

Mancanaq dozgahinin isi bir yellonmo ardicilligina borabor dovretms periodunu vo yiikiin
dovretma qrafikini xarakterizo edir.Yiik grafikinin cox bdyiik nahamarligi naticesindo giiciin
maksimum va ortakvadratik qiymati artir, bu iso elektrik miihorriki intiqalina qoyulan giiciin
artmasina va onun energetik gostaricilorinin pislogsmasing gatirib ¢ixarir [2].

Dinamiki xarakterli ylikiin amolo golmasinin osas sobabi plunjerin asag1 vo yuxari horakatinin
baslangic momentinds yaranan stanq vibrasiyalari vo maye siitunu yiikiiniin tez-tez dolmasi
vo bosalmasidir.Yalniz statik yiilk nozoro alinmaqla stanq asilgani noqtesindoki dina-
moqramma ilo miiqayisodo dinamiki ylik movcud olduqda, homin noéqtods homin
dinamogramma tohrif olunur.

Bosalma periodunun qurtarmast zamani, asagi horokotdo deformasiyanin sonunda
dinamiki xarakterli alave yiiklorin olmasi stanqglara diison ytiklorin minimumlagmasina gotirib
cIxarir.

Qarsiya qoyulan asas mosalo neft ¢ixarilmasinin stabillosdirilmasi, is rejiminin optimal-
lasdirilmasi, stanqlt derinlik nasos qurgularinin avadanliglarinin tomir arasi periodun ¢oxaldil-
mas1, mancanaq dozgahi elektrik intigalinin yiik qrafikinin yetorinco hamarlasdirilmast vo
beloliklo do eyni vaxtda stanqlara diigon maksimum giiciin vo giiciin amplitudasinin doyigsmasi
mohdudiyyatinitomin etmakdir.Bu biitiin tipli mancanaq dozgahlar1 vo diger neft ¢ixarilmasi
rejimlori li¢ilin eyni olan xiisusi qurgunun komoyi ilo hoyata kegirilir [3,4,5].

Qarsiya qoyulan mosaloni hall etmak ii¢lin bu qurgu bir idarsetms formasinda olub, hom
stanqlardak: giic funksiyalariin oks slagasinin totbiqini, hom do miiharrikin yiik corayaninin
vo mancanaq dozgahinin horokotinin tezlik ceviricisi sisteminds vericilorin idars olunmasini
tomin edir [6].

Idaroetmo stansiyast ADNSU-nun “Elektromexanika” kafedrasmin laboratoriyasinda
2017-ci ildo yaradilmis vo  konstruktiv qurulusu sokil 1-do verilmisdir.

Idaroetmo stansiyasinin giic paneli asag1 hissodo yerlosdirilmisdir:
1) Qizdiricinin idaraetma qurgusu-1
2) Avtomat agar AE2033M-8
3) Xarici nazarat dovrasinin qosulmasi va idars edilmasi tiglin sixaclar bloku-15
4) Stansiyanin transformator yarimstansiyasina qosulmasi acari-16
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Skafin alt torofindon nozarot vo giic dovralorinin qidalandirma kabellori {iclin xiisusi rezin
salniklor-17 qoyulmusdur.Skafin sag torofindo rozetka-11 qurasdirilmisdir ki,bu da tomir
zamani xarici yiikiin qosulmasi tli¢iindiir.
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Sak.1. Stasionar idaroetms stansiyasinin imumi goriiniisii.

Bu hal, yeni xarici yiikiin qosulmasi, yalniz avtomat agarinin-8 sondiiriilmosindon sonra
yerino  yetirilo  bilor.Skafin  sol torofinds c¢evirici ilo idareetmo bloku BC-
9qurasdirilmisdir.Skafin {ist torofindo asagidakilar yerlosdirilmisdir:

1) Idaroetmo paneli- 13;14

2) Qoruyucular bloku-4

3) Kommutasiya reaktoru-5

4) Giris bloku-6
Skafin qapisinda qizdirict EPQ qoyulmusdur.
Stansiya mancanaq dozgahinin elektrik miiharrikinin valinin firlanma tezliyinin tonzimlonmo-
sini v idaro edilmasini ol ilo yaxud avtomatik olaraq tomin edo bilir.
Ol rejiminds stansiya mancanaq dozgahi elektrik miiharrikinin iso salinmasi vo dayandiril-
masini vo hamginin mancanaqdazgahi elektrik miiharrikinin valinin firlanma tezliyinin tonzim
olunmasini tomin edir.
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Avtomatik rejimdo stansiya asagidakilari tomin edir:

1) Mancanaq dozgahinin fasilosiz isini,

2) Quyunun periodik istismar1 zamani1 mancanaq dozgahinin programli isini,

3) Telemexanik sistemli nozarat moantagasindoan signal vasitssilo mancanaq dozgahinin
moasafodon idaroedilmasi isini,

Stansiya mancanaq dozgahinin fasilosiz isinds asagidakilari tomin edir:
-Mancanaq dozgahinin valinin firlanma tezliyinin verilmis intensivlik aralifinda quyunun
salis igo salinmasi.
-Elektrik enerjisi tochizatinda yaranan fasilolordon sonra gorginliyin barpasi zamani mancanaq
dozgahi elekrik intiqalinin verilmis gecikmolorlo 6z-0ziinos iso salinmasi.
Mancanaq dozgahinin proqramliiginds stansiya asagidakilari tomin edir:
-Mancanaq dozgahi elektrik miihorrikinin verilmis dayanma vaxtindan sonra igo buraxilmasi.
-Mancanaq dozgahi elektrik miihorrikinin verilmis is¢i vaxtindan sonra dayandirilmasi.
-Elektrik enerjisi tochizatinda yaranan fasilolordon sonra gorginliyin barpast zamani, verilmis
vaxtdan sonra, mancanaq dozgahi elektrik miiharrikinin iso salinmasi.
Mosafadon idaraetmodo stansiya agagidakilart tomin edir:
-Qoza signalinin agilmas: ilo eyni vaxtda mancanaq dozgahi elektrik miihorrikinin “IS©
SALMA” signalinin qosulmasi.
-Mancanaq dozgahi elektrik miiharrikinin “STOP” signal1 ilo sondiiriilmasi.
-Elektrik enerjisi tochizatinda yaranan fasilolordon sonra gorginliyin barpasi zamani mancanaq
dozgahi elektrik intiqalinin verilmis gecikmolorlo 6z-6ziins iso buraxilmasi.
-Analoq signali saviyyasinds elektrik miiharrikinin valinin firlanma tezliyinin tonzimlonmasi.
Biitiin rejimlords stansiya asagidakilarla tomin edir:

1) Stanqglardaki giic funksiyalari,mithorrikin yiik coroyani, nasosun mohsuldarligt vo
harokat vericilorinds elektrik miiharriki valinin firlanma tezliyinin tonzim olunmasi.

2) Qoza soraitindo mancanaq dozgahi elektrik miihorrikinin  sondiiriilmasi(faza
qurilanda,komor qirilanda,stanqg qirilanda,boru komorinds tozyiqin asagi yaxud yuxart
galxmasinda,nasosun minimum otiirmoalarinda,sobakanin minimum
gorginliyindo,elektrik miihorrikinin gidalanmasinda dovronin qirilmasi1  zamant,
elektrik miithhorriki artiq qizanda,tezlik ¢eviricisi artiq qizanda)

3) Qoza soraitini aradan qaldirmadan tokrar qosulmaya qoyulmus qadaga ilo goza sondii-
riilmasinin yadda saxlanmasi.

4) Qoza sondiiriilmasinin sobobinin aydinlasdiriimasi.

5) Mancanaq dozgahin gorarlagsmis saviyalorina nazarstin gozlo miisahido edilmasi.

6) Mancanaq dozgahinin vaziyyati haqqindaki signallarin formalagdirilmasi(isloyir,daya-
nb) elektrik mihorrikinin  valinin  firlanma tezliyinin,yiik coroyanin, qoza
acilmalarinin sabablori

7) Elektrik miihorrikinin “STOP” diiymasi ilo agilmasi.

8) 30kVt giiciindoki xarici qurgunun 380 V-lug doyison coarayan gorginlikli sobokoyo
gosulmasi.

9) Xarici qurgunun gorginlik altinda doyison caroyan sobokasine qosulmasiin(agilmasi-
nin) mexaniki bloklanmasi.

10) Stansiyanin daxilindo qis soraitinds verilmis +5°Ctemperaturu saxlamaq iiciin
qizdiricilarin avtomatik idars edilmasi.

Natica: Neft ¢ixarilmasinda texnoloji proseslorin avtomatik tonzimini tomin etmok
magsadi ils stanqli derinlik nasos qurgulari tiglin idaraetmo stansiyasi islonilmis vo mancanaq
dozgahinin isinin optimal idaroedilmasi masalolorine baxilmisdir.
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HCCJIEJOBAHHUE DO@PEKTUBHOCTH PABOTBI OBOPYJOBAHMSI
I''IYBUHHO HACOCHOM YCTAHOBKM ITPHU ITIOMOIIN
PET'YJIMPYEMBIH DJIEKTPOIIPUBOIOB

AKBEPOB 51.C., MYCTA®AEB K.X.

OcHoBHOM 3amauell B ATOM cTaThe SBIAETCA OOECIEUEeHUE aBTOMATH3UPOBAHHOTO
yIpaBiIeHUs] TJIyOMHHO HACOCHOMM YCTaHOBKaMH JJs 100b1un HedTu. s 3Toil nenu Oblia
pa3paboTaHa cHelnuaiabHas yNpaBJAIOLas CTaHIMS, KOTOpas ¢ MOMOLIbIO 3TOr0 CTAHLUU
yIpaBJIeTCs B 3aBUCHUMOCTH pabounX XapaKTEpUCTUK TEXHOJIOIMUYECKOro 00OPYAOBaHUS OT
[NIyOMHHO HAacOCHOTO 0O0OpYyJOBaHHMS M TapaMEeTpPOB CKBAKMHBI, 3alIUThl U CKOPOCTHU
BpAILEHUSAIEKTPOABUTaTEN IEPEMEHHOIO TOKaA.

KioueBble cjioBa: 3JIEKTPONPHUBOJI, IITYHXKEP, TOUKA T0JBeca IITAHT, INTyOMHHO HACOCHBINM YCTaHOBKA.

INVESTIGATION BY HELP REGULATING ELECTRIC DRIVER OF THE
EFFECTIVE WORK OF THE EQUIPMENT OF DEPTH PUMP DEVICE

AKBEROV Y.S. MUSTAFAYEV R. KH.

The main task in this article is to provide automated control of deep pumping machines
for oil production. For this purpose, a special control station has been designed which, with
the help of this station, is controlled in dependence of the operating characteristics of the
process equipment from deep pumping equipment and well parameters, protection and
rotation speed of the AC motor.

Keywords: electric drive, plunjer, rod suspension point, the depth of the pump unit.
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5 ¢epans 2018 roma Ha 77 TOMy KHU3HU CKOHYAICS 3acCIyKEHHBIH JesITellb HAYKH
Poccuiickou ®denepanuu, 3aBEIYIOLIUM kadeapoit «Teopernueckue OCHOBEI
anekTpoTexHukn» HoBocuOupckoro MHCTUTYTa MHKEHEPOB BOJIHOTO
- TpaHCIIOpTa, TMepernMeHoBaHHOr0 B Cubupckuii I'ocymapcTBeHHBIN
‘\' YHuBepcUTET  BOAHOIO  TPAHCIOPTAa,  JIOKTOP  TEXHUYECKUX
- Hayk, npodeccop ['openos Banepuii [laBmoBuy.
: I'openos Banepuii [1aBnouu ponuicst 31 okrsiOps 1941 roga B
ropoge CnaBropose, Auraiickoro kpas B cembe pabdouero. Ilocrne
okoHuaHuss B 1959 romy cpegHell  WIKOABI  yuwics — Ha
ANEKTPOIHEPreTUYecKoM (QakynbreTe TOMCKOro MOJIUTEXHUYECKOTO
Wuctutyra u B 1965 rony 3aBepuimn Bbicliee oOpa3oBaHHE I10
crenuanbHOCTH «Pu3nuecKkasi aBTOMaTUKA U SJIEKTPOHUKAY.

TpynoByto JesTENbHOCTh Hadal B mepuoj oOyueHus B TOMCKOM MOJUTEXHHUYECKOM
uHctutyTe. B 1968 roagy nocrynuin B ounyto acnupantypy CubHWUU Duepretuxu, B 1972 .
3alUTUII IUCCEPTALMI0O Ha COMCKAHHE YYEHOH CTENEeHM KaHAMJaTa TEXHUYECKUX HayK I10
CHEeUUaTbHOCTH «TeXHUKa BBICOKUX HAIPSIKEHUID.

B 1981 r. Obu1 H30paH M0 KOHKYpPCY 3aBeAyronmM kadeapoit «TeopeTudecKkue OCHOBEI
anekTpoTexHukn» Cubupckoro ['ocynapctBeHHOro YHUBEpcHTETa BOAHOIO TpaHcmopra. B
1989 romy 3ammTHI JUCCEPTAIMIO JOKTOpAa TEXHHUYECKUX HAyK IO CIEIHAIbHOCTH —
«Onexktpodusuka». B 3ToM ke rogy emy ObLIIO MPUCBOCHO yu€HOE 3BaHHe mpodeccopa.

B teuenne 33 net Banepwuii [1aBnoBuu 3aBenoBan kadeapoit «IeKTPOIHEPreTHUECKIE
CHUCTEMBI M 3JIEKTpoTexHUKa». B 1998 roay Harpaxx€H nMo4€THBIM 3BaHUEM «3acCilyKEHHBIN
n3zobperatenb POy, a B 2005 roay - mo4€THBIM 3BaHUEM «3aCiyKEHHBIN eATENb HAYKN».

B.IL.T'openoB W3BECTHBIN YYEHHBIH B OOJNACTH MaTepUaIOBEICHUS, TEXHUKU BBICOKUX
HarpsOKEHUH W dneKkTpodusuku, aBTop Oosnee 490 mayunbix paboT. M3 HuHX 6 yueOHBIX
nocobuit ¢ rpudpom Munucrepcts, 44 wMoHorpapuit u ydeOHHMKOB, 70 aBTOPCKHX
cBuzieTensCTB Ha n300perenne u nateHtoB CCCP, Anrnuu, ®pannuun, ['epmanun, Kananer,
CHIA, MWramuu, Kazaxcrana wu Poccuiickoii @enepauun. Pe3ynbratom  sBUIOCH
npeacraBienne [opemoBa B.II. k modeTHoMy 3BaHUIO «3aciayKeHHBIH H300peTaTENh
Poccutickon denepauumn».

B Bosrnasnsemoii B.I1.I'openoBbIM HaydHOH LIKOJIE MOATOTOBJIEHO U 3alllUIIEHO OoJiee
40 muccepranuil TOKTOPOB M KaHIMJATOB TEXHUYECKHMX HAyK, B TOM 4YHCII€ IIPM HAy4HOM
pyxoBojcTse ['openosa B.II. yrBepxkneno 16 nuccepranuii acCHMpaHTOB U JOKTOPAHTOB.

HoBaropckoe perieHre 00JbIIOro KOMIJIEKCa TEOPETHKO-MIPAKTUYECKHUX 3aJ1au CBA3aHO
¢ umenem B.ILI'openoBa. OH BHepBbIE MOKa3aj, YTO HANpPaBICHHOE PETYJIUPOBAHUE
AIIEKTPUYECKON TPOBOJUMOCTU CJOXKHBIX T€TEPOr€HHBIX CpEJ BO3MOXKHO C IIOMOIIBIO
TEXHOJIOTHYECKHUX CIIOCOO0B, M3MEHEHNEM KOHIIEHTPAIMHN U THUIA CHIEIHAbHBIX TPOBOISIINX
Y U30JIALIMOHHBIX UHTPEIUEHTOB.

Hayunas nearensHocts B.I1.I'openoBa Oba TecHO cBsizaHa ¢ abopatopueit «PU3NKU
U TEXHUKH BBICOKHMX HanpspkeHui» Muctutyra @usuku HAH Azepbaiimkana. [TpoBoaunuce
COBMECTHBIE HCCIIEZIOBaHUS B 00JacTU 3J€KTPOMU3UKU U DJIEKTPOIHEPreTUKU. MHoroumc-
JICHHbIE Pe3yNbTaThl HAYYHBIX MCCIEI0BAaHUHN MyOauKoBaanch coBMecTHO ¢ B.I1.I'openoBsim
U TI0CJIeI0OBATENISIMUA €r0 HAyYHO! IIKOJIBI.

Csernas nmamsts o Banepuii IlaBnoBuue ['openoBe HaBcerna ocTaHercss B cepAlax U
yMax Hay4yHOM OOIECTBEHHOCTH, €r0 IpYy3ei U yUEHUKOB.

Penxoierus.
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MUOLLIFLORIN NOZORINO

1. Umumi qaydalar.
“Energetikanin  problemlori” “jurnalinda energetikanin kompleks problemlori,

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

Jurnalin asas mogsadi yliksok elmi keyfiyyat kriteriyalarina cavab veron orijinal elmi-

texniki mogalalorin dorc edilmosidir.

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

hayatda coroyan edon hadisalor haqqinda molumatlart da darc edir.

Redaksiya heyoti, bu vo ya digor sobablordon, jurnalin toloblorini tomin etmoyan

magqaloalori darc etmoamak hiiququnu iizlinds saxlayir.

2. Magqalalorin toqdim edilmasi.
Biitliin moqalalor asagida qostorilon iinvana, jurnalin redaksiyasina gondorilmalidir:

Azarbaycan, Az-1143, Baki, Hiiseyn Cavid prospekti, 33
Azarbaycan MEA Fizika Institutu
Tel.: (994 12) 539 — 41 — 61; (994 12) 539 — 44 - 02; Faks : (994 12) 447 — 04 — 56

E — mail : arif @ physics.ab.az ;
Mbosul katib Qurbanov Kamil Baxtiyar oglu.

3. Maqalalarin matninin dili.
Maogqalolor azarbaycan, rus vo ingilis dillorinds gabul edilir. Respublika miislliflorinin

moqalslori yalniz azarbaycan vo ya rus dillorindo, yaxin xarici 6lkslordon olan miislliflorin
mogqalalari yalniz rus dilinds, uzaq xarici 6lkalorin miiolliflorinin maqalslari ise yalniz ingilis
dilinds qobul edilir.

4.1.

4.2.

4.3.

4. Maqalalarin tirtib edilmasi qaydalar.

Magqalolar, jurnalin redaksiyasina disket toqdim etmoklos, fordi kompyiiterds, A4 formatl
ag kagizda, sohifonin parametrlori: yuxaridan vo asagidan — 2sm, soldan vo sagdan — 2,5
sm mosafo ilo, Times New Roman 12 sriftinde yazilarasq, 1 niisxado, sotir aralig1 1
interval olmagq sortilo ¢ap edilorak, qosulmus CD disk ils togdim edilir.

Maqalolorin imumi hacmi, qrafiki materiallar, fotolar, codvallar, diisturlar, adabiyyatin
siyahis1 vo xiilasolor do daxil olmagla 8 sohifodon yuxari olmamalidir.

Maqalolorinin birinci sohifosinin sol kiinciindo Universal onluq tosnifati (UOT) iizro
indeksi gostorilmalidir. Sonra 1 interval asagidan, qalin vo bdyiik horiflorlo maqalonin
ad1 yazilir. Sonra 1 interval asagidan, qalin vo boylik hariflorlo miisllifin (miislliflorin)
soyadi, ad1 va atasinin admin bas hariflori yazilir. 1 interval agagidan maqaloni toqdim
edon toskilatin adi yazilir. 1 interval asagidan, maqalonin matninin dilina uygun olan,
hocmi 10 satirdon ¢ox olmamagq sortilo, 10 srifti ilo cap edilon xiilaso, acar siizlor (5-6
s0z), maqalonin 9sas matninin 6niinds verilir. Sonra 1 interval asagidan mogalonin asas
moatni 12 srifti ilo cap edilir. Bilavasito moqalonin matninin davami olaraq, he¢ bir
basliq vermodon, yalniz 20-25 simvolluq xott ¢okorok, say sirasi ilo istifado edilon
odabiyyatin siyahist verilir. Sonra ardicil olaraq rus (vo ya azorbaycan) vo ingilis
dillorindo olan xiilasalor vo acar sozlor (10 srifti ilo ¢ap edilorok) verilir. Magqalonin
moatninin sonunda, olaqo telefonlari, telefakslar vo E — mail-1 gostormoklo, miialliflor
mogqaloni imzalayirlar.
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4.4, Moqalonin qrafiki materiallari, fotolar, cadvallor, diisturlar motno uygun yerlordo
yerlogdirilmalidir. Qrafiki materiallarin sorhino aid olan yazilar moqalonin matnindo
verilmalidir. Qrafiki materiallarda adadi vo ya horfi isarolor gostarilorak, uygun izahatlar
moatnin ig¢arisinda verilmalidir. Qrafiki materiallarin asag1 hissasinda say sirasi verilir vo
ad1 yazila bilor (misal {i¢ilin, Sok.3. Sinaq qurgusunun sxemi).

4.5. Odobiyyat say siras1 qeyd edilmoklo, orijinalin dilinds verilir. Miislliflorin soyadi, adi
vo atasiin adi kursivdon istifads etmaklo yazilir. ©dabiyyatin siyahisi asagida verilon
nliimunalar tizrs tortib edilir.

Kitablar

1. Pasesue /[.B., Coxonosa M.B. PacueT HayadbHBIX U Pa3psIHBIX HANPSKEHUN Ta30BbIX
poMexXyTKoB. M.: Dueprus, 1977.- 178 c.

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

Jurnallar

3. Aeamnoe B.I'., Paszesue /[.B. // nextpudectBo.- 1972.- Ne 5.- c. 32-36.
4. Anaxosapos O.3. /| duzuka-1999-Ne 3- ¢.44-49.

Depone edilmis 31 yazmasa.
5. Usanos JI.I1. M., 1985. 40c. - Jlen. 8 BUHUTHU 25.10.85, Ne19233.

Dissertasiyalar

6. Ilempos B.I. Jluc. kaHn. ¢wusz.-mar. Hayk. JI.: HMHCTUTYT BBICOKOMONIEKYISPHBIX
coenuHeHui, 1985.
7. Cuoopos H.B. [luc. n-pa xum. Hayk. HoBocubupck: MUucrtutyr Xumuu, 1979.

Miislliflik sohadatnamalori va patentlor

8. Anues C.I., [[rcananos K.X. A.C. 163514 CCCP // B.1. 1988. Ne 4.¢.50
9. TIlar. 3386968 CILIA // PXK ®U3. 1970, 25,c. 400.
10. Langsam M., Savoca A.C.L. Pat. 4759776, USA,1988.

Konfranslar, simpoziumlar

11. Meoseoes I1.T. Il Tes. noka. Il Beecoros. Cogerr. o npoGiemam suepretuku. J1.: 13,
JITIN, 1984, ¢.30.
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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 npUHUMAaKOTCA Ha a3epOailPKaHCKOM, PYCCKOM M 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, mpudptom Times New Roman, pasmep mpudra 12, a Takxe
npezcTaBisiercss B anekTpoHHOM Buzae 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!

Kuaurn
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8. Anues C.I., /Pcananos K.X. A.C. 163514, CCCP // B.1. 1988. Ne 4.¢.50
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10. Langsam M., Savoca A.C.L. Pat. 4759776, USA, 1988.

Kondepenuuu, cuMmno3nymsl

11. Meoseoes I1.T. // Tes. noku. 111 Beecoro3. Coeri. o nmpo0iemMaM dYHEPTETHKH.
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FOR THE ATTENTION OF AUTHORS
1. General Rules.

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

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

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

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

2. Submission of the papers.
The papers must be submitted to the editorial body at the following address:

Azerbaijan, A3-1143, Baku, pr.G.Javid, 33
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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