FiZiKA- TEXNIKA VO RIiYAZIYYAT ELMLORI SERIYASI
SERIES OF PHYSICAL-TECHNICAL AND MATHEMATICAL SCIENCES

ISSN 2304-7453

AZBRBAYCAN MILLI ELMLOR AKADEMIYASININ

XOBORLORI

FIZIKA VO ASTRONOMIYA

TRANSACTIONS
OF

AZERBAIJAN NATIONAL ACADEMY
OF SCIENCES

PHYSICS AND ASTRONOMY

CiLD

XXXIV Ne §

VOLUME

<<ELM>> NOSRIYYATI <<ELM>>PUBLISHERS

BAKI - 2014 - BAKU



1934-cii ILDON
NOSR OLUNUR

REDAKSIYA HEYOTI
A.C.Haciyev — bas redaktor, ©.M.Abbasov, C.Allahverdiev, C.0O.Qagcar, [:].A.Quliyeq, M.i.8liyev,
T.A.Oliyev, F.A.8liyev, ILibrahimov, [M.Korimov, A.S.Mehdiyev, A.M.Pasayev, |K.N.Ramazanovl,
F.M.Hosimzado, E.Y.Salayev.

BURAXILISIN REDAKSIYA HEYOTI
M.1.Oliyev — Fizika Institutu, bas redaktor, S.I.Mehdiyeva — Fizika Institutu, bas redaktorun miiavini,
C.S.Abdinov — Fizika Institutu, ©.S.Quliyev — Samaxi Astrofizika Rosodxanasi, H.X.Ojdorov — Fizika
Institutu, — Baki Dévlet Universiteti, E.K.Hiiseynov — Fizika Institutu, S.M.Nagiyev — Fizika
Institutu, A.A.Qoribov — Radiasiya Problemlori Institutu, A.D.Xolilova — Fizika Institutu, mosul katib,
I..A Mommodyarova — Radiasiya Problemlori Institutu, bas texniki redaktor.

MUOLLIFLORIN NOZORINO

Jurnal fizika vo astronomiyanin miixtolif sahalorino hosr olunmus orijinal vo qisa molumatlar
gobul edir. Maqalsloar biitiin diinya todqiqgat¢ilarindan gabul olunur.

Olyazmalar azarbaycan, rus vo ingilis dillorinds toqdim oluna bilor. Hor bir moqgalonin ovvalindoe
mogqals yazilan dilde qisa xiilase ¢ap edilir. Xiilasonin hacmi 70 sdzdon artiq olmamalidir. Nosr olunmaq
liciin gdndoarilon maqalo Microsoft Word™ (srift — Times New Roman) formatinda yazilaraq 210x297mm
Ol¢iili ag kagizin bir iizinds, 1 intervalla, lazzimi sahs saxlanmaqla (yuxarindan — 30mm, soldan —
22,5mm, asagidan — 30mm, sagdan — 22,5mm), moaqgalonin adi galin -12, miolliflor — qalin -12, miiossiso,
pogt tinvanlari, telefon, e-mail, faks — normal 12, iki interval buraxmaqla motn - normal, diiziino 12, cap
edilir. Mogalolor 2 niisxado vo CD kompakt diskdo isin yerino yetirildiyi toskilatin moktubu ilo
redaksiyaya toqdim olunur. Capa gobul olunmayan maqalalor geri gaytarilmur.

1. TITUL VORBQI.
Mogalonin titul voraqinde UOT gostorilmali, 1 satir buraxmaqla: moqalonin adi (bdyiik horflorlo);
miiolliflorin adi, atasinin adi, soyadi, (boyiik harflorlo); tadqigatcilarin is yeri, miiossisonin pogt indeksi,
tinvani vo e-mail; moaqals yazilan dilds xiilass; agar sdzlor ¢ap edilir.

2. ODOBIYYAT.
Odobiyyat siyahist maqalods geyd olunan ardicilligla vo asagidaki qaydada yazilir:
— jurnal maqalasi Tiglin: miislliflorin adi, atasinin adi va soyadi (niimuna: ©.9.9liyev), moqgalonin adi,
jurnalin ad, cild (seriya), ndmro, nosr ili, sohifs (baslangic vo son);
— kitab va tezislor iiclin: muslliflorin adi, atasinin ad1 vo soyadi, kitabin, tezisin vo konfransin tam
adi, nasr olunan yer vo il, sohifolor.

3. XULASO.
Xiilaso ayr1 voroqde digor 2 dildos cap edilir.

4. SOKILLOR.

Saokillar (60x80mm-dan bdyiik vo ya 125x160mm-don kicik formatda) ag kagizda vo CD kompakt
diskds JPG formatinda verilmali, sokilalt1 yazilar ayr1 voraqds ¢ap olunmalidir. Sakillords aydinlasdiric
motn vo sokilalti ifadolor olmamalidir. Qrafiklorin koordinat oxlarinda kifayat qodor az sayda roqom
olmali, oxlarmn ad1 iri vo aydin ingilis dilinds gosterilmalidir. Qrafikds bir ne¢a ayri verildikds onlari
nomralomoli vo ndmralarin izahi sokilalt yazilarda verilmoalidir. Sokillorin say1 5-don ¢ox olmamalidir.

5. CODVOLLOR.
Cadvallar nomralanib, adlandirilib ayrica varaqds toqdim olunur. Cadvallarin dlgtilori 125x160mm
va say1 5-don artiq olmamalidir.

6. UNVAN. '
Azorbaycan, AZ 1143, Baki, Hiiseyn Cavid prospekti, 131, AMEA Fizika Institutu.
Tel: (99412) 539-33-15, E-mail: jtransactions@physics.ab.az; www.physics.gov.az

TOSISCI
Azarbaycan Milli Elmlar Akademiyasi


mailto:jtransactions@physics.ab.az

AZORBAYCAN MILLI ELMLOR AKADEMIYASININ XOBORLORI
Fizika-texnika va rivaziyyat elmlori seriyasi, fizika va astronomiya 2014 Ne5

AKADEMIK aLiYEy
MAQSUD ISFONDiIYAR OGLU - 90

Gorkomli alim, pedaqoq, amokdar elm xadimi
akademik ®liyev Maqsud Isfondiyar oglu 27 avqust
1924-cii ildo Thbilisi sohorindo anadan olmusdur.
1941-ci ildo Thilisi D&vlat Universitetinin fizika-
riyaziyyat fakultesino daxil olmus, 1943-1945-ci
illorde Boylik Voton Miiharibasinds istiraki ilo
olagadar tohsili yarimg¢iq gqalmig, mitharibadon sonra
Azorbaycan Dovlat Universitetinde 1950-ci ilde
tohsilini basa vurmusdur. 1955-ci ilden indiys kimi
pedaqoji faaliyyati ilo yanas1 O, Fizika Institutunda
klassik yarimkegiricilor olan selen, germanium,
silisium, A*B’ tipli yarimkegirici birlogmolorda, onlar
osasinda bork mohlullarda va evtektikalarda kogiirmo
hadisalarinin tadqiqi ilo magguldur. Magsud miiallim
bu tadqiqatlara rohberlik edorak, xarici faktorlarin
(temperatur, agqarlarin konsentrasiyasi, maqnit saho-
si va s.) tosiri ilo bu sinif materiallarda kdgiirmo hadi-
salarini miloyyon edon yiikdasiyigilarin sopilma me-
xanizmlorini miioyyanlogdirmis, onlarda elektron
xassolorinin imumi xarakteri aydinlagdirilmis, boazi
yarimkegciricimetal evtektikalarda ifratkecirma vo
Cozefson effekti tadqiq olunmusdur. Bu islarin na-

ticasi olaraq bir sira yarimkecirici cihazlar vo
qurgular iglonib hazirlanmigdir.

M.Oliyevin tadqiqatlarinda asas yerlordon birini
yarimkegiricilorin istilikke¢irmasi problemi tutur. Bu
problemin hoalli fononlar, elektronlar, elektrondesik
ciitlori, eksitonlar, magnonlar vs s. ilo bagli olan bir
sira masalalore aydinliq gotirmaklo yanasi oksor
yarimkegirici radioelektron va termoelektrik qurgu-
larin istilik rejiminin miisyyonlosdirilmasinds do
miihiim rol oynayir.

Akademik M.Oliyevin kogiirma hadisalorine
hosr olunmus islori xaricdo vo kegmis ittifaqda ona
layigli sohrot gotirmigdir.

Bu toadqiqat islori sayssinds onun elmi maktobi
yaranmigdir. Alim 40-dan artiq namizadlik vo dok-
torluq dissertasiyalarinin rohbori olmusdur. Hazirda
homin maktobin niimayondslori respublikamizin vo
basqa olkslarin elm va tohsil ocaqlarinda calisirlar.

0, 1969-cu ildo AMEA-nin miixbiir lzvi,
1980-ci ildo hoqiqi tizvii secilmisdir.

M.LBliyev “Yarimkegiricilorin istilikkegirmo-
si” adli kitabin, 400-don artiq moagalslarin, 30 miisl-
liflik sohadstnams vo patentlorin miisllifidir.

Akademik M.1.8liyev Fizika Institutunda Umu-
mi sektorun rohbari, AMEA-nin Fizika-riyaziyyat vo
texnika elmlori bolmasinin akademik katibinin birin-
ci milavini, Azarbaycan “Zada irsi vo siini intellekt”
vo “Simurq” Azerbaycan Madoniyyst Assosiasiya-
larinin  Vitse-prezidentidir. Onun adi Azasrbaygan
respublikasinin “©mok sohroti,” Umumittifaq “Bi-
lik” Comiyystinin va “Azarbaycanin 100 gérkomli
alimi” kitablarina yazilmigdir. O, Beynslxalq Eko-
energetika, Nyu-York vo “Intellektual inkisaf prob-
lemlori” Beynoslxalq Elmlor Akademiyalarinin haqiqi
iizviidur.

M.1.8liyev “Séhrat” ordeni, akademik S.1.Vavi-
lov va akademik Y.Mommaoadaliyev adina miikafat vo
medallara, AMEA-nin Foxri formanina, “Siilhiin so-
firi” Beynolxalq diploma layiq gérulmusdur.

O, Azarbaycan Respublikasinin fizika problem-
lori iizra elmi todqiqatlarin slagslondirme surasmin
sadri, AMEA-nin “Xabarlori” jurnalinin bas redak-
torudur.

Gorkamli alim va pedaqoq, tovazokar va gay-
gikes insan Maksud miisllimin kecdiyi sorofli dmiir
yolu ganc naslo 6rnakdir, onu yubiley miinasibati ilo
tobrik edir, méhkom can sagligi, uzun Omr, yeni
ugurlar arzulayiriq.
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AKADEMIK §
QACAR CINGIZ OVEYS OGLU - 85

Molekulyar va totbiqi fizika sahasinde gorkomli
nailiyyatlori olan akademik Cingiz Oveys oglu Qacar
6 iyun 1929-cu ildo Baki soharindo anadan olmus-
dur. 1953-cu ildo indiki Sankt-Peterburq Texniki
Universitetini fizika sahasindo miihandistadqiqatci
ixtisast tizro bitirdikdon sonra Bakiya gayidaraq
Fizika Institutunda (1973-2002-ci illordo kegmis Fo-
toelektronika Institutunda) indiyadok faaliyyat gdst-
orir.

Akademik C.Qacar biratomlu spirt molekul-
larinin vo onlarin téromolorinin firlanma, rogsifir-
lanma spektrlari, konformasiya, struktur tohlili saho-
sindo aldig1 fundamental naticolori ilo diinyada
taninmugdir. Bu naticalor lazer fizikasi, qazlarin toh-
lili, atmosferin lokal vo mosafadan zondlanmasi, qaz
molekullarinin ulduzlararasi fozada axtarilib miiay-
yan olunmasinda genis totbiq edilir.

Onun elmi rohboarliyi vo birbasa istiraki ilo dii-
nyada analoqu olmayan spektrometr va qurgular
yaradilaraq xiisusi toyinatlh miossisalords totbiqini
tapmis, nozori olaraq molekulyar destods yiiksok
ayirdetmo qabiliyystine malik spektroskopiyanin
yeni {isulu, mikrodalgali siialarm uducularmin
yaradilmasi problemi iizro fundamental todgiqatlar
aparilaraq onlarin reallagdirilmasi imkanlar1 arag-
dirilmus, doplerdaxili yiiksok spektroskopiyasinda,
hamg¢inin yiiksok doqiqliye malik yeni optik tezlik

standartlarinin asas1 kimi totbiq oluna bilon miistovi
paralel atom (molekul) dostalorinin kompakt analoqu
olan ¢oxtabaqoali qaz qutusu toklif olunmus, ilk dofa
olaraq propil vo etil spirti molekullarinin mikro-
dalgali spektrinde qadagan olunmus kegidlor askar
edilib identifikasiyalasdirilmis, kolloidmaye kristal
sistemlori asasinda idars olunan selektiv filtrasiya vo
modulyasiya lisulu iglonib hazirlanmigdir.

0, 1973-cii ildon Fotoelektronika Institutunda
totbiqi spektroskopiya sobaosi yaratmis, analoqlari
olmayan yeni qeyristandart elmi cihazlar hazirla-
naraq kigik seriya istehsal edilmosino nail olmusdur.
Sobads xiisusi toyinatli avtomatlagdirilmis spektro-
metrlor, infraqirmizi texnika {igun sinaq ¢ihazlari,
kosmik aparatda g¢okisizlik seraitindo yarimkegirici
materiallarin monokristallarinin gdyardilmasi prose-
sini elektron idaroetmo sistemli avtomatlagdirilmis
qurgular va s. yaradilmisdir.

Akademik C.Qacar yetisdirdiyi 40-a godor elm-
lor vo folsofo doktorlar1 Respublikamizi layagotlo
tomsil edirlor.

Cingiz miisllimin 50-dok miisllifi oldugu ixti-
ranin ¢oxu miixtolif elektron ceviricilorinin yara-
dilmasinda istifads olunub.

Onun xalqimizin tarixi voe madaniyystinag, elmin
tabligina hasr olunmus “Azorbaycan. Gadim va orta
osirlordo  gorkemli soxsiiystlor”, “Kohna Susa”,
“Kohna Baki”, “Qacarlar”, “Fizika hoyatimizda”,
“Mizandarliq” kitablar1 azarbaycan, rus, ingilis, fars
dillorinds nosr olunmus vo madoniyystimizin tobligi
liclin boyilik shomiyyat kasb edir. Azarbaycan, rus,
ingilis dillorindo Cingiz miisllimin icragi redaktor-
lugu ilo nosr olunan “Azorbaycan irs” jurnalmin hor
say1 xalqimizin diinoni vo bu giiniinii oks etdiron
layigli menbadir.

Akademik C.Qacar 2009-2012-ci illords Fizika
Institutunun direktoru vazifasinds islomisdir. O, Ru-
siya EA-nin vo Azarbaycan MEA-nin Problem Elmi
Suralarinin, bir ne¢o elmi jurnalin redaksiya heyo-
tinin tizvidir.

Elmi vo elmi-taskilatgiliq nailiyyatlorina gora
C.0.Qacar Soraf ordeni ila taltif olunmus, Omakdar
elm xadimi adina, Azorbaycan Ddovlot miikafatina,
Azorbaycan MEA-nin Nosraddin Tusi adina vo ci-
hazqayirma sahosinda S.I.Vavilov adina miikafat-
lara layiq goriilmiisdiir.

Sarafli hayat yolu genc nasl ticiin layigli niimuna
olan, gorkemli alim va elm togkilatgisi, boyiik sox-
siyyat, mehriban va gaygikes insan Cingiz miisllimo
saglamliq, uzun 6miir v yeni ugurlar arzulayiriq.
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TAGIYEV BAHADIR HUSEYN OGLU - 80

Azarbaycan Dovlot miikafati laureati, akademik
Tagiyev Bahadir Hiiseyn oglu 1934-cii il martin 13-
dos anadan olmusdur. 1952-ci ilds indiki Azarbaycan
Dovlat Pedaqoji Universitetinin Fizika fakultasine
daxil olmus, 1956-c1 ildo Universiteti fizika ixtisasi
{izra bitirmisdir.

B.Tagiyev 1959-cu ildon AMEA-nin Fizika
Institutunda kigik elmi isci, boyiik elmi isci, labo-
ratoriya miidiri, direktor miiavini vazifalorinds ¢alig-
mis, hazirda bas elmi iscidir. O, 1959-1962-c1 illarda
Yarimkegiricilor Institutunun (Leningrad s.) aspiran-
turasinda oxumus va taninmis alim prof. A.R.Reqgelin
rohbarliyi ilo 1965-c1 ildo fizika-riyaziyyat elmlori
namizadi, 1978-c1 ilds fizika-riyaziyyat elmlori dok-
toru elmi doracasini almisdir.

Akademik B.Tagiev yarimkegiricilor fizikasi sa-
hasinds diinyada taninmus alimdir. Onun elmi faaliy-
yatinin osas istigametini layli, kubik vo ortorombik
qurulusa malik xalkogenid binar vo ii¢li birlos-
moalarda elektrik, fotoelektrik va liiminessensiya ha-
disalorinin todqiqi toskil edir. ik dofs olaraq Bahadir
miiollim A*B¢ (GaSe,GaTe va onlarin bark mohlul-
larinda) vo A»*B;® (GaxSes,GaTe vo onlarm bark
mohlullarinda) novlii genis zonali yarimkegiricilordo
giicli elektrik saholorindo gedon fiziki proseslorin

¢oxsaholi ilkin todgigatlarini aparmisg, fotohassas ef-
fektiv liminessent materiallar almis, onlarin mono-
va polikristallarinda 0,5+2,0mkm oblastinda 4,2+500
temperatur intervalinda elektro- vo fotoliiminessen-
siyanin effektiv darzolaqli vo geniszolaqli spektrls-
rini miisahids etmis, vakuumsuz texnologiya tisulunu
totbiq edorak, nadirtorpaq vo golovitorpaq yarimke-
ciricilorinin tigqat halkogenid birlogsmolari almis vo
onlar osasinda ag, qurmizi vo yasil isiq monbolori
yaratmigdir. Onun rohborliyi altinda elektromaqnit
siialar1 ilo idaro olunan yaddas elementlori, akku-
mulyatorlar, modulyasiya amsali 100%-2 yaxin olan
gebuledicilar va diger ¢eviricilar hazirlayib.

B.H.Tagiyev 1984-cii ilde professor elmi adim
almis, 2001-ci ildo AMEA-nin miixbir tizvii, 2014-cli
ildo iso AMEA-nin haqiqi iizvii se¢ilmigdir. Onun
rohborliyi altinda 28 namizadlik vo 8 doktorluk dis-
sertasiyalar1 miidafio edilmisdir.

Bahadir miisllim elmi-tadgigatla yanasi peda-
qoji fealiyyato bdyiik digget yetirir. O, 1996-2009-
cu illorde Milli Aviasiya Akademiyasinin fizika fa-
kiiltesindo avozgi professor vozifosindo islomis,
2009-cu ilden fizika kafedrasinin miidiri vo Elmi-
todgiqat Nogliyyat vo Aviakosmik Problemlor ins-
titutunun (ETNAPI) direktoru vozifasindos ¢alisir.

B.Tagiyev 300 magals, o ciimladon 40-a yaxin
mislliflik sohadatnamasi va patentin miisllifidir. O,
cox sayda Beynolxalq konfrans, simpozium va konq-
reslorde moruzalarlo ¢ixis etmis, osarlori taninmig
beynalxalq jurnallarda ¢ap olunmusdur.

Akademik B.Tagiyev Beynolxalq Isve¢ Kral
Akademiyasinin (1999-2001), Birge Fransa-Azor-
baycan (2001-2003), NATO-CLG (Fransa-Rusiyya-
Azarbaycan, 2001-2003), NATO-CLG (Almaniya —
Turkiya-Azarbaycan-Giirciistan, 2002-2004), NATO
-fardi (2002-2003, Supervisor-elmi rohbar), INTAS-
fordi (2003-2005, Supervisor-elmi rahbar) va respub-
lika (EiF) grant layihalorinin qalibi olmusdur.

B.Tagiyev Rusiya EA-nin Liiminessensiya Pro-
blemi Surasinin vo Beynoalxalq Elmlor Akademiyalar
Assosiyasinin elektron texnikasi materiallart {izro
Elmi Suranin tizvidiir.

B.Tagiyev Sorof nisani ordenino, Azorbaycan
Dovlat miikafatina va elmin inkisafindaki xidmatlo-
rina gore Miistoqil Azorbaycan Respublikasinin
“Sohrat” ordenina layiq gorilmisdiir.

Istedadli vo taninmus alim, pedaqoq, elm toski-
latgis1, mehriban insan Bahadir miiollimo uzun 6mr,
can saglig, yeni-yeni nailiyystlor arzulayiriq.
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COFOROV TOYYAR CUMSUD OGLU -75
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AMEA-nin hoqiqi tizvii fizika-riyaziyyat elmlori
doktoru, professor Tayyar Climsiid oglu Caforov bark
cisim fizikas1 vo yarimkegiricilor elektronikasi saha-
sinds boyiik elmi nailiyyatlori olan taninmis alimdir.
O, Baki Dovlot Universitetinin fizika fakultosini
1961 ildo bitirorok, Fizika Institutunun aspirantu-
rasina qabul olunub, tohsilini SSRI Elmlor Akade-
miyasinin Yarimkegiricilor institutunda (Leningrad)
davam etmisdir. O, 1965 ilds fizika-riyaziyyat elmlo-
ri namizadi, 1974 il-ds iss doktorluq dissertasiyasini
mudafio etmisdir (A.F.Joffe adma Fizika-Texnika
Institutu, Sankt-Peterburq).

1961-1970 illords T.C.Cofsrovun elmi foaliy-
yoti SSRI EA-nin Yarmmkegiricilor Institutu, 1970-
1978 illordo iso A.F.loffe adina Fizika-Texnika Ins-
titutu ilo baglh olmusdur (Sankt-Peterburq). Bu insti-
tutlarda Toyyar miisllim elmi is¢i, boylik elmi is¢i vo
diffuziya proseslori sektorunun rahbari vazifolorindos
islomis va ilk azarbayganli-sektor rohbari olmusdur.
1978 ilden o, Azarbaycan Milli Elmlor Akademiya-
sinin Fizika Institutunda laboratoriya rohbori, elmi
katib, direktor miiavini vo hal hazirda “Giinas vo
hidrogen enerjisinin gevricilori” laboratoriyasinin
rohboari vozifasinds galisir.

T.C.Coforovun elmi maragi yarimkegiricilordo
vo yarimkegirici cihazlarda diffuziya hadisaleri,
fotovoltaik glinog elementlori, nanostrukturlu sili-
sium osasli hidrogen elementlori vo sensorlar1 kimi

istigamatlort ohato edir. O, yarimkecirici struktur-
larda diffuziya va elektrodiffuziya hadisslorine radia-
siya va 15181n tosirini kompleks gokildo aragdirmis-
dir. Elektronika cihazlarinda askarlarin miqrasiya
mexanizmlorini vo deqradasiya hadisolorinin mexa-
nizmloariini miloyyon etmisdir. Bu naticalor bir sira
stabil parametrlorine sahib olan yarimkecirici ci-
hazlarin (geterolazerlor, 151q diodlari, tunnel diodlari,
infraqurmiz1 detektorlar, giinag elementlori va s.) tot-
biqine imkan yaratmisgdir.

T.C.Caoforovun rahboarliyi ilo “Azorbaycan Res-
publikasinda alternativ va barpa olunan enerji man-
balarinin istifads olunmasi lizro Dévlot Proqramina”
uyqun olaraq “Giinas va hidrogen elementlorinin vo
batareyalarinin islonmasi, totqiqi vo totbiqi” adl la-
hiys {lizrs totqiqatlar aparilib va ilk dofo olaraq yiiksok
effektivli nanostrukturlu silisium ortiiklii silisium gii-
nas elemenlarinin texnologiyasi islonib istehsal edil-
mokdadir. Nanomosamoli silisium oasasinda, hidro-
gen enerjisini birbasa elektrik enerjisino g¢eviron va
otraf miihito zoror vermayon yeni tip hidrogen ele-
mentlorin texnologiyasi, straf miihitin monitoringi
Uclin alisgan vo zararli gazlara yiiksok deracads hos-
sas olan yeni tip nanostrukturlu moesamali silisiyum
sensorlarin hazirlanma texnologiyasi islonmisdir vo
totbiq olunmaqdadir.

T.C.Coforov bir swra Beynolxalq Grantlarm
(NATO, SOROS, TUBITAK, DPT, STCU vas.) rehbe-
ri olmusgdur. O, 9 monografiyanin, 300-den artiq yerli va
beynalxalq jurnallarda dorc olunan maqalalorin miisl-
lifidir vo ¢oxsaylt beynalxalq konfranslarda elmi moru-
zalarlo ¢1xis etmisdir.

Alimin elmi-pedaqoji faaliyyoti Azorbaycan Neft
vo Kimya Akademiyasi (1961-19070), Tiirkiyenin Qara-
doniz Texnik vo Yildiz Texnik Universitetlori (1970-
1978) ila baghdir. O, 5 elmlar doktoru va 32 elmlor nami-
zadi hazirlamisdir

T.C.Coforov 1995-ciilde Per la Ricerca Di Base
Universitetin (Molize, Italiya) Foxri Professoru seci-
lib (Full Professor in the Division of Supercon-
ductivity of the IRB). O, MDB o6lkalarinin Elmlor
Akademiyalarinin Beynolxalq Assosiasiyas1 yaninda
“Elektron texnikasi {izro funksional materiallar” El-
mi Suranin biiro tizviidiir.

T.C.Coforov elmi nailiyyatlorino géro SSRI
Elmlor Akademiyasinin vo Azarbaycan Milli Elmlor
Akademiyasinin Royasat Heyatinin Foxri Farmanlari
ilo taltif olunub.

Istedadli vo taninmus alim, hassas insan, akade-
mik T.C.Cafarova yeni ugurlar, uzun émr, ¢an sagligi
arzulayiriq.
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I''6.UBPAI'UMOB, P.3.UBAEBA

Huemumym Qusuxu HAHA Azepbatiodcana
AZ 1143, e.baxy, np.I" [[casuoa, 131
guseyn@physics.ab.az

IToctynuna: 02.06.2014
IIpunsTa k nevatu: 01.07.2014

KnioueBble clioBa: CHHUH-OPOMTAaIbHOE B3aHUMOJECH-
cTBHe Pam6sl, BHyTpH30HHOE MarHUTONOIJIONCHHE, KBa-
3UJIByMEpHas AJICKTPOHHAs CUCTEMA.

PEDEPAT

C y4eToM CIMH—OpOUTAIBHOTO B3anMoieiicTBrs PamOsr
HCCJICIOBAHO MAarHUTO-NOIJIONICHHE HMH(PAKPacHOTO
NIEKTPOMArHUTHOTO M3Iy4eHHUS B KBa3MIBYMEPHOH cH-
cTeMe CBOOOJHBIMU HOCHUTENSIMH, paccesHHe KOTOPBIX
MPOUCXOIUT HAa ONTHYECKHUX, MbE303IEKTPUIECKUX U
aKyCTHYECKHX KOJeOaHUSIX PeUIeTKH.

B nocnennue ronapl HabM0aeTCs 3HAYU-
TEJIbHBIA MHTEPEC K M3YYCHHIO KBAaHTOBBIX CO-
CTOSIHUW U TPAHCIIOPTA B CO CITUH-OPOUTAILHOE
B3aMMOJICHCTBIEM OOYCIOBIEHHBIH WX TMPHUIIO-
KEHUSMH B (U3HKEe HAaHOCTPYKTYp. HHTEpec k
3aBHUCSIIIMMU OT CIIMHA SIBJICHUSMHU B MTOCIIEHEE
BpeMs CYIIECTBEHHO YBEIMYMJICS B CBS3H C
OypHO pa3BUBAIOLIMMCS HAMpaBICHUEM CITUH-
TpoHuku [1]. OcobeHHO O60MBIIIOE BHUMaHUE
yIesieTcsl MOIYIPOBOIHUKOBBIM TE€TEPOCTPYK-
TypaM, IOCKOJIbKY YPOBEHb TEXHOJIOTUU UX BBI-
paluBaHus JeNaeT UX OCHOBOW OyAyIIMX Mpu-
OOpOB CHUHTPOHHUKHU. MOITHBIM METOIOM H3Y-
YEeHHsI CIIMHOBBIX CBOICTB SIBISIETCS UCCIIEIOBA-
HUE ONTHYCCKHUX SBJICHWNA B MAarHUTHOM TIOJIC.
KBaHTOBBIE COCTOSIHUS DIIEKTPOHOB H JIBIPOK B
MOJTYIIPOBOJTHUKOBBIX CTPYKTypax, TJie CIHUH-
OpOHTANFHOE B3aMMOJICHCTBHE CBSI3aHO C OT-
CYTCTBHEM IIEHTPa CUMMETPHUH, OTPaHUIHNBAFO-
IIeTO TMOTEHIUAN CTPYKTYPHI, H3y4anoch B pse
TEOPETHICCKUX M IKCIICPUMEHTAIBHBIX padoT
[2-5]. Vuer chnuH-OpOUTAIBLHOTO B3aUMOJCH-
CTBHUS B CUCTEME MIPUBOJUT K MTEPEMEITUBAHUIO
COCTOSIHUH 3JIEKTPOHA, OTHOCSAIINXCS K Pa3Iny-
HBIM MarHUTHBIM TTO[30HaM U, KaK CJICJICTBHUE, K
HETPUBHAILHON CTPYKTYpEe OSHEPreTUYECKOTro
CIIEKTpa, CIMHOBOW moJisspuzanuu [6]. CruH—
OopOUTATLHOE B3aUMOACHCTBHE MPUBOANT TAKKE
K BO3MOYKHOCTH PE30HAHCHBIX MEPEX00B IJICK-
TPOHOB TIPOBOJAMMOCTH B MAarHUTHOM IIOJIE

MeX1y ypoBHsMHU JlaHnay Ha yacTtoTax, Hpen-
CTaBJISIIOIIUX COOOW JHMHEWHbIE KOMOWHAIMH
IIUKJIOTPOHHOM M 3€eMaHOBCKOM yactot [7]. B
HOCJIETHUE 0kl 0OJIbIIOE BHUMAHUE YIIeNAeTCS
M3Y4YEHHIO ONTHYECKUX CBOMCTB HHU3KOpa3Mep-
HBIX HAaHOCTPYKTYp. B "acTHOCTH, BHYTpH30H-
Hbl€ IEpexo/bl B KBAHTOBBIX SIMAaX pPaccMoT-
peHsl B [8-10], B KBAaHTOBBIX IPOBOJIOKAX
[11,12]. BHYTpH30HHOE MAarHUTOIOIJIOIIEHUE
AJNIEKTPOMAarHUTHOTO M3JIy4Y€HUs] KBaHTOBBIMHU
HaHOCTPYKTYpaMH uccienoBansl B [13-15].

B cBs131 ¢ TUM IIpeCTaBIIsIET MHTEPEC UC-
CJIeJOBaHKE BIMSIHUSI CHMH-OpOUTAIBHOIO B3au-
MOJICHCTBUSI HAa BHYTPU30HHOE MarHUTONOIJIO-
LIEHHE AIEKTPOMArHUTHOTO U3JIy4Y€HHUsl B KBaH-
TOBBIX siMaxX. B Hacrosiieil pabote TeopeTrue-
CKHM HCCIIEZJOBAHO BHYTPHU30HHOE MAarHUTOIO-
IJIOIIEHNE 2JIEKTPOMAarHUTHOIO M3JIyYEHUs JI-
HEWHOM moJisipu3anuu 2D 351eKTpOHHOM Ta3zom
CO  CINHUH-OPOUTAIBHBIM  B3aUMOCHCTBUEM
Pami6mr.

['amMubTOHMAH, ONMCHIBAIOLIEH KBaHTO-
MEeXaHHYEeCKoe ABM)KEHUE IJIEKTPOHA B IByMEp-
HOH cHCTeME B IOCTOSSHHOM OJHOPOJHOM IIep-
neHAuKyasspHoM MaruutHoMm noine (HIl oz) ¢
Y4ETOM CHHH-OPOUTATIBHOTO B3aUMOACHUCTBUS
Pam6bl 1 3eeMaHOBCKOTO PACHICIUIEHUS UMEET
Buza [ 3]:

2
H = 21;* +%(O'xPy —Gny)+%g,uBBaz

(1)
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P — onepartop umnynsca, ¢ — marpuua [laynmu,
M -MarHeToH bopa, o — KoHcTaHTa CIMH-0pOU-

TaJbHOrO B3auMojeicTBus Pamiowl, g — dakTop
Jlanmp, h — nocrosinnas Ilnanka. Jljis BeKTop-
HOTO TMOTCHIIMAJa MarHUTHOTO IOJisI BBIOpaHa
kasmopoka Jlangay A=(0, H-x,0).

B pabore [ 3] Obl1a aHATUTUYECKH pellieHa
3a/ladya O KBAaHTOBBIX COCTOSIHUSIX D3JIEKTPOHA,
onuceiBaemoro [amumnbtronnanom (1). Tak,
ANEKTPOHHBIN CIIEKTP MpeaCcTaBiseT co0oil auc-
KpETHBIC YPOBHH, OOBCIMHEHHBIC B IIAPHI:

4 1 2 80[2
E, =hont— (ha)c +2gyBH) +——n (2)
2 I
n= 172:3a"" E(;r = (ha)L /2 + glllBB) 9
eH
0, =—
rue mc - MUKJIOTPOHHAS YacToTa.
BosHOBBIE QYHKIMH ITPU 3TOM HMETTH BU]T

-+
ik,y Dn(Dn(x xoj
e 1,

Yi(x,y)=
;) J27A, q)[x—i—xoj
"1
i (3)
E+
- JUISI BETBH ~ 7,
ik,y ch—l(%]
¥, (x, )= — Y
27A, _an)n(x+xoj
H (4)

. FE
- JUIsl BETBEH 7 .
[Tonnas BonHOBas GyHKIUS

Y(x, y,2) = ¥(x,»)& (2)

Cfels)

B Boipakenusix (3), (4) ®(z) - ocuuns-
TOpHas PyHKIHS,
Xy = /’cylo2

ZH = JhC/eH - MarHuTHas JJIHNHaA, 5
Vnall,

3
E0+\/E§+2na2/lf, A =1+D;
Pacuer kosddunmenta mormomeHus
cBeTa CBOOOJHBIMH HOCHUTEISIMH B KBa3HJIBY-
MEpHBIX CHCTEMax MpPOBEAEH BO BTOPOM IIO-
psaake Teopuu Bo3MmyleHuil. CKOpocTh mepe-

X0Ja U3 COCTOSTHHS KN B COCTOSTHUE K'n' onipee-
JISIETCS TIPU ATOM ClIeyrotel hopMyIioi:

ra

D, =

2 |<f|M+|i)|25(Ef - E, —hQ—hwq)+

O E M e, - B -+ he,) 5.

rac

( <f|HR|aXa|VS|i>+
E,-E,Fho,

(f V. aXa|HR |z> )
E —E,—hQ
3neck A2 hw,; - COOTBETCTBEHHO YHepruu (o-
TOHA U (DOHOHA.
Bribepem HampaieHue mosipusanuu ¢o-

TOHOB BJI0JIb OCH 0X. Torza oneparop 3J1eKTpOoH-
(OTOHHOTO B3aMMO/ICHCTBUS 3AITUIIETCS B BUIIE:

>

H,, :_i*(P_%jAO +20_on
mc c ch
WIIA
poo o He,

* 0
mc Ox ch : (6)
rae Ao -aMIUIMTY/Ia JIEKTPOMAarHuTHOW BOJIHBI,
CBsi3aHHas ¢ 0OBEMHOM KOHLEHTpauuen (oro-
HOB. Mcnone3ys Bbipaxkenue (6) s Hint v BOJI-

HOBBIX QyHKIMii (3), (4), Haligem

1 e
(LP; (xa y)|Hint Yo (x’ y»: ———4,
\lAnAVH-l ¢ (7)
|:((Dn |fn_x q)n+l>+DnDn+l<CDn—l fn_x q)n>_i%Dn+l

HCHOJ’I]&BYH CJICAYIOMIUC COOTHOLICHUA

p—; @, ) =if(n+1)/20,0,
Peo,y=ini2l, 0,

m *x
JUIst BeIpakeHus (7) momydaem:
<\I’n+ (x’ y)|Him an:—] (‘x’ y)> =

0 [T, (D, NBam e, ]

24, A

n* n+l

(@

n

u (d)

n—1

. (8)

MaTpudHBI 3JEMEHT 3JIEeKTPOH-(PO-
HOHHOTO B3aUMOJIEHCTBUS HUMEET CIEAYIO-
IUA BUI:

K, et

C}25k;, Kytq, F;:z (qqu )A”' (QZ )

2
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V_-omepaTop DOHEPrUM B3aMMOJENCTBUSA
snekTpona ¢ gononom, C, -QpyHKuus, Xa-

paKkTepu3ylas B3aUMOJIEUCTBUE MEXIY
3NEKTpOHAMU U GOHOHAMH,

F:—}; (qn ) = |< \PV (x,yjei(qxxwlyJ’) \"PV, (x’ y12

Fl(q,)=B( J%D,,D,,VL';?? (&)+L (&)

2

F,(q,)=B, (& \/%L';f_"; &)+D,D.L" (&)

rac
no_ nv! n-n —¢&
B” - ( A‘k € 5]‘,;’]‘4 4,

E=qul; /2

2 oL (I . (1
All'(qz)zl ;Idzexp(zqzz)sm(jﬂzjsmLEJ |2
0

d

r 2
A '(qz )dqz ==
'(l). 1l d

22
C; "=CyFi(q.)
s B3aMMOJEUCTBUS DJJIEKTPOHA C
MOJIIPHO ONTHYECKUMU (OHOHAMH HMEEM:

1
1+ 5511,

1 1
C;OL:27ze2ha)0 )
goo 80
Ny
FPOL:_Q’
-1
N, =|exp % -1 , N,=N,, NJZNO-FI.
K, T

B
Jli1s B3aUMOECTBUSA DJIEKTPOHA C HE-
MOJIIPHO ONMTHUUYECKUMHU (DOHOHAMHU
hD? +
2 — L
Cnp: ’ an(q)_NO-
2pw,Q,
Jns B3aMMOIENCTBUS DIIEKTPOHOB C
MbE303JeKTPUUECKUMHU (OHOHAMHU
2
e, =Kl e =L
PET S 00 o rE\4d)= 7>
pvs 08 q
371€Ch ﬂp — ME307JIEKTpUYEeCcKasi MOCTOSAH-

Hasd, TAC &, MU &, BBICOKOYACTOTHAA U CTa-

THYCCKaAd AUDJICKTpHUYCCKad InpoHUIac-

MOCTh Marepuaina, ®,=w, 4acToTa Ipo-
JNOJIBHOTO ONTHYECKOTO (OHOHA, IUCIEP-
cueil KoToporo npeHedbperaem.

B cnydae B3auMoOAeHCTBUS 3JIEKTPO-

HOB C aKYCTHUYCCKHMH q)OHOHaMI/I

E*K.T
=i F(@)=1,
o 2p0:Q, b

3nech Eqc - moreHuuan aegopmanuu, v, -

CKOpPOCTbH 3BYyKa MOJYIPOBOIHHUKA.

Pacuets! ciekTpoB noruonieHus ceera 2D
ANEKTPOHHBIM T'a30M MPOBEICHbI HAMU ISl pe-
HIETOYHBIX CTPYKTYp GaAs/Ing23Gao77As. Dd-
(dekTuBHasg Macca d3jekTpoHa B Ino23Gag77As
Obu1a BeIOpaHa paBHOM m*x = 0.05m,,,g = —4.0,

koHcTanta CO
a=2510"2B - u.
3AKJIIOYEHUE

Takum oOpazom, B JaHHOW paboTe pac-
CMOTPEHO TOTJIONICHHE CBETa OT, TAK Ha3bIBae-
MO pamOOBCKOM IUIOCKOCTH, JBYMEPHOTO
JIEKTPOHHOTO Ta3a ¢ y4eTOM CIIMH-OpOUTaIb-
HOTO BSaHMOﬂeﬁCTBHﬂ B IPUCYTCTBUU CUJIIBHOI'O
MarHUTHOTO TOJIsl, HOPMAJIBHOTO K IUIOCKOCTH
CTPYKTYpHl. CunTaercs, 4To B 30HE IPOBOUMO-
CTH 3aIl0JIHEH TOJBKO HYJIEBOW ypoBeHb Jlan-
nay, T.e. Ipeanoaraercs, 4ro GpakTop 3amnosHe-
Hust 27ml,, <2 . Pacmennenne cuuTaeTcs J0CTa-

B3aMMOIIEHCTBUSL  ParObl

TOYHO CNAGBIM, T.€. TIPE/NONATAETCS BHIOJIHE-
nue yenosuit 2ma’lo, <<, |gu,H /o, =|gm/2m, <<L1.

B pe3ynbrare 10BOJIBHO IPOMO3AKUX Ipeolpa-
30BaHUN o0miel Qopmynsl (5) ynaercs Bblle-
JUTh BKJIAJ] CIHMH-OPOUTAIILHOTO B3aUMOJCH-
CTBHSI BO BHYTPHU30HHOM MAarHeTONOTJIOMIECHUH
CBeTa.

[Tonyuennas dopmyna o6o0OmIaeT BvIpa-
KEHHUeE /Ul BHYTPU30HHOTO MarHeTOIOrJIole-
HUS CBETA, MOJTYYCHHOE HAMU paHee /IS KBa3H-
JIBYMEPHOTO 3JIEKTPOHHOT'O Ta3a B OTCYTCTBHUE
pamOoBCKUI MIIOCKOCTH M 36€MaHOBCKOI'O pac-
werienus [15].
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RASBA SPIN-ORBITAL QARSILIQLI TOSIRIN MAQNIT SAHOSIND® YARIMKECIRICI
HETEROSTRUKTURLARDA iKi OLCULU ELEKTRON QAZLARI TOROFINDON ELEKTROMAQNIT
SUALARININ UDULMASINDA ROLU

H.B. iBRAHIMOV, R.Z.IBAYEVA

Rasba spin-orbital qarsiligh tesir nozors alinmaqgla magqnit sahasinde kvaziiki6lgiilii sistemlords infraqirmizi
elektromaqnit stialanmanin sorbost yilikdastyicilardan udulmasi todqiq olunub. Yiikdasiyicilarin qofesin optik,
pyezoelektrik vo akustik rogslorinden sopilmesi halina baxilib.

INFLUENCE OF THE RASBA SPIN-ORBIT INTERACTIONS ON THE INTRAZONED MAGNETOAB-
SORPTION OF ELECTROMAGNETIC WAVES BY TWO DIMENSIONAL ELECTRON GAS IN SEMICON-
DUCTOR HETEROSTRUCTURES

G.B.IBRAGIMOYV, R.ZIBAEVA

Magnetoabsorption of infrared electromagnetic radiation in a quasi two dimensional system by free carriers,
scattered by optical, piezoelectric and acoustic vibrations of the lattice, has been investigated.

Penaxrop: 1. H. mo ¢pusuke M.H.babaes
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KnroueBble coBa: pensTUBHCTCKAs KBAaHTOBAs 4YacTHIA,
KOHEYHO-Pa3HOCTHOE ypaBHEHHUE, GYHKIMS pacrpeesne-
HUs Bursepa, omeparop 3BOJIIOLUH, IIEPEMEHHOE OJHO-
poJHOE TOoJE.

PEDEPAT

B paMkax pensiTHBHCTCKOH KOHEYHO-Pa3HOCTHON KBaHTO-
BOW MEXaHHUKH MOCTpoeHb! (pyHKnus Burnepa u sBomto-
IIMOHHBIN OIIEPaTop, BHIYMCICHBI AMIUTUTY b IEPEXO0B
MEXAY OSHEPreTHYECKHMH COCTOSHHSIMU. PaccMmoTpen
C — OO mpefien MOIYYEHHBIX BBIPAXEHUH W ompese-

exp(g(y)d,) ma

dynxumro, e () Moxker GbITH 110601 HyHKLHEH.

JeHO NeicTBHE omepartopa BHIA

llenp HacTosimieil pabOThl — MOCTPOUTH
¢byakuun BurHepa W amIUIMTYyIsl Mepexojaa
MEXIy SHEPreTUUYECKUMHU COCTOSHUSIMH peJsi-
THUBUCTCKOM KBaHTOBOW YacCTHUIIbI, HA KOTOPYIO
JeCTBYET 3aBUCSIIAs OT BpeMeHu cuna F(?) [1].
CooTBeTCTBYIOIAsE HEPEISTUBUCTCKAST KBAHTO-
BOMEXaHWYeCKas 3adada Oblia pemieHa B [2].
Hamra 3amaua chopmynupoBaHa B paMKax Ko-
HEYHO-PAa3HOCTHOM BEPCHUU  PEISATUBUCTCKOMN
KBAaHTOBON MexaHUKH [3-7]. 31ech KIIOYEBYIO
POJIb UTPAET MOHSITHE PEIATUBUCTCKOTO KOHU-
TYpallMOHHOTO 7 -MIPOCTPAHCTBA, BBEJAEHHOE B
[3]. CooTBeTcTBYIOIIIEE KAHOHUYECKH €MY CO-
MPSKEHHOE UMITYJIBCHOE p-TIPOCTPAHCTBO SIBIISI-
eTcsl TpPEeXMEpPHBIM MpocTpancTBoM JloOGaues-
CKOT'0, pPeaIn30BaHHOTO Ha BEPXHEM IOJIE Mac-
COBOI'O runepooaonia

pe—p° =m’c’, p,>0.

BonHoBast GyHKIHS B PENSITUBUCTCKOM
KOH(UI'YPALMOHHOM IIPEICTABIEHHH yIOBIIE-
TBOpPSIET KOHEYHO-PA3HOCTHOMY ypaBHEHHIO. B
OZIHOMEPHOM CIIy4ae OHO MMEET BHI:

ihd,y(x,t)=[H, +V(xt)] w(x,z)

3

(1)
riae cBOOOIHEBIN raMUILTOHUAH

H, = mc’ cosh(ixd )0, = /o

V(x, t) —HECTallMOHAPHBIN MTOTEHLINAI.
OnHOMEpHBIE TITIOCKUE BOTHBI

x

_ —ix [k '
é(p,x){—pjn c”j _oh ()

SIBJITFOTCSI COOCTBEHHBIMU (DYHKITUSIMU CBOOOI-
HOIO raMUJIbTOHUAHA, T.¢. HE =E &
b

Pyt P

=h|———| -6 ,
rie ¥ ( — j BICTPOTA

2 2.2
E, =cp, =cw/p +mc” .
CBsi3pb MeXJy pEeIITUBUCTCKUM KOH(H-
TYpallMOHHBIM X- U UMITYJIbCHBIM p - TIPEJICTaB-

JCHUSIMM 3a/1a€TCS C TOMOIIBIO PENATUBUCT-
ckoro npeobpazoBanust Oypre

vled)= 2= [Ep. o2, . O

rae dQ, = mcd—p = mcdy €cTb NHBApUAHTHBIN
pO
QJIEMEHT WHTETPUPBAHUS B p -TIPOCTPAHCTBE
Jlo6aueBckoro.
VY CII0BHSI TOJTHOTHI U OPTOTOHAJILHOCTH JIS

bYHKIIH (2) HMEIOT BHIT
ﬁf;* (p.x)E(p',x)dx = 8(x — 7). .,

ﬁ J‘g*(p’x)g(p,x’)d;( — 5()5_)6’),


mailto:smnagiyev@physics.ab.az
mailto:khumbetova@gmail.com

®VHKIMS BUTHEPA JUISI PEJISITUBUCTCKOM KBAHTOBOI YACTHUIIBI BO BHEIIIHEM ITEPEMEHHOM
OJTHOPOJTHOM IIOJIE

OtmeTuM, YTO B JIMTEPATYPE BCTPEUAIOTCS
U JApyrue Ioj00HbIe MOAXOJbl K OINHMCAHUIO
KBaHTOBBIX CHCTEM, B KOTOPBIX HCIIOJIb3YIOTCA
KOHEYHO-Pa3HOCTHBIE YPaBHEHUS IBHKECHUS [ 8-
11].

B cienyromeM pasnene KOPOTKO pacCcMOT-
PEHO [BM)KCHHME PEIATUBUCTCKOM KBAaHTOBOU
YaCTULBI B IEPEMEHHOM OHOPOAHOM none. [lo-
CIIEAYIOIME pa3Aeibl IOCBALIEHBl COOTBECT-
BEHHO TIIOCTpOEHUI0 (yHKUuU Burnepa wu
aMIUINTYZbl TIEPEXOJI0OB MEXJy 3HepreTuyec-
KMMH COCTOSIHUSIMH PaccMaTpUBacMOM CHCTe-
Mbl. B 3akitod4eHMH KOPOTKO OOCYXIaroTCs
II0JIy4yeHHbIe pe3ysbTatel. B [Ipunoxenun npu-
BEJICHBI HEKOTOPBIE (POPMYJIbI, HCIIOJIb3yEMBIE B
TEKCTE.

JIBWOKEHUWE PEJIAITUBUCTCKON
KBAHTOBOU YACTHUIIbI B TIEPEMEH-
HOM OJIHOPOJHOM IIOJIE
V(x,t) = —F(t)x

KOHOUT'YPALITMOHHOE INPEACTABJIEHUE

JIBUKEHUE TaKOM 4YacTULBl B PEIATUBUCT-
CKOM KOH(UIypallMOHHOM  X-TIPOCTPAHCTBE
ONMCBIBACTCS YPABHEHUEM

ihd,y(x,t)=
= [mc2 cosh (%0, )— F(z)x] w(x,z).
B HEPCIITUBUCTCKOM IIPEACIIC € —> 00 3TO

YpaBHEHHE IIEPEXOIUT B COOTBETBYIOIIIEE HECTA-
nuoHapHoe ypaBHeHue llIpennnrepa

z-hamx,t){—f—zai—F<r>x}mx,t>. ©
m

Pemenne ypaBHenus (5) Obl1o HaiiieHO B
[1], a pemenue ypaBHeHus (6) - B [2]. 3nech
peleHye Haijaem aireOpanyeckuM MeTOJIOM —
METO/IOM OTIepaTOPa IBOJIOLHUH. DTH YPABHEHHS
SBIIIOTCS YAaCTHBIMU CIyYas MU ypaBHEHHS
BUJIA

iho,v(x,t) =

= A, (- ino 1)~ F(e)e] olx.1),

rjae cBoOOIHBIN raMunbToHuan H, (— ih@x,t) B

©)

(7

o0IIIeM cyyae MOXKET 3aBUCETh U OT BPEMEHH /.

Knaccer muddepennmaibHbIX 1 KOHEYHO-
Pa3HOCTHBIX YPaBHEHUH, ONpPEACIIIEMBIX ypaB-
HeHueM (7), OTIMYAIOTCS IPYT OT JIpyra SIBHBIM
BUJIOM CBOOOTHOTO raMUJIbTOHUAHA

H,(-iho ,t)

Pemium  ypaBuenne (7)  merogom
omeparopa »BosonMd. B paGore [1] Obuto
MOKa3aHo, 4YTO B X-TIPEJICTABICHUH OIEPaTOP

A

sBomonun - U (x,t) s ypaBHeHus  (7)
ornpenensercs: GopmyIioi
U (x, t) =
i (8)
i —| Ho(—ino, +5(¢' ).t )dt’ »
_ e T

t
rae o (t) =|F (t')dt’ €CTh UMITYJIbC CUJIBL.
0

Toraa popmanbsHo pemienue ypaBHeHus (7)
MO>KHO MPECTABUTH KaK

o(x,1) = U(x,)o(x,0), U(x,0)=1,
rue U(x,()) - HavaJgbHas BOJHOBAs (DYHKITHSI.

)

B nanpHeiieM B kauecTBE Ha4aabHOU BOJI-
HOBOH ()YHKIIMM BO3bMEM BOJIHOBYIO (DYHKIIHIO
CTallMOHAPHOM 3aJa4u, KOTaa
H,(~iho,,t)= H,(~ihd,)

F(t) = F, = const,
T.e v(x,0)= ug])(x,O), rae E -3>HEprust CUCTEMEL.
Paccmotpum oTnensHO ypaBHeHHS (5) u

(6) 1 HaifieM UX pelIeHUs METOJOM olepaTopa
3BOJIIOLIMH .

u

HEPEJISITUBUCTCKOE YPABHEHUE (6)
h 2
B stom ciyuae H,(—ihd ,t)= —2—6§, a
m

orepaTop IBOJIIOLIMHU, Kak ciaeayeT u3 (8), B x-
NpEeCTaBICHNUN 33a€TCs BBIPAKECHUEM

i(x&—v)

A 2
Uylx,t)=e""" e e (0
B KOTOPOM HCITOJIb30BaHbL O603HaquI/Iﬂ
_ ol s )
6:5(t),a_a(t)—2m,ﬂ_ﬂ(t) m’ (11)

v=v()=22. 5, =5,)= 16"t )dr k=1, 2.

2m 0
HavanpHast BosiHOBast QyHKIUS UMEET BU]T
vy (10) =y, (x.0) (12)
rae [33]

©) (x,t) = CNAI{—

Ve,
X 2mkF,
\/ /.

E Iyt
/10 (X + TN)Je " s

0

A

’ o

(13)

12
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a A i(z) ectb (ynkrus Ditpu (11.4). 3leCb ~ HayajgbHas ~ BOJIHOBas  (DyHKIUS
C yuerom popmyi (IL6) u (IL1) msr moskem  y(x,0)= ! (x,0) BbIpaskaercs uepes GpyHKIMK
Tenepb  HaiTh  pelieHue ypaBHeHHA (0),  Maxgonambnaa [7]:
YZIOBJIETBOPSIOLIEE HAYAIbHOMY yciioBuUO (12) ™ iE
l//N('x’t): UN(x’t) Wz(\?E)N (x>0): '//(EO)(xat): CRezxKﬁ(Zo)e s
. x
Z-[X(S*Fn o]
=ce” t Ai(— A,b,), Cp = 1 ,
243 TRAJ|F,
b g FO_ 8 EC 17 (19)
m  2m  3m x, =x+E[F,, z, =mc’[AF, .
2
b = x4 Ey N ™ ﬁ C yuerom dopmyi (I1.8) u (I1.9) BoHOBYIO
? F, 2m m (14) ¢bynkuto (18) mpencraBuM B Bue
ix6p _T| x7£
Bripaxkenue (14) Oosiee KOMIIAKTHO, YEM TO, (x t) __ % 3 2x[ Fo] Ny
KOTOPOE€ IOJIy4€HO B [2]. X, 2R ’
PEJISITUBUCTCKOE YPABHEHUE (5) J =
B stom ciyuae e (20)
— ( ) ! U
Hy(~iho ,t)=mc* cosh(i%, ), i Jf R
a onepaTop BOJIFOLUMU MOXKHO MpeoOdpa3oBaTh K Hust BBIYUCIICHHSI UHTETpajga 1o
BULY nepeMeHHON X' mpumenuM hopmyiy [12]
U.(x,t)= K
ebx) 00 b= ()
ix0g o
—e * o [ocosh(in, ) -7, sinh(i20,)]>  (15) PesynbTar Gyner Takum
J =
o
rme 6, =0 (t)=—,a o = (21)
R k mc :Kj‘e r Hi(x"—x)ﬁ(.(o-)Ki(x”+E/F0)/K(}/0 +Zo)dx”.
2t —o0
o=o(t)= ne J.cosh[éR (t")]ar', DTOT MHTErpai ObUT BRIUUCIIEH B padore [1]
0 0
me? ! J-eITXHi(xZ)(O-)KixHV (7/)dx = 2
7o = 7o(6) = [ sinh [5,(¢de . (16) " y>o, (22

A hoy :2ie’iquiv(w/}/2—0'2),

Omneparop U, sABusgercs peIsiTUBUCTCKUM e y=7,+2, thg=ocly.

Takum o0pazoM ISl PeNITUBUCTUCTCKOM
opmyn (I1.7) MOXKHO TOKa3aTh, YTO WMEET  BOJIHOBOM (QYHKIMH (5) OKOHYATEIHHO HAXOAUM

o0o0menuem omneparopal/,, T.K. C TOMOIIBIO

MECTO TIpe/IeIbHOEe COOTHOIICHHUE BBIPOKEHHE
. e, xSy ﬁ(z,iqj
%UR(XJ):e Uy (1) (A7) wlxt)=cpe * e*? Kixl/x(W’Vz_Oj)
JleiicTBie  omepatopos e )y y > o (23)

e7osmi4%)  ga  mponsBoNBHYI  (DYHKLHUIO

onpeaeneHo B [1] u npuseneno B [lpunoxenun
(I1.8) u (I1.9).

UMITYJIbCHOE ITPEACTABJIEHUE
[Iepeiinem Temepp K ONpENEICHUIO HEpems-
TUBUCTCKOM (14) 1 penaruBuctckoi (23) BOJIHO-

Halinem Ttenepp pensiTUBUCTCKYIO BOJIHO- — o
YHKIMHA B UMITYJIbCHOM IPEACTaBICHUU.
BYIO (DYHKIHIO ¥/ (x,t) (5) MeTOOM OmepaTopa g oo NpeCTABICHUH

SBOJIOLUH: w i

w(x,0) =04 (x,7) w(x,0). (18) u(y,1)= le—ﬁh [e "o(x,0)dx  (24)

—00

13
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OJTHOPOJTHOM IIOJIE

OTepaTop 9BOJIONUU BBITJISIAUT  CICIYIOIINM
obpazom

’éi Ho(y=5(0)+s(e)) dr e 02,

l}(y,t): e .(25)

Orcrona nnst onepatopoB Uyu Ugr Bp -

NpEaACTaBJICHHUHN II0Jy4YaEM CICAYIOIIUC BbIpa-
KCHUA

(p75)2t+2(p75)5]+52:| o

U)o T

e " (26)
p=y
u
U R(Z’ t) =
— e*i[o' cosh(x—3g )+ sinh(x—5g )]e_‘skaz , (27)
-
mc

Ucxons u3 (I1.7) nmerko mnoxasarh , 4TO B
HEPESTUBUCTCKOM TIpeiesie

‘Uy(pt) @8)

[Tockonbky onepatopsl (27) u (28) sBus-
IOTCS TIPOCTHIMH OTIEPaTOpaMU CJBHTA, TO Ha-
XOJKI€HHE HEPEeNIITUBUCTCKON ¢, (p,t) U pes-

L2
mc

]jm(}R(Zst):e_ ’

TUBUCTCKOHN ¢( ;(,t) BOJIHOBBIX (DYHKIMH B p -
MIPEACTABICHUH HE MPEICTaBIsAET TPyHa:

by (p)=U n(pt) 48 (p.0) =

29
L (p-6P1+2(p-5)5,+5] ©) @9)
2l ¢NEN (p - 5>0)
)51
#(x.1)=0,(2.0)" (1.0) = (30)

— e—i[o‘cosh(;{—()‘R )+, sinh( -5 )]¢‘£;O) (Z _ 5R ’0)’

r7ie OPTOHOPMHUPOBAHHBIE BOJTHOBBIE (YHKIIUU
CTAIMOHAPHBIX 3a7a4 UMEIOT BU [13,7]

X 3 .
() : F["E %JET
¢NE,\,~ (p, t) =cCye >
, 1

cy = —, 31
J2AF,|
;(;(E—mcz sinh;{%i—Et
¢é°)(;(,t)=c;zem° g ,Cp=Cyn. (32)
OueBnaHO, 4YTO  TpH ¢ —> 0 UMEEM

2 (2,.0)— ¢ (p.0).

NHTEI'PAJIBI ABXXEHUA
H3BecTHO, 4TO [2] eciu CylmecTBYIOT Olle-

A A =l A

patopet U u U , rae U - oneparop 3BOJIIOLUH
KBAaHTOBOM CUCTEMBI, TO CYIIECTBYIOT U MHTET-
paJibl IBMKEHUS ypPaBHEHUS

xo=UxU", p,=UpU"". (33)
HO,Z[ HUHTErpajlaMu OIBUXCHUS B KBAaHTOBOU

A

MEXaHHWKE MOHMMAIOTCS TaKWe ONepaTophbl A,
KOTOpBIE TEepeBOIAT J1t000€ pelieHne ypaBHe-
HUS ABMXKEHUA (PEISTUBUCTCKOTO WU HEpes-
TUBHUCTCKOTO) CHOBA B KAKOE-TO PEIICHHUE ITOTO
ypaBHeHusA. [lodTOMy HWHTErpanbl IBUKCHHS
YIIOBJICTBOPSIIOT YPABHCHHIO HA MPOCTPAHCTBE
pelleHui ypaBHEHUS IBUXKEHUS

0 ~
ih——H,Alw =0.
L o J"’

rae H - IOJHbIA TaMUIBTOHUAH CUCTEMBI.

Teneps ¢ momorisio ornepatopos (21) u (26)
HaiiJieM J1Ba MHTErpaia JBWKEHUS AJIs Hepe-Jsi-
TUBHUCTCKOM CHUCTEMBI [2]

(34)

(1 =-1"02 _ F(opo
2m

N 5t—3§

Xy =UnxUy = -l 29

m

Pov =UypUy =p-6

¥ PEJISITUBHCTCKON CHCTEMBI
(H = mc” cosh(iXo, ) - F(t)x):

(35a)

m .,

£, = [}R xU; =
= xRy, cosh(8, +ikd, )+ Ao sinh (5, +ikd,), (35b)
po =U,pU, = —mesinh (5, +iko.).

OTH onepaTopsl KOMMYTHPYIOT C OIlepa-To-
poM ih0, — H. B HEpEIATUBUCTCKOM IIpelesie
(35b) mepexonar B (35a)

lim x, = X,,, im p, = py .

c—w c—®

OYHKLUNWA BUTHEPA JUTA PEJIATU-
BUCTCKOI KBAHTOBOM YACTHULIbI B
3ABUCAIIEM OT BPEMEHU OAHOPO/I-

HOM IIOJIE
B stom maparpade BbluMCIUM (DYHKLHIO
Burnepa U1 peITUBUCTCKOM KBAHTOBOM 4ac-
TULBI, HA KOTOPYIO IEHCTBYET 3aBUCSINAs OT
BpeMeHu cuna [ (t) OpHako Ui cpaBHEHUS C

PEIAATUBUCTCKUM ClIyd4aceM CHadalla BbBIYMCIUM

14
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COOTBETCTBYIOIYIO HEPEISTUBUCTCKYIO (PYHK-
uuto Burnepa. (Ona Oblia BbIYMCIIEHA B pa-
6ote[2] mpyrum crocodom.)

HEPEJISTUBUCTCKUU CJIYUAN
[Toacrasum (29) B hopmyny

1
114 , X 1) = ——-
(P, X1 =—

© ' ’ —iﬂ
: fdp'¢N(p + %,t)m(p - %,tje "

(36)

U, BBITOJIHSS HEKOTOPbIE TPeoOpa3oBaHusl,
IIPEJCTaBUM BbIpaskeHHUe Ui W, B BUJE
174 (p,x t) | Nl I “Ndp', (37a)
'3
P b :
rne Ay =—m———F—=p/,
Y 3mhF, ifmnF,
m
b =2 3 ?02 .
, (37B)
| Fx+E, - Pon Fy(poyt —9,) .
2m m

DTOT MHTETpall BhIpayKaeTcs depe3 (PyHK-
uuu Ditpu (I1.5), T.e.

1
WN(p,x,t):Es/#Ai(—b). (38)
0

ITpu ¢ = 0 BeIpaxkenwne (38) nna W, cosna-
JaeT ¢ pe3yabTaToM paloTsl [14]:

m

| }
Wy (p,x)=W,(p,x,0)= prl hzTAl(— by ).

0

2
by =2 i|——| Fx+E, -2 |
"W F; 2m

PEJIITUBUCTCKUN CITYYAU
ITocTpoum Tenepp pensITUBUCTCKYIO (YHK-
uuto Burnepa. Beruncnenue OyneM mpoBOIuTh
C MOMOIIBIO (hopmyI
W(p > X, 1 ) =

’

— Tx+l g x—2 ¢ e ax'. (39a
ﬁhIW A ACREE . (39a)

1 0 [ ! ., ,
=_xj [ +7tj¢(l—%,tjewdg. (39b)

B cnyyae koopauHaTHOrO IpencTaBlie-
HUS YYeT SIBHOTO BHUJA BOJIHOBOM (YHKIIHH

y/(x,t) (23) B hopmyne (39a) mpuBOIUT K Clie-
JYyIOLIeMy BBIpa)KeHI/IIO s yakuuu W o:

Id

Sx —q—z)
3

W(p,xt

2 2ix'(
) J'e

—00

r7ie z =y’ — o’ . DTOT UHTErpas BHIYUCIAETCS
C TOMOIIBIO popmyb [34]

(40)
Ki(x] —x')f& (Z)Ki(x] +x')] & (Z)dxl’

Teip"K

—0

[b—l—cep
T

(b)K, . (c)dx =

V+ix

K, (Jb2 +¢” +2bccosh p) (41)
be” +c

|arg b| + |arg c| + |Im p| <.

Pesynbrar 6yner Takum

W(p,x,t) =

eTKZiXI/K (Cl)),

c
_ 42
e *2)
B KOTOpOH

o =2[osinh (y — &, )+ y cosh(y -5, )].
Bbruucnas  pensiTUBUCTCKYIO — (YHKIIHIO
Burnepa W( D, X, t) B HMMIIYJIbCHOM IIPE/ICTaB-
JeHuu ¢ nomouibio popmynsl (398) ¢ yuerom
(30), momyunnm

j e d
3nech (aza MOJBIHTETPATBHOTO BbIpa)Ke-
HUs paBHa A, = wsinh & —2x, £[R.

Hcnons3ys Teneps q)opMyny [12]

’ 12
c
W(p,x,t) = % (43)

Jezasmh\f PY e — 26 2 K ( )

|Rep|<1,a>0,

MbI ostyuuM u3 (43) nns W Beipaxkenue (42).
Oynkuust Burnepa (42) ynoBieTrBopsieT
HY’KHBIM CBOMCTBaM

W (p.x.t)dx =|p. (p.1).

—00

(44)

IW DX, t dQ

—o0

[Ipu Brruncnenuun (44) Mbl BOCIOJIb30BA-
JUCH CIIEYIOIIMMU UHTETPaIbHBIMKU COOTHOIIIE-
HusMu 1t GyHKIMH Makaonanbaa [12]

|WE Xs t]
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OJTHOPOJTHOM IIOJIE

wecx(a+be’ j sz(\/az +b* +2abcoshx)dx=
ae* +b

- =2K,. (a)K, .(b),
IcoshEKix(c)dx =Z , Rea,Reb>0.
0 2 2

Ecom F (t) = I, = const, TO BBIpa)KEHUE
(51) 6ynmer coBnaaats ¢ pyHkIme Buraepa cra-
LIMOHAPHBIX COCTOSIHUM [15], T.€.
W(p, x) = W(p, x,O) =

)|

> (45)

. mc

o F

B paccmarpuBaeMoM cilydae JIMHEHHOTO
IIOTEHLIAaja V(x,t) =-F (t)x ¢bynkuus Burnepa

MOAYUHSIETCS 3BOJIOLIMOHHOMY ypaBHEHUIO [16]

e (2z, cosh y).

2ix [h

F(t
0,

m

2 .
w__ 2I’f’lC sinh y sinh[% 6XJW

ot (46)

ih

Ecan YUCCThb PEKYPPCHTHOC COOTHOLICHUC

d

Ko 0)+ Ko() =22 k()

st GyHKIMM MakioHaimbaa, TO MOYXKHO JIETKO
y0enuTtecst B ToM, uTo (yHKuMs Burnepa (42)
JEHCBUTENFHO YIOBJIETBOPSAET ypaBHEHUIO (46).

B cnydae, xorja Ha penATUBUCTCKYIO 4Ya-
CTULLY JIEHCTBYET [IOCTOSIHHASA cuia
V(x):—FOx, ¢byHkus Burnepa ynoBieTBo-

pSAET YPaBHEHUIO
{mc2 cosh y cosh(%@xj — Fox}W =EW. (47)

Pemenue sToro ypaBHeHusi ObUIO HaiieHO
B paborte [7] u coBnaaaet ¢ pyHkiueii (45). Pas-
HOBecHast (QyHKIMS pacrpeneneHus Bur-nepa
(45) ynoBneTBopseT Takke ypaBHEHHUIO (46).
B HepensTUBUCTCKOM Tpefene ypaBHeE-
Hus (46) u (47) NpUHUMAIOT COOTBETCTBEHHO
BU/I:

ot m Ox op
h2 2
{——ai +p——F0x}WN =EW,. (49)
8m 2m

AMIUIMTY AbI IEPEXO0OB
IIponararopst K(xz,xl,t), K(pz’ pl,t) u

K(x, p,t), T.. MaTpUYHbIE DJIEMEHTHI OIepa-

Topa 3Boiroruu (15) unu (27) nis pensiTUBUCT-
CKOM KBAaHTOBOM YaCTHULbI O] ICHCTBUEM 3aBU-
CSIIeH OT BPEMEHH CHJIbl BBIYUCIIEHBI B padoTe
[1]. 3mech ke MBI BbIBeAEM (DOPMYIIBI TS aM-
IUTUTY/BI IEPEXOJIOB MEXKAY SHEPreTHYeCKUMHU

COCTOSIHUSIMU |El.)1/1 |E ;) » COOTBETCTBYIOIIHE
IIOCTOSIHHBIM 3HAYEeHUsIM cuibl F, ans ¢ <0 u
F, nnst —o0:
K(E,.E.t)=(E, 1|0 ()| E.t=0).  (50)
Brruucnenne marpuynoro siementa (50)
(mpormararopa B 3HEPreTMYECKOM IIpeJicTaBlie-

HUM) yI00HO TPOBECTH B UMIYJIBCHOM TIpPE-
ctaBieHud. Torna OyaemM UMeETh:

S e ¥ Y
K(E,,E,,t)_zﬁL |FiF[|exp{l( i
rae ‘]R — J.eiQR(Z)dX’

QR(;():v;(+,ucosh;(+/lsinh Z,

1 [Ei Ef]

V=—|—7—0 "7\
A\F, F,

2
/J(t): ’;Z;,l sinh &, —
(52)

2t
- % [cosh[5,(e) - 5, (¢")lar',

2
mc

v

_ m02
RE,

Ale)

2
mc

+ —
h

coshod, +

[ sinh [6,()=5,(c")]dt'.

Wnterpan B (52) pasen [1]:

V[%nqlJH(m)( (_ﬂz EpP ) mpw |1 > 4]

iv

- 2e_vb+iqzjl<w Wz =) g 2> | (53)
re tanh g, = A/, tanh g, = ufA

m=(3—sgn u)/2.

Ecnu F, =F, =0,H0 F(t) #0,70 ammu-

Jpy=ire

n

Tylda nepexonaa nu3 COCTOAHUA 5(}[—}51) mc B
COCTOSAHHC
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exo| — imc?
P h

OyneT paBHOU

2
K(}(f,)(,-,t)z exp{i(%cosh Xy — o cosh ;@H

tcosh;a]&(;(—;(f) mc

exp(—iy, sinh ;(l.)é'(;(f — —5R) mc. (54)
OtMmeruMm, uto BeIpaxkeHus (51) u (54)
MMEIOT IPAaBWIbHBIA HEPEISITUBUCTCKUM IIpe-
Jel, T.e. NMPU C —> O COBMAJAIOT COOTBET-
ctBeHHO ¢ ¢opmynamu (9) u (12) pabotsr [2].

JABWXEHUE B IEPEMEHHOM
KBA3MO/JHOPO/HOM IIOJIE
B pa6ore [17] paccMOTpeHO IBHIKCHHE
KBaHTOBOHN (pENSITUBUCTCKOM WM HEpEesTHU-
BHUCTCKOI) YacTUIBI B TaK HAa3bIBAEMOM KBa3u-
oJlHOpoaHOMIIONE. Takoe ABMKEHUE B UMITYJIb-
CHOM mpejcTaBieHuu (24) onuchIBaeTCs ypaB-
HEHUEM

., ouly,t )
2 i1 (30) - 00, 059
rae g(y) - HEKOTOpasi QyHKIIUS.

C noMonipto MoJICTAaHOBKH ) = G (77), rmue
n OTPEJEIIICeTCS PABCHCTBOM

n= j% =G(y),

peleHre ypaBHeHUs (55) CBOIUTCS K pEeIIEHUIO
YpPaBHCHUA IBVIKCHUSA KBAHTOBOM YaCTUIIbI B IIC-
PEMEHHOM OJIHOPOJITHOM IIOJi€ B HMMITYJIbCHOM
npencrasieHuu. [loaromy u3 (25) cpazy moxem
MOJIyYUTh ONEPaTop ABOJIOLMU IJIsi YPABHEHUS

(55)
U,(v.1)=

f%j‘HO[G’l(G(y)—&(t)+§(t’)),t’]dt' )
=e 0 e .
Omnepatop exp (— 5g(y)8 y) CJIeTYIOIIAM
o0pa3oM AEUCTBYeT Ha MPOHM3BOJNBHYIO (PYHK-
w0 ¢(y):
()= 0lc 7 (GH)-8). (59
[IpuBenemM wyacTHble ciydad (HOpMyIIbI
(58):
1). g(y) = y.IIpu 5TOM NOTyHaeTCst U3BECT-
Has (popMmyIia MacImTabOHOTO TTPeoOpa3oBaHUS

exp(- 390, ) p(y)=p(ye ). (59)

(56)

(57)

s()e(v)o,

2). g(v)=y“,a #1.B >1om ciryuae
o(v) (p[(y“‘ ~a,8)" ] (60)

o, =1-a#0. [lnga uenbix 3HaYCHHI

-6y“0, _

e =

rac

o € Z\{l} mbi umeem

5, ncN
e’ oly)= ¢(’”%/y"“ ~8(n+ 1)) (612)
-3%9, Y
e ¢(y)_¢(l+5y]’
(61B)
e ¥ o(y)= (DL J Jn >3, (61¢)
1+ 5(m—1)y"!

3). g(y)=eky . B aTOoM cniyuae nHaxoaum,
qTo

oxp(-5¢”0, )o(v)= g{— %m(e’“S + ké)} (62)

3AKIIIOYEHUE

B nannoit pabore ompejeneH SIBHBINA BHJ
¢byHkuun Bursepa M aMIUIMTYyIbl NEPEXOJ0B
MEX1Yy SHEPreTUYeCKUMH COCTOSHUSMU pEsi-
TUBHUCTCKON KBAHTOBOW YacCTHUIIbl, HA KOTOPYIO
JeicTByeT 3aBHCsIas OT BpemeHu cuina. [lomy-
YEHHBIE PENIATUBUCTCKUE BBIPAKEHUS HMMEIOT
MIpaBWJIbHBIN HEPEISITUBUCTCKUI Mpeies.

Kpome TOro, nmocrpoeH siBHbIN BH] Omepa-
TOpa HBOJIFOLIMHU ISl KJlacca MOTEHIIMAJIOB, OIU-
CBIBAIOIIMX, TAK HA3bIBAEMOE KBa3MOJHOPOIHOE
1oJie, ¥ HAWAEHO JACUCTBUE OIEpaTOpOB BUIA
exp (— 5g(y)é y) Ha IPOU3BOJIbHYIO QYHKIIUU OT .

JlanHasi paboTa BBIIIOJIHEHA NpU (PUHAHCO-
Bor moanepxkke Ponma Pazsutus Hayku npu

[Ipesunente Aszepbaiimkanckoi PecmyOnuku:
Qrant Ne EIF-2012-2(6)-39/08/1.

I[MPUJIOXKEHUE
1. C nomotsio popmMyIbl

e o(x)=p(x+a) (IL.1)
Y TIPEACTABICHUS
ad? | I
e =—le “dz (I1.2)
Al
JIETKO JI0Ka3aTh U3BECTHYIO (OPMYITY
o (==x)
@02 1 e
; = a dz.
eolx)= o — L e * (z)dz.  (IL3)
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®VHKIMS BUTHEPA JUISI PEJISITUBUCTCKOM KBAHTOBOI YACTHUIIBI BO BHEIIIHEM ITEPEMEHHOM
OJTHOPOJTHOM IIOJIE

IIpu nepexone or (I1.2) x (I1.3) MBI BOC-
[0JIb30BAJIUCh HMHTETPATIBHBIM COOTHOLIEHUEM
[12]

2

oo L
J.e’pxz’qxdx = \/Ze“” ,Re p>0.
o p

2. MOXHO TaKXe JIETKO J0Ka3aTb, 4TO (PyHK-
uus Diipu

(I1.4)

. 1 F (i
A’(x)_yz[o Jaz (IL5)

YAOBJIETBOPSIET HHTErPAITBHOMY YPABHEHUIO
(=)
o0’ . 1 we 4
e Ai(A,x)= ——
dra

4 (ﬂvoz)dz =

—® %Mﬁ (lZZA?JJr.\') (

=e Aila* 2 +/10x)

(I1.6)

3. Ilpu ¢ — o umeem
o=(mct+v)h, y, = co,[h, 8,0,=50,,
o cosh(ixd, )= (mc’t +v)fh+iad?,
(ixo

¥, sinh (iX0, )= ip0 .,
}/ (I1.7)
+v|/h,

2
ocosh(y —5,)= {mczt + (p-9)
iacosh(id, )

2m

Yo Sinh(l_5R):(p_5)5l/mh'

4. JleiictBue
ibsinh(id, )
e

OIepaTopoB e u

Ha IPOU3BOJBHYIO (PYHKIIHIO (p(x)
3a/1aeTCsl COOTHOMICHUSIMHU [ 1]

e[acosh(iax)w(x) — lsgl; a X
. 1)
—(x—x")sgna , ,
j e T HE) (al) o(x)dx,
ezbsmh(za )¢ (.X') —
sgnb (H9)

. I i(x—x')qbl) (p(x’)dx',
rne H l& )( )- dynxums Tankens, K, (z)- dpysx-
it Makgonansaa, a m = (3 —sgn a)/ 2. Tlo-

ckombky  lim mc? [cosh(ixd, )— 1]———82 TO

dopmyna (I1.8) sBrsercs “peasITUBHCTCKUM’
ananorom opmyisl (I1.3) u, mosTomy B Hepens-
TUBHCTCKOM TIPEJIENIe ¢ —> o0 OHH JOJDKHBI COB-
najarh.

5. IomyyuM npenenbHOEe COOTHOLIEHHE MEXKITY

¢yskuusamu K, (x) u Ai(x). Tak kax

o0

(x,0)= j

—00

hm ‘//1(5 p’x)¢E b, OyQ

0 zp'c

.[eh ¢NE (p: )dp ‘//NE (x 0)

Jz_-

TO HCKOMOE€ COOTHOLICHUEC 6yz[eT TaKHUM

lim %e%(M%)K[(M%)(a) - 24i-472) (10)

a—o

6. [IpuBenem Tak»xke U3BECTHOE ONIEPATOPHOE CO-
OTHOILICHHUEC, UCIIOJIL3YCMOC B TCKCTC,

e’Be™ = B+[4,B]+
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DOYIiSON XARICi BIRCINS SAHODO RELYATIVISTIK KVANT ZORROCIiYININ VIQNER
FUNKSIYASI

S.M.NAGIYEV, K.S.COFOROVA

Relyativistik sonlu-forq kvant mexanikasi c¢orgivesinde xarici doyison bircins sahado relyativistik kvant
zorraciyi modeli {igiin evolyusiya operatoru vo Vigner paylanma funksiyasi qurulmus, enerji saviyyalori arasinda

kegid amplitudlari hesablanmigdir. Alimus ifadolorin - ¢ —> 00 limitlerino baxilmis, exp(g(y)0 y) sokilli

operatorun funksiyaya tosiri toyin olunmusdur, burada g(») istonilon funksiya ola bilar.

WIGNER FUNCTION OF A RELATIVISTIC QUANTUM PARTICLE IN AN EXTERNAL
TIME-DEPENDENT HOMOGENOUS FIELD

Sh.M.NAGIiYEv, K.Sh.JAFAROVA

In the framework of the relativistic finite-difference quantum mechanics the Wigner distribution function and
an evolution operator for the relativistic particle in an external time-dependent homogenous field have been con-
structed. The transition amplitudes between the energy eigenstates has been calculated. The non-relativistic limit

of the obtained expressions has been received. A rule of an action of the operators of the type exp(g(y)0 y) on

functions has also established.
Penakrop: akan.. O.A.AGIUHOB
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REFERAT

Isdo ion implantasiyast ilo GaS monokristalinda
nanohissaciklorin yaradilmasi ti¢lin nozori hesablamalar
aparilnusdir. Enerjisi 426keV, dozas1 4,1-10'%sm olan In
ionu, 290keV enerjili, 4,8-10'%sm? dozali As ionu
secilorok, GaS kristalinda 150nm dorinliyinds vo radiusu
1+32nm dlgiisiindo InAs kvant ndqtosinin yaradilmasinin
modeli qurulmusdur.

I.GIRIS

Nanometr tortibindo olan yarimkegirici
sistemlorin fiziki xassolorinin yaxsilasdirilmasi
istigamatindo aparilan tadqiqatlar son 1yirmi ildo
bork cisimlor fizikasinda yeni bir aragdirma
sahosi meydana ¢ixarmisdir. Bir ¢ox tod-
qiqatlarda forqli enerji strukturuna malik olan
yarimkegirici InAs-Si, GaSb-Si, InAs-GaAs,
Ge-Si, InGaN-GaN, InGaAs-GaAs, CdSe-ZnSe
birlogsmolorini bir araya gotirmoklo nanodl¢iilii
sturukturlar yaradilmisdir[1-7]. Bu sturukturlar
kvant noqtolori soklindo elektron vo optik
cihazlarin (televiziya, kompiiter va mobil telefon-
lar, giinag batareyalari, LED isiqlandirma, tibbi
diagnostika) hazir-lanmasinda totbiq olunur. Bu
sobobdon son zamanlar nozori vo tocriibi aras-
dirmalarin ¢oxunda bu sistemlorin miioyyon
fiziki xassolorini dyronmok vo aydinlagdirmaq
ticlin iglor aparilir [4,6,7].

Kvant ndqte yiikdasiyicilarinin harokati {i¢
istigamoatds Ol¢iilii kvantlanan obyektdir (6l¢ii-
lori 2+10nm tortibindo olub, kub yaxud kiiro
soklindo olan “siini atom”). Kvant noqtalorini
xarakterizo etmok ti¢lin eksitonun Bor radiu-
sunu, implantasiya olunan ionlarin enerjilorinin
secilmasi, amorflasma dozasinin tayini vo Kvant
nog-tolorinin  hanst dorinlikdo yaradilmasini
miioyyon etmok olduqca ohomiyyatlidir. Eksito-
nun Bor radiusu yarimkegirici nanokristallarda
kvant effektlorinin miisahido olunmasi mi-
qyasim1 xarakterizo edir [10]. Kvant noqtolori

hom eksitonun Bor radiusundan, hom do enerji
soviyyelorinin oOlgiilorindon asili oldugundan,
kvant noqtalorinin Sl¢iilorini doyismoklo enerji
soviyyalorini doyisdira bilocoyimiz yarimke-
cirici struktur alinir ki, bu da yarimkegirici ca-
hazlar {i¢iin ¢ox miihiim ohomiyyato malikdir.
Kvant noqtesi kifayot qador kicik olmalidir ki,
kvant effektlori 6ziinli gostorsin. Kvant noq-
tolorini miixtalif yarimkegciricilordon hazirlamaq
miimkiindiir[9].

Hazirda miixtolif saholords totbiq olunan,
diametri 2+15 nanometr Olgiisiindo olan kvant
noqtalori, periodik cadvalin II-VI, II-V va III-
VI qrup birlogmolori osasinda yaradilmisdir.
Lakin, yarimkegiricilorin A’B° nanokristal-
larinin A*B® birlosmolorindos yaradilmasi &yro-
nilmomisdir. A’B® birlosmali layli yarimkegirici
materillar yiik-sok fotohassasliga malik oldugu
iiclin, optoelektron cihazlarin vo elementar
hissaciklori gqeyd edon detektorlarmin hazir-
lanmasinda istifadoasi boyiik maraq kosb edir. Bu
magsadlo isdo GaS birlosmolorinds InAs nano-
kristallarinin yaradilmasi tiglin zoruri sortlor
tayin edilmisdir.

II. NUMUNONIN ALINMASI VO
OLCM® METODIKASI
Torafimizdan toklif olunan A’B° birlosmoli
layl yarimkegiricilordon olan GaS monokristali
Azorbaycan Milli Elmlor Akademiyasinin
Radiasiya Problemlari Insitutunda Bricmen {isu-
lu ilo alinmigdir. Alinmig kristalin otaq tempe-
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raturunda moxsusi miiqavimoti laylara parallel
vo perpendikulyar istigamatde uygun olaraq
2:10°0Om-sm vo 1-10*0m-sm tortibindodir. GaS
monokristalinda enerjilori 0,65¢V va 0,90eV
olan iki akseptor soviyyo, enerjisi 0,57¢V olan
bir donor soviyya vardir. Akseptor saviyyanin
ionlagsma enerjisi 0,18+0,23eV, konsentrasiyasi
iso 10''sm™ tortibindodir. Desiklorin tutulma
kosiyinin sahasi iso 101%sm2-dir[8].

I1I. ALINMIS NOTICOLORIN iZAHI

Isdo, A’B? nanokristallarmin GaS birlosmoe-
lorindo yaradilmasi ii¢lin ion implantasiya {isu-
lundan istifads etmoklo miixtoalif ionlar (Ga, A4s,
In, Sn, Sb) secilmisdir. GaS monokristalinda Ga,
As, In, Sn, Sb ionlarmin gacis yolu, ionlarmn
yaratdig1 vakansiyalarin sayi, ionlarinin konsen-
trasiyalarinin dorinliys géro paylanmasi, kritik
doza, nanohissaciyin yaranmasi ii¢lin lazim olan
doza vo eksitonun Bor radiusu hesablanmigdir.

Molumdur ki, ionlarin qagis yolu, istigamati
vo atomlarin dorinliys gore paylanmasi ion
implantasiyasi {iclin cox shomiyyatli prosesdir.
Implantasiya olunmus ionlarin dorinliys goro
paylanmas1 vo qagis yolu ionlarin ilkin yiik ha-
lindanda asilidir. fonlarm yiik hali artdigca qagis
yollar1 azalir.

Tadqiq olunan isdo Ga, As, In, Sn, Sb ionla-
rinin miisbot yiik hali gétiiriilmiisdiir. fonlarin
enerjisinin  /00+-500keV intervallarinda qagis
yollar1 GaS kristalinda SRIM program vasito-
silo hesablanmisdir[11]. Ionlar sotho normal
istigamotdo implantasiyasa edilmisdir. Sokil. 1.
GaS monokristalinda (Ga, A4s, In, Sn, Sh)
ionlarinin qagis yollarmin enerjidon asililig
gostorilmisdir. Gorlindiiyli kimi agir yiiklii ionlar
(In, Sn, Sb) eyni bir enerjido ¢ox yaxin qagis
yoluna malikdirlor. Yiingiil ionlar iss (Ga, As)
agir yikli ionlardan forqli olaraq homin
enerjilorde qagis yollar1 kaskin forglonir.

Qrafikdon goriindiiyii kimi /50nm dorinlik-
do InAs nanohissaciklori yaratmaq iigiin, 4s-in
ener-jisi 290keV, In-un enerjisi iso 426keV-3
uygun golir.

In vo As ionlarinin (426keV vo 290keV
enerjiyo malik) GaS kristalinin {izorino normal
istiqgamotdo implantasiyasi zamani enerji itiril-
mosi bas verir. GaS kristalinin {izarino diison In
vo As ionlar1 6z enerjilorini (E), elektronlarla bas
veran ionizasiyaya (I1), gofasin atomlarinin qop-

masina (Q1), gofosin fononlarinin yaranmasina
(F1) sorf edir.

100 4
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100 ) 0 0 50
Energy, keV
Sakil .1.

GaS monokristalinda Ga, As, In, Sn, Sb
ionlarinin qagis yollarinin enerjidon asililigi

Kifayot qodor enerji alaraq qofosden qopan
Ga va S atomlarida 6z enerjilarinin elektronlarla
bas veron ionizasiyaya (I2), gofosin atomlarinin
gopmasina (Q2), gofasin fononlarinin yaranma-
sia (F2) sorf edir. Bu enerji itgilorinin qiymati
uygun olaraq codvoldo gostorilmisdir.

Cadvwval
. E I Q Fi I Q2 F>
Ion | (keV) | (keV) | (keV) | (keV) | (keV) | (keV) | (keV)
in 426 39.5 | 0.38 1.11 121.2 | 12.26 | 2519
290 37.81 | 0.32 1.02 |75 8.12 167.74

fon implantasiyas1 zamani vakansiyalarin
yaranmas1 qag¢ilmazdir. Nozoro alsaq ki, imp-
lantasiya olunan ionlar agir ionlar oldugundan
(Ga, As, In, Sn, Sb), bu ionlarm vakansiya yarat-
magq effektivliyi ¢ox yiiksok olar. 300keV ener-
jido agir ionlarin ([n, Sn, Sh) qacis yollari
togribon 120nm oldugu halda, ylingiil ionlarin
(Ga, As) qagis yollar1 iso uygun olaraq 160nm vo
170nm giymotini alir. Sokil.2-do Ga, As, In, Sn,
Sb ionlarmin yaratdigi vakansiyalarin saymnin
ionlarin kiitlo ododindon asililigt qurulmusdur.
GaS kristalinda Ga, As, In, Sn, Sb ionlarinin
yaratdigi va-kansiyalarin sayr uygun olaraq
2755, 2985, 4597, 4597, 4597 oldugu miioyyon
edilmigdir.
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Sokildon goriiniir ki, atomlarin sira ndmrasi
artdiqca yaranan vakansiyalarin say1 artir. Yara-
nan radiasiya defektlorinin konsentrasiyasinin
miloyyon qiymotindon sonra GaS kristalinda
amorflagma prosesi bas verir. Amorflagma pro-
sesinin baslanmas1 kritik doza ilo xarakterizo
edilir. Kritik dozanin qiymati asagidaki ifads ilo
toyin edilir[9].

10*'-R

- (1)

kritik —

(1) ifadesindon istifads etmokls GasS kristalt
liciin 426keV enetjili In vo 290keV enerjili As
iicin uygun olaraq kritik dozanin qiymati
5,2-10"ion/sm?

3,5-10%ion/sm> va
miioyyan olunmusdur.

oldugu

8000 -

IL:
=
i

Nyacancies
b
n
‘
-

200

Sakil.2
GasS kristalinda Ga, As, In, Sn, Sb,
ionlarinin yaratdig1 vakansiyalarin saymin
ionlarin atom kiitlo adadindon asililig1

Yarimkegirici birlosmalordo nanohissocik-
lorin yaradilmasi {igiin implantasiya olunan ion-
larin konsentrasiyast imumi ionlarin konsent-
rasiyasinin 6+/0%-ni toskil etmolidir. Nozaro
alsaq ki, GaS—in 1sm*-da 3,2:10?? sayda kom-
ponent varsa, onda implantasiya olunan ionlarin
konsentrasiyasi 1,9:10*'sm>+3,2:10?'sm™ inter-
valinda olmalidir. Bu konsentrasiyaya uygun go-
lon implantasiya dozas1 iso /n ligiin 4,1-10'%sm™
vo As iiciin iso 4,8:10'"%sm™ tortibindo oldugu
miioyyan edilmisdir. lonlarin GaS kristalinda do-
rinliya gora paylanmasini miisyyan etmok ii¢lin
Qauss paylanmasindan istifads edilmisdir (2).

N(x) = m%exp[— (x—R,)* (2AR?)]> 2)
D
A 3)
\/27Z'ARP

burada AR, — proyeksiya gacgisinin orta kvadratik
sarpmasi, Nmax 150 normallagdirma sortino asason
tayin edilon konsentrasiyanin maksimal qiymae-
tidir [9].

Sokil 3-da 426keV enerjili, 4,1-10'°sm™ do-
zali In vo 290keV enerjili, 4,8-10'%sm™ dozali
As ionlarinin derinliys goro konsentrasiyalarmin
paylanmasi gostarilmisdir. 150nm dorinlikda in
vo As ionlarinin maksimum konsentrasiyalar
3-10*'atom/sm® giymotini alir. Bu is2 o demok-
dir ki, GaS kristalinda In vo As ionlarindan ibarot
olan kvant ndqtolorinin mamksimum yaranma
ehtimali 150nm dorinlikdo miisahido olunmal-
1dir.
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Sakil.3.

GasS kristalinda 4,1-10'%sm™ dozal1 In va
4,8-10'%sm? dozali As ionlarinin darinliya gora
konsentrasiyalariin paylanmasi

Molumdur ki, kvant effektlorinit arasdiril-
masinda eksitonun Bor radiusu asas rol oynayir
[10]. Eksitonun Bor radiusu asagidaki ifadosi ilo
hesablanir.

2
a, - h 5‘290 ’
e
burada e-maddonin dielektrik niifuzlugu, eo-
elektrik sabiti, 7% -Plank sabiti, e-elektronun
yiikli, u-elektron desik ciitii {iclin gotirilmis

“4)
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* ok

(effektiv) kiitlodir. Gotirilmis kiitlo 1 = —=et

m, +m,
ifadosino osason toyin edilir. Burada m, vo m,

miivafiq olaraq elektron vo desiklorin effektiv
kiitlosidir.

Todgiq olunan isdo yaranan InAs kvant
noqtalorinin dlgiilorini miioyyon etmok iiciin
eksitonun Bor radiusu (4) ifadosi ilo hesab-
lanaraq as~32nm qiymati alinmigdir. Bu iso ara-
liq vo giiclii konfayment (foza mohdudiyyati)
sortlori daxilindo yaranan kvant nodqtslorinin
1+32nm intervalinda miisahido olunmasina zo-
min yaradir. Alinmis bu qiymot digor nazari vo
tocriibi qiymatlarlo uygunluq toskil edir[10,12].

Beloliklo,  enerjisi ~ 426keV,  dozasi
4,1-10'%m™ olan In ionu, 290keV enerjili,
4.8-10'%sm? dozali As ionu ilo GaS mo-
nokristalinda 150nm  dorinliyindo  radiusu
1+32nm &lgiisiinde InAs kvant ndqtesinin yara-
dilmasinin miimkiinliiyli miioyyon edilmisdir.

Bu is Azorbaycan Respublikasinin Prezi-
denti yaninda Elmin inkisafi Fondunun maliyya
yardimi ilo yerino yetirilmisdir. Qrant Ne EIF-
BGM-2-BRFTE-1-2012/2013-07/06/1.

1. A.B.baknanos, A.A.I'yrkun, I[I.H.bpyHnkos,
A.YO.Eropos, C.I''KonnukoB, Ananuz npo-
yeccos mepmuueckoll IMUCCUU ITIEKMPOHO8
u3 maccugos InAs keanHmogvlx mouex 8 cioe
06vemHozo 3apsada GaAs-wampuyel, OTII,
48 (2014) 1186-1191
M.M.Cob6ones, U.M.I"'ajxkueB, M.C.byso,
B.H.HeBegomckui, I0.M.3agupanos,
P.B.3onotapesa, A.Il.Bacuibes, B.M.Ycru-
HOB, Bausuue monwumnst npocnoixku GaAs
HA KBAHMOB0OE CBA3bIBAHUE U ONMUYECKYIO
NOJAPUZAYUIO 8EPMUKATILHO-KOPPENUPOBAH-
Hou 10-cnotinoti cucmemol K8AHMOBLIX MO-
yex InAs/GadAs, @TII, 48 (2014) 1059-1064
3. A A.bpomkun, A.MN.Axumon, B.A.Tumo-
¢deeB, A.B.JIBypeueHckuii, [Ipoyecc 3a-
xeama Ovipox 6 cemepocmpykmypulGe/Si

¢ keanmosvimu mouxkamu Ge, @DTII, 48
(2014) 1065-1069.

4.

10.

11.
12.

I'.B.Kimumko, C.B.Copoxun, W.B.Cenora,
C.B.I'pornn, @.Jlmaun, B.X.KaiiObimes,
B.A.Cesprok, I1.H.Bpynko, A.A.Cuthu-
koBa, A.A.Topomnos, C.B.BanoB, Monexy-
JIAPHO-NYUKOBASL  DNUMAKCUSL  2UOPUOHBIX
AlGaAs/Zn(Mn)Se nmanocmpykmyp ¢ Keéaw-
mosvimu moukamu InAs/AlGaAs eoausu ee-
meposanenmnoco unmepgetica, DTII, 48
(2014) 36-43.

B.1O.ITaneBun, A.H.Codponos, JI.LE.Bopo-
ObeB, JI.A.®upcos, B.A.Illanpirux,
M.A.Bunnuuenko, P.M.banaryna, A.A.To-
ukux, P.Werner, B.Fuhrman, G.Schmidt,
Jlamepanvnas pomonposooumocmes cmpyx-
myp ¢ keanmosvimu mouxkamu Ge/Si, OTII,
47 (2013) 1599-1603.

E.JI.ITaBnoBa, A.IL.Topmkos, A.M.BoGpos,
H.B.ManexonoBa, b.H.3BoHkoB, Hccreoo-
saHue 2emepocmpykmyp ¢ KOMOUHUPOBAH-
HbIM Cl0eM KBAHMOBLIX MOYEK/KBAHMOBOL
amel In(Ga)As/GaAs u delta-cnoem Mn,
@TII, 47 (2013) 1617-1620.
@®.1.3y608,10.M.lllepusikoB, B.Makcumos,
A.E. XyxoB, .A.JluBmun, A.C.Ilatocos,
A.M.Hanrounii, A.B.CasenbeB, H.B.KpsI-
xaHosckas, H.}O.I'opnees, Cnexmpanvras
3a8UCUMOCMb  (hakmopa Yuupenus: JTUHUU
6 n1azepax Ha keanmosvix mouxax, PTII, 47
(2013) 1681-16861.

A.3.AGacoBa, P.C.ManaroB, B..Cradees,
Paouayuonno-cmumynuposannvie npo-
yeccol 8 XANbKOSEHUOHBIX CMPYKMYpax,
baxy, «2am» (2010) 352.

®.D.Komapos, Honnas u pomonnas obpa-
bomka mamepuanos, bencocynusepcumem,
Munck, (1998) 2009.

N.Korti-Bagdadli, A.Elhasnaine Merad,
T.Benouz, Columbia International Pub-
lishing American Journal of Materials
Science and Technology, (2013) 65-73.
http://www.srim.org/SRIM/SRIMLEGL.htm
S.V.Karpov, S.V.Mikushev, Electron-hole
excitations in CdSe quantum dots under
strong and intermediate confinement condi-
tions, Physics of the Solid State, (2010)
1750-1756.

23



http://www.srim.org/SRIM/SRIMLEGL.htm

GaS KRISTALINDA inAs KVANT NOQTOLORIN YARADILMASININ NOZORI OYRONILMOSI

THEORETICAL STUDY OF THE CREATING OF THE inAs QUANTIUM DOTS ON THE GaS
CRYSTALS

M. M. JAHANGIROV, F. i. AHMADODOV

Theoretical calculations have been conducted in the work for generation of the nanoparticles in GaS compounds
with ion implantation. Energy 426keV, dose 4,1-10'°sm™ with In ion of 290keV energy, 4,8-10/%sm™ dose the
model of the generation of InAs quantium dots in the GaS crystal with /50nm deepness and with /-+=32nm radius.

TEOPETUYECKHUE UCCJIEJOBAHMUS 11O CO3JIAHNIO KBAHTOBBIX TOYEK HA OCHOBE
InAs B MOHOKPUCTAJIJIAX GaS

M. M. I/ KAXAHI'HPOB, ®. U. AXMEJOB

TeopeTndeckn MOKa3aHO, YTO HPH BBIOOpE AT MOHHOW MMIUIaHTanWM B MOHOKpuctaimn GaS woHOB In c
IapaMeTpaMy SHEPTHHA HAJIETAIOMEro MoHa 426 koB, mo3oit 4,1-10/°cM™ ¥ HOHOB As C apaMeTpaMy SHEPIUH
HaseTaomero uona 290x3B, no3oil 4,8:10'%wm? Ha riyoune 150HM BO3MOKHO CO3/IaHHE HAHOPA3MEPHBIX
obpazoBanuii BenUuIMHOHN 1-32HM.

Penaxrop:a.¢.-m. v.11I.M.Harues
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N3JYYEHUE SGHEPTUH B ITPOBOAAINX CPEJAX SJIEKTPOHHOI'O TUITA
HOCHUTEJIEA BO BHEIITHEM HOCTOSIHHOM
IAJIEKTPUYECKOM U MAT'HUTHOM I10JIE

AM.I'AIIUMOB!, 3.P.TACAHOB?
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PE®EPAT

IlocTpoeHa Teopus M3JIy4E€HHs SHEPIrUU B IIOCTOSHHBIX
9JIEKTPUYECKUX U MarHUTHBIX MOJIIX B IPOBOJSAIIUX Cpe-
Jlax ¢ OJIHUM THUIIOM HocuTened Toka. [TomyueHo ananu-
TUYECKOE BBIPAXKEHUE Ul YaCTOThl M3Iy4eHUs. Burauc-
JIEHBl BEILECTBEHHbIE M MHHMMBIE YacTU HMIIEJAHCA.
OrnpeneneHbl UHTEPBAJIbI U3MEHEHUS JJIEKTPUUECKUX U
MarHUTHBIX NOJIEH.

BBEJIEHUE

N3y4yeHne KMHETHMYECKHUX CBOMCTB IIPOBO-
JSIIUX CPEJl ¢ TOUKH 3PEHUS TEOPUH U PAKTUKU
ABJIAETCS OYEHb MHTEPECHBIM. MeTaisl, momty-
METaJUIbl ¥ TOJXYIPOBOJHUKH M UX CMECH SIBJISI-
I0TCS OCHOBHBIMH MaTepHaJlaMU JIJIsl U3TOTOBJIE-
HUS 3JIEKTPOHHBIX NMPUOOPOB, YCUIIUTENEH, re-
HEpaTopoB U T.1. OCHOBHOW MHTEPEC MIPEICTaB-
JS€T NPUMEHEHUE MHOTOJOJIMHHBIX IOIYIpPO-
BOJHHMKOB, HA OCHOBE KOTOPBIX U3TOTOBJIEHBI I'e-
Hepatopsl ['anHa. DT npubopsl paboTalOT B UH-
tepsane gactoT 107+-10''T' u akTBHO HCHOND-
3yI0TCSl B KOocMHUYeckol TexHuke. Mccienosa-
HUE, BBIMOJIHEHHOE B TaHHOU paboTe, onmupaeTcs
Ha IIUPOKO UCI0JIb3YEMYIO MOJIEBYIO alllPOKCH-
mamuto. ITpu wacrorax 107+10" T B GaAs non-
HBIM TOK KOJIEOJNeTCS U AJIEKTPUUYECKUE 3apsi/ibl
nepepacipeesIsioTcsl HEOITHOPOAHBIM 00pazoM.
Heonnopoanoe pacnpenenenue 3apsijia npuBo-
IUT K 3aBUCHUMOCTSIM MOJBUKHOCTEH, KOHIIEH-
Tpanui OT diekTpudeckoro mosns. Jperidoas
CKOPOCTb v, (E), @ C HE! U IIOABUIKHOCTD (E) ) U

KOHICHTpAaud HOCHUTENEH n(E) OT JJICKTpHUYC-

cKoro nonsg £ B o0mem ciydae 3aBUCAT HeEIu-
HEHHO.

W3-3a HEMMHENHOCTH v, (E), n(E) TEOPETHU-
4EeCKOE HUCCIEeI0BAaHUE 3aTpyAHeHo. M3nydyenue
IIPOUCXOIUT C OYEHb BBICOKOW YacTOTOM W IIPH
3TOM 00pa3ell HaXOAUTCS B HEPABHOBECHOM CO-
CTOSSHUH. JTO COCTOSIHUE SIBIISIETCS HEYCTONYM-
BbIM. Teopusi HEpaBHOBECHBIX COCTOSHUI Tpe-
OyeT UCMOJIb30BaHUS HA MPAKTUKE Pa3IMYHBIX
aZIeKBaTHBIX mpuOmmKeHuit [1]. Ammiurtyma
JNEKTPUYECKOTO TOKa 3aBUCUT OT BpEMEHHU
CJIOXHBIM 00pa3oM. Ilo 3Toit npuunHe KUHETH-
YEeCKUE YpaBHEHHUS, ONKCHIBAIOIINE HEYCTOWYH-
BBIE COCTOSIHUS, SIBJISIIOTCS HENMMHEHHBIMH [2].
XapakTepHO, UTO KOT1a HAUMHAIOTCSI KOJIeOaHMs
TOKa, 00pa3el JeNUTCs Ha pa3InyHble YYaCTKHU C
Pa3HbIMH 3HAYEHUSIMHU JJIEKTPUYECKOTO MOJIS.
OTH y4acTKu (AOMEHBI) BOZHUKAIOT U UCUE3a0T
c uactoToit 107+10"'T'1. PazMepsl 5THX TOMEHOB
HaMHOT'O MEHbIIIe pazmepa obpasia. BHyTpu 00-
paslia CKOpOCTh IBUKEHUS JOMEHOB MOXKET
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HOCHUTEJIEN BO BHEIIIHEM [TOCTOSHHOM 3JIEKTPUYECKOM U MATHUTHOM IIOJIE

MMETh 3HAYCHUS. U <V, , mbo p = v, 00
v>uv,,TIe vdCKOPOCTh Apeida. HeycToliunsbie

COCTOSIHUSI O0Opa3lOB CHJIBHO 3aBHCAT OT poja
IIOJIyNIpOBOJIHMKA. Eciu nmpoBoAMMOCTh co3ja-
€TCsl TOJIBKO 3JIEKTPOHAMH, TO YacTOTa M3JIyde-
HUS CHJIBHO OTJIMYACTCS OT YacTOTHI H3ITyUCHHS
B ClIy4yae HaJM4usi 000MX TUIOB (JIEKTPOHOB U
IBIPOK) HOCUTENeH. BomHa BHYTpH 00pasia Mo-
KET BO3HHKATh B JIAHHOM TOYKE, HEOTPaHU-
YEHHO HapacTas (a0COIMI0THAs HEYCTOMYUBOCTB )
WJIM BO3HUKAs, KOHBEKTHBHASI HEYCTOWYUBOCTH
pacrmpocTpaHsieTcs 1o Bcemy oopasiy [3].

Ecrm Bo3HUKarOI11as1 BOJTHA BEIXOIUT HAPY-XKY (TIpH
3TOM B 00pas1Ie MPOKMCXOIUT KOJleOaHHE TOKA), TO FMITe-
JIaHC KpricTasuia, Oyrydu (hyHKIMEH YacTOThl, KaK KOM-
IUICKCHAsI BEJTMYMHA, UMEET HA TOM YacToTe OTpHlia-
TEbHYFO BEILIECTBEHHYIO YacTh [ 3]. ekt [ "aHHa rpo-
HICXOJIUT 3a CYET TOSIRJICHHS B 00Pa31Ie OTPHIIATEIIHHOM
(G depeHIATEHON TIPOBOIMMOCTH (COMPOTHRIICHHS).
O6s13aTenbHOE YCIOBHE TSl BO3HUKHOBEHHS KoJleOaHUi
B vorie | aHHa He3aBUCHMO OT TUITa PEXHMA €10 padOThI
(c momeHaMu WM O€3 JIOMEHOB) — 3TO HAIMUKE B 00-
pazlie OTpHIATENIEHON JM(dEepEeHIMATEHON TPOBOIM-
MocTH (comnpoTuBieHys)). B paccmarpuBaeMoM Hamu
ciTydae aper¢oBoil HETMHEHHOCTH, KaK MOKa3aHo B [3],
yCIOBUSL (PITyKTYaITMOHHOM HEYCTOMYMBOCTH SKBHBA-
JICHTHBI YCJIOBUSIM HEYCTOMUYMBOCTU TI0 HMITEJAHCY.
VMeHHO 3Ta SKBUBATIEHTHOCTH TIO3BOIIET A(H(PEKTUBHO
TPAMEHSTH UMIIEIAHCHBIN MOJIXO/ K AHUTM3Y Pa3BUTHS
(rykTyarmii. Berarcienre nMreianca 1aeT BO3MOXK-
HOCTb TeOPETHYECKOTO aHATN3a HEYCTOMYMBBIX COCTOSI-
HHI, B pe3yJIbTare KOTOPBIX 0Opa3ell HAUMHACT M3ITy-
yarb. [[py BeMUCIIEHNN MITEAHCA HY)KHO YYUTHIBATH
3HAYEHMs! MEKTPHUECKOrO TIOMIsI Ha TPaHMLAaX o0paslia
(TpaHMYHBIE YCIIOBUS).

Konebanus Toka mpu HaIUYUU OOOUX TH-
OB HOCUTEJEH TOKAa TEOPETUYECKH H3y4eHBI B
[1]. B nanHoif pabote mocTpoeHa Teopus KoJie-
0aHMii Toka B 00pasiie ¢ OJJHUM TUIIOM HOCHTE-
JIeil IpY HaJIW4YWU MMOCTOSSHHBIX BHEIIHHUX JJICK-
TpUYeCKUX £y U MarHUTHBIX [y nosiel. Beranc-
JUB UMIEAAHC, OYIyT ONpPEeeIeHbl HHTEPBAIIbI
W3MEHEHUS BHEITHUX JICKTPUYECKUX U MarHUT-
HbIX mosield. OTMETHM, YTO HUCIOIB3YyeMbIC B
JTAaHHON paboTe MPHUOIIKEHUS YIOBIECTBOPS-
I0TCS BO MHOTHX SKCIIEPUMEHTaX.

TEOPETUYECKWUU AHAJIN3
[110THOCTH TOKA C OJJHUM THIIOM HOCHTE-
JIe¥ TOKa BO BHEIIIHEM JJIEKTPUIECKOM E U Mar-
HuUTHOM H monsx umeet Buf [5,6]:
J= i%+o’é+al{gfl}+@ I;(E;Ij+
4z Ot

. (D)
+Dvp_Dl[Vp;1}Dz ﬁ(w)

371eCh OMHYECKasi —TIPOBOIAUMOCTb,
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o»=enuH’ - (HOKYCHPOBOUYHAsT MIPOBOIMMOCTH, D,
DiH,, D7H;’ COOTBETCTBYIOIIUE KOI(POHUIMEHTHI
muddysun, p=en IIOTHOCTL HOCUTEJIEH 3apsiia.
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W3 BexTOpHOTO ypaBHEHUs (4) BUAHO, UTO JIs
OTpe/IeNIeHUsT KOMIIOHEHTOB IUIOTHOCTH TOKa
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N3 (5) BUIHO, YTO 3HAYEHUS KOMIIOHEHT
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MMEET pPasHbI€ CONPOTHUBIICHUS, T.€. UMIIEHAHC
Z . B o0uiem ciyyae Hy)KHO BBIUUCISATH MUMIIE-
JaHC 110 HampaBieHusMm X, V,Z. OaHako H3-

BECTHO, YTO IKCIIEPUMEHTAILHO U3y4eHUEe TPO-
BOJUTCSL BIOJb OJHOTO HampaBieHus. Toraa
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YPaBHEHHE OTHOCUTEIBHO £ .
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& w ®
eDk k v.elk +k
a2:1+l.4_7l'0'0+0'20,b:1+ 1y z 4 0 y )

& o 4rao, 4ro,
IIpu BbuuCIEHUN Z cornacHo (6) HYXHO

Y4€CTb, YTO M3IIyYE€HHE 10 HAIPABIICHUIM ) U Z
(j" =0, j =0) orcyrcryer. Torna BO3HHKaKO-
v /

¢ BOJIHBI BHYTPU 06pa3ua MO0 HaITpaBJICHUAM
Yy U Z ABIANOTCA CTOAYHMMHU U UX BOJIHOBBIC BCK-

TOPBI OIIPEACIIAIOTCS CICAYIOUIMM 00pa3oM:

Y

(Ly, L, - cooTBeTcTBYyIOIIME pa3Mephl 00pasIia,
my.= £, £2, ...).
YuuTsiBas BBIIECKA3aHHOE, HATIUILIEM:

E'G,0)= [/ (x)+ o, (0)+ kg, (0)]€XP i(k,y+k.z-or). (8)
Pemenne wneogHopomHoro auddepeHiu-
anpHOrO ypaBHeHus (7) OyaeM UCKaTh B CIENIy-
IOIIIeM BUJIE
E'(x)=Ce"™ 1 Ce 1 C, 9)

3nechk Ci, C2 — KOHCTAHTBI, ONPEAEIIAIOIINECS U3
IPaHUYHOIO YCJIOBHUA 3eKTpruieckoro mnosst, Co
—gactHoe pewenue (7), I't u I'2 kopHu kBagpar-
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WN3JIYUEHUE SHEPI'MH B ITPOBOJAINNX CPEJAX OJIEKTPOHHOI'O TUITA
HOCHUTEJIEN BO BHEIIIHEM [TOCTOSHHOM 3JIEKTPUYECKOM U MATHUTHOM IIOJIE

HOT'O ypaBHEHHS, COOTBETCTBYIOILIETO OJHOPOJ-
HOMY T depeHIINaTbHOMY YPaBHEHHIO, KOTO-

poe nonyuaercs u3 (7) npu ])'( =0.

N3 pemenust nuddepeHImaibsHOTO ypaBHe-
Hus (7) npu j| =0 HOTyduM:
L =F+F+iF,=«a,, IL =F-F+iF,=a,,

Uokydo(l - D]O-OJ
- Do), r_ ,i& ,
2Dk} w ' \8x Dk;
Fy=i =20y | £ % |, (10)
& Dky & Dky
E=i = 002 - = O-02
8 Dky 8 Dk),

Jlia naxoxaenus Cpu C; Oyzaem nucmosib-
30BaTh YCIOBHS OJTHOPOIHOCTH ISl SJIEKTpHYe-
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oOpasiia BeIpaxXeHue:

o 1+iL=0 -(eaz_l)(eal_l)

eaz _eal

:(ij {k_DJ . (13)
[0 [0

Boigensis BeEecTBEHHYI0 1 MHUMYIO YacTH
umnenanca u3 (13) monyqum:
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[ToncraBnss 3tu BenuuuHbl B (14), momy-
yaeM, 4YTO UMIIEJaHC 00paslia CIOXHBIM 00pa-
30M 3aBUCHUT OT AJIEKTPUUYECKOTO ¥ MAarHUTHOTO
nosied. BugHo, uto Re Z u Im Z Moryt MeHATH
3HaK Kak OCIWUISILIMOHHBIM 00pa3oM BCIE-
CTBUE U3MEHEHHS 3HAKOB TPUTOHOMETPUUECKUX
¢byHKIuUH, Tak U 6e3 ocuwuanui. Yactoty Ko-
nebaHus MOXXHO HAWTH U3 pPEUICHHs CIeIyro-
HIETO YpaBHEHUS

-ReZ+r=0, (15)
I7Ie 7 - BHEIIHEE MOJOKUTEIbHOE COMPOTUBIIE-
HUE.

[MoxacraBnss Re Z uz (14) B (15), nerko mno-

JYYUM JIJIS1 4aCTOTHI KOJIeOaHMs BhIpaKEHUE

a)zﬂoHo (16)

o, -

3AKJIFOYEHUE
Taxkum 06paSOM, B BBIIICYKA3aHHBIX ITPOBO-
JAUX CpelaX, HaXOAAIUXCA BO BHCIIHUX I10-
CTOAHHBIX JJICKTPUYCCKOM U MAHUTHOM IIOJIAX
IMPOUCXOIAT KoJeOaHHs TOKa C 4YacTOTOH
= Moty
C

c,» ipu 9T0# yacrore ImZ >0. Ko-

HEYHO, KpoMe 4acToThl (16) CylecTByIOT U Apy-
rHe 4acToThl KoneOaHus. Pasymeercs, 3ty ya-
CTOTBI MOKHO HallTH u3 ypaBHeHus (15) c yue-
TOM DPa3JIMYHBIX YHCJICHHBIX 3HaueHUuil R, R,,

r, M, My, ui, u.
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MAHHBIX KONEOAHUL MOKA 6 KpUCMmAiax
Muna 2epmanusl, 1ecupo6arnio20 3010MOM,
@TI1, 3 (1969) 1201-1208.
B.JI.bonu-bpyeBuu, Onexmpuueckue oo-
MeHblL 8 NOTYNPOBOOHUKAX C 20PAUUMU DJIEK-
mponamu, @TT, 8 (1966) 356-364.
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XARICI ELEKTRIK VO MAQNIT SAHOLORINDO YERLOSON ELEKTRON TIP KECIRICILIKLI
MUHITLORIN ENERJI SUALANDIRMASI

A.M.HOSIMOV, E.R.HOSONOV

Bir tip kegiricilikli mithitlords xarici elektrik vo maqnit sahosinin tosiri ilo enerji siia balansinin nozoriyyasi
qurulmusdur. Siialanma tezliyinin analitik ifadesi alinmusdir.inpedansin haqiqi va xayali hissalori hesablanmisdir. El-
ektrik vo maqnit sahalarinin intervallar: tapilmigdir. Stialanma halinda haqiqi ve xayali impedanslarin qrafiki

qurulmusdur.

RADIATION OF SUPERCONDUCTING MEDIUM ENERGY OF ELECTRON TYPE CARRIES IN
EXTERNAL CONSTANT ELECTRIC AND MAGNETIC FIELDS

AM.GASHIMOYV, E.R.HASANOV

The energy radiation theory in the constant electric and magnetic fields in conducting mediums with one type
current carrier is constructed. The analytic expression for the radiation frequency has been obtained. The impedance
real part and impedance imaginary part have been calculated. The change intervals of the electric and magnetic fields
have been defined. The plots of the impedance real part and impedance imaginary part in the radiation conditions have
been constructed
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PEDEPAT

HccnenoBanreM MEKPOCTPYKTYPHI U MOP(OIOTHH HBTEK-
THYeCKUX KoMno3uToB InSb-MnSb u GaSb-FeGa, 3, moxa-
TBEpKACHA IBYX(Pa3HOCTh CHCTEMBI W HATMYHE MexKpa3-
HOW 30HBI BOKPYT METAJUIMYECKUX BKJIOUCHHA MnSb u
FeGa, ;. UcciaenoBaHsl TeMnepaTypHbIe 3aBUCHMOCTH KO-
s¢dunmrenTa Xosuia, 3ACKTPONPOBOIHOCTH U TEPMOI/IC B
obnactu 80+800K. [TomyueHHBIE pe3yabTaThl HHTEPIIPE-
THPOBAHBI HA OCHOBaHUHU TeopHH 3(P(HEKTUBHBIX CpEa B
MOJIEJIA — MaTPHIIa, BKIFOUCHHE ¥ HEMEePEKPHIBAIOIIHECS
Mexdasnbie 30HbL. OOHAPYKEHO COTIIACHE IKCTIEPIMEHTA
C TEOpHEH.

BBEJEHUE

N3BecTHO, YTO COEOUHEHUS DIIEMEHTOB
[II-V rpynnsl npu onpeneneHHbIX KOHIEHTpa-
nusx 3d-nepexonubix meramios (Fe, Mn, Co,
Cr) B pexrMe HalpaBJIeHHON KPUCTAILTA3AIIII
00pa3yroT IBTEKTUYECKUE KOMITO3UTHI [1-2].
OTH KOMIO3MTHI MPEACTABISAIOT cO00M momy-
IIPOBOJHUKOBYIO MAaTpUIly COECIUHEHHUH 3iie-
MeHTOB III-V rpynmsl, JierupoBaHHyo Iiepe-
XOJHBIMU JIEMEHTAMH U COJEPIKAILYIO BKIIIO-
YeHus: coequHeHui 3d-meranoB B BHJIE Ma-
paJIIIENIBHO OPUEHTUPOBAHHBIX METAIITNYECKUX
BKJIIOUEHUH. B 3THX KOMMO3UTax Ha rpaHule
MTOBEPXHOCTHU IOJIYIIPOBOJIHUKA U METAJIJINYE-
CKOM (ha3pl MPOUCXOAUT IepepacrpesieeHnue
HOCHTENEH 3apsia, BOSHUKAIOT CTPYKTYPHBIE U
3JEKTPOHHO-IHEPI€TUYECKHE COCTOSHMS, KO-
TOpble He XapakTepHbl A ¢a3. Takue 3BTEK-
THYECKHE KOMITO3UTHI ITOITYITPOBOIHUK-METAILI
BeqyT ce0s Kak HEOJHOPOAHBIE MOJYMPOBOJI-
HUKH. VX pusnyeckue cBOWCTBa CYIIIECTBEHHO

3aBHUCST OT F€OMETPUH BKIHOUEHUIH, MOp(OI0-
ruu pa3 u ocobeHHocTel GOPMHUPOBAHUS MEXK-
¢a3HpIX 30H. B mocnenHue Bpemss B 3TOM
HAIpaBJICHUU TPOBOJATCS WHTCHCHUBHBIC pPa-
60tel [3-10]. Onucanuble B nuTEpaType Me-
TOJIBI ONpeseieHuss (PU3NYECKHX XapaKTepH-
CTHK OTPaHUYEHBI TPYJHOCTSIMU Y4eTa FeOMeT-
puueckoil (HOpMBI BKIIOYEHUH, JIE€TATLHOTO
pacipeneneHus oJiel B HEOJHOPOAHOU CpeJie.
B uccnenoBaHuu 31eKTpoPU3MUECKUX XapaK-
TEPUCTHK JBYXKOMIOHEHTHBIX CpeJ JIOCTHUT-
HYT OIpeJeJIEHHBIH MPOrpecc TONBKO B ILIOC-
KOM CJIy4ae NMpH MepHOAUYECKOM PACIIOI0XKe-
HUM BKJIIOYEHWH mpaBuibHONH ¢opmbl [11].
[TprMeHeHMe STUX IBTEKTHK B KAUECTBE aKTHB-
HBIX 3JIEMEHTOB B JieTekropax MK-uznyuenus,
TEH30METPUH U Jp. IpUOOpax TpedyeT BCecTo-
POHHETO U3YUYCHMs IEKTPOPU3NUECKUX Mapa-

METPOB.
Hamu onmyb6nukoBansl psig padot [12-15],
MOCBSAIICHHBIX ~ W3YYEHHIO  OCOOCHHOCTEH


mailto:durdana@physics.ab.az

BJIEKTPOOUINYECKUE CBOMCTBA BTEKTUYECKHX KOMITO3UTOB InSb-MnSb u GaSb-FeGa; 3

TPAHCIIOPTHBIX CBOWCTB, B YaCTHOCTH, DBTEK-
THYecKux koMno3utoB GaSb u InSb ¢ 3d-me-
tayuiamu (Fe, Mn, Co), B KOTOpBIX aHATU3U-PO-
BaHO BIIMSHUE BKJIFOUCHUN HA SIBJICHHS TIEpe-
HOCa 3JIEKTPUYECKOr0 3apsijia U Teria.

B nacrosiieit paboTe paccMOTPEHO BIHSI-
HUE METaJUIMYECKUX BKIIOYCHUUH M Mexdas-
HBIX 30H Ha 3JIEKTPONPOBOJTHOCTH KOMITO3UTOB
InSb-MnSb u GaSb-FeGa, 3.

OKCIIEPUMEHT

OBTeKTUYECKHE KOMIO3UTHI InSb-MnSb u
GaSb-FeGa, 3 momydens! B 1Ba sTana. bunap-
Hble coenuHenus GaSb u InSb, cunTe3mpo-
BaHHbIC CIUIABJICHHEM JJIEMEHTOB B CTE€XHO-
METPUYECKUX KOJIMYECTBaX U TOJBEPTHYTHIE
TOPU30HTAJILHOM 30HHOW OYHCTKE, UMENH P-
THUII IPOBOJUMOCTH C KOHLIEHTpAlUeld HOCHT-
eneld sapsaa p=1,2-10"cm> u n=2x10"%cm, coor-
BercTBeHHO. Kommosutsl InSb-MnSb u GaSb-
FeGa, 3 Ob1IH 1OTy4€HbI BEpTUKATIBLHBIM METO-
oM bpuikmMeHa cO CKOPOCTBIO INEpEABHKE-
HUs (pPOHTA KpHCTAUIM3AlMKU |MM/MUH TIpU
CTPOTHM BBHITIOJTHEHUU TPEOOBAaHUSI €ro mep-
NEHAUKYISPHOCTH K HANPABJICHUIO BBITSDKKA
nyrem cmiaBieHus ¢ 6,5Bec% MnSb u
7,98ec% FeGai 3, coorBerctBeHHO. [lomyuen-
HBIE TAaKUM ITyTeM KOMIIO3UTHI OBUTH p-THIIA C
KOHIIEHTpaluell HocuTenei 3apsama 2-10cm
u 1,2:10"%cm™. O6a KoMmo3uTa XapakTepu3o-
BaJIMCh PAaBHOMEPHBIM pacHpe/IeICeHUEM HIJI0-
00pa3HbIX BKJIIOYEHHN BTOPOHl ¢a3pl MnSb u
FeGa, 3, BBITSHYTBIX BJOJb HAIMIPABJICHUS JIBH-
XKeHHUs (POHTA KPUCTATITU3AIIH.

Tepmorpaduuecknue uccieOBaHUS KOM-
MO3UTOB TPOBEJCHBI Ha JepuBaTtorpade mpu
OJTHOBPEMEHHOM (pUKCaluu TemIiepaTrypsl 00-
pasua Tos, AuddepeHnnansHON pa3HOCTH TEM-
nepatyp Mexay oOpasnom u stagoHoMm JTA,
tepmorpaduyeckoit kpuBoit TI' (u3MeHeHHe
Beca obpasua) u IATT (ckopocTh M3MeHEHUs
Beca oOpasma). PenrreHonudpakrorpammbl
nonydeHsl Ha audpakromerpe «Advanse DS
diffractometer» B pexume CuKqu3mydyeHUn
npu 10°<20<100°. MukpocTpykTypa u Mopho-
JIOTUSl KOMIIO3UTOB HCCIIEAOBAaHbl MUKPOCKO-
nom SEM Philips™. Dnextpodusnueckue

CBOMCTBA KOMIIO3UTOB MCCIIEJOBaHbl KOMIICH-
CallMOHHBIM METOJZIOM B OOJIaCTH TeMIIepaTyp
80+800K.

OKCINHEPUMEHTAJIbHBIE
PE3VJIBTATHI 1 OBCYXIEHUE

Ha npencraBieHHbIX TepMOrpaMMax KOM-
no3utoB InSb-MnSb u GaSb-FeGa; 3 BugHsl
nBa nuka (Puc.1): mepBblii - S9HAOTEPMUYECKUA,
OTHOCHUTCSI K TPOLECCY IJIaBICHUSI KOMIIO3U-
TOoB M HaOmomaercs Ha kpuBoid DTA u TG.
Benen 3a mpolieccoM IutaBlieHUsT HAUWHAETCS
AK30TEePMHUUECKUN dPPEKT, XapaKTepHbIA NI
MPOLIECCOB OKHCIIEHUS, U Ha TepMorpaduuec-
KHX KPHUBBIX HAOIIOAAETCs yBEJIWYEHHE Beca.
Ha ocHOBe 3TuX uCClieJOBaHMI OIpeneIeHb
OCHOBHBIC XapaKTEPUCTHUUYECKUE TapaMeTphl
KOMITIO3UTOB: Temneparypbl Hadana Tx=785K n
Tw=968K u xonma Tx=813 u Tx=1003K mu1ase-
Hus, temwiora Q=15,5/x/r u Q=32,4]/[x/r
SHTPONUSA AS=7,56x]/x/Kmoinb u
AS=6,17x]Ix/Kmoib, COOTBETCTBEHHO 111 InSb-
MnSb u GaSb-FeGai 3 ¢ TounocTbi0 2+3%.

YyacTku pPEHTTeHOBCKUX JAU(PPAKIIUOH-
HBIX criekTpoB uid InSb-MnSb u GaSb-FeGaj 3
npencraBiensl Ha Puc.2. Ha gudpaxtorpam-
MaxX 000MX KOMITO3UTOB YE€TKO BUIHO HATHYNE
IByX ¢a3: WHTECHCHBHBIC JIMHUU COOTBETCT-
BytoT Matpuiiam InSb u GaSb, a cnaGeie muHUN
— coequHeHusiM MnSb u FezGas.

JIByx(a3HOCTh CHCTEM TaKKe MOJITBEPK-
JIEHa HCCIIEJOBAaHUAMH MUKPOCTPYKTYpPhl U
aneMmeHTHOro coctaBa (Puc.3). Meramnuuec-
kue BkiItoueHuss MnSb u FeGai 3 paBHOMEpHO
pacnpenenensl B marpunax InSb u GaSb u
dbopMupyIOTCS B BUE MapaUIeNTbHO OPUEHTH-
POBaHHBIX HWIJI C TONEPEUYHBIMU pazMepamMu
ImxMm, pmuaON 20+100MKM m 50+100MxkM u
mwiotHocTh0 8-10*MM? u 3-10*MM™, cooTBer-
CTBEHHO.

Crnenyer OTMETUTh Hamudue MexdazHOU
00J1aCTH BOKPYT METAUTMYECKUX BKIIOYCHUI
(Puc.3). Ha Puc.3(6) nns GaSb-FeGai 3 npu-
BEJICHBI TaKXE 3JIEMEHTHBIE COCTAaBbl MaTpHII,
METAJIMYECKUX BKJIIOUEHUH U MeX(Pa3zHbIX
30H. Kak BUHO, B MeX(a3HbIX 30HAX KpOME

31




M.M.AJIMEB, N.X MAMEJIOB, 1. APACIJIbI, A.A. XAJINJIOBA, P.HPATUMOB, P.M.JI’KABEAPOB

INSo-MnSb

T.K

60
T, min

40 8o 100
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3JIEMCHTOB, COOTBCTCTBYIOIIHMX MAaTpuLaM,

MMeEeTCs OTNpe/IeNICHHBIA MPOLIEHT aTOMOB I1e-
PEXOAHBIX METAJJIOB.

HccnenoBanuss KUHETHYECKUX IapaMerT-
POB TpPOBENIEHBI MPH Pa3IMYHBIX B3aUMHBIX
HanpasiieHusix Toka (I), marautHoro nons (B)
U TpaJMeHTa TeMIepaTyp MO OTHOUICHHIO K
MPOJIOTFHOM OCH UTII (X).

TemnepaTypHble 3aBUCUMOCTU 3JIEKTPO-
MPOBOAHOCTH  KoMmmo3uTtoB InSb-MnSb u
GaSb-FeGa; 3 mpeacrasiensl Ha Puc.4, a koa¢-
¢ummenta Xomia u repmodc it InSb-MnSb
Ha Puc.5. Ha 3Tux e pucyHKax IpeIcTaBIeHbI
o(T) u a(T) Ang MaTpull, JErUPOBaHHBIX Mepe-
XOJHBIMU 3JIEMEHTAMM C KOHILIEHTpalMel Ho-
CUTENEN 3apszia, COOTBETCTBYIOLIEH KOHIIEH-
Tpanuy KOMIIO3UTa.

Pesynbrater uccnenoBanust R(T) u o(T)
s GaSb-FeGa;; omybnmkoBaHbl B pabore

[12]. Habmromaemasi aHM30TPOTHSI KHHETUYEC-
KUX K03 UIIMEHTOB 00YCIOBICHA MPUCYTCT-
BHEM B TIOJYNPOBOJHUKOBOW MaTpHUIIE PETy-
JIAPHBIX METAUIMYECKUX BKIIOUYeHUH. Temrie-
paTypHas 3aBUCHUMOCTH TPOBOJUMOCTH TIpH
[1x mogo6Ha o(T) roMmoreHHOI MaTPHUIIBI C CO-
OTBETCTBYIOIIEH KOHIEHTpPALMEH HOCHUTENEH
TOKa, a npH I|[x BcrmeacTBre KOPOTKO3aMbIKat0-
HIEr0 ICWCTBUS BKIKOYEHUM MPOUCXOIUT yBE-
JTUYEHUE DIICKTPOIIPOBOTHOCTH.

B cnygae adpdexra Xomna (Puc.5) 3akopa-
yuBaHue npoucxomut npu I||x||B n [Lx1B, a
npu [Lx||B Benmnunna koapdunuenta Xomna R
makcuManbHa U R(T) mpuOau3uTenbHO cOOoT-
BETCTBYET XapakTepy 3aBUCUMOCTH ISl MaT-
punel. CubHasi aHU30TPONUsT HAOMIOaeTCs U
npu uccienoBanuu Tepmodc (Puc.5). 3akopa-
YUBaHUE PA3HOCTHU MOTEHIUAIOB V,, ipu AT|[x
MIPUBOAUT K YMEHBIIICHHUIO TEPMO3/C. AHANO-
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Puc 3.

SEM u3o6paxenuss InSb-MnSb (a-ysennuenue 1000 pas, b- ysenuuenne 15000 pa3) u GaSb-FeGa, 3 (a:emenT-
HBIE COCTaBbI: C-MaTPUIIbl, d -BKITIOUEHHS, €-MeXK(Pa3HOH 30HBI).

30000

= MnSb
o InSb
inSb-MasSa
10000 - o ix
S S
calcuiation:

- Yo x =T =
{ 2= —hxée=1 b
_5 1= —lixe=8 g

= 12— —ix4=8| ~

= 1000 _t==

(o] O

e ©

100 T T T T T
0 2 4 6 8 10 12
1000/T, K
a
Puc.4.

* GaSb
1000 4

Gasb-FeGa, |
® lkix
-’-""'»—-;___ a Iix
2 RS N cakcalate
£ 1— —(4=1,6) GaSb
L 27 —@=16) FaGa, )
100
r\..‘ - & F
A as . Tt .
“,o—o-‘T_:%‘ & & -Ara
'
1
10 T 0 T —
2 4 B a 10 12 14
1000/T, K*

TemrmepaTypHble 3aBUCHMOCTH 3JIEKTPOIPOBOTHOCTH KOMITO3UTOB InSb-MnSb (a) n GaSb-FeGa, 3 (b).

rugHas 3aBucuMocTh R(T) m o(T) mabGmroma-
ercs u st GaSb-FeGa, 3 [12]. Kosdhdunuent
AHU3OTPOTHH dIEKTPONPOBOA-HOCTH st InSb-
MnSb u GaSb-FeGa 3 npu 80K pasen 6 u ¢ no-
BBHIIIICHUEM TEMIEPATyphl OH YMEHBIIIAeTCs.
CrnemyeT OTMETUTH, YTO B HACTOSIIEE BPEMsI
OTCYTCTBYET €IWHAasi TEOpHUs HEOIHOPOIHBIX
cpell, K KOTOPBIM OTHOCSITCSI U KOMIIO3UTHBIE
Marepuaibl. MeTo bl Berauc-ieHus 3G HexTrB-

HBIX MapaMeTPOB HEOJHOPOA-HBIX Cpell OCTa-
I0TCS TIPEIMETOM O0CYyx)AeHwUsl. MI3BECTHO, UTO
MIPH OTHOCHTETIFHO MAJIBIX CO/IEPKAHUSIX HEO I~
HOPOJHOCTEH J(PeKTUB-HAS MPOBOIUMOCTH
HAXOJHUTCSI C TIOMOIIBIO TEOPUU BO3IMYIICHUS
[17], a mpu OONBIIMX HCTHOIB3YETCS TEOPHUS
nporekanus [18,19]. Haubonee yHuBepcaib-
HBIM METOJIOM TPHU WUHTEPIPETAUUA IKCIIEPHU-
MEHTaJIbHBIX JAHHBIX 110 HCCICIOBAHUIO KOM-
TIO3UTOB SIBJISICTCS TPH-
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Temneparypubie 3aBucumoctd ko3 purrenta Xomwia R(T) (a) u tepmoszac oT) InSb-MnSb (b).

ommkenue >pdexTuBHON cpeapl. DddexTun-
Hasi MPOBOJUMOCTb CHUCTEMBI I10 CBONCTBaM
(a3 BerumcIsAeTCA 10 (GOPMYIIaM, MOITYIEHHBIM
U3 OIpPEAETICHHBIX MOJIENbHBIX IPEJCTaBIIE-
Huil. [lna pacuera 3¢(heKTUBHBIX AIEKTPOPH-
3MYECKHX MapaMeTpOB KOMIIO3UTOB MOJIYYEH
P BBIpaKEHUI HA OCHOBE Pa3IMYHBIX MO/e-
neit [19-24]. Haunbonee mupoko npuMeHsieMble
MOJIETIM — 3TO KJIaccuyeckue Monaenu Makc-
Bemia-I'apnera [20] u bpyrremana [21]. Mo-
nens Makcpesia-I'apHeTa cripaBeuinBa 1Jis
cpeabl ¢ Manoil 00beMHOMN JA0Jel N30IUPOBaH-
HBIX BKJIIOYEHMH B Marpule (MaTpu4Has
cpena). Monenb bpyrremana npumenuma ais
CTallMOHAPHOM Cpelbl, 1€ HENb3s1 BBIICIUTH
MaTpully M BKIIOYEHHs (cTaTHCTHYeCKas
cpena). Bo Bcex BrIpakeHHUSX, OTyYEHHBIX Ha
OCHOBE M3BECTHBIX MO/JIENIEH, TPUCYTCTBYIOT, B
OCHOBHOM, IMapaMeTpbl MAaTPHUIIbl, BKIIOUEHUI
1 o0beMHas J10J1 BKJIIOUEeHUs. B nanHOM ciy-
yae Ui WHTepIpeTaliy SKCIIePUMEHTAIbHBIX
pe3yJIbTaTOB HaMH HCIOJIb30BaHbl (OPMYJIBL,
MOJIy4E€HHbIE HA OCHOBE MOJIETIbHBIX MPECTaB-
JIEHUH, B KOTOPBIX 3BTEKTHYECKas CTPYKTypa
MpeJicTaBlIeHa B BUJAE ABYX MapajieIbHO CO-
€AMHEHHBIX, MO0 Kak KOMOWHalus mapal-
JIENIBHO U TOCJIEI0BATENbHO COEIMHEHHBIX CO-
npotuBneHuit [22,23]. Tlpu I|jx (mocnmemosa-
TEJIbHOE COCIMHECHUE):

c
+ o , 1
1+c¢ 1+c M

O'” = 0O,

anpu [Lx (komMOuHaNMs OCIEA0BATEIBHOIO U
[apaJuIeIbHOTO COEAMHEHMUS)
1+c¢

(o, _O_z)[l_ c ]_'_O-I
1+c¢ c

1+2[ 1+e —1)
o, c

I7le G1 U G2 — DIIEKTPONPOBOIHOCTH MOJIYIIPO-
BOJIHUKOBON U MeTalIn4eckoil passl, ¢ - 00b-
€MHasi J0JI51 METAIIIIMYECKUX BKIFOYEHHUH, KOTO-
past onpenenseTcs Kak:

cotdN 3)

1-V.N

31ech N - IJIOTHOCTh BKJIIOUEHHH, a Vi - 00beM
OJIHOTO BKJIIOUECHMS.

Pesynbrarsl pacuetoB mis InSb-MnSb u
GaSb-FeGa, 3 mpuBenens! Ha Puc. 4 (kpussbie 1
u 2). B ciyuae [Lx skcnepuMeHTaIbHbIE 3HA-
4yeHHUs OJM3KH K BEIYMCIICHHBIM, a ipu I||x pac-
cuntanHas 3aBucumocth o|(T) mo cpaBHeHHUIO
C DKCIEPUMEHTAJIbHBIMU 3HAUECHUSMU 3HAUU-
TEJIbHO 3aHMKEHA, YTO, I0-BUJIUMOMY, CBA3aHO
C HEy4eTOM POJH Mex(a3Hoil o0nacTu B Mpo-
BOJMMOCTH.

Kak ormeueHo Bbllle, BOKPYT BKJIIOUE-
HUM 00pa3yroTCs Tak Ha3bIBaeMble MexkK(a3HbIe
00JacTH, OTIUYAIOIINECS JIEMEHTHBIM COCTa-
BOM OT Marpullpl U BkiItodeHuit (Puc.3). Ilpu
MHTEPIIPETALIMM SKCIIEPUMEHTAIbHBIX JTAHHBIX
IIPY UCCIIEAOBAHUN KOMITIO3ULIMOHHBIX MaTEPH-
aJIOB B 3aBUCUMOCTH OT KOJIMYECTBA BKJIIOYE-

o, =
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HUH U pa3MepoB MexdaszHbIX 00JacTeil uc-
MOJIL3YIOTCA pa3Hble TEOPUU U MOIeH [24-26].
Tak, ecu BOKpyT BKJIIOUSHHS Mex(azHas 00-
JacTh OTCYTCTBYET WJIM Ca00 BBIpa)KeHa, TO
s deKkTHBHAS] TPOBOJIUMOCTH PACCUUTHIBACTCS
B paMKax TeopuH 3(PPEeKTUBHOMN Cpeabl U yUH-
TBIBAETCSI POJIb MATPHUIBI U BKIroueHus. lpu
HAIMYMHM HENEPEeKPBIBAIOUINXCS MeEK(a3HbIX
obnacteil 3¢dexkTrBHAS TPOBOIUMOCTH OIpe-
AensieTcs Takke MO0 Teopuu 3P EeKTUBHOU
cpeapl B MOJEIH — MAaTpHIA, BKJIIOYECHUE WU
Mexdasznas obmacte. B cimyuae, korma Mex-
(azHble 00J1IaCTU COCEIHUX BKIIIOUEHUN mepe-
KpBIBAIOTCS, TO MPUMEHSETCSI TEOpUsl CHIIBHO
KOMITEHCUPOBAaHHBIX pa3ynopsa0YeHHBIX
CTPYKTYp € UIyKTyalrei NoTeHIIMaIbHOTO pe-
needa. B Hamem cinyyae mexdaznble o0nactu
BOKPYI BKJIIOYEHHNH HE MEPEeKpPbIBAIOTCS
(Puc.3), moaToMy mpu omnpeneneHuu dIeKTPo-
MIPOBOJHOCTH HEOOXOAMM Y4YE€T JOMOJIHUTENb-
HOTO 00beMa, 3aHMMaeMOT0 Mexpa3HoM 00J1a-
CTbI0. B 3TOM ciyuyae BKiIIOU€HHE € 30HOM BO-
Kpyr HEro MpeACTaBiseTcs Kak ofHa (asza B
dbopme HMIHHAPA ¢ TPOBOJUMOCTHIO METAIITH-
yeckux BkitoueHui. Torna B cootHomeHuu (1)
1 (2) 00bEMHYIO JI0JII0 METAININYECKUX BKJIIIO-
YeHUH ¢ HE0OXOAMMO 3aMEHUTD €T0 YPPEKTUB-
HBIM 3HAUEHUEM - C»p, a IPU pacueTax o0beM
oJHOTrO BKIIOYeHus V, B popmyine (3) Heobxo-

JMMO 3aMEeHUTH 3(PPEKTUBHBIM 00BEMOM
Vy=m’¢’NL=VN§*, (4

rae L - nmmHa Metayummueckux uri, ¢=b/a, b n
a —paauychl BKIIOUeHUs U 3G(HEKTUBHOTO K-
JIUH]pa, COOTBETCTBEHHO.

Pacuer s1neKTponpoOBOJHOCTH KOMIIO3UTA
InSb-MnSb ¢ yueTrom pa3MepoB BKIIOYEHUN U
MexdasHoil obnactu nokazaH Ha Puc.4a. Kak
BHUJTHO, DIJIEKTPOMPOBOJHOCTH B OOOMX HAar-
paBJICHUSIX TMPHU y4deTe BIUSHHUS MexpazHoU
30HBI OJIU3KU K KCTIEPUMEHTY.

OTMeTuM, YTO M3-3a OTCYTCTBHS JaHHBIX
no snekrporpoBogHoctu FeGais Ttakue pac-
4yeThl Ui DBTEKTUYECKOro komriozura (GaSb-
FeGai;3 mnpoBectu HeBo3MOxkHO. [loatomy
Obl1a pemieHa oOpatHas 3amgada. COBMECTHO

pemias ypaBHeHus (1) u (2) 1 yunuThIBas dKCIIe-
PUMEHTAJIbHBIE JIAHHBIE 0 O, O | ¥ 3} pek-

TUBHYIO JIOJIF0 BKIFOUEHHH, omnpemenim 3¢-
(EeKTUBHBIE 3HAYEHUS DJICKTPONPOBOJIHOCTH
MAaTpHUILIbl U METAJUNIMYECKUX BKItOUCHUM. [Tpu
pacuerax napamerp ¢=>b/a, onpeaeIeHHbIH my-
TeM anmnpokcumanuu s GaSb-FeGai 3 paBen
¢=1.6. 3nauenue ¢=1.6 s GaSb-FeGaj 3 co-
MajaeT ¢ JaHHBIMH, TOJYYEHHBIMH U3 MHUKPO-
CKOITMYECKHUX HCCIICAOBAHMM, T.€. TUAMETP Me-
TaJNIMYECKUX BKIIIOUEHUH 1 pm, muprHa Mex-
¢aznoii 30ub1 0.3um (Puc.30).

Takum o6pa3om, MexdaszHbIe 30HBI BO-
Kpyr BKIIOYEHUH CYIICCTBCHHO BJIHSIOT Ha
AIEKTPUUICCKUE CBOMCTBA KOMIIO3UTOB H BBI-
qrciieHue uX dQ(EKTUBHBIX 3HAUYCHUHN B paM-
Kax Teopur 3P(HEKTUBHBIX CPEJI C YIETOM BIIH-
SIHASI METAJUTMUECKUX BKIIFOUCHUH W Mex(pas-
HBIX 30H MPUBOJIUT K XOPOIIEMY COTJIACHIO C
AKCIIEPUMEHTOM.
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InSb-MnSb u GaSb-FeGai; EVTEKTIK KOMPOZITLORIN ELEKTROFIZiKi XASSOLORI
M.i. OLIYEV, .X.MOMMODOV, D.H.ARASLI, A.9.XOLIiLOVA, RN.ROHIMOV, RM.CABBAROV

InSb-MnSb u GaSb-FeGa, 3 evtektik kompozitlarin mikrostrukturu ve morfologiyasi dyranilorak sistemin iki
fazalilig1 vo metal qatmalar otrafinda fazalar arasi zonalarin yarandig: tosdiq olunmusdur. Holl effektinin, elektrik
kegiriciliyin vo termoelektrik horoket qiivvesinin temperaturdan asililiq todqiqatinin naticolori effektiv miihit
nozoriyyesi osasinda, matrisa, qatmalar vo fazalararasi zona modeli nozors alinaraq tohlil olunmugdur. Tocriibi
naticalorin nozari hesablamalarla uygunlugu gostorilmisdir.

ELECTROPHYSICAL PROPERTIES OF InSb-MnSb and GaSb-FeGai3 EUTECTIC COMPOSITES

M.I. ALIYEV, L.Kh.MAMMADOYV, D.H.ARASLY, A.A.KHALILOVA, RN.RAHIMOV, RM.JABBAROV

The two-phaseness of the InSb-MnSb and GaSb-FeGa, 3 eutectic composites and presence interphase zone around
the MnSb and FeGa, 3 metal inclusions has been confirmed by the microstructure and morphology studies. The results of
investigations of the temperature dependences of the Hall coefficient, electrical conductivity and thermoelectric power in
the range of 80+800K have been interpreted in the framework of the effective medium theory using the model in which the
matrix, inclusion and non-overlapping interphase zone are taking into account. Experimental data have been in good agree-
ment with conducted theoretical computations.
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Acar sozlor: TIGaTe;, Quantum Espresso, tomol prinsiplor,
funksional sixliq hayacanlagma nazariyyasi, lokal sixliq
yaxinlasmasi, qafas sabitlari, fonon spektri, fonon hal
sixligy, istilik tutumu, Debay temperaturu.

REFERAT

Isdo Quantum Espresso programlar paketi istifado
olunmaqla Funksional Sixlig Hoyocanlasma Nozo-
riyyasinin Lokal Sixliq Yaxinlagsmasi metodu ilo 7/GaTe;
zoncirvari kristali {igiin struktur parametrlori, fonon
spektri, fonon hal sixlig1, molyar istilik tutumu vo Debay
temperaturu tomol prinsiplordon hesablanmisdir. He-
sablanmig fonon spektri osasinda Brilliien zonasinin
morkozindo Raman-, infraqirmizi-aktiv vo qeyri-aktiv
modlar, onlarin simmetriyalari, optik fonon tezliklorinin
uzununa (LO) va enins (TO) modlara parcalanmalari va
bu parcalanmalarin spektra tosiri tadqiq edilmisdir.

GIRIS

Todqiq olunan 7/GaTe: birlosmasi digor
TiSe tipli birlogmolor igorisindo on zoif
Oyronilmisidir. Bu kristallar texnikada totbiq
olunmagq {¢iin oalverisli materiallar [1] olmaqgla
genis texniki totbiq imkanlarina  malik
birlogsmolordir. Totbiq olunma ndqteyi nozs-
rindon 7/GaTez, onun binar (71Se, InTe, TIS va
s.) vo lcqat analoglarimin (7/InSe>, TlinTex,
TlGaSe> va s.) Oyronilmosinin mithiim sabab-
larindan biri bu birlosmolarin termoelektrik [2,3]
vo elektrik [4,5] xassolorino maragin bdylik
olmasidir. Bundan olavo odobiyyatda verilon
molumatlara gora zoncirvari 7/GaTe; vo onun
ticqat analoglarinin elektrik, fotoelektrik, optik
va s. xassalorinds onlarin praktiki totbiqgina genis
imkan agan diger maraqli xiisusiyyatlor agkar
edilmisdir.

Qeyd etmoak lazimdir ki, toqdim olunan iso
godor odobiyyatda 7IGaTe: kristalinin yalniz
zona qurulusu hesablamalarina rast golinmisdir.
Belo ki, kristalin zona qurulusu ilk dofo empirik
psevdopotensial metodu ilo [6]-do, psevdo-
potensialin geyri-lokalligin1 nozora almaqla vo
elektron-ion qarsiliqlt tosirini model ¢orgi-

vosindo gotiirmoklo [7]-do  hesablanmisdir.
TlGaTe; birlogsmasinin fonon zona qurulusu ilk
dofo nozori olaraq toqdim edilon isdo hesab-
lanmisdir.

Moagqalodo Quantum Espresso (QE) [8]
proqramlar paketi istifado olunmaqla tomaol
prinsip-lordon tetraqonal 7/GaTe; birlogsmasinin
Brilliien Zonasinin (BZ) biitiin simmetrik ndq-
tolori vo xotlori lizro fonon spektri nazori
hesablanmis, fonon dispersiya miinasibatlori
miioyyon edilmisdir. Hesablanmis fonon spektri
asasinda fonon hal sixlig1, molyar istilik tutumu,
Debay temperaturu toyin edilmigdir. 5+500K
temperatur intervalinda hesablanmis sabit
hacimds molyar istilik tutumunun va Debay
temperaturunun temperatur asililihiglar
qurulmus va aldo edilon naticalor eksperimentlo
miigayisa olunmusdur.

TlGaTe,—nin KRISTAL QURULUSU VO
QOFSS PARAMETRLORI
Molumdur ki, toadqiq olunan 7/GaTe: licqat
birlosmasi zoncirvari qurulusa malikdir [9, 10].
Birlosmodo 77 atomlar1 topalorindo sokkiz adad
Te atomu olan bir godar deformasiya olunmus vo


mailto:horucov@physics.ab.az

TIGaTe; KRISTALININ QO9F9S DINAMIKASININ VO ISTILIK TUTUMUNUN TO&MSL
PRINSIPLORDON HESABLANMASI

azaciq burulmus kublarin (Tomson kublar1) mor-
kozindo yerlosir. Ga atomlari topolorindo dord
odod Te atomlarindan ibarat tetraedrlorin morko-
zindo durur vo onlar1 ohato edon 7e atomlari ilo

birlikdo »YGa(h)Ga(}: tipli zoncirlor omalo
gotirir [11]. Qurulus tipi B37, otaq tempera-
turunda foza simmetriya qrupu D, (14/mcm)

olan hacmomoarkozlogsmis qgofosdo tetraqonal
sinqoniyada  kristallasir  [11].  TlGaTe:
birlosmasinin a-b miistovisindo kristal qurulus
goriintlisii [11] vo Brilliien Zonast (BZ) [12]
uygun olaraq Sokil l.a vo Sokil 1.h-do
veilmisdir.

TlGaTe; kvazi-birdlgiilii birlogsmasinin fo-
non spektrini qurmagq li¢iin avvalco kristali togkil
edon atomlarin tarazliq voziyyeti tomal prin-
siplordon hesablanmigdir. Atomlarin tarazliq
konfiqurasiyasinin miioyyon edilmosi {igiin
Kohn-Sham tonliklori [13] hall olunmusdur. Bu
tonliklorin halli {iglin qosma qradient minimal-
lagdirma metodu [ 14] totbiq edilmisdir. Noticoda
elektronlarin dalga funksiyalar1 vo enerjisi hesa-
blanmigdir. Baxilan halda tarazliq struktur para-

On
oG

metrlorino  gotirilono qodor optimallasdirma
proseduru davam etdirilmigdir. Hesasblamalar
QE programlar paketi [8] istifado olunmagqla
Funksional Sixliq Hoyacanlagsma Nozoriyyasinin
[15] Lokal Sixliq Yaxinlagsmasi [13] ilo Xotti
Cavab Funksiyast metodu [16] ¢argivosindo 12
odod paralel qosulmus prosessor ilo yerino
yetirilmigdir [ 17]. Elektron-ion qarsiligli tosiri 77/
tictin Ultrasoft Vanderbilt [18], Ga va Te iiglin
normant qoruyan Bachelet-Hamann-Schliiter
[19] geyri-lokal ion psevdopotensiallart ilo
nozaora alinmigdir. Dalga funksiyalarinin siraya
ayrilisinda maksimal kinetik enerjisi 80 Ridberqi
asmayan miistovi dalgalardan istifado olun-
musdur. BZ iizra inteqrallama Monkhorst-Pack
sxemi [20] lizro 4x4x4 k dalga vektorlar1 qridi
istifado olunmagla xiisusi ndqtoloro  gors
comlomo ilo ovoz olunmusdur. Korelyasiya
effektlori Ceperley-Alder-Perdew-Zunger [21]
sxemi iizra nazora alimuisdir.

TlGaTe: kristalininin termodinamik tarazliq
halinda qgofss (a, ¢) vo halkogen (x) para-
metrlorinin hesablamadan alinmis qiymatlori vo

Ak

4

v

Sokil 1.
a -TlGaTe;birlogmosinin kristal qurulusu [11],

b-hacmomarkazlogmis tetraqonal qafas (¢/a < 1) tigiin Brilliien Zonasi [12].
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eksperimentdon molum olan naticalor Cadval 1-
do verilmisdir.

Cadval 1-don goriindiiyli kimi nozori hesa-
blanmig qofos parametrlorinin qiymaotlori eksper-
imental naticalorlo [10] yaxst uygunluq toskil
edir. Halkogen parametrinin qiymati iso eksper-
imental qiymatlo tist-iisto diisiir [10].

Cadval 1.

TlGaTe: kristalinin tomal prinsiplordon hesa-
blanmis qofas va halkogen parametrlori.

Parametr Hesablama | Eksperiment [10]
a, A 8.553 8.429
c, A 6.876 6.865

X 0.170 0.170

TlGaTe, -NIN HESABLANMIS FONON
SPEKTRI VO FONON HAL SIXLIGI

TlGaTernin fiziki xassolorini Oyronmok,
birlogsma {igiin bir sira miihiim fiziki parametrlori
(Debay temperaturu, Qriinayzen parametri, hal
tonliklorini 6doyan parametrlori vo s.), ter-
modinamik funksiyalar1 (molyar istilik tutumu,
fonon entropiyasi, entalpiya vo s.) vo onlarin
temperatur asililiqlarini, kristalda yayilan enino
vo uzununa akustik dalgalarin siiratlorini, Born
effektiv yiik, dielektrik sabiti, elastiklik sabiti
tenzorlarini, fonon simmetriyalart vo atom
rogslorini toyin etmak {i¢iin mohz fonon spektrini
hesablamaq lazimdir. Bir sira miihiim fiziki had-
isalor - istilik kegiriciliyi, istilik tutumu, miiqa-
vimat va ifratkegiricilik iso fonon hal sixligr ilo
toyin olunur. Mohz bu sobabdon do tadqiq edilon
kristalin fonon hal sixligin1 da hesablamaq
mithiim masalalordandir.

Hesablanmis elektron

spektri  osasinda

TIGaTez-nin fonon spektrini qurmagq iigiin D,

foza qrupunun simmetriya elementlorindon isti-
fado etmokls 4x4x4 fonon dalga vektorlar1 qridi
ticlin Furye fozasinda atomlararast qlivvo
sabitlori hesablanmigdir. Bu qiivva sabitlorinden
Furye cevirmosi etmoklo real fozada qiivve
sabitlorino vo tors Furye cevirmo etmoklo on-
lardan ixtiyari ¢ dalga vektorunda qiivvo
sabitlorino kec¢ilmisdir. Bu qayda ilo hesa-
blanmig qiivvo sabitlorindon BZ-nin biitiin sim-
metrik noqtalori (R, P, N, I T) va xatlori (K, D,
2, A, A, G) lizro dinamik matrislor qurulmus, on-

larin diaqonallagdirilmasindan atomlarin rags te-
zliklori hesablanmigdir. Tomal prinsiplordon
hesablanmis fonon spektri osasinda fonon hal
sixlig1 hesablanmis, yasaq araliq, qruplar vo alt
gruplar miioyyan edilmisdir. 7/GaTe; {igiin BZ-
nin biitiin mithim simmetriya ndqto vo xatlori
lizro hesablamalardan alinmig fonon zona
qurulusu Sokil 2-do verilmisdir.

Cadval 2.

TlGaTe: tigiin I ndqtosindo tomal prinsiplordon
hesablanmis fonon tezliklorinin eksperimental
(Raman vo Infraqirmizi) tezliklor ilo
miiqayisasi. Uzununa (LO) va enina (TO) fonon
tezliklori oyri xatlo ayrilmisdir.

) ) -
Simmetriya Fonon tezliklori (sm )
Hesablama |Eksperiment [22]
I (k) 16 Miisahido
S og
R-aktiv olunmayib
60 67
152 165
F9 (AZH) 8/29 27/38
IR-aktiv 161/192 175205
r o (E) 31/44 44 /52
IR-aktiv 77/82 28/97
182/192 192/202
r,(8,) 99 Miisahida
4 2g
R-aktiv olunmay1b
210 Miisahida
olunmay1b
I' (B, )R- 76 Miisahida
3 Ig
aktiv olunmay1b
r4)R- 125 35
1" g
aktiv
r{4,) 30 Miisahido
20 2g 1 b
qgeyri-aktiv olunmay1
68 Miisahidoa
olunmayib
r p (B J ) 105 Miisahido
qeyri-aktiv olunmay1b
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noqtalorini birlogdiron K simmetrik xotti boyu

200 |- ~ 200 2
/ ™ C-
150 150 |
"8 -
V? 10( 100 '—f_
e — ———
AQ")‘ )P
50 50 —
L 7 =a o
— .
v — , l—
) &~ [3
R_ P M o ITH ; e N1

Sokil 2.

TlGaTez-nin hesablanmis fonon spektri vo fonon hal sixlig1.

Spektrin sag torofinds iso fonon hal sixligt
tosvir edilmisdir. 7/GaTe> birlosmosinin ion
komponentlorinin yaratdigi Kulon sahosinin
tosiri altinda spektr boyu infraqirmizi optik fo-
non tezliklorinin uzununa (LO) vo enina (TO)
modlara parcalanmalarinin fonon spektrine tosiri
nazors alinmisdir.

TlGaTe; iglin I" ndqtesindo nozori hesab-
lanmig Raman (R) vo infraqirmizi (IR) fonon te-
zliklori vo onlarin simmetriyalari, miiqayiso
olunmaq 1tiglin eksperimental noticolor [22]
Cadval 2-ds verilmisdir. Cadvel 2-don goriin-
diiyii kimi simmetriyalar1 I” 5(Eg), r(s 2g),F (B Ig)
olan R-aktiv va I',(4 2g), r 6(Blu) olan geyri-aktiv

fonon tezliklori [22] eksperimental isindo miisa-
hido olunmamisdir.

Miioyyon edilmisdir ki, 7/GaTe>-nin
hesablanmis fonon zona qurulusu 125+150sm™’
yasaq araligla ayrilmis iki asas qrupa, fonon hal
s1xl181 manzarasing gora isa qruplardan har birini
tezlik intervallar1 (0=100)sm™, (105+125)sm™ vo
(150+155)sm™!, (165+215)sm™ olan iki altqrupa
bolmok olar. " noqtesindo hesablanmig on kigik
optik fonon tezliyi 8sm™” (eksp.:27sm™); on
boyiik tezlik 210sm™ (eksp.:205sm™)-dir [22].
Hesab edirik ki, nozori hesablamalardan alinmis
asag1 optik fonon tezliyinin eksperimental te-
zlikdon ciddi kicik olmasina sobob BZ-nin
morkozi otrafindaki tezliklorin hesablanmasin-
daki ¢atinliklorls olaqadardir. 7/GaTe>-nin hesa-
blanmig fonon spektrindo BZ-nin R vo P

zonalar zaman inversiyasi simmetriyasina goro
ikigat cirlasmisdir. Zoncirlor istiqamatindo D va
A xotlori boyu asagi osas qrupun ayri-ayri bu-
daglarinda giiclii dispersiya miisahido olunur.
Zoncirlara perpendikulyar 2 vo G xatlori tizro
dispersiya nisbaton zoifdir. Bundan basqa spek-
trdo (150+155)sm™’ tezlik intervalini ohato edon
cox zoif dispersiyali iki fonon budag: birlosorak
dar zolaq omolo gotirmisdir.

Qeyd etmok lazimdir ki, nozori hesab-
lanmis on boyiik fonon tezliyinin simmetriyasi
I'4(B2g¢), R-aktiv oldugu halda, [22] isindo ekspe-
rimental toyin edilmis an boyiik tezliyinin sim-
metriyast I9(A2,), IR-aktivdir. Daha doqiq vo
miiasir eksperimentlor bu masaloys aydinliq
gotira bilar.

TIGaTe;-NIN MOLYAR ISTILIK TUTUMU
VO DEBAY TEMPERATURU
TlGaTe: 1liglin tomol prinsiplordon

hesab-lanmig fonon zona qurulusu osasinda
tayin edilmis fonon hal sixli1 g(w) bu birlosma

liclin bir sira temodinamik funksiyalari-sorbost
enerjini, molyar istilik tutumunu, entropiyani,
fonon sisteminin daxili enerjisini hesablamaga
imkan verir.

TlGaTez>-nin 5+500K temperatur inter-
vallinda kvazi-harmonik yaxinlagsmada [23, 24]
hesablanmis sabit hacmds molyar istilik tutu-
munun temperatur asililigt Sokil 3-do veril-
misdir: biitov oyri sabit hocmdo molyar istilik tu-
tumunun (Cy), fiqurlar [25] isindon gotiiriilmiis
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4.2+300K temperatur intervalinda eksperimental
toyin edilmis sabit tozyiqdo molyar istilik tutu-
muna (Cp) aiddir. Gorlindiyi kimi kvazi-
harmonikliyin 6donildiyi asag1 temperaturlar ob-
lastinda (5+100K) molyar istilik tutumunun
hesablamalardan alinan naticolori ilo malum eks-
perimental qiymotlor arasindaki  uygunluq
gonastboxsdir.

Miisyyon olunmusdur ki, 7/GaTez-nin mo-
lyar istilik tutumunun temperatur asililiginda
Debay temperaturundan yuxari temperaturlarda
anharmoniklik ciddi sokildo 6ziinii gostorir. Bu
sababdan toqriban otaq temperaturundan yuxari
temperaturlarda termodinamik funksiyalarin
diizgiin hesablanmasi1 kristalda fonon-fonon
qarsiliglt tosirinin doqiq nazors alimmasini tolob
edir.

Heat capacity (J/mol.K)

LK

Sokil 3.

TlGaTe;-nin molyar istilik tutumunun
temperatur asililigt: biitov ayri Cy-
hesablama, fiqurlar Cp- eksperiment [25].

NOTICO

TiGaTe: iglin tomal prinsiplordon hesa-
blanmig fonon spektri Raman-, infraqirmizi
sopilmoya, termodinamik, akustik, elastiki vo
dielektrik xassalora dair malum eksperimentlorin
noticolorini tamamilo identifikasiya vo izah
etmoyo imkan verir. Harmoniklik oblastinda
TIGaTe>-nin molyar istilik tutumunun hesablan-

Hesablamalar osasinda 5+500K temperatur
intervalinda Debay temperaturunun temperatur
asitliligr 6p(7) qurulmus vo eksperimental oyri
[25] ilo miigayise edilorok Sokil 4-do verilmisdir.

Qeyd edok ki, Sokil 4-da verilmis 6p(7) ek-
sperimental oyrisi [25] 7+50K temperatur inter-
valindadir. Hesablamalardan vo sabit hacmdo
molyar istilik tutumunun temperatur asililigin-
dan toyin edilmisdir ki, Debay temperaturu
158K-dir. Ogor Saokil 3-don anharmonikliya goro
Debay temperaturunu qiymaetlondirsak toxminan
100K oldugunu gobul etmak olar. [25] eksperi-
mental isindo iso Debay temperaturunun 105K
oldugu gostorilmisdir.

I 200 'lll'.: 400 L

Sokil 4.

TlGaTe;-nin Debay temperaturunun
temperatur asililigi: biitov oyri hesablama;
fiqurlar eksperiment [25].

mis vo eksperimentdon tapilmis qiymatlorinin
yaxst uygunlugu gostorir ki, bu birlosmonin
gofos dinamikasinda ayilme modlar1 nozeragar-
pan rol oynamir. Miioyyon edil-misdir ki, kristal
qurulusuna goros gliclii anizotrop 7/GaTe> zoncir-
vari birlosmosinin fonon spektrindo gozlonil-
diyinin oksins olaraq giiclii anizotropluq miisa-
hido olunmur.
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FIRST-PRINCIPLES CALCULATIONS OF LATTICE DYNAMICS AND HEAT CAPACITY
OF TlGaTe:

G.S. ORUDZHEYV, V.N. JAFAROVA

The work has been dedicated to the ab initio calculation of lattice constants, phonon spectrum, phonon den-
sity of states (DOS), molar heat capacity and Debye temperature of 7/GaTe: chain crystal using Quantum Espresso
program package based on Density Functional Perturbation Theory (DFPT) in Local Density Approximation (LDA).
The peculiarities of Raman- and IR-active and non-active modes, their symmetry, frequencies of longitudinal and
transversal optic phonons have been investigated using calculated phonon spectrum for the center of the Brillouin
zone.

HNCCJIEJOBAHUE JTMHAMUWKHU PEHIETKH U TEIIVIOEMKOCTH TIGaTe: 3 IIEPBBIX
INPUHIOUIIOB

I'.C. OPYXEB, B.H. JUKA®APOBA

Pabota nocesieHa pacueTy 13 NepBhIX IPHUHILMUIIOB CTPYKTYPHBIX NMapaMeTpoB, HOHOHHOTO CIEKTpa, MIIOTHO-
cTH ()OHOHHBIX COCTOSIHUI, MOJIIPHOM TEINIOEMKOCTH M TeMIieparypsl J{ebas nenoveunoro kpucramna 7/GaTes, Bbl-
MOJHEHHOMY IPH MoMoIM Takera nporpamMm Quantum Espresso Ha ocHoBe Teopun Bosmymenus ®@yHkunonana
[TnotHOCTH B Mpubmmkenun JlokansHo IInoTHOCTH. Ha OCHOBE paccunTaHHBIX (OHOHHBIX CIEKTPOB IUIS LIEHTPA
30HbI bpritiosHa ycraHoBineHbl ocoOeHHOCTH PamaH- 1 UK-akTHBHBIX M HEaKTHBHBIX MOJ, IX CHMMETPHSI, YaCTOTHI
MIPOJIOIBHBIX U TTOTIEPEYHBIX ONTHYECKHUX (POHOHOB.

Penaxtop: 1. H. mo ¢usuke 3.A.J[xaxaHrupian
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KiroueBrie coBa: KBaHTOBAs TOYKa, KOICPECHTHBIE COCTO-
SIHUA

PEDEPAT

ITocTpoeHs! KOrepeHTHBIE COCTOSTHUS AJIs1 KBAHTOBON TOYKI
¢ napaboIMyecKuM OTPaHUYMBAIOIIUM IOTEHLIUAIOM
HaxXOJAIIEHCS B IIOCTOSHHBIX J3JIEKTPUYECKOM M KBaHTY
IOLLIEM MarHUTHOM IOJISIX.

BBEJIEHUE

KBanTOBasi Touka - OJMH W3 BaXKHEUIIMX
HU3KOpa3MepHbIX 00bekTOB [1]. Pacuersr pas-
JUYHBIX (U3NIeCKuX 3()(HEKTOB, CBSI3aHHBIX C
KBaHTOBBIMH TOYKaMH, IPOBOJSATCS, OOBIYHO, B
SHEpPreTUYecKoM mpezcTaBieHuu. OnHaKo, u3-
BECTHO, YTO pPacueThl, IPOU3BEACHHbIC B Mpe/-
CTaBJICHUU KOTEPEHTHBIX COCTOSHUI, OT/IMYa-
IOTCS MaTeMaTU4eCKOl MpOCTOTOW M (u3nye-
CKOW HarJIIHOCTBIO [2]. DTO CBSI3aHO C TeM,
YTO ONHUCAHUE B MPEJCTABIECHUU KOT€PEHTHBIX
COCTOSIHMI Hambosee OJU3KO K KIAaCCUYECKOMY
onucaHuio. YTo kacaeTcst MaTeMaTHUeCKUX Ipe-
HUMYILECTB, TO, B OTINYHE OT SHEPTETUYECKOTO
IIpe/ICTaBJIeHUs], B 0a3uce KOTepeHTHBIX COCTOS-
HUW BMECTO CYMM HOSIBIISIFOTCS MHTErPalbl, U
OHH, KaK MpaBuio, He pacxoasresd [3].

Hcxons u3 BBIIEN3II0KEHHOTO, IIPEICTaB-
JISieT UHTEPEC MOCTPOCHUE KOTEPEHTHBIX COCTO-
SIHUUM JUISl KBAaHTOBOW TOYKH.

ITOCTPOEHME KOI'EPEHTHBIX
COCTOSHH1I KBAHTOBOM TOUYKU

[enpro naHHOW pabOTHI SIBISIETCS MTOCTPOE-
HHE KOTEPEHTHBIX COCTOSIHUW 11 KBAHTOBOM
TOYKH C MapabOJIMYECKUM OTPAHUYUBAIOLTUM
MOTEHIMAJIOM, HaXOJIsIIelicsd B IOCTOSHHBIX
AJIEKTPUUECKOM £ W KBAHTYIOIIEM MarHUT-
HOM H monsx. BekTop-noreHuunan BeIOupaeM
B BHJC

A=(-Hy/2,Hx/2,0)

MarauTHoe€ 1moJjie HalpaBJa€HO BAOJb OCH
Z, a BJIGKTPUUECKOE MOJIe — BJOJb OCH ).

["aMmuibTOHHAH, COOTBETCTBYIOUIUMA TaH-
HOM 3ajaude, HMEET BUJI

ma.x

1 (p —mWJz{p n
A=—I["" 2 )

2m

j teEp (1)

+p? +m2a)§(x2 +9° +22)
re @, = e H/mc —nuknorponnas wacrora,

() — XapakTepus3yeT mnapaboanyecKuil mo-
TEHIIMaJ] KBAaHTOBOM TOUKH.

Cnenys merony [2] mocTpoeHus Kore-
PEHTHBIX COCTOSIHUH Kak COOCTBEHHBIX
(GyHKIMH MOJHON cucTeMbl OO30HHBIX OIe-
paTOpPOB YHUUTOXKECHUS, ABJISIOMIMUXCS HHTE-
rpajamMu JABM)KEHUS KBAHTOBOM CHUCTEMBI,
BBEJIEM TaKHe ONepaTopsl sl paccMaTpuBa-
€MOH 3a/ayu:

. t—ip D, *tiD,  ieE
A;:—i‘/% a zy+p} LI explint)  (2)

2 mo  moo

+

\ t+i —ip,
g- [ho it AR + expliot)
"Nl 2 mo Mmoo 3)
A mae,| . ip .
A = 0 2+ = |expliom,t), 4
4 2h ma, plia) @
+
4 =%, w? :a)g +4a)§-

Jlerko npoBepuTh, YTO raMmiIbToOHUAH (1)
MOJKHO IIPE/ICTaBUTh B BUJIE:
H=H,+H,+H, &)
e’E’

2mow,

i = ho, (A;/la %j_
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=ha)0[21;217 + lj (6)

Pemenue BOJHOBOTO ypaBHEHHs pac-
CMaTpUBaeMOW 3aJadu CBOJUTCS K CIEIyIO-
el BOJTHOBOM (pyHKIIMH:

v =|a)| B)l7), (7
|a)=\/@exp e ik , (8)
27 4n +(y+L++K+)2+|K+|2

mo mo (X‘K-)2+

= |—exp{-—
A \ 2nh W +(y+L_+iK_)2+|K_|2 ®
|7>:4 mﬂcgoexp _m;h()o (Z—Ko)z—K—é-FM , (10)

r7e o, B Uy - NpOU3BOJBHBIC KOMILICKCHBIC
4yuciia, MpeACTaBIagiomue co00i MOTHBIM Ha-
O00Op KBAaHTOBBIX YMCEN JaHHOW 3ajayu, a
TakK>ke BBeJEeHBI 0003HAUYCHHUS:

L, = 2eE , K, =,’ﬁ aexp(—icoj),
mao
’ 2n .
K = ’ﬂﬁexp(—ia)j), K, = yexp(—za)ot)~ (11)
me ma,

© moo,

OueBugHo, yrto, moiarags E=0 Bo Bce
dbopMynax, MOTYYUM COOTBETCTBYIOIIHUE pe-
3y.]'II>TaTI)I JJIA KBaHTOBOfI TOYKHU B ITOCTOSIH-
HOM KBaHTYIOIIIEM TOJIE.

HCprI[HO y6e,[[I/ITLC$I B TOM, 4YTO |C(> ) | ﬂ)

u |}/>y210BJ'IeTBOp${IOT BCEM HEOO0XOAMMBIM

TpeOOBaHUIM, MPEABIBISIEMBIM K KOTEPEHT-
HBIM COCTOSIHMSIM [2], a UMEHHO (mepeduc-

JUM Ha IpuMepe |a> ):
1. |a> SIBTISIETCS] COOCTBEHHOM (PyHKIHEH 00-

30HHOTO ONepaTopa YHUYTOXKEHUS U HWHTErpaa

JABHWOKCHUA Aa .

21’|a):a|a), (12)
ng_ga,ﬂ:o, (13)
(4,4 |=1. (14)

2. |a> YAOBJIETBOPSIET YCIOBUIO HOPMH-
pPOBKU

(15)

byHKIIUH |a> 00pasyoT

(a| a) =1.
BonHosBrIe

IMOJIHYIO CUCTEMY, HO OHU HC ABJIAKOTCA OPTO-
T'OHAJIbBHBIMH.

3. |a> MOT'YT OBITh NOJYyYEHBl U3 OCHOB-
HOTO COCTOSIHUSA |0> , 111 KOTOPOTO

4,]0)=0. (16)
3AKJIFOYEHUE

[TocTpoeHHBIE KOTEPEHTHBIE COCTOSHUS
MOTYT OBITH HPHUMEHEHBI NpPH pacyeTe pas-
TUYHBIX 3P (EKTOB, CBSI3aHHBIX C KBaHTO-
BBIMHU TOYKAMHU, T.K. METOJ KOTEPEHTHBIX CO-
CTOSIHUM SIBJISIETCS. MaTeMaTH4ecKH Ooiee
OpocTeIM U (u3zuuecku Oosee HArISAIHBIM
MOJXO0JIOM K PEHISHHIO 3a7ad.

ABTOp BBIpa)kaeT 0JIarOJJapHOCTb aKa-
nemuky @.M.I"amnM3aje 3a HeHHbIE 3aMeya-
HUS.
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[Tanbma, @.Arymno-Pyena, Hanomexno-
Jocuu ONisl MUKPO- U ONMOINEKMPOHUKU,
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KVANT NOQTOSININ COHERENT HALLARI
R.Q.AGAYEVA
Sabit elektrik vo kvantlayici maqnit saholorinds yerlogdirilmis, parabolik potensialla mohdudlasan kvant ndqtesi iiciin
koherent hallar qurulub.
COHERENT STATES OF A QUANTUM DOT
R.G.AGHAYEVA

Coherent states have been constructed for a quantum dot confined by a parabolic potential in constant electric and
quantizing magnetic fields.

Penakrop: akan. @.M.I'amum3sane
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POJHBINA KpUCTaIll, IpaHHOBCKOE MPUOIMIKCHHUE.

PEDEPAT

B npuOmmkeHNH TMOTHOCTHIO Pa3MEIIAaHHOTO pacIiaBa
OTIpEZICTICHBI YCIOBHS POCTA MTOJHOCTHIO OAHOPOAHBIX MO-
HOKPHCTAJUIOB  aJIMa30ION00HBIX TBEPABIX PacTBOPOB
InSb-AlISb mMeTo0M ABOHHOMN NOAMUTKY paciuiaBa. [loy-
YCHHBIC PE3YJIbTAThl ONPCACTIAIOT ONITUMAJIBLHBIC OllCpalu-
OHHbIE MTapaMeTphI (CTApTOBBIN cOCcTaB U 00BEM paciliaBa,
COOTHOUICHHS CKOPOCTEH KPHCTAJUTU3ALUK W TOJIHUTKA
pacrmiaBa NMEpBBIM U BTOPBIM KOMIIOHEHTaMM) ISl BbIpa-
IIMBaHMS OJHOPOJHBIX KPUCTAIIIOB TBEPABIX PacTBOPOB
InSb-AlSb ¢ 3agaHHBIMEU pa3MepaMHu H COCTABOM.

B nene BeIpammBaHus KPYIHBIX U COBEp-
IIEHHBIX MOHOKPHUCTAJUIOB MOJYHIPOBOJHUKO-
BBIX MaTe€pHajIOB U3 PaCIUIaBa TIaBEHCTBYIOIIEE
MecTo 3aHuMaeT Metoa HYoxpanbckoro. OHaKo,
WCTIOJIB30BaHUE TPATUIIMOHHOTO MeTona Yox-
paIbCKOTO TPU BBIPAIIMBAHUU TBEPABIX PACT-
BOPOB OWHApHBIX CHUCTEM IPHBOIUT K POCTY
KPHUCTAJJIOB C IEPEMEHHBIM COCTABOM B CBSI3U C
CYIIECTBEHHOH Cerperanueil KOMIIOHEHTOB MPH
Kpuctamum3auuu pacmiasa [1]. CyiiecTByroT
pa3MYHBIE METOJbI, MCKIIOYAIOIINE BIIHSHUE
cerperaliMd Ha COCTaB pacTyLIEro KpucTayia
TBEpAOro pacteopa [2-6]. CyTb 3TUX METOJIOB
CBOJUTCA K TMOAJCPKAHUIO 33JaHHOTO COCTaBa
pacTymero KpucTajula IyTEM HENpPEpbIBHON
MOJIUTKH paciijiaBa OJHUM HJIM OOOMMH €ro
KOMITOHEHTaMH.

AnMa3zonoo0HbIE  TOJIYTIPOBOJAHUKOBBIE
coequHenus InSb u AISb nonmHocThiO pazme-
IIMBASACH KaK B )KUIKOM, TaK M B TBEPJIOM COCTO-
STHUSIX, 00Pa3yIOT HENPEPBIBHBIA PsiT TBEPIBIX
pacTBopoB [7]. ITO 0OCTOATENHCTBO OTKPHIBAET
BO3MOXXHOCTh MPELU3HOHHOTO YIPABICHUS B
MIUPOKUX Tpenenax GpyHIaMeHTaTbHbIMU Tapa-
MeTpamu TBEPABIX pacTBOpoB InSb-AlISb myrém
M3MEHEHMS UX COCTaBa.

B nacrosuieit pabote, B npaHHOBCKOM MpHU-
OJMVDKEHUM, ONpeeNeHbl YCIOBUS BbIpallluBa-
HUS MIOJTHOCTBIO OJHOPOIHBIX KpucTayios InSb-
AlISb MeronoM JBOWHOM MOAMUTKU pacruiaBa
[6], Oa3upoBaHHOM Ha MPUHLUINAX KPUCTAJUIH-
3anuu paciuiaBa no YoxpaibCckomy. Y CTaHOB-
JICHbl ONTHUMAJIbHBIE PEXUMBI COOTHOIICHUH
CKOpOCTEH KpHCTaIIM3allMM U MOAMUTKU pac-
IJ1aBa COCTaBHBIMU KOMITIOHEHTaMH JUJIsl ITOJTy4e-
Husi kpuctamoB InSb(1-x)AISb(x) ¢ tpebye-
MBIM COCTaBOM (X). AHAJIOTUYHBIE 33]]a4l OBLITN
perieHsl panee i cucteMm Ge-Si U psifa coenu-
HeHuit A3BS5 [8,9], koTopble MPoIeMOHCTPUPO-
BaJIM BO3MOKHOCTH U MEPCHEKTUBHOCTh METO1A
JIBOMHOW TOAMMUTKH paciuiaBa JJis BbIpAIIMBa-
HUS OJJTHOPOAHBIX KPUCTAIJIOB TBEP/IBIX PAaCTBO-
POB HCCIIEIOBaHHBIX MaTepUasIOB.

Ha Puc.l mpencraBineHa KOHLENTyalbHas
cXxeMma BBIpAIIMBaHUs KPUCTAIIOB TBEPABIX pac-
TBOpOB InSb-AISb MeTo10M NBOITHON MOATUTKI
pacraBa [6]. C MoMeHTa pocTa KpuCTallia
InSb-AlSb u3 pacnnaBa, COOTBETCTBYIOIIETO CO-
ctaBa (2) B HETO BBOJSATCS CTEPKHHU M3 COCTaB-
HbIX KomnoHeHToB InSb (3) u AlISb (4). B teue-
HUE BCEro 1MKJIa pocTa TBEPAOIro pacTBOpa CKO-
POCTH KPUCTAJUIM3ALMU U TOANMUTKUA pPacIliaBa
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NEPBbIM U BTOPBIM KOMIIOHCHTAMU IMOAACPIKU-
BaroTCsa NOCTOAHHBIMMU.

-_--
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UL}
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Puc.1.

KoHrienTyanbHas cxemMa BhIpalIMBaHUS MOHOKPHCTAI-
710B TBEPBIX pacTBOpoB InSb-AISb MeTomom aBOMHON
MOANUTKH paciiaBa, 1 — 3arpaBka u3 InSb-AlSb; 2 —
pacmiaB; 3, 4 — mOAMUTHIBAIOIIKE CTepKHK U3 InSb u
AlSb; 5 — Turens.

3ajady pelaiy Ipy BBITOJHEHUU CIELYIO-
IIUX YCJIOBHM, 00eCreunBarOIUX MPUMEHEHHE
ngaHHoBcKoro npubmmxenus [1,3]: ckopoctu
¢ ¢y3un KOMIIOHEHTOB B pacIljiaBe J0CTa-
TOYHO BBICOKH U 00€CIIEUNBAIOT PABHOMEPHOCTh
€ro cocTaBa 1o BceMy o0béMy; nuddy3ust Kom-
IIOHEHTOB B PacTyLIEM MOHOKPHUCTAJIIE U IOJ-
MUTHIBAIOIINX CIIMTKaX MPEeHEOPEKUMO MaJia; Ha
(bpoHTE KPUCTAJUIN3ALMY CYIIECTBYET PaBHOBE-
che MEeXIy TBEPIOHN M kuakou Qazamu, ornpe-
NENAEMOE JUarpaMMOM COCTOSIHUSL CHCTEMBI,
(POHT KPUCTALTU3AIMH TTOCKUMN.

Beeném 0603Hauenus: Vin’ U Vin — 00bEMBI
pacruiaBa B TUIJIE B HAYAJIbHBIM U TEKYIIUH MO-
MEHTBI; Ve — 00BbEM KPHCTAILTU3UPYIOIErOCs
pacrmiaBa B €IMHUILY BpeMeHu; Vi U V2 — 00bE-
Mbl TOANMTHIBAIOUINX CIUTKOB U3 IEPBOTrO
(InSb) u BTOpOro (AlSb) KOMIOHEHTOB COOT-
BETCTBEHHO, BBOJMMBIE B pPAacIUlaB B €IMHHUILY
BpeMeHH; Com B Cyc — KOHIIEHTpauu (MOJISIp-
HBIE JI0JIM) BTOPOT'O KOMIIOHEHTa B PacIulaBe U
KpHUCTayljie, cooTBeTcTBeHHO; C — ol1ee KoJu-
4eCTBO BTOPOrO KOMIIOHEHTa B pacIUIaBe;
K=Cs¢/Com — paBHOBEeCHBIN KOA(DPUIMEHT cer-
perauny BTOpOro KOMIIOHEHTA; t — BpeMmsl.

C y4€TOM NMPUHATHIX 0003HAYCHUN NMEEM

€ ,dC,, _CV,—VuC _C-VuCyy M

C = =
2m V dt V2

m m m

[To ycioBuio 3aja4i TEXHOJIOTMYECKHUE Ta-
pameTpsl Ve, Vi 1 V2 He 3aBUCHAT OT t, U B 3TOM
CJly4ae CIPaBEIJIMBBI CIEAYIOIINE YPAaBHEHUS

Vo =Vi—WV.-V,-V, X\,

Vi ==V +V,+V,), C=-V.C,K+V,. (2)

PoCT KpHCTAIIIOB TBEPABIX PACTBOPOB C O1I-
HOPOJHBIM COCTAaBOM OyJIeT IPOUCXOIUTH MPH
BBIIOJIHCHAH YCJIOBHSL HEM3MEHHOCTH COCTaBa
pacrmiasa co BpemeHeM. Tor/a, BBest 0003Haue-
it a =V, [V, u =V, [V, , onpenensroume co-
OTHOLICHHS CKOPOCTEH MOIMUTKH W KPHCTAILIH-
3auMu paciiasa, u3 (1) u (2) umeem

dcC . .
ﬁzo, C—VmCZmZOa
dt
u A3)
C;ﬂl: * a 2 C;C:*&'
K -1+a+p K -1+a+p

3aeck K*— koddHIHEHT cerperamuu BTo-
poro kommoneHTa (AISb), cooTBeTcTBYIOImIMIA
KOHKPETHBIM 3HAYCHUSIM
C,=GC, uC, =C,
VYcnoBueM pocTa HOTHOCTHIO OJJHOPOIHOTO
KpHCTaia TBEPJOro pacTBOPA SIBJIAETCS BBINOI-
HEHHE pPaBEHCTBA Il KOHIICHTPALUH BTOPOTO

KOMIIOHCHTAa B PACIIJIaBC —C;m U KpUCTAJUIC —

C,, 3Ha4YeHMsIM ypaBHeHUs (3) Ha HPOTSHKCHUN

BCEro LMKJIa KPUCTAJUIM3ALMU pacIuiaBa, BKIIO-
yasi crapTtoBblii MomeHT. Kak BumnHo u3 (3),
orpeziesieHue KOHKPETHBIX 3HAYEHUI TEeXHOJO-
TMYECKUX OTepaIMOHHBIX napaMeTpoB
a=V,[V.n S=V,[V, ans BeIpaluBaHus Kpu-
cTajlla C 3aJaHHBIM OJIHOPOJHBIM COCTaBOM,
TpeOyeT 3HaHMsS COOTBETCTBYIOILEIO 3HAUYEHUS
K. Ha Puc.2 npeacrasiena guarpaMMa paBHO-
BECHOTr0 (a30BOro COCTOSIHHUSI cUcTeMbl InSb-
AlSb, 3ammcTBOBaHHas U3 [7].

JlaHHBIE AMarpaMMbl MO3BOJSIOT MOCTPO-

uth 3aBucumMocTtd K ot C

»m 1 €, BO BCEM HETIpe-

PBIBHOM PSTY TBEPIBIX PACTBOPOB MYTEM OTIpe-
JeNIeHUs] CONMPSDKEHHBIX 3HAUEHUN KOHIIEHTpA-
nuii AISb B commmyce u TUKBUAYCE CHUCTEMBI.
3anaém 3HaueHUe mapaMeTpy o+ u s Tpedy-
emoro C,, , u3 naHHBIX Puc.2, onpe-aemnsem co-

OTBETCTBYOIIICE 3HAUeHHE K * .
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InSb-AISb METOJIOM JIBOMHOMU ITOAITUTKU PACITIIABA

InSb AISh, mol % \ISh

Puc.2.
JluarpaMma paBHOBECHOTO (ha30BOTO COCTOSIHUS
cucremsl InSb-AlSb [7].

3areM Mo ypaBHEHUIO (3) HaXOIuUM 3Haye-
HUsio U [ . PaccuntanHble TAKMM 00pa3oM 3Ha-

YeHHs o W [ A pasIM4HBIX 3aqaHHbIX C,. B

uHTepBasie 0<x<1 ompenensror rpaduk 3aBUCH-
MOCTH PaBHOBECHON KOHLEHTpPALUU KpUCTallla

C;c OT BapHallMOHHBIX TEXHOJOTUYCCKUX ITapa-

MmetpoB o u . Ha Puc.3, nna npumepa, npuse-
JIeHBI Takue rpaduku A TpEX pa3NUYHBIX 3HA-
yeHuit a+f. I'paduxu onpenensroT cTapTOBbII
COCTaB pacillaBa, COOTHOIIEHHUE CKOPOCTEH
MOANUTHIBAHUS W KPUCTAIM3AIMU pacIjiaBa
JUTsL  BBIpAIIMBaHUSL OJHOPOJHOTO KpHCTalIa
InSb-AISb ¢ 3amanneiM cocraBoM. Kak BuIHO,
BapbUpPOBAaHUEM 3HAuUEHUH 0, B U (a+f) MokHO
B Pa3NUYHBIX PEKMMAX MOJy4aTh IMOJTHOCTHIO
OJTHOPOJTHBIE KPUCTAIIIBI TBEPIBIX PACTBOPOB BO
BCEM HETIPEPBHIBHOM Psly KOHIIEHTpaluii. 3ame-
THUM, YTO MPAKTHUECKas peaTu3alus MOJTyICHHS
OJIHOPOJIHBIX MOHOKPHUCTAJLJIOB paccMaTpuBae-
MOM CHCTEMBI MOXKET OBITh OCYIIIECTBIICHA C TI0-
MOIIIBIO YCTAaHOBKH, ONTUCAHHOM B pabore [4].

OTMeTuM psifi TPEUMYIIECTB METOJa
JBOMHON MOJANUTKU TEpe] U3BECTHBIMU METO-
namu IletpoBa [2] u moANMUTKH paciuiaBa BTO-
peiM komrnioneHToM [3]. B meroae IlerpoBa u3-
MEHEHHE COCTaBa paclljiaBa, MPOUCXOJAIISE B
Mpoliecce pocTa KpUCTalla, HEMPEPHIBHO KOM-
MEHCUPYETCsI BBEICHHEM B HETO TMONMHUTHIBAIO-
LIETO CIUTKA C IUAMETPOM U COCTAaBOM PaBHBIM
TaKOBBIM JIJISI PACTYIIIETO MOHOKPHUCTAILIIA TBEP-
JI0TO pacTBOpa.

90| i

C.. mol. % AISb

30

&
g
I(JV

1 0.3 0.5 0.7 0.9 1.1 1.3 1.5

Puc.3.

3aBHCUMOCTH COCTaBa OIHOPOJHOTO KprcTamia InSb-
AlSb oT 0, BEIpaIIEHHOTO METOAOM JTBOWHOW TOIITHT-
ku pacriasa: 1) o+ =0.5; 2) o+p =1.0; 3) o+ =1.5.

Cy11ecTBEHHBIM HEIOCTATKOM 3TOr0 Me-
TOJla SIBJIAETCS HEOOXOJMMOCTh IpPEIBAPUTEIb-
HOT'O H3TOTOBJICHUS MAKPOOJHOPOAHBIX IIOIU-
TBIBAIOIIUX CTEPKHEN Pa3IMYHOTO COCTaBa, YTO
COCTABJISIET JOBOJIBHO CIIOKHYIO IIPAKTUYECKYIO
3amauy [8,9]. Kpome 3Toro, npu u3roToBICHUH
NOANUTHIBAOIINX CTEPKHEH OHU HEMUHYEMO
3arpsA3HAIOTCS  HEKOHTPOJIUPYEMBIMU IIpUME-
caMu. B ciyyae nBOWHOW NMOANMTKU pacIluiaBa
IIOCTOSIHHBIM COCTaB, NMOJANUTHIBAIOIIETO MaTe-
puana, onpenenseTcs NoAACP)KaHUEM COOTBET-
CTBYIOILLIETO COOTHOUIEHUSI CKOPOCTEN MOTpyKe-
HHUs CTEpXKHEH U3 MEPBOrO U BTOPOIO KOMIIO-
HEHTOB B pacruiaB. [ Ipu 3ToM, cocTaB pacrtyiero
OJHOPOJHOIO MOHOKPHCTAJUIa  YIIPaBIAETCA
MPOCTBIM HW3MEHEHUEM CKOPOCTEH BBEICHHUS
MIOATMUTHIBAIOIIUX CTEPXKHEN B PaCIUIaB.

Meroa MOAIMTKHU paciijiaBa BTOPBIM KOM-
MIOHEHTOM B JTaHHOM Cllyyae MOXeT OBITh pac-
CMOTpPEH KaK YaCTHBIN cllydail MeTOJ1a IBOMHOMN
nonnutky, koraa P=0. HecomHeHHo, mocnen-
HUM MeTo/ 0651a1aeT 601ee MMPOKHUMHU BO3ZMOXK-
HOCTSIMHM JUIs yIIPABJICHHS KAK COCTABOM, TAK H
MacCcof pacTyllero MOHOKPHUCTaJLIa TBEPAOTO
pacTBopa.
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Pe3tromupys BbILIEIPUBEACHHBIE TaHHBIE U
pe3yabTaThl, MOXKHO CJeJaTh CIEAYIOIIee 3a-
KJIroyeHue. MeTton JIBOWHOW MOJNMUTKHA pac-
iaBa 00€cleyrBaeT IOJIYYeHHE MOJHOCTHIO
OTHOPOAHBIX KpucTamuioB InSb-AlSb ¢ 3anman-
HBIM COCTaBOM BO BCEM HENPEPBIBHOM pALY
TBEPABIX pacTBOpoB. [lomyyeHHble TeopeTnyec-

* %
kue 3apucumoctu C,, u C,, OT IapaMeTpoB 0. U

[} ompenensioT CTapTOBBIA COCTAaB paciuiaBa U
COOTBETCTBYIOIIME 3HAYEHUS COOTHOILICHUS
CKOPOCTEH MOMANUTHIBAHUS U KPHUCTAJUIM3ALNU
pacruiaBa JUIsl MOJIYYEHUsT OJHOPOIHOTO KpH-
cTajljla ¢ 3aJJaHHOM KOMIIO3HUIIHEH.
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TAM BIiRCINSLI InSb-AlISb BORK MOHLUL MONOKRISTALLARININ ORINTINI iKiQAT
QIDALANDIRMA USULU iL9® ALINMA SORTLORI

P.H.OJDOROV, Z.M.ZOHRABBOYOVA, V.V.MIiR-BAGIROV, L.O.HUSEYNLI

Tam qarisilmis orinti yaxinlagmasinda bircinsli InSb-AISb bork mohlul monokristallarinin arintini ikiqat
gidalandirma iisulu ilo alinma sartlori toyyin edilib. Alinan naticaler verilon tarkib ve dlgiilards bircinsli InSb-AlSb
bork mohlularinin alinmas: {iglin optimal texnoloji parametrlori (erintinin baslanis torkibi vo hacmi, orintinin
kristallagsma va har iki komponentls qidalandirma siiratlorinin nisbati) miisyyen edir.

GROWTH CONDITIONS OF FULLY HOMOGENEOUS InSb-AISb SOLID SOLUTION SINGLE
CRYSTALS BY THE DOUBLE FEEDING OF THE MELT METHOD

P.G.AZHDAROV, ZM.ZAKHRABEKOVA, V.V.MIR-BAGIROV, L.A.GUSEYNLI

Growth conditions of fully homogeneous diamond-like InSb-AlISDb solid solution single crystals, grown by the

double feeding of the melt method, have been carried out in the fully mixed melt approximation. The obtained results
determine optimum technology parameters (starting composition and volume of the melt, the ratio of crystallization
and feeding rates of the melt by the first and second components) for growing of homogeneous InSb-AlSb solid solu-
tion crystals with desired dimensions and composition.

Penakrop: akan. T.J[K.Ixadapos
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PE®EPAT

[pescTaBieHbl Pe3yIbTaThl SKCIEPUMEHTAIIBHOTO HCCIIETI0-
BaHMS TEIUIONPOBOJHOCTH B HHTEPBAIC TEMIIEPATYP
80~300K axcTpyaupoBaHHbIX 00pasioB BipsSbi 3Tes,03Se0 07,
JIETUPOBAHHBIX ATOMaMH PEIKO3EMETbHOTO METaslIa [IHC-
npo3ust. [Toka3aHo, YTO ISl BCEX UCCIIEIOBaHHBIX 00pa3-
1oB B uHTepBasie temmeparyp 80+300K mons anekTpoH-
HOW COCTAaBJISIONICH KOA(PPHUIIMEHTA TEIIOMPOBOJHOCTH
¥ He mipeBbitiaet 15%, U B CCle[OBAaHHBIX TBEP/IbIX Pac-
TBOpaX TEIUIO TEPEHOCUTCS, B OCHOBHOM, KOJICOAHHAMHU
PELIETKH, ¥ TETUIOMPOBOHOCTD OMPEIETISCTCS, B OCHOB-
HOM, TPeX(OHOHHBIMH TPOIECCAMH U MPOLIECCAMHE pacce-
stHUSL )OHOHOB Ha Je(eKTax.

HeoOxomuMocTh co3ianus HU3KOTEMIIepa-
TYPHBIX TEPMOAJICKTPUUECKUX  OXJIaIuTeIeH
TpeOyeT pa3paboTKH TePMOIIEKTPUUYECKUX Ma-
Tepuainos, 3p(PEeKTUBHO paboTaroNIMX B 00JIaCTH
HU3KUX TeMIeparyp BILIOTh 10 ~120+130K.
AHanu3 JHUTEpaTypHBIX JaHHBIX ITOKA3bIBAET,
4TO, MEPCIEKTUBHBIMU MaTepuagaMu MpHU HU3-
KHX TEMIIepaTypax sBJISTFOTCS TBEP/IBIE pacTBOPHI
p-Bi2.«SbiTe;ySey, ¢ 3amelleHMEeM  aTOMOB
(Sb—Bi) u (Se—>Te) B obeux moapemnieTKax.
Boznukaromnye npu 3TOM HCKaKEHHUST KpUCTAI-
JIUYECKON PEIIeTKH MPUBOAAT K YBEIMYECHUIO
paccessHusT (POHOHOB W CHHIKEHHUIO TETUIONPO-
BOJTHOCTH KPUCTAJUIMYECKOM PEIIeTKH, YTO SIB-
JIIeTCS OAHOW W3 MPHUYUH YBEIUYCHHS TEPMO-
ANeKTpudeckol A(PPEKTUBHOCTH B HIHPOKOM
unTepBaiue temneparyp ot 80 mo 350K [1,2]. B
pabote [2] mOKa3aHO, YTO MOHOKPHUCTAILIBI
TBEpAOro pactBopa cocraBa p-BizxSbxTes.ySey
(x=1,3; y=0,07) sBISIOTCS NEPCHEKTUBHBIMH
MaTepuagamMu s HHU3KOTEMIIEpaTyPHBIX
(<220K) xackasoB 3JIEKTPOHHBIX OXJIAAUTEIICH.

OnHako M3-3a CIOUCTOW CTPYKTYpbI MPOY-
HOCTh YKa3aHHOTO MaTepuasa OKa3bIBAeTCsl HU3-

koil. [lpumeHeHne MeTo1a SKCTPY3UH IS MOITY-
YEHHs TEPMOIEKTPUUECKUX MaTeprajIoB Ha OC-
HOBE TBEP/IbIX PaCTBOPOB TEJLTYPUIOB BUCMYTa
U CypbMBI, IIMPOKO TMPUMEHSIEMBIX B Ka4eCTBE
Mmarepuaia Ui n- U p- BETBEH IS TepPMOdJIeK-
TPUUECKUX MpeoOpa3oBaTesiel, B YacCTHOCTH,
JIEKTPOHHBIX TBEPJOTEIbHBIX OXJIAIUTENEH,
MpeHa3HAYeHHBIX JJIs paboThl B HMHTEpBaje
temrniepatyp 200+350K, mno3Bossier cyue-
CTBEHHO IOBBICUTHh UX TPOYHOCTHBIC XapaKTe-
PHUCTHKH, COXpaHSS MPU 3TOM TEPMODJIEKTpUYE-
CKHe€ MapaMeTpbl OJIM3KUMHU K TaKOBBIM JJIS MO-
HOKPHUCTAJUIMYECKUX 00pasios [3] .

Kax u3BecTtHO, monyyeHue oOpas3LoB 3KC-
TPYAMPOBAHHOI'O MaTepuaia CBS3aHO C MPOBE-
JICHUEM LIEJIOr0 psiia TeXHOJIOTMYeCKUil orepa-
UM, TaKMX KaKk CHHTE3 TBEPJOr0 pacTBOpa M3
HCXOJHBIX KOMIIOHEHTOB; pa3MelIbueHUE CUHTe-
3UpOBAaHHOTO CIIJIaBa J0 COCTOSIHUS IOPOIIKA,;
M3TrOTOBJIEHHE U3 MOJIYYEHHOrO0 IOpOIIKa Me-
TOJOM XOJIOJHOIO IIPECCOBAHUS OpPUKETOB;
IKCTPY3UH OPUKETOB (BBIIABINBAHIE OPUKETOB,
HarpeTbixX 0 MJIAaCTUYECKOIO COCTOSIHMSI, Yepes3
OTBEPCTHE TUAMETPOM OMM).
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OKCIIEpUMEHTAJIBHO YCTAHOBJIEHO, YTO Ha
TEPMOIIEKTPUUYECKUE XapAKTEPUCTUKU MaTepu-
aJIOB JUISI TEPMODJIEKTPUYECKHX MpeoOpa3oBa-
TeJle DSHEPruM CYIIECTBEHHO BIMSIOT TaKue
(bakTophl, KaK TaBICHUE U TEMIIEpaTypa JKCT-
py3UH, pa3Mep 4YacTULl HCXOJHOTO IOPOIIKa,
TEMIIEpaTypa U BpEMsl OTXKUIA IOJYYEHHOI'O
TEepPMOAJIeKTpUYecKkoro marepuana. I[losTomy,
ONTUMHU3ALMEN TEXHOJOTMYECKUX MPOLECCOB C
y4eToM (PU3UKO-XMMHUYECKUX M TEXHOJOTH4e-
CKUX OCOOEHHOCTEH IKCTPYJUPOBAHHBIX MaTe-
pHAIOB, MOXHO YBEIHUUTh 3(P(HEKTUBHOCTH
SKCTPYAUPOBAHHBIX TEPMOAJIEMEHTOB U IOBBI-
CUTh CTaOMIILHOCTH MX IapaMeTpPOB, KaK B MPO-
L[ECCE M3TOTOBJIEHUSI TEPMOAIEMEHTOB, TaK U B
MpolLecce IKCIUTyaTalluy MpuOOpoOB HA UX OC-
HOBE.

OpHUM U3 MyTel MOBBILIECHUS TEPMOIIICK-
TPUUECKUX XapAaKTEPUCTUK TEPMODJIEKTpUYE-
CKHX MaTE€pHaJIOB JJi1 KOHKPETHBIX HHTEPBAJIOB
TEMIIEPATYp, ABJIAETCS TAKKE JIETMPOBAHUE IIPU-
MeCSIMH, KOTOpbIe€ MOTYT HPUBOIUTH K 3aMeT-
HOMY yBEITMYEHUIO (DIYKTyaluid TEPMOIIICKTPHU-
YECKUX CBOMCTB, CBSI3aHHBIX CO CTaTHCTHYe-
CKHUM XapaKTepOM pacHpelleleHHs] TPUMECHBIX
aTOMOB B PELIETKE MaTpULbI [3].

B nacrosmeit paboTte mpeacTaBieHbl pe-
3yJbTaThl 3KCIEPUMEHTAIBHOIO UCCIIEOBAHMUS
untepsaiue temneparyp 80+300K TeronpoBo-
HOCTH DKCTPYAUPOBAHHBIX o0pa3noB
Bio,7Sb1,3Te2,03S€0,07, JETMPOBaHHBIX AaTOMaMM
PEAKO3EMENIBHOTO METaJNIa JUCIIPO3HS. B KOJIH-
yectBe 10 0,02at1.%.

s nonmydeHus: oOpas3ioB ObUIM UCHOJb-
30BaHbl Teutyp mapku "TB-Y", Bucmyr - "Bu-
0000", cypbpma - "Cy-0000", cenen - "CBY-1",
ragonunuii -"I'iM-1". Peakius cuHTe3a npoBo-
IWIach B OTKQYaHHOM O0BbEME C OCTaTOYHBIM
nasierneM ~ 1072T1a. KoMmmoHEHTHI TBEPABIX
pactBOpoB U P33, B3sThIE B pACUETHBIX COOTHO-
LIEHMSIX, CIUIABISUIMCH ITpH TeMiieparype 1300K
B OTKayaHHBIX KBaplEBbIX ammynax. Temmepa-
Typa B 00beMe IeYH MOBBIIIAIACH CO CKOPOCTHIO
100K/4 ¢ mpoMeXyTOUYHBIMHU BBIIEPKKAMU MIPH
700K u 900K B Teuenue nonyuaca. [Ipu noctu-
xeann 1300K poct TtemmepaTypbl mpekpa-
1iajacs, ¥ amiysia BbIIEpKUBAJIACh B TEIUIOBOM
oJie B Te4eHue 64. Mpu HeMpPEepbHIBHOM IepeMe-
IIMBaHUM BEILIECTBA B HEM KAUaHUEM.

TemnonpoBoAHOCTH 00PA3I[0B U3MEPSIIN B
uHrepBaie temmepatyp 80-300K.

1, Vt/(smK)

o1 m2 A3 04 x5

50 100 150 200 250 T, K

Puc.1.
3aBHCHUMOCTD KO3 (HHUIHNEHTA TEIIIONPOBOIHO-
ctr 00pa3noB Big7Sbi3Te2,03S¢€0,07 ¢ pa3muIHbIM
COZIepKaHUEM JUCIIPO3HS:
1-0; 2 - 0,01; 3 - 0,005; 4 - 0,01; 5 - 0,02 at.%Dy.

Ha Puc.l npencrasneHsl temmeparypHble
3a-BUCUMOCTH K03(pUILIMeHTa TEeII0npOBOIHO-
ctH y ast 06pasioB Big,7Sbi 3Te2,03S€0,07 kKak He-
JIETUPOBAHHBIX, TaK U JIETUPOBAHHBIX aTOMaMU
nuctposusi. B koauuectse 10 0,02at.%. Bunno,
YTO B UCCJIEIOBAaHHBIX TBEP/BIX PACTBOPAX KO-
3G GUIMEHT TemIONpPOBOIHOCTH B HMHTEpBale
temriepatyp 80+300K ymeHbImaeTcsi ¢ pocTom
Temnepatypsl kak y~T"! (3akon Diikena).

J171s1 BBISICHEHUS BIMSIHUS HA MEXaHU3M Tell-
JIOTIPOBOJTHOCTH OOPAa3IOB TeMIepaTyphl U CO-
CTaBa HAMU OBLJIM BBIYUCIICHBI PEILICTOYHBIE Y q U
3JIEKTPOHHBIE e COCTaBISAONINE KOd(puLIeHTa
TEIUIONPOBOAHOCTH U OLEHEHBI UX BKJIA/bI B 00-
LIYIO TEIJIONPOBOAHOCTD.

[Ipu 3TOM OBLIIO HCTIONBH30BAHO BhIPAKEHHE

x.=LoT =4 (ﬁ)O'T
€ s

T7Ie G - yIeNbHAas 3JEKTPOINPOBOAHOCTh 00pa3-
na, T —abcomroTHas remnepatypa, L- uncio Jlo-
pen-1a, k — nmocrossHHas bonenmana, € — 3apsn
3JIEKTPOHA.

3HadeHne A ObLIO ONIPEACIICHO U3 TEOPETHU-
yeckoi 3aBucuMoctu A=f(a) [4,5] ¢ HCIOaB30-
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BaHHUEM SKCIICPUMEHTAIBHBIX 3HAUCHUN KOA(-
dbunueHTa TepMO-34C O U YAEIbHOU 3JIEKTpPO-
MPOBOJHOCTH G, MOJIYYEHHBIX HAMU paHee B [6].
Pe3ynbTaThl BRIUMCICHUN MOKa3aliu, JUIsl BCEX
UCCIIETOBAaHHBIX 00pa3lloB B MHTEpBaje TeMIle-
patyp 80+300K momist 31eKTpOHHOU COCTaBIIsi-
rolei kod(uirenTa TermIonpoBOIHOCTH Y HE
npesbimaer 15%, U B UCCIe0BaHHBIX TBEPABIX
pacTBOpax TEIIO MEPEHOCUTCS], B OCHOBHOM, KO-
nebaHusAMHU pereTky ((POHOHAMM).

08 ; W, smK/Vt
0,7
0,6
0,5
0,4
0,3

0,2

0,0

70 120 170 220 270 T, K

Puc.2.

3aBHCHUMOCTh PEIIETOYHOTO TEIJIOBOTO CONPOTUBIICHUS
o6pa3uos Bi0,7Sb1,3T62,93Seo,07 C pa3JIMYHbIM COJCPIKAHU-
em nucnposusa. O0o3HaueHus Te ke, 9To U Ha Puc.1.

Ha Puc.2 noxa3zana TemnepaTypHasi 3aBU-
CHUMOCTb PEIIETOYHOIO TEIJIOBOIO COIIPOTHUBIIE-
Hust Wp=1/%p, BBIUUCIEHHOTO U3 BBIPA’KEHUS

X~ X Xe-

BunHO, 4TO C MOBBIIIEHUEM TEMIIEPATYPHI
pELIETOYHOE TEIUIOBOE CONMPOTHBIEHUS W) pac-
TET I10 3aKOHY

Wp =const -T,

T.€. B UCCJIEJJOBAaHHBIX COCTaBaX MEXaHU3MaMH,
OTPaHUYMBAIOLIMMH TEIJIONPOBOJHOCT B WH-
tepBaine temneparyp 80+300K saBnsrores, B oc-
HOBHOM, Tpex(oHOHHBIE Mpolecchl nepedpoca
U TpoIlecchl paccestHusl (POHOHOB Ha JeeKTax.
Otpe3sku, OTCceKaeMble Ha OCH OpAHMHAT IIPH JKC-
Tpanossiuu 3aBucumocte Wy~T K 3HaueHHIo
T=0 cOOTBETCTBYIOT NOMOIHUTEIBHOMY TEILIO-
BOMY COINPOTHUBIIEHUIO, BO3HUKAIOIIEMY 3a CUET
CTPYKTYPHBIX 1€()€KTOB B KaXKI0OM COCTAaBE.

Jnst Bcex MccieoBaHHbIX 00pasloB C yBe-
JMYEHUEM TeMIeparypbl KO3 GHUIUEHT TEILIONpPO-
BOJHOCTH 7 yMeHbluaercs. OfHaKo, ¢ yBenuye-
HHEM TPOIEHTHOro conepskanusi Dy koaduim-
€HT TEIUIONPOBOIHOCTU Y M3MEHSIeTCS HEMOHO-
TOHHO: C YBEIWYEHHEM KOHLEHTpALUHU MpPUMECU
JMCIPO3US KOAPPUIUEHT TEIIONPOBOIHOCTH Pac-
TeT, mpoxoauT yepe3 MakcumyM nipu 0,005a1%Dy
U B JAJIbHEHILIEM C POCTOM COJIEp KaHHsI AUCTIPO3UST
aJiaeT.

OO6bI4HO, TPU BBEJECHUHU B MaTepuan B
Ka4eCcTBE MPUMECH aTOMOB TSKEJIBIX MeTal-
JIOB, 3a CUET CO3/1aHUs JOMOJHUTEILHOTO Me-
XaHU3Ma paccesHus, oOmui KodIPPUIHEHT
TEIUIONPOBOJAHOCTH JOJDKEH YMEHBIIATHCA.
OnHako, BBUY TOTO, YTO MPHU KOHUEHTPALUH
npumMecu aucnposus 10 0,005ar.%Dy nadmto-
naercsi oOpaTHOE, MOXXHO 3aKIIOYHUTh, YTO
CHayalla BBEJCHHbIE B KauyeCTBE MPUMECHU
aTOMBbI JMCIPO3HUS B paccMaTpUBAEMOM HH-
TepBaje, 3aHUMas CyIIECTBYIOLHME B TBEPIOM
pacTBOpe BaKaHTHbBIE LEHTPHI, YMEHBIIAIOT
ne(hEeKTHOCTh CTPYKTYPBI, YTO IPUBOIUT K PO-
CTy TerionpoBogHocTu. Ilpu nanpHelmem
pocTe KOHLEHTpaluu MPUMECH JIUCTIPO3UL
KO3 QUIMEHT TEeMIONPOBOJIHOCTH YMEHbIIA-
eTcsl, I0-BUIMMOMY, BCIIEICTBHE YBEIUUYECHUS
ne(eKTHOCTH CTPYKTypbl. Panee Hamu B [6]
OBLIO BBIABJIEHO, YTO 3JIEKTPUUECKHE Mapa-
METpBl YKa3aHHOT'O TBEPJIOI'0 PaCTBOpa TaKkKe
HEMOHOTOHHO 3aBUCSAT OT KOHUEHTpaluu
IIpUMeCceH AUCNPO3us. bblo HalIeHo, 4To 3a-
BUCHUMOCTb Y/AEIbHON 3JIEKTPONPOBOJIHOCTH
OT KOHLEHTPALUHU IpUMeced TUCTIPO3Us PO-
XOIUT 4Yepe3 MaKCUMyM TIPH KOHIEHTPAIUU
0,005at.%Dy. Takas 3aBUCUMOCTb OOBSICHSIIOCH
TeM, 4To atoMbl Dy B HCCIETOBaHHOM TBEPIOM
pacTBOpE UTParOT POJIb AKLENTOPOB U IPH KOHIIEH-
Tparwsix npumec 110 0,005at1.%Dy npuBosT K po-
CTy KOHIIEHTPAIIUH JBIPOK M, TEM CaMbIM, K TTOBbI-
LIEHUIO 3JIEKTPOIIPOBOAHOCTHU. B TO ke Bpems, mpu
KOHIIeHTparwsax npumMecu oosbiie 0,005ar.%Dy ¢
POCTOM KOHIIEHTpaIiH JAe(heKToB B 00pasiiax ycH-
JIMBaeTCs paccessHue HOCUTENeH 3apsiia Ha Jeek-
Tax, ¥ HaOJIIO/IaeTCsl KaK YMEHbIIIeHHEe KO PUIu-
€HTa TEeIJIONPOBOTHOCTH, TaK U NAJCHUE IIEKTPO-
MIPOBOJIHOCTU O0pAa3lIOB 3a CUET MPEBATMPOBAHUS
YMEHBIIEHUSI MOJIBMKHOCTU 3apsioB, YTO IOJ-
TBEpXKIAETCs H3MepeHusMHu Koddduiuenta
Xonna v MOJABUKHOCTH HOCUTENEH 3apsaa.
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DISPROZIUM ATOMLARI iLO ASQARLAMANIN EKSTRUZiYA OLUNMUS Bio,7Sb1,3Tez2,93S€0,07
NUMUNOLORININ iSTILIKKECIRMOSINO TOSIRIi

B.S.BARXALOV, R.Yu.OLIYEV, M.M.TAGIYEV, Q.ZBAGIYEVA

Nadir torpaq elementi disprozium atomlart ilo asqarlannmug ekstruziya olunmus Big;Sbi3Tes,03Se007 niimunalorinin
istilikkegirmoasinin 80+300K temperatur intervalinda eksperimental tadqiqatimn naticalori taqdim edilmisdir. Gostorilmisdir ki, biitiin
tadqiq edilmis niimunalar iiglin 80-300K temperatur intervahnda istilikkegirmads elektron hissasinin payr 15%-i 6tmiir vo tadqiq edilon
bark mohlullarda istilik, asason, kristal qofasin rogslari ilo dasinir va istilikkegirmoa, asasan, tigfononlu proseslarls vo fononlarin defektlordon
sopilmasi proseslari ilo miioyyon edilir.

EFFECT OF DOPING WITH DYSPROSIUM ATOMS ON HEAT CONDUCTIVITY
OF THE EXTRUDED Bio,7Sb1,3Te2,935€0,07 SAMPLES

B.Sh.BARKHALOYV, R.Yu.ALIYEV, M.M.TAGIYEYV, G.Z.BAGIYEVA

Results of the experimental research of heat conductivity of the extruded Bio7Sbi 3Tez,03Se007 samples doped with atoms
of rare-earth metal dysprosium in 80-300K temperature range have been presented. It has shown that for all investigated samples
in 80+300K temperatures range contribution of the electronic component on the heat conductivity factor y. has not exceed
15%, and in the investigated solid solutions heat is transferred, basically, by lattice vibrations, and heat conductivity has been
defined, basically, by three-phonon processes and phonon.

Penakrop: mpod. 1.I.Apacmst
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PEDEPAT

MeTo10M MPSIMOTO CHHTE3a U3 UCXOAHBIX AJIEMEHTOB I10-
Jy4deH TBepblid pacTBop coctaBa T1Fe975Gag.025S2. U3y-
YEHBI TEPMOIJICKTPHUUECKUE CBOMCTBA U JJIEKTPOIIPOBO/I-
HOCTB TIOJYYE€HHOT'O TBEPJOTO PacTBOpa B 3aBUCHUMOCTH
OT TeMmepaTypbel. B pamkax NMpbpDKKOBOW MOZIETH Tepe-
HOCa 3apsiaa OIICHEHBI TapaMeTpPhl JOKaTH30BaHHBIX B 3a-
npemierHoi 30He T1Feo 975Gao.025S2 cocTostamit. 13 Teme-
paTypHOH 3aBUCHMOCTH TEPMOXJIC ONpEAeTICH TeMIlepa-
TYPHBIH KOA(Q(UIMEHT SHEPIHU aKTUBALUKH POBOIUMO-
ctu B T1Feq.975Gag 025S5.

BBEJIEHUE

Tpoitnble Tamuensle cyiabduasl T1GaS: u
TIFeS: npunamiexar K Kjaccy aHU30TPOITHBIX
MIOJIYTIPOBOJTHUKOB, 00JIaJjatoINX BBICOKOM (ho-
TO- U PEHTT€HOYYBCTBUTEIBHOCTBIO U MPOSIBIIS-
IOIUX MarHuTHbBIE cBoMcTBa [1,2]. Tlomydenue
TBEPABIX PACTBOPOB Ha OCHOBE YKa3aHHBIX Ma-
TEpHAJIOB CO3/1a€T BO3MOKHOCTH BapbUpPOBAHUS
U yOpaBJieHUs UX GU3NYECKUMU MapaMeTpaMu.
N3BecTHO, YTO TPOWMHBIE COCAMHEHHUS JTAHHOMN
Ipynnsl  KPUCTAUIM3YIOTCS B  MOHOKIIMHHYIO
CTPYKTYypy: IpocTpaHcTBeHHas rpynna C2/m c
napaMmeTpamu AJIEMEHTapHON SAYEHKU
a=11.636A, b=5304A, =6.799A, [=116.7° nnsa
TIFeS: [3] u C2/c a=10.299A, b=10.284A,
c=15.175A, =99.603° nns TIGaS, [4].

B [5] 6sma moctpoena T—x ¢a3oBas qua-
rpamma cuctembl T1GaS»-T1FeS; sprextuuec-
KO0 THIA ¢ KOOpPAWHATAMH 3BTEKTUKH 953K u
80mon.% TIFeS,;. Bwuto ycraHoBieHO cylie-
CTBOBaHHME OI'PaHUYEHHBIX TBEPIBIX PACTBOPOB
Ha OCHOBE MCXOJHBIX TPOMHBIX COEIMHEHUN C
MOHOKJIMHHON cuHronuei. [Ipu temmepatype
orxkura 933K craBoB CUCTEMBI paCTBOPUMOCTD
Ha ocHoBe T1GaS, coctaBnsger SM01.% TIFeS,, a
co croponsl TIFeS; — 10mom.% TIGaS,. Ycra-
HOBJICHO, YTO HIMPUHA 3aIPELICHHON 30HbI KPH-

ctamioB T1Gai«FexS> (x=0; 0.005; 0.01) ymens-
11aeTcs ¢ POCTOM COZEpKaHUS JKeJie3a U yBeIu-
YHMBAETCS C TEMIIEPATypOil.

B [6] Ha ocHOBe peHTreHorpamMm MOJUKPH-
CTAJUIMYECKUX 00pa3LOB TPOHHBIX COEIMHEHUMN
T1GaS; u TIFeS: u TtBepablx pacTBOpOB TIFe.
«GaxS: (x=0; 0.01; 0.025; 0.05; 0.075) npu kKom-
HATHOHM TeMIiepaType METOIOM MOITHOMPOPUITb-
HOTo aHanu3a PutBenbia ObUTH pacCUUTaHBI a-
paMeTphl DIIEMEHTAPHBIX STYEEK U3YUEHHBIX KPH-
crayuioB. Tak, mis kpuctaiioB TlFeS; a=1 1.65A,
b=5.29A, c=6.81A, pB=116.87°, a mna TIGaS,
a=10.29A, b=10.27A, c=15.16A, /=99.44°, uro XO-
POLIIO COTJIaCYeTCsl ¢ IUTEPATYPHBIMU TaHHBIMHU
[3,4]. TlokazaHo, 4yTO B TBEpPABIX pacTBOpax
TlFe1xGaxS2 (x=0; 0.01; 0.025; 0.05; 0.075) c
BO3pacTaHWEM KOHIICHTPAIIUH TaJUTHS TapaMeTp
a yMeHbIIaeTcs, b u [ yBelIUYUBAIOTCA, a rapa-
METp ¢ MPaKTUYECKH HEe U3MEHSETCS. Y CTAaHOB-
JI€HO, YTO KpUCTaJUIorpapuuecKue mapameTphbl
kpuctamnoB TIFe;xGaxS2 ¢ u3MeHeHueM co-
CTaBa MEHSAIOTCS IJIABHO, YTO CBHJIETEIBCTBYET
00 o0pa3oBaHUM TBEPABIX PACTBOPOB B 3TOMU CH-
CTEME.

B [7] npuBenensl pe3ynabTaThl UCCIEA0BA-
HHsI MArHUTHOW BOCIPUMMYUBOCTU U yJEIbHON
HamaramdeHHoctu coequnenui T1GaS,, TIFeS,
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Y TBEPJBIX PACTBOPOB HA MUX OCHOBE B 3aBUCH-
MOCTH OT TeMIlepaTypsl U coctaBa. 13 xapak-
Tepa TEMIIEPATYPHOM 3aBUCHUMOCTH YAECIbHOU
MAarHuTHOM BOCIPUUMYHUBOCTH U €€ BEJIMYUHBI
cienyer, uyto coeaunenune T1FeS; Haxomurcs B
[apaMarHUTHOM COCTOSIHUM TPH KOMHATHOMN
TeMmeparype, B To Bpems kak T1GaS; mposiBnsiet
TUIMYHOE AUaMarHuTHoe coctostHue. Ha xpu-
BOW TEMIEPATYPHOU 3aBUCHMOCTH MAarHUTHOM
BocripuuMuuBocTy T1FeS, oOHapykeHbI aHOMa-
JIMH, CBHUJETEIBCTBYIONINE O (a30BBIX IpeBpa-
LICHUSAX B 3TOM COECIMHEHUHU. Y CTAHOBJIEHO, YTO
YBEIUYCHUE COJIEPKaHUsI KAaTMOHOB Tajuldsl B
tBepAbIX pactBopax TlFeixGaxS: mpuBogut x
YMEHBIIECHUIO YACIbHOW HAMarHM4YeHHOCTH H
YBEJIMUEHHIO pazinuus B Temieparypax Kropu-
Beiica.

B mnacrosimieir pabore mpeacTaBiIeHbl pe-
3yJIbTaThl U3YYCHHS TEMIIEPATypHOH 3aBUCHUMO-
CTH IIPOBOJIUMOCTHU U TEPMO3JIC B TBEPAOM pac-
tBOpe coctaBa T1Feo 975Gao.025S2.

METO/IMKA S5KCITEPUMEHTA

B kauecTBe MCXOAHBIX KOMIIOHEHTOB HC-
MOJIb30BAIM 0COO0 YHCTBHIE XMMHUYECKHE dIIe-
meHThl: T1 (Tn-00), Ga (Ga 5N), S (ocu 16-5), Fe
(Fe 3N). Tpoiinsie coemunenns T1GaS; u TlFeS;
CHUHTE3UPOBAJIN U3 B3SATHIX B CTEXHOMETpUYE-
CKHUX COOTHOIIEHUSX XUMHUYCCKUX DIIEMEHTOB
MyTeM HETIOCPEICTBEHHOTO UX CIIJIaBJICHHUS B Ba-
KyymupoBaHHEIX 10 10~Ila KBapueBBIX ammy-
7ax. 3aBepIIeHHOCTh CHHTE3a TPOWHBIX COEH-
nenuii T1GaS; u TIFeS; konTpoaupoBaiu MeTo-
namu JITA u POA ¢ conocraBieHnem noiayyeH-
HBIX JAHHBIX C U3BECTHHIMU MapameTpamu [3,4].
CrnaBbel CHHTE3UPOBAIIM U3 TPOWHBIX COETUHE-
auit TIGaS: u TIFeS; mpu 1000K B TeueHue
5+79 B 3BaKyHpPOBAaHHBIX JI0 OCTATOYHOTO JaB-
nenus 107°Tla kBapresbx ammynax. O6pasisl
CIUIaBOB OT)KHTaIH B BaKyyMe€ B JBE CTaJUU:
MPEIBAPUTEIILHBI  OTXKAT TPU  TEMIIepaType
953K B Teuenue 2004 1 OKOHYATEIBHBIN OTKUT
pu 933K B Teuenue 5004. OToxKEHHBIE CILIA-
BBl OXJIQXKJAIH 10 KOMHATHOW TeMIiepaTypsl B
peKHME BBIKIIFOUEHHOW Teun. PeHTrenogaso-
BBIIl aHANMM3 MPOBOAWICA Ha AUPPAKTOMETpPE
JAIPOH-2 ¢ ucnonb3zoBanueM uznydeHus CuKy
pu KOMHATHOU Temrieparype. C 1ebio u3yde-
HUS BJIMSHUS YaCTUYHOTO KaTHOHHOTO 3aMelle-
uus Ga**— Fe’" ma gusnueckue cBoiictpa TBEp-
ab1x pactBopoB B cucteme T1FeS:-T1GaS; Obutn

cunte3upoBanbl TIFe;xGaxSs (x=0.025).

O6pa3siel u3 TlFeo.975Gao.025S2 415 251eKTpH-
YEeCKHX HM3MepeHui nmenu (opmy mnapaiierne-
nurena TOMMUHON d=I1mMm. ToplieBble KOH-
TaKThbl K KpUCTAJIaM CO3aBaJIM IIyTEM AJIEKTPO-
JUTHYECKOTO ocaxaeHus menu. OTHolIeHHe
IJIOIIAIA TOPIEBOIO KOHTaKTa K MEXKKOHTAaKT-
HOMY paccTtosiHuio coctaisiio S/L=0.088cwm.
DneKTpuyeckas IpOBOAUMOCTb (0G) U TEPMOS/IC
() ONTy4eHHBIX 00pa3II0B U3MEPEHBI YETHIPEX-
30HJIOBBIM METOJIOM C TOYHOCTBIO 110 1% B Tem-
neparypHom auana3one 80+355K. Amminutyna
BHEIIHETO MOCTOSHHOTO 3JIEKTPHUUECKOro MOJs,
IPUIIOKEHHOIO K HCCleayeMblM oOpasliaM B
IpOoIeCcCce EKTPUIECKIX U3MEPEHUH, COOTBET-
CTBOBaJIa OMUYECKON 00JIacTU BOJIbTaMIIEPHOU
XapaKTePUCTHKHU.

PE3VJIBTATBI 1 UX OBCYXXIEHNE
Ha Puc.1. npeacraBnena tunuyHas Temiie-
parypHas 3aBUCUMOCTb TEPMODJIC B
TIFe0.975Gao.025S2. Ot 80 a0 150K 3Hak TCPMOSIC
ObUI TIOJOKUTEIbHBIM, YTO CBUETEIHCTBOBAJIO
0 TOM, YTO B YKa3aHHOM MHTEpBaJie TEMIIEpaTyp
UCCIIEIOBaHHbIE 00pa3lbl MPOSBISIIA  p-TUI
npoBoauMocTH. [Ipu nanpHeeM yBeIn4eHun
TEMIEPATypbl BILIOTH 10 355K nmerna MecTo uH-
BEpPCHUsl 3HAaKa TEPMODJIC, T.€. MPOBOJUMOCTD
npuoOperana n—tun. CoryacHo [8] dopmyrna
JUISL TEPMOSJC XaJIbKOTEHUIHBIX MOJYIPOBOI-
HUKOB UMEET BUJ{
a(r):_ﬁ[&_zﬂ}, (1)
el kT k
rjae k — nmoctostHHas bosbiiMaHa, e — 3apsij dIeK-
TpoHa, AE — SHeprus akTUBALIUU IPOBOAMMO-
CTH, y— TeMIIEpaTypPHbII KOAPPHUIUEHT SHEPTUU
aKTUBALMU IPOBOJIUMOCTH.
Bricokotemneparypusiit  (T=275+355K)
HAaKJIOH TOJY4YEHHON 3aBUCUMOCTHU a(l/ T ) co-

craBist AE“ =0.0473B. Dkcrpanonsiius BbICO-
KOTEMITIEPAaTyPHOU BETBU KPUBOU a(l/ T ) IO me-
pecedeHus C OCbI0 OPIAMHAT (1/ T= O)OTceKaﬂa
e€ B Touke — 212MkB/K. 3HadeHne TepMod/Ic OT-
CEUKH Mo3BoJMIo 1o dopmyne (1) onpenenursb
TEMIEPaTypHbIA KOI()PUIIMEHT SHEPTUU aKTH-
BallM TPOBOAUMOCTH (), KOTOPBIA OKa3ajics
paBubiM 2.98-10*B/K. 3HaHume mocnemHero
JAJI0  BO3MOXXHOCTH OIEHUTH TEMIIEPATYPHBIH
kod(pdurmeHT ontuyeckon menn (f) B
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T1Fe0.975Gao.025S2 mo dopmyse f=2y [8]. 3nade-
Hue f cocTaBiano 5.96-10~B/K.

DHeprusi aKTUBAIUH POBOJAUMOCTH ( AE?),
OIpe/iesIeHHasl 110 HAKJIOHY BBICOKOTEMITIEpaTyp-
HOW OJKCIIOHCHIIMAIBHOW BETBH 3aBHCUMOCTHU
o(10%/T) B TIFeo975Gao.o2sS2 (Puc.2), cocras-
nsima 0.093B. Pacxoxnenue B 3HaueHUsIX AE“ 1

AE° MOXHO MPHITACATh MOTPEIIHOCTSM IKCIIC-
PHMEHTOB, a TAKXKe BO3MOXKHOCTH OJIHOBPEMEH-
HOTO JICUCTBHUS HECKOJIbKUX MEXaHHU3MOB IPO-
BOJIMMOCTH B HCCIIeAyeMoM kpuctasuie. Otme-
THM, YTO CJICYeT OXHJIATh YXYALICHHS COTJa-
cus B 3HaueHUIX AE“u AE°u B TOM ciydae,
KOrJla B HakJIOH mpsmMoil Ino or 1/T BHOcHT
BKJIaJ] TeMIepaTypHas AKTHBAILUS IOJBHKHO-

CTH HOCHUTEJIEH 3apsa.
a, tV/K
20

2 4 6 8 10 12 14
10° /T, K

Puc.1.

TemmeparypHast 3aBUCUMOCTh KO3 (HUIHEHTA TEPMO-
s1¢ B TBepoM pactBope T1Fe) 975Gag.025S2

HuszkoremneparypHas BETBb 3aBUCHMOCTH
Ino ot 1/T xapakrepu3zoBajiaCb MOHOTOHHO YMEHb-
HIAKOIIEHCA N0 MEpE IOHIDKEHHs TEMIIEpaTypbl
SHEpruer akTUBauuu. TakoW XapakTep MOBEACHUS
npoBoguMoctH B TIFeo975Gaoo2sS2 mpu HU3KUX
temneparypax 80+180K mpucyny npeDKKOBOMY
MEXaHU3My IIepeHoca 3apsiia ¢ EpEMEHHON JIJIH-
HOM TIPBDKKA [8], KOT/1a TOK MepPEHOCUTCST HOCUTE-
TSIMU 3apsiia, HAXOSIIMMUCS B JIOKATU30BAHHBIX
BOJIM3M ypoBHA Pepmu coctosiHUAX. OO0 3TOM CBU-
JIETENIbCTBOBAJIA TAKXKE TEMIIEpaTypHash 3aBUCH-
MOCTb MPOBOJIMMOCTH, TIEPECTPOEHHAsI B KOOPH-
Harax Mortra Igo=f(T"*) (Puc.3). TaHrenc yria
HAKJIOHa 9Toit 3aBucuMocTH (77=2.3x10° K) mo3so-
JIUJI OLIEHUTD IJIOTHOCTh JIOKAJTM30BAHHBIX COCTOSI-
HUii BOMM3M ypoBHs Depmu 1o hopmyre

16
NFZ 32 (2)
T, -ka

TJIe @ — pauyc JOKAIU3aLUH.

3HavyeHue Nr 0Ka3aJloch PAaBHBIM BEJIIMYHHE
2.9-10"3B"-cm*. TIpu 5TOM JUT51 pamMyca JoKa-
NU3alMy B3ATO 3HaueHue a=14A (no amanoruu
¢ TIFeS: [2]). B TIFeS: st Nr 6bU10 TIOTY4EHO
3Hauenue 1.7-10'B.cm™ [2].

o, Ohm'cmi'
10" |
107
10-3 L L | 1 L J
2 4 6 8 10 12 14
10%T, K
Puc.2.

TeMneparypHast 3aBUCUMOCTb TEMHOBOM OMHUYe-
KO MPOBOJIMMOCTH TBEPJIOTO PacTBOpPA
T1Feo.975Gao.025S2 Ha HOCTOSIHHOM TOKE B KOOpPJIMHATAX
Appennyca.

To (opmyre R(T)zga@ 3)

BBIUMCJICHA JJIMHA MPBDKKOB HOCUTENEH 3apsaa
B u3ydeHHbIX oOpasuax TIFeo975Gao.025S2 nmpu
pa3MuYHBIX TemImepaTypax U3 HWHTepBajia
80+180K. ITpu T=80K R=68A, a npu T=180K
R=56A, Tak uto cpejHee paccTOSHUE MPHIKKOB
B TIFeo.975Gao.02sS2 B obmactu Temmeparyp
80+180K cocraBnsno Repy=62A. 3nauenue Rep B
4.4 paza mnpeBbIIANO CpPEIHEE PACCTOSHHUE
MEX]y LIEHTpPaMH JIOKaJIM3allud HOCHUTENEH 3a-
psana, T.e. Rep/a=4.4. Ormerum, uto B TIFeS:>
3Hauenue Rep cocransano 109A [2].
N3 ycnosus [8]
4,
3 R -N, > 1 4)
OLICHUJIM SHEPreTHYecKuil pa3dpoc JOByIIEY-
HBIX COCTOSHMH BOMM3M ypoBHS Depmu:
AE=70m3B. KonneaTpanust riry00KHUX JTOBYIIIEK
B T1Fe.975Ga0.025S2, BEIUMCICHHAS 110 opMyTie

N; = Nr -AE, (5)
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cocrasysuia N =2-10"8cm™.

o, Ohm'cm
107

102 |

- ) [T CRNPVIN | SOV SSNUPUN, MU |

024 026 0.28 0.30 0.32 0.34

-4 -4
T K
Puc.3.
HuskoTteMneparypHast IpOBOUMOCTb TBEPAOTO
pactBopa T1Feo.975Gag.025S2, epecTpoeHHas
B KoopauHaTax Morra.

TemneparypHasi 3aBUCUMOCTb SHEPIUU aK-
THUBAIIUU B 00JIaCTH ACUCTBUS MPBIKKOBOM TIPO-
BOJIUMOCTH C TIEPEMEHHON JUIMHOW NPbIKKA
OTHUCHIBAETCS COOTHOIICHUEM [9]:

(kn3/4
(N -a3)l/4 :
F
Ompenenennas o ¢opmyne (6) cpemnss
SHEPTUsl aKTHBAIMH MPBIKKOB B TBEPAOM pac-

tBOpe T1Fe0.975Gao.025S2 cocraBuna 65M3B B 00-
nactu temneparyp T=80+180K.

AW = (6)

3AKJIFOUEHUE

VYcTaHoBIEHO, 4YTO TpU TemIiepaTypax
80+180K B mosyueHHBIX TBEpHABIX pacTBOpax
T1Fe0.975Ga0.025S2 B NOCTOSTHHOM 3JIEKTpHYe-
CKOM I10JI€ UMEET MECTO NPBLKKOBAsI POBOIU-
MOCTb C IEPEMEHHON JNIMHOM NPBIKKA M0 JIOKa-
JM30BaHHBIM BOMM3M ypoBHS PDepmu cocTos-
HUsAM. OleHEeHbl MIOTHOCTH JIOKATM30BaHHBIX
COCTOSIHMM B OKpecTHOCTH YpoBHA Depmu
(NF=2.9-10"3B 'cm®) 1 UX dHEpreTHYECKUil pas-
opoc (4E=70m3B), cpeaiHee pacCTOSHUE NPBIK-
k0B (Rcp=62A), cpemHsis sHeprusi akTUBALUU B
00J1acTH JIeHCTBHSI MPBDKKOBON MPOBOJIUMOCTH
(AW=65M3B), a TakKe KOHIICHTPAIHS TITYOOKUX
nosymek (N=2-10'"%cm™), oTBercTBeHHBIX 3a
IIEPEHOC 3apsAJa Ha MOCTOSIHHOM TOKE IpU HM3-
KUX Temreparypax. 13 remnepaTypHoOii 3aBUCH-
Moctu TepmodJic B TIFeo.975Gao.025S2 ompenenen

THUII IPOBOIMMOCTH U TeMIIEpaTypHbIN K03 du-
IIMEHT OJHEPruM AaKTUBAIlMM TIPOBOIUMOCTHU
7=2.98-10*B/K.
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TEMITIEPATYPHAS 3ABUCUMOCTDB TEPMOS/IC N ITPOBOAMMOCTHU TBEPZOI'O PACTBOPA
T1Feo.975Gao.025S2 B IIOCTOSHHOM DJIEKTPUYECKOM IIOJIE

TIFe0.975Ga0.02s82 BORK MOHLULUN TERMO-E.H.Q-I VO DC-KECIRICILIYININ
TEMPERATURDAN ASILILIGI

S.N.MUSTAFAYEVA, A..CABBAROV, EM.KORIMOVA

ilkin elementlordon bilavasito sintez metodu ilo T1Feq975Ga0.025S> bork mohlulu alinmisdir. Alinmis bark
moahlulun elektrikkeciriciliyinin vo termo-e.h.q-nin temperaturdan asililiginin eksperimentden alinan naticalori
verilir. . Kegiriciliyin sigrayisla bas vermo mexanizmino osason eksperimental noticolordon T1Feo.075Gag.025S2
kristalinin qadagan olunmus zonadaki lokallagsmis hallarin parametrlori giymotlondirilmisdir. .Todqiq edilmis
T1Feo.975Gag.025S2 bark mohlulunda kegiriciliyin aktivasiya enerjisinin temperatur amsali toyin olunmusdur.

TEMPERATURE DEPENDENCE OF THE THERMOELECTRIC POWER AND
DC-CONDUCTIVITY OF TIFeo.975Gac.025S2 SOLID SOLUTION

S.N.MUSTAFAEVA, A.LLJABBAROV, EM.KERIMOVA

T1Fe0.975Gao.025S2 solid solution has been prepared by direct elemental synthesis. The dependences of the
thermoelectric properties and dc-conductivity on temperature have been studied in T1Feg.975Ga.025S2 solid solution.
In terms of hopping mechanism of charge transfer the parameters of localized states in forbidden gap of
T1Feo.975Gao.025S2 have been evaluated. The temperature coefficient of activation energy of conductivity has been
calculated for studied T1Feq.975Gao.025S2 solid solution.

Penaxrop: akazn. JIK.I11. AGanHOB
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PE®EPAT

HccnenoBan AMAIEKTPUUECKUI OTKIUK CMECH LIEOJIUTO-
BOT'O MOPOIIKa C NOPOIIKaMU KpeMHus. [loyueHsl 3aBu-
CUMOCTH PEaJbHOW U MHUMOM 4YacTe AMDIEKTPUUECKON
MPOHULAEMOCTHU OT YaCTOThI IEPEMEHHOTO MOJIS ISl pa3-
HBIX KOHIIEHTpalUil KPEMHHUS U 3aBUCUMOCTH OTKJIMKA OT
KOHIICHTPAINH IS pa3IHIHBIX 9acToT. OOHApYKEeH MaK-
CUMYM B 3aBHCHUMOCTH AMIJIEKTPHUCCKUX IPOHHUIIAEMO-
CTe OT KOHLUEHTPALUU JUIs Pa3aM4YHbIX 4acToT. [Ipu koH-
LEHTPALUAX KPEMHHUEBOTO TMOPOIIKA, MPEBBIIIAIOIINX
10%, Habaromanoch yCTOMYMBOE YMEHBIIEGHUE IHAJIEK-
TPUYECKOTO OTKIWKA TPU YBEJIMUYEHHWH KOHILIEHTPALUU
kpeMHus. OObSCHEHUE SIBJICHUS] OCHOBAHO Ha MPE.II0JIO-
JKCHHU O PEKOMOHMHAITMH BRIXOISIINX U3 TIOP IIE0JIUTA TI0-
JIOKUTEJIbHBIX MOHOB M 3JIEKTPOHOB HAa YaCTULAX KPEM-
HUS. MexaHU3M OCHOBaH Ha pPOJIM MOHHOTO OOMeHa
MEXAY pPa3IMUHbIMU KPUCTAJUIMTAMHU LEOJIUTA.

BBEJIEHUE

LleonuThI - MpUPOTHBIE MUHEPAJIBI, OJIaro-
Japsi CTPOro OMNPEAETCHHBIM pa3MepaM Mop U
BHYTPEHHUX nojocTeil (=4A), sBISIOTCS XOpo-
IIMMHU COPOEHTaMU U MPOSIBIIAIOT CIIOCOOHOCTh
K HOHHOMY oOMeHy. LleonuT mpencrasisieT co-
0011 MUKpOMIOPUCTYIO «TYOKY» ¢ 00BEMOM IOp
no 50% oOwvema kapkaca. HM3BectHo Gosee 40
MUHEpAJIbHBIX BUIOB MPUPOAHBIX II€OJIUTOB. B
npenenax AsepOaliykaHCKOU pecryOiauKu Obl-
JIM yCTaHOBJIEHbI 14 pa3sHOBUIHOCTEH 1IEOJINTO-
BOTO CEMEWCTBAa MUHEPAIOB, KOTOPHIE, TIIABHBIM
00pa3om, CBS3aHbI C BYJIKaHU3MOM. | eonoruye-
CKasi 0COOEHHOCTD 11I€0JIMTOHOCHBIX paiOHOB J1a-
€T OCHOBaHUE CUUTATh, YTO TEPPUTOpHs A3ep-
OalipkaHa SIBIISICTCS OJTHUM M3 MEPCIIEKTUBHBIX
PErMoHOB MO MPUPOAHBIM LeonuTam [l], a
UMEHHO, 110 BHICOKOKPEMHU3EMHBIM IEOJTHTaM,
IIMPOKOE NPUMEHEHHE KOTOPHIX YCTaHOBJIEHO
BO MHOTHX 00JacTsX.

Ha ocHOBe peHTreHOrpa4eckoro u Criek-
TPaJbHOTO XHWMUYECKOTO aHaiu3a Oblla ycra-
HOBJICHA TPHHAUISKHOCTh HCCIIEAYEMOr0 HaMU

MPUPOIHOTO IIEOJIHTA K BBICOKOKPEMHE-3€MHBIM
1eoauTaM Tumna KimHonTwiomut [2]. Kpucramm-
YecKasi CTPYKTypa KIMHONTUIIONHUTA TPUHAIICHKUT
K MOHOKIMHHOM CHHTOHWH C IapaMeTPaMu:
a=17.74A, B=17.9A, c=74A, IIPOCTPAHCTBEHHAS
rpynna C2/m, =117°. CtpykTypa cOCTOUT U3 Ye-
PEIYIOIINXCS OTPULIATENHHO 3apsHKEHHBIX aTFOMO-
KPEMHEKUCIIOPOAHBIX TeTpadipoB AlO4 u SiO4, ko-
TOpBIE, COSTMHSSCH MEXTY COOO0 BepIIMHAMU, 00-
pa3yroT MOpbI-HAHOKAHAJIBI JBYX TUIIOB A 1 B ¢
pazmepamu 0.6x0.4uM (A tur) u 0.4x0.48aM (B Trm)
[3]. Coneprxkumoe 3TUX KaHAJIOB MPECTABIISIET CO-
00lf BHEKApKacCHYIO IMOJICUCTEMY - 3TO IOJIOXKH-
TELHO 3apshKeHHbIE HOHbI-Katnonbl Na*, K, Mg™,
Ca’, KOMIIEHCHPYIOLIME OTPHIATEILHBIA 3apsi]
KapKaca, a Takke OOJIbIIOe KOJINYECTBO MOJIEKYI
H>0 - xoopauHaimoHHo# Bobl. Boia urpaer Bax-
HYIO poJib Uil obOecrieueHus cTaOMIIbHOCTH Kap-
Kaca KIMHONTHIONUTA. Tak Kak MeXIy aToMaMu
KHCIIOpO/ia U3 KapKaca, MOJIOKHUTEIILHO 3apsiKeH-
HBIMH HOHaMU, 1 Mosiekynamu HoO obpasyercst Bo-
JIOPOJTHAs! CBSI3b, YTO, KakK mojararot [4-6], mpuBo-
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3ABUCUMOCTD ANDJEKTPMYECKNX CIIEKTPOB CMECHU LIEOJIMTOBOI'O
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JUT K YBEJIIMYEHUIO MMOJIBUKHOCTH MOHOB B IOPO-
BoM TpocTtpancTBe. M3BectHo, uto MK-criekTpsl
YYBCTBUTEJIbHBI K U3MEHEHUSIM KaK BOJOPOJHBIX,
TaK ¥ KOOPAMHAIIMOHHBIX CBSI3EH B KpHCTAILIE. ITO
00YCIIOBIJIO MHTEPEC K U3MEPEHHUIO CIIEKTPOB T0-
IJIOIIEHUST BOJIbI B KimHonTwionute [7]. Mccne-
JOBAIUCH CIEKTPhl TOIJIOUICHUSI TPUPOTHOTO
[ICOTUTA-KJIMHONTWIIONMTA B IIMPOKOH 00JacTh

gactor ot 3600y 1o 100cn™ . Unentudum-
POBaHHBIEC TOJIOCHI OOYCIIOBJICHBI MOTIOMICHHEM
BOJIBI B mopax 1ieonura. OOHapyKeHHAs! IUPOKast

nosioca Ha yactore 3470 cm ™' 0OycroBiena Koje-
Oannem Mosekylt Bojpl. Camast CHIIbHas IoJIoca Ha

yacrore 1631 cu™' moxrsepskaaer OonbIryto aud-
(y3MOHHYFO ITOJIBHYKHOCTb.

W3ydyeHuo AUAIEKTPUUECKUX CIIEKTPOB
[IEOJIMTOB MIPH PA3TUYHBIX YCIOBHUIX IMOCBSIIEH
psa pabor. B pabore [8] m3ydanach 3aBUCH-
MOCTb JAMBJIEKTPUUECKUX CBOMCTB LIEOJIUTA OT
TUIa OCHOBHOTO MOHA, T.€. MOHA, KOHTPOJIUPY-
IOLLEr0 HOHHOMUTPALMOHHYIO MoJigpu3anuio. B
paboTe n3yvanack TeMIepaTypHas 3aBUCUMOCTb
JTUBJIEKTPUYECKON MPOHUIIAEMOCTH IIPU Pa3Iny-
HBIX 4acTOTaX. Y CTaHOBIJIEHO, YTO 3KCIIEPHUMEH-
TaJbHBIC PE3yJbTAThl yIOBIECTBOPUTEIHHO OIIH-
CBIBAIOTCSI MOJIENBIO JBYXKOMIIOHEHTHON CH-
CTeMBI IICOJHMT-BO3AYIIHBIE TOPBL. OTMETHM,
4TO B 3TOH paboTe mepe] IKCIepUMEHTOM BOJIa
U3 T0p YAaJsUIach BaKyyMMHUPOBAaHUEM HITH OT-
KUTOM. BnusiHHE BOJBI Ha JUDIIEKTPUYECKHE
CBOICTBA IIEOJINTOB M3Yy4YaIHCh B padote [9]. B
3TOM paboTe Mcce0BaICs IPUPOAHBIN IEOIUT
Ca xnuHonTuinoauT. B paboTte OblM M3ydeHBI
JURJIEKTPUUECKUE CIIEKTPbl 00YCIIOBIEHHBIE pe-
Jakcanueil BoJbl (MpU pa3IuYHbIX €€ KOHIIEH-
Tpamusx) B CHCTEME KIMHOMNTHIOIUT-BOJA.
VY CTaHOBNEHO, YTO BKJIAJ B JTUAJIEKTPUYECKHE
CBOWCTBA IIEOJINTA BOJIbI, CBI3aHHOU B MOpax, U
BOJBI B CBOOOMHOM oOBeMe paznmueH. [loka-
3aHO, YTO MpHU BIAXHOCTH MeHbIne 12% Bcs
BOJIa HaXOJIUTCS B CBA3aHHOM cocTosiHUH. B pa-
6ote [10] ycTaHOBII€HO, UTO MOAU(PHUIIUPOBAHUE
OJTHUMH HWOHAaMHU YBEJIMYMBACT, a JAPYTUMHU -
YMEHBIIIAET IUIIEKTPUUYECKYIO MPOHHUIIAEMOCTh
[0 OTHOLIEHUIO K MCXOAHOMY oOpasiy. B pa-
6ote [11] n3MepsTUCh TUAIIEKTPUUYECKHE CIICK-
TPBl MPUPOJHOTO KIMHONTHIIONUTA B BaKyyMme
(0.1Topp) u Ha BO3myxe (mpu atmMochepHOM
naBieHun). MisMepeHus mpoBOIUINCH Ha 00pa3-

1ax BBICOKOM TUIOTHOCTH (MPUPOJHAS ILIa-
CTHHA) ¥ HU3KOM MJIOTHOCTHU (HEMPECCOBAaHHBIM
MOPOIIOK). YCTaHOBJIEHO, YTO YaCTOTHAs 3aBU-
CHMOCTh KaK peaJIbHOM, TaK U MHUMOM 4acTeit
JTUAJIEKTPUYECKON MPOHUIIAEMOCTH XapaKTepH-
3yeTcsl MPUMEPHO OJAHHM U TE€M K€ BPEMEHEM
penakcanuu nopsaaka 10°c. Cuenan BBIBOJA O
TOM, 4YTO BO BCEX PACCMOTPEHHBIX CIydasx Tu-
3JIEKTPUUYECKUE CIIEKTPHI ONPENEISIOTCS  KOJie-
OaHMSIMH MOHOB ILIEJIOYHBIX METAJIOB, CBSA3aH-
HBIX C MOJIEKYJaMHu BOJbl BHYTPU LIEOJIUTOBBIX
nop. A pa3nu4us B COOTBETCTBYIOIIUX CIIEKTPax
CBSI3aHBI C U3MEHEHUEM KOHIIEHTPAIIMH yKa3aH-
HBIX KOMILIEKCOB.

N3yuenue 31eKTPUUECKUX CBONCTB MPOBO-
JTUJIOCH B OCHOBHOM B IIEPEMEHHOM 3JIEKTpHYe-
CKOM I10JIe. DTO CBSI3aHHO C TEM, YTO MPOBOIU-
MOCTh II€OJIUTOB CBSI3BIBACTCSI C JIBHXKCHHEM
HMOHOB B IOpax I€oNuTa. YK€ B paHHUX pabo-
Tax, MOCBAIEHHBIX HOHHOMN MPOBOJAMMOCTH 11€0-
JUTOB, MOJIAralioCh, YTO TUpATALUS IPUBOIUT
K OCJIA0JICHUIO AJIEKTPOCTATUYECKOTO B3aUMO-
NEICTBUSL KaTHOHOB C KapKacoM U, COOTBET-
CTBEHHO, K TOHIKEHUIO 0aphepoB WX MHTIpa-
1u. CriocoOHOCTh KaTHOHOB AU yHIUpPOBATH
CKBO3b OOJIBIITYIO OTKPBITYIO IIEOJTUTOBYIO CTPY-
KTYpY JaI0T BO3MOKHOCTh MOJy4€HUSI BBICOKOU
HMOHHOM MPOBOJMUMOCTH B IICOJUTAX. 3a TOCIIEI-
HUE TOJIbI OBLIIO CAETaHO MHOTO TMOMBITOK HCCle-
JIOBaTh BO3MOXXHOCTHU YTPABIICHUS HWOHHBIM
TPAaHCIOPTOM BO BHEIIHEM 3JIEKTPUUECKOM I10-
ne. OHu paccMoTpeHsbl B 0030pe [12]. Dnektpu-
YecKasi IPOBOJUMOCTD LIEOJIUTOB MPHU MEPEMEH-
HOM HanpspKeHUH 00yCIIOBJIEHA JIBHYKEHHEM T10-
JIO)KUTENIbHBIX HOHOB METAUIOB B IMOPOBOM
MPOCTPAHCTBE, U OHA CYIIECTBEHHO 3aBUCHUT OT
coJiep>kaHus B opax Bojbl. Takoe oObsiCHEHHE
BIIOJTHE TIOJIXO/IUT JIJIsl IEPEMEHHBIX TOKOB.

Kpaiine mano uccieqoBaHul 31EKTPOIPO-
BOJTHOCTH IICOJTUTOB B PEKHUME IOCTOSHHOTO
HanpspkeHus. OHON U3 TakuX sSBjsieTcs padboTa
[13] Ha mIeonMTOBOM TUTACTUHE, BHIPE3aHHON U3
MOHOO0JI0KA TPUPOTHOTO KIMHONTUIIONNTA, [ 14]
- Ha MUKPOMOHOKPHCTAJIJIaX CHHTE3UPOBAHHBIX
IIEOJIUTOB, [15] - Ha TabneTKax CIpeccOBaHHOTO
MOpPOIIIKa HATypaJlbHOTO 1eonuTa. [Ipu uccme-
JIOBAaHUU TOKOB IPHU MOCTOSHHOM HampsHKEHUH
HaO0aeTcss MO0 CTalMOHAPHBIA TOK, YTO
HECBOWCTBEHHO HMOHHOM HPOBOJUMOCTH, MO0
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HEIpepsIBHO crnafaromui Tok. [losromy nuc-
KYCCHOHHBIM OCTaeTCsl BOIIPOC O BO3MOKHOCTH
CKBO3HOW MOHHOW IMPOBOJUMOCTH LIEOJIUTOB Ha
MIOCTOSIHHOM TOKE.

B nocnenHee BpeMsi 3HaUUTENBHO BO3POC
MHTEPEC K M3YYCHHIO DJIEKTPUYECKHX CBOICTB
LIEOJIMTOBBIX MOPOIIKOB, MJICHOK U IJIEHOYHBIX
KOMIIO3UTOB B TIOCTOSIHHOM 3JIEKTPUYECKOM
nosie [16-19]. DnekTponpoBOJHOCTh IEOJIUTO-
BOH IJICHKU MPOSBISET UCAbHO J[BAa pPeXKUMa:
OJIUH TIPY MAJIbIX HAIPSKEHUSX, KOT/Ia MJICHKA
BeleT ce0si Kak H30JITOp W JIpYrod mocie
HaIpsDKEHUs TPo0osi, Koraa MPOBOJAUMOCTD Pe3-
KO Bo3pactaeT. lMccnemoBaHue KOMIO3UTHBIX
MaTepUajoB Ha OCHOBE IICOJUTOBOIO MOPOIIKA
OTPaHUYEHO 3a/ladyaMH BHEJIPEHHS] COCTaBIISIO-
IUX KOMIO3UTa B Mopsl neonuta [20]. Oxaum
U3 MPUBJIEKATEILHBIX KOMIIOHEHTOB JJIsl CO3/1a-
HUS KOMITO3UTA C IICOJIUTOBBIM MTOPOLITKOM SIBJISI-
I0TCA KPEMHEBbIE YaCTHIIbI, MOKPBITHIE €cTe-
crBeHHbIM OkuciioM SiO OOpasyromasics Ha
MOBEPXHOCTU KPEMHHUS ABYOKUCH KPEMHHUS, O~
IO0HO TeoNuTy, SBiseTcs d()(HEKTUBHBIM TO-
JIOTUTEIEM BOAsSHBIX mapos [20,21]. B pabote
[22] u3ydanu >JI€KTpUYECKHE CBOWCTBA CMECHU
U3 IEOJMTOBOTO M KPEMHHMEBOIO ITOPOLIKOB.
Oco0eHHOCTh TAKOTO KOMIIO3UTA B TOM, YTO KaK
LIEOJIUT, TaK U YaCTULIbI KPEMHUEBOTO MOPOIIKA
(TOKpBITHIE ABYOKUCHIO KPEMHHSI) SIBJIIOTCS 3(-
(eKTUBHBIMU MOTTOTUTENISIMH BOASIHBIX TTAPOB U
YacTULIbI [IeoJUuTa He 00JalaloT 3JIEKTPOHHOM
MPOBOJIUMOCTBIO B MPOTHUBOIOJIOKHOCTh Yac-
THULIAM U3 HU3KOOMHOro KpemHus. Oka3anocs,
gyro manas (10%) nobaBka 4acTUI] KPEMHHS B
MOPOLIOK KJIMHONTUIIONNUTA MPUBOJUT K CyIIe-
CTBEHHOMY HM3MEHEHUIO 3JIEKTPONPOBOJIHOCTH
LIEOJIMTOBOTO TOPOIIKA: BMECTO HENPEPBIBHO
CHa/IalolIero co BPEMEHEM TOKa MPHU MOCTOSH-
HOM HAaIlpsKEHUH, YTO XapaKTEPHO JJIsi HOHHOMN
MIPOBOAMMOCTH, HAaOJIOIAeTCsl CTallMOHAPHBII
TOK, a TP HEKOTOPOM HaNPsHKEHUH, 3aBUCSIIIEM
OT JaBlieHUS BO3]yXa, TOK Ha4yMHAeT PEe3KO
pacTu ¢ pOCTOM HaNpsHKEHUsI. Y YUThIBasl HAU-
YHe TaKOTO CHJILHOTO BJIMSHUS KPEMHUS Ha Xa-
paKTep CTallMOHAPHOTO TOKA B LIEOJIUTOBOM I10-
POIIIKE ¥ TIpearosarasi BO3MOXHBIM B TaKOH CH-
CTEME B3aUMOJICHCTBUE MEXJYy MOHAMH, BBIXO-
JSIIMMHU U3 TTOP LI€0JINTA, C YACTUIIAMU KPEMHHUS
MPU PA3IMYHBIX €r0 KOHIIEHTPALUSIX, MBI pe-

LIWIA MCCIEN0BaTh MPOBOJUMOCTh IIpU Iepe-
MEHHOM TOKE B CMECH KJIMHONTUJIOINUTA U KPEM-
HUS C pa3HbIM €0 COACPKAHUEM.

OKCIIEPUMEHT

MATEPUAIJIBI. B xauectBe 00BEKTa UCCIIENO-
BaHUS OBLI WCIOJB30BAaH MPUPOJIHBIA IECOTUT
KJIMHONTWJIONUT: CHUHTOHUS: MOHOKJIMHHAS,
MPOCTpAaHCTBEHHAs rpynna cummerpuu: C2/m;
napaMeTpbl 3JIEMEHTapHOW suehku: a=1.761,
b=1.780, ¢=0.741nm, p=115.2°. [na skcrnepu-
MEHTan3 OOBbEMHOT0 MOHOOJIOKA MPUPOTHOTO
LE0IUTa KIMHONTUIIOINTA, XUMAYECKUI COCTAB
KOTOPOI0, TOATBEPKACHHBIA IMPOBEICHHBIM
pPEHTreHOTpaQUUECKUM aHAIM30M, COJepIKa:
AlLO; — 11.36, SiO, —67.84, Na,O — 1.25, MgO
—0.49, P,05s—0.11, SO; —0.03, K,O —3.01, CaO
—0.29, TiO; — 0.08, MnO —0.078, Fe;O3 — 1.19,
KJ — 11.64, Hape3aimch 4acTULBI pa3zMepamu
0.3+0.5MM. 3areM Ha TUJIAaHETAPHOW MEJIBHHIIE
tuna FRITSCH oHu 10BOAMINCH O MOPOIIKO-
BOI'O COCTOSIHUS C pa3MepaMH 4acTHI] LEOJIUTA
0.1MkMm. [l U3roTOBIEHUST TOPOIIKA KPEMHHUS
ObUIM HCIOJIb30BaHbl CTaHJAPTHBIE 3aBOJICKHE
wiactunbl kpemuus (111) u (100) mapku KOO
(ynenbHoe conportuBieHue ~7.50M cm). [locne
NpPEABApPUTEIILHOIO  W3MEJIbUYEHUS  YaCTHI[bI
KPEMHHS, TAK)KE KaK M [E0JIUT, IPEBPAILIATUCH B
MOPOUIOK Ha MJIaHEeTapHOU MenbHuULEe Mccneno-
BaJIMCh 0OPa31Ibl JBYX THIOB: MTOPOIIOK MPUPO]I-
HOTO LIEOJINTA M CMECh IMOPOIIKA MPHUPOIHOTO
L[€0JIUTA U KPEMHUS CIEAYIOLIUX COCTaBOB Si -
10% ,20%, 30%, 40%, 50%.
METO/J U3MEPEHUS. [Ins usmepenus o0-
paslbl NOMEIAJIUCh B KAaCCETy MEXIY IBYMs
TJIOCKUMH 3JIEKTPOJIaMHU, OJIUH U3 KOTOPBIX OBLIT
MIPOBOAIINN Mpo3payHblil cinoii SnO2 Ha cTek-
JSTHHOM JIMCKE, a BTOpPOM - OTHOJIMPOBAaHHBIN
MeaHbIH nuck. C MOMONIbI0 HAKUIHOM TalKu
MEIHBIM JUCK CKUMaJ 3aChIIIaHHBIA B KacCETy
MOPOLIOK B cloi TonuuHoi 0.5MM. u auamer-
pom B lcm. Kaccera ¢ oOpasmnom moakitodanach
Ha Bxox m3meputena L, C, R yHuBepcanbpHbIi
E7-22. N3mepenus B pexume C u R npoxoannm
B yacToTHOM nuamnazone 100r+1MI'1 npu koM-
HATHOM TeMmIieparype.

PE3VJIbTATBI 1 OBCYXJIEHUE

Ha Puc.l npencraBiieHbl YaCTOTHBIE 3aBH-
CUMOCTH peajbHOM (£') m MHMMOM (&") "acTeit
IUAJIEKTpUUeckol nponunaemoctu. Ha Puc.2
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MPEACTABICHBI 3aBUCUMOCTH &' U €" OT KOHIIECH-
Tpauuu Si sl pa3IUYHbIX YacTOT.
W3 rpadukoB ciexyer uTo:
® [pU YBEIMYCHUH YaCTOThI KaK YIS YHCTOIO
LIEOJIUTA, TaK U 711 CMECe 1Ie0JITa KPEMHH-
€BbIM TOPOIIKOM YaCTOTHBIE 3aBUCUMOCTH &
U & COOTBETCTBYIOT MOJICIIU C OTHUM BpeMe-
HEM pernakcaiuu. Pa3muuusi B KpUBBIX Ha
Puc.1 st pa3HbIX KOHIIEHTpALMK KpPEMHHUS
CBSI3aHbI C PA3JIMUMEM B ITapaMeTpax MOIEIH
C OJTHUM BPEMEHEM PENaKCallUH;
B 3aBUCHUMOCTHU JIUDJIEKTPUUYECKOTO OT-
KJIMKA OT KOHIICHTPAIIUM KPEMHUS HAOJIIO-
JaeTcst MAKCUMYM IMPU KOHILIEHTPAIMK PU-
mepro 10%Si;
MOJIOKEHUE MAaKCHMyMa IPaKTUYeCKH He
3aBHCHUT OT YaCTOTHI;
caM MaKCHUMYM TpH YBEIWYEHUU YaCTOTHI
ot 500I'y no 5000I'y ymeHsbliaercsa npu-
MEPHO Ha MOPSAOK JUIsl 00€UX AUIICKTPU-
YECKUX TPOHUIIAEMOCTEN;
M3MEHEHUE KOHIIEHTpAlluu KPEMHHUS Ha Jie-
CSATKH MPOLEHTOB MPUBOJUT K U3MEHEHUIO
TUDJICKTPUYECKUX  TPOHUIIAEMOCTEH  Ha
COTHM IPOLEHTOB. Tak, Hampumep, Ha 4Ya-
crore 500I'1y mpu U3MEHEHUH KOHIIEHTpa-
uuu ot 10 10 30 nponeHTOB &' U3MEHAeTCs
ot 570 mo 130;
npu OONBIIMX KOHIIEHTPAIMSIX KPEMHUS
UMEEeT MECTO CBOE0Opa3HOE HACHIIECHUE:
Ha BCEX YaCTOTaX OTKJIMKHU COJIMKAIOTCS.
[Ipuctynas K OOBSICHEHHUIO, OTMETHUM, UYTO
OCHOBHOE CBOWCTBO II€OJIMTOB - 3TO CIOCOO-
HOCTh K MOHHOMY OOMeHy. MBI cuuTaem, uTo
MMEHHO 9TO CBOMCTBO II€OJIUTA OMIPEIETIAET Pl
OCOOCHHOCTEW  JAMAJICKTPUUECKOTO  OTKIIMKA.
Jleno B TOM, 4TO B COCTOSTHMH TEIIJIOBOTO PABHO-
BECHs B IICOJTMTOBOM MOPOIITKE HMEET MECTO 00-
MEH TOJIOKUTEITLHBIMU HOHAMHU MEXIY pa3iind-
HBIMH KpHCTaJUIUTaMHU. TpaguIlMOHHBIA HOH-
HBIE OOMEH CBOJMTCS K 3aMEIICHHUIO B TIOpax
LIEOJINTAa MOHOB OJHOTO THMAa ApyruMu. B 1eo-
JIUTOBOM TIOPOIIIKE B YCIOBUSX TEIJIOBOTO PaB-
HOBECHS IPOUCXOIUT TOT kKe 0OOMEH, HO MEKIY
OJIMHAKOBBIMU HMOHAMH. B OTCyTCTBHHM BHeII-
HETO MOJIS 3TO HE MPUBOAUT K HOBBIM SIBIICHUSIM.
Bo BHelIHeM 1osie npu U3MepeHuu IEeKTPOIpo-
BOJHOCTH 3TOT )€ OOMEH OJIMHAKOBBIMU MOHA-
MU MEXAY Pa3IMYHbIMU KpHUCTaNIUTaMu olec-
MEYUBAET HEMPEPHIBHOCTh MOHHOTO TOKa. [ms

O00BSICHEHUS HEMOHOTOHHOW 3aBUCHUMOCTH [U-
3JEKTPUYECKOTO OTKJIMKAa OT KOHLEHTPALMHU
KPEMHHEBOTO TIOPOIIKAa PACCMOTPUM C 3TOH
TOYKHU 3PEHUSI UCCIENYEMYI0 CMECh IIE€OJIUTa C
kpeMHueM. JloOaBiieHre MPOBOIAIINX KPEMHHE-
BBIX YAaCTHUI K LEOJIUTOBOMY IMOPOLIKY IPHUBO-
JTUT K JIBYM MPOTHUBOMOJIOXKHEIM 3pdexram. C
OJIHOW CTOPOHBI, IBUXKEHHE JJIEKTPOHOB B KPEM-
HUEBBIX YaCTHUIAX SBJSETCS JOMOJHUTEIbHBIM
[0 OTHOLIEHUIO K LIEOJUTY MEXaHHU3MOM JU-
3JIEKTPUUYECKOTO OTKJIMKA: 3JEKTPONPOBOHOCTh
KPEMHHEBBIX YaCTHUIl B IPUCYTCTBUM BHEILIHETO
noJist 00eCIIeYrBaEeT BKJIAJ B MHUMYIO YacTh JH-
3JEKTPUUYECKON MPOHUIIAEMOCTH, & JHUIOJIbHbIE
MOMEHTHI JIOKQJIM30BAHHBIX YaCTHI] KPEMHH
CYMMUPYIOTCS M IalOT BKJIJ] B PEAJIbHYIO YacCTh
JTUAJIEKTPUYECKON MPOHUIIAEMOCTH. DTO MPUBO-
JUT K YBEJTUYCHHUIO TUAJIEKTPUUECKOTO OTKIIHKA.
C nyroit CTOpOHBI, MOJ0KUTEIbHBIE HOHBI B I10-
pax I1eoJINTa, BBIXOAS B MEXKPUCTAUIUTHOE
IPOCTPAHCTBO, MOTYT HEUTPAJIN30BATHCS HA Ya-
cTulax kpemuus [23].

Taxoit cBoeoOpa3HbIi MEXaHU3M PEKOMOU-
HaIlUU 3JIEKTPOHOB KPEMHUS U TIOJIOKHUTEIIbHBIX
HMOHOB U3 TOp Ie0oNuTa OOBSICHSET HabtoIae-
MYIO B HaIllEM 3KCIEPUMEHTE 3aBUCUMOCTh JIU-
3JEKTPUUYECKOTO OTKJIMKAa OT KOHIEHTPALMH
KPEMHHMEBOTO IOpOoHIKa. [[eHCTBUTENBHO, IIPHU
MajblX KOHIIEHTPALUAX KPEMHHS YBEJIMYEHUE
e€ MPUBOJUT K YBEIMYCHHUIO OTKJIMKA, TaK Kak
MOMHUMO CaMOTI0 IIEOJIUTOBOI'O OPOIIKA BKJIA]l B
TUAJICKTPUYECKUN OTKIMK HA4YMHAET J1aBaTh
KPEMHHUEBBIN MOPOIIOK, & POJIb PEKOMOMHAIIMU
3JIEKTPOHOB KPEMHUS C HOHAMH 11€0JIMTa He3Ha-
YUTEIbHA. YMEHBIIEHUIO JUAIEKTPUUYECKOTO
OTKJIMKA TPU OOJBIIUX KOHIEHTPAIHUSIX KPEM-
HUS CMOCOOCTBYeT WMMEHHO pPEeKOMOMHAIIHS
9JIEKTPOHOB KPEMHHUSI C MOHAMH IieoiuTa. Pe-
KOMOMHAIMsI HEe 005S3aTeNbHO MPOUCXOIUT C
WOHAMU M3 OJIMKAWIIEro OKPYKCHHS 1e0JTHTO-
BBIX KpUCTALTUTOB. Jleno B ToM, uTo Giaromapst
HOHHOMY OOMEHY MEXy pa3IMIHBIMU KPUCTAII-
JUTaMU OJIMHAKOBBIMU MOHAMU U3MEHEHHE KOH-
IIEHTPAIlMd MOHOB B OJHOM W3 KPHCTAJJIUTOB
BOCCTaHABIIMBaeTCs 3a cuéT auddy3uu U3z apy-
ruX. DTO O03HAYaeT, YTO peKoMOuWHamus OyaeT
MPOIOKATHCS JI0 TEX MOP, MOKa IIEKTPUIECKOE
T0JI€ TIOJIOKUTEIIBHO 3apsIAMBILICHCS KPEMHEBOM
YaCTUIbl HE MPEKPATUT ITOT mpouecc. Taxou
MEXaHU3M COIIaCyeTCsl ¢ HEMPONOPLUUOHAIBHO
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3aBUCUMOCTH peabHOM (a) U MHUMOM (0) 9acTell TUAIEKTPUIECKON MPOHUIIAEMOCTEH CMECH OT KOHIIEHTpaIlluu
Si gist pazmuaabx yactot: 1-50011; 2-20000m;3-50001 1.

0O0JIBIIMM HW3MEHEHHEM TUAJIEKTPUYECKOrO OT-
KJIMKA MPU HE3HAYUTEIHBHOM H3MEHEHMM KOH-
LEHTpallui KpeMHHEBOro mnopoiuka. CuiibHOE
B3aMMOJICHCTBHE MEXKYy KOMIIOHEHTaMH CMECH
OOBSICHSIET HETMHEWHYIO 3aBUCUMOCTD BIIUSHUSA
IPUMECH KPEMHHUSI Ha pPe3yJbTaThl U3MEPEHUs
JURIIEKTPUYECKOTO OTKIIHMKA.

B mporecce pekoMOMHAIIMN TOJOKHUTEIb-
HBIX HOHOB C 3JIEKTPOHAMH KPEMHHUEBBIX YACTHI]

MPOUCXOIUT TOHIKEHHE dHepruu — NA. 31ech
A-TIOHWXEHHE SHEPTUU B pe3ysbTare peKoOu-
HaIlMA OJTHOTO MOHA, N — KOJTHMYEeCTBO PEKOMOM-
HUPOBABLINX MOHOB. OHOBPEMEHHO, POUCXO-
JUT YBEITMYEHUE YPHEPTUH DIICKTPUUECKOTO OIS

sDEZ
KPEMHHUEBBIX YaCTHUIL f 5 dV, xoTopsie 3aps-

KAIOTCA MOJIOKHUTETBHO B pE3yIbTaTe peKOMOU-
Hauuu. [lomnast sueprust W(N), kak GyHKIHS
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quciaa peKOMOMHUPOBAHHBIX YacTUl] NN, paBHA
UX CyMME ¥ UMEET BH/I;
WN) = —NA + [25 qv . 1)
KpemHHEBYIO YacTHIy CUMTAEM IIapoM C
pagrycoMm R. COOTBETCTBEHHO JUIS AJIEKTpUYec-
KOTO TIOJIA UCHOJb3yeM (GOpMyIly 3JIeKTphye-
CKOTO TI0JIS1 3apsHKEHHOTO [Iapa
keN
" R?
(k=9-10%, e=1,610""" — snexrpona).
OmnpenenyM MUHUMAaJIbHOE 3HAYCHUH (YH-
kuud (1), mpupaBHUBAs IPOU3BOJIBHYIO OT HEe K
HYJTIO

AW Ny _
B PE3YJIbTATC I10JIydacM
_ RA - 9
N=o~10R, ()

371eChb R BBIPa)KEHO B METpax, a A BBIPAKEHO B
JJIEKTPOH-BOJIbTAX.

JUid OueHKH cuuTaeM, 4ro A mopsjaka He-
CKOIILKUX 3IIEKTPOH-BONIBT, a R~107, B pe3yib-
tate noyuum: N~5'10°, Takas oleHKa yKa3bl-
BA€T Ha TO, YTO HA OJTHOW KPEMHHEBOM YaCTHIIE
MOXET PpPEeKOMOMHUPOBATh MAaKpPOCKOIMHYECKU
00JIbIII0E YHCIIO MOJIOKUTEIBHBIX HOHOB U3 IOP
neoauTa. Takum o0pazoM 0O0bsSCHSETCS HE MPo-
MOPLUOHAIILHO O0JIBIIIOE BIUSHIE KPEMHHUEBOTO
MIOPOLIKA Ha AUIEKTPUUECKUN OTKIUK CMECHU
LIEOJINTA C KpEMHHUEM. J[pyTMMH CIIOBaMH, BIIUS-
HHUE KPEMHHEBOI'O IIOPOILIKA HE IMPOINOPLHO-
HaJIbHO 00bEMY, KOTOPBI OH 3aHUMAET, TOTOMY
YTO MPU TAaKOM MEXaHHU3ME BKJIaJ IPUMECH
ONPEIENACTCS HE TOJIBKO HENOCPEICTBEHHBIM
BKJIQJIOM KPEMHHMEBOW 4YacCTUIbI B OTKIHK, a
TaKXe KOJIMYECTBOM JJIEKTPOHOB B HEU, PEKOM-
OuHupyromux ¢ noHaMu. OH TaKkKe corjacyer-
Csl C TEM, YTO IOJIOXKEHUE MAKCUMYMa MPAKTH-
YECKU HE 3aBUCHUT OT YaCTOTHI, TaK KaK B IPEJ-
JIO)KCHHOM MEXaHU3M€ HE y4acTBYET HHU BEJIH-
YMHA, HU YaCTOTA IIPUIIOKEHHOTO 1o, Tak Kak
C POCTOM YaCTOTHI BKJIaJ] CBOOOIHBIX HOCUTENEH
B JIUDJIEKTPUYECKUM OTKIIMK YMEHBIIACTCS, TO
MpeIJI0KEHHOE 00BICHEHUE COTIIaCyeTcs C TEM,
YTO € POCTOM YaCTOTHl MAaKCHUMYM YyMEHbIIa-
€TCHl.

To 006CcTOATENBCTBO, YTO MPOCTASE MOJEID C
OJIHUM BPEMEHEM pEJIaKCallii HE BIIOJIHE OIU-
CBIBACT YaCTOTHYIO 3aBUCUMOCTD JIUDJIEKTpUYE-
CKUX IPOHUIIAEMOCTEN OOBSICHAETCS CIeayto-
muM o0pazom. KoMmImiiekcHOCTh M B3aUMOCBSI3b

ANEKTPUUYECKUX XAPAKTEPUCTUK TAKUX CIOMKHBIX
00BEKTOB IOJIy4aOTCsl HE IPOCTO U3 (opMallb-
HOro mnpeoOpa3oBaHusi ypaBHeHUs Makcseia
JUIS TIOJIHOTO TOKAa, @ BbI3BaHbl (PM3UYECKUMHU
0COOEHHOCTSIMHM IPOTEKAHUSI B HUX IPOIIECCOB
IPOBOJUMOCTH U nosisipuzanuu. Cienyer otme-
TUTh, YTO KJIACCHUYECKOE PACCMOTPEHHME TOKa
IPOBOJUMOCTH U TOKa CMEILICHMs, MPUHATOE
JUIsL UJEAJIBHOTO IIPOBOJIHUKA U UAEATIBHOTO JTU-
UIEKTPUKA HE MPUMEHUMO K HOHOMPOBOISIIUM
LIEOJIUTaM C Pa3BUTOM CHCTEMOHU mop. B takmx
CJIO’KHBIX T'€TE€POreHHBIX Cpe/lax TOK IPOBOJIU-
MOCTH, KaK HaIpaBICHHOE IOCTYNATEIbHOE
JIBYDKEHUE HOCUTENEH 3apsijia, U TOK CMEIIEeHus,
KaK K0JIeOaTeIbHOEe CMELICHUE CBA3aHHBIX 3apsi-
JIOB, JIOJKHBI UIMETh JIOTIOJIHUTENIbHBIE (ha30BbIE
CIBUIM II0 OTHOLIEHHIO K HampskKeHHOCTH E
BHEIIHETO NEPEMEHHOI0 10JIs1, TOCKOJIbKY B I10-
pPHCTOM BELIECTBE HET MJICAIbHO CBOOOAHBIX U
UJCATIBHO CBSA3aHHBIX HOCUTENEW 3apsiaa. OTH
HOCHUTENH (MOHBI, IPYIIIBI K KOMILJIEKChI) CKOpee
MO’KHO Ha3BaTh MOJIYCBOOOJHBIMU B 3aBUCHMO-
CTH OT SHEpPreTHYecKOil CTPYKTYpbl IOPOBOTO
MpocTpaHcTBa. B paznuuHbIX (Ha Me30CKOMHUYe-
CKOM MacmiTabe) yyacTKax TaKoro marepuaia
SHEPreTUYECKU CHEeKTP 3apsUKEHHBIX YacTHI]
pasnuueH. M3-3a Takoli HEONHOPOAHOCTH HO-
MIOJIHUTENbHbIE (pa30BbI€ CABUTH TOKA MPOBOJIU-
MOCTH U TOKa CMELIEHHUS JT0JKHBI ObITh pa3iIny-
HBIMM TpPU pa3HbIX YacTOTaX BHEIIHETO MOJIs.
Orcrona cnenyer, 4To cTaTU4ecKas ¥ BBICOKOYa-
CTOTHAs TUAJIEKTPUUYECKHE TPOHUIIAEMOCTH, KaK
INEKTPUUYECKNE XaPAKTEPUCTUKHU I'€TEPOTE€HHBIX
Cpell, TOJKHBI ObITh HE KOHCTAHTaMHM, a CJIOXK-
HBIMU (YHKIHMSAMU YacTOTBL. DTO MOJIHOCTHIO
0o0BsicHSIeT cna0yio0 3aBHUCHUMOCThH IapaMeTpoB
OT caMoii yactoTsl pacnpeaenenus (Puc.1).

3AKJIIOUEHUE

HccnenoBan  AUANEKTPUYECKUA  OTKIIMK
CMECH IEOJIMTOBOTO IMOPOIIKA € IOPOIIKAMH
KpemHus. M3MepeHbl 3aBUCUMOCTH JIEHCTBU-
TEJIbHOM M MHHUMOW YacTel IUAJIEKTPUYECKOMN
MPOHHUIIAEMOCTH OT YaCTOThI IEPEMEHHOTO OIS
JUISL pa3HbIX KOHLEHTPALMN KPEMHHUS, a TaKkKe
3aBUCUMOCTH OTKJIMKa OT KOHLIEHTpAIMu TpHU
pa3nuuHbIX yacToTax. OOHApYKeH MaKCUMYM B
3aBUCUMOCTH JUAJIEKTPUYECKUX MPOHHUIIAEMO-
CTEW OT KOHILIEHTPALMH JIJIs1 PA3JIMYHBIX YaCTOT.
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Haunnasg ¢ KOHLEHTpauui KpEeMHHUEBOIO
MOPOLIKA, HECKOJIbKO mnpeBbimatomux 10%,
HAOJI0ANIOCh yCTOWYMBOE YMEHBIICHUE JIH-
AIEKTPUYECKOTO OTKJIMKA MTPH YBEIMYCHUH KOH-
LEHTPAIMU KPEMHHUS.

OO0psicHeHre HaOIIOIaEMOT0 SBJIEHUS OC-
HOBAaHO Ha MPEINOJIOKEHUU O HAJUYUH JIBYX
KOHKYPHUPYIOIIUX MEXaHHU3MOB, BIHAIOIIUX Ha
JTUBJIEKTPUYECKUN OTKIMK. [Tpy ManbIX KOHIIEH-
TpalusaX KpPEeMHHUs JONOJHUTENbHBIM BKJIaa B
JTUAJICKTPUYECKYIO TMPOHUIIAEMOCTh BHOCAT U
gacTullbl KpeMHus. [Ipu OonbIIuX KOHIIEHTpa-
IUSX KPEeMHHS, PEKOMOUHAIMS BBIXOISIINX W3

IIOp HOCOJIMTa ITOJOXHUTCIbHBIX MOHOB H amexd 1.

TPOHOB Ha 4YacTULAX KPEMHHUS MPUBOIUT K
YMEHBIIECHUIO JUAJIEKTPUYECKUX MPOHULIAEMO-
CcTel. DTOT MEXaHU3M OCHOBaH Ha pPOJIM HOH-
HOTo OOMEHa MEX]Iy Pa3JU4YHbIMU KPUCTAJUIM-
TaMH LI€OJIUTA.
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SEOLIT VO SILISIUM TOZLARININ QARISIGINDA DIELEKTRIK
SPEKTRININ SILISIUMUN KONSENTRASIYASINDAN ASILILIGI

V.I.ORBUX, Q. M.EYVAZOVA, N.N.LEBEDEVA, 8. X.MURADOV

Toz sakilli seolit va silisiumun qarigiginda dielektrik niifuzlugu tadqiq edilmisdir. Dielektrik niifizlugunun haqiqi
va xayali hissalarinin silisiumun konsentrasiyasinin miixtalif qiymatlarinds doyisen sahanin tezliyindon vo miixtalif tezliklorda
silisiumun konsentrasiyasindan asililiglar1 6l¢iilmiisdiir. Dielektrik niifuzlugunun hor iki toplanani ii¢iin konsentrasiyadan
asililigda maksimum miisahids edilmigdir. Silisiumun konsentrasiyasinin 10% - don artiq giymotlorindo konsentrasiya artdiqca,
dielektrik niifuzlugunun azalmasi bas verir. Miisahido edilon ganunauygunluqglar seolitin moasamslorindon ¢ixan miisbat
ionlarin vo elektronlarin silisium hissaciklorindo rekombinasiyasi ilo izah edilir. Bu mexanizm seolitin miixtolif kristallitlori
arasinda ion miibadilosine asaslanir.

DEPENDENCE OF THE DIELECTRIC SPECTRA OF ZEOLITE AND
SILICON POWDER MIXTURES ON THE SILICON CONSENTRATION

V. 1. ORBUX, G. M. EYVAZOVA, N. N. LEBEDEVA, A. X. MURADOV

Dielectric response of zeolite and silicon powder mixtures has been studied. The dependencies of real and imaginary
parts of dielectric permittivity on the frequency of alternating field at different densities of silicon and on silicon density for
different frequencies have been obtained. The maximum in the dependencies of both components of dielectric permittivity on
the silicon density at different frequencies has been obtained. The stable decrease of dielectric permittivity at silicon densities
a little higher than 10% has been obtained. Explanation of the phenomenon has been based on the assumption that the positive
ions and electrons coming out of the zeolite pores undergo recombination at the silicon particles. This mechanism has been
based on ion exchange between the zeolite crystallites.

Penaxrop: k. ¢.-m. 5. M.B.Mypanos
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REFERAT

Toqdim olunan isdo SiO> nanohissaciklari sel sixligi
2-10"n/sm’san olan neytron seli ilo forqli miiddotlordo
20 saata qodar siialandirilmugdir. Ilkin halda vo neytron
selinin tosirine moruz qalmis nanomaterialin dielektrik
itkilorinin tezlik asililiglart ilkin halda ve siialanmadan
sonra miiqaisali analiz edilmigdir. Analizlor naticasinds
molum olmugdur ki, neytron selinin tosiri ilo SiO»
nanohissaciklorinin dielektrik itkilori neytron selinin
tosir miiddotinin artmast ilo azalir. Biitlin temperatur-
larda f{tgd)=A(f) asililiglarinda az vo ya ¢ox deracods
piklor agkar edilmisdir. Alinmis piklor vo digor effektlo-
rin mexanizmi verlilmisdir.

GIRIS

Son zamanlar Si0> nanohissaciklori vo onun
miixtalif maddslarlo qatisiglar diinya todqiqat-
cillarinin digqgat morkozindadir. SiO2 nanohis-
saciklori vo onun miixtalif kombinasiyalarinin
bozi xassalori nazari vo praktiki dyronilmisdir
[1-11]. Homginin nano SiO; elektronika vo
texnologiyada xiisuson, kosmik elektronika va
niivo texnologiyalarinda ¢ox genis totbiq
saholorino malikdir [12-17]. Madds vo mate-
riallar nano 0l¢iilii hallarinda elektron hoyacan-
lanmas1 va defektlorin sorbast relaksasiya mosa-
fasi hissaciyin dlgiisii tortibinde oldugundan bu
sistemlords hacm va sathi xassslor arasinda forq
aradan qalxmis olur. Odur ki, nano materiallar
enerji dasima, defekt va elektron hayocanlanma
faktorlarinin yaranmasi vo sothi soviyyaya oOtii-
rilmoasi ilo xarakterizo olunan biitiin sahslor
ticiin effektiv sistem kimi bdyiik oshamiyyat kasb
edir. Bu ciir sistemloro misal olaraq niive yana-
caq materiallarini, yiiksok enerjili stialar1 detekto
etmo sistemlorini, radiasion katalizatorlar vo di-
gor radiasiya materilstianslig1 ilo slagadar pro-
seslori gostormok olar. Son illordo bu xiisusiy-
yatlorine gore nano madds vo materiallar niive

vo radiasion texnologiyalar {igiin aktual va pers-
pektiv sistem kimi genis totbiq olunur [18-24].

Toqdim olunan isds istifado olunan SiO»
nanobirlogmasi hal-hazirda mikro 6l¢tilords kos-
mik vo niive texnologiyasinda ¢ox genis totbiq
olunur vo onlarin galacokds totbiq sahslorinin
nano soviyyada olmasi qagilmazdir. Mohz buna
gora do biz neytron siialanmanin tosirino maruz
qalmis bu nanohissociklorin dielektrik xassalo-
rini aragdiraraq, stialanmanin tosiri naticosindo
omolo golon yeni fiziki xassolori miioyyan-
losdirmisik ki, bu fiziki xassolor do nanoma-
terialin digor elektrofiziki va fiziki xassolorindo
kaskin dayisikliklor yaradir.

SiO2 nanohissaciklorinin neytron seli ilo
stialanmas1 zamani yaranan defektlor niimunonin
dielektrik xassolorindo miihiim doyisikliklor
yaradir. Neytronlarla stialanmis SiO; nanhissa-
ciklorinin dielektrik itkilorinin miixtalif tezlikli
doyison sahodo siialanma miiddoti, tezlik vo
temperaturdan asililigi askar olunub. Miixtalif
miiddotlordo kosilmoz olaraq neytronla siialan-
maya maruz qalmis nanohissociklorde yaranmis
defektlor niimunolorin dielektrik itkilorinde do-
yisikliklora sabab olur. Belo ki, neytron selinin
tosir miiddatinin artmasi ilo dielektrik itkilorinin
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ododi qiymotlori doyisir ki, bu da nano-
hissociklorin birbasa fiziki xassolorindo doyi-
siklik yaradir. Isdo doyisikliyo osas sobob kimi
neytron selinin tasiri naticosindo niimunads ola-
va ylklorin yaranmasi qeyd edilib. Yaranmig bu
olava yiiklor nanohissacik daxilindo dielektrik
itkilorini doyisir. Homg¢inin isdo, xarici saho tez-
liyinin artmasi ilo niimunalords dielektrik itkilo-
rinin azalmasi miisahids olunub. Bu isa, tezliyin
tosiri ilo sistemds movcud dipollarin mohv olma-
st vo belaliklo do timumi itkilorin azalmasi kimi
izah edilir.

TOCRUBO

Tadqiqat obyekti olaraq xiisusi soth sahasi
160m?/q, hissocik olgiilori 20nm va tomizliyi
99,5% olan SiO> gatiiriiliib [25-30, istehsalgt
firma: SkySpring Nanomaterials, Inc. Houston,
USA]. Nano SiO; Sloveniyanin Lyublyana sohe-
rinda Jozef Stefan Institutunun “Reaktor Morko-
zindo” TRIGA Mark II yiingiil su (light water
pool type reactor) tipli todqigat reaktorunda
morkozi (kanal A1) kanalda 2-10"°n/sm?san sel
sixligina malik neytron seli ilo tam glic rejmindo
(250kVt) stialandirilmigdir. Neytron seli reaktor
tam giic rejimindo islodikdo asagidaki torkib
hissoys malikdir [31-38]: termal neytronlar ii¢lin
5.107x10'? n/sm’san (1£0.0008, E,<625eV),
epitermal neytronlar {i¢iin 6.502x10'> n/sm?san
(1£0.0008, En~625eV+0.1MeV), siiratli neyt-
ronlar {i¢iin 7.585x10'?n/sm?san (1£0.0007,
En.>0.1MeV) va nohayyat biitiin neytronlar {igiin
morkozi kanalda sel sixligi 1.920-10"*n/sm?san
(1£0.0005) kimidir. Son noaticodo morkozi
kanalda alinan neytronlarin orta enerjisi
En~625eV+0.1MeV olan epitermal neytronlar
kimi xarakterizo oluna bilar.

Neytronlarla siialanmig nano SiO>—nin elek-
trik xassalori Sloveniyanin Lyublyana sohorindo
Jozef Stefan Institutunun “Bork Madda Fizikasi
F5” lobaratoriyasinda “Novocontrol Alpha High
Resolution Dielectric  Analyzer” cihazinda
tezliyin 0,000001Hz vo temperaturun iso 0,01K
doqiqliyi ilo Olgiilmiisdiir. Neytronla siialan-
dirma vo neytron selinin xarakterik parametr-
lorinin toyini odobiyyatlarda verilmis molum
metodika ilo aparilmigdir. Nano SiO> tozu Jozef
Stefan Institutunun “Nazik tobagolor va sothlor
fizikas1” lobaratoriyasinda xiisusi soraitdo
7kN/sm? tozyiqde sixilaraq hiindiirliiyii 550pum
vo diametri 5.5mm olan tabletka formasinda

hazirlanaraq reaktorun kanallarina uygun alii-
minium konteynerdo yerlogdirilmisdi. Hazirlan-
mi1s niimunalor markoazi kanalda 5, 10, 15 va 20
saat miiddotlorindo kosilmoz olaraq siialan-
dirtlib. Neytron selinin tasiri naticosindo niimu-
nolorin aktivliyi 1,5GBg—o godor artmisdir [25].
Bu sabobdon biitiin dlgmalar neytron selinin
tosirindon toqribon 200 saat sonra aparilmisdir.
Stialanmadan sonra niimunslarin sathina xiisusi
soraitdo giimiis kontaktlar vurulub vo onun
keyfiyyati yoxlanilib. Piiskiirtma iisulu ilo iist
tabagado alinmis Cr/Au elektrodlarindan istifado
edilmisdir. Sonra alinmis niimunaler iki platin
l6vhalor arasina alinaraq 6lgmolor aparilimisdir.
Niimunolorin dielektrik parametrlori “Novo-
control Alpha High Resolution Dielectric Ana-
lyzer” cihazinda dayison saha figiin (~0,5V)
temperaturun 100+400K intervalinda 6l¢tilmiis-
diir. Olgmolor zamani temperaturun hor hansi do-
rocads saxlanma doqigliyi 0,01K kimi olmusdur
vo bu daqiqlik korpli metodu ils aldo edilmisdir.
Tacriibalordon birbasa niimunolaorin tutumu vo
miiqavimeti Sl¢iilmiisdiir vo buradan niimunos-
lorin malum parametrlori nazora alinaraq die-
lektrik itkilori hesablanmisdir. Hesablamalar

zamani 9sason asagidaki miinasibatlorindon
istifado olunmus-dur.
, C 1 G
g T — 5 g = =
C, oC,R  C,
Vo tgo = 8—, (1)
£

burada C, = gog - kondensatorun vakuum tutu-

mu, G :% - kegciricilik, C — cihazla ol¢tilmiis

tutum, R — cihazla dl¢iilmiis miigavimat, & — dielekt-
rik itki bucagl, S — niimunslorin kontaktlarinin
sahasi, d — niimunalorin qalinligr vo €', €" is9 uygun
olaraq dielektrik niifuzlugunun hoqiqi vo xayali
hissolaridir. Hesablanmig qiymaotlors uygun alman
biitlin naticalar “OriginPro 9.0” programinda qrafik
olaraq tosvir edilmisdir.

NOTICO VO MUZAKIROLOR
Olgmolor zamani niimunolorin dielektrik
itkilorinin tezlik asililiglar1 temperaturun miix-
tolif dord sabit giymotindo  nozordon
kecirilmigdir. Tacriibalor tezliyin 0,09+2260000Hs
aralifinda 95 miixtolif sabit qiymotlorinds apa-
rilmigdir vo 6lgmolor zamant molum olmusdur
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ki, temperaturun miixtalif qiymotlorinds dielekt-
rik itkilorinin tezlik asililig1 forqlidir. Tempera-
turun 100K, 200K, 300K vo 400K sabit qiy-
motlorindo dielektrik itkilorinin tezlik aslilig
nozordon kegirilmisdir. ilk olaraq temperaturun
100K, 200K, 300K va 400K oblastlarinda die-
lektrik itkilorinin tezlik asililiglar1 nozerden
kecirak (Sokil 1). Temperaturun 100K giymatin-
do f(tgd) = f(f) asililiginda ilkin halda vo neytron
selinin tosirine moruz qalmis niimunslords die-
lektrik itkilorinda xaotiklik miisahida olunur. Bu
temperaturda dielektrik itkilorinin tezlik asilili-
ginda movcud xaotiklik klaster nozoriyyesi ilo
cox yaxs1 izah oluna bilir [39-48]. Bels ki, bu
nozoriyyoya osason molum olur ki, neytron
slialanmasinin vo soyumanin tosiri naoticosindo
sistemdo klasterlor yaranir [39-48]. Bu klasterlor
tezliyin tosiri ilo miixtalif vaxtlarda parcalanir vo
cihazi xaotik itki gostormoyo vadar edir.
Temperaturun 200K qiymstinde modvcud
klasterlor temperaturun tosiri ilo demok olar ki,
yoxa ¢ixir vo sistemdo xaotiklik azalir. Umuni
tendensiyada tezliyin artmasi ilo sistemdo di-
elektrik itkilori azalir. Asagi tezliklordo bu
azalma daha koskin miisahido olunur. Bu isa bela
izah oluna biler ki, tezliyin tosiri ilo sistemdo
movcud dipollar moahv olur vo belsliklo do
niimunodo timumi itkilor azalir. 300K tempe-
raturda siialanmadan 6nco niimunonin dielektrik
itkisinin tezlik asililig1 neytron selinin tosiri ilo
yaranmig asililigdan kaskin forqlonir. Movcud
tezlik araliglarinda neytron selinin tosirino
moruz qalmis niimunslorde koskin piklor miisa-
hido olunur. Bu temperaturda tezliyin 60Hz
otrafinda movcud piklor bu tezliklords enerji it-
kilorinin maksimum olmasin1 gostorir. Bunun
osas sobabi sistemin maxsusi tezliyinin bu halda
vo temperaturda 60Hz strafinda olmasidir. Digor
torofdon temperaturun 400K gqiymatindas tezliyin
SHz otrafinda pik hallar miisahids olunur. Sokil
1—do gostorilon 4 temperaturda f{tgd)=f(f) asili-
liglarin1 diqqatle nozordo kecirsok gorarik ki,
biitiin asililiglarda az vo ya ¢ox doracads piklor
movcuddur. Temperaturun artmasi ilo mévcud

piklorin tezliyin azalmasina dogru siirligmasi
misahido olunur. Temperaturun artmasi ilo pik-
lorin agag: tezliklora dogru siiriismasi niimunado
relaksasiya miiddotinin artmasini gostorir. Belo
ki, ola bilsin ki, temperaturun artmasi ilo niimuno
daxilinds yiikdasiyicilarin miqdar1 artir vo bu-
nun noticosindo relaksasiya miiddstinin adadi
giymoti artir. Digor torofdon asagi tezliklordo
moveud piklor niimuns daxilinds daginiq poly-
arizasiyani izah edir [49]. Buna osason deyas bilo-
rik ki, temperaturun artmasi ilo niimuns daxilin-
do polyarizasiya daha ¢ox daginiq hal alir. Bu
stirismoni  ayri—ayriligda niimunslorin  forqli
temperaturlarda tezlik asililiglarinda daha agkar
miisahido etmok olar (nisbaton yliksok tempera-
turlarda, 300K vo 400K, Sakil 2). Lakin nisbaton
asagl temperaturlarda (100K vo 200K) niimuno-
lorin dielektrik itkilori demak olar ki, yoxdur. Bu
asililiglarda neytron selinin tosir miiddatinin art-
mast ilo dielektrik itkilorinin adadi qiymot-
lorinin azalmas1 miisahido olunur. Bels ki, neyt-
ron selinin tosiri ilo niimuns daxilindo yaranan
olavo ylikdastyicilar dielektrik itkilorinin azal-
masina sabaob olur.

NOTICOLOR

Miixtalif temperaturlarda dielektrik itkilorinin
tezlik asilihglarindan malum olmusdur ki, nisbaton
asagl temperaturda (100K) niimuns daxilindo
yaranmis klasterlor dielektrik itkilorinds xaotikliyo
sabab olur. Temperaturun 200K giymotindo mov-
cud klasterlor temperaturun tosiri ilo demok olar ki,
yoxa ¢ixir vo sistemda xaotiklik azalir. Umumi ten-
densiyada tezliyin artmast ilo dielektrik itkilori aza-
lir. Biitiin temperaturlarda f{(tgd) = A(f) asililiglarinda
az vo ya ¢ox doracado piklor askar edilmisdir. Mii-
oyyon edilmisdir ki, temperaturun artmasi ilo
moveud piklorin tezliyin azalmasina dogru stirtis-
masi, niimunads relaksasiya miiddotinin artmasini
gostorir. Aparilan tocriibolordon molum olmusdur
ki, neytron selinin tosir miiddatinin artmast il die-
lektrik itkilarinin adadi qiymatlari azalir. Bu isa ney-
tron selinin tosiri ilo niimune daxilinde yaranan
olavo yiikdasiyicilarin  dielektrik itkilorino tosiri
kimi izah edilmisdir.
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INFLUENCE OF NEUTRON IRRADIATION ON THE FREQUENCY AND TEMPERATURE DEPEND-
ENCE OF DIELECTRIC LOSS OF NANO SiO: PARTICLES

E.M.HUSEYNOYV, A.A.GARIBOV, RN.MEHTIEVA

Nano SiO; particles have been irradiated by neutrons flux with density 2-10cm?s™! at different time intervals up to 20
hours. The frequency dependencies of dielectric loss of the nanomaterial exposed to neutron flux influence and initial state
have been comparatively analyzed. t has been determined that the dielectric loss decreases with increasing time of exposure
under the influence of neutrons flux on the nano SiO; particles. In all temperatures depending f{tgd)=f(f) observed maxima.
The mechanisms of the observed peaks and other effects have been established.

BJUSIHUE HEMTPOHHOI'O OBJIYUYEHUSI HA YACTOTHYIO U TEMIIEPATYPHYIO 3ABUCH-
MOCTD JUDJEKTPHUYECKUX IIOTEPb HAHO SiO:

3.M.I'VCEMHOB, A.A.'APUBOB, P.H.MEXTUEBA

B nanHoii pabote 06pasipl Haro Si0; 00Iydanuch HEHTPOHAMH C INIOTHOCTBIO MOTOKa 2-10'3H/cM?cek mpy pasHBIX
MHTEpBaJaX BPEMEHHU BILIOTH 10 20 yacos. MccneoBatbl U CPABHUTENLHO NMPOAHAIM3UPOBAHBI YaCTOTHBIE 3aBUCUMOCTH
JMDJIEKTPHYECKUX TIOTEPh UCXOJHBIX M OOJIyYEHHBIX HEHTpOHaMU HaHoMarepHanoB SiO;. Ha ocHoBe aHanm3a yCTaHOB-
JIEHO, YTO TOJ1 BJUSHUEM HENTPOHOB Ha HaHO Si0, YMEHBINAIOTCS AUJIEKTPUUECKHUE TIOTEPHU C YBEIMYEHHEM BPEMEHH 00-
nydenusi. Bo Bcex TemmeparypHbix 3aBucuMmocTsx f(tgd)=f(f) HaGmroganuch MakCHMYMbL. BBISBICHBI MEXaHH3MBbI
Ha0JII0JaeMBbIX TMKOB M ApYyTruX 3¢ dexToB
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PE®EPAT

B pabore u3yuena termioemkocts T1FeTe, Ha ocHOBe mperm-
3MOHHBIX KaJOPUMETPUYECKUX HM3MEPEHHH. 3aBHCU-MOCTb
Cy(T) obnapyskuBaeT aBe IPKO BHIPAXKEHHBIE AHOMAIIMH, YKa-
3bIBAIONINE HA HAM4KEe (a30BbIX Nepexoa0B. MakcUMallbHbIC
3HAQUCHMs aHOMalMi  HaxomATcs TpH  TeMIepaTypax
T1=222,0K; Tex=69,13K. Onpenenensl namenenus AQ sHep-
run 1 AS 3HTponHH (ha3oBoro nepexoaa, Ko3pduimeHTsr Tep-
MOJMHAMHU4ecKoro norteHnuaita npu Tc. Mamas AS/R=0,22
yKa3bIBaeT Ha TO, YTO ATOT IIEPEXOA OTHOCUTCA K Iepexoam
THUma cMemieHus. lloBeneHne aHOMANBHOH TEIUIOEMKOCTH
BONM3M Tc| yIOBIETBOPUTEIHHO ONMMCHIBACTCS Teopuer dazo-
BBIX Nepexo/10B Jlannay.

B nocnegnue roasr BcE 60sbIIee BHUMAHNE
uccaeaoBarenel NpUBJIEKa0T MarHUTHBIE TIOJTY-
MIPOBOJHMKY, HaXOJslINEe MPUMEHEHHE B pas-
JMYHBIX o0sacTsaX npudopoctpoeHus. OTHUM U3
MIpe/ICTaBUTENEe MarHUTHBIX MOJTYIPOBOJAHUKOB
aBrsroTcs xanbkoreHuasl T1-Fe [1-3].

TIFeTe2 kpucrtanauzyercsi B MOHOKJIMHHOM
cuaronnu C2/m, siBnsercs peppoOMarHeTUKOM C
temneparypoit Kropu Tc=222K [3]. 13 Temnepa-
TYPHOH 3aBUCHUMOCTH 3JIEKTPOIPOBOJHOCTH U
koa¢dunmenTa Xoiia onpeaeneHa NMprUHA 3a-
npemenHoit 30ub1 TIFeTe2 Eg=0.425B [1]. [Ipu
T=162K B T1FeTe2 tun npoBOANMOCTH U3MEHS-
J1ach € pP-TUIIA HA N-THII.

B nactosmeit pabore u3ydeHa TeIUIOEM-
kocTh TIFeTe,Ha OCHOBE MPEIM3NOHHBIX KaJlo-
pUMETPUYECKUX U3MEPEHUN. TemmoeMKoCcTb He-
cnenoBana B unrepsaie 4.2+-300K na aguabaTu-
YECKOW KaJOpUMETPUYECKOW YCTaHOBKE, HC-
MOJB30BaHHOM paHee B [4]. OTHOCUTENbHAS TO-
I'PELIHOCTh B ONPENEICHUH TEIJIOEMKOCTH IIPU
T>10K ne mpesbimana 0.3%, a npu T<IOK —
~2% wu3Mmepsiemoro 3HaueHus. [lonukpucramim-
yeckue oopasipl TIFeTe, Obutn CHHTE3UPOBAHBI

CIUIaBJIEHUEM COOTBETCTBYIOIIMX KOMIIOHEHT B
9BaKyHPOBAHHBIX KBAPIIEBBIX amITyinax [3].

Ha Puc. 1 npezncraBieHsl pe3yiabTaThl UC-
cienoBanuii Temnoemkoctu kpuctamia TlFeTe,.
Kak Buno 13 pucynka, saBucumocts C, (T) 06-
HapyXXHUBaeT JB€ IPKO BbIPa)KEHHbIE aHOMaJIHH,
yKa3blBalOle Ha Hauuuue (a3oBbIX IMEPeXo-
noB. MaxkcuMaJpbHBIE 3HAUYEeHUs aHOMa-JIMU
HaxomdTcsl npu Temmeparypax Tgq = 222,0
0,2K; T, = 69.1 + 0,3K. B obnactu (ha3oBbIX
MIEPEX0JI0OB MPOBEJCHBI 5 cepuil M3MepeHuit ¢
TeMneparypHbeIM marom ot 2 1o 0.2K.

N3 Puc. 1 BUgHO, 9YTO TEMIOEMKOCTh MPH-
6mu-xxaercs acumnTorudecku Kk Cp~1001x-mMom
LK!, noguunssce 3akony Jrononra u Itu [5]:

o muHus 1 - TemnoeMKocTh Mmojenu /Jle-

6ass Cp = 3nRFp (%),
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3asucumocts Cp, (T) s TIFeTe,: Touku—-skcnepumenr, 1-mozens Jlebas, 2-Momens OiHmTEHHA.

IJie N — YUCII0 aTOMOB Ha (POPMYIIbHYIO €IMHUILY
(B cimyuae TIFeTe, n = 4), R — ra3oBas nocro-

saras u Fp(T/0p) — pyukuus debas [5]:
Op/T

*d
Fp = 3(T/6p)* J ﬁ,
0

paccuuTaHHas AJs XapaKTepUCTUYECKOM TeMrie-
patypsl Jlebas Op = 220K;
® JJUHUS 2 - 3TO TEMJOEMKOCTh B MOJENU
OlHIITeHA
rae Fg(T/0g) — dyukuus Diinmreiina [5]:
ot
Fe(T/6g) = (T/8g) 2 IR,

(+#-)
paccurTaHHas JUIsl XapaKTepPUCTHUECKON TeMIIe-
parypsl DitHmTeiiHa Gp~170K. IIpu Temnepary-
pax T<80K u T>150K skxcnepumeHTanbHbIE 3HA-
YEHHUs JIeXKAT BBILIE, YEM MOJICNIbHbIE KPHUBBIE,
9TO 00YCIOBJICHO (Da30BBIMH TEPEXO0JIaMH B
kpuctamiax TlFeTe,. OrpaHHYeHHOCTH MOICITH
Jebast (unm DiHIITENHA) ¢ OJHOM XapaKTepu-
cTUYecKoi Temreparypoit Op (wim 6r) BeI3BaHa,
MPEXIE BCEro, MCIOJb30BAaHHUEM H30TPOIHOMN
IUIOTHOCTH (DOHOHHBIX COCTOSIHUH.

C nomomp0 mpUOIMIKEHUS KyOMYeCKUMU
crutaiiHaMu npoBezieHa skctpanoiasauus Cy(T)

(1a Puc. 1 nmyHkTtupHas nuHUS B obnactu ¢aso-
BbIX nepexosoB) u3 odmactu T > T4 + 18K B

obnacte HUXe Tgp. BBIIM pa3zneneHsl perymnsp-
HBIE (Cpo) U aHOMAJIbHBIE (ACp) BKJIaJbl

(Cp = Cpo + ACp) terioeMkocT (Puc. 1), uro
MO3BOJIMJIO ONPENENIUTh U MpPOaHAIU3UPOBAThH
XapaKTepUCTUKH (a30BOro MepexoAa Kpu-
cramna TlFeTe,. Bennuuna anomanuu B 00ma-
ctu T, coctapinser nopsaka 19% ot ee perynsp-
HOW 4YacTH, @ B OKPECTHOCTU T, 3Ta BEIMYMHA
nopsiaka 13%.

N3menenus sueprun (AQ) u suTponuu AS,
CBs3aHHbIE C (a3oBbIM mepexonoM npu T.q,
ObUIN OTIpeJieNIeHbl TyTeM MHTEIPUPOBAHMS Ky-
OMYECKMX MHTEPHOSALHUOHHBIX CIUIAHOB IUIO-
IaJIeH 101 aHOMaIbHOM YacThro KpuBoi AC, (T)
u AC,(T)/T B npenenax 188+240K, coorser-
cTBeHHO. 3HaueHuss AQ m AS mpencraBieHbl B
tabmune. Manas BenuunHa AS/R=0,12 yka3bl-
BaeT Ha TO, YTO JIAHHBIA NEPEXOJ] OTHOCHUTCS K
Mepexo/1aM TUIa CMELEHUSI.

Ha TemnepaTypHOil 3aBUCUMOCTH TEIIOEM-
koctu TlFeTe, BOnmu3u 7.; oOHapykuBaeTCs psg
XapaKTepHBIX 0COOEHHOCTEW: HEOONBIIONW CKa-
4ok npu Tc; ¥ aHOMaJus, HECUMMETPUYHAs OT-
HOCUTEJIBHO TEMIIEPaTypsl nepexoaa. Pa3oBblil
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TemneparypHasi 3aBUCUMOCTh (ACp / T)_2 s TIFeTe,.

nepexon npu Te; MOKHO pacCMaTpUBaTh Kak Iie-
pexoJ1 BTOPOro poja.

B o6mactu touku nepexona npu Te¢;, 6yu3-
KOl K KpPUTHYECKOH TOuYKe, TepMOAMHaAMHUYe-
CKUI TIOTEHIIMAJ MOYKHO Pa3JIOXHTh IO CTere-
HSIM MapaMeTpa nopsijika no gopmyie [6]:

® = &, + An? + Bn* + Dn°, (1)
rae A = a(T — Ty). 3nech st Gpa3oBoro mepe-
xoxa Il pona B > 0. Temneparypa nepexona T
U TpaHula yCTOWYUBOCTU Tx B OTOM cCilydae
TOXIeCTBEHHBI, T.€. T¢1, =Tk [6].

B HM3KOCHMMeETpUYHON (a3ze MUHMMHU3A-
U] TEPMOTMHAMHYECKOTO TTOTSHIINANA [T U3-
OBITOYHOI TEIIOEMKOCTH JaeT:

at
AC, = ————..
2VB2-3AD

[Ipeobpasys 3Ty GopMyiny, MOXKHO TOKa-
3aTh [7], 9TO BenWYMHA (ACp/T)_2 Hwke 7Tes,
SIBIISICT-CS1 (PYHKIIMEH TeMIIepaTyphl BUIa
(A) 2L 2

T Cat a3 '
Ha Puc.2 npencraBieHa 3aBUCUMOCTD
(ACp/T)_2 or T, nnst TIFeTe, ona nuueiina B

unrepBaine 219,7+221,6K. Kak Bugno u3 Puc.2,
B HETIOCPEICTBEHHOM OJIM30CTH OT TEMIIEPATYPHI
nepexona Tpq (T,y — T < 0.4) nabiromaercs oT-

ACy\ ™2 ..
KIIOHeHHE | —~ (T) oT NMMHEWHON 3aBUCUMO-

CTH. DTOT (aKT U HAJIMYUE U30BITOUHOM TeIlIOo-
eMKocTd npu 7>7T¢; 0OycloBIIEHBI, MO-BHIU-
MOMY, HaJTu4reM B oOpasnax aedekros. U3 pa-
BEHCTBA (2) HAMH OIpeJesieHbl JjBa COOTHOIIE-
HUs Mexay koddduuuentamu ypaBHenus (1),
KOTOpbIe MpecTaBiIeHbl B Tabmuile.

Taoauna.
AS 2 3 2
po L fas || T @ )
Mo MoK | R | B 'monK? D’ mon3- K3

230+10 [1.03+0.01|0.12 0.781 0.071

Mauvtast BenmMurHa aHOMAJIMU TEMIOEMKOCTH
(dazoBoro mepexoja mpu Temmeparype 72, He
MO3BOJIMJIAa MPOBECTH KOJUYECTBEHHBIA aHAIIN3
M30BITOYHON TETNIOEMKOCTH B paMKax TepMO -
Hamudeckoi Teopun Jlannay, kak 3To ObUIO cle-
naHo BOJMM3M (a3oBoro nepexoaa npu Ty .

Takum 00pa3oM, Ha OCHOBaHMHM aHAIHU3a
SKCHEPUMEHTAIbHBIX JAHHBIX MO TEIJIOEMKOCTH
TIFeTe, M0OXHO caenaTh ClIeIyIOIINe BEIBOIBI:

e Bmepsrie oOHapykeHBI (ha30BBIE MEPEXO-

nel ipu 69.1K u 222.0K;
e Masoe u3MEHEHHE PHTPONUU XapaAKTEPHU-
3yeT UX Kak IMepexo/ibl THIa CMEIICHHS;
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mova, A.Panfilov, Magnetic susceptibly
and ESR study of the covalent-chain anti-
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5. U.Kutrens, Bgedenue 6 ¢uzuxy meep-
0oco mena, M.: Hayka, (1978) 791.

BaeTcsi Teopued (a30BBIX TEPEXOJ0B
Jlannay.

TIFeTe:KRiSTALINDA iSTILiK TUTUMU, DEBAY TEMPERATURU, FAZA KECIiDi VO TER-
MODINAMIK PARAMETRLOR

E.M.KORIMOVA, AM.ABDULLAYEV, G.M.OHMODOVA, P.H.ISMAILOVA, A.B.MOHORROMOV

Indiki isdo TIFeTe, kristalmin istilik tutumu 4.2+300K intervalinda todqiq edilmisdir. C,(T) asililiginda faza
kegidinin mévcud olmasii gdstoron iki anomaliya askar olunur. Anomaliyalarin maksimal qiymetlori T.1=222,0K;
T=69,13K temperaturlarinda yerlosir. T,; temperaturu otrafindaki faza kecidinds enerjinin AQ vo entropiyanin AS
doyismaloari, termodinamik potensialin amsallar1 toyin olunmusdur. AS/R=0,22 ki¢ik giymeti T, temperaturu otrafindaki
bu kecidin yerini doyisma tipine aid oldugunu gostorir. T.; yaxinliginda istilik tutumunun anomaliyasinin 6ziinii aparmasi
Landaunun faza kegidlor nozariyyassi ile gqonastbaxs tosvir edilir.

LOW-TEMPERATURE HEAT CAPACITY, DEBYE TEMPERATURE, PHASE TRANSITIONS AND

THERMODYNAMIC PARAMETERS OF TIFeTe: CRYSTALS

E.M. KERIMOVA, AM. ABDULLAYEV, G.M. AKHMEDOVA, P.H. ISMAILOVA, A.B.MAGERRAMOV

The thermal capacity of TIFeTe, crystals within 4.2-300K has been investigated. C,(T) has revealed two strongly
pronounced anomalies indicating presence of phase transitions. Maximum values of anomalies have been at temperatures
T1=222,0K and T»=69,13K. Changes energy AQ and entropy AS of phase transition, factors of thermodynamic potential
close to have been T, defined. Small magnitude AS/R=0,22 specifies that this transition concerns transitions of displace-
ment type. The behaviour of anomalous thermal capacity close to T,; is well described by Landau phase transitions theory.
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PEDOEPAT

UccnenoBansl TEPMOIJIEKTPUUECKUE CBOMCTBa
Agos2SbiisTez1s B TemneparypHoit oomactu 80+320K. O6-
Hapy»eH METaJUIMYECKUN XOJ IMPOBOJUMOCTH U HU3KOE
3HaUEHHE TEIUIONPOBOJHOCTH. [loka3aHo, 4TO B HMHTEp-
Base 80+320K TemnonpoBoIHOCTh, B OCHOBHOM, 00YCIIOB-

JICHA aKYCTUYCCKUMHU (1)OHOH8.MI/I.

BBEJIEHUE

Tpoitnoe coenunenne AgSbTe, oTHOCHUTCS K
rpyme A'B?C2® u kpucranmsyercs B rpaHereH-
TPUPOBaHHOM KyOmueckoi ctpykrype trma NaCl
[1]. D10 coenrHEeHME MOMyYaeTCsi HA OCHOBE JIBYX
OunapHbIX coequHenuii Tina AgyTe u SboTes u siB-
JSIETCS IEPCIEKTUBHBIM TEPMOAJICKTPUYECKUM Ma-
TepUajoM p-THIia, padotaronmM B obmactu 600K
[1-3]. UccnenoBanus oKa3aiM, 4TO CTEXHUOMETPU-
yeckuil coctaB AgSbTe; sBisiercs IBYX(azHbIM
npyu KoMHaTHOU Temreparype [2,4]. CornacHo [2]
MoHO]a3HbI cocTaB cucteMbl Ag-Sb-Te momy4a-
eTcs ¢ MHJeKcaMH KOMITIOHEHTOB Agog2Sbi.isTer,s.
HccnenoBanne cBoiictB  Agog2SbiisTez s ObL10
MPOBEICHO, B OCHOBHOM, BBIIIIE KOMHATHOM TeMIIe-
PAaTYPHI C IENTBIO BBISIBIICHHS BO3MOYKHOCTH TIPHIME-
HEHUS B Pa3NIMYHBIX TEPMODIEKTPUUECKHIX MPe0d-
pazoBarensax. Takke npecTaBisieT MHHTEpEC MPOoBe-
J€HUE  HCCHEJOBAHMHA  TEPMORJIEKTPHUYECKHX
CBOWCTB 3TOT0 MaTepralia v Mpy HA3KUX TeMITepa-

Typax.

OKCIIEPMMEHTAJIBHBIE
PE3VJIbTATBI 1 UX OBCYXIEHUE

HUccnenoannblii coctaB Ago.g2Sbi.isTer, 18 ObLT
MIOY4EH METOZOM MEIUIEHHOIO OXJIAXKIEHUS CO
ckopocThio 1K/MuH., ciuToK MMen cepeOpHCThIi
LBET. PEHTTeHOCTPYKTYpHBIN aHAIN3 COEIUHEHUS
Agos2Sbi.1gTes, 18 MOKa3as, 3TOT COCTaB KPUCTAILIH-
3yeTcsi B TPAHEIEHTPUPOBAHHON KyOWYecKoi pe-
IIeTKe C TMapaMeTpamMl pemeTku a=B=c=6,08A
IIPOCTPAHCTBEHHOM Ipymibl Fm-3m. B noyueHnoM

coctaBe 99,3% AgSbTe; n nuiIb HE3HAUUTEITBHOE
konmuuectBo 0,7% AgTe, kpuctammsyromerocs: B
opTopoMOuYeckoii cTpykrype (m.r.Immm) c mapa-
MeTpamu pemieTku, a=1627; B=26,68; c¢=7,55A.
Pentrenorpamma mpezacraBneHa Ha Puc.l; kak
BH/THO, TIMKH, COOTBETCTBYIOLIME IPyrUM (azam, He
HaOJTIOAAIOTCS, YTO YKa3bIBae€T Ha MOHO(]A3HOCTh
MOTYYEHHOTO 00pa3ia.

HccnenoBanue TepMOIIEKTPUUECKUX CBOMCTB
MPOBENIeHO B TemreparypHoit obmactu 80+320K.
[lony4yeHHble SKCIEPUMEHTAIBHbIE PE3YIbTATHI
npezcTaBieHsl Ha Puc. 2-3.

Ha Puc.2 npencraBnena temmeparypHas 3a-
BHCHUMOCTb DJIEKTPOIIPOBOIHOCTH M TEPMODJIC MC-
cleJoBaHHOTO oOpasia. Kak BUIHO M3 pUCYHKA,
TEMIIEPATYPHBIN XOJ1 JIEKTPOIIPOBOTHOCTH UMEET
MeTaummueckuid xon. Ha temrieparypHoii 3aBucH-
MOCTH TEPMODJIC TaKKe HAOIIOAeTCs] MeTalInye-
CKHUH X071, 3HAUEHHE TePMOJ/IC ITPU KOMHATHOU TEM-
rieparype He 04eHb BBICOKO (Topsiaka 30MkB/K), ox1-
HaKo HaOJFO/IaeTCsl pe3kast 3aBUCHMOCTb OT TeMITe-
paTypeL.

3HaK TEPMOJ/IC YKa3bIBACT Ha JIBIPOYHBIM THIT
npoBoAMMOCTH. [I71s1 onpeiesieHnst KOHIICHTPAIN
HocuTenel 3apsiia ObUT U3MEpeH M KO PUIMEHT
Xoina. KoHieHTpanys JbIpoK COrmacHO XOJIOB-
CKUM H3MepeHusM paBHa 5.10%%cm™,

Ormetnm, 4To panee [ 5] u3-3a BBIMaCHUS BTO-
poit dazel p- AgoTe B cocrae AgSbTe, 6110 006-
Hapy»KeHO HECOOTBETCTBHE 3HAKOB TEPMOI/IC M KO-
a¢dunmenta Xomna. B Hamem cinyyae 3HaKH KO-
s urmentoB 3eebeka u Xoiia OJUHAKOBHI,
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C.C.PATYMOB, A.D.FAFAEBA, A A.CAJINMHOBA

W3BecTtHO, uTO 3(PPEKTUBHOCTH TEPMO-
JIEKTPUUECKUX MATEPHAIIOB ONpPEAEISIeTCs KaK
_ S%oT
zr =27, (1)

rae S-koaddunuent 3eedeka, o u k koapdunu-
€HTBI 3JIEKTPOIIPOBOJHOCTH U TEIIONPOBOIHO-
CTH, COOTBETCTBEHHO.

Kak cnenyet u3 (1), 3¢pexTHBHOCTB TEPMO-
JIEKTPUUYECKOr0 MaTepualla 3aBUCUT U OT 3Haue-
Hus TemonpoBogHocTu. Kpome aroro, temne-
parypHas 3aBUCUMOCTb TEMJIONPOBOIHOCTH AAET
BO3MOXXHOCTb CYJIUTh O MEXaHU3MaxX PacCesHUs
¢onoHOB. [ToaTOMy HaMu OblIa MccleOBaHA U
TeMIIEpaTypHasl 3aBUCUMOCTb TEILJIONPOBOIHOC-
™ Agos2Sbi.isTer 8.

Ha Puc.3 npuBeaena temnepaTypHasi 3aBU-
CHUMOCTb TEIUIOIPOBOJHOCTH HCCIEIOBAHHOIO
oOpasua. TermonpoBOAHOCTh B HCCIETOBAHHOM
temneparypHoM uHTepBaie 80+320K npaktuue-
CKU HE MEHSETCS U UMEeeT HU3Koe 3HaueHue. 13-
BECTHO, YTO PELIETOYHYIO TEIIONPOBOIHOCTh
MO>KHO MPECTABUTD B CIEAYIOLIEM BHUJIE

kiat = ktotar — ket = Ktotar — LOT, (2)
r1e Kiotal - SKCIEpUMEHTANTBHOE 3HAYCHHUE TETIJIO0-
MIPOBOJIHOCTH, Kiat - peLIeTOUHas TEIJIONPOBO/I-
HOCTb, Ke-3JIEKTpOHHAs 4acThb TEIUIONPOBOIHO-
cty, L - uncno Jlopenna. B pabote [6] nmokaza-
HO, yTo Tipu 300K Gnaromapst Mmasnoit mupuHe 3a-
IIPEIEHHOM 30HbI Topsaka 7,6M3B HocuTenu 3a-
psia Kak U3 BaJEHTHOM 30HBI, TaK M U3 30HBI
IIPOBOAMMOCTH JAOT BKJIaJ B TEILIONPOBOJI-
HOCTb. YUWTHIBasi BBIPOKJECHUE HOCUTENIEH 3a-
psna, coryIacHo [7] MOXHO NMPUHATH, YTO YUCIIO
Jlopenna otinnuaercss o 3o0MMepQesbI0BCKOTO
3Ha4YeHUs Lo=2.44x10*B’K?. Y4uThIBas NpeBaju-
PYIOILYIO POJIb PacCesiHUS Ha aKyCTUYECKUX (o-
HoHax, npu 300K Obu10 paccunrtano yucio Jlo-
peHIla ¢ YYeTOM JIByX THUIIOB HOCHUTENEH 3apsia
corJyiacHo [ 8]

L=(2) [r+2+fo(r+ )+ 2 22| )

o2

IJIe T - MEXaHU3M paccesHus, kg - koapduueHt
bonbimana, e- 3apsa anekTpoHa, E, - mmpuHa
3amnpeeHHon 3015, T - Temneparypa, Gn, Gp U G
ANEKTPOHHAS, IBIPOYHAS M TIONHAS MPOBOJIH-
MOCTB, COOTBETCTBEHHO.

[Tomyueno, uro umcio JlopeHma otaudaercs
ot Lo L=2,15x10*V?K 2. O6Hapy:xeHHyI0 Ha 3KC-
neprmenTe 3aBUCUMOCTh K(T) B Agos:SbiisTezis B
WCCIIEIOBAHHOM O0JIACTH TEMITEPaTyp MOKHO 00b-
SICHUTh TE€M, YTO TEIUIONPOBOJAHOCTh B OCHOBHOM

00yCIIOBJIEHa aKyCTUYECKUMU (DOHOHAMH U SJIeK-
TpOHAMU. DJIEKTPOHHAS 10711 TETUIONPOBOAHOCTH,
BBIUMCJICHHAs M0 3aKoHYy Bunemana-®panua, co-
crasisieT okoi0 30%. Huskoe 3HaueHue Teronpo-
BOJTHOCTH UCCIIEZIOBAaHHOTO o0pasia
Agos:Sbi.1gTer 18, Ha Ham B3IV, OOYCIIOBIICHO
CIIEITYIOLIUM: PELIETOYHAs TEIIONPOBOAHOCTD KY-
OMYECKHMX TIOMyNpoBOAHMKOB rpymmsl A!B2C,°
orpaHn4uBaeTcsi (POHOH-(POHOHHBIMH TPOLIECCAMU
niepebpoca [6], B pe3yibTaTe 4ero JjIMHa CBOOOI-
HOro TipoOera ()OHOHOB CTAHOBUTCSI PABHOW MEX-
aTOMHBIM paccTosHUsIM. C pyroil CTOpOHbI, Kak
ObU10 oTMeueHO Bbie, AgSbTe; kpucTammzyercs
B ctpyktype NaCl, B koTopoii mecta Na cTaticTu-
YECKH 3aHsThl aTOMaMH cepedpa 1 CypbMBIL. B aTom
CMBICJIE, KOT/Ia IT0 OJJHUM U TEM K€ y3J1aM KpUCTa-
JIMYECKOW PEIIETKH CTATUCTHYECKH PACTIPEIETICHBI
aToMbl JIByX COpPTOB KpPUCTAT BEAET ce0sl Kak
amop(HOE TeJI0, U TEIJIONPOBOTHOCTh [IOYTH HE 3a-
BUCHUT OT T€ TEMIIEPATYPBI.
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Ago.52Sb1.15Tez,15-in ELEKTROFIZIKi XASSOLORI
S.S.ROHIMOV, A.E.BABAYEVA, A.A.SODDINOVA

80+320K temperatur intervalinda Agp 32Sbi.15Tez,15-nin termoelektrik xassolori todqiq edilmisdir. Elektrik kegiri-
ciliyinin metallik xarakterli v istilikkegiriciliyinin asagi qiymatli olmast miisahids edilmisdir. 80+300K temperatur inter-
valinda istilikkegirmonin asason akustik fononlarla slagodar olmasi gostorilmisdir.

ELEKTROPHYSICAL PROPERTIES of Ago.s:Sb1.1sTez2,18
S.S.RAGIMOYV, A.E.BABAYEVA, A.A.SADDINOVA

It has been investigated the thermoelectric properties of Ago2Sbi.1sTez, 13 in the 80+320K temperature interval.
The metallic course of conductivity and low value of heat conductivity have been obtained. It has been shown in an interval
80+300K heat conductivity basically has been caused by acoustic phonons.

Penaxrop: mpod. [1.I. Apacisl
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HaHOTOJIIIUHBI

PEDEPAT

DNeKTpOHOTPaPUICCKIM METOIOM HCCIICIOBAHBI TIPOIECCHI
(a3o00pa3oBaHus U (Ha30BBIX MIEPEXOAOB B HAHOTONIIMHHBIX
mwieHkax cuctembl CupSe—GaSes—In,Ses. YceranoBieHs! yciao-
BUs 0Opa3oBaHus u (ha30BbIC PABHOBECHS, PACIPEACICHHBIX
Ha TUTOCKOCTH KOHJICHCAIIMHM CaMOCTOSTENBHBIX (a3 B BHIC
Tpoiiabix coenuHeHuil CuGas(Ins)Ses u TBepIbIX pacTBOPOB
coctaBoB Cu(In;«Gax)sSeg ¢ pa3TUUHBIM COOTHOIIIEHHEM KOM-
MOHEHTOB. METO0OM KHHEMAaTHYEeCKOH 3JIeKTpOHOrpaduu
YCTaHOBIICHO, YTO B PE3YJIbTaTe PEKPHUCTAIUTH3ALNH TTOHKPH-
CTAJUIMIECKHUX TUICHOK MPOHMCXOAMT O-f3 MpeBparieHue Tpoii-
Horo coequHenust cocraBa CulnsSesg.

BBEJIEHUE
WuTtepec k nedeKTOynopsi04eHHbIM CO-
enunenusaM CuGag (Ing)Se, , OTHOCAIIUMCS K CH-

creme 4' — B’ —C°[A-Cu,B—(In,Ga),C - (S, Se,Te)],
BbI3BAH H.IHpPIHOﬁ HX 3allpCHICHHBIX 30H. I[J'I}I
CuGaySe, MpHHA 3aIPEIIEHHOM 30HBI (£G) cO-

crasisier 1,853B [1]. Cornacno [2], (EG) Tekca-
roHanbHOro CulngSe; B 3aBUCUMOCTHU OT TEMIIE-

parypsl (10-300K) usmensercs B quanazoHe oT
1,23 no 1,133B. Ilockonbky OnTUMAaNbHBIN qUa-
Ma30H MpeoOpa3oBaHus COTHEYHON YHEPTUH Jie-
KUT B npenenax 1,2+1,43B, To ycraHoBiieHHE
YCIIOBUH NOJyYEHUS U IPUPOJIBI CAMOCTOSTENb-
HBIX YUCTHIX (a3 1 00pa30BaHUs YETBEPHBIX CO-
enunenuit tuna Cu(ln,_ Ga );Se, ¢ pasIuYHBIM

COOTHOIIICHHEM KOMIIOHCHTOB U JalbHEHUIIIETO
HX POCTA MPE-CTABIISIET CAMOCTOSITEIbHBIA UH-
TepeC U MOXKET MPUBECTU K YIYUIICHHUIO Mapa-
METPOB T'€TEPOCOJHEUHBIX 3JIEMEHTOB. B 3aBu-
CHUMOCTH OT TEXHOJIOTHH H3TOTOBJICHHS INICHOK
BOOOIIIE M, B YaCTHOCTH Takux (haKTOPOB, Kak
TeMIepaTypHbIi IpoQHIIb U BpeMsi TepMOooOpa-
OOTKH, OJTHOBPEMEHHOTO M TIOCIIE0BATEIHHOTO
OCaXKJICHUS OTJCIbHBIX KOMIIOHCHTOB COCIUHE-
HHUS, COOTHOIICHUS XHMHYECKHX COCIMHCHHIA,
SIBJISIONIHNECS COCTUHCHUSMU JBOMHBIX CEUCHUM,

COOTBETCTBYIOLIIMX TPOMHBIX CHCTEM, U psAla
Ipyrux (axtopoB oOpa3zoBaHHE TBEpIbIX pac-
TBOPOB MOXKET OBITh 00YCIIOBJIEHO 3aMEIIEHUEM
WIH K€ TPEUMYIIECTBEHHBIM pa3MeIIeHuEM
rajuis (MHAKS) M0 MEXA0Y3ITUSAM KpUCTaiInye-
CKOM pEIIETKH.

Jlns uszydenus: mporeccoB (a3zoobpazoBa-
HUS ¥ (a30BBIX MPEBPALICHUN B HAHOTOJIIIMH-

HbIX MmieHkax Cu(In,Ga);Sey (CIGS ), npus-

HaHHbIE B [3,4] NEpCIEKTUBHBIMU MaTepralaMu
JUISL CO3/1aHUs BBICOKO3(DPEKTUBHBIX COITHEUHBIX
9JIEMEHTOB HOBOTO IIOKOJIEHHS, HMCIOJIb30BaH
MeTO A TU(PPAKIIUN BBICOKUX YHEPTUN. DIIEKTPO-
Horpadus, Kak OJUH W3 HauboJee pacripocTpa-
HEHHBIX METOJI0B (PU3MKO—XMMHUYECKOTO aHa-
732 TOHKHMX IUICHOK MO3BOJISET MACHTH(HIIN-
poBaTh MHAWBUIYyaJbHbBIE COEIWHEHUS B KpHU-
CTAJULIMYECKOM COCTOSIHUM: DJIEMEHTBI CTEXHO-
METPUH IJIEHOK COeTMHEHUH, 00pa3yroluxcs Ha
IJIOCKOCTH KOHJIEHCALUH.

METOUKA SKCITEPUMEHTA
TOHKOIUIEHOYHBIE ~ MaTepualbl  CHUCTEM
Cu— In(Ga)— Se, IpUrogHbIe I IEKTPOHO-
rpadUUeCKUX UCCICIOBAHUM, MTOTYYalld TEPMHU-
YeCKUM HaNbUIEHWEM JBOMHBIX COCIUHEHUN
Cu,Se n Ga,Se,, In,Se, B cooTHOomeHun 1:5
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OJTHOBPEMEHHBIM U TIOCTIEI0BATEIBHBIM HCIIape-
HueMm. Crieqyer ykaszaTh, 4To Oosiee pacpocTpa-
HEHHBIMU MeTojaMu noiydenust CIGS  crnoes,
OTJIMYAIOIIUXCS APYT OT APYyra, B 3aBHCHMOCTH
0T croco0a TOCTaBKH BEIECTBA B 30HY KPHUCTaI-
JIU3AIMH, SBJISIOTCS METOJIBI BYXCTYIIEHYATOTO
oTKHra 0a30BbIX cinoeB Cu — In — Ga B cenaeHco-
neprxariiell arMmocdepe U COrJIaCOBaHHOTO HCIa-
penus [5-6]. OpnHako, mpouecc IMOTy4YECHUS
CIGS 1I€eHOK METOIOM CEJIEHHU3ALNHN ABJISIETCI
CJIO)KHOHM TEXHOJIOTMYECKOU 3anadeii, 00ycioB-
JICHHOW pAa3IMYHBIMH CKOPOCTSMHU PEaKIUN
hopMupOBaHHS CcOeIMHEHHUH CHCTEM
Cu—In(Ga)— Se. B CcBA3U BBICOKOW CTOUMO-

CTBIO BTOPOTI'O METO/Ia OH TAKK€ MaJlo IIPUIOJICH.

IIpy nosydeHHs IUIEHOK, IIOJHOCTBIO
CTPYKTYpHO C(OPMHUPOBAHHBIX U CTPOIHX CTE-
XUOMETPUYECKHX COCTaBOB, [JIs1 M3YUEHUH IIPO-
LIECCOB B3aMMOJICHCTBUS U 00pa3oBanHus (a3 B
cucreme Cu,Se — Ga, Se; — In,Se, HaMu HCIOJIb-

30BaHa MpUHATas B paborax [7-9] mpaktuka mo
CO3JIaHUI0 OMHAPHOTO TOJISI KOMIIOHEHTOB B CH-
cremax 1] —Te , a Taxxe ais uzydeHus $hazoo0-
pazoBaHMs B TPOMHBIX cucTeMax
Ag — In(Ga)— S(Se).

VYKa3zaHHBI METOJ| MO3BOJISIET MPU 3HAHUU
BEJIMYUHBI TUIOTHOCTH BEIIECTBA KOHTPOJHPO-
BAaTb IF€OMETPUUYECKYIO TONIIMHY OCAKIAEMBIX
IJIEHOK € TOYHOCTBIO ~5%. IIpu ucnonpzoBanumn
npoGUIOMETpUN U APYTUX ONTUYECKUX METO-
JIOB IOCTUTAETCs TOYHOCTh He Ooiiee ~10%. Ko-
JIMYECTBEHHBIN COCTaB BEIIECTBA 10 KOOPMHA-
TaM Ha €IMHUIlY TTOBEPXHOCTH TUIOCKOCTH KOH-
JIEHCAIlMU [IPU ONPEJEICHHBIX YCIOBUAX Mpena-
pUPOBaHUS TIJICHOK OMPEACISUIN 110 hopMyIie

oty O
(1+a)”?
3/1€Ch ( — KOJIMYECTBO BEIIECTBA HA €AMHUIIE 110-
BEPXHOCTH KOJUIEKTOPA-TIOAJIOKKH, Q — KO-
4eCTBO UCIIApSIeMOTO0 BellecTBa, h — paccrosHue
OT WCTOYHHMKA HCHApeHHs M0 JII0OOW TOUYKH
IJIOCKOCTH  paCIpeelIeHHOr0  KOHJIEHCAaTa,
o=x/h, TIe X — paccTosTHUE OT TOYKU, HAXOIs-
1Ieiicsl HEMOCPEACTBEHHO O] UCTIApUTETIEM, JI0
KaKOH—JIMOO TOYKH OCaXJACHHOTO MaTepHalia 1o
BCEll miomaay MOMI0XKKH. TonmHa TUICHOK
BBIYHMCIISUIACH 110 (hopMyJie
H=q/S, (2)
rie S — IIOTHOCTB BEIIECTBA B 2/CM°.

Jlig mostydeHus: ONHOPOAHBIX IJIEHOK TPHU
UCTOYHMKA HcTiapeHus (BoJb(paMoBble KOHUYE-
CKM HAaBUTBIE CHUPAIM), YCTAaHABIMBAEMbIE
BJI0JIb IIJIOCKOCTH KOHJICHCALIMH, PACII0JIaraJIkCh
HIDKECIIEYIOUIMM 00pa3oM: KpaliHue CIHpay,
13 KOTOPBIX IPOM3BOAMIIOCE Hcnapenue Ga,Se,

u In,Se,, naxoqumick Ha paccrosauu 200Mm

npu BbicoTe 100MM OTHOCHUTENIBHO TOIJIOMKEK,
KOTOPBIMHU CITYKUJIH cBexkue ckoibl NaCl . Tpe-
THW UCTOYHHK, C KOTOPOTO IMPOU3BOIUIACH KOH-
neHcauust napoB Cu, Se , pacriojiarajicsi TOYHO IO

cepequHe IUIOCKOCTH TIOJUIOKEK, IpeIBapu-
TEBHO 00€3ra)kKMBaCMbBIX B BaKyyMe B TCUCHUU
1,5-2 yvacoB npu temneparype 473K. JlaBienue
OCTaTOYHBIX Ta30B B BAKYyM€ COCTaBIISUIO HE 00-
nee 10°Tla.  KonuuecTBO  HCHapsieMbIX
Cu,Se,Ga,Se; n In,Se, cocraBnsno 3,4; 12,3 u

13,8Mr, COOTBETCTBEHHO, CKOPOCTh OCAXKIICHHS
~0,15uMm/cex. st onpeesieHns: KOHIICHTPAIU!
COCIMHEHUH BJIOJIb KJIIMHBEB TPEIBAPHUTEIHHO
BBUSICHSUIM 3aKOH paclpe/ieiicHUs Mpernapupo-
BAaHHBIX BEILECTB BOJb IOMIOKEK. DTO, B KO-
HEYHOM UTOTE, TOMOTaJI0 HaM B TIOyYEHUH PaB-
HOMEPHO DPACIpe/IeTICHHBIX Ha MJIOCKOCTH KOH-
JEHCAllUH COETUHEHUI, COOTBETCTBYIOIIUX CO-
enunenusm cucremsl Cu,Se—Ga,Se, —In,Se; .

OKCrepuMEHTAJIbHbIE HCCIIEI0BaHUs Ilje-
HOK COEIMHEHHUH, COAEpXKaIUX JIETKOOKUCIIsIE-
Mble (Cu,In) u nerkoynerydyrnBaeMble 3J€MEHTHI
(Se), OCHOKHSAIOTCA BEPOSATHOCTHIO OKHCICHHS
P KOHTAKTE C BO3AYyXOM U pa3JIOXKEeHMs, a
TakKe yJIeTydHBaHUEM CeJieHa MPU ATUTEIEHOM
XpaHEHUHU, 0COOCHHO IPU MOBBIIIEHHBIX TEMIIE-
parypax B mpoliecce MocIeayIoIHX TepMooOpa-
00TOK.

JU1st UCKITIOUEHUS 1T0T00HBIX TPOLIECCOB HC-
clielyeMble IJIEHKU C JBYX CTOPOH IMOKpbIBa-
JMCh 3aIIUTHBIM clioeM amopdHoro yrieposaa. C
9TOW 1IeNIbI0 Ha TOBEPXHOCTh MOHOKPHCTAIJIOB
NaCl meTo10M BaKyyMHOTO OCaKJICHHS Ipe/iBa-
PpUTENIbHO HAHOCWIINCH TUIEHKH yriepoaa. Jlanee
OCAXJIAJIUCh TUIEHKU HCCIETyEeMBIX 00bEKTOB U
CBEpXy BHOBB yriepoa. Mccrnegyemble oOpasiisl
TaKUM 00pa3oM OKa3bIBAJIMCh CBOEOOpA3HO Kall-
cynupoBaHHbIMU. CyMMapHasi TOJIIIMHA HUCCe-
JYEMBIX TUIEHOK C YYETOM YIJIEPOJHBIX HE Ipe-
BbIlana SOHM. Hanmnuure yroiabHbIX MIIEHOK MPHU-
BOJIMJIO K HE3HAYUTEIHHOMY YBEJIMYEHUIO (poHA
TG PaKIMOHHBIX KapTHH.
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@Da30BbIN COCTaB U CTPYKTYPHBIC XapaKTe-
PHUCTHKH aMOP(HBIX U KPUCTAJUIMYECKUX (a3 ot
Cu(Gay,In,,)sSe; no Cu(Gay,Iny,)sSeg , bopmu-
POBABILUXCS B YCIOBUSIX OJJHOBPEMEHHOTO U I10-
cienoBaresbHoro ocaxaenus Cu,Se,Ga,Sey, In,Se;

u3ydanu Ha ajiektpoHorpade DMP-102 B pe-
KUME TTPOXO0KICHUSI DJIEKTPOHHOTO JIyya.

PE3VJIbTATHI 1 UX OBCYXJIEHUNE

Cxema pacnpenenenus (a3, MOCTpOSHHAS
Ha OCHOBE DJJICKTPOHOTPaPUUECKOro aHaln3a
IJICHOK, OOpa3yIoIIMXCs BCIEACTBUE OIHOBpE-
MEHHOTO MCIIAPEHUSI JBOMHBIX COECAMHEHUI Ha
MoANoKKkax MoHokpucrammnueckux NaCl, pac-
MOJIOKEHHBIX IPYT OT JIpyra Ha pacCTOSTHUUA SMM
npu obmer mmHe 200MM TIpencTaBlieHa Ha
Puc.1. DnekrpoHorpaduueckoe HCCICIOBAHUEC
IUICHOK II0Ka3ajio, YTO B OOJACTH MOJIOXKEK,
/i€, UCXO/Isl U3 pacueTa UCXOTHBIX COCAMHEHU,
¢ OOJIBIIION BEPOSITHOCTBIO CIIEOBANIO ObI 0XKH-
nath (HOpMHUPOBAHUS TPOWHBIX COCIUHCHHA CH-
creM Cu,Se—Ga,Se, nCu,Se— In,Se;, 06pasyroTcs
amopdusbie ¢aszpl. AMOp(dHBIE IIEHKH, (HOPMHU-
pYIOIIHECS B OY€Hb Y3KOM OOJACTH IUIOCKOCTH
KOHJIEHCAllUM HETOCPEICTBEHHO MMOJ HCTOYHU-
KamM# ucnapenus In,Se, nGa,Se, c
S=d4rsnf/i= 194; 32,4; 54,0; 65,0am’ u
20,30; 34,10; 54,30uM" KPUCTAJUIU3YIOTCS B
reKcaroHaJIbHOM 1M KyOM4ecKol perieTkax ¢ me-
puonamu a=1,60; c=1,924aM o—MoaupUKaAITUU
In,Se, [10]u Ga,Se; co cTpyKTypoii TUHKOBOM
obmankwu [11], COOTBETCTBEHHO.

AmopdHble TIeHKH, oOpa3youuecs B J0-
CTaTOYHO IIHUPOKON OO0JACTH KOJIJIEKTOpa H
Haxojsmuecs Mexay ucTtouHukamu CusxSe u
In>Ses (GaszSes) co 3HaueHusiMu S =47sin 0/ A =
30,52; 40,43; 60,85 u 27,42; 35,87; 55,08um!
(Puc.2a,0) xpucTamImu3yrTCs CO CTPYKTYPHBIMU
xapakrepuctukamu  a=0,572; c¢=1,162uam wu
a=0,5483; c=1,094um, cornacyomumucs ¢ AaH-
HBIMU, TIPUBEJICHHBIMU B [1] 1Js1 rekcaroHai b-
Horo a-CulnsSes u CuGasSes.

B  o6mactm  temmeparyp  408+423K
Culn,Se, ipeTeprieBaeT NoIUMOpPHHOE MpeBpa-

[ICHUE W TIEPEXOUT B BBICOKOTEMIIEPATYPHYIO
B-MoauduKaIuio ¢ IepruoIaMi TeKCaroHaAIbHOU
pemerku a=0,403uM; c=1,637umMm [2].
[IpuBenennass Ha Puc.3 kuHemaTuyeckas
ANEKTPOHOTPAMMa, TIOTydYeHHAs! METOZOM IPO-
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Puc.1.

Cxema pacnpeaciicHrs TBEpAbIX paCTBOPOB COCTAaBOB

or Cu(Ga, oIny,)sSegno Cu(Ga, I, 4 )5 Sey .

a 3]
Puc.2.

DJIEKTPOHOTPaMMBbI OT aMOP(HBIX MJICHOK
Culn,Se, () 1 CuGa,Se (0).

TAXKKHA q)OTOHJ'IaCTI/IHKI/I C IPUMCHCHHUEM HECIIPC-
PBIBHOM pErucTpalyy Ha HeH AudpaKImOHHOTO
IOJIA, HarJIsIIHO IMOKAa3bIBACT, YTO IMPU HArpeBe
ieHku o- Culn,Se; co BpemeHeM oOpasyercs [3-

CulnySey: B enuHMIly BPEMEHHM IIPOMCXOIMT

YMEHBIIICHUE EIUHHUIBI 00beMa O—MOIU(H-
KaI[H, COMPOBOXK/IAIONICECS YBETHUCHUEM €11 -
HUIBI 00beMa  [—das3sbl.

Takum 00pa3oM, YCTaHOBIICHO, YTO B pe-
3yJIbTaTe PEKPUCTAILTM3ALUU TOJTHUKPUCTAILIH-
YECKHX IUICHOK, ()OPMHUPYIOIIUXCS BCICICTBHUEC
TEPMOOOPAOOTKH TOHKUX CIIOEB, 00PA3YIOLINXCS
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P KOMHATHOM TeMIeparype MeXIy UCTOYHU-
xamu Cu, Se uIn,Se;B aMOPQHOM COCTOSHMH,
MPOUCXOUT O-f MpeBpalieHue TPOHHOTO CO-
enunenus cocrasa CulngSe .

B - CulnsSeg
1
|

| T vomin,

423K

T vOMIH.

o - CulnsSeg

Puc.3.
Kunematnueckas 3yekTpoHOrpaMMa IpeBpanieHus
0o—CulnsSes — P—CulnsSes mpu 423K
3aBepuieHue (a30BOro nepexoaa Npoucxo-
JWUT B TeUEHUH 35CeK, Mociie 4Yero BCsl y4acTBO-
BaBIlIas B Ipolecce (ha30BOro MpeBpaLICHUS

ieHka coeaunenusa Culn,Se, NEpeXOIUT U3 O~
Moudukanyu B -monudukaruto. [pouecc da-
30BOT0 TpeBpaIlieHus HeoOpaTumeiii. Pacuer u
aHaJIN3 DJIEKTPOHOTPAMM, IOJIYYEHHBIX B pe-
3yJIbTaT€ MHOTOKPAaTHBIX MOBTOPEHUN a—f Ipe-
BpamieHuit CulngSeg Ipu pa3IMYHBIX TeMIIEpa-

Typax MOKa3bIBAET, YTO C YBEIMUYEHUEM CKOPO-
cTH (ha30BBIX MPEBpALICHUN MEPUOAbI KpUCTa-
JIMYECKOW pelieTku B-moaudukanum He u3Me-
HSIOTCA.

DNEeKTPOHOTPaAMMBbI OT TOJIUKPUCTAIIIUYEC-
KHMX KOHJIEHCATOB, IMOJTYYEHHBIX Ha MOJJIOKKAX,
pacIoyoKEHHBIX Ha paccTossHUM 60MM OT ucna-
purensi Cu,Se B cropony In,Se, u 50MM B cTo-
pony Ga,Se;, conepxanu IUQPaKIUOHHbIE JIH-
HUH C OOJNBIINMH YITHPEHHUSIMH.

Pexpuctainin3anMOHHbIA OTKUI ITOJIMKPH-
CTAJUTMYECKUX IJICHOK C FeKCaroHaJIbHOM CTPYK-
TypOii He IPUBOAUT K U3MEHEHHIO CUMMETPHH U
MoauUKAIIMU O0pa3yONIUXCsl TUICHOK. DJIeK-

TPOHOTPaMMBl, IOJyYEHHBIE OT TEPMUYECKH aK-
TUBUPYEMBIX IUICHOK IIpU  TeMIeparypax
473-+-493Knoka3bIBaloT, YTO IIPU 3TOM IIPOUCXO-
JUT JIUILIb YBEIIMYCHUE HHTCHCUBHOCTHU U PE3KO-
cTH JU(PaKUMOHHBIX JUHUH. Pexkpucrammmsa-
sl TOJIMKPUCTAINYeCKuX IUIeHOK CuGagSe,

npu temrneparype 533K cnocobcTByeT hopmu-
POBaHMIO TEKCTYPUPOBAHHBIX IIEHOK (Puc.4).

> -

Puc.4.

OnekTpoHorpamma ot TekcTypsl CuGasSes.

DNEeKTPOHOTPaMMBl ~ OT  TEKCTYpBI
CuGaySe, ”HINIMPYIOTCA HAa OCHOBE TI'eKCaro-

HaJbHOM PEIIETKH C MEPHOJaMHU, YKa3aHHBIMH
Bbimie. TakuM o00pa3oM, 3JIeKTpoHOTrpaduye-
CKMM aHaJM30M CHCTEMBI CIUIaBOB, 00Opasyo-
LIUXCS Ha IIJIOCKOCTH KOHJEHCAIMU C IJIABHO U3~
MEHSOIUMCSI COCTaBOM, (hOPMUPOBABIIUMCS B
mpolecce OJAHOBPEMEHHOIO0 WM TOCIEe0Ba-

TenbHOro ucnapenus Cu,Se, Ga,Se,, In,Se,,
copepkamue B cede ot Hynd 1o 100% Ga,Se, ,
ot 100% 1o 0% In,Se, u ot 100% Cu,Se B 11eH-

Tpe 10 0% Ha Kpasx KOJUIEKTOpa, YCTaHOBIIEHA
3aKOHOMEPHOCTb B3aUMOJAEUCTBUS U 00pa3oBa-
Hus (a3, a Takke 0COOCHHOCTH pacIpeieICHHs
TBEP/BIX PACTBOPOB, COOTBETCTBYIOIIUX COCTa-
BaM OT Cu(Gayoln,,)sSe; 10 Cu(Gay,In, 4)sSeg -

[Tepuoabl KPUCTAUTMYECKHX PEIIETOK
TBEPJbIX PacTBOpPOB Ha ocHoBe CuGas, (Iny)Se, ,

XapaKTEePHOU 0COOCHHOCTHIO KOTOPBIX SBISICTCS
CII0)KHO€ MOJIEKYJSIPHOE CTPOCHHUE CTPYKTYPBI
JaHHBIX COEAMHEHUU, OOpa3yIIUXCS IMyTeM
MpsIMOTO OOMEHa—3aMeIIeHUsI aTOMOB MECTaMH,
npeacTaBieHsl B Tadmume 1.
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Taoauna 1.
CTpyKTypHBIE XapaKTepUCTHKH TPOHHBIX COCIHMHE-
HUH
CwIns(Gas)Seg 1 TBEpIBIX PACTBOPOB HA MX OCHOBE.
Ne TBepable pacTBOpHl | a, hm ¢, nm
Ppa3IMYHBIX COCTABOB
1 CulnsSes 0,572 | 1,162[2]
2 Cu(Ga()JIIl(),g)sSeg 0,569 1, 151
3 Cu(Ga(),zln(),g)sSeg 0,567 1, 141
4 Cu(GaO,3In0,7)5Seg 0,564 1, 139
5 Cu(Gao,4Ino,6)5Seg 0,562 1, 134
6 Cu(GaygsIng s)sSes 0,559 | 1,125
7 Cu(Gag glng 4)sSes 0,557 | 1,121
8 Cu(Gag7Ing 3)sSes 0,554 | 1,110
9 Cu(Gaoglng2)sSes 0,552 | 1,101
10 Cu(GaoygInoJ)sSeg 0,551 1,097
11 |CuGasSes 0,5483 | 1,094[1]

[TockoMbKy TIpH 3aMEIICHHH aTOMOB B
CuGa,(Ins)Se, He TpebyeTcsi KOMIEHCALUY 3a-

PSAIOB COOTBETCTBYIOIIMM KOJIMYECTBOM JBIPOK
— BAaKaHCUH M TPEXBAJCHTHBIC MOHBI MATPHIIBI
Ga(3+) obmenuBarotcs ¢ /n(3+) U Ha0OOPOT,

TO 3TO OOCTOSITENBCTBO OOJIEryaeT MOJydeHHE
TBEPABIX PAaCTBOPOB B IIMPOKOM MHTEPBAJIE CO-
CTaBOB: peaju3allys B3auMO3aMeIleHUs B COCTO-
SIHUM TOMOreHHOM BaneHTHocTH Ga, In nmoHoB
YBEJIMYMBAET HHTEPBAI COCTAaBOB 0O0pa3yro-
IIUXCS TBEPIBIX PACTBOPOB, YTO CIIOCOOCTBYET
00pa30BaHHUIO HEMPEPHIBHBIX PSAIOB TBEPABIX
pacTBOpPOB B TJIEHOYHOM BHUJIE.

Habmroenue Ha aeKTpoHOTpaMMax Jaib-
HUX JIMHHUH, pacrojiaramimuxcs Ha Iudpakiu-
OHHOM TI0JI€ 1O OONBIINMHU YTJIaMH, T.€. pa3pe-
IIEHUE BBICOKOYTJIOBBIX JIMHUW, CBUJETEIb-
CTBYET O PAaBHOBECHOCTH TPONHBIX COECTUHEHUM
¥ TOMOTE€HHOCTH OOpa3yIOIIUXCs Ha UX OCHOBE
TBepAbIX pacTBopoB. IIpu oOpazoBanuu TBEp-
JIbIX PACTBOPOB 3aMENICHUS TOKAJIbHBIE NCKaMXKe-
HUS S4YEeK, co3JaBaeMbeiXx aromamMu GaB
Culn,Se;uIn B CuGa,Se, TAKOBBI, YTO aTOMBI,

CTATUCTUYECKU OTKJIOHSISICh OT 3aHUMAEMBIX T10-
JIO’KEHHM, COXPaHAIOT TPEXMEPHYIO NMEPHOINY-
HOCTh C YCPEIHEHHBIMH TIEPUOAMH. DTO SIBIIE-
HUE MOKHO OOBSCHUTH, TEM YTO coriacHo [12],
€CJIH CTPYKTYpa UMEET CIIOKHYIO XUMHUYECKYIO
dbopMyny wumum  OONBIIYIO  AJIEMEHTAPHYIO
A4eiiky, TOo TpeOOBaHMs K 3aMEUIAloIIUM JIPYyT
Jpyra aToMaM HECKOJbKO cMmsiryatotcs. [lossus-
eTcsi OOJIbIIe BO3MOKHOCTEH COXPAaHUTh PAaBHO-
BECHe B MEKATOMHBIX CHUJIaX 3a CYET HEOOIBIIINUX

CMELICHUN IPYyTruxX aTOMOB sYeiku. B xpucra-
nuyeckux  pewerkax CuGas(Ing)Se, npoucxo-

IUT siBieHue pactBopumoctd Ga B CulniSe; n
In B CuGasSe; B TBEpIIOM COCTOSIHMHU € 00pa-

30BAaHUCM HCIIPEPBIBHBIX PAO0B TBEPABIX pac-
TBOPOB B3aUMO3aMCIICHHA.

3AKJIKOYEHUE

[Ipn onHOBpEeMEHHOM, a TaK)Ke MOCIOUHOM
ocaxxnennn CuxSe, GaxSes u InoSe; HezaBucUMO
OT MOPs/AKA HATBIJICHUS BBIJICISIFOIINECS COSH-
HeHHS OOpa3yloTcsi B aMOpP(GHOM COCTOSHUH.
AMOpdHBIE CIIOM TPOMHBIX COSIUHEHUN COCTa-
BoB CuGas(Ins)Ses u TBepable U pacTBOPHI, 00-
pasymooliuecs Ha UX OCHOBE, CTa0WIbHBI IMPHU
KOMHAaTHOW TEMIEPAType U KPUCTALIU3YIOTCS B
uHTepBaie temmneparyp 383+393K. CulnsSes
npu temneparype 423K nperepneBaer moiu-
Mop(hHOe MpeBpaleHue.
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CuzSe-GazSes-In2Ses SISTEMININ NAZIK TOBOQOLORINDO FAZALARIN YARANMASI
A.C.MOMMODOVA, NK.KORIMOVA, A. M. NURIYEVA, C.i..iSMAYILOV

Cu,Se-GasSes-InySes sisteminin nanoqalinliqlt tobagelerinde fazasmologalma proseslari elektronoqrafik analiz
tisulu ilo todqiq edilmisdir. Kondensasiya miistovisi tizorindo sorbost fazalar qismindo paylanan ii¢qat birlosmolorin
CuGas(Ins)Ses vo komponentlorin miixtolif nisbatlorindo tosbit olunan Cu(In;.xGax)sSes torkibli bark mohlullarin
yaranma soraitlori toyin olunmusdur.

Kinematik elektronoqgrafiya {isulu ilo miioyyon olunmusdur ki, polikristallik tobagolorin tokraron
kristallagmalar1 naticosindo CulnsSes torkibli {igqat birlosmads a—f ¢evrilmasi bas verir.

PHASE FORMATION IN THIN FILMS 0F Cu:Se-GazSes-In2Ses SYSTEM
A.Ch. MAMEDOVA, N.K. KERIMOVA, A.M. NURIYEVA, D.LISMAILOV

By method of electron difractometry phase formation process of phase transitions in nanothicnk films of Cu,Se-
GasSes-In,Ses system have been investigated. There have been established conditions of formation and phase equilib-
riums distributed on the phase of condensation of independent phases in the form of ternary compounds and solid
solutions of independent phases in the form of ternary compounds CuGas (Ins)Ses and solid solutions of Cu(In;.
«Gax)sSeg compositions with different ratio of components. By method of kinematics electron diffractometry it is es-
tablished that as a result of recrystallization of polycrystalline films oa—8 transformations of CulnsSes composition ter-
nary compound has been taken place.

Penaxrop: nmpod..P.Hypues
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REFERAT

(UO»)x~(Si0y)y uranil-silikat birlogmasinds UO»-in konsentra-
siyasinin (x=3.97%; 6.83%; 10.12%) doyismasindon asll
olaraq gamma kvantlarla siialanmadan sonra elektirik kegi-
rigiliyinin temperaturdan asili olaraq doyismo xarakteristikasi
Oyronilmigdir. Mioyyon olunmusdur ki, stialanmamis vo
gamma kvantlarin miixtolif udulma dozalart ils stialanmis SiO»
va (UO2)x(Si0)y niimunalarinin elektrik keciriciliyinin tempe-
ratur asililiglarinda gedon proseslor eyni olub, bu sistemlors
xas kegiriciliyo uygun olaraq qeyri-tarazliqh yiikdasiyicilar,
anion vo kation qofos fragmentlorindo yaranan defektlorin
istiraki ilo bas verir. Yiikdasiyicilarin rekombinasiya proses-

lorinds aktivlogma enerjisi 15+30% intervalinda artmisdir.

GIRIS

Silisium vo onun oksigenli birlogsmalori
unikal fiziki xassoloro malik vo ekstremal miihit
tosirlorine davamli materiallar kimi miixtolif
elmi-texniki saholordo genis totbiq tapib.
Silisium oksid birlogmolori radiasiya vo
temperatura davamli, 6ziino moxsus fiziki va
fiziki—kimyavi xassoloro malik olduguna goro
elmi texnologiyada vo prespektivli niivo
yanacagl dasiyict  materiali  kimi  niive
texnologiyasinda boylik shamiyyat kasb edir. Bu
ndqteyi-nozordon uranil-silikatlar davamli niive
materiali saxlayan vo niivo materiallarinin
dayanighh  utilizasiya sistemi kimi uzun
miuddotdir ki, todqiqate¢ilarin diqqgot
morkozindodir.  Miixtolif  torkibli  uranil-
silikatlarin sintezi, strukturu vo neytronlarin
tosiri altinda torkibinds va fiziki xassalorinds bas
veron doyisikliklor todqiq olunub [1]. Lakin
uranil-silikat torkibli birogsmolor digor ndv
siialarin tosiri olan saholordo do genis totbiq
tapib. Nozaro alsaq ki, bork cisimlords defekt
omolo golmo proseslori neytron vo gamma
stialarin tosiri altinda forqli xarakteristikalarda
bas verir, oksor hallarda neytron siialarin omolo
golmo proseslorindo miisahido olunan qamma

stialarin uranil-silikatlarin elektrifiziki
xassolorino tosiri elmi vo praktiki ndqteyi
nozordon boyiik oshomiy-yat kosb edir. Togdim
olunan magqalado torkibindo miixtalif miqdarda
uranil qrupu olan uranil-silika-tin elektrik
kegiriciliyine  temperatur, gamma-siialanma
dozas1 vo wuranil qrupunun miqdarinin tosiri
todqiq olunub. Alinmig naticalor vo adobiy-yat
materiallar1 osasinda uranil-silikat sisteminin
elektirik  keciriciliyinin mexanizmi verilib.
Elekt-rik kegiriciliyinin aktivlosma enerjisinin
miixtalif temperatur oblastlar li¢iin niimunonin
torkibindon vo siialanma dozasindan asililig1
askar edilib.

TOCRUBOSLORIN METODIKASI
Torkibindo U*8+U?% olan uran-silikat sintez
olunub. Sistemin sintezi asagidaki kimyovi

reaskiyasiyalar iizro goOstorilon ardicilligla
aparilib:
e Si(OC,Hs)s+4H,0—Si(OH)4+4C,HsOH (1)

] Si(OH)4+2UOzSO4—>SiO4(UOz)z+2st04 (2)
¢ C,HsOH+CH;COOH—CH3;COOC,Hs+H,0 (3)
Alinmis birlosmolorin  torkibini  imumi
olarag (UO2)x(SiO2)y kimi ifado etmok olar.
Osasan ii¢ torkibli uranil-silikat sistemi alinib:
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I tarkibda 3,97% (UO2) olan UO»-Si0:

II tarkibds 6,83 % (UOz) olan UO,-Si0O,

I torkibdo 10,12 % (UO2) olan UO,-SiO2

Alinmis niimunoalorin  x{isusi aktivliklori
qamma spektrometri (HPGe, CANBERRA,
ABS) vasitosi ilo toyin olunmusdur [2].

Cadval 1.
Uranilsilikatin Birlogmolorin
Ne tarkibinds UO,-in radioaktivliyi,
faizlo miqdari, % Bk/kq
1 3.97 5900
2 6.83 7950
3 10.12 8270

Alinmis niimuna 720K-do hava miihiitinda
24 saat miiddotindo termiki islomoys moruz
qalib. Sonra niimunolor gapali sistemds homin
temperaturda 36 saat miiddotindo termik
islonilmisdir. Alinmis niimunslorin qurulusu
rentgen difraksiya metodu ilo toyin olunub vo
sintez olunmus niimunalorin amorf oldugu askar
olunub. Sintez ~ olunmus  uranil-silikat
birlogmosinin “Retsch AS-200” aloyi vasitasi ilo
d<20mkm &lgiilii fraksiyasi ayrilib vo 2kN/sm?
toyziq altinda Olciilori  5x5x10mm  olan
paralelopiped formasinda niimunslor hazirlanib.
Hazirlanmis niimunslor xiisusi siiso ampulalarda
D=0.388Qr/san olan Co® radioaktiv izotop
monboli qurguda gamma kvantlar1  ilo
siialandirilib. Monboyin ekspozisiya doza giicii
Ferrosulfat tipli kimyovi dozimetr vasitosi ilo
toyin edilib. Tadqiq olunan niimunalor torafindon
udulan doza giicii iso elektron sixliglarinin
miiqayisasi osasinda toyin edilib. Sistemin
temperaturu  £1K  doqiqlikle  dlgtilib  veo
T=300+500K temperatur intervalinda elektirik

keciriciliyi todqiq olunub. Elektirik
keciriciliyinin  todqiq metodikast asagidaki
kimidir [2].

Elektrik  xassolorinin  todqiqi  zamam
niimunsnin xiisusi miiqavimatinin 6l¢ililmasi
aparilmisdir. Xiisusi miigavimatin

temperaturdan asililiginin 6l¢iilmasi mogsadi ilo
asagidaki sokilda gostarilon sxematik qurgudan
istifada edilmisdir.

Fo-13A

Sokil 1.
Elektrofiziki parametrlorin 6lgiilmasi {igiin
hazirlanmis qurgunun sxematik tosviri. 1-elektrodlar,
2-niimuns, 3-termociit, 4-qizdiricist, 5-
teraommetr (E6-13A), 6 — coroyan monbayi vo
temperatur doyismosi

Niimuns sxemds gostarilon (1) elektrodlari
arasinda  (2) hissasindos  yerlogdirilir  vo
elektrodlar arasinda yerlogdirilmis (4) komokei
qizdirict vasitosi ilo 2.5 K/daq stirati ilo qizdirilir.
Birlogmonin temperaturu (3) termociit vasitasi ilo
geyd olunur vo (6) qurgusunda gostorilir.
Niimunonin miigavimati (5) E6-13A
teraommetri vasitosi ilo dlgiiliir. Qizdirict pegin
temperaturunun sabit siirotlo artmasini tomin
etmok magsadi ilo “LATR” qurgusundan istifado
edilmisdir.

Sahonin 10V gorginliyinde temperaturun
300+500K intervalinda 2.5K/daq siirati ilo qizdi-
rilmaqla  p=f(T) asililigi  Olgilmiis  vo
qurulmusdur. Olgmo xatas1 xiisusi miigavimat
tiglin 5%-dir.

NOTICOLOR VO ONLARIN MUZAKIROSI

Uranilsilikat sistemlorinin kation vo anion
torkib hissosi oksigenli qruplardan ibarot
oldugun-dan bu birlosmados anion vo kation arasi
rabito, onlarin miitohorrikliyi, ylik xarakteris-
tikast fiziki xassoloro osas tosir gdstoron
faktorlardandir. Bu birlogsma elektrofiziki xasso-
lorino goro dielektrikdir. Yiikdasima proses-
lorindo U-0O»-Si-O olagolorini togkil edon va
yaxud da hidrat 6zliiyii oldugu halda —OH- funk-
sional qruplarina maxsus sorbast olan valent ele-
ktronlar1 vo torkibi toskil edon ionlar (U, O,
Si™) istirak edo bilor. Uranilsilikatin elektron
sixligina on ¢ox tosir edon element tobii tarazl
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izotop torkibino malik olan uran elementidir va
daha ¢ox ion rabitasi U-O-o moxsusdur. Hom do
uranin miixtolif yiiklii ion hallar1 (U™, U™, U,
U*®) arasinda nisboton daha asan kegidlor miim-
kiindiir [3]. Bu kecidlor temperatur, ionlasdirici
siialar, elektrik sahosi vo is1q kvantlarinin tosiri
altinda da bas vero bilor. UO>—nin maoxsusi
elektrik kegiriciliyindo uran kationun dispro-
porsionlagsma prosesinin rolu agkar olunub [3]

2U+4 _)U+3 +U+5, (1)
burada U™ elektron, U™ desik morkezi rolu
oynayir.

Uranilsilikatda oksigen vakansiyalari hom
UO; kation qrupunda, hom do SiO: silikat
qrupunda mdvcud ola biler. Uranil qrupunda
oksigen miihitinds oksidlogmo prosesi T>473K-
da, UO2-S10;2 -da iso T=673K-da baslayir vo hor
iki proses naticasindo uran yiiksok valent halina
kegir [4].

Belolikla, uranilsilikat sistemindo sarbast
yiik dastyicilar1 kimi elektron-desik vo anion-
vakansiyast olan clitlorin  istirak etmasi
gozlonilir. Bu yiikdasiyicilarin diffuziyast veo
onlarin  istiraki  ilo  elektrik  kegciriciliyi
proseslorinin aktivlosma enerjilori da toyin
edilib.  Uranilsilikat  sisteminin  elektrik
keciriciliyi yiikdasiyicilarin energetik baryerlori
termiki yolla agmas1 proseslorini nozors almagqla
elektrik  keciriciliyinin  temperatur  asililigi
iimumi olaraq Arrenius koordinatlarinda ifado
oluna bilor vo (2) diisturu ilo toyin edilo bilor
[5,6].

0=(noq*8?v)/(6kT)- e VT, (2)
burada o=Ae VT,

Bu diisturdan SiO> vo miixtolif torkibli
uranil-silikatin elektrik kegiriciliyinin
temperatur asililiginin ifads edilmosinds istifado
olunub.

Aparilmis todqiqatin osas mogsadi silikat
sistemlorinin moxsusi elektrik kegiriciliyinin
asagl temperatur oblastinda T=280+500K
Oyranilmasi vo uranil qrupunun, temperaturun vo
gamma siialanmanin uranilsilikatin  elektrik
kegiriciliyine tosiri qanunauygunluglarii tadqiq
etmokdir. S10;-0 miixtolif miqdarda uranil qrupu
daxil etmoklo alinmis uranilsilikatin elektrik
keciriciliyinin temperatur asililiqlar1  Oyronil-
migdir. Sokil 2-do eyni metodika {izro alinmis vo
termik islonilmis SiO2-nin elektrik
keciriciliyinin Ino=f(1/T) koordinatlarinda

lga{Om sm)

Stialanmamig vo miixtalif udulma dozalarinda
stialanmis SiO»—in elektirik kegiriciliyinin Ino=f(1/T)
koordinatlarinda temperatur asililigt:

1-ilkin , 2 - 9kQr, 3 - 27 kQr, 4 -50kQr.

T=300+500K temperatur oblastinda temperatur
asililigt verilib.

Tadqiqat aparilmis temperatur oblasti anion
vakansiyalarmin diffuziyast vo uran kationun
yik halmin doyismo temperaturlart [7-8]
T<500K ilo mohdudlasib. Bu temperatur oblasti
qadagan olunmus zonasinin eni Eg>10eV
tortibindo olan tomiz SiO>—do valent zonadan
keciricilik zonasma kecid osasinda elektrik
keciriciliyinin  toadqiq olunmasinda istifada
olunur. Silikat torkibli birlosmolor tiglin adoton
T>1000K-dan yiiksok temperatur oblastini shato
edir vo bu oblastda elektrik kegiriciliyi tem-
peratur artdigca artir. Bizim todqiq etdiyimiz
temperatur oblastinda adston biografik vo yaxud
da radiasion defektlori elektrik keciriciliyindo
istirak edir. Uranilsilikat va silikat qurulusunda
daha sarbast va kicik energetik baryers (U) malik
olan anion strukturunda defektlor mdvcuddur
[9]. Temperatur artdiqca vakansiya vo qofosin
diiylinlori arasinda yerlogon atomlar diffuziya
edir va son naticads onlarin mahvi va (1)-in oks
prosesi bas verir

Oi+Va—0yq, 3)
harada ki, O;- diiyiinlor aras1 oksigen, V a-onlarin
vakansiyasi, Og- qofasde oturan oksigendir.

Gostorilon temperatur oblasti hom do texniki
va texnoloji proseslordo on ¢ox miisahido olunan
is¢1 temperatur oblastlar1 ilo uzlagir. Elektrik
kegiriciliyi tadqiq olunacaq tabletkalar gamma-
siialarla miixtolif udulma dozalarinda siialandi-
rilmigdir.  Homin  niimunslorin  elektrik
keciriciliyinin temperatur asililigi  Ino=f(1/T)
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koordinatlarinda Sakil 1-da verilib. Niimunalarin
sialanmast  vo ilkin todqigatt T=280K
temperaturda aparilib. Temperatur artdigca
yiikdasiyic1 rolu oynayan defektlor mohv
oldugundan kegiricilik asagi diislir. Qamma
silalanmanin tosiri altinda udulma dozasmin
0+50 kQr oblastinda SiO2-nin defekt kegiriciliyi
siialanmamis niimunalors nisbaton artir.

Qamma-gsiialarin  tosiri altinda  SiO»>-da
geyri-tarazli yiik dasiyicilari

rabitolorinin qirilmasi naticosindo iso kation
(=Si-O) va anion vakansiyalar1 d(=Si), eloco do
hoys-canlanmis hallar omalo golir [9-10].

Toqdim olunan metodika ilo alinmis silikat
sistemindo kation vo anion vakansiyalarinin
T>240-300 K temperatur intervalinda siiratli
mohv olmasi proseslori bas verir [11]. Asagi
temperaturlarda gamma-siialanma zamani amolo
golon  geyri-tarazli  yiikdasiyicilar  silikat
qofosinde  moévcud olan anion vo kation
vakansiyalarinda lokallasa bilir. Bu proseslori
sxematik olaraq asagidaki kimi géstormok olar

Si0; —»n+ptex+ =Si-O3+ =S4, 4)

p + O-Si= — =Si-O (desik morkazi), (5)

n + "Si= — =Si*? (elektron morkaz),  (6)

ex + Ls > Lex. (7)

Omolo golmis qeyri-tarazli yiik dasiyici-
larmin stabil lokallagmis hallarindan ¢ixaraq
elektrik kegciriciliyindo istiraki {i¢iin homin
moarkozlorin energetik baryerini agmalidir.

Tadqiq olunmus SiOz—nin biitiin niimune-
larinds 6l¢molorin baslangic oblastinda tempera-
turun artmasi ilo (T=270-300K) elektrik kegiri-
ciliyinin artmasi miisahids olunub.

Stialanmis niimunslorde do bu temperatur
oblastinin miisahido olunmasi gostorir ki, Si0>—
nin eyni xarakterli bioqrafik defektlori do
movcuddur. Bu oblastda Ino=f(1/T) asililigin-
dan elektrik kegiriciliyinin aktivlosmo enerjisi
toyin edilib (Cadval 1).

Bu oblastda aktivlogsma enerjisi asasinda lo-
kallasma morkozlorinin  energetik  baryeri
haqqinda da fikir yiiriitmok olar. Gorilindiiyii
kimi SiO—nin siialanma dozas1 artdiqca
aktivlosma enerjisi azalir, buna sabab iso
radiasion yolla yaranmis ylikdasiyicilarinin
nisbaton yiiksok enerjiyo malik olmasidir.

Cadval 1.
Qamma siialanmanin SiO,—nin T~270+500K
temperatur oblastinda ayri-ayr1 amsallarda elektrik
kegiriciliyinin aktivlogsma enerjisina tasiri.

Niimunoalor vo Aktivlogmas enerjisi, eV
stialanma I oblast II oblast III oblast
dozalar T=270+300K| T=300+380K [T=380+-500K
SiO,
(ilkin 1,25 4,28 6,49
slialanmamis)
Si0; (d=9kQr) 1,12 4,19 6,25
Si0, (d=27kQr) 1,08 4,13 5,98
Si0, (d=50kQr) 1,02 4,10 5,68

SiO> niimunalorinin elektrik kegciriciliyinin
T=300+500K temperatur oblastinda aktivlogsmo
enerjisi ilo forqlonan daha iki T=300+380K va
T=380+500K temperatur oblastlarin1 ayirmaq
olar. Hor iki oblast iiclin aktivlosma enerjilori
toyin edilib (codval 1) vo goriindiiyli kimi
temperatur artdiqca daha dorin energetik baryerli
morkozlor aktivlasirlor. Biitlin  temperatur
oblastlarinda  siialanmanin  udulma dozasi
artdigca  aktivlosmo  enerjisinin  azalmasi
misahido edilir. Miisahido edilmis aktivlosmo
enerjilorinin qiymatlori slialanmamis niimunslor
iigiin 1,25, 4,28 vo 6,49¢V tortibindadir ki, bu
qiymatlor do SiO2-do miigsahide edilmis kation,
anion vakansiyalar vo diiylinlorarast oksigenin
diffuziya proseslorinin aktivlosmo enerjilori ilo
uygunlagirlar [9-11].

Torkibindo miixtalif miqdarda uranil qrupu
olan uranilsilikat niimunalari sintez edilib. Sintez
olunmus niimunalor ilkin SiOz-ds miivafiq
termik vo termovakuum islomays moruz qalib,
sonra torkibindo uranil qrupu 3,97, 6,83, 10,0
¢oki faizi miqdarinda olan eyni 6l¢iilii tabletkalar
gotiiriilib  vo  bu  birlogmoalorin  elektrik
kegiriciliyinin 280+500K temperatur interva-
linda miixtolif dozalarda gamma-siialanmadan
asililig1 tadqiq olunub.

Uranil qrupunun silikatin torkibino daxil
olmas: ilo silikatda uran kationun (U*) (1)
disproporsionallagsmasi naticosindo omoalo golon
desik-elektron ciitlori, oksigen vakansiyast vo
gofos dilylinarast oksigenlorin miqdarinin vo
miitohorrikliyinin ~ artmasi  naticoesindo  [3]
baslangic T=280K-do elektrik kegciriciliyi
~101%+10°0m'sm™ intervalinda doyisir, yoni
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Si02 -ya nisbaton elektrik kegiriciliyinin taqriban
4-5 tortib artmasina sobab olub (Sakil 3-5).

K m sm)y

Sokil 3.
Torkibinda 3.97%UQ; olan uranil-silikat birlogsmasinin
elektirik keciriciliyinin temperatur asililgi: 1-ilkin , 2-
9kQr, 3-27kQr, 4-50kQr.

Ko sm)

Sokil 4.
Tarkibinds 6.83%UQ; olan uranil-silikat birlosmasinin
elektirik keciriciliyinin temperatur asililg:
1-ilkin , 2-9kQr, 3-27kQr, 4-50kQr.

Uranil silikat gofasinds olan oksigen vakan-
siyast vo diiylinlorarasi oksigen atomlar1 daha
miitoharrik oldugundan, temperaturun artmasi ilo
yiikdasiyicilarinin - mohv  proseslori  {istiinliik
toskil edir. Odur ki, temperaturun T=280+500K
intervalinda uranilsilikatlarin elektrik kegiriciliyi
~3 tortib azalir. Digor torafdon do uranil silikatin
torkibinde  wranil  qrupunun = miqdarinin

3,97+10,0 ¢oki faizi intervalinda artmasi
uranilsilikatin elektrik keciriciliyinin togriban 10
dofoyadok yiiksalmosino sobab olur.

Stialanmis uranilsilikatin elektrik
kegiriciliyinin ~ Ino=f(1/T)  koordinatlarinda
temperatur asililiginda asason iki torkib hissosini
ayirmagq olar. Birinci hisso 280+380K aktivlosmo
enerjisi  U;=1,47+1,87¢V, ikinci hisso iso
380+500K U»=2,76+3,33¢eV intervalinda doyisir
(Cadval 2). Birinci asagi aktivlosmo enerjili
elektrik kegiriciliyi daha miitohorrik olan anion
vakansiyasi, diiylinlorarasi oksigenin diffuziyasi
va defektlorin sagalmasi ilo izah oluna bilar [5].

yom smy '

Torkibinda 10%UQO; olan uranil-silikat birlogsmasinin
elektirik kegiriciliyinin temperatur asililgr: 1-ilkin , 2-
9kQr, 3-27kQr, 4-50kQr.

Ikinci daha yiiksok aktivlosmo enerjili hisso
1s9 uranilsilikat strukturunun  kation torkib
hissasi ilo slagadar olaraq kation diffuziyast, (1)
prose-sinin aks istiqamati ilo slagodar elektron-
desik ciitlorinin moahvi ilo izah oluna bilor [4].

Uranilsilikat gamma kvantlarla stialandiqda
Si0; sisteminds gedon proseslorlo barabor UO>
qrupunda omalo golon radiasiya defektlori do
elektrik keciriciliyine tosir edocokdir. Molum ol-
dugu kimi SiO>—do Si-O rabitosindo kovalent
rabito Ustiinlilk toskil etdiyi halda U-O
rabitosindo 1on rabitosi daha {istiindir [6].
Qamma silialarin tosiri altinda omolo golon
elektron vo desiklor polivalent uran kationlari
vasitasi ilo tutularaq daxili oksidlosmoreduksiya
proseslori gedir

U+4 +n—o U+3,
Ut +p— U,

®)
)
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Cadval 2.

Uranilsilikatin T=280+500K temperatur oblastinda elektrik kegiriciliyinin aktivlogsmo enerjisino uranil qrupunun
miqdar1 vo gamma siialanmanin tasiri.

Uranil grupunun miqdart Ino=f(1/T) Stal Aktivlosmo enerjilori, Eq, ¢V
ilo forqlonon uranilsilikat | asililiginda lﬁ;?ﬁ?g ltS Qamma siialanmig [Qamma siialanmig | Qamma siialanmig
niimunolori oblastlar Urantisiia D=9 kQr D=27kQr D=50 kQr
niimunolori
O B P 1,80 1,79 2,35
Uranilsilikat Cyo,-3,97 % I hisse
T=380-500 K 2,76 3,19 3,38 3,63
Tzzlglgfgo | 1S9 1,93 2,13 2,05
Uranilsilikat Cyo2-6,83 % T hisso
T=380-500 K 2,91 3,25 3,53 3,91
T=218I61-S3S§0 K| 187 1,83 1,89 2,01
Uranilsilikat Cyo2-10,0 % T hisso
T=380-500 K 3,33 3,46 3,48 3,66
Omolo golmis lokallasmus elektron U™ vo  lokallasmus  radiasion  defektlorin  omalo

desik U™ morkozlori uranilsilikat gofasinda
daha yaxin mosafalords olub, asanligla elektron
miibadilasing, yoni rekombinasiya proseslorino
ugrayir.

Buna uranilsilikat sistemlorindo SiO>—do
miisahido olunan ilkin elektrik keciriciliyinin
temperaturun  artmasi ilo artma oblatinin
olmamast vo sonraki elektrikkegiriciliyinin
azalmasina sobab olan proseslori aktivlosmo
enerjilorinin Si02—ya nisbaton 1,65+2,25 dofa
asag1 olmasi bir daha siibutdur (Cadval 2).

Stialanmamis uranilsilikat birlosmosinda
uranil qrupunun miqdar artdiqca elektrik kegi-
riciliyly doyisma  proseslorinin  aktivlosmo
enerjilorinin artmas1 miisahide olunur.

Uranilsilikat sistemlorindo gamma-
stialanma dozasi artdiqca elektroaktiv radiasion
defektlorin miqdar1 da artir (Sokil 6).

Elektrik kegiriciliyinin dozadan
asililigindan gorilintir ki, baslangic D<10kQr
oblastinda xotti, sonraki D>10+50kQr dozalarda
iso stasionara meyllilik hiss olunur. Uranil qrupu,

gorliniir, yaranmis defektlorin  stabillosmo
markazi rolunu oynayir, odur ki, uranil qrupunun
miqdar1  artdigca  elektroaktiv  defektlorin

omologalma siiroti vo stasionar qatiligi artir.

Uranilsilikatda qgamma-siialanmanin udulma
dozast  artdigca  elektrik  kegiriciliyinin
aktivlogsmo enerjisi artir.

Bu iso udulma dozasinin 9+50Qr

intervalinda artmasi ilo daha dorin soviyyalordo

golmosini gostoarir.

Biografik vo radiasion defektlorin silikat vo
uranilsilikatda T=280+500K asag1 temperatur
intervalinda elektrik kegiriciliyino tosiri todqiq
olunub. Miisyyon olunmusdur ki, stialanmamis
vo mixtolif udulma dozalarinda qamma
kvantlar1 ilo siialanmis SiOz vo (UO2)x(SiO)y
nliimunslorinin elektrik keciriciliyinin temperatur
asililiglarinda  gedon proseslor eyni olub,
keciricilik bu sistemlors xas olan geyri-tarazliql
yikdagiyicilar, anion vo  kation  qofos
fragmentlorinds yaranan defektlorin istiraki ilo
hayata kecirilir. Tomiz SiOz-nin moxsusi elektrik
keciriciliyinin miisahido olundugu temperatur
(T>1000K) oblastindan ¢ox asag1 olan
temperatur intervalinda T~280+500K todqiq
olunmus elektrik keciriciliyinin temperatur
astliligmin {i¢ torkib hissosini ayirmaq olar.
Asag1 temperatur oblastinda T<300K bioqrafik
vo radiasion defektlorin lokallagma baryerlorini
asmast va son naticads kegciriciliyin temperaturla
artmast  miisahido  olunur. Temperaturun
T=300+500K intervalinda osason iki miixtalif
soviyyoli morkozlorde bu yiikdasiyicilarin
elektroaktiv olmayan hala cevrilmo proseslori
gedir.

Sorbost  yiikdasiyicilarin - omologolmo  vo
mohvi proseslorinin aktivlosmo enerjilori SiO»
strukturuna xas anion vakansiyasi vo diiyilinarasi
anionlarin  diffuziya enerjilorino uygundur.
Silikatin torkibins uranil qrupunun 3,97+10,12%
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miqdarda daxil olunmasi onun elektrik
keciriciliyinin 3-4 tortib artmasina sabob olur.
Si0,—don forqli olaraq, T=280+500K temperatur
oblastinda todqiq olunmus uranilsilikatin
elektrik kegiriciliyinin temperatur asililiginda
ylikdasiyicilarin  aktiv  hala kegmo oblasti
miigsahido olunmayi1b.

1

lg{iOmsm)

Kar

Sokil 6.

300K temperaturda uranil-silikat birlogmosinin

elektirik kegiriciliyinin udulma dozasindan asililgr: 1-
3,97%U0z, 2-6,83%U0O,, 3-10.12%UO0Os.

Uranilsilikatin ~ elektrik  keciriciliyinin
temperatur asililginda iki etapda
yilikdasiyicilarinin  elektropassiv hala kegmasi
miisahido olunub. Miisahido olunmus etaplarin
aktivlosmo enerjilorini uranilsilikat gofosindo
oksigen vakansiyasi, diiylinlorarasi oksigen
atomlarimin  diffuziyast vo wuranin kationun
miixtolif yiikli  hallarinin  arasinda  kegid
enerjilorino aid etmok olar. Uranilsilikat
torkibindo  uranil qrupunun  3,97+10,12%
intervalinda artirilmasi elektrik keciriciliyinin 10
dofo vo yiikdastyicilarin mohvi proseslorinin
aktivlosmo enerjisinin iso 15+30% artmasina
sabab olur. Silikat vo uranilsilikat sistemlorinin
qamma-siialanmas1 onlarda olavo elektroaktiv
radiasion defektlorin omolo golmosino sobab
olur. Qamma siialanmanin udulma dozasinin
9+50kQr intervalinda artirilmast SiO> va
(UO2)x(Si0)y  sistemindo  yiikdastyicilarin
miqdarin toqriban 2 tartibs qodar artirir. SiO2 vo
uranil-silikat sistemlorindo qamma-giialanmanin
tosiri altinda amolo golmis ylikdasiyicilarin geyri
elektroaktiv hala kegmo proseslori xarakterco
eyni olub, yalniz aktivlosmao enerjilori ilo azaciq
forglonir. Si0; vo uranilsilikat asaslt birlosmo vo

materiallarin texnoloji daha cox rast golinon
termoreaktorlarda (T<500K) totbiqi zamani
misahido olunmus elektrofiziki  xassalorin
doyismolori shomiyyatlidir.
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INFLUENCE GAMMA RADIATION AND URANYL GROUP OF THE TEMPERATURE
DEPENDENCE OF THE ELECTRICAL CONDUCTIVIiTY OF SiLiCATE

A.A.GARIBOV, RN.MEHDIYEVA, M.N.MIRZAYEV

It has been studied the change characteristics of electric conductivity depending on temperature in (UO2)x(SiO2)y
uranyl-silicate compound depending on UO; concentration change (x=3.97%; 6.83%; 10.12%). It was determined,
temperature dependences of electrical conductivity of samples were identical in nature for initial and different doses of
gamma irradiated SiO; and (UO)x(SiO)y, inherent in these systems non - equilibrium cargo carriers, the presence of
anionic and cationic in lattice fragments defects is carried out. The destruction of the carrier leads to activation energy
an increase of 15+30% .

BJIMAHUE 'TAMMA U3JIYUYEHUA U TPYHIIBI YPAHWUIA HA TEMIIEPATYPHYIO 3ABUCHU-
MOCTbH JEKTPUYECKOM MPOBOJIUMOCTH CUJINKATOB

A.ATAPUBOB, PHMEXTHEBA, M.HMHUP30EB

BblIi n3y4eHsl XapaKTepUCTUKH 3JIEKTPOIPOBOJHOCTH YpaH-cinkaTHbIX coenuaeHnid (UO,)x(Si02)y B 3aBuCH-
MoctH oT Temnepatypsl, UO, koHIeHTpanuu (x=3,97%, 6,83%; 10,12%) u oT 10361 06ydeHus beimo ycraHOBICHO, YTO
TEeMITepaTypHbIE 3aBUCHMOCTH 3JeKTponpoBogHocTr 00pasnos SiOx u (UO:2)x(Si02)y ObuUM HASHTHYIHBI IO CBOEH NpH-
pOZe At ICXOTHBIX M OOTYYEHHBIX Pa3IMdHBIME JJ03aMH raMMa-n3iIydeHus. HabmonaoTes npucymue 3TuM cHCTeMaM
HEpaBHOBECHBIE KaprolepeBO3KY, HAINYNE aHHOHOB M KATHOHOB BO (DparMeHTax peuieTKu Ae(eKTOB Y HUUTOKCHHE HO-
CUTENs IPUBOAMT K YBEIMUYEHHIO YHEPTUU akTHBauu Ha 15+30%.
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REFERAT

Isdo elektrik qaz bosalmasi goraitindo modifikasiya olun-
mamis vo elektrik qazbosalmasinda modifikasiya olun-
dugdan sonra ZnO-polivinilidenftorid kompozit varistor-
larinin kinetik parametrlori yoni, yiikdasiyicilarin (no), bos
tololorin - (Npos tolo) VO Umumi tololorin (Nyl,) konsentra-
siyasi, elektronlarin sarbast ugus yolu (A) vo yiikdasiyi-
cilarin yiiriikliiyti (n) tocriibi yolla toyin olunmusgdur. Gos-
torilmigdir ki, qaz bosalma prosesindon ovval yiikdasi-
yicilarin yiiriikliiyii vo elektronlarin sarbast ugus yolu aza-
lir, imumi va bos talolorin konsentrasiyasi artir, qaz bosal-
ma prosesindon sonra iso yiikdastyicilarin yiiriikliyd vo
elektronlarin sorbast ugus yolunun qiymati artir.

GIRIS

Molumdur ki, geyri-xatti keciriciliya malik
oldugu ti¢iin polyar vo geyri-polyar polimerlor vo
keramika asasli kompozit materiallar energetika
sahasi ticlin miithiim shomiyyat kasb edir. Belo
materiallarin totbiqi ilo yiiksok gorginlik xatlo-
rindo vo yarimstansiyalarda sigrayisla arta bilon
zarorli gorginlik dalgalarimin zoiflomasi tomin
olunur. Qeyd edok ki, elektrik kegiriciliyinin
todqiqi materiallarin, asason do metal vo yarim-
kegiricilorin tomizliyini miioyyon etmak {igiin is-
tifado olunan osas tsullardan biridir. Bundan
basqa elektrik kegiriciliyi makroskopik cisimdo
coroyan yiikdastyicilarinin dinamikasini, onlarin
bir-biri ilo va cisimlo bagqa obyektlorlo qarsiliqh
tosirinin xarakteristikasin1 aydinlagsdirmaga im-
kan verir. Elektrik keg¢iriciliyi mexanizmi dielek-
trik materiallarda yarimkecirici materiallara nis-
boton miirokkobdir. Bu onunla slagadardir ki, bu
materiallarda elektrik yiikdasiyicilarinin (elekt-
ron, desik) horokotino mane olan miixtalif amil-
lar masalon, kristalin qafasindaki defektlar, o cii-
mlodon onun qadagan zonasindaki dorin vo da-
yaz energetik soviyyali tololor, kristal gofosinin
istilik rogsinden sopilmasi vo s. mdvcuddur.
Qeyd edok ki, kompozitin qadagan zonasindaki
bos talalor (lokal saviyyaler), kompozits injek-

siya olunmus yiiklori tuturlar vo homin ytiklor
kompozitds corayan kegiriciliyinda istirak etmir-
lor. Noticado tololor torofindon tutulmus elekt-
ronlar kompozitin daxilinde hocmi yiik yara-
dirlar. Beloliklo, demok olar ki, kompozitin qa-
dagan zonasinda mdvcud olan lokal soviyyolor
ondan kecgon elektrik coroyaninin qiymetini vo
voltamper xarakteristikasinin — geyrixattiliyini
toyin edir [2;3;8;9].

Kompozit materiallarda elektrik keciriciliyi
mexanizminin va onlarin qadagan zonasindaki
lokal soviyyealor hagqinda moalumat almaq ii¢iin
hocmi yiiklor torafindon mohdudlagdirilan coro-
yan nozariyyasindon istifade edilir. Bu modelo
asasan garginliyin kicik qiymatina qodar coraya-
nin doyigsmosi Om qanununa tabedir. Garginliyin
bu qiymaotindo termiki generasiya olunmus sor-
bast yiiklorin say1 kompozits injeksiya olunmus
yiiklorin sayina borabordir[1;4;5].

Isdo qarsiya qoyulan mogsad kompozit
nlimunalarin kinetik parametrlorinin yani, yiik-
dasiyicilarin (no), bos tolalorin (Npos tolo) Vo limu-
mi tololorin (N1;) konsentrasiyasinin, homginin,
elektronlarin sorbast ugus yolunun(A) vo yiik-
dastyicilarin yirikliyiiniin (p) toyin olunma-
sidir.
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TOCRUBI HISSO VO NOTICOLORIN
MUZAKIROSI

Tacriibalor noticesindo alinmis ZnO-poli-
vinilidenftorid(F2M) osashi kompozitlordo yiik-
dastyicilarin (no), bos tolalorin (Npos tolo) Vo imu-
mi tololorin (N1;) konsentrasiyasinin, homginin,
elektronlarin sorbast ucus yolunun() vo ylikda-
styicilarin yturiikliiyiiniin (i) toyin olunmasi tigiin
ilk névbads otaq temperaturunda kompozitlorin

volt-amper xarakteristikalar1 6l¢iilmiisdiir.
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Sakil 1.

Asqarlt ZnO—polivinilidenftorid (F2M) asaslt
kompozit varistorlarin volt-amper xarakteristikasi:1-
C=0%, F2M=100%; 2 - C=10%, F2M=90%; 3 -
C=30%, F2M=70%; 4 - C=50%, F2M=50%;

5 - C=60%, F2M=40%.

Sokil 1-don goriiniir ki, kompozitlordon
kecon coroyanin gorginlikdon asililig1 2 oblas-
ta ayrila bilor: xotti vo kvadratik(C >30% oldu-
gda). Bundan olavo xotti asililigdan kvadratik
asililiga ke¢id nlimunsalorde doldurucunun
hacmi faizindon asili olaraq miixtalif gorgin-
liklardos bas verir.

Kompozitlorin volt-amper xarakteristika-
sinin Om qanunu ilo izah olunan xatti hisse-
sinda acilma gorginliyins yaxin olan qiymat-
lordo elektrik yiikdasiyicilarinin konsentrasi-
yas1 kompozits injeksiya olunmus termiki ge-
nerasiya prosesinds yaranan sorbost yiikda-
styicilarin konsentrasiyasina toqriban barabor
olur. Volt-amper xarakteristikasinin Om qa-
nununa tabe olan diizxatli hissosinds elektrik
corayaninin qiymati ilo kompozits totbiq edi-
lon gorginlik arasindaki oalago [2]

[=enuSU/H (1)

diisturu ilo ifado olunur. e -elektronun yiikii,
n, - sorbost taraz elektronlarin konsentrasiyasi,

u - elektrik yiikdasiyicilarinin yiiriikliytd, S -

elektrodun sahosi, # -niimunonin galinhigidir.
Odabiyyata asason [2] totbiq olunmus gorgin-
liyin gqiymati artdiqca vo U> U, oldugda kom-
pozitin volt-amper xarakteristikas1 asagidaki
diisturla toyin olunur:
I=enuSU*/H>. ()
Hesab etmok olar ki, U>U, olduqda
kompozitde mévcud olan tololorin oksar hisse-
si ionlasir. (2) diisturundan goriiniir ki, niimu-
nonin qalinligr artdigca ondan axan coroyanin
giymoti kosgin azalir. Belsliklo deyilonlori
nozoro alsaq Voltamper xarakteristikasinin
izahi ligiin injeksiya modelini totbiq etmok olar
[1,5,6] vo asagidaki diisturlardan istifado
edorok kompozitlordo termiki generasiya
olunmus elektrik yiikdasiyicilarinin konsentra-
siyast (no) ylikdastyicilarin yiiriikliyi (p), lo-
kal soviyyolorin bos vo iimumi tololorin
(Nbos tolo,Nimumi tols) konsentrasiyalari hesab-

lanmisdir:
__ OeggUpy

0= 3)
u=H1/0egU, 4)
Nbos tele — 880U1 /eH2 H (5)

Mg =78-10°GJU,, &)’ (6)

burada @—talolorin dolma omsali, &-kompo-
zitin dielektrok niifuzlugu, & -elektrik sabiti,

Ui-voltamper xarakteristikasinda kvadratik
oblasta ke¢id gorginliyidir. Qeyd edok ki, volt-
amper xarakteristikasinin diiz xatli hissasin-
doaki xiisusi kegiricilik gqiymatca togriban
o=enqu (7
diisturu ilo hesablanmis kegiriciliya barabardir.
Isdo polimerin strukturunun modifika-si-
yasinin kompozit varistorlarin xassoloring tosi-
rini dyronmak moqgsadile sintez olunan niimu-
nolor miixtolif zamanlarda elektrik gqaz bosal-
masinda modifikasiya olunmusdur. Bu mog-
sadle sinaq 6zayina totbiq edilmis gorginliyin
amplitudunun sabitliyi soraitinds (U=2kV), mo-
difikasiya miiddatinin (3+10 doqigo) miixtalif
hocmi faizo malik olan kompozitlorin
voltamper xarakteristikasina, dielektrik niifuz-
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luguna, strukturuna vo digor xassoaloring tosiri
genis Oyronilmisdir.
Tacriibanin naticalari Sokil 2-4 vo Cad-
val.1-2-da verilmisdir.

2,2+

2,0+ \
1.8

1,64
1.4
1,24
1,0 4
084 >
0,6
0.4

024
0.0 B E— — —

30 35 40 45 50 55 60

Doldurvcuunun hocmi fiizi,%

Sokil 2.

Elektrik qaz bosalmasindan oavval va 3-10 daqiqgs qaz
bosaimasinda modifikasiya olunmus asqarli ZnO-
F2M kompozitlarinds yiikdastyicilarin yiiriikliyiiniin
(p) doldurucunun hacmi faizindon asililigr: 1-
bosalmadan oavvalki niimuna; 2-3-doqiqe modifikasiya
olunmusg niimuna(1-ci giin); 3-3-doqiqo modifikasiya
olunmus niimuna(30-cui giin); 4-10 daqiqe
modifikasiya olunmus niimuns(1-ci giin); 5-10daqiqo
modifikasiya olunmus niimuna(30-cu giin).

“— 4
L L]

u10". m' Vvean

1

Qeyd etmok lazimdir ki, polimerlorde hacmi
yiiklorin yaranmasi elektrik qaz bosalmasi zona-
sindan elektronlarin niifuz etmosi, elektrik saha-
sinin tasiri ils elektrodlardan elektronlarin injek-
siyasi, sonra iso yiklii hissaciklorin hocmdo
toqqusaraq enerjisini itirmasi vo makromolekul-
lararasi tololords stabillogmaosi ilo formalagir. Bu
elektrik ytikdastyicilart avvalco niimunanin sat-
hins yaxin olan bir ne¢o zonada yerlosirlor vo bu
zonadakai tololor doldugdan sonra hacmi yiiklorin
yaratdig1 sahonin tosiri ilo yiikdasiyicilar niimu-
nonin ic¢arising diffuzuya edirlor.

Niimunonin kegiriciliyindan asili olaraq qa-
lan tololorin dolmasi isabiitiin tolalorin ionlas-
mas1 hesabina bas verir.

Homginin hacmi yiiklorin yaranmasi ilo nii-
munadaki elektrik sahasinin paylanmasi bas ve-
rir va naticads polimerin elektrik xassalari doyi-
sir. Elektrofiziki xassalorin doyismo doracasi nii-
munoya totbiq edilmis elektrik sahoasinin forma-
sindan, elektrik yiiklorinin relaksasiya miiddo-
tindon asilidir. Umumiyyatlo, demok olar ki, nii-
munalorin  elektrik qaz bosalmasinda mo-
difikasiya olunmasindan sonra elektrofiziki

xassolorinin  doyismosindo basqa sobablorlo
yanast yiikkdastyicilarin injeksiyast daha boyiik
rol oynayir.

%-10"m

Doldurucunun hocmi faizi.%

Sokil 3.

Asqarli ZnO-F2M kompozitinds elektrik qaz
bosalmasindan avval va 3-10 daqiqe qaz
bosaimasinda modifikasiya olunmus kompozitlorlorda
yiikdastyicilarin sorbast ugus yolunun(})
doldurucunun hacmi faizindon asililig1. 1- bosalmadan
avvalki niimung; 2-3-doqiqe modifikasiya olunmus
niimuns (1-ci giin); 3-3-daqiqe modifikasiya olunmus
niimuns (30-cui giin); 4-10 doqige modifikasiya
olunmus niimuna (1-ci giin); 5-10daqige modifikasiya
olunmug niimuns (30-cu giin).
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Doldurucunun hacmi faizi,%
Sakil 4.

Asqarli ZnO-F2M kompozitinds elektrik qaz
bosalmasindan avval vo 3-10 daqiqe qaz bosaimasinda
modifikasiya olunmus kompozitlarlords timumi
talolarin konsentrasiyasinin (N) doldurucunun hacmi
faizinden asililig1. 1-bosalmadan avvalki niimuna; 2-
3daqige modifikasiya olunmus niimuns (1-ci giin); 3-
3doqige modifikasiya olunmus niimuns (30-cui giin);4-
doaqige modifikasiya olunmus niimunas (1-ci giin); 5-
10daqiqe modifikasiya olunmusg niimuns (30-cu giin).
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Cadval 1.

Bosalmadan avval vo 3;10 doqiqo qaz bosalmasinda
modifikasiya olunmus asqarli ZnO-F2M kompozitindo

yiikdastyicilarin konsentrasiyasi(no).

Kompozit no, no, no, no, no,
niimunalor 3daq | 3doq 10doeq | 10daq |bosal-
(Iglin) |30-cu glin | (Igiin) | 30-cu giin| madan
ovvel
nox 107, m?3
30%C+70%F2M 11,8 142 9,1 15,2 3,7
35%C+65% F2M 12 15,4 12,2 18,5 40,4
40%C+60% F2M | 13,2 16,3 16 22,1 66
50% C+50% F2M| 13,9 17,4 18,1 24,2 71,2
60%C+40% F2M | 16,7 20 2,05 2,7 83
Cadval 2.

Bosalmadan avval vo 3, 10 dogigo bosalmada
modifikasiya olunmus asqarli ZnO-F2M kompozitindo
bos taololorin konsentrasiyasi(Npos tols,)-

KOIIlpOZit Noos tolos 3d9q Nbos talos 10d9q Nbos talos
niimunalor | bosalmadan| bosalmada bosalmadan
avval odifikasiya avval
olunmus
Nbos tolos X 1019 ) Il’l"}
30%C+70%FM 0,19 0,18 0,31
35%C+65%FM 0,21 0,23 0,5
40%C+60%FM 0,22 0,3 0,68
50%C+50%FM 0,24 0,42 0,8
60%C+40%FM 0,25 0,49 1,1

Qeyd edok ki, sintez olunmus niimunslorin
volt-amper xarakteristikalar1 dl¢iilorok onlarin 1
ay miiddatindo enerji saxlama voziyyatlori mii-
oyyanlosdirilmisdir. Miioyyon olunmusdur ki,
ham 3 doqigoe, ham doa 10 daqiqo elektrik qaz bo-
salmasinda modifikasiya olunmus kompo-
zitlordo ilk gilinlordo niimunadon kegon coroyan
siddatinin qiymati 30-cu giina nisbaton daha ¢ox-
dur.

Sokil 2-4—don goriiniir ki, qaz bosalma miid-
datindon asili olmayaraq kompozitds doldurucu-
nun hocmi faizi artdiqca:

e Qaz bosalma prosesindon avval yiikdasi-
yicilarin yiiriikliiyii vo onlarin sarbast ugus
yolu azalir, imumi vo bos talolorin konsent-
rasiyasi artir;

o Qaz bosalma prosesindon sonra yiikdasi-
yicilarin  yliriikliyiiniin - qiymeoti toqribon
~10-20 dofs artir.

o Qaz bosalma prosesindon sonra yiikdasi-
yicilarin sorbast ugus yolunun qiymati toq-

ribon 2-3 dofo artr.

Miixtolif odobiyyat molumatlarina osason
[3;6;7;8;9] kompozitlorin sintezi prosesinds dol-
durucunun donaciklori osason amorf fazada yer-

lagirlor.Onda demak olar ki, doldurucunun hac-
mi faizi artdiqca kompozitdo amorf fazanin six-
1181 doyisir.

Nozars alsaq ki, asgarlt ZnO keramikasinin
0zii polikristallik maddodir vo onun kristal-
lagsma doracasi ¢ox kicikdir onda demok olar ki,
doldurucunun hacmi faizi artdiqca kompozitdo
amorf fazanin sixlig1 artir, bagqa s6zlo kompo-
zitdo defektlorin say1 artir. Bu iso 6z névbasinda

kompozitin gadagan olunmus zonasinda mévcud
olan timumi talslorin konsentrasiyasinin artmasi-
na sobab olur. Odobiyyata [6] asason kicik tem-
peraturlarda yiikdastyicilarin yiiriikliytiniin qiy-
moti ilo talalorin konsentrasiyasi arasindaki slaqo
asagidaki kimi toyin olunur:

_ Npos tolo Y

H= llo(Mﬁmumi tala) exp (_ E)’ (8)
burada N, o1, - bos talolorin, timumi talalarin
konsentrasiyasi, U-aktivlosmo enerjisi, k-Bols-
man sabiti, T-miitloq temperatur, o - cox yiiksok
temperaturlarda yiiriikliiyiin qiymotidir (u< po).
(8) diisturundan goriiniir ki, sabit tempe-
raturda yiikdastyicilarin yiiriikliiyliniin qiymaoti

asasan N/M nisbatindon asilidir.
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DETERMINATION KINETIC PARAMETERS OF THE COMPOSITE VARISTORS BASED ON
ZnO-POLIVINILIDENFTORID

SH.M.AHADZADEH

The kinetic parameters of the varistor composite before and after the modification under the action of electric
discharge have been defined. The composite varistor voltage characteristics have changed significantly: reduced
operation voltage varistor voltage characteristic nonlinearity grew and increased its nonlinearity coefficient.

ONPEJEJIEHUE KHMHETHYECKHUX ITAPAMETPOB KOMITIO3UTHBIX BAPUCTOPOB HA
OCHOBE ZnO-ITOJIUBUHWJINIEH®TOPUIA

L.M.AXAJ3AJIE

OmnpeneneHbl KHHETHIECKUE TTAPaMEeTPhl KOMIIO3UTHOTO BAPHCTOPA JI0 U MOCHE €r0 MOAU(HKALINY B YCIIO-
BUSIX JEHCTBHUS JIEKTPUYECKOTO Pa3psna. Y CTAHOBIEHO, YTO BOJNIBTAMIIEPHBIE XapaKTEPUCTUKU KOMIO3UTHOTO Ba-
pHCTOpa CYIIECTBEHHO U3MEHSIOTCS: YMEHBINACTCS HAIPsKEeHNE CpabaThIBaHUSA BapUCTOPA, PACTET HENUHEHHOCTD
BOJIbTAMIIEPHOW XapaKTEPUCTHKH U YBEIMIUBACTCS €0 KOI(PPUIIUESHT HEINHEHHOCTH.

Penaxrop: npod. M.A.Kypbanos
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CIIEKTP MATHUTHBIX BO3BYKJIEHUHN B TPUAHI YJIIPHOM CJJOUCTOM
AHTU®EPPOMATHETUKE C ®PEPPOMATI'HUTHBIM OKPY>KEHHEM

M.H.ABAYJIJIAEB, I'I . KEPUMOBA, B.C.TAT'UEB
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KiroueBrble croBa: MarHoH, eppOMarHeTHKH, aHTHU(EppO-

MAarHeTUKH,

PEDOEPAT

PaccMoTrpeHa 3aj1aua HaxXOXJIEHHsI CHEKTpa MAarHUTHBIX BO3-
Oy>XICHUI B CIIOUCTBIX TPHAHTYJISPHBIX aHTH(EeppOMarHeTu-
Kax B (peppOMarHUTHOM OKpY>KeHHHU. B cBs3U ¢ TeM, 4TO SHep-
TeTHYECKHUH CIIEKTP UMEET CI0XKHBIA BH/, HCIIOIB3YETCS PH-
ommkenue, korga ky=0. B 3Tom mpuOmmkeHnn 3HEpreTHYec-
KU CHEKTpP CUCTEMBI COCTOUT U3 TPEX OCHOBHBIX yacteid. [lep-
Basi 4YacTh COOTBETCTBYET YHCTO AaHTH()EPPOMATHUTHOMY THITY
BO30Y)KACHHH, BTOpasi 4acTh - TAKKe aHTH(HEPPOMATHUTHOMY
COCTOSIHHIO, HO CO CJTa0BIM OTKJIOHEGHHEM OT aHTHU(eppomar-
HETH3Ma M TPEThs YacTh - CMELIAHHOMY COCTOSIHUIO aHTH(Eep-
poMarHeTHK-heppoMarHeTHK.

BBEJIEHUE

W3 nutepaTypsl U3BECTHO, UTO CYLIECTBYIOT
HEKOTOpPbIE MArHUTHBIE MaTEpUabl, B KOTOPBIX
HIDKE TeMIlepaTypbl MarHUTHOTO (ha30BOro Iie-
pexojia B yCJIOBHOM MIIOCKOCTH (XZ) MPOSIBISAET-
csl aHTU(DeppOMArHUTHBIN XapakTep yrnopsijgode-
HUSl MOHOB, a BJIOJIb BEPTHKAIBHOU ocu (0Z)-
dbeppomaruutHeii [1-4]. IlpencraButensmu Ta-
KHX KJIaCCOB KPUCTAJIJIOB ABISETCS IBYXKOMIIO-
HEHTHBIE CUCTEeMbI, Hanipumep (VCly; VBry; VJ,),
B KOTOPBIX B IUIOCKOCTH (XZ), Ka’KJblii MarHuT-
HBI MOH OKPY)KEH MarHUTHBIMH HOHAMH, 00pa-
3YIOIIMMH JIBA PAaBHOCTOPOHHHUX TPEYTOJIbHUKA,
HalpaBJIEHUsT CIMHOB B KOTOPBIX 00pa3yroT
yrasl (120° u 240°) ¢ HarpaBiIeHUEM “TIEHTpalIb-
HOTO” CIIMHA.

HecrangapTHble CBOMCTBa TakUX U MOJ00-
HBIX UM CHCTEM BBI3BIBACT OOJIBIIION HHTEPEC UC-
cliefioBaTeneil, 3aHUMAaOIUXCsl TBEPAOTEIbHbI-
MU U MarHUTHBIMH CHCTeMaMu. B wacTHOCTH, B
paborte [5-6] meTogom QyHkiuu ['puHa ObLT BBI-
YHCJICH DJHEPreTHYECKUX CIHEKTP MAarHUTHBIX
BO3OYXKICHU B TOMO00HOW TeKCaroHaJIbHOM
MarHuTHOM mnonpemerke. C y4eToM JaHHBIX
BO30YKJIEHUI OBUIM UCCIIEOBAaHbI MAarHUTHEIE,
ONTUYECKHUE U JIP. CBOMCTBA MOAOOHBIX CHCTEM

IIpu 3amemeHn MpUMECHBIM aToMoM [7],
AHAJIOTHYHO “‘UJIeaIbHOM CHCTEME”’, 3TOT aTOM
OKPYXEH IBYMsl PaBHOCTOPOHHHUMH TPEYIOJb-
HBIMHM KPUCTAJNIMYECKUMH MaTpHUIlaMH, B y3J1ax
KOTOpBIX HAXOIATCS MarHuTHele MOHBI Pucl.
Kak MOXHO BUAETh U3 pUCYHKA, B pPe3yJibTaTe
9TOr0 BO3HMKAIOT JIBE TPEYrOJbHBIE MAaTpPHIIBI,
OTJIMYAOIIKECS HAMPABICHUSIMH CIIMHOB OT Ha-
IPaBJIEHUS “IIEHTPAJIBHOIO” 3aMEILEHHOTO aTo-
ma Ha 120° u 240°.

Ha ocnHoBe 3T0#1 MOzenu OBLTU MOCTPOCHBI
MaTpUIIbl BO3MYILEHHUS, U BBIYMCIEHBI JIOKAJb-
Hbl€ YPOBHU JUIsl TPUAHTYJISPHOU CUCTEMBI [7].
[lepeuncnenHble  UCCIENOBAHUS  PA3IUYHBIX
CBOMCTB TaKHUX CHCTEM OTHOCATCA K TemIepaTy-
pam T=0, HO ecTh MOAOOHBIE HCCIAETOBAHUS JUIS
JMarna3oHOB TEMIIEPATyp OTJIMYHBIX OT HYJS C
y4€TOM MOBEPXHOCTHBIX CIIMHOBBIX BO30YXkJe-
Huii[8]. Ho B nmaHHBIX paboTax Y4YMTHIBAIOTCS
TOJIbKO B3aUMOJEHMCTBUSI MPUMECHOIO aroMa C
HauOMDKANIIMMHU COCEIIMHU, HAXOAALUIMMUCS B
MEepBON KOOPIAMHAIMOHHOW cdepe, B KOTOPOM
MEX/y MarHUTHBIMU HOHaMH CYILIECTBYET TOJb-
KO aHTU(EeppOMarHuTHast CBA3b.

Lenbto HacTosIeH pabOTHI ABISETCS pacueT
CIICKTPA CHCTEMBI C YYE€TOM B3aHUMOJACUCTBHS C
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aTOMaMH, HaXOSIIUMHICS BO BTOPOI KOOpIUHA-
UOHHOM cdepe. B naHHOM cucTeme CBS3b IIEHT-
PAJIBHOTO CIUHA C HAMOIMKAUIIUM OKpPYKEHHU-
€M sBJIsieTCs aHTU(EpPOMArHUTHOM, a ¢ aToMa-
MU BTOPOH KOOPIWHAIMOHHOH cepsl — Geppo-
MarHuTHOM, T.e. MOSBIISIETCS HEOOXOIUMOCTH
yuéra Ha psaay ¢ aHTU(EPPOMATHUTHBIMU B3au-
MOJICHCTBUSAMH Takke (DEppPOMArHUTHBIX CBS-
3eH.

‘."_).....................:'.'..)

Puc.1.

MarHuTHas 31eMeHTapHas sueiika IByTPUAHTyIIsIp-
HOTO aHTH(EPPOMArHETHKA C IEHTPUPOBAHHBIM CITH-
HOM B (D€pPOMArHUTHOM OKPYKEHUH.

I[BYTPI/IAHFYJIHPHBII?'I AHTUDEPPO-
MATHETHUK C HEHTPUPOBAHHbLIM
CIIMHOM B ®EPPOMAT'HUTHOM
OKPVYXXEHHMN.

He3aBrcuMo OT THITA MarHUTHBIX B3aUMO-
NEUCTBUN, “UEHTpaJIbHBbIA~ MarHUTHBIA MOH B
JIBYTPHAHTYJISIPHOW CHCTEME OKPYXKEH JBYMS
reKCaroHaJIbHBIMHU JIEMEHTAPHBIMH MATrHUTHBI-
MH staeiikamu [5].

[Ipu yuére mepBbIX Ommkaimmx cocenei
COOTBETCTBYIOIIHH MIECTUYTOJIHHUK MOKHO pa3-
JIIUTh Ha JIBa PABHOCTOPOHHUX TPEYrOJIbHUKA,
HaIpaBJI€HUs CIIMHOB, KOTOPBIX COCTABJISIOT C
HeHTpainbHbIM ciuHOM 120° u 240°, cooTBETCT-
BEHHO.

HampaBrienue criiHOB BTOPBIX ONMKANIIINX
coceleil, KOTOpPBhIE TaKKE OKPYKAOT IIECTH-
YTOJBHUKOM IEHTPAJIbHBIA aTOM, COBIAJAET C
HAMpaBJI€HUEM IIEHTPAJIbLHOIO CIHHA, YTO
MOJXKHO BHACTH Ha Puc.1

l'aMuabTOHMAH TakKoOW CHCTEMBI
MPEACTaBUTH B CIEAYIOIIEM BHUJIE:

MOXXHO

— > =

H =] 2jn S5 Sivayt] Xjny, Sj Siva,~

2 > -
DYi(S7)" —Jp XjaSiSi+a - (1)

/i€ TIepBbIe JIBa WiEHA OMHUCHIBAIOT aHTU(EPPO-
MAarHUTHBIE B3aUMOJEHCTBUS, TPETUN YJIEH aHU-
30TpPOIIHUIO, a MOCIEeTHUI (eppoOMarHUTHOE B3a-
HMMOJICHCTBUE LIEHTPAIBHOT'O CIIMHA CO BTOPBIMU
ONMKaIIUMU COCEeIMHU.

st Toro 4ToOBl BBIPa3UTh TaMUJILTOHHAH
(1) uepe3 omepaTopbsl CHUHOBBIX OTKJIOHEHHIH,
HEOOXOAUM Tepexo]l OT O0Iel KOOpAMHATHON
cuctemsl K y3noBoid. CornacHo Puc.l, Ha xoro-
poM H300paKeHO PACIOJIOKEHHE CIUHOB aTo-
MOB, CBSI3b MEXAY HUMH HMMEET CIEAYIOIIUN
BU/I;

Slen, = SliA cos 6 —Sf+A sin 8,

Sia, =Sf+A cos ¢ — SlJrA sing, (2)
Sta, = Sf+A cos 6 +SlJrA sin 6,
Sta, = Sl{+A2 cos @ + SliA sing ,

3]1€Ch YIJIbl 0 U 9 — OTKIIOHEHHE HaMarHU4E€HHO-
CTU IOJPELIETOK BTOPOH U TPEThEN OT IIEPBOM,
COOTBETCTBEHHO.

Hanpasnenne koopaunatHoit ocu (0y) BbI-
OpaHO MeprneHAUKYIIpHO miockoctu Puc.l, Ha
KOTOpOM M300pa’keHa MarHUTHas sueiKa CHUc-
tembl. [locnie aToro npeo6pa3oBaHus raMHIIBTO-
HuaH H Oyner BbIpa)xeH 4yepe3 onepaTropsl CIu-
HOBBIX OTKJIOHEHMH, [l KOTOPBIX HEOOXOAUMO
OyZeT COCTaBUTh YPAaBHEHMSI IBUKEHUSI.

Hcnonb3ys npeobpazoBanus [onbiireiina-
[IpumaxoBa [6], MOXHO BBIPA3UTh CIIMHOBBIE
OIEPATOPBI I KaXkKI0r0 y3j1a 4epe3 onepaTopsl
BTOPUYHOT'O KBAHTOBAHHS:

56 =S—-ala; Sf+A1 =5- bz++A1bl+A1,
Sl+A =S — ¢, Clany; S; = \/S/_Z(az +a;),
SlE+A \/7 (bl+A1 + bl+A1)
1+A \/7(01+A2 + Cl+A2)
= —l\/7 2(a;—af)

2.1)

l+A —iy/s/2 (bl+A1 bl++A1),
l+A —iy/s/2 (Cl+Az CltrAz)-

CH0KHOCTh pelIeHHs] CUCTEMBl YPaBHEHHUH
B aHAJIMTUYECKOM BHUJE TpeOyeT pacCMOTPEHHs
JaHHOM 3amaun B MaTpuyHOM ¢opme. Matpuu-
Has ¢opMa ypaBHEHHUM NBW)KCHHH, 3alMCaHHAs
JUISL OTIEPATOPOB Ay, by, Cj, U UM KOMITJIEKCHO CO-
MPSKEHHBIX UMEET CIEAYIOLINX BUI:
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TUKE C ®PEPPOMATHUTHBIM OKPYXXEHUEM

E 0 0\/%+al
0 E O] be+bE, |=
0 0 E Ccr + Ci_k
Qi1 Az g3\ [ax —aly
=(az az O b, — b*,
azg; 0 ass Ck — cj'k
3)
E 0 0\/a—al
0 E O bk - bi_k =
0 0 E Cr — Ci-k
bii bz biz\ [ax +aly
= b21 b22 O bk + bi—k )
b3y 0 b33 cx + ¢ty
rae
a1 = —25z(cos @ + cos ) + 2DS
- 2]'52 (e —1)
R A R
A1 = 2JS Y, etkhi; q,5 = 2JS Xa, etkbz,
az = 2JS Yy, e~b1, g = 2]Szcos O +
+2DScos?0, (3.1)
az; = 2JS Yy, e"*2; az3 = 2JSzcos @ +
+2DScos? ¢,
by, = {—2]Sz(cos 6 + cos @) + 2DS —
—2)'s % (e — 1)},
by, = 2]52 eik81 cos 6,
A
bis = 2].5’2 e*%2 cos ¢,
A
by, = 2]SYa, e ¥ cos 0,
by, = 2]Sz cos 8 + 2DS cos 26,
b3y = 2JSYa, e * 2 cos g, (3.2)

b33 = 2JSz cos @ + 2DS cos 2¢,
Q12 = A31, A13 = Qg1 b1y = D31, byz = byy.

[Tocnennue paBeHCTBA BBHITEKAIOT U3 SIBHBIX
BBIDAKEHUH Y5 etk y X, e®82 y yx xowmm-
JIEKCHBIX COMPSKEHUM.

Kak M0HO BHIETH M3 BBIIIEPUBEAECHHON
3aucH, KaXJ0€ YpaBHEHUE JBUKEHUS 1JIs OIe-
paTopoB U UX KOMIUIEKCHBIX COMPSHKEHUN CO-
JIEPKUT YKA3aHHBIE TUIIBI CYMM U pa3HOCTEH OcC-
TABUIUXCS JPYTUX ONEPATOPOB CUCTEM.

Kak Ob10 OTMEUEHO BEHINIE, IEHTPATBHBIN
CIIUH OKPYKEH JIByMsl TPEYTOJIbHBIMHU CUCTEMa-

MU CIIHHOB, OPUEHTHUPOBAHHBIMU IO OTHOILIE-
HUIO K “IleHTpajbHOMY  11of yriom 120° u 240°
COOTBETCTBEHHO (HambOmkaiiue cocean). Cre-
Jytolee, “BTOPUYHOE” OKPYKEHHUE UMEET I'eK-
CaroHaJbHYIO (OPMY ITOCTPOSHUS CITUHOB, B KO-
TOPOM OHM HMMEIOT OJMHAKOBYIO HampaBlieH-
HOCTb C LEHTpajabHbIM CIMHOM. COOTBETCTBEH-
HO 3TOMY cyMMbl u3 (3.1), COOTBETCTBYIOIINE
nepBomy (aHTU(HEPPOMATHUTHOMY) OKPYKEHHIO
OyIyT IpeaCcTaBUMBI B BUJIE:

A, eikB1 = gikxa/2 coskZ\/;a +e7ia, (3.3)

o i V3 ,
Y, ez = 2e7x/2 cos |, —a+t etkxa (3 .4)
a CyMMa, COOTBETCTBYIOIAsi BTOpoMy — deppo-
MAaroHuTHOMY OKPY>KCHHUIO, UMECT BU/:

o _i V3 V3
Y elkd = ety a cosk,—~a +

Zeik"ga cosk, g a + 2 cosV3ak,. (3.5)

CyMMBI IO TIEPBBIM OJIDKAUIIAM COCEISIM
COJIepKaTCsl B HEIMArOHAJIbHBIX YJIEHAX MaTPHUII
“a” u “b”, a cyMMBI KaKk MO MEpBbIM, TaK U IO
BTOPBIM B OJIMKAWUIIIUM COCEISIM COJICPIKATCS B
JHaroHaJabHBIX 4WieHax. M3 COBMECTHOM 3ammucu
MaTpUYHBIX ypaBHEHUH (3) MOXKHO MOJIYYHUTbH
MaTpUYHOE YpaBHEHUE, U3 JETEPMHUHAHTAa KOTO-
pOTO HaXOJUTCS CIIEKTP MAarHUTHBIX BO30YXK/Ie-
HUI CUCTEMBI

EZ 0 0

0 E?2 0 |-

0 0 E?
Li1 Lz Ly3 a +aly
Ly; Ly, Lo |t| b+ b, | =0, 4)
L3; L3z Lss cr + ¢ty

a1 Q12 Qg3 byy bz b3
azq azo O b21 b22 0 =
azy 0 az/ \b,;, 0 by,

L11 L12 L13
L21 L22 L23
L31 L32 L33

DOneMeHThl TEepBOro CTojdIa W IepBOM
CTPOKM MAaTpHIbl L;; ONUCHIBAIOT CMEUICHHBIE
dheppo-anTH(EeppOMarHUTHOE COCTOSTHHSL.

Pemenune 1aHHOrO MaTpU4HOTO ypaBHEHHS
SABJISIETCS JOBOJIBHO TPOMO3/IKOM U CJIOKHOU 3a-
nageir. IlosTomy B 1HensX ynpouieHus 3ajadu
paccMoTpuM ciyyait, koraa k, = 0. Ilpu sTom
HEKOTOPBIE DJIEMEHTBI MaTPULIBI COBINAAYT APYT
C ApYyTrOM:
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Lz = LspiLyy = Lag; Xa, €01 = 3y, et*lz,

B pesynpraTe 3TOrO0, CIEKTp paccMaTrpuBae-
MO cHCTEMbI OYJIeT OIUCHIBATHCS ABYMS ypaB-
HEHUSIMH, OJHO U3 KOTOPBIX CBSI3aHO C IIEPBBIMU
HauOMMKaNIIMMHU COCEIsIMH, a BTOPOE - KaK C
IIEPBBIMU, TaK U CO BTOPBIMHU:

{E? — Lpp + LpsHE* — (Lyq + Ly + Lp3)E* +
Ly1(Laz + La3) — 2L15L54}3 = 0. (%)
Kax mMoxHO BuzeTs u3 (5) JaHHBIA CHEKTP

CUCTEMBI IBYXKpaTHO BeIpoxkieH. [Ipu ycnosum,
!

uyt0 L12L21<<(L11-L22-L33), T.€. (]7) « 1, MOXHO
HOJYYUTh CIIEKTP Ui CMEIIAHHOTO COCTOSTHUS
CHCTEMBI B YIIPOMIEHHOM (hopme:
Ef = Ly;—Lys, Ef =Ly, ‘|2‘LL22 -
2Lq2L34 2 _ 12L21
Tl L7 Es =Ly + ToiLa Lo’ (5.1)
N3 Beipaxkenun (5) m (5.1) BUIHO, UTO
CIIEKTP COCTOMT M3 TPEX 4acTei, OJJHO U3 KOTO-
PBIX OMUCHIBACT “UUCTO” aHTH()EPPOMArHUTHOE
COCTOSIHUE, BTOPOE - aHTU(hEeppOMAarHUTHOE COC-
TOSIHHE C MaJbIMH OTKJIOHEHHSMHU OT aHTU(ep-
POMarHuTU3Ma U TPEThe - CMELIaHHOE (heppo-
aHTH(EeppPOMAarHUTHOE COCTOSTHHUE.
JlucriepcuoHHOE ypaBHEHHUE (5) MPUBOIUT K
CII0)KHOCTSIM TpauyecKoil HHTepHIpeTaIiu, ro-
TOMY PacCMOTPUM TOJIBKO JIMIIb JAWAroHallb-
HBIE JIEMEHThI MATPUIII «IHEPTUNY:

2 2
DJ 2 1 o
TS "“—1)] -2<2>
©)

2

1

E? = (2/Sz)?

B3 = 53 = Us2*{ (1 —%) (1

W3 Beipaxkenutit (6) BUIHO, 4TO EZ = EZ ONU-

CBIBAIOT aHTU(EePpPOMArHUTHbIE BO3OYKIEHUS, a
E,? - cMemmanHbIe BO30OYKJICHHS.

[TosnydeHHBIE COOTHOLIEHUS [TO3BOJISIFOT UH-
TEepPHpPEeTUPOBaTh IpapUUECcKu MOIyUYEeHHbIE pe-
3yJbTaThl, YTO MOKHO BUAETH Ha Puc.2.

ITpu J' = 0 oTinuuue mepBoro 4ieHa B (6)
OT OCTAQJIBHBIX CBSI3aHO C HANPABJICHUSIMH CIIH-
HOB. CyMMBI, coaepxKaliuecs BO MHOXKHUTENSX
(5), ompenenstoTcss MPOCTHIMU aIreOpanyuecKu-

MU IIpeoOpazoBaHusIMU coryacHo Puc.1:

J'#0, Y\ (ei%Z - 1) = —125in2k2\i—§a

J' =0, ZAleiﬁl =1+ 2cos kzga.

[Tpu monyuennn ypaBuenuii (5), (6), onu-
BAIOIIUX CIIEKTP CUCTEMBI, 32 OCHOBHOE COCTOSI-

k- a

Puc.2.

JlucniepcnoHHbIe KPUBbIE 3aBUCUMOCTH SHEPTUU Mar-
HOHOB OT Z KOMITOHEHTBI BOJJHOBOTO BEKTOpa: 1- KpH-
Bas ¢ Y4E€TOM YHCTO aHTHU()EPPOMArHUTHOTO BKJaa, 2-

KpHBas ¢ y46TOM BKJIa/la CMEIIAHHBIX BO30YKICHUH

(arTHOEppOMATHUT- HEPPOMATHUT).

sHue ObUTO BBIOpaHO coctosiHue Heernst.

Kak BumHO w3 Puc.2 “gaucto” antudeppo-
MarHuTHele cocTostHus (1) BO30YyKAaroTcs yxke
IPY MaJbIX 3HAYCHUSX BOJHOBBIX BEKTOPOB B
OTJIMYMU OT CMEIIAHHBIX COCTOSHHA (2), HO C
yBEeJIMYEHUEM 3HaueHUl k, HaOnromaeTcs 3Ha-
YUTEIbHBII POCT PHEPIMU MAarHOHOB, COOTBET-
CTBYIOUIMI CMEIIAHHBIM COCTOSIHHSIM, T.€. POJIb
“BTOpUYHBIX COCENIEN” BO3pacTaer.
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FERROMAQNIT OHATOLI TRIANQULYAR LAYLI ANTIFERROMAQNETIKLORDO MAQNIT
HOYOCANLASMANIN SPEKTRI

M.N.ABDULLAYEV, G.Q.KORIMOVA, V.S.TAGIYEV

Bu igdo ferromaqnit ohatsli trianqulyar layli antiferromaqnetiklordo maqnit hoyocanlagmasi toadqiq edilmisdir.
Enerji spektri miirokkob sokilde oldugundan k=0 yaxinlasmasindan istifado edilib. Bu yaxinlasmadan istifads etdikdo
baxilan sistemin enerji spektri ii¢ vurugun hasili soklinds 6ziinii biruzs verir. Onlardan birincisi antiferromaqnit tipli,
ikincisi antiferromaqnit tiplidon ciizi konaragixma, ii¢iinciisii iso ferromaqnit- antiferromaqnit spektrin qarisigidir.

THE SPECTRUM MAGNETIC EXCITATION OF TRIANGULAR LAYERED ANTIFERROMAG-
NETS WITH FERROMAGNETIC AROUNDING

M.N.ABDULLAYEYV, G.Q. KERIMOVA, V.S. TAGIYEV

The magnetic excitation of triangular layered antiferromagnets with ferromagnetic arounding has been investi-
gated. The approximation k,=0 has been used in connection with the energy spectrum complex form. It has been shown
that in this approximation the energy spectrum consisted of three main parts. The first part corresponds to antiferromag-
netic type. The second part has corresponded to antiferromagnetic type with weak abnormality. The third part has corre-
sponded to mixed ferromagnetic- antiferromagnetic type.

Penakrop: 1. H. 1o ¢puszuke M.M.babaes
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PEDEPAT

[TpuBoOAsATCS DKCIIEPUMEHTAJIbHBIE WCCIECIOBAHUS JABICHHS
HACBHIIIEHHBIX MMAapOB TepMalbHBIX Boxa ['axckoro u I'abamiH-
CKOTO paifoHOB AsepOaifmxana. [IpoBeneH cpaBHUTEIBHBIN
aHaIN3 MOJTYYCHHBIX PE3yIbTaTOB C NAaBICHNUEM HaCHIICHHBIX
MapoB YUCTOM BOABI, MTaHHBIE 000OIICHBI ¢ TOMOIIBIO ypaBHE-
HUS AHTyaHa. OBITH OBUTH MPOBEACHBI B TA00OpaTOPHAX Ka-
denpst «Texuuueckas Tepmomunamuka» Pocrokckoro YHu-
BepcuteTa ['epMaHKU ¢ UCTIOIH30BaHUEM aOCOTIOTHOTO U Au(D-
(bepeHIMaIbHOTO CTaTHYECKOTO0 METo/a B O0JIACTH TeMIiepa-

BOJIbl, ypaBHEHUE AHTyaHa, paCTBOPEHHBIC I'a3bl.

Typ 274413 K.

Azepbaiixan 6orat TepMaabHBIMU HCTOY-
HUKAMH, I'PA3EBBIMU BYJIKAHAMH, COJISTHBIMU I1€-
iepaMu M 3aJIeKaMi YHUKaJIbHOTO HaTaaHa,
UCLEJISIOIIEro OT MHOTUX Henyros. Ha cesepo-
3anane Azepbaiixana B 12 kM ot roposa I'ax Ha
BbicoTe 1500 MeTpoB Hax ypoBHEM MOps pacIio-
JI0O)KEHO BBICOKOTOpHOE ceno Mnmcy, xkoropoe
OKPY’KalOT CEPHUCTBIE TEPMAJIbHBIE HCTOYHUKH.
Wx Boay UCIIONIB3YIOT /715l UThS U 11 BaHH, KO-
TOpbIE IPUHUMAIOT B CIIELUAIBHBIX KYMAJIbHAX
u OacceifHax mpH 3a00JieBaHUSX ONOPHO-ABUTA-
TEJILHOTO armapara, KOXHbBIX MpobiieMax U ai-
JIEpruu.

Eme ogun TepManbHbIi pervuoH AsepOaii-
okaHa — ["abanuHCKU pailoH. 3/1ech HAXOASATCS
pa3IuyYHbIE TEPMAJIbHBIE HCTOYHUKHU, CPEAH KO-
TOPBIX 110 TEMIEPATYPE U XUMUUYECKOMY COCTaBY
0c000 BelensA0TCS BoAbl EHrumpka u 'amapBaH.
Boga Eurumka HaXoIUTHCS OKOJIO OJHOUMEH-
HOTO cena. XMMUYECKH cocTaB BOJIbI Oorar Ta-
KuMH diemenTamu kak Ca, Na, Mg, S u T.1. Tep-
MaJibHas BoAa ['aMapBaH HaXOIUTHCSA SKM K ce-
BEpY OJHOMMEHHOW JEpeBHU HA BhIcOTE 1388Mm
U TemrepaTypa BOJbl IIPU BBIXOJE COCTABISET
7=312,35K.

B pamkax «['ocynapcrBennoi IIporpammesl
M0 UCIOJB30BAHUIO AlbTEPHATUBHBIX U BO300-
HOBJISIEMBIX MCTOYHHUKOB DHEPTruu B AzepOai-
KaHckol PecryOnuke», yTBep»kKIeHHOU pacro-
psxenueM [pesuaenra Azepbaiimxanckoil Pec-
ny6suku ot 21 okta6ps 2004 roga mo HoMepom
462 [1], B AzepOaiimxaHe IpOBOJIATCS IUPOKO-
MaciTabHbie paboThl IO CTPOUTENBCTBY BETPsI-
HBIX, MJIbIX W OOJIBIIUX THUAPOTEPMAIbHBIX,
COJIHEYHBIX AJIEKTPOCTAHILIMM, HCIOJIb3YIOIINX
SHEPTUI0 OMOMACChl, T€OTEPMaIbHBIX BOJ U T.1.

3anacel TepMalbHBIX BOJA Ha TEPPUTOPUU
AzepOaiixaHa OIEHUBAIOTCS PUMEPHO B 00B-
€ME YETBIPEXCOT ThICSIY KyOUYECKHUX METPOB B
neHb. Temmneparypa Boj konebsercss Mexay 35
u 140°C, 4yTO ABJISIETCS AOCTATOYHO BBICOKHM
nokasaresnem. biaromapsi Takod BBICOKOM TeM-
nepaType TepMajbHble BOABI MO3BOJIAT 3HAYU-
TEJIbHO CIKOHOMUTH Ha HCIOJIb30BAHUU Tpaju-
IIMOHHBIX BHUIOB ToIUMBAa. B AsepOaiimxane
WMEETCS IOCTAaTOYHO MOIIHAS THAPOMUHEPATTh-
Has 0aza JUIsi pa3BEepTHIBAHUS CAHATOPHO-KY-
POPTHOIO CTPOUTENBCTBA, OTBEYAIOILIETO COBpE-
MEHHBIM TpeOoBaHMsIM. X MOXKHO HCHOIB30-
BaTh TAK)K€ B XUMHUUYECKON U MTUIIEBOM MPOMBIILI-



AABJIEHME HACBIIIEHHBIX TTAPOB TEPMAJIBHBIX BOJL
TFAXCKOI'O U TABAJIMHCKOI'O PAMOHOB A3EPBANJI’KAHA

JIEHHOCTH, B CEJIbCKOM M KOMMYHAJIbHOM X035~
CTBE: YIVIEKUCIbIE - IJIs1 pa3jiuBa BOJ U IOJIyYe-
HUS SKUJIKOM YTJIEKUCIOTHI; BRICOKOMUHEPAIU-
30BaHHbIE U crienuduueckue - 1 J00bIYH psaa
XUMHUYECKUX 3JIEMEHTOB U MUHEPAIbHBIX COJICH;
TepMaJbHbIE - B KAUECTBE UCTOYHHMKA TEIJIOBOM
SHEpPTruu u T.1. [2].

B Teuyenne HeckonbKuX JeT Mexay Kaden-
pamu «Temo- u xagoTexHuka» AsepOaiixan-
ckoro Texnnueckoro YHupepcurera u «TexHu-
yeckas TepmoanHamuka» Poctokckoro YHu-
BepcuteTa ['epMannu pa3BUBalOTCA BCECTOPOH-
HEe HAy4yHBbIE CBSI3M, OJHOU U3 KOTOPBIX SIBJIS-
I0TCS UCCIIEIOBAHUS TETIOPU3NYECKUX CBONCTB
reoTepMajbHbIX 1 MUHEPAIbHBIX PECYPCOB pa3-
JUYHBIX CTpaH. JTa paboTa SBISETCS YacThbiO
3TUX MCCIENOBaHUM, TJ€ MPUBOIAATCS PE3Yib-
TaThl JABJICHUS HACBHIIMICHHBIX MApOB TepMallb-
HbIX BoJ ['axckoro u I'aGammHcKOro paiioHOB
Azepbaiikana.

UccnenoBanus 115 onpenenaeHus 1aBJIeHUs
HACBIIICHHBIX MapOB TEPMAIbHBIX BOJI ['axckoro
u ["abanmuHCKOTO paiioHOB A3epOaiikaHa mpo-
BOJMIIACh B laboparopusx kadenpsl «TexHuue-
ckas Tepmonunamuka» PocTokckoro YHusep-
cuteta ['epManny ¢ UCTIONB30BAHUEM JBYX pa3-
JENbHBIX YCTAaHOBOK aOCOMIOTHOTO METO/a MPH
7=274.15+323.15K noka3zannoit Ha Puc.1 u npu
T=323.15+413.15K, noka3annoi Ha Puc.2. Ilo-
IpOOHOE OMHUCAHNE YCTAaHOBOK ITPUBEEHBI B pa-
6orte [3].

OCHOBHYIO 4acCTh YCTaHOBKHU JJISl U3MEpe-
HUS JaBJIEHUS HACBIIIEHHBIX MApOB MPU TEMIIe-
parypax 7=274.15+323.15K na Puc.l cocras-
TSI0T CTeKsHHbIe sueiiku (3,4,27), Temmepa-
Typa B KOTOPBIX PETYIHPYETCS C TTOMOIIBIO Tep-
moctara Lauda Gold R-415, I'epmanus (21) c
touyHocThio +0.01K u wu3mepsieTrcs miIaTuHO-
BbIMH TepMomerpamu PT-100 (6,35) ¢ TouHo-
ctero £0.01K. M3MeputenbHble SYEHKH UMEIOT
o6beM npumepHo 80cm’ kaxkmas. JlapieHue
HACBIIICHHBIX TTAPOB B U3MEPHUTEIBHBIX STUCHKAX
U3MEPSIETCS] ¢ TIOMOIIbI0 BBICOKOTOUYHBIX H3Me-
puteneit nasnenuit (10) MKS Baratron, tumna
616A (CILIA) B muddepeHIHaIbHONR YacTH C
TOYHOCTHIO p = +1+3I1a u MKS Baratron, Tuna
615A (CIHA) B cratnueckoit yactu (23) ¢ Tod-
HoCThIO p= +10-+30I1a.

OTU U3MEPUTEIN JABJICHUSI TEPMOCTATUPY-
1oTcs npu temneparype 7=333.15+0.01K B cne-

[UATBHBIX pe3epByapax s MOANSpKaHUS TI0-
cTostHHOM Temriepatyphl (11, 22) ¢ momoristo
tepmoctata Haaki, ['epmanus (16).

Puc.1.

OKcreprMeHTaIbHAs yCTaHOBKA IS ONIPEICIICHUS JaB-
JICHUsI HACBHIIICHHBIX IApOB TI'€OTEPMAaNbHBIX U MHHE-
pansHbIX BoA: (1), (28), (30) - marauTHAs Memanka; (2),
(36) - maruuT, (3) - stueiika AudpepeHIaIbLHOT0 METo/1a
JUTSL YUCTOH BOJIBI; (4) - stueiika nuddepeHInaaIbHOro Me-
tona ais obpasua; (5), (37) - knanaHsl 151 3aKphIBAaHUS
srueiiku qud depeHIranTbpHOTro MeToa st oopasua u (26)
- CTaTHYIECKOTO MeToa Ut 00pasia; (6), (35), (39), (40)
- IJTATHHOBEIE TEPMOMETPHI CONPOTHBICHHUS C 4-X Ka-
HAJIBHBIM BXOJHBIM MOJYJIEM ITONyYCHHS U HAKOTICHHUS
naaaeix Omera PT-104A (19); (7), (20), (38) - coeaune-
HUS JUIA 3amojHeHHe oOpasma; (8) - amekTpuveckoe
HATPEBaHWE COCAMHEHHWHA STYCHKH C M3MEPUTEISIMU JaB-
nenust MKS Baratron 616A u (25) - MKS Baratron 615
A; (9) - BongHOe HarpeBaHUe COCIMHEHUHN TYSHKH C U3-
Mepuressimu gapinenns MKS Baratron 616A u (24) -
MKS Baratron 615 A; (10) — m3mepurens TaBICHUSL
MKS Baratron 616A B nuddepeHmaibHOM MeToAe U
(23) - MKS Baratron 615A B cratmyeckom merozae; (11)
- pe3epByap AJs TOJJEp’KaHUE ITOCTOSHHOHM Temriepa-
TYPBI JUISI H3MEPHUTEIS TABJICHUH B MuddepeHInansHoM
Metoje u (22) - B cratuueckoM Metone; (12) - coequnu-
TeJIb CUTHAJIA JTABJICHUS C MHIUKATOPOM IaBIICHHS TU]-
¢epentmansHOro Meroza u (15) - crarnueckoro MeTona;
(13) - naauKaTOp cUTHANA JMaBleHUs JUdepeHITHab-
Horo Merona u (14) - cratndeckoro metoxa; (16) - Tep-
moctaT HAAKE F5; (17) - cucremsl ynpaBieHHs 3JEK-
TpoHarpeBatens i auddepeHnInaNIbHOT0 MeTona |
(18) - nnst cratnueckoro metona; (21) - Tepmocrar Lauda
Gold R-415; (27) - saeiika ctaTmueckoro Metona; (29) -
KoJi0a [uIst 3anoiHeHus oopasua; (31) - BakyyMHBIN HH-
nukatop TTRI100; (32) - noBymiKa ¢ >KUAKUM a30TOM;
(33) - BakyymHbIi Hacoc; (34) - KOMITBIOTEp VIS yIIpaB-
JICHUsI yCTAaHOBKOH.
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OTH U3MEPUTENH JaBJICHUS TEPMOCTATHPY-
1oTcs npu temneparype 7=333.15+0.01K B cne-
[UATBHBIX pe3epByapax Ul MOAJEPKaHUS IO-
cTostHHOM Temriepatypsl (11, 22) ¢ momorisio
tepmocrata Haaki, ['epmanust (16).

- h¥ B 8
< ‘,.4
e— 2| ¢
9

—— - 10

£y =~ JJ 1

] 12

S 13

- 14

15

=1 17
187

Puc.2.

OKclepuMeHTa bHas YCTaHOBKA AJIS M3MEPEHUs
JIABJICHUsSI HACBHIIIEHHBIX IIapoOB IMPH TeMIeparypax
T=(328.15 mo 473.15) K: (1) - tepmocrar LAUDA
ECORE 415 G; (2), (3) - nmaTHHOBBIE TEPMOMETPHI CO-
npotuBieHus; (4) -usmepurenu nasinenus SERIE 35 X
HTC; (5) - 4-x kaHANBHBIA BXOAHOW MOIYJH MONTyde-
HUSl M HaKOIUIEHUsl AaHHbBIX TeMieparypbl Omera PT-
104A; (6) -xoMOBIOTEp IUTS YIPABICHUS YCTAHOBKOW;
(7) - nanukarop nasneHus; (8) - koba Is 3ar0THEHHS
YCTAHOBKH H3MepseMoi xuakocty; (9), (10) -BenTwinmy;
(11) - u3onsanusa n3mMepuTeNbHON sueliky; (12) - pesep-
Byap Ul MOAJCPKAHUS ITOCTOSTHHOM TeMIIEpaTypsl B
HM3MEpUTENbHOMN suelike; (13) - u3mepuTenbHad sueiika,
(14) - marnawur; (15) - marauTHas Memranka; (16) - Baky-
ymubi naaukatop TTR100; (17) - moBymika ¢ KUIKAM
azoroM; (18) - BakyyMHBII Hacoc.

Jl1s u3MepeHust 1aBJIEHUs] HACBIILEHHBIX
MapoB IIPU BBICOKHX TeMIlepaTypax, Korjaa us-
MeEpsSIEMOE JaBIIEHUE CTAHOBUTCS BBIILIE aTMO-
chepHOro, HMCIONb3yeTcs Apyras sueika u3
HepkaBetomeit cranu (Puc.2). B aroit ycra-
HOBKE SKCIIEpUMEHTAJIbHbIE pabOThl MPOBO-
JaTcs pu Temnepatypax 7=328.15+473.15K.
BHyTpenHuit 00beM SYEHKN COCTaBISAET MPH-
mepHo 140cM. TemnepaTypa BHYTpH H3MEpH-
TEJIbHOW STYEHKH CO3/1aeTCsl ¢ MMOMOIIBIO TEP-
moctata (1) LAUDA ECO RE 415 G (I'epma-
HUs) ¢ TouHOCThI0 AT=+0.01K u uzmepsercs
C MOMOIIBIO JIBYX IUIATHHOBBIX TEPMOMETPOB
conpotunenus (2,3) PT-100, koTopeie mpu-
COEIMHEHBI K 4-X KaHaJIbHOMY BXOJHOMY MO-
IyJI0 TIOJIYYEHHWS W HAKOIUIEHUS 3HAuYeHUM

temneparypsl (5) Omera PT-104A (Omega
Engineering, inc., CIIA). /laBieHue HachI-
IICHHBIX apOB M3MEPSIIOCH C TIOMOIIBIO U3-
meputens nasnenus (4) (SERIE 35 X HTC,
Omega GmbH&Co., 'epmaHusi) ¢ TOUHOCTHIO
AP=+£2000Pa.

PE3VJIbTATbI DKCIITEPUMEHTOB

[Tonmy4yeHHble pe3ynbTaThl JAABICHUNA Ha-
CBIIIEHHBIX TAPOB TEPMaIbHBIX BoJ I"axckoro
u [labanmmHCcKOro pailonoB A3sepbaiimpkaHa
npuBeneHsl B Tabmune 1 u A HarIsIqHOCTH
npuBeneHsl Ha Puc. 3.

400000

350000
300000 -
250000 r
£
N 200000
150000 -

100000 -

50000 /

0
273.15 293.15 313.15 333.15 353.15 373.15 393.15 413.15
T/K

Puc.3.

3aBUCHMOCTh JaBJICHUS HACBIIIICHHBIX MTApOB p
TepMalbHbIX BoA ['axckoro u ['abanuHckoro paiio-
HOB A3ep0aiipkaHa ot Temmeparypsl: € “Mokcy”;

B “ Umucy Cerrap”; A, Wmucy bemOymnar Bepx-
Has”; @, Enrumka”; O, “ T'amapBan™; -- X --, Boga
[4].

Kax BugHO 13 Puc. 3, maBieHre HACHIIIEH-
HBIX MMapOB TCPMAJIbHBIX BOJ I'axckoro u I"a0a-
JMHCKOTO pailoHOB A3zepOaiijkaHa BbIlIe, YeM
AAaBJICHUC HACBIIICHHLIX ITapOB YHUCTOMN BOJBI.
OTOT (QakT MOKHO OOBSCHUTH TEM, YTO B IPH-
pOI[HOﬁ BOAC UMCIOTCS PACTBOPUMBIC I'a3bl, KO-
TOPBIC TaKXE CO3MAI0T JAaBJICHHUE I1apOB. ,Z[J'If[
OKCIICPUMCHTA HUCIHOJB30BAJIMCh TCPMAJIbHBIC
BoJibI ["axckoro u ["abanmHCKOTO paitoHoB A3ep-
6a17111>1<aHa B TOM COCTOIHHNHU, B KOTOPOM OHHU BbI-
XOJAT Ha MMOBEPXHOCTH 3€MJIH, T.C. 0e3 n3Bieue-
HHUA PACTBOPCHHBIX B HUX T'da30B. HO3TOMy pac-
TBOPEHHBIE Ta3bl OCTABAINCH B 0OOpaslax BO
BpEMs MPOBEACHUS IKCIEPUMEHTOB. B pe3ynb-
TaTe ATUX IKCIIEPUMEHTOB M3MEPEHO a0COIIOT-
HO€ JaBJICHUC HACBIIICHHBIX IIApOB 3aIl0JIHCH-
HOTO 00Opasa.
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AABJIEHME HACBIIIEHHBIX TTAPOB TEPMAJIBHBIX BOJL
TFAXCKOI'O U TABAJIMHCKOI'O PAMOHOB A3EPBANJI’KAHA

Taoauna 1.
JlaBieHHs HACHIIIEHHBIX MAPOB TePMaJbHBIX BOJ ['axcKoro u
INabamuHckoro paiioHoB A3zepOaiimKkaHa.
[ Tepmaasunie soaep Faxckoro pationa Tepmainunte poapt Fadaannckoro paitona
_ Mokey | Mamey Cenrap | Tlancy BemGyaar Beprag | Forwpea | Tavapean
_ TK [ pM | TK [ pl | TK [ pla | TK [ pf [ TK | pfa |
799 274,15 936 27418 862 27419 150

|
4

| 1231 278.17

283 .43

916

27815

0 ()1

303 36

31311

322.91

T 8374

37318 | 114103 |
318 | 158842
WIS | 216582 |

105738 | 37318

37347

383N

|]~}|in

303 1§

103 16

[ 103 16

| 4315 |

NGO

TEOPETUYECKOE OIIMCAHUNE
OKCIIEPUMEHTAJIBHBIX PE3VJIbTATOB
Bcnenctue Toro, 4to 3KCEPUMEHTHI IIPO-
BOAWJIMCH B OIIPCACIICHHOM MHTCPBAJIC TEMIICpA-
TYp, AJIsl BBIUMCIICHHs JABJICHUS HACBIIIEHHBIX
MapoB KaxxJI0ro obpasla B HHAMBHUIYaJIbHOM
¢dbopMe HCIOIB30BAaHO YpaBHEHHE AHTyaHa!

In p = A-B/(T+C), (1)
371ech p — faBieHue napa B Pa, 7' — abconmoTHas
temneparypa B K, A, B u C — ko3¢ dunnenTsl,
KOTOpbIe NpuBeaeHbl B Tabnuie 2 BMecTe ¢ mo-
TPEIIHOCTHIO OTHCAaHUS JKCIIEPHUMEHTAIBHBIX
JAHHBIX JaBJICHUM HACHILEHHBIX IapoB Tep-
ManbHBIX BOJ ['axckoro u ["'aGanuHCKOTO paiio-
HOB A3ep0aiikaHa, KOTOpble ObLIIH paCCUUTAHbI
o ¢hopmyre

2

TJI€ Poxe — IKCIIEPUMEHTAIBHOE JaBICHUE HACHI-
HIEHMUS], Ppac — PACCUMTAHHOE JIaBJICHHE HACHIIIE-
HUS C TOMOIIbIO ypaBHEeHUS (1).

AHanu3upyss XMMHYECKHE CBOMCTBA ATHUX
o0pa3ioB [5], MOKHO CKa3aTh, YTO ITH HCTOY-
HUKH HE TaK CUJILHO OTIMYAIOTCS APYT OT Apyra
[0 CBOMM CBOMCTBAaM M COCTAaBIISIIOT OCHOBHOM
MOTEHITMA TepMabHbIX Boj ['axckoro u ['aba-
JIMHCKOTO pailoHOB A3epbaiikaHa.

$lp =100/ [(po — Do Ve )

i=1

1 0325

I

| 323351 |

274 323 58 14604 15911

33315 33608 333.15 24644

[ 13668 343 15 7649

[T 51810 | 35315 | Ss04s
31 75628 | 36315 | S1083 |

[ 110206 37318 | 10Sd8 | 37318 | 114873
| 154259 383 15 151348 | 38315 | 130400 |

[ 211623 | 39315 | 208188 | 39318 | 217060
| 2385700 | 40315 | 2 T A03.15 | 200489

[ 37 35 | [ 41355 | 3
Taoauna 2.

Koadpdumumentsr 4, B, C ypaBHenus (1) misg TepMaIbHBIX
Box ['axckoro u ['abanmmHCKOTO paitoHOB A3epOalimkaHa.

TepMaIbHBIE BOIBI A B C wlp %

Mokcy 24.1750 | 4467.78| -18.7471| 0.0153

Wmucy Cenrap 22.8743 | 3710.90| -42.6878| 0.0055

ey bewdynar | 3 5574 | 392132 -36.4976 | 0.0057

Bepusis

Enrumka 23.7985 | 4299.81| -20.9472 | 0.0157

l'amapBan 22.6749 | 3598.53| -46.7019 | 0.0057
3AKJIOUEHUE

BrniepBeie ObUIO HCCIIEIOBAHO J1aBJIEHUE
HaCBHIIIEHHBIX MTAPOB TEPMAJIBHBIX BOJ ['axckoro
u l'abanuHckoro paitoHoB Azepbaiimxana. Ilo-
JTy4YeHHBIEe JaHHbIE OBUIM MPOAHATU3UPOBAHBI C
MTOMOIIIBIO JIaBJICHHUS HACBHIIICHHBIX ITapOB YH-
CTOH BOJBI, a Takke OOOOIICHBI C ITOMOIILIO
ypaBHeHUs1 AHTyaHa. PacTBOpeHHBIE ra3bl Wr-
paroT 3HAYUTENBHYIO POJIb JJIS UCCIIEIOBAaHUS
JTaBJICHUSI HACBIILIEHHBIX TapOB 00PAa3II0B.

Ceroans TepmanbHble Bogbl ['axckoro u I'a-
OaJIMHCKOTO paiioHOB A3epOaiikaHa UCIOIb3Y-
I0TCS, B OCHOBHOM, B JICUEOHBIX U MMUTHEBBIX LI€-
nsx. Ho, nucnones3ys npupoiHeie 6oraTcTBa paii-
OHa M OTJMYHBIA HATypaJIbHBIA KIMMAT, 3/1€Ch
MO>KHO Pa3BHBATh TYPUCTHYECKHUE, JeUucOHbIC U
JIp. OOBEKTHI.

OKo0 3THX TEpPMaJbHBIX HCTOYHUKOB
(GYHKIIMOHHUPYIOT pa3iuvHble JedeOHO-TIpodu-
JaKTHUYECKHE CAHATOPHH U 30HBI OTAbIXa. Boabl
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ATUX HMCTOYHUKOB MOJXOJAT JJIsl JICUCHUS PEB-
MaTu3Ma, OCTCOXOH/IP03a, PAJAUKYJINTA, Pa3Ind-
HBIX KOXKHBIX 3a00JIEBAHUH.

3. N.D.Nobiyev, M.M.Basirov, C.T.Safarov, A.N.Sah-

verdiyev, Azarbaycamin  Xagmaz — rayonunun
geotermal  sularmin  buxar  tazyiqi, Qafqaz
Universiteti jurnali, 1 Ne 29 (2010) 82-85.

A.Ohmoadov, Azarbaycamn Qax va Qobala rayon-
larimin ~ geotermal  sularimin  kimyavi  analizi,

1. Azoarbaycan Requblikasmda ‘altemgti\'/ Vo Azarbaycan Texniki Universiteti, Elmi Osarlor, Ne4
borpa olunan enerji monbalorindon istifads (2013) 125.
olunmast {izro D6vlat Programu, (2004). W.Wagner, A.PruB, The IAPWS Formulation 1995
2. WN.II.M6parumosa, I uopozeonocuyeckue yc- for the Thermodynamic Properties of Ordinary

JI08USL  (POPMUPOBAHUS  MUHEPATLHBIX 600
Asepbatiocana, Cankm-Ilemepoype, (2004)

Water Substance for General and Scientific USE,
Journal of Physical Chemistry, 31 (2002) 387-535.

317.

AZORBAYCANIN QAX VO QOBOLO RAYONLARININ TERMAL SULARININ
DOYMUS BUXARININ TOZYIiQi

A.OHMODOV, C.SOFOROV,M.BOSIROV, E.HASSEL

Azarbaycanin Qax vo Qoabals rayonlarinin termal sularinin doymus buxarinin tozyiqi tocriibi tadqiq olunur. Tomiz
suyun doymus buxarinin tozyiqi ilo bagli alinmis naticalorin miigayisali tohlili aparilmig, molumatlar Antuan tonliyinin
komayi ilo timumilogdirilmigdir. Tacriibalor T=274+413K temperatur oblastinda miitloq vo differensial statik metoddan isti-
fado etmoklo Almaniyanin Rostok Universitetinin “Texniki Termodinamika” kafedrasinin laboratoriyalarinda yerino
yetirilmisdir.

SATURATED VAPOR PRESSURE THERMAL WATERS
GAH AND GABALA REGIiON OF AZERBAIJAN

A.AHMEDOV, J.SAFAROV, M.BASHIROV, E.HASSEL
Investigation of the vapor pressure of thermal water resources of the Gakh and Gabala regions of Azerbaijan have
been presented. Results related to saturated vapor pressure of pure water have been comparably analyzed and summarized
with the equation Antoine. Experiments conducted by using absolute and differential static method in the temperature range
of T =274+413K have been carried out in the laboratories of the Institute of Technical Thermodynamics of the University
of Rostock located at Germany.

Penaxrop: akan. A.A.I'apubos
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YCJIOBUSA POCTA OJHOPO/JHBIX MOHOKPUCTAJIJIOB InAs-AlAs U3
PACIIIABA, IIOAIIMNTBIBAEMOI'O BTOPBIM KOMIIOHEHTOM
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NpUOIMKEHNE, OXHOPOAHBIN KPUCTAJIL

PEDEPAT

B ndanHoBcKOM MpuOIIKEHNH pellieHa 3a1a4a o onpeere-
HUIO YCJIOBHI BBIPAIIMBAHUS TIOJTHOCTHIO OJJTHOPOJIHBIX MOHO-
KPHCTAJUIOB TBEPABIX pacTBOpoB cucteMbl InAs-AlAs monu-
¢burmpoBaHHbIM MeTO0M Y0XpaabCKOro, ¢ MOMMUTKON pac-
raBa crepxaeM u3 AlAs. [TomydeHHBIE MaTeMaTHIECKUE CO-
OTHOIICHHS U PE3yIBTATHI OMPEICISIOT ONTUMAIBHBIC TEXHO-
JIOTHYECKUE TTapaMeTPhl M PEXKUMBI ISl TIOTYICHUS OJHOPO-
HBIX KpucTawioB InAs-AlAs ¢ 3aJaHHBIM COCTaBOM BO BCEM
HETPEPHIBHOM PSAY TBEPIBIX PACTBOPOB 3TUX COCIAMHEHUIA.

MHorue nonynpoBOJIHHUKOBBIE MAaTepHAaJIb
tuna Alll-BV, nonHocThio pacTBOpssiCh APYT B
Apyre, o0pa3yroT HENpEepbIBHBIN PsJl TBEPIBIX
pPacTBOPOB, TPOMHBIX U OOJIEe CIOXKHBIX, TAKKE
SBJIAIOIINXCS TOJTYIPOBOAHUKOBBIMA MaTepHa-
namu. OTHUMHU U3 TBEPBIX PACTBOPOB JaHHOTO
TUIA, TMPEACTABISAIOINX KaK HAy4dHBId, TaKk U
MPaKTUYECKUM MHTEpeC, SBISIOTCA KPHUCTaJUIbI
InAs-AlAs. InAs u AlAs MoJHOCTBIO pacTBOPS-
I0TCA APYT B ApYre MpH JHOOBIX COOTHOIIEHUSX
KakK B TBEPAOM, TaK U KHUAKOM COCTOSHUAX [1].
OT0 00CTOSTENHCTBO MO3BOJISIET MPELU3HOHHO
YIPaBJIATh NapaMeTpaMH PELIETKH U LIMPUHOM
3anpeniéHHOM 30HbI TBEpAOro pactBopa InAs-
AlAs nyTém U3MEHEHUs cocTaBa MaTpHIbl. 3Ha-
YUTEIBbHOE pa3inyKe B MIMPUHAX 3aIPEIIEHHBIX
30H COCTaBHBIX KOMIIOHEHTOB 3TOH CHCTEMBI
(0.3553B B InAs u 2.165B B AlAs) oTkpbiBaeT
BO3MOXXHOCTb CO3/IJaHUSl Ha OCHOBE 3TUX TBEp-
JIBIX PACTBOPOB MaTEPUAJIOB C 3a/IaHHBIMH CBOIi-
CTBaMH B IIMPOKOM JHAara3oHe.

W3BecTHO, UTO JUIsl MOTYYEHHUS] KPYIHBIX U
COBEPIICHHBIX MOHOKPUCTAJJIOB IOJYIPOBOJ-
HUKOBBIX MaTepualoB HanboJiee 4acTO UCHOIb-
3yeMbIM sBisierca Metof Yoxpanbckoro. Of-
HAKO, UCIIOJIb30BaHUE TPAJULIMOHHOT O BApUAHTA
3TOTr0 METO/Aa B cly4ae TBEPIBIX PacTBOPOB Ou-
HapHBIX CHCTEM IIPUBOJUT K POCTY KpUCTaJLIA C

HEPEMEHHBIM COCTaBOM, 00YCIIOBIECHHBIM CYIIIe-
CTBEHHOM cerperanueld KOMIIOHEHTOB B IpO-
necce Kpucrajnusauuu pacruiasa [2]. Cymie-
CTBYIOT pa3jIMYHbIE METOJbl, BEIyIIUE K KOM-
MEHCAllUM BIMSHUS CErperaluuy, Kak Ha COCTaB
pacriaBa, Tak M pacTyliero kpucramia [2-7].
CyTb 3TUX METOJOB CBOAMUTCA K HENPEPHIBHOU
MOJANUTKE paciulaBa OJHUM HIM OOOMMH €ro
KOMIIOHEHTaMH, KOTOpash MPUBOAMUT K MOAJEp-
YKaHUIO COCTaBa KpHUCTala MOCTOSHHBIM B IIPO-
1ecce Bcero nukia kpucraumsanud. C Touku
3peHusi MPaKTUUYECKOr0 OCYIIECTBIIEHUS U TIpe-
LU3HOHHOTO YIIPaBJIEHUS CKOPOCTBIO MOJAIUTKI
pacriiaBa HauOoJIee MPOCTHIM SIBIISIETCS METO/T
MOAMMUTKU paciuiaBa BTOPbIM KOMIIOHEHTOM, KO-
3 uImeHT cerperauu KOTOPOTO MPEBBIIIAET
enuHully. B dyacTtHocTH, 3TOT MeTon ObLI
YCIIEITHO MPUMEHEH AJI BBIPAIUBAHUS OJHO-
POJHBIX KPUCTAIJIOB TBEPAbIX pacTBopoB Ge-Si
[4,5]. [ToagmuTHIBAIOIIAM CIUTKOM JIJIST 9TOM CH-
CTEeMbI 0BT KPEMHMIA, paBHOBECHBIN K03 uiiu-
€HT Cerperanuu KOTOporo U3MeHATCs OT 5.5 1o
1 B 3aBHCHMOCTH OT COCTaBa pacruiasa [2].
Hacrosmas pabora mocssineHa TeopeTuye-
CKOMY OIpEACIECHUI0 PEKUMOB KpHCTaJUIN3a-
UM U TIOJMUTKH pactuiaBa InAs-AlAs BTOpeIM
koMIoHeHTOM (AlAs), o0ecrnieunBarOmuX pocT
OJTHOPOJHBIX MOHOKPHUCTANIOB TBEPIBIX pac-
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TBOPOB TP BBIPAIIMBAHUN MOIUDUIIMPOBAH-
HbIM MeTogoM Yoxpainbckoro. Llens — ycraHoB-
JIEHUE OIEPAlMOHHBIX TEXHOJIOTHYECKUX Iapa-
METPOB U PEKUMOB ISl POCTA MOJIHOCTHIO OJHO-
POIIHBIX MOHOKPHCTA/UIOB cucTeMbl InAs-AlAs
BO BCEM HMHTEpBaje KOHUEHTPALUNA KOMIIOHEH-
TOB.
Ha Puc.l npuBeneHa KoHuenTyajlbHas
cXema BBIPAIIUBAHUS OJTHOPOJHBIX KPUCTAJIIOB
TBEPABIX pacTBOpoB (InAs)ix(AlAs)x moaudu-
LHUPOBAHHBIM METO10M HOXpalIbCKOTO € UCTIOb-
30BaHHMEM HEMpPEpPHIBHOW MOAMUTKH pacIiaBa
BTOPBIM KOMIIOHEHTOM.

AlAs InAs-AlAs

crusible gap melt

Puc.1.

KonuenTyanbHas cxema BhIpAIIMBaHUS MOHOKPHCTAI-
J10B TBEPBIX pacTBOPOB InAs-AlAs MeTo10M MOJI-
MUTKN pacIiiaBa BTOPHIM KOMITOHEHTOM:

1 — pacTymuii MOHOKPHUCTAILI,

2 — NONUTHIBAIOIINI CTEp)KEHb BTOPOTO KOMITOHEHTA.

B nmanHOM ciyyae, BTOPBIM KOMIIOHEHTOM
NpuHATO coenuHeHue AlAs, paBHOBECHBIH KO-
3GGUIMEHT cerperalud KOTOPOro COCTaBISET
30 mpu x—0 1 1ocTUraeT 3Ha4eHus: paBHOTO |
nmpu Xx—1. B cTapToBBII MOMEHT pOCTa MOHO-
kpuctaina (1), B pacrnaB InAs-AlAs (3) 3anan-
HOT'O COCTaBa BBOAUTCS MOANUTHIBAIOLIUN CTEp-
xeHb 13 AlAs (2). CKOpoCTH KpUCTaNTU3AIH U
MOJANUTKHU PacIjiaBa SBJISIOTCS ONEPaliOHHBIMU
TE€XHOJIOTUYECKMMHU [TapaMeTpaMu. 3ajada CBO-
JUTCSI K ONPEIENIEHUIO TAKOTO PeKUMa KpUCTal-
JIM3AIMK U TTOANMUTKY PacIuiaBa, KOTOPbI obec-
MEYUT TOCTOSIHCTBO COCTaBa paciuiaBa B IIpo-
L[ECCE BCETO LIMKJIA POCTa MOHOKpHUCTAJLIA.

3amauy pemasyd B M(aHHOBCKOM MPUOIIH-
xeHuu [2,4]: ckopoctu nupdy3ur KOMIOHEH-
TOB B pacIljlaBe JOCTaTOYHO BBICOKHM U oOecrie-
YMBAIOT PABHOMEPHOCTh €r0 COCTaBa IO BCEMY
00béMy; nmuddy3us KOMIIOHEHTOB B PacTyIIEeM

MOHOKpHCTaJIJIe TpeHeOpeXKuMO Maia; Ha
(GpoHTE KpUCTAIIM3AlMU CYILIECTBYET paBHOBE-
cHre MEeXIy TBEPAOH U )KUIKOM (hazamu, onpeie-
JsieMoe uarpaMMoi (pa3oBOro cocTtosiHUs Cu-
CTeMbI; GPOHT KPUCTAILTU3AIMH IIOCKHUIA; B pac-
IIJIaBE€ OTCYTCTBYET HUCIIAPEHUE KOMIIOHEHTOB.

Beeném crnenyromue 00o3HaueHus: V. u
V. — 00bEMBI paciiiaBa B TUIJIE B CTAPTOBBIH U
TEKYILHI MOMEHTBI; V, — 00bEM KpUCTAIUIU3HPY-
IOLIErocs pacijiaBa B CIMHHIY BpeMCHH; V/, —

00bEM moanuTKY U3 AlAs, BBOAUMBIi B paciijiaB
B eauHully BpeMeHH; C — oOlee KOJIMYECTBO
BTOPOTO KOMIIOHEHTA B paciuiase; C — MOJsp-
Hasg JI0JI1 BTOPOrO KOMIIOHEHTAa B pacIUlaBe B
crapToBblii MOMeHT; C , C,— MOJSpHBIE JOJIH
BTOPOTO KOMIIOHEHTAa B PACILUIABE M KPUCTAJLIE
cootBercTBeHHO; K =C./C, — paBHOBECHBIIA
ko3 durment cerperanuu AlAs; t — Bpems.

ITo ycnoButo 3axa4n cuuraem, 4to V, u V,

HE 3aBUCAT OT { U TOrAJa, B BBIICHPUHATHIX 000-
3HAa4YCHUAX, UMCCM

Vm :Vrs_(Vc_Vf)t’Vm :_K+V,,é=—KC”1K+V/- (1)

Yuaureisas, uto C, =C[V, umeem

c :EH ¢, _CV,-V.C _C-V.C, @)
"V, dt v, v,
CornacHo nuarpamme (pa3oBOro COCTOSHUS
cuctembl InAs-AlAs, yciaoBueM pocTta TBEPABIX
pPacTBOpPOB C OAHOPOJHBIM COCTABOM SIBIISIETCS
HEU3MEHHOCTh COCTaBa pPacIliaBa B IIPOLIECCE
BCEro LMKJIA KpUCTaIM3auuu. B aToM ciydae

dC, /dt =0 nBBens obosnauenue a =V, [V, u3
(1) u (2) umeem

C-VuC,=0,C =C'=—% |
K-1+a
c=ck-—R% (3)

K-l+a

VYpaHenus (3) J€MOHCTPUPYIOT BO3MOXK-
HOCTb POCTa OJHOPOJHBIX KPUCTAJUIOB IIPH JIIO-
Obix 3HayeHUsix K>1. YcmoBuem pocra mosHo-
CTBIO OZJJHOPOJHOTO IO COCTaBy KpHCTaJlIa SIBJISI-
€TCsl yIOBJICTBOPEHUE 3HAYEHUS KOHLICHTPALUH
BTOPOro KOMIIOHEHTa B paciuiaBe C, ypaBHe-

HUsM (3) KaKk B CTapTOBbIII MOMEHT, TaK U B IIPO-
1ecce BCero IukIa kpuctamumsanuu. CoriaacHo
(3), onpenenenue ycaoBUil pocTa OJHOPOAHBIX
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YCJIOBUA POCTA OJJHOPO/JHBIX MOHOKPUCTAJIJIOB InAs-AlAs U3 PACIIJIIABA,
MNOAIMMTBIBAEMOI'O BTOPBIM KOMITIOHEHTOM

KPUCTAJIJIOB C 33JJaHHBIM COCTaBOM BO BCEM He-
MIPEPBHIBHOM PsiTy TBEPIBIX PacTBOPOB TpeOyeT
3HAHUS 3aBUCHUMOCTH Kod(duimeHnTta cerpera-
nun AlAs oT cocTaBa paciuiaBa BO BCEM HHTEp-
BaJie KOHIIGHTpAlUid KOMIIOHEHTOB. M cmomnb3o-
BaB JIaHHBIC JHarpaMMbl paBHOBECHOTO (a3o-
BOTO cocTostHUsI cucTeMbl InAs-AlAs [1], Obutn
Hainensl 3asucumoctd K ot C, u C, BO BCéM
HETIPEPBIBHOM DSy TBEPIBIX PACTBOPOB MYTEM
ONPEACIICHUS CONPSKEHHBIX 3HAUCHUN KOHIIEH-
Tpanuii Al1As B couyce U TUKBUIYCE CUCTEMBI.
[Toacrasnsisi moslydeHHBbIE 3HAYCHUS B ypaBHE-
Hui (3) HETpyOHO paccuuTaThb 3aBHCHUMOCTH
0=V¢/Vc ot 3Hauennii C, u C. BO BCEM HHTEp-

BaJic KOHHCHTpaIII/Iﬁ KOMIIOHCHTOB.

O8N

(LK) &=

04

0.2} c’

il 0.2 04 0.6 .8 1

Puc.2.

*
3aBHCHMOCTH COCTaBa paciiaBa — Cm 1 OJHOPOAHOTI'O

kpuctamia InjAliAs — C: oT &,

MOCTPOCHHBIE M0 ypaBHEHUAM (3).

Ha Puc.2 npeacraBiieHbl 3TH 3aBUCUMOCTH,
KOTOpBbIE TMOKa3bIBAIOT BO3MOKHOCThH BbIpAIlU-
BaHUS MOJTHOCTHIO OJHOPOTHBIX MOHOKPHCTAII-
70B cuctembl InAs-AlAs rpu 11060M cOOTHOIIIE-
HUM KOMITOHEHTOB ITyTEM TOIIMHUTKH paciijiaBa
crepkieM u3 AlAs. Iloctpoennsle rpaduku
OTIPEIENIAIOT TaKHE TEXHOJOTHYECKUE ITapaMeT-
pBl, KaK COOTHOIIEHUE CKOPOCTEH MOAMUTKH U
KpUCTAJITU3AIlMHU PaCIliaBa, a TAaK)Ke HayallbHbII
COCTaB pacriaBa il BBIPAIUBAHHS OJHOPO/I-
HBIX KprcTaLIoB (InAs)ix (AlAs)x ¢ 3aJaHHBIM X

Pestomupysi  BBIIIEU3TIOKEHHBIE JIaHHBIE
MO>KHO C/IeJIaTh CJIEAYIONIee 3aKII0YCHHUE.

HenpepbiBHas MOANMUTKY paciiiaBa BTOPHIM
KOMIIOHEHTOM B TIpoLiecce pocta Kpuctaimia InAs-
AlAs MomudHUIMPOBaHHBEIM MeToIoM Yoxpasb-

CKOT0 00ECIIE€UHBACT POCT MOJHOCTBIO OAHOPOA-
HOro TBépI[OFO pacTtBopa € JIFOOBIM 3aJlaHHBIM CO-
OTHOIIICHHUEM KOMIIOHEHTOB. Y CTAHOBIICHHBIE TE€O-

* *
petnueckre rpaduku 3aBucumoctuC, u C, OT

0=V¢/V¢ OIpenessoT CTapTOBbIi COCTaB pacIliaBa
Y COOTBETCTBYIOIIME 3HAUEHUS CKOPOCTEH ero moj-
IIATKU 1 KPUCTAJUTH3AINH JUTS1 00ECIIeUeH s O/THO-
pornHoctH Kpuctaiuia InAs-AlAs 3amaHHOTO CO-
cTaBa.
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iKiNCi KOMPONENTL®O QiDALANDIRILAN 9RIiNTiDON
BiRCIiNSLIi InAs-AlAs MONOKRISTALLARIN ALINMA SORTLORI

V.K.KAZIMOVA, Z.M.ZOHRABBOYOVA, H.X.0JDOROV

Pfann yaxinlasmasinda InAs-AlAs sisteminin tam bircinsli bork mohlul monokristallarin ikinci komponentlo
qidalandirilan orintiden modifikasiyalagdirmis Coxpalski {isulu ilo alinma sortlori toyyin edilib. Alinan riyyazi tonliklor vo
naticalar verilon torkibdos bircinsli InAs-AlAs bark mohlullarinin alinmasi {igiin optimal texnoloji parametrlori vo rejimlori
miisyyen edir.

CONDITIONS FOR GROWING OF HOMOGENEOUS InAs-AlAs
SINGLE CRYSTALS FROM THE MELT FED BY THE SECOND COMPONENT

V.K.KAZIMOVA, ZM.ZAKHRABEKOVA, G.Kh.AZHDAROV

A problem for determination of the conditions for growing of entirely homogeneous single crystals of InAs-AlAs
alloys from the melt fed by the second component has been solved in Pfann approximation. The obtained mathematical
equations has been determined the optimum technology parameters and regimes for growing of entirely homogeneous
crystals of InAs-AlAs alloys with desired composition.

Penaxrop: akazn. T./x.dxadapor

117




AZORBAYCAN MILLI ELMLOR AKADEMIYASININ XOBORLORI
Fizika-texnika va rivaziyyat elmlori seriyasi, fizika va astronomiya 2014 Ne5

UOT 621. 315. 592

GeSe KRISTALINDA YUKSOK TOZYIQ ALTINDA IKINCIi TORTIBLI FAZA
KECIDI

F.M.HASIMZAD®O', D.0.HUSEYNOVA’, Z.A.CAHANGIRLIi"?, B.H.MEHDIYEV'

AMEA Fizika Institutu’
AZ 1143, Baki, H.Cavid pr., 131
Azarbaycan Texniki Universiteti’
AZ 1073, Baki, H.Cavid pr., 125
cahanzakir@yahoo.com

Daxil olub: 02.06.2014
Capa verilib: 01.07.2014

Acar sozlor: DFT, A*B°, fonon spektri, faza kegidi,
ABINIT.

REFERAT

Magqalads GeSe kristalinda hidrostatik tozyiqin 28.5QPa
giymotinds ikinci tortibli faza ke¢idinin bas verdiyini nozori
olaraq gostorilmisdir. Hesablamalarda psevdopotensial yanas-
mada, sixliq funksionali nozariyyosinin local sixliq yaxin-
lagmasi istifado olunmusdur. Gostorilon tozyiqdo kristalin hoc-
minin kosilmoz, elastiklik modulunun iso sigrayigla doyismosi
faza kegidinin ikinci tortibli olmasina dolalot edir. Gosto-
rilmigdir ki, faza kecidi, laylar arasi, algaqtezlikli tam-
simmetrik rogs tezliyinin yumsalmasiyla slagadardir. Bunun
naticosindo, tranlyasiya simmetriyasini sado ortotorombik qo-
fosdon bazamorkozlogmis ortorombik qofass geviron, yerdo-

yismo n6vlii faza kegidi bas verir (Pama (D,;) — C,... (D).

GIRIS

Miiasir mikroelektronikada, miixtolif doso-
naylor iizorinds alinmls nazik tobagolorden isti-
fado olunur. Ddsonayin vo tobagonin qofos sa-
bitlorinin uygunlasdirilmas1 tobaqods gorgin-
liklor amala gotirir. Digar torafdon, ddsonayin va
tabagonin istilikdon genislonmo amsallarinin for-
qli olmasi biaksial deformasiyalar yaradir. Kris-
talin qofas qurulus parametrlori vo onunla birlik-
ds electron xassalori amala galon gorginliklar no-
ticasinda kaskin doayisir vo albatts bu dayisiklor
miixtalif cihazlar hazirlayanda miitlaq nazora
alinmalidir. Beloliklo, cihazlarda istifado olunan
maddolorin qurulus, elastik vo electron xassa-
lorine tozyiqin tasirini 0yronmak son daraca oho-
miyyatlidir.

Son zamanlar, layli qurulusa malik A*B° bir-
logsmolorin qurulug parametrlorine vo fonon spek-
trlorino hidrostatik tozyiqin tosirinin Oyronil-
mosind hosr edilmis bir ne¢o nozori todqiqalar
apartlmigdir. Hsueh hommiialliflorle  birlikds
[1,2] tozyiq altinda GeSe birlogsmasinin qurulus
xassalorini vo fonon spektrini ilkin prinsiplordon,
miistovi dalgalar bazisindo psevdopotensial

yanasmada, sixliq funksionali nazariyyasinin lo-
cal sixliq yaxinlasmasinda hesablamisdir. Miial-
liflor hesablamalarin naticesindo belo qonasto
golmigslor ki, yuxarida adi ¢okilon nozariyys giiclii
anizotrpik qurulusa malik GeSe birlogmasinin
hom tarazliq voziyyeatindo qurulus parametrlorini
vo hom da fonon spektrini kifayat doqiqlikls tos-
vir etmokdon basga, hom do tozyiq altinda quru-
lus parametrlorinin doyigmasini incaliklorine qo-
dor izah edir. Bu miialliflorin hesablamalar1 vo
eksperimental todqiqatlart gostorir ki tozyiqin
9.4QPa qiymatino godor GeSe birlogsmasindo faza
kecidi bas vermir. Bundan avvalki basqa ekspe-
rimetal isdo do faza ke¢idi musahido edilmomisdi
[3].

Bizim togdim etdiyimiz isds nozori olaraq
GeSe kristalinda yiiksok tozyiq altinda faza
kecidinin miimkiinliiyli gostorilir.

GeSe KRISTALININ QURULUSU
GeSe layli qurulusa malik A*B® birlosmo-
lorin  sinfins daxildir. Bu birlogsmalar yaxin in-
fraqirmiz1 oblastda isloyon fotogobuledicilor vo
lazerlor {iclin  olverisli  materiallardir  vo
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qeyritoksik fotovoltaik cihazlarda bir uducu
material kimi istifado olunur [4-6].

Foza qrupunun simmetriyast (Pama( D5 )) [4].
Biitiin atomlar (4c) voziyyatinds yerlosir: +(x;1/4,z)
u =(1/2—x,3/4,1/2+z), harada ki x vo z elementar
0zokdo atomlarin, uygun qofas sabitloriyls ifads olu-
nan, voziyyatloridir. Elementar 6zoya, iki lay toskil
edon 8 atom daxildir. Hor lay, Ge—Se—Se—Ge sira
gaydasiyla yerlosmis 4 atom miistovisindon ibarot-
dir. Sokil 1-do GeSe kristalinin fragmenti gosto-
rilmigdir. Atmosfer tozyiqindo vo otaq temperatu-
runda GeSe kristalinin nozariyyonin verdiyi quru-
lus parametrlori: a=4.305, b=3.76, =10.568,
xGe=0.1109, zGe=0.1173, xSe=0.4942, zSe=0.8550.
Nozars alsaq ki, istifado etdiyimiz, sixliq funksio-
nali metodu adoton gofas parameterlorinin bir az
azaldilmasina gotirib ¢ixarir, optimizs edilmis vo
eksperimental qofos parametrlori [1,4,9] bir-birino
yaxin hesab etmok olar.

Sakil 1.
GeSe kristalinin qurulusu.
A, B, C - atomlarasi an yaxin slagalori gostarir.

Hesablamalar, psevdopotensial yanagsmada,
miistovi dalgalar bazisinds, sixliq funksionali
nazariyyasinin lokal sixliq yaxinlagmasi
osasinda, ABINIT proqgramlar paketi [5,6]
vasitosilo aparilmigdir. Normaqoruyan Hartvig-
sen—Goedekker-Hutter [7] pseudopotentiallarin-
dan istifads edilmigdir. Tam enerjini kifayat do-
qiqlikls hesablanmasini tomin etmok {igiin, dalga
funksiyasi, maksimal kinetik enerjisi 80Ry olan
miistovi dalgalar bazisindo siraya ayrilmisdir.
Briillien zonasinin (BZ) {izorindo inteqrallama
Monkhorst-Pak sxemi [8] vasitosilo 4x4x4 bo-
limlo aparilmigdir. Qafas parametrlori va ele-
mentar 6zokdo atomlarin tarazliq voziyystindoki

movgelori Hellmann-Feynman qiivvalarinin mi-
nimallagdirilmasi sortindon miioyyon edilmisdir.
Minimizasiya omoliyyati, qiivvolorin giymatlo-
rinin 10”7 Ry/Bohr qoder azaldana qodor davam
etdirilmigdir. Daha sonra, ABINIT program
paketinin ANADDB programinnan istifado edo-
rok, Furye c¢evirmoklo konfiqurasiya fozasinda
atomlararasi qiivvo sabitlori toyin olunub. ©Oldo
edilon qiivvo sabitlori, sonralar Brilliien zona-
simin ixtiyar1 noqtesindo fonon tezliklorini he-
sablamaq ii¢ilin istifado edilmigdir. Eyni prosedur
hor miioyyon tozyiq liclin tokrar aparilib.

0.52 T T T T

0.50F o2 . 4
S0 - Se) ]
_t%., SR .

0.46

=

0
T
.

(),Il)—"—’

Internal parameters

-8 Qur calculation

1 Experiment 1 (Ref II)
i)
)

0 10 20 30 40
Pressure, GPa
Sokil 2.

GeSe kristalinin elementar 6zayinds “a” oxu
istigamatinds Ge va Se atomlarinin voziyyatinin
tozyiqdon asililig1.

| © Experiment 2 (Ref
~o— Calculation (Ref/[ ]

Naticolor Sokil 2 vo 3—do gostarilib. Miigayiso
liclin, molum eksperimental naticalor [1] do homin
sokillordo gostarilib. Hesablamalarin naticalari, So-
kil 2-don goriindiiyii kimi, tozyiqin 28.5GPa qiymati
yaxmliginda sads ortorombik qofasdon baza mor-
kozlogmis ortorombik qofoso faza kecidinin:

ana( D 16 )—) Cn

2h
nuncuda biitiin atomlar (4c): +(0,%,z) vaziyyatinds
yerlogir. Yeni translyasiyalar: T=(1,0,0); (0,1,0);
(1/2,0,1/2).

Sakil 4-do GeSe kristalinin elastik modulla-
rinin tozyiqden asililiglart verilmisdir.

Elastiklik sabitlorini  hesablamaq {igilin
ABINIT programi ¢or¢ivesinds sixliq funksiona-
linin  hayacanlagsma noazoriyyesindon (Density
Functional Perturbation Theory) DFPT istifado
olunmugdur. Bu metod tam enerjinin deformasiya
ilo bagl ikinci téromalarini va belsliklo elastiklik
sabitlorini  hesablamaga imkan verir. Ortorombik
kristallar1 doqquz miistoqil elastiklik sabitlori ilo
xarakterizo olunur. Odobiyyatda GeSe—nin elastik
sabitlorinin ~ eksperimental — qiymotlori  barado
molumat yoxdur.

(D,)) bas verdiyini gostarir. So-

ncm
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Sokil 3.
GeSe kristalinin elementar 6zoyinds “c” oxu
istigamatinds Ge vo Se atomlarinin voziyyatinin
tozyiqdon asililig1.
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Sokil 4.
GeSe kristalinin elastiklik omsallarinin  tozyiqden
astliligi.

Sokil 5-do GeSe kristalinin hocmi elastik
modulunun hidrostatik tozyiqden asililiqi  goste-
rilmigdir. Sokillordon goriindiiyii kimi, tam ener-
jinin deformasiyalara gora ikinci tortib toromalori
toxyiqin 28.5GPa qiymati qiymati yaxinliginda
sigrayisla doyisir.

Digor torofdon, tam enerjinin deformasiyaya
g0ra birinci tortib téromolori , o ciimlodon, hacm
(bax Sokil 6) hamar doyison funksiyalardir.

Termodinamikada belo faza kegidlori ikinci
tortibli faza kecidi adlanir. Sokil 5-do, ilavo ola-
raq, Onoderanin moqalasindon [10] gotiirilmiis
GeSe kristalinin kegiriciliyinin tozyiqdon asililiq
da gostorilmisdir. Sokildon goriindiiyii kimi,
25GPa yaxinliginda kegiricilik sigrayisla bir tortib

r —— ;
1.0} o Experiment (Ref[10])
~o- (alculation
0.9 \ 4
0.7} \.\' |
0.6} ‘\.‘?\Jtv-_\\_‘ |
0.5 ' ’ ‘ L :
0 20 40 60 20 100
Pressure, GPa
Sakil 5.
GeSe kristalinin elementar 6zoyinin hacminin
tozyiqdon asililig1.
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Sokil 6.
GeSe kristalinin hacmi elastiklik modulunun
tozyiqdon asililig1.
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Sakil 7.

Asagitezlikli tamsimmetrik Ag fononun
tezliyinin tozyiqden asililigi.
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SECOND-ORDER PHASE TRANSITION AT HIGH-PRESSURE IN GeSe CRYSTAL
F.M.HASHIMZADE, D.A.HUSEINOVA, Z.A.JAHANGIRLI, BHMEHDIYEV

The vibrational spectrum of the GeSe crystal has been investigated by using the density functional theory with the
linear response function. The baric dependence of the relative change in the volume of crystal, of the bulk modulus of
compressibility, of the elastic moduli, and of the internal parameters of this crystal have been calculated. It has been
established the existence of the second-order PT at the pressure of 28.5GPa. The change in the symmetry has been the
consequence of a PT of the displacement type induced by softening of the fully-symmetrical low-frequency interlayer
mode.

®A3O0BBIE IEPEXO/bI BTOPOI'O POJA B KPUCTAJJIE GeSe IPU BBICOKOM JTABJIEHUUN

®.M.ITAIIIUM3AJIE, 1.A.T'YCEMHOBA, 3.A.JUKAXAPT'UPJIH, 5.X.MEX/IUEB

MeTO}IOM q)YHKIII/IOHaJ'Ia IIIOTHOCTHU HCCJICAOBAH KoJieOaTeIbHBIH CIICKTP KpUCTaJlIa GeSe n paccHuTaHbl Oa-
pudeckasi 3aBUCUMOCTh OTHOCHTEIHLHOTO U3MEHEHHS 00beMa KpUCTaIlIa, YIPYTHA MOAY/Ib COKUMAaEeMOCTH, YIIPYTHE MO-
IyJH ¥ BHYTPEHHHE KPUCTAJUINIECKHE TapaMeTPhl. Y CTAaHOBIICHO CYIIIECTBOBaHME (Pa30BOr0 mepexo/ia BTOPOTo MopsiaKa
npu nasieHnn 28,51TIa. Mi3MeHeHne cCHMMETpUH - clencTBHE (a3oBoro MEpPExona TUIla CMEIIEHUSA, BBI3BAHHOIO
CMSITYEHHEM TOJIHOCTbEO CUMMETPUYHONU MEXKCIIOEBOM MO/IbI.
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REFERAT

The current—voltage characteristics of mono-crystalline silicon
solar cells under AML.5 illumination condition were studied
before and after the gamma irradiation. The photoelectric pa-
rameters of mono crystalline silicon solar cells degraded under
gamma radiation can be significant recovered by MHz-fre-
quency ultrasonic treatment (UST). The restores of the silicon
solar cells parameters such as efficiency(r), open circuit volt-
age (Voc), short circuit current (Isc) etc. after ultrasonic treat-
ment is related to amount of gamma doses and radiation defects
as well as time and frequency of UST.

INTRODUCTION

The mono-crystalline silicon solar cells are
still the mostly used element for photovoltaic solar
energy conversion. As is known, when the solar
cells exposed to some kind of high energy radia-
tion fields such as natural space and atmospheric,
military and civil nuclear environments etc. leads
to the accumulation of radiation defects in the so-
lar cells bulk and frequently results in a significant
deterioration of the photoelectric parameters of
cells. Studying radiation resistance of solar cells
is interesting not only for the purpose of predict-
ing lifespan and end-of-life output characteristics
of solar cells, but also to improve design of solar
cells used in high radiation environments [ 1-3].

When silicon solar cells irradiated with
gamma rays, the radiation damage occur within it.
These defects mostly act as recombination points
that decreased the diffusion length and life time of
minority carrier. Photoelectric parameters of sili-
con solar cell such as maximum output power,
open circuit voltage, short circuit current, fill fac-
tor and efficiency -Pm, Vo, Is, ff, | respectively
strongly depend on minority carrier life time ().
Decrease in the life time of minority carrier causes

that the output characteristics of solar cells de-
creased [4, 5].

Using the subsequent ultrasonic treatment on
the degraded silicon solar cells, it is possible at-
oms of crystalline silicon that have been displaced
from their initial place by gamma irradiation, can
be removed from their place using UST and return
to the previous location to produce the necessary
correction of the cells characteristics. One tradi-
tional method of solar cells improvement is ther-
mal annealing, but thermal annealing have re-
ceived much research in recent years. According
to the results of numerous investigations dedi-
cated to the use of acoustic methods for the recov-
ery of characteristics of semiconductor materials,
it is reasonable to expect that ultrasound treat-
ments can be restoration in the properties of de-
graded silicon solar cells [6-9].

Hence, the use of ultrasonic treatment for re-
covery of photoelectric properties of mono crys-
talline silicon solar cells deteriorated under
gamma radiation is presented in this paper.

EXPERIMENTAL METHODS
In this paper, the tow samples of the commer-
cially mono-crystalline silicon solar cells having
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same characteristics are used for experimental
measurements. The specifications of samples are
shown in Tablel. The solar cell forms an n-p
junction very close to the front surface by diffus-
ing 3um-thick n-type doping into an approxi-
mately 300-pum -thick p-type silicon.

Table 1.
Properties of tow samples of the experimental solar cells
(before irradiation).

Voc (sc Pum n
Cells type [mv]|[mA/cm?]| [mw/cm?] FF (%]
Si-mono- | o0 3y 14 0.72| 13.95
crystalline

Notes. Condition for measurement: 1000W/m?, AMIL.5,
25°C.

The tow samples were irradiated with °Co
gamma source with the energy of 1.23MeV. The
samples A and B were irradiated with dose 500
and 1000krad respectively. Irradiation of solar
cells samples was carried out in professional la-
boratory at the institute of Radiation Problems of
Azerbaijan National Academy of science.

Each of the samples was consecutively sub-
jected to a two-stage UST using longitudinal
acoustic waves, which were propagated perpen-
dicular to the samples through piezo disk. In the
first stage (UST1), the ultrasonic treatment was
performed in the following condition: frequency,
fust11=50MHz, duration, t=90m. The second stage
(UST») was performed in fust2=50MHz, duration,
t=240m.

Voltage-current (I-V) characteristics of sam-
ples before and after irradiation as well as after
Ultrasonic Treatment were measured. To obtain of
solar cells I-V characteristics samples were illu-
minated by reflective lamp with Light intensity
equal to 1000w/m? (corresponding to AMI.5).
The measurements were performed at room tem-
perature with highly accurate measuring equip-
ment.

RESULTS AND DISCUSSION
CHARACTERISTICS UNDER GAMMA
RADIATION

Voltage-current characteristics of two solar
cell samples before and after 500 and 1000krad
doses of gamma radiation at under AM 1.5 illumi-
nation conditions have been showed in Figurel.
As can be seen, I-V characteristics of cells deteri-
orated with increasing gamma irradiation.

40
35 4
30 4
"5 25 -
< —e—ynirradiated
E 15
E 0500 krad
2 10 -
N
5 - —a—1000 krad
o 200 400
Voltage (mv)
Fig. 1.

The I-V characteristics of silicon solar cell irradi-
ated with various doses of gamma radiation.

From Figure 1, fundamental parameters of
solar cells like open circuit voltage (Voc), short cir-
cuit current (Is), fill factor (ff) and efficiency (1)
could be extracted.

The fill factor (FF) parameter for solar cells
can be expressed as

Vimp-I
FF = 2220 (1)
VOC'ISC

where Vo and I are the open circuit voltage

and short circuit current, Vmp and Inp are the volt-

age and the current at a maximum power point re-

spectively.
The efficiency (n) for a solar cell is given by
VoclscFF
- Pin ’ (2)

where, Pinis the incident light power [13, 14].

Figure 2 shows the changes in solar cells pa-
rameters as a function of gamma dose. The param-
eters are normalized to the values obtained before
samples irradiated. It was found that the degrada-
tion of the solar cell parameters is dependent on
the gamma radiation dose and the irradiation has
affected the solar cell parameters to a certain ex-
tent. There is no substantial variation in the fill
factor, which in some cases showed increased or
relatively steady values. According to the results,
the gamma radiation causes a significant Reduc-
tion in the short circuit current and efficiency
while the open circuit voltage is slightly reduced.

The decrease in the efficiency and short cir-
cuit current of solar cells under gamma radiation
could be related to the minority carrier life time.
The minority carrier life time is sensitive to the
radiation induced defects and the decrease in the
minority carrier life time reduced the electric
properties of solar cells. According to results a lar-
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dose have been formed [11-12]. The detail of solar
cells parameters degraded under gamma radiation
doses are shown in Table 2.

The -V characteristics of silicon solar cell before
and after irradiation with 500 krad dose of gamma radia-
tion and each stage of subsequent ultrasonic treatment.

Table 2. &
Degradation of solar cell parameters under =
gamma radiation doses. e ¥ e SR {.,N
30 :- ll“ :n‘ vlfILAV.‘_.A‘.;". '.‘\ ‘.g
msave X
solar cell |y dosel Voc flsc | Vip | Imp 1, . e
md md FF 25 W
Sample [Krad] mr |5 [mv (e [%] E o .f.‘ \
Mono- | 0 570 [34 [450 [31 |y70 | 13.05 ?E o W
crystal- : : = —=— after 1000 krad raciation R
mfle 500 | 552 (31 420 |27 yee2 | 1134 2 - “-ﬁ“
- —u— after UST- -t
silicon [1000 | 547 [30 [ 420 [ 259 |63 | 1087 | & A
v 10 —a— after UST-2 W\ I
vy
ULTRASONIC TREATMENT 3 ""'
Figure 3 and 4 shows the effect of gamma-irradi- 3 , . . _n
ation and each UST stage on the voltage-current cha- c 19 W W0 40 X0 D
racteristics of solar cells irradiated with 500 and Voltage (mv]
1000krad doses of gamma radiation. As can be seen Fig. 4.

from these data, the subsequent USTs restore the pa-
rameters of solar cells, which become substantially
closer to the initial values.

Figure 5 shows the restore in the efficiency of so-
lar cells degraded under gamma radiation by ultrasonic
treatment. As can be seen, 10-15% improvement in
efficiency was observed after UST}, 2. The ultra-
sonic treatment causes the crystalline atoms of the
solar cells exposed to gamma rays that have been
displaced from their initial place, Can be removed
from their place and return to the previous loca-
tion where the cells showed a recovery from radi-
ation damage [15, 16].

The -V characteristics of silicon solar cell before
and after irradiation with 1000krad dose of gamma radi-
ation and each stage of subsequent ultrasonic treatment.

CONCLUSIONS

Two mono-crystalline silicon solar cell sam-
ples were exposed to the different doses of gamma
radiation. The effects of different doses of gamma
radiation on the properties of silicon solar cells
and subsequent ultrasonic treatment of solar cells
degraded by gamma irradiation have been studied
and the following conclusions were drawn:

e A deterioration of the electric properties of
solar cells was observed when the solar
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cells irradiated by gamma ray (500 and
1000krad). Except the fill factor, which in
some cases showed increased or relatively
steady values, gamma radiation causes a
significant Reduction in the Isc and n while
the V. is slightly reduced. The decrease in
short circuit current and other fundamental
parameters is mainly related to the minor-
ity carrier life time. The life time of minor-
ity carriers is sensitive to the radiation in-
duced defects that mostly act as recombi-
nation points, and the decrease in the mi-
nority carrier life time reduced the solar
cells parameters.

e The ultrasonic results show the si solar
cells that their efficiency is missed 20%
compared to the initial value, can be re-
covery by UST.

—=®—sample 1

8 —4—sample 2

Stage treatment

Voltage (mv]

Fig. 5.

The restore in the efficiency of solar cells degraded
under gamma radiation by ultrasonic treatment, sample
1 irradiated with 500 krad and sample 2 irradiated with

1000 krad dose of gamma radiation. Measurements were
carried out at room temperature for a silicon solar cell in
various states: (1) initial (unirradiated) state; (2) upon
gamma-irradiation to a; (3, 4) after UST-1 and UST-2,
respectively.
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and Institute of Radiation Problems of Azerbaijan
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ULTRASONIK" DOMLOMOSI ILO GAMMA SUALARIN TOSIRINDON DEQRADASIYAYA OLMUS SILICON
OSASLI GUNOS FOTOCEVIRICILORINDO FOTOELEKTRIK PARAMETIRLORININ BORPASI
D.M.TOBNAGHI, RMADATOV

AM1.5 isiglandirma soraitindo mono-kristal silisium asasli giinos Fotogeviricilorinin volt-amper xarakteristikasin gamma
stialanmadan ovval vo sonra todqiq edilmigdir. Qamma siialari ilo digradasiaya olmus mono-kristal silisium asasli giinog
Fotogeviricilorimin fotoelektrik parametrlori ultrasos (UST) vasitast ilo barpa ola bilor. Ultarasas ilo mk-si parametilorinin
o cumloadan s.i.f. (), aciq dovra gorginliyi (Voc), gisa qapanma coryant (Isc), vo sair nin barpast gamma doza vo radiasiya
defektlorinindon eloco do UST tezliyi vo vaxt ilo baghidir.

BOCCTAHOBJIEHHUE C IOMOLIBIO YJIBTPA3BYKOBOI'O OT)KUT'A ®OTOIJIEKTPUYECKUX ITAPA-
METPOB COJIHEYHBIX 9JIEMEHTOB HA OCHOBE MOHOKPUCTAJIJIA KPEMHUSA
AM.TOBHAKHU, PMAJTATOB

UccnenoBansl BAX coslHEUHBIX 3JIEMEHTOB, M3TOTOBJIEHHBIX HA OCHOBE MOHOKpHCTasuIa KpeMHus npu AM1,5
JI0 ¥ TIocJie 00yueHusl raMMa-KBaHTaMu. Jerpagaliio OCHOBHBIX MapaMETPOB COTHEUHBIX 3JIEMEHTOB HA OCHOBE MOHO-
KpHcTauia Si MOXXHO BOCCTAHOBHTH C IIOMOIIIBIO YIIBTPa3BYKOBOr0 OTKUTra. CTeIeHb BOCCTAHOBIICHHUS C TOMOIIBIO YJlb-
TPa3BYKOBOTO OTXKHTa mapameTpoB (1) — K.ILJL., (VOC) — HapsHKEHUS X0JIOCTOro Xo/a, (Isc) — Toka KOpOTKOTo 3aMbIKa-
HUS U JIp. 3aBUCHUT OT JI03bI TaMMa-00JyueHH s, KOJTUIEeCTBA PaIUAIIMOHHBIX 1e()EKTOB U YaCTOThI YIIbTa3BYKOBOTO OT-
SKHTA.

Penakrop: noxtop H. o puzuke O.A.Camenos
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KitoueBbie cnoBa: mapaboinueckue KBaHTOBBIE SIMBI, MEX-

HOA30HHOE HOTIJIONIeHHE, KOG (GUIUEHT NOIIOICHUES

Pedepar

[Tornomenue cBeta B CTPYKTypax mnapaboiMyecKux KBaHTO-
BBIX SIM HCCIEIyeTcs B cllydyae BHYTPHU3OHHBIX IEpEXO/0B
MEX1y MEXIyTOA30HHBIMU SHEPTeTUIECKUMH ypOoBHsAMU. Mc-
MOJIB3ysI TECOPHIO BO3MYILEHHS MEPBOr0 MOPSIKA, ONpeesieH
KO3 PHUIUCHT TOTJIOMICHUS B 3aBUCUMOCTH OT TOJIIHHBI MBI,
SHEpruu GOTOHOB U TEMIIEPATYPHI.

Onrtryeckre CBOMCTBA HU3KOPA3MEPHBIX CH-
CTEM SBJISIETCS OCHOBHBIM HalpaBieHHeM (pU3uKu
HAHOCTPYKTYp. B mociemnue roasl pe3ko Bo3poc
MHTEpEC K U3YUEHUIO KOA(PPUIINEHTA MOTIOMICHUS
AJIEKTPOMArHUTHOTO M3JIy4YeHHsI B CTPYKTypax
KBAHTOBBIX sIM. KBaHTOBBIE SIMBI SIBJISIFOTCSL CIIOH-
CTBIMH TIOJTYIIPOBOJIHUKOBBIMU CTPYKTYpPaMH, TO-
JTy4EeHHBIMU TaKUM 00pa3oM, YTO JIBUKEHHUE DIIeK-
TPOHOB OTPAHUUEHO B MPE/IeIaX TOHKOTO IJIOCKOTO
cIosi. MexTynoJ30HHbIE Tepexo bl HAOIIOIAF0TCS
MEXTy KBAHTOBAaHHBIMH TIIOJI30HAMH KBAaHTOBOM
sMBL. BBICTpBII iporpecc ObUT JOCTUTHYT KaK B 00-
JacTH (PU3MKA MEXKYMOI30HHBIX TIEPEXO070B B
CTPYKTypax KBaHTOBBIX SIM, TaK M MPUMEHEHUS
YCTPOKCTB, TaKUX Kak UH(ppaKkpacHbie (POoTomeTeK-
Tophl[ 1]. Mexxaynoa3oHHbIE EPEXObl B KBAHTO-
BBIX SIMax SIBIISTIOTCSI TIEPEXOaMH MEXITY COCTOSI-
HUSIMH, CO3/IaHHBIMU KBAaHTOBBIM KOH(DaiTHMEHTOM
B YJIBTPATOHKHX CJIOSX TOMYITPOBOJHUKOB. Mx
YHUKaJTbHBIE (PU3MUYECKUE CBOMCTBA, TAKHME KaK aTo-
MOITO/TOOHAS TIFIOTHOCTh COCTOSIHUSI, HAPSITY C TEM
(hakTOM, YTO OHM MOTYT M3TOTOBIISTHCS B paMKax
CYIIECTBYIOIMX TEXHOJIOTHN JIJIs1 TIOTYPOBOIHH-
k0B Tpymmsl A°B°, lenaor ux npuBIeKaTenbHbIM
KOHCTPYKITIOHHBIM OJIOKOM Ui cpenHenHppa-
KpacHOW ONTO?IEKTPOHUKH. DakThuecku, MoJy-
JISITOPBI, JETEKTOPHI M JIa3epbl MOTYT OBITH TIOMY-
YEHbI, UCHOIb3YS ATY TEXHOJOTUIO U OHU CTAaHO-
BATCSI OCHOBHBIMH YCTPOICTBAMU HOBOTO TTOKOJIE-
HUSI ONITORJIEKTPOHUKHU JIJIs1 CCHCOPHBIX U TEJIEKOM-
MYHHUKAIIMOHHBIX TPWIOKEHUN. DTO CIenyeT u3
HEOOBIYHBIX OCOOEHHOCTEW, KOTOPBIMH O0JIaIar0T

BBIIIICYKa3aHHBIE TIEPEXO/IBbL: OONBIION KO3 PHITH-
€HT MOMJIOLIEHNUsA|2 |, y3Kasl [IMpUHA JIMHUU TIOTJI0-
nieHusi[ 3], OombInas onTHYecKas HeMMHEUMHOCTh[4],
ObICTpasi BHYTPU30HHAS penakcaius [5] v moHu-
»keHHbIN dPdext Oxe [6]. BHyTpuzoHHoe onTiye-
CKO€ TNOMJIOLIEHUE B HU3KOPAa3MEPHBIX CTPYKTypax
HCCIIeIOBAJIOCh B pabotax [7-17].

Lenbro HacTosIIEH PabOTHI SBIISIETCS TEOPETHU-
YECKOE HUCCIIE0BAHUE BHYTPU30HHOI'O IOIJIOLIE-
HUA B n—(GaAs KBaHTOBBIX sIMaX, paccMaTprBasi a-
pabonuueckuii OTEHIMAl U UCCIIEA0BAHUE OCO-
OEHHOCTEH TOMIOIEHNsT B KBAaHTOBBIX sIMax IpPHU
MIPOU3BOJILHON (POTOHHOM YacToTe.

Hcnone3yercst mpocTast Mojiesb napadboaude-
CKMX KBAaHTOBBIX SIM, B KOTOPOM 3JIEKTPOHHBIN I'a3
OrpaHHYeH MapabOIMUYECKUM JIOTOTHUTEIbHBIM
MOTEHIIATIOM BJIOJIb Z-HAIPaBJICHUS], @ SJIEKTPOHBI
CBOOOIHO JIBIXKYTCS B (X-y) IiockocTH. M3BecTHo,
YTO JBIDKEHHUE SJIEKTPOHA OTPaHUYEHO B KaXKIOM
CJIO€ CHCTEMBI TaK, 4YTO €ro SHEPreTHYECKUIl
CIIEKTP KBAHTYETCS B JUCKPETHBIX YPOBHSX B Z-
Hanpasienuu. Pemas ypasuenue Llpenunrepa s
[NamunbTOHMAaHA OTHOTO ANIEKTPOHA, JUIS 3TOTO T10-
TEHIIMaJa, 33/JaHHOTO B BUJIE
nV: omte)z’

—+ ; (1)
2m 2
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PAROBOLIK KVANT CUXURUNDA ELEKTROMAQNIT SUALANMASININ UDULMASI

R.Q.ABASZADO

Parabolik kvant ¢uxurlu strukturlarda zonadaxili altzonalararasi energetik soviyyalards kegidlor todqiq edilmisdir.
Birinci tortib hayacanlanma nazoriyyesindon istifads edorsk udulma omsalinin kvant ¢uxurun eninden, fotonlarin
enerjisindon vo temperaturdan asilig1 6yronilmisdir

THE ABSORPTION OF ELECTROMAGNETIC RADIATION IN A PARABOLIC QUANTUM WELL
R. G. ABASZADE
The light absorption in parabolic quantum wells structures has been investigated in the case of intraband transitions
between intersubband energy levels. Using the first-order perturbation theory the absorption coefficient has been found

depending to well thickness, energy photons and temperature.
Penakrop: akan. M.U.Anues
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REFERAT

Bu igdo HD21389 vo HDI187982 ifratnohong ulduzlarinin
2005-2006 va 2013—cii illords alinmig spektrlorindo Hy, Hp vo
Hel xatlori profillorinin ince qurulusu va spektral parametrlori
zamandan asili olaraq todqiq olunmusdur. Askar olmusdur ki,

Agar sozlor: ifratnsheng, H, xattinin profili, spektral para- hidrogen xotlori profillorinin strukturu va spektral parametrlori

metrlor. zamandan asili olaraq doyisir.
GIRIS xattin ekvivalent eninin 2 dofaden gox artmasi ilo
HD21389  ulduzu  (AOla; m,=4™53;  noticolonmisdir. Birinci halda W3(1.5797)A=74+4mA

Ter=10500K; Isini=53km/s) P Cyg tipli ifratno-
hang ulduzdur [1-3]. Bu ulduz Cam OBI assosiasi-
yasina aiddir va log g=1.70, M./Me=19.3, R./Re=97,
log(L./Le)=4.87-dir [1,3-5]. Lakin bu ulduzun fiziki
parametrlorinin tadqiqi ilo masgul olan todqiqatgilar
onun temperaturu, kiitlesi, radiusu tglin forgli
naticalor ds almuslar. Bels ki, tadqiq olunan ulduzun
temperaturu  liglin  Teg=11000K, Teg=9730K vo
Te=10100K, kiitlosi tigiin M+/Mo=14, M+/Mo=16,
radiusu ti¢ciin R¥/Re=104.2, R+/Re=99 naticalori do
alinmugdir [3,5-7]. Bundan olave, todqiqateilar
torofindon HD21389 ulduzu spektrlorindo Ha, Hg,
H,, Hs, He, Hel (A4471A, 14921A, 16678A), Sill
(1L3853.6A, 138564, 13862.5A), Nal (D1 vo D2),
Mgll (A4481A), DIB (L5780A, L5797A, 158504,
A6614A), O1 (\7774A, A6156A, A6157A, A6158A), CII
(M4267A), Fell (M49239A, A6147.7A, A6149.3A)
xatlori todqiq olunmusdur [4,8-14]. Miioyyan edil-
misdir ki, HD21389 ulduzu spektrlorindo Ha xotti
dayiskon qurulusa malik olmagla diiz P Cyg profil,
bondvsayi qanadinda zoif slialanma komponenti
olan invers P Cyg profil, tam udulma profili, tam
stialanma profili vo har iki ganadinda zaif siialanma
komponenti olan markozi udulma profili formal-
arinda miisahido olunur. Maraql hallardan biri odur
ki, bu ulduzun spektrlorindo miisahido olunan DIB
A5797A  (Ulduzlararast xotlor qrupu) xattinin iki
miixtolif vaxtda alimusg profillorindo struktur doyis-
konliklori askar olunmusdur [15]. Belo ki, bonov-
soyl ganadda bas veron giiclii doyiskonlik homin

oldugu halda, ikinci halda W), (A5797A)=156+7mA
alnmigdir [15].

Askar edilmisdir ki, bazon HD21389 ifratno-
hong ulduzu spektrlorindo Ha xattinin intensivliyi
cox zaifloyir vo giiclonir, naticado W), (Ho)=90mA
vo Wi( Ho)=450mA olur [6, 16]. Tadgiatcilar gqeyd
etmislor ki, Ha xottinin dorinliyi vo bu xatdo siia sii-
rati gliclii doyiskanlik gostarir.

[9-14,17-18]-ds qeyd olunmusdur ki, Ho xatti-
nin bir gecadoki iki profilinds giiclii doyiskanlik bas
vermis vo noticodo slia siiroti -54.8km/s—don -
46.1kmy/s-odok dayismisdir. Eyni zamanda miollif-
lor Hp xattinin profillorinin giiclii dayiskan struktura
malik olmasini, hatta bu xattin profilinds zaif siia-
lanma komponentinin olmasini agkar etmislor. Olg-
molor zamam Hg xattinin derinliyi vo yarim eni do
nazaracarpacaq doyiskonlik gostormisdir.

Todqiqatcilar torofindon HD21389 ifratno-
hang ulduzu atmosferindo miisahids olunan He, Hg,
Hel va Sill xatlori tadqiq olunmus, kinematik xiisu-
siyyatlor toqdim olunmagqla optik darinliys gors siia
stirati 6lgmoalori aparilmisdir [9,19]. Bundan olavo
geyd olunan iglordo gostorilmisdir ki, HD21389 if-
ratnohong ulduzu pulsasiya edir.

HD187982 ulduzu (Allab; my=5".58;
Tes=9300+250K; Jsin i=15+6kmy/s) olan PCyg tipli if-
ratnohong ulduzdur. Bu ulduz Vul OB4 assosiasi-
yasina aiddir vo logg=1.60+£0.15, M+Moe=15,
R+/Reo=78-dir [3, 20-21].
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HD187982 ulduzu spektral todgigatlar baxi-
mindan nisbaton az todqiq olunmusdur. Bazi miiol-
liflorin iglorinds bu ulduzun spektrlorindo miisahido
olunan H,, H,, Mgll (A4481A), DIB (1L5780A) xatlori
nazordon kegirilmisdir [3,8,22-23]. Homin moqalo-
do togdim olunmus sokillordon goriiniir ki, ulduzun
atmosferindo yaranan Ho xatti timumi udulma for-
masindadir. Askar olmusdur ki, timumi udulma
komponentinin daxilindo olmagla Ha xattinin pro-
filinin qirmiz1 ganadinda zaif stialanma komponenti
yaranir va itir. Lakin bu hadisanin bag verma sababi
hals do tam izahini tapmamisdir.

Beloaliklo, digar todqiqatcilarin iglorindon go-
riindiiyti kimi HD21389 vo HD187982 ulduzlar at-
mosferlorinin tadqiqi ilo bagh bir ¢ox elmi islor g6-
riilmosino baxmayaraq yens do onlarin atmosfer-
lorinin 6lglisii vo orada gedon fiziki vo kimyavi pro-
seslor tam Gyronilmomisdir. Bundan olavs har iki
ulduzun spektrlorindo miisahids olunan He xattinin
profilinin qirmiz1 vo bandvsoyi ganadlarinda zoif
stialanma komponentlorinin yaranmasi vo itmasi vo
homin hallarin tokrarlanmasi bu ulduzlarm atmos-
ferlorinin 6yronilmasine marag: artirmigdir.

Bu igsdo yeni miisahido materiallar1 osasinda
HD21389 vo HD187982 ifratnohong ulduzlar spektr-
lorindo Ha, Hp vo Hel xatlori profillorinin strukturu
nozordon kegirilmis vo bu xotlordo slia siirati vo
spektral parametrlorin giymatlorinin doyismalori
todqiq edilmisdir.

MUSAHIDSLOR VO MUZAKIRS

1998-2000-ci illordo AMEA N.Tusi adina
Samax1 Astrofizika Rosodxanasinin 2 metrlik teles-
kopunun kude fokusunda miiasir eselle spektro-
metri vasitosilo HD21389 ulduzunun spektral miisa-
hidslori aparilaraq yiiksok keyfiyyastli CCD spektr-
lori alinmis vo tadqiq edilmisdir. Homin isin davami
olaraqg SAR—n 2 metrlik teleskopunun kasseqren
fokusunda 2005-2006—c1 illordo HD21389 ulduzu-
nun vo 2013-cii ildo iso HD 187982 ulduzunun spek-
tral miisahidolori aparilmigdir. Qeyd olunan CCD
spektrometri cihazi spektrlarin yiiksok dispersiya ilo
alinmasma imkan verir [24]. Alnmis spektrlor
DECH-20 vo DECH-20T paket programlari vasitasilo
islonmisdir [25]. Olgmolorin xotas1 siia siiroti {iciin
+2km/san, ekvivalent en lgciin isa 5-7%-don ¢ox
deyil. Ayirdetmo R=15000, S/N=150+200 otrafin-
da olmusdur.

HD21389: Isdo bu ulduzun miiasir eselle spek-
trometri ilo 2005-2006-c1 illordo alinmis spektrlori
todqiq olunmusdur. Bu ifratnohong ulduz AOla

spektral sinfino monsub olub geyri-stasionar atmos-
fera vo genis Ortiiyo malikdir. A spektral sinfino ma-
lik oksar ifratnohanglordo H, xattinin profili P Cyg
tiplidir. Hq xottinin dyronilmasi boyiik shomiyyot
kosb edir ona gors ki, homin xatt ulduzun biitiin at-
mosferi boyunca yarandigindan bag veran fiziki pro-
seslor orada hiss olunur vo on ¢ox informasiya da-
styicisi rolunu oynayir. Alinmig spektrlords ulduzun
atmosferindo miisahido olunan H, (A6562.816A) vo
Hp (M4861.337A) xotlorindo intensiv doyiskonliklor
bas vermasi tosdiq olunmusgdur. Ona gora do bu isdo
H,, Hp vo Hel xatlari profillerinin qurulugu, hamin
xatlordo siia siirati vo spektral parametrlorin qiy-
matlorinin doyismasi vo onlarin miizakirasi toqdim
olunur.

HD21389 ulduzu atmosferinin spektral todqi-
gatlarindan miisyyan edilmisdir ki, onun atmosfer
xatlorinin, xtisuson do Hy, xattinin profilindo zamana
gora giiclii struktur doyiskonliklori bas verir. Sakil 1
— don goriiniir ki, HD21389 ulduzunun 20.09.2005—
ci il tarixli spektrindo H,, xattinin profili tam udulma
komponenti formasindadir. Goriindiiyii kimi homin
tarixdo H, xottinin qirmizi qanadinda zoif udulma
komponenti yaranmigdir. Lakin ardicil miisahido
aparilmadigindan hamin zsif udulma kompoenti ilo
bagh sonraki bas vermis proseslor izlono bilmo-
misdir. Homin tarixdo Hp xattinin profili tam udul-
ma komponentindon ibarat olmugdur. Cadval 1-don
gortindiiyli kimi 20.09.2005—t il tarixde Hy vo Hp
xotlorindo slia siiroti uygun olaraq 29km/s vo
14km/s olmusdur.

Novbaeti 11.11.2006—c1 1l tarixli spektrds iso Hq
xattinin profili invers P Cyg formada miisahido
olunmusdur (Sakil 1). Cadval.1-don agkardir ki, bu
zaman H,, xattinin udulma vo siialanma komponen-
tlorindo siia siirati uygun olaraq 4km/s vo -69km/s
olmusdur. invers PCyg profillorinin yaranmasi hag-
qmnda asas forziyyelarden biri belodir ki, ulduzdan
madds atilmasi zaman1 onun hamisi ulduzlararasi
miihits yayilmir vo atilmis maddonin bir hissasi so-
yuyaraq yenidon ulduzun sothine tokiiliir. Beloliklo,
miisahidogidon radial olaraq oks torofo yonolmoklo
ulduzun ssthins tokiilon madds axmmin siirati vo
kiitlasi ¢ox bdyiik olarsa, bu zaman atmosferdo
hidrogen xottinin formalasdig1 effektiv gatlarda
maddoanin sixlig1 kaskin artar. Bu ise Dopler effek-
tino goro ulduz atmosferindo yaranan H, xottinin
udulma komponentino tosir edor vo naticodo Hq
xottinin stialanma komponenti bandvsoyi, udulma
komponenti iso qurmizi torafde miisahids olunar.
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Cadval 1.
Ha, Hp vo Hel xotlorindo siia siiratlori vo spektral parametrlor.
HD21389
Spektrlatin Ha Hp Hel 75875724
alnma udulma stialanma udulma udulma
tardart |y (pde| r | W | W |Adan| o || VE |Adan| e | W | VE |Adan] e | W
kmis| A A |kmis| A A |kmis| A A |kmis| A A
20.09.2005) -29 | 173 (077048 — — | = | = -14 237055139 -8 [1.40)0.80(0.32
11112006 +4 | 1.34 (086019 -9 | 1.08(1.17|0.19( +10 | 2.17|0.53|L68 | -8 |[1.53|0.81(0.31
HD187982
Spektrlarin Ha Hp Hel 75875724
alinma udulma siialanma udulma udulma
taridatt | v\ pel n | W | Ve |Adas| e || Ve |Adas| r | W | Ve |Aae] o | W
kmis| A A |kmis| A A |kmis| A A |kmis| & A
01.09.2013) -29 | 253 (072|089 +79 | 0.5&(1.04\10.02) -33 (3121047246 -1 [1.31|{0.&84)10.22
06.09.2013) -13 | 261 (076|077 80 | 072 (1.0410.03] 33 [3.15|048)12.24] -5 |1.4a6(0.89(|0.19
02102013 -18 | 287 (069129 — — | — | = -18 (300 (043(240( -2 |1.34108910.17
03102003 -17 | 2.62 (0681 33 — — | — | = -19 |3.18 (045242 -2 |1.38|0.88(0.19
HD21389
= 20.09.2005 th "1 20.00.2008 "
cHgy 0 [ TN TS T T N e
. 09 :
09 ; - :
0.8 ! ne f
11.11.2006 : 11.11.2008 5
| |
07 A‘.:\) 0 ‘F: /.(:j\)
Sokil 1.

HD21389 ulduzu spektrlarinds Ho vo Hp xatlarinin profillari.

Saokil 1 va Cadval. 1 - don agkar olur ki, invers

PCyg profil halinda Hp xattinin profili struktur co-
hatdon gismen doyismisdir, lakin eyni zamanda o

boyiik siiratlo qirmizi torofa siirtismiis vo siia siiroti

10km/s olmusdur. Maraqlidir ki, HD21389 ulduzu
spektrindo H, xotti invers P Cyg formasinda mii-
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sahido olunarkon Hel (A5875.72A) xottindo iimu-
miyyatlo he¢ bir doyigkenlik bas vermomis, hotta
stia siirati do avvalki kimi -8 km/s olmusdur (Sokil
2, Cadval 1). Bu onu gostarir ki, invers P Cyg halin-
da miisahidogidon oks torafo yonolmis giiclii maddo
axin1 Hp xattinin yarandig1 effektiv qatlaradok da-
vam etmis, lakin Hel xattinin formalagdig1 daha do-
rin effektiv gatlaradok catmamisdir. Bundan olavo
Cadval 1-don goriiniir ki, inversiya hadisasi zamani
Haq xattinin yarmeni, ekvivalent eni azalir, galiq in-
tensivliyi ise artir. Bu zaman Hp xattinin do yarimeni
azalmig, qaliq intensivliyi ¢ox az doyismis, ekvi-
valent eni iso oksino, artmigdir. Hel xottinds iso qa-
liq intensivliyi vo ekvivalent en doyismomis, yar-
men iso artmisdir. Lakin miisahido materiali gox az
oldugundan geyd olunan doyismolords hor hansi qa-
nunauygunlugun askar edilmasi miimkiin deyildir.

HD187982: isdo 2013-cii ilde bu ulduzun mii-
asir eselle spektrometri ilo Samax1 Astrofizika Ro-
sodxanasinda ilk dofa olaraq almmuis spektrlori tod-
qiq olunmusdur. Bu ifratnohong ulduz A 1lab spekt-
ral sinfina mansub olmagla geyri-stasionar atmos-
fera va genis Ortitys malikdir. Yuxarida qeyd etdiyi-
miz kimi H, xattinin profili P Cyg tiplidir vo alinmus
spektrlordo Ho vo Hp xatlorinin dayiskan profillori
toqdim olunur, eyni zamanda homin xotlords siia
siirati vo spektral parametrlorin giymatlorinin doyis-
konliyi todqiq olunmusdur. Bu zaman Hel xattindo
doyiskonliklorin bas verib vermomosi nozordon
kegcirilmisdir.

Saokil 3—do HD187982 ulduzunun 01.09.2013
v 06.09.2013—cii 1l tarixli spektrlorinds Hg, xattinin
profillorindon goriiniir ki, o, bandvsayi tarafds gliclii
intensivlikli imumi udulma komponentindon vo
qumuzi torofdo iso zaif siialanma komponentindon
ibarotdir. Lakin maraqlt hal odur ki, bu profilds zaif
stialanma komponentindon qurmiz1 torafds yeno do
udulma komponenti yaranmgdir. Lakin 02.10.2013
va 03.10.2013—cii il tarixli spektrlords isa H, xot-
tinin profili yalniz imumi udulma komponenti
formasinda miisahido olunmusdur.

Buna baxmayaraq timumi udulma komponen-
tinin qirmi1z1 ganadinda yens do (kasilmoz soviyye-
sini kegmoyon) zoaif siialanma komponenti vo bun-
dan da qirmiz1 torofde yeniden udulma komponen-
tinin yaranmis oldugu nazars garpir. Sokil 3-don va
Sakil 4-don goriindiiyli kimi biitiin hallarda Hp vo
Hel xotlorinin profillorindo struktur doyismolori
miisahids edilmir. Cadval 1-do HD187982 ulduzu
tictin Hy, Hp vo Hel xatlorinds siia siirotinin (Vr)
giymatlorine nazar salsaq molum olur ki, Hy xottindo

HD21389
11, i Hei Nal Nal 20,08.2005
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Sokil.2

HD21389 ulduzu spektrlorinds Hel (A5875.72A) vo Na
(D1 va D2) xatlorinin profillari.

Vr—in qgiymati dayisir, lakin bu doyismodo diqqsti

calbedon uygunluq yoxdur. Hel xattinds 1s9 siia sii-

roti ¢ox az doyisir. Lakin Hp xattindo siia siirotinin
doyigmosi Hg xattinin profilinin formast ilo ¢ox ma-
ragli uygunluq amalo gatirir. Belo ki, yuxarida qeyd

olundugu kimi HD187982 ulduzu spektrlorinds H,

xattinin profili asagidaki iki miixtolif formada

miisahido olunmusdur:

a) Morkozdo kosilmoz spektrin soviyyosini ke-
¢on zoif slialanma komponenti olmagla bo-
novsayi torafdo gliclli, qurmiz1 torofdos iso zoif
intensivlikli udulma komponentlari olan pro-fil
(Sokil.3a ,b),

b) Umumi udulma profili-morkozdo kosilmoz
soviyyasini  kecmoyan  zoif  glialanma
komponenti olmagla bondvsayi torafds giiclii,
qumizt torafdo iso zoif intensivlikli udulma
komponentlari olan profil (Sokil.3 ¢,d).
HD187982 ulduzu {glin Hp xottindo siia

stiratinin qiymatlori uygun olaraq Vr=-33; -33; -18

va -19km/s—dir. Gorlindiiyli kimi H, profilinin

formast a) halindan b) halima ke¢dikdo Hp xotti
qurmizi torofo siirlisiir vo noticodo siia siiratinin
giymati giiclii doyiskonlik gostarir, lakin Hg xattinin
spektral parametrlorindo hor hansi giiclii vo ya
uygunluq omolo gotiron doyismolor yoxdur. Bun-
dan olavs a) halindan b) halina kegorkon H,, xottinin
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HD187982 ulduzu spektrlarinds Ha vo Hp xatlarinin profillari.

ekvivalent eni artir, lakin yarimen vo qaliq
intensivliyindo nozoragarpacaq doyigkonlik bas
vermir. Buzaman Hel xattindo siia siirati vo spektral
parametrlorin giymotlorindo do maragh vo giiclii
doyismolor olmamisdir. Yuxarida qeyd edilmis
miisahido faktlarni vo Olgmolori  iimumilos-
dirmakle asagidaki yekun fikirlori bildirmak olar.
Moalumdur ki, Hy xatti diger xstlora nazoron
ulduz atmosferinin daha ¢ox yuxari qatlarini shato
edir [26]. Qeyd edok ki, ifratnohong ulduzlarda
atmosferin yuxari qatlan fotosferin daxili gatlarina
nisboton daha c¢ox hoyocanlanmaya moruz
galdigindan ulduzun stialanma selinin va eloca do
madds axininin (ulduz kiilayinin)  doyigmasi
atmosferin yuxar1 qatlarmda vo Ortiikdo miivafiq
doyismalor yaradir. Noticado H, xattinin udulma vo
stialanma komponentlori doyisorok miixtolif formali
profillorlo miisahido olunur. Yoni, HD21389 va
HD187982 ulduzlant spektrlorindo Ho xottinin

profillorindoki siirotli doyiskonliklor bu ulduzun
atmosferinin yuxart qatlarinda giicli maddo
atilmalarmin vo Grtiiyiin hoyacanlanmasinin naticasi
ola bilar.

Digoar torafdon molumdur ki, ulduz kiiloyinin
yaranmast vo doyismosi hom do ifratnohong
ulduzlarda bas veron pulsasiya hadisesi ilo ola-
godardir [27]. Lakin bu hadiso dovri xarakterlidir
vo ona goro do ogor tadqiq edilon ulduzlarda He
xattinda bas veran doyiskanliklor pulsasiya ilo bag-
lidirsa, onda bu doyisma periodik olmalidir. Bunu
agkar etmok maogsadilo bu ulduzlarin miintezom
spektral vo fotometrik miisahidslorinin aparilmasi
nazards tutulur.
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HD187982 ulduzu spektrlorinde Hel (A5875.72A) vo Na
(D1 va D2) xatlorinin profillari.
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INVESTIGATION OF THE ATMOSPHERE HD21389 AND HD187982 STARS

A.Sh.BALOQLANOV, YM.IMAHARRAMOV

On the basis of spectrograms HD21389 and HD187982 supergiant stars obtained in the period 2005-2006
and 2013 the spectral parameters and thin structure of the profiles of Ho, Hp and Hel lines have been discussed. It
has been revealed the spectral parameters and structure of the profiles of hydrogen lines have changed with time.

HCCIEJOBAHUE ATMOC®EPHI 3BE3/Ibl HD21389 1 HD187982

A.II.BAJIOT'JIAHOB, A.M.MATEPPAMOB

B nanHo#i paboTe mpeacraBieHbl pe3yabTaThl UCCISOBAaHUN TOHKOW CTPYKTYpbI npoduneit muauid Ho, Hp 1
Hel u ciextpanbHbIx mapameTpoB 3Be31 cBepxrurantoB HD21389 u HD187982 no cnekrporpaMmam MoJiy4eHHbIM
B 2005-2006 u 2013r.1. BEISIBICHO, YTO CTPYKTYPHI PO UIIeH BOIOPOTHBIX JIMHUH U MX CIIEKTPAJIBHEIC TApaMeTPhI

IMOKa3bIBAOT NEPEMEHHOCTE CO BPECMCHEM.

Penakrop: a.¢.-Mm.H. A.M.Xanunos
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REFERAT

Bu isdo HD34085, HD37742, HD37128, HD38771 va
HD91316 ifratnshong ulduzlarinin 2014 — cii ilde alinmis spek-
trlorindo H, vo Hp xatlori profillarinin inco qurulusu, siia siirati
va spektral parametrlori todqiq olunmusdur. Askar ki, hidrogen
xatlori profillorinin strukturu, siiaolmusdur siirati vo spektral

parametrlor.

parametrlori ¢ox qisa zamanda doyisir.

GIRIS
Miixtolif  todqgiqatgilar  torofindon  HD34085
(BOri=190ri), HD37742 (£Ori=500ri), HD37128
(V'eps Ori=460ri), HD38771 (yOri=530ri) va

HD91316 (pLeo=47Leo) ifratnohong ulduzlarmin
spektral sinfi, my — goriinon ulduz 6l¢iist, Vr —kiitlo
morkazinin siia stirati, Terr — effektiv temperaturu,
M/Mo — kiitlasi, R/Ro —radiusu, log L/Le — is1ql181,
M — il arzinds kiitls itgisi va Ssin i — firlanma stirati
va digor fiziki parametrlor tayin olunmusdur [1-9].
Har bir fiziki parametrlorin qiymatlorinde ¢oxsayli
forqli naticolor almmisdir. Alinmis naticalorin ana-
lizi gostarir ki, homin fiziki parametrlor ya sabit ko-
miyyatlor deyil, ya da onlarin tapilmasi {iglin totbiq
olunan model tisullarinda vo digor hesablamalarda
miioyyon xotalar oldugundan c¢oxsayl forgli noti-
calor yaranmigdir. Bu naticalorden biri Cadval 1-do
gostorilmigdir. Cadvel 1-don goriintir ki, bu ulduz-
larin hamist parlaqdir v onlardan dordii isti ifratne-
honglordir. Bundan basqa, xiisusi maraq doguran
hal odur ki, tadqiq olunan bu ulduzlarm hamisinda
kiitlo markozinin (Vr) siia siiroti miisbotdir [5]. Bu
da ona dolalet edir ki, hamin ulduzlarin spektral xot-
lorinin oksariyystindo siia siiratinin qiymatlori miis-
bat olmalidir. Hazirki tadqiqatin naticalori gostordi
ki, bu isti ulduzlarin hamisimin spektrlorindo Hp xot-
lori yalmiz udulma komponenti formasinda
miisahido olunur vo bu xotdo siia siirati hagigoton do
miisbat qiymotlor alir. Hotta HD34085, HD37742
va HD91316 ulduzlarinin spektrlorinde Hy, xattinin

udulma komponentinds do siia siiratinin qiymatlari
miisbatdir.

Qeyd edok ki, SAO/NASA ADS sistemindo
todqiq olunan ulduzlarin Gyronilmasine dair iimu-
milikdo 200-0 yaxin elmi moqals vardir. Tadqi-
qat¢ilar geyd olunan ifratnohong ulduzlarin foto-
metrik tadqiqi vo fundamental parametrlorinin toyi-
nind dair ¢oxlu sayda tadqiqat islori aparmuslar, la-
kin spektral todqiqatlar az saydadir.

[6-10,13-15]-do miialliflor HD34085, HD37742,
HD37128, HD38771 vo HD91316 ifratnohong ulduz-
larinin miioyyan spektral xotlorini tadqiq edorok ma-
raqli naticalor almiglar. Homin islordo Ha, Hp xatlo-
rinin va digar spektral xotlorin (Sill, NII, Hel, Nal
va.s) profillorindon fragmentlor verilmokla doyis-
molar todqiq edilmis-dir. Bundan slave, He, Hp, Hy,
Hel, Mgll (A4481A), OII, NII, Silll, SilV, Call xat-
larinin bir negasinin profilleri tasvir olunmus va ho-
min xatlords siia siiratinin va ekvivalent enin qiy-
matlori verilmaklo dayismalars baxilmigdir.

Homin islordo do todqiq olunan bu ulduzla-
rin spektrlorindo udulma xastlorinin ¢oxunda siia
sliratinin qiymatlorinin miisbat olmasi fakti qeyd
olunsa da miislliflor torafinden bunun osaslandi-
rilmis izah1 verilmomisdir. Umumiyyetlo, digor
todgigatcilarin elmi moqalslorinds bu ulduzlarin
atmosfer parametrlorinin todqiqi aparilsa da,
onlarin birgs miiqayisali tohlili yox daracasin-
dadir.
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Cadval.1.

HD34085, HD37742, HD37128, HD38771 vo HD91316 ifratnohong ulduzlarinin parametrlori.

Ulduzun |Spekfrall m. | Vr(kitle | Te | MM |RE_ | Log M Jein i
ads zinfi matkazimn| K L/L, (10°% My | (km/s)
siia siirati)
(km/'s)

HD34085 | BElak | 013 17.8 12100 23 77 457 036=14 25
B Ori =150

HD37742 | 08k | LT 18.1 28500 23 20 340 103 124
50 On

ED37128 | Blab| 168 273 28600 33 32 378 313 ol
46 On

HD38771 | Bllak| 2 203 230100 33 35 330 137 83
53 On

HDG1316 | Bllak | 357 42, 280 22 32 318 DB3 75
p Leo

Beloliklo, HD34085, HD37742, HD37128,
HD38771 vo HD91316 ifratnohong ulduzlarinin
tadqiqine dair indiyadok nosr olunmus elmi mo-
qalolorin tohlili gostorir ki, onlarin atmosferlori
bir-biri ilo miiqayisoli sokildo az Gyronilmisdir.
Homin ulduzlar O va B siniflorino monsub isti if-
ratnohanglordir. Spektroskopik tadqiqatlar baxi-
mindan onlarin bir-biri ilo miiqayisasi maraq do-
gurduguna goro ilk dofs olaraq 2014—cii ildo
N.Tusi adina Samax1 Astrofizika Rosadxanasi-
nin 2 metrlik teleskopunda homin ulduzlarin spe-
ktral miisahidslori aparildi.

Isin osas mogsadi-tadqiq olunan ulduzlarin
Samaxi Astrofizika Rosodxanasinin 2 metrlik te-
leskopunda alinmis spektrlorindo Hy, vo Hp xot-
lari profillarinin qurulusu, bu xatlords siia stirati
va spektral parametrlori miiqayisali sokilde ana-
liz digor etmokdon ibaratdir.

Isdo 5 miixtolif ifratnohong ulduzun yalniz
bir gilinliik spektrlori lizra alinmis naticalar tog-
dim olunur. Hesab olunur ki, yeni miisahido ma-
teriallar1 osasinda alinmis bu noticolorin birgo
analizi homin ulduzlarin sonraki tadqiqatlarinda
ohamiyyatli rol oynayacaqdir.

MUSAHID® MATERIALLARININ

ALINMASI, ISLONMOSI VO MUZAKIROSI

N.Tusi adina SAR-1n 2 metrlik teleskopu-
nun kasseqren fokusunda miiasir eselle spektro-
metri vasitosilo 05 Mart 2014—cii il tarixindo
HD34085, HD37742, HD37128, HD38771 va
HDI91316 ulduzlarinin spektral miisahidslari vo
noticodo homin ulduzlarin imumilikds 26 sayda

yiiksok keyfiyyatli spektrlori alinmigdir [11]. Be-
1o ki, bir gecods HD34085 ulduzunun 11 spektri,
HD37742, HD37128 vo HD38771 ulduzlarinin
har birinin 4 spektri vo HD91316 ulduzunun iso
3 spektri alinmigdir. Biitiin spektrlor DECH-20
vo DECH-20T paket proqramlar1 vasitasilo iglon-
misdir [12]. S/N=150+200, 6lgmalorin xotas1 siia
stirati tiglin £2km/san, ekvivalent en iigiin iso
5%-don ¢ox deyil.

Isdo miisahido materiallar1 osasinda askar
edilmisdir ki, tadqiq olunan ulduzlarin spektrlo-
rindo Hq vo Hg xatlorinin profillori ham qurulus
cohotdon, ham do siia siirati vo spektral paramet-
rlorin qiymatlori baximindan birbirilarindon kas-
kin forglonir. Bunu miioyyan etmak {i¢iin asagi-
daki miisahido faktlarima diqgot yetirok. Qeyd
edak ki, xatlorin profilleri dalga uzunlugunda ve-
rilorkon biitliin vaxtlarda Glinagin uygun helio-
sentrik siirati nozors alinmisdir.

HD34085. Bu ulduz B8lab spektral sinfino
mansub my=0.13 olan ¢ox parlaq ulduzdur. Tem-
peraturu Tes=12100 K otrafinda doyisdiyinden
cox isti ulduz deyil. Lakin onun ¢ox qisa zaman-
da spektral doyiskonlik gdstormasi maraq dogu-
rur.

SAR-1n 2 metrlik teleskopunda bir geco or-
zindo HD34085 ulduzunun 11 sayda spektri alin-
mis va biitiin spektrlordo Hq vo Hp xatlorinin pro-
fillori Sokil.1-do tosvir edilmisdir. H, xottinin
profili udulma vo siialanma komponentlorindon
ibaratdir. Gorilindiiyli kimi bu ulduzun bir gecado
alimmis spektrlorindo hidrogen xotlori profillori-
nin maraqlt struktur doyismolori askar edilmis-
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dir. Hq profillerinds diggoti calb edon hallardan
biri udulma komponentinin bondvsoyi ganadinda
zaif siialanma komponentinin yaranib yox olma-
sidir. Homin zoif siialanma komponentinin qaliq
intensivliyli maksimum rv~1.01 qiymatine catir
va sonra yenidon zaifloyarak yox olur. Hp xatti-
nin profillorinds iso nozoragarpan struktur doyis-
kanliyi bas vermir. Cadval 2-don goriiniir ki, bu
ulduzun H, xoattindo siia siirati, galiq intensivliyi,
yarim en, kosilmoz spektr soviyyossindo en (tam
en) vo ekvivalent enlorin qiymaetlori doyisir. Bir
gecada on ¢ox doyismo har iki komponentin siia
siiratinin qiymatlorinde (AVr=10km/s), siialan-
ma komponentinin yarim eni (Ahy=1A) vo tam
enindo (AA=1.1A) vo hor iki komponentin ekvi-
valent enlorindo (toxminon 2 dofs doyismo) bas
vermisdir. Codval 3-do is9 tadqiq olunan ulduzun
spektrlorindo Hp xottindo siia siirati vo spektral
parametrlorinin qiymatlori verilmisdir. Hp xotti
yalniz udulma komponentindan ibarstdir vo bu
xotdo siia siirati, gqaliq intensivliyi, yarim en, ko-
silmaz spektr soviyyasinds en (tam en) vo ekvi-
valent enlorin qiymatlori bir gecodo doyismo gos-
torir. Bu xotdo on ¢ox doyismo silia siirotindo
(AVr=8km/s), xattin tam enindo (AL=1.8A) vo
ekvivalent enindo (toxminon 1.5 dofo doyismo)
bas vermisdir.

HD37742. Bu ulduz O9lab spektral sinfina
monsub my=1.77 olan parlaq ulduzdur. Tempera-
turu Terr = 29500 K otrafinda doyisdiyinden ¢ox
isti ulduzdur. HD37742 ulduzunun ¢ox qisa za-
manda spektral doyiskonlik gostormasi miisahido
edilmisdir.

Bels ki, hoamin ulduzun 05 mart 2014—cii il-
do bir geco orzinds 4 spektri alinmigdir. Sokil 2-
don goriindiiyii kimi Hy xattinin profili moarkezdo
imumi udulma, hor iki ganadda iso siialanma
komponentlori olan ¢ox miirokkob struktura ma-
likdir. Bondvsoyi qanaddaki siialanma kompo-
nentinin intensivliyi qirmizi qanaddakina nisbe-
ton giicliidiir. H, xattinin biitliin konturu boyunca
coxlu sayda kicik detallar miisahido olunur.
Udulma komponentinin niivasi (pik) qirmizi to-
rofo oyilmisdir. Hp xattinin konturunda iso nozo-
rogarpan struktur doyiskonliyi miisahide edilmir.
Cadval 2 vo Cadval 3-don goriiniir ki, HD37742
ulduzunun H, vo Hp xatlorinds bir gecads giiclii
doyiskonlik bas vermisdir. Belo ki, an ¢ox doyis-
mo He—nin udulma komponentinin tam enindo
(AL=2.8A), bondvsayi tarafdo siialanma kompo-
nentinin sia siirotindo (AVr=9%m/s) vo hor iki

komponentin ekvivalent enindo (toxminon 1.5
dofo doyismo) olmusdur. Hp xotti iso udulma
komponentindon ibaratdir vo an ¢ox doyismo siia
stiratindo (AVr=8km/s) vo xottin tam enindo
(AL=1.1A) bas vermisdir.

HD37128. Bu ifratnohong BOIab spektral
sinfine monsub m,=1.69 olan parlaq ulduzdur.
Temperaturu Ter=28600K otrafinda doyisdiyin-
dan ¢ox isti ulduzdur. Bu ulduzun da bir geco or-
zindo 4 spektri alinmis vo maraqli doyiskonliklor
askar edilmisdir. Homin spektrlordo H, xottinin
profillorindon goriindiiyii kimi H, xatti udulma
vo siialanma komponentlorindon ibarot P Cyg
tipli profildir (Sokil.2). Stialanma komponenti
giiclii, udulma komponenti iso zoif intensivliyo
malikdir. Hp xotti iso yalniz udulma komponen-
tindon ibarat olmagla nisbaton enlidir, markozi
hissodo zoif detallar miisahido olunur (Sokil.2).
Bu detallarin say1, 6l¢iilori vo xattin konturu bo-
yunca yeri doyisir. Cadval 2 vo Cadval 3-do
verilmig Ol¢molorin analizindon goriiniir ki,
HD37128 ulduzu spektrlorinde H, xattinin udul-
ma komponentinin ekvivalent enindo (toxminon
1.5 dofo doyismo), stialanma komponentinds iso
sla stirotindo (AVr=7km/s) vo tam enindo
(AL=1.1A) olmusdur. Hp xatti isa yalniz udulma
komponentindon ibaratdir vo bu xotdo on ¢ox
doyismo xattin tam enindo (AA=2.2A) bas ver-
misdir.

HD38771. Bu ulduz BOIab spektral sinfino
mansub my-2.06 olan parlaq ulduzdur. Tempera-
turu Ter=23 100K otrafinda doyisdiyindon isti ul-
duzdur. Bu ulduzun da bir gecs orzinds 4 spektri
alimmigdir. Homin spektrlordo Hy vo Hp xotlo-
rinin profillari $akil.3-ds tasvir olunmusdur. Be-
lo ki, Hq xotti yalniz udulma komponentinden
ibaratdir. Profillordon goriiniir ki, xattin konturu
boyunca coxlu sayda kigik detallar miisahido
olunur. Hy xattinin niivasi iso 2 komponentli pik
soklindo miisahido olunmusdur. Hp xotti do
udulma komponentindan ibarstdir. Bu xattin nii-
vasi da biri zaif olmagla olmaqla 2 komponentli
pik soklindo miisahido olunur. Homin detallar
xottin konturu boyunca yerini doyisir. Codval 2
va Cadval 3-don goriiniir ki, HD38771 ulduzu-
nun spektrlarinds Hy xattinds bir gecads on ¢ox
doyismo siia siirotindo (AVr=11km/s), xottin
yarim eninda (AAy=1.4A), xottin tam enindo
(AL=1.8A) vo ekvivalent enindo (toxminon 1.5
dofo doyismo) bas vermisdir Hp xotti udulma ko-
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Sokil.1.

HD34085 ulduzu spektrlorindo Ho vo Hp xatlorinin profillori.

mponentindon ibaratdir vo bu xatds on ¢ox do-
yismo tam endo (AA=1.8A) bas vermisdir.

HD91316. Bu ulduz Bllab spektral sinfino
monsub my=3.87 olan nisbaton parlaq ulduzdur.
Temperaturu Ter=20260K otrafinda doyisdiyin-
dan isti ulduz hesab olunur. Bu ulduzun iss bir
geca arzinda 3 spektri alinmigdir. Sakil 3-do gos-
torildiyt kimi Hg xotti yalmiz udulma kompo-
nentindon ibaratdir. Bu xattin niivasi (pik) qirmi-
z1 torafs ayilmisdir vo zaman kegdikco bu ayilmo
0z formasin1 doyisir. Hp xottinin strukturunda iso
nozoragarpacaq doyismo miisahido olunmur.
Cadval 2 vo Cadval 3-doki 6lgmalarin tohlilindon
miloyyan edilmisdir ki, bu ulduzun spektrlarinda
Hq xottindo bir gecodo on ¢ox doyismo siia sii-
rotinds (AVr=14km/s) vo xottin tam eninds
(AL=2.5A) bas vermisdir. Hp xottindo isa qisa
zaman miiddeatinds siia siirati vo spektral para-
metrlordo digqoeti colb edon doyismo askar edil-
momisdir.

Molumdur ki, Hy vo Hp xatlori ulduz atmos-
ferinin yuxar1 qatindadrtiiys yaxin gatlarda for-
malagmaga baglayir vo fotosferadok davam et-
moklo demok olar ki, atmosferin biitiin effektiv
qatlarini ohato edir [16].

Qeyd edak ki, ifratnohong ulduzlarda stialan-
ma selinin vo elocs do madds axininin (ulduz kiil-
oyinin) doyismasi atmosferin yuxari qatlarinda vo
ortiilkdo miivafiq doyismolor yaradir [16]. Noti-
cado Hy xattinin udulma vo siialanma komponen-
tlori doyisorok miixtalif formalarda miisa-  olu-
nur. Eyni zamanda todqiq olunan bozi ulduzlarda
Hp xoattinin niivasinds kigik detallarin yaranmasi,
onlarin o6l¢iilorinin vo xottin konturu boyunca
yerini doyigmasi, niivonin (pikin) bondvsoyi vo
qurmiz1 toraflora ayilmaesi gostarir ki, homin ulduz
atmosferlorinin yaxar1 qatlarinda giiclii madda
axinlar (sigrayigh atilmalar) moévcuddur. Hp xot-
tinin qanadlarinda iso belo doyiskanliklorin olma-
mast daha dorin effektiv qatlarda qeyd edilon ka-
taklizmlorin bas vermomasi ilo izah oluna bilor.
Beloliklo, HD34085, HD37742, HD37128, HD38771
vo HD91316 ifratnohong ulduzlari spektrlorinda
Ho vo Hp xatlori profillorindoki siiratli doyiskon-
liklor homin ulduzlarin atmosferinin qeyri-
stasionarlig1 yuxari gatlarda giiclii madds axinla-
rinin vo Ortliylin hayacanlanmasinin naticosi kimi
izah oluna bilor.

Digor torafdon ulduz kiiloyinin yaranmasi vo
doyigsmosi hom do ifratnohong ulduzlarda bas ve-
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ron pulsasiya hadisasi ilo alagadar ola biler [17].
Lakin bu hadiso dovri xarakterli oldugundan
todqiq edilon ulduzlarda H, xottindo bas veron
doyiskaonliklor pulsasiya ilo baglidirsa, onda bu
doyismo periodik olmalidir. Golocokds homin
ulduzlar {i¢iin ardicil vo bircins miisahido mate-
riallarinin sayini artirmaqla geyd olunan doyis-
konliklorin pulsasiya mongali olub-olmamasi
arasdirilacaqdir.

Yuxarida gosterilonlorden slave, malumdur
ki, ulduzun firlanma siirati spektral xatlorin eni-

nin vo dorinliyinin doyismasine tosir gostorir.
Cadval 1-do todqiq olunan ulduzlarin tempera-
turlar1 vo firlanma siiratlori arasinda maraql
uygunluq diggati calb edir. Goriindiiyl kimi ul-
duzun temperaturu artdiqca onun firlanma stirati
do daha boyiik adadlorls ifado olunmusdur. Tad-
qiq olunan ulduzlarin spektrlorinds qisa zamanda
Hq, vo Hp xatlorinin galiq intensivliklorindo giiclii
doyigsmolor miisahids olunmasa da, onlarin yarim
enlori vo xiisusilo do tam enlorindoki nozore-
carpan doyismolari vo bu doyismolorin ulduzun

Cadval.2.
Ha xottindo siia siirati vo spektral parametrlorin qiymatlari.
Spektilatin H.
abinma
e IV B I, fp | Ahgr [ Ahgs | oan | oan | W [ W
(abs) | (em) | (abs) | (em) | (abs) | (em) | (abs) | (em) | (abs) | (em)
km's | kmis A | A | A | A | mA| md
HD34083
0503 2014
UT=1357 17 117 054 L.04 14 24 23 34 7 37
UT=133% 2 117 054 L.04 16 L6 24 2 el 7
UI=1340 2 126 054 103 5 L4 23 3.0 &0 45
U=1342 2 124 054 L.04 5 15 23 3.1 el L
UI=1343 14 22 83 103 2 2.1 21 3.5 61 101
U=1344 15 114 053 104 14 22 23 3.3 &4 37
UI=1346 18 116 053 L04 5 L5 27 3.l 110 B
UI=1348 2 113 053 104 14 2.1 23 3.3 2 5l
UT=1350 2 124 053 103 5 15 26 2 104 32
UI=13sl 19 117 052 L04 5 2.0 2.6 2 113 73
UI=13.53 2 120 052 L.04 15 2.0 26 34 107 B4
HD37742
05 .03 2014
UI=14.06 2 203 051 106 2 3.3 71 .4 313 177
UI=14.10 2 -157 050 103 2 3.8 T3 6.1 32 170
UT=14.13 23 -2 .33 104 2 35 A 6.2 471 133
U=14.13 2 -157 .85 L04 34 3.5 g9 & 472 110
HD37128
05.05.2014
UI=1426 -1534 -5 053 112 13 2.7 40 45 gl 312
UI=1423 -132 -5 56 111 1.3 3.0 32 6.0 [=] 340
UT=1451 -134 -G 053 111 15 2.7 3.3 54 107 301
UT=1433 -131 =210 0435 112 2! 23 32 5. 83 333
HD38771
0503 2014
UI=1447 -0 - .36 - 57 - 16.6 - 1051 -
UI=1451 -7 - .56 - 3.3 - 17.0 - 1073 -
UT=14.54 61 - .56 - 6.5 - 16.8 - 1148 -
UT=14.57 61 - .53 - 52 - 15.2 - 520 -
HD&13146
0503 2014
UI=1317 47 - .80 - 2 - 15.1 - 1045 -
UT=1323 37 - (.30 - 41 - 154 - G686 -
UI=l32 33 - .80 - 2 - 15. - 1010 -
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Cadval.3.
Hp xottindo siia siiroti vo spektral parametrlorin qiymotlori.
Spelktilann Hs Spektilann Hz
ahinma _ _ | aknma _ _
tarixlan Violon | Ake| Ak | W | tamden | V| & | ARz an | W
km/= A A | mA km/= A A | mA
HD34085 HD37128
03.03.2014 03.03.2014
UT=13.37 | 24 | 071 | 34 | 128 | 1144 | UT=1424 6 | 078 4% [ 11.2) 1137
UI=133% | 26 (071 2 2.2 108% | UT=1428 13 | 077 48 | 13.0) 1216
UT=1340 | 22 | 073 | 32 | 128 | 1027 | UT=1431 15 | 077 30| 134 1238
UT=1342 | 23 |07 | 33 | 15.0| 1183 | UT=14.33 13 | 078 4% | 12.7] 1184
UT=1343 | 22 | 073 | 33 | 139 | 1093
Ur=13.44 | 20 (073 | 32 | 123 | 977 | HD3§/T1
UT=1345 | 22 | 0488 | 3.3 2.2 1244 | 05052014
UT=1345 | 26 | 070 | 32 | 15.6 | 1183 | UT=1447 g 00| 42 | 116 1413
UI=13.50 | 25 | 070 | 34 | 151 | 1171 | UT=1451 6 or| 41 11.2) 1382
UT=1331 | 26 | 066 | 34 | 140 | 1407 | Ul=14¥4 g 070 41 | 113 1378
UT=13.533 | 28 | 047 | 32 | 15.7 | 1M2 | UT=1457 W o 41| 13.0) 147
HD37742 HD%1314
05.03 2014 05.03.2014
UT=14.06 16 (074 43 | 142 (1251 | UI=1317 33 | 083 | 36 | 12.85( 1331
UT=14.10 16 (074 43 | 136 (1212 | UI=1323 32 | 082 | 35 | 135( 1ell
UT=14.13 10 (074 43 | 138 1184 | UI=132% 35 | 062 36 | 136/ 1619
UT=14.15 18 (074 | 44 | 1471301
T
» H Vg Hy 14,15
Iy ) OUn a 1413
14.10
10 - » S - 14.06
1.0
4 : L{A) = LA
6355 6560 6565 6570 485735 48625 4867.5
My 4604 Hy I U1
‘ ‘ Hy 1433
1431
14238
1O : f ¢ 14.26
1.0
AA) o hA)
6560 63625 6365 63673 48573 48625 48675

Sakil.2.
HD37742 va HD37128 ulduzlarimin spektrlarinds Ho vo Hp xatlarinin profillari.
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firlanma stirati ilo slagadar olub-olmamasi ma-
raq dogurur. Homin doyismolor tokrarlanan olsa
da onlarimn periodik olub-olmamasi qeyri-miioy-

l.

yon qalmigdir. Bunu agkar etmok mogsadilo
SAR-da homin ulduzlarin miintozom spektral vo
fotometrik miigahidslorinin aparilmasi nazordos

tutulur.
i U1
o I H 1457
1. 23 Un P 14.
Hy 1454
14,51
0 1447
Lo
: : L(A) : o , % (A)
6353 6360 (563 6570 48375 4562 5 48675
U1
I .
pleo 0t I 1329
I H, Hy 152
1.0+ ~15.17
10
L | o % (A) A . 1(A)
6555 6360 6563 6370 48573 1862.5 4867.3
Sakil.3.
HD38771 vo HD91316 ulduzlarimin spektrlorinde Ha vo Hp xatlorinin profillori.
NOTICO
HD34085, HD37742, HD37128,  xotlorin yarandig: effektiv qatlarda giiclii maddo

HD38771 vo HD91316 ifratnohong ulduz-
larinin spektrlo-rinde He vo Hp xotlori
profillarinin strukturu, siia siirati vo spek-
tral parametrlori ¢ox qisa zamanda dayis-
konlik gdstarir.

Hq vo Hp xatlorinds bir gecads an ¢ox do-
yismolor siia silirotindo (AVr=7+14km/s),
xlisusilo xatlorin tam eninda
(AL=1.1-2.8A) vo bu parametrdon asili
olan ekvivalent enlords (1.5+2 dofa doyis-
mo) miioyyan edilmisdir.

Hq vo Hp xotlorindo bag veran qisa miid-
datli doyismaler ifratnohang ulduz atmos-
ferlorinin qeyri-stasionarligi, homginin bu

axinlarin olmasi ila izah oluna bilar.
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MCCJIEJOBAHME JIMHUM H. U Hp B CHEKTPAX HEKOTOPBIX 3BE3/] CBEPXTMTAHTOB
AMMATIEPPAMOB

[IpencraBieHsl pe3yIbTaThl HCCIIEA0BAHUI TOHKON CTPYKTYpbI podueit muauit Ha 1 Hp, mydeBsIx ckopocTeit
U CTIEKTPAaJIbHBIX IapamMeTpoB 3Be3] ceepxrurantoB HD34085, HD37128, HD37742, HD38771 n HD91316 o crek-
Tporpammam moiy4eHHsIM B 2014 1. BeIsBII€HO, 9TO CTPYKTYpHI IpoQuiIeil BOZOPOAHBIX JIWHUH, Ty4eBble CKOPOCTH
1 UX CIIEKTPAaJbHBIEC TapaMeTPhI MOKA3BIBAIOT MIEPEMEHHOCTH 32 KOPOTKUH MTPOMEKYTOK BPEMEHH.

INVESTIGATION OF THE Ho AND Hp LINES IN THE SPECTRA OF SOME SUPERGIANT STARS
Y.M.MAHARRAMOV

On the basis of spectrograms HD34085, HD37128, HD37742, HD38771 and HD91316 supergiant stars obtained
in 2014 the radial velocity, spectral parameters and thin structure of the profiles of Ho and Hp lines were discussed. It
has been revealed the radial velocity, spectral parameters and structure of the profiles of hydrogen lines have changed
in the very short time.

Penaxrop: a. ¢. no ¢pusnke A.O.Amnaxsepaues
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AZORBAYCAN MILLi ELMLOR AKADEMIYASININ XOBORLORI
Fizika-texnika va rivaziyyat elmlari seriyasi, fizika va astronomiya 2014 Ne5
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— JUIS KHUT ¥ TE3HCOB: TIOJIHOE HAa3BaHNWE KHHUTU WM TE€3HCOB, HHHUIHAIEI U ()aMIJINHA aBTOPOB, MECTO U TOJ W3JaHM,
HavaJbHas ¥ KOHEUHasl CTpaHHMIIA.

3. AHHOTAIUA.

Ha OTACJIBLHOM JIUCTE I€YATACTCA aHHOTAIlMA Ha OCTAJIbHBIX ABYX S3bIKaX.

4. PUCYHKU.

PucyHkn OKHBI OBITH BBHINOTHEHBI 4eTko M mpexactaBieHsl Ha CJl mucke B JPG ¢opmare. Pasmeps! prcyHKOB
IOJDKHBI OBITh He Oomee 125x160mMMm m He Menee 60x60mm. [lommucnm kK pUCYHKaM TedararoTcs Ha OTIEIBHOM JIHCTE, Ha
00paTHOH CTOpPOHE €ro HOMEp M Ha3BaHHE CTaThu. Ha prCyHKax JODKHBI OTCYTCTBOBAThH Pa3bsACHSIONINE TEKCTH M Hagmucy. Ha
KOOPAWHATHBIX OCSIX Ha3BaHMS YKa3bIBAIOTCS KPYIHO M YETKO Ha aHTIMICKOM s3bIke. Ecim Ha rpaduke TaHO HECKOIBKO
KPUBBIX, TO UX ClIelyeT MPOHYMEPOBATh, a Pa3bsICHEHHE K HyMEPALUX JaTh B MOAIICH K PUCYHKY.

5. TABJIMLIBI.

Tabmuiel MpencTaBIsAOTCS Ha OTAeAbHOM nucTe. OHM JOMKHBI OBITH MTPOHYMEPOBAHBI U O3ariaBleHbL. Pasmepsl
TabaML He AOJDKHBI npeBbimaTh 125x160mM. CTaThs He HOJDKHA colepxath Oosee 5 Tabnui.

6. AIIPEC.

AZ 1143, baxy, np. I' [lxxaBuna 131, Uacturyr ©nsuxu HAH Asepbaiipkana.
Tel: (99412)539-33-15, E-mail:jtransactions@physics.ab.az; www.physics.gov.az

YYPE/IUTEJIb
Hayuonanvnas Axademusi Hayk Azepbaiioscana
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