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Qazdas:inma Usulu ila goyardilon Znin,Se, fotorezistorlar:nda fotokegiriciliyin stasionar va kinetik
xarakteristikalarzun glialanma intensivliyinin vo temperaturun muxtalif giymatlarinda  todqigindan
rekombinasiya morkazlarinin tabiati, parametrlori toyin olunmus, mimkiin yaranma mexanizmi
aydinlagdirilmisdar.

Acar sozlar: fotokegiricilik, relaksasiya, rekombinasiya, elektron zabti, spektr, cald markazlor,
temperatur, intensivlik.

Anizotrop kristal qurulusa malik A"BI"c}* sinif kristallar1 informasiyani gobul edon vo
saxlayan vasitolor Uciin materiallar kimi shomiyyat kasb edir [1, 2]. Tarkibin mirokkoblogmasi
soraitindo binar analoglardan forgli bir sira hadisalorin musahidassi, cgat birlogsmolords kristal
gofasin muayyon Ustiin istigamot Uzro sixilmas: (buna tetragonal sixilma deyilir) vo kation
altgofosindo iki ekvivalent olmayan atomun, hamginin vakansiyanin istirak etmosi ilo olagodardir.
Sonuncu xasss vo genis homogenlik oblastina malik olma, bu materiallarda bir sira “moxsusi”
defektlorin yaranmas: vo idaro olunmasi halisslarine sobob olur [1]. Bu defekt soviyyslori hom
tutma, ham do rekombinasiya markazlori kimi foaliyyst géstorarok materialin fotohassasligini,
rekombinasiya proseslorinin zaman parametrlorini formalasdirir. Togdim olunan isdo ZnIn,Se,
kristallarinda lokal markazlarin enerji spektrinin, parametrlorinin va tipinin toyin edilmasi, habelo
onlarin idaro olunma imkanlar: fotokeciriciliyin stasionar vo kinetik xarakteristikalarinin todqiqi
ilo hoyata kecirilmisdir.

Fotoelektrik xassalorini 6lgmok Ggtin Znin,Se, kristallar: yod vasitasi ilo gazdasinma tisulu
ilo alinmisdir vo tcbucagli prizma formasina malikdirlor. Rentgen qurulus tohlili gostarir ki, bu
Uczlu prizmanin zlori (112), (001) vo (112)-mistavilorine uygun galir. Bu izlordon on tokmil

gOyarani todgiqatlarda isiglandirilan vo kontaktlarla tachiz olunan (1127 Uzudir. Kristalin optik
oxu bu iz miistavisi ilo 37 bucaq omolo gatirir.
ZnlIn,Se, fotorezistorlarinin tobii goyardilmis Uzu 1.1 <+ 2.3 eV enerjili fotonlara uygun

hossashq zolagina malikdirlor. Optik udulmanin yiksok dikliklo koskin artmas: otaq
temperaturunda 1.85eV-a uygun golir vo ZnIn,Se, monokristallarnin diizzonali yarimkegirici

olmasini gostorir. Stasionar fotokegiriciliyin spektral paylanmasinda hv<1.8 eV oldugda asqar
soviyyalor ilo fotokegiricilik, hv = 1.85 el’ iso fundamental udma konarinin dorinliyinds,

parcalanmis valent zonasmin altzonalarindan bas veron fotoaktiv udulma ilo olageslondirilir[1].
Stasionar fotokegiricilik spektrlorindon toyin olunan asqarlarin enerji movgeyi 1.70 eV Vo

1.32 eV togkil edir. Fotocorayanin temperaturdan, hayacanlagmadan vo zamandan asililiglari,

habelo kombina olunmus isiglanmada fotosignalin formalagsmasi ham asgar saviyyalarin, ham da
yapisma morkazlorinin istiraki ilo bas verir [3]. Bu hadisalor ZniIn,Se, kristallarinda gadagan

olunmus zonada rekombinasiya markazi rolunu oynayan iki tip lokal saviyyanin mévcudlugu ilo
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olagolondirilir. Bu rekombinasiya morkozlori fotoelektronlarin tutulmasinin effektiv kasiyinin
giymatina gors forglonirlor. Desiyi tutma kosiyi demok olar ki, eyni olan, lakin sarbast elektronu
tutmaq qgabiliyyati (5,,,) zoif olan markazlor r, cold tutmaq xususiyyatino malik morkazlori iss S

morkazlori adlanir. S, < 5, 5, = 5, Lokal morkazlorin parametrlori dostini toyin etmok vo

rekombinasiya prosesinin idaroolunmasi, fotokegciriciliyin kinetikas: osasinda aparilmisdr.

Umumi halda ZniIn,Se, fotorezistorunu asagi temperaturda isiglandirdigda yaranan
fotocoroyanin zamandan asililigi- hoyacanlagsmanin aradan goturilmasi halinda fotocarayanin
azalma relaksasiyasi prosesinds (¢ oblast forglondirilo bilor:

1) ani (t; ~ mikrosaniya miiddstindo) fotocorayanin azalmasi - suiratli relaksasiya

2) nisbaton Kigik stiratlo( t, Zmillisaniy> ) azalmasi - long relaksasiya.

3) uzunmiddatli (ts2daqigo) garanhq coroyanindan 10* dofs boyiik olmagla uzun middot

(saatlarla) 6z qiymatini hifz etmasi. Bu qaliq fotoelektrik effekti (QF) adlanir.

Fotocorayanin  belo relaksasiyasi ZnlIn,Se, kristallarinda rekombinasiya sxeminin
murokkebliyi vo onun hacminds lokal morkazlorin qelyri bircins paylanmasi naticasinds
rekombinasiya ¢oporlori yaranmas: ilo olagalondirilmoalidir. Umumi halda fotocorayanin

zamandan asililig1 i = i exp (— E] kimi yazila bilor, T — xarakterik zamandir. Ugiincli oblastda

T = 107%s tortibindedir. Lakin miioyyon zamandan sonra eksponensialliq pozulur, T —nun ani
qiymoti artaraq 10°san toskil edir. QF hoyacanlasdirict isigin spektral torkibindon asilidir va
moxsusi fotokeciriciliyin spektral konturu ilo uygunlug toskil edir. Asagi temperaturlarda

Z9F — 10* tortibindadir vo temperaturun artmas: ilo fotokegiriciliyin sénmo oblastinda siirotlo

T,

q
azalir. T = 280 K olduqgda iso QF aradan ¢ixir. QF aradan galdirmagq ugtin fotorezistora ya gucli

elektrik sahosi totbiq olunmali, ya da 0 ~1,0 mkm dalga uzunluglu IQ isigla stialandiriimalidar.
Sonuncuda s6nma spektri moxsusi fotokeciriciliyin sonma spektri ilo uygunluqg toskil edir,
maksimumu A = 1,2 mkm, qirmiz1 Sarhaddi ise 2 mkm -0 uygun galir.

Qeyd edok ki, guclu elektrik sahosi vo IQ isig QF-ni yalniz gismon sondurir.
Fotorezistorlarin ilkin voziyyatlorino gaytarilmas: yalniz onlari kigik sahalords 350 K temperatura
qodor qgizdirilmast ilo mumkindir. QF méveud nozoriyyslor osasinda izahi Znin,Se,
kristallariinin Kegiricilik tgiin rekombinasiya ¢aparlorinin movcudlugu, hocmds makroskopik
geyri-bircinsliklarin olmasi ils izah olunur. Bu rekombinasiya ¢oparlorini aradan galdirmaq tgin
fotorezistoru moxsusi isigla slialandirmaq gorokdir. Bu halda QF Uglin sorait aradan galxir vo
rekombinasiya prosesini idara edon markazlorin parametrlorini vo tobistini toyin etmok mumkiin
olur.

Coxmorkazli yarimkegiricilords fotocorayanin relaksasiya ayrisi mirokkobdir. Elektron tipli

yarnmkegiricilordo ~ desiklorin  relaksasiya muiddoti 7, 10°+10"°san, elektronlarink:

r,~10°%san tortibinds olur. Hoyacanlagdirici impulsunun davametmo middati At
T, <At<rt, sortini 6dayirss, impuls muddatinds desiklor uygun moarkazlor torafindan tutulur.
elektonlarin relaksasiyas: iso impuls qurtardigdan sonra baslayir vo morkazin elektronu tutma
xarakterini mioyyon edir. Davametmo muddoti At = 107% san olan JITU-21 gaz lazerinin

impulslart bu sorti 6dayir. Fotocarayanin kinetikasina yapisma soviyyarinin tasirini yox etmok
ticlin moxsusi fon isiglanmasindan istifade olunmusdur. Belo sorait Znin,Se, fotorezistorunda

mixtolif morkoazlor vasitosilo rekombinasiyan: izlomoyos imkan yaradaraq uygun relaksasiya
muddatlorini (z;,i = 5,7) toyin etmoys imkan verir. Fotocerayanin ossiligramindan relaksasiya

oyrisi yarimlogarifmik migyasda cald va long olmagla iki xstti oblastla xarakterizs olunur.
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Fotocorayanin kinetikasindan tapilan = zaman middsti rekombinasiya morkazlorinin
dolmasmin zoif doyismasi soraitinds avtonom mona dasiyir, impuls middstindo tarazsiz desiklor
tutuldugundan, toyin olunan relaksasiya middstlori uygun olarag s vo  markazlorino aid olur[4]:

An & g_exp (— —) + g, exp (——) 4. Vo g, uygun rekombinasiya morkazi vasitasi ilo tarazsiz

elektronlarin rekomblna5|ya tempini toyin edir vo morkoazlorlo elektron tutulmasmnin effektiv
kasiyindon, onlarin elektronlarla dolmasindan asihdir: g, + g, = 1.[3]

Lang komponentin amplitudu fotorezistorun fotohossasligini toyin edir, + vo s moarkazlarin

baslangicinda dolmasindan, bu morkazlorin  konsentrasiyalar: nisbatindon asilidir. Cald
komponentin misahidosi qisa impulslardan istifado soraitindo r vo s markazlorinin desiklorlo

dolmasmin gostoricisidir. Fotocorayanin relaksasiyasini xarakterizo edon 7, komiyystinin giymati

hom isiglanma intensivliyindon, yani amalo golon tarazsiz yiikdasiyicilarin migdarindan, hom do
temperaturdan, yoani rekombinasiya omoliyyatini yerina yetiron markoazlorin dolma doracasindan,
ionlagsma xarakterindon asilidir. Muxtolif stialanma intensivliklorindo Znin,Se, fotorezistorunda

fotocoroyanin relaksasiyasi hom long, ham do cold rekombinasiya kanalinin relaksasiya
middotlori intensivliyinin artmasi ilo azahr. . Ugin relaksasiya middstinin 10™%san, 7, Ugln
iso 10™%san toskil etmosi uygun rekombinasiya markozlorinin osas yiikdasiyicilan tutulma
kasiyinin kaskin farglonmasinin, rekombinasiya prosesinin iso pillali sokildo bas vermasinin
gostaricisidir. ZnIn,Se, tglin 7' (An) vo 7, 1(An) asihihiglarmin Xotti olmas: fotokegiriciliyin
nozoriyyasi osasinda elektronlarin r vo s morkazlori torafindon zobt omsallarini, onlarin
giymatlorino goro tutulmanin effektiv kosiyi adlanan 5, vo 5,. komiyyatlori toyin edilmisdir
(5,,=(2+4)-1078sm?, 5 _=3-10"sm™?). Desiklorin long rekombinasiya morkozlori
torofindon tutulma kasiyi stasionar xarakteristikadan toyin olunan S, /S = nisbotinin giymatine
goro toyin edilmisdir vo (5,,~107*sm?*) tortibino uygun golir. Tutulma kasiyinin gdstorilon
giymotlorini atomun en kasiyinin toxmini giymoti (1071%sm?) ilo miiqayisesi desiklorin Kulon
cazibo sahosindo, elektronlarin iso neytral moarkozlor torofindon tutulmasmni gostorir, yoni
ZnlIn,Se, fotokristallarinda rekombinasiya morkozi rolu oynayan lokal soviyyslor 1 yukli
akseptorlardir. Fotokeciriciliyin long komponentinin muxtolif temperaturlarda relaksasiyasi
fotokeciriciliyin termik sonmasi ilo uzlasir. Temperatur artdigca z,. ki¢ilmasi long = markazlori ilo
valent zona arasinda desik mibadilasinin ehtimalinin artmasi ilo slagalondirlir.

Tahlillorla gostarilmisdir ki, ZnIn,Ses monokristallarinda fotohossashig: idars edon r —
morkazlori “antistruktur defektlor” adlandirilan va kation altqefasinds Zny,, tipli, 11 grup ionu ilo

Il grup ionunun ovozetmosindo yaranan soviyyslorlo, habelo halkogenin transagentlo
mibadilosinds formalasan [Vz,,: Js.] tipli komplekslorlo slagadardir, donor tipli lokal saviyyalor

1o Inz, Vo V5, kimi yapisma markazlori yaradaraq fotocarayanin kinetikasini tahrif edir.
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B pabome paccmampueaemcs eruanue HewHe20 2NEKMPULECKo20 NOJA HA POMOnposooOUMOCHb
MOHOKPUCMANI08 CeNeHUOd UHOUSL, 00HO20 U3 npedcmagumerneti NOIYNPOGOOHUKOBbIX COEOUHEeHUL MUna
AB® co cnoucmoii cmpykmypotl. Ycmanogneno, umo o0OHApYJiCeHHble 8 JKCnepuMeHme aHOMAIUU
gomonposooumocmu  HenocpeoCmseeHHO 00YCI06AeHbl CO  CIOUCTOCMbIO CHPYKMYPbL  U3YYAEeMO20
NOJYNPOBOOHUKA.

KioueBble ciioBa: ¢omonpoeodumocms, onmoseKmpoHuKd, dleKmpudeckoe noie, Cloucmblii
KpUucmaiii, MOHOCeNeHUod, CNeKmp.

@DOTOMPOBOUMOCT  TMOJIYIPOBOJHUKOB TMPHUBICKAET BHHUMAaHHE HE TOJIBKO CBOMMH
YHUKQJIBHBIMH BO3MOXXHOCTSIMH JUII TIPAKTUYECKOTO TNPHMEHEHHs B ONTODJIEKTPOHUKE U
dboToHUKE, HO 1 0OJIBIION HHPOPMATUBHOCTHIO 00 UX AIEKTPOHHBIX CBOMCTBAX, BOOOIIIE.

K mHacrosimiemy BpeMEHH 3TOMY DSJICKTPOHHOMY SIBJICHHIO TIOCBSIIEHO OTPOMHOE
KOJIMYECTBO AKCHEPUMEHTAIBHBIX HCCICIOBAaHMA W B OOJBIIMHCTBE CIIy4aeB MOJyYCHHBIE
pE3yNbTaThl yIOBJIECTBOPUTEIBHO OOBSACHSAIUCH HA OCHOBE (PEHOMEHOJIOTHUECKUX TEOpUU U
Mojienieid, BLABUHYTHIX HaunHas ¢ 1950-x romoB C.M. PriBkunbM, A. Poy3om, P. brro6om, B.E.
JlamkapeBom u ap.

OnHako HE PEeIKO BCTPEYAIOTCS M MOJMYNPOBOAHHWKH, B KOTOPBIX TNPH ONPEACICHHBIX
ycnoBusax (MOPO0 W TPENCTABIIIONIMX 3HAYUTENBHBIA NPAKTUUECKUN WMHTEpeC Ui OITO-
JIEKTPOHHUKH U (POTOHHKH) OCOOCHHOCTH (POTOMPOBOANMOCTH HE OOBSCHSIFOTCS JIMIIH HA OCHOBE
MIPEIOKEHHBIX IPECTaBICHUH.

K Takum wmarepumanam, Opexae BCETO, MOXHO OTHECTH pPa3IUYHBIX IPEICTaBUTENCH
CUJIbHOJICTUPOBAHHBIX, CHJIBHO pAJAMAIMOHHO OONYYeHHBIX, IIETIOYEYHBIX U  CJOUCTBIX
KPUCTAJJIOB, KOTOPBIX IO PALY COOOpa)K€HWH, MOXHO OOBEIWHHUTH IO OOIIMM Ha3BaHUEM
«YaCTHYHO-HEYTIOPSTOUYEHHBIE», HIIN KE «IPOCTPAHCTBEHHO-HEOHOPOIHBIE» KPUCTATUIMYECKUE
MOJTYTIPOBOAHUKH.

B oromume OoT KBa3MOAHOPOAHBIX KPHUCTALUIMYECKHX, MPOCTPAHCTBEHHO-HEOAHOPOTHBIE
KPUCTAJIIMYECKUE TOTYMPOBOJHUKH O0IAal0T PAAOM crenupuuecknx ocoOeHHOCTe (HOTO-
MPOBOJAMMOCTH, a TAaK)K€ 10 CBOMM 3JIEKTPOHHBIM CBOMCTBAM MMEIOT JyalbHBIN XapakTep, T.e.
IpU OMNpEJIEICHHBIX BHEIIHUX YCJOBUSAX BEAYT ce0s KaK KPUCTAIUIMYECKHE, a B APYTHUX -KaK
HEKPUCTAJUIMYECKUE BEIIECTBA U B HUX MPOSBISIOTCS HEMAJIO WHAWBHIyaIbHBIX OCOOCHHOCTEH.

EcTtecTBeHHO, 4TO B TakMX MOJYMPOBOJHUKAX TEOPETHUECKOE OMHCAHHE OCOOCHHOCTEH
dboTonpoBorMMOCTH, OOJIEe TOTO €€ CHelU(UUecKue MOMEHTHI — BOIPOC CJIMIIKOM TPYIHBII
(WM JKe TOYTH HE BO3MOXKHBIM). [103TOMY IpU 3TOM CaMbIM JOCTOBEPHBIM ITyTEM SIBISICTCS
HAKOIUICHWE MHOTOYMCIICHHBIX SKCIIEPHMEHTAJbHBIX pEe3yJlbTaToOB, a Jlajee Ha OCHOBE HX
CPaBHHUTEIBHOTO aHAIM3a M CTATUCTHYECKOro 000OIIeHHs, (OPMYIHPOBAHHE UCUEPIBIBAIOIINX
KaueCTBEHHBIX HAyYHBIX BHIBOJIOB.

Hcxonst w3 3TOro, HAMHU C IEJIBIO BBISBICHUS W BBUICHEHUS (DM3MUYECKOTO MEXaHH3Ma
crierupuIeckux 0cobeHHOCTeH (HOTONPOBOJAUMOCTH B TOIYIPOBOJHUKAX CO CIOUCTOH KpH-

CTAIMYECKOH CcTpyKTypoil Tnna coequuennii A" BY' mpoBogummchk KOMILIEKCHBIE SKCIIEPUMEH-
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TaJbHBIE HCCIENIOBAaHUS OCHOBHBIX XapaKTEPHCTHK Pa3HOOOpa3Wii ATOro  sIBICHHUS B
MOHOKPHUCTAJUIAX KX MOHOCEJICHUIOB.

B nannoii pabote peub uaeT 00 MCCIeT0BaHUIX BIUSHUS BHEUTHETO YJIEKTPUIESCKOTO MO
Pa3IMYHON HAMPSHKEHHOCTHIO Ha (DOTOMPOBOAMMOCTH B ATHX MOJYIPOBOJIHUKAX, B YACTHOCTH B
MOHOCEJICHUIaX WH/IHS.

W3MepeHus: MpOBOIUINCH B IIUPOKOM JAHana3oHe m3MmeHeHus Temmepatypsl (77-350 K),
mutisbl BosHe! (0.30-4.50 MKM) M MHTEHCHBHOCTH cBeTa (BILIOTH 10 5-10° JIK), HANPSKEHHOCTH
BHEIIIHEr0 3JIEKTPUIECKOrO TOJIs B YHMCTHIX M ciabosermposannbix (N<10™ar.%) pasmmumsivu
PEIKO3eMENbHBIMK JJIEMEHTAMH U3 TPYIINbI JIaHTaHA (B YaCTHOCTH, FOJbMHEM, T'aJOJHMHUAEM U
JUCTIPO3MEM) MOHOKpHCTAIUIaX MoOHoceneHuna wuHaus (INSe), monaydeHHBIX MeEToaOM
MEJIEHHOTO OXJIQKICHHS MPH IMOCTOSIHHOM TPaJIUEHTE TEMIEPATyphl B0 CIUTKA.

Ha ocHOBe NpoOBENEHHBIX HM3MEPEHUI YCTAHOBJIEHO, YTO IPH CIIA0BIX AJICKTPHUUECKUX
MOJISIX CHEKTp M JroKc-amriepHas xapaktepuctrka (JIAX) coOcTBeHHON (HOTOMPOBOAMMOCTH
(poTompOBOIUMOCTH, BO3OYKICHHOM CBETOM M3 00JACTH COOCTBEHHOI'O MOIJIOMICHUS ), TOMUMO
TEMIIEPATyphbl, 3aMETHBIM OOpPa30M 3aBHCAT TaKkKe OT BEIUYMUHBI YAEIHHOTO TEMHOTO
compotuBiieHus (pro) Mcciaemyemoro obOpasma. B obOnactu Hmskux temmeparyp (T<250K) u
Ca0BIX OCBEUICHHOCTEH KaK BEJMYHMHA OTICIIBHBIX MTApaMETPOB, TAK U XOJ XapaKTECPHCTHUK
(crrexktpa u JIAX) coOCTBEHHOM (hOTOMPOBOIUMOCTH I 00Pa3IOB ¢ Pa3IHUHON P OTIMYAIOTCS.
[To BenmMUMHAM 3THX PA3JIMYNH, KPUCTAILTBI N-INSE YCIIOBHO MOYKHO Pa3/IeUTh HA JIBE TPYIIIIbI —
nuskoomubie  (po<10°0Om-cM) u  BbicokooMHbIe  (po>10°Om-cM). HH3KOOMHBIE KpHCTAILIBI
CPaBHUTEIBHO cl1a00 OTOYYBCTBUTEIBHBI, MPOIECCHI pellakcaii (HOTOOTKIHKA (YCTAaHOBJICHUS
CTal[MOHAPHOTO 3HAYEHHUS TPU BKIIOYEHHH BO3JACHCTBHM CBETa M HCYE3HOBEHHUS TOCTE
MPEKPAICHUN BO3JICHCTBUU CBETA) MMEIOT OBICTPHIM XapakTep (XapaKTepu3yeTcs MOCTOSHHON
Bpemenn 1<107° ¢), criekTp GOTOMPOBOINMOCTH HE HMEET OTIOIHHTENbHOM CTPYKTYpHL, a JIAX —
MOTYMHSETCSI CTETICHHOMY 3aKOHY ¢ mokazareneMm creneHu 0<o<l. B oTnmuue OT HU3KOOMHBIX,
BBICOKOOMHBIE KPHUCTALTBI 00JIaal0T 3HAYUTEIFHO BBICOKOW (DOTOUYBCTBUTEIBHOCTHIO, B HHUX
MPOIECCHI peaKcanuu GOTOMPOBOIUMOCTH UMEIOT MEIJICHHBIN XapaKTep, MocJie MpeKpameHun
cBeta HaOmIOmAaeTcs BBICOKOKpATHas OCTarodHas  (POTONMPOBOAMMOCTH, B  HadyaIbHOU
(mpemuHeitHoi) yactn JIAX mMeeT MecTo CynepIHMHEHHbBIN ydacToK (T/Ie HHOTAA o JIOCTUTAeT
1o 6+7), MaKCUMyM W KpacHas TpaHHUIa CIEKTpa CMEIICHHI B CTOPOHY OoJiee JIIMHHBIX BOJIH,
CIIEKTpP pacIIMPEeH TaKKe BCIEJCTBHE CMEIICHUS KOPOTKOBOJIHOBOM I'PaHUIIBI B CTOPOHY OoJjiee
KOPOTKHX JUIMH BOJH, Ha 00eUX BeTBAX CcrekTpa (Kak Ha KOPOTKOBOJHOBOW, TaKk M Ha
JUTMHHOBOJTHOBO#) TIPOSIBIISIFOTCSI JIOTIOJIHUTEIIHBIC (CITa00BBIpOKEHHBIC) TUKK B BUJIE IUIATO, C
pOCTOM prop BCE OTH CHEHUPHKH COOCTBEHHOW (HOTOMPOBOAUMOCTH YCWIMBAIOTCS, a C
MOBBIIICHUEM TeMIIEpaTypbl 1 HHTEHCUBHOCTH CBETA OHU MOCTENIEHHO MCUE3at0T.

Takxe yCTaHOBIIEHO, YTO MapaMmeTpbl M XapaKTEPUCTHKH COOCTBEHHOH (OTOMPOBOIU-
MOCTH HU3KOOMHBIX KPHCTAJJIOB, IPU PACCMOTPEHHBIX HAMHU YCIIOBHUSX OT DJIEKTPHYECKOTO OIS
He 3aBuCAT. OJTHAKO B BEICOKOOMHBIX KpUCTa/uiaX B oOnactu Hu3kux temrepartyp (T) u cmadbix
ocemieHHocTed (@) mnpu  HanpsokeHusx (U) COOTBETCTBYIOIMX —HEJIWHEHHOW 00JacTu
CTaTUYECKOW BOJbT-aMIIepHON xapakTepuctuku (BAX), roe MMeeT MecTo 3aMeTHas WHKEKIUS
Yyepe3 TOKOBBIE KOHTAaKThl B 0Opas3el], HAUMHAET MPOSBIATHCS 3aBUCHMOCTH IapaMeTpoOB U
XapakTepUCTUK coOCTBeHHOW (oTonpoBoguMocT oT 3iekrpudeckoro moist (E). Ilpm
onuHakoBeIX 3HadeHWsIX E, T m @ ¢ pocTtomM pro, BIAMAHHE ODIEKTPUYECKOTO IO Ha
(hOTONPOBOAUMOCTD CTAHOBHUTCA Ooyiee 3aMeTHBIM, a ¢ poctoM @ u moBeimeHnemM T —OHO
ocnabiseTcsi ¥ HaKOHEI, COBCEM Hcye3aeT (mapaMeTphl U XapaKTePUCTHKH (DOTONPOBOIMMOCTH
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BBICOKOOMHBIX KPUCTQJUIOB TOYTH COBMAJAIOT C HWMEIONIMMHUCA MECTO B HHU3KOOMHBIX
KpHUCTAJLIaXx).

[IpoBeneHHble HaMU HM3MEPEHHs IMOKA3bIBAJIM, YTO BIMSHUE DJICKTPUYECKOTO OIS Ha
($hOTOMPOBOAMMOCTE B KpucTaiLiax N-INSe Gomnee cuibHo mposBisieTcss npu U>Ursy, roe Upnsy —
3HAUEHHE ODJICKTPHUUECKOTO HAMPSHKEHUS, NPH KOTOPOM MPOUCXOAUT TIOJHOE 3aroTHEHUE
JOBYIIEK B PEXKHME TOKOB, OrpaHmdeHHbIX 00BEMHBIM 3apsmom (TOO3). Kpome storo,
MpOBEJCHHBIE HAa OOpa3lax C pa3IMYHbIMA TOKOBBIMH KOHTAaKTaMH, a TaKKe pa3IUuYHON
CTPYKTYpOH U TE€OMETpUeH W3MEpEeHHs, OJHO3HAYHO CBUACTEILCTBYIOT O TOM, 4YTO B
OOHAPY)KEHHOW 3aBHCUMOCTH COOCTBEHHOW (DOTOMPOBOJUMOCTH OT BHEIIHETO JJIEKTPUUYECKOTO
MOJISL B UCCIIEAYEMOM TOJIyIPOBOAHHUKE OMPEICIIIONLYIO POJIb UTPAECT U HHIKEKIIHS.

Oxazanoch, YTO NPU ONTUMAIBHBIX YCIOBUSIX B 3aBUCHUMOCTH OT 3HAYEHHUS Pro, MO
JEHCTBUEM DIIEKTPHUUYECKOTO TOJIS TTOKA3aTeNlb CTENEHH NpeTHHeHOTO yyacTka JIAX MeHsercs
B mpexaenax /+1, makcumym cmektpa cmemaercs ot 1.10 mxm mo 0.95 mxwm, cmektp ¢o-
tonpoBoaumoctu cyxkaetcss oT 0.30+1.45 mxm mo 0.35+1.25 mMxM u ero o0e BETBU IMOYTH
CTTIQKUBAIOTCS (TOMOJTHUTEIBHBIC CIIA00BBIPAKCHHBIC MAKCHMYMBI Ha 3THX BETBSAX HCYE3AIOT).
BrusiHue BHEIIHETO JEKTPUYECKOTO TOJISI HA COOCTBEHHYIO (hOTOMPOBOJUMOCTE 00Jiee CHUIIBHO
MIPOSIBIISIETCSI IMEHHO B TEX KPUCTAJUIAX, B KOTOPBIX 3HAYUTENBHBI Takxke d3hdexT poTomamstu.

BrisicHeHO, 4TO BCe 3T OOHapy>KEHHBbIE HAMH B DKCIIEPUMEHTE OCOOCHHOCTH aHOMAJUHU
(GOTONPOBOAMMOCTH U3YYAEMBIX KPUCTAIIIOB MOHOCETICHHU/IOB TAJUTUSI U UHAMS HETTOCPEACTBEHHO
O0OyCJIOBJIEHBI CO CIIOMCTOCTBIO WX CTPYKTYpHI, KOTOpas B CBOIO OYepellb, BBI3BIBACT
BO3HUKHOBEHHE B HCCIICYeMbIX 00pa3iax XaoTW4YeCKHX (Kak [0 pachpelelIiCHHIO, TaK M II0
KOJIMYECTBY W pa3MepaM) KpYITHOMACIITAOHBIX Je()EKTOB; MONYYCHHBIC MPH ITOM 3KCIIEPH-
MEHTAJIbHBIE PE3yJbTaThl YAOBICTBOPUTEIBHO OOBICHIIOTCS Ha OCHOBE ABYXOaphepHOU
HHEPTeTHYECKON MOJENIH TMPOCTPAHCTBEHHO-HEOTHOPOIHOTO TIOJIYIIPOBOJHUKA C KPYITHO-
MacIITA0HBIMH HEOJHOPOJHOCTSAMH M PAa3IMYHBIMU THIIAMH JIOKAIBHBIX B 3alpelleHHON 30HE;
JUISE OOBSICHEHUS 3aBUCUMOCTH (DOTOMTPOBOJAMMOCTH OT BO3JCHCTBUS BHEIIHETO AJIEKTPHUUECKOTO
MOJIsl, MOMHMO PAa3JIMYHOIO THUIA YPOBHEH 3axBaTa (NMPUTSATHUBAIOIIAX W OTTAIKUBAIOIINX),
HEOOXOMMO YYUTHIBATH TAK)KE POJIb MHKEKITUN Yepe3 TOKOBBIBOISAIINE KOHTAKTHI.
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MNPUMECHASA ®OTOIMPOBOANMOCTDb MOHOKPUCTAJIJIOB CulnsSg
B.M. Canmanos, A.I'. I'yceiinos, JI.I'. l'acanosa,
A.3. Maromenos, P.M. Mamenos, A.®. Xaaunosa
baxunckuii I'ocyoapcmeennwiii Yuusepcumem

vagif_ Salmanov @ yahoo. com

Hccneoosana npumecnasn gomonposooumocms 1oso2o mpotinozo coeounenus CUuln.Sg. Cramor
Cnexmpanvhvle 3a8UCUMOCIU, ONPedeNeHbl SHEPSUU AKMUsayuu 2ry60Kux npumecHvix ypoeunei. Ilo eudy
CcneKkmpo8  (homonpogooUMOCmuy  NPeONnoNoAHCEeHO, 4MO  (OMOAKMUBHLIMU — SAGAIOMCS  OAUZKO
pacnonodcennvie 21yOOKUe YPOGHU, KOMOpble CKOHYEHMPUposamvl 60u3u 00H020 ypoenus. Ilonnoe
UCue3HOBeHUe NPUMECHOU DOMONPOBOOUMOCU NPU OTUMENbHOU BbIOEPIUCKE 0OPA3YO8 6 MEMHOME Ul
Jce 0ceewjeHul NPUMECHbIM C6emoM, ceudemenvcmsyem o mom, umo 6 mouokpucmannax CulngSg

umMeem Mecmo UHOVYUPOBAHHAA NPUMECHAS POMONPOBOOUMOCHb.

HccnenoBanust nuarpammel cocrosHust CulnS, —In,S; nokasanu, yto mpu 25 mon %
In,S, Ha nuHUM coiMayca HaOMOJanCs MaKCUMYyM, CBHJETEIbCTBYIOLIUI 00 o0Opa3zoBaHUU
xuMuaeckoro coenquHeHuss Cu,In.Sy, miassmerocs koHrpysHTHO nipu 1085 °C, a ipu 65 Mo %
In,S; B cucreme oOHapykeHO BTOpoe KOHIpy3HTHO massieecst (1090 °C) coennuenue c
dopmysoit CulnS,. Coenuuenne Cu,In,S, npu 800 °C mmeer MomMGbHKALMOHHBIH MEPEXO.
Coenunenne xe CulnS; He mmeer momumopdusma [1]. B pabore [2] mokaszaHo, yTo OHHM

00712/1210T BBICOKO# (DOTOMIPOBOAMMOCTBIO B IIUPOKOH CIIEKTPAIBHOM 00JIaCcTH.
B nannoii paboTe paccMaTpuBaeTCs MpPUMECHas (POTOMPOBOIUMOCTH MOHOKpPHUCTAILIA
Culn,S;. CHATHI CHEKTpaJIbHbIE 3aBUCUMOCTH IPUMECHON (DOTONPOBOIUMOCTH, HO3BOJIAIOLINE

OTIPEACTUTh MOJHBIN YHEPreTUUECKUN CIIEKTp mpumMeceil. OHAKO, UCCIeIOBAaHUE CIIEKTPATBHOM
3aBHUCHUMOCTH TPUMECHON (POTONPOBOJUMOCTH KaK METOJ OIPEICIICHUSI DHEPTreTHYECKOro
CIIEKTpa TpUMeced, o0NamaeT TaKKe HEKOTOPHIMU OCOOCHHOCTSIMH, YCJIOXHSIOIIUMHU €ro
UCIIONIb30BaHMe. XapakTep CIEKTPAIBHON 3aBUCHMOCTH MPUMECHOW (POTOMPOBOIUMOCTH
OmpeensieTcsl He TOJIbKO HSHEPrueil MOHW3ALUU YpPOBHS, HO U BEPOATHOCTIMU ONTHYECKHUX
MIEPEX0/I0B MEKAY 3TUM YPOBHEM U 30HOMU.

Ha o0pasipl, BeIpe3aHHBIE M3 MOHOKPHUCTAJUIMYECKOTO CIMTKA BBIPAIIEHHOTO METOJIOM
Bpumkmena u 00pabOTaHHOTO MEXaHMYECKOW NUIM(OBKOH U TMOJUPOBKOHM, HAHOCHIUCH
KOHTAKTBI U3 CepeOpsHOM MacThl M aKBaJara, KOTOpbie CO3/AI0T OMUYECKHI KOHTAKT C JaHHBIM
MaTEePHUAIIOM.

DOTOUYBCTBUTENHFHOCTH 00PA3I[0B MO3BOJIMIIA TPOBECTH U3MEPEHHS Ha MOCTOSIHHOM TOKE
HEMOJTyTUPOBAaHHBIM CBETOM. THNHUYHBIE CHEKTPHI mpuMecHo# ¢oronpoBogumocti npu 300 K
amst Culn,S, mnpusemensl Ha pucyHke 1 (kpuBas 1). JIIMHHOBOJIHOBas TIpaHUNA
(GOTONIPOBOIMMOCTH B Pa3HBIX oOpasmnax pacroioxeHa npu hv=0,6+0,8 3B. Dra Benmnuuna
COTJIacyeTcsi C DHEPrueil aKTUBALMU TPUMECHBIX YPOBHEH, OMpENeICHHON H3TeMIlepaTypHOil
3aBHCUMOCTH 3JIeKTponpoBogHocTH [3]. Bua crektpoB (GOTONPOBOAMMOCTH MOKA3bIBACT, YTO
(OTOAKTUBHBIMH SIBJISIFOTCSI, TO-BUAMMOMY, OJH3KO PpACIHOJIOKEHHBIE TIIYOOKHE JIOKaTbHbIC
YPOBHH, KOTOpbIE CKOHIICHTPHUPOBAHBl  BONM3M  OJHOTO  ypoBHs. Jltokc-ammepHbIe
XapaKTePUCTUKH BCEX UCCIeayeMbIX 00pa3noB, cHsaTeie npu 300 K, Obun nunHeiinsiMu. U3 3Toro
clieflyeT, 4To riybokonexamue yposHu B Culn,S, 3amojiHeHbI YaCTHYHO.
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|g|a, B OTH. €1,
N
T

1 1 1 1 1 1 1 1

1,3 1,6 1,9
hv, »B

Puc. 1. Crextps mpumecHoro ¢pototoka CulnsSe (B otH. en.): 1 — 300 K; 2 — 86 K (cpa3y mocie 3acBeTku
coberBeHHBIM cBeToM); 3 — 86 K (mocie TpexkpaTtHoro ckannpoBanus criektpa mpu hv<l1,2 sB).

JleficTBUTENbHO, TpH TOACBETKE O0Opa3loB COOCTBEHHBIM CBETOM BHJ CIIEKTPOB
MPaKTHYECKA HE M3MEHseTCs, a BennunHa (PoTooTBeTa Bo3pactaeT Ha 15 — 25 %. Ilpu Hu3KHX
TeMIepaTypax crmajJi COOCTBEHHON (HOTOMPOBOJAMMOCTH CTAaHOBHUTCS MEIUICHHBIM M H3MEPEHUS
(GOTONPOBOAMMOCTH MOKHO MPOBOJUTH TOJBKO MPH CTAIIMOHAPHOM OCBEIICHHH U MEJJICHHOM
ckaHupoBaHuu  cnektpa. CymecTBEHHOrO0  W3MEHEHHUs  JJIMHHOBOJIHOBOW  TpaHHIIBI
(OTONPOBOIUMOCTH TPH yMEHBIICHUH TeMIeparypsl He mpoucxomut (puc. 1, kpuBas 2).
HeonnokpatHoe ckaHupoBaHue criektpa B obmactu hv<1,2 3B, mociie ocBemeHus oOpasia
COOCTBEHHBIM CBETOM, MPHUBOAUT K TMOCIEIOBAaTeIILHOMY YyMEHbIIEHUIO (oTooTBeTa. Bup
CHEKTpa MPHU 3TOM MpakTHiecku He u3aMmeHsercs (puc. 1, kpuBas 3). JlnurenbHas BbIICpPKKA
00pa3loB B TEMHOTE HJIM K€ OCBEIICHHE IPHUMECHBIM CBETOM TPUBOJIUT K MPAKTHUECKH
MOJIHOMY MCYE3HOBEHHUIO MPUMECHOH (HOTOMPOBOIUMOCTH. DTO CBUACTEIBCTBYET O TOM, YTO B

MoHOKpucTamax Culn,S; uMmeeT MecTo HMHAYLMpPOBAaHHAs HpuUMecHas (HOTOMPOBOAUMOCTb.
CymiecTBOBaHHE MHIYHUPOBAaHHOH ()OTONPOBOAMMOCTHU MOKa3bIBaeT, 4To B Culn,S; mioTHOCTh

rIyOOKUX YpOBHEH BEIUKA.
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ISIQLANMANIN Al-TiW-PtSi/n-Si STRUKTURLARININ
VOLT-AMPER XARAKTERISTIKALARINA TOSIRI
I.M. ©fandiyeva, $.Q. 9sgarov, L.K. Abdullayeva,
S.M. Qocayeva, T.Z. Quliyeva, M.H. Hasanov
Bak: Dovlat Universiteti, Fizika Problemlari Institutu

afandiyeva@mail.ru

Sottki baryer asasl: Al-TiW-PtSi/n-Si diodlarmun elektrik xassalori otaq temperaturunda normal
soraitda, garanliq va miixtolif :10 mVt/sm® , 25 mVt/sm?, 40 mVt/sm? 63 mVt/sm?, 100 mVt/sm? isiq
intensivliklorinda tadqiq edilmigdir. Miayyan edilmigdir ki, garanliq va mixtslif is:q intensivliklorinda Al-
TiW-PtSi/n-Si Sottki doidlarmin dizina istiqgamatda  volt-amper xarakteristikas: praktiki olaraq
iszqlanma daracasindan asi/z deyil. Intensivliyin aksina garginlik oblast:nda volt-amper xarateristikas:na
tasiri 6zinl daha gabar:q blruzs verir. Bu isa yuklorin daginmas: zaman: tunel prosesinin dstunliyd ilo
izah edilir.

Molumdur ki, metal-yarimkecirici kontaktina asaslanan Sottki diodlar1 (SD) elektronika va
optoelektronikada genis totbig olunur [1, 2].

Metal silisid-silisium kontaktlarinda toxunma sorhadi yarimkegirici althq daxilinda
yerlosdiyino gbro o, otraf muhitin tosirindan, oksid layin yaranmasindan gorunmus olur. Bu
baximdan metal-silisium kontaktinda metal silisidinin istifado olunmasi cihazin keyfiyyatliliyina,
etibarliligina tominat verir. [1, 3, 4]

Toqdim olunan isdo AI-TiW-PtSi/n-Si  Sottki diodlarnin elektrik xassalori otaq
temperaturunda garanhq vo mixtalif isi1q intensivliklorinds todqiq edilmisdir. Bu mogsadls isiq
intensivliyinin volt -amper xarakteristikasina (VAX) tosiri 6yronilmisdir.

Magnetron tozlanma dsulu ilo ahnmis amorf diffuziya baryerli Al-TiW-PtSi/n-Si
strukturlu diod matrisi sahosi 1x10® sm? - 14x10°® sm? garcivesindo doyison 14 dioddan ibarotdir.
Yarimkegirici altlig kimi 0,7 Om cm xisusi migavimatli vo (111) oriyentasiyal n-tip silisium
secilmigdir. Adoton, omik kontakt olaraq istifado olunan aliminiumun kontakta diffuziya
etmosinin garsisin1 almag mogsadilo Al va PtSi toboagalorinin arasinda diffuziya baryeri kimi
amorf TiW yerlosdirilmisdir..

Al-TiW-PtSi/n-Si SD-larmin diiziine va aksina volt -amper (I-V) xarakteristikalar: (VAX)
genis gorginlik intervalinda ((-25+5) V), otaq temperaturunda normal soraitdo isigqlanmada
(sopilmis isiq) (Sekil 1), garanligda vo miixtslif isiq intensivliklerinda (10 mVt/sm?, 25 mVt/sm?,
40 mVi/sm?, 63 mVt/sm?, 100 mVt/sm?) (Sokil 2) tadqiq edilmisdir.

VAX Olcmolori otaq temperaturunda program tominath Keithley 614 o6lct cihazindan
istifado etmoklo aparilmisdir [5, 6].

Sokil 1 va 2 -don gortinduyl kimi Al-TiW-PtSi/n-Si diodlarinin diizine istigamotdo VAX
oyrilari demak olar ki, isiglanma doracasindon asili deyil.

Gorginliyin boyik giymatlorinds isiglanmanin intensivliyi artdigda, oksine coroyan da artir.

Al-TiW-PtSi/n-Si kontaktlarinda otaq temperaturunda, garanhq vo isiqda volt-amper
xarakteristikasinin analizi yiklorin dasinma prosesinin misyyanlogdirmasi baximindan da boyulk
ohomiyyat kasb edir.
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Sakil 1. Sahasi 8x10°sm? olan Al-TiW-PtSi/n-Si diodunun otaq temperaturunda normal
soraitdo isiglanmada (sapilmis is1q) diiziina va oksins volt-amper xarakteristikalari
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Sakil 2. Sahosi 8x10°sm? olan AI-TiW-PtSi/n-Si diodunun otaq temperaturunda garanhqda vo miixtolif
isiq intensivliklorinds (10 mVt/sm? , 25 mVt/sm?, 40 mVt/sm?, 63 mVt/sm? 100 mVt/sm?)
diiziine va oksina volt-amper xarakteristikasi.

Termoemissiya nozariyyasino (TE) goro metal-yarimkecirici kontaktinda baryerdon kegon
corayan asagidaki sokilds ifads olunur [1, 3]:

=1, exp[%}{l— ex;{—_ q(\rfk_TI R )}} : (1)
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burada, g-elektrik yiku, k- Bolsman sabiti, T- Kelvin daracolonmasine goros temperatur, n-idealliq
omsali, Rs - ardicil mugavimatldir. I, -doyma carayant

|, = AA'T 2exp[— qf—TBoj 2)

kimi ifado olunur. Burada, A-kontakt sahosi, A™ -Ricardson sabiti olub (111) orientasiyali Si ticiin
264 Aem?K? borabordir [2, 3]. ®g, -baryerin hindiirliytdiir. l,-in giymeti In/-V syrisinden
ekstrapolyasiya edorak corayan oxu ilo kasismoasindon hesablanir.

2
Dy, :k—TIn{AAT }
q

(3)

lo

Xotti oblastin corayan oxu ilo kasismoasi vo maillikdon garanliq vo yiiksak isiglanmada (100
mVt/sm? idealliq oamsal1 n- vo doyma carayan: I, hesablanmisdir (qaranhgda: n=1,22, jo=2x10"
%A, isiglanmada; n=1,57 , fo=1x10"°A). Potensial baryerin hiindiirlityii (3) diisturuna géro uygun
olaraq (0,71 eV, 0,67 eV) toyin edilmisdir.

Al-TiW-PtSi/n-Si SD-larinin otaq temperaturunda adi sopilmodos, garanhqda vo muxtalif
isiq intensivliklorinda (10 mVt/sm?, 25 mVt/sm?, 40 mVt/sm?, 63 mVt/sm?, 100 mVt/sm?) VAX-
larinin todqiqi vo yuklorin daginma mexanizminin analizi onu demoyo asas verir ki, diz
gorginliklords isiglanmanin intensivliyi coroyan dasinmasina bir o godor tosir etmir. Oks
gorginlikdo 100mVt/cm? isiglanmada alinmis 1-V asililiq  yiiklorin dasinmas: zamani tunel
prosesinin dstinliyd ils olagodardir.
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MHNPBIKKOBAS ITPOBO/IUMOCTD, ITIOJEBAS 3BABUCUMOCTD IIVIOTHOCTU
TOKA U DOPEKT IIYJI-®PEHKEJISI B KPUCTAJUIE TIFeS;
p.Mm. Capaapasl, AT AlayJuiaes, 'HA. Alnesa,
ZI[m.F. J:xad6apos, ’p.H.McmanioBa
YYnemumym Paouayuonnvix Ipo6aem Hayuonanvhoti Axademuu Hayxk Asepbaiioocana

2 . .
baxunckuii I'ocyoapcmeennsiii Yuueepcumem

Paccuumanvr snavenuss nromuocmu noxanusogannvix cocmosanuti Ng, sunepeuu axmusayuu E,,
Onunbvl npwidickos R, pasnocme mesncoy snepeusmu cocmosnuti AE eonusu yposns @epmu u Konyenmpayuu
anyboxux nosyuex Ny (6 omuueckoit obnacmu).

Onuomepusiii (1D) xapakTtep cTpykTyphl KpucTawioB cemeiictBa TIFeS; spisieTcs omHOM
U3 TPUBJICKATEIBHBIX  OCOOEHHOCTEH  KpHCTaLIOB 3Toro  cemeiictBa. CoennHeHue
KPUCTALTU3YETCS B MOHOKJIMHHOW MpOCTpaHCTBeHHOW Tpynne C2/m ¢ mapaMeTpamu sideiiku
a=11,64A, b=531A, c¢=10,51A wu =144,6°. B HecTaHmapTHBIX OO0O3HAYCHHSX IapaMETPHI
PEIISTKH 3aIMChIBAIOTCS Kak a=6,83 A, b=10,51A, ¢=5,31A u v=98,6° [1] mpu >TOM HEMOYKH
MPeICTaBIIIOT co00it FeS, TeTpasrapsl ¢ 00MUME rpaHIMH PACIIONIOKEHHBIC BIOJIb OCH «C».

Crnemyer OTMETHUTH, YTO CYIIECTBYIOT TakKXKe, IBa MOJUTHITHBIX MOTU(PHUKAIUN 3TOTO
COCTaBa.

B pa6ote [1] uccrnenoBansl TeMnepaTypHasi 3aBHCUMOCTD IIPOBOJAUMOCTH U KO3 PHIIHCHT
TepMod3IC B oOpasmax TIFeS,, monydeHHbIX MPECCOBKOM KPUCTAILTHUSCKUX BOJIOKOH COCIMHCHUS
TIFeS,. A Takke yCTaHOBJCHO, YTO IMPOBOJUMOCTH B BOJIOKHaX coenwHeHus TIFeS,; Hocut
MPBLKKOBBIN XapakTep C MEPEMEHHOW JIMHOW NMPBDKKE, KOTOPas NMPH JaJbHEHNIIEM YMEHBIIECHUT
TEMIIEPATypPhl CTAHOBHUTCS O€3aKTHBAIIHOHHOM.

Hwxe npencraBineHsl pe3ynbTaTbl  HMCCIEAOBAHWUM  TEMIIEPATYPHOW  3aBUCHMOCTH
IENICKTPOTIPOBOTHOCTH MOHOKpHcTaiwioB TIFeS, B maTepBane temmeparyp 90 -300K Bmons u
MOTIEPEK LIETIOYEK M M3YYEH MPOIIeCC MepeHoca 3apsaaa B MOCTOSHHOM JJIEKTPHUYECKOM TOJIE TTPHU
HU3KHUX TeMIepaTypax.

ITIpu cunTe3e coenuHenus TIFeS; Hamu HCMOIB30BaH METOJ NPSMOIO CHHTE3a, T.C.
UCIIONIb30BaH OJHOTEMIIEPATYPHBI MeToa W3 3nmeMeHToB unuctoToro 99,999%. OO6pasubl mis
M3MEPEHHsSI AJIEKTPOIIPOBOAHOCTH mMMenu ¢GopMmy mHapamienenumnena pasmepamu 5x2x1 mm. B
KauecTBe  KOHTAaKTOB  HCIIOJIb30Bald  CepeOpeHyl  macTy, OMHYHOCTh  KOHTaKTOB
KOHTPOJIMPOBAJIACH Mepe]l KaXIbIM u3MepeHrneM. HanpsikeHHOCTh TOCTOSTHHOTO 3JICKTPUYECKOTO
T0JI51, TIPHIIOKEHHOTO K 06pasiiam coctaimsuia 2x10° B/em.

KBapueBsie ammynbl, HUCHOJIB30BaHHBIC JJsI CHHTE3d, OTKUTA U  BBIPALIUBAHUS
MOHOKPHUCTAJUIOB MPEIBAPUTEIHHO OUHIIAIUCEH. B OUHIIIEHHBIC aMITyJIbl 3arpy>Kajid B3BEIICHHBIC
Ha AQHAJIWTHUYECKHX BeCaX KOMIIOHEHTHI. 3arpyK€HHYIO amIyly COEIHMHSIH C OTBOJHBIM
MIJIAHTOM BaKyyMHOMW CHCTEMBI JI0 TOCTHKCHUS JTaBICHUS 1,33){10'2 I1a.

B nponecce cuntesa, HaunHas ¢ 673 — 723K nabmromanace OypHast peakiysi KOMIIOHEHTOB.
Bpatnaronryrocst BOKpYT ¢ BEIIECTBOM OCh aMITyJIbI cO cKopocThio 1,5 - 3,0 cm/uac (B Tedenue 7 —
8 dYacoB) TMOCTENEHHO BBOAWIH B 0OJiee TOPSYyI0 30HY IEYM M TIOCJE BBIICPKKU IPH
TeMmeparype 750° C okosio 1 — 2 4acoB, 3aTeM 5 —6 4acoB MeIIEHHO OXJIaXKHald O KOMHATHOM
Temrepatrypel. CHHTE3UpOBaHHBIC TaKuM 00pa3oMm obOpasmsl TIFeS; okazanuck ogHOpa3HBIME 1
JOCTATOYHO MSATKUMH, UMEJTH YePHBIH 1[BET.
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DIEeKTPONPOBOJHOCTh M3MEpaiach, KaK BIOJb OCH «C» MOHOKpuctaiwioB TIFeS; (puc. 1.
oy, kp.1), Tak u monepex eit (puc. 1. oL, kp .2).

U3 puc. 1 caenyert, uto npoBoauMocTh Kpuctawia TIFeS; nepneHaukyasipHo ocu «c» (oL,
kp.1l.) HaOmoparorcs Tpu obOmactu: 1) mpoBoaumocts Bbimie 260K swmHeitHO 3aBHCHUT OT
TEeMIIEpaTypbl. JHEPTUsl aKTUBAIIMA W3MEPEHHAs 10 HaKIOHY KpuBou cocrtaBisier E=0,2 5B.
[Mpenmosnaras, 4ro 3ta yacth TemneparypHoi 3aBucumoctu 6.L(T) chopmupoBana mepexonamu
HOCHTEJICH 3apsiaa W3 JIOKAJTM30BAHHBIX COCTOSTHUW B 30HY MPOBOAMMOCTH, TO TMPOBOJUMOCTH
MOJKHO TpecTaBuTh B Buje o=exp (-E/kT); 2) ¢ yMeHbIIeHHEM TeMIiepaTypsl B HHTepBaie 238—
263K, akTUBAIMOHHAS YHEPTHs MOCTENICHHO YMEHBIIAETCS YTO CBUIETEILCTBYET O TOM, YTO MPH
T<260K nepeHoc 3apsja momnepek 0CH «c» B MOHOKpHcTasuiax TlFeS; mpoucxoaut nmocpeacTsom
MPBDKKOBON MPOBOJMMOCTH C MIEPEMEHHOM JJIMHOW TPBDKKA 10  JIOKAJIM30BAHHBIM COCTOSHUSIM,
JexaiuM B y3koit onoce suepruii (AE) BOm3u yposus @epmu [2].

3 -5
107 10
g g .
A 3 :!
= 1074 =
z o
9, —
o)
©
1 2
M 2
10 . ; 1* v v
3 1 5 0,25 0,30
103_;'1‘ (K—l) i /4 (K-l-‘4 )
Puc.1. TemneparypHas 3aBHCHMOCTS Puc.2. HuzkoremneparypHasi poBOJMMOCTh
EKTPONPOBOMOCTH MmoHokpucramia TIFeS, momepex (o,

KpuBas 1), ocH ¢ ¥ BAOJb ocH «¢» (o) ¢,

monokpucramia TIFeS; Baons (o) ¢) (kpusast 1) u
KpuBast 2).

norepek (o,¢c) (kpuBast 2) ocu «c».

Ha puc. 2 B xoopauHatax MoTra mpexcrasiena 3asucumocts Igo ot (T)™*. Cormacko
MOJIETH, TPEAJIO)KEHHOH MOTTOM, 3JEKTPONPOBOJHOCTh B HU3KO TEMIIEPATypHOH 001acTu
HETIOCPEJICTBEHHO MO TIHHSACTCS COOTHOMICHMO (1):

Haknon mpsmoi GJ.(T'1/4) Ha pHC. 2 COCTaBJISACT To=4,6-10° K. Umes B BHIY, YTO IS
OMHApPHBIX CYIb(PUIOB 31eMeHTOB |V rpyIbl paguyc ToKalu3anuy paseH, a=14A.,

B nanHOM ciy4ae 3J€KTPONPOBOIHOCTH OMHCHIBACTCS M3BECTHBIM COOTHOIIEHHEM MoTTa
[2Error! Reference source not found.]:

T 1/4
o~ exp —(%j , Tozﬁias. (1)

3necb Nf -IUIOTHOCTH JIOKAJIM30BAaHHBIX COCTOSIHMN BOMM3M ypoBHsS @Depmu, a —paauyc
nokanu3aimu, K — mocrosiaaas bonbiMana, B — 4mciio, 3aBHcsIIee OT pa3MEPHOCTH 3a/]a4H.

Mo cooTHOmeHHO (1) paccunuTaHa MIIOTHOCTH JIOKATM30BAHHBIX COCTOSTHUH BOJIM3H YPOBHS
®epmu: Ng=1,48-10"° sB'=cm™®; 3) B obmactm Temmepatyp 200-238K  mpoBOIMMOCTB
CTAQHOBUTCSl TIOCTOSIHHOHM, HE3aBHCHMOW OT TEeMIIepaTypbl. DTOT HSKCIECPUMEHTAIbHBIN (aKT
CBUJIICTEIILCTBYET O HAIMYUM OC3aKTHBALMOHHOW IMPBIKKOBON MPOBOIUMOCTH (T.€. IHEPTHUs
AKTHBAIIMU CTAHOBUTCS PaBHOM HYJII0) nornepek ocu «c» 6L(T) monokpuctammion TIFeS,.
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B temmneparyprom unTepBane 238 — 293K Ha puc. 1 u 2 kpuBas 2 COOTBETCTBYIOT
TEMIIePaTYpHON 3aBUCUMOCTH MPOBOAMMOCTH MOHOKpuUcTawioB TIFeS; Bmons ocu «c» - oL(T).
Haxnon kpuBoii 2 Ha puc. 3 cocraBmsier To=4,6-10°. B6mmsu yposms PepMu paccumTaHa
IUIOTHOCTh JIOKATM30BAHHBIX COCTOSIHMII cO 3HauenmeM pasbiM: Np=148-10% sB®. U3
pacCcUMTaHHBIX 3HAYCHUH IUIOTHOCTEH JIOKATM30BAaHHBIX COCTOsSIHWMN cienyer, uTto Ng, Kak
MOTIEPEK - G.L, TaK U BIIOJIb - Gy OCU ¢, MOHOKpHUCTAIIIOB TIFeS; nmpaktuuecku coBnamarT. IToT
(bakT MOXHO OOBACHUTH TEM, 4YTO, B MOHOKpHcTauiax TIFeS; nedextsl pacnpeneaeHbl
NPUMEPHO OJIMHAKOBO Kak BIOJIb (//) Tak u momnepek (L) ocu «c».

JoctatouHo BbicOKHe 3HaueHHME NE CBHIETENBCTBYIOT O TOM, YTO HCCIEAyeMble HaMU
MoOHOKpUCTaUIbl  TIFES; mo cBoeil dJHepreTHUEcKo CTPYKType OJNM3KH K aMOpP(HBIM
nosynpoBogHukam. MO0 111 amMoppHOro COCTOSHUSI  XapaKTEpPHO HAIWYUE CHIIBHO
ne(OPMUPOBAHHBIX U JaXE PAa30pPBAHHBIX XUMHUYECKHUX CBSI3€H, CKIOHHBIX K TPOSBICHUIO
aKLENTOPHBIX CBOMCTB.

Takum 00Opa3oM, Ha OCHOBE HM3y4YCHHOW 3aBHCUMOCTH 3JekTpornpoBogHoctd  o(T) B
moHokpuctaiax TIFeS; Baons ocu «c» 61(T) u monepek 61(T) ycTaHoBIEeHO, 9YTO B 007aCTH
200 — 238K wumeer Mecto Oe€3aKkTHBAIIMOHHAsS MPOBOIUMOCTH, B oOmactm 238 —-260K -
MIPBDKKOBAS MMPOBOIMMOCTE; B o0sactu 260 — 293K akTuBaIimoHHAas MPOBOIUMOCTD.

BoabramnepHbie xapakrepuctuku u 3¢ dexr Iyna-Openkens B kpucraie TIFeS;

Kak wu3BecTHO, TeOpHs JKCHOHCHIHAIBLHOTO pOCTa 3JIEKTPOMPOBOJHOCTH BIECPBBIC
BbIBHHYTa OpenkeneM [3]

[To HakOHY MPSAMBIX, Ha pHC. 3, coraacHo BeipaxkeHwuto (2) u (3) ¢ Teopueit ¢ dexra [Tyna-
Openkenss [3] ObutH ompeneNeHbl 3HAYCHUS [3 MPH PA3IUYHBIX TeMIeparypax, KOTOpbIE

3akiroueHsl B ipeaenax 0,14 + 0,4 (CM/B)1/2.

5 =00 exp (BVE) )

rze 3 - koaddumment OpeHkens, KOTOPHIF 3aBUCHT OT MPUPOIbI MaTepraja U TeMIIEPaTyphl:

o ®

KT |/ mee,

3necy K — mocrosinHas bonbivana, T — abconmoTHas Temrieparypa, € — 3apsijl 3JICKTPOHa, € -
JUDJIEKTPUYECKasi TPOHUIIAEMOCTh TMOJIYMPOBOJHKUKA, OTHOCSINASACS K DJIEKTPOHHOM YacTh
MOJISIpU3aIuy, T.C. € = n’ (n - ko3 PHUIUEHT TIPETOMIICHHS CBETA)

Jdns  xpuctaiuta  TIFeS, nmudnekTpudeckas MPOHUIIAEMOCTh — IMOJNYY4eHO -  &=1.
TemnepatypHas 3aBHCHMOCTHb [3, OIpEIEJCHHAss W3 3aBUCUMOCTHU G(Ell?‘) MpU  Pa3TMYHBIX
TeMIlepaTypax IMpUBEJeHA Ha PUC. D.

N, = = (71'880 Eer’l)s/2 (4)

1
3
(2%,)
)4 3 BBIpAXKCHUA (4) pacnojarasid 3Ha4YCHUHUAMU MHUHHMAJIIBHOTO J3JICKTPHUYCCKOI'O ITOJIA Ec, npu

KOTOPOM HAYMHACTCSI HENUHEWHas 3aBUCUMOCTh G OT E, MBI OLEHMIM KOHIEHTPAIUIO
10 .3
MOHM30BaHHBIX 1IeHTPoB N st kpuctamia TIFeS; , kotopas paBusimace Ny = 1,8 x 107 cm™.
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Puc. 3. 3aBHCHMOCTB IIEKTPOIPOBOAHOCTH Puc. 4. TemneparypHas 3aBHCUMOCTb
kpucramios TIFeS, ot HanpsukeHHOCTH ko3 umment Openkers f. (st
JIEKTPHYEcKOro nois E npu remnepa- kpuctawios TIFeS,)

Typax, 1-90, 2-200 u 3-300 K,

MapaUIeIbHO OCH «C

Ha puc. 6 mnpeacraBieHbl BOJIETAMIICPHBIC XapaKTePUCTUKU KpuctawioB TIFeS, mpwu
Pa3JIMYHBIX TEMIIEPATYPAX IKCIIEPUMEHTA, TAPAIUIETBHO MO OCH «C».

101 X 105 oM
3
71.750 5 10 1.5 20
sk
-1.8F =3
Z s
1.85
“ ]
=1 Gl
o) 2 o
7 :
- 4} 2 19t
:
1.95F
2 -
1 21
0 _‘_‘__,n-——'_’_'
10 20 30
U (B) 2,05L
Puc. 5. BAX kpucramna TIFeS, napamnensHoi Puc. 6 ®opma NOTCHIMAIBHON SIMBI, CBSI3aHHOH C
HAMPAaBJICHUIO OCH «C» TIPH TEMIIEpATypax, 9JIEKTPOHHOM stoByIKO# B TIFES,. Bronb
1-90, 2-200, 3-300K OCH «C».

[Tpu n3MeHeHMe INEKTPUIECKOTO MO OT 7,510 no 2,7-10% B/cMm ToK, MPOXOJIAIIAN uepes
CTPYKTYpPBI, YBEJIMYMUBAETCA OT 4107 mo 9107 A. C noHWKCHHEM temrnepatypsl BAX
CMEIIAIOTCSI B CTOPOHY BBICOKHX HAMPSIKSHHIA.

Ha BAX BoisiBisioTcs aBa ydactka: omuueckuii (J oo U) n o6macTh Gosiee pe3Koro pocra
nanpsokerus (J o U", n >1). JluHeiiHbli y4acTOK ¢ POCTOM TeMIIEpaTypbl pacIIMpseTcs, a
HamnpsDKCHUE Tepexoda yBenumuuBaeTcsa. C  pOCTOM HampsDKCHHWsS KBajapaTHdHas 00J1acTh
3apucuMocTi (J o U) mepememiaercs K OOJBIIMM 3HAYCHHSIM, a C POCTOM TEeMIIEpaTyphbl
MMOPOTOBOE HANpPSOKEHHWE, ¢ KOTOPOTO HAYMHACTCS KBaJpaTHYHAas 00JacTh, MEpeMelIacTcs B
CTOPOHY HHU3KHX 3HAUEHUN HANpHKEHUH W N yMEHbIIAeTCs. DTO IOKAa3bIBACT, YTO PE3KOE
BO3pacTaHue TOKa OOYCJIOBJICHO B OCHOBHOM HOHHU3allMEH JIOKAJIBHBIX YPOBHEH B Tmoiie. B
CHJIBHOM 3JIEKTPHUYECKOM I10JIe, KOrjia Iepenas MoTeHIaabHoM dHeprun saektpona €ER(T) Ha
JuTHHE XapakTepHoro npbikka R(T) cpaBHHBAETCS ¢ IMIMPUHON TOJIOCHI SHEPIH BOKPYT YPOBHS
®depmu Ag(T), B KOTOPOH MPOMCXOIAT HPBDKKH, SJIEKTPOH MOXKET JIBUTATHCSA B HAIPAaBICHHH
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noJist, ucryckast GOHOHBI TP KaxaoM repeckoke. CormacHo MoTTy [2], TOK B 9TOM cllyyae He
3aBHCHUT OT TEMIEPATyphl U PACTET C YBEIUUCHHUEM I0JIA 110 (hopmyie

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

Ha puc. 4 nna oOmacth pe3koro pocTa TOKAa MPEACTABICHBI  3aBUCHMOCTH
AJEKTPONPOBOAHOCTH OT AyekTpuueckoro mnons npu Ttemmeparypax 90K, 200 u 300K B

KoopauHatax In ¢ ~ \/E )

W3 naknoHa mpsMbIX, Ha puc. 4, ObUIM ONpeNeieHbl 3HA4YeHWs [ MpU Pa3IHIHBIX
temneparypax. Onu 3akmtodeHsl B npenenax 0,14 + 0,4 (CM/B)]JZ. TemnepaTypHasi 3aBUCUMOCTb
B, ompenenenHas u3 3aBucumocth & (EX?) mpu pasnmuuHbIX TemmepaTypax, mpuBeIeHa Ha puc. 5.

U3 pucynka 5 BUAHO 4TO, C yMEIIEHHEM TeMIepaTyphl, HaOIromaeTcss poct 3. A 31O
XOPOIIO COTJIACYETCS C 3aBUCUMOCTBIO 3 ~ 10%/T. TemnepaTypHoe U3MEHEHHE [} cOriacyer ¢
Teopreii PpeHkenst U dKcTpanomsnms npsvoii B~10%T, cormacro dopmyre (3), IpUBOAUT K
Havairy koopauHaT. B pabote [4] moka3ano 4To, MUHUMAIILHOE 3HAUEHUE DJIEKTPUUECKOTO TIOJI,
COOTBETCTBYIOIIETO HeiuHeHoi 3aBucumoctd ¢ ~ f (E), comepxur wundopMmanmumo o
KOHIECHTpPAMK Je(PEKTOB, OTBETCTBEHHBIX 32 TEPMOIIOJIEBYI0 HOHHU3AIMI0 U TMPOBOIMUMOCTH
kpuctamia TIFeS,.

CornacHo BbIpaxeHuto (4) pacmonaras 3HAYCHHHUSIMH MHHUMAIBHOTO AJIEKTPUYECKOTO
nonsi E¢, mpu KkKOTOpOM HauumHaeTcs HENWHEHHass 3aBUCUMOCTb G OT E, MBI oleHHIN
KOHIICHTPAIMIO MOHU30BaHHBIX IIeHTpoB Nt mst kpuctamwia TIFeS;, koropas okazanace paBHOM
Ni=1,8 x 10" cm®.

Baxxnoe 3HaueHune mMeeT ompeseneHue (HOpMbl MOTCHIUANBHOU sIMbl. DyHKIMS @(X) -
MOTEHIMATbHAS JHEPTHs, 3aBUCSINASL OT PACCTOSIHUS 0 PUMECHOTO IIEHTPA WM ke JOBYIIKH (X
— pacCTOosSHHME BJIOJIb HAMPABJICHHUS MPHIOKEHHOTO TOJS), H3MEHSACTCS TMOJ] JCHCTBHEM
AIEKTPUIECKOTO TOJIS.

C HCIOJIb30BaHHEM SKCIICPUMEHTANBHBIX JaHHBIX npu momomu (6) u (7) ompenencha
dopma moteHimanbHOi smbl B TIFeS;, kortopas u3oOpaxena wa puc. 7. Ilpu stom qimHa
CBOOOHOTO Mpobera HocuTelel Toka onpenessiercs hopmysoit (8) [5]:

P(X) = —"TT[}JE = eEx (6)
_ kTB

= 2e\/E ")

r=ti(E)=TE ®)

e ~ 2eJE

JlnuHa cBOOOJHOTO MmpoOera dJeKTpoHa B MoOHOKpucTauiax TIFeS;, BbeuncieHHas
coryiacHo ¢opmyne (8) Ha OCHOBE JKCIICPUMEHTAIBHBIX JAHHBIX, PABHA BJOJIb OCH «C» A =
2,1-10% em (xm = 1,9 - 107 cm).

W3 BonmbTammepHbIX XapakTepucTk (puc. 6), cormacHo [5] (omMuyeckast 001acTh), MOKHO
OIpeIeTIUTh MOABMKHOCTh HOcHTeNeH B kpucTaiuie T IFeS,.
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g H1
Oce U}

(9)

3neck H-tonmuua obpasua, |-Tok COOTBETCTBYIOUINI KPUTHIECKOMY HampspkeHUuto, Uy —
KPUTHYECKOE HampspkeHue, 0=1 kodQuIueHT 11 Bakyma, &-IudJIeKTPUIecKas MPOHUIIAeMOCTb,
£~8,85 x 10 F/m, H=0,65 cm, 1=4,5 x 10 A, Uc=0,8 V, 6=1, £&=200; Otciona coracHo
dopmyze (9) MOKHO ONpEIETHT MOIBIKHOCTh HOCHTene# kpuctamioB TIFeS; (u=25 x 10°
cM/(B X C)). Takum o00Opa3oMm, HaMH pacCYMTaHbl 3HAYCHHS IUIOTHOCTH JIOKAIM30BAHHBIX
cocrostuuit Ng, sHeprum aktuBauuu E,, mmmHBI mpBDKKOB R, pasHOCTh MEXKIy HSHEPrUSIMHU
cocrostamnii AE BOnMu3u ypoBHs DepMu M KOHIEHTpaluu riryOokux joBymek Ni (B omMuueckoi
oGnactu). Ha ocHoBe wuccuemoanmii 3asucumoctd o ~ (EY) ycrasoemeno, uto TOK B
HEJIMHEWHOW oOnactu (¢ yderom TtepmorosieBoro 3ddekra Ilyna-Dpenkens) oO0ycioBieH
c1a0bIM TOJIEBBIM 3(PHEKTOM KaK MpU M3MEPEHUSX MapauIeIbHOM, TaK U MEPICHINKYISIPHOM,
Kpuctaiorpapuueckoid ocu kpuctamia T1FeS;. PaccuuTaHel 3HaYeHHWs KOHICHTPAUU
MOHHM30BaHHBIX HEHTPOB N, IMHBI cB0OOOAHOTO Mpobera A, 3HaueHus: kodpdumment Openkena
B, amexkTpuueckas MOABWKHOCTh HOCUTENIEH | U omlpeseneHa (opMa MOTCHIHUATbHON SMBI B
kpuctamiax TIFeS,.

JanHasi pa0oTa BbINOJHEeHA NPH (pMHAHCOBBIA nmoanep:xkke ¢ponga Passurus Haykm
npu [Ipe3unente Azepodaiinkanckoii Pecmy6mkn-I'pant Ne EIF-2013-9 (15)-46/03/1.
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JIUJEKTPUYECKHUE CBOMCTBA TBEPIBIX PACTBOPOB
(THnSez)1-x(TIGaTey)x (x=0; 0,1; 0,2; 0,8; 0,9; 1,0)
'0.A. Camenos, *A.Il. AGayanaes, °I.M. Capaap.si,
'"HA. Annea, '®.T. Caamanos, ZILF.Il)KaﬁﬁapOB
Ynemumym Paouayuonnwix Ipo6rem Hayuonanshoti Axademuu Hayx Azepbaiioscana

2 . .
bakunckuii I'ocyoapcmeennviii Ynueepcumem

B ouanasone uacmom 25—10° I'y npu memnepamype 300 K uccredosansi meéepovie pacmeopul
(THInSey)1x(TIGaTey)x (x=0; 0,1; 0,2; 0,8; 0,9; 1,0). Ipoananusuposansl uacmommusle 3a6UCUMOCTIU
Oeticmeumenvioti (€") u kxomnuexchoti wacmu oudnexkmpuueckou nponuyaemocmu ("), ITocmpoenvi
sagucumocmu  &"(€") nomyuenvt OUPpPaAKMoOSPaMMbL UCCACOYEMbIX MEEPObIX PACMEOPOS, NOLYHEHDbL
U3006padiceHUst MUKpPOCMPYKMYPsl UCCLedyemblx MmeepobiX pacmeopo8 MemoooM amoMHO-CULO8OU
MUKPOCKONUU.
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Kpucramisr cemeiictBa A’B3C®% u TBepamble pacTBOpbl Ha HX OCHOBE, NPHBIEKAOT
BHHUMaHUE WCCIIEA0BATENCH B CBS3H C MPEICIIBHO aHU30TPOITHON KPUCTAIUIMIECKOU CTPYKTYpOH,
HEYCTOMYMBOCTBIO KPHCTANIMYECKON pEIIeTKH K BHEIIHUM BO3JCHCTBUSM, 3TH KPHUCTAJUIBI
SBISIIOTCS TaKXKe TMEPCICKTHBHBIMU OOBEKTaMH TPU HM3TOTOBJICHUH (POTOIIEKTPUUIECKIX
npeoOpaszoBaTesield, TCH30PE3UCTOPOB, JETEKTOPOB PEHTTEHOBCKOTO M HEUTPOHHOTO H3ITy4eHUH
[1-8].

Bospacraromue TpeGoBaHUS K COBPEMEHHBIM YCTPOMCTBAM TBEPAOTEIHHON SJIEKTPOHHUKHU
JIenaloT HEOOXOJUMBIMU TOJyYEeHHE M HCCICIOBAHUE MAaTepUaANIOB, OOJAJaONIMMU METa -
CBOMCTBaMHU, TaKUMH KaK KBaHTOBbIM d(dekr Xoima, TUTaHTCKOE MarHeTOCONpPOTHUBIICHUE,
TUTAHTCKasl JAMAJICKTPUYECKasl peiaKcalys, TMraHTCKUE BEJIMYMHBI NbE30MOJYJICH, TUraHTCKas
JTUAJIEKTPUUYECKasl MMPOHUIIAEMOCTh M THTaHTCKask MPOBOAMMOCTh B MIEPEMEHHBIX AJIEKTPUUECKUX
MOJIIX, BO3MOKHOCTh YIPABJIATh CBOWCTBAMHU MarepHalioB, U3MEHssl dYacToTy moJisi. [Ipu sTtom
MPUHIHUIUAIGHBIMA CTAHOBSITCSI BO3MOXXHOCTH HCIOJB30BaHMS MPOIECCOB PENIAKCAIIHOHHOM
MOJISIPU3AIK, CBSI3aHHBIX C PA3IMYHBIMUA BUIAMH HEYIOPSIOYCHHOCTEH (TpaHCISAIUOHHOM,
KOMIIO3UITUOHHOM, MO3WIIMOHHOW, TOIMOJIOTUYECKOW, HAHO-TIOPUCThIC MaTepHaibl W JAp.) U
reTepOTeHHOCTHIO TI0 CBOIICTBaM KOMIIOHEHTOB UiH (pa3. HeymopsinoueHHbIe MaTepUabl - CaMmble
IIMPOKO PACIPOCTPAHEHHBIE B TMPHUPOJAE CUCTEMBI M, KaK MPaBUJIO, 3TO MOJISIPHBIE CHUCTEMBI,
00Ja1aronue MOCTOSHHBIM TUTIOJIBHBIM MOMEHTOM. JTO, B CBOIO OYepe/b, TpeOyeT MOJydeHUs
nH(GOpMAIMU O TPOIECCaX PENaKCAIlMOHHON TOJSpU3aliM, 32 CYET KOTOPBIX, B OCHOBHOM, U
BO3HUKAIOT OMHUCAHHBIE (PM3UIECKUE CBOMNCTBA MATEPHAJIOB.

UccnenoBannss MPOLECCOB PENAKCALMOHHONW TMOJIpU3allid, B YCIOBHUAX BBICOKOU
AJIEKTPOTIPOBOAMMOCTH U TPU OTCYTCTBUU IMOJHOW MH(OpManuu 00 ee MOoBeIeHUU BO BCEM
YaCTOTHOM JWamna3oHe B KPHUCTAJUIaX B KOTOPBIX HAOIIOJAIOTCS OCOOCHHOCTH CBSI3aHHBIE C
HU3KOW pa3MEpPHOCTBHIO CHCTEMBI, JENAI0T Takue paldoThl aKkTyadbHbIMHU. [IpukiamaHoil nHTEpec
0OYCIJIOBJIEH T€M, YTO peJaKcallOHHAas MOJIIPU3AIHS MOXKET OBITh MCIIOJIb30BaHA JIJIS CO3/JaHHS
Pa3IUYHBIX YCTPOWCTB C TIEpPECTPauBaeMOW EMKOCTBIO U DJIEKTPONPOBOJUMOCTHIO, JIS
YBEJIIMUEHUSI YYBCTBUTEIBHOCTH TBEPAOTENBHBIX JJEMEHTOB K BHEIIHUM BO3JCHCTBUSM,
VOpaBIEHUS  XapaKTePUCTUKAMU  TBEPJOTENBHBIX ~ DJIIEMEHTOB  M3MEHEHHEM  YaCTOTHI
3JIEKTPUYECKOTO BO3/ICUCTBUS.

HacTosimast paboTa mocBsieHa SKCIepuMEeHTAIbHOMY UCCIIEAOBAHUIO AJIEKTPOPH3UUECKUX
XapaKTePUCTHK MOHOKpHCTA/LIOB TBepabix pactBopoB (T1INSe,)14(TIGaTe,)x (x=0; 0,1; 0,2; 0,8;
0,9; 1,0), MeToOM HM3MEpEHHUsS JTUAICKTPHUECKOM peaKcalui B MEPEMEHHOM 3JIEKTPHUECKOM
noJie.

OO6pasibl u3 MoHOKpUcTaiwioB TBepabiX pacTBopoB (TlINSe,)14(T1GaTe,)x (x=0; 0,1; 0,2;
0,8; 0,9; 1,0) s u3MepeHuit ObLIM M3TOTOBJICHBI B BHJIE TUIOCKUX KOHACHCATOPOB. B KauecTBe
0o0KJIaIoK OblIa HWCHOJb30BaHAa cepeOpeHas macta. EMkocTh 00paslioB W TaHIeHC yria
JTURIIEKTPUUECKUX MTOTEPh ONPENEISUINCH C UCTIOJIb30BaHUEM H3MepuTelsi ummuTanca E7-25.

Jlis ouleHKM KadyecTBa W TMOJIydeHUS HMH(POPMALUU O CTPYKTYPHBIX OCOOEHHOCTSIX
MOBEPXHOCTH 00pa3LOB TBEPAOrO PACTBOpa HM3ydanach €€ MOpP(OJIOTHs Ha aTOMHO-CHIOBOM
mukpockorie  (ACM).  DIeKTpOHHO-MHKPOCKOITMYECKUE  HM300paKeHHWs  IMOJydalld  Ha
CKaHupyromeM 30H10BoM MuKpockore (C3M) mapku Solver Next B MoJyKOHTaKTHOM pPeXUME B
aTMOC(epHBIX YCIOBHSX IPH KOMHATHOW Temrepatype. [lomydeHHoe wm3obpaxenue (puc.l)
XapaKTepH30BANIOCh KBA3UIEPHOJUYECKUM BOJHOBBIM penbedoM C pa3dpocoM BBICOT U
JaTepalbHBIX Pa3MepOB 00pa30BaHMIl 0 OCHOBAHUIO.
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Puc.1. ACM — uzobpaxenue B 3D mMacirtabe NOBEpXHOCTH KPHUCTAJLIOB TBEP/IBIX PACTBOPOB
(TlinSe,) 1 «(TIGaTey)x (x=0;0,1;0,2).

PeHTreHmudpakroMe TpuiecKre UcCaeJ0BaHusl MOYIEeHHBIX TBepIbix pacTBopoB (T1INSey);.
«(TlGaTey)x (x=0; 0,1; 0,2) mnposoaunuck Ha audpakromerpe D8-ADVANCE BRUKER B
pesxume 0,5°< 20 < 80° mzmyuenne Cuk.
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Puc.2. Tludppakrorpamma OPOMIKOBEIX 0OPA3IOB TBEPIOTO PACTBOPA COCTABOB
(THnSe,)1.«(TIGaTey)x (1-x=0; 2-x=0,1; 3-x=0,2) mpu KOMHATHOH TeMIepaType.

Bonee monnas uHboOpMalus 0 XapakTepe peliakCalluy MOJy4aeTcsl U3 aHaIKu3a JharpamMmm
¢''(e"). Ecnu Ha nmarpamMMe HaOJIIOMAIOTCS JTYTH MOJYOKPYXKHOCTEH, TO 3TO YKa3bIBaeT Ha
HaJM4YUe JIBYX PEJIaKCAMOHHBIX MPOIECCOB B Pa3IMYHBIX 00JACTAX YAaCTOTHOTO cnekTpa. Ecnu
Ha JuarpaMmme HaOJoJaeTcs npsMas JUHUS, PACTIOJIOXKEHHAas 01 YIJIOM K ocu abcuucce, To 3TO
CBHUJETEIBCTBYET O CHJIBHOM BKJIaJ€ NPOBOJAMMOCTA Ha IOCTOSSHHOM TOKE B IIPOLECCHI
peakcanuu, TPOXOJSIINe B COSOUHEHMH. B ciyuyae oOHapyKeHHUs AYT MOJIyOKPYXHOCTEH
MO>KHO OTIPEACIIUTh BPEMEHA PEJIaKCalUU UCCIIETyEeMbIX COCAMHEHNI KaK BEJIMYHHBI, 00paTHBIE
94acToTaM, Ha KOTOPBIX HaOJronaeTcss MakcuMyMm Ha quarpamme &''(e). Kpurtuueckast gacrtora,
Opu  KOTOPOM MNPOMCXOAUT CMEHa Npeo0iagaronero B  HU3KOYaCTOTHOM  JMAra3oHe
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peNIaKCaIllMOHHOTO Tpolecca APYrHM (BBICOKOYACTOTHBIM), COOTBETCTBYET TOUYKE, B KOTOPOWU
OJTHA JyTa MOJIYOKPYKHOCTH MEPEXOJUT B JPYTYIO.

Kak BHIHO W3 TIONYYEHHBIX YACTOTHBIX 3aBHCUMOCTEH JCHCTBUTEIBHON 4YacTu
KOMIUICKCHOM JIMAJICKTpUYecKoil mnpoHumaemoctu (puc. 3), s BceX OOpas3IoB TBEPIbIX
pactBopoB (T1INSey)1.«(TIGaTey)x ¢ ymenbmenuem gactotel uzmepsiemoro moist ~200 I'o mo 25
I'11, HaGMOAETCS POCT BETMUMHEI &', B imamasone gactoT MeHbmmx ~ 10° reficTBuTe AT YacTh
KOMIUICKCHON JAHANIEKTPUYCCKON MPOHHUIIAEMOCTH, KaK JJIsi KPaHHUX COCTABISIOIIUX PAcTBOPA,
TaK ¥ B TBEPJBIX PACTBOPAX HAOOAAETCS cabdasi 3aBUCUMOCTh OT 4aCTOThI H3MEPSIEMOTO IOJIS.

Kak BugHO U3 puc. 4, 1J1si BCEX COCTaBOB TBEP/BIX PACTBOPOB HA YaCTOTHBIX 3aBHCUMOCTSIX
KOMIUICKCHOM JHIJICKTPUYSCKON TPOHHUIIAEMOCTH OTCYTCTBYKOT OCOOCHHOCTH, T. €., BO BCEM
U3MEPSIEMOM YACTOTHOM JTUAINa30He, TUIICKTPUICCKHUX MOTEPh HE HAOIIOIaeTCs.

JwnekTpuyeckue morepu coctaBa ¢ X = 0,2, ToO ecTh, ¢ MaKCHMAaJbHBIM 3HAYCHHEM
3aMEMIAoNIMX aTOMOB, IpaHWYaIledl ¢ 00JAcThI0 PACTBOPUMOCTH, Ha MHHUMAIBHOW YacTOTE
m3Mepsiemoro moist. C  yBelTHYEHHEM 4YacToThl m3Mepsemoro moms o 10° T Bemmumba
TUBIICKTPUUSCKUX TMOTeph yMeHbmiaercss a0 3HaueHus €” = 100. C yBenwmdeHHWEM YacTOTHI
U3MEpPSEMOr0 TIOJIS, JUII BCEX COCTaBOB TBEPAOTO pPACTBOpa, U3MepseMas BEIWYHHA
TMDIICKTPUUECKUX TIOTEPh MPAKTHYSCKH HE MEHSICTCS.

[Moctpoennsie Ha ocHOBe pacueToB 3aBucumoctu ¢'( f ), &"( f ), &"( &), puc.3-5
NPEACTABIAIOT COOOW CTeNeHHbIe (DYHKIIMM YacTOTHI, IMOATOMY aHAaJHW3 JaHHBIX MapamMeTpoB
MPOBOJWICS HMCXOAS W3 TojoxkeHud teopun [lxonmepa [9] o HU3KOUACTOTHOM TUCTIEPCHH,
COTJIACHO KOTOPOM OTCYyTCTBHE MakKcMMyma Ha KpuBoi 3aBucumoctu &'( f ) moxer
UHTEPIPETUPOBATHCS ABOSKO.
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Puc. 3. YacrotHast 3aBUCUMOCTD €' 7151 TBEPABIX Puc. 4. YacToTHast 3aBUCHMOCTD €' 1JIs1 TBEPIBIX

pactBopoB (T1INSey)1.«(TIGaTey)y, pactBopo (TIInSe,);(TIGaTe,),
npu x=0; 0,1; 0,2 (a) (x=0; 0,1;0,2)

1. B cucreme cOCymIECTBYIOT JBa HE3aBUCUMBIX MapajUIeNbHBIX Mpolecca, OJAUH U3
KOTOPBIX MPe00Ia1acT Ha BEICOKUX YaCTOTaX Oiaroaaps OOBIMHOMY JAUIICKTPUIECKOMY OTKITUKY
Marepuaia, B TO BpeMsl KaK ApPyrod, CWIbHO JUCHEPTUPYIOIIHM, JOMHUHUPYET Ha HHU3KHX
4acTOTax.

2. B mpouecchl penakcanuu B CUCTEME BHOCHUT CYIIECTBEHHBIN BKJIAJ MPOBOJAUMOCTH Ha
MOCTOSTHHOM TOKE.

Anammza 3aBucumocteil ¢'(e") (puc. 5) moOKaszanm, 4YTO y BCEX COCTaBOB HMMEETCS
CYILLIECTBEHHBIH BKJIaJ MPOBOJUMOCTH HA MOCTOSSHHOM TOKE B IPOLIECCHI peJaKcalud BO BCEM
HCCIEAYEMOM YaCTOTHOM JIHaIla30HE.
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Puc. 5. luarpammset Koyn-Koyna &''(g") ajist TBepIpIX pacTBOPOB
(TlInSey) 1 x(T1GaTey)y (1-x=0; 2-x=0,1;3-x=0,2)

Jdannasi paGora BbINOJHEeHA NPH (pUHAHCOBBIA nmoanep:xkke ¢ponga Passurus Haykm
npu [Ipe3unenrte Asepbdaiimkanckoii Pecnyoanku-I'pant Ne EIF-2013-9 (15)-46/03/1.
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JTUDJIEKTPUYECKHUE CBOMCTBA TBEP/BIX
PACTBOPOB (TIGaSe;)1-x(TIINSy)x
p.Mm. Capaapisl, AT AlayJaes, 'H.A. AllneBa, lo.T. CaJiMaHOB,
ZI[m.F. J:xad6apos, ZP.H.I/Icman.JmBa, AA. Opyn:xesa, M.10. KOcudon
YHAH Asepbaiioncana, Hnemumym Paduayuonnvix IIpo6nem

2 . .
baxunckuii I'ocyoapcmeennsiii Yuueepcumem

B ouanasone uacmom 25-10° I'y npu memnepamype 300 K uccredosanvr meéepovie pacmeopul
(THInSe,)1.x(TIGaTe,)x (x=0; 0,1; 0,2; 0.8; 0.9; 1.0). Ilpoanarusuposanvl uacmommuvle 3A6UCUMOCTIU
Oeticmeumensroul (€") u xomnaexcnoil yacmu oudsnexmpuyeckoi nponuyaemocmu ("), umnedanca (Z') u
(2"). Hocmpoenwvr sasucumocmu "(€") u 2"(Z"), nonyuenvt ougpaxmozpammer ucciedyemvix meepobix
PAcmeopos, NOLyHeHbl U300PANCEHUS MUKDOCIMPYKIMYPbL UCCIeOYeMbIX MBEPObIX PACMBEOPOE MemoOoM
amomMHO-cuno6oll  mukpockonuu. HMccredosanvl 0cobeHHOCMU NO8EOCHU UMNEOAHCHbIX CHEKMpPOs
MEepObIX PACMEOPO8.

BeBenenue

Kpucrammsr cemeiictea A’B°C®% u TBepable pacTBOpHl Ha HX OCHOBE, IPHBICKAIOT
BHUMAaHHUE UCCIIEIOBATENICH B CBSI3U C MPEICIHHO aHU30TPOITHOW KPUCTAIUTUYECKOW CTPYKTYPOH,
HCYCTONYHMBOCTBIO KPHCTAIMYECKON PEIISTKH K BHEIIHUM BO3ICHCTBUSIM, STH KPHUCTAILIBI
SBIIIOTCS.  TAK)KE TEPCICKTUBHBIMU OOBEKTaMH TPH HM3TOTOBJICHUH  (OTOIICKTPUUCSCKUX
npeoOpa3oBaTenieid,  TEH30PE3UCTOPOB,JICTEKTOPOB  PEHITCHOBCKOTO U HEUTPOHHOTO
u3nyuenuii[1-8].

HccnenoBanusi MPOILECCOB  PENAKCAIMOHHOW —IMOJISIPU3AlMU, B  YCIOBHSAX BBICOKOU
JIEKTPOIPOBOIUMOCTH M TPH OTCYTCTBHH TOJHON MHpOpManuu o0 ee MOBEJACHUU BO BCEM
YaCTOTHOM JHMara3oHe B KPUCTAIUIAX B KOTOPBIX HAOIIOMAIOTCS OCOOCHHOCTH CBSI3aHHBIC C
HHU3KOW Pa3MEPHOCTHIO CHUCTEMBI, JENAI0T TaKhe padOThl aKTyalbHBIMH. [IpHKIIQIHOW MHTEpeC
00yCJIOBJICH TE€M, YTO peaKCallMOHHAas MOJISPU3AHS MOXKET ObITh UCIIOJIb30BAHA JIJISI CO3/IAHUS
Pa3IMYHBIX YCTPOWUCTB C MEPECTPAMBAEMOW EMKOCTBIO U  AJIEKTPOIPOBOAMMOCTBIO, IS
YBEIUYCHUSI YYBCTBUTEJIBHOCTH TBEPJIOTCILHBIX JJIEMEHTOB K BHEINIHHM BO3JICHCTBHUSM,
yIpaBICHUS  XapaKTEPUCTHKAMH  TBEPIOTENBHBIX  JJIEMCHTOB  M3MCHEHUEM  YacCTOTHI
3JIEKTPUUYECKOTO BO3/ICUCTBUS.

Hacrosimast pa®oTa TMOCBSIIEHA JKCIIEPHUMEHTATBHOMY  HCCICIOBAHUIO  DIICKTPO-
(U3NUECKUX XapaKTEPUCTHK MOHOKpUCTAIIOB TBepabix pactBopoB (TlINSey)i«(TIGaTey)y,
METOJIOM U3MEPCHHS MOJHOW KOMIUICKCHON MPOBOJAMMOCTH U JIMAJICKTPHICCKON perakcaruu B
NEPEMEHHOM JJICKTPUIECKOM IIOJIC.

IJKCNepuMeHT

(T1GaSe2)1-x(TlINSy)x moyueH HaMU METOJOM JIBYXTEMIIEPATypHOTO CHHTE3a U3 0C000
YHUCTBIX XUMHAYECKHUX 3J1eMeHTOB: T1 - 99.999%, In - 99.9999%, Se - 99.99%, Ga - 99.999%, Te -
99.99%. CHHTE3 MPOBOXMICS B BaKyyMHPOBAaHHBIX 10 107> Pa KBapLEBBIX aMIylax IyTeM
HEMOCPEJICTBEHHOTO CIUIABJICHHUS KOMIIOHEHTOB, B3STBIX B CTEXHOMETPUYECKOM KOJIUYECTBE,
COOTBETCTBYIOIIIEM COCTaBY TBEPAOrO pPACTBOpPA. 3aBEPUICHHOCTh CHHTE3a W TOMOTEHHOCTh
MOJIYYEHHOTO COCTaBa, a TaKXKe €ro WHIWBUIAYAIbHOCTh KOHTPOJIUPOBAIM METOJIAMH
I PepeHIIHATEHO-TEPMIYECKOT0 B peHTreHo(dazoBoro ananu3oB (ITA u PDA). IlonydeHnHsie
CIIMTKH H3MEJbYaJId B TMOPOIIOK M 3arpykajdd B KBapleByio ammyiy. [locie storo ammymy
HBAKyHpPOBAIH, 3aMaNBAM M Pa3Mellajd B BEPTUKAIbHYIO ABYX30HHYIO I€Ub C HE3aBHCHMBIM
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yIpaBICHUEM TEMIIEPATypOil 30H YCTAHOBKH JUIS BBIPANIMBAHUS MOHOKPHCTAUIOB METOIOM
bpumkmena. B ycraHoBKe amirylia ABUraiach 4epe3 30HY IPaJUCHTA TEMIEPATyp CO CKOPOCTHIO
0.15 mm/h. I'omMoreHU3aHIO MOJYYCHHBIX COCTABOB TBEPABIX PACTBOPOB MPOBOJMINA B HUKHEH
30He neun nytem oxuaxaeHus 10 700K, a 3aTeM BBIKITIOUYEHHYIO MeYb OXJIAXKAU 10 KOMHATHOMN
TEeMIIepaTypBHI.

YacToTHbIE 3aBUCHMOCTH MOJYJIs MMIlenanca |Z| u yrma caBura (assl ¢ MEKIY TOKOM U
HATIPSDKCHHEM C TIOLIATOBBIM M3MEHEHHEM 4acToThl B uaTepBaie f = 25-10° Hz npu ammmryse
W3MEPUTEIILHOTO HanpspkeHus: 1V. 3aTeM pacCYMThIBAIMCH CHEKTPHI AercTBuTeNbHOM Z'(f) = |Z|
coS ¢ u MauMO Z"'(f) = |Z| Sin ¢ KOMIOHEHT MMITe/IaHCa.

Jisi OneHKH KadecTBa W TOJYYCHUS HWHQPOPMAUMH O CTPYKTYPHBIX OCOOCHHOCTSIX
MOBEPXHOCTH O0OpPA3IOB TBEPIOTO PACTBOpa M3ydasiach ee MOP(OJOTHs HAa aTOMHO-CHIOBOM
mukpockore  (ACM)  DeKTpOHHO-MHKPOCKOIMYECKHE  M300pa)KeHUs  MOJIyYald  Ha
CKaHupyromeM 30H10BoM MuKpockore (C3M) mapku Solver Next B mosyKOHTaKTHOM pPEeXUME B
aTMOc(epHBIX YCIOBUIX P KOMHATHOW TeMITEpaType.

Pe3yabTarhl U 00Ccy:K1eHHE

Bonee monnas uHboOpMaIus 0 XapakTepe pellakCallii MOJy4aeTcsl U3 aHAIM3a Jharpamm
¢''(e"). Ecnium Ha nmarpamMe HaOJIIOMAIOTCS OYTH TOJYOKPYXKHOCTEH, TO 3TO YKas3bIBaeT Ha
HaJIWYUE JIBYX PENaKCAMOHHBIX MPOIECCOB B Pa3IMYHBIX 00JAaCTAX YAaCTOTHOTO crekTpa. Ecnu
Ha JuarpaMme HaOMoaeTcs npsMas JMHUSA, PACTONOKEHHAs MO YIJIOM K OCH abCIHUCC, TO 3TO
CBHUJIETEJILCTBYET O CWJIBHOM BKJIaJ€ MPOBOAMMOCTA Ha IOCTOSHHOM TOKE B IPOLECCHI
peakcanuu, TPOXOJIINe B COSJUHEHMH. B ciyyae OOHapy>KeHHUs AYT MOJIyOKPYXHOCTEH
MO>KHO OTIPEICIIUTh BpEMEHA PeNlaKCallii UCCIIETyEeMbIX COCIMHEHNI KaK BEJIMYHHBI, 00paTHBIE
9acTOTaM, Ha KOTOPBIX HaOJroaeTcs MakcuMyM Ha quarpamme ¢''(e). Kpurtuueckast gacrtora,
Opu  KOTOPOM TPOMCXOAUT CMEHa Npeo0iagalonero B  HU3KOYACTOTHOM  JMAra3oHe
peNIaKCaIlMOHHOTO Tpoliecca APYTHMM (BBICOKOYACTOTHBIM), COOTBETCTBYET TOUYKE, B KOTOPOU
OJIHA yra MOJIyOKPYKHOCTH MEPEXOUT B IPYTYIO.

Kak BuAZHO M3 TOJy4YEeHHBIX YaCTOTHBIX 3aBUCHUMOCTEH JEHCTBUTEIBHOW YacCTU
KOMIUICKCHOM JIMAJICKTpUYECKo mpoHumaemMoctd (puc. 3), mis BceX OOpasloB TBEPIBIX
pactBopoB (T1GaSe,)1-(TIINS,)x ¢ ymenbmennem dactotel m3Mepsiemoro moiist ~200 I'mp go 25
['u, HaGmroaeTcst pocT BeMMUMHEL ¢'. B quana3one gactor menpmnx~10° neficTBHTEIBHAS YaCTh
KOMIUIEKCHOW AUAIEKTPUYECKOW MPOHULAEMOCTH, KaK I KPaWHUX COCTAaBILIIOIINX PacTBOPA,
TaK ¥ B TBEPJBIX pacCTBOpax HaOIOAaeTcs cirabast 3aBUCUMOCTD OT YaCTOThI U3MEPSIEMOr0 TOJIS.

100000 1600 -
80000 | — o9 1400
— o8 1200
60000 | x=
W R ‘w1DOD B
40000 | BouT
600 |
20000 } ! -
0 * 200 F
0 T T T T T 1
1 100 10000 1E+06 T E T TP
lg (Hs) i Hs

Puc. 1. YactoTHas 3aBECHMOCTb €' [u1sl TBepABIX pacTBOpoB (T1GaSe,); «(TIINS,)sy,
npu x=0; 0,1; 0,2 (a) u npu x=1.0; 0.9; 0.8 (b).
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Puc. 2. YactoTHas 3aBrcuMOCTb € tst TBepAbIX pacTBopoB (T1GaSe;): «(T1INS,)«
(x=0; 0,1; 0,2) (a), (x=1.0; 0.9; 0.8) (b).

Kak BuIHO U3 puC. 2, 1JIs1 BCEX COCTABOB TBEP/BIX PACTBOPOB HA YACTOTHBIX 3aBHCUMOCTSIX
KOMILUICKCHOM JMAJICKTPUYCCKON TPOHUIIAEMOCTH OTCYTCTBYKOT OCOOCHHOCTH, T. €., BO BCEM
U3MEPSEMOM YACTOTHOM JIUAINa30He, TUIICKTPUISCKHUX MOTEPh HE HAOIOIaeTCs.

Judnektpudyeckue morepu coctaBa ¢ x=0.2, TO ecTh, ¢ MaKCUMaIbHBIM 3HAYCHUEM
3aMEIIAIoNIMX aTOMOB, IpaHUYaIleid ¢ 00JaCThI0 PACTBOPUMOCTH, Ha MHHUMAIBHOW YacTOTE
M3MepsieMoro momsi cocrapisier €. C yBeIMYCHHEM 4acTOThl m3MepsieMoro mois o 10° Hz
BEJIMYMHA JHUIJICKTPHYCCKUX NOTeph yMeHbmmaercs 10 3Hauenus €"=100. C yBenumueHuem
YaCcTOThI M3MEPSIEMOTO IOJIsA, Ui BCEX COCTABOB TBEPAOrO PacTBOpPA, M3MepsieMas BEIMYHHA
JMDIICKTPUUECKUX TIOTEPh MPAKTHYSCKH HE MEHSICTCS.

[Toctpoennsie Ha ocHoBe pacyeroB 3aBucumoctu &'( f ), &"( f ), &"( &), puc.1-3
MPEACTABIAIOT COOOW CTENeHHbIe (DYHKIIMM YacTOTHI, IMOATOMY aHAaJHM3 JaHHBIX IapamMeTpoB
MPOBOJWICS HMCXOAS W3 mojoxeHud teopun [lxonmepa [9] 0 HHU3KOYACTOTHON TUCTIEPCHH,
COMJIACHO KOTOPOW OTCYyTCTBHE MaKcMMyma Ha KpuBoi 3aBucumoctu &'( f ) moxer
UHTEPIPETUPOBATHCS ABOSKO.

1. B cucrteme COCYyIIECTBYIOT JIBa HE3aBUCHMBIX NapajUIelIbHBIX Ipolecca, OIUH U3
KOTOPBIX MPE00IIaaeT Ha BBICOKMX YaCTOTaxX Onarofaps OOBIYHOMY JUAJICKTPUUSCKOMY OTKIIUKY
Marepuana, B TO BpeMs KakK JpPyrou, CHIbHO IUCTICPTUPYIOIIUN, NOMHHHPYET Ha HHU3KHX
4acToTax.

2. B mpormeccsl penakcanuy B CHCTEME BHOCHUT CYIISCTBEHHBINM BKIIAJ MPOBOJAMMOCTH Ha
MOCTOSTHHOM TOKE.

Ananmmza 3aBucuMmocTeit ¢'(e’) (puc.3) mokazalm, YTO Yy BCEX COCTAaBOB HMMEETCS
CYIIECTBEHHBIN BKJIAJ[ MPOBOJUMOCTH HAa MOCTOSHHOM TOKE B IPOIECCHI PeaKCcaldd BO BCEM
UCCIICTyeMOM YaCTOTHOM JHAaIa30He.
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Puc. 3. Juarpammer Koyn-Koymna &"(e) mis tBepapix pactBopos (T1GaSe,)1.x(T1INS,)x (x=0; 0,1; 0,2)

3akiiloueHue

W3 mpencTaBieHHBIX PE3yJIbTaTOB CIIEAYET, UYTO PETAKCAIMOHHBIC CBOWCTBA U MMIICIAHC
TBEPJBIX PACTBOPOB HA OCHOBE TAJUIMECBBIX XaJbKOTCHUIOB C OJHOBPEMCHHBIM 3aMeICHUEM
KaTHOHOB M aHMOHOB ¢ 00pa30BaHKUEM TBEPJBIX PACTBOPOB CJIA00 3aBUCHT OT COCTaBA TBEPIAOTO
pactBopa 3amenienus (T1GaSe,)1-x(T1INSy)y.

Jdannasi paGora BbINOJHEeHA NPH (pUHAHCOBBIA nmoanep:xkke ¢ponga Passuruss Haykm
npu [Ipe3unenrte Asepbdaiinkanckoii Pecnyoanku-I'pant Ne EIF-2013-9 (15)-46/03/1.
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Tlin_,Eu,S, BORK MOHLUL KRISTALINDA YUKDASIYICILARIN

SOPILMO MEXANIZMLORI
N.S. Serdarova
Sumgay:t Dovlat Universiteti
naile.545@mail.ru

TlInS,(Tey) tipli birlosmolor tetragonal singoniyada kristallasir vo onlarda iki struktur vahidi
movcuddur.Bu tip birlosmalordo kimyavi cohatco asas struktur vahidi tetraedr hesab edilir vo
yalmz bu tetraedrlor arasinda ikinci vahidin-sokkiztopalinin tiplinin vo yaxud burulmus kubun
formalasmasi bas verir. Istor M-X, istorso do X-X olagolori ion tipo aid olub, bu birlosmolarin
kristallannin foza formalasmasinda holledici rol oynadigi halda, diger struktur vahidindoki
M"' — X olagelori onlarin osas yanmkegirici xassolorini miloyyan edir. Mohz bu sobobdon
baxilan birlosmalardo  kimyavi alagalorin kaskin assimmetrikliyi, kristallik qurulusunda bir sira
xususiyyatlori vo uygun kristallik gofos ¢orgivasindo genis diapazonda kimyovi torkibin
variasiyasinin mimkunliyd, noticads fiziki xassslor toplusunun idars olunmasi maraq kosb edir.
Bu birlogmolor genis praktik totbigo malikdir. Onlar asasinda alinan bork mohlullardan yaxin
infraqirmiz1 sllalanma, rentgen, gamma, neytron sualanmalarinin detektorlari, guines enerji
ceviricilori, termoelementlor, yaddasl ceviricilor vo s. kimi cihazlar islonib hazirlanmasinda
istifado olunur.

Tarkiblorina lantanoidlor daxil olan birlogsma vo bark mohlullar yuksak arimo temperaturu,
boyiuk mexaniki barklik, yuxari temperaturlarda belo 6z yarimkegirici xassalorini saxlamag,

yiiksok termoeffektliys malik olmag kimi xassolors malikdirlor.Ln vo In atomlart TILnX}' vo
THnX}" tipli birlosmolords Ugvalentlidirlor vo onlarin ion radiuslari yaxindir. Ona gora do

TILnX}" tipli birlosmalords indium atomlarini tedricon lantanoid atomlar: ilo avoz etmoklo
yanmkecirici xassolorin daha genis spektrina malik birlosmo vo bork mohlullar almaq
mimkindir. ©dabiyyatda [2] TlHnX,-TILnX, sistemlorinde garsihigh tesire dair bir sira

molumatlar vardwr, lakin onlar Gmumi monzoroni mioyyonlogdirmok, lantanoidlorin 4f —
soviyyoalarinin dolmasi ardicilligit vo bir atomdan digorino kegorkon xassolorin doyismo
xarakterini tohlil etmoak Ugiin kifayot deyildir.
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Isdo THNS,-TIEUS, sistemlorinin birlosma vo bork mohlullar: alinmis, onlarin struktur
formalagsmasinin xususiyyatlorini, elektrik, istilik xassoloarini mioyyanlasdirilmis, onlarda yik vo
istilikdasinma hadisalarinin mexanizmi Oyronilmisdir. Tlin;.xEu,S; bark mohlullarinda yik vo
istilik kecirmo hadisalori, birlogsmalorin termoelektrik xassolori todqiq olunmusdur. TlIn;«xEu,S;
bark moahlullarinin  elektrofiziki  xassalorini  dyronmokds mogsod TIINS,-TIEUS, sistemi
arintilorinin  birlosmo vo bork mohlullarmin elektrik kegiriciliyinin xarakterini vo sopilma
mexanizmini miayyan etmokdon ibaratdir.

Elektrik, magnit saholori, temperatur qradienti vo s. xarici amillor kristalda tarazliq,
hamginin geyri-tarazliq soraitinds yukdastyicilara muoyyan tosir gostorir. Miayyan olunmusdur
ki, kristalda yukdasiyicilarin geyri-tarazliq proseslori gofas rogslori vo mixtalif xarakterli defekt
markazlorinin garsiligh tosir mexanizmindon kaskin asilidir.

Qeyri tarazliq proseslorinin osas xususiyysti ondan ibaratdir ki, onlar ideal kristallarda
elektrik intensivliyi seli uzun muddot saxlanila bilor, basga s6zlo sonsuz kegiricilik yarana bilar.
Bu o demokdir ki, relaksasiya middsti sonsuz boyuk ola bilar. Lakin real kristallarda relaksasiya
muiddoti ¢cox da boyiuk olmur. Bu kristallik qurulusun periodikliyinin tohrif olunmas: ilo
olagodardir. Bu tohriflor mixtalif mangoali ola bilor: atom vo ya ionlarin istilik ragslori, kristalda
ionlasmis vo ya neytral hallarda yerlosmis asqarlar, gofasin mixtolif defektlori (bos duyinlor,
slrismo, dislokasiya, kristallik donociklorin sorhoddi vo s.). Bu manealarin  hor biri
yukdastyicilart 6z avvalki trayektoriyalarindan meyl etdirorok sopir [3] Coxlu sayda bas veran

sopilmo aktlart kristalin miioyyon temperaturuna uygun olarag bitiin sistemi tarazliqg halina
yaxinlasdirir.

Kifayst qodor yiiksok temperaturlarda (KT >>Aw ) atom gofasli yarimkegiricilords yiikda-
styictlarin - sopilmosindo  osas rolu uzununa akustik fononlar oynayir. on qofasli
yarnmkeciricilordo elektronlarin optik fononlarla garsiliglt tesiri, onlarin akustik fononlarla
garsiligh tasirindan ¢ox guclu olur.

Elektronlarin optik fononlardan sopilmosi iki intervala bolinir. Asagir temperaturlarda
(hw,>>KT) (w,- optik fononlarin maksimal tezliyidir) T- relaksasiya muddati €- enerjidon

asili deyil vo r :% olur. Yiksok temperaturlarda, yoni 7w, <<kT olduqda, r=1 olur.

Asag1 temperatur oblastinda akustik, eloca da optik fononlar zaif hayacanlanirlar. Bu halda
elektronlann sopilmosi ionlasmis asqarlardan bas verir. (r=2). Cox-cox kigik temperaturlarda,
holo asqgarlar ionlagmis olduqda, elektronlarin neytral atomlardan sopilmasi asas rol oynayir. Bu

halda da 7 - relaksasiya middoti € -enerjidon asili olur vo r :% olur. Yikdasiyicilarin mixtolif

sopilma mexanizmlarinin birgs tasirindo relaksasiya middatinin (t) ylkin enerjisindon (¢)
asililig1 ¢cox miroakkab olur va bu asililigin nazari tahlili mioayyan ¢atinliklorlo baglhdir.

Todgig olunan ucqat birlosmolor genis zonali yarimkegiricilor sinfino aid edilir. Bu
birlosmolordo yiikdasiyicilarin konsentrasiyas: ~10"sm~tortibindo oldugundan onlar  {giin
dispersiya qanununu kvadratik hesab etmok olar. Qeyd edok ki, oksor hallarda Holl yurukliy
dreyf yurtkliyt ilo tst-Usto diistir vo eyni fiziki mahiyyot dasiyir. isdo R (Holl amsah) vo o
(elektrik kegiriciliyi)-nin qiymotino osason, dreyf ydrikliyunin hesablamag mimkin olan
hallara baxilmigdir. Qeyd edak ki, bu ancaq o zaman mimkindir ki, keciricilikdo yalniz bir nov

yukdasiyicilar istirak etsin. Bu halda ogor elektron gaz: cirlasmig olarsa, R:i Vo ya R,
en
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u—>>1, R, =— sortini 6dayan guclli magnit sahassino asasen Olcllir. Lakin bu iki sort
en

C
A
en’

Bir tip yukdasiyict olan yarimkegiricilorin elektrik xassolorinin xususiyystlorindon biri
ondan ibaratdir ki, temperaturun artmas: ilo Holl amsali (R) artir, bu iss uygun sokildo digor
kinetik omsallara tosir edir. Lakin R (T) temperatur gedisinin xarici goéruniisiiniin oxsarligina
baxmayaraq bu hadisonin fiziki tobioti asqar zonadan olan kegidlorls, gadagan olunmus zonada
yerloson asgar zonalardan olan kegidlorlo,elektron gazmin cirlasmasinin yox olmasi ils, kegirici
zonanmn dibindan nisbaton yuxanda vo ya valent zonanin tavanindan nisboton asagida yerloson
daha agir zonanin tasirilo ionlagmig atomlardan olan sopilma ilo, ylikdasiyicilarin dispersiyasinin
geyri-kvadratik ganunu ilo slagadar ola bilor.

TlIin14xEuS; torkibli bark mohlullarin elektrik kegiriciliyi sirf yarimkecirici xaraktero
malikdir. Kegiriciliyin Igo = f(103/T) asilihiglarindan muoyyan olunmusdur ki, ~600-670K
temperaturda asgar saviyyslardon olan kecidlor «tiikanir» vo maxsusi kegiricilik oblasti baslayir.

Holl omsalinin temperatur asililigindan molum olur ki, bu asililiq elektrik kegiriciliyinin
temperatur asilibigi ilo yaxsi uygunlug toskil edir, belo ki, otag temperaturundan ~500K
temperaturadok sorbast ylikdasiyicilarin konsentrasiyas: doyismoz galir vo yuksok temperatur

6donmirso, onda R = u= % ifadalorindon istifado etmok olar.
r

3
oblastindaki Ig RTA = f(%) asihiliginin (sokil 2) meylina gora hesablanmis gadagan olunmus

zonalarin eni bir-birilo ~0,03eV doqiqliyi ilo Ust-lista dusr.

Holl ylrtkliyunun temperatur asililigina osason demok olar ki, ylkdasiyicilar asason
akustik fononlardan sapilirlor. Yiiriklilyiin temperatur asililizi z ~ T¥? ganunu ils dayisir, bu iso
uzundalgal: akustik fononlardan sopilmays uygun golir. Todgig olunan niimunslords 300-650K
temperatur intervalinda termo-e.h.q. temperaturun artmast ilo oavvalco mitlog giymatcs artir vo
maksimuma cataraq, temperaturun sonraki artmas: ilo azalir. Bu azalma moxsusi kegiricilik
oblastinin baglanmasi ilo izah olunur.

Tlin_ Eu,S, bork mohlullarmin elektrik kegiriciliyinin Inc =f(10%T) asililigindan

muayyon olunmusdur ki, ~610-650K temperatur intervalinda elektrik keciriciliyi artir, sonra
azalir vo 6zUnln minimum giymatino catdiqdan sonra kaskin artir. Axirinci eksponensial artim
moxsusi kegiricilik oblastinin baglanmast il alagadardr.

Fikrimizca, bunu onunla izah etmok olar ki, avvalco ~600K-dok kegidlor gadagan olunmus
zonada yerloson asqar Soviyyolordon bas verir vo naticodo bu soviyyslordon olan kecidlor
«tlkonir». Yenidon kegidlorin bas vermosi (g¢lin daha boyuk enerji tolob olunur, basga sozlo
gadagan olunmus zonanin enino borabar vo ondan boyik enerji oldo etmok Uglin temperatur
nisbaton artmalidir. Mohz bu temperatur intervalinda kegiricilik azalir vo lazim olan enerji barpa
olandan sonra moxsusi kegiricilik oblasti baslayir.

Holl omsalinin temperatur asililigindan gortndr ki, R-in artmasi ~500K-don baslayir.
indium atomlarin1 yevropium atomlar: ilo ovoz etdikdo Holl omsalmin artmas: daha yiiksok
temperatur oblastina dogru surlstr. Bitin hallarda R-in artmasi mioyyan temperatura godor
davam edir, sonra isa kaskin azalma miusahido edilir. Basga sozlo R maksimumdan kegir vo
torkibdo yevropiumun nisbi miqdar: artdigca R-in maksimumu yiiksak temperatur oblastina
dogru strlsar.

Tadqig olunan niimunalords misahido olunan geyri adi effektlor muxtalif sabablorls izah
oluna bilor. Bu va ya digor modelin mimkanlaytnin tohlili gostorir ki, bu halda kegiricilik
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gadagan olunmus zonalarda olan asqar saviyyslordon olan kegidlorlo slagadardir. Holl amsalinin
(R) maksimumdan ke¢gmo mexanizmini iss valent zonanin tavanindan AE, energetik mosafado
yerlogon akseptor soviyyslor moxsusi yikdasiyicilar gtin “tole” rolunu oynayir vo Fermi
saviyyalorinin bu zonaya daxil oldugu temperatur intervalinda onlarin “tutulmasi» prosesi bas
verir. Bu saviyyalorin kifayat godor boyik konsentrasiyalarinda asgar zonalar meydana ¢ixir vo
keciricilik mohz bu zonalardan hayata kegcirilir. Bu zaman konsentrasiyanin azalmasi bas verir vo
naticodo Holl amsalinin artmasina gotirib ¢ixarir. Temperaturun sonraki artmasinda iso asgar

soviyyalarin dolmas: bas verir vo kT>¢, sorti 6dandikda bu soviyyslardan kegirici zonaya

elektronlarin bura xilmas: baslayir. Bu da 6z ndvbosindo yiikdasiyicilarin konsentrasiyasinin
artmasina, yani keciriciliyin artmasina, Holl amsalinin azalmasina sabab 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) = <[P ("]} L)

where P 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:

n(r) = n, [l + iqi_ g AT-F (2)

where Er is Fermi energy at OK, q is charge of ion frame, n 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 4 _z, 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]:
A p=—2£ (3)

Fermi energy E; = Vi (S:r:nc_):"s in the case of Fermi spherical surface as is takes place in
the alkali metal, then after simple transformations we have from (3):

Ar—p™ I I (4)

where 2 is electron effective mass in metal. If we neglect the weak temperature dependence #z*
and take under consideration that n.=const in metals, then from (4) we can conclude on
temperature independence of Thomas-Fermi screening radius. 4 _- 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 1, 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:

(%) (372n,)5 -0 5)

w8/

ol |

He ™

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 7<30K. Thats why 7, is also constant value for the given metal in the given temperature

region.
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Taking under consideration that in SGS system ¢ = 9 - 10**p~* from (5) we obtain:

s = 34,43 - 104 (E\]: . v.:: z

o) ©)
We can write through Fermi energy:
n, &2 (Z2) . 10nE x 14221035 @)

where in (6) and (7) p-is specific resistance in molten metals, E- is Fermi energy in erg. The

values 7. 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 7, 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 1, _, ¥ —2 (2,=0,529-10™"% m-is radius of first Bohr orbit). Then

iy

after simple transformations from (6) we obtain:

n. ¥ 6171071 (22} 32 (8)

L=

where n, 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 (#.), calculated by the formula
Metals Er, eV Ne-10% piig-10° 14103 n.-10* Ap_p10°,
[1] s> [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 3,71 743
Rb 1,85 1,15 22,5 6,60 1,87 7,68
Cs 1,58 091 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 9SASLI AMORF MAQNITYUMSAQ BRINTILORIN

MAQNIT XASSOLORINO XARICi AMILLORIN TOSIRI
T.M. Panahov, 1.V. Musazado

Azarbaycan Memarl:q va Insaat Universiteti
“Metal va arintilor fizikas:” ETL-s:

m.ihesen1959@mail.ru

Termik vo TME-la amorf kristallik arintilordon boyuk magnit xassali material almaq olar. Bu
maQsadlo domir asasl: Fe-Si-B oarintisinin magnit xassalorino xarici magnit sahasinin, soyumann,
garilmanin tasirlori tadgiq edilmigdir.

Amorf nanokristallik arintilor genis perspektivi olan materiallardir. Onlar bir torofdon geyri
adi fiziki xassolori, digor torofdon praktik totbiq imkanlarinin genisliyi ilo diggoti calb edir. Bu
maddalorin magnit xassalori onlarin struktur xassalori vo kimyavi tarkibi ilo six olagalidir. Xarici
tosirlordan, termomaqnit vo termoemaldan sonra bu maddalor boyiik praktik shamiyyati olan yeni
xassalor gazanir. Bu tosirlor yeni fiziki hadisslorin yaranmasina, anizotroplugun xarakterinin vo
histerezis ilgayinin dayismasina sabab olur. Magnitlonmosi, magnit kristallik anizotroplugu sifir
olan secilmis torkibli amorf arintidon yiiksok magnit xassoloro malik magnit material almaq olur.

Domir osaslhi amorf magnityumsaqg orintilorin magnit xassalori Fe-Si-B torkibdo todqiq
edilmigdir. Bu torkibdo orintiloro magnit vo termomagnit emali totbiq etmoklo, magnit
striksiyasinin  vo induksiyasinin anizotroplugunu nozoros almaqgla yiksok hoddo magnit
xarakteristikali material almagq mimkindur. Bu orintilor boyik magnit striksiyasina malikdir,
yenidon magnitlonmo mirokkob mexanizm toskil edir vo onun xassalorinin xarici tosirlordon
asililiglarini hortorofli aragdirmag tolob edir.

Fe-osasli Fe-Si-B torkibli arintilor Gizorindo muxtslif temperaturlarda, mixtalif intensivlikli
vo tezlikli magnit sahalarindo tacriibalor apariimisdir. Soyumanin va elastiki gorilmonin magnit
materialinin magnit xassalorina tosirlori todqiq edilmisdir.

Sokil 1-do TME-dan sonra doayison magnit sahalorinds statik histerezis ilgayinin grafiki
verilmisdir. TME zaman: magnit sahasinin intensivliyi artdiqda igoyin gahq induksiyas: boyuyir.
Bu orintido doyison magnit sahasindo TME da biristigamatli tosir var vo emal prosesindo
koersitiv quvvanin azalmas: bas verir.

B,

30 HA/

Sak.1. Fe-Si-B niimunasinin TME-dan sonra 25A/m(1) vo 1500A/m(2)
dayison magnit saholarinds histerezis syrilari
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Magqnit induksiyasmin artmasi ilo TME-in effektivliyi artir. Magnit sahosindo TME zamani
magnit sahasinin tasiri istigamotindo magnitlonma gedir. Magnit sahasinin tosiri istigamotinds
magnit anizotropiyasinin dispersiyasinin azalmasi prosesi gedir. Domen qurlusu stabillosir.
Magnitlonmanin geyri-bircinsliyi TME zamani saho istigamatinds istigamatlonir vo bu naticado
histerezis ilgoyinin galiq induksiyasinin artmasina sabab olur.

TME-dan sonra arintinin magnit xassalorina magnit sahasinds soyumanin stirati gicli tasir
gOstorir.  TME-dan sonra magnit parametrlorinin todgiqi zamanm soyutmanin  muxtolif
stiratlorindo, magnit sahosindo aparilan todgiqgatlar gostorir ki, saatda 200C° yavas soyutmada
materialin magnit xassoalori yiksalir. Magnit sahasinds soyutmanin surati artdiqda statik magnit
xassolorino tosiri azalir. Magnit sahasindo aparilan todgigatlarda magnit itkisinin soyumadan
mixtolif clr asililiglari misahido olunur. Yiksok tezliklordo on boyik magnit itkisi nisbaton
siiratli soyumada (daqigedo100 C°), alcaq tezliklordo soyumanin asagi siirotlorinds (saatda
200C°% musahids olunur.

Bm,

Sak. 2. Fe-Si-B arinti lentinin dayison magnit sahasinds magnit itkisinin
magnit induksiyasinda asilihigi.1-baslangic halda, 3-tabalmadan sonra,
2,4-homginin goarginlik altinda

Lent niimunasini dartilmis gorginlikdo maqgnit sahosindo yerlosdirdikdo magnit itkisinin
mioyyan dorocodo azalmasi misahido olunur. ©n cox itki nimunanin gorilmomis halinda
misahido olunur (Sok. 2). Numunayas daxili gorginlik verdikds magnit sahalorinin on boyuk lokal
paylanmas: bas verir vo bOyik maqgnit striksiyas: yaranir. Goarginlik dartilma istigamotinds
magnit striksiyasini yuksaldir. Naticads itki azalir. Tabalma zamani daxili gorginliyi logv etdikds
magnit anizotroplugu yenidon magnit itkisinin azalmasina sobob olur. Tabalmadan sonra
koersitiv quvvanin azalmas: muisahids olunur.

Hal-hazirda amorf qurluslu metallik arintilorin xassolorino aid coxlu sayda elmi todgigat
islori aparilmigdir. Buna baxmayaraq onlarin xassolari ilo slagodar ¢ox sayda problemlar hall
olunmamig galir. Amorf magnit metallik arintilorin xassalorinin dyronilmoasi muasir fizikanin an
muhdm istigamatlorindan biridir.
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OCOBEHHOCTH 30HA-30HHOI ®OTOJTIOMWHECHEHIIAU B
MOHOKPUCTAJIAX p-Cdo,?_gHgoj?_Te
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OKcnepumenmanbHo  UCCie008anbl  OCODEHHOCMU — 30HA-30HHOU  (POMONIOMUHECYEHYUU 8
monoxpucmannax P-CdHg14Te ¢ npameimu onmuueckumu nepexooamu 6 ckpewennvix E u H nonsx.
Ioxkazano, umo nepenoc pomonocumeneii noo oevicmgeuem cunvl Jlopenya nonepex obpasya npusooum x
60320pAHUIO  NIOMUHeCyeHyuu ¢ dmou epanu. HMccrnedosanvl cmayuoHapHvle U HeCMayuoHapHvle
xapaxmepucmuku maxot omomomunecyenyuu na npumepe P-CdyrgHgo72Te. Onucan noswlii memoo
usMepeHUs NOOSUNCHOCIU HeOCHO8HbIX Hocumenel 3apada. O6cyxicoalomes nepcnekmugsl OalbHeuux
uccnedosanuil.

B pab6orax [1, 2, 3] NOCBAMICHHBIX U3YYCHUIO (DOTOFOMUHECIICHIIUU MOJTYITPOBOTHIKOB B
ckpemienHeix E u H monsix, mokazaHo, 4To TpaHcopmanus npoduisi HNpOCTPAHCTBEHHOTO
pacrpenesieHus HepaBHOBECHBIX HocuTenei 3apsna (HH3) mon neiictBuem cuibl JlopeHna naer
BO3MOYKHOCTh CYIIECTBEHHBIM OOpPa30M YIPABISITh BEJIMYMHON BHEIIHETO KBAHTOBOTO BBIXOJA
JIOMHUHECHEHIINH U €€ CIIEKTPOM BCJIEJICTBUE U3MEHEHUS ONTHYECKOT0 X0/a JIydeil B KpUCTaJUIE.
Takoif cnoco0 yMeHBIICHHS TOTeph Ha CaMOIOTrJomieHue myTeMm Jokanu3zanuu HH3 y
OCBEI[aeMOI TPaHU 0OCOOCHHO MHTEPECEH MPH UCCIEAOBAHUU CIIA0BIX CUTHAIOB JTIOMHUHECEHITUH,
CpPaBHUMBIX C ypoBHeMm mmymoB. B [1,2,3] wuccienoBaHusi MPOBOIMINCH TMPH JIOKATH3ANUU
doTtoHOCHTENEH BONMM3M OCBENIAEMOM TpaHW, T.€. HUCHOIB30BaICAd (POHTAIBHBIA METO
HaOIFOACHUS (POTOTFOMUHECIICHITNH.

B nmanHo# paborte obcyxmaetcs aperidoBerii “neperoc uznydenus” B CdozsHgo72Te. On
ocymectBisieTcs, koraa, HH3, Bo3Hukaromue y ocBerniaeMoit rpanu, apeiyroT Mo AeiCTBUEM
cubl JlopeHIia uepe3 KpUCTal M peKOMOWHUPYIOT C M3TydeHueM BOJIM3H, ThUTbHOM rpanu. Ecmun
BpeMsI TIEpeHOCca dIIEKTPOHHO-ABIPOYHBIX Tap MEHBIIIE UX BPEMEHU KU3HU, APei(OBBIIA TepeHOC
MO3BOJISIET HCCIIEIOBATh OCOOEHHOCTH 30HA-30HHOM JIOMHHECUEHIIMM METOJOM ‘‘Ha MPOCBET”
Jaxe B T€X KpHCTaJUIaxX, TONIMHA KOTOPHIX HEMHOTO MPEBBIIIaeT OUMONsIpHYIO 1u(y3nOHHYIO
JUITMHY U TITyOWHY MTPOHUKHOBEHHS BO30Y>KIAIOMIETO U3TyUSHHS .

PaccmatpuBaemMbiii 2QdexT oTIMUaeTCs OT XOPOIIO HM3BECTHOrO (POTOHHOTO IEpeHoca
HH3, o00ycioBieHHOTO MHOTOKPAaTHBIM TEPEU3NIyYeHHEM IMOTJOUMICHHOTO KBaHTa B
MOJIYTIPOBOJAHUKAX C BBICOKMM KBAHTOBBIM BBIXOAOM. B oTimume or mocneanero apeidoBoit
“mepeHoc M3NMy4eHUs’ OCYIIECTBISIETCS B MPOIECCE OJHOTO aKTa TOTJIOMIEHUE — H3IIydeHHUE
CBETOBOTO KBAaHTAa M TO3TOMY MOXKET HAOJIOAAThCA AaKe B TMOIYNPOBOJHUKAX M HU3KUM
KBaHTOBBIM BBIXOJIOM M3JIy4aTeIbHONH pEKOMOUHAIINY.

N3amepenns mpoBoammuck npuT=80K Ha oOpasmax p-CdozsHgo72Te ¢ koHneHTpamuei
HEKOMITUCHPOBAHHBIX JTOHOPOB Ng — Na = 2:10? cv®. Tomuuua 00pasIoB cocTasisia 1,0-10%
cM. [IpoTHBONIONIOXKHBIE TPAaHM MOHOKpUCTAIUTBI TpaBwinch B CP-4 s noctukenus manoi
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CKOPOCTH TIOBEPXHOCTHOM pekoMOMHAIMU. blIoK-cxemMa H3MepUTENbHON yCTaHOBKH MOKa3aHa Ha
puc.l,a. B kadecTBe HCTOYHHMKA BO30YXICHUS HCIIOJIB30BaJCs ra3oBbld nazep JII-74. [lnsa
peaNM3anuy CTAlMOHAPHOTO BO30YKICHUS (DOTOMIOMHHECLEHIIMH J1a3ep padoTall B pEKUME
CcBOOOHOW TeHepanuu. [Ipu HecTalMoOHApPHOM BO30YKICHUU MOIYJISAINS JOOPOTHOCTH Jlazepa
OCYIIECTBISIIACH ITyTEM BBEICHHS U PE30HATOP 3aTBOpa Ha kpacutene. (Ly,=251c¢).

CurHan  (GOTOJIOMHHECUCHIIMM  pPErucTpupoBalics  ¢otoconpoTuBicHuemM Ge<Au>,
OXJIQX/ICHHBIM JI0 TEMIIEpPaTypbl KUIKOIO a30Ta, YCHWIMBAJICA U MOCTyHal Ha 3alOMUHAIOLIUN
ocuusuiorpad.

DOoTONPUEMHUK HMMEJI OKHO W3 TepMaHus M (QWIbTpa, KOTOPBIA YCTAaHOBWICS TIPH
W3MEPCHHH CUTHaMa (DOTOJIOMHHECIICHIIMKM JUIA  (DUIbTpAaIllid  PACCESTHHOTO  JIa3ePHOTO
U3aydeHus. MakcUMyM CHUTHaja JIa3epHOTO HMITYJIhCa CIY)KHJI HAdalloM OTCYeTa BPEMEHH
3aJICPKKH CUTHAIA (DOTOJTFOMHUHECIICHIIAH .

Ha pwuc.l mpencraBiaeHbI 1OJIEBBIE 3aBHCHMOCTH CTAIIMOHAPHOW (HOTOTIOMHHECIICHIINH
Cdo2sHgo,72Te, Habmo1aeMOl CO CTOPOHBI HEOCBEPIIIAEMO# IPaHHU.

10

P, otmen

Pmax, ora.ex.
"
T

| | |
10 30 50

E.B/cm E,Bi/en
Pucl. IToneBbie 3aBUCHMOCTH HHTEHCUBHOCTH Puc 2. ITonepast 3aBHCHMOCTh MHTEHCHBHOCTH
CTallMOHAPHOHN (OTOMOMUHECHEHIINN - W3Ty4YEHUs] B MAKCUMyME CUTHAJIa HeCTallH-
Ha0JII0JaeMOM CO CTOPOHBI HEOCBEIICHHOM IpaHn oHapHoi#t poromomunecuentmn (H=0,6 k)

H,k2:1-0,5; 2-1; 3-1,5; 4-ypoBeHb 1I1yMOB.
a) cxema 3KcrepuMenTa; 1-masep, 2-o6paser,
3-¢unbTp, 4-NpUEMHHK.

B otcyrcTBue nonepeunoro apetida nHocuteneit (E=0) MHTEHCHBHOCTD JIIOMUHECIICHIINN HE
IpeBBIIIAeT YpoBHS IIyMOB (hoTompuemHrka. CHIBHO TMOTJIONAEMOE M3IyYeHHE 30Ha-30HHOU
JIOMUHECICHIIMA UAYyIIee B TIIYOMHY KpUCTaUla W3 OCBEIIaeMOW 00JacTH, MPaKTHYECKU
MOJIHOCTBIO 3aTyXaeT B 00bEME KpUCTAILIA.

[To mepe yBenmuenust ynpasisitonux E u H noneit npoucxoaut nHakorienne HH3 BOmm3un
3aHell TpaHU W HaONIONAeTCs POCT MHTCHCHUBHOCTH JIIOMHUHEecHeHuuu. M3 puc.l BuaHO, 4TO
MaKCUMaJbHbI CUTHAJl JIIOMUHECHEHIMM B HAIIEM CJIy4yae BO3pOC Ha MOPSAAOK. ITO
OOCTOSAITEIILCTBO SIBJIICTCSI HEMAJOBAKHBIM TIPU  HCCJICIOBAaHMHM CHUTHAJIA JTIOMUHECIICHIUH,
CPaBHUMOTO C YPOBHEM IIIyMa.

[ToneBast 3aBUCUMOCTb CUTHAJA JIIOMUHECIICHIIMY TTOKa3aHa Ha puc 2. Korna ynpasistoniue
MOJII MaJibl, HTHTEHCUBHOCTh PEKOMOMHAIIMOHHOTO HM3JIy4EHHUS! TaK)K€ HEBEJHKA, MOCKOJBKY 3a
OTHOCHUTENIFHO OO0JBIIIOE BpeMs MepeHoca mpouecchl Audy3un u peKOMOWHAIIMN TPUBOIAT K
CYIIECTBEHHOMY pa3MbITHIO MakeTa W YyMEHbIIEHHIO B HeM KoHueHTpauuun HH3. Ilpu
YBEJIMUEHHUH TI0JIeH MaKeT HOCUTENIeH MEepeHOCUTCs K 3aaHell rpaHu cinabo 1edOopMUPOBAHHBIM,
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YHCII0O HOCUTENICH HE YCTeBaeT 3aMETHO YMEHBIIUTCS W HMHTEHCUBHOCTH JIOMHUHECICHIIUU
BO3pacTaer.

W3mepsis  moneBass 3aBUCUMOCTh BpPEMEHHM 3aJIep)KKM CHUTHAJIAa  HECTAI[MOHAPHOM
(OTOIOMUHECIICHIIMU MOYKHO OIPENEIUTh TOJBMKHOCTh HEOCHOBHBIX HOCHTENCH 3apsaa (B
JAHHOM CJIy4ae JBIPOK), TaK KaK MOJBMKHOCTh OCHOBHBIX OOBIYHO W3BECTHA WU JICTKO MOXKET
OBITh OMNpeJesieHa CTaHAAPTHBIM METOAOM. lIpensiokeHHbIH Croco0 MpencTaBiIsieT co0oil Mo
cyru merton XeiHca-lllokmu [5] B xoTopom TsaHymmM moneMm siBisercs cuna Jlopenma [4].
OO0paboTka pe3yabTaTOB Jaja BO3MOXHOCTh OTPEACIUTh 3HAUYEHUE MOJBHUKHOCTH AbIpoK. [Ipu
80 K pn=1,5-10°cm*/B-c [6]. [loaydeHHble U3 pacdyera 3HAYCHHE |,Lp=2,2-103 cM?/B-¢ xopomo
COTJIaCyeTCs C IMTepaTypHbIMU JaHHbIMH [6, 7].

B 3axmoueHue ciemyer OTMETUTbh, YTO, PACCMOTPEHHBIM MEXaHU3M “‘TIepeHOe M3ITy4eHUs
B p-Cdo28Hgo 72TeMoxkeT OBITh MEPCIEKTUBECH ISl CO3aHMs TBEPAOTEIbHBIX Mpeodpa3oBarelieit
W3ITyYeHUs], TO3BOJMIOMIUX HM3MEHITh YacTOTy H3IIyYEHUS U OJHOBPEMEHHO MOIYIHPOBATH
AMILTATYy BEIXOJTHOTO CHT'HAJIA C TIOMOIIBIO BHEITHUX TTOJICH.
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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 q=-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 11I-111-V1; 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 (GasSe) 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 TlInS,, 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 T1InS; have been

-Sulphur
& -Indium
-Thallium

studied [4] Fig.1 Cell structure of THInS;
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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%6p"), 3 for In (5s°5p) and 6 for S (3s?3p”). 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/A® 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 TIInS; 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 DiISCUSSION

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(raq) = Etot(rﬁ'-q) — Ewt(T1INS;) + uat q(EF + Evewm) @)

whereEtot(L'?f) is the total energy of a supercell containing the vacancy of atom (a=Tl, In, S)in the
charge state q, Ewt(T1InSy) is the total energy of a TIInS; perfect crystal in the same supercell and
la 1S the a-atoms chemical potential. First to determine the chemical potentials of atoms asE:
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(TI |n82)-[Etot(T|)+Etot( | n)+2 Etot(s)]: Hf(TI |n82) (2)
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Where Hy(T1InSy)is the enthalpy of formation of bulk T1InS; negative for a stable compound.

The calculated enthalpy of formation of TlInS; isH{(T1InS;)=—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;

WFLIE =BTl In, S)+HY(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 q' are equal. £(g/q’) can be obtained from;

&(0/q) = [E'(Vq;Er= 0) — E'(Vq';E= 0)]/(q' — ) 4)

whereE(Vqg;Er= 0) is the formation energy of the defect Vin the charge state q 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 TIInS,. 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 g(-1/-2). The g=-1 state is more stable when Eg<g(-1/-2), and the q=-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 bye(0/-2) for S rich condition, where Eg<e(0/-2)
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corresponds to more stable q=0 state and the g=-2 is favorable when Eg>¢(0/-2). Transition
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 q=-1 state is more
stable when Eg<¢(-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 q=-1 charge
state.
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TIFeS, VO TIFeSe, BIRLOSMOLORININ RENTGENOQRAFIK
VO DIFERENSIAL-TERMIK ANALIiZLORI
E.B. @sgarov'?, C.I. ismayilov®, R.N. Mehdiyeva®,
S.H. Cabarov®, M.N. Mirzayev?, E.M. Karimova®

Birlagmis Niiva Tadgigatlar Znstitutu ,Joliot Kuri 141980 Dubna, Rusiya
2Milli Niva Tadgigatlar: Markazi, *Abdullayev adina Fizika Znstitutu, AMEA
*Radiyasiya Problemlori Jstitutu, AMEA

Toqdim olunan isdo TIFeS, va TIFeSe, nimunalarinin rentgenografik vo diferensial-termik
analizlori apariimzsdir. Rentgenografik analizlor géstorir ki, normal saraitda bu birlagmalorin strukturlar:
monoklin simmetriyaya malik C2/m faza qrupuna malikdir. Diferensial-termik analiz metodu ilo TIFeS; va
TIFeSe, kristallar: 20+650 °C temperatur intervallarinda todqiq edilmisdur. TIFeS, kristalindan fargli
olaraq TIFeSe, kristal:nda miisahida olunan effektin temperaturun yiiksak qiymatina dogru siirlismasi bu
kristallda kovalent rabitonin daha ustlinlik tagkil etmasi ila izah olunur.

Kondenss olunmus hal fizikasinin vo materialsuinashigin miasir inkisafi yeni funksionla
materiallarin axtarisina zomin yaradir. Yarimkegirici vo kvant elektronikasinin osas nailiyyatlori,
nanotexnologiya, optoelektronika, hesablama texnikasi, avtomatlasdirma, rabits, idaroetmo
vosaitlori vo digor istigamotlorin  tokminlogsmosinin osasini togkil edon mduasir mirokkab
yanimkecirici materiallarin axtarist vo otrafli tadqiqi ilo baghdir. Yarimkegirici kristallar arasinda
xususi yeri fiziki xassolorinin mixtolif kristallografik istigamatlordo glcli anizotroplugu ilo
secilon layli vo zoncirvari quruluslu yarimkegiricilor tutur. Belo kristal maddslorin tipik
niimayondslarindan biri do TIMeX; tmumi formuluna (Me-3d metal, X = S, Se, Te) daxil olan
unikal xassoli TIFeS, vo TIFeSe; torkibli yarimkegirici birlosmolordir. Aparilan todgigatlarin
naticalori gostorir ki, belo layli vo zoncirvart qurulusli kristallar fotoelekrik ceviricilorin, spektr
analizatorlarmin, rentgendetektorlarin  vo tenzorezistorlarin hazirlanmasinda perspektivli
materiallar hesab olunurlar. TIMeX; tmumi formullu birlosmalar kigikdlctlu quruluslar ilo layh-
zancirvar olmagla, torkibina daxil olan 3d metalindan asili olaraq antiferro-, ferro- vo ferrimagnit
xasso nimayis etdirirlor [1-5].

TIFeS, vo TIFeSe, birlogsmalorinin magnit xassoalorino naticalorin analizi onun Neel
temperaturlu, kvazibirdlgilu antiferromagnit xasssli oldugunu s@ylomoya imkan verir [6, 7].
Neyron diffraksiyasi metodu ilo, asagi temperaturlar oblasti genis todqigq edilmis, kristal vo
magnit quruluslart mioyyan edilmisdir. Yuksok tozyiglordo aparilan todqigatlar gostorir ki, 5
GPa-a godor magnit faza misahids edilmir [8].

Bu birlogsmoalor markazinds Fe ionu, topalorinds isa S(Se) ionlart yerlogmis tetraedrlorin
(FeS4(Ses)) zoncirvari duzultstndon ibarat monoklin qurulusa malikdirlor, TI ionlart iso kristal
qurulusun prizmatik bosluglarinda yerlosmisdir. Bu tetraedrlor Xotti zoncir omolo gotirorak
kristalin ¢ oxuna paralel yerlosirlor, domir ionlart arasinda mubadilo qarsiligh slags kristalin a
oxu istigamatindadir. ©gar iki magnit ionu biri-birindon iki anionla ayrilirsa, belo garsiligl tasirin
enerjisi kation-anion-kation garsiligli tasirin enerjisindan tartibco kigik olmalidir. Bu halda — Fe —
S - Tl - S — Fe — zoncirinds mubadilo enerjisi, tetraedrlordan ibarst zoncir boyunca yerlogon — Fe
— S — Fe — garsihigh tosir enetjisindan iki tortib kigikdir [9, 10].

Baxmayaraq ki, TIFeS; vo TIFeSe; birlogsmalarinin struktur xassslori asagi tmperaturlarda
va yuksak tazyiglords kifayat godor todqiq edilmisdir, yliksok temperaturlar oblastinda struktur vo
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termik xassolorin todgigatina ehtiyac vardir. Togdim olunan isdo TIFeS, vo TIFeSe;
nimunalarinin rentgenografik vo diferensial-termik analizlori aparilmigdir.

TIFeS, vo TIFeSe, torkibli toz halinda polikristal nlimunalori standart metodla sintez
edilmisdir [5]. Rentgenoqrafik analizlor gostorir ki, normal soraitdo bu birlosmoalorin strukturlar
monoklin simmetriyaya malik C2/m foza grupuna malikdir. Qofas parametrlorinin giymatlori:
TIFeS; iigiin a = 11.646(1) A, b =5.308(2) A, ¢ =6.831(3) A, = 116.7°, Z = 4, V = 377.14(6)
A% TIFeSe, liclin a = 11.998(1) A; b = 5.498(9) A; ¢ = 7.108(8) A, p = 118.2° , Z =4,V =
413,22(6) A2,

Diferensial-termik analiz metodu [11] ilo TIFeS; kristalinin tocriibadon muoayyan olunmus
kiitlosi 20+650 °C temperatur intervalinda tadgiq edilmisdur. ilkin morhslodo kiitlo doyismosi 65
°C kimi stabil, 65-190 °C intervalinda azalma, 200+350 °C intervalinda artma vo 350 °C-don
sonra iss statsionar olaragq azalma musahids olunur. Temperatur forqi 46 °C, morkazi piki 239.46
°C, sahasi 1748.603 mJ vo entolpiyas: 25.14 J/q olan effektds enerji mibadilosin toyin etmok
Uclin spektrin zaman goOro diferensialindan alinan diferensial-temik analiz oayrisindo enerji
mubadilosini tasdiq edir. Temperaturun 460 °C, 530 °C vo 570 °C giymatlorinds diferensial-temik
analiz ayrisinds spektrinds olan kigik enerji doyismalori musahids olunur.

TIFeSe; kristalinin tocriibadon miayyan olunmus kutlosi 20-650 °C temperatur intervalinda
todqiq edilmisdir. Kutlo doyismasi 225 °C kimi stabil, 225-445 °C intervalinda artma vo 445 °C-
don sonra iso statsionar olaraq azalma musahido olunur. Umumilikdo morkoazi piki 307.80 °C
olan effektlo izah etmok olar. TIFeS, kristalindan forgli olaraq TIFeSe, kristalinda misahido
olunan effektin temperaturun yiiksok giymotino dogru stiriismasi bu kristallda kovalent rabitonin
daha ustunlik toskil etmosi ilo izah olunur. Temperatur forgi 33 °C, morkazi piki 307.80 °C,
sahasi 991.209 mJ vo entolpiyas: 15.94 J/q olan effektds enerji mubadilosin toyin etmok dgin
spektrin zaman goro diferensialindan alinan diferensial-temik analiz oyrisindo enerji
miibadilosinin tosdiq edir. Temperaturun 500 °C giymstindo diferensial-temik analiz ayrisindo do
kicik enerji doyismalori musahids olunur.
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YACTOTHASA 3ABUCUMOCTbD COIMPOTUBJIEHUS HEOJIUTA
B.!. Opoyx, I'.M. BﬁBasosa*, H.H. JIleBeneBa
HUU Dusuueckux npobaem, bBI'Y
" Hano Leump, BI'Y

H3yuenvr uacmommuvie 3a8UCUMOCTNU CONPOMUBTEHUS] YEOTUMA COOePICAUe20 UOHbI KATbYUs U
yeonuma cooepoicaweco UOHbl cepebpa. Ycmanoeneno paziuyue MexauusMa ux COnpomueneHus.
Ilpeonooicena modenv Habriodaemozo s6neHuUs. Oma MoOelb NPOOEMOHCMPUPOBANLA YMeHblUeHUe
CONPOMUBLEHUS. C POCIOM YACMOMbL BHEUHE20 NPUTOINCEHHO20 NEKMPULECKO20 NOJIA.

B Hacrosimedr pabore npuBENEHBI pPE3yAbTaThl HM3YyYEHUS YaCTOTHOW 3aBUCHMOCTH
COIPOTHBIICHHUS MPUPOJHOTO IeoiuTa (CoAepKalero B MOpPax HMOHBI KANbIMs) W IICOJIUTA
MOJIUPUIMPOBAHHOTO cepeOpoM (cojepIraliero B mopax HOHBI cepedpa).

OObekT uccrnenoBaHusi ObUT KIMHONTWIONHUT. M3 MOHOOJOKA IeoiuTa BBIMUIMBAIIACH
IUIOCKONIapasieibHasl IJIACTHHA, W3 KOTOPOM Hape3amuch oOpasipsl B Buae Tabmetok. Jlms
MOAU(DUKAIMY [IE0JIUTAa HOHAMH cepedpa MPHUMEHSICS MOHOOOMEHHBIM METOJ, KOT/a IJIaCTHHA
norpyxanach Ha CyTku B 1M pacTBOp  a30THOKHCIOTO cepedpa, 3aTeM NpoMbIBajach B
JICHOHE3MPOBAHHOM BoJIe U BhicymmBanack npu 100° C.

W3mepennst conmpoTHBIICHUSI TIOTYYEHHBIX 00pa3LoB NpoBoquinch Ha npudope MHUITA
E7-20 (u3mepurenr mmmeranca LRC, B nmamaszone uactor 25I'm-1MI'm) mnpu KOMHATHO#
temmepatype [1].

3aBUCUMOCTH COTIPOTUBIICHHS IIEOJUTA OT YaCTOThI, 0KA3aI0Ch YOBIBatoLIeH (QyHKIIUEH OT
gacToThl. [lomydeHHbIe pe3yabTaThl MpeACcTaBIeHbI Ha Puc. 1.

1800

1400

R (kOm)

1000

600

200

35 45 55 6.5
Igm

Puc.1. YacToTHas 3aBUCUMOCTb COMPOTHBIICHUS IIPUPOTHOTO IIEOTHTA
¢ KanbiweM (a) ¥ 1eoamuTa MOTUUIIUPOBaHHOTO cepebpom (6)

[To yuTeparypHbIM HaHHBIM [2,3], Takas 3aBUCHMOCTh UMEET OJIMH U TOT XK€ XapakTep s
pasHbIX THIIOB IICOJMTAa: BO BceM HaOmomaemoMm sauamasoHe dvactoT (100 I'm - 1 MIm)
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COMPOTHUBIICHHE YObIBaeT ¢ POCTOM 4YacToThl. OOBIYHO MPHUYMHA TAaKOW 3aBUCUMOCTH HE
00CYX/TaeTCsl WM OTPAHMYIMBAFOTCS CChLIKAMU HA CJIOKHYIO CTPYKTYpY Leonurta [2,3].

[Ipennaraercst MexaHu3M, OOBSCHSIONINI YMEHBIICHHE COMIPOTHBIICHUSI C POCTOM YaCcTOTHI
B [IEOJIUTAX M JIPYTHX CPellax COACPKAIIUX 3HAUUTEIBHYIO OO MycTOT. OCOOCHHOCTh 1I€0JIUTA
(¥ EeOJIMTONOIOOHBIX CPe), KaK MPOBOAANIETO O0BEKTA COCTOUT B TOM, YTO IIEOJUT COCTOUT M3
KPUCTAJUIUTOB, XAaOTHYECKU PACIOJIOKEHHBIX MO0 o00BeMy IutacTuHel. [lpu sTOoM, 1O
HEOOXOAMMOCTH, 3HAUUTENbHAA JIOJsi OO0BEMa COJCPKHUT TMYCTOTHL. Jlpyroe BaxHOE
00CTOATENBCTBO — ATO MOHHBIN XapaKTep MPOBOIMMOCTH LieosiuTa. Jleno B TOM, YTO MOHBI HE
BXOJISIT B JIEKTPO/IbI, a TIOTOMY HAaKaIUIMBarOTCs BOIM3U Karona. COOTBETCTBEHHO BOJIU3M aHOJA
o0pa3yeTcsi OTPHUIATENIBHBIN 3apsij] B BUJE HEMOJBIKHOTO OTPHUIATEIBHOTO 3aps/ia Ha CTEHKaX
nop. GaKkTUYECKH 2TO O3HAYACT, UTO HA TPAHUIIC LIEOJINTA C AaHOJIOM 00pa3yeTcsl HEeMPOBOAALINI
3a3op. Takoil 3a30p Ha TpaHUIE U AMDICKTPUYECKUE ITYCTOTHI SBIAIOTCI OOBEeMaMu Kyaa
MIEPEKAYMBAETCS MIEKTPUIECKOE TOJIE U3 MPOBOMAIMIMNX KPUCTAUDIMTOB meonuta. [loaToMy, eciaun
YacTOTa BHEIIHETO JJEKTPUYECKOrO TMOJISI 3HAYUTENBHO MeEHbIe 3()(eKTHBHOrO 0OpaTHOTO
MaKCBEJIJIOBCKOTO BPEMEHH (BpeMsl IIEPEKaYKU IEKTPUIESCKOTO MOJIS U3 MPOBOJISIETO 00heMa B
HETIPOBOJISAIINI) CONMPOTHBICHUE OyAeT HauOONbIIMM. JIeHCTBUTENHHO, B TAaKOW CUTyalluu
00JIBIIIYIO YacTh MIEPHO/Ia BHEIITHEE TIOJIE HAXOAUTCS B T€X 00bEMax, I/ie HET MPOBOAUMOCTH. B
MPOTUBOIIOJIO)KHOM CJIydae, KOrJa YacTOTa BHEIIHETO JJIEKTPHYECKOTO TOJII 3HAYUTEIBHO
0ospIIe 0OPaTHOTO MAaKCBEJUIOBCKOTO BPEMEHH, TO B TEUCHHM IOYTH BCErO IMEpHoja ToJje
HaXOAWTCS B TMPOBOAAMIMX oOObeMax. Takyro MoJenb MOXXHO NPUMEHHUTH JUIsl OMUCAHUS
YaCTOTHOW 3aBUCHUMOCTH COMPOTHUBICHHS IEOJUTA. 3A€Ch MBI He OyAeM paccMarpuBath Oosiee
CJIOXHBIN CITydail 00BbEMHBIX TUAJICKTPUUECKUX MPOMEKYTKOB.

Hcxomum U3 MOJISITH, COCTOSIICH U3 TIPOBOISAIIETO CJIOS (TOMIUHOM d, THIIeKTprHYecKoi
MPOHUIIAEMOCTBIO € U CONPOTUBIICHUEM R) M TOHKOTO TUAJIEKTPUIECKOTO CIIOS TOJIIHHOM ds 1
JUAJIEKTPUUECKOM MPOHUIIAEMOCTBIO &, IIOMAABIO CTPYKTYPHI S, eMKOCTH:

OOBSICHEHHIO IO AJICKUT Ha6J'IIOI[a€Ma$I 3aBUCHUMOCTDb TOKa OT YaCTOThI IPCACTABIIAOLIANA
co0Ooii Y6BIBaIOH_IyIO (I)YHKI_II/II-O OT 4YaCTOThI MPHUIIOKCHHOTO BHCHIHCTO JJICKTPHUYCCKOI'O IIOJIA.

YacToTHAas1 3aBUCUMOCTD COIIPOTHUBJICHUSA TaKOM CUCTEMBI R(g) ONpeacsICTCA U3 OTHOLLICHUA |

2
R(w)=R ;2+ 1+£
(wRC,) C

S

W3 puc. 1 BUAHO, YTO CONMPOTHUBIICHHE SIBISETCS yOBIBaromeld (DyHKIMEH OT YacTOTHI B
000MX TPEACTABICHHBIX Cly4asX. J|eHCTBUTENBHO, U3 (GOPMYIIBI BHIHO, YTO C POCTOM YaCTOTHI
conpoTuBiicHHe yobiBaeT. OIHAKO, TOJBKO B CIy4ae MPUPOJIHOrO LeouTa ¢ KabipeM (puc. 1.a)
rpaduk TOXO0X HA TOT, YTO TMpelacKasbiBaeTcst ¢opmynoil. B ciaywsae wmeonmra
MoauduimpoBanHoro cepedbpom (puc. 1.0) npu HW3MEHCHHMH YacTOThl Ha TPU MOPSIKA
COTPOTHUBIICHHUE U3MEHsIeTCs He Ootee, yeM Ha 20%. DakTHUECKH ITO O3HAYAET, YTO B AMANA30HE
gactor 10 10° I’ CONPOTUBIIEHNHE MOYXHO CUHTATH MOCTOSHHBIM. OTCIONA MBI C/IaeM BHIBOJ O
TOM, YTO B IEOJHTE C HOHAMH cepedpa mepepacrtpeieieHue AIEKTPUUECKOTr0 OIS MEXITY
OPOBOAAIIMMU M HENPOBOMIIMMH OOBEMaMH HE NPOUCXOAUT. Jlpyrumm crioBamu, Kak
MPOBOJAHUK TOKA IEOJIUT MOAU(DHUIMPOBAHHBIA cepeOpOM MPEACTABISET COOOW OIHOPOIHYIO
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cpeny. Takum 00Opa3oM MbI IPUXOJIUM K B&XXHOMY BBIBOJY O TOM, YTO MEXaHH3M IPOBOJAUMOCTH
B MOJTU(PHUIIMPOBAHHOM ILICOJTUTE UMEET CKBO3HOM XapaKTep, B MPOTHBOMOJIOKHOCTh IPUPOJTHOMY
[COJNTY, C KaJbIIUeM, TJC MPOBOJUMOCTH OCYIISCTBISICTCS JJEKTPHUYCCKH H30JIUPOBAHHBIMU
apyr ot apyra obnactsmu. OTMETHM, YTO HH3KOOMHBIH MOIUGUIIMPOBAHHBIN IICOJIUT B MOpax
JEMOHCTPHPYET YaCTOTHYIO 3aBUCHMOCTh, COOTBETCTBYIOUIYIO (POpPMYyJie JHIIL MPH YaCTOTaX
Gonpmmx 10° T,
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YACTOTHAS 3BABUCUMOCTD JTUDJEKTPUUYECKOU
MNPOHULIAEMOCTHU MMPUPOJHOI'O KJIMHONITHUJIOJHUTA
B OBJIACTH YACTOT 10%-10"Tn
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bakunckuti I'ocyoapcmeennviii Ynusepcumem,
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nnlebedeva@gmail.com

Hsmepena ousnexmpuyeckas RpOHUYAEMOCb NPUPOOHO20 KIUHONMULOIUMA 8 WUPOKOU 0b1acmu
do ceepxevicokux (4,5 10 pao/c) wacmom. Ipusodumcs nodpobroe onucanue paspabomannozo
Memooda usmepeHust 0eticimeUmenbHol Yacmu OUdIEKMpU4ecKol NpOHUYAeMOCmY ¢ NOMOWbIO YACTHUYHO
3aNOIHEHHO20 NPAMOY20IbHO20 801H068004. Ilonyuennoe 3navenue €'=1,53 dononusiem panee nonyuenmvie
pesynomamot 0o 10° 'y u noseonsem npumenenue paspabomannoii Modenu 00HO20 peraKcamopd Ons
00BACHEHUS YACMOMHOU 3A8UCUMOCTIU €'

Ha ocHoBe peHTreHorpa)u4eckoro u CreKTPATbHOTO XHMUYECKOTO aHalli3a YCTaHOBJICHA
MPHUHA/IC)KHOCTh UCCIIEYEeMOTO HaMH MPHUPOIHOTO [EOTHTa K BRICOKOKPEMHE3EMHBIM I[COTUTAM
tuna kmuHonTiionut [1]. Kpucrammmdeckas CTpykTypa KIMHONTHIIONUTA TMPHHAMICHKUT K
MOHOKJIMHHONW CHHrOHMH ¢ mapamerpamu: a=17.74A, B=17.9A, c¢=7.4A, mnpocrpancreennas
rpymma C2/m, f=1170.

CtpykTypa €ro COCTOMT H3  YEpPEeAYIOIIMXCS  OTPULATENBHO  3apsHKEHHBIX
ATIOMOKpeMHEeKUCTIOpoaHbIX TeTpadapoB AlOs m SiOs, KOTOpBIC, COCOUHSSACH MEXKIY COO00M
BepIIMHAMH, 00pa3yloT MOPHI -HaHOKaHaJbl AByX THIOB A u B, ¢ pasmepamu 0.6x0.4uMm - (A
tun) u 0.4x0.4um —(B tum). ComepkuMoe 3THX KaHAJIOB MPEACTABISIET cO00M BHEKAPKACHYIO
MOJICHCTEMY - OTO TIOJIOKHTEIILHO 3apshDkeHHbIe WoHBI-KatnoHel Na+, K+, Mg+, Ca+,
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KOMIICHCUPYIOIIME OTPHIIATEIbHBIN 3aps] Kapkaca, a Takke OOJIbIIOe KOJIUYECTBO MOJEKYJI
H,O-koopauHanmonHo#t Boapl. Bojma urpaet BakHYO posib Uit 0OECHEUeHUs] CTaOMIbHOCTH
KapKaca KJIMHONTHJIONUTA, TaK KaK MEXIy aTOMaMHU KHCJIOpOJa U3 KapKaca, HaXOJMSIIErocs B
KOOpDAMHAIIUY TIOJIOXKHUTEIBHO 3apsDKeHHBIX HMOHOB, W MoJekynamu HyO, Haxomgsmmxcs B
KOOPJMHAIIMK KaTHOHOB, 00pa3yeTcsi BOJAOPOIHAS CBA3b, YTO, KaK moJiaratoT [2-4], mpuBOAUT K
YBEJIMUYESHHUIO TIOIBIPKHOCTH HOHOB B IIOPOBOM IPOCTPAHCTBE.

W3ydeHnto MUAIIEKTPUUECKUX CTEKTPOB IIEOJIMTOB NPU PA3NUYHBIX YCIOBUSAX TOCBSIIEH
psia pabor. B pabote [5] nzyyanace 3aBUCHMOCTh THUAJICKTPHICCKUX CBOMCTB I[EOJHMTA OT THIIA
OCHOBHOTO HOHA, T.€. HMOHAa KOHTPOJHUPYIOMIETO HOHHO-MUTPAIMOHHYIO TOJIIPU3ALUIO.
YcTaHoBI€HO, 4TO MOIU(DUIIMPOBAHNE OJHUMHA MOHAMHU YBEIWYMBACT, & IPYTHMMH - YMEHBIIAET
JUAJIEKTPUUECKYIO TIPOHHUIIAEMOCTD MO0 OTHOIICHUIO K UCXOTHOMY 00pasity.

BrnusiHre BoJBI Ha MUAJIEKTPHYESCKHE CBOMCTBA IIEOJIUTOB M3YJalrch B padote [6]. B artoi
paboTte wuccienoBancs NpUPOAHBIA 1eonuT Ca-KIWHONTUIONUT. B paGoTe Obu H3y4yeHBI
JUDIICKTPUUECKUE CHEKTPBI, OOYCIOBICHHBIC pelakcanueld BOAbl (IpU  pa3M4HBIX €&
KOHIICHTPAIMSAX) B CHUCTEME KIMHONTHWIONUT - BOJA. YCTaHOBJCHO, 4YTO BKIAA B
JTUDJIEKTPUUECKHE CBOMCTBA IIE0JIMTA BOJBI, CBSI3aHHOW B MOpPax, M BOJBI B CBOOOJHOM 00BEME
paznuueH. [loka3zaHo, YTO TPU BIHKHOCTH MEHbIIE 12 TPOIEHTOB BCS BOJA HAXOIUTCA B
CBSI3aHHOM COCTOSTHUH.

B pabote [7] cHITBI qUAIEKTPHYECKHE CIIEKTPHI MPUPOIHOTO KIMHONTHIONNTA B BaKyyMe
(0.1Tor) u Ha Bo3ayxe (mpu armochepHOM naBieHuu). M3mMepeHuss IPOBOAMINCE B HHTEPBAeC
gacroror 20 no 10° I'p Ha oGpasiax BHICOKO IIOTHOCTH (IPUPOXHAS IUIACTHHA) M HH3KOM
IUIOTHOCTH (HETMPECCOBAHHBIM TIOPOIIOK). YCTAaHOBJICHO, YTO YAacTOTHas 3aBUCHMOCTh Kak
peallbHOM, TaK M MHHMOW 4YacTedl HOHUAJIEKTPUYECKOM IPOHMIAEMOCTH XapaKTEepU3yeTCs
IPUMEPHO OJHMM M TeM e BPeMeHeM perakcaimu mopsiaka 10°c. Cueman BBIBOJ, 9TO BO BCEX
PAaCCMOTPEHHBIX CIIydasX AUAJICKTPUYECKHE CIEKTPHI OMNpEeIIIOTCS KOleOaHUsIMH HOHOB
IIEJIOYHBIX METAJUIOB, CBSI3aHHBIX C MOJIEKYJIaMH BOABI BHYTPH LIEOJUTOBBIX IOP, & Pa3iInyus B
COOTBETCTBYIOIIUX CHEKTPAX CBSI3aHBI C U”3MEHEHNEM KOHIICHTPAIINY YKa3aHHBIX KOMIUIEKCOB.

B  nmanHOit paboTe wW3MepeHa AMPJCKTPUYECKas TMPOHHUIIAEMOCTb  MPHUPOJHOTO
KIMHONTHJIONINTa B OOJIAaCTH CBEPXBBICOKMX 4YacToT. [IpuBoamTcss mNOApOOHOE OmMHCcaHue
pa3paboTaHHOTO METO/1a U3MEPEHUS AEHCTBUTEIBHON YaCTH JUAJICKTPHUYECKON MPOHUIIAEMOCTH
C TIOMOIIBI0 YAaCTUYHO 3aMOJHEHHOTO MPSIMOYTOJIBHOTO BOJHOBOjA. [lomydeHHOe 3HaueHue
joronHser pasee monyueHmbie g0 10° T pesymbrarel, M IO3BOJSCT NPHMCHCHHE
paspaboranHoro B pabote [8] Meroma omHOro penakcaropa Jisi OOBICHCHHS YacTOTHOM
3aBUCHUMOCTH €.

Pe3yabraThl u3MepeHMil AMIIEKTPUYECKHX CIEKTPOB € MOMOIIbI0 HUGPOBOro
U3MepHUTEIsi HIMMHUTAHCA

B kauyectBe o0oOBEKTa HCClENOBaHMA ObUI  HCMOJNB30BAaH NPUPOAHBIN  LIEOJUT
KJIMHOINTUJIONIUT. CUHTOHHS — MOHOKIIMHHAS, MPOCTPAHCTBeHHAs rpymma cumMmetpun C2/m,
mapaMeTpbl  dJeMeHTapHOH sueiku: a=1.761nm, b=1.780nm, c¢=0.741nm, p=115.20;
XUMHUUYECKHI COCTaB, MOJTBEPKACHHBIN MPOBEIEHHBIM HAMU PEHTICHOTpaUUIECKUM aHAIH30M,
conepxain Al,O3 — 11.36%, SiO, —67.84%, Na,O— 1.25%, MgO — 0.49%, P,0s — 0.11%,
SO; —0.03%, KO — 3.01%, CaO — 0.29%, TiO, — 0.08%, MnO —0.078%, Fe,O; — 1.19%,
KJ — 11.64%. V3 MoHOOI0Ka BRIpE3aINCh OpPYCKH, KOTOPBIE TOCIe MEXaHHMIeCKOW 00paboTKu
CTAaHOBUJIMCH IUJIOCKOMApaICIbHBIME TUTacTUHAMU. J[1s1 u3mepeHust oOpasibl MOMEMIANCh B
KacceTe MEXIy JABYMS IUIOCKUMH DJJEKTPOJaMHU, OIWUH W3 KOTOPBIX OBUT TMPOBOISAIINM
npo3padHbIM cioeM SNO; Ha CTEKISTHHOM JIMCKE, @ BTOPOH - OTIIOJIMPOBAHHBIM MEIHBIM JTHCKOM.
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Kaccera monxirouanaces k npudopy E7-20 (u3mepurens ummeranca LRC, B auanasone wactot
25T'u-1MTI'). U3mepenus mpoBOJMINCH IPH KOMHATHON TeMIeparype M BIIXKHOCTU BO3IyXa
85%.

W3 uzmepennbix Ha mnpubope E7-20 emxoctn C u conmpoTuBieHusi R ObLIM BBIYHCIICHBI,
coryiacHo [8], 3HaueHus peanbHOM YaCTH JUIICKTPHYCCKON MPOHUIIAEMOCTH €.

C pocrom wyactoTel €' mamaeT. OTOT cHal MNOJYMHSAETCS MPOCTOH MOIEIU OJHOTO
penakcaTtopa M BBIMHUCISETCS M0 GopmyIie

' £57 %

1+({wiT)?

31€Ch ES- CTaTHYeCKasd, £ _,- BBICOKOYAaCTOTHAs AUIJICKTpHYCCKasl IPOHUIIAaEMOCTH.
-5
I/ICHOJ'IB?;YSI OKCIICPUMCHTAJIbHBIC JTAHHBIC OBLLIO pacCuuTaHO BpCMs pCilaKCalluu T =10"c.

K HU3MEPECHUIO I[I/I3.JIEKTpI/I‘leCKOﬁ MNpOoHHUIAEeMOCTH C nmoMomib10 4YaCcTu4Ho
3aMOJTHEHHOI'0 NMPAMOYT0JIbHOI'0 BOJIHOBOAA

JmsnekTpruyeckas NpOHUIAEMOCTh U3MEPSIAaCh METOI0M KOPOTKO3AMKHYTON JTUHUU. DTOT
MeToJl Hamboiee pacnupoCTpaHeH TMPU U3MEPEHMSAX AUAJICKTPUYECKOW IMPOHUIIAEMOCTH
MaTepuasoB, TaK KaK MO0 CPaBHEHMIO C APYTMMHU METOJaMHM BO MHOTMX MPAKTHYECKHUX CIydasX
OKa3bIBa€TCS OTHOCUTENbHO Oo0Jiee MPOCTHIM U YHUBEPCAIBHBIM IO TEXHHUKE MOATOTOBKH H
MIPOBEACHUSI SKCIIEPUMEHTA.

Hccnenyembrii obpasen; marepuaia MOMEIIAETCS B OTPE30K KOPOTKO3aMKHYTOH JIMHUH,
NPUCOSAMHACMBI K wu3MepuTenbHON nuHMH. OOpasern JODKeH IUIOTHO NpHIEratb K
KOPOTKO3aMKHYTOMY KOHIly OTpe3ka nuHuH. JlnnHa oOpasia B MPUHLUIE MOXKET OBITh
pou3BOJbHON. OHAKO, TOUHOCTh U3MEPEHUH CYIIECTBEHHO MOBBIMIACTCS, €CIU ATTMHA 00pasia
COCTaBIISIET ¥4 MK %2 JUIMHBI BOJTHBI B OTPE3KE JIMHUH C JUIICKTPUKOM.

[MocnenoBarenbHOCTH Omepanuii B 00IIeM BHIE CBOAMUIIOCH K cienytomemy. Ha ocHoBe
U3MEPEHUI TOJNIOKEHUST MHUHUMYMA |min 1 BemmumHbl kodpduiment crosueii BonmHbsl (KCBH)
OTIpe/IeNISICTCS BXOJHOE IIOJIHOE COMPOTHBICHHE Z. KOPOTKO3aMKHYTOTO OTpE3Ka IJMHUH C
obpasnom. [locne m3MepeHHs TOJHOTO COTPOTHBIICHUS, TIPU W3BECTHOM mimuHe oOpasma d u
M3BECTHOM JJTMHE BOJIHBI A B BOJIHOBOJIE C BO3YIIHBIM 3aIIOJIHEHUEM, BBIUUCISCTCS TIOCTOSIHHAS
pacrpocTpaHeHus y=o+jff 1 3aTOJHEHHOTO JTUAJICKTPUKA OTPE3Ka JIMHUH.

[To m3BECTHOM MOCTOSIHHOM pacHpOCTpPaHEHHs, JUIMHE BOJIHBI B CBOOOIHOM MPOCTPAHCTBE
Ao I JaHHOHM paboueil 4acTOThl M KPUTHYECKOH AJIMHE BOJHBI B BOJTHOBOAE Ay (A= B
KOAKCHalie) BBIMHUCISICTCS TAHTEHC yIia TOTeph g0 M AMdIeKTpudecKasl MPOHHUIIAeMOCTh €. [lpu
HaJIMYMHM JWBJIEKTPUKA JUIMHA BOJIHBI, PAcCHpOCTPAHAIOIIAACA B MepeAarolleil JUHUM U €€
BOJIHOBO

B orcyrctBue motepp (tg6=0) nnmvHa BONHBI B BOJHOBOJE MPU HAJIWYHH JUDIICKTPUKA
ONPENIEAETCS COOTHOLIEHUEM

rJe Ao— AJIMHA BOJIHBI B CBOOOIHOM IPOCTPAHCTBE; Ayp =28 — KPUTHUECKAs JJIMHA BOJIHBI B
BOJIHOBO/I€; @ — LIMPHHA IIUPOKOW CTEHKHU BOJHOBO/IA.
dazoBast MOCTOSIHHAS BBIpaXKkaeTcst popmMymnon
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B = 27
AE

Hcnonb3yst cooTHOMEHUE JTISL Ag, B 1 i _ i 1 rxme A — mIMHA BOJHEI B BOJHOBOJE,

A A,
HOJIy4YUM:
j.ﬁ,tg 2727(0
tg(pd) _ A (1)
Bd 27d

rae d — toimuHa o0pasia, A, — JUTMHA BOJIHBI, Yo — PACCTOSIHUE OT JIMIIEBOIM CTOPOHBI 00pa3ia J0
nepBoro MuHMMyMa. B mpaBoii dactu (opmyibl (1) CTOAT BENUYUHBI, IOJyYCHHBIC U3
MIPOBEJICHHOTO SKCIIEPUMEHTA, TJIe 21t OepeTcs B paauaHax. [locie BbIUMCICHUST BBIPRKEHUS IS
TaHTeHCa W3 TaONuIBl, OIpenessieM 3HaueHHWe caMoro TaHreHca. [lonb3ysich HaWIeHHBIM
3HauYeHHWeM TaHreHca 1o Qopmyne (1) ompemensercs 3HaYeHHE JEBOM 4acTH ypaBHeHUs. [1o

tgx
HAWJICHHOMY 3HAYCHHIO JIEBOW YacTh ypaBHeHUs (1) w3 TaOmumbl GQyHKIMH — — ONpeessieM
X

npoussenenue [ -d. danee pasaenus npousseaenue fB-d Ha TomuuHy obpasua d , onpenesnsem
UCKOMYHO f. JlMdJieKTpudeckass MPOHUIAEMOCTh HCCIEAYeMOTro o0pasia ompeaesieTcs: 1o
cienyooen Gpopmyie:

2
1+ (%’j
_ 2r )
A 2
1+| —2
A

rac AFP T KPHUTHYCCKAaA HJIM IIPCACJIbHAsA BOJIHA B BOJIHOBOAC, 3aBHUCAILLAA OT I'COMCTPHUYCCKHX

pasMepoB JaHHOTO BOJIHOBO/IA.

B Tabnume 1 mpencrtaBiieHbl 3HAUYCHUSI W3MEPEHHBIX M ONPEJEICHHBIX W3 TaOJUIIBI
BemmurH. TaM ke NMPHBEJCHO 3HAdeHMe €', momydennoe nmpu dactore 4.5-10° pam/c s
MPUPOTHOM TUTACTUHBI HA BO3/IYXE.

Taoauna 1.
A
A : d Xo | tgpd/pd Bd B ¢
mm mm mm mm mm
40 15 7.7 108 46 6.29 167 0217 153
Ha PHCl IIOKa3aHa 4YaCTOTHasA 3aBUCHUMOCTDb peaHLHOﬁ qacTu HHBHCKTquCCKOﬁ

MIPOHUIIAEMOCTH O0Opa3Iia.
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Puc.1. YacToTHas 3aBUCUMOCTb peaibHON YacTH TUAJIEKTPUYECKOM MPOHUIIAeMOCTH
JUTSL IPUPOIHOM ITACTUHBI B BO3LyX€ MPHU aTMOC()EPHOM JIaBICHUH.

Kak BUIHO W3 pUCYHKA, 3aBUCHUMOCTH JAUIJICKTPUUECKONW MPOHHUIIAEMOCTH OT Jorapudma
qactoThl B mHTepBaie 10%- 10° pax/c 6:1m3K0 K MPSIMOIA JIMHAM.

MBI DpOOIDKWIM ATy OPAMYIO J0 =10" pan/c, ANMpPOKCUMUPYSI TaKUM 00pa3om
YaCTOTHYIO 3aBUCHMOCTh B JIMATa30HE 10%- 10% pan/c. Hamu Oblia m3MepeHa qudJIeKTpuUecKast
MPOHMIIAEMOCTh Ha dactote 4,5 10" pan/c papHas 1,53. Okaszangach, 4YTO TOUYKAa,
COOTBETCTBYIOIIAs 3TOMY H3MEPEHUIO MPAKTHUYECKH JICHKHUT HA AIMPOKCHMAIIMOHHON MPSIMO.

DTO JmaeT HaM OCHOBAaHHME CYHUTaTh, 4YTO TakKas alMpoOKCUMaIus OJiM3Ka K
JIENCTBUTEIBHOCTH.

3akarouenue:

HccnenoBanace  4yacTOTHas  3aBUCHUMOCTh  JIUDJIEKTPUUECKOW  MPOHUIAEMOCTH B
HATYpPaJIbHOM LIEOJIMTe—KIMHONTIIONUTE. B HacTosmell cTtaThbe M3MEpeHa AMAJICKTpUYecKas
npoHuaeMocTs B uHTepBane 10% 10° paj/c W HOMONHMTENBHO B H30IMPOBAHHONH TOYKE ®
=4,5.10" pan/c. Ha ocHOBe STHX H3MEPEHHH NpPEACTABICHA ANIPOKCHMAIMSA  YaCTOTHOM
3aBHCHMOCTH JIHYIIEKTPUUECKOi IporraeMocTy B uatepsane 10°- 107 pay/c.

JINTEPATYPA

1. P.Ducros, Etude de la mobilité de l'eau et dans quelques zéolites par relaxation
diélectique et résonance magnétique nucléaire Bull.Soc. Fr. Mineral, Crystallogr.,
LXXX-111 (1960) 85-112.

2. N.H.Magensen, E.Skou, Effect of solvation of charge carriers in hydrated zeolites, Solid
State lonics, 77 (1995) 51-54.

3. J.S.Afanassyev, B.A.Fursenko, I.A.Belitsky, Proton Transfer in Hydrated Microporou
Aluminosilicates: a 'H NMR Study of Zeolite Chabazite, Phys. Chem. Minerals, 25
(1998) 262-287.

4, T.3.Kymuesa, H.H.Jle6eneBa, B.M.OpOyx, I',M.DiiBa3zoBa, Ilosocekl morIONMICHHUS

133



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

KPUCTALTU3AIMOHHON BOJIBI B UK-CIEKTpax mnomiomeHus, KiwmHontunonura, J.of
Qafgaz University, Ne31 (2011) 72-75.

5. C.B.bappimnukos, C.B.JlankuH, E.B.CtykoBa, B.B.}OpkoB, Biusnue tumna woHa Ha
IUDJIEKTPUYECKUE  CBOMCTBa  KimHomTWionuta,  COBpEMEHHBIE  HAyKOEMKHE
texnosoruu, No6 (2004) 26-27.

6. JLU.TI'apaposa, /.B.Capaes, MN.B.JIynes, I0.A.I'yceB, [dudnexTpuueckas IucCHepcus
BOJIbl B HOHHO-3aMEMIEHHOM KIMHONTenonuTe, CTpyKTypa U JUHAMHKA MOJICKYJISPHBIX
cucrem, 10 Nel (2003) 354-357.

7. B.M. OpOyx, I''M. DiiBazoBa, A.X. Mypanos, H.H. Jle6aeBa, b.I'. CanamoB, Brnusiaue
IUIOTHOCTH LEOJUTOB M COACPIKAHUS B HUX MapOB BOABI HA JUAJICKTPUUYECKUE CIIEKTPHI.
N3sectuss HAHA, cepus ®usuka, matematuka u texauka. 2013, Beim. 5, crp. 31 — 37.

8. I[1.T.Openikun, ®u3nka MoaynpoBOJHUKOB U AUIICKTPUKOB, M.: Bricmas mikomna (1977)
448.

ASPE+xhacm%TIInSe; VO ASPE+xhacm%TIInSe,+yhacm%Al
KOMPOZITLORIND® TERMOSTIMULLASDIRILMIS

DEPOLYARLASMA SPEKTRININ TODQIQI
X. R. 9hmadova
Azarbaycan Texniki Universiteti
yubaba66@hotmail.com

Toqdim olunan is ASPE+xhaocm%TIInSe, vo ASPE+xhacm%TIInSe,+yhacm%Al tip
kompozitlorinda  300-550K temperatur intervalinda termostimullasdirilmzs depolyarlagsma spektrinin
gadgiginin naticalori barads molumat verilir. Miayyan edilmigdir ki, gdstorilan tip kompozitlorin TSD
spektrlarinda meydana ¢ixan depolyarlagsma piklari ham polietilen va TlInSe, komponentlarinin,
ham do fazalaaras: polyarlagma naticasinda hacmi yuklar sahasindsa yaranan yiklarin
talalardan ¢ixmas:na mivafiq temperaturlarda bas verir. Alliminium
nanohissaciklaorinin kompozitlarin xassalori TSD spektrlorina tasiri gdéstarmigdir ki,
spektrdo meydana c¢ixan piklarin intensivliklori artir saylar: azal:r, lakin Omumi
xarakterlari saxlan:/ur.

ASPE+xhocm%TIlInSe, vo ASPE+xhocm%TIInSe,+yhocm%Al  kompozitlorinin
alinmasina, dielektrik, elektret vo radiotermoliiminessensiya xassalorinin todqigine xususi diggot
yetirilso do onlarda TSD spektri todqiq olunmayib [1-3].

Termostimullagdirilmis depolyarlasma spektri asagidaki gaydada todqiq edilib. Qalinhig:
4,5 mm olan kompozitlor tzorino vakuumda buxarlanma yolu ilo 50 mm diametrli aliminium
kontakt ¢okdirdlur. Sonraki moarhoalods, polyarlasma temperaturunda, muoyyon muddot
gorginliyin sabit galmasi, yoani elektretin alinmasi tomin edilir. Elektrik sahasinin tosiri altinda
istilik harakoti noticasindo kompozitds dipollarin nizamlanmas: bas verir. Bu homin temperaturda
cevik olan dipollara aiddir. Bunun naticasinds elektret yiikiiniin hacmds ionlagsmas: bas verir. Bu
halda niimunalor polimerin siisalosmo temperaturundan ¢ox kicik temperaturlara godor soyudulur
vo xarici sahanin tosiri kasilir. Bu halda dipollarin dezoriyentasiyasi vo hacmi elektrik yiklorinin
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sapilmasi ¢atinlasir, bunun da naticasinds depolimerds sabit daxili polyarlasma bas verir. Bark
kompozitlords bu, otaq temperaturunda cox boyuk, bir ne¢s il relaksasiya muddati ilo xarakterizo
olunur. Alinmig niimunalor termokameraya yerlosdirilorok sabit 3 dor/doq stirotlo qizdirilir. Bu,
6lgmo ddvrasinds termik depolyarlasmaya vo polyarlagsmis nimunslora qosulan elektrodlarda |
corayanin yaranmasina sabab olur.

ASPE+xhocm%TIInSe, vo ASPE+xhocm%TIlInSe,+yhacm%Al  kompozitlorinds
TSD spektrlori temperaturun Xotti artmas: ilo 293-543K intervalinda todqgiq edilmisdir.
Yarimkegirici olavali kompozit materiallarin TSD spektrlorinin tadgiginin naticalari sokil 1-do
verilmisdir. Burada 1-ci oayri tomiz polietilen Gglin vo 2, 3, 4, 5 oyrilori iso muxtalif torkibli
ASPE+xhocm%TIInSe, (x=1; 3; 5; 10) torkibli nimunalor glin TSD spektirloridir. Bu
kompozitlor Gigtin xarakterik alamat odur ki, 1,3,5% TlInSe; slavali nimunslords 445K-dos aydin
ifado olunmus dorin inversiya piki musahido edilir.

Bundan olave, 500-520 K temperatur
intervalinda yuksok temperaturlu genis pik do
misahido edilir. Bu torkiblor hamginin oxsar ug¢
minimuma da malikdirlor. Birinci minimum 432-
439K, ikincisi 450-460K, uclincust iss 517-523K
temperatur intervallarinda yerlosmislor.
Torkbinds TIlInSez-nin migdart 10hacm% olan
nimunads bir-birino  oks isaroli (homo va
heteroytklor) iki maksimum musahido edilir.
426K-doki  minimum  gOstorilon tip  digor
komzotiplards vo polimerin 6zinds do mushida
edilir.

ikinci maksimumu kompozitlorin Ggiincii
minimumuna mivafiq temperaturda misahido
edilir. TSD spektrlorini tohlil edorak polimerin
torkibindo  1-5hacm%TIlInSe;  olavesi  olan
kompozitlordo daha dorin tutma morkazlarinin
yaranmast qanaat_ina galmak c.).lar' .Bu halda} kompozitlerinin termostimullagdirtimis
taclam_ada |_njek5|_ya_ _e'_[mls yuklgrl_n talalori depolyarlasma spektrlori
(maksimum intensivliyinin vo sahossinin artmasi) (1-x=0: 2-x=1; 3-x=3; 4-x=5 5-x=10).
va onlarin maskunlasmasi (temperatur yerlosmasi
yuksok temperaturlu oblasta dogru surusir) 445K-do, boylk pikin fonunda musahids edilon
inversiya pikinin meydana ¢ixmasini asagidaki kimi izah etmoak olar: elektriklonma zamani tac
bosalmas: prosesinds hacmi yuklor sahosinds TlInSe, ilo polimerin sorhaddindo fazalararasi
polyarlasma (FP) bas verir. Bu polyarlasmanin istiqamati hocmi yiiklorin sahslarinin oksina
yonalir. Bu halda, depolyarlasmada TSD spektrindo fazalararasi polyarlasma ilo bagli olan
inversiya coroyan: yaranir. Toklif etdiyimiz bu izahat Maksvel-Vagner effekti ilo yaxs1 uzlasur.
Bu models asason geyri-bircins materialalrda yuklorin toplanmasi, amorf vo kristallik fazalarin
keciriciliklarinin fargli olmast ilo slagadardir. Belo materialin elektriklonmasi zamani dastyicilar
ya verilmis fazalararas: sorhod yaxinhginda, ya da oksina, kegiriciliyi daha boyuk olan maddo
yaxinhginda toplanir. Lokal corayanlarinin forgli olmasi, TSD corayan: yox edildikds yiklarin
dissipasiyasina gatirir, ¢cinki bu halda corayanlar artiq oks istigamotlora axir. Qeyd olunmalidir
ki, bu maksimum, har seydon avval TlInSe; hissaciklorinin sarhadlorindan yiiklorin relaksasiyasi
ilo olagadardir, c¢unki slavalorin migdarmin artmasi ilo pikin intensivliyi artir. TSD carayanmin
inversiyasi digar polimerlords va kompozitlords do misahids edilir. Bu hadisalarin izah1 barado

Sokil 1. ASPE+x hacm% TlInSe,
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forgli milahizelor mévcuddur. Inversiya pikinin temperatur vaziyystinden, sothin halindan,
polimer matrisasinin vo doldurucunun hallarindan, polyarlasmanin tobistindon vo digor
faktorlardan asili olarag, TSD oayrilorindo musahido edilon oks isaroli corayanlar polimerlorda
maovcud olan dipollarin yenidon diizulmasi ilo alagalondirilir. Bizim gonastimizo goro 432-439K
vo 450-460K temperatur intervallarinda musahido olunan maksimumlar polimerlords o -
relaksasiya ilo olagodar musahids edilon maksimumun hissolaridir. Dar intervalda meydana ¢ixan
inversiya, ¢ox ehtimal ki, fazalararas: polyarlasma vo hacmi yik saholorindo hamin yuklorin
haddindon ¢ox polyarlasmasi ilo T1InSe; —nin kegiriciliyinin azalmasi ilo olagodar ola bilar. Belo
naticoyo golmok olar ki, o—relaksasiya prosesinin temperatur halina, kompozit daxilinds olan
TlInSe,-nin hacmi miqdar: tasir edo bilor. 517-523K temperatur intervalinda musahids edilon
Ucinct maksimum doldurucunun moxsusi kegiriciliyinin artmasi ilo olagodar ola bilor, ¢lnki
pikin intensivliyi torkibdo doldurucunun miqdarn artdigca artir. Heterogen polimer
kompozisiyalarda fazalararas: tobogolorin galinhiginin adadi giymatini hesablamaq (glin, bozi
hallarda ikigat tobogonin yaranmas: tosovvirindon istifado edilir. Polimer garisiglarinda vo
kompozitlords fazalararas: galinligi

42 = 2g,856,KT
m 2
n-e

disturu ilo hesablamaq olur. Buarda €3 vo € fazalarin dielektrik nufuzluglar, g - dilektrik sabiti,
n- yikdasiyicilarin konsentrasiyas: (polimerlor Gciin n= 10“m™), e — elektronun yiikii, k-
Bolsman sabiti, T- mutlog temperaturdur. Verilon disturla hesablama géstorir ki, dm-in giymati
0.4-1.2mkm tortibindadir. Beloaliklo, ASPE+xhocm%TIInSe, kompozitlori ssasinda alinmis
273K temperaturda kristallasmis elektret nazik tobogolorinin - TSD  caroyanlarinin
xususiyyatlorinin todqiginin naticalari gostorir ki, TSD ayrilorinds bir sira depolyarlasma piklori
meydana ¢ixir. Homin piklor hom ayri-ayrt komponentlorin (PE vo T1InSe;), hom do fazalararas:
polyarlasma naticasinds hocmi yiklor sahasinds yaranan yuklorin talolordon ¢ixmasina uygun
temperaturlarda misahids edilir. 445K temperaturda kompozit nimunalarinin TSD ayrilorinds 3-
5K vyarimenli inversion pik askarlanmigdir. TlInSe, olavali kompozitlorin  515-520K
temperaturda TSD spektrlorindo elektret yuklarinin yeni stabillosmo morkozlori ilo bagh
depolyarlasma piki askar olunmusdur. Polietilen kompozitlorinds p-kegiricili vo 50-63mkm
dispersli  TlInSe, dolduruculari struktur formalagdiran rolu oynayirlar.  Aliminium
nanohissacikli, gostorilon tip kompozitlorin TSD spektrlorinin todgiginin naticalori sokil 2-do
verilmisdir. Al
ASPE+5hocm%TIInSe,+5hacm%Al, -
ASPE+7hocm%TlInSe,+3hacm%Al, I .

ASPE+3hocm%TIInSe,+7hacm%Al,
ASPE+10hocm%TIInSe,+10hacm%

Al kompozitlori todqiq edilmislor. Sokil
2-don gorunur Ki,
ASPE+7hocm%TIInSe,+3hocm%Al

kompoziti Gglin 1(t) spektrindo 408K
temperaturda nozors garpan maksimum, .

41_3K . temperatl_erg _Zalf minimum Sakil 2. ASPE+xhocm%TIInSe,+yhacm%Al kompozitlarinin
musahids ) edilmigdir. 298'393|_< termostimullasdiriimis depolyarlasma spektrlori, 1-x=7,
temperatur intervalinda coroyan sabit y=3; 2-x=5, y=5; 3-x=3, y=7; 4 - x=10, y=10
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galwr, daha sonra 4.2A-o0 (Qodor artr vo sonra iso sifra yaxinlagir. Homginin
ASPE+5hocm%TIInSe,+5hocm%Al kompozitin TSD spektrindo do 409K temperaturda
g0zocarpan maksimum musahido edilmisdir. Bu temperaturda coroyan 9.5A-0 catir vo
temperaturun artmasi ilo azalir. 415K-do corayanin azalmas: vo zoif strukturu musahidos edilir. Bu
kompozit Gguin do 273-397K interva-linda 0.5A-do  coroyan sabit  galmisdir.
ASPE+3hocm%TIInSe,+7hocm%Al kompozitin TSD spektrindo 409K temperatur-da (6.2A)
vo 42K temperatur-da (4.9A) iki gbzacarpan maksimum musahids edil-misdir. Bu maksimumlar
ara-sinda 413K temperaturda (3.5A) dorin minimum misa-hids edilmisdir. Qeyd edok ki, bu
kompozit tgun do 273-400K temperatur intervalinda coroyan 0.4A qiymot alaraq sabit galir.
ASPE+10hocm%TIInSe;+10hacm%Al kompoziti Ggtin I(t) ayrisindo 405-416K temperatur
intervalinda zoif maksimum miusahids edilmisdir vo 273 - 403 genis temperatur intervalinda
corayan sabit gqalmisdir.
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TERMOMAQNIT EMAL YOLU iL® AMORF MAQNITYUMSAQ
MATERIALLARDA NANOKRISTALLIK QURULUSUN FORMALASMASI

T.M. Panahov, V.I. 8hmadov
Azorbaycan Memarliq va Insaat Universiteti, Fizika kafedras:
valik.ahmadov@gmail.com

Isda funksional xassalorinin yeni saviyyasina gatiron termomagnit va termomexaniki emal:n amorf
va nanokristallikmagnityumgaq arintilorin qurulusu va magnit xassalarina tosiri 0yranilmisdir. Amorf va
nanokristallik magnit arintilor bir torofdon magnit xassalorinin rangarangliyi va qeyri-adiliyi, digar
torafdon praktiki istifadasinin yeni imkanlara malik olmas: ilo alagodar 6zlarini yeni perspektiv
materiallar kimi gostarirlor. Magnityumsaq nanokristallik arintilor domir asasl: amorf oarintilarin
kristallagmas: yolu ilo alinmzgdir. Bagqa sézlo amorf qurulus, nanokristallik hal:n yarad:Imas: tiglin araliq
hal kimi istifado edilmisdir.

Nanokristallik arintilor optimal termik emaldan sonra an yaxsi kristallik (permalloy) va
kobalt osasinda amorf orintilorlo eyni histerezis magnit xasssalorine va iki dofodon bir godor boyik
doyma induksiyasina malikdirlor.Bu maddoslorin magnit xassalori onlarin qurulus xususiyyatlori
vo kimyavi torkibindon ohomiyyatli dorocodo asilidir.Onlarin praktiki mihim xassalarinin
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formalagsmasinda hom do termomagnit (sabit vo doyison sahalords) vo termomexaniki emal kimi
tosirlordo mihum rol oynayir. Bu tosirlor gotirilmis anizotropiyanin xarakterinin doyismasi,
histerezis ilgayinin sliriismasi vo s. kimi yeni fiziki hadisalora gotirir.Bu hadisslarin dyranilmasi
nainki elmi, hom do praktiki maraq kasb edir, yoni aktualdur.

Amorf fazanin kristallasmasmin inkisafi prosesindo nanokristallik qurulusun formalasmasi
ilk ndvbado amorf orintinin torkibi ilo toyin edilir. ©rintinin torkibi elo se¢ilmalidir ki, o
kristallasma morkazlorinin yaranmasinin yiksak suratini vo Kristallarin bdytmasinin maksimum
longimoasini tomin etsin[1]. Bu sortin 6donmoasi togribon 10 nm 6l¢uli nanokristallik qurulusun
formalagsmasina sobob olur. Danalorin geyri-adi kigikliyi ona gotirir ki, dono birdomenli
olur.Homginin nanokristallik oarintilor amorf orintilorlo migayisodo stabil qurulusa vo daha
yuksok termostabil magnit xassalorino malikdirlor.

Amorf vo nanokristallik arintilorin magnit xassalorinin formalsmasina muxtolif tobiotli
gotirilmis magnit anizotropiyas: boyuk tosir gostorir. Mohz bu, bir ¢ox hallarda domen
qurulusunun tipini  vo yenidonmagnitlonmonin xarakterini, yoni magnit xassalarinin
xususiyyatlarini muayyan edir. Muxtolif emal: termik, termomagnit vo termomexanikiyolu ilo
gotirilmis magnit anizotropiyaamorf vo nanokristallik arintilorin mixtslif sistemlarinin magnit
xassolorindoadziini muxtalif sokilds gostorir.

[sdo  FesssCuiNbsSizsBg  amorf

arintisinin yitksok 580-670°C temperaturda
srotlo (bir nego saniyodo) kristallagsmast
naticasindonanokristallik halialmagin
mimkanlaya gostorilmisdir. Baslangic halda
arinti amorf haldadir, kristallasma zamani
iSo  ylksok maqgnit xassolorino malik
nanokristallik ~ magnityumsaq arintiyo
cevrilir. orinti iki kristallasma
temperaturuna malikdir: 510°C-don yuxarida
nanokristallar omolo  golir, 570°C-den
yuxarida onlarin niobium ils zoangin otrafinin
kristallasmas: bas verir. Adoaton arintinin
optimal magnit parametrinin alinmasi Ustin
520-560°C  temperaturlarda  bir  saat
muddatinds orinti bisirilir. ©gor bu prosesi  Sakil 1. Quivvenin Ty, tab alma miiddatinden asililig.
daha yuksok temperaturlarda gisa middatda Saxlama muddti: 1- 5 san, 2-10 san, 3-20 san,
opara_miobium lo zongn_blstlarn S S el e
kristallagmasi _!aqglylr. Ealslrllrpa“m“nml_lmmlal qiivvasinin He sasviyyesidir.
temperaturu Gg¢tn 580°C  gotirtImisddar.
Sokil 1-don gdriindiiyti kimi 580°C bisirilmo temperaturunda 10-30 saniyssaxlama, snonavi yolla
540°C temperaturda 1 saat tab alma ilo alinan koersitiv qiivveys yaxin giymest almaga imkan
verir. Bu saxlamalar zamani temperaturun yukssldilmasi Hc koersitiv quvvanin yiksalmasinog
sobab olur ki, bunun da sobobi yaqin ki, kristallasmanin ikinci marholasinin baslamasidir.

580°C temperaturda 5 saniys saxlama bu ciir kicik Hc koercitiv qiivveni tomin eden
qurulusun formalasmas: Ugtin kifayst deyil. Lakin 600-650°C temperaturlarda tab alma zaman:
alinan koercitiv giivvenin giymoti onsnavi iisulla alinan giymetodn kicikdir (620°C temperaturda
iki dofa). Daha qisa saxlama (1 saniys) Hc koercitiv giivvenin asag giymatlor intervalini 670°C
temperatura godor genislondirir.
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660°C temperaturda 1 san ve 540°C temperaturda 1 saat bisirilmis niimunalerin
elektronogrammalari gostormigdir ki [2], birinci halda kristallarin 6lglisi daha Kicikdir.
Kristallarnin 8lciilorine goro paylanmasinin todqiqi gdstorir ki,660°C temperaturda bisirilmis
arintido on tez-tez rast golinon 6l¢ii 5-6 nm, 540°C temperaturda bisirilmis orin-tido iso 8-10 nm-
dir. Adoton daha uzun muddat saxlamalar zamani bisirilmo temperaturu yiiksok oldugca donanin
Olglst do boyuk olur. Lakin bu halda vaziyyst tamamilo oksinadir. Giiman etmok olar ki, bu
kristallasmanin sirotlo bas vermasi ilo olagodardir. Kristallik qurulusdaki diger forg ondan
ibaratdir ki, daha ylksok temperaturda kristallasmis orintilords kristallitlor daha tokmildirlor.

Fez3sCuiNDbsSijssBoamorf  orintisinin - kristallasmas:  zamani  alinmis  nimunslorda
nanokristallalrin ~ Glgulari-nin - tonzimlonmasinin  daha bir Gsulu ilkin  deformasiya vo
asagitemperaturlu tab almadir. Mioayyon edilmisdir ki, ilkin deformasiya (yayma) vo asagi
tempera-turlu (350-450°C) bisirilmo kristallasmus orintinin méhkemlik xassalorine vo qurulusuna
tosir gostorir. Sonra bu orintinin vakuumda 540°C temperaturda 1 saat middstindo tab:
alinmigdir. Bu orintido donolarin 0Olctlorine goro paylanmasinin todqiqi gostorir ki, on tez rast
golinan 06lcl 6-8 nm-dir. Enino magnit anizotropiyanin yaradilmas: termomexaniki emal adlanan
dartilma altinda bisirilmo ilk dofs [3] isindo Fez;sCuiNbsSiizsBg orintilorine totbiq edilmisdir.
Bisirilmo zamani1 nlimunoys dartic1 gorginlik totbiq edilmisdir.Bisirilma temperaturu vo yik
optimal magnit xassolorino nail olmaq Uglin tocribi olaraq segilir. Nanokristallik orintido
temperaturun, bisirilmo middstinin vo ylUkin migdarnin artmas: zamani gotirilmis enino
anizotropiya  sabiti  do  artur.

Termomexaniki emal Zzaman 7 -
gotirilmis enino anizotropiya sabiti 6
kobalt osasinda amorf arintilors 5
nisboton 4 dofs boyukdur. =
Termomexaniki emal domir osasinda &
orintilords 0 zaman effektivlidir ki, £ ?
orinti nanokristallik hala kegmisdir 2
va kigik magnitostriksiyaya malikdir. !
Belo ki, domir asasinda amorf o pr g 300 oo
orintilords  enino anizotropiya ya- o,MNa

ranmur.  Termomexaniki emali na- gkl 2. Termomexaniki emal zamani K-nin yiikiin migdarindan
nokristallasdiric1 bisirilmo ilo bir-  asililigi:1-birinci rejim (530°C, 1 saat), 2-ikinci rejim (530°C
losdirdikdoa (1 rejimi) temomexa-niki  temperaturda, 1 saat nanokristallasdirict bisirilms, sonra 530°C
emalin effektivliyi nanokris-  temperaturda 1 saat termomexaniki emal).

tallagdirict bisirilmadan sonra

aparilan temome-xaniki emala (2 rejimi) nisbaton daha da artir (sokil 2). 530°C temperaturda 1
saat mudotindo 6=320 MPa yukds 1 rejimi tzro emal zaman: anizotropiya sabiti maksimal
giymatina bir nega dagigoyas ¢atir, 2 rejimi izro iso maksimal giymoto bir saata ¢atir. 1 rejimi Gizro
emal zaman: nimunsnin uzanmast misahido edilir. 1 vo 2 rejimlori Gzro emal zamant K
anizotropiya sabitinin maksimal giymotindaki boyiik forq amorf materialin kristallasmas: zamani
totbiq edilon yikin kristallik qurulusun formalasmasina tasir géstormasinin noticasidir.
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FeGa,Se, va Feln,Se; BIRLOSMOLORINDO TERMOSTIMULLASMIS
DEPOLYARLASMA COROYANLARI
N.N. Niftiyev, F.M. Mammadov ', S.M. Musayeva
Azorbaycan Doviat Pedaqoji Universiteti
AMEA Kataliz v Qeyri-lizvi Kimya Institutu”
namiq7@bk.ru

FeGa,Se, va Feln,Se, birlagmalaorinds termostimullagmis depolyarlasma corayanlarinin todqiqi
naticasinda lokal saviyyalorin enerji darinliyi, onlar:n konsentrasiyas: va tutulma kasiklori hesablanmzgsdir.
TSD carayanmun isarasinin dayismasi nlimuna qizarkon dayaz va darin saviyyalarin bosalma kinetikasin
mirakkab xarakteri ilo alagadard:r.

Mduasir bork cisimlor elektronikasmin  funksional imkanlarini genislondiron osas
monbolordan biri kimi AB,X, (burada A-Mn, Fe, Co, Ni; B- Ga, In; X-S, Se,Te) tipli birlosmalori
gostormok olar. Bu birlogsmalarin atom torkibindon vo atomlar aras: garsiligl: tosirdon asili olaraq
onlarin fiziki xassalarinin glcli siiratdo doyismasi bas verir. Bu birlosmalorin asasinda lazerlor,
is1q modulyatorlan, fotodedektorlar, termorezistorlar, dizlondiricilor vo s. funksional qurgular
yaratmaq perspektivlidir. AByX, tipli birlosmalor sinfino aid olan FeGaySes birlogmasi
stexiometrik miqdarda yuksok tomizlikli (99,999%) elementlor birlosmasindon alinmisdir.
Rentgenografik metodla analiz naticasindo muoyyon edilmisdir ki, FeGa,Se, kristalik gofos
parametri a=5,54A olan kubik qurulusa malik olur [1]. FeIn,Ses birlosmoasinin monokristal: iso
Bricmen metodu ilo ahinmigdir. Rentgenografik metodla muoyyon edilmisdir ki, Feln,Se,
monokristali gofas parametrlori a=4,18A; ¢=19,47A; c/a=4,65 olan heksagonal qurulusa
kristallagir [2]. FeGa,Ses birlogsmasi vo Feln;Se, monokristalinin bozi fiziki xassolori [3-6]
islorinda todqiq edilmisdir. Hazirki isdo FeGa,Ses vo Feln,Seq birlosmoalarinds termostimullagsmais
depolyarlasma (TSD) corayanlarmin todqiqi noticalori verilmisdir.

Sokil 1-do FeGa,Se4 kristali tigtin 80V polyarlasma gorginliyindo TSD corayan ayrisi tasvir
edilmisdir. TDC spektrindoki inversiya pikina uygun temperatur maksimumu 330 K -o
borabordir. Baslangicda inversiya piki do daxil olmagla corayanin isarasi monfi olur. 367 K
temperaturda TSD corayanmin isarasi doyisoraok mushot olur vo temperatur artdigca coroyanin
qiymati artmaqgda davam edir.
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-3 -
Sakil 1. FeGa,Se, kristal1 tiglin 80V polyarlasma garginliyinds TSD corayan ayrisi.

Sakil 2 -do Feln,Se4 layli monokristall: tigiin 20V polyarlasma gorginliyinds TSD carayan
oyrisi tosvir edilmisdir. Sokildan gorundr ki, baslangicda temperatur artdigca corayanin isarosi «-
» olmagla giymati yavas artmaga baslayir, 316 K temperaturdan baslayaraq iso temperatur
yiiksaldikca carayanin giymati bir gador siiratlo artir. 330 K temperaturda iso TSD coarayanin

isarasi doyisorok musbat olur vo temperatur yikssldikco coroyanin giymati do ylksalmokda
davam edir.

280 300 320 340 360

-10 -

-20 -

Sokil 2. Feln,Se, monokristali Ggiin 20V polyarlasma garginliyinds TSD carayan ayrisi.

Sokil 3-do FeGa,Ses kristali tgun 80 V polyarizasiya gorginliyinde 330 K temperatura

uygun TSD coroyan pikinin baslangic hissesinin temperaturdan asililq oyrisinden (I~10%T)
talalorin aktivlosma enerjisi hesablanmisdir vo E;= 0,16 eV boarabar olur.
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Sakil 3. FeGa,Se, kristali ticiin 80V polyarlasma goarginliyinds 330K temperatura
uygun TSD carayan pikinin baglangic hissasinin temperaturdan ashlig.

Sokil 4 -do Feln,Ses monokristali ¢lin TSD coroyan pikinin baslangic hissasinin
temperaturdan asililiq oyrisi Igl~10%T migyasinda géstarilmisdir. Oyrinin diiz xtt hisesinden
aktivlogsmo enrjisi hesablanmisdir vo E= 0,63 eV giymati taplimigdir.

-8 1

-8,2

-8,4 T T )
2,7 2,8 2,9 103/T,K_1 3

Sakil 4. Feln,Se, monokristal: Ugiin TSD carayan pikinin baglangic
hissasinin temperaturdan ashlig:.

Todqig olunan kristallar Uglin tololorin yerlosma dorinliyi TSD -do coroyanin baslangic
artimi hissasinin temperaturdan asililigindan (Qarlik-Qibson metodu) [7] toyin edilmisdir. Stratli
yapisma soviyyalari i¢lin tololorin konsentrasiyas: vo tutulma en kasiklori asagidaki disturlardan

toyin edilir [8]:

N, = €N, E, 1)
o
2
S, hexp(ZEt KTy )- (2)

20 N v k?TS
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Burada Jy - TSD maksimumuna uygun cerayanin sixhgi, £ - qizdirilma surati, Ne- kegirici
zonada hal sixhgi, v, -serbast yukdasiyicilarin istilik sirati, k -Bolsman sabitidir. /nj~1/T

koordinatinda j oyrisinin diiz xott hissasinin yuksok temperatur oblastinda ekstrapolyasiyasi
naticasindo ordinat oxundan « pargasini ayirir.

Yuxarida gostardiyimiz metodlarin kémayi ilo hesablamalar noaticasindo FeGa,Se, kristal
uctn lokal saviyyslorin parametrlorinin hesablanmasindan alinan orta giymotlor asagidaki
kimidir:

E=0,16 £0,02eV, N=3,3-10"sm*, S=2.10"sm?

Feln,Se, monokristalr Ugiin isa lokal saviyyslarin parametrlorinin orta qiymatlori belodir:

E=0,6340,02eV, N=2,4-10"°sm® S=5.10""sm?

Sokil 1 vo 2 — don gorindr ki, FeGasSes vo Feln,Ses birlogsmalarinds TSD carayanlarinin
«inversiyas» yaranir. [9] isindo inversiya coroyanmin fiziki mexanizmini tosvir edon ifado
verilmisdir. Bu iso asason TSD-nin inversiya corayani bels izah edilir: baslangicda hesab edilir ki,
dielektrikin daxilindo yapisma soviyyslorindo lokallasmis yiklor galinliga goro geyri-bircinsli
paylanir (hetrobdyiik). Qizdirilma prosesinds depolyarlasma zamani sorbast yiikdasiyicilarin
generasiyas: baslayir. Yoni daxili elektrik sahasinin tosiri ilo hetoroylklor dielektrikin sathino
catir vo homoyukin oks ekranlagmis sahosini yaradir. Mioyyon temperaturda ekranlasma tam
olur. Bu zaman Irsp =0-a borabor olur.Sonraki gizdiilma prosesindo hetroyiik «dagitmani»
davam etdirir vo hemoyiik sahasinin hetroyiik sahasinin izorinds bazi Gstunliiklori meydana ¢ixar.
Bu TSD coarayanin isarasinin doyismasi ilo ifads olunur.

Adoton yarimkeciricilordo dipollarin  mdvcud olma ehtimallart azdir, lakin real
yanmkeciricilords basqa fazalardan daxil edilmis (mos. oksidlor va s.) muxtslif fazalardan ibarot
kicik daxil olmalarin mdvcudlugu yox deyildir. Bu da prinsipcs dipolun omols galmasina gatirib
cixara bilar. Bizo elo galir ki, TSD caroyaninin isarasinin doyismasi nimuna qizarkon dayaz vo
dorin saviyyalorin bosalma kinetikasinin mirokkob xarakteri ilo olagodardir. Nimunads osason
daha dorin yapigsma soviyyalorinin olmast TSD inversiya corayaninin musahido edilmosi tgln
kifayot etmir. Bunun Ugiin dayaz saviyyslorin olmas: zoruridir. Bu da bizim  FeGa,Ses vo
Feln,Se, nlimunalarinds mévecuddur.
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InGaSe, VO InGaTe, BIRLOSMOLORININ QOFOS
PARAMETRLORININ, ELEKTRON VO DESIKLORIN
EFFEKTIV KUTLOLORININ HESABLANMASI
U.S. Abdurahmanova, P.F. 9liyeva
Azarbaycan Texniki Universiteti

uulkerl2@mail.ru , fira_salmanova@mail.ru

Isda ilk daf> olarag Murnagan tonliyindan istifads etmoklo deformasdiyaya ugramus elementar
gafasin minimal hacmini tapmagla InGaSe; va InGaTe, birlagmalarinin gafos sabitlarini va atomlarmn
koordinatlar: nazari olaraq, hesablanmag va alinmus naticalorin tocriibi olaraq rentgenografik tsulla tayin
edilmis giymatlarlo yaxs: uzlasmas: askar edilmisdir.

Ilk dofo olarag hor iki birlosmonin psevdopotensial Gsulundan istifado etmoklo
hesablanmis zona quruluslarina oasason elektron vo desiklorinin effektiv ktlolorinin  tors
giymatlorinin tenzorlari hesablanmigdir. Askar edilmisdir ki, kitlonin tors giymotlorinin
tenzorlar har iki maksimum Ggln diagonal soklindadir. Malum oldugu kimi kristal konar tosirlora
moruz galdiqda deformasiyaya ugrayir. Bu zaman onun Qofos parametrlori vo atomlarin
vaziyyatlarini (onlarin koordinatlarini) mioyyan edon parametrlor doyisikliklora ugrayir. Mohz
buna ossaslanaraq deformasiyanin muoayyan giymstindo homin parametrlorin hesablanmas: ¢ox
vacib mosoladir. Belo forz edilir ki, tozyiq sabit entropiyada tam enerjinin butlin hacm tzrs xususi

téromosinin modulu p:{fj , hartorafli sixilma modulu iss sabit temperaturda tozyigin hacma
N S

gOra birinci tortib téromasinin modulu ilo xarakteriza olunur B:_V(E), Tacribado hacmi
N )

sixilmanin - modulu tozyigin kicik giymatlorinds B’:(aBj diisturundan istifado etmoklo
T

oP
tapilir.B'=B; @obul etsok, onda B=B,+B;p almir. Qeyd olunanlan nazors alsag,
dv dP

- minasibatini ahng. Bu ifadonin integrallanmast ilo p(y) B, [ﬁ]%_
V B, + B,P By

- v

VB
naticasine golirik. Sonuncu ifadedon isa V (P) :V0(1+ Bo BiJ minasibati tapilir. Molum

0
oldugu kimi bark cisimlor elementar gofaslorinin miosyyan giymatinda V tarazliq hocmi ilo

xarakterizo olunurlar vo hacmin bu clizi doyismasi Kkristalin tam enerjisinin doayismasina sabab
olur. Malum Murnagan [1] hal tonliyi gofosin tam enerjisinin gafasin hacmindon asililigini ifads
edir. Murnagan hal tanliyino daxil olan parametrlor elo segilmisdir ki, tam enerjinin elementar

gofasin  hacmindon asililiq qrafiki hesablama ndqtslorindon ke¢mis olsun. Hesablamann

noticalorino oasason tarazliq hahinda InGaSe, birlosmoasinin elementar qofasinin  hacmi
V,=1664.0971a.u., hocmi sixilmanin modulu B =35.9321GPa, onun tozyigo gore toromosi

B '=4.1770 olur. Bu naticalor Birg-Murnagan tonliyina gors aparilmis hesabatla yaxsi uzlasir .
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Elementar gofasin hocmi V = a?c disturu ilo hesablandigindan ve gofasin tarazhq halinin
hacmi  V(=1419.6586 a.u. oldugundan, qofos parametrlori asanhgla hesablanir. InGaSe;
birlogsmasinin tosvir olunan gaydada nazori hesablanmis gofos parametrlori vo elementar gofosdo
atomlarin koordinatlar adabiyyat malumatlar: ilo yaxsi uzlasir. Qeyd olunmalidir ki, alinmis bu
naticolor InGaSe, birlosmosinds fonon spektrinin hesablanmasinda vo deformasiyanin bu
birlosmonin elektron vo optik xassalarina tosirini 6yronmays imkan verir. InGaSe, yanmkegirici

birlosmosi tetragonal sinqoniyada kristallasir, foza gofosi Djﬁ elementar gofosdoki atomlarinin

say1 2-dir. Qofos parametrlori a=8.0511A, ¢=6.3174A, halkogenin parametri iso x=0.1636-dur.

Quvvanin minimallasd1r1lma51|lf|<3 m—Ryserti Odonilmoklo  hoyata  kecirilir.  Qofas

a.u.

0 0
parametrlorinin optimallasdirilmis giymotlori a=8.0138 A, ¢=6.9534 A, halkogenin koordinat:
iso x=0.1720 olmusdur. Optimal gofas para-metrlori: a=7.6485A; ¢=6.001 A. Beloliklo, ilk dofa
olarag InGaSe, birlosmasinin nazari olaraq gofos parametrlori hesablanmis vo alinmis naticalorin
eksperimental naticalarlo yaxsi uzlasmasi askar edilmisdir.

Analoji gaydada InGaTe; birlogsmasinin gofas parametrlorinin hesablanmas: da apariimis va
asagidaki giymotlor alinmisdir. InGaTe; birlogsmasinin kristallik gofasinin parametrlorini toyin
etmok Ucun elementar gofasin hacmini + 8% doyisorok tam enerjinin muvafiq giymatlorini
hesablamisig. Murnagan hal tonliyino daxil olan parametrlor elo secilmisdir ki, tam enerjinin
elementar gofasinin hacmindon asililigi parabolik sokilds olsun. Elementar gofasin hocminin

hesablanmis giymotlorine gore V=6268,1419 a.u., B =40,2392 GPa, onun tozyige gors tGromosi

B '=4,5588 olmusdur. Bununla yanas1 hesabatlar Bir¢- Murnagan tonliyi ils, yoani (1) disturundan
istifado etmoklo aparilmisdir.

Qeyd edok ki, tarazlig halinda gofas parametrlorinin hesablanmas: onlarin nisbatlorinin
sabitliyi halinda aparilmisdir. Elementar gofosin hocmi V=a’c kimi tapildigindan qofas
parametrlorini ylksok dogigliklo hesablamaq olur. Hesablamanin naticalorini kifayat godor
etibarlh hesab etmok olar. InGaTe, monokristali A"'BY tip zoncirvari qurulusa malik
yarimkecirici birlosmadir. Bu birlogsmonin yarimkegirici xassalori Muzer- Pirson kimyovi rabito

0 0
modeli ssasinda izah edilir. Birlosmonin gofos parametrlori a=8.3945 A, ¢=6.8352 A vo atom
koordinatlari x=0.1730 olmusdur.

Molum oldugu kimi effektiv kitlo yarimkegiricilorin elektron xassalorinin  osas
xarkteristikas1 hesab edilir. Effektiv kitlodon elektrik vo maqgnit xassalorinin 0yronilmasindo,
kinetik parametrlorin hesablanmasinda vs kritik ndqtolords optik parametrlorin analizinds istifado
edilir. Effektiv kitlonin toyin edilmosinin muxtalif yollari vardir. Onlardan biri do muasir nozari
milahizalors osaslanaraq hesablanmis zona qurulusuna gors elektronlarin va desiklorin effektiv
kitlolorinin hesablanmasidir [2,3].Effektiv kitlonin tors qiymotinin  komponentinin tenzoru

/ /
asagidaki dusturla toyin edilir: {m_g} =5 +i <n1ko|P||n1ko><n1ko|PJ|n1ko>
m ' omy En(ko)—E_ (ko)

, burada mg —
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elektronun stikunat kutlssi; &; —Kroniker simvolu, <n,k0|Pi|n’,k0 > —impuls operatorunun

matrisa elementi, ko ndqtesinde P, = —ihai, n, n’ - elektron zonalandir. |n,ke>- elektronun dalga
Xi

funksiyasidur.

>

<n1k0|Pi|n1/k0> = J.(P;ko (r)Pi(Pn/ko (r)d3r
%

A - elementar gofasin hacmidir. En(ko) energetik spektri vo ko ekstremum ndqtesindo ona
muvafiq dalga funksiyasi ouo(r) Sredingerin birelektronlu tonliyindon toyin edilir. Mistovi
dalgalarin bazisinds

ik, + G’
;{%%G, +V (k, + Gk, + G/)}an (ko +G’) = Ey 9, (Ko + G) =V (K, + Gk, + G')

V(K) — bu kristallik psevdopotensial Furye tosviridir. InGaSe, birlogsmasinin zona qurulusunun
hesablanmas: [3] gostordi ki, valent zonasmin maksimumu va Kegiricilik zonasmin minimumu
yuksok simmetriyali T ndqtesinds yerlosir, ko=0.5b;- 0.5b,+0.5b3. by, by, bs — tors gofasin bazis
transliyasiyalaridir. Bizim hesablamalarimizda elektronlarin vo desiklorin effektiv kitlolorinin
tors giymatinin tenzorunun komponentlori, 0.01mg dogigliklo asagidaki kimi hesabanmisdir:

m 232 0 0 " 223 0 0
(—‘)J: 0 232 0|, [—°j= 0 223 0

m m
0 0 295 0 0 032

e n

Gorindayd kimi hom elektronlarin, hom do desiklorin effektiv kitlolorinin tors giymatlori
diagonal xarakter dasiyir. Ona gors do izoenergetik sothlor firlanma ellipsoidi soklinds olur ki, bu
da InGaSe; birlosmosinin simmetriyasi ilo yaxst uzlasir. Zona qurulusu hesablanarkon
konfiqurasiya fozasinda geyri-lokal ion psevdopotensiallari [2-3] islorinds toklif edilon sxem
osasinda qurulmusdur. InGaTe, birlosmosinin zona qurulusu hesablanarken ion yikinin
ekranlasmasi , homginin mibadilo- korrelyasiya effektlori Xabbard- Sem modelino goro
dielektrik formalizm ¢orgivesinds hor bir ion otrafinda yiklorin ixtiyari paylanmasi nozora
alinmigdir. Dalga funksiyasinin pargalanmasinda 1800-0 godor mistovi dalgadan istifado
edilmisdir. Nozora alinan mustovi enerjilori 30 Rydb gotirilmuisdir. Musyyan edilmisdir ki,
keciricilik zonasindaki minimum k;, =0,125b, +0,1250, +0,375b, noqtesindos yerlosir; halin dalga
funksiyas: gotirilmoyon D, tosovvirine aid edilir. Elektronlann vo desiklorin effektiv
kutlolarinin tenzorunun tars giymotinin komponentlori 0,01m,dsqgigliklo asagidak: ifadolorlo

hesablanmisdir.
300 0 0
m, m, -231 0 0
—|=| 0 309 0}, . 0 -2310

0 0 45 P/ o 0 -0dl
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Valent zonasinin maksimumu k,=0.5b;-0.5b,+0.5b3 (b;, b, bs) tors qofasin bazis
translyasiyalarndir. Halin dalga funksiyas: gotirilmayan Ts— anlayisina aiddir. Desiklorin effektiv

*

m . . e
kitlolori kaskin anizotropluga malikdir, yani [—*””Jzﬂ Burada m, vo m  desiklorin c

mg,,

tetragonal oxuna paralel vo perpendikulyar istigamatlords qiymaotlorini ifado edir. Gortindiyu
kimi kutlonin tors giymatlorinin tenzorlart har iki maksimum ugun diagonal soklindadir, yoni
ekstremumlar otrafinda izoenergetik sothlor firlanma ellipsoidi formasina malikdir.
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B pa60me pa3pa6oma1—ta MemoouKa U320MOBACHUS KOMNOZUMHO20  MASHUMHO20
cep()elmuka U UCCe00B8AHbL MAKUE BAICHbIE MACHUMHbBIE xapakmepucmuku cep()etmuka, Kak
MACHUMHAA MH()yKL[Mﬂ, maxKk u macHumuas 60CHNPpUUMYUBOCMb 6 3deucumocmu om MAcHUMHO20
noJisi. HOKCZS’CZHO, umo C pocmomM 6HeUulHeco MACHUMHO20 NnoJA 8eNUYUHA MASHUMHOU
npoHuyaemocmu pacmem, docmueaem MAKCUMAIbHO20 3HAYEHUS U OAlbHeluiem pocmom noJs
YMeEHbUAEMCA.

MarauTtHbie MaTepHalbl CErOHS MPUCYTCTBYIOT MPAKTHYECKHU B JIFOOOW 00JaCTH TEXHHUKH.
DTO WCTOYHUKMA THUTaHHSA, (QUIBTPHI TOAABICHUS TIOMEX, CUYCTYHUKH DJIEKTPOIHEPTHUH,
TEJICKOMMYHHUKAIIMOHHOE 00OpyZOBaHHE M Jp., a Takke dPPEKTUBHBIC PaTUONOTIONIAIOIINE
matepuaibl [1]. [IocKOJIbKY JTMCTOBBIC W JICHTOYHBIC MATHUTHOMSTKHE MaTePHUAIIbl IPU OOJIBIIMX
gacrorax (cBeime 100 Krim) He MOTyT OBITh NPUMEHHMBI BCJCICTBHE PE3KOTO IAJICHUS
MarHUTHBIX CBOWCTB. PaboTa MOCBsIIEHa U3TOTOBIEHUIO U HCCIEI0BAHIIO MATHUTHBIX CBOMCTB B
MarHUTHOM KOMIIO3UT€ Ha OCHOBE MAarHUTHOW MHMKpOYacTULbI M nonuMmepa. B kauectse
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00BEKTOB UccleoBanus ObuH B3sIThI omuBuHWIICHGTOpHA ([IBAD) 1 0TOMXKKESHHBIH MUHEPAI
cuneputa (Fe,Mn)CO;. Crnenyer Mmoma4epKHYTh, YTO CHIACPUT Kak MPHUPOTHBI MHHEpan He
00nafaeT MarHUTHBIME cBoiicTBamu. Ilocme omxura npu 7=1000°C m3-3a XHMHHYCCKHX
W3MEHEHUH COCTaBa MOSBISIOTCS MarHUTHBIE CBOWCTBAa. V3 pEHTTeHOCTPYKTYpPHOTO aHaau3a
YCTaHOBJICHO, YTO TOCJE OT)KHra MMEET MECTO pPe(IIeKCHl Pa3IHMYHBIX METAJUIOKCHUIOB B TOM
gyrcne okcunga FesO4 (marnerwr). Ilpu 3TOM mpoleHTHas 10Js MarHeTura coctaBisieT 53%.
KoMIo3utsl ObLIH MOJTYy4€HBI U3 TOMOTEHHOW CMECH TOPOIIKOB KOMIIOHEHTOB ITyTEM TOPSYEro
npeccoBanusi. CopepikaHue KOMIIOHEHTOB BapbUPOBAIOCH B IMUPOKOM Juamna3zone (25-60%)
cuneput, (75- 40%) (IIBJI®), coorBeTcTBeHHO. CHIOCOO MOJTydeHUsT MaTepuaa mpeiaracMoro
cocTaBa /ISl M3TOTOBJICHUS IUICHOYHBIX KOMIIO3UTHBIX IUIGHOK COCTOUT B CIEAYIOLIEM:
KOMITOHEHTHI IIUXTHI, COCTOSIIEH W3 CHUACPUTA B HEOOXOAMMOM KOJIMYECTBE B3BEUIMBAIOT M
M3MENBYAlOT JI0 Pa3MEepOB YacTUIl 65 MKM M MeHee B mIapoBOil MenbHHIE ¢ (haphopoBbIMU
mapaMi. 3aTeM TOJY4YeHHYI0 CMeCh MOMEMIAloT B mpecchopMy H TOJBEPraioT TOpsueMy
MPECCOBAHUIO CICAYIOMMM 00pa3oM: a) B Havaje CMEIIAHHYIO IUXTY 1MoA jaaBieHuemM P=1MIla
MOJIOTPEBAIOT 10 TEMIIEPATYPhI IJIABICHUS (T=1600 C) B TeueHue 5 MUHYT; 0) 3aTeM J1aBJICHHE B
npecce nogauMarot 10 P=15 MIla, pactiaBneHHyI0 MIUXTY B TE€YECHUE 5 MUHYT BBIICPKUBAIOT
IpH 3TOM JABJICHHUH; C) MOJYYCHHYIO IUICHOYHYIO KOMIIO3HTHYIO TUICHKY OXJIQXKIAIOT IyTeM
3akankd B Boje. [Ipu Takom cmocoOe OXJIaXKICHUS IUICHKU TOJIyYaroTcs 0osiee dIIaCTHYHBIMU.
OTtMmeTnM, 9TO Ui TOJYYEHHUs KOMIIO3UTHOTO KOJIBIIEBOTO CEpJeYHMKAa ObUTa H3rOTOBICHA
crenuanbpHas mnpecc-popma. Pazmeps! cepaedHnka ObUIM PaBHBI: BHYTPEHHHI TuaMeTp Uyuyr =9
MM, a BHCITHUH TUAMETP Dyyern =15 MM cooTBeTcTBeHHO. /)15t ipriMepa Ha puc 1.a, 6 mpuBeACHBI
3aBHCUMOCTH HaMarHMYeHHOCTH (MHIYKIMWM) © MAarHATHOW TNPOHUIAeMOCTH | JUIst
KoMno3uTHoro cepaeunuka 60%cunep.+40%IIBJA® mnpu wuwacrorax f=50Tn(a) w
f=2000I'u(6), HO AT BCEX KOMITO3UTOB MOJIYYEHBI OJMHAKOBBIE pe3ysbTaThl. Kak BHIHO U3
PUCYHKa C POCTOM HAMpPSKEHHOCTH BHEIIHETO MArHUTHOTO TIOJI1 BEJIIMYMHA MAarHUTHOU
MPOHUIIAEMOCTH PACTET, JOCTUTACT 10 MAKCUMAIBHOTO 3HAUYCHUS, a 3aTEM C POCTOM MarHUTHOTO
MOJI1 YMEHBIIIAETCs, @ MATHUTHAS UHIYKIUS pacTeT. Bo3pacranue MHIYKIINKU U IPOHUIIAEMOCTH
MOJT JICWCTBUEM BHEIIHETO TMOJIsi OO0YCIOBJIEHO JBYMSI OCHOBHBIMHU IPOILIECCAMH: CMEIICHUEM
JOMEHHBIX TPAHMI] ¥ TIOBOPOTOM MAarHUTHBIX MOMEHTOB JIOMEHOB. HadanbHOMY y4acTKy KpHUBO#
(obmacte 1) coorBercTByeT 0OpatuMoe (ympyroe) cMmeileHHe JAOMEHHBIX Tpanull. [Ipu 3ToM
MIPOMCXO/UT YBEIUYCHUU O0BEMa TEX [IOMEHOB, MAarHUTHbIE MOMEHTHI KOTOPBIX 00pasyroT
HAaUMEHBIIUK YTOJl C HAINPaBIIEHUEM BHEIIHETO TMOJs, W, HA00OpOT, YMEHBIIAIOTCS pa3Mepbl
JIOMEHOB C HEOJIaronpHATHON OpHEHTAlMel BEKTOpa CIOHTAHHOW HaMarHudeHHocTH. [locie
CHSTHSI CJIa0OTO TMOJISi JOMEHHBIC TPAaHUIBI BO3BPAIIAIOTCS B MPEXKHEE MOJIOKEHUE; OCTATOYHAs
HAMarHMYCHHOCTh B OOpasie He BO3HHMKaeT. B oOmactu Oosiee cuibHbIX moieit (oOmacts 1)
CMEIIIEHUE TOMEHHBIX TPaHHIl HOCUT HeOOpaTHMBbIi, CKaukooOpa3HbIi, xapakrep. CTyneH4YaThIi
XapakTep mpollecca HaMarHWYMBaHWsS NOJy4rs HasBanue 3¢ddexra bapkraysena. Ha yuacTke
HEOOPAaTUMOro CMEIEHUS AOMEHHBIX TPaHUI] KpUBash HAMArHUYMBAaHUS MMEET HauOOJBIIYIO
kpyTtusHy. [lo Mepe nanbHEWIIEro yBEJIWYEHHUs HANPsSHKEHHOCTH MArHUTHOTO TOJIS BO3PACTaeT
pOJIb BTOPOTO MEXaHW3Ma HaMarHWYMBAHHS-MEXaHW3Ma BpAIICHUS, MPU KOTOPOM MarHUTHBIC
MOMEHTHI JOMEHOB U3 HAlpaBJICHMs JISTKOTO HAMarHUYMBAaHUS, 00pa3yIOMIeT0 HEOOIBIION Yrol
C TOJEM, MOCTEINEHHO TOBOPAYMBAIOTCS B HANpPABICHWM IIOJIsA, T. €. B HAmNpaBiIeHHU OoJiee
TpyaHoro HamarauuuBanus (o6mactse Il Ha (puc. 1).
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Puc.l. 3aBMCUMOCTH MAarHUTHON NMPOHUIAEMOCTH U MHAYKIIUU OT BEIMYUHEI BHELIHETO
MargutHoro nous-uis yactoT f =2000I'y u f =50

Korma Bce MarHuTHbIE MOMEHTHI JJOMEHOB OpPUEHTHUPYIOTCS BAOJbL IMOJSI, HACTYNAeT
TEXHUYECKOE HAChIeHHe HamarHmdeHHoctd (o0macte |V). HesHauuTenbHOe BO3pacTaHHe
WHIYKIIMM Ha YYacTKE HACHIIEHUs oOycloBieHO ¢ Mo W yBeNIMYCHHEM HAMAarHMYEHHOCTH
camoro JnomeHa. llocmegHee mody4ymio Ha3BaHME —Mapamnpolecca, WIM  HUCTHUHHOTO
HaMarHu4uBaHus. J[eso B TOM, 4TO CTPOro MapajieIbHOE PacoJIOKEHUE CIIMHOBBIX MOMEHTOB B
JIOMEHE, BBI3BIBAEMOE OOMEHHBIMH CHUJIAMH, HMEET MECTO JHIIb NpPU OUYEHb HU3KHX
TeMIeparypax, OJM3KuX K aOcoMOTHOMY HYyt0. [Ipu TOBBIIIEHWH TeMmmepaTypbl 3a CUeT
TEIJIOBOM 3HEPTUH YHOPSAJOUYEHHOCTh B PACTOJI0KEHHN CIIMHOB HECKOJIBKO HapymaeTcs. O1HaKko
BHEILIHEE T0JI€ MOJABIISIET JAEC30PUEHTUPYIOIIEE BIUSHUE CHIIOBOTO ABMXKEHHMS M BO3BPAILAET
«HETPABWIBHO» OPHEHTHPOBAHHBIE CHUHBI K MapaJUIeIbHOM OpPUEHTAIMH. DTHUM JOCTHIaeTCs
s¢ddexkT mpupamieHuss HaMarHMdeHHOCTH. Poib mapamporiecca BO3pacTacT € IOBBIIICHUEM
Temrneparypbl. Takum o00pa3oMm, pa3paboTaHa METOAMKA HW3TOTOBJICHUS KOMIIO3UTHOTO
MAarHUTHOTO CEpJIEYHUKA M HCCIECNOBaHbl TaKWE Ba)XKHbIE MArHUTHBIC XapaKTEPUCTHKH Kak
MarHuTHasi MHAYKUUS , TaK U MarHUTHas BOCHPUUMYHMBOCTb B 3aBUCHUMOCTH OT MAarHUTHOIO
MOJIA.
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Elektrik keciriciliyinin temperatur-tezlik dispersiyasmun analizindan molum olur ki, varistorda
Fermi saviyyasina yaxin lokallagmis sahalorda kegiriciliyin sigrama mexanizminin olmas: mimkindir.

Qeyri-bircins materiallarda dasinma mexanizmini mioyyan etmok tgtin onlarin dielektrik
parametrlorinin (dielektrik nifuzlugu, dielektrik itkisi va s.) dispersiyasinin analizi asas rol
oynayir. Dielektrik nifuzlugu vo dielektrik itki oamsalinin effektiv giymaotlorinin tezlikdon
asililigi, matrisa ve doldurucunun elektrofiziki parametrlarinin nisbatindan, onlarin formasindan
vo elektrik sahasindoki orientasiyasindan asililigina hossasdir. Parametrlordon basga iso
komponentlorin elektrik kegiriciliyi va dielektrik xassalori, hamginin tezlik parametrlori ils toyin
olunan kompozitlorin hondasi strukturu, sistemin hor bir fazas: ilo uygunlasdiriimalidir. Bu
proseslor geyri-bircins materiallarda elektrik spektroskopiyasmin todgiqini ¢atinlosdirir. Bltin
bunlar dayison xarici elektrik sahasinin tosiri altinda kompozit materiallarin ayri-ayri fazalarinda
sorbast yuklorin yerdoyismosi zamani muxtoslif cinsli torkiblorin sorhoddinds ylklonmis soth
gatlarinin omolo golmosi ilo olagodardir. Maksvel-Vagner polyarizasiyas: polyarlasmanin
orientasiya tipino osaslanir [1]. Qeyd edok ki, bir ¢gox muslliflorin fikrino goro geyri-bircins
matrisalarda osas polyarizasiya Maksvel-Vagner polyarizasiyasidir dielektrik parametrlorinin
tezlik asilihglar, daha dogiq desok kompleks dielelektrik nifuzlugu materiallarin
xarakteristikalar1 ilo vo hor bir material Ggln tokco materialin molekul xassalori ilo deyil,
hamginin torkibds asgarin olmast ils toyin olunur.

Toklif edilon is ZnO osash varistorlanin dielektrik parametrlorinin tezlik asililiglarinin
xususiyyatlarinin arasdirilmasina hasr edilibdir. Keramik varistorlarin sixtasinin hazirlanmasi
ucln 100 gram ¢oakido 96,5 ZnO+0,5Bi,03+0,5 C0,03+ 0,5 MnO,+0,5 B,03+1 Sb,03+0,5Zr0;
maddalorindon ibarat olan kitlo kira sokilli doyirmanda 60 mikron vo daha kigik 6lglys godor
xirdalanir. Bu kitlodon granulalar alindigdan sonra 40 ton tozyik tothbiq etmoklo presloms yolu
hindirluytd 10 mm, diametri 20 mm olan saybalar hazirlanir. Nimunalar sintez olunmaq tgtin
elektrik sobasina yerlasdirilorok 1300°C —ds sintez edilmisdirlor. Sintez olunmus silindir sakilli
nimunalar har iki torafdon cilallanir, sonra iso sothino kontakt mogsadilo hopdurulma yolu ils
nazik aliminium elektrod gati (3-4 mkm) cokilir. Tutum, migavimat vo dielektrik itkisini 6lgisi
E7-20 cihazi vasitosilo (10 %- 10° Hs) tezlik intervalinda ve 300-450 K temperaturda apariimisdur.
Nimunoaya 1V 06lcu garginliyi verilmisdir. Todgiq olunmus nimunslarin dielektrik nifuzlugunun
(¢ vo €' ) haqiqi va xayali giymatlori vo elektrik kegiriciliyi tutum (C) vo dielektrik itkisinin (D)
Olctlmosi naticasindo mifavig formulalar vasitssilo [2] ayin edilmislor. Sokil 1 -do dielektrik
nifuzlugunun hagiqi hissssinin (g) tezlik asililiglart gostarilmisdir. Sokildon gorintr ki, tezlik
artdiquda dielektrik nifuzlugunun hagigi hissesinin (¢/) doyismosi relaksasiya xarakteri dasiyir vo
¢/ monoton olaraq azahr. Dayismenin belo xarakterdo olmas: dipol vo migrasiya polyarizasiyas
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ilo olagodardir. Temperaturun artmas: ilo dipollarin relaksasiya muddoti azalir, yarakluyd iss
artir. Bu da 6z n6vbosinds dielektrik nifuzlugunun artmasina sabob olur. =(T) ayrisinin tacribi
noqtolori Mott koordinatinda ayani olaraq gostorilmisdir(sokil 2.). Bu halda kegiriciliyin disturu
asagidaki kimi olur.

o (T)=00/T"? exp{-(To/T)"*}. Burada To =\ &*/xg(Ef) kimi toyin olunur. A- Bolsman smsals,
a ~16 olan o6lglsiz sabitdir . oo amsalt 1/T oks temperaturunda sifir giymotino malik varistorun
keciriciliyidir vo asagidak: kimi hesablanir:

O — e®a’ V’phE(EEj (1)

burada a = 1/a -lokallasmanin radiusu, g (Ev) — Fermi soviyyasine yaxin hallarin sixligi, vpn —
fonon tezliyidir. oo parametrinin tayini tiglin xatti funksiyanin TY* —dan T, giymatine goder
ekstrapolyasiyasindan istifads olunur.

7824 T=317K 940

\ 9,46 4

7,764 \.\ : o5

7]4“ \\./ -
0 100 200 300 400 500 031 052 03 054 035 056
f(Hz) am"“K’
Sakil.1. Ln(¢)~f(Hz) Dielektrik nufuzlugunun Sok. 2. Lnl/U~ (1/T)1/4  asililig:

hagigi hissasinin tezlikdon asililigi.

Lnl/U~ (1/T)"* asililigmin T=300-330 K temperatur intervalinda yerins yetirilmasi onu
gOstorir ki, todgiq olunan varistorda Fermi soviyyasina yaxin dar zolaqda yerloson elektronlarin
koguralmosi sigrayis kegiriciliyi yolu ilo hayata kegirilir. Buna sababr varistorda dislokasiyalar
va donaciklorarasi sarhad boyunca defektlorin yaranmasina sobob ola bilor. Kegiriciliyin sigrayis
mexanizminin osas xususiyyatlori kbgtralmus yuklorin az yarukluyddur ki, bu da 6z ndvbasindos
akseptor saviyyslorino yaxin dalga funksiyasinin quyruq hissasinin zoif ortlyi vasitoesilo yiklorin
dasinmasi ilo xarakterizo olunur .

Mott modelinds geyd olunan temperaturda Fermi saviyyasino yaxin lokallasmis saviyyslora
yuklarinin sigrayisinin yolunun orta uzunlugu asagidaki kimi toyin olunur:

=@ (%) " 2)

Aparilmis mugayisalordon gorindr ki, temperatur azaldigca R parametrinin giymaoti artir.
Ona goro do gadagan zonasinda lokallasmis hallarin suratlo girilmas: hali bas verir vo elektrik
keciriciliyi prosesinds asas rolu digor asgar saviyyasindon kegirici zonaya kegon aktiv olmayan
yuklar oynayir. Noticodo kogurtlmis yiklorin boslugda sigrayisinin daha uzag olmas: ehtimal:
artir .Bu halda lokallasmis hallarin enerji forginin qiymoti asagidaki formula ils tayin olunur.

E=3/,nRgE, (3)

Burada tololorin konsentrasiyasmin qiymoti N=g{Ev )AE kimi olur.
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Qaranlig rejimdo sicrayish elektrik Oturuciliyld uctn o6lgilon parametrlorin  giymati
asagidaki codvoaldo gostarilmisdir.

Olcii parametrlori T=317K T=403K
g(Ev) eV'ism? 4.10% 8-10%®
R, A° 80 354
Nt, sm™ 4,2.10% 2,8*10%
AE, meV 70 50

Lokallasmis hallarin sixhigi olan g(Ef ), To =\ o*/kg(Ef) disturu ilo hesablanir.
Lokallasmanin radiusu Gglin iso amorf yarimkegiricilor Ugiin anoloji olan a= 16A° giymati
goturilmusdur.

Belolikla, geyd olunan elektrik keciriciliyinin temperatur-tezlik dispersiyasinin analizindon
molum olur ki, varistorda Fermi soviyyasina yaxin lokallasmis sahslords kegiriciliyin sigrama
mexanizminin olmas: mimkundur.
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W3BecTHO, UYTO  WCMOJNB30BaHWE  PA3NUYHBIX  Pu3nMdeckux APGPEKTOB  BHYTPHU
MOJIYTIPOBOJHUKOBBIX CTPYKTYP MPH MOTYYSCHHH OTPUIIATEILHOTO COMPOTHBIICHUSI 00ECTIEYNBaCT
npsiMoe TpeoOpa3oBaHHWe PA3NUYHBIX BHJIOB HSHEPTUU BHYTPH KpHUCTAIa, YTO CHIDKACT
DHEpPreTHYECKHe 3aTpaTa M TMPU  ONPENEJCHHBIX  YCIOBHSIX O00ECMEYMBAaECT  PEKUM
CBEPXUYBCTBUTEIBHOCTH K PAa3IU4YHBIM SHEPreTHYECKHM BO3ACHCTBUSM, YTO U JENaeT
HETaTPOHBI OJIHMM U3 MEPCHEKTHBHBIX JJIEMEHTOB MEPBUYHBIX MpeoOpasoBateneit [1,2]. ABTop
pabothl [2] paccyxkaas O JajbHEHIICH IMEPCICKTHBE Pa3BUTHS HETaTPOHHKH, OTMEYAET, YTO
HEraTpOHBbI OCTAaHYTCsl OCHOBHbIM 3j1eMeHTOM CBY reneparopoB u ycunutenei. Ilo mHeHuro
aBTOpa MO>XHO BO3pa)kaTh, YTO COBPEMEHHBIE YCIIEXU TPAH3UCTOPHON TEXHOJIOTHMH IO3BOJISIIOT
CTPOHUTh YCWIHMTEIHW W TE€HEpaTopbl Ha TpaH3UCTOpax, Hampumep co cTpykrypou IlloTTkw,
CIIOCOOHBIX YCHJIMBATh M TEHEPUPOBATh CUTHAJIBI HA YACTOTaX B HECKOJBKUX JIECATKOB THUTarepil.
OT10 pAelcTBUTENBHO Tak. Ho HM3BECTHO, YTO TPaH3UCTOP HA TAKHUX YaCTOTaX CTAHOBUTHCS
MOTEHIMAIBHO —HEYCTOMYMBBIM, T.€. IPU OINPEACIICHHBIX HArpy3kax MEXIy €ro 3JeKTpoJIamMu
HAOI0JaeTCA OTPHUIIATEIHLHOE IMHAMUYECKOE CONPOTHBIICHUE, T.€. OH MO CYIIECTBY CTAHOBUTCS
HEraTpOHOM.
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HecaruneTussMu pa3pabOTIYUKK TPAH3UCTOPOB CTAPATUCh YMEHBIIUTH MOTEHIUAIBHYIO
HEYCTOMYHMBOCTh TPAH3MCTOPOB M BIUSHHE HHXCKIIMOHHO -TIPOJICTHBIX SIBIICHWNA B HUX (a B
KOJUIEKTOPHOM TIepeXxojie OWIOJIIPHOTO TPAH3UCTOpPA HYacTO BOOOIIE MpeHeOperajim >STUM
SIBJIICHHEM). DTO SIBISUIOCH OMIMOOYHBIM, T.K. B TpeJeie WICATbHBIA TPAH3HCTOP SBISETCS
MOTEHLUATBHO HEYCTOWYHBBIM, a HCIIOJIb30BAHIE WHKEKIIHOHHO-TIPOJICTHBIX SIBICHUN TIO3BOJISIET
B HECKOJIBKO Pa3 MOBBICUTh MAKCUMAIIbHYIO YaCTOTY T€HEPAIlUH TPAH3UCTOPA.

Dddexr mnepekmoueHUs, COMPOBOXKIAIOMIUNCA 00pa3oBaHUEM KaHala C  OOJIBIIOW
IUIOTHOCTBIO TOKa B  OJHOPOJHOM  TOJIYIPOBOJHMKOBOM BEHIECTBE, XOPOIIO H3Yy4eH
TEOPETHYECKU M IKCIepuMeHTabHO [3-5]. Cunraercs, uTo 00pa3oBaHUe MAMSATH MPOUCXOIUT B
MEPEeTPEBHOM BETBU IIHYypa TOKA U CBSA3aHO C ()a30BbIM MEPEXOI0M MEPBOTO pojaa 13 aMophHOTO
COCTOSIHHMSI B TOJMKPUCTAUIMIECKOE, KOTOPOE SBISETCS TEPMOAMHAMHUYECKHM YCTOMYMBBIM M
obecrneunBaeT 00Jiee BHICOKYIO MPOBOJUMOCTh KaHajda OTHOCHUTENIBHO amopdHOU cpenbl. Takas
MOJIeJTb OCHOBaHAa Ha pe3yibTaTaxX (U3UKO-XMMHUUYECKUX HCCICOBAHUH BEIIECTBA KaHaja
NaMsATH  XaIbKOTEHUIIHBIX  TEpEKIFoYaTesIeH. OpHako  CyHIECTBYIOT  HEKOTOpPBIE
OKCIIEPUMEHTANbHOE  (DaKThl, HEOOBSICHUMBIE C €IUHCTBEHHONM TOYKH 3PEHHS YHCTO
TepMHUYecKOoTO (a3oBoro rmnepexona. B mocnemnee BpeMs OUCTaOWIBHBIE TEPEKITIOUCHUE
HAOMIOJAIOCh  TaKkKe€ B  PA3IUYHBIX MOHOKPHUCTAUTMUECKUX  BEIIECTBAX B  CIOXKHBIX
MOJIYIPOBOJHUKAX, B IMOJHBIX CTPYKTYPax HA OCHOBE MOJMKPUCTAILIOB. OOHApYKEHHOE B psiJie
HKCIIEPUMEHTOB BJIMSHHUE Ha MPOLIECCHl 3alIOMUHAHUS TEMIIepaTypbl 00pa3iia, MarHUTHOTO TOJIS,
MEXaHMYECKOTO  JIaBJICHHSA W  HMHTEHCHBHOCTH CBETa, HAapyLICHHE CHUMMETPUYHOCTH
BOJIbTAMITCPHBIX XapakTepucTuk (BAX) mpu pa3nuyHbIX KOHTaKTaX TakkKe HE OOBSICHIIOTCS
TeMIepaTypHbIMU (G deTamMu B UCCIIETyEeMbIX BEIIECTBAX.

HacTosimue paboTa MOCBAIIEHO HCCIEIOBAHUIO OCOOCHHOCTEH MOBENEHHS JJIEKTPOHHOM
MOJICUCTEMBI B MPOLIECCE BO3HUKHOBEHUSI M ()OPMHUPOBAHMS KaHAIa MaMSTH B CIJIaBaX CHCTEMBbI
TlInSe,-TINdSe,.

OObeKTaMl  WCCIICOBAHUIO  SIBISIJIMCh ~ MOHOKPUCTAJUIBI  TBEPABIX  PacTBOPOB
cuctemsbl T1InSe,-TINdSe,, B3aumopeiicTBMe B KOTOpOW uccienoBaHo B pabortax [8-12], u3
KOTOPBIX CIIEIyeT, 4TO B ATOW CUCTEME Ha OCHOBE MCXOIHOTO coeamHeHus 11InSe; oOpasyrorcs
TBepIple pacTBopbl. O0nacTs pacTBopuMocTH mpocTupaetcs 10 11mo1.% TINdSe,.

Pexxum cuHTE3a TBEpABIX PACTBOPOB M OTXKHMra HMX Ui TOJYYCHUS PaBHOBECHOTO
COCTOSIHUS TTOIPOOHO onmcaH B paborax [10-12].

OxcnepumeHTanbHble BAX B CTaTM4eCKOM W JMHAMHYECKOM PEXHMax CHHUMAJHCHh IO
CTaH/JapTHOM MeToAuKe. B kadecTBe wucciemyeMbx 0Opa3loB NPUMEHSUIMCH IUJIAHAPHBIE U
IUICHOYHO-TOPLIEBbIE JAHOAHBIE CTPYKTYPBI, MNPEACTABIIONIME COOOM CIIOM HCCIenyeMbIX
MaTepHaJioB, HAHECEHHBIN HAa MOJMPOBAHHYIO TPAPUTOBYIO MOMIOKKY METOJOM TEPMHUYECKOTO
HCIIApEHUs B BaKyyMe 107 Ia. B kauecTBe Marepuana JJjid KOHTAaKTOB B IUIAHAPHBIX CTPYKTypax
NPUMEHSTUCh MEJlb WJIH JKeJIe30, HAaHECEHHBIE METOAOM KOHICHCALMU METAITMUECKOM T1a3Mbl
Ha TIOBEPXHOCTH MOJIYIIPOBOJHHKA. TOJIIIMHA XaIbKOTEHUIHOTO CJIOSI BAPbUPOBAIACh B MpEIeIax
5-50 MM, OIHOPOIHOCTH COCTaBa IO TOJIIMHE TMPOBEPSIACh PEHTICHOrpapUUECKUM
MUKpoaHanu3oM. CONpOTHUBICHHE TMOJYYEHHBIX MEPEKIIOYAIONINX MPUOOPOB B 3aKPBITOM
COCTOSIHUM M3MEHSUJIOCH B IIMPOKOM HHTEpBAJIE ISl Pa3IMyHbIX 00pa3loB B 3aBUCUMOCTH OT UX
YHUCTOTHI.

HccnenoBanre mokasano, YTO 3aBHCHMOCTH HANPSHKEHUS MOPOTOBOTO MEPEKIIOYSHUS

(Unn)OT TOJIIIHHBI 06PA3OB HOCHT SKCIIOHCHIMOHAIBHBIN Xapaktep: =const * exp(-&d ). I'ne d-
tommuHa oOpas3na. Takoit xapakrtep 3aBHCUMOCTH Vpn(d)CBUAETENBECTBYET O TOM, 4YTO B
UCCIIeIyeMbIX 00pa3iax MposBISETCS KAaK JJIEKTPOHHAS, TaK W TEIUIOBas IPUPOJIA MEXaHU3Ma
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nepexioueHus. Takas MoJieb O3BOJSIET O0BICHUT Hanmmuue obnactu OC, Hanuune 3a7epKKU
nepen nepexiroueHueM, o0pa3oBaHNEe HUTCBHUIHBIX KAHAJIOB U (OPMHUPOBAHHE DIIEKTPUUECKOM
MaMsITH B UCCIIEyEMbIX COCTaBaxX TBEPAbIX pacTBOpoB. CynepiauHelnbiii yuactok BAX xopomio
ommchIBaeTCA TonmHOMOM Buaa |=an+bn®tcu.., umcnenHble 3HAaueHHMS KOIPQHIMEHTOB
KOTOPOTO JIETKO OMpPEIENeTCs JTIOOMMBI W3 CYIIECTBYIOIIUX METOIAOB M PAa3IUYHBI IS
pa3IUuYHBIX COCTaBOB. TemmepaTypa marepuaia NpHU TNPOXOXKACHUM ToKa uepe3 olpaserr
ONpEIEIsieTCs] B OCHOBHOM, €ro TEIJIONPOBOJHOCTBIO M TEIJIOEMKOCThbIO. TemmepaTypa
UHTepecylollell Hac obnacTu ompexpenseTca kak T =T+, raeT, —Temmneparypa OKpyKaroueil

Cpcabl, a BEJIMYKHA IICPCTrpeBa

IuT

ﬂ_er Cp + (th)
rAX

AT =

r7Ie  C-yAeNbHas TEIUIOEMKOCTh, - IUIOTHOCTh Marepuaiga oOpasma, y-Kod(pQuuueHt

TEIJIONPOBOJIHOCTH, I- PauycC IEKTPOIOB, AX —CpeaHee PacCTOSTHUE OT JIEKTpoaa 10 OOKOBOH
rpaHu o0pasia, t- Bpems mpoXoKIeHHs TOKa Yepe3 o0pasia.

[Tonyuennsie BAX moxasbBarot, uyto npuunHoid OJ[C B mOIynmpoOBOJIHUKOBBIX TBEPIBIX
pactBopaxTlIng,Nd,Se sBisroTCS TEPMOAIEKTPOHHBIE IMPOIECChI POCTA AIECKTPOIPOBOIHOCTH
MIPY YBEJIUMYCHHUH IUIOTHOCTHU TOKA.

Metoauka OSKCIEpUMEHTa JJsl  OKCIEPUMEHTAIBHOTO HCCIEAOBAaHUS  OCOOCHHOCTEH
MOBE/ICHUSI SJICKTPOHHON MOJCUCTEMBI B IMPOLIECCE BO3HUKHOBEHUS M (POPMHUPOBAHUS KaHAIA
NaMsTH OCHOBaHA Ha HAOJIIOJICHUU U MCCIEIOBAHUM HECTALMOHAPHBIX (PIYKTyaluil TUIOTHOCTH
TOKa MPHU MEPEKITIOYCHUH U KOPPEIBIIMU UX € Mpoleccamu 3anoMuHanus. CTalnoHapHbIE IIyMBI,
JUI. KOTOPBIX CPEeIHEKBaJpaTUYHAs BEIIMYMHA aMILTUTYAbl HE 3aBHCUT OT BPEMEHH B MPOIECCaX
00paTUMOro0 TEPEKJIOYCHHs M IIYHTHPOBAHUS TOKA, HCCICAOBAIMCHL B padorax [3, 4] mns
pazmuunbix MexaHum3moB OJIC. Hacrosimiee wuccrnenoBaHue OTIAYACTCS TEM, YTO B JaHHOM
Clydae NIYHTHPOBAaHHE TOKA COMPOBOXKAACTCS HEOOPATUMBIMU TMPOIECCAMH 3aNIOMUHAHUS.
DKCTHEepUMEHTHl TPOBOJIWIMCH Ha oO0pa3lax IUIaHAPHOW TEOMETPHH C MEXKDICKTPOIHBIM
paccTosiHie 2 MM U TUIeHKOH TBepAbIX pacTBopoB TlINy«NdySesrommunoit 5-15 MM,

HccnenoBanus mIyMoB MpPOBOAMIIOCH B pEeXHME TeHepaTopa Toka. Jlis mosyueHus
CIIEKTPAIFHON TIOTHOCTH MOUTHOCTH ITyMa MPUMEHSETCS aHAIW3aTop CHEKTPa C TMOJOCOBBIM
GUABTPOM TETEPOAMHHOTO THUMA W HWCIOJB30BAICS HW3BECTHBIM alNTOpPHUTM 00pabOTKU
BBIICTICHHOTO BBICOKOYACTOTHOTO CHUTHANA. YCpEJHEHHE TNPOM3BOAWIOCH B OTPaHUYCHHOM
untepBane Bpemenn 107-107c. Ha (HUKCHPOBAHHON YacToTe HAGMIONCHHS B IHANIA30HE YACTOT
10°%-10 T MPOU3BOIMIIACH 3AMKMCh CUTHANA, MPOMOPLHOHAIBHOTO CIEKTPAIbHOM IMIOTHOCTH
MOIIIHOCTH IIyMa, B 3aBHCHMOCTH OT TOCTOSHHOTO TOKa 4epe3 o0pas3el W COMOCTAaBISIACH
BOJIbTAMIIEPHON XapaKTEPHUCTUKOM.
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HccnenoBanue p€KOM6I/IHaHI/IOHHBIX IIPOLECCCOB SABJLACTCA H€O6XOI[I/IMBIM CYHICCTBCHHBIM

ATAoOM HM3y4YeHHs (DPU3MYECKUX CBOMCTB MOJYMPOBOJHUKOBBIX MAaTEPHAJIOB U MPUOOPOB Ha UX
ocHOBe. MMEHHO MeXxaHuM3M pEeKOMOWHAIIMM HOCHTENEeH 3apsga  ompeneiseT OCOOSHHOCTH
OpOTEKaHUsT (POTOIEKTPHUUECKUX, JTIOMUHECIIEHTHBIX U WHKEKIIMOHHBIX SIBICHUH, JIEKAIIUX B
OCHOBE OOJBITMHCTBA 00JacTel MPAKTHYECKOTO UCTIOIB30BAHUS MTOJTYTIPOBOTHIUKOB.

Cnoucteie MOHOKpUCTAIBI  GaS  SBISAIOTCS TEPCHNEKTUBHBIMH — MaTepuajaMH IS

JNETEKTOPOB Pa3IMYHBIX U3IYUYCHUH, a TaKKe JJIs1 (POTOBOJIBTAUYECKHUX MPUOOPOB, CAMON BaKHOU
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WHTEPECHOW M OCHOBHOH 00JIACTBIO MX NPUMEHEHUs SBIISETCS M3TOTOBJICHHS HAa MX OCHOBE
JIETEKTOPOB PEHTICH U TaMMa U3JIy4CHU, padOTAIONINX P KOMHATHOW TeMIepaType.

MHuorue ¢u3znveckre CBOWCTBA TMOJYIPOBOJHHKOB, B TOM 4dmHcie cloucTeix GaS,
ONPEIEISAIOTCS NPUPOJOH, COCTOSHUEM U PACIIOIIOKEHUEM JIOKAIBHBIX YPOBHEH B 3alpEILIEHHOMN
30HE. UccnenoBanue BOJIbTAMIIEPHBIX XapaKTEePUCTUK (BAX) u CHEKTPOB
tepmocTuMyupoBaHHbIX TOKOB (TCT) He MONHOCTBIO MO3BOJSET CYOUT O TAKHX BaXKHBIX
nmapameTrpax LEHTPOB 3aXBaTa, KaK MIyOWHA 3ajieTaHus, KOHICHTpAIWsS U CEYCHUs 3axBaTa, a
TAaKKe€ CBEICHHUS O XapaKTepe pacHpelesieHUsl JIOKaJIbHBbIX YpPOBHEH B 3alpelleHHON 30HE
BBICOKOOMHBIX MAaTE€pHajIOB.

C uenpro ompeneneHuss MEXaHW3Ma PEKOMOMHAIMU, MapaMeTpOB PEKOMOMHAIIMOHHBIX
LEHTPOB M CXEMBI AJIEKTPOHHBIX MEPEX0J0B B KpucTauiax GaS HaMu UCTOJIb30BaHbl KOMILJIEKC
CTAallMOHAPHBIX U KHHETUYECKUX METOJOB HUCCIEIOBAHUS.

2. H320moe6nenue 06pasy06 u memoouka IKCnepumMeHma.

Uccnenyembie matepuansl P-GaS Obutm  BeIpameHsl MeTonoM bpumkmena. [lpu
BhIpammBannu GaS wucnosb3oBam u30bITOK cepbl (0,5%) ¢ 1enbio BRISCHEHHS BO3MOXKHOCTH
3aMoJHEHUS] BAKAHCUW aTOMaMH Cephl. Y IebHOE COMPOTHUBIICHUE TIOTy4EHHBIX 00pa3IoB BAOIb
¥ TIepICHUKYIIPHO ocH «C» TpH KOMHATHON TemmepaType coctapmsiio 2-10° u 3-107omecm,
COOTBETCTBEHHO. JlJI1 CO3MaHMs OMUYECKHX KOHTAKTOB, B KQUeCTBE MaTepuaia HCIIOJIb30BaJICs
WHIMHA, KOTOPHIA BIUIABISUICA HA TOBEPXHOCTH Cyib(uaa ramwms npu temmeparype 150°C.
[HupuHa 3anpenieHHol 30HbI ONpeneNa¢HHas 1Mo JIUHY BOJTHOBOMY criagy (OTOTOKa, COCTaBiIsLIIa
2,7 3B, 4T0 coBmajana ¢ JUTEPaTyPHBIMHU JaHHBIMU [3,4].

Jia monydeHus: KWHETHYECKUX XapaKTePUCTHK, MOJTYMPOBOJHUK OCBEIIAICS KOPOTKUMU
ummyascami  (1,~10%C)  cBeTommonoB.  POTOMIEKTPUYECKHHA — CUTHAN,  OOYCIOBICHHBI
M3MEHEHUEM TOTEHIIHaNa TOJIYMPOBOJAHAKA TOJ JIEHCTBHEM HMITYJIHCHOTO OCBEIICHHS MOCTe
NPEIBAPUTEIBHOTO YCUICHHUS IIHPOKOIOJIOCHBIM TPAH3UCTOPHBIM YCWIIMTENIEM II0/IaBaJICs Ha
BXOJ ocuwuiorpaga W  PETUCTPUPOBAJICS  KOMIBIOTEPOM. BpemenHoe paspenieHue
n30upaTeabHONl CXeMBbl OBLUIO HE XYXKe 10%, uro mosBommiIO pPErHCTpUPOBATh CUTHAI B
uHTepBale Bpemen 10°+107c.

BnusiHueMm moBepXHOCTHON PEKOMOMHAIIMKA MO>KHO MPEeHeOpedb, UCMONb3Ys UMITYJIbCHOTO
MCTOYHHMKA CBETA C MAJIBIM IMOTJIOMICHHEM M KBA3HUCTAIIHOHAPHBIX PEKUM MPOBOAUMOCTH K KOHILY
nMmnynbca. Pemakcamms ®II m B 3TOM ciydae HE ONMCHIBAETCS OAHOM JKCIIOHEHTHOM, HO
CpaBHMBAasl PacUETHYIO 3aBUCUMOCTh mosiHoro uucia HH3 ¢ usmenenwem curnamom ®II npu
JUIMHHOM HMITYJIbCE CBETa MOXKHO JOCTaTOYHO MPOCTO ompenenuth Bpems xu3znn HH3  (A=0,5

OGnyueHre 00pasoB Y-KBAHTAMH OCYIICCTBISLIOCH Ha ycrtaHoBke Co® mpu 300K.
Kpucramwisl npu 0OMYYeHHH OXJIQXKIAIUCh MapaMH JKUAKOTO a30Ta, W WX TeMIepaTypa He
nogaumMaiacs saire 290K.

Pesynomamot u ux oocysyncoenue

AHanM3 TOJNYYEHHBIX pPE3yabTaToB (OTOMPOBOJUMOCTH TMPH PA3IUYHBIX YCIOBHUAX
MOKA3bIBAIOT, YTO HAOJIOJaeMble 3aBUCMMOCTH (OTOTOKA OT TeMIepaTypbl U WHTEHCHUBHOCTH
CBETa HE MOXKET OBITh BBI3BAHBI U3MEHEHHEM MOJBM)XHOCTH ABIPOK, a KaK MbI IpEJIojaraem,
CBSI3aHO C HajdudWeM {-ypOBHEHM, WIParOLIUX pPOJIb YPOBHEW NPWIHANAHUA IJI1 OCHOBHBIX
Hocuteneil 3apsina. JeiictBurensHo, B oonmactu T<220K na xpussie TCT nHabnromaercsi ypoBEeHb
¢ konmeHtparueit N<10 Bem® u rayouHo# 3aneranus E.=0,22 sB. OtmeTnm, 4Tt0 B 3TOM
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obnactu Temneparyp Habmonatotcest TT'®D — Tepmudeckoe ramenue ¢poronpoBogumoctd u UT'O
— uH}ppakpacHoe rameHne (HOTONPOBOAUMOCTH, CBEPXIMHEHHOCTh U cyOnuHeiHOCTh JIAX p-
GaS. Bce mnonydeHnele (akThl JOKa3bIBAIOT, YTO MNpPU TOHWKECHUU TEMIIEPATYphl, IBIPKU
HAYMHAIOTCS JIOKAJU30BaThCsl Ha 1-ypOBHSX, a COOTBETCTBYIOIINE JIEKTPOHBI HA MEJICHHBIX -
nenTpax. Ilpu stom, cormacuo [3,4], MPOHMCXOIUT yMEHBIICHHE BPEMEHH JXU3HU JABIPOK U
dorouyBcTBUTENBHOCTHP-GAS.B 001ydeHHbIX 00pasuax p-Gas, mpu manbix go3ax (mo 10 kpan)
001y4eHHs,(POTOUYBCTBUTEIHHOCTh HE3HAYUTEITHLHO WU3MEHSETCS, UTO 00yCIIOBJIEHO
0O0JIBIIONIIIOTHOCTBIO CTPYKTYPHBIX Ne(EKTOB B HCXOIHBIX KpucTauiax.C pocToM A03bIramMMa-
obonyuenns no 150 kpan,oTodyBCTBUTENLHOCH 00pasnoB Bo3pacTana, a Beime 150 kpan.
YMEHbIIAIACh.

il
l é
3 | e
: | -
2
| |
1
| .
tu L]
0 05 1 15 ; 3‘ MEC 4‘ 1 i i i L i r’
L] (L] 200 LTI ] LS Gl
Puc.l. Kuneruka m3MmeHeHus (HOTOTOKa IHpH Dy, brad
JIMYHBIX ax —00n .
pas A03 Y —oOmyueHun i CIOMCTOro Puc.2. Bpemst XH3HM HOCHTENEH TOKa
MoHOKpucTaiiia GaS 1npu KOMHAaTHOW Temieparype. OT 1031 J —OONydeHHs M CIOUCTOTO
1.- JydeHUsl, 2.-10CT TY4CHUS i .
K ;:jo 306 yae 6, ocne 06)2:;0 K §L030 150 MOHOKpucTaiia GaS  mpu  KOMHAaTHOM
. 3.-mocse o0IydeHus 10301 rad. Temmeparype

DddekT pamuanmoHHOTO H3MEHEHUS
(OTOYYBCTBUTEIILHOCTH OOYCIIOBIICH Kak

. M3MEHEHUEM BpEMEHU AKU3HU

- HEPAaBHOBECHBIX JBIPOK B  pe3yibTaTe

E s nepecTporkn eeKTOB B 3amperieHHOU

Py il 30HE KpUCTaUIa U KOHIIEHTPAIMU LIEHTPOB

3.T=333 K (GOTOUYBCTBUTENIBHOCTH,  Tak M HX

JABIPOYHOI'O 3aIlOJIHCHHUA. BHCpI‘CTI/I‘ICCKOC

10k MOJIO)KEHUE  paUAIOHHBIX  J1e(heKTOB
OTBETCTBEHHBIX 32  (OTOMPOBOIUMOCTH

coctapmuro  0,17+022 5B uw  wux

= e = o KOHIICHTpaIusi OKasajach 108+10%m,

A, mm OTMeTHM, 4TO HAJIMYHUE MEIIKHX U TITyOOKHX

YpPOBHEW  mMpuwiumaHuss i  OCHOBHBIX

Puc.3.3aBucCHMOCTh ONMTHYECKOTO KOA(duIirmeHTa HOCHTEJIEU 3apdaa, MMpUBOAUT K
TNOIJONIEHHs  OT JUIMHBI ~ CBeTa TPHM  pPasiMYHBIX  TEMIIEPATypHOHM W KOHIICHTPAIMOHHOU
TeMIeparypax AJsl CIOUCTOro MoHokpucrauia Gas. 3aBHCHMOCTH BpEMEHH KIBHU

HEpaBHOBECHBIX JbIpoK. OO0 3ToM cBHUIETeNbCTBYIOT sBieHuss UI'® u TI'® ob6pasuos.
AHaNOTHYHBIC pe3yNbTaThl MOTYYEeHHI ¢ o0pasnamu GaSe, JIerupoBaHHOTO 0JIOBOM [4].

Takum o0Opaszom, wucciaenoBaHUS (POTOINEKTPUUECKHX XAPAKTEPUCTHK OOIy4EeHHBIX
o0pa3ioB p-GaS nokazanu, uyto mporecc aeheKToo0pa3oBaHus NPy 00TyICHUN TaMMa-KBaHTaM U
MPUBOIUT K CHIIBHOMY M3MEHEHHUIO KOHIIEHTPAIUH JIOKATBHBIX YPOBHEH, B TOM YHCTE I-IIECHTPOB
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(OTOUYBCTBUTEIIBHOCTH.

Bce aTu nccnenoBaHusl 0JTHO3HAYHO IMOKA3ajM, YTO JUIi BRICOKOOMHBIX KpucTaiioB GaS
OCHOBHYIO pOJIb B PEKOMOMHAIIMOHHBIX TMPOIECCaX WrpaloT pas3MYHbIE THIIBI IIEHTPOB
pekoMOuHaimu; ObicTpeie (S) u MemnenHbie (I) —ouyBcTBISONIME. [Ipu UMITYIECHOM
OCBEIIEHUH, TI0 KHHETUIECKOMY cTaly (OTOTOKA, ONPEICIICHO BpEMs KU3HU HOCHUTENICH 3apsja.
HccnenoBanue mokasano, 4To craja GoTOToKa He SBISETCS MOHOIKCIIOHEHTHOH, UYTO MMOKa3bIBAET
0 HAJIMYUU HECKOJIBKUX THIIOB PEKOMOMHAIMU. B 3aBHCHMOCTH OT YHEPreTUYECKOr0 COCTOSTHUS
STHX LEHTPOB > eKTHBHBIE BpeMst xu3HN cocTassuio 107°-107c.
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Cu1.75S Mo 0sS BORK MOHLULUNUN MONOKRISTALININ
ALINMASI VO RENTGENOQRAFIK TODQIQI
H.B. Qasimov, N.E. Hasanov
Azarbaycan Dovlat Igtisad Universiteti
gasymov.41l@mail.ru

Cuy7s Mgos S bark mahlulunun monokristal: Bridcman Gsulu ila alinmzs va rentgenografik tadgigat
naticasinda miayyan edilmigdir ki, alinmzs monokristal otaq temperaturunda ( Cu;7S - anilit
birlogmasinda oldugu kimi ) iki fazan:in qarisigindan ibaratdir. Onlardan biri otaq temperaturunda |,
izdan markazlasmiys yilksok temperatur kub ( UMK ), fazas: metastabil formada istirak edan, Cuy7sS —
anilit fazas: , ham¢inin o biri do otag emperaturunda, Uzdan markazlosmis yiksak temperatur kub
(UMK), fazas: metastabil formada istirak edan Cu 145 S — yurlit fazasidir.

Muayyan edilmisdir ki, Cui7s Mgos S bark mahlulu Cu 17S - anilit birlasmasinin qurulusu
asasinda yaran:r va bu zaman izovalent avazolunan (Cu 2* - 0.80 A) va avaz edan (Mg? * - 0.78 A) metal
atomlarun ion radiuslarmin farqi 2 % haddini agnur. Bu hadd isa izovalent izomorfizmin yaranmas:
sarti haddindan (15 %) ¢cox azdur.

Cui7s Mgos S bark mohlulu  kristalinin  fazalarmun (Cu 17S - anilit vo Cu 1S - yurlit )
parametrlarinin Cu 1755 —anilit kristalznin parametrino nazaran azalmas: anilit birlagmasinin elementar
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kristal gafasinda avazedon va avezolunan metal atomlariun ion radiuslarmmn fargli olmas: ilo
alagalandirilir.
Acar sozlar: elementar kristal gafas, izovalent, izomorfizm , ion radiusu va s.

Cu =S sisteminin hal diagramina asasan mioyyon edilmisdir ki, bu sistemdos asagidaki
birlosmalar moévcuddur: Cu,S - xalkozin, Cu196S — yurlit, Cu1goS - digenit, CuszsS-anilit, CuS-
kovellin [1]. Bu birlosmalor otag temperaturunda, CusS istisna olmaqgla, geyri - stabildirlor vo
murokkab qurulusa malikdirlor.

Coxsayl todgigat manbayina ¢evrilon Cu -S sisteminin birlogsmolori hal -hazirda da 6z
aktualligin1 saxlayir. Bu sistemin birlosmalorinin g¢oxsayli todgigat monbayina ¢evrilmasinin
baslica sobobi, bu birlosmolorin otaq temperaturunda iki fazanin gansigindan ibarat olmasi,
onlarin yiiksok temperatur fazalarinin metastabil formada movcud olmas: va onlarin
polimorfizmas malik olmalaridir.

Cu1.75Mgo.05S bark mohlulunun monokristalinin alinmas: mogsadi ilo bu torkibli nimuna
sintez edilmis vo onun monokristali Bridcman sulu ilo alinmisdir. Alinmis  monokristal
nimunanin bircinsliliyinin toyin edilmasi magsadi ilo rentgenfaza analizi aparilmisdir (codval-1).

Cadval -1
Cu1.7sMgo.05S kristalinin difraktograminin hesabati. CuK, - stialanma , A =
1,5418A
Ortorombik faza Monoklin faza (UyK)l i (UMK), - T

N aza faza K

Ao A Onoz A hK¢ Onoz A hKe | dw A | hKE | dpyy 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 19725 400 | 19676 | 0080 — | =1 = 1 =1 203
9 1.7520 1.7512 0004 1.7540 437 — — — —
10 1.6913 1.6781 422 1.6961 0008 — — — —
11 1.6148 — — 16145 675 — — | 16111 ] 222
12 1.5989 1.5966 404 15991 666 1.6050 | 222 — —
13 1.1338 1.1357 624 11346 | 4117 | 11349 | 422 | — —
14 1.1255 1.1200 0070 11206 | 9.116 — — — —
15 1.0842 1.0840 461 1.0833 — — — — —
16 1.0740 1.0733 545 1.0739 | 9.117 — — | 1.0740 | 333
17 1.066 1.0667 606.239 | 1.0661 999 1.0660 | 333 — —
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Rentgenfaza analizi noticosindo muoyyan edilmisdir ki, Cui75S monokristalinda oldugu
kimi [2], Cu17sMQ 0.0sS bark mohlulunun monokristali da iki fazanin qgarnsigindan ibarotdir.
Fazalardan biri a=7.8116A , b=7.8785A, ¢=10.954A, F.qr.Pnma, z=4 parametrli ortorombik
qurulusda kristallasan Cuy7sS - anilit fazasi, o biri iso a=26.775A, b=15.6872A, c=13.5304A,
F.qr.P24/n, B=90°08" parametrli Cusg6S - monoklin qurulusda kristallasan yurlit fazasidir. Otag
temperaturunda bu fazalarin  metastabil formada movcud olan ,Uzdon morkazlosmis yuksok
temperatur kub (UMK); va (UMK), fazalarnin elementar kristal gofaslori (igiin  asagidaki
paramttrlor miloyyon edilmisdir a,=5.5461 A (UMK)1 Cuy; S-anilit diciin , a, =5.5808A
(UMK); Cuy.g6S —yurlit tigiin.

Aparilan rentgendifraktometrik todgigatin tohlili naticasinds muoyyon edilmisdir ki, Cuy 7S
birlosmasinin fazalar: tigiin toyin edilmis parametrloro (a=7.8380 A , b=7.8904 A |, c= 11. 0084
A | anilit fazas1 (iciin ; a= 26.906 A |, b=15. 7407 A , c= 13.5689 A , yurlit fazas: Ucin [2]),
nisboton Cui7s Mg o005 S birlosmasinin fazalari uglin toyin edilmis parametrlordo azalma
misahids olunur. Bu azalma Cuy7sS birlosmosinin elementar kristal gofosinds Cu ** metal
atomunun izovalent avoz edon ( Mg* - 0.78 A ') vo avoz olunan ( Cu?** - 0. 80 A) metal
atomlarmin ion radiuslarinin forgli olmast ilo slagalondirilir. Gorunduyu kimi ovoz edon vo ovoz
olunan metal atomlarinin ion radiuslarmin forgi 2 % haddindodir. Bu hadd iso izovalent
izomorfizmin yaranma sorti haddindon ( 15 % ) ¢ox azdir.

Alinmig noticoloro asason demok olarki Cu;75MgosS monokristali bark mohluldur va
Cuy 75S birlogsmosi asasinda yaranir.
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CulnSe; TOBOQOLORIN ALINMASI VO
FOTOELEKTRIK XASSOLORI
D.C. 9skarov, S.Q. Abdinova, A.M. Agayev
Azorbaycan Neft va Sanaya Universiteti

Ucqat birlosmalordan olan CulnSe, 6z parametrlorina gora perspektivli yarimkeciricilordan
biri hesab olunur. Bels ki, gadagan zonasmin eni Gunos slialarinin udma oblastina yaxin olmasi
vo kifayat godor yaxs: fotohossashgi, CuinSe, tobagolori osasinda effektiv fotoelektrik
ceviricilorin yaradilmasina imkan vermalidir. Bu cohatdon CulnSe, yarimkegiricisinin mixtslif
formalarda aragdirilmas: maraq kosb edir.

Qeyd etmok lazimdir ki, CulnSe, yarnimkegiricisinin kifayst godor boylk (~1sm) vo
muikomoal monokristallarin alinmasi texnoliji cohatdon ¢otin oldugundan nisbaton bdyik sathli
is¢i sothlorin yaradilmsi mimkiin olmur. Bu cohotdon epitaksial CulnSe, osasinda foto-
elementlorin yaradilmas: imadveriji gorindr.

CuinSe, tobagolorini almag Ugiin istifade olunan polikristallik CulnSe, birbasa sintez
olunmusdur. Bunun uglin stexiometrik nisbotdo gotirilmis ilkin maddslori (Cu,In vo Se)
~1100°S temperaturda oritms tisulu ilo alnmusdir. Alinmis tozu vakuumda (~10°Pa) tozyiqds
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siiso, silikat vo GaAs I6vhalor (izerina bir monbadon termik buxarlandiriimas: yolu ilo CuinSe,
tabagalar alinmisdir. Qeyd etmok lazimdir ki, buxarlandirmaq yolu ils torkibino gors stexiometrik
tobago almaq uUgin qizdiricimin vo althgin optimal temperaturu tolob olunur. Arasdirmalar
naticasindos CulnSe; tobogolorin alinmasinim optimal rejimi mioyyoan edilmisdir. Homginin,
ahnmis CulnSe, tobogolorinin havada oizdirilmasinin tosiri dyronilmisdir. Molum oldu Ki,
nisboton miilkommoal CulnSe; tobogolori, gizdiricimin  ~1200°S, althgin  iso  ~400°S
temperaturunda alinir vo p-tip keciriciliyo malik olur. Buxarlandima temperaturu ona gora gox
goturalir ki, gec oriyon Cu buxarlansin. n-tip tobagolori almaqg Uglin buxarlandirilan torkibo
CulnSe; ctn donor rolunu oynayan indium olave edilmisdir. Homginin selenin tez
buxarlanmasini nozoro alaraq stexometriyani saxlamaq Ucin qizdiriciya (2+ 3)% Se olavo
edilmisdir. Qeyd etmok lazimdir ki, Cu/In nisbatindon asili olarag tobaganin xiisusi migavimati
10* dofa godar doyisir.

Alinmis tobagolorin volt-amper xarakteristikalri, xtsusi migavimetlori vo fotohassashigin
spektral paylanmasi miixtalif isiglanmalarda 6lgulmusdir. Malum oldu ki, an yaxs1 fotohassasliq
va kicik xuisusi miigavimet, althigin 400°S temperaturunda alinmis tabogalorde miisiihida olunur.
Homginin, tobogolorin xisusi migavimatinin havada qizdirilmasinin zamandan asili olaraq
doyisilmesi arasdirilib. Molum oldu ki, ~300°S temperaturda 10 dog. qizdirilmis tobagolorin
xususi mugavimati on dofodon ¢ox azalir vo fotohossasliq artir. Bu yoqin ki, gizdirilma
naticasindo daha iri CulnSe; donaciklorin yaranmasi vo naticado strukturanin  amorf haldan
kristallik hala kegmosi miisahids olunmasi ilo alagodardir.

Qeyd etmok lazimdir ki, toboagolor uzunmiddotli (+ =1saat) istiliys moruz qaldigda
mugavimati tadricon artir. Buna sabab ¢ox giiman ki, CulnSe; tobagasindan selenin buxarlanmasi
naticasinds tobagonin deqradiyasiyasidir. Eyni il bu ciir hal tobagolorin vakuumda qizdirilanda
da bas verir.

Qeyd olundugu kimi, alinan tobagalor hamginin yaxs1 hossasliga malikdir. Havada geyd
olunan rejimdo qizdirmaq fotohossashg: bir tortib godor artirir. CulnSe; toboagalorinin
fotohossasligi diison dalga uzunlugunun (0,4 = 1,2) mkm intervalini ohats edir. Optik Ol¢tilordan
CuinSe; tobaqasi tiglin tayin olunan gadagan zonasimn eni 1,03 eV almir ki, bu da monokristal
CulnSe, nimunalarin giymati ilo (1,02 eV) yaxs1 uzlasir.

GaS, GaSe vo GaTe KRISTALLARINDA ATOMLARIN
ROQSININ QEYRI HARMONIKLIK DOROCOSI
M.M. Qurbanov, S.C. Mammadov, A.H. Damirov, A.C. Rzayeva
Sumgayit Dovlat Universiteti
qurbanov.mehti@mail.ru
Bu isdo GaS, GaSe, GaTe monokristallarmun istidan genislanma amsalinin eksperimental qiymatlori
asasinda kristal gafasindaki ragslarinin geyri-harmoniklik haddi hesablanmzsdir.

Molum oldugu kimi bark cisimlords istidon genislonmo omsalinin giymati atomlararasi
garsiligh slage qiivvasinin geyri — harmoniklik haddindan asili olur. Bu slags quivvasinin giymati
iso atomlarin ragsinin geyri harmoniklik amsalmin (), harmoniklik omsalinin kvadratina ()
olan nishati ilo diiz mutonasib olur. Bu asilihq adobiyyatda gostordiyi kimi belo disturla ifads
olunur [1].
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A ®
ap

Burada k — Bolsman sabiti, a —qofos parametri vo « - Xatti gonislonma omsalidir. Bu isdo gallium
halkogenidlorinin istidon genislonmo omsallarinin eksperimental giymotlori asasinda, a vo k- nin
molum giymotini (1) disturunda yerina yazmagla genis temperatur intervahnda (/£ - nishoti
hesablanmigdir. £ -omsali digor movciud uUsullarla hesablanaraq dusturda yerino yazilmagla
mixtolif temperaturlarda ragslorin geyri — harmoniklik omsal: toyin edilmis vo bu parametrin
GasS, GaSe, GaTe — birlogsmalarindo migayisali tohlili aparilmisdar.

Tadgiq olunan birlagsmalar Uguin istidon nisbi uzanmanin giymoti mévcid metodika [2]
asasinda olctilmisdiir. Butiin dlgmoler 13 — 400°K — intervalinda apariimisdir. Olgmalor ticiin
istifado olunan ndmunolor odobiyyatdan moOvcud olan metodika osasinda alinmis
monokristallardan hazirlanmisdir [3]. GaS vo GaSe birlosmolori heksaqonal qurulusda, GaTe iso

tetraqonal qurulusda kristallasirlar. Kristallik qafasm parametrlori GaS uc;un a= 3579A
c= 15475A GaSe Uclin a= 3750A c= 1595A vo GaTe (glin a= 3941A B= 4442A

c=10,641 A olmusdur.

Olgmolor Uiciin uzunlugu 3-10m, diametri 5:10°m olan silindr formali niimunalordon
istifado edilmisdir. Tocriibanin nishi xatas1 0,5 % toskil etmisdir. Nisbi uzanmanin temperatur
asihilig1 osasinda hesablanmis « — larin giymatlori asagidaki codvalds (codval 1 ) verilmisdir.

Burada «, - laylara perpendikulyar, «; - isa laylar boyunca istidon genislonmo omsalinin
qiymatloridir.

Cadvaldon gorinduyu kimi har U¢ birlosmada istidon genislonmo amsalmin giymatinds
anizotropiya alinir.

Cadval 1
T,K Gas GaSe GaTe
a0 10% UK | ap10%1/K |  @,-10% UK | ap-108 UK | 105 UK | @105 1K

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 10,12 747 12,63 7,37
300 9,00 7,25 10,25 7,56 13,21 8,26

Laylara perpendikulyar istigamotdo hesablanmis (e« - giymotlorindon istifado etmoklo (1)

disturu osasinda y/ﬁzhesablanmlsdlr. Burada gofos parametrlori olaragq hor U¢ birlosmods a -
nin giymatlori gotirilmasdir. Hesablanmanin naticasi cadval 2 — do verilmisdir
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Odobiyyatda gostardiyi kimi Hik ganunundan istifado etmoklo Kkristal daxilinds atomlarin
rogsi zamani harmoniklik hoddinin omsalin1 hesablamaq olur. Bu zaman agor Yung modulunun
qiymoti nazara alinarsa harmoniklik haddinin omsali E-ap=F£ - kimi tapila bilor [5].

Qeyd etmok lazimdir ki, hesablamalarda Yung modulu iiciin E=10"" N/m? gétiiriilmiis vo

hor Ui¢ birlosmonin a — qofas parametrlarindon istifado edilmisdir. GaS iigiin a;=3,579 -10™ m;
GaSe {iciin ap=3,75-10"m; GaTe liciin a;=3,94-10"’m .

Cadval 2
GaS GaSe GaTe
- T 13 ¥ ] AT iy 11 . 02103 T 11
TK Fm. Ji y,10 Fm. Ji y, 10 y/B710 Ji v, 10
m Pa m Pa Nt ™ pg
Nt Nt
150 19,11 35,79 2,45 27,09 37,49 3,81 28,49 | 39,41 4,42
200 21,06 “oom 2,70 27,39 “oom 3,85 29,15 | “ ™ 452
250 22,43 “oom 2,87 27,50 “oom 3,87 36,06 | “ " 5,53
300 23,34 “oom 2,99 27,85 “oom 3,92 37,71 |« " 5,89

Belsliklo GaS lcgun 5=35,79 N/m; GaSe lg¢ln 5=34,49 N/m vo GaTe u¢ln 5=39,41 N/m
giymatlor alinmisdar.

BUtln birlosmalor Gglin v/ vo £ - nin giymotlorindon istfado edorok, ragslorin geyri —
harmoniklik hoddi y- hesablanmigdir. Hesablanmis 5 vo - nin giymatlori do codval 2 — do
verilmisdir.

Codvaldon gorindiyld kimi gallium halkogenidlorindo kukirddon tellura dogru kegidlo

kristal gofosindo atomlarin rogsi harokoti zamani rogslorin geyri — harmoniklik doracasi artir ki,
bu da istidon genislonmo amsalinin giymatinin artmasina sebob olur.
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PLASTIKI DEFORMASIYANIN VO HIDROSTATIK TOZYIQIN
AMORF METALLIK BRINTILORIN (AM®) HISTEREZIS iLGOY]
PARAMETIRLORININ FORMALASMASINA TOSIRI

T.M. Panahov, 1.i. ©lizada, N.M. Rafiyev
Azarbaycan Memarliq va Insaat Univerisiteti
Metal va arintilor fizikas: ETL

nrafiyev@mail.ru

Magnityumsaq xassali amorf metallik arintilorin histerezis ilgayinin parametirlarina
muxtalif emal rejimlorinin tasirinin  6yranilmasi daha alverigli magnityumsaq materiallar
alinmasina gatirib gixarur.

Amorf arintilorin sonayenin muxtslif sahslorina genis totbiq olunmasi ham onlarin alinma
texnalogiyasinin optimallasdiriimasini, onlarin qurulugunun muasir tsullarla kompleks todgiq
olunmasini, hom do amorf orintilorin qurulus c¢evirmoalorinin  mexanizmi vo Kkinetikasinin
Oyranilmasini tolob edir. Bu, masalalorin muvaffoqiyyatlo hall olunmast arintilarin fiziki-kimyavi
xassolorinin dayisdirilmasi va eloca do torkibin dayismasi yolu ilo onlarin stabilliyini vo termiki
dayamighiligini1 artirmaq Gc¢lin  konkret tovsiyyslor hazirlamaga imkan verir. Mixtalif emal
rejimlarini totbiq etmoaklo amorf materiallarin histerezis ilgoyi parametirlorinin doyismosini todgiq
etmok bu qobildon olan todgigatlardand:. indiki halda biz AM®-in histerezis ilgoyini
formalagsmasina Plastiki deformasiyanin vo hidrostatik tozyigin tosirini nozardon kegirak.

Deformasiya zaman: gorginliklorin  relaksasiyasi amorf materialin  magnityumsagq
xassolorinin formalagmasina misbat tasir gostorir.

Sokil la-da FesgNiSigB13 orintisindo yayma zamani plastiki deformasiyada histerezis
ilgoyinin formasinin doyismasinin sxemi gostarilmisdir. Nimunoalarin magnitlonmasi yaymanin
enina va uzunlugu istigametinds aparilmigdir. Gorunduyu kimi muxtslif istigamotdo magnitlonmo
apardiqda histerezis ilgoyinin formas: doyisir. Bu yaymada biroxlu magnit anizotropiyasinin
yayma istigamotino perependukilyar oldugu halda bas verir. Yayma magnit induksiyasmin (Bs)
maksimsal giymotinin azalmasina vo koorestiv qlivvonin (Hs) artmasina sobab olur. Bu halda
gorunduyu kimi Bs azalmast vo Hs ylksalmasi magnitlonmonin istigamatindon asili olur.
Yaymanin istigamoatina perependukilyar Bsdaha az siratlo azalir, homginin Hs magnitlonmonin
yayma istigamotino perependukilyar oldugu halda ovolki hallardan daha az intensiv yiksalir.
Homginin  1b soklindoedo Fez7NiiSigB13  arintisinin - magnitlonmo  ayrisinin  doyismasi
gostarilmisdir.

Histerezis ilgayinin formas: hidrostatik sixilma zamani, yaymada plastiki deformasi-yada
oldugu kimi g¢ox doyismir amma maksimal magnit induksiyasmin yuksalmasi bas verir.
Histerezis ilgoyinin basqa parametirlorinin doyismasi geyds alinmur.

Magnit xarakteristikalarmin bu dayismasi materialda emali noticasindo gahq elastik
gorginliklorin induksiyalandigir saholorin  olmadigini gostorir. ©ks halda istigamotlonmis
anizotropiya naticasinds histerezis ilgoyi parametirlorinin shomiyyatli dayisikliklori bas vermis
olardi. Belo ki, atom nizamlanmasi effektlori g6zo ¢arpmir bu da, atomlarin nizam-lanmasinin
inkisafina daha ¢ox tozyiqlo tasir etmok lazim oldugunu gostarir. Buna baxmayaraqg maksimal
magnit induksiyasiin musyyan goador inkisafi materialin halinin doyismasini gostorir. Belo
inkisaf amorf materialin sixliqinin yiksalmasi ilo alagodar olur ki, bu da sarbast hocmin ¢ixis1 vo
mikropor tipli qusurlarin annihilyasiyast ilo slagodar olur.
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Beloloklo gorunir ki, yayilmada deformasiyasi zamani histerezis ilgayinin para-metirlori
daha cox doyisir. Hidrostatik sixilmada bu parametirlor daha az doyisir. Materialda yayma
zamani istigametlonmig biroxlu magnit anizotrpiyasi, atom nizamlanmas: proseslorinin elocads,
lentin hacminds elastiki gorginliklorin yumsalmasina sobob olur.

Amorf materiallarda anizotropiyanin istigamotlonmosi naticasindo histerezis ilgayinin
parametirloiri daha gox dayisir. B-in giymati yuksslir, B,/Bm, Hc Vo Be-nin giymatlori iso asagi
disur. Bu zaman B,-in giymoti daha az Hc vo Be-nin giymatlori iss deformasiyanin giymatindon
daha gox asili olur. Hidrostatik sixilma zamant iss histerezis ilgoyi praktiki olaraq doyismir. Bs-in
kicik artimi musahids olunur buda yaqinki materialin sixhiqinin artmasi ilo slagadardir. Bels tosir
naticasindo materialda bas veran mixtslif név davranislar ola bilar ki, bu da yikloma sxeminin
forgli olmas1 vo emalin tasiri sobabilo materialda struktur doyismalori naticasinds yarana bilor.

B, Tl 14
P=0.95I'Ma
105
=0
07
035
a)
b} 06
- material yaymadan avval 0 X0 4000

HA/M

= T 7" material yaymadan sonra |

material yaymadan sonra | |

Sakil 1. FesgNiyeSigBi3 arintisinds yayma zaman: plastiki deformasiyada
histerezis ilgoyinin formasinin dayismasinin sxemi (a) vo Fe;7Ni;SigBys
arintisinin hidrostatik tozyigdon asili olarag magnitlonms ayrisi (b).

Solil 2-do histerezis ilgoayi parametirlorinin, yaymada plastiki deformasiya zamani
deformasiya qiymotindon asililiqi gostarilmisdir. Gorindiyl kimi Bg-in giymoti asagi dlsur
Bi/Bmvo Hc —iso ylksolir. Bu zaman deformasiyanin tosiri lentin sixilmasmin yiiksalmasi ilo
coxalr.

Belolikls, yayilma zamant histerezis ilgoyinin formasinin doyismosi xarakteri asason Bs vo
Hc-in - doyismosino elastiki gorginlik saholorinin tosirinin  olmasidir. Bu fakt gostorilon
parametirlorin deformasiya doracasindon asili olmasinda 6zunu gostorir. MUmkindur ki B-in
artmast mexanizimin meydana golmasi materialin Kkicik deformasiya doyismoalorinin inkisafi
zamani cut atom nizamlanmas: mexanizimi sobob olur. Duzbucagliliq amsali Bs-don neco
asilidirsa B,-dondas eloco asilidir. Onun doyismasi bu kamiyyatlorin doyismo dinamikasinin sorti
ilo vo Br-in artma xarakteri ilo baglhdir.

Gorduytd kimi deformasiya olunmami materiallarda yiiksok temperatur intervalinda
tabalmada histerezis ilgoyinin parametirlorinin xarakteri ohomiyotli dorocodo doyisir. Bu
proseslor tabalma prosesinin ilkin marhalasindo bas verir. Belo davranis demoya imkan verir ki,
induksiyalanmis plastiki deformasiya sahasi, elastiki gorginliklor vo struktur doayismolori clit atom
nizamlanmasi naticasilo sortlonir vo praktiki olaraq relaksasiya olunur.
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Salil 2. Histerezis ilgoyi parametirlorinin, yaymada plastiki deformasiya zamani
deformasiya giymatindsn asililig.

Molum oldugu kimi plastiki deformasiyaya ugradilmamis vo yaymadan sonra materialda bu
parametirlor demok olar ki, barabardir. Bu onu demoys zomin yaradir ki, tabalma zamani segilon
temperatur-zaman rejiminds struktur relaksasiya proseslorinin inkisafi materialin ovvalki
emalindan asili olmur. Tabalma vaxtinin artirrlmasi zaman: kristallasmanin sathi proseslori
inkisaf etmoyo baslayir. Bu proseslor ovvallordo gostorildiyi kimi gabagcadan emaldan vo
materiallardan asihidir vo plastiki deformasiyaya moruz galdigdan sonra corayan edir.
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TEPMOMATHUTHBIE BOJIHbI B AHU30TPOIIHBIX
HNPOBOAAIIUX CPEJAX
J.P. l'acanos’, P.K. MycTa(baeBaz, A.B. Mcaamsane®
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Ruhi-grk@mail.ru

IHocmpoena meopus mepmoMacHUMHBIX 80IH 8 AHUOMPONHBIX NPOBOOAWUX cpedax. [oxasano,
umo 0e3 6HeWHe20 MASHUMHO20 NOJA 6 NPOGOOAWUX CPedax pacnpoCmpansemcss HeCKONbKO
MEPMOMACHUMHBIX ~ 60IH. Beiuucnenvl uwacmoma u  uUHKpemeHnm  MEPMOMASHUMHLIX GONH NPU
onpedenennvlx ycnosusx. Haiidennwvie ycnosus napacmanusi mepmMoOMAZHUMHBIX 60JH OYEHb CUTLHO
3a8ucam om paouenma memnepamypbul.

[TockonbKy CyLIECTBYET NOTOK 3JIEKTPOHOB B TBEPJIOM TEJI€, TO BO3MOKHO BO3HHMKHOBEHHE
TEPMOMArHUTHBIX BOJIH B TBEPJAOM TeJie¢ NMpU Haluuuu VT jgaxe B OTCYTCTBUM BHEIIHETO
marautaoro nouis [1]. Konebanue perieTku B TBEPIOM Teie ¢ MAIBIMHA aAMIUTATYJAMH [TPUBOIUT
K 3BYKOBBIM BOJIHAM. 3BYKOBBIE BOJIHBI HE B3aMMOJECHCTBYIOT TE€PMOMATrHUTHBIMH BOJIHAMHU.
PacnipocTpanenne TepMOMarHUTHBIX BOJIH B U30TPOIHBIX MPOBOASIIMX CPEAaX UCCIEIOBAaHbI BO
MHOTHX Teoperhuueckux paborax [2, 3]. Bo Bcex paboTax TeOpeTHYECKH HCCIICIOBAHBI
TEPMOMArHUTHBIC BOJIHBI B U30TPOITHBIX MPOBOAAIIMX cpeaax [2]. OmHako, yCIoBUs HapacTaHue
B AQHU30TPOIHBIX MPOBOJALIUX CPEAax, TEOPETUUECKHU HE HccienoBaHbl. Mccienyem ycioBus
BO3HUKHOBEHHUSI TEPMOMArHUTHBIX BOJIH B AQHU3OTPOIHBIX MPOBOASIIMX Cpelax U ONpeaeiuM
YCJIOBHS HapaCTaHUE TEPMOMArHUTHBIX BOJH B OTCYTCTBUU BHELIHETO MarHUTHOTO IOJIS.

HpI/I HaJIMYUX SJICKTPHUYCCKOI'O I10JIA E, IrpaguCHTa KOHHOCHTpALIUU SJICKTPOHOB vn,

rpagueHTa TemrmepaTypsl VT, THIPOIMHAMHYECKHX JBIKEHHH co ckopocteio V (F,t),
IUIOTHOCTB JICKTPUIECKOT0 TOKA uMeeT Bu [1]

j=of +oEF]-avT —a/[VTH] (1)
rae
I§*:I§+EJ+Im ;e>0 (2)
C en
Wcrons3ys ypaBHennst Makcsemma rotH :4—ﬂ] U pelieHue BeKTopHoro ypaBueHus (1),
c
MOJTy4Y UM
E = LHIAET Al -C rotd - S frotd, A+ T Y2 4 AvT 3
C Aro Aro e p
3aece A e , A :M; 0 -KO3(POUIIUEHT AICKTPONPOBOIHOCTH, A -nuddepeH-
o o
ranbHas TepModzic, A' - koaddunuent agpekra Heprera- DTTunHrayseHa. B

AHU3O0TPOITHBIX MPOBOAAIIUX CPCAax, BbIIIC YKA3aHHbIC KOB(l)(i)I/IL[I/ICHTBI SABJAOTCA TCH30paMU.
HpI/I HaJIMYHKW BHCIIHCIO MArHUTHOTO MHOJEI M I'paAWCHTa TEMIICPATYypPpbl B H30TPOIIHOM
TBEPAOM TEJIC, IOJIHOE DJIICKTPHUICCKOE I10JIC KMECT BUI.
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oT

E=nj+n[jAlenGAF + AT A+ AT H A FAS

(4)
B aHW30TpONHBIX MPOBOIAIIUX Cpelax Bce KOAP(GUIHMEHTH B ypaBHeHUE (4) SBISIOTCS
TEH30paMHU.

s r s n(: or
Ei =Mim I +77im[JH]m +77m(JH)Hm +Aimax_

m

+A, VT, H], +AL(VT,HH,  (5)

3mech 17, TeH30p O0OpaTHOW BeJIMYMHBI OMMYECKOIO CONPOTUBIEHHA, A -TEH30D
muddepeHmanbHOro TepModAca, Ay, - TeH30p KodpduumrentT Heprera-OTTnHrayseHa.

BribpaB koopmunatHyro cuctemy Ki=K, k;=ks=0, momyunm amcnepcronHOe ypaBHEHHE
(k).
ﬂio, ﬂ;tO , ﬂio (6)
0%, OX, OX,

Toma MMOJIYYUM TCH30pPHOC YpPABHCHHUA JBJICKTPUYCCKOTO IIOJIA BHYTPU AHU3OTPOIIHBIX
IpoBOAAIIUX CpE B CICAYIOLIEM BUIC

Al A (e
E = {An"KeKm +Bn,, + CA; K, o _CAi (kVT)}E[’n =R,,E,, (7)
0] m 0]
HaX4 2 212
3nece A= IC ; B= iu ¢ yusetom E =6, E' momyunm (R, -6, )E =0
drw drw
JAMCHEPCUOHHOE ypaBHEHUE
|(Rim - 5im1 =0 (8)
IIpu R, =1; R,, =1; Ry; =1, nucnepcHOHHOE ypaBHEHUE UMEET BUJL

RyRi3 + Ry —RyRy + Ry =0 ©)

[Toxcrapmnsist 3HAYEHHS XapaKTEPHBIX YaCTOT MOIYIUM

Wy =0y — Wy

: %
y— ck (@_ ){271(/\33V1T +47Z'(D)} (10)
4r [0}
201
s == hiLis An AVl o 1= ARV ALY,T,
cklp —1)( : _1){27[(@33 + wo)} :
%
2 o

M3 (10) BumHO, YTO TepMOMArHUTHas BOJIHA C YacTOTOH o, =@, —®, SBICTCA

HapacTaOIINM €CIIH
p>1Tte ALV, T-A,V,T>1 (11)

A=A}, Torma V,T>V,T (12)

YcnoBue (12) 1erko MOKHO OCYIIECTBUTH SKCIIEPUMEHTAIBHO.
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Takum o0Opa3zoM, HapacTaomias BOJHA C 4YacTOTOH @, =Ck@ ¢ HHKpeMEeHTOM ¥
pacnpocTpaHseTcsa N0 HanpasiieHue rpaauenrta temneparypel VT . C yBenudeHHeM IpajueHTa
remnepatypel V,T 4YacTtora BOJIHBI yMEHbIIAETCA. MHKpEMEHT y 3aBUCHT OT IpPAJMEHTOB
temneparyp V,T u V,T.

Ecim 3mauenns V,T npesbimaer 3madenuro VT dyacTtora @, U HHKPEMEHT J

YMEHBIIAIOTCA. JTO JOKA3bIBAET, YTO MOJYUYEHHAs TEPMOMArHUTHAsI BOJHA B OCHOBHOM CO3/1aHa
3a cueT rpaaueHTa remneparypsl VT .

MBI nONyYliin @, U y W3 pelleHne TUCTIEpCHOHHOTO ypaBHeHus (15) mpu ycnousx (17).

OnHaxko, cymiectByeT u aApyrue pemenus (15) ¢ apyrumu 3naueHusiMu TeH30poB Rik. [lpu npyrux
YCIIOBUSIX TIOJIYYHMTHCS TEPMOMATrHUTHBIE BOJHBI C JApyroi dvacrotoi. Takum oOpazom B
AHU30TPOIHBIX MPOBOIIINX CPENaX BO3MOKHO OJHOBPEMEHHO PACIPOCTPAHEHHUS HECKOIBKUX
TEPMOMAarHUTHBIX BOJIH.
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Anizatrop kecirici mihitlarda termomagqnit dalgalar.
Hasanov E.R., Mustafayeva R.K., islamzads A.V.
Xulasa

Anizatrop kegirici muhitlords termomagnit dalgalarinin nazariyyasi qurulmusdur.

Ishat olunmusdur ki, xarici maqnit sahasi olmayanda kegirici mihitlordo bir neco termomagnit
dalgas: yayilir. Muayyan sortlords termomagnit dalgalarinin tezliklori vo inkrementlori hesablanib.
Termomagnit dalgalarinin artma sorti temperatur gradientinin giymatindon kaskin asilidur.

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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CdInGaS,; 9SASINDA HAZIRLANMIS ELEKTROFOTOQRAFIK
TOBOQOLORDO QEYRI-TARAZLIQ PROSESLORIND

ASQARLARIN TOSIRI
N.C. Mammadov, E.I. Mammadova
Azarbaycan Dovlat Agrar Universiteti

nizamicalil@mail.ru

Todgig olunan kristal:n mis va ya qizilla agqarlanmas: onun ssasinda haz:rlanan elektrofotografik
tobagalorda qaranliq potensialin: va qaranlqda yarimdisma middatini artir, isiglanmada yarimdlsma
middatini kaskin azaldwr. Beloliklo , yarimkegirici maddalorin fotoelektret halmiin parametrlorini
doyisdirmak vo idara etmak (iciin Cd/nGasS, kristaliz:n sintezi zaman: onun asgarlanmas: yar:mkegiricinin
gadagan zonasinda ““dayaz‘‘ saviyyalorin kompensa olunmasina va “darin™ saviyyalorinin yaranmasmna
sabab olur ki, bu da 6z névbasinds madanin fotoelektret halinin yaxsilasmasina va bu yarimkegiricilor
asasinda hazirlanan elektrofotografik sistemlarin keyfiyyatinin yaxsilagsmasina sabab olur.

Miirokkab yarimkeciricilorin lokal saviyyslarinin paylanmasina muxtslif aggarlarin tosirini
O6yronmok vo lokal soviyyslorinin parametrlorini muoyyonlosdirmok bdylk shomiyyat kasb
edir.Geniszonali yarimkeciricilorin gadagan zonasindaki “ilismo”” soviyyslorinin  xarakterik
parametrlorinin dyranilmasinin muxtslif metodlar: vardir. Bu metodalarla “tomiz” vo asgarlanmis
murokkab yarimkeciricilorin lokal soviyyslori todqiq edilmis vo muoyyan edilmisdir ki, “tomiz”
monokristallarda iki qrup “ilismo” saviyyolori vardir ki, onlar monoenergetik paylanma ganunu
ilo yerlogmisdir.Mis elementi ilo aggarlanarkon gadagan zonasindaki nishoton dayaz soviyyslor
kompenss edilir, daha dorindo yerloson soviyyoalor iso asqarlarin tosirini hiss etmir. Homginin
molum olmusdur ki, lokal soviyyslorin “dorinliyi” artdigqca onlarin elektron tutma ehtimal
artir,fotokegiriciliyin otalotliliyi azalir. Gostorilon sortlor iso homin monokrsitallarda fotoelektret
halinin yaranmasina sorait yaradur.

Elektrofotografiyanin osasini ylksokmugavimotli, isiga hossas yarimkeciricilorin asagi
muigavimotli asas Uzorino ¢okilmis tobaqgasi toskil edir. Bu toboagolori yarimkegiricilori metal
I6vholor Uzorino vakuum buxarlandiriimas: yolu ilo vo ya nann toz halina salinmis
yarimkeciricini soffaf birlosdirici muhitdo garisdirmagla az migavimatli metallik vo ya kagiz
Uzorino borabor galinhigla yaymagla vo qurutmagla almagq olar. Bu zaman alinan sistem
elektrofotografik tobago adlanir. Elektrofotografik tobagoni hossaslasdirmaq tigin onu tacsokilli
bosalmadan alinan misbat vo ya monfi ionlarla yiklomok lazimdir. Prosesin novbati marhalosi
yarimkecirici toboqoado gizli elektrostatik sahonin alinmasidir. Bunun Ggtin hor hans: bir yazinin
va ya soklin formas: yuklonmis elektrofotografik tobaqo Uzarino proyeksiyalandirilir. Bu zaman
is1q ¢ox duson yerlords yarimkeciricinin mugavimoti daha ¢ox azalir. Basga s6zlo, hamin sahado
daha c¢ox sorbost yikdasiyicilarin yaranmasina sabab olur vo bu yikdasiyicilar daha az
muigavimatli osas vasitasilo torpaga otirdlur, az isiq dison vo ya isiq dismoyan sahslords iso
yanmkecirici yuksok mugavimoatli vo yaxud yiksok potensialli halda qalir. Belsliklo do
yuklanmis elektrofotografik tobogalords gizli elektrostatik sahonin paylanmasi bas verir.

Bizim todqiq etdiyimiz halda toz halina salinmis yiksok migavimatli, isiga hossas
CdinGaS, kristallar: toz halina salinaraq, soffaf birlosdirici mihitds garisdirilaraq osas tizerine
cokilmisdir. Yiksok keyfiyyato malik elektrofotografik sistemin alinmas: tgtin onun daha yiiksok
potensiala godor yuklonmasi, garanligda potensialin yariya godor dismo muddstinin boyuk
olmas1 vs isiglanmada potensialin azalmasinin otalstsiz vo qisa middotds dligmasi vacib sortdir.
Maddonin belo hali fotoelektret hali adlanir. Demoli, belo elektrofotografik sistemlards
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fotoelektret halinin yaranmasi vo bu halin parametrlorinin yaxsilasdiriimas: boyuk elmi vo
praktiki ohomiyyato malikdir. Ona goro do bu elektrofotografik tobagonin osas elementi olan
CdinGaS, yarimkegirici materialinin elektrik, fotoelektrik, optik xassolarinin todgigi, onlarin
gadagan zonasmin Oyronilmasi, bu zonadak: “ilisma” (t-morkaz) vo rekombinasiya (r-morkoz)
saviyyalarinin parametrlorinin dyronilmasi, idaro olunmasi xtsusi shomiyat kasb edir.

Todgigatlar gostarmisdir ki, CdinGaS, yarimkegiricisini miixtolif maddolarlo (mis vo ya
qizil) asgarlamaq yolu ilo maddsnin fotoelektret halin1 tomin edan vo yaxsilagdiran naticalor
almaqg olar. Molum olmusdur ki, asqarlama yolu ilo dayaz ilismo saviyyslorini kompensasiya
etmokls vo dorin ilismo Saviyyslorini yaratmaqla yarimkegirici materialin garanliq migavimatini
artirmaq, isiga hossashigmni yikssltmak, garanlhgda potensialin yarimdiismo muddatini artirmag,
proyeksiyalandirma zamani otalotliliyi azaltmaq vo beloliklo do yarimkegirilordo yaranmis
informasiyan1 daha uzun middoto saxlanmasmni vo informasiyanin baslangic parametrlarinin
minimal doyismoasina nail olmagq olar. Tacrlbalor gostarmisdir ki, todgiq olunan kristalin mis va
ya quizilla asqarlanmasi onun garanliq potensialini vo garanhqda yarimdismo muddstini artirir vo
isiglanmada yarimdismo muddstini koskin azaldir. Belaliklo gorurik ki, yarnimkegirici
maddolorin fotoelektret halnin parametrlorini doyisdirmok vo idaro etmok iciin CdinGaS,
kristalinin sintezi zamani onun asqgarlanmasi yarimkeciricinin gadagan zonasinda “dayaz‘
soviyyolorin kompensasiya olunmasina va “darin” saviyyslarinin yaranmasina sabab olur ki, bu
da 6z novbosindo madanin fotoelektret halinin yaxsilasmasina vo bu yarimkegiricilor asasinda
hazirlanan elektrofotografik sistemlorin keyfiyyatinin yaxsilasmasina sobab olur.

(T1GaSez)o4 (TIINS2)p6 BORK MOHLULUNUN
FOTOELEKTRIK XASSOLORININ TODQIQI
M.M. Qocayev, M.M. Qurbanov, S.C. Mammadov, H.i. Zeynalov, C.C. Bayramov
Sumgay:t Dovlat Universiteti
qurbanov.mehti@mail.ru

Bu isdo (TIGaSey)o4 (T1INS,)oebark maohlulunun fotoelektrik xassalori tadgiq olunmugdur. Spektral
ayrilardan gadagan olunmus zolag:n eni 77 K va 300 K-da tayin olunmugdur. Bundan bagsga tadgiq olunan
bark mahlulun bazi fotorezistiv parametrlari do tapzlmugdir.

Elmi texniki toraqginin muasir morholasindo elementar vo binar yarimkegciricilorin yeni
funksional imkanlarin1 Gzo gixarmaq istigamatindo aparilan todgiqatlarla yanasi, fiziki-kimyavi
vo elektrofiziki parametrlorino goro daha Gstiin olan yeni yarimkecirici birlosmoalorin intensiv
axtarig1 da davam edir. Yeni mirokkob yarimkegirici birlogsmalorin ahinmasina vo tadgigino
gostarilon maraq da elo bununla slagedardur. Layh qurulusa malik olan A’B*C,°(A-TI; B-In, Ga;
C-S, Se, Te) va onlarin ssasinda alinan bark mohlullar bels birlogsmalardandir.

Bu kristallarin osasinda idars edilo bilon tezlik intervalli lazer qurgularinin yaradilmasinda
va digor muxtalif ndv hassas ceviricilor sisteminin hazirlanmasinda istifados edilir.

Boyuk maraq kasb edon vo bu sinfs daxil olan kristallardan biri do (T1GaSez)o4 (T1INS2)06
bark mahluludur. (TIGaSey)os (T1INS2)e bork mohlulunun alinmas: zamani biz elementlordon
birbasa istifado etmisik. Bununla slagadar olarag u¢gmayan komponentlor sobanin temperaturu t;
olan gaynar zonasinda, ugan komponentlor iso T, olan soyuq zonada yerlosdirilir (T1>Ty). T,
temperaturu sintez olan birlosmanin arims temperaturundan 10+20 K yiiksak olmalidir. Alinmig
temperatur rejimindo T, temperaturunda buxarlanaraqg ugan komponent arimis ugmayan
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komponentlor torafindon udulur. Orintinin torkibi T; temperaturu vo T, temperaturu ilo
tonzimlonon xalkogen buxarlarmin tozyigi ilo toyin olunur. Birlogsmani sintez etmok (gln
ampulalar 20-25" bucaq altinda yerloson sobalara elo qoyulur ki, onlarin ticdo biri sobadan
konarda galsin. Sobalar stabillosdirilmis gorginlikds isloyir. Sobanin temperaturuna xromel-
altimel termoctu vasitasilo nazarat edilmisdir.

Sobanin  temperaturu  200-250 K/saat surotlo sintez olunan maddonin  orimo
temperaturundan yuxari qaldirilir. Bu halda ampulanin sobadan konarda olan hissasi su ilo
isladilmis pambigla daim soyudulur. Bu zaman holo reaksiyaya girmomis xalkogenlorin
buxarinin bir hissasi ampulanin soyuq divarina doyarok kondensasiya edir vo damla soklindo
gaynar zonaya gayidir. Reaksiyanin tam basa ¢atmas: Ugun orinti olan ampula sobanin oxu
otrafinda daim firladilir.

Reaksiya basa catdiqgdan sonra soba saquli istigamotdo galdirilir vo bir temperaturda
tablasdirilir.

(T1GaSez)o4 (TlINSz)6 bork mohlulunun monokristallart misyyon qodor dayisdirilmis
Brijmen —Stokbarger Gsulu ilo yetisdirilmisdir [1]. Bu usulun segilmosi yetisdirilon kristallarin
fiziki vo kimyovi xassolorindon basqga onlarin layli qurulusa malik olmasi ilo slagodardir. Todqiq
olunan nimunalarin fotokeciriciliyini dyronmok ¢un nidmunalor 6lgmoalora uygun dogiqiliklo
secilib hazirlanmisdir. Qeyd etdiyimiz kimi (T1GaSez)os (TIINSy)oe kristali layli qurulusa
malikdir. Ona goro do nidmunani hazirlayarkon bu xususiyyst nozors ahnmisdir. Belo ki,
fotoelektrik 6lgmalor aparmag tglin nimunolor kristallari mistovi paralel 16vhalora bdlmokls
hazirlanmigdir. Todqiqi olunan kristallar desik kegiriciliyino malik olmusdur. Bu nidmunalor
kecirici olmayan xususi althglar tizarinds epoksid yapisdirict vasitasilo barkidilmisdir.

Omik kontaktlar almaq ti¢iin indium elementindan istifads edilmisdir. Nimunolors elektrik
sahosi tobii laylar istigamotindo, is1q laylara perpendikulyar istigamotdo salinmisdir.
Fotokegiricilik spektri hom 77 K, hom do 300 K-do dyronilmisdir. Olgmalar Gglin elo nimunoalor
secilmisdir ki, onlarin kontaktlar: asagi temperaturlarda sabit fotorezistiv xarakteristikalar: stabil
saxlasinlar. Nimunolords kontaktlar arasindaki masafo 0,25+0,45 sm, niimunalorin sahalori iso
2,7-10°+1,2:10%sm? tortibinds olmusdur. Fotocorayanin dlciilmasi modulyasiya olunmamis
stialanma selinds aparilmisdir. Elektrik sahasinin garginliyi elo secilmisdir ki, nimunslarin volt-
amper xarakteristikasinin Omik hissasins uygun goalsin

Fotocarayanin spektral xarakteristikasini 6l¢diikdon sonra, isiq selino kvantlarin sayina goros
dizolis aparilmigdir. Bu duzalis avvalcadon daracalonmis germaniumfotodiodu vasitasilo
aparilmisdir.

Kristalin fotokegiriciliyinin diison isigin enerjisindon asililigi, yoni spektral xarakteristikasi
sixarlmigdir. Bu spektral oyridon istifado edorok kristalin bozi parametrlori o0 climlodon
yanmkecirici kristallar ti¢iin on xarakterik parametr olan gadagan olunmus zolagin eni toyin
olunmusdur. Otaq temperaturunda (T1GaSez)os (TIINS2)o6 bork mohlulunun spektral ayridon
toyin olunmus gadagan olunmus zolagmin eni E;=2,28 eV, 77 K-do iss 2,45 eV olmusdur.

Bundan basga bu bark mohlulun boazi fotorezistiv parametrlori do toyin olunmusdur. Azot
temperaturunda (T1GaSez)os (T1INS2)oe Kristalinin yurukluylinin giymati malum olmadigindan
yurukliyin desiklorin konsentrasiyasina hasili toyin olunmusdur.

o =elu-p)
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(TIGaSez)os (T1INSz)o6 bark mahlulu liglin - hasili 2,9-10° sm™ qiymeti almisdur.
Kristalin xiisusi miigavimati p=2,1-10° Om-sm olmusdur. Bundan basga krlstahn garanhqda va

isigda (100 liks) migavimati toyin olunmus vo onlarin nishati tapilmigdir. - ? =120 olmusdur.
Ona gors do demok olar ki, kristallar isiga cox hassasdirlar. '

Olgmolar osasinda kristalin S integral hassasligi da toyin olunmusdur. Bunun dg¢tin avvalco
nimunanin Olculari goturilorok, sahasi tapilmisdir. Bundan sonra vahid sahays duson isiq siddoti
toyin olunmus va inteqral hassashq tapilmisdar.

I:

§=2
E-U

S — inteqral hassashq; J; — fotocoroyanin qiymoti;B — vahid sotha duson isiq seli; U —
nUmunaya verilon garginlikdir
i alinmigdar.

Butin bu xarakterlstlkalardan basqa (TIGaSez)os (T1INS)06 monokristalnin gadagan
olunmus zolaginin eninin temperatura goro doyismo amsali tayin olunmusdur:

dE el
—£=-72-10—4 —
dT K

ODOBIYYAT

1. PycramoB III'., A6aymnaeBa C.I., AmueB O.M., Tomxaes M.M. Hamxados
AW. Cenno ®@.M., BzaumozeiicTBre TPONMHBIX TAUIMEBBIX XaJIbKOTCHUIOB TaAJIUS U
unus. M3 An. CCCP Heopr. martep. 1983, T.19, Ne3, ctp. 479-481.

Cu,xTe (x~0.25) BIRLOSMOSININ OTAQ TEMPERATUR
FAZASININ KRISTAL QURULUSU
N.A. 9liyeva
AMEA Fizika Institutu
nergiz_25@mail.ru

Cu,Te tarkibli kimyavi birlogma sintez edilmisdir. Al:znan niimuna 500 <S-d> 100saat middatinda
homogenlasma prossesinda saxlan:imzsdir. Homogenlasma prossesi bitdikdan sonra niimunaya viizial baxas
kecirilmiy vo migahido edilmigdir ki,prossesdo mis atomlarzun bir hissasi nazik sap soklinda tarkibdan
ayriir Ritveld Usulu ilo al:nan nimunanin kristal qurulusu acgiimzs va onun tarkibinin Cu;7sTe olmas:
subut edilmzgdir.

Cu-X (X=Se,S,Te) sistemlorindo yaranan stexiometrik vo geyri stexiometrik birlogsmolor
totbiq yonimll xdsusiyystlorina goro davamli todgiq olunan obyektlordondir. Bu marag asason
onlarda tozahir edon fiziki-kimyavi xassalorlo baglidir. Geyd etmok lazimdir ki,g6starilon sinif
birlosmolor hamginin kristal quruluslart vo qurulus faza kecidlori baximindan da maragh
obyektlor sayilirlar. Bu sahado aparilan todgigat islori sirasinda an ¢ox diggat ¢okan naticalor [1-
8] islorindo verilmigdir. Ancaq bu vo digor todgiqgatlarda oldo edilon qurulus naticalori bu
sistemlords fazaomologolma ganunauygunluglar: vo fazasmalogalmo prosessinds mis / xalkogen
nisbi migdarinin doyismosinin tam sokilds izah edilmosi ti¢iin yetorli sayila bilmoz. Bunun tguin
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dagiq texnologiya, ¢coxsayli qurulus analizlori va naticalarin kristallokimyavi arasdirilmasi talab
olunur. Bunlarn nozoro alaraq bu isdo Cu-Te sisteminds amolo golon birlogsmalordon biri olan
CuizsTe (CusTes) birlogsmosinin kristal qurulusunun dogiglosdirilmosi aparilmis vo alinan
naticalorin mizakirasi aparilmisdar.

Qeyd edok ki, Cuy.xTe(x~0.25) birlosmasi bir godor toacciib doguran texnologiya asasinda
alinmigdir. Novotn: torafindon [1] Cu,Te tgtin verilmis kristal qurulusunda olan bir sira suallan
dogiglosdirmak tictin Cu,Te sintez edilib, 500°C-ds 100 saat arzindo homogenlosmoa prossesinda
saxlanilmis vo ona baxis kecirilorkan sintez edilmis Cu,Te nimunasindan toxminan 0.102mgq.
misin nazik liflor soklindo torkibindon ayrilmasi misahids edilmisdir. Homogenlosma
prossesindon sonra nimunanin mis ¢atigmazlug: olan hissasi tzorindo aparilan rentgenoqrafik
todgiqgat osasinda muoyyon edilmisdir ki, nimuns trigonal qurulusda kristallasir vo onun gofas
sabitlori: a= 8,3276(82)A, ¢=7,1964(16)A, V=432,2040(97)A np.rp. P-3m1, Z=8. Ritveld isulu
ilo nimunonin kristal qurulusu toyin edilmis vo kimyovi torkibin CuizsTe oldugu sibut
edilmisdir. Qeyd edok ki, bitiin rentgen qurulus todgigatlart Almaniyanin Bruker firmasinin
istehsali olan D8 - ADVANCE difraktometrindo, TOPAS-4.2 program: oasasinda yerino
yetirilmisdir. Rejim: 40 kV, 40 A, CuK, -1.5406A. 10 < 20 < 120°

Yuxarda Cu;sTe Ugln ahinan kristallografik parametrlor Cu-Te sistemi birlogsmolori ilo
migayiso edildikdo muoyyon edilmisdir ki, bizim aldigimiz naticalor qurulusu elektronografik
usul il todqiq olunmus CuizsTe [7] gofos parametrlori ilo (foza qrupundan basqa) eynidir.
Olbotto apanilan todgigat isini bu soviyyado saxlamagda olardi. Ancagq ,homin qurulusun
kristallokimyavi arasdiriimas: naticosinds hoqiqiliyi stiibho doguran bir sira faktlarin mévcud
olmast bu birlogmonin kristal qurulusunun tokrar Gyranilmasini faydali olacagini dislndik.
Noticado molum oldu ki, bu birlogsmo tamamils yeni qurulus tipins sahibdir. Sokil 1-do CuyzsTe
birlosmosinin kristal qurulusunun sxemi verilmisdir. Atomlarin kristal gofasds yerlosmo
koordinatlar belodir: Cu; - 2/3, 1/3, 0.390(3); Cuz - 0.340(1),0.170(5), 0.610(3); Cus- 0.400(4),
0.200(2), 0.947(5).

Cuy75Te-un kristal qurulusunda 3 név mis atomlar: var ki, onlarda uygun olaraq 2s; 6h vo
6d voziyyatlorindo paylanmiglar.Cu; atomlari qurulusda Te atomlarnin yaratdig tetraedrik
boslugda paylanmislar. Cu;-Te mosafolori orta hesabla 2.531A-dir. Cu, atomlarida tetraedrik
boslugda paylanmisdir. Cuy-Te mosafolori 2.413-2.580A arasinda doyisir. Bununla yanas: Cu,-
nin koordinasiyasina Cus-do daxil olarag, koordinasiya ododini 5-o qaldirir. Burada Cuy-
Cu3=2.468A-0 borabordir. Bu iso gostorilon Cu atomlarmin hibridlesmo tisulu ilo kovalent slage
yaranmasina sabab olur. Qeyd edsk ki, bu hal GaSe-doki Ga-Ga gantelina banzardir.Cus atomlar
iki Tellur vo bir mislo (Cu,) yaranan lcbucagda moskunlasir.Burada Cu-Cu mosafasi Cu,
tetraedrinds oldugu kimidir.
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} Te, layer .

Sakil 1. Cuy 75Te kristallarinin qurulusu.
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BJIMSTHUE MAT'HUTHOT' O I1OJISI HA ITIPOBOM B JIIMHHBIX TPYBKAX
C IEPEMEHHOM PACIIPEJEJIEHHON EMKOCTBIO
I''M.Canbix —3age, M.H. Araes
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B oannoii pabome usyueno eauanue MAcHUMHOU UHOYKYUU HA PACHPOCMpAHEHUe  60JIHbI
uonusayuu. Iloxazano, umo usmenenue pacnpeoeieHHOU eMKOCMmuU No OnuHe MpYOKU He OKA3bieaem
CYWEeCmBEHHO20 GIUAHUA HA CKOpOCMb (POHMA uonuzayuu, eciu nepgonauanvhvie emxkocmu Cy , ¢
KOMOPbIX CIMapmyem 601IHA, UMeIom 00HO U me dce 3Hayenue. IIpu smom umenocs 6 8udy, umo emMKocmo
60071 MPYOKU UNU PABHOMEPHO YBEIUYUBAEMCS, UL PABHOMEPHO YMEHbUAEMCA. YcmaHnoseneno, 4ymo npu
8cex UCCIe008aHHbBIX PA3PAOHBIX YCIOBUAX CKOPOCMb (QPOHMA He 3a8UCUm Om Gelutunbl UHOYKYUU
MASHUMHO20 NOJIA.
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BnepBele BaMSHUE OJHOPOJHOTO MAarHUTHOTO TOJII Ha MPOIECC Pa3BHTHSA paspsja B
JUTMHHOW TPYOKE HCCJIeIOBaJOCh aBTOpaMu padoT [1, 2]. DKCIIEPUMEHTBI [1,3] MIPOBOJIUITUCH B
WHEPTHBIX razax Ar u He npu Hamu4wu npenBapuTeIbHON HOHM3AMK U naBieHusx ot 0,2 1o 9
Top. Ilpu momadye MexIy MOIKUTAIOIIAM 3JICKTPOAOM (I1.3.) M OOKJIaJAKaMH B BHJE KOJICI,
CO3MAIOIIUMH PABHOMEPHO paCIpE/ICICHHYI0 €MKOCTh, CHUHYCOWAanbHOTro Hampsikenus U(t)
mpo0Ooii raza B TEYCHHE KaXIOTO MeproAa KOoJIeOaHH OCYIIECTBISIICS IBAXAbI: KaK HAa y4acTKe
Bospactanus U(t), korma mnpomcxoauna 3apsika CTEHKH, Tak u mnpu yoObBanuu U(t),
COTIPOBOK/TAIOIIEMCS Pa3PSAAKON CTCHKH.

B mnacrosimedd paGoTe NpUBOAATCS PE3yAbTaThl MPOBEIECHHOTO ASKCIEPUMEHTAIBHOTO
WCCJICOBAHMS BO3JICHCTBHS MAarHUTHOTO IIOJII Ha pa3BUTHE paspsja B JJIMHHON TpyOKe ¢
MEPEMEHHOM paclpeIeICHHON EMKOCTBIO.

-
T ] ] il

a 0.2 0.4 06 L,om

Pue 1 ZapmcimaocTs By eMeE Tep eMeIe A dpoHTa
HMOHMZ AITHE OT a0 CTOAHHA A0 1L

DKCTIEePUMEHT NPOBOJUTCS B CTEKJITHHOW Tra3opa3psaHoii TpyOke, nmuHa koTopoit 0,8 m, a
BHyTpeHHu quametp 0,32 m. ['a3opaspsanHas TpyOKa 3amoaHsIeTCs: aproHoM 110 nasienus P = 1,2
Top. Apron BeiOupascss kKak HauOoJiee YacTO MCIOJIB3YEMbI B JIIOMUHECIICHTHBIX JamIax,
MOJIETIBI0 KOTOPBIX SIBJSIJIach Hama TazopaspsaHas TpyOka. Ilo Bceit nnumHe TpyOKu
PACIIOIOKEHBI OOKIAIKN U3 amroMuHHeBOH (oibru. IlnpuHa >THX 06KmanoK cocrapmsier 3-107
M, a paccrosiHue Mexay Humu 107 4. [IepBbie TPH KONbIA HACThI HEIIOCPEACTBEHHO HA TPYOKY.
A Mexay OCTaJbHBIMH OOKJAJKaMH M TPYOKOH HMEIOTCA IUAJIEKTPUUECKUE MPOKIIAIKH,
TOJIITUHA KOTOPBIX MEHSETCS OT 2-10* o 1,0-10'8 M. DTO clIeNlaHo JUIA TOTo, YTOOBI IO Mepe
yaajaeHusi 0OKJIaJOK OT MOKUTAIOIIETO JIEKTPOa, EMKOCTh OOKIaOK YMeHbIIanach. PazHuma
MEXIy €eMKOCTBIO MEepPBOil 00KIaaku U nocaeanet cocrapiseT ~20 pa3. DTu 00KIaaKK 00pa3yroT
BJ10JIb TPYyOKH eMKkocTh C1 — Cp, .

PaccmoTpeHo, Kkakue W3MEHEHUs] BHOCUT BHEIIHEE IPOJIOJIEHOE MAarHUTHOE II0Jie B
OCHOBHBIE XapaKTEPUCTUKU UCCIIEAYEMOTO pa3psia.

MHoOro4YuclIeHHbIE U3MEPEHHs MOKa3ald, YTO TaK K€, KaK JTO BIEpBbIe ObUIO BHAYaje
YCTaHOBJICHO U1 «MEIJICHHBIX» BOJH B TpyOkax ¢ moctossHHON Co [1] a 3aTteM W s
«BBICOKOCKOPOCTHBIX» BOJIH HOHH3AI[UH [3] CKOPOCTh U pacrpocTpaHeHusi (GPOHTAa HOHU3AIMH
BJIOJIb TPYOKH C TIEpEMEHHOW MOTOHHOW €MKOCTBIO HE 3aBHCHT OT MHIYKIIUU MAarHUTHOTO TOJIS
B. Dtor ¢akr xapaktepeH W I ClOydas, KOTJa BOJIHA PAaCHpOCTPAHSETCS B CTOPOHY
yYMEHbIIIeHUs 3HaueHUs1 eMKOCTH Co, ¥ TIPU IBIKEHUH B CTOPOHY €€ YBEIHUYEHHs!, HE3aBUCHMO OT
HAYaJIbHBIX YCIIOBUH.
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[MonoOnas kapTrHa HaOMOaMach U B 0OPaTHOM HAINPABJICHUU PACIPOCTPAaHEHUS (POHTA
MOHM3AIMs, XOTS B CIy4ae, KOrja pas3psl pa3BUBAJICS B CTOPOHY YBEJIHUYEHUS E€MKOCTH U
cTapToBall ¢ MUHUMANBbHOU Cp , YNCTICHHBIC 3HAUYCHUS] CKOPOCTH OBLIN BBIIIIE.

s Toro, 4toOBI HWCCIEAOBATH BO3ACHCTBHE HEOJAHOPOIHOTO MArHMTHOTO IO Ha
CKOpOCTh (hpoHTa, OBLIM MPOAENIaHbI CTICHHUATBHBIE U3MEPEHUS CKOPOCTH (POHTA 1O BPEMEHHU
CIBHra HMMITyJIbCA B IIETH OOKIAMOK, KOTJa 4acTh WX MOMajana B 00JacTb HEOJAHOPOIHOCTH
MarHUTHOTO TOJII HA BBIXOJE U3 COJEHOWAA. [ 3TOr0 COJICHOW] CIIBUTAJICS OTHOCHUTEIHHO
TpyOKH, Tak, 4TOOBI BOJIM3M €0 TOPLOB PACIIONAraoCh HECKOJBKO OOKIagoK. OKa3anoch, 4YTO
CKOPOCTh HE MEHSETCS M TNpHU JABIKEHUHM (DpOHTa yepe3 00JacTh HEOTHOPOTHOTO MArHUTHOTO
MOJIS1 HAa BXOJIE M BBIXOJIE U3 cojieHouna. Pe3ynbratel aTux n3Mepenuit npu aasienun 0,27 Top,
napamerpax reaepatopa 1000 B u 120 ['n npexacraBneHsl Ha rpaduke BPEMEHH HMPOXOXKICHUS
¢dbpoHTa BHONBL TPYOKM MpH pPa3IMYHBIX 3HAYCHHUSX MarHUTHOW WHAYKIMH B B oOmactu
oxHOpoaHOTO Mo BHYTpHU coseHonaa: 0, 360 u 1560 I'c ( puc.l) . Ha atom ke pucyHKe, A
HATTSITHOCTH, TYHKTUPHOW JIMHHEHW TOKa3aHO W3MEpPEHHOE pachpeieieHrue WHAYKIUU
MarHATHOTO TIOJIS BJOJIb OCH BHYTPH COJICHOM/IA U €T0 PACTION0KEHHE OTHOCUTEIBHO Pa3psIHOM
TpyOKku. BuaHO, 4TO 001aCTh HEOAHOPOAHOCTH PACHPOCTPAHSETCS HA PacCTOsIHHE Mo 8 cM
BHYTPb COJICHOHJIa OT €Tr0 KpaeB, TaK, YTO 4acTh OOKJIAIOK MOMagaeT B 3Ty obmacts. Oxazanocs,
YTO CKOPOCTh HE MEHSETCS M TpH JABIKEHHUH (PpOHTAa dYepe3 001acTh HEOJTHOPOIHOTO
MarHUTHOTO TOJIS1 HA BXO/IE€ U BBIXOJIE M3 COJICHOH/IA.

Takum 00pa3oM, HEOJHOPOJHOE MAarHUTHOE TOJIE, TAaK XK€, KaK U OJHOPOJIHOE, HE BIHUSCT
Ha BEJIMYMHY CKOPOCTU ()pPOHTA L, HE3aBHCUMO OT TOI'O, B KaKUX PaspsAIHbIX YCIOBUSAX U MpU
KaKUX PeKUMax MPOUCXOIUT ero pacnpocTpaneHue. OcraibHble 3aKOHOMEPHOCTH, XapaKTePHbIE
JUIE CKOPOCTH BOJIHBI, PAacCIpOCTPaHSIONICicss B TpyOKe C TEPEeMEHHOW pachpeneieHHON
€MKOCTBIO, OCTAOTCS MPEKHUMHU MPU HATUYMHA MarHUTHOTO TIOJISL: €CJIM HavyalibHbIe 3HaueHus Co
y IL.3. OJHHU U T€ XK€, CKOPOCTh U HE MEHSETCS MPH U3MEHEHUH HAMPAaBJICHUS JIBUKCHHS BOJIHBI,
T.€. HE 3aBUCUT OT TOTO, YBEIIMYUBACTCS, WM yYMeHbIIaeTcsi eMkocth Co mo anuHe. Ecnmu ke
ctapToBbie 3HaUeHHs1 Co pa3IuYHbI, TO CKOPOCTh U BBIIIIE TaM, ¢ Ha4aIbHAs €eMKOCTh MEHbIIIE.
[To nnune xe TpyOKH CKOPOCTh (DPOHTA HE MEHSETCS MPU BCEX HCCIEIOBAHHBIX Pa3psIHBIX
YCIIOBUSIX.

[Ipu aHanu3e BBIIEU3IOKEHHBIX PE3YIbTATOB MOXKHO CAENATh CIEIYIOIIUNA BBIBOJ O TOM,
YTO W3MEHEHHUE DPACHpPENCNICHHON €MKOCTH MO JJIMHE TPYOKHM HE OKa3bIBaeT CYIIECTBEHHOTO
BIMSIHUSI Ha CKOPOCTh (POHTA HMOHU3AIMH, €CIM NepBOHadaibHble eMKOCTH Cp, ¢ KOTOPBIX
CTapTyeT BOJIHA, UMEIOT OJHO U Te ke 3HaueHue. [Ipu 3ToM MMenoch B BUILY, YTO €MKOCTh BIOJIb
TpYOKH WJIM PaBHOMEPHO YBEIMYUBACTCS, WM PAaBHOMEPHO YMEHBIIACTCS. Y CTaHOBIIEHO, YTO
IPU BCEX HCCIICJOBAHHBIX Pa3pATHBIX YCIOBHUAX CKOPOCTH (PPOHTA HE 3aBUCUT OT BEIIMYHHBI
WHIYKIIMA MarHUTHOTO TIOJISL.

OCHOBHBIE 3aKOHOMEPHOCTH, IKCIEPUMEHTAIBHO YCTAaHOBIICHHBIE B HACTOsIICH padore,
HaxXoJiAT KaKk KadeCTBEHHOE OOBSICHEHHE B paMKaxX COBPEMEHHOW TEOPUH JBYXMEPHBIX
MOHM3YIOIIUX COJUTOHOB TOJIA, [4] TaK U OPUTHHAIBHYIO HHTEPIIPETALHUIO.
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DOYISON QALINLIQLI DAIRDBVI LOVHD UCUN
ELASTIKLIK NOZORIYYISININ MUSTOVI MOSOLOLOIRI
S.P. Isgandarova, S.0. Mammadova
Gonca Dovlat Universiteti

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

Dayison qalinligl: dairavi 16vha Uglin elastiklik nazariyyasi masalalorina baxilaraq,dayisan galinligl:
I6vhonin statik deformasiyasiin  Umumi  nliklorinin - mistavi  elastiklik nazariyyasi masalaloring
gatirilmasinin - metodikas: islnilir. Almnmzs dlsturlar [6vhanin  qalinligmin  dayismoasinin - gargin-
deformasiya olunmug vaziyyatini hesablamaga imkan verir.

Dayison gahlinligh dairavi bircins elastik 16vha Ugun elastiklik nazariyyasinin mustovi
moasolasine baxag. Koordinat baglangicini radiusu R olan ¢evronin markoazinds gotirok. Orta
mustovido X, y dekart koordinatlari simmetriya mustovisidir. Dayison galinhqglt dairavi 16vho
Umumilagmis mustavi-gargin vaziyystdadir. Hesab edirik ki, 16vhanin 2h(x,y) gahinlig: asagidaki
sorti ddayir:

0<h1 _<h(X,y)_<h2,

burada h; vo h, uygun olaraq dairavi [6vhanin an boylk vo on kigik gahinligidir.
LAvhonin galinlig funksiyas: asagidaki kimi verilo bilor:

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

burada h, =(h, +h,)/2; e=(h,—h)/(h,+h,) — Kigik parametr; h(x,y) —hor hansi molum
olclisiiz kasilmoz funksiyasidir (—13 h(x,y) gl).

Dayison I6vhanin galinhigmin verilmis ganun tzrs doyismosinds ¢ sabit olacaqdir.
Tutaq ki, dayison l6vhanin L konturuna tesir edon xarici garginliklor verilmisdir L-do

o, _iTrQ = fl(e)_le(Q)’ (2)

eyni zamanda bir qlivvalarin asas vektoru asas momenti sifra barabordir.
Dayison I6vhonin statik deformasiya tonliklorini asagidaki kimi yazaq:

oN oN oN
6NX+ Y -0; % —0; 3)
OX oy oy oX
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Huk ganununa asasan

N, o ZEN(au ou)i o 2EN (Gv au); | Eh (@ o 4)
1-p?\ ox oy 1-pu”\ oy OX Yo lvploy  ox
A
burada N,, N, N, - uygun olarag, vahid uzunluga disen
normal vo strlisma quvvalari; u, v — yerdayisma vektorunun
komponentlori; E — 16vho materialinin elastiklik modulu; u — I
16vha materalinin Puasson amsalidir. R\ -
Dayison gahinligl dairovi l6vhonin statik deformasiya o) " v
tonliklar sisteminin halli tUgtin hayacanlandirma metodundan
istifado edilir.
Sakil 1. Dayison gahnhgli 16vhe
Ny =NO+eNP 4.5 N =NP+eNP + N =ND +aND +.; (5)
U=u,+e&u, +...; V=0, +&U; +....

Hoyocanlandirma metodu prosedurundan istifade etmoklo hor bir yaxinlisma Ggun tonlik
alirg. Alinms tonliklords sifirinci yaxinlagsma tonliklori elastiklik nazoriyyasinin klassik mustovi
masalalori tonliklori ilo, birinci yaxinlagsma tonliklori iso asagidak: kimi toyin olunan hocmi
quvvali elastiklik nazariyyasinin mustovi masalalori ilo uygunlug toskil edir:
@+N<°>@;Y1=N<°>@+N§°>@ (6)
ox 7 Yooy Y ox
Ikinci va sonraki yaxinlasma tiglin hacmi qiivvanin X,, Y, torkib hissolori analoji olaraq

toyin olunur:
stfirtnci yaxinlagsma Gglin

|z| = R olduqda, N@ =1£7(0); NO = 1,(0) (7)
birinci yaxinlagmu Ugiin

‘Z‘:R oldugda , N =0; N, =0 (8)

X, =N

Qeyd etmok lazimdir ki, birinci yaxinlasma tonliklorinin ¢ixarilmas: zamani asagidakilar
qoabul edilmisdir:

N =N =N NO =h(xyN;  Ny=NP-NY
NG =hOGNS NG =N -NS NSO =h(xy)ND ©)
Sifirinci yaxinlagsma tglin (7) masalasinin halli malumdur.

Birinci yaxinlagsmanin (8) masalasinin hallina kegok. Hacmi qlivvalorin moveudlugu tzra
birinci yaxinlagmanin halli

*_NO O. N ZND 1.
N =NO+ N Nj=NO +NO; N

*

o =N, + NG (10)
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Burada N®, N, N9 — (6) disturlan ilo toyin olunan hacmi giivvenin mévcudlugu zamam
mistovi elastiklik nozeriyyosi tonliklorinin xtsusi hallidir; N, N, N§ - hocmi givvolor
olmadiqda mustovi elastiklik nozariyyasi tonliklorinin imumi hoallidir.

A.Q. Uqgodgikov metodundan istifado etmokls, birinci yaxinlasmada N, N,, N/,
quvvalari Ugun asagidakilar alariq:

N;+ N, :4Re{¢1(z)_;ﬁ} (11)
2h, 2(1+x,) oz

N, =N +2iN,, _ 1 0 ( = 7).,z
—0 T 0 217, (2) + W, (2) + —(k,F, —Q, )[e?:
2h, |: 1(2) 1(2) 2L+ 1) 02 (Ko 1 Ql)j|

burada x, = (3— u)/(L+ u) — Musxelisvili sabitidir.
Bu (11) Umumi tosovvirlora z=x+iy kompleks doyisoninin @,(z) vo W,(z) analitik
funksiyalan vo asagidaki diferensial tonliklorin istonilon xiisusi holli olan F,(z,z) vo Q,(z,2)

funksiyalar daxildir.
R _E. 0'Q,

=F; -F, 12
07207 oz’ (12)
burada
F:Xl+iY1=g—h(N§°>+iN§§>)+iZ—h(N§O>—iN§;’>) (13)
X y

(11) nisbatinin kdmayi ils tapiriq

* . PN i0l= 1 a:l 1 0 = = 2i0
N —iN, =®,(2) +®,(2) €[z} (2) +\11(z)]—E Rea i) [5 (KO F, —Ql)}e (14)

®,(z) vo Y¥,(z) kompleks potensiallarnin axtarist Ucun asagidaki sorhod mosalosine
galirik

|z =R oldugda,  ®,(2)+®,(z)-e*[z0}(z) + ¥,(2)]=  (H) (15)
Burada F0)=—t Re T, 1 {E(K E_Q_)}ezm, z=Re" olduqda.
l1+x, o6z 20+x,)oz > "

F.(z,Z) vo Q,(z,Z) funksiyalarmi formal olaraq asagidak: kimi yazmaq olar:

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

Birinci yaxinlasmada gorgin voziyyst @,(z) ve YW,(z) analitik funksiyalarmin kdmayi ilo
toyin edilir. ®@,(z) vo W,(z) kompleks potensiallari (15) sorhod sortlorindon N.I. Musxeligvili
metodu ils tayin olunur.

o) [ 10 fort i)l an

T—-7 21 z z 7)1
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Sorh olunan metoda uygun olaraq doyison qalinligl dairovi 16vho Ugin elastiklik
nazariyyasi masolasinin hallini bels yazmag olar:

N, =[l+a(r,0) NO+aN; N, =[l+en(r,0)] NO+a\}; N, =fl+dh(r,6) NO+N;,  (18)

Burada N, N, N/, qiivvalari (11) nishatinin kdmayi ilo tayin edilir.

Alnmig (18) dusturlari dairovi 16vhonin  galinligmin  doyismosinin  gorginliklorin
paylanmasina tosirini hesablamaga imkan verir.Xususi hala baxag.

1. Disk onun konturuna tatbiq olunmus toplanmazg qUvvalarin tasiri altindad:r

Tutaq ki, diskin konturuna iki borabar va oks istigamatli (p, 0) vo (-p, 0) quvvalori tasir
edir. Bu giivvalor absis oxuna paraleldir vo z, = Re" vo z, = Re'™™) = _Re™ nogtolorino

totbig olunmusdur.
Bu halda sifirinci yaxinlagsmanin halli asagidaki kimidir:

(0) 3 3 . N© in? in? .
N :z_p cos 91+cos 0, P osa L:@ sin 9100591+S|n 6, coso, ——pcosw
2h, T rn r, 2h, =« 4 r,

NS _@{sin 6,cos’ 6, _sin6,cos’® 92}

2h, b2 r r,

burada z, —z=re"*; z,—z=r,e"".

Birinci yaxinlasmada hacmi quvvenin alinmas: ¢un (13) —don istifado edilir. (16)
nisbotinin komoyi ils iso inteqralladigdan sonra F,(z,Z) ve Q,(z,Z) funksiyalarini tapirq.
Tapilmis F,(z,Z) va Q,(z,Z) funksiyalarindan (15)-s uygun olaraq f(8) funksiyasini taping.
®,(z) vo Y¥,(z) kompleks potensiallar: tayin olundugdan sonra dayison galinhigl: dairavi diskin
gorgin-deformasiya vaziyyatini todqiq etmok olar.
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FAZA KECIDI OBLASTINDA ISLOYON TERMOELEKTRIK GUCLONDIRICiSi
S.M. Abdullayev, N.I. Quliyev, Z.M. Zeynalov
Gonca Dovlat Universiteti

Miayyan edilmigdir ki, Ag,S yarimkegirici birlogmasinda a-fazadan p-fazaya kegid zaman: (a—p)
carayan, f—a kecidi zaman: isa garginlik giiclanir. Bunun Uglin Peltye termoelementlar zoncirinda giris
carayanumun istigamatini dayismak kifayatdir. Bu prinsip asasinda hazirlanan qurgu vasitasilo ham kigik
carayanlar:, ham da kicik garginliklari gliclandirmak olar.

Odobiyyatdan kigik garginliklorin termoelektrik guclondiricisi barodo molumatlara ¢ox rast
golinir. O, iki termoceviricidon vo oksino qosulmus termocutlordon ibaratdir. Termoceviricilor
istilik selini 6lgmok, geydiyyat qurgusuna qosulmus termocdtlor iso signallari geyd etmok
uclnddr.

Belo qurgunun catismazhigi metal termocutlorin mohkamlik amsalmin asagi olmast ils
sortlonon hassashigmin kigik olmasidir. Lakin Zeebek effektino oasaslanan mohkamlik omsah
yuksok olan qurgular mévcuddur. Bu qurgu Peltye termoelementindoan, faza kegidi (FK) zamani
termoelektrik horakot quivvasi sigrayigla artan Ag.Te yarimkegirici materialindan hazirlanmis
termogeviricidon ibarotdir. Bu guclondirici Kigik coroyanlari guclondirmoys imkan vermir.
Subhasiz ki, elo guclondirici yaratmaq olar ki, tokco kigik gorginliklori deyil, eloco do kigik
corayanlart guclondira bilsin. Bu moagsadlo elo materialdan hassas element segmok lazimdir ki,
hamin element Zeebek amsalinin giymotine va kaskin temperatur artimina malik olsun. Bu zaman
hamginin dar temperatur intervalinda mugavimatin gicli azalmasi zoruridir. Malumdur ki, Ag,S
yarimkegirici birlosmosi Ag;Te birlosmasinin oxsaridir vo 425 K temperaturda FK-do malikdir.
Bizim apardigimiz todqgiqatlar gostordi ki, Ag,S-do o termoelektrik horakat qlivvasi AgzTe ilo
migayisado xeyli boyiikdlr vo faza kecidi zamani gucli sokilds artir. Miiayyan olmusdur ki, faza
kecidi zamani A;S-in elektrik mugavimoti sigrayisla distr. Homginin askar olunmusdur ki,
gimustin  kigik miqdarda artiqhgi(0.04-don 0.25 at % - Ag) a-nin artmasina, p-elektrik
muigavimatinin azalmasina vo faza kecidi zaman: p-nun sigrayisla sokilli azalmasina gatirib
cixarir.

Sakil 1-do forz olunan qurgu tosvir edilmisdir. Qurgu Peltye termoelementindon -1; isci
lehimlor — 2; elektro tocrid olunmus termokegid — 3; termogevirici — 4; termostat — 5 ibarotdir. Bu
guclondiricido termogevirici Ag,S 0.004-0.25 at % hazirlanmigdar.

Sakill. Gumisls 0.04-0.25 at% migdarinda asqarlanmig Ag,S-don hazirlanmig termogevirici.
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Ag- 6lciilori 6x3x0.25 mm? olan nazik l6vho soklindadir. (425 K temperaturda faza
kecidino malikdir, FK zamani: mlgavimati bir ne¢o tortib diislr) vo elektrotocrid olunmus istilik
kecidi vasitasilo Peltye elementlarina barkidilmisdir.

Guclondirici asagidaki rejimds isloyir. Termostatda (5), termogeviricinin materialinin (4)
FK temperaturundan bir doraco asagi Soviyyado temperatur muoyyan edilir. Sonra Peltye
termoelementina giris coroyan: lg;r Verilir vo hamin carayan termogeviricinin (4) temperaturunu
yavas-yavas Yuksoltmoyo baglayir ki, bu da FK-nin hoyata kegirilmasino gotirib ¢ixarir. Bu
migavimatin 3-4 tortib azalmasi ilo misayist olunur. Migavimatin belo kaskin azalmas: ondan
kegon carayanin 3-4 tortib artmasina gotirib ¢ixarir. Termoelementds (1) Ug signalt verildikdo
W=IUyg;r guict ayrilir ki,bu da Q=¢W istiliyinin ayriimasina gotirib ¢ixarir. Burada e=T/AT-f(z) —
soyutma omsali, f(z) —loffe meyarmin funksiyasi, AT — faza kecidini hoyata kecirmak (iciin
termogceviricinin (4) quzdirlldigr temperatur forqidir. Muasir termoelektrik materiallari Ggln
AT=1K vo f(z)=0, 2 oldugda e=60, AT<1K oldugu zaman ¢ daha ¢ox artir. FK-nin idars olunmasi
ucun enerji sorfi mivafiqg olaraq asagi dusir. FK oblastinda (T=425K) temperaturun 1K
dayigmasi tgun Igi: = 40 mA Kifaystdir. Asagi temperaturlu o —fazadan B-fazaya kegid zamani
(0—p) corayan, B—a kecidi zaman iso gorginlik gtclonir. Bunun t¢un Peltye termoelementlori
zoncirinds giris corayaninin lg; istigamatini doyismok kifayatdir.

Molum qurgularla miigayisads, bu qurgudan istifado ham Kigik corayanlarin, hom do kigik
gorginliklorin gticlondirilmasini tomin edir.
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YUKSOK ENERJILI HiSSOCIKLORIN YARIMKECIRICI MATERIALLARLA
QARSILIQLI TOSIRI ZAMANI BAS VERON EFFEKTLOR
N.9. Verdiyeva
Gonca Dovlat Universiteti

Maogaloda yuksak enerjili hissaciklorin yarimkegirici materiallara tosiri zaman: bas veran
effektlor vo onlarin yarimkegirici cihaz vo inteqral sxemlorin parametrlorinin deqradiasiyasi
arasdirilmisdir. Malum olur ki, bu zaman iki név radiasiya effektlori osas rol oynayir: ionlasma
effekti vo yerdoyismo effekti. ionlasma effektlori yarimkegiricilorda sarbast yiiklorin yaranmasina
va cihazin muxtslif oblastlarda yigilmasina sabab olur. Bu yuklor YC (yarimkegirici cihazlar) vo
IS (integral sxemlarin) —lorin parametrlarinin pozulmasina gotirir. Bu vo diger soboblorden
kosmik soraitda isloyon YC va IS -lorin gqorunmas: problemi yaranar.

Yuksok enerjili (stratli) hissaciklor yarimkecirici materialdan kecdikdo bir sira proseslor
naticasinda enerjisini itirir. Bu zaman har hansi hadisanin reallasmas: doracasi ham hissociklorin
tobistindon va enerjisindon, hom do materialin bir sira néviundon asili olur. Bundan basqa
hissaciyin yayildigi maddoada enerji ayrilmasinin tobioti xarici soraitdon do asilidir. Umumi halda
yarimkecirici maddas ilo hissaciklorin (o cimladan fotonun) garsiligl: tosiri zamani asagidaki ilkin
effektlor bas verir:

Yarimkecirici madds atomlarin ionlagmasi (valent slagslorinin qirtlmasi — donoan proses).

Atomlarin gofasin duyunlorindon yerini doyismosi (Frenkel citu tipli sado defektin
yaranmasi).

Yerdayisma olmadan atom va elektronlarin hayacanlanmas: (kristalin gqizmast).

Niva gevrilmalori.

YC (yarimkegirici cihazlar) vo IS (integral sxemlor) parametrlorinin deqradasiyas: (siradan
¢ixmasi) baximindan iki ndv radiasiya effektlori osas rol oynayir:

fonlasma effekti va yerdoyismo effekti.

Yiksok enerjili hissociklorin tosiri ilo yaranan ionlagsma effektlori maddodo sorbost
yukdastyicilar yaranmasina sobab olur. Yaranan ylkdasiyicilar materialin hacmi bdylk olan
yerlorini doayisir vo modvcud olan “tololor” torofindon tutulur. Noticads cihazlarin muxtalif
oblastlarinda yiklorin yigilmas: bas vero bilor. Bir gayda olaraq belo yerlor mixtslif dielektrik
gatlandir. Bu yigilmis yiiklor YC vo IS —in parametrlorinin deqradasiyasini yaradir. Bunlar metal
— oksid —yarimkegcirici (MOY) komplementar strukturlu metal —oksid —yarimkecirici (KMQOY)
tipli texnologiya oesasinda hazirlanmis YC vo IS —dir. Bundan basga YC va IS —in aktiv vo passiv
hissalorinds ionlagma effektlori naticasinds ionlasma carayani impulsu yarana bilor. Bu impuls
corayanlart giymatindon vo slialanan materialin tipindon asili olarag, ham doénan hom do
donmayan xarakterli muxtolif effektlor yarada bilor. Masalon, metal —dielektrik —yarimkegirici
(MDY) tipli tranzistorlarin desilmasina sabab ola bilar.

Yerdoyismo effektlori yarimkegirici maddonin kristal qofasinds atomlarin  normal
vaziyyeotindon ¢ixmasi ilo olagodardir. Bu yarimkegiricinin kristal gofosinds qurulus defekti
yaradir vo radiasiya defekti (DR) adlanir. RD-nin yaranmasi yarimkegirici materialin elektrofiziki
parametrlorini doyisir. Bu iso 6z névbasinda YC va IS —in xarakteristikalarini doyisdirir. Belo
tosirlar bipolyar texnologiya ssasinda hazirlanmis YC vo IS (igiin daha xarakterikdir.

Indi yiiksok enerjili yiikli zarraciklorin yarnmkegirici maddoyatosirine baxaq. Qeyd edok
neytronlardan forgli olaraq yukli hissaciklorin madds ilo garsiligl: tosirinds ilkin effekt atomlarin
ionlasmasidir. Bu zaman yarimkegiricids sorbost yiikdasiyicilarin konsentrasiya doyisir. Yuklu
hissaciklar tosir etdikdo maddado atomlarin ionlasmasindan slave atomlarin yerdoyismo effekti
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(qurulus defektinin yaranmasi) do yaranir. Yuksok enerjili ionlarla yarimkegirici maddoni
stialandirdiqda maddo atomlarina kigik migdarda enerji verilmosi ehtimali daha boyik olur.
Bilirik ki, tosir edon ionlann bdyuk bucaglar altinda sopilmosi ehtimali azdir. Sopilmonin
anizotropiyas: naticasinds yerini doyison ilkin atoma verilon orta enerji asagidaki ifado ilo
hesablanir:

£ E -Ey E

. a, max | a, max

a_E,max_Ed Ed

a

Kosmik fozadan daxil olan yiiksok enerjiliionlar igarisinde YC vo IS — do struktur defektlori
yaradan an mihim sobab protonlardir. Digor ionlar (agir yukli hissaciklor) maddods asasan
ionlarin yaranmasina sabab olur .

Yarimkegirici kristaldan ylksok enerjili elektronlar kecdikds onlarin enerjisi asason kristal
atomlarindan qgeyri elastiki sopilmoys sorf edilir. Bu iso atomlarin ionlagmasina vo
hoyacanlanmasina sobob olur. Bununla barabor enerjilori 200 —300 keV vo daha yiiksok olan
elektronlar gofasin atomlarmin niivalarindon kulon potensialindan elastiki sopilorkon onlara E4 vo
bundan boéyik miqdarda enerji vers bilor. Bu iso madds atomlarmin yerini doyisdirmasine va
Frenkel cutlorinin yaranmasina sobob olur. Yarimkecirici maddonin elektronlarla sualandiriimasi
protonlarla stalandirilmasindan forglidir. Elektronlarin kutlosi protonlarin  kitlasindon ¢ox
kicikdir (~1840 dofs). Bu sobobdon elektronlarin toggusma zamani: madds atomlarina onlar
yerdayismoaya macbur edocok relyativistik sirotlo (V—C) horokst etmolidirlor. Bu zaman
elektron maddo atomunun elektron buludunu kecir vo niivs ila kulon garsiliglh tasirinds olur.

indi yiksok enerjili hissociklorin tosiri ilo yarimkegirici materiallarin elektrofiziki
xassolorinin xassolorinin doyismosino baxaq. Yarimkegiricilorin asas parametrlori geyri -osas
yukdastyicilarin - yasama muddoti —t, materialin xususi mudgavimoti —p, Yyukdastyicilarin
konsentrasiyasi (yarimkeciricinin tipindon asili olaraq — n va ya P), yiikdasiyicilann yaraklioyd —u
qobul edilmisdir.

Yarimkegirici hissaciklorlo stialandirildigda geyri -osas yukdastyicilarin yasama muddoti
azalr.

Molumdur ki, hom donor, hom do akseptor asgarla asqarlanmis yarimkeciricinin xdsusi
mugavimati va xususi elektrik kegiriciliyi asagidaki ifads ilo toyin edilir:

1
0=;=q(nun+pup)

g- elektronun va ya desiyin yikuntn modulu, n,p,u,, 1, — elektron va desiklorin konsentrasiyalar:
va yuriklaridir.

Yarimkecirici maddays hissaciklor tesir etdikdo yikdasiyicilarin konsentrasiyas: vo
yurukliyi ve demoli xtisusi miigavimat va xususi elektrik kegiriciliyi doyisir.

Yarimkecirici materiala tosir edon hissaciklor materialda dayanigli radiasiya morkozlori
yaradir. Bu moarkazlor noinki rekombinasiya markazlari kimi 6zunt aparir, ham do ylkdasiyicilan
elektrik keciriciliyindan effektiv olaraq konarlasdiran “talo” rolunu oynayir.

Notico olaraq Fermi soviyyasi yarimkeciricido gadagan olunmus zonanin ortasina dogru
yerini doayisir, yanimkeciricido asas ylkdasiyicilarin konsentrasiyas: azalir, xiisusi migavimati
artir. Eksperimental noticolor gostorir ki, yarimkecireicilordo ytikdasiyicilarin konsentrasiyasi
stalanma zamani (hissociklor tasir etdikds) owvolco eksponensial olaraq azalir, sonra iso
hissaciklar selinin yuksok giymatinds Fermi saviyyasinin hodd vaziyyati ilo mioayyan giymato
yaxinlasir.
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Ag,S VO AgFeS; 9SASINDA ISTILIK SUALANMASI QOBULEDICILORI
N.I. Quliyev, S.M. Abdullayev, I.I. Qasimov
Goanca Dovlat Universiteti

Ag.,S va AgFeS, yarmmkecirici birlogmalorinin elektrik va istilik xassalorinin  sigrayussokilli
dayismasindan istilik gobuledicilori hazirlanmasinda geniys istifado olunma imkanlar: gostarilmisdir.
Muiayyan edilmisdir ki, bu birlogmalorin elektrik kegiriciliyi faza kegidi oblastinda ~4T=10-12 K
oblast:nda 10 dafadan ¢ox dayisir va bu dayismadan istilik gabuledicilarinin yarad:Imasinda istifada etmok
olar.

infragirmiz1 (IQ) suialanma fotogobuledicilori elmdo vo texnikada xiisusilo do kosmosun
todgigindo genis totbigini tapmisdir. Bu mogsadlo CdxHgixTe, Pbi4SniTe nov darzonah
yanmkeciricilor daha genis totbig olunurlar. Onlarin gadagan zonasinin eni 0.1-0.15 eV
tortibindadir. Bu yarimkegiricilordo moxsusi yarimkegiricilik atmosfer pancarasine uygundur (CO
lazerlor) vo bu sahodo boyuk nailiyystlor oldo edilmisdir. Butin bu gobuledicilor moxsusi
keciricilik oblastinda isloyirlor. Belo gobuledicilorin yiiksok hossashigina vo askar etmo
gabiliyystino nail olmaq tglin onlart azot vo daha asag: temperaturlaradok soyutmaq lazimdir.
Lakin, elo sahalor vardir ki, yuksok hassaslig vo askaretma gabiliyyati tolob olunmur. Bu halda
“istilik” gobuledicilori daha genis totbiq olunurlar.

Bolometrlor, infragirmizi stalanmanin  elektrik, termoelektrik, termomagnit vo s.
gobuledicilori istilik gobuledicilori sirasina aiddirlor. Bu mogsad dgln istifado olunan muxtalif
materiallarin effektivliyinin dyronilmasina goxsayl: tadgigatlar hasr olunmusdur.

Qeyd etmok lazimdir ki, Ag,S vo AgFeS; birlosmalorinin elektrik vo istilik xassalarinin
sicrayis sokilli doyismosinin genis imkanlari onlarin osasinda tokco Kigik coroyan vo
gorginliklorin termoelektrik gtclondiricilori hazirlamagla mohdudlagmir. Bu magsodlo AgFeS; va
Ag.S birlogsmoloarinin elektrik kegiriciliyi faza kegidi oblastinda 10 dofodon ¢ox doayisir. Ogor
noazors alsaq ki, 10 dofs doyismo ~AT=10-12K intervalinda bas verir. Onda forz etmok olar ki,
belo gucli doyismadoan istilik gobuledicisinin yaradilmasinda istifado etmok olar. bu mogsadlo
iimidverici noticolor almaga imkan veron qurgu yigilmisdir. Hossas elementlor, 1x2x4 mm®
Olglida, Ag2S vo AgFeS; niimunalarindan hazirlanmisdir (gahnligir 1 mm). Hossas elementin isci
saothi ya gara ronglo garalanmis, ya da cizilmigdir. Nimuna 6zoyo, 0zoK iso qidirma ugiin xususi
qurguya qurasdirilmigdir:  O0zoyin osasindan elektrik cohotdon tocrid olunmus althga
barkidilmisdir. Bunun Ggtin iki variantdan istifads edilmisdir: elektrik cohoatdon tocrid olunmus
althq yiksok vo asagi istilik keciriciliyino malik olmusdur. Hossas elementdon elektrik
keciriciliyinin V, vo ya migavimetin Vg signallarin1 6lgmo coroyan: buraxilmigdir. infragirmizi
stalanma monbayini hossas elementin sothino yOnoltmoys imkan veron Xxdsusi qurgu
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yaradilmisdir. Ozoyo dolanmis gizdiricimin kémoyi ilo ~435K temperaturadok qizdirilmis vo
T#0.3+0.5 K godor kigik ragslorlo homin temperaturda saxlanilmigdir. Belo temperatur faza
kecidi oblastina (FK oblastina) uygun galmisdir. Bu rejimdo hossas elementin sothino IQ siia
yonolmisdir. IQ siianin  monboyi garaldilmis lampa vo ya gaytariciya malik elektrik gizdiricisi
olmusdur. Qizdirict ilo hossas element arasinda buraxilan IQ siialann dalga uzunlugu (giin
moalum diapazona malik filtr qoyulmusdur. Stalanma moenbayi qosuldugda V, ve ya V, elektrik
signallart minimumadok kompensasiya olunmusdur. Sualanma monbayi ilo hossas element
arasindaki mosafo doyisdikco V(e) asililigi ¢ixarilmis vo elektrik sahosinin udulan istilik
enerjisindan asililigi V(a) ilo tutusdurulmusdur. Slbatds, halalik hassas element torafinds udulan
istiliyin Q dogiq miqdart barodo garantiya yoxdur. Lakin, bu kristallarin todgiq olunan
temperaturda istilik vo elektrikkeciricilik omsallart osasinda alinmig naticalorin hesablanmasi
g6stordi ki, hassas elementin temperaturu 1K dayisdikdo V, vo ya V, 100% dayisir, 0.2 K
doyismo zamani isa V, dayismasi 40% toskil edir. Hassas elementin 1K qizdirilmas: zamani W=5
mVt, 0.2K qizdirtlmas: tiguin iso 0.4 mVt tolob edilir. Bu naticalor tocrubi naticolorlo miayyan
qodoar uzlasir. V(Q) asililig barads dagiq naticalor almaq tgln bitin qurgulart melum qurgunun
bolometrin kémoayi ilo doracolomok lazimdir. Halli talob olunan digor mosalalor do vardir. Bu
masolalor todgiqat xarakterli masalolordir.
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SIMMETRIK YUKLBNM® DOVRIiYYOSINDO OZULUELASTIKI
MATERIALIN GORGINLIK VO DEFORMASIYASININ ZAMAN
ASILILIGININ MODELLOSDIRiLMOSI
Y.B. Namazov, N.I. Quliyev, Z.M. Zeynalov, E.Z. Qocayeva
Ganca Dovlat Universiteti

Ozultelastiki materialn dévri yiklonmanin tosiri alt:znda deformasiyan:n va garginliyin
zaman as:i/iiiglar: dyranilmigdir. Gostorilmigdir ki, digar modellarlo mlgayisada 0Ozillelastiki
cismin standart modeli Ustlinliys malikdir. Onun asasinda apar:imzs hesablamalar tocriibi
naticalarla daha yaxs: uzlagir. Bu naticalar tibb sahasinda genis istifada oluna bilar.

Mixtolif  yiklonmo  soraitlorindo  6zulllelastiki  mdhitin -~ mexaniki ~ xassalarinin
modellasdirilmasi hom mexanika mosoalasi kimi maraghidir, ham do boyuk tibbi maraq kasb edir.
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Belo ki, bu istigamatdo tocriibi todgigatlarin xisusilo do bioloji toxumalarla aparilmasi, demok
olar ki, mimkun olmur. Malumdur ki, adi fizioloji soraitlords bioloji toxumalar mahz periodik
doyison yuklonmonin tasirine moruz gahr. [1, 3]. Materiallarin, giymot vo isaroco doyison
yuklanmoyos gars1t migavimati, sabit yiklonmays moruz galan hamin materialin migavimatindon
xeyli forglonir [2, 4].

Bir swa islordo [2, 3] dovri yuklonmoys moruz qalan o6zlluelastiki materialin
deformasiyasinin zaman asililiginin modellagdirilmasi zamani, hesablamalar iki parametrli
Maksvell vo Foygt modeli Gglin aparilmis vo goOstorilmisdir ki, alinmis noticalor tocribi
naticalorlo 0 gadar do yaxs1 uzlagmur [4, 5].

Ona goro do hazirki isin magsadi periodik yuklonmoays moruz galan 6ziluelastik materialin
deformasiyasinin zaman asililiginin, Ugparametrli Kelvin (standart 6ziluelastiki cisim) modeli
asasinda modelloasdirilmasi olmusdur.

Elastiklik elementinin parametri E — elastiklik modulu, 6zluliik elementinin parametri iso 1
— Ozlulik amsalidir. Maksvel modelindo bu elementlor ardicil Foygt modelindos iso paralel
birlosdirilmisdir.

Oziiliielastiki cismin standart Gigparametrli modelinds (Kelvin modeli) E; modulu elastiki
element, 6z aralarinda paralel birlosdirilmis E, elastiki vo m 0zili elementlorlo ardicil
birlosdirilmisdir. Standart modeli tasvir edon diferensial tonlik

ciiitBe g EE )

n n

soklindadir.
Periodik yiklonmoa zamani (1) tonliyinin Kelvin modeli ti¢tin halli
2 2 2
Ana{exp{—Ezt +} BBt By e’ sin ot — cos mt
n Eno

&(t) = )

EZ +772602

Deformasiyanin standart model tglin qurulmus zaman asililiglart kemiyystco Foyqt modeli
ucun qurulmus grafiko oxsardir. Sokil 1. Lakin Kelvin modelinds deformasiyanin amplitudu 2
dofo coxdur. Bu modelds 0Ozlulik elementi ilo paralel birlosmis elementin E, elastiklik
modulunun dayismasi E; elastiklik modulu kimi deformasiyaya az tesir gostorir. Oziliilelastiki
cismin standart modelindo aparilmis hesablamalarda deformasiyanin fazaca gorginlikdon geri

galmas: misahids olunur.

Belolikls, apardigimiz todqgiqatlar gostorir ki, 6ziluelastiki materialin dovri deformasiyasi
Uzro alinmis tocrubi naticalorlo, digar modellarlo migayisads 6zlltelastiki cismin standart modeli
daha yaxsi1 uzlasir. Sandart model Gzro alinmis naticalor tibb sahosinds elektromiografiyada
istifado oluna bilor.
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b)
Sakil 1. Kelvin modelinds simmetrik dévru yiklonms tgiin gorginlik (giriq xatlar) vo deformasiyanin zaman
asilihglari. ) Tezlik 1Hs, elastiklik modulu E;=90Qpa, E,=0,6Qpa, 6zlulik smsah 1QPa-10QPa;
b) tezlik -1Hs, elastiklik modulu E;=90QPa, E,=0,6 QPa— dan (1) 1,5 QPa — ya gadar, 6zIllik

omsali 1QPa.
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OCOBEHHOCTH 2JIEKTPOITPOBOJHOCTH IIPH ®OTO -U
PEHTITEHOBCKOM BO3BYXJIEHUAX
E.X. MoscumoB, U.M. Moscumosa, 3.M. 3eiinanos, B./I:k. PycramoB

Tsanoorcuncxuii I'ocyoapcmeennotl Yuueepcumem

Uccnenosano BAX kpucramnos TlinSe, mpu (oTo— M peHTreHOBCKHX BO30YKIECHHUSX.
Brruncnensl mapaMeTpsl JOBYIIKM M OHU OKAa3aluCh paBHBIMU: N NIOCie PeHTTEHOBCKOTO
BO30YK/JICHHUS OKa3aJIKCh. 3-10% cm® u 3,2-1012 CM'3, COOTBETCTBEHHO. Takke HCCIeI0BaHbI
3aBHCHUMOCTH KO3()(PUIMEHTOB PEHTTCHONMPOBOJUMOCTA OT WHTEHCHUBHOCTEH OOMy4YeHMs st
MOHOKpHCTannoB T1INSe; mpu pasnuyHEIX YCKOPAIOMMX HANPSKEHHAX Vi M ONpENeIeHo, 4To
BennunHa Kod(pdummenta K, dKCIMOHEHIMATBHO YMEHBIIAETCS C POCTOM YCKOpsIOmEero Vau
10361 00s1ydenus E.

Cpenu CIOUCTO —IIEMOYCYHBIX MMOJYIPOBOHUKOB THIA ASB6C62 (A-TI; B-Ga, in: C-S, Se,
Te) naubosice YyBCTBUTCIHHBIMU K PEHTICHOBCKOMY H3IIyYCHHIO SIBJISIOTCS MOHOKPHCTAILTBI
TlinSe, [1-3]. CormacHo [4] AAHHBIM SIEKTPOHOrPaGUUECKOTO M PEHTrEHOrpadHuecKoro
amanu3a T1inSe, aBnseTCsS CTPYKTYPHO —KOOPAMHALMOHHEIM AHAIOTOM GMHAPHOTO COEIMHEHHUS
TISe, B KOTOPOM HOHBI T|3+3aMeH_IeHbI wonamu In°*,

DKCHEepUMEHTAIFHO YCTAHOBJICHO, YTO Majas BEJIMYMHA TEMHOBOTO TOKa B KPHCTAJUIax
TlinSe, [4], obycnoBnena cobcTBeHHbIME AeeKTaMu pemreTkd. CBeJeHHs O HPUPOJE ITHX
nedeKToB M BIHMSHHE AC(PEKTOB YMAKOBKM Ha JJIEKTPUYECKHE CBOWCTBA B HEJIETUPOBAHHBIX
KPUCTAJJIOB, a TaKKe B3aMMOJCWUCTBUE 3THUX NE(PEKTOB C PaIWALUOHHBIMH JePEeKTaMHu [0
HACTOSIIETO BPEMEHH HCCIIEI0BAHBI HEIOCTATOYHO.

[TosTomy oOmelt 3amadeil Hacrosimieid paboOThl OBUIO TPOBEACHHWE KOMILJICKCHBIX
SKCHEPUMEHTANBHEIX HCCIIEIOBAHNH MPOBOAMMOCTH M pelakcanuu Toka B T1inSe; mpu doto u
PEHTTEHOBCKOM BO30Y>KJICHHH, C IENbI0 BBIACHEHUS MPHUPOIBI JAe(PEKTOB B HCCIEJOBAHHBIX
KpHUCTaJJIax.

MOHOKpHCTAIUIBI BRIPAIIMBAINCH METOIOM HAMPABJICHHOW KPUCTAILIH3AINH, OMCAHHBIM B
padore [5]. MOHOKpUCTAUIBI HMMEIH TETPArOHAIBHYIO CprKTyIé)y, obnamgamu p-TUTIOM
POBOAMMOCTH ¢ KOHueHTparmeii apipok 2510 cm® (p~107-10°0Om-cm). MccnenoBansie
oGpasipl mMenu pasmepsl 2x2x1 Mm°. OMmueckre KOHTAKTBI K KPUCTALIAM HAHOCHIHCH
IUTaBJIGHUEM WHAWA K NPOTHUBOMNOJIOKHBIM TOBEPXHOCTAM IUIACTHH. lLiomans 31eKkTpooB
cocraBmuia 0,2-0,3 MM2, a paccTosHHEe MeXIy HuMH paBHsuock ~150-200 mkm. bBeutn
ucclieoBanbl  BoThb-aMiiepHbie (BAX B pexxume (GOTONPOBOAMMOCTH) M PEHTICHIO3UMET-
pUYECKUE XapaKTEPUCTUKHU NPH PA3IMYHBIX AJIEKTPUUECKHUX MMOJIAX B MHTEpBAJIE 10%-10*V/em n
temneparypax 120-320 K. 3navuenus 103 peHTTEHOBCKOTO U3IYYEHHS HW3MEPEHBI J03UMETPOM
tuna JPI3 -02. [JIna ¢$HoToBO30YyX)AeHHA00pA3UOB HCIOIB30BANIMA JIAMITBI HAaKaJIMBaHUS
moiHocThio 400 BT (A=1,2 MKM).

Ha puc 1 mpencraBneHsl TemiiepaTypHble 3aBucuMoctd  (ototoka (1, 3) w
pentreHonposoguMocTu (2, 4) monokpucrtamnos TlinSe,. Kak crenyer us puc 1, kp.1 dotoTok
KPUCTAJJIOB AKCMOHEHUIMAIBbHO pacTeT B mHTepBaie 140-285 K, Bblme KOTOpOro HacTymaeT
TepMHUUYECKasi aKTUBAIUA (POTOTOKA. MOSBIIEHUE Y4acTKa TEMIEPATypHOTO rameHust GOTOTOKa C
sueprueil aktuBaun Ew~0,42 3B npu 285 K u nnisa cnabeix ypoBHe Bo30yXIeHUs U3 001acTH
CcOOCTBEHHOTO TOTJIOIICHUSI CBETA CBSA3aHO C ONTHYECKOH Mepe3apsiKoi MEexy - IeHTpaMu U
menkumu akientopamu (Ev). C pocTtom ypoBHS BO30Y»KAEHUs, KaKk BHIHO H3 Kp.3 TemIeparypa
rameHus: (pOTOTOKa CMEMIAeTCsl B CTOPOHY BBICOKMX Temrieparyp. MHble pe3ynapTarbl HamMu
MOJIy4€HBbl TPU PEHTTEHOBCKOM BO30YkIeHuH KpuctauioB XXXX. Kak BUAHO W3 PHUCYHKOB
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(XXX,XXX) TPU PEHTTCHOBCKOM BO3ICHCTBHM HaOmronaeTcs ciiabas aktuBamms (OTOTOKA B
unTepane 120-350 K

Takum o00Opa3oM, MpH TeHEpAIUU OJMHAKOBOTO KOJIUYECTBA CBOOOJHBIX JIICKTPOHHO-
JBIPOYHBIX TIap B MOHOKpucTaiax T1InSe; B pesynbrate moriomenus: GOTO U PSHTTCHOBCKHX
KBAHTOB HAOJIFOIACTCSl HEOMHAKOBBIC BEJTMYMHBI TPOBOIUMOCTH.

"h

I . :&

9 L 3 A 1

2 3 4 5 6 7
3 -1
10 /T, K

Puc 1. TemnepaTypHas 3aBUCHMOCTL TOKa MoHOKpucTauia T1inSe, npu potososbyxnenun (kp. 1u 3) u
OpH peHTreHoBCKoM Bo30yxaenun (kp. 2 u 4). Kp. 1 u 2 cnalsiitypooBeHs  BO30YKICHHUH,
Kp. 314 BBICOKHMI YPOOBEHD BO3OYKICHUH.

Jis BBIACHEHWS TPUYMH YKA3aHHBIX PA3JIMYUi MPOBOJUMOCTH TPU PEHTTEHOBCKHX
BO30YKJICHUU OBLTH TIPOBEICHBI H3MEPESHHSI PEHTICHOIIPOBO IMMOCTH MOHOKpUcTaLioB T1InSe; B
00J1aCTH MaJIbIX ¥ BBICOKUX WHTCHCUBHOCTEH.

50

40

KG,min.‘R
8

20
3
4
0 MS

10 10 30 40 50
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Puc 2. 3aBucuMocTs KO3 HUIHMEHTOB PEHTTEHONPOBOANMOCTH OT HHTEHCUBHOCTH O0JydeHHUS IS
TlinSe, mpu pasnmuuneX yekopsromux Hanpsokerusx — V, (T=300 K u F=22-10° B/cm).
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Ha puc 2 mnokazanpl 3aBUCUMOCTH KOI(P(PUIMEHTOB PEHTICHONPOBOJUMOCTH OT
MHTEHCUBHOCTEH OOIydeHHs N1 MOHOKpHCTamioB TlINSe, mpu pasiuuHBIX yCKOPSIOMIHX
Hanpspkenusx  (T=300K, F=2-10? Vicm).  BuaHo, uto BenuuuHa —KoddduimentaK,
IKCIOHEHIHANIBHO yMeHbmaetrcsi ¢ poctom —Vau E (kp. 1-5). Kak cieayer u3 moirydeHHBIX
naHHbIX, K0dhdummentsl K, s Bcex o0pas3loB yMEHBIIAOTCS coryiacHo [6], kak mo mepe
BO3paCTaHUs JA03bl OOJIyUYEHUS , TaK U C YBEITMYCHUEM BEIMYUHBI YCKOPSIOIIETO HAIPSIKEHUS.B
paboTe YCTaHOBIEHO, YTO [- LEHTPHl PEKOMOHMHALIMU, POJb KOTOPBIX BBIMOJHSIOT TIIyOOKHE
KOMIICHCHPOBAHHBIE aKIIENTOPBI, OTBETCTBEHHBI 32 ONTUYECKUE U (POTOIICKTPHUECKHUE CBOHCTBA
MOHOKPHCTAJLJIOB TlinSe,.

[IpoBeneHHbIE OMBITH MMOKA3aJd, YTO MpPH TI'E€HEpAalUd OJUHAKOBOTO  KOJHYECTBA
CBOGOIHBIX HIEKTPOHHO —IBIPOUHEIX Tap B MOHOKpHcTamiax T1inSe; B pesyapTare mornomenus
$hOTO —M PEHTTeHOBCKUU KBAHTOB HAOIIONAETCS HEOAMHAKOBHIC BEJMYMHBI MPOBOAMMOCTH.
[losiBnenne ydacTtka TemmepaTypHOro ramenus ¢oTtoToka ¢ sHeprueit aktuBammu Ew~0,42 »B
npu 285 K u nnst cnalbeix ypoBHEH BO30YKIEHUS U3 007aCTH COOCTBEHHOTO TOTJIOUICHHS CBETA
CBSI3aHO C ONTHYECKON TMepe3apsaKoil Mexay I- HeHTpaMy B MeJIKUMU aknentopamu. C poctom
YpOBHSI BO30YXIEHHs, TeMIlepaTypa TrameHusi (OTOTOKAa CMEIMIAaeTCs B CTOPOHY BBICOKHX
TeMIeparyp.

W3 TemnepaTypHBIX 3aBUCUMOCTEH PEHTTEHONIPOBOIMMOCTH U (HOTOMPOBOIUMOCTH BUIHO,
YTO Ha TOKOINPOXOXACHHE  OOpaslloB C POCTOM TEMIIEPATyphl CYIIECTBEHHBIC BIIUSHUE
OKa3bIBaeT AU(PQy3HMOHHAS COCTABIIONMIAs, TaK KaK C POCTOM TEMIEpaTypbl B pe3yJbTaTe
TEPMHUYECKOIN TeHepalud HOCUTENeH 3apsas B 30HY NPOBOJAMMOCTH PACTET MX BKJIAJ, YTO
MPHUBOIUT K POCTY PEHTTEHOMPOBOANMOCTH U (POTOTPOBOIUMOCTH C TEMIIEPATYPOIA.
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NADIR TORPAQ ELEMENTI ITTERBIUM ILO ASQARLANMIS Ga, Ses
KRISTALININ YAPISMA SOVIiYYOLORININ TODQIiQi
S.1. ®liyev, Z.M. Zeynalov, N.I. Quliyev, T.T. Tahirova
Gonca Dovlat Universiteti

Coxsayl todgiqatlar gostormisdir ki, genis zonal: yarimkegiricilords yapisma soviyyslarinin
todqiqi Gsullarindan biri do hacmi yiiklorlo mohdudlasmis coreyan (HYMC) tisuludur. [1] A"
Bs" grupundan olan kristallarda gadagan zonasi miixtalif parametrli lokal saviyyalorls, defeklorlo
vo s. zongindir. Bu soviyyslorin geyri- tarazliq proseslarinda ¢ox mihiim shomiyyst vardir. isdo
hadir torpaq elementi itterbium (YB) ilo asqarlanmis Ga, Ses kristallarnin yapisma soviyyslori
HYMC usulu ilo todqiq edilmisdir. Kristallar kubik qurulusuna malik oldugundan niimunalarin
galinhigt ~220 mikron otrafinda hazirlanmisdir. Nimunalorin (zorino B® -2 yapisdiricisinin
kdmoyi ilo (vo ya har hansi digar analoji xassoys malik yapisgan) spirtdo hall olunmus nazik
tobaqgasi ¢akilir va lehimlayici vasitasilo ndgtovi indium ( Jn) kontakt: vurulmusdur.

Kontakt zondu olarag diametri ~0,1 mm olan mis nagillorindon istifado olunmusdur.
Numunalarin volt-amper xarakteristkas: (VAX) 0yranilmis vo ikigat logarifmik miqyasda asililiq
qurulmusdur. Muxtalif temperaturlarda ¢ixarilmis VAX — da HYMC rejimi tglin xarakterik olan
lic saho miisahido olunmusdur. Xotti (3~ U), kvadratik (J~U?), asililiglar: vo carayanin keskin
artdig1 hisso (J~U"). Ogor gadagan zonasinda yapisma soviyyolori vardirsa injeksiya olunan
yuklarin bir hissasi onlara ilisor vo bu zaman VAX- 1 moahdudlasar, homin soviyyslor tam
doldugdan sonra VAX- da ilismasiz kvadratik asililig misahido olunur. [2]Bu haldan sonra
corayan kaskin artir. Caroyanin artmasina uygun olan gorginhyin giymatini bilmoklo yapisma
saviyyalarinin konsentrasiyasini vo enerjisini hesablamag olar. VAX-1n xarakterino asason enerji
saviyyalorinin monoenergetik paylanmas:t mioyyoanlosdirilmisdir. Caroyanin koskin artimindan
bilavasito galg kvadratik asililigin olmasi gostorir ki, bu yapisma soviyyolori “dayaz”
saviyyalardir.

VAX-dan istifado edorok itterbium ilo asgarlanmis Jn- Ga, Ses- Jn<Yb> kristalinin otaq
temperaturunda elektrik kesiriciliyi ( o), aktivlosmoa enerjisi (E;) vo tololorin konsentrasiyasi
(yapisma saviyyslori) (N;) tayin edilmisdir [3].
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P®OTOAKYCTHUYECKOE SABJIEHUE B
MOHOKPUCTAJIJIAX Tllng g9 AgopiSe:
B.[lx. Pycramos, E.X. MoBcymos, I.U. Kacymos,
S1.B. Hamasos, E.M. Mamesnos, I.3. Moxcymuy

Tsanoorcuncruii I'ocyoapcmeennwiti Yuusepcumem

Hamu Opio  wccnenoBaHo — akycTooTOBONbTaMdeckwii  3PQPexT B  coennHEHUH
T1INg 99AJ0,01S€2 € LENBIO BBISIBICHHS BO3MOXKHOCTH CO3JJaHHSI HA €r0 OCHOBE MPHHIUIHAIBHO
HOBBIX THUIOB TpeoOpa3oBareneil, B TOM YHUCJIEe MHOTOQYHKIMOHAIBHBIX NPUEMHUKOB
U3ITyYCHHUS.

Ben B3ThI MOHOKpHCTAITMYECKUE TIacTUHKY TonmuHou 0,3 + 0,5 MM n mmpunoit 10,5
MM C JIByMsi CHMMETPHYHBIMH OMHYECCKHUMH JICKTPOJAMH, OTCTOSLIMMHU Ha paccTosHuu 0=3+8
MM, Yepe3 KOPOTKUH KECTKUH aKyCTHYECKUN KOHTAKT YCTaHABIUBAJICS HA U3Iy4aTellb 3BYKOBBIX
BOJH. VcciefoBaHus IPOBOAMIIMCH TI0 METOIMKE OMTUCAHHOM B padore. [1,2]

BrisiBuy, 9TO mpu OOMYYEHHUU HCCIIEOBAHHBIX ()a3 IJIEKTPOMArHUTHBIM H3ITy4YCHHEM B
OTCYTCTBHH BO3JICHCTBUS 3BYKOBBIX BOJIH OTCYTCTBOBaia 3ameTHast DJ{C Ha 2JeKTpoaax, Tak ke
KaK M MaMATh MpH BO3ACHCTBUU 3BykKa. OIIHAKO MpPH OJHOBPEMEHHOM BO3JICHCTBHH CBETa U
3ByKoBbIX BOJTH 0T 100 no 107 I'ry Ha anekTpoaax nosiBisiercs cymectBennas 31C.

Benuunna akyctodoroBonbrandeckoii 3/IC 3aBUCUT OT HHTEHCUBHOCTH H CIIEK TPAJILHOTO
COCTaBa CBETA, a TAK)K€ OT YaCTOThl M AMIUIUTYIbl 3BYKa W MOXKET OBITh CBEJICHO K HYJIIO
aOCOJIOTHBIM 3aTEMHEHHEM KPHCTaUla MU K€ CHSATHEM aKyCTHYeCKOW BOJHBI. J{msi oOpa3noB
Pa3IMYHOTO COCTaBa MPH aMIUIMTYE HanpspkeHus nutanus uanydarens 10 B u ocsemenHoctu
1000 nxc BenmmumHa Bo3HHKaromiei (otoBoipTandeckoit 3/1C BapbupoBasiach B mpeneiax oT 1
no 15 B.

Pesynprartel uccnenoBaHus aKycTO(GOTOBOJBTAMYECKOT0 d¢dekTta B MOHOKPUCTAILIC
TlInog9Ago01Se, mpuBomsitcs Ha puc.l. Kak crmeayer u3 puc. 1 mnpu 3HaYECHHUM YaCTOTHI
akycTryeckoil BomHbI 15kI11 Ha cmekTpe HabmomaeTcss SPKUH MaKCUMYM, COOTBETCTBYIOLIUI
sueprun 0.9 3B. A npu uactore akycTmdeckoil BoiHBI 15k mosBIsieTCS MOTOIHUTENBHBIN
MakcumyM 1ipu 1,25B u muammym 1,1 3B, a cnektpanbras gyBctBuTeabHOCTh 0,52 m 1,515B
cootBetrcTBeHHO. [Ipu wactote S50k (prc.1l) HHTEHCHBHOCTH HAOIIOIAEMOTO JOTIOJIHUTEIEHOTO
nuKa cooTBeTcTByeT 3Hepruu 1,33B, a Mmunumym 1,23B. IlomokeHne OCHOBHOIO MaKCHMyMa
MPaKTUYECKH HE 3aBUCHUT OT YaCTOTHI 3BYKOBOW BOJHBI. M B mociemHeM ciydae CHEeKTpaabHas
00JacTh HE M3MEHSETCS T.€. aKycTO(dOTOBOJIbTanueCKuil 3(peKT Bo Bcex cirydasx HaOIIOIaeTCs
B 00J1aCTH CIEKTPaIbHON 4yBCTBUTEILHOCTH T 11Ng 99AJ0,01S€2

C yBenuueHHeM 4YacTOThl 3BYKOBOW BOJHBI Ha 20k['11 WHTEHCHBHOCTB, OCHOBHOTO
MakCMMyMa yMeHbInaetcsi, npu dactore S50 k[ MHTEHCHBHOCTH MEPBOrO0 MaKCHMyMa HE
M3MEHSETCs, @ BTOPOTO MaKCHUMyMa YBEJIIMYUBACTCS.

Takum 00pa3oM, HaMH BBISBICHO, YTO MPHU MOCTOSIHHOM OCBEIICHWU U MPH OJUHAKOBBIX
YCIIOBUSIX € W3MEHEHHEM 4YacTOThl MAJalollero CBeTa MOXKHO YIPaBISTH XapakTepoM
criekTpaiabHO 3aBucuMocT DJIC akyctodoToBombTamdeckoro 3¢ @dekra W TOKa KOPOTKOTO
3aMBIKAHUS.

[Ipu Gonee BHICOKMX MHTEHCHBHOCTSIX BHAMMOTO CBETA HAOJIOJAIOCH MOJTHOE HACHIIICHUE
JIFOKC-BOJIBT)KHON XapaKTEPUCTUKHU BBISBICHHOTO 3(peKTa U MOoCIeqyomuil Cliaj ero ¢ pocToM
MHTCHCUBHOCTH.
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AKYCTO(bOTOBOHBTaI/I‘IGCKI/Iﬁ 3(1)(1)€KT MOXHO pacCMaTpuBaTb KaK H3MCHCHHC H3BCCTHOI'O
AKYCTO3JICKTPHUYICCKOT'O 3(1)(1)€KTa o BO3Z[€I>‘ICTBI/ICM ceeta. Duznueckas CYHIHOCTb CaMoOro
AKYCTO-3JICKTPUICCKOI'O 3(1)(1)6KT3 CBOAUTCA K BO3HUKHOBCHHUIO B IIOJYHNPOBOJHHKAX 3./1.C.

BCJICACTBUC YBJICUCHUA HOCHUTEJICH TOKa B HEM ynpyroix'l BOJIHOH.
C YBCINYCHUCM YaCTOThI 3By1(0BOI71 BOJIHbI Ha ZOKFL[ HMHTCHCUBHOCTb, OCHOBHOI'O

MakKCUMyMa YMCHBINACTCA, IMPU YaCTOTC 50 KFI_I HHTCHCUBHOCTL IICPBOr0 MaKCHUMyMa HE

HU3MCHACTC, a BTOPOI'O MaKCUMyMa YBCIUYUBACTCA.

[
[y
LA i e s ot S

Ll i s s s |

3 S SR E TR T . e e e
Puc. 1 CrektpansHas 3aBHCUMOCTh TOKa KOPOTKOT'O 3aMbIKAHHSI BOJIHBI IS —
10T, 5kI1; B-20kT ', 50kI'1; 60T 11; 60,5k '11; 60,7k 11, 61,2k 1

Takum 00pa3oM, HaMH BBISBIIEHO, YTO MPHU MOCTOSIHHOM OCBEIICHHWU W MPH OJUHAKOBBIX
YCIIOBUSIX C W3MEHEHHEM 4YacTOThl MAJaloIlero CBeTa MOXKHO YIPABISATh XapaKTepOM
cnekTpanbHOi 3aBucuMocTd U DJIC akycTodoToBoapTamyeckoro 3pdexra u Toka KOPOTKOTO
3ambikanus. [Ipu Oojee BBICOKMX HHTEHCHUBHOCTSAX BHJIMMOTO CBETa HAONIONANIOCh TOJTHOE
HACBIIICHHUE JIIOKC-BOJIBTAXKHON XapaKTEPUCTHKHU BBISIBICHHOTO d((ekTa U mocueayronmii cra
€ro C pOCTOM MHTEHCHUBHOCTH.

AxyctodoToBonbTanyeckuii 3pPpekT MOKHO paccMaTpuBaTh KaK M3MEHEHHE HW3BECTHOTO
akycToasekTpuueckoro 3ddexra mox BozaeiicTBueM cBeTa. Pusnmyeckas CYIIHOCTh CaMOTO
aKyCTO-2JIEKTpUYECKOro 3¢ ¢eKTa CBOAWTCA K BO3HHKHOBEHHUIO B IOJYMPOBOJHHUKAX 7.1.C.
BCJIE/ICTBUE YBJIECYEHUS HOCUTEIEH TOKA B HEM YIIPYTOM BOJIHOM.

OoOHapyxennblii 3¢dext B kpuctamuiax 1 1INggeAgdo01Se, MokeT HaWTH MIHPOKOE
TEXHUUYECKOE PUMEHEHHE B PA3IMIHBIX 00JIACTAX, B YACTHOCTH B THIPOJIOKAILINH, U TIOJIBOTHBIX
JUHUSAX CBSI3M, ONTHYECKHX IMEPEKITI0YaTeNaX, YaCTOTHBIX IUCKPHUMHUHATOPAX OIMNTHYECKOTO
JIUana3oHa, a TAakKe B KaueCTBE NMPUHIMIHAIBHO HOBBIX THIIOB YIPABJISIOMIUX CEJIEKTUBHBIX

[IPUEMHUKOB U3JIy4CHHUS.
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YARIMKECIRICI ORINTILORIN ISTILIKKECIRICILiY1
Z.M. Zeynalov, N.I. Quliyev, E.X. Ismayilov, T.N. Baxsaliyeva
Gonca Dovlat Universiteti

Termoelektrik qurgularda halledici rol oynayan parametr kimi yarimkegiricilorin
effektivliyi mioyyon maraq kosb edir.Yarimkecirici orintilorin termoelektrik xassolorinin, o
ciimlodan istilikkegirmasinin dyronilmasi bu materiallarda sopilma vo daginma mexanizmini
aydinlasdirmaga imkan verir. ©vvalco bir nego sistemlor Uglin tocriibadon ahnan naticalori
nazariyysnin verdiyi giymotlorlo muqayiso edok. Molumdur ki, termoelektrik materiallarin
sec¢ilmasindo istilikkecirmonin vo yukdasiyicilarin  ylrtkliylnin hesablanmas: mihim rol
oynayir.

A.M. loffe géstormisdir ki, bark garisiq tipli yarimkegirici materiallarda arintinin torkibindo
ikinci komponentin migdarmin artmasu ils istilik kegirmanin fonon payi yirikliys nisbaton daha
kaskin artir. Bu zaman ilkin elemento nisboton orintinin termoelektrik effektivliyi artir. Bu
xassolora goro do on yaxsi termoelektrik materiallar iki vo daha ¢ox elementdon vo binar
birlosmodon ibarat bark garisiglar hesab olununr. Yarimkecirici ¢eviricilordos istifads olunan bark
gansiglar, mohlullar vo orintilor otrafli todqgiqg olunmusdur vo onlarin istilik xassalori
Oyronilmisdir. Gostorilon bork garisigin daha maraqli olan torkiblori Geg,Sigg Vo Geg3Sio7
olmusdur vs onlarin gadagan olunmus zolagmin eni uygun olaraq 1,1 V vo 1,0 V-a borabardir.

Germanium ila silisium arintisino muxtalif asqarlar vurmagla elektron (n-tip) vo desik (p-
tip) kegiriciliyi almaq olur. Bor va qallium ilo asqarlanma desik kegiriciliyi, fosfor vo arsen ilo
elektron kegiriciliyi yaradir.

foffe nozeriyyssino gora orintinin torkibindo 50 at% Si olan torkib yaxs: termoelektrik
materialidir. Bu orintinin istilikkecirmo prosesindo osas fonon pay: oynayir. Yikdasiyicilarin
konsentrasiyasmin 2,2 10 sm™® —don 1,5 10® sm® -o godor artmasi zamanin n-tip srintids
istilikkegirmonin fonon pay: toaxminan iki dofa, p-tip arintininki iss toaxminan 30% azalir.

1 1‘

27 T - = - » 7 o .
% 15 ) JJ, 5 g7 JuF, T T T T F T4 5

Sakil 1. istilikkegiranin fonon payinin temperaturdan asilig: (n-tip
Gey 3Sio 7 arintisi tiglin kosentrasiyanin miixtalif giymatlori. )

Sokil 1-do tosvir olunan bu asililiq fonanlarin asqarlarin elektronlardan (n-tip orintido)
sopilmasinin naticasi kimi izah olunur. Nozardan kecilon butun torkiblor tigiin fonon-elektron
sopilmosi naticasinda istilikkegirmanin fonon paymin temperaturdan asiligi T -don forglonir.

Aparilan todgiqatlar gostarmisdir ki, arintinin torkibindo germaniumun miqdar: azaldigca
fonon -elektrron sopilmasinin rolu azalr.Bu orintilordo istilikkecirmonin fonon paymin T
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asihigindan konaragixmast bu nimunslards fonon-elektron sopilmasinin olmast ils izah olunur ki,
bu da asqgarlarin migdarmin artmast ilo zoif doyisir.

Alcaq teperatur iniversalinda (200-600K) yuiksak effektivliys malik termoelektrik material
kimi n-tip Bi,Tes-Sb,Tes sistemi orintinin torkibinds Bi,Tes-Sh,Te; migdart 70mol% olan vo
tellur artighg: 3 at% olan daha effektivliyi hesab olunur. Temperatur intervali doyisdikcs torkibdo
olan Sh,Tes birlogmasinin migdart 10-70 mol% intervalinda doyisir. Otag temperaturunda bu
bark oarintinin gadagan olunmus zolagin eni 0,14-0,2 eV giymot alir. Bu sistem bork orintinin
istilik-fiziki xassolori genis temperatur intervalinda Oyranilmisdir. Odur ki, yarimkegiricilordo
elektron vo desiklorin guci sopilmosi yalniz uzaq tortibli pozulmalardan ola bilor ki, bu da
arintilora xas olan pozulma deyilir.

Beloliklo bork qansiglarda (orintilords) yikdasiyicilarin ydrikluyu azalmasi deyil vo
yurukluyin gofasin istilikkegirmosino nisboti artacaq. Birinci orintinin istilikkecirmo omsalt
temperaturun artmasi ilo ~200°S temperaturdan azalir va sonra bipolyar diffuziyanin yaratdig:
olavs istilikkegirmo hesabina daha kaskin artir. ikinci orintids istilikkecirmo amsalinin azalmasi
~100°S temperaturadok davam edir vo sonra o da koskin artir. Miixtalif tadgigatlarin noticolori
gostormisdir ki, qurgusunun tellur vo vismut-tellur yarimkegirici orintilori termoelektrik
soyducularda istifads ticuin daha yararli materialdir. Tamamils tobii olaraq bu birlogmoalorin istilik
xassolarinin dyronilmasi boyik marag kasb edir. Onlarin oridilmasi zaman1 homiss istilikkegirmo
omsali azlir, bu iss 6z ndvbasinds termoelektrik effektivliyinin artmasina golir.

Termoelektrik material kimi sonaye mogsadi ilo ahnmis orintilorin (BlogSbyoTes vo
BiyTez4Seq) istilikkegirma omsalinin temperaturdan asililigina baxaq. (Sokil 2.)

o il
Toi] 00 VM A0} T. O

Sokil 2. 1-BlygSb; s Tes Vo 2- BiyTe, 4Seg g orintilorinin istilikkegirmasinin temperaturdan asilihg:.

AF. ioffe apanlan todgigatlarin analiz edarok belo fikir iroli stirmisdir ki, bark garisiq
soklindo olan yarimkegirici orintilor digor termoelektrik materiallarla mugayisodo daha
effektivdirlor. Onun osaslandigi sado arqumentlor murokkob qurulusa malik orintilordo olan
proseslori olduqgca sadologdirir. Lakin arintilords elektronlarin vo desiklorin sopilmasinin nozori
osaslandirilmasi foffenin vo onun amokdaslarinin fikrina uyguninkisaf etmisdir.

Hor seydan avval onu geyd etmok lazimdir ki, arintilorin alinmasi zaman: yikdasiyicilarn
yurukliaytnin istilikkegirmanin gofas (fonon ) payina olan nisbatinin artmas: he¢ do homisos aydin
olmur. Belo yarimkegiricilordo elektron vo desiklorin sarbast yolunun orta uzunlugundan bir
tortib boylk olur. Uygun olaraq gofosin periodikliyinin pozulmas: yikdasiyicilarnn sorbast
yolunun orta uzunluguna tosir etmolidir. Metallardaki: sorbast elektronlarda qbsa dalga
uzunluguna malik olurlar, lakin yarimkeciricilords yukdasiyicilarin dalga uzunluglar: nisbaton
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boyukdar. Odur ki, yarimkeciricilords elektron va desiklorin giicli sopilmasi yalniz uzaq tartibli
pozulmalardan ola bilar ki, bu da arintilors xas olan pozulma deyilir. Belaliklo, bork garisiglarda
(arintilordo) yukdastyicilarin yirtkluyuniin gofasin istilikkegiriciliyina nisbati artacag.

Mixtolif todgigatcilar torafindon aparilan tocriibslor gostormisdir ki, bu fikirlor arintilordoki
sopilmo mexanizminin izah1 Gciin tamamilo uygun golmir. Olgcmolor gdstormisdir ki, bir cox
arintilorin yurukluyinln giymati torkibindon asili olarag hom elektronlar, hom do desiklor tgiin
azalir.

CGox ehtimal ki, bu fikirdo miayyan godar hogigats uygunlug vardir, ¢linki 0 hamiso 6zlni
dogrultmur. Todgiqatlar gostormislor ki, Bi,Tes vo SbyTes birlosmalori tictin elektronlarin
yurukliyt desiklorin yariklaytndon boyik olur.

Beloliklo, indiki zamanda tocribi olaraq sibut olunmusdur ki, yuarakliyun gofasin
istilikkegiriciliyina nisboti yalniz yarimkegirici orintilordo arta bilor. Lakin onu da geyd etmok
lazimdir ki, bork gansiglarda elektronlarin va desiklorin yirukliyinin dsyismoesi hagqinda doagiq
fikir soylomok tglin gox is gormok lazimdir.
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THonyuenvl u npoananusuposanvl Konebamenvhvle cnekmpul kpucmanios T1INS; ¢ mepacepyosoit
(0,1 - 3 TrIy) obnacmu. Habmodaemas HUBKOYACMOMHAS HONOCA CEA3bIBACCA C AUOPAYUOHHBIMU
konebanusmu Hanocnoes (“0ozounwiii nux’). Ilokazana c6sa3b KOSEPEHMHOLO HUZKOUACMOMHO2O
KONeDaHUs € HEeYNnOPAOOYEHHbIM XApAKMepoM CMPYKMypbl Kpucmaiid. Jlenaemcs 8vi800 O HAIUHUU
MONON02UYECKOU HEYNOPAOOYeHHOCIU, KOTMOPAsL NPOAGIAEMCI HA YPOGHE CLOUCMOU NOOCUCEMDbL.

1. BBegenue

OCOOEHHOCTBIO PA3BUTHSA COBPEMEHHOW (HM3MKM TBEPAOro Tela U TBEPAOTEIBHOU
AJEKTPOHUKH SIBISIETCA TEHACHIMUS K WCIIOJB30BAHUIO TMPUHIUIHAIBHO HOBBIX (DU3MUECKUX
SIBJICHUI, OCHOBAaHHBIX Ha METa CBOMCTBaX 3THUX MAaTE€pUajOB CBA3AHHBIX C HU3KOPa3MEPHBIM
XapaKTepoM CTPYKTYpHI, a TaKXkKe, HaHOpa3MepHbIMU ddextamu. [Ipu coxpaHeHUH HIeaTbHON
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KpUCTAIIOTpahUIeCKO CUMMETPHH, B MPOCTPAHCTBEHHOM pa3MEIICHHU Y3JIOB CTPYKTYPHOU
MaTpUIIbI, HEYMOPSJOUYEHHOCTh MOXET BO3HHUKHYTh 3a CUET HApYyIICHUH MNEePUOAUYHOCTH B
3aI0JIHCHUU 3TUX Y3JIOB (TBEpIbIe PACTBOPHI), B OPUCHTAIMH JJIEKTPOHHBIX CHHHOB (CIMHOBas
HEYIOPSI0YECHHOCTh) U Ap. HeymopsimoueHHble Marepualibl TMPEACTABISIOT COOOM IMIMPOKHI
KJIacC  OOBEKTOB, B  KOTOPBIX  NPOSBISIIOTCA  ClEUUPUYECKHEe  OCOOCHHOCTH B
HU3KOIHEPreTHYECKUX KOJICOATEIBbHBIX CIIEKTpaxX. B HUX, MEHAETCS MEXaHU3M PEJIaKCAITMOHHBIX
MPOLIECCOB TUAICKTPHUUECKUX CBOWCTB, HAOMIOMAIOTCS XapaKTepHBbIE OCOOCHHOCTH B IMPOLIECCE
nepeHoca 3apsja.

B mnacrosimeld paboTe MPUBOIATCS PE3yIbTaThl UCCIEJOBAHUN CHEKTPOB IMPOITYCKAHHS
kpuctaimia T1InS; B tepparepuoBoii obmactu (0,1 — 3 TI'm), u nemaercst aHanIU3 MPHPOIBI
Ha0JII0JTaeMBIX JTUHHIA B CBS3H C OCOOCHHOCTAMHU CTPYKTYPHI.

2. [MosryyeHue 00pa3noB U METOAUKA IKCIIEPUMEHTA

Momnokpuctramiel  T1INS;  BeIpanmmBanmch W3 paciuiaBa  METOJOM  HANpPaBICHHOM
kpuctaumu3ammu (Meron bpumkmena —Crordaprepa) u3 0co00 YUCTHIX XUMUYECKUX IIEMEHTOB!
Tl - 99.999%, In -99.9999% u S -OCUY-99.99%; cepa MOMOJHUTEIBHO OYHINATIACH ITYTEM
cyonumanuu B BakyyMe. CHHTE3 MPOBOJIWIICS B BAKYyMHPOBAHHBIX KBApLEBBIX aMITyJIax IIyTeM
CIUTaBICHUSI UCXOTHBIX KOMIOHEHTOB (T1, In u S), B3ATBHIX B CTEXHOMETPUIECCKOM KOJIHYECTBE,
cooTBeTcTByIOMIEeM coctaBy T1InS;. 'oMoreHHOCTH BBIpaIieHHBIX 00pa3I0B KOHTPOIUPOBATIACh
MeTOaMHU TU(PEepeHIIHATEHO-TEPMIUECKOT0 u peHTreHopaszoBoro aHanm3oB (JJTA u POA) [1-
3].

CrieKTpsl MPOMYCKaHHs M3MEPSIJINCh CTaHAApTHOM CXeMOU TepareproBOi CIEKTPOCKOIUU
BO BpeMeHHO# obnactu (THz-TDS) [6-11]. B akcriepuMeHTax HCIOB30BAICS (PeMTOCEKYH THBIN
(60 - fs FWHM) Ti:Sa nazep C MOy THpOBaHHOM JIMHUEH 3a/ICPIKKU H TIOBTOPSEMOCTHIO MYJTbCa
75 MHz. Dwmutrep u pecusep BoinonaHeHbl n3 GaAs. [Ipu u3MepeHusX CeKTPOB MPOITYCKaHMUS
UCIIONB30BANMNCH 4 TIO30JI0YEHHBIX Mapalosindeckux 3epkana. [lpu m3MepeHusx CHeKTpOB,
TepareploBbli My4OK pa3lesisuics Ha JBa Iy4Ka, MEXaHWYeCKas JIMHUS 3aJIePKKH TO3BOJISIIA
MOJIYYUTh MaKCHMalbHOE dYacToTHOe paspemenne 3 GHz. Ilpu wu3MepeHusx CIEKTpoB
NPONYyCKaHus, JUIMTEIBHOCTh | HZ mynbca Obuia kopoue 1 ps. dype npeoOpa3oBaHHBINA CIIEKTP
pacmupsuics 10 5 THz, roe curnan cTaHOBWICS MEHbIIE ImIymMa. MakCHUMyM JHHAMHUYECKOTO
nuarazoHa cocrasisut okosio 60 dB B o6macti 0.5 THz.

B kmaccuueckoit cnektpockonmu THz-TDS 3anmceiBaetcst BpemeHHass (opMa BOJIHBI
najaromiero Ha obpaser] M MPONICAIIeT0 Yepe3 HEro CHrHaia. 3aTeM IMPOBOIUTCS YHCIOBOE
Oypre mpeoOpazoBaHue oOeux curHaIoB. [Ipw W3MEpEeHUsAX CHEKTPOB OTPKECHHUA U
nporyckanuss MetogoM THz-TDS wucnonb3oBana koMOMHHMpOBaHHas TexHuka [4]. B
CHEKTPAILHOW OOJIACTH TPO3PAYyHOCTH KOAPPHUIHEHT mpernomieHuss (N) ¢ JOCTaTOYHON
TOYHOCTBIO TIOJYYE€Hbl M3 JAaHHBIX 0 TMPOIYCKAHUIO. 3aTeM KOPPEKTHUPOBAIMA OIIUOKHU TII0
JAHHBIM CIEKTPOB OTPaKEHUs] M MPOIMYCKAaHMS, aHAJOTUYHO 3Ta NpOIeaypa MPOBOJUIACH B
Opyrux 00JacTaX MPO3PAaYHOCTH M3MEPEHHOrO CHEeKTpa. TakuM 00pa3oM, 3HaYeHHE N TOYHO
OTpeersiach U3 JaHHBIX CIIEKTPOB MPOMYCKAaHUS B OOJIACTH MPO3PAYHOCTH, B TO BpeMs Kak,
JMaHHbIe KOX(PUIMEHTAa TMPEIIOMJICHUs, B OOJACTH CHUIBHOTO TMOTJIOMICHUS, MOJydadd U3
CIIEKTPOB OTPaKEHUS. AHAIOTMYHO, KOI()(PUIMEHT MOTJOMICHHS OINPENessICs M3 CIIEKTPOB
nponyckanus B oOsactu mpospauHocTd. KosdduiueHT nmpemomiieHusl OLEHHUBAJCS TaKXKe BO
BCEM CIIEKTpPaJIbHOM JMana3zoHe Mpu nmomomm cootHomennit Kpamepca-Kponunnra.
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3. Pe3yabTaThbl H3MepeHuii U 00cy:KIeHHE Pe3yIbTATOB

Kak npaBuiio, B CIOUCTBHIX KPUCTAJUIAX HAMMEHBIIIAs YaCTOTa, ONpeIesieTcs: KoJeOaHusIMu
KECTKOCIOEBbIX MOJ. OIHAKO MPHU HAIMYUH THKEIBIX aTOMOB (KaK TaJUTHi) MM KOMILJICKCOB
(InS4 u InySyp) omThYeckwe BETBH COOTBETCTBYIOIIMX BHEIIHMX MOJ TaKXe MOTYT HMETh
JOCTATOYHO HM3KYIO 4acToTy. [Ipu 3TOM B CHIIy UX MEpECcCeueHUil U aHTHIEPECEUEHU BHYTPHU
30HBI C HU3KOH CUMMETpHUEH TOTYYaroIascsi KapTHUHA JUCTIEPCUH BEChMa CIIOKHA.

Kak wusBectHo [1-5, 12], cioucteie kpucrauibl cemeiictBa TlINS; mmeroT Heckoiabko
MOJIMTUIHBIX MOAM(DHUKAIMKA, OTIMYAIOIIUXCA YHUCIOM CIIOCB B DJJIEMEHTAPHOW sYCHKeE.
DnemeHTapHas siueiika kpucramwia T1InS; comepxut 8 popMynbHBIX €AMHUI, ITO O3HAYAET, YTO B
(OHOHHOM CHEKTpPE 3TOTO COCNUHEHHS IOJKHO HaOmromathest 93 ONTUYECKHX MOJBI, PEabHO
HAOJI0JTaeMOe JK€ YHCIIO ONTHYECKHX MOJ B HH(pPAKpacHbIX W PaMaHOBCKHX CIIEKTpax He
npesbimaer 25 [12-17]. Ciaenyer Takke OTMETHTB, YTO HU IPU KaKUX H3MEPEHUSIX (ONTUYECKUX,
TUDIICKTPUUECKUX, DIICKTPUYECKHUX) HE HAOJIOMAcTCss aHWU30TpONHs B IUTOcKocTH ab, kortopas
JOJDKHA HAOMIOJAThCS B CIydae MOHOKJIMHHONW CUMMETPHH PEIIEeTKU ITHX KPUCTAILIOB.

B [14] mMeTonoM Heympyroro paccestHuss HeUTpoHOB it 11GaSe; (ctpykTypHBIH aHamor
TlInS,) Obu1a M3MepeHa mornepeyHas akycTudeckas BeTBb B Hanparienuu [001]. Ha ocHoBanumn
ATUX U3MEPEHUN MOXKHO OIEHUTHh 3HAYCHHE COOTBETCTBYIOIICH YaCTOTHI KECTKOCIOEBON MOJIPBI.
W3BecTHO, 4TO AUCTIEPCHOHHOE COOTHOIICHUE JIJISl aKyCTUYECKOTO (POHOHA /IaeTCsl ypaBHEHHUEM

o’ =2, 2 f [L—cos(nkd)] 1)

rac fn — CHWJIOBask KOHCTAHTa MJId CJIOCB, OTAAJICHHBIX APYI' OT Apyra Ha paCcCTOSAHUC nd (d -
pacCTOAHUC MCXKAY COCCIHUMHU CJ'IOSIMI/I), M — macca BHCMCHTapHOﬁ siueiiku. Ecin BKJaa OT
BBaHMOHCﬁCTBHH OMMKaANIIINX COCCIHHUX CJIOCB npeo6nanaeT Haag APYruUMH MCEKCIOCBBIMU
CuJlaMH, TO IICPBOC cCllaracMoc B (1) SIBJICTCS OMPCAC/IAIOINM W aKYCTHYCCKasi BETBb MMCECT

(dhopMy CUHYCHOW KpUBOM
1/2
a)=2( f%ﬂj sinfkd /) o)

W3 3TOro COOTHOIICHHUS MOXKHO PACCYMTATh YACTOTY CIABHIOBOI JKECTKOCIOCBOM MOJBI B
MPEIOJI0KEHUH TOTO, YTO BBIMIOJIHEHBI MTPaBUIIa 0TOOpaXkeHusl BeTBel. Hanmydime pe3ynbrarst
noaroHku Gopmyiisl (2) k aHHBIM PabOTHI [6] MOKA3BIBAIOT, YTO YACTOTHI ATHX MOJI MOJTYYAFOTCS
6uskumu K 14-15 vt (= 0,5 TT'm).

6
CornacHo (hakTop-rpynIoBoMy aHaINU3y, MeXxaHnueckoe npeacrasienue aust 11InS; 8 C,, -
(haze 3amMchIBaeTCs CIIEAYIONUM 00pa3oM:

Tapasen = 24A, + 24By + 24A4+ 24B, 3)

YacToTsl MOJI, HaOOaeMbIX B cyOMmminMetpoBoM auanasone (0,2 — 0,6 TT') [15], mpu
KOMHATHOW TemIieparype OJNU3KKM K OICHOYHBIM 4YacTOTaM MOJ ciaBurooro tuma. C apyrou
CTOPOHBI, M3-32 HAINYHS LIEHTPA WHBEPCUU YKECTKOCIOEBBIC MOJBI MPEOOPA3YIOTCSI MO0 YETHBIM

npencraBiaeHuaM akrop-rpynnst C,, (6) u He nomxusl Habmonateca B UK cnexrpax. ITostomy
aBTopbl [15] mpeamonararor, 4TO MArKas MoJa B CyOMHIMMMETPOBOWM OOJIACTH CHEKTpa
COOTBETCTBYET APYrOMY ONTHYECKOMY KOJeOaHMIO A, -CUMMETPUH, BO3MOKHO JIMOPALHIOHHOIO
THIIA.
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CrnekTp peleTodHbix koyiebanuii kpuctamwia T1INS; muccnenoBan moctaTodHo mOApOOHO
MeTogaMu PaMaHOBCKOTO paccestHus, NanbHeld HH(paKpacHON CHEKTPOCKOMUH M HEYIpPYroro
paccesinust HeliTpoHOB [12]. B HacTosmei paboTe MPUBOIUTCS CIIEKTP MPOIYCKAHUS KPUCTAILIA
TIINS, w3MepeHHbId B TeparepuoBoil 00NACTH CHEKTpa MPU TOMOIIM CIIEKTPOCKOIUU BO
BpemeHnHou ob6nactu (Time-Domain spectroscopy). Jluauu nornmomenus Habionaemeie 10 20
cvt (= 0,6THz) sBmsrorcss momepeunsiMu (TO) Mozamu By CHMMETpHH COBIAfaloNmue C
YaCTOTAMH H3MEPEHHBIM 110 CIIEKTpaM HH(pPaKpacHoro otpaxenus [12]. to gactorst B, (TO) =
1TTg (33,SCM'1), BUZ(TO) =15TIg (50,OCM'1), Bu3(TO) =2,7TI'a (90,OCM'1) TPAHCISIUOHHBIX
Mo kpuctamia T1InS,.

1.000 ; Libration mode BlleT o)

B%ILTO) . mode

mode

‘ Bu(To)

mode

0.100

0.010

Transmission (modulus)

0.001

0.1 0.6 1.1 1.6 2.1 2.6 3.0 (THz)
333 20.0 36.6 533 70.0 86.7 100 (em-1)

Frequency

Puc.l. Cnektp npomyckanust kpucramia T1InS, B nomspuzamium E1C.

B konebarenpHOM criektpe kpuctaia T1InS,, mpuenenrom Ha pric.l HaOmroKaeTCS TakKe
HuskouacrotHas muams (0,2THz ~ 7cM™) KoTopast He HaGIIOANACH PaHEE B CIICKTPAX JAJBHEr0
UK otpaxenus kpuctawia T1InS; [12]. Kak oTmewanocs Bbeiiie, 3Ta MOJa, BO3MOXKHO, CBs3aHa C
JKECTKOCIIOEBBIMU ~ KOJICOAHUSIMU ~ JIMOPAITMOHHOTO THIA TOKEIBIX CJI0EB 00pa30BaHHBIX
koMmriekcamu INSy m INsS10. Ha puc.2 mpuBoamTcst yacToTHAs 3aBUCUMOCTh KOY(PQUIMEHTa
oTpakeHus (CIUIONIHBIC KPHUBbIC) U IorIomeHus (MyHKTHpHAs KpuBasi) kpuctaiwia T1InS,.

1()""I""I""""I"""“I""I"“ ]-5(1)
8L ;
x i
5 f— -1000%
S 6l 2
= =
g 4} =
% o

115 2 25 A
Frequency (TH)

Puc.2. YacroTHas 3aBHCHMOCTh KO3 DHIIEHTA TPETOMICHHUS (CITOMIHBIE KPUBBIE)
U norJIonieHust (IyHKTHpHas kpuBasi) kpuctamia T1InS, B monspuzanuu ELC.
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Kak BumHO u3 puc.3, kpuctamisl T1INS; 0651anar0T CHIIBHBIM CIIEKTPOM TOTJIONICHUS B
TepareproBoil 00JIACTH, YTO CBSI3aHHO C JIMHUSMU OJHO(OHOHHOTO pE30HAHCA, YacTOTHI
0HO(OHOHHBIX TOJIOC YKa3aHbl HA PUC.2, a TAK)KE, CHIIbHAs TI0JI0CA TIOTJIOMICHHS, CBSI3bIBacMast
¢ bo3onHpiM koM. Hu3kouacToTHAs TMHAMUKA HEYTOPSA0OYCHHBIX TBEPBIX TEJl OTIMYACTCS OT
HU3KOYACTOTHON JMHAMUKH [T YHOPSIAOYCHHBIX KPUCTAJUIOB U 00JIa1aeT psiIoM OCOOCHHOCTEH,
O0YCJIOBIEHHBIX “H30BITOYHON” (OTHOCHTENLHO Je0aeBCKOW) IUIOTHOCTBIO KOJICOATEIBHBIX
coctosiumii  [16,21]. Takoil xapakTep NOBEACHUS IUIOTHOCTH KOJICOATENBHBIX COCTOSIHUMN
XapaKTepeH Al CHUJIbHO HEYMOPSIOYEHHBIX CHUCTEM: aMOP(HBIX, CTEKIOOOPa3HBIX TBEPIBIX
Tejax, a TaKke MOJUMEpPOB. B TPOMHBIX TaMEBBIX XaIbKOTCHHIAX TPEThEH TPYIIIBI, TAKKE
HaOJI0TaeTC aHAJIOTUYHAsT OCOOEHHOCTh, KOTOpasi YKa3bIBAET HA HEYNOPSIOYEHHBIA XapakTep
KPUCTAUTMYECKON CTPYKTYpPHI 3TUX MarepuanoB. “‘M30bIToYHas” IUIOTHOCTh KOJeOaTelbHBIX
COCTOSIHUIM CBSI3BIBACTCS C IMOSIBICHHEM HH3KOYACTOTHOW MOJbI (OO30HHBIM THK) B
UHQPPAKPACHBIX U pAMAaHOBCKUX criekTpax [18, 19].

OOmenpu3HaHo, YTO 3TH MOJbI, KOTOPBIE, MPOSBIAIOTCA HA YaCTOTaX HUXKe (HOHOHHBIX,
BBI3BaHbI CYIICCTBOBAHUEM KBa3MJIOKAIBHBIX KoJieOaTenbHbIX Moxa [15]. Ilpupona stux mon B
HACTOAIIEE BpeMs IIUPOKO OOCyxkaaercs. Psn aBTOpOB CUHMTAeT, 4YTO yKa3aHHBIE MOJbI
MPEICTABISIIOT COOOM JIOKATbHBIE KOJNIeOaHus CTPYKTYPHBIX 00pa3oBaHuii: (hpakTaioB, TOMEHOB,
HAHOHCOHOPOTHOCTEH TOTOJIOTHYECKOW HeynopsimodeHHocTr [17-21). [lpyrue mpHIHCHIBAIOT
WX KOPpEIHPOBAHHBIM KOJeOaHUSIM MOJEKYISIPHBIX KiacTepoB. PaccmaTpuBaeTcst CBsI3b
0030HHOTO MHUKA C PeTaKCAMOHHBIMU CBOMCTBAMH CTEKJIOOOpa3HBIX TBepAbIX Tel [19].

HccnenoBanus (U3HYECKUX CBOMCTB KPUCTAJUIOB CJIOUCTBIX TPOWHBIX XaJIbKOTCHHJIOB
Talus, oOBenuHsIomMecss obmel GdopMynoit A’B3CY, 00HapYKUBAIOT OCOOCHHOCTH B
HHEPTETHYECKOM CIEKTpE XapaKTepHbIC AJsl CHIIBHO HEYMOpAIOoYeHHBIX cucteMm. Cpenn HHX,
CJIeZI0BAJIO OBl OTMETUTH!

-IPBDKKOBBIM  XapakTep TMPOBOJUMOCTH, ONHCHhIBaeMass B MOTOBCKOM MNpHOJIIKEHUH,
KOTOpast, Kak U3BECTHO, ObLIa pa3paboTana it aMOP(QHBIX CHCTEM,

-HaJIM4ue CYyNepHOHHONW MPOBOAMMOCTHU U “S” 00pa3zHble BOJIbTAMIIEPHBIE XapAKTEPUCTHKH,
KOTOpBIE HAOIIOAAIOTCS B CUIIBHO J1e(DEKTHBIX WIIH JIETUPOBAHHBIX MOTYIIPOBOIHUKAX;

-IIUPOKHE TEeMIepaTypHble OO0JaCTH PENAKCOPHOTO TOBEACHHUS TUDIIEKTPHUECKUX
CIIEKTPOB, ONMHUCHIBaeMble cooTHomeHus M Dorensa-Dymrdepa (Takoe MOBEICHNE, XapaKTEPHO IS
CWJIBHO Pa3yHoOpPsIOYCHHBIX CUCTEM);

-HaJIMYMe MHOXKECTBA MOJUTHITHBIX MOAM(UKAIMIA ¥ CMECH MOJUTUIIOB, YTO MPUBOAUT K
MICEBIOTETPArOHAIBHOMY TOBEICHHIO MOHOKJIMHHBIX KPHUCTAJJIOB, B YAaCTHOCTH, HAOIIONAIOTCS
M30TPOTTHBIE ONTHYECKHE CIIEKTPHI B IMJIOCKOCTH CIIAaSHHOCTH,

-HEUTPOHOU(PAKIIMOHHBIE M PEHTTEHOCTPYKTYPHBIE HCCIEIOBAaHUS OOHApPY>KUBAIOT
HIMPOKHUE TeMIIEPATypHbIe 007aCTH ¢ HECOM3MEPUMBIMH CBEPXCTPYKTYPHBIMU TPAHCIAIUAMU;

-9KCIIEPUMEHTAIBHBIC UCCIICIOBAHUS IUIOTHOCTH (DOHOHHBIX COCTOSHHI KpHCTaLioB TISe,
B oOmactu ympyrux KoJsicOaHW, (BBIIOJHEHHBIE METOAAMH HEYIPYroro HEKOTEPEHTHOTO
paccessHUsS HEHTPOHOB), WMEIOT HECKOJBbKO 3aBBIINICHHBIC 3HAYCHUS, IO CPAaBHEHHIO C
pacueTHbIMU (TTOJTy4CHHBIMH, KaK B TPHOJIMKCHHM J>KECTKUX HOHOB, TaK WM IpPU pacderax
BBIITOJIHCHHBIX M3 MIEPBBIX PUHIIUAIIOB).

Crnemnyer OTMETHTh, TaKKe, YTO KPHUCTAIIBI CEMENCTBa A3B3C62 00J1aIaloT MIUPOKOU
obmacteio roMorenHoctd [22]. CoriracHo quarpamme COCTOsSHUSI, KO3(D(HUIMEHT cerperaniu B
00JaCTH TOMOTE@HHOCTH MEHbIE eNWHUIBI. [lo3ToOMy mpH BBIpAIMBAaHUM MOHOKPHCTAIIOB
CYIIECTBYET OOJbINAasi BEPOATHOCTh OTKJIOHEHHSA WX COCTaBa OT CTEXHOMETPHUH, T.€. B COCTaBaxX
Ha ocHoBe TlINS; cymiecTByeT TemrmepaTypHBI HHTEPBA] MEXIy TOYKAMH JIMKBHAyCAa W
conmuayca. DTO, MO0 BCEeW BUAMMOCTH, SBISIETCS NPUYMHON OJHOMEPHOTO HEYHOPSIOYEHHOTO
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XapakTepa CTPYKTYpPhl ITHX MAaTE€pPHaJOB - BO3HUKHOBEHHUS IOJMTHUIIOB, CMECH IOJUTUIIOB U
HECOpa3MEpHBIX CBEPXCTPYKTYp B Kpuctauiax cemeiictBa TlInS;. Takum  oOpasowm,
BHYTPHUCJIOEBAs CTPYKTypa OJTHX KPHUCTALUIOB COOTBETCTBYET CTEXHOMETPUH, OJHAKO,
CYLIECTBYIOT BapHaHTBI CTBIKOBKH CJO€B. [lOATBEpXACHHEM DTOTO MPEATIOIOKEHUS MOMKET
CIAY)XUTb  HaONMJaeMble B HEUTPOHOAU(PPAKIIMOHHBIX  CIEKTpAaX  HECOM3MEPHMBIX
CBEPXCTPYKTYP, KOTOpBIE, KaK U3BECTHO, MOXKHO MPEJICTABUTH KAaK YEPEIYIOIINECs COU3MEPUMBIE
U pa3ynopsA0YeHHbBIE 00JIaCTH.

Takum o0pa3om, B kpuctawiax cemeiicta T1INS; MbI UMeeM Me30CKOTMYECKYIO CTPYKTYPY
C MEPUOJUYCCKU YePeIyIOIMMHUCS cou3MepuMbiMu (COMMeNsurate) u pasymnopsiJOueHHBIMU
(discommensurate) cnosiMu. OTH KpPHUCTAUTBI O00pa3ylOT OOMIMPHOE CEMEHCTBO TPOUHBIX
CJIOUCTBIX TOJYNPOBOJHUKOB. XapaKTepHOW OCOOCHHOCTBIO TAaKHX CIIOUCTBIX KPHCTAIIOB
SBISICTCS.  OOTaThli HU3KOJPHEPTeTUYCCKUN CIEKTp (OTHOCHUTENLHO (DOHOHHBIX YAacCTOT),
BBI3BAHHBIN KOJICOAHUEM TSDKEIBIX TPAHCIIIIMOHHO-HEIKBUBAJICHTHBIX CIIOEB CBA3AHHBIX MEXITY
coboii omepanuedi wHBepcud. Hammume Takoro OOJNBIIOTO0 YHWCIIA  YHHUBEPCAIHHBIX
3aKOHOMEPHOCTEH, XapaKTEPHBIX JJIsI HEYMOPSAOUCHHBIX CUCTEM U HAOIOJaeMbIX B KPUCTAILIaX
cemeiicTBa T1INS,, mo3BoIIseT cenaTh 3aKIIIOYEHUE, YTO OHH OCHOBAHBI Ha OOMIUX 0COOCHHOCTAX
cTpoeHHs THX MatepuanoB. Coeaunenus cemeiictBa TIINS, He mpocTo sABASIOTCSA “IUIOXUMHK”,
KPUCTAJIAMH WM aMOP(QHBIMUA CHCTEMaMH, a, CKOpee BCETO MBI HMEEM JEJNI0 C TOMOJIOTUIECKHU
HEYMOPSATOYECHHBIMA ME30CKOIMYECKUMHU CTPYKTYpaMH C XapaKTEPHBIM MPOCTPAHCTBEHHBIM
macmrabom. [Ipum »ToM “xaoc” B TakMX cuUCTeMax He aOCONIOTHBIA, a KakK IOKa3bIBAIOT
HKCIIEPUMEHTHI 10 HEUTPOHHOW M PEHTTCHOBCKOW MU(pPaKIHH, KOJIeOATeTbHBIM CIEKTPam
(PamanoBckoe paccesHue, WH(paKpacHOE TIOTJONICHHE, HEYNPYroe KOTepEeHTHOE paccesHHe
HCUTPOHOB) TEPHOJAWYHOCTh B PACIOJIOKEHUH aTOMOB coxpaHseTcss (TpaHCIIIUOHHAS
YIOPSIOYCHHOCTB) B IIpeieliaX HeCKOJIbKAX KOOPIMHAIIMOHHBIX cep, a Jjaliee OHa HapymiaeTcs.

Pa6ora Beimosinena B 1adoparopun IMEP-LAHC, UMR CNRS 5130, University of
Savoie, 73376 Le Bourget du Lac, France B pamkax mpoekTa Azep-®paHc.
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CO3JAHUE INPPDPY3ZUOHHOI'O p-n HEPEXOJA HA OCHOBE
MOHOKPUCTAJIJIOB PbTe<Mn>
q.n. A0nios, ZI[)K.M. AnneBa,3C.A. 3eliHaJI0B,
K. Kacymosa, lo.p. I'ap:xkn3zane
1A3ep6a171z[>I<aHCKI/II7I Texnnueckui YHuBepcurerT, r.baky
2A36p6a171;[>1<aHCKI/H71 TexHosmornuecknuii Y HUBEpCHUTET, T. [ THIKa
3A3ep6a171z[>KaHCKI/H7I Wuctutyt [Ipenonosarencit, r. Armkadeast

cabilov@yahoo.com

Coemecmubim omaicucom mapeanya ¢ moHokpucmaniamu PbTecozoanvl oughgysuonnvie p-
N nepexodvl. Ycmanoeieno, ymo mapeaney Ha NPUNOSEPXHOCIHOM CI0€,NPOB3AUMOOeIICNEO8AE
c mennypom uepe3 2azosyio pazy obpazyem meepovie pacmeopsi PbixMngTe. Onpeoenenvl
napamempul  ougppysuu  mapeanya 6 PbTe. Ilocmpoenwi  oupgysuonnvie npochunu
pacnpeoenenus npumecei 6 COOPMUPOSAHHBIX CMPYKMYPAX U PpPAcCHUMAaHvl mepMOoOUHA-
Muyeckue QYHKYuu npoyeccos, npomekarowux npu ouggysuonnom omocuee Mn ¢ PbTe.

Juddy3nonHble  TBEpAOTENBHBIE CTPYKTYPHl SIBISIFOTCSI OCHOBHBIMH  SJI€MEHTaMU
MUKPOAJIEKTPOHHON CcXeMOTeXHHUKH. [loaToMy, cO3/aHME TakUX AJIEMEHTOB C YIIy4IIEHHBIMU

204



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

XapaKTePUCTUKAMU SBISIETCS aKTyalbHBIM /ISl YCTPOWMCTB SJICKTPOHHOM TEXHHMKH. B HacTosiem
COOOIIEHNH TPUBOAATCSA Pe3yJbTaThl pa3paboTok B obmactu cosganus AU y3noHHBIX P-N
MEPEX0/I0B.

Hns  dopmupoBanusi audy3uoOHHBIX pP-N  TEPEeXOJOB B  KAYECTBE OCHOBHOTO
MOJIYIPOBOJJHMKOBOTO MaTepuala HCIOIb30Ba Oe3npuMmecHbie Kpuctamwisl PbTe /100/.
Texnonoruss ¢opmupoBanust U y3UOHHBIX p-N CTPYKTYp 3aKIOYalach B TepMOooOpaboTKe
KPUCTAJUIOB B Mapax COOTBETCTBYomIero meramia. C 3TOH NeNIbl0 M3rOTaBIMBAIMAMITYIBI CO
CHeIMAILHOW KOHCTPYKLHUEH, yA00HOU i mpoBeneHust Auddy3rnoHHOro mporecca. Tak Kak
MapraHel] CYUTAeTCsl TYTOIUIABKUM, TO €ro moMeniaiyd B 0oyiee BBICOKOTEMIIEPATYPHYIO YacTh
ammynbl. OT)KUT POBOJWIM NPU TeMIIepaTypax HaxokaeHus ucrounuka mapranma 1500, 1550 u
1600K, a mmrenbHOCTh OTXHUTra cocTaBmiia~30 4. KadecTBeHHBI aHaM3 KPHUCTAILIOB
PbTenoka3an oOpa3zoBaHue OOOTallICHHOI'O MapraHileM CJIOsS Ha IOBEPXHOCTH OOpasIloB, B
clydae UX OT)KWTA B Mapax Mapranna. MccnemoBanue cocraBa MoBEPXHOCTHOTO CJIOSI KPUCTAIIOB
MOKa3ajlo  CoJepXKaHHWe B HeM JyieMeHTapHoro Mn, a Ha  peHTreHorpamMmax
00HapYXKHJIMCbUHTCHCUBHOCTH JIMHUMMOHOTEIUTypUAa Maprasma. [IpoBeseHa 3amuch KpHBOUH
pacnpeneneHust atomoB auddysanta u nomydeHHble AUPPY3HOHHBIE MPOGUIN pacTpeaeTIeHUs
mapranna B PbTe npusenens! Ha puc.l.
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Puc. 1. Pactipenesnenne KOHICHTPALIMK MapraHuano riayouHe kpuctawios PhTe (omxur npu 1600 K)

PucyHOK CBUIETENBCTBYET O 3HAYUTEIBHOM COZEP KaHUM MapraHilia B MPUIIOBEPXHOCTHBIX
ciosix PbTe. 3amuch KpHBO# OCYIIECTBISUIM Ha PEHTICHOCIIEKTPAIBHOM MHKPOAHAIHM3aTOpPE
tuna MS-46 ¢upmbr «Cameca». [Ipeamonaraercsi, yto mexnay PbTeu oOpasyrommmcs cioem
MOHOTEJUTYypH/JIa MapraHia uaeT MNpoLecc MUTpallu aTOMOB MapraHiia B TEJUTypH] CBUHIIA.

Mexanu3m o00pa3oBaHUs TBEpABIX pacTBopoB Pbi,Mn,Te BeposTHO 3akiovaeTcs B
OJTHOBPEMEHHOM MPOTEKAHWU peakLuii Ha moBepxHocTsXx Mn u PbTe mo crnenyromieii cxeme:

[Mn]vi[Mn]s+1/2Tey(ra3) — [Mn]y[MnTe] — [Mn]y1+MnTe (ra3)
[Mn]yvi— [Mn]yv2[Mn]s
[PbTe]vi[PbTe]s—[PbTe]vi +Pb (ra3)+1/2Te (ra3)
[PbTelvi— [PbTe]v2[PbTe]s
[PbTe]v.— [PbTe]+MnTe (ra3)—>[PbTe]v: +[(PbTe)1x(MnTe)],

rJA€ WHISKCHI V M S 0003HA4al0T OOBEMHYIO M IOBEPXHOCTHYIO o0OjacTh obOpasma. C
BO3pACTaHUEM TEMIIEpPaTypbl OTXKHra BO BCEX 00pa3lax MPOMCXOIWIN YBEITMYCHHUETOJIIIHMHBI
MMOBEPXHOCTHOTO CJIOSI ¥ TJIyOMHBI MPOHUKHOBEeHUss MN. DT0 cBUAETENbCTBYET 00 00pa3oBaHUU
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TBepIoro pacteopa tuna PbyxMn,Te mo BelenpruBeIcCHHOMY MEXaHH3MY, YTO B KAYECTBEHHOM
COTJIACHH C pe3yibTaTaMu (PU3UKO-XHMMUYECKHX HUCCIieoBanui cuctembl Pb-Mn-Te[1].

AHanmm3 pacrpejelicHHss MapraHia B Kpucramwiax PbTesmone wampasienust auddysuu
nokasai, 4To nud Gy3us MapraHia yI0BJICTBOPUTEILHO OIKUCHIBACTCS 3aBUCUMOCTBIO [2]

C,=Cy|1-erfc

z
2,/Dyyit

rne Cu Cp — MaccoBbIe KOHIIEHTPAIMM MapraHIa Ha MOBEPXHOCTH M Ha riayomHe (Z) oOpasia
BJIOJIb HampasyieHus1 U y3uu COOTBETCTBEHHO,Dyvin — a3 dexTuBHbIi K03 QunmenTt nuddy3uu
Mapranna,t — BpeMsi i30TePMUYECKOTO OTKHTa.

Pacuer ontumanbHOTO 3HauYeHHs Kodpduumenta mupdy3uum MapraHia, a TaKKe ydeT
BIUssHUSL (QDYyHKIMU OmKOOK mpoBoawin o Meroauke [3]. Paccumranubie 3naueHuss Dy, ams
HCCIIeyeMOTO IMana3oHa TeMIepaTypbl NPUBEICHBI Ha PHC. 2.

D, cm¥/c
Do

1
10 ~

1071

10'9 1 L i L 1 L 1 i
0.62 0.64 0.66 0.68

103/T, K
Puc. 2. TemneparypHas 3aBucuMocTb ko3 dunuenra gudQy3un mapranma B PhTe

Kak BumgHO, 3kcriepuMeHTanbHas 3aBUCUMOCTh Dun~f(103/T) kauecTBeHHO ommchIBaeTCS
3akoHOM Appenuyca: Dun=DoeXp(-AE4/kT). HaiinenHble 3HA4YCHHS MPEIIKCIOHCHIIMAILHOTO
ko3 duumenta Do n sneprun aktusamun AE, pasas ~2-107 cm%c 1 0,44 5B COOTBECTBEHHO.

Caydaii oOpa3oBanus TBepaoro pactsopa PbiMn,Te Ha mOBEepXHOCTH KpUCTAIUIA
CBUJICTEILCTBYIOT O 3HAYUTEIILHOM MAacCCOMEPEHOCE MapraHila uepe3 ra3oBylo ¢asy, XOTs 3TO
3aTPyJHUTEILHO OOBSICHUTD, YUUTHIBAS MAIYIO YIIPYTOCTh IIAPOB MapraHIa.

[Mponeccer, mpotekarouiue npu auddysnonnom ormxure Mn c¢ PbTe, takxke MoxHO
OINPENEIUTh TEPMOJMHAMUYCCKUMH pacueTamu. [lpm omkure MoHokpucrawioB PbTe B
aTMoc(epe MmapoB MOJICKYJ MapraHila MOXeT npoTekats peakiws PbTe+Mn<«Pb+MnTe, uro
MOJITBEPKIACTCS M pe3yIbTaTaMu (DHU3UKO-XMMHUYECKOTO aHAJIN3a, B YACTHOCTH, 3TO BBISIBIICTCS
0 TMOCTPOCHHOW auarpamMme coctosiausi cuctembl PbTe-Mn [4]. Ecnu tepmoauHaMudeckuit

nOoTCHI Al 3TOH pe€akuuu AG—:—) 6YI[CT HMCTb OTPHULATCIIbBHOC 3HAYCHHC, TO PCAKLHsA MOIKET
INPOTECKAaTh TOJIBKO CJIEBA HAaIIPaBoO. HOJ’ILBYSICB CIIpAaBOYHbBIMU JaHHBIMH IIPpHW CTAHAAPTHBIX

YCIOBHAX, MOXHO ONPEACTUTh TEPMOAMHAMUYCCKHIA TOTCHIMAT PEaKIUH [0 YPaBHEHUIO
I'm66ca-I'enmpmronsua [5]:

AC
P dt.

T T
AGY = AH e + [AC ,dt —TAS —T |
298 298
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Ecim B MepBOM NMpUGIIMKEHUH NPENoNoxkuTh, uto AC,=0, T.e. AH{=const u AS?=const,

1o nonyunm AGY = AH D5 —TASJ5g . TTpy usmenenun temneparypbi T, 3Hauenns AHL u AS?

U3MEHSIFOTCS HE3HAYUTEIbHO. TepMoauHaMudeckuii (1300apHbIii) MOTCHIUAN PEaKIIMH MOMXKHO
ONPEJEIHUTh U IO COOTHOLIEHUIO

AG .. = AGYs(MnTe) — AG g (PhTe).

peax

Cornacro [6] s MonoTesmypuna caunna AGgys=16,3 Kkan/mMoinb. 3nauenne AGggg Ui
MnTe ompemensercs  AGog(MNnTe)=AH9 —TAS, rtme AS=S) . —St —Sy. u
AH%5(MnTe) =-26,6 Kkan/mMonb, Spy,re =22,4 Kkan/Momb, S%=11,63 kkan/mMomb, Sgy,=32,4

kkain/monb [7]. CnenoBatenbHo, AS=-21,63 kan/Moib, a H300apHBIA TMOTCHIMAI PEAKIUU
AGpeu=-9,82 kxan/monb. OTcrozia cieayer, 4To MpH B3aUMOAEHCTBUU MapraHLa ¢ KpUCTalllaMU
PbTe o6pasyercss MnTe u cBoOOIHBIN CBUHEI IIPU CTAHJAPTHBIX YCIOBHSAX. DTO CIPABEIMBO U
it Ooslee  BBICOKMX — TemrepaTyp, UYTO HMEeT KadeCTBEHHOE COOTBETCTBUE  C
OKCIICPUMEHTATBHBIMU pe3ynbTatamMu. KoHcTaHTy paBHOBecust peakiuu (K),) ompenensuiu
cornacHo BeipaxeHuto INK,=AG,../RT. s Hamero ciayuas Haiineno, uto K,=1,22.

JINTEPATYPA

1. A6unos Y.U., Axmenosa Jx.A. OU3NKO-XUMHUUECKHAE OCHOBBI TE€XHOJIOTHUH TIOJTYYCHUS
MOJIYIPOBOHMKOBBIX MAaTEPUAIIOB B CUCTEME CBHUHEI-HEKOTOpBIe P-, 3d, 4f-amemeHTHI —
TeJUTYp U uX dJeKTpoduzndeckue ceoricTra. baky, Omm, 2001, 252 c.

2. Paituenko A.B. Matemarudeckas teopust auddysuu B npuiiokenusix. Kues, Haykosa
Hywmka, 1981, 396 c.

3. bonrake b.1. Tuddys3us u toueunsie nedextsl B moaynpopoauukax. JI., Hayka, 1973,
513 c.

4. AownoB U.M., Uckenpepzame 3.A., ['abuboB T.A. DPuU3MKO-XUMHYSCKHE CBOWCTBA
cmaBoB cucteMsl PbTe-Mn // U3s. AH CCCP, Heoprannueckue matepuaisi, 1991, T.
36, Nell, c. 2935-2936.

5. MawmenoB A.H., barupoB 3.B., KymmeBa C.A. TepmoaumHamuka CHUCTEM C
HEMOJICKYJIIPHBIMH cCoeAMHEeHMSIMU. baky, DM, 2006, 192 c.

6. HoBocenoBa A.B. u ap. ®U3UKO-XUMHUYECKHE CBOHCTBA MOJYIIPOBOJHUKOBBIX BEIICCTB
(ctipaBouHuK). M., Hayka, 1978, 340 c.

7. baza maHHBIX TEPMHUYECKHX KOHCTAHT BEIISCTB. DJEKTpoHHas Bepcus moxa pena. B.C.
FOnrmana. http//www.chem.msu.su/cqi-bin/tkv.

207



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

TIS (V) RELAKSOR SEQNETOELEKTRIKLORIN TODQIQI
I.M. Oliyev, A.M. Quliyeva
Bak: Dovlat Universiteti
elnur_605@mail.ru

TIS kristallik gofosinin dayanigsizligi musahido olunan temperatur oblasti mixtslif ion
radiuslar vo koordinasiya adadino malik tgvalentli kation asgarlara gars1 hossasdir. Belo ki, bazi
asqarlar tctn faza kecidlorindo temperaturun artmasi, bozilorinds iss azalmas:1 musahids olunur .
TIS(V) kristallarinda bu proseslorin tabistini tadqiq etmok maraq dogurur. Vanadium grupunun
kecid metallar1 TIS(V) -nin yiksok polyarizasiyal kristallik gofasi ilo guclu garsiligh tesiro malik
olmas1 hesabina dorin lokallasma morkazlori yarada bilorlor.

Bu paragrafda V atomu asqarlanmig TIS kristallarmin dielektrik vo polyarizasiya
xususiyyatlorinin todgiginin naticalari gostorilmisdir.

Sakil 1 va 2 -do gostorilmis ayrilorin analizi relaksor seqnetoelektriklor Gglin xarakter bitin
xiisusiyyatlori gostorir, xiisusen V*kationlar ilo asgar olunmus TIS kristalinin faza kegidlorinin
yayilmasina gotirib cixarir; dielektrik nifuzlugunun tezlikli dispersiyast musahids olunur;
yayilmis faza kecidi oblastinda dielektrik histerezisinin dartilmig diyuntu musahids olunur;
yuksok temperaturlu fazanin dielektrik nufuzlugunun temperatur asililigi Kiri-Veys ganununa
gora deyil, () '=A+B(T-Tg)*qanununa gors yazilir.

TIS (V) birlosmosindo faza kegidlorinin yayilmas: vo seqnetoelektrik xassolori struktur
nizamliligt ilo baglanir, hansi ki, simmetriyanin genis temperatur oblastinda daxili elektrik
sahasinin pozulmasina gotirib ¢ixarir. Buna baxmayaraq TIS (V) —do faza kecidlorinin tadqgiqi
kifayot godor uzun middst tolob edir. Buna gbéro bu onunla bagli ola bilor ki, TIS (V)
birlosmolorinds faza kegidlorinin todqigi zaman: onun yarimkecirici xususiyyatlorino az digget
yetirilmisdir. Bu xisuson kation asqgarlarla asgarlanmis kristallara aiddir. Bu asqgarlar kegirici
zona Ug¢ln tutucu saviyyolori yarada bilor. Bu zaman lokal markoazlors yiikdasiyicilarin
lokalizasiya proseslorini vo onlarin faza kegidlorina tosirini nozors almaq lazimdir. Bu suala
R.F.Maminin islorindo [1-4] genis baxilib. Gostorilmisdir ki, daha rahat termodolma faza
kecidlorinin murokkab ardicilligina vo fazalararas: dayanigsiz hallarin yaranmasina gotirib ¢ixara
bilor.

Sokil 1-don gorindilyii kimi eY4(T) asiliigi temperatur oxunu 160K-do kesir, bu &(T)
asililiginin piki muisahids olunur.

[5-]-0 gOro bu xususiyyat relaksorlar tciin xarakterik hesab olunur. Bu onunla slagodardir
ki, polyarlasma ragslorinin xarakter tezliyi yalniz gofos altsistemin relaksasiya zamani ugin deyil,
elektron altsistemlorin relaksasiya zamani (glin toyin olunacag. n tortibli doyismonin xarakter
muddati, elektronlarin konsentrasiyas: koskin forglonacok (tn/tm<<1). Bu miuallifo [40] bu
problemi tez vo yavas proseslori ayirma metodu ilo hall etmoys imkan verir. Noticodo toyin
olunmusdur ki, faza kecidinin T¢n, effektiv temperaturu tutucu soviyyslorinin termodolmasi
naticasindo temperatur skalasinda asagida yerlosocok.

Tem temperaturunda spontan polyarizasiya ilo faza kecidi bas veracok. TIS(V) kristallart
ucun bu temperatur 160K-o uygundur (sokil 1). Sokildon gorinduyi kimi 160K-do dlyin
doymusdur. Lokallasmis yiklor lokal elektrik sahslori yaratdigindan zsif xarici sahslordo ayri-
ayri mikrooblastlarin spontan polyarizasiyas: lokallasmis yiklorin foza paylanmasina uygun
olarag mixtolif istigamotlords yOnslocok. Ona goro do 160-190K temperatur oblastinda
histerezisin duyinu dar va dartilmis olacaq. Bundan basga, bu sebabdon faza kegidi ilo slagado
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olan dielektrik nufuzlugunun ¢(T) temperatur asililigimnin xdsusiyystlorini Tem —do musahido
etmoyacayik.
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Sakil 1. TIS (V) birlogsmasinds dielektrik ntifuzlugunun (T) (3-1kHs va 4-1MHSs ayrilori)

vo & Y4(T) temperatur asililig1 (1 vo 2 oyrilori), sotho paralel istigamotdo
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Sakil 2. TIS (V) kristalnin dielektrik nufuzlugunun g(T) (1-1kHs va 2-2MHs ayrilori)

vo g V(T) temperatur asililig1 (3 vo 4 oyrilari), satho perpendikulyar istigamotdo

0

Belolikls, TIS kristallarinin  V atomu ilo asqarlanmasi kristalda relaksor halina malik olan
xarakterik xdsusiyyatlor misahido olunan temperatur oblastinin yaranmasina gotirib cixarir.
160K temperaturda relaksor (nanodomen) haldan makrodomen seqnetoelektrik halina faza kecidi
bas verir.
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®OTODJEKTPUYECKHE CBOVMCTBA
MOHOKPHUCTAJLIA (SnS)oe90(NdS)0,001
O.M. I'acanos, X.A. Aare3auaosa, /I:x.M. Cadapos
Azepbaiioxncanckuti 20Cy0apcmeeH bl Neda202utecKull YyHUsepCumem
19590ktay@mail.ru

B nanHO#l paboTe mNpUBEACHBI Pe3ybTAThl WM3YyYCHHS AHU30TPOIHMH CIEKTPOB (HOTO-
MPOBOUMOCTH IUTACTHHYATHIX KpUCTALIOB SNS [1] 1 (SnS)g 999(NdS)g 001110 TyICHHBIX METOIOM
bpumkmena. J[is uccnenoBaHusi CIEKTPOB (POTOMPOBOIUMOCTH TOJYUYSHHBIX MOHOKPHUCTAILIOB
SnS u (SnS)o ge9(NAS)0 001, H3TOTOBICHEI IPSIMOYTONIBHBIE 00pasLbl ¢ pasmepamu 5x3x0,5Mm° 1
Ha ectectBeHHble rpaHu (001), ¢ 3epkadbHBIMH TOBEPXHOCTSIMH HAHOCWIHNCH aKBaJaroBbIe
KOHTAKThI, MMO3BOJISIIONIUE IPUKIAABIBATh JCKTPHUE-CKOE TOJe K 00pasiy BIOJb CJOs, T.C.
BJIOJb KpucTauiorpapudeckoit ocu b. UM3mepenumss (oToTOKA B IIUPOKOM HHTEpBAJIS
temrepatypbl  (80-350K) wm3yueHo B cranmMoHapHOM pexuMme. BosOyxknparommii  tyd
NEePIICHIUKYIISPHO MaIajl Ha MMOBEPXHOCTH IUIocKocTH (a,h).

HccnenoBanne  CEeKTpOB  (POTOMPOBOIUMOCTH  MOHOKpUCTALIA(SNS)g999(NdS)o 001,
MOKa3aJId, 4YTO OHH OO0JIAJal0T BBICOKOH (POTOUYBCTBUTEIBHOCTRIO B oOmactu 0,6-1,3 MxwM.
YCcTaHOBICHO, YTO JNOOABKH JIAHTAHOWIOB YBEIMYMBAIOT (POTOUYBCTBUTEIHHOCTH OHHAPHOTO
coenmuHeHUss SNS Ha TOPSAOK, a Tak K€ paCIIUpSIOT CHEKTPaJbHYl0  00JIaCTh
(OTOYYBCTBUTEIILHOCTD B TTAHHOBOJHOBYIO 00J1aCTh.

B oOmactm kpas COOCTBEHHOTO TIOTJIOIIEHHSI B CHEKTpax (POTOMPOBOJUMOCTH
MOHOKPUCTALILIA(SNS)0,999(NdS)0 001 B Hemonsipu3oBaHHOM cBeTe puc.l U puc.2, HaOIO-NAINUCH
nBa Makcumyma [2]. JInsg uaeHTHUKAIMHA 3THX MAKCHMyMOB MbI IPOBEIH TOJSIPU30BAHHBIC
U3MEpEHHsI CIEKTPOB (OTONMPOBOAUMOCTH uisi ciydaeB E|a m E|b. B momspmsammu E|a B
ob0macTi Kpasi COOCTBEHHOTO TIOTJIOMICHUS B CHEKTpe (HOTOMPO-BOJUMOCTH MOHOKpPHCTAIIA
(SnS)0.999(NdS) po1posiBiIsIETCS TONMBKO MakcumyM Bvz=1723B, u cnaboehvz =1,373B (T=80K).
B nonmspusaiuu E|b nomuaupyromumMu seistorest Mmakcumym BVi=1375B u criaboe miedo mpu
1,723B.

C poctoM Temreparypbl HMEET MECTO CMEIIEHHE MakKcuMyMma (OTOIMPOBOAMMOCTH
hvz=1,725B B CTOPOHY MEHBIIUX YHEPIMI KBAHTOB M €r0 Pa3MBITHE IIPH BBICOKMX TEMIIEPATYpax
B mosspu3anuu Elja. Temnepatypubiit ko3ddunuent cmemenne i E|[a monspusanuu paBHo:
dE
aT =-3,6-10"B/K. s momspusammn E|b mpu 80K makcumyMm (OTOTOKA HAXOAMTCA TPHU
1,373B u ¢ poctoM TemmepaTypbl MUK (OTOMPOBOAMMOCTH CMEIIACTCS B JJIMHHOBOJIHOBYIO

00J1aCTh CO CKOPOCTHIO AT =-4-10"B/K.
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hV,aB
Puc.1. Cnexrop (hoTOMPOBOAUMOCTH MOHOKPHCTAILIA
SnS: 1-80K, 2-200K, 3-300K.

hV,aB
Puc.2. Cuektop GpoTOnpoBOJUMOCTH MOHOKPHCTAIIA
(SNS)0,999(NdS)g 001: 1-80K, 2-200K, 3-300K.

U3 ananu3a kpas criektpa (HoTornpoBoauMocTH onpeaeieHsl Henpsimbie (1,33B npu 300K u
1,2238 npu 80K) 3anpeniennsie 30Hb1. CUrHalbl i HanpasieHus Eljc cnabee, yem uist qpyrux
HAIMpPaBJICHUH M3-32 3HAYUTEIHHO XY/ALIEr0 Ka9eCTBa MOBEPXHOCTH, IIOCKOJIBKY ITH MOBEPXHOCTHU
MOJTYYHIIACh C MEXAaHUYECKOW MUTU(POBKOI U TIOJTUPOBKOIA.

Cnenyer OTMETHUTh, YTO BO BpeMsl (OTOMPOBOAMMOCTH, mpu TemmepaTypax>320K,
MOHOKpUCTAILIB (SNS)g,099(NAS)0,001 Tepexoamy B 60Jiee HU3KOOMHOE COCTOSIHUE, B pe3yJIbTaTe
3TOTr0 00pa3Ibl TEPSIN POTOUYBCTBUTEIHHOCTD.

[To Hamemy MHeHMIO, Onaronaps Briany 4f-5d mepexonoB B crekTp (OTOMPOBOAUMOCTH
MoHOKpucTauia (SNS)oge(NdS)o 001 HabMrOMAETCS ATUHHOBOIHOBOW MakcumyM. [lonoxenue
THX MaKCHMyMOB XOpOIIO COOTBETCTBYeT ¢ pe3yinbratamu padot [3,4]. B pabore [5]
00BsICHsICTCS, UTO dHeprus cBs3u 4f-anexTpoHoB B TpexBaneHTHoit P3M (B Hamem cimydae Nd)
OoJiblie, YeM B JBYXBAJCHTHBIX, UMCIOIIUX OJUH JOMOJHUTEbHBIA f-arekTpoH. JloGaBouHoe
KYJIOHOBCKO€ OTTaJKHBaHUE MExAy 4f-jekTpoHamMu B MOCIETHEM CiIydae Pe3KO YMEHBIIIaeT
HHEPTHIO CBSI3H.
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AJNEKTPUYECKHUE TOKH B KOHTAKTAX METAJLI - IOJYIIPOBOJHHUK
C AOINOJHHUTEJIBHBIM 2JIEKTPUYECKHUM I1OJIEM
P.K. MamenosB, A.P. AciianoBa

baxunckuii I'ocyoapcmeennwiii Yuusepcumem

B pabome npedcmasnenvt pezyiomamul uccieooamus NpoOmMeKamus moxa noo Oelcmeuem
OONOTHUMENLHO2O INEKMPUYECKO20 NOJISL 6 NPUKOHMAKMHOU 001acmu NOIYNPOSOOHUKA, BO3HUKAIOWE20
U3-30 0SPAHUYEHUs KOHMAKMHOU NOBEPXHOCU PEeANbHO20 KOHMAKMA MEeMAl — NOIYRPOGOOHUK.

[Tpu HemocpeICTBEHHOM KOHTakTe MeTauia ¢ nonynpoBoanukom (KMIT), pabota Bexoma
WX CBOOOJHBIX TIOBEPXHOCTEH, NPUMBIKAIONIMX K KOHTAaKTHOW TOBEPXHOCTH OCTAKOTCS
HEW3MEHHBIMH, a BBICOTA IMOTCHIMAJIHHOTO Oapbepa KOHTAKTHON IMOBEPXHOCTH CTAaHOBUTHCS
nopsiaka 0,1-1,0oB. Bo3HMKHOBEHHE KOHTAKTHOM Pa3HOCTH TMOTEHIIUATIOB MEXKIY KOHTAKTHOM
MOBEPXHOCTBIO M MPUMBIKAIOIIUMU K HEM CBOOOJHBIMH MOBEPXHOCTSIMHU MeTala u
MOJTYIIPOBOJIHUKA 00pa3yeT AONONHUTENbHOe iekTpudeckoe mosie (ADII) [1]. Dro moine
MPOHHUKAET B TOJIYIIPOBOJHUK B TIIyOHHE | M MOJHOCTBIO OXBATBHIBACT NMPUKOHTAKTHYIO 00JIACTh
noxynpoBogHuka KMII € y3koil mmpuHOoil. B cBsizu ¢ pa3ButueM ATOMHO-CHOJIOBOM
mukpockoruu (ACM) cTano Bo3MOKHBIM HerocpencTBenHoe u3mepenne [T 8 KMII.

Ha pucynke la npencraBieno ACM u3o0pakeHue moTeHuuana nosepxuoctu Au— nGaAs
KMII ¢ nmuamerpom 15MKM, rie 4YeTKO BHUACH OJUHOYHBIA KpPYTJIBI KOHTAKT 30JI0TAa U
pacrpe/elieHiue KOHTaKTHOH pasHoctu noteHuanoB (KPII) Mexy ocTpueM UIibl KAaHTUIIEBEpa
(3onma) u moBepxHOocThIO AuU— nNGaAs KMII [2]. Bumgno, uto KPII B obmactu metaiia
3HauuTesibHo MeHbIne KPIT cBoGonHoi moBepxHocT NGaAS 3a npenenamu koHtakrta. [lo mepe
yaajleHus OT nepumeTpa KoHTakta 3HadeHue KPII mnocreneHHo yBenuuuBaeTcss OT
MuHMMaibHOTO, paBHoro KPII moBepxHocTn MeTaia, A0 MakcuMalibHOro, pasHoro KPII
cBOOO/IHOM TOBEPXHOCTH MOJYMPOBOJHHUKA. 3HAYUTH, MOJ aeicTBUeM JDI1 Bokpyr kpyrioro
KOHTAaKTa HAOJIO/aeTCsd OCeCHMMETpPHYHAs TMPOTSDKEHHas —repexojaHas o0nacte  (opeon)
umpuHo#t okosio 15 mkm ¢ KPII, ornuunoi ot KPIT cBo60 HO# MOBEPXHOCTH TOIYIIPOBOIHUKA.
B unrepsane mmpunsl opeosa KPII meHsercs noutu JMHEHHO.

a) b)

Puc.1l. ACM u3obpakeHue noteHyana Ha nopepxuocru Au-nGaAs KMII ¢
nuamerpoM 15 mkm (8) u cxemarmueckas crpykrypa KMIT ¢ DI (b).

N3BecTHO 4TO, 00BIUHBIN BhIpsMisitomui KMIT yacto U3roToBinseTcss myTeM HaHECEHUS
TOHKOW METaJUIMYECKOW IJICHKH B THE3J0 C OMNpPENEJICHHON TIIyOMHOHM, BCKPHITOE B TOHKOM
JOUBJIEKTPUYECKOM CJIOE Ha TOBEPXHOCTH MOJYIPOBOJHHKA TaK, KaK 3TO IPEACTABICHO Ha
puc.lb.. Tlmomaap MeTamIMYeckOdl IUJICHKHA BBIOMpAeTCs Tak, YTO OHa MEpPeKphIBaiia
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JUDJIEKTPUYECKOTO CJIOSI BOKPYT OapbepHOro koHTakTa. [Ipu sTtom, cormacuo monenu IlloTTkH,
KOTJla pa3HOCTh paboThI BhIX0OAa MeTaiaa Dy U JIEKTPOHHOTO CPOJCTBA MOJIYIMPOBOJHUKA N -
tumna g (T.e. BbICOTA MOTEHIMAIBHOTO Oapbepa Pp=dy;-Ds) CTAHOBUTCS MOYTH PABHO U MCHBIIIEC
vyt (1.e. ®p<0), torma KMII ummeer omuuYeckre CBOWCTBA M TPU KOHTAKTHOH 00IacTH
MOJIYIIPOBOJIHMKA HE oOpasyercss o00macTh mpocTpaHcTBeHHbIX 3apsyioB (OI13). B apyrom
ciydae, korga @p >0, KMII o6nafaer BEIIPSAMIISIONIMM CBOMCTBOM U MPH KOHTAKTHOW 00JIaCTH
nonynpoBoHuKa oopasyercs OII3 ¢ riryouHoi d.

Kak BugHo u3 puc.lb, marencuBHocTs En JIDII KMII HampaBisieTcs OT KOHTaKTHOM
MMOBEPXHOCTH K CBOOOJHBIM TOBEPXHOCTSAM IIOJYIPOBOJHUKA W MeETaula. B NPHUKOHTAKTHOMH
0o0JlacTH  TOPU3OHTAJBHBIE  COCTaBjsgONIMe  HampspkeHHocter — JIDII  HampamisroTcs
MPOTUBOIIOJOXKHO U KOMIIEHCUPYIOT APYr-Apyra, a BepTuKajibHble cocTaBisitoume Ea DI
CTaHOBATCA JeHCTByrommMME. B ciydae /< d, B IPUKOHTAKTHOW 00JACTH MOJYIPOBOIHUKA IO
nevictBueM JIDI1 cBOOOHBIC 3JEKTPOHBI B TNIyOHHE | HampaBIstOTCs K MOBEPXHOCTH METa/lla U
HaKaIUTMBAIOTCS HA HEH, CJeI0BaTeJIbHO, B O0BbEME IMOJYNPOBOJHHMKA oOpaszyercs 00JacTh
MOJIOKUTEIBHBIX 00BEMHBIX 3apsiaoB ¢ rryouHou |. A B cioydae |>d, B mpukoHTakTHOM 001acTH
noJIynpoBofHuka moxa aekctuem JIDI1  cBOOOAHBIC 3JIEKTPOHBI B 00J7acTH ¢ MHMpuHOH |-d
HaMpaBJSIIOTCS K TTOBEPXHOCTH METajula M HAKAIIMBAIOTCS Ha HEH, CJIeJIOBATEJIbHO, B 00beMe
MOJTYIIPOBOJIHUKA OOCIHEHHBIN CIIOW pacImMpsieTcss U o0pa3yeTcs JTOTOJHHUTEIIbHAs 00JIacTh
MOJIOKHUTEIIBPHBIX ~OOBEMHBIX 3apsAaoB. TakuMm o0pa3oM, B TNPUKOHTAKTHOW 00JIacTH
nonynpoBogHuka KMII u3-3a pacnpeneneHus 3eKTpUYECKUX 3apsioB nojn nevicteuem J(OI1
METAIUTMYECKUN ANEKTPOJI 3aPSKAETCA OTPUIIATEIBHO W MOJYIPOBOAHHUK — MOJOKHUTEIBHO, T.€.
BO3HHUKAET JICKTPoABMXKYyIast cuna JIDI1.

1,0E-07 1,6E-04
LA U, B
\/_/(%
—n— D=100 mkm 1,2E-04
—O0— D=500 mkm
\O*%\q/ /fb}y\ —— D=100 mkm|
1,0E-08 )\( 8,0E-05 —o— D=500 mkm
Z%\Z \(>\( /A
%ﬂ\?\[ 4,005 | //t /
1,0E:09 KAKATAAM
0,0E+00
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a) b)

Puc.2. 3aBucumocts Toka Ni-nSi KMIT ¢ 11T ot BHeriHero conpotusienust (a) u
3aBUCHMOCTD ITIaJICHHUS HATIPSDKCHHST OT BHEIHETO COMPOTHBIICHUS
KMII ¢ guamerpamu 100 mxm u 500 mxwm (b).

bruto umccienoBaHO TOKONMPOXOXKIEHUsI B KOHTAKTaX HUKENS C KPEeMHHUEM N-THUIA U C
yAEIbHBIM conpoTuBieHueM 15 OM cM, W3rOTOBICHHBIX METOJOM (POTOJUTOrpahUIECKOM
TexHoJoruu. KoHcTpykTuBHAs CTpyKTypa 00pasloB MMeNa BHJ TaK, KaK dTO MPEICTaBICHA Ha
puc.lb u muamerper koHTakToB coctaBimsuii 100mkm u 500Mkm. Ilpu coenuHEHHMU SJIEKTPH-
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YECKUM TPOBOJIOM C COMPOTHBIIEHHEM R GaphepHOr0 METAITMYECKOTO KOHTAaKTa M OMHYECKOTO
KOHTaKTa MOJYMPOBOJAHMKA Yepe3 IeM MPOTEKaeT AIeKTpuueckuid Tok |. 3aBHCHUMOCTH 3TOTO
toka KMII ¢ muametpamu 100mMkm 1 SO0OMKM OT BHEIIHETO COTPO-TUBIICHUS R mpeicTaBieHbl Ha
puc.2a. Kak BUIHO W3 PUCYHKA, C pocToM compoTuBieHusi Tok KMII ymeHbmaeTcs modyTu
runepOodeckuM 3akoHoM. [Ipu kopotkom 3ambikanuu (R=0) nuHeiHas MIOTHOCTH TOKA IO
nepudepun KMII ¢ quamerpamn 100mxM # 500MkM nvenn 3nadenns 1,6.10A/mxm u 2,0.10°

A/MKM, a IJIOTHOCTh TOKa 1o KoHTakTHOW tutomanu KMII ¢ quamerpamu 100mkm 1 5S00MKm
umemn 3uauenns 6,4.10BA/Mrm? u 2,010 A/mxm?, coorBercTBeHHO. OTCIOMA BHIHO, YTO
JUHEHHas MIOTHOCTh Toka no mnepudepun KMII ¢ pasnuuHbIMU TuameTpaMu uMeeT OJH3Koe
3HAYeHHE, a IJIOTHOCTHh TOKa MO MX KOHTAKTHOHM IUIOMIAIX 3aMETHO OTJIMYAETCS U C POCTOM
IuamMeTpa yMeHbIaeTcs. A 3To o3HadaeT, uto Toku KMII nmpotekatoT o nepudepun KOHTAKTa,
rje HanpsokeHHoCTh JIDI1 nocratoyno Gosbiiast.

Ha pwuc.2b mnpencraBiena 3aBucuMocTh manenust HamnpspkeHus (U) Ha BHemmHee
conpotusnenne R KMII ¢ guamerpamu 100 mxm 1 500MkMm ot ero 3uavuenus. [lomydeHo, uto ¢
poctom conpotuBieHuss R or 5kOm mo 30kOm 3aBucumocth Mexay U m R mmeer moutum
JINHEWHBIA XapaKTep.

Takum 00pazom, Kak CIEAYeT W3 BBIIIECKa3aHHOTO, B pealbHbIX KMII ¢ KOHCTpYKTHBHOM
CTPYKTYpO#, TpejAcTaBieHHOW Ha puc.lb B mnepupepuilHON NPUKOHTAKTHON o0OIacTH
MOJIYTIPOBOAHUKA HamnpsbkeHHOCTh IO nmeeT MakcuManbHOE 3HAUEHUE W TaM Ke BO3HUKACT
aneKkTpoaBrKyIIas cuna. B coBpemennoit koHctpykuuu KMIT ¢ MOII-kanaBkoit tTuna “TMBS
diode” [3,4] ADII momHOCThIO MMEET MECTO B NPUKOHTAKTHOM 0O0JAaCTH MOJIYNPOBOIHHUKA H
cnenoBaresbHO B Takux KMIT JIDI1 nmeeT 10CTaTOuHO OOJIBIITYIO0 HAPSYKEHHOCTD.
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MUXTOLIF METODLAR VASITOSI IL® ALINMIS SILiSIUM LOVHOLORININ
ASINDIRILMASI VO LOVHOLBRDO COP SLIFIN ALINMASI METODIKASI

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

Isd> miixtolif metodlar vasitasilo alinmus silisium 16vhalorinin geyribircinsliliyinin xtisusiyyatlorine
tasir edon amillor aragdirilmusdir. Miayyanlogdirilmisdir ki, yarzmkeciricinin mixtlif hissalorinin asznma
slrati temperaturdan, agindwiciin torkibindan, garisdirma intensivliyindan, keciriciliyin tipindan va
giymatindan ahamiyyatli daracads asilidr.
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Bork cisim elektronikasmin inkisafi, bir torafdon yarimkecirici materiallarin alinmasinin
yeni metodlari, diger torafdon, onlarin elektrofiziki parametrlorinin todqiqi ilo kasilmoz baglidir.
Belo ki, yeni yarnimkegirici cihazlarin yaradilmas: yarimkecirici materiallarin daha inco
xassalorinin  Oyronilmasini tolob edir. Qeyd edok ki, yarimkecirici cihazlarin xassolarini
muioyyonlosdiron osas parametlorino  xususi mdigavimeti, yurikliyld ve yikdasiyicilarin
konsentrasiyasini, donor, akseptor vo darin talolorin konsentrasiyasini, yikdasiyicilarin yasama
muddatini v s. aid edilir.

Yarimkegirici lovholorin xisusi muigavumatinin soth vo gahnhq Uzro paylanmasinin
bircinsliliyinin mioyyanlosdirilmasi arasdiraq.

Bu moqgsadls nazards tutuln I6vhalorin hazirlanms: prosesi bir sira ardicil amoliyyatlardan
ibaratdir. Kosmo omoliyyatinin ardinca mexaniki cilalama vo pardaxlama omoliyyatlari, sonra
kosmodo yaranan mexaniki galiq zoadslorini aradan galdirmaq mogsadi ilo 16vhalorin kimyoavi-
mexaniki pardaxlanmasi hoyata kegirilmsdir. Sonuncu omoaliyyat noticosinds mustovilikdon
konara ¢ixmasi 5 mm-don az olan mustovi paralel I6vhalor alinmisdir.

Molum olan kasmo texnonlogiyalarmin on yaxsisinda paslanmayan poladdan hazirlanmis
va daxili torafdon almaz ovuntusu ilo Ortilmus kasici olan dairalordan istifado edilmsdir. Bu
usulla diametri 76 mm-o qodor olan kristallar kasilmisdir. Bu halda diametri 76 mm olan
kristallarin kasilmasi zamani itki toxminan 30% togkil edir, kasma siirati ise toxminan 40 mm/daq
olur. Hesab edilir ki, kasmo stiratini cox da boylk olmayan texnoloji islomoalor hesabina artirmaq
olar.

Kasmo stirati, konkret kasmo texnologiyast ilo muayyan edilon itkilor vo bu zaman yaranan
galig mexaniki zodoalorin olgllori bir-birilo garsiligl slagadardir. Ona gors do prosesin arzu edilon
mohsuldarligi va alinan mohsulun keyfiyyoti arasinda kompromiss getmok lazimdir.

Hotta on yumsaq kasma sortlorindo belo 10vhalorin soth layinda mexaniki zodolor yaranir.
Gozlonildiyi kimi, lévholorin zodslonma doracasi kasmo texnologiyasindan asilidir [2, 5, 6].
Coxralski vo zona aritmoa Gsulu ilo alinmis silindr sokilli kristallardan galinligi 300-625 mkm olan
I6vhalar kasilmisdir.

Ona gora kasmodon sonra lovhalarin sothindan bir nego on mikrometrlik layin (adaton, 12-
75 mkm) uzaglasdiritimas: magsadi ilo onlar mutlog kimyavi asindirmadan kegmislor. Bir qayda
olaraq, asindiricilar azot tursusu vo hidrogen-ftorun qarisigindan ibarat olur vo dayanigligin
artirilmas: mogsadi ilo basga reagentlor, masalon, uksus tursusu, brom, yod va.s slave edirlor.

Kimyovi asindirmadan sonra mexaniki qaliq zodslor uzaglagdirilir, lakin yens ds alinan sath
cihaz hazirlanmas: Ugiin yararli hamar vo mikroskopik mistovi olmur. Ona goro Kimyavi
asindirma, bir gayda olarag, kimysvi-mexaniki pardaxlama ilo birlikdo aparilir. Bunun ugin
kimyavi asindirilmis 16vhalor metal disklor Gzarinds yerlasdiriloraok onlarin sathi xiisusi PQ-320
qurgusunun komayi ilo pardaxlanmiglar. Pardaxlanma, hom I6vhanin sathindon materialin
mexaniki uzaqlasdirilmasi, ham da kimyavi asilanma hesabina bas verir.

Yarimkegirici cihazlarin hazirlanmasinda kimyovi asindirmanin muxtslif novlori istifado
olunur: koasmodon sonra mexaniki zadoalonmis layin uzaqglasdirilmas: mogsadi ilo 16vhalarin
asindirilmasi, miayyon forma almagq tgtin dielektrik tobagolorin asindirilmasi, daxili alagelarin
tomin olunmas Ugiin metal tabagolorin asindirtimas: vo s. Montiqgi olaraq asindirma omoliyyat
litografiyanin ardinca golir. Dielektrik tobagolorin asindirilmasinda bir sira metodlar istifado
olunur, mosalon, ion-plazma, ion-slia, maye, gaz vo ya plazma asindirilmasi; on ¢ox maye
agindirilmast istifado olunur va o, silisium oasasinda cihazlar istehsalinda zoruri amaliyyatlardan
biridir [1, 3, 4].
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Cop slifi (klini) mexaniki cilalama vo yarimkecirici asindirma yolu ilo almaq olar. Lakin
texnologiya va kegciriciliyin todqigi naticalarinin tokrarlanmas: baximindan asindirma ugilin tez-
tez tursu vo golovi asindiricilardan istifado edirlor. Asindiricinin torkibina oksidlosdirici (HNOs,
H.0 va s.), kompleks yaradan kompo-nent daxildir ki, bu da yarimkegiricinin atomlar: ilo suda
hall ola bilon birlogsmalor (HF, NaOH vo s.) yarada bilor. Asindiricinin torkibina Kimyavi
reaksiyanin siratino tosir edon komponentlor (CHs, COOH, Bry, AgNO;, K,Cr,0O7 va s.) daxil
edilir. Bunlar mioyyan kristallik istigamatlords asinma suratins tosir edirlor.

Qeyd edok ki, yarimkecirici nimunalorin mexaniki cilalanma yolu ilo hazirlanmasmm son
marhalasinds yeno do asindirmadan istifado edilir.

Umumiyyatlo, silisiumun asindirma prosesini asagidaki kimi tasovviir etmok olar:

HNOs-ds oksidlasdirms -
3Si+4HNOs; =2 3Si02+4NO+2H:0
Si02-nin flor tursusunda hOll olmas: -
Si04+6HF *= H2[SiFs]+2H:0

HNOs+HF garisiginda asindirma, mahiyyat etibarils, elektrokimyovi prosesdir. Belo proses
zaman yaranan galvanoelementds yarimkegiricinin sothinin ayri-ayr yerlori zlorini névbo ilo
anod vo ya katod kimi aparirlar.

Yarimkegiricinin anod rolu oynayan yerinds onun hall olmas: bas verir, bu hal-da katodda
asindiricmin oksidlosdiricisi barpa olunur.

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

Si- 4 &5 5% zobtolunur:
Si4*+6F &= [ SiFe]?

2. Katodda oksidlosdirici komponentin barpasi zamani u¢ elektron tutulur vo ya desik azad

olur:
4H+ + NO™ + 3e-—» NO + 2H,0

Silisiumun hallolma tonliyinin Gmumilosmis sokli belodir:
3Si + 4HNO3+18HF >3 H> [SiFe ] + 4NO + 8H20

Asindirmanin - baxilan  mexanizmi  kristallik  gofosin  defektlorinin  (donaciklarin,
dislokasiyalarin sorhodlorinin) askarlanmasini izah etmoys imkan verir. Daha boylk sorbast
enerji ehtiyatina malik olan kristal gofas defekti, 6ztint anod Kimi aparacaq, gofasin pozuldugu
yerlor daha bouk siratls hall olacaq. Hallolma (asinma) siirati de-dikds, vahid zamanda kdtlonin
va galinligin azalmasi basa disulur.

Istonilon sortlor daxilindo defektli hissonin asinma siireti defektsiz hissoninkine nisboton
boyukdurss, pazsokilli nimuna hazirlamaq Ggun asindirma metodunu istifade etmok mogsado
uygun olmur, ¢linki asinmadan sonra numunonin sathi geyri-bircins olacaqdir (¢cokokliklor,
zolaglar va s.).

Yarimkeciricinin muxtalif hissalorinin aginma surati bir ¢cox faktorlardan: temperaturdan,
asindiricinin torkibindon, garigdirma intensivliyindon, kegiriciliyin tipindon vo giymatindan
ohomiyyatli doracodo asilidir. Masoalon, yarimkegiricinin sothinin defektli vo ideal hissalarinin
asinma suratino temperaturun tasirini arasdiraq. Basga kimyovi proseslordoki kimi, aginmanin
stroti do temperaturun artmasi ilo artir. Bu halda stirotin artimi prosesin aktivlosmo enerjisi ilo
muioyyan olunmalidir. Boyuk sorbast enerji ehtimalina malik olan defektli hissolor Ggun
aktivlosmo enerjisi, ideal hissolora nisboton Kigik giymatloro malik olur. Kimyavi proseslorin
sratinin tempe-raturdan asililig1 Bolsman faktoru ilo mitonasibdir:
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V =Aexp(-U/KT) 1)

burada A- sabit kamiyyat, U- prosesin aktivlosmo enerjisi, k- Bolsman sabiti, T- temperaturdur.

Asagi temperaturlarda kigik aktivlosmo enerjili proseslorin sirati boyik aktiv-losmo enerjili
proseslora nishaton shamiyyatli dorocads bdyik olacag. Lakin (1) dusturuna uygun olarag, boyik
aktivlosmo enerjili proses ucun kimyavi reaksiyanin siirati shomiyyastli doracods artir vo milayyan
temperaturda proseslorin stratlori barabarlasir. Belaliklo, elo asinma temperaturu segmak olar Ki,
bu halda yarimkegiri-cinin butln sathinin asinma siirati eyni olsun.

Qeyd edok ki, asinma ekzotermik prosesdir. Ona goro do zaman kecdikco asindiricinin
temperaturu doyisocok vo zoif tosirli asindiricilarda bu, daha cox hiss edilocok. Bundan basqa,
yarnimkegiricinin sathi yaxinlhiginda vs konarlarinda asindiricinin torkibi eyni olmayacag.

Yarimkegiricinin hacmi ilo miiga-yisado daha bdyuk hocmli asindiric1 goétiirmok lazimdir
vo 0, daim garigdirilmaldir. Diqqgotli garisdirma yanmkegiricinin sathinin ayri-ayri hissslorinin
haddindon ¢ox qizmasinin garsisint alir ki, bu da secilmis hissoni tez asinmadan saxlayir vo
uygun olaraq, kolo-kétur vo girinti-gixintilarin - meydana  galmasini  mohdudlagdirir.
Asindiricilardan istifado etmoklo pazsakilli numunanin hazirlanmas: onun sabit stratlo daxil
edilmasini tolab 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;-xZnxO 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/AgCls 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/AgCI for 1-2 hour. The
mechanism of electrodepositing Cd;..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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NO3 + H 0 + 2e” — NO; + 20H"~ (1)
Zn?*(Cd** )+ 20H™ — Cd(ZnNOH); — 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 Cdo4ZngeO films.

Forward current of heterojunctions can be described by equation:

J=Jpexp (:TL;)

®3)
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.

-

s 3 3 s
v um

Fig. 1. Dark J-V curves and SEM images of Cdg4Zng ¢O/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 4Zng¢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.4Zng60O/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 Am = 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, Ji.= 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 Cdo.4ZnosO/p-Si heterojunctions can be
controlled by deposition potential and the HT condition.
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Fig. 3. Plots of photoresponse against wavelength for Cdg 4Zng O/p-Si heterojunctions
heterojunctions before HT depending on the cathode potential
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IJIEKTPOITPOBOAHOCTDH NOJYITPOBOJHUKOB B CJIABBIX
N CUJIBbHBIX DJIEKTPUYECKUX ITOJIAX
C.H. Capmacos, P.Ill.Parumos, E.M. MareppamoB
baxunckuii I'ocyoapcmeennwiii Yuusepcumem

ssarmasov@rambler.ru

Paccmompena  3asucumocms  91eKkmponpogooHocmu NAEHOK — PA3TUYHOU  MONWUHBI  OM
memnepamypul u INeKMPU4eckKo2o nos. 3a6UcCUMOCb NPOBOOUMOCINU OM MEMNePAMYPbl U HOISL MOHCHO
00BACHUMb KAK MEPMOITEKMPOHHOU dmuccuell, max u mooenvio Heiicebayspa u Beboa.

HccnenoBanne (U3MYECKUX TPOIECCOB, MPOTEKAIONIMX B TOHKUX IICHKAX METaJUIOB,
MOJIYIPOBOJHUKOB U JUAJIEKTPUKOB, TPEACTABISET OOJBIION HAyYHBIA M MPAKTHYCCKUN
uHTepec. TOHKHE TUICHKH IIMPOKO HCIIONIB3YIOTCS B MHUKPODJIEKTPOHUKE M JAPYTHX OO0JaCTIX
HOBOW TeXHUKHU. VX OTIMYUTENBbHON OCOOCHHOCTBHIO SIBISIETCS KOHEYHOCTH TOJIIUHBI, KOTOpas
MOXET UTpaTh PEHIAIOIIYIO POJIb BO MHOTHX (DM3MYECKUX MPOIECCcax, M MO CBOCU CTPYKType
TOHKHE IIJICHKH OTJIMYAITCS OT MAacCHBHBIX MarepuanoB. Ha ux ¢dopmupoBanue Oosbiioe
BJIUSIHME OKa3bIBAIOT HE TOJBKO TEXHOJIOIMSI HAHECEHWs, a TaKKe MaTepuas M CTPYKTypa
MOJIJIOKKH.

B cnabpIx SJEKTpUYECKHX TMOJIIX CKOPOCTh Apeida HocuTenel 3apsaa 3HAYUTEIBHO
MEHBIIE CKOPOCTH MX TEIJIOBOTO XaoTHU4eCcKoro ABmxeHus. [loatomy pacnpenenenue HocuTenen
3apsia MO0 DHEPTeTUYECKHM YPOBHSIM OYIET COOTBETCTBOBATH TEMIIEPAType KPUCTALTUUECKOM
pemeTkn.B CHITBHBIX AJIEKTPUYECKHX TMOJISIX CKOPOCTh apetia HocuTeNen 3apsiia cCousMepruMa co
CKOPOCTBIO HX TEIUIOBOTO JIBHJKECHHS, a 3HAYUT, B CWIbHBIX MOJSAX HOCHTENMW 3aps]ia Ha JIJIMHE
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cBoOOHOTO Tpobera A TPHOOPETAIOT PHEPTUU, COOTBETCTBYIOIIME KUHETHUYECKUM IHEPTHSIM
TEIUIOBOTO XaoTHueckoro nBmxkeHus [1]. B pesynbrate HOCUTenM 3apsjga pacupeielsitoTes 1o
OHEPTeTHYECKUM  YPOBHSIM, COOTBETCTBYIOIIMM 0Oojieeé BBICOKMM TeMIleparypaM, Yem
TeMIeparypa KpPUCTAUIMYSCKONW pemieTkn (MM paBHOM ei), KOTopas MPaKTHYECKH He
usMensiercs [2].

MeToa0oM MarHeTpOHHOTO HOHHOT'O PACHbUICHHS HAMH MOJTYyYEHBI METAJUIMYECKUE TUICHKH
TUTATUHBI ¥ HUKEJS PA3IUYHON TONIIUHBI TP TIOMOIIU pa3psijia B Cpelie aproHa 1 KUciaopoaa Ha
MOCTOSTHHOM TOKe. PaccrosiHre Mexmy MOJJI0KKOW M MUILIEHBIO BapbUPOBAIOCH B Mpeeiax 3-
llcm, mnpu »>ToM HampspbkeHue wu3Mensuiock ot 200 mo 600 B. HccnenoBanuch
3JEKTPONPOBOAHOCTh HECTUIONIHBIX IJIATHHOBBIX IUICHOK Pa3IMYHON TOJIIMHBI B 3aBUCHMOCTH
OT TEMIepaTrypbl W WU3MEHEHHUE DJJICKTPONPOBOJHOCTH TPU PA3JIMYHBIX TEMIepaTrypax B
3aBHUCHMOCTH OT MPHUJIOKEHHOTO TOJIS.

Ha puc.1 npencrasieHa S5KCMOHEHIIUAbHAS 3aBUCUMOCTH IIPOBOJUMOCTH OT TEMIIEPATYPhI
U POCT DHEPTUU AKTUBAIMH MPU YMEHBIIEHWW TOJIIUHBI TUICHKH, MOJaras JUAJICKTPHIECKYIO
NPOHHUIIAEMOCTh & paBHOU 3 (CpeaHee 3HAYEHHWE JUTS BaKyyMa U CTEKJA), JJIs TOHKUX IUICHOK
paBubiM 8A, a mus Tometeix I paBHO 25A. DTH 3HAYeHMS XOpOIIO COMIACYIOTCA C
MPEJICTABICHUSIMU O TOJICTHIX IJICHKaX. YeM MeJbue YacTHIIbI, TeM OOJIbIIe SHEePrusl aKTHBAIINH,
U 4YeM OOJIbIIe PACCTOSHUS MEXKIY YacTUIIAMH, TEM MEHbIIEC BEPOSTHOCTb TYHHEIUPOBAHUS.
BenuunHbl 4acTuIl, a TakXe 3a30p MEXIy HHUMU OOBIYHO OOJIbIE JJIsI MEHEe TYrOIUIABKHX
MaTepuaoB, 00jee BEICOKOH TeMITepaTyphbl OCRKICHUS U 00JIee IIIaKUX TOJJIOKEK.

Takum 00pa3oMm, NpH 33JaHHBIX YCIOBHSAX OCAKICHUS MOXKHO OIICHHTh NPOBOIUMOCTH
IPaHyJIUPOBAHHBIX IUICHOK. B CHIBHBIX JJIEKTPUUYECKUX TOJSIX MPOBOAUMOCTH CTAaHOBUTCS
HEOMHUYHOM, YTO OCOOCHHO 3aMETHO IMPH HU3KHX TEMIIEPaTypax U MOJUYUHSETCS 3aBUCHUMOCTH

exp VE (puc2) lgo
13 12 11 10
3.2 I I I I I I I
341 _
M i
=
S 36+ _
o
— | 7 —
T 381 _
4.0 <—— YMEHBUITOJII [UIEHKH ~ —
] ] ] ] ] ] ]

Puc 1. U3menenue SJICKTPOINPOBOAHOCTHU HECIJIOIIHBIX IMJIAaTUHOBBIX TIJICHOK
pasnuqﬁoﬁ TOJIIIMHBI B 3aBUCUMOCTH OT TEMIICPATYPHI.

3aBUCUMOCTH AJIEKTPOTIPOBOJHOCTH OT TEMIEpPaTypbl M AJIEKTPHUECKOTO IO MOXKHO
OOBSICHUTH KaK TEPMOAJIEKTPOHHOM SMHUCCHEH, Tak 1 Mojebpio HelireObayspa u Beboa [3]. Dta
MOJIETIb  XOpOIIO OOBACHSAET OOJNBIIYI0 YacTh OOMIMX XapaKTePUCTUK MPOBOIUMOCTH
IPaHyJUPOBAHHBIX IUJICHOK; BEJIMYMHA TPOBOJMMOCTH, BBIUMCICHHAs B TPEAINOJIOKCHUU
TUMMYHON TEOMETPUYECKOW KOH(PHUTypaluu YacTHIl, IMOJy4aeTCsl MEHbIIe HaOIogaeMol Ha
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OIBITE. OTO roBOpUT O TOM, 4YTO TYHHCHBHBIﬁ MMPOMCEIKYTOK KOpPOUYC pAaCCTOAHHSA MCECKAY
JacTuuaM, U BHUAUMO, CBHUACTCIILCTBYCT 00 OHpCHCHCHHOﬁ poiun HpHMCCCﬁ IOAJIOXKHN H

JIOBYLICK
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Puc 2. M3MeHeHHe 3JIeKTPOIPOBOJHOCTH HECIUIOMIHBIX HUKENIEBBIX IUICHOK IPH

PAsNIUYHBIX TEMIIEpATYpax B 3aBucuMocty ot  E (E-npunoxennoe nose).
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ASPE+xhac.%In,Se; KOMPOZITLORININ ELEKTRET XASSOLORI
R. A. Bayramov
Gonca Dovlat Universiteti
bayramov.ruslan86 @mail.ru

Bollidir ki, elextret almaq Ugln elextrik sahasinda yerlagdirilmig dielektrik miayyan xarici tasira
maruz dalir va bu tasir naticasinda yuklu hissaciklarin (elextronlar va ionlar) miqrasiyas: bas verir. Homin
tasirlar quzdirma, isiqlandirma, maqnit sahasi, mexaniki garginlik, radioaktiv sialanma va s. ola bilar [1-
3]. Taqdim olunan isdo ASPE+xhac.%In,Se; kompozitlarinin elektret xassalorinin tadgigindan alinmuzs
naticalor barada malumat verilir. Tadgigat Ucin nimunalar [4]-da tosvir olunan gaydada apariimegd:r.

Homin niimunalordon tac bosalmasi ilo elektretlorin alinma sxemi [4] isinds verilib. Homin
qurgudan istifado etmoklo kompensasiyaedici gorginlik oOlculir vo yuklarin sathi sixliglan
hesablanir.

ggU,

d 1)

Geff =

diisturu vasitosi ilo hesablanir. Burada oef - yiklorin sothi sixhglari(KI/m?), € - niimunenin
dielektrik niifuzlugu, o - elektrik sabiti (8.85-10"?F/m), Uy-kompensasiyaedici gorginlik(V), d-

elektret nimunoanin galinhgidir(m). cef=T(tsax) soklindo ifado olunmus eksperimental naticalorin

islonmosino asason InGerr
= tsaxl _tsax2 ) L\
Inog,, —INcu, (2) 0 o
S e o
e
-11F 2
Todgigat ASPE+xhac.%In,Ses : . : ‘
Incer

kompozitlorinin x=0, 1, 3, 5, 7 vo 10
giymatlorino muvafig olan nimunalorinds
aparilmisdir.  Alinmis  naticalorin  tohlili ' ‘ ) : ) ‘ 4
gOstorir ki, tomiz polimer osasinda alinmis
elektretin yasama muddati 78 giin, torkibinde P
1hacm% InySes olan niimuns asash elektretin - -0 e 5
yasama muddoti 48 gln, x=3 qiymatino Inoe
uygun kompozit osasinda elektretin yasama -

middoti 400 gin, x=5hacm%in,Se; olavali %

6

kompozit asasl elektretin yasama muddoti iso of T % % & 5% % g
klfayat Godar yuk039k-1194 gun olur: Olavenin Sok.1.ASPE+xhoc.%In,Se; kompozitlorinds yikarin
miqdar 7_V9 10/_0 olan elektretlorin yasama sothi sixhglarinin saxlama middatindon asilih-
muddatlori mivafiq olaraq, 178 va 154 gin g1 1-x=0; 2-x=1; 3-x=3;4-x=5; 5-X=7; 6-x=10

toskil edir. Noticolorin tohlili gostorir ki, asagi
sixhglt polietilena 5hacm%In,Ses yarimkegirici birlosmasindon slavs edildikds alinmis kompozit
osasinda elektretin yasama muiddoti tomiz polimerin yasama middstindon 4 dofs ¢ox olur. Bu iso
0 demokdir ki polimerloro vurulmus olavelorin migdarint idaro etmokls kifayoat qodor ylksok
yasama muddatino malik yeni torkibli elektret almag mimkuandur.

Elektretlori yiklorinin relaksasiyas: vo polyarlasmas: bu komiyyatlorin geyri tarazliq
xarakteri ilo olagodardir. Zaman kegdikco dipollarin istigamotlonmis doyismosi, polyarlasmis
bagli yiklorin moxsusi dasiyicilar ilo ekranlagsmas: geryi tarazlhiq dasiyicilarinin moxsusi
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elektrik sahasindo dreyfi vo bir sira digor proseslor daxili vo xarici elektrik saholarinin vo
elektretin soth potensialinin tadricon yoxa ¢gixmasina gatirir.

Relaksasiya, verilmis materialin elektret halinin tobistindon, onun sturukturundan, otraf
muhitin soraitindon (temperaturundan, ritubstdon, ionlagdirici stialanmanin mévcudlugundan,
mexaniki garginlikon, mikroorganizmlordon vo s.) asihidir [4]. Dipol oriyentasiyal
polyarlasmis elektretlordo relaksasiya, osason iki amildon asilidir. Ogor dielektriklords
moaxsusi dastyicilar yoxdursa ve onlarn kontakt  1zo0 4
elektrodlardan injeksiyas: geyri mumkindurss, onda ;|
relaksasiyanin ~ yegano  mexanizmi  dipollarin
istigamatlonmasinin  pozulmasina saboab olur. Bu
halda daxili elektrik sahasi, qeyri tarazligh  °°]
polyarlasmaya uygun golon qruplarin  dipol 00
momentlarinin oksina yonalir. Ona goro do bu daxili
sahs o dipollarin istigamatlonmasini pozmaga ¢alisir.
Qeyd edok ki, bu daxili saho dipollarin s 1 s 4 s 6 7

800 1

200 1

istigamatlonmasi hesabina yaranir, digar torafdon do Sok.2. ASPE+xhac.%In,Se; polimer kompo-
bu istigamotlonmoni pozmaga ¢alisir. Yani, noticodo zitlorinin yasama maddstlorinin In;Ses
0z-6zini mohv edir. Bu da geyri tarazhqg halinin doldurucusunun hacmi torkibindan

asililigy, burada 1-x=0; 2-x=1; 3-x=3;

xarakterik xususiyyatidir. 4 x5, 5x=T: 6x=10

Verilmis  temperaturda dipol gruplarinin
yurukliyinin olmamas: dipollarin  formasina manecilik  torodir. Dipol qruplarinin
yuruklayinin olmamasini birmonal gobul etmok olmaz. Prosesin statik xarakter dasidigini
nazora almaliyig-¢cox boyik gdzlomo miiddstindon daha ¢ox middati arzinds fluktasiyalar bas
vers bilor. Bu zaman bu va ya digor qrup miayyan bucaq altinda dons bilor. Ona goro istonilon
mitloq sifirdan forgli temperaturlarda dipol gruplarinin istigamatlonmasinin pozulmas: prosesi
cox yavas bas verir. Mohz bu amil elektretlorin aylarla vo hatta illorlo mévcudlugunun sabobidir.
Temperaturun artmas: ilo dipollarin yarikluyu ve ayri-ayri dipollarin istigamatlonmosinin
dayismasi ehtimali artir. Relaksasiya oblastinda isa masalan, polimerin siisolosmasi zamani bitiin
dipollar firlanma momenti gazanirlar. Ona gors do polyarlasmanin relaksasiyas: onlarla, yizlarlo,
min dofalarlo stratlonir.

Ogor dielektriklordo ¢ox kigik konsentrasiyali moxsusi yukdastyicilar vardirsa, onlar
elektretin daxili sahasindo horokot edorok, sathlords yigilir, ekranlsir vo ya istigamatlonmis
dipollarin bagli yuklorini kompenss edirlor. Dipollarin  6zlorinin istigamotlonmis halda
galmalarina baxmayaraq, dielektrikin polyarlasmas: yox olur, relaksasiya bas verir. Hoagiqi
istigamatlonmis polyarlasmis elektretlorin istifado muddatini artirmaq ugiin nimunalarin gisa
gapanmasindan istifado olunur. Bu zaman nimunoanin daxilinds elektrik sahosi sifira borabor
olur. Bu iss relaksasiyani nozors garpacaq doracads zoiflodir. Ovveallor mumdan hazirlanmis galin
elektret 16vholor metallik folgaya bukulirdi. Yukin vo potensialin relaksasiyas: xarici amillorin,
har seydon ovval temperatur vo ritubatin tasiri ilo suratlonir. Temperaturun tasiri relaksasiya
mexanizimdon vo elektret halinin tobistindon asili olarag muxtalif clr izah olunur. Masalon,
ogor relaksasiya dipollarin ekranlasmas: vo ya moxsusi yuklorin geyri taraz mudaxilasi ilo bas
verirso, temperaturun tosiretmo sobabi moxsusi yuklorin konsentrasiyasinin temperatur artdigca
artmasidir, bu halda ion dielektriklords ionlarin yurukliklori shomiyyatli doracods artir. Bu
dipol polyarlasmasina ugramis dipol momentino malik olub, elektret effekti ticiin gruplarin,
segmentlorin vo digar kinetik vahidlorin istilik harakatlorinin intensivliklarinin temperatur
artdiqca artmasi ilo olagodardir. Polyarlasmanin relaksasiyas: relaksasiya vo faza kegidi
oblastlarinda yiiksak siiratlo bas verir, bu zaman bu va ya digar kinetik vahidlorin yarukliklori
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artirir. Ogor elektret tololor torafindon tutulmus olavs yiklordon toskil olunmusdursa, onlarin
tolalords saxlanma muddotlori 7, temperaturdan vo tolalorin darinliyindon asilia olur.
Yukdasiyicilarin talslorden azadolma tezliyi

1
('Ot = (3)
Tt
Bolsman ganununa gors tayin edilir.
E
= W, BXP| ——= 4
wt wto p[ ij ()

burada, @, - tezlik amili, E.-tolonin energetik dorinliyidir. Tolodon ¢ixan yukdasiyicilar

elektretin daxili sahoasinds horokat edir. Bu zaman o, isaroco oks olan gars: elektroda kego vo
digor talalar

torofindon tokrar tutula da bilor. 7, tokrar tutulma muddoti adlanir. 7 va7, ¢ox genis
intervalda doyiso bilir, tololorin konsentrasiyasindan, tutma kasiklordon vo s. amillordon asili
olur.

Qeyri taraz materiallarda, masolon, polimerlordo muxtolif darinlikli vo muxtalif tezlik
amilli ¢coxsayh tololor movcuddur. Aktivliosmo enerjisi vo tezlik genis giymotlor intervalinda
kvazi-kasilmoz paylanir. Amma ¢ox zaman aktivlosmo enerjilori bir nego xarakterik giymotlor
otrafinda gruplasirlar ki, bu da kobud yaxinlasmada bir vo ya bir nego tololor modelindon
istifado etmoys osas verir. Sonuncu disturdan goriindiyu kimi azadetmo tezliyi temperaturdan
asili olaraq eksponensial ganunla artir, buna muvafiq olarag, tutma muddsti azalir. Hotta darin
tololordon bels yiikdasiyicilarin azad olmasi baslayir vo onlar 6z moxsusi elektrik sahasindo
dreyf horokoti edorak, elektret halinin relaksasiyasina sobob olurlar. Polyarlasmada oldugu kimi
geyri taraz hal 6zunu dagidir. Relaksasiya artdiqca, saho zaifloyir, nimunsnin geyri taraz
yuklari yox olur. Aydindir ki, bu proses donmayon olur. Kombina olunmus elektretlordo hom
injeksiya yukdasiyicilar, hom do moxsusi kegiriciliklo olagodar olaraq, relaksasiyasinin
muxtalif mexanizmlori misahido oluna bilor. Belo elektretlor adoton xususi olaraq alinmur,
materialin elektriklonmasi prosesinin tosadufi noticolori kimi meydana ¢ixir.
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LANTANOID 9SASLI BORK MOHLUL KRISTALLARI VO
ONLARIN ALINMASI
M.B. Cafarov, N.9. Verdiyeva
Gonca Dovlat Universiteti

Bark cisim elektronikas: va fizikas: yeni yarimkecirici materiallar:n axtarisini, ham da mdvcud
materiallarin fiziki xassalorinin daha atrafl: dyranilmasini talob edir. Bu baximdan son zamanlar bark
moahlullarin elektrik va istilik xassa/arinin todqigina maraq xeyli artmusdir. Bu birlogmalor vo onlar
asasinda  alinan bark mohlullar asasinda yaxin infraqirmizi sialanma, rentgen, gamma, neytron
sUalanmalarmn detektorlarz, glinas enerji ceviricilori, termoelementlor, yaddagsii geviricilor va s. kimi

cihazlar iglonib hazirlanmigdir.Ln va In atomlar: TILnXY vo TIInX}' tipli birlosmalords  iig-

valentlidirlor vo onlarmn ion radiuslar: yaxindir. Ona géra da TIInX%’I tipli birlagmalorda indium

atomlarm:n tadrican lantanoid atomlar: ilo avaz edilmasi yeni yarimkegirici xassali vo daha genis xassalor
spektrina malik birlagma va bark mahlullar alda etmak imkan: yaradr.

Keyfiyyatco yeni naticalor oldo etmaok moagsadi ilo bark mohlul kristallarmn alinma,
monokristallarn yetisdirilma texnologiyalarin tokmillagdirilmasi, fiziki xassalarinin hartorofli todgiqi
va alnmig materiallarmn mimkin totbig sahalorinin muayyanlagsdirilmasi yarimkegiricilor fizikas: ¢lin
xUsusi ahamiyyat kasb edir.

Lantanoidlor elementlorin dovri sisteminin 6-c1 dovrinds lantandan sonra yerloson 14
kimyavi elementdon ibarot fasilodir. Lantanoidlorin gismon dolmaga baslayan 4f- toboagosinin
olmas1 va hamginin bu birlosmoalorin spesifik magnit xassalori onlart elm va texnikanin muxtolif
saholori tgun perspektivli edir [1, 2].

Oksar elementlordo 4f- tobagosi atomda kifayat godor dorindo yerlosdiyindon va onunla
bagli magnit momenti tamamilo lokallasmis olur. Lantanoidlorin elektron quruluglarinin
xususiyyatlori onlarin daxil olduglan kristal gofasin xassslorinin kaskin doyismasine sabob olur.
Lantanoid ionlarina tgvalentlilik daha ¢cox xarakterikdir vo onlarn asagidaki xisuisyyatlori daha
xarakterikdir.

1. Lantanoidlorin elektron xassslorini miisyysn edon 4f elektronlar: dolmus 5s%5p° —
tobagalor ilo digor ionlarin tosirlorindon ekranlasmig voziyystdo oldugundan onlara digor
atomlarin guclu tosiri yaranmur.

2. Elementin 4f —tobogosinin elektronlarinin spinorbital tosirlori digor garsiligh tesirlors
nazoran daha gucludur.

Lantanoid siras: daxilindos kristallik qurulus ardicilhiginda lantandan baslayarag litesiuma
qodor bir sira maraql xususiyystlor askara ¢ixir. Bork fazada metallar t¢un bitun ¢ normal
metallik modifikasiya, six kiplogsmis ikili heksagonal struktur vo homginin sm-tipli struktur
musahida olunur.

Odobiyyatda [3, 4] mioyyan olunmusdur ki, yevropium va itterbium mustosna olmagla,
lantanoidlorin atom hacmi vo orta ion radiusu atom némrasinin artimi ilo mintozom azalir vo bu
effekt lantanoid sixilmas: adlanir. Yaranan bu effekt 4f-elektronlarinin digor elektronlarla
natamam ekranlanmast ilo alagodardir. Yevropium mistoesna olmagla, bitiin lantanoidlor normal
temperaturlarda ug¢ tip atom layindan ibarat struktur bloklari ardicilligi kimi tosavviir oluna bilon
six kplasmis struktura malikdirlor. Aydindir ki, bu laylarin hor biri digor laylarla translyasiya ils
olagodardir. Agir elementlorin gofos parametrlori, gadolinium vo itterbium mistosna olmagla,
lantanoid sixilmast ilo kifayat godor yaxsi uzlasirlar. Qadoliniumun gofas parametrlorinin anomal
giymatlori, bu metalin digar lantanoidlordon fargli otaq temperaturunda ferromagnit nizamliligina
malik olmas: fakti ilo slagslidir. Kristallografik oxlarin c/a nisbati agir lantanoidlordo Gd ugin
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1,590-dan Lu dgiin 1,586-ya kimi Ho vo Tm arasinda toxminon 1,571 tortibinde minimumdan
kegorok doyisir. Nisbotlorin bu giymatlori six kiplosmis sfera igiin c/a=(8/3)¥?=1,633-ideal
giymatindan bir godor azdir.

La, Pr vo Nd otaq temperaturunda ikili heksagonal struktura vo PG3/mmc(D6“n) foza

grupuna malikdirlor. Bununla bels, bir godor yuksak temperaturlarda lantan Fm3m(0,f) foza

grupuna malik, Gzlordo morkazlogmis kubik modifikasiyaya malik olur. Samarium ancaq bu
elemento xas olan R3m fsza qrupuna aid romboedrik struktura malik olur ki, buna da yuksok
tozyige moruz galmis lantanoid orintilori vo metallarda rast galinir.

Yevropium Vo itterbium elementlorindo miintozom lantanoid sixilmasindan boyulk
konaragixmalar musahids olunur. Tomiz lantanoidlarin strukturlar: butiin sira boyunca lantandan
baslayaraq lutesiuma qodor sistematik doayisir. Agir vo ylngil lantanoidlorin  mivafiq
arintilorinds araliq strukturlar olds etmok olur ki, bu orintilorin strukturu ilkin komponentlarin
strukturlar: arasinda aralig mévge tutur.

Lantanoidlorin, xususon do yaridan artiq dolmus 4f —tobogoli lantanoidlorin bir ¢ox
xassoalori ionlarin magnit momentlorinin garsiligl: tasirino asaslanir. Adaton forz olunur ki, 4f —
tobagolori kifayst godor kompaktdirlar vo onlara yaxin yerlosmis 5s5p —tobagolori ilo yaxsi
ekranlagmislar, ona gors do 4f- elektronlarinin gonsu ionlari shato etmosi imkan: praktiki yoxdur.
Ona gors do 6s6p5d —elektronlar: vo hamginin gapali 5s5p —tabagolarinin elektronlarinin istiraki
ilo alavs tasirlor meydana ¢ixir. ©n konar 6s6p5d- elektronlar: kegirici zona omals gotirirlor ki, bu
da lantanoid ionlarina bork cisimlords Ugvalentlilik verir. Bu tobaqgonin xususiyyatlori ionlar
arasindaki garsiligh tasirlorda holledici rol oynayir vo onlarin magnit xassalorini muayyanlogdirir.
Basga metallarda oldugu kimi onlar hamginin lantanoidlor va onlarin daxil olduglar: birlosmo vo
bark moahlullarin elektrik, optik xassalarini formalasdirir, dasinma hadisalorinds muhim rol
oynayairlar.

TISe-Tl,Se; tipli gofaslordo yarimkegirici parametrlori idaro etmok mogsadi ilo tgvalentli
tallium atomlarin1 digor atomlarla ovoz etmok boylik marag koasb edir. Lantanoid atomlart bork
cisimloro do adoton ugvalentlilik gostorirlor, onlarin ion radiuslart da indium ionlarinin
radiuslarina yaxindir. Ona goOro do TISe gofoslorinds uygun ovozlomoni hoyata kegirmoklo
asagidaki sxem Uzrs yeni birlosmo vo bork mohlullar alinmisdir [5].

TI'T%8,%(Se,, Te,?)— T In*S,%(Se;? Te,? ) — T1 In¥, Ln¥' S, (Se;? Te,? ) —
T In%Ln*S,2(Se,?, Te,? ) - TI*In*s,?(Se;2, Te,?)

Bu birlosmolordo halkogenid atomlarmin xarici elektron tebagesi Tl-un 6p*, indiumun
5s%5p* va lantanoidlorin 5d'5s* — elektronlar: hesabina neytral argron, kripton va ksenona kimi
tamamlanir. Rasional avozetmo prinsipi osasinda alinan TlInTe-TILnTe; Uggat birlosmolori [6,
7] islords todgiq olunaraq miayyan olunmusdur ki, bu sistemlords ilkin komponentlor asasinda
genis hallolma oblastlart da misahids olunur vo 1:1, dordgat birlogsmolor yaranir.

Maddslorin tomizliyini yuksaltmok, monokristallar yetisdirmok vo asgarlamaq gtin asas
metodlardan biri mohlullardan kristallasmadir. Monokristallarin  keyfiyysti onlar osasinda
hazirlanan yarimkegirici cihaz vo elementlorin xtsusiyystlorini miiayyan edir. Mahz ona gors do
tolob olunan xassoloro malik yarimkegirici element vo cihaz hazirlamaq mogsadi ilo mirokkab
monokristallarin yetisdirilmosi texnologiyasinin islonib hazirlanmasi, onlar osasinda yaradilan
element vo cihazlarin keyfiyyat vo maya doyarini mioyyanlosdirir.

Yarimkegiricilorin sintezini 3 qrupa bolmok olar: diizxstli sintez metodlari dolay: yol ilo
sintez metodlar: vo gaz aparict reagentlor vasitosi ilo qaz fazasinda sintez. Vakuum soraitindo
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aparilan sintez 2 temperatur rejimins bollndr. Qarsiya gqoyulmus masoaladon asili olaraq todgigat
isinda dizxatli sintez metodundan istifado etmisik. Bu metodun dstinliyd sintezin prosesinda
stexometriyan: almagin ¢ox asan olmasi, sintez cun istifado edilmis cihazlarin mirokkob
olmamasi, alinan nimunoanin yiiksok tomizliys malik olmasidir. Bir temperaturlu bir xatti sintez
yalniz bircins tarazhq soraitindo omalo golon birlosmalords istifado olunur. Yani torkib tocribi
olaraq tozyiqdon asili deyil vo T-X diagramin1 bilmak kifayatdir ki, miioyyan sistemi almagq tgin
onun sintez rejimini segason. Yuxarida geyd edilon sintez metodunun stlnliklarindan biri do bu
metodla perimetrik fazalar vo birlosmalor almagin mimkiin olmasidir. Bu metodla yiiksok arimo
temperaturuna malik olan birlogsmolor vo perimetrik fazalarin disiosasiya tozyigino malik olan
birlosmoalari sintez etmok mumkdnddr.

Tadqigat isinds ilkin komponent olaraq 99,99 % tomizliys malik Tl, 99,99 % In, 99,5% Eu,
99,99 % S elementlori goturilmasdir. Sintez aparilmasi monokristalin yetisdirilmo  kvars
ampulalardan istifado olunmusdur. Ampulalar: tomizlomok Gglin onlara xrom garisigi (bixromal
kalini sulfat tursusunun K,Cr,O7 +H,SO,) ya da HF plavikoy tursusu ilo tomizlonir. Tomizlonmis
ampulalara analitik torozide Gokilmis kompanantlori slave edib, ampula 1,33-102 Pa tozyigi
alinana godor vakuum soraitini saxlanilir. Qeyd etmok lazimdir ki, TlInSe; vo onun osasinda
arintilor almaq Uciin sintez bir temperaturlu silindrik formada olan diametri (2,3-2,5)-10?m olan
ovalalt: kvars ampulalardan istifads etmisik. Ampulanin divarini qalinhig (0,1-0,2)-10?m va
uzunlugu 0,15-1,20 m tartibinds olmusdur.

Orintini oritdikdon sonra onu vaxtasiri garisdiraraq (~3-4-10° san siirstlo) miisyyan
temperaturda saxlanilir. Ondan sonra ampula madds ilo bir yerds 0.01-0.03 K/san sirati ilo 100-
150 K temperatura godor soyudulur (Yoni sintez edilon maddanin oarimo temperaturundan asagi).
Sonra pe¢ sondurilur va sintez olunan madds séndirtlmus pecds soyudulur.

TlInS; birlosmalorinin sintezi Bricmen Stokbarger Gsulu ilo aparilmigdir. Kvars ampulalar
uzunlugu 0,23-0,25m va 0,05-0,1m vo diametri (2,0-2.5) -10°m, (5-10)-10m vakuum soraitindo
10-15° bucaq altinda oyilmis peco yerlosdirilir. Elo yerlosdirmok lazimdir ki, ampulanin 1/3
hissasi havada qalsin. Pegin qizdirma surati 0,16-0,20 K/san-dir. Nimunani belo yerlosdironds
halogenin buxarlarinin bir hissasi Tl va In ilo reaksiyaya girir, o biri hissasi iso ampulanin soyuq
hissasindo kondensasiya olunaragq tozodon reaksiya gedon hissoyos tokilur. Adaton halogen
buxarinin ¢oxlugu pegin isti hissasindo ampulada tozyiqi goxaldir, noticodo partlayisa sorait
yaradir. Belo bir vaziyyati aradan gotirmok uglin biz ampulanin bas hissasini diametrinin 6lglsu
goador irali dogru aymisik. Belo bir hal halogen yigilmas: tGglin mioyyan bir ¢okoklik omolo
gotirir. Bu da maye hala kondensasiya olunur vo ampulanin igarisino tokilo bilmir. Bu ¢okoklik
pecin dibindo (2-3)-10% m mosafodadir. Belo bir vaziyyatdo halogen buxarlanir vo reaksiya
zonasina ampulada tozyiq asag diisondo girir. Yani halogen o hissacikls reaksiyaya girir ki, hansi
ki, reaksiya zonasinda yerlosir. Kompanentlarin bir-biri ilo slagoys girmo reaksiyasinda todricon
ampulani pecin igarisina yonoldirik. Orintini periodik olarag qarisdirmaq tciun ampulant ox
Uzorindos firladarag, arintinin soyutmas: da sondiriilmis pecds , ya da yavas soyutma (0,016-0,05
K/san) programi ilo aparilirdi. ©rintini bu sirstlo 0,08-0,22 K/san soyutdugda xirda kristallik
nimunalar omolo golir. Digor torofdon sintez olunmus kristalin Olgulori soyutma suratini
azaltdiqda boylyurlor. Tacriibs zamant musyysn temperaturlarda halogebn atomlarinin migdarini
nozors almaq lazimdir. Vakuumlasmis ampulan: bir temperaturlu elektrik pego goyurug,
tocrubonin davamliligi empirik yolla mioyyon edilnisdir. Bu muddot 100-120 saat tartibindo
olmusdur. ©moalo galmis birlosmalorin halogen torkibini vo strukturunu rentgen difraktometr
usulu ilo DRON- 3 aparatinda muayyan olunmusdur.

Mikrostruktur, diferensial-termik va rentgenofaza analizlorinin naticslorino asason TlInS,-
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TIEuS; sistemlorinin hal diagramlar: qurularaq bark mahlul oblasti muayyan olunmusdur. TIInS,-
TIEuS, -do otaq temperaturunda 9 mol.%-o0 kimi, hall ola bilor. Hor iki sistemds ilkin
komponentlorin barabar 1:1 nisbatlorinds kongruent ariyan yeni dordgat birlosmalor TILInEuS, vo
Tl2InEuSe, ahinir. Rentgenogramlarin analizi gostordi ki, TlIng.<EuxS; bark mohlul birlosmalori
ilkin T1INS,(Sey) tggat birlosmalori kimi tetragonal sinqoniyada kristallasirlar, lakin onlarin gafas
parametrlori TlInS;(Sey)-don kaskin forglonirlor. Qofos parametrlori hoallolma oblastlarinda
Veqard ganununa muvafiq olaraq torkibds TIEuS,(Sey) birlogsmasinin nisbi migdarinin artmast ilo
additivlik ganunu Gzrs artir. TlHInS,-TIEUS; sisteminds bu oblast 0-9 mol.% TIEuS,-ni ohato edir.
Hor iki sistemdo gostorilon interval xaricindo Vegard ganunundan konara g¢ixmalar misahida
olunmaga baslayir [8]. Rentgenogramlarin tohlilindan aydin olur ki, TlInS; birlosmasindon Tlin;.
xEUxS2 bark mohlullarina kegdikca torkibds yevropiumun nisbi migdarmin artmas: ilo elementar
qofas parametrlori mioyyon hoddo godor Xotti boylylr. Bu da yevropium atomlarnin ion
radiuslarinin indiumun ion radiusuna nisbaton daha bdylik olmasindan irali galir. Tadgiq olunan
torkiblordo ilkin komponent TIINS, birlosmosinoe moxsus tetragonal singoniya saxlanilir,
elementar gofasdoki atomlarin say1 dayismir, bu da onu sdylomoyo osas verir ki, 0+9 mol.%
TIEuS; intervalinda otaq temperaturunda T1InS,-TIEUS, sistemi mdvcuddur. Rentgenogramlarin
tam tohlili gostorir ki, miayyan haddo godor bir elementar gofaso diison atomlarin sayr da
doyismoz qalir vo bu gonasto golmok olar ki, TlInS,-TIEUS, sisteminds otaq temperaturunda
TlINS, tetragonal gofasi osasinda 0+9 mol.% TIEuS; intervalinda TlIny..4Eu,S, torkibli bork
mahlullar mévcuddur.
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Eu ATOMLARININ TlInSe,-TIEuSe, SISTEM BORK MOHLUL

KRISTALLARINDA KECIRICILIYIN MEXANiZMINO TOSIiRi
N.S. Sardarova

Sumaay:t /froeram Ynusepcumemu
naile.545@mail.ru

Elektron sonayesinin inkisafi praktik oshomiyyatli yarimkegirici materiallarin alinmasini vo
onlarin fiziki xassalorinin otrafli dyronilmasini tolob edir. Bu mogsadlo torkibinds lantanoidlor

olan bark mohlul kristallar xiisusi shomiyyoto malikdir. Odobiyyatdan [1] malumdur ki, berk

mohlullarin ilkin komponentlorindo maddsnin elektrik vo istilik xassalori ilo bagli musahido
olunmayan bir slra effektlor onlarin asasinda alinmig murokkab torkibli bark mohlul kristallarinda
misahids olunur.

Adoton mikrosoyuducu elementlorin hazirlanmasinda daha ¢ox bismut, sirmo va tellur
komponentli halkogen boark mohlul ssasinda hazirlanmis termocevricilordon istifads olunur.
Odabiyyatda termoelektrik materiallarin keyfiyyot omsalin1 artirmagq mogsadilo onlara miayyan
faizli konar element asgarlarinin vurulmas: toklif olunur. Bu mogsadls lantanoid elementlori daha

ohomiyyotlidir.  Ona goro do TlInSe,-TIEuSe, sisttm bork mohlul kristallarinin

monokristallarinin alinmas: vo onlarin fiziki xassalarinin todqiqi praktik oshomiyyat kasb edir.
Odobiyyatdan [2] moalumdur ki, torkibinds lantanoidlor olan bark mohlul kristallar hotta

yuksok temperatrurlarda belo 6z yarimkegirici xassalorini saxlayir, yuksok orimo temperaturuna,

boylk mexaniki gorginliys, yiksok termoeffektliyo malik olurlar. Torkibo daxil edilon vo In

atomlart TILnX}' vo Tlin X' tipli birlosmoalords tigvalentlidir vo onlarin ion radiuslar: yaxindar.
Masolon, 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 tortibindadir. Ona gors do TILnX}' tipli birlosmalords indium atomlarinin

todricon lantanoid atomlar: ilo avoz edilmasi yeni yarimkecirici xassali vo daha genis spektral
xassalora malik birlogsma va bark mohlul alds etmoak mimkindr.
Isdo TlinSe,-TIEuSe, sisteminin birlosms vo bark mahlul monokristallari zona aritms Usulu

ilo alinmis vo kristallarin monokristallig: rentgenografik tohlillo miayyan olunmusdur.

Rentgenografik tohlildon musyyan olunmusdur ki, alinan Kkristallar ilkin TlInSe,
birlosmoasina uygun olaraq tetragonal sinqoniyada kristallasir vo gofos parametrlori tarkibinds Eu
atomlarinin artmasi ilo artir vo Tlin_,Eu,Se, bork mohlul kristallari TlInSe, birlosmasindo
indium atomlarinin miisyyan gayda ilo EU atomlari ilo avaz olunmast ilo alinir.

Tadqiq olunan TIInSe,-TIEuSe, sistemi U¢lin uygun konsentrasiya torkibinin 0+15 mol %
interval: Gguin hal diagram: qurularag miayyan olunmuedur ki, TIEuSe, birlosmosinin maksimum
holl olmasi 11 mol % tortibindadir.

Tlin,_,Eu,Se, bork mshlul kristallarnin osas xarakterik xtsusiyysti kristal gofssinds
yiiksok konsentrasiyal vakant yerlarin olmasidir. Belo tutulmamis yerlorin konsentrasiyas: ~10"-
10% sm™ tortibindo olub, gadagan olunmus zonada miixtolif tobiotli lokal soviyyslor yaradir [3].
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Toadgig olunan kristalin yarimkegirici xassalori bir sira xaraterik parametrlordon — gadagan
olunmus zonanin qurulusundan, yiikdastyicilarin sopilmo mexanizmindon koskin asilidir. Belo
xarakterik komiyyatlor todqiq olunan materiali digor materiallarla mugayise etmoyos bu
materiallarin totbiq sahasini miosyyanlosdirmays imkan verir.

Tlin,_,Eu,Se, bark mohlul sisteminin istilik xassslorini xarakterizo edan istilikkegirma va
termoelektrik kamiyyatlor arasindaki slagoni miayysn etmok mogsadilo bark mohlul sisteminin
mixtolif torkiblori Gglin istilikkegirma, elektrikkeciricilik termoelektrik harokot quivvasi 100-700
K temperatur intervalinda todqiq olunarag bu birlosmalor  ¢lin termoeffektlik muoyyan
olunmusdur.

Qadagan olunmus zonanin eni kegiriciliyin temperatur asililigimnin yiksok temperatur
intervalindan toyin olunmusdur. o(T) asililigindan musyyan olunmusdur ki, terkibde Eu
atomlarinin artmasi il nimunanin maxsusi keciricilik oblastina uygun gadagan olunmus zolagin
eni azalir, noticado desiklorin konsentrasiyas: artir. Zona nozariyyasina goéro gadagan olunmus
zonanmn eninin azalmas: vo elementar gofosin parametrlorinin artimi1 valent zonada uygun
saviyyalarin pargalanmasi ilo olagodardir. T > 300K temperaturda yikdasiyicilar asason akustik
fononlardan sopilir.

Mioayyan olunmusdur ki, temperaturun artmasi ilo avvalco kegiriciliyin mitloq giymati artir
vo 500+650 K intervalinda maksimuma catir vo temperaturun sonraki artiminda moxsusi
keciriciliyin yaranmas: ilo todricon azalir. Todqig olunan kristallar Gctin termo e.h.q.-nin
temperatur asililiginin  mirokkob xarakteri kristalin gadagan olunmus zonasindamioyyan

xarakterli tutma markazlorinin olmasi ilo olagodardir. Mixtalif torkibli Tlin, ,Eu, Se, bark

mohlullarnin monokristallar nimunslordo 100-600 K temperatur intervalinda laylara paralel
istigamotdo istilik kegirmo omsahnin temperatur asililigi todgiq olunmusdur. Istilikkegirma
omsal: stasionar rejimds 6lgilmusdir. Miayan olunmusdur ki, temperaturun artmasi ilo hor Ug
torkibli niimuna (glin istilikkecirmo omsali azalir. istilikegirmo omsalimin ododi giymoti do
torkibdon asili olaraq doyisir. Istilikkegirmonin elektron komponentinin nozars alinmayacaq
doracads kigik olduguna gors todgiq olunan kristallarda istilik enerjisinin fononlarla verildiyini
gobul etmok olar. Oyronilon kristallarda fononlarin sopilmosinds asas rolu noqtovi defektlordon
ucfononlu sopilmo (u-proseslor), bork mohlullarda iso hom gofosdon vo ham do ndqgtovi

defektlordan sapilms toskil edir [4].
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TIInTe, KRISTALININ SUPERION KECIRICILIY1
X. Fatalizads, Y.Q. Nurullayev, N.F. Qahramanov
Bak: Dovlat Universiteti

Superion kegciricilarin asas forqlondirici xarakteristikasz, onlarmn termodinamik xutsusiyyatlorila
bagl: olub anomal yiksak ion keciriciliyino malik olmasidir. Bark cisimlords ion kegiriciliyi néqtavi
defektlorin (masalon duyunlor aras: ionlar) migrasiyas: hesabina yarandig:ndan, kegiriciliyi toyin edan
asas faktorlardan biri bu defektlorin konsentrasiyasidir. Superion kegiricilorin termodinamik va kinetik
xassalorini sorh etmok Uglin muasir tasaviirlordo ¢oxlu sayda ideyalardan istifada olunur. Superion
keciricilorin asas farglondirici xarakteristikas:, onlarmn termodinamik xususiyyatlorilo bagli vo 06z
tabiatlorilo alagali anomal ylksak ion kegiriciliyino malik olmaswdir. Bark cisimlarda ion kegiriciliyi
ndgtavi defektlorin (masalon diyinlar aras: ionlar) migrasiyas: hesabina yarand:gindan, kegiriciliyi tayin
edan asas faktorlardan biri bu defektlorin konsentrasiyasid:r.

Elektron sonayesinin inkisafi yarimkeciricilor texnologiyasinda siratli inkisaf; mixtalif
toyinatl elektron ceviricilori, elektrik gidalandirici mikrobatareyalari, nanoelektronika tglin
superkondensatorlar, ifrat yuksok tutumlu kondensatorlar (ionistorlar), yaddas elementlori vo
muxtolif toyinatl cihazlara olan toloblori daim artirir. Yarimkecirici materiallarin - moasir
texnikanin mixtalif sahslorinds, o climlodon nanotexnikada genis praktiki totbiqi, torkibindo
mixtolif xarakterli asqarlar, radiasiya defeklori vo digor geyri-bircinsliliklor olan kristallarin
Oyronilmosini tolob edir. ©dabiyyatdan [1, 2] molumdur ki, kristallarda movcud olan muxtslif
nov defektlor kristalin dielektrik xassalorine vo elektrik kegiriciliyinin temperatur asililigina vo 0
ctiimladan kristallarin ion kegiriciliyina gucli tasir edir. Yuksak ion kegiriciliyino malik olan bork
elektrolitlor butovlikdo istilik elementlorin, qaz vo maye sensorlarlarin, miniatur
akkumulyatorlarin yaradilmasinda ovoz olunmazdir. Mshz buna goro do belo maddoslorin effektiv
axtarilmas: kondenso olunmus mihutlords vo muasir texnologiyanin inkisafinda sirstli ion
kdglrmalarinin dyronilmasine marag: daim artirir.

Hazirda yuksok ion kegiriciliyino malik olan materiallar mixtolif qurgularda funksional
elektrodlar kimi istifado olunur. Bu materiallardan muxtalif sensorlarin torkibinds vo giinas
elementlorindo  kigik olgulu enerji tutumlu corayan monbolori kimi istifado olunur. Bu
materiallarin totbiq saholorinin perspektivlorindon biri do istilik enerjisini elektrik enerjisino
ceviron qurgularda istifado etmoyin mumkunluyudir. Muasir mikroelektronikanin inkisafi eyni
zamanda hom elektron, hom do ion kegiriciliyino malik olan yeni yarimkegirici materiallarin
alinmasina ehdiyaci artirir. Coxlu sayda mirokkob quruluslu halkogenid birlogmalor nishaton
asag1 temperaturlu ion kegciriciliyino malik olmalarina baxmayaraq, bu xassolor todgigatgilar
torafindon az todgiq olunmusdur. Hazirki dovrds materialsiinasliq t¢un vacib olan materiallarin
hom elektron, hom do ion kegiriciliyinin eyni zamanda genis temperatur intervalinda 6yronilmasi
aktualdir. Bu baximdan superion birlosmolor daha perspektivlidir. Superion birlogsmalar geyri-
nizamli materiallar sinfino aiddirlor. ©dobiyyatdan [3] homginin moalumdur ki, stualanma
noticosindo yaranan radiasiya defeklori materiallarin nizamsizligini artirrr. Ona goro do
ionlagdirict  stialarin - maddslorin - superion  xassalorino  tosirinin - @yranilmasi  radiasiya
materialstinaslig G¢tin xtsusi shamiyyato malikdir.

Todgigat isindo TlInTe, kristalinda elektron vo ion keciriciliyinin xususiyystloring
baxilmisdir. Hazirda ¢oxlu sayda yuksok ion kegiriciliyino malik olan bark elektrolitlor sintez
olunraq tadqiq olunmusdur. Onlar butovliikds bork cisim elektronikasinda istilik elementlatinin,
gaz vo maye sensorlar, miniatiir akkumlyatorlarin yaradilmasinda avoz olunmazdirlar. Superion
keciriciliyinin amoalo golmasi an ¢ox materiallarin struktur xisusiyyatlorindan asili olub ionlarin
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yaxin energetik krystallografik vaziyystlordo horokot edo bilmosi (gln, elementar gofosdo
yerdayison, potensial mobil ionlarin sayr imumi ionlarin sayindan ¢ox olmalidir. Homginin
kristalik gofosdo pozisiyaya gOro nizamsizlasma enerjisi vo horokoto sorf olunan enerji kT
tortibindo olmalidir. Qonsu vaziyyatlor arasindaki energetik gopor elo olmalidir ki, kristalik
gofasda bos olan yerlords, mobil ionlarin icazo verilmis vazistlords statik paylanmasi mimkin
olsun [4].

Kristalda superion halinin yaranmas: Uglin asagifaki kristallokimyavi sortlorlorin olmasi
vacibdir:

a) anion-kation arasindaki mosafo onlarin ion radiuslari comindon bdyik olmahdir ki,
onlarin garsiligh yerdayismasi U¢tin imkanlar yaransin.

b) qurulusda yiiksok polyarizasiyal kationlar (Pb?*, Bi**, TI* va basqalari) vo ya yiiksok
polyarizasiyal: struktur elementlori olmalidir. Yuxarida deyilon talablori strukturunda bir vo ya
bir nego atom novlori Gglin yaxina tasir olmayan vo galan atomlar ti¢iin uzaga tasir saxlanilan
xususi kristallar t¢un 6donilir. Belo birlosmolora 6ziine moaxsusu nizamsiz strukturlu kristallar
kimi baxilir. Bork elektrolitlorin ion kegciriciliyini muxtslif ionlarin kogurtlmasini bir, iki,
tigvalentli kationlar (Ag*, Cu®, Li*, Na", K, Rb*, TI*, Cs", Ca,", Zn,", Mgy", Pb,", Als*, Scs",
Ces’, Euz’) vo anionlar (F,, CI, Br, O,, S;) tomin edir. Materiallar var ki, onlarda
yukdastyicilar iki  vo ya U¢ nov ionlar vo ion-elektron qarisigh keciricilik ola bilor [4].
Superionlarin osas fargli cohatlorindan biri, onlarda anomal ylksok ion kegiriciliyinin olmasidir.
Superionlarda ion kegiriciliyinin giymati arintilor vo elektrolitlor iglin xarakterik olan tortibdo
olur.Ona goro superionlart bazan bork elektrolitlor adlandirirlar. Todgigat isindo 6zUnomaxsus
hibrid xassoloro malik maddolordon —maye orintilor vo ya gansiglar, mexaniki moéhkom vo
elastiki bork cisimlorin nlimayandoasi todgiq olunmusdur. Superion kristallar adlandirdigimiz
nizamsiz sturukturlu kristallar, keyfiyyotco forglonon iki muxtolif fazada ola bilor. Kritik
temperaturdan asagi adi ion kristallara bonzor aparir (dielektrik faza), kritik temperaturdan
yuxarida iss xususi hala-superion halina (elektrolit halina) kegir. Yuxarida deyilon halda olan bu
kristallar superion kegiricilor adlanir. TlInTe, yarimkegirici kristali A’B3C®, qrup birlosmolor
sinfino aid olub, Dan'® tetragonal foza grupunda kristallasirlar (T1Se strukturu tipinds). TlInTe;
kristalinin osas xususiyyatlori ondan ibarotdir ki, onlar tetragonal ¢ oxu istigamatindo dartilmis
In-Te zonciri kimi tosoffiir etmok olur. Bir valentli TI* atomlar: oktaedrlords Te atomlar: ilo shato
olunub (sokil 1).

.,H
Ty
ose

Sok. 1. TlinTe; kristalnin qurulusu

TlInTe; birlogsmasinin elektrik keciriciliyinin o(T) temperatur asililigi sok.2-do verilmisdir.
Sokildi(a)-6l¢mo kristallin tetragonal oxu istiqiimstinds o) (T) vo (b)- ona perpendikulyar o (T)
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istigamatindadir. Sok. 2(a) (sokil Ustt) gorindiyi kimi Ln(c-T)/(1/T) asililiginda eksperimental
noqtalar bir diiz xatt Uzarindo yigilirlar vo ion kegiriciliyi asagidaki tonlikls toyin olunur [5 ]

oT = o, exp(- AE?* /kT) (1)

burada AE, —keciriciliyin aktivlosmo enerjisidir. TlInTe, kristali G¢lin ham aktivlosmo
enerjisinin perpendikulyar vo homds c-oxuna paralel istigamotdo hesablanmis giymotlori uygun
olarag AE, = 0.101 eV, AE};; = 0.228 eV barabordir. Molumdur ki, elektrik kegiriciliyinin belo
asihiligi, kritik temperaturdan yuxari temperaturda ion kegiriciliyinin dstunlik toskil etmasi ilo
olagodardir. Sok..2 -do T"Kp =388 Kva o, (7) pr = 333 K temperaturlarinda TlInTe; kristallinda
elektrik keciriciliyinin sigrayishi doyismasinin misahido olunmasi, bu halda yiksok mobilliya

malik ionlarin saymin koskin artmas: ilo baglhdir. Yani bu temperaturlarda superion halhina faza
kecidi bas verir.

-
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Sakil 2. TlinTe;, kristalnin elektrik kegiriciliyinin temperatur asililig:

TlInTe; kristalinda diyunlor arasi boyuk bosluglarin vo aktivlosma enerjisinin ¢ox kigik
olmas1 sobabindon 320 K yuxari temperaturda shomiyyostli dorocodo ion kegiriciliyi almair.
Temperaturun artmas: ilo kegiriciliyin artmasi, TlinTe, kristalnin tallium alt gofasinds TI
ionlarinin vakansiyalar tzro diffuziyasina osaslanir. Bu doyismo, TlInTe, kristallimin TI alt
gofasinin nizamsizlasmas ilo “arimo” misahids olunan faza kegidi naticasinds bas verir. Bu cur
keciricilik superion kegiricilor Uguin xarakterikdir [5].

Belolikls, alinan noticolor gostorir ki, TlinTe; kristalinda, 320K-don asag1 temperaturda
keciricilikda, elektron kegiriciliyi tsttinliik togkil edir. Temperaturun sonraki artmasilo (320K-dan
yuxar1), TI" alt gofasindo Kkationlarin nizamsizligi hesabina, ion toplananinin artmasilo olagodar

olarag keciriciliyin sigrayisli artimi musahido olunur. Gostarilon temperatur intervalinda ion
keciriciliyinin elektron kegiriciliyindon ¢ox olmasi baslayir.
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MUXTOLIF TORKIBLI TLInSe,-TLDySe, BORK MOHLUL
KRISTALLARININ ALINMASI (x: 0,01; 0,02; 0,03)
L.F. Mursaliyeva, N.F. Qahramanov
Bak: Dovlat Universiteti

Yaddas/i cevirma hadisalari bark cisim elektronokas:nda bu giinda 6z ativliyini itirmamigdir. Nadir
torpag elementlorinin istirak: il: al:nan tallium halkolantonaoidlari va onlar:n mirakkab analoglar: fiziki
xassalorinin genis diapazonda dayisa bilmasi baximindan maragl: obyektlor olub yaddas elementlori
hazirlamagda perspektivli materiallard:r. Buna sabab homin materiallar:n mikrosxemlarda, avtomatik
idaraetmo qurgularinda va mixtalif tipli ceviricilor haz:rlanmasind genis istifado imkanzarmn olmas:dir.
Bu elementlor 6z is prinsipi cevirmo effekti hadisasi ilo alagadar olan yar:mkegirici vo yaxud moanfi
migavimatli cihazlarin elektrik dovralorinda istifado olunduqda  elektrik sxemlori Xeyli daracada
sadalogir.

Bork cisim elektronikasinin muasir inkisafi yeni yarimkecirici materiallarin alinmasini ve
onlarin fiziki xassalorinin har torofli tadqiqini tolob edir.Belo yarimkegirici materiallarindan biri
do halkogen osasli TlinSe,-TIDySe, sistem birlosmoloridir [1, 2]. Mohz bu baximdan bark cisim
elektronikasi Gcin yuksok tomizliys malik nimunalorin alinmasi vacibdir. Bu mogsadlo
monokristallarin  yetisdirilmosindo, torkibdon monokristallarin  alinmasinda  maddslorin
tomizlonmasi ¢ox muhim masaldir.Clinki tarkibs clizi migdarda daxil olan konar komponentlor
nimunanin fiziki xassalorini shamiyyatli dorocads dayisir. Yarimkecirici monokristallarin alinma
texnologiyasinda maddslorin tomizlonmosi, monokristallarin yetisdirilmasi vo s. kimi proseslor
faza tarazligina osaslanir. Komponentlorin fazalar arasinda paylanmas: oksar hallarda hor bir
komponentin - mohluldaki  xassolori ilo mioayyan edilirMohz buna goro mohllularin
termodinamikasmin osas ganunauygunluglari, asgar komponentlorin kicik konsentrasiyalar
oblastinda onlarin 6zlorini aparmasi, faza tarazlig vo fazalarin ayrilma sarhaddindoki hadisalorin
mahiyyatinin arasdirtimasi ¢ox muhimddr.

Odobiyyatda [3] mohlullardan kristallasma zamani maddslorin tomizliyini ylksaltmok,
keyfiyystli monokristallar yetisdirmok vo onlari asqarlamaq asas metodlardan biri kimi verilir.
Movcud olan tadgigat metodlarindan yarimkegiricilorin sintezini 3 qrupa ayirmaq olar.

1.Duzxatli sintez usulu

2.Dolay1 yolla sintez Gisulu

3.Qaz aparici reagentlor vasitasilo qaz fazasindan sintez
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Vakuum soraitinds aparilan sintez 2 temperatur etapina bolindr. Adston bir temperaturlu
xatti sintez Gsulu bircins tarazlig soraitinds amals golon birlogsmolards istifads olunur.Bu metodun
asagidaki ustinltklari vardir.

a)sintez prosesinds stexometriyant almaq cox asandir vo bu halda komponentlorin itgisi
olmur.

b)sintez tgiin istifads olunan cihazlar mirkkab deyil.

c) ahnan ndmunonin yuksok tomizliyino nail olmag Gg¢un konar maddslor vo
komponentlorin artigligi lazim olmur.Bir temperaturlu bir Xatti sintez sulunda torkib tocribi
olarag tozyiqdon asilt olmur. Bu halda T-x diagramimni bilmok kifaystdir ki, mioyyan sistem
almaqg dgln onun sintez rejimini segmok mumkun olsun. Qeyd olunan sintez metodunun
ustunliklorindon biri bu metodla perimetrik fazalar dissosasiya tezyiyino malik olan vo ylksok
arimo temperaturuna malik birlosmolorin sintez oluna bilmasidir. Maddonin sintezi xususi formal:
kvars ampulada, movcud rejimds aparilmisdir. Ampulalari tomizlomok tglin avvalcadon ampula
xrom garisig mohlulu ilo (bixromal kalium sulfat tursusunun K,Cr,0,+H,SO, ya da HF tursusu)
doldurulub bir middst saxlanilir. Ampula distillo olunmus su ilo yuyuldugdan sonra quruducuda
tam qurudulur. Todgigatda TIInSe, birlosmolorinin sintezi Bricmen Stokbarger Gsulu ilo
aparilmisdir. Tliny.xDy,Se, almaq tgun sintez prosesindos silindirik formada olan diametri (2,3-
2,5)-10%m olan kvars ampulalarindan istifado olunmusdur. Ampulalarin divarmin galinhig (0,1-
0,2)-102 m v uzunlugu 15-25sm olmusdur. igorisine miixtslif faizlo komponentlor tokiilmiis
kvars ampula xususi gaydada B-2 markali arintidon hazirlanmis pego 10-15°lik bucaq altinda
maili voziyystdo yerlosdirilmisdir. Qarisiq oritdildikdon sonra onu mitomadi qarigdiraraq
T ~1200K temperaturda saxlanilir.Sonra ampula madds ilo bir yerds (=1200K temperaturda )
0,01-0,03K/san sureti ilo sintez edilon maddonin arima temperaturundan 150-200K asagi
soyudulur vo mioyyan middot saxlaniir. Sintez edilmis madds sondirilmis pegds todrican
soyudulur. Sintez prosesinds pecin gizdirilma surasti 0,16-0,20 K/san tortibi arasinda olmusdur.
Sintez zaman1 ampulan elo yerlosdirmok lazimdir ki, ampulanin %3 hissasi pe¢don konarda qgalsin.
Numuns belo yerlosdikds torkibdoki hallogen buxarinin bir hissasi Tl va In ilo reaksiyaya girir,0
biri hissasi iso ampulanin soyuq hissasindo kondensasiya olunaraq tozodon reaksiya gedon
hissoyo tokulir. Adston hallogen buxarinin ¢oxlugu pecin isti hissasindo ampulada tozyigin
artmasina sobab olur. Bu da partlayisa sorait yaradir. Belo bir voziyyoti aradan galdirmaq dgtn
ampulanin bir hissasini diametrinin 6l¢lsu godoar irali dogru ayilir. Belo bir hal hallogen yigilmasi
ucun miuoyyan bir ¢Okoklik yaradir. Bu halda hallogen maye hala kondensasiya olunur vo
ampulanin  igarisine,maddsnin Gizorino tokiilo bilmir. Bu ¢okaklik pecin dibinds (2+3)-10%m
mosafodadir. Belo bir vaziyystds hallogen buxarlanir vo reaksiya zonasinda tozyiq asag: dusur.
Yoni halogen reaksiya zonasinda yerloson hissaciklorlo reaksiyaya girir. Belo halda ampulan:
soyutmaga ehtiyac olmur. Komponentlorin bir biri ilo olagoys girmo reaksiyasinda todrican
ampula pecin icarisino yonoldilir. Orintini periodik olaraq garisdirmaq tiguin xdsusi mexanizimlo
ampula ox Uzarinds firladilir vo arintinin soyudulmas: sondirilmis pecdo xisusi programla
aparilir. Orintids 0,08-0,22 K/san suratlo soyuduldugda xirda kristallik niimunalor omolo galir.
Soyutma surotini azaltdiqda sintez olunmmus kristalin  dlctlorini  boyitmok mumkunddr.
TlnyxLnyXz bark mahlullarin arintilarinin sintezinds asagidaki amillor nozors alinmisdir.

1.Torkibindos selenin yuksak ugma gabiliyystino malik olmasi:

2. ©Orimo temperaturunda orintilorin glicli buxarlanma va kondesasiyas:

3. Nadir torpaq elemetlorinin torkibs gatilmasmin alinan maddslorin hom fiziki xassolarina,
ham do orimo prosesina gostors bilocayi tosir:
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orintilorin  sintezi vo nimunoalor mioayyan stexiometrik nishotdo g6turtalmis ilkin
komponentlorin aridilmasi yolu ilo yerino yetirilmisdir. Talob olunan materiallarin migdarindan
asl olarag alinan nimunalor 10+20 gram tartibindo olmusdur. Bu mogsadls ilkin komponent
olarag 99,994% tomizliys malik Tl 99,999% In, 99,5% Dy ,99,999% Selen gotirtulmisdir.Tl, In
va Se kifayat godor tomizliys malik oldugu halda Dy-ds tomizlik doracasi nisboton asagidir. Dy-
do olan asqarlarin muoayyan hissasini serium yarimqgrupundan olan qonsu elementlor toskil
edir.Bir gayda olaraq bu elementlor Dy-un xassalorinin doyigsmasine sabab olmur, lakin bu konar
elementlorin miqdar artiq olduqda bas verocok doyisikliyi nozoro almaq lazimdir. Mioyyan
olunmusdur ki, 5-6 dofs zona tomizlonmasi ilo 1200 K temperaturda bu elementlorin tomizlik
doracasini 99,8%-o catdirmaq olur. Toarkibindon asli olaraq bu temperaturda ampulalar 5+ 10
saat muddatinds saxlanilmigdir. Bundan sonra 80-120 K/saat siiratlo otaq temperaturuna godor
soyudulmusdur.

Mikrostruktur, diferensial-termik vo rentgeno faza analizlorinin noticalorino oasason
TlInSe2-TIDySe2 sistemlorinin hal diagramlari qurulmusdur. Mioyyan olunmusdur ki, ilkin
komponentlor TlInSe, osasinda bork mohlul oblastinda musahido olunur. TlInSe, otaq
temperaturunda 9 mol%-o kimi TIDySe; iso 11 mol%-o kimi hoall ola bilir. Rentgenogramlarin
tohlili gostordiki, TIINDySe, bark mohlullart ilkin TlIinSe, Gggat birlosmalori Kimi tetrogonal
sinqoniyada kristallagirlar. Nadir torpaq elementlorinin istiraki ilo alinan tallium halkolantanatlar
va onlarin mirokkab analoglar, fiziki xassalarinin genis diapazonda dayiso bilmosi baximindan
perspektivli obyektlordir. Asagidaki codvoldo TlIny.xDy,Se, bark mohlullarinin sintez rejimi
gostorilib.

halkolantanatlart vo onlarin murokkob analoglan, fiziki xassslorinin genis diapozonda
doyiso bilmasi baximindan prespektivli obyektlordir.

Asagidaki cadvalds Tliny«Dy,Se; bork mohlullarmin sintez rejimi géstorilib.

Torkib 1200 K-2 gadar 1200 K-do Otaq
qizma suroti(k/saat) saxlanma muddoti(saat) | temperaturuna gador
soyuma surati(k/saat)

T"novggDyovmsez 100 6 80
T"novggDyovozsez 100 8 80
T"no,97Dy0,03862 100 10 80

Alinan kristallarin elektrk keciriciliyi 80-400K temperatur intervalinda todgiq olunmusdur.
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TEMIIEPATYPHBIE XAPAKTEPUCTHUKA KACKAJIHBIX COJTHEUHBIX
JEMEHTOB HA OCHOBE A°B®

A.M. AiutaxBepaneB
Aszepbarioncanckuii ['ocyoapcmeennvlii [ledacocuueckuii Ynusepcumem

Aygunibrahimli@yahoo.com

U3 ananuza memnepamypuoix 3aeucumocmu KII/] kackaonwix cONHEYHbIX d1eMEHMO8 Cledyen Ymo
wupuHa 3anpeujeHHoU 30Hul, obecneuusarowas maxcumym KIIJ[ mensemcs ¢ memnepamypou.
IIpuT? 450K onmumanohueimu cmanossmest snavenust =1,99B, =1,45B.

XapakTepucTUKH (POTOITEMEHTOB 00pA3YIOIIMKA KAacKaJl 3aBUCIT OT OJU30CTH MapaMeTPOB
PELIETKN MATEepPUAIOB TeTepo CTPYKTYp. 1lo3ToMy IHuib HeMHOrHe coeuHeHHs A°B’
YAOBIETBOPSIIOT TPEeOOBAHMSAM, MPEIBIBISIEMBIM K MaTephaliaM KaCcKaJHbIX COJIHEYHBIX
anemeHToB (KCD). Tonbko nBa 6uHapHbIX coequnenus GaAs u P MoryTt ncnoibs30BaThCs s
CO3/aHusl aKTUBHOW oOnactu ¢GotodsieMeHToB KCD M COyKUTh MOMJIOKKOW A TOTYYCHHS
TBEPABIX PACTBOPOB.

Jns momydenuss MOHOTUTHBIX KCD ¢ MUHMMAaNbHBIM PacCcOTIACOBAHUEM PEHIETKH BCEX
CIOEB CTPYKTYphl MOTYT OBITh MCIIONB30BaHBl TBEPABIX pacTBophl AlxGai-rAs nu
GaxInixAsyPi-y 30 neprommueckue ¢ P, KOTOpHI OIHOBPEMEHHO SBISETCS MATEPHAIOM
BepxHero ®D. [lis monomtaeix KCO npenensubiii pacuetnsii KITJ[ cocraBnsier 40% (AM 2,3,

K.=1000). MonomutHeiii KCD MOryr OBITh MOJYyYEHBI B CHCTEME Al .Ga -As, B KOTOPBIX

MaTepuasioM HuxHero ®D spnsercs G@ As, a B Bepxuem @D MCHOIB3YIOTCS TBEPIBIE PACTBOPHI
AlyGaix As ¢=1,85B. Hwkuue (OTOIIEMEHTH MOTYT OBITH MOJYdeHHl HA OCHOBE TBEPIBIX
pactBopoB GxImix As, GaAsySby_, (moanoxka C& As), a Bepxune ®D-Ha OCHOBE TBEPIBIX
pacTBOpOB AlyGayyAsp Piy gy AlyGas » Asuzo nepuoanyeckux ¢ GaAs.

Kak u3BecTHO, mpuMeHeHHe KOHIIEHTPATOB MPUBOIUT K HarpeBy (POTOIJIEMEHTOB, ITOITOMY
HEOOXOJMMO OLEHUTh TOBEJACHWE KACKaJHBIX COJHEUHBIX DJJIEMEHTOB TIPU  BBICOKUX
TEeMIIepaTypax.

B pacuerax KI1I KCD [1, 2] He yuuThIBaoCh K3MEHEHUE ¢ TeMIiepaTypoit 1uddy3uoHHO M
JUIMHBI, TaK Kak Mo omeHkaMm [3], UM MOXHO mpeHeOpedb a TeMIepaTypHas 3aBHCUMOCTh
HIMPUHBI 3aMIPEIIEHHOM 30HbI IPUHUMANIACh OJUHAKOBOH Ui Beex Eg

Hanpspkenne xosioctoro xona u (akTop 3aroJIHEHUs Harpy304HOW XapaKTePUCTHKU C
pOCTOM TeMIepaTypbl yMeHblIaeTcs ObicTpee At DD Kackana ¢ MEHBIIUMHU 3HadeHusMU Eg
Omarogapst 60jee OBICTPOMY POCTY C TEMIIEPaTypOil 0OPATHOTO TOKA.

Takoe noBenenue mapametpoB KCD mpuBoaut k TemneparypHbiM 3aBucumoctsm KITJI
Kackasa.

Kax mokaspiBaeT pacu€Tbl ¢ pOCTOM TeMIEpaTyphl ONTUMAIbHBIE 3HAUEHUS TMapaMeTpoB
KCD usmenstores.

Tak, KIIJIT KCD c¢=1,73B, =1,00B ocraercs makcumanbHbiM 10 400K, mpu xT* 400K
MakcumanbHbld KITJ umeer KCD ¢=1,83B, =1,25B, a npu T* 450K wmakcumansubiii KITJ]
nocturaercsi B KCO ¢ =193B, =1,45B. OtmeTum, 4TO 37€Ch HMEETCS B BUAY IIMPUHA
3anpemeHHoi 30ubl Matepuana npu T=300K B mnociemnem ciydae KCD moxer  ObITh
pean30BaH MOJHOCTBIO Ha OcHOBe cucTeMe Al»Ga1-xAs |

U3 pacueToB criemyer, 4TO UIMpWHA 3alpEIIEHHOW 30HBI, 00ECHEYMBAIONIAs MAKCHMYM
KIIJ] Bepxnoro @D mensiercst ¢ temmneparypoit ot 1,43 3B npu 300K mo 1,64>B mpu 600K.
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OpHako 3HayeHWe, MpU KOTOPOM jocturaercs MakcumanbHoe 3HaueHue KIIJI KCO, ¢
W3MEHEHUEM TEMIIEpaTypbl OCTAeTCS MOCTOSIHHBIM, €CId HIKHUNA PO co3maH Ha OCHOBE
Marepuaa ¢ HeusmeHHol Eq , Hanpumep Ha 6aze GaAs.
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KBAHTOBBIE UHTEP®EPEHIIUOHHBIE DO®EKTbI
B TOHKHX ILTEHKAX Bi,Te;Seq 3
X.B. Asryauesa, H.A. A6xyuiaes”
Hncmumym ¢pusurxu Hayuonanonoti Akademuu Hayx Azepbatiodcana,

*abnadir@physics.ab.az

Honyuenvl noruKpucmaniuyeckue monkue niénku meépoo2o pacmeopa BiyTey7S€03. Hecnedosan
mpauncnopm snexmponos 6 wupokoi ooracmu memnepamyp 1,4-300K u maenummnwix noneii gnioms 0o 8
Tn. Ilpeononazaemcsi, umo Habmooaemvle JOKAMUIAYUSL HOCUMENRell 3apsiod 8 IeKMPOnpO8OOHOCIU NPU
nuskux memnepamypax (T<8K) u peskuit pocm macnumoconpomuenenus npu maznumnsix noaix B<1T
00y Cl061eHbl KBAHMOBLIMU UHMEPDEPEHYUOHHBIMU NONPABKAMU K NPOBOOUMOCIU, d UMEHHO JJIeKMPOH-
NEKMPOHHBIM 83AUMOOeicUueM U c1aboll anmunokanuzayueti, coomgemcmeenno. Oyenena onuna c6os
dasvl.

1. BBenenue

COCI[I/IHCHI/ISI rpyIIbI A?_VB3V| npoaoJLKarT OCTaBaTbCd B LHCHTPEC  BHHUMAHHA
I/ICCJIGI[OBaTCJIeﬁ YKE QJUTCIIBHOC BpPCMI. OT1OoT HHTCPEC O6YCJ'IOBJ'I€H C O,Z[HOI>’I CTOPOHBI TCM, YTO
MaTcpuralibl 9TOU TPpYIIIBI  XapaKTCPU3YIOTCA OTHOCHUTCIBHO BBICOKMMH  3HAQ4YCHUAMU

TepModIeKTpuueckoii goopotHoctu ZT ~ 1 (zT =S 26T | ¥, rae S - koapounuent 3eedeka, o -
MPOBOJUMOCTb, T - TEeMIIeparypa, y - KO3(pOUIHUEHT TeIIONPOBOIHOCTH), a C APYTrOi CTOPOHBI
TEM, YTO B IOCIEIHEEC BPEMsl OHHM MO3HIMOHUPYIOTCS KaK TOIOJOTHYECKHE W30JsTOphI [1-4].
OOBIMHO BENMYMHBI S, O,y B3aUMOCBS3aHBI, OJHAKO COINIAaCHO [5-7] 3HaYMTEIBHOTO

YBEIUYCHUS] TEPMOIIICKTPUUECKON JOOPOTHOCTH MOKHO MOJIYYHTh B HU3KOPa3MEPHBIX CHCTEMaX
HAa OCHOBE JTHX MATepHajoB, B KOTOPBIX ATH IapaMeTpbl MOTYT BapbUpPOBAThCS OoJice
HesaBucuMoO. Hampumep, B KBa3WABYMEPHOH CJIOMCTOM CHCTEME C KBAaHTOBBIMHU SIMaMH,
cBepxpeméTkax [5,6] wim B 0JHOMEPHOM IIPOBOIHUKE WIIM KBAHTOBOW HUTH [7].

B mocnenHue roabl MHTEHCHBHO MCCJICAYETCS TPAaHCIOPT HOCHTEICH 3apsiia B TOHKHX
IWIEHKAX COCAMHEHUH  TPYIIIIBI AVBY'  C  Ttoukm 3pCHHSI  HCCJICOBAHUS  CBOMCTB
TOIOJIOTHYECKUX HM30JIATOPOB, MPEACTABIACTCS BaXXHBIM, YTO BKJIAJ OOBEMHBIX HOCHTEIICH
3apsja B TPAHCIOPT MOXKET OBITh 3HAYMTEILHO CHIDKCH B TOHKHUX IUICHKaX. [loATBepIKaeHHUEM
ATOMY SIBJIIIOTCS JJaHHBIC HEJaBHUX PabOT IO TPAHCIIOPTY HOCUTENICH 3apsia Ha TOHKHMX IUIEHKAX
Bi,;Tes; u Bi,Ses, moaydeHHBIX METOJIOM MOJICKYJIAPHO-ITydeBoit sanutakcuu [8-12]. Kpome Toro,
corinacHo [13], TepMOdJIeKTpUYECKHE YCTPOWCTBA Ha OCHOBE TOHKHX IUICHOK BisTes m BirSes
MO3BOJIIIOT JOCTHYD CYIIECTBEHHOrO oXiaxacHus 10 32 K u mpokauyMBaHUsA TEIJIOBOI'O MOTOKA
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10 700 Br/cm?. JloKanbHOE OXIaKICHHE WIH HATPEB MPOUCXOANT mpuOmmsureasho B 210 pas
ObICTpee, YeM B YCTpPOICTBaX, CO3/JaHHBIX Ha OCHOBE OOBEMHBIX MaTepuayoB. Vcmosb3oBaHue
TOHKHUX TUIEHOK SIBJIIETCS TakxKe 0OoJiee MpeanouTUTEIbHBIM U3 COOOpaXKeHU MUHUATIOPU3AIIUU
npuOOpPOB HA OCHOBE ATUX KPUCTAILIOB.

OpHOlt W3 TNaBHBIX LeJed HaCTosIIe paboThl OBUIO BBISICHEHHE BOMpPOCa O TOM,
HACKOJIBKO COXPAHMUTCSl TOTIOJIOTMYECKasl 3alIUIIEHHOCTh MMOBEPXHOCTHBIX COCTOSTHUNA B TOHKUX
MIEHKaX MEHEE COBEPIICHHBIX 110 CTPYKTYPE, YEM MOTYICHHBIX METOAOM MOJIEKYJISIPHO-Ty4€BOI
SMUTaKCHH. BBIOOpP MMEHHO TaKOTO COCTaBa U MCCIEAOBAHUI C OJHON CTOPOHBI 00YCJIOBICH
TEM, 4TO UMEIoIIHecs B quTeparype nanubie [14,15] yka3plBalOT Ha TO, YTO B CHCTEME TBEPABIX
pactBopoB Biy(Te; xSex)s HanbombIeit TepMo3eKTpruueckoil 3 (HEeKTUBHOCTHIO 00J1a1aeT COCTaB
Bi;Tez7Seps. C apyroit CTOpOHBI, M3BECTHO, YTO TBEPJABIC COCTaBbI MO CTPYKType Oosee
Pa3yIOpsI0YEHBI, 4eM MAaTEPUHCKHE cocTaBbl Ay Ba”'

2. JKCNepUMEHTAJIbHBIE Pe3yJIbTaThI

[Tnenkn TBEPHOTrO pactBopa BiyTe,7Sep3 OBUTM MOTYYEHBI METOIOM <TOPSYCH CTEHKU»
TEPMHUYECKHM HCIApPeHHEM CHHTE3HPOBAHHOrO BellecTBa B Bakyyme 10 ° MM pT. CT. Ha
MIOJITIOKKU U3 OKCUIHOTO CHJIMKATHOTO cTekia. TeMriepaTypa moJI0KKH OAAEPKUBATIACh OKOJIO
300°C. TonmuHa MOMYyYEeHHBIX TUIEHOK BapbupoBanach B npenenax 500—-600 am. Tepmuueckuit
OT)KUT TIOTYYCHHBIX IIEHOK NpoBoawicsa B Bakyyme npu temmepatype 200°C B teuenun 1 vaca.
BricOokoe KadecTBO MOJIYYEHHBIX TOHKHUX IJIEHOK MOJTBEPXKAACTCS NaHHBIMH PEHTTCHOBCKOM
TU(hPaKIIK U PAMaHOBCKOTO PacCesTHUSI.

Hwxe mpuBOAsSTCS MaHHBIE TPOBEACHHBIX HAaMH HCCIECIOBAHHHA AJIEKTPOIPOBOIHOCTH,
MarHuTOCONpoTUBICHU U 3pdekra Xomma B OTOXKKEHHBIX oOpasuax Ii€Hok BisTe,7Seqs.
TemnepaTypHble 3aBUCUMOCTH COTIPOTHBIICHUSI MCCIIEAOBAIIMCH B IIUPOKOIM 00JIacTH TeMIepaTyp
1.4-300K u B MarHMTHBIX MOJISIX BIUIOTH 70 8 Ti. M3mepeHus mpoBOAMIUCH MO CTaHIAPTHOU
YEeTBHIPEX30HA0BOM cxeme Ha mnepeMeHHOM Toke uactoTel 20.5 I'm metomom (asoBoro
JNETeKTUpOBaHMs. ToueuHble KOHTAKThl HAHOCHUJIMCH IPY MOMOIIH CepeOPSTHOM MaCTHI.

B orosxokéuHoil npu 200°C ToHkoit miéHke Biy(TegsSeo1)s TeMIepaTypHas 3aBHCHMOCTD
YAEABLHOTO compoTHuBicHHS (puc. 1) HMMeeT «MeTaTMUeCKUi» XOJ, Kak W B OOBEMHBIX
MOHOKpHUCTauiaXx [16]: ¢ yMeHbIIEHWeM TeMIepaTypbl BEIHMYUHA YIACIBHOTO COMPOTHUBIICHUS
YMEHbIIIAETCS .

HuTepecHbIM sBIISIETCS] TO 00CTOSATENBCTBO, YTO NMPHU HU3KUX Temreparypax (amke 8 K) ¢
NOHIDKEHHEM TEeMIepaTypbl BEIMYMHA YJIEIHHOTO CONPOTHBIICHUS HECKOJIBKO BO3PACTACT
(BcraBka Ha puc. 1). Jlannpie uccienoBanmii d3pdexra Xomra npu Temneparypax 1,4K m 5K
CBHICTENBCTBYIOT O TOM, YTO KOHIIEHTpAIMs HOCHUTEJEH 3apsaa ¢ TeMIIepaTypoil He MEHSETCs.
Takum 00pa3oM, HCKITIOYAETCS BEPCHS O «BHIMOPAKMBAHUHM» MEJIKHX MPUMECHBIX LIEHTPOB.
Heo0xoauMo OTMETHTh, YTO aHAJIIOTUYHBINH POCT COMPOTHUBIICHUS C MOHIKEHUEM TEMIIEPATYPhI
HAOII0JANICs U B IPYTrUX padoTax MpU HU3KOTEMIIEPATYPHBIX UCCIIECAOBAHUSAX PA3TUYHBIX TOHKUX
mnéHok Ag’B3’!, momydeHHBIX METOIOM MOJEKYISpHO-TydeBoii smutakcun [8-12]. ITogo6Hoe
TEMIIEPATypHOE TOBEJACHUE YICIBHOTO COMPOTUBICHHUS XapaKTEPHO NPHU JIOMHUHHPOBAHHH B
00JacTH HU3KHX TEMIEpaTyp KBAaHTOBBIX HMHTEP()EPEHIIMOHHBIX MOMPABOK K IMPOBOIMMOCTH,
00yCJIOBJIGHHBIX CJIA00H JIOKaIM3alUeld WM AJIEKTPOH-IJIEKTPOHHBIM B3ammoeicTeiuem [17].
[Tockonpky B ciydae ciabod JIOKaIM3alMK NPU MPUIOKESHUH TMOMEPEYHOr0 MAarHUTHOTO TOJIS
JOJDKHO OBLTO OBl HAONFOJATHCSI OTPHIATEIFHOE MAarHUTOCONPOTHBICHUE (a y HAac, Kak Oyjaer
MOKa3aHO HIDKE, HAONIOIAaeTCs MOJIOKUTEIbHOE MAarHUTOCOMPOTHUBIICHHUE), MBI CUHTACM, HYTO
HaOmoaemMasi  JIOKaNMM3alusl HOCHTENeW 3apsga OO0YCIOBICHA  SJIEKTPOH-3JIEKTPOHHBIM
B3aMMOJCUCTBUEM. AHAIM3 TEMIIEPAaTypPHOH 3aBUCHMOCTH YAEIHHOTO COMPOTHUBICHHS IPH
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temneparypax T < 8K mokaszan (BcraBka Ha puc. 1), 4To umeer Mecto Jorapudmuyeckas
3aBUCHMOCTBH CONpPOTHBICHUS OT Temmeparypsl po(T)~InT, xapaktepHas ajus ABYMEPHOTO
ciyyas [17].

150 4

140 4
¥E 108.0 ’
. 130 /
= = 1075
(@
. 1204 = 107.0
o
a 106.5
1104 -
Wely 36 10 30
T, K
10'0 T T T T T T T ¥ T ¥ i 1
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Puc. 1. TemneparypHasi 3aBUCHMOCTb YAEIHHOTO COIPOTHBIICHHUS B OTOACKEHHOM
wieHke Bi;Te, 7S€y3; Ha BCTaBKe — TO %K€ MPH HU3KUX TEMIIEPaTypax.

Hamu Takke ObUTH MPOBEACHBI MCCIICAOBAHUS TATbBAHOMArHUTHBIX YPPEKTOB (MarHUTO-
compotuBicHre U dddext Xosia) B OTOXKEHHBIX TOHKHX IUIEHKax BiyTey7Seps. U3
XOJUIOBCKHX U3MEpEeHHid clieayet, 4yto oopa3upl Bix(TeeSe1)s UMEIOT MpOBOUMOCTD N-THIIA,
KOHIIGHTpPAIUsS JJICKTPOHOB B oOpasume Nol (maHHBIE KOTOpOTO MPHUBEACHBI HA PHCYHKAX
Hacrosmieii craten) N~10cm™, xommoBckas momBIKHOCTS HOcHTeNel 3apsina mpu T~4,2K

paBHA IPUMEPHO LI ~ 100cm? /V *s. Heo06x01mMo 0TMETUTB, 4TO B 00BEMHBIX MOHOKpPHUCTAIIIAX
MOJIBIDKHOCTh HOCHTEJICH 3apsiia NpHU HU3KHX TemIeparypax Obuia Oosiee, 4eM Ha TOPSIOK

BEJIMYMHBI OoJbLIe - 1 ~ (3+5) -103cm? IV *s [16].

OcoOblii HHTEPEC MPEACTABIISIOT JAHHBIE TIOJIEBBIX HCCIIETIOBAHUI MarHUTOCOIIPOTHUBIICHHUS
(puc.2, a). [Tpu maneix marautHbIX moJsix (o 1 T) HaOnromaeTcs pe3kuii poCT COMPOTUBIICHHUSI C
POCTOM MarHUTHOTO TOJIS, @ TIPU MAarHUTHBIX Noysx Oonbmmx 1 T wHabmomaercs cTaHaapTHas,
JOPEHIEBCKasl,  KBaJpaTW4Has  3aBUCHUMOCTh,  CBOWCTBEHHas  IOJICBOH  3aBHCHMOCTHU
MarHUTOCOIIPOTUBIICHUSI B O0OBEMHBIX MOHOKpHCTAIIaX. Takoil pe3Kkuil pocT COMPOTHBICHHS C
pPOCTOM MAarHMTHOTO TOJII B CJa0BIX MAarHUTHBIX MOJISAX XapakrepeH ans s dexra crnadoit
antuiokammzanuu [17]. Habmronenue addekra crnadoii antminokammsamun (CAJI) He sBusietcs
HEOXMJAHHBIM, IIOCKOJIBKY Ul COSAMHEHWH rpymmbl A’ Bz’ XxapakTepHO HanMume CHIBHOTO
CIUH-OpOUTANBFHOTO B3auMoeicTBus. OqHaKo, Heo0XoauMo oTMeTUTh, 4To CAJl B 00BEMHBIX
MOHOKpPHUCTAJ/IaX HE HAOIIFOaeTCs M OHA XapaKTepHa TOJIBKO JJIsl TOHKUX MiéHok [8-12, 18, 19].
[ToaTOMy €CTECTBEHHO MPENOJI0KUTh, YTO Habmomaemas B TOHKHX Iui€Hkax CAJl sBusercs
nposiBIICHHEM HHTEP(EPEHITMOHHBIX Y((HEKTOB B IJIEKTPOHHBIX MPUIOBEPXHOCTHBIX COCTOSHUSIX
tomnoyioruaeckoro usoinstopa (TH).
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1.8

& & 4 2
B, T B(T)

Puc. 2. a) nosieBast 3aBUCHMOCTh MArHUTOCONPOTHBIIEHHUSI B OTOMOKEHHOM T1eHKe BiyTey 7Seq 3;
b) monesas 3aBHCUMOCTH MATHUTOMPOBOAUMOCTH, TYHKTHUP — PACUETHAS KPUBAs

3. O0cy:kaeHue

BaxxHoil 0COOCHHOCTBHIO TOBEPXHOCTHBIX COCTOSHHI TOIOJOTHYECKUX HU30JIATOPOB
SBJIICTCSl JIMHEWHAsi 3aBUCUMOCTh WX DHEPTUU OT BOJIHOBOTO BEKTOPA, MPOSIBISIOMIASCS B
CIIEKTPE B BUJIE JBYX KOHYCOB, KacCalIIUXCS B €IUHCTBCHHON TOUYKE M (POPMHUPYIOUIMX KOHYC
Hupaka, moo6HO TOMY, KaK 3TO UMeeT MecTo B rpadeHne. OqHako, B oTianyue ot rpadena, B TU
Ka)KJIOMYy KBa3HUMITYJIbCY Ha KOHyce J[upaka COOTBETCTBYET TOJIBKO OHO COCTOSTHHE CO CTPOTO
OnpeseNEHHBIM HaIpaBlIeHUEM CcnuHa. VIMEHHO 3Ta O0COOCHHOCTh 30HHOM CcTpykTypel TU
SBJISIETCS. MPUYUHONW TOTO, YTO HOCHTENH B TAKUX TMOJIIPU30BAHHBIX 1O CHHHY COCTOSTHHSX
MPaKTUYECKU HE PACCEUBAIOTCS HA MeEKTax MOBEPXHOCTU. ITO OOBSICHAECTCS TEM, 4TO 0OpaTHOE
paccestHie HOCUTEJIEH 3apsijia B TAKOM 30HE Ha HEMArHUTHBIX MPUMECAX 3aMPEHIeHO CUMMETPHUEH
OTHOCHUTENHLHO MHBEPCUU BpeMeHU. [IpuioxeHHoe BHEIIHEE MAarHUTHOE TI0JIE CHUMAET 3ampeT Ha
obparHoe paccesiHue, 4to cornacHo Teopuu [1,20], mpuBoauT k apdexry CAJL.

Ha6monaemsiii ekt CAJL cBs3bIBaCSA C IPOSIBICHUEM MMOBEPXHOCTHBIX cocTosiHM TU
coenuueHmii A;'Bs’' BO MHOTMX NpeBIIYINMX paboTax NpH HCCICIOBAHMSX TPAHCIOPTA
HOCHTEJICH 3apsaa B MarHUTHOM moJie. Hampumep, B ToHKuX miéHkax BipSe; [8-11], B ToHKHX
wiénkax [12] u gemyiikax (microflakes) [18] Bi,Tes, B mHanonutsx ShpTes [19] u np. B paGore
[9] nccnenoBana 3aBucumocth 3 dexkra CAJl ot Tommun mwiéHok BiySes, menstommxcs 6onee,
4eM Ha Tpu nopsaka BenmauHbl (0T 3 HM 10 4 MkMm). [Tokaszano, uyto Hanbonbimmii et CAJI
HaOJNIOJaeTCs B TOHKMX O0pas3lax W ¢ YyBEJIMYEHHWEM TONIMHUHBI oOpasma 3¢dexkt CAJI
ymenbinaetcs. To, uto CAJI oOycrioBieH JOMUHUPYIOIIMM BKJIaIOM MOBEPXHOCTHBIX COCTOSTHUI
TONOJIOTHYECKOTO  M30JISITOPA, TOATBEPHKIACTCS TaKXKe OKCIIEPUMEHTAMH II0  BIUSHUIO
JICTUPOBAHHS TOHKHX TUIEHOK Bi,Sesz marautHbiMu nipumecsivu (Cr) pa3nuyHON KOHIICHTpAIHU
[10]. Dmeprermyeckuii crektp cwibHOro TU, K KOTOPBIM OTHOCSATCS COCIUHECHHUS TPYIIIBI
A;YB3Y!, Tomomormueckn 3amminen ot BO3MYIIEHHiH, KOTOpIE HE HAPYIIAIOT CHMMETPHIO IO
OTHOIICHUIO K OOpaIIeHHI0 BPEMEHH, Halpumep, K HEeMarHUTHOMY Oecropsiky. BBenmenue
MarHUTHBIX MPUMECEH HapyIIal0T CHMMETPHIO MO OTHOUICHHIO K OOpalIeHHIO 3HAaKa BPEMEHH,
YTO B KOHEYHOM HTOTE€ C YBEIMYECHHWEM KOHIICHTPAI[MM MAarHUTHBIX MPUMECEHd MPHUBOIAUT K
kpoccoBepy ot CAJI k ciaboii nokanmzanuu (CJI). Atopsl [12] mokasamm, 9TO JerHpoBaHUE
HEMarHUTHBIMU NpUMecsiMU AU TOHKUX TIEHOK BiyTes He Bmusier Ha CAJl, ojiHaKO JIeTHpOBaHUE
MarHUTHBIMA TpUMecsMH Fe pa3nmuuHoil KOHIEHTpAallMKW MPHUBOAUT K TMOCTEIICHHOMY
ucuesnoBennro CAJL. Kpome Toro, manueie [12] mo wmcciienoBaHHsM YTIIOBOM 3aBUCHMOCTH
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MarHUTOIPOBOJUMOCTH BBISIBUIN JABYMEpHBIN Xapaktep 3hdexra CAJl. Takum obpas3om, ecTh
BCE OCHOBaHMs cuuTarth, 4to HabOmomenune CAJl ykaspiBaeT HAa JOMUHUPYIOUIMA BKIIaJL B
3JIEKTPOHHBIN TPAHCIIOPT TOMOJOTUYECKUX MMOBEPXHOCTHBIX COCTOSIHUM.

TeopeTnyecku MarHUTOIOJIEBAsI 3aBUCUMOCTh MarHUTOIPOBOJUMOCTH B CIy4ae CHIIBHOTO

CIIUH-OPOUTAILHOTO B3aMMO/ICHCTBHUS (r¢ >>7g,Ta) B AByMEPHOM HPUOIIIDKEHUN IS CIIA0BIX

noJieii onuceiBaeTcs popmynoit Xukamu-Jlapkun-Haraoka [21]:

2 B B
S I B ) L)
27%n| \2 B B

Ac(B) :%

31€Ch Tgy,Te, Ty— COOTBETCTBEHHO, BpEMEHa CIIUH-OPOUTALHOTO B3aUMOJICHCTBHS, YIIPYTOTO

paccesHuss U cOost (a3wpl, e — 3apsa dICKTpoHa, /i— mpuBeACHHas NocTosHHas IlnaHka,
XapakTepucTiieckoe noue B, :h/4e|(p, I(p — ;uHa c00s (asbl.

Hamu Obuta mpoBeqeHa TOATOHKA JKCIIEPUMEHTATBHBIX JMaHHBIX Gopmymnoi (1) c
UCIIONIb30BAaHUEM JIBYX IMOATOHOYHBIX MapaMmeTpoB: kodddunueHta A mepexa Bceir Gopmynoit u
nonst B, . Pesymprarsl moaronku npuBeneHsl Ha pucynke 2,b. Kak BuAHO U3 pHCYHKa,
paccunrannas u3 (1) Teopermueckas kpuBas (MIyHKTUPHAs JMHHS) XOPOIIO COTJIACYETCSl C
AKCTIICPUMEHTAJIbHBIMHM JTAHHBIMU TIPU 3HAYCHUAX mapameTpoB 4=1,1 u XapaKTEepHCTHYECKOTO
OIS B(p =0,004T . Onenennas iuHa c00s (a3bl OKa3bIBaCTCS PaBHOM | 0= 200nm. Hecmotps

Ha TO, YTO ATa BEJIMYMHA CPAaBHUMA C TOJIMHON TI€HKU L ~500nm, HeoOX0IUMO yYUTHIBATH,
9TO TIyOMHA JOKaIW3aluu MOBEpXHOCTHBIX cocTossHuid TU a<10nm. Ilostomy ycrnoBue

I(P >>d BBIMNOJHACTCA JOCTATOYHO CTPOTO.

Ecim mpoananm3upoBaTh  MMOJMyd4eHHBIE HaMH  OKCIEPUMEHTAJbHBIC JAaHHBIE 10
TEMIIEPATYpHO ¥ MAarHUTOMNOJEBOW 3aBUCHMOCTH COIPOTHBJICHUS B OTOMOKEHHBIX TOHKHX
mwiéHkax Biy(TepoSeo1)s BeISBIAECTCA OYCBUAHASA AUICMMa, KOTOpas OTMEYeHa U B padborax [8-
12,18,19]. OrpunatenbHbIil TPOBaJl B MAarHUTONPOBOAUMOCTH (puC. 2,0) mHTEpIpeTHpyeTcs Kak
NPOSIBJICHHE B KBAHTOBOM TPAHCIOPTE TOIMOJIOTHYECKUX MOBEPXHOCTHBIX COCTOSIHHIA, KOTOPBIE
00Ja1al0T UIMMYHUTETOM OT JIOKQJIM3aLUU M MPOSBISIOT clabyro aHTwiokanu3anuio. OmHako,
U3MEPEHHOE YJIENIbHOE CONPOTHBIICHUE JIOTApU(PMHUUECKH BO3PACTAET C YMCHbBIICHHUEM
TemrepaTypsl (BcTaBka Ha puc.l), 4To XapakTepHO s dPPEKTOB JOKATH3AUUU B OOBIYHBIX
pa3ymnopsIoueHHbIX MeTasuiax [17].

ABTOpBI IOCHeaHEeH padoThl [19] npeacraBmwim Ghopmyity s IPOBOIUMOCTH 0€3MaCCOBBIX
U MAaCCHBHBIX JHUPAKOBCKMX (EPMHOHOB Kak (YHKIMM MArHUTHOTO TOJS M TEeMIEpaTyphl,
YYUTBIBasE OJHOBPEMEHHO U  JJIEKTPOH-JIEKTPOHHOE B3aUMOJCICTBHE U  KBAaHTOBYIO
unatepdepernmo. Dopmyna yCTpaHAET YKa3aHHYIO BBIIIE JWIEMMY, IIOKa3blBasi, 4YTO B
TEMIIEPATypHOW 33aBHCMMOCTH TPOBOJUMOCTH TMPH HHUBKHX TEeMIEpaTrypax JIOMHHUDPYET
AJIEKTPOH-DJIEKTPOHHOE B3aMMOJICHCTBUE, @ MAarHUTOTPOBOJUMOCTH OMPEACISETCS TJIABHBIM
o0pa3oM KBaHTOBOW uHTepdepeHIreld OT CHUH-OPOUTATBFHOTO B3auMoOAeHcTBUS.  Jlist
HKCIIEPUMEHTAIBHOTO TOATBEPKACHUS JIOKAIM3AlMK JJEKTPOHOB B HHU3KOTEMIIEPATypPHOM
TpaHCIIOpPTE HAMH MPEATNOJIaratoTcs TPOBEICHHE HCCIICOBAHUM METOJOM TYHHEIHHOU
MUKPOCKOIIUH MPU HU3KUX TEMIepaTypax.
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4. 3akiaouenne

Takum 00pa3zom, B HacTosMIeH paboTe MOKa3aHO, YTO TEPMHUUYECKUN OTHKUT B BaKyyMe MpH
temneparype 200C npuBOAMUT K 3HAYMTEIHHOM KPUCTAIUIM3AIMH TOHKUX TUIEHOK Biy(TeeSe1)s,
YTO TOATBEPIKIACTCS JAHHBIMU PEHTTCHOBCKOM MHU(PpPAKIMK W KOMOWHAIIMOHHOTO PacCesHUS
ceeta. B oroxokeHHbIX TOHKMX IEHKax Bix(TepeSep1)s HaOmomaeTcss Takod ke
«METAJUTUYECKHUI» XOJI TEMIIEPaTypHOW 3aBHCHMOCTH YJIEIbHOTO CONPOTUBICHHS, KaK U B
00BEMHBIX MOHOKPUCTAJUIAX, C CYHIECTBEHHBIMHU OTJIMYHSMH B HU3KOTEMIIEPATypHOH 00JIacTH.

JlorapudmMuyeckuii pocT CONPOTHBIEHUS C TOHWKCHHEM TEMIIEPATypbl IMPH HU3KHX
temneparypax (amxe 8K), 00ycOBICH MOMHHHUPYIOLUIMM BKJIAJOM 3JIEKTPOH-3JIEKTPOHHOIO
paccesHus B IIPOIIECChl HU3KOTEMITEPaTyPHOTO TPAHCIIOPTA AJICKTPOHOB.

HaGnronaromuiicss pe3kuii poCT MarHUTOCONPOTHUBJICHUS C BO3PACTaHHUEM BCIIMYUHBI
MarHUTHOTO TOJIsI B ¢1a0biX moisx (mo 1 T) mpum Huskux Temmeparypax (T=5K) oOyciosien
a(dexTom craboit aHTHITIOKAIM3AI[UH, XapaKTEPHBIM JIJISI CUCTEM C CHIIBHBIM CITHH-OPOUTATBHBIM
B3auMojielicTBueM. HaOmromeHrne cimabol aHTHIIOKAIM3allud YKa3blBaeT Ha JOMHHHPOBAHHE
TOIOJIOTMYECKUX TTOBEPXHOCTHBIX COCTOSHHIA B AJICKTPOHHOM TPAHCIIOPTE B MAarHUTHBIX IMOJIIX
MIPY HU3KUX TEMIIepaTypax.

BaxHbpIM, Ha HaIll B3IJISII, SIBISETCSA TOT (PAaKT, UTO B MOJyYCHHBIX HAMHU TOHKHX IUIEHKAX,
MEHEE COBEPIICHHBIX 10 CTPYKType, YeM TIOJYyYCHHBIX METOJOM MOJCKYISIPHO-TydeBON
AMUTAKCHH, COXPAHAETCS TOMOJIOTUIECKas 3aMUIIIEHHOCTh TOBEPXHOCTHBIX COCTOSTHHH.

JlanHas padora BbINOJIHEeHA NpH (PpUHAHCOBOW moaaep:xkke MOHIA PasBUTHSA HAYKH
npu [Ipe3unente Azepoaiinkanckoii pecimyoanku — rpant Ne EIF-2012-2(6)-39/01/1.
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MNEPEHOC 3APSAJIA B KPUCTAJIJIAX SnMnTe
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HccnenoBanbl sneKTpudeckue cBoiicTBa kpuctawioB SnMnTe B umaTepBane 77+300K.
BrIsICHEHO, YTO 3aBUCHMOCTH JJIEKTPUUECKHX MapaMeTPOB OT TEMIIEPATyphl M KOHIICHTPALUU
MapraHiia yJOBJIETBOPHUTEIHHO OOBSICHSAIOTCS MOJENBIO JIBYX BAJCHTHBIX 30H, Pa3IeICeHHBIX
YHEPTETHYECKUM 3a30POM.

XanbKOTEHUIBI YETBEPTON TPYIIIIBI MEPUOAMYECKON CUCTEMBI ITUPOKO MCHOIB3YIOTCS MPHU
W3TOTOBJICHUU TEPMO- U (OTOIIEKTPUUECKUX MpeodpazoBaTesiell pa3nuaHoro HasHaueHus. [Ipu
5TOM, OJHUM M3 OCHOBHBIX CIOCOOOB TMOBBIIICHHUS TEPMODIIEKTPHUECKON 3(H(HEKTHBHOCTH
MaTepuana SBIIeTCS CO3AaHHEe TBEPIbIX PACTBOPOB HA €r0 OCHOBE. B 3TOM OTHOIIECHUH TBEPABIE
pacTBOpsl  SniyMnyTe, sBisrommMecs MOTyMarHUTHBIMU TIOJIYIPOBOJIHUKAMH TPEICTABISAIOT
OTpENIECHHBIA HHTEPEC.

B nmanHo# pabote moaydeHbl MOHOKpHCTALIBI SNixMnyTe (0<x<0,04) u uccienoBaHbl ux
anekTpudeckue cBoiictBa B uHTepBasie ~7/7/+300K. MoOHOKpHUCTA/UIBI BBIPAIIMBAINCH METOIOM
bpumkmena [1]. MOHOKpPUCTANTMYHOCT, ©  OXHO(A3HOCTH  CIMTKOB  ITOJTBEPIKICHBI
PEHTTEHOBCKMM METOJIOM. M3 CIMTKOB KPHUCTAUIOB HA AJIEKTPOMCKPOBOM YCTAHOBKE ObLIN
BBIPE3aHbl Ui W3MEPEHWH O00paslbl B BHAEC NapajuleJIeNUIEoB pasmepamu 3x6x12 wmwm.
VYnaneHue HapyIICHHOTO CJIOsl, 0Opa3yIOWIErocsi Ha Topiax OOKOBBIX MOBEPXHOCTEH 00pa3loB
Opu  pPE3Ke, OCYIIECTBISUIOCh XHMHYECKUM  TpPaBICHUEM. OJEKTPUYECKHE MapaMeTphl
(31E€KTPONPOBOIHOCTD G, KO3PPHUIMEHTHI TepMO3c o U Xoyuia R) uM3Mepsiin Ha HMOCTOSHHOM
TOKE 30HIOBBIM METOZOM BJIOJb CIUTKA.

3aBUCHUMOCTH 3JIEKTPOTIPOBOJHOCTH G U Kod(hduumeHToB Tepmodac o U Xomna R ot
KOHICHTPAIIMN MapTaHIa U TEMIEePaTyphl IPECTaBICHBI B TAOIHIIE.
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Tadoauna.
DJIEKTpUIECKHUE MapaMeTpbl KPUCTAIIIOB SN1.xMnyTe
Cocras mpu 77K mpu 300K
X o,0m em™? o,MKB/K R,cm”/Kn c,0mem™? o, MKB/K R, em/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 151 0,02 5375 26,9 0,02
0,04 5675 19,2 0,02 3250 38,3 0,02

W3 Ttabmuuer cnenyer, uto kodddumument tepmodnc o mpu /7 u 300K pacter ¢
MOBBIIICHHEM KOHIICHTpPAIlMM MapraHia, o0pa3ys MaKCHMyM, 3aTeM yMeHblaeTcs. [Ipu stom
sHaueHus o npu 77 u 300K mms oOpasnos, coneprkamux atombl Mn, Bcerma Gosbie, 4em s
SnTe. Ha xpuBoii TemmeparypHoii 3aBucumoctu o obpaszua SnTe mpu ~180K naGmromaercs
MUHUMYM, KOTOPBI C pOCTOM KOHIEHTparuu Mn caBuraetcst B CTOPOHY HU3KHX TeMIEpaTyp.
[Ipu Oonpmmx koHHeHTpaussx Mn ko3dduIMeHT TepMOdAC MOHOTOHHO BO3pacTaeT C
YBEJIIMYEHHEM TEMIIEPATYPHI.

3aBUCHMOCTH 3JIEKTPONIPOBOAHOCTH OT TEMIEpPaTyphl Uil BCEX OOPa3loB HMEIOT
METaJUTHYECKHUI XapaKTep, T.€. C POCTOM TeMIIEpaTypbl yMeHbIIAtOTCs. [Ipu 3TOM KOHIIEHTpaus
IBIPOK B 00pasmax, ompezensieMas u3 noctosiaHaoi Xoma mpu ~77 K (p= 1/eR) cocrasnser
~(2,0-3,1)-10%% M 1 ¢ TemmepaTypoii TOYTH He MEHSETCS.

B [2] nmoka3aHo, 4TO JaHHBIC TEMIIEPATYPHBIX 3aBUCHMOCTEH G, 0L B R B MPUTrOTOBIICHHBIX
METOJIOM TOpsiueii MpeccoBKH oOpaszmax SnTe, ymaercss 0OBICHUTh MOJETBIO JIBYX BaJICHTHBIX
30H, pa3/IeJICHHBIX 3230POM IPU HAJTHYUU MEK30HHOTO PACCESHUS.

ITpu Temmeparype ~77 K mis o0paznoB SnixMnyTe MOXHO TOJI30BAaThCS TEOPHEH IS
MIOJIYIPOBOJAHUKA C OJHUM THIIOM HOcuTened Toka. B aTom cimydae sddextuBHas macca
HOCHTEJIEH MOXKET OBITh BBIYUCIIEHA COOTBETCTBYIOIIUMHU (PopMyrnaMu. BeIaucieHHBIE Takum
o00pazoM 3¢ peKTUBHBIC MacChl JIeTKUX AbIPoK coctaBismu 0,40+0,45 m,.

[IpencraBnennsie B TalOHIEe IKCIIEPUMEHTABHBIE JAHHBIE, B OCHOBHOM, COTJIACYIOTCS C
MOJICTBIO JIBYX BaJICHTHBIX 30H, Pa3/IEIEHHBIX YHEPTETUYECKUM 3a30poM Ag, 0€3 MepeKphITUs ¢
30HOM MPOBOIUMOCTH.

MO>KHO MPUHUMATh, YTO C POCTOM TEMIEPATYpPHI, 32 CUET CMEUICHHS Kpas BTOPOMl 30HBHI,
BKJIQJT TSOKEJIBIX JBIPOK ¢ 3(dekTuBHOM Maccoit ~3,3 Mg [2] B MpOBOAMMOCTE PaCTET U TOITOMY
MIPOUCXOAUT POCT KOAD(HUIIUEHTA TEPMOD/IC.

Mauible KOHIIGHTpAIMd Maprasiia, pacupeaeisisiCh B KPUCTA/UIaX KaK MPUMECHBIE aTOMBI,
OPUBOJAT K POCTY KOHIICHTPAIMH JBIPOK M, COOTBETCTBEHHO, JJIEKTPONPOBOAHOCTH. I[Ipum
KOHIEHTpanusix Mapranmna 6omibine x=0,005 mpoucxoauT 3aMernieHne UMH aTOMOB 0j0Ba. Tak
Kak coenuHeHue SNixMnyTe KpucTauM3yeTcs ¢ BAKAaHCHSIMH B TIOJPEUIETKE 0JIOBA, BBEJICHHBIC
aTOMBI MapraHiia, B MEPBYIO o4epeab, OyayT pa3MeIIaThCsl B 3TUX BAKAHCHUSX. JTO MPUBEIET K
YMEHBIICHUIO KOHILEHTPAIlMK BAaKAaHCHWA, T.€. KOHLEHTPALMH IBIPOK U, COOTBETCTBEHHO,
anextponpoBoanocty. Kak u B ciyuae PbixMnyTe [3], B SnixMnyTe ¢ pocToM KOHIIEHTpanuu
Mn 30Ha JErKUX MABIPOK MPHOIIDKAETCS K 30HE TSOKENBIX ABIPOK. lloaToMy ¢ poctom
KOHIICHTPAIIMN MapraHiia B coctaBe SNixMnyTe Bkiiag TSKeNbIX ABIPOK B AJIEKTPOIIPOBOIHOCTh
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U TEPMODJIC YBEIUUUBACTCS DTO MPUBOAUT K POCTY KOA(D(DHUIIMEHTA TEPMOIAC U YMEHBIICHHIO
3JIEKTPOITPOBOTHOCTH.

Takum o0pa3oMm, TemmepaTypHble W KOHIICHTPALMOHHBIE 3aBHUCUMOCTH JJIEKTPUUYECKUX
napaMeTpoB MOHOKPHCTAJIOB  YAOBIETBOPUTEIBHO OOBSICHAIOTCS MOETBIO JIBYX BaJICHTHBIX
30H, pa3elICHHBIX JHEPIreTUYECKUM 3a30poM. [Ipu H3TOM C pocToM TeMmIlepaTtypbl u
KOHIICHTpAIIUX MapTaHIla B COCTaBe, 30Ha JICTKUX JBIPOK MPHUOIMIKACTCS K 30HE TSHKEIIBIX JIBIPOK
Y BKJIAJ] TIOCJICTHUX B DJIEKTPUUECKHUE MTAPaMETPhl YBEIIMUUBACTCS .
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SJEKTPUUYECKUE CBOMCTBA CJIOKHOJIETMPOBAHHBIX
IKCTPYJAUPOBAHHBIX OBPA3LIOB BigShis C IPUMECSMMU Pb-Te-Gd
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Teepovie pacmeopwvl cucmem GUCMYM-CYPbMA, NOMUMO UHMEPECHBIX DNEKMPUUECKUX CBOUCMS,
ABNAIOMCA  NEPCHEKMUBHBIMU — MAMepuaiamu 0 CO30AHUA  HUSKOMEMNEPAMYpPHbIX — MepMo- U
Maznumomepmodiekmpudeckux npeobpasosameneii. OcobeHno nepcneKmugHuIMU 6 SMOM HANPAGIeHUU
AGIAIOMCS IKCMPYOUPOBAHHbIE MAMEPUALbL HA OCHoge cucmem Bi-Sb.

DkerpyaupoBaHHbie 00pa3ibl BigsShis ¢ mpumecsmu cBUHIA W TeJuTypa OBUTH TOJTYYCHBI
10 TEXHOJIOTUH, omucaHHOW B [1,2]. MccinemoBaHbl 3JEKTPUYECKMX W TEIUIOBBIX CBOWCTB
OJIMHAPHO- U CJIOXHOJITUPOBAHHBIX JKCTPYAUPOBAHHBIX OOpa3llOB TBEPJBIX PACTBOPOB Ha
ocHoBe cucteM Bi-Sh u Bi-Sb-Gd-Te.

BhIsICHEHO, YTO MPUMECH TaJOJUHKS CO3/Ial0T JOHOPHBIC HEHTPHI B BiggsSho1s. o 0,01
aT.% npHUMeCcHBIE aTOMBI TAJOJHMHUS, paclpenenssich B oOpasmax BiogsShois paBHOMEpHO,
OPUBOJAT K POCTY KOHIICHTPAIMH JIEKTPOHOB B HUX, U CIIEJJOBATEIILHO, POCTY G U YMEHBILICHUIO
o u Ry. Beime 0,0lat.% atombr ragonmuaus B BiggsSbois, co3maror snexrponeiTpanbHbIe
TPYIIBI, COCTOSIIME W3 HECKOJbKUX aToMoB. llomoOHble 3aBucumoctH o, o u Ry oT
koHeHTparun Gd coxpaHstoTes W mociae TepmMooOpadboTky. C pocToM TeMmIeparypsl J10
~200+250K G HenerupoBaHHBIX W JIETUPOBAHHBIX T'aJ0JMHHAEM OOpa3lOB PACTET U MPOXOIUT
yepe3 HoJIoruii MakcumyM. Mckirodenue coctaBisieT Tobko oopasusl ¢ 0,005-0,01at.% Gd, B
koTopbix o(T) Bo BceM HHTepBaJie TeMIepaTyp HOCUT MeTauTMueckuii xapakrep. [1o 3HaKy o u
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Ry umcteie oOpa3iupl u oOpasubl, nerupoBanHsie Gd B umHTepBane temmepatyp 80-300K,
001a/1a10T N- TUTIOM MPOBOUMOCTH.

C pocTOM KOHICHTpAIMHM AaKIENTOPHBIX HpuMeced PD 31ekTponpoBoaHOCTE 00pa3loB
BiogsSbo1s cunbro mamaer [2]. Ilpu Mmanbix koientpamusx Pb (mo ~0,005 ar.%) oGpasiisr
BiogsShois mpu ~80K ocraroTcs 4HCTO NMPUMECHBIMH C OJHAM THIIOM HOCHUTEJICH 3apsja
(anektponsl). [TodTOMYy, B HHUX, 32 CYET YMCHBIICHUS KOHICHTPAIMH JJICKTPOHOB, 3HAYCHUS
kodpuueHToB o U Ry 1O cpaBHEHHMIO C HEJIETHPOBAHHBIM OOPa3lOM HECKOJIBKO
yBenuuuBaroTcs. C manpHEHIIMM POCTOM KOHIGHTpaimu PD, wW3-3a CHIBHOH KOMIICHCAIMH
JOHOPHBIX IIEHTPOB, 00pa3lbl MPUOIIKAIOTCS K COCTOSHUIO COOCTBEHHOW MPOBOJUMOCTH IMPHU
~80 K, 4dro compoBoxmaercss ymeHblieHHeM 3HaueHUU o U Ry [Ipu konuentpamuu 0,05 at.%
Pb B o6pasue BiggsSho1s mpeobdnamaer apipounas npoBoauMocts npu ~80 K, BeaeacTBue vero
3HaKOB O M Ry cTaHOBATCA MOJOKHUTEIbHBIMH. B oOpasiax BiggsSbois ¢ 0,05 ar. % Pb ¢
MOBBIIICHHEM TEMIIEPATyphbl pU OTCYTCTBUHM MarHuTHOTO moss npu ~130+140 K npoucxomut
UHBEPCHS 3HAKOB 0L U Ry OT MOJIOKHTEILHOTO K OTpHIateibHOMy. B oOpasiax BiggsSbpis ¢
0,01at.% Pb mHBepcus 3HaKa o0 U Ry OT OTPHIIATENHFHOTO K MOJOXKHUTEIBHOMY MPH MarHUTHOM
noste Gombure 24x10% A/m 1 9,6x10* A/M COOTBETCTBEHHO NPOUCXOAUT MpH Temrepatypax ~90 u
100 K. D10 0O0ycnoBiIeHO TEM, YTO C POCTOM TEMIIEpAaTypbl B 00pa3lax NpeBaUpyeT
coOcTBeHHass MPOBOAMMOCTE.C II€NIbI0 YCTAHOBIICHUS 3aKOHOMEPHOCTEH BIIMSHUS JABOWHOTO
JICTUPOBAHMS HA OJJIEKTPHYECKHE CBOMCTBA TBepAOro pactBopa BiggsSbois u BbIsiBICHMS
BO3MOKHOCTH TIOBBIIICHUS TEPMODJICKTPHUECKON IPPEKTUBHOCTH ITUM METOJOM, B paboTe
uccnenoBano BimsHue npumeceit Gd Ha anekrpuueckue cBoWcTBa 00pasmoB BiggsSbhpis ¢
npumechio 0,0001, 0,0005 u 0,001 at.% Te [3]. B HenerupoBanubix ¢ Gd oOpasiiax KOJIHIECTBO
Tearypa, a B obpasmax, jerupoBannbix 0,0001; 0,005; 0,001 at. % Te, xommuectBo Gd m3me-
Hssoch B umHTepBasie  0,0001+0,1 ar.%. BriicHEHO, YTO 3aKOHOMEPHOCTH W3MEHEHUS
IIEKTPOPUINUECKIX CBOHCTB 00pa3moB BipgsSho 15, IerMpoBaHHBIX TpEIBAPUTEIBHO aTOMaMU
Te, npu BBeneHuu npumeceit Gd (T.e. IpU CIOXKHOM JIETUPOBAHHH) OIPEIEIIETCS, B MEPBYIO
odepesb, 00pa30BaHUEM OJIIEKTPOHEUTpaNbHBIX KomiuiekcoB Tuma Gd-Te. Ilpu BBeneHwn B
BiogsSho1s (0,001aT.%Te) mpumecu Gd, ¢ pocTOM MOCICAHOTO AJIEKTPOIPOBOTHOCTh 00pPa3IoB
MOHOTOHHO yMeHbIIaeTcs. JlaHHbIe 0 3aBUCUMOCTH O M Ry TIOKa3bIBatOT, YTO 3TO 0OYCIOBICHO C
YMEHBIIIEHUEM KOHIICHTPAIMU 3JIEKTPOHOB. Takane 3aBUCHMOCTH G, 0. U Ry OT KOHIEHTpauuu
Gd nabmogarotcst u B obpasiax BigsSbis ¢ 0,0001 u 0,0005 at.%Te.

Beenenne Momudunupyromux 106aBok ZrO; B TBepabiii pactBop BiggsShg 15 yBenmnunBaer
IUIOTHOCTH JTUCJIOKAIMH W OJHOBPEMEHHO TOBBIMIAET OJHOPOJHOCTh UX pacHpeeNieHHs Mo
obpasmy. Hexotopoe ymeHbmieHue kodddunuentoB oo 1 Ry B oOpasmax comepkamux ZrO; B
KonmuecTBe ~3 Mac. %, aeT OCHOBaHHWE IMPEAINONIOKHUTh, YTO JAWUCIOKAIWW, BBI3BAHHBIE
no0aBiaeHHEM MO (UKATOPa, HTPAIOT POJIb JOHOPHBIX HIEHTPOB B BiggsShg 15.

BecnpumecHbie o0pasisl BiggsSho 15 0011a1a10T AIeKTPOHHBIM THIIOM TTPOBOJAMMOCTH KaK
npu ~77K, Tak u mpu BbICOKMX Temriepatypax [4]. Atomsl cBuHIA, co3maBas B BiggsSho s
aKLENTOPHBIE IEHTPHI, TNPUBOAAT K YMEHBIICHHIO KOHILEHTPALMU SJEKTPOHOB B 30HE
MIPOBOJIUMOCTH. BcliecTBrHE 3TOr0, ¢ pOCTOM KOHICHTpanuu PDh 31nekTponpoBOIHOCTH majaer.
[Mpu maneix koHNeHTpanusx Pb obOpasuer nmpu ~77K ocTaroTcs 4MCTO MPUMECHBIMH C OJIHUM
TUIIOM HocuTelnel 3apsna (3nmektponsr). [Tostomy mo ~0,005 ar.% Pb 3a cuer ymeHbmieHus
KOHIIEHTPAIIUHN 3JICKTPOHOB 3HaueHUsi oL U Ry, MO CpaBHEHUWIO C HEIErHPOBAaHHBIM 00pa3IoM,
HECKOJbKO yBenmuuBaroTcs. C  JampHEWIIMM pocTOM KoHIeHTpamwu Pb, w3-3a cuibHOU
KOMIIEHCAIIMK JIOHOPHBIX IIEHTPOB, 00pa3lbl MPHOIIDKAIOTCA K COCTOSTHHIO COOCTBEHHOU
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npoBOAMMOCTH Tipu ~77 K, 4T0 compoBokmaeTcsi yMEeHbIICHHEM 3HaueHUl G, o, Ry u . [Ipu
kouteHTpausx Pb 0,01 -0,05 ar.% B oOpasie mnpeobiamaer AbIPOYHAs MPOBOIUMOCTH IMPHU
~7T7K, BcneacTBHUE 4ero 3HaK:A oL U Ry CTaHOBITCS MMOJIOKHUTEILHBIMH.

[ToBMWXHOCTD 37CKTPOHOB B BiggsShg 15 mpu ~77K Ha mopsiiok MpeBbIIacT M0IBUKHOCTh
neipok [5]. BenmenctBue aToro, B 00pasmax ¢ MOAU(GHUKATOPOM, B KOTOPHIX 3a CYET PAaBHOMEPHOI'O
pacrpe/ieficHusl JIUCJIOKAlUi TOJBMIKHOCTh JJICKTPOHOB OoJbllle, 4YeM B oOpa3max 0e3
Moaudukaropa, Biausaue Pb Ha kosdduiueHTs o0 1 Ry HECKOIBKO 0CIa0JIeHO M HHBEPCHS 3HAKa
3TUX KOA(PPHUIIMEHTOB MPOUCXOIUT MPH 00Jiee BHICOKUX KOHIICHTparusax Pb.

[Tpu BBeneHnm Momubunupyromux m106aBok ZrO, Kak B YUCTBbIC, TaK W JICTHPOBAHHBIC
AKICTITOPHBIMA W JOHOPHBIMH IMPUMECSIMH SKCTPYAMPOBAHHBIC 00pa3Ilbl TBEPJIOr0 pacTBOpa
BiogsSho 15 mpoucxoaut ymopsiiodeHHE CTPYKTYPhI MATpPHUIbl OTHOCHTEIBHO PACIOJIOKEHHUS
JUCIOKanMOHHBIX JedekToB [6]. Takoe ymopsimodeHHe B CTPYKType BEAET K OCIAOJICHHUIO
paccesHus JICKTPOHOB U (POHOHOB.
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