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Qazdasinma Usulu ils gdysrdilen Znin,Se, fotorezistorlarinda fotokegiriciliyin stasionar va kinetik
xarakteristikalarinin stialanma intensivliyinin va temperaturun mixtalif qiymatlarinds tadgigindan
rekombinasiya markazlarinin tebisti, parametrlori tayin olunmus, mimkin yaranma mexanizmi
aydinlasdiriimisdir.

Acar sozler: fotokeciricilik, relaksasiya, rekombinasiya, elektron zabti, spektr, cald markazlar,
temperatur, intensivlik.

Anizotrop kristal qurulusa malik A"B3*C}" sinif kristallar informasiyani gsbul edsn va
saxlayan vasitalar Gc¢tun materiallar kimi shamiyyat kasb edir [1, 2]. Tarkibin murakkablagsmasi
saraitinda binar analoglardan fargli bir sira hadisalarin misahidasi, tGgqat birlasmalards kristal
gafesin misayyan Ustlin istigamat Gzre sixilmasi (buna tetraqonal sixilma deyilir) va kation
altgafasindas iki ekvivalent olmayan atomun, hamg¢inin vakansiyanin istirak etmasi ila alagadardir.
Sonuncu xassa va genis homogenlik oblastina malik olma, bu materiallarda bir sira “maxsusi”
defektlarin yaranmasi va idars olunmasi halisalarina sabab olur [1]. Bu defekt saviyyaslari ham
tutma, ham ds rekombinasiya markazlari kimi fealiyyst gostarerak materialin fotohassashgini,
rekombinasiya proseslarinin zaman parametrlarini formalasdirir. Tagdim olunan isda Znin,Seq
kristallarinda lokal markazlarin enerji spektrinin, parametrlarinin va tipinin tayin edilmasi, habels
onlarin idara olunma imkanlari fotokeciriciliyin stasionar va kinetik xarakteristikalarinin tadqiqi
ila hayata kecirilmisdir.

Fotoelektrik xassalarini 6lgmak Uglin Znln,Se, kristallari yod vasitasi il gazdasinma Gsulu
ila alinmisdir va Ggbucagli prizma formasina malikdirlar. Rentgen qurulus tahlili gostarir ki, bu
tguzli prizmanin tzleri (112), (001) va (112)-mustavilarina uydun galir. Bu tizlardan an tekmil

goyarani tadgiqatlarda isiglandirilan va kontaktlarla tachiz olunan (112) tzuddr. Kristalin optik
oxu bu iz mustavisi ile 37° bucaq smals gatirir.
Znln,Se, fotorezistorlarinin tabii gdysrdilmis 0zu 1.1 + 2.3 eV enerjili fotonlara uygun

hassaslig zolagina malikdirlar. Optik udulmanin yikssk diklikls kaskin artmasi otaq
temperaturunda 1.85eV-a uygun galir va ZnIn,Se, monokristallarinin diizzonali yarimkegirici

olmasini gostarir. Stasionar fotokegiriciliyin spektral paylanmasinda hv<1.8 eV olduqda asqar
saviyyalar ile fotokeciricilik, hv =1.85eV isa fundamental udma kanarinin darinliyinds,

parcalanmis valent zonasinin altzonalarindan bas veran fotoaktiv udulma ila slagslandirilir[1].
Stasionar fotokeciricilik spektrlarindan teyin olunan asqarlarin enerji movgeyi 1.70eV ve

1.32 eV taskil edir. Fotocarayanin temperaturdan, hayscanlasmadan va zamandan asililiglari,

habels kombina olunmus isiglanmada fotosignalin formalasmasi ham asgar saviyyslarin, ham da
yapisma markazlarinin istiraki ile bas verir [3]. Bu hadissalsr ZniIn,Se, kristallarinda gadagan

olunmus zonada rekombinasiya markazi rolunu oynayan iki tip lokal saviyysnin mévcudlugu ila
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alagalandirilir. Bu rekombinasiya markazlari fotoelektronlarin tutulmasinin effektiv kasiyinin
giymatina gora farglanirlar. Desiyi tutma kasiyi demak olar ki, eyni olan, lakin sarbast elektronu
tutmaq gabiliyysati (5,,,) zaif olan markazlar r, cald tutmagq xutsusiyyatina malik markazlari isa 5

markazlari adlanir. 5., <5, 5, = 5, Lokal markazlarin parametrlari dastini tayin etmak ve

rekombinasiya prosesinin idaraolunmasi, fotokegiriciliyin kinetikasi ssasinda apariimisdir.

Umumi halda ZnIn,Se, fotorezistorunu asa§i temperaturda isiglandirdigda yaranan
fotocarayanin zamandan asililigi- hayscanlasmanin aradan gotirilmasi halinda fotocarayanin
azalma relaksasiyasi prosesinda (¢ oblast farglandirils bilsr:

1) ani (t; ~ mikrosaniya middatindsa) fotocarayanin azalmasi - surstli relaksasiya

2) nisbatan Kicik stratla( £, =millisaniya ) azalmasi - lang relaksasiya.

3) uzunmiddatli (t;=daqigs) garanliq carayanindan 10* dafs boyiik olmagla uzun miiddat

(saatlarla) 6z giymatini hifz etmasi. Bu galiq fotoelektrik effekti (QF) adlanir.

Fotocarayanin bels relaksasiyasi ZnlIn,Se, kristallarinda rekombinasiya sxeminin
mirakkabliyi ve onun hacminda lokal markazlarin geyri bircins paylanmasi naticasinda
rekombinasiya c¢aparlari yaranmasi ila alagslandirilmalidir. Umumi halda fotocarayanin

zamandan asililigr €= iﬁexp(—‘;) kimi yazila bilsr, T — xarakterik zamandir. Ugiincii oblastda

T = 10%s tortibindadir. Lakin miisyyan zamandan sonra eksponensialliq pozulur, T —nun ani
giymati artaraq 10°san teskil edir. QF hayacanlasdirici isigin spektral tarkibindan asihidir va
maxsusi fotokeciriciliyin spektral konturu ila uygunlug teskil edir. Asa§i temperaturlarda
Z9F — 10 tortibindadir ve temperaturun artmasi ila fotokeciriciliyin sénme oblastinda siiratla

T,

azahr. T = 280 K olduqda iss QF aradan ¢ixir. QF aradan galdirmaq tgtn fotorezistora ya gticlG
elektrik sahasi tathig olunmali, ya da 0 ~1,0 mkm dala uzunluglu 1Q isigla stalandiriimalidir.

Sonuncuda sénma spektri maxsusi fotokeciriciliyin sénma spektri ile uygunlug teskil edir,
maksimumu A = 1,2 mkm, qirmizi serhaddi isa 2 mkm -a uygun galir.

Qeyd edak ki, gucli elektrik sahssi ve iQ isig QF-ni yalniz gisman sondiiriir.
Fotorezistorlarin ilkin vaziyyatlarina qaytarilmasi yalniz onlari kigik sahalards 350 K temperatura
geder qizdiriimasi ile mimkindir. QF moévcud nazeriyysler esasinda izahi Znin,Se,
kristallarininin kegciricilik t¢tun rekombinasiya ¢aparlarinin movcudlugu, hacmds makroskopik
geyri-bircinsliklarin olmasi ils izah olunur. Bu rekombinasiya ¢aparlarini aradan galdirmaq tgtin
fotorezistoru maxsusi isigla stialandirmaq garskdir. Bu halda QF Uglin sarait aradan qgalxir va
rekombinasiya prosesini idara edan markazlarin parametrlarini va tabistini tayin etmak mumkin
olur.

Coxmarkazli yarimkeciricilards fotocarayanin relaksasiya ayrisi mirakkabdir. Elektron tipli

yarimkegiricilorda ~ desiklarin  relaksasiya muddeti  t ~10°+10"°san, elektronlarinki

t ~10°san tortibinds olur. Hayacanlasdirici impulsunun davametma muddsti At
t i <At<t  sortini 0dayirss, impuls muddatinds desikler uygun markazler tarsfindan tutulur.
elektonlarin relaksasiyasi iss impuls qurtardigdan sonra baslayir va markszin elektronu tutma
xarakterini muayyan edir. Davametma muddsti At = 107% san olan JITW-21 gaz lazerinin

impulslari bu sarti ddayir. Fotocarayanin kinetikasina yapisma saviyyarinin tasirini yox etmak
ticlin maxsusi fon isiglanmasindan istifads olunmusdur. Bela sarait Znin,Se, fotorezistorunda

mixtalif markazlar vasitesile rekombinasiyani izlemays imkan yaradaraq uygun relaksasiya
muddatlarini (z;,i = s,7) tayin etmaya imkan verir. Fotocarayanin ossiligramindan relaksasiya

ayrisi yarimlogarifmik miqyasda cald va lang olmagla iki xatti oblastla xarakteriza olunur.
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Fotocarayanin kinetikasindan tapilan = zaman middsti rekombinasiya markazlarinin
dolmasinin zaif dayismasi saraitinda avtonom mana dasiyir, impuls middastinda tarazsiz desiklar
tutuldugundan, tayin olunan relaksasiya miiddatlari uygun olarag s ve r markazlarina aid olur[4]:

An® g, e\p(——) g, e\p( ) g. va g, uygun rekombinasiya markazi vasitssi ils tarazsiz

elektronlarin rekombmaswa temp|n| tayin edir va markazlarla elektron tutulmasinin effektiv
kesiyindan, onlarin elektronlarla dolmasindan asthdir: g; + g, = 1.[3]

Lang komponentin amplitudu fotorezistorun fotohassasligini tayin edir, T va 5 markazlarin

baslangicinda dolmasindan, bu markazlerin konsentrasiyalari nisbatindan asthdir. Cald
komponentin musahidasi gisa impulslardan istifads seraitinds » ve s markazlarinin desiklarls

dolmasinin gostaricisidir. Fotocarayanin relaksasiyasini xarakteriza edan =, kamiyyatinin giymati

ham isiglanma intensivliyindan, yani amals galan tarazsiz yukdastyicilarin migdarindan, ham ds
temperaturdan, yani rekombinasiya amaliyyatini yerina yetiran markazlarin dolma daracasindan,
ionlasma xarakterindan asilidir. Muxtalif stialanma intensivliklsrinds Znin,Se, fotorezistorunda

fotocarayanin relaksasiyasi ham lang, ham da cald rekombinasiya kanalinin relaksasiya
muddatleri intensivliyinin artmasi ils azalir. =, Gcln relaksasiya middatinin 10 %san, 7, Ucln

iss 107 %san taskil etmasi uydun rekombinasiya markazlarinin asas yiikdasiyicilari tutulma

kasiyinin kaskin farglanmasinin, rekombinasiya prosesinin isa pillali sakilds bas vermasinin
gostaricisidir. ZnIn,Se, tctun 7 *(An) va . *(An) asithiliglarinin xatti olmasi fotokegiriciliyin

nazariyyasi asasinda elektronlarin = va s markazlari tarafinden zabt amsallarini, onlarin
giymatlarine gore tutulmanin effektiv keasiyi adlanan S,,, ve 5,. kamiyyatlori tayin edilmisdir
(5,,=(2+4)-107sm? 5,.=3-10"sm™?). Desiklorin lang rekombinasiya markszlari
torsfinden tutulma kesiyi stasionar xarakteristikadan tayin olunan S, /S nisbatinin giymating
géra tayin edilmisdir ve (5,,~10"**sm?) tortibine uydun galir. Tutulma kasiyinin gostarilan
giymeatlarini atomun en kasiyinin texmini giymati (107 sm?) ile mugayisasi desiklarin Kulon
cazibs sahasinds, elektronlarin isa neytral markazlar tsrafindan tutulmasini goéstarir, yeni
Znln,Se, fotokristallarinda rekombinasiya markazi rolu oynayan lokal saviyyslsr 1 yikli

akseptorlardir. Fotokegiriciliyin lang komponentinin mixtalif temperaturlarda relaksasiyasi
fotokegiriciliyin termik sénmasi ils uzlasir. Temperatur artdiqca z,. kigilmasi lang  markazlari ila

valent zona arasinda desik mubadilasinin entimalinin artmasi ila alagalandirlir.
Tahlillarla gostarilmisdir ki, ZnIn,Se, monokristallarinda fotohassasligi idars edsn r —

markazlari “antistruktur defektlar” adlandirilan va kation altgafasinda Zn,, tipli, Il grup ionu ils

1l grup ionunun avazetmasinds yaranan saviyyalarls, habels halkogenin transagentla
mibadilesinds formalasan [V, : Js.] tipli komplekslarls slagadardir, donor tipli lokal saviyyalar

isa Ing, va Vo, kimi yapisma markazlari yaradaraq fotocarayanin kinetikasini tahrif edir.
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B paboTe paccMaTpuBaeTCH BAMSHWE BHELUHErO 3/1eKTPUYECKOro noist Ha PoTOoNpoBOAMMOCTb
MOHOKPUCTa/NO0B CeneHnaa VHAWSA, O4HOr0 U3 NpeAcTaBuTeNel nonynpoBOAHNKOBbIX COEAMHEHUIA Tuna
A’B® co cnoucToil CTPYKTYpOiA. YCTAHOBNEHO, YTO OGHApy><eHHble B 3KCMEPUMEHTE aHOMaiuu
(hOTONPOBOAMMOCTU HEMOCPELCTBEHHO OOYCMOBNEHbI CO CNOMCTOCTLIO CTPYKTYPbl K3y4aemoro
Mo/ynpPOBOAHNKA.

KntoueBble cnosa: (HOTONPOBOAUMOCTb, ONTO3NEKTPOHNKA, 3NeKTPUYECKOe MNofe, CNOUCTbIi
KpucTann, MOHOCENEHUT, CNeKTP.

®0oTONPOBOAMMOCTL  NMONYNPOBOAHWKOB MPUB/IEKAET BHUMaHWE He TO/IbKO CBOMMMU
YHUKA/IbHbIMWA  BO3MOXHOCTAMMW /11 NPAKTUYECKOro MPUMEHEHUS B  ONTO3/IEKTPOHUKE U
(hOTOHWMKE, HO 1 60/bLLIOIN MH(OPMATUBHOCTHIO 06 X 3/1EKTPOHHbIX CBOMCTBAX, BOOOLLE.

K HacToflleMy BpeMeHW 3TOMY 3/1IEKTPOHHOMY SB/IEHWUIO MOCBALLEHO OrpoMHOe
KOMIMYECTBO 3KCMEPUMEHTa/IbHbIX WUCCMeA0BaHUA N B OOMbLUMHCTBE C/ly4YaeB MONyYeHHbIe
pe3ynbTaTbl Y4OBNETBOPUTENIbHO OOBACHANNCL HA OCHOBE (DEHOMEHO/IOTMYECKUX Teopuin u
mMogenen, BblABUHYTLIX HaumMHaa ¢ 1950-x rogos C.M. PbiBKMHbIM, A. Poy3oMm, P. Bbtobom, B.E.
JNauikapesom u ap.

OfHako He pefKo BCTPEYaloTCA U MOMYNPOBOAHUKWU, B KOTOPbIX MPWU ONpesesieHHbIX
ycnosuax (MOporo U MpPefCcTaBAOWMX 3HAYUTENIbHBIA MPaKTUYECKUA WHTEpec [And OnTo-
3NEKTPOHNKM N POTOHWNKM) 0CO6EHHOCTM POTONPOBOAUMOCTUN HE O6BACHAKOTCA NMNLLIL HA OCHOBE
NpeaJ/IoXeHHbIX NPeLCTaBeHNI.

K Takum Matepuanam, npexne BCEro, MOXHO OTHECTM pa3/IUYHbIX MpeAcTaBUTeNel
CUNbHOMErMPOBAHHbIX, CUIbHO  PafMaUMOHHO  O6/yYeHHbIX, LEMOYEYHbIX WU CMIOUCTBIX
KPUCTaNINIoB, KOTOPbIX MO psigy COOOPaXEHWUA, MOXHO 06beAUHWTb NOA O6LMM Ha3BaHWEM
«YaCTUYHO-HEYMNOPAA0UYEHHBIE», UMW XKE «MPOCTPAHCTBEHHO-HEOAHOPOAHbIE» KPUCTaIIYECKME
MO/YNPOBOLHUKW.

B oTinume oT KBasVOLHOPOAHBIX KPUCT/UIMYECKMX, MPOCTPAHCTBEHHO-HEOLHOPOLHbIe
KpUCTa/iInyeckne nonyrnpoBOAHMKM 06M1afatoT psgaom cneumguyecknx 0cobeHHoCTel (oTo-
MPOBOAUMOCTH, @ TaKXe M0 CBOMM 3/1EKTPOHHbIM CBOMCTBAM MUMEIOT AyasibHbIl XapakTep, T.e.
Npy OMpeAeneHHbIX BHELUHMX YCMOBUAX BeAyT Cebsi KaK KpuCTasIMyeckue, a B APYruX -Kak
HEKPUCTaINNYECKIME BELLECTBA 1 B HUX NPOSBAAIOTCA HEMAIO MHAMBUAYaSIbHBIX 0CO6EHHOCTEN.

ECTecTBEHHO, YTO B TakMX MONYNPOBOAHMKAX TEOPETMYECKOe OnucaHne OCOGEHHOCTeW
(hoTONPOBOAMMOCTK, 60Nee TOro ee crneunupuyeckme MOMEHTbl — BOMPOC CAMLLIKOM TPYAHbINA
(MM >Ke NOYTU He BO3MOXKHbIM). [03TOMY MpWY 3TOM CambIM [OCTOBEPHBLIM NMyTeM SABAETCH
HaKOM/IeHNe MHOMOUYMCNEHHbIX 3KCNEePUMEHTaIbHLIX pe3ynbTaToB, a falee Ha OCHOBE WX
CPaBHUTENLHOMO aHanM3a U CTaTUCTUYECKOro 0606LLEHNSA, (DOPMYNMPOBAHNE NCUEPbIBAOLLMX
KayeCTBEHHbIX Hay4YHbIX BbIBOJOB.

Mcxofs m3 aToro, Hamm C LeSIbo BbISIB/IEHWSI U BbISCHEHWSA (DM3MYECKOr0 MexaHu3ma
cneumnpryecknx 0cob6eHHOCTENn (HOTOMPOBOAMMOCTU B MONYMNPOBOAHUKAX CO C/IOUCTOA Kpu-

CTa/ININYECKOI CTPYKTYpoit Tuna coeauHernii A" BY' npoBognnmck KOMMIEKCHbIE IKCTEPUMEH-
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TaNbHble  MCCNEA0BaHUA OCHOBHbLIX XapaKTEPUCTUK pa3HOo6pasuii  3TOro  SABMEHUS B
MOHOKpPUCTa/INax UX MOHOCeNIeHU0B.

B faHHOI paboTe peyb naeT 06 1UccnefoBaHUAX BAMSHUAS BHELLHErO 3/1eKTPUYECKOro noss
pasfIMYHOM HaNpPsXKEHHOCTHIO Ha (hOTONPOBOAMMOCTbL B 3TUX MOMYMNPOBOAHMKAX, B YaCTHOCTYU B
MOHOCe/NIleHnax NHANS.

V3mepeHus NpoBOAWNNCHL B LUMPOKOM [Mana3oHe M3MeHeHus Temnepatypbl (77-350 K),
[/MHbI BOMHbI (0.30-4.50 MKM) M MHTEHCUBHOCTM cBeTa (BMAOTh A0 5-10° NK), HanpsSKEHHOCTH
BHELLHEro 3M1eKTPUYECKOr0 MOMA B YACTLIX M cnabonernposaHHbix (N<10™aT.%) pasnuuHbiMm
pefKo3eMe/IbHbIMU 3/1eMEHTaMU U3 TPYNMbl fiaHTaHa (B 4aCTHOCTW, FO/IbMUEM, Fafo/IvHUEM U
AMCMpo3MeM)  MOHOKpuUCTaniax MoHoceneHuga uHausa  (InSe), NONyYeHHbIX METOAO0M
Me[JIEHHOr0 OXNaXKAeHUA NPy NOCTOAHHOM rpajueHTe TeMnepaTypbl BAOb CIIUTKA.

Ha ocHOBe NpOBeAEHHbLIX W3MEPEHWIA YCTAHOB/IEHO, YTO MPU CNabbIX 3NEKTPUYECKMX
nonsaX CMeKTp W NIOKC-amnepHas Xapaktepuctuka (JTAX) cobCTBeHHOM (POTONPOBOAUMOCTU
(hoTONpPOBOAMMOCTU, BO3BY)KAEHHO CBETOM M3 061aCTV COGCTBEHHOrO MOr/IOWEHNS), NOMUMO
Temnepatypbl, 3aMeTHbIM 00pa3oM 3aBUCAT TakXke OT BEIMYMHbI  YAeNbHOro TEMHOro
conpoTmeneHns (pro) uccnegyemoro obpasuya. B obnactn Huskmx Temnepatyp (T<250K) wn
cnabblX OCBELLEHHOCTE KaK BeMYMHA OTAE/bHbIX MapaMeTpoB, TakK W XOf XapakTepucTuk
(cnekTpa 1 JIAX) co6CTBEHHON POTONPOBOANUMOCTM A1t 06pa3L0B C Pa3/IMYHOM Py OT/IMYAKOTCS.
Mo BeNMUMHaM 3TUX pasIMYmniA, KpUcTansibl N-INSe yCNIOBHO MOXXHO pasfennTh Ha ABe rpymnnbl —
HU3KOOMHble (Po<10°OM-CM) M BbICOKOOMHble (Po=10*OM-CM). HW3KOOMHbIE KpUCTan/bI
CPaBHUTE/NBHO €/1abo POTOUYBCTBUTE/BHbI, NPOLLECCHI peniakcaumm (oTooTKIMKa (YCTaHOB/IEHNA
CTaLMOHapPHOrO 3HA4YeHUs MNpPU BKIOYEHWN BO3LEWCTBMM CBETa WM WCYE3HOBEHMS MOC/e
npekpaLleHn BO3AENCTBAM CBeTa) MMEOT ObICTPbIA XapakTep (XapakTepusyetcs NMOCTOSHHOM
BpeMeHU 1<10°® C), CNeKkTp (POTONPOBOAMMOCTI He MMEET JOMNONHUTENBbHOM CTPYKTYpbI, a JIAX —
MOAUYMHSETCA CTEMEHHOMY 3aKOHY C nokasartesieM cteneHn 0<o<l. B oT/iMume OT HU3KOOMHBIX,
BbICOKOOMHbIE KpUCTa/i/ibl 0671a4aK0T 3HAUYMTENBHO BbICOKOW (HOTOYYBCTBUTENLHOCTHIO, B HUX
npoLecchl penakcauum oToNPOBOAUMOCTI UMEIOT MeLJIEHHbIV XapakKTep, Nocne npekpaweHun
cBeTa HabnoJaeTca  BbICOKOKpaTHass oCTaTovHasd  (POTOMPOBOAMMOCTb, B HavaslbHOM
(npeanvHeliHol) yactn JIAX “MeeT MecTo Cynep/IMHeNHbIN y4acToK (r4e Horga a focTuraeT
[0 6+7), MaKCUMYM 1 KpacHas rpaHuua CrekTpa CMeLLEeHbl B CTOPOHY 60siee A/IMHHBIX BOJH,
CMEKTP PacLUMPEH TaKXXe BCMeACTBME CMELLEeHNs KOPOTKOBO/IHOBOM rpaHuLbl B CTOPOHY 60nee
KOPOTKMX [/IMH BOJIH, Ha 006emx BeTBAX crekTpa (Kak Ha KOPOTKOBOJ/IHOBOMW, TaK W Ha
[JIMHHOBO/IHOBOM) MPOSABAAOTCS AOMONHUTENbHbIE (CNaboBbIpaXXeHHbIE) MUKW B BUAe NIato, ¢
pPOCTOM pro BCe 3TWU CreumMpukn CcobCTBEHHON (HOTOMPOBOAMMOCTY YCUAMBAKOTCH, a C
MOBbILIEHNEM TeMMePaTypbl U MIHTEHCMBHOCTW CBETA OHM MOCTENMEHHO 1CYe3atoT.

Takke YCTaHOB/IEHO, UYTO MapamMeTpbl W XapaKTepUCTUKN COOCTBEHHOW (DOTOMPOBOAU-
MOCTU HWU3KOOMHbIX KPUCTa/INI0B, MPY PACCMOTPEHHBIX HAMU YC/IOBUAX OT 3/IEKTPUYECKOr0 Moss
He 3aBucAT. OfHaKo B BbICOKOOMHbIX KpuCTainax B 06nactu Hu3kux temnepatyp (T) u cnabbix
ocgeleHHocTer () npu  HanpskeHusx (U) COOTBETCTBYHOLUMX HEIMHENHON 061acTu
CTaTUYeCKOW BOJSbT-aMMepHON XapakTepucTukm (BAX), rae MMeeT MecTo 3aMeTHas MHXeKLWS
yepe3 TOKOBble KOHTaKTbl B 00pasel, HayMHaeT MNPOSBNATLCA 3aBUCMMOCTM MapameTpoB U
XapaKTepUCTUK COBCTBEHHOM (HOTONPOBOAMMOCTM OT  3nekTpuyeckoro nona (E). Mpu
OAMHAKOBbIX 3HayeHMsax E, T u & c poctoM pPrp, BAUAHME 3MEKTPUYECKOrO MONA Ha
(hOTONPOBOAMMOCTL CTAHOBUTCA 00See 3aMeTHbIM, & C pocToM P U noBbleHNneM T —OHO
0CNabnseTca U HakKoHeL, COBCEM Mcye3aeT (napaMeTpbl U XapaKTepUCTUKN (HOTONPOBOAMMOCTH
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BbICOKOOMHbIX KPWUCTa/I/IOB  MOYTU COBMAZaldT C WMEKWMMUCA MEeCTO B HU3KOOMHbIX
Kpuctannax).

lMpoBefeHHbIE HaMW WM3MEpPEHUsi MOKasblBa/iM, YTO B/UAHME 3M1EKTPUYECKOro Mons Ha
(hoTONPOBOAMMOCTb B KpucTanniax n-InSe 6onee cunbHo npossnsetcs npyu U=Upnap, rae Unspy —
3HayeHVe 3MEeKTPUYECKOr0o HanpsXeHns, npuv KOTOPOM MPOUCXOAWUT MOMHOE 3anosIHEHMe
NOBYLLUEK B pPeXuMme TOKOB, OrpaHuWYeHHbIX 06BEMHbIM 3apsgom (TOO3). Kpome 3toro,
npoBefeHHble Ha o06pasyax C PasIMYHbIMKM TOKOBbLIMW KOHTaKTamu, a Takke pas3/MyHOn
CTPYKTYPOiA U TeoMeTpueli M3MepeHus, OAHO3HAYHO CBUAETENILCTBYHOT O TOM, 4TO B
06Hapy>KeHHOW 3aBUCUMOCTW COBCTBEHHOW (POTOMPOBOAMMOCTI OT BHELUHETO 3/1EKTPUYECKOTO
rnons B UCCNeLYyeMOM MONMYNPOBOAHMKE ONpPesensatoLLyIO PO/b UTPaeT N MHXeKLUUA.

Okasanocb, YTO MpU ONTUM&aIbHbLIX YCNOBUAX B 3aBUCUMOCTW OT 3HAYEHUS Pro, MOA
[EeNCTBMEM 31IEKTPUYECKOr0 NONSA MoKasaTesb CTENEHN Npes/IMHENHOro yyactka JIAX MeHseTcs
B npegenax 7+1, makcumym cnekTtpa cmewiaetca ot 1.10 Mkm o 0.95 MKwM, cnekTp o-
TonpoeoaMmocTn cyxaetca oT 0.30+1.45 mkm po 0.35+1.25 MKM K ero o6e BeTBM MOYTU
CrNaXmBaroTCs (LOMONHUTENbHbIE CNAb0BbIPAXKEHHbIE MaKCUMYMbl Ha 3TUX BETBAX MCYE3atoT).
BAnsHue BHELLHEr0 3/1EKTPUYECKOro Nons Ha CO6CTBEHHYHO (POTONPOBOAMMOCTL 60/ee CUMBHO
MPOSABNAETCA MMEHHO B TEX KPUCTA/NAX, B KOTOPbIX 3HAUMTENbHBI TaKXe adeKT hoTonamsTu.

BbISiCHEHO, YTO BCe 3TN O6HApPY)XKeHHbIE HaMK B 3KCMEPUMEHTe O0CO6EHHOCTM aHOManuu
(hOTONPOBOAMMOCTM U3y4aeMbIX KPUCTaI0B MOHOCENIEHWO0B Fralina U UHANA HENOCPeLCTBEHHO
06yC/iOBNEHbl CO  CNOMCTOCTBIO WX  CTPYKTYpbl, KOTOpas B CBOK O4Yepefb, BbI3blBaeT
BO3HMKHOBEHMWE B UCCMeAyeMbIX 00paslax XaoTU4ecKux (Kak Mo pacrpefeneHuio, Tak v o
KOMIMYECTBY W pasMepam) KpYrmHOMAcCLITabHbIX [e(eKTOB; MOJyYeHHble Mpy 3TOM 3KChepw-
MeHTa/IbHble pe3ynbTaTbl YAOB/ETBOPUTENBHO OOBACHAKOTCA Ha OCHOBE [BYX6apbepHoid
3HEPreTMYecKoil MoAenu MNpPOCTPaHCTBEHHO-HEOAHOPOLHOIO MONYNPOBOAHMKA C  KPYMHO-
MacLTabHbIMWU HEOAHOPOAHOCTAMU M Pa3/IMYHbIMKA TUMAMKW JIOK&/IbHLIX B 3anpeLleHHOW 30He;
AN15 06BACHEHUS 3aBUCUMOCTM (DOTONPOBOAMMOCTM OT BO3LECTBMA BHELUHErO 3/1EKTPUYECKOro
nons, MOMUMO Pa3/IMYHOIO TWMa YPOBHel 3axBaTa (MPUTArMBAIOLLMX W OTTa/KMBAOLLMX),
HEeo6X0AMMO YUUTLIBATb TakXKe POJb UHXEKLMM Yepe3 TOKOBbIBOAALLME KOHTAKTbI.
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MPNMECHAA ©OTOMNPOBOAMMOCTb MOHOKPUNCTAJITIOB CulnsSg
B.M. CanmaHoB, A.I". NyceinHoB, J1.I". M'acaHoBa,
A.3. Maromepos, P.M. MawmegoB, A.®. Xannnosa
BakuHCKuiA FocyfapCTBeHHbI YHMBEPCUTET
vagif _Salmanov @ yahoo. com

ccnegoaHa npumecHas (hoTONPOBOANMOCTb HOBOrO TPOiiHOTo coeanHeHns Culn.S;. CHATHI

CMeKTpa/bHble 3aBUCMMOCTM, ONPefeneHbl 3HEPTUM aK TUBaLMN TNy6GOKMX NPUMECHBIX YPOBHENA. Mo Buay
CMeKTPoB  (DOTOMPOBOAMMOCTM  MPEANONOMKEHO, UTO (DOTOAKTUBHbIMA  SBASKOTCA  BAM3KO
pacrnonoX<eHHble NyGOKWe YPOBHW, KOTOPbIE CKOHLEHTPUPOBaHbI BGAM3M OAHOrO YpPOBHS. [lonHoe
MCYe3HOBEHWE MpKMecHO (OTONPOBOANMOCTM NPU AAMTENbHON BblAEP>KKE 06pasLoB B TEMHOTE WM

>Ke O0CBELLEeHNN MPUMECHLIM CBETOM, CBUAETENLCTBYET O TOM, YTO B MOHOKpucTanax Culn,S,
“MeeT MeCTO MHAYLMPOBaHHaA NpUMecHas (hoTONPOBOAYMOCT b.

ViccnepoBaHna guarpammbl coctosHuA CulnS, —In,S; nokasanu, 4To npu 25 mon %
In,S, Ha NWHWMM conmpyca HabnAancs MakCUMyM, CBUAETENbCTBYHOLLMIA 06 06pa3oBaHUu
XUMUNYECKOro coefnHeHns Cu,In,Sy, nnaBALLErocs KOHrpyaHTHO npu 1085 °C, a npu 65 mon %
In,S, B cucTeme 06HapY>XeHO BTOPOE KOHIPY3HTHO mnassLeecs (1090 C) coeguHeHve c
topmynoii Culn,S,. CoeguHenne Cu,lIn,S, npu 800 °C nmeet MOANMUKALMOHHbINA nepexog,
CoegpHenmne e Culn,S; He wmeet nonumopdmsma [1]. B pabote [2] nokasaHO, YTO OHWU

06/1a1at0T BbICOKOW (HOTONPOBOAMMOCTLH B LUMPOKON CeKTpasibHOW 06/1acTu.
B paHHO paboTe paccmaTpuBaeTcs NprMecHas (HOTOMPOBOAMMOCTb MOHOKpHCTaia
Culn,S,. CHATbI CnekTpa/bHble 3aBUCMMOCTU MPUMECHON (POTOMPOBOAMMOCTH, MO3BONAIOLLME

OnpeAenvTb NOMHbIA 3HEPreTUYECKMA CNEKTP npumecein. OgHaKo, UCCnefoBaHNe CNEKTPa/IbHOM
3aBMCUMOCTM MNPUMECHON (POTONPOBOAMMOCTM KaK MeTOL OnpefeneHns 3HepreTUyeckoro
CrekTpa npuMeceil, 006nafaeT TaKXe HeKOTOPbIMW OCOBEHHOCTSAMU, YCNOXHSAIOWMMUN  ero
MCNONb30BaHWe. XapakTep CreKTpasbHOW 3aBUCUMOCTM  MPUMECHOW  (hOTOMPOBOAMMOCTH
onpefenseTcsd He TOMbKO 3HEPrveil MOHWM3aLMM YPOBHS, HO W BEPOATHOCTAMM OMTUYECKMX
MepexooB MeXay 3TUM YPOBHEM U 30HOWA.

Ha 06pasLbl, Bblpe3aHHble M3 MOHOKPMCTa/IMYECKOrO CMMTKA BblpalleHHOro MeTOA0M
BpumkmeHa n  06paboTaHHON0 MeXaHWYecKOoM LUANAGOBKOM W NOMMPOBKOW, HAHOCWUNCH
KOHTaKTbl 13 CepebpsiHO NacTbl U akBagara, KOTOpble CO3Aat0T OMUYECKMIA KOHTAKT C AaHHbIM
MaTepuanom.

®OoTOYYBCTBUTENILHOCTL 06Pa3LOB MO3BO/MMNMNA NPOBECTY M3MEPEHMSI HA MOCTOSHHOM TOKe
HEMOZY/IMPOBaHHbIM CBETOM. TUMMYHbIE CNEKTPbI NpUMecHoi (oTonposogumoctyt npu 300 K
ana  Culn,S, npuBedeHbl Ha pucyHke 1 (kpwBas 1). [/MHHOBONMHOBas rpaHuua

(hoTONPOBOAMMOCTM B pa3HbIX 0bpa3uax pacnosnoxeHa npu hv =0,6+0,8 3B. 3Ta BennunHa

COrnacyeTcs C 3Hepruieli akTUBaUMM MPUMECHBIX YPOBHEW, onpefeneHHOI n3TemmnepaTypHoit
3aBMCUMOCTY 371eKTponpoBoaHocTy [3]. Bua cnekTpoB (OTOMPOBOAMMOCTY MOKa3blBaeT, YTO
(hOTOAKTVBHBLIMW SBNAIOTCA, MO-BUAMMOMY, GIU3KO PACTONOXEHHbIe [Ny6OKMe NoKa/bHble
YPOBHM,  KOTOpble  CKOHLEHTPMPOBaHbl  B6GAM3M  OAHOMO  YPOBHS.  JIHOKC-ammnepHble
XapaKTepUCTUKN BCEX MCCneflyeMblx 06pasLoB, CHsTble Mpu 300 K, 6biin nMHeliHbIMK. W3 3Toro
cnegyeT, YTo ryboKonexallye ypoBHM B Culn,S, 3amofiHeHbl YaCTUYHO.
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Igla, B OTH. efl.

1 1 1 1 1 1 1 1

1,3 1,6 1,9
hv, aB

Puc. 1. CnekTtpbl npumecHoro ¢gotoToka CulnsSy (B 0TH. ef.): 1 — 300 K; 2 — 86 K (cpa3y nocse 3acBeTKM
CO6CTBEHHbIM cBeTOM); 3 — 86 K (nocne TpexKpaTHOro CKaHMpoBaHus cnekTpa npu hv<1,2 aB).

[eNcTBUTENbHO, NPU  MOACBETKE 06pa3LoB COOCTBEHHbIM CBETOM BWA CMEKTPOB
MPaKkTUYeCKN He M3MEHSETCS, a Be/iMumnHa (PoTooTBeTa Bo3pacTtaeT Ha 15 — 25 %. MNpu HU3KKMX
Temnepatypax cnag COo6CTBEHHOW (DOTONPOBOAMMOCTM CTAHOBUTCH MeAJIEHHbIM U U3MEpPEHUS
(hOTONPOBOAMMOCTM MOXHO MPOBOAUTL TONLKO MPW CTaLMOHapHOM OCBELLEHUN N MeAJ/IleHHOM
cKaHupoBaHuyn  criekTpa.  CyLLUECTBEHHON0  W3MEHeHus  A/IMHHOBO/IHOBOM  FpaHuupbl
(hOTONPOBOAMMOCTM MPWU YMEHbLUEHUWM TemnepaTtypbl He npoucxogut (puc. 1, kpvBas 2).
HeogHoKpaTHOe CKaHMpoBaHWe cnekTpa B o6nactm  hv<1,2 3B, nocne ocselieHns obpasua
COGCTBEHHbIM CBETOM, MPUBOAWUT K MOC/MeA0BaTe/IbHOMY YMeHbLUeHUO ¢oTooTBeTa. Bug
CMEeKTpa Npu 3TOM MPaKTUYeckn He usmeHsetcs (puc. 1, kpusaa 3). [AnuTtenbHas BblaepXKKa
06pa3LoB B TEMHOTE WM XEe OCBELLeHVE MPUMECHbIM CBETOM MPUBOAMT K MNPaKTUYeCKM
MO/IHOMY MCYE3HOBEHWIO MPYMECHOW (HOTONPOBOAMMOCTU. DTO CBUAETENLCTBYET O TOM, YTO B
MOHOKpucTa/inax Culn,S, VMeeT MecTo WHAYUMpOBaHHad MNpUMecHas (hOTOMPOBOANMOCTb.

CyLLecTBOBaHWE MHAYLIMPOBAHHOM (HOTOMPOBOAMMOCTH MOKa3sblBaeT, Yto B Culn,S; n1oTHOCTb
rny6oKMX YPOBHeN BeNMKa.
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iSIQLANMANIN Al-TiW-PtSi/n-Si STRUKTURLARININ
VOLT-AMPER XARAKTERISTIKALARINA TSSIRI
I.M. &fandiyeva, S.Q. 8sgarov, L.K. Abdullayeva,
S.M. Qocayeva, T.Z. Quliyeva, M.H. Hasanov
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Sottki baryer asash Al-TiW-PtSi/n-Si diodlarinin elektrik xassslari otagq temperaturunda normal
seraitde, garanliq ve mixtalif :10 mVt/sm? , 25 mVt/sm? 40 mVt/sm?, 63 mVt/sm? 100 mVt/sm? isiq
intensivliklarinds tadqiq edilmisdir. Miayyan edilmisdir ki, garanliq va muxtslif isiq intensivliklarinda Al-
TiW-PtSi/n-Si Sottki doidlarinin duziina istigamatds  volt-amper xarakteristikasi praktiki olaraq
isiglanma daracasindan asili deyil. intensivliyin aksina garginlik oblastinda volt-amper xarateristikasina
tasiri 6zuni daha gabariq blruza verir. Bu isa yiklarin dasinmasi zamani tunel prosesinin stunliyd ils
izah edilir.

Malumdur ki, metal-yarimkecirici kontaktina asaslanan Sottki diodlari (SD) elektronika va
optoelektronikada genis tatbiq olunur [1, 2].

Metal silisid-silisium kontaktlarinda toxunma sarhadi yarimkegirici altliq daxilinda
yerlasdiyina gora o, atraf mihitin tasirindan, oksid layin yaranmasindan gorunmus olur. Bu
baximdan metal-silisium kontaktinda metal silisidinin istifads olunmasi cihazin keyfiyyatliliyins,
etibarliligina taminat verir. [1, 3, 4]

Taqdim olunan isds AI-TiW-PtSi/n-Si  Sottki diodlarinin elektrik xassalari otaq
temperaturunda garanliq va miixtslif isiq intensivliklarinds tadqiq edilmisdir. Bu magsadls isiq
intensivliyinin volt -amper xarakteristikasina (VAX) tasiri dyranilmisdir.

Magnetron tozlanma dsulu ils ahinmis  amorf diffuziya baryerli Al-TiW-PtSi/n-Si
strukturlu diod matrisi sahasi 1x10® sm? - 14x10°® sm? garcivasinda dayisen 14 dioddan ibaratdir.
Yarimkegirici althg kimi 0,7 Om cm xususi mugavimatli va (111) oriyentasiyali n-tip silisium
secilmisdir. Adstan, omik kontakt olaraq istifads olunan aliminiumun kontakta diffuziya
etmasinin qarsisini almag magsadils Al va PtSi tabagalarinin arasinda diffuziya baryeri kimi
amorf TiW yerlasdirilmisdir..

Al-TiW-PtSi/n-Si SD-larinin diiziina va aksina volt -amper (I-V) xarakteristikalari (VAX)
genis garginlik intervalinda ((-25+5) V), otaq temperaturunda normal saraitds isiglanmada
(sapilmis isiq) (Sakil 1), garanligda ve miixtalif isiq intensivliklarinds (10 mVt/sm? , 25 mVt/sm?,
40 mVt/sm?, 63 mVt/sm?, 100 mVt/sm?) (Sakil 2) tadqiq edilmisdir.

VAX o0Olcmalari otag temperaturunda program taminatl Keithley 614 6lci cihazindan
istifads etmakls apariimisdir [5, 6].

Sakil 1 ve 2 -dan gorinduyu kimi Al-TiW-PtSi/n-Si diodlarinin diiziing istigamatds VAX
ayrilari demak olar ki, isiglanma daracasindan asili deyil.

Garginliyin boyik giymatlarinda isiglanmanin intensivliyi artdigda, sksina cerayan da artir.

Al-TiW-PtSi/n-Si kontaktlarinda otaq temperaturunda, garanliq ve isiqda volt-amper
xarakteristikasinin analizi yiklarin dasinma prosesinin musyyanlasdirmasi baximindan da béyik
ahamiyyat kasb edir.
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Sokil 1. Sahasi 8x10°sm? olan Al-TiW-PtSi/n-Si diodunun otaq temperaturunda normal
saraitds isiglanmada (sapilmis isiq) diiziina va aksina volt-amper xarakteristikalar
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Sokil 2. Sahasi 8x10°sm? olan Al-TiW-PtSi/n-Si diodunun otaq temperaturunda qaranligda va miixtalif
isiq intensivliklarinda (10 mVt/sm? , 25 mVt/sm?, 40 mVt/sm?, 63 mVt/sm?, 100 mVt/sm?)
diiziina ve aksina volt-amper xarakteristikasi.

Termoemissiya nazariyyasina (TE) gora metal-yarimkegirici kontaktinda baryerdan kegan
corayan asagidaki sakilds ifads olunur [1, 3]:

| = Ioexp[W}{l—ex{W}, 1)
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burada, g-elektrik yiku, k- Bolsman sabiti, T- Kelvin daracalanmasina gora temperatur, n-idealliqg
amsali, Rs - ardicil migavimatldir. I, -doyma carayani

®
I, = AA"T Zexp| - J-80 2
P ;

kimi ifads olunur. Burada, A-kontakt sahasi, A" -Ricardson sabiti olub (111) orientasiyall Si Ugiin
264 A'cm?K? barabardir [2, 3]. ®g, -baryerin hiindiirliyudir. lo-in giymsti Ini-V ayrisinden
ekstrapolyasiya edarak carayan oxu ila kasismasindan hesablanir.

KT . | AAT?
D, :_In{ :| (3)
q I

Xatti oblastin carayan oxu ils kasismasi va maillikdan garanliq va yiksak isiglanmada (100
mVt/sm? idealliq amsali n- va doyma carayani i, hesablanmisdir (qaranligda: n=1,22, i0=2x10"
10, isiglanmada: n=1,57 , io=1x10"A). Potensial baryerin hiindiirlilyii (3) diisturuna gora uygun
olaraq (0,71 eV, 0,67 eV) tayin edilmisdir.

Al-TiW-PtSi/n-Si SD-larinin otaq temperaturunda adi sspilmadas, garanliqda ve mixtalif
isig intensivliklarinda (10 mVt/sm?, 25 mVt/sm?, 40 mVt/sm?, 63 mVt/sm?, 100 mVt/sm?) VAX-
larinin tadqiqi va yuklarin dasinma mexanizminin analizi onu demaya asas verir ki, diiz
garginliklards isiglanmanin intensivliyi carayan dasinmasina bir o gadar tasir etmir. 9ks
garginlikde 100mVt/cm? isiglanmada alinmis 1-V asililiq  yiiklerin dasinmasi zamani tunel
prosesinin Gstunliyd ils slagadardir.
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MPbI>DKKOBAA NMPOBOAMMOCTDb, MONTEBAA 3ABNCVMOCTDL NMNJIOTHOCTW
TOKA N P DEKT MYN-PPEHKENA B KPUCTAJIIE TIFeS,
'p.M. Cappapnsl, *A.MN. A6aynnaes, *H.A. Anvesa,
2[Ix.I". Oxa66apos., 2P.H.Vicmannosa
1I/IHCTMTyT PagnaunoHHbix Mpobnem HauunoHanbHoin Akagemnn Hayk Asepbarig>kaHa
BakuHCKII MocyjapCTBeHHbI YHUBEpCUTET

PaccuMTaHbl 3HaYeHWs NAOTHOCTW NIOKaIN30BaHHLIX COCTOSHWA Ng, 3Heprunm akTwusaum E,,
[/MHbI NMPbI>XKKOB R, pasHOCTb MeXKAY 3HepPrusiMu coCTosHWIA AE B61131 ypoBHS DepMu 1 KOHLEHT paLum
rny6okmx nosyLuek N, (B OMMYECKOi 06nacTw).

OpfHomepHbI (1D) xapakTep CTPYKTYpbl KpucTannos cemelicTBa TIFeS; aBnsetcs ofHOM
M3  MpuBneKaTeNbHbIX  OCOGEHHOCTE  KpUCTa/iloB  3TOro  cemeilctea.  CoeauHeHue
KpUCTa/IIN3yeTcsa B MOHOK/IMHHOM MPOCTPaHCTBEHHON rpynne C2/m ¢ napameTpaMu SUeinku
a=11,64A, b=5,31A, ¢=10,51A un P=144,6°. B HecTaHAapTHbLIX 0603HAYEHMAX MapameTpbl
PELLETKM 3anmnchbiBatoTcs Kak a=6,83 A, b=10,51A, ¢=5,31A n y=98,6° [1] npu 3TOM LIEnouKM
npeAcTaBnsAoT coboli FeS, TeTpasapbl € 06LMUMM FPaHAMM PacnoNOXEHHbIE BAO/b OCK «C».

CnefyeT OTMETUTb, YTO CYLUECTBYKOT TakXe, ABa MOMMUTUMHbIX MOAUDMKALMWA 3TOro
coCTaBa.

B pa6ote [1] nccnenosaHbl TeMnepaTypHas 3aBUMCUMOCTb MPOBOAVMMOCTU U KOI(MULMNEHT
Tepmo3agc B obpasuyax TIFeS,, NonyyYeHHbIX NPECCOBKON KPUCTANIIMYECKNX BOSIOKOH COEAMHEHNS
TIFeS,. A TaKxe YCTaHOB/IEHO, YTO NPOBOAMMOCTb B BOJIOKHaX coeaunHeHwns TIFeS, HocuT
MPbKKOBBIA XapakTep C NepeMeHHOW A/IMHON NpbDKKe, KOTOpas npu AabHenWweM YMeHbLUIEeHUN
TemnepaTypbl CTaHOBUTCA 6e3aKTUBALMOHHOIA.

Hwke npeactaBneHbl pe3ynbTaTbl  UCCNEAOBaHWIA  TemrnepaTypHOM  3aBUCUMOCTU
3e/1IeKTPONpPOBOAHOCTU MOHOKpucTannoB TIFeS, B uHtepsane Temnepatyp 90 -300K Baonb u
MorepekK LienoYyeK 1 n3yyeH npoLiecc nepeHoca 3apsaaa B MOCTOAHHOM 3/1eKTPUYECKOM Mone npu
HU3KNX TeMMepaTypax.

Mpn cuHTe3e coefuHeHns TIFeS; Hamy MCNONbL30BaH MeTOL NPAMOro CUHTE3a, T.e.
MCMNOMb30BaH OAHOTEMMEPATYPHbIA MeTo W3 31eMeHTOB umcToToo 99,999%. O6pasubl Ans
N3MepeHus 3/1IeKTPONPOBOAHOCTM MMeNu (PopMy napannenenunesa pasmepamyt 5x2x1 mm. B
KauecTBe  KOHTaKTOB  WCMOMb30BaN  CepebpeHyrd  nacty, OMWYHOCTb  KOHTaKTOB
KOHTPO/IMpOBanach Nepes KaxabiM n3mepeHneM. HanpsXXeHHOCTb NOCTOSAHHOIO 3/1eKTPUYECKOro
MONS, NPUNOXEHHOTO K 06pasLiam cocTasnisna 2x10° B/cm.

KBapueBble amnyfbl, WCMOMb30BaHHble A/ CUHTE3a, OTXKUra W  BblpalliyBaHUA
MOHOKPWCTAINOB NPeABapuUTeNbHO OUYULLAINCL. B oUmMLLEHHbIE aMMynbl 3arpy>Xann B3BeLUEHHbIe
Ha aHa/IMTUYECKNX Becax KOMMOHEHTbI. 3arpy>XeHHYK amnysny COeAVHSANM C OTBOLHbLIM
LLINAHrOM BaKyyMHOI CUCTeMbI 0 AOCTVDKeHUS AaBnenns 1,33x107 Ma.

B npouecce cMHTe3a, HauMHas ¢ 673 — 723K Habntoganack bypHas peakuns KOMMNOHEHTOB.
BpaluaroLytocs BOKPYr € BELLECTBOM OCb aMmy/ibl CO CKOpOCTbio 1,5 - 3,0 cM/yac (B TeveHue 7 —
8 uacoB) MoCTerneHHO BBOAWAM B 60fiee rOpPAYY0 30HY MeYn K NOCME BbIGEPXKKM NpU
Temnepatype 750° C okono 1 — 2 yacos, 3aTeM 5 —6 4acoB MefeHHO OXNaKAaM 40 KOMHATHOM
Temnepatypbl. CUHTE3MPOBaHHbIe Tak1MM 06pa3om obpasubl TIFeS, okazanucb 0gHOMAasHbIMA 1
[0CTaTOYHO MAFKVMW, UMENV YepHbIl LiBET.
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ANeKTPONPOBOAHOCTL M3Mepaiachb, Kak BLOMb OCKM «C» MOHOKpucTannos TIFeS; (puc. 1.
Oy, Kp.1), Tak 1 nonepek el (puc. 1. o1, kp .2).

W3 puc. 1 cnesyet, UTo NPOBOAMMOCTbL Kpuctanna TIFeS, nepneHANKYNsapHO ocu «C» (0L,
Kp.1l.) HabnwogatoTcs Tpu obnacth: 1) NpoBOAMMOCTb Bbiwe 260K NMHEAHO 3aBUCUT OT
TemnepaTypbl. DHEPrUs aKTUBaLUMM M3MEPEHHas Mo Hak/OHY KpuBol cocTaBnseT E=0,2 3B.
Mpeanonaras, YTo 3Ta YacTb TemnepaTypHoii 3aBucumocTn oL(T) chopMmpoBaHa nepexopamu
HOCUTeNel 3apsfa M3 NOKaIM30BaHHbLIX COCTOSHWUIA B 30HY MPOBOAMMOCTW, TO MPOBOAMMOCTb
MOXHO MpefcTaBuUTb B BUAe o=exp (-E/KT); 2) ¢ yMeHbLUeHNeM TemMnepaTypbl B UHTEpBase 238—
263K, aKTUBaLMOHHAA 3HEPrna NMOCTENEHHO YMEHbLLLUAETCA YTO CBUAETENLCTBYET O TOM, UTO Npu
T<260K nepeHoc 3apsga nomnepek ocu «C» B MOHOKpucTanniax TIFeS; nponcxoamT nocpeacTsoM
MPbKKOBOI NPOBOAMMOCTU C MEPEMEHHON AMHON NPbDKKA MO  SI0Ka/IM30BaHHBIM COCTOSHUAM,
nexalynm B y3Kol nonoce aHepruin (AE) B6113m yposHs ®epmu [2].

5
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Puc.2. HuskoTemnepartypHas NpoBOAMMOCTb
MOHokpucTanna TIFeS, nonepek (o ¢,
KpmBas 1), ocu ¢ 1 BLOJb OCU «C» (o ¢,
KpuBas 2).

Puc.1. TemnepaTypHas 3aBUCUMOCTb 3M1EKTPOMPOBOAUMOCTM
MoHokpucTtanna TIFeS, Baonb (o ¢) (kpmsasa 1)
nonepek (c,¢) (KpmBas 2) ocx «C».

Ha puc. 2 B koopauHaTax MoTTa npeicTaeneHa 3asucumocTb lgo ot (T)™*. CornacHo
MOZenn, NpPeanoXeHHon MOTTOM, 3M1EeKTPONPOBOAHOCTL B HM3KO TemrepaTypHOi 0651acTu
HENocpeLCTBEHHO MOAYMHSAETCA COOTHOLIEHUIO (1):

HaknoH npsimoii o(T™*) Ha puc. 2 coctasnsiet To=4,6-10° K. Vmes B Bugy, uto A
OUHapHbIX CYNb(MAOB 31eMeHTOB IV rpynnbl paguyc nokKanmsaumm paBeH, a=14A.

B faHHOM cnyyae 3N1eKTPONpPOBOAHOCTb OMMUCHLIBAETCSH M3BECTHLIM COOTHOLLEHMEM MoTTa
[20wmbKa! NICTOUHMK CCbINKKU He HageH.]:

T 1/4 b

3pecb Ng -NAOTHOCTb /IOK&/IM30BaHHLIX COCTOSHWIA B6AM3NM ypoBHA Pepmu, a —pagunyc
nokanusaumu, k — noctosiHHas bonbuMaHa, B — 4yncno, 3aBucsLLee OT Pa3MEPHOCTM 3a4aun.

Mo cooTHoweHuo (1) paccumTaHa MA0THOCTb /IOKAIM30BaHHbIX COCTOSAHUIA BOIM3N YPOBHS
®epmu: Np=1,48.10"° 3B cm® 3) B o6nactu TemnepaTyp 200-238K mpoBOAYMOCTb
CTAHOBUTCA MOCTOSAHHOIM, HEe3aBWCUMOIN OT Temmnepatypbl. OTOT 3KCMEpPUMEHTaNbHbIV (haKT
CBUAETENbCTBYET O Ha/MuMM 6e3aKTVUBALMOHHON NPbDKKOBOW MPOBOAMMOCTY (T.e. 3Heprus
aKTUBaLMM CTaHOBMTCA PaBHOW HY/MO) nornepek ocu «c» 0L(T) MoHokpuctannos TIFeS,.
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B TemnepaTypHom uHTepBase 238 — 293K Ha puc. 1 n 2 Kpuas 2 COOTBETCTBYHOT
TeMnepaTypHOil 3aBUCUMOCTY NPOBOAMMOCTU MOHOKpucTanioB TIFeS; Baonb ocn «c» - ai(T).
HaknoH KpumBOi 2 Ha puc. 3 cocTaBnset To=4,6-10°. B6m3n ypoBHA ®depmn paccyuTaHa
MNOTHOCTb /IOK&/IM30BaHHbIX COCTOSHWIA CO 3HAYeHWMEM pPaBHbIM: Nr=1,48-10" 3aB3. U3
pacCcUMTaHHbIX 3HAYEHWIA MNIOTHOCTEN J/IOKA/IM30BaHHbLIX COCTOSAHWIA cnepyeT, 4To Np, Kak
ronepek - 0L, Tak 1 BLO/b - 0; OCU C, MOHOKpucTaioB TIFeS; npakTuyecku coBnagatoTt. 10T
(haKT MOXHO O0OBACHUTL Tem, 4TO, B MOHOKpucTannax TIFeS, pfedekTbl pacnpefeneHsbl
NPUMeEPHO OAMHAKOBO Kak BAONb (//) Tak 1 nonepek (L) ocu «Cx».

[ocTaTouHO BbICOKME 3HayeHWe Ng CBMAETENbCTBYKOT O TOM, YTO MUCC/EAYyeMble Hamu
MOHOKpUucTa/iibl  TIFeS, N0 CBOeM 3HepreTMyeckorW CTPYKType OM3KM K  aMOpPgHbIM
nonynposofHuKam. W60 4ns  amoOpHOro  COCTOSAHWA  XapaKTepHO HaMuve  CUbHO
[ehopMMPOBaHHbIX W [aXe pPa3opBaHHbIX XWMUYECKUX CBA3eW, CKNOHHbLIX K MPOAB/IEHUIO
aKLEeNTOPHbIX CBOMUCTB.

TakMm 06pa3om, Ha OCHOBE M3Y4YeHHON 3aBMCMMOCTM 3nekTponpoBogHoctn  o(T) B
MoHokpucTannax TIFeS; Bgonb ocn «c» oL(T) u nonepek oL(T) ycTaHOBNEHO, YTO B 06/1acTu
200 — 238K uMmeeT MecTO 6e3aKTMBaLMOHHAs MPOBOAUMOCTb; B o06nactm 238 —-260K —
NPbRKKOBasi NPOBOAMMOCTb; B 061acT 260 — 293K aKTMBaLMOHHasA NPOBOANMOCTb.

BonbTaMnepHble XapaKTepucTUKK 1 aghtheKT Myna-®peHkens B kpuctanne TIFeS,

Kak ©3BeCTHO, Teopus 3KCMOHEHLMaNbHON0 pocTa 3/1EKTPONPOBOLHOCTY  BrEpPBble
BblABUHYTa PpeHKenem [3]

Mo HaKNOHY NPsAMbIX, Ha pUc. 3, COrnacHoO BblpaXXeHunto (2) 1 (3) ¢ Teopwuelt apdekTa Myna-
®peHkens [3] 6blIM onpefeneHbl 3HayeHUs [ NPU  pasIMyHbIX Temnepatypax, KOTopble

3aK/toUeHbl B npeenax 0,14 = 0,4 (cm/B)*2,

c=co exp (BVE) 2)

rae B - KoadhdmumeHT PpeHKens, KOTOPbIA 3aBUCUT OT NPUPOALI MaTepuana 1 TemMnepaTypbi:

\/8_3

b=—"—"—"w0/ 3
KT \/pee, ®)

3pecb k — noctosHHaa bonbuMaHa, T — abcoMoTHas TemrnepaTypa, e — 3apsj 3NeKTPoHa, € -
AV3NEKTPUYECKas MNPOHMLAEMOCTb MOMYMNPOBOAHMKA, OTHOCALLAACA K 3/1EKTPOHHOM 4acTu
nonspusaLm, T.e. € = n” (n - KOAWMULMEHT NPEOMAEHNSA CBETA)

Ona  kpuctanna TIFeS, [auanekTpuyeckas MNPOHULAEMOCTb  MOSlyYeHO - &=7.
TemnepaTypHast 3aBUCUMOCTb [, onpefeneHHas M3 3aBucuMocT o(EY2) npu pasnnuHbIx
Temneparypax npwvBefeHa Ha puc. 5.

1 1\3/2
N, = m = (peeOEer 1) 4)

3 BbIpaKeHNs (4) pacronaras 3HaYeHWHUAMU MUHUMaTbHOTO 3MEKTPUYECKOro mons Eg, npu
KOTOPOM HauMHAeTCA HeNMHeliHas 3aBUCUMOCTb G OT  E, Mbl OLEHWM KOHLEHTPaLuIo
NOHW30BaHHbIX LieHTpoB N Ans kpuctanna TIFeS; , kotopas pasHsnack N = 1,8 x 10'° cm™.
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Kpuctannos TIFeS, 0T HaNPsHYKEHHOCTH
afeKTpUYecKoro noss E npu temnepa-
Typax, 1-90, 2-200 n 3-300 K,
napasinenibHo 0CK «C

Puc. 4. TemnepaTypHas 3aBUCUMOCTb
KoathdmLmeHT dPpeHkens B. (Ana
Kpuctannos TIFeS,)

Ha puc. 6 npefcTtasneHbl BOSIbTaMMEpPHbIe XapakTepucTUkn kpuctannos TIFeS, npu
pas3IMYHbLIX TemnepaTypax 3KCNepuMeHTa, napasisiesibHo Mo OCK «C».
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Puc. 6 ®opma NoTeHLMabHON AIMbI, CBS3aHHOM C
3/1EKTPOHHOIA NoByLLKO B TIFeS,. Baonb

OCH «C».

Puc. 5. BAX kpuctanna TIFeS, napannensHoi
Harpas/ieHVIO OCK «C» NpU TeMnepaTypax,
1-90, 2-200, 3-300K

pn M3MeHeHne 31eKTPUYecKoro nosas ot 7,5-10° fo 2,7-10% B/cM ToK, NPOXOAALLMNIA Yepes
CTPYKTYpbI, yBennumsaetcs oT 4-107 go 9102 A. C noHwkeHMeM TemnepaTypbl BAX
CMeLLAKTCA B CTOPOHY BbICOKUX HaMNPSXKeHUIA.

Ha BAX BbisBNAOTCA ABa yyacTka: omuyeckunii (J o U) 1 obnactb 60nee pe3koro pocra
HanpskeHnst (J oo U", n >1). JINHelHbIA y4acTOK C POCTOM TemmnepaTypbl pacluvpsieTcs, a
HanpsbkeHve nepexofa yeennumsaetcsi. C pOCTOM HanpsbkeHWs KsafpatuyHasa 06/1acTb
3aBucmumocT (J o U) nepemewsaetcs K 60/bLUMM 3HAYEHWUAM, a C POCTOM TemnepaTypbl
MOPOroBOe HarpsXeHne, C KOTOPOro HayuMHaeTca KBafpaTuyHas 06nacTb, MepemeLlaeTcs B
CTOPOHY HMW3KUX 3HAYEHWUI HanpsbkeHWid M n yMeHbLUaeTCsi. ITO MOKasblBaeT, UYTO pe3Koe
BO3pacTaHMe Toka OOYC/IOBNEHO B OCHOBHOM WOHM3auMeli NIOKa/IbHbIX YPOBHel B nosie. B
CUNbHOM 3/1EKTPMYECKOM NOoJie, Korda nepenag noTeHUManbHON aHeprum anekTpoHa eER(T) Ha
A/IMHE XapakKTepHOro npbbkka R(T) cpaBHMBAETCA C LLUMPWHON NOMOCHI S3HEPTUIA BOKPYT YPOBHS
®epmn Ag(T), B KOTOPOI MPOMCXOAAT MPbDKKW, 3MEKTPOH MOXET [BUraTbCA B HanpaBneHUn
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noss, UCNycKas (POHOHbI MPY KaXXA0M repeckoke. CornacHo MoTTy [2], TOK B 3TOM C/iyyae He
3aBUCUT OT TeMMepaTypbl U pacTeT ¢ yBeNMYeHNeM Mosis Mo hopmyne

I(E)~ exp{-(Eo/E}"? (5)

Ha puc. 4 pna ob6nact pes3koro pocta TOKa MpefcTaB/ieHbl  3aBUCUMOCTW
3/1EKTPONPOBOAHOCTM OT 3/MeKTpuyeckoro nona npu Temnepatypax 90K, 200 n 300K B

KoopAmnHatax In ¢ ~ JE.

M3 HaknoHa npamblX, Ha puc. 4, 6blinM OnpefesneHbl 3HayeHus B NpU  Pas/ivyHbIX
TemnepaTypax. OHK 3aKnoYeHbl B npegenax 0,14 = 0,4 (CM/B)”Z. TemnepaTypHasa 3aBUCUMOCTb
B, onpeaeneHHas u3 3aBucumocT o (E¥2) npu pasnnuHbix TemnepaTypax, NpuBedeHa Ha puc. 5.

M3 pucyHka 5 BMAHO 4TO, C YMeLleHMeM TemnepaTypbl, Habnwgaetca poct B. A 3T0
XOPOLLO COF/lacyeTcs C 3aBUCUMOCTbIO B ~ 10%/T. TemnepaTypHOe M3MeHeHWe [ cornacyet ¢
Teopueil dpeHKenss W akcTpanonAums npsmoii B~10°/T, cornacHo dopmyne (3), NPUBOAUT K
Hayany KoopauHat. B paboTe [4] nokKa3aHO YTO, MUHUMa/IbHOE 3HaYeHWe 3MIEKTPUYECKOro nosns,
COOTBETCTBYIOLLEr0 HefMHenHon 3asucumocTm o ~ f (E), cogepxut uH(opmaumio o
KOHLEHTpauun fAe¢eKToB, OTBETCTBEHHbLIX 3a TEPMOMOJIEBYHO WOHM3ALMIO M MPOBOAMMOCTb
Kpuctanna TIFeS,.

CornacHo BblpaXeHuto (4) pacnofiaras 3Ha4eHWHUAMU MUHUMa/IBHOTO 3/1EKTPUYECKOro
nons Eg, Npv KOTOPOM HAYMHAETCA HeNMHelHas 3aBUCMMOCTb o OT E, Mbl oueHunu
KOHLIEHTpaLMI0 MOHM30BaHHbIX LeHTPoB Nf ana kpuctanna TIFeS;, KoTopas okas3anacb paBHOM
N=1,8 x 10'° cm™.

BaHoe 3HayeHMe vMeeT onpegeneHne OpMbl MNOTEHUMANbHOW AMbl. DYHKUMS | (X) -
noTeHUmMasbHas 3HepPrus, 3aBMUCALLAas OT PACCTOAHUA 40 NMPUMECHOTO LieHTPa U XKe NIOBYLLIKM (X
— pacCTosiHMe BAONb HanpaBNeHUs MPUIOXKEHHOTO MO0AA), W3MEHSeTCqd Moj AencTBuEM
3N1eKTPUYECKOrO MoJIs.

C u1cnonb3oBaHMEM 3KCMePUMEHTaNIbHLIX AaHHbIX Mpy nomowwm (6) n (7) onpepeneHa
(hopma noTeHumanbHoin smbl B TIFeS,, koTopas m3obpaxeHa Ha puc. 7. lMpu 3TOM AnnHa
cB060HOro Npobera HocKTeNel ToKa onpeaenseTcsa gopmynoii (8) [5]:

i (x):—%\/ﬁzeEx (6)
_ kTb

X= 2e\/E @
1 _ KkTb

=2 f(Ee)—ZNE ®)

[nnHa cBobogHOro npobera anekTpoHa B MOHoOKpuctannax TIFeS;, BbluncieHHas
corniacHo opmyne (8) Ha OCHOBe 3KCMEPUMEHTa/IbHbIX AaHHbIX, paBHa BAO/Ib OCU «C» A =
2,1:10"%cMm (Xm = 1,9 - 10 cm).

13 BonbTamnepHbIX XapakTepnctuk (puc. 6), cornacHo [5] (ommyeckast 061acTb), MOXHO
onpeaennTb NOABMXHOCTL HOCUTeNel B KpucTanne TIFeS,.
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3

me H"I ©)
q%ou kzr
3pecb H-TonwmHa obpasya, |-TOK COOTBETCTBYHOLLMIA KPUTUYECKOMY HanpskeHuto, Uy, —
KpUTMYECKOe HanpskeHue, g=1 Ko3(h(uLmMeHT And BaKyMa, e-AnaneKTpuyeckas NnpoHNLaemMocTb,
&~8,85 x 10™ F/m, H=0,65 cm, 1=4,5 x 10* A, U,=0,8 V, g=1, e=200; OTclofa COrnacHo
dopmyne (9) MOXHO OMpeaenUT MOABUXHOCTb HocuTeneli kpuctannos TIFeS,. (n=25 x 10°
cMm/(B x c)). Takum 006pa3oMm, HamMu paccyuTaHbl 3HAYEHWUS MIOTHOCTU JIOKASIM30BAHHBIX
COCTOAHWI Ng, 3HepruM axkTmBaumn E,, A/IMHBI NPbDKKOB R, pa3sHOCTb MeXAy 3SHeprusMu
COCTOSHUIA AE B6M3M YpOBHA PepMu M KOHUEHTpauum rnybokmnx nosyllek N¢ (B OMUYECKON
o6nacTit). Ha OcHOBe uccrefoBaHWii 3aBucumocTM o ~ (EY?) ycTaHOBneHo, uTo TOK B
HeNMHenHon o6nactm (C ydeTom Tepmononesoro addekta [Myna-PpeHkens) 06ycnoBneH
cnabbIM NoMeBbIM 3PMEKTOM KakK NpU U3MEPeHUsX napaifie/lbHOM, Tak U MeprneHanKyspHOM,
Kpuctasinorpaguyeckoin ocu  Kpuctanna TIFeS,. PaccumtaHbl 3Ha4YeHMs  KOHLEHTpaumu
MOHW30BaHHbIX LeHTPOB N, A/IMHbI CBOOOAHOIO npobera A, 3Ha4yeHns KoapduumeHT PpeHKena
B, anekTpuyeckas NOABWXXHOCTb HOCWUTENIE p K onpefesneHa opma MOTEHUMAbHON AMbI B

Kpuctannax TIFeS,.

MlaHHasi paboTa BbINOMHEHA NPY (DUHAHCOBBIV NoAnepXKe (oHAa PassnuTus Hayku
npw Mpe3ngeHTe AsepbanmkaHckoi Pecny6nunku-IpaHT Ne EIF-2013-9 (15)-46/03/1.
JINTEPATYPA

1. Myctagaesa C.H., Kepumoa 3.M., [Jxa66apnbl A.M. MepeHoc 3apsga B TIFeS; u
TIFeSe, // ®TT, 2000, 1. 42, B. 12, . 2131-2135

2. LWknoscknii  B.A., 3ppoc AJl.  DNEKTPOHHblE  CBOWCTBA  JIErMPOBaHHbIX
nonynposogHnKoB: M: Hayka, 1979, 416 c.

4. dpeHkenb A.U. Céop. M36p. Tp.: Hayka: 1975, 1. 2, 217 c.

5. NamneptT M.A. VIHXXeKLMOHHbIe TOKM B TBepAbIX Tenax: M.: Mup, 1973, 385 c.

JONINEKTPUYECKUE CBOVCTBA TBEPbIX PACTBOPOB
(THInSey)1x(TIGaTe,)x (x=0; 0,1; 0,2; 0,8; 0,9; 1,0)
'0.A. Camepos, *A.M. A6aynnaes, .M. Capgapnbl,
'H.A. AnveBa, '®.T. CanmaHoB, *[.I".[xa66apos
"MucTuTyT PagnaumonHbix Mpo6aem HauvoranbHoi Akagemun Hayk Asep6aiigkaHa
2BaKMHCKMIA "ocyaapCTBeHHbIV YHUBEPCUTET

B auanasoHe yacToT 25—10° Iy npu TemnepaType 300 K uccnefosaHbl TBepAble pacTBopbl
(THiNSey)1«(TIGaTey), (x=0; 0,1; 0,2; 0,8; 0,9; 1,0). MNMpoaHaM3MPOBaHbI YAaCTOTHbLIE 3ABUCUMOCTMU
AefCTBUTENbHOW (€) M KOMMMEKCHOW YacTu [AU3NeKTPUYECKOl npoHuuaemocTy (€7), IMocTpoeHbl
3aBUMCUMMOCTM €"(€') nonyuyeHbl AupakTOrpammMbl MCCnefyemblX TBepAblX PacTBOPOB, MNOMYYEHbI
1306padKeHNs MUKPOCTPYKTYpPbl UCChefyeMblX TBepAblX PacTBOPOB MeTOAOM aTOMHO-CWUN0BON
MUKPOCKOMMN.
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Kpuctannbl cemelictea A®B3C®, n Teepaple pacTeBopbl Ha WX OCHOBE, MNPWBAEKAOT
BHMMaHMe uccnefosatesneli B CBA3M C NPeAeibHO aHN30TPOMHON KPUCTaNIMUYeCKOR CTPYKTYPOIA,
HEYCTONYMBOCTLIO KPUCTA/I/INUECKON peLleTKM K BHELUHWM BO3AENCTBUSAM, 3TU KPUCTan/bl
ABNAKOTCA TaKXKe MepcrnekTUBHbIMA OObEKTAMW NPU  U3FOTOBMIEHUW  (DOTO3NMEKTPUYECKUX
npeobpasoBaTenen, TeEH30Pe3UCTOPOB, AETEKTOPOB PEHTIEHOBCKOr0 M HEWTPOHHOMO M3/TyUeHWi
[1-8].

BospacTatowme TpeboBaHNsA K COBPEMEHHBIM YCTPONCTBaM TBEPAOTE/IbHONM 3/IEKTPOHUKN
[ienatoT HeobXOoAMMbIMU MOJyYeEHNe W WCCMefoBaHWe MaTepuanos, obnajaloWwnuMmM MeTa -
CBOMCTBaMW, TakKMMMW KakK KBAHTOBbIA 3(h(eKT Xonna, MMraHTCKoe MarHeToCOnpOTMBIIEHNE,
FMraHTCcKas AuaneKTpUYecKas penakcauums, rmraHTCKMe BeNUUMHbI Nbe30MOAYNEN, TMraHTCcKas
[M3NeKTPUYecKas NPOHNLAEMOCTb M rMraHTCcKas npoBOAUMOCTb B MepPeMEHHbIX 3/1EKTPUYECKUX
MonsX, BO3MOXHOCTb YNpaB/isTh CBOMCTBAMU MaTepuasioB, U3MeHss 4acToTy nosns. Mpu aTom
MPUHUMNUANLHLIMU  CTAHOBATCSA BO3MOXHOCTU MCMO/Ib30BaHUA MPOLIECCOB  pesfiakcaloHHOW
nonspu3aLUmMn, CBA3aHHbIX C PasIMYHBIMKU BUAAMU HEYNopsaouYeHHOCTeR (TPaHCIALMOHHOM,
KOMMO3ULMOHHON, MO3ULMOHHON, TOMOMOTMYECKOW, HaHO-MOPUCTble MaTepuvasbl U [p.) U
reTeporeHHOCTHI0 MO CBOMCTBAM KOMMOHEHTOB UK (ha3. HeynopsgoyeHHble MaTepuasibl - camble
LUMPOKO PacrnpocTpaHeHHble B MPUPOAE CUCTEMbI W, KaK Npasusio, 37O MNONSPHbIE CUCTEMbI,
o6nasfaroLme NOCTOAHHbIM AMMO/IbHBIM MOMEHTOM. 3TO, B CBOKO O4yepefb, TPebyeT nosyyeHus
MH(opMaLmm 0 npoLeccax penakcauvoHHOW Monspusaumn, 3a CYeT KOTOPbIX, B OCHOBHOM, U
BO3HMKAIOT OMNWCaHHbIe (PU3NYECKME CBONCTBA MaTepMasioB.

VccrnefoBaHnA MpOLLECCOB  peakCauMOHHOM  nonspusaumn, B YCNOBUAX  BbICOKOW
3/1eKTPONPOBOAMMOCTM W MPU OTCYTCTBUM MOMHOW MH(opMauun 06 ee MOBeLEHUN BO BCEM
4aCTOTHOM [mana3oHe B KpuCTasnax B KOTOPbIX HabnofaroTcsd 0CO6EHHOCTW CBSI3aHHblE C
HW3KON Pa3MEPHOCTbIO CUCTEMBI, JeflatoT Takme paboTbl akTyasbHbIMK. MpuKnagHON MHTepec
06YC/IOB/EH TEM, YTO pefliakcalMoHHasA Mosispm3aLms MOXeT ObITb UCMO/b30BaHa A/18 CO3L4aHuMs
pa3/IMYHbIX YCTPOWCTB C MepecTpamBaemMoli €eMKOCTbI U 3/1eKTPONpPOBOAMMOCTLIO,  ANs
YBE/IMYEHNS YYBCTBUTENIbHOCTU TBEPAOTENIbHbIX 3/1EMEHTOB K BHELUHWM BO3AENCTBUAM,
yrpaBneHns  XapaKTepuUCTUKamMy  TBEPAOTE/IbHbIX  3/IEMEHTOB  W3MEHEHWEM  YacTOTbl
3NEKTPUYECKOr0 BO3LEVCTBMS.

HacToswwasa paboTa nocBsLLeHa 3KCNepUMeHTa/IbHOMY UCCNEeLOBaHUIO 3N1eKTPODM3NYECKIMX
XapaKTepuCTUK MOHOKpUCTaNNoB TBepabix pactBopoB (T1InSey)1x(TIGaTey), (x=0; 0,1; 0,2; 0,8;
0,9; 1,0), MeTO4OM M3MEPEHUS AM3NEKTPUYECKOW penakcaumm B NepemMeHHOM 3/1EKTPUYECKOM
rnosne.

O6pasubl 13 MOHOKpUCTaNI0B TBepAbIX pacTBopoB (TlInSey)1x(TIGaTey)x (x=0; 0,1; 0,2;
0,8; 0,9; 1,0) Ana n3MepeHMin 6bIIN U3rOTOB/IEHBI B BUAE NIOCKMX KOHAEHCATOPOB. B KayecTse
06KnafoK 6blna ucnonb3oBaHa cepebpeHas nacta. EMKOCTb 06pasyoB M TaHreHC Yyrna
[AM3NEKTPUYECKUX NOTepb ONPesensnucb ¢ UCNoNb30BaHMEM U3MEPUTENA UMMUTaHca E7-25.

[na oueHKM KayecTBa U MONYYEHWUA WHPOPMALMU O CTPYKTYPHBbIX OCOBEHHOCTAX
MoBEPXHOCTM 00pa3LoB TBEPLOro pacTBopa M3y4yasacb ee MOPKONIOrns Ha aTOMHO-CUI0BOM
mukpockone  (ACM).  3neKTPOHHO-MUKPOCKOMUYECKMe — M300paXeHWs  nosyvaim  Ha
CKaHupytoLlem 30H40BOM MuKpockone (C3M) mapku Solver Next B NONYKOHTAKTHOM peXXume B
aTMOC(hepHbIX YCNOBMAX MPU KOMHATHOW TemnepaType. lMonyyeHHoe u3o6paxeHue (puc.l)
XapaKTepu3oBaioCb KBA3UMEPUOAMYECKUM BOJIHOBbIM  pe/ibe)oM € pa3bpocom BbICOT U
nartepasibHbIX pa3mepoB 06pa30BaHMin N0 OCHOBAHWIO.
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Puc.1. ACM - uzo6paxeHue B 3D mMacluTabe NOBEPXHOCTU KPUCTa/NI0B TBEPABIX PAaCTBOPOB
(THnSey)14(TIGaTe,), (x=0;0,1; 0,2).

PeHTreHAN(MPaKTOMeTpUYECKME UCCNef0BaHMs NOYYeHHbIX TBepAbIX pacTBopoB (TIInSey):-
«(TlGaTey)x (x=0; 0,1; 0,2) npoBogunmce Ha AudpaktomeTpe D8-ADVANCE BRUKER B
pexume 0,5° < 26 < 80° nsnyyeHme Cukg.
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Puc.2. AndpakTorpamma nopoLLKOBbIX 06pa3L0oB TBEPAOro pacTBopa COCTaBoB
(THnSe,)1(TIGaTe,), (1-x=0; 2-x=0,1; 3-x=0,2) npu KOMHaTHOI TemnepaType.

Bonee nonHas MHpopMaumMa 0 XapakTepe penakcauuy nosyyaeTcs U3 aHanmsa guarpamv
€"(€). Ecnm Ha pgmarpamme HabntogatoTcsl Ayrv MONYOKPYXKHOCTEW, TO 3TO YyKasblBaeT Ha
Ha/mume [BYX penakCcalMOHHbIX NMPOLECCOB B pas/NMyHbIX 061acTAX YaCTOTHOrO crekTpa. Ecnu
Ha gvarpamMmmMe HabntogaeTcs NpsMas JIMHKS, pacnosnoXXeHHas Noj YriaoMm K ocu abeumcc, 1o 3To
CBMAETENbCTBYET O CWIbHOM BKMafe MPOBOAMMOCTM Ha MOCTOSAHHOM TOKE B MPOLECCHI
penakcaumu, MpPOXofswiMe B COeauHeHun. B cnyyae 06GHapyXXeHWs Ayr MONYOKPY>KHOCTel
MOXXHO OMpejenvTb BpeMeHa penakcauuy UcciefyemMbiX COeAUHEHNI KaK BENUMHBI, 06paTHbIe
yacToTaM, Ha KOTOpbIX HabnogaeTcs MakcMMyMm Ha guarpamme €"(€'). KpuTuueckas 4acToTa,
MpM  KOTOPOA MPOMCXOAUT CMeHa nNpeobnafatollero B HM3KOYACTOTHOM — AvanasoHe
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penakcayMoHHOro npouecca Apyrum (BbICOKOYACTOTHbLIM), COOTBETCTBYET TOYKE, B KOTOPOW
0fiHa fyra nonyoKpy>XHOCTW NepexoamnT B ApYrYHO.

Kak BWAHO M3 MOMYYEHHbIX YaCTOTHLIX 3aBUCMMOCTEA  AEWCTBUTENbHOW 4YacTu
KOMMMIEKCHOM  [AM3NEKTPUYECKOM npoHuuyaemoctn (puc. 3), A1 Bcex 06pasuoB TBepAblX
pactBopoB (T1INSe,)1x(TIGaTe,)x C YMeHbLUEHEM YacTOTbl n3mepsemoro nona ~200 My, go 25
L, HaBNIOAETCA POCT BENMUMHBI €'. B AnanasoHe 4acToT MeHbLUMX ~ 10° felicTBUTeNbHAR YaCcTb
KOMM/IEKCHOM AM3NeKTPUYECKON NMPOHULAEMOCTU, KaK ANA KpaHUX COCTaBNAIOLMX PacTBopa,
Tak 1 B TBepAbIX pacTBopax Hab/oaaeTca cnabas 3aBUCUMOCTb OT YaCTOTbl U3MEPSEMOro MosS.

Kak B1gHo 13 puc. 4, a1 BCex COCTaBOB TBEPAbIX PACTBOPOB Ha YAaCTOTHbIX 3aBUCMMOCTAX
KOMM/IEKCHOW [M3MEeKTPUYECKON NPOHMLAEMOCTM OTCYTCTBYHOT OCOOGEHHOCTM, T. €., BO BCEM
M3MepPSEMOM YaCTOTHOM [nanasoHe, AU3NEKTPUYECKMX NOTepb He HaboaeTcs.

[nanekTpnyeckne notepu coctasa ¢ X = 0,2, TO ecTb, C MaKCUMa/IbHbIM 3HAYEHUEM
3ameLLaloLLmMX aToMOB, FpaHuyalleil ¢ 061acTbi0 PacTBOPUMOCTU, Ha MUHUMASIbHOW 4acToTe
n3MepseMoro nons. C yBE/NMUEHMWEM 4acTOTbl M3Mepsemoro nons Ao 10° Iy BennuuHa
LAN3NEKTPUYECKNX MOTEPb YMeHblUaeTca A0 3HadveHusa €' = 100. C yBenMyeHMEeM 4acToTbl
n3MepseMoro nons, [na BCEX COCTaBOB TBEPAOro pacTeBopa, W3Mepsemas BenmyuHa
OM3NEKTPUYECKUX NOTepb MPaKTUYECKU He MEHSAeTCS.

lMocTpoeHHble Ha OcHoBe pacyeToB 3aBucumoctn €'( f ), ¢€'( f ), €'( €), puc.3-5
NpeacTaBNAOT CO60M CTeneHHble (PYHKUMM YacTOTbl, MO3TOMY aHau3 [aHHbIX MapameTpoB
MPOBOAWICA UCXOAA W3 MOJSIOXEHUA Teopun [koHwepa [9] O HM3KOYACTOTHOW Aucnepcum,
COrNacHO KOTOpPOM OTCYTCTBME MakCMMyma Ha KpvBoW 3asucumoct €”( f ) Moxer
WNHTEPNPETUPOBATLCA ABOSAKO.
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Puc. 3. YacToTHas 3aBUCMMOCTb €' 4151 TBEPAbIX Pwuc. 4. YacToTHasa 3aB1UCUMOCTb € AN1A TBEpAbIX
pactBopoB (TIINSe,);4(TIGaTe,)y, pactBopoB (TIINSe,);(T1GaTe,),
npu x=0; 0,1; 0,2 (a) (x=0;0,1; 0,2)

1. B cucTemMe COCYLLECTBYHOT ABa He3aBUCKMMbIX MapainefibHblX npouecca, OAUH U3
KOTOpbIX Npe06/1afaeT Ha BbICOKMX YacToTax 6narofaps 06bI4HOMY AMAEKTPUYECKOMY OTK/INKY
mMaTepuana, B TO BpeMs Kak [PYrOi, CUIbHO AMCMEeprupyrowunii, AOMUHMPYET Ha HU3KUX
yacToTax.

2. B npouecchbl penakcaummn B CUCTEME BHOCUT CYLLECTBEHHbIN BKNaL NPOBOAUMOCTb Ha
MOCTOSAHHOM TOKEe.

AHann3za 3aBucumocTeir €”(€') (puc. 5) MoKasan, 4TO y BCEX COCTaBOB MMeETCH
CYLLEeCTBEHHbI BK/az MPOBOAMMOCTM Ha NMOCTOSHHOM TOKE B MPOLECCHI pefakcalum BO BCEM
“ccnesyeMoM YacTOTHOM AuanasoHe.
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Puc. 5. Anarpammbl Koyn-Koyna €"(€") gns TBepAblX pacTBOpOB
(TlInSe,)14(TIGaTe,), (1-x=0; 2-x=0,1;3-x=0,2)

HaHHas paboTa BbINOSHeHa NPY (PUHAHCOBLIV NoAAePXKKe (oHAa PasBuTUs Haykw
npw Mpe3ngeHTe AsepbangkaHckoin Pecnybnnku-IpaHT Ne EIF-2013-9 (15)-46/03/1.
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ANINEKTPNYECKHME CBOWCTBA TBEPObIX
PACTBOPOB (TIGaSe;)1.(TINS,)x
'p.M. Cappapnbl, *A.M. A6gynnaes, *H.A. Anvesa, '®.T. CanmaHos,
2[Ix.I". Ixa66apos., P.H. Vcmaunnosa, *A.A. Opympkesa, *M.HO. FOcndos
'HAH Asep6aiigkara, HCTUTYT PaguaumorHbix Mpo6nem
BakuHcKuii FocyjapcTBerHbIN YHnBepcnTeT

B avanasoHe wacToT 25—10° Iy npu TemnepaType 300 K uccnefosaHbl TBepable pacTBOpbI
(TlInSe,)1(TIGaTe,), (x=0; 0,1; 0,2; 0.8; 0.9; 1.0). MNMpoaHanM3nMpoBaHbl YaCTOTHbIE 3aBMCMMOCTMW
JefCTBUTENbHOW (€') 1 KOMMNEKCHON YacTun AUaNeKTpUYecKoi npoHuyaemocTw (€'), umnegadca (Z') un
(Z"). MocTpoeHbl 3aBucumocTy €7(€") M Z"(Z'), nonyyeHsl AudpakTorpamMmmMbl 1ccnesyeMbiX TBepmblX
pacTBOPOB, MOMy4YeHbl U300pa>KeHNs MUKPOCTPYKTYpPbl UCCnedyemblX TBEPAbIX pacTBOPOB MeTOAO0M
aTOMHO-CUNOBOI  MUKpocKonuK. ccnefoBaHbl OCOBEHHOCTW MOBEAEHUA WMMMELAHCHBLIX CreKTPOoB
TBepAbIX PacTBOPOB.

BBegeHme

Kpuctannbl cemelictea A°BC®, n TBepaple pacTBOpbl Ha WX OCHOBE, MNPWBMEKAOT
BHMMaHWe 1ccnefoBaTeneil B CBA3M C NpeaesibHO aHNM30TPOMHON KPUCTAI/IMYECKO CTPYKTYPOIA,
HEYCTOMUYMBOCTbIO KPUCTA//IMYECKOM PELUeTKM K BHELUHWM BO3LENCTBMSAM, 3TU KpPUCTabl
ABNAKOTCA TakkKe MepcrnekTUBHbIMA OO6bEKTaMU NPU  U3FOTOBMIEHUW  (DOTO3NEKTPUYECKMNX
npeobpasoBateneil,  TEH30PE3NCTOPOB,AETEKTOPOB  PEHTFEHOBCKOTO M HEMTPOHHOro
n3nyyeHuii[1-8].

VccnegoBaHns MpOLIECCOB  pefiakCalMOHHOM  nonspusaumn, B YCNOBUSX  BbICOKOW
3M1EKTPONPOBOAMMOCTM W MPW OTCYTCTBMM MOMHOW MHGopMauuyM 06 ee MOBEAEHUN BO BCEM
4aCTOTHOM f[uanasoHe B KpWUCTa/iniax B KOTOPbIX HabMo4aroTcA OCOOGEHHOCTU CBA3aHHble C
HWU3KOW Pa3MepPHOCTbIO CUCTEMbI, [JeNatoT Takme paboTbl akTyanbHbIMU. MPUKNagHON MHTEepecC
00YyCNOB/EH TEM, YTO pefiakCcaumoHHas nonsapusaLns MoXeT ObITb UCMO/b30BaHa ANA CO34aHUA
pasfiMyHbIX YCTPOMCTB C MepecTpaMBaeMoOi EeMKOCTbHO W 3MEKTPONPOBOAMMOCTbLIO, AN
YBE/IMYEHUS YYBCTBUTENIbHOCTU TBEPAOTE/bHbIX 3/IEMEHTOB K BHELUHWM BO3AENCTBUAM,
yrpaBfeHNs  XapakTepuCTUKaMu  TBEPAOTE/IbHbIX  3/IEMEHTOB  W3MEHEHMEM  4acToThl
3NEKTPUYECKOr0 BO3AENCTBIS.

HacTtoswaa pabota MOCBALEHA  3KCMEPUMEHTASIbHOMY  WCC/MEL0BaHUKO  3/1EKTPO-
(OM3NYECKMX XapaKTepUCTUK MOHOKPUCTaNIoB TBepAbiX pacTBopoB (T1INSe;)1x(TIGaTey)y,
METOAOM M3MEPEHUS NOJHOM KOMIMIEKCHON MPOBOAVMOCTY U AU3NEKTPUYECKON penakcauuy B
nepeMeHHOM 3/1eKTPUYECKOM Moe.

OKCMepuMeHT

(TIGaSe,)1x(TIINS,)x  NonyvyeH HaMU MeTOAOM [ABYXTEMMEPATYPHOro CUHTe3a M3 0C060
YMCTbIX XUMUYECKNX 3neMeHTOB: Tl - 99.999%, In - 99.9999%, Se - 99.99%, Ga - 99.999%, Te -
99.99%. CwuHTe3 npoBoawu/icA B BaKyyMUPOBaHHbLIX [0 107% Pa KBapLeBbIX amnynax nyTem
HEemnocpeLCTBEHHOrO Cr/aB/IeHNA KOMIMOHEHTOB, B3ATbIX B CTEXMOMETPUYECKOM KOJSIMYECTBE,
COOTBETCTBYHOLLEM COCTaBy TBEPAOro pacTBopa. 3aBepLUeHHOCTb CKMHTe3a W TFOMOreHHOCTb
MOMYYEHHOr0 COCTaBa, a TakkKe ero WHAWBMAYaNbHOCTb KOHTPO/IMPOBa/IM  METoAaMu
AnddepeHLManbHO-TEPMUYECKOTO 1 peHTreHoga3oBoro aHanmsos (ATA 1 PPA). TonyyeHHble
CMUTKW M3MefibYasiv B MOPOLLOK W 3arpy>kannm B KsapLeByt amnyny. llocne atoro amnyny
3BaKyuMpoBasn, 3anamBain 1 pasMeLlann B BEPTUKA/IbHYIO [ABYX30HHYIO Meyb C He3aBUCKMbIM
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yrnpaBneHneM TemnepaTypoiri 30H YCTaHOBKWM AN BblpalliMBaHWS MOHOKPWUCTaN/I0B METOLOM
BpumkmeHa. B ycTaHOBKe amnyna ABuranach Yepes 30Hy rpagueHTa Temneparyp co CKOPOCTbIO
0.15 mm/h. F'omoreH13auUmo NoyYeHHbIX COCTAaBOB TBEPAbIX PaCTBOPOB MPOBOAWIN B HUXKHEN
30He neyumn nyTem oxnaxgeHna ao 700K, a 3aTeM BbIK/TIKOYEHHYHO MeYb OXNaXKAan O KOMHATHOM
Temneparypbl.

YacToTHblE 3aBMCMMOCTM MOAYNA MMnedaHca |Z| u yrna casura gasbl @ Mexay TOKOM U
HanpsYKeHVEM C MOLLAroBbIM M3MEHEHNEM YacToTbl B UHTepsane f = 25-10° Hz npu amnanTyge
M3MEPUTENBHOTO HanpsbxkeHns 1V. 3aTem pacCcumTbIBaIMCL CEKTPbI AencTautensHomn Z'(f) = |Z|
COS @ M MHUMOW Z"( f) = |Z| sin ¢ KOMNOHEHT MMNeaaHca.

[ns OueHKM KayecTBa W MNOMYYeHUS WHDOPMALMM O CTPYKTYPHbIX OCOB6EHHOCTAX
MOBEPXHOCTM 06pa3LoB TBEpPLOro pactsopa M3y4yanacb ee MOp(O/orMs Ha aTtoOMHO-CU/I0BOM
mMukpockone  (ACM)  O/eKTPOHHO-MUKPOCKOMUYECKME — M306paXeHWs  Monayvanm  Ha
CKaHupytoLlem 30H40BOM MUKpockorne (C3M) mapku Solver Next B NONYKOHTaKTHOM PeXuMe B
aTMOC(EPHBIX YCNOBUSAX NPY KOMHATHOM Temneparype.

Pe3ynbTaTbl 1 06CyXXaeHWe

Bonee nonHas MH(opMauMsa 0 XapakTepe penakcauuu nosy4vaeTcs U3 aHanmsa amarpamm
€"(¢"). Ecnn Ha auarpamme HabntogaroTca Ayrv MOMYOKPYXXHOCTEW, TO 3TO YKasblBaeT Ha
HaMumne ABYX penakcalMOHHbIX MPOLECCOB B Pa3/IMYHbIX 061acTAX YaCTOTHOrO criekTpa. Ecnm
Ha AmarpaMme HabnrdaeTca nNpsimas SIMHUA, PacnonodXeHHas nog yriom K ocu abeuyuce, 10 310
CBWIETENbCTBYET O CWIbHOM BK/age MNPOBOAMMOCTM Ha MNOCTOSHHOM TOKe B MpOLecchl
penakcauuu, Npoxogswiune B COefMHeHWM. B cnydae 06GHapy)XeHWs Ayr MonyoKpYXXHOCTEN
MOXHO OMpefenTb BPeEMeHa penakcaunmn nccnefyeMblix COeANHEHNIA KaK BeIMYMHBI, 06paTHbIe
yacToTaM, Ha KOTOPbIX HabnoaaeTcs MakcumyMm Ha auarpamme €'(€'). KpuTuyeckas 4acTtoTa,
npu  KOTOPOM MPOUCXOAWUT CMeHa Mpeo6safalollero B HW3KOYaCTOTHOM  AumarnasoHe
penakcaunmoHHOro npouecca Apyrum (BbICOKOYACTOTHbIM), COOTBETCTBYET TOUYKe, B KOTOPOW
0fjHa Ayra nonyokKpy>KHOCTW NepexoamnT B Apyrylto.

Kak BWAHO M3 MOMYYEHHbIX YAaCTOTHbIX 3aBMCUMMOCTEA AENCTBUTENbHON YacTu
KOMM/IEKCHONM [AM3NEKTPUYECKOM npoHuuyaemoctn (puc. 3), Ans Bcex 06pasuoB  TBepAblX
pacTBopoB (TIGaSe;)1«(TlINS,)x € yMeHbLUEHNEM HacTOTbl U3Mepsiemoro nona ~200 'y go 25
"u, HabnrogaeTca pocT BeNMUnHbI €'. B ananas3oHe yactoT MeHbLLMX~10° AEACTBUTENbHAS YacTb
KOMM/IEKCHOM AM3NEKTPUYECKON MPOHULAEMOCTU, KakK ANS KpalHMX COCTaBMAOWMX pPacTBopa,
Tak 1 B TBEpPAbIX pacTBopax HabnogaeTcs cnabas 3aBUCUMOCTb OT YacTOTbl U3MEPSIEMOro MoNs.

100000 1600 ¢
80000 | 09 14Dat \
i 1200 | \ i
60000 | = ——x=u
] M 'u,1DDG i ‘\\ —— x= 0
40000} Bog Y
eo0 f c %
20000} ¥ ano b '\-\ \ ‘\
0 * 200} \N ey
R o VI
0 T T T T
1 100 10000 1E+06 1 46 i6° i 60 1o* 1gh
lg (Hs) Rt

Puc. 1. YacToTHas 3aBUCUMOCTb €' And TBepabIX pacTtBopoB (TIGaSe,); «(TIINS,)y,
npu x=0; 0,1; 0,2 (a) n npn x=1.0; 0.9; 0.8 (b).
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Puc. 2. YacToTHas 3aBMCUMOCTb € Ans TBepLblX pacTBopoB (T1GaSe,)1 (T1INS,)y
(x=0; 0,1; 0,2) (), (x=1.0; 0.9; 0.8) (h).

Kak B1gHo 13 puc. 2, A1 BCex COCTaBOB TBEPAbIX PACTBOPOB Ha YACTOTHbIX 3aBUCUMOCTSX
KOMM/IEKCHOW [M3M1EKTPUYECKON NPOHMLAEMOCTM OTCYTCTBYHOT OCOOGEHHOCTM, T. €., BO BCEM
M3MEepPSEMOM YaCTOTHOM [unanasoHe, AU3NEKTPUYECKMX NOTepb He HabnoaeTcs.

[vanektpnyeckne notepyu coctaBa € X=0.2, TO eCTb, C MaKCMMasibHbIM 3HAYEHUEM
3ameLLaloLLMX aToOMOB, FpaHuyallein ¢ 061acTbl0 PacTBOPUMOCTU, HA MUHUMASIbHOW 4acToTe
N3MepseMoro Mons coctasnseT €. C yBenMueHWeM 4acToTbl M3MmepsieMoro mons go 10° Hz
BE/IMYMHA [M3INEKTPUYECKUX NOTEPb YMeHbLuaeTca A0 3HayeHus €'=100. C yBennyeHnem
4acTOTbl M3MEpPSEMOro Mons, Ans BCeX COCTaBOB TBEPLAOro pacTBopa, M3mepsiemas BenmynHa
AN3NEKTPUYECKUX NOTEPb MPaKTUYECKU He MEHSAETCS.

MocTpoeHHble Ha OcHoBe pacyetoB 3asucumoctn €'( f ), €'( f ), €'( €), puc.l-3
NpeACTaBNAOT COOOM CTeneHHble (YHKLMM 4acTOTbl, MO3ITOMY aHanu3 AaHHbIX MapameTpoB
MPOBOAMU/CA UCXOAA M3 MONOXKeHWA Teopumn [koHwepa [9] O HWM3KOYACTOTHOM AmMcnepcuw,
COrNacHO KOTOpOM OTCYTCTBME MakKCMMyma Ha KpuBoiW 3aBucumoct €”( f ) Moxket
NHTEPNPETUPOBATLCA [BOAKO.

1. B cucTeMe COCYLLECTBYIOT [Ba He3aBWCMMbIX MapasifefibHbIX rnpouecca, OAWH K3
KOTOpbIX NpeobnafaeTt Ha BbICOKMX YacTOTax 6narofapsi 066I4YHOMY AM3NIEKTPUYECKOMY OTK/IUKY
maTepvana, B TO BpeMs KaK [ApYroi, CWIbHO AWUCNEPTUPYHOLLMIA, OOMUHUPYET Ha HU3KKX
yacToTax.

2. B npouecchl penakcaumMn B CUCTEME BHOCUT CYLLECTBEHHbIN BKNag NPOBOAMMOCTb Ha
NMOCTOAHHOM TOKE.

AHanmsa 3asucumocTteid €'(€") (puc.3) nokasan, UTO Yy BCEX COCTaBOB WMeeTCH
CYLLLECTBEHHbIV BKM1af MPOBOAMMOCTY Ha MOCTOSHHOM TOKe B MPOLECCHI penakcaumm BO BCEM
nccnegyemMom 4acToTHOM AManasoHe.
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Puc. 3. Anarpammbl Koyn-Koyna €"(g") ansa 1Bepapbix pacteopoB (TIGaSe,), «(TIINS,)y (x=0; 0,1; 0,2)

3aKno4eHne

3 npeAcTaBneHHbIX pe3ynbTaToB CNeAyeT, YTO pefnakcalyOHHble CBOMCTBA U MMMeAaHC
TBEPAbIX PacTBOPOB Ha OCHOBE Ta/l/IMEBbIX Xa/bKOTEHWAOB C O4HOBPEMEHHbIM 3aMeLLeHNEM
KaTMOHOB M aHWOHOB C 06pa3oBaHNeM TBepAbIX PaCTBOPOB C/1abo 3aBUCUT OT COCTaBa TBEPAOro
pacteopa 3ameLteHns (T1GaSe;)1x(THnS,)y.

HaHHas paboTa BbINoSHeHa NPy (PUHAHCOBbIV NOAAePXKKe (hoHAa PasBUTUA Haykw
npw Mpe3ngeHTe AsepbainmkaHckon Pecnyonmku-IpaHT Ne EIF-2013-9 (15)-46/03/1.
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SOPILM& MEXANIZMLORI
N.S. Serdarova
Sumgayit Dovlst Universiteti
naile.545@mail.ru

TIINnS,(Tey) tipli birlasmalar tetragonal singoniyada kristallasir va onlarda iki struktur vahidi
movcuddur.Bu tip birlasmalarda kimyavi cahatca asas struktur vahidi tetraedr hesab edilir va
yalniz bu tetraedrlar arasinda ikinci vahidin-sakkiztspalinin tiplinin ve yaxud burulmus kubun
formalasmasi bas verir. Istar M-X, istarsa do X-X alagalari ion tipa aid olub, bu birlasmalarin
kristallarinin feza formalasmasinda halledici rol oynadigi halda, digar struktur vahidindaki
M "' — X alagalari onlarin asas yarimkegirici xassalarini miiayyan edir. Mahz bu ssbabdan
baxilan birlasmalards kimyavi alagalarin kaskin assimmetrikliyi, kristallik qurulusunda bir sira
xUsusiyystlari va uygun kristallik qafes cercivasinds genis diapazonda kimyavi tarkibin
variasiyasinin mimkinliyu, naticads fiziki xassalar toplusunun idars olunmasi maraq kasb edir.
Bu birlasmalar genis praktik tatbigs malikdir. Onlar asasinda alinan bark mahlullardan yaxin
infraqirmizi stialanma, rentgen, gamma, neytron stialanmalarinin detektorlari, gunas enerji
ceviricilari, termoelementlar, yaddash ceviricilar va s. kimi cihazlar islanib hazirlanmasinda
istifada olunur.

Tarkiblarina lantanoidlar daxil olan birlasma va bark mahlullar yiiksak arima temperaturu,
boyik mexaniki barklik, yuxari temperaturlarda bels 6z yarimkecirici xassalarini saxlamaq,

yiksak termoeffektliys malik olmaq kimi xassalare malikdirler.Ln va In atomlari TILnX}' va
TlinX}" tipli birlasmalards ugvalentlidirler va onlarin ion radiuslari yaxindir. Ona goére ds
TILnX ;' tipli birlasmalords indium atomlarini tedricen lantanoid atomlari ils avez etmakls
yarimkegirici xassalarin daha genis spektrina malik birlasma va bark mahlullar almag
mumkindir. Bdabiyyatda [2] THNX,-TILnX, sistemlarinds qarsiligh tasire dair bir sira

malumatlar vardir, lakin onlar Gmumi manzarani muayyanlasdirmak, lantanoidlarin 4f —
saviyyalarinin dolmasi ardicilligi va bir atomdan digarina kegarkan xassalerin dayisma
xarakterini tahlil etmak Ugcln kifayast deyildir.
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Isda TIINS,-TIEUS, sistemlarinin birlasma va bark mahlullari alinmis, onlarin struktur
formalagsmasinin xdsusiyyatlarini, elektrik, istilik xassalarini miayyanlasdirilmis, onlarda yik va
istilikdasinma hadisalarinin mexanizmi Gyranilmisdir. TlIn;xEuyS, bark mahlullarinda yik va
istilik kegirma hadisalari, birlasmalarin termoelektrik xassalari tadqgiq olunmusdur. TlIn;<EuxS;
bark mesahlullarinin elektrofiziki xassalarini 6yranmakda maqgsad TIInS,-TIEUS, sistemi
arintilarinin birlasma va bark mahlullarinin elektrik kegiriciliyinin xarakterini va sapilma
mexanizmini miayysn etmakdan ibaratdir.

Elektrik, maqgnit sahalari, temperatur gradienti va s. xarici amiller kristalda tarazliq,
hamginin geyri-tarazliq saraitinds yikdasiyicilara miayyan tasir gostarir. Muayysn olunmusdur
ki, kristalda ylkdasiyicilarin geyri-tarazliq proseslari gafas ragslari va muxtslif xarakterli defekt
markazlarinin garsiligh tasir mexanizmindan kaskin asthidir.

Qeyri tarazliq proseslarinin asas xususiyysti ondan ibaratdir ki, onlar ideal kristallarda
elektrik intensivliyi seli uzun middat saxlanila bilar, basga s6zla sonsuz kegiricilik yarana bilsr.
Bu o demakdir ki, relaksasiya muddati sonsuz bdyuk ola bilar. Lakin real kristallarda relaksasiya
middsti ¢ox da boylk olmur. Bu kristallik qurulusun periodikliyinin tshrif olunmasi ils
alagadardir. Bu tahriflar mixtalif mangsali ola bilar: atom va ya ionlarin istilik ragslari, kristalda
ionlasmis va ya neytral hallarda yerlasmis asqgarlar, gafasin muxtslif defektlari (bos diyunlsr,
surusmsa, dislokasiya, kristallik dsnaciklarin ssrhaddi va s.). Bu maneslarin har Dbiri
yukdastyicilari 6z avvalki trayektoriyalarindan meyl etdirarak sapir [3] Coxlu sayda bas veran

sapilma aktlari kristalin miayyan temperaturuna uygun olaraq butiun sistemi tarazliq halina
yaxinlasdirir.

Kifayat gadar yuksak temperaturlarda (KT >>%w ) atom gafasli yarimkegiricilarda yukda-
siyicilarin - sapilmasinds asas rolu uzununa akustik fononlar oynayir. lon qgafasli
yarimkegiricilards elektronlarin optik fononlarla qgarsthgli tasiri, onlarin akustik fononlarla
garsthgli tasirindan ¢ox gticli olur.

Elektronlarin optik fononlardan sapilmasi iki intervala bolinir. Asagi temperaturlarda
(Aw,>>KT) (w,- optik fononlarin maksimal tezliyidir) t- relaksasiya middati €- enerjidsn

astli deyil va r =% olur. Yuksak temperaturlarda, yani 7w, <<kT olduqda, r=1 olur.

Asagi temperatur oblastinda akustik, elace da optik fononlar zaif hayacanlanirlar. Bu halda
elektronlarin sapilmasi ionlasmis asqarlardan bas verir. (r=2). Cox-cox Kicik temperaturlarda,
hale asqarlar ionlasmis olduqda, elektronlarin neytral atomlardan sapilmasi asas rol oynayir. Bu

halda da t - relaksasiya middati € -enerjidan asili olur va r :% olur. Yukdastyicilarin mixtslif

sapilma mexanizmlarinin birgs tasirinda relaksasiya muddatinin (t) yukin enerjisindan (e)
asthhgr ¢cox murskkab olur ve bu asilihgin nazari tehlili misyyan ¢atinliklarle baglidir.

Tadgiq olunan dggat birlasmalar genis zonali yarimkegiricilar sinfina aid edilir. Bu
birlasmalarda yukdaslyicilarin konsentrasiyasi ~10"sm~tartibinda oldugundan onlar  dgin
dispersiya ganununu kvadratik hesab etmak olar. Qeyd edsk ki, aksar hallarda Holl yurukliy
dreyf yiiriikliyii ils Ust-tists diisiir va eyni fiziki mahiyyst dasiyir. isda R (Holl amsah) va s
(elektrik keciriciliyi)-nin giymatina asasan, dreyf yurikluyinin hesablamag muimkin olan
hallara baxilmisdir. Qeyd edak ki, bu ancaq o zaman mimkuindur ki, kegiricilikda yalniz bir név

yukdastyicilar istirak etsin. Bu halda agar elektron gazi cirlasmis olarsa, R:i va ya R,
en
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ﬂ»l, R, _1 sartini ddayan gucli magnit sahasina asasan Olculir. Lakin bu iki sart
c en
. . A . Rs . . -
6danmirse, onda R =—:m= A_ ifadalarindan istifada etmak olar.
en r

Bir tip yukdasiyict olan yarimkegiricilarin elektrik xassalarinin xtsusiyyatlarindan biri
ondan ibaratdir ki, temperaturun artmasi ile Holl smsah (R) artir, bu ise uygun sakilda digar
kinetik amsallara tasir edir. Lakin R (T) temperatur gedisinin xarici gortntsunin oxsarligina
baxmayaraq bu hadisanin fiziki tabisti asgar zonadan olan kegidlarla, gadagan olunmus zonada
yerlasan asqgar zonalardan olan kecidlarla,elektron gazinin cirlasmasinin yox olmasi ils, kegirici
zonanin dibindan nisbatan yuxarida ve ya valent zonanin tavanindan nisbatan asagida yerlasan
daha agir zonanin tssirile ionlasmis atomlardan olan sapilma ila, yiikdastyicilarin dispersiyasinin
geyri-kvadratik ganunu ila slagadar ola bilar.

Tlin;4xEuS; tarkibli bark mahlullarin elektrik keciriciliyi sirf yarimkegirici xaraktera

malikdir. Kegciriciliyin Igs = f(103/T) asililiglarindan miisyyan olunmusdur ki, ~600-670K

temperaturda asqar saviyyalardan olan kecidlar «tiikanir» va maxsusi kegiricilik oblasti baslayir.
Holl amsalinin temperatur asilihgindan malum olur ki, bu asililiq elektrik kegiriciliyinin

temperatur asthihgr ils yaxsi uygunlug teskil edir, bels ki, otag temperaturundan ~500K

temperaturadak sarbast ylkdasiyicilarin konsentrasiyasi dayismaz qalir va yuksek temperatur

oblastindaki Ig RT% = f(%) asthihgiin (sekil 2) meylina gora hesablanmis gadagan olunmus

zonalarin eni bir-birila ~0,03eV daqiqliyi ila Ust-tsts dusdr.
Holl yurikliyunin temperatur asililigina ssassn demsak olar ki, ylkdastyicilar asasen
akustik fononlardan sapilirlar. Yirtkliyiin temperatur astlilii m~ T2 ganunu ila dayisir, bu ise

uzundalgah akustik fononlardan sapilmays uygun galir. Tadqig olunan nimunalardse 300-650K
temperatur intervalinda termo-e.h.q. temperaturun artmasi ils avvalce mitlaq giymstcs artir va
maksimuma cataraq, temperaturun sonraki artmasi ile azalir. Bu azalma maxsusi Kkegiricilik
oblastinin baslanmasi ila izah olunur.

Tlin_, Eu S, bark msahlullarinin elektrik kegiriciliyinin Inc =f(10%T) asiliigindan

muayyan olunmusdur ki, ~610-650K temperatur intervalinda elektrik kegiriciliyi artir, sonra
azalir va 6zinin minimum qiymatina catdiqdan sonra kaskin artir. Axirinci eksponensial artim
maxsusi keciricilik oblastinin baslanmasi ila slagadardir.

Fikrimizcs, bunu onunla izah etmak olar ki, svvalce ~600K-dak kegidler gadagan olunmus
zonada yerlasen asqgar saviyyslardan bas verir va naticads bu saviyyslarden olan kecidlar
«tUkanir». Yenidan kecidlarin bas vermasi t¢un daha bdyik enerji talsb olunur, basga sozla
gadagan olunmus zonanin enina barabar ve ondan boylk enerji alde etmak Uglin temperatur
nisbatan artmalidir. Mahz bu temperatur intervalinda kegiricilik azalir va lazim olan enerji barpa
olandan sonra maxsusi kegiricilik oblasti baslayir.

Holl amsalinin temperatur asililigindan gorindr ki, R-in artmasi ~500K-dan baslayir.
Indium atomlarini yevropium atomlari ila avez etdikds Holl smsalinin artmasi daha yiiksak
temperatur oblastina dogru surusir. Bltun hallarda R-in artmasi miayysn temperatura gadar
davam edir, sonra iss kaskin azalma musahida edilir. Basga stzle R maksimumdan kegir ve
tarkibda yevropiumun nisbi miqdari artdigca R-in maksimumu yikssk temperatur oblastina
dogru surlsar.

Tadgiqg olunan nimunalarda musahida olunan qgeyri adi effektler mdixtslif sabablarls izah
oluna bilsr. Bu ve ya digar modelin mumkinlayinin tahlili gostarir ki, bu halda kegiricilik
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gadagan olunmus zonalarda olan asqgar saviyyslardan olan kecidlarla alagadardir. Holl amsalinin
(R) maksimumdan kegma mexanizmini iss valent zonanin tavanindan AE, energetik masafads
yerlasan akseptor saviyyalar maxsusi yukdastyicilar Ggin “tals” rolunu oynayir ve Fermi
saviyyalarinin bu zonaya daxil oldugu temperatur intervalinda onlarin “tutulmasi» prosesi bas
verir. Bu saviyyslarin kifayat gadar boyuk konsentrasiyalarinda asgar zonalar meydana ¢ixir va
kegiricilik mahz bu zonalardan hayata kecirilir. Bu zaman konsentrasiyanin azalmasi bas verir va
naticade Holl amsalinin artmasina gatirib cixarir. Temperaturun sonraki artmasinda ise asgar
saviyyalerin dolmasi bas verir va kT>e, sarti odsndikds bu saviyyslardsn kegirici zonaya
elektronlarin bura xilmasi baslayir. Bu da 6z ndvbasinda yukdastyicilarin konsentrasiyasinin
artmasina, yani kegciriciliyin artmasina, Holl amsalinin azalmasina ssbab olur.
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CONTRIBUTION CONDUCTIVITY ELECTRONS TO THE DYNAMIC
VISCOSITY OF LIQUID ALKALI METALS
E.A. Eyvazov, N.N. Niftiyev, A.B. Ibragimli, G.Q. Mirzoeva
Azerbaijan State Pedagogical University,
Aygunibrahimli@yahoo.com

The specific character of molten metal has been analyzed and it is shown that electronic gas gives
the essential contribution in the general viscosity of molten metal ““because of”” Thomas-Fermi screening.
The bond between viscosity and such metal characteristics as conductivity, electron concentrations, Fermi
energy and electron effective mass have been established.

Key words: alkali metal, dynamic viscosity, electronic gas.

Introduction

In theory of free electrons it is supposed that potential energy and electron density are
constant ones. However, as it is followed from above mentioned, this can't take place in
crystalline and also molten metals, Indeed, according to Thomas-Fermi theory the electron
density and impulse in metal depends on coordinates [2]:

n(r) = = [Pe(n)]? (1)

where Pg is Fermi impulse, r is electron radius-vector.

The changes on electron densities appear because of the action of space-heterogeneous
potential on electrons. The presence of positive ion frames causes the charge redistribution in
electron gas, i.e. electrons attract to them and the local electron cloud forms around positive ion.
According [2] the field potential surrounding the positive ion frame has the form of modified
Coulomb potential exponentially decreasing with distance. Physically this means that free
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electrons shield the interactions between positive ions. The electron distribution around ion
frames can be in following expression:
3ge

ZEp-r

n(r)= i, [1+ e AT-F 2

where Eg is Fermi energy at OK, ¢ is charge of ion frame, ny is electron number in volume unit in
metal part undisturbed by positive ion. As it is seen from (2) the influence of ion frame is
insignificant on distances essentially exceeding A,_g, A is measure of screening effectiveness of

ion frame by free electrons and is called Thomas-Fermi screening radius. This value is defined as

[3]:

My =—E— ©)

Fermi energy Ez = % (_'3:r3nc):'3 in the case of Fermi spherical surface as is takes place in
the alkali metal, then after simple transformations we have from (3):

Arog™ 1 5 i 4)

"

moM

where m " is electron effective mass in metal. If we neglect the weak temperature dependence m*

and take under consideration that ne=const in metals, then from (4) we can conclude on
temperature independence of Thomas-Fermi screening radius. A,_z will also different of Fermi

energy and electron concentration in different metals. For alkali metals the values of screening
radiuses calculated on (4) are given in the table. As it is followed from the table the screening
radiuses for alkali metals is almost the same by the order ~1A. The insignificant increase A,_; at

transition from Li to Cs is connected with decrease of effective mass and electron concentration
(see table 1).
Results and discussion

The above mentioned spherical structure of alkali metals assumes the participation of both
ion and electron subsystems in appearance of physical phenomenon including dynamic viscosity.
As the given subsystems are interconnected then it is obvious that it is impossible to evaluate the
contribution of each system separately. However, viscosity electron share 7, can be evaluated on

the base of gas-kinetic theory in first approximation neglecting by the interaction between
conductivity electrons and ion frames in molten metals. Then for electron viscosity we:

[4

According (5) the electron viscosity in metals (including molten metals) is defined by
electron concentration and electric conductivity. As the concentration of free electrons is constant
value and doesn't change with temperature, then insignificant decrease of electric conductivity at
temperature increase can lead to corresponding decrease of electron viscosity. However, metal
electric conductivity practically doesnt depend on temperature, excluding low-temperature
region T<30K. That's why #, is also constant value for the given metal in the given temperature

region.

]: (3n*n,)/3 -0 (5)

o
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o
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Taking under consideration that in SGS system o = 9- 10" o~ from (5) we obtain:

n, ¥ 3443101 (2 ) et (6)

\ & J fol

We can write through Fermi energy:

n, ¥ (%) . 101 E ~ 1,422 103% ©)
where in (6) and (7) g-is specific resistance in molten metals, E: is Fermi energy in erg. The
values 17, calculated on (7) are given in table (1).

As it is seen from the table (1) the electron viscosity is the essential part of general
viscosity of molten metal #_ and decreases at transition from Li to Cs.

The electron viscosity can be expressed through screening length. It is necessary to take
under consideration in (6) as n,_, ¥ —=% (@,=0,529-10" m-is radius of first Bohr orbit). Then

T

after simple transformations from (6) we obtain:

n, ¥ 617-1075 (%) 22 _, (8)

v

where =_ is electron number in cm?, p-is specific resistance in molten metals. The electron
viscosity calculated on (8) well agrees with its solution obtained from (7).

Table 1.
Electronic viscosity (7,), calculated by the formula
Metals Er, eV ne-10% Piig-10° 1g°10° 1,-10* Ap_g10°,
1] sm[3] Om-sm,[5] Pa-s, [4] Pa-s sm
Li 4,72 4,70 24,17 1,98 2,95 6,23
Na 3,23 2,65 9,6 4,79 3,96 6,68
K 2,12 1,40 13 6,33 3,71 7,43
Rb 1,85 1,15 22,5 6,60 1,87 7,68
Cs 1,58 0,91 37 8,54 0,97 7,99

Thus, the specifics of molten metals is shown that electron gas in Thomas-Fermi screening
gives the essential contribution in general viscosity of molten metal.
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DOMIR 8SASLI AMORF MAQNITYUMSAQ SRINTILSBRIN

MAQNIT XASSSLORIN® XARICi AMILLORIN ToSIRI
T.M. Psanahov, 1.V. Musazads

Azarbaycan Memarliq va insaat Universiteti
“Metal va arintilar fizikasi” ETL-sI
m.ihesen1959@mail.ru

Termik va TME-la amorf kristallik arintilardan bdyltk magnit xasssli material almaqg olar. Bu
magsadla damir asasli Fe-Si-B arintisinin magnit xassalarina xarici magnit sahasinin, soyumanin,
garilmanin tasirlari tadqgiq edilmisdir.

Amorf nanokristallik srintilar genis perspektivi olan materiallardir. Onlar bir tarafdan geyri
adi fiziki xassalari, digar tarafdan praktik tatbiq imkanlarinin genisliyi ila diggati calb edir. Bu
maddalarin magnit xassalari onlarin struktur xassalari va kimyavi tarkibi ila six alagalidir. Xarici
tasirlardan, termomagnit va termoemaldan sonra bu maddalar boyuk praktik shamiyysati olan yeni
xassalar gazanir. Bu tasirler yeni fiziki hadisalerin yaranmasina, anizotroplugun xarakterinin va
histerezis ilgayinin dayismasina sabab olur. Magnitlanmasi, magnit kristallik anizotroplugu sifir
olan secilmis tarkibli amorf arintidan yiiksak magnit xassalara malik magnit material almaq olur.

Damir asasli amorf magnityumsaq arintilerin magnit xassalari Fe-Si-B tarkibda tadqiq
edilmisdir. Bu tarkibds arintilare magnit ve termomagnit emali tatbiq etmakls, maqgnit
striksiyasinin va induksiyasinin anizotroplugunu nazers almagla ylkssk hadds magnit
xarakteristikali material almaq mumkindar. Bu arintilar boyuk magnit striksiyasina malikdir,
yenidan magnitlanma mirakkab mexanizm taskil edir va onun xassslarinin xarici tasirlardan
asthhiglarini hartarafli arasdirmagi talab edir.

Fe-asasl Fe-Si-B tarkibli arintilar tizarinds muxtslif temperaturlarda, muxtalif intensivlikli
va tezlikli magnit sahalarinds tacrubalar apariimisdir. Soyumanin va elastiki garilmanin magnit
materialinin magnit xassalarina tasirlari tadqiq edilmisdir.

Sakil 1-da TME-dan sonra dayisen magnit sahalarinds statik histerezis ilgayinin grafiki
verilmisdir. TME zamani magnit sahasinin intensivliyi artdigda igayin galiq induksiyasi boydydir.
Bu earintids dsyisan magnit sahasinde TME da biristigamatli tssir var va emal prosesinda
koersitiv quivvanin azalmasi bas verir.

By
14—

w
|

)

-1

Sok.1. Fe-Si-B nimunasinin TME-dan sonra 25A/m(1) va 1500A/m(2)
dayisan magnit sahalarinda histerezis ayrilari
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Magnit induksiyasinin artmasi ils TME-in effektivliyi artir. Magnit sahasinds TME zamani
magnit sahasinin tasiri istigamatinds magnitlanma gedir. Magnit sahasinin tasiri istigamatinda
magnit anizotropiyasinin dispersiyasinin azalmasi prosesi gedir. Domen qurlusu stabillasir.
Magnitlenmanin geyri-bircinsliyi TME zamani saha istigamatinda istigamatlanir va bu naticads
histerezis ilgayinin galig induksiyasinin artmasina sabab olur.

TME-dan sonra arintinin magnit xassalarina magnit sahasinda soyumanin surati gucli tasir
gostarir.  TME-dan sonra magnit parametrlarinin tadgigi zamani soyutmanin  muxtslif
stiratlarinds, magnit sahasinds aparilan tadgigatlar gostarir ki, saatda 200C° yavas soyutmada
materialin magnit xassalari yuksslir. Magnit sahasinds soyutmanin sirati artdigda statik magnit
xassalarina tasiri azalir. Magnit sahasinda aparilan tadgigatlarda magnit itkisinin soyumadan
muxtalif cur asilihglari masahida olunur. Yiksak tezliklards an bdyik magnit itkisi nisbatan
stiratli soyumada (deqigeda100 C°), alcaq tezliklerds soyumanin asafi siirstlerinds (saatda
200C°) miisahids olunur.

Bm,

Sok. 2. Fe-Si-B arinti lentinin dayisan magnit sahasinda magnit itkisinin
magnit induksiyasinda asilili§i.1-baslangic halda, 3-tabalmadan sonra,
2,4-hamginin garginlik altinda

Lent nlimunasini dartilmis garginlikds magnit sahasinds yerlasdirdikda magnit itkisinin
misayyan daracads azalmasi musahida olunur. ©n c¢ox itki nimunanin garilmamis halinda
miusahida olunur (Sak. 2). Nimunays daxili garginlik verdikds magnit sahalarinin an boyik lokal
paylanmasi bas verir va boyuk magnit striksiyasi yaranir. Garginlik dartilma istigamatinds
maqnit striksiyasini ylksaldir. Naticadas itki azalir. Tabalma zamani daxili garginliyi lIagv etdikds
maqgnit anizotroplugu yenidan magnit itkisinin azalmasina ssbsb olur. Tabalmadan sonra
koersitiv guvvanin azalmasi misahida olunur.

Hal-hazirda amorf qurluslu metallik arintilarin xassslarina aid coxlu sayda elmi tadgigat
islori apariimisdir. Buna baxmayaraq onlarin xassalari ila slagadar ¢cox sayda problemlar hall
olunmamis galir. Amorf magnit metallik arintilarin xassalarinin dyranilmasi muasir fizikanin an
mihim istigamatlarindan biridir.
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OCOBEHHOCTW 30HA-30HHOM ®OTO/IFOMWHECLEHLINW B
MOHOKPUCTAJIAX p-Cdo 2sHgo 72 Te

.C. Cengyi’, H.M. LLlyktopos™, M.LLI. MacaHoBa , C.P. AxmegoBa
“Asep6aiipyKaHckuit IHcTUTyT YunTeneil,
" Asep6aiifyKaHcKuil TeXHUUECKMIA YHUBEpCUTET

geneticsster@gmail.com

SKCNepUMeHTaNbHO  MUCCNefoBaHbl  OCOGEHHOCTUM  30HA-30HHOW  (POTOMOMUHECLEHLMM B
MoHokpucTannax P-CdyHg:«Te ¢ npsaMbIMW ONTUYECKUMU Mepexofami B CKpelleHHbIX E n H nonsx.
MokasaHo, YTO nepeHoc (POTOHOCUTENeN Nof AeicTBMEM Cu/bl JIOpeHLa nonepek obpasua NpueBoanT K
BO3rOPaHNI0 NIIOMWUHECLEHUMN C 3TOM rpaHn. MccnefoBaHbl CTauuMoOHapHble M HECTauuoHapHble
XapaKkTepucTuKX Takon poTonoMuHecLeHuMn Ha npumepe P-CdgsHgo72Te. OnucaH HOBbIN MeTO[
M3MEPEHNs MOABMMKHOCTUN HEOCHOBHBLIX HOCUTeNel 3apsga. O6cy>KaaTca NepenekTyBbl fanbHelwmnx
NCCNe0BaHMIA.

B pa6otax [1, 2, 3] NOCBALWEHHbIX U3YYEHWNIO (POTONIOMUHECLIEHLMN MONYNPOBOLHNKOB B
CKpeleHHbIX E v H nonsx, nokasaHo, 4to TpaHcopmauusa npouas NpoCTPaHCTBEHHOrO
pacrpefeneHns HepaBHOBECHbIX HocuTenel 3apaga (HH3) nog geictemem cunbl JlopeHua faet
BO3MOXHOCTb CYLLIECTBEHHbIM 06pa3oM YrpaBnATb BE/IMYMHON BHELLHEro KBaHTOBOrO BbIXO/A
NOMUHECLLEHLMM 1 ee CNEeKTPOM BCNeACTBUE U3MEHEHUSA OMTUYECKOro Xo4a /ydei B KpucTae.
Takoil cnocob YMeHbLUEHWS MOTepb Ha CamOMOr/oweHWe nyTeM nokanmsaumm HH3 y
0CBELLaeMON rpaHy 0CO6EHHO MHTEPECEH MPU UCCNef0BaHUM CabbiX CUrHAIOB IOMUHECEHLMN,
CPaBHUMbIX C ypoBHeMm wymoB. B [1,2,3] wccnepoBaHWs MPOBOAUIMCH MPU NOKaM3aumn
(hoTOHOCUTENE BOMM3M OCBELLAEMOW FpaHu, T.e. WCNO/Mb30BasiCA (PPOHTA/IbHLIA  METOoq
HabtoaeHVs POTONFOMUHECLEHLMN.

B paHHOW paboTe 06CyxaaeTcs ApeioBblin “nepeHoc n3nyyeHms” B CdgosHgo72Te. OH
ocyulecTsnsetca, Korga, HH3, Bo3HMKatOLMe Y OCBELLAEMOI rpaHK, ApendyroT Nog AeicTBUEM
cunbl JlopeHLua vepes KpUCTain u peKOMOMHUPYHOT € U3NyYeHneM BON3K, TbINbHOM rpaHn. Ecnm
BpemMs nepeHoca 3M1eKTPOHHO-AbIPOYHbIX Map MEeHbLUE UX BPEMEHW XXU3HW, ApelitoBbIv NepeHoc
NO3BONSAET MUCCMeAoBaTb OCOOEHHOCTM 30HA-30HHOWN NIOMUHECLEHLMN METOAOM “Ha npocseT”
[@Ke B TeX KpucTaniax, ToNWMHA KOTOPbIX HEMHOIO MPeBbILLAeT BUNONAPHYIO AUQPQY3NOHHYIO
[JIMHY 1 TlyBUHY NPOHMKHOBEHUSA BO30YX/AAIOLLErO U3/TYYEHNS.

PaccmaTpuBaeMblil 3hheKT OTMYAETCA OT XOPOLUO M3BECTHOrO (POTOHHOIO MepeHoca
HH3, 06ycnoBneHHOro  MHOrOKpaTHbIM — MepenslyyeHnem  MOrfoWeHHOro  KBaHTa B
MONYNPOBOAHNKAX C BbICOKMM KBaHTOBbIM BbIXOAOM. B oTaunuve OT nocnegHero Apeiosoit
“nepeHoc M3nyyeHUA” OCYLLECTBAETCA B MPOLLECCE OAHOr0 akTa MOr/oLWeHne — u3nyyeHune
CBETOBOIO KBaHTa M MO3TOMY MOXET Hab/ofaTbCA fAaxe B MNOMYMNPOBOAHMKAX W HUSKUM
KBaHTOBbIM BbIXOLOM M3Ny4aTe/lbHOM peKOMOMHALMN.

W3mepeHns nposogunuce npuT=80K Ha o6pa3uax p-CdpasHgo72Te € KOHUeHTpauwvein
HEKOMMMUCMPOBaHHbIX A0HOPoB Ny — N, = 2:10 cm®. TonwwmHa 06pasyos coctasnsna 1,0-10™
cM. [MpOTMBOMONOXHbIE TPaHW MOHOKPUCTa/Ibl TpaBuance B CP-4 ans [OCTUXKEHWUS Masion
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CKOPOCTM NMOBEPXHOCTHOW PeKOMOUHaLMK. BoK-cxema N3MepuTe/IbHOM YCTaHOBKM MOKa3aHa Ha
puc.l,a. B kauecTBe WCTOYHMKA BO3OYXKAEHUS WCNO/Mb30Ba/CA rasoBbli nasep J1M-74. Ons
peanm3auum CTauMoHapHOro BO30YXAEHWUA (OTOMOMUHECLEHUMM fla3ep paboTan B pexume
cBO60OAHON reHepauun. Mpu HecTauMOHAPHOM BO30YXXKAEHUM MOAYNSUMS A0OGPOTHOCTM nasepa
OCYyLLECTBMIANACL NYTEM BBEAEHMA U pe3oHaTop 3aTBOpa Ha kpacutene. (tun=25nc).

CurHan  (hOTONMOMUHECLEHUMM  perncTpupoBasics  (poToconpoTuBieHneM  Ge<Au>,
OX/TKAEHHBbIM [0 TeMMepaTypbl XWUAKOro asoTa, YCUAMBAICS M NOCTyNan Ha 3anoMUHatoLLMMA
ocumnnorpad.

doTONPUEMHUK WUMENI OKHO W3 repMaHus M (uibTpa, KOTOPbIA YCTaHOBWUACA MNpu
M3MEPEHUN CUrHaMa  (DOTO/MOMUHECLEHUMM AN PUAbTPauMM  paccesHHOro  Nla3epHoro
n3nyyeHns. MakCMyM CUrHana fasepHOro MMMynbca CAYXWUA HadaloM OTcyeTa BpeMeHwu
3a/1ePXKKN cUrHana hoTONNIOMUHECLIEHLIAN.

Ha pwuc.l npefcTaBneHbl MoseBble 3aBUCUMOCTU CTaLMOHapHOM (HOTONHOMUHECLEHLUN
Cdo2sHgo 72 Te, HabnogaeMor co CTOPOHbI HEOCBEPLUAEMOM FPaHu.
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Pucl. MNoneBble 3aBUCUMOCTU MHTEHCUBHOCTM Puc 2. Monesast 3aBUCMMOCTb UHTEHCUBHOCTM
CTaLMOHAPHOM (hOTOMIOMUHECLEHLAN - U3My4eHUs B MaKCMMyMe CUrHasia HecTauu-
Hab10JaeMoli CO CTOPOHbI HEOCBELLEHHOW rpaHn OHapHo hoTontoMuHecueHuUmmn (H=0,6 k3)

H,k3:1-0,5; 2-1; 3-1,5; 4-ypOBeHb LLYMOB.
a) CXema 3KCrnepumMeHTa; 1-nasep, 2-o6paseLl,
3-hunbTp, 4-NPUEMHUK.

B oTcyTcTBMeE nornepevHoro gpeida Hocutenein (E=0) MHTEHCUBHOCTb NFOMUHECLLEHLNN He
MpeBbILIaeT YPOBHS LUIYMOB (hoTONpUeMHUKa. CUIbHO MOr/IoWaeMoe 13fyYeHne 30Ha-30HHOM
NIOMUHECLEHUMN nayllee B rNyOMHY KpucTaisa M3 OCBeLaemMoil 0611acTh, MpakTUYecKm
MOJIHOCTLIO 3aTyxaeT B 06bEMe KpucTaa.

Mo Mepe yBennueHus ynpasnswowmx E n H noneid nponcxoamT HakonneHme HH3 B6an3n
3afiHeil rpaHy M HabnogaeTcqd PoCcT MHTEHCMBHOCTY JIIOMUHECUeHUMn. M3 puc.l BUAHO, 4TO
MaKCUMaslbHbI  CUrHa/ JIIOMUHECLEHUMM B HalUeM Cinyvae BO3POC Ha MOPAAoK. 310
06CTOATENBCTBO  ABNAETCA HEMa/IOBXKHBIM NPW  UCCMEL0BaHUM CUTHaNa HOMUHECLEHLNN,
CPaBHUMOrO C YPOBHEM LLYMa.

Monesas 3aBMCMMOCTb CUIHaNA NFOMUHECLIEHLMM NOKa3aHa Ha puc 2. Korga ynpasnsiowue
nons Masibl, UHTEHCUBHOCTb PEKOMOMHALMOHHOIO U3NYYeHUsS TakKe HeBenuKa, MOCKO/bKY 3a
OTHOCWTENIbHO 60/1bLLIOE BPEMSA MepeHoca MPOLEecchl ANQPAY3umM 1 pekoMOMHaUMN NPUBOAAT K
CYLLECTBEHHOMY pasMbITUIO MNaKeTa W YMeHbLUeHUH B HeM KoHueHTpauun HH3. [Mpu
YBEIMYEHUW NOJel NakeT HOCUTENEn NepeHoCUTCS K 3afHei rpaHn cnabo AedopMMpOBaHHbIM,
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YMCNO HOCWUTENE He YyCreBaeT 3aMETHO YMEHbLUWUTCA WM WMHTEHCUBHOCTb JIFOMUHECLEHLMNN
BO3pacTaer.

M3vepsis noneBas  3aBUCUMOCTb  BPEMEHW  3afe€pPXKKW  CUrHana HecTalMOHapHOWA
(hOTONMOMUHECLIEHLMN MOXHO OMNpefeinTb MOABMXKHOCTb HEOCHOBHbIX HOcuTenein 3apsga (B
[AaHHOM C/ly4Yae [bIpoK), TaK Kak NMOABUXXHOCTb OCHOBHbIX OObIYHO W3BECTHA WU JIEFKO MOXET
ObITb OnpegeneHa CTaHAAPTHLIM MeToAoM. [MpefsioXKeHHbIM cnocob npefcTaBnseT co6oi Mo
cyT Mmetog XeinHca-LLoknn [5] B KOTOpOM TAHYWMM nonem ssnsetcs cuna JlopeHua [4].
O6paboTka pe3y/nbTaToB Aasa BO3MOXXHOCTb OMpPefe/inTb 3HaYeHre NOABUXKHOCTU AbIpoK. Mpu
80 K pn=1,5-10°cm?/B-c [6]. MonyueHHble U3 pacueTa 3HadyeHMe My=2,2-10° cmM?/B-C XOpoLLO
COrfiacyeTcs ¢ IMTepaTypHbIMU JaHHbIMK [6, 7].

B 3akntoueHune cnegyeTt OTMETUTb, UTO, PACCMOTPEHHbBIA MEXaHU3M “NepeHoe U3nyyeHms”
B p-Cdo28Hgo 72 TEMOXET 6bITb MEPCNEKTUBEH /19 CO3LaHMs TBEPLOTE/bHbIX NpeobpasoBatesneit
N3Ny4YeHns, MNO3BONAIOLLNX W3MEHATb 4YacTOTy W3NyYeHUs U OLHOBPEMEHHO MOAYNMPOBaTb
amnnTyay BbIXOLHOIO CUrHasa ¢ NOMOLLbH0 BHELLIHWX NOJENA.
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VACANCY FORMATION ENERGY FOR CHARGED
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G.S. Orudzhev'?, N.A. Ismayilova®
!Azerbaijan Technical University
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ismayilova_narmin_84@mail.ru

For TlInS,64-atom supercell, in LDA approximation of Density Functional Theory taking into
account Hubbard+U corrections, from Fermi energy dependence of the TI, In, S neutral and charged
vacancy formation energies the transition levels were defined: for S-rich condition of S vacancies q=0
charge state transfers to q=-2 charge state, in 1.5 eV; for rich condition of Tl and In vacancies g=-1
charge state transfers to q=-2 charge state, in 0.5 eV and 1.75eV, respectively.

Considering that the calculated value of the energy gap obtained with LDA and LDA+U schemes
(respectively 1.25 eV and 1.47 eV) are lower than experimental one (2.2eV) and accepting the correction
to agree on experimental value it was found that in arbitrary positions of the Fermi level within the band
gap no transitions occur from the one charge state to another and as a result S vacancy remains in a
neutral g=0 state, and Tl and In vacancies in a g=-1 charge state.

INTRODUCTION

The HI-111-VI1, family of crystals exhibit quasi low-dimensionality in the form of layered
and chain structures and has become increasingly attractive due to their interesting structural
properties and potential optoelectronic applications [1]. Like all layered TIMeX,(where Me=In or
Ga and X=S or Se) TlInS, hasC2/c space group symmetry at room temperature[2].The
fundamental structural unit of a layer is the In,Sg (GasSg) adamantane-like units linked together
by bridging S atoms. The Tl atoms are in trigonal prismatic voids resulting from the combination
of the In,Sg (GasSe) polyhedra into a layer [3].The cell structure of TIInS, shown in Fig.1. In the
crystal structureof TIInS,, the van der Waals interaction favors the formation of numerous, both
point and extended, defects embedded predominantly in the interlayer space of the crystal. The
effect of impurities on the phase transitions in the ferroelectric semiconductors TlInS; have been
studied [4]

-Sulphur
& -Indium
-Thallium

Fig.1 Cell structure of TIInS,
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In this work, we aimed to examine the dependence of the defect formation energies on the
chemical potentials and Fermi levels for the various charge states in TI, In, S vacancy of TlInS,
segnetoelectric semiconductors with supercells containing 64 atoms and to determine
corresponds transition level on this basis.Our calculations were performed for neutral and
charged vacancy defect, by Local Density Approximation (LDA) [5] and implementing the
LDA+U method using the AtomistixToolKitsoftwareprogram (ATK, http://quantumwise.com/)
[6]. The electron-ion interactions were taken into account through pseudopotentials of the Fritz
Haber Institute (FHI). The number of the electrons treated as valence electrons was 3 for Tl
(65°6pY), 3 for In (5s*5p') and 6 for S (3s23p”). The Perdew-Burke-Erenzhorf (PBE) exchange-
correlation functional and Double Zeta Polarized basis sets were usedin our calculations.
Thekinetic cut-off energy was 150 Ry.To determine the coordinates of the atoms and the lattice
parameters for primitive cell of TIInS, was relaxed and optimized with force and stress tolerances
of 0.0001 eV/A and 0.0001 eV/A3 respectively. The supercells containing vacancies were
relaxed with force tolerance of 0.05 eV/A.

The calculated band structure with LDA using HGH psevdopotential in Quantum Wise
Atomistix ToolKit program and SGG [7] using ultrasoft psevdopotential in Quantum Espresso
[8] softwear programs show that bulk TlInS; is a direct band gap semiconductor material with the
valence band top and the conduction band bottom locatedat at the center of the Brullouin zone

[9].
RESULTS AND DiSCUSSION

Defects have been studied using a wide range of experimental techniques, including
electron paramagnetic resonance spectroscopy,electron-nuclear double resonance spectroscopy,
Hall conductivity,positron annihilation,and deep-level transient spectroscopy. Systematic
formation energy calculations have been performed for several semiconductors, including Si,
SiC, GaN, and diamond [10-12].

The formation energy of a point defect is not a constant but depends on the growth or
annealing conditions [13].In the case of charged vacancy, the formation energy further depends
on the Fermi level (Eg), which is the energy of the electron reservoir, i.e. the electron chemical
potential.We calculated formation energy by:

Ef(Va') = Ex(Va' ) = Ea(THINS) + it G(Er + Evem) 1)

whereE o 115) is the total energy of a supercell containing the vacancy of atom (a=Tl, In, S)in the
charge state g, Ewt(T1InS,) is the total energy of a TIInS; perfect crystal in the same supercell and
Ma is the a-atoms chemical potential. First to determine the chemical potentials of atoms asEq
energy per one atom we used cell and structure parameters (they were taken from the literature)
[6] and optimized them.Another important physical parameter for the calculation of the defect
formation energy is the position of the valence band maximum (VBM), which corresponds to the
reference energy level for the electron chemical potential. VBM is determined by adding the
perfect supercell VBM with the Fermi level. [14].

DFE of charged vacancies calculated in the case of rich atom conditions.Rich conditions of
atoms forming the vacancy (for e.g.Tl) given by the thermodynamic stability condition;

Etot(THNS2)~[Etot(T1)+Etot(IN)+2E0(S)]= Hi(TIINSy) 2

Where Hi(TIInS,)is the enthalpy of formation of bulk T1InS; negative for a stable compound.
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The calculated enthalpy of formation of TIInS, isHy{(TIInS;)=-2.983eV. Adding the value
of enthalpy to chemical potential of atom forming the vacancy we gain the rich condition of this
atom respectively.So rich conditions for each of the three atoms can be calculated as follows;

min i}

WTL s =E(T1, In, S)+H(TIINS,) (3)

In our calculation transition level €(q/q’) is defined as the Fermi-level position for which the
formation energies of charge states g and g’ are equal. €(g/q’) can be obtained from;

e(q/q’) = [E'(Va;Er= 0) - E'(Vq';Er= 0))/(0’ - ) (4)

whereE"(Vg;Er= 0) is the formation energy of the defect Vin the charge state g when the
Fermi level is at the valence band maximum (Eg= 0).
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Figure 2. Formation energies as a function of Fermi-level position for native point and

charged vacancy in TlInS,. Results for In-rich, S-rich and Tl-rich conditions
with LDA and LDA+U are shown

The experimental significance of this transition level is that for Fermi-level positions
belowe(g/q’),charge state q is stable, while for Fermi-level positions above €(q/q’),chargstate q' is
stable [15]. In Fig.2 (In-rich limit LDA) the slope of the line changes from -1 to-2 at the
intersection of lines with g=-1 and g=-2. For In rich condition the energy of intersection will be
denoted by ¢(-1/-2). The g=-1 state is more stable when Er<g(-1/-2), and the gq=-2 is favorable
when Eg>¢(-1/-2).The calculated transition energy level for In is:E=1.25eV. In Fig.2 (S-rich limit
LDA) energy of intersection will be denoted byeg(0/-2) for S rich condition, where Er<g(0/-2)
corresponds to more stable q=0 state and the g=-2 is favorable when Eg>¢(0/-2). Transition
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energy level for S is:E=1.5eV. Tl-rich limit LDA (Fig.2) describethe line changes from -1 to -2 at
the intersection of lines with g=-1 and g=-2 for Tl vacancy.In this case the g=-1 state is more
stable when Eg<g(-1/-2), and the g=-2 is favorable when Eg>¢(-1/-2) for Tl rich condition.

Considering that the calculated value of the energy gap obtained with LDA and
LDA+U(Hubbard_U parameter U=3eV using for 3p state of S atoms,in all other cases
U=0)schemes (respectively 1.25 eV and 1.47 eV) are lower than experimental one (2.2eV) and
accepting the correction to agree on experimental value it was found that in arbitrary positions of
the Fermi level within the band gap no transitions occur from the onecharge state to another and
as a result S vacancy remains in a neutral g=0 state, and Tl and In vacancies in a g=-1 charge
state.
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TIFeS, VO TIFeSe, BIRLOSMSLBRININ RENTGENOQRAFIK
VO DIFERENSIAL-TERMIK ANALIZL3RI
E.B. ©sgarov?, C.i. ismayilov®, R.N. Mehdiyeva®,
S.H. Cabarov®, M.N. Mirzayev?, E.M. Karimova®
'Birlasmis Niive Tadgigatlar institutu ,Joliot Kuri 141980 Dubna, Rusiya
2Milli Nuve Tadgiqatlari Markazi, *Abdullayev adina Fizika institutu, AMEA
*Radiyasiya Problemlari istitutu, AMEA

Taqdim olunan isde TIFeS, ve TIFeSe, nimunalerinin rentgenoqrafik ve diferensial-termik
analizlari apariimisdir. Rentgenoqrafik analizlar gostarir ki, normal seraitda bu birlasmalarin strukturlari
monoklin simmetriyaya malik C2/m faza qrupuna malikdir. Diferensial-termik analiz metodu ils TIFeS, va
TIFeSe, kristallari 20+650 °C temperatur intervallarinda tedqig edilmisdur. TIFeS, kristalindan fergli
olaraq TIFeSe, kristalinda miisahida olunan effektin temperaturun yiiksak giymatina dogru siirtismasi bu
kristallda kovalent rabitanin daha Ustlinliik taskil etmasi ils izah olunur.

Kondensa olunmus hal fizikasinin va materialsuinashigin muasir inkisafi yeni funksionla
materiallarin axtarisina zamin yaradir. Yarimkecirici va kvant elektronikasinin asas nailiyystlari,
nanotexnologiya, optoelektronika, hesablama texnikasi, avtomatlasdirma, rabits, idarsetma
vasaitlari va digar istigamatlarin tskminlagsmasinin asasini taskil edan muasir murskkab
yarimkecirici materiallarin axtarisi va strafli tadqiqi ile baghidir. Yarimkegcirici kristallar arasinda
xususi yeri fiziki xassalarinin muxtalif kristallografik istigamatlarda gucli anizotroplugu ila
secilan layli va zancirvari quruluslu yarimkeciricilor tutur. Bels kristal maddalerin tipik
niimayandalarindan biri do TIMeX, Umumi formuluna (Me-3d metal, X = S, Se, Te) daxil olan
unikal xasseli TIFeS, ve TIFeSe, torkibli yarimkecirici birlasmalardir. Aparilan tadgigatlarin
naticalari gostarir ki, bela layli va zancirvari qurulusli kristallar fotoelekrik ceviricilarin, spektr
analizatorlarinin, rentgendetektorlarin  va tenzorezistorlarin hazirlanmasinda perspektivli
materiallar hesab olunurlar. TIMeX; imumi formullu birlasmalar kigikolculli quruluslari ila layh-
zancirvar olmagqla, terkibina daxil olan 3d metalindan asili olaraq antiferro-, ferro- va ferrimagnit
xasse numayis etdirirlar [1-5].

TIFeS, va TIFeSe, birlasmalarinin maqgnit xassalarina naticalarin analizi onun Neel
temperaturlu, kvazibirdlgili antiferromagnit xasssli oldugunu séylasmays imkan verir [6, 7].
Neyron diffraksiyasi metodu ils, asagi temperaturlar oblasti genis tadqiq edilmis, kristal va
maqnit quruluslari muayysn edilmisdir. Ylksak tazyiglerds aparilan tadgigatlar gostarir ki, 5
GPa-a gadar magnit faza musahida edilmir [8].

Bu birlasmalar markazinda Fe ionu, tapalarinds isa S(Se) ionlari yerlagmis tetraedrlarin
(FeS4(Ses)) zancirvari duzallsundan ibarat monoklin qurulusa malikdirlar, TI ionlar isa kristal
qurulusun prizmatik bosluglarinda yerlasmisdir. Bu tetraedrlar xatti zancir amala gatirarak
kristalin ¢ oxuna paralel yerlasirlar, dsmir ionlari arasinda mubadila qgarsiligh alags kristalin a
oxu istigamatindadir. ©gar iki magnit ionu biri-birindan iki anionla ayrilirsa, bels garsiligl tasirin
enerjisi kation-anion-kation garsiligl tasirin enerjisindan tartibca kigik olmahdir. Bu halda — Fe —
S — Tl - S - Fe — zancirinds mubadils enerjisi, tetraedrlardan ibarat zancir boyunca yerlasan — Fe
— S — Fe —qarsihgh tasir enetjisindan iki tartib kicikdir [9, 10].

Baxmayaraq ki, TIFeS; va TIFeSe; birlasmalarinin struktur xasssleri asagi tmperaturlarda
va yuksak tazyiglards kifayat gadar tadqiq edilmisdir, ylksak temperaturlar oblastinda struktur va
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termik xassalerin tadgigatina ehtiyac vardir. Teqdim olunan isds TIFeS, ve TIFeSe;
nimunalarinin rentgenografik va diferensial-termik analizlari apariimisdir.

TIFeS, va TIFeSe, tarkibli toz halinda polikristal nimunalari standart metodla sintez
edilmisdir [5]. Rentgenografik analizlar gostarir ki, normal saraitds bu birlasmalarin strukturlar
monoklin simmetriyaya malik C2/m faza grupuna malikdir. Qafas parametrlarinin qiymatlari:
TIFeS; iigiin a = 11.646(1) A, b =5.308(2) A, ¢ = 6.831(3) A, B = 116.7°, Z = 4, V = 377.14(6)
A3 TIFeSe, iiclin a = 11.998(1) A; b = 5.498(9) A; ¢ = 7.108(8) A, p = 118.2° , Z =4, V =
413,22(6) A%,

Diferensial-termik analiz metodu [11] ils TIFeS, kristalinin tacribadan muayysn olunmus
kitlasi 20+650 °C temperatur intervalinda tadgiq edilmisdur. ilkin marhslada kiitle dayismasi 65
°C kimi stabil, 65-190 °C intervalinda azalma, 200+350 °C intervalinda artma va 350 °C-dan
sonra ise statsionar olaraq azalma musahida olunur. Temperatur farqi 46 °C, markazi piki 239.46
°C, sahasi 1748.603 mJ va entolpiyasi 25.14 J/q olan effektda enerji mubadilasin tayin etmak
ucun spektrin zaman gora diferensialindan alinan diferensial-temik analiz ayrisinda enerji
miubadilssini tasdiq edir. Temperaturun 460 °C, 530 °C va 570 °C giymatlarinda diferensial-temik
analiz ayrisinds spektrinda olan Kicik enerji dayismalari misahids olunur.

TIFeSe; kristalinin tacriibadan misyyan olunmus kutlasi 20-650 °C temperatur intervalinda
tadqiqg edilmisdir. Kutls dayismasi 225 °C kimi stabil, 225-445 °C intervalinda artma va 445 °C-
dan sonra isa statsionar olaraq azalma miusahide olunur. Umumilikda markazi piki 307.80 °C
olan effektls izah etmak olar. TIFeS, kristalindan fargli olaraq TIFeSe, kristalinda musahida
olunan effektin temperaturun yliksak giymatina dogru strtismasi bu kristallda kovalent rabitanin
daha Ustunlik teskil etmasi ila izah olunur. Temperatur fargi 33 °C, markazi piki 307.80 °C,
sahasi 991.209 mJ va entolpiyasi 15.94 J/q olan effektds enerji mubadilssin tayin etmak Ugin
spektrin zaman go6re diferensialindan alinan diferensial-temik analiz ayrisinda enerji
miibadilasinin tasdiq edir. Temperaturun 500 °C giymatinda diferensial-temik analiz ayrisinds da
Kicik enerji dayismalari musahids olunur.
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UACTOTHAA SABNCMOCTb COIMPOTUBNEHNA LLEOJTINTA
B.W. Opbyx, .M. SiiBasosa’, H.H. SleBegesa
HNIN ®dusnyeckux npobnem, bI'y
“HaHo LleHTp, BIY

M3yyeHbl YacTOTHbIE 3aBMCUMOCTM COMPOTWBIEHNS LEONNTa COAEPIKALLEr0 MOHbI KalbUus 1
LeonMTa COAep>Kalllero WOHbI cepebpa. YCTAHOBNEHO pasMuMe MexaHusmMa UX COMpOTMBNEHNS.
Mpeano>keHa Mofenb HabMAAEMOro sBNeHUs. dTa MOAenb NPOAEMOHCTPUPOBaia YMeEHbLUEHNE
CONPOTMBEHMS C POCTOM YaCTOTbl BHELLHErO MPUIOMKEHHOTO 31eKTPUYECKOTO MO,

B HacToslen paboTe npuBedeHbl pe3y/bTaTbl M3YYeHWs YaCTOTHOM 3aBUCUMOCTU
CONPOTUBNEHNSA NPUPOLHONO Leonnta (Cofep)kallero B mopax WOHbl Kajbuus) M LeonuTa
MOAM(MLMPOBAHHOIO CepebpoM (CofepKallero B nopax MoHbI cepebpa).

OObeKT uccnefoBaHust OblN KAMHONTUNONUT. 3 MOHO6/10KA LeonnTa BbINUINBAIACH
rn/jockonapansieNlbHas nnacTvHa, M3 KOTOPO Hape3asncb 00pasubl B Buae Tabnetok. s
MOAMPMKaLMM LieoimTa MoHaMKn cepebpa NPUMEHSNCS MOHOOOMEHHbI MeToj, KOorga naactuHa
norpyxanacb Ha CyTkm B 1M pacTtBOp  a30THOKWC/Oro cepebpa, 3aTteM MPOMbIBafach B
[1eVI0He31poBaHHOI Boje 1 BbicylumBanack npu 100° C.

V3mepeHus conpoTyBAeHMS NONYYeHHbIX 06pasLoB NpoBoauanCL Ha npubope MHNMA
E7-20 (u3meputenb ummetaHca LRC, B gvanasoHe 4yacToT 25MNy-1MIU) npu KOMHaTHOM
Temneparype [1].

3aBMCMMOCTb COMPOTUBIEHUA LLe0IMTa OT YacTOTbl, OKa3a/loCh YObiBatoLLel PYyHKLUMeRA OT
4acToTbl. [MonyyYeHHbIe pe3ynbTaTbl NPeAcTaBneHbl Ha puc.1.
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35 45 55 6.5
lgm

Pwnc.1. YacToTHas 3aBUCMMOCTb COMPOTUBI/IEHNSA MPUPOAHOTO LIeoNnTa
C KanbuueM () 1 LeonmTa MoanuLMpoBaHHOro cepebpom (6)

Mo nuTepaTypHbIM AaHHbIM [2,3], Takas 3aBUCMMOCTb UMEET OAMH U TOT XKe XapakTep AN
pasHbIX TWMOB LeoAMTa: BO BCEM HabnwgaemMom fAuanasoHe 4actoT (100 Iy - 1 MIw)
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CONpPOTUBMIEHME YObLIBAET C POCTOM YacTOTbl. OObIYHO NPUYMHA TaKOW 3aBMCUMMOCTM He
06CY>KAaeTCA UM OrPaHNUMBAKOTCS CCbIZIKAMU Ha CNIOXKHYHO CTPYKTYpY ueonuta [2,3].

MpeanaraeTcsa MexaHn3m, 0ObACHAOWMIA YMeHbLUEHME CONPOTUBNEHUS C POCTOM YacTOTbl
B LLeONMTaxX U ApYrux cpefax CoaepXKawmnx 3HaunTelbHy A0 NycToT. OCO6eHHOCTb LieonmTa
(v ueonMTONOAOGHBIX Cped), Kak NpoBoAsALLero o6bekra COCTOUT B TOM, YTO LIEO/IUT COCTOUT U3
KPUCTA/IINTOB, XaOTMYECKM PacrnofiokeHHbIX N0 00beMy nnacTuHbl. [Mpy  3TOM, MO
HEeO6XOAMMOCTH, 3HauUTeNbHad [0N1S  00beMa COLAEPXMT  MyCTOTbl. [lpyroe BaKHOe
06CTOATENILCTBO — 3TO MOHHBIV XapakTep NPOBOAUMOCTU LeonuTa. [leno B TOM, YTO MOHbI He
BXOAAT B 3/1eKTPOAbI, & NOTOMY HakanmsatoTcs B6/M3M katoga. COOTBETCTBEHHO B6/IM3M aHOAA
ob6pasyeTcs oTpuLaTeNbHbIN 3apag B BUAE HEMOABMXKHOIO OTPULATE/IbHOIO 3apsja Ha CTeHKax
nop. PakTUYeCKM 3TO O3HAYaeT, YTO Ha rpaHuLe LeonTa ¢ aHoLoM 06pasyeTcs HEeNpPOBOAALLMIA
3a30p. TakoW 3a30p Ha rpaHuLe W AM3NEeKTPUYECKMe MyCTOTbl ABAKOTCA OO6bemMaMu Kyfna
nepekaymBaeTca 3MeKTPUYECKOe MoJie U3 NPOBOAALLMX KPUCTaIMTOB LeonuTa. [oaTomy, ecim
4acToTa BHELUHEro 3/1EKTPUYECKOro MOoMs 3HaYMTe/IbHO MeHbLle 3(PMEKTUBHOIO 06paTHOro
MaKCBE/I/IOBCKOr0 BpeMeHW (BPeMs MepeKayky 3NeKTPUYECKOro Noss U3 NPoBOAALLEr0 06bema B
HENPOBOAALLMIA) CONPOTUBNEHNE O6yaeT HamboNblMM. [eNCcTBUTENbHO, B TakoW CUTyauuu
60MbLUYIO YaCTb Mepuoga BHELLHeE Noie HAXOAUTCA B TeX 00bemax, rae HeT NpoBoAMMocT. B
MPOTMBOMO/IOXXHOM C/lyyae, KOrja 4actoTa BHELUHEro 31eKTPUYECKOro Mo 3HauuTeNbHO
6onblue 06paTHOr0 MaKCBENOBCKOTO BPEMEHW, TO B TEYEHMM MOYTU BCEro mepuoga none
HaxoAuTCA B MNPOBOAALLMX OObeMax. Takyld MOAefb MOXHO MNPUMEHUTb A1 OMMCaHWs
4aCTOTHOW 3aBMCUMOCTM CONPOTUB/IEHNS LeONnNTa. 34eCb Mbl He OyfeM paccMaTpvBath 60see
CNIOXKHbIN CNyYai 06bEMHbIX AM3NEKTPUYECKMUX MPOMEXYTKOB.

Vcxogmm 13 mogenu, COCTOALLEN 13 NPOBOAALLErO CNost (TONLWMHONM d, AN3NEKTPUYECKON
MPOHMLIAEMOCTBIO € U COMPOTMB/IEHNEM R) 1 TOHKOIO AN3MIEKTPUYECKOTO C0S TONLWWMHOMN ds 1
AV3NEKTPUYECKON NPOHULIAEMOCTLIO €, NJIOLLAABI0 CTPYKTYPbI S, EMKOCTH:

_ €8S o _ 88
d ° d

S

C

OGbACHEHWIO MOANEXWT HabntofaemMas 3aBUCMMOCTb TOKA OT YacTOTbl NPeACTaBNsHOLLAs
co60ii ybbIBaKOLLY (DYHKLMIO OT 4YacTOTbl MPUIOXKEHHOTO BHELLHEr0 3/1EKTPUYECKOro Moss.

YacToTHasa 3aBUCUMOCTb COMPOTUB/IEHNSA TaKOW CUCTEMbI R(S) onpepnendeTca n3 OTHOLLIEHNA:

Rw)=R ;2+(1+£]
wWRC,) C

S

3 puc. 1 BMAHO, YTO COMPOTUBNEHME SIBNSETCS YObIBAMOLLIEA (PYHKLMEA OT 4acToTbl B
0060MX NpeAcTaB/eHHbIX cny4asX. [encTBuTenbHO, U3 hopMynbl BUAHO, YTO C POCTOM YacTOThbI
conpoTuBneHve yobiBaeT. OfHAKO, TONLKO B Cyvae NPUPOLHOro LeonnTa ¢ Kaibumem (puc. 1.a)
rpadMk MoXoX Ha TOT, 4TO nMpeAckasbiBaeTca  (opmynoii. B cnyvae  ueonuTa
MoAM(MUMPOBaHHOrO cepebpom (puc. 1.6) npyv M3MEHEHMW 4YacTOTbl Ha TpWU MNOpsAKa
COMpPOTUB/EHNE N3MEHSETCA He Bosiee, YeM Ha 20%. PaKTUYECKM 3TO O3HAYaET, YTO B AManasoHe
4yacToT A0 10° "4, conpoTuBEHME MOXKHO CUMTaTb MOCTOSAHHbIM. OTCtOAa Mbl [enaeM BblBOA O
TOM, YTO B LIEO/IMTE C MOHamW cepebpa nepepacrnpefesieHne 3NeKTPUYECKOro Nons Mexay
NPOBOAALLMMM U HEMPOBOAALWMMN 00bEMaMU He MPOMCXoAUT. [pyrMmu CcnoBamu, Kak
NMPOBOAHUK TOKa LEOSMT MOAM(MLMPOBAHHLIN cepebpom npeacTaBnseT co60iM OAHOPOAHYHO
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cpey. TakvuM 06pa3oM Mbl MPUXOAMM K BaXXHOMY BbIBOAY O TOM, YTO MeXaH13M NpoBOAMMOCTM
B MOAM(ULIMPOBAHHOM LIEOINTE MMEEeT CKBO3HOM XapakTep, B MPOTUBOMONOXHOCTb MPUPOAHOMY
LeONMTY, C Ka/blLeM, FAe NPOBOAMMOCTb OCYLUECTBNSETCA 3MEKTPUYECKN M30MPOBaHHBIMM
[pyr oT Apyra o6nacTaMn. OTMETUM, YTO HU3KOOMHbIN MOAU(MULMPOBAHHBIV LIeONNT B nopax
[IeMOHCTPUPYET YacTOTHYHO 3aBMCUMOCTb, COOTBETCTBYIOLLYIO (DOpPMy/e MWLb MPU YacToTax
6onbLUMX 10° L,
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UACTOTHAA 3ABVICIMOCTb AMN3NEKTPUYECKOW
MPOHULIAEMOCTW MPUPOAHOIO KAVHOMTUIONINTA
B OBJIACTV YACTOT 10%-10"ry,
A.X. MypazoB U.I. AxyHgos, .M. diiBasoa’, B./. Op6yx, H.H. /le6eneBa

BakuHcKuiA FocyaapCcTBeHHbI YHUBEPCUTET,
VHCTUTYT ®usnueckux Mpobaem. BIY, HAHO-LeHTp .
nnlebedeva@gmail.com

V3mepeHa ananekTpuyeckas npoHMLAaeMocTb NMPUPOAHOTO KNMHOMTWAOAUT @ B LUMPOKOIA 06nacTu
[0 cBepxBbiCOKMX (4,5 .10 pag/c) uacToT. MpUBOANTCA NOAPOGHOE ONMCaHWe pas3paboTaHHOro
MeTOAa M3MEepPeHNst AeNCTBUTENbHOW YacTy AU3NEKTPUYECKON NPOHMLAEMOCTY C NOMOLLbI0 YaCcTUYHO
3aro/iHeHHOr o NPSAMOYroNbHOI0 BOMHOBOAA. [onyyeHHOoe 3HayeHne €'=1,53 [0MOMHAET paHee MnojyyeHHble
pesynbTaThl 40 10° Iy 1 No3BONAET NpPUMeEHeHWe pa3paboTaHHO! MOAENM OJHOro penakcaTopa Ana
06BbACHEHNS YaCTOTHON 3aBUCUMOCTM €'.

Ha ocHoBe peHTreHorpafMyeckoro v CrekTpaibHOro XMMMYecKoro aHanmsa ycTaHoB/eHa
NPUHAAIEXXHOCTb UCCEAYEeMOro HaMu NPUPOLHOTO LIE0/INTA K BbICOKOKPEMHE3EMHbIM LIeoInTam
TMna KauHonTtunonut [1]. Kpuctannuueckas CTPyKTypa KAMHOMTUIONUTA NPUHALNEXUT K
MOHOK/IMHHOW CUHroHUM ¢ napametpamu: a=17.74A, B=17.9A, c=7.4A, npocTtpaHcTBeHHas
rpynna C2/m, p=117o.

CTpykTypa ero  COCTOMT M3  YepedylolMXcd  OTPULATEeNbHO  3apsXeHHbIX
aJIIOMOKPEMHEKMCIOPOAHbIX TeTpasgpoB AlO, n SiO4, KOTOpblE, COEAMHASACH MeXAy C060K
BepLUMHaMK, 06pa3yroT nopbl -HaHOKaHasbl ABYX TMNoB A un B, ¢ pasmepamu 0.6x0.4Hm - (A
™n) 1 0.4x0.4um —(B Tun). CofepXxmmoe 3TMX KaHasioB NpeAcTaBiseT COO0M BHEKapPKaCHYH
noacucTemMy - 3TO MOMOXUTE/NIbHO 3apsXKeHHble MOHbI-KaThoHbl Na+, K+, Mg+, Ca+,
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KOMMEHCHPYIOLWME OTpMLATENbHBIA 3apsif Kapkaca, a Takke 00/bLIOe KOAMYECTBO MOMEKYN
H,O-koopAnHaLMOHHO BOAbl. Boga urpaet BaKHYH pofib N8 06ecriedeHns cTabuibHOCTU
Kapkaca KJIMHOMTUIONWTA, TaK Kak MeXAy aToMaMu KUCopofa M3 Kapkaca, Haxogsalwerocs B
KOOpAMHaUMM MOMOXUTENbHO 3aPSHKEHHBLIX WMOHOB, UM Monekynamn H,O, Haxogawmxcs B
KOOpAMHaLMM KaTUOHOB, 06pa3yeTcs BOLOPOAHAs CBSA3b, UTO, KakK nonaratoT [2-4], npuBOAUT K
YBE/IMYEHWNIO NOABWXXHOCTN MOHOB B MOPOBOM MPOCTPaHCTBE.

V3yyeHnIO AM3NeKTPUYECKMX CMEKTPOB LEOSIMTOB MPU Pas/INyHbIX YCMOBUSAX MOCBSALLEH
psig paboT. B pabote [5] n3yyanacb 3aBUCUMOCTb AM3NEKTPUYECKMX CBOWCTB LIEONMTa OT Tuna
OCHOBHOFO WOHa, T.e. MOHA KOHTPO/IMPYIOLLEr0 WOHHO-MUIPaLMOHHYIO  NOASpU3aLmio.
Y CTaHOBNEHO, YTO MOAUMPULMPOBAHME OLHUMMW MOHAMW YBENIMYMBAET, & APYTUMU - YMEeHbLUaeT
AV3NEKTPUYECKYIO MPOHMLAEMOCTb MO OTHOLLEHUIO K UCXOAHOMY 06pasLy.

BnusHue BOAbl Ha AM3NEKTPUYECKMe CBOMCTBA Lie0IMTOB M3ydanuch B paboTe [6]. B aTol
paboTe wuccnefoBanca MpUPOAHbIA Leonnt Ca-KAMHONTUAONUT. B pabote 6bLIM M3y4eHbl
AV3NEKTPUYECKE  CMEKTPbI, 00YCNOB/IEHHbIE penakcauuein Bogbl (MpY  pas/IM4HbIX  eé
KOHLEHTpaumsax) B CUCTEMe K/MHONTWIONUT - BOAA. YCTaHOB/IEHO, 4TO BK/Mag B
AV3NeKTPUYECKMEe CBOMCTBA LIeONUTa BOAbI, CBA3AHHOM B Mopax, W BOAbl B CBOGOAHOM 06BbEME
pasnnyeH. Moka3aHO, YTO MpY BNXHOCTU MeHblue 12 MpOLEHTOB BCA BOAa HaxoAWTCA B
CBAI3aHHOM COCTOSHUN.

B pabote [7] CHATbI AWM3aNeKTpUYecKme CreKTpbl NPUPOAHONO KIMHOMTUIONATA B BaKyyme
(0.1Tor) 1 Ha Bo3gyxe (Npwn aTMocthepHOM [aBneHun). N3mepeHns NpoBOAWNCL B UHTepBase
yacToToT 20 Ao 10° Iy Ha 06pasliax BbICOKOW MAOTHOCTM (MPUPOAHAS MNACTUHA) W HU3KOIA
MAOTHOCTU (HEMPecCOBaHHbIA MOPOLLOK). YCTaHOB/IEHO, YTO YacTOTHas 3aBMCUMMOCTb Kak
peasibHOW, TaK W MHMMOM 4acTel AM3NEKTPUYECKON MPOHULAEMOCTU XapaKTepusyeTcs
MPVYMEPHO OfJHVM 1 TeM e BpeMeHeM penakcaumn nopsgka 10°c. CaenaH BbIBOJ, UTO BO BCEX
PacCMOTPEHHbIX Cy4YasaX [OM3NEeKTPUYECKMe CMeKTpbl OnpefeniaiTca KonebaHusaMu WOHOB
LLLeNOYHbIX MeTasifIoB, CBA3aHHbIX C MOJIEKYamMy BOAbI BHYTPU LLeONIMTOBbLIX MOpP, & pasninums B
COOTBETCTBYHOLLMX CMEKTPaX CBA3aHbI C U3MEHEHMEM KOHLEHTPALMMN YKa3aHHbIX KOMIM/IEKCOB.

B paHHO paboTe u3MepeHa  AMANEKTPUYECKas  MPOHWLAEMOCTb  MPUPOLHOro
KIMHOMTUIONUTA B 06/1aCTU  CBEPXBbLICOKMX 4acToT. [lpuBoauTCA nOAPOOHOE onucaHue
pa3paboTaHHOIo MeTofa U3MEPEHWs Le/ACTBUTEIbHOWN YacTu AU3NEKTPUYECKOW NMPOHMLLAEMOCTH
C MNMOMOLLbK YaCTUYHO 3anOJIHEHHOrO MPAMOYrO/bHOIO BOMHOBOAA. [MO/lyYeHHOe 3HayeHue
[ONONHSET paHee mnomydeHHble A0 10° [ pesynbTaThl, M MO3BOMSET MPUMeEHeHMe
paspaboTaHHOro B paboTe [8] MeToda OAHOro penakcatopa AN OOBACHEHWS YaCTOTHON
3aBMCUMOCTU €'

Pe3ynbTaTbl W3MepPeHUI AM3NEKTPUUECKMX CMEKTPOB C MOMOLLbIO  LM(POBOro
N3MepUTENS MMMUTaHCa

B kauectBe 06beKkTa McCnefoBaHMA  Obl1 UCMOMb30BaH  MPUPOAHBLIA  LEOnUT
KMMHONTUIONNUT: CUHFOHWA — MOHOK/IMHHAA, MPOCTPaHCTBEHHasd rpynna cuMmetpum C2/m,
napamMeTpbl  3MeMeHTapHoM  Avelkn: a=1.761nm, b=1.780nm, ¢=0.741nm, [=115.20;
XVMWYECKMIA COCTaB, NOATBEPXKAEHHbIN NPOBEAEHHbIM HaMU PEHTreHOorpauUeckuM aHaan3oMm,
cogepxan Al,O3 — 11.36%, SiO, —67.84%, Na,O— 1.25%, MgO — 0.49%, P,0s — 0.11%,
SOz —0.03%, K,0 — 3.01%, CaO — 0.29%, TiO, — 0.08%, MnO —0.078%, Fe,03 — 1.19%,
KJ — 11.64%. 3 MOHO6/10Ka BbIpe3aicb GpYyCcKK1, KOTOPbIe MOC/e MexaHN4YecKoih 06paboTKu
CTaHOBW/IMCb MOCKONapan/ieNlHbIMK MaacTUHaMu. Ona n3MepeHus obpasubl MOMeLLanuch B
KacceTe Mexay [ABYMS TJIOCKUMW 3/1eKTPO4amMu, OfUH W3 KOTOPbIX Obll  NPOBOAALLMUM
npo3payHbIM c/ioem SnO; Ha CTEKNISHHOM [MUCKe, a BTOPOWA - OTMOIMPOBAHHbLIM MeAHBIM AVCKOM.
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Kacceta nogkntovanacb K npuoopy E7-20 (n3meputens nmmetaHca LRC, B gvanasoHe yacToT
25IMu-1MITu). N3mepeHnsi NPOBOAMAMCHL MPU KOMHATHOM TemnepaType U BAaXHOCTU BO3dyXa
85%.

M3 n3mepeHHbIX Ha npubope E7-20 emkoctn C M CONPOTUB/IEHUA R OblIN BbIYUC/IEHDI,
cornacHo [8], 3HaueHus peasibHOM YacT AN3NEKTPUYECKON MPOHMLAEMOCTH €.

C pocToM 4acToTbl €' najaet. ITOT chaf MOAYMHAETCA NPOCTOM MOLENN OfHOro
penakcaropa 1 Bbl41CNAETCA NO hopmyrie

r . E5—Eo0
& =&t _——
1+{w;iT )~

30€Chb &~ CTATUYECKas, & .- BbICOKOUACTOTHAA AM3NEKTPUYECKas NPOHULLaeMOCTY,
Vicnonb3ys sKcneprMeHTaIbHbIE AaHHbIE BbII0 PaccunTaHo Bpems penakcaumm T =107 c.

K  M3MepeHUto  AM3NEKTPUYECKO MPOHMLAEMOCTU C  MOMOLLbD  YacTUYHO
3anoIHeHHOro NPSIMOYT0/IbHOr0 BOJTHOBOAA

[vanekTpnyeckas NPOHULEAEMOCTb M3Mepsiacb METOLOM KOPOTKO3aMKHYTON IMHWKW. ITOT
MeTOZ Haubosee pacnpocTpaHeH Mpyv  WU3MEPEHUAX  [AM3NEKTPUYECKON MPOHULAEMOCTH
MaTepuasioB, TaK Kak Mo CPaBHEHWIO C APYTMMW MeTOAaMu BO MHOTMX MPaKTUYECKUX Cllyyasx
OKa3blBaeTCAd OTHOCWUTE/IbHO 60/iee NPOCTbIM U YHUBEPCA/IbHBIM MO TEXHUKE MOArOTOBKA W
NpoBeLeHNs 3KCNePUMEHTA.

Wccnepyemblin obpasel, mateprana nomeLLaeTcs B OTPE30K KOPOTKO3aMKHYTON NVHWW,
MPUCOEAMHAEMbIA K  WU3MEPUTENbHON nunHMKM.  O6pasel, [O/MKEH MA0THO npuneratb K
KOPOTKO3aMKHYTOMY KOHLY OTpe3ka /wvHWW. [iMHa o6pasua B MNPUHLMMNE MOXET O6blTb
Npou3BONbHON. OAHAKO, TOYHOCTb M3MEPEHNI CYLLECTBEHHO MOBbILLAETCS, eCn AnMHa 06pasLia
coCTaBnAeT ¥4 unn %2 4nHbI BONHbLI B OTPE3KE IMHUN C AN3NTEKTPUKOM.

MocnesfoBaTeNlbHOCTL OMepaumii B 06LLeM BUAE CBOAWMMIOCL K ChegytouieMy. Ha ocHose
N3MEPEHWI NONOXKEHNS MUHUMYMA |min U BENNUYMHBI KO3DMUMEHT cTosYein BonHbl (KCBH)
ornpefensieTcs BXOAHOE TMOJIHOE COMPOTUB/MIEHME Z KOPOTKO3aMKHYTOrO OTpe3Ka /IMHUW C
o6pasuom. Mocne M3MepeHUs MOAHOTO COMPOTUB/EHUSA, NMPW WM3BECTHOM AnnHe obpasua d u
M3BECTHOW AJIMHE BOJIHbI A B BOSTHOBO/E C BO3AYLLUHbLIM 3ar0/IHEHUEM, BbIYMUC/ISETCA NOCTOSAHHAA
pacrnpocTpaHeHus y=a+jB 415 3an0/IHEHHOr0 AM3NEKTPUKa 0TPe3Ka IMHUIA.

M0 M3BECTHOM MOCTOSHHOM pacnpoCTpaHeHus, AAMHe BOSIHbI B CBOGOAHOM MPOCTPaHCTBE
Ao AN [aHHOW paboyelt 4acTOTbl M KPUTUYECKOW [JIMHE BOMHbI B BOMHOBOAE Ay (Agp=c0 B
Koakcuase) BbIYUCNAETCA TaHTeHC yrna notepb tgd 1 AUaneKTpuyeckas NpoHMLAaemMocTsb €. [pu
HaIMYMN  OU3NEKTPUKA [/IMHA BOJIHbI, PacnpoOCTPaHSIOWAACS B MNepejatolieil MHUM 1 ee
BOJIHOBO

B otcytcteue notepb (tgd=0) AnvHA BOMHbLI B BOIHOBOAE MPWU Ha/MUYUM AU3NEKTPUKA
ornpeAensieTcs COOTHOLLEHVEM

rae Ao — fi/iMHa BO/HbI B CBOGOAHOM MPOCTPAHCTBE; Ay =28 — KPUTUYECKAA [/IMHA BOJIHbI B
BOJIHOBOZE; a — LUMPMHA LUMPOKOW CTEHKM BO/IHOBOZA.
da3oBast NOCTOAHHAA BbIpaXXaeTcst (POPMY/IOii
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b =fp.

e

Micnonb3ys cOOTHOLEHME AN Ag, By 1 1 L1 rne A — [VHa BONHbI B BONHOBO/E,

7|2

2 2’
0 IKP

MoNyYnM:

[ Btg 2pCO
tg(bd) _ [ (1)
bd 2pd

roe d — TonwmHa obpasua, As — A/IMHA BOJHbI, Xo — PACCTOSHUE OT IMLIEBOV CTOPOHbLI 06pasLa Ao
nepBoro MuHUMyma. B npasoii 4act qopmynbl (1) CTOAT BEIUMYMHBLI, MOMYYEHHblE W3
MPOBeAEHHOI 0 3KCNEPUMEHTA, rAe 21 bepeTcs B paguaHax. [ocne BbIMUCNEHWA BbIPaXEHUA ANs
TaHreHca M3 Tabnuubl, OMpefensieM 3HayeHWe caMoro TaHreHca. [lonb3ysacb HaAeHHbIM
3HayeHMeM TaHreHca no copmyne (1) onpeaenseTca 3HayeHMe NEBON 4YacTU ypaBHeHus. [1o
tgx
HangeHHOMY 3HaYeHWIO NEBOW 4YacTu ypaBHeHUs (1) u3 Tabauubl (yHKLUN 'S onpegensiem
npoussefeHne b -d. Janee pasgenus npovssefeHne b -d Ha TonwmHy obpasua d , onpegensem
nckomyro B. [AnanekTpuyeckas MNPOHMLAEMOCTb MccnefyeMoro obpasua onpegenserca Mo

cneayoLLein opmyrne:
bl )’
)
2p (2)

B
rge ﬂ,p —KPpUTUYeCKaa Unn npepesbHad BONMHa B BO/HOBOAE, 3aBUCALLAaA OT FEOMETPUYECKUX

pasMepoB AaHHOro BOIHOBOA.
B Tabnuue 1 npeacTaBneHbl 3HAYeHUS W3MEPEHHbIX U OMNPeAeNieHHbIX W3 TabnuLbl

BEMUYMH. Tam >Ke NpUBEAEHO 3HayeHWe €', MOoNy4yeHHOoe NpW  YacToTe 4.5-10% pag/c ans
MPVPOAHON MNAaCTUHBI Ha BO3AYXe.
Tabnuua 1.
A
A : d Xo “ | tpdipd | pd B ¢
mm mm mm mm mm
40 15 7.7 10.8 46 -6.29 1.67 0.217 1.53
Ha Pwuc.l nokasaHa 4acTOTHass 3aBUCUMOCTb peaslbHOM 4YacTu  AU3NEKTPUYECKONA

NMPOoHULLaeMOCTH 06pasLia.
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Puc.1. YacToTHas 3aBUCHMOCTb PeasibHOM YacTu AM3NEKTPMYECKO NPOHULAEMOCTH
L1191 NPUPOLHOW NNACTUHBI B BO3AYXe NPy aTMOCHEPHOM [aBNeHNN.

Kak BMAHO M3 pPUCYHKa, 3aBUCMMOCTb AM3MEKTPUYECKON NPOHMLAEMOCTM OT norapudma
YacTOTbI B MHTepBane 10°- 10° pag/c 6113K0 K NPAMO MMHNN.

Mbl Mpogo/mXMAn 3Ty mpsmylo Ao w =10 pag/c, anmpokcumupys Takum 06pasom
YaCTOTHYIO 3aBMCMMOCTL B AuanasoHe 10°- 10%° pag/c. Hamu 6bina nsmepeHa LuaneKTpuyeckas
npoHuUaemMocTb Ha uactoTe 4,5 .10 pag/c paBHas 1,53. Okasanach, 4TO TOUKa,
COOTBETCTBYHOLLAS 3TOMY U3MEPEHMIO MPAKTUYECKUN NEXUT Ha annpoKCUMALMOHHONM NPSIMOIA.

AT0 [aeT Ham OCHOBaHMe cuyuTaTb, 4YTO Takad annpokcumaums 6/m3ka K
AEeACTBUTENBHOCTW.

3aK/roYeHme:

WccnefoBanacb  4acTOTHas — 3aBUCUMOCTb  AM3NIEKTPUYECKOW  MPOHMLAEMOCTV B
HaTypa/IbHOM Le0NIMTe—K/MHONTUAONNTE. B HacTosLlel CTaTbe M3MepeHa [AM3neKTpuyecKas
MPOHMLAEMOCTb B MHTepBane 10%- 10° pag/c M JOMOMHWTENLHO B M30MMPOBAHHOW TOUKE
=4,5.10"° pag/c. Ha OCHOBe 3TWX M3MepeHWii MpeAcTaBneHa anmpoKCUMaUMsi — YacTOTHOW
3aBMCMOCT AM3NEKTPUYECKOl MPoHMLaeMocTL B HTepBane 10°- 10 pag/c.
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ASPE+xhacm%TIInSe, VO ASPE+xhacm%TIInSe;+yhacm%Al
KOMPOZITLORINDS TERMOSTIMULLASDIRILMIS

DEPOLYARLASMA SPEKTRININ T8DQIQI
X.R. ®hmadova
Azarbaycan Texniki Universiteti
yubaba66@hotmail.com

Taqdim olunan is ASPE+xhacm%TIlInSe, va ASPE+xhacm%TIlInSe,+yhacm%Al tip
kompozitlarinds  300-550K temperatur intervalinda termostimullasdiriimis depolyarlasma spektrinin
gadgiqginin naticalari barada malumat verilir. Miiayyan edilmisdir ki, gostarilan tip kompozitlarin TSD
spektrlarinds meydana ¢ixan depolyarlasma piklaeri ham polietilen va TlInSe, komponentlarinin,
ham ds fazalaarasi polyarlasma naticasinda hacmi yuklar sahasinda yaranan yiklarin
talalardan ¢gixmasina muvafiq temperaturlarda bas verir. Aliminium
nanohissaciklarinin kompozitlarin xassalari TSD spektrlarina tasiri gdstarmisdir ki,
spektrde meydana cixan piklarin intensivliklari artir saylari azalir, lakin Umumi
xarakterlari saxlanilir.

ASPE+xhacm%TIlInSe, va ASPE+xhacm%TIlInSe,+yhacm%Al kompozitlarinin
alinmasina, dielektrik, elektret va radiotermoliminessensiya xassalarinin tadqigina xUsusi diggat
yetirilsa da onlarda TSD spektri tadgig olunmayib [1-3].

Termostimullasdirilmis depolyarlasma spektri asagidaki gaydada tadqiq edilib. Qalinhg
4,5 mm olan kompozitlsr izarina vakuumda buxarlanma yolu ils 50 mm diametrli aliminium
kontakt cokdurdlur. Sonraki marhalads, polyarlasma temperaturunda, misyysn middast
garginliyin sabit galmasi, yani elektretin alinmasi tamin edilir. Elektrik sahasinin tasiri altinda
istilik harakati naticasinda kompozitda dipollarin nizamlanmasi bas verir. Bu hamin temperaturda
cevik olan dipollara aiddir. Bunun naticasinds elektret yikinin hacmds ionlasmasi bas verir. Bu
halda nimunalar polimerin susalasma temperaturundan ¢ox kicik temperaturlara gadsr soyudulur
Vo xarici sahanin tasiri kasilir. Bu halda dipollarin dezoriyentasiyasi va hacmi elektrik yuklsrinin
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sapilmasi ¢atinlasir, bunun da naticasinda depolimerda sabit daxili polyarlasma bas verir. Bark
kompozitlarda bu, otaq temperaturunda cox boyuk, bir ne¢s il relaksasiya middsati il xarakteriza
olunur. Alinmis nimunalar termokameraya yerlasdirilarak sabit 3 dar/daq suratla gizdirilir. Bu,
6lcma dovrasinda termik depolyarlasmaya va polyarlasmis nimunsalara gosulan elektrodlarda |
carayanin yaranmasina sabab olur.

ASPE+xhacm%TIlInSe, va ASPE+xhacm%TIlInSe,+yhacm%Al kompozitlarinda
TSD spektrlari temperaturun xatti artmasi ils 293-543K intervalinda tadqiq edilmisdir.
Yarimkegirici slavali kompozit materiallarin TSD spektrlarinin tadgiginin naticaleri sakil 1-da
verilmisdir. Burada 1-ci ayri tamiz polietilen Uglin va 2, 3, 4, 5 ayrilari iss muxtalif tarkibli
ASPE+xhacm%TIlInSe, (x=1; 3; 5; 10) tarkibli nimunalar Gglin TSD spektirlaridir. Bu
kompozitlar G¢un xarakterik salamat odur ki, 1,3,5% TlInSe; slavali nimunalards 445K-ds aydin
ifada olunmus darin inversiya piki musahids edilir.

Bundan slave, 500-520 K temperatur
intervalinda yuksak temperaturlu genis pik da
misahida edilir. Bu tarkiblar ham¢inin oxsar Ug¢
minimuma da malikdirlar. Birinci minimum 432-
439K, ikincisi 450-460K, Gc¢tncisi isa 517-523K
temperatur intervallarinda yerlasmiglar.
Terkbinds TlInSe,-nin migdari 10hacm% olan
nimunads bir-birine aks isarali (homo va
heteroyuklar) iki maksimum miusahids edilir.
426K-daki  minimum gostarilon tip  diger
komzotiplarda va polimerin 6ziinde de mushida
edilir. L .

Ikinci maksimumu kompozitlarin Giciinci l
minimumuna muvafiq temperaturda musahida
edilir. TSD spektrlarini tahlil edarak polimerin N
tarkibinds  1-5hacm%TIlInSe,  slavasi  olan ‘
kompozitlsrds daha darin tutma markazlsrinin
yaranmasl Qanastina galmak olar. Bu halda o0 .
taclamada injeksiya etmis yuklarin talalari kompozitlarinin termostimullasdiriimig

. . e o depolyarlasma spektrlari
(maksimum intensivliyinin va sahasinin artmasi) (1-x=0; 2-x=1; 3-x=3; 4-x=5; 5-x=10).
va onlarin maskunlasmasi (temperatur yerlasmasi
yiksak temperaturlu oblasta dogru surisir) 445K-ds, bdyik pikin fonunda musahids edilan
inversiya pikinin meydana ¢ixmasini asagidaki kimi izah etmak olar: elektriklonma zamani tac
bosalmasi prosesinda hacmi yukler sahasinds TlInSe, ila polimerin sarhaddinda fazalararasi
polyarlasma (FP) bas verir. Bu polyarlasmanin istiqamati hacmi yuklsrin sahalarinin aksina
yonalir. Bu halda, depolyarlasmada TSD spektrinds fazalararasi polyarlasma ila bagli olan
inversiya carayani yaranir. Toklif etdiyimiz bu izahat Maksvel-Vagner effekti ila yaxsi uzlasir.
Bu modela asasan geyri-bircins materialalrda yuklarin toplanmasi, amorf va kristallik fazalarin
keciriciliklarinin fargli olmasi ila slagadardir. Bela materialin elektriklanmasi zamani dasiyicilar
ya verilmis fazalararasi serhad yaxinhginda, ya da aksins, kegiriciliyi daha boyik olan madda
yaxinhginda toplanir. Lokal carayanlarinin fargli olmasi, TSD carayani yox edildikds yiklarin
dissipasiyasina gatirir, cinki bu halda carayanlar artiq aks istigamatlara axir. Qeyd olunmalidir
ki, bu maksimum, har seydan avval TlInSe, hissaciklarinin sarhadlarindan yuklarin relaksasiyasi
ila alagadardir, ¢unki alavalarin migdarinin artmasi ila pikin intensivliyi artir. TSD carayaninin
inversiyasi digar polimerlarda va kompozitlards da misahida edilir. Bu hadisalarin izahi barada

Sakil 1. ASPE+x hacm% TlInSe,
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fargli milahizalar mévcuddur. inversiya pikinin temperatur vaziyystindan, sathin halindan,
polimer matrisasinin va doldurucunun hallarindan, polyarlasmanin tabistindsn ve diger
faktorlardan asili olarag, TSD ayrilarinds musahida edilan aks isarali carayanlar polimerlarda
movcud olan dipollarin yenidan diziilmasi ils slagalandirilir. Bizim ganastimizas gors 432-439K
v 450-460K temperatur intervallarinda misahide olunan maksimumlar polimerlerds o -
relaksasiya ils alagadar musahida edilan maksimumun hissalaridir. Dar intervalda meydana ¢ixan
inversiya, ¢cox ehtimal ki, fazalararasi polyarlasma va hacmi ylk sahalarinds hamin yiklarin
haddindan ¢ox polyarlasmasi ila TlInSe, —nin kegiriciliyinin azalmasi ils slagadar ola bilar. Bels
naticays galmak olar ki, o-relaksasiya prosesinin temperatur halina, kompozit daxilinds olan
TlInSe,-nin hacmi migdari tasir eda bilar. 517-523K temperatur intervalinda misahida edilan
ucuinct maksimum doldurucunun maxsusi kegiriciliyinin artmasi ils alagadar ola bilar, ¢iinki
pikin intensivliyi tarkibds doldurucunun miqdari artdiqca artir. Heterogen polimer
kompozisiyalarda fazalararasi tabagalerin galinliginin adadi giymatini hesablamaq (clin, bazi
hallarda ikigat tsbaganin yaranmasi tasavvirindan istifada edilir. Polimer garisiglarinda va
kompozitlerda fazalararasi galinlig

42 - 2e,e,e,kT

" n-e?

dusturu ils hesablamaq olur. Buarda €; va €, fazalarin dielektrik nifuzluglari, & - dilektrik sabiti,
n- yiikdastyicilarin konsentrasiyasi (polimerler tciin n= 10”m™), e — elektronun yiikii, k-
Bolsman sabiti, T- mitlag temperaturdur. Verilan disturla hesablama goéstarir ki, dy-in giymati
0.4-1.2mkm tartibindadir. Belalikls, ASPE+xhacm%TIlInSe, kompozitlari asasinda alinmis
273K temperaturda kristallasmis  elektret nazik tsbagslarinin  TSD  carayanlarinin
xususiyyatlarinin tadgiqginin naticalari gostarir ki, TSD ayrilarinds bir sira depolyarlasma piklari
meydana ¢ixir. Hamin piklar ham ayri-ayri komponentlarin (PE va TIInSe;), ham da fazalararasi
polyarlasma naticasinda hacmi yiklar sahasinds yaranan yiklarin talslarden ¢ixmasina uygun
temperaturlarda musahidas edilir. 445K temperaturda kompozit nimunalarinin TSD ayrilarinds 3-
5K vyarimenli inversion pik askarlanmisdir. TlInSe, alavali kompozitlarin  515-520K
temperaturda TSD spektrlarinds elektret yiklsrinin yeni stabillasma markazleri ila bagl
depolyarlasma piki askar olunmusdur. Polietilen kompozitlarinds p-kegiricili va 50-63mkm
dispersli  TlInSe, dolduruculari struktur formalasdiran rolu oynayirlar.  Aliminium
nanohissacikli, gostarilan tip kompozitlarin TSD spektrlarinin tadgiginin naticalari sakil 2-da
verilmigdir. Gl
ASPE+5hacm%TIInSe,+5hacm%Al, - ”{
ASPE+7hacm%TIInSe,+3hacm%Al, | /1

ASPE+3hacm%TIlInSe,+7hacm%Al, o |

ASPE+10hacm%TIlInSe,+10hacm% ) }fﬂ-\ ‘-\__,__\
Al kompozitleri tedqiq edilmislor. Sakil ‘;x\__ ) <
2-dan gérindr ki, . AW
ASPE+7hacm%TIlInSe,+3hacm%Al | f e
kompoziti Gclin I(t) spektrinds 408K -} Z:LR

temperaturda nazars ¢arpan maksimum, —m—m————e— . . . .

4]'_3K . temperat_urdg . zeif  minimum Sokil 2. ASPE+xhacm%TIInSe,+yhacm%Al kompozitlsrinin
musahida _ edilmisdir. 298'393|_< termostimullasdiriimis depolyarlasma spektrlari, 1-x=7,
temperatur intervalinda carayan sabit y=3; 2-x=5, y=5; 3-x=3, y=7; 4 - x=10, y=10
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gahr, daha sonra 4.2A-a qgadar artir va sonra iss sifra yaxinlasir. Hamginin
ASPE+5hacm%TIlInSe,+5hacm%Al kompozitin TSD spektrinds ds 409K temperaturda
gbzacarpan maksimum musahide edilmisdir. Bu temperaturda cerayan 9.5A-8 catir va
temperaturun artmasi ils azalir. 415K-ds carayanin azalmasi va zsif strukturu musahids edilir. Bu
kompozit Ocun de 273-397K interva-linda 0.5A-ds cerayan sabit qgalmisdir.
ASPE+3hacm%TIlInSe,+7hacm%Al kompozitin TSD spektrinds 409K temperatur-da (6.2A)
va 42K temperatur-da (4.9A) iki gbzacarpan maksimum musahids edil-misdir. Bu maksimumlar
ara-sinda 413K temperaturda (3.5A) darin minimum musa-hids edilmisdir. Qeyd edak ki, bu
kompozit Gctn ds 273-400K temperatur intervalinda carayan 0.4A giymat alaraq sabit galir.
ASPE+10hacm%TIlInSe,+10hacm%Al kompoziti Ggln I(t) ayrisinds 405-416K temperatur
intervalinda zaif maksimum miusahida edilmisdir va 273 - 403 genis temperatur intervalinda
carayan sabit galmisdir.
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TERMOMAQNiT EMAL YOLU IL® AMORF MAQNITYUMSAQ
MATERIALLARDA NANOKRISTALLIK QURULUSUN FORMALASMASI

T.M. Panahov, V.i. Shmadov
Azarbaycan Memarliq va insaat Universiteti, Fizika kafedrasi
valik.ahmadov@gmail.com

Isda funksional xassalarinin yeni saviyyasina gatiran termomaqnit va termomexaniki emalin amorf
va nanokristallikmagnityumsaq arintilerin qurulusu ve magnit xassalarina tasiri 6yranilmisdir. Amorf va
nanokristallik magnit arintilar bir tarafdan magnit xassslerinin rangarangliyi va geyri-adiliyi, digar
torafdan praktiki istifadasinin yeni imkanlara malik olmasi ila alagadar Ozlerini yeni perspektiv
materiallar kimi gosterirlor. Magnityumsaq nanokristallik arintilar demir asasli amorf arintilarin
kristallasmasi yolu ila alinmisdir. Basqa sozla amorf qurulus, nanokristallik halin yaradilmasi tciin araliq
hal kimi istifada edilmisdir.

Nanokristallik arintilar optimal termik emaldan sonra an yaxsi kristallik (permalloy) va
kobalt asasinda amorf arintilarla eyni histerezis magnit xassalarina va iki dafadan bir gadar boyiik
doyma induksiyasina malikdirlar.Bu maddalarin magnit xassalari onlarin qurulus xususiyystlari
va kimyavi tarkibindan ashamiyystli daraceds asilidir.Onlarin praktiki muihim xassalarinin
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formalagsmasinda ham da termomagnit (sabit va dayisan sahalards) va termomexaniki emal kimi
tasirlarde muhim rol oynayir. Bu tasirlar gatirilmis anizotropiyanin xarakterinin dayismasi,
histerezis ilgayinin srismasi va s. kimi yeni fiziki hadisalara gatirir.Bu hadisslarin dyranilmasi
nainki elmi, ham da praktiki maraq kasb edir, yani aktualdir.

Amorf fazanin kristallasmasinin inkisafi prosesinda nanokristallik qurulusun formalagsmasi
ilk ndvbada amorf srintinin tarkibi ils tayin edilir. Srintinin tarkibi els secilmalidir ki, o
kristallasma markazlarinin yaranmasinin yikssk suratini va kristallarin bdyimasinin maksimum
langimasini tamin etsin[1]. Bu sartin ddanmasi tagriban 10 nm 6l¢ilu nanokristallik qurulusun
formalagsmasina sabab olur. Danalarin qeyri-adi kigikliyi ona gatirir ki, dana birdomenli
olur.Hamcinin nanokristallik arintiler amorf arintilerla migayiseda stabil qurulusa ve daha
yuksak termostabil magnit xassslarine malikdirlar.

Amorf va nanokristallik arintilarin magnit xassalarinin formalsmasina muxtslif tabistli
gatirilmis magqgnit anizotropiyasi boyuk tasir gosterir. Mahz bu, bir ¢ox hallarda domen
qurulusunun tipini va yenidsnmagnitlenmanin xarakterini, yani magnit xassalarinin
xususiyyatlarini miayyan edir. Muxtslif emal: termik, termomaqgnit va termomexanikiyolu ils
gatirilmis magnit anizotropiyaamorf va nanokristallik arintilarin muxtslif sistemlarinin magnit
xassalarindatzini muxtalif sekilds gostarir.

Isdo  Fes3sCuiNDbsSi;zsBy  amorf
arintisinin yiiksek 580-670°C temperaturda
stratla (bir ne¢a saniyads) kristallasmasi
naticasindananokristallik halialmagin
mumkinliyd gostarilmisdir. Baslangic halda
arinti amorf haldadir, kristallasma zamani
iso ylksak maqgnit xassslarine malik
nanokristallik ~ magnityumsagq  arintiya
cevrilir. orinti iki kristallasma
temperaturuna malikdir: 510°C-dan yuxarida
nanokristallar emala  galir, 570°C-dan
yuxarida onlarin niobium ila zangin atrafinin
kristallasmasi bas verir. Adatan arintinin
optimal magnit parametrinin alinmasi dsiin
520-560°C  temperaturlarda  bir  saat
muddatinds arinti bisirilir. ©gar bu prosesi  Sskil 1. Qiivvanin Ty, tab alma miiddatindan asilihgi.
daha yiiksak temperaturlarda qisa middatds Saxlama miiddsti: 1- 5 san, 2-10 san, 3-20 san,
aparsag niobium ila zengin oblastlarin 4-60 san; strixlanmis xatt 540°C temperaturda
kristallasmasi langiyir. Bisirilmaninminimal 1 saat tabi alinmig nimunanin koersitiv

e 0 Lo guvvasinin Hc saviyyasidir.
temperaturu Uglin  580°C  gdtlriImusdar.
Sakil 1-dan gériindiyii kimi 580°C bisirilma temperaturunda 10-30 saniyssaxlama, snanavi yolla
540°C temperaturda 1 saat tab alma ila alinan koersitiv qgiivvays yaxin giymat almaga imkan
verir. Bu saxlamalar zamani temperaturun yuksaldilmasi Hc koersitiv quvvenin yiiksalmasina
sabab olur ki, bunun da sababi yaqin ki, kristallasmanin ikinci marhalasinin baslamasidir.

580°C temperaturda 5 saniys saxlama bu ciir kicik Hc koercitiv qiivvani temin edan
qurulusun formalasmasi tciin kifayst deyil. Lakin 600-650°C temperaturlarda tab alma zamani
alinan koercitiv qiivvanin giymati ananavi tisulla alinan giymatadn kicikdir (620°C temperaturda
iki dafs). Daha qisa saxlama (1 saniya) Hc koercitiv qgiivvanin asadi giymatlar intervalini 670°C
temperatura gadar genislandirir.
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660°C temperaturda 1 san ve 540°C temperaturda 1 saat bisirilmis niimunalarin
elektronogrammalari gostermisdir ki [2], birinci halda kristallarin 6lglst daha kigikdir.
Kristallarin 6lgiilarina gora paylanmasinin tadgiqi gosterir ki,660°C temperaturda bisirilmis
arintida an tez-tez rast galinen dlcii 5-6 nm, 540°C temperaturda bisirilmis arin-tide ise 8-10 nm-
dir. Adatan daha uzun middat saxlamalar zamani bisirilma temperaturu yiikssk oldugca dananin
Olclsti da boyuk olur. Lakin bu halda veaziyyst tamamils aksinadir. Giman etmak olar ki, bu
kristallasmanin suratle bas vermasi ila alagadardir. Kristallik qurulusdaki digar farq ondan
ibaratdir ki, daha yiiksak temperaturda kristallasmis arintilards kristallitlar daha takmildirlar.

Fezs5Cu1NDbsSi;3sBgamorf  arintisinin - kristallasmasi  zamani  alinmis  nimunalarda
nanokristallalrin ~ dlctlari-nin  tenzimlanmasinin  daha bir Gsulu ilkin deformasiya va
asagitemperaturlu tab almadir. Miayysn edilmisdir ki, ilkin deformasiya (yayma) ve asagi
tempera-turlu (350-450°C) bisirilme kristallasmis arintinin méhksmlik xassalarina va qurulusuna
tesir gosterir. Sonra bu arintinin vakuumda 540°C temperaturda 1 saat miiddatinds tabi
alinmisdir. Bu arintida danalarin Olgilarina gora paylanmasinin tadqiqi gosterir ki, an tez rast
galinan 6l¢l 6-8 nm-dir. Enina magnit anizotropiyanin yaradilmasi termomexaniki emal adlanan
dartilma altinda bisirilma ilk dafs [3] isinds Fe;35CuiNb3SiizsBg arintilaring tatbigq edilmisdir.
Bisirilma zamani nimunays dartici garginlik tatbig edilmisdir.Bisirilma temperaturu va yik
optimal maqgnit xassalarina nail olmaqg Uclin tacriibi olaraq secilir. Nanokristallik arintida
temperaturun, bisirilma middstinin ve yikin miqgdarinin artmasi zamani gatirilmis enina
anizotropiya  sabiti  de  artir.
Termomexaniki emal zamanl 7
gatirilmis enina anizotropiya sabiti 6
kobalt asasinda amorf arintilars
nisbatan 4 dofa boyukdar.
Termomexaniki emal damir asasinda
arintilards o zaman effektivlidir ki,
arinti nanokristallik hala kegmisdir
va kicik magnitostriksiyaya malikdir. !

Bels ki, damir asasinda amorf 5 P =5
arintilorde enina anizotropiya Yya- o,MMa
ranmir. Termomexaniki emali na-  gokil 2. Termomexaniki emal zamani K-nin yukiin migdarindan
nokristallasdirict bisirilma ila bir-  asiihigi:1-birinci rejim (530°C, 1 saat), 2-ikinci rejim (530°C
lasdirdikda (1 rejimi) temomexa-niki  temperaturda, 1 saat nanokristallasdirici bisirilma, sonra 530°C
emalin effektivliyi nanokris-  temperaturda 1 saat termomexaniki emal).
tallasdirici bisirilmadan sonra
aparilan temome-xaniki emala (2 rejimi) nisbatan daha da artir (sakil 2). 530°C temperaturda 1
saat mudastinds 6=320 MPa yikds 1 rejimi Uzre emal zamani anizotropiya sabiti maksimal
giymatina bir necas daqiqaya catir, 2 rejimi izra isa maksimal giymata bir saata catir. 1 rejimi Gizra
emal zamani nimunanin uzanmasi misahids edilir. 1 ve 2 rejimleri Gzro emal zamani K
anizotropiya sabitinin maksimal qiymatindaki boylk farq amorf materialin kristallasmasi zamani
tatbiq edilan ylkin kristallik qurulusun formalagsmasina tasir géstarmasinin naticasidir.
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FeGa,Se, Vo Feln,Se; BIRLOSMSLBRINDS TERMOSTIMULLASMIS
DEPOLYARLASMA COROYANLARI
N.N. Niftiyev, F.M. Mammadov’, S.M. Musayeva
Azarbaycan Dovlat Pedaqoji Universiteti
AMEA Kataliz va Qeyri-tizvi Kimya institutu”
namiq7@bk.ru

FeGa,Se; vo Feln,Se, birlasmalerinda termostimullasmis depolyarlasma carayanlarinin tadqiqi
naticasinda lokal saviyyalarin enerji darinliyi, onlarin konsentrasiyasi va tutulma kasiklari hesablanmisdir.
TSD carayaninin isarasinin dayismasi nimuns gizarkan dayaz va darin saviyyalarin bosalma kinetikasinin
mirakkab xarakteri ila slagadardir.

Muasir bark cisimlar elektronikasinin  funksional imkanlarini genislandiran asas
manbalardan biri kimi AB,X, (burada A-Mn, Fe, Co, Ni; B- Ga, In; X-S, Se,Te) tipli birlasmalari
gostarmak olar. Bu birlagsmalarin atom tarkibindan va atomlar arasi qarsiligli tasirdan asili olaraqg
onlarin fiziki xassalarinin glclu siratds dayismasi bas verir. Bu birlasmalarin asasinda lazerlar,
isig modulyatorlari, fotodedektorlar, termorezistorlar, dizlsndiriciler va s. funksional qurgular
yaratmaq perspektivlidir. AB,X, tipli birlasmalar sinfina aid olan FeGa,Se; birlasmasi
stexiometrik miqdarda yikssk tamizlikli (99,999%) elementlar birlasmasindan alinmisdir.
Rentgenografik metodla analiz naticasinds misayyan edilmisdir ki, FeGa,Se, kristalik gafas
parametri a=5,54A olan kubik qurulusa malik olur [1]. Feln,Se4 birlasmasinin monokristali isa
Bricmen metodu ile alinmisdir. Rentgenografik metodla misyysn edilmisdir ki, Feln,Seq
monokristali gafss parametrlori a=4,18A; ¢=19,47A; c/a=4,65 olan heksagonal qurulusa
kristallasir [2]. FeGa,Se, birlasmasi va Feln,Se, monokristalinin bazi fiziki xassalari [3-6]
islerinds tadqiq edilmisdir. Hazirki isda FeGa,Se, vo Feln,Seq birlasmalarinds termostimullasmis
depolyarlasma (TSD) carayanlarinin tadqiqi naticalari verilmisdir.

Sokil 1-ds FeGa,Se, kristali tiglin 80V polyarlasma garginliyinds TSD carayan ayrisi tasvir
edilmisdir. TDC spektrindaki inversiya pikina uygun temperatur maksimumu 330 K -3
barabardir. Baslangicda inversiya piki da daxil olmagla carayanin isarasi manfi olur. 367 K
temperaturda TSD carayaninin isarasi dayisarak misbat olur va temperatur artdiqca carayanin
giymati artmaqgda davam edir.
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-3 -
Sakil 1. FeGa,Se, kristali tiglin 80V polyarlasma garginliyinds TSD carayan ayrisi.

Sakil 2 -da Feln,Se4 layll monokristalli Gigtin 20V polyarlasma garginliyinds TSD carayan
ayrisi tasvir edilmisdir. Sakildan gorunir ki, baslangicda temperatur artdigca carayanin isarasi «-
» olmagla giymeti yavas artmaga baslayir, 316 K temperaturdan baslayaraq ise temperatur
yuksaldikca carayanin giymati bir gadsr suratls artir. 330 K temperaturda iss TSD carayanin
isarasi dayisarak musbat olur va temperatur yiikssldikca carayanin qiymati ds yuksalmakda
davam edir.

20 -

10 A

280 300 320 340 360

-10 A

-20 -
Sakil 2. Feln,Se, monokristall Ggiin 20V polyarlasma garginliyinds TSD carayan ayrisi.

Sokil 3-da FeGa,Se, kristali tg¢un 80 V polyarizasiya garginliyinds 330 K temperatura
uygun TSD cerayan pikinin baslangic hissasinin temperaturdan asililg ayrisindan (1~10%T)
talalarin aktivlasma enerjisi hesablanmisdir va E;= 0,16 eV barabar olur.
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Sakil 3. FeGa,Se, kristal Gigiin 80V polyarlasma garginliyinds 330K temperatura
uygun TSD carayan pikinin baslangic hissasinin temperaturdan aslihg.

Sokil 4 -do Feln,Se; monokristali G¢lin TSD carayan pikinin baslangic hissasinin
temperaturdan asililiq ayrisi Igl~10%T miqyasinda géstarilmisdir. Syrinin diiz xatt hisesindsn
aktivlasma enrjisi hesablanmisdir va Ei= 0,63 eV giymati taphimisdir.

-8 1

-8,2 1

-8,4 T T 1
2,7 2,8 2,9 103/T K‘l 3

Sakil 4. Feln,Se, monokristali tiglin TSD carayan pikinin baslangic
hissasinin temperaturdan aslili§i.

Tadgiq olunan kristallar t¢iin talslarin yerlasma darinliyi TSD -da carayanin baslangic
artimi hissasinin temperaturdan asililiindan (Qarlik-Qibson metodu) [7] tayin edilmisdir. Suratli
yapisma saviyyslari t¢lin talalerin konsentrasiyasi va tutulma en kasiklari asagidaki disturlardan
tayin edilir [8]:

Nt — enNcntoEt (1)
a
2
. bJy E; exp(2E, /KTy, ). 2)

~ 2a Nu kT
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Burada Jy - TSD maksimumuna uygun carayanin sixhgi, b - gizdirilma sirsti, N¢- kegirici
zonada hal sixhgi, u, -serbast yukdastyicilarin istilik surati, k -Bolsman sabitidir. /nj~1/T

koordinatinda j ayrisinin diiz xatt hissasinin ylksak temperatur oblastinda ekstrapolyasiyasi
naticasinds ordinat oxundan a parcasini ayirir.

Yuxarida gostardiyimiz metodlarin kdmayi ils hesablamalar naticasinds FeGa,Se4 kristali
Uciin lokal saviyyslarin parametrlarinin hesablanmasindan alinan orta giymatlar asagidaki
kimidir:

E=0,16+0,02¢eV, N=3,3-10"sm? S=2.10"%sm’

Feln,Se, monokristali tigun isa lokal saviyyaslarin parametrlarinin orta qiymatlari beladir:

E=0,63+0,02eV, Ng=2,4-10"sm?, S=5.10""sm’

Sakil 1 va 2 — dan gorundr ki, FeGa,Se, va Feln,Sey birlasmalarinda TSD carayanlarinin
«inversiyasi» yaranir. [9] isinda inversiya carayaninin fiziki mexanizmini tasvir edsn ifada
verilmisdir. Bu ise asasan TSD-nin inversiya carayani bels izah edilir: baglangicda hesab edilir ki,
dielektrikin daxilinds yapisma saviyyslerinda lokallasmis yuklar galinhiga gora geyri-bircinsli
paylanir (hetrobdylk). Qizdiriima prosesinds depolyarlasma zamani sarbast yikdasiyicilarin
generasiyas! baslayir. Yani daxili elektrik sahasinin tasiri ila hetoroyiklar dielektrikin sathina
catir va homoyukiin aks ekranlasmis sahasini yaradir. Miayyan temperaturda ekranlagsma tam
olur. Bu zaman lysp =0-a barabar olur.Sonraki gizdiriima prosesinda hetroyik «dagitmanis»
davam etdirir va hemoyiik sahasinin hetroyiik sahasinin tzarinda bazi Ustlinliiklari meydana ¢ixir.
Bu TSD carayanin isarasinin dayismasi ils ifads olunur.

Adastan yarimkegiricilards dipollarin  mdvcud olma ehtimallari azdir, lakin real
yarimkeciricilards basqa fazalardan daxil edilmis (mas. oksidlar va s.) muxtslif fazalardan ibarat
kicik daxil olmalarin mévcudlugu yox deyildir. Bu da prinsipca dipolun amals galmasina gatirib
cixara bilar. Biza els galir ki, TSD carayaninin isarasinin dayismasi nimuna qizarksn dayaz va
darin saviyyalarin bosalma kinetikasinin mirskksb xarakteri ile salagadardir. Nimunads asasan
daha darin yapisma saviyyalarinin olmasi TSD inversiya carayaninin misahida edilmasi Ugin
kifayat etmir. Bunun Gcun dayaz saviyyslarin olmasi zaruridir. Bu da bizim FeGa,Se; Vo
Feln,Se, nimunalarinds moéveuddur.
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isda ilk dafa olarag Murnagan tanliyindan istifade etmakla deformasdiyaya ugramis elementar
gafasin minimal hacmini tapmagla InGaSe, va InGaTe, birlasmalarinin gafes sabitlarini ve atomlarinin
koordinatlar1 nazari olarag, hesablanmis va alinmis naticalarin tacriibi olaraq rentgenografik tisulla tayin
edilmis giymatlarla yaxsi uzlasmasi askar edilmisdir.

Ilk dafe olarag her iki birlasmanin psevdopotensial (isulundan Oistifads etmakla
hesablanmis zona quruluslarina asasen elektron ve desiklarinin effektiv kutlalarinin ters
giymatlarinin tenzorlari hesablanmisdir. Askar edilmisdir ki, kitlenin ters giymatlarinin
tenzorlari har iki maksimum gln diagonal saklindadir. Malum oldugu kimi kristal kanar tasirlera
maruz qaldigda deformasiyaya ugrayir. Bu zaman onun qafas parametrleri ve atomlarin
vaziyysatlarini (onlarin koordinatlarint) misyyan edan parametrlar dayisikliklara ugrayir. Mahz
buna ssaslanaraq deformasiyanin muayysn giymsatinds hamin parametrlarin hesablanmasi ¢ox
vacib massladir. Bels farz edilir ki, tazyiq sabit entropiyada tam enerjinin bitlin hacm Gzrs xususi

téramasinin modulu p:{ffj , hartarafli sixilma modulu ise sabit temperaturda tazyigin hacma
N S

o°
v

sixilmanin  modulu tazyigin kicik qiymatlarinds B,:(BB] dusturundan istifads etmakls
T

gora birinci tartib téramasinin modulu ils xarakteriza olunur B:_\/( J _ Tacriibada hacmi
T

oP
tapilir.B'=B; @abul etssk, onda B=B,+B;P alinir. Qeyd olunanlari nazers alsaqg,

av __ dP inasibatini alirg. Bu ifadenin integrallanmasi il P(V)= 2o (VojBo_
VB, +BP AW

~1/By
naticasina galirik. Sonuncu ifadadan isa V(P):Vo(l-i- B Bil manasibati tapilir. Malum

0
oldugu kimi bark cisimlar elementar gafsslarinin miayysn giymstinds V, tarazliq hacmi ilo

xarakteriza olunurlar va hacmin bu ciizi dayismasi kristalin tam enerjisinin dayismasina sabab
olur. Malum Murnagan [1] hal tenliyi gafasin tam enerjisinin gafasin hacmindan asililigini ifada
edir. Murnagan hal tanliyina daxil olan parametrlar els secilmisdir ki, tam enerjinin elementar

gafasin hacmindan asililig grafiki hesablama ndqtalarindan kegmis olsun. Hesablamanin

naticalarina asasan tarazlig halinda InGaSe, birlasmasinin elementar gafasinin hacmi
V,=1664.0971a.u., hacmi sixilmanin modulu B =35.9321GPa, onun tazyigs gors téramasi

B '=4.1770 olur. Bu naticalsr Bir¢g-Murnagan tanliyina gors apariimis hesabatla yaxsi uzlasir .
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Elementar gafesin hacmi V = a’c dusturu ils hesablandigindan va gafasin tarazliq halinin
hacmi  V(=1419.6586 a.u. oldugundan, qafss parametrlari asanligla hesablanir. InGaSe;
birlasmasinin tasvir olunan gaydada nazari hesablanmis gafas parametrlari va elementar gafasda
atomlarin koordinatlari adabiyyat malumatlari ila yaxsi uzlasir. Qeyd olunmahdir ki, alinmis bu
naticalar InGaSe, birlasmasinda fonon spektrinin hesablanmasinda va deformasiyanin bu
birlasmanin elektron va optik xassalarina tasirini 6yranmays imkan verir. InGaSe, yarimkegirici

birlasmasi tetragonal sinqoniyada kristallasir, foza gefesi Dj; , elementar qafasdeki atomlarinin

sayl 2-dir. Qafas parametrlari a=8.0511A, ¢=6.3174A, halkogenin parametri iss x=0.1636-dIr.

Quvvanin minimallasdlrllma5|‘lf‘<3 m—wsarti Odanilmakle  hayata  kegirilir.  Qafas
au.

0 0
parametrlarinin optimallagdiriimis giymatlari a=8.0138 A, ¢=6.9534 A, halkogenin koordinati
ise x=0.1720 olmusdur. Optimal gafes para-metrlori: a=7.6485A; ¢=6.001 A. Belslikls, ilk dafa
olarag InGaSe, birlasmasinin nazari olaraq gafss parametrlari hesablanmis va alinmis naticalarin
eksperimental naticalarls yaxsi uzlasmasi askar edilmisdir.

Analoji gaydada InGaTe; birlasmasinin gafas parametrlarinin hesablanmasi da apariimis va
asagidaki giymatlar alinmisdir. InGaTe, birlasmasinin kristallik gafasinin parametrlarini tayin
etmak Uglin elementar gafasin hacmini + 8% dayisarak tam enerjinin muvafiq giymatlarini
hesablamisiq. Murnagan hal tanliyina daxil olan parametrlar ela secgilmisdir ki, tam enerjinin
elementar gafasinin hacmindan asililigi parabolik sekilds olsun. Elementar gafasin hacminin
hesablanmig giymatlarina gors V,=6268,1419 a.u., B =40,2392 GPa, onun tazyigs gora toramasi

B '=4,5588 olmusdur. Bununla yanas! hesabatlar Bir¢c- Murnagan tanliyi ila, yani (1) diisturundan
istifada etmakla apariimisdir.

Qeyd edak ki, tarazlig halinda gafses parametrlarinin hesablanmasi onlarin nisbatlarinin
sabitliyi halinda apariimisdir. Elementar gefssin hacmi V=a’c kimi tapildigindan gafas
parametrlarini yiksek dagiglikle hesablamaqg olur. Hesablamanin naticalarini kifayst gadar
etibarli hesab etmak olar. InGaTe, monokristali A"B" tip zancirvari qurulusa malik
yarimkecirici birlasmadir. Bu birlasmanin yarimkecirici xassalari Muzer- Pirson kimyavi rabita

0 0
modeli asasinda izah edilir. Birlasmanin gafas parametrlari a=8.3945 A, ¢=6.8352 A va atom
koordinatlari x= 0.1730 olmusdur.

Malum oldugu kimi effektiv kitls yarimkegiricilarin elektron xassslarinin  8sas
xarkteristikasi hesab edilir. Effektiv kitladsn elektrik ve maqgnit xassalarinin dyranilmasinds,
kinetik parametrlarin hesablanmasinda va kritik nogtalarda optik parametrlarin analizinds istifada
edilir. Effektiv kutlanin tayin edilmasinin muxtslif yollari vardir. Onlardan biri da muasir nazari
milahizalars asaslanaraq hesablanmis zona qurulusuna goéra elektronlarin va desiklarin effektiv
katlslarinin hesablanmasidir [2,3].Effektiv kitlanin tars giymatinin komponentinin tenzoru

/ /
asagidaki dusturla tayin edilir: {m_g} ~d; +i <n1k0‘P|‘n1k0><n1k0‘PJ‘n1k0>
m ij

, burada mgy -
mO n’ #n En(kO)_En/ (kO)
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elektronun stkunat kiitlssi; &; —Kroniker simvolu, <n,k,[P;|n",k, > —impuls operatorunun

matrisa elementi, ko ndgtasinds P; = —ihi, n, n" - elektron zonalaridir. |n,ke>- elektronun dalga
i
funksiyasidir.

1 .
(nuko[RInfko )= [i 2 (O ()
K

X - elementar gafasin hacmidir. En(ko) energetik spektri va ko ekstremum ndgtesinds ona
muvafiq dalga funksiyasi @nko(r) Sredingerin birelektronlu tanliyindan tayin edilir. Mistavi
dalgalarin bazisinds

/
Z{h(k;r:ﬂ'_ = )dGG/ +V (ko + Gk, + G/)} 2 (Ko +G/) = Enkoj n (ko +G) =V (ko + Gk, + G/)
G/

e

V(k) — bu kristallik psevdopotensial Furye tasviridir. InGaSe, birlasmasinin zona qurulusunun
hesablanmasi [3] gostardi ki, valent zonasinin maksimumu va kegiricilik zonasinin minimumu
yuksak simmetriyali T noqtasinds yerlasir, ko=0.5b;- 0.5b,+0.5b3. by, by, bs — tars gafssin bazis
transliyasiyalaridir. Bizim hesablamalarimizda elektronlarin va desiklarin effektiv kutlalarinin
tars giymatinin tenzorunun komponentlari, 0.01mg dagiglikls asagidaki kimi hesabanmisdir:

m 232 0 0 m 223 0 0
(_Oj: 0 232 0 , (—OJ: 0 223 0

m
0 0 295 0 0 032

e

Gorundiyu kimi ham elektronlarin, ham da desiklarin effektiv kitlalarinin tars qiymatlari
diagonal xarakter dasiyir. Ona gora ds izoenergetik sathlar firlanma ellipsoidi saklinds olur ki, bu
da InGaSe; birlasmasinin simmetriyasi ila yaxsi uzlasir. Zona qurulusu hesablanarkan
konfiqurasiya fazasinda geyri-lokal ion psevdopotensiallari [2-3] islarinda taklif edilan sxem
asasinda qurulmusdur. InGaTe, birlssmasinin zona qurulusu hesablanarkan ion yikinin
ekranlasmasi , hamgcinin mibadils- korrelyasiya effektlori Xabbard- Sem modelina gora
dielektrik formalizm ¢arcivasinds har bir ion strafinda yiklarin ixtiyari paylanmasi nazara
alinmisdir. Dalga funksiyasinin pargalanmasinda 1800-s gadar mustavi dalgadan istifads
edilmisdir. Nazars alinan mistavi enerjileri 30 Rydb gdétirilmusdir. Musyysn edilmisdir ki,
keciricilik zonasindaki minimum k, = 0,125b, +0,125b, +0,375b, ndqtasinds yerlasir; halin dalga
funksiyasi gatirilmayan D, tssavvurtine aid edilir. Elektronlarin va desiklsrin effektiv
ktlalarinin tenzorunun tars giymatinin komponentlari 0,01m,dagiqlikle asagidaki ifadalarla

hesablanmisdir.
309 0 0
m, m, -231 0 O
— = 0 30 0, —[=|0  -2310

0 0 459 0 0 -011

146



BDU-nun Fizika Problerlari institutunun yaradilmasinin 10 illiyina hasr olunmus
Beynalxalq konfrans

Valent zonasinin maksimumu k,=0.5b;-0.5b,+0.5b; (b; b, bs) ters gafasin bazis
translyasiyalaridir. Halin dalda funksiyasi gatirilmayan Ts— anlayisina aiddir. Desiklarin effektiv

*

. . - - . - - m * * . . g
kutlalari kaskin anizotropluga malikdir, yani [—f”J:Zl Burada m, va m, desiklerin c
pL
tetragonal oxuna paralel va perpendikulyar istigamatlards qiymatlarini ifads edir. Gorundly
kimi kdtlanin tars giymatlarinin tenzorlari har iki maksimum Gctn diagonal ssklindadir, yani
ekstremumlar atrafinda izoenergetik sathlar firlanma ellipsoidi formasina malikdir.
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B pa60Te pa3pa60TaHa MeTOANKa WN3roToBneHNA KOMMO3WTHON0O MarHnTHOIO
cepaedHmnka U mnccnepoBaHbl TaKue Ba>XKHble MarHUTHbIE XapPpaKTEPUCTUKU CepAevHHNKa, Kak
MarHuTHasa WHAYKUKA, TaK U MarHnTHaa BOCNPpUMMYMBOCTDL B 3aBUCMMOCTW OT MarHWTHOIO
nonda. [lloka3aHO, YTO C POCTOM BHELWHEro MarHUWTHOro nong BENMYMHA MarHMTHON
NPOHNUAEMOCTMU pacTeET, AOCTUTAET MaKCUMa/ibHOro 3Ha4eHua u ,qaﬂbHEVILUEM pocTOM nonA
YMEHbLUAETCA.

MarHuTHble MaTepuaibl CErofHs NPUCYTCTBYHOT NPaKTUYECKM B 1060V 06/1aCTV TEXHUKM.
3T0 WUCTOYHWKM NUTaHUSA, QUALTPbI  MOLABNEHUS MOMEX, CYETUMKU 3NEKTPOIHEPrW,
TeNIeKOMMYHVKaLMOHHOe 060pyAoBaH/Me M Ap., a Takke 3(h(heKTUBHbIE pPagMonoriowatoLme
matepuanbl [1]. FOCKOMbKY IMCTOBbLIE U JIEHTOUYHbIE MArHUTHOMATKME MaTepuabl Npu 60/bLLINX
yactoTax (csbiwe 100 Kkru) He MOryT ObiTb MNPUMEHUMbl BCMeACTBME PE3KOro NajeHus
MarHUTHbIX CBOMCTB. Pab0oTa NOCBALLEHA U3rOTOB/IEHNIO N UCCNEL0BAHNIO MarHUTHbIX CBOVCTB B
MarHMTHOM KOMMO3WTE Ha OCHOBE MarHMTHOW MMKpO4YacTMUbl U nonumepa. B KayecTtse
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06bEKTOB MCCNeA0BaHMS Obln B3ATbI NonmBuHUAaeHhTopua (MBAP) 1 OTOXOKEHHbIN MUHepan
cugeputa (Fe,Mn)COs. CnegyeT MNOAYEPKHYTb, YTO CUAEPUT Kak MNPUPOAHbLIA MUHepan He
o6nagaeT MarHUTHbIMM CcBoiicTBamu. [locne omkura npu T=1000°C M3-3a XMMMUYECKNX
M3MEHEHWIA cocTaBa MOSABMAAKOTCS MarHUTHbIE CBOWCTBA. V3 PEeHTreHOCTPYKTYPHOro aHaimsa
YCTaHOB/IEHO, YTO MOC/IE OTXWUra MMEeeT MeCTO pelneKCbl Pas/IMyHbIX MEeTa/INIOKCULOB B TOM
yncne okcupa FesO4 (MarHeTwT). MMpu 3TOM NPOUEHTHAA Aonsa MarHetuTa coctasnsieT 53%.
KomnosnTbl 6b1in MonyyeHbl U3 TOMOreHHOM CMEeCK NMOPOLLKOB KOMMOHEHTOB MyTEM FOpsiyero
npeccoBaHusi. CoaepXxaHve KOMIMOHEHTOB BapbWpOBasioCh B LUMPOKOM AmanasoHe (25-60%)
cugeput, (75- 40%) (MBAP), cootBeTcTBEHHO. CNOCO6 NOMyYeHNs mMatepuana npegsiaraeMoro
coCTaBa [/11 W3rOTOBMIEHWUSA MJIEHOYHbIX KOMMO3WUTHbLIX TMIEHOK COCTOUT B CleAYHOLLEM:
KOMMOHEHTbI LUMXTbl, COCTOAWEA M3 cuieputa B HEOOXOAMMOM KOJIMYECTBE B3BELUMBAKOT U
M3MeNbYaloT [0 pa3MepoB 4vacTuL, 65 MKM U MeHee B LUapPOBOM MefnbHULE C (haphopoBbIMU
Lapamn. 3atem Mosly4yeHHYH0 CMeCcb MNOMELLAT B NpPeccpopMy W MOABEPratoT ropsavemy
MPeccoBaHUIO CreaytoLwWwmM 06pa3oM: a) B Hauasle CMeLLaHHYH LIKMXTY Mnof, AaBneHneM P=1MTlla
MoforpeBatoT 40 TeMnepaTypbl NnaeneHuns (T=160° C) B TeueHWe 5 MUHYT; 6) 3aTeM aBeHMe B
npecce nogHumMaroT go P=15 MIa, pacnnasneHHyo LWNUXTY B TEYEHUE 5 MUHYT BblAepXUBaOT
npy 3TOM [aB/IEHUN; C) MOMYYEHHYHO MIEHOYHYIHO KOMMO3UTHYHO M/IEHKY OXNaXKAalT MyTem
3aKasikm B Boge. pu Takom crnocobe OXNMaAeHWsA MIeHKM Noy4atoTcs 60see 31aCTUYHBIMU.
OTMeTUM, 4YTO 415 MOJyYeHWUs KOMMO3WTHOIO KOJIbLEBOro CeplevyHuKa Oblna WM3roToB/eHa
crieynasibHas npecc-thopma. Pasmepb! cepfiedHnKa 6biiv paBHbI: BHYTPEHHWUIA AMaMeTP Oguyr=9
MM, @ BHELWHWIA anaMeTp Dgpew =15 MM COOTBETCTBEHHO. 1 npumepa Ha puc 1.a, 6 npuBeAeHb!
3aBUCMMOCTM  HaMarHW4YeHHOCTWM  (MHAYKUMM) W MarHUTHOW  MPOHULAeMOCTM [ 4J1A
KOMMO3UTHOrO  cepaeyHnka 60%cugep.+40%MNBAP npu  yactotax f=50Tu(a) w
f=2000Iy(6), HO ANsA BCEX KOMMO3UTOB MOJTyYeHbl OANHAKOBbIE pe3y/ibTaTbl. Kak BUAHO 13
PUCYHKA C POCTOM HaMNpPsSXXEHHOCTW BHELUHEro MarHUTHOrO MOAA BeIMYMHA MarHWTHOM
MPOHULIAEMOCTW PaCTET, JOCTUIaeT A0 MAaKCUMabHOro 3HaYeHus, a 3aTeM C POCTOM MarHUTHOro
nons yMeHbLUaeTCa, a MarHUTHasA MHAYKUMA pacTeT. BospacTaHve MHAYKUMWU U NPOHMLAeMOCTH
noj [eiCTBMEM BHELUHEro nosis 06yCnoBfieHO [BYMS OCHOBHbIMM MpOLECcCaMu: CMELLIEHVEM
[OMEHHbIX FpaHuL, U MOBOPOTOM MarHUTHbIX MOMEHTOB JOMEHOB. HayanbHOMY Y4acTKy KpyBOM
(obnactb 1) cooTBeTCcTBYET 06paTvMoe (YNpyroe) CMeLleHMe [LOMEHHbIX rpaHuy. lMpu 3aTom
MPOMCXOANT YBENNYEHUM OObeMa TexX [OMEHOB, MarHWTHble MOMEHTblI KOTOPbIX 06pasyoT
HaUMeHbLUNIA Yron C HanpaB/eHUEeM BHELUHEro nons, W, HaobopoT, YMEeHbLUAKTCA pasmepbl
JOMEHOB C HebGnaronpusTHON OpueHTaumell BeKTopa CMOHTaHHOW HamarHuyeHHocTu. ocne
CHATMA €naboro nons AOMEHHbIEe TPaHMLLbl BO3BPALLAKOTCA B MPeXHee NONOXeHMWe; ocTaTouHas
HamarHM4YeHHOCTb B 06pasue He BO3HMKaeT. B 06nactn 6onee cuibHbiX noneid (o6nactb I1)
CMelLLeHV e JOMEHHbIX rpaHuL, HOCUT HeobpaTuUMbIiA, CKaYKoobpasHbIi, xapakTep. CTyneHYaTbIn
XapakTep npouecca HamarHM4vMBaHWsA NOMy4us HasBaHue 3gdekta bapkrayseHa. Ha yuvacTke
HeobpaTMMOro CMeLLeHVs AOMEHHbIX FpaHuL, KpmBas HaMarHU4MBaHUA MMEeT HambOosbLUyio
KpyTu3HYy. [0 Mepe JanbHeiLIero yBennyeHns HanpsokeHHOCTM MarHWTHOTO Mofis Bo3pacTaeTt
pofib BTOPOro MexaHwW3Ma HamarHW4YMBaHusA-mexaHu3Ma BpalleHus, NMpu KOTOPOM MarHUTHbIe
MOMEHTbI JOMEHOB W3 HarpaB/ieHWs /IErKOro HaMarH14YMBaHus, 06pasyroLLero He6obLLON Yron
C MosieM, MOCTEMNEHHO MOBOPaYMBAKOTCA B HamnpasfeHWW Mofis, T. €. B HanpaeneHun 6onee
TPYAHOro HamarHumumsaHus (o6nacts 1 Ha (puc. 1).
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Puc.1. 3aBMCMOCTN MAarHUTHOM NPOHULAEMOCTM U MHAYKLUWN OT BEIMYMHbI BHELLHETO
MarHuTHOro nond-agna vactot f =2000y n f =50Iy,

Korga Bce MarHWTHblE MOMEHTbI [IOMEHOB OPUEHTVPYHOTCS BAONb MONS, HAcTynaeTt
TEXHWYECKOe HacblleHWe HamarHuyeHHocTn (o6nacTb 1V). HesHauuTenbHOE BO3pacTaHMe
MHAYKUMM Ha Y4yacTKe HaCblLeHWs 0BYCNOBMEHO C [oH U yBeNnyeHMeM HamarHUYEeHHOCTY
camoro fomeHa. [locnefHee MNOMy4yuno  HasBaHMe — Mapanpolecca, WM WCTUHHOIO
HamarHu4mBaHus. [leno B TOM, YTO CTPOro NapassieslbHOe PacnosioXeHne CNMHOBLIX MOMEHTOB B
[IOMEHE, BbI3bIBaEMOe OOMEHHbIMM CUMaMK, WMMEEeT MeCTO /iUlb NP  OYeHb HUBKUX
Temnepatypax, GnM3KMX K abCOMHOTHOMY Hynto. [py MOBbILWEHWM TeMnepaTypbl 3a CYeT
TENN0BOI 3HEPryn YNOpsAO0UYEHHOCTb B PACrOOXEHNN CMIMHOB HECKO/IbKO HapyLuaeTcs. OfHaKo
BHELLHee Nosie MofaB/sieT Ae30PUEHTUPYIOLLEE BAWSIHUE CWUMOBOTO ABWXKEHMS M BO3BpalLaeT
«HEMNpaBW/IbHO» OPUEHTMPOBAHHbIE CMUHbI K NapafesbHON OpueHTauun. STUM A0CTUraeTcs
3(hheKT MpupaLLieHns HamarHU4YeHHocTW. Posb Mmapanpouecca BO3pacTaeT C MOBbILEHUEM
TemnepaTypbl. TakuM 06pa3oM, paspaboTaHa MeToAMKa W3roTOB/EHUS  KOMMO3UTHOIO
MarHUTHOTO CepAeYHMKAa W WMCCNEIOBaHbl TaKMe BaXHble MarHUTHbIE XapaKTEPUCTUKM Kak
MarHUTHas WHAYKUMS, TaK U MarHUTHas BOCMPUUMYMBOCTb B 3aBUCMMOCTY OT MarHWTHOIO
nons.
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Fermi saviyyasina yaxin lokallasmis sahalards kegiriciliyin sigrama mexanizminin olmasi mimkundur.

Qeyri-bircins materiallarda dasinma mexanizmini misyyan etmak dglin onlarin dielektrik
parametrlarinin (dielektrik nifuzlugu, dielektrik itkisi va s.) dispersiyasinin analizi asas rol
oynayir. Dielektrik nifuzlugu va dielektrik itki smsalinin effektiv giymatlerinin tezlikdan
asthhgi, matrisa va doldurucunun elektrofiziki parametrlarinin nisbatindsn, onlarin formasindan
vo elektrik sahasindaki orientasiyasindan asilihgina hassasdir. Parametrlorden basga isa
komponentlarin elektrik kegiriciliyi va dielektrik xassalari, ham¢inin tezlik parametrlari ils tayin
olunan kompozitlerin handssi strukturu, sistemin har bir fazasi ile uygunlasdiriimahdir. Bu
proseslar geyri-bircins materiallarda elektrik spektroskopiyasinin tadgigini ¢atinlasdirir. Butun
bunlar dayisan xarici elektrik sahasinin tasiri altinda kompozit materiallarin ayri-ayri fazalarinda
sarbast yiklarin yerdayismasi zamani mixtslif cinsli terkiblerin sarhaddinds yulklanmis sath
gatlarinin amala galmasi ila alagadardir. Maksvel-Vagner polyarizasiyasi polyarlasmanin
orientasiya tipina asaslanir [1]. Qeyd edsk ki, bir cox muslliflarin fikrina gora geyri-bircins
matrisalarda asas polyarizasiya Maksvel-Vagner polyarizasiyasidir dielektrik parametrlarinin
tezlik asilihglari, daha deagiq desek kompleks dielelektrik nifuzlugu materiallarin
xarakteristikalari ils ve har bir material Ucun takce materialin molekul xassslari ila deyil,
hamginin tarkibda asqgarin olmasi ils tayin olunur.

Toklif edilan is ZnO asash varistorlarin dielektrik parametrlarinin tezlik asililiglarinin
xususiyyatlarinin arasdirilmasina hasr edilibdir. Keramik varistorlarin sixtasinin hazirlanmasi
ucln 100 gram ¢akids 96,5 ZnO+0,5Bi,03+0,5 C0,03+ 0,5 MnO,+0,5 B,03+1 Sh,03+0,5Zr0O,
maddalarindan ibarat olan kitls kirs sakilli dayirmanda 60 mikron ve daha Kicik Olciiys qgadsr
xirdalanir. Bu kitladan granulalar alindigdan sonra 40 ton tazyik tatbiq etmakls preslama yolu
hindirliyd 10 mm, diametri 20 mm olan saybalar hazirlanir. Nimunalar sintez olunmaq gun
elektrik sobasina yerlasdirilarak 1300°C —ds sintez edilmisdirlar. Sintez olunmus silindir sakilli
nimunalar har iki tarafdan cilallanir, sonra iss sathina kontakt magsadile hopdurulma yolu ils
nazik aliminium elektrod gati (3-4 mkm) ¢akilir. Tutum, mugavimat va dielektrik itkisini 6l¢lsu
E7-20 cihazi vasitasila (10 2- 10° Hs) tezlik intervalinda ve 300-450 K temperaturda apariimisdir.
Nimunays 1V 6l¢l garginliyi verilmisdir. Tadgiq olunmus nimunaslarin dielektrik nifuzlugunun
(¢ va ¢') hagiqi ve xayali giymatlari va elektrik keciriciliyi tutum (C) va dielektrik itkisinin (D)
Olctlmasi naticesinds mifavig formulalar vasitasila [2] ayin edilmislar. Sakil 1 -ds dielektrik
nifuzlugunun haqiqi hissasinin (g) tezlik asililiglar gostarilmisdir. Sakildan gorinir ki, tezlik
artdigida dielektrik niifuzlugunun hagigi hissesinin (¢') dayismasi relaksasiya xarakteri dastyir va
¢/ monoton olaraq azalir. Dayismenin bels xarakterds olmasi dipol va migrasiya polyarizasiyasi
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ilo alagadardir. Temperaturun artmasi ils dipollarin relaksasiya muddsti azalir, yurukluyd iss
artir. Bu da 6z ndvbasinda dielektrik nifuzlugunun artmasina saebab olur. 6=(T) ayrisinin tacribi
nogtalari Mott koordinatinda ayani olaraq gostarilmisdir(sekil 2.). Bu halda kegiriciliyin disturu
asagidaki kimi olur.

0 (T)=00 /T2 exp{-(To/T)¥*}. Burada T, =\ a*/kg(Ef) kimi tayin olunur. A- Bolsman smsall,
o ~16 olan olglisuz sabitdir . oo amsali 1/T aks temperaturunda sifir qiymatina malik varistorun
keciriciliyidir ve asagidaki kimi hesablanir:

o, =e?a’*V,, g(E,) 1)

burada a = 1/a -lokallasmanin radiusu, g (Ev) — Fermi saviyyasina yaxin hallarin sixligi, vpn —
fonon tezliyidir. o, parametrinin tayini tictin xatti funksiyanin T** —dan T, giymatina qadar
ekstrapolyasiyasindan istifads olunur.
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haqiqi hissasinin tezlikdan asililigi.

Lnl/U~ (UT)Y* asihiiginin T=300-330 K temperatur intervalinda yerina yetirilmasi onu
gostarir ki, tadgig olunan varistorda Fermi saviyyasina yaxin dar zolagda yerlagsan elektronlarin
kogurilmasi sigrayis kegiriciliyi yolu ils hayata kegirilir. Buna sababr varistorda dislokasiyalar
va danaciklararasi sarhad boyunca defektlarin yaranmasina sabab ola bilar. Kegiriciliyin sigrayis
mexanizminin asas xususiyyatlari kocurilmus yiklarin az yurtkliyadir ki, bu da 6z névbasinda
akseptor saviyyalarina yaxin dalga funksiyasinin quyruq hissasinin zsif ortliyl vasitssils ylklarin
dasinmasi ila xarakteriza olunur .

Mott modelinda geyd olunan temperaturda Fermi saviyyasina yaxin lokallasmis saviyyalara
yuklarinin sigrayisinin yolunun orta uzunlugu asagidaki kimi tayin olunur:

R=Y5@ (") " )

Aparilmis mugayisalardan gortnir ki, temperatur azaldigca R parametrinin giymati artir.
Ona gora ds gadagan zonasinda lokallasmis hallarin surstle girilmasi hali bas verir ve elektrik
keciriciliyi prosesinds asas rolu digar asgar saviyyasindan kegirici zonaya kegan aktiv olmayan
yuklar oynayir. Naticada kogurtulmis yiklsrin boslugda sigrayisinin daha uzaq olmasi ehtimali
artir .Bu halda lokallasmis hallarin enerji farginin giymati asagidaki formula ils tayin olunur.

E= 3’1‘{2 '??REQE; (3)

Burada talalarin konsentrasiyasinin giymati N=g{Ev )AE kimi olur.
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Qaranlig rejimda sigrayish elektrik otariculiyu Gcun o6lgulen parametrlarin  giymati
asagidaki cadvalda gostarilmisdir.

Olgu parametrlari T=317K T=403K
g(Ev) eV'ism? 410" 8.10%
R, A° 80 35.4
Nt, sm” 4,2-107 2,8*10"
AE, meV 70 50

Lokallasmis hallarin sixigi olan g(Ef ), To =\ o’/kg(Ef) diisturu ile hesablanir.
Lokallasmanin radiusu Ggln iss amorf yarimkegiricilar tg¢un anoloji olan a= 16A° giymati
goturdlmusdar.

Belalikls, geyd olunan elektrik keciriciliyinin temperatur-tezlik dispersiyasinin analizindan
malum olur ki, varistorda Fermi saviyyasina yaxin lokallasmis sahalsrds kegiriciliyin sigrama
mexanizminin olmasi mimkundur.
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M3BECTHO, 4YTO  MCMOMb30BaHWE  Pa3/IMYHbIX  PU3NYECKUX  3(DEKTOB  BHYTPK
MONYNPOBOAHNKOBbLIX CTPYKTYP MpY NOy4eHUn OTPULLATENNIBHOTO CONPOTMBIEHNS 06ecneynBaeT
npsaMoe npeobpasoBaHMe pPa3/IMYHbIX BUAOB 3HEPTUM BHYTPWU KPUCTANINA, UTO CHUDKAET
JHepreTUYeckre 3atpata W MNpY  ONPefesieHHbIX  YCNoBUAX  06ecnevmBaeT  Pexum
CBEPXYYBCTBUTE/IbHOCTY K  Pa3/IMYHbIM  3HEPreTUYeCKMM BO3AENCTBUAM, 4YTO W [enaeT
HeraTpoHbl O4HWUM W3 NePCNeKTUBHbLIX 3/leMEHTOB MePBUYHbLIX Npeobpasosateneid [1,2]. AsTop
paboTbl [2] paccykgas O AasibHelilleil NepcneKkTUBe PasBUTUS HEraTPOHWKK, OTMeYaeT, uTo
HeraTpoHbl OCTaHYTCA OCHOBHbIM 3neMeHTOM CBY reHepaTopoB u ycunuteneid. Mo MHEHWO
aBTOpa MOXHO BO3paXaTb, YTO COBPEMEHHbIE YCMEXW TPaH3UCTOPHOM TEXHOMOMUM MO3BONAKT
CTPOUTb YCUAUTENIM W TeHepaTopbl Ha TpaH3WUCTOpaX, HanpuMep CO CTPYKTypoi LLIOTTKW,
CMOCOOHbIX YCM/IMBATb U FEHEPUPOBATb CUTHa/bl Ha YaCTOTax B HECKO/IbKMX AECATKOB rurarepu,
370 [AelCTBUTENbHO Tak. HO M3BECTHO, YTO TPaH3UCTOP Ha TaKMX 4YacToTax CTaHOBUTHLCA
NOTEHUMaNIbHO —HEYCTOMNYMBLIM, T.e. NPU OMPeAeNneHHbIX Harpyskax Mexiay ero 3fekrpogamu
HabnofaeTca oTpuLaTe/lbHOe AUHAMUYECKOE COMPOTUB/IEHUE, T.€. OH MO CYLLECTBY CTaHOBUTCH
HeraTpoHOM.
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[ecatnneTnamm pa3paboTuMKM TPaH3UCTOPOB CTapaiCb YMEHbLIMTb MNOTEHUMAbHYHO
HEYCTOMNYMBOCTb TPAH3UCTOPOB W BAUSIHWE WHXKEKLMOHHO -MPOJMIETHLIX SBNEHWA B HUX (a B
KONJIEKTOPHOM nepexofe OMNONAPHOro TpaH3MCTopa 4acTo BOOOLLEe npeHebperainm 3TuMM
ABNEHNEM). ITO SBASNOCH OLWIMOOYHBLIM, T.K. B Mpefene wnaeanbHbli TPaH3UCTOP SBNAETCS
NOTEHUMa/IbHO HEYCTONUYMBBIM, a UCMO/b30BaHNE NHXXEKLMOHHO-NPO/ETHbLIX SBNEHWI MO3BONSET
B HECKOJIbKO pa3 NOBbLICUTL MaKCUMa/IbHYH YacTOTY reHepauuy TpaH3ucTopa.

SPhekT NepeknoYeHns, CONPOBOXJAOLLMIACA 00pa3oBaHMeM KaHana C  60/bLUON
MNOTHOCTHIO TOKAa B  OAHOPOAHOM  MOMYMNPOBOAHWKOBOM  BELLECTBE, XOPOLIO  U3Yy4eH
TEOPETUYECKMN U 3KCNepUMeHTasIbHO [3-5]. CumTaeTcs, 4To 06pa3oBaHne NamaT MPOUCXOAUT B
neperpeBHON BETBY LLHYpa TOKa M CBA3aHO C (ha30BbIM Nepexo4oM MepBoro posa U3 aMopgHoro
COCTOSIHWSI B MONIMKPUCTIINYECKOE, KOTOPOE ABMISETCH TEPMOAUHAMUYECKUM YCTONUYMBBLIM W
obecneunBaeT 60/1ee BbICOKYH MPOBOAMMOCTb KaHasla OTHOCUTENIbHO aMOpPQHOM cpefbl. Takas
MOe/lb OCHOBaHa Ha pesynbTaTax (U3MKO-XMMUYECKUX WCCef0BaHUM BeLlecTBa KaHana
NamaTn  XaJlbKOTEHWUAHbIX  Mepek/ovaTese. OfHako  CYLEeCTBYOT  HeKOTopble
9KCMepUMeHTa/IbHOe  (PaKTbl, HEOOBACHUMbIE C EeAMHCTBEHHOMW TOYKM 3PEHUS  YUCTO
TepMuyeckoro asoBoro rnepexofa. B nocnegHee BpeMsi OucTabusibHble NepekstoyveHve
HabNo4aNoCb TakkKe B Pas/IMUHbIX  MOHOKPUCTA/VIMYECKMX  BELLECTBAX B C/IOXHbIX
MoNyNpPOBOLHNKAX, B ANOAHBIX CTPYKTYpaxX Ha OCHOBe MOAMKpUCTaioB. O6HapyXXeHHOe B psije
9KCMEPUMEHTOB B/IMSIHWE Ha MPOLECChl 3aNOMUHAHKA TeMnepaTypbl 06pasua, MarHUTHOro MNoss,
MeXaHM4YeCKOro  [aBfeHNs WM WHTEHCMBHOCTM  CBETa, HapyLleHune CUMMETPUYHOCTU
BO/IbTaMMNepHbIX XapakTepucTuk (BAX) Mmpy pas/iMyHbIX KOHTAaKTax Takke He O06BbACHAKTCA
TemnepaTypHbIMU 3th(heTaMn B UCCTIeyeMbIX BELLECTBAX.

HacToswme paboTta MOCBALEHO UCCNeL0BaHWMIO OCOOEHHOCTEN MOBEAEHWSI 3/IEKTPOHHOWA
MOLCUCTEMbI B NMPOLECCe BO3HWKHOBEHNSA 1 (POPMUPOBAHNSA KaHasla NaMaTh B CniaBax CUCTEMbI
TIInSe,—TINdSe,.

O6beKTaMn  UCCNeLOBaHWIO  ABNANNCb  MOHOKPWUCTaN/bl  TBEPAbIX  PacTBOPOB
cuctemblTlInSe,-TINdSe,, B3aMmoAeiicTBME B KOTOpPOW MUcCneaoBaHo B paboTax [8-12], u3
KOTOpbIX C/efyeT, YTO B 3TON CUCTEME Ha OCHOBE UCXOLHOro coeanHeHns TIINSe, obpasytoTcs
TBepAble pacTBopbl. O6nacTb pacTBOPMMOCTH npocTupaeTca 1o 11mon.% TINdSe,.

PexvM CcuHTe3a TBepAblX PacTBOPOB M OTXKUrA WX A1 MOSYYEHUS PaBHOBECHOMO
COCTOAHMA NoAPO6HO onwvcaH B paboTax [10-12].

JKcnepumeHTasibHble BAX B CTaTUYECKOM U AMHAMUYECKOM PeXxmmax CHUMaIUCh Mo
CTaHAapTHON MeToAuKe. B KauyecTBe uMccrnefyembiX 06pa3LoB MPUMEHS/INCL MaHapHble K
MNEHOYHO-TOPLEBbIE  AMOAHbIE CTPYKTYPbl, MNPeACcTaBAsAoWmMe COO0M CMol  UccnegyeMbix
MaTepuasnioB, HaHECEHHbIN Ha MONMPOBAHHYHO FPapUTOBYIO MOAMI0XKKY METOLOM TEpMUYECKOro
ncnapeHns B Bakyyme 10° Ma. B KauecTBe MaTepuana 45 KOHTAKTOB B MIaHapHbIX CTPYKTYpax
MPUMEHSNNCL MeAb W/ XXene30, HaHeCeHHble METOAOM KOHAEHCAUMN MeTaIMYeCcKOn nnasmbl
Ha MOBEPXHOCTb MOMYNPOBOAHMKA. TO/LLMHA Xa/IbKOTEHWUAHOIO CNos BapbypoBaniach B npeaenax
5-50 MM, OAHOPOAHOCTL COCTaBa MO TO/UMHE MPOBEPANiaCb PEHTreHorpapuyecknm
MUKpOaHasim3oM. ConpoTMB/IEHWE MONYYEHHBIX MEPEK/IIYaoWMX MPUOOPOB B 3aKPLITOM
COCTOSIHUN U3MEHAIOCh B LUMPOKOM MHTepBasle A1 pas/iMyHbIX 06pa3LioB B 3aBMCUMOCTU OT UX
4MCTOT.

VccnefosaHne nokasano, 4TO 3aBUCMMOCTM HamnpsXXeHUs MOporoBOro MepeksitoyeHuns

(Unn)OT TOMLLMHBI 06pa3L0B HOCUT 3KCMOHEHLMOHa bHBIV XapakTep: =const - exp(-ad ). [ge d-
TONUMHa obpa3ua. Takoil XxapakTep 3aBUCMMOCTU Vpn(d)CcBUAETENbCTBYET O TOM, 4YTO B
nccnefyembiX obpasuax NpPosBAAETCA Kak 3/IeKTPOHHAs, Tak M TerioBas npupoja MexaHusma
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nepektoyeHns. Takas Mogeslb No3BO/ISeT 00bACHUTL Hamume obnactn OC, Hannumne 3a[epPXKKM
nepes nepekntoyeHnem, 06pasoBaHNe HUTEBUAHBLIX KaHa0B M (hOPMUPOBaHWE 3N1EKTPUYECKON
namaTh B UCCNeAyeMbIX cOCTaBax TBEPAbIX PacTBOPOB. CynepanHeiHbIi y4acTok BAX XopoLlo
OnuUCbIBaeTCA MOAMHOMOM Buga l=an+bn’+cu®.., uncneHHble 3HauYeHMst KO3((PULMEHTOB
KOTOPOro /Ierko oOnpefensieTca obyvMbl U3 CYLLECTBYHOLWMX METOAO0B M pas/NyHbl  A/1s
pa3fMyHbIX COCTaBOB. Temnepatypa MaTepuana Mnpu NPOXOXAEHWM ToKa 4Yepe3 obpasel,
ornpefensieTcs B OCHOBHOM, €ro TenjonpoBOAHOCTHIO W Terj0eMKOCTbHO.  Temnepatypa
VHTepecytoLLeit Hac obnacTu onpefenseTcsa Kak T =T,+, raeT, —Temnepatypa OKpy>KatoLLen

cpefibl, a BeMUMHa neperpesa
IUT

[przd cr +(20t)}

rAX

AT =

roe c-yaenbHas TennoemkoCTb, - TMIOTHOCTb MaTepuana o6pasua, X-KoapguumeHTt

TEnn0NpPOBOAHOCTH, r- PaAnyc 3NeKTPOLOB, AX —CpeAHee pacCTOsiHWe OT 3/1eKTpoja 40 60KOBOM
rpaHu obpasua, t- Bpems NpoXoXKAeHUs ToKa Yepes obpasLia.

MonyyeHHble BAX nokasbiBatoT, yYTo npuunHoin OLAC B MONynpoBOAHWMKOBLIX TBEPAbIX
pactBopaxTlinyxNdySe,ABnsoTCA TePMO3NEKTPOHHbIE MPOLECCHI POCTa 3N1eKTPONPOBOAHOCTH
npwn YBENNYEHUN NIOTHOCTM TOKa.

MeToamKa 3KCMepuMeHTa [N8  3KCMEePUMEHTAIbHOrO UCCMefoBaHMA  0COBEHHOCTeN
MOBeieHNs 3M1EKTPOHHOW MNOACUCTEMbI B MPOLIECCE BO3HWKHOBEHMS M (HOPMMPOBaHUSA KaHaa
namaT OCHOBaHa Ha HabMAEHUN W UCCNEA0BaHNMN HECTALMOHAPHbLIX (DYKTyalWid NA0THOCTH
TOKa Npu NepekIyeHnn 1 Koppenaumm nx ¢ npoueccamu sanommHaHms. CraloHapHble WyMbl,
L1191 KOTOPbIX CpefHeKBaapaTuyHasa BesiMdnHa amnauTybl He 3aBUCUT OT BPEMEHW B npoLeccax
06paTMOro nepekstloYeHNs M LWYHTUPOBAHUA TOKa, uccrnegoBanncb B pabotax [3, 4] ans
pasnnyHbix mexaHusmos OJC. Hacrtosilee wccnefoBaHWe OTANYAETCA Tem, 4TO B [JaHHOM
C/lyyae LUYHTMPOBAHWE TOKA COMPOBOXAAETCH HeobpaTUMbIMKM npoLeccamy 3anoMUHaHUA.
JKCNepuMMeHTbI  MPOBOAMAMCL Ha 06pas3uax niaHapHOW reoMeTpunm € MEX31EKTPOLHbIM
paccTosiH1e 2 MM 1 NeHKoM TeepAbix pacTteopoB TlIng«NdySe,TonwmuHom 5-15 Mkm.

ViccnefoBaHna LWIYMOB MPOBOAWMIOCH B peXume reHepatopa Toka. [nd nony4veHus
CMEKTPasIbHOM MAOTHOCTA MOLLHOCTU LUYMa MPUMEHSETCA aHaM3aTop CreKTpa C No0COBbLIM
(UNLTPOM  TETEPOAMHHOIO TWMa W WCMOJMb30BA/ICA  WM3BECTHBIA  afiropuTM  06paboTKm
Bbl4ENIEHHOr0 BbICOKOYACTOTHOrO CUrHana. YcpeaHeHWe MNPOU3BOAWUIOCL B OrpaHNUYEHHOM
NHTEepBasie BpeMeHU 10-10c. Ha (hMKCUPOBaHHOWM YacToTe HabMAeHNs B AManasoHe 4acToT
10°-10°T, Mpov3BogMnachk 3anucb CUrHana, MPOMOPLMOHATLHOMO CMEKTPaTbHON MIOTHOCTY
MOLLHOCTM LIyMa, B 3aBMCMMOCTM OT MOCTOSHHOIO TOKa 4epe3 obpasel, M ComnocTasAnach
BO/IbTaMMNepPHOI XapakTepUCTUKOM.
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WcenenoBaHne peKoMOUHALMOHHBIX MPOLIECCOB SBSETCS HEOBXOAMMbIM CYLLECTBEHHbIM

3Tanom U3y4eHus PU3NYECKUX CBOINCTB MOMYMNPOBOAHUKOBbLIX MaTepuanoB M NpuOopoB Ha UX
OCHOBE. VIMEHHO MexaHM3M pPeKoM6UHAUUM HOocWTenel 3apsda  onpeaensieT 0COGEHHOCTU
MPOTEKAHMS1 (hOTOINEKTPUUECKUX, TIOMUHECLIEHTHBIX U WHXEKLMOHHBIX SIBMEHWIA, NeXallux B
OCHOBE GO/bLUMHCTBA 06M1acTel NPAKTUYECKOro UCMO/b30BaHMS MO/YNPOBO/HNKOB.

Cnouctole  MOHOKpucTasinbl  GaS  ABNAKOTCA  NEpPCreKTUBHbLIMU - MaTepuanamn  ans

[ETEKTOPOB Pa3/INYHbIX U3NYYeHWIA, a Takxke Ans POTOBONbTaNYECKMX NPUGOPOB, CaMOVi BaXKHOM
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WHTEPECHON N OCHOBHOW 00/1aCTbi0 UX NPUMEHEHUS ABNSETCA W3rOTOB/IEHWS HAa WX OCHOBE
[eTEKTOPOB PEHTIEH M raMma U3Ny4YeHuid, paboTaroLLmx Npu KOMHATHOW TemnepaTtype.

MHorvie u3nyeckue CBOMCTBA MOMYNPOBOAHWMKOB, B TOM 4uc/ie CoucTbiX Gas,
OnpeLenatTca NPUPOJOIA, COCTOSIHUEM U PACNONOXEHNEM JIOKA/IbHbIX YPOBHEN B 3arpeLLeHHOM
30He. WccneposaHue BO/IbTaMMepPHbIX XapaKTepucTuK (BAX) n CMNeKTpoB
TePMOCTUMYNMPOBaHHbIX TOKOB (TCT) He MOMHOCTbIO MO3BONAET CYAWUT O TakKWUX BaXKHbIX
napameTpax LEHTPOB 3axBaTa, KaK rfybuHa 3aneraHus, KOHLUEHTpauua 1 ceyeHus 3axeata, a
TaKke CBeAEHWS O XapakTepe pacrpefefneHVs NOKa/bHbIX YPOBHEA B 3arpeLieHHON 30He
BbICOKOOMHbIX MaTepuasos.

C Uuenbto onpefeneHns MexaHu3Ma PeKoMOUHaLMK, MapaMeTpoB PeKOMOMHALMOHHBIX
LIEHTPOB U CXeMbl 3/IeKTPOHHBIX MEepexofoB B Kpuctainax GaS HamMu UCNosib30BaHbl KOMMJEKC
CTalMoHapHbIX U KMHETUYECKNX METOAO0B MCCNeLOBaHNS.

2. N13roTosneHne 06pasLoB 1 MeTOAMKa IKCMEPUMEHT a.

Vccnepgyemble  matepuanibl  p-GaS  6blM  BblpallieHbl  MeTogaoM  BpumpkmeHa. [Mpu
BblpalimeaHunm GaS umcnonb3oBann n3bbIToK cepbl (0,5%) C Leblo BbISCHEHUS BO3MOXHOCTU
3aMnoNHeHNs BaKaHCWI aTOMaMm cepbl. Y eflbHOe CONPOTUB/IEHVE NOMYYeHHbIX 06pa3LoB BAO/b
N NeprneHaVKYNspHO ock «C» MpU KOMHATHOW TemnepaType cocTagnsno 2-10° n 3-10'om-cm,
COOTBETCTBEHHO. [1519 CO3L4aHNA OMWYECKMX KOHTAKTOB, B KaYeCTBe MaTepuana MCronb3osacs
WHOWIA, KOTOPbI/ BMMaBMsNCA Ha MOBEPXHOCTb Cynb(aa ranivs npu Temnepatype 150°C.
LLInpuHa 3anpeLyeHHoM 30HbI onpeaenéHHas no 4/ IMHy BOSIHOBOMY cnafy (hOTOTOKa, cocTaB/sNa
2,7 3B, uTO coBnagana c nUTepaTypHbIMK faHHbIMK [3,4].

[ns nonyvyeHns KNMHETUYECKUX XapaKTepUCTMK, MOMYNPOBOAHMK OCBELLANCA KOPOTKUMU
umnynecammn  (1,~10%)  cBeTogMomoB.  POTO3NEKTPUYECKUI A  CUrHANM, — 06YCMOBAEHHDI
M3MEHEeHNeM MOTeHLMana nosynpoBOAHUKA MOA LeNCTBMEM MMMY/bCHOMO OCBELLEeHMs nocre
npesiBapuTeNibHOro YCUIeHUs LUMPOKOMO/OCHbIM TPaH3UCTOPHBLIM YCUWUTENIEM MOLABasCa Ha
BXO4, ocuuinorpaga M peructpuMpoBaiCA  KOMMbHOTEPOM.  BpemeHHOe — paspelueHue
n36MpaTenbHON CxeMbl 6b10 He Xyxe 10%c, uTo nMo3BOAMAO pervcTpupoBaThb CUrHan B
WHTepBane BpemeH 108107,

BnvsHvemM noBepxXHOCTHOW PeKOMOMHALMM MOXHO NpeHebpeyb, UCNob3ys UMMYNbCHOIO
MCTOYHMKa CBETa C MaslbIM MOT/IOLLEHNEM N KBA3UCTALMOHAPHbLIX PEXUM NPOBOAUMOCTU K KOHLLY
umnynbca. Penakcaumst ®I n B 3TOM Cnyyae He OMWCLIBAETCSA OAHON 3KCMOHEHTHOM, HO
CpaBHVBas PacYeTHYK 3aBMCUMOCTb MONHOro ymucna HH3 ¢ m3meHeHuem curHasiom ®I1 npu
[OJIMHHOM MMMYNbCe CBETa MOXXHO A0CTaTOMHO MPOCTO onpefenvTb Bpems »xu3Hn HH3 (A=0,5
MKM).

O6nyyeHne 06pasLioB Y-KBaHTaMU OCYLLECTBASAOCH Ha yctaHoske Co®® npu 300K.
Kpuctannbl npy 06/y4eHMM OXNaXAanvMcb napamy >KMAKOro asora, M KX Temnepatypa He
nogHumanach Bbiwle 290K.

Pe3ynbTaThbl 1 UX 06CY>KAeHMEe

AHann3 nonyyeHHbIX pe3ynbTaToB (OTOMPOBOAMMOCTM MPU  Pas3/INYHLIX  YCNOBUAX
MoKas3blBatoT, YTO Hab/lofaemble 3aBUCUMOCTY (DOTOTOKA OT TemnepaTypbl U MHTEHCUBHOCTU
CBeTa He MOXET ObITb Bbl3BaHbl M3MEHEHWEM MOABUXHOCTU [bIPOK, & KaK Mbl Mpearosiaraem,
CBA3aHO C Ha/MuMeM t-ypoBHel, Wrpatolyx pofib YPOBHEW NPUAUMAHWUA L1159 OCHOBHBIX
HocuTenein 3apaga. [encTenutenbHo, B 06nactn T<220K Ha kpueble TCT HabntoaaeTcs ypoBeHb
¢ KoHueHTpaumeii Ni<10 *cm® u rny6uHoit saneranus E=0,22 3B. OTMeTWM, 4YTO B 3TOVA
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obnacTv Temnepatyp Habnogatotes TI P — TepMmuyeckoe raweHne oTonposogumMoctTn n N
— WH(pakKpacHoe ratleHve (HoTOMPOBOAMMOCTU, CBEPX/IMHENHOCTL M CybAMHeirHOCTb JIAX p-
GaS. Bce mnosiydeHHble (akTbl [OKa3bIBAKOT, UTO MPW MOHWKEHUM Temnepatypbl, AbIPKU
HauMHalOTCA NIOKAIM30BATLCA Ha t—YPOBHAX, & COOTBETCTBYIOLLME 3MEKTPOHbI HA Mef/IEHHbIX -
ueHTpax. MMpw atom, corfacHo [3,4], NPOMCXOAMUT YMEeHbLUEHUE BPEMEHWN XXWU3HU [blPOK U
(poTouyBCTBUTENBHOCTUP-GAS.B 061y4YeHHbIX 06pasuax p-Gas, npn manbix gosax (4o 10 kpapn)
06/1y4eHns,(hoTOYYBCTBUTENBHOCTb He3HaYnTEeIbHO N3MEHAETCA,UTO 06yC/oBneHo
O0NbLLIOMNNOTHOCTBIO CTPYKTYPHbIX Ae(EKTOB B UCXOAHbLIX KpucTaniax.C pocToM [o3blramma-
06nyyeHnsa o 150 Kpag,(hoTOYYBCTBUTENbHOCH 06pasLOB BO3pacTana, a Bbie 150 Kpag.
YMeHbLLaNach.

lig ¥, K.

ATR.EN.

o EeD 200 104 480 =00 600

Puc.l. KuHeTMka M3MeHeHWs (OTOTOKa npu Dip v
pasnuuHbIX fo3ax g -—061y4eHUM [ANF CNIOMCTOrO PUC.2. Bpems M3HW HocUTeneit Toka
MOHoKpucTania GaS npy KOMHaTHOA TeMnepaType. OT [03bl { —06MydYeHns [ns  CNOUCTOro
e oR o 10 voropuTTaTa  GaS o kouvarioi

Temnepartype

AheKT pagmalMoHHOrO N3MeHEeHNs
(hOTOYYBCTBUTENBHOCTM 0OYC/MOB/IEH KaK
e N3MeHEHNEM BPEMEHM XU3HU
HepaBHOBECHbIX AbIPOK B  pesy/bTaTe
MEpecTPonKN AedieKTOB B 3arpeLLeHHOIA
g 30HE KpUCTa/INa 1 KOHLEHTPALMK LIEHTPOB
3T=333 K (hOTOUYBCTBUTE/NILHOCTW, TaK U KX
AbIPOYHOTO 3arno/IHEHNSA. DHepreTUyecKoe
MONOXEHNE  paguauMoOHHbIX  LeeKToB
OTBETCTBEHHbLIX 33  (POTONPOBOAUMOCTb
coctanano  0,17+0,22 3B wn  ux
KOHLEHTpaums okasanacb 10%+10%cm™.

A, OTMETMM, YTO HaJIMuyMe MeKUX U

Pyc.3.3aBMCMMOCTb  OMTUYECKOrO Koa(dmumenta  [/IYOOKMX — YPOBHEW  MpuaunaHus — ans
MOr/OWEHNs  OT  [yINHbI  CBETa  MpU  Pa3nyHbIX  OCHOBHbIX HOCWUTENENn 3apsja, NPUMBOAWT K
Temnepatypax fing CI0UCToro MoHoKpuctanna Gas. TEMMEPATYPHO W KOHLEHTPALMOHHOM
3aBUCMMOCTM BPEMEHWN XXM3HM HEPaBHOBECHbLIX AbIPOK. O6 3TOM CBWUAETE/IbCTBYIOT SB/IEHUS
M un Tred o6pasuoB. AHaNOrMYHble pe3ynbTaTbl MOAydYeHbl €  obpasuamu  GaSe,
NernpoBaHHOro 0/1080M [4].

Takum 06pa3om, MCCefoBaHNUsS (HOTOINEKTPUYECKMX  XapaKTEPUCTUK  061yYeHHbIX
06pa3LoB p-GaS nokazanu, 4To npouecc AetheKToobpa3oBaHMs Npu 061y4YeHNN raMMa-KBaHTaMm
MPMBOANT K CUJIbHOMY M3MEHEHUIO KOHLEHTPaLUiA NIOKa/IbHbIX YPOBHEW, B TOM YMCAE r-LeHTPOB

10

400 450 L] 50
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(hOTOYYBCTBUTENbHOCTMW.

Bce 3T nccnegoBaHMsa O4HO3HAYHO MOKasain, YTO A9 BbICOKOOMHbIX KpucTanios Gas
OCHOBHYIO pO/ib B PEKOMOMHALMOHHBLIX MpoLeccax WUrpatT pas/iMyHble TUMbl  LEEHTPOB
pekombuHaumun; ObicTpble (S) YW MeafieHHble (r) —odyscTBAAOWMe. [Ipn  MMMNYNbCHOM
OCBELLEeHMI, MO KMHETUYECKOMY cnafy (hOTOTOKa, OnpeaesieHO BPEMS XXU3HW HOCUTENEN 3apsija.
WccnepoBaHve nokasano, 4To cnaf )oToToKa He ABNAETCA MOHOIKCMOHEHTHOM, YTO MOKa3blBaeT
0 Ha/IMYMN HECKONBbKUX TUMOB PeKOMOMHALMW. B 3aBUCUMOCTM OT 3HEPreTUYecKoro CoCTOSHUA
3TUX LeHTPOB 3PYEKTUBHLIE BPEMS XKWN3HW COCTaB/IANO 10°-10"%.
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Cuy.75S Mgo0sS BORK MOHLULUNUN MONOKRISTALININ
ALINMASI VO RENTGENOQRAFIK ToDQIQi
H.B. Qasimov, N.E. Hasanov
Azarbaycan Dévlat igtisad Universiteti

gasymov.41@mail.ru

Cuy.7s Mgos S bark mahlulunun monokristali Bridcman Gsulu ils alinmis va rentgenografik tadgigat
naticasinds musayyan edilmisdir ki, alinmis monokristal otaq temperaturunda ( Cu;7S - anilit
birlasmasinds oldugu kimi ) iki fazanin garisigindan ibarstdir. Onlardan biri otaq temperaturunda ,
tizdan markazlasmis yiksak temperatur kub ( UMK ), fazasi metastabil formada istirak edan, Cu; 75S —
anilit fazasi , ham¢inin o biri da otag emperaturunda, Uzdsn markezlasmis yukssk temperatur kub
(UMK), fazasi metastabil formada istirak edan Cu 144 S — yurlit fazasidir.

Musyyan edilmisdir ki, Cuy7s Mgos S bark mahlulu Cu ;7S - anilit birlasmasinin qurulusu
asasinda yaranir ve bu zaman izovalent avazolunan (Cu ?* - 0.80 A) va avaz edon (Mg® * - 0.78 A) metal
atomlarinin ion radiuslarinin farqi 2 % haddini asmir. Bu hadd iss izovalent izomorfizmin yaranmasi
sarti haddindan (15 %) ¢ox azdir.

Cuy7s Mgos S bark mahlulu  kristalinin  fazalarinin (Cu 1755 - anilit va Cu 196S - yurlit )
parametrlarinin Cu ;7S —anilit kristalinin parametrina nazaran azalmasi anilit birlasmasinin elementar
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kristal gafasinds avazedan ve avezolunan metal atomlarinin ion radiuslarinin fargli olmasi ils
alagslandirilir.
Acar sozlar: elementar kristal gafss, izovalent, izomorfizm , ion radiusu vas.

Cu =S sisteminin hal diagramina asassn musyyan edilmisdir ki, bu sistemds asagidaki
birlasmalar mévcuddur: Cu,S - xalkozin, Cuy.¢6S — yurlit, Cuy goS - digenit, Cuj 75S-anilit, CuS-
kovellin [1]. Bu birlasmalar otaq temperaturunda, CuS istisna olmagla, geyri - stabildirlar va
murakkab qurulusa malikdirlar.

Coxsayl tadgigat manbayina c¢evrilan Cu -S sisteminin birlasmalari hal -hazirda da 6z
aktualhgini saxlayir. Bu sistemin birlasmalarinin coxsayli tadgigat manbayina c¢evrilmasinin
baslica sababi, bu birlasmalerin otaq temperaturunda iki fazanin garisigindan ibarst olmasi,
onlarin yiksek temperatur fazalarinin metastabil formada mdvcud olmasi va onlarin
polimorfizma malik olmalaridir.

Cu;.75Mgp 0sS bark mahlulunun monokristalinin alinmasi magsadi ils bu tarkibli nimuna
sintez edilmis va onun monokristali  Bridcman Usulu ila alinmisdir. Alinmis  monokristal
niimunanin bircinsliliyinin tayin edilmasi magsadi ils rentgenfaza analizi apariimisdir (cadval-1).

Cadval -1
Cuy.75Mgo0sS kristalinin difraktograminin hesabati. CuKy - stialanma , A =
1,5418A
Ortorombik faza Monoklin faza (U?AK)l i (UMK), - T

No aza faza K

e A Onez A hKe Onez A hKe | dnz A | hKE | doo A | hKE
1 3.8393 — — 3.8424 700 — — — —
2 3.3541 3.3563 211 — — — — — —
3 3.2322 — — — — — — | 32221 | 111
4 3.1940 3.2066 202 3.1938 | 333.811 |3.1980 | 111 | — —
5 2.7385 2.7659 | 220.004 | 2.7703 831 | 2.7695 | 200 | — —
6 2.6775 2.6870 203 2.6897 | 10.0.0 — — — —
7 2.1502 2.1423 321 2.1497 463 — — — —
8 1.9529 1.9725 400 1.9676 | 0080 — — — — | 203
9 1.7520 1.7512 0004 | 1.7540 437 — — — —
10 1.6913 1.6781 422 1.6961 | 0008 — — — —
11 1.6148 — — 1.6145 675 — — | 16111 | 222
12 1.5989 1.5966 404 1.5991 666 | 1.6050 | 222 | — —
13 1.1338 1.1357 624 1.1346 | 4117 | 11349 | 422 | — —
14 1.1255 1.1200 0070 | 1.1206 | 9.11.6 — — — —
15 1.0842 1.0840 461 1.0833 — — — — —
16 1.0740 1.0733 545 1.0739 | 9.11.7 — — | 1.0740 | 333
17 1.066 1.0667 | 606.239 | 1.0661 999 | 1.0660 | 333 | — —
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Rentgenfaza analizi naticasinds muayyan edilmisdir ki, Cu;75S monokristalinda oldugu
kimi [2], Cu1.7sMg 00sS bark mahlulunun monokristali da iki fazanin garisigindan ibaratdir.
Fazalardan biri a=7.8116A , b=7.8785A, ¢=10.954A, F.qr.Pnma, z=4 parametrli ortorombik
qurulusda kristallasan Cuy75S - anilit fazasi, o biri ise a=26.775A, b=15.6872A, ¢c=13.5304A,
F.qr.P2;/n, B=90°08 parametrli Cuy.g6S - monoklin qurulusda kristallasan yurlit fazasidir. Otagq
temperaturunda bu fazalarin  metastabil formada mdvcud olan ,uzdan markazlasmis yiksak
temperatur kub (UMK); va (UMK), fazalarinin elementar kristal gafaslari lciin asagidaki
paramttrlar miayyan edilmisdir a,=5.5461 A (UMK)1 Cuy; S-anilit igiin , a, =5.5808A
(UMK)Z Cuy.96S —yurlit UQUI’]

Aparilan rentgendifraktometrik tadgigatin tahlili naticasinds miayyan edilmisdir ki, Cuj 75S
birlasmasinin fazalari {iciin tayin edilmis parametrlars (a=7.8380 A , b=7.8904 A , c= 11. 0084
A | anilit fazasi Giciin ; a= 26.906 A |, b=15. 7407 A , c= 13.5689 A , yurlit fazasi tcin [2]),
nisbeten Cup7s Mg 005 S birlasmasinin fazalari Ggln tayin edilmis parametrlarde azalma
miisahida olunur. Bu azalma Cu;75S birlasmasinin elementar kristal gafesinds Cu 2* metal
atomunun izovalent avaz edan ( Mg?* - 0.78 A ) va avaz olunan ( Cu** - 0. 80 A) metal
atomlarinin ion radiuslarinin fargli olmasi ils slagalandirilir. Gérunduyu kimi avaz edsn va avaz
olunan metal atomlarinin ion radiuslarinin fargi 2 % haddindadir. Bu hadd isa izovalent
izomorfizmin yaranma sarti haddindan ( 15 % ) ¢ox azdir.

Alinmis naticalara asasen demak olarki Cui7sMgoosS monokristali bark mahluldur ve
Cuy 75S birlasmasi asasinda yaranir.
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CulnSe, TOBOQOLSBRIN ALINMASI V8
FOTOELEKTRIK XASSOLORI
D.C. Bskarov, S.Q. Abdinova, A.M. Ajayev
Azarbaycan Neft v Sanaya Universiteti

Ucgat birlasmalardan olan CulnSe, 6z parametrlarina géra perspektivli yarimkeciricilardan
biri hesab olunur. Bels ki, gadagan zonasinin eni Giinas stialarinin udma oblastina yaxin olmasi
va kifayat gadar yaxsi fotohassasli§i, CuinSe, tabagsleri asasinda effektiv fotoelektrik
ceviricilarin yaradilmasina imkan vermalidir. Bu cahatdan CulnSe; yarimkeciricisinin muxtslif
formalarda arasdirilmasi maraq kasb edir.

Qeyd etmak lazimdir ki, CulnSe, yarimkeciricisinin kifayst gadsr boyuk (~1sm) va
mukamal monokristallarin alinmasi texnoliji cehatdan ¢atin oldugundan nisbatan bdyuk sathli
isci sathlarin yaradilmsi mdmkin olmur. Bu cshatdan epitaksial CulnSe, asasinda foto-
elementlarin yaradilmasi Gmdadveriji gorunar.

CulnSe, tabagalarini almaq dgln istifads olunan polikristallik CulnSe, birbasa sintez
olunmusdur. Bunun (glin stexiometrik nisbatds gotiralmis ilkin maddalari (Cu,In va Se)
~1100°S temperaturda sritma dsulu ils alinmisdir. Alinmis tozu vakuumda (~10°Pa) tazyiqda
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siisa, silikat ve GaAs I6vhaler izarina bir manbadan termik buxarlandiriimasi yolu ila  CuinSe,
tabagalar alinmisdir. Qeyd etmak lazimdir ki, buxarlandirmagq yolu ils tarkibina gora stexiometrik
tabaga almaq Ucgln qizdiricinin ve althgin optimal temperaturu talsb olunur. Arasdirmalar
naticesinda CulnSe, tabagslarin alinmasinim optimal rejimi muisyyan edilmisdir. Hamginin,
alinmis CuinSe, tabagalarinin havada qizdinlmasinin tasiri dyranilmisdir. Malum oldu ki,
nisbetan miikemmal CulnSe, tsbagaleri, qizdiricinin  ~1200°S, althgin ise ~400°S
temperaturunda alinir va p-tip keciriciliys malik olur. Buxarlandima temperaturu ona gora ¢ox
gotaraldr ki, gec ariyan Cu buxarlansin. n-tip tsbagslari almaq tcln buxarlandirilan tarkibs
CulnSe, Ucln donor rolunu oynayan indium alave edilmisdir. Hamcinin selenin tez
buxarlanmasini nazars alaraq stexometriyani saxlamaq Ugln qizdiriciya (2= 3)% Se slava
edilmisdir. Qeyd etmak lazimdir ki, Cu/In nisbatindan asili olaraq tabaganin xususi mugavimati
10" dafa gadar dayisir.

Alinmis tabagalarin volt-amper xarakteristikalri, xtisusi migavimatleri ve fotohassashgin
spektral paylanmasi muxtalif isiglanmalarda 6l¢ulmusddr. Malum oldu ki, an yaxsi fotohassasliq
va kicik xuisusi miigavimat, althigin 400°S temperaturunda alinmis tebagalards musiihida olunur.
Hamginin, tabagalarin xlsusi migavimatinin havada qizdiriimasinin zamandan asili olaraq
dayisilmasi arasdirilib. Malum oldu ki, ~300°S temperaturda 10 daqg. qizdiriimis tabagalerin
xususi mugavimati on defadan cox azalir ve fotohassasliq artir. Bu yaqin ki, gizdirilma
naticasinda daha iri CulnSe, danaciklarin yaranmasi va nsticada strukturanin amorf haldan
kristallik hala ke¢masi misahids olunmasi ila slagadardir.

Qeyd etmak lazimdir ki, tabagslar uzunmuddatli (t =1saat) istiliya maruz qaldigda
mugavimati tadrican artir. Buna sabab ¢ox giiman ki, CulnSe, tabagasindan selenin buxarlanmasi
naticasinda tabaganin deqradiyasiyasidir. Eyni il bu cir hal tabagalarin vakuumda gizdirilanda
da bas verir.

Qeyd olundugu kimi, alinan tabagalar hamcinin yaxsi hassasliga malikdir. Havada qeyd
olunan rejimds qizdirmag fotohassashiglr bir tertib gadar artirir. CulnSe, tabagalarinin
fotohassasligi diisan dalga uzunlugunun (0,4 <+ 1,2) mkm intervalini ahate edir. Optik &lcilardan
CuinSe; tabagasi (iciin tayin olunan gadagdan zonasinin eni 1,03 eV alinir ki, bu da monokristal
CulnSe; nimunalarin giymati ils (1,02 eV) yaxsi uzlasir.

GaS, GaSe vo GaTe KRISTALLARINDA ATOMLARIN
ROQSININ QEYRI HARMONIKLIK DORaCSSI
M.M. Qurbanov, S.C. Mammadov, A.H. Damirov, A.C. Rzayeva
Sumgayit Dévlat Universiteti
qurbanov.mehti@mail.ru

Bu isda GaS, GaSe, GaTe monokristallarinin istidan genislanma amsalinin eksperimental giymatlari
asasinda kristal gafasindaki ragslarinin geyri-harmoniklik haddi hesablanmisdir.

Malum oldugu kimi bark cisimlards istiden genislanma amsalinin giymati atomlararasi
garsiligh alags guivvasinin geyri — harmoniklik haddindan asili olur. Bu slaga qlivvasinin giymati
isa atomlarin ragsinin geyri harmoniklik amsalinin (), harmoniklik amsalinin kvadratina ()
olan nisbati ile diz mutanasib olur. Bu asililiq adabiyyatda gosterdiyi kimi bels dusturla ifads
olunur [1].
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gk
=% @)
Burada k — Bolsman sabiti, a —qafas parametri va « - xatti ganislanma amsalidir. Bu isds gallium
halkogenidlarinin istidan genislanma amsallarinin eksperimental qiymeatlari asasinda, a va k- nin
malum giymatini (1) disturunda yerina yazmagla genis temperatur intervalinda (y/£°) - nisbati
hesablanmisdir. & -amsali digar movcud UGsullarla hesablanaraq diisturda yerina yazilmagla
mixtalif temperaturlarda ragslarin geyri — harmoniklik smsali tayin edilmis va bu parametrin

GaS, GaSe, GaTe — birlasmalarinds mugayisali tahlili apariimisdir.
Tadgiq olunan birlasmalar Uglin istidan nisbi uzanmanin giymati moévcid metodika [2]

asasinda olctilmisdir. Bitin dlgmaler 13 — 400°K — intervalinda apariimisdir. Olgmalar ticlin
istifade  olunan ndmunalar adsbiyyatdan mdvcud olan metodika asasinda alinmis
monokristallardan hazirlanmisdir [3]. GaS va GaSe birlasmalari heksagonal qurulusda, GaTe isa

tetragonal qurulugda kristallagirlar. Kristallik qafasm parametrlari GaS ugun a= 3579A
c= 15475A GaSe lgin a=3, 750A c=15, 95A va GaTe iclin a= 3941A B= 4442A

c=10,641 A olmusdur.

Olgmealar tictin uzunlugu 3-10m, diametri 5:10°m olan silindr formali niimunalardan
istifada edilmisdir. Tacriibanin nishi xatasi 0,5 % taskil etmisdir. Nisbi uzanmanin temperatur
asthhgr asasinda hesablanmis « — larin giymatlari asagidaki cadvalds (cadval 1 ) verilmisdir.

Burada «_ - laylara perpendikulyar, e - isa laylar boyunca istidan genislanma amsalinin
giymatlaridir.

Cadvaldan gorinduyd kimi har ¢ birlasmadas istidan genislanma amsalinin giymatinda
anizotropiya alinir.

Cadval 1
T,K GaS GaSe GaTe
a 10° UK | apl0®, UK | @ 10% UK |  ap10% UK | @ 10° UK | ap10° UK

13 0,096 0,075 0,12 0,08 0,21 0,13
20 0,392 0,262 0,59 0,31 0,68 0,42
50 3,01 2,21 3,95 3,64 4,25 3,82
80 4,82 3,96 6,14 5,44 6,67 5,54
100 5,95 5,06 6,28 5,96 6,76 5,98
150 7,37 6,68 9,97 8,15 9,98 8,07
200 8,12 7,52 10,08 7,38 10,21 7,92
250 8,65 7,05 10,12 7,47 12,63 7,37
300 9,00 7,25 10,25 7,56 13,21 8,26

Laylara perpendikulyar istigamstda hesablanmis (e, giymatlarindan istifads etmakle (1)

dusturu asasinda g/bzhesablanmlsdlr. Burada gafas parametrlari olarag har t¢ birlesmads a -
nin giymatlari goturilmuasdur. Hesablanmanin naticasi cadval 2 — da verilmisdir
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Sdabiyyatda gostardiyi kimi Hik ganunundan istifads etmakls kristal daxilinds atomlarin
ragsi zamani harmoniklik haddinin amsalini hesablamaq olur. Bu zaman agar Yung modulunun
giymeati nazars alinarsa harmoniklik haddinin smsali E-ao=/3 - kimi tapila bilar [5].

Qeyd etmak lazimdir ki, hesablamalarda Yung modulu iigtin E=10*! N/m? gétiirtilmiis ve
har (¢ birlasmenin a — gafes parametrlarindan istifads edilmisdir. Ga$ ticiin a,=3,579 -10™° m;
GaSe (iciin ap=3,75-10"m; GaTe (iciin ay=3,94-10"°m .

Cadval 2
GaS GaSe GaTe
- Nl 11 ¥ ] N 11 . /pZand N 11
TR Laor| g N r10l L1 o N v100 y/gf107 o Niy10
[t m P m 1 "
Pa Pa N Pa
Nt Nt
150 19,11 35,79 2,45 27,09 37,49 3,81 28,49 | 39,41 4,42
200 21,06 “ o 2,70 2739 | <~ 3,85 2915 |« ” 4,52
250 22,43 “ o 2,87 2750 | “__” 3,87 36,06 | “__” 5,53
300 23,34 “ o 2,99 2785 | “__” 3,92 3771 | <" 5,89

Belalikls GaS ugln 5=35,79 N/m; GaSe ucln 5=34,49 N/m va GaTe lcun £=39,41 N/m

giymatlar alinmisdir.
Butiin birlasmalar ticiin ¥ /£* va £ - nin giymatlarindan istfads edarak, ragslerin geyri —

harmoniklik haddi - hesablanmisdir. Hesablanmis 5 va y- nin giymatlari de cadval 2 — ds

verilmisdir.

Cadvaldan gorindiyd kimi gallium halkogenidlerinds kikirddan tellura dégru kecidla
kristal gafasinda atomlarin ragsi harakati zamani ragslarin geyri — harmoniklik daracasi artir ki,
bu da istidan genislanma amsalinin giymatinin artmasina sabab olur.
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Magnityumsaq xasseli amorf metallik srintilarin histerezis ilgayinin parametirlarina
mixtalif emal rejimlarinin tasirinin oOyranilmasi daha slverisli magnityumsaq materiallar
alinmasina gatirib ¢ixarir.

Amorf arintilarin sanayenin muxtalif sahalarina genis tatbiq olunmasi ham onlarin alinma
texnalogiyasinin optimallasdiriimasini, onlarin qurulugunun mduasir Usullarla kompleks tadqiq
olunmasini, ham ds amorf arintilerin qurulus c¢evirmalarinin mexanizmi va kinetikasinin
dyranilmasini talab edir. Bu, masalalarin muvaffagiyystls hall olunmasi arintilarin fiziki-kimyavi
xassalarinin dayisdirilmasi va elaca da tarkibin dayismasi yolu ila onlarin stabilliyini va termiki
dayanigliligini artirmaq Ggln konkret tdvsiyyslar hazirlamaga imkan verir. Muxtslif emal
rejimlarini tatbiq etmakls amorf materiallarin histerezis ilgayi parametirlarinin dayismasini tadgiq
etmak bu gabilden olan tadgigatlardandi. indiki halda biz AM®-in histerezis ilgayini
formalasmasina Plastiki deformasiyanin va hidrostatik tazyiqgin tasirini nazardan kegirak.

Deformasiya zamani garginliklserin relaksasiyasi amorf materialin magnityumsaq
xassalarinin formalasmasina musbat tasir gostarir.

Sakil la-da FesgNiySigBis arintisinds yayma zamani plastiki deformasiyada histerezis
ilgayinin formasinin dayismasinin sxemi gostarilmisdir. Nimunalarin magnitlenmasi yaymanin
enina va uzunlugu istigamatinds apariimisdir. Gorundiyu kimi muxtslif istigamatds magnitleanma
apardiqda histerezis ilgayinin formasi dayisir. Bu yaymada biroxlu magnit anizotropiyasinin
yayma istigamatina perependukilyar oldugu halda bas verir. Yayma maqgnit induksiyasinin (Bs)
maksimsal giymatinin azalmasina va koorestiv glivvanin (Hs) artmasina ssbab olur. Bu halda
gorinduyd kimi Bs azalmasi va Hg yiksalmasi magnitlanmanin istigamatindan asili olur.
Yaymanin istigamatina perependukilyar Bs daha az sirstle azalir, hamginin Hs magnitlanmanin
yayma istigamatina perependukilyar oldugu halda svalki hallardan daha az intensiv yuksaslir.
Hamginin  1b soklindada Fez7NiiSigBi3 arintisinin - magnitlanma  ayrisinin  dayismasi
gostarilmisdir.

Histerezis ilgayinin formasi hidrostatik sixilma zamani, yaymada plastiki deformasi-yada
oldugu kimi cox dayismir amma maksimal magnit induksiyasinin yiksalmasi bas verir.
Histerezis ilgayinin basqga parametirlarinin dayismasi geyds alinmir.

Magqnit xarakteristikalarinin bu dayismasi materialda emali naticasinds galiq elastik
garginliklarin induksiyalandigi sahalerin olmadigini gostarir. ©ks halda istigamatlanmis
anizotropiya naticasinda histerezis ilgayi parametirlarinin shamiyyatli dayisikliklari bas vermis
olardi. Bela ki, atom nizamlanmasi effektlari g6zs ¢arpmir bu da, atomlarin nizam-lanmasinin
inkisafina daha ¢ox tazyiqls tasir etmak lazim oldugunu gosterir. Buna baxmayaraq maksimal
maqnit induksiyasinin muayyan gadar inkisafi materialin halinin dayismasini gostarir. Bels
inkisaf amorf materialin sixliginin yiiksalmasi ila alagadar olur ki, bu da sarbast hacmin ¢ixisi1 va
mikropor tipli qusurlarin annihilyasiyasi ila slagadar olur.
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Belalakla gorunir ki, yayllmada deformasiyasi zamani histerezis ilgayinin para-metirlari
daha cox dayisir. Hidrostatik sixilmada bu parametirler daha az dayisir. Materialda yayma
zamani istigamatlanmis biroxlu magnit anizotrpiyasi, atom nizamlanmasi proseslarinin elacads,
lentin hacminds elastiki garginliklarin yumsalmasina sabab olur.

Amorf materiallarda anizotropiyanin istigamatlanmasi naticasinds histerezis ilgayinin
parametirlairi daha ¢ox dayisir. Bi-in giymati yiksalir, B,/Bm, Hc va Bc-nin giymatlari ise asagi
duslr. Bu zaman B,-in giymati daha az H; va B¢-nin giymeatlari iss deformasiyanin giymatindan
daha ¢ox asili olur. Hidrostatik sixilma zamani isa histerezis ilgayi praktiki olaraq dayismir. Bs-in
kicik artimi misahids olunur buda yaqinki materialin sixligqinin artmasi ils slagadardir. Bels tasir
naticasinds materialda bas veran muxtslif ndév davranislar ola bilar ki, bu da yiklama sxeminin
fargli olmasi va emalin tasiri sababils materialda struktur dayismalari naticasinds yarana bilar.

BT,
P=0.95T'TTa
1.05
P=0
07
035
a)
b) 0o
- material yaymadan avval 0 2000 4000

HA/M

= = 7" material yaymadan sonra |

material yaymadan sonra | |

Sakil 1. FesgNijeSigBy3 arintisinds yayma zamani plastiki deformasiyada
histerezis ilgayinin formasinin dayismasinin sxemi (a) va Fe;;Ni;SigB13
arintisinin hidrostatik tazyigdan asili olarag magnitlanma ayrisi (b).

Salil 2-ds histerezis ilgayi parametirlarinin, yaymada plastiki deformasiya zamani
deformasiya giymatindan asililiqi gosterilmisdir. Gorundiyl kimi Bs-in giymati asagi dusur
B/Bmve H; —isa yuksalir. Bu zaman deformasiyanin tasiri lentin sixilmasinin yiksalmasi ils
coxalr.

Belalikla, yayllma zamani histerezis ilgayinin formasinin dayismasi xarakteri asasen Bs va
Hc-in dayismasina elastiki garginlik sahalarinin tasirinin olmasidir. Bu fakt gostarilan
parametirlarin deformasiya daracasindan asili olmasinda 6zini gostarir. Mumkindur ki By-in
artmasi mexanizimin meydana galmasi materialin kicik deformasiya dayismalarinin inkisafi
zamani clt atom nizamlanmasi mexanizimi sabab olur. Dizbucaglilig amsali Bs-dan necs
asthdirsa B,-danda elaca asilidir. Onun dayismasi bu kamiyyatlarin dayisma dinamikasinin sarti
ila va By-in artma xarakteri ile baglhdir.

Gorduyu kimi deformasiya olunmami materiallarda yiiksak temperatur intervalinda
tabalmada histerezis ilgayinin parametirlarinin xarakteri shamiyatli dsracads dayisir. Bu
proseslar tabalma prosesinin ilkin marhalasinda bas verir. Bels davranis demays imkan verir ki,
induksiyalanmis plastiki deformasiya sahassi, elastiki garginliklar va struktur dayismalari ciit atom
nizamlanmasi naticasila sartlanir va praktiki olaraq relaksasiya olunur.
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Salil 2. Histerezis ilgayi parametirlarinin, yaymada plastiki deformasiya zamani
deformasiya giymatindan asilihgu.

Malum oldugu kimi plastiki deformasiyaya ugradilmamis va yaymadan sonra materialda bu
parametirlar demak olar ki, barabardir. Bu onu demaya zamin yaradir ki, tabalma zamani secilan
temperatur-zaman rejiminds struktur relaksasiya proseslarinin inkisafi materialin avvalki
emalindan asili olmur. Tabalma vaxtinin artirifimasi zamani kristallasmanin sathi proseslari
inkisaf etmaya baslayir. Bu proseslar avvallards gostarildiyi kimi gabagcadan emaldan va
materiallardan asilidir va plastiki deformasiyaya maruz galdigdan sonra carayan edir.
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MocTpoeHa Teopus TePMOMArHUTHbIX BOMH B @HWM30TPOMHbIX MPOBOAALMX cpeaax. [okasaHo,
YyTO 6e3 BHEWHEr0 MarHMTHOrO NoNs B MPOBOAAWWMX CPefax PacrpoCTPaHSeTCs HECKOMbKO
TEPMOMArHUTHbIX BOMH. BblUACNEHbl 4acTOTa W  WHKPEMEHT TEPMOMArHMTHbIX BOMH NPy
onpeaeneHHbIX ycnoBusix. HaiifeHHble YCNoBMS HapacTaHus TepMOMArHUTHbIX BOMH OYeHb CUbHO
3aBUCAT OT rpajueHTa TemnepaTypsbl.

MOCKONbKY CyLLEeCTBYET NOTOK 3/1EKTPOHOB B TBEPAOM Tefie, TO BO3MOXKHO BO3HUKHOBEHME
TEPMOMArHUTHbIX BOSIH B TBEPAOM Tefne npv Haanumm VT fgaxe B OTCYTCTBMM BHELLHEro
mMarHuTHoro nong [1]. KonebaHune pelleTkn B TBEpAOM Tese ¢ MasibIM1 amninTyaammn NnpuBoauT
K 3BYKOBbIM BOSIHaM. 3BYKOBble BOSHbl He B3aMMOENCTBYIOT TEPMOMAarHWTHbIMW BOJSTHAMMW.
PacnpocTpaHeHMe TePMOMArHUTHbIX BOH B M30TPOMHbLIX NPOBOAALMX Cpedax MUccnefoBaHbl BO
MHOIMX TeopeTnyeckmx pabotax [2, 3]. Bo Bcex paboTax TeOPETUYECKU WCCNef0BaHbl
TEePMOMarH1UTHbIE BOJIHbI B U30TPOMHbLIX NPOBOAALMX cpefax [2]. OgHako, yCnoBums HapacTaHue
B aHW30TPOMHbIX MPOBOAAWMX Cpefdax, TeOPeTUYeCKN He McCnefoBaHbl. MccnegyeM ycnosus
BO3HWKHOBEHMS TEPMOMArHMUTHbIX BOJIH B aHM30TPOMHbLIX MPOBOAALLMX CPeaax WU Oonpeaenvm
YC/I0BUA HapacTaHWe TePMOMarHUTHbIX BOJTH B OTCYTCTBMMW BHELLIHErO MarHUTHOrO Nons.

Mpy HaMUMM 3MEKTPUYECKOTO Mons E, rpafueHTa KOHLEHTpauuu 3MeKTPOHOB Vn,
rpagueHTa TemnepaTypbl VT, TUAPOAVHAMUYECKMX [ABWXKEHUA €O CKOpocThio  V (F,t),
MNOTHOCTb 3/IEKTPUYECKOro ToKa uMeeT Bug [1]

j=sE'+s[E*F|-avi-a[VTH] (1)
rae
E*:E+—HJ+I@ : e>0 (2)
C en
Vicnonb3ys ypaBHeHnst Makcsenna rotH :4—p] N pelleHne BEKTOPHOro ypasHeHus (1),
c
nofy4nm
E :——HJA’[?T, H]+Lrotlf| L8 rotti, I:|]+IV—r+AVT (3)
C 4ps 4ps er
a , a's —as’
3gecb A=— , A'=———; S -KO3(D(DULMEHT 3/IEKTPONPOBOAHOCTU, A -AnddepeH-
S S
LpanbHaa TepmMoaac, A’ - KoappuumeHT ahekTa HepHCTa- STTUHray3eHa. B

adHN30TPOMHbIX MPOBOAALLNX CPpedaX, BblLUE YKa3aHHbIE KOG(*)(*)I/IU'I/IEHTI:»I ABAAKOTCA TEH30PaMN.
Mpy HaNMuMM BHELUHEro MarHUTHOro MNonf W rpaguveHTa TemnepaTtypbl B M30TPOMHOM
TBEPAOM Tene, NOSTHOE INEKTPUYECKOE M0S1€ UMEET BUA:
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E=hj+h/[fAL+h"(GA)A + AT Al A7OT, A )A +AZ—T @)
X
B aHM30TPOMHbIX MPOBOAALLMX Cpefax BCe KO3MUUMEHTbI B ypaBHeHue (4) ABnstoTCA
TeH30pamu.

Ei :him Jr:‘n +h|,m[JH]m +hr::(JH)Hm +A|m%+Alm[VT’H]m +A|’:n(VT’ H)Hm (5)

m

3necb  h,  TeH3op 06paTHOM BE/MYMHBI  OMWYECKOTO  COMPOTUBMEHUS, Al -TEH30p

ANthhepeHLManbHOro TepMO3ACa, Ajy, - TEH30P KOINMULMEHT HepHCTa-STTUHrayseHa.
BbibpaB KoopauHaTHyto cucteMy ki=k, ky=k3=0, nony4ymm [MCNepCUOHHOE YypaBHEHMe
w(K).
oT oT oT

—=#0, —=#0, —=#0 (6)
0%, 0oX, OX,

Torfa nonydnM TEH30PHOE YPaBHEHUS SNEKTPUYECKOTO MONSt BHYTPY aHWU30TPOMHbIX
NPOBOASALLMX CPef, B CNefytoLLeM BUAe

E/ = {Ah (KK, +Bh,, + CAy K., o _CAi (IZ@T)}E;“ =R _E/ (7)
w Xy, w
in2 2 22
3pec A= IC ; B= iu c yyetom E; =d, E’ nonyam (R, -d,,)E =0
4pw 4pw
AVCNEePCUOHHOE YpaBHEHNE
|(Rim _diml =0 (8)
Mpn R, =1 R,, =1, R;; =1, ANCNEPCUOHHOE YpaBHEHNE MEET BU/,
RyRis + Ry —RyRy + Ry =0 9)
MoacTaBnsAs 3HaYeHNSA XapaKTePHbIX YacTOT NOAyYUM
Wy =Wy =Wy
ck . 2p(AL,V,T +4pj ) %
g=—»( -1 2 (10)
4p J
H 2 A0
hp = k(?pzj 1) D AxViT 7 h =ALV, T-AyV,T.
¢ Bl (J 2 _1) Zp(W33+W0) ?
2 W,

N3 (10) BWAHO, 4TO TePMOMAarHUTHas BOSHA C YaCTOTOW W, =W, —W, SB/SETCA

HapacTarownm ecnm
j >1T1e ALV T-ALV,T>1 (11)

A},=Aj, Torga V,T>V,T (12)

Ycnosue (12) nerko MOXHO OCYLLECTBUTL IKCNEPUMEHTASbHO.
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Takum 06pa3om, HapacTalolwas BOMHa C 4acTOTOM W, =ckj C WHKpPeMeHTOM g
pacnpocTpaHAeTcs Mo HarnpasfieHne rpagueHTa Temnepatypsl V,T. C yBenmueHueM rpagveHTa
Temnepatypbl V,T 4acToTa BO/HbI YMeHbLUAeTcs. WHKpPeMeHT g 3aBUCUT OT rpajveHToB
Temnepatyp V,T n V,T.

Ecnn 3HaveHus V,T npeBbillaeT 3HaueHUt0 V, T yvactota W, U WHKPEMEHT (¢

YMeHbLLAKTCA. ITO A0Ka3bIBaEeT, YTO MOMyYeHHass TepMOMarHMTHas BO/IHA B OCHOBHOM CO3/aHa
3a cYeT rpagveHTa Temnepatypbl V,T.

Mb! nonyunnn w, u g u3 peLleHve AMCrnepcroHHoro ypasHenus (15) npu ycnosumax (17).

O[lHaKo, CyLLecTBYeT 1 apyrue pewleHuns (15) ¢ opyruMm sHa4yeHUsMmM TeH30Pp0B Rix. Mpu apyrmx
YCNOBUAX MONYYNTbCA TEPMOMArHUTHblE BOMHbI C [APYrol 4acToTon. TakMm 06pasom B
aHM30TPOMHbIX MPOBOAALLMX cpefax BO3MOXXHO OJHOBPEMEHHO PacrnpOCTPaHEHUA HECKONbKUX
TEPMOMArHUTHbIX BOJTH.
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Anizatrop kegirici muhitlards termomagnit dalgalar.
Hasanov E.R., Mustafayeva R.K., Islamzads A.V.
Xulasa

Anizatrop kegirici mihitlards termomagnit dalalarinin nazariyyssi qurulmusdur.

Isbat olunmusdur ki, xarici maqnit sahasi olmayanda kegirici miihitlards bir ne¢a termomagnit
dalgasi yayilir. Miayyan sartlards termomagnit dal@alarinin tezliklsri va inkrementlari hesablanib.
Termomaqnit daldalarinin artma sarti temperatur gradientinin giymatindan kaskin asilidir.

Thermomagnetic waves in anisotropic conductive environments
Hasanov E.R., Mustafayeva R.K., Islamzada A.V.
Resume

A theory of thermomagnetic waves in anisotropic conductive media is given. It was proved that
without external magnetic in conducting media is distributed several termomagnetic waves. The frequency
and increment of termomagnetic waves in several conditions was calculated.

Founded incsease conditions of termomagnetic waves strongly depends from the gradient of
temperature.
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Tadgiq olunan kristalin mis va ya qizilla asgarlanmasi onun asasinda hazirlanan elektrofotografik
tebagalarde qaranlig potensialini va garanligda yarimdiisma middatini artirir, isiglanmada yarimdisma
muddstini kaskin azaldir. Belalikle , yarimkegirici maddalarin fotoelektret halinin parametrlarini
dayisdirmak ve idars etmak liclin CdinGasS, kristalinin sintezi zamani onun asgarlanmasi yarimkegiricinin
gadagan zonasinda ““dayaz‘“ saviyyalarin kompenss olunmasina va ““darin™ saviyyalarinin yaranmasina
sabab olur ki, bu da 6z névbasinde madanin fotoelektret halinin yaxsilasmasina ve bu yarimkegiricilar
asasinda hazirlanan elektrofotografik sistemlarin keyfiyyatinin yaxsilasmasina sabab olur.

Miirakkab yarimkeciricilarin lokal saviyyslarinin paylanmasina muxtslif asgarlarin tasirini
oyranmak va lokal saviyyslarinin parametrlarini muiayyanlasdirmak boylk shamiyyst kasb

edir.Geniszonali yarimkeciricilerin gadagan zonasindaki “ilisma” saviyyslarinin  xarakterik

parametrlarinin dyranilmasinin muxtslif metodlari vardir. Bu metodalarla “tamiz” va asqarlanmis
murakkab yarimkeciricilarin lokal saviyyalari tadqiq edilmis va muayyan edilmisdir ki, “tamiz”
monokristallarda iki qrup “ilisma” saviyyslari vardir ki, onlar monoenergetik paylanma ganunu
ilo yerlasmisdir.Mis elementi il asgarlanarkan gadagan zonasindaki nisbaten dayaz saviyysler
kompensa edilir, daha darinda yerlasan saviyyalar isa asqarlarin tasirini hiss etmir. Hamginin
malum olmusdur ki, lokal saviyyslarin “darinliyi” artdigca onlarin elektron tutma ehtimali
artir,fotokeciriciliyin stalatliliyi azalir. Gostarilan sartlar iss hamin monokrsitallarda fotoelektret
halinin yaranmasina sorait yaradir.

Elektrofotografiyanin asasini ylksskmigavimatli, isiga hassas yarimkeciricilarin asag!
mugavimatli asas Uzarina ¢akilmis tabaqasi teskil edir. Bu tabagslari yarimkegiricilari metal
I6vhalar Uzerine vakuum buxarlandirilmasi yolu ils va ya narin toz halina salinmis
yarimkeciricini saffaf birlasdirici mihitde garisdirmagla az migavimatli metallik va ya kagiz
Uzerina berabar galinligla yaymagla ve qurutmagla almaq olar. Bu zaman alinan sistem
elektrofotografik tabage adlanir. Elektrofotografik tabagani hassaslasdirmag dglin onu tacsakilli
bosalmadan alinan musbat va ya manfi ionlarla yiklamak lazimdir. Prosesin névbati marhalasi
yarimkecirici tabagada gizli elektrostatik sahanin alinmasidir. Bunun dglin har hansi bir yazinin
ve ya saklin formasi yuklenmis elektrofotografik tabage Uzarina proyeksiyalandirilir. Bu zaman
isiq cox disan yerlards yarimkegiricinin migavimati daha ¢ox azalir. Basqga s6zls, hamin sahada
daha cox serbast yikdasiyicilarin yaranmasina ssbab olur va bu yikdasiyicilar daha az
migavimatli asas vasitesila torpaga otlrullr, az isiq disan va ya isiq diismayan sahslards ise
yarimkegirici yiksak mugavimatli va yaxud yukssk potensialli halda galir. Belslikla da
yuklanmis elektrofotografik tabagalards gizli elektrostatik sahanin paylanmasi bas verir.

Bizim tadqiq etdiyimiz halda toz halina salinmis yiksek mugavimatli, isiga hassas
CdinGaS, kristallari toz halina salinarag, saffaf birlasdirici miihitds garisdirilaraq asas (izarina
cokilmisdir. Yuksak keyfiyyata malik elektrofotoqrafik sistemin alinmasi ictin onun daha yiiksak
potensiala gadar ylklanmasi, garanligda potensialin yariya gadsr diisma muddatinin boyuk
olmasi va isiglanmada potensialin azalmasinin atalstsiz va gisa middatda dismasi vacib sertdir.
Maddanin bels hali fotoelektret hali adlanir. Demali, bels elektrofotografik sistemlarda
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fotoelektret halinin yaranmasi va bu halin parametrlarinin yaxsilasdiriimasi boyuk elmi va
praktiki shamiyyats malikdir. Ona gora da bu elektrofotografik tabaganin asas elementi olan
CdinGaS, yarimkegirici materialinin elektrik, fotoelektrik, optik xassalarinin tadgiqgi, onlarin
gadagan zonasinin dyranilmasi, bu zonadaki “ilisma” (t-markez) va rekombinasiya (r-markaz)
saviyyslarinin parametrlarinin dyranilmasi, idara olunmasi xususi shamiyat kasb edir.

Tadgigatlar gostarmisdir ki, CdinGaS, yarimkegiricisini miixtalif maddalarle (mis va ya
gizil) asgarlamaq yolu ila maddanin fotoelektret halini tamin edan va yaxsilasdiran naticalar
almaq olar. Malum olmusdur ki, asgarlama yolu ils dayaz ilisma saviyyalarini kompensasiya
etmakls va darin ilisma saviyyalarini yaratmagla yarimkegirici materialin garanliq migavimatini
artirmag, isiga hassasligini ylkssltmak, garanliqda potensialin yarimdiisma middatini artirmag,
proyeksiyalandirma zamani satalatliliyi azaltmaq ve belslikle ds yarimkecirilards yaranmis
informasiyani daha uzun middste saxlanmasini va informasiyanin baslangic parametrlarinin
minimal dayismasina nail olmaq olar. Tacribalar gostarmisdir ki, tadqig olunan kristalin mis va
ya gizilla asgarlanmasi onun garanliq potensialini va garanligda yarimdisma muddatini artirir va
isiglanmada yarimdiisma middastini  kaskin azaldir. Belslikls gorurik ki, yarimkegirici
maddalarin fotoelektret halinin parametrlarini dayisdirmak ve idara etmak iciin CdinGaS,
kristalinin sintezi zamani onun asqarlanmasi yarimkeciricinin gadagan zonasinda “dayaz“
saviyyslarin kompensasiya olunmasina va “darin” saviyyslarinin yaranmasina ssbab olur ki, bu
da 6z ndvbasinde madsnin fotoelektret halinin yaxsilasmasina va bu yarimkeciricilar asasinda
hazirlanan elektrofotoqrafik sistemlarin keyfiyyatinin yaxsilasmasina sabab olur.

(TIGaSez)o4 (TIINS,)0s BORK MOHLULUNUN
FOTOELEKTRIK XASSSLSRININ TSDQIQI
M.M. Qocayev, M.M. Qurbanov, S.C. Memmadov, H.i. Zeynalov, C.C. Bayramov
Sumgayit Dévlat Universiteti

qurbanov.mehti@mail.ru

Bu isda (TIGaSe,)o4 (TIINS;)06bark mahlulunun fotoelektrik xassslari tadgiq olunmusdur. Spektral
ayrilardan gadagan olunmus zolagdin eni 77 K va 300 K-ds tayin olunmusdur. Bundan basga tedgiq olunan
bark mahlulun bazi fotorezistiv parametrlari da tapiimisdir.

Elmi texniki teraqginin maasir marhalasinds elementar va binar yarimkegciricilarin yeni
funksional imkanlarini Giza gixarmaq istigamatinda aparilan tadgiqatlarla yanasi, fiziki-kimyavi
va elektrofiziki parametrlarina gora daha Ustlin olan yeni yarimkegirici birlasmalarin intensiv
axtarisi da davam edir. Yeni mirakkab yarimkegirici birlasmalarin alinmasina va tadgigina
gostarilan maraq da els bununla slagadardir. Layh qurulusa malik olan A®B3C,°(A-TI; B-In, Ga;
C-S, Se, Te) va onlarin asasinda alinan bark mahlullar bela birlasmalardandir.

Bu kristallarin asasinda idars edils bilan tezlik intervalli lazer qurgularinin yaradilmasinda
va digar mixtslif ndv hassas ceviricilar sisteminin hazirlanmasinda istifada edilir.

Boyuk maraq kasb edan va bu sinfa daxil olan kristallardan biri da (T1GaSe;)o4 (T1INS2)o06
bark mahluludur. (T1GaSe;)o4 (TIINS,)o6 bark mahlulunun alinmasi zamani biz elementlardan
birbasa istifads etmisik. Bununla alagadar olarag u¢gmayan komponentlar sobanin temperaturu t;
olan gaynar zonasinda, ucan komponentlar iss T, olan soyuq zonada yerlasdirilir (T1>Ty). Ty
temperaturu sintez olan birlasmanin arims temperaturundan 10+20 K yikssk olmalidir. Alinmis
temperatur rejiminds T, temperaturunda buxarlanarag ugan komponent srimis ugmayan
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komponentlar tarsfinden udulur. Srintinin tarkibi T; temperaturu va T, temperaturu ils
tanzimlanan xalkogen buxarlarinin tazyiqi ils tayin olunur. Birlasmani sintez etmak ugun
ampulalar 20-25" bucaq altinda yerlasen sobalara ela goyulur ki, onlarin ticds biri sobadan
kanarda qalsin. Sobalar stabillasdirilmis garginlikds islayir. Sobanin temperaturuna xromel-
alumel termocdtl vasitasila nazarat edilmisdir.

Sobanin  temperaturu  200-250 K/saat sirstle sintez olunan maddasnin arims
temperaturundan yuxari qaldirilir. Bu halda ampulanin sobadan kanarda olan hissasi su ila
isladilmis pambigla daim soyudulur. Bu zaman hals reaksiyaya girmamis xalkogenlarin
buxarinin bir hissasi ampulanin soyuq divarina dayarak kondensasiya edir va damla saklinds
gaynar zonaya gayidir. Reaksiyanin tam basa ¢atmasi cun arinti olan ampula sobanin oxu
atrafinda daim firladilir.

Reaksiya basa catdigdan sonra soba saquli istigamatda qaldirilir va bir temperaturda
tablasdirilir.

(T1GaSez)o4 (TIINSy)o6 bark mahlulunun monokristallari misyyan gadasr dayisdirilmis
Brijmen —Stokbarger tsulu ils yetisdirilmisdir [1]. Bu Gsulun secilmasi yetisdirilan kristallarin
fiziki va kimyavi xasssalarindan basga onlarin layli qurulusa malik olmasi ils slagadardir. Tadqiq
olunan nimunalarin fotokeciriciliyini dyranmak U¢in nimunalar 6lgmalara uygun dagiqilikle
secilib hazirlanmisdir. Qeyd etdiyimiz kimi (T1GaSez)os (TlINS;)06 kristali layli qurulusa
malikdir. Ona go6rs da nUmunani hazirlayarken bu xususiyyst nazera alinmisdir. Bels ki,
fotoelektrik élgmalar aparmag Gcgln nimunaler kristallari mistavi paralel 16vhalara bdlmakla
hazirlanmisdir. Tadqigi olunan kristallar desik keciriciliyina malik olmusdur. Bu numunalar
kecirici olmayan xususi althqglar tzarinds epoksid yapisdirici vasitasila barkidilmisdir.

Omik kontaktlar almag tclin indium elementindan istifads edilmisdir. Nimunalara elektrik
sahasi tebii laylar istigamatinds, isiq laylara perpendikulyar istigamatda salinmisdir.
Fotokegiricilik spektri ham 77 K, ham da 300 K-da 6yranilmisdir. Olgmalar lgiin els nimunalar
secilmisdir ki, onlarin kontaktlar asagi temperaturlarda sabit fotorezistiv xarakteristikalari stabil
saxlasinlar. Nimunalarda kontaktlar arasindaki masafs 0,25+0,45 sm, numunalarin sahalari isa
2,7-103+1,2.10%m? tertibinds olmusdur.  Fotocarayanin dlciilmasi modulyasiya olunmamis
stialanma selinda apariimisdir. Elektrik sahasinin garginliyi ele secilmisdir ki, nimunalarin volt-
amper xarakteristikasinin Omik hissasina uygun galsin

Fotocarayanin spektral xarakteristikasini 6l¢diikdan sonra, isiq selina kvantlarin sayina goéra
duzslis aparilmisdir. Bu dizalis avvalcadan daracalanmis germaniumfotodiodu vasitasila
apartimisdir.

Kristalin fotokegiriciliyinin diisen isigin enerjisindan asihiligi, yani spektral xarakteristikasi
sixarilmisdir. Bu spektral ayridan istifads edarak kristalin bazi parametrlari o ctimladan
yarimkecirici kristallar t¢tn an xarakterik parametr olan gadagan olunmus zolagin eni tayin
olunmusdur. Otaq temperaturunda (TIGaSez)os (TIINS,)os bark mahlulunun spektral ayridsn
tayin olunmus gadagan olunmus zolaginin eni E4=2,28 eV, 77 K-da isa 2,45 eV olmusdur.

Bundan basga bu bark mahlulun bazi fotorezistiv parametrlari da tayin olunmusdur. Azot
temperaturunda (T1GaSez)o4 (TIINSy)o6 kristalinin yurukliylinin giymsti malum olmadigindan
yurukliyln desiklarin konsentrasiyasina hasili tayin olunmusdur.

oc=-elu-p)
o
p-pu=—
e
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(TIGaSez)os (THINSy)06 bark mahlulu Giclin o -« hasili 2,9-10° sm™ giymati almisdir.
Kristalin xiisusi miigavimati p=2,1-10° Om-sm olmusdur. Bundan basga krisEalln garanliqda va
isiqgda (100 liiks) mugavimati tayin olunmus va onlarin nisbati tapiimisdir. 3; =120 olmusdur.
Ona gora do demak olar ki, kristallar isiga ¢cox hassasdirlar. )

Olgmalar asasinda kristalin S integral hassashgi da tayin olunmusdur. Bunun digiin avvalca
nimunanin olculari gotirilarak, sahasi tapilmisdir. Bundan sonra vahid sahays dusen isiq siddsti
tayin olunmus va inteqral hassasliq tapiimisdir.

J¢

s==L_
B-U

S — integral hsssaslig; J; — fotocarayanin qiymati;B — vahid saths disen isiq seli; U —
niimunaya verilan garginlikdir. _

Inteqral hassasliq Ugtin 1,12 ™= giymeti alinmisdir.

Butin bu xarakteristikalardan basqa (T1GaSez)os (T1INS)os Monokristalinin gadagan
olunmus zolaginin eninin temperatura gors dayisma amsal tayin olunmusdur:

dE, _ ev

— =—72-10—4 —
aT K

0T
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Cu,4Te (x~0.25) BIRLOSMSSININ OTAQ TEMPERATUR
FAZASININ KRISTAL QURULUSU
N.A. Bliyeva
AMEA Fizika institutu

nergiz_25@mail.ru

Cu,Te torkibli kimyavi birlasma sintez edilmisdir.Alinan nimuna 500°S-da 100saat muddstinda
homogenlasma prossesinda saxlaniimisdir.Homogenlasma prossesi bitdikdan sonra nimunaya vizial baxis
kecirilmis va musahida edilmisdir ki,prossesde mis atomlarinin bir hissasi nazik sap saklinda tarkibdan
ayrilir.Ritveld Gsulu ila alinan nimunanin kristal qurulusu aciimis ve onun tarkibinin Cuy,sTe olmasi
stibut edilmisdir.

Cu-X (X=Se,S,Te) sistemlarinda yaranan stexiometrik ve geyri stexiometrik birlasmalar
tatbig yonimli xdsusiyystlarina gore davamli tadgiq olunan obyektlardandir. Bu maraqg asasen
onlarda tazahur edan fiziki-kimyavi xassslarle baglidir. Geyd etmak lazimdir ki,g6starilan sinif
birlasmalar hamginin kristal quruluslari va qurulus faza kegidlari baximindan da maraqgli
obyektlar sayilirlar. Bu sahada aparilan tadgigat islari sirasinda an ¢ox diggat ¢akan naticaler [1-
8] islarinds verilmisdir. Ancaq bu ve digar tadgigatlarda alda edilan qurulus naticalari bu
sistemlards fazasmalagalma ganunauygunluglari va fazasmalagalma prosessinds mis / xalkogen
nisbi migdarinin dayismasinin tam sakilds izah edilmasi t¢tn yetarli sayila bilmaz. Bunun Gc¢in
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daqiq texnologiya, ¢oxsayli qurulus analizlari ve naticalarin kristallokimyavi arasdirilmasi talab
olunur. Bunlari nazars alaraq bu isds Cu-Te sisteminda amala galan birlasmalardan biri olan
Cui7zsTe (CusTes) birlasmasinin kristal qurulusunun daqiglasdirilmasi aparilmis va alinan
naticalarin muzakirasi apariimisdir.

Qeyd edak ki, Cu,.xTe(x~0.25) birlasmasi bir gadar teacciib doguran texnologiya asasinda
alinmisdir. Novotni tarsfindan [1] Cu,Te Uc¢in verilmis kristal qurulusunda olan bir sira suallari
daqiqlasdirmak Uglin Cu,Te sintez edilib, 500°C-ds 100 saat arzinds homogenlasma prossesinds
saxlaniimis va ona baxis kegcirilarkan sintez edilmis Cu,Te nimunasindsn texminan 0.102mg.
misin nazik lifler saklinds tarkibindsn ayrilmasi misahida edilmisdir. Homogenlasma
prossesindan sonra nimunanin mis catismazligr olan hissasi Uzarinda aparilan rentgenoqrafik
tadgigat asasinda muayysn edilmisdir ki, nimuna trigonal qurulusda kristallasir ve onun gafas
sabitlori: a= 8,3276(82)A, ¢=7,1964(16)A, V=432,2040(97)A np.rp. P-3m1, Z=8. Ritveld sulu
ile nimunanin kristal qurulusu teyin edilmis va kimyavi tarkibin CuyzsTe oldugu subut
edilmisdir. Qeyd edsk ki, butin rentgen qurulus tadgigatlari Almaniyanin Bruker firmasinin
istehsali olan D8 - ADVANCE difraktometrinds, TOPAS-4.2 programi asasinda yerina
yetirilmisdir. Rejim: 40 kV, 40 A, CuK,, -1.5406A. 10 < 20 < 120°

Yuxarda CuyzsTe Ugln alinan kristallografik parametrlar Cu-Te sistemi birlasmalari ila
mugayisa edildikde musyyan edilmisdir ki, bizim aldigimiz naticalar qurulusu elektronografik
usul ila tadgiq olunmus CuyzsTe [7] gafes parametrlari ila (feza grupundan basga) eynidir.
Olbatte aparilan tadgigat isini bu seviyyads saxlamaqda olardi. Ancaq ,hamin qurulusun
kristallokimyavi arasdiriimasi naticesinds haqiqiliyi stubhs doguran bir sira faktlarin mévcud
olmasi bu birlasmanin kristal qurulusunun takrar Oyranilmasini faydali olacagini distndik.
Naticada malum oldu ki, bu birlasma tamamils yeni qurulus tipins sahibdir. Sakil 1-da Cu; 7sTe
birlasmasinin kristal qurulusunun sxemi verilmisdir. Atomlarin kristal gefasds yerlasma
koordinatlari beladir: Cu; - 2/3, 1/3, 0.390(3); Cu; - 0.340(1),0.170(5), 0.610(3); Cus - 0.400(4),
0.200(2), 0.947(5).

Cuy 75 Te-un kristal qurulusunda 3 név mis atomlari var ki, onlarda uygun olaraq 2s; 6h va
6d veziyystlerinds paylanmislar.Cu; atomlari qurulusda Te atomlarinin yaratdigi tetraedrik
boslugda paylanmislar. Cu;-Te masafalari orta hesabla 2.531A-dir. Cu, atomlarida tetraedrik
boslugda paylanmisdir. Cu,-Te masafalari 2.413-2.580A arasinda dayisir. Bununla yanasi Cu,-
nin koordinasiyasina Cus-de daxil olarag, koordinasiya adadini 5-s qaldirir. Burada Cu,-
Cu3=2.468A-3 barabardir. Bu iss gostarilan Cu atomlarinin hibridlasma tisulu ila kovalent alags
yaranmasina sabab olur. Qeyd edak ki, bu hal GaSe-daki Ga-Ga gantelina banzardir.Cusz atomlari
iki Tellur va bir misls (Cu,) yaranan (cbucagda maskunlasir.Burada Cu-Cu masafasi Cu,
tetraedrinda oldugu kimidir.
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Sakil 1. Cuy75Te kristallarinin qurulusu.
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B pfaHHOi paboTe M3yuYeHO BAMSIHAE MarHUTHOW WHAYKUMM Ha pacnpoCTpaHeHWe  BOMHbI
MoHM3aumKn. MoKasaHo, YTO W3MEHeHWe pacnpefieneHHoli eMKOCTY Mo [/MHe TPYOKW He OKasblBaeT
CYLLECTBEHHOTO B/MSHKMS HA CKOPOCTb (PPOHTA MOHW3ALMM, ECM NEepBOHaYa/bHble eMKOCTU Cy , C
KOTOpbIX CTapTYeT BOMHA, UMEIOT OAHO U Te >Ke 3HaueHve. Mpn 3TOM UMEeNock B BUAY, YTO eMKOCTb
BAONb TPYOKM UK PAaBHOMEPHO YBENMYMBAETCS, UM PABHOMEPHO YMeHbLIAETCS. YCTaHOBNEHO, YTO Npu
BCEX WCCNeAO0BaHHbIX PaspsAHbIX YCNOBUSIX CKOPOCTb (DPOHTA He 3aBUCUT OT BEIUYMHBLI WMHAYKLMW
MarHyTHOro nons.
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BnepBble BAUSHME OAHOPOAHOTO MArHWTHOTO MOMS Ha MPOLECC PasBUTWS paspsiga B
[/MHHOM Tpy6Ke MCCnefoBanock asTopamu pabot [1, 2]. Skcnepumentsl [1,3] nposoaunuch B

MHEPTHbIX razax Ar 1 He npw Hannumy npeaBapuUTeNibHO MOHU3aLUMK W faBneHusx ot 0,2 Ao 9
Top. Mpn nogaye Mexay NOMKMraloLWMM 3neKkTpogom (M.3.) U o6Knagkamu B BUAE Kornel,
CO3JAOLUMMMN PaBHOMEPHO pacnpefeneHHy0 eMKOCTb, CUHYCOMAasbHOro HanpskeHus U(t)
Npo6oii rasa B TEUEHVe KaXKAOro nepuofa KonebaHuii ocyLLECTBASNCA ABaX/bl: KakK Ha y4yacTke
Bo3pacTaHus U(t), Korga npoucxoauna 3apsgaka CTeHKM, Tak M npu  y6biBaHuM U(t),
COMPOBOX/AtOLLLEMCS Pa3PSIAKOIA CTEHKN.

B HacTosleli paboTe NpUBOAATCS Pe3yNbTaTbl MPOBEAEHHOr0 3KCMEepPUMEHTaIbHOIO
“ccneaoBaHUs BO3AENCTBMS MarHWTHOTO MO Ha pasBWTME paspsda B A/MHHON Tpybke C
rnepemMeHHol pacnpeaeneHHo eMKOCTbIO.

L4

0 0,2 0,4 06 L om

Pue 1 3apcHI0CTE BB Tef eMEITEEHA i) 0HTA
MOMF3ALEE OT PaccTOANHMA g0 15,

DKCNEpPMMEHT NPOBOAMTCS B CTEKNSHHOW razopaspsagHoin Tpyoke, anmHa kKotopoli 0,8 M, a
BHYTPeHHWI grnameTp 0,32 m. Ma3opa3psgHas Tpy6Ka 3anonHAeTcs aproHoM 40 AaBneHus P = 1,2
Top. AproH BblGMpascs Kak Hambosee 4YacTO WCMOMb3YeMbI B NHOMUHECLEHTHBLIX —flamnax,
MOLENbI0  KOTOpbIX fBAAMaCh Halla rasopaspsgHas Tpyoka. o Bceli  [MHe Tpy6Kwu
PaconoXeHbl 0GKMAAKMA 13 AMOMUHUEBON thonbrit. LLIMpuHa 3TMX 06KNagoK coctasnseT 3-107
M, a pacCTOsHMe Mexay HUMM 102 M. MepBble TPY KONbLA HaeThbl HEMOCPeACTBEHHO Ha TPYBKY.
A MexXay OCTa/lbHbIMW 06KMagKaMu M TPYOKON WMEKTCA [U3NEKTPUYECKMe MNPOKNafKu,
TO/ILMHA KOTOPbIX MeHseTca oT 2.10* [o 1,0-10® m. 370 cfienaHo ana Toro, 4tobbl Mo Mepe
yfaneHus 06KNafoK OT MOKMraroLero 3/1eKTposa, eMKOCTb 06KIafoK YMeHbLIanach. PasHuua
MEX/Y eMKOCTbH MepBOi 00KNaaKu 1 nocnefHeli coctaBnseT ~20 pa3. OTM 06KnagKm 06pasyroT
BO/Ib TPYOKM eMKoCTb C; — Cy, .

PacCMOTPEHO, Kakve W3MEHeHUs BHOCWUT BHELUHee NPOLO/IbHOE MarHMTHOe Mofie B
OCHOBHble XapaKTepUCTUKN UCCNesyemMoro paspaja.

MHOro4YncneHHble M3MepPeHUs MOKa3ain, YTO TaK Xe, Kak 370 BrepBble 6blI0 BHauvase
YCTaHOB/IEHO [/ «Me[/ieHHbIX» BOMH B Tpyb6Kax C nocTosHHOM Co [1], a satem u ana

«BbICOKOCKOPOCTHBIX» BO/IH MOHM3aLmMK [3], CKOPOCTb U pacnpocTpaHeHns POHTa MOHM3ALIAN

BAO/b TPYOKM C MepeMeHHO MOrOHHOW eMKOCTBIO He 3aBWUCUT OT MHAYKLMM MarHUTHOTO MOJs
B. OTOT (hakT XapakTepeH W And Ciyyas, KOrja BOSHA PacrpoCTPaHseTcsl B CTOPOHY
YMEHbLLEHMS 3HaUYeHMs1 eMKOCTW Co, U NpY ABUXKEHWMN B CTOPOHY €€ YBENNYEHMS, HE3aBUCUMO OT
Hava/lbHbIX YCMIOBWUIA.
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MofobHas KapTvHa Habnoganacb M B 06paTHOM HarpasneHUK pacnpocTpaHeHUs (poHTa
MOHM3aLMA, XOTA B C/lyyae, Korfa paspsif pasBuBasiCd B CTOPOHY YBENMYEHUS EMKOCTM U
CTapToBa/1 C MUHMUMasbHOW Co , YNCNEHHbIE 3HAYEHNS CKOPOCTU Obl/IN BbILLE.

[na Toro, 4tobbl MccnefoBaTb BO3AEWCTBME HEOAHOPOAHOIO MarHWTHOrO Mons Ha
CKOPOCTb (PPOHTA, OblNM NpoLenaHbl crneunaibHble N3MepeHUs CKOpPOCTU (PPOHTA N0 BPeMeHU
caBvra vmMnynbca B Lenu 00KNafoK, Korfja yacTb UX nonagana B 061acTb HEOAHOPOLHOCTY
MarHWTHOro Mofif Ha BbIXOfe W3 coneHompa. [ns 3TOro cosfeHoup CABUranca OTHOCUTESIbHO
TPYO6KM, TakK, 4Tobbl BO/IM3M €ro TOpLOB pacnosiaraiocb HECKObKO 00KMagok. Okasanoch, YTo
CKOPOCTb HE MEHSIeTCs U Mpu ABMKEHUU PPOHTA Yepe3 061acTb HEOLHOPOAHOTO MarHUTHOrO
MoSs Ha BXOfEe W BbIXOAe U3 coneHomia. Pe3ynbTaTbl 3TUX U3MepeHnin npu gasnedun 0,27 Top,
napameTpax reHeparopa 1000 B u 120 'y npeactaseHbl Ha rpadrike BpeMeHU NPOXO0XKAeHUs
(bpoHTa BHONb TPYOKU NPU Pas3IMUHbIX 3HAYEHWUSIX MarHUTHOM WHAYKUuMn B B 0651actu
OZIHOpPOAHOro nons BHYTpU coneHompa: 0, 360 n 1560 INc ( puc.1l) . Ha aTom ke puUcyHKe, Ans
HarnagHoOCTW, MYHKTUPHON /NIMHME NOKa3aHO W3MEepeHHOe pacnpefesieHne  UHAYKLUK
MarHUTHOro Nons BAO/Ib OCM BHYTPW CONEHOMAA U €r0 PacnosioXXeHWe OTHOCUTENbHO paspsiHON
TPyokn. BuaHo, 4TO 06nacTb HEOAHOPOAHOCTW PaCcnpOCTPaHsSeTCA Ha pPaccTosiHMe no 8 cm
BHYTPb COMlEHOMa OT ero Kpae., Tak, YTO YacTb 06K/MaA0K Nonagaet B 3Ty 0651acTb. OKasanoch,
YTO CKOPOCTb He MeHSieTCd WM npu  ABWXKeHWM (poHTa 4epe3 0651acTb HEOAHOPOAHOrO
MarHUTHOro NoNs Ha BXOZE U BbIXOAe U3 CoNneHomaa.

Takum 06pa3om, HEOAHOPOLHOE MarHUTHOE NOMe, Tak Xe, Kak U OAHOPOAHOe, He BNSET
Ha Be/IMYMHY CKOPOCTM (PPOHTA U, HE3aBMCMMO OT TOrO, B KaKMX paspsfHbIX YCNOBUAX U Npu
KaKuX pexxmmax npoucxouT ero pacnpoctpaHeHue. OcTa/ibHble 3aKOHOMEPHOCTU, XapaKTepHble
[J11 CKOPOCTU BOJIHbI, pacnpocTpaHatoLleics B TPyOKe C MNepemMeHHOW pacnpeseneHHow
eMKOCTbH, OCTaKTCA NPEXHUMW MPU HAIMYUU MArHUTHOIO MOJA: eCIM HaYas/lbHble 3HaYeHua Cy
y N.3. O4HW N Te e, CKOPOCTb U He MEHSIETCA Npu U3MEeHeHWUW HanpaB/eHUs ABUKEHUSA BOJHbI,
T.e. He 3aBMCUT OT TOro, YBe/MYMBaeTCs, UM YMeHbLUaeTcs eMKoCTb Co Mo AnnHe. Ecin ke
CTapToBble 3Ha4YeHUs Cy pa3/IMyHbI, TO CKOPOCTb U BbILLE Tam, rAe HavaibHasd eMKOCTb MeHbLLE.
Mo AnvHe e TPYOKM CKOPOCTb (DPOHTA He MEHSETCA MPU BCEX MCCMef0BaHHbIX PaspAaLHbIX
YCNOBUSAX.

Mpy aHanM3e BbILIEN3NOXEHHbIX Pe3yNbTaTOB MOXHO CAenaTth CneAytoLnii BbIBO4 O TOM,
YTO WM3MEHEHWe pacrpefeneHHOn emKOCTM Mo A/IMHe TPYOKM He OKasblBaeT CYLUECTBEHHOrO
B/IMSAHNA HAa CKOPOCTb (PPOHTA MOHM3aLUMK, eCcnn MepBOHayasibHble eMKOCTU Cp, C KOTOPbIX
CTapTyeT BOJIHA, MMEIOT OAHO W Te Xe 3HayeHue. [py 3TOM UMeNoch B BUAY, YTO eMKOCTb BAO/b
TPYOKM UM PaBHOMEPHO YBENNYMBAETCH, WM PaBHOMEPHO YMEHbLLUAETCHA. Y CTaHOBMIEHO, YTO
npy BCEX WCCMEA0BaHHbLIX PaspsALHbIX YCN0BUAX CKOPOCTb (PPOHTA He 3aBUCMT OT Be/IMYMHbI
WHAYKLMN MarHUTHOIO Mosis.

OCHOBHble 3aKOHOMEPHOCTM, 3KCNEePUMEHTaIbHO YCTaHOB/IEHHbIE B HACTOSLLEN paboTe,
HaXO4AT KaK KayeCTBEHHOe OOBACHEHME B paMKax COBPEMEHHOW Teopun [ABYXMEPHbIX
MNOHU3YIOLLMX COMIMTOHOB NONSA, [4] TakK U OPUTMHA/IbHYIO MHTEPMpeTaLMIO.
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DBYISON QALINLIQLI DAIR8VI LOVHS UCUN
ELASTIKLIK N&Z8RIiYYS8SININ MUST8ViI M8SSLSLSRI
S.P. isgandarova, S.0. Memmadova
Ganca Dovlat Universiteti

Sayyara isgendertova@mail.ru, sudabemamedova@rambler.ru

Dayisan galinhgli dairavi I6vha Ugun elastiklik nazariyyasi masalalarina baxilarag,dayisen galinligh
Iévhanin statik deformasiyasinin  Umumi tanliklarinin  mastavi elastiklik nazariyyasi masalalarina
gatirilmasinin metodikasi islenilir. Alinmis dusturlar 16vhanin galinhginin - dsyismasinin gargin-
deformasiya olunmus vaziyystini hesablamaga imkan verir.

Dayisan qalinhgl dairavi bircins elastik 16vha Gcun elastiklik nazariyyssinin mistavi
masalasina baxag. Koordinat baslangicini radiusu R olan cevranin markezinda gotiirak. Orta
mustavida X, y dekart koordinatlari simmetriya mustavisidir. Dayisen galinligh dairavi 16vha
umumilasmis mistavi-gargin vaziyystdadir. Hesab edirik ki, 16vhanin 2h(x,y) galinhgi asagidaki
sarti odayir:

0<hy £ h(x,y)£ hy,

burada h; va h, uygun olaraq dairavi I6vhanin an boyuk va an Kicik galinlhigidir.
Ldévhanin galinhqg funksiyasi asagidaki kimi verils bilar:

h(x,y) =h[L+en(x,y)] , (1)

burada h, =(h,+h,)/2; e=(h,—h)/(h,+h,) — Kigik parametr; h(x,y) —har hansi malum
olciisiiz kasilmaz funksiyasidir (—13 h(x,y) sl).

Dayisen Iévhanin galinhginin verilmis ganun Gzra dayismasinds e sabit olacaqdir.
Tutaq ki, dayisan I6vhanin L konturuna tasir edan xarici garginliklar verilmisdir L-da

Sr_it rq = fl(q)_IfZ(q)7 (2)

eyni zamanda bir qlvvalarin asas vektoru asas momenti sifra barabardir.
Dayisen I6vhanin statik deformasiya tanliklarini asagidaki kimi yazaqg:

oN ON OoN
Ny Dy _; L ¥ _0; 3)
OX oy oy OX
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Huk ganununa asasan

X:2Eh ou, ou): Ny=2Eh ou, au). N, = Eh (u ou (4)
1-mf\ox oy 1-n? oy OX / 1+may X
A
burada N,, N,, N, - uygun olarag, vahid uzunluga disan
normal va slirisma quvvalari; u, u — yerdayisma vektorunun
komponentlari; E — 16vha materialinin elastiklik modulu; m-— I
I6vha materalinin Puasson amsalidir. R\ R
Dayisan galinligh dairavi I6vhanin statik deformasiya n " 9
tanliklar sisteminin halli G¢lin hayacanlandirma metodundan
istifada edilir.
Sakil 1. Dayisan galinhigli 16vha
N,y =N +eN®+.; N =N +eNP +. 5 Ny =N +eN( +..; (5)
Uu=u,+eu, +...; u=u,+eu, +....

Hayacanlandirma metodu prosedurundan istifada etmakla har bir yaxinhsma Ggtn tanlik
alirig. Alinmis tenliklarda sifirinci yaxinlasma tanliklari elastiklik nazariyyasinin klassik mustavi
masalalari tenliklari ils, birinci yaxinlasma tanlikleri ise asagidaki kimi tayin olunan hacmi
quwvvali elastiklik nazariyyasinin mistavi masalalari ila uygunlug tegkil edir:

x 6y ay Y ox
ikinci va sonraki yaxinlasma iiciin hacmi qiivvanin Xy, Y» tarkib hissalari analoji olaraq
tayin olunur:
sifirinci yaxinlasma Ggiin
‘Z‘ = R oldugda, N = 1*((1); Nr(él)) = ;(CI) (7)
birinci yaxinlagmi tgiin
|z| = R oldugda, N, =0; N, =0 (8)

Qeyd etmak lazimdir ki, birinci yaxinlasma tanliklarinin ¢ixariimasi zamani asagidakilar
gabul edilmisdir:

*_NO (1> (1) h ©) - *_NO @
N, =N”-N; N’ =h(x,y)N,”; Ny =Ng” —Ng
NE =RGIND; NG =NO-NG  NO =R(x, NG ©)
Sifirinct yaxinlasma tglin (7) masalasinin halli malumdur.

Birinci yaxinlasmanin (8) masslasinin hallina kegak. Hacmi qulivvalarin mévcudlugu Gzra
birinci yaxinlasmanin halli

Ny =NP NP NG =ND+ NS N =ND +NE (10)

r [ L' Vq g q; ! rg«
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Burada N, N, N© - (6) diisturlari ils tayin olunan hacmi quvvenin movcudlugu zamani

mistavi elastiklik nazariyyssi tanliklarinin xtsusi hallidir; N®

L

olmadiqda mdistavi elastiklik nazariyyasi tanliklarinin Gmumi hallidir.

N&, NS — hecmi giivvaler

A.Q. Uqodgikov metodundan istifade etmakls, birinci yaxinlasmada N, N, N_
quwvvalari Ugun asagidakilari alariq:
N, +Nq :4Re{d) (z)—; aF} (11)
2h, 2(1+kK,) oz
N —N +2|Nr _ _ 1 0 2|q’
Tﬂl {zd)l(z)+‘{’1(2) 20+ Ky 82( Ql)}

burada K, = (3—m)/(L+m) — Musxelisvili sabitidir.

Bu (11) Gmumi tasavvirlere z=x+iy kompleks dayiseninin @,(z) va ¥,(z) analitik
funksiyalar va asagidaki diferensial tanliklarin istanilan xususi halli olan F,(z,z) ve Q,(z,2)
funksiyalari daxildir.

2 2
OF _F, Q% _E, (12)
0107 0z°
burada
. oh _oh )
F=X,+iY, =—(N® +iN{ N —iN{ 13
1 1 aX ( ) ay ( Xy ) ( )

(11) nisbatinin kdmayi ila tapiriq

N —iN, :cI)l(z)+ch(z)—e2‘q[zcllg(z)+‘11(z)]—1+1K0 6;1 Z(IiKO)[a(KOF Ql)} e’ (14)

®,(z) va Y,(z) kompleks potensiallarinin axtarigi Gcun asagidaki sarhad masslasing
gelirik

z|=R oldugda, @, (2)+®,(2) -e*[zd;(2) + ¥,(2)] = T @) (15)
Burada _ 1 okt {5 } 2q, 7 =Re™ oldugda.
f(q)_1+|<0 Re o +2(1+|< ) 62( Ql) |

F,(z,Z) va Q,(z,Z) funksiyalarini formal olaraq asagidaki kimi yazmagq olar:

F.(z2,7) = fdzf F(z,2)dz:  Q(z,2)= jdzj F(z,7)dz (16)

Birinci yaxinlasmada gargin vaziyyst @,(z) ve YW,(z) analitik funksiyalarinin kémayi ila
tayin edilir. ®@,(z) veo W,(z) kompleks potensiallari (15) sarhad sartlarindan N.I. Musxelisvili
metodu ils tayin olunur.

ZL )(_)dt, ‘Pl(z):12<1>1(z)+12<1)1[1)—1®1(z) (17)
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Serh olunan metoda uy§un olarag dayisen qalinhigh dairavi I16vha Ucun elastiklik
nazariyyasi masalasinin hallini bels yazmagq olar:

N, =fLren(rg) NO+eN;; N, =[i+eh(r,o)] N +e\[; N, =[i+eh(rg)] NO+eN;,  (18)

Burada N, N, N/ qivvalari (11) nisbetinin kémayi ils tayin edilir.
Alinmis (18) dusturlari dairavi 16vhanin galinhginin  dayismasinin  gearginliklarin
paylanmasina tasirini hesablamag@a imkan verir.X{susi hala baxagq.

1. Disk onun konturuna tatbig olunmus toplanmis quvvalarin tasiri altindadir
Tutaq ki, diskin konturuna iki barabsr va aks istigamatli (p, 0) va (-p, 0) quvvalari tasir

edir. Bu qivvalar absis oxuna paraleldir ve z, = Re' vo z, = Re'®P?) = —Re ™ néqtalarina
tatbig olunmusdur.
Bu halda sifirinci yaxinlasmanin halli asagidaki kimidir:
l\li"):2|o(cos3q1+ cosaqu_pCosa : ’\|§°):2p(sin2qlcosql +sin2q2cosq2]_pcosa;
2h, p n I PR 2 p n I PR
NG _Zp{sinqlcoszql _sing, coszqz}’
2h, p n I,

burada z, —z=re™"; z, -~z =r,e7%.

Birinci yaxinlasmada hacmi quvvanin alinmasi tcun (13) —dan istifads edilir. (16)
nishatinin kdmayi ila iss integralladiqdan sonra F,(z,Z) va Q,(z,Z) funksiyalarini tapiriq.
Tapilmis F,(z,Z) va Q,(z,z) funksiyalarindan (15)-a uygun olaraq f(g) funksiyasini tapirig.
®,(z) va Y,(z) kompleks potensiallari tayin olundugdan sonra dayisan galinligl dairavi diskin
gargin-deformasiya vaziyyatini tadqiq etmak olar.
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FAZA KECIDI OBLASTINDA iSL8YSN TERMOELEKTRIK GUCLSNDIRICISI
S.M. Abdullayev, N.I. Quliyev, Z.M. Zeynalov
Ganca Davlat Universiteti

Muayyan edilmisdir ki, Ag,S yarimkegirici birlasmasinds a-fazadan B-fazaya kecid zamani (a- ()
carayan, - a kegidi zamani iss garginlik giclanir. Bunun Ggln Peltye termoelementlar zancirinda giris
carayaninin istigamatini dayismak kifaystdir. Bu prinsip asasinda hazirlanan qurgu vasitasila ham kicik
carayanlari, ham da kicik garginliklari gliclandirmak olar.

Odabiyyatdan kicik garginliklarin termoelektrik giiclandiricisi barads malumatlara gox rast
galinir. O, iki termoceviricidan va aksina gosulmus termocitlardan ibaratdir. Termoceviricilar
istilik selini 6lgmak, qeydiyyat qurgusuna qosulmus termocitler isa signallari geyd etmak
ucindur.

Belo qurgunun catismazhigr metal termocitlerin méhkamlik smsalinin asagl olmasi ila
sartlenan hassasliginin kicik olmasidir. Lakin Zeebek effektine asaslanan mohkamlik amsali
yiksak olan qurgular mévcuddur. Bu qurgu Peltye termoelementindan, faza kecidi (FK) zamani
termoelektrik harakat qlivvasi sicrayisla artan Ag,Te yarimkecirici materialindan hazirlanmis
termoceviricidan ibaratdir. Bu guclandirici kicik carayanlari giclandirmays imkan vermir.
Subhasiz ki, ele giclandirici yaratmaq olar ki, takca kicik gearginliklari deyil, elacs ds Kicik
corayanlari guclandira bilsin. Bu magsadls els materialdan hassas element se¢mak lazimdir ki,
hamin element Zeebek amsalinin giymatina va kaskin temperatur artimina malik olsun. Bu zaman
hamginin dar temperatur intervalinda mugavimsatin gicli azalmasi zaruridir. Malumdur ki, Ag,S
yarimkegirici birlasmasi Ag,Te birlasmasinin oxsaridir va 425 K temperaturda FK-da malikdir.
Bizim apardigimiz tadqgiqgatlar gosterdi ki, Ag,S-de o termoelektrik harakst qiivvasi Ag,Te ils
mugayisada xeyli boyukdur va faza kecidi zamani giicli sakilds artir. Muayysn olmusdur ki, faza
kecidi zamani A,S-in elektrik mugavimati sigrayisla disir. Hamginin askar olunmusdur ki,
gimusin  kigcik miqdarda artigh@i(0.04-den 0.25 at % - Ag) o-nin artmasina, p-elektrik
mugavimatinin azalmasina ve faza kecidi zamani p-nun sigrayisla sekilli azalmasina gatirib
cixarir.

Sekil 1-da farz olunan qurgu tesvir edilmisdir. Qurgu Peltye termoelementindan -1; isci
lehimlar — 2; elektro tacrid olunmus termokegid — 3; termocevirici — 4; termostat — 5 ibaratdir. Bu
guclandiricida termogevirici Ag,S 0.004-0.25 at % hazirlanmisdir.

IJ_t

_—
LT
.

¢
o -;..1

K.X_dllx‘x_[!_t_;
<

Sakill. Gumiisla 0.04-0.25 at% miqdarinda asgarlanmis Ag,S-dan hazirlanmis termocevirici.
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Ag- olcileri 6x3x0.25 mm? olan nazik Idvha saklindadir. (425 K temperaturda faza
kecidina malikdir, FK zamani miigavimati bir neg¢a tartib disur) va elektrotacrid olunmus istilik
kecidi vasitasila Peltye elementlarina barkidilmisdir.

Guclandirici asagidaki rejimda islayir. Termostatda (5), termoceviricinin materialinin (4)
FK temperaturundan bir darace asa§l saviyyads temperatur miayysn edilir. Sonra Peltye
termoelementina giris carayani lg; verilir va hamin carayan termogeviricinin (4) temperaturunu
yavas-yavas yuksaltmays baslayir ki, bu da FK-nin hayata kecirilmasina gatirib ¢ixarir. Bu
mugavimatin 3-4 tertib azalmasi ile misayist olunur. Migavimatin bels kaskin azalmasi ondan
kegan carayanin 3-4 tartib artmasina gatirib ¢ixarir. Termoelementds (1) Ug;r signali verildikds
W=1Uyg;: guct ayrihr ki,bu da Q=W istiliyinin ayrilmasina gatirib ¢ixarir. Burada e=T/AT-f(z) -
soyutma amsali, f(z) —ioffe meyarinin funksiyasi, AT — faza kegidini hayata kegirmak (iciin
termoceviricinin (4) qizdinlcigr temperatur fargidir. Muasir termoelektrik materiallari Ggun
AT=1K va f(2)=0, 2 oldugda £=60, AT<1K oldugu zaman € daha ¢ox artir. FK-nin idars olunmasi
ucun enerji serfi mivafiq olaraq asagi dusir. FK oblastinda (T=425K) temperaturun 1K
dayismasi uclin lgir = 40 mA kifayatdir. Asagl temperaturlu o —fazadan p-fazaya kegid zamani
(o - PB) carayan, B a kecidi zaman isa garginlik guclanir. Bunun tgiin Peltye termoelementlari
zancirinda giris carayaninin lg;; istigamsatini dayismak kifayatdir.

Malum qurgularla miigayisads, bu qurgudan istifads ham Kicik carayanlarin, ham ds kigik
garginliklarin glclandirilmasini tamin edir.
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YUKSSK ENERJILI HISSSCIKLBRIN YARIMKECIRICI MATERIALLARLA
QARSILIQLI T8SiRI ZAMANI BAS VERSN EFFEKTLSR
N.D. Verdiyeva
Gonca Dovlat Universiteti

Magalada yuksak enerjili hissaciklarin yarimkecirici materiallara tasiri zamani bas veran
effektlar ve onlarin yarimkecirici cihaz va inteqral sxemlarin parametrlarinin deqradiasiyasi
arasdiritlmisdir. Malum olur ki, bu zaman iki név radiasiya effektlari asas rol oynayir: ionlasma
effekti va yerdayisma effekti. ionlasma effektlari yarimkegiricilarda sarbast yiiklarin yaranmasina
va cihazin mixtalif oblastlarda yigiimasina ssbab olur. Bu yiklar YC (yarimkegirici cihazlar) va
IS (integral sxemlarin) —larin parametrlarinin pozulmasina gatirir. Bu va digar sabablardan
kosmik saraitda islayan YC va IS -larin qorunmasi problemi yaranir.

Yuksak enerjili (stiratli) hissaciklar yarimkecirici materialdan kegdikds bir sira proseslar
naticasinda enerjisini itirir. Bu zaman har hansi hadisanin reallasmasi daracasi ham hissaciklarin
tabistindan va enerjisindan, ham ds materialin bir sira névindan asth olur. Bundan basga
hissaciyin yayildigi maddada enerji ayrilmasinin tabiati xarici saraitdan da astlidir. Umumi halda
yarimkegirici madda ils hissaciklarin (o climladan fotonun) garsiligh tasiri zamani asagidaki ilkin
effektlar bas verir:

Yarimkecirici madds atomlarin ionlasmasi (valent alagalarinin qirilmasi — dénan proses).

Atomlarin gafasin duyunlarindan yerini dayismasi (Frenkel citd tipli sads defektin
yaranmasi).

Yerdayisma olmadan atom va elektronlarin hayacanlanmasi (kristalin gizmas).

Nuva cevrilmalari.

YC (yarimkegirici cihazlar) va iS (integral sxemlar) parametrlarinin deqradasiyasi (siradan
¢ixmasi) baximindan iki nov radiasiya effektlari asas rol oynayir:

lonlagma effekti va yerdayisma effekti.

Yuksak enerjili hissaciklarin tasiri ila yaranan ionlasma effektlari maddads sarbast
yukdasiyicilar yaranmasina sabab olur. Yaranan yukdasiyicilar materialin hacmi boyik olan
yerlarini dayisir va movcud olan “talalar” tarsfindan tutulur. Naticeda cihazlarin muxtslif
oblastlarinda yiklarin yigilmasi bas vers biler. Bir gqayda olaraq bels yerlar muxtalif dielektrik
gatlaridir. Bu yi§ilmis yiikler YC va IS —in parametrlarinin degradasiyasini yaradir. Bunlar metal
— oksid —yarimkegirici (MOY) komplementar strukturlu metal —oksid —yarimkegirici (KMOQOY)
tipli texnologiya asasinda hazirlanmis YC va iS —dir. Bundan basga YC va IS —in aktiv va passiv
hissalarinda ionlasma effektlari naticasinds ionlasma carayani impulsu yarana biler. Bu impuls
corayanlari giymsatindsn ve slialanan materialin tipindsn asili olarag, ham dénsn ham da
donmayen xarakterli muxtslif effektlar yarada bilar. Masalen, metal —dielektrik —yarimkegirici
(MDY) tipli tranzistorlarin desilmasina sabab ola bilar.

Yerdayisma effektlori yarimkecirici maddsnin kristal qafesinde atomlarin  normal
vaziyyatindan c¢ixmasi ila slagadardir. Bu yarimkeciricinin kristal gafasinda qurulus defekti
yaradir va radiasiya defekti (DR) adlanir. RD-nin yaranmasi yarimkegirici materialin elektrofiziki
parametrlarini dayisir. Bu iss 6z ndvbasinds YC va IS —in xarakteristikalarini dayisdirir. Bela
tasirlar bipolyar texnologiya asasinda hazirlanmis YC va IS iiciin daha xarakterikdir.

indi yiiksak enerjili yuklii zarraciklarin yarimkegirici maddayatasirine baxag. Qeyd edak
neytronlardan fargli olarag yUkli hissaciklarin madds ils garsiligh tasirinda ilkin effekt atomlarin
ionlasmasidir. Bu zaman yarimkeciricids sarbast yukdastyicilarin konsentrasiya dayisir. YUklu
hissaciklar tasir etdikde maddads atomlarin ionlasmasindan slave atomlarin yerdayisma effekti
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(qurulus defektinin yaranmasi) da yaranir. Yukssk enerjili ionlarla yarimkecirici maddani
stalandirdigda madda atomlarina kicik migdarda enerji verilmasi ehtimali daha boyik olur.
Bilirik ki, tasir edsn ionlarin boyuk bucaglar altinda sapilmasi ehtimali azdir. Sapilmanin
anizotropiyas! naticasinda yerini dayisan ilkin atoma verilan orta enerji asagidaki ifads ila
hesablanir:

£ E ‘Ey E

a, max I a, max

*E, ..-E, E,

a, max

Kosmik fazadan daxil olan yiiksek enerjiliionlar i¢arisinds YC va IS — da struktur defektlari
yaradan an muhim sabab protonlardir. Digar ionlar (agir yukli hissacikler) maddads ssasen
ionlarin yaranmasina sabab olur .

Yarimkegirici kristaldan yuksak enerjili elektronlar kecdikda onlarin enerjisi asasan kristal
atomlarindan qeyri elastiki sapilmaya serf edilir. Bu ise atomlarin ionlasmasina va
hayacanlanmasina sabab olur. Bununla barabar enerjilari 200 —300 keV va daha yiiksak olan
elektronlar gafasin atomlarinin nivalarindan kulon potensialindan elastiki sapilarksn onlara E4 va
bundan boylk miqgdarda enerji vers bilar. Bu isa madda atomlarinin yerini dayisdirmasina va
Frenkel citlarinin yaranmasina sabab olur. Yarimkegirici maddanin elektronlarla stialandiriimasi
protonlarla sualandiriimasindan farglidir. Elektronlarin kitlasi protonlarin  kitlesindan ¢ox
kicikdir (~1840 dafs). Bu sababdan elektronlarin togqusma zamani madds atomlarina onlari
yerdayismaya macbur edacak relyativistik siratls (V — C) harakat etmalidirler. Bu zaman
elektron madda atomunun elektron buludunu kegir va niiva ila kulon garsiligl tasirinds olur.

indi yiiksak enerjili hissaciklarin tasiri ila yarimkegirici materiallarin elektrofiziki
xassalarinin xassalarinin dayismasina baxag. Yarimkeciricilarin asas parametrlari geyri -asas
yukdastyicilarin  yasama muddasti —t, materialin xususi mugavimati —p, yukdastyicilarin
konsentrasiyasi (yarimkeciricinin tipindan asili olaraq — n va ya P), yukdasiyicilarin yartklayd —p
gabul edilmisdir.

Yarimkegirici hissaciklarls stialandiriidigda geyri -asas yukdasiyicilarin yasama muddati
azalir.

Malumdur ki, ham donor, ham das akseptor asqgarla asgarlanmis yarimkegiricinin Xxususi
mugavimati va xisusi elektrik keciriciliyi asagidaki ifads ils tayin edilir:

S =r£:q(nm1+rmp)

g- elektronun va ya desiyin ytkinun modulu, n,p,un,u, — elektron va desiklsrin konsentrasiyalari
va yuruklaridir.

Yarimkecirici maddaya hissacikler tasir etdikde yukdasiyicilarin konsentrasiyasi va
yurukliyd ve demali xtisusi miigavimat ve xususi elektrik kegiriciliyi dayisir.

Yarimkecirici materiala tesir edsn hissacikler materialda dayanigli radiasiya markazlari
yaradir. Bu markazlar nainki rekombinasiya markazlari kimi 6zuni aparir, ham da yikdasiyicilari
elektrik kegiriciliyindan effektiv olaraq kanarlasdiran “tala” rolunu oynayir.

Natica olaraq Fermi saviyyasi yarimkegiricids gadagan olunmus zonanin ortasina dogru
yerini dayisir, yarimkegiricida asas yukdasiyicilarin konsentrasiyasi azalir, x{isusi mugavimati
artir. Eksperimental naticalar gostarir ki, yarimkecireicilards yikdasiyicilarin konsentrasiyasi
stalanma zamani (hissaciklar tasir etdikds) avvalca eksponensial olaraq azalir, sonra isa
hissaciklar selinin yiksak giymatinda Fermi saviyyasinin hadd vaziyyati ila muayyan giymats
yaxinlasir.
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Ag,S VO AgFeS; 8SASINDA iSTILIK SUALANMASI QSBULEDICILSRI
N.i. Quliyev, S.M. Abdullayev, i.i. Qasimov
Ganca Daovlat Universiteti

Ag,S va AgFeS, yarimkecirici birlasmalarinin elektrik va istilik xassslarinin sicrayissakilli
dayismasindan istilik gabuledicilari hazirlanmasinda genis istifads olunma imkanlari gostsrilmisdir.
Muayyan edilmisdir ki, bu birlasmalarin elektrik kegiriciliyi faza kecidi oblastinda ~AT=10-12 K
oblastinda 10 dafadan ¢ox dayisir va bu dayismadan istilik gabuledicilarinin yaradilmasinda istifada etmak
olar.

infragirmizi (IQ) siialanma fotogabuledicilari elmda va texnikada xiisusila da kosmosun
tadgiginda genis tatbigini tapmisdir. Bu magsadle CdxHgixTe, Pbi«SnsTe név darzonali
yarimkegiricilor daha genis tatbiq olunurlar. Onlarin gadagan zonasinin eni 0.1-0.15 eV
tartibindadir. Bu yarimkeciricilarda maxsusi yarimkegiricilik atmosfer pancarasina uygundur (CO
lazerlar) va bu sahada boyik nailiyyatler alda edilmisdir. Bitin bu gsbuledicilar maxsusi
keciricilik oblastinda islayirler. Bela gabuledicilarin yiksak hassasligina va askar etms
gabiliyyatina nail olmaq Ugciin onlari azot va daha asagi temperaturlaradsk soyutmag lazimdir.
Lakin, els sahalar vardir ki, ylksak hassasliq va askaretma gabiliyyati talab olunmur. Bu halda
“istilik” gabuledicilari daha genis tatbig olunurlar.

Bolometrlar, infragirmizi stalanmanin elektrik, termoelektrik, termomagnit va s.
gabuledicilari istilik gabuledicilari sirasina aiddirlar. Bu magsad Ugiin istifads olunan mixtalif
materiallarin effektivliyinin éyranilmasina ¢coxsayli tadgigatlar hasr olunmusdur.

Qeyd etmak lazimdir ki, Ag,S va AgFeS, birlasmalarinin elektrik va istilik xassalarinin
sigrayls sakilli dayismasinin genis imkanlari onlarin asasinda tskcs Kkigik carsyan va
garginliklarin termoelektrik gtclandiricilari hazirlamagla mshdudlasmir. Bu magsadla AgFeS, va
AQ,S birlasmalarinin elektrik keciriciliyi faza kegidi oblastinda 10 dsfadan ¢ox dayisir. ©gar
nazara alsaq ki, 10 defa dayisma ~AT=10-12K intervalinda bas verir. Onda farz etmak olar ki,
bela gucli dayismadan istilik gabuledicisinin yaradilmasinda istifads etmak olar. bu maqgsadls
(imidverici naticaler almaga imkan veran qurgu yigilmisdir. Hassas elementlor, 1x2x4 mm?®
Olcida, Ag,S va AgFeS, nimunalarindan hazirlanmisdir (qalinligi 1 mm). Hassas elementin isci
sathi ya gara rangls garalanmis, ya da cizilmisdir. Nimuna 6zays, 6zak iss qidirma Ugiin xususi
qurguya qurasdirilmisdir:  6zayin asasindan elektrik cahatden tacrid olunmus altliga
barkidilmisdir. Bunun Ggin iki variantdan istifada edilmisdir: elektrik cahatdan tacrid olunmus
althg yuksak ve asagi istilik keciriciliyina malik olmusdur. Hassas elementdan elektrik
kegiriciliyinin V, va ya miigavimatin Vg signallarini 6lgma carayani buraxiimisdir. infragirmizi
slialanma manbayini hassas elementin ssthina yonaltmays imkan veran xisusi qurgu
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yaradilmisdir. Ozaya dolanmis qizdiricinin kémayi ils ~435K temperaturadsk qizdiriimis va
T#£0.3+0.5 K gadar kigik ragslarla hamin temperaturda saxlaniimisdir. Bela temperatur faza
kecidi oblastina (FK oblastina) uygun galmisdir. Bu rejimds hassas elementin sathina 1Q siia
yonalmisdir. 1Q stianin manbayi garaldilmis lampa va ya gaytariciya malik elektrik qizdiricisi
olmusdur. Qizdirici ils hassas element arasinda buraxilan IQ stialarin dalga uzunlugu Ugiin
malum diapazona malik filtr goyulmusdur. Stalanma manbayi qosuldugda V, va ya V, elektrik
signallari minimumadak kompensasiya olunmusdur. Stualanma manbayi il hassas element
arasindaki masafe dayisdikca V(e) asililigi ¢ixarilmis va elektrik sahasinin udulan istilik
enerjisindan asithhg V(a) ils tutusdurulmusdur. ®lbatds, halalik hassas element tarafinds udulan
istiliyin Q dagig miqdari barada qarantiya yoxdur. Lakin, bu kristallarin tadgiq olunan
temperaturda istilik va elektrikkegiricilik amsallari asasinda alinmis naticalarin hesablanmasi
g6stardi ki, hassas elementin temperaturu 1K dayisdikds Vs va ya V, 100% dayisir, 0.2 K
dayisma zamani isa V, dayismasi 40% taskil edir. Hassas elementin 1K qizdiriimasi zamani W=5
mVt, 0.2K qizdirilmasi G¢tin isa 0.4 mVt talab edilir. Bu naticalar tacrlbi naticalarle muayyan
gader uzlasir. V(Q) asililigi barada dagiq naticalar almaq tciin bitin qurgulari malum qurgunun
bolometrin kémayi ils daracalsmak lazimdir. Halli talsb olunan digar masalalar ds vardir. Bu
masalalar tadgiqgat xarakterli masalalardir.
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SIMMETRIK YUKLBNM® DOVRIiYYSSINDS OZULUELASTIKI
MATERIALIN GORGINLIK V& DEFORMASIYASININ ZAMAN
ASILILIGININ MODELL®SDIRILMSSI
Y.B. Namazov, N.i. Quliyev, Z.M. Zeynalov, E.Z. Qocayeva
Ganca Dovlat Universiteti

Oziilielastiki materialin dévri yiiklanmanin tasiri altinda deformasiyanin va garginliyin
zaman astlihglart dyranilmisdir. Gostarilmisdir ki, digar modellarls miqgayisada 6zultelastiki
cismin standart modeli Ustiinliys malikdir. Onun asasinda aparilmis hesablamalar tacriibi
naticalarla daha yaxsi uzlasir. Bu naticalar tibb sahasinds genis istifads oluna bilar.

Miixtalif ~ ylklenma seraitlorinds  Ozulllelastiki  mdhitin -~ mexaniki  xassalarinin
modellasdirilmasi ham mexanika masalasi kimi maraglidir, ham da bdyuk tibbi maraq kasb edir.
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Bels ki, bu istigamatda tacribi tadgigatlarin xususila da bioloji toxumalarla apariimasi, demak
olar ki, mimkin olmur. Malumdur ki, adi fizioloji saraitlarda bioloji toxumalar mahz periodik
dayisan yuklanmanin tasirina maruz galir. [1, 3]. Materiallarin, giymat va isaraca dayisan
yuklanmaya garsl mugavimati, sabit yuklanmays maruz galan hamin materialin migavimatindan
xeyli farglanir [2, 4].

Bir sira islerde [2, 3] dovri ylklanmays maruz qalan o6zlluelastiki materialin
deformasiyasinin zaman asililiginin  modellasdirilmasi zamani, hesablamalar iki parametrli
Maksvell va Foygt modeli Ggln aparilmis ve gostarilmisdir ki, alinmis naticalar tacribi
naticalarle o gadar da yaxsi uzlasmir [4, 5].

Ona gora da hazirki isin maqgsadi periodik yiklanmays maruz galan 6zilielastik materialin
deformasiyasinin zaman asihiliginin, tgparametrli Kelvin (standart dzulUelastiki cisim) modeli
asasinda modellasdirilmasi olmusdur.

Elastiklik elementinin parametri E — elastiklik modulu, 6zlilik elementinin parametri iss n
— Ozlulik smsahdir. Maksvel modelinda bu elementlar ardicil Foygt modelinds isa paralel
birlasdirilmisdir.

Oziiluelastiki cismin standart Gigparametrli modelinds (Kelvin modeli) E; modulu elastiki
element, 6z aralarinda paralel birlasdirilmis E, elastiki va n 06zili elementlarls ardicil
birlasdirilmisdir. Standart modeli tasvir edan diferensial tanlik

S +ﬁs =Ee+ EiE, (1)
h
saklindadir.
Periodik yiklanma zamani (1) tanliyinin Kelvin modeli t¢tn halli
2 20,2
Ahw| exp _Eaiy s (BB, +Ez +h7W7) sinwt — coswt
h Ehw
e(t) = )

E? +h?w?

Deformasiyanin standart model t¢iin qurulmus zaman astliliglari kemiyystce Foyqgt modeli
uctn qurulmus qgrafike oxsardir. Sakil 1. Lakin Kelvin modelinds deformasiyanin amplitudu 2
dafe coxdur. Bu modelds Ozlulik elementi ile paralel birlagsmis elementin E; elastiklik
modulunun dayismasi E; elastiklik modulu kimi deformasiyaya az tasir gostarir. Oziililelastiki
cismin standart modelinda aparilmis hesablamalarda deformasiyanin fazaca gerginlikdan geri

galmasi musahida olunur.

Belalikla, apardigimiz tadgiqatlar gostarir ki, dzullelastiki materialin dovrii deformasiyasi
uzrs alinmis tacriibi naticalarls, digar modellarle migayisada 6zllielastiki cismin standart modeli
daha yaxsi uzlasir. Sandart model Gzra alinmis naticalar tibb sahasinds elektromioqrafiyada
istifada oluna bilar.
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415 e =

b)
Sakil 1. Kelvin modelinda simmetrik doévri yiklanma tguin garginlik (qiriq xatlar) ve deformasiyanin zaman
astliliglari. a) Tezlik 1Hs, elastiklik modulu E;=90Qpa, E,=0,6Qpa, 6zlulik amsali 1QPa-10QPa;
b) tezlik -1Hs, elastiklik modulu E;=90QPa, E,=0,6 QPa — dan (1) 1,5 QPa — ya gadar, 6zIuluk
amsall 1QPa.
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OCOBEHHOCTW 3NEKTPOMPOBOAHOCTW MNPV ®OTO -
PEHTITEHOBCKOM BO3BY>XAEHNAX
E.X. Moscumos, .M. MoBcumoBa, 3.M. 3eliHanoB, B.X. PyctamoB
"AHA>KMHCKUIA TOCyjapCTBEHHON YHUBEPCUTET

WccnegosaHo BAX kpuctanios TlinSe; npu (hoTo— U PEHTFEHOBCKUX BO3BYXAEHUSAX.
BbluncneHbl napameTpbl /IOBYLUKM Y OHU OKa3aMCb paBHbIMU: N4 ngoc/ie PeHTreHOBCKOro
B0O36YXaeHMs okasanmch: 3-10%° cm® u 3,2:10" cm®, cooTBeTcTBEHHO. TakKe WCCAeAOBaHbI
3aBMCUMOCTM KO3(PMULMEHTOB PEHTrEHOMPOBOAUMOCTA OT WHTEHCUMBHOCTEW 06/ydeHus ans
MOHOKpUCTan0B TlinSe; Npu pasMUHbIX YCKOPAIOLWMX HANPSKEHNAX Va U ONPeaeneHo, uto
BeNMyMHa Kosh(puumeHTa Ky 3KCMOHEHUMasIbHO YMEHbLUAETC C POCTOM YCKOPAILWEro V,u
[03bl 0611yyeHus E.

Cpeay COMCTO —LienoYeyHbIX nomynposogHnkos Tuna AB°CP, (A-TI; B-Ga, in; C-S, Se,
Te) Hanbonee YyBCTBUTENbHLIMU K PEHTFEHOBCKOMY W3/YyHYEHUIO ABAAKOTCA MOHOKPUCTabI
TlinSe, [1-3]. CornacHo [4] [aHHbIM 3MEKTPOHOrPAPUUECKOrO W PEHTTeHOrpauueckoro
aHanm3a TlinSe, ABNAETCA CTPYKTYPHO —KOOPAMHALMOHHBLIM aHanoroM 61HapHOro CoeuHeHMs
TISe, B koTOpom MoHbI TI¥*3amelLieHbl oHamu in*.

IKCNepPUMEHTa/IbHO YCTaHOB/IEHO, YTO Masias BeIMYMHA TEMHOBOIrO TOKa B KpucTainax
TlinSe, [4], obycnoBneHa CO6CTBEHHbIMM fedeKTamn pelleTku. CBefieHns O NpUpode 3TUX
AeheKTOB U BAUAHUE Ae(heKTOB YMakOBKM Ha 3/MIEKTPUYECKME CBOMCTBA B HeNlerMpoBaHHbIX
KpUCTa/INIOB, a TakKXe B3aMMOAENCTBME 3TUX [Ae(eKTOB C pafvauvoHHbIMU fedeKTamu [0
HaCTOSALLEr0 BpeMeHN UcCnefoBaHbl HeJOCTaTOUHO.

Moatomy o06Lein 3agayeil HacToswel paboTbl ObINO  NPOBeAEHNE  KOMIMIEKCHbIX
3KCMEPUMEHTA/IbHBIX  UCC/Ie0BaHUI NPOBOAMMOCTY U penakcauun Toka B TlinSe, npu (oTo u
PEHTIEHOBCKOM BO30Y)XAEHWUMW, C LEe/bI0 BbISCHEHUA MPUPOAbl AeeKTOB B UCCNe0BaHHbIX
KpucTasinax.

MOHOKpUCTa//Ibl BblpaLLMBa/IUCL METOA0M Hanpas/eHHOW KpUCTaIn3aLMm, OnnucaHHbIM B
pabote [5]. MoHOKpUCTanbl UMeNM TeTparoHa/lbHyK CTPYKTypy, 061aganm p-TUNom
NPOBOAMMOCTA C KOHLieHTpaumeli aplpok 2.5-10" cm® (p~107-10°0Om-cm). UccnegosaHble
06pasubl UMenn pasmepbl 2x2x1 MM°. OMWYECKME KOHTaKThl K KPUCTa/iaM HaHOCWUAUCH
NNaBNeHNEM WHAMA K NPOTUBOMO/IOXKHLIM MOBEPXHOCTAM NACTUH. [nowaib 3/1eKTpoaoB
coctaBnsna 0,2-0,3 MM% a paccTosHMe Mexay HUMW paBHsnocb ~150-200 MKM. Bbin
uccnefoBaHbl BOMTb-aMnepHble (BAX B pexumMe (OTONPOBOAMMOCTU) W PEHTreH403MMeT-
pUUECKME XapaKTEPUCTUKM NPY Pa3NyHbIX 3MeKTPUYECKUX Nonsax B MHTepsane 10%-10%V/cm un
TemnepaTypax 120-320 K. 3HayeHuA 03 PEHTreHOBCKOro M3Ny4yeHUs N3MepeHbl LO3UMETPOM
Tmna APr3 -02. Ona (hoToBO36YXAeHNA00pa3vyoB MCMOMb30Ba/M  flaMrbl  HaKanMBaHUA
MoLLHOCTbH0 400 BT (A=1,2 MKM).

Ha puc 1 npefcTaeneHbl TemrnepaTypHble 3aBucuMocTn  ototoka (1, 3) m
PEHTTEHOMNPOBOAUMOCTH (2, 4) MoHoKpucTannos TlinSe,. Kak cnegyet u3 puc 1, kp.1 oTOTOK
KPUCTa/INIOB 3KCMOHEHUMabHO pacTeT B MHTepBanie 140-285 K, Bblle KOTOPOro HacTtynaet
TePMUYECKas akTuBaLms (POTOTOKA. MOSB/IeHMe y4acTKa TEMMEPaTYPHOro ratleHus (poToToKa C
aHepruen aktmBaumm E~0,42 3B npu 285 K 1 ans cnabbix ypoBHe BO3BYXAeHMS M3 061acTy
COOCTBEHHOrO MOT/IOLLEHMA CBETa CBA3AHO C OMTUYECKON Mepe3apsiKkoin Mexay r- LeHTpamu un
MesnkumMn akuentopamu (Ev). C pocTOM YpOBHSA BO3OYXAEHWA, KaK BUAHO U3 KP.3 Temneparypa
raweHms (oToTOKa CMeLLaeTCs B CTOPOHY BbICOKMX Temnepatyp. WHble pesynbTaTbl Hamu
MoflyyeHbl NpPU PEHTreHOBCKOM BO30YXAeHUM KpucTanioB XXXX. Kak BUAHO U3 PUCYHKOB

190



BDU-nun Fizika Problerlari institutunun yaradilmasinin 10 illiyina hasr olunmus
Beynalxalq konfrans

(XXX, XXX) NpY PeHTreHOBCKOM BO3[ENCTBMM HabnofaeTca cnabas akTvsauusi (hOTOTOKa B
nHTepsane 120-350 K

Takum 06pa3oM, NpU reHepauum OLMHAKOBOrO KO/MYeCTBa CBOOGOAHbLIX 3/1EKTPOHHO-
[bIPOYHbIX Nap B MOHOKpucTannax TlInSe, B pe3y/nbTare MOrnoweHns (oTo U PeHTreHOBCKUX
KBaHTOB HabNtOaeTCA HEOAMHAKOBbIE BE/IMYMHBI MPOBOAMMOCTH.

4F

I LA
‘!If

3 -1
10 /T, K

Puc 1. TemnepaTypHas 3aBUCMMOCTb TOKa MOHoKpucTanina TlinSe, npu hoToBo36y»aeHnn (kp. 11 3) 1

npy PeHTreHoBCKOM BO36Yy)aeHUM (Kp. 2 1 4). Kp. 1 1 2 cnabblilypooBeHb  BO30YXKAEHWN,
Kp. 314 BbICOKUIA YPOOBEHD BO3OYXKAEHUMN.

[na BbIACHEHUS MPUYMH  YKa3aHHbIX Pa3Nnyuunii NPOBOAMMOCTV MpPWU  PEHTTEeHOBCKUX
BO36Y)KAEeHUW OblNM NPOBEAEHbI U3MEPEHNS PEHTIEHONPOBOAMMOCTN MOHOKpucTannoB TlInSe; B
061aCTN MasbIX U BbICOKMX MHTEHCUBHOCTENA.
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Puc 2. 3aBUCMMOCTb KOI(P(ULMEHTOB PEHTIEHONPOBOAUMOCTU OT UHTEHCMBHOCTY 06/1y4YeHNs Anist
TIinSe, Npu pPasnMyHbIX YCKOPAIOLMX HanpskeHnsax — V, (T=300 K 1 F=22.10% B/cwm).
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Ha puc 2 nokasaHbl 3aBUCMMOCTU KO3(PMULMEHTOB PEHTreHONPOBOAUMOCTM  OT
WHTEHCWBHOCTE 06/TydeHnst Ana MOHOKpUCTaioB TlinSe, npu pasinuHbIX YCKOPSHOLLMX
Hanpskerusix  (T=300K, F=2-10° V/cM). BWAHO, uTO BeAMuMHA  Ko3thduumeHTaK,
9KCMOHeHLMaIbHO YMeHbLIaeTcs ¢ poctoM —V.um E (kp. 1-5). Kak crnegyet U3 nosyyeHHbIX
JaHHbIX, KoahumumeHTbl K, An19 BCex 006pasLoB YMeHbLUAKTCA CcorfiacHo [6], Kak no mepe
BO3pacTaHusa [03bl 06/1yYeHUs , TaK U C YBE/IMYEHWUEM BENNYNHBI YCKOPAIOLLEr0 HanpsXXeHWs.B
paboTe YCTaHOB/IEHO, YTO r- LIEHTPbl PEKOMOMHAUMK, PONb KOTOPbLIX BbIMOMHAKT r/yboKune
KOMMEHCHPOBaHHbIe aKLeNTopbl, OTBETCTBEHHbI 32 OMTUYECKME U POTOINEKTPUYECKIME CBOMNCTBA
MoHoKpucTanios TlinSe,.

MMpoBeAeHHbIE OMbITbl MOKasain, 4YTO MNPU reHepauuv OLUHAKOBOIO  KO/MYeCTBa
CBOGO/HbIX 3/IEKTPOHHO —AbIPOUHbIX Nap B MOHOKpucTannax TlinSe, B pesynbTate norfoLieH!s
(hOTO —M PEHTreHOBCKWUI KBaHTOB HabNOLaeTCs HEOAMHaKOBblE BeMUMHbI MPOBOAUMOCTH.
MosiBNeHNe yyacTKa TeMMepaTypHOro raweHus ()oToToka ¢ 3Hepruei aktusauum E~0,42 3B
npy 285 K 1 anga cnabblX ypoBHe BO3BYXAeHMS U3 061acT COGCTBEHHOIO NOr/OLLEHNS CBETa
CBAA3aHO C OMTMYECKON Nepe3apsaLKor MeXAy r- LeHTpamu 1 MefiKumu akuentopamu. C pocTom
YPOBHA BO3OYX[EeHWS, Temneparypa rawleHus (hOTOTOKAa CMeLaeTcs B CTOPOHY BbICOKUX
Temneparyp.

M3 TemnepaTypHbIX 3aBUCUMOCTEN PEHTIEHONPOBOAMMOCTM M (DOTOMPOBOAVMMOCTY BUAHO,
YTO Ha TOKOMPOXOXAeHWe  06pa3LoB C POCTOM TemrepaTypbl CYLECTBEHHbIE B/IUAHME
OKasblBaeT AW (Y3MOHHas COCTaB/AOWLAA, TaK KaK C POCTOM TeMmrepaTtypbl B pe3y/bTare
TEPMUYECKOW reHepauuy HocuTenieid 3apsas B 30HY MPOBOAUMOCTM  PacTeT WX BKad, 4TO
MPUBOAUT K POCTY PEHTIeHONPOBOAMMOCTM 1 (POTONPOBOAUMOCTI C TEMMNEPATYPOIA.
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NADIR TORPAQ ELEMENTI iTTERBIUM iL8 ASQARLANMIS Ga; Se;
KRISTALININ YAPISMA S8ViYYSLBRININ ToDQIQi
S.i. Bliyev, Z.M. Zeynalov, N.i. Quliyev, T.T. Tahirova
Gonca Dovlat Universiteti

Coxsayl tadgigatlar gostarmisdir ki, genis zonali yarimkegciricilarda yapisma saviyyalarinin
tadqiqi Gsullarindan biri de hacmi yiiklerle mahdudlasmis cerayan (HYMC) tsuludur. [1] A"
Bs"' grupundan olan kristallarda gadagan zonasi muxtalif parametrli lokal saviyyalarls, defeklarls
va s. zangindir. Bu saviyyslarin geyri- tarazliq proseslarinda ¢ox mihiim shamiyyat vardir. isda
hadir torpaq elementi itterbium (YB) ila asgarlanmis Ga, Ses kristallarinin yapisma saviyysalari
HYMC Usulu ils tadgiq edilmisdir. Kristallar kubik qurulusuna malik oldugundan niimunalsrin
galinhgd ~220 mikron atrafinda hazirlanmisdir. Nimunalarin (zarina B® -2 yapisdiricisinin
komayi ila (va ya har hansi digar analoji xassaya malik yapisgan) spirtda hall olunmus nazik
tabagasi ¢akilir va lehimlayici vasitasila ndgtavi indium ( Jn) kontakti vurulmusdur.

Kontakt zondu olaraq diametri ~0,1 mm olan mis nagillarindan istifads olunmusdur.
Nimunalarin volt-amper xarakteristkasi (VAX) 0yranilmis va ikigat logarifmik miqyasda asililiq
qurulmusdur. Muxtslif temperaturlarda ¢ixarilmis VAX — da HYMC rejimi ugiin xarakterik olan
lic sahe miisahida olunmusdur. Xatti (J~ U), kvadratik (J~U?), asililiglari va carayanin kaskin
artdigi hissa (J~U"). Sgar gadadan zonasinda yapisma saviyyalari vardirsa injeksiya olunan
yuklarin bir hissasi onlara ilisar va bu zaman VAX- 1 mahdudlasar, hamin saviyyalar tam
doldugdan sonra VAX- da ilismasiz kvadratik asililiq misahida olunur. [2]Bu haldan sonra
corayan kaskin artir. Carayanin artmasina uygun olan garginliyin giymatini bilmakla yapisma
saviyyalarinin konsentrasiyasini va enerjisini hesablamaq olar. VAX-in xarakterina asasen enerji
saviyyalarinin monoenergetik paylanmasi musyyanlasdirilmisdir. Carayanin kaskin artimindan
bilavasite qgalig kvadratik asililigin olmasi goésterir ki, bu yapisma seviyysleri “dayaz”
saviyyalardir.

VAX-dan istifada edarak itterbium ils asgarlanmis Jn- Ga, Ses- Jn<Yb> kristalinin otaq
temperaturunda elektrik kesiriciliyi (s ), aktivlesma enerjisi (E;) va talalerin konsentrasiyasi
(yapisma saviyyalari) (Ny) tayin edilmisdir [3].
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POTOAKYCTUNHECKOE ABJIEHVE B
MOHOKPUCTANNAX TlIng g9 Ago01Se2
B.x. Pyctamos, E.X. Moscymos, /.U. Kacymos,
A.6. Hamasos, E.M. Mawmezos, 1.3. Moxcymny
AHA>KUHCKUIA [TOCYAapCTBEHHbIA YHUBEPCUTET

Hamy  6b10  1cCnefoBaHO — aKyCTO(OTOBONbTAUYECKU  3((eKT B COeLUHEHUM
TlINg 99AQo 01S€2 C LieNbio BbIABNEHMSA BO3MOXHOCTW CO34aHUS HA ero OCHOBEe MPUHLMNUaNLHO
HOBbIX TWMOB npeo6pasoBaTenell, B TOM 4YWUCIE MHOTMOMYHKLMOHAIbHLIX MNPUEMHUKOB
N3NyYeHus.

Bblnn B3Tbl MOHOKPUCTa/IIMYECKME NNACTUHKM TonwmHon 0,3 + 0,5 mm 1 wnpunHoin 10,5
MM C ABYMSi CUMMETPUYHBIMU OMUYECKMMMN 3M1EKTPOLAMU, OTCTOALLMMU Ha paccTosHUM d=3+8
MM, Yepe3 KOPOTKUIN XKECTKNIA aKyCTUYECKMIA KOHTaKT YCTaHaB/MBA/ICA Ha M3/1yyaTeslb 3BYKOBbIX
BOJH. MccnepoBaHms MPOBOAWAMCH MO METOAMKE OnucaHHoi B paboTe. [1,2]

BbisBun, 4To Npy 06/1y4YeHUNU UCCNef0BaHHbIX (ha3 3/1EKTPOMArHUTHLIM U3yYeHVEM B
OTCYTCTBUW BO3[ENCTBMA 3BYKOBbLIX BOJIH OTCYTCTBOBas1a 3aMeTHast 3 C Ha anekTpogax, Tak e
KaKk M namaTb Npu BO3LeWCTBUM 3BYKa. OfHAKO Npu O4HOBPEMEHHOM BO3[eWCTBUM CBeTa U
3BYKOBbIX BO/H 0T 100 go 107 'y Ha 3neKTpoAax nossnseTca cywectseHHad 4C.

BennunHa akyctooToBoIbTanueckon 3C 3aBUCUT OT MHTEHCUBHOCTU U CMEK TPaJibHOro
cocTaBa CBeTa, a TakkKe OT YacTOTbl M aMIUTYAbl 3BYKA M MOXET ObiTb CBELEHO K HY/IO
abCoOMOTHLIM 3aTEMHEHMEM KPUCTaIA UIN XKe CHATMEM aKyCTUYeCKOW BO/HbI. [nsa o6pasLos
pa3nMyHOro cocrasa Npu amnanTyge HanpsxeHus nutaHna usnydarens 10 B n ocselleHHOCTH
1000 nKc BenMuYMHa BO3HMKatOLLEn hoToBOMbTanyeckoin SC BapbMpoBasachk B npegenax oT 1
fo 15 B.

Pe3ynbTaTbl UCCNefOBaHUS aKyCTO(hOTOBO/IbTAMYECKOrO 3dheKTa B MOHOKpUCTase
Tlng 99Ago 01Se, NpuBogaTcA Ha puc.l. Kak cnegyetT u3 puc. 1 npu 3HAYEHUM YacTOTbl
aKyCTM4eckolr BOoMHbl 15KkIL, Ha cnekTpe HabMo4aeTcs APKUA MakCUMyM, COOTBETCTBYHOLLMNIA
aHeprum 0.9 3B. A npu 4acToTe aKyCTUYeCKOW BOMHbI 15KIL, MosBNseTcsa AOMONHWUTENbHbIN
MakcumMym npu 1,23B 1 muHumym 1,1 3B, a cnekTpasibHaa yyBcTBUTEeNbLHOCTL 0,52 1 1,513B
COOTBETCTBEHHO. Npun yacToTe 50Kl (prc.1) MHTEHCMBHOCTL Hab1O4AEMOr0 LOMOHUTENBHOMO
nMKa cooTBeTCTBYeT 3Heprun 1,33B, a muHumym 1,23B. MonoxeHve OCHOBHOIMO MakCMmyMma
MPaKkTUYECKN He 3aBMCUT OT YacTOTbl 3BYKOBOW BOJIHbI. I B nocnegHem criydae crnekTpasibHas
061aCTb He U3MEHSETCS T.e. aKyCTO(OTOBOMbTaNYeCKMiA IPEKT BO BCEX Cyvasx HabnoLaeTcs
B 06/1aCTVW CcrieKTpasibHOW YyBCTBUTENLHOCTU TlINg 99AJ0,01S€2

C yBe/fMYeHVeM 4acTOTbl 3BYKOBOW BOMIHbI Ha 20K, WHTEHCMBHOCTb, OCHOBHOMO
MakKcuMyma YymeHbLUuaetcsd, npu 4actote 50 Kl WMHTEHCMBHOCTbL MEepBOro MakCMMyma He
N3MeHseTCs, a BTOPOro MakCUmMyMa yBe/inynBaeTCs.

Taknum 06pa3oM, HaMW BbISIBMIEHO, YTO MPU NOCTOSHHOM OCBELLEHMU U NPU OLUHAKOBbIX
YCNOBMAX C W3MEHEHWeM 4acTOoTbl NajaloLero CcBeTa MOXHO YNpaBiATb  XapakTepom
CreKTpa/ibHON 3aBucuMocTM [C akycTo(OTOBOAbTAMYECKOro 3(P(heKTa M ToKa KOPOTKOro
3aMblKaHMS.

Mpwn 60nee BbICOKMX MHTEHCUBHOCTAX BUAMMOIO CBeTa HabNto4anoch NOHOE HacblLeHne
NOKC-BONbTAXKHOW XapaKTePUCTUKM BbISBMIEHHOT0 3(deKTa 1 NocefyoLLmiiA cnag ero ¢ pocTom
WNHTEHCUBHOCTW.
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AKyCTO(OTOBOIbTAUYECKMI IPMEKT MOXHO paccMaTpuBaTh Kak U3MEHEHWE W3BECTHOIO
aKyCTO3/IeKTPUYECKOro ahdpekTa nof BO3feicTBMEM cBeTa. Pusmyeckas CyLLHOCTb Camoro
aKyCTO-3/IEKTPUYECKOr0 3(pheKTa CBOAUTCA K BO3HWKHOBEHWIO B MOMYNPOBOAHMKAX 3.4.C.
BCNEACTBME YBNEYEHUS HOCUTENEN TOKa B HEM YNPYroi BO/IHOW.

C yBenMyeHVeM 4acCTOTbl 3BYKOBOWA BOMHbI Ha 20Kl WMHTEHCMBHOCTb, OCHOBHOIO
MakCUMymMa YyMeHbLuaeTcs, npu 4yactote 50 KIL, WMHTEHCMBHOCTb MNEpPBOro MakCumyma He
M3MEHSETCA, a BTOPOro MakCMMyMa yBe/IM4MBaeTCs.

R B SR TR Ty
Puc. 1 CnekTpasibHas 3aBUCMMOCTb TOKa KOPOTKOIO 3aMblKaHWsA BOJTHbI A1 —
10kIMy; 5kIMy; B-20KIMy; 50k y; 60kMu; 60,5KkMy; 60,7kIMy; 61,2KIL,

Takum 06pa3om, HaMU BbISIBNIEHO, YTO MPY NOCTOSHHOM OCBELLEHUM W MPU OAMHAKOBbIX
YCNOBMSIX C W3MEHEHMEM 4YacTOTbl MNajaloLlero CBeTa MOXHO YNpaBiATb XapaKTepom
CneKTpanbHoi 3aBucumoctn 1 3AC aKycTohoToBOAbTaMYECKOro 3dhdeKTa M TOKa KOPOTKOrO
3amblkaHus. Mpy 6onee BbICOKMX WMHTEHCMBHOCTAX BUAMMOro CBeTa HabMoAanoch MoHoe
HaCbILLIEHVE NFOKC-BOMbTXXHON XapaKTePUCTUKUN BbISBIEHHOTO adekTa 1 nocnefyrowmii cnag
ero ¢ pOCTOM UHTEHCUBHOCTW.

AKYCTO(OTOBONbTANYECKMI 3(h(heKT MOXHO paccMaTpumBaTb Kak M3MEHEHWE W3BECTHOMO
aKyCTO3/IeKTPMUYECKOro aghdpekta nof BO3felicTBMEM cBeTa. Pusmyeckas CyLLHOCTb Camoro
aKyCTO-3/1eKTPUYECKOro athheKTa CBOAUTCA K BO3HWKHOBEHMIO B MO/YMNPOBOAHMKAX 3.4.C.
BC/IeAICTBME YB/IEYEHWSI HOCUTESIEl TOKa B HEM YNPYrol BOSTHOW.

O6HapyXeHHbIN adekT B KpucTannax TlingggAdooiSe; MOXET HaWTh LWKNPOKoe
TEXHUYECKOE NPUMEHEHWE B Pa3/IMYHbIX 061aCTAX, B YACTHOCTW B MMAPOIOKaLMK, Y NOABOAHBIX
NINHUAX CBA3W, OMTUYECKWX MepeKoyaTeNiaX, 4YacTOTHbIX [AUCKPUMMHATOPAX OMTUYECKOro
[vanasoHa, a TakKke B KayecTBe MPUHLMMUAIbHO HOBbIX TWUMOB YMNPaBAAKOLMX CeNeKTUBHbLIX
MPUEMHWNKOB U3/TyHYeHNS.
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YARIMKECIRICI SRINTILBRIN iSTILIKKECIRICILIYI
Z.M. Zeynalov, N.i. Quliyev, E.X. ismayilov, T.N. Baxssliyeva
Ganca Daovlat Universiteti

Termoelektrik qurgularda halledici rol oynayan parametr Kkimi yarimkegiricilarin
effektivliyi miayyan maraq kasb edir.Yarimkegirici arintilarin termoelektrik xassalarinin, o
cuimladan istilikkecirmasinin dyranilmasi bu materiallarda sapilma va dasinma mexanizmini
aydinlasdirmaga imkan verir. ®vvalca bir ne¢a sistemlar (glin tacribadan alinan naticalari
nazariyyanin verdiyi giymatlarle mugayiss edsk. Malumdur ki, termoelektrik materiallarin
secilmasinda istilikkecirmanin va yikdasiyicilarin yirikliydnin hesablanmasi muhim  rol
oynayir.

A.M. loffe gostarmisdir ki, bark garisiq tipli yarimkegirici materiallarda arintinin terkibinda
ikinci komponentin migdarinin artmasi ils istilik kecirmanin fonon pay! yirikliya nisbstan daha
kaskin artir. Bu zaman ilkin elementa nisbatan arintinin termoelektrik effektivliyi artir. Bu
xassalara gora de an yaxsi termoelektrik materiallar iki ve daha cox elementdsn va binar
birlasmadan ibarat bark garisiglar hesab olununr. Yarimkegirici ceviricilardas istifads olunan bark
ganisiglar, mahlullar va arintilar atrafli tadqiq olunmusdur va onlarin istilik xassalari
oyranilmisdir. Gosterilon bark garisigin daha maragli olan taerkiblari Geg,Sips Vo Geg3Sioz
olmusdur va onlarin gadagan olunmus zolaginin eni uygun olarag 1,1 V va 1,0 V-a barabardir.

Germanium ila silisium srintisine muxtslif asgarlar vurmagla elektron (n-tip) va desik (p-
tip) keciriciliyi almag olur. Bor va qgallium ils asqarlanma desik kegciriciliyi, fosfor va arsen ila
elektron kegiriciliyi yaradir.

loffe nazariyyasina géra arintinin tarkibinda 50 at% Si olan terkib yaxsi termoelektrik
materialidir. Bu srintinin istilikkecirma prosesinda asas fonon payl oynayir. Yukdastyicilarin
konsentrasiyasinin 2,2 10* sm™ —dsn 1,5 10%° sm™ -3 gader artmasi zamanin n-tip arintida
istilikkecirmanin fonon pay1 texminan iki dafs, p-tip arintininki iss taxminan 30% azalir.

oI T, 7 JI3.5 Je 7 F&e F T4 5

Sakil 1. istilikkegiranin fonon payinin temperaturdan asiligi (n-tip
Gey 3Sip 7 arintisi U¢lin kosentrasiyanin muxtalif giymatlari. )

Sakil 1-ds tasvir olunan bu asililig fonanlarin asqarlarin elektronlardan (n-tip arintida)
sapilmasinin naticasi kimi izah olunur. Nazardan kecilan bdttn tarkiblar Gglin fonon-elektron
sapilmasi naticasinda istilikkegirmanin fonon payinin temperaturdan asihgi T -dan farglanir.

Aparilan tadgiqatlar géstermisdir ki, srintinin tarkibindsa germaniumun miqdari azaldigca
fonon -elektrron sepilmasinin rolu azalir.Bu arintilarda istilikkecirmanin fonon payinin T
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asthgindan kanaragixmasi bu niimunalarda fonon-elektron sapilmasinin olmasi ila izah olunur ki,
bu da asqgarlarin migdarinin artmasi ila zsif dayisir.

Alcaq teperatur iniversalinda (200-600K) yuksak effektivliya malik termoelektrik material
kimi n-tip Bi,Tes-Sbh,Tes sistemi arintinin tarkibinds Bi,Tes-Sb,Te; migdart 70mol% olan va
tellur artighgr 3 at% olan daha effektivliyi hesab olunur. Temperatur intervali dayisdikca tarkibds
olan Sh,Te; birlasmasinin miqgdari 10-70 mol% intervalinda dayisir. Otaq temperaturunda bu
bark arintinin gadagan olunmus zolagin eni 0,14-0,2 eV giymat alir. Bu sistem bark arintinin
istilik-fiziki xassalari genis temperatur intervalinda Oyranilmisdir. Odur ki, yarimkeciricilarda
elektron va desiklarin giicu sapilmasi yalniz uzaq tartibli pozulmalardan ola bilsr ki, bu da
arintilara xas olan pozulma deyilir.

Belalikla bark qanisiglarda (erintilarda) yukdastyicilarin yartkliyu azalmasi deyil va
yurukliyin gafasin istilikkegirmasina nisbati artacaq. Birinci arintinin istilikkecirma amsali
temperaturun artmasi ila ~200°S temperaturdan azalir va sonra bipolyar diffuziyanin yaratdigj
alava istilikkegirma hesabina daha kaskin artir. ikinci arintida istilikkecirma amsalinin azalmasi
~100°S temperaturadsk davam edir va sonra o da kaskin artir. Miixtslif tadgigatlarin naticalari
gostarmisdir ki, qurgusunun tellur va vismut-tellur yarimkecirici arintilari termoelektrik
soyducularda istifads tictin daha yararl materialdir. Tamamils tabii olarag bu birlasmalarin istilik
xassalarinin éyranilmasi boyik maraq kasb edir. Onlarin aridilmasi zamani hamisas istilikkegirma
amsali azlir, bu isa 6z ndvbasinda termoelektrik effektivliyinin artmasina galir.

Termoelektrik material kimi senaye magqsadi ila alinmis arintilarin (BiogSb1,Tes va
Bi,Te, 4Seg6) istilikkecirma amsalinin temperaturdan asililigina baxag. (Sakil 2.)

- il
i) 00 VM A0 T.C

Sakil 2. 1-Bi0,8Sb1,2Te3 va 2- Bi,Te, 4Seq g arintilarinin istilikkegirmasinin temperaturdan asihligr.

AF. loffe aparilan tadgigatlarin analiz edarak bels fikir irali sirmisdiir ki, bark garisiq
soklinda olan yarimkecirici arintilar digar termoelektrik materiallarla miigayisads daha
effektivdirler. Onun asaslandigi sade arqumentlar mirakksb qurulusa malik srintilerds olan
proseslari oldugca sadalasdirir. Lakin arintilards elektronlarin va desiklarin sapilmasinin nazari
asaslandiriimasi ioffenin va onun amakdaslarinin fikrina uyguninkisaf etmisdir.

Har seydan avval onu geyd etmak lazimdir ki, arintilsrin alinmasi zamani yukdasiyicilarin
yurdklaytnan istilikkegirmanin gafas (fonon ) payina olan nisbatinin artmasi he¢ ds hamiss aydin
olmur. Bels yarimkegciricilarda elektron va desiklarin sarbast yolunun orta uzunlugundan bir
tartib boylk olur. Uygun olaraq gsfasin periodikliyinin pozulmasi yikdasiyicilarin sarbast
yolunun orta uzunluguna tesir etmsalidir. Metallardaki serbast elektronlarda qosa dal§a
uzunluguna malik olurlar, lakin yarimkegiricilarda yikdasiyicilarin dalga uzunluglari nisbaten
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boyukdur. Odur ki, yarimkegiricilarda elektron va desiklarin gicli sapilmasi yalniz uzaq tartibli
pozulmalardan ola bilar ki, bu da arintilara xas olan pozulma deyilir. Belalikls, bark garisiglarda
(arintilards) yikdasiyicilarin yurukliyinin gafasin istilikkegiriciliyina nisbati artacaq.

Miixtslif tadqgiqatcilar tarafindan aparilan tacriibalar gostarmisdir ki, bu fikirlar arintilardaki
sepilma mexanizminin izahi Ggin tamamils uygun galmir. Olgmaler gostermisdir ki, bir ¢ox
arintilarin yurukluyinln giymati tarkibindan asili olaraq ham elektronlar, ham da desiklar Ggln
azalir.

Cox ehtimal ki, bu fikirde muayyan gadar hagigsts uygunluq vardir, ¢linki o hamisa 6zini
dogrultmur. Tadgiqatlar gostarmislar ki, Bi,Tes ve Sh,Tes birlasmaleri Ucun elektronlarin
yurdklayd desiklarin yirikliyindsn boyik olur.

Belalikls, indiki zamanda tacribi olaraq stbut olunmusdur ki, ydrikliyin gafasin
istilikkeciriciliyina nisbati yalniz yarimkegirici arintilards arta bilsr. Lakin onu da geyd etmak
lazimdir ki, bark garisiglarda elektronlarin va desiklarin yirukluyiunin dayismasi hagqinda daqiq
fikir soylomak Uclin cox is gérmak lazimdir.
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MonyyeHbl M NpoaHanM3MpoBaHbl KonebaTenbHble CrneKTpbl KpucTanios TIINS, B TeparepLoBoii
(0,1 - 3 Tru) obnacTun. Habnogaemas HM3KOYaCTOTHasA Mofoca CBA3LIBAETCA C NMOPALMOHHBIMU
KonebaHusMu HaHocnoeB (““6030HHbIA NMK™). TMokasaHa CBA3b KOFEPEHTHOMO HU3KOYACTOTHOrO
KonebaHus C HeynopsgoyeHHbIM XapakTepoMm CTPYKTypbl KpucTania. [lenaeTcs BbIBOL O HanMymu
TOMONOrMYeCKon HeynopsiAOUEHHOCT W, KOTOpast NPOSBASAETCA HA YPOBHE CNOUCTOIN NOACUCTEMBI.

1. BBegeHune

OCO6EHHOCTbIO  PasBMTUS COBPEMEHHOW (M3UKW TBEpPAOro Tena W TBEpAOTE/bHOV
3NEKTPOHVKW SIBNSETCA TEHAEHUMS K WUCMOMb30BaHWMIO MPUHLMMNAIBHO HOBbIX (M3NYECKUX
SIBNEHWIA, OCHOBaHHbIX Ha MeTa CBOMCTBAX 3TUX MaTepuasioB CBs3aHHbIX C HWU3KOpPa3MepPHbIM
XapaKTepoM CTPYKTYpbl, a Takke, HaHOpasMepHbIMK 3dhdekTamu. Mpy coxpaHeHUN naeasbHoV
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KpUCTannorpanuyeckoin CUMMETPUM, B MPOCTPAHCTBEHHOM pa3MELLEHUN Y3/10B CTPYKTYPHON
MaTpuLbl, HEYNnopsa0YeHHOCTb MOXKET BO3HWKHYTb 3a CYET HapyLleHWA NepuoMyHOCTM B
3ano/IHEHUN 3TUX Y3/10B (TBEPAbIE PacTBOPbI), B OPUEHTALMM 3NEKTPOHHBIX CNUHOB (CNUHOBaA
HeynopsiA0YEeHHOCTb) U Ap. HeynopsaouyeHHble matepuanbl NPeAcTaBAslOT CO60M LUMPOKNIA
Knacc  00bLEKTOB, B  KOTOPbIX  MPOSBNAKOTCA  CrneuuMduyeckme  OCOBEHHOCTM B
HU3KO3HEPreTUYECKMX KonebaTeNlbHbIX CnekTpax. B HUX, MEHAeTCA MexaHn3M peflakcalMoOHHbIX
MPOLIECCOB AM3NEKTPUYECKMX CBOWCTB, HabMOAAlOTCA XapaKTepHble 0CO6eHHOCTU B MpoLiecce
nepeHoca 3apsja.

B HacTosel paboTe NpMBOAATCA pe3ynbTaTbl MCCMEAOBaHWIA CMEKTPOB MPOMYCKaHMs
kpuctanna TIINS, B Tepparepuosoit obnactn (0,1 — 3 Tru), n Aenaetcs aHanM3 NpUpPoabI
HabMt0AaeMbIX IMHWIA B CBA3W C 0COBEHHOCTSIMU CTPYKTYPbI.

2. MonyyeHre 06pasLoB 1 MeTOAMKA IKCNepUMeEHTa

MoHokpucTtanibl  TlInS;  BblpawuMBannMCcb M3  pacniaBa MeTOAOM  HarpaB/ieHHOW
KpucTanimsaunm (Metos bpumkmeHa —Ctorbaprepa) U3 0060 YNCTbIX XMMUYECKUX 3/IEMEHTOB:
Tl - 99.999%, In -99.9999% u S -OCUY-99.99%; cepa AONOMHUTENLHO OYMLLANACL MYTEM
cybnumMaumm B Bakyyme. CMHTE3 MPOBOAMUACA B BaKYYMUPOBAHHbIX KBapPLEBbIX aMmmnysax nyTem
CMNaBNeHns UCXOLHbIX KOMMOHEeHTOB (TI, In 1 S), B3ATbIX B CTEXMOMETPUYECKOM KO/IMYECTBE,
cooTBeTCTBYHOLWEM cocTaBy TIINS,. TOMOreHHOCTb BblpalleHHbIX 00pa3LoB KOHTPOIMPOBA/aCh
MeTofamMu AnghepeHUnanbHO-TEPMUYECKOTO U peHTreHogasoBoro aHainsos (4TA n POA) [1-
3].

CneKTpbl NPONYCKaHUA U3MEPSINCL CTaHAAPTHOM CXeMOW TeparepLoBOli CMEKTPOCKOMMK
BO BpeMeHHoI obnactn (THz-TDS) [6-11]. B akcnepyvMeHTax UCMob30BasICs PEMTOCEKYHHDIN
(60 - fs FWHM) Ti:Sa nasep ¢ MoAynMpOBaHHON NMHWEN 3aAePXKKN 1N NOBTOPSEMOCTLIO Ny/bca
75 MHz. SmunTTep 1 pecusep BbINoHeHbI U3 GaAs. NMpu n3MepeHnsx CNeKTpoB NPOoMnycKaHus
MCNONb30BAINCL 4 MO30/1I04EHHBbIX Mapabonnyecknx 3epkana. Mpu n3MepeHUsx CnekTpos,
TeparepuoBbIi My4YOK pasfensncs Ha [fBa Myyka, MexaHW4eckas NMHUS 3afepXXKU Mo3Bosna
nofyunTb MakCMMasilbHOe YacTOTHOe paspewleHve 3 GHz. [Mpu u3MepeHWsX CMNEKTPOB
nponyckKaHusa, amTenbHoCTb THz nynbca 6blna Kopode 1 ps. dype npeobpasoBaHHbIA CNekTp
pacwmpsanca o 5 THz, rge curHan CTaHOBMICA MeHbLUe LwyMa. MakcumyMm AMHAMWUYECKOro
AvanasoHa coctasnan okoso 60 dB B o6nactn 0.5 THz.

B knaccuueckoin cnektpockonuu THz-TDS 3anucbiBaeTcsd BpeMeHHas (hopma BOJIHbI
nafiarollero Ha obpasel, ¥ MpoLleALlero Yepe3 Hero curHana. 3atem MpPOBOAMTCS YWC/IOBOE
®ypbe npeobpasoBaHMe 06emX CUrHaNoB. [pyM  U3MEPEeHMsAX CMEKTPOB OTPaXKeHus W
nponyckaHua meTtogom THz-TDS wucnonb3oBaHa KOMOMHMpOBaHHas TexHuka [4]. B
CMEKTPasbHOM 06M1acTX  NPO3PaYHOCTU  KOIP(PULMEHT npenomneHns (n) ¢ [OCTaTOYHOM
TOYHOCTBKO MOJYYeHbl M3 [AaHHbIX MO NPOMYCKaHW. 3aTeM KOPPEKTMPOBaIM OLUMOKU MO
[aHHbIM CMEKTPOB OTPaXKeHMsi U MPOMYCKaHWsA, aHaJIoTMYHO 3Ta npoueaypa nposoaunach B
ApYyrux 06nacTax Mpo3pavyHOCTU U3MEPEHHOro CrnekTpa. Takum 06pa3oMm, 3HayeHue N TOYHO
onpefensnacb U3 AaHHbIX CMEKTPOB MPOMyCKaHUs B 06/1aCTM MPO3PavyHOCTU, B TO BPEMS Kak,
[laHHble KO3PULMeHTa npenomieHns, B 061aCTU CUALHOIO MOr/OLEHUA, MofyyYan u3
CMNEKTPOB OTPaXeHMA. AHaNOrMYHO, KO3IPMULMEHT MOr/OLWEHNA OMpefensncad n3 CnekTpos
nponyckaHusa B 06nactu npospayvyHocTv. KoapguLMeHT MnpenoMieHns OLEHUBAICA TakKXe BO
BCEM CMEKTPa/IbHOM [mana3oHe Npy NoMoLL M COOTHOLWEeHUIA Kpamepca-KpoHuHra.
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3. PesynbTaTbl M3MePEHWIA 1 06CYXKaEHNE pe3y/ibTaToB

Kak npasusio, B CNOMCTbIX KpUCTa/IIaX HaMeHbLLasA 4acToTa, OnpefenseTcs KonebaHnaMm
YeCTKOC/I0eBbIX MOA. OAHAKO MpW Ha/MuymMmn TXKeNblX aTOMOB (Kak Tasvi) WUam KOMIMJIEKCOB
(InS4 1 IngS1p) ONTMYECKME BETBM COOTBETCTBYIOLMX BHELUHWX MOL TakXe MOryT MMmeTb
[OCTaTOYHO HU3KYIO 4acToTy. [pn 3TOM B CUY UX MEPECceYeHUn 1 aHTUMEPECEYEHNIn BHYTPU
30HbI C HU3KOM CUMMEeTPUeli MoNyYatoLLasncs KapTuHa AUCNepcuMmn BeCbMa CNoXHa.

Kak wn3sectHO [1-5, 12], cnoucTble KpucTannbl cemelictBa TlINS, MMEKT HECKOMbKO
MONUTUNHBLIX MOANMPUKALMIA, OTANYAIOWMXCA YMCNIOM CI0EB B 3/IEMEHTApPHOM  AYeiike.
AnemeHTapHas avelika kpuctanna TIINS; coaepXXunTt 8 hopMynbHbIX eAMHULL, 3TO 03HAYaeT, YTO B
(POHOHHOM CMEKTPe 3TOr0 COeAUHEHUS LO/MKHO Habnogatbea 93 ONTUYECKMX MOLbl, PeasbHO
HabNtoLaeMOoe e YMUCM0 ONTUYECKUX MOA B WH(PaKpacHbIX U PaMaHOBCKMX CrekTpax He
npesbiwaeT 25 [12-17]. CnefyeT TakXe OTMETUTb, YTO HU MPU KaKMX U3MepeHusaX (ONTUYECKUX,
AV3NEKTPUYECKUX, 3MEKTPUYECKMX) He HabNLaeTcs aHM30TpOonua B MNOCKOCTU ab, kotopas
[0/MKHa HabNAaTbCs B C/lyYae MOHOK/IMHHON CUMMETPUM PELLETKN 3TUX KPUCTaI/IOB.

B [14] meTogoM Heynpyroro paccesiHus HelnTpoHoB ans TlGaSe, (CTPYKTYypHbIV aHanor
TIInS;) bbina n3MepeHa nornepeyHas akycTuyeckas BeTBb B HanpasneHun [001]. Ha ocHoBaHUK
3TUX U3MEPEHUIN MOXXHO OLEHWUTb 3HAYEHMe COOTBETCTBYHOLLEN YaCTOTbl XKECTKOC/I0EBON MOfpbI.
3BECTHO, YTO AMCNEPCUOHHOE COOTHOLLIEHME /1 aKYCTUYECKOro (DOHOHA AaeTca YpaBHEHVEM

w’ =27 Z f [1—cos(nkd)] 1)

roe f, — cunoBas KOHCTaHTa ANs CMOEB, OTAANEHHLIX APYr OT Apyra Ha paccTosHue nd (d -
PaCCTOSHVE MEXY COCEeAHVUMM CnosimMu), M — macca afeMeHTapHOI aueiiku. Ecnu Bknag ot
B3aMO/ENCTBUA BAMXKAMLLIMX COCEAHUX CMOEB NPeo6nafaeT Hag APYTUMU  MEXC/0EBbIMM
cunamu, To nepsoe cnaraemoe B (1) ABMSAETCA ONPeAenstoWnM 1 aKyCTUYECKas BETBb MMeeT

(hopMy CUHYCHOW KpWBOA
1/2
w=2( ‘%Aj sinfkd ) )

A3 3TOro COOTHOLLEHNS MOXHO paccymTatb YacTOTY CABWIOBOM XECTKOC/I0eBOW MOfbl B
MPesnonoXKeHnn TOro, YTO BbINOMHEHbI NpaBu/ia 0TO6paXkeHUs BeTBel. Haunyulune pesynbTarbl
MOArOHKM hopMynbl (2) K faHHbIM paboThl [6] NOKa3bIBaKOT, YTO YaCTOTbI 3TUX MOZ, MOyYatoTCA
6nm3kuMm K 14-15 cm™ (= 0,5 Tl w).

CornacHo (hakTop-rpynnoBoMy aHa/n3y, MexaH14eckoe npeactasneHve and T1InS; B C§h -
(pase 3anucbIBaeTCA CreayroLLMM 06pa3omMm:

[Mrpancn = 24A, + 24B + 24A4 + 24B4 (3)

YacToTbl Mo, HabnogaeMblx B cyomunnmmeTposom amanasoHe (0,2 — 0,6 Tru) [15], npu
KOMHaTHOW TemnepaTtype 6/M3KM K OLeHOYHbIM 4acToTam MO cAsurosoro tuna. C apyrow
CTOPOHbI, 13-32 HAIMUYNA LEHTPa UHBEPCUMN XECTKOC/I0eBble MOAbI NMPeobpasytoTcs Mo YETHbIM
npeAcTasieHnam aktop-rpynnsl C,, (6) 1 He fomKHbI HaboaaTsea B VIK cnektpax. MNoatomy
aBTopbl [15] npegnonaraloT, 4TO MArkas mMofga B CYyOMUIMMMETPOBOW 06/1acT  CrnekTpa
COOTBETCTBYET [jpYroMy OMTUYECKOMY KO/MebaHnio A, -CUMMETPUK, BO3MOXHO N6PaLIMOHHOI0

Thna.
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CnekTp pelleTouHbIX KonebaHuii kpuctanna TlInS, nccnegoBaH [OCTaTOYHO NOAPOGHO
MeToAamy PaMaHOBCKOIO paccesHus, AasbHen MH(PaKpPacHOM CreKTPOCKONUM U Heynpyroro
paccesHust HeMTPOHOB [12]. B HacTosLlel paboTe NPUBOAUTCA CMEKTP NMPONyCKaHUs KpucTaina
TIINS; M3MepeHHbIA B TeparepLoBOi 06MacTK crekTpa NpY MOMOLYM CMEeKTPOCKONUM BO
BpemeHHoW o6nactu (Time-Domain spectroscopy). JlIuHum nornouleHns Habnogaemble Ao 20
cvmt (= 0,6THz) sBnstoTcA nonepeubiMi (TO) Mogamu B, CUMMeETpUM COBMajatolme C
4aCcTOTaM M3MepeHHbIM M0 CIeKTPaM MHMPaKPacHOro oTpaxkeHns [12]. 3To yacToTsl B} (TO) =
1 Try (33,3cm™), BA(TO) = 1,5 Tl (50,0cm™), B(TO) = 2,7 T (90,0cM™) TpaHCAALMOHHBIX
mog kpuctanna TlInS,.
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Puc.1. CnekTp nponyckaHus kpuctanna TlInS, B nonspusaummn ELC.

B konebatensHom crnektpe Kpuctanna TlInS;, npuBegeHHOM Ha puc.1l HabnoaaeTcsa TaKkxke
HU3Ko4acToTHas kA (0,2THz = 7cm™) koTopas He HabnoJanach paHee B CMEKTPax Aa/lbHero
MK otpaxeHuns kpuctanna TlInS, [12]. Kak oTmeyanoch BbllLe, 3Ta MOAa, BO3MOXKHO, CBSi3aHa C
YKECTKOC/I0eBbIMU ~ KONe6aHMAMM  NNOPALMOHHOIO  TUMa TSKeNbIX CNoeB  06pa3oBaHHbIX
Komnnekcamn InSy n InySip. Ha puc.2 npuBoanTCA 4acTOTHAA 3aBUCMMOCTb KO3apduumeHTa
OTpaXKeHWs (CN/IOLHbIE KPMBbIE) 1 NorfoweHns (MyHKTUpHasa kpueast) kpuctanna TlInS,.
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Punc.2. YacToTHas 3aBUCMMOCTb KO3((hULIMEHTA NpesioMaeHns (CNOLWHbIE KPUBbIE)
1 nornoweHns (NyHKTUpHaa Kpuneas) kpuctanna TlInS; B nonspusauum ELC.
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Kak BugHo n3 puc.3, kpuctannibl TIINS, 061a4at0T CUbHBIM CNEKTPOM MOT/IOWEHNUS B
TeparepLoBoli 06M1acTK, 4YTO CBA3AHHO C JIMHUAMMU OLHO(OHOHHOrO pe3oHaHca, YacToTbl
OAHO(OHOHHbIX MOMOC YKa3aHbl Ha PUC.2, a TaKXKe, CU/IbHAs N00ca NOr/OLLEHNS, CBA3bIBaEMas
€ BO30HHbLIM NUKOM. HI3KOYACTOTHaA AMHAMMKa HEYNOPALOYEHHbIX TBEPALIX TeN OT/INYAETCA OT
HW3KOYaCTOTHON AUHAMWUKW 4/ YNOPSA0YEHHBIX KPUCTANN0B 1 061aaaeT psafoM 0CO6eHHOCTEN,
00YCNOBMEHHbIX “MU3BbITOYHON” (OTHOCUTENLHO [e6aeBCKOM) MNMOTHOCTLHO KonebaTeNbHbIX
cocTosHuin [16,21]. Takoil xapakTep MOBeAeHMS MAOTHOCTU KonebaTeNibHbIX COCTOSHWI
XapakTepeH A1 CUIbHO HeynopsaLOYEHHbIX CUCTEM: aMOP(HbIX, CTEKI0006pasHbIX TBEpPAbIX
Tenax, a Takke MOSIMMePOB. B TPOMHbLIX TasMeBbIX Xa/bKOreHngax TPeTbein rpynmnbl, Takke
HabntogaeTca aHasorMyHas 0CO6eHHOCTb, KOTOpas YKasblBaeT Ha HeynopsoyeHHbI XapakTep
KPUCTA/ININYECKON CTPYKTYPbl 3TUX MaTepuasioB. “U36bITOYHasA” MNAOTHOCTb KosebaTenbHbIX
COCTOSIHWI  CBA3bIBAETCA C MOSIB/IEHWEM  HWU3KOYACTOTHOM Mofbl (BO30HHbLIA NWK) B
MH(hpaKpacHbIX 1 paMaHOBCKKX cnekTpax [18, 19].

O6LLenprn3HaHo, YTO 3T MOJbl, KOTOpble, NMPOSABAOTCA Ha 4acToTax HUXe (POHOHHbIX,
Bbl3BaHbl CYLLECTBOBAHMEM KBa3WIOKa/IbHbIX KosebaTenbHbIXx Mog [15]. Mpupoga atux mof B
HacToslLLee BpPemMa LUMPOKO 0O6CyxfaeTca. PAf aBTOPOB CUMTAET, UTO YKa3aHHble MOZbl
npeacTaBnaoT cOO0M NOKasbHble KOoNnebaHUs CTPYKTYPHbIX 06pa3oBaHuWii: paKTanios, LJOMEHOB,
HaHOHeOHOPOLHOCTEN TOMOJIOrNYeCKOW HeynopsgoveHHocTn [17-21]. Apyrve npunucbiBatoT
X KOPPENNpPOBaHHbIM KOnebaHUAM MOJeKYNApHbIX K1acTepoB. PaccmartpuBaeTcs  CBA3b
6030HHOI0 NMKa C penakcaLMoHHbIMI CBOMCTBaMM CTEKN000pa3HbIX TBepAbIX Ten [19].

WccnenosaHns (u3nyeckux CBOWCTB KPUCTa//IOB CNOUCTBIX TPOMHBIX XanbKOreHuioB
TannMs, o6beguHsoWMecs oblwelt dopmynoii A’B3C®, 06HapymBatoT 0COGEHHOCTM B
9HEPreTUYECKOM CrMEKTPEe XapakTepHble [NA CU/IbHO HeynopsfoyveHHbIX cucteM. Cpeau HuX,
cnefioBasio 6bl OTMETUTD:

-NPbDKKOBbIV  XapakTep MNPOBOAMMOCTM, OMWCbiBaemMas B MOTOBCKOM MNPUGAVKEHNW,
KOTOpas, Kak U3BeCTHO, Obl/1a pa3paboTaHa A/1s aMOP(HbIX CUCTEM;

-Ha/IM4mne CynepuoHHOM NPOBOAUMOCTI 1 “S” 06pasHble BONIbTaMMEPHbIE XapaKTEPUCTUKM,
KOTOpble HabNMHAA0TCA B CUTbHO Ae(EKTHBLIX UM NIErMPOBaHHbIX MOMYNPOBOAHUKAX;

-LUIMPOKWe  TemrnepaTypHble 006/71aCcTM  PenakCopHOro MoBeJeHWUS  AUSMEKTPUYECKUX
CMEKTPOB, ONUCbIBaeMble COOTHOLLEHNAMU dorens-Pynyepa (Takoe NnoBefeHne, XapakTepHo 4/14
CUNbHO Pa3ynopsf0YeHHbIX CUCTEM);

-Ha/IM4Me MHOXECTBA MOAUTUMHLIX MOAUDUKALMIA U CMECU MOAUTUMOB, YTO MPUBOAUT K
nceBLOTETPArOHa/lbHOMY MOBEAEHWNIO MOHOK/IMHHBIX KPUCTa/I/10B, B YaCTHOCTMW, HabnoaatoTcs
M30TPOMHbIE ONTUYECKME CNEKTPbI B MIOCKOCTU CMAsAHHOCTY;

-HEeATPOHOANMPAKLMOHHbIE W PEHTFEHOCTPYKTYPHbIE UCCMEA0BaHMS  OOHapYXMBaKOT
LUIMPOKMe TemnepaTypHble 06/1aCTH C HECOM3MEPUMBIMU CBEPXCTPYKTYPHbLIMU TPaHCIALUUAMU;

-3KCMepVMeHTa/IbHble UCCef0BaHUA MIOTHOCTUM (POHOHHbBIX COCTOAHMIA KpucTanios TISe,
B 06nact ynpyrux KonebaHwin, (BbIMOSIHEHHbIE METO4AMW HEYNpyroro HeKOrepeHTHOro
paccesiHus HEeWTPOHOB), WMEKT HECKOMbKO 3aBbllUeHHble 3HaYeHWsi, MO CPaBHEHU C
pacyeTHbIMW (MOMYYEHHbIMU, KakK B MPUOIMIKEHUM >KECTKMX WOHOB, TaK WM MpU pacyeTax
BbIMO/IHEHHbIX U3 MEPBbIX MPUHLMMOB).

CneflyeT OTMeTWTb, Talkke, uTo KpucTanibl cemelictea A’B3C®, 06nagatoT LUMpOKOIA
0061aCTbt0 romoreHHocT [22]. CornacHo Auarpamme COCTOSIHWSA, KO3((ULMEHT cerperaummn B
06/1aCTU TOMOTE€HHOCTM MeHblUe eAuHUUbI. TMo3TOMy Npu BbipawyBaHNUY MOHOKPUCTaII0B
CyLLLeCTBYeT 6onbLUas BEPOATHOCTb OTK/IOHEHUA MX COCTaBa OT CTEXMOMETPUU, T.e. B COCTaBax
Ha ocHoBe TIINS, cyuiecTByeT TeMmnepaTypHbIi MHTEPBaN MeXAy TOYKaMu NUKBMayca W
convayca. 31O, NO BCEM BMAMMOCTMW, SBNSETCA MPUYMHOMA OAHOMEPHOrO HeynopsiA04eHHOro
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Xapakrepa CTPYKTYpbl 3TMX MaTepuaoB - BO3HWKHOBEHWS MOMIUTMMNOB, CMECU MOJINTUMOB W
HecopasMepHbIX CBEPXCTPYKTYp B KpucTannax cemeiictBa TlInS,. Takum o6pasom,
BHYTPUCNOEBaA CTPYKTypa 3TUX KPUCTAI/IOB COOTBETCTBYET CTEXMOMETPUM, OfHAKO,
CYLLECTBYIOT BapuaHTbl CTbIKOBKWU C/0eB. [MOATBEPXAEHMEM 3TOr0 MPEAnosIOKEHUSA MOXeT
CNYXWUTb  HabngaeMble B HENTPOHOAUMDPAKLUMOHHBLIX  CMEKTpPax  HeCOM3MepUMbIX
CBEPXCTPYKTYP, KOTOpPbIe, KaK U3BECTHO, MOXXHO MPeACTaBUTL KaK YepeaytoLmnecs consmeprmble
1 pasynopsafoyeHHble 061acTw.

Taknm 06pas3om, B KpucTtasinax cemeinctaa TIINS; Mbl MeeM Me30CKONUYECKYO CTPYKTYPY
C NEepuoANYecKn YepelyoWUMUCA COM3MepUMbIMK (Commensurate) U pa3ynopsgoyeHHbIMA
(discommensurate) cnosmui. OTU  KpUCTai/bl 06pasyroT O0OLIMPHOE CEMENCTBO TPOMHbIX
C/IOUCTbIX MOMYNPOBOAHUKOB. XapaKTepHON OCOOEHHOCTHIO TaKUX C/IOUCTbIX KPUCTasI/IoB
ABNAETCA  60raTbliAi  HU3KO3HEPreTUYECKUA CMEeKTP  (OTHOCUTENIbHO  (DOHOHHBLIX — 4acToT),
BbI3BaHHbIN KO/lebaHeM TXKeNbIX TPAHCIALMOHHO-HEIKBUBANEHTHBIX C/I0EB CBA3AHHBLIX MEXAY
coboil ornepauuen uHBepcMM. Hanuume Takoro 60/bLIOTO  Yuc/la  YHUBEPCASIbHBIX
3aKOHOMEPHOCTEMN, XapaKTepHbIX 419 HeYnopsA0YeHHbIX CUCTEM U HabNIOLaeMbIX B KpUCTainax
cemeiictga TIINS;, N03BONSAET CAeNaTb 3aKN0UEeHMe, YTO OHU OCHOBAHbI Ha 06LLIMX 0COBEHHOCTAX
CTPOEHUA 3TMX MaTtepuanoB. CoeanHeHus cemeinctea TlINS, He NPoCTo ABNAOTCS “NAIOXUMA”,
KpucTaniamn unav amopmHbIMK CUCTEMaMU, &, CKOPEee BCEro Mbl UMEEM [efi0 C TOMOIorMYecKu
HeynopsAA0YEHHbIMU  Me30CKOMUYECKMMUN CTPYKTYpamy C  XapakKTepHbIM MPOCTPaHCTBEHHbLIM
macwitabom. pn 3TOM “Xaoc” B TakMX CUCTEMax He abCO/MOTHbIN, & Kak MOKa3blBalT
9KCMEPUMEHTbI MO HENTPOHHON WM PEHTreHOBCKOW AudpakuuK, KosnebaTenbHbIM CrekTpam
(PamaHOBCKOe paccesiHMe, WH(paKpacHoe MOr/oWeHne, Heynpyroe KOrepeHTHOe paccesiHue
HEMTPOHOB) NEPUOAUYHOCTL B PacrosfioKeHWM aTOMOB COXpaHsAeTcs  (TpaHCsUMOHHasA
YNopsAA0YEeHHOCTb) B Npesenax HeCKONbKUX KOOPANHALMOHHLIX Cep, a Aasiee OHa HapyLLaeTcs.

Pa6oTa BbInosiHeHa B nabopatopum IMEP-LAHC, UMR CNRS 5130, University of
Savoie, 73376 Le Bourget du Lac, France B pamkax npoekTta Asep-®PpaHc.
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CO3[0AHVE ANDPY3NOHHOIO p-n MEPEXOAA HA OCHOBE
MOHOKPUCTAJINOB PbTe<Mn>
4.1, A6unos, 2x.M. Anvesa,’C.A. 3eiiHanos,
13.K. Kacymosa, '@.P. Mampkusage
L Asep6aiigpKaHckuii TexHuecknii YHBepeuTeT, r.baky
2Asep6aiipKaHcKkuil TexHONornyeckmii Yrusepeuter, r. FaHDKa
3 AsepbaiimpraHckuii IHCTUTYT Mpenogosatenelt, r. Armpkabesp!

cabilov@yahoo.com

COBMECTHbIM OT>KUIOM MapraHya ¢ MoHokpucTannamu PbTecosgaHbl Audgy3noHHbIe p-
N nepexofpbl. YCTaHOBNEHO, YTO MapraHeL, Ha NPUNOBEPXHOCTHOM C/oe,NpoB3aMOAeic TBOBaB
C TennypoMm 4epe3 rasoByl (pasy obpasyeT TBepAble pacTsopbl PbiMn,Te. OnpegeneHsbl
napamMeTpbl aupdoysum  mapraHua B PbTe. TlocTpoeHbl  Andopy3noHHble  npodunan
pacnpeseneHns npuMeceil B CHOPMUPOBaHHLIX CTPYKTypax M paccuMTaHbl TepMOAuHa-
MUYeCKMe (hyHKLMM NPOLLECCOB, NPOTeKaoWwmx npy anddy3noHHom oT>kure Mn ¢ PbTe.

Onthy3noHHble  TBEPAOTENbHbIE  CTPYKTYPbl  SIBASKOTCA  OCHOBHLIMW  37IEMEHTaMm
MUKPO3/IEKTPOHHON CXEMOTEXHMKU. [103TOMY, CO3[aHMe TaKUX 371EMEHTOB C Y/ydLleHHbIMM
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XapaKTepUCTUKaMM SBNSETCSA aKTyaSlbHbIM A1 YCTPOWCTB 3NEKTPOHHOW TEXHUKW. B HacTosLLEM
COOOLLEHNN MPUBOJATCA pesy/bTaTbl Pa3paboToK B 06M1acTV co3faHna AMGdY3MOHHBIX p-n
rnepexoLos.

Ona  opmupoBaHus  AMGGY3MOHHBIX  p-n NepexofoB B KayecTBe OCHOBHOIO
MoNyrnpoBOLHUKOBOr0 Marepuana Wucnonib3oBain 6esnpuMecHble  Kpuctanibl PbTe /100/.
TexHonorvs QopMupoBaHUA AUPEPY3NMOHHBIX P-N CTPYKTYP 3ak/oyanacb B TepmMoobpaboTke
KpUCTa/1N0B B Mapax COOTBETCTBYHOLLEro Metasna. C 3TOW Le/blo U3roTaBnvBanvamnysibl €O
CreumansHOM KOHCTPYKLUMER, YA06HON Anis npoBefeHWs AMddY3MOHHOIo npouecca. Tak Kak
MapraHeL, CYMTaeTCs TYronjaBkuM, TO ero rnomewlany B 60/1ee BbICOKOTEMMNEPATYPHYHO YacTb
amnynbl. OTXXUT NMPOBOAWIN MNPU TeMnepaTypax HaxoXKaeHUa UCTOYHUKa MapraHua 1500, 1550 n
1600K, a paMTenbHOCTb OTXKMra coctaBnana~30 4. KauyecTBEHHbI aHanM3  KpucTanioB
PbTenokasan 06pa3oBaHve 060ralleHHOro MapraHuem Cfosi Ha MoBepxXHOCTU 06pasLoB, B
Cc/lyyae 1x oTXura B napax MapraHua. iccnefosaHve coctasa NoBepxXHOCTHOMO C/I0A KPUCTasIoB
nokKasasio  CcofepxaHue B  HeM  3fieMeHTapHOro Mn, a Ha  peHTreHorpaMmax
06HapY>KUIMCbUHTEHCUBHOCTU JIMHUAMOHOTENTypUaa MapraHua. posefeHa 3amnucb KPWBOM
pacnpeseneHns atomMoB Audy3aHTa U NONyYeHHble AUMNY3NOHHbIE NPOMUN pacnpeseneHns
mapraHua B PbTe npusegeHsbl Ha puc. 1.

300

Baclh

(“"“]"‘] 230

1200
150
100

50

50 100 150 200 350 300

X * MEM

Puc. 1. PacnpefeneHne KOHLEHTpaLmm MapraHuano rnyéuHe kpuctannos PhTe (omxur npy 1600 K)

PUCYHOK CBMAETENLCTBYET O 3HAYMTE/IbHOM COAepXXaHUW mapraHLa B NpUnoBepXHOCTHBIX
cnosix PbTe. 3anucb KPUBOM OCYLLECTBASAM HA PEHTreHOCMEeKTpasbHOM MUKpOaHasm3aTope
TMna MS-46 dupmbl «Cameca». NpeanonaraeTcsd, 4To mexay PbTen obpasyrolmmca Croem
MOHOTENNypuAa MapraHua naeT npoLecc MUrpaLmMm aToMoB MapraHua B Tenypus CBUHLA.

MexaHn3m 06pa3oBaHNA TBEPAbIX PacTBOPOB Pb;xMn,Te BEpOATHO 3aKIK4aeTcs B
0JHOBPEMEHHOM NPOTEKAHWUWN peakumii Ha NoBepxHOCTAX Mn n PbTe no cnegytoLlei cxeme:

[Mn]vi[Mn]s+1/2Tey(ra3) — [Mn]y[MnTe] — [Mn]y; +MnTe (ra3)
[Mn]vi— [Mn]yv2[Mn]s
[PbTe]vi[PbTe]s—[PbTe]v: +Pb (ras)+1/2Te (ras)
[PbTe]vi— [PbTe]v,[PbTe]s
[PbTe]y, — [PbTe]+MnTe (ra3)—>[PbTe]yv. +[(PbTe)1x(MnTe)y],

rge MHAEeKCbl v M S 0003Ha4yaloT 0OLEMHYHO W MOBEPXHOCTHYK o06nacTb o6pasua. C
BO3pacTaHMeM TemnepaTypbl OTXKura BO BCeX 06pa3uax MPOUCXOANIN YBETMYEHNETOSLLMHBI
MOBEPXHOCTHOIO €O U rNy6yHbI NPOHUKHOBEHMS Mn. 3TO CBMAETENLCTBYET 06 06pa3oBaHN
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TBEpPAOro pacteopa tuna Pb;«Mn,Te no BbilenprBeAeHHOMY MeXaHU3My, YTO B Ka4eCTBEHHOM
cornacum ¢ pesynbTatamvt U3NKO-XMMUYECKUX UCCNe0BaHN cucTtembl Pb-Mn-Te[1].

AHanu3 pacnpegeneHus MapraHua B Kpuctannax PbTeBaosnb HanpasneHus avgdysun
nokasa, 4Yto Auddy3na MapraHua yaoBeTBOPUTEILHO ONUCLIBAETCH 3aBUCUMMOCTbLIO [2]

C,=C,|1-erfc

yA
2,/Dyt

roe Cm Cp — MaccoBble KOHLEHTpaLMmn mapraHua Ha noBepxHOCTM M Ha rnybuHe (z) obpasua
BLONb HanpasneHus anddy3nm cooTBETCTBEHHO,Dyin — 3(EKTUBHBIA KOIPPUUMEHT Anddy3nn
MapraHua,t — BpeMsi U30TepMUYECKOr0 OTXNUra.

PacyeT ONTMMa/IbHOrO 3HayeHust KoauumeHTa AUPQy3Mm MapraHua, a Takke Y4eT
BNAHMA (PYHKUMM OLIMOOK npoBoaunn no Metoauke [3]. PaccumtaHHble 3HayeHusi Dy, A0
uccnefyemoro guanasoHa TemMneparypbl NpyBeAeHb! Ha puc. 2.

D, cmijc

TN
10 ~

P B b [

ID'9 1 L L L 1 L 1 1
0.62 0.64 0.66 0.08
10%/1, K

Puc. 2. TemnepaTypHasi 3aBUCUMOCTb KO3(duLmeHTa Auddy3nm mapraHua B PhTe

Kak BMAHO, aKcnepumMeHTasbHaA 3aBUCUMOCTb Dy, ~f(103/T) KayecTBEHHO OnMCbIBaeTCA
3aKOHOM AppeHnyca: Dyn=Doexp(-AE4/KT). HailfeHHble 3Ha4YeHUsi MpPeasKCNOHEHUNANbHOrOo
koathnLmeHTa Do 1 3Heprv akTvBaumn AE, paHbl ~2-107 cm?/c 1 0,44 3B cOOTBECTBEHHO.

Cnyyain 06pa3oBaHuWA TBepaoro pacteopa Pb;,Mn,Te Ha MOBEPXHOCTM KpucTannia
CBUIETENbCTBYIOT O 3HAUMTENIbHOM MaccomnepeHoce MapraHua 4vepes rasoByro (hasy, XOTd 3T0
3aTPYLHUTENBHO OOBACHUTD, YYUTLIBAA Mayro YNPYrocTb NapoB MapraHua.

Mpouecchl, npoTekawowme npu AuddysmoHHom omkure Mn ¢ PbTe, Takke MOXHO
onpefennTs TepMOAMHAMUYECKUMU pacyeTamu. [lpyu  omkure MoHokpuctasnos PbTe B
aTmMocepe MapoB MOJIEKY/T MapraHua MOXeT npoTtekatb peakums PbTe+Mn<«>Pb+MnTe, yTto
MOATBEPXAAETCA 1 pe3ynbTataMmn (PU3NKO-XUMUYECKOr0 aHa/n3a, B YaCTHOCTU, 3TO BbIABMSAETCA
Mo MOCTPOEHHOWN Amarpamme COCTOSHMA cucTeMbl PbTe-Mn [4]. Ecnm TepmogmMHammnyecKuii

rnoTeHUMan 3Toil peakumn AGY 6ydeT MMeTb OTPULATESIbHOE 3HAYeHWe, TO PeaKuns MOXKET

MpoTeKaTb TOMbKO CneBa HanpaBo. [10/b3ysicb CNPaBOYHbIMW AaHHBIMU NPU CTaHAAPTHbIX
YCNOBMSIX, MOXHO OMNpefenTb TEPMOAMHAMUYECKMIA MOTEHUMa peakuuym MO YpPaBHEHWIO
Mmé6ca-renbmrosnbua [5]:

0 0 P 0 . ACP
AGy = AHgg + [AC dt —TAS;05 —T | —=dt.
298 298
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Ecnn B nepsom NpubAvXeHUn NpegnonoxunTs, 4to AC,=0, T.e. AH$=const " AS? =const,

TO MONYUYNM AG? =AH§98—TAS§98. Mpu n3MeHeHUn Temnepatypbl T, 3HaueHna AH? n AS?

M3MEHSIOTCS He3HauuTeNbHO. TepmMoaMHaAMUYECKNiA (M306apHbI) NOTEHLMAN PeakLyn MOXHO
OnpeaenuTb U Mo COOTHOLLUEHUIO

AG .. = AGogg(MNTe) — AGoy (PbTe) .

peak

CornacHo [6] ana MoHoTennypuaa ceuHLa AGags=16,3 Kkan/Monb. 3Hauenne AGl, aAns
MnTe onpegensetca  AGag(MnTe)=AHJs—TAS, roe  AS=Sp1o—Ste—Su, U
AH %5 (MnTe) =-26,6 Kkkan/Monb, S5y, =22,4 kkan/mons, S%=11,63 kkan/monb, Sg,=32,4

Kkan/monb [7]. CnepoBatenibHO, AS=-21,63 kan/Mofib, a W306apHbIA NOTEHUMaN peakumm
AGpea=-9,82 Kkan/mosnb. OTClOfa CreflyeT, uTo npy B3avMOZENCTBAN MapraHua ¢ Kpuctannamu
PbTe o6pasyeTcad MnTe 1 CBOGOAHbIN CBMHEL, NPU CTaH4APTHbIX YCOBUAX. DTO CnpaBeAavnBo U
0na 60/Mee  BbICOKMX — TemnepaTtyp, 4YTO  WMeEeT  KauyeCTBEeHHOe  COOTBETCTBME C
IKCneprMeHTa/IbHbIMK - pesy/ibTaTaMn. KOHCTaHTy paBHoBecus peakuumn (Kp) onpegensnv
corsiacHo BblpaeHWto INKp=AGpea/ RT. 151 HaLLEr0 Cnyyas HalfeHo, 4To Ky=1,22.
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TIS &/ARELAKSOR SEQNETOELEKTRIKLSRIN T8DQIQI
I.M. Sliyev, A.M. Quliyeva
Baki Ddvlat Universiteti
elnur_605@mail.ru

TIS kristallik gafssinin dayanigsizligi misahids olunan temperatur oblasti muxtslif ion
radiuslari va koordinasiya adadina malik lgvalentli kation asqarlara garsi hassasdir. Bels ki, bazi
asgarlar Gguin faza kecidlarinds temperaturun artmasi, bazilsrinds ise azalmasi misahida olunur .
TIS(V) kristallarinda bu proseslarin tabistini tadqiq etmak maraq dogurur. Vanadium grupunun
kecid metallari TIS(V) -nin ylksak polyarizasiyali kristallik gafssi ils guicli garsthgl tasira malik
olmasi hesabina darin lokallagsma markazlari yarada bilarlar.

Bu paragrafda V atomu asqarlanmis TIS kristallarinin dielektrik va polyarizasiya
xususiyyatlarinin tadgiginin naticalari gostarilmisdir.

Sakil 1 va 2 -da gostarilmis ayrilarin analizi relaksor seqnetoelektriklar Gictin xarakter batin
xiisusiyyatlari géstarir, xiisusan V**kationlari ils asgar olunmus TIS kristalinin faza kegidlarinin
yayllmasina gstirib cixarir; dielektrik nufuzlugunun tezlikli dispersiyasi musahide olunur;
yayllmis faza kecidi oblastinda dielektrik histerezisinin dartilmis diyunu misahida olunur;
yiksak temperaturlu fazanin dielektrik nifuzlugunun temperatur asihiligi Kiri-Veys ganununa
gora deyil, (€)™ =A+B(T-To)* qanununa gora yazilir.

TIS (V) birlasmasinds faza kecidlarinin yayilmasi ve seqnetoelektrik xasssalari struktur
nizamliligi ils baglanir, hansi ki, simmetriyanin genis temperatur oblastinda daxili elektrik
sahasinin pozulmasina gatirib ¢ixarir. Buna baxmayaraq TIS (V) —da faza kegidlarinin tadqiqi
kifayet gader uzun middst talsb edir. Buna gdra bu onunla bagl ola bilar ki, TIS (V)
birlasmalarinda faza kecidlarinin tadqigi zamani onun yarimkegirici xususiyyatlarina az diqgst
yetirilmisdir. Bu xususan kation asqgarlarla asgarlanmis kristallara aiddir. Bu asgarlar kegirici
zona Ugln tutucu saviyyslari yarada bilsr. Bu zaman lokal markazlars yikdastyicilarin
lokalizasiya proseslarini va onlarin faza kegidlarina tasirini nazare almaq lazimdir. Bu suala
R.F.Maminin islarinda [1-4] genis baxilib. Gostsrilmisdir ki, daha rahat termodolma faza
kecidlarinin murskkab ardicilligina ve fazalararasi dayanigsiz hallarin yaranmasina gatirib ¢ixara
bilar.

Sakil 1-dan gorundiyu kimi ¢
asililig@inin piki musahida olunur.

[5-]1-8 gora bu xususiyyst relaksorlar tgtin xarakterik hesab olunur. Bu onunla alagadardir
ki, polyarlasma ragslarinin xarakter tezliyi yalniz gafas altsistemin relaksasiya zamani Gglin deyil,
elektron altsistemlarin relaksasiya zamani Gctin tayin olunacag. n tertibli dayismanin xarakter
miiddati, elektronlarin konsentrasiyasi kaskin farglanacek (tq/tm<<1). Bu musllifse [40] bu
problemi tez ve yavas proseslari ayirma metodu ile hall etmays imkan verir. Naticada tayin
olunmusdur ki, faza kecidinin T, effektiv temperaturu tutucu saviyyslarinin termodolmasi
naticasinds temperatur skalasinda asagida yerlasacok.

T.m temperaturunda spontan polyarizasiya ile faza kegidi bas veracak. TIS(V) kristallari
Uciin bu temperatur 160K-a uygundur (sakil 1). Sekildan gorindiyl kimi 160K-ds duyin
doymusdur. Lokallasmis yuklar lokal elektrik sahalari yaratdigindan zsif xarici sahslards ayri-
ayri mikrooblastlarin spontan polyarizasiyas! lokallasmis yiklsrin faza paylanmasina uygun
olarag miuxtalif istigamatlerds yonalacek. Ona gore ds 160-190K temperatur oblastinda
histerezisin diyunt dar ve dartilmis olacag. Bundan basga, bu sabsbdan faza kecidi ile alagads

V2(T) asiliig temperatur oxunu 160K-ds kasir, bu &(T)
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olan dielektrik nifuzlugunun (T) temperatur asililiginin xdsusiyyatlarini T, —da misahida
etmayacayik.

- 0.07

800
;A
l\ r\ ").'R
500 W 2
A Loos
a0 | r.1 RVat
H Y £ Lood =
WS %
300 N 3
" L 003
e S i
20 .7.’*\‘%\&1&.‘_ L 002
._...--—““r"—/ \‘
100 Lo
/ .
D A " . i it i i Jo
140 150 180 200 220 240 260 280 300
TIK)—

Sakil 1. TIS (V) birlasmasinda dielektrik nifuzlugunun g(T) (3-1kHs va 4-1MHSs ayrilari)
va £ 2(T) temperatur asihihdi (1 ve 2 ayrilari), setha paralel istigamatda
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Sekil 2. TIS (V) kristalinin dielektrik nifuzlugunun g(T) (1-1kHs va 2-2MHs ayrilari)
va ¢ V4(T) temperatur asililigi (3 va 4 ayrilari), sethe perpendikulyar istigamatda

Belalikla, TIS kristallarinin V' atomu ils asgarlanmasi kristalda relaksor halina malik olan
xarakterik xisusiyyatlar musahids olunan temperatur oblastinin yaranmasina gatirib c¢ixarir.
160K temperaturda relaksor (nanodomen) haldan makrodomen segnetoelektrik halina faza kegidi
bas verir.

ODBBIYYAT

1. Sardarli R.M., Samedov O.A., Sadixov I.S., Djabbarov D.Q. Anizotropis
seqnetoglektriceskix i glektriceskix svoystv v interkalirovannix kristallax TIInS..
«Fizikanin aktual problemlari» 111 Respublika elmi konfransinin materiallari, Baki,
2004, s.45-46.

2. Sardarli R.M., Samedov O.A., Sadixov i.S., Nadjafov A.I. Vlianie y-oblugenia na
segnetoglektriceskie svoystva relaksorov na osnove TIInS,. «Fizikanin aktual
problemlari» 111 Respublika elmi konfransinin materiallari, Baki, 2004, s.46-47.

3. Sardarli R.M., Samedov O.A., Sadixov i.S. TlInS,, legirovanniy Cr i Mn — noviy
relaksorniy seqnetoglektrik. FTT, 2004, t.46, v.10, 5.1852-1855.

209



BDU-nun Fizika Problerlari institutunun yaradilmasinin 10 illiyina hasr olunmus
Beynalxalq konfrans

4. Sardarli R.M., Samedov O.A., Sadixov i.S., Salmanov F.T. Relaksornie svoystva i
mexanizm provodimosti y-oblugennix kristallov TIInS,. Azarbaycan MEA Xabarlari
fiz.-riyaz. va texnika elmlari ser., 2004, N 5, s.17-22.

5. Sardarll R.M., Samedov O.A., Sadixov i.S., Nadjafov A.I. Seqnetoglektrigeskie i
glektrigeskie svoystva TIInS,, legirovannogo perexodnimi metallami. Azarbaycan MEA
Xabarlari fiz.-riyaz. ve texnika elmlari ser., 2003, ¢.XXIII, N 5(1), s.111-116.

®OTOINEKTPUYECKUME CBONCTBA
MOHOKPUCTAJIIA (SnS)o,909(NdS)o 001
O.M. lNacaHoB, X.A. Agresanosa, k.M. Caapos
Asepbaii>KaHCKuUiA rocyapCTBEHHbI nefarornyeckuin yHueepcuTeT
19590ktay@mail.ru

B paHHOM paboTe npuBedeHbl pe3ynbTaTbl W3YYeHWs aHW30TPONUM CMEKTPOB (HOTO-
MPOBOAUMOCTU NMACTUHYATBLIX KpucTaiioB SnS [1] n (SnS)g.999(NAS)o 001MONMYHEHHBIX METOLOM
BpumkmMeHa. [na nccnefoBaHns CNekTpoB (POTONPOBOAUMOCTU MOSTYHEHHbIX MOHOKPUCTASI/OB
SnS 1 (SnS)o,.990(NdS)o,001, N3rOTOBMEHBI MPAMOYFOMbHbIE 06pa3Libl C pasmepamit 5x3x0,5Mm° 1
Ha ecTecTBeHHble rpaHu (001), ¢ 3epKaibHbIMW MOBEPXHOCTAMU HAHOCWIUCL aKBajaroBble
KOHTaKTbl, MO3BONAIOLLME NPUKIALbIBATL 3/1IEKTPUYE-CKOe Mosie K 0bpasuy BAOMb CMOS, T.e.
BLO/Ib  KpuCTannorpauyeckoin ocum b. WM3mepeHns (OTOTOKa B LUMPOKOM WHTEpBase
Temnepatypbl  (80-350K) u3yyeHO B CTalyMOHapHOM pexume. Bo3byxaatowmin - nyy
neprneHAVKYNAPHO Najan Ha NoOBEPXHOCTb NIOCKOCTH (a,b).

VccnepgoBaHne  CnekTpoB — (DOTOMPOBOAMMOCTM  MOHOKpUCTanna(SnS)o g99(NdS)o 001,
noKasann, 4YTO OHWM 06M1afakoT BbICOKOM (HOTOUYBCTBUTENILHOCTBIO B 06nacTn 0,6-1,3 MKM.
YCTaHOBMEHO, YTO [06aBKM /NlaHTaHOMZOB YBE/INYMBAKOT (POTOYYBCTBUTE/ILHOCTb OGUHAPHOIO
COeAMHEHUA SNS Ha NOpAfOK, a TaK JKe pacluMpsAloT  ChnekTpaibHyt  06/1acTb
(hOTOYYBCTBUTE/NLHOCTb B A/IMHHOBO/IHOBYO 00/1aCTb.

B o06nactm Kpas COGCTBEHHOrO MOr/OWeEHNs B CrekTpax (OoTONpPOBOAMMOCTU
MOHOKPUCTaNNNa(SNS)o 999(NdS)o 001 B HENONAPU30BAHHOM CBeTe puc.1 1 puc.2, Hab-aannch
ABa Makcumyma [2]. Ond MaeHTU(hMKaLMn 3TUX MakCUMYMOB Mbl MPOBENN MONAPU30BaHHbIE
M3MepPeHNs CMeKTpoB (oTonpoBoaumMocT ans cnyvaeB Ella u E|b. B nonspusaumu Ejja B
06nacT Kpas COOCTBEHHOrO MOr/IOLLEHMA B CMeKTpe (OTONPO-BOAUMOCTM MOHOKpUCTanIa
(SNS)0,999(NdS)0,002MPOABASETCA TONBLKO MakcUMyM AVz =1 723B, 1 cnaboeh?z=1,373B (T=80K).
B nonspusauun E||b goMUHMpYOWMMK ABASKOTCA Makcumym Avi=1373B 1 cnaboe nneyvo npw
1,723B.

C pocTtoM TemnepaTypbl WMeeT MECTO CMeLLeHMe MakcMmyma (OTONpPoBOAUMOCTU
hvz=1723B B CTOPOHY MEHbLUMX 3HEPTUIA KBAHTOB M €r0 pasmbITHE MPY BbICOKMX TeMMepaTypax
B nonspmusaummn E|ja. TemnepaTypHblili KO3GGULUMEHT cMmelleHne ans E|ja nonspusaumm pasHo:
dE
AT=-3,6-10%B/K. [na nonspusaumn E|b npn 80K makcumym (pOTOTOKA HaxoAuTcss npw
1,373B 1 ¢ pocTom Temnepatypbl MUK (POTONPOBOAMMOCTM CMELLaeTcA B A/IMHHOBO/IHOBYHO

dE

06/1aCTb CO CKOPOCTbIO AT =-4-10"3B/K.
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hv,sB
Puc.1. CnekTop (hoTONpoBOAUMOCTM MOHOKpUCTaNNa
SnS: 1-80K, 2-200K, 3-300K.

hv,s8
Puc.2. CnekTop oToNpoBOAYMOCTY MOHOKpUCTAINA
(SnS)o,ggg(NdS)oyom: 1-80K, 2-200K, 3-300K.

/13 aHanm3a Kpas cnektpa (poTonpoBOAUMOCTI onpeesneHbl Henpamble (1,33B npy 300K u
1,2238 npu 80K) 3anpeLleHHble 30HbI. CuUrHanbl 4ns HanpasneHus E|lc cnabee, yem ang gpyrux
Hanpas/ieHWI 13-3a 3HAUNTENIbHO XYALLEro Ka4yecTsa NoBepXHOCTU, MOCKO/bKY 3TV NOBEPXHOCTY
Nonyynnach ¢ MeXaHNYeCKON LNNHOBKOR 1 NOIMPOBKOIA.

CnepfyeT OTMETUTb, 4YTO BO Bpems (POTONPOBOAMMOCTW, Mpu TemnepaTypaxT>320K,
MOHOKPUCTaNbI (SNS)g 999(NAS)g 001 NEpexoanin B 60nee HU3KOOMHOE COCTOSHME, B pe3y/bTate
3TOro 06pasLibl Tepsan POTOHYBCTBUTENIBHOCTb.

Mo Hawemy MHeHuto, 6narogaps Bknagy 4f-5d nepexofoB B CnekTp (HOTONPOBOAUMOCTH
MOHOKpucTaina (SnS)oeg9(NdS)o 01 HabnofaeTcs A/IMHHOBOHOBOM MakKcMMyM. [1onoXxeHue
3TUX MaKCMMYMOB XOpOLUO COOTBETCTBYeT C pe3y/nbTaTamu paboT [3,4]. B pabote [5]
006bACHSETCSA, UTO 3Heprus cBsisn 4f-3n1eKTPoHOB B TpexBafieHTHOW P3M (B Hawem cnyuvae Nd)
6onbLUe, YeM B [BYXBIEHTHbIX, UMEIOLLMX OAUH AOMNONHUTENbHbIN f-3n1eKTpoH. Jo6aBouHoe
KY/OHOBCKOe OTTa/IKuBaHve Mexnay 4f-afekTpoHamMu B MOCNeAHEM Cllyyae pe3ko YMeHbLuaeT

9HEPI IO CBA3N.
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ANEKTPNYECKME TOKN B KOHTAKTAX METAJ11-NONYMNMPOBOAHNK
C AOMONHNTENBbHBLIM 3NTEKTPUYECKKM MNOJTEM
P.K. MamepoB, A.P. AcnaHoBa
BaknHCcKuiA TocyapCTBEHHbIN YHUBEPCUTET

B paboTe npeAcTaBneHbl pPe3yNbTaThbl WCCMEAOBaHWS MNPOTEKaHWs ToKa MNof [AelicTBreEM
[ONOMHUTENLHOTO 3N1EKTPUYECKOrO MONs B NMPUKOHTAKTHOW 06/1acTyW NONYNPOBOAHNKA, BO3HWKAKOLLETO
13-3a OrpaHNYeHnst KOHTaKTHO NOBEPXHOCTU peaslbHOro KOHTaKTa MeTasl — NoNYynpPOBOAHMK.

Mpy HenocpeACTBEHHOM KOHTaKTe MeTansia ¢ nonynpoeogHukom (KMIT), pabota Bbixoa
X CBOOOAHbLIX MOBEPXHOCTEW, MPUMbIKAIOWMX K KOHTAKTHOW MOBEPXHOCTW OCTaloTCA
HEN3MEHHbIMW, a BbICOTa MOTEHUMaIbHOrO 6apbepa KOHTAKTHOW MOBEPXHOCTW CTaHOBUTLCSH
nopsigka 0,1-1,09B. BO3HWKHOBEHME KOHTAKTHOW Pa3HOCTU MOTEHLUMANOB MEXAY KOHTAKTHOM
MOBEPXHOCTbIO W MPUMbIKAKOWMMMA K Heid  CBOOOAHbIMM  MOBEPXHOCTAMM  MeTania U
NoNyrnpoBOAHUKA 06pa3yeT AO0NONHWUTENbHOE 3nekTpuyeckoe none (A3M) [1]. 310 none
MPOHWKAET B MOMYNPOBOAHWK B ry6uHe | 1 NOMHOCTLIO OXBATbIBAET NMPUKOHTAKTHYHO 0611acTb
nonynpoogHnka KMIT ¢ y3kol wWupuHOA. B cBA3M ¢ pasBuTveM ATOMHO-CMO/IOBOWA
Mukpockonum (ACM) cTasio BO3MOXHBIM HENocpeAcTBeHHOe n3MepeHmne O30 B KM,

Ha pucyHke la npeactasneHo ACM n3o6paxeHune noTeHUmana nosepxHoctn Au— nGaAs
KMIM ¢ gvameTpoM 15MKM, rAe YeTKO BWAEH OAMHOYHBIA KPYr/bli KOHTaKT 30/0Ta W
pacrnpegeneHne KOHTaKTHOM pasHOCTV noTeHumanos (KPIM) mexay oCcTpreM UMbl KaHTuieBepa
(3oH4a) ¥ noeepxHoCTbiO Au— nGaAs KMI1 [2]. BugHo, uto KPI1 B 06nactn MeTania
3HauMTeNbHO MeHbLle KPI cBo60AHONM noBepxHOCTM NGaAs 3a npefenamMn KoHTakTa. Mo mepe
yaaneHus OT nepumeTpa KOHTakTa 3HadyeHue KPIT nocTeneHHO yBenM4yMBaeTcd OT
MWUHUMa/IbHOro, paBHoro KPIT noBepxHOCTW MeTanna, 4O MakcumasibHoro, pasHoro KPI1
CBO6OJHON MOBEPXHOCTM MOMYNPOBOAHUKA. 3HaUUTb, Mog AeicTBrem L3I BOKpPYr Kpyrnoro
KOHTaKTa Hab/iofaeTca OCECUMMMETPUYHAA MNPOTAXEeHHas nepexofHas o06n1acTb  (opeon)
LUMprHOI okono 15 mkm ¢ KPI, otanyHoii ot KPIM cBo604HO NOBEPXHOCTM MOYNPOBOAHMKA.
B nHTepBane wmpuHbl opeona KPI MeHseTcs oYt IMHEHO.

a) b)

Puc.1. ACM wn3o6paxeHne noTeHLmana Ha noBepxHocT Au-nGaAs KMI1 ¢
AnameTpom 15 MKM (a) 1 cxemaTmyeckas cTpyktypa KMIM ¢ 4301 (b).

13BECTHO YTO, 06bIYHBbI Bbll'lpﬂM]'IﬂIOLLU/IVI KMTIT yacto n3rotoBnseTcad nyTem HaHeceHus
TOHKON MeTa//IMYecKor M/EHKN B rHesgo C OI'IpEAGI'IGHHOVI Fﬂy6I/IHOI7I, BCKPbLITOE B TOHKOM
AON3NEKTPNUYECKOM C/10€ Ha MNOBEPXHOCTW MONYNpPOBOAHMKA TakK, KakK 3TO MNpPeAcTaB/IEHO Ha
pI/IC.lb.. Mnowaab MeTa//IMYECKOM  MNEHKN BbI6VIpaeTCFI TaK, 4YTO OHa nepeKpbiBaia
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AM3NEKTPUYECKOrO Cl0s BOKPYr 6apbepHOro KoHTtakTa. [py 3aToM, cornacHo mogenu LLIOTTKM,
Korfa pasHocTb paboTbl Bbixoga MeTanna ®y M 3N1eKTPOHHOro CPOACTBA MOMYNPOBOAHMKA N -
Tuna P (T.e. BbICOTA NOTEHLMaIbHOro 6apbepa Pg=Py\-Ps) CTAHOBUTCHA NOUTH PABHO U MEHbLLIE
Hyna (T.e. ®p<0), Torga KMI1 umeeT OMM4YecKme CBOICTBA M MpPW KOHTAKTHOM 061acTu
noNfynpoBOAHUKA He obpasyeTca 06M1acTb MPOCTPAHCTBEHHbIX 3apsfos (Or13). B gpyrom
cnyvae, korga ®g >0, KMIT o6nagaeT BbINPSAMISIOWMUM CBONCTBOM M NPU KOHTaKTHOM 06/1acTy
nonynpoBoAHUKa obpasyetca O3 ¢ rny6uHoli d.

Kak BMgHO u3 puc.lb, nHTEHCMBHOCTL En A3M KMI HanpaBnsetcs OT KOHTaKTHOW
MOBEPXHOCTM K CBOOOAHLIM MOBEPXHOCTSAM MOMYNPOBOAHMKA UM MeTasifa. B NpUKOHTaKTHON
06/1aCTM  rOpU3OHTa/IbHbIE  COCTaBAAlOLWME  HanpskeHHocTed  O3M  HanpasnswoTCS
NMPOTUBOMNONOXHO M KOMMEHCUMPYIOT ApYr-4pyra, a BepTUKa/lbHble cocTaBnawowme Ea A3r1
CTaHoBATCA dencteyrowmmn. B cnydae I< d, B NPUKOHTaKTHOW 06/1aCTU NOMYNPOBOAHMKA MOA
fevicterem 3 cBOGOAHbIE 3NEKTPOHBI B rNy6uHe | HanpaBisOTCA K MOBEPXHOCTU MeTasiia 1
HakKanIMBalTCA Ha Held, CnefoBaTesibHO, B 06beme MOMYNpoBOAHMKA 06pa3yetcs 006/1acTb
MONOXKNTENbHBIX 06BEMHbIX 3apafoB ¢ rnyouHol |. A B cnyyae 1>d, B NpuKoHTaKTHON 061acTu
nonynpoBoAHNKa nog geictesmeMm A3 cBO6OAHbIE 3/EKTPOHLI B 06nacT ¢ LwmpuHon I-d
Hanpas/IAKOTCA K MOBEPXHOCTU MeTasifia U HakanImearTCA Ha Hel, cnefoBaTe/bHO, B 06beme
MoNynpoBOAHNKa 06eAHEHHbIM COW pacluvpseTcs U obpasyeTcs [OMNONMHWUTENbHas 06/1acTb
MONOXUTENbHLIX  00bEMHbIX  3apAfoB. Takum 06pa3oM, B MNPUKOHTAKTHOMW  06nacTu
nonynposogHuka KMI un3-3a pacnpefeneHus aNeKTpUYecKuUx 3apsaoB nof feictsvem AOr1
MEeTa/IIMYECKUI 3NEKTPOL 3apsKaeTca OTpUUATeIbHO U MOMYNPOBOLHUK — MOJMOXMUTENBHO, T.€.
BO3HWKaEeT 3N1eKTpoABMXKyLwasa cuna 43rT.
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Puc.2. 3asucumoctb Toka Ni-nSi KM ¢ 1311 0T BHeLLHero conpotueieHuns (a) u
3aBUCUMOCTb NafeHNs HaMpPsHKEHWUS OT BHELLIHEro COMPOTUB/IEHNS
KM c¢ gnametpamu 100 mkm 1 500 mMkm (b).

BbIfI0 MCCNeA0BaHO TOKOMPOXOX/EHWS| B KOHTAKTax HUKENS C KPEMHMEM N-TUna U ¢
YAENbHbIM cOnpoTMBieHMeM 15 OM CM, W3rOTOBNEHHbIX METOAO0M (OTONUTOrPatNUECKON
TeXHONOrnn. KOHCTPYKTMBHAsH CTPYKTypa 06pasLioB MMefa BUj, TaK, Kak 3TO MpeacTaBfieHa Ha
puc.lb n gnameTpbl KOHTAKTOB cocTaBnsim 100MKM 1 500MKM. Mpu COEAVHEHWUN 3NEKTPU-
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YeCKMM MPOBOLOM C COMPOTUB/IEHNEM R 6apbepHOro MeTa/lIMYeCKOro KOHTaKTa M OMUYECKOro
KOHTaKTa Mo/flynpoBOAHMKA Yepe3 Lien MNpoTeKaeT 3/eKTPUYECKMin TOK |. 3aBMCUMOCTW 3TOro
Toka KMTI1 ¢ gnameTtpamu 100MKM 1 500MKM OT BHELLHEro Conpo-TuBeHUa R npefcTaBneHbl Ha
puc.2a. Kak BMAHO M3 PUCYHKa, C POCTOM conpoTusieHns TOK KMIT ymeHbLUaeTcsa MnoyTtu
rmnep6osmMyeckuM 3akoHoM. pu KOpOTKOM 3amMblkaHuy (R=0) NMHelHas NAOTHOCTb TOKa Mo
nepubepun KM ¢ anametpamut 100MkM 1 500MKM umenn 3Hauenns 1,6.10 A/mkm n 2,0.10°
L A/MKM, a NIOTHOCTb TOKA MO KOHTAaKTHOVA nnowaan KMIT ¢ gnametpamy 100MkM 1 500MKM
umenn 3Hadenus 6,4.10°A/mkm® n 2,0.10%° A/mMkm?, cooTBeTcTBEHHO. OTCIOAa BUAHO, UTO
NIHelHas NIOTHOCTb TOKa no nepudgepun KMI ¢ pasimyHbIMU graMeTpaMu UmeeT 6/1M3koe
3HayeHue, a NJIOTHOCTb TOKA MO UX KOHTaKTHOM MAOWaAM 3aMeTHO OT/IMYaeTcs U C POCTOM
[AmnamMeTpa ymeHblUaeTca. A 3T0 03HayaeT, Yto Toku KMI npoTekatoT no nepmgepmm KOHTaKTa,
rae Hanps>keHHocTb A3 gocTatoyHO 60MbLUas.

Ha pwuc.2b npeacrasneHa 3aBMCMMOCTb nNafeHWs HanpsxeHus (U) Ha BHelUHee
conpoTtusneHne R KMI1 ¢ gnametpamu 100 mkM 1 SO0MKM OT ero 3HaveHus. [MonyyeHo, 4To ¢
poctom conpotueieHna R oT 5kOm go 30kOm 3aBucumocTb mexay U n R mMeeT noytu
NMHENHBIA XapaKTep.

Takum 06pa3oM, Kak creflyeT 13 BblllecKa3aHHOro, B peasibHbiX KMIT ¢ KOHCTPYKTUBHOM
CTPYKTYpOW, nNpeAcTaBfeHHON Ha puc.lb B nepudgepuitHON  NPUKOHTaKTHOM  06nactu
MoNynpoBOAHUKA HanpsXeHHOCTb A3 umeeT MakcMmanbHOe 3HayeHue U TaM XKe BO3HWMKaeT
anekTpoaBMXyLLas cuna. B coBpemeHHoM KoHCTpyKuumn KMIT ¢ MOI-kaHaBkoi Tuna “TMBS
diode” [3,4] A3M NONHOCTbIO UMEET MECTO B MPUKOHTAKTHOW 0611acTU NOMYNpoBOAHMKA Y
cneposatensHo B Takmx KMIM A3 nmeeT ocTaTouHO 60/1bLUYH HANPAXEHHOCTb.
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MUXTOLIF METODLAR VASITSSI ILS ALINMIS SILISIUM LOVHSLBRININ
ASINDIRILMASI V& LOVHSLORDS COP SLIFIN ALINMASI METODIKASI

R.K. Hiiseynov, Z.M. Zeynalov, N.i. Quliyev
Ganca Dovlat Universiteti

Isda miixtalif metodlar vasitasila alinmis silisium Iévhalarinin geyribircinsliliyinin xiisusiyyatlarina
tasir edan amillar arasdiriimisdir. Miayyanlasdirilmisdir ki, yarimkegiricinin muxtalif hissalarinin asinma
sUrati temperaturdan, asindiricinin tarkibindan, garisdirma intensivliyindan, keciriciliyin tipindan va
giymatindan ahamiyyatli deracada asilidir.
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Bark cisim elektronikasinin inkisafi, bir tarafdan yarimkegirici materiallarin alinmasinin
yeni metodlari, diger tarafdan, onlarin elektrofiziki parametrlarinin tadqiqi ils kasilmaz baghdir.
Bels ki, yeni yarimkegirici cihazlarin yaradilmasi yarimkecirici materiallarin daha inca
xassalarinin Oyranilmasini taleb edir. Qeyd edsk ki, yarimkecirici cihazlarin xassalarini
muayyanlasdiran asas parametlarine xususi mugavimsati, yirikliyd ve yukdasiyicilarin
konsentrasiyasini, donor, akseptor va darin talalarin konsentrasiyasini, yikdasiyicilarin yasama
muddatini va s. aid edilir.

Yarimkecirici 16vhalarin xususi migavumatinin sath va qalinhgq Uzrs paylanmasinin
bircinsliliyinin muayysnlasdirilmasi arasdiraqg.

Bu magsadla nazarda tutuln I6vhalarin hazirlanmsi prosesi bir sira ardicil amaliyyatlardan
ibaratdir. Kasma amaliyyatinin ardinca mexaniki cilalama va pardaxlama smaliyyatlari, sonra
kasmada yaranan mexaniki galiq zadaslarini aradan galdirmag magsadi ila l16vhalarin kimyavi-
mexaniki pardaxlanmasi hayata kegirilmsdir. Sonuncu smaliyyat naticasinda mustavilikdan
kanara ¢ixmasi 5 mm-dan az olan mdstavi paralel 16vhalar alinmisdir.

Malum olan kasma texnonlogiyalarinin an yaxsisinda paslanmayan poladdan hazirlanmis
va daxili tarsfdan almaz ovuntusu ils ortulmis kasici olan dairalardan istifads edilmsdir. Bu
usulla diametri 76 mm-a gadar olan kristallar kssilmisdir. Bu halda diametri 76 mm olan
kristallarin kasilmasi zamani itki taxminan 30% taskil edir, kasma sirati ise taxminan 40 mm/daq
olur. Hesab edilir ki, kesma siratini ¢ox da bdyiuk olmayan texnoloji islemalar hesabina artirmaq
olar.

Kasma surati, konkret kasma texnologiyasi ila miayyan edilan itkilsr va bu zaman yaranan
galig mexaniki zadalarin 6lgilari bir-birila garsiligh slagadardir. Ona gora de prosesin arzu edilan
mahsuldarligi va alinan mahsulun keyfiyyati arasinda kompromiss getmak lazimdir.

Hatta an yumsaq kesma sartlarinds bels 16vhalarin ssth layinda mexaniki zadslar yaranir.
Gozlanildiyi kimi, lovhalarin zadalenma daracasi kesma texnologiyasindan asihdir [2, 5, 6].
Coxralski va zona aritma sulu ila alinmis silindr sakilli kristallardan galinhgr 300-625 mkm olan
I6vhalar kasilmisdir.

Ona gora kasmadan sonra lévhalarin sathindan bir nega on mikrometrlik layin (adstan, 12-
75 mkm) uzaglasdirilmasi magsadi ils onlar mitlag kimyavi asindirmadan ke¢mislar. Bir gayda
olaraq, asindiricilar azot tursusu va hidrogen-ftorun qgarisigindan ibarst olur va dayanighgin
artirllmasi magsadi ila basqga reagentlar, masalan, uksus tursusu, brom, yod va.s slava edirler.

Kimyavi asindirmadan sonra mexaniki gqaliq zadalar uzaglasdirilir, lakin yens da alinan sath
cihaz hazirlanmasi Ggun yararli hamar va mikroskopik mistavi olmur. Ona gdra kimyavi
asindirma, bir gqayda olarag, kimyavi-mexaniki pardaxlama ila birlikda aparilir. Bunun Ugin
kimyavi asindiriimis I6vhalar metal disklar Gzarinds yerlasdirilarak onlarin ssthi xisusi PQ-320
qurgusunun koémayi ils pardaxlanmislar. Pardaxlanma, ham I6vhanin sethinden materialin
mexaniki uzaglasdiriimasi, ham ds kimyavi asilanma hesabina bas verir.

Yarimkecirici cihazlarin hazirlanmasinda kimyavi asindirmanin maxtslif névlari istifada
olunur: kasmadan sonra mexaniki zadalenmis layin uzaglasdirilmasi magsadi ila lévhalarin
asindiriimasi, misyyan forma almaq uciin dielektrik tabagalarin asindiriimasi, daxili alagalarin
tamin olunmasi Ugun metal tabagalarin asindiriimasi va s. Mantiqgi olarag asindirma amaliyyati
litografiyanin ardinca gslir. Dielektrik tabagalarin asindirilmasinda bir sira metodlar istifads
olunur, masalan, ion-plazma, ion-stia, maye, gaz va ya plazma asindiriimasi; an ¢ox maye
asindiriimasi istifada olunur va o, silisium asasinda cihazlar istehsalinda zaruri amaliyyatlardan
biridir [1, 3, 4].

215



BDU-nun Fizika Problerlari institutunun yaradilmasinin 10 illiyina hasr olunmus
Beynalxalq konfrans

Gap slifi (klini) mexaniki cilalama va yarimkegirici asindirma yolu ila almaqg olar. Lakin
texnologiya va kegiriciliyin tadqgiqi naticalarinin takrarlanmasi baximindan asindirma tgun tez-
tez tursu va galavi asindiricilardan istifada edirlar. Asindiricinin tarkibina oksidlasdirici (HNOs,
H,O va s.), kompleks yaradan kompo-nent daxildir ki, bu da yarimkeciricinin atomlari ila suda
hall ola bilan birlasmaler (HF, NaOH va s.) yarada bilar. Asindiricinin tarkibina kimyavi
reaksiyanin siratina tasir edsn komponentler (CH3, COOH, Br,;, AgNO3;, K,Cr,0; va s.) daxil
edilir. Bunlar muayyan kristallik istigamatlarda asinma suratina tasir edirlar.

Qeyd edak ki, yarimkegirici numunalarin mexaniki cilalanma yolu ils hazirlanmasmm son
marhalasinda yena da asindirmadan istifads edilir.

Umumiyyatls, silisiumun asindirma prosesini asagidaki kimi tasavviir etmak olar:

HNOs-ds oksidlasdirms -
3Si+4HNO0s = 3Si02+4NO+2H20
Si02-nin flor tursusunda hll 11 olmas-
Si02+6HF *= Ha[SiFs]+2H20

HNOz;+HF garisiginda asindirma, mahiyyst etibarils, elektrokimyavi prosesdir. Bels proses
zamani yaranan galvanoelementds yarimkegiricinin sathinin ayri-ayri yerlari Gzlarini névba ils
anod va ya katod kimi aparirlar.

Yarimkegiricinin anod rolu oynayan yerinda onun hall olmasi bas verir, bu hal-da katodda
asindiricinin oksidlasdiricisi barpa olunur.

1. Silisiumun anod hall olmasinda dord elektron azad olur va ya dord desik

Si- 4 ¥ S+ zabt olunur:
Si**+6F &> [ SiFg]’

2. Katodda oksidlasdirici komponentin barpasi zamani (¢ elektron tutulur va ya desik azad

olur:
4H+ + NO™ + 3e-—» NO + 2H,0

Silisiumun hallolma tanliyinin Gmumilasmis sakli beladir:
3Si + 4HNO3+18HF &<*3H 2 [SiFs ] + 4NO + 8H20

Asindirmanin  baxilan  mexanizmi  kristallik gafasin  defektlarinin  (dsnaciklarin,
dislokasiyalarin sarhadlarinin) askarlanmasini izah etmays imkan verir. Daha boyik sarbast
enerji ehtiyatina malik olan kristal gafas defekti, 6ziini anod kimi aparacaq, gafasin pozuldugu
yerlar daha bouk suratls hall olacag. Hallolma (asinma) siirsti de-dikds, vahid zamanda kdtlanin
va galinhigin azalmasi basa dusulr.

Istanilan sartler daxilinda defektli hissanin asinma siirati defektsiz hissaninkina nisbatan
boyukdirss, pazsakilli nimuna hazirlamaqg tgun asindirma metodunu istifads etmak maqgsads
uygun olmur, ¢linki asinmadan sonra nimunanin sathi geyri-bircins olacaqdir (¢okakliklar,
zolaglar va s.).

Yarimkegiricinin muxtalif hissalarinin asinma surati bir gox faktorlardan: temperaturdan,
asindiricinin tarkibindan, garisdirma intensivliyindan, kegciriciliyin tipinden va giymatindan
ahamiyyatli daracads astlidir. Masalan, yarimkeciricinin sathinin defektli va ideal hissalarinin
asinma suratina temperaturun tasirini arasdiraq. Basga kimyavi proseslardaki kimi, asinmanin
srati da temperaturun artmasi ile artir. Bu halda sirstin artimi prosesin aktivlasma enerjisi ila
muisyyan olunmalidir. BoOylk sarbast enerji ehtimalina malik olan defektli hissalar Ggln
aktivlasma enerjisi, ideal hissalara nisbatan kigik giymatlara malik olur. Kimyavi proseslarin
sratinin tempe-raturdan asililigi Bolsman faktoru ile mitanasibdir:
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V =Aexp(-U/KT) @

burada A- sabit kemiyyat, U- prosesin aktivlasma enerjisi, k- Bolsman sabiti, T- temperaturdur.

Asagi temperaturlarda Kicik aktivlasma enerjili proseslarin strati boyik aktiv-lasma enerjili
proseslara nisbatan shamiyystli deraceds bdyiik olacaq. Lakin (1) dusturuna uygun olarag, boyuk
aktivlasma enerjili proses ucun kimyavi reaksiyanin sursti shamiyyatli daracadas artir va miisyyan
temperaturda proseslarin stratlari barabarlasir. Belslikla, els asinma temperaturu segmak olar ki,
bu halda yarimkeciri-cinin batlin sathinin asinma sirati eyni olsun.

Qeyd edak ki, asinma ekzotermik prosesdir. Ona gore do zaman kecdikca asindiricinin
temperaturu dayisacak ve zaif tasirli asindiricilarda bu, daha cox hiss edilacek. Bundan basqa,
yarimkeciricinin sathi yaxinliginda ve kanarlarinda asindiricinin tarkibi eyni olmayacag.

Yarimkegiricinin hacmi ile miga-yisada daha bdyuk hacmli asindirici géturmak lazimdir
ve 0, daim qganisdiriimalidir. Diggatli garisdirma yarimkegiricinin sathinin ayri-ayri hissalarinin
haddindan ¢ox qizmasinin garsisini alir ki, bu da segilmis hissani tez asinmadan saxlayir va
uygun olarag, kale-kétir wve girinti-cixintilarin - meydana galmasini  mahdudlasdirir.
Asindiricilardan istifada etmakla pazsakilli numunanin hazirlanmasi onun sabit surstle daxil
edilmasini talab edir.
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ZnO is one of the most intensely studied metal oxides that exhibit wide bandgap (~3.3 eV)
at room temperature [1]. Because of its transparency to visible light, ZnO is already used as
transparent conductive oxide in commercial applications, e.g. as front-contact in solar cells [2].
Furthermore, oxide semiconductors are commercially available materials with advantages of low
cost, nontoxicity and high chemical stability [3]. CdO is conducting and transparent in the visible
region with a direct band gap of 2.5 eV. Much more attention has been paid to the study of the
electrical and optical properties of CdO thin films, and therefore they are useful for various
applications, such as solar cells, gas sensors, low-emissivity windows, wear resistant
applications, flat panel displays and thin-film resistors [4-6]. However, cadmium oxide is
characterized by a much lower resistivity. Therefore, the resistivity of ZnO can be decrease by
alloying with CdO to have low resistivity front-contact for solar cells. Creation of solid solutions
on the basis of various metal oxides allows changing physical properties and bandgap of thin
films that is actual at designing of photonic devices with high performance in various spectral
ranges [7].

A variety of methods have been reported for the preparation of CdO-ZnO alloy films such
as molecular beam epitaxy [8], sol-gel process [9] and spray pyrolysis [10]. Among these
methods, electrodeposition is an attractive method to obtain these kinds of films, which is well
known for its simplicity, reproducibility and possibility of producing cheap large-area films.
Although pure ZnO and CdO films have been studied by many research groups, a compound
semiconductor of ZnO and CdO, that is to say, Cd;.xZnxO has seldom been studied.

In this paper we demonstrate Cd;«ZnxO based heterojunction using p-type Si as substrate.
The purpose of the given work is the investigation of electric and photoelectrical properties of
heterojunctions n-Cdo4ZnosO/p-Si  deposited by electrochemical way, depending on the
deposition and heat treatment regimes.

The electrochemical deposition has been performed with a three electrode configuration:
graphite as anode, Ag/AgCl; electrode as reference electrode and glass/p-Si thin films (200 nm)
as cathode. Total area of working electrodes (cathode) was 1x1 cm? The glass/p-Si substrates
were cleaned with ethanol, acetone and deionized water and then dried in flowing N2. At
electrodeposition we used the high purity zinc and cadmium salts. The electrodeposition was
carried out potentiostatically at -0.9, -1.2 V, -1.28 V and -1.35 V vs. Ag/AgCl for 1-2 hour. The
mechanism of electrodepositing Cd1..Zn,O from an aqueous solution containing Zn?* and Cd**
ions is the reduction of an oxygen precursor at the interface of electrode and precursor solutions.
The generated hydroxide ions then react chemically with the Zn®* and Cd** ions in the solution to
form zinc and cadmium hydroxide depositing at the cathode. Commonly, three kinds of oxygen
precursors, i.e., nitrate ions, dissolved molecular oxygen, and hydrogen peroxide, are employed.
In the present study, nitrate ions-based oxygen precursor was chosen. The chemical reaction can
be expressed as follows:
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NO; 4+ H,0 + 2e” = NO;+ 20H" (1)
Zn**(Cd**) + 20H™ — Cd(Zn)(0H), — CdZn0 + H,0 )

Dark 1-V characteristics and SEM surface images of n-Cdg4ZnosO/p-Si heterojunctions
depending on the cathode potential are presented in Fig. 1.

According to the top-view SEM images (Figure 1, appendix), the surface of
electrodeposited Cd4ZnosO films more rough and non-homogenous deposited at -0.9 V. The
morphology of films changes from non-homogenous surface to nano-granular structures with
increasing the deposition potential up to -1.2 + -1.28 V and then (= - 1.3 V) to micro-granular
arrays. It indicated that the applied potentials exhibited more influence on the morphology and
structures of top layer of Cdg4Zng O films.

Forward current of heterojunctions can be described by equation:

u
] =Jsexp (%] )

Here, Jo is the saturation current density, U is the applied voltage, e is the electron charge, n is the
ideality factor, k is the Boltzmann constant, and T is the temperature.

It is found that the mechanism of current passage through the heterojunctions essentially
changes with increasing deposition potential from -0.9 V to -1,28 V: recombination currents
sharply decrease, which shows the reduction of defects and decreasing of the series resistance of
films (Figure 2).

As seen from figure, films with nano-structured surface, which deposited at -1,2+-1,28 V,
shows good rectification (k=30-40). The ideality factor of heterojunctions deduced from semi-
logarithm I-V plot was decreased up to n= 1.8. This high value of ideality factor suggests the
domination of recombination process in these devices which occurs in the junction region.

12,

W25V

J (mkA/sm’)
J (mkAvsm’)

uw v

Fig. 1. Dark J-V curves and SEM images of Cdg4ZnqO/p-Si
heterojunctions deposited at different values of cathode potential.
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Fig. 2. Semilogarithmic plot of forward bias of J-V curves for heterojunctions n-Cdg 4Zn ¢O/p-Si.

We also studied the effect of films surface morphology on the photoelectric properties of
these heterojunctions. Figure 3 shows the room temperature photoresponse curves of the
Cdo.4Zno60/p-Si heterojunctions deposited at different values of cathode potential. There occurs a
reconstruction of the photosensitivity spectrum with increasing deposition potential up to -1,2 V.
As the deposition potential increased from -0.9 V to -1,28 V, photosensitivity at A, = 0.36 um.
The near infrared photosensitivity falloff for all heterojunctions indicated Si absorber band gaps
of 1.1 eV. Under AM1.5 conditions the maximal values of open-circuit voltage, short-circuit
current, fill factor and efficiency of our best cell, were Vo, = 202 mV, Jic = 1.3 mA/cm?, FF = 0.4
and n = 1.7 %, respectively.

The value of short-circuit-photocurrent varies nonmonotonically with HT duration.
Initially, Jsc increases with duration, reaches a maximum value and at >11 min, decreases
drastically. After the HT at 500-560°C for 11 min in argon atmosphere photoelectric parameters
of junctions were Vo =240 mV, Js. =2.5 mA/cm?, FF = 0.46 and n=2.6 %, respectively.

Thus, electrical and photoelectrical parameters of Cdy4ZnosO/p-Si heterojunctions can be
controlled by deposition potential and the HT condition.

100

100

8o | Cathode potential -0.9V g0 | Cathode potential -1.25V

60 60

40 |-
Cdg3Zng ;0
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Photoresponse (arb.units)

20 |
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Fig. 3. Plots of photoresponse against wavelength for Cdg 4ZnosO/p-Si heterojunctions
heterojunctions before HT depending on the cathode potential
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SNEKTPOMNPOBOAHOCTDb MOJTYNPOBOAHNKOB B C/IABEbIX
N CUNNbHBbIX 9NNEKTPUYECKKX MONAX
C.H. Capwmacos, P.LL. Parnmos, E.M. MareppamoB
BakuHCKuid FocyfapCTBeHHbI YHUBEPCUTET

ssarmasov@rambler.ru

PaccMOoTpeHa 3aBUCMMOCTb  3EKTPONPOBOAHOCTY MIEHOK Pas3NMYHON  TOMWMHbI OT
TemnepaTypbl U ANEKTPUYECKOTO NMoAst. 3aBUCKMOCTb NPOBOAMMOCTYM OT TeMNepaTypbl U NOMSi MOXKHO
06BbACHNTb KaK TEPMO3NIEKT POHHOR 3Muccreli, Tak u Moaensto Heiirebayapa v Be6oa.

WccnenoBaHue (M3MYECKMX MPOLIECCOB, MPOTEKAIOWMX B TOHKUX MfIEHKAX MeTassios,
MONyNpPOBOAHWKOB U [AU3NEKTPUKOB, NpPeACTaBAseT GOMbLUOA HayyHbI M MpPaKTUYECKMiA
MHTepec. TOHKME MNEHKN LUMPOKO WCMOMb3YTCS B MUKPOINEKTPOHMKE W APYrMX 06/1acTsx
HOBOW TEXHMKW. X OTANYNTENbHO O0COGEHHOCTLIO SB/IIETCS KOHEYHOCTb TO/LUMHbI, KOTOpas
MOXET MrpaTb peLLatoLyto posib BO MHOTUX (hM3MYECKMX Npoueccax, U no CBOeli CTPYKType
TOHKME MNEHKU OTAMYAOTCA OT MacCMBHbIX MaTepuanoB. Ha ux copmupoBaHve 60Mbluoe
B/IMSIHE OKa3blBAlOT He TONbKO TEXHOMOMMS HaHECeHWUs, a Takke MaTepuan WU CTPyKTypa
MOANOXKM.

B cnabbix 3neKTPUMYECKMX MOMSX CKOPOCTb Apeiitha HocuTenein 3apsga 3HauMTeNnbHO
MeHbLLIE CKOPOCTY UX TEM/I0BOr0 XaoTUYECKOro ABMXKEHMS. M03TOMY pacnpefeneHne HocuTenel
3apsida No 3HepreTMYeckMM YpoBHAM OyaeT COOTBETCTBOBATb TeMrepaType KpUCTas/InyecKoli
PeLLETKN.B CHbHBIX 31EKTPUYECKMX MONSIX CKOPOCTb Apeiida HocuTeNeli 3apsifa consmeprma co
CKOPOCTbIO MX TEMJIOBOTO [BVKEHWS, @ 3HAYMT, B CUJIbHBIX MOMISIX HOCUTENW 3apsifa Ha AnvHe
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cBobogHoro npobera | nprobpeTardT 3HEPrumM, COOTBETCTBYIOLLME KMHETUYECKUM 3SHEPTUsAM
TENMI0BOrO XaOTUYECKOro ABwdkeHus [1]. B pesynbTaTe HOCUTENN 3apafa pacrpefenstoTcs no
3HEPreTMYecKMM  YPOBHAM, COOTBETCTBYIOLLMM  6O/iee  BbICOKMM  Temnepatypam, 4em
Temnepatypa KpUCTa/NINYECKON pewleTkn (UM paBHOW eld), KOTopas MNPaKTUYeCKn He
n3meHsietcs [2].

MeTO40M MarHeTPOHHOIO MOHHOTO Pacnbl/IEHUsS HaMK NOTyYeHbl METaNINYECKNE NNEHKN
MAATVHbI Y HUKENS Pas/IMyHON TO/LLMHBI MPY NOMOLLYM paspsja B Cpefe aproHa 1 K1ciopoga Ha
MOCTOAAHHOM TOKe. PaccTosiHMe MeXay MOAI0XKOM Y MULLEHBIO BapbMpOBaioCh B npegenax 3-
llcm, npwm 3TOM HanpskeHue wusMeHanocs ot 200 po 600 B. Kccnepgosanuch
3NEKTPONPOBOAHOCTb HECM/IOLWHbIX MAATUHOBBIX MIEHOK Pa3fIMYHON TOMLLMHBI B 3aBUCUMOCTH
OT TeMmnepaTypbl W W3MEHeHWe 3/1IeKTPONPOBOAHOCTM MPW  pas/IMyHbIX Temnepatypax B
3aBMCUMOCTM OT NPUIOXKEHHOIO NOSS.

Ha puc.1 npeactaBneHa aKCNoHeHUManbHas 3aBUCMOCTb NMPOBOAMMOCTU OT TeMMNepaTypbl
W POCT 3HEPruy akTMBauMu MpU YMEHbLUEHWN TOMLWMHBI NMEHKKW, nofaras AU3NeKTPUYECKYHo
NMPOHMLAEMOCTb € paBHOM 3 (CpefHee 3HaYeHWe ANA BaKyyma W CTEK/a), 41 TOHKUX MIEHOK
paBHbIM 8A, a ana ToncTeix F paBHO 25A. 3TM 3HaueHMs XOpOLIO COr/iacytoTca ¢
NpeACcTaBNeHNSAMM O TONCTbIX MEHKaX. YeM mesibye YyacTulbl, TeM 60/bLLe SHEPrUS aKTUBaLUK,
M YeM 6ONbLUE PacCTOSHMA MeXJy 4YacTuLamu, TeM MeHbLUe BEpPOSATHOCTb TYHHEMPOBaHMS.
BenmunHbl YacTul, a Takke 3a30p MeXAy HUMK 06bl4HO OO/blue ANA MeHee TYronnaBKux
marepmnanos, 60/1ee BbICOKOIN TemMmnepaTypbl OCaXAeHWUA 1 60/1ee rnagkmux MOAJSIOXKeK.

Takum 06pasom, Mpu 3afaHHbIX YCOBUSX OCAXKAEHWUS MOXHO OLEHUTb MPOBOAMMOCTb
rPaHyNMpOBaHHbIX MNEHOK. B CUAbHBIX 3MEKTPUYECKUX MONSX MPOBOAMMOCTb CTaHOBMUTCA
HEOMWUYHOM, YTO OCOOGEHHO 3aMETHO MPW HU3KUX TemnepaTypax U MOAYMHSETCS 3aBUCUMOCTHU

exp~/E (puc.2) lgo
13 12 11 10
3.2 T T T T T T T
34} _
oL i
=
S 36 -
= - _
3.8} _
40 - <—— YMEHbLUTO/LLY MNeHKN
| | | | | | |

Puc 1. M3MeHeHWe 3M1eKTPONPOBOAHOCTY HECTOLLIHBIX NAATUHOBBIX MIEHOK
Pa3/IMYHON TONLLMHBI B 3a8BUCUMOCTM OT TEMMePaTypbl.

3aBNCUMOCTb 3/71EKTPOMNPOBOAHOCTM OT TeMMepaTypbl M 3MEKTPUYECKOTO MNONS MOXHO
00bACHMTb KakK TePMO3/IEKTPOHHON aMUCCHeER, Tak U Mofenbio Heirebayspa n Bebba [3]. 3Ta
MOZle/lb  XOPOLIO OObACHAET OONbLUYH 4YacTb OOLMX XapaKTepUCTUK MPOBOAMMOCTY
rpaHyNIMPOBaHHbIX M/IEHOK; Be/MYMHA MNPOBOAVMOCTW, BbIMUCMEHHAS B  MPeAnonoXKeHUN
TUMWUYHOIM TeOMETPUYECKON KOH(Urypaumum YacTul, Mony4vaeTcs MeHblle HabnaaemMoit Ha
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onbiTe. 3TO TFOBOPUT O TOM, UTO TYHHE/bHbI MPOMEXYTOK KOPOYE PacCTOSHUS MeXAy
yacTMLamu, ¥ BUAUMO, CBMAETENbCTBYET 06 ONpefeneHHON ponn  MpUMECei MOANOXKKNA W
NOBYLLIEK
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Puc 2. 3meHeHKe 3M1eKTPONPOBOLHOCTM HECM/OLLUHbIX HUKENEBbIX MIEHOK Npu

pasnyHbLIX TeMnepaTypax B 3aBucuMocTu oT + E (E-npunoxeHHoe nosne).
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ASPE+xhac.%In;Se; KOMPOZITLBRININ ELEKTRET XASSOLORI
R. A. Bayramov
Ganca Dovlat Universiteti
bayramov.ruslan86@mail.ru

Ballidir ki, elektret almagq Uc¢ln elektrik sahasinda yerlasdirilmis dielektrik misyyan xarici tasira
maruz galir va bu tasir naticasinda yikli hissaciklarin (elektronlar va ionlar) migrasiyasi bas verir. Hamin
tasirlar gizdirma, isiglandirma, magnit sahasi, mexaniki garginlik, radioaktiv stialanma vs s. ola bilar [1-
3]. Teqdim olunan isda ASPE+xhac.%In,Se; kompozitlarinin elektret xassslarinin tadgigindsn alinmis
naticalar barads malumat verilir. Tadgigat Ggtin nimunalar [4]-ds tasvir olunan gaydada apariimisdir.

Hamin nimunsalardan tac bosalmasi il elektretlarin alinma sxemi [4] isinds verilib. Hamin
gurgudan istifads etmakla kompensasiyaedici garginlik Olculir va yuklerin sathi sixhglan
hesablanir.

_ eeOUk
d @)

Seff

diisturu vasitasi ila hesablanir. Burada ot - Yiiklarin sathi sixliglari(KI/m?), € - niimunanin
dielektrik niifuzlugu, € - elektrik sabiti (8.85-10™2F/m), U,-kompensasiyaedici garginlik(V), d-
elektret nimunanin galinh@idir(m). ge=1(Tsax) Soklinda ifads olunmus eksperimental naticalarin
islanmasina asasan Nt

tsaxl -t

Ins sax2 Ins saxl (2) -10 -\3h_°:__: _:_-h_ e ———

sax2 9F ™

= =l B ——— .|

Tadgigat ASPE+xhac.%In,Se;
kompozitlsrinin x=0, 1, 3, 5 7 va 10
giymatlarine muvafiq olan nlmunalsrinds . .
aparilmisdir. ~ Alinmis  naticalerin ~ tohlili ~ -'°r * -~ - - , ; 4
gostarir ki, tamiz polimer asasinda alinmis
elektretin yasama muddati 78 gln, terkibinde .
lhacm% In,Se; olan niimuna asash elektretin =~ -1 oo oo .~ &
yasama muddsti 48 gln, x=3 qiymatina Inoer '
uygun kompozit ssasinda elektretin yasama .

miiddati 400 giin, x=5hacm%in,Se; slavali | ™ »
kompozit asasli elektretin yasama muddati iss o % 7 ey e
k'fayat godar yuksak-1194 gun 0|urj Slavenin Sok.1.ASPE+xhac.%In,Se; kompozitlarinds yikarin
miqdari 7_V9 100/9 olan elektretlarin yasama sathi sixliglarinin saxlama miiddatindan asilili-
muddastleri muvafig olarag, 178 va 154 giin g1; 1-x=0; 2-x=1; 3-x=3;4-x=5; 5-Xx=7; 6-x=10

taskil edir. Naticalarin tahlili gosterir ki, asagi
sixhigh polietilena 5Shacm%In,Se; yarimkegirici birlasmasindan alava edildikds alinmis kompozit
asasinda elektretin yasama muiddati tamiz polimerin yasama middstindan 4 dafs ¢ox olur. Bu isa
0 demakdir ki polimerlara vurulmus slavalarin migdarini idare etmakls kifayst gadar yiksak
yasama muddatina malik yeni tarkibli elektret almagq mumkuandur.

Elektretlari yiklarinin relaksasiyast va polyarlasmasi bu kamiyystlarin geyri tarazliq
xarakteri ila alagadardir. Zaman kegdikca dipollarin istigamatlanmis dayismasi, polyarlasmis
baglh yuklarin maxsusi dastyicilari ile ekranlasmasi geryi tarazliq dasiyicilarinin maxsusi
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elektrik sahasinda dreyfi va bir sira digar proseslar daxili va xarici elektrik sahalarinin va
elektretin sath potensialinin tadrican yoxa ¢ixmasina gatirir.

Relaksasiya, verilmis materialin elektret halinin tabistindan, onun sturukturundan, atraf
mahitin saraitinden (temperaturundan, ritubstdan, ionlasdirici stialanmanin mévcudlugundan,
mexaniki garginlikan, mikroorganizmlardan va s.) asihidir [4]. Dipol oriyentasiyali
polyarlasmis elektretlards relaksasiya, asassn iki amildan asilidir. ©gar dielektriklards
maxsusi dastyicilar yoxdursa ve onlarin kontakt 12004
elektrodlardan injeksiyasi geyri mimkinduirss, onda o |
relaksasiyanin ~ yegana  mexanizmi  dipollarin
istigamatlanmasinin pozulmasina ssbab olur. Bu
halda daxili elektrik sahasi, qeyri tarazligh °°]
polyarlasmaya uygun galan qruplarin  dipol 0o
momentlarinin aksina yonalir. Ona goérs da bu daxili |
saha o dipollarin istigamatlanmasini pozmagda calisir.

Qeyd edsk ki, bu daxili sahs dipollarn "o . 5, 5 . .+ &

800 1

istigamatlanmasi hesabina yaranir, digsr tarafdan da Sak.2. ASPE+xhac.%In,Se; polimer kompo-
bu istigamatlanmani pozmagda galisir. Yani, naticads zitlarinin yasama miiddatlerinin In;Ses
0z-6zini mahv edir. Bu da qgeyri tarazlig halinin doldurucusunun hacmi terkibindan

asthhigi, burada 1-x=0; 2-x=1; 3-x=3;

xarakterik xtisusiyyatidir. 4-x=5" 5-x=7: 6-x=10

Verilmis  temperaturda dipol  gruplarinin
yurtkliylnin olmamasi dipollarin  formasina manegilik téradir. Dipol gruplarinin
yurikliydnin olmamasini birmanali gsbul etmak olmaz. Prosesin statik xarakter dasidigini
nazars almaliyig-¢ox boylk gbézlamas middstindan daha ¢ox middsti arzinds fluktasiyalar bas
vera bilar. Bu zaman bu va ya digar grup misyysn bucaq altinda déna bilar. Ona gdrs istanilan
mutlaq sifirdan fargli temperaturlarda dipol gruplarinin istigamatlenmasinin pozulmasi prosesi
cox yavas bas verir. Mahz bu amil elektretlarin aylarla ve hatta illarla mévcudlugunun ssbabidir.
Temperaturun artmasi ils dipollarin yurukliyl va ayri-ayri dipollarin istigamatlanmasinin
dayismasi ehtimali artir. Relaksasiya oblastinda iss masalan, polimerin slisalasmasi zamani bitiin
dipollar firlanma momenti gazanirlar. Ona gors da polyarlasmanin relaksasiyasi onlarla, yuzlarls,
min dafalarla suratlanir.

Ogar dielektriklards cox Kicik konsentrasiyali maxsusi yikdasiyicilar vardirsa, onlar
elektretin daxili sahasinda harakat edarak, sathlarda yigilir, ekranlsir vo ya istigamatlanmis
dipollarin  bagli yuklarini kompenss edirlar. Dipollarin &zlarinin istigamatlanmis halda
galmalarina baxmayaraq, dielektrikin polyarlasmasi yox olur, relaksasiya bas verir. Haqiqi
istigamatlanmis polyarlasmis elektretlarin istifade middstini artirmaq t¢iin nimunalarin gisa
gapanmasindan istifads olunur. Bu zaman nimunanin daxilinda elektrik sahasi sifira barabar
olur. Bu ise relaksasiyani nazara ¢carpacaq daracada zsifladir. ©vvallar mumdan hazirlanmis galin
elektret I6vhalar metallik folgaya bikdlirdi. Yikin ve potensialin relaksasiyasi xarici amillarin,
har seydan avval temperatur va rutubatin tasiri ils suratlanir. Temperaturun tasiri relaksasiya
mexanizimdan va elektret halinin tabistindan asili olarag muxtalif clr izah olunur. Masalan,
ager relaksasiya dipollarin ekranlasmasi va ya maxsusi yuklarin geyri taraz mudaxilasi ils bas
verirss, temperaturun tasiretma sababi maxsusi yiklarin konsentrasiyasinin temperatur artdigca
artmasidir, bu halda ion dielektriklards ionlarin yirikliklari shamiyystli daracads artir. Bu
dipol polyarlasmasina ugramis dipol momentina malik olub, elektret effekti G¢tn gruplarin,
segmentlarin va digar kinetik vahidlarin istilik harakatlarinin intensivliklarinin temperatur
artdigca artmasi ila alagadardir. Polyarlasmanin relaksasiyasi relaksasiya ve faza kegidi
oblastlarinda yiksak stratla bas verir, bu zaman bu va ya digar kinetik vahidlarin yurukliklari
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artirir. 9gar elektret talalar tarafindan tutulmus alava yuklardan taskil olunmusdursa, onlarin
talalards saxlanma miiddatlari T, temperaturdan va talalarin darinliyindan asilia olur.
Yukdasiyictlarin talalardsn azadolma tezliyi

('Ot = —, (3)
Tt
Bolsman ganununa gors tayin edilir.
E
W, =W, eXp| ——= 4
t to p( ij ( )

burada, W, - tezlik amili, E,-talenin energetik darinliyidir. Taladan c¢ixan ylkdastyicilar

elektretin daxili sahasinda harakat edir. Bu zaman o, isaraca aks olan qgarsi elektroda kegs va
digar talalar

torafinden tekrar tutula da bilar. T, tekrar tutulma muddati adlanir. t vat . cox genis
intervalda dayisa bilir, talalarin konsentrasiyasindan, tutma kasiklardan va s. amillardan asili
olur.

Qeyri taraz materiallarda, masalan, polimerlarde muixtsalif darinlikli va muxtalif tezlik
amilli goxsayl talalar mévcuddur. Aktivlasma enerjisi va tezlik genis giymatlar intervalinda
kvazi-kasilmaz paylanir. Amma ¢ox zaman aktivlasma enerjilari bir ne¢a xarakterik qiymatlar
atrafinda gruplasirlar ki, bu da kobud yaxinlasmada bir ve ya bir nec¢a talalar modelindan
istifada etmaya asas verir. Sonuncu disturdan goriindiyld kimi azadetms tezliyi temperaturdan
astli olaraq eksponensial ganunla artir, buna mivafiq olaraq, tutma middati azalir. Hatta darin
talalardan bels yukdasiyicilarin azad olmasi baslayir ve onlar 6z maxsusi elektrik sahasinda
dreyf harakati edarak, elektret halinin relaksasiyasina sabab olurlar. Polyarlasmada oldugu kimi
geyri taraz hal 6zinl dagidir. Relaksasiya artdiqca, saha zsiflayir, nimunanin geyri taraz
yuklari yox olur. Aydindir ki, bu proses donmayan olur. Kombina olunmus elektretlarda ham
injeksiya yukdasiyicilari, ham da maxsusi keciriciliklo alagadar olaraq, relaksasiyasinin
muxtalif mexanizmlari muisahida oluna bilsr. Bela elektretlsr adsten xususi olarag alinmir,
materialin elektriklanmasi prosesinin tasadufi naticalari kimi meydana ¢ixir.
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LANTANOID 8SASLI BBRK MBHLUL KRISTALLARI VO
ONLARIN ALINMASI
M.B. Cafarov, N.9. Verdiyeva
Ganca Davlat Universiteti

Bark cisim elektronikasi ve fizikasi yeni yarimkecirici materiallarin axtarisini, ham de mévcud
materiallarin fiziki xassalerinin daha strafli dyranilmasini taleb edir. Bu baximdan son zamanlar bark
mahlullarin elektrik va istilik xassalarinin tadgiqine maraq xeyli artmisdir. Bu birlasmalar va onlar
asasinda alinan bark msahlullar asasinda yaxin infragirmizi stialanma, rentgen, gamma, neytron
stialanmalarinin detektorlari, giinas enerji ceviricilari, termoelementlar, yaddasli ceviricilar ve s. kimi

cihazlar islenib hazirlanmisdir.Ln vs In atomlari TILnX}' va THnX}' tipli birlasmalarda  ig-

valentlidirlar ve onlarin ion radiuslari yaxindir. Ona goéra da TIInXQ’I tipli birlasmalards indium
atomlarinin tadrican lantanoid atomlari ils avaz edilmasi yeni yarimkegirici xassali va daha genis xassalar
spektrina malik birlasma va bark mahlullar alds etmak imkani yaradir.

Keyfiyyatca yeni naticalar alds etmak magsadi ile bark msahlul kristallarinin alinma,
monokristallarinin yetisdirilma texnologiyalarinin takmillasdirilmasi, fiziki xassalarinin hartarafli tadqiqi
va alinmis materiallarin mimkun tatbiq sahalarinin miayysnlasdirilmasi yarimkegiricilar fizikasi t¢un
xtisusi shamiyyat kasb edir.

Lantanoidlar elementlarin dovri sisteminin 6-c1 dovriinds lantandan sonra yerlasan 14
kimyavi elementdan ibarat fasiladir. Lantanoidlarin gisman dolmaga baslayan 4f- tabagasinin
olmasi va hamcinin bu birlasmalarin spesifik magnit xassalari onlari elm va texnikanin muxtalif
sahalari Gglin perspektivli edir [1, 2].

Oksar elementlards 4f- tabagasi atomda kifayst gadsr darinda yerlasdiyindan va onunla
bagli magnit momenti tamamils lokallasmis olur. Lantanoidlsrin elektron quruluslarinin
xususiyyatlari onlarin daxil olduglari kristal gafasin xassalarinin kaskin dayismasina sabab olur.
Lantanoid ionlarina Ggvalentlilik daha cox xarakterikdir va onlarin asagidaki xtsuisyyatlari daha
xarakterikdir.

1. Lantanoidlarin elektron xassalarini miisyyan edsn 4f elektronlari dolmus 5s%5p° —
tabagalar ila diger ionlarin tasirlerindan ekranlasmis veziyyatds oldugundan onlara digar
atomlarin gucli tasiri yaranmir.

2. Elementin 4f —tabagasinin elektronlarinin spinorbital tasirleri digar garsihigl tasirlara
nazaran daha gucludur.

Lantanoid sirasi daxilinds kristallik qurulus ardicilhginda lantandan baslayaraq litesiuma
gader bir sira maragli xususiyystlar askara ¢ixir. Bark fazada metallar t¢tn bitin ¢ normal
metallik modifikasiya, six kiplasmis ikili heksaqonal struktur ve hamcinin sm-tipli struktur
musahida olunur.

Sdabiyyatda [3, 4] muayysn olunmusdur ki, yevropium va itterbium mdustasna olmagla,
lantanoidlarin atom hacmi va orta ion radiusu atom ndmrasinin artimi ils mintazem azalir va bu
effekt lantanoid sixilmasi adlanir. Yaranan bu effekt 4f-elektronlarinin digar elektronlarla
natamam ekranlanmasi ils alagadardir. Yevropium mistasna olmagla, bitin lantanoidlar normal
temperaturlarda ¢ tip atom layindan ibarat struktur bloklari ardicilhgr kimi tasavvir oluna bilan
six kplasmis struktura malikdirlar. Aydindir ki, bu laylarin har biri digar laylarla translyasiya ils
alagadardir. Agir elementlarin gafes parametrlari, gadolinium va itterbium mistasna olmagla,
lantanoid sixilmasi ils kifayst gadar yaxsi uzlasirlar. Qadoliniumun gafas parametrlarinin anomal
giymatlari, bu metalin digar lantanoidlardan fargli otaq temperaturunda ferromagnit nizamlihgina
malik olmasi fakti ila slagalidir. Kristallografik oxlarin c/a nisbati agir lantanoidlards Gd Uglin
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1,590-dan Lu tgun 1,586-ya kimi Ho va Tm arasinda texminan 1,571 tartibinds minimumdan
kecarak dayisir. Nisbatlarin bu giymatlari six kiplasmis sfera tciin c/a=(8/3)*?=1,633-ideal
giymatindan bir gadar azdir.

La, Pr va Nd otaq temperaturunda ikili heksaqonal struktura va PGglmmc(Dg‘n) foza

grupuna malikdirlar. Bununla bels, bir gadasr yuksek temperaturlarda lantan Fm3m (Ons) foza

grupuna malik, Gzlerds markazlasmis kubik modifikasiyaya malik olur. Samarium ancaq bu
elementa xas olan R3m faza qrupuna aid romboedrik struktura malik olur ki, buna da yuksak
tazyiga maruz galmis lantanoid arintilari va metallarda rast galinir.

Yevropium va itterbium elementlarinds mintazam lantanoid sixilmasindan boyuk
kanaracixmalar misahida olunur. Tamiz lantanoidlarin strukturlari butln sira boyunca lantandan
baslayaraq lutesiuma qadar sistematik dayisir. AgJir va yingul lantanoidlarin mivafiq
arintilarinda araliq strukturlar alds etmak olur ki, bu srintilarin strukturu ilkin komponentlarin
strukturlari arasinda araliqg movge tutur.

Lantanoidlarin, xisusan ds yaridan artiq dolmus 4f —tsbagsli lantanoidlarin bir ¢ox
xassalari ionlarin magnit momentlarinin garsiligh tssirine asaslanir. Adaten farz olunur ki, 4f —
tabagalari kifayst gadsr kompaktdirlar ve onlara yaxin yerlasmis 5s5p —tabagaleri ile yaxsl
ekranlasmislar, ona gore ds 4f- elektronlarinin gonsu ionlari shats etmasi imkani praktiki yoxdur.
Ona gors da 6s6p5d —elektronlari va hamg¢inin gapali 5s5p —tabagalarinin elektronlarinin istiraki
ila alava tasirlar meydana ¢ixir. ©n kanar 6s6p5d- elektronlari kegirici zona amala gatirirlar ki, bu
da lantanoid ionlarina bark cisimlards Ugvalentlilik verir. Bu tabaganin xususiyystleri ionlar
arasindaki garstligh tesirlarda halledici rol oynayir va onlarin magnit xassslarini misyyanlasdirir.
Basga metallarda oldugu kimi onlar hamginin lantanoidlar va onlarin daxil olduglari birlasma va
bark mahlullarin elektrik, optik xassalerini formalasdirir, dasinma hadisalerinds muhim rol
oynayirlar.

TISe-TI,Se; tipli gafaslarde yarimkecirici parametrlari idara etmak magsadi ils tgvalentli
tallium atomlarini digar atomlarla avaz etmak boylk maraqg kasb edir. Lantanoid atomlari bark
cisimlara da adsten ugvalentlilik gostarirler, onlarin ion radiuslart da indium ionlarinin
radiuslarina yaxindir. Ona goéra de TISe gafaslerinds uygdun svazlemani hayata kegirmakla
asagidaki sxem Uizra yeni birlasma va bark mahlullar alinmisdir [5].

TIT3S,7(Se;2, Te;? ) T1In*'S,%(Se;?, Tey? ) — T1 Ind’ Ln¥'S,?(Se;? Te,? ) —
S TI;In%Ln*S,2(Se;?, Te,? ) - TI* In*'S,(Se;?, Te;?)

Bu birlasmalarda halko%enid atomlarinin xarici elektron tebagasi Tl-un 6p*, indiumun
55°5p® va lantanoidlarin 5d'5s° — elektronlari hesabina neytral argron, kripton va ksenona kimi
tamamlanir. Rasional avazetma prinsipi asasinda alinan TlinTe,—TILnTe, Ucqat birlasmalari [6,
7] islerds tadgiq olunaraq misyyan olunmusdur ki, bu sistemlards ilkin komponentlar asasinda
genis hallolma oblastlari da misahids olunur va 1:1, dérdqat birlasmalar yaranir.

Maddalarin temizliyini ylksaltmak, monokristallar yetisdirmak ve asqarlamaq uglin asas
metodlardan biri mahlullardan kristallasmadir. Monokristallarin  keyfiyyati onlar asasinda
hazirlanan yarimkegirici cihaz va elementlarin xtsusiyystlarini misyyan edir. Mahz ona gors da
talab olunan xassalare malik yarimkegirici element va cihaz hazirlamaq magsadi ila murakksb
monokristallarin yetisdirilmasi texnologiyasinin islanib hazirlanmasi, onlar asasinda yaradilan
element va cihazlarin keyfiyyat va maya dayarini muayysanlasdirir.

Yarimkegiricilarin sintezini 3 grupa bélmak olar: diizxatli sintez metodlari dolayi yol ils
sintez metodlari va gaz aparici reagentlar vasitssi ila gaz fazasinda sintez. Vakuum saraitinda
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aparilan sintez 2 temperatur rejimina boltndr. Qarsiya goyulmus masaladan asili olaraq tadgigat
isinds dlzxatli sintez metodundan istifads etmisik. Bu metodun Ustlinllyu sintezin prosesinds
stexometriyani almagin ¢ox asan olmasi, sintez Ucun istifads edilmis cihazlarin murakkab
olmamasi, alinan nimunanin yiksak tamizliys malik olmasidir. Bir temperaturlu bir xatti sintez
yalniz bircins tarazliq seraitinds amala galan birlasmalarda istifada olunur. Yani tarkib tacribi
olaraq tazyiqdan asil deyil va T-X diagramini bilmak kifayatdir ki, miayyan sistemi almaq t¢in
onun sintez rejimini se¢asan. Yuxarida geyd edilan sintez metodunun Gsttnltklsrindan biri da bu
metodla perimetrik fazalar va birlasmalar almagin miimkin olmasidir. Bu metodla yukssk srima
temperaturuna malik olan birlasmalar va perimetrik fazalarin disiosasiya tazyigina malik olan
birlasmalari sintez etmak mimkundar.

Tadgiqat isinds ilkin komponent olarag 99,99 % tamizliys malik Tl, 99,99 % In, 99,5% Eu,
99,99 % S elementlari goturdlmasdir. Sintez aparilmasi monokristalin yetisdirilma  kvars
ampulalardan istifads olunmusdur. Ampulalari tsmizlamak (¢iin onlara xrom garisigi (bixromal
kalini sulfat tursusunun K,Cr,O7 +H,SQO,) ya da HF plavikoy tursusu ils tamizlanir. Tamizlanmis
ampulalara analitik terazide cekilmis kompanantleri slave edib, ampula 1,33-102 Pa tazyiqi
alinana gader vakuum seraitini saxlanilir. Qeyd etmak lazimdir ki, TlInSe; va onun asasinda
arintiler almagq tictin sintez bir temperaturlu silindrik formada olan diametri (2,3-2,5)-10”m olan
ovalalti kvars ampulalardan istifads etmisik. Ampulanin divarini galinhdr (0,1-0,2)-10°m va
uzunlugu 0,15-1,20 m tartibinds olmusdur.

Orintini eritdikden sonra onu vaxtasir garisdiraraq (~3-4-10° san siiratle) miieyyen
temperaturda saxlanilir. Ondan sonra ampula madda ila bir yerds 0.01-0.03 K/san surati ils 100-
150 K temperatura gader soyudulur (Yani sintez edilen maddanin arima temperaturundan asagt).
Sonra pe¢ sonduralir va sintez olunan madds sondurilmus pegds soyudulur.

TIInS; birlagsmalarinin sintezi Bricmen Stokbarger Gsulu ila aparilmisdir. Kvars ampulalar
uzunlugu 0,23-0,25m va 0,05-0,1m va diametri (2,0-2.5) -10°m, (5-10)-10m vakuum saraitinda
10-15° bucaq altinda ayilmis peca yerlasdirilir. Ela yerlasdirmak lazimdir ki, ampulanin 1/3
hissasi havada galsin. Pecin gizdirma sirati 0,16-0,20 K/san-dir. Numunani bels yerlasdirands
halogenin buxarlarinin bir hissasi Tl va In ila reaksiyaya girir, o biri hissasi iss ampulanin soyuq
hissasinda kondensasiya olunaraq tszadan reaksiya gedan hissays tokullr. Adstan halogen
buxarinin coxlugu pegin isti hissasinds ampulada tazyigi ¢oxaldir, naticads partlayisa serait
yaradir. Bela bir vaziyyati aradan gotirmak tgiin biz ampulanin bas hissasini diametrinin 6l¢iisu
gadar irali dogru aymisik. Bela bir hal halogen yigiimasi Gg¢lin muayysn bir ¢tksklik smala
gatirir. Bu da maye hala kondensasiya olunur va ampulanin icarisina tokils bilmir. Bu ¢okaklik
pecin dibinda (2-3)-10% m masafadadir. Bela bir veziyystds halogen buxarlanir va reaksiya
zonasina ampulada tezyiq asagi disandas girir. Yani halogen o hissacikls reaksiyaya girir ki, hansi
ki, reaksiya zonasinda yerlasir. Kompanentlarin bir-biri ila alagays girma reaksiyasinda tadrican
ampulani pecin icarisina yonaldirik. Srintini periodik olaraq garisdirmaq tc¢in ampulani ox
Uzarinds firladarag, arintinin soyutmasi da sondirilmus pecds , ya da yavas soyutma (0,016-0,05
K/san) programi ila aparilirdi. Srintini bu siratls 0,08-0,22 K/san soyutdugda xirda kristallik
nimunalar amala galir. Digar tarafdan sintez olunmus kristalin 6lgulari soyutma suratini
azaltdiqda boyuyurlar. Tacribs zamani misyyan temperaturlarda halogebn atomlarinin migdarini
nezara almaq lazimdir. Vakuumlasmis ampulani bir temperaturlu elektrik peca goyurug,
tacriibenin davamliligi empirik yolla miayyan edilnisdir. Bu middat 100-120 saat tartibinds
olmusdur. ©mala galmis birlasmalarin halogen tarkibini va strukturunu rentgen difraktometr
usulu ils DRON- 3 aparatinda muayyan olunmusdur.

Mikrostruktur, diferensial-termik va rentgenofaza analizlarinin naticalarina asasan TIInS,-
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TIEUS; sistemlarinin hal diagramlari qurularagq bark mahlul oblasti muayyan olunmusdur. TIInS,-
TIEuUS, -da otaq temperaturunda 9 mol.%-a kimi, hall ola bilsr. Har iki sistemds ilkin
komponentlarin barabar 1:1 nisbatlarinds kongruent ariyan yeni dordgat birlasmalar TI,InEuS, ve
Tl,InEuSe, alinir. Rentgenogramlarin analizi gosterdi ki, TlIn;«EuyS; bark mahlul birlasmalari
ilkin TIInS,(Se,) Gicgat birlasmalari kimi tetragonal singoniyada kristallasirlar, lakin onlarin gafas
parametrlari  TIInS,(Se;)-dan kaskin farglanirler. Qafas parametrlari hallolma oblastlarinda
Vegard ganununa muvafiq olaraq terkibda TIEuS,(Se,) birlasmasinin nisbi migdarinin artmasi ila
additivlik ganunu tzrs artir. TlInS,-TIEuUS, sisteminda bu oblast 0-9 mol.% TIEuS,-ni shats edir.
Har iki sistemda gosterilan interval xaricinds Vegard ganunundan kanara ¢ixmalar misahida
olunmaga baslayir [8]. Rentgenogramlarin tahlilindan aydin olur ki, TIInS, birlasmasindan Tlin;.
«EUxS, bark mahlullarina kecdikca tarkibds yevropiumun nisbi migdarinin artmasi ils elementar
gefas parametrleri muisyysn hadds qadar xatti boyuyur. Bu da yevropium atomlarinin ion
radiuslarinin indiumun ion radiusuna nisbatan daha bdylk olmasindan irsli galir. Tadgiq olunan
tarkiblarda ilkin komponent TIInS, birlasmasina maxsus tetragonal singoniya saxlanilir,
elementar gafasdaki atomlarin sayr dayismir, bu da onu sdylemaya asas verir ki, 0+9 mol.%
TIEuS; intervalinda otaq temperaturunda TIInS,-TIEUS, sistemi movcuddur. Rentgenogramlarin
tam tahlili gosterir ki, misyyan hadda gadar bir elementar gafsss diisan atomlarin sayl da
dayismaz qalir ve bu ganaste galmak olar ki, TIInS,-TIEuS, sisteminds otaq temperaturunda
TlInS; tetragonal gafesi asasinda 0+9 mol.% TIEuUS; intervalinda Tlin;.<Eu,S, tarkibli bark
mahlullar mévcuddur.
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Eu ATOMLARININ TlInSe,-TIEuSe,SISTEM BORK MOHLUL

KRISTALLARINDA KECIRICILIYIN MEXANIZMINS TaSIRI
N.S. Serdarova
Sumaayit [enar Y HieepciTeTi
naile.545@mail.ru

Elektron sanayesinin inkisafi praktik shamiyystli yarimkegirici materiallarin alinmasini va
onlarin fiziki xassalarinin atrafli dyranilmasini talab edir. Bu maqgsadls tarkibinds lantanoidlar
olan bark mahlul kristallari xiisusi shemiyysta malikdir. &dabiyyatdan [1] malumdur ki, bark
mahlullarin ilkin komponentlarinds maddanin elektrik ve istilik xassalari ila bagl musahids
olunmayan bir slra effektlar onlarin asasinda alinmis mirakkab tarkibli bark mahlul kristallarinda
misahida olunur.

Adatan mikrosoyuducu elementlarin hazirlanmasinda daha ¢ox bismut, surma va tellur
komponentli halkogen bark mahlul asasinda hazirlanmis termocevricilardan istifads olunur.
Odabiyyatda termoelektrik materiallarin keyfiyyat amsalini artirmagq magsadile onlara miayyan
faizli kanar element asgarlarinin vurulmasi taklif olunur. Bu magsadls lantanoid elementlari daha
shamiyysatlidir. Ona gors da TlinSe,-TIEuSe, sistem bark mahlul kristallarinin
monokristallarinin alinmasi va onlarin fiziki xassalarinin tadqiqi praktik shamiyysat kasb edir.

Odabiyyatdan [2] malumdur ki, tarkibinds lantanoidlar olan bark mahlul kristallari hatta
yuksak temperatrurlarda bels 6z yarimkecirici xassalarini saxlayir, yuksak arima temperaturuna,
boyuk mexaniki garginliys, yiksak termoeffektliya malik olurlar. Tarkiba daxil edilan va In

atomlari TILnX' ve Tlin X} tipli birlesmalerds tigvalentlidir va onlarin ion radiuslari yaxindir.

Masalan, indiumun ion radiusu 0,92 A, hantanoid grupundan olan yevropiumun ion radiusu
0,91 A, disperziumun ion radiusu 0,908 A, gadolimiumun ion radiusu 0,810 A, holmiunun ion

radiusu 1,075 A tartibindadir. Ona gore ds 7iL,x)" tipli birlssmalerds indium atomlarinin

tadrican lantanoid atomlari ils avez edilmasi yeni yarimkecirici xassali ve daha genis spektral
xassalara malik birlasma va bark mahlul slda etmak mumkundur.
Isds 7/inSe, - TIEuSe, sisteminin birlasma ve bark mahlul monokristallari zona aritma Usulu

ila alinmis va kristallarin monokristalligi rentgenografik tahlills misayysn olunmusdur.

Rentgenografik tshlilden misayyan olunmusdur ki, alinan kristallar ilkin TlInSe,
birlasmasina uygun olaraq tetragonal sinqoniyada kristallasir ve gafas parametrlari tarkibinds Eu
atomlarinin artmasi ile artir va Tlin_ Eu, Se, bark mahlul kristallari TlInSe, birlasmasinda
indium atomlarinin musyysn gayda ile EU atomlari ile avez olunmasi ils alinir.

Tadgiq olunan TlInSe, - TIEuSe, sistemi Ucun uygun konsentrasiya tarkibinin 0+15 mol %
intervall t¢tin hal diagrami qurularag miiayyan olunmuedur ki, TIEuSe, birlasmasinin maksimum
hall olmasi 11 mol % tartibindadir.

Tlin,_,Eu,Se, bark mahlul kristallarinin asas xarakterik xususiyysti kristal gafasinda

yiiksak konsentrasiyali vakant yerlarin olmasidir. Bela tutulmamis yerlarin konsentrasiyasi ~10-
10% sm™ tartibinds olub, gadagan olunmus zonada miixtslif tabiatli lokal saviyyaler yaradir [3].
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Tadgiq olunan kristalin yarimkegirici xassalari bir sira xaraterik parametrlardan — gadagan
olunmus zonanin qurulusundan, yiikdastyicilarin sspilma mexanizmindan kaskin asilidir. Bela
xarakterik kamiyyatlar tadqiqg olunan materiali diger materiallarla migayise etmays bu
materiallarin tatbiq sahasini miayyanlasdirmays imkan verir.

Tlin_,Eu,Se, bark mahlul sisteminin istilik xassslarini xarakteriza edan istilikkegirms va

termoelektrik kamiyystlar arasindaki alagani muayyan etmak magsadila bark mahlul sisteminin
muxtslif tarkiblari Ggln istilikkegirma, elektrikkegiricilik termoelektrik harakat qlivvasi 100-700
K temperatur intervalinda tadgiq olunarag bu birlassmalar Ugln termoeffektlik misyyan
olunmusdur.

Qadagan olunmus zonanin eni kegiriciliyin temperatur asthihginin yiiksak temperatur
intervalindan tayin olunmusdur. s (T) asililigindan miayysn olunmusdur ki, tarkibde Eu
atomlarinin artmasi ila nimunanin maxsusi kegiricilik oblastina uygun gadagan olunmus zolagin
eni azalir, naticads desiklarin konsentrasiyasi artir. Zona nazariyyasina gora gadagan olunmus
zonanin eninin azalmasi ve elementar gafesin parametrlarinin artimi valent zonada uygun
saviyyalarin parcalanmasi ils alagadardir. T > 300K temperaturda yiikdasiyicilar asasan akustik
fononlardan sapilir.

Muayyan olunmusdur ki, temperaturun artmasi ila avvalca keciriciliyin mitlag qiymati artir
va 500+650 K intervalinda maksimuma catir va temperaturun sonraki artiminda maxsusi
keciriciliyin yaranmasi ils tadrican azalir. Tadqiq olunan kristallar Ggtn termo e.h.g.-nin
temperatur asthiliginin - muirakksb xarakteri kristalin gadagan olunmus zonasindamiayyan

xarakterli tutma markazlarinin olmasi ila alagadardir. Mixtslif terkibli TlIn, ,Eu, Se, bark

mahlullarinin monokristallar nimunalarde 100-600 K temperatur intervalinda laylara paralel
istigamatda istilik kecirma amsalinin temperatur asilihgi tadgiq olunmusdur. istilikkegirma
amsall stasionar rejimda 6l¢llmasdir. Misyan olunmusdur ki, temperaturun artmasi ils har ¢
torkibli niimuna ciin istilikkecirma amsali azalir. Istilikecirma amsalinin adadi giymati da
torkibdan asili olaraq dayisir. Istilikkegirmanin elektron komponentinin nazars alinmayacaq
daracada Kicik olduguna gora tadqiq olunan kristallarda istilik enerjisinin fononlarla verildiyini
gabul etmak olar. Oyranilan kristallarda fononlarin sapilmasinds asas rolu nogtavi defektlerdan
ucfononlu sepilma (u-proseslar), bark meahlullarda iss ham gafasden va ham da ndqtavi
defektlardan sapilma tagkil edir [4].
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TlInTe, KRISTALININ SUPERION KECIRICILIYI
X. Fatalizads, Y.Q. Nurullayev, N.F. Qahramanov
Baki Ddvlat Universiteti

Superion kegiricilerin ssas farglandirici xarakteristikasi, onlarin termodinamik xususiyyatlarile
bagll olub anomal yiksak ion keciriciliyine malik olmasidir. Bark cisimlarda ion keciriciliyi néqtavi
defektlarin (masalan dlyunlar arasi ionlar) migrasiyasi hesabina yarandigindan, kegiriciliyi tayin edan
asas faktorlardan biri bu defektlarin konsentrasiyasidir. Superion kegiricilarin termodinamik va kinetik
xassalarini sorh etmak Ucln muasir tasaviirlarde coxlu sayda ideyalardan istifade olunur. Superion
keciricilarin asas farglandirici xarakteristikasi, onlarin termodinamik xususiyystlarila bagl va 06z
tobistlarila alagali anomal ylksak ion keciriciliyina malik olmasidir. Bark cisimlards ion kegiriciliyi
noqtavi defektlarin (masalan diylnlar arasi ionlar) migrasiyasi hesabina yarandigindan, kegiriciliyi tayin
edan asas faktorlardan biri bu defektlarin konsentrasiyasidir.

Elektron senayesinin inkisafi yarimkeciricilar texnologiyasinda surstli inkisaf; muxtslif
tayinatli elektron ceviricileri, elektrik gqidalandirici mikrobatareyalari, nanoelektronika Uc¢ln
superkondensatorlar, ifrat yiksek tutumlu kondensatorlar (ionistorlar), yaddas elementlari va
muxtalif teyinath cihazlara olan talablari daim artirir. Yarimkecirici materiallarin muasir
texnikanin muxtslif sahslsrinds, o climladan nanotexnikada genis praktiki tatbiqi, tarkibinda
muxtslif xarakterli asqarlar, radiasiya defeklari va digar qeyri-bircinsliliklar olan kristallarin
Oyranilmasini talab edir. Bdabiyyatdan [1, 2] malumdur ki, kristallarda mévcud olan muxtslif
nov defektlar kristalin dielektrik xassalarina ve elektrik kegiriciliyinin temperatur asililigina va o
cuimladan kristallarin ion kegiriciliyina gucli tesir edir. Yiksak ion kegiriciliyina malik olan bark
elektrolitlar  butovlikds istilik elementlorin, gaz ve maye sensorlarlarin, miniatur
akkumulyatorlarin yaradilmasinda avaz olunmazdir. Mahz buna gérs das bels maddalarin effektiv
axtarilmasi kondensa olunmus mdihutlards va muasir texnologiyanin inkisafinda sdratli ion
kdcurmalsrinin dyranilmasina maragi daim artirir.

Hazirda yiksak ion keciriciliyine malik olan materiallar mixtalif qurgularda funksional
elektrodlar kimi istifade olunur. Bu materiallardan mdixtalif sensorlarin tarkibinds va gunas
elementlarinds kicik olgilu enerji tutumlu carayan manbalari kimi istifads olunur. Bu
materiallarin tatbiq sahalarinin perspektivlarindan biri da istilik enerjisini elektrik enerjisina
ceviran qurgularda istifads etmayin mimkinliyudir. Muasir mikroelektronikanin inkisafi eyni
zamanda ham elektron, ham ds ion kegciriciliyina malik olan yeni yarimkecirici materiallarin
alinmasina ehdiyaci artirir. Coxlu sayda mirakkab quruluslu halkogenid birlssmalar nishatan
asagl temperaturlu ion keciriciliyine malik olmalarina baxmayaraqg, bu xassaler tadgigatcilar
tarafindan az tadqig olunmusdur. Hazirki dévrds materialstinasliq t¢tin vacib olan materiallarin
ham elektron, ham da ion kegiriciliyinin eyni zamanda genis temperatur intervalinda éyranilmasi
aktualdir. Bu baximdan superion birlasmalar daha perspektivlidir. Superion birlasmalar geyri-
nizamh materiallar sinfina aiddirler. 9dabiyyatdan [3] hamginin malumdur ki, sualanma
naticesinds yaranan radiasiya defeklari materiallarin nizamsizhg@ini artirir. Ona gora de
ionlasdirict  sualarin - maddalarin  superion xassalarina tasirinin  Oyranilmasi  radiasiya
materialstinashgr Uguin xdsusi shamiyyata malikdir.

Tadgigat isinde TlInTe, kristalinda elektron va ion kegciriciliyinin xususiyystlaring
baxiimisdir. Hazirda coxlu sayda yiksak ion kegiriciliyina malik olan bark elektrolitlar sintez
olunraq tadqig olunmusdur. Onlar bltovliikds bark cisim elektronikasinda istilik elementlatinin,
gaz ve maye sensorlar, miniattr akkumlyatorlarin yaradilmasinda savaez olunmazdirlar. Superion
keciriciliyinin amala galmasi an ¢ox materiallarin struktur xdsusiyyatlarindan asili olub ionlarin
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yaxin energetik krystallografik vaziyystlards harakat eds bilmasi (Ggcln, elementar gafasda
yerdayisan, potensial mobil ionlarin saylr Umumi ionlarin sayindan ¢ox olmalidir. Hamginin
kristalik gafasde pozisiyaya gore nizamsizlasma enerjisi va harskeste sarf olunan enerji kT
tartibinda olmahdir. Qonsu vaziyystler arasindaki energetik c¢opar el olmahdir ki, kristalik
gafaesda bos olan yerlarda, mobil ionlarin icaza verilmis vazistlards statik paylanmasi mimkin
olsun [4].

Kristalda superion halinin yaranmasi Ucun asagifaki Kkristallokimyavi sartlarlerin olmasi
vacibdir:

a) anion-kation arasindaki masafa onlarin ion radiuslari cemindsn bdyuk olmalidir ki,
onlarin garstligh yerdayismasi i¢tin imkanlar yaransin.

b) qurulusda yiiksek polyarizasiyal kationlar (Pb®*, Bi**, TI" va basgalarl) va ya yiiksak
polyarizasiyali struktur elementlari olmalidir. Yuxarida deyilan talablari strukturunda bir va ya
bir nega atom ndvlari Ugln yaxina tasir olmayan ve galan atomlar ¢lin uzaga tasir saxlanilan
xususi kristallar tgln odanilir. Bela birlasmalara 6ziina maxsusu nizamsiz strukturlu kristallar
kimi baxilir. Bark elektrolitlarin ion kegiriciliyini muxtslif ionlarin kogurilmasini bir, iki,
tigvalentli kationlar (Ag*, Cu®, Li*, Na*, K*, Rb*, TI*, Cs", Ca,", Zn,", Mg,", Ph,", Als", Scs",
Ces", Eus’) va anionlar (F,, CI, Br, O,, Sy) tamin edir. Materiallar var ki, onlarda
yukdastyicilar iki  va ya U¢ nov ionlar va ion-elektron qarisigh keciricilik ola bilar [4].
Superionlarin asas fargli cahatlarindan biri, onlarda anomal yiksak ion kegiriciliyinin olmasidir.
Superionlarda ion kegiriciliyinin giymati arintilar va elektrolitlor tgiin xarakterik olan tartibds
olur.Ona gdra superionlari bazan bark elektrolitlar adlandirirlar. Tadgigat isinda 6ziinamaxsus
hibrid xassalera malik maddslardan —maye arintiler va ya garisiglar, mexaniki méhkam va
elastiki bark cisimlsrin nlimaysndasi tadqgiq olunmusdur. Superion kristallar adlandirdigimiz
nizamsiz sturukturlu kristallar, keyfiyyatca forglenan iki mixtalif fazada ola biler. Kiritik
temperaturdan asagl adi ion kristallara banzar aparir (dielektrik faza), kritik temperaturdan
yuxarida isa xususi hala-superion halina (elektrolit halina) kecir. Yuxarida deyilan halda olan bu
kristallar superion kegiriciler adlanir. TlInTe, yarimkegcirici kristali A’B3C®, qrup birlasmaler
sinfina aid olub, D4y tetragonal foza grupunda kristallasirlar (TISe strukturu tipinda). TlinTe,
kristalinin asas xususiyyatlari ondan ibaratdir ki, onlari tetraqonal ¢ oxu istigamatinds dartiimis
In-Te zanciri kimi tasaffiir etmak olur. Bir valentli TI" atomlari oktaedrlards Te atomlari ils shats
olunub (sakil 1).

TlInTe, birlasmasinin elektrik keciriciliyinin o(T) temperatur astlihgi sak.2-ds verilmisdir.
Sakildi(a)-6lgmsa kristallin tetragonal oxu istiqlimatinds o) (T) va (b)- ona perpendikulyar o1 (T)
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istigamatindadir. Sak. 2(a) (sakil Ust)) gortndiyi kimi Ln(c-T)/(1/T) asililiinda eksperimental
noqtalar bir duiz xatt Gzarinds yigilirlar va ion kegiriciliyi asagidaki tanlikls tayin olunur [ 5]

ST =5, exp— AE* /KT (1)

burada AE, —keciriciliyin aktivlasma enerjisidir. TlInTe, kristali G¢lin ham aktivlasma
enerjisinin perpendikulyar va hamdsa c-oxuna paralel istiqgamatds hesablanmis giymatlari uygun
olaraqg AE~ = 0.101 eV, AE; = 0.228 eV barabardir. Malumdur ki, elektrik kegiriciliyinin bels
asthhg@, kritik temperaturdan yuxari temperaturda ion kegiriciliyinin ustlnluk taskil etmasi ila
alagadardir. Sak..2 -da Tl =388 Kva g, (T) TLKp = 333 K temperaturlarinda TlInTe;, kristallinda
elektrik keciriciliyinin sigrayish dsyismasinin misahids olunmasi, bu halda yiiksak mobilliys

malik ionlarin sayinin kaskin artmasi ila baghdir. Yani bu temperaturlarda superion halina faza
kecidi bas verir.
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Sakil 2. TlinTe; kristalinin elektrik kegiriciliyinin temperatur asililig

TlInTe, kristalinda duyunlar arasi boyik bosluglarin va aktivlasma enerjisinin ¢ox Kigik
olmasi sababindan 320 K yuxari temperaturda shamiyystli dsracads ion kegciriciliyi alinir.
Temperaturun artmasi ils kegiriciliyin artmasi, TlIinTe, kristalinin tallium alt gafssinds TI*
ionlarinin vakansiyalar Uzre diffuziyasina ssaslanir. Bu dayisma, TlInTe, kristallinin Tl alt
gafasinin nizamsizlasmasi ils “arima” misahids olunan faza kegidi naticesinds bas verir. Bu cir
keciricilik superion kegiricilar tgiin xarakterikdir [5].

Belslikls, alinan naticalar gostarir ki, TlinTe; kristalinda, 320K-dan asagi temperaturda
keciricilikda, elektron kegiriciliyi tGsttnlik taskil edir. Temperaturun sonraki artmasils (320K-dan
yuxari), TI" alt gafasinda kationlarin nizamsizh§i hesabina, ion toplananinin artmasils alagadar
olaraq keciriciliyin sicrayish artimi misahida olunur. Gostarilon temperatur intervalinda ion
keciriciliyinin elektron kegiriciliyindan ¢ox olmasi baslayir.
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MUXTSLIF TORKIBLI TLINSe,-TLDySe; BORK MBHLUL
KRISTALLARININ ALINMASI (x: 0,01; 0,02; 0,03)
L.F. Marssliyeva, N.F. Qahramanov
Baki Dovlat Universiteti

Yaddasl c¢evirma hadisalari bark cisim elektronokasinda bu gtinds 6z ativliyini itirmamisdir. Nadir
torpaq elementlarinin istiraki ili alinan tallium halkolantonaoidlari va onlarin mirakkab analoglari fiziki
xassalarinin genis diapazonda dayisa bilmasi baximindan maragli obyektlsr olub yaddas elementlari
hazirlamaqgda perspektivli materiallardir. Buna sabab hamin materiallarin mikrosxemlards, avtomatik
idarasetma qurgularinda ve muxtalif tipli ceviricilar hazirlanmasind genis istifads imkaniarinin olmasidir.
Bu elementlar 6z is prinsipi cevirma effekti hadisasi ile slagadar olan yarimkecirici va yaxud manfi
migavimatli cihazlarin elektrik dovralerinds istifade olundugda elektrik sxemlari xeyli daracads
sadalasir.

Bark cisim elektronikasinin muasir inkisafi yeni yarimkecirici materiallarin alinmasini ve
onlarin fiziki xassalarinin har tarafli tadqiqini talab edir.Bela yarimkecirici materiallarindan biri
da halkogen asasli TlinSe,-TIDySe, sistem birlasmalaridir [1, 2]. Mahz bu baximdan bark cisim
elektronikasi Uglin yuksak tamizliya malik numunalarin alinmasi vacibdir. Bu magsadls
monokristallarin  yetisdirilmasinda, tarkibden monokristallarin  alinmasinda  maddalarin
tamizlanmasi ¢ox mihim masaldir.Clinki tarkiba clizi miqdarda daxil olan kanar komponentlar
niimunanin fiziki xassalarini shamiyysatli daracads dayisir. Yarimkegirici monokristallarin alinma
texnologiyasinda maddalarin tamizlanmasi, monokristallarin yetisdirilmasi va s. kimi proseslar
faza tarazligina ssaslanir. Komponentlarin fazalar arasinda paylanmasi skser hallarda har bir
komponentin mahluldaki xassalari ile miuayyan edilir.Mshz buna gdra msahllularin
termodinamikasinin asas ganunauygunluglari, asgar komponentlarin Kicik konsentrasiyalari
oblastinda onlarin 6zlarini aparmasi, faza tarazligi va fazalarin ayrilma serhaddindaki hadisslarin
mahiyyatinin arasdirilmasi ¢cox mahumdur.

Odoabiyyatda [3] msahlullardan kristallasma zamani maddalarin tamizliyini yukssltmak,
keyfiyyatli monokristallar yetisdirmak va onlari asgarlamaq asas metodlardan biri kimi verilir.
Médvcud olan tadgigat metodlarindan yarimkegiricilarin sintezini 3 qrupa ayirmaq olar.

1.Duzxatli sintez tsulu

2.Dolay! yolla sintez tsulu

3.Qaz aparici reagentlar vasitasils gaz fazasindan sintez
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Vakuum seraitinds aparilan sintez 2 temperatur etapina bélindr. Adastan bir temperaturlu
xatti sintez Gsulu bircins tarazlig saraitinds smals galan birlasmalarda istifads olunur.Bu metodun
asagidaki Usttnluklari vardir.

a)sintez prosesinds stexometriyani almaq ¢ox asandir ve bu halda komponentlarin itgisi
olmur.

b)sintez Ugdin istifads olunan cihazlar mirkkab deyil.

c) ahinan ndmunanin yikssk temizliyine nail olmag Ugun kenar maddaler va
komponentlarin artigligi lazim olmur.Bir temperaturlu bir xatti sintez Usulunda terkib tacrlbi
olaraq tazyiqdsn asili olmur. Bu halda T-x diagramini bilmak kifaystdir ki, miayyan sistem
almaq dgln onun sintez rejimini segmak mimkin olsun. Qeyd olunan sintez metodunun
ustiinltklarindan biri bu metodla perimetrik fazalar dissosasiya tezyiyina malik olan va yuksak
arima temperaturuna malik birlasmalarin sintez oluna bilmasidir. Maddanin sintezi xususi formali
kvars ampulada, mévcud rejimda apariimisdir. Ampulalari temizlamak Uglin avvalcadan ampula
xrom garisig mahlulu ils (bixromal kalium sulfat tursusunun K,Cr,O7+H,SO, ya da HF tursusu)
doldurulub bir middat saxlantlir. Ampula distille olunmus su ils yuyuldugdan sonra quruducuda
tam qurudulur. Tadgigatda TIlInSe, birlasmalarinin sintezi Bricmen Stokbarger Gsulu ila
apartimisdir. Tlin;«DyySe, almaq Gcun sintez prosesinda silindirik formada olan diametri (2,3-
2,5)-107 m olan kvars ampulalarindan istifads olunmusdur. Ampulalarin divarinin galinhigi (0,1-
0,2)-10% m va uzunluju 15-25sm olmusdur. icarisine miixtalif faizle komponentlar tokilmiis
kvars ampula xususi gaydada B-2 markali srintiden hazirlanmis pecae 10-15°lik bucaq altinda
maili vaziyystda yerlasdirilmisdir. Qarisiq aritdildikdan sonra onu mitamadi qarisdiraraq
T ~1200K temperaturda saxlanilir.Sonra ampula madda il bir yerds (=1200K temperaturda )
0,01-0,03K/san sireti ila sintez edilan maddanin arima temperaturundan 150-200K asag!
soyudulur va muayysn muddst saxlanilir. Sintez edilmis madda sondirilmis pecda tadrican
soyudulur. Sintez prosesinds pecin qizdirilma sursti 0,16-0,20 K/san tartibi arasinda olmusdur.
Sintez zamani ampulani els yerlasdirmak lazimdir ki, ampulanin ¥ hissasi pec¢dan kanarda galsin.
Nimuna bels yerlasdikda tarkibdaki hallogen buxarinin bir hissasi Tl va In ils reaksiyaya girir,0
biri hissasi iss ampulanin soyuq hissesinda kondensasiya olunaraq tazaden reaksiya gedan
hissaya tokullr. Adsten hallogen buxarinin ¢oxlugu pecin isti hissasinde ampulada tazyigin
artmasina sabab olur. Bu da partlayisa serait yaradir. Bela bir vaziyysti aradan galdirmag tgin
ampulanin bir hissasini diametrinin él¢lst gadar irali dogru ayilir. Bels bir hal hallogen yi1giimasi
uclin miayysn bir cokaklik yaradir. Bu halda hallogen maye hala kondensasiya olunur va
ampulanin icerisine,maddanin (izerine tokiila bilmir. Bu cokaklik pecin dibinda (2+3)-10m
masafadadir. Bels bir vaziyystds hallogen buxarlanir ve reaksiya zonasinda tazyiq asagi dusdr.
Yani halogen reaksiya zonasinda yerlasan hissaciklarla reaksiyaya girir. Bels halda ampulani
soyutmaga ehtiyac olmur. Komponentlarin bir biri ilo slagays girma reaksiyasinda tadrican
ampula pecin icarisina yonaldilir. Srintini periodik olaraq garisdirmag tgiin xtsusi mexanizimla
ampula ox 0zsrinda firladilir va arintinin soyudulmasi sondirilmis pecds xtsusi programla
aparilir. Srintids 0,08-0,22 K/san surstls soyuduldugda xirda kristallik nimunalar amala galir.
Soyutma suratini azaltdigda sintez olunmmus kristalin  6lgularini  boyltmak mumkdndur.
TlinyxLnyX; bark mahlullarin srintilsrinin sintezinds asagidaki amillar nazara alinmisdir.

1.Tarkibinda selenin yiksak u¢gma gabiliyystina malik olmasi:

2. 9rima temperaturunda arintilarin gicli buxarlanma va kondesasiyasi:

3. Nadir torpag elemetlarinin tarkibs gatilmasinin alinan maddalarin ham fiziki xassalarins,
ham da arima prosesina gostars bilacayi tasir:
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orintilarin sintezi va nimunalar muayyan stexiometrik nishatda goturalmas ilkin
komponentlarin aridilmasi yolu ils yerina yetirilmisdir. Talab olunan materiallarin migdarindan
ash olarag alinan nimunalar 10+20 gram tartibinds olmusdur. Bu magsadla ilkin komponent
olaraq 99,994% tamizliys malik Tl 99,999% In, 99,5% Dy ,99,999% Selen gottralmisdir.Tl, In
vo Se kifayat gadar temizliys malik oldugu halda Dy-ds temizlik daracasi nisbaten asagidir. Dy-
ds olan asqgarlarin misayyan hissasini serium yarimgrupundan olan qonsu elementlar taskil
edir.Bir gayda olaraq bu elementlar Dy-un xassalarinin dayismasina sabab olmur, lakin bu kanar
elementlarin miqdar artiq oldugda bas veracak dayisikliyi nazara almaq lazimdir. Miayyan
olunmusdur ki, 5-6 dafa zona tamizlanmasi ile 1200 K temperaturda bu elementlarin tamizlik
daracasini 99,8%-a catdirmaq olur. Tarkibindan asli olaraq bu temperaturda ampulalar 5= 10
saat middstinds saxlaniimisdir. Bundan sonra 80-120 K/saat surstle otaq temperaturuna gadar
soyudulmusdur.

Mikrostruktur, diferensial-termik va rentgeno faza analizlarinin naticalarine asasan
TlInSe2-TIDySe2 sistemlarinin hal diagramlari qurulmusdur. Muayyan olunmusdur ki, ilkin
komponentlar TlInSe, asasinda bark mahlul oblastinda musahids olunur. TlInSe, otaq
temperaturunda 9 mol%-a kimi TIDySe; isa 11 mol%-a kimi hall ola bilir. Rentgenogramlarin
tahlili gostardiki, TlInDySe, bark mahlullari ilkin TlInSe, lggat birlasmalari kimi tetrogonal
singoniyada kristallasirlar. Nadir torpaq elementlarinin istiraki ils alinan tallium halkolantanatlar
ve onlarin murakkab analoglari, fiziki xassalarinin genis diapazonda dayisa bilmasi baximindan
perspektivli obyektlardir. Asagidaki cadvalds Tlin;4DyxSe, bark mahlullarinin sintez rejimi
gostarilib.

halkolantanatlari ve onlarin mirakksb analoglar, fiziki xassalarinin genis diapozonda
dayise bilmasi baximindan prespektivli obyektlardir.

Asagidaki cadvalda Tliny.Dy,Se, bark mahlullarinin sintez rejimi gostarilib.

Tarkib 1200 K-3 gadar 1200 K-da Otaq
gizma sursti(k/saat) saxlanma middasti(saat) | temperaturuna gadasr
soyuma siirati(k/saat)

TlINg ggDYo 01S€2 100 6 80
TlIng gsDYo 02S€2 100 8 80
TlIng g7DYo 03S€2 100 10 80

Alinan kristallarin elektrk keciriciliyi 80-400K temperatur intervalinda tadgiq olunmusdur.
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TEMMEPATYPHbIE XAPAKTEPUCTUKA KACKAIHbIX COMTHEYHbIX
3EMEHTOB HA OCHOBE A®B®

A.M. Annaxsepanes
Asepbaig>kaHckuii FocynapcTBeHHbI Megarornyecknii YHnsepcuTeT

Aygunibrahimli@yahoo.com

W3 aHanmsa TemnepaTypHbIX 3aBucumocTy KI[, KackagHbIX CONHEYHbIX 31eMeHTOB CnedyeT YTo
WMpUHA  3arnpeLLeHHoi  30Hbl, obecrneuvBatowias Makcumym KI[ MeHseTca € TemnepaTypoil.
MpuT?> 450K onTuManbHbIMM CTaHOBATCA 3HaueHnst =1,93B, =1,43B.

XapaKTepuCTUKN POTO3NIEMEHTOB 06pa3yHoLLMiA Kackas, 3aBUCAT OT 6/130CTY NapaMeTpoB
pelleTKN MaTepuanoB reTepo CTPYKTYp. [103TOMY /Mlib HeMHorve coeanHenns A°B°
YLOBNETBOPAIOT TPebOBaHWAM, NPeabABsSeMbIM K MaTepuanaM  KacKafHbIX COMIHEYHbIX
anemeHToB (KC3). Tonbko aBa 6rHapHbIX coeanHeHns GaAs 1 InP MoryT ucnosb3oBaTbes Ans
CO34aHns aKTVMBHOW 06nactn (hotoanieMeHToB KCO M cnyXutb NOANOXKKOW A1 NOMYHeHUs
TBEPAbIX PacTBOPOB.

[na nonydeHns MoOHONUTHLIX KC3 ¢ MUHMMAa/IbHLIM PaccorfiacoBaHNEM PELLUETKM BCeX
CNoeB  CTPYKTYpbl MOFYT 6biTb  MCMONMb30BaHbl TBEPAbIX pacTeopbl AlxGadi-rAs u
GaxinixAsyPi-y n30 nepuognueckune ¢ INP, KOTOPLI OHOBPEMEHHO SB/AETCA MaTepUasiom
BepxHero ®3. 15 MoHoMMTHbIX KC3 npefenbHblin pacyeTHbId KM, coctasnset 40% (AM 2,3,

K;=1000). MoHonuTHbII KC3 MoryT 6biTb nonyueHbl B cucteme Al -G& -As B koTopbiX

MaTepuanom HinkHero ®3 sBnsetcs & As, a B BepxHeM D3 UCMO/b3YOTCS TBEP/ble PACTBOPbI
Al,Gai-xAs ¢=1,89B. HWXHME (hOTOI/MEMEHTLI MOTYT 6bITb MOMYYeHbl HA OCHOBE TBEPAbIX
pacTBopoB G@y71_y As, GadseSbiy (nognoxka G4 As), a BepxHue d®3-Ha OCHOBE TBEPAbIX
pacTBopoB AlyGa1-xASyPiy o AlyGar-x Asuso nepuoamnyeckmx ¢ GaAs.

Kak 13BecTHO, NpYMeHeHe KOHLEHTPATOB NMPUBOAMUT K HarpeBy (POTO3/IEMEHTOB, MO3TOMY
Heo6X0AMMO OLEHUTb MOBEAEHMe KaCKafHbIX COJIHEYHbIX 3/IEMEHTOB MPW  BbICOKMX
Temneparypax.

B pacuetax KN KC3 [1, 2] He yunTbIBaNOCh U3MEHEHNWE C TeMMepaTypoii Anddy31OoHHOA
[0JIMHbI, TaK Kak Mo oueHkam [3], MM MOXHO npeHebpeyb a TemnepaTypHas 3aBUCMMOCTb
LUIMPUHbI 3aMnpeLLeHHO 30HbI NPYHMMaNach OAWHAKOBOW Ans Beex Eg

HanpsbkeHre X0nocToro xofa W (PakTop 3anofHeHWs Harpy304HON XapaKTepUCTUKU C
POCTOM TemnepaTtypbl YMeHbLUaeTcs bbicTpee ana P Kackafa C MEHbLUMMU 3HaYeHuamu Eg
6narogaps 6onee 6bICTPOMY POCTY C TeMMepaTypoli 06paTHOro TOKa.

Takoe nosegeHvie napametpos KC3 npuBoguT K TemnepaTypHbiM 3aBucumMocTam K1/,
Kackafa.

Kak nokasbiBaeT pacyétbl C pOCTOM TemrnepaTypbl ONTUMAa/IbHbIE 3HAYEHWUA MapaMeTpoB
KC3 un3meHstoTcs.

Tak, KN4 KC3 c=1,73B, =1,03B ocTaetcqd MakcumanbHbiM o 400K, npu KT > 400K
makcumanbHbin KN4 wmeet KC3 ¢=1,83B, =1,23B, a npu T2 450K makcumanbHblin K4
pocturaetca B KC3O ¢ =1,93B, =1,43B. OTmeTvM, 4TO 34eCb VMEETCa B BUAYy LIMpPUHA
3anpelleHHon 30Hbl Mmatepuana npy T=300K B nocnegHem cnyyae KC3 MoXeT  ObiTb
peasn30BaH MOMHOCTLIO Ha OCHOBe cucTeme AlxGa1-xAs

W3 pacueToB criegyeT, UTO LUMPMHA 3anpeLleHHOW 30HbI, obecneynBarolas MakCMMyMm
KA sepxHoro ®3 meHsieTcs ¢ Temnepatypoin ot 1,43 3B npu 300K go 1,643B npu 600K.
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OfHako 3HayeHue, MpW KOTOPOM AOCTUraeTcs MakcumanbHoe 3HadeHve KI14 KC3, c
M3MEHEHMEM TemrepaTypbl OCTAeTCs MOCTOAHHBLIM, €CAM HWKHUIA P co3jaH  Ha OCHOBe
Martepuasia c HemsmMeHHoi Egy , Hanpumep Ha 6ase GaAs.
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KBAHTOBbIE MHTEP®EPEHLUIMOHHbLIE DOPEKTbI
B TOHKUX MMEHKAX Bi,Te,7Seo3
X.B. Anurynuesa, H.A. A6gynnaes”
WMHCTUTYT dm3mnkn HaumoHanbHoin Akagemnn Hayk Asepbaiig>kaHa,
*abnadir@physics.ab.az

MonyyeHbl NOAMKPUCT /INMYECKME TOHKME NNEHKWM TBEPLOro pacTsopa Bi,Te,;Seqs. MccnenosaH
TpaHCnopT 271eKTPOHOB B LUMPOKOIA 06nacTu TemnepaTyp 1,4-300K v MarHWTHbIX Noneit BNioTh 10 8
Tn. MNpegnonaraeTcs, YTO HabMOAAEMbIe NOKANM3aLMa HOCUTeNeid 3apsiia B 3NeKTPONPOBOAHOCT Y Npu
HU3KMX TemnepaTypax (T<8K) u peskuii pocT MarHWTOCONPOTMBAEHNS MPU MarHWTHbIX nonsx B<1T
00YyCnoB/EHbI KBAHT 0BbIMU MHTEPEPEHLMOHHBIMI NONpPaBkaMn K NPoBOAUMOCTHW, & UMEHHO 31eKTPOH-
3NeKTPOHHBbIM B3aMMOJENCTBMEM U CNaboin aH TWUNOKanM3aLmein, COOTBETCTBEHHO. OLeHeHa AnnHa c6os
thasbl.

1. BBegeHwue

CoequHenns  rpynnbl A;'BsY'  nmpogomkaloT  ocTasaTthCi B LEHTPE  BHUMAHMS
nccnenoBaTenein yxxe nTeNbHOe Bpems. TOT MHTepeC 06YC/OBNEH C O4HOM CTOPOHbI TEM, UTO
MaTepuasibl  3TOW  TPynnbl  XapaKTepu3yloTCS  OTHOCUTENIbHO — BbICOKMMM  3HAUYEHUSMU

TePMO3NeKTPUYeCKoin fobpoTHOCTM zT ~ 1 (zT = s%sT/c, roe S - koapduumeHT 3eebeka, s -
NpPOBOAMMOCTb, T - Temnepatypa, C - KO3((ULMEHT TENONPOBOAHOCTH), a C APYrOi CTOPOHLI

TeM, YTO B MOC/NefHee BPeMsi OHU MO3ULMOHUPYIOTCA Kak TOMOMOrMyeckue msonstopbl [1-4].
OGblYHO BeMMUMHBI S, S ,C B3aMMOCBS3aHbl, O[HAKO COrNacHo [5-7] 3HaYMTeNbHOrO

YBEIMYEHUS TEPMO3NIEKTPUYECKOM AOOPOTHOCTY MOXHO NOMYYUTb B HA3KOPA3MEPHbIX CUCTEMaX
Ha OCHOBe 3TMX MaTepuasioB, B KOTOPbIX 3TW MNapameTpbl MOryT BapbMpoBaTbCA 6onee
He3aBMCMMO. Hanpumep, B KBa3WABYMEPHOW CNOUCTOM CUCTEME C KBAHTOBbIMW SIMaMMu,
cBepxpelLéTkax [5,6] nav B 04HOMEPHOM NPOBOAHUKE W/IN KBAHTOBOMW HUTY [7].

B nocnefHne rogbl MHTEHCMBHO MWCCNeAyeTCs TPaHCMOPT HOCWUTeNleid 3apsfa B TOHKMX
NNéHKaX COeAuHeHWi i rpynnbl A;VBsY' C  TOUKM 3peHWss WUCCNef0BaHUs  CBOWCTB
TOMO/MOIMYECKNX U30/19TOPOB, MNPEACTaBNAETCA BaXHbIM, UYTO BK/a4 OOBEMHbLIX HOCUTENei
3apsga B TPaHCMOPT MOXEeT ObITb 3HAYMTE/IbHO CHVXKEH B TOHKUX MNJieHKax. MoATBepXKaeHneM
3TOMY ABNAKOTCA AaHHble HeflaBHMUX PaboT Mo TPaHCMOPTY HOCUTENel 3apsfa Ha TOHKMX NEHKax
Bi,Tes n Bi,Ses, NofyyYeHHbIX METOAOM MONEKYNISPHO-YYeBO anuTakcun [8-12]. Kpome Toro,
cornacHo [13], TepMO3neKTpUyecKne YCTPOCTBA Ha OCHOBE TOHKMX MeHOK Bi,Tes n BiySes
MO3BO/IAIOT AOCTUYL CYLLECTBEHHOIO oxnaxXaeHus ao 32 K 1 npokaynsaHus TENIOBOro NOTOKa
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[0 700 BT/cM?. JloKanbHOe OXNax/eHWe UMK Harpes MpoucxoauT NpubansuTensHo B 2:10% pas
ObICTpee, YeM B YCTPOMCTBAX, CO3A4aHHbIX Ha OCHOBE O0OBLEMHbIX MaTepuanoB. Vicrnonb3oBaHue
TOHKUX MNEHOK ABNSAETCA Takke 60nee NpeanoyvTUTENIbHbIM 13 COOOPaXKEHWIA MUHMATIOPU3aLN
nprbopoB Ha OCHOBE 3TUX KPUCTa/IOB.

OfHON U3 rnaBHbIX Leneid HacToswel paboTbl OblNO BbIACHEHME BOMpoca O TOM,
HaCKO/IbKO COXPaHWUTCA TOMOJIOrMyecKas 3ayEHHOCTb NOBEPXHOCTHBLIX COCTOSAHUIA B TOHKMX
NNEHKaX MeHee COBEPLUEHHBIX MO CTPYKTYpPe, YeM MOTyYEHHbIX METOAOM MOJEKYNSPHO-y4eBOi
anuTakcuMn. BbI6Op MMEHHO Takoro cocTasa Ans UCCNefOBaHWIA C OAHOW CTOPOHbI 06YC/IOBNEH
TeM, YTO UMEKOLLMECH B MTepaType faHHble [14,15] yKa3biBatOT Ha TO, YTO B CUCTEME TBEPAbIX
pacTBOPOB Biy(Te;-xSex)s HanbonbLUel TEPMO3NEKTPUYECKON 3 (eKTUBHOCTLIO 06N1afaeT COCTaB
Bi,Te,7Seps. C Apyro/i CTOpPOHbI, WM3BECTHO, YTO TBEPAble COCTaBbl MO CTPYKType 60see
pa3yrnops/oyeHbl, YeM MaTepuHCKU1e cocTasbl Az'Bs"'

2. DKCNnepuMeHTa/IbHble pesynbTaTthbl

MneHkn TBEPAOro pacteopa Bi,Tez7S€p3 OblM MONYYEHbI METOAOM «TOPSIYEN CTEHKM»
TEPMUYECKUM MCMapEHNeM CUHTE3NPOBaHHOMO BellecTBa B Bakyyme 107> MM pT. CT. Ha
MOANOXKN U3 OKCUAHOIO CUIMKATHOrO CTeKNa. TemnepaTtypa NoAMN0XKKM NoaaepXunsanacb 0Kon0
300°C. TonwuHa NonyYeHHbIX MIEHOK BapbupoBanach B npegenax 500-600 HM. TepMuyeckuii
OTXUT MOMYyYeHHbIX MNNEHOK NPOBOAU/CA B BaKyyMe npu Temnepatype 200°C B TedeHun 1 yaca.
BbICOKOE KayecTBO MOMYYEHHbIX TOHKUX MNEHOK MOATBEPXKAAETCA AaHHBLIMU PEeHTreHOBCKOM
ANpaKLMmM 1 paMaHOBCKOr0 paccesHus.

Hwke npuvBOAATCA [aHHble MPOBEAEHHbIX HaMW WCCMefOBaHWIA 3/1eKTPOMPOBOAHOCTH,
MarHMToCONpoOTUBNEHUA U 3dekTa Xonna B OTOXOKEHHbIX 06pasuax nnéHok BipTes7Seqs.
TemnepaTypHble 3aBUCMMOCTM CONPOTUBIEHNS UCCNIEA0BANCH B LLUMPOKOA 061aCTV TeMnepatyp
1.4-300K 1 B MarHWTHbIX NOAAX BNAOTb A0 8 Tn. M3MepeHns NpoBOAWANCL MO CTaHAAPTHOM
YETbIPEX30HAOBOM CXeMe Ha MepeMeHHOM TOKe u4acTtoTbl 20.5 Iy MeTogom (ha30BOro
[EeTeKTMPOBaHMSA. TOYeYHbIe KOHTaKTbl HAHOCUMCH MPY NMOMOLLM CepebpsiHON NacTbl.

B 0TOXOKEHHOI npu 200°C TOHKOI MnéHKe Biy(TepoSeo.1)s TemnepaTypHas 3aBUCMMOCTb
YAENbHOrO CconpoTuBneHnst (puc. 1) MMeeT «MeTafINYEeCKUiA» XOo4, KaKk U B O0OBEMHbIX
MOHOKpucTaninax [16]: ¢ ymeHbLUeHMEM TemnepaTypbl BeiMuMHa YAEeNbHOro CONPOTUBEHUS
YMeHbLLIaeTCA.

VIHTepecHbIM ABNSeTCA TO 06CTOATENILCTBO, YTO MPU HU3KMX Temnepatypax (Humke 8 K) ¢
MOHVXEeHVEM TemnepaTypbl BelnyMHa YAeNbHOro COMPOTUB/IEHUA HECKO/IbKO BO3pacTaeT
(BcTaBKa Ha puc. 1). OaHHble uccnefoBaHuiA apdekta Xonna npu Temneparypax 1,4K un 5K
CBMAETENbCTBYIOT O TOM, YTO KOHLIEHTpaLua HOCUTEeNen 3apsada ¢ TemnepaTypor He MeHSeTCs.
Takum 006pa3oM, WCKNHOYAETCA BEPCUA O «BbIMOPKMBAHWUM» MENKUX MPUMECHbBIX LIEHTPOB.
Heo6xoaMM0O OTMETUTb, YTO aHaIOrMYHbIA POCT COMPOTUBNEHMA C MOHWKEHWEM TemnepaTypbl
Habnoganca u B Apyrux paborax npy HU3KOTEMMNePaTYPHbIX UCCMeA0BAHNAX Pa3IMUHBIX TOHKUX
NNéHoK Az'Bs"', monyueHHbIX MeTOfOM MOMeKynspHO-Ay4eBolt anuTakcuu [8-12]. Moao6Hoe
TemnepaTtypHoe MoBefeHVe YAEeNbHOro COMPOTMB/IEHUA XapaKTepHO Mpy LOMWHMPOBaHMN B
001aCT! HU3KMX Temnepatyp KBaHTOBbIX WHTEPMEPEHUMOHHBIX MOMNpPaBoOK K MPOBOAUMOCTH,
06YC/IOBNEHHbIX CNaboi nokKanmsaumendr UM 3M1eKTPOH-3MEKTPOHHLIM B3aMmogeincTemem [17].
MockonbKy B criydae €naboil nokanusaumm npy NpUIoKeHUM NonepeyHoro MarHUTHOroO nosns
[O/MKHO 6bl10 Obl HAbNOAATLCA OTpULATENbHOE MArHMTOCONPOTMBNEHME (A Y HAc, Kak OygeT
MoKa3aHO HWXe, HabMfaeTcs MNONOXUTEIbHOE MAarHUTOCONPOTUBNEHME), Mbl CUMTAEM, YTO
HabntofaeMas  floKam3auMsa  HocuTeneln  3apsga  06yCnoB/ieHa  3N1EKTPOH-3/1EKTPOHHbLIM
B3aVMOJENCTBMEM. AHa/IM3 TemnepaTypHOM 3aBUCMMOCTU YAENbHOro COMPOTMB/IEHUS MpU
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Temnepatypax T < 8K nokasan (BCTaBka Ha puc. 1), 4TO MMeeT MeCTO norapuipmmyeckas
3aBMCMMOCTb COMPOTMBNEHNA OT Temnepatypbl r (T) ~InT, XapakTepHas AN ABYMEPHOro
cnyyas [17].
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Puc. 1. TemnepaTypHasi 3aBUCUMOCTb Y/ENbHOTO COMPOTUB/EHNS B OTOXOKEHHO
nneHke Bi,Te,7Seg 5; Ha BCTaBKe — TO Xe NpU HU3KKX TemrnepaTypax.

Hamu Takke 6blM NpoBefeHbl UCCNefoBaHMS ra/lbBaHOMarHUTHBIX 3PQeKTOB (MarHuTO-
conpoTueneHre W 3aekT Xonna) B OTOXOKEHHbIX TOHKMX NNEHKax BiyTey7Seps. W3
XONINOBCKMX U3MepeHnii cneayeT, 4To obpasupl Bix(TepoSeq1)s MMEOT NPOBOAMMOCTL N-TWNAa,
KOHLEHTpaUmMs 3M1eKTPOHOB B o6pasue Nel (4aHHble KOTOPOro npuBedeHbl Ha PUCYHKax
HaCTOsILLEl CTaTbm) n~10"°cm™, xonnosckas MOABWKHOCTb HOCUTENe] 3apaga npu T-~4,2K

paBHa NpYMepHO M-~ 100cm? /V *s. Heo6x04MMO OTMETUTb, YTO B 06BLEMHBLIX MOHOKpUCTasNax

MOABVKHOCTb HOCUTENeW 3apsfa Npy HU3KUX TemnepaTypax Oblia 6onee, 4emM Ha MOPALOK
Be/IMYMHbI 60/bLLE - M~ (3+5) 103cm? IV *s [16].

Oco6bli1 HTepeC NPeLCTaBNAT LaHHbIE MOMEBLIX UCCNEA0BAHWIA MArHUTOCONPOTUBIEHUA
(pnc.2, a). Mpy Manbix MarHUTHbIX Nonax (4o 1 T) HabnroAaeTCs Pe3KMiA POCT COMPOTUBNEHMS C
POCTOM MarHUTHOIO MO/, & NPU MarHUTHbIX Nonax 6onbwnx 1 T HabnogaeTcs cTaH4apTHas,
NOpeHLEBCKas,  KBagpaTWyHas  3aBMCMMOCTb,  CBOMCTBEHHas  MOMEBOA  3aBMCKMMOCTM
MarH1TOCONPOTMB/EHNS B 06BEMHBIX MOHOKPUCTaIaX. Takoi peskuii pocT COMPOTUBNAEHUS C
POCTOM MarHWTHOrO Mofis B CnabbiX MarHWTHBLIX MONAX XapakTepeH Ana sdekTa cnaboin
aHTunokanmsauum [17]. HabnwogeHue sthdekta cnaboli aHTMnokanmusaymmn (CAJT) He siBnsieTcs
HEOXMaHHbIM, MOCKOMLKY NS COeAuHeH A rpynnbl Ay Bs"' xapakTepHO Hanmume CUALHOTO
CMMH-0p6MTaNbHOrO B3auMogeincTansa. OgHako, Heo6X0AMMO O0TMETUTL, YTO CAJT B 06BEMHbIX
MOHOKpPMCTa/INax He Hab/KOAAETCA N OHa XapaKTepHa TOMbKO /19 TOHKMX NNéHoK [8-12, 18, 19].
[M03TOMY eCTeCTBEHHO MPEeAMOoNIoKMTb, YTO Habnogaemas B TOHKMX nnéHkax CAJ1 aBnsetcs
NPOsBNEHNEM NHTEPPEPEHLMOHHbIX 3((EKTOB B 3NEKTPOHHBIX NPUMOBEPXHOCTHBLIX COCTOSAHUSX
Tononorunyeckoro nsonatopa (TW).
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1.8

b)

AN
B, T B(T)

Puc. 2. a) nonesasi 3aBUCUMOCTb MarHUTOCONPOTUB/IEHNS B OTOXOKEHHOI NneHKe Bi,Te, 7Seys;
b) nonesas 3aBUCMMOCTb MarHUTONPOBOAUMOCTM, MYHKTUP — PacHETHas KpuBas

3. ObcyxaeHne

BaXHO 0COGEHHOCTbIO MOBEPXHOCTHbIX COCTOSAHWUIA  TOMOMIOrMYECKUX  U30NATOPOB
SBMIAETCA /IMHENHAs 3aBMCUMOCTb WX 3HEPrM OT BOSHOBOrO BEKTOPa, MPOABASANOLLAACH B
CMeKTpe B BUAE ABYX KOHYCOB, KacaloLMXCA B €AMHCTBEHHOW TOUKe M (hOPMUPYIOLLMX KOHYC
[npaka, Nofo6HO TOMY, Kak 3TO MMeeT MeCTO B rpadeHe. OAHaKo, B 0T/iMdMe OT rpageHa, B TU
Ka>KAoMYy KBasMMMMysbCy Ha KoHyce [lypaka COOTBETCTBYET TO/ILKO OAHO COCTOSIHWE CO CTPOro
onpefenéHHbIM HarnpasfieHneM cruHa. VIMEHHO 3Ta OCOGEHHOCTb 30HHOM CTPYKTYpbl TW
ABNAETCA MPUYMHOA TOrO, YTO HOCUTENIM B TakMX MONAPU30BAHHLIX MO CMAWMHY COCTOSHUAX
NpPaKTUYeCKN He paccemBaroTCca Ha fedeKTax NoBePXHOCTU. ITO 0OBACHAETCA TEM, UTO 06paTHOE
paccesiH/ie HocuTenel 3apsga B TaKoV 30He Ha HEMarHUTHBLIX NPUMECAX 3arpeLLeHO CUMMETPUE
OTHOCUTENIbHO MHBEPCUM BPeMeHW. MpuIoXKeHHOe BHELLHee MarHUTHOE MoJjie CHUMAET 3anpeT Ha
obpaTHOe paccesHue, 4YTo cornacHo Teopuu [1,20], npuBoanT K atchekty CAJT.

Hab6ntogaemblii athdhekT CAJT cBA3bIBa/ICA C NPOSIBNEHWEM NMOBEPXHOCTHBIX COCTOAHMIA TW
coequHeHnii A;'Bs”' BO MHOTMX npedplAylLmx paboTax Mpyv WcCnefoBaHUsX TpaHCnopTa
HOCUTeNel 3apsga B MarHUTHOM nose. Hanpumep, B TOHKUX MnéHkax BiSes [8-11], B TOHKMX
nnénkax [12] n yewyiikax (microflakes) [18] Bi,Tes, B HaHOHUTAX Sh,Tes [19] u gp. B pabote
[9] nccneposaHa 3aBncmocTb aghhekta CAJ1 OT TONWMH MNEHOK BiySes, MeHstoWmMxcs 6onee,
4em Ha TpuW nopsgka BeMUnHbI (0T 3 HM [0 4 MKM). MokasaHo, 4To HambobLLKniA athhekT CAJ
HabntofaeTca B TOHKMX 06pasuax M C YBe/MYeHWeM TOMWMHBI obpasua aekt CAJ
yMeHbLIaeTcs. To, uto CAJ1 06yc/ioBNeH LOMUHUPYHOLLMM BKNa40M MOBEPXHOCTHBIX COCTOSHUM
TOMOJIOTNYECKOrO  U30N1ATOPa, MOATBEPXKAAETCA TakkKe IKCMepuMeHTaMu M0 B/IUSHUIO
NernpoBaHns TOHKMX NNEHOK Bi,Sez MarHUTHbIMK npumMecamun (Cr) pas/iMyHOM KOHLEHTpaumm
[10]. DHepreTnyeckmin crnekTp cuibHOro TW, K KOTOPbIM OTHOCATCA  COeAMHEHMst TPynMbl
AzVB3Y!, Tononornyecky sawieH oT BO3MYLLEHWIA, KOTOpbIE HE HapyLIaloT CUMMETPUIO Mo
OTHOLUEHMIO K 0O0pallleHMI0 BpeMeHW, HarpumMep, K HemarHMTHoOMY 6ecnopsfky. BsegeHue
MarHUTHbIX MPUMECE HapyLIaT CUMMETPUIO MO OTHOLLEHMIO K OOpaLLeHM0 3HaKa BPeMEHM,
YTO B KOHEYHOM WTOre C YBE/IMYEHMEM KOHLEHTpauuyM MarHWTHbIX MpUMecei NpuBOAUT K
KpoccoBepy oT CAJ1 K cnaboi nokanusaumu (CJ1). Astopbl [12] nokasanu, 4To NernpoBaHue
HeMarHUTHbLIMW NpUMecAMU AU TOHKUX NNIEHOK Bi;Tes He BnnseT Ha CAJT, 0HaKO NlernposaHue
MarHUTHbIMU  MpUMeCsiMU  Fe  pa3/IMYHON  KOHLEHTpauuy NpuBOAUT K  NOCTENEHHOMY
ncyesHoseHnto CAJ1. Kpome TOro, gaHHble [12] no uccnefoBaHWsiM YrioBOM 3aBUCUMOCTY
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MarH1TONPOBOAVMMOCTU BbISBAMM ABYMEPHbIA XapakTep adekta CAJI1. Taknum 06pasom, ecTb
BCE OCHOBaHUA cuuTaTb, 4TO HabnogeHne CAJT ykasblBaeT Ha [LOMWHUPYHOLWWIA BKNaL B
3NEKTPOHHBI TPAHCMOPT TOMOIOMMYECKNX NOBEPXHOCTHBLIX COCTOAHUNA.

TeopeTnyeckn MarHWTOMNO/EBAs 3aBMCUMOCTb MarHUTONPOBOAMMOCTM B C/ly4Yae CU/IbHOrO
CNUH-0p6UTANBLHOTO B3aMMofencTama (ty >>t ¢ ,t o) B ABYMEPHOM MPUOBAVXKEHUN ANs CnabblxX

nonev onucbiBaeTcs hopmynoin Xunkammu-SlapkuH-Haraoka [21]:

2
As (B) = % 2; 1Y G+%]— In[%} (1)

3pecb t o,t o, ty — COOTBETCTBEHHO, BPeMeHa CMMH-OPOUTaNbLHOTO B3aMMOZECTBISA, YNpyroro

paccesHuss 1 c60a (asbl, e — 3apsa4 3MeKTPOHa, 7i— MpUBEAEHHAs NOCTOsHHAas [lnaHka,
XapakTepucTuieckoe none By =n/4el; , lj —panvHa c6os dasbl.

Hamu 6blna npoBefeHa MNOArOHKa 3KCNEPUMEHTaNbHLIX fAaHHbIX opmynoin (1) c¢
1CNO/b30BaHNEM [BYX MOArOHOYHbLIX NMapameTpoB: KoauuveHTa A nepes Bcell (hopMynomn v
nona Bj . Pe3ynbTaTbl MOATOHKM MpUBEAEHbI Ha pUCYHKe 2,b. Kak BMAHO U3 PUCYHKa,
paccumTaHHasa u3 (1) TeopeTuyeckas Kpumsas (MYyHKTUPHas SIMHWA) XOPOLIO cornacyertcs ¢
IKCMEPUMEHTANIbHBIMU [aHHLIMM NPU 3HAYeHUAX napameTpoB A=1,1 1 XapakTepuCTUYeCcKoro
nona B; =0,004T . OueneHHas fanHa cb0s (ha3bl OKa3bIBAETCA PABHOWA Ij =200nm . HecmoTpsa

Ha TO, YTO 3Ta Be/IMYMHA CpPaBHMMA C TOMLWMHON MNéHKU L ~500nm , HEO6XOAMMO YYMTbIBATD,
YyTo rnybuHa NoKanM3aumMnm MOBEPXHOCTHbIX cocTosiHMiA TW  a<10nm. Moatomy ycnosue
i >>a BbINONMHAETCA JOCTATOYHO CTPOTO.

Ecnm  npoaHanu3vpoBaTb  MOJSlyYeHHble HaMK  3KCMEPUMEHTa/lbHble  [aHHble MO
TeMMNepaTypHOiA 1N MarHWTOMONEBOM 3aBUCUMOCTM COMPOTUBNEHWUS B OTOXOKEHHBIX TOHKMX
nnéHkax Biy(TepoSep1)s BbIABISETCA OYeBUAHAA AUNieMMa, KOTopas OTMe4yeHa M B paboTax [8-
12,18,19]. OTpuaTeNibHbIA NPOBas B MarHUTONPOBOAMMOCTM (pUC. 2,b) MHTepnpeTUpyeTCs Kak
NPosiBNeHNE B KBAHTOBOM TPaHCMOPTE TOMOMOMMYECKMX MOBEPXHOCTHbLIX COCTOSAHWIA, KOTOpPbIe
00134207 UMMYHUTETOM OT JI0Ka/IM3aumMn 1 NposBAAT cnabyto aHTunokanmsauuio. OfHako,
M3MepPeHHOe Y[eNlbHOe COMPOTMB/IEHWE NOrapu@mMUUeckM BO3pacTaeT C  YMeHbLUEHVEM
Temnepatypbl (BCTaBKa Ha puc.l), 4TO XapakTepHO AnA 3(MMEKTOB SIOKaIM3aLUM B OObIYHbIX
pasynopsgoyeHHbIX MeTasinax [17].

ABTOpbI NocneaHen paboTsl [19] npeacTaBuan Gopmyny Ans NPoOBOAUMOCTY 6e3MacCOBbIX
M MacCMBHbIX [UPAKOBCKUX (DEPMUOHOB KaK (PYHKLMW MarHWTHOIO Mons W TemnepaTtypsbl,
YUMTbIBAS  OLHOBPEMEHHO W  3/1EKTPOH-3/IEKTPOHHOE  B3aMMOAENCTBME U KBaHTOBYHO
nHTepgepeHumo. dopmMyna YCTpaHAeT YKasaHHYK Bbille AuiemMMy, MOKasbiBas, 4TO B
TemMnepaTypHOM 3aBMCMMOCTM MPOBOAUMOCTM MPU  HU3KKMX TemnepaTypax [LOMUHMPYeET
3NIeKTPOH-3/1IEKTPOHHOE  B3aMMOJENCTBME, a MarHUTONPOBOAMMOCTL OMNpefenseTcs raBHbIM
06pa3oM  KBaHTOBOM MHTepdiepeHLMeld OT  CMMH-OPOMTa/IbHOrO  B3aumogenctsus.  [ns
9KCMEPUMEHTA/ILHOIO  MOATBEPXKAEHMA JIOKA/IM3aLUUM  3/IEKTPOHOB B HWU3KOTEMMEPATYPHOM
TpaHCnopTe Hamy MpeanosiaraloTcs NpoBefeHue  UCCNef0oBaHW  MeTOAOM  TYHHE/IbHOM
MWUKPOCKOMNUMW MpY HA3KUX Temnepatypax.
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4. 3aKn4eHne

Taknm 06pa3om, B HacTosLLel paboTe MoKasaHo, YTO TEPMUYECKUIA OTXXUT B BaKyyMe npu
Temnepatype 200C NpvBOAMT K 3HAUUTE/IbHOW KpUCTaNn3aLmMm TOHKUX NNEHOK Biy(Tep9Seo.1)s,
4TO NOATBEPXKAAETCA [AaHHbIMW PEHTreHOBCKOW AUMpakumM U KOMOMHALMOHHOIO paccesHus
cBeTa. B OTOXOKEHHbIX TOHKUX NnéHKax Biy(TepoSep1)s HabnwogaeTca Takol e
«MeTa/IIMYECKNA» X0 TeMrnepaTypHOi 3aBUCMMOCTW YAeNbHOro COMPOTMB/IEHWS, KaK U B
06BEMHbIX MOHOKPUCTaNAX, C CYLLECTBEHHbIMM OTIMYMAMMW B HU3KOTEMMEPATYPHOI 06/1acTy.

JNorapumnyecknii pocT COMPOTUBNEHUA C MOHVKEHWEM Temnepatypbl MpuU  HU3KUX
Temnepatypax (Hwxe 8K), 06ycnoBfieH LOMWHUPYIOWMUM BKIALAOM 3/1EKTPOH-3/1EKTPOHHOIO
paccesiH1s B NPOLLECChbl HU3KOTEMMEPATYPHOr0 TPaHCNOPTa 3/1EKTPOHOB.

Habnoparowmincss peskuii pocT MarHMTOCOMNPOTMB/IEHWS C BO3PacTaHWEM BeIMYUHBI
MarHUTHOro nons B cnabblx nonax (4o 1 T) npu Huskux Temnepatypax (T=5K) obycnosneH
3pheKTOM CNaboi aHTUNOKAIN3ALMN, XaPaKTEPHBLIM A/11 CUCTEM C CU/IbHBIM CMIUH-0POUTa/IbHBIM
B3ammofeiicTBmeM. HabntofeHne cnaboi aHTWUIOKa/M3auuyM YKasblBaeT Ha [OMUHMPOBaHMe
TOMOJIOrMYECKMUX NMOBEPXHOCTHBIX COCTOSAAHWI B 3/IEKTPOHHOM TPAHCMOPTE B MArHUTHBIX MONSAX
NPV HA3KMX TemnepaTypax.

BaXKHbIM, Ha Halwl B3rfisig, ABASETCA TOT (hakT, YTO B MOMYYEHHbIX HAMU TOHKUX MIEHKAX,
MEHEe COBEpPLUEHHbIX MO CTPYKTYPe, YeM MONYYEHHbIX METOAOM MOJEKYNAPHO-Yy4YeBOWA
3MUTaKCKK, COXPAHAETCA TONOOrMYecKas 3aULLEHHOCTb NMOBEPXHOCTHBIX COCTOSHUIA.

[aHHas paboTa BbINO/HEHA NPU PUHAHCOBOWN MoAdepXXKe POHAA PasBUTUSA HayKU
npw MpesngeHTe AsepbanipkaHcKom pecny6nnkm — rpaHT Ne EIF-2012-2(6)-39/01/1.
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MEPEHOC 3APALA B KPUCTAJIJTAX SnMnTe
H.M. AxyHpoBa, C.3. xactapoBa, I".3. barvesa, M.M. Taruves
Asepbaing>kaHcKuii FocyaapCcTBeHHbIE SKOHOMUYECKUIA YHUBEPCUTET

akhundovanaila@rambler.ru

VccnefoBaHbl 3MeKTPUYECKME CBOMCTBA KpUCTanioB SnMnTe B uHTepBasie 77+300K.
BbIICHEHO, YTO 3aBMCMMOCTWN 3MEKTPUYECKUX MapameTpoB OT TemrnepaTtypbl U KOHLEeHTpaumu
MapraHua YA0B/IETBOPUTE/NILHO OOBACHAKTCA MOLENbI0 ABYX Ba/IeHTHbIX 30H, pasfefieHHbIX
3HepreTMYecKnm 3a3opom.

Xa/IbKOreHnapl YeTBepTOM rpynnbl NePUOANYECKON CUCTEMBI LUMPOKO UCMOJb3YHOTCS MpW
M3rOTOBNEHNM TEPMO- U (DOTOINEKTPUYECKMX Mpeobpa3oBaTeneil pasnIMyHOro HasHaveHus. Mpu
3TOM, OJHUM W3 OCHOBHbIX CMOCOGOB MOBLILWEHNA TEPMO3NEKTPUUECKON 3((EKTUBHOCTM
marepuasna SBseTcA Co3faHue TBepAbIX pacTBOPOB Ha ero OCHoBe. B 3TOM OTHOLLIEHUW TBepAble
pactBopbl SnixMn,Te, fABnfOWMECH NOMYMAarHUTHLIMA MONYNPOBOAHUKAMU MNPeACTaBAoT
onpeaeneHHbIA MHTepeC.

B paHHOI paboTe nonyyeHbl MOHOKpUCTaNbl SnyxMn,Te (0<x<0,04) n nccnefoBaHbl UX
3NeKTpUYecKme CBOKCTBa B UHTepBasie ~77+300K. MOHOKpUCTaN bl BbipallBasCb METOLOM
BpumkmeHa [1]. MOHOKPUCT/IMYHOCTL W OAHOMA3HOCTb  C/IUTKOB  MOATBEPXKAEHbI
PEHTFEHOBCKUM METOAO0M. W3 CAMTKOB KPUCTA/INIOB Ha 3/1EKTPOMCKPOBOW YCTaHOBKE Obln
Bblpe3aHbl 11 W3MepeHWid obpasubl B BUAe Mapas/enennunegoB pasMepamy 3X6x12 MM.
Y[aneHne HapyLIeHHOro €nosi, obpasyrollerocs Ha Topuax 60KOBbIX NMOBEPXHOCTel 06pa3LioB
npu pesKe, OCYLUECTBMANOCL XUMWYECKMM  TPaBleHWEM. ONEKTPUYECKME  MapameTpbl
(3M1eKTPONPOBOAHOCTL G, KO3APMULMEHTbI TepMO3AC o U Xonna R) n3mepsanu Ha nocTOAHHOM
TOKe 30H0BbIM MEeTOA0M BAO0/1b C/INTKA.

3aBMCMMOCTU 3MEKTPOMNPOBOAHOCTN & U KO3 (MUMEHTOB TepMo3ac o U Xonna R oT
KOHLeHTpaLmMn MapraHLa 1 Temnepartypbl NpeAcTas/eHbl B TabnuLe.

246



BDU-nun Fizika Problerlari institutunun yaradilmasinin 10 illiyina hasr olunmus
Beynalxalq konfrans

Tabnuua.
DNeKTprYecKmne napameTpbl KpUCTanioB SnixMn,Te
CocraB npun 77K npu 300K
X c,0mem? o, MKB/K R,cM*/Kn c,0mtem? a,MKB/K R, cM¥/Kn
0 15238 16,9 0,02 6184 154 0,02
0,0025 16771 27,2 0.02 6785 33,3 0,02
0,005 16566 247 0,02 6876 30,2 0,02
0,01 10833 23,6 0,02 5213 34,2 0,02
0,02 10667 15,1 0,02 5375 26,9 0,02
0,04 5675 19,2 0,02 3250 38,3 0,02

M3 Tabnuubl cnepyet, 4to KOIMMMUMEHT Tepmosac o npu 77 m 300K pacTer c
MOBbILLEHNEM KOHLEHTpaumMyM mapraHua, obpasys MakcuMyM, 3aTeM yMeHbLuaeTcs. Mpu 3Tom
3HauveHus o npu 77 n 300K gns o6pasuo., cofepxaliux atomsl Mn, Bcerga 60nbLue, Yem A1
SnTe. Ha kpvBOW TemnepaTypHOi 3aBMcMmOCTM o obpasua SnTe npu ~180K Habntogaetcs
MUHUMYM, KOTOPbIA C POCTOM KOHLEHTpauuyu Mn cABUraeTcs B CTOPOHY HU3KUX Temnepartyp.
Mpy  60NbLINX KOHLUEHTpaumsax Mn  KO3a(pULMEHT TepmMO34C MOHOTOHHO BO3pacTaeT C
yBe/IMYeHneM TeMneparypsbl.

3aBMCUMOCTM  3N1EeKTPONPOBOAHOCTA OT Temnepatypbl 18 BCeX 00pasLoB WMEKT
MeTa/I/IMYECKUIA XapaKTep, T.e. C POCTOM TeMnepaTypbl yMeHbLUatoTCA. [py 3TOM KOHLeHTpaLus
AbIpOK B 06pasuax, onpegenseMas n3 noctosHHou Xonna npu ~77 K (p= 1/eR) cocTtaBnseT
~(2,0-3,1)-10%%Mm™ 1 ¢ TeMnepaTypoii MOYTM He MEHSIETCS.

B [2] noka3aHo, UTO faHHble TeMMepaTypHbIX 3aBUCUMOCTeN o, oo U R B MPUroTOB/IEHHbIX
METOAOM ropsiyeii NpeccoBkn obpasyax SnTe, yaaeTcs 00bACHUTL MOAENbI0 ABYX BaleHTHbIX
30H, pa3e/ieHHbIX 3a30POM NPY HAIMUYUN MEXK30HHOT 0 paccesHUA.

Mpun Temnepatype ~77 K ansa o6pas3uoB SnixMn,Te MOXXHO MOMb30BaTbCs TEOPUEN ANs
MoNyNpoOBOAHNKA C OAHUM TUMOM HOCWUTeNeidl Toka. B aTom cnyvae addekTmBHas macca
HOCUTeNel MOXKeT OblTb BbIYMC/IEHA COOTBETCTBYHIOLLMMU (hOpMYynaMu. BblUMCNEHHbIE Takum
06pa30M 3h(heKTMBHbIE MacChbl Nerkmx Ablpok coctasnanm 0,40+0,45 mo.

MpefcTaBneHHble B Tabnuue aKCnepvMeHTaNbHble AaHHbIe, B OCHOBHOM, COrnacytTcs C
MOZE/bI0 BYX Ba/IEHTHbIX 30H, pa3fe/ieHHbIX 3HepreTuyeckum 3asopom De, 6e3 nepekpbITus C
30HOW NPOBOAUMOCTW.

MOXHO NPUHMMATbL, YTO C POCTOM TEMMEPATYpPbl, 33 CYET CMeELLEHNUS Kpas BTOPOW 30HbI,
BK/1aZ TSHXKEbIX AbIPOK C 3(h(heKTUBHON Maccor ~3,3 Mo [2] B NPOBOAUMOCTL PacTeT 1 NO3TOMY
MPOUCXOANT POCT KOIPPULMEHTa TEPMOIAC.

Masible KOHUeHTpauumn mapraHua, pacrnpefenssficb B KpUcTa/iax Kak npumecHble aToMmbl,
NPUBOAAT K POCTY KOHLUEHTpauuu [bIPOK W, COOTBETCTBEHHO, 3/1eKTPONpPOBOAHOCTM. [1pu
KOHLeHTpaumax mapraHua 6onblie x=0,005 nponcxoguT 3amellleHne MU aTOMOB 0/10Ba. Tak
KaK coefuHeHune SniMnyTe KpUCTaNInM3yeTcs C BaKaHCMSAAMWN B MOAPELLEeTKe 0/10Ba, BBEAEHHbIE
aToMbl MapraHua, B MepByto oyepeab, OyAyT pasmelLaTbCs B 3TUX BakaHCUAX. ITO NpuBedeT K
YMEHbLUEHNIO KOHLEHTpauyMW BakaHCWUA, T.e. KOHLEHTpauuu [AblpOK W, COOTBETCTBEHHO,
anekTponposoAHocTU. Kak n B cnyyae PbixMnyTe [3], B SnixMn,Te ¢ poCTOM KOHUeHTpaLun
Mn 30Ha JflerkMx [AbIpOK MpUGAMKAETCA K 30He TSXKeNbIX [AblpoK. [103TOMy € poCcTOM
KOHLeHTpaLmn MapraHua B coctase Sni.xMnyxTe BKNag TAXKeNbIX AbIPOK B 3/1EKTPONPOBOAHOCTL
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M TEPMO3AC YBENMYMBAETCS DTO MPUBOAUT K POCTY KO3(uLMeHTa TEPMO3AC U YMEHbLLIEHNHO
3NEKTPONPOBOAHOCTM.

TakuM 06pa3om, TemnepaTypHble U KOHLIEHTPALUMOHHbIE 3aBUCUMOCTU 3NEKTPUYECKNX
napaMeTpOB MOHOKPUCTA/INIOB  Y/OBNETBOPUTENIBHO OOBACHAKTCA MO/E/NbI0 [ABYX Ba/€HTHbIX
30H, pasfeneHHbIX 3HEepreTUYeckum 3a3opoM. [lpu 3TOM C POCTOM TemmepaTypbl WU
KOHLIEHTpaLIMI MapraHLa B COCTaBe, 30Ha NIErKMX [bIPOK NPUGMKAETCS K 30HE TSHXKENbIX AbIPOK
1 BKNaf NocneHNX B 3NeKTPUUECKMe napaMmeTpbl YBEMYMBAETCS.
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3NEKTPUYECKUWE CBOVICTBA C/TOXXHO/IEMMPOBAHHbIX
SKCTPYONPOBAHHBIX OBPA3LOB BigsShis C MPUMECAMM Pb-Te-Gd
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Teepable pPacTBOPbl CUCTEM BUCMYT-CypbMa, MOMUMO WMHTEPECHbIX 3MEKTPUYECKUX CBOWCTB,
SBNAIOTCA NEPCneKTMBHbIMA ~ MaTepuanamum A1s  CO3[aHWs  HU3KOTEMNepaTypHbIX TepMmMo- U
MarHUTOTEepPMO3NEKTPUYECKNX NpeobpasoBaTeneil. OCOGEHHO NEPCneKTUBHLIMA B 3TOM HanpasieHnn
SBNSKTCA SKCTPYANPOBAHHbIE MaTepUabl Ha OCHOBE cucTem Bi-Sb.

AKCTPYyAMpOBaHHbIe 06pasLbl BigsShis ¢ npumecamun cBrHLA 1 Tennypa Obian NosyyeHsl
Nno TEXHOMormMKu, onucaHHonW B [1,2]. WccnepoBaHbl 3MEKTPUYECKMX W TEMIOBbIX CBOWCTB
OfMHapPHO- M C/IOXXHOMErMPOBaHHbIX 3KCTPYAMPOBaHHbLIX 06pasLoB TBEPAbIX PacTBOPOB Ha
ocHoge cuctem Bi-Sb u Bi-Sh-Gd-Te.

BbIICHEHO, YTO MPUMECK raflONNHUA CO3[AK0T LOHOPHbIE LEHTPbl B BiggsShg1s. o 0,01
ar.% MpuvMecHble aToMbl raflofIMHWA, pacnpefenssacs B o6pasuax BiggsSbois paBHOMepPHO,
MPUBOLAT K POCTY KOHLLEHTpaLuy 3/1eKTPOHOB B HUX, W C/Ief0BaTe/lbHO, POCTY G U YMEHbLLEHWIO
o N Ry Bbiwe 0,01ar.% aTtombl ragonvHus B BiggsSbgis, CO34aIOT 3MEKTPOHEATPasIbHbIe
rpynnbl, COCTOSALUME M3 HECKOSbKMX aToMoB. [10f06Hble 3aBUCUMOCTM o, o U Ry OT
KOHUeHTpaumn Gd coxpaHsTcs W nocne TepmoobpaboTky. C pocTom TemnepaTtypbl [0
~200+250K © HenermpoBaHHbIX W NerMpoBaHHbIX rafonMHuemM o6pasLioB pacTeT M NPOXoAWT
yepes Nosornii MakcMyM. VICKntoueHne cocTaBnsieT ToMbKo o6pasubl ¢ 0,005-0,01aT.% Gd, B
KoTopbIX o(T) BO BCEM MHTEpBasie TemMrepaTyp HOCUT MeTalInYecKunii xapakTep. Mo 3HaKy o 1
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Rx uuctble o6pasubl M o06pasubl, nermposaHHble Gd B uWHTepBasie TemnepaTtyp 80-300K,
06/1a4a0T N- TUNOM NPOBOAUMOCTH.

C poCTOM KOHULEHTpauMn akuenTopHbIX MpuMeceit Pb 3neKTponpoBOAHOCTL 06pasLioB
BiogsSho1s cnnbHO napgaet [2]. Mpy manbiX KoHueHTpaumax Pb (mo ~0,005 aT.%) o6pasupbl
BiogsShois npu ~80K ocTaloTCA 4MCTO MPUMMECHBIMW C OAHUM TWUMOM HOCWUTenel 3apsga
(3neKkTpoHbl). TMO3TOMY, B HUX, 328 CYET YMEHbLUEHUS KOHLEHTpauuy 3M1eKTPOHOB, 3Ha4YeHus
KOS(PMUMEHTOB o U Ry MO CpaBHEHWKO C HeNerMpoBaHHbIM  06pa3LOM  HECKO/IbKO
yBenuuusaroTca. C fasibHelluMM pOCTOM KOHUeHTpauun Pb, n3-3a cunbHOW KoMMeHcauum
[OHOPHbIX LIEHTPOB, 06pa3subl NPUOAMXKAKTCA K COCTOAHWUIO COBCTBEHHOW MPOBOAMMOCTY Mpw
~80 K, UTO CONpPOBOXAAETCA YMEHbLUEHMEM 3HauYeHuin o U Ry. Mpy KoHueHTpaumm 0,05 aT.%
Pb B 06pasue BipgsSho1s NpeobnagaeT AblpoyHas nposogumoctb npu ~80 K, BCreAcTBUE Yero
3HaKOB o, U Ry CTAHOBATCS MONOXMUTENbHbIMWU. B 06pasyax BipgsShois ¢ 0,05 at. % Pb ¢
NoBbILLEeHNeM TemrnepaTypbl NPU OTCYTCTBMM MarHMTHOro nona npu ~130+140 K npoucxognt
NHBEPCUS 3HAKOB o U Ry OT MOMNOXWUTENbHOrO K oTpuuatensHomy. B obpasuax BiggsShois €
0,01at.% Pb mHBepcus 3Haka o U Ry OT OTPULLATENBHOTO K MOMIOXKUTENIbHOMY MPU MarHUTHOM
none 6onblue 24x10* A/m 1 9,6x10* A/M COOTBETCTBEHHO NPOMCXOANT NpU TemnepaTypax ~90 n
100 K. 3710 06ycnoeneHo TeM, 4YTO C POCTOM TemnepaTypbl B 06pasuax npesaivpyet
cob6CTBeHHas NPoBOAMMOCTL.C LeNiblo YCTAHOBMIEHNS 3aKOHOMEPHOCTEN BAWUSHUA ABOWHOIO
NErvpoBaHMsl Ha 3/MEKTPUYECKME CBOWMCTBA TBEPAOro pactBopa BipgsSbois W BbiABNEHNS
BO3MOXHOCTW MOBbILLEHNS TEPMO3NEKTPUYECKON IPPEKTUBHOCTM 3TUM METOAOM, B paboTe
nccnefoBaHo BAMsHME npumeceidi Gd Ha 3neKTpUYyeckme CBOWCTBa 06pasuLoB BipgsSbois €
npumecsto 0,0001, 0,0005 n 0,001 at.% Te [3]. B HenernpoBaHHbIX ¢ Gd 06pasuax KonmyecTso
Tennypa, a B obpasuax, nermposaHHbix 0,0001; 0,005; 0,001 aT. % Te, konmyectBo Gd u3me-
HAnocb B WHTepBane 0,0001+0,1 aT.%. BbIACHEHO, 4TO 3aKOHOMEPHOCTW W3MEHeHWUs
3MEKTPOIN3NYECKMX CBONCTB 00pa3LioB BiggsSho s, NErMpoBaHHbIX NpeaBapuTe/ibHO aToMamu
Te, npn BBegeHun npumeceli Gd (T.e. NpYU CNOXHOM NIErMPOBaHNM) OMpeAenseTcs, B Nepeyto
oyepefb, 06pa30BaHMEM 3NEKTPOHeWTPa/IbHbIX KomniekcoB Tuna Gd-Te. lMpu BBeAeHWM B
Bio.g5Sho.15 (0,001a1.%Te) npumecn Gd, ¢ pocToM NOCNeAHOro 3/1IEKTPONPOBOAHOCTL 06pasLL0oB
MOHOTOHHO YMeHbLUaeTCs. [aHHble 0 3aBUCUMOCTU o U Ry NMOKa3bIBAKOT, YTO 3TO 06YC/IOBNEHO C
YMeHbLUEHNEM KOHLEHTpaumy 3MeKTPOHOB. Takane 3aBUCUMOCTU &, oo U Ry OT KOHLEeHTpauuu
Gd HabnogatoTcs 1 B 0bpasuax BigsShis ¢ 0,0001 1 0,0005 aT.%Te.

BeegeHne moanduumpyrowmx 4o6aBok ZrO, B TBepAblil pacTBop BiggsSho 15 yBennunsaet
MJ0THOCTb AMCNOKAaLUA WM OAHOBPEMEHHO MOBbILIAET OAHOPOAHOCTb WX pacnpefeneHus no
o6pa3uy. HekoTopoe yMeHblUeHMe KO3h(ULUMEHTOB o U Ry B ob6pasuax cogepxawmnx ZrO; B
KonmyectBe ~3 Mmac. %, [aeT OCHOBaHWe MNPeanoNOXWTb, YTO [AMC/NOKALWK, BbI3BaHHbIE
fo6aBneHVeM MoOAM(MKATOPa, UTPatoT PO/ib LOHOPHLIX LEHTPOB B BiggsSho 15.

BecnpymMecHble 06pasubl BiggsSho s 061a4at0T 31€KTPOHHLIM TUMOM NPOBOAMMOCTM Kak
npn ~77K, TaKk ” Npu BbICOKMX Temrnepatypax [4]. ATOMbl CBUHLA, co34aBas B BiggsSho s
aKUEenToOpHble LEHTPbl, NPUMBOAAT K YMEHbLUEHMIO KOHLEHTpauMn 3NeKTPOHOB B  30HE
NpoBOAMMOCTW. BcreAcTBMe 3TOr0, C POCTOM KOHLEHTpauuu Pb 31eKTponpoBOAHOCTL NajaeT.
Mpy ManbIXx KOHUeHTpaumsx Pb o6pasubl npn ~77K ocTaroTCcA YACTO MPUMECHBIMU C OAHUM
TUMOM HocuTenel 3apsga (3NeKTpoHbl). Moatomy Ao ~0,005 at.% Pb 3a CYeT YMEHbLUEHUS
KOHLIEHTpaL 1N 3/1EKTPOHOB 3HayeHUst o U Ry, NO CpaBHEHUIO C HeNerMpoBaHHbIM 06pasLoMm,
HECKO/IbKO yBenmumsatoTcs. C  fJa/lbHelluMM pOCTOM KOHUeHTpauun Pb, u3-3a cuibHOR
KOMMeHcauuy [OHOPHbIX LIEHTPOB, 00pasubl NPUOAMXKAKOTCA K COCTOSHUIO COBCTBEHHOW
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MPOBOAMMOCTY MpU ~77 K, 4TO CONPOBOXAAETCA YMEHbLUEHMEM 3HAYeHWI o, o, Ry 1 x. Mpu
KoHUeHTpaumsx Pb 0,01 -0,05 at.% B 06pasue npeobnagaet AblpoyHas MPOBOAMMOCTbL MpwU
~T7K, BCNeACTBMNE Yero 3Hakn o U Ry CTAHOBATCA MOSIOXUTENbHBIMMU.

MoABMXHOCTb 3N1eKTPOHOB B Big gsShg 15 Npn ~77K Ha NOPSAA0K MPeBbIWaeT NoABMKHOCTb
AbIpoK [5]. BenepacTsue 3Toro, B 06pasuax ¢ MOAUMMKATOPOM, B KOTOPbIX 38 CHET paBHOMEPHOIO
pacripefeneHus AMCNOKauuiA MNOABWMXKHOCTb 3/1EKTPOHOB  60/blle, 4eM B obpasuax 6e3
MoZuduKaTopa, BinsaHue Pb Ha KOaPMUUMEHTBI o U Ry HECKONBbKO 0CnabneHo 1 MHBEPCUS 3HaKa
3TUX KO3IPPULMEHTOB NMPOUCXOANT Npu 60/ee BbICOKUX KOHLEeHTpaumsx Pb.

Mpy BBEAeHUM MOAMUUMPYIOLWNX [06aBOK ZrO, Kak B YUCTble, TaK W JIerMpoBaHHbIe
aKUEeNTOPHbIMA 1 LOHOPHBLIMU MPUMECAMW 3KCTPYAMPOBaHHble 06pasLbl TBEPAOro pacTeopa
BiopgsSho1s NpoMcxoauTt ynopsaoveHne CTPYKTYpbl MaTpulbl OTHOCUTE/IBHO PaCroNOXeHNs
AVCNOKALMOHHBIX feekToB [6]. Takoe ynopsfoyeHue B CTPYKType BefeT K 0cnabrieHuto
paccesHVs 3/1eKTPOHOB M (POHOHOB.
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