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Ha ocHOBe cpaBHHUTEIBHOTO aHanmu3a (OTOPIEKTPUUECKHX CBOHCTB KPHUCTAJIIOB
MOHOCEJICHHUJIOB TaJTUS U UHAMS CO CHEKTPOM COJIHEYHOTO H3JIyYEHUs BBISABIEHO, YTO
reTepOCTPYKTYpPhl HAa HMX OCHOBE MOTYT OBIThb BBICOKOI(D(PEKTUBHBIMH COJHEYHBIMU
anemeHTamu. [lpudeM mnapaMerpaMu W XapaKTEPUCTUKAMHM OTHX JJIEMEHTOB MOXKHO
YIPaBJIATh MyT€M U3MEHEHUs BEIMYUHBI UCXOTHOT'O TEMHOBOTO YIEIHHOTO CONMPOTHBIICHHS
Y YPOBHS JIETHPOBAHUS PEIKO3EMETbHBIMU JIEMEHTAMU KOHTAKTUPYIOMIMX Map. DTOT criocod
MO3BOJISIET, PACIIMPHUT CIEKTP (POTOUYBCTBUTENBHOCTH MCCIEAYEMBIX T'€TEPOCTPYKTYpP M0
0.35+1.45 Mkm, ¢ nByMs MakcuMyMaMu B oOkpecTHocTAX ~0.59 mxm m ~ 0.95 mkwM,
COOTBETCTBEHHO.

[TokazaHo, 4TO MOJTy4YEHHBIE IKCIIEPUMEHTAIbHbIE PE3YIbTaThl MOTYT OOBSICHATHCS Ha
OCHOBE 3aBHCHMOCTEI CTENEeHH YMOPSJOUYEHHOCTH HUCCIENYeMbIX KPUCTAIIIOB OT BEIMYHUHBI
HCXO/HOTO TEMHOBOTO Y/I€IBHOTO CONPOTUBIICHUS U YPOBHS JISTHPOBAHUSI.

OObIuHO, HCClIeI0BaHUE B 00JIACTH MPEOOPa30BaHUS SHEPTHH COTHEYHOTO U3ITyUCHHS
B DJIEKTPUYECKYIO U (DOTODIEKTPUUECKON pEerucTpaiuy cBera 0e3 UCKIIOUYSHHS 3aKII04aeTcs
B TIOMCKE U pa3pabOTKEe TEXHOJOTUH HOBBIX BBICOKOI(PGMEKTHUBHBIX C O3TOH IICNIBIO
MOJYIIPOBOJTHUKOBBIX ~ MaTEpUaANoOB, TOBBIIEHHH  3((EKTUBHOCTH  NPeoOpazoBaHMUS
COOTBETCTBYIOIINX  (DOTORJIEMEHTOB, CTAOMJIBHOCTH IapaMeTpPOB M  XapaKTEPHCTUK
MIPUEMHHUKOB CBETA, pa3paboTKe, a TaK)Ke MPUMEHEHUH HOBBIX Oosiee Y(PPEKTUBHBIX CTPYKTYP
Y KOHCTpYyKUuii [1].

EctecTBeHHO, UTO BCe 3TH MPOOJIEMBI HEMOCPEICTBEHHO CBA3AHbI C TEM, KaKas 4acTb
Ma/Ial0Iero Ha padouyro IUIOIMIAbL MPeodpa3oBaTeNs COTHEYHOTO M3IIyUeHHS MpeBpaIlacTcs
B DJIEKTPUYECKYI0O M Kakas MHHHMallbHas MOIIHOCTh CBETOBOTO M3IYyYEHHUS MOXKET
peructpupoBaTthcs. Ilocnennue, B CBOIO ouepelb, 3aBUCAT OT (yHIAMEHTAIbHBIX
1apaMeTpoB, B TOM YHMCII€ 3HAYECHUS IIMPUHBI 3aIIPELICHHOMN 30HBI paboyero MaTepuaia.

OpHako HUKAKON KOHKPETHBIN MOJYIPOBOJHUK HE MOXKET OXBATHIBATH BECH CIIEKTP
W3JIYYeHHUS] COJHIIA, WU ke Oosnee 3(QPEeKTHBHOTO ¢ TOYKU 3peHUs (GOTONPUEMHUKOB
auarna3oHa  ONTHYECKOTO CHEKTpa. [loaToMy  mpu  CO3JaHUM  COJHEYHBIX
¢doronpeodpazoBateneit u (uian) GOTONPHEMHUKOB CBETA MEPBBIM IIATOM SBISETCS BBIOOP
MOJTYIIPOBOJIHUKA, B KOTOPOM MaKCUMYyM CIIeKTpa (OTOMPOBOAMMOCTH HAXOIUTCS B O0JIACTH
JUIMH BOJIH, COOTBETCTBYIOIIEH 3aMETHON JOJHM SHEPTUU COJIHEYHOI'O H3JIyYeHHUs Ha Tex
HA3eMHBIX WJIM BHE3EMHBIX KOOpJAWMHATaX, TAe JODKEH HSKCIUTyaTHpOBAThCS JaHHBIN
npeoOpa3oBarenb, MO K€ MAKCUMyM CIIEKTpa CBETOBOTO CHUTHala, KOTOPBIM JOJDKEH
peructpupoBatbca. C 3TOM TOYKH 3pEHHS COBCEM HE CIy4YailHO IIMPOKOE NMPHUMEHEHHE B
W3TOTOBJICHUH COJHEYHBIX (oTonpeoOpazoBareneii U (GOTONPUEMHHUKOB CBETa TaKUX
MOJIYITPOBOJIHUKOB, KaK KpeMHUMU, TBepiAble pacTBopbl Tuna AlyGajyAs, coeMHEHUsI TUIIA
CulnSe; [2].

Panee mnpoBeneHHble HaMU HCCIEIOBaHUS TOKAa3bIBalOT, YTO JJIS CO3JaHUS
BBICOKOA((DEKTUBHBIX CONHEUHBIX (oTompeodpazoBareneii U (HOTOMPHUEMHHUKOB CBETa HE
MaJIO IePCIEKTUBHBIMH MOTYT OBITh M T€TEPOTeHHBIE CTPYKTYPHI HA OCHOBE MOHOCEJICHUIOB
AIBVI[3].

B nmanHo# paboTe ¢ 1ENbI0 BBHISBICHUS HAYYHOW M MPAKTUYECKOW MEPCHEKTHBHOCTH
reTeporeHHbIX (OTOBOJIBTAUYECKUX JJIEMEHTOB Ha OCHOBE UHUCTBHIX (CIEeHanIbHO
HEJIETMPOBAHHBIX) U CIa00JETUPOBAHHBIX (B Mpeaeax 10°+10"ar.%) aromamu Ppa3JIMYHBIX
penkosemenbHbIX neMeHToB (P33), B yactHocTH atomamu ragonunus (Gd), ronsmus (Ho) u
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nucnpo3usi (Dy) kpuctaiuioB MoHoceneHuaoB rTawius (p-GaSe) m unmus (n—InSe)
MPOBOAMIIOCH KOMIUIEKCHOE SKCIEPUMEHTAIIBHOE HCCIEOBAHHE X (POTOIIEKTPUICCKIX
CBOWCTB.

Hccnenyemble CTpYKTYpbl ObUIM CO3JaHBI METOJOM MPSMOI MOCAJKH Ha ONTHYECKUI
KOHTAaKT [4]. [Ipu Bcex pacCMOTPEHHBIX CiIydasx 00a, WM K€ XOTS Obl OAMH U3 KOHTAKTHU-
pYIOIIUX Map ABJSJICS clI0W MOHOKpHUCTaIoB p —GaSe, uinu xe n-InSe. B kauectBe npyroro
KOHTaKTUPYIOLIETO MOJIYNPOBOJHUKA UCIIOIB30BaICs MIAacTUHKHU Si U (nian) n-CulnSe;.

YcTaHoBNIEHO, UTO BCE CO3/JaHHBIE (DOTOBOJIBTAUYECKUE AJIEMEHTHI 001aNaloT J10CTa-
TOYHOM (hOTOUYBCTBUTEITBLHOCTHIO BILIOTH 70 ~350 K. C monmxkenueM temmeparypsl 10 77 K
UX MHTETpajbHast POTOUYBCTBUTEIBHOCTD, a Takke 3(h(hEeKTUBHOCTH TPeoOpa3oBaHus, 3HAUH-
TeIbHO yBenuuuBaeTcs. [Ipu 3ToM Takke paciupseTcs CeKTp UX (POTOUyBCTBUTEILHOCTH.

[TapameTpsl M XapakTEepUCTUKH HCCIEAYEMBIX (POTOBOJIBTAMUECKUX AJIEMEHTOB
OKa3aJuCh 3aBUCMMBIMH TakK)Ke€ OT HMCXOIHOr0 3HadyeHus (umeromierocs mecto npu 77K)
TEMHOBOI'O yJIEJIbHOTO COMPOTHUBICHUS (p10) U YPOBHS .HGI‘I/I&)OBaHI/IH (Np3», B aT1.%) aTroMamMu
P30, B ciaydae unCTHIX U ernpoBaHHbIX kpuctammax A'BY, coorsercTBenHo. ITpu mpounx
OJIMHAKO-BBIX YCJIOBHSX ONTUMAalbHble A 3(dekTuBHOr0 mnpeoOpa3zoBaHUsl COTHEUYHOMN
SHEPTUH B IEKTPUUECKYIO, CTPYKTYPbI MOTYYarOTCsl Ha OCHOBE 00Jiee BHICOKOOMHBIX YHCTBIX
U JIETHPOBAaHHBIX He Ooee 10”ar.% kpuctaioB. C  pocToM prg  CHEKTp
(oTOUyBCTBUTEIBHOCTU 3JIeMeHTOB n-InSe/p-GaSe mocTeneHHO pacIUpssACh, OXBaTHIBACT
ob6macte qumuHBI BOJHBI 0.35<A <1.30MkM. B Toxe Bpemsi (hOTOUYBCTBUTEIHHOCTh CTPYKTY]P
n-InSe<P32>/p-GaSe<P3D> ¢ Np3»=107a1.% u Np33=10"ar.% mns InSe u GaSe
COOTBETCTBEHHO, OXBaThiBaeT 001acTh ummHBI BOMHBL (0.30<A<1.45 M™MkM c JByms
MaKCHUMyMaMH, KOTOPbIE C U3MEHEHUEM Pro U Np3y IEPEMEIIAIOTCS B OJIMIKHIOI OKPECTHOCTh
0.95mMxkm 1 0.59MrM. C pocToM prg U Np3y YBETMYHMBACTCS TaKKe aOCOJIOTHAS BEJIWYMHA
¢dhoTod.1.c. (mouTH Ha 4+5 paza).

Okazanoch, YTO B YyKa3aHHOM JMana3oHE JUIMHBI BOJIHBI CBETa BEJIMYMHA
¢doronanpsokenusa (Ug) JMHEHHO yBeNMYMBaeTCs C HMHTEHCUBHOCTBIO cBeTa. Ilpum
onTUManbHbIX yclnoBusaX (mpu 77 K, A=Amax 1 yMepeHHBIX ocBemeHHocTAX) Uy qocTuraer 1o
60=70MB un 100+120MB B cTpykTypax, U3rOTOBIEHHbBIX Ha OCHOBE YHUCTBIX U JIETUPOBAHHBIX
kpuctaioB n —InSe u p —GaSe. Ha ocHOBe CpaBHHUTENBHOIO aHAJINM3a IOJYYEHHBIX
OKCIIEPUMEHTAJIBHBIX  PEe3yJbTaTOB  MOKA3aHO, YTO 3aBHUCHUMOCTH  IapaMeTpoB U
XapaKTePUCTUK CO3JAHHBIX I'€TEPOTeHHBIX (DOTOBOJIBTAUYECKUX BJIEMEHTOB OT pro U Np3p,
MIPEKIE BCETO, OOYCIOBICHBI C COOTBETCTBYIOIINM M3MEHEHHEM CTENEHU YIOPSI0UYEHHOCTH
KPUCTAJIJIOB 3TUX MOJIYIIPOBOJHUKOB C pro U Np35 [3].

OTH pe3ylbTaTbl CBUIETEIBCTBYIOT O HAyYHOW W TPAKTUYECKOW MEPCIEKTUBHOCTH
CO3/IaHHBIX IMYyTE€M IOCAJKU Ha ONTHYECKHI KOHTAKT TeTepOT€HHBIX (DOTOBOIBTAMUECKUX
3JIEMEHTOB Ha OCHOBE YUCTHIX U JIETMPOBAHHBIX aroMaMu P30 KpHUCTaIJIOB MOHOCEIEHUIOB
TaJUTAS. ¥ UHTUS.
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Hccneoosano  enusnue UCXOOHO20 MEMHOB020 YOEIbHO20 CONPOMUBTEHUS U
JIe2UPOBAHUS  PA3TUYHBLIMU — PEOKO3EMENbHbIMU — JNeMeHmamMu  Ha — COOCMBEHHYIO
homonposooumocms KpUCManiio8 MOHOCENEHUOA 2aUsl U UHOUSL.

Ycemanoeneno, umo nymem onpedenenus ONMUMANTbHO20 3HAYEHUS UCXOOHO20
MEMHOB020 YOENbHO20 CONPOMUBTEHUS, A MAKNHCe YPOBHS Ne2UPOBAHUL PeOKO3eMENbHbIMU
anemenmamy, MoxcHo ewibpamu  kpucmaniel  monocenenuoos A"BY co  croucmoii
CMPYKMypoU, KOmopvle AGIAMCA NePCNeKMUSHbIMU — Mamepuailamy O  Onmo- U
GomoanekmpoHuKu.

OpHMM U3 MPEBOCXOJICTB MOJIYIPOBOJHUKOB MO0 CPAaBHEHUIO C APYTUMHU BEIIECTBAMHU
(MeTaymaMu, JUAJICKTPUKAMHU) SIBIIACTCS UX (DOTOUYBCTBHTEIBHOCTH [1], KOTOpasi mo3BOISIET
CO3JIaTh HAa OCHOBE ATHX MAaTEpHAIIOB PA3JIMYHBIX MPHUOOPOB U YCTPOUCTB ((OTONMPUEMHUKOB
cBeTa, mpeobpa3oBarenei conHeuHoi sHeprun) [2]. K Hacrosmemy BpeMeHH yXe BBISIBICHBI
B 3HAUUTEIBPHOM KOJIMYECTBE IIPUPOJHBIE M HCKYCCTBEHHO CO3[aHHBIE MaTepHallbl C
MTOJTYITPOBOJTHUKOBBIMH CBOMCTBaMHU, B TOM umcie (orornekrpuaeckumu [3]. ITockonbky
oonee QororddexTuBHBIM sIBISETCS cBeTOoBoe wu3nydeHue u3 obmactu 0.30+1.20MKwm,
WCKJIIOYasi ~ CHEUUaJIbHBIX  HA3HAYEHUM, 3HAYUTEIbHBI  WHTEpPEC  MPENCTaBISAIOT
(OTONPOBOAHUKM C BBICOKOM (DOTOUYBCTBUTEIBHOCTBIO HMMEHHO B 3TOM JMana3oHe
ontudeckoro crekrpa [2]. Cpean TakuxX MOJYMPOBOJHHUKOB IO CBOUM Pa3HOOOpa3HBIM M
YHUKAJIbHBIM 3JIEKTPUUECKUM CBOWCTBAM MPUBJIEKAIOT 0c000€ BHUMaHUE TAaK)Ke COCTUHEHUS
AIBVI[4].

B npexacraBinenHoit pabore cooOmaercss o0 pe3yiabTarax, IOJYYEHHBIX IpU
OKCIIEPUMEHTAJBHBIX  HCCIEJOBAHUSIX  OCOOEHHOCTEH  (DOTOANEKTPUYECKUX  CBOWCTB
KpUCTAIIoB MoHoceneHunoB coenunennii A"BY' co cmoucToit cTpykTypoll, ¢ Iuenbo
BBISIBJICHHSI UX TICPCIIEKTUBHOCTH JIJIS IOTYIPOBOAHUKOBON ONMTO- U (DOTOINEKTPOHUKH [2].

UccnenoBanusi NPOBOAWINCH MPU  PA3NUYHBIX BHEIIHMX YCIOBUSAX B YHUCTHIX
(crienMaabHO HEJIETMPOBAHHBIX), a TaKXKe JIETUPOBAHHBIX PEIKO3EMEIbHBIMU 3JIEMEHTaMU
(P32) MmoHOKpuCcTamIax MoOHOCeNeHUI0B rauus (p-GaSe) u unnus (n-InSe).

CHUMaNKUCh CHOEKTpP, CBETOBAas XapaKTEPUCTHUKA M TeMIlepaTypHas 3aBUCUMOCTh
COOCTBEHHOW (DOTOMPOBOJUMOCTH 3TUX MOJYNPOBOAHUKOB. OKazanoch, 4yTo B 00JacTu
T<300 K mnpu mnpoynx OAMHAKOBBIX BHEIIHUX YCIOBUAX TOMHUMO BJIEKTPUYECKHX,
3HAYUTENIBHBIM 00pa3oM OTIMYaloTCd U (OTORIEKTPUUECKHE CBOMCTBA 3TUX KPHUCTAJUIOB B
3aBUCUMOCTH OT MX MPOUCXOKACHUS U YPOBHSA JIETUPOBAHUS PEIKO3EMETbHBIMU AJIEMEHTaMU
(aTOMapHO-TIPOLIEHTHOTO COJepKaHus BBeJeHHON mpumecu P33D) mccinemyemoro oOpasima.
[Ipexxne Bcero, 3To OTIMYKE MPOSBIAETCS B PACXOXKACHHUIX BEIMUYMH TEMHOBOTO YIEIBHOTO
conpotusieHus (pr). [Ipuyem ¢ MOHMKEHUEM TEMIIEPATYpPhI 3TO PACXOXKICHUE YCUIHBACTCS
u nipu 77 K TeMHOBOE y/ielnbHOE CONPOTUBIECHUE (Pr) A pa3IMyHBIX 00pa3I0B MEHSETCS B
npegenax ~10°+10° Om-cm

88



Fizikanin miasir problemlari VII Respublika konfransi

B 3aBucuMOCTHM OT BEIMYMHBI Prp (B YUCTHIX KpucTtaimiax) U N (B JIESTHPOBAHHBIX
KpUCTAJIJIaX) MEHSIOTCS Takke (OTOINEKTpUUECKHE TapaMeTpbl M XapaKTepUCTUKU
YKa3aHHbBIX MOJIYINPOBOAHUKOB. B 4acTHOCTH, B YHMCTBIX KpPHUCTAUIaX C POCTOM Pro HpHU
NPOYMX OJMHAKOBBIX YCJOBUSAX MAaKCHMyM CIIEKTpa COOCTBEHHOH (HOTOIMPOBOIUMOCTH
CMeIllaeTcsi B CTOPOHY OoJjiee IIMHHBIX BOJIH; CHEKTP ¢ 00enX CTOPOH (KOPOTKOBOJIHOBOW U
JUTMHHOBOJIHOBOM CTOPOH) pacIIMpsieTCs; WHTerpaibHas (OTOUYBCTBUTEIHHOCTh MOYTH Ha
2+3 mopsaka yBeNIWYHMBAeTCS; Ha OOEMX BETBSIX CHEKTpa TMOSBISETCSA JOMOJIHUTENIbHBIC
crnabble MakKCUMYMBbI (IUIaThl), aMIUITMTYAbI KOTOPBIX C Pro pacTyT. B oTnmume oT pro, OT
ypoBHa JserupoBanus (ot N) napamMeTpbl U XapaKTePUCTUKH  COOCTBEHHOM
(G OTONPOBOAMMOCTH B U3y4aeMbIX MOJYIIPOBOJHUKAX 3aBUCUT HEMOHOTOHHO. B wacTHOCTH, C
pocrom N cHagaia (10 ~10"+107  ar.%) UHTErpaibHas  (POTOUYBCTBUTEIHHOCTh
YBEJIMYMBAETCS; MAKCUMYM CIEKTpa CMEIAeTCsl B CTOPOHY OoJiee JIMHHBIX BOJIH; IIUPUHA
CIEKTpa YBEJIMYMBAETCSA; Ha OOEUX BETBSAX CIEKTPa BO3HHUKAIOT JOMOJHUTEIbHBIE cladble
MaKCUMYMBbI, a npaiee (mpu N>107 ar.%) Bce MePEUYUCIICHHbIE BbINIE TapameTpel ¢ N
MEHSIOTCS B oOpaTHOM Hampasnenuu. Haxomen, mpu N=~10"' ar.%, maGnromaercs camoe
HU3KOE 3HAUEHHE WHTErpajJbHOM (HOTOUYBCTBUTEIBHOCTH; CaMblii KOPOTKOBOJHOBOM
MakCUMyM M MEHbIIAas MIMPUHA CIEKTpa; a JOMOJHUTEIbHbIE MAaKCUMyMbl Ha CIEKTpe
MCYE3aloT.

B BBICOKOOMHBIX YHCTBIX U c1a00IErHPOBAHHBIX (N<107ar.%) KpHUCTAJUIaX IIPU HU3KUX
OCBEIICHHOCTSAX cBeToBass XxapakTepuctuka (JIAX) coOGcTBeHHON (DOTOUYBCTBUTEIBHOCTH
MTOAYUHSIETCS CyNepIMHEHOMY 3akoHy. [Ipy onTUMalbHBIX YCIOBHSAX B 3Toi obmactu JIAX
¢doroorkink (Up) yBETUUNBAETCS ¢ ”HTEHCUBHOCTBIO cBeTa (D) 10 3aK0HY U¢~(DC5+6.

BrisiBrieHo, uTo myTem u3mMeHeHus pro U (min) N, ciektpa poToqyBCTBUTEIHBHOCTH MO-
HOKpucTauioB InSe MoxkHo pacmuputs a0 0.35+1.45Mxm, a kpucramoB GaSe -
0.30+0.75MKMm.

[losnydyeHHbIE pe3yabTaThl MO3BOJIAIOT 3aKJIIOUUTh, YTO KPHUCTAJUIBI MOHOCEJIEHHUIOB
rajuiis ¥ UHAUS 00Ja/JaloT BBICOKOW (DOTOUYBCTBUTENBHOCTHIO B TOW OOJACTH CIIEKTpa,
KOTOpasi COOTBETCTBYET BBICOKOM IIJIOTHOCTH 3HEPIMM COJHEUHOTO M3IYy4YEHHUS, a TaKkKe
pabortaer Oojbllasg YacTh OMNTOIIEKTPOHHBIX CHCTEM. YKa3aHHbIE MOJIYIMPOBOIHUKU
SBIISIIOTCS] IEPCHIEKTUBHBIMU MaTepHajaMH IMOJTYIPOBOJHHUKOBOM ONTO- U (POTOIITEKTPOHUKH,
T.€. U1 CO3/IaHUS BHICOKOI(P(PEKTHUBHBIX (POTOIIEKTPUICCKUX ITpeoOpa3oBaTeseii COMHEUHON
SHEPIMM U BBICOKOYYBCTBUTENBHBIX  (DOTONPUEMHUKOB  CBETa.  3aBHUCHUMOCTb
(OTORNEKTPUYECKUX MAPAMETPOB M XAPAKTEPUCTUK 3TUX KPHUCTAJUIOB OT MPOUCXOXKICHUS U
ypoBHsI JiernpoBanusi P33 mo3BosIoT ynpaBisaTh UX (poTosnekTpuyeckoit 3¢ (eKTUBHOCTBIO,
yTeM BbIOOpa 00paslioB ¢ MOAXOISIIUMHU Pro U (MIJIM) ONTHUMAJIBHBIM YPOBHEM JIETUPOBAHUS
P30.
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OKSIDLOSDIRICININ CATISMAMAZLIGI REJIMINDO KiMYOVi ASILAMA
USULU iL® ALINMIS MOSAMBOLI SiLISIUMUN ANTIREFLEKSION
XASSOLORI

F.9. Riistamov, B.9. Baqgiyev, N.X. Darvisov, M.Z. Mammadov,
Y.Y. Babrova, H.O. Qafarova..
Baki Dévlat Universiteti, Fizika Problemlari ETI, Yarimkecirilor Fizikast Sobasi,
Baki, Azarbaycan.
farhad.rustamov@bsu.az

Moasamali silisiumun formalasma miiddatinin onun antirefleksion xassalarino tasiri
tadqiq edilmisdir. Moasamoli silisium tobaqgalori tokmillagdirilmis HF:HNO3;:CH;COOH
mahlulunda oksidlasdiricinin catismamazligt rejiminda, n va p-tip silisium lovhalarinin
kimyavi agilanmast tisulu ilo alinmisdir. Masamoli silisiumun qayitma spektrinin masamoli
tabagonin formalasma miiddatindon asililiginin  tadqgiqi  gostarmisdir ki, formalasma
miiddatinin 2 daqiqadon 12 daqiqayacon artmast zamani qayitma spektrindaki minimum
spektrin banovsayi oblastindan qirmizi oblastina toraf tadrican siiriigiir va bu zaman gayitma
amsalimin minimal qgiymati ~5% tagkil edir. Beloliklo spektrdaki minimumun yerini tadricon
dayismok imkanmt aldo edilir ki, bu da giinas elementlorinds antirefleksion sathin
formalasdirilmast baximindan boyiik praktiki ahamiyyat kasb edir.

Mosamali silisium (MS) optoelektronikada, qaz sensorlarinin hazirlanmasinda, giinos
elementlorinds is1gin qayitmasini azaldan sothi toboagonin yaradilmasinda vo s. saholords
genis praktiki totbiq ikanlar1 olan yeni materialdir [1, 2]. Moasamali silsium osas etibari ilo
elektrokimyoavi vo kimyovi asilama iisullar1 ilo alinir. Kimyovi asilama tsulu, silisum
tobogolorinn ononavi texnoloji emal dovrii ¢arcivasindo aparila bilindiyi {i¢iin, daha sads vo
texnoloji cohotdon daha olverislidir. Bu texnologiyada silisium l6vhalorina omik kontakt
¢cokilmosino ehtiyac galmir vo prosess xarici elektrik gorginliyi totbiq edilmodon aparilir.
Homginin, kimyovi {iisulla alinmis MS-da, hotta cox nazik tobogolords belo goriinon
fotolyuminessensiya miisahido edilir.

Togdim olunan isin moqsodi tokmillosdirilmis kimyovi mohlullda n vo p —tip
mosamoali silisumun formalasma miiddotinin onlarin antirefleksion xassoloring tosirinin todqiq
edilmasidir.

Isdo, har iki iizii cilalanmis, xiisusi miigavimat 10 Om-sm va oriyentasiyasi (100) olan
p-tipli vo hamg¢inin xiisusi miigavimati 0,1 Om-sm vo oriyentasyas1 (111) olan n-tipli silisium
lovholorindo kimyovi asilama iisulu ilo mosamali silisium tobogolori alinmigdir. Ilk olaraq,
silistum 16vhalari ¢irk vo yagdan iizvi halledicilor vasitasi ilo tomizlonmisdir. Bunun ii¢iin
l6vholor ovval 50 doqige orzindo asetonla vo daha sonra ikiqat distillo edilmis su ilo
yuyulmusdur. Sathlorin son hazirlanmasi 16vhalorin 90 daqiqe orzinde HF-un 15%-li spirt
mohlulunda yuyulmasi ilo aparilmigdir.

MS-un formalasmasi, hocmi nisbati  1200:1:1200, yoni oksidlegdiricinin
catismamazligi rejiminds, modifikasya edilmis HF:HNO;: CH3;COOH mohlulunda
aparilmigdir. ©Ovvalki islorimizds [3, 4] gostormisdik ki, belo mohlullarda MS-un formalagma
reaksiyasi, lovholorin sothinin son emalindan asili olmayaraq, yliksok tokrarlanma
xiisusiyyatina malikdir. Bu zaman bircins, rovan ronglonmis, miixtalif qalinliqli, glizgii sothli
MS-tobaqgaleri alinir. I¢arisinds sirke tursusu ¢ox oldugu iiciin, bu mohlullarda asilanma siiroti
kifayot godor kigikdir. Bu da mosamoli silisiumun formalasma miiddotinin onun is1g1
gaytarma xassolorino tosirini daha doqiq Oyronmoyo imkan verir. MS-nin alinmasi, teflon
yuvada, yalniz 16vhonin bir iiziinds apanlmlsdlr Kimyovi agilanmaya davamli xiisusi
halganin totbiq edilmasi asilanma prosesinin yalniz 16vhonin bir uzunde vo mahdud dairovi
sahado aparilmasina imkan vermisdir. Asilanan sahonin Olciisii 1 sm’ olmusdur. Agilanma
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otaq temperaturunda vo tobii isiglanma soraitindo aparilmisdir. Asilanmadan sonra niimunalor
ikiqat distilo edilmis suda vo sonra izopropil spirtindo yuyulmus vo azot qazi (N,) axininda

qurudulmusdur.
Qayitma spektrlori, 8°-li diismo bucagi altinda, VSU-2P spektrometri ilo todqiq

edilmisdir.
Sokil 1-do alinmis MS niimunslorinin gayitma spektrlorinin  masamali sathin
formalasma miiddatindon asililig1 gostorilmisdir.
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Sokil 1. Modifikasiya olunmug mohlullarda kimyavi agilama iisulu ilo alinmis vo miixtalif formalagma
miiddoti olan moesamali silisium niimunallorinin qayitma spektrlori: a) p-tip, b) n-tip.

Sokildon goriindiiyti  kimi, MS-un formalagsma miiddotinin artmasi gayitma
spektrlorinin doyismasina sabab olur vo o ciimladan, tadqiq olunmus niimunslards spektrdaki
genis minium todricon 400 nm-don 750 nm-o qodor siirlisiir. Bu zaman, hor iki tip
niimunslordo qayitma omsalinin minium giymoti ~5% toskil edir. Qayima spektrindoki
minimumun bu sokildo siirlismosi, asason mosamali silisumun laymin galinliginin artmasi ilo

olagadardir. Belos ki, qalinligin artmasi zamani minimum #egr dpor= A4, /4 (nes-MS-un effektiv

sindirma omsali, dyor —MS-tobagosinin qalinligi, A4, -spektrdoki minimuma uygun dalga

uzunlugudur.) miinasibatino uygun boyiik dalga uzunlugu oblastina siirtismolidir [5]. Eyni
zamanda, goriindiiyli kimi, qayitma spektrlorindo minimumun bu siiriigmasi, MS-un
formalagma miiddatinin 2-daqiqadon 12-doqigayacon artmasi zamani bas verir. Yoni prosess
kifayot godor long gedir. Bu praktik baximdan ¢ox olverislidir, ciinki antirefleksion sothin
minimumunun mohz spektrin tolob olunan oblastinda alinmasina imkan verir. Masalon, giinos
elementloari iigiin vacib olan, 650-700 nm dalga uzunlugu oblastinda qayitmanin azaldilmasi
ticiin MS-un formalasma miiddati ~9 daqige olmalidur.
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OU3NKO-XUMHNYECKHUE IMTPOIECCHI B BAPBEPHOM PA3PAE

B.b. laBynos, K.M. lamamupos
Baxuncxuii 'ocyoapcmeennwiii Yuusepcumem
ben.davud @ gmail.com

Paboma noceawena uccredosanuio usuueckux npoyeccos, NPOMEKAWUX 8
030Hamopax ¢ 08yxbapvepuvim paspsadom. Ilonyuennvle pesyriomamvl U UX AHAIU3
NOKA3bl8aOM, 4mo 011 3QP@dexmuenol padomvl 030HAMOPHBIX VYCMAHOBOK He0OX00UMO
UzyuUms 8 Nepeyro  ouepedsb  YUUKO-XUMUHECKUe NPOYeCccovl, NPOMeKaruwue 6 Camom
9NIEKMPUYecKom paspsioe.

Kak wu3BecTHO, B OCHOBE pPaOOTHI OONBIIMHCTBA MPOU3BOJICTBEHHBIX O30HATOPOB
JeXKaT OJHO- WK AByXOapbepHble pa3psabl. U3NKO-XUMHUECKHUE TPOIECChI, MPOTEKAIOIINe
B TaKUX paspsjiax, TOCTATOYHO CJIOXHBI U JIO KOHIA emé He n3ydeHsl [ 1-5].

B paccmaTtpuBaeMbIX paspsax poib pa3iUYHBIX YacTHUI B XUMHUYECKHX PEaKIUAX
CHJIBHO 3aBHCHUT OT BHEIIHHMX YCIIOBUH U OT mapaMeTpoB pazpsaa. [Ipu 10cTaTOYHO BHICOKOM
NABJICHUHU, NIPU KOTOPOM, KaK MPaBUIIO, OCYLIECTBISIIOTCS OapbepHbIE pa3psabl, CBOOOAHbBIE
npoOeru MOHOB Majibl, TEMIIEpaTypa MOHOB MaJI0 OTJIMYAETCSI OT TEeMIIepaTypbl MOJIEKYN U
MOHBI BeAyT ce0sl KaKk MOJEKyJbl. B Takux ycloBHUSIX HMOHBI MaJOAaKTHBHBI M MO3TOMY B
nepeaye SHEPTruU MOJIEKyJIaM OCHOBHYIO POJIb UTPAIOT HE HOHBI, @ CBOOOTHBIE AJIEKTPOHBI.

B nanHoii paboTe paccMaTprBaeTCsl BECh CIEKTP 3JEMEHTAPHBIX aKTOB, MPOUCXOSIINX
B Mmia3Me OapwepHoro paszpsiia. Oco0oe BHHMAaHHE YAEICHO HEYNPYTUM CTOJIKHOBEHUSM
AJNIEKTPOHOB C MOJIEKYJIAMH KHCIIOPO/IA.

1.Heynpyrue CTOITKHOBEHHS 3JIEKTPOHOB ¢ MoJiekyinaMu O,
e +Or— Or*+e
(3ech U fanee *- MoKa3bIBaeT AIEKTPOHHO-BO30YKAEHHOE COCTOSTHUE MOJICKYI).
2. Bo30yxnéHHBIE MOJIEKYJBI KHUCIOPOJA MOTYT TOTEPSITh CBOIO DHEPTHIO JTUOO TpHU
CTOJIKHOBEHUH CO CBOMMH HEHUTPATbHBIMH: MOJICKYJIAMH,
0,*+0,— 20,
nubo mepeaaTh ee Ha KojebaTenpbHOEe BO30YXKICHHE MOJIEKYJ APYTUX DJIEMEHTOB.
02*+N2% 02+N2*
JleBo30yx/ieHne BO30YKIEHHBIX MOJEKYJ KHUCIOpOJa MOMKET TaKKe COIMPOBOXKAATHCA
U3ITy4YEHUEM.
0,*—=0s+hVv
3. MoHuzanus aToMOB MU MOJIEKYJT 3JIEKTPOHHBIM YIapOM.
e+0O—-0"+2e¢
e+0,— Oy*+2e

Ceuenus 3THUX IMponcccoB Ha JBa—TpHU nopsitaka BbIIIIC 110 CpPaBHCHHIO C
COOTBCTCTBYIOINUMHU IN30KUHCTHYCCKUMU CCUCHUAIMU

4. luccounaTuBHOE NPUIMIIAHUE IEKTPOHA K MOJIEKYJIE KUCIOpoaa

e +0,—=(02)*—=(0)* +O—-0+0

[Ipu Takux HEYNPYTHUX COYIApeHUsX OO0pazyroTcs KOPOTKOXMBYIIHE BO30YXKIEHHBIC
HOHBI [5]. 3axBaT 3JEKTPOHA BO3MOXEH B CIIy4ae, €CJIM 3HEPIUsl HAJIETAIOLIEro 3JEKTPOHA
0JIM3Ka K pa3HOCTH YHEPTUN OTPUIIATEILHOTO HOHA M MOJICKYJIBI MPH. 3aJaHHOM PacCTOSHUHU
MeXay sapamu. IOPEKTUBHBIE CEUCHHS] ATUX MPOIECCOB CPABHUMBI C Ta30KWUHETUUECKHUMHU
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ceueHUsIMU MoOJIeKynl ;. B 3Tux peakmusx o0pa3yroTcs oTpumareiabHpie HOoHBI O
MakcumMyM ceueHHs peaklMy MPUIUIaHUs AIEKTPOHA MOJIEKYJIbI KUCIOPOAAa COOTBETCTBYET
SHEPTHH EKTPOHOB 6,7 3B, mpu 3ToM Ha aucconnanuu Mojiekynsl O, yxoaut 5,1 3B.
[Tpununanue 3JeKTPOHA MOXKET MPOUCXOAUTD TaKke 0e3 JUCCOLUAIUU MOJIEKYJI IO CXeMe
€+202—>02_+02
[Ipununanue 3J1eKTPOHA K MOJIEKYJIE POUCXOINUT TAKKE ITPU TPOMHBIX CTOJIKHOBEHUSX
e+ 20,+M— O, +M
rre M —tperps uyactuma. Pomb TpeTbell YacTHULBI MOXET WUrparbh Jro0as u3
MPUCYTCTBYIOUIUX B MJa3Me MOJIEKYJ. BeposATHOCTh 3TUX MPOLIECCOB JJOBOJBHO BBHICOKA
5. Jluccoumanusi MOJIEKYJ 3JIEKTPOHHBIM yJIapOM:
e+0,—>0*+0+e
e+03—>0%+0,+e

BennumHa ceueHHsT DSTHUX nponeccoB cCpaBHHUMaA C BEJIMYMHOMN COOTBCTCTBYIOIIICTO

ra30KMHETHYECKOTO ceyenus, T.e. o =10""cu?.

[Ipu sHEprusx SJAEKTPOHOB, MpeBbImaromux 17 5B, mpoucxomut oOpa3zoBaHHWE HWOHOB

KHCJIOPOJIa IO PEeaK N
e+0,—-0+0+e

Otmetum, yto MoHbI O, 00pa3yloTCs B OCHOBHOM IIPU CTOJKHOBEHHSIX C MOJEKYyJIaMHU
KHUCJIOpOJia AJIEKTPOHOB MaJIbIX SHEprui ( MeHblue S5 3B) [5].

Hapsiny ¢ mnpoueccamu o0pa3oBaHUS OTPHUIATEIbHBIX HOHOB KHCJIOPOJA BCIEICTBUE
YIapHOW HWOHM3alUH{, JUCCOLMATUBHOIO MPWIMIIAHUA OJIEKTPOHA W  Iepe3apsaiaKu
HE00XO0/AMMO YUUTHIBATh TAKXKE MPOLIECCHI UX pacmajia 1o cxeme

0'+02,—>0+0,+e

PaccMoTpuM aneMeHTapHBIE IPOLECCHl COYJAapEeHHs aTOMOB, MOJIEKYJI M HOHOB. M3
CIIEKTpa MHOTO0Opa3HBIX MPOIECCOB CTOIKHOBEHUS BBIICIHM IPOILECCHI, CBA3aHHBIE TOJIBKO
C aToMaMH, MOJICKyJaMH W HOHAaMH KHCJIOpOAa, Tak Kak B oOpazoBaHuu O3 ydyacTBYIOT
MMEHHO 3TH YaCTHIIBL.

a) lucconumanys MOJIEKyJIbl KUCIOPOJa IIPU COYAApEHUH ¢ MOJIEKyJIaMu No

0,+M—-20+M

Cpennee 3HaU€HUE SHEPTUU JUCCOLMAIIMHN HA OJIHY MOJIEKYIy KUCJIOpoAa paBHO 6 3B.

6) MoHuzanuss aTOMOB WM MOJIEKYJ KHCJIOpPOJa MpPHU CTOJIKHOBEHMSIX C MOJIEKYJaMu
azora.

O+M—O0"+M+e
0,+M—0,"+M+e

B) PekoMOMHaIMs MOJIEKYINT KHUCI0pOaa

02++202%O3++O3
O3++O3+O—>203+02

r) [lepezapsaka Mexay IIOJIOKUTEIbHBIMM HMOHAMM M MOJIEKylaMu (pe30oHaHCHas
repesapsijika)

O*+0,—0,"+0, (pe3oHaHCcHas Tepe3apsIKa)
O"+N,—>NO™+N
N*+0,—»NO"+0

OTMeTHM, 4TO XapakTepHOE BpeMs IPEBPAILCHHUS aTOMapHOrO MOHA B MOJIEKYJISPHBII
npoucxonut Obictpee (=0,01-10c), yeM MoIEKyIspHbIE MOHBI YCIIEBAIOT MPOPEKOM-
OMHUPOBATH.
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1) CTOJKHOBEHHS aTOMa C MOJIEKYJION UM MOJIEKYJIbI C MOJIEKYJIOM.
O+02%O3
0,"+0, = 03+0
e) Jluccommanus MOJEKy Py HarpeBe
0,+20 mpu T = 2050 K.
Tennora qucconnanun ¥ = 2,8-10" JIx / MoIb.

Kak BumHO W3 3TOH peakiuu, A AUCCOLMAIMM MOJEKYJI B paspsie HEoOXOIuMO
BJIOXKHTD OOJIBIIYIO SHEPTHIO.

x) O0pazoBaHe MOJIEKYJ 030HA NP TPOHHBIX CTOJIKHOBEHUSX

0,+0+M—03+M

Orta peakiusi B 0OOpaTHOM HAIpaBICHUM MOXET WJTH HpPHU CPABHUTEIBHO BBICOKHX
TeMIlepaTypax rasa.

Crenyer OTMETHUTh, YTO JJIs KHUCIOPOJOCOJAEPXkAIIMX CMECEH ra30oB OTMEUYEHBl OYEHb
BBICOKHE CEYEHUS DHJOTEPMHUYECKUX PEAKIMI OTphIBA MPU CTOJKHOBEHHH OTPHULATEIBHBIX
MOHOB Kucjopojga ¢ aroMamMu O U ¢ BO30YXAEHHBIMH MOJIEKYJaMH, HaXOISIIMMHUCA B
MeTacTaOUIbLHOM COCTOSTHUU.

1. Peakiuu npsiMoro oTpeiBa

02-+02*%02+02+€
02_+N2*—>02+N2+€
0, +M =0+ M+e
2. Peaxuuum acconuaTUBHOTO OTpPbIBA
0+0, =0;+¢
0, +0—03+e

Takum 00pazom, U3 PaCCMOTPEHHBIX MPOIECCOB 00pa3oBaHMs 030HA Hanbolee BaKHYIO
POJIb UTPAIOT AUCCOLMALNS MOJIEKYJIBl KHCIOPOAa MPU COYAAPEHUAX C MOJIEKYJIAMH a30Ta U
CTOJIKHOBEHHSI aTOMOB Kuciopoza ¢ Moyiekyinamu O,. BaxHbl Takke mpoiecchl 00pa3oBaHUs
MOJIEKYJT 030HA MPH TPOMHBIX COYIApEeHHSAX. B 3THX mpoueccax y4acTBYIOT aTOMapHBIN U
MOJICKYJIIPHBIA ~ KHCJIOPOJ, a POJb TPETheHd YacTHI[BI MOXET Wrparh JIIOOOW U3
MPUCYTCTBYIOIIIMX B Ta30BOM CMECH MOJIEKYJ. be3 HccimeqoBaHus BBIIEU3I0KEHHBIX
AJIEMEHTApHBIX MPOLECCOB B OaphepHOM paspsie, HEBO3MOXKHO U CO3[JaHUE O30HHOIO
reHepaTopa ¢ XOPOLIMMH BBIXOIHBIMU NTApaMETPAMM.
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O30H B CUCTEMAX BOJOIIOATI'OTOBKHA

H.A. Mawmenos, b.b. /laBynos, K.M. /lamamupos,
I'.U. I'apuoos, I'.'M. Canbirzage, LL.III. Aiteknepon
baxunckuu I'ocyoapcmeennulii Yuusepcumem
ben.davud @ gmail.com

Isdo su hazirligi texnologiyasinda ozonlasdirma prosesinin torkib hissalari olan gaz-
maye qarisiguun bircinsliyinin tagkil edilmasi, qaliq ozonun yasama miiddatinin tayini,
tarkibdon asililigi, ozonun kontakt miiddatinin secilmasinin doza asililiglari, ozonun
atmosferda iton hissasinin tayini, ozonun dagilma miiddati, ozonun moaxsusi sarfina bazi
faktorlarin tasirinin, Ceyran-Batan su hovzasindon gotiiriilmiis suya ozonun bakterisid

tasirinin oyranilmasi va i¢cmoali suyun sathi garilmo amsalinin onun aktivliyina tasiri tadqiq
edilmisdir.

B mMupoBoii npakTuke nociegHue ToAbl B cCUCTeMaxX BOJIOMOATOTOBKH BMECTO XJIopa BCe
qarie MPUMEHSETCS 030H. DTO CBSI3aHO C €ro OOJbIIel OKHCIUTENBHON aKTHBHOCTBIO: €TI0
penokc-notrennuai, pasueiii 2,07 B, ycrymaer Toneko ¢ropy (2,87 B). On obnmamaer 6omee
IIUPOKUM CIIEKTPOM JCUCTBHUSA, a TaKKe OJarogapsi TEXHHYECKUM JOCTIKEHUSM B 001acTu
CHIDKEHUS DSHEprosarpar Ha €ro 3JeKTpocuHTe3. M3BecTHO, 4YTo XJop JeicTByeT Ha
(EepMEHTHYIO CHUCTEMY MUKPOOPTaHW3MOB U TIOTOMY JAMAIa30H €ro JCeWCTBUS OTPaHUYCH.
O30H ke pa3pyliaeT IpOoTOIIa3My KJIETKH U MOTOMY JAEUCTBYET Ja)Ke Ha T€ OpraHU3MbI, B
KOTOpBIX (epMEHTHAs CHCTeMa OTCYTCTBYeT (Hampumep, Bupychl). Ilomumo 3Toro mpu
o0e33apaXUBaHUU BOJBI XJIOPOM MOTYT OOpPa30BBIBATHCS MOOOYHBIE XJIOPHBIE COCTUHEHUS
COXpaHsSIIOIIMECS JJIUTENIbHBIE BpeMs, BpEIHbIC AJisi HACEJICHUS U UMEIONINe HEeNmpUSTHHIE
3armaxu v NpuBKYychl. [Ipy 030HMPOBAaHUM K€ HE TOJIBKO HE 00pa3ylTCsS BPEIHBIC BEIECTRA,
HO ¥ YCTPaHSIOTCS JIFOObIe TPUBKYCHI M 3allaxu, CYIIECTBYIONTHE B BOJIE 10 00paboTKe.

HecmoTpst Ha orpoMHBIE IPEUMYIIIECTBA 030HA U3YUEHUE €T0 JEUCTBUS HAa IPUPOIHBIC
BoJbI A3ep0Oaiimkana mpooasarcs ¢ 2002 roxa [1,2]. B cBsi3u ¢ 3TM HE0OXOIMMO BBISBUTH

HE TOJBKO crenuduueckue OCOOCHHOCTH BO3JCUCTBUS 030HA Ha TIOBEPXHOCTHBIE U
MOA3EMHLIE BOOBI, HO U

Iy

IPOBEPUTH obrmue PR R =
3aKOHOMEPHOCTH  TIporecca f osl %
O30HHPOBAHUSA KaXIOHU U3 e : . !
3TUX BOJ B OTICIBHOCTH U B s T £ ¥l NC08 B
pas3HbIe BpeMeHa rofa. g’,;v@c"" ’ _ \ i e

3ajayell  HACTOSAIIETO P N s -
UCCIIEI0BaHHS ABJIAECTCS g SRS i A
ONpeNeNiCHne LEeNoro  psja B : .
BaKHBIX napaMeTpoB 5
nporecca  O30HHPOBAHMSL: gt
KOHIIEHTpallud OCTaTOYHOI'O !:osw --------------------- o it i ;;
030Ha B BOJIC, O3Bl U BpeMs 2 el : SR LN W Dl v R T
KOHTaKTa c BOJIOM, AU U | L T GO
COOTHOIIEHHE O0O0BEMOB Ta3a GITTIE TS e aa se o ds 7o &5 ERTme G

2y TR S ) e

5 g VAL,

U BOJbI, HNOTCPpHU O30HA B

armoc(epy, BpeMsi CaMONpOM3BoIbHOro  Pue.l. CaMonpou3BONIBHBIE ~ PA3JIOKEHUE O30Ha B

pacmazia 030Ha, y/e/bHBIH PacxoJ 030Ha 3aKpeITOM cucteme ¢ Bomoit wu3 Jlx.-baranckoro
BOJOXPaHMIIMIIA

B 3aBHCHUMOCTH OT Pa3JIMUHBIX (haKTOPOB

U C Yy4CTOM CC30HHBIX M3MEHEHHH KauecTBa BOABI, TAKXC BJIHUAHUSA TMOBCPXHOCTHOTO

95



Fizikanin miasir problemlori VII Respublika konfransi

HATSDKCHUS IUTHECBOM BOJIBI HA €€ aKTUBHOCTb.

CornacHo IUTEpaTypHBIM JTaHHBIM [3-5] €IMHCTBEHHBIM HEJIOCTATKOM O30HA SIBJISIETCS
ero mamas CTOMKoCcTb. O30H OTHOCHUTEIBHO OBICTPO pasiaraeTcs Ha MOJIEKYJTy W aTOM
kuciopona. Ilpu sTom, B Xome 1abOpaTOPHBIX MCCIIENOBAaHUM TPOBEICHHBIX HAMH C
TEHEPAaTOPOM  O030HAa KOHCTpPYKUMHM bakuHckoro ['ocynapcTBEHHOro YHHUBEPCHUTETA,
YCTAaHOBJIEHO, YTO B 3aKPBITBIX M OTKPBITHIX CHUCTEMax CTOMKOCTh 030HA pa3iuuHa. Tak,
HanpuMep, €CJIM B OTKPBITOM cucteme 3a 30 MUH. COIEpKaHUE 030HA B BOJE YMEHBIIIAETCS OT
BenuuuHbl 0,85 Mr/im 1o Hyms, TO B 3aKphITON cucTteMe 3a 35 MUH - 70 BenuuuHbl 0,78 mr/i.
T.e. B TpyOONIPOBOJHBIX KOMMYHUKAIHMSIX OCTATOYHBIN 030H MOKET COXPAHSITHCS IOCTATOYHO
JUTUTENIbHOE Bpems (puc.1).

baktepuniuaHoe nelcTBME O30HA HM3Yy4aJoCh Ha TEXHUYECKOM Bone u3 JlxkeipaH-
baranckoro BogoxpaHuimina (1oro —BOCTOYHBIN BOZ03a00D).

Ecnu B ucxonnoii Boje npu mytHocTH 8,4 Mr/n mukpoOHoe yucino 445 en/mn (ITAK-
100 en/miu), TO moOCHE MNATH MHHYTHOM TIPOAYBKM O30HO—BO3AYIIHOM CMECBIO C
KOHIICHTpalnueu o3oHa 1,5 Mr/im MUKpOOHOE YHCIIO CHU3WIIOCH 110 97 en/mi, a mocne 15 muH -
JI0 HYJIA.

[Tpu mytHOCTH BOAsI 1,0 -1,5 Mr/in u MukpoOHOM uncie 157 mocnennee cHuxaercs 10 1
ea/MI1 yKe TOCJe TPeX MUHYTHOTO O30HHpOBaHUs. T.e. 4eM MeHbllle MYTHOCTb BObI, TEM
TpeOyeTcss MEHbIIIee BpeMsl KOHTAKTa C 030HOM I 00e33apakMBaHUsI BOJBI MPU MPOUHX
PaBHBIX YCIOBHUSX.

B xone mpoBeneHusi uccieqoBaHUsA, B KOTOPOM JUJIsi CMEIIEHUS BOABI C O30HOM
MCII0b30BaJaCh KOJOHHA C BOJOW, 4Yepe3 KOTOPYI0 CHU3Y BBEPX MpOJyBajach O30HOBO-
BO3JIyIIIHAs CMECh, YCTAHOBJIEHO, YTO B TaKOM CMecuTene Kod(PQPUIIMEHT TOJIe3HOTO
WCIIONB30BaHMUsSI O30Ha BechbMa HH30K. J[lms ompenenenust 3toro koddduimeHnta Ha
BO3IyITHOM BBIXO/I€ KOJIOHHBI ObLIa YCTaHOBJIEHA CKIITHKA C TMOTJIOMIAIONINM PAacTBOPOM.
brnaronapst 5ToMmy OBLIIO YCTAaHOBIICHO, YTO B BHIXOJISAIIEM BO3IYIITHOM TIOTOKE COACPKUTCS J10
90 Y% nepBOHa4YaJIbHO MOAABAEMOr0 O30HA. YUWTHIBas, YTO B I0JJaBA€MOM O30HO—
BO3JyIIHOM TIOTOKE OOBIYHO coaepkuTcs Tmopsaka 4 Y% 030HA, CcIeAyeT YACIUTh
MaKCUMaJbHOE BHUMAHUE BOIIPOCY PACTBOPEHHUS 030HA B BOJIE.

[TosToMy 115t onipenesieHrs BIUSIHUSA COOTHONIEHHUS Ta3a (BO3/lyXa) 030Ha M BUJIbl HAMU
OBLTM BOCTIPOM3BEACHBI OIBITHI, T/I€ KAMWIISPHBIM METOJOM OIPEACSISUTH MOBEPXHOCTHOE
HaTSKEHHE BOJOMPOBOIHOM BoIbl. Kak Oblia moka3aHo HaMmu [6] yem MeHblne KodhduineHt
MMOBEPXHOCTHOI'O HATSXKEHUS TEM aKTUBHEE BOJA.

PesynpTaThl u3MepeHHMI 3aHEeCeHBI B TaOnmily. B Tabmwie mnpuBeneHBI CpeIHHE
3HAYCHHS 2, HK3MEPEHHBIC OJTHOBPEMEHHO TPeMsI KalmIIIpaMu U KOd(PHUITMEHTHI aKTUBHOCTH
BOJBI O , pACCUUTAHHBIC 110 PopMyIIE:

rjae o, , - K03(h(UIUEHT NOBEPXHOCTHOIO HATSKEHUS OTCTOSHHOM KOHTPOJIBHOMN BOABL, O, , -
K03 (QULHEHT MTOBEPXHOCTHOT'O HATSKEHUSI UCCIIelyeMON BOJIBI.

Tabmuma 1.
3HaveHus KodhPHUIreHTa MOBEPXHOCTHOTO HATSHKCHUS TUTHEBON
BOJIOTIPOBOHOM BOJIBI MIPU HACHIIIICHUH €€ Ta3aMu
Ne Tun Boabl o (10°H/m) a (%)

1 IuctunnupoBaHHas BoJa 72,21 -
2 [[MutheBas BOIOMPOBOIHAS BO/A Yepe3 2 "aca mocie Habopa 61,85 9,9
3 | uepe3 24 yaca (KOHTpOJIbHAs BOJIA) 67,91 0
4 |Bopna, HaChIILIEHHAs! BO3yXOM 62,27 9
5 Boga, HackImeHHast 030HOM - uepe3 10 MuH 58,35 16,3
6 |- gepes 1,5 gaca 62,32 8,96
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Hacplmenue BoIbl BO3yXOM U 030HOM IPOU3BOMIIOCH B CTEKIISIHHOM TpyOKe BBICOTOM
1 M u quamerpom 40 Mm. Bo3ayx wiin 030H MOJaBaIM YEPE3 MEITKOIUCIIEPCHBIN pacceKaTelb
U3 HIDKHEH yacTu TpyOKH B TeueHHE 22 MUHYT.

[Ipu ckopoctn momauu raza 4 JI/MUH pacxoj Bo3ayxa mo oOweMy Obu1 88 5. 3mech
kucnopon O, cocrapisin o oobeMy 18,48 11 u mo macce 26,4 T, U3 HErO B OJJHOM JTUTPE BOIBI
pactBopsieTcst 67,88 mr.

IIpn TOI ’X€ cKOpOCTHM MOAAUM CMECH BO3JlyXa M O30Ha pacxoj O30Ha IO Macce
cocTaBisul 352 Mr, U3 KOTOPOTO B OJTHOM JIUTPE BOJIBI pacTtBopsiercs 9,68 mr. KomuuectBo
PacTBOPEHHOI'O B BOJE r'a3a BBIYUCIIAIOCH 110 3akoHy I'enpu [7].

Kak BumHo, w3 Ta0nuimpl, BenuuMHAa KOdPUIMEHTa O, HalJICHHAas HaMH JJis
TUCTHJUTMPOBAHHOW BOJBI, JOCTATOYHO ONM3Ka K JUTEpaTypHbIM NaHHbIM [8]. 3HadeHue
kod(duiirenHTa a A MPECHON BOJBI, B3ATON M3 TOPOJCKON BOJOMPOBOAHON JTHUHHH, IMOYTH
COBMAaJaeT ¢ KO3PPUIMEHTOM O AJi BOABI, HACBIIICHHONW BO3IyXOM. DTO COBIaJIeHUE, IO-
BUJMMOMY, CBSI3aHO C T€M, 4YTO BOJa B BOJOIPOBOAHYIO JMHHUIO IOJAETCS MOLIHBIMU
HacocaMH, XJIOPDMpOBaHa, B PE3yJbTaTe€ YEero OHA MMEET 3aBBIIIEHHYI0 HAaCBIEHHOCTh
BO31yXOM. O30HMPOBAHHME BOJBl 3HAYUTEIBHO CHUXKAET €€ IOBEPXHOCTHOE HATSKEHUE.
Buano, uyto mocie 22 MuHyTHOro OapOaTUpOBaHHMS O030HOM (BpeMsi HACBIIIEHUS BOJIBI
030HOM cocTaBisier 22 MuH [3] Koa(bq)HuHeHT MIOBEPXHOCTHOTO HATSKEHUS BOJBI
yYMEHBINIAETCs 10 BeauduHbl 58,35: 10° H/m, uro Ha 8 % MeHbIIe MMOBEPXHOCTHOTO
HATSDKEHHS BOJIBI JI0 O30HUPOBAHMUS. OTmeruM, 4TO HaMH OBUIO M3MEPEHO MOBEPXHOCTHOE
HaTsHKEHUE TOM K€ O30HMPOBAHHOM BOABI uepe3 1,5 vaca mocie O30HHPOBAHUS. OnbITHI
IT0Ka3aiy, 9To Kod(GQPHUIUHEHT a IS 9TOTO CIIy4asi COCTABIsIeT BeandnHy 62,32-107 H/m, uro
MOYTH COBMAJACT € KOIPPUIMEHTOM MOBEPXHOCTHOTO HATSHKEHUS HCXOIHOW BOIBI 0e3
O30HHUPOBAHMSI.

VYBenuueHue BEIWYUHBI O 030HUPOBAHHOW BOJBI C TEUEHUEM BPEMEHHU CBSI3aHO, I10-
BUAMMOMY, C PACIICTUICHUEM MOJIEKYJI 030HA. YBEJIWYEHUE BEJIUYUHBI O OT 58,35-10’3 H/Mm
10 62,3210 H/M, 9T0 TI04TH coBmagaeT ¢ Kod(G(HUIMEHTOM MOBEPXHOCTHOTO HATSKCHHS
MCXOJTHOU BO/BI 0€3 030HUPOBAHUSI.

VBennueHne BEIMYMHBI O 030HHUPOBAaHHON BOJBI C TEUEHHEM BPEMEHHU CBSI3aHO, IO-
BHIMMOMY, C PAacIICIUICHHEM MOJIEKYII 030Ha. YBEIMUEHHE BENMHIHHBL ¢ 0T 58,35-107 H/m
10 62,32:107 H/M 0OBACHSETCS PasioKeHHEM 030HA yxke depes 20 MHHYTHOTO OTCTOS
(Bpems pacnaga o3oHa O3—0,+0 B Boge cocrasiseT ~20 muH [7]). A gepe3 1,5 yaca yactb
BOJOPOJHBIX CBSI3€M B BOJE BOCCTaHABJIMBACTCS M BeNWYMHA KO3 (UIIMEHTa HaTsHKEHUs
pacrer.
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HOCMLI METALLIK SUSOLORDO FAZA CEVRILMOLORI

H.O. Mehrabov, A.O. Mehrabov, Li. 9lizads, S.S. Oliyev, T.Q. Samilov
AzMIU, Niiva gamma-rezonansi spektroskopiyast ETL

Fe-Co-B-Si-Nb-Cu tarkibli hacmli metallik siisalorin qizdirimasit va soyudulmasi
zamant qeyri tarazligh sistemda bas veran faza cevrilmalorinin misin konsentrasiyasindan
asililig va arintilorin termik parametrlarinin tempertaur asililiglart oyranilmisdir.

Massiv nanokristallik materiallarin  alinmasi iisullarindan  biri amorf haldan
istigamatlonmis kristallasmanin aparilmast metodudur. Bu metodun kémayi ilo arintilorin
kimyovi torkibini, miioyyon fazanin konsentrasiyasini homgcinin kristallitlorin o6l¢iilorini
termik yolla doyisdirorok onlara lazimi xassalori vermok miimkiindiir. Ona gors iri hacmli
amorf orintilorin strukturunun temperatur asililiginin vo onlarin xassoalorinin stabillogdirilmasi
probleminin tadqiqi aktual bir masaladir. Bels arintilorin tadqiqi hom do nanokristallik halin
basa diisiilmosino komok etmolidir. Bu isdo Fe-Co-B-Si-Nb kimi ¢oxkomponentli orintilorin
termik parametrlorinin tempertaur asililiqlarina mis elementinin tosirini arasdirmaq qarsiya
magsad qoyulmusdur.

Orintilorin torkibinds kobaltin olmasi, onlarin amorflasmaya daha ¢ox meylliliyini
tomin edir. Nozori arasdirmalar gostorir ki, mis elementi iso buna oks olaraq orintilorin
kristallasmaya meylliliyini artirir [1]. FessCo36B192SiasNbs hocmli metallik  siigalorin
termodnamik parametrlorine 0,5% mis olavo olunduqda doyismo qanunauygunluglar:
haqqinda [2]-do molumat verilmisdir. Burada (Fe3sCo36B192SisgNba)iooxCux (x=0-1at.%)
arintilorinds bas veran faza ¢evrilmolori tadqiqinin naticalari sorh olunur.

Amorf orintilorin differensial skanedici kalorimetriya (DSK) analizlori qizdirilma vo
soyutma yolu il iki torofli aparilmis vo birinci qizdirilma yolundan siiso kecidi temperaturu
T, vo birinci kristallasma temperaturu T,, ikinci soyuma yolundan iso likvidus temperaturu
T, evtektik temperatur T., polimorf ¢evrilmo temperaturu T,., vo nizalilig—nizamsizliq
kecidi temperaturu T, toyin olunmusdur [2] (sakil 1.a, b, ¢).

360 1370 1200
350 \ 1360 1 — 1180 ==
a40 1350 I~ 160 .
= 830 e = = 1140 ih._l—
o 1 g 2 1120 ]
£ ] e S 1330 5
2 510 . 2 2 1100
£ a00 § 1320 E 1080
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2 — 2 2
780 —_— 1300 — 1040 —
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0 0.2 04 0.6 0.8 1 0 0.2 04 06 08 1 0 0.2 04 06 08 1
Misin konsentrasiyasi, at.% Misin konsentrasiyasi, at.% Misin konsetrasiyasi, at.%
a) b) c)

Sokill. a) birinci kristallagma temperatuturu (1) va siise ke¢idi temperaturunun (2)
b) likvidus temperaturu (1) va evtektik temperaturun (2)
¢) polimorf y—a ¢evrilmo temperaturu (1)
vo nizamlilig-nizamsizliq kec¢idi temperaturunun
(2) misin konsentrasiyasindan asililiq qrafiklori.

Baza orinti olan amorf FescCo36B 192514 sNbs kompozisiyasinin siigo kegidini vo onun
ardinca bas veron kristallasmalart gostoron DSK oyrilorinin analizi gosterir ki, orintinin
sisolosmo temperaturu T,=817K -don sonra ilk kristallasma temperaturu olan T,=856K-o
godar ifrat soyudulmus maye halindadir (sak.1.a).
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Olgmolor zamani temperaturun doyisma siirati 40 K/doq olduguna goro T, vo Ty
temperaturlart nisboton yiiksok, Ty temperaturu iso nisboton asagi temperaturlara diigo bilor.
Basqa sozlo kecid temperaturlart [3]-do verilon qiymatlor ilo eyni olmaya bilor.

Kristallasmanin boyiik bir hissasinin birinci kristallasma piki ilo tamamlandigi vo
DSK oyrisindo kicik bir ekzotermik pikin do iizo ¢ixdig1 goriiniir. 11k kristallasma fazasinin
Fe,3Bg tipli metastabil bir fazanin oldugu Hirata vo basqalar1 torofindon gostorilmisdir [3,4].
Bu saboblo amorf Fes;sCo36B 192514 sNbs orintisinin digor domir-bor asaslt metallik siigalordon
forqi ondadir ki, bu zaman sado a-Fe fazasi ovozino kompleks bir domir-bromid ayrildigi
askar olunmusdur. Az miqgdarda mis elementinin Fe3sCo36B 192514 sNbs kompozisiyasina slavo
edilmosi naticosindo alinan orintilordo mis elementi T, temperaturunu azaldir (817K-don
778K-o godor). Misin miqdar artdigca orintilorin Ty kristallagma temperaturu da 856K-don
815K-o godor asagr diisiir. Noticado baxilan orintilords siiso kecidi bas vermadon, arinti
birbagsa amorf hala ke¢cmis olur. Mis olavo olunmus arintilordo kristallasma temperaturunun
asaglr diismosi mis elementinin siigolosmo temperaturundan da asagida doymus bork
mohluldan ¢ixaraq yeni kristallasma markozlori yaratmasi ilo baghdir.

Orintilordo misin miqdan artdiqca likvidus temperaturu 1360K-don 1355 K-o gader vo
evtektik temperatur iso 1307K-don 1297K-o gador azalir. Misin miqdar1 artdiqca evtektik
temperatur az dayisir (sok.1.b).

Evtektik reaksiyadan sonra orinti daha siirotlo soyudulduqda iki ardicil ekzotermik
pikin yarandig1 askar olunur. Bunlardan birincisi y-Fe(Co) — a-Fe(Co) polimorf ¢evrilmaya
aiddir. Molumdur ki, Fe vo Co ham y(UMK) hom do a(HMK) fazalarinda bir-birindo genis
konsentrasiya intervalinda, ovozetmo bork mohlulu omolo gotirmoklo hall olurlar. Bu zaman
a-fazanin B2 tipli bir intermetallik birlosma oldugu qgobul olunmusdur [4,5]. Stexiometrik
torkibli FeCo fazasi tarazligl halda toxminon 1250K otrafinda y—a ¢evrilmasino ugrayir [5].
Oyronilon orintilorin DSK analizinin gostordiyi kimi on yiiksok Ty, kegid temperaturu
1185K-5 uygundur vo baza arintido miisahido olunmusdur (sok.1.c). Ty, —nin qiymatindoki
bu doyisikliyin bir ¢ox sobabi ola bilor. Birincisi, orintinin soyudulma siirati 40 K/doq olub
tarazligli soyutmaya nozoron siiratli soyutmadir vo siirotli soyutma noticesindo faza
cevrilmoalori temperaturlar1 daha asag diiso bilor. Ikincisi, orintinin komponentlorinden hor
hans1 birinin FeCo i¢indo hall olmasi reaksiya temperaturunu asagi sala bilor [5]. y—a
cevrilmosindon sonra nizamsiz A2-a fazasimin A2—B2 nizamlilig-nizamsizliq kegidinin do
(order disorder transition) bas vermosi gozlonilir. Tarazligh halda stexiometrik FeCo {iciin bu
cevrilma 1000K temperatur otrafindadir [6]. Torkibinds mis olmayan baza siiso arintilorindo
bu kecidin daha yiiksok temperaturda Tog=1128K-do bas verdiyi agkar olunmusdur. Misin
olava olunmasit Tyq temperaturunu 1029K-o godor azaldir. Tyq temperaturlart arasindaki bu
forq asan ayird edilo bilmir, clinki ODT reaksiyalar1 hall olan elementlorin miqgdarindan,
soyuma/qizdirma siiratindon, donslorin Olciisiindon vo s.amillordon asilidir. Lakin bu
cevrilmolorin olmasi ¢ox i{imidvericidir. FeCo nanokristal halda amorf fazanin daxilindo
ayrila bilarsa, olduqca yiiksok yumsaq maqgnit xiisusiyystlorina malik iri hocmli amorf
materiallar istehsal oluna bilar.
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EMKOCTHBIE XAPAKTEPUCTUKHU MM -CTPYKTYP
HA OCHOBE ®TAJIOCUAHUHA MEJIHN

C.A. CagpagiuHoB
baxunckuii 'ocyoapcmeennwiii Yuusepcumem

@TaNOUMAHUH U €r0 BHYTPUMOJIEKYJISIPHBIE METAJUINYECKUE KOMIIJIEKCH PSAJIOM CBOUX
criecu(pUUEeCKNX CBOWCTB MOTYT YAOBIETBOPSATH MHOTHE TPYIHOCOYETaEMbIE NJIsi Heopra-
HUYECKUX MOJYNPOBOJHUKOB TPeOOBaHMSI MUKPOAJIEKTPOHUKH. M3BECEHO,UTO B 3amperieH-
HOU 30He ¢ranonuanna menu (PcCu) UMEIOTCS JIOKATbHBIE COCTOSIHUS C BBICOKOW KOHIICH-
Tparnuei [1]. B TakoM ciydae He WCKIIOUEHA BO3MOXKHOCTh Hanmuuusi 6apbepoB IlloTTku Ha
MOBEPXHOCTAX pazaena Meramul-PcCu U CBOWCTBA CHUCTEMbl B CUJIBHON CTENEHU MOTYT
3aBHCETh OT MApaMETPOB ITUX OAPHEPOB.

[IpuBneyeHne METONMKU U3MEPEHHUM HAa IEPEMEHHOM «
TOKE JJIsl HCCIEAOBAaHUS TAaKUX CTPYKTYp SIBISETCSA CyIlec-
TBEHHBIM JOMOJIHEHUEM K M3MEPEHHSIM Ha MOCTOSSHHOM TOKE
[2]. O6pa3upl U3rOTOBISUIUCH B BAKYyME ~ 10° TOpP METOAOM
BO3TOHKA Ha CHUTAJUIOBYIO TOMJIOKKY IIOCJIE€IOBATENBHO __-—__
HIDKHETO 3J1ekTpoaa, PcCu u BTOPOTO AJIeKTpoa 0e3 mpome-

Vposens

¥

— % Baprepst

HloTTRE

..|||”H
/

KYTEUHOTO KOHTakTa ¢ Bo3ayxoM. lIpensopurenbHo PcCu T g

JOTIOJIHUTENBHO ~ OYMINAJCS  JBYXKpaTHO  (pakUHOHHON

cyOnmumanueid. B kadecTBe DIEKTPOJOB HCIHOIB30BAJICS | il "

aromuHMA. TonmmuHa ciost PcCu He TIPEBBIIIAI0 2 MKM. A ) A
[IpenBapuTesbHbIC UCCIAEAOBAHUS B «CEHIABUY» CTPYKTYpE Puc.1

Al-PcCu-Al Ha OCTOSTHHOM TOKE TeMIIepaTypHBIX 3aBUCUMOCTEel Toka W BAX cBuaerensb-
CTBOBAJIM B IOJIb3Y TOTO,U4TO Ha MOBEPXHOCTSX pazaena Metaul- PcCu umerorcs Gapbepbl
[lortku [3]. CrnenoBarenbHO, YHEPTETUUYECKYIO AUArpaMMy MOJKHO MPEJICTaBUTh B BHUIE
MPUBEICHHOMN Ha puc.l. 3/1ech ke OKa3aHO COOTBETCTBYIOIIAs €1 SKBUBAJIEHTHAs CXEeMa,re

C, -emkoctb OaprepoB llloTTkH, C, -eMKOCTb 00beMa, T.€.001aCTH, PACHOIOKEHHON MEXIy

O6apbepamu [LloTTku U cBOOOIHOM OT 0OLEMHOTO 3apsa. ITa 00J1acTh 00Ia1aeT COmpaTHBIIe-
HUueM R, = Ry exp(®/kT') ,3aBucusuM OT TEMIIEPATKPBL, Tae P-dHEprus aKTUBALIUY.

[Tpu u3MepeHHH IO MOCIIEA0BATEIbHON cxeMme 3aMerennus C U 7¢O BBIPAXKAIOTCS B

BHUJC:
C, 1+ (wC,R,)>
2 1+w%C,(C,/2+ C,)R]
g6 =S OR, 3)

2 14C,(C,/12+Cy) @Ry’
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r7ie @ -Kpyropas 4acToTa.
[Mpeamonaras,uro ais Cu tgd Ttemneparypubie koddduiuenter emxoctu (TKE)
npeHeOpekuMo Maibl (2) 1 (3) MOKHO TIPEACTaBUTH KaK:

2
C:CS‘1+Aa)26Xp(2CI>/kT) , @)
2 1+Bw exp(2® /kT)

Do’ 2® / kT
g s = 22X ) )
Bw~ exp( 2® / kT )
rie A=CPR}, B=C,(C,/2+C,)R}.D=(C,/2)Ry Tlome3ysick (4) u (5)  MOKHO
IMoKa3aTb, 4YTO Ha ICPEMCHHOM TOKC OJCKTPOIPOBOAHOCTE CHCTEMBI OIPECACIIACTCA
bopmynoii:

o1t Aw? exp2®/kT)
(1+0%)Ryexp(@/kT)
rae Q =1/tgd -mo6poTHOCTH 0Opasiia.

Anamu3 Beipaxkennit (6) u (7) mNOKas3biBaeT,uTo KpuBbie %[ --
7 5
saBucuMocteil 71gd W G OT TemIepaTypbl W 4YacTOThl UMEROT = [
o]

(6)

XapaKkTepHble MaKCHUMyMbL.B 4acHOCTH,4acTOTY COOTBETCTBYIO- 500
1IyI0 MAaKCUMYMY MO>XHO HalTH U3 YCJIOBUSI: L Te,
w=[B"? exp(®@/kT)]"" (7) -
3aBUCHMOCTh €MKOCTH OT TE€MIIEpaTyphl AJi JIBYX YacTOT
m3Mepennii [ (kpuBasl) m Skl'm (2) mpuBeneHsl Ha puc.2.
BumHO,4TO €MKOCTh CHCTEMBI B O0JIACTH HU3KHX U BBICOKUX 100_—, N
TEMIIEpPATyp 3HAYMTEIBHO OTIM4aTcs (~ 9 pa3). OTa Xapak- 213 3B 4B T(K)
TEPUCTHUKA XOPOILIO OOBSCHSAETCS, €CIIH NPUHSATH,UYTO OapbepHbIe Puc. 2
CJIOM SIBJISIETCS CTPYKTYPHBIMH dJIEMEHTaMH 00pasiia.
[Ipu nocrarouno Hu3kux Temmeparypax (T<333K) nonusoBana manasi 4acTh LIEHTPOB
3axBara H,CJIeI0BATEILHO,KOHIICHTpAIUsl cBaOOIHBIX HOCHUTENEH 3apsga B oObeme mana. B

3TOM Cilydae comparusieHue oobema R, Bemuko.Toraa
C=C/2-AlB,

T.e. eMKoCTh cucreMbl C ompenensercs eMKOCTAMH oObeMa W AByX OapbepoB IloTTkm,
coeMHEHHBIX nocnenoBarenbHo.llocie yuera A u B nonyuum:

-1
C=(2/Cs+1/Cb) . (8)

B o6nctu T>333K ¢ yBennueHHeM TeMIepaTypbl €MKOCTh CHCTEMBbl YPE3BBIYANHO OBICTPO
BO3pacTaeT U Mpu u3MepeHuH Ha yactore | kI'1Ip JocTuraer ceoero HamOOJIbIIErO 3HAUYCHUS
mpu T>430 K. C poctom 4acToThl 3Ta 00JaCT AUCIEPCUU €MKOCTH CMEIIACTCSI B CTOPOHY
OOJIBIITUX TEMIIEPATYP,YTO COOTBETCTBYET hopmyre (4).

[Ipu nocTaTOYHO BBICOKMX TeMIlepaTypax, KOrja OOJBIIMHCTBO IEHTPOB 3axBara
OIlyCTOILEHO, CONpaTUBICHHE 00beMa R, CTAHOBUTCS JOBOJBHO HHU3KHM,U €MKOCTh 00beMa

C,myHTupyercs. Takum 00pa3oM,IIpy ATUX TEMIEPATypax OKa3bIBAETCS,4YTO

c=C,/2,
T.€. EMKOCTh ONpEIENsIeTCs MOCIeI0BaTEIbHO COeIMHEHHBIMH €MKOCTSIMH 000uX OaphepoB
[Tortku. [TosTOMY NpH BHICOKUX TEMIEpaTypax €MKOCTb CUCTEMbI HE 3aBUCUT OT TOJIIIMHBI
cnost PcCu, 4yTo moTBepk’aaeTcsa Ha onbiTax. {1 mpuBeAeHHON CUCTEMBI MOJy4eHa BeJIMUUHA
6apbsepHoii emxoctu C, =1400 nd.
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Ha puc.2 nyHKTHpHAs TUHUS — TEOPETUUECKask KpUBasi, IOCTpoeHHas 1o Gopmyie (2)
g gactorsl I kI'm mpu cnepyromux 3HadeHusx napamerpos: C, =160 n®, C =1400nd,

R =265 10°0Om 1 ® =0.555B. Bugno,uto B o6nactu 303 K TeopeTrdeckas KpuBasi XOpOLIO

COTJIACYETCS C AKCIIEPUMEHTAIBHBIMU PE3YIbTaTaMMU.
IlocTpoeHHE TEOPETHUYECKOM 3aBUCUMOCTH CAENIaHO, IpH ycnoBuu,uto C,u C, 0T

TeMIepaTypbl NPAaKTUYeCKH He 3aBUCAT. OJHAKO,B 00JACTH HU3KHX TEMIIEPATyp €MKOCTb
CHUCTEMBbl OOHApYXKTBAaeT XOJ, AHAJOTMYHBI paHEe OMUCEHHOMY B [4], T.e. B €MKOCTH
nposiBisieTcs: oOpaTUMbIN (a3oBblil mepexon.Ha puc.2 mpuBeneHa Takxke TeMIepaTypHas
3aBUCUMOCTbh €MKOCTH 00beMa C, , yCTaHOBJIEHHAs ¢ MOMOILBIO (OpMyIIHI (8).

JIist 00pa3ioB C TOJIIUHOW CIIOS MOJYNPOBOAHUKA A >2MKM H C HECKOJIBKO
Oospluel IUIOMAAbI0 3JeKTpoja BblnodHseTcs ycnoBue C, << C .Torma, nns obiactu
¢dazoBoro mnpeBpamenus PcCu u3Mepsemas Ha OmbITe eMKOCTh C-COOTBETCTBYET €MKOCTH
obbema C, .B atom cirydae (asoBblil epexo] Ha AHEICKTPUYECKUX U3MEPEHHUSX BBIPAXKCH

JOCTaTOYHO SIPKO M MEHEee pPa3MbBITO [5]. AHaloruuHoe BIMSHUE TOJBIIMHBI Oo0pa3la Ha
(ba30BbIi Nepexo]] HabII0AAETCsl U BO MHOTUX CETHETOENIEKTPKAX, B KOTOPBIX HE UCKIIIOUEHO
CYIIECTBOBaHHE HEOOXOIUMBIX YCIOBHIA /it 00pa3oBaHus OapbepoB LloTTku.

3aBUCUMOCTh 1gd OT TeMIeparypbl sl H3MEPUTEIbHBIX
yactoT I (kpuBasil) u 5 xI'q (2) npuBenena Ha puc.3. Bunno, 4ro c
MOBBIIICHUEM TEMIICPATyphl g0 MPOXOAUT depe3 MakcumyMm.lIpu
YBEJIMYEHUH YaCTOTHI TEMIIEpaTypa MAKCUMYMa CMEIIAETCA B
CTOPOHY BBICOKMX TeMmIieparyp.Takoe cMmelacHue cieayeT M U3 06
dopmynsr (7). IlpuBeneHHas Ha puc.3 TyHKTHpHas JMHUS —
TeopeThdeckass KpuBas, TMocTpoeHHas 1o ¢dopmyne (5) ¢
UCIOJIb30BAHUEM TE€X JK€ IapaMeTpOB,4YTO W UI1 TEMIEPATypHOH 02}
3aBHCHUMOCTH €MKOCTH.

tgd

Ilonb3ysick  BbIpa)keHHEM  (2) MOXHO  II0Ka3aTh,uTO 178 27 373T(K)473
MaKCHMalIbHOC3HAYCHHE g0 OMPEACIACTCS JIUIb BEIMYMHAMU:
Puc.3
C,u C, no crenyroen popmyie @8
Cel
°
I3

C ~1/2
tg5max :TS[Cb(Cs/z"'Cb] 9) L
T.c. BENIMYNHA /g0, HE IOJDKHA 3aBHCUTH OT YaCTOTHI
¥ TEMIIEPATYPBL. JIKCIIEPUMEHTATbHBIE PE3YIIBTATHI 2t NL

COOTBETCTBYIOT ’TOMY BBIBOJY (puc.3).
Ha puc.4 npencrapiiena 4acCTOTHasi EMKOCTH IS

HECKOJBKUX Temreparyp. Buano,uro npu ¢ = 40° C eMkocTh " ! !
MPAKTHYECKH TIOCTOSHHO, TOT/Ia KaK TPH BBICOKUX Temreparypax '@ w L
eMKOocTh C CHJIBHO 3aBHCHUT OT YacTOTbI, OBICTPO YMEHBIIAsACh
Puc.4
¢ ee pocTom, corstacHo hopmyie (4). O6macTh TUCIIEPCUU EMKOCTH
C POCTOM TeMIIEpaTypbl CMELIAIOTCSI B CTOPOHBI BHICOKUX YacTOT.

IIpy HuU3KUX TemmepaTypax M BBICOKMX 4YacTOTaX EMKOCTb CTPEMUTCS K CBOEMY
HauMEHbIIEMY 3HaueHHI0. HekoTopele pasnuuue B INpEAENbHBIX 3HA4YeHUAX eMkocThu C
ces3ano ¢ TKE C u C, .Ilpu Beicokux wactore u Hu3kux Temmeparypax TKE oOpasna

nopsaka 107°ropan’,uT0 BepeaTHO, CBA3aHO C KOX()(PUIMEHTOM TEIIOBOTO PACHIPEHUS
3HAYUTENBHOTO I OpraHu4eckux BemecTB. M3 dopmynsl (4) ciaemyeT,uTo mpu BBICOKHX
TeMIlepaTypax M B 00JacTM HHM3KHX 4acToT eMkocTb obpasua C =C /2.B d4acToTHBIX
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3aBHCHUMOCTSIX 3TO MAaKCHMaJbHOE 3HAYECHHE €MKOCTH JOCTUIaeTCA Ha KPUBOW, CHATOM IpU
T=403 K.

3Hass OTHOCUTENBHYIO JUAJIEKTPUYECKYIO TIOCTOSHHYI0 E£M IUIOMAAb obOpasmna
S MoxHO onpenenuTh mupuHy 6aprepa LIoTTkn A, U3 COOTHOIIECHUS:

A =€,SIC,_, (10)
rae £ =8,85-10""®/m, a OTHOCUTENBHAS JIUANEKTPHYECKAs TIPOHUIIAe-MOCTh wist PcCu 3 —
3,5. BpluncneHHas ImupuHa Kaxgoro wu3 OapeepoB ILIIoTTKM oOKa3piBaecs paBHOU
A=011-0,13MKM, dYTO COOTBETCTBYeT TJIyOMHE MOBEPXHOCTHBIX 0apbepoOB IICHOK
OpPraHUYECKUX TOJYIMPOBOJHUKOB YCTAHOBJIEHHON MeTO0M m3ydeHun (poroamuccuu [6]. C
ApYyroi CTOPOHBI, muprHa 0apbepoB LLIoTTKM onpenensercs: BEIpaKeHUEM:

A =[2(y, —w)ee,/e’N 1", otkyna N, =2(y, —y.)e€, /e’ , (11)
rae N-KOHLIEHTpacHsl LICHTPOB 3axBaTa, e- 3apsi DJIEKTPOHA, ¥, U /,;-COOTBETCTBEHHO

pabora BeIxoga martepuasa 3ekTponaoB U PcCu. Ilo stoit dopmyne mius PcCu monydaem

3Ha4eHUE KOHLEHTPAaCHH LEHTPOB 3axBaTa N, = 2- 10"%cm.

W3 kpuBBIX Ha pUC.4 MOKHO ONPEETUTh SHEPTHIO aKTUBauK @ 10 popmyiie
lgw=1n(aR,") - D/kT , (12)
IJIe a- IOCTOSTHHAsI, 3aBUCHILAS OT BBIOPAHHOI'O YaCTHOTI'O 3HAUYEHUS
eMkocTH.OnpeielIeHHOe TaKUM 00pa30oM 3Ha4EeHUE SHEPTHU
aktuBanuu — @ =0,53 5B. 20
Jpyrum criocoOom orpeneneHust @ sBISETCS N3yuyeHue gE
3aBHCHMOCTH fgd OT TEMIIepaTypbl Ha Pa3HbIX YacTOTax M3 O

YCIOBUSL 180, (7) BUIHO,YTO 3aBUCUMOCTH lg@ OT Tn_lgx

JOJDKHA J1aTh MPSIMYIO C HAKJIOHOM, MPOIMOpPLHAHAIBHBIM dHEP-
ruu akTuBauuu. Ha puc.5 npuBenena sra 3aBucuMocthb,HakinoH  10r
kotopor mponopuuanaieH ®=0,54 sB. Touke nepeceueHus ' ' ' :

ATOM MPSAMON C OChIO YACTOT COOTBETCTBYET: 23 24 25 26 27 28

o, =[R,C,(C,/2+C)I". (13) 107, (K)

Puc. 5
3HaueHne R, BBIYUCICHHOE U3 3TOH (OPMYIBI C HUCIOJIB30BAHUEM MapaMETpPOB:

C,=167Tn®, C, =1400 n® oka3piBaercs paBHbIM 1,8 10720m.

B Tabnuie npuBeeHbl pe3yabTaThl,I0yYeHHBIE U3MEPEHUSMHU Ha IEPEMEHHOM TOKE.

[Tapametp 3HaueHue Merton omnpeneneHus
BapsepHas eMkocTs, nd/cm> 24-10° C~T 2)
Emxocts 06pema mpu T>313 K, nd/cm’ 2,9:-10° C~wm
TKE R, >> (wC,) 'K C~T (8)
mpn Ry >> (@) 10° C~o @)
TOHH_[I/IHa 6apbepa,MKM 0’1 1_0’13 (10)
gHCOTa Oaprepa, 5B B 0,76 HOCTOSTHHBIH TOK
HEPTUsl aKTUBAIIIAH,D 0,54 1
0.53 lgw~ T, @)
0,542 lgC~lgw (12)
0,55 TeopeThyeckas
3 2-10'° IOCTOSIHHBIA TOK
Konuenrtpacust ypoBHel 3axBaTa,cM (1)
Y aenpHOE compaTHBIEHHE 00beMa 9.8
Tpu T = oo Om- ’ -
pu oo Om'cMm I g ~ Tma}x (13)
Temmeparypa (asosoro mepexoxa, 'C C~T
tgd ~T
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MAQNIT SAHOSINDO KRiSTALLASDIRILMIS POLIETILEN-FE;0,
KOMPOZITININ ELEKTRET XASSOLORI

D.F. Riistomova, .M. Ismayilov, E.A. Allahyarov, A.M. Maharramov
AMEA Radiasiya problemlari institutu
arifm50@ yandex.ru

Son zamanlar maqnit sahasinin (MS) (sabit vo yaxud doyison saholorin ) yiiksok
enerjili zorrociklorin, y-siialanmanin miixtolif tip polimerloro vo polimer kompozitlora
tosirinin tadqiqina genis yer verilir. Bels tadqiqatlar yeni tip elastik vo antistatik, elektroaktiv,
fiziki-mexaniki, elektret vo radiasiya tosirino davamli xassoloro malik magnit kompozit
materiallarin,  nanokompozitlorin ~ alinmasina  vo  onlarin  totbiqgi  imkanlarinin
genislondirilmasino yonalmisdir. Digor qrup todgiqatlarda iso polimerlorin vo onlar asaslh
kompozit materiallarin maqgnit sahasindo istismart zamani onlarin fiziki-mexaniki
xassolorinin doyisiklikloro ugramasi vo bu doyisikliklorin pognozlasdirilmasina yonalmisdir
[1-3]. Polimers yiiksok kimyovi aktivliyo malik nanodlgiilii hissociklor daxil etdikdo
polimerin fiziki-kimyovi, elektrik, optik vo digor xassalori olavonin olciisiindon, formasindan,
aqlomerasiya halindan vo hacmi miqdarindan asili olaraq kaskin doyisir [4,5].

Magqnit sahosinin polimerloro tosiri mexanizmi ilk baxigda o godor do aydin deyil.
Belo ki, magnit momentinas malik olmayan polietilen (PE), polipropilen (PP) vo digor zoif
polyarliga malik materiallara MS tosiri mexanizmi hololik tam Oyronilmomisdir. PE/Fe;O4
torkibli kompozitlor doldurucu ve polimerin adgeziv baghligindan vo stexiometrik
qurulusundan va s. asili olaraq son zamanlar genis totqiq olunur vo doldurucunun 6lciisiindon
asili olaraq yiiksok elektroaktiv (elektret, antistatik vo s.) xassolor gostorirlor.

Toqdim edilon isdo gorginliyi H=3-10> A/m olan sabit maqgnit sahasinin tosiri altinda
kristallasdirilmis PE/Fe;O4 kompozit niimunslorinin elektret xassolori termik iglonma iisulu
ilo alman qalinhiglar1 80-100mkm olan niimunslorde todqiq edilmisdir. Doldurucu Fes;O4
miqdar1 20% (hocm iizra) Olgiilori iso 90nm agmamisdir. Nanodlgiilii Fe;O, doldurucunun
kompozit niimunalorinds bircins paylanma doracasini ISM-6490 elektron mikroskopu vasitosi
ilo todqiq edilmisdir.

Magnit sahosindo kristallasma ovvoalcodon 130°S temperaturaya godor qizdirilmis
xilisusi mis qabda aparilmisdir. Magnit sahosinin tosiri altinda PE/Fe;O, niimunolori otaq
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temperaturuna qoador 100/d9q stirati ilo soyudulmusdur.Alinan kompozit niimunslorinda
elektrik hal1 300K temperaturda tacli bosalmanin U=9kV, #=10doq tosiri ilo aldo edilmisdir.
Alinan niimunalorin istilik, elektret vo maqnit xassalori totqiq edilmisdir.

Gostorilmisdir ki, MS kristallagdirilmis PE/Fe;O4 kompozit niimunolorinin orima
temperaturunun giymati doldurucunun miqdarindan (¢) asili olaraq qeyri xatti doyisir: p<3-4
hocm miqgdarinda olan niimunslerin To,=125+1°S toskil edir. @-nin yiiksok giymotlerinds
orimo temperaturu vo arima istiliyinin qiymati doyismir.

Elektret yiiklorinin soth sixlifinin ¢ qiymotlori ¢-nin qiymotindon asili olaraq
eksponensal ganunla azalir.

Doldurucunun  asagr  qiymotlorin  PE/Fe;O,  polyarizasiyadan 6nco  MS
kristallagdirilmis niimunalori kompozit niimunalari yiiksok stabilliys malik elektret xassalori,
»>3% hocm iizro giymoatlorindo iso antistatik xassoyo malik olur. Bu doyismolor polimer/
Fe;O, nlimunalarinda MS kristallagsma prosesinin kinetikasinin tasiri il9 izah oluna bilar.
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PACHPEJEJEHUS MEJJIEHHBIX HEHTPOHOB
B HEOJHOPOJHBIX CUCTEMAX

X.II. Adaynaaes, I'.51. Tpyxanos, M.III. Mamenos, H.A. UOparumos
baxuncxuii I'ocyoapcmeennuiii Yuueepcumem

Ilposedeno obobuwenue keazuoup@pysuonnoco memooa peutenuss KUHemuyecko2o
VpasHeHusi Ha 3a0ayu mepmanusayuu Heumporos. Copmyruposan memoo UHmMepaiIbHO20
A0pa, NO3GONAOWUL  OCYUEeCMBUMb  AHATUMUYECKOe UHMeZPUpPosanue no  yeioeol
nepemeHHoU 8 Koaghuyuenme keazuouppysuu Heumpouos.

3ajayn pacuera MPOCTPAHCTBEHHO —3HEPreTHYECKOr0 W YIJIOBOTO pacIpeieieHHs
ME/IJICHHBIX HEHTPOHOB B HEOJHOPOIHBIX CUCTEMAX MPEACTABISIOT BEICOKHAE TPEOOBAHUS JIS
KOMITIOTEPHBIX TpOorpaM BBUAY HEOOXOAMMOCTH pacyera U 3allOMUHaHUs OOJBIIOro
KOJIMYECTBA KOHCTAHT, CBSI3AHHBIX C JBAXKIbI MU(epeHInanbHbIM CEUCHHEM pacCesHus, U
HEOOXOIMMOCTH  OJIHOBPEMEHHOTO Y4eTa HECKOJbKHUX [EPEeMEHHbIX MpH pelIeHUun
KMHETUYECKOTO0 YPaBHEHHUSI.

B cBs3u ¢ 3TUM npu orieHke 3¢ peKTa TepMaNIU3aluid B HEOJHOPOIHBIX CPEIax 4acTo
UCIOJIb3YIOTCS  MPUOJIMKEHHBIE pacueTHbIE MaTeMaTUYeCKUE MOJIENH, 00pa3yrolue IBe
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Oonbiux kiacca. K oqHOMY M3 HUX MOKHO OTHECTH MOJEINH, MO3BOJISIONINE YMEHIIUTh
BpeMs cueTa KOHCTaHT M UX YMCIO (YNpOLIEHHBIE MOJENN B3aUMOJICHCTBUS HEHUTPOHOB C
BEIIECTBOM, MOJEIIM OCHOBAHHbIE HA TPEANOJIIOKEHUS 00 M30TPONHH pacCesHus,
MaJIOTPYNNOBbIE MNpUOMIKeHUss ©u  T.4.). K apyromy Kiaccy OTHOCSATCS —MOJENH,
MO3BOJISIIOIINE YMEHBUIUTh YUCIIO TEPEMEHHBIX B KUHETUYECKOM ypaBHEHHUH (paccMOTpEeHHE
OJTHOMEPHBIX CUCTEM, NTepeHEOPEKEHUE YTIIIOBOM 3aBUCMMOCTBIO TOTOKA HEUTPOHOB U T.1.).

JInsi MpakTHKUA OYEHb BAXKHO HMMETh IPEACTABICHHUE O TOYHOCTH HCHOJIb3yEeMBIX
npuOIMKEHHBIX Mojeneil. Takoe mpencTaBieHHe MOXKHO IOIYYUTh, CPABHUBASL PE3YIbTATHI
naBaeMble MPUOIMKEHHBIMU PACUETHBIMU MOJENISIMU, C PE3yJIbTaTaMu STAJOHHBIX METOJI0B
0oJiee peaTnCTUYECKUX.

B pabote paccmaTtpuBaeTcst KBazuAU(PPYy3MOHHBIM METOJ PEUICHUS KHHETHYECKOTO
ypaBHeHud [1, 2, 3] U co3maHHbBIE HA €r0 OCHOBE MPOTPaMMbl pacueTra MPOCTPAHCTBEHHO-
sHepretuueckoro («CEUEHUE» [4]) u mpocTpaHCTBEHHO —3HEPIreTUYECKOrO0 U YIJIOBOTO
pacnpezneneHus [5] TemnoBBIX HEUTPOHOB B IUIOCKUX HEOAHOPOIHBIX CHCTEMax,
OpUONIMKAIOIUXCA K JTAIOHHBIM JJIi MHOTHX PACYETHBIX MOJIENEH, MPUMEHSIEMbIX IpH
pelleHrr 3a/ad TepMalMu3alii B OJHOMEPHBIX HEOJHOPOAHBIX cucTeMax. Bo3MOXKHOCTH
UCIOJIb30BaHUs KBa3uIU(P(y3MOHHOTO pEIIeHUsT KUHETUYECKOr0 YpaBHEHHUS B KauecTBE
STAJIOHHOr0 (B Clyyae CXOJUMOCTH  METO/Aa) CleAyeT M3  OKBUBAJIEHTHOCTU
KBa3UIU(P(Y3MOHHOW CHUCTEMBl YpaBHEHHH HMCXOJHOMY KHHETHUYECKOMY YpPaBHEHHIO,
KOTOpasi B YaCTHOCTH, O3HAYaeT, YTO €CJIM KMHETUYECKOE ypaBHEHUE MMEET €IMHCTBEHHOE
pelieHre, TO U CUCTeMa ypaBHEHUM kBasuaudp@dy3suu HMeeT TO Ke pelIeHHe, U OHO
€IMHCTBEHHOE.

Hanmomuum Taxke, 4yto Meton kBasuauddysum mpencrabisier coOON HeMMHEHHBIN
UTEPALMOHHBIA METOJ pelleHHs] KMHEeTH4Yeckoro ypaBHeHHs. OH MO3BOJISIET CYIIECTBEHHO
YMEHBIIUTh YHCJIO HTEpallMH IOJHOTO KWHETHYECKOro ypaBHEHHUs, MepeHoca OOJbIIYIo
4acTh pabOThl HA ONpEENICHHE PEIICHHUs CHCTEMbl ypaBHEHHH Iu(p(y3HOHHOrO THUHA C
3aBUCAIIMM OT MPOCTPAHCTBEHHOW KOOpAMHATHI KO3 uImenToM auddy3nu, KaxIaslid pas
BBIYHCIISIEMOM 3aHOBO B MPOIECCE UTEPALIUA.

Cxogumocth MeTona kBazuauddy3uu B o0IIeM ciaydae, K COXAJICHUIO, CTPOro HE
nokazaHa. Tem He MeHee OOMMpPHBIE pacyeThl, MpOBeACHHbIE B pabdore [1] s
OJIHOCKOPOCTHBIX 3aJlad U B padote [2, 3] mis 3amad TepMain3aiui, MO3BOJISIOT HAIeIThCS
Ha CXOJUMOCTb METOJa BO BCEX CIllyuyasix, KOTOpbIE MPEACTaBISAIOT MPAKTUYECKUN HHTEpEC.
JIOTIOTHUTENBHBIM yYKA3aHWEM Ha TO, YTO METOJ B pabote [1] sBiseTcst CXOAAIIMMCS, MOXKET
CIY’)KUTh TOKa3aHHOH CXOJMMOCTBIO UTEPAIMOHHOTO METO/AA PEUICHUs MOIU(PUIIMPOBAHHON
KkBa3uAU(PPYy3NOHHON CHCTEMBbl ypaBHEHWH, OTJIWYAIONIUMHCA OT CHCTEMbl ypaBHEHHUI
kBa3uauGy3un B padore [1] auirs HEKOTOPHIMU YJIEHAMH.

B 3axitouenne o0Cyx1at0TCs MyTH AAIbHEHUIIETO YIyUIIEHUS! CXOJAUMOCTH METO/I0B
pelieHrs 3aad TepMalu3aliid B HEOJHOPOJIHBIX CUCTEMaX B paMKaxX HMCIOJIb30BaHMS HaeH
METO/1a CTOJIKHOBEHHI U MAJIOTPYNIIOBBIX METO/IOB.

1. Keasuanddysuonnas cucreMa ypaBHeHHUsI AJ151 OAHOMEPHBIX CHCTEM.

Unes xBazuauddy3noHHOr0o Meroma COCTOMT B TOM, YTO JIMHEHHOE WHTETpPO-
muddepeHnmranbHOe ypaBHeHHe bosbiimana
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1 99(7,v,Q.1) +QV(F,0,Q,0)+ > (r,0)eF,0,Q,1) =
) ot t L

= X F. 05,2 5 Q) v, Q) dvdQ + S(7,v,Q,1)

3aMeHSeTCs HKBUBAICHTHON eMy HEJTMHEHHOW CUCTeMON ypaBHeHUN «kBasuanddysum» [1]
1dgplF,v,t) . . . -
LOPP21) | it 70,1+ > (roW (0.0 =
v ot ! (2)
= J D (Fo > VWV HdY + S, (F.0.0)

[IpenBaputensno ¢ momompbio nporpammbel «CEUEHUE» Obm mpoBeneH pacder
OJTHOCKOPOCTHOM  3alayd, JOINYCKAalOUIC aHaJIUTHYECKOE PEIIEHUE KHHETHYECKOTO

ypaBHEHHUsI. DTOT pacueT ObUI IPEAIPUHST C LIEIbI0 MOMyYeHHS MPEACTABICHUS O TOYHOCTU
HCIOJIb3YEMOM Pa3HOCTHOM CXEMBI.

Tabnumna 1.
I, CM Hudbdysmonnoe  Kpazumuddysmonnoe  Anamutudyeckoe  Koaddunmenrt
pelieHue l//(O) (r) pelieHue ¥ ) (r) pemenne y/(r) KBasuInQQys
1707
0,05 0,031016 0,40724 0,040434 0,52638
0,15 0,34738 0,039669 0,039424 0,58144
0,25 0,42629 0,043803 0,043594 0,59898
0,35 0,055635 0,052231 0,052059 0,59828
0,45 0,075317 0,065523 0,065399 0,58462
0,55 0,10404 0,085190 0,085146 0,56326
0,65 0,14524 0,11400 0,11410 0,53568
0,75 0,20387 0,15704 0,15740 0,50123
0,85 0,28897 0,22472 0,22560 0,45676
0,95 0,40451 0,34636 0,34847 0,39139
1,05 0,52907 0,57434 0,56961 0,29710
1,15 0,59798 0,66399 0,66004 0,28579
1,25 0,65482 0,72142 0,71820 0,28490
1,35 0,70132 0,76215 0,75952 0,28671
1,45 0,73885 0,79187 0,78971 0,28934
1,55 0,76855 0,81337 0,81158 0,29217
1,65 0,79131 0,82810 0,82859 0,29501
1,75 0,80780 0,83669 0,83532 0,29791
1,85 0,81853 0,83854 0,83737 0,30117
1,95 0,82382 0,83105 0,82896 0,30592

PaccmarpuBanack rumoreTnyeckas IUIOCKONApajlesbHas s4YelKa, COCTOSIIAs U3
JIBYX 30H C pa3IW4YHbIM (U3WYECKUMH CBOWMCTBaMH (pa3Hoe TmoriomieHue). PaccesHue
HEHTPOHOB MpEAIoaarajloch OTCYTCTBYIOIIMM B 00oMX 30HaX. MCTOYHHMK HEHTPOHOB B
NIEpBOM 30HE TMOJarajcs paBHbIM HYJIIO, BO BTOPOM OH CUMTAJICS PABHOMEPHO
pacnpeeleHHbIM 110 POCTPAHCTBEHHON KOOPIMHATE.
[TapameTpsl paccMaTprBaeMOM STYEHKH ObUTH CIIEAYIOIIUMH:
IlepBas 30Ha Bropas 30Ha
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R,=0 R,=R,=2cwm
Ri=1cm 212:1 em!
d,=2em’ 0(r)=0 Q,(r)=1/2

B Tabn.l cpaBHuBaeTca pelieHHE paccMaTpuBaeMoOl 3afaud ¢ TU(GGy3HOHHBIM H
KBa3uAU(PHYy3NOHHBIM PEIICHUEM, MOJy4YeHHbIMU ¢ momolisio mporpammbl «CEUEHUE»
IpU HCIOJIb30BAHUM B KaueCTBE OCHOBHOM pPAa3HOCTHON CETKM 10 MPOCTPAHCTBY
paBHOMepHO# ceTku ¢ marom 0,1 cm. B Tabin.1 npuBeaeHsl Takxke 3Ha4eHUsT KO PUIeHTa
KBa3uAn(p(y3uH, TOKa3bIBAIOUINE CTETIEHb AHU30TPOIMH OTOKA HEHTPOHOB.

N3  Tabn.l  BUOHO, 4YTO  MAaKCHMallbHOE  OTHOCUTENIBHOE  OTKJIOHEHHE
KBa3uAu(p(Gy3NOHHOTO pEIIeHUsT OT TOYHOrO MpU JAHHOM BBIOOpE pPa3HOCTHOW CETKU He
npesbimaer 0,7%. B cpenHeM OHO 3HAYUTEIBLHO MEHbIIE (Hampumep, B Touke r =0,75 cm
oHO npuMepHo paBHO 0,2%, B Touke r =0,85¢cm okoio 4%, B Touke r =0,95¢cm nopsnka 0,6%).
C pocTtoM uMciaa TOYEK PA3HOCTHOM CETKM IO IPOCTPAHCTBY  IMOTPEIIHOCTh
kBaaudy3MOHHOTO pelieHusl yMeHblnaercsa. Hanpumep, yMmeHbpiieHnue mara cetku B 20 pa3
B unTepBaine ot 0,8 1o 1,1cm ymensiaer ommbky B Touke r =0,85cm 10 0,018%, a takxke r
=0,95¢cm 110 0,023%.

W3 ananusa cienyer, 4To IpU pa3yMHOM BbIOOPE Pa3HOCTHON CETKHU MO MPOCTPAHCTBY
(HECKOIPKO y3JIOB 10 OJHOW JUIMHE CBOOOJHOrO MpoOera HEWTPOHOB) BBIOpAHHAS
pasHOCTHas cxema Oyner obecrieunBaTh YIIOBJIETBOPUTEIHHYIO TOYHOCTb
KBa3U AN (Hy3MOHHOTO PELICHHUS.

B pabore mnpoBeneHo o00oOmeHne KBazUAU(PGY3MOHHOTO METOAA PpelIeHUs
KMHETUYECKOT0 YpaBHEHHs Ha 3aJayd TepMmanu3auuu. [lpu s3ToM chopmynupoBaH MeTO[
WHTETPATBHOTO Spa, MO3BOJISIIONIMKA  OCYIIECTBUTh AHATUTHYECKOE WHTETPHPOBAHHUE IO
YIJI0BOM mepeMeHHOW B Kod(p¢UIMeHTe KBa3uIUPPy3un U TeM CaMbIM HCKIIOUUTH €€ U3
uTepanoHHoro  mpouecca. C  TOMOIIBIO  MporpaM  pacdera  MPOCTPAaHCTBEHHO-
HHEPreTHYECKOro U yIIIOBOTO pacipeieseH!s] HEUTPOHOB B HEOJAHOPOIHBIX CpeAax, B OCHOBY
KOTOPBIX TIOJIOXKEH KBasuaAU(PPy3nOHHBIM MeToN, OblIa IMOKa3zaHa OBICTpas CXOJUMOCTh
Metoaa kBasuauddysun (oxHa-1Be UTepanuu no kodpuIHeHTy kpasuandysun) B 3agadax
TepMaM3allud JJIs [IUPOKOTO KJacca IJIOCKMX TeTEPOreHHBIX CHCTEM ¢ OOJbIIUM
IpaJeHTOM TeMIIepaTypbl U CHJIbHBIM TMOTJIOUIEHHEM (B TOM YHCIE W TNpPU HaJIUYUU
PE30HAHCHBIX MOTJIOTUTEIICH ). Orcrona clenayer (BBUY SKBUBAJICHTHOCTH
KBa3uAU(P(y3UOHHONH CHUCTEMBI ypaBHEHUN KHHETHYECKOMY YPaBHEHHUIO) BO3MOXKHOCTH
WCIOJNIb30BaHUs KBa3UAU(DPY3MOHHOTO pEIIeHUsT B KAaueCTBE JTAIOHHOTO Ui 3ajad
TepMallM3allii, OTHOCSIIUXCS K 3TOMY Kjaccy. YKa3aHbl MYTH JalbHEHUIIEro yIydlleHus
CXOAMMOCTH KBa3uIu(p(Gy3MOHHOTO METO/la PEHIeHHs MHOTOCKOPOCTHOTO KHHETHYECKOTO
YpaBHEHHUS.
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IHOUCK BO3MOKHbBIX HPEAITECTBEHHUKOB MAJTIOMACCHBHBIX
PEHTI'EHOBCKHUX IBOHUHbBIX CUCTEM.

J.H. PycramoB, A.®. A0ay/iKepuMoOBa
[lamaxunckas Actpodpusndeckas Obcepsaropust umMm.H. Tycu HAH A3zepbaiixana
janmamed @yahoo.com

Ilpusoosmces  pezyromamvi CneKmpaivHulx HabOa00eHuti 36e306t HD 192163 u
gomomempuueckux Habmooenuti 36e306t HD 191765, nposodumvie na 2-m u 60-cm
meneckonax IIIAO um. H.Tycu HAH A3zepbaiioscana coomseemcmeenno. I[lo swenne-
cnexmpozpammam 36e30v1 HD 192163 evisenena nepemenHoCmb Jy4esblx CKopocmell
amuccuonnoti nonocwl (Hell+Hz)6560 ¢ nepuodom 5°.128. Hz  domomempuueckux
Habnodenuil 8viagnena nepemennocms onecka 36e3061 HD 191765 ¢ nepuodom 1°.887.
Hatioennvle namu nepuooudeckue usmeneHuss 0Jis UCCIe008AHHbIX 36€30 ABNAIOMCA 8 NONb3Y
NPeOnoNodNCeHUss O MOM, YMO OMu 36€30bl MOZYM AGIAMbCA  NPeOuecn8eHHUKAMU
MANOMACCUBHBIX PEHMEEHOBCKUX OBOUMBIX CUCTEM.

K nHacrosmemy BpeMeHH ObUTM OOHApPYKEHBI OOJIBIIOE KOJIMYECTBO MATIOMACCHBHBIX
PEHTT€HOBCKHMX JBOMHBIX CUCTEM, COCTOSIIIMX M3 MaJOMAaCCUBHOM onTHYeCKO A—M 3BE31bI
U aKKpeUupyoleil HEeWTpOHHON 3BE3/bl MM 4€pHOW AbIpbl. COrJacHO 3BOJIOLUOHHOMY
cueHapuro TecHbIX NBOWHBIX cucteM (TJIC), mpou3BOAUTENISIMU TaKUX MallOMaCCHUBHBIX
PEHTT€HOBCKHMX JBOMHBIX CHUCTEM MOTYT SIBIATHCA 3BE31bI WR B mape ¢ MaaomMacCHUBHBIMU
A—M 3Bé31amMu, KOTOpbIE 00PA30BAIUCH MOCIE CTaIUU EPBUYHOTO OOMEHA Macc B PEKUME C
o011eit 0007T09YKOA.

B BocbMHaECATBHIX TOAaX MPOILIOTO CTOJETUS OBLIM OOHApY>KEHBI "OJWHOYHBIE"
383161 WR, pacnosiokeHHbIE B ILEHTpPax KOJbLUEBBIX TYMAaHHOCTEM M HaxOJsIIME Ha
0O0JBIIMX BBICOTAX OT TaJaKTUYECKOW IUIOCKOCTH. DTH 3Be3bl Ha3BaHbl 3Be3naMu WR c
penstuBuctckuMu  kKomrnoHeHTaMu (WR+C). Opnnako JjanbHEHIIME HCCIEIOBAaHUSA HE
MOATBEPAWIIA TPUPOLY dITHX 00bekTOB kKak WR+C nBoiHBIX cucteM. Bo mepBbIx,
oOHapyKeHHasl CIIeKTpaiabHas U (OTOMETpHUECKasl MEePUOJUIHOCTD IJIsI OOJNBITHHCTBA ITUX
00BEKTOB OKa3ajach HE CTPOro IEPUOAMYECKON, a KBa3HUIEPHOIWYECKOH. Bo-BTOpEHIX,
PEHTTEHOBCKHE HAOIIOJCHHS MOKA3alld, YTO PEHTICHOBCKAsl CBETUMOCTh ITHX 3BE3J OYCHb
Huska (Ly < 107 3pr/ C), 4TO TPYAHO COBMECTHUTH C MPEACTABICHUEM 00 aKKPEIMH 3BE3THOTO
BeTpa 3Be3/1bl WR Ha pelsiTHBUCTCKUN OOBEKT.

B pabGore [1] Obuta BhICKa3aHa rumore3a O TOM, 4TO "oAumHOYHBIE" 3BE3MBI WR,
pacrojoKeHHbIe B LEHTPax KOJBLEBBIX TYMAaHHOCTEH, MOTYT OBbITh TECHBIMH JBOIHBIMU
CUCTEMaMH, COJEpPKallMMH B KauyecTBa CIyTHUKOB MajOMacCUBHblE "HopMmanbHble" A-M
3BE31bpl. Hannume KoONbIEBOM TYMaHHOCTH B JIaHHOM CIlydya€ MOXHO OOBSCHUTH
MPOXOKJICHUEM JBOWHOMN CUCTEMBI Yepe3 CTaIHI0 ¢ 00IIei 000JI04KON (TOJIBKO HE BO BpeMs
BTOPUYHOTO OOMEHa Macc, Kak 3TO MMEET MeCTO B ciiydyae mozenu GopmupoBanus WR+C
CUCTEM, a Ha CTaJuu TNEPBHYHOTO OOMEeHa Mmacc). boibimas BbIiCOTa HaJ TalaAKTHYECKOUM
IJIOCKOCTBIO M BBICOKAs IPOCTPAHCTBEHHAs CKOPOCTh HEKoTopblix WR 3BE3x1 B mape ¢
MaJioMacCuBHBIMU A—M 3B&31amMu MOTJIM OBl OBITH OOBSCHEHBI, HAIPUMEP, BBIOPOCOM 3THUX
3BE31 U3 MAaCCUBHBIX 3BE3JHBIX CKOIUIEHMH 3a CYE€T JEUCTBUSI  KOJUIEKTUBHBIX
B3auMMOJICHCTBHI [2].

B nanHo#l paboTe wu3maratoTCsi pe3ysbTaThl CHEKTPAIbHBIX U (POTOMETPHUUECKHX
HabmoneHuit AByx 3Be3n Tuna WR, kotopsie panee cuntain WR+C 3Be3gamu. [lonbiranuch
BBISIBUTH IIPU3HAKOB NMPUCYTCTBUSA A-M KOMIIOHEHT y 3THUX 3BE3/I.

Crektpanpable HaOmoAeHust 3Be3apl THma WR, HD 192163 Obutn mpoBeneHbI Ha
KaccerpeHOBCKOM (pokyce 2-m teneckomna [llamaxuHckoi actpodusnueckoit obcepBaTopuu
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(IITAO) HAH Asep6aiimxana B 2005-2009rr. ITpumensuics smemne-crnekrpomerp ¢ I13C-
Marpunieid ¢ ¢opmatrom 530x580 mumkcened, CHEKTpaIbHBIM JUANa30H AA4000-7000A A
cnektpaibHoe paspemienue R=13 600, orHomenue curnana k mymy S/N ~100. Anmaparypa
HabmoaeHnit nmoxpobHo onucana B [3]. ITo smenie-ciekTporpaMmam oIpeneieHa JydeBast
ckopoctb  amuccuoHHoW  mosockl  (Hell+Hy)6560. CpennexBagpaTudHas — OIIMOKa,
omnpezaeneHHas 1o cranaaptHoil 3Be3ge HD 189847 pasno 3 km/c. IlpumeHeHuem
CTaTUCTUYECKHUX METOJOB aHaliM3a BBISBIIEHA IEPEMEHHOCTh JIyYEBBIX CKOpPOCTEH 3TOM
SMHUCCUOHHOM MOJOCHI ¢ 5.128 THEBHBIM IEPUOIAOM.

doromerpudeckue HabmoaeHus tuna WR, HD 191765 Obutn nipoBeneHsr Ha 60-cM
teneckorie [IIAO B wurone-centsope Mmecsmax 2010 r. I[lpumensuics dotomerp ¢ T13C
matpuieir Apogee Alta U-27 1024x1024 nukceneit. Ilepen xaxxasimM HabmoaeaneM 1-2 gaca
no HabmoneHuss cauManuch 10-11 xampoB bias (kamp ¢ HyseBoW skcmosurueit). CHsu
takke flat (rockoe mone) nmepen KakapIM HaOItoIeHueM pu cymepkax B ¢puinbtpe V. [locie
chemku flat caumancs dark. Habmronenust mpoBenenbl B TedeHue 18 Houeit B ¢unmbTpe V
MeXayHapoaHOH (oToMerprueckoil cucrembl UBV. Anmaparypa HaOmOIeHUH U METOUKA
00paboTKu (hoTOMETpUUECKUX HAOIIOIeHUH TpuBeeHBI B [4]. CpeaHekBaapaTUIHas omuoKa
onnoro msmepenus ~ 07.008. I[[puMeHEHHEM CTATHCTHYECKUX METOJOB aHAIM3a BhISBIEHA
TepeMeHHOCTh Oi1ecka 336l HD 191765 ¢ meproxom P = 19.887.

Ha puc.1 u puc.2 npuBeneHbl U3BMEHEHUE JIyUYEBbIX CKOPOCTEH IMUCCHOHHOM IOJIOCHI
(Hell+H)6560 B 3aBucumMocTu ot a3el nepuoaa P = 59128 u Grecka 3Be3asl HD 191765 ot
¢da3wl nepuoaa P = 19.887 cooTBETCTBEHHO.

Haiinennrie Hamu nepuoanyeckue usmenenus s 3se31 HD 192163 u HD 191765
SBIIAIOTCS. B TIOJb3Y TMPEANOJOXKEHUS O TOM, 4YTO O3TH 3BE3Abl MOTYT SBIATHCA
MpeAIIeCTBEeHHUKAMH MaJIOMAaCCUBHBIX PEHTT€HOBCKUX JIBOMHBIX CHCTEM.

7.9
V_ (kmic)
r

8.05

[ ] L ]
L]
8.1
0.4 0.2 0 0.2 04 06 08 1 12 14 -04 -0.2 0 0.2 04 o 06 08 1 1.2 14
(0]
Puc.1. 3aBUCUMOCTD JIY4E€BBIX CKOPOCTEH dMUC- Puc.2. 3aBucumocTs Oiiecka 3Be3bl
cuonHou nonocsl (Hell+H,)6560 ot daszsr 5.128 HD 191765 or ¢a3sr 1.887 qHeBHOTO Nepuoa.

JHEBHOT'O II€proaa.
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PLASTIK DEFORMASIYA NOTiCOSINDO ALINAN QIRAQ
DISLOKASIYA KRIiSTALIN ELEKTRON XASSOLORINO TOSIiRI

F.R. Qocayev, S.A. Caforov

Naxcivan Doviat Universiteti
cseyfeddin6 @yahoo.com

Qiraq dislokasiyali yarumkeciricilords degsiklorin tutulmasi masalasino [1]-do
baxilmigdir. Tagdim olunau isdo asas magsad kvantlanmis magnit sahasinds dislokasiyali
yarumkeciricilorda degsiklorin tutulmasint aragdirmaqdir. Sokli modelina[2] asasan qiraq
diislokasiyalt yarumkeciricilarda desiklor manfi yiiklori oziindo comlasdiran sonsuz gorilon
akseptorlarin xatti boyunca morkazlagirlor. Plastik deformasiyast naticasinda alinan qiraq
dislokasiya , kristalin elektron xassalarina tasiri

Yarimkegirici kristallarin plastik deformasiyasi noticasindo alinan qiraq dislokasiya ,
kristalin xassalaring tasir edarok onlart koklii sokilds dayisir, hom do 6zleri birdlciili xatti
kvant obyekti kimi Oziinomoxsus xassolor niimayis etdirir. Onlar kristallarin mexaniki
xassalaring gostordiyi tosir qodar da elektrik , maqnit vo optik xassalarina da tosir edirlar. [3]

Qiraq yiiklii dislokasiyalar qirilmis rabitolor arasina malik kristal yarimmiistovisinin
konar1 kimi , yaxin otrafinda kristallar1 deformasiya etmok xiisusiyyatino malik oldugu kimi,
hom dislokasiyalarin niivalorinds olan qirilmis atom rabitalorinin qisa tesirli potensial sahasi ,
hom do desiklorin lokallagsmasina gotirir ki , bu da 6z ndvbosindo dislokasiya xarakterli
elektron —desik sisteminin dislokasiya eksitonlarinin yaranmasini tomin edir. Toqdim edilon
isdo dislokasiyalarin sahasinde yiikdasiyicilarin enerji spektrinin baza masalalorini todqiq
edocoyik.

Eyni zamanda hom dislokasiyalarin niivesinin, ham do deformasiya potensialinin

tosirlari nazars alindiqda , qiraq dislokasiyanin potensial enerjisi
2

V(r.g)=-V, exp (—[:—2)—Ec 1-2v sing

1-v r D

soklindo yazilir. Qauss paylanmasi soklindo yazilan birinci toplanan dislokasiyanin niivasinin
potensial enerjisini ifado edir. Burada ( r ,¢,z ) komiyyatlori silindrik koordinatlari ifado edir .
Silindrin z oxu dislokasiyanin Biirgers vektoru, v-Puasson omsali, Ec- deformasiya potensiali
sabitidir. Voe vo b komiyyatlori mini- mizasiya sortindon tapilan sabitlordir.

Effektiv kiitlo yaxinlagmasinda , elektronlarin (1) sahosindo dislokasiyalarin oxuna
perpendikulyar istiqgamatds harakati imumi halda

2
ee L (y)= -
2m

[| grady , |2dr +U(r yye2 (r)dr )
funksionalinin minimumluq sortindan tapilir(mc —elektronun effektiv kiitlosidir).

Lakin deformasiya potensialinin osas halin enerjisino verdiyi pay cox kicik oldugu
tictin [2] , onun tosirini nozoro almamagq olar. Osas halin enerjisini tapmaq {i¢iin varyasiya

isulundan istifado edok .Bu mogsadle sinaq funksiyasini

yoe = \/Z o, exp (-02r2) 3)
T

soklindo secmok ( Qauss xarakterli ) olur. Onda (2 ) funksionalindan
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2,2 2
he, a,

g%l =

m “2a+b7?
ifadoasini alariq. Sonuncu ifadonin minimumluq sortindon

2 o \Va
Voe = 2hb2 (l+éw/2me€:j 2 goe = (ﬂj @)

m, h 2h*h*
alariq.( € e- elektronun dislokasiyanin niivasindaki rabits enerjisidir).Eyni ifadslori
desiklar iigiinds almaq olar. Oda formal olaraq
me —- mo, Ee — Ev,Voe — Vov, ge — ¢h
ovazlomolorin kdmayils alinar.
Qiymotlondirmolor gostorir ki, Ee ~ 0.52eB, ¢h ~ 0,42¢B,
Voc = 2,95eB, Voh = 2,17eB,a% = 1,565:10sm™" , &’ =1,63-10" sm™'

(geyd edok ki, &’ —enerjisi keciricilik zonasinin dibindon asagiya, £ —isa valent zonasinin

tavanindan yuxariya dogru hesablanir).
Hoyacanlagsmis halin dalga funksiyasina osas pay1 deformasiya potensial1 verir. Ec >0
oldugda elektronlar dislokasiyaya dogru calb edilir .Bu halda hoyacanlasmis halin dalga
funksiyasi , 0 < ¢<m oblastinda

4[5 sing 1 (1= g2 e

y(r) = \/; (1 j 2a(7+;ayzj

kimi ifado edilir. Hoyoacanlagmis halin enerjisi iso

4y, 67.
2 o2 2 4 1- 2 -2 \? + 2 —2)?
cl c - - oc 2 —
m(1_2ac+3aczj (21602+b 2) 1—2a0+§a02

2 2

-2 + B4
_éﬁEbﬂc.Hw 27 16"
ANz 2w 1-v 1—2ac+§af

o
olur( @, =-= —isars edilmisdir).

c

Hoyacanlasmis halin enerjisi {iciin aldigimiz sonuncu ifadedon uygun avozlomaolor
etmoklo desiklorin enerjilori {i¢iin do uygun ifadolori alariq.
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UCCJEIOBAHUE I'TYBOKHX YPOBHEN AHTUCTPYKTYPHBIX JIJE®EKTOB
MHOJYITPOBOJHUKOBDBIX KPUCTAJIJIOB METOJAOM ®YHKIIUU I'PUHA

3.A. I[maxanmp.nnl, T.O. BaﬁpaMOBaz.
"Hnemumym @usuxku AHAH, T Jcasud, 33, Baky, Asepbaiidocan
? Baxunckuii I ocyoapcmeeHHblll YHusepcumem

C nomowwro memooa Jluneiinvix Komounayuii Amommuwix Opoumaneii (JIKAO)
BbINOJIHEHO Meopemuieckoe UCCie008aHue IeKMPOHHOU CIMPYKMYpPbl NOJYNPOBOOHUKOBO20
coeounenus GeSe, a makoice pacuem 21yOOKUX YposHel aHmucmpykmyphvix oegpekmos Ges,
u Seg.. Brnoxoeckas cymma rxomcmpyuposanrace uz Cnemepogckux opobumaneil s-, p- u d-
cummempuu.  Paccuumannvlie  snekmponuvie  Cnekmpbvl  XOpouwio  CO2NACYlOmMcs ¢
pe3yiomamamu 6ojiee MOUYHbIX PACHemOo8 NPOBEOCHHbIX MemOoO0OM NCe80ONOMEHYUANd Ha
bazuce nNiIOCKUX 60JIH.

Honyctum, uyto H  sBnseTrcs OJHOYACTUYHBIM  T'aMUJIBTOHHAHOM  JTaHHOM
MHOT0aTOMHO# cucteMbl. Onpenenum oneparop ['puna [1, 2] cnegyronmm o6pazom,
G(E)=lm(E+ie—H)" (1),
+

£-0

e uMut € — 07 Heo6X0MM TOJILKO B TOM Cilydae, eciu B- cobcTBennbie 3nauenus H , To
ects (E-H)' sBistercs CUHTYJISIpHOW. B pe3ynbrare, AUCKpeTHbIE COOCTBEHHBIC 3HAYCHUS

onpenensiores nomocamu G(E)- Hymsamu gerepmunanta G (E).
Omnepatop motHoctu 3apsaga P(E) u nnotHoctu coctostnuil N(E) onpenensitores kak,
p(E)=—2ImG(E),
z (2)

N(E)=Trp(E)

2 .
win, N(E) =——TrImG(E) .M3meHenue IUIOTHOCTH COCTOSIHUH, WHAYUHUPOBAHHBIE
/4

nedexrom, paBHO

AN(E) = 242E) 3),

7 dE

rne O(E)=—tan'[ImD(E)/ReD(E)]. Ilpu Hamuuuum nedekta B KpHUCTALIE ONEPATOP
T'ammnberona H mMo)xHO Hamucats B Buae H = H’ +U , TIe H® -ramuipTOoHMAH HUJeaJILHOT'O
KpHUCTaJLIA, U- Bo3mymieHue, BHeceHHoe nedekrom. Torma omepatop ['puna G-
BO3MYIIEHHOW U G- HEBO3MYIIIEHHON CUCTEMBbI  OyAYT CBS3aHBI IPYT C APYTOM YpaBHEHHUEM
[aiicona,

G(E)=G"(E)+G’(E)UG(E) 4
Jlanee HaxooUM,

G(E)=[1-G"(E)U]'G"(E) (5).
Torna nedexkTHbIC YPOBHH B 3aIPEIICHHON 30HE OyIyT COOTBETCTBOBATH YHEPTHUSIM, TJI€

D(E)=detll1-G"(E)U Il (6)
paBHsieTCs Hy 0. JIJIsl KaXK0r0 COCTOSTHUS BOJTHOBAsS (DYHKIIMS HAXOJUTCS U3 YPaBHEHUS

[1-G"(E)Uly =0 (.

Jliist Toro, 4TO6BI IIpoBeCTH pacuetsl, omepatopsl GU(E) u U JOIKHBI GBITh IPEACTABICHBI B
MaTpu4IHO# Gopme,
. Ink ><n,k |
G°(E) = lim Z— .
>0 E+ie—-E

®)
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Paznoxum \If Mo OPTOHOPMHPOBAHHBIM Oaszucam
(p(x’ W = Z Ca¢tx (9)

Y BBIPA3UM MAaTPUYHBIC DJIEMEHTBI G E) n U B Tex xe 6azucax

<alnk><nklad >
Gl (E)=) : : (10)
nk E_Enl;

rae E:/; - cobcTBeHHbIe 3HaueHus HY , TO €CTh uaeanbHOoro kpuctamia. Torna (7) craHOBUTCS

JTUHEHHBIM aIreOpanvdecKuM YpaBHCHHEM,

Z[é‘aa’ - Z Gza’(E)Ua’a’]Ca = 0 (1 1)
KOTOpOG UMECT HCHYJIGBBIC peI_HCHI/IH TOJIBKO B TOM cnyqae, €CJIn
detll 8, - > Go (B, II=0. (12)

Ecnu pyHKINT Qg TOKATU30BaHbI B ATOMHBIX LIEHTPAX M MOTeHIMaI Bo3MylieHus: U CHIBHO
JIOKAJIM30BaH, TO MaTpUUHbIN 351eMeHT U ., OyJeT OTJIMYEH OT HyJsl TOJIBKO Ul HEKOTOPBIX

OnmxKalIux cocenei.

C yderoM BBINIECKA3aHHOTO, OBLT TPOBEICH pacyeT SHEPreTUYECKOro CIIEKTpa
ANEKTPOHOB i1 KpuctauioB GeSe ¢ aHTUCTpYKTypHbIMH aedekramu Gese U Sege. st
obonx aedexToB B 3ampenieHHy0 30Hy GeSe momamaeT OauH JIOKAIW30BAHHBIN YPOBEHb.
Tak kak, nedeKTHBIA MOTEHIUAT Sege HOCUT OTTAJIKUBAIOIIMK XapakTep K JJICKTPOHY,
JIOKAJU30BAHHBIA ypPOBEHb BBITAIKMBAECTCS W3 BAJICHTHOW 30HBI W HAXOJUTCA B
dbynnamenTanpHOM 3ampemenHon 3oHe npu E+0,12 5B. Jledextnorit norenmman Gese
HOCHUT IPUTITUBAIOLINN XapaKTep K ANEKTPOHY, U, KaK CJIEJICTBHE, JIOKAJTU30BAHHBIA YPOBEHb
OTIIETUIEH OT 30HBI MPOBOJIMMOCTH M PACIIOJIOKEH B BEPXHEW YaCTH 3alpelieHHOM 30HbI PU
E.-0,16 3B. O6a cocrostHust B (yHAaMEHTAIbHON 3alpPEICeHHONW 30HE SIBISIOTCS ITYCTBIMH.
BonHoBble pyHKIIMM 000MX JIOKaTM30BaHHBIX COCTOSIHUM B 3alpelIeHHON 30HE, B OCHOBHOM
COCTOSIT U3 p- TUM opOHTajeil. ITo coriacyercs ¢ (paKkToOM, YTO BEPXHss TPYINa BaJICHTHON
30HbBI M HWXKHSS TpyMNna 30HbI mpoBoauMocTH (GeSe B OCHOBHOM COCTOSIT U3 p- THII
COCTOSIHUI KaTHOHA U aHUOHA.

Wrtak, meron d¢yHkumu ['puHa TOpUMEHEH UIsl pacdera 30HHOH CTPYKTYpHl U
MCCIIEIOBAHMSI TITyOOKUX YPOBHEH aHTUCTPYKTYPHBIX AeekToB Gese 1 Sege. [Ipu 3TOM ObLH
UCIIOJIb30BaHbI CIETEPOBCKUE OPOUTANH §-, p- U d- THUNA JUIsl KOHCTpyHpoBaHusl bioxoBckux
cymm. [IpenumyniecTBOM JaHHOTO METOJA SBISIETCS TO, YTO B 3TOM METOJI€ CPaBHUTEIHHO
MaJIbIM YUCJIOM 0a3uCHBIX (YHKIHUI (110 CPAaBHEHHIO C METOJIOM ICEBIONOTEHIMAIa) MOXKHO
MOJIYYUTh TOYHBIC pe3ynbTarhl. Jlamee, Tak Kak B ITOM METOJE BOJHOBBIE (DYHKIUU
KpUCTaJlJIa BBIPAXKAIOTCSI HEMOCPEICTBEHHO C BOJHOBBIMU (DYHKUIHMSMH aTOMOB KpHCTala,
MOXHO TMPOCJIEIUTh KAYECTBEHHO U KOJUYECTBEHHO KOPPEISALUI0 MEXKAY CBOMCTBAMH
KpHUCTaJIJIa ¥ CBOOOTHBIX aTOMOB, COCTABJISIFOIINUX KPUCTAILIL.

[Toka3aHo, 4YTO MpU MaJOCTH dYHCEN Oa3uCHBIX GYHKIMK bBI0XOBCKOW CyMMBbI
TOYHOCTH PE3YJIbTATOB MOKHO YIYYIIUTh JOOABICHHEM 00Jiee BRICOKMX aTOMHBIX OpOuTaiei
Y BapbHUPOBAHUEM MX OTHOCHTENIbHBIX BECOB.

JIUTEPATYPA

1. O.V. Farberovich, A. Yaresko, K. Kikoin and V. Fleurov. Phys. Rev. B78, (2008)
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OTPULATEJLHBII UMIEJAHC ITPOBOJSIIIIAX CPE]
B MATHUTHOM MOJIE

9.P. I'acanos, P.K. I'acbiIMoBa
baxunckuu I'ocyoapcmeennwviii Yuusepcumem, Hncmumym Quzuueckux npooiem
Ruhi_grk@mail.ru

TIlocmpoena meopusi usnyuenuss dSHepeuu 8 NOCMOSHHOM U NEPEMEHHOM MACHUMHOM
ROJSIX NPOBOOSAWUX CPed C OOHUM munom Hocumeneu moxa. Ilonyueno ananumuueckoe
sblpadiceHue OIS 4acmomvl U3Ny4eHus. Boluucienvl ewjecmeenHvle U MHUMbLE 4ACMU
umneoanca.

N3yueHnss KMHETHMYECKUX CBOMCTB MPOBOASIIMX CpPEJ C TOYKH 3PEHUS TEOPUU H
MPAKTUKH SIBJISETCS OYEHb MHTEpeCHBbIM. M3-3a HenmuHeitHocTn V(E) u n(E) TeopeTudeckoe

HCCIeN0BaHue 3aTpyaHsaeTcsa. V3ydeHns MPOUCXOAUT OYEHb BBICOKOM 4acTOTOM U IPU 3TOM
oOpaserl HaXOAWUTCS B HEPABHOBECHOM COCTOSIHMM. TeopHs HEpPaBHOBECHBIX COCTOSIHUN
TpeOyeT MPaKTUYECKH BEpHbBIC MPUOIKeHH [1]. AMIUTUTYAA 2JIEKTPUUECKOTO TOKA 3aBUCUT
OT BpEMEHHM CIOXHBIM o0pa3oM. [lo »9Toif mnpuuMHE KHUHETUYECKUE YpaBHEHHS
OMUCHIBAIOLIUECS HEYCTOMUMBBIE COCTOSIHUS SIBJISIFOTCS] HEJIMHEHHBIMHU [2].

B pabote moctpoeHa Teopus W3NYYEHHUS SHEPIHMHM B IOCTOSHHOM M TEPEMEHHOM
MarHuTHOM TMOJSIX MPOBOASAIIMX Cpel € OJHHUM TUIIOM Hocurtened Toka. [lomydeHo
AHAJIMTUYECKOE BBIPAXKEHUE JUISl YACTOThI U31y4EHHUsl. BpIuncaeHbl BEIIECTBEHHBIE 1 MHUMBIE
yacTu wumneaanca. OmnpenesieHbl WHTEPBAIbl U3MEHEHUS! DJIEKTPUUECKHMX U MarHUTHBIX
noneit. [loctpoena Teopus konebaHus TOKa B oOpaslie C OJHUM THUIIOM HOCUTENEH INpH
HaJM4YUU TIOCTOSHHOI'O BHEIIHETO JJIEKTPUYECKOr0 M NEPEMEHHOIO MAarHUTHOIO IOJIEH.
BeluncnuB  umnenaHc, onpeaeniii MHTEPBAJIbl U3MEHEHHs BHELIHErO 3JIEKTPUYECKOro U
MarHUTHOTO MOJIEH.

[InoTHOCTH TOKA ¢ OOHUM THUIIOM HOCUTEIEH THUKA BO BHEIIHEM JJIEKTPUYECKOM H
MarHUTHOM TOJIIX UMEET BUJI:

£ OE

j :4—a—;+ oF +0[EH+0,H(EH)+ DVp — D,[VpH]+ D,H(VpH), (1)
T

3necs O

,=enl,,, D,D;,D,- cooTBercTByomue KodbGPUUUEHTH Aupdysuu, p=en-

TUIOTHOCTh HOCHTEJIEH 3apsijia.
Pemenue nuddepennmansaoro ypasaenus (1) Oynem uckaTh B BUJIE:

E(x) =™ +ce™ 4 ¢,

rae ¢,,¢, KOHCTAHTBI ONPCACNIANOTCA U3 I'PAaHUYHBIX YCJIOBI/Iﬁ SJICKTPHUYICCKOTO IO, C

4acTHOE penieHne 1updepeHInantbHOr0 ypaBHEHHS.
Takke BBIUMCITWIM HUMIIEIAHC 1O HampaBieHusM x,y,z [3]. W3BectHo, dTO

SKCIIEPUMEHT HaOJo/laeT M3ydeHusi oOpaslia Mo OJHOMY HampaBjieHHIO. Torja 3HaueHus
UMIIEZaHCa IO X , UMEET BUJ:
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L
17,
Z(0— £ E'(x)dx

Jlnig umnieanca odpasiia mojyduM BhIpaKeHHe

éch[nrfrl (l_eaz)(eaz_l)}zReZ+ImZ, )

Z, LIT, e —e
rac
1 , L,
P =cy0p , o= 5 =P i®y, =, 0 =enly
oo, ( 275) o; 2 0pS
Oo| — |+ | =
k vy € ) ki
2
FlzzvoNixii(yivoNé‘j , 5:4750'0& ’ N = Ckx , a:ﬂ
© 2D 2D ck, drona c

W3 BeipaxkeHus (2) BUAHO, YTO HMIIEAAHC OOpasla CIOXHBIM 00pa3oM 3aBHCHUT OT
AJIEKTPUUYECKOT0 M MarHUTHOTo mnois. Ilpocroe anreOpandeckoe BBIUMCIEHUE, TTOKA3BIBACT,

v,C

—— , BEIICCTBCHHAA U MHHUMasA 4aCTH UMIICAaHCa UMCIOT CJIGILYIOH_II/Iﬁ BU:
Do, >>4m

4TO IIpU

ReZ£ = 2Dy (cos 2r + %sin 2rj —21e? (D, y + Dx)sin 2r + Dy (1 +2ly)

0 (3)
ImZ£ = —®,(1+4ly) — 2Dye*"% sin 2r + ZZCIDO(X + %}2’5 cos2r
0
3 3 3
riue r:—UONLx , = D ,a:3272[ 20-0 > ,b:47m2%.
2D Lo,fb e kuykc k vk.c

3nece @, >>P ,y>0, x>0,P, >0.
N3  Beipakenus (3) BHIHO, YTO TMPHU BCEX MOJIOKUTEIbHBIX 3HAYEHUAX

TPUTOHOMETPUYECKNX (DYHKIUH BEUIECTBEHHAs YacTh HMIICJJAHCA MMEET OTPHIATEIbHBIN
3HaK, U oOpaszen Oymer usnmydath sHepruto. [lpu 2r=7/2 , cos2r =0 U MHHMas 4acTh

UMIIEZAHCA TOKE UMEET OTPULIATEIIbHBIN 3HAK.
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BJIUAHUE HEPEMEHHOI'O 3JIEKTPUYECKOTI'O 11OJI5I HA TEINIOEMKOCTD
PEJJAKCHUPYIOIIEHN ’KUJAKOCTHU

X.I'. T'acanos, A.H. /Ixadaposa, X.0. Cagur
Asepbaiioxcanckas I'ocyoapcmeennas Hegpmanas Axademus
aymin @mail.ru

Pemennem oOpaTHOM 3ajauu TEOPUH TEIUIOIPOBOJHOCTH TEOPETHUECKU YCTAaHOBJIEHO
BIIUSHHUE IIEPEMEHHOIO JJIEKTPUYECKOIO0 TIIOJI1 Ha TEIUIOEMKOCTh  PEIaKCHUPYIOIUX
xujkocteid. BeiBeneHna ¢opmyna, KoTopas NO3BOJSET OUEHUTh BIUSHHE HANPSDKEHHOCTH U
YacTOTHl KOJICOAHWH JJIGKTPUYECKOTO TIONII HAa U300apHYID OOBEMHYIO TEIUIOEMKOCTh
SKUIKOCTEN.

Bnusiaue ¢usmueckux mojedl Ha TEXHOJOTWYECKHE TPOLECCHl BCETAa MPUBIIEKAIIO
BHUMaHME HcCclefoBaTeneil. DToT HeocnaabeBaloIMi MHTEpec OOBSACHIETCS HECKOJIbKUMU
[IPUYMHAMU: JOCTYITHOCTBIO IIPUMEHEHUS MOJIEH Ha IIPOU3BOJCTBE, TEXHUUECKOU ITPOCTOTON
pealM3alMyM BO3ACUCTBHS, BBICOKOM CTEIEHBIO YIPABIEHUS M PEryJIUPOBaHUS CBOWCTB
KHUJIKOCTEH B TEUYCHMM BCETO IPOLECcCa, KOT/Ia MHTEPECYIOUINi Hac mapamMeTp MOXeT ObITh
YBEJIMYEH WM YMEHbIIEH B 3aBUCUMOCTH OT TpeOyeMbIX yciaoBUH U T.X. OTMEuYCHHbIE
MPUYMHBI JIENAI0T MPUMEHEHNE (U3UYECKUX IMOJIeH SKOHOMHUYECKH BBITOJHBIM, MOCKOJIBKY
CO3JIaI0T MPEANOCHUIKH JJIsl pA3BUTHUS pecypcocOeperaroIinx TeXHOIOTUH.

Ilog percTBUEM DIIEKTPUYECKOrO IIOJA B JKUIAKOCTAX IMPOUCXOIAT CTPYKTYpPHBIE
U3MEHEHMsI OOYCIIOBJIIEHHbIE H3MEHEHHEM OpHUEHTalMi MOJIeKyJl. OTH CTPYKTYpHBbIE
M3MEHEHHsST TPUBOAAT K HM3MEHEHUSAM TeIUIOQU3NYECKHX IapaMeTpOB  JKUIAKOCTEH.
Bocnonb30BaBuIrch N3MEHEHHEM TETIO(PHU3MUECKIX MApaMETPOB KUAKOCTEH MO AEHCTBUEM
JIEKTPUUYECKOrO MOJIE MOXKHO pPa3paboTaTb METOJ MOBBIALIMN  3PPEKTUBHOCTD
TEXHOJIOTMYECKUX IpoLeccoB. IIpakTuueckoe HUCIONB30BAHUE HIIEKTPUYECKOrO IO UL
HOBBIIEHUS PPEKTUBHOCTH TEXHOJIOTMYECKUX IPOLIECCOB HMMEET psj NPEUMYILECTB IO
CPaBHEHUIO C JPYIMMU METOJAaMHU, T.K. OHM BO-NIEPBBIX IIPOIIE B TEXHOJIOIMYECKOM
OTHOILIEHUU U BO-BTOPBIX FOPa3J0 JACIIEBIIE.

BinsiHME TIOCTOSHHOIO 3JIEKTPUYECKOTO M MArHUTHOTO IIOJIEM Ha TEIIOEMKOCTb
UCCIIEN0BANIOCHh B [1], a BIMsAHME MEPEMEHHOrO JIEKTPUYECKOrO IO Ha TEIIOEMKOCTh J10
CHUX II0p HE UCCIIEI0BAHO.

IIpemyiaraemass Hamu pa0oTa IOCBSIEHA HCCIEAOBAHUIO BIUSHHUS IEPEMEHHOTO
NEKTPUYECKOTO TOJS Ha  TEIUIOEMKOCTb  pellakcupyrolled  kuakoctu. CreneHb
BBICTPAUBAaHUS MOJIEKYJ JKUIKOCTH IOJ JEHCTBHUEM IIEPEMEHHOIO JJIEKTPUYECKOrO IOJIS
XapakTepu3yeTcss BpeMEHeM pernakcauuud 7,. OnpesenuMm CBsA3b MEXIy H300apHOM

TEIJIOEMKOCTBIO U BPEMEHEM PeJlaKCallu KUIKOCTEH.

JuddepennunanbHoe ypaBHEHHE TEIUIONPOBOAHOCTH C YUETOM HAJIMYUS TIEPEMEHHOTO
AJIEKTPUUYECKOTO TSI C MOCTOSHHBIMHU TETIO0()U3MYECKUMH CBOWCTBAMM PEIAKCHPYIOLIECH
KUJKOCTHU JJI1 OAHOMEPHOI'O CiIy4asi UMEeT BUJL:

oT oT 0°'T 0°T
+0 +T,— |= 4=

ot ox ot ox

rne E -HampsHKeHHOCTh DJIEKTPUYECKOTO TOs, A -K0d(D(UIUMEHT TeIonpoBOIHOCTH, O -

K03 HULIUEHT 3IeKTporpoBoAHOCTH. OcTanbHbie 0003HAYCHHS OOIICTIPHHSITHIE.

[TpuHUMaeTcs, 4TO B ABYX (PUKCHPOBAHHBIX TOUKAX MCCIIEIYyEeMON )XUIKOCTH X=0 u
x =/ 4acToThl KOJIeOaHWI TeMIepaTypHOU BOJHBI OJUHAKOBBI, a aMIUIUTyAa KoJjeOaHui
pa3Iu4HEI, T.€.

+ OE e '™ (1)

7(0,t)=Te™, T(t.t)=T,e™ (2)
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Pewenne ypasuenus (1) 6ynem uckats B Buje T (x,7)= 0(x)e ™ .

Ecnu nmpuHsTH, YTO MEpeHoC Temia 3a CYeT KOHBEKIMM HAaMHOTro OoJiblle, YeM 3a CYeT
oT T
middysuu, T.e. cpv - >> A P
X

, TOraa ypaBHCHHUC TCTIJIOIIPOBOAHOCTHU ITPUMET BU:
X2

oT oT 9°T

c +0 +7T =ocE’e ™ 3
Plar Pax T ar ®
[Ipu aToM 115 onipenenenus @(x) UMeeM CIEAYIOUIYIO 3a7auy:
U?_e(x)(_,-wﬂoaf =% 6(0)=T; o(0)=T, )
X C

Pemras OTYy 3aa4y UMEEM CIICAYIOIUIEC BBIPAXKCHUEC IJId OMMPEACTICHUS TCIIIIOEMKOCTH:

oE’
T, =Te" +————(e" ~1) )
cplio+z,er)
io+7,0° © 104 'l
rae q='?*%?  Orcrofa yYuTHIBAL, YTO ¢ v = cos v +sin 2= UMeeM
v v v

0%,
OE’|e ? (coswgﬂ'sinwg]—l
[ [
cp= ;

Q0!

T,-Te * (cosa)éﬂ'sinwé] (iw+7,0)
% %

(6)

2

Bocnonbs3oBaBmucs [2] monydaem ciaenyonryro Gopmyny Juist 00beMHOM TEeTI0eMKOCTH:

) 4
@, o/ oy e, ST
of’¢ ' t|cos— (T, +T,)-Te * +Te * + (r,-T)

v 7,0

- L 7
. I ™)
W=l 00”

[0 cLoal
(1+z'02a)2 T,-Te * cos— | +|Te * sin—
1% (%

[Tony4yenHnass ¢opmyna MO3BOJSET ONPENEIUTh BIMSHUE HANPSHKEHHOCTH IEPEMEHHOTO
ANEKTPUYECKOTO OIS HA TEIUIOEMKOCTD PENAKCUPYIOLIEH KUIKOCTH.
Ecimu cucrema He penakcupyrollas, T.e. pellakcalus OTCyTCTByeT, Toraa 7, =0, To

JUTSL TETUIOEMKOCTH TOJTy4YaeM CIeAYIoNyro Gopmymy:
OE’ i !l

o IHT(TZ_T‘I) (8)

2 2
(Tz —T, cos a)[) + (T] sin a)[)
v v

Ota Qopmyna TO3BOJISIET OLIEHUTH BIUSHHE YacTOTHI KOJEOAHWH 3JIEKTPUYECKOTO
mojisi Ha H300apHYI0 OOBEMHYIO TEIJIOEMKOCTh >KuAkocTedl. OOpaboTka pe3ynbTaToB
JKCcrepuMeHTa [3] mo3BosiMJIa TOCTPOUTH TIpaduK 3aBUCUMOCTH OOBEMHOW H300apHOI
TEIUIOEMKOCTH OT YacTOTHI KOJIeOAHH IEKTPHUUECKOTO MOJIsl, KOTOPBIN MOKa3aH Ha puc. 1

Ha ocHOBe pacyeToB YCTaHOBJIEHO, YTO C YBEJIMYEHHEM 4YacTOTHl KOJeOaHHI
MEPEMEHHOTO DJJIEKTPUYECKOTO MO 00BeMHas H300apHas TEIUIOEMKOCTh JKUAKOCTEH
YMEHBIIAeTCsl.

cp=
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GERMANIUM VO SiLiSIUM MONOKRISTAL OZOYININ
HAZIRLANMA USULU

V.I. Tahirov, T.Q. Cafarov, A.I. Salmanova, N.F. Qohramanov
Sumqayit Doviat Universiteti, Azarbaycan

Yarimkecirici maddolorin monokristallarini almaq ii¢lin monokristal 6zokdon istifado
edilir. Ge — Si sisteminin hal diagraminin Ge yarim hissosinin monokristalinin alinmasi {i¢iin
Ge monokristal 6zoyindon istifado edilir. Zona oritmo iisulu ilo Ge —Si monokristallarini
almaq {ciin totbiq edilon monokristal 6zoyinin enin Olgiilori yetisdirilmoasi lazim golon
monokristalin enina Olgiilori ilo eyni olmalidir. Yetisdirilon monokristalin miikommoalliyi
istifado olunan monokristal 6zoyin keyfiyyotindon do asilidir. Ona gore istifade olunan
monokristal 6zok miimkiin qodor milkommal olmalidir. Molumdur ki, yarimkegirici
maddolorin monokristallarin1 yetisdirmok {i¢iin hazirda bir sira sado iisullar movcuddur.
Onlarin arasinda kristal qurulusu on miikommal monokristal almaga imkan verani Coxralski
iisulu vo ya orintidon dartmagla monokristal almaq iisuludur [1, 2,3]. Bunu nozoro alaraq

hazirki isdo Ge monokristalin1 almaq {ii¢iin mohz Coxralski tisulundan istifado edilmisdir.
Putadaki orintidon dartmaqla monokristal almaq ii¢iin ilkin monokristal 6zok tolob olunur.
Ancaq burada boyiik olc¢iilii 6zok monokristala ehtiyac yoxdur. Bunun {i¢iin kicik l¢iilii 6zok
do kifayat edor. Mos., (1+3)x(2+5)x(5+10)mm’*6lciilorda. Qeyd edok ki, Ge (vo eloca do
Si) maddosinin kristallagmasi [111] istigamatdo daha boyiik siirotlo bas verir. Ona gora
monokristal 6zok kimi mehz [111] istigametli monokristallardan istifado edilir.
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Kristal dartmagq tligiin istifade olunan 6zayi miiayyan soklo salmaq iiciin ¢ox vaxt onu
mexaniki islomoyo moruz qoymaq lazim golir. Bu zaman mexaniki iglomo noticosindo onun
sothinin kristal qurulusu pozulur. Kristal qurulusu pozulmus tobaqgoni uzaqlasdirmaq lazimdir
ki, o, yetisdirilon monokristalin miikommolliyini pozmasin. Bunun {i¢iin mexaniki yolla
islonmis monokristal 6zok torkibli HF +~HNO,: H,0=H +1+1 nisbatindo diizoldilmis
kimyavi mohlulun igarisina salinir vo 12-15 doqiqe saxlanilir. Noticads kristalin korlanmig
toboqgosi mohlulda hall olunur. Bundan sonra monokristal 6zok ardicil olaraq distillo olunmusg
suda vo spirtdo yuyulub qurudulur. Bundan sonra tutqaca borkidilib istifado edilir.

Isci hacmdo davamli yiiksok vakuum saraiti olda edildikden sonra Ge monokristalinin
yetisdirilmosi baglanir. Sonra putaya yerlosdirilmis Ge oridilir. Ge-un oritmo temperaturu
937°S-5 boraberdir[4]. Ancaq Ge-u aritmak {iciin putada temperatur bu qiymoatdon bir ne¢a
doraco artiq gotiiriiliir ki, proses daha tez basa c¢atsin. Putadaki Ge tam oridildikdon sonra
temperatur els tonzim edilir ki, onun giymati sritms ndqtosindon 1-2°S yiiksok olsun. Ge -un
oridildiyi biitiin miiddetdo monikristal 6zoyin ucu maye Ge-un sothindon 3-5 mm maosafodo
saxlanilir. Monokristal 6zoyi maye sothindon uzaq mosafods saxlamaq iki sobabo goro
alverisli deyil. ©vvala, o, uzaq mosafads yerlosdirildikdo onun temperaturu maye sathinin
temperaturundan koskin forgli oldugu ii¢iin orintidon az miqdarda buxarlanan Ge maddasi
monokristal 6zoyin ucuna vo digor sothino ¢okorok amorf toboqo yaradir. Bu iso kristal
dartma prosesindo monokristalligin pozulmasina sabab ola bilor. Ikincisi iso maye sothindan
uzaqda yerloson monokristal ©Ozoyi orinti ilo tomasa gotirdikde onun temperaturu
mayeninkindon ¢ox asagi oldugu iiclin orintini bork hala gotiro bilor. Bu hadisonin bas
vermomasi iiciin monokristal 6zoyin temperaturu maye fazanin temperaturuna ¢ox yaxin
olmalidir.

Monokristal 6zoyi maye ilo tomasa gotirorok onun (6zoyin) ucunu orintinin sothino
azaciq toxundurmaq lazimdir. ©gor temperatur rejimi diizgiin secilmisdirso, 6zoyin ucu
azaciq ariyib maye torofindon islanacaq.

Qeyd edok ki, mayenin temperaturu oritmo noqtosindon xeyli yuxari olursa, onda
monokristal 6zok tamamils ariyib maye fazaya qarisir va biitiin proses pozulur.

Temperatur rejimi diizgiin sec¢ildikdo 6zok monokristal ilo maye faza arasinda yaxsi
kontakt yaranar. Bu vaxt dartma zamani dartma mexanizmi igo salinir. Maye siitunu 6zok
monokristalin arxasinca yuxari dogru sovq olunur. Saquli istigamotdo yuxar1 getdikco
temperatur kicilir. SOvq olunan maye tobagasinin yuxari sorhadi oritme noqtosindon asagi
temperatura catdigda borkimoyo baslayir. Diizgiin temperatur goraitindo dartilan
monokristalin enino Ol¢iilori sabit qalir. Ge monokristali hazir oldugdan sonra ondan miivafiq
va Ol¢iiliit monokristal 6zak kasilib diizaldilir.
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FeIn,Se; MONOKRISTALININ DIELEKTRIK NUFUZLUGUNUN DOYiSON
ELEKTRIK COROYANININ TEZLiYINDON VO TEMPERATURDAN ASILILIGI

N.N. Niftiyev, F.M. Mommoadov', M.B. Muradov ", S.N. Niftiyev

Azarbaycan Dovlat Pedaqoji Universiteti
"AMEA Kimya Problemlari Institut”
' “Baki Doviat Unwversiteti
“*Azorbaycan Texniki Universiteti

FelnySe, monokristalinin miixtalif temperatur va tezliklorda dielektrik niifuzlugunun
haqiqi va xayali hissasi tadqid edilmisdir. Bu monokristal iiciin aktivlasmo enerjisilori
hesablanmis va istilik harakati ilo sartlonan elektron polyarizasiya mexanizminin olmasi
miiayyan edilmisdir.

Son zamanlar fotoelektronikanin yeni nosil cihazlarinin funksional diopazonunu
genislondirmak iiclin boyiik potensiala malik olan fiziki proseslori az Oyronilmis AB,X4
(burada A-Mn, Fe, Co, Ni; B- Ga, In; X-S, Se,Te) tipli maqnit yarimkegiricilori xiisusi maraq
kasb edir. AB,X4 tipli birlogsmalar sinfins aid olan Feln,Se4 monokristali Bricmen metodu ilo
alinmigdir. Rentgenoqrafik metodla miioyyon edilmisdir ki, Feln,Ses monokristali qofos
parametrlori a:4,181&; c:19,471°%; c/a=4,65 olan heksaqonal qurulusa kristallagir [1]. Feln,Ses
monokristalinin bazi fiziki xassolori [2-5] islorindo todqiq edilmisdir. Elektrik tutumunu
O0lcmoak iiciin qalinligi ~0,1mm olan kristal 16vhalora giimiis pastas: vuraraq kondensatorlar
hazirlanmis vo l¢iilmolor E7-20 ( 25 + 10°Hz ) rogemli immetans 6l¢ii cihazinin kémayi ilo
aparilmigdir. Niimunayo 1V 6l¢mo gorginliyi verilmisdir.

Dielektrik niifuzlugunun hoqiqi hissasi €'= Cd/gpS, xoyali hissosi iso €"= tgd-€'
ifadslorindon hesablanmisdir.

Sokil 1 -do Feln,Ses monokristali {iciin miixtalif tezliklordo dielektrik niifuzlugunun
haqiqi hissasinin temperaturdan asililiq qrafiki tosvir edilmisdir vo temperatur yiiksaldikco €' -
nin artmas1 miisahido edilir. Bunu belo izah etmok olar: molumdur ki, dielektrik vo yarimkeci
ricinin elektrik kegiriciliyi yiiksok olarsa paralel dovra ilo birloson zaman €' asagidaki diisturla
xarakteriza olunur [6]:

&=—" ()
£ wtgo
Burada @ =27f - dairavi tezlik, 7go - dielektrik itki bucagidir.

Yarimkeciricilordo elektrik keciriciliyi temperatur artdiqca osason yiikdasiyicilarin
konsentrasiyasinin artmasi hesabina artir. Diisturdan goriindiiyii kimi dielektrik niifuzlugu o
ilo diiz miitonasibdir vo g0 temperaturdan asili olaraq zoif doyisir. Ona gora do temperatur
artdigca O artir vo ona uygun €' da artir. 295-375K temperatur intervalinda 5-10+10°Hz
tezliklordo dielektrik niifuzlugunun hoqiqi hissosinin qiymoti 180+1500 hoddindo doyisir.
Molumdur ki, iiclii birlosmolords defektlor sintez edilmo vo ya monokristal yetisdirilmo
prosesindo yaranir [7]. Temperatur yiiksoldikco €'- in artmasinin sobobi defektlorin
konsentrasiyasinin artmasidir.

Sokil 2-do Feln,Ses monokristali iigiin miixtalif tezliklordo dielektrik niifuzlugunun
xoyali hissasinin temperaturdan asililiq qgrafiki verilmisdir. 10*+10°Hz  tezliklordo
lge" ~10°/T asilihigt miixtalif meyllors malik iki diiz xotdon ibaratdir. Meyllor iizra bu
asilihglardan aktivlosmo enerjisi hesablanmigdir. Asagi temperaturlu oblastda enerjinin
giymoati 0,21eV borabor olur. Yiiksoktemperaturlu oblastda iso 10*+10°Hz tezliklordo
aktivlogsma enerjisi 0,36+0,28eV intervalinda doyisir.
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Sakil 1. Feln,Ses monokristali tigiin elektrik sahasinin miixtalif tezliklorinds dielektrik
niifuzlugunun hagigi hissasinin temperaturdan ashlig. f, Hz: 1 - 5-10%, 2 - 10,
3-510°, 4-10°
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Sokil 2. Feln,Se, monokristali iiciin elektrik sahoasinin miixtalif tezliklorinds dielektrik
niifuzlugunun xoyali hissasinin temperaturdan asliligi. f, Hz; 1-104, 2 -5-104,
3-10%,4-2-10°,5-5-10° 6 - 10°

Dielektrik niifuzlugunun hoqiqi vo xoyali hissosi {iciin Debay tonliklorindon istifads
edorak sads cevrilmoalar aparmagla almaq olar[6]:

e=e +

e
- 2)
a

1
T
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(2) ifadasindon goriiniir ki, €_ yiiksok tezlikli dielektrik niifuzlugunun giymotini vo 7

relaksasiya miiddatini €' = f(&"/®) asililigindan alinan diiz xattin ordinat oxu ilo kasismasindan
vo bu diiz xottin tangens bucagindan toyin etmok olar. Otaq temperaturunda &' = f(¢"/o)
tocriibi asililigi Feln,Ses monokristali iigiin sokil 3 -do gostorilmisdir. Sokildon goriiniir ki, €'

= f(¢"/w) asililiginda biitovliikdo xottilik miisahido olunur. Bu asililigdan €_vo 7 -nin

qiymetlori hesablanmisdir vo €= 149 , T = 3-107 san. barabar olur.

300

250 A

200 A

150 A

100 w T T ]

0 1 2 3 4
£"/w,10Hz’

Sokil 3. Feln,Se; monokristali iigiin otaq temperaturunda €' ~ f(g"/w) aslilig1.

Relaksasiya miiddatini bilmakls bu birlosmada polyarizasiya mexanizmi haqqinda fikir
sOylomok olar.

Moalumdur ki, istilik harakati ilo sartlonan elektron polyarizasiyasi zamani relaksasiya
miiddoti 10°+10” saniyayo borabor olur. FeGalnSs monokristalinda polyarizasiya zamani
relaksasiya miiddati 3107 san. giymatini alir. Bu da istilik horokati ilo sortlonon elektron
polyarizasiyasina uygun golir. Bu polyarizasiya mexanizmi bark dielektriklor {iciin
xarakterikdir [8].
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MHHOJYYEHUE U UCCJIEJOBAHUE TEPMOJJIEKTPUYECKHNX MATEPUAJIOB
HA OCHOBE PbTe-YbTe

O.M. I'acanos, 1.®. /lynbsimainen
Asepoatioacanckuti I'ocyoapcmeennuiii Iledacocuueckuit Ynusepcumem
19590ktay @mail.ru

Llenvio 0annoti pabomul a6715€mMcs bisAGIEHUE NEPCNEKMUBHBIX MEPMOIIEKMPULECKUX
mamepuanog Ha ocrhose PbTe-YbTe. Ilpusedenvl memnepamyphvie 3a8UCUMOCIU MEPMO-
9.0.C., Menionpo8oOHOCMb W  KOIDduyueHm mepmosieKkmpuieckol 3¢ gdexmusHocmu
cnnasos cucmemvl  PbjTe-Yb,Te ( x=0; 0,02; 0,04, 0,06). Hccredyemvie cniaswl cucmemol
Pb;. Te-YbTe axmyanvbHbl 0151 CO30aHUSA MEPMOINEKMPUYECKUX 2EHEPAMOPO8, PADOMAIOUUX
npu 00CMAMmMOYHO HUSKUX MEMNEPAmypax om a30mHou 00 0KOJL0 KOMHAMHOU.

CoenuHeHns ¢ ydacTHEM  JIaHTAHOMJAMM  MPEACTABISIOT  INPAKTUYECKHM
HEHUCCSAKAEMbId MCTOYHUK MATEPUAJIOB C YHUKAJIbHBIMH CBOMCTBaMH. M3MeHss COCTaBBblI,
MOKHO J0OMBAThCS HEOOXOAMMOIO coueTaHusi (PU3MUECKUX CBOMCTB M CO3/1aBaTh CIUIABBI C
TpeOyeMbIMU XapaKkTepucTUKamMu. M3 Teopuu TEpMOIJIEKTPUUECTBA U3BECTHO, YTO JTyUINHE
TEPMODJIEKTPUUECKUE MAaTEPUAIIBI ITOIYYEHBI U3 MOIYIPOBOJHUKOBBIX MHOTOKOMITOHEHTHBIX
COCJIMHEHHUI WJIM TBEPABIX PACTBOPOB, COJACPKAIIUX TSKEJIbIE DJIEMEHTHI CO CIOKHOW WIH
Ne(EeKTUBHON KPHUCTAIMYSCKON PEIIETKOM W CIIOKHOW DJIGKTPOHHOW CTPYKTYpOH.
BreiOpanHbie TBepable PACTBOPHI yIOBJIETBOPSIOT AITHM TpeboBaHusM. I[lomumo 3ToroO,
MHOT'ME CIUIaBbl C YYaCTHEM JIAHTAHOUJOB SBIISIETCS JOCTATOYHO IEPCIEKTUBHBIMU IS
Pa3IMYHBIX 00JACTeH TEXHHUKH.

Llenbto naHHON pabOTHI SIBISETCS BBISIBICHUE MEPCIEKTUBHBIX TEPMOAIEKTPUUECKUX
matepuanoB Ha ocHoBe PbTe-YbTe. OOpasubi PbTe-YbTe cunTe3mpoBamuch mnpsMbIM
CIUIaBJICHUEM KOMIIOHEHTOB C BHUOpPAallMOHHOM TIe€peMENIMBaHUEM B 3BaKyHPOBAaHHBIX
kBapueBbiXx ammynax. Harpesanue npoogunu no 1100°C co ckopocteto 300 rpan/yac u
MOJYYEHHBIM paciliaB BhIACPKUBAIU MPU ATON TemnepaType S yacoB. [locne sToro pacnias
OXJIaX 1AM, IpHYeM B obsactu Temreparypsl kKpuctammuzamuu (1000 - 800°C) oxnaxaeHue
MPOBOAUIN O4eHb MeuieHHO (15-20 rapa/dac) s JOCTUKEHUS] paBHOBECHOTO COCTOSIHUS U
roMoreHnu3anuu. [lomydeHHbIe 00pa3ibl qajiee MOABEPTralich TOMOTCHU3UPYIOMIEMY OTKUTY
npu Ttemmneparype S500°C B Tteuenuu 300 wyacoB. KoHTponb cocTraBa OCYLIECTBIISIICS
peHTreHorpau4eckuM,  TepMorpauueckuM W MUKPOCTPYKTYPHBIM  aHAJIM3aMH.
[TonydyeHHble 00pa3lbl Ha MPUCIOCOOTEHUM Uil PE3KU KPUCTAJUIOB PACIMIMBAINCh Ha
napajuienunensl pazmepamu 10x3x3mm.

Tepmo -3.4.c. ¥ TEIIONPOBOJHOCTh U3MEPSIIN CTAlMOHAPHBIM METOJOM 10 METOJUKE,
onucanHoil [1]. U3mMepenus npoBeneHbl B MHTEpBaie TeMneparyp 85+-685K.

TemnepaTypHble 3aBUCHMOCTH TEPMO-3.11.C. U TEIJIONPOBOAHOCTh CIIJIABOB CUCTEMBI
Pb, <Te-YbsTe ( x=0; 0,02; 0,04; 0,06) npuBenens! Ha puc 1 u 2.

Kak BunHO u3 pucyHka 1, 10 OKOJO KOMHATHOW TemIepaTypshl, HaOII0JaeTcsi pocT
TEPMO -3.J1.C. C TEMIIEPaTypOil He3HAUUTENBHO. 3aTeM HaOII0JaeTCs Pe3K0oe yBEIMYCHHE TIPH
nanpHeneM Harpese 00pa3noB. M3 cpaBHUTENBHOTO aHAJIM3a MEXKIY XOJIOM TeMIlepaTypHOn
3aBUCUMOCTH TepMo-3.1.c. ciuiaBoB Pb; Te-YbsTe u ucxomueim Bemectsom PbTe Buano,
YTO JJIs OKOJIO KOMHATHOW TeMIlepaTyphl 3HAY€HUE TEPMO -3.]1.C. Y CILJIaBOB OOJIbIIE, YEM Y
ucxonubix BemiectB PbTe, a 3aBUCHMOCTh OT TeMmmeparypbl HE3HAuMTENIbHA, TO €CTh
HE3HAUYMTEJIbHO YBEIMYUBAETCA ¢ Temmeparypou. Ilocie okoii0 KOMHATHON TeMIiiepaTypbl
Habmromaercst Gosiee KPYTOH X0 TeMIIepaTypHOW 3aBHCHMOCTH B ciaBax cucremsl Pb;Te-
YbsTe u wucxomnoro BemectBa PbTe, onHako 3HaueHue TepMoO -3.1.C. JUII HUCXOJHOTO
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BellecTBa Bcerjaa OOJbIe, YeM Yy CIIaBOB. JTO MOJTBEPKIAET TO, YTO y criaBoB Pb;Te-
Yb,Te Gonee cuiibHast 3aBUCUMOCTH 3(PPEKTHBHON Macchl OT TEMIIEpaTypbl B CPAaBHEHUH C
HCXO/IHBIMU BEILIECTBAMH.

Kak BUIIHO M3 pHCYHKa 2, TEIJIONPOBOAHOCTh KPUCTAIIMYECKON PELIETKH CIUIABOB
Pb;,Te-Yb,Te napamienpHpl TEIIONPOBOAHOCTH pEIIETKH ucXoaHoro Bemectsa PbTe.
YcTaHOBIEHO, YTO MPHUCYTCTBHE HTTEpOMsT B HCXogHOM BemiectBe PbTe yBenuumBaer
TEIJIOBOE CONPOTHUBJICHUE PELIETKH, IPUUYEM JIOMOJIHUTEIILHOE TEIIOBOE COMPOTUBIICHUS HE
3aBHCHUT OT TemrepaTypbl. C pocTOM MPOLEHTHOIO COIeP )KaHUs UTTepOrsl B CILJIaBaX CUCTEM
Pb,<Te-YbTe TennoBoe cONpOTUBICHUE YBEIUYUBACTCS.

B uccnenyemsbix craBax PbyTe-Yb,Te, Tak ke kak 1 B uCXxoAHbIX BemiecTBax PbTe,
HaOmomaercss no Temmeparypel mopsaka 400K nuHelHas 3aBUCHMOCTB  TEIJIOBOTO
CONPOTHUBIIEHUS OT TeMIepaTypbl. Bpliie 3T0il TeMneparypsl UMEET MECTO OTKJIOHEHHE OT
3TOM 3aBUCHUMOCTH.
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Puc 1. TemmneparypHbie 3aBHCHMOCTH TepMo-3.1.c.:1-PbTe,2 —
Pbo,gngo,QzTe,?) - Pb0,96Ybo,Q4Te,4- Pbo,gngQ,ozTe.
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Puc 2.  TemmeparypHble 3aBHCHUMOCTH TEILIOTPOBOTHOCTH: 1-
PbTe,2 - Pbo,gngo,ozTe,:s - Pb0,96Ybo,Q4Te,4- Pbo,gngQ,ozTe.
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Koaddunment Tepmosnexkrpudeckoi 3¢(HeKTUBHOCTH UCXOAHOTO BemectBa PbTe u
craBoB cuctembl PbycTe-YbTe npoBenaen Ha pucyHke 3 sl TeMIEpaTypHOro MHTEpBaja
100-500K. ITpu 300K Benuumna 3¢ ekTruBHOCTH CIIaBOB cuctembl Pby  Te-Yb, Te nocturaer
nopsijiKa 1,8010'3K'1.

MaxkcumyM 3P GEKTUBHOCTH C YBETHMUEHHEM IPOLIEHTHOTO COJIEPKAHUS UTTEPOUS, TO
€CThb C YyBEJIIMYCHHEM KOHIEHTPAllMu HOCHUTEJNEHl 3apsaa, HE3HAUUTEIbHO CIBUTAETCS B
00JacTh BBICOKMX TEMIEparyp W yBenuumBaeTrcs 1o abcomoTHoW BenmuuuHe. [lpu
temrnieparype mopsaka S00K makcumanbHas a¢dextuBHocTs PbyTe-Yb,Te 3HauuTenbHO
MeHble, yeM it PbTe.
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Puc 3. TemmeparypHble 3aBHCHMOCTH TeruionpoBogHocTh: 1-PbTe,2 —
Pbo,gngo,QzTe,?) — Pb0,96Ybo,Q4Te,4- Pbo,gngQ,QzTe.

Uccnenyembie craBel cuctembl PbjTe-YbyTe mnepcnekTuBHBI Uil CO3JaHUS
TEPMOIJICKTPUUYECKUX TE€HEPATOPOB, paOOTAIONINX MPU JOCTATOYHO HU3KHX TEMIEPATypax OT
a30THOM 10 OKOJIO KOMHATHOMH.
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Sn,_.Gd S (x=0,01;0.02) SISTEM ORINTILORININ TERMOELEKTRIK
XASSOLORI

X.A. Adgozalova, K.Z. 9hmadova
Azarbaycan Dovlat Pedaqoji Universiteti
ehmedova_k@mail.ru

Tadgiqat isi nadir torpaq elementlorindon olan Gd ilo aktiviasdirilmis SnS
monokristallarinin yetisdirilmasina, fiziki-kimyavi analizina va bu kristallarda termoelektrik
xassalorin tadqgigino hasr olunmusdur. Isdo elektrik keciriciliyin, termo e.h.q.-nin va
istilikkeciriciliyin temperatur asililigt genis temperatur intervalinda (100-700K) tadgqiq
edilmis, bu niimunalar iiciin termoelektrik effektliyi hesablanmisdur .

NTM istiraki ilo SnS birlosmosi osasinda alinan miirokkob birlosmoalorin fiziki
xassalorinin ardicil dyronilmasino sobab todbiq baximindan Oyronilon xassoli yarimkecirici
maddos almaqdir. Malumdur ki, A”'B" qrup birlosmslerinin xalkogenedlori 6z fiziki ve fiziki-
kimyavi xassolorina gora bir-birindon forqlonirlor va yiiksok tortibdon defektli qurulusa malik
olduglarindan onlara miixtolif név agsqar atomlar1 daxil etmoklo mogsado uygun sokildo
tonzimlomok miimkiindiir. SnS kristali1 6ziino moxsus spesefik fiziki xassoyo malikdir, optik
xassoli birlosmoadir vo defekt konsentrasiyasi toxminon 10'" tortibindadir. SnS p-tip
keciriciliys malikdir vo keciricilik mexanizmi ¢ox kigikdir. NTM sirasindan olan Gd elementi
aktiv metallar sirasina daxildir. Molumdur ki , NTM atomlar1 daxili elektron qurlusunun
4 f soviyyosindo miitoharrik elektronlarin oldugundan asanligla f —d — s kecidi bas verir. Bu
sobabdon lantanoidlorin istiraki ilo alinmis materiallar maraqli xassalora malik materiallar
olub, lantanoid atomlarinda dorindo yerloson 4f elektron soviyyesinin, 4f°, 4f7,4f"
dayaniqli energetik soviyyalorin olmas1 bu materiallar1 maraqli tadqigat obyektina gevirir.

Taodqiqgat isinda Snlfode(xzo,Ol;0.0Z) monokristallar1 sintez edilmis, kompleks

fiziki-kimyovi analiz (mikroqurulus, differensialtermik analiz (DTA) rentgen faza analiz)
apartimisdir /2/. DTA noticasindo SnS vo Sn,_Gd .S (x=0,01;0.02) niimunalerinds miisahido

olunmusdur:

I. $SnS-do 875K temperatirda polimorf ¢evrilmoni gostoron istilik effekti miisahido
olunmusdur.

IL. Bu effekt Sn,_.Gd S (x=0,01;0.02) niimunesinde miisahids olunmur.

III. Sn atomunun Gd atomu ils avaz edilmasi monosulfid galayin arima temperaturunu
asag salir.

Sn,_.Gd S ( x =0,01;0.02)monokristallar1 Bricmen metodu ilo yetisdirilmis vo alman

niimunslorin laueqrammalari, difraktogrammalart c¢okilmisdir. Miioyyon olunmusdur ki,
Sn,_.Gd S (x=0,01;0.02)monokristallari  baslangic niimuno  SnS kimi  ortorombik
sinqoniyada kristallasir [2].

Elektikkeciriciliyin temperatur asililign 100-700K temperaturintervalinda (10° mm
c.st.) vakuumda aparilmisdir. Tadqiq olunan  monokristallarda anizotropluq miisahido
olunmusdur. Miioyyon olunmusdur ki, elektrikkegiricilik ¢ oxu istigameotinds ¢ oxuna
perpendikulyar istiqamatinag nazaran 6 dofo azdir .

Asag1 temperaturlarda (300K kimi) elektrikkeciricilik temperaturdan zoif asili olur. Bu
oblastda Gd faizlo artim1 elektrikkeciriciliyin azalmasina sabab olur. Bu onunla izah olunur

ki, asqarlanmis SnS monokristali p-tip keciriciliya (plelésm_3) malikdir ki, asqarlarin
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konsentrasiyasinin  artmast  (0,2%) desiklorin  Gd-la  tutulmasina, basqa sozlo
elektrikkeciriciliyin azalmasina gatirir .
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Sn,_Gd S ( x=0,01;0.02) monokristallarinda termo e.h.q temperatur asililig sokil 3-
do gostorilmisdir. Eksperiment gostorir ki, todqiq olunan niimunalorde termo e.h.q.-si 100-
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400K temperatur intervalinda temperaturun artmasi ilo artir, T=450K temperaturdan sonra iso
azalir. Bu niimunoalords yiikdasiyicilarin konsentrasiyast 400K temperatura kimi sabit galir vo
termo e.h.q. artmasi eyni tip sopilma mexanizminin tasiri ilo izah olunur [1].

Sn,_.Gd S( x=0,01;0.02) monokristallarinda istilikkecirmo omsalinin temperatur

asililigl todqiq edilmlsdir (sokil 4). Eksperiment gostorir ki, tadqiq olunan niimunslordo
temperaturun artmasi ilo istilikkegiricilik azalir, ancaq Gd faizlo artimu istilikkeciriciliyin
artmasina sobob olur. Bu artim iki faktorla izah oluna bilor: Gd-lo asqarlama SnS-do
desiklorin konsentrasiyasim1 azaldir, fononlarin rogsi horokati zaifloyir vo noticado
istilikkeciriciliyi artir. Digar torafdon Gd slavo edilmasi ilo vakant markozlorin tutulmasi ilo
niimunslarin defektliyi “tomizlonir”, b.s. materialin “metallasmas1™ artir [3].

Elektrikkegiriciliyin, termo e.h.q.-nin vo istilikkeciriciliyin qiymaotlorindon istifads
edorok bu niimunolor {i¢iin termoelektrik effektliyi hesablanmis vo temperatur asililig
qurulmusdur vo miioyyon olunmusdur ki, bu niimunslor termomaterial kimi istifade oluna
bilmoz.

A
2
Al
& °T
< 5
S aF
R 3|
2 ® 3
- 2
10—
8_
6L 1
1 1 1 | | | | | | | >
7 8 9 10? 2 3 4 5 6 7 8
12T (K)

SQkIl 3 -SHS, 2-SHO,99Gd0,0IS, 3- Sno,gngQ,ozs
ODOBIYYAT

1. AnrezanoBa X.A., MypryzoB M.U., I'yceitHo [[.W. Dnekrpodusndeckue cBOKWCTBa
MOHOCYNb(HIa TepMaHUs U OJIOBA C y4acTHEM peaKo3eMenbHbIX mMetamioB. The first
International Conference on Material Science of Chalcogenide and Diamond-Structare
semicodductors. Chernivtsi, 1994, p.60.

2. AnrezanoBa X.A.,HacupoB B.W. JlerupoBaHue peako3eMeIbHbIMU METAJJIAMU
HuskortemmeparypHoro SnS.Heoprannueckue marepuanst 2001,1.37,Ned,c.1292-1294.
3. AnrezamoBa X.A., MypryzoB M.MU., TacanoB O.M. TemionpoBoaHOCTb

MOHOKpHUCTALIOB Sn | x Ndx S. Heoprannueckue marepuanst 2011,1.47,Nel,c.21-22.

129



Fizikanin miasir problemlori VII Respublika konfransi

CusSeTe KRISTALLARINDA QURULUS FAZA KECIDLORI

N.A. 9liyeva , Q.H. Hiiseynov, Q.M. Cafarov
AMEA Fizika Institutu, Baki, H.Cavid pr.33, Az-1143
g.guseinov@rambler.ru

CuySeTe torkibli monoklin quruluslu yeni birlasma sintez edilmisdir. Yiiksok
temperaturlu rentgendifraksiya iisulu ilo alinan birlagmanin kristallografik parametrlori va
genis temperatur intervalinda (300+=1100K) qurulus faza kecidlori tadqiq edilmisdir.
Miiayyan edilmisdir ki, tadqiq edilon kristallar otaq temperaturunda monoklin qurulusda
kristallasir vo onun qofss parametrlori: a=7.0514, b=4.4431, ¢=6.3652A", p=98.32°
foz.qr.P2/c, Z=2, V=198.31A° taskil edir. Asagt temperaturlu faza 675+3k-do yiiksak
temperaturlu  kubik fazaya kecir. Kubik fazamin qofas parametrlari:a=6.0672A0,
V=223.399A°, f.qr. Pa-3, Z=2-ya barabardir.

Molumdur ki, kicik gofos istilik kecirmoyo vo yiiksok yiiriikliiklii yiikdasiyiciliq
xassoyo malik termomaqgnit vo termoelektrik materiallarin genis totbiq prespektivlori
movcuddur [1-3]. Bu xiisusiyyatli yarimkegiricilor ailasine ion keciriciliyino malik Ag, Cu
halkogenidlari va onlar asasinda alinan bark moahlulun kristallar1 da daxildirler [4-5]. Bununla
olagadar olaraq toqdim olunan isdo Cu,Se-Cu,Te kvazibinar kosilisdo omolo golon yeni
quruluslu CuySeTe birlosmosindo yiiksok temperaturlu rentgendifraksiya tisulu ilo oldo
edilmis eksperimental naticalorin tohlili verilmisdir.

Eksperimental todqiqatlar genis temperatur intervalinda (300+1100K), D8
ADVANCE tipli ovuntu difraktometrinds (firma BRUKER, Almaniya) yerina yetirilmisdir.
Tadgiqgat iigiin sintez edilmis vo tablanmis CusSeTe kristallarindan narin ovuntu hazirlanmais,
cihazin temperatur kamerasina yerlosdirilmis, ~107 tortibdo vakuum alindigdan sonra
gostorilon temperatur intervalinda hor 50K-do bir temperatur difraktogramlart ¢okilmisdir.
Cokilon temperatur rentgenoqramlarinin bir-biri ilo miiqaisasi gostormisdir ki, 300+1100K
intervalinda otaq temperaturlu fazada iki: 475 vo 675K-ds ciddi dayisiklik miisahide olunur.
Cihazin tochiz olundugu TOPAS proqramu ils agag1 temperaturlu fazanin vo miisahide olunan
qurulus doyisikliyi saholorinde omalo golon fazalarin qofos parametrlorini miisyyon etmok
ticlin aparilan hesabatlar osasinda asagidaki naticolor alinmigdir.

1. Miioyyon edilmisdir ki, Cu4SeTe kristallar1 otaq temperaturunda monoklin
qurulusda kristallagir. Onun gofos parametrlori: a=7.0514, b=4.4431, c=6.3652A, =98.320,
f.qr. P2/c, Z=2, V=198.21A3—a borabordir.

2. 47545 K otrafinda otaq temperaturlu fazada miisahids edilon rentgendifraksiya
dayisikliyinin eyni iisul ilo hesabati vo alinan naticalarin tohlili asasinda miioyyan edilmisdir
ki, homin temperatur otrafinda izlonon difraksiya doyisikliyi yeni fazanin yaranmasi deyil
onun baslanmasina uygundur. Belo ki, goOstorilon temperaturda alinan rentgendifraksiya
molumatlarinin tohlili bu temperatur sahasindo yaranan yeni faza ilo otaq temperaturlu
fazanin mexaniki qarisigindan ibaratdir.

3. Temperaturun 675+5K otrafinda alinan difraktoqram osainda aparilan qurulus
hesabatlar1 asasinda toyin edilmisdir ki, bu temperatur sahosindo asagi temperaturlu o-
Cu4SeTe yiiksok temperaturlu kubik fazaya kegir ki, onunda qofos parametrlori: a=6.0672A,
V=223.339A3, f.qr.Pa-3, Z=4 toskil edir.

Alinan kubik faza tadqiq edilon CusSeTe kristallarinin orimo temperaturuna kimi
stabil qurulusunu saxlayir.
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QAMMA SUALANMANIN Ge,..Sm.S (x=0,005) MONOKRIiSTALININ
ELEKTRIK VO FOTOELEKTRIK KECIRICILIYIN® TOSIRI

A.S. 9lokbarov, C.M. Saforov, R.B. Bayramov, L.V. 9liyeva
Azarbaycan Dovlat Pedaqoji Universiteti
bayramov.razim@mail.ru

Ge;..Sm,S monokristalinin elektrik va fotoelektrik xassalorinin miixtalif dozada (100
krad va 1 Mrad) siialanmadan asililigi tadqiq edilmis, bas vermis dayisiklik zona nazoriyyasi
ilo izah edilmisdir. Malum olmusdur ki, y-siialanma GeS monokristalinin qadagan olunmus

zonasinda zobtetma saviyyalori yaradir.
Fotokeciricilik va elektrik keciriciliyina
ham zabtetma saviyyalari, hom da Frenkel
tipli defektlor tasir edir.

Elmi odobiyyatdan molumdur ki,
layli kristallar hom fiziki, kimyovi
xassalorindaki anizotroplugu ilo, hom do
alinma texnologiyasinin spesifikliyi ilo
digor kristallardan  forqlonir. Layl
kristallarin digor xarakterik cohati onlarin
fiziki xassolaring radiasiya
siialanmalarinin tosiri ilo baghdir. Belo
ki, bu tip kristallarin  elektrik,
fotoelektrik, elektrofiziki vo  optik
xassalorina radiasiya siialanmalart kicik
dozalarda da osash tosir gostorir [1,2].
Eyni sozlori todgigat obyektimiz olan
GeS va Ge;_xSm,S monokristallar iigiin
do demak olar.

Son illor amerkan alimlori
torofindon aparilan todgiqgatlar
gostormisdir ki, xiisusi texnologiyanin
komayi ilo alinmis GeS nanostrukturu
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Sokil 1. y-kvantlarla siialanmis Ge,_Sm,S (x=0,005)
monokristalinin volt-amper xarakteristikasi. 1-
siialanmadan ovval, 2-100krad, 3-1Mrad
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kiilli miqdarda is1q enerjisini akkumulyasiya etmok imkanina malikdir. Radiasiya
silalanmalarina maruz galmis bu nanostrukturlarin akkumulyasiya omsalinin artirilmasi hom
elmi, hom do praktiki baximdan perspektivlidir. Todqgiqat isinin mogsadi do Sm atomlar ilo
asqarlanmis GeS layli monokristalinin elektrik vo fotoelektrik kegiriciliyino miixtalif dozali y-
siialanmanin tasirini 0yronmakdir.

Birbasa oritmo metodu ils sintez edilmis Ge;.,.Sm,S polikristallarinin alinmas1 zamani
xlisusi miigavimoti 50 Om-sm olan germaniumdan, B-5 markali kiikiirddon vo Cwm-1
samariumdan istifado olunmusdur. Ge;,Sm,S monokristallar1 iso Bricmen metodu ilo
yetisdirilmisdir. Qamma slialanmanin monbayi kimi Co® izotopu sec¢ilmisdir. Hom
monokristalin VAX-s1, hom do fotokeciricilik spektri cixarilarkon 6lgmolor kristalin baza
miistovisi vo ona perpendikulyar istigamotlordo aparilmisdir. Omik kontaktlar kimi
akvadakdan istifado olunmusdur. Biitiin 6l¢molor otaq temperaturunda aparilmisdir. 1-ci
sokildon goriindiiyii kimi, Ge;.xSmxS monokristalinin VAX-da siialanmadan sonra ii¢ oblast
miisahids edilir: omik, kvadratik vo kubik oblast. Siialanma dozasi artdiqca oblastlarin kecid
gorginliyi vo caroyan da doyismoys moruz qalir. Bunun sobabi siialanmanin tosiri ilo GeS-in
gadagan olunmus zonasinda dorin donor soviyyslorinin yaranmasidir. Homin soviyyslor
kecirici elektronlarin bir hissasini zabt tediyindon coroyan azalir. Siialanmanin dozasini
100krad-dan 1Mrad-a qadar artirdiqda asililigin xarakteri doyismir, corayan is9 artir.

Belaliklo, siialanmanin tosiri ilo Ge;,Sm,S (x=0,005) monokristallarinda caroyanin
artib azalmasin1 qadagan olunmus zonada dorin donor, daha sonra iso akseptor saviyyalorin
yaranmast ilo izah etmok  olar. !
Stialanmanin nisbaton kicik dozasinda
(100krad) yaranan donor soviyyalor
elektronlarin bir hissasini zobt etdiyindon
coroyan  azalir.  Yiksok  soviyysli
siialanmada iso donor soviyyolor zobt  16f
oldugundan olavo akseptor saviyyalor
yaranir ki, onlar da keciriciliyin 15f
artmasina gotirib gixarir.

VAX-da carayanin artma 14f
dinamikasinin iso injeksiya coroyanlari

modeli ilo [3] izah etmok olar. Bu 13

models goro, gorginliyin kigik

giymatlorinda (xotti oblastda) & 15}

termogenerasiya noticasinds  yaranan, <

tarazliqda olan yiikdastyicilarin uk

konsentrasiyast injeksiya  olunmus

yiikdasiyicilarin -~ konsentrasiyast  ila 10k

miiqayiso  olunandir. Basqa  sozlo,

coroyanin gorginlikdon xotti ganunla . 3

asililig1 tomin olunur.

Gorginliyin sonraki arttminda iso

zobt olunma soviyyalarindoki I
" 1
' 2

17}

\O

=

yiikdastyicilar xarici sahonin tosiri il
tarazligqda olan yiikdasiyicilara olava
olunmaqgla yeni nosil ylikdasiyicilar
yaradaraq coroyant artirir. Gorginlik
Ozlinin  limit  hoddine  zaobtetmo
soviyyalorinin tam dolma qgiymatino

BN |

=)

catdigda VAX-nin kubik oblast1 baglayir. 400 600 800 1000 1200 1402 nlnfoo 1800
Beloliklo, bu vo ya digar layli kristallarin Sokil 2. Ge,,Sm,S (x=0,005) monokristalinin
VAX—mn tohlili ~ gostorir ki, . bq fotokegiricilik spektri.
kristallardan corayanin kegmo mexanizmi 1-siialanmadan avval, 2-100krad, 3-1Mrad
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monopolyar injeksiya hadisasi ilo baghdir.

Radiasiya siialanmalari, o cilimlodon fv-siialanma da Ge;xSmxS monokristalinin
fotokeciriciliyino tosir gostorir [4]. Aparilan todqiqatlar gostorir ki, 100krad dozasindaki
siialanma Ge;_xSmyS monokristalinin fotokeciriciliyini ~30% azaltdig1 halda (Sakil 2), 1Mrad
dozadaki siialanma fotokegiriciliyi~25% artirir. A™BY! tip layli kristallarda oldugu kimi, p-
GeS monokristalinda da rekombinasiya proseslorindo asas rolu s vo r-morkozlori oynayir.
Stialanma zamani kristalda yaranan radiasiya defektlori homin foto-hassasliq morkozlorinin
konsentrasiyasina tasir gostorir. GeS monokristalinda fotokeciriciliys tosir edon faktorlardan
digori Ge vakansiyalaridir.

100krad siialanma dozasinda Frenkel tipli defektlor-Ge vakansiyalar1 yiikdasiyicilar
rekombinasiyua etdiyindon fotokeciricilik azalir. 1Mrad siialanmada iso rekombinasiya
prosesi zoifloyir, s vo r-komplekslorinin rolu artir vo fotokegiriciliyin artmasina sabab olur.
Stialanma dozasinin artmasi laylararasi qiivveloro, defektlorin fozada paylanmasinin
bicinsliliyina do tosir edir.

Beloaliklo, GeS vo Ge;,Sm,S monokristallarinin y-kvantlar vasitosi ilo silialanmasi
kicik akseptor tipli zobtetmo soviyyalorinin, dorin donor saviyyalorinin vo r-rekombinasiya
morkozlorinin yaranmasina sabab olur ki, bu da homin kristallarin fotohassasligini vo
fotokeciriciliyini asash gokildo dayisir. Hom 100 krad dozada, hom do 1Mrad dozadaki y-
sialanma GeS vo Ge;,Sm,S monokristallarinin anizotroplugunu zsifladir. Bunu hom
monokristallarin volt-amper xaraklteristikasi, hom da fotokegiricilik spektrindoki doyisikliklor
stibut edir. Dogrudan, radiasiya siialanmasinin tasiri naticasinde layli monokristallardaki foza
izotroplugu artir.
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Snge9Pro Te KRISTALININ RENTGENOQRAFIK TODQIQI

I. M. Mommadov, G.K. Mommadova, Q.9. Sahsuvarova
Azarbaycan Dovlat Pedaqoji Universiteti
U.Hacibayov 68

Togdim olunan isda birbasa arima iisulu ilo sintez edilmis, Sngpg9Proo;Te
polikristalinin rentgenofaza analizi aparilmigdir. Analizin naticasi gostaormisdir ki, bir-birini
izomorf avaz edan Sn va Pr atomlaruvuin yaxinligini, onlarin alagasini tagkil edon kimyavi
rabitadan ion rabitasinin payi ila xarakteriza olunur.

Bosit vo miirokkob fazali maddolorin atomlar1 arasindaki kimyovi rabitonin tobioti
haqqinda zoruri informasiyan1 almagq ii¢iin miivafiq analizlor aparmaq lazimdir. Bu ndqteyi
nozordon kristalokimyanin miihiim torkib hissosini, kristal qurulus todqgigatlar: toskil edir.
Kristalokimyanin tocriibi bazas1 bu todqiqatlara osaslanir. Malum oldugu kimi, bork cismin
kompleks fiziki xassalori onun kimyavi torkibi vo atomlarin faza diiziiliisii ilo miioyyon edilir.
Bu vo ya digor kristal qurulus iiciin elektron qarsiliglt tosirinin xarakteri vo atomlarin
diiziiliisti barado aydin tosavviir yaratmaga imkan verir. Belaliklo, yarimkeciricilarin fiziki vo

133



Fizikanin miasir problemlori VII Respublika konfransi

kimyavi problemlorinin holli, onlarin kimyavi torkibindon, kristal qurulusundan vo rabitonin
tobiotindon asilidir. Ancaq miiasir dovrdo yeni miirokkab yarimkegiricilorin toadqiqi fiziki
xiisusiyyatlorin dyronilmasi istigamatindo aparilir. Kristal gofosin dyronilmasindo iso lazimi
diggat yetirilmir. Bu sababdon do ¢ox az miirokkob yarimkeciricilorin kristal qurulusu tofsilati
ilo Oyranilir.

Qeyd olunanlar1 nazoro alaraq biz, SnggoProoiTe polikristalinda askar edilmis bork
mohlullarin RFA—n1 aparmisiq (Cadval 1).

Codval 1.
SngPryo Te kristalinin rentgenfaza analizinin naticolari
Sno,ngl‘o,o]Te

0 0

Ne hkl 2] omrs, A deksp. A
1 420 33%/ 1,4091 1,4263
2 400 29° 14/ 1,.5757 1,5784
3 222 25%3/ 1,8194 1,8707
4 220 20° 14/ 2.8272 2.2293
5 200 14 °12/ 3,1513 3,1426

Qeyd edok ki, PrTe osasinda bork mohlullar alman SnTe birlosmasi 805,90, 3°S temperaturda
kongruent oriyib, kubik sinqoniyada kristallasir. Qofos sabiti a=6, 3272A foza qofosi Fm3m-O,’
sixligi p=6,48 g/sm’-dir.

Digor birlosmo PrTe-1950°S temperaturda konqruent 9r1y1b hamginin kubik singoni-
yada kristallagir, qofos sabiti a=9,482A, foza qofosi Fm3m-O,” sixhg p=7,11 g/sm’-dir.

Orintilorin rentgeneofaza analizi DRON-3 difraktometrindo CuK, siialanmasinda vo nikel
stizgacindo aparilmisdir.

Bizim fikrimizco, Sn—in vo Pr-un atom vo radiuslarinin boyiik olmayan forqi
Sn, Pr Te bork mohlullarimin qgofoslorinin az ohomiyyatli olan dayan1q51zhg1na gatirir.
Dogrudan da, Sn vo Pr-un atom radiuslari miivafiq olaraq 1,57 vo 187A, forglori
Ar = 0,30 A-dir. Digor torafdon, atomlarmn oOlgiilorinin yaxinlig:1 (eyni rabits nodviinds) 6z-
0ziina izomorfizmi homiso tomin etmir. Bundan alavae bir qurulus tipinds izomorf olaraq, bir-
birini ovoz edon atomlar {i¢iin, basqasinda homin xassaya malik olmaya da bilar. Bu toacciiblii
deyildir, belo ki, izomorfizm qurulusun ayri-ayr1 atomlar: ilo bagl olmagidir, biitovliikdo
xassasidir.

Bizim todqiq etdiyimiz Sn,_ Pr Te  kristallan miirokkob, qofosi vo kimyovi
formulaya malik oldugundan, bir-birini ovoz edon atomlarin 6lcii forqine qoyulan tolob bir az
yumsalir. Belo ki, atomlararasi qgofosin digor atomlarinin kKicik yerdoyismolori hesabina
yaranan qiivvelorin tarazhigini saxlamaq t¢iin daha boyiik imkanlar omola golir. Bir-birini

1zomorf ovoz edon Sn vo Pr atomlarinin yaxinligini onlarin slagasini toskil edon kimyovi
rabitodon ion rabitasinin payi ilo xarakterizo etmok olar.

ODOBIYYAT

1. Mommodov .M., Murquzov M.I., Sordarov S.F., Obdiirrohimov  A.A.
Sn,_ Pr Te (0<x<0,04) bork mohlullarimin alinmasi faza analizi vo elektrik xassolori ,
Elmi asarlor-fundamental elmlor jurnali. Baki, Az.TU. 2007 Ne2, cild VI (22). soh.53-55

2.T'omkaes 3.M., MypryzoB M.U., MamenoB M.M., AGaypparumoB A.A. “Cunre3u

CBOICTBa TBEpABIX pacTBOpPOB cucteMbl SnTe—PrTe”, MockBa, Heopranmueckue
matepuainsl, 2010, T.46, Nel0, ¢.1179-1182.

3.T'onyoxoB A.B., 'onuapoga E.B., XKy3e B.II., Jlorunos I'.M., Cepreesa B.M., CmupHOB
N.A. @usnyeckoe CBOWCTBA XalbKOT€HUIOB PEIKO3EMEIIbHBIX 3JIEMEHTOB. WM3n.
«Hayxa» Jlenunrpan 1973, 304c.

134



Fizikanin miasir problemlori VII Respublika konfransi

TlIn;.xDyxS; BORK MOHLULLARINDA iSTIDON GENiSLONMO VO
ATOMLARIN ORTAKVADRATIK DINAMIK YERDOYISMOSI

H.I. Zeynalov, A.M. Ohmoadova
Sumgqayit Dovlat Univerrsiteti
arzu.70@bk.ru

TlInS, iicqat birlosmosindo faza kecidlorinin olmast [1-4] odobiyyatlarinda
gostarilmisdir. Bu faza kecidinin miixtolif miislliflor torofindon miixtalif temperatur
oblastinda oldugu miioyyon edilmisdir. [5]- do gostorilmisdir ki, TlInS,- TIDyS, sistemi
arintilori tetraqonal sinqoniyada kristallagir. TlInS, qofosinds nadir torpaq elementinin faza
kecidino neca tosir etdiyini miioyyon etmok iigiin TlIn; xDyxS, bark mahlullarinin 80-400 K
temperatur intervalinda istidon xotti genislonmosi todqiq edilmisdir. Olgmalor induksion
dalatometrds [6] aparilmisdir. Temperaturun artma siiroti 2K/dog-ni asmamisdir. Niimunonin
uzanma xatas1 0,5% toskil etmisdir.

TlIn, Dy,S, (0<x<1) bork mohlullarinin niimunslori [5]-do verilmis metodikaya
osasan sintez edilmis vo monokristallar1 yetisdirilmisdir. Istidon genislonmoni 6l¢mak {iciin
uzunlugu 3 sm vo diametri 0,5 sm silindrik niimunalor hazirlanmisdir. TlInS, ii¢qat
birlosmasinds vo TlIn, Dy,S, (x=0,02; 0,04; 0,05) bork mohlullarinda istidon geniglonma
omsalinin temperatur asililiginin naticalori sokildo gostorilmisdir. Goriindiiyii kimi T1InS,
birlogsmoasinda istidon xotti genislonma omsali 170-220 K temperatur intervalinda avvalca
kaskin olaraq artirsonra iso 286 K temperaturadok koskin azalir, daha sonra iso kaskin olaraq
310K- dok artir. Temperaturun sonraki artmasinda istidon xotti genislonmo omsali zaif
oloaraq artir. Istidon xotti genislonmo omsalinin bu ciir sicrayisla doyismosi TIInS,
birlosmasindo faza kegidinin olmasi ilo olagodardir. Sigrayis xarakterino goro kegidin ikinci
nov faza kecidi oldugunu forq etmak olar. Bu iso optik tadqiqatlarda yaxsi uzlagir.

Istidon xotti genislonmo omsalinin qiymotlorino goro bork mohlullarin miixtolif

torkiblori iiciin Debay temperaturu (0) vo ortakvadratik dinamik yerdoyismo (+/u’)
hesablanmigdir. Cadvalds TlIn,Dy,S, (x=0,00; 0,02; 0,04; 0,05) bork mohlullar ii¢ciin Debay
temperaturu vo ortakvadratik dinamik yerdoyismonin qiymatlari verilmisdir.

T,K THIISZ THI’I(),ggDy()’()QSZ THI’I(),96Dy0’()4SZ THII()’95Dy(),05SQ
0 0 0
Ok a0 e xR Jea 0K e,
0
A
80 335 0,066 329,0 0,067 302,7 0,073 289,5 0,075
90 324 0,068 3143 0,072 2924 0,077 263,7 0,085
100 312 0,075 295,6 0,079 277,8 0,088 239,2 0,094
120 290 0,085 264,0 0,093 246,2 0,098 210,3 0,114
140 266 0,097 240,0 0,107 213,8 0,121 200,5 0,128
160 240 0,115 2223 0,123 199,7 0,138 1947 0,139
180 206 0,138 210,0 0,136 193,2 0,148 190,0 0,150
200 182 0,163 201,4 0,147 189,0 0,159 186,4 0,162
220 178 0,177 196,4 0,161 187,0 0,169 183,5 0,172
240 220 0,150 194.0 0,170 186,2 0,177 181,6 0,181
260 - - 193,3 0,177 185,8 0,184 180,2 0,190
280 174 0,201 193,0 0,184 185,3 0,190 179,3 0,197
300 173,6 0,208 192,8 0,189 185,0 0,196 179,2 0,204
320 172,77 0,215 1927 0,195 184,8 0,204 179,0 0,210
360 171,8 0,229 192,5 0,207 184,5 0,216 178,5 0,224
400 171,4 0,242 192,4 0,218 184,2 0,228 178,2 0,236
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THHSQ (1), TlIno,ggDyo,QQSZ (2), TlIl’l(),g(,Dy(),(MSz(?)), THI’I(),QSDy(),()5S2(4) niimunoslorinin istidon xotti
genislonmo omsalinin temperatur asililigi

Sokilden goriiniir ki, nadir torpaq elementi istirak edon bark mohlullarda faza kegidi
miisahido olunmur. Digor torafdon bork mohlullarda nadir torpaq elementi olan disproziumun
miqdar artdiqca istidon xatti genislonma omsalinin qiymati do artir. Bu onunla izah olunur ki,
kimyavi rabitonin metallik payr artir vo TlIn;.xDyxS, bark mohlullarinda istilik ragslorinin
anharmoniklik doracasi artir.

Debay temperaturu (0) vo ortakvadratik dinamik yerdoyismo ( ) asagidaki diisturlarla

hesablanmigdir.
43-107 Dle/T)
19,37 - e/T 1
O=——7/— u = — "
(AV Aa)l/“ Af 4

A -ortakvadratik atom kiitlosi, V-atomun hocmi, o- istidon xotti genislonmo omsali,
D(g)— Debay funksiyasi Codvoldon goriiniir ki, disproziumun miqdar1 artdigca Debay

temperaturu azalir, atomlarin ortakvadratik dinamik yerdoyismosi artir. Buradan bu naticoya
golmak olur ki, disproziumun miqdar artdigca bark mohlullarda kimyavi rabito kifayot qodor
zoifloyir.
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NdSeTe; UCLU BIRLOSMOSININ ALINMASI TEXNOLOGIYASI VO FiZiKi
KiMYOVI ANALIZi

S.F. Sardarov, A.9. Nobiyev, A.C. Nasibli, S.T. Sofarova,
M.O. Hasonova E.M. Caforova
Azarbaycan Dovlat Pedaqoji Universiteti

NdSnTe; iiclii birlosmalorino temperaturu cox yiiksakdir va hom da onun sintezi
zamani tarkibinda lantanoid Nd maddasi oldugundan tomiz stexiometrik birlagmanin alinmasi
miimkiin olmur. Ona gora da adaton bela maddalari presloma yolu ila alirlar.

NdSnTe; iiclii birlosmasini almagq liciin adabiyyat materiallarinin arasdirilmasi (1) vo
bu miialliflorin gostordiklori NdTe-SnTe sistemi iizro homin birlosmayo uygun stexiometrik
torkiblori segorok analiz etmisik. NdTe-SuTe sistemi orintilorinin hal diagrami miialliflori
torofindon genis konsentrasiya intervalinda todqiq edilmis miiolliflor gostorirlor ki, bu
sistemda 1:1-0 nisbatinds T=860"C-do peritektik reaksiya naticosindo ii¢lii birlosmo alinir.
Tadqiqat isi 0-10 mol% NdTe intervalinda aparilib vo miioyyon olmusdur ki, NdTe birlosmasi
SnTe da 5,0 mol%-a qadar bork mahlul verir.

Bunun iigiin avvalco homin torkiblorin atom faizlorino gora ¢oki faizlori tapilir vo ¢oki
faizlorino gora verilmis timumi ¢aki ii¢iin onlarin birinin ayriliqda ¢okilari toyin edilir.

Bu gostorilon tisulla hor biri 10 qram olmaqla iki madde ayriligda ¢okilmis vo
ovvalcadon tomizlonmis ampulalara doldurularaq 10"'mm hg.c.m. tozyiq altinda baglanmisdir.
Bundan sonra homin maddolor xiisusi qizdiricilarda yerlogdirilorok onlarin = sintezi
aparilmigdir.

Miioyyon temperatura qaldirilmas: soyudulmasi vo tonzimlonmosi iiclin  xiisusi
qurgudan RiF-1-don istifado olunmusdur.

Yuxarida gostordiyimiz kimi bu birlosmoni bilavasits sintez yolu ilo almaq miimkiin
olmur. Ona gora do kvars ampulada onlarin tam sintezi alinmir. Lakin bu prosesi aparmaqda
mogsad onlarin yaxsi garismasina nail (Bunun {i¢iin bu torkiblori togkil edon komponentlorin
hissalori cox xirda donaciklor “tozluglar” alinana kimi ozilir vo qarigdirilir) vo six hacmli
torkiblori almaqdir. Bundan sonra homin torkiblor ampuladan c¢ixarilmis vo xiisusi
tomizlonmis gabda yenidan azilorak toz halina gatirilmisdir.
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Toz halina salindigdan sonra homin maddslor xiisusi preformaya doldurulmus vo
preslomo prosesi aparilmisdir. Qeyd edok ki, bu omaliyyat zamani1 texnologiya prosesinin
biitiin omaliyyatlarina riayat olunmusdur.

Lantonid elementlorinin istiraki ilo olan ii¢lii birlosmalorin alinmasinin 9sasini homin
materiallarin orima temperaturunda asag1 temperaturlarda isti yapisdirma tisulu togkil edir. Bu
isulla toz halinda olan komponentlorin miixtolif nov ¢oxfazali kombinasiyalarda alirlar. Bu
materiallarin alinmasinda baslangic komponentinin tomiz daracasi vo nisbatlorindan, fiziki-
kimyovi xassolorindon, dayanigli olmasindan, kimyovi torkibindon asili olaraq miixtolif
xassalori materiallar almaq miimkiindiir.

Yiiksok tortibdon sixlifa malik material almaq iiclin baslangic komponentlor kifayot
godor cox kicik Olgiilorde (donacaliklor) xirdalanmalidir. Adston donaciklorin Olgiilori
0,5+5mkm torkibinds olur. Komponentlorin donaciklori na gadar kigik olarsa bir o gador
yaxs1 reaksiya gedor vo hom da fiziki-kimyavi xassalori, mikrobarkliyi vo mexaniki xassolori
yaxsilasir. Iri donociklordon diizoldilmis materiallar iso mexaniki cohotdon kovrok olmaqla
baorklar hissasindon arasindaki mohkomlik zaifloyir vo fiziki xassolarin sabitliyi pozulur.

Hazirki parametrlorin alinmasi {iciin verilmis komponentlor mexaniki vibrasiya iisulu
ilo tokrar olaraq qarigdirilir. Bu zaman, bazon aktivlesdirici siini kristallasma morkozi
yaradilir vo istigamotlonmis gabaqcadan nozords tutulmus xassoloro malik kristallar
alinmasinda vasito¢i rolunu oynayir, slagelondirici vasito kimi gotiiriilmiis komponentlori
nomis halda qanisdirilir. Qarigsdirma soyuq vo isti vaziyyotds bir ne¢o dofo tokrar olunur.
Sonra bu toz halinda olan qarisig1 xiisusi presforma igarisino tokiib preslomo aparirlar.

Presforma xiisusi hondasi 6l¢iilords hazirlanir. Preslomo prosesini yaxst aparmaq iiciin
olagalondirici vasito kimi polivilin spirtindan istifads olunur.

Presloma iki etapda aparilir:

I — etap asagidaki kimi aparilib: soyuq preslomo P=7,0 ton/sm’ tozyiq altinda t=5
dagiqe miiddatinds saxlanilir vo sonra ¢ixarilir.

IT — etap. Bu etapda iso isti preslomo prosesi aparilir. Burada presformani xiisusi
qizdiric1 vasitasila tozyiqi temperatura qodor qizdirilir vo s. T=5 dogiqe miiddatinds p=4,6
ton/sm’ tozyiq altinla saxlanilir.

Soyuq preslomo 06zii adston iki ndve boliiniir: quru vo soyuq presloma. Quru
preslomodon daha c¢ox istifads olunur. Bu halda daha yiiksok tozyigdon istifade olunur va toz
halinda olan maddas riitubat 12 +15% olan hal normal hesab olunur.

Maddaslorin hazirlanmasi yuxarida gostordiyimiz kimi hazirlanmis vo sonradan soyuq
va isti presloma tisulu ilo preslonmisdir.

Maddslorin homogenlik yaratmaq liciin preslomoadon sonra t=680°C temperaturda
t=200 saat orzindo domlomo aparilmigdir.

Alinmig NdSnTe, {iiclii birlosmosinin kristallik qurulusunu gofos parametrlorini,
stexiometrik torkibin diizgiinliiylini vo maddonin bircinsliliyini toyin etmok {i¢iin
rentgenoqrafik todqigat aparilmigdir. Bu birlogsmonin kristal qurulusu gofas sabitlori a=6,262
A miioyyon edilmisdir.
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IJIEKTPOMEXAHUYECKOE IIPEOBPA3OBAHME B PA3JIMYHbBIX
PA3ZAX KUIKOI'O KPUCTAJIJIA

M. A. Acaanos, ®@. III. Mamenos, U. M. UcmaiijioB.
Asepbatiodcanckuii Apxumexmypno- Cmpoumenvhwvlii YHusepcumem

B omoii  pabome uccnedyemcsa  dleKmpomexanuieckoe npeobpazosamue 8
Hemamu4eckux dcuokux kpucmaniax. Ilodasanoce nepemennoe snekmpuyeckoe noie u
PeGUCMPUPOBAICS 368VK, BOZHUKAIOWULL 8 00pasye HCUOKO20 KpUcmanid. IneKmpoKIuHHbIIL
sppexm eosnuxaem ¢ SmC’ - asze 6 6ausu pazosoeo nepexoda nod delicmeuem nous &
obpasye 603HUKaem MNOMOK, KOMOPbLU cO8ueaem NiIACMuHbl adetku. [[ns eviacHeHue
0cobeHHOCmel INEeKMPOMEXAHUYECKO20 NPeodPA308aHUs 6 DAIUYHbIX DA3ax HCUOKO2O
KPUCMANLA UCCIe008AHbL NAPAMEmpPbl  U3YYAeMbIX 38VKOGLIX Koaebanuil obpasya npu
PA3IUYHBIX MEeMNEPAmypax.

B nocnengHee  BpeMs  HOABMIMCH  pabOTBl, B KOTOPBIX  HCCIeAyeTcs
3JIEKTPOMEXaHUYECKOe Mpeodpa3zoBaHue B HemaTthyeckux kuakux kpuctauiax(HXK). Ha
OpPUEHTHPOBAaHHBIN raHapHoW oOpazerr HIXKK ¢ monoxuTenpbHOW — aHU30TPOIHMA
JOUDJIEKTPUYECKON IMPOHUIIAEMOCTH I0AABAJIOCh IIEPEMEHHOE JJIEKTPUUECKOE IoJIE U
pEruCTpUPOBAJICS 3BYK, BOSHUKABIINKA B 00pasiie kuakoro kpucramia (OK.K)[1] B kayecte
NPUYUHBI €r0 BO3HUKHOBEHHS OOBIYHO HA3BIBAIOT MEPEOPUEHTALNI0 JupekTopa. OgHako
TEOpHsl, OMNHUCHIBaIOLIas MOJOOHOE SBJIEHUE HE Mpeiaraercs. OJIEeKTPOMEXaHUYEeCKOe
npeoOpa3oBaHue CETHETORNIEKTpUYecKnX >Kuakux kpucramiax (COXKK) ommcano OGoree
noapo6Ho [2] batom u Sxim mpeanokeHa TEOpHUsS JIMHEHHOTO SJIEKTPOMEXaHHYECKOTO
sddexra B CIKK (3). OHu moKasanu, 910 Glraroxaps XMpalbHOCTH U aByocHocTH SmC. -
(a3l B HEll BO3MOXKHBI KPOCC- AP(PEKThI MEXKy IUAIIEKTPUUYECKON peraKcanueil U BI3KUM
teueHueM. llom neiictBuem mosst B oOpasine takoro JK.K. BO3HHMKAaeT MOTOK, KOTOPBIi
CIBUTAET IUIACTUHM sYeiKku. MHAynMpOBaHHBIA BHEIIHMM IIOJIEM IIOTOK B oOpasme ¢

IJTAHAPHOW OPUEHTALUEN ONIUCBHIBACTCS YPOBHEHUEM.
av & av =
A . &« il 1
ac E'.x[ #(x) o — 7 () ar} M
rne p - IUIOTHOCTh JKHMJKOTO KpHCTaia, V- CKOPOCTh MOTOKa, [ (X) - KoddduiumeHt

3¢ pexTUBHOMN BI3KOCTH, Y(X)-2h(DEKTUBHBINA KOIDPHUITUEHT JICKTPOMEXaHUIECKOMN CBS3H.
u(x) = pyy +pgsin® @(x)cos® (x)
y(x) = [¥s (r; — 272)cos@(x)] (2)
rae ¢(X) -a3uMyTaJbHBIA YTOJI HAKJIOHA JUPEKTOPA, [i11,Ms- KOA(G(OULIHEHTHI BUSI3KOCTH,Y5 Y2-
KOX(QPHUIHUEHTH 3JIeKTpoMeXaHU4ecKoil cBs3u. Koadpoumumentsr p(x),y(x) 3aBHCAT OT
KOH(MUTYpalK MoJIsl TUPEKTOpa BI0JIb TOJILIMHBI 00pa3ia.

Jns  BBIICHEHHST OCOOCHHOCTEH AJIEKTPOMEXaHHYECKOTo MpeoOpa3oBaHUS B
pasznuuHbiX ¢azax XK Hamu uccnenoBaHbl mapaMeTpbl U3JIy4aeMbIX 3BYKOBBIX KoOJeOaHUMN
o6pasua XK npu pazauuHbIX TeMIeparypax.

DKCIepUMEHT MPOBOJIUTCS Ha Tpex cMmecsx. Kaxkmas M3 HUX COCTOsUIa U3 axUpajbHOTO
cmekTuka C 1 XupanbHOU T00aBKU.

Cwmecs I [TocnenoBarenbHOCTh U TEMIIEPATYPhl (Pa30BBIX MEPEXOJI0B:
[-120,S—N"—106—-SmA —66—SmC —Cr

CnonranHas noysipuzauus 13,5 uK/cm? npu t=46 °c

Cwmecs II [TocnenoBaTenbHOCTD U TEMIIEPATyphI (ha30BBIX MEPEXOI0B:

[-83—N —72—SmC —Cr.

CrnionTanHas nosnspuzauus 12 uK/cm? npu t=46 °c

Cwmecs III TTocnemoBaTebHOCTE M TEMIEPATYPHI (PA30BBIX MEPEXOIOB:

139



Fizikanin miasir problemlori VII Respublika konfransi

[-106— N'—99—SmA"—41.5— SmC — Cr.
CnonTanHas noJyisipu3anus 23.3 uK/cm? npu t=21 °c

X XY Y

H2m+1Cn Q Q Q CmH2m+ 1 AXI/IpaJILHHﬁ CMEKTHK I

n=5, m=7, x=F, y=H-25%
n=5, m=7, x=H, y=F-50%
n=7, m=5, x=F, y=H-25%

_ _ 0™
CnH2n+1() @ &O
F

Q— OC Hom+1 AxupanbHbiii cMekTUK 11

O

0<

XupanbHas 100aBKa

C
CH

N\

COXK nomemancs a siuelKy, COCTOSIIIYIO U3 ABYX IUIOCKONAPAUIEIbHBIX CTEKOJI C
MPO3pavyHbIMU AJIeKTpoaamu. [lmomanp miaacTuH saeek Obuta HEe MeHee 6,6 oM. Tommuua
SA4EEK 3aJaBajlach CIEMHCEpaMu U cocTosuia 7 MKM. [l co3pgaHus B sS4YEMKe IUIAHAPHOMU
opueHranuu KK, noaOupanuce cnenuanbHble TpaHMuyHble  ycioBus.  I[lomumo
MHTEHCUBHOCTH 3BYKa N3MEPsIaCh EMKOCTh TYEHKH 00pasia.

IHonyuennwie pezynomamot u ux oocyrcoenue

B remnieparypHOM MHTEpBaJIe CYIIECTBOBAHUS HEMATHYECKON M CMEKTHYeCcKo A-da3
WHTEHCUBHOCTh 3BYKa MEHSETCSl HE3HAUUTENbHO M COMNPOBOXKIACTCS HE OONbIIUM
u3MeHeHHneM eMKocTh. (CoriacHo TEOpuH DIEKTPOCTaTHYECKUX IpeoOpazoBaTesei,
COJepKaIllMX HW30TparHoW AMAIEKTpUK [4], amMIuMTyna CMeElleHHs IUIaCTUH — SYeUKU
MPOIOPLMOHAIbHA €MKOCTH IpeoOpa3oBarTelisi, 4T0 M HaOII0JaeTcs B HEMaTHYeCKOH U
cmekTuuyeckod  A-dazax. Ilo-Buaumomy, 5T  (a3pl 0OpU  BJIEKTPOMEXAHUUYECKOM
peoOpa3oOBaHUU HE TOSBISIOT CBOCH crienn(uKu.

B cnekTpe n3ydaemoro 3Byka ObLJIO OOHapyXeHO MHOTO rapMoHHK. CienoBaTenbHO
anekTpoMexanndeckuit oTkiuk COXXK Ha BHemHee mosie siBasieTcss HeMUHEHHBbIM. [{ns
BBISIBJICHMSI MEXaHM3MOB BO3HMKHOBEHMSI 3ByKa, CHEHUPUYHBIX Uis Me30¢asbl OblLIu
IIPOBEACHBI MCCIIEOBAHUS IIOJIEBOM 3aBUCUMOCTH IIEPBOM M BTOPOM IapMOHUK H3y4aeMOro
3ByKa.

[Ipn wuccnenoBaHuU SIEKTPOMEXAHMYECKOTO OTKIIMKA OOHApY)KEHBbl HEIMHEWHbIE
CBOMCTBAa 00pasia CErHETODJIEKTPUYECKOTO JKUAKOrO KpPHUCTalIa. OKCHEPUMEHTAILHO
[OKA3aHO, YTO JJIEKTPOKIMHHBINA 3()(PEKT- OCHOBHAS MIPUYNHA BO3HUKHOBEHHS 3ByKa B SmC
daze B 6m3u (azoBoro mepexona. Habmogaemasi kBajpaTuuHas 3aBUCUMOCTD aMILIATY/IbI
BTOPOM FapMOHUKH 3BYKa OT HAIPSHKEHHOCTH ITOJISI OIPENEAETCs B3aUMOIEHUCTBUEM MEXY
ANEKTPUYECKU 3apsSOKEHHBIMU IUTACTUHAMHU sYeku, a He crneuudukoid Me3oMopdHOro
coctosinusi. OOHapyxeH >(PQeKT MmopaBIeHUs MEPBON TapMOHHUKH, KOTOPBIA HE 00XOIUMO
YUUTBIBATh MPH U3YYEHUU MEXAaHU3MOB BO3HUKHOBEHUS IJIEKTPOMEXaHUIeCKOTo 3 dekra.
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ReOFeAs TiPLi BIRLOSMOLORIN MAQNIT XASSOLORI VO TOZYIQIN
BOHRAN TEMPERATURUNA TOSIRi

F.S. Mommodov, M.O. Aslanov, i.M. ismayilov, Y.M. Zeyniyeva
Azarbaycan Memarliq va Ingaat Universiteti

Tadgigat noaticasindo miiayyan olunmusdur ki, FeAs birlasmalorinds magnit
nizamlilig1 kupratlarda oldugundan kaskin forglonir. Kupratlarda dopinglosma uzaq magnit
nizamliligin dagilmasina sabab olur va ifratkecirici halin yaranmasina gatirir. Dopinglosmig
LaO, F.FeAs (T.=26K) iftarkeciricisinin tadqiqi magnit uzaq tortibin olmadigini gostardi.
Olcmalar noticasinds  tozyiqgin  bu  sistemlords T.-nin artmasina sobab  oldugu
miiayyanlagsmisdir. Miiayyan olunmusdur ki, miixtalif tazyiglorda p(T) va struktur faza va
ifratkeciricinin T, temperaturundan asililigina asasan qurulmus faza diagrami dopinglosmig
LaO, . F,FeAs birlasmasinin faza diagrami ila oxsardir.

ReOFeAs birlogsmolori stexiometrik torkibdo antiferromaqnetikdirlor. LaOFeAs
niimunosindo maqgnit nizamliliginin olmasmin miimkiinlilyii elektrik miiqavimatinin vo
maqnit qavrayiciliginin temperatur asililiginda T=150 K otrafinda anomaliya olmaqgla 6ziinii
gostordi. Bu temperaturda tetragonal fazadan ortorombik fazaya struktur kec¢idi miisahido
olunur. Ovval els ehtimal olunurdu ki, bu temperaturda magnit nizamlilig1 bas verir.

FeAs birlogsmoalorindo maqnit nizamlilig1r kupratlarda oldugundan kaskin forglonir.
Kuprat birlogsmolori stexiometrik torkibdo osas tobagolords adi antiferromaqnit nizamlilig
gostarir ki, Cu atomunda maqgnit moment qonsu mis alt gofosdoki momentlors antiparaleldir
va bu zaman dopinglosmomis birlosmalar izolyatordular.

Qeyd edildiyi kimi, kupratlarda dopinglosmo uzaq maqnit nizamliligin dagilmasina
sobab olur va ifratkecirici halin yaranmasina gatirir. Anoloji situasiya FeAs sistemlorinds do
olur. Dopinglosmis LaO;  FiFeAs (T.=26K) ifratkeciricisinin tadqiqi maqnit uzaq tortibin
olmadigini gostardi. Belalikla, kupratlarda oldugu kimi, bu birlosmads ifratkeciricilik maqnit
faza kecidinin yaxinliginda omalo golir ki, buda antiferromaqnit fluktasiyalarin vacib rolunun
oldugunu gostorir. Maqnit nizamliligit basqa bir stexiometrik birlosmado NdOFeAs
(Tn=141K) —do do miisahido olunur.

Hor iki birlosmads (Re=La.Nd) magnit momentinin giymati T-nin kicik qiymatlorindo
bir Fe atomu qador anomal kigik olur: La iigiin 0.3uB vo Nd birlogmasi iiciin 0.25xB-dir, lakin
nozariyyaya gora ~2u olmalidir. Bu fakt halslik problem olaraq galir.

Fe atomlarinda orta maqnit momentinin anomal kicik olmasi problem bir ¢ox
miolliflor torofindon arasdirilmisdir. Messbauer spektroskopiyasi metodu ilo altqoofasin
magnitlonmasinin parameter tortibinin temperatur asililii dopinglogsmomis LaOFeAs
birlogsmasindas Olciilmiis vo otrafli tohlil edilmisdir. Bu iki 6l¢cma naticasinds Fe atomunda orta
magnit moment tayin edilmisdir ki, onun da qiymati 0.25uB-dur.

Stexiometrik birlosmolorin dopinqlogmosi zamani1 maqnit nizamlilig1 temperaturu Tx
todricon diisiir vo sistemlo ifratkecirici hal yaranir. Magnit nizamlilig: ilkin tetraqonal fazanin
struktur yox olmasina vo ortorombik fazaya ke¢mosi ilo miisayst olunur. Hor ii¢ maqnit,
struktur va ifratkegirici fazanin sorhoddini (T,x) miistovisinde qurmaq maraq dogurur. Qeyri-
dogiq yaxinlagmada magqnit vo ortorombik faza bu miistovido {iist-listo diisiir, lakin onlarin
sorhaddini detallarina kimi doqiq toyin etmok kifayot godor cotindir.

Daqiq aparilmis analiz gostorir ki, ifratkegiricilik uzaq maqgnit tortibi olmadiqda,X
ortorombik fazada olduqda baslayir.

FeAs sistemlorindo ifratkeciriciliyin kosfindon az sonra moalumat yayild: ki, tozyiq bu
sistemlordo  Tc-nin artmasimma sabob olur. Aparilan todqgiqatlar noticesindoe miioyyon
olunmusdur ki, LaO; \FiFeAs (T.=26K) birlogsmasindo x=0.11 olduqda tozyiq 4QPa oldugda
T. maksimum 43K olur. Belo toklif olunmusdur ki, bu gofasin sixilmasi naticesinda olur.
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Hoqigaton do ReOFeAs birlogsmalorinde nadir torpaq elementlori La atomu ilo miigayisada
kicik radiusa malikdirlor vo onlar iiclin T. ohomiyyatli doracods, 50K-don boyiikdiir.
LaOFeAs birlosmasinda yliksok tozyiglorde, 29QPa qadar tozyiqgle elektrik miigavimati
Olc¢tilmiisdiir.

Miioyyon olunmusdur ki, miixtalif tozyiqlorde p(T) vo struktur faza vo ifratkeciricinin
Ty temperaturundan asililigina osason qurulmus faza diagrami, dopinglosmis LaO,_,FFeAs
(T:=26K) birlosmosinin faza diaqrami ilo oxsardir. Bu oxsarliq onunla izah oluna bilar ki,
oksigenin florla avoz olunmasi qofes parametrlorinin kigilmosino gotirir. Belo ki, x=0.05
oldugda elementar 6zayin 0.14186(nm)* hocmi doyisir vo bu zaman T.=24K olan
ifratkeciricilik alinir. Elementar 6zoyin tozyiqdon asililigina goéro hocmin bu doyismosi
~0.3QPa uygundur. Aydindir ki, oksigenin florla avaz edilmasi naticasindo hacmin dayismasi
struktur vo magnit faza kecgidino tozyiqi veo ifratkeciriciliyin yaranmasi xarici tozyiqin
tosirindon daha effektlidir. Miioyyon olunmusdur ki, tozyiq noticasindo T.-nin doyigmosi
gofes parametrlorinin doyismosi ilo olagodardir. Yiiksok tozyiglordo (P>10QPa) gofas
parametrlori vo T, LaO,,F, FeAs birlosmalorinds tozyiqdon xatti asili olaraq azalirlar.
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®OTOJIOMUHECHEHIUSA B TBEPABIX PACTBOPAX TlCa,In._ Se:

C.X. AraeBa
Hayuonanvnas Axademus Asuayuu

O cnekrpax @JI nenerupoBannoro TlinSe, u TlGaSe, cooduieno B [1-3]. B nannoii pabore
MIPUBEICHBI SKCIIEPUMEHTAIBHBIC PE3YJIbTAThl MCCIIEIOBAHUS CIIEKTpOoB Bo30yxaenus (CBJI)
u poronymunecceruu (OJI) TBepapix pactBopos TlGa, In,_..5e, coctaBoB x= 0,5;
0,6;0,7;0,8;0,9; u 1,0.

wlrr e o 100 b)

s /

100 150 28 200

£ —

Puc. 1 CnexTp n3mydeHus: TBEPABIX PACTBOPOB
TiGa, dny_, Se;0pu 85K u Ag,.; 570 um. x: 1-0,9; 2- 0,8

UccnenoBanus criektpoB Bo30yxkaeHus symuneccennnu (CBJI) u ®JI mpoBoaunuck
Ha OKCIEPUMEHTAJIbHOW ycTaHOBKe omucaHHoi B [4]. Jlna wuccnenoBanuit  Gbuin
MPUTOTOBJIEHBI 00pasibl coctaBoB x=0,6; 0,7; 0,8; 0,9; u 1,0. Tommmuon 1-2mMMm, myrHON 5-6
MM ¥ mupuHoi 5-6MM. Kpuctamisl Bo3Oyxaamuchk ceeroM u3 obmactu 300+ 700 um. [pu
B0o30OyxaeHnn u3 obsactu 380+ 600 HM B oOpasmax coctaBoB 1,0; 0,9; 0,8 maGmromaercs
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OJlHA  TOJIoCA  HU3JIY4YeHUsT C  MaKCUMyMOM
Ana=1025am  (EjZ5=1,255B) wu mnonymwmpuHOi
AE=0,309B, B3stas Ha ypoBHe 50% OT MakcuMyMma

700

usnydyenus: (puc. 1 a, 0). bbulo ycranoBieHo, 4TO =

H3MEHEHHE HHTEHCHUBHOCTH BO30YKIarOIIETO

W3JIy4eHHUS! B HECKOJIBKO IMOPSAKOB CYIIECTBEHHO HE sof ! \
BJIMSIET HA CHEKTPaIbHbIN cocTaB 1aHHON DJI . Ton

BrisBiieHo, 4ro, mpm Bo30yxIeHHM o0Opasia
cocraBa TlGa,-[n,,5e, cBeroM wu3 00JacTH

25

A 24::=400 =500 HM HAOIFOIACTCS CIOXKHBIN CIIEKTP C il

MakcuMyMamH 4,;,=960uMm (E;=1,12905B); * E o
Auzn=921HM (E;=1,3459B); A;Z1=870uM Pucynox 2. Temnepamypnas
(Es=1,4253B); Az 7=808HM (Es=1,5359B); | sasucumocmo &J1 meepobix
Anen=098,5um ( Ez =1,7759B). Ilpu BO3OYXACHUM | pacmeopos T1Ga.In,_.Ses

TEX e OO0paslOB CBETOM C An..z=000 HM, THK | Agq:5570 Hu, Aye, 1, 025 Huy x: 1-
(4535=698,5 um (E;=1,775 5B) B crieKTpe MCYE3aET. 0,9; 2-0,8

MakcumMyM CHEKTPOB BO30YKIEHUS B 000MX
COCTaBax COBIIAJAET M COOTBETCTBYET A,;,=570 HM
(EXFEE=2,1755B) c¢ mnomymumpunon AE=0,56 »5B. CMenieHue nosochl H3JIy4eHUs 110
OTHOIIIEHUIO K TI0JIoce BO30YyKIeHUs (CTOKcoBoe cmerieHue) cocrabiser AE=(0,92 3B).
Maxkcumym criekrpoB DJI, Bo30yxaaemble JTaHHOW MOJOCOW Takke ONM3KH YT APYry H
cocraBisioT it coctaBa x=0,9 A2 = 1,025 um (E;Z5°=1,1210 3B) u mis cocraBa x= 0,8
Aaen=992 um (E;Z77=1,25 5B) COOTBETCTBEHHO, YTO YKAa3blBACT HA DHEPrETHUCCKYIO H
POCTPAHCTBEHHYIO OJM30CTh IEHTPOB W3nyueHus. B kpucramnax I'lGa.ln, .Se, cocraBa
x2=0,7 nznydyeHue He HaOIIO1aeTCsl, XOTS UX CHEKTP BO30YK/IEHUSI OXBATHIBAET 00JIaCTh AJINH
BONH A...:=380 =600 HM. DTO MOXET OBITh CBSI3aHO C TEM. YTO, W3JIYYCHHE JAaHHBIX
COCTAaBOB JI)KUT BHE OOJIACTU YYBCTBUTEIBHOCTH HCHOJIb3YEMON 3KCIEPUMEHTAIBHON
yctaHoBkH (4 =1200 HM).

Ha puc. 2 npuBeneHsl TeMmIiepaTypHble 3aBUCUMOCTH HWHTEHCUMBHOCTH DJI
(A52,=1,025uM) mnst coctaBoB T1Gagelr, 4 Se, u TlGay oIng . Se,, BO30YXKITaeMBIX CBETOM
JUIMHOM BoOJHBI A3-3=570 H©HM. TemmepaTypHas 3aBUCHMOCTH uHTeHcuBHOoCcTH  DJI
HOUMHSETCS U3BeCTHOMY npasuny Morra [ 5]

1
77 =
1+C exp[— AE)
kT

rue 7 -KBaHTOBBIM BBIXO/J[ JIYMHUHCCICHCHUHU. ITomaras aro ¥ OponopHHuOHAIICH HU3MCPCHHOMY

4.1

1 3 s
CUTHAJy MOXXHO IOCTPOMTb 3aBUCHUMOCTb lg [r——l) or 10°/T mma cocraBoB x=0,9; 0,8,
Iz

HAKJIOH KOTOpOil 1aeT 3Hepruto paBHeIM E;=0,113B (x=0,9) n E,=0,225B (x=0,8 3B).
OKClepUMEHTAJIbHBIE  pPE3yJIbTaThl IO0Ka3blBalOT, 4To cnektpel CBJI u  @JI

UCCIIElyeMbIX TBEP/BbIX PACTBOPOB 00J1aJal0T HEKOTOPHIMU OCOOEHHOCTSAMH IO CPABHEHUIO C

0JOOHBIMH CIIEKTPaMU OOBIYHBIX TBEPJBIX PACTBOPOB.PaccMOTPUM 3TH OCOOEHHOCTH .
Tsepabie pactBopwl TlGa.ln,_.5e, co croponsl TlGaSe, nmpu x=1,0: 0,9 u 0,8

BO30YyXKIal0TCs cBeToM mojocoit ¢ A =570um(E"" =2,1759B) U ¢ NOXyIIMPHHON

6036 6036

AEy =0.565B HWznyuenue mnpoucxomut B obnactu, cmemeHHod ot CBJI na 0,92 9B
2

(cTokcoBoe cmemieHne) ©  uMmeer MakcumyM npu A =1025um(E;" =1,2100B) .
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HM3MeHeHHEe HMHTEHCHBHOCTH Bo36y>1<1[a}omer0 HU3JTyUdCHUSA Ha HCCKOJIBKO TIOpSAIKOB
CYILECTBEHHO HE BIIUAET Ha CIIEKTPAIIbHbIM COCTaB JAHHOTO M3JTy4EHHUS.
B xpucramnax TlGa, Iny_ . Se, coctaBa x=0,7 n x=0,6 cneKTpsl U3IIy4eHUS YCIOKH-

SIOTCSI B 3aBHCHUMOCTH OT O0JIaCTH CHEKTPOB BO30YxkIeHus; B crnekrpax PJI mosBustorcs
HECKOJIbKO MaKCUMYMOB, IOJIOKEHUE U MHTEHCUBHOCTb KOTOPBIX 3aBUCUT OT JJIMHBI BOJHBI
Bo3Oyxaenuss dJI. Temmeparypnas 3aBucuMocth @®JI MMeeT aKTHUBAIIMOHHBIA XapakTep,
MOAYMHSIOLIUICS TpaBuily MotTa.

TakuMm 00pa3oM, U3 MPUBEACHHBIX AIKCHEPUMEHTAIbHBIX (DAKTOB MOXKHO CHEJaTh
CJIEIYIOILINE BBIBOJIBL:

1. ITocrosHcTBO crektpoB CBJI m ®JI B TBepapix pacrBopax TlGa.ln,_.Se, B

obmactu x=(1,0+0,8), T.e. co croponsl T'!GaSe, B crekTpax BO30YXJICHHS W HM3JIYYCHUS

IIOKa3bIBAET, YTO JIOMHHMPYIOILYIO pOJIb B TBEPAOM pacTBope urpaer T'lGaSe,. Jpyrumu

CIOBaMU, B M3JIy4aTeIbHbIX IEPEX0Jax B JaHHBIX TBEPJBIX PACTBOpPAX B yKa3aHHOH o0OnacTu
X, coenuHenue T'lGaSe, B TBepaoMm pactBope TlGa In,__Se, urpaer poilb OCHOBHOH

matpuisl. Ha 310 ykasbiBaer Takke u TOT (akt, uro makcumym CBJI (A9 =2175B)

6030
COBIAJAeT IO BEIWYMHE C IIUPUHON 3ampenieHHoW 30HBI TlGaSe, omnpeneneHHON
pasnmuuHbIMH criocobamu: kak 1mo ®I1, Tak u Mo SKCUTOHHOMY TorJIoIeHU0 [2,6].

2. bmmzocte MmakcumymoB @JI nans  pa3HBIX COCTaBOB TBEPIBIX pPacTBOPOB
TlGa,In,_.5e, (x>0,7) BO3MOXXHO B Cilydae, KOrJa U3JIydaTelIbHbIC MePEeX0/Ibl IPOUCXOMISAT
Ha YPOBHE WJIK COBOKYITHOCTH YPOBHEH, PACIIONIOKEHHBIX SHEPTeTUYECKU OJIM3KO (BeposTHEe
BCET0 MPOCTPAHCTBEHHO) APYT APYTY U € sHeprueut akruamuu £=1,25 3B. O Hanuuum Takux
ypoBHeit B anamorax TI1GaSe,-TlInSe,c »ueprueir axtuBammu AE =09-+1,25B 1no

pesynbTaTam uccinenoBanuil cnexkrpo @JI u @II, onrTryeckoro moryIoneHUs ,IPbIKKOBON
MPOBOJIMMOCTH co00ImIanocs B [2, 6-8]. [leiicTBUTENbHO, MPU HAIMYUUA TAaKUX MPUMECHBIX
30H, IIPM HX aKTUBAallMM B M3JIydyaTeJbHBIX Iepexojax MakcumyM cnekrpa PJI Oyner
OCTaBaThCAd TOCTOSHHBIM (WJIM M3MEHATHCS HE3HAYMTEIbHO) 4YTO W HaOIoJaercs Ha
skcnepumente. Kak wu3BecTHo, mnonymupuHa crnekTpoB @DJI uccnenyembix 0OBEKTOB
cocraBisieT AE, ,, =0,565B, 4TO 3HAYUTENBHO NPEBOCXOJUT LIMPUHY NAHHOM IPUMECHOHN

3op1 AE=0,35B [3, 6] m BO BTOpBIX, M3MEHEHHE TEMIEPATyphl W3 3a OITYCTOIICHHS
MPUMECHBIX 30H [OJDKHO TIPUBECTH K pE3KOMY HU3MEHEeHHI0 crektpoB @JI, uto He
Ha0JI0/1aeTCs Ha SKCIIEPUMEHTE.

B pabore [6] oTmeuaeTcss HamuuuMe OOJBIIOTO YHUCIA COOCTBEHHBIX Je()DEKTOB B
TlGaSe, , xoTopble 00pa3ylOT XBOCT INIOTHOCTH COCTOSIHUM. Pe3ynbTarsl HacTosme paboThl

MO3BOJISIIOT CZENIaTh 3aK/II0YeHHEe 00 aBTOJIOKATM3ALUU AJIEKTPOHHBIX BO30YXKICHHM IS
HCCIEAYEMOM II0JIOCHI JIIOMHHECLECHIMU KaK B 4YHMCTBIX, TaK M B TBEPABIX pPacCTBOpax
HCCIEAYEMbIX KPUCTAIOB. Jl€MCTBUTEIBHO, HE3aBUCHUMOCTH I10JOC JIFOMUHECHEHUUU OT
MaTpullbl, OJUHAKOBBIA XOJ TEMIIEPAaTypHOI'O TYIUECHMs, MAJIOCTh BEIUYUHBI IOCTOSHHON
3aTyxaHHs, OOJIBIIOE CTOKCOBOE CMEIIEHWE M OOJbIIas IIUPUHA TOJIOCH JTIOMHUHECLEHINH
MO3BOJISIET NMPEATOI0KUTH, UTO HaOII0JaeMast JIIOMUHECLICHIINS SIBISIETCS BHYTPUIIEHTPOBBIM
U MOXET ObITh OOYCIIOBJIICHA aBTOJIOKATM30BAaHHBIMU dKcUTOHamu (AJID) wium Ha S3bIKE
quarpaMMm @Dpanka-KoHIOHa—TO 3KCUTOHHOE IOTJIOIIEHHE C IOCIEAYIOIIMM JBHKECHHEM
aTOMOB K HOBOMY DPAaBHOBECHIO. B 1OJb3y 3TOro roBOpPUT TakK€ W BBIIIOJIHEHHE IIpaBUia
Vpbaxa [9] mis kpaitnero cocraBa T!GaSe, ¢ XapakTepUCTHUECKON MOCTOSHHON O, <1 u

SHeprueil onTHuecKux (OTOHOB h @ =27m3B, ydacTByoumx B (HOPMUPOBAHHM Kpas
ONTUYECKOro moryomeHus. Kak H3BECTHO, NpU TEOPETUYECKOM OOOCHOBAHUHU IpaBUIIA
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Vpb6axa [10-11] ycnoBus J, <1 npuHHMaeTcs B KauecTBe KPUTEPHUHU aBTOOKanu3aiuu. O
HAJIMYUU KCUTOHHBIX COCTOSHUI B coeauHeHusx 1'!GaSe, uMeeTcss J0CTaTOYHO CBEICHUI

[2, 3, 4]. bonee BEeposATHO MpPEACTABIAETCS CaMO3aXxBaT IEKTPOHOB, €CIIM COCTOSIHUS 30HBI
KPUCTAJIJIOB ITPOBOJUMOCTH MMEET CMEIIEHHBIN S U d—XapakTep, 4TO MOKET UMETb MECTO U
JUTsl KpUCTajuioB, Hanpumep TlGa I, _ .. Se,. K coxanenuto HeT TaHHbIX 00 u3MepeHusx DJI

IpU TOJSPU30BAHHOM CBETE KOTOpBIE CBHJETEIHLCTBOBAIM OBl 00 OMHOTO MM pa3HBIX
COCTOSIHMI TaHHOTO LEHTPA U3IIyYECHHUS .
UccnenoBanus PII tBepumsix pactBopoB TlGa,lry_.Se, Takke yKa3plBaeT Ha

aBTOJIOKANIM3alM0 SKCUTOHOB. Kak cinemyer u3 pesynbraroB npuBeacHHbIX B [12], @Il B
kpuctaiax TlGa, Fn,_ . Se, cocraBoB x=0,9; 0,8 u 1,0 umeeT MaKCUMyM TIpH TEMIIEPATYpE,

IIpY KOTOPOM JIFOMMHECLICHIMSI 3HAYUTENbHO NOTYHIEHO. HayaibHbll y4acTOK HapacTaHUs
OII u BeposiTHOCTh TymieHus: PJI onuchIBAIOTCS OJHOM KIANOHEIMAIbHON 3aBUCUMOCTBIO.
3HaueHHEe DSHEPruM aKTUBALMM pPa3HbIX KpPUCTAUIOB TBepaoro pacreopa (x=1;0,9;0,8)
konebnercss B mpexpenax 0,11-0,22 »5B. Curnan @II mnpomopumoHaneH CUTHATY
momuHecteHuu. Crektp Bo30yxkaeHus @II coBmanmaer ¢ kpaem morjomeHus, a poct OII
MPUXOAUTCS HA 00JacTh TyIICHUs JrOMUHECHeHIH. Takum obpazom @II, Bo3Oyxaaemas B
nojocax (yHJAaMEHTAILHOTO MOTJIOUICHUsI coenuHeHnit Tumna I'lGaSe,, mosBusercs mocie

pacnana 1neHTpa, OTBeTCTBEHHOr0 3a OJI
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Gd, Sn;_, Se SISTEMININ TERMOELEKTRIK XASSOLORI

S.S. ismayilov', L.O. Quliyeva', M.S. Murquzova®
]Azarbaycan Dovlat Pedaqoji Universiteti
’AMEA Fizika institutu

Gd, Snj Se sisteminin X=0, 000; 0,005 va 0,050 torkibli monokristallarinin otaq
temperaturunda termoelektrik xassalari: termoelektrik harakat giivvasi; istilik kecirma amsali
va elektrik keciriciliyi tadqiq edilmigdir. Miiayyan olunmusdur ki, torkiblordo Gd metal
atomlart Gd, Sn;., Se sisteminin kinetik parametrlorinin dayismasina donor tipli asqar kimi
tasir edir. Alinan torkiblor kompensasiya olunmug yarumkeciricidir va tarkibds Gd-nin
miqgdarindan asili olaraq keciricilik tipinin dayismasi miisahida olunur.

Qalay selenid xalkogenidlorini miixtalif element atomlar1 ilo asqarlamagla (in, Te, Br
vo s.) onlarin elektrik aktivliyini artirmaq vo tonzimlomok miimkiindiir. Onlarin bozi
torkiblorindon termoelektrik ¢eviricilorin hazirlanmasinda istifado olunur [1, 2]. A"Y B" qrup
xalkogenidlarinin, o climladon Sn Se birlosmasini agir metal atomlari ilo agqarladiqda onlarin
termoelektrik xassolori yaxsilasir vo asqarlarin tobiotindon vo miqdarindan asili olaraq
miixtolif fiziki xassolora: yarimkegirici, dielektrik, yarimmagnit, termoelektirik xassali
materiallar oldo etmok miimkiindiir. Nadir torpaq metal asqarlar1 bu gabildondir.

Nadir torpaq metal atomlarinin istiraki ilo alinan yeni maddslor 6z spesifik fiziki
xassalori ilo farqlonirlor. Onlarin istiraki ilo olan torkiblordo kinetik parametrlorin koskin
doyismasi vo homdas kegiricilik tipinin doyismasi miisahido olunur. Buna sabab nadir torpaq
metal atomlarinin elektron qurulusunda olan daxili 4f saviyyslorinde miitoharrik elektronlarin
olmasidir [3].

Bu soviyyados olan elektronlarin asanligla f—d—s kec¢idini yaradmasi hesabina onlarin
valentliyi doyisir ki, bu da kinetik parametrlorin doyigsmosino koskin tasir gostorir. Sn Se
birlosmasino ovozetmsa iisulu ilo daxil etdiyiniz Gd metal atomlar1 da bu gobildondir vo
onlarin tadqiqi maraq kasb edir. Bu gostarilonlori nozors alaraq Gd metalr ilo asqarlanmis Gdy
Sn;_x Se sistem bark mohlullarinin termoelektrik xassalori todqiq edilmisdir.

Tacriibonin aparilmasi

Gd, Sn;_, Se sistem azintilorindan x=0,000; 0,005 va 0,050 torkibli niimunalari sintez
edilmis vo sonradan xiisusi ampulalara doldurularaq onlarin istigamatlonmis orimo zonasi
tisulu ilo monokristallar1 alinmigdir. Torkiblordo homogenlik yaratmaq {iciin onlar iifiiqi
voziyyatdo qizdirict icorisine yerlosdirilmis vo T=620K temperaturunda =240 saat
saxlanilmisdir. Bundan sonra niimunslorin fiziki — kimyovi analizi, rentgenoqrafiq, DTA —i
apartlmigdir. Analiz niimunalorin verilmis stexiometrik torkibloro uygun oldugunu
gostormisdir. Torkiblorin parametrlori kompensasiya iisulu ilo Ol¢iilmiis vo tocriibado
buraxilan xatalar 4,6%-dan ¢ox olmamisdir.

Tacriibanin analizi

Alinmis torkiblarin otaq temperaturunda termoelektrik xassalari: termoelektrik harokot
qlivvosi - £, istilik keciriciliyi-y, elektrik keciriciliyi tocritbada 6l¢iilmiis vo analiz edilmisdir.

Torkiblor haqqinda daha genis molumat oldo etmok {iciin onlarin Holl omsallari
Olciilmiis vo ylikdasiyicilarin  konsentrasiyasi-p; Holl yiiriikliiyii toyin edilmisdir. Otaq
temperaturunda alinan giymatlor cadvalds verilmisdir.
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Tarkiblor R P (n) o U £ 107 y
(sm’/ Kl Sm™ (omsm)! | Sm*VS (mkv/k) | (vt/sm k)

x=0,000 2,105 3x10™ 76 160 405 18,7

x=0,005 9,88 0,63x10" 5,43 54 297 16,21

x=0,050 13,42 0,50x10™ 3,28 44 219 14,97

Buradan goriindiiyti  kimi torkiblordo Gd metalinin  miqdarindan asili  olaraq
yiikdasiyicilarin konsentrasiyasi vo Holl yiiriikliiyli kaskin doyisir vo azalir. Bu iki parametrin
eyni zamanda azalmasi onu gostorir ki, torkiblordo Gd metal atomlarinin Konsentrasiyasi
artdigca lon rabitonin faiz nisbati artir. Bu sabobdon torkiblorin elektrik kegiriciliyi koskin
azalir. Digor torofdon codvoldon goriindiiyii kimi torkiblordo Gd metal atomlarinin
konsentrasiyasi artdigca onlarin istilik ke¢irma omsalinin qiymati azalir. Bu iso torkiblorda
Gd metal atomlarinin miqdarina uygun olava sopilmo markozlorinin yaranmasi hesabina
imumu istilikkecirma amsalinin azalmasi kimi izah olunur. Holl amsalinin va termoelektrik
harakat qilivvasinin qiymatlorindon va isaralorindon goriindiiyii kimi, torkiblordo Gd metalinin
miqgdarinin artmasina miitonasib olaraq torkiblords olan defektlorin konsentrasiyasi azalir. Bu
sobabdon Holl omsalinin qiymoti artir. Digor torofdon torkiblor kompensasiya olunmus
yarimkegiricilor oldugundan onlarin iimumi termoelektrik horokot qiivvasinin qgiymati
nisbaton kicikdir. X=0,050 torkibli niimunado iso Holl amsalinin va termoelektrik horokot
qlivvosinin giymatlori isarasinin miisbotdon monfiys doyisir. Bu iso alinan torkibin tam
kompensasiya olunmus yarimkegirici oldugunu gostarir.
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Gd Sn Se, BIRLOSMOSIND® HOLL YURUKLUYU
VO TERMOMAQNIT XASSOLORI

N.T. Movsiimlii, R.F. Mommodova, C.I. Hiiseynov
Azarbaycan Dovlat Pedaqoji Universiteti

Moaqalado Gd SnSe, birlogsmasinin termomagnit xassalorinin va Holl yiiriikliiyiiniin
tocriibadon alinmig  qiymotlorinin  alinmis giymatlorinin analizi  verilmigdir. Miiayyan
olunmusdur ki, bu birlasmanin termo e.h.q-nin giymotinin dayismasina magnit sahasi nazara
carpacaq doracada tasir gostarir. Enina va uzununa Nernst—Ettings—Qauzen effektlori geyri
adi dayisir va bu dayisma fononlarin rezonans markazlardon sapilmasi ila izah edilir.

Son zamanlar nadir torpaq metallarimin (NTM ) istiraki ilo yiiksok termoelektrik

effektliliyino malik yeni materiallarin alinmasina maraq xeyli artmisdir. Daha c¢ox
xalkogenidlo qrupunun NTM istiraki ilo olan ¢oxkomponentli miirokkab birlosma vo onlarin
bark mohsullarinin ~ alinmasina vo  todqigine  digget  xeyli  artmisdir  [1].
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LnX —Ln,X; (Ln,X,) xalkogenidlor qrup birlosmo vo bork mohlullarimin ¢ox genis

konsentrasiya intervalindan idaro olunmas: bu sahodo aparilan todqiqat islorini xeyli
artirmigdi [2,3]. Burada Ln —lantanoid X —xalkogen qrup elementloridir.
Toqdim olunan isdo SnSe —Gd Se sistemindo birin-biro nisbatinds alinan Gd Sn Se,

birlosmasinin tadqigindon alinan naticolorin  qisa xiilasasi  verilmisdir. Bu sistemin
fiziki-kimyovi todqiqi [3] miuslliflor toersfindon aparilmigdir vo miioyyon olunmusdur ki,

Gd Sn Se, birlogmasi sinquniyada kristallagir. Orima temperaturu 8755 -dir.

Fiziki, elektrofiziki parametrlori iso tam Oyronilmomisdir. Gd —metali 4f’ 5d' 6s>
elektron konfiqurasiyasina malikdir vo ionluq radiusu 1,11 A tortibindadir. Gd —metalinin

istirak1 ilo olan xalkogenik qrupundan yeni tip vo yiiksok temperaturlarda isloys bilon
termogenerator materiallarinin alinmasi gozlonilir. Ona gora bu silsilodon olan birlosma va
bork materiallarin dyronilmosi maraq kosb edir. Binarx xalkogenidlori 3-cii komponentlo
askarlamagla dahya genis vo gabaqcadan nazords tutulmus xassoya malik yeni material almaq
imkan1 yaradir.

Tacriibanin aparilmasi
GdSnSe,-birlogsmasi kristallasdigr zaman T=780°C temperaturunda pargalandigi iiciin
preslonma iisulu ilo alinmisdir. Preslomo 2 morhalods aparilmisdir. Madds avvalca sintez
edilmis vo sonra azarok toz halina gotirilmisdir vo bundan sonra toz halina gotirilmis madds
kq

2
sm

presformaya doldurulmus vo p=75-10° tozyiq altinda 5 dogiqo saxlanilmugdir. ikinci

morholads iso temperaturu T=390°C olan presformada p=7,5-103k—qztezyiq altinda 5
sm
dogige saxlamildigdan sonra c¢ixarilmigdir. Niimunado tam homogenlik yaratmaq iiciin
yenidon ampulaya yerlosdirilmis vo vakuum yaradildigdan sonra iifiiqi voziyyatdo qizdirici
icarising yerlosdirilmisdir. Temperaturu 620°C olan qizdiricida t=140 saat saxlandigdan sonra
cixaritlmigdir. Niimunonin retgenoqrafik vo DTA aparilmis vo miioyyon olunmusdur ki,
birlosma ¢ox kicik bir Sn-elementinin ¢catismamazlig ilo kristallasir.
Niimunonin termoelektrik xassolori vo yiikdasiyicilarin konsentrasiyast vo Holl
yiiriiklilyii toyin edilmisdir. Olgmolor miitloq stasionar rejimdo kompensasiya iisulu ilo
aparilmisdir. Olgmolar zamani buraxilan xatalar 4,2%-don ¢cox olmamigdir.

Tacriibadan alinan giymatlarin analizi
Tacriibalor T=300+680K temperatur intervalinda aparilmisdir. GdSnSe, birlogsmasinin
elektrik keciriciliyi —o; termo e.h.g-a; istilik kecirmo omsali —y; Holl omsali —-R, vo
yiikdastyicilarin konsentrasiyast — n vo Holl yiiriikliiliiyli hesablanmisdir. Bozi parametrlorin
otaq temperaturundaki gqiymatlori cadvalds verilmisdir.
Cadval T-300

Torkibl R oomsm p U o Y A Adalo Ap/p
ar ( sm’/kl ) ! ( sm ) sm*/V-S  mkv/k vt/smk o % 0
GdSnS  -12,58 5,786 4,97-10 72,8 -232 16,7 35 73,5 98
e 2,0105 76 17 160 405 18,7

p-SnSe 12é16']0

Holl amsalinin va termo e.h.q.-nin isaralorindon miisyyan olunmusdur ki, GdSnSe,
birlogsmasi n- tip keciriciliya malikdir.
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Miioyyoan olunmusdur ki, GdSnSe, birlosmasinin termomaqnit effektlorino (uzununa:
Ao=a(H)- a(0): Ao/a0 vo enino €, =-Q,, - H iX) magqnit sahasinin intensivliyi kaskin tasir
X

gostarir. Cadvoldon goriindiiyti kimi T=300K temperaturda Aa/a0=15%; & =19,2% va
maqnit miigavimatinin giymoati 1s9  9,8% doyismisdir. (Ap/0,098). Tokco maqnit
miiqavimotinin miisahido olunmasi1 GdSnSe, birlogsmoasinin energetik zona qurulusunun
miirokkob oldugunu gostarir. Yiikdasiyicilarin Holl yiirtikliiliiytiniin — u(¢) vo termo.e.h.q.-nin
temperatur asililiglarinin - o(t) analizi  gostorir ki, Holl Xﬁrﬁklﬁlﬁyﬁ T=(300+380)K
temperaturda UX~TO’4 ganunu ilo, T=(380+540)K-do Ux~ TV vo T>550-do iso UX~T'2’7
ganunu ilo dayisir. Termo.e.h.q-nin giymati miitloq giymotca T=(480+530)K temperatur
intervalinda maksimumdan kecgorok azalir. Miioyyon olunmusdur ki, yiikdasiyicilar asason
neytral asqar atomlarindan vo nodqtovi defektlordon, T>550K temperaturunda isa geyri-polyar
optik fononlardan sopilmasi {istiinliik togkil edir. Enina Nernst-Ettingsqauzen omsalinin
giymati (€,) T=380K temperaturunda igarasini manfidon miisbata dayisir. Uzununa vo enind
N-E effektlorinin geyri adi doyismasi vo hom do magnit miigavimatinin (Ap/p0) miisahids
olunmasi tokco energetik zona qurulusunun miirokkob oldugunu vo hom do keciricilikdo
“agir” vo “yiingiil” elektronlarin istirak etdiyini gostarir.

Beloliklo, aparilan tocriibalor gostorir ki, GdSnSe, birlosmasindo fononlarin
fononlardan sopilmo mexanizmi miirokkob olmasi ilo yanas1 yilikdasiyicilarin uzununa
akustik-optik fononlardan sopilmasini valent zonasinin miirokkab qurulusu il slagalondirmok
olar.
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Ce METALI ILO ASQARLANMIS Dy; Sn Ses KRISTALININ TERMOELEKTRIK
XASSOLORI

M.I. Murquzov, C.I. Hiiseynov, G.E. Mommodova
Azarbaycan Dovlat Pedaqoji Universiteti

Moagalada Ce metal atomlart ilo agsqarlanmig Dy, Sn Sey <Ce>, birlogmasinin
termoelektrik xassalorinin tacriibadon alinmis naticalarinin  qisa Xxiilasasi verilmisdir.
Miiayyan olunmusdur ki, Dy, Sn Se4 birlasmasina Ce metal asqar atomlart daxil etdikds onun
elektrik keciriciliyi (o) artir. x=0,002 at%-li niimunasindon o-nin giymati ~29%,; x=0,005%
daxil etdikds isa 2,6 dafs artir. Yiikdastyicilarin aktiviasma enerjisi isa Ce metal atomlarinin
miqgdart artdigca azalma miisahida olunur. Miiayyan olunmusdur ki, torkiblorda Ce metal
atomlarimin migdarindan asili olaraq miixtalif temperaturda elektrik keciriciliyi mexanizmi
isarasinin miisbatdan manfiya dayisir.

Molumdur ki, elektronikanin indiki inkisafin1 6doys bilon yeni, miirokkob vo ¢ox
komponentli yarimkecirici materiallarin alinmasi vo dyronilmasini tolob edir. Belo materiallar
sirasina A'VBY! grup birlogsmalari asasinda va tarkiblorinds nadir torpaq metallar1 (NTM) olan
torkiblori gostormok olar. NTM-nin istiraki ilo olan bir ¢ox torkiblor miixtalif nov

149



Fizikanin miasir problemlori VII Respublika konfransi

termoelektrik c¢evricilorin hazirlanmasinda istifads olunur [1,2]. AVBY qrup birlogsmalarinin
NTM atomlar ilo askarladigda komponentlarin fiziki tobistindon asili olaraq bir sira xassalor:
termoelektrik, termomaqnit, liilminofor, dielektrik vo s. miisahido olunur. Buna sabob NTM
atomlarinin daxili elektron qurulusunda 4 f- orbitasinda olan elektronlarin miitoharrik
olmasidir [2]. 4 f soviyyasindo olan elektronlar asanligla balaca f—d—s kecidini eds bilir.
5d6s soviyyealorindo olan elektronlar kimyovi rabitoys vo torkibin kinetik xassoalorini
doyismasina tosir eda bilir. Xiisusi halda, fiziki xassonin dayismosi, kimyavi rabitodo hom s
vo hom do d, f, p elektronlarinin da istirak etdiyi miioyyon edilmisdir. Basqa sozlo NTM
atomlarinin elektron qurulusunda olan 4f- soviyyosindo olan aktiv elektronlar hesabina
onlarin valentliyi doyisir vo bu elementlorin istiraki ilo olan torkiblori fiziki xassolorinin
Oyronilmasi maraq kosb edir. Bu istigamotdo aparilan todqiqat islorindon miioyyon
olunmusdur ki, NTM-nin istiraki ilo olan ¢cox komponentli torkiblorin dyronilmasi prosesi bir
sira yeni yarimkecirici maddslorin alinmasi isini stimullasdirir. Bu gostorilonlori asas tutaraq
NTM-nin istiraki ilo olan Dy, Sn Se4 birlosmasini vo onun Ce metal atomlari ilo asqarlanmis
torkiblarindo termoelektrik xassalori 6yronilmis vo alinan naticalarin qisa xiilasasi verilmisdir.

Tacriibanin aparilmasi

Qeyd edok ki, Dy,SnSe4 birlosmasi SnSe-Dy,Ses sistemindo 1:1-9 nisbatinds alinir.
Bu birlogsmanin fiziki kimyavi xassalarin [2,3] miialliflori torafindon dyronilmisdir. Miioyyon
olunmusdur ki, Dy,SnSe4 birlosmasi heqsaqonal qurulusda kristallagir vo p-tip keciriciliya

3

malikdir. Parametrlori: a=12,8; c=14,62 AO, sixlig isa 6,55 Sq tortibindadir.
m

Dy,SnSe, birlogsmasi kristallagdigi zaman T=785C temperaturunda parcalanma basg
verdiyindon o presloms iisulu ilo alinmisdir. Maddo avvalcs sintez edilmis vo bundan sonra
ozilarak toz halina salinmigdir. Bundan sonra iki morhalods presloms iisulu ilo alinmisdir.

Birinci morhoalada: presformaya doldurulmus va 1):7,5-1()3S]:n—q2 tozyiq altinda 5 doagiqo

kq

sm’
tozyiq altinda 5 doqiqo saxlanildigdan sonra ¢ixarilmisdir. Qeyd edak ki, Ce metal atomlari
x=0,005 vo 0, 010 at% birlogsmoasini sintez etmoazdon gabaq daxil edilmisdir. Niimunalordo
homogenlik yaratmaq {iclin onlar yenidon ampulalara qoyulmus vo vakuum yaradildigdan
sonra lifiiqi voziyyoatdo, temperaturu 620°C olan qizdiricr igarising yerlosdirilmisdir. t= 240
saat saxladigdan sonra ¢ixarilmigdir.

Niimunolora fiziki-kimyovi analizi: rentgenoqrafik, DTA edilmis vo alinan
niimunolorin  verilmis stexiomentrik torkibloro uygun oldugu miioyyon edilmisdir.
Niimunolorin termoelektrik parametrlori miitloq stasionar rejimdo kompensasiya iisulu
olgiilorok hesablanmisdir. Olgmalor zamami buraxilan xatalar 4,6%-dan ¢ox olmamisdir.

saxlanilmisdir. ikinci morholodo temperaturu 390°C olan presformada p=5,4-10

Almman giymatlarin analizi
Alinmig torkiblor hagqinda genis molumat oldo etmok {i¢iin onlarin otaq
temperaturunda kinetik parametrlori dl¢iilorak hesablanmis va cadvalda gostorilmisdir.
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Cadval T-300 k
Torkiblor R o n U A X X
( sm’/kl ) (om-sm )3 ( sm ) sm*/V-S  mkv/k  vi/smk vt/sm-k

x=0,000 -59,4 0,14 1,1-10"7 6,83 -15 16,0-107°  1,103-10

x=0,005 -52,3 0,72 1,2:10"7 3,80 28 16,2:107° 6

x=0,010 -44,6 1,64 1,4-107 73,0 -33 16,810 53107
12,05-10°
6

Cadvaldon goriindiiyii kimi torkiblordo Ce metal atomlarinin miqdar: artdiqca onlarin
elektrik kegiriciliyi artir. Termo e.h.q (o) giymoti 2 dofo yiikdasiyicilarin konsentrasiyasi;
x=0,005 torkibli niimunado 1,2-10", x=0,010 torkibli niimunavi iso 1,4:10"” sm™ olmusdur.
Umumi istilik kecirmo omsalinin giymoti iso 5% artmisdir. Adoton maddoys asqar kimi agir
metal atomlar1 daxil etdikdo yaranan olavo sopilmo mexanizmi hesabina timumi istilik
kecirmo oamsali azalmali idi. Lakin biz oksini miisahido etdiyimizdon belo bir natico c¢ixarilir
ki, asqar kimi daxil etdiyimiz Ce metal atomlar1 ilk ndvbado Dy,SnSe, kristalinda movcud
olan vakant morkozlorini tutur. Bu sobobdon niimunalorin elektrik va istilik keciriciliyi
yaxsilasir. Dy,SnSes birlosmosindon onun Ce=0,005 at%-li ilo asqarlanmis niimunado
Ac=0,0014-don 0,0054-2 goder, yoni 29%; x=0,010 at%-li niimunads iso 2,6 dofo artim
miisahids olunur. Asqar kegiriciliyi oblastinda yiikdastyicilarin aktivlosma enerjisi Dy,SnSey
birlosmosindo Ag,~0,5 eV; x;=0,005 torkibli niimunada (Ag,); =0,32eV; x=0,010 torkibli
nimunado 180 (Ag)»=0,29¢eV qiymoati almisdir. Burada goriindiiyii kimi Dy>SnSey
birlosmasindon onun Ce atomlar ilo asqarlanmis torkiblorino kecdikdo yiik dasiyicilarin
aktivlosmo enerjisinin qiymati azalir. Torkiblordo maqgnit miigavimati Ce metal atomlarinin
miqdarindan asili olaraq T=(400+475)K temperaturunda isarasini miisbatdon manfiys doyisir.
Bu iso sopilmo mexanizminin doyismasi ilo slagadardir.
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ONTUYECKHUE CBOMCTBA NOHOKPUCTAJIOB Cd_Hg, .T,(0,19 < x <0,35)

I'.C. Cengan, “ H. M. Illykiopos
Aszepbatiodcanckuii Uncmumym Yuumeneii

* Azepbatioscanckuii Texnuueckutl Ynusepcumem

Cmambs nocesaujena Kk IKCHEPUMEHMONBHYIO UCCIE008AHUI0 CREKMPbL NO2IOUeHUs
kpucmannos Cd Hg, T, 6 ouanasone onun 6onn 2+15 mxm. Yemanoeneno, umo ¢ pocmom

ONUHBL  BOJIHLL NAdAOWe20 Ha obpaszey uiyuenus KoIQhuyueHm no2iouweHus pes3Ko
YMeHwjaems, a ¢ poCmoM memnepamypul 3agucumocms Q(A) cmewaemesi 6 cmopony 6oiee

KOpOMKUX —~ OMUH  BOAH.  DKCHEPUMEHMANbHO — NOOMBEPHCOeHA  NPeOnonodHCeHue o
CYWecmeo8anul NpUMeCcHo20 YpoGHs 6 3anpeujeHHol 30He monokpucmannos Cd Hg, T,.

chanoeﬂeﬂo, umo ¢ pocmom X uwupuya 3anpeu;eHHOﬁ 30HblL 6 U3y4aembvblx 06pa3uax
yeeaudueaemcst qbaxmuttecxu JUHEHO.

OnHUM M3 HAJEKHBIX METOJOB Ui OmpeneneHus (yHIaMEHTAIbHBIX MapaMeTpoB
MOJIYIIPOBOJIHUKOBBIX MaTepUAlOB M BBIIBICHHUS OCOOEHHOCTEH 3JEKTPOHHBIX MPOIIECCOB,
HETOCPEJCTBEHHO CBSI3aHHBIX CO CIIEU(HUKON 30HHOU CTPYKTYpPBI B HUX, SBJISIETCS U3yUCHHE
UX oNnTUYecKuX cBOUCTB. C 1eNbI0 HAaKOIUICHUsI MHPOPMAIUH O MIUPUHE 3alpelieHHON 30HbI
U €€ TeMIlepaTypHOH 3aBUCUMOCTH, a TaKXe O THIE DJJIEKTPOHHBIX IIEPEXOJ0B B

moHokpucrtaynax  Cd Hg, T, (0,19 <x<0,35) Hamu 5KCIIEPMMEHTAJILHO MCCIIEJOBAHBI

CIICKTPBI MOTJIOIICHHUA 3TUX MATCPUAJIOB B JHUAIIA30HC JIMH BOJIH 2+15 MkMm Ha YCTaHOBKC,

0JIOK-cXeMa KOTOpOH Ipe/icTaBiieHa Ha puc 1.
|

K3-&
Kon-4

Puc -1. Biiok — cxema ycTaHOBKH JJIsl UCCIIEJOBAHMSI CIIEKTPOB
norsomeHus 1 apdexra Dapanes

DKCrepuMEHTaIbHAs YCTaHOBKa coOpaHO Ha 0a3e MOHOXpomaropa 2, HMEIOIIETro
Ha0Oop MPHU3M, YTO MO3BOJISIET IPOBOIUTH U3MEpeHHUsI B 00acTu JyH BoJH OT 0,2 10 50 MKM.
B kauectBe ncrounuka MK — uznydenus ucnonszyercs riodap ( I'JI), muraromeiics ot 010ka
(BIT) nuranus, KoTopkIi BKItOYaN B ceds crabunuzatop HanpspkeHus C — 09 u BeIIpAMUTETH
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BCA-5. H3nydenue riiobopa HampaBisieTcs Ha BXOJHYIO IIeJIb MOHOXpoMaTtopa SPM-2.
Beixonsmuii ¥3 MOHOXpOMAaropa CBETOBOM IIOTOK COOMpaeTcss BOTHYTOM JIMH30M |
doxycupyercs Ha MPUEMHYIO IJIOMAAKY UCCIEIyeMOro o0pasiia, KOTOPhI YCTaHOBJICH Ha
XJIQIONPOBOJIE a30THOrO KpuoctaTta. B KkadecTBe BXOAHONO OKHA HCIOJIb3YETCS
HEMPOCBETJICHHBI TIepMaHWid, oOOecreunBaImUii B paboyeM Juamna3zoHe JUIMH BOJH
nponyckanue 50%.

Kpuocrar ¢ o0pa3noM ycTaHaBIMBaeTCs Ha CIEMUATBHOM CTOJIMKE, MO3BOJISIFOIIEM
nepemMeniatb €ro INpu IMOMOIIM MHUKPOMETPUYECKMX BHHTOB B [JIBYX B3aUMHO —
MEePHNEHIUKYISIPHBIX HAIPABIEHUSAX U IO BBICOTE, YTO IMO3BOJISIET MPOU3BECTU TOUYHYIO
(bOoKyCcUpOBKY M3JIydeHUs Ha oOpasen. TouyHOCTh (POKYCHUPOBKY HAaMH KOHTPOJIUPOBAJIACh M0
MakcuMyMy (oTocHrHama W3IIydeHHUe, MpoIle/nee depe3 oOpazell W BBIXOJHOE OKHO
KpHUOCTaTa MPOMOAYIUPYETCS C MOMOLIBI0 MEXaHUYECKOr0 MOAYJISATOPA, MPEACTABIISIONINI
co0Oif OHCK C Tpope3amu, YCTAaHOBIEHHBIM Ha ocu anekTpoasydarens (D/]).Uacrora
Moayssinuu coctaisier 800 ['m. IIpoMonenupoBaHHBIM CBETOBOM MOTOK HAMpPaBiIsETCs Ha
BxonHOe OKkHO (Qorompuemuuka (P@II), B KadecTBe KOTOPOrO  HCIIOJIH30BAJICS
¢doropesuctuBHblil npueMHuk Cd Hg, T, , 4yBCTBUTEIbHBIN B 00JacTU criekTpa 6-16 MKM.

Curnan caumaemsbiii ¢ ¢otonpuemnanka (PII), mocme npenapurensHoro ycuienus (I1Y)
10/1aBaJICsl Ha CUHXPOHHBIA nerexkrop (K3-2), mo3Bossiromuii perucTUpoBaTh CUTHANbI Ha
camonuiie (KCII-4). B kadecTBe maruumka ONMOPHOTO CUTHaja CIyXUT (otoamonsl (DJI) c
nammon (JI), yKpeluieHHbII Ha MOAYJISITOPE U YCUIIUTEIIb OTPAHUYUTEID.

[Ipu wucnogoBanuu ¢apageeBCKOro BpalleHHs OOYCIOBICHHBIX CBOOOJAHBIMU
HOCHUTEISIMU 3apsana B MOHOKpHCTaIax TBEPAbIX pacTBOpoOB

Cd Hg, T, (030<x<0,35)non BO3NEHCTBHEM  CHJBHOIO  JJIEKTPUYECKOTO  IIOJIA.

OYHKIIMOHATBHBIE BO3MOXKHOCTH HW3MEPUTEIBHON YCTAaHOBKM OBUIM PACIIMPEHBI TyTEeM
HpI/IMeHGHI/I}I B HEM SHCKTpOMaFHI/ITa, MG)K,Z[y 33_30paMI/I KOTOpOFO IIoMemaJicsi a30THBIM
KpHOCTAaT C uccleayemMbiM oOpasiom. [lose marHuTa, mpu moMomu ero OJOoKa MUTaHUs,
COCTOAIIETO0 W3 TpaHchopMaTropa ¥ BBIIPIMUTENST C EMKOCTHBIMU  «(UIBTPaAMU»,
3HAYUTCIIbHO CHHXABIIINMHAU KOJIG63_HI/I$I TOKa B LICIIN, Bap’bI/IpOBa.HI/IC’b HpaKTI/I‘-IeCKI/I oT 0 0
1,0 Tn.. A snexkTpudecKoe moJie, MpuKIaabBacMoe K 00pa3iioM, U3MEHSIIOCh, PaKTUUECKH, OT

0 10 5-10°B/CM . B kadecTBe MOJISAPU3ATOPA U AHATH3ATOPA MPUMEHAIINCH TOISIPH3ATOPHI
HUK-m3nydaenuss MJIP-1, umeromue xoddpduument nonspuzaumu 95%. B xauectBe MK-
M3JIy4eHHUs Ucnorb3oBaMch Jyazep JII-74 , pabGoraromero B HENPEPHIBHOM PEKHUME C
JUTHHOM BOJIHEI 10,6 MKM.

Tonmmuua wuccnegoBaBiuecss o00pa3noB cocrtaBmsuia  150+200 MxM.  YuuTbeiBas
MHOTOKPaTHO€ OTpPaKEHUs CBeTa OT 33JAHEW U TMepelHOW MOBEPXHOCTH O0pa3LoB,
KodpduuueHT noriouieHus (¢ ) onponensuics no Gopmyne [1]:

)

rae R- koaddunuent orpaxenus, d -TonmmHa obpasia, & -Kod()QPUIMEHT MOTJIONICHUS.
Ucnonwszyembie 3HadeHuss kodpdunumenta otpaxenus R=0,3 Opammce Ha [2] B
MPEeNNnoNIoKeHn, 4To R ToCcTOsHEH BO Bced wu3MepseMoil o00JacTh JJIMH BOJIH U
temnepatypsl (2-+-15mkm u T=80-+300k).

Ha Bcex wuccienyeMbIx KpuCTallax IMPOBEACHO H3MEPEHUE 3aBUCHUMOCTH
K03 (HUIMEHTA TIOTJIONIEHHUS OT JTHHBI BOJIHBI M3ydeHust a(A) (puc2)
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Puc 2. 3aBucuMocTs (¥ OT JUIMHBI BOJIHBI AJAIOIIET0 U3Iy4Y€HUS] B MOHOKPHUCTAIIAX.
Cd Hg, T, x:12-0,19; 3,4-0,24; 5,6-0,30; 7,8-0,35.T K: 1,3,5,7-80; 2.4,6,8-300

B pesynbraTe OBUIO YCTaHOBIIEHO, YTO C POCTOM JUIMHBI BOJIHBI IOJAIOUIETO HA
oOpazerny wu3nmydeHHss KOI((UIMEHT TOIJIOMICHUS PEe3KO YMEHBINAeTcs, a C POCTOM
TEMITEPaTyphl 3aBUCUMOCTh Q(A) CMelaercs B CTOPOHY 0Oosiee KOPOTKUX JUIMH BojH. C

yBenmdeHueMm cocraBa  oT x=0,19 no x=0,30 B monokpucramnax Cd _Hg, T, 3a kpaem

COOCTBEHHOT'0 MOTJIOUICHHS] HAOMI0aeTCsl JOMOIHUTENbHBIE «MAaKCUMYMbI», TOCJE YEro o
YMEHbBILIACTCS C HM3MEHEHHWEeM JUIMHBI BOJIHBL JlanbHeiimiee yBenuueHue A TMPUBOAUT K
cmabomy pocty . C poctoM X 0oiee SipKO BBIPAXKAIOTCS TOTOTHUTEIbHBIE MAKCUMYMBI U
Y4acTOK CJIA00T0 YBEIMYEHHUS ¢ C POCTOM JUIMHBI BOJHBL C yBEIMUYEHUEM TEMIIEpaTyphl B
obmactn T=80+300K monoiHHUTENbHbIE MAaKCHMyMBbl HE MEHSIOT CBOE MECTOIOJIOXKECHHE
OTHOCHUTENILHO Kpass COOCTBEHHOTO TIIOTJIOIICHUS, a TOJBKO MEHSIOT CBOH BHJ, 4YTO
MOATBEP)KIAeT Halle TMPENOoJIO)KeHHEe O CYIIECTBOBAHMM IPUMECHOIO YpPOBHS B
3alpenIeHHON 30H€ JTUX MOHOKpUCTALIOB. Kpome TOro, onTuyeckue H3MEPEHUs,
nmpoBoaUMBIE B oOpasznax c¢ x> 0,24, mokaszanu, 4to B oOjacTu jiuH BoiaH 10+15 Mkm
HaunHas ¢ 10 MKM, MOTIIONIEHWE MOJAIOIIETO HW3IyYEHUs MPOWCXOMUT B OCHOBHOM Ha
CcBOOOHBIX HOcUTeNsX 3apsaa. [Ipu aTtom Ha ocHOBe popmyi [3] BeunciaeHo 3¢ heKTUBHOE
ceyeHue 3axBara GoToHOB (G, ):

Ge =" @)

Jlnst m3ydaembIx oOpas3lioB B 00JIacTH, JJIMH BOJMH  6+15 MKM UIsi pasiIdyHBIX

coctaoB  (G,) wu3MeHsnacb B uHTepBane  (6+15) MKM i pasiM4HBIX

cocTaBoB (G, ) u3MeHsu1ach B uHTepBane (1+9) 10 5em™

C usmenenunem temneparypst oT 300 no 80 K Bennuuna (G,) yMeHbIIAETCA, YTO IIO-

BI/II[I/IMOMy, CBSI3aHO C ITOHUXKCHUEM KOHI.[CHTpaI_[I/II/I HOCI/ITGJIGI;'I 3ap51;[a 1 BKJIAJIbI q)OHOHHOFO
paccesinus [4].

B oGnacTu mpuMecHOTo MOTJIOMIEHUs B Pa3IMYHBIX COCTAaBaX M3MEHEHHUE (X MOYKHO
MHTEPIPETHPOBATH KaK 00YCIOBIECHHBIE MIEPEX0IaMH HOCUTENEH C TIIyOOKHUX YPOBHEH B 30HY
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npoBoguMocTH. OO 3TOM CBHICTENBCTBYET M pE3yJAbTaTbl, IOJyYEHHbIE HaMU U3
TEMIIEPaTyPHBIX 3aBHCHMOCTE BpPEMEHHM J>KM3HM HEOCHOBHBIX HOCHTENCH 3apsia U Ha
CIEKTPAIBHBIX 3aBUCUMOCTEH QorompoBoauMocTd. Ha OCHOBE COBOKYITHOCTH 3THX
HKCIIEPUMEHTAIBHBIX PE3YJIbTATOB HAMH IIOCTPOCHBI IIMPHHBI 3alIPELICHHON 30HBI U DHEPTHH
MOHU3alMU ITyOOKHX NMPUMECHBIX YpoBHEH (E,;) oT cocTtaBa oOpasua (puc3).

0,6 |

.

1 a4
Eg,0EL

021

i b
02 a3 : 0l

N ==

Puc 3. 3apucumocts E, (xkpasas) u E; (xpusas 2) ot conepxanns CdT, B pactsope npn T=80k.

Y CTaHOBIIEHO YTO C POCTOM X IIHMPHHA 3alPEIIEHHOW 30HBI B U3y4aeMBbIX 00pasmax
yBEIMUMBACTCS (PAKTUUYSCKU JTMHEHHO. DTOT BBIBOJI XOPOIIO COBIAJAET C COOTBETCTBYIOIINM
BBIBOJZIOM, cenaHHbiM B pabote [4]. Ilpm atom Bcerma B obpasmax C 0,19 <x<0,35

1
E, ZEEg .C yBemnuenueM coxepxkanusa C,T, B pacTBOpe 3Ta 3aKOHOMEPHOCTb HE

BBIIIONIHAETCS. ABTOpaMu paboT [5] ycTaHOBiIeHO Hanuuue B MoHokpuctamnax Cd Hg, T,

MEJIKMX aKIENTOPHBIX YPOBHEH ¢ SHepruedl moHuzamuu 5-+7MDOB a Takxke ypoBHEH c
CyMMapHOW DJHEprueil WMOHHW3alMU JOHOpPOB U aknentopoB 18+20MDB [6]. Ha
CYIIECTBOBAHHE TIIYOOKHX YPOBHEW B 3allpeIleHHON 30HE yKa3bIBAJIOCH TaKke B pabdore [7].
ITpu 3TOM aBTOPHI PabOT [7] NPHUILLIM K BBIBOAY, YTO B TBEpAbIX pactBopax Cd Hg, T, mn-u

p-THIIa NPOBOAMMOCTH MMEETCs 1Ba IIyOOKUX YpoBHs, oTcrosiux Ha 1/2E, u 3/4E, or

IIOTOJIKA BaHeHTHOﬁ 30HBEI. O,Z[HaKO cne;[yeT OTMETHUTH, UTO B 3TUX pa60Tax HUCCJICO0BAJINCH
obpasier ¢ coctaoM 0,20 < x <0,25. Ilomydennple Hamm s coctaBoB x < 0,35

HKCIEPUMEHTAIbHBIE 3HAYEHUS C BBHICOKOH TOYHOCTBIO COTJIACYETCS C pe3yiabTaraMu padoT
[8].
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Yb METAL iLO ASQARLANMIS PbSe KRiSTALLARININ
ELEKTROFIZIiKi XASSOLORI

G.i. Tahirova
Gonca Doviat Universiteti
tahirova.gl@mail.ru

Maqals avaz olunmagla Yb metal atomlart ilo asqarlanmis YbPb;..Se kristallarinin
elektrofiziki xassoalorinin doyismasing tosirinin dyronilmasino hasr olunub. Miisyyon olunmusgdur
ki, torkiblorde Yb metal atomlarmin migdarinin artmasina miitonasib olaraq yiikdasiyicilarin
konsentrasiyasi(p) vo holl yiiriiklityli azalir,noticodo elektrik keciriciliyi koskin azalir. Bu
alinmis torkiblordo olave sopilmo morkozlorinin yaranmasi ila barabar rabitads ionluq payinin
artmasi ils izah olunur.

Odobiyyat materiallarindan molumdur ki, qurgusun xalkogenidlorine miixtolif nov
asqarlar (mos:I,Cl1,Br,In,Tl) daxil etmoklo onlarda maksimal aktiv elektrik keciriciliyi olda
etmok olur.[1-3].Uygun olaraq termoelektrik effektliliyinin giymotini nisbaton artirmaq vo
dayanigligini tomin etmok miimkiin olur. Lakin bu xalkogenidlor qrupunu agir metal atomlari
ilo vo o ciimlodon nadir torpaq metallar1 (NTM) ilo asqarladiqda onlarin elektrik kegiriciliyi
nainki aktivlosir, oksino gismon zoifloyir vo kinetik parametrlorin doyismosindo miixtalif nov
geyri xaotti qanunauygunluglar almir [3].Mas:PbTe kristalmi La,Pr,Gd,Sm metal atomlan ilo
asqarladiqda, onlarin termo e.h.q (a),elektrik keciriciliyi vo holl yiiriikliiyii azalir [4]. Belo
xarakterik doyigmolor digor xalkogenid qruplarda da bas verir.Togdim olunan isdo NTM
metallarindan olan itterbium (Yb) elementli ilo asqarlanmis YbyPb; Se sistem bork
mohlullarinin kinetik parametrlorinin doyismasina Yb-un neca tasir etdiyini toyin etmokdir. Bu
mogsadlo x=0.000;0.0025;0.005vo 0.055 torkibli niimunalori alinmig vo todqiq olunmusdur.
Torkiblor qabaqcadan sintez olunmus vo bundan sonra xiisusi ampulalara doldurulmus, vakum
yaradilmig vo bundan sonra istigamotlonmis orimo zonasi iisulu ilo onlarin kristallar1 alinmigdir.
Torkiblordo homogenlik yaratmaq moqgsadi ilo xiisusi qizdiricida iifiiqi  voziyyetds
yerlogdirilmis vo T=620K temeraturunda 240 saat saxlanilmisdir.

Almmis niimunolorin fiziki -kimyovi analizi, rentgenoqrafik ,DTA edilmis vo
niimunolorin verilmis stexiometrik torkibloro uygun oldugu tosdiq edilmisdir. Miioyyon
olunmusdur ki, torkiblor heksaqonal sinqoniyada kristallagir. Alinmis niimunalorin: elektrik
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kegiriciliyi-o,termo e.h.q-ct, Ry-Holl amsali T=(300=700)K temperatur intervalinda olgiilorok
hesablanmus, qrafiklori qurularaq analiz edilmisdir. Ol¢molor kompensasiya iisulu ilo
aparilmisdir vo 6lgmalor zamani buraxilan xatalar 2.7%-don ¢ox olmamigdir. Alinan torkiblor p-
tip keciriciliys malikdi

Otaq temperaturunda aparilan 6l¢cmalordon alinan naticalor cadval soklinds verilmisdir.

Tarkiblor R( sm’/kl ) (om X sm)'1 P(sm'3) U( sm*/V.S ) a( ™ i""'
X=0.000 1.85 84 3.38x 10" 155.4 215
X=0.0025 2.6 52 2.40x 10" 135.2 245
X=0.0050 4.2 30 149x 10" 126 262
X=0.055 6.8 18 092 x10™ 122 290

Codvoldon goriindiiyli  kimi torkiblordo Yb-metal atomlarimin miqdar1t artdigca
yiikdasiyicilarin konsentrasiyasi miitonasib azalir. Eyni qanunauygunlugla holl yiiriikliiyiiniin
do azalmasi miisahido olunur. Belo ki, yiikdasiyicilarin konsentrasiyast x=0.055 torkibli
niimunada 73% Holl yiiriikklilyiiniin do 21% va elektrik keciriciliyi iso 78% azalmisdir.
Niimunalarin termo e.h.q-e is9 26% artmisdir. Qeyd edak ki, biitiin torkiblorin tomizlik daracasi
vo alinmasi texnologiyasi eyni olmusdur. Bu torkiblordon forgli olaraq [3]. adobiyyatinda
gostordiyimiz kimi x=0.050 torkibli niimunonin kinetik parametrlori yiiksok olmusdur vo bu
torkibin termoelektrik effektliliyi z=2.9x 10 K olmusdur. Bu torkibdon forgli olaraq toqdim
olunan torkiblorin kinetik omsallarin gostoricilori asagi olmusdur. Lakin buna baxmayaraq
cadvoldon goriindiiyii kimi kinetik parametrlorin giymotlori qanunauygun sokildo azalir ki, bu
da [1,2] adobiyyatlarinda gostorilon ganunauygunlugu tosdiq edir.

Tarkiblordo Yb metalinin miqdarinin artmasi ilo onlarin konsentrasiyasinin vo hom do
yiriiklilylin azalmas1 onu gostorir ki, torkiblordo Yb-un miqdart artdiqca terkiblorin ionluq
rabitosinin payr artir. Torkiblordo eyni zamanda hom konsentrasiyanin hom do holl
yiiriiklilyliniin azalmasina sobob bizco olavo sopilmo morkozlorinin yaranmasi ilo yanasi ionluq
doaracasinin artmasidir. Buradan goriindiiyii kimi alinan tarkiblor gismon kompensasiya olunmusg
yartmkegiricilor vo Yb metal atomlar1 donor tipli asqar rolunu oynayir.
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TUTUMU QEYRI - MONOTON DOYiSON BOSALMA BORUSUNDA iONLASMA
DALGASININ TODQIiQi.

157



Fizikanin miasir problemlori VII Respublika konfransi

G.M. Sadig-zads, M.N. Agayev
Baki Doviat Universiteti

Bu isda barabar ol¢iilii geyri-monoton paylanmus tutumlu boru boyunca bosalmanin
formalasmast tadqiq olunub. Bu zaman tutum avvalca barabar olciilii sakildo borunun
markazina qadar azalir, sonra isa eyni addimla tadricon artir. Miiayyan edilmisdir ki, q,

yiikiiniin borunun uzunlugundan asililiq xarakteri sabit va dayison paylannus tutumlu hallar
liciin alinmuis naticalardan miihiim daracada farqlonir:

Son illor ionlasma dal@alarinin tocriibi todqgigatlarina xiisusi digqot yetirilir. lonlagsma
dalgalar1 bosalma aligmasinda qazlarin elektrik keciriciliyi zamani yarana bilor. Uzun
bosalma araliglarinin aligma prosesi genis yayilmis fiziki hadisadir. Belo alisma zamani qazda
ionlagsma cobhosinin horokoti bas verir. Bu horokst paylanma tutumunun yiiklonmaesi ilo
miisayiot olunur.

Bu isdo ilk dofs barabor Olciilii geyri-monoton paylanmis tutumlu boru boyunca
bosalmanin formalasmasi todqiq olunub. Bu zaman tutum ovvalco barabor olciilii sokildo
borunun markozina qodar azalir, sonra iso eyni addimla toadricon artir.

Tacriibo elektrodlar arast mosafosi 1 m vo 1 mm c.st tozyiqdoe arqonla dolu, daxili
diametri 0,32m olan siiso qazbosalmali1 boruda aparilmisdir.

Bu isin qaz araliginin dalga aligmasimi Oyronmok iigiin avvalki [1—3] islordon

prinsipial forq odur ki, burada qazbosalmali boru boyunca paylanmig tutum barabar dl¢iide
geyri-monoton doyisib. Boru uclugu yaxinlhiginda tutum maksimal giymoto catir. Boru
uclarindan uzaqlasanda iso tutum borabor borunun morkozino qodor azalir vo sonra C, —C,

tutumu yaradaraq ilkin qiymoto qader artir.

Elektroda verilon gorginliyin miintozom artimi zamani elektrod yaxinliginda zoif
isiglanma bas verir vo birinci halganin dodvrasindo coroyan impulslart geyd olunur. U
gorginliyin sonraki artiminda isiglanma vo coroyan impulslar getdikco boyiiyon mosafodo
omoalo golir. Bu zaman daha uzaq halqalardaki impulslar miintozom sokildo zamana goro
stiriigiirlor. Bu prosesin genislonmosinin son siirotini gostorir. Holo do yiik impulsu geydo
alinan halgada impulsun yaranma miiddati alisdirict elektroda verilon gorginlik maksimumu
ilo iist-iisto diigiir. Nohayat, U gorginliyinin daha boyiik giymotlorindo proses biitiin boruya
yayilir. Baxilan rejimda divarlar iizorinds yiiklorin yigilmasi bas vermir, belo ki hor dovrda
aligdirici elektrod ilo divar arasinda iki qisamiiddotli bosalma yaranir.

Bizim tocriiba soraitindo bosalmanin yaranma prosesinin asagidaki sokilds tosvir
etmok olar. Aligdirict elektrod iiclin gorginliyi artirdigda elektrod ilo divarin yaxin sahosi
arasinda gaz araliginin aligmasi bas verir. Bu zaman coroyan yaranir vo bu carayan elektrod
potensialina yaxin potensiala qodor divarlan yiikloyir vo plazma buludu omalo golir. Bundan
sonra asason bu bulud sathi ilo divarlarin sonraki sahoslori arasinda elektrik sahasi bir yers
comlonmis olur. Bu sahanin kifayot edocok giymotindo boru boyunca giiclii saho oblastinda
yeni ionlagma hesabina plazma sorhadi 6z yerini doyisir. Belaliklo, plazma sorhadi ionlagma
cobhosi ardinca harokat edir vo 6z qarsisinda elektrik sahasi yaradir.

Omolo golon plazma siitununda zosif uzununa vo enine sahalor qalacaq. Bu sahalorin
hesabina elektroddan divarlar1 yiikloyon coroyan kecir. Plazma siitununun sorhadi ilo yer
arasinda ionlagsma cabhasinin yayilmasi iiclin miioyyon potensiallar forgindon istifado
olunmalidir. 9gor uclarda siitunun uzunlugunun artmasi ilo gorginlik diisgiisii artmasi
aligdiric1 elektrod ils yer arasinda potensiallar forqinin uygun artimi il avoz olunursa, verilon
proses bas vero bilor. Beloliklo, ionlagma biitiin boruya yayilanda bosalmanin ilkin
formalagma marhalasi basa catir.
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fonlagsma cobhosinin v siiroti borunun hansi ucuna qidalandirici gorginliyin
verilmasindan va hansi ucdan dalganin bosalmasindan asili olmayaraq biitiin soraitlorde boru
boyunca sabit qalacaq. Sabit [2] vo tarazsiz geyri-monoton doyison tutum [3] halinda
ionlagsma dalgasinin siirati boru boyunca sabit qalacaq. Bu fakta asason bels naticoys golmok
olar ki, dalganin siiroti osason bosalma rejimi ilo miioyyon olunur vo soraitin doyismosi vo ya
sonraki yayillma zamani doyismir.

[2,3] -do oldugu kimi ionlasma dalgasinn siiroti hom tezliyin, hom do gorginliyin
artmast ilo artir. Amplitud vo gorginliyin artimi ilo elektronlarin enerjisi artir vo bunun
sayasinda elektronlar boyiik saho yaradir vo belaliklo, ionlagsmanin miqdarida artir. Bu hal 6z
novbasinda cobha siiratinin artmasina sabob olur. Signallarin tezliyinin artmasi ilo siirat artir.
Bu artim alisma zamaninin azalmasi va beloliklo, alisdirici elektroda verilon gorginliyin artim
sliratinin artmasi sayasinds miimkiindiir.

Eloco do alisdirict elektroda verilon gorginliyin vo tezliyin giymatlorinin doyismaosi
borunun vahid uzunluguna diison yiiks g, - no [2,3] -9 uygun tasir edir.

Sakil 1-do tocriibado g, -1n aligdirici elektroda qador olan masafodon asililiy verilib.
Bu grafikdon goriiniir ki, tutumun azalmasi ilo vo alisdirict elektroddan uzaqglasdigca yiik do
homginin azalir, 6z minimum qiymatina ¢atir, sonra is9 tutumun artmasi ilo oyri artmaga
baslayir. Hogigoton do boyiik tutumlu halgalarda boyiik coroyan axir, belsliklo bu yerlordo
ylik do boyiik olmalidir. g, yiikiiniin borunun uzunlugundan asililiq xarakteri sabit [2] vo

dayison [3] paylanmis tutumlu hallar ii¢ciin qurulan asiliglardan miihiim doracads forqlonir vo
asagidaki sokilds izah olunur:

fonlasma cobhosinin boru boyunca horoketi coroyanin axmasim vo beloliklo E
uzununa elektrik sahasinin olmasini tolab edir. Bu zaman [3]-don malum olan arxa cabhadoki
monfi potensial uzunlugu boyunca asag diismolidir. Belo ki, homiso alisdiric1 elektroda oks
olan torofo axir. Aligdiric1 elektroddan uzaqlasdiqgca omolo golon plazmanin ionlagma
intensivliyi vo sixliq asagi diigiir vo beloliklo siitunun vahid uzunlugunun R, miigavimati

artir. Divarin vahid uzunluguna diismo noticesinde ¢, yiikii halgalarin tutumuna uygun olaraq

aligdirict elektroddan dalgalarin horokoti zamani azalan C, tutumuna torof monoton

16 10° Ka/on

Sokil 1. Borunun vahid uzunluga diisen yiikiin
aligdirict elektroda qador olan moasafodon
asitliligi U=1500V, =110 Hs.

Len

10 20 30 40 50 60 70 80
azalmalidir vo homg¢inin sonra tutumun artmasina uygun olaraq monoton artir.
Belalikla, boru uzunlugu boyunca sabit vo tarazsiz geyri-monoton paylanmis tutumlu
hallardaki kimi siirotin boru boyunca sabit galmasina baxmayaraq, bosalmanin digor
parametrlari boru boyunca tutumun necs paylanmasindan mithiim doracads asilidir.
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Alinan naticalor 6z izahini ionlagma dalgalarinin mexanizmi hagqindaki movcud
tosovviirlor ¢arcivasinda tapir.
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Cu; 70C0005S BORK MOHLULUNUN KRiSTALININ ALINMASI
VO RENTGENFAZA ANALIZi

H.B. Qasimov, N.E. H?sanov, R.M. Rzayev
Azarbaycan Dovlat Igtisad Universiteti

Cu;75s Copps S torkibli niimuna sintez edilmis va Bridcman tisulu ilo onun kristali
alinmigdir. Aparilnus rentgenfaza analizi naticasinda miiayyan edilmisdir ki, alinmis Cu; 7
Cogs S kristali bark mahluldur va Cu; 755 va Cu;.96S fazalarimin qarisigindan ibaratdir. Bu
fazalar iiciin asagidaki kristal qofss parametrlori miiayyon edilmisdir: a=7.8802A°,
b=7.8252A° ¢=11.1524A°, @,=5.5495A" (Cu,;sS iiciin); a=26.955A°, b=15.7568A",
c=13.56A°, a;=5.5879A° (Cu;.06S iiciin).

Kristal qurulusda izovalent metal atomlarimin qarsiligh avaz olunmasi zamani kristal
qafas parametrinin artumi, avaz olunan ( Cu™-0.80 AO) va avaz edon ( Co™ - 0.82A0) izovalent
metal atomlarimin ion radiuslarimin forqli olmasi ilo alaqgalondirilir. Kristal qurulusda avaz
edon va avaz olunan izovalent metal atomlarmin ion radiuslarimin farqi tagriban 3% tagskil
edir ki, bu da tam izomorfizmin yaranmasi sartindaki haddan (15%) ¢cox asagidir.

Cu-S sisteminin hal diograminin todqiqi zamani,bu sistemdo asagidaki birlogsmolorin
movecud oldugu miioyyon edilmisdir: Cu,S — xalkozin, CujgeS — yurlit, Cu;gS —digenit,
Cux75S —anilit, CuS —kovellin.

Bu birlosmalor polumorfizms malik olub,293-793 K temperatur intervalinda bir neco
qurulus kec¢idina moruz galir (CuS birlogmasi istisna olmagla).

Cu;.70C0Og05S torkibli niimuna birbasa sintez iisulu ilo sintez edilmis vo onun kristali
Bridcman iisulu ilo alinmigdir. Bu iisulla alinmis kristalin birfazaliligini, bork mohlulun
yaranmaini vo qurulug parametrlorini miioyyon etmok moqsadi ilo rentgenfaza analizi
apartlmigdir. Noticodo miioyyan edilmisdir ki, Cu; 75S kristali kimi Cu; 70Cog 0sS kristali da iki
fazanin garisigindan ibarotdir (codval 1). Onlardan biri ortorobik qurulusda kristallagan,
a=7.853A0, b:7.810A0, c:11.131A0, F.qr.Pna, z=4 paraetrli Cu,75S-anilit fazasi, o biri iso
onoklin qurulusda kristallasan, a=26.905 A°, b=15.706A°, c=13.4446A°, F.qr.P2,/n,
B=90°13! paraetrli Cu;g6S — yurlit fazasindan ibarstdir. Otaq teperaturunda bu fazalarin,
,=5.5385A" (Cu, 75S iiciin) vo a,=5.5822 A° (Cu,.6S iigiin) paraetrli, izdon morkozlosmis
yiiksak temperatur kub fazalar1 metastabil formada uzun miiddst movcud olur.

160



Fizikanin miasir problemlori VII Respublika konfransi

Cadval 1-don Cu;70Cop0sS bork mohlulu kristalinin fazalart iigiin asagidaki gofas
parametrlori miioyyon edilmisdir: a=7.8802A°, b=7.8252 A°, c=11.1524A°, a,=5.5495A"
(Cuy 75S iigiin); a=26.955A°, b=15.7568 A, c=13.56A°, a,=5.5879A.

Cuix75S vo Cuixo Cogxos S kristallarinin difraksiya xotlorinin elementar qofosdoki
molekullarin sayinineyni, lakin kristal gofas parametrinin artmasimi vo izomorfizmin
sortlorinin 0donilmasini nazors alaraq demok olar ki, alinan Cuy70Coox0sS kristali bark
mohluldur.

Cuix75S kristali qurulusunda Cu*? mis atomlari ionlarimn Co** kobalt atomlari ilo
qarsiligli izovalent ovoz olunmasi zamam kristal qofos parametrlorinin artim, ovoz edon (Co*
-0.82 AO) Vo 9vaz olunan (CuJr2 -0.80 AO) metal atomlarinin ion radiuslarinin forqli olmasi ilo
olagalondirilir.

Molumdur ki, izomorfizmin yaranmasi sortino osason, ovoz edon vo 9voz olunan
izovalent atom yaxud ionlarin ion radiuslarinin forgi tam izomorfizmzamam 15%, tam
olmayan izomorfizm zamani iso 25% haddini agsmamalidir. Goriindiiyli kimi kristal
qurulusda, ovoz edon vo ovoz olunan izovalent metal atomlarinin ion radiuslarinin forqi,
togriban 3% toskil edir.

Cadval 1

Cu; 70Co00,05S kristali porosokundan ¢akilmis difraktoqraminin hesabati:CuK — siialanma,
=1.5418 A’

Cuy 96S-

Ne Cu; 70C0g0s S Cu, 75S-ortorombik (UMK), Monoklin (UMK), T,K

V,)° dpe A’ | dnoz.,A° | hkl dnoz.,A” | hkl | dnoz., A’ | hkl dnoz.,A’ | hkl
1 | 13%16' 3.3590 | 3.3447 121 - - - - - -
2 | 13%5! 3.2432 - - - - - - 3.2229 | 111
3 | 13%5 3.2054 | 3.1932 202 3.1952 | 111 |[3.1938 | 333 - -
4 | 16%3! 2.7881 | 2.7807 004 27672 | 200 |2.7855 | 234 - -
5 | 16°37 2.6870 203 - - 2.6897 | 10.00 | - -
6 | 21%7 2.1396 | 2.1372 231 - - 2..1349 | 072 - - 293
7 | 23%4' 1.9696 | 1.9531 400 - - 1.9681 | 080 - -
8 | 26%2! 1.7564 | 1.7568 332 - - 1.7540 | 437 - -
9 | 27%2! 1.6962 | 1.6960 43] - - 1.6956 | 008 - -
10 | 28°33! 1.6131 |- - - - 1.6145 | 675 1.6114 | 222
11 | 28%49 1.5994 | 1.5966 404 1.5976 | 222 | 1.6050 | 666 - -
12 | 33%3! 1.3888 | 1.3903 440 - - 1.4005 | 0112 - -
13 | 36°14! 1.3042 | 1.3067 060 - - 1.3060 | 0.12.1 | - -
14 | 42°46 1.1354 | 1.1357 624 - - 1.1376 | 299 - -
15 | 43°31! 1.1127 | 1.1188 633 - - 1.1188 | 4.12.6 | 1.0743 | 333
16 | 45°58! 1.0794 | 1.0721 455 - - 1.0723 | 4127 | - -
17 | 46%04' | 1.0710 | 1.0667 606 1.0651 | 333 | 1.0661 | 999 - -
18 | 51%6' | 0.9856 | 0.9800 800 - - 0.9841 |0.16.0 | - -
19
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HCCJIEJOBAHHUE JIEKTPOIIPOBOAUMOCTHA KOMIIJIEKCHBIX
COEAUMHEHHNHU NOHOB KEJIE3A C CUHTETUYECKUM
N HATYPAJIbBHBIM MEJJAHUHAMMU

P.M. Barupos, O.Ill. Baruposa, I'.A. Typa6oBa
baxuncxuii 'ocyoapcmeennuiii Yuusepcumem

U3zyueno 21ekmponposooumMocmu KOMNIEKCHbIX COeOUHeHUll UOHO8 Jcene3d C
cunmemuyeckumu L-JJODA-menanunam, u menranonpomeunosvimu epaumyiramu (MIIT)
8bIOCNICHHLIMU U3 PEMUHATbHO20 NUSMeHma 21a3a HNO360HOYHbIX. Ycmanoeneno, uymo
uzyuenHvle 00pazybl 6e0ym cebs KaxK opeanudeckue noaynpogooHuxu. Onpedenenvl sHepeus
aKmueayuyu dmux coeouHenul. Boisacneno, umo sHepeus aKkmugayuy Imux coeOuHeHuy o4etsb
OMU3KO NO 3HAYEHUIO DHepeUull aKmueayuu Xi0poQuis — AGIAOUWUMUCT OPLAHUYECKUM
NOJYNPOBOOHUKOM.

MenaHuHbl IIUPOKO PacHpOCTPAHEHbl B JKUBOTHOM M PACTUTEIILHOM MHUDE.
Hanpumep, y MIIEKONMTAlOIMX OHMU NPUCYTCTBYIOT B KOXE, BOJIOCAX, IJla3aX, B MO3TY
(060510YKM, YepHBbIE BEIIECTBAa, IOayOble ISTHA), BHYTPEHHEM YX€, y HAaCeKOMbIX — B
MOJAKPBUIAX M KYTHKYJIe, Yy HHU3KHUX OpPraHM3MOB — TOHajax M 3KToaepMe. B pacrteHmsx
MEJIaHUHbl CKOHLEHTPHUPOBAHbI B TIOKPOBHBIX TKAaHAX CEMSH U B JIENECTKaX IBETKOB
HEKOTOPBIX BUJIOB PACTCHUH, @ Y MHOTUX IPUOOB OHM JIOKAJIM30BaHbI, B OCHOBHOM, B CTEHKaX
KJICTOK CIIOp U MUIIEIHS.

Ilo coBpeMEHHBIM NpEACTABICHUSM MEJaHWH 00pa3yeT CTPYKTYpy B pe3ylibTaTe
MOJINMEPU3aLUN HMHJOJBbHO-XWJIOHHBIX KOJIell. OTH KOJbIE YKJIAQAbIBAIOTCA B Mauyku U
00pa3yroT OJIOKH, XaOTHYHO CBSA3aHHBIE B TPEXMEPHYIO CTPYKTYpy. B cTpykType menaHuHa
IIPUCYTCTBYET TaKKE MOJIEKYJIbI BOBI.

K Hacrosimiemy BpeMEHHU MOJIydeHbl PsJi BaXKHBIX JAHHBIX O (PU3UKO-XUMHUYECKUX
CBOMCTBaX (IOJYNPOBOJHUKOBBIX, OJEKTPOHHO- W HOHHOOOMEHHBIX, KaTaJIUTHUECKHUX,
YUECTHH B OKUCIIUTEIbHO-BOCCTAHOBUTENIBHBIX PEaKIUsX, ClIOCOOHOCTH K oOpa3oBaHuto KII3
CO MHOTMMH 3JIEKTPOQMIBHBIMA M HYKJICO(QHJIBHBIMU COEAMHEHHSIMH U T.1.), Onaromaps
KOTOPOMY OHH CT&Id OOBEKTOM HPUCTAIBHOIO MCCIEIOBAHUSA IIUPOKUX KPYroB
HCCIIEN0BATEIEH.

B Hacrosueit pabote npuBOAUTCS U 00CYKAAETCs PE3yNbTaThl HIKCIEPUMEHTAIbHBIX
UCCJIEIOBAaHUM IO 3JIEKTPONPOBOJMMOCTH KOMILIEKCOB MOHOB JK€Jle3a C CUHTETHUECKUM L-
JO®DA-MenaHuHOM ©  MEJIAaHONPOTEUHOBBIMU Tpanyidamu (MIII') BblaeneHHBIMH U3
MUTMEHTHOT'O MUTENHUs ObIYBEro IJ1asa.

Kommiekcel HMOHOB Keje3a € MeJaHMHAaMHM IOJy4YeHbl IyTeM HWHKYOMpPOBAaHUS
CBEXKENOJIYYeHHBIX MelaHMHOB B pacTBope FeSO,, a cunrernueckuit L-JIODPA-menanun 6611
noydeH aBTookucieHuem L-3,4-nmuruapokcudenunanannna (CoH;NOy; M=197,2; dupma
«Serva», ['epmanus).

[TpoBeieHHBIE HAMU NPEABAPUTEIBHBIE OMBITHI MIOKA3aJIH, YTO [IPECCOBAHHBIE B BUJIE
TabNeTK W BhICyHIeHHbIe B 3kcukatope Hajx CaCl oOpasubl He MPOSBISUIM 3aMETHYIO
JIEKTPOIPOBOIUMOCTh. [lo3TOMY H3MepeHHe MpOBOJMINCHE BO BIAXKHBIX 0OOpa3lax.
[TacrooOpa3Hbie 00pa3ubl OBLIM YIIAKOBAaHBI B CIEHHUAIBHYIO KIOBETHI M3 (TOpOIUIacTa B
LWINHAPUYECKYI0 (OpMY C BHYTPEHHBIM IMaMETpOM 8 MM U JUIMHOW aKTUBHOM uacTu
~l4mm. C 1enplo NpenoTBpallleHUss W3MEHEHHUs CTENEHHM THApaTalid I[P HU3MEPEHUAX
KIOBEThl ~TLIATEIbHO TI'€PMETU3UPOBANIMCH. l3MepeHue mnpoBOAMINCH B HHTEpBaje
temneparyp (383-473)K.
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Ha pucynke a u b npezacraBiensl rpaduKy 3aBUCKMOCTH 3JIEKTPOIIPOBOUMOCTH (O)
oT 00paTHOro 3Ha4YeHus abcomoTHOM Temnepatypsl (1/T), a Ha pucyHke ¢ u d mpencTaBIeHbI

9 L 12— ;
8[ = : Lot \
Tr \_ L-DO®A ] | . MIIT
60 \ ] 8 \
E 5| . I
) N\, 6 \
G 4 1
o \\. : \'\
27 ~ 2T —
L \l\. .\l\.
1 . L 1 1 1 \A. 0’ ) ) ) ) ‘ ‘
LR R 21 22 23 24 25 26
1/T(10K™) T(107K)
a) b)
/T, 10*" /T, 10" "
-13,5000 . —— — , -13 . — — :
20 21 22 23 24 25 26 27 asd0 2l 22 23 24 25 26 27
-14,0000 -13,
- T -14 -
o -14,5000 c
C -15,0000; O -14,51
© -15,50004 g 15
= 16,0000 L-DO®A — -155; MIIT
-16,5000 -16 |
-17,0000 -16,5 -
-17 -
C) d)

rpadMKy  3aBHCHMOCTH HaTypajbHOro Jorapupma snekrpornpoBoaumoctd (In ©) ot
oOpaTHOTO 3HaYeus a0CoMOTHON TemrepaTyphl (1/T) B KOMIUJIEKCHBIX COSIMHEHUSX WOHOB
xkenesa ¢ cuaTeTndeckuM L-JIODA-menannaom u ¢ MIIT.

CpaBHUTENbHBIN aHAINW3 MOJYYEHHBIX HAMH JAaHHBIX C M3BECTHBIM B JIUTEpAType
JAHHBIMU 110 AJIEKTPOIIPOBOJUMOCTH OPraHUYECKHUX MOJIYIPOBOJIHUKOB XOPOIIO COIIacyeTcs
1 MOKET OBbITh OMUCAHbl ypaBHEHUEM:
gT
2kT
Hcxons u3 3Toit popMyIibl ¥ IO JAHHBIM T'PApHUKOB ¢) U d) SJHEPTUIO aKTUBALIUU
MCCIIETOBAaHHBIX 00Pa31oB ONpEAesin o GopMyIie:

Inoc=Ino, -

. 2k{ino,, ~Ino, )
T 1
I 15
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Jia kominekcoB HOHOB kenesa ¢ L-JIODA-menannnom nonyuwn €, =092 eB, a
111 KoMILIeKkcoB HOHOB kene3a ¢ MIIIT &, = 0,98 eB . TouHOCTh TaKUX OLIEHOK MOXKET OBbITh
HE OYEHb BEJIMKO, HO OHU XOPOUIO COrJIaCyIOTCS 3HAUEHUEM SHEPryueid aKTUBAIMU HEKOTOPBIX
OpraHUYEeCKUX IOJIYIIPOBOJHUKOB U3BECTHOM B uTeparype (Hanpumep, sHeprus aktuBanuu
XJIOpO(UIIIA — N3BECTHOM KaK OPraHUYeCKUi MoNMynpoBoAHUK &, =1,33 eB).

Takum 00pa3om, MOJTyUYeHHBIC HAMHU PE3YJIBTAThI JAIOT OCHOBAHUS MIPEANOJIaraTh, 4To
KOMIUIEKCHI MOHOB KeJie3a ¢ CHHTETHUECKUM U IPUPOTHBIM MEJIaHMHAMHE 00JIaTat0T
MOJYTPOBOITHUKOBBIM CBOHCTBOM 3JIEKTPOIIPOBOJAMMOCTH.

JIMTEPATYPA

1. A.E.[Jonmos, OctpoBckuit M.A. AHTHOKCHUAHTHAs! POJIb YKPAHUPYIOIIHUX MTUTMEHTOB
rjia3a — MEJIaHHHOB U OMMOXPOMOB M (DM3MKO-XUMUYECKHE MEXAHU3MBbI UX JCHCTBHSI.
B knwure: «Xumuueckas u Ouosnoruueckas kuHeruka. HoBeie ropu3oHTbI». MOCKBa,
2005, «Xumug», 1.2, ¢.155-174.

2. JynoB A.A., Cmuakun A.A. Opranuueckue mnodynpoBoaHukH. [lomumeps ¢
conpsbkeHHbIMU cBsi3siMu. M.: Hayka, 2010, 127 c.

3. http:/www.nanonewsnet.ru/news/2012/melanin.

O XAPAKTEPE MEXAHU3MA PACCESIHUSA DJIEKTPOHOB B Ag,Se

H.A. BepaueBa, H.P. CyaranoBa
Asepbaiiocanckas I'ocyoapcmeennas Hegpmanas Axademus,
np. Azaonwie 20, AZ1010

BBuny manoil moABMIKHOCTH HOCHUTENEH B Agp;Se XapakTep MEXaHHU3Ma pPacCesHUS
9JIEKTPOHOB OBLI OMpEIENieH MO AJIEKTPOHHOW J0JIe TEIIONPOBOAHOCTH Xn.lccrienoBanue
TEIUIONPOBOAHOCTH OBIJIO MPOBEAEHO Ha cepuu OOpa3loB € KOHLEHTpALUeHl HOCHUTENs
1,85+43- 10" oM™ u B temnepatrypaoM uHTepBaie 100+300 K.Pesynbrarsl ucciienoBaHui
JAl0T BO3MOXKHOCTH IIOJIaraTth, 4YTO HEYNPYrocrs B Ag,Se CBs3aHa, B OCHOBHOM, C
MEX3JIEKTPOHHBIM B3aUMO/IEHCTBUEM.

Jlig  BbIYUMCIIEHUS XapaKTepa MEXaHU3Ma DACCEsHHUsS HOCHUTENEHd B KPHUCTAIUIE,
HEOOXOAMMO  HCCIIEOBAaTh TEPMOMAarHUTHbIE A(G(GEKTHl WIM  DJIEKTPOHHYIO  JIOJIO
TEIIONPOBOJHOCTH WU TO U APYTOE.

BBuny Manoili moaBmKHOCTH HocuTenell B Ag,Se xapakTep MexaHHM3Ma pPacCesHUs
3JIEKTPOHOB ObLJ1 ONPEAEIIEH M0 MIEKTPOHHOM /10J1€ TEIJIONPOBOIHOCTH «&oy».

IMocTpouB 3KCHEpUMEHTANbHBIA I'paUK 3aBHCUMOCTH TOJHON TEIIONPOBOIHOCTH
«®o» OT OJ EKTPONPOBOAHOCTH «O » g psga oOpa3noB, Ag;Se ¢ pa3inudHOM
KOHIIEHTpalLuel HocuTenel ToKa B IPUMECHOM 00JacTi U MPOBEAs HKCTPAIOIALMIO

&+ aoT ()

K 3nauenntio 0 =0 MOXHO TeM caMbIM ONPEAEIUTD &,. [IpH 9TOM Hpejronaraercs,
4yro ()OHOHHAS J0Js TEIIONPOBOAHOCTH, &, HE 3aBUCUT OT KOJIMYECTBA IpuUMece Hu
KOHLEHTPALlUU HOCUTENIEH. A 3aT€M  DJJIEKTPOHHYIO COCTABIIIOLLYIO TEIJIONPOBOJHOCTU
MOJKHO OIPENETUTh 1Mo hopmyIe:

L= £o- Lp (2)

C s1oit nenpio Ha cepun obpasuoB Ag,Se B muTepBane temmeparyp 80300 K u

KOHIeHTpamuii 1,85+43-10" cM™ BBLTO IIPOBEICHO UCCIIEA0BAHUE TEILIONIPOBOIHOCTH.
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Ha puc. 1 npencrasieHsl TemnepaTypHble 3aBUCUMOCTU &, I'/l€ 3HAUEHUS & IPU
300K Obuti ompeneneHbl Yyepe3 TeMIIepaTypONPOBOIHOCTh, KOTOPas M3MEPsIach METOIOM
CBETOBOI0 HMMITYJIbCA [1] Kak BugHo, &; B Ag;Se Mo Mepe pocTa KOHIEHTpalui

YBEJIMUYMBAETCS, YTO YKa3bIBaeT Ha OOJIBLIYIO 3JIEKTPOHHYIO JIOJIIO TEIJIONPOBOAHOCTH AgsSe.

fi0 A W Tk A

Puc. 1.TemnepaTrypHasi 3aBUCHMOCTH 0011eii TeNJIONMPOBOIHOCTH 00pa3oB Ag,Se.

§\ 4
18
&s"‘aﬂj'_
0 (0)

003

o+

100 A W TR

Puc.2 TemneparypHasi 3aBHCHMOCTD 3JIEKTPOHHOI 10JIM TENJIONPOBOIHOCTH
odpa3uoB Ag,Se.

Ha puc. 2 npencraBiieHbl 3aBUCUMOCTH &,; OT TEMIIepaTypbl. BUHO, 4TO 371€KTpOHHAs 10JIs
TEIUIONPOBOJHOCTH C POCTOM KOHLIEHTPALMH TaKXkKe pacTeT. 110 Monmy4eHHbIM 3HaYCHUAM &,y
OTIPENENIATIOCH &5y= AGT. C 9TOM 1eNbI0 MPOBOAMIOCH M UCCIIEOBAHUE IEKTPOIPOBOAHOCTH

«o» AgrSe. DKCIEpUMEHTANIbHBIE IaHHBIE KOHIEHTPALIMOHHOW 3aBUCUMOCTH —— TIOKa3alu,
0

4TO LA MoYTH JJI BceX 00pasioB Ag,Se < 1. ( cm. puc. 3). PesynbTaTh L (n,T)<1, KakK 1
0 0

B ciyyae AgyTe [2] CBHUJIETEJILCTBYIOT O HEYNPYIOCTH paccesHHsl AJIEKTpOHOB B Ag,Se,

IpUpPOAa KOTOPOHM COrJIacHO Teopuu [3] MOET ObITh OOycloBiIeHa JHOO 3JIEKTPOH-

AJIEKTPOHHBIM B3aUMOJICHCTBUEM, JINOO paccessHUEM HOCUTEIeH Ha ONTHYECKUX (OHOHAX.
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IIpu cUIIBHOM BBIPOXACHUU (,u* >> 1) DHEPTHUs MPOJOIBHOTO (POTOHA, 3HAUUTEIHHO MEHbILIE
IIPUBEICHHON YHEPTUU HOCUTEIIS U B TO XK€ BPEMS NOPsIKa

kOT(,uO* >> ha,, ttyNk,T,20e  w, = (L,0T )_1 - TEIUIOBOE COIPOTHUBIIEHHE IJIs1 YIPYTOro
paccesiHus;

~\3

10+

R T aed " . PR
YTu5678910% 2 o 4 5

Puc.3.Konuenrpaunonnas 3asucumoctsb L/Lj 17151 o6pa3uoB Ag,Se.

Wee- TEMIOBOE COMPOTUBIEHUE, OOYCIOBICHHOE CTOJIKHOBEHHSIMH MEXIy HocuTensmu, U-
OKCIICPUMCHTAJIIBHOC 3HAYCHUC IMMOABUIKXHOCTH; UOHT— MNOABUXHOCTL IIPpU PACCCIHWU HaA
ontuieckux (ononax. [loaTtomy BTOpoe ciaraemoe B (opmyne (2) CBsI3aHO C YYETOM
HEYNPYroCTH 3a CYET CTOJIKHOBEHMSI MEXKIY HOCUTENISIMHU, a TPEThe 3a CYET MOJSPHOTO
paccestHUs Ha onTudeckux GoHoHax. Mcnonp3ys pe3yapTaThl pacueTa aBTOPSI [3] MOJTY4YHJIH,

qToO:
W 3 T 2 2
Hee _opp+© (K; )3(K’;r3)4 " B(7) 3)
W, Eoh’K, U,

Up. - CKOpOCTh Ha ypoBHE Depmu
Kg- kxBazuummnynsc Ha ypoBHe Depmu

goo 2
AIT* pu

MNPOHULIAEMOCTU &€,

- paanyc 3KpaHUPOBAHMSI, COOTBETCTBYIOIIEH AUAIEKTPHUUECKON

3ena,,
p(,u) =——— - IUNIOTHOCTb COCTOSIHU
II'x,"T

B(z) npu z= (2kgr,)°<<1; ()= 1

Vkazanuele B (3) ycimoBus s AgoSe  BBINOJHAKOTCS — JOCTATOYHO — XOPOIIO.
(1" 25,hw, =0,01635B). YuuteiBas BBIIIIECKA3aHHOE MIPUHSB BO BHUMaHHE
KOHIEHTPALMOHHYIO 3aBUCUMOCTh J(PGEKTHBHON Macchl DSJEKTPOHOB, IOJIYYE€HO, YTO

OCHOBHOH BKIIaJi BHOCUT —S-, a HEyHpYrocTb, CBS3aHHAS C MOISAPHLIM PacCEsHUEM Ha
0

ontuyeckux (POHOHAX HE MpeBblaeT =~2 %, T.e. MOXKHO IOJlaraTh, 4TO HaOJIIOJaeMast

Heynpyroctb B Ag;Se cBsizZaHa B OCHOBHOM, C MEXKJJIEKTPOHHBIM B3aUMOIEHCTBUEM.
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JIUTEPATYPA

I''b. A6onynnaes, M.U. Amues, C.A. Amues, JI.I'. Apacnei, H.A. Bepnuesa, P.3.
I'yceitnos. [Ipenpunt Ne 30 UDAH, 1974 .

C.A. Anues, ¥Y.X. Cytono, M.W. Anues. ®TII,Ne6, 1973

10.1. PaBuy, b.A. Epumona, 1.A. CMupHoB. « MeTobl HcCaeA0BaHUS
MOJTYITPOBOTHUKOB B MPUMEHEHHUH K XallbKOTeHu1aM cepedpa». «Hayka», M. 1968 T

O KPUCTAJUVIMUECKOM CTPYKTYPE 1(S)-IU3TUII-2-U30BYTIII-7-

I'MIPOKCHU-TMETNJI-S ®EHNJI-1,2 TUA3O0CIIUPO [1,1]
JEKAH- 4,6- TUKAPBOKCHJIAT(C25H33N,05)

T.3. KyniueBa, U.I'. Axynnos, LII.M. I'oq:xaeBa
baxunckuit 'ocyoapcmeennviii Ynusepcumem, HUW @uszuueckux npobiem

Omoen @uzuxu [lonynposoonuxos

[Ipou3BoaHbIE NUPUMHUIMHOB SBISAIOTCS ¢parMeHTamMu (papMaKkoIOrMYEeCKUX U

OMOJIOTHUYECKH aKTUBHBIX COCJMHEHUH C BBICOKOW aHTHOAKTEpUAIbHOW M MPOTUBOBUPYCHOU
aKTUBHOCTBIO, YTO OOBSCHSET MOSABICHHE MOAM(PUKALMI KIACCUUECKUX METOJO0B CHUHTE3a U
MOUCK HOBBIX METOAOB, 00ECIIEYMBAIOIIUX JOCTYIHOCTh COOTBETCTBYIOMINX (DYHKIIMOHAIBHO
3aMEUICHHBIX MUPUMHUANHOB [1].

1.

Kpucramn, ¢ xumuueckoit dopmynoit CprsH3zsN,Os - 1(S)- mudTn- 2- uzo0yrumn-7-
THAPOKCH- 7MeTit — 5 pennn -1,2 nuazocnupo [1,1] nekan- 4,6- nukapOoKcHUnaT, s
peHTreHocTpykTypHoro aHanumza PCA monydeH ABYKpAaTHOM KpHUCTaUIM3alUed W3
3TaHoja, Oenblid, Kybuueckoro radburyca, pazmep 0,30 X 0,30 x 0,20 MM3, M = 446,
57, npuHaanexRuT poMOuUecKol cuaronuu: a = 11, 898 (6), B = 17,27259 (9), ¢ = 13,
1003 (7) A, a =B =y =90°, V =2532,0 9(2) A, npocrpancrsennas rpymma Pra 2, z
=4, d=1,172r/cm’, p=0,08 Inm ™.

N3mepenst untreHcuBHOCTH 23587 oTpakenuit (4980 He3aBUCUMBIX OTpaskeHUM, Py =
0,0393), mis KOTOpBIX BBEAECHA IMOJYyIMIIpUYECKash MOMpaBKa Ha TOTJIOIMIEHUE C
nomouisio nporpamMmmel SADABS [2].

Kpucrammmueckas CTPYKTypa pacmudpoBaHa MIPSIMBIM METO0M u
YTOYHE HAa METOJOM HAWMEHBIIUX KBaJpaTOB B aHU30TPOITHOM

NPUOMKEHUN IS HEBOJOPOIHBIX aTOMOB. Bce pacd€rhl mpoBeneHBI ¢ TOMOIIBIO
komiuiekca nporpamm SHELXTL [3].

VYcranosneno, uro coeauHeHue CpsHigN>Os comepkur Crnupo- cousieHHbIE
MMUJA30JIMIMHOBBI M LMKJIOT€KCAHOBBI HMKJIBI B KOH(GOpMAalUsAX KOHBEPT U
KpECJ0, COOTBETCTBEHHO, KOTOPOE OMPENEISeTCs TETPadApPUUECKUM CIHUPOATOMOM
yriepoaa C(1); rerpasapuunocts aroMa yriaepoaa C(1) HapylieHa, BaJ€HTHBIA yroJ
L N(2)- C(5)- N(1) = 103,28°, T.¢. ymenpme Ha 6,

B monekyse naTh acuMMETpUYECKUX EHTPOB Mpu aromax yriepoaa C(1), C4), C(5),
C(6), C(7).

B monekyne umerorcs BHyTpuMosieKyJspHabie Bogopoanbie cBsizu: N(1)- H(N)...O(1)
u O(5)- H(50)... N(1), B xotopoit arom azora N(1) u goHop u akienTop. ATOMBI
azota N(1) u N(2) B TpuroHaJibHO- TUPaMHUAAIBHON KOH(OpMAIUU (4TO XapaKTEPHO
JUIS HACBIIICHHBIX TETEPOIMKIOB). Bce 3amecturenu- oOBEMUCTBIC, 3aHHUMAIOT
HKBATOPUATILHOE MOJIOKEHHE (FHEPreTHYecKH Harboliee BBITOIHO).
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7. B xpucramie monekyinbl coequHeHus CrsHigN,Os, moBTOpssICh BUHTOBOW OCHIO 2,
BJIOJIb OCHU C, 00pa3yIoT CJIOH, MapajuielIbHbIE TIIIOCKOCTH (0YZ).

8. CoennHeHue ABISIETCS JUACTEPEOMEPOM C IMATHIO ACUMMETPUUECKUMU LIEHTPAMU TIPU
atomax yraepona C(1), C(4), C(5), C(6), C(7).

9. Kpucramn coequnenue CosH3gN,Os npeacrasisier co0oi parieMar ¢ OTHOCHTEIbHOM
KOH(pUTyparuei XupaabHbIX aTOMOB- yac- 1S, 4R, SR,6R, 7R.
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Cd, Hg;..Te MONOKRISTALINDA QIZMAR ELEKTRONLARIN
TERMO-FOTOELEKTRIK HOROKOT QUVVOSI

Y.Q. Nuru*llayev*, B.S. Barxalov?, S.O. Ismayilova**, Y.A. Bayramov***
Baki Doviat Universiteti, **AMEA-nin Fizika Institutu
**% Ganca Pedaqoji Universiteti

Qizmar  yiikdaswyicilarin - yaratdigi  termofotoelektrik  harokat  qiivvasi
(termofoto.e.h.q.) hazirda yarimkecirici materiallarda nadir tasadiif olunan va az tadqiq
olunmusg fotoelektrik hadisalora aiddir. Belo effektlorin yalniz bir qisim materiallarda
miisahida olunmast barada moalumat vardir. Bu moalumatlar miisahido olunan effektin
praktik tatbiqina, eloca da yarumkeciricilorda qizmar yiikdagstyicillarin hesabina yaranan bir
swra effektlorin bilavasito onlardaki qizmar yiikdagryicilarin termofoto e.h.q. ilo izahina
komoak edir.

Cd Hg, Te kristallarinda aparilan todqiqatlar naticosindo miioyyon olunmusdur ki,
yiikdasiyicilarin elektrik sahosi ilo qizmasi vo hiss olunacaq fotokeciriciliyin yarandigi
miloyyon elektrik sahosi, temperatur vo dalga uzunlugu oblastlarinda, Y — kvantlar1 vo
elektron seli ilo siialandirilmis vo ovvalcadon siialandirilmamis kristallarda qizmar
yiikdasiyicilarin termofoto e.h.q. (U,.) yaranir [1,2]. Gostorilon kristallarda bu hadiso

temperaturun (77+300K), elektrik sahosi intensivliyinin (E =4-10"V - sm™" —o kimi) vo
niimuny iizorino diison isigm intensivloyinin (10~ Vz— qiymetino qoder) genis intervalinda
oyronilmisdir. Miixtolif temperaturlarda ol¢iilon termofoto e.h.q. - nin elektrik sahosinin
intensivliyindon asililiginin tadqigindon miioyyon olunmusdur ki, biitiin baxilan torkibli
Cd Hg, Te-monokristalinda 7y —siialanmadan sonra n—tip kristallarda U, — in ododi
giymati siialandirilmamis hala nozoron artir. Amma bu halda »n—tip niimunalor iigiin
Y —stialanmadan sonra U, = f (E) asiiligimin xarakteri praktik olaraq doyismir. Bu
asililiq ii¢ oblastdan ibaratdir: kvadratik, xatti vo subxatti. p —tip kristallarda ise asilililigin
xarakteri qismon doayisir vo bu halda iki oblast (baslangic kvadratik vo sonradan xatti)
miisahido olunur. Stialandirilmis »n —tip kristallarda eyni soraitdo temperaturun artmasi ilo
U, —monoton azalir vo homiso siialandirilmamais hala uygun qiymatdon boyiik qalir.
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Stialanma noticesindo termofoto e.h.q.-nin miitloq doyismosinin |UTF|0—|UTF|7 -

niimunonin torkibinden asililigindan goriiniir ki, Y — kvantlar ilo siialanmadan sonra U,
artir (sokil 1). Todqiqatlar zamanm miixtolif dozali Y —kvantlar ilo stialandirilmig niimunolor
tciin U, = f (E) asithlig1 dyronilmisdir. Miioyyon olunmusdur ki, eyni soraitdo siialandirilmis
nimunoloar tigiin D, —siialanma dozasindan asili olaraq hom U, - in adadi qiymati, hom do

saho intensivliyindon asililiginin xarakteri doyisir. U, = f (E) asililiginda, bir qayda olaragq,

daha cox doyismo nisboton al¢aq temperaturlar oblastinda vo ¢ox da yiiksok olmayan elektrik
sahalorindo miisahido olunur. Adston, siialanma dozasinin artmasi ila, avvalca (nisbaton algcaq
dozalarinda), bu asililiq kvadratikdon giiclii olur, sonra iso (yiliksok siialanma dozalarinda)
tadricon kvadratik asililiga kegir.

Todqiq olunan |UTF| o —|U TF|y =f(D,) asiiligindan goriinir ki, n—-Cd Hg, Te
kristallarda termofotoe.h.q. - nin doyigsmosinin miitlog giymoti ovvalco koskin artir, sonra
150 doyma halina ke¢ir. p—Cd Hg, Te kristallarinda 1iso tamamilo forqli asililiq

miisahido olunur. Belo ki, elektrik sahosinin E=4-10’V-sm™' qiymotindo D,— nmn
artmasi ilo AU = |UTF| o —|UTF|y —miintozom olaraq artir, £ =10’V -sm™' giymotinds iss bu
asililig geyri-monoton olur. D, —mnin ki¢ik qiymatlorinds AU, kaskin artaraq maksimum

giymato ¢atir, sonra bir qadar azalir vo daha sonra iss (D, >10" R giymotlorindo) yenidon

koskin artir. Miisahido olunan effekt termofotoe.h.q. - nin miixtolif elekirik saho
intensivliyi vo temperaturlardaki kinetikasinda daha aydin Oziinii gostorir. Homginin
miiloyyon olunmusdur ki, siialandirilmamis Cd Hg, Te kristallarinda miisahido olunan
termo foto e.h.q. otalotsizdir.

AU| -V

950 060 070 g80 0,90

Sakil 1. n-Cd,Hg;.Te (a) va p-Cd.Hg;.,Te (b)
kristallarznda|AUTF |7 =f(x)

asitliigr. T =77 K Dy =4.10°R; E=4-10°V -sm™".
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Hom n-, hom do p- Cd Hg, Te Kkristallann yiiksok dozali y— stialar1 ilo
siialandirildigdan sonra onlarda yuxari temperaturlarda yaranan termofoto e.h.q. atalotsiz
olur [3] Algaq temperatur vo siialanma dozalarinda U,, —in yaranmasi vo yox olmasinda
159 astaliq miisahido olunur. n— Cd Hg, Te kristallarindan forqli olaraq p —Cd Hg, Te
kristallarinda daha yiiksok elektrik saholorindos oks "sigrayis" effekti koskin sokildo
miisahido olunur.

Miixtolif dozali qamma-kvantlarla siialandirnnlmis Cd Hg, Te kristalinda qizmar
yiikdastyicilarin termofoto e.h.q. maraqli, hom do miirokkab xiisusiyyatloro malikdir [3]

Qizmar yiikdastyicilarin termofotoe.h.q.-nin spektral asililig1 ilo uygun fotokegiriciliyin
spektral asililigi arasinda miioyyon korrelyasiya vardir. Alinan tocriibi noticolorin tohlili
stibut edir ki, hor iki spektral asililiq kristallarin Y — kvantlarla stialandirilmasi naticosindo

onlarda fozaca geyri-bircinslik doracosinin doyismosi ilo olagodardir. Cox giiman ki,
stalandirilmis n— Cd _Hg, Te kristallarinda termofotoe.h.q.-nin azalmas: vo oksino onun
p—Cd Hg, Te kristallarinda baslangic hala nozoron artmast uygun olaraq ya
yiikdastyicilarin  konsentrasiyasinin artmasi, ya da azalmasi ilo olagodardir. Qamma-
kvantlari ilo stialandirilmis Cd _Hg, Te monokristallarinda termo foto e.h.q.-nin asililig:
asagidaki kimi izah oluna bilor. Forz etmok olar ki, Y—kvantlar ilo sitialandirilmis
n—Cd Hg, Te kristallarinda temperaturun yiiksolmosi ilo yiikdasiyicilarin yiiriikliiyti

ovvalco artir, sonra iso miloyyan temperaturdan baslayaraq azaldigindan uygun olaraq
termofotoe.h.q. do temperaturdan geyri monoton asili olur. Qamma-kvantlar1 ilo
stialandirilmis p —Cd Hg,_Te kristallarinda yiikdagiyicilarin yiirtikliiyti (hamginin U,;)

temperaturun artmasi ilo daim azalir. Bu forziyyo Cd Hg,_ Te kristallarinda Y — kvantlar
ilo stialandirilmaya qodor vo siialandirilmadan sonra Holl amsalinin, elektrikkeciriciliyin,
Holl yiiriikliiyliniin temperatur asililiginin  tocriibi  noticolori ilo bir daha tosdiq
olunur.Miixtalif dozali Y— kvanti vo siirotli elektron seli ilo stialandirilmis n— vo
p— Cd _Hg,_Te kristallarunda qizmar yiikdasiyicilarin termofotoe.h.q.-nin tocriibi
todgigindon miioyyon olunmusdur ki, giiclii elektrik sahosi, diison isigin intensivliyi,
temperatur vo isigin diismo miiddstindon asili olaraq termofoto e.h.q.-nin hom odadi
giymaoti, hom do asililiq xarakteri doyisir.

Miioyyon olunmusdur ki, siialandirilmadan sonra Oyronilon niimunalorde U, —in
spektral paylanmasinin hom formasi, hom do diopozonu doyisir. Xiisusilo Y —siialar ilo
stialandirilmadan sonra n—tip kristallarda U,, — in spektral diopozonu sixilir, spektrin

maksimumu vo qisa dalga sorhodi uygun olaraq qisa dalgalar oblastina torof siiriisiir.
Noticodo Oyronilon kristallar ii¢iin miisahido olunan fotoeffektin qirmizi sorhodi
siialandirilmamis niimunsloro nozoron daha koskin olur. Amma spektrdo yaranan bu
siirismolor vo doyismolor adoton asagi temperaturlarda bas verir vo biitiin bunlar eyni
tocriibi goraitdo niimiinonin torkibindon asilidir. Niimunonin torkibinin artmasi ilo
termofotoe.h.q. avvalca (x =0,80 -a godar) artir, sonra iso (x >0,80 qiymatlorinda) azalir.

Homg¢inin miioyyon olunmusdur ki, todqiq olunan Cd Hg, Te kristallar1 Y — kvantlar ilo
stialandirildigdan sonra niimunonin tokibinin artmasi ilo U, — in spektral paylanma

intervali bir qadar genislonir.
Cd Hg, Te kristallarinda miisahido olunan termofoto e.h.q. - nin Oyronilon

niimunonin torkibindon asililifina qamma-giialanmanin tosiri algaq sitialanma dozalarinda
noqtovi radiasiya defektlorinin bir yera toplanmasi naticasinds kristalda yaranan foza qgeyri-
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bircinsliyinin artmasi ilo, yiiksok dozalarda iso kristala coxlu sayda noqtovi radiasiya
defektlorinin daxil olmasi hesabina kristalin fozaca bircinsli hala yaxinlagsmasi ilo izah
olunur. Y —siialanma naticosindo todqiq olunan niimunods noqtovi radiasiya defektlorinin

yaranmas1 modeli osasinda U,, —in niimunonin tokibindon asililigi vo X —in artmas: ilo
termofoto e.h.q.-nin artmasi kristala siialanma naticosinds daxil edilon radiasiya defektlorinin
kristalda olan ilkin idaro olunmayan defektloro olan nisbotinin artmasi ilo izah oluna bilor.
Toklif olunan bu mexanizm 7 —siialanmanin qizmar yiikdasiyicilarin termofotoe.h.q.-nin

yaranmasini vo onun D, — siialanma dozasindan, niimunonin torkibindon, temperaturdan vo

elektrik sahasindon asililigini keyfiyyotco izah edir [4]. Miisahido olunan vo asas signala
nozoron oks isarali kigik "sigrayis" bizim fikrimizco, qizma noticosinds kontakt ¢oparinin
arxasinda oks isarali yiiklorin toplanmasi hesabina bas verir. Qizdirict elektrik impulsu
kosildikdon sonra daxili sahonin tosiri ilo bu yiiklor oks torofo sorulur vo sorulma miiddotindo
ossillografin ekraninda ani olaraq oks istiqgamatds nisbaton zaif pik miisahido olunur. Bu
forziyyo oks istigamotli pikin amplitud vo siirokliyinin kontaktin noviindon, Oyronilon
niimunonin xiisusi miiqavimotindon, diigon is1gm intensivliyindon vo niimunonin
keciriciliyinintipindon asil1 olmasi ilo tosdiq olunur.

Alman tocriibi naticolori arasdirarag vo movcud elmi adaobiyyata istinad edorok
demok olar ki, 0yronilon Cd Hg, Te kristallarinda termofotoe.h.q.-nin ifrat yiiksok tezlikli

giiclii elektrik sahosinin tosiri ilo doyigsmaosi baxilan soraitdo yiikdasiyicilarin elektrik sahosi
ilo qizmasi ilo alagodar olub asas, yiikdasiyicilarin siialanmasi hesabina yarimkeciricido
yaranan noqtovi defektlorlo qarsiligh tosiri ilo toyin olunur.

Todqiq olunan miioyyon torkibli n—Cd Hg, Te kristallan Y— kvantlarla
siialandirildigdan sonra sopilmo markazlorinin (defektlorin) konsentrasiyasinin artmasi ilo
yuriklik (W,) vo yiikdasiyicilarin yagsama miiddeti azalir. Bu zaman analoji olaraq
yiikdastyicilarin elektrik sahosi ilo qizma soviyyalori, homginin onlarin toplasma omsal1 vo
diffuziya uzunlugu da doyisir. Ona goro do Y — kvantlarla siialandirildigdan sonra eyni

tocriibi soraitdo hom |UTF

, hom do ‘UTF‘Y -in odadi qiymati azalir. p—tip kristallarda

hom |U .-

, hom do |UTF|7—1n yaranmasinda eyni zamanda bir-biri il1 rogabot edon ikitip
0

yiikdastyicilar — elektron vo desiklor istirak edir. Xarici soraitin doyismosindo va
Y —kvantlarla siialanmada bu komponentlorin nisbati doyisir. Ona goroa do, tadqiq olunan
niimunolards Olciilon komiyyatlorin hom odadi qiymati, hom do onlarin asililiq xarakterlori
doyisir.

Toklif edilmis mexanizm elektron vo <Y —siialanmanin qizmar yiikdastyicilarin
termofoto e.h.q. - no tosirini vo homgcinin termofoto e.h.q. - nin siialanma dozasindan,
niimunolarin torkibindon, temperatur vo elektrik sahs intensivliyinden asililiglarini da izah
edir.
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ESTABLISHED A NEW METHOD OF DETERMINATION OF THE COEFFICIENT
OF THERMAL CONDUCTIVITY.

A.Q. Huseynov, S.Sh. Babaeva
Azerbaijan State Oil Academy

Xiilasa
Moqalodo geyri-stosionar rejimdo yeni metodlu silindirik zond vasitasilo atmosfer
tozyigindo 20+80 C intervalinda istilikkecirmo omsali 6l¢iilmiisdiir. Yiiksok parametrlordo
alinan naticolor [5] metodikasi ilo todqiq olunmusdur. Atmosfer tozyigindo alinan naticolor
~1%, yiiksok parametrlords alinan naticalar iso 1,7% xota ilo qiymatlondirilir.

Pedepar
[Ipennaraercss HeCTalMOHApHBIA HOBBIM METOX [UIsl W3MEPEHHs TEIUIONPOBOJHOCTH, B
YaCTHOCTH, KJIACCUYECKOM METOJ LWIMHAPUYECKOro 30HAa. IIpu momomm 3ToM MeTOnMKe
HCCIIEIOBAaHO BBICOKOMHHEPAIN30BaHHbIX IJIACTOBBIX BOJ NPH aTMOC(HEPHOM JIABIECHUU B
temneparype 20 80C°. Jlannbie IIPY BBICOKMX IapaMeTpax MOJy4eHbl 110 MeTojauke [5].
[Torpemnocts u3mMepeHust K03(h(UIueHTa TEeIIONPOBOAHOCTH MPH aTMOC(EPHOM JaBlIeHHE
cocraBiseT ~1%, a npu BeIcOKUX napameTpax 1,7% .

The conductivity liquids and gases occurring in the way of explanation of the process
of radiation is currently considered one of the actual problems . According to the molecular-
kinetic theory of particles that happened in the process, and it is difficult to explain, the best
way to study this process in the solution of practical problems, in particular in case of heat
transfer in this event as a whole to be appropriate for a review. [1]

In some cases, the unit price is a little expensive over time, which is of practical importance,
it is necessary to investigate the matter. This becomes even more important at that time,
(petroleum products), they are integral parts of the change within a short time. It is suitable
for the practical point of view is characterized by simplicity, there is a need for a device. In
this case, typically, the classical methods for determination of the coefficient of thermal
conductivity probe method was applied to one of the methods that are in use. There are

practical difficulties in the implementation of this method.[2,3].

The advantage of this method is that the classical method is to note that, in the short
term pressure on the diaphragm, the diaphragm can be between geodesy and the probe
"foreign conductivity” is measured. Research shows that a stable layer of the substance of the
study, current amplitude and permeability momentum, is equal to the change in temperature
probe.

Beckman’s metastatic thermometer is wrapped 1, 3 heater (resistance insulated, copper wire
3.5 m) and fluid in the study were placed in glass Jar. The vessel was closed with a cap at
least. The containers are placed in the fluid thermostat. A constant voltage of 2 V, the current
heat in the outgoing rectifier stopwatch switches, current switched off after 30 seconds, on
Beckman's thermometer the probe heating rate is recorded.

Measuring cell with well-researched (the range of the coefficient of thermal conductivity
0,02-0,7 w / mk) is measured.

As is shown on the scheme experimental data on conductivity the pore water
solutionsare well placed on the common curve. This dependence is described by the equation:

A we = Apr2oss (@ +at+ct’)
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T

where 1= @ ; T- is temperature ; A, v — is coefficient of thermal conductivity of pore water
at temperature T; Ap4003 5 — is coefficient of thermal conductivity of pore water at temperature
To =293,15 k; a, b, ¢ are coefficients depending on temperature ; a= 0,5025; b= 2,3470 ; c=
0,8330.

This equation describes the dependence of coefficient of pore water solutions thermal
conductivity on temperature at current concentration.

= 4 1 water
= 2.glyserine
= 3.tecractilen glikol
= 4 _etanol
—_— 5.toluol
= G6.tctraxlor mctan
E=] 7 .air
=
(S
=
a .
-_— 3 =
A 2SS =
R : 4
o e
: 7z 7< 78 AT
a) b)

Figure 1. The measuring cell is a) graduirovus schematic curve for temperature
Table 1: Experimental measurements of thermal conductivity of pore Waters
at mineralization 681, gr /1

P/MPa 0,1 5 10 20 30 40 50
%

293,15 583 586 588 593 597 602 607
303,15 600 603 609 613 615 620 616
313,15 617 620 622 626 631 635 640
333,15 629 632 635 639 645 650 655
343,15 648 651 654 658 663 668 670
353,15 655 658 660 664 669 670 676
373,15 666 669 673 678 680 685
393, 15 669 673 677 683 685 690
413,15 672 674 680 684 686 691
433,15 665 672 677 682 684 692
453,15 653 659 673 679 677 691
473,15 639 661 668 672 673 682
493,15 640 646 654 663 672 673
513,15 621 629 633 643 652 654
533,15 594 510 619 631 637 640
553,15 582 595 623 630 635
573,15 542 558 564 572 583
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Table 2: Experimental measurements of thermal conductivity of pore Waters at
mineralization 82,76 gr/ 1
P/MPa 0,1 5 10 20 30 40 50
T
293,15 580 583 585 590 587 601 606
303,15 587 590 593 597 602 608 613
313, 15 602 595 597 602 608 613 618
333,15 615 618 621 624 630 635 640
343,15 625 628 631 635 640 644 650
353,15 646 649 652 654 659 665 672
373,15 660 661 663 666 674 681
393, 15 664 665 669 671 679 686
413,15 667 664 670 672 680 687
433,15 664 662 668 669 678 688
453,15 657 655 660 666 670 687
473,15 643 650 655 659 666 677
493,15 629 635 640 650 657 662
513,15 610 619 624 630 637 642
533,15 589 600 605 623 629 510
553,15 569 574 615 621 626
531 536 574 579 581
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B nacmoswee epemsi pazeumue meepoomenvHol 31eKMPOHUKU mpedyem noucka
HOBbIX MAMEPUANO8, a MAKH#Ce 8CECMOPOHHO20 UCCIe008aHUA UX usuyeckux ceovicms. Ilpu
9MoM 6ce boblye BHUMAHUE YOeTAeMCS U3YUEHUIO DNeKMPOH-0eheKmMH020 83aUMO0etCmBUs,
KOmopoe uzpaem onpeoensiouyio poib 8 PU3ULUECKUX AGIEHUAX, NPOMEKAIOWUX 8 MEepOblxX
menax, maxk u paziuyHelX npubopax Ha ux ocHose. Bonvwas uacme uz cywecmeyrouwux
NOLYRPOBOOHUKOBBIX MAMEPUANO8, AGNAIOWUEC OCHOBHbIbU 00beKMamu QuU3UKU meepooco
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mena u meepoOOmenbHOlU INeKMPOHUKYU, 6edym cebsi KAK HacmUuiHo-HeynopsaoodeHHble
mamepuanvi. OOHAKO 0COOEHHOCMU IIeKMPOH-0eDEeKMHO20 83aUMOOelcmeue 8 HUX U3YUeHbl
Kpatine Hedocmamouno. Ilodmomy KoMHIeKCHOe Uccie008anue INeKMPOHHBIX CEOUCME
MoHoxkpucmannog InSe,-nonynposooHUKo8 ¢ 4acmMUYHO-HEYNOPAOOYEHHOU CMPYKMYpOll
HecOMHeHHO Agndemcs  akmyanrvHou. QOHako MHo2ue coucmea U  0COOEHHOCmU
MoHoxkpucmannog InSe ewje ne gviagneHvl u mpebdyrom 2nyo0keo usyyenus. B yuacmuocmu, 6
Hacmoswjemy 8pemMeHu c1abo uzyueHvl GlusHUe 1e2upo8anue peoKO3eMeNIbHbIX DIeMEHMO8
Ha 3]IeKMPOHHbLE CEOUCME IMUX NOJIYNPOBOOHUKOS.

Llenpto Hacrosimiedl pabOTHI SIBISAIOTCS BIHMSHUE JIESTUPOBAHUS PeIKOEMEIbHBIMHU
JJIEMEHTaMU Ha DJIJIEKTPUYECKUE CBOWCTBA, & TAKXKE BBIACHEHHE MEXaHW3Ma BIIMSAHUS
IIpUMECEd  PEIKO3EMEJbHBIX  JJIEMEHTOB HA  DJJIEKTPOHHBIX  CBOMCTBA  CIOUCTBIX
TIOJTYTIPOBOHUKOB THUIIA MOHOKPHCTAILIOB coenHennii A°B°.

MonokpucTamisl coenuHenuii A’B°co cl1oucTol CTPYKTYpoil OGHAPYKUBAIOT Pl
CHelU(pUIECKUX JIEKTPOHHBIX CBOMCTB: 3()PEKT MepeKIoueHns ¢ NaMsIThlo, OTPULIATEIbHOE
muddepeHraIbHOe CONPOTUBICHNE, HU3KOYACTOTHBIE OCHMIIIAIMK TOKA, TEMIIEpaTypHO-
JNIEKTpUYecKasi HEYCTOMUMBOCTb, OCIIIIaKU (POTOTOKA, OTpULIATENbHAs (POTONPOBOIUMOCTb,
dorodnexTpudeckas mNamATh, WHAYLUPOBaHHAs MpUMEcHas (OTONMPOBOIUMOCT U T.1.,
KOTOpbIE OOBSICHSIOTCS Ha OCHOBE HAIWYMS PA3JIMYHBIX JIOKAIBHBIX LEHTPOB H
MOTEHIIMAJIBHBIX 0apbepoB B M3y4aeMbIX MaTepHaiax. MOHOKPUCTAIIBI CEJIEHUIa UHIUS TI0
CBOUM (DOTORJIEKTPHUECKUM CBOWCTBAM DA3JENAIOTCA HA JIBE TPYNIbl: HU3KOOMHBIE U
BBICOKOOMHBIE. B oTinnyne oOT HHU3KOOMHBIX, BBICOKOOMHBIE KPHUCTAIBI O0JagaloT
cBorictBamu octatrouHoro HWK-ramenus coOCTBEHHOW TNPOBOAMMOCTH, OCTATOYHOU
OTpHULATENILHOM MPOBOIUMOCTH U (POTOAIEKTPUUECKON YTOMIISIEMOCTH. Y Ka3aHHbIE AP (HEKThI
SABIISIIOTCSL OOBEMHBIMU DJIEKTPOHHBIMH IPOLECCAaMU U OOYCJIOBJIEHBI MPOCTPAHCTBEHHOM
HEOJAHOPOJHOCTBIO 3THUX KPHUCTAUIOB, a TaKK€ HAJIMYMEM B MX 3alpelIeHHON 30HE
JIOKAJIM30BAHHBIX COCTOSHHIA TTTyOOKHX YpOBHEH [ — MpUIHMIaHHUS.

ABTOD [1, 2 ] B BBICOKOOMHBIX KpHCTaJIax InSe oOHapyxeHa

JNEKTPOMHAYIIMPOBaHHass  mpuMmecHas  (oronpoBogumocts  (MD),  obOycnosianHas
OIMyCTOHICHUEM JIOBYHICK OCHOBHBIX HOCHUTEIIEH 3apsaaa. HOKOBaHO, 4YTO B 3TUX KpUCTAIax

riyOuHa 3ajleraHusi MeJUIEHHBIX r-IEeHTpoB (&, = £, +0,43 3B) 3HAUUTENbHO NPEBBIIAET
rnyOuHy 3aneranust JoBymek (€, =& —0345B) u 3TH  JIOKanbHbIE  YPOBHH

MIPOCTPAHCTBEHHO pa3/eiieHbl. DTO MO3BOJIAET HA OJHOM U TOM K€ 00paslie 0OHApYKUTh
yKa3aHHbIE SIBJICHUSI B OTAeNbHOCTH. Ha OCHOBe uccinegoBaHUsi CHEKTpa U KHUHETHKA

(hOTOPOBOAMMOCTH B OTPE/ICIICHBI: BEIMYMHA IIIUPUHBI 3anpernieHHou 30861 ( ~1,20 3B npu
300K), koHneHTpanuu r-neHTpoB (N,~10" sm™ ), cedeHus 3axBaTa OCHOBHBIX
(S, =5-10" sm™) u neocHoBHbIx (S, ~107'° sm™) HocuTeNnel, a TAKXKe YHEPreTHYEcKas

rIyOMHA 3aJIeTaHus YKa3aHHBIX YPOBHEH OTHOCUTEIBHO MOTOJIKA BaJICHTHOM 30HBI.
VYcTaHOBIEHO 4YTO B BBICOKOOMHBIX MoOHOKpHcTauiax InSe mpu T<200K mnocne
BO3JEHCTBUSL CBETOM W3 oOjact mnpuMecHoro moromenus (1,15 <A<2,80 mkm)

HAOJIIONIAeTCsl OCTAaTOYHAsi OTpUaTeNbHAas (POTOMPOBOIUMOCTh C BpPEMEHEM pelaKcaluu
7=10"-10"" c. B BBICOKOMHBIX MOHOKpucTanmnax InSe mpu TemmepaTypax T<200K
oOHapyXeH ahdext (b oTOdIEKTpUUYECKON YTOMJIIEMOCTH (O®DY)-yMeHIeHue
(OTOYYBCTBUTEIHHOCTH  MPU  JIUTEIBHOM  BO3JEHCTBUU  (POTOAKTUBHOTO  CBETa
(0,35 <A<LIS mkm).

HenerupoBaHHbIe crienaabHO U JIETUPOBAHHBIE PeIKO3eMeIbHBIMU deMeHTaMu Gd
¢ pasmuuHbIMH cozepxkanueM (107 —107" ar. %) coemunenns A’B°® momydeHsl Hamu
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METOJOM  CIUJIaBJICHUSI HCXOJHBIX KOMIIOHEHTOB, B3ATBIX B CTEXHOMETPUYECKOM
COOTHOIIICHUHU. B kKauecTBO MCXOMHBIX KOMIOHEHTOB Opaynch In mapku B-3 (99,999 %), Se
Mapku B-5 (99,999 %), a xauectBe mnpumeced P3D-xumuuecku 4YHCTbIE 3JIEMEHTHI
rajioauHui. JlerupoBanue MpoOBOIWIM TIEPE HAYaJIOM IMpoIecca CHHTEe3a MyTeM J00aBICHHS
M3MEJIBUYEHHOTO PEJIKO3EMEIIbHOTO JJIEMEHTA BBICOKOW YIICTOTHI B aMITyJIbl BMECTE C
HWCXOOHBIMU KOMIOHEHTaMH. MoHokpucrammyeckue ciautku InSe u InSe:Gd nHamm
BBIpAIIMBAIMNCH METOJIOM bpupkmena.

W3BecTHO, UTO IIyTeM IerMpOBaHMs CIOMCTBIX KpuUCTawioB A’B° mnpumecsamu
PElKO3EMENIBHBIX ~ 3JIEMEHTOB MOXXHO  YIpaBiaTh CUCTEMOM HUX CTPYKTYpHOH W
IIPOCTPHCTBEHHON HEOJHOPOIHOCTH. C LIE€TIbI0 YCTAHOBIEHUS B3aUMOCBS3H MEXKIY CTEIEHBIO
IPOCTPAHCTBEHHOW HEOAHOPOAHOCTH M 3((HEKTOM NEPEeKIHOYEHUs, a TAaKXKe BBIABICHUS
0COOEHHOCTOH  DIEKTPOH-IE(PEKTHOTO  B3aMMOJACHCTBHS  YaCTUYHO-HEYNOPSJOYCHHBIX
HOJIYIIPOBOJIHUKOB B 3THX MaTepuajgax HaMU HMCCIEI0BAHO BiMsHUE jerupoBaHus P30 Ha
3¢ (DeKT nepeKTrOYeHNS B KPUCTAILIAX CEICH 14 WH/IHS.

Huxe u3noxeHbl pe3ysbTaTbl UCCIEJOBAHUS BIUSHUS Ha 3G (QEKT MEepeKIoYeHnus B
MoHokpuctaiiax InSe u InSe:Gd cnenuanbHO BBEIEHHBIX NPHUMECEH PENKO3EMENbHBIX
AJIEMEHTOB TajgonuHus. M3ydaembie oOpas3msl ¢ koHueHtpamuu N =0,10; 0,20; 0,50 at. %
BBIPE3AJIUC M3 KPYIHBIX CIUTKOB. M3MepeHus NpOBOAMINCH B IPOAOIBHOM pEXUME, a
KOHTAKTHBIMU MaTepHagaMu ciiyxuiu In, cepeOpsiHast macta u akBajiak.

OOHapyXeHO, 4TO B HCCIEAYeMbIX CTPYKTYp MeTaui-InSe B TemmeparypHOM HHTEpBaJie

80<T<400K BAX mnomumHsieTcs cTerneHHOMYy 3akoHy [ ~U", mokaszarenb cTerneHu (1)
KOTOPOTO TMpPH ONTHMAIBHBIX YCJIOBUSX C POCTOM TIPUJIOKEHHOTO  HAMPSDKEHUS
yBenmuuuBaercsi ot ~1 moutm 1m0 ~7. [lpu 1OOCTMIKEHWH OINpPENEICHHOTO 3HAYCHHUS
HAINPSHKEHHOCTH  3JIEKTPUYECKOro nosist E, . npoucxXoaut ObICTponeicTByrommid dhdext

nepexmoueHns (7 = 107 ¢ ) ¢ monroBpemenHoi mamaThio. Takke 0OGHAPYKEHO, UTO C POCTOM

TEMIIEpPATypbl B CTPYKTypax Ha OCHOBE HEJIETMPOBAHHBIX KpUCTaIOB InSe HampskeHus
nepekiatodeHus Uy, MOHOTOHHO YMEHBINAETCA, @ B CIELHUAIbHO JISTMPOBAHHBIX IPUMECHIO
ragonunus kpucrawos InSe:Ga 3aBucumocts Uy, 0T T uMeeT clnoKHBIN XaKakTep.
VYcraHoBlIeHO, 4YTO B 000MX Tpylmax KpUCTAUIOB MaMsATh, T.€. JAJIUTEIbHOE
COXpaHEHHE HU3KOOMHOTO COCTOSIHHMSI 00pasla, YCTaHOBJIEHHOT'O IOCJE IEPEKIIOYCHHS,
CTUpaeTcsi IyTEM BO3JEHCTBUS HAa CTPYKTYpy KpaTKOBpeMEeHHbIMU (7 <1mks)

AJIEKTPUUECKUMH UMIYJIbCAMHU C aMIUIMTYIOM, 3HAUUTENBbHO MPEBBIIIAIONICH HAIpsKEHUE
nepexmodenus (U»Uyy), a Taxke ee HarpeBom no T>400K c¢ mnocienyromum pe3KuM
OXJIXJIEHUEM JI0 a30THOM TeMIIepaTypbl IyTeM HOTPYKEHHUs B KUAKHHA a30T. OKo3asoch,
YTO C POCTOM KOHUEHTpAaUuH rafoiuHus Ngg NPH NPOYMX OAMHAKOBBIX YCIOBHAX Upp
yBennuuBaercs. OOHapyKeHO, 4To mapaMeTpsl 3¢ (deKra MepeKTroueHUs] U HCCIEAYEMbIX
CTPYJATYpPax 3aBUCST TaKXKe OT BO3AEUCTBUS (POTOAKTUBHOIO cBeTa. B quamno3ona temneparyp
T=80-400 K mox pgelictBueM cBeTta u3 00JlacTh  COOCTBEHHOI'O  IIOTUIAIIEHUS
(0,30<A<LI15 mkm) nampspKeHUE MNEPEKIYCHHS YBCHBINACTCS C POCTOM HMHTEHCHBHOCTH

ceera (I.) Benmmunna AU=Uy,- U g (rne Uy u U g -HaNpPsDKEHUS NEPEKIIFOYEHUS B TEMHOTE U

IPU BO3JIEHCTBUM CBETA, COOTCTBEHHO) pacTeT. 3aBUCUMOCTh Uy, OT BO3JECHCTBHSA CBETA U3
001acT MPUMECHOT0 MOTIALIEHUS TPEX A€ BCEro OMPEeIaeTcs JIMHOM BOJIHBI U3TyYEHUSI.

C pocToM cozep:xaHHs IaJJONMHUS MAKCUMYM KPUBBIX 3aBUCUMOCTH A U, OT JUIMHBI CBETA B
o0JacT TNPUMECHOTO TMOTJIALIeHHWs] CMEIIaeTcsi B CTOPOHY Oojiee JAJIUHHBIX BOJIH.
VYcranosneno, uro kak B InSe, B kpucramiax InSe:Gd cnekrpansnoe pacnpenenenue AUy, B
o0nacT COOCTBEHHOIO IOTJIAIIEHHs COBIMAJAE€T CO CHEKTPAJIbHOM paclpeaeeHueM
coocTBeHHOM (orompoBoaumoctu (Ip), B 007aCTH OTHOCHTENIBHO KOPOTKOBOJIHOBOIO CBETa
13 00JIaCTH MPUMECHOTO MOTJIAIIECHUSA-CO CIEKTPAIbHBIM paclpeleleHHeM OTpULlaTeIbHON
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doronpoogumoct (I,) MK-ramenus coOCTBEHHOH (OTONPOBOAMMOCTH U MHEKLIMOHHOIO
Toka ( f); B obsactu OoJiee JUIMHHOBOJIHOBOI'O CBETa U3 00JIaCTH MPUMECHOTO MOTJIAIICHHS —
CO CHEKTPAJIbHBIM pacipeelieHueM HHAYIUPOBAHHON (OTONPOBOAUMOCTH

BnusiHue cBeta Ha mapaMeTpsl S-IMOAOB Ha OCHOBE CUMMETPUYHOMN CTPYKTYpbl M —
Il - M wuccnenoBano (rae M-In a II- InSe, InSe:Gd) B auano3one temmnepatyp 80—400 K,
cnekTpaibHoM uHTepBane JiuH BoiaH 0,30—3,00 MKkM B pexuMe TeHepaTopa TOKa.
VY CTaHOBIEHO, YTO 3aBUCUMOCTH OT TEMIIEpaTypbl U JUIMHA BOJIHBI CBET Ha HCCIEAYyEMbIe
CTPYKTYpPBHl BIMSIET MO pa3HOMy. B dYacTHOCTH, BO BCEM pPACCMOTEHHOM  JUANO30HE
W3MEHEHUS TeMIlepaTypbl MOJ JeiicTBHeM cBeTa M3 00JacTu COOCTBEHHOIO IorJjaiie
(0,40 < A1 < 1,30 mkm) wnanpspkenust Uy, yMEHbIIAeTCs OTHOCHTEIBHO TEMHOBOTO, a IIPH
temneparypaom untepBane 80<T<120K opnoBpeMenHo umeer mecro U poct Uy, npu
ocsemtennn (1,40 < A <2,80 mkm) obpasna. B kauecTBe cOOCTBEHHOMN IMOICBETKH Opaics
MOHOXPOMaTHUYECKUH CBET ¢ JIMHOM BoJIHBI 0,95 mkm, a kauerBe npumecHoro 1,80 mkm. B
BOJIbTAMIIEPHON XAaKTEPUCTUKE OOHAPYKEHO S-00pa3Hble KpPHUBBIC MOIYHHSIONIMICS TI0
crenennomy 3akony I~U" (rme n>2), a mocie MOCTHIXKEHHUS IIOPOrOBOIO HAIPSIKEHUS
UCCIIETyeMbIe CTPYKTYphI MEPEXOASIT B HHU3KOOMHOE cocTosiHue. [Ipu ocBemeHnn obpasiia
COOCTBEHHBIM CBETOM, C POCTOM MHTEHCUBHOCTU Uy, YMEHBIIAETCS IO THIEPIOINYECKOMY
3akoHy. Ilpu onTMManbHBIX YCIOBHSIX 3Ta BenMuuHa cocraBisieT ~60 % OTHOCHUTENBHO
TeMHOBOro.O6HapyxeHHass crneuududeckas 3aBucumoctb Uy, OT JUIMHA BOJIHBI CBETa
BHEITHEH MOJCBETKH MO3BOJISET IIPU COOTBETCTBYIOIIEM BBIOOpE paboueii TOUKU YIPaBIATh
TOKOM 4epe3 UcclieyeMble CTPYKTYpbl M-I1-M BecbMa pa3HOOOpa3HO U OOHAPYKUTh B ATHX
CTPYKTYpax (GoToTpurrepHslii 3¢ ¢hexr.
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JTADPDY3UA ATOMOB UHJUA B UPUIUN YEPE3 IPOMEXYTOYHBIN
MOHOCJIO TPA®UTA

A.K. OpynxoB, A.O. Damnemupos, F.A. Opyaxos, A.®. UcmaiibLioBa,
P.H. UcmaniioBa
Baxunckuii I'ocyoapcmeennviil Ynusepcumem
orar@mail.ru

[Ipu o6nyuenun Harperoro a07 <1800K Ir(111)— C noTokoM aTOMOB HWHIUS C

IJIOTHOCTBIO V = (1010 +10"em ™ nHabmomanoch MHTEPKAJIUPOBAHUE ATOMaMH WHJIHS
MOHOCHOs Tpaduta Ha upuaun U nuddysus uaaus B upuauil. C yBeIUYCHHEM MOTOKA OT
10°cnc™ o 10™cem™c™ konmMuecTBO MHTEPKAIMPOBAHHOTO HHMS YBEIMYMBAJIOCH MO
JUHENHOMY 3aKOHY,a KOJMYECTBO AU(PPYHIUPYIOLIETO UHAMS CHIBHO YBEIUYHMBAJIOCH MPU
6onpmmx motokax v = (10" +10")euc™ m mocrarouno BeIcokmx Temmeparypax Ir-C (
T =1400K +1600K ). IIpu obmyuenuu Harpetoro 10 T=1600 K Ir(111) — C nmoTokOoM aTOMOB

UHIUS ¢ 6OJBIION MIoTHOCTRIO V = 10" cm™ ¢ 3a Bpems t=5SmuH., 10MuH.,15mMuH., u T. 1.

00beM HWHTEPKAIMPOBAHHOW ha3bl MHAMS OBLI B COTHH  pa3 MEHbIIE, 4YeM O00beM
i Py3nOHHBIN (Ba3pl UHAUSA U MPOJOJDKUTENBHOCTh AU(PPY3MOHHON (a3l Takxke ObLIO
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HAaMHOT'O OOJIbIIE YeM MPOAOIDKUTENFHOCTh HHTEPKAIMPUBOHHOH (ha3bl naaus. Hauvamo T/IC
wonoB In® w3 cucremsl [r(111)—C coorBerctBoBan Kk Ttemmeparype 1800K, T.e. 10

ucnapenust MoHocos rpadura. C nosimenneM remmnepatypsl sxkcnozunud Ir-C ot 1600K 1o
1800K konmyecTBO nuddyHAUPYIONIEro HHINUS YMeHbmanack. Hannyumas quddysus uaaus
B upuauii npoucxoaui npu temmneparypax 1400K <T <1600K Ir(111)—C . U3 cpaBHeHHs

KOJIMYECTBa MajarImx atoMoB uHauss N =V Ha Harperod no 1T =1600K Ir(111)—C 3a
BpeMs t ¢ KOJWYECTBOM WHAMS JUPOYHAUPYIOUUXCS W3 UPUAMS  OINpeAeisieMoe U3
ananmusa T/IC noros In", Gbu1a HalieHa IO MOTOKA aTOMOB MHAuS O, = N, /N =2- 107
i yaaupyrone B upuauid. J{oo noroka aToMoB UHAMS TUGGYHAUPYIOUUCS B UPUIUHA
onpenenuan u3 cpasaenust TIC [1,2] uonoBCs"™ u In" u3 Ir(111) — C ucnosp3ys U3BECTHOE
3HaueHue O =0,25. Ilpu oamHaKoBBIX ycioBHsX dkcnos3uimu Ir-C moTokamu aTtoMoB

UHAUA U LE31s1 OTHOIICHUA KOJIMYECTBA ,HH(i)(bYHI[pr}OH_[I/IXCH aTOMOB MOXKHO OIPEACIUTD
KakK OTHOIICHUC J0JIN IIOTOKOB In nu CS I[I/I(b(byH[[prIOU_[I/Ie B I/IpI/II[I/Iﬁ
_ Nln _ 51nw _ 5111

NCs §C5Vt - 5Cs

Haiineno ¥, =N, /N, =5-107 . Torna &, =~1,25-10, KkoTopas XOpOWO COTIacyeTcs

. U3 cpaBuenus miomaneii nuxkos THC wmonoB In" m Cs* Gbuto

BBIIICYKA3aHHON OILEHKOW O, B wpuauidi . M3 amamuza TIC woHOB/n® m0pH HOHH3ALUH

AJIEKTPOHAMH JIECOPOUPYIIETO MOTOKA aTOMOB UHAMS C TIOBEPXHOCTH UPUIMS M U3 CUCTEMBI
Ir-C Obut0 ompenesneHa a0 NOTOKAa AaTOMOB MHIUS MEPEXoJsllas B MHTEPKAIUPOBAHHOE
COCTOSIHUE TIO] MOHOCJIOEM I'paduTa Ha UPUANM IPU KOMHATHOM Temmeparype. Jist aToro 3a
OIIpPENICICHHOE BpeMs OOJydeHHs UPHUJIUEBON JIEHThl MOTOKOM aTOMOB HMHIUS  JaHHOU

wiotHocThio 3amuchiBaics TJIC woHOB In® ¢ MOBEPXHOCTH MPHIHs. 3aTeM MPH MPEKHUX
yenoBusix oomydancst Ir(111)— C w 3anuceBancs caoBa T/IC wonoB unaus. U3 cpaBHeHuUs

wiomaau nuka TJIC aToMoB nuHaus ¢ upuaud ¢ momansko nuka TJIC uHTepKamupoBaHHbIX
atomoB u3 [r(111)—C Obuta HaiieHa 10N MOTOKAa WHTEPKAIMPOBAHUS aTOMOB HHIUS B

cucreme Ir(111)—C 6 =0,310,05.Takum 006pa3oM MpH KOMHATHOM TeMIlepaType u3
rajaruero noToka aromoB uHausa Ha Ir(111) — C npuMepHO U3 TpeX aTOMOB MHIMS OIUH
WHTEpKAIMpyeTMOHOCOs Tpaduta Ha upuaun. M3 ananuza T C cnenoai, 4To KOJIUYECTBO
aTOMOB HHJIUSI JI€COPOMPYEMOrO C TMOBEPXHOCTH HUPUIUS PABHSIACH CyMME KOJHMYECTBA
aTOMOB MHIMs JaecopOupyembie ¢ noBepxHoctu Ir(111)—C ¥ MHTEPKAIMPOBAHBIX aTOMOB
UHIMS, TpU TPEJBApPUTEIBLHOM O0O0JydYeHUU Irn Ir(111)—C paHHBIM ©IOTOKOM 3a
OJIMHAKOBBIE BpEMs 3KCIIO3MIMH. JTO MOKA3aJ]0, YTO MPU KOMHATHOW TEMIEPAType MOMKHO
npeHebpeus aupdysueit aromoB uHaus B upuauii. Mzydenne TIAC nonos In' mokasaia, 4To
npu o0ydenuu Harpetoro 10 7 <1600K Ir(111) — C moTOKOM aTOMOB MHJHS C TUIOTHOCTBIO
v =10" cm ¢ KOIMUECTBO UHTEPKATMPOBAHHOTO U AU(GPYHIUPYIOMIEro UHAUS 3aBUCUT OT
noyioxkuTeapbHoro mnoteHumanalr(111)—C T.e. OT DBJEKTPUYECKOTO TMOJs. 3aMeTHas

mady3us uHaus B upuamid Hadamace 1npu 200B u ¢ yeenmmuenuem o 2500B ona
yBennunBaigack. Hanpumep npu yBenmueHun HanpspkeHue ot 200B go 2500B konmyecTBo
MHTEPKATMPOBAHHOTO WHAMS YBEIUYUIIOCH B TPU Pasa, a KOJIWYECTBO IU(D YHIUPYIOMIEKTO

wamus B 10°  pasa. Onpemenunack dHeprus akTHBaUMM AUQQPy3sMH HMHANA B
upnaui £, =5,05£0,055Bu w3 upumna £, =5,4£0,1oB .3aBUCUMOCTE ~ KOJIMYECTBO
MHTEPAKIMPOBAHHOIO U JTU(GOYHAUPYIOMIEro UHIUS OT HOJIOKUTEIBHOTO MOTEHIUANa IIPU
obimyueHun 1OTOKOM atomoB Harperoro ma07 <1800K Ir(111)—C mnokasano, 4TO
UHTEPKAJIMPOBAaHUEMOHOCIOST ~ IpaduTa HAa  HUPUAMHM B OCHOBHOM  COBEpPHLIAETCS
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MOJIOKUTENILHBIMU HoHaMu In* kotopble o6pasytorcst Ha Ir(111)— C W3 mamaromiero moroka
no Mexanmsmy ITHU. Tepmoaecopbimu woHOB In' w3 cuctembl Ir(111)—C mo wcnapeHus

MOHOCJOS TrpaduTra MOXHO OOBSCHUTH C MAJIbIMH paguycaMd aTOMOB U HOHOB HHJIUS
0 0
(r,=1,62A,r" =0,81A) 1m0 CpaBHEHHMH C aTOMHBIMH W HOHHBIMH pagHyCaMH KaJus

0 0 0 0 0 0
(r,=231A,r* =133A), uesus (r, =2,62A,r" =1,69A), cavapus (r, =1,8A,r" =1A),

0 0
Gapus (r, =217 A,r" =1,35A). JlnutenbHoe BpeMsi KOHTakT ¢ arMochepoil HpuaneBoit

JICHTBI, HACBIIIEHHOW UHAMEM, HE BIMSUI HA DMUCCHIO UHAWS W3 HMPUIUEBOU JICHTHI CHOBA B
YCIOBHSIX BBICOKOTO BakyyMa MpH BBICOKMX TeMIepaTypax.OTOT (akT - UIMTEIbHOTO
CYLIECTBOBAHUS UH/AUSA B 00bEME CHUJIBHO HArpeToro MeTajula MOXeT HallTW NpUMEHEHHE B
MPAKTHUKE U TpeOyeT pa3BUTHUSA MOJEIHU MpoLecca.
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MMOBEPXHOCTHASI HOHU3AIIUSA MOJIEKY.JI NaCl HA TOBEPXHOCTH
PEHUSI C IBYMEPHOM 'PA®UTOBOM IJIEHKON

A.K. Opyaxos, A.O. Damnemupos, F.A. Opyaxos, A.®. UcmaiibLioBa,
A.b. baiipamoBa
bakunckuii I'ocyoapcmeennwiti Ynueepcumem
orar@mail.ru

Onna u3 Oojiee pacHpOCTPAHEHHBIX BHUIOB MIeaouHO rajmouaHbix cojeit (ILI'C)
ABJISIETCS. HATpUU-XJIOP. [0 Hacrosmero BpeMeHu noBepxHocTHas wuoHusauus (I1M) stux
MOJIEKYJT U3y4ajoch TOJILKO Ha MOBEPXHOCTH MOJIMKPUCTAJUINYECKOTO BoJib(ppama u peHus B
BUJEe IpoBosioK. TemneparypHble 3aBucumoctd Toka [IM aromoB Na u monexkyn NaCl
MOJIyYeHHbIE B PAaHHUX pPa0OTaxX HMEIOT OOJIbLINE METOAMYECKHE HEIOCTATKH, MOITOMY
HEKOTOPBIC PE3YNIbTATHI 3TUX PA0OT MPECTABIACTCS COMHUTEIBHBIMU. V3yueHue peaxiuu
JUCCOLIMAM  MOJIEKYJ M3 TPYNIbl IIEJOYHO-TAIOMAHBIX COJIEH HA YHUCTBIX W
VIIEPOAOCOACPKAIMUX TMACCUBHBIX METAJUTMUECKUX TMOBEPXHOCTSIX HMMEET OOJbIIoe
MIPAKTUYECKOE U TeOpEeTHUUECKOoe 3HaueHue. [1o aToMmy Mbl counm, MpOIOIKAT UCCIIEI0BAHNE
B 9TOM HaIpaBJI€HUU. DKCIIEPUMEHTHI IPOBOJMWINCH B BHICOKO BAKYYMHON MarHUTHOM mMacc-
cnekrpomeTrpudeckoit (M-C) ycTaHoBKe, MOpOOHOE ONMUCAHUE KOTOPOTO coaepKuTes B [1].
Penuesas nenta ¢ pazmepamu SOmm x 1,5 MM x 0,03 MM momernianacek B poxyce M-C nepen
BXOAHOU 1Ienbt0. [IOTOK MOJEKyn M aTOMOB Ha MOBEPXHOCTh MPUIMEBOM JIEHTHI MOCTyHAl
U3 HCMIAPUTENbs, IPU HEOOXOIUMOCTH KOTOPOTO €r0 MOXHO OBLJIO MEPEKPHITh 3aCIOHKOH,
yOpaBiIsieMblii U3 BHE HpuOOpa 3JEKTPOMarHUTOM. TOK TEepMO30EKTpOHHONIMHUccH TOD
M3MEPSUIA HAa KOJUIEKTOPE C aHTHJAMHATPOHHOM CETKOW, & TOK MOBEPXHOCTHOW HMOHHM3ALMH
[IN atomoB Ha Bbixose M-C ¢ mOMOLIBI0 BTOPUYHOTO HOHHO-3JIEKTPOHHOIO YMHOKHUTEIbSI.
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[ToTox HEHTpaTHBIX aTOMOB J1€COPOUPYEMBIX C JICHTHI, IPU HEOOXOIUMOCTH MOHU3UPOBAIH
AJICKTPOHHBIM yIapOM B Kamepe MoHuzanuu. Monocnoi rpadura Ha rpanu (1010) penus
npu T>1300K momyuwin myrem Hamycka OeH3oia B HCcTOUHHUK M-C U3 CHCTEMBI HaIycKa.
[Ipu o6pazoBanuu MoHocios rpaduta Ha rpanu (1010) penust paboTa BbIX0J1a yMEHBIIANACH
or 5,1 3B 10 4,5 3B u kpome TOoro obpazoBaHHE€ MOHOCIOS TpaduTa Ha PEHHE TaK XKeE
onpenenmmu 1o gucconuanuu mojekyn CsCl, NaCl, u KI ko3ddunuent auccoumnanuu
KoToporo yMeHubinaics ot y=1 nnsg rpanu (1010) Re no y=10"3+ 10° s rpanu (1010)
Re ¢ monocnoem rpadura (Re-C). Temneparypy UpUANEBOI JIEHTHI U3MEPSIIN ONTUYECKUM
MUPOMETPOM Yepe3 MUPOMETPUIECKOE OKHO a B HEMMPOMETPUUIECKON 00IacTH ee HaXOAUIH
U3 3aBHCHUMOCTH TEMIIEpAaTypbl OT TOKa HaKaja IMyTeM 3KCTPOMOJISIUU 3TON 3aBUCUMOCTH K
KOMHATHO# Temeparype. J{aBleHHe OCTATOYHBIX ra3oB B mpuGope O6suo ~ 5.10™° Top.
Jsimonyaenne napopmanuu o Toke [T1 monexyn NaCl Hamu Ob110 B34TO KaTMOUPOBOYHBIH

notok aromoB Na u monekyn CsCl.Cornacno teopuu IIN cBsA3b Mexny ﬂNaI/IﬁNa( NaCl)

OCYIIECTBIIACTCA COOTHOIIECHUEM

1 1
;BM(MX) = :BM )

9 ﬁM = 9

1+—expM 1+Aexp(v_¢je
C kT kT

rie Es —dSHeprusi akTUBalMU JUCCOLMALMA MOJEKYJ1 Ha MOBEPXHOCTH; Eynx-sHeprus
aKTUBaIUu gecopoiuu Mosekysn MX, T-temriepaTypa sMuTTEpa, K- MOCTOsIHHAS bosbiiMaHa;
a F u C KoHCTaHTBI CKOPOCTEW AMCCOIUAINN U AeCOPOLNU, COOTBETCTBEHHO; A - SIBISIETCS
OTHOIIIEHHWE CTAaTUCTHYECKUX CYMM HOHHOTO COCTOSIHUSI K aTOMHOMY COCTOSHHIO; V-
nmoTeHIan uoHu3amuu Hatpusi V=5,14B; e@p=5,10eB pabora Beixoma penus. Ilpu

ey

IOCTOSTHHOM TI0TOKe V' Mosiekys1 NaCl Gbiia CHATa 3aBUCMMOCTH MOHHOTO TOKa I NaNacl) OT
TEMIIEPATyphl JIGHThL. TUNUYHBIE TpaUKU AT ITOTO CIIydasl MPEACTABICHbI HA PHUCYHKE.
DKBUBAJIEHTHOE JAaBJEHUE B MYy4YKax y JEHTHl COCTABJISIO ~1.10'8T0pa. [TonydyeHHbple HamMu
3TH 3aBUCUMOCTH OTJIMYAIOTCS OT Pe3yJbTaTOB €IMHCTBEHHOM 10 cux mop padotsl [2,3]. B
yKa3aHHON paboTe TOJIYYeHO 4TO OJIMKE K TIOPOTBOM 00JIACTH TOK B OOOMX Ciydasx
JOCTUTAeTC MaKCUMyMy B Bujae Topba, a TMMOTOM C TIOBBIIICHHEM TEMIEPaTyphl
YMEHbIIAETCA.ITO OOSACHAETCS C MOIMKPUCTAUIMYHOCTIONPOBOJKU. B Hamielr pabore kak
BHUJIHO U3 pUC.|TOK HE UMEET HUKAKOI0 MAaKCMMyMa W OHA IJIaBHO YBEJIMYMBAETCS COTJIACHO
dbopmynoit Caxa -Jlearmropa. Kak BUIHO M3 9THUX 3aBHUCHMOCTEH B 0OJACTH BBICOKHX
TeMIlepaTyp TeMIepaTrypHblie 3aBUCUMOCTH st aToMoB Na u mosiekyn NaClcoBnagaeT u Tok
YBEJIMUMBAETCS C pPOCTOM Temriieparypbl. OJHaKO HadajbHas TeMIleparypa, MpuU KOTOPOH
HAOII0/1aeTCs COBIAJICHUE TEMIIEPATyPHBIX XOJ0B TOKA, CTajia 3HAYUTEIHHO 00Jiee BHICOKOMH,
yem ans npyrux coneir. Jlns monexkyn NaCl B obnactu temneparyp 900K< T< 1000K
HaOMI0JaICcs MOPOr MOHM3alMU Ipu yckopstoued HanpsbkeHHMH Uy =1500B, a nns
atoMapHoroNa noporosas Ttemneparypa Ha ~(200...300)K Hwmxe. PasHuiia B moporoBbIx
temmneparypax npu [IM aromoB Na u monekyn NaCl 6onbmie, yem B cinydae K u KI, Cs u
CsCl u 1. n.. IlpekpailleHHe HWOHHU3ALMH HIKE IOPOrOBOM TEMMEpaTypbl CBS3aHO C
YBEJIMUYEHUEM KOHILIEHTPALUKU aTOMOB IIEIOYHOTr0 MeTauia Na, KOTOpoe yMEeHbIIaeT padoTy
BBIXO/JIa U CJIEIOBATEIBHO, HE BBIIOIHSIETCS YCIOBUE MOBEPXHOCTHOM MOHM3aUu atoMa Na,
Tak Kak (@ —V)<<kT. Ilpu BbicOKMX Temmeparypax monaras 4T0 By, = Py Nach)
noJiydaercs, uto Ha yuctoi nosepxHoctu Re (1010) ckopocts nuccounannu mosekyn NaCl
HaMHOTO OoJbine, yem ckopocTh ucnapeHus: Fo<<Co.Ecam mpomeccsl nucconuanuud u
ucnapenus mojiekyil NaCl He akTUBHpPOBaHHbIE, U, MOJIAras, YTO OTCYTCTBYET aCCOLUALIMS
aromoB Na u Cl, o
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-
_6 : Ssalamaanas [—— Serie
% c M _ S
= 4 / —=— Serie
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O T / T T T 1
0 500 1000 1500 2000 2500
T,K

Puc.1.I'paduku 3aBUCHMOCTEl MOHHOTO TOKa OT TEeMIeEpaTypbl peHHeBOH JieHTH mpu 11N
aromoB Na wu w™onkyn NaCl gns pa3sHeix 1moTtokoB: 1,2,3,4-MOTOK  MOJEKYI

MOJIEKY MOJIEKYI
NaClCoOTBETCTBEHHO 1.V o = 4810 2228 2.V =5-10" 22T
M -C M - C
_ 11 MOJIeKYN _ 12 MOJIEKYIL
3.V =810 22T 4 Ve =110 22252 5 ook
M - C M - C
amom
aormoBNav,, =1-10" —— .;

cm” ¢
TEMIIEPATYPHOM 3aBUCUMOCTH [3 Na(Nacl) MOKHO HaiiTh pa3zHocTh (Es-Enx).

MOJl

CM C€K2

usmepsicss Tok uoHoB NaCl™ ¢ mosepxnoctu Re (1010) B npenenax Temmeparyp OT
T=1000K mo T=2200K. B naHHOM HHTEpBaj€ TEMIIEPATYp HOHHBIA TOK B MPSIMOM U
O0paTHOM HampaBJICHUU COBMAJAIOT 3a BpeMsl HW3MEpEeHHi, Ha 4YTO YyKa3blBaja
BOCIPOU3BOJMMOCTBBEIIMYMH TOKOB IIPU NPSIMOM U 00paTtHOM Xoje u3MeHenust T. Toraa Ha
4UCTON NOoBepXHOCTH peHus i moiaekys NaCl nmonydaercs

Es=(Emx+tg ot )3B , 3)

rze tgol-openensieTcs U3 HaKkJIoHa NPsSMOro.
Huccounarus mosiekyn NaCl Ha MOBEPXHOCTH PEHHS MOKPHITOM IpadUTOBOM MOHOCIOEM
npakTudecku npekpamiaercs. Koadpdunuent nucconanunymenmaercsoone uem 1000 pa3. B
TIEPBBIE MOJNYYEHHBIE HAMHU 3aBUCUMOCTH HOHHOTO TOKa I'Nanacl) OT BpeMeHHM 00pasoBaHust
(BeLIEpKKH) TpadUTOBOW ITUICHKHM TWIpeJcTaBlieHa Ha pucyHke 2.CpaBHEHHE CKOPOCTEH
JUCCOLMALMHU U UCIIAPEHUSI TI0KA3bIBAET , YTO HAHECEHUE YIIIEPOAHOMN IUIEHKU U3MEHSET

12
C »oroil nenpt0  mpu NOCTOSIHHOM moToke MoJjekyn NaClv nyo=1-10

§250
= 200

_6_ 1"\
= 150

2 '\o—o—.\ ——Se
= 100

0 — %\

0 10 20 30
t{(MuH)

B OTH.eq

Puc.2. I'paduk 3aBucumoct noHHOTO ToKa HaTpus npu [T1 monekyn NaCl ot BpemeHu
BBIJICPKKM PEHUEBOH JIEHTHI B Iapax OeH3ouia.
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cootHomenne Co u C, Fyp u F. Ilpu orcyrctBuM yriiepoJHOrO IOKPBITUS CKOPOCTb
auccounanuu Fy 3HAUUTENbHO MpPEBBIMIAET CKOpOCTh uchapeHus Co, a Opu HATMYUHA
YIJIEPOJIHOTO TOKPBITUSI CKOPOCTh ucrnapeHusi C npeBblaeT cKopocTh aucconuanuu F. 3to
MPUBOJIUT K TOMY, YTO EOS<E0MX u Es>Enx . s HaxoxkaeHus: aOCOTIOTHBIX 3HAYCHUIH Eos,
Es, EOMX ,Enmx OTpedyeTcsi MOCTaHOBKA CIIEIIMATBHBIX OIBITOB.
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SOPEKT NYJIA-®PEHKEJISI B TBEPOI'O PACTBOPA (TlInSe);.(TIGaTe,),
(x=1; 0,9; 0,8)

A.IL. Aboayanaes, H.A. AnueBa, ®.T. Canmanos, C.®. Camenos,
X.3. ®aranusane, JIx.I'. [xxad0apos
Uncmumym Paouayuonnvix [Ipobaem Hayuonanvnoii Akademuu Hayk Azepbatioscana

Ha ocHoBe ucciieioBaHui 3aBUCUMOCTU G ~ (E”z) MOKa3aHO, YTO TOK B HEJIMHEWUHOMN
obnactu oOyciioBiieH cinabbIM TOJIEBBIM A(DPEKTOM TPH H3MEPEHUSX TMEPICHIUKYIIPHOM
Kpuctamorpadudeckoir ocu kpuctaimo TBepaoro pactBopa (TlnSe,); x(TlGaTey)x (x=1;
0,9; 0,8). OnpeneneHbl pacCUYMTaHHBIE 3HAYECHUS KOHIEHTPALIMM MOHU30BAHHBIX IIEHTPOB
(N, mmHa cBobogHOrO mpodera A, 3HaueHus  Kodbduiument Dpenkena [, dopma
noTeHMaibHOM siMbl TBepaoro pactBopa (TlInSe;); «(T1GaTe,), (x=1; 0,9; 0,8).

Lenbto Hacrosimeld pabOTHl SBISAETCS YCTAHOBJIEHHE MEXaHHW3Ma HPOBOJUMOCTH B
OMHYECKOW oOmacTu  BoJbTamrepHod  xapaktepuctuku (BAX) wu  ocoGeHHOCTH
tepmomnoneBoro ¢ ¢ekra [lyna-Openkens B HenuHeitHOH obmactu BAX TBepaoro pactsopa
(TlInSe»)x(T1GaTe,)x (x=1; 0,9; 0,8).

N3mepenus BAX npoBelieHbl IIpU NPSIMOM XOJ€, C YBEIMYEHUEM IPUKIIAIbIBAEMOIO
MIOCTOSIHHOTO HAIIPSDKEHHs NEPIEHIUKYISIPHO OCH «C». [3MepeHHs IpOBOAWINCH IIpU
(buKCcUpOBaHHBIX TeMIlepaTypax B uHTepBaie 125 — 240K.

Ha BAX BoisBisitoTcss ABa yuyactka: omuueckuii (J o U) u obmacte Oojiee pe3Koro
pocTa HanpsHKEHUs! I Beex uccneayeMbix oopasios (J oo U, n > 1). JluneiHblil yyacTok ¢
pOCTOM TeMIEpaTypbl pacIIUpsieTCs, a HampsbKeHue nepexoa ysennuuBaercs. C pocToM
HanpsDKeHUs KBaJapaTudHas obsactb 3aBucuMoctd (J oo U) mepemernaercss K OOJIBLIIMM
3HAUEHUSM, a C POCTOM TEMIIEpaTypbl IIOPOTrOBOE HAIPSDKEHHE, C KOTOPOrO HA4YMHAETCS
KBaJpaTU4Hasi 00JacTh, MEpPEMEIIAeTCs B CTOPOHY HM3KHMX 3HAYEHUH HANpPSHKEHUMH M n
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yYMEHbIIaeTCs. DTO TMOKAa3bIBACT, YTO PE3KOE BO3PACTaHHE TOKAa OOYCJIOBJIEHO B OCHOBHOM
MOHM3ALUEH JIOKAIBHBIX YPOBHEH B TOJIE.

B cuiibHOM 371€KTpUYECKOM 110JIe, KOT/Ia Mepernaj] NOTeHIIMAIbHOW SHEPTUH JIEKTPOHA
eER(T) na nnune xapaktepHoro npebkka R(T) cpaBHUBaeTCs ¢ MIMPUHOM MOJIOCHI SHEPTUH
BOKpyr ypoBHa @epmu Ag(T), B KOTOPOH MPOUCXOAST IPBIKKHU, IEKTPOH MOXKET JABUIATHCS
B HANPABJICHUH TOJISA, UCITYCKasi (POHOHBI MPHU KakoM nepeckoke. Coriracio Motty [1], Tok
B 3TOM CJIy4ae He 3aBUCHUT OT TEMIIEPATyphl U PACTET C YBEJIIMUEHUEM I10JIS 10 3aKOHY

I(E)~ exp{-(Eo/E} " (1)

Kak wu3BeCTHO, TEOpUsl IKCIOHEHLHMAJIBHOTO POCTA 3JIEKTPOIPOBOJHOCTH BIIEPBBIE

BbIIBUHYTa Openkenem [2, 3].

=00 exp BN E ) )

rae B - koaddurpent Openkens:
63
p=—Ye 3)

kT | mee,
€ — 3aps] IEKTPOHA, € - AUIIEKTPUIECKasi TPOHUIAEMOCTh BaKyyMa, kK — mocTossHHas
Bonpumana, T — abcomotHas temmeparypa. OnpeaeneHsl 3HaueHus K03QuudHTOB B npu
Pa3NIUYHBIX TEMIIEpaTypax.

0,3p

0,25

01fF
L)
o7 3
0,05f 4 /’;:/:,;:::/'/.2
- # ,/‘:_:‘/.
=TT
o= L " " L L I
0 2 4 6 8 10 12

1031 (1K)

Puc.1 TemmeparypHast 3aBucHMOCTh K03 duitrentra @penkens  tBepaoro pactsopa (TlInSe,) . (T1GaTe,), (1-
x=1; 2-x=0,9; 3-x=0,8). (M3MepeHus BBINONHEHB IEPIICHIUKYIISIPHO TETPArOHAIBHOM OCH «C»)

1/2) pu

TemneparypHas 3aBUCHMMOCTh [3, ompenencHHas wu3 3aBucuMoctd G(E
pa3IMYHBIX TEMIlepaTypax, IpPUBEACHBI Ha pUC. 1.

Kak BumHO U3 pucyHka 1, HaOmogaercst poct B ¢ yMelieHHeM TeMIeparyphbl, Mpu
3TOM XOPOIIO BBIMOJHICTCS 3aBUCHUMOCTh 3 ~ 10*/T. Taxxe TEMIIEpaTypHOe M3MEHEeHHe [3
coriacyercs ¢ teopued OpeHKens U DKCTPANOIALU IPIMON [3~103/T, coryiacHo Qopmyie
(2), mpuBOIUT B Havajo KoopauHat. B pabore [4] moka3zaHO, YTO MUHUMAJIbHOE 3HAYCHHE
AJIEKTPUYECKOTO TOJIsl, COOTBETCTBYIOLIETO0 HENMHEHOoM 3aBucuMoctu 6 ~ f (E), comepxur

MH(OPMALIUIO O KOHLIEHTpalHuK 1e(eKTOB, OTBETCTBEHHBIX 3a TEPMOIOJIEBYI0O HOHU3ALIUIO U
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npoBoaumocts TBepaoro pactBopa (TlInSe;);«(TlGaTe,)x, rne x=1; 0,9; 0,8. CormnacuHo

BBIPAXKCHUTO
3

_(2e
Ny = gV ©

MUHHMMAJIBHOE 3JIEKTpUYEecKoro noiist E., mpu KOTOpoM HauMHAeTCs HEJMHEWHAasl 3aBUCUMOCTD
6 oT E, MO)XHO OLIEHUTh KOHIIEHTPALMI0 MOHU30BAaHHBIX HEHTPOB N ISl TBEPAOTO pacTBopa
(TlInSe,); x(T1GaTe,)x (x=1; 0,9; 0,8) koTopas okazanacs paBHOU s 1ipu Xx=1 - Ny =6,2 - 101
+54-10° cm™, x=0,9 - N;=4,96 x 10" cm”, x=0,8 - N; = 2,14 x 10"°cm™)

DT mapamMeTphl MO3BOJIIOT ONPEAETUTh (HOpPMY MOTCHIHATBLHOW sSMbl. DYHKIUS
@(x) - TOTeHLMAJIbHASI YHEPTUsl, 3aBUCSIIAS OT PACCTOSHUS JI0 TPUMECHOTO IIEHTpa WU Ke
JIOBYIIKM (X — PAacCTOSHHME BJOJIb HAINPABICHUS IPUIOKEHHOIO IIOJIA), MOJ JIEUCTBUEM
AIIEKTPUIECKOTO T0JIs OHA u3MeHsietcs [4]. U3 pabor [4, 5] cnenyer, 4To

P(x) = —#ﬁ = ¢Ex (5)

‘= kTS
Zex/E

C ucrnosnb30BaHUEM IKCIIEPUMEHTAIbHBIX JAHHBIX MU noMoIiu (5) u (6) onpeaeneHa
dbopma moTeHMaIbHON sAMbl. Ecnu m3BecTHa popma KpUBO#M MOTEHIIMATBLHON SHEPTHH IS
B3aMMOJICHCTBUS C KOHKPETHBIM IIEHTPOM, TO MOKHO TOJYyYUTh UHPOPMAIUIO O CTPYKType
IeHTpOB 3axBaTa. Kak mokazano B padotax [4, 5], 4TOOBI 2JIEKTPOH MOKUHYJ LIEHTP, JOJDKHO
BBITIONHSATRCS yclioBue € > Eg - AUj. Heo0xoaumo, 4ToObI JIEKTPOH COXPAHMII SHEPTUIO 10
TOTO MOMEHTAa, KOTJa OH MHUHYeT TOYKY IepeBaja U He MOTEepsul Obl €€ MPH TEIUIOBBIX
cCoyJapeHusix. DTO MMEeT MECTO JMIIb B TeX ClydasX, Korjaa JJinHa cBOOOJHOro mpobera
asieKTpoHa Oosbiie 3(GGEKTUBHBIX pa3MEpOB IMOTEHUUANbHOW sMbl. [lpu »TOM anmmHa
CcBOOOTHOTO TIpoOera HOCUTENEH ToKa ompeesseTcs cienyromei hopmynoii [4, 5]:

(6)

1 kTS
ﬂ, = — ="
e f(E) 2¢AE @

Jlinaa cBobomHOTO TIpodOera anmekTpona TBepaoro pacteopa (TlInSe;);x (TlGaTe;)x
BBIYMCIICHHAs. HAa OCHOBE OJKCIIEPUMEHTAIBHBIX [@HHBIX, COTJIaCHO JTOoH (dopmyIe,
NPUOIM3UTENBHO paBHA, IPU U3MEPEHUAX MEPIEHAUKYISIPHO och «c» (x=1 - A=3,54+3.82-10
* em; x=0,9 - A=3-10"* cm; x=0,8 - A=4-10"" cm).

Ha ocHoBe ucciieioBaHui 3aBUCUMOCTU G ~ (E”z) MOKAa3aHO, YTO TOK B HEJIMHEWUHOMN
obmactu (c yuetroM TepmornoneBoro »ddexra Ilyma-Openkerns) oOyciOBIEH CiadbIM
1oJIeBbIM 2P (HEKTOM KaK MPU U3MEPEHUSAX TEPICHIUKYIIPHOM KPUCTALIOrpapUIecKoil OcH
tBepaoro pactBopa (TlnSey);x (TlGaTep)x (x=1; 0,9; 0,8). Onpenenenbl paccuuTaHHbBIE
3HAYECHHMS KOHIEHTpAIlMd HWOHW30BaHHBIX IEHTPOB N;, JuiMHa CBOOOJHOTO Tmpodera A,
3HaueHus: kodddunment Ppenkena [, Gopma MOTESHIUATHHONU SMBI TBEPAOTO PAaCcTBOpPA
(TlInSe»)x(T1GaTe,)x (x=1; 0,9; 0,8).
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