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STUDY OF THE PROPERTIES OF MAGNESIUM SAMPLES USED IN THE DEVELOPMENT OF
BIODEGRADABLE URETERAL STENTS
Annotation

Magnesium is a valuable material for the development of biodegradable ureteral stents due to its biocompatibility, ability to
control degradation, and functional advantages. Biodegradable magnesium (Mg) alloys are attractive to medical researchers due
to their mechanical properties, excellent biocompatibility, and low risk of rejection and allergic reactions. This article reviews
recent advances in the study of biodegradable magnesium alloys, including the development of high-performance magnesium
stents. The results of a study of the crystal structure of pure magnesium alloys and magnesium-zinc alloys using X-ray diffraction
and electron microscopy are presented.

Key words: biodegradable stents, magnesium alloys, zinc, biocompatibility, crystal lattice, X-ray diffraction.

BIOPARCHALANUVCHI URETERAL STENTLARNI ISHLAB CHIQARISHDA QO‘LLANIDIGAN MAGNIY
NAMUNALARINING XOSSALARINI O‘RGANISH
Annotatsiya

Magniy biologik muvofigligi, buzilishni nazorat gilish qobiliyati va funksional afzalliklari tufayli biologik parchalanadigan
ureteral stentlarni ishlab chigish uchun gimmatli materialdir. Biologik parchalanadigan magniy (Mg) gotishmalari mexanik
xususiyatlari, mukammal biologik muvofigligi va rad etish va allergik reaksiyalarning past xavfi tufayli tibbiyot tadgigotchilari
uchun jozibador. Ushbu magolada biologik parchalanadigan magniy qotishmalarini o‘rganish bo‘yicha so‘nggi yutuglar, shu
jumladan yuqori samarali magniy stentlarini ishlab chiqish usullari ko‘rib chiqilgan. Sof magniy qotishmalari va magniy-rux
qotishmalarining kristall tuzilishini rentgen nurlari difraksiyasi va elektron mikroskopiya yordamida o‘rganish natijalari
keltirilgan.

Kalit so'zlar: biologik parchalanadigan stentlar, magniy qotishmalari, rux, biologik moslik, kristall panjara, rentgen nurlari
difraksiyasi.

HCCJEJIOBAHUAE CBOMCTB MATHUEBBIX OBPA3LIOB, UCIOJIb3YEMBIX IIPA PA3PABOTKE
BUOPA3JIATAEMbBIX MOYETOYHUKOBBIX CTEHTOB
AHHOTaLUA

MarHuii sBIsIeTcs LIEHHBIM MaTephaloM Uil pa3paboTKH OuopasnaraeMbIX MOYETOYHHMKOBBIX CTEHTOB OJylaroiaps CBoei
OMOCOBMECTHMOCTH, CIIOCOOHOCTH KOHTPOJIMPOBATh JErpajalvio M (QYHKIMOHAIBHBIM IpenMylecTBaM. buopa3zmaraeMsie
marnueBble (M) cruiaBbl MPUBJICKATENBHBI ISl MEAUIMHCKUAX HCCIIEAOBaTeIel Onarogaps CBOMM MEXaHHYECKHM CBOWMCTBaM,
MPEBOCXOAHOH OHOCOBMECTHMOCTH M HU3KOMY PHCKY OTTOPXKEHHS M aUIeprHYecKHX peakiuid. B crarhe paccMarpuBaroTcs
MOCNIETHAE JOCTIDKEHHS B H3y4YEHHM OHMOpa3jlaraéMbIX MarHHEBBIX CIUIaBOB, BKIJIIOYAas Pa3pabOTKy BBICOKOA((EKTUBHEIX
MAarHueBHIX CTEHTOB. [IpencTaBlIeHBI pe3yIbTaThl MCCICIOBAHNS KPUCTAIUTMIECKONH CTPYKTYPHI YHCTHIX MarHUEBBIX CIUIABOB U
CITABOB MATHUSI C IMHKOM, BBIIIOJTHEHHBIE C UCTIOIBb30BAHIEM PEHTTEHOBCKOH NU(PAKTOMETPUH U JJIEKTPOHHONH MUKPOCKOITHH.
KiioueBble ciioBa: OHOAErpaaupyeMble CTCHTBI, MarHUEBbIC CIUIABBI, IUHK, OMOCOBMECTHMOCTh, KPUCTAJUTMYECKas pelleTKa,
PEHTTeHOBCKas AU(PAKIIHSL.

BBenenue. buonerpagupyemple CTEHTHl B MEIUIMHE, B YaCTHOCTU B YPOJIOTHMHU SIBISIOTCS BaKHBIM HalpaBlIeHHUEM B
JIeYeHNH 3a00JIeBaHII MOUCBBIBOAAIINX ITyTel. OHN HMEIOT HECKOJIBKO 3HAUEHH U MTPENMYIIECTB:

1. CoxpamieHue OCIOKHEHUH: TpaauIiOHHBIE METAININIECKHE CTEHTHI MOTYT BBI3BIBATH PA3JIUHbIEC OCIOKHEHMS, TAaKHe
Kak BOCTaneHne, nHpeknus u oOpa3oBaHHe KaMHEH. bropasnaraemble CTEHTBI CHIDKAIOT PUCK THX OCIIOXXHEHUH, TTOCKOIBKY
OHHU PacTBOPSIOTCS B OPraHU3Me C TEYCHUEM BPEMEHHU.

2. MuHHManbHas HEOOXOAUMOCTh B MOBTOPHBIX HPOLEAypax: OHoJerpagupyeMble CTEHTH 00ECIEeYHBAIOT BPEMEHHOE
YKpEIUIEHHE WIN OTKPBITHE MOUYEBBIBOASAIIMX MyTEH, YTO MOXKET COKPATUTh KOJIMYECTBO IIOBTOPHBIX BMELIATENBCTB, CBA3aHHBIX
C Y/lalIcHUEM CTEHTA.

3. YayumeHnne KauecTBa KHU3HH MALUEHTOB: TOCKOIbKY OMOpa3IaraeMble CTEHTHI HCUE3aI0T YePE3 ONpPEIEIeHHOE BpeMS,
HanyeHTaM He Hy’)KHO GECIIOKOUTHCS O IMTOCTOSTHHOM HPHCYTCTBHH HHOPOIHOTO TeJla B OpraHu3Me.
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4. NnnuBunyanpHas amantarus: COBpeMEHHBIE TEXHOJIOTHM MO3BOJLIIOT CO3IaBaTh OMONErpagupyeMble CTEHTHI C
y4eToM ocobeHHOCTel 3a001eBaHUi M aHATOMUU MAI[EHTOB.

5. CHmwxkeHue pucka TpomOO3a M JAPYTHX peakiuid: OHOopasjmaracMple MaTepHaibl MOTYT OBITh pa3paboTaHbl IS
MHMHHMMU3aLU1 HETATHBHBIX PEAKIMil B OpraHU3Me.

Vcnonp3oBaHME MarHMS I CO3JaHUS OHOpasiIaraeMblX MOYETOYHHKOBBIX CTEHTOB SBISETCA aKTyalbHBIM H
MEePCIEeKTUBHEIM HAIPaBJIeHHUEM B MEIMIIMHCKOM NMPaKTHKE 10 HECKOIBKUM IIPUYHHAM: 3TO OMopasiaraeMocTs U ynobcrso. Kax
U KOpDOHAapHBIE CTEHTH, OHMOpa3jlaraeMble MarHHEBBIE MOYETOYHHKOBEIE CTCHTHI MOTYT pasjaraTthCs B OpraHH3Me MOcIe
BBITIOJTHEHUSI CBOSH (DYHKIIUH.

JlutepaTypHbIii 0630p. Hepasnaraemere MeTaiutel (HarpuMep, TUTAaH U €T0 CIUIABBI ¢ HEP)KaBEIOIIEH CTalIbI0) IIMPOKO
HCHOJIB3YIOTCS B KayeCTBE MMIUIAHTATOB JUI OPTONEAMYECKHX CYCTaBOB. B mociemHue roasl HabIIomaeTcs poCT MHTEpeca K
OuopasnaracMbIM METaJNIMYECKUM MaTepHaiaM, B TOM YHCIIE K MAaTHUIO M €ro CIIaBaM, KOTOPbIE CYMTAIOTCS MEPCHEKTHBHBIMU
KaHAWIaTaMHu 1js ucnojib3oBanus B meauiumue (Witte F. et al., 2009, Sanz -Herrera JA et al., 2017). Maruuii umeer psi
HPEUMYIIECTB [0 CPaBHEHHMIO C MCIONB3YEeMBIMH B HACTOSIEE BpeMs MarepHalaMH 1 CTeHTOB. OH NPHBICK BHUMaHUE
Omaronapsi CBOE€i Xopolueil OGHOCOBMECTUMOCTH M MEXaHHYECKHM CBOWCTBAaM, aHAJIOTMYHBIM CBOMCTBAM HATHBHOW KOCTH.
Kanbuuii, Maprasen, [MHK U LHPKOHUH SBISIIOTCS OCHOBHBIMU KaHAHIATAMH Ha JITHPOBAaHHE, TaK KaK OHU HETOKCHYHBI IS
OpraHM3Ma YeJI0BeKa U CIIOCOOHBI 3aMeUISITh CKOPOCTh Onoerpanamyy. [IpucyTcTBre STHX 3JIEMEHTOB ITO3BOJISIET CYIIECTBEHHO
YIY4IINTh (PU3UKO-MEXaHUYECKHEe CBOWCTBA MAarHHEBBIX CIUIABOB 3a CUET M3MENBUCHUS HX MHUKPOCTPYKTYPHI M BBIICICHHS
MHTEPMETAUIMIECKUX JacTHll. VcciaemoBanus mokasand, uto cmuassl Mg- Ca, Mg-Zn u Mg- Mn -Zn oGnamarotr xoporei
OUOCOBMECTUMOCTBIO iN VIitro u in Vivo U MOBBIIIEHHON KOPPO3HOHHOM CTORKOCTBIO, IIOCTEIIEHHO PACTBOPSSACH B KOCTHON TKAHU
(Tmscos, 1., 2023; Yxao A.B. u ap., 2016).

CrutaBel MarHUs ¢ TUHKOM (MQ-ZN) BBEIMTPBRIBAIOT OT COBMECTHMOCTH IIMHKA C TEJIOM 4eJloBeKa, oOpasys cTaOuibHBIC
3aIUTHBIC CJOM, KOTOpbIE MOBBILIAIOT KOPPO3HOHHYK CTOMKOCTb. MeXaHH4YeCKHe CBOWCTBA CIUIABOB MAarHUs C IIMHKOM
U3y4aJnch BO MHOTHX HccienoBanusx (Brar et al., 2012).

Metonosiorust ucciaenopanusi. OObeKTaMH Halero HCCIIENOBAHMS CTAIM O0pa3lbl YHCTOTO MAarHWsl M MarHusi C
pa3IMYHBIM KOJMYECTBOM IMHKA. J[J11 M3ydeHWs BHYTPEHHEH CTPYKTYphl METAJUIOB MbI HCIOJNB30BAIH TaKUE METOJBI, KaK
JJIEKTPOHHAS] MHKPOCKONHWS W PEHTIeHOBCKas IUQPPAKIWs, IOCKOIbKY OHHM WIpAal0T pPElIaloIlyl0 poJib B obecrnedeHun
JIETAIBHOTO U3YYECHHS COCTaBa, MUKPOCTPYKTYPBI M KPHCTAILIOrPaMIECKUX CBOMCTB MaTEpHAJIOB.

PeHTreHoBckass AUQpakuus IMO3BOJIACT ONPEACHATh KpHCTAuIorpaduyeckue MapaMerTpbl, TaKHe KakK ITOCTOSHHAs
PEIICTKH W OpUEHTALMs 3€PeH, YTO IaeT LEHHYI0 HH(OPMAILMI0 O BHYTPEHHEH CTPYKType MaTepHaloB. YTOYHCHHE IO
PutBenbay, pacnpoCTpaHEHHBIH METOJ PEHTTCHOBCKOTO MH(PAKIMOHHOTO aHANIM3a, MO3BOJISET MPOBOJUTH KOJINYECTBEHHBINA
aHanu3 (pa3oBOro cocTaBa U Kpucrammueckoit crpykrypsl (Mc.Cusker, L., et al., 1999). CoBmecTHOE UCIIOIb30BAHKE METOOB
JJIEKTPOHHOW MHKPOCKOIIMM W PEHTI€HOBCKOH IH(PpPAKIHUU O0OecrieuynBacT KOMIUICKCHBIH IMOJAXOJ K HM3YYEHHIO CTPYKTYPHI
MaTepHaoB.

Hamu wncmonb3oBaiicss MaTepuall Ha OCHOBE MarHWs, MHONYYCHHBIH METOJOM peodKCTpy3ud. /[l ompeneneHus
KPHUCTAITNYECKOH cTpyKTyphl (a3 ucnons3oBaics mgudpaxromerp PANalytical Empyrean. {nst xapakrepucTuka MOp(hOIOTHIA
MOBEPXHOCTH HCIIONB30BajIcs onTideckuit Mukpockon (JEOL JSM-IT200LA). Ilepen anann3om Hamm o0pa3ibl ObLTH OYUIIEHBI
B cuenyronield mocnenoBarensHocTH: Ounctka xpomoBoi kucnoTod (200 r/m CrOs + 10 r/m AgNOs3) B Teuenne 5 MuH. s
yAaNeHUs. TPOAYKTOB KOPPO3WH TIOBEPXHOCTH 0Oe3 yaameHHs Mertaumdeckoro Mg. 3arem o0pasmpsl OBUTH  TPOMBITHI
JHUCTHIIMPOBAHHOM BOIOM, MOIBEPTHYTHI YIBTPa3BYKOBOH 00pabOTKe B alleTOHE U BBICYLICHBI HA BO3IyXe.

PenrtrenoBckas qudpakToMeTpHs SIBISIETCS OJJHUM M3 MOIIHBIX METOJIOB HCCIIEJOBAHMUS MaTepHaIOB

AHaau3 H pe3yabTaTtel. B pabore wncronb3oBaiM 4HcThle o0pasubl Mg u ob6pasusr Mg-1Zn. PenrtreHoBckue
JubpakIMOHHbIE H3MEpEHHUs 00pa3IoB MarHus npoBoawIH Ha audppakromerpe Empyrean Series3 (PANalytical , Hunepiau o)
¢ nuHeWHbIM TBepaodasubiM merektopom X'Celerator ¢ wucmonmb3oBanmem CuKo - wu3nmydeHus W HHKEIEBOrO (QHIBTpa.
Pe3symbTaThl pErHCTPHPOBAH C ydeToM AmuH BoiH 1,54060 A u 1,54443 A npu cooTHOmeHNN HHTEHCHBHOCTEH B mrybmere 2:1.
Hanpsbkenue u TOk Ha peHTreHOBCKoW TpyOke coctaBmsumm 45 kB um 40 MA coorBercTBeHHO. M3MepeHHs NpoBOAWIN B
reometpun bparra-bpenTtano (Ha oTpakeHne) B YrIIOBOM Auamna3oHe 20=25°-85°, Tur ckaHWpOBaHUS — HETIPEPBIBHBIH, CKOPOCTH
ckanupoBanus — 0,36 rpax /mMuH ¢ marom 0,013°. O6paboTka peHTreHOTU(PPAKIMOHHBIX JAaHHBIX IPOBOJIMIACH IO METOLY
Purtsenpaa ¢ ucnons3oBaHueM nporpammbl Fullprof. Jlns onpemenenust audpakinOHHBIX OTpakeHH# OT 0Opa3lOB MarHus
ucnosb3oBanack 6asza ganHbix ICDD: MekyHapoHbIi HeHTp qubPaKIMOHHBIX JaHHbIX (0a3a naHHbIX PDF2).

O0paboTka peHTreHoBCKOM audpakiuu. M3o0paxenue umcroro obpasma Mg, mnomydeHHoe Ha audpaxToMerpe
Empyrean, mpencrasieHo Ha puc.l. AHamu3 peHTreHorpamMMbl oOpasia mpoBoawics uepe3 06a3y manHeix PDF-2 ¢
ucnonb3oBanneM mporpammbl  High Score Plus. PesympraThl aHanm3a TOKa3aaM, 49TO 4YHCTBIE oOpasenr Mg umeer
reKcaroHaJbHYIO CTPYKTYpy (TIpocTpaHcTBeHHas rpyrima P63 /mmc).

T
Mg —_

Puc. 1. Pe3ynbrar ananmuza 6a3b1 qanaeix PDF-2 peHTreHOBCKOTO N300pakeHus 00pasiia YUCTOr0 MarHusl.
O6paboTka JaHHBIX PEHTTEHOBCKON Mu(pakimuy MpoBogwiIack ¢ nomousio mporpammsl Fullprof meromom Putsenbaa.
Pesynprarer 06paboTky mokazanu (puc. 2), 9to o0pasnsl Mg UMEIOT TeKCaroHaANbHYI CTPYKTYpY (IPOCTpaHCTBEHHAs TPYIIIa
P63 /mmc).
TapameTpsl dieMeHTapHO# sueiiku: a= 3,2056A, b= 3,2056A, c=5,2053A, o =900, B =900 u y =1200.
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Puc. 2. PerrrenoBckas audpakrorpamma Mg ¢ rekcaronasbHoit ¢asoit (mp. rp. P63/mmc): | - cpaBHeHne HabmomaeMoro
oOpasua ¢ nogobpanusiM, Il - muku Bparra, 111 - pasHocTs Mex 1y HaGmogaeMbIM 00pa3oM U OZ00PAHHBIM.
Ta6auua 1. Koopaunarsl atoMoB o6pasua Mg B rekcaronaspHoii ¢ase (mp. rp. P6 3/ mmc)

Ne

ATOMBI

ATOoMHBIE KOOpAUHATBI

TepMuuecKHii pakTop

x/a

y/b

zlc

1

Mg

0.3333

0. 6667

0.13 00

1.9

(Crarucruueckue nokaszaremu - 2=2,21; Rs=2,8)
B HekoTopbix o0pa3uax 4acte aToMoB MQ OblTa 3aMeHeHa aToMaMu ZN. PeHTreHOCTPYKTYpPHbIH aHaIu3 3THX 00pa3LoB

Mg-1Zn,

oOpaboraHHBIX 4epe3 0Oa3y maHHBIX PDF-2,

ToKazall,

9TO 00pa3ell COCTOMT W3 TEKCaroHaIbHOW (a3l

(mpoctpaHcTBeHHas rpymma P6s/mmc). Pesymnbrarel 06paboTki MeTonoM PuTBenbaa ¢ ucmons3oBaHueM nporpammsl Fullprof
nokasain (puc. 3), 4o o6pasusl Mg-1Zn nMeroT rekcaroHaabHyI0 CTPYKTYpY (IpocTpaHcTBeHHas rpyima P63/mmc).
IMapameTpsl SneMeHTapHo# sueiiku obpasia Mg-1Zn: a= 3,2094A, b=3,20794, c= 521264, 0.=900, B =900 u y =1200.
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PucyHok 3. PenrrenoBckas audpakimonnas kaptiuaa Mg-1Zn ¢ rekcaronansHoit asoii (mp. rp. P63/mmc).

| - cpaBHeHHe HabmOMaeMoro obpasia ¢ conoctaBieHHbIM, |l - miuku Bpoarra, 11l - pasHocTs MeX Ty HaOMIOAaEMBIM 00Pa3IOM U
COTIOCTABIICHHBIM.

Ta6muua 2. Koopaunarel atomoB 06paszua Mg-1Zn B rekcaronanbsroit dase (mp. rp. P63/ mmc)

Ne ATombr ATOMHBIC KOOPJHHATEI Tepmuueckuii pakTop
x/a y/b zlc

1 Mg 0.3333 0. 6667 0. 2500 1.14

2 Zn 0.3333 0. 6667 0. 2500 114

(Craructuueckuii nokasaren - y 2 =2,2; R =2,4)

Pe3ynpTaThl pEHTreHOCTPYKTYPHOTO aHaIM3a MOKa3ajiH, 4TO KOOPAUHATEI aToMoB M@ Blosb ocu Z usmenwuch ot z=0,1300 no
z=0,2500 mocne 3aMeHbI yacT aToMOB M Ha aTOMBI ZN. DTO MOKET OBITH CBSI3aHO C pa3HHIEH paamyca aToMoB Mg u pagmyca
aToMoB ZN.

Jis BU3yaM3aluy KpUCTANTHYECKOH CTPYKTYpHI 00pasiioB Mg u Mg-1Zn ucnons3oBanace nporpamma Vesta (puc. 4 u 5).

MpoCTpaHCTBeHHas rpynma P6s/mmc).

Pucynox 4. Dnementapuas siueiika obpasua Mg (rexcaronansHas dasa,

L, \ L
K B ) 2

Pucynox 5. Dnemenrapnas sueiika o6pasuos Mg-1Zn (rexcaronaibHas
CTPYKTYpa, POCTpaHCTBeHHast rpymna P63/mmc).

HNuTeHCHBHOCTH III/I(bpaKIII/IOHHBIX IMAKOB YKas3bIBalOT Ha TO,

YTO JTH 06pa3u51 HUMEIOT BBICOKYIO CTCIICHb

KPHCTAIIMIECKON PEryJsIpPHOCTH WJIM BBICOKYIO CTEIeHb KPHUCTAJUINYECKOH OPUEHTANH B IPOCTpaHCTBe. UeM BEHIIIE 3HAUECHHE
WHTEHCHUBHOCTH, TEeM CHJIbHEe IU(PPAKINOHHBIC IUIOCKOCTH KPHUCTAJUIMUECKOH PEIIeTKH B3aMMOJCHCTBYIOT C PEHTTEHOBCKHM
W3TydeHHEM NpH 3aJaHHOM yrie Anudpaknud. 3HaueHHs > U Re yka3bplBaloT HAa TO, YTO MOJETb TOYHO IPEACTABISCT
JKCTIEPUMEHTAIIbHBIC JaHHBIE ¢ HEOOIBIIMMH OTKJIOHSHHSMH. JTO yKa3bIBaeT Ha TO, YTO PACCUMTAHHAS CTPYKTypa, OCHOBAHHAsI
Ha MPEIOCTABJICHHBIX AaTOMHBIX KOOPAMHATaX W TEIUIOBBIX (haKTopax, SIBISAETCS XOPOLIMM IPEACTaBICHHEM (DaKTHYECKOit
CTPYKTYpPHI H3y4aeMOI'0 HaMH MaTepHana.

PesyabTaTtel W BBIBOABI. [IpUBeACHHBIE aTOMHBIE KOOPAMHATBI M TEIUIOBOH (akTop, a Tarke MOKa3aTesH
CTaTHCTUYECKOTO COTJIACHS ITOATBEPXKJAIOT HHTEPIPETALNIO PEHTTCHOAU(PAKIMOHHBIX KapTUH. XOpoIlee COOTBETCTBHE,
yKa3aHHOE 3HaYCHUSMH ¥* U Rs, mpeanonaraet, 4To SKCIepUMEHTAIbHBIE JaHHBIC PEHTTeHOIN(PAKIIOHHOTO aHanm3a (KpacHast
KpHBasi) OIM3KO COOTBETCTBYIOT PACUSTHBIM JaHHBIM, OCHOBAHHBIM Ha JAHHON MOJETH KPUCTAJUTMUECKOH CTPYKTYPEL.

OTH NHUKH COOTBETCTBYIOT T'€KCArOHANBHOH IutoTHOynakoBaHHOHW (I'TIY) cTpykType MarHus, 4To IOATBEPIKIACTCS
CTaHIapPTHBIMU 3TAJIOHHBIMH MaTepHaTaMH.

CruiaB Maruus u nuaka (Mg-12Zn):
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- DTN KK TaKKe COOTBETCTBYIOT cTpykType HCP ¢ HeOombImMu cIBUTaMH B TTOJIOXKEHHSAX ITUKOB N3-3a IPHCYTCTBHS
I[MHKA.

HeGonbinoe yMeHbIEHHE MapaMeTPOB PEMIETKH MO CPAaBHEHMIO C YHCTBIM MAarHHEM OOBSCHSAETCS 3aMEHOH aToMOB
MarHus Ha 6oJiee MeJIKHe aTOMBI IIUHKA.

OKCMepUMEHTaIbHO OIPE/ICNICHHBIE ITapaMeTPhl PELIETKH OIM3KO COOTBETCTBYIOT TEOPETUYECKUM 3HAYEHUSAM [UIS
MarHus 1 ero CIUIaBOB, YTO YKa3bIBaeT Ha BHICOKYIO TOYHOCTh U3MEPEHUI PEHTIeHOBCKOH andpakunu. Hebonpome oTkiI0HEHN,
HaOoaemsble B ciuiaBe M@-1Zn, HaxomsTes B Ipeaenax OKHJaeMbIX 3HadeHHH n3-3a 3 ¢deKToB nernpoBanus. PeHTreHOBCKas
TU(PaKIHs TOATBEPXKAAET KPUCTAIUIMUECKYIO CTPYKTYpPY M MapaMeTphl pelIeTKH YHCTOro MarHus u cruaBa Mg-1Zn. Luak B
CIUIaBE IPUBOJUT K HE3HAUMTENIbHBIM U3MEHEHMSAM I1apaMETPOB PEIIETKH, YTO MOXKET IOBJIUATh Ha MEXaHHUYECKHE CBOMCTBa
MaTepHana 1 KOppO3MOHHOE TOBEAEHHE. Pe3yabTaThl 3TOr0 HCCIEAOBAHHS UMEIOT BayKHbIE MTOCTIEACTBHS AT HIPOMBIIUIEHHOTO U
MEJUIHCKOTO HCIOIb30BaHUS MarHus M €ro CIUIaBOB. YIIydIEHHBbIE CBOMCTBa cmiaBa MQ-1Zn nenaroT ero mepcreKTUBHBIM
KaHIUIATOM Ui OMOMEIMIIMHCKHX YCTPOMCTB, TaKMX Kak OHOpasnaraeMbleé MOYETOYHHUKOBBIE CTEHTHI M OPTONEIUYECKHE
UMILIAaHTATHI.

Takum 00pa3oM, MeTOAbl PEHTTEHOBCKOH AU(PPAKIUM U SIEKTPOHHOW MMKPOCKONUH SBIAIOTCA HE3aMEHHUMBIMHU
METO/IaMH HCCIICIOBAHUS BHYTPEHHEH CTPYKTYphl MaTepUalloB, IpeAsaras JONOJHHUTEIbHBIE BO3MOMKHOCTH Ul AETalbHOIO
CTPYKTYpHOTO aHanmm3a. OTKPBITHE TeKCarOHAIBHOM CTPYKTYpHI B 0Opasnax M@ o3HadaeT, 9YTO aTOMBI MarHUs PacIiONIOKEHE B
IUIOTHOYIIAKOBAaHHON TeKCarOHAIBHOM peleTke. DTH Pe3ylIbTaThl CIOCOOCTBYIOT pa3paboTke OMopasiaraeMblXx MaTepHaloB Ha
OCHOBE MarHus Ui OMOMEIVIMHCKUX W IMPOMBIIUICHHBIX NPUMeHeHni. B 3akirodeHue ciemyer cka3arh, YTO MarHUH M €ro
CIIIaBBI SABISAIOTCS MEPCHEKTUBHON albTEpPHATUBOH TPAIWIIMOHHBIM HEpPA3/IaraéMbIM METAJUIMYECKHM MaTepHanaM, MOCKOIbKY
OHH CIIOCOOHBI 6€30MaCHO Pa3IaraThCs B OPraHU3ME U UTPATh MOJOKHUTEIBHYIO POJIb B PETYISAINU (PU3HONIOTHIECKUX IIPOLIECCOB
B OPTaHH3ME B IIETIOM.
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EFFECT OF THE SULFUR DOPING ON STRUCTURAL, MAGNETIC AND OPTICAL PROPERTIES OF ZnMnO
THIN FILMS
Annotation

Magnetic semiconductors (MSs) are new functional materials created by doping magnetic ions in non-magnetic semiconductors.
The exchange effect between magnetic ions and free charge carriers in semiconductors gives DMSs novel magneto-electric and
magneto-optical properties. The widely known ferromagnetic semiconductor GaMnAs is suffered from low Curie temperature,
below 200 K. Therefore, the other semiconductor materials are needed in order to get the ferromagnetic semiconductors with the
Curie temperature at the room temperature. In this work, structural, optical and magnetic properties of ZnixMnxO1-ySy,
additionally doped with nitrogen, thin films grown by ultrasonic spray pyrolysis system are reported. The results of optical
transmission measurements demonstrate a successful incorporation of the sulfur ions into ZnMnO crystal lattice. The SQUID
measurements demonstrate the ferromagnetism in the sulfur doped ZnMnO thin films with the Curie temperature close to room
temperature.
Key words: magnetic semiconductors (MS), ZnMnO thin film, Sulfur doping, Curie temperature, magnetic ion, exchange effect

3P®EKT JETAPOBAHUS CEPOI HA CTPYKTYPHBIE, MATHUTHBIE U ONTUYECKHAE CBOMCTBA
TOHKHUX IIVIEHOK ZnMnO
AHHOTALUSA

Marauntasle noaynpoBogHukn (MII) - 3To HOBEIE (YHKIHOHATBEHBIE MaTepHANbl, CO3AaHHBIE ITyTE€M JETHPOBAHHUS MArHUTHBIX
WOHOB B HEMarHUTHBIE MOJTYNPOBOAHUKH. D heKkT oOMeHa MeXAy MarHUTHBIMA HOHAMH ¥ CBOOOJHBIMHM HOCUTEISIMH 3apsija B
NOJIYyNpoBOoAHUKaX Mpunaer MII HOBble MarHuUTORJEKTPUUYECKHE M MarHUTOONTHYeckue cBoifctBa. IllMpoko u3BecTHBIN
(deppomarautHbIii monynpoBogHuk GaMnAs ctpamaer oT Hu3Ko# Temmeparypsl Kropu, Hmke 200 K. CrnemoBarensHo, ajis
noy4deHus GpeppoMarHUTHBIX MaTepUaoB HEOOXOUMBI APYyrUe MONYIPOBOIHUKOBEIE MaTepuansl. B naHHoi paboTe onucaHbl
CTPYKTYpHbIE, ONTUYECKHE M MarHuTHbIE cBoicTBa Zn1-xMnxO1.ySy, IOMOIHUTENBPHO JETMPOBAHHOTO a30TOM, TOHKHX IUICHOK,
BBIPAIICHHBIX METOIOM YIIBTPAa3BYKOBOTO PACIBUIMTEIBHOTO MHPONM3a. Pe3ynbTaThl ONTHYECKHX H3MEPEHHI MpOITyCKaHUS
NIEMOHCTPUPYIOT ~yCIEIIHOe BKIIOYEHHE WOHOB Cephl B KpUCTAIMYecKyro pemerky ZnMnO. Wsmepenus SQUID
JIEMOHCTPUPYIOT (heppoMar€HeTu3M B TOHKHX IUIeHKax ZnMnO, JerHpOBaHHBIX cepoll, mpu TemrepaTtype Kropw, Ommskod k
KOMHATHOM.

Knrouessble ciioBa: Marnutsele nosnynpoBogauku (MII), Tokux minenkax ZnMnO, JlerupoBanue cepoif, Temneparype Kropu,
MarHUTHBIX HOH, 3()(deKT 0OMeH.

OLTINGUGURT BILAN LEGIRLASHNING ZnMnO YUPQA QATLAMLI PLONKALARI STRUKTURAVIY,
MAGNIT VA OPTIK XUSUSIYATLARIGA TA’SIRI
Anotatsiya

Magnit yarimo‘tkazgichlar (MY yangi xususiyatlarga ega bo‘lgan material bo‘lib. Ular yarimo‘tkazgichlarni magnit ionlar bilan
legirlash orqali hosil qilinadi. Bunday almashtirish erkin zaryad tashuvchilar bilan magnit ionlar o‘rtasida ta’sirni vujudga
keltiradi. Shu sabab yarimo‘tkazgichlardagi elektr va optik xususiyatlariga magnit xossasi ham qo‘shiladi. Misol uchun GaMnAs
magnit yarimo‘tkazgich bu sohadagi juda ko‘p o‘rganilgan material hisoblanadi. Ammo, gilingan ko‘p izlanishlarga qaramay
uning Kuriy temperaturasi 200 K dan oshmagan. Biz ushbu ishda ultra tovushli spray periolis usuli orqali o‘stirilgan azot bilan
legirlangan Zn1xMnxO1.ySy yupga gatlamining strukturaviy, magnit va optik xossalarini o‘rgandik. Optik o‘lchashlar natijalari
oltingugurtning ZnMnO ning kristaliga yaxshi o’rnashganini ko’rsatdi. SQUID magnetometrda magnitlanishning temperaturaga
bog’lashidan aniqlangan Kuriy temperaturasi xona temperaturasiga yaqinlashgani ko’rsatildi.

Kalit so‘zlar: magnit yarimo’tkazgichlar (MY), ZnMnO yupqa qatlami, oltingugurt Kiritish, Kuriy temperaturasi, magnit ion,
0’zaro ta’sir.

Introduction. The field of diluted magnetic semiconductors (DMS) holds great promise for various technological
applications, particularly in spintronics and magnetic memory devices. However, achieving reliable and reproducible
ferromagnetic behavior at or above room temperature remains a significant challenge. Transition metal doping of semiconductor
materials, such as zinc oxide (ZnO), is a common approach to create DMS [1]. ZnO-based DMS is particularly attractive due to
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its potential for high Curie temperature (TC) exceeding room temperature. However, the reported magnetic properties of ZnO
doped with transition metals have been contradictory in various studies [2]. Some research groups have observed high-
temperature ferromagnetism in ZnO doped with elements like manganese (Mn) and cobalt (Co), both in bulk and thin film
forms[3], while others have reported paramagnetic or spin-glass behaviors [4,5]. Some studies even found the absence of
ferromagnetic ordering in single-phase ZnO doped with Mn or Co at low temperatures [6].

Literature review. These discrepancies can be attributed to differences in growth methods and conditions for the
magnetic semiconductor alloys. The growth process plays a crucial role in determining the structural and magnetic properties of
the resulting materials. Variations in doping concentration, growth temperature, and post-growth treatments can significantly
influence the observed magnetic behaviors. To address these challenges and enhance the magnetic properties of ZnO-based
DMS, researchers have explored various strategies, including bandgap engineering. By doping and alloying ZnO with other
materials such as magnesium oxide (MgO) and zinc sulfide (ZnS), it is possible to manipulate the optical, electrical, and
magnetic properties of the semiconductor [7]. ZnO-ZnS alloy, for example, exhibits strong valence band (VB) offset bowing as a
function of sulfur content, which can be utilized to improve p-type doping and achieve shallower acceptor states [8]. Transition
metal doping of ZnO-ZnS alloy, such as with Mn, holds promise for enhancing the ferromagnetic properties and raising the Curie
temperature of the resulting DMS.

A n B | st - S UL AccV Magn Det WD Exp
15 LD 68 0 16.0 kV 126462x TLD 6.1 0
.

Figure 1 shows the scanning electron microscope (SEM) images of the nitorgen doped Zn0.95Mn0.0500.85S0.15 thin film
grown by ultrasonic spray pyrolysis (USP) method.
Fig.1. SEM images of the nitrogen doped Zno.ssMno.0s00.85S0.15 thin film: (a) top view and (b) cross-section view, respectively.

Research Methodology. ZnixMnx01.ySyN thin films were deposited using ultra sonic pray pyrolysis on silicon
substrates. The substrates were cleaned for 10 min in hydrofluoric acid, acetone, ethanol for 10 min. each, respectively, and D.I.
water to remove impurities and organic solvents. Zinc acetate, ammonium acetate and thiourea were used as the zinc, nitrogen
and sulfur sources, respectively. Zinc acetate and ammonium acetate content were added same amount with different sulfur
concentration. While aqueous solution of manganese acetate was kept 5% for all samples. After 20 minutes mixing the solutions,
we employed an ultrasonic nebulizer with 2.5 MHz frequency for atomization of the solution. Samples were synthesized under
atmospheric pressure and substrate temperature was set 4000 C. all samples annealed at 5000 C for 15 minutes in nitrogen
ambience. From Fig.1 the thickness of this film was about 100 nm.

Analysis and results. Introduced nitrogen into ZnO host gives sufficiently deep acceptor levels [9]. Increasing sulfur
content decreases the bang gap of ZnO and starts lifting up the valent band edge. The Tauc-Plot results for pure and sulfur doped
ZnO was presented at figure 2. Electronegativity of sulfur is sufficiently lower as compered with replaced oxygen. Thus, the
energy of valence band edge is increasing, while replacing more oxygen with sulfur. Undoped ZnO shows 3.21 eV band gap
energy, but it decreases to almost 200 meV when sulfur content is 15%. The Hall measurements also showed 5.1x10%6 sm and

Energy (V)

4.8x1017 sm'3 the hole concentrations for Zno.9sMno.0500.9S0.1 and Zno.9sMno.0s00.85S0.15, respectively.

Fig. 2. Tauc plot for undoped and sulfur doped Zinc oxide samples. (1), (2) and (3) are for pure ZnO, 10 % and 15%
sulfur added thin films, respectively.

In order to study the magnetic properties of diluted magnetic semiconductors based on Zn1xMnxO1.ySy thin films, the
magnetization dependencies on the magnetic field and temperature were measured by using a SQUID (superconducting quantum
interference device) magnetometer. Fig. 3 shows magnetization dependencies on temperature for 10 % and 15 % sulfur doped
thin films. Fig. 3a represents magnetization of Zno.9sMno.0s00.9S0.1 going to zero near 250 K, while Fig. 3b shows magnetization
0of Zno.esMno.0s00.85S0.15 disappears below 300 K.
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Fig. 3. Dependence of magnetization on temperature for : a) Zno.esMno.0500.9S0.1; b)
Zn0.95Mno.0500.8550.15

Conclusion. The sulfur doped ZnMnON thin film grown by ultrasonic spray pyrolysis method was studied. Effect of
sulfur doping on the band gap of ZnO was measured. And results show that replacing oxygen atoms by sulfur atoms has a
significant impact on valence band edge. So. It causes a huge decrease on activation energy of deep acceptor levels. Plus,
morphology of the thin films were studied by using scanning electron microscope. Overall, increasing sulfur concentration in the
nitrogen doped zinc oxide brings up to increase hole concentration at room temperature. As a result, the Curie temperature of
Zn1.xMnxO1-ySyN thin film could be increased.
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Dapxoo AXME/[’KAHOB,
Hncmumym uoHHO-NAA3MEHHBIX U IA3EPHbIX MEXHOA02Ul, 3a6edyiowuil 1abopamopuet 0.¢h.-M.H., O0yeHm.
Hooup MAXAPOB,
basosviit dokmopanm Hucmumym uoHHO-nIA3MEHHbIX U 1A3EPHBIX MEXHONI02Ul
Kaxoneup KYPBEAHOB,
cmapuiutl HayyHwlll CompyoOHuK MHCmumym uoHHO-NIA3MEHHbIX U IA3EPHBIX MEXHON02ULL

Peyenzenm: Hnemumym xumuu u ¢uszuxu nonumepos (PhD) cmapwuii nayunwiti compyonux Xaxoepoues 2.0.

ACOUSTIC PROPERTIES OF KBr, NaBr and RbBr CRYSTALS
Annotation

The anisotropy of the attenuation coefficient of acoustic waves, effective elastic constants and effective anharmonicity constants
in KBr, NaBr and RbBr crystals is investigated. It is shown that in these crystals, practically the same dependence of the
attenuation coefficient of longitudinal acoustic waves on the direction of propagation in the (110) plane is observed. It is
established that in the studied crystals, the effective anharmonicity constants determining the magnitude and anisotropy of
attenuation of longitudinal and transverse acoustic waves along the [100] direction change linearly with a change in the radius of
the K, Na and Rb cations.

Key words: KBr, NaBr and RuBr crystals, velocity and attenuation of acoustic waves, effective elastic constants, effective
anharmonicity constants.

AKYCTHYECKHUE CBOMCTBA KPUCTAJLJIOB KBr, NaBr u RbBr
AnHOTaLUA

Hccnenoana aHu3oTpomus Kod(UIMEHTa 3aTyXaHHsI aKyCTHIECKUX BOJH, Y(Q(EKTUBHBIX yIMPYrHX KOHCTAHT U 3P (EKTHBHBIX
KOHCTAaHT aHrapMoHu3Mma B kpuctamax KBr, NaBr u RbBr. TTokasaHo, 4To B 3THX KpuCTaIaX HaOIOIAaeTCs NPaKTHYECKH
OJIMHAKOBasl 3aBHCUMOCTh KOd(duimeHTa 3aTyxaHusl NPOTOJBHBIX aKyCTHYECKHX BOJH OT HAlpaBJICHHS PACIpPOCTAHEHHUS B
mwiockoctd (110). YeraHOBIEHO, YTO B UCCIEAOBAaHHBIX KpUCTAIaX S (EKTHBHBIE KOHCTAHTHI aHTapPMOHH3Ma, ONpPEIeIONIHe
BEIIMUMHY U aHU30TPOINIO 3aTyXaHHS MPOJIONBHBIX U MOMEPEYHBIX aKyCTHIECKHX BOJIH BIOIb HampasieHus [100] n3meHsroTcst
JIMHEiHO Tpu n3MeHeHun paanyca katrnoHoB K, Na n Rb B aTux kpucramnax.
KunroueBsbie cioBa: kpucrauist KBr, NaBr u RbBr, ckopocTs u 3aTyxaHie akyCTHIeCKUX BOIH, 3()(DEeKTHBHBIE yIIPyTHe
MOCTOSIHHBIC, () EeKTHBHBIE KOHCTAHTHI aHTaPMOHHM3Ma.

KBr, NaBr VA RbBr KRISTALLARINING AKUSTIK XOSSALARI
Annotatsiya

KBr, NaBr va RbBr kristallaridagi akustik to‘lginlarning so‘nish anizotropiyasi, samarali elastik konstantalari va samarali
angarmoniklik konstantalari o‘rganildi. Ushbu kristallarda bo‘ylama akustik to‘lginlarning so‘nish koeffisientining (110)
tekislikdagi tarqalish yo‘nalishiga deyarli bir xil bog‘ligligi ko‘rsatilgan.O‘rganilayotgan kristallarda bo‘ylama va ko‘ndalang
akustik to‘lginlarning [100] yo‘nalishi bo‘yicha so‘nishining kattaligi va anizotropiyasini belgilovchi samarali angarmoniklik
konstantalari K, Na va Rb ionlari radiusi o‘zgarishi bilan chiziqli ravishda o‘zgaradi.

Kalit so‘zlar: KBr, NaBr va RuBr kristallar, akustik to‘lqinlarning tezligi va so‘nishi, effektiv elastik konstantalar, samarali
angarmonizm konstantalar.

BBenenue. Il{enoyno-ranonaHble KPUCTAUIBI OTHOCATCS K KYOWYECKO# TOYSYHOM IpyIIe CHMMETPHH 3M M U30TPOIIHBI
0 MHOTHM (H3MYECKHM cBo¥cTBaM. OMHAKO IO YNPYTUM CBOWCTBAM ATH KPHUCTAJUIB SIBIISIOTCS AHM30TPOIHBIMH U HX
NpUMEHEHHEe B aKyCTHYECKHX U aKyCTOONTHYECKHX YCTPOHCTBaX TpeOyeT 3HAHMS OPUEHTAIMOHHBIX 3aBHCHMOCTEH TaKWX
BaKHBIX XapaKTEPHCTUK KAaK CKOPOCTh PacIpoCTpaHEHHs W KOI(GHUIMEHT 3aTyxaHHs akycTHueckux BoiH [1-3]. B kauectBe
paboueif cpesbl B 3TUX YCTPOICTBAX YaCcTO MPUMEHSIOTCS TaKHe MIEIOYHO-TaJON/IHbIE KPUCTAUIBI, KaK OpPOMHU/IBI KaJlis, HATPHS
u pyounust (KBr, NaBr u RbBr), o6nagarone BHICOKHMH 3HAYECHHSAMH YIPYrHX, a Takke (OTOYNPYrHX KOHCTaHT, Kak B
BUMMOM, TaK ¥ B MHPpaKpacHoil 001acTH AEKTPOMarHUTHBIX BOJH [ 1, 4].

CKOpOCTh pacrmpocTpaHeHHss M KOI(GQHIHMEHT 3aTyXaHusi B HHX, JOCTATOYHO MOJAPOOHO HCCICAOBAaHBI B JMAla3oOHe
HHU3KHX YJIBTPa3BYKOBBIX YaCTOT, B KOTOPOM 3aTyXaHHE 3aBHCUT OT YacTOTHI [0 KB3JAPATHYHOMY 3aKOHY, COTJIACHO MEXaHU3MY
Axwuesepa [5-7]. B To ke BpeMs Ha BBICOKMX YaCTOTaX TaKHWe MCCIEHOBAHHS NPAKTHIECKH OTCYTCTBYIOT TaK KaK OCHOBHBIM
(haxTOpOM, OTpaHHIMBAIONINM WX TPHMEHEHHE, SBISIETCS OOoJbIIas BeNMYMHA Kod(D(GHUIMEeHTa 3aTyxaHUs. B cBsa3m ¢ 3TuM B
HacTosIel paboTe ynbTpa3ByKOBBIMH METOJAMH HCCIIEJOBAHO CKOPOCTh PacIpoCcTpaHeHHs, 3P PEKTHBHBIE YIIPYTHE KOHCTAHTHI
U KOO QUIMEHT 3aTyXxaHHs NMPOJONBHBIX U MONEPEYHBIX aKyCTHUECKHMX BOJH B TOMOJIOTHYECKOM DSy IIETOYHO-TATOUIHBIX
KPHUCTAJUIOB.

1. O6pa3ubl U IKCIEPUMEHTAILHbIE METOIbI

HUccnenosannsie oopasusl KBr, NaBr u RUBr npezncrasisim coboli mapauienenumnespl, JUIMHHAs CTOPOHA KOTOPBIX ObLIa
OpHUEHTHPOBaHAa C TOYHOCTHIO A0 1 rpamyca BIOJb INIaBHBIX KyOmueckux HampasiaeHuil [100] u [110] u [111]. Opuentamus
00pa3IoB OCYIIECTBISIIACH C ITOMOINBIO IIOCKOCTeH CIAifHOCTH M Mociemyroneil MUIH(OBKH U IIOJMPOBKH KPUCTAUIMIECKIX

- 507 -



O‘zMU xabarlari Bectnuk HYY3 ACTA NUUz | FIZIKA | 3/2 2024

00pa3loB, C WCIONB30BAaHUEM CTAaHJAPTHBIX OPHCHTHPYIONIMX NpU3M. VIcclnenoBaHUs NPOBOMMINCH HPU  KOMHATHOM
Temreparype B quanasone 4actoT 30 — 400 MI'n. [IponosnbHble U monepeyHble aKyCTHYEeCKUE BOJIHBI B 00pa3uax Bo30yKaaauch
MIBE30JICKTPUIECKIMU TPeoOpa3oBaTesIMU U3 KBapIla, COOTBETCTBEHHO, X WiH Y -cpe3a, TonmuHoi 40-100 MukpoH.

Wsmepenus cxopoctT u  Ko3(GHULIHEHTa 3aTyXaHHs aKyCTHYEeCKMX BOJH HA OTHOCHTEIBHO HHU3KHX YacTOTax
MNPOBOIMCH MOJU(GUIMPOBAHHEIM METOJOM «UMITYJIbCHOM unHTepdepeHimm» Bumbsamca—JIbmba [1, 8], B koTopom
cpaBHMBaOTCs (Dasbl aKyCTMYECKHMX BOJH, NPOINEIUIMX Pa3IMyYHBIA MyTh B HcciaeayeMoM oOpasue. OJHUM M3 OCHOBHBIX
MOAyJIell HU3KOYACTOTHOM YCTAHOBKHM SIBJISIETCS aMIUINTYIHBIA CEJIEKTOP, KOTOPBII OTKPBHIBAETCS B ONPEACIIEHHBIN IPOMEXKYTOK
BPEMEHH, SIBIIIOMINIICS OKHOM IPOITYCKaHHS.

JITATETbHOCTHIO TAKOTO OKHA TIPOIYCKAaHHS MOKHO YIIPABISTH 32 CUET JTUTEILHOCTH CHHXPOUMITYJIbCA, OTKPHIBAIONIETO
9TOT CeleKTop. Takas CeNeKIus OIpeIeNICHHOT0 MMITYJIbCa B CEPHH X0 HMITYJIbCOB ITO3BOJISIET M3MEPSTh €r0 aMIUIUTYXLy C
MOMOIIBIO UMITYJIBCHOTO BOJBTMeETpa. [10 M3MEpeHHBIM 3HAUeHMSIM aMIUIATYA COCEIHUX HMITYIBECOB A1 M A2 ompenemsics
K03 HHULIHEHT 3aTyXaHHs aKyCTHYECKHX BOJH o [3, 8]:

20 Ig(ﬁ)
a=—_ P M
2L

rae L — mmna obpasna. TounocTs onpexneneHus ko3 GHUIMEeHTa 3aTyXaHus cocTaBisIa ~5%, 3a C4eT MHOTOKPAaTHOTO
M3MEpEeHHs aMIUIHTY UMITYJIECOB U ITOCIIEAYIOIIETr0 yCPeTHEHNS.

HaGmomaeMbple npu W3MEHEHMM YacTOTHI T€HepaTopa HENpephIBHBIX KoJeOaHWH, MHTep(epeHIMOHHbIe HYIH WIN
MaKCUMYyMBl aMIUTUTY/bI HMITYJIbCOB, ITO3BOJITIOT ONPENCIUTh 3HAUSHHE CKOPOCTH aKyCTHYeCKOH BOJHBEI B oOpasne V wu3
cooTHoIeHus [ 3, 8]:

V=2L-Av, (2)

rie Av — pa3HOCTh IBYX COCEAHHX 4YacTOT BBICOKOYACTOTHOTO TI'€HEpaTopa, COOTBETCTBYIOIIUX IPOTHBOGA3HOU
uHTep(dEepeHINH. YKa3aHHBIC YaCTOTHl H3MEPSUIMCh C MOMOLIBI IHU(PPOBOrO 4YacTOTOMEpa, OOECICYHMBAIOIIETO BBICOKYIO
TOYHOCTH OmNpefeneHnuss pasHocTd dactoT (no 10 I'm). IIpm 3ToM TOYHOCTH OmpeneneHHs CKOPOCTH aKyCTHYECKOW BOJHBI
OrpaHUYUBAIACH TOYHOCTHIO H3MEPEHHs ATUHbI 00pa3ia u cocrasisuia ~0,01%.

I11. Pe3yabTaThl 3KCIEPUMEHTA U UX 00CY:KIeHHE

Pesynbratel omnpenenieHus Kod(@UIMEHTa 3aTyXaHHs INPOJNOJNBHBIX M IONEPEYHBIX AKYCTHYECKHX BOJH BJIOJIb
kpucrawtorpaduyeckux Hanpasienuu [100] u[110] u paccumranusle 3HaYeHHs 3GPEKTUBHBIX ACHCTBHTEIBHBIX W MHHMBIX
YIPYTUX KOHCTAHT JUI1 M3YYSHHBIX KPHCTAJUIOB IpHBEIeHEl B Tabmuue 1. 3HaYeHWs CKOPOCTH aKyCTHYECKHX BOJIH XOPOIIO
COBIIAIAJIN C JINTEPATYPHBIMH JAHHBIMH U TIOTOMY HE NIPUBECHBI B Tabuune 1.

Ta6auua 1. Kospduumenr 3aryxanus akycrudeckux BosH (v=1 I'T), u 53¢ heKTHBHBIE CHCTBUTEBHBIC U MHAMBIE yIIPYTHe
koHcTaHThl B KprcTawiax KBr, NaBr u RbBr

C'eff, o, c"eff
q n 100 N-m? dB-us*! 10" N-m?
KBr NaBr RbBr KBr NaBr RbBr KBr NaBr RbBr
[100] 352 3.96 3.15 38 25 58 4.82 3.7 6.70
[100]
[001] 0.51 0.99 0.38 6.0 31 10 0.11 0.11 0.14
[110] 2.55 3.49 0.48 28 17 41 2.81 2.01 3.29
[110] [110] 1.48 1.47 2.19 40 34 72 212 1.79 3.55
[001] 0.51 0.99 1.34 6.0 3.1 10 0.11 0.11 0.14
[111] 222 3.33 0.38 26.4 11.9 31 214 1.45 215
[111]
[110] 1.15 131 1.88 34.8 25.6 64.4 1.45 1.23 241

Tpu HE3aBUCHMBIC KOMIIOHEHTHI JCHCTBUTEIFHOW M MHHMMOIl 4acTH TEH30pa YIPYTOCTH AJI BCEX HCCIIEIOBAHHBIX

KPUCTAIOB ONpPEACISUINCh M3 3HAYCHWH CKOPOCTH M KOd(QUIMEHTa 3aTyXxaHWs NPOJOJILHBIX W IONEPEYHbIX BOJIH BJOJIb
o o ! ’

Hanpapienuit [100] u [110]. [Tony4yeHHble 3HaUeHHsT JEHCTBUTENBHBIX U MHUMBIX KOMIIOHEHT TEH30pa ympyroctd: Ciq, Cqo,

! n " "
C44, Cll’ C12 u C44 NO3BOJIIOT pacCUUTATh 3aTyXaHUE€ aKYyCTUYECKHUX BOJIH IO MEXAaHU3IMY AXHCSepa BIOJIb 100010

HapaBJICHUsI PACIPOCTPAHEHHS aKyCTHYECKHX BOJIH B KPUCTAJLIAX, €CITH BBIMIONHsAETCS ycinoBre mT<<l (» — Kpyrosas yactora
aKyCTHYECKUX BOJIH, T — BPEMsl PEJIaKCaIlUH TEMJIOBBIX (JOHOHORB), C MOMOIIBIO BhIpaskeHus [7, 9]:

1 c
a=>wo"" ©
2 Coyy

3nech IeCTBUTEIbHBIE 1 MHUMBIE 9 (QEKTHBHBIC YIPYTHe KOHCTAHThI ONPECISIOTCS, COOTBETCTBEHHO, Yepe3 JeHCTBUTEIbHbIC
C'ijki ¥ MHUMBIE C"ijkl KOMIOHEHTHI KOMITJIEKCHOTO TEH30pa YIIPYTOCTH:

! !/

Copp = Cija K G707 )
14 14

Copp = Cija KK\ 1177 )

A€ Kj U Mi —KOMIIOHCHTBI €IMHUYHON BOJIHOBOK HOpMaJl K W BEKTOpa MIOJApHU3alUuu T. B O6HI€M Clly4dac, HalpaBJICHUS
BEKTOPOB K U 1| HE COBIIAAAIOT.
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B wactHOCTH, A KBa3WIPOJONBHEIX BOJNH B IuiockocTd (110) mpu W3MEHEHMH HaIpaBJICHUS BOJHOBOTO BEKTOPA
otHOocHuTenbHO ocu [110] Ha HekoTopsIH yroi (), ypaBHeHus ['pura—Kpucrodens mo3BoISIOT ONPEeSeTUTh Yroll OTKIOHSHUS
BEKTOpa nossgpu3anuu () oT 3Toit xe ocu [3]:

l [ ol ( r_ V 2)
y/:arctgﬁ- S (s i > 6)
2 23t 13~ 12( 1 — PV )
3neck ik — AeficTBUTENbHBIE KOMIOHEHTHI TeH30pa ['puna-Kpucroddens [1, 2]:

4 !
Ly =Ciju Kk, )

PesynpraTel pacuera MOKa3adH, YTO B JAaHHOW IUIOCKOCTM MaKCHMalbHOE OTKJIOHEHHE BEKTOpa MOJSIPH3ALHU OT
BOJTHOBOTO BEKTOPA B HCCIIEIOBAHHBIX KPUCTAJlIaX cocTaBisieT He Ooree 10 yriaoBeIx rpagyca. MizsmepeHus nokas3ain Takxke, YTo
B HCCIICJOBAHHOM JHAaIla30HEe 4YacTOT KOA()(OHUIHMEHT 3aTyXaHWs KaK NPOAOJBHBIX, TAaK M IOIEPEYHBIX AKyCTHYECKHX BOJH
3aBHCHUT OT 4acTOTHI 110 KBaJPaTUYHOMY 3aKOHY. DTO yKa3blBaeT Ha TO, YTO OCHOBHBIM MEXaHU3MOM 3aTyXaHHs aKyCTHUECKUX
BOJIH B KpHCTajUlax sBISeTCs (OHOH-(OHOHHBII MEXaHU3M, BIIEPBBIE PAaCCMOTPEHHBIH AxXme3epoM [5], COTIIacCHO KOTOPOMY
BBIpayKCHUE JUIA 3aTyXaHHs 3alllChIBACTCA B CICIyIOLEeM Bue [6]:

2 ,8-868-/'LTa)2 (8)
2pV3V2
rae B — YMCICHHBIA MHOXHUTENb, | — Temmeparypa, A — KO3()(OUIHEHT TeIuIonpoBOIHOCTH, Y — 3((EeKTUBHAs KOHCTaHTa
I'pronaiizena, 3aBucsIIas OT HANPABJICHHUS BOJIHOBOTO BEKTOpa M THMa akycTHueckoi BomHBI [10], Vb — cpenusis JlebaeBckas
CKOPOCTbh, KOTOpasi OTPEENIeTCs Yepe3 CKOPOCTH MPOJOIBHBIX U MOTIEPEYHBIX BOJIH BIOJb BEIOpaHHOTO HampasieHus [ 1, 2]:
_ % Vi + Vi ©
s L

Pesynbrarsl pacdyera 3aBHCUMOCTH KOd(h(HIMEHTa 3aTyXaHHs IPOJOJIBHBIX aKyCTHYECKHX BOJH ¢ 4actoTod 1 I'Tm, oT
HaIpaBJICHUs] BOJHOBOro BekTopa B miockoctd (110) B kpucrautax KBr, NaBr u RbBr ¢ momorsio Beipaxenuii (3), (4) u (5)
HpUBEIEHBI Ha PUCYHKeE 1.

a=y

D

: (Jq)n [110]

L dBryshas

Puc. 1. AEnzotponus ko3 hurueHTa 3aTyXaHus IpoJ0JIbHBIX aKyCTHUECKHX BOJH ¢ yacToTod 1 I'T'm, , pactipocTpaHsiomuxcs B
miockoct (110) B kpucramnax KBr, NaBr u RbBr

W3 pucyHka BHOHO, Y4TO B HCCIEJOBAHHBIX KPUCTAUIaX AHU30TPONHS 3aTyXaHHS HPOJOJIBHBIX BOJH KaueCTBEHHO
COBIAJAET, HO HAOJIIOJIAETCSl KOJMMYECTBEHHOE PACXOXJICHHE, KOTOPOE, COTIacCHO BbIpaxeHUIo (8), MOeT ObITh 00YCIIOBICHO
pa3Huueil B 3HaueHHSAX S(GQEKTHBHONH KOHCTAHTHI [pIOHaii3eHa W ee 3aBHCHUMOCTBIO OT HAIPaBJICHUS PaclpOCTpaHEHHs
aKycTuueckoil BoiHbI. Vcmonbdys BeipaxeHus (3) u (8), MOKHO BbIpasuTh 3(GQEKTHBHYIO KOHCTaHTYy IproHaii3eHa udepe3
COOTHOIIIEHHE:!

C‘N .V 2 %
yo =24 D (10)
22T @

Coortromerre (10) mo3BoniseT onpeneiuTh d3PPEeKTHBHBIE KOHCTAHTHI ['proHali3eHa Ui MPOJONBHBIX U MOMEPEYHBIX
AKyCTHYECKHX BOJIH.

Pesynprarsl pacuera 3aBUCHMOCTH KOd(QHIMEHTa 3aTyXaHHsI IPOJOJIBHBIX aKyCTHYECKHX BOJH, PACIPOCTAHSIONIIIXCS
Broub Harpasienusi [100], u addexrrBHOM KOHCTaHTHI [ proHaiizeHa oT BenuuTHBI panuyca karinonos K, Na u Rb npexcranens
Ha PUCYHKeE 2.

o L ' '
10 12 14 16
r.om

Puc. 2. 3aBucuMocTh K09 HUIIMEHTa 3aTyXaHHs 0L M KOHCTAHTBI QHTAPMOHM3Ma Y OT Pajiyca MOJIOXHTEIbHBIX HOHOB B
kpucrauiax KBr, NaBr u RbBr
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W3 pucynka 2 BuaHO, uto B kpucramiax KBr, NaBr u RbBr naGmrogaercst npakTui4eckd OJMHAKOBas 3aBHCHMOCTD
koa(duirenta 3aryxanus u 3QPEKTUBHON KOHCTaHTHI [ proHaiizeHa ot paguyca karunoHoB K, Na u Rb B ciyuae mpogonbHbIX
aKyCTHYECKUX BOJIH, PACIpPOCTAHSIOMUXCS Bronb HanpaBiaeHus [100]. Takum 00pa3soM aHrapMOHH3M MEXHOHHBIX CHII
B3aHMOJICHCTBUSI, 3aBUCAILUN OT PACCTOSHHUA MEXAYy MOHAMHU B KPUCTAJIaX ¢ HOHHBIM THUIIOM CBSI3M, BHOCUT OCHOBHOH BKJIaJ B
AQHHU30TPOITHIO 3aTyXaHHUs aKyCTHIECKHX BOJIH.

3akouenue.Pe3ynbpraThl HCClIeJOBaHUS MTOKa3any, 4yTo B kpuctaiuiax KBr, NaBr u RbBr addexriBHbIC KOHCTAHTBI
AQHTapMOHU3Ma, ONIPEACIIIONIIE BEININHY aHH30TPOIIHIO 3aTYXaHHUs TPOJOIBHBIX U ITOTIEPEYHBIX BOJH B/IOJIb HANPaBICHUS
[100] u3meHsrOTCsI THHEWHO NPH M3MEHEHHH paguyca katnoHoB K, Na u Rb B atux kpucrasiax.

B T0 e Bpems 3aTyxaHHe aKyCTHUECKUX BOJH MPH M3MEHEHHH MOHHOTO paguyca W3MEHseTCs HEeIUHEHHO ¢ HanuuueM
MHMHHMMYyMa B 3aBHCHMOCTH KO3((dHIMEHTa 3aTyXaHUs aKyCTHYECKHX BOJH. Takoe HOBEAEHHE MOXKHO OOBSACHUTH BIMSHHEM
BPEMEHH PeNaKCalii TEIJIOBBIX (JOHOHOB Ha BEIMYNHY KO3()(GHLIUCHTA 3aTyXaHHs B JUAICKTPUICCKUX KpucTamwiax [6, 7).
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LAZER DIODLARINING UZOQ MAYDONDAGI NURLANISH QONUNIYATLARINI RAQAMLI
SIMULYATSIYASI
Annotatsiya

Ushbu ishda lazer diodlarining uzoq masofada nurlanishini simulyatsiya qilish uchun ragamli yondashuvi o’rganildi. Yorug'lik
tarqalishini modellashtirish uchun foton yo’lini kuzatish metodi va dioddan chiqgan fotonlarning burchak tagsimotini ifodalash
uchun ikki o'lchovli normal go'shma tagsimotidan foydalanildi. Ushbu usul lazerli diodlarning turli nurlanish xususiyatlarini
modellashtirishda moslashuvchanlikni ta'minlaydi.

Kalit so‘zlar: Diod, normal tagsimot, lazerli diod, nurlanish gonuniyati.

YU CJIEHHOE MOJIEJIMPOBAHME U3JIYYEHMSI JIASEPHOI'O JIJUOJA B TAJILHEN 30HE
AHHOTanUs
B nannoit pabote mpeacTaBieH YHCICHHBIN MOAX0A K MOAEIUPOBAHHUIO MOJIENICH H3TyUCHHUS JIa3ePHBIX TUOJO0B B JajbHEH 30HE.
Brumn  mcnosp3oBaHBl TpaccHpoBKa ()OTOHOB Ui MOZETHPOBAHHS DPACHPOCTPAHCHUS CBETa W JIBYMEPHOE HOPMAIbHOE
COBMECTHOE pacIpe/ieieHe ISl MPEICTABICHUS YIIIOBOTO PACIpeeeHNs] NCITyCKaeMbIX (POTOHOB. DTOT METO]] 00ecIeunBaeT
aIaNTHPYEeMOCTh B MOJICTIMPOBAHUH PA3JIMYHBIX XapaKTEPHCTUK M3TyUCHUs JTa3epHBIX JIO/IOB.
KuioueBsle ciioBa: J[uoxa, HopmaiibHOE pactipenenenue, Jlazepusiit quon, JuarpamMma uznydeHust.

NUMERICAL SIMULATION OF LASER DIODE FAR-FIELD EMISSION PATTERNS
Annotation
This work studies a numerical approach for simulating the far-field emission patterns of laser diodes. We employ photon tracing
to model the light propagation and utilize a bivariate normal joint distribution to represent the angular distribution of emitted
photons from diodes. This method offers flexibility in simulating diverse laser diode emission characteristics.
Key words: Diode, normal distribution, Laser diode, Emission pattern.

Introduction. Laser diodes have transformed laser technology, replacing traditional lamp-pumped systems with more
efficient diode-pumped architectures [1]. This paradigm shift has solidified diode pumping as the predominant method for high-
power laser generation, especially in solid-state laser systems. Ongoing research actively explores innovative diode
configurations, such as stacking and cascading, to push the boundaries of achievable laser power in both continuous-wave and
pulsed regimes [1-2]. Given the absence of apparent fundamental limitations in diode-pumped solid-state lasers, this tendency of
exploring different techniques for their development is anticipated to persist. Consequently, precise modeling of diode-pumped
laser systems is important for optimizing performance and enabling further advancements. An initial step in this process involves
modeling the emission pattern of the diode. In this work, we demonstrate a method for simulating the angular distribution of
photons emitted from a laser diode using a bivariate normal joint distribution.

Laser diode basics. A laser diode is a modified semiconductor optical amplifier with optical feedback via cleaved facets,
exploiting refractive index contrast for reflection. Sufficient gain and feedback lead to oscillation, creating a diode laser [3].
Laser diodes generate a narrow spectral output compared to conventional lamps, facilitating efficient excitation of lasing media's
active energy levels. Their high wall-plug efficiency and ease of integration into laser cavities contribute to their widespread
adoption. A laser diode with an active region of dimensions | (length) and w (width) emits light with far-field angular divergences

0, =211 (radians) in the plane perpendicular to the p-n junction and €, =4, /W (radians) in the plane parallel to the junction
(Fig. 1). In these approximated expressions, 4, is a central frequency of a diode spectrum. These divergence angles shape the far-
field radiation pattern. Due to the limited size of the active region, laser diodes typically exhibit larger angular divergences
compared to other laser types. For instance, a diode with / = 2 um, w = 10 um, and A, =808nm emit photons with divergence
angles of 0, ~4.63°and 6 ~23.15°. Single-transverse-mode laser diodes, with even smaller widths (w), possess even larger

angular divergences. The precise spatial distribution of the far-field radiation within the resulting cone depends on the number of
excited transverse modes and their corresponding optical powers. In this work, we consider single -transverse mode, however
generalizing to higher modes are expected to be straightforward.
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Figure 1. Schematic of a typical laser diode structure and its corresponding far-field emission pattern

Simulation of Laser Diode Far-Field Emission Patterns. The far-field emission pattern of a laser diode exhibits two
distinct angular divergences, 0 ' (x-axis) and 6 (y-axis). To accurately simulate realistic emission characteristics in
accumulated simulations, we are considering to employ a bivariate normal distribution for sampling photon directions:

2 2
f(xy)= e ———— (X_”*] —2p[x_”XJ[y_”YJ+(y_”yJ (@)
2770'X0'y\/1— Yol 2(1— p) o, o, o, o,

where A, , p, are the means in x and y directions, 0,, 0, are the standard deviations in x and y directions,

respectively and p is the correlation between x and y. In Eq. 1, 4, and /i, represent the center of emitting area of a diode,
where 0, and O are functions of divergence angles determined by the active region dimensions | (length) and w (width). We

consider the far-field emission pattern at a plane located at distance d from the laser diode. In this case, 0, o, - the standard

deviations can be expressed in following manner

A
o, Jdxtan (ij
W
A
o,Ud xtan(lij.
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[
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These expressions and Eq 1 are used to initialize photon directions emitted from a diode with [ = 2 um, w = 10 um, and
4. =808nm emit photons with divergence angles of &, ~4.63°and €, ~ 23.15° . We simulated the propagation of 10,000

photons and analyzed their far-field intensity distribution at various distances from the laser diode. Figures 2, 3 and 4 display
scattered plots of photons are d =1 mm, d =1 cm and d = 1 m from the diode.
Figure 2. Intensity distribution at d=1 mm.
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Figure 3. Intensity distribution at d=1 cm.
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Figure 4. Intensity distribution at d=1 m.
Figures 2-4 illustrate the evolution of the far-field intensity distribution of the simulated photons as they propagate away
from the laser diode. The x and y axes represent distance in meters, while the z-axis indicates the photon count, visually depicting
the decrease in intensity (attenuation) with increasing distance.
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Once the photon directions are established, simulating the laser diode's radiation pattern and its propagation becomes
possible. While the emitting area's geometry plays a role in real-world scenarios, it's not crucial for our current simulation.
Therefore, we adopted a simplified approach, assuming a small circular emitting area with a radius where photon directions are
already sampled/found using the previously described method. With initial photon coordinates and directions determined, we can
proceed with simulating their propagation dynamics. We employed methodologies outlined in [4] to achieve this. The results are
presented in Figure 5. Figure 5a depicts the propagation of the diode radiation along the z-axis. However, it primarily shows the
outer regions, obscuring the core dynamics within the beam. To address this, we virtually sliced the beam. Figure 5b displays the
half-beam sliced in the Y-Z plane, while Figure 5¢ shows the half-beam sliced in the X-Z plane. Both figures illustrate the
propagation of the radiation pattern and its evolving size.

Figure 5. Propagation of diode radiation from 0.1 m to 0.5 m.

In conclusion, this work highlights the importance of modeling laser diode emission patterns for a deeper understanding
of experiments utilizing these devices. We presented a method for initializing photon directions using a bivariate normal
distribution, capitalizing on the inherent two-dimensional nature of the emitting region in laser diodes. This approach offers a
valuable tool for simulating diode photon propagation dynamics
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BJIUSIHUS KBAHTYIOIIETO MATHUTHOI'O TOJISI U TEMIIEPATYPBI HA OCIIUJIJIALIAA SHEPT A
®EPMU B HAHOPA3BMEPHBIX ITOJYITPOBOJHUKAX
AHHOTaALHA

TlosyueHO HOBOE aHAMTHUYECKOE BBIPAXKCHHE, PACCUMTHIBAIOLICE OCIIULLINKE dHeprun Depmu i 3aKOHA MapabOIHUecKO
JUCTICPCUH TETEPOCTPYKTYPUPOBAHHBIX MOJYMPOBOJHHUKOB Ha OCHOBE MNPSIMOYTOJLHONW KBaHTOBOW SIMBI TOJ JCHCTBHEM
KBaHTYIOIIETO MAarHUTHOTO TOJs W TeMmreparypbl. [loka3zaHo, 4To ypoBHH DepMu HaHOPa3MEpHOTO TOJYNPOBOTHHKA B
KBaHTYIOIIIEM MAarHUTHOM TIOJIC KBaHTOBaHA. [Ipe/UioskeH METOJ] pacueTa OCIHWUIAIMUA SHeprud depMu Ui JBYMEPHOTO
3JIEKTPOHHOTO T'a3a MPH Pa3HbIX MATHUTHBIX MOJISX M TEMIIEpaTypax.

KiroueBbie ¢/I0Ba: MArHUTHOE MOJIE, KBAHTYIOIIEE MAarHUTHOE T10JIe, TETEPOCTPYKTYPa, KBAHTOBAS sIMa, TUNIOTHOCTh COCTOSHUIA,
OCIIWJLISIIIUSL, HAHOPA3Mep, IBYMEPHBIE MOTYIIPOBOIHHUKH.

INFLUENCE OF QUANTIZING MAGNETIC FIELD AND TEMPERATURE ON FERMI ENERGY OSCILLATIONS
IN NANO-SIZED SEMICONDUCTORS
Annotation

A new analytical expression is obtained for calculating the Fermi energy oscillations for the parabolic dispersion law of
heterostructured semiconductors based on a rectangular quantum well under the action of a quantizing magnetic field and
temperature. It is shown that the Fermi levels of a nanoscale semiconductor in a quantizing magnetic field are quantized. A
method for calculating the Fermi energy oscillations for a two-dimensional electron gas at different magnetic fields and
temperatures is proposed.

Key words: magnetic field, quantum magnetic field, heterostructure, quantum well, density of states, oscillation, nanosize, two-
dimensional semiconductors.

NANOO‘LCHAMLI YARIMO‘TKAZGICHLARDA FYERMI ENERGIYASI OSSILLYATSIYALARIGA
KVANTLOVCHI MAGNIT MAYDON VA HARORATNING TA’SIRI
Annotasiya

Kvantlovchi magnit maydon va harorat ta’sirida to‘g‘ri to‘rtburchakli kvant o‘ra asosidagi geterostrukturali
yarimo‘tkazgichlarning parabolik dispersiya qonuni uchun Fermi energiyasi ossillyatsiyalarini hisoblaydigan yangi analitik ifoda
keltirib chiqarilgan. Kvantlovchi magnit maydon ta’siridagi nanoo‘lchamli yarimo‘tkazgichlarda Fermi sathi kvantlanishi
isbotlangan. Turli harorat va magnit maydonlarda ikki o‘lchamli elektron gazlar uchun Fermi energiyasi ossillyatsiyasini
hisoblash usuli taklif gilingan.

Kalit so‘zlar: magnit maydon, kvantlovchi magnit maydon, geterostruktura, kvant o‘ra, holatlar zichligi, ossillyatsiya,
nanoo‘lcham, ikki o‘lchamli yarimo‘tkazgichlar.

Kirish. Elektron va kovaklarning holati Dadf(E) bilan aniglanadi, bu yerda f(E) tashuvchining tagsimot funksiyasi.
Muvozanat holatidagi zaryad tashuvchilar Fermi — Dirak funksiyasining f(E) statistikasiga bo‘ysinadilar [2]. 1-rasmda T=0, T>0
haroratlarda va kvantlovchi magnit maydon ta’siri bo‘lmagan (B=0) da ikki o‘lchamli elektron gazlardagi elektronning
muvozanat holati ko‘rsatilgan. Ushbu grafiklardan ko‘rinib turibdiki, mutlaq nol haroratda elektronlarining joylashishi to‘g‘ri
burchakdir. Bu yerda erkin zaryad tashuvchilarning energiyasi E, bir tomondan, to‘ldirilgan energiya sathining tubi Ei, boshga
tomondan esa Fermi sathi Er bilan cheklangan. T>0 haroratda Fermi sathi Er yaginida yuvilish paydo bo‘ladi [3].

Yetarlicha kuchsiz magnit maydonlarda kengaytirilgan Landau sathlari bir-biriga yopishib, energiya bo‘shlig‘ini
yaratmasdan holatlarning zichligini modulyasiya giladi (1-rasm). Kuchli magnit maydon holatida siklotron energiyasi 7Ziwc
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Landau sathi kengligidan kattaroq bo‘lsa, energiya bo‘shlig‘i mavjud (hech bo‘lmaganda harakatchanlik bo‘shlig‘i nuqtai

nazaridan).
=2=0 ==0

B A e T e e A

1-rasm. Magnit maydondagi holatlar zichligi (DOS) modulyasiyasi. élektronlarning Fermi tagsimot funksiyasi (qizil) [1].

Adabiyotlar tahlili. Hozirgi vaqtda ikki o‘lchamli elektron gazlarining xususiyatlarini o‘rganishga qiziqish, ularni
nanoo‘lchamli yarimo‘tkazgichlarda qo‘llash istigbollari bilan bog‘liq bo‘lmoqda. Bunday sistemalarda kvant o‘lchamli
kattaliklar xarakteristikalari ossillyatsiyalanuvchi bo‘ladi [4, 5]. Ikki o‘lchamli materiallarda energetik holatlar zichligi,
elektronlarning effektiv massalari, Fermi energiyasi kabi energyetik xarakteristikalari kvant o‘raning qalingiga bog‘liq, kichik
o‘lchamli kristallarda materialning qalinligi d elektronning de-Broyl to‘lqin uzunligiga taqriban teng bo‘ladi.

Ma’lumki, kvantlovchi magnit maydondagi elektronlarning energetik spektri nanoo‘lchamli yarimo‘tkazgichlarda
Landau sathlariga nisbatan Fermi sathining nisbiy holatiga qarab juda o‘zgaruvchan xususiyatlarga ega. Barcha elektron gazlarda
Fermi (u) sathi bor, u mutlag nol haroratda energiya sohalarini elektronlar bilan to‘lganlik sathini belgilaydi. Eksperimental va
nazariy ma’lumotlardan ma’lum bo‘lganidek [7], ikki o‘lchamli kristallarda Fermi sirtida mutlag haroratda Fermi (p)
energiyasini ossillyatsiyalarining yuqori amplitudalari kuzatiladi. Ammo uch o‘lchamli elektron gaz uchun, past haroratlarda ham
ossillyatsiyalar juda kichik bo‘ladi. Uch o‘lchamli kristallarda p, klassik magnit maydonlarda bo‘lgani kabi faqat chiziqli
o‘zgaradi.

Ikki o‘lchamli elektron sistemalarning elektron va magnit xususiyatlarini o‘rganishda Fermi energiyasi muhim
ahamiyatga ega, shuning uchun u mikro va nanoo‘lchamli materiallarning asosiy parametrlaridan biri hisoblanadi. Bundan kelib
chiggan xolda, ushbu ishning asosiy magsadi kvant o‘ra asosidagi yarimo‘tkazgichlarda Fermi sathi ossillyatsiyalariga kuchli
magnit maydon va haroratning ta’sirini tahlil qilishdan iborat.

Tadgiqot metodologiyasi. Ma’lumki, k-bo‘shligda E(k)=const izoenergiya sirtlari yopiq bo‘ladi va shar shaklida
ifodalanadi. Ruxsat etilgan energiya holatlari doimiy zichlikka ega V/8n® va k-bo‘shliqda tagsimlanadi. Bu yerda V - kristalning
hajmi. Pa’uli prinsipiga ko‘ra: elektronning 2 ta qarama-qarshi spin holati k ning har bir qiymatini shakllantirishini e’tiborga
olsak, barcha to‘ldirilgan holatlarning to‘lqin kattaliklari kristalning V - birlik hajmida kr dan katta bo‘lmaydi va kr quyidagicha
aniglanadi [8]:

: e 82—\’3 — N @
Bundan
. :[ﬂf @
\

Bu yerda, N3¢ - uch o‘Ichamli elektron gaz uchun elektronlar soni.

Erkin elektronlar gazi Fermi-Dirak statistikasiga to‘liq bo‘ysinadi va asosiy holatdagi energiya mutlaq nol haroratda eng
katta bo‘ladi:

n*k?
E. =X 3)
2m

Ef— uch o‘lchamli elektron gaz uchun Fermi energiyasi. [zotopik tarqalish qonuniga asosan Fermi sirti radiusi ks bo‘lgan
sferik shaklga ega bo‘ladi. Yuqoridagi faktlar fagat uch o‘lchamli materiallar uchun ko‘rib chigilgan bo‘lib, ularda kvantlovchi
magnit maydondagi ikki o‘lchamli elektron gazlarining Fermi energiyasi ossillyatsiyasilarini o‘zgarishlari batafsil o‘rganilmagan.

Endi, Fermi energiyasini ikki o‘lchamli elektron gazlarida kvantlovchi magnit maydonga bog‘ligligini ko‘rib chigamiz.
Ikki o‘Ichamli elektron gazlarda magnit maydon bo‘lmaganda ham, elektron energiyasi Z o‘qi bo‘ylab kvantlangan bo‘ladi va
elektron faqat XY tekisligida erkin harakat qiladi. Ushbu kvantlanish o‘lchamli kvantlanish deyiladi. Agar B magnit maydon
induksiyasi XY tekisligiga perpendikulyar yo‘naltirilgan bo‘lsa, u holda erkin elektronning energiyasi XY tekisligi bo‘ylab
kvantlanadi.

Yuqorida gayd gilingan ilmiy mulohazalarda bir gator savollar ochiq goldirilmogda, jumladan kvantlovchi magnit
maydon ta’siridagi ikki o‘lchamli elektron gazlarida erkin elektronlarning Fermi energiyasi haroratga qanday bog‘liq bo‘ladi?
Yugqori haroratlarda nanoo‘lchamli materiallarning zaryad tashuvchilari qanday taqsimlanadi?

Ikki o‘Ichamli elektron gaz uchun ruxsat etilgan energiya holatlari doimiy sirtiy zichlikka ega deb tasavvur gilib olamiz
Sl4n? va XY tekislikda tagsimlanadi. Bu yerda S - bu kristalning sirt maydoni. Bundan (1) va (2) formulalar yordamida ikki
o‘lchamli elektron gaz uchun elektronlar konsentratsiyasini aniqlash mumkin:

212
N 2¢ :4ﬂk§4”2 (4
Bundan:
1
o 1 ( ZN? )2

_ = 5
- 3 > ®)

(5) ni (6) ga almashtirib, magnit maydon bo‘lmagan hol uchun ikki o‘lchamli elektron gazlaridagi Fermi energiyasini
aniqglash mumkin:
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2d pfl B 7Z_h2N2d (6)
# 2m  4mL?
Bu yerda, N2¢ - ikki o‘lchamli elektron gaz uchun elektronlar konsentratsiyasi, L2 - harakat tekisligining yuzasi, p,, -
Fermi impulsi.
Magnit maydonga perpendikulyar bo‘lgan tekislik harakatida elektronlarning klassik trayektoriyalari davriy aylanalardir.
Kvant fizikasida elektronlarning bunday trayektoriyalari (elektronning davriy aylanishi) bir xil masofali diskret Landau
sathlaridan tashkil topadi:

1
E, =ha,| n += ™)
2
. . eH . .
Bu yerda, n. - Landau sathlarining soni. w, =— -siklotron chastotasi.
mc
2
Ma’lumki, uch o‘lchamli kristallarda (7) formulagacha energiya spektriga uzluksiz kvadratik energiya spektri >
m

qo‘shiladi. Birog, ikki o‘lchamli materiallarda bu uzluksiz spektr diskret energetik spektrlarga aylanadi. Darhagigat, d kvant
o‘raning qalinligi o‘lchamli kvantlovchi sharti bilan qoplanadi, boshqacha qilib aytganda, qalinlik o‘lchami kristaldagi
elektronning de-Broyl to‘lgin uzunligiga nisbatan yaqin. Elektronning Z o‘qi bo‘ylab harakatlanishi Vz potensialidan

hisoblanadi:

0,0<z<d,

V(z) = ®)
o, 2<0, z=d

Ikki o‘lchamli elektron gazlarda magnit maydon Bo‘lmaganda, elektronlarning normallashtirilgan to‘lqin funksiyalari
quyidagi shaklga ega [6]:

1 . 1 .
Wi kiy.ntz (X5 Y, 2) = ——=—=eXp(ik  X) ——=exp(ik, Y) ¢, ()
«/ Ley \/ Lo
©)
Bu yerda, ki, kfy - elektronlarning Fermi energiyasining to‘lqin sonlari, nf; - Z o‘qi bo‘ylab o‘lchamli kvantlar soni.
(9) formulada (8) ga muvofig normallashtirilgan ¢,,,(z) funksiyalar quyidagi shaklda yozilgan:
2 . mnz
., (2) = f—3| ., n=123.. (10)
d d
(9) holatlarga mos keladigan elektronlarning Fermi energiyalari:
#2 ?h*n?
E(Kp. Ky, ng ) =——(k2 +k2 )+ ——2"* (12)
( by fz) 2m( & v 2md?
bo‘ladi
U xolda (7), (11) ifodalarni (6) ga almashtirib, magnit maydon ishtirokida quyidagi formulani olamiz:
zh*N? (H) #7*n°n?
te (H) = 2( ) + ZfZ (12)
4mL: 2md
Bir birlik (LxLy=1) maydon uchun (12) formulalar quyidagicha hisoblanadi:
(H) zh?N?** (H)  z*h*n3,
= —+ =
#r 4m 2md?
1, eH 2zaN?*(H)c #z°A°ni 1 7h*n%, (13)
—h . + s =-hoyv+—5—
8 mc eH 2md 8 2md
_ 27zhcN? (H)

Bu yerda, v — to‘ldirish koeffitsiyenti [9]. Bu Landau sathlarining soni, ular spinini bo‘linishini

eH
hisobga olgan holda, kvantlovchi magnit maydonda, mutlaq nol haroratda, elektronlar bilan to‘la bo‘ladi. Ushbu o‘lchovsiz
parametr 2D elektron gazlaridagi kvant ossillyatsiya ta’sirlarni muhokama qilishda qulaylik uchun ishlatiladi. (13) formuladan

ko‘rinib turibdiki, agar to‘ldirish koeffitsiyenti butun son bo‘lsa, unda Fermi energiyalari kvantlanadi, u holda 1 # co. » Minimal
energiya kvanti bo‘ladi, ya’ni (13) formulada birinchi sathdagi energiya uchun aniq giymat vV = 1 berilgan
1 7?h*n%,
m
Boshga barcha sathlar uchun nazariya o‘z ifodasini beradi
242 2
1 T h°n
u(H) =ho, (V+§j+—2 dzfz (15)
m

Bu yerda to‘ldirish koeffitsiyenti butun son, v = 0,1, 2, 3...
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Bundan tashqari, ikki o‘lchamli materiallarda kvantlovchi magnit maydon ta’sir etganda erkin elektronlarning energiya
spektri diskret bo‘ladi. Fermi energiyasi to‘liq diskret energiya spektrida odatda kvant nuqta bo‘lib xarakterlanadi. Bunda magnit
induksiya vektori Z o‘qi bo‘ylab va ikki o‘lchamli qatlam tekisligiga perpendikulyar ravishda yo‘naltiriladi. Ko‘ndalang
kvantlovchi magnit maydonida kvant o‘ralari kvant nuqtaga o‘xshash bo‘ladi, bu vaziyatda uchta harakat yo‘nalishi ham
cheklanadi.

Xulosa. Kuchli magnit maydonidagi kvant o‘rali yarimo‘tkazgichlarning Fermi sathlari kvantlanganligi ko ‘rsatilgan. Ikki
o‘lchamli elektron gaz uchun Fermi sathi ossillyatsiyalarini turli magnit maydonlarda va haroratda hisoblash usuli taklif gilingan.
Yugori harorat va kuchsiz magnit maydonlarda Fermi-Dirak tagsimot funksiyasini hisoblash uchun analitik ifoda olingan.
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SOLVATERMAL VA GIDROTERMAL USULDA SINTEZ QILINGAN BISMUT VANADATINING MORFOLOGIK
TAHLILI
Annotatsiya
Bismut vanadati fotokatalizatori bir bosgichli solvatermal va ikki bosgichli gidrotermal usullarda sintez gilindi. Sintez gilingan
namunalar SEM-EDS metodi bilan tadgiq gilindi. Namunalarning elemental nisbatlari hamda ularning morfologik tahlillari
keltirildi. Xar ikki namunalarda Bi, V hamda O lar yuza bo‘ylab bir tekis tagsimlangani kuzatildi. Solvotermal usulda olingan
namuna mayda, dag‘al va g‘ovaksimon strukturalar to‘plamidan iboratligi ko‘rsatildi. Gidrotermal usulda olingan namunalar esa
2-3 pm dan 20 pm gacha bo‘lgan katta va kichik sferik shakllarga egaligi ko‘rsatildi. Ushbu morfologik tahlillar orqali
namunalarning sirt yuzasi ularning fotokatalitik faolligiga ta’siri haqida ilmiy tahlillar keltirib o‘tildi.
Kalit so‘zlar: bismut vanadatth vanadat, fotokatalizator, fotodegradatsiya, vodorod energiyasi.

MORPHOLOGICAL ANALYSIS OF BISMUTH VANADATE SYNTHESYZED BY SOLVOTHERMAL AND
HYDROTHERMAL METHODS
Annotation

Bismuth vanadate photocatalyst was synthesized by one-step solvothermal and two-step hydrothermal methods. The synthesized
samples were studied by SEM-EDS method. The elemental proportions of the samples and their morphological analysis were
presented. Bi, V and O were evenly distributed over the surface in both samples. It was shown that the sample obtained by
solvothermal method consists of a set of small, rough and porous structures. It was shown that the samples obtained by the
hydrothermal method have large and small spherical shapes from 2-3 pm to 20 pm. Through these morphological analyses,
scientific analyzes were made about the effect of the surface of the samples on their photocatalytic activity.
Key words: bismuth vanadate, photocatalyst, photodegradation, hydrogen energy.

MOP®OJIOTMYECKHUIA AHAJIN3 BAHAJIAT BACMYTA, CUHTE3UPOBAHHBINA COJIbBOTEPMAJIbHBIMHA
U T'UAPOTEPMAJIBHBIMU METOJAMHU
AHHOTaLUs

doTtokaranuzaTop BaHAAT BUCMYTa CHHTE3UPOBAH OIHOCTAANIHBIM COJIbBATEPMANIbHBIM U IBYXCTaJUHHBIM THAPOTEPMATIBHBIM
meromamu. CHHTE3UpOBaHHBIE 00pa3ibl ObLH HccienoBanbl MetogoM SEM-EDS. TlpencraBieHsl 371eMEHTHBIE COOTHONICHHUS
00pa3noB 1 ux Mopdonorndeckuii anamm3. Bi, V u O Opiin paBHOMEpPHO pacnpesielieHsl IT0 MOBEPXHOCTH B 000MX o0pasmax.
Iloxazano, 4To 0Opasen, MOTydSHHBIH COIBBOTEPMUIECKAM METOJIOM, COCTOUT U3 HabOpa MENIKHX, IMIEPOXOBATHIX M MOPUCTHIX
cTpyKTyp. IlokazaHo, 9yTo 0Opa3ubl, MONydeHHbIE THMAPOTEPMAIBHEIM METOJOM, MMEIOT KPYHMHYIO M MEIKYI0 C(HEPHIECKYIO
¢dopmy ot 2-3 MM 10 20 Mkm. ITocpencTBoM 3TUX MOP(OJIOTHYECKHX AHAIM30B OBUI NMPOBEAEH HAyYHBIH aHAIM3 BIVSTHUSL
MOBEPXHOCTH 00pa31IoB Ha MX (POTOKATUTHUECKYIO aKTHBHOCTb.

KiioueBble ciioBa: BaHaiaT BUCMYTa, (poToKaTanuzaTop, GoToaerpaaams, BOJIOPOIHAS SHEPTeTHKA.

Kirish. Bismut vanadat turli sohalarda, aynigsa fotokataliz va fotoelektrokimyoviy suvni parchalashda istigbolli material
sifatida qo‘llaniladi, bu uning qulay joylashgan hamda nisbatan torroq (2.4 eV) ta’qiqlangan sohaga ega ekanligi, korroziyaga
bardoshliligi, narxini nisbatan arzonligi, zararsizligi va yuqori barqarorligi bilan bog‘ligdir [1-2]. Uning quyosh energiyasini
konvertatsiya qilish samaradorligini oshirish imkoniyati so‘nggi yillarda katta e’tibor qozongan. Bismut vanadatning noyob
xususiyatlari uni fotoelektrokimyoviy sxema va fotokatalitik tizimlarning samaradorligini oshirish uchun ajoyib nomzodga
aylantiradi [3]. Uning samaradorligini optimallashtirishda sintez usullari va hosil bo‘lgan material xususiyatlari katta rol
o‘ynaydi. Shu sababli, bismut vanadat sintezini tushunish va optimallashtirish uning gayta tiklanuvchi energiya
texnologiyalaridagi amaliy qo‘llanmalari uchun juda muhimdir. Bismut vanadatni turli usullar yordamida sintez qilish mumkin,
jumladan gattiq holat reaksiyalari, sol-gel jarayonlari va cho‘kma usullari [4]. Ulardan solvotermal va gidrotermal usullar yuqori
tozalikdagi va yaxshi kristallangan materiallar ishlab chigarishda aynigsa samaralidir [5-6]. Bu usullar erituvchilardan
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foydalanib, nazorat gilinadigan harorat va bosim sharoitlarida kerakli kristall strukturalar hosil gilishga olib keladi. Solvotermal
sintez odatda organik erituvchilardan foydalanadi, gidrotermal sintez esa suvni erituvchi sifatida qo‘llaydi [7-8]. Ikkala usul ham
sintez gilingan bismut vanadat xususiyatlarini moslashtirish uchun juda muhim bo‘lgan reaksiya muhiti ustidan aniq nazorat
gilish imkonini beradi. Ushbu tadgiqot ishida solvotermal va gidrotermal usullar yordamida sintez gilingan bismut vanadat
elemental hamda morfologik jihatdan tahlili keltirilgan.

Tadgiqot metodi. Materiallar. Sigma-Aldrichdan bismut (111) nitrat pentagidrat (Bi(NOs)3-5H20), Vanadil asetilasetonat
(C10H14VOs), sirka kislotasi sotib olindi. Ushbu ishda foydalanilgan barcha reagentlar analitik darajada bo‘lgan va ular boshqa
hech ganday tozalashsiz ishlatilgan. Sintezlangan bismut vanadatni yuvish (tozalash) uchun toza etanol va distillangan suv
ishlatilgan.

Solvotermal sintez

0,01 mol Bi(NOz3)3-5H20 ni 40 ml sirka kislotada eritib, A eritmasi tayyorlandi, 2 soat davomida to‘liq eriguncha
aralashtirildi. Xuddi shunday, 0,005 mol C10H14VOs ni 30 ml sirka kislotada eritib, B eritmasi tayyorlandi, to‘liq eriguncha 2 soat
davomida aralashtirildi. Doimiy ravishda 500 rpm aylanish tezligida aralashtirib, tomchilab quyish texnikasidan foydalangan
holda A eritmasiga asta-sekin B eritmasi qo‘shildi va sarg‘ish eritma hosil bo‘lguncha aralashtirildi. Keyin, biz bu eritmani xona
haroratida qorong‘i joyda 24 soat ushlab turdik. Cho‘kmani 10 daqiga davomida 2500 rpm tezlikda santrifuga qilish orqali
to‘plab olindi, so‘ngra ortiqcha aralashmalarni olib tashlash uchun etanol va distillangan suv bilan bir necha marta yuvildi.
Nihoyat, ajratib olingan modda 60°C da 12 soat davomida quritildi.

Gidrotermik sintez

Gidrotermal sintezda solvotermal sintez gilingan aralshmadan foydalanildi. Sarg‘ish eritmani olgandan so‘ng, uni teflon
bilan qoplangan avtoklavga o‘tkazildi, uni to‘liq yopib, 12 soat davomida 160°C li pechda qizdirildi. Reaksiyadan so‘ng
avtoklavni tabiiy ravishda xona haroratiga sovitildi. Aralshma xuddi solvotermal sintezdagi kabi moddaning yig‘ib olish va
yuvish orgali ajratib olindi.

Solvotermal va gidrotermal yo‘llar bilan sintez gilingan namunalar bismut vanadat kristalliligini yaxshilash uchun mufel
pechida 1 soat davomida 500°C da gizdirildi.

Natijalar va ularning muhokamasi. 1-rasmda solvotermal usul orgali sintez qgilingan bismut vanadat uchun energiya
dispersiv spektroskopiyasi (EDS) natijalari keltirilgan. EDS spektri bismut (Bi), vanadiy (V) va kislorod (O) uchun intensive
piklarni ko‘rsatadi, bu ushbu elementlarning o‘rganilatyotgan yuza qismida hagiqatdan mavjudligini tasdiglaydi. Elementar
xaritalash tasvirlari Bi, V va O elementlari soha bo‘ylab bir xil tagsimlanganini ko‘rsatadi. EDS natijalaridagi Bi-M, V-K va O-K
kabi spektr chiziglarining aniq qgayd etilishi, bu elementlarning bismut vanadat strukturasiga tegishli ekanligini taxmin gilishga
asos bo‘ladi.
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1.010° —

Intensity [Counts]

2 g
g >
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1-rasm. Solvotermal usulda sintez gilingan bismut vanadatining EDS natijalari.
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2-rasm. Gidrotermal usulda sintez gilingan bismut vanadatining EDS natijalari.

2-rasm gidrotermal usul yordamida sintez gilingan bismut vanadat uchun EDS natijalarini tagdim etadi. EDS spektri,
xuddi solvotermal metod natijalaridagidek Bi, V va O larga tegishli piklarni ko‘rsatadi, bu struktura o‘xshash ekanligini bildiradi.
Elementar xaritalash tasvirlari Bi, V va O ning bir xil tagsimlanishini ko ‘rsatadi.

Solvotermik usullar bilan sintez gilingan bismut vanadat namunasining Bi, V va O atom foizlari mos ravishda 19.21,
23.97 va 56.83 ni tashkil etdi, gidrotermal usulda sintez qilingan namuna esa 19.36, 15.36 va 65.28 ni ko‘rsatdi. Ikkala namunada
Bi deyarli bir xil miqdorni ko‘rsatdi. Ammo V birinchi namunada ko‘proq, ikkinchi namunada esa kamro ekanligini ko‘rsatdi. O
ham o‘z navbatida o‘zgargan. Bu esa strukturada extimoliy o‘zgarishlar bo‘lishi mumkinligini bildiradi. Buning uchun
strukturaviy tahlillar kerak bo‘ladi. Bu natijalarni kelgusi ishlarda tagdim etish ko‘zda tutilgan.

Quyida solvotermal usul yordamida sintez gilingan bismut vanadati namunalarining SEM mikroskopik tasvirlari (3-
rasm) x500 va x1000 marta kattalashtirishgan xolati keltirilgan. Zarrachalar zich o‘ralgan, donador tuzilishga ega bo‘lib,
o‘lchamlari asosan sub-mikrometr diapazonida ekanligini ko‘rish mumkin. Dag*al, teksturali yuzalar va yuqori poroslik ko‘proq
sirt maydonini ko‘rsatadi, bu fotokatalitik ilovalar uchun foydalidir. Kichik kristallitlar va bir-biriga bog‘langan zarrachalar bilan
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ajralib turadigan bu nozik, bir xil morfologiya bismut vanadatining quyosh energiyasini samarali konvertatsiya qilish va
di.

ik
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3-rasm. Solvotermal usulda sintez gilingan bismut vanadatiing x500 va x1000 marta katyalashtirilgan SEM
mikroskopik tasvirlari.
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Keyingi rasm gidrotermal usulda sintez gilingan bismut vanadati namunalarining SEM mikroskopik tasvirlari (4-rasm)
x500 va x1000 marta kattalashtirishgan xolatini ifodalagan. Zarrachalar bir necha pm dan o‘nlab pm gacha bo‘lgan keng
o‘lchamli sferik va yarim sharsimon morfologiyani namoyish etadi. Sirtlar dag‘al va g‘ovakli bo‘lib, agregatsiya va sinterlanishni
ko‘rsatadi, bu esa faolroq joylarni ta'minlash orqali fotokatalitik faollikni oshirishi mumkin. Yuqori kattalashtirish tasviri (1000x)
biriktirilgan sferalar, yoriglar va kichikroq sun’iy yo‘ldosh zarralari kabi batafsil sirt xususiyatlarini ochib beradi, bu sirt

4-rasm. Gidrotermal usulda sintez gilingan bismut vanaatining x500 va x1000 marta katyalashtirilgan SEM
mikroskopik tasvirlari.

Shunday qilib, gidrotermik usulda olingan namuna, keng o‘lchamli (bir necha mikrometrdan o‘nlab mikrometrgacha)
sferik va yarim sharsimon zarrachalarni ishlab chigaradi. Zarrachalar daga’l, g‘ovakli yuzalarga ega bo‘lib, fotokatalitik
reaktsiyalar uchun ko‘plab faol joylarni ta’minlaydi. Bu usul yorug‘likni yutish va zaryadni ajratishni kuchaytiradigan kattaroq,
ierarxik tuzilmalarni beradi. Solvotermik usulda olingan namuna, asosan mikrometrdan kichik o‘lchamdagi zarrachalar bilan zich
o‘ralgan, donador tuzilishga ega bo‘ladi. Zarrachalar yuqori teksturali va dag‘al bo‘lib, yuqori sirt maydonini yaratadi. Bu bir xil,
nozik morfologiya faol joylarni oshiradi, yorug‘lik va reaktivlar bilan yaxshiroq dispersiya va o‘zaro ta’sirni taklif qiladi.

Ikkala usul ham foydali fotokatalitik xususiyatlarga ega birmut vanadatini hosil giladi. Shu bilan birga, solvotermik usul
nozikrog, bir xil zarrachalar va yugori sirt maydoni tufayli yanada qulayroq bo‘lib, quyosh energiyasini yanada samarali
konvertatsiya qilish va fotokatalitik faollik uchun yorug‘lik yutilishi va reaktsiya kinetikasini kuchaytiradi.

Xulosa. Olib borilan ushbu tadqiqot ishida biz bismuth vanadatini ikki xil usulda sintez qildik. Solvotermal usulda
olingan namunalar mayda shakllarga ega va yuqori sirt maydonini ko ‘rsatmoqda. Gidrotermal usulda olingan namunalar esa, aniq
va turli sferik shaklga ega donalarni ifoda etmoqda. Solvotermal usuli, albatta bir gadam kamroq sintez usuli bilan biroz
ustunlikka ega bo‘lishi mumkin. Lekin, ushbu namunalarning qaysi biri samaraliroq ekanligini kelgusi ishlarimizda
rejalashtirilayotgan fotokatalitik faolligini aniqlash testi orqali aniglab, yakuniy xulosa chiqarishimiz mumkin bo ‘ladi.

Tashakkurnoma. Ushbu tadqiqot ishi O‘zbekiston Respublikasi Oliy ta’lim, fan va innovatsiyalar vazirligi huzuridagi
Innovatsion rivojlanish agentligi tomonidan moliyalashtirilgan FZ-20200929314 loyihasi tomonidan qo‘llab-quvvatlandi.
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AUTOMATION OF LABORATORY WORK IN BIOPHYSICS (1.BASED ON THE EXAMPLE OF STOKES
METHOD)
Annotation
This article contains research on the automation of laboratory work in the subject of Biophysics (using the example of the Stokes
method). The traditional method for determining the viscosity of a liquid was analyzed, a block diagram of the automated method
was developed, and a laboratory installation was created on its basis. The possibility of using the created laboratory installation in
the educational process, as well as in research work, is shown.
Key words: laboratory, automation, fluid, viscosity, equipment, temperature, optoelectronic, program, glass tube, heater,
thermocouple, program, graphic.

ABTOMATHU3ALIMA JIABOPATOPHOM PABOTbI B BUO®U3HUKE (1.HA IPUMEPE METOJIA CTOKCA)
AHHOTaALHA

B manHO# cTaThe MpOBEOCHBI NCCIEAOBAHMS 10 aBTOMATH3ANH JTaOOpaTOPHOH paboThl o mpeameTy brogusuka (Ha mpumepe
Mmerona Ctokca). [IpoaHann3upoBaH TpaJuIIIOHHBII METOJ] OTIpEeeICHHs BSI3KOCTH JKHIKOCTH, pa3paboTaHa CTPYKTypHasl cXxeMa
ABTOMATH3UPOBAHHOTO METOJAa M CO3JaHO HAa ero OCHOBE J1abopaTopHas ycTaHOBKa. [okazaHa BO3MOKHOCTH MCIOJB30BaHHMS
CO3/1aHHOH JIJabOPaTOPHOH YCTAHOBKM B y4eOHOM IIpOLECCe, a TAKXKE B HAYYHO-HCCIIE0BATEIbCKUX PaboTax.

KnroueBbie cioBa: naboparopusi, aBTOMaTH3allMsl, JKUIKOCTb, BSI3KOCTh, 00OpYHOBaHHE, TeMIlepaTypa, ONTOIJIECKTPOHHKA,
HporpamMma, CTeKIISIHHas TpyOKa, HarpeBaTellb, TepMonapa, IporpamMmma, rpadux.

BIOFIZIKA FANIDAN LABORATORIYA ISHINI AVTOMATLASHTIRISH (1. STOKS USULI MISOLIDA)
Annotatsiya

Uchbu maqolada Biofizika fanidan laboratoriya ishini avtomatlashtirish (Stoks usuli misolida) bo’yicha tadgiqot ishlari olib
borilgan. Suyugqliklar qovushogligini aniglashning an’anaviy usuli taxlil qilinib, avtimatlashtirilgan usulni blok sxemasi ishlab
chigilgan va u asosda laboratoriya uskunasi yaratilgan. Yaratilgan laboratoriya uckunasini o’quv jarayonida hamda ilmiy tadqiqot
ishlarida qo’llash mumkinligi ko’rsatilgan.

Kalit so’zlar: laboratoriya, avtomatlashtirish, suyuqglik, govushoglik, uskuna, temperature, optoelektron, dastur, shisha nay,
gizdirgich, termojuft, dastur, grafik.

Kirish. Ta'lim texnologiyalarida va har ganday fizikadan olib boriladigan tajribada, mikroelektronika qurilmalari va
kompyuterlar axborotni gabul gilish, saglash, gayta ishlash va uzatish uchun kuchli vositalar sifatida yetakchi o'rinlardan birini
egallaydi [1]. Eksperimental qurilmalarning turli jarayonlarini boshqarish, hozirgi vaqtda fizik tajribani avtomatlashtirishni,
mikroelektronika qurilmalari hamda kompyuter texnologiyalarisiz tasavvur gilib bo'lImaydi. Mazkur holat, tibbiyot institutlarida
o’qitiladigan Biofika fanining laboratoriya ishlarida ham katta axamiyatga ega. Shuning bilan birga, bugungi kunda axborotni tez
tarqalishi, uzatilishi va yangi zamonaviy texnologiyalar kirib kelayotgan davrda an’anaviy laboratoriya ishlarini o’rniga
avtomatlashtirilgan tizimlarni yaratish va o’quv jarayoniga qo’llash dolzarb masala hisoblanadi.

Adabiyotlar tahlili va metodologiya. Ushbu maqolada biofizika fanidan, an’anaviy usulda o’tkiziladigan laboratoriiya
ishini avtomatlashtirish (Stoks usuli misolida) metologiyasi yoritilgan. Bu jarayonni amalga oshirishda bir gator adabiyotlarda
foydalanilgan. Jumladan, Munnees JIL.U., XpomoBa JI.A. ABTOMaTH3ammsi (HU3MYECKOTO SKCIIEPUMEHTa B J1aGOPaTOPHOM
MpakTHKyMe. AJlbMaHax COBPEMEHHOM HayKu u obpasoBanus. Ne6 (25), 2009, c. 121 — 123. llmiy magolada laboratoriya ishlarini
avtomatlashtirish ushun axborot texnologiyalaridan foydalanish lozimligi qayd etilgan. A.N.Remizov. Tibbiy va biologik fizika.
T.2006. darsligidan suyuqliklar qovushogligini fizik ma’nosini va ishchi formulani keltirib chigarish uchin foydalanilgan.
Sh.A.Gulamov, D.T.Komilova. Biofizika fanidan praktikum. O’quv qo’llanma. Andijon. 2021. Ushbu o’quv qo’llanmada
qovushqlikni aniglashning an’anaviy usuli keltirilgan.

Tadgigot metodologiyasi.

1. Suyugliklarning govushoqligini Stoks usulida aniqlash” laboratoriya ishini avtomatlashtirishga oid loyiha-blok
sxemalarini ishlab shigish.

2.Talabalarda, suyuglardan — glitsirin, paxta va trasformator moylari govushogliklarini, avtomatlashtirilgan tizimda
aniqlash ko’nikmasini hosil qilish bo’yicha tavsiyalar ishlab chigish u orqali, tirik organizmdagi qon, siydik, o’t suyuqligi va
suvlarni qovushoqligini aniqlashni o’rganishni osonlashtirishni ta’minlash.

Tajriba usuli va kerakli jixozlar. Avtomatlashtirilgan laboratoriya tizimi “Suyugliklarni qovushoqligini Stoks usulida
aniqlash” laboratoriya ishi asosida yaratildi.
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Laboratoriya uskunasini yaratishda quyidagi jixozlardan foydalanildi:

- Uzunligi 0,5 m va diametdi 0,05 m bo’lgan uchta silindrik simon shisha naylar.

- Po’lat sharchalar.

- Shisha silindr idishlarga quyilgan turli qovusoqlikga ega bo’lgan suyuqliklar (paxta moyi, glitsirin, trasformator moyi).

- Dasturiy ta’minotga ega bo’lgan kompyuter jamlamasi.
- Optoelektron datchiklar.
- Mikroprotsessorli qurilma (Interfeys blogi).
Nazariy gism: Mazkur maqolada laboratoriya ishini avtomatlashtirish usulini yaratish magsad qilib qo’yilganligi munosabati
bilan bu ishni dasturiy ta’minotini ta’minlash magsadida suyqliklar qovushoqligini fizik ma’nolarini eslab o’tish muhim masala
hisoblanadi.
Ma’lumki, suyuqliklar ikki turda oqish xususiyatiga ega: birinchishi- laminar ogim, ikkinchisi - turbulent ogim [2]. Nyuton
modeliga binoan, suyuglilar chegarlangan muhitda (masalan-silindr simon naylardan trubalardan, tomirlardan) nisbatan kichikroq
tezlikda oqayotgan paytida, laminar oqimni hosil qilishi mumkin, ya’ni oqim qatlam-qatlam bo’lib oqish xususiyatiga egadir
(Rasm-1).

X
A

L 4

Rasm-1
1-rasmdan ko’rinib turibdiki qatlamlarni tezliklari ichki sirtga nisbatan o’zgarib bormoqda, ya’ni (dv/dx) tezlik gradiyenti xosil
bo’lmoqda. Bunday gradiyentni xosil bo’lishi aynan S yuzali qatlamlarni o’zaro ishqalanishiga bog’liqdir.

Mazkur ishgalanish - suyugliklarni govushgligini belgilaydi va ishqgalanish kuchi quidagi Nyuton tenglamasi bilan
aniglanadi [2]:

Fishq = h (du/dx) *S )

bu erda, h - govushoglik koeffitsienti (ichki ishgalanish) koeffitsienti deyiladi.

Suyugqliklarni qovushoqlik koeffitsienti turli tashqi faktorlarga bog’liqdir. Ayniqgsa, organizmdagi biologik suyuqliklarni
qovushogqligi haroratga, bosimga suvni miqdoriga va boshqalarga bog’liqdir.

Suyugliklarni govushogligini Sroks usulida aniglash formulasini ko’rib chigamiz. Ma’lumki, bu usulda qovushqligi
aniqlanishi lozim bo’lgan suyuqlik silindr-simon shaffof L - uzunlikdagi shisha idishga quyiladi va metall sharchani harakati
o’rganiladi (rasm-2).

Suyuqlik ichidagi sharchaga uchta kuch: P- og’irlik kuchi, Fa — Arximed kuchi va Fishq - kuchlari ta’sir giladi. Statik
holat uchun mazkur kuchlarni vector yig’'ndisini xosil qilib no’lga tenglaymiz (2). Kuchlarni Y-o0’qiga nisbatan proyektsiyasini
olib (2) formulani skalyar ko’rinishiga olib kelib va uni h - gqovushoglik koeffitsientiga nisbatan ychib chigsak, (3) formulani
hosil gilamiz.

* ‘ P+ FA + FlSh =0 (2)
A | \\\ Fisha
3 3 3 3
T . —3 pshg+an ps g +6mrvn =0 (3)
| 2 (psn — ps)T2g
‘ ~_. n=3 T t @
\__
od

(3) formulada psh — metall sharchani zichligi, r — sharchani radiusi, g- erkin tushish tezlanishi, L — metall sharchani shisha
nay ichiga quyilgan syuglikdagi tekkis harakat masofasi va t -metall sharchani, shisha naydagi ikki - A va B belgilar orasidagi
o’tish vaqti. (3) formulani h - qovushoqlik koeffitsientiga yechsak, (4) formula hosil bo’ladi.

(4) formuladan ko’rinib turibdiki, tekshirilayotgan suyuqlikning qovushoqligi metall sharchani, shisha naydagi ikki - A
va B belgilar orasidagi o’tish vaqtiga bog’liq bo’lmoqda. Shu munosabat bilan quyidagi belgilashni kiritamiz:

Z _(Psh_ ps) — K

9 L
U holda, (4) formulani soddaroq ko’rinishga olib kelamiz:
n=K(@®) 4
Qovushoglik koeffitsientini topishning (3) formulasini (4) aylantirish orqali, avtomatlashtirilgan laboratoriya ishini
dasturiy ta’minotini hosil gilishda qulay imkoniyatlar yaratamiz.
Tahlil va natijalar. “Suyugliklarning qovushoqligini Stoks usulida aniqlash” laboratoriya ishini avtomatlashtirish
uskunasini yaratish magsadida mazkur uskunaning blok sxemasi ishlab chigildi. (Rasm-3):
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Rasm-3
Blok sxema quidagi elementlarda iborat:

1. Uzunligi 0,5 m va diametdi 0,05 m bo’lgan silindr simon shisha nay.
2. Optoelektron gaytqilgichlar.

3. Tok manbayi (HX-P8045).

4. Interfeys blogi.

5. Pentium-4 rusumli kompyuter jamlamasi.

6. Spiralli gizdirgich.

7. Termojuft.

8. Galvonometr.

9

. Metall (po’lat) sharcha.

Ishlab chigilgan va 3-rasmda tasvirlangan blok sxema yordamida laboratoriya qurilmasi yig’ildi va ishga tushirildi. (4)
formulada gayd etigandek gqovusoqlik koeffitsienti metall sharchani suyqlikdagi harakatlanish vagtiga bogliq ekanligi
ko’rsatilgan. An’anaviy usulda [3] mazkur vaqtni aniqlashda o’Ichash xatoliklarni ko’lami ancha sezilarli edi. Shuning uchun
tadgiqot qilinyyotgan bu ishda, aynan yarim o’tkazgichli optoelektron qaytqilgichlar (3-rasmdagi 2-ko’rinish) qo’llanilgan.
Qaytgilgichlardan olingan signal 4-interfeys qurlmasiga o’tkaziladi. Interfeys qurilmasidan ma’lumot kompyuter jamlamasining
(3-rasmdagi 5-ko’rinish). Shunday qilib, po’lat shaqchaning, qovushoqligi aniglanayotgan suyuqlikdagi harakatlanish vaqtini
giymati kompyuter monitorida aks etadi.

Yugorida gayd etilagandek suyugliklarning govushogligi tashqi faktorlarga bo’gligdir. Aynigsa, bunday omillardan,
haroratni oladigan bo’lsak, bu yonalishda tadqiqotlar olib borish va tibbiyot institutlaridagi talabalar uchun ilmiy izlanishlar olib
borish dolzarb masala hisoblanadi.

Bunday izlanishlarni olib borish uchun “Suyugliklarning qovushoqligini Stoks usulida aniqlash” laboratoriya ishini
avtomatlashtirish uskunasidagi shisha nayni spiralli gizdirgichga joylashtirildi (3-rasmdagi 6-ko’rinish). Haroratni o’zgarishi,
darajalangan termojuft (3-rasmdagi 7-ko’rinish) yordamida nazorat gilib borildi.

Qovushoqlikni haroratga bog’liqlik tajriba-o’Ichash ishlari: paxta moyi (1-ko’rinish), glitsirin (2-ko’rinish) va
tranformtor moyida (3-ko’rinish) olib borildi va quyidagi natijalar olindi (rasm-3):

1mPas

U [ T L L |
20 o Wi pgn 160 g,
Rasm-3
Yaratilgan avtomatlashtirilgan laboratoriya uskunasida olib borilgan tadgiqot ishlari natijasida, uchala suyugliklar uchun ham,
qovushoqlikni temperaturaga bog’lanish grafigi # = f (1/t° C) qonuniyatni, ya’ni temperatura ortishi bilan o’rganilayotgan
suyugliklarni qovushoqligi kamayib borishini ko’rsatdi. Mazkur holat avtomatlashtirilgan laboratoriya uskunasi o’quv jarayonida
va talabalarni ilmiy ishlarida qo’llanilishi mumkinligini isbotlaydi.

Har ganday shaxsiy kompyuterni samarali o'lchash tizimiga aylantrish mumkin. Shundan kelib chigib, mazkur
laboratoriya ishida fizik tajribalarni o'tkazish uchun o'quv jarayonida kompyuterdan o'lchov tizimi sifatida foydalanish hamda
mazkur laboratoriya ishini avtomatlashtirish magsdida Delfi dasturiy ta’minotidan foydalanildi. Dasturni ishlatish va uskunadagi
mikroelektron qurilmalarni ishga tushirish natijasida kompyuter monitorida metall sharchani, shisha naydagi ikki - A va B
belgilar orsidagi o’tish t-vaqtni, va talabalarning ro’yxatini aks ettirish imkoni yuzaga keldi.

Xulosa va takliflar. Suyuqliklarning qovushoqligini Stoks usulida aniqlash” laboratoriya ishini avtomatlashtirishga oid
loyiha-blok sxemasi ishlab shigildi. Suyugliklarning qovushoqligini Stoks usulida aniglash” laboratoriya ishini loyiha-blok
sxemasi asosida tajriba qurilmasi yaratildi. Yaratilgan avtomatlashtirilgan laboratoriya uskunasida paxta moyi, glitsirin va
transformator moylari uchun tadgiqot ishlari olib borildi va qovushoqlikni temperaturaga bog’lanish # = f (1/t° C) qonuniyati 0’z
isbotini topganligi ko’rsatildi. Laboratoriya ishini avtomatlashtirish maqsdida Delfi dasturiy ta’minotidan foydalanildi va bu t-
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vaqtni va talabalarning ro’yxatini aks ettirish imkoni yaratdi. Yaratilgan avtomatlashtirilgan laboratoriya uskunasida, tibbiyot
institutlaridagi talabalar, biofizika yonalishda, ilmiy izlanishlar olib borishlari taklif etamiz.
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NANOSTRUKTURALI YARIMO‘TKAZGICHLARDA OPTIK YUTILISH KOEFFITSIENTINI IKKI O‘LCHAMLI
KOMBINIRLANGAN HOLATLAR ZICHLIGIGA BOG‘LIQLIGI
Annotatsiya

Ushbu ishda, to‘g‘ri zonali nanostrukturali yarimo‘tkazgich-larda magnitooptik yutulish koeffisientlarini haroratga bog‘liqligi
tadbiq etilgan. Magnitooptik yutulish koeffisienti ossilyatsiyalarini haroratga bog‘ligligini hisoblashda ikki o‘lchamli
kombinirlangan holatlar zichligi «2%(N2%(B),T) ossilyatsiyalaridan foydalanilgan. Kvant o‘lchamli to‘g‘ri zonali
yarimo*tkazgichli materiallar uchun a3%(N2%(B), T)ni aniglashning matematik modeli ishlab chigilgan.

Kalit so‘zlar: geterostruktura, nanoo‘lcham, kvant o‘ra, holatlar zichligi, holatlar zichligi, ossillyatsiya, nanoo‘lcham, magnit
maydon, ikki o‘lchamli, yarimo‘tkazgichlar.

DEPENDENCE OF THE OPTICAL ABSORPTION COEFFICIENT IN NANOSTRUCTURED SEMICONDUCTORS
ON TWO-DIMENSIONAL COMBINED DENSITY OF STATES
Annotation

In this work, temperature dependence of magneto-optical absorption coefficients in straight-band nanostructured semiconductors
was applied. Two-dimensional combined density of states a2¢(N2%(B), T) oscillations were used to calculate the temperature
dependence of magneto-optical absorption coefficient oscillations. A mathematical model for determining 3% (NSZ"(B),T) has
been developed for quantum-sized straight-bandgap semiconductor materials.

Key words: heterostructure, nanoscale, quantum coil, density of states, density of states, oscillation, nanoscale, magnetic field,
two-dimensional, semiconductors.

3ABUCUMOCTDb KO®PUIUEHTA OIITHYECKOI'O MOTJIOIHEHUSA B HAHOCTPYKTYPHbIX
MOJYITPOBOJHUKAX OT JIBYMEPHBIX KOMBUHUPOBAHHBIX INIOTHOCTEN COCTOSTHAM
AHHOTAIHS
B naHHO# paboTe mnpuMeHeHa TeMmIepaTypHas 3aBUCHMOCTH KO3()(GHIMEHTOB MAarHUTOONTHYECKOTO MOTJIOMCHUS B
MPSMO30HHBIX HAHOCTPYKTYPHBIX MOJYIPOBOJHUKAX. J[ByMepHass KOMOWHHPOBaHHAs IUIOTHOCTH COCTOSTHUI agd(NSZd (B),T)
KoJicOaHMii OblTa MCIONB30BaHA JUIS pacyeTa TEMIIEPATYypPHOH 3aBHCUMOCTH KojeOaHuil k03()(HUIMEHTa MarHUTOONTHYECKOTO
nornomenus. PaspaGorana MaTematiueckas Mognensb onpenenenus ai®(NZ%(B),T) ans KBaHTOBOPA3MEPHBIX IPAMO3OHHBIX
NOJYIIPOBOAHUKOBBLIX MaT€pHaJIOB.
KniwoueBble ciioBa: reTepocTpyKTypa, HaHOpasMep, KBaHTOBAs KaTYIIKa, IUIOTHOCTh COCTOSHHM, IUIOTHOCTBH COCTOSHHI,
KoJieOaHMe, HaHOpa3Mep, MArHUTHOE IT0JIE, IBYMEPHOCTD, MOTYIPOBOIHUKH.

Kirish. Yorug‘lik nurlarini boshgarish uchun samarali magnitooptik sistemalarni olish va ular asosidagi qurilmalarni
yaratish — fotonika, plazmonika, sensorika, spintronika hamda mikro, nano va opto elektronikaning muhim muammolaridan biri
hisoblanadi. Nanostrukturali yarimo‘tkazgichlarni zonalar tuzilishini o‘rganish va uni tajribalarda mukammal tekshira olish
metodlaridan eng samaralisi magnitooptik effektlar hisoblanadi. Jumladan, har bir materialning ta’qiqlangan zona kengligini
aniglashning eng ishonchli usuli optik taxlillar yordamida aniglashdir. Magnitooptik yutilishlardan biri bu zonalararo yutilish
mexanizmidir. Zonalararo yutilish qonuniyatini magnitooptik yutilish koeffitsienti orqali o‘rganiladi.

Adabiyotlar tahlili. Kichik o‘lchamli yarimo‘tkazgichlar va ular asosidagi geterostrukturalarning optik xossalari va
xususiyatlarini ifodalaydigan, yorug‘lik chastotasiga bog‘liq bo‘lgan asosiy fizik parametrlari — bu kompleks sindirish
ko‘rsatkichi va yorug‘likning yutilish koeffitsientlari hisoblanadi [1-2]. Agar yorug‘likning tarqalishi izotrop holatda OX o‘qi
bo‘ylab yo‘nalgan bo‘lsa, u holda dispersiya qonuni uchun kompleks sindirish ko‘rsatkichini yorug‘lik vektoriga bog‘ligligi
quyidagi ifoda orqgali aniglanadi [3]:

F(x,t) = Fyexp [iw (% - t)] Q)
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Bu yerda, F — yorug‘lik vektori (yorug‘likning elektr maydon kuchlanganligi bo‘yicha vektori); N(w) = n(w) + iK(w) -
kompleks sindirish ko‘rsatkich; n(w) — moddaning sindirish ko‘rsatkichi; k() — yorug‘likning yutilish ko‘rsatkichi.

Kombinirlangan holatlar zichligi - bu funksiyaning ho dan 7iw+4ho gacha energiyaga ega bo‘lgan fotonlarning yutilishi
tufayli energiya va impulsning saqlanish qonunlariga ko‘ra valent zona shipi va o‘tkazuvchanlik zonasi tub i orasidagi zaryadli
zarralarning optik o‘tishlari soniga teng. Nanostrukturali yarimo‘tkazgichlar uchun kombinirlangan holatlar zichligi yorug‘lik
chastotasiga bog‘liq bo‘lgan delta-funksiyalarni gatorga yoyish orgali aniglanadi [4-5]:

Pcivj (w) = Xk S Egi(k) — Egi (k) — how 2
Peivj (@) = == 0(he — Ec;(k) + Ey (k) @3)

Yugoridagi ifodalardan ko‘rinib turibdiki, hajmiy yoki kichik o‘lchamli yarimo‘tkazgichlarda yorug‘likning yutilish
koeffitsientini aniqlashda kombinirlangan holatlar zichligi muxim rol o‘ynaydi. Bu keltirilgan ifodalar asosan magnit maydon va
harorat ta’siri mavjud bo‘lmagan hollar uchun o‘rinli.

Tadgiqot metodologiyasi. Kuchli magnit maydon ta’siridagi kvant o‘rali yarimo‘tkazgichlarda to‘g‘ri zonalararo
yutilish koeffitsientini haroratga bog‘ligligini ko‘rib chiqaylik. Bunda, masalani soddaroq yechish uchun, magnit maydon va
harorat ta’sirini faqatgina ikki o‘lchamli kombinirlangan holatlar zichligi orqali aniglash maqgsadga muvofiq bo‘ladi.
Yarimo‘tkazgichlarning zonalar nazariyasiga ko‘ra, magnit maydon ta’siridagi erkin elektronlarning energetik spektri va to‘lqin
funksiyalarini Shredinger tenglamasini effektiv massa yaqinlashuvida yechimi orqali topiladi, ya’ni:

2
(o= + Vo) = Ev@r) 0]
Bu yerda V(r) — kuchli magnit maydon ta’siridagi erkin elektron energiyasi. Z o°‘qi bo‘yicha joylashgan qatlamlarga
perpendikulyar bo‘lgan kvant o‘rali geterostrukturalar uchun 24) tenglama quyidagi ko‘rinishga keladi:
{37 +V @} () = Eu ) )
(5) tenglamani yechish uchun to‘lqin funksiya bilan o‘zgaruvchilarni ajratish usulidan foydalaniladi. U holda, (5)
tenglamaning yechimi quyidagi ko‘rinishga keladi:

Wi m(r) = Zexp(ik 1) om(2) ®)
Bu yerda, S — kvant o‘raning Z o‘qiga tik bo‘lgan ko‘ndalang kesim yuzasi, k:=kxi+kyj — kvant o‘ra tekisligi bo‘ylab
erkin harakatlanishni ifodalaydigan, ikki o‘lchamli to‘lqin vektori.
Yuqorida keltirilgan erkin zaryad tashuvchilaring to‘lqin funksiyalaridan hamda formulalardan foydalangan holda,
kvantlovchi magnit maydon ta’siridagi kvant o‘raning valent zonasi shipi va o‘tkazuvchanlik zonasi tubidan boshlab
hisoblanadigan energiya giymatlari quyidagicha topiladi:

2d c 1 c hznz 2
EC (B,d,ncZ)ZEC+Ea-+(NL +E>hwc +Wnez (
1 h2?m? 7)
EZ*(B,d,nyz) = E, — Ey; — (NZ] + E) hwg — W”ﬁz

Bu yerda, Nf, N/ — kvant o‘raning ruxsat etilgan zonasidagi zaryad tashuvchilarning Landau satxlari soni; w§, w? —
kvant o‘raning o‘tkazuvchan va valent zonalarida magnit maydonining siklotron chastotasi; d — kvant o‘ra qalinligi; n2,,n2, —
kvant o‘raning o‘tkazuvchan va valent zonalarida o‘lchamli kvantlash qism-zonasining tartib ragami; n.z, n,, — mos ravishda Z
0°qi bo‘yicha elektronlar va teshiklarning kvantlash satxlari tartib raqamlari; elektron va valent zonalar simmetrik deb faraz
gilamiz, u holda, n,; = n,; = n, shart bajariladi; B — magnit maydoni induksiyasi.

Yuqoridagi ifodalarni hisobga olgan holda, to‘g‘ri zonali kvant o‘lchamli yarimo‘tkazgichlarning magnitooptik yutilish
koeffitsientini harorat va kuchli magnit maydonga bog‘ligligini belgilovchi yangi analitik formulani keltirib chiqarish mumkin:

az?(hv,B,T,d) = ZZ 0l s |5 . 12N24 (hv, E24(B,T,d,Nf¥,np))  (8)

ncegm32mvV J

oki
2d Y 2me?|Pyl? eB 1 MgpS
a2?(hv,B,T,d) = = Tal_23. .

nceomi2nvV wh kT 2mh?

2
(hv—(Egd(o)+(Nf+%)hw§+(NZ+%)hwz+%n§>)
cv
Zij |Scivj|2 ZNZ,NZ,‘HZ exp|— (kT)? (9)

bu yerda, mop — zaryadli zarralarning optik effektiv massasi, ya’ni:
1 1

My My My,

mopez|Pcv|2

Agar, S/V=alva A% ~
at(hv,B,T,d) = A% -

—— kabi o‘zgarmas kattaliklar kiritib olinsa, (9) ifoda qo‘yidagi ko‘rinishga keladi:
ncegmgha
ws 1

wop kT

2
, (hv—(Egd(0)+(N,f+%)hmg+(NZ+§)hm‘c’+%n§)>
YijlScivs|” Znewvng exp |- e (10)

Magnit maydon induksiyasi nolga yaqinlashib borsa, (10) formula, magnit maydon ta’siri mavjud bo‘lmagandagi kvant
o‘ralar uchun optik yutilish koeffitsienti ifodasiga qaytadi va u qo‘yidagi ko‘rinishga keladi:
aly (@) = AL Tp|SENFI 0 (hew = Eeyp) (12)
Bu yerda, S¢'-bir o'lchovli kvant o'rasi zona ostilari orasidagi zonalararo optik o'tish ehtimoli uchun go'shimcha tanlab
olish goidalarini belgilaydigan og’ish funktsiyalarining bir-birini qoplash integrali. Magnit maydon ta’sirida, ushbu kattalikni
o‘zgarmas deb olinadi, sababi bu kattalik ossillyatsiya jarayonlarida deyarli o‘zini namoyon etmaydi.

- 526 -




O‘zMU xabarlari Bectnuk HYY3 ACTA NUUz | FIZIKA | 3/2 2024

Tahlil va natijalar. (11) formulaga ko‘ra, magnit maydon ta’sir etmagandagi to‘g‘ri zonali kvant o‘rali
yarimo‘tkazgichlarda zonalararo optik yutilish koeffitsientini yutilayotgan fotonning energiyasiga bog‘ligligi “zinasimon”
shaklda bo‘ladi (1 - rasm).

1 (a)-rasmda, magnit maydon ta’siri mavjud bo‘lmaganda, kvant o‘rali yarimo‘tkazgichning yutilish koeffitsientini
yutilayotgan foton energiyasiga bog‘ligligi namoyon etilgan. Endi, ushbu fizik jarayonlarga kvantlovchi magnit maydonning
ta’sirini ko‘rib chiqaylik. Bunda, biz albatta, taklif qgilayotgan (10) formuladan foydalanamiz. To‘g‘ri zonali kvant o‘rali
yarimo‘tkazgichli materialni tanlab olaylik. [3] ishda, InGaAs kvant o‘rali fotoelementning (InGaAs/GaAs) fotoelektrik
xossalarining samaradorligini SimWindows dasturi yordamida modeli ishlab chigilgan. Bunda, InGaAs kvant o‘raning qalinligi 9
nm va ta’qiqlangan zona kengligi 1.2 eV ga (d=9 nm bo‘lganda) tengligi keltirilgan. Lekin, bu ishda ushbu materialga magnit
maydonning ta’siri o‘rganilmagan. Agar, magnit maydonni qiymatini 9 TI, haroratni 8 K deb olsak (hw. > kT), u holda
yuqorida keltirilgan faktlarga asoslanib, (10) formula yordamida 1 (b)-rasmdagi grafikni quramiz.

1(b)-rasmda, Landau sathlari soni 12 ga teng bo‘lib, uni 1(a)-rasmdan farqi, 9 Tl magnit maydon induksiyasi ta’sirida
InGaAs kvant o‘raning yutilish koeffitsientini ossillyatsiyalanish jarayonlari yagqol kuzatilmogda. Ossillyatsiya jarayonlari 1(a)-
rasmda keltirilgan E:1 energiyadan keyingi Landau sathlari hisoblanadi. Ya’ni, 1(a)-rasmdagi birinchi va ikkinchi “zinasimon”
energetik spektrlar orasidagi diskret Landau sathlari soni 1(b)-rasmda keltirilgan. Sababi, (10) formula n;=1 (o‘lchamli kvant
soni) deb hisoblangan. Bizni matematik modelni asoslash uchun birinchi o‘Ichamli kvantlar sonidan keyingi Landau sahlarini
olish yetarli hisoblanadi.

KA
o

il

I 1

El E2 E3 hu) 126 12 '-::}w

1 — rasm. a) Magnit maydon mavjud bo‘lmagan va b) Magnit maydon mavjud bo’lgan kvant o‘rali yarimo‘tkazgichlarda optik
yutilish koeffitsientini yutilayotgan fotonning energiyasiga bog‘ligligi. Bunda, T=8 K, B=9 TI, d=9 nm, E¢(d=9 nm)=1.2 eV.

Bundan tashqari, 1(b)-rasmdan ko‘rinib turibdiki, kvantlovchi magnit maydon ta’siridagi kvant o‘raning yutilish
koeffitsienti foton energiyasi hv=1.209 eV ga teng bo‘lganda (qizil chegara), ossillyatsiyalanish jarayoni boshlanmoqda. Bundan
xulosa gilish mumkinki, (11) da keltirilgan Ez1 energiya 0.09 eV ga siljimoqda.

Xulosalar. To‘g‘ri zonali kvant o‘ra asosidagi yarimo‘tkazgichli materiallarning optik yutilish koeffitsientiga harorat va
magnit maydonning ta’siri tadqiq etildi. Kombinirlangan holatlar zichligi ossillyatsiyalari qonuniyatidan magnitooptik yutilish
mexanizmini aniqlashning yangi metodi taklif etildi. Kvant o‘rali to‘g‘ri zonali yarimo‘tkazgichli strukturalarning magnitooptik
yutilish koeffitsientining harorat, magnit maydon va kvant o‘raning qalinligiga bog‘ligligini hisoblovchi yangi matematik model
ishlab chiqgildi. Taklif etilayotgan model asosida, o‘zgarmas past haroratlardagi magnitooptik yutilish koeffitsientini yuqori
haroratlar oralig‘ida ossillyatsiyalarning o‘zgarish dinamikasi mukammal tushuntirildi.
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BBIYMCJIEHUE TEMIIEPATYPHASI 3ABUCUMOCTD SHEPTETUYECKHI CIIEKTP HOCUTEJIEN 3APSIJIOB
B MOJYIIPOBOJHUKAX IIPU BO3)1EI7ICTBI/II/I CUJIBHOI'O MATHUTHOI'O ITIOJIS1
AHHOTaLUA

Jlyis He KBaJpaTUYHBIA 3aKOH IUCIIEPCHUHU BBIYMCICHA >HEPTeTUYECKHH CIEKTpP CBOOOTHBIX ABIPOK B CHJIBHOM MAarHWT HOJIE.
HccnenoBano TtemrieparypHasi 3aBUCMMOCTh yIIUpeHUH YypoBHed Jlangay aplpok KpuctauioB ¢ KeilHOBCKMM 3akoHOM
nucnepcu. [Ipemnoskena HoBast METOJ] pacueTra JIMCKPETHBIN SHEPreTUYECKUH CIIEKTP B KBAHTYIOIIEM MarHUTHOM I10JIE.
KnwueBble c10Ba: MarHuTHOE MOJie, CBOOOMHBIX NBIPOK, IUKJIOTPOHHAs YacTtoTa, Mojenb KeitHa, addektuBHas Macca,
IUTIOTHOCTH COCTOSIHHIA.

CALCULATION THE TEMPERATURE DEPENDENCE THE ENERGY SPECTRUM OF CHARGE CARRIERS IN
SEMICONDUCTORS EXPOSED TO A STRONG MAGNETIC FIELD
Annotation
The energy spectrum of free holes in a strong magnetic field is calculated for a non-quadratic dispersion law. The temperature
dependence of the broadening of the Landau levels of holes in crystals with the Kane dispersion law has been studied. A new
method for calculating the discrete energy spectrum in a quantizing magnetic field is proposed.
Keywords: Magnetic field, free holes, cyclotron frequency, Kane model, effective mass, density of states.

KUCHLI MAGNIT MAYDON TA’SIRDA YARIMO'TKAZGICHLARDAGI ZARYDA TASHUVCHILARNING
ENERGETIK SPEKTRIGA XARORATNI BOG‘LIQLIGINI HISOBLASH
Annotasiya
Kvadrat bo‘Imagan dispersiya gonuni uchun kuchli magnit maydondagi erkin kovaklarning energetik spektri hisoblanadi. Keyn
dispersiya gonuni bilan kristallardagi teshiklarning Landau sathlarini kengayishi haroratga bog‘ligligi o‘rganildi. Kvantlovchi
magnit maydonda diskret energetik spektrni hisoblashning yangi usuli taklif gilingan.
Kalit so‘zlar. Kvantlovchi magnit maydon, erkin kovak, siklatron chastotasi, Keyn modeli, effektiv massa, holatlar zichligi.

Kirish. [1, 2] da kvantlovchi magnit maydonlarda holatlar zichligining haroratga bog‘ligligi Landau sathining issiglik
kengayishi natijasida ko‘rib chigildi. Ushbu ishda suyuq azot haroratida past haroratlarda o‘lchanadigan holatlar zichligining
uzluksiz spektri Landau diskret sathlariga aylanishini ko‘rilgan. Holatlar zichligining uzluksiz spektrining eksperimental
giymatlaridan foydalangan holda jarayonlarni matematik modellashtirish Landau diskret sathlarini hisoblash imkonini beradi.

[3] ishda suyuq azot haroratida kuchli magnit maydondagi energetik holatlar zichligi aniglangan. Ushbu ishlarda tajriba
(eksperiment) natijalari tor zonali yarimo‘tkazgichlarda Keyn modeli bilan taggoslangan. Bu ishlarda kvantlovchi magnit
maydonida energetik holatlar zichligiga haroratning ta’siri ko ‘rilmagan.

Ushbu ishning magsadi kuchli magnit maydon ta'sirida yarim o'tkazgichlarda zaryad tashuvchilarning energiya
spektrining haroratga bog'ligligini hisoblashdir.

Metodlar. Magnit maydon ta’sirida parabolik dispersiya qonuniga asosan spinsiz erkin elektronning kvant holatini
birinchi marta Landau [4] tomonidan o‘rganilib, metall diamagnetizm nazariyasini ishlab chigdi. Magnit maydon va osillator
tipidagi qo‘shimcha potentsial ta’sirida elektronning energiya spektri Fock [5] va Darvin [6] tomonidan o‘rganilgan.

Spin-orbital bog’lanishni hisobga olgan holda spinli elektronni Landau kvantlashni birinchi marta Rashba tomonidan
yarimo'tkazgichlarda o'tkazuvchanlik elektronlarining ikki diapazonli modeliga asoslangan holda amalga oshirildi [7].

Gamiltonianning diagonal elementlari h%k%2m parabolik dispersiya gonuni bilan ifodalangan, diagonal bo‘Imagan
elementlar esa birinchi tartibli nosimmetrik shartlari k-=kx+iky ga proportsional edi, bu erda k- 3D kristalidagi elektronning
to‘lqin vektori. [7] dagi Spin-orbital bog’lanish va nosimmetrik shartlari z 0‘qi bo‘ylab yo‘naltirilgan magnit maydonga parallel
bo‘lgan tashqi elektr maydoni E; tomonidan generatsiyalanadi. Elektronning to‘lgin funktsiyasi z o‘qi bo‘ylab ikkita yo‘nalishga
mos keladigan ikkita komponent bilan spinor shaklida yozilgan. Landau kvantlash energiya sathlari turli spin proyeksiyalariga
mos keladigan ikkita n va n' kvant sonlari bilan tavsiflanadi va energetik hosilaning birinchi tartibida 1 ga farglanadi [7]. Bu [8]
da isbotlangan va quyida ko'rsatib o'tiladi, umumiy qoida n va n' giymatlari o'rtasidagi farglar energetik sathlar tartiblariga teng:
ular uchinchi tartibli energetik sathlar uchun 3 ga va ikkinchi tartibli energetik sathlar uchun 2 ga teng. Rashba tomonidan taklif
qilingan usul, [8] da 2D og‘ir kovaklarining Landau kvantlanishini uchinchi tartibli energetik hosilasi nugtai nazaridan
tavsiflash uchun qo‘llanilgan va quyida psevdospin komponentlari va ikkinchi tartibli energetik hosilasi bo'lgan 2D elektronni
ko'chirilgan va ko'chirilmagan ikki gatlamli grafen namunalarida ko'rib chigishda qo'llaniladi [9].
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Nazariya. Magnit maydonda Keyn dispersiya qonuni bilan energetik holatlar zichligini aniglash. Energetik sathlarning
spin bo‘linishini hisobga olgan holda magnit maydonda kvadratik dispersiya qonuniga ega bo‘lgan erkin kovaklarning energiyasi
quyidagi ko‘rinishda ifodalanadi [10]:

1 hk?
E, =ho!| n.+= |+SuB+—= (1)
2 2m

e

Bu yerda, a)g - kovaklarning siklotron chastotasi, £z Bor magnetoni, B - magnit maydon induksiyasi.
Magnit maydonda parabolik zona uchun holatlar zichligi quyidagi ifoda bilan ifodalanadi

1 (2m 1 12
N, (E,H):4ﬂ_2[ P J ﬁwHZ(E—(n+Ejf?a)Hj @

Agar energiyaning to‘lgin vektoriga bog‘ligligi kvadratik funktsiya bilan tasvirlanmagan bo‘lsa, masalan, InSb dagi
elektronlar uchun magnit maydondagi zaryad tashuvchilarning energiya sathlari teng masofada emas, chunki siklotron massasi
quyidagi ifoda bilan aniglanadi.

h oS
m.=——
27 OE
shuning uchun siklotron chastotasi E va k. ga bog‘lig.
I11-V va 1I-VI birikmalardagi o‘tkazuvchanlik zonasining parabolik bo‘Imagan tabiati o‘tkazuvchanlik zonasi va uchta

valentlik zonalari o‘rtasidagi 0‘zaro ta’sir natijasida yuzaga keladi. Magnit maydonda uchta energetik zona uchun energetik
sathlar (ular bilan o‘zaro ta’sir gilmaydigan og‘ir kovak zonasi bundan mustasno) kubik tenglama bilan berilgan [11]:

1 2 P2A
ENi(ENi+Eg)(ENi+Eg +A)—P2(kf+(2N +1)Fj*(EN++Eg+§AjJ_r o =0
@)

Bu yerda, ENJ_r-kvantIovchi magnit maydondagi spinni hisobga olgan holda elektronlarning o‘tkazuvchanlik

®)

zonalaridagi energiyasi; Eg -tagiglangan zona kengligi, A-Spin-orbitaning bo‘linish giymati, P - matritsa elementi.

Bizning ishimizda tor tirgichli yarimo'tkazgichlar ko‘rib chigiladi va elektronlar quyidagi shartlarda Keyn dispersiya
gonuniga ega bo‘ladi [12]:

E(p)-E. <<E, +§A

%A >> Eg

Ushbu shartdan kubik tenglama (4) kvadratik tenglamaga Keltiriladi, uning yechimi o‘tkazuvchanlik zonasining
elektronlari uchun quyidagi ifoda orqgali ifodalanadi

E 21,2
B —— =24 ez iag | [N+1) A 2 kﬁ + JotteH ®)
" 2 2\ ° 2) "

2m 2

n
Xuddi shu tarzda, valent zonadagi yengil kovaklar uchun quyidagi ifoda olingan:

E,=E-E}; E; =E; —E,

3E 21,2
E) =— o 1 ez 4 [N+l ha);’+hkj
2 2 g g 2 2m

P

(6)
(6) ifoda fagat tor zonali yarimo*‘tkazgichlar uchun amal giladi.
Endi ikkita Landau satxlar orasidagi energiyaga ega bo‘lgan holatlar sonini topamiz.
Energiyalari farq giladigan ikkita izoenergetik sirtning bo'limlari orasidagi fargni aniglaymiz AE = Flw;’ :
Energiyalari farq giladigan ikkita izoenergetik sirtning bo'limlari orasidagi fargni aniglaymiz

27m 27m
AS = ;ZDAE: Zzpha);’

Sikl shartlariga ko‘ra kvantlash uchun, kxky tekisligida maydon birligiga to‘g‘ri keladigan holatlar soni L, Ly ga

(27)®
teng. Ikki kvant orbita orasidagi holatlar soni
L, Ly _ ma): LL
(27)? 2zh 7

(6) tenglamadan biz spinni hisobga olmasdan k; ni aniglaymiz:
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3E, 21,2
Ey +—2 _1 EZ +4E, N+1)ha)g’+h kf
2 4 2 2m;

* v v 1/2
kZ:(zmp)m((EN+2E9)(EN+E9)_(N+%ij)§’) @

h E

9

Endi magnit maydon ta’sirida parabolik bo‘lmagan dispersiya gonuniga ega bo‘lgan holatlar zichligini hisoblaylik.
Elektronning harakati z o°qi bo‘ylab erkin va kz bo‘ylab kvantlanmaydi. Ya’ni:

27
k =—0nN 8
A (8)

yA

PR
(7) va (8) ifodalarga ko‘ra, N +E ha)c E energiya oralig“idagi holatlar soni:

n — LZkZ
Yo 2x
1/2
L,2m; ( (Ey +2E,)(Ex +E
o (B 28R (1),
27h E, 2
= v 2 v 5 1/2
nZ:LZ 2m; [ (EY) +3ENE9+2E9_[N+£jth
27h E, 2
— 2 1/2
L,2m Ex
n, =— . | (EX) +3E) +2E, — N+ hw ©)
27zh E, ¢ 2

Energiyalari E dan kichik bo‘lgan hajmiy kvant holatlarining umumiy soni:
. 2 1/2

L L, L 2Y2m 2 el (EY) . 1),
= - h; —+3EN+2E9— N + = |ho,
47z°h no| Eg 2

NY(EL)

(10)
Natijada, magnit maydonda Keyn dispersiya gonuni bilan spinni hisobga olmagan holda, hajm birligidagi energetik
holatlar zichligini aniglaymiz:

dN"(E
NSV(EK,,H):—(V )
dE!
Hajm birligida L, L L, =1
2E]
S ou2 m’;3/2 P Nes 4EgN +3
NS(EN,H)Z =3 2
4°h 2 &= (EV )2 1
~/_ +3E) +2E, —[N +jha)g’
g 2
2EY,
+1
y 5 3 21/2 m*3/2 VNmax 3E
I\JS(EN,H)=ETZF'93moc > - : —
N=0 EV
@+3E§ +2E, —[N +1Jha);’
E, 2
(1)
\ c
Ey =Ey —E,

- 530 -




O‘zMU xabarlari Bectnuk HYY3 ACTA NUUz | FIZIKA | 3/2 2024

2(Ey, —E
V2 312 Nira 7( ;E g)+1
NV(EV H)=§ mp a)vz g
sATN 2 4r*h® i (Ec E )2 72
Ng+3(E,§—Eg)+2Eg—(N +ljha);’
E, 2
(12)

Bu yerda, Ng’ (E;\'l ) H ) - kvant magnit maydonda Keyn dispersiya gonuni bo‘yicha energetik holatlar zichligi.

Eg —>da (11) ifoda parabolik dispersiya gonuni (2) ga aylanadi. Bu ifoda energetik sathlarning harorat

kengayishini hisobga olmaydi.

SE14
4E14
3E14
2F14

1E14 \ \
\ \ \
\ Y \ ~ I —
N S~ | —_—

1]

0 [ 0% il [ilic] om

E
1-Rasm. Kvant magnit maydonda Keyn dispersiya gonuni bo‘yicha valent zonadagi kovaklarni energetik holatlar zichligi

Xulosa. Kuchli magnit maydon ta’sirida yarimo‘tkazgichlarda zaryad tashuvchilarning energiya spektrining haroratga

bog‘ligligini hisoblash uchun formula olingan. Kvadrat bo‘lmagan dispersiya gonuni uchun kuchli magnit maydondagi erkin
kovaklarning energiya spektri hisoblanadi. Keyn dispersiya qonuni bilan kristallardagi kovaklarning Landau sathlarining
kengayishining haroratga bog‘ligligi o‘rganildi. Kvantlovchi magnit maydonda diskret energiya spektrini hisoblashning yangi
usuli taklif gilingan.
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INVESTIGATION OF THE STRUCTURE, SURFACE STATE AND ELECTROPHYSICAL PARAMETERS OF
BSCCO CUPRATE
Annotation

In this article, the available technologies for the production of bismuth-based cuprates belonging to the BSCCO (Bismuth
Strontium Calcium Copper Oxide) family are studied. As a result of scientific research, the production technology of cuprate
based on the formula Bi2Sr2CaCu20x and its physical characteristics were studied. In this case, the composition of the Bi-(2212)
sample was checked by the Raman spectroscopy method, a chemical imaging analysis of its structure was obtained, and the
dependence of electrical resistance on temperature was studied.
Key words: Bismuth-based cuprate, Bi-(2212), Raman spectroscopy, solid-state reaction, electrical probe, chemical imaging.

BSCCO KUPRATINING TUZILISHI, SIRT HOLATI VA ELEKTROFIZIK PARAMETRLARINI O‘RGANISH
Annotatsiya

Ushbu magolada BSCCO (vismut stronsiy kalsiy mis oksidi) oilasiga tegishli vismut asosidagi supratlarni ishlab chigarishning
mavjud texnologiyalari o‘rganiladi. Ilmiy-tadgiqotlar natijasida Bi2Sr.CaCu20x formulasi asosida kupratlar tayyorlash
texnologiyasi va uning fizik xarakteristikalari o‘rganildi. Bunda Bi-(2212) namunasining tarkibi Raman spektroskopiya usuli
yordamida aniglandi, uning sirt holati kimyoviy tasvirlash tahlili bilan tekshirildi va elektr qarshiligining haroratga bog‘ligligi
o‘rganildi.

Kalit so‘zlar: vismut asosli kuprat, Bi-(2212), Raman spektroskopiya, gattiq holat reaksiyasi, elektr zond, kimyoviy tasvir.

HCCIEJOBAHUE CTPYKTYPbI, COCTOSAHUSA MNOBEPXHOCTHU U QJEKTPOOUINYECKUX TIAPAMETPOB
KYIIPATA BSCCO
AHHOTanUs

B naHHOl cTaThe N3y4YeHBI TOCTYIHBIE TEXHOJIOTHHU TPOM3BOJICTBA KYIIPATOB Ha OCHOBE BICMYTa, IPUHAUISKALINX K CEMEHCTBY
BSCCO (Bismuth Strontium Calcium Copper Oxide). B pesysnbrare Hay4HbIX MCCIEIOBAHUM H3ydeHA TEXHOJIOTHS
HPOM3BOJCTBA Kympara Ha ocHoBe (opmynsl BizSr2CaCu20x u ero ¢usudeckue xapakTepucTukH. IIpu 5TOM ObUT IMpOBEpeH
cocraB obpasna Bi-(2212) meTomoM pamMaHOBCKOW CIIEKTPOCKOIHH, TONYYeH XUMHKO-BU3yalIbHBIH aHAIM3 €ro CTPYKTYPHI U
U3y9eHa 3aBUCHMOCTB 3IEKTPHIECKOTO CONPOTUBIICHHUSI OT TEMIIEPATYPEIL.

KunroueBbie ciioBa: kympar Bucmyta, Bi-(2212), pamMaHOBCKast CIIEKTPOCKOIHSI, TBEPAOTENbHAS PEAKIHUS, IEKTPUISCKUI 30HI,
XUMHYECKast BU3yallH3aIis.

Introduction. Bi-based superconductor (BSCCO) was discovered around 1988 [1], and those materials have been
investigated extensively in recent years. One of the most important areas of application of bulk HTS is represented by the electric
power, in particular current leads for LTS devices to reduce refrigeration loads and fault-current limiters as superconducting
screens. Bi-(2212) is an elective material for those applications due to its resistance to environmental degradation and its
relatively easy workability. Nevertheless the preparation of high purity Bi-(2212) powders is still a limiting factor in the
production and industrialization of this material, in addition powder's characteristics strongly affect the process parameters and
the designed final properties [5]. The Bi-(2212) superconductor family contains three phases having the generalized chemical
formula Bi2Sr2Can-1CunOzn+4+x Where n = 1, 2 and 3 (where n is referring to the number of CuO2 layers in the crystal structure)
[2-3]. Bi-(2212) was the first high-temperature superconductor containing various oxides. Superconductivity in such cuprates is
due to the copper atoms in the nodes of the crystal lattice and the cavities formed from them. It has general formula Bi2Sr2Can-
1CunOzn+4+x With specific transition temperature ranging from Tc=20 K (n=1, 2201 phase), 85 K (n=2, 2212 phase), 110 K (n=3,
2223 phase) and 104 K (n=4, 2234 phase) [4].

Experimental methods. We analyzed several methods of the world's researchers for the synthesis of samples and its
research, and used the most current methods for synthesis and study of samples.

Synthesis method. BSSSO composition can be prepared using several different methods. Examples include solid state,
sol-gel, wet chemical, and melt quenching. We used a solid-state reaction method to obtain a sample of Bi-(2212). The solid-state
reaction method is one of the most widely used methods for the preparation of high-temperature and crystalline solids. At room
temperature, solids do not naturally react with each other, and in order to do so, they must be heated to a much higher
temperature. [6] In the process of synthesis, oxide substances are first taken as a basis. The required amount of chemical products
is measured with high precision and ground into a fine powder using an agate mortar. The reaction starts spontaneously during
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mixing, as the temperature rises, the reaction accelerates, the crystal lattice begins to form, and the excess carbon and oxygen
contained in the oxides are released into the air in the form of carbon dioxide. Mixing the powder is repeated several times.
Prolonged mixing of the components is a very important factor for the correct formation of the crystal lattice [9].

Methods of sample research. Raman spectroscopy probes molecular and crystal lattice vibrations and is therefore very
sensitive to molecular structures, chemical environment, bonding, and crystal morphology. Changes in the parameters of Raman
modes: wave numbers, polarization, width, band shape and their intensity can reveal any structural changes. Raman intensity
measurements are mainly used to identify different phases in the material, to quantitatively assess the degree of crystallization
[10]. We used laser Raman spectroscopy to study the Bi-(2212) sample. In this case, the laser light interacts with molecular
vibrations and other excitations in the system, as a result of which the energy of the laser photons is shifted up or down. Energy
transfer provides information about vibrational modes in the system.

The four point electrical probe method. A four-point electrical probe is a very versatile device widely used in physics to
investigate electrical phenomena. With the help of a four-point probe, it is possible to observe that the constant resistance tends to
zero. The scheme of the four-point probe is shown in Figure 1 below. In this graph, four wires (or probes) are attached to the test
specimen. A constant electric current is generated from the sample through the probes marked 1 and 4 in the figure. This can be
done using a power source as shown. Most power supplies have a built-in current output indicator. An ammeter in series with this
current source can be used to determine the value of this current. A5 W power supply producing up to 0.5 Amps is required for
the experiments described for our semiconductor devices.

e powvwWwenr

T Auarmirmeeter
e | A

Curre nt/h' = =3 4'\ Current
Probe Probe
Fig. 1 .Schematic of Four-Point Probe
If electricity is passed through the sample, the potential (or voltage) between probes 2 and 3 drops as the temperature drops, and
the voltage drop can be measured with a digital voltmeter. The resistance of the sample between probes 2 and 3 is the ratio of the
voltage recorded on the digital voltmeter to the value of the output current of the power source. The high impedance of a digital
voltmeter reduces the current flow through the circuit that contains the voltmeter [11].

Results and Discussion. According to the methods mentioned above, the sample was synthesized and then its parameters
were measured.

Synthesis of Bi-(2212). As mentioned above, the solid state reaction method was used to obtain the samples. The
constituent elements of the selected composite material were selected according to the Bi(Pb)-Sr-Ca-Cu-O system. For this
purpose, powders of high purity Bi2O3s (99.9%), SrCOz (99.9%), CaO (99.9%) and CuO (99.9%) were taken in appropriate
proportions. The mass fractions of elements in 10 g of the mixture based on the formula Bi2Sr2CaCu20y are given in Table 1
below [6].

Table 1. The mass fraction of the elements in the mixture.

Ne Element n=3 Mass fraction (gr)
1 Bi2O3 5,761177
2 SrCO3 2,908644
3 CaO 0,346672
4 CuO 0,983507

The sample is prepared by solid state synthesis. Bi2O3, SrCOs, CaO and CuO powders were obtained in the ratio of
Bi:Sr:Sa:Su in the ratio 2:2:1:2 and were ground and mixed in an agate mortar for a period of time. The powder is then placed in
a muffle furnace at 705° C for 12 hours and allowed to cool naturally for 12 hours. Then it is removed from the oven and crushed
for another 1 hour and placed in an oven at 780° C for 12 hours. After that, the same grinding process is repeated. Finally, the
sample is pressed into a pellet of 10 mm diameter and 5 mm thickness by dry pressing method and sintered at 880°C for 12 hours.
The process of cooling the sample took 15 hours in a natural state. The samples, cooled to room temperature, were sent to the
laboratory to study their physical parameters.

Results of Raman spectroscopy. After sintering the sample, the elements contained in it were confirmed by Raman
spectroscopy. The substance sample composition was studied depending on the wave number of the peaks in the spectrogram.
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The peak observed at 552.46 cm™ corresponds to the stretching vibrations of the Bi-O bond, indicating bismuth-oxygen
bonding. The peak at 628.52 cm™ represents the stretching vibrations of the Cu-O bond, indicating the copper-oxygen bond. The
peak at 403.83 cm™® corresponds to Ca-O bond vibrations, reflecting the calcium-oxygen bond.

Resistance measurement. The scheme of The four point electrical probe method presented above was created. The
sample was placed and cooled to the boiling temperature T=77K of dilute nitrogen. A constant current of SmA was allowed to
pass through the sample. The dependence of the temperature on the resistance was measured by means of a potential difference
with Rigol DM3068 and Rigol DM3058E devices.
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Fig. 6. Temperature dependence of Bi-(2212) sample resistance

The temperature change was recorded by a thermocouple. As can be seen in the graph, different jumps were observed in
the resistance change as the temperature increased. Each jump points were marked with Tc and they were Tc1=80K: Tc2=102K:
Tc3=120K respectively. At approximately T=284 K, a peak appeared in the graph line, indicating that a phase change was
observed in the sample.

Conclusion. From the analysis of many literatures and the results of our scientific research, it became clear that the
technology of obtaining bismuth cuprates is a complex process, and it is very important to choose the right temperature during
the calcination and sintering process. To obtain a single-phase superconductor from Bi-based cuprates, it is necessary to sinter the
sample at a temperature very close to its melting temperature. When the surface of the Bi - (2212) sample was examined by the
Chemical Imaging method, a number of irregularities were seen, and measures will be taken to reduce them as much as possible
in the next samples.

Since we tested the samples at the boiling temperature of Nitrogen, no resistance was observed. Because the critical
temperature of such samples in R=0 state is Tc < 75K, it was determined by the analysis of scientific research. In our sample, we
observed jumps in the subsequent increase in resistance. At the same time, a phase change was noted in the sample at a
temperature close to room temperature T = 284.
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BIR TESHIKLI YADROLAR B —PARCHALANISHINING YARIM YEMIRILISH DAVRI
Annotatsiya
Biz 30 va 1iC bir teshikli yadrolarining yarim yemirilish davrini hisobladik. Bu hisoblashlarda biz [1], [2] adabiyotlarda
keltirilgan yangi kinematik doimiylar va koeffitsiyentlardan foydalandik. Shu bilan birga, biz fazaviy fazoni hisoblashda avvalgi
[3] ishdan farqli o‘laroq uni yaqinlashuv holatini emas balki sonli hisoblashlardan olingan natijalarni ishlatdik. Olingan natijalar
tajribada olingan natijalar bilan tagqoslandi.
Kalit so‘zlar: kuchsiz ta’sir, yarim yemuurilish davri, bir teshikli yadro.

MOJYHNEPHUO/J 8 — PACITAJIA OAHO ABIPOYHBIX SA/IEP
AHHOTaALHA
MBI pacCUUTAIH MOIYIIEPUO OTHO IBIPOYHBIX SIAEP AJIS 130 1 11C. MBI paccuuTany nosynepuosibl 3TUX 5J1EMEHTOB, HCHONb3YS
HOBBIE KHHEMAaTHYECKHE KOHCTAHThI U K03(hduieHTsl, KoTopsie omucanbl B [1], [2]. TIpu sToM (azoBoe mpocTpaHCTBO He
paccMaTpuBaeTcsl Kak IPHOIMKEHHOE COCTOSIHHE, B OTiIM4dMe OT npensytyniedi pabotsl [3]. TlonydeHHbIE pe3yiabTaThI
CPaBHUBAJIKMCH C SKCIICPUMEHTATBHBIMHI JAHHBIMHU.
KaroueBble ciioBa: cnaboe B3auMOeiCTBUe, onynepro, GyHKius ha3oBoe MPOCTPAHCTBO, OIHO ABIPOYHOE SI/IPO.

B — DECAY HALF-LIFE OF ONE-HOLE NUCLEI
Annotation
We have calculated of the half-life of the one-hole nuclei for 130 and *1C. We calculated half-lives of these elements using new
kinematic constants and coefficients, which are covered in [1], [2]. At the same time, the phase space has not treated as
approximate state, unlike in previous work [3]. The results have obtained by numerical calculation method. The findings were
compared to the experimental data.
Key words: weak decay, half-life, phase-space function; one-hole nuclei.

Introduction. Nuclear B-decay is a type of radioactive decay that can occur in many nuclei. It involves weak, strong, and
Coulomb interactions. The decay energy and wave functions of the parent and daughter nuclei determine the nuclear B-decay
half-life. Research on S-decay helps to give us a better understanding of the nuclear structure and the fundamental interactions
between nucleons.

Study B — decay gives us much information about the structure of nuclei. Nuclear 8-decay has three types, namely f~-
decay, p*-decay, and electron capture. The atomic number Z only changes by one unit in all three types of B-decay processes,
but the mass number A of the parent and daughter nuclei remains constant. All transitions from the ground state of the parent
nucleus to ground and excited states of the daughter nucleus that fall within the energy window provided by the Q-value have
allowed by the B-decay selection rules. In this work, we study allowed beta decay (Fermi transition and Gamow-Teller
transition), and we calculate the half-life of the one-hole nuclei for transitions between ground energy states. Then we compare
our results with experimental data.

The nucleus is composed of protons and neutrons. According to the nuclear-shell model, protons and neutrons fill the
shells according to the Pauli principle. In this work, we have one hole for this neutron shell to be filled, and it is filled by the
conversion of a proton to a neutron, and at the same time, one hole is created in the protons. In this work, we have selected
oxygen and carbonates. Previously, these substances were studied in works [3] and [4]. Unlike them, we used numerical
integrations instead of approximations to calculate the phase space factor and used new values of the kinematic constants.

Selection rule of Q — value. The Q-value of a reaction is defined as the difference in the total kinetic energies of the
system before and after a reaction [5]. “The following useful relations (1), (2), (3) connect the Q value to the energy difference
the nuclear energy initial and final states” (equal to electron and neutrino energy) [3]. For a nuclear S-decay, the parent nucleus
may be assumed to be at rest in the laboratory, the initial kinetic energy in the system is zero [6], and m.c? is neglected. So, the Q
value of nuclear beta decay is the total kinetic energy of the final-state leptons. In our case, W, is the difference in energy final
and initial nuclear states. [3]

Qp- =Tee + Ty = Eo_ + Ey — mec? = Wymec? — mec?
Qp+ =Ter + Ty = Eoyp + E, — mec? = Wymec? — m,c?
Qpc =T, — Tom = Woymec? + mgc?
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Figure 1: this pictures show us g* decay. [8]
The Q values Qg_ and Qg are the ones tabulated in the Table of Isotopes [7] and elsewhere. Therefore the s+ endpoint
energy is here expressed also in terms of Qgc = Qg4+ + 2m,c?.
Figure 1 shows the Qg results used in subsequent calculations. Here it can be seen that Qgz; = 1.9824 MeV for 1!C
—M1B transition and Qg = 2.7542 MeV for 50 —15N transition.
The half-life of B decay. The beta decay half-life is determined by the equation:

In2
ti2 = ﬁ 4
where Ty is transition probability, ti/2 is the nuclear S-decay half-life.
It is known that (see ref. [6]) Fermi’s “Golden rule” for calculating the nuclear S — decay probability is as follows:
T = S I 190t (Ey) ©
where p(Ey) is density of final states. The initial states is simple, involving only the parent nucleus,
[Po(M)) = [JiME) ;). (6)

The final state consists of three particles: a neutral lepton, a charged lepton, and the daughter nucleus. For simplicity, we shall
begin by ignoring any Coulomb effect between the charged lepton and the daughter nucleus. In this limit, both leptons are free
particles and are described by plane waves traveling with wave numbers k. and k,, respectively. The final state wave function is
then a product of three parts:

1 . 1 .
|¢k(r)>=ﬁe“‘ef We"‘“rllfoEf>|<pf>- @

In this paper we study allowed g —decay. So kr « 1 and this matrix element don’t depend on r.
The Nuclear transition matrix element. Nuclear matrix element formula is given by [6].
A

Z(/foffwauUiMifi) =Gy Z UrMgés| Zﬁ [JiM;&;) +
uMg uMg j=1
+Gy Zqu(]fofHZ?ﬂ () (MM (8)
The nuclear matrix element for single particle nucleon can be written as:
2
Z|(/foff|0/1u|1iMifi)| =

uMyg

=Gy Z(/fofoUiMifi) +9a Z(/fofH%UiMifi)
UMg uMyg
=Gy (Br + Bgr) )
Here Gy = Gpcosf;and g, = i—"; axial vector coupling constant. Br and B are reduced transition probabilities [3].

Isospin lowering and rising operators are written with operators annihilation and creation and this matrix element is
calculated using the Wigner-Eckart theorem.

{rMpéf|Tal1iMii) = Z(“|Tm|ﬁ) U Mp&rlea cpliiMids) (10)
Taw = Zap (@ Tl B) c;Z,f = ==Y (al|Taul|D)ci s 10u (11)
(one-body operator) is written with annihilation and creation operators here.
(JrMe&r|Tau|)iMi&:) =%(]ﬁf”ﬁ“liﬁ) (12)
el TaliE) = ﬁza,b(all;lllb)(]fs‘fll[céfbhlllifi) (13)

“The basic property of the allowed beta decay is that final-state leptons are emitted in an s (I = 0) state relative to the nucleus.
Similarly, in allowed electron capture, the initial electron forms an s shell and the final neutrino is in an s state relative to the
nucleus. Thus, the orbital angular momentum of the leptons cannot change the nuclear total angular momentum” [3].

The above formulas have written only for single-particle nuclei. We must change creation and annihilation operators and
these formulas are suitable for one-hole nuclei.

(Pflllca Eplalld;) = 84j6p (—1) 1+t A2+ 1 (14)
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A =0 is the Fermi transition and A = 1 is the Gamow-Teller transition. Orbital momentum doesn’t change in our case
and this condition corresponds to allowed decay (see Fig. 2). Fermi transitions express antiparallel spins and Gamow-Teller
transitions express parallel spins.

Bp =&, Bgr =

Mer(fD) = 2= (fllolld) = &= (nelpjslolimilie) =

. 1/2 1/2 1
=\/§5ninf5zfzi /(2jf +1)(2j; + 1)(—1)lf+ff+3/2( {c ]/ lf) (16)
L

120 ground state spin equal to % and located p shell, *3C ground state equal to 3/2 and located p shell.

i i+ 1 |Mgr(fi)|? (15)

Tyvpe of transition N T = |y — i T
Fermi (9] —+1
Gamow — Teller 1 (J: = 0 or Jy = 0O) —+1
Gamow—Teller 0,1 (J: = 0,0y = Q) —+1

Here J; (Jgf) is the angular momentum of the initial (final)
nuclear state and correspondingly for the parity .
Figure 2: Selection rules for allowed beta decay transitions [3]

“However, in some cases we must assume a predominant value of the orbital angular momentum L which is hardly
consistent with the measured magnetic moment, unless there are large exchange magnetic moments. For example, the
comparative lifetime for the ic - B transition seems to imply a
predominant D state (L = 2), whereas the magnetic moment of 11 is much closer to that of a P state (L = 1).” [9]

Phase-space factor. When we calculate the density of final state energy, the Coulomb interaction between beta particles
and daughter nuclei affects the resalt. So, we have to give our consent to this phase-space factor. Without considering screening
of the nuclear charge by orbital electrons, the relativistic Coulomb correction factor is given (Fermi 1934) by [10], [11] as

p(Eo)

FrEE) = [ F@EWGE - BYdp, (18)
0
2(1+9) 25-2 1
— —2pmn i 19
F(Z,pe) AT 25) (2pep)*>~2e™|I' (S + in)| (19)
Ze?E TNMeC
S=V1-a?Z%n =13 ~p = NTe Ty = 1pAY/3

1 E
Pe = —+E —m,c?, dpe =—dE
fH(Z,Ey) = —m el " L F(Z,E)WE? —m,c2(E, — E)2EdE, (20)
where E is energy of electron.
We know that there are three particles in the final state of beta-decay. In this condition, the kinetic energy of the electron
(positron) changes between zero and the Q value. So, We try to find this phase-space factor with a numerical integral. In this case,
we use natural units A = ¢ = 1, hc = 197MeV - fm, e =aanda = 1/137, m, = 0,511 MeV, W = E/m,c?, W, = Q/m,c?

fHrZ, Wy = f F(Z,WNW?2 — 1(Wy — W)2dW (21)
2(1 + s) - _

FEW) = pae (WP —1p) emIr(s+ i) (22)

=Vi-a?Z%,n= LZW p ="t A3, (23)

here ry = 1,25 fm.
The phase-space factor of electron capture for the relativistic treatment is
fie = 2m(2p)S 2 G2y E Wy + 5)2, (24)
here y = Za, Z is nuclear charge of parent nuclei. [9]
Calculation of half-life time. Final half-life time formula is given by [1]
k

t1/2 = 2 ’ (25)
fr@Z,wy) + fk)(fﬂflfﬂi> (Br + Bgr)
where @;(r) and @(r) are the radial wave functions of the initial and final states of the hole-neutron and hole-proton,
respectively [1]. The overlap integral (¢;|¢p;) = 0.994 in the case of 'C —!B and 50 —N transitions. k is the universal
constant value in accordance with ref. [2] provided as:
2m3h7 In 2
o= meSc*(Greos(6c))2 62895, (26)

and 6. stands for the Cabibo angle and m,, is the electron mass. The term G denotes the Fermi constant, i.e., effective coupling
constant. In Eq. (8) 0y, means the operator of the -decay transition and the summation over M takes care of the requirement
to include all the possible nuclear final states and averaging over the initial states. The phase-space factor f(Z,W,) contains the
lepton kinematics, J; is the angular momentum of the initial nuclear state, J; is the final angular momentum of the final state.

The quantity log[f (Z, Wy)ty,] is called the log ft value. “It depends exclusively on nuclear structure, which is contained

in the reduced matrix elements. In the literature it has also called the comparative half-life” [9].
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We have used g, = gz—A = —1,27641g in our calculation and the results are presented in this Table. We take into
\4

account from Ref. [4] g = 0.927.

Analysis and results. The nuclear shell model describes the lower energy levels of the nucleus well. Although,
transition probability and half-life calculated using the shell model differ somewhat from the experimental values. The results we
have obtained are closer to the experiment compared to the previous work. Even so, our results are slightly different from the
experimental data.

We can see from table 1 above that the relative errors compared to the results of the experiment are 11.33% for C
—11B and 0.2% for 50 —15N. On the other hand, this condition is one of the defects of the nuclear shell model. In addition, it is
clear that EC happens at the same time. We may predict probability 8* and EC. 11C — 1B, p* - 99,75 % and EC — 0,25 %. In
case 150 - 5N, B+ - 99,9 % and EC — 0,1 %.

Table-1
Our results Experiment
Transition tl/ 2 logft tl/ 2 [8.112] logft [8], [12]
Uc - 18.0565 min 3.53789 20.364 + 0.014 min 3.5921+ 0.0019
150 -15N 122.49 sec 3.63702 122.24 £ 0.16 sec 3.637 £0.001

Conclusion. The provided document is a study on nuclear beta decay, a type of radioactive decay involving weak, strong,
and Coulomb interactions. The research focuses on understanding nuclear structure and fundamental interactions between
nucleons through beta decay, specifically allowed beta decay (Fermi and Gamow-Teller transitions).

The study calculates the half-life of one-hole nuclei in transitions between ground energy states, comparing results with
experimental data. Beta decay types discussed include 8~, B, and electron capture, where the atomic number changes by one
unit but the mass number remains constant.

Key aspects include the use of numerical integration for the phase-space factor, the impact of Coulomb interactions, and
the calculation of the beta decay half-life using Fermi’s “Golden rule.” The results demonstrate a close match between theoretical
calculations and experimental data for transitions in carbon and oxygen isotopes.
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OCIMLISIIAN IIJIOTHOCTHU SHEPTETHYECKHX COCTOSIHUI B HAHOPA3MEPHBIX
TMOJYITPOBOJHUKAX ITPHU ITPOJOJIBHBIX U ITIOINEPEYHBIX KBAHTYIOIINUX MATHUTHBIX ITOJISIX
AHHOTaALHSA
C ydueToM TrayccoBOW (YHKIMH paclpelCiCHUs] yIaeTcs pacCYMTaTh BIUSHHC KBAaHTOBAHHOTO MArHUTHOTO TIOJIA Ha
TEMIIEPATYPHYIO 3aBUCUMOCTh KOJICOAHUH TNIOTHOCTH SHEPTHU COCTOSHUM B KBAHTOBOPA3MEPHBIX MOJYIMPOBOIHUKAX HA OCHOBE
METO/Ia pacTekanus nenbTa-GpyHKiuu. C MOMOIIBIO YHACIICHHBIX METOOB pacyera pa3paboTaHa HOBas MaTeMaTHUCCKash MOJICITh
TEMIICPATYPHOH 3aBUCHUMOCTH KOJICOAHMH IUIOTHOCTH OSHEPTUU COCTOSHHU PAa3pelICHHOrO TOJsS B HAHOPa3MEPHBIX

MOJTYIIPOBOAHHUKAX TIO]] JEHCTBUEM MOTIEPEYHOT0 KBAHTYIOIIET0 MATHUTHOTO TIOJISI.
KiroueBbie cJI0Ba: MarHUTHOE IOJIE, KBAHTYIOLIEE MArHUTHOE TIOJIE, TETePOCTPYKTYpa, KBAHTOBAs sIMa, INIOTHOCTD COCTOSIHUIA,
OCILIMJLISILISL, HAHOPA3Mep, IBYMEPHBIE MOTYIIPOBOAHHUKH.

OSCILLATIONS OF THE ENERGY DENSITY OF STATES IN NANO-SIZED SEMICONDUCTORS IN
LONGITUDINAL AND TRANSVERSE QUANTIZING MAGNETIC FIELDS
Annotation

Taking into account the Gaussian distribution function, it is possible to calculate the effect of a quantized magnetic field on the
temperature dependence of fluctuations in the energy density of states in quantum-sized semiconductors based on the delta-
function spreading method. Using numerical calculation methods, a new mathematical model of the temperature dependence of
fluctuations in the energy density of states of the allowed field in nanosized semiconductors under the action of a transverse
quantizing magnetic field has been developed.

Key words: magnetic field, quantum magnetic field, heterostructure, quantum well, density of states, oscillation, nanosize, two-
dimensional semiconductors.

BO‘YLAMA VA KO‘NDALANG KVANTLOVCHI MAGNIT MAYDONDAGI NANOO‘LCHAMLI
YARIMO‘TKAZGICHLARDA ENERGETIK HOLATLAR ZICHLIGI OSSILLYATSIYASILARI
Annotasiya
Gauss tagsimot funksiyasini hisobga olgan holda kvant of‘lchamli yarimo‘tkazgichlarda energetik holatlar zichligi
ossillyatsiyalarini haroratga bog‘ligligiga kvantlovchi magnit maydonning ta’sirini hisoblash mumkinligi delta — funktsiyalarni
gatorga yoyish usuli yordamida asoslangan. Sonli hisoblash usullaridan foydalanib, ko‘ndalang kvantlovchi magnit maydon
ta’siridagi nano o'lchamli yarimo‘tkazgichlarda ruhsat etilgan sohasining energetik holatlar zichligi ossillyatsiyalarini haroratga

bog‘liqligi aniglangan.
Kalit so‘zlar: magnit maydon, kvantlovchi magnit maydon, geterostruktura, kvant o‘ra, holatlar zichligi, ossillyatsiya,
nanoo‘lcham, ikki o‘lchamli yarimo‘tkazgichlar.

Kirish. Hozirgi vaqtda yarimo‘tkazgichlar fizikasi sohasidagi amaliy va fundamental tadqiqotlarga bo‘lgan qiziqish
hajmli materiallardan nanoo‘lchamli materiallarga o‘tdi. Ayniqsa, kvantlovchi magnit maydon ta’sirida bo‘lgan nanoo‘lchamli
yarimo‘tkazgichlarda zaryad tashuvchilarning energyetik spektrining xususiyatlarini tubdan o°zgarishi, olimlarning spintronika
va nanoelektronika sohalari bilan ilmiy tadqiqot ishlarini olib borishga qizigish uyg‘otdi. Natijada kvantlovchi magnit
maydonidagi erkin elektronlar va teshiklarning energetik sathlarini kvantlantirish kvant o‘rali yarimo‘tkazgichlardagi energetik
holatlar zichligi ossillyatsiyalarini sezilarli o‘zgarishlarga olib kelishi tajribalarda kuzatilmoqgda.

Adabiyotlar tahlili. Kvant o‘rali yarimo‘tkazgichlarda energetik holatlar zichligini kvantlovchi magnit maydonining
kattaligiga bog‘ligligini o‘rganish zaryad tashuvchilarning energyetik spektrlari to‘g‘risida muhim ma’lumotlarni olish imkonini
beradi. Kinetik, dinamik va termodinamik Kattaliklar, jumladan magnit garshilik, magnit singdiruvchanlik, elektronlarning
issiglik sig‘imi, Fermi sathi va boshqa kattaliklarning ossillyatsiya jarayoni asosan energetik holatlar zichligining
ossillyatsiyalanishi hisobiga hosil bo‘ladi.

Bundan kelib chiqadiki, ko‘ndalang va bo‘ylama magnit maydon ta’siridagi to‘g‘ri burchakli kvant o‘rali
yarimo‘tkazgichning o‘tkazuvchanlik sohasida energetik holatlar zichligi ossillyatsiyalarini o‘rganish zamonaviy qattiq jismlar
fizikasining dolzarb muammolaridan biri hisoblanadi.

Jumladan, ushbu ishlarda, [1, 2, 3], bir jinsli perpendikulyar magnit maydonidagi va tasodifiy ixtiyoriy korrelyasiya
maydonidagi ikki o‘lchamli elektron gazlarda Landau sathlari holatlar zichligi hisob-kitoblari ko‘rib chiqilgan. Keskin
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o‘zgarmaydigan trayektoriya bo‘yicha integrallar yarim klassik usuli yaratilgan korrelyasiyaning tasodifiy maydoni uchun yo‘lli
integrallarning noan’anaviy yondashuvi ishlab chiqilgan va bu Landau sathlari holatlar zichligi uchun analitik yechim beradi.
Magnit maydonining zaiflashishi va korrelyasiya uzunligining kamayishi bilan holatlar zichligining og‘ishi Gauss shaklidan
ortadi [1, 2]

Bu ishlarda erishilgan yutuqlarga qaramay, ularda ba’zi savollar ochiq qolmoqda. Masalan: ko‘ndalang va bo‘ylama
magnit maydondagi kvant o‘rali yarimo‘tkazgichlarning energetik holatlar zichligini haroratga bog‘liqligini termik o‘zgarishni
hisobga olgan holda qanday aniqlash mumkin? Umuman, uning harorat bo‘yicha o‘zgarish dinamikasi qanday bo‘ladi kabi
muammolar hozirgacha ochiqg gqolmoqda.

Tadgiqot metodologiyasi. Keling, ko‘ndalang kvantlovchi magnit maydon ta’sirida kichik o‘lchamli qattiq jismlardagi
holatlar zichligi ossillyatsiyalarining haroratga bog‘ligligini ko‘rib chigaylik. Ma’lumki, Landau sathlariga haroratning ta’sirini
aniglashda, energetik holatlar zichligi ossillyatsiyalarini deltaga o‘xshash funksiyalar bo‘yicha qatorga yoyish usulidan
foydalaniladi [4, 5, 6, 7]. Delta shaklidagi funksiyalarning ketma-ket gatorga yoyish yo‘li bilan energetik holatlar zichligi
ossillyatsiyalarini o‘rganish orqali kvant o°rali yarimo‘tkazgichlarda o‘tkazuvchanlik sohasini diskret Landau sathining haroratga
bog‘ligligini tushuntirish mumkin bo‘ladi. Kvantlovchi magnit maydonda holatlar zichligi ossillyatsiyalarining haroratga
bog‘ligligi diskret Landau sathlarining termik kengayishi bilan aniglanadi. Mutlog nol haroratda Gauss tagsimot funksiyasi delta
shaklida bo‘lib, quyidagi ifoda bilan hisoblanadi [8]:

E—-E)’

Gauss(E,T):i-exp —% @
KT (kT)

U holda, termik kengayishni Gauss tagsimot funksiyasini haroratga bog‘ligligi bilan tavsiflash mumkin. Cheksiz chuqur

to‘g‘ri burchakli kvant o‘ra uchun, zaryad tashuvchilarning Ei chuqur sathidan o‘tkazuvchanlik sohasiga va E energiyali valentlik

(E-E
()

Landau sathlari eksponent sifatida energetik holatlar zichligi ossillyatsiyalariga va haroratga bog‘liq. Energetik holatlarning
zichligi ossillyatsiyalarining haroratga bog‘ligligini aniglash uchun T = 0 holatidagi energiya zichligi ma’lum energiya Ei (N,
Nz) funksiyasiga teng deb faraz qilamiz. Ikki o‘lchamli elektron gazlar uchun, ko‘ndalang kvantlovchi magnit maydonda,
holatlar zichligining ossillyatsiyalari (2) formula bo‘yicha hisoblanadi.

Nédz(E,B)zje[—i S S(E—E(N_,N,)) @

NL ’ NZ
Haroratning oshishi bilan har bir holat energiya Ei(N., Nz) bilan o‘zgaradi. Diskret Landau sathlarini Ei (N, Nz) energiya
bilan termik kengayishi Shokli-Rid-Xoll statistikasiga bo‘ysinadi [9]. Shunday qilib, o‘tkazuvchanlik va valent sohalarida, barcha
holatlarning termik kengayishini hisobga olgan holda, hosil bo‘ladigan holatlar zichligi ossillyatsiyalari barcha termik
kengayishlarni yig‘indisi bilan aniqlanadi. Demak kvant o‘rali yarimo‘tkazgichlar uchun T cheklangan haroratda energetik
holatlar zichligi ossillyatsiyalari NSZdZ (E B, T,d ) Gauss funksiyani qatorga yoyish orgali termik

sohasiga termik chigarish vaqti eksponent faktor €Xp| — bilan belgilanadi. Demak, chuqur to‘ldirilgan diskret

kengayishini (haroratga bog‘ligligini) tushuntirishga imkon beradi.

Agar NSZ'Q(E,B,T, d) ni Gauss funksiyalari bo‘yicha qatorga yoyib kengaytirsak, u holda ikki o‘lchamli elektron
gazlardagi energetik holatlar zichligi ossillyatsiyalarining haroratga bog‘ligligini hisoblash mumkin. Bundan, ko‘ndalang
kvantlovchi magnit maydonidagi energetik holatlar zichligi ossillyatsiyalarining haroratga bog‘ligligini olish mumkin.

Tahlil va natijalar. Ko‘ndalang kvantlovchi magnit maydonda Landau sathining termik kengayishi diskret sathlarning
silliglashiga olib keladi va termik kengayish Gauss funksiyasi yordamida aniqglanadi. Past haroratlarda Gauss tagsimot
funksiyalari delta shaklidagi funksiyaga aylanadi:

Gauss(E.E;,T) >5(E—E) (3.21)
T—0
Shunday qilib, to‘g‘ri burchakli kvant o‘ra uchun energetik holatlar zichligi ossillyatsiyalarini quyidagi analitik ifoda
orgali olamiz:
2
1 h?
[E —(ha)c (NL +2j+2” g N2
> eB 1 m
N2 (E,B,T,d)= > — - ——-exp| - _ ©)
N, Ny h kT (kT )

Bu yerda, d - kvant o‘raning qalinligi; N - to‘g‘ri burchakli kvant o‘ra uchun Landau sathlari soni; Nz - Z o‘qi bo‘ylab
o‘lchamli kvantlar soni; B - ko‘ndalang kvantlovchi magnit maydonining induksiyasi. Bu formula ko‘ndalang kvantlovchi magnit
maydon ta’siridagi kvant o‘rali yarimo‘tkazgichlarda, energetik holatlar zichligi ossillyatsiyasining haroratga bog‘ligligini
anglatadi. Olingan ifoda turli harorat va ko‘ndalang magnit maydonda, ikki o‘lchamli elektron gazlarda energetik holatlar zichligi
ossillyatsiyalari bo‘yicha eksperimental ma’lumotlarni qayta ishlash uchun qulaydir. Shunday qilib, nanoo‘lchamli
yarimo‘tkazgichlardagi energetik holatlar zichligi ossillyatsiyalarining haroratga bog‘ligligini ifodalaydigan yangi matematik
model ishlab chiqildi. Taklif etilayotgan model yordamida kvantlovchi magnit maydondagi nanoo‘lchamli
yarimo‘tkazgichlarning energetik xolatlar zichligini haroratga bog‘ligligini tahlil gilaylik. Ushbu ishda [10], HgCdTe/CdHgTe
kvant o‘rali assimetrik yarimo‘tkazgichlarda klassik va kvantlovchi magnit maydonlar ta’siridagi erkin elektronlarning siklotron
rezonans spektrlarining ozgarishi o‘rganilgan. Bu yerda CdxHgixTe kvant o‘raning qalinligi d=15 nm, magnit maydoni B=15 T
va harorati T=4,2 K ni tashkil etadi. Bu ishda materiallar uchun energetik holatlar zichligining haroratga bog‘liqligi muhokama
gilinmagan. 1-rasmda ko‘ndalang kvantlovchi magnit maydon B=15 TI. va harorat 4.2 K bo‘lganda kvant o‘raning qalinligi d=15
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nm uchun CdxHgixTe ni energetik holatlar zichligi ossillyatsiyalari keltirilgan. Rasmda keltirilgan kvant o‘raning
o‘tkazuvchanlik sohasidagi diskret energetik sathlari (3) formula bo‘yicha hisoblangan. Bunda diskret energetik sathlari soni 10
ga teng. Har bir diskret energiya cho‘qqilari Landau sathlari deyiladi. Grafikda diskret Landau sathlarini kuzatilishiga sabab,
B=15 Tl da, iw, = 0,02eV, T=4.2 K da kT=4.10-4 eV hamda h:;C = 50 yoki kT « hw, sharti bajariladi. Bunday holda Landau
sathining termik kengayishi juda kuchsiz va energetik holatlar zichligining ossillyatsiyasi, ideal shakldan chetga chigishni
sezmaydi. Birinchi diskret Landau sathi (N.=0) kvant o‘raning o‘tkazuvchanlik sohasining pastki qismida paydo bo‘ldi. Ikkinchi
(NL=1), uchinchi (NL=2) va boshga diskret Landau sathlari kvant o‘raning o‘tkazuvchanlik sohasi tubidan yuqorida joylashgan.
Shu tarzda, past haroratlarda kvant o‘raning valentlik sohasida ham Landau sathining cho‘qgilarini hisoblash mumkin. Ushbu
hisob-kitoblarga dissertatsiyaning keyingi bobida ko‘rib o‘tamiz. 2-rasmda energetik xolatlar zichligi st’g (E,B, T,d) 42 K, 20
K, 40 K, 60 K, 80 K va 100 K haroratlar uchun ossillyatsiya keltirilgan. Bu rasmdan ko‘rinib turibdiki, harorat ko‘tarilishi bilan
Landau sathining cho‘qgqilari keskin silliglasha boshlaydi va etarlicha yuqori haroratlarda holatlarning diskret holatlar zichligi
uzluksiz energyetik spektrlariga aylanadi.

1 -rasm. HgCdTe/CdHgTe kvant o‘radagi energetik holatlar zichligi ossillyatsiyai;ri. Kvant o‘ra CdxHgixTe ning galinligi d
=15nm,B= 1§ T va T=4.2K, [10]. Ushbu grafik (3) formula bo‘yicha olingan

sohasidagi energetik holatlar zichligi ossillyatsiyalarining haroratga bog‘ligligi. Rasmda keltirilgan energetik spektrlar (3)
formula bo‘yicha hisoblangan

Xulosa. Parabolik dispersiya gonuni asosida bo‘ylama va ko‘ndalang magnit maydon ta’siridagi ikki o‘lchamli
materiallarning energetik holatlar zichligi ossillyatsiyalarini hisoblash uchun yangi analitik ifodalar olindi. Ko‘ndalang
kvantlovchi magnit maydon ta’sirida ikki oflchamli yarimo‘tkazgichli materiallarda energetik holatlar zichligi
ossillyatsiyalarining haroratga bog‘ligligini aniqlash uchun yangi matematik model ishlab chiqildi. Kvant o‘rali
yarimo‘tkazgichlarda harorat ortishi bilan termik kengayish hisobiga diskret Landau sathlari yuvilishi ko‘rsatildi va energetik
holatlar zichligi ossillyatsiyalari kuzatilmadi.
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THE CHALLENGES AND SOLUTIONS OF CREATING AN ASTRONOMY DICTIONARY IN UZBEKISTAN
Annotation

The article underscores the necessity of creating an astronomy dictionary in the Uzbek language, not merely as a list of terms, but
as a means of exploring and understanding the mysteries of space and the universe. It sheds light on the linguistic, cultural, and
technical challenges involved in this undertaking. The article discusses the concerns raised about the need for various types of
dictionaries aimed at astronomers, students, and graduates, as well as the efforts to address their challenges. By highlighting the
nuances of astronomical terminology and ensuring accurate translations that resonate with Uzbek-speaking audiences, this noble
initiative underscores its significant contributions. Furthermore, it emphasizes the importance of enhancing scientific literacy
among Uzbek-speaking audiences and the pivotal role such a dictionary plays in deepening understanding of astronomy within
the community.

Key words: Terminological dictionary, explanatory dictionary, astronomical dictionaries, astronomical terms.

MMPOBJIEMBI CO3JJAHUA ACTPOHOMHWYECKOI'O CJIOBAPSA B Y3BEKUCTAHEN UX PELIEHUS
AHHOTaALHA

Co3aHue acTPOHOMHYECKOTO CIIOBAapsl — 3TO HE MPOCTO CIHCOK CJIOB, 3TO IMyTEIIeCTBHE MO BceleHHON M Mo3HaHME TaiH
Bcenennoit. [lanHast cTaThsi NMPOJIMBAET CBET HA JIMHIBUCTHUYECKUE, KYJIBTYpPHbIE W TEXHHYECKHE NPOOJIEMBl, BOSHUKIIHNE MPH
CO3/IaHUN aCTPOHOMHYECKOTO CIIOBapsl Ha y30€KCKOM s3bIke. CTaBsITCSl BOIIPOCHI O THIIAX CIOBapeil, HE0OOXOMMBIX aCTPOHOMAM,
HPEX/Ie BCETO CTYJCHTaM U acIIMpaHTaM, M U3YJaroTCs X pelieHus. B cTtaThe paccMaTpuBalOTCs TOHKOCTH 3TOTO aMOUIIMO3HOTO
NPEeIIPHUATHS: OT M3YYCHUs TOHKOCTEH aCTPOHOMHYECKOW TEPMUHOJIOTHH N0 OOECIIeUeHHs] TOYHBIX MEePEBOJOB, IOIXOJISIINX
JUISL HOcHTeNel y30eKcKoro si3pka. Kpome Toro, TOBOpUTCS 0 BaXXHOCTH TAKOTO CJIOBApS B TTOBBIIICHHH HAYIHOH TPaMOTHOCTH
y30€KOA3BIYHOM ayAUTOPHHU H YIITyOIeHNH TOHNMaHUs BeelleHHOM.

KiroueBbie ciioBa: TepMUHOJIOTHYECKUN CIIOBapb, TOJIKOBBIM CIOBaph, ACTPOHOMHYECKHE CJIOBAapH, AaCTPOHOMUYECKHE
TEpMHHBIL.

O‘ZBEKISTONDA ASTRONOMIYADAN LUG‘AT YARATISH MUAMMOLARI VA ULAR YECHIMLARI
Annotatsiya

Astronomiyadan lug‘at yaratish shunchaki so‘zlar ro‘yxatini tuzish emas, balki bu Koinot bo‘ylab sayohat va olam sirlarini
o‘rganishdir. Ushbu maqola o‘zbek tilida astronomiya lug‘atini yaratish yo‘lida duch kelgan lingvistik, madaniy va texnik
muammolarga oydinlik kiritadi. Unda astronomlar, birinchi navbatda talabalar va magistrantlar uchun zarur lug‘at turlari haqida
muammolar ko‘tarilib, ular yechimlari o‘rganiladi. Magolada astronomik terminologiyaning nozik jihatlari bilan kurashishdan
tortib, o‘zbek tilida so‘zlashuvchilarga mos keladigan to‘g‘ri tarjimalarni ta’minlashgacha bo‘lgan ushbu ulug‘vor tashabbusning
nozik tomonlari ko‘rib chiqiladi. Bundan tashqari, unda o‘zbek tilida so‘zlashuvchi auditoriyada ilmiy savodxonlikni oshirish va
Koinotni chuqurroq anglashda bunday lug‘atning ahamiyati haqida soz boradi.

Kalit so‘zlar: Terminologik lug‘at, izohli lug‘at, astronomik lug‘atlar, astronomik atamalar.

Kirish. Koinot sirlarini ochuvchi ulug‘vor fan bo‘lmish astronomiya nafaqat hayrat uyg‘otadi, balki insoniyatning
Koinotni tushunishga intilishini aks ettiruvchi boy atamalar leksikasini ham taqdim etadi. Yulduzlarga garaydigan gadimiy
sivilizatsiyalardan tortib, Koinothing noyob obyektlarini o‘rganuvchi zamonaviy teleskoplarga boy astronomiya bizga
atamashunoslik xazinasini hadya etdi. Ushbu maqolada biz astronomiyadan lug‘atlar yaratish muammolarini o‘rganamiz, koinot
haqidagi tushunchamizni boyitadigan samoviy lug‘atni yaratilishi haqida so‘zlashamiz.

Kosmosning ulkan kengligida astronomik atamalar Koinot sirlarini tushunish uchun ko‘prik bo‘lib xizmat giladi. Eng
kichik subatomik zarrachalardan tortib eng uzoq galaktikalargacha, astronomlar o‘z sohalarining murakkabliklarini tushunish va
mulogot qilish uchun maxsus leksikaga tayanadilar. Shunga garamay, ushbu leksikada hatto eng tajribali olimni ham
chalkashtirib yuborishi mumkin bo‘lgan juda ko‘p qirrali atamalar, tushunchalar va tarixiy kontekstlar mavjud.

Mavzuga oid adabiyotlar tahlili. Ko‘pgina astronomik atamalarning kelib chiqgishi qadimiy bo‘lib, ularning ildizlari
bobilliklar, yunonlar va misrliklar kabi sivilizatsiyalarga borib tagaladi. Ushbu atamalar ortidagi tarixiy kontekstni tushunish
ularning ma’nosini va qadrini chuqurlashtiradi. Kuzatishlar misli ko‘rilmagan aniqlik bilan olib boriladigan aniq astronomiya
davrida standartlashtirilgan terminologiyaga ehtiyoj katta. Astronomik lug‘atlar tadqiqotchilar o‘rtasidagi muloqotda aniqlik va
izchillikni ta’minlash uchun muhim vosita bo‘lib xizmat qiladi. Astronomiya atamalarini turli tillarga tarjima qilish nafaqat
xalqaro hamkorlikni osonlashtiradi, balki kosmosning universalligini chuqurroq tushunishga yordam beradi. Astronomik lug‘atlar
koinot mo‘jizalariga kirish eshigini ta’minlab, talabalar va ishqibozlar uchun bebaho manba bo‘lib xizmat giladi.

Lug‘atlar turli maqsadlarda tuziladi va ularni o‘rganish, o°z tilining imkoniyatlarini to‘laroq egallashda, savodxonlikni
oshirishda, nutq madaniyatini yuksaltirishda hamda bizning so‘z boyligimizni kengaytirishda muhim rol o‘ynaydi.
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Bu masala bo‘yicha shug‘ullanganlardan 1971-yil A.Mel’nikov, A.Nemiro, Z.Kadla va M.Perervalar [1] tomonidan
20000 ta terminni o‘z ichiga olgan “Amnrmo-pycckuii cnoBapp” deb nomlangan terminologik lug‘atni misol tariqasida
keltirishimiz mumkin.

Bundan tashqgari 1989- yilda chop yetilgan R. Guseynov, B. Babayev va G. Axmedovlar [2] muallifligidagi lug‘atni
keltirib o‘tishimiz mumkin. Bu lug‘at 9000 ta so‘zni 0°z ichiga olgan bo‘lib, ko‘p tilli lug‘at hisoblanadi. Bu lug‘at ozarbayjonlar
lug‘ati bo‘lib, unda terminlarni ruschadan va inglizchadan ozarbayjon tiliga tarjima qilishda foydalaniladi.

R.AMatzner [3] ham lug‘atshunoslik bilan shug‘ullangan va uning 2001-yili 4000 ta atamani o‘z ichiga olgan
“Dictionary of Geophysics, Astrophysics and Astronomy” lug‘ati chop etilgan.

Shuningdek, 2010-yil A.K.Murtazov [4] tomonidan “Pyccko-aHrmuiickuii actpoHOMHYeckuii cnoBaps” deb nomlangan
lug-ati yaratilib 10000 ga yaqin so‘z va so‘z birikmalari tarjima qilingan va kitob holiga keltirilgan.

Bu lug‘atlarning kamchiliklari shundaki keltirilgan terminlar son jihatdan kamligi, fanga kirib kelgan yangi so‘z (jet,
kvazar, kollaps, karlik) va so‘z birikmalari (absolyut qora materiya) kiritilmaganligi, lug‘atlarning ko‘pchiligi ikkita tilda
yaratilganligi va bu lug‘atlar asosida izohli lug‘at yaratilmaganligidir. Bundan tashqari yana bir kamchiligi O‘zbekistonda
Astronomiya fanidan ko‘p sonli terminologik lug‘at yo‘qligi va izohli lug‘at yaratilmaganligini keltirish mumkin

Tadgiqot metodologiyasi. Gap shundaki aniq hamda maxsus fanlardagi gator terminlar izohga muhtoj, yangi yoki bizga
ko‘pincha boshqa tillardan kirib kelgan bu atamalar (masalan, kvazar, blazar, gravitatsion linza, pulsar, qora tuynuk va h.k)
alohida lug‘atlarda batafsil yoritilishi zarur. Biroq bunday izohli lug‘atlarni ishlab chigishda yetarlicha muammolar mavjud. Shu
jumladan, astronomiyadan o°‘zbek tilida izohli lug‘at umuman yo‘q, terminologik lug‘atdan esa faqat bitta kichik [5] turi mavjud,
lekin qator atamalar ma’no jihatidan o‘zbek tiliga tarjima qilinmay, chet tilidagi o‘qilishi bilan chegaralanib qolingan. Bundan
tashqari, ba’zi atamalarga turli izohli lug‘atlarda turlicha ta’riflar berilgan bo‘ladi. Bu esa foydalanuvchining ilmiy adabiyot bilan
ishlashini giyinlashtiradi. Shu bilan birga, yildan yilga aniq va maxsus fanlar ham rivojlanib boradi, bu esa 0z navbatida yangi
atamalarning kelib chiqishiga va yig‘ilib borishiga sabab bo‘ladi, ya’ni oldin terminologik lug‘atni yangilab chiqish zarur.
Mavjud yagona terminologik lug‘at [5] atiga 3800 atamadan iborat bo‘lib, bugungi ilmiy maqolalar va adabiyotlarni to‘la
o‘zlashtirish uchun kamida 10000 dan ortiq atamani bilish zarur.

Tahlil va natijalar. Endilikda biz yuqorida ko‘rsatilgan muammolarni va ayrim kamchiliklarini bartaraf etish magsadida
astronomiyadan ruscha-o‘zbekcha-inglizcha atamalar lug‘atini yaratdik. Bu lug‘at 10 mingga yaqin atama va so‘z birikmalarini
0°z ichiga oladi. Lug‘atni tuzishda o°zbek tilining boy imkoniyatlaridan foydalanilib, ko‘pgina atamalar o‘rniga o‘zbek so‘zlari
asosida takomil atamalar yasalgan. Bunda ilmiy-uslubiy, leksikografik, didaktik va psixologik talab va mezonlarga rioya gilindi.
Quyida shunday terminlardan namunalar keltiriladi: tizim (cucrema), jarayon (mpouecc), tahlil (ananus), donador (3epuucrsiii),
faol (axruBHsiit), radiofaol (paguoaxrusneiii), jadal (nHTeHCHB), 0°tish (epexom) va boshgalar.

Astronomiyaga doir kattagina guruh tushunchalar ilmiy mazmuni jihatidan shunday o‘ziga xoslikka egaki, ularga ham
tarkibi, ham lug‘aviy mazmuni (semantikasi) jihatidan hamohang milliy so‘z yoki so‘z birikmasini topishning imkoni bo‘lmaydi.
Bunday hollarda milliy til tarkibiga baynalmilal astronomiya atamasi gabul gilinadi. Masalan, atom, elektron, potensial, energiya,
magnit, barion va h.k.

Lug‘atda har bir atama alfabit tartibiga ko‘ra joylashtirildi. Osmon jismlari va olimlarning ism-sharflari katta harf bilan
berilgan, golgan terminlar esa kichik harflarda yozilgan. Unga asosan umumiy astronomiyada keng foydalaniladigan va fanga
yangi kirib kelayotgan atamalar va so‘z birikmalari kiritilgan. Lug‘atda astronomiya fanining bir qancha yo‘nalishlari, ya’ni,
umumiy astromnomiya, astrofizika, radioastronomiya, osmon mexanikasi, galaktikalar fizikasi, yulduzlar fizikasi, kosmologiya
va kosmogoniya bo‘yicha atamalar yig‘ilib lug‘atga kiritilgan. O‘zbek tiliga tarjima qilinuvchi astronomik atamalari qo‘shma
so‘z va so‘z birikmalari miqdorini ma’lum darajada qamrab olishga harakat qilindi. Bunda astronomiya fanining barcha
bo‘limlarini qgamrab oluvchi astronomik hodisalar, o‘lchov birliklari astronomik holatlar xususiyatiga tegishli atamalar va so‘z
birikmalari tanlab olindi.

Astronomiyadan terminologik lug‘at yaratilgandan so‘ng O‘zbek tilidagi izohli lug‘atni tuzishga kirishdik. Lekin nima
uchun bizga bunday manba kerak? Astronomiya, har qanday ilmiy fan kabi, aniq til poydevoriga qurilgan. “Qora tuynuk”,
“kvazar” va “tumanlik” kabi atamalar o‘zlari bilan boy tarix, rivojlanayotgan ta’riflar va boshqa samoviy hodisalar bilan
murakkab munosabatlarni olib boradi. lzohlar yordamisiz, bu atamalar fagat bir nechta tanlanganlar tomonidan tushuniladigan
sirli gliflarga aylanishi mumkin.

Darsliklar, o‘quv qo‘llanmalarida atama mazmuni bir necha sahifa davomida, hattoki bir necha bo‘limlar doirasida ochib
beriladi. Bunday holat o‘qitish jarayonida ham yuz berib turadi. Bir qator hollarda mualliflar o‘quv adabiyotida yangi atamani
ishlatganlari holda uning mazmunini ochib berishga uncha e’tibor bermaydilar. Ushbu izohli lug‘at o‘quv adabiyotlari
mualliflariga, o‘quvchilarga atama va uning ta’rifiga tayangan holda ilmiy mazmunni aniq va ihcham tarzda bayon qilish
imkonini beradi.

Astronomiyaning izohli lug‘ati nafaqat ta’riflarni beradi, balki etimologiyasini, tarixiy ahamiyatini, tegishli
tushunchalarni va ko‘rgazmali qo‘llanmalarni ochib beruvchi bebaho izohlarni ham taqdim etadi. Bu yangi ishqibozlar va
tajribali mutaxassislarni astronomik terminologiyaning labirint yo‘laklarida yo‘naltirish uchun puxta ishlab chiqilgan vositadir.

Qolaversa, astronomiyaning fanlararo alogadorligi tilga yaxlit yondashishni taqozo etadi. Fizika, matematika, kimyo va
hatto falsafadagi tushunchalar astronomik tamoyillar bilan o‘zaro bog‘lanib, sinchkovlik bilan tushuntirishni talab giladigan bilim
ko‘nikmalarini yaratadi. Astronomiyaning izohli lug‘ati ushbu fanlararo landshaftga kirish eshigi bo‘lib xizmat giladi, u
alogalarni yoritib, chuqurroq tushunishga yordam beradigan ozaro bog‘liq tushunchalarni taklif giladi.

Astronomiya bo‘yicha izohli lug‘atni yaratishga kirishish tizimli yondashuvni va tafsilotlarga diqqat bilan qarashni talab
qiladi. Har qanday izohli lug‘atning asosi uning mazmunida yotadi. [lmiy jurnallar, darsliklar, onlayn ma’lumotlar bazalari va
nufuzli veb-saytlar kabi nufuzli manbalardan olingan astronomiya atamalarining to‘liq ro‘yxatini tuzishdan boshladik. Har bir
atamaning to‘g‘riligi va dolzarbligini ta’minlash, ilmiy konsensusning kengligini olish uchun bir nechta [6], [7], [8], [9] va
boshga manbalar bo‘ylab ta’riflarni tekshirish juda muhimligini inobatga oldik.

Ushbu lug‘atdan foydalanuvchilarga qulaylik uchun atamalar alifbo tartibida joylashtirilgan bo‘lib, lug‘atga hozirgi
kunda astronomiyada keng qo‘llaniladigan umumastronomiya atamalari kiritilgan va ularga aniq va qisqa ko‘rinishda izohlar
berilgan. Masalan, Afeliy - Quyosh atrofida harakatlanuvchi jism orbitasining Quyoshdan eng uzoq nugtasi. Kosmologik doimiy
- gravitatsion maydonga ega bo‘lmagan fazoning egriligini o‘lchovchi doimiy. Habbl doimiysi - Koinotning kosmologik
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kengayishi tufayli galaktikalar uzoqlashishi tezliklari bilan ulargacha bo‘lgan masofalar orasidagi bog‘lanishning mutanosiblik
koeffitsiyenti. Sayyoraning siderik aylanish davri - sayyoraning Quyosh atrofida yulduzlarga nisbatan bir marta to‘la aylanib
chigish davri.

Ushbu tadqiqot bosqichida astronomik terminologiyaning nuanslari va murakkabliklariga alohida e’tibor berildi. Ba’zi
atamalar vaqt o‘tishi bilan rivojlanib, yangi ma’nolarga ega bo‘lishi yoki eskirgan ma’nolarni yo‘qotishi mumkin. Boshqalar
mugqobil talginlar va nuqtai nazarlarni sinchiklab ko‘rib chiqishni talab qiladigan ilmiy hamjamiyat ichida davom etayotgan
munozaralarga duchor bo‘lishi mumkin. Aynan shu muammolarga alohida ahamiyat qaratildi. Izohlar izohli lug‘atning markazi
bo‘lib xizmat qiladi, qo‘shimcha kontekst, tarixiy ma’lumotlar, etimologik tushunchalar va tegishli tushunchalarga o‘zaro
havolalar beradi. Izohlar yaratishda chuqurlik va aniqlikdan voz kechmasdan, murakkab tushunchalarni hazm bo‘ladigan bilim
zarralariga aylantirib, ravshanlik va qulaylikka intilish talab gilinadi.

Xulosa va takliflar. O¢zbek tilida astronomik lug‘at yaratish birinchi navbatda talabalar va magistrantlar uchun ilmiy
ishlarida foydalanish imkoniyatlarini oshirishga garatilgan salmoqgli ishdir. Ushbu loyiha muhim astronomik atamalar va
tushunchalarni aniq va tushunarli tilda yig‘ish, tarjima qilish va tushuntirishni o‘z ichiga oladi. Bu ishda albatta o‘zbek
tilshunosligi bo‘yicha mutaxassislar bilan hamkorlik lug‘at mazmunining to‘g‘ri va dolzarbligini ta’minlaydi, madaniy
manbalarni ko‘rib chigish uning madaniy ahamiyatini boyitadi. Lug‘at illyustratsiyalar va ko‘rgazmali qurollarni birlashtirish
orqali murakkab astronomik hodisalarni tushunishni kuchaytiradi. Mutaxassislar va foydalanuvchilarning ko‘rib chiqishlari va
fikr-mulohazalari lug‘atni nashr etish va targatishdan oldin takomillashtirishga hissa qo‘shadi. Oxir oqgibat, astronomik lug‘at
o‘zbek tilida olam mo‘jizalarini o‘rganish va baholashga xizmat qilib, o‘qituvchilar, talabalar va ixlosmandlar uchun qimmatli
manba bo‘lib xizmat giladi.
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MATHEMATICAL MODELING OF SHUBNIKOV-DE HAAS OSCILLATIONS IN NARROW-GAP
SEMICONDUCTORS UNDER THE INFLUENCE OF TEMPERATURE AND ABSORPTION OF MICROWAVE
RADIATION
Annotation
In this article, a mathematical model for Shubnikov-de Haas oscillations in semiconductors upon absorption of microwave
radiation is obtained and its temperature dependence is studied. A two-dimensional image of microwave magnetoabsorption

oscillations in narrow-gap semiconductors is constructed.
Key words: semiconductor, electron gas, oscillation, microwave, Landau levels, mathematical model, Shubnikov-de Haas
oscillations.

MATEMATHYECKOE MOJEJIUPOBAHUE OCIHWLIANMNIA ITYBHUKOBA-IE TAA3A B
Y3KO30HHBIX IOJYINPOBOJHUKAX O/ BO3JEMCTBUEM TEMIIEPATYPbI U IOI'JIOINEHUST
MHUKPOBOJIHOBOI'O U3JIYUYEHUSA
AHHOTanus
B nmanHoOIi cTaThe mosydeHa MaTeMaTuieckas Mojenb ociunianuit [1lyoHnkoBa-ne [aa3a B moaynpoBOAHUKAX MPHU MOTIOMICHHH
MHKPOBOJIHOBOTO M3JIyUCHHS W M3y4eHa ee TeMIlepaTypHas 3aBUCHMOCTh. I10CTpOeHO NByMepHOE H300pakeHHWE OCHMILTALUI

MarHUTOIIOTIIOMIEHHS B Y3KO30HHBIX MOIYIIPOBOTHUKAX.
KnioueBble cji0oBa: MOTYNPOBOAHWK, 3JEKTPOHHBIA Ta3, ocuwurinus, CBY, ypoBHum Jlanmay, maremaTHueckas MOJENb,
ocumranus LlyoHukoBa-ne [Maaza.

HARORAT VA MIKROTO‘LQINLI NURLANISH TA’SIRIDAGI TOR ZONALI YARIMO‘TKAZGICHLARDA
SHUBNIKOV-DE GAAZ OSSILLYATSIYALARINI MATEMATIK MODELLASHTIRISH
Annotatsiya

Ushbu magolada mikroto‘lginli nurlanishni yutishda yarim o‘tkazgichlarda Shubnikov-de Gaaz ossillyatsiyalarining matematik
modeli olingan va uning haroratga bog‘liqligi o‘rganilgan. Tor zonali yarimo‘tkazgichlarda magnit yutilish ossillyatsiyalarning
ikki o‘Ichovli tasviri hosil gilingan.

Kalit so‘zlari: yarimo‘tkazgich, elektron gaz, ossillyatsiya, mikroto‘lqinli pech, Landau sathlari, matematik model, Shubnikov-
de Gaaz ossillyatsiyalari.

Introduction. In recent years, much attention has been paid to the definition and study of quantum oscillation
phenomena under the influence of temperature, a strong electromagnetic field, and deformation in bulk and low-dimensional
semiconductors [1-4]. With the help of such phenomena, it is possible to determine some basic physical quantities (the effective
masses of charge carriers, magnetoresistance, magnetic susceptibility, etc.) and study the band energy spectra of electrons in new
semiconductor materials.

Shubnikov-de Haas, de Haas-van Alphen oscillations and the quantum Hall effect were discovered at ultralow
temperatures and superstrong magnetic fields [5]. In this case, oscillation phenomena were observed in bulk semiconductors and
metals.

Model. As is known, all quantum oscillation phenomena strongly depend on the spectral density of states in
semiconductors. In works [6-7], the temperature dependence of the spectral density of states in narrow-gap semiconductors in
quantizing magnetic fields was studied. However, these papers did not consider the influence of microwave radiation absorption
on quantum oscillation phenomena.

Let us consider the Shubnikov-de Haas oscillations in narrow-gap semiconductors under the action of temperature and a
strong electromagnetic field. The power of absorbed microwave radiation per unit volume is determined by the following
expression [8]:

P:G-Eé 1)

Here, O is the conductivity of the semiconductor, EE is the electric field strength of the wave.
In a quantizing magnetic field, the distribution function satisfies the kinetic equation [9]:
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From (15), one can determine the current density of ],y and the longitudinal electrical conductivity of O, for each
N-th quantum level:

e’E of

j =——= |k, =2dk, - (3)
JZN m J- z N akz
1
2m)2e of. (E
auz—% j > oy (E)N,(Ey, H) =2 ( ) dE @)
T h )‘m) /2 N

As seen from (4), in a quantizing magnetic field, the longitudinal conductivity of O, strongly depends on the

oscillations of the spectral density of states and the T(E) relaxation time.

For a unit volume of a semiconductor, the following condition is satisfied: ©0,, = RZZ = —— . Here, O, is the

longitudinal specific magnetoresistance.
In the general case, the relaxation time is determined by the following expression [10]:

7(E) =7,E' ©)

where, Tg and I' - have different values for different semiconductors.
Substituting previous expressions, we obtain the following expression:

P[Gauss(E,E,,T),H,E. |=> N“[Gauss(E,E,,T),H |-7(E)-EZ ®)
o, (i, 14,T) _ k| O (B pe, T) T g2 )
P[ B ,H,EE} >N [ E ,H} (E)-EZ

P[ Lorentz(E,E;,T),H,E |=> N“[Lorentz(E,E,,T),H |-z(E)-EZ ()
dP*(H,T,E,E;)
dH '

From here, we obtain the expression for the dependence of the Shubnikov-de Haas oscillations on the absorption of
microwave radiation and temperature in narrow-gap semiconductors:

We differentiate expressions (6), (7) and (8) with respect to H, that is,

9
dP[Gauss(E.E,, T),.H,E. | AH[N+ j
~ BT Bl o> e [Gauss(E. B, T) . H 1+ -T(E)-EZ2
Z[E — (N + )AH
Al o (M
mc @72 z?n*
(10)
o (Epy 22, T) 1
dpli(oni,H,E ] AH(N +7j
z[E +E— (N +X)AH
E, 2
11

dP[ Lorentz (E,E;,T),H,E. |

AH [N +7j
e =C-> N*[Lorentz(E,E,,T),H |-| 1+ -T(E)-E2

2[E9+E (N + )AH]

Here, Pk is the microwave absorption power for the Kane model.
dP(H,T,E E.)
dH

The working formula for the Shubnikov-de Haas oscillations in the absorption of microwave radiation and temperature for wide-
gap materials is as follows:

Using previous expressions one can determine the oscillations for wide-gap semiconductors.

1
AH(N+7)
P(H,T,E,E = zmk .
d ( LI =3 E) -C 1 J1+ 2 . GaUSS(E,Ei,T) (E) E2 ( )

aH N=°\/E—(N +1]AH (E—(N +1)AH) .
2 2
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dP(H,T,E,E;)

dH
oscillations in narrow-gap and wide-gap semiconductors in a strong electromagnetic field and at various temperatures.

Thus, a new mathematical model has been created to determine the oscillations of the absorption of microwave radiation
in narrow-gap semiconductors. On the basis of the proposed model, it is possible to investigate to explain the experimental
oscillations at different temperatures.

Let us consider Shubnikov-de Haas oscillations in the presence of absorption of microwave radiation in narrow-gap

dP*(H,T,E,E)
dH

From here, we have the opportunity, using formulas (9), (10), (11) and (12), to calculate the

semiconductors. In particular, we will obtain the

dP
Figure 1 shows the dependence of m on the magnetic field strength H in InSb (Eg (0) = 0.234) at T=3 Kand

oscillation plot for InSb using formula (11).

E. ~10° . in this case, E. =const .
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5 A
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Fig.1. Oscillations dP_ in InSb at temperature T=3 K and electromagnetic wave strength E_ = 10° — , calculated
dH Sm
using formula (9).

As the power of the electromagnetic wave increases, the amplitude of the dP oscillations increases. This can be seen

aH
dP

dH

Figure 2 shows oscillations of absorption of microwave radiation at various strengths of the electromagnetic field and

from Fig.2, which shows the oscillations for two different values of the power of the absorbed electromagnetic wave.

0° i
cm
As can be seen from Fig. 2, the amplitude of quantum oscillation phenomena can be controlled using the power of

microwave radiation.
Let us now calculate the microwave magnetoabsorption in semiconductors using the above model. In particular, we will

dP*(H,T,E,E)
dH

V0 ) P aEs . ark anits

\
constant low temperatures. Where, EEl =10° — EEZ = \/E'l
cm

obtain the oscillation plot for InAs using formulas (9), (10) and (11).
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Fig.2. m oscillations in InSb at various electromagnetic wave intensities.

V
1-E,, =10°—; 2—E_, =+/2-10° —
cm cm
Conclusion. Based on the study, the following conclusion can be drawn:
Mathematical modeling of the temperature dependence of the oscillations of microwave magnetoabsorption in
semiconductors has been carried out using the Gaussian, Lorentzian functions and the derivative of the Fermi-Dirac function with
respect to energy.
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Using this model, the dependences of quantum oscillation phenomena on microwave fields and temperature in

semiconductors are calculated.

Using the Gaussian function, the oscillation of the absorption of microwave radiation in narrow-gap semiconductors at

various temperatures is calculated. The calculation results are compared with experimental data.

10.
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PROBLEMS OF THE ACCELERATING EXPANSION OF THE UNIVERSE
Annotation

Observational data from the James Webb Telescope pose significant challenges to the ACDM model. This could lead to
significant changes to the standard model. The accelerated expansion of the Universe is associated with the redshift of distant
objects, and standard cosmology assumes that this redshift is caused by cosmological expansion. In this paper, we consider the
alternative possibility that the redshift of distant objects may also be due to the phenomenon of redshift of light in the
intergalactic and interstellar media.

Key words: accelerating expansion, cosmology, intergalactic medium, interstellar medium, modeling, redshift.

O MMPOBJIEME YCKOPAIOIEIOCA PACIIAPEHWSA BCEJEHHOM
AHHOTaALHSA

Jlannbie HabmoaeHuii Teneckona Jpkeiimca Y360a npeacrasisior coboii cepbesHsie mpodnemst 1t Mogenn ACDM. D1o moxer
MIPUBECTU K CYIIECTBEHHBIM M3MEHEHUSIM B CTaHJApTHOW MOJAENH. YCKOPEHHOE pacuiMpeHue BceneHHOW CBsSI3aHO ¢ KpacHBIM
CMEICHNEeM JaleKuX OOBEKTOB, M CTaHIApPTHAas KOCMOJIOTHS IIPEAINONAraeT, 4ro 3TO KpPacHOe CMEIIEHHE BBI3BAHO
KOCMOJIOTHYECKHM paclIipeHreM. B 3Toi craTbe MBI paccMaTpuBaeM albTEpPHAaTUBHYIO BO3MOXKHOCTb TOTO, YTO KpacHOe
CMEILCHNE NalIeKUX OOBEKTOB TAKKE MOXKET OBITh CBA3aHO C SBJICHHEM KPAacHOTO CMEIIECHHUs CBETa B MEXKIAJaKTHYSCKOH M
MEXK3BE3JHOHU cpejie.

KnioueBble cioBa: yckopsiolleecs pacUIMpeHUE, KOCMOJIOTHs, MEXTajJaKTUYecKass cpejla, MexX3Be3lHas cpena,
MOJENNPOBAHNE, KPACHOE CMEIICHHE.

KOINOTNING TEZLANISH BILAN KENGAYISHI MUAMMOLARI
AHHOTaALIUSA

Jeyms Webb teleskopidan olingan kuzatuv ma’lumotlari ACDM modeli uchun jiddiy qiyinchiliklar tug‘diradi. Bu standart
modelda sezilarli o‘zgarishlarga olib kelishi mumkin. Olamning tezlashtirilgan kengayishi uzoqdagi jismlarning qizilga siljishi
bilan bog‘liq va standart kosmologiyada bu qizilga siljish kosmologik kengayish tufayli yuzaga keladi deb taxmin gilinadi.
Ushbu magqolada biz uzoq obyektlarning qizilga siljishi ham galaktikalararo va yulduzlararo muhitda yorug‘likning qizilga
siljishi fenomeni bilan bog‘liq bo‘lishi mumkin bo‘lgan muqobil imkoniyatni ko‘rib chiqamiz.

Kalit so‘zlar: tezlanuvchan kengayish, kosmologiya, galaktikalararo muhit, yulduzlararo muhit, modellashtirish, gizilga siljish.

Introduction. Observing very young massive objects with JWSP poses significant challenges for modern cosmology. In
this case, it is useful to introduce new alternatives to standard cosmology and increase the demand for existing alternatives. The
new model of the Universe proposed by Perlmutter and his co-authors [1,2] is known to be expanding with acceleration, which
was established by them on the basis of observations of type la supernovae (SNe la) in distant galaxies and the discovery of
regular deviations of distances to them from Hubble's law towards them increase. However, without disputing in any way the
possibility of the existence of dark energy in the Universe, it is useful to look for an alternative to its expansion with acceleration,
if only because the processing of observational data and the calculations of the above authors need clarification on a number of
factors. Riess et al. considered some factors of affecting the distance modulus, including effect of a Local VVoid-very small, Weak
Gravitational Lensing, Evolution, Extinction and Light Curve Fitting Method [1]. They consider that all these factors cannot
explain for the 0.28™ difference in the template-fitting SNe Ia distances and the Qa=0 prediction. Among them, the procedure for
determining the distance to a light source requires special attention, since a natural question arises: is the regular deviation of
distances related to the effect of a decrease in the brightness of supernova light as it moves in intergalactic space and inside our
Galaxy?

Let us first turn to the results of modern observational data performed on the Hubble Space Telescope and large ground-
based telescopes. These results show that the understanding of the physical state, structure and distribution of baryonic and dark
matter in intergalactic space today is clearly far from the concept accepted in [1,2], and only now we have deep observations
indicating a patchy structure of the distribution of these types of matter in intergalactic space. An example is the work of
Whitaker et al. [3], where in the redshift interval 0.5<z<2.5 young galaxies and systems of globular clusters of stars were found
inside dark matter in Coma Berenices [4]. Both articles [3,4] were written based on the results of research in 2017. If several dark
dwarf galaxies were previously known, now dark spiral galaxies have been discovered [5]. The work of Farrah et al. [6] even
discovered super-luminous infrared galaxies with a redshift of 1.5 < z < 3 inside a dark matter halo with a mass of 6 x 1013 Me.
These super-luminous infrared galaxies are likely the precursors of galaxy clusters or superclusters. Thus, if stars in the Milky
Way are born in dark molecular clouds, then it turns out that protogalaxies and young galaxies should be sought within dark
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matter. The complex, patchy structure of intergalactic matter, which may contain protogalaxies and other types of baryonic
matter, suggests that neglecting the effect of weakening the brightness of distant supernovae in intergalactic space, and especially
in our Galaxy, is generally unacceptable.

1. Alternatives to the cosmological redshift

Masanori Sato [7] proposed an alternative interpretation of the theory of the accelerating Universe using experimental
data on redshift. At small z (<0.1), there is no slowdown in the width of the light curve. At large z (> 0.1), a slowing down of the
width of the light curve appears. We know Zwicky tired light mechanism based on gravitational redshift is proposed for a
diffusion-free and dispersion-independent frequency redshift mechanism.

Although Tired Light Theory is mainly suggested for the static Universe, however, this theory could be attached to the
expanding Universe (non-accelerating). Partial correctness of the theory may also damage to the existing standard model. In
Tired light theory, redshift is caused not by the cosmological expansion, as in the ACDM model, but by the loss of a portion of
photon’s energy during the intergalactic motion. This loss may be owing to electrons, neutral hydrogen and other substances in
the intergalactic medium. Accordance with New Tired Light (NTL) oscillating electrons in the intergalactic environment absorb
and reproduce photon, resulting in reduced its energy, wavelengths, and redshift [8]. As photons irradiated by intergalactic
electrons are coherent, light cannot dim (interference is not observed). Current intergalactic medium models contend that it’s
mass density: pm = 10727 kg/m. Using identic electron number density, n = 0.498 giving a mean free path of 7.13x10%m. If
redshift due to interaction between photon and intergalactic medium matter it can’t be used it in calculations. Then this result
may be sufficient to damage to the SNe la cosmology calculations.

Frank R. Tangherlini developed an alternative theory for the expansion of the Universe with acceleration. This theory
doesn’t keep out the existence of dark energy, although opposed to acceleration, but assumes that there is no negative
compressive force (no acceleration) [9]. At z = 1.65 + 0.15, the Universe expansion coincides with a non-accelerating period
[10]. In another paper [11], when z = 0.5, the visibility of SNe la fits to the maximum brightness. This theory opposes the
accelerating expansion by supporting the expanding Universe.

The Timescape cosmological model [12] was supposed as a potentially vital Smale & Wiltshire alternative to
homogeneous and accelerating model with fluid-like dark energy. This model considered that the redshift value could be greater
in Voids, and less in intergalactic and interstellar medium. At present, about 40-50% of the universe is in voids of order 30h™!
Mpc in diameter. According to observations of voids, the present epoch Universe is inhomogeneous on scales below the BAO
(Baryon Acoustic Oscillation) in scale of 200h~! Mpc, while exhibiting the density difference of order 8% in density for sample
volumes larger than this scale [13,14]. Timescape cosmology predicted the values that are comparably low at 61.7 + 3.0 km s
Mpc', being a non-linear average of 50.1 = 1.7 km s™! Mpc™! for walls and an apparent maximum of 75.2¥32 km s™' Mpc™!
across voids [51].

Photon transmission in different media. The effect of partial loss of radiation in intergalactic and interstellar space
occurs in completely different ways and is cumulative in nature, as a result of which it is lost through absorption. A"(r) > 0 in
units of magnitude m, which directly enters into the expression for the “absolute magnitude” of the supernova at the moment of
its maximum brightness

Minax = Mgy — 5lgr — A™ (1), @

Moreover, the value Mmax = -19M.07 (filter B) was established for many supernovae. Formula (1) makes it possible to
determine the distance r to the supernova (i.e. to the galaxy), if only we know the value of the total absorption A"(r) in a given
direction, which is not a simple task. Note that the authors of [1,2] it is believed that there is a critical value of redshift z¢er = 0.7,
and for zcr > z the light source is in a state where the Universe was expanding at a slower rate and in this case absorption can be
neglected. However, in our opinion, the absorption effect must be taken into account regardless of the value of redshift of the
supernova. These authors determine the absorption value using an approximate formula known in stellar astronomy, where
excess color is involved [3,4]. Numerous calculations of the value known in the literature show that its value depends not only on
the type of objects, but also on the direction in. our Galaxy. In this regard, below we present another way to calculate the
absorption effect.

In (1), the value of the absorption function A™(r) is determined by the absorption coefficient a(r), which in general
depends on the distance r and consists of at least two parts: interstellar ais(r) and intergalactic aig(r) coefficients absorption, i.e.

A™(r) = [ya()dr = [ as(r)dr + [ ag(dr = Js+Jg @

where R is the distance from us to the boundary of the characteristic size of our Galaxy in the observed direction, which
is a function of galactic latitude b.

Analysis of observational data assessing the absorption of light in various directions in the Milky Way shows that the
magnitude of absorption is maximum in the equatorial plane of symmetry of our Galaxy and decreases rapidly with increasing
galactic latitude b. The Sun is located just near this plane, along which the gas-dust layer of matter is located, since the Galaxy is
a system flattened along the z-coordinate with a mass concentration towards this plane. The absorption coefficient aig(r) is
proportional to the distribution density of the gas-dust layer, for which the barometric formula is a fairly good approximation

— —rsinb
a;s(r) = ag exp(3) = ag exp(—), (3)
where ao is the absorption value in the plane itself, ais is the characteristic half-thickness of the substance layer. Therefore,
in (2)

apgh

]S = sinb [1 - exp(— %ﬂ (4)

According to observations, ao = 2.3 + 0.M19, ~ 100 pc, and the value of R depends on b.

As for determining the value of Js, today this task seems quite difficult due to the lack of observational data and requires,
first of all, an analysis of the distribution of gas-dust matter in galaxy clusters and superclusters, since it is believed that
electromagnetic radiation interacts very weakly with dark matter, in dense areas in which accumulation of ordinary, observable
matter occurs

To estimate the average value of Js in (2), you can use the normal density distribution
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g () = G [Fexp(=ar?). ©)
here g, is the average value of the absorption coefficient in a galaxy cluster, N is the number of clusters in a given

direction, a is the proportionality coefficient Substituting (5) and (2) and representing the integral from R to r as the difference of
integrals for the intervals [0, R] and [0, r] we find that
Jo =3 GoN[(@Var) — (dVar)], (6)

where @ is the symbol of the special function “probability integral”. A more accurate estimate of the value obviously
requires the accumulation of observational data and the implementation of appropriate additional analysis.

Conclusion. Redshift is a very important concept in astrophysics. It explains the expansion of the Universe and
determines the distances to distant objects. In standard cosmology, the cosmological redshift is assumed to be related to the
cosmological expansion. But there are a number of alternatives to the occurrence of redshift. In this work, we propose that light
experiences external influences as it passes through different media and that the cosmological redshift arises from the absorption
and re-emission of light in the intergalactic and interstellar medium. There are a number of alternatives for the origin of the
redshift. We assume that the redshift is caused in part by the absorption and re-emission of photons in the interstellar and
intergalactic medium, and modulate the passage of light through various media. We need further research to draw a definitive
conclusion on our supporting proposal, and we will develop our results in future work.
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DINAMIK SO‘NDIRGICH O‘RNATILGAN BALKA KO‘NDALANG TEBRANISHLARINING USTIVORLIGI
Annotatsiya

Dinamik so‘ndirgich o‘rnatilgan balka ko‘ndalang tebranishlarining ustivorligi. Balka va unga o‘rnatilgan dinamik

so‘ndirgichdan iborat mexanik sistemaning kinematik qo‘zg‘atishlardagi tebranishlari ustivorligi masalasi garalgan.Sistemaning

ustivorlik shartlari topilgan.

Kalit so‘zlar: tebranishlardan himoyalanuvchi sistema, tebranishlar, ustivorlik, tebranishlar dekrementi, elastik dissipativ

xarakteristika.

MPAOPUTET MOMEPEYHBLIX KOJEBAHUI MOJIOTA C IMHAMAYECKHAM JEMII®EPOM
AHHOTanUs
VYcrolunBoCT Gaku ¢ AMHAMUYECKUM TacuTelieM Koiebanuii. PaccmaTpuBaeTtcs 3aja4a yCTOHYMBOCTH MEXaHHIECKOH CUCTEMBI,
cocrosimiel M3 OalKM W IUHAMHYECKOTO TacHTels KojleOaHWH IpH KUHEeMaTHYecKUX Bo3xeiicTBusX. HaiineHsl ycrmoBus
YCTOHYMBOCTH CUCTEMBI.
KnioueBble ciioBa: BHOpoO3amMTHAs CHUCTeMa, KOleOaHMsS, YCTOMYMBOCT, AEKPEMEHT KoleOaHUH, yHmpyroauCCHIIATHBHAS
XapaKTePHUCTHKA.

PRIORITY OF TRANSVERSE VIBRATION OF THE BEAM WHEN INSTALLING A DYNAMIC DAMPER
Annotation

Stability of bar with dynamic absorber of oscillations. It was tinned the problem of bar stability with dynamic absorber on

kinematic influences. It was found conditions of the system stability.

Keywords: vibroprotection system, oscillations, stability, vibration decrement, elastic-dissipate characteristics.

Kirish. Strukturaviy muhandislik sohasida, aynigsa, yuqori aniglik va chidamlilikni talab giladigan tizimlarda
tebranishlarni nazorat qilish juda muhim masala. Turli tuzilmalarning asosiy komponentlari bo‘lgan nurlar, ularning nozik tabiati
va yuk ko‘taruvchi ilovalarda keng qo‘llanilishi tufayli tebranish buzilishlariga aynigsa sezgir. Nurlar boshdan kechirishi mumkin
bo‘lgan turli xil tebranish usullari orasida ko‘ndalang tebranishlar - nur uzunligiga perpendikulyar bo‘lganlar - aynigsa zararli
hisoblanadi. Ushbu tebranishlar stress konsentratsiyasining oshishi, tizimli charchoq va hatto ekstremal holatlarda halokatli
nosozlik kabi muhim muammolarga olib kelishi mumkin.

Ushbu muammolarni hal gilish uchun dinamik amortizatorlar odatda kiruvchi tebranishlarni kamaytirishning samarali
vositasi sifatida qo‘llaniladi. Ushbu qurilmalar tebranish energiyasini tarqatadigan va shu bilan tebranishlar amplitudasini
kamaytiradigan garshi kuchni kiritish orgali ishlaydi. Biroq, dinamik damperning samaradorligi ko‘p jihatdan uning muayyan
tebranish rejimlarini nishonga olish qobiliyatiga bog‘liq. Nurlar bo‘ylama, buralish va ko‘ndalang tebranishlarni boshdan
kechirishi mumkin bo‘lsa-da, ko‘pincha ko‘ndalang tebranishlar jiddiy struktura buzilishiga olib kelishi mumkinligi sababli
ko‘pincha e’tiborni talab giladi.

Ushbu magqola nurlarga dinamik amortizatorlarni o‘rnatishda ko‘ndalang tebranishlarning ustuvorligiga qaratilgan.
Transvers tebranishlarni boshqarish muhimligini ta’kidlab, biz asosiy mexanikani har tomonlama tushunishni va turli
muhandislik ilovalarida dinamik amortizatorlarning ishlashini optimallashtirish bo‘yicha amaliy ko‘rsatmalarni taklif gilishni
magsad gilganmiz. Nurlarning dinamik xarakteristikalari va damping mexanizmlari o‘rtasidagi o‘zaro ta’sir o‘rganilib,
tebranishlarni samarali boshqarish uchun hisobga olinishi kerak bo‘lgan muhim parametrlarni ta’kidlaydi. Nazariy tahlil va
amaliy tadqiqotlar orgali ushbu magqola nurga asoslangan tizimlarning strukturaviy yaxlitligi va uzoq umrini ta’minlash uchun
ko‘ndalang tebranishlarga ustunlik berish zarurligini ko‘rsatadi.

Ichki nomukammallikka ega tagsimlangan parametrli mexanik sistemalar dinamikasini tadqgiq etish masalasi sistema
harakat differensial tenglamalarining murakkab tuzilishga egaligi sababli yechilishi murakkab bo‘lgan masalalardan hisoblanadi.
Bu tipdagi masalalarning yechilishi maxsus metodlarni qo‘llashni talab etadi [1]. da gisterezis elastik dissipativlik xususiyatlari
e’tiborga olingan holda dinamik so‘ndirgich o‘rnatilgan balkaning harakat differensial tenglamalari tuzilgan va tebranish
tenglamalari uzatish funksiyalari ko‘rinishida olingan. Ushbu ishda bu yechimlarning ustivorligi masalasi garaladi.

Sistema harakat differensial tenglamalari quyidagicha:

- 553 -



mailto:pabdutolib@gmail.com

O‘zMU xabarlari Bectnuk HYY3 ACTA NUUz | FIZIKA | 3/2 2024

. a w24 o2 [o°w 1)
EJ[1+C.(—7, +irn, +hs +”72)8X2 |:6X 2dz:|+
o2 - 7w,
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bundaE-balka elastiklik moduli; J-balka kesimining inersiya momenti; f (fm ) va f (é’ o ) — tebranishlar dekrementi bo‘lib,
éjOT va QVOT nishiy deformatsiyalarning funksiyalari:

f(£,)=Cé, +CoE2 +..+C EL; f(¢,)=D¢, +D, % +..+D.C%, @

n,n,, 91, 92 — o‘zgarmas koeffitsientlar.
Sistema uchun quyidagi uzatish funksiyalari olingan [1]:

(A ) =0 = Tal Wo fd, 0% —n? (- 6,Q Xz, u, +d, ) +[6.,Qn% (aru, +d ) 5

@(C:a) ‘é’ ‘_ {[(1 d.u )a)z_pZ(l_an)] [772p R] }1/2

bunda

A

A=[o® = p*@+ (-7, +in, R0 —n* @1+ (-0, +i0, Q)]

- n2(1+(_ 01 + iez)Q)/u,ukuga)z'

‘ dy .
bunda ff = —; U, =—, mc — balka massasi; dk = —1k, pk — energiya tarqalishi e’tiborga olinmagan
mC d2k 2k
holdagi xususiy chastota;
f * , 3E3 h'
d, = [u.dx; — fuzdx; R=C, + =+ 3" qL, i3 O
0 0 mc pk i=1 2 ( )
< 0% [ o®u, |o®u .
D, + f G | jdx
Q (501‘ ) ki _([ ( ax axz J

Olingan yechimlarning ustivorligini tekshiramiz. Bunda 2 ta xususiy hollarni qarab o‘tamiz: 1) balkaning elastiklik
xarakteristikasi chizigli bo‘lgan hol — R = CONSt va n,= 0, 2) dinamik so‘ndirgich elastik xarakteristikasi chiziqli

bo‘lgan holfQ — const V@ @, =0~

(3) tenglamalar bilan aniqlanuvchi egri chiziglar chiziglimas mexanik sistemalarning o‘ziga xos jihati — tebranishlar
amplitudasining chastotaga bog‘ligligi sababli ma’lum shartlar bajarilganda argument (w) bo‘yicha bir qiymatli aniqlanmasligi
mumkin. Tebranishlar chastotasining bu giymatlariga mos soha garalayotgan mexanik sistema (3) yechimi uchun noustivorlik

d@(q ka ) n

dw
topamiz. Oshkormas funksiyalarning bir qiymatli bo‘lishligining Lagranj teoremasiga asosan, ushbu hosila chekli qiymatlarga
ega bo‘lishlik shartlarini topamiz.
Hisoblashlarni bajarib, gqaralayotgan sistema uchun ustivorlik oraliglarini aniglash imkonini beruvchi quyidagi
munosabatlarni olamiz:
birinchi hol uchun

a)4 —a)z(nz(1+lulukuj)+ plf(l_an))_'_ plf(l_an)nz =

sohasi bo‘ladi. Ushbu sohani topish uchun (3) tenglamalarning har biridan to‘liq differensiallarni hisoblab,

(6)
= /81,2 [(l+ﬂ#ku§ )602 - pf(l—an)]nz

bunda

p.. = 2 0.Q+ @)= [67¢7Q7—aQQe Y o7 | 9

ikkinchi hol uchun
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[ZA{zmg;qkijJ . [maqu] _ayrr2RA)| o

K aQK aqk
bunda
A:(a)z - pz)(a)z _n2(1_91Q))_nz(l_ng)/'l/’lkuoza)z;

B=p (o’ —nQ—0,Q))

Olingan (6) — (8) tengliklar biror hagigiy  larda bajarilsa, (3) bilan aniglanuvchi egri chiziq (oshkormas funksiya)
argumentning bu giymatlarida chekli hosilaga ega bo‘lmasligini va oshkormas funksiya bir qiymatli bo‘lmasligini ifodalaydi.
Demak, bu tengliklarni sistema ustivorlik oraliglarini topish ifodalari hisoblanadi.

(8) tenglikni mcga ko‘paytirib, mning o‘rniga nol qo‘ysak (dinamik so‘ndirgichsiz) balkaning chiziqlimas
tebranishlarining ustivorlik shartlarini hosil gilamiz.

2 2 2 aR 2 2 2 2
(0? — p? — P?77,R)’ —a, — p?n(w? — p? — p?77,R)+ ©)

oq,
OR
+ p*7Z| R+ =0
pﬂz[ ad. aqkj

Xuddi shunga o‘xshash munosabat [2] da olingan natijalarga mos keladi.

Xulosa. Nurlardagi ko'ndalang tebranishlarni nazorat gilish turli muhandislik dasturlarida strukturaning yaxlitligi va
ishlashini saglashning muhim jihati hisoblanadi. Ushbu tadgigot dinamik amortizatorlarni o'rnatishda ko'ndalang tebranishlarga
ustunlik berish muhimligini ta'kidladi, chunki bu tebranishlar ko'pincha struktura bargarorligi uchun eng katta xavf tug'diradi.
Nazariy tahlil va amaliy misollar orgali tebranishlarni samarali boshqgarishga dinamik amortizatorlarni nurning o‘ziga xos
ko‘ndalang rejimlariga ehtiyotkorlik bilan sozlash orqali erishish mumkinligi ko‘rsatildi.

Ko'ndalang tebranishlarni muvaffagiyatli yumshatish nafagat tuzilmalarning uzoq umrini va xavfsizligini oshiradi, balki
stress kontsentratsiyasini kamaytirish va yuzaga kelishi mumkin bo'lgan nosozliklarning oldini olish orgali ularning ishlash
samaradorligini oshiradi. Muhokama qilingan strategiyalar, jumladan, chastotalarni moslashtirish, amortizatorlarni optimal
joylashtirish va damping koeffitsientlarini to'g'ri tanlash, dinamik amortizatorlarning samaradorligini maksimal darajada oshirish
uchun muhimdir.

Ushbu sohadagi kelajakdagi yutuglar o'zgaruvchan tebranish sharoitlarini real vagt rejimida sozlash, nurlarda
tebranishlarni boshgarishning anigligi va samaradorligini yanada oshirishga qodir bo'lgan adaptiv damping tizimlarini ishlab
chigishni o'z ichiga olishi mumkin. Oxir ogibat, ko'ndalang tebranishlarni boshgarishga ustunlik berish orgali muhandislar
tuzilmalarning ishlash muddati davomida mustahkam, ishonchli va xavfsiz bo'lishini ta'minlashi mumkin.

ADABIYOTLAR

1. Jycmaro O.M. HccnenoBanue momnepedHbIx KoneOaHul cTep kHS ¢ TUHaMuueckuM racutenem/ Kues. — 1987.-11c.-Pyc.-
Jen. B YxpHUMHTU. 11.05.87, Ne1431-Yk87.

2. PopkkoB JLM. O cTaTCHOHApHBIX MONEPEYHBIX KOJNEOAHMAX CTEPIKHS C THMCTEPE3UCHBIM paccestHueM sHepruu.// [Ipoour.
npouynoctH. Ne4. 1987. — c. 102-105.

3. Tlucapenko I'.C. O6o0OuieHHas HenMHeWHas MOJIeN y4eTa paccessHus SHepruu npu konebanusx. — Kues: HaykoBo nymka,
1985. - 240 c.

4. bypanoB X., PaxmonoB A. [IlomepeuHsie KoneOaHUS yINPYroro CTEPXKHSA C JUHAMHYECKHM TacHTENIeM
Kosebanuit//CoBpeMeHHBIE MPOOJIEMbl MEXaHHKH TPYHTOB Ba CIIOKHBIX PEOTOJIOTHUECKHX CHCTEM. Marepuaisl Mex[.
Hay4YHO-TeXHHUYeCcKOi koHppeHcnu. Camapkann-2013. 123-125 c.

- 555 -




O‘ZBEKISTON MILLIY
UNIVERSITETI
XABARLARI, 2024, [3/1/1]
ISSN 2181-7324

FIZIKA
http://journals.nuu.uz

Natural sciences

UDK: 621.315.592
Rustamjon RAHIMOV,
Namangan Institute of Engineering and Technology, PhD
Ulughek ERKABOEV,
Namangan Institute of Engineering and Technology, DSc professor
Dilshodbek ERKABOEV,
Fergana Polytechnic Institute, master
E-mail: rgrakhimov@gmail.com

Based on the review of Doctor of Physical and Mathematical Sciences, Professor of NamICI M. G. Dadamirzaev

CALCULATION OF OSCILLATIONS OF THE DENSITY OF ENERGY STATES IN TWO-DIMENSIONAL
MATERIALS IN THE PRESENCE OF A LONGITUDINAL AND TRANSVERSE STRONG MAGNETIC FIELD
Annotation

In this article, we investigated the effect of temperature and a quantizing magnetic field on oscillations of the density of energy
states in the conduction band of nanoscale semiconductor structures. A new mathematical model has been developed for
calculating the temperature dependence of the oscillations of the density of states in a rectangular quantum well under the
influence of a transverse quantizing magnetic field.

Key words: semiconductor, nanoscale semiconductor structures, quantizing magnetic field, quantum well, oscillation, density of
energy states.

PACYET OCHUJLIALANA IJIOTHOCTHU SHEPTETUYECKUX COCTOSHUM B IBYMEPHBIX MATEPUAJIAX
TP HAJIMYUU ITPOJOJIBHOI'O U MIOITIEPEYHOI'O CUJIBHOI'O MAT'HUTHOI'O I1O0JISA
AnHOTaLUA
B oroii cTaThe MBI HCCIENOBANM BIHMSHUE TEMIEPaTyphl M KBAaHTYIOIIETO MAarHUTHOTO IIOJIT Ha KOJeOaHWs IUIOTHOCTH
SHEPreTHYECKUX COCTOSIHMHM B 30HE IPOBOAMMOCTH HaHOPa3MEpHBIX IOJYNPOBOAHMKOBBIX CTPYKTyp. Pa3paborana HoBas
MaTeMaTh4eckass MOJENb JJII pacdyeTa TeMIIEpaTypHOW 3aBUCHMOCTH KOJIEOaHHH IUIOTHOCTH COCTOSHHHA B MPSMOYTOJBHON

KBaHTOBOH sIM€ O] BO3JIEHCTBHEM ITONIEPEIHOTO KBAHTYIOMIETO MarHUTHOTO TIOJIS.
KnroueBble cjI0Ba: TONYNPOBOJHMK, HAHOpPa3MEPHBIE IOIYNPOBOIHUKOBBIE CTPYKTYPHI, KBAHTYIOIIEE MAarHNTHOE IOJE,
KBAHTOBASI M, OCIMJUISANNS, INIOTHOCTh SHEPTETHIECKIX COCTOSTHUH.

BO‘YLAMA VA KO*‘NDALANG KUCHLI MAGNIT MAYDON TA’SIRIDAGI IKKI O‘LCHOVLI
MATERIALLARDA ENERGETIK HOLATLARI ZICHLIGI OSSILLYATSIYALARINI HISOBLASH
Annotatsiya
Ushbu maqolada kichik o‘lchovli yarimo‘tkazgichli tuzilmalarning o‘tkazuvchanlik zonasidagi energiya holatlari zichligi
ossillyatsiyalariga harorat va kvantlovchi magnit maydonning ta’sirini o‘rganilgan. Ko‘ndalang kvantlovchi magnit maydon
ta’sirida to‘g‘ri burchakli kvant o‘rasidagi holatlar zichligi ossillyatsiyalarining haroratga bog‘ligligini hisoblash uchun yangi

matematik model ishlab chigilgan.
Kalit so‘zlar: yarimo‘tkazgich, kichik o‘lchovli yarimo‘tkazgichli tuzilmalar, kvantlovchi magnit maydon, kvant o‘ra,
ossillyatsiya, energetik holatlar zichligi.

Introduction. Currently, the interest in applied and fundamental research in the field of condensed matter physics has
shifted from bulk materials to nanoscale semiconductor structures. Of particular interest are the properties of the energy spectrum
of charge carriers in low-dimensional semiconductor structures exposed to a quantizing magnetic field. Quantization of the
energy levels of free electrons and holes in a quantizing magnetic field leads to a significant change in the form of oscillations of
the density of energy states in two-dimensional semiconductor structures.

In particular, in works [1-3], calculations of the density of states of Landau levels in two-dimensional electron gases, with
a uniform perpendicular magnetic field and with a random field of arbitrary correlation are considered. A semiclassical
nonperturbative approach of path integrals is developed for a random field of arbitrary correlation, and this provides an analytical
solution for the density of states of Landau levels. The deviation of the density of states from the Gaussian form increases with
decreasing correlation length and weakening the magnetic field [1-3.]

Model. According to the band theory of a solid, the wave function of a free electron, in the presence of an external field,
is a solution of the stationary Schrodinger equation with a parabolic dispersion law [4-9]:

B2
o VAV (r) py(r) = Ep(r) ()

Here, V(r) is the energy of free electrons in the presence of an external field, E is the energy of charge carriers in the

absence of an external field, W(r) is the wave function. The dependence of the quantizing magnetic field on the wave function
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of electrons and the energy spectra of charge carriers in two-dimensional electron gases is determined using equation (1), in
which the momentum operator should be replaced by the generalized momentum operator in a quantizing magnetic field:

{2; (~inV —eAY’ +V(z)}y/(r) — Ey(r) @

Here, A is the vector potential of the induction of a strong magnetic field, [B = FO'[(A)] . To solve equation (2), the

direction of the vector B is chosen in two different ways. In the first case, this vector will be directed along the plane of the two-
dimensional layer (along the X-axis) and perpendicular to the Z-axis. For a longitudinal quantizing magnetic field, vector

potential A can be chosen in the form of A= (0,—Bz, 0)_ Vicim from the Schrédinger equation (2), for a deep rectangular

quantum well, takes the following form:

1 .
l//klm(r):ﬁexp(lkLrl)q)n(Z_ZO) ®)
Then it can be solved by the method of separation of variables, using the function from work [4]. This function describes

localized motion in the YZ plane and the state of motion of a free electron along the X axis. In equation (3), the ¢, (Z — ZO)
function is responsible for localized motion. Then the solution to equation (3) will be as follows:

n? d? 1.
{_ _+V(Z)+§m C()CZ(Z—ZO)Z}(Dn(Z—ZO) = En(/)n(z_zo) (4)

2m” dz?
hk e
Here, Z, = ——By, @, = — . Equation (4) is called the equation of a quantum harmonic oscillator, the motion of
5]

which is additionally limited by a quantum well, and En is a discrete level.
In a quantizing magnetic field, if the width of the quantum well increases, the energy spectrum of free electrons will

’ h
increase. That is, a >> A = —B . Here, a is the width of the quantum well, A is the magnetic length, which is equal in
e

magnitude to the radius of the characteristic orbit of an electron in a quantizing magnetic field. Hence, the discrete energy levels
En will be equal to the energies of the harmonic quantum oscillator:

E, =ha)c(N +%j, N=0123.. ()

According to equation (2), the velocity and momentum of charge carriers in the direction of the quantizing magnetic field
can take any values. In other words, the motion of free electrons and holes in the direction of the XY plane (i.e., along the X axis)
is not quantized. Hence, the total energy of free electrons in two-dimensional electron gases in the presence of a magnetic field
directed along the X axis is determined by the following expression:

2,2
E, =ho, (N +%)+ hzkx (6)
m

1
Where, 7icw.| N + = | is the energy of motion of a free electron in the YZ plane, these energies are called discrete
¢ 2

21,2
- X
2m
field, due to the quantization of the orbital motion of charge carriers in the YZ plane, the allowed energy zone is split into one-
dimensional magnetic subbands, that is, into discrete Landau levels.

In three-dimensional and two-dimensional electron gases, a change in the energy spectrum of charge carriers leads to a
change in the oscillations of the density of states in a quantizing magnetic field. In works [10-11], an analytical expression is
derived for the oscillations of the density of states in three-dimensional electron gases in the presence of a quantizing magnetic
field with a non-parabolic dispersion law. There, the temperature dependence of the oscillations of the density of energy states
with a transverse strong magnetic field was discussed.

Now, let us first calculate the oscillations of the density of energy states in two-dimensional electron gases in the
presence of a longitudinal strong magnetic field. When the width of the quantum well becomes comparable to the de Broglie

Landau levels. is the energy of continuous motion along the X axis. Thus, in the presence of a longitudinal magnetic

wavelength, in two-dimensional semiconductor materials, then quantization occurs. That is, LZ X /1D and LY >> LZ . Hence,
in the YZ plane, the cyclotron mass is calculated by the expression:

m, = Bk, (N
27 oE
For a parabolic dispersion law, the effective cyclotron mass will be constant. The energy in the interval between the two

Landau levels is AE = ha)c. Hence, for a two-dimensional semiconductor material, we find the difference in the section length
of two isoenergy surfaces:
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AL, = Z”Tmhw ®)

The number of states for quantization, in the presence of a longitudinal quantizing magnetic field, in the YZ plane, due to

the cyclic conditions, is equal to Z_Y In expression (8), the number of states between two quantum orbits is:

L, 2zm L,
— AL, =—— o =M 9
e .y ©)
From formula (6) we find kx
om)2 1 1/2
Ky :%[EN —ha)c(N +ED (10)

In the presence of a longitudinal strong magnetic field, the movement of charge carriers along the X axis is not quantized
in kx and takes the following form:

ky = 2—7[ Ny (11)
LX

1
With the help formulas (10) and (11), in the energy range from ha)C (N + EJ to E, it is possible to determine the

number of states along the X axis:

L 2 1/2 1/2
Ny :&(EN —ha)c(N +%D (12)

27h

Using formulas (9) and (12), in the presence of a longitudinal magnetic field and for a rectangular quantum well, we
obtain the total number of quantum states by the following expression:

L m 3/2 N 1/2
Ni%E,H):Mch[EN —ha)C(N +%D (13)

1/2 2
27 rh oo

Differentiate expression (13) with respect to energy E per unit area (LxLv=1) and define N:‘i (E,H):

(m)3/2 Nia 1
N (EH) = 57— ho, Y (14)

SX ! - 21/272'712 ~ 1 1/2
EN _ha)c (N +2j

This formula is called the density of energy states, in two-dimensional electron gases (that is, in a rectangular quantum
well), in the presence of a longitudinal quantizing magnetic field. This formula is analogous to the quantum thread equation
(Fig.1). Obviously, with a longitudinal quantizing magnetic field, in a two-dimensional electron gas, the energies of free
electrons in the YZ plane can take only some fixed values, but the electron energy along the X axis remains free (not quantized).
Formula (14), at H—O0, turns into work [19]:

N2 (E) = —
7h

This formula describes the density of energy states in two-dimensional electron gases in the absence of a magnetic field
(Fig.1). In conclusion, we note that the main feature of the oscillation of the density of energy states for a two-dimensional
electron gas, in the presence of a longitudinal strong magnetic field, is that it does not depend on the width of the quantum well
or the size of the size quantization and is determined only by the magnitude of the magnetic field induction and energy. And also
the densities of states oscillate only in accordance with changes in the longitudinal

1
e s

(15)

RPN

T

14812

1.2E12 2z

1E12

8E11

BE11

A4E11

2E11

=, ot

Fig. 1. Dependence of the density of‘ energy sfates on fhe energy of charge carrieré in two-dimensional electron gases in
the presence and in the absence of a longitudinal quantizing magnetic field.
1. B =0, calculated by the formula (15) [9];
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2.B =10T, calculated by the formula (14)
Conclusion. Based on the study, the following conclusions can be drawn: Analytical expressions for the oscillations of

the density of states in two-dimensional electron gases in the presence of longitudinal and transverse quantizing magnetic fields
with a parabolic dispersion law are derived. A new mathematical model has been developed to determine the temperature
dependence of the oscillations of the density of energy states in two-dimensional semiconductor materials when exposed to a
transverse quantizing magnetic field. It is shown that with increasing temperature, discrete Landau levels are smoothed out due to
thermal smearing and no oscillations of the energy density of states are observed in two-dimensional electron gases. Using the
proposed model, graphs of the effect of the thickness of the quantum well on the oscillations of the density of states in the
presence of a quantizing magnetic field were created.

1.

®

10.

11.
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TRANSFER OF CHARGE CARRIERS IN HETEROGENEOUS MATERIALS CONTAINING ELECTRICALLY
CONDUCTING NANOPARTICLES
Annotation

Based on a comparison and analysis of the conductivity of pyropolymers, as well as ceramics and polymers containing nickel
nanoparticles, it is concluded that the formation of such heterogeneous materials, to a first approximation, can be represented as a
process of filling a dielectric with nanodispersed “metallic” particles - similar to doped compensated semiconductors. The results
obtained were explained based on the concepts of the spatial-structural hierarchical model proposed by Balberg et al. for
heterogeneous materials.

Key words: pyropolymer, polyacrylonitrile, n-electrons, percolation threshold, semiconductor.

INEPEHOC HOCHUTEJIEN 3APSIIA B TETEPOT'EHHBIX MATEPHUAJIAX COJEPKAILIIUX
SJIEKTPONIPOBOSAIIIUME HAHOUYACTHULbI
AHHOTALUSA

Ha ocHOBe cpaBHEHUS U aHaJM3a MPOBOIUMOCTH THPOIIOIUMEPOB, a TAKKE KEPAMUKHU U TTOJUMEPOB COIACPIKAIINX HAHOYACTUIIBI
HUKeNs, 3aKII0YeHO, 9TO (HOPMHUPOBAHHE TAaKUX TE€TEPOTCHHBIX MATEPHUAIOB B TIEPBOM INPHOIMKEHHHA MOXKHO TPEICTABHTH B
BUJIC TPOIleCCa HATMOJHEHHS TUAJICKTPUKA HAHOIUCICPCHBIMA «METAJUTMYCCKUMI» YaCTHIAMH — IMOJ00HO JIETMPOBAHHBIM
KOMITCHCHPOBAHHBIM MOJYIPOBOAHUKAM. [ToydeHHbIe pe3ybTaThl ObLTH 0OBSICHEHBI HA OCHOBE MOHITHI MPOCTPAHCTBEHHO -
CTPYKTYPHOH HepapXu4ecKoi Moaenu npeanoxenHoii Balberg u ap. s rereporeHHbIX MaTepUanos.

KiioueBble ci10Ba: muponoarumep, MOJTUaKpHUIOHUTPHII, T-3JIEKTPOHBI, TOPOT MEPKOJISLIUH, TOTYIPOBOAHUK.

ELEKTR O‘TKAZUVCHAN NANOZARRALARI BO‘LGAN GETEROGEN MATERIALLARDA ZARYAD
TASHUVCHILARNING KO‘CHISHI
Annotatsiya

Piropolimerlar, shuningdek, nikel nanozarrachalari bo'lgan keramika va polimerlarning o'tkazuvchanligini tagqoslash va tahlil
qilish asosida bunday geterogen materiallarning hosil bo'lishini birinchi yaginlashuvda dielektrikni nanodispers bilan to'ldirilgan
"Metall" zarralar - qo'shilgan kompensatsiyalangan yarimo'tkazgichlarga o'xshash degan xulosaga kelindi. Olingan natijalar
geterogen materiallar uchun Balberg va boshgalar tomonidan taklif gilingan fazoviy-strukturali ierarxik model tushunchalari
asosida tushuntirildi.

Kalit so'zlar: piropolimer, poliakrilonitril, 7 - elektronlar, perkolyatsiya chegarasi, yarimo'tkazgich.

BBenenne. I'ereporeHHble MaTepuaibl, COAEpKallle HAHOYACTHUIIBI, C MPOBOJIIMMHI CBOMCTBAMH HMMEIOT OOJBIIOI
MPUKIIAJHON TOTEHINAN, YTO CTUMYINPYET N3ydeHHe IepeHoca HOCUTENeH 3apsiia B TAKIX CHCTeMaXx.

Ilenpto fnaHHOW pabOTHI SIBISETCS CpaBHEHWE W aAHAINM3 MOJYYCHHBIX pE3yJNbTaTOB MO  HCCIEIOBaHHUIO
ANEKTPONPOBOHOCTH T'€TEPOTeHHBIX MAaTePHaIOB Ha OCHOBE OPTaHUYECKUX MPOBOSALINX MHPOMOIMMEPOB, 8 TAKXKE KEPAMUKH U
HOJIMMEPOB COJEPIKAILMX HAHOYACTHUIIBI METAJIJIOB, JUIA BBIACHEHUS MEXaHU3Ma [IepeHoca HOCUTENIeH 3apsaa B HUX.

JlutepatypHbiii 0630p. B pabore [1.2] mokasaHo, 4TO MHPOMOIUMEPBI-THITHYHBIM MIPEICTABUTEIEM KOTOPBIX SBIISIETCSI
TepMoobpaboTaHHble TpoaykThl noiuakpuinonutpuia ([TAH), npm Hu3kux Temmeparypax tepmoodpobotku (T;) < 200°C
ABJISIETCS AUDIIEKTPUKOM, a ipu Ty = 200°C npuoOpeTaeT MoIylpoBOJHUKOBBIE CBOHCTBA. OTBETCTBEHHBIMHU 3a 3JIEKTPUUYECKUE
CBOWCTBa MONMyHnpoBoAHUKOBOTO [IAH sBNstOTCS 007acTH TMONMHMCONpPSDKEHHs, TNosBisomuecs mpu Ty = 200°C. Onu
IPENOCTABIIIOT c000it Gosiee MIOTHBIE 0 CPABHEHHUIO C MCXOAHBIM ITOJMMEPOM XOPOILO MIPOBOANIME 00pa30BaHUs JIMHEHHBIM
pasmepoM ~ 5 —10nm, B KOTOPHIX HOCHTEISIMH 3apsia SBISIOTCS 7T — ODICKTPOHBI ABOMHBIX CBs3ed, MOMOOHO Kak B
OpPTaHMYECKHUX INPOBOAAIIMX IIOJMMeEpax, K NPHMepy MOJIHAHWIMHE WM IIOJHUIUppoiie. MeHee IUIOTHBIE W TIOTOMY Oolee
MIMPOKO30HHBIE TIPOMEXYTKU MEXy 00JacTSIMU COTPSDKEHUS MIPEICTABIIIOT CO00H MOTeHINAIbHbIE Gapbhephl JUIs SIIEKTPOHOB.
dopmupoBaHHE MUPONOIMMEPOB MOXKHO MPEJICTaBUTh B BHAE IpOIEcca HANOJIHEHUS IMAJICKTPHKA HAaHOIMCIIEPCHBIMU
«METAJUTNYECKAMMY» YaCTUIIAMH — O0JIACTSIMH MOJTACOTPSDKCHUSL.

- 560 -



mailto:dostonsaidkulov@gmail.com
mailto:sherkamilov19@gmail.com

O‘zMU xabarlari Bectnuk HYY3 ACTA NUUz | FIZIKA | 3/2 2024

Metonosiorust ucciaenoBanusi. Tepmoodpaboranusiii npoaykr [TAH, npu 200° < T, < 600° C, korna o6seM obnacteit
HOJIUCOTIPSDKEHUS yBEJIMUUBaeTCsl (prc.1) 3a cUeT yBeNMUEHHMS HX KOJIIMUYECTBa, moynpoBoaaukoBsiii [IAH npencrasiser coboit
3NEKTPOHHO-HEOJHOPOAHYI0 cucteMy. IIpu Ty = 600° C mpoucxoaut pocT u o0beAnHEHHE 00IacTeil COnpsHKeHNs, B pe3ybTaTe
Yero MUPONOJIUMED NPEACTAaBIIeT co00i yke oaHodasHyro cucTeMy, 00pa30BaHHYI0 OECKOHEYHBIM KIIacTepoM M3 obiacteit
HOJIUCONPSIKEHHUS.

Hamu, MeTOIOM TepMHYECKOTO pasjioxeHHs (opMuaTa METauioB, ObUIM MOJYYCHBl TE€TEPOrCHHBIC MaTepHallbl,
MPEeACTaBIAIOMUE COO0 MeTayuicoep Kallie HAaHOYACTHUIIBI, CTAaOWIN3MpOBaHHBIE B 00BbEMEe MaTpHIl U3 KepaMuk (puc.2) u
noauMepoB (puc.3), HCCIEIOBaHBl 3aBUCHMOCTH HX 3JIEKTPONPOBOJHOCTH (0) OT OOBEMHOTO COJEp)KaHHS HAHOYACTHI
metamnos (V) [3-6].

AHamm3 M pe3yiabTaTbl. COIMIACHO MEPKOJSLMOHHON TEOPUH MPOBOAMUMOCTD S CHCTEM, COACPIKAIUX METAIUIHYESCKHE
YaCTHULIBI, PACTIPE/ICICHHBIX CIy4aiiHBIM 00pa3oM B AMAJIEKTPHUYECKOM MaTpuile, UCIob3ys rpannyssle yciaosust (V; = 0u 'V, =
1), omuceIBaeTCs CIEAYIOIMMH (HOPMYTaMHu:
o0n) =0 (52) " mpuvi <v, @

[
o) =0, (Vy =V)/ (A = V)t mpuVy >V, (3)

3l1eCh 0y - MPOBOAMMOCTh METAJUIMUECKUX YacTHIl; O, - MPOBOJUMOCTh JUIIEKTPHIECKONH MATpHIBl; V, - KpuTHUeCKas
KOHIIEHTpanus (IIopor NpoTeKaHHs), IPX KOTOPOH BIepBhle oOpa3yercst OeckoHeuHbli kinactep (BK) u3 wactun HamoxHuTeNS; t
U ¢ - IapaMeTpbl, Ha3bIBAEMbIC KPUTHYCCKIMH HHACKCAMH.

,Z[J'IS[ H3y4acMbIX IHUPONOJIUMMEPOB VC ObLaa OIIpeaCiIC€Ha IpHU MOMOIIN I[I/I(bq)epeHHI/IpoBaHI/Iﬂ lgO' 1o Vl' KpI/ITI/IquKI/Iﬁ
Vi-V,

UHJIEKC t ObLIH TOJIYYEHBI U3 OKCIICPUMCHTAJILHBIX JaHHBIX, IPEACTABIIAA UX KaK rpa(bm( B KOOpAWHaTax lgO' - lg [11 VC]’ yroi
Ve

HaKIOHa rpaduka, ectb t. Bemuunna o, OblIa moiydeHa sKcTpanosinueii storo rpapuka k V3 = 1. Haiigeno, uto I, = 0,50
(T = 600°C)ut = 2,20

1 1 1 1 1
0.1 0.3 0.5 0.7 0.9 Vi

Puc. 1. CpaBHeHHE SKCIIEPUMEHTATBHBIX (TOYKH) U PACUCTHBIX (CIVIOIIHBbIE KPUBbIE) BEIMYMH MPOBOAUMOCTH KaK (DyHKITHH
00BEMHOTO COJIEPIKAHUS HAHOUCTIEPCHBIMU «METAINIECKUMI YacTHIaMU — o6s1acTsmu nonuconpsikerus (Vy). 1 — 0pae. 0
(1), 2 = Opac. M0 (2).

Kak BumHO 13 puc. 1 A M3ydaeMbIX MHPOIMOIMMEPOB COOTBETCTBHE MEKAY PACUETHBIMH M IKCICPUMEHTAIBLHBIMH
MaHHbIMU Habmromaercs mpu V; > V.. CinenoBarenbHO Uil MONMYyYSHHBIX MHPOIOIMMEPOB 3HaYeHHe |, HaMHOTrO Ooiblie, 4emM
TEOPUTUYECKOTO 3HaUeHHe ropora rnporekanus = 0,15.

VYCTaHOBJIEHO, YTO MEPKOJSIMOHHO-TIONO0HOE TOBEAGHHE G B IeTEPOreHHBIX MaTepHajax, NMPeACTaBIIoINe COO0MH
METaJUICO/IepIKalllie HAHOYACTHIIBI, CTAOWIIM3UPOBaHHbBIE B 00BEME MATPHILl U3 KepaMuK (puc.2) u moiaumepoB (puc.3), KoTopoe
HaOIOJaeTCs, KOTJla YaCTHIbl METaUIOB HMMEIOT pasMep 1 — 3 um (BBICOKOJHMCIIEPCHBIC YACTHUIIBI), CMEHSETCS APYTUM
MOBEJICHUEM, XapaKTCPU3YeMbIM JOTOJHHUTEILHBIM BKJIAJOM B O HIDKE MEPKOJSIIMOHHOTO MOPOra, KOTJa YaCTHIIbI HUKEIS
uMeroT pazmep ~ 10 nm (HaHOUYACTHUIIBI)

0
1
I 2
-4
=
S 3
c &
‘5 T
=]
v
06 08 1

Puc. 2. CpaBHeHHE 3KCIIEPUMEHTAIBHBIX (TOYKH) U PacUETHBIX (CIUIOIIHbIE KPUBbIE) BETHUUH IPOBOAUMOCTH KaK
¢byHKumn oobeMHoro coaepxkanus (V) HUKeNeBBIX YaCcTHI JUI KEPAMHYECKIX MAaTEePHaJoB, COAEPKAIINX HAHOYACTHIIBI
(3amosIHeHHBIE TOUKH, KpUBas 1) 1 MUKpoOIUCIIEpCHBIE YacTHL (TTycThle TOUKU. KpuBas 2). Ha BcTaBke nmoka3aHa KpuBast
3aBucuMocTH dLgo /dV ot V; (crimonrHast TMHUSA UT MaTePHAJIOB, COAEPKAMNX HAHOUACTHIIBI, IITPUXOBAs TMHUS JUTS

MaTepHajoB, COAEPKAIINX MUKPOIUCIIEPCHbIE YACTHIIBI)
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Puc. 3. CpaBHEHHE IKCIIEPUMEHTAIBHBIX (TOYKH) U TEOPETHIECKHX (CIUTOUIHBIE KPUBBIC) BEIMYHUH MPOBOANMOCTH Kak QYHKIIMI
obwemuoro foiist (V;) HUKENEBBIX YaCTHIL JUIsl OJIMMEPHBIX MaTepUasioB, COJACPIKAIIMX HAHOYACTHIIBI (3aMI0IHEHHBIC TOYKH,
KpuBas 1) 1 MUKPOJHCIIEPCHBIC YaCTHIIBI (ITyCThIe TOUYKH, KpuBas 2). Kpuas 3 Berunciena ¢ momortusio Gopmyan (1) u (2) npu
sHavernmax V, = 0,15;t = 1,6; ¢ =1; 05 = 1,2 -10720m™'m™; uo, = 1,6 1030m=tm™!

Haiineno, uro V. = 0,355; t = 2,21 ansd KepaMHYeCKOro Marepualia ¢ HaHOPa3MEPHBIMU YacTUI[AMU HUKEIS U V,
0,443; t = 1,81; g = 1,02 nns1 kepaMHUYECKOTO MaTepraia ¢ MUKPOJAUCIICPCHBIMH YacTUIIAaMU HUKels, a Takke V. = 0,105; t
2,2 U1 KOMIIO3UTa Ha OCHOBE ()CHWJIOHA C HAHOpPa3MEPHbIMU yacTuiamu Hukens u V, = 0,210; t = 1,78; q = 1,02 ans
KOMIIO3UTa C MUKPOJUCHEPCHBIMH YaCTHIIAMU HUKEIIS.

CymecTBOBaHHE TOPOTa MpU OOJNBIION KOHIEHTPAIMH, YeM MpeICKa3bIBaeMOH TeOpHUel MPOTEKAHUS B KEPAMHIECKUX U
MOJMMEPHBIX KOMIIO3UTaX, TOBOPHT, KaK MOKa3aHO W B [7], O BBICOKOI CTENEHH aCHMMETPHH MEXAY XapaKTepHBIMH
(hopmMaMu TpOBOAAIINX U HEMPOBOAAIMIKNX 0bnacTeil.

OTKJIOHEHHE SKCIEPHMEHTAIBHON 3aBUCHMOCTH 3JIEKTPOIPOBOJHOCTH MHPONOINMEPOB, a TAaKKe B KEPAMHYECKUX H
MOJMMEPHBIX KOMIOo3uTax npH V; < 1V, MOryT OBITH 0OBSICHEHBI Ha OCHOBE MPEUIOKEeHHON banb0epromM MoIesu eKTprIecKoi
npoBoauMOCcTH B Kommosutax [8]. CoriacHo 3TOH MOZENH, BCE METaJNIMYECKHE YaCTHIBI B KOMIIO3MUTaX, B KOTOPBIX
METaJUIMYECKUEe YacTUIBI CIy4ailHBIM 00pa3oM paclpeleNieHbl B JHMAJIEKTPUYECKOH MaTpulle, SBILIIOTCSA JJIEKTPHYSCKH
CBSI3aHHBIMH, U NIPOBOJANMOCTb STHX KOMIIO3UTOB OIPEIEIISICTCS KaK TYHHEIMPOBAHNEM HOCHUTEJEH 3apsiia MeXIy COCEIHUMU
YacTHI[AMH, TaK W TYHHEJIMPOBAHHEM MEXAY YacCTHUIAMH, HaXOMAIIMMHUCS Ha ynaueHuH. [lepKoisIMOHHOEe NOBeICHHE
HaOIIfoaeTcs, KOTAa BKIAJ TYHHEJIHPOBAaHUS MEXIy 4YacTHI[AMH, YAAICHHBIMH Jpyr OT Jpyra B MAaKpPOCKOIHYECKYIO
HPOBOJVMOCTD, SIBIIETCS HMPEHEOPEKUMO MaIBIM. JTO MMEeT MeCTo, Korna paauyc dactul (b) 3HaYMTENbHO NMPEBOCXOIUT
nmapamerp o0OJacTH TyHHENMpOBaHHMsS (WIM TapaMmeTp pacmaga TyHHenupoBanus) (d). B Tom cmyuae, korma b ~d,
TYHHEITUPOBAaHNE HOCHTENCH 3apsma MeXIy He COCEIHHMH YaCTHI[AMH BHOCHT BKJIAJ B MaKPOCKONHYECKYIO MPOBOJMMOCTD
Hapsily C TYHHEIHPOBAaHHEM MEXIYy COCETHHMH YacTHIAMH ¥ 3aBHCHMOCTh MAaKpPOCKOMHYECKOH IPOBOJUMOCTH OT
KOHIIEHTPAINH METAJIICOAePIKAIIX JaCTUI] OTJIMIAETCS OT TOH, KOTOPask JUKTYETCs KIIACCHIECKOH MEePKOIAIIOHHON TeopHeit.

B Kkepamu4eckux W HONMMEPHBIX KOMIIO3UTAaX, B KOTOPHIX HAOIIOJaeTcs BKJAJ B AJEKTPOIPOBOJHOCTH JAIOT
TYHHEIUPOBAaHHWE HOCHUTENSH 3apsiaa MeXay Ovpkaiiiie-coCelHUMH TakK W He Onmkaiile-coceIHUMU YacTHI[AMH, CYIIECTBYIOT
JIBa TIEPKOJIIUOHHBIX TTopora. OIUH U3 HUX HAOMIOZAeTCs MPU BBICOKUX 3HAUYEHMSIX V, OH M €CTh NMepKOJIHOHHBIN mopor V..
Jpyro#t mopor (IOMOTHUTEIBHBIA MEPKOMSIUOHHBIN V) HaOmromaeTcs mMpu HU3KUX 3HAUCHHSAX V, OH M €CTh KPHUTHYECKHUH
JI0JIeBOil 00BbEM METaJUIMYECKUX YacTHUIl, KOTOPBI HWHHIMHPYET IEepBbI OECKOHEUHBIH KiIacTep W3 TyHHEIbHO-CBS3aHHBIX
MPOBOJHUKOB. [I7Isl M3yd4aeMbIX KOMIIO3UTOB, COJEPIKALIMX HHKEJIeBble HaHOYACTHIBI, NMEPKOJIMOHHO-TYHHEIBHBIN MpoLecc
SIBICTCS IPUINHOM “HU3KOTO” TEPKOSIMUOHHOTO Topora V;, 9To U ONpenenseT IMOBEASHHE IEKTPOIPOBOJHOCTH B 00IaCTH
HIDKE KJIACCHYECKOTO MEPKOJIMOHHOTO II0pOTa. Beo ycranosneno, uto V.3 = 0,145 u t = 3,2 misg KepaMHYeCKUX
KoMIo3uToB U Vg = 0,05 u t = 3,0 11 HOMMMEpPHOTO KOMITO3UTA

3akaouenne. Ha ocHOBe cpaBHEHUs M aHaIHM3a MPOBOJMMOCTH IHPOINOJIMMEPOB, a TaKKe KEPaMHUKH M MOJIUMEPOB
COZIepIKAIINX HAHOYACTHIIBI HUKEIIS, 3aKIIF0UeHO, YTO (JOPMHUPOBaHHE TAKHX T'€TEPOreHHBIX MaTepPHAJIOB B IEPBOM NPHOIVIKESHUH
MO>KHO TIPEJICTaBUTh B BHAE NPOIIECCA HATIOIHEHHS ANAIEKTPUKA HAaHOJUCIIEPCHBIMU «METAITHISCKIMID) YaCTHI[AMHU — TTOJJOOHO
JIETHPOBAHHBIM KOMIIEHCHPOBAHHBIM MOIYIIPOBOIHUKAM.

B ommmume oT KOMmO3WIMH € HAHOMUCHEPCHBIMA METANIMYECKHMMH YacTHUIIAMH, B IHPOIOIMMEpaX XOpPOIIO
3NIEKTPONIPOBOASAIINE OOJACTH BO3HUKAIOT II0J JeHCTBHEM (HM3HIECKHX (DAKTOPOB B PE3ybTaTe CIOXKHBIX XHMHUYECKUX
npeBpameHHﬁ U HaXOIATCSA B XUMHUYECKH CBA3aHHOM COCTOSHHUHU C HENPOBOAAIIMMH YUYaCTKaMH. HOSTOMy CyHIECTBOBAHUEC
mopora TpH OONBIIOW KOHIEHTPAILMH, YeM MpeACKa3plBaeMON TeopHeld NpOTeKaHWs B MHPONOIHMepax, Tpedyer
JIOTIOJTHUTEIIBHBIC UCCIICA0BAHMSI.

[IpakTiyeckass 3HAYMMOCTH TOMYYSHHBIX HaMH pe3yJbTaTOB HCCIIEAOBAaHMH ONPEAENSETCS  BO3MOXHOCTHIO
HCIIOB30BaHMS Pa3pabOTaHHBIX T€TEPOTeHHBIX MAaTEPHANIOB COAEPIKAIINX HAHOUACTHUIEI B KAUECTBE JIEMEHTOB C OTHOCUTEIILHO
BBICOKHM U PETYIHPYEMBIM 3HAUCHHEM IMAJIIEKTPUIECKOH NMPOHMIIAEMOCTH, HEOOXOIUMOI JUIs SIEKTPOTEXHUKH M B Ka4eCTBE
npeoOpazoBaTesei TEIIOBOH YHEPTUH B IIEKTPHUECKYIO.
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KVANT O‘RALI GETEROSTRUKTURALI YARIMO‘TKAZGICHLARNING ELEKTR O‘TKAZUVCHANLIGI
OSSILYATSIYALARINI KUCHLI ELEKTROMAGNIT MAYDON VA HARORATGA BOG‘LIQLIGINI
MODELLASHTIRISH
Annotatsiya
Ushbu ishda kvant o‘rali yarimo'tkazgichli strukturalarni o'rganishga qiziqish uni kichik o'lchamli diapazonda ishlaydigan
nanotexnologik ashoblar sifatida, shuningdek, turli xil spintronik qurilmalarda go'llash imkoniyati bilan belgilanmogda. Olimlar
tomonidan ushbu kvant o‘lchamli strukturalarning katta e’tibor bilan o‘rganishiga asosiy sabab, bunday materiallarning fizik
xususiyatlari bir qator qiziqarli ilmiy jarayonlarga ega bo‘lib, bu jarayonlarning turli xil tashqi omillar ta’sirida tubdan

o‘zgarishlarini to‘liqroq tushunishga imkon beradi.
Kalit so‘zlar: Geterostruktura, nanoo‘lcham, kvant o‘ra, holatlar zichligi, holatlar zichligi, ossillyatsiya, nanoo‘lcham, magnit
maydon, ikki o‘lchamli, yarimo‘tkazgichlar.

MODELING OF THE DEPENDENCE OF OSCILLATIONS OF ELECTRICAL CONDUCTIVITY OF
HETEROSTRUCTURAL SEMICONDUCTORS WITH QUANTUM WELLS ON A STRONG ELECTROMAGNETIC
FIELD AND TEMPERATURE
Annotation
In this work, the interest in the study of quantum-wound semiconductor structures is determined by the possibility of its
application as nanotechnological devices operating in the small size range, as well as in various spintronic devices. The main
reason why these quantum-scale structures are studied with great attention by scientists is that the physical properties of such
materials have a number of interesting scientific processes, which lead to a more complete understanding of the fundamental

changes of these processes under the influence of various external factors. allows.
Key words: Heterostructure, nanoscale, quantum coil, density of states, density of states, oscillation, nanoscale, magnetic field,
two-dimensional, semiconductors.

MOJIEJTUPOBAHUE 3ABUCUMOCTHU OCLHULIALMI SJIEKTPOIMPOBOJHOCTU TETEPOCTPYKTYPHBIX
noJYNNPOBOAHUKOB C KBAHTOBBIMU AIMAMMU OT CUJIBHOI'O DJIEKTPOMATHUTHOTI'O ITOJISI U
TEMIIEPATYPbBI
AHHOTALUSA
B nannoi#1 paboTe nHTEpEC K HCCIEIOBAHUIO MOTYIMPOBOIHUKOBEIX CTPYKTYP C KBAHTOBOW paHOM OMpeaeseTcss BO3MOKHOCTBIO
UX TPUMEHEHHS B KaueCTBE HAHOTEXHOJOTMYECKUX YCTPOWCTB, PabOTAIONIMX B MalOpa3MEpHOM [Halla3oHe, a Takke B
Pa3INYHBIX YCTPOWCTBAX CIMHTPOHUKH. OCHOBHAs MPUYMHA, [0 KOTOPOW STH KBAHTOBBIC CTPYKTYPHI M3YYalOTCS YICHBIMH C
60.]'[]:L[IPIM BHUMaHHEM, 3aKJIHOYaCcTCAd B TOM, YTO B (I)I/ISI/I‘IBCKI/IX CBOﬁCTBaX TaKMX MaTC€prUaioB MPOUCXOIUT PAJ MHTECPECCHBIX
Hay‘leIX IPOLECCOB, KOTOPLIC NMPUBOAAT K 60nee l'lOJ'[HOMy IMOHUMAaHUIO d)yH}IaMeHTaJ'[beIX H3MeHeHHﬁ OTHUX MPOLECCOB IOI

BJIMSTHUEM TTO3BOJIAIOT PA3JIMYHBIC BHCIITHUE d)aKTOpr.
KinroudeBble ciaoBa: ['eTepocTpykTypa, HaHOpa3Mep, KBAaHTOBas KaTyIlKa, IJIOTHOCTb COCTOSHMH, IIOTHOCTh COCTOSIHUH,
KoJieOaHue, HAaHOpa3Mep, MArHUTHOE IT0JIE, IBYMEPHOCTD, MOTYIPOBOIHUKH.

Kirish. So‘nggi yillarda, kvant o‘rali yarimo'tkazgichli strukturalarni o'rganishga qiziqish uni kichik o'lchamli
diapazonda ishlaydigan nanotexnologik asboblar sifatida, shuningdek, turli xil spintronik qurilmalarda go'llash imkoniyati bilan
belgilanmogda. Olimlar tomonidan ushbu kvant o‘lchamli strukturalarning katta e’tibor bilan o‘rganishiga asosiy sabab, bunday
materiallarning fizik xususiyatlari bir qator gizigarli ilmiy jarayonlarga ega bo‘lib, bu jarayonlarning turli xil tashqi omillar
ta’sirida tubdan o‘zgarishlarini to‘ligroq tushunishga imkon beradi. Jumladan, bunday tashqi omillardan biri kvantlovchi magnit
maydon va kuchli elektromagnit to‘lqin bo‘lib, u hajmiy yoki kichik o‘lchamli materiallarning kristall panjarasi bo‘ylab erkin
harakatlanayotgan zaryadli zarralarning tracktoriyalarini o‘zgartirib yuboradi. Bu esa, kvant Xoll effekti, Shubnikov — de Gaaz va
de Gaaz — van Alfen effektlari kabi kvant — fizik hodisalarning paydo bo‘lishiga olib keladi.

Adabiyotlar tahlili. [1] Ishlarda tajriba tadgiqotlari, ya'ni kvant o‘lchamli materiallarning elektr o‘tkazuvchanlik
ossilyatsiyalarini kuchli elektromagnit maydon ta'sirini aniqlashda elektroparamagnit rezonans (EPR) o‘rnatish bo‘yicha
o‘tkazilgan. Sababi, EPR usuli kvant o‘rali geterostrukturali materiallarning magneto qarshilik yoki elektr o‘tkazuvchanlik
ossilyatsiyalarini tashqi maydonlarga bog‘ligligini aniqlash imkonini beradi. Bunda, kuchli elektromagnit maydon quvvatining
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maksimal kamayishi (dP) EPR ta'sirini to‘g‘ridan-to‘g‘ri o‘lchashda elektromagnit to‘lqinining energiyasi tufayli energetik
sathlar o‘rtasida (bir sathdan ikkinchi sathga) o‘tishlar hisobiga sodir bo‘ladi. Ya'ni, dP ning yo‘qolishlari elektromagnit
to‘lginining energiyasi kvanlovchi magnit maydondagi (H) erkin zaryad tashuvchilarini tezlashtirishlariga xizmat qiladi. Bu
energetik sathlar Landau sathlari bo‘lib, ushbu sathlar soni magnit maydon kuchlanganligi (dH) ga bog‘lig. Bundan kelib
chiqadiki, kvant o‘raning o‘tkazuvchanlik zonasidagi elektr o‘tkazuvchanlik ossilyatsiyalarida ko‘proq mikroto‘lginli maydon
yutulishini kuzatish uchun o‘ta yuqori chastotali elektromagnit maydon quvvatini oshirib borish darkor. Aniqroq qilib aytadigan
bo‘lsak, dH ganchalik ortsa Landau sathlari soni ortib boradi.

Tadqigot metodologiyasi. Har bir Landau diskret sathlarida EPR hodisasini kuzatish uchun dP ni orttirib borish kerak.

dP24(H,T,d,Eg,N,ng,) . . . L . .. L L. .
Umuman olganda ——————*—""2° nisbat kvant o‘lchovli yarimo‘tkazgichlarda EPR tajribalarini o‘tkazishida muhim

ahamiyatga ega. Bu tajribalar nazariyasini, uning yangi modulini ishlab chigishda formuladan foydalanish mumkin.

Kvant o‘rali geterostrukturalarda o‘ta yuqori chastotali elektromagnit maydonning elektr o‘tkazuvchanlik ossilyatsiyalari
sezgirligini kuzatish magsadida formuladan magnit maydon kuchlanganligi bo‘yicha birinchi tartibli hosila olinadi [3]. Natijada
quyidagi formula:

3
a+5(9fo(ET)
2mmxcy| T G ‘VJ'(koT)BE 2( 9E )dE]

eH 1\, m2h2 2
e3B [21 (oo E_[h'm(nb+§)+2m*dznzl
df 5o Znyexp|-2

dP?*(H,T,d,Eg,N,n,) _

- Ef )
dH dH

Ushbu (1) formula yordamida o‘ta yuqori chastotali maydondagi kvant o‘rali geterostrukturalarning elektr
o‘tkazuvchanlik ossilyatsiyalarini hisoblash mumkin.

Agar, yanada kvant o‘raning har bir diskret Landau sathlaridagi mikroto‘lqinli maydon yutulishni yuqoriroq aniqlikda
kuzatishga sabab tug‘ilsa, (1) dan magnit maydon kuchlanganligi bo‘yicha hosila olinadi [4-6]. Ya'ni:

e 22h2 2
- <E—[h-7‘nljﬁ(nl‘+;) +2m:1dzn§]>

3B [21
2mmxc\ TG

1 ey E (LoD g
dH? dH? ) Eg (2)

(1) va (2) formulalar asosida yangi matematik model ishlab chigildi. Bu yangi matematik model, albatta bir gator tajriba
natijalarini tushuntirishga xizmat giladi.

Tahlil va natijalar. Jumladan, 1l-rasmda kvant o‘ra qalinligi d=8nm (GaSb uchun) kuchli magnit maydondagi
mikroto‘lginli yutulish koeffisitentini (Z—:)ni haroratga bog‘ligligi ossilyatsiyalari keltirilgan. Bu ushbu tajriba natijalari EPR
ustanovkasida harorat T=2.7K — 250K intervalida olingan. Magnit maydon kuchlanganligi vektori Z o‘qi bo‘ylab (H/Z)
yo‘nalgan, bu yerda Z — kvant o°ra qalinligi yo‘nalishiga to‘g‘ri keladi. Tajribada, kuchli mikroto‘lqinli elektr maydon kattaliklari
quyidagicha olingan: mikroto‘lqin chastotasi v = 9.35 GGrts, kvant energiyasi E = hAw = h2nv = 0.04 meV, elektromagnit
maydon quvvati P=1mVt [1]. Ushbu kattaliklar yordamida elektromagnit maydonning elektr maydon kuchlanaanligini hisoblash
mumkin:
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1-rasm. InAs/GaSh kvant o’rali yarimo’tkazgichlar uchun :—: ni
haroratga bog’ligligi [1]

Ushbu tajribada keltirilgan fizik kattaliklardan foydalanib, nazariy tahlilni boshlaymiz. Taklif etilayotgan model
yordamida ((1) formula asosida) dP/dH ni 1/H ga bog‘ligligini aniqlash mumkin. Lekin, (1) formuladan ko‘rinib turibdiki, ushbu
tenglama transtendent bo‘lib, nazariy yo‘l bilan yechimini topib bo‘lmaydi. Buni, kompyuter dasturlari yordamida (Maple,
Matchad, Matlab, Mathematika) va grafik usulida kerakli natijalarga erishiladi [7]. Matematik modelni dasturiy taminotini
(Maple) yaratishda protsedura funksiyalardan foydalaniladi.
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2-rasm. InAs/GaSh kvant o’rali yarimo’tkazgichlar uchun Z—: ni haroratga bog’ligligi. Ushbu grafiklar taklif etilayotgan
model (1) bO’yi(]P.E qkipan [7]

Chunonchi, (1) formuladan ko‘rinib turibdiki, kvant ossilyatsiya jarayonlarini tubdan o‘zgartiruvchi kattaliklar H, T, d,
Eg, NL, nz bo‘lgani uchun dasturda proc (H, T, d, Eg, Ni, nz) buyrugdan foydalaniladi [8].

Xulosa gilib shuni aytish mumkinki, biz taklif gilayotgan model (Z—: (H,T)funksiya) nafagat 2D materiallarda, balki uni

xajmiy yarimo’tkazgichlarga ham tadbiq etishga imkon bermoqgda.

Xulosalar. Kvant o’lchamli yarimo’tkazgichlar uchun elektr o’tkazuvchanlik ossillyatsiyalari kuchli elektromagnit
maydonga bog’ligligi tadbiq etiladi. Kvant o’rali geterostrukturali yarimo’tkazgichlarda mikroto’lqinli maydon quvvatidan (dP)

2

magnit maydon kuchlanganligi (dH) bo’yicha olingan birinchi va ikkinchi tartibli differensial ifodalarini (Z—:,%) analitik
ko’rinishi keltirib chiqarildi. Hajmiy va kichik o’lchamli yarimo’tkazgichli materiallar uchun kvant ossillyatsiya effektlarini
mikro to’lqinli maydon quvvati, kvantlovchi magnit maydon kuchlanganligi va haroratlargabog’ligligini aniqlovchi matematik
model ishlab chigildi. Kvant o’lchamli va hajmiy yarimo’tkazgichli strukturalarda olingan eksperiment natijalarini taklif

gilinayotgan model asosida yuqori haroratlar dinamikasi uchun tushuntirishga imkon topildi.
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ACOUSTIC CHARACTERISTICS OF GaAs CRYSTAL
Annotation

In this article we present a detailed investigation of the acoustic properties of Gallium Arsenide (GaAs) crystal. Utilizing
advanced experimental techniques, we have measured the acoustic wave velocities, elastic coefficients, and acoustic attenuation
in Gallium Arsenide (GaAs) crystal on the direction of propagation in the (001) and (110) plane is observed at room temperature.
The data obtained reveal significant anisotropy in the acoustic behavior of these materials. These findings provide crucial insights
for the design and optimization of optoelectronic and semiconductor devices that incorporate GaAs. Our study offers a valuable
reference for future research and practical applications in the fields of engineering.

Key words: GaAs crystal, speed, attenuation, acoustic waves, effective elastic constants, elastic constants.

AKYCTUYECKHE CBOMCTBA KPUCTAJLJIA GaAsAHHOTAIIUSA
AnHOTaLUA

B aTo0ii crathe MBI MpPEACTaBIsEM IMOAPOGHOE HCCICAOBAaHHE aKYCTHYCCKHX CBOMCTB KpHcTaia apceHuaa rammus (GaAs).
Hcnons3yst mepenoBble SKCTIEpUMEHTAbHBIE METOIBI, MBI H3MEPHIM CKOPOCTH aKyCTHUECKHX BOJH, yIpPyrue KO3 HUINEeHTH 1
aKyCTHYECKOE 3aTyXaHHe B Kpuctamwie apceHunaa ramums (GaAs) B HampaBieHUH pacnpoctpaHenus B mwiockoctd (001) u (110),
Ha0JIF01aeMOM ITpH KOMHATHOH Temreparype. [lomydeHHbIe JaHHBIE TOKA3BIBAIOT 3HAYNTENBHYIO AaHH30TPOIHIO B aKyCTHIECKOM
MOBEJICHUH JTUX MATEpPHANOB. OTH PE3ylbTaThl JAl0T BaKHYI0 HMH(GOpPMAIMIO AT TPOEKTHPOBAHUS W ONTHMH3AINU
OMNTORJIEKTPOHHBIX U TMOJYNPOBOAHUKOBBIX NMpHOOpOB, BKIovatomux GaAs. Hame wccnenoBanne MaeT HEHHYIO CCBUIKY JUIS
OyIyImnX MCCIeOBAaHUH ¥ MPAKTUYECKUX MPHIOKEHUI B 00IaCTAX MAIIMHOCTPOCHHSI.

KumroueBsbie ciioBa: Kpucramn GaAs, ckopocTb, 3aTyxaHHe, aKyCTHYECKUE BOJHBL, 3 (eKTHBHbBIE ypyrie KOHCTaHThI, yIpyrue
KOHCT@HTBL

GaAs KRISTALLINING AKUSTIK XOSSALARI
Annotatsiya

Ushbu magolada biz Galiy Arsenid (GaAs) kristallining akustik xususiyatlarini batafsil o’rgandik. llg'or eksperimental usullardan
foydalangan holda, biz xona haroratida kuzatilgan (001) va (110) tekislikdagi targalish yo'nalishi bo'yicha Galiy Arsenid
kristallidagi akustik to'lgin tezligini, elastik koeffitsientlarini va akustik so’nish koeffitsientlarini o'lchadik. Olingan keng
gamrovli ma'lumotlar ushbu materiallarning akustik harakatidagi anizotropiyasini aniglashga yordam beradi. Ushbu olingan
natijalar GaAsni 0'z ichiga olgan optoelektronik va yarimo'tkazgichli qurilmalarni loyihalash va optimallashtirish uchun muhim
ma’lumotlarni beradi. Bizning tadqiqotimiz muhandislik sohalarida kelajakdagi tadqiqotlar va amaliy qo'llanmalar uchun
muhimdir.

Kalit so‘zlar: GaAs kristalli, tezlik, so’nish, akustik to'lqinlar, samarali elastik konstantalar, elastik konstantalar.

Introduction. The primary thermal mechanisms responsible for acoustic wave attenuation in solids at room temperature
are the phonon-viscosity mechanism and the thermoelastic phenomenon. The phonon-viscosity mechanism involves energy
conversion at various temperatures due to the thermal conduction of phonons. In contrast, the thermoelastic phenomenon results
from thermal conduction between the compressed and rarefied regions of the propagating wave [1]. The predominant factor
contributing to attenuation in these crystals is the interaction between thermal phonons and ultrasonic waves. To evaluate the
attenuation experienced by compressional and shear acoustic waves in GaAs, propagating along the (100) and (110) directions,
and shear waves polarized along the (100) and (001) directions, second- and third-order elastic moduli were utilized, considering
phonon viscosity and thermoelastic phenomena at 293 K.

Samples and experimental methods. The studied sample of GaAs was cubic crystal, the long side of which was
oriented with an accuracy of 5 degree along the main cubic directions [100] and [110] and [111]. The orientation of the samples
was achieved using cleavage planes and subsequent grinding and polishing of the crystalline sample, using standard orienting
prisms. The studies were carried out at room temperature in the frequency range of 30 — 400 MHz. Longitudinal and transverse
acoustic waves in the samples were excited by piezoelectric transducers made of quartz, respectively, of X or Y-cut, with a
thickness of 40-100 microns. The measurements of the velocity and attenuation coefficient of acoustic waves at relatively low
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frequencies were carried out using a modified Williams-Lamb “pulse interference” method [1, 10], which compares the phases of
acoustic waves that have passed different paths in the studied sample. One of the main modules of the low-frequency installation
is the amplitude selector, which opens at a certain time interval, which is the transmission window.

The duration of such a transmission window can be controlled by the duration of the synchronization pulse that opens this
selector. Such selection of a specific pulse in a series of echo pulses allows its amplitude to be measured using a pulse voltmeter.
The attenuation coefficient of acoustic waves o was determined from the measured values of the amplitudes of adjacent pulses
Aiand Az [4, 10].

201g( )
P o)
2L

where L is the length of the sample. The accuracy of the attenuation coefficient was ~5%, due to the multiple increase in
the pulse amplitude and subsequent averaging. The interference zero or maximum pulse amplitudes observed during the
formation of the continuous oscillation generator frequency allow us to determine the value of the acoustic wave velocity in the
sample V from the relationship [4]:

V=2L-Av 2

Where Av is the difference between two adjacent frequencies of the high-frequency generator, corresponding to antiphase
interference. The specified measurements were carried out using a frequency converter, ensuring the accuracy of determining the
frequency difference (up to £10 Hz). In this case the determination of the accuracy of the acoustic wave velocity was limited by
the limits of measuring the sample length and the value of ~0.01% [2].

Experimental results and discussion of the attenuation coefficient. The results of longitudinal and transverse acoustic
waves along the crystallographic directions [100] and [110], and the calculated values of the effective constants and minimum
elastic constants for the studied crystals are given in Tablel.

The effective elastic constants are found from this equation.

Cepp = Clopp +ic" opp = Cijrakjrnimy + ic” i (3)
where kj and n; are the traveling cosines of the wave vector and displacement vectors [4, 11]. Effective elastic constants
¢’ijru are located at source V of acoustic waves.
C'eff=pV2 (4)

Three independent components of the real and imaginary parts of the elasticity tensor for all the crystals studied were
determined from the values of the velocity and attenuation coefficient of longitudinal and transverse waves along the directions
[100] and [110].

Table. 1. Velocity of acoustic waves in GaAs crystals (v=1 GHz), acoustic attenuation, effective real and imaginary
elastic constants at room temperature.

Vv, leff, o, dB-us? c"eff,
q 1 cert 10° me 101 N-m?2 107 N-m?

[100] o 473 11.88 343 2.24

[100] [001] Ca 3.35 5.96 121 3.96
[110] (Cir*C1z+2Cu) 2 524 146 2.88 23.09

[110] [110] (cuc)2 2.48 327 2.08 373
[001] o 3.35 5.96 121 3.96

[111] (Cra+2¢12+4C44)/3 5.40 155 276 23.49

(111 [110] (Cu-cztcan)l3 2.79 415 121 2.76

Three independent components of the real and imaginary parts of the elasticity tensor for all the crystals studied were

determined from the values of the velocity and attenuation coefficient of longitudinal and transverse waves along the directions

[100] and [110]. The obtained values of the real and imaginary components of the elasticity tensor: ¢;;, C15, Cjs, Cij, Cis

and CL allow us to calculate the attenuation of acoustic waves by the Akhiezer mechanism along any direction of propagation of

acoustic waves in crystals, if the condition wt<<1 is met (o is the circular frequency of acoustic waves, t is the relaxation time of
thermal phonons), using the expression [8, 11].
_ 1 ey
a=-w o (5)
Here the real and imaginary effective elastic constants are defined respectively, through the real c’ik and imaginary c”iji
components of the complex elasticity tensor:

Cepr = C'ijrakiKMiNk (6)

" epr = " ijrakG MMk (7)
where kj and mi are the components of the unit wave normal k and the polarization vector n [4,11]. In the general case, the
directions of the vectors k and n do not coincide.

In particular, for quasi-longitudinal waves in the (110) plane, when the direction of the wave vector changes relative to
the [110] axis by a certain angle (o), the Green—Christoffel equations allow us to determine the angle of deviation of the
polarization vector (y) from the same axis [4]:

i ' ' i 2
w = arctg \/E Il _F23<F11 -V )
' i ’ i 2
2 F23F13_F12(r33_pv )

®)
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Here T"'i are the real components of the Green-Christoffel tensor [1, 2].
2
‘Fil_pv é}l‘zo ©)
By virtue of the symmetry properties of the stiffness tensor, 1 i1 is symmetric [5].

/ !
Ly =Ckik, (10)

The calculation results show that in this plane the maximum deviation of the polarization vector from the wave vector in
the studied crystals is no more than 5 angular degrees. The measurements also show that in the experimental direction the
attenuation frequency coefficient of both longitudinal and transverse acoustic waves depends on the frequency according to a
quadratic law. This indicates that the main mechanism of attenuation of acoustic waves in crystals is the phonon-phonon
mechanism, first considered by Akhiezer [6], according to the indication of the expression for attenuation for recording in the
following view [7]:

The results of calculating the attenuation coefficient of short acoustic waves with a band of 1 GHz from the direction of
the wave vector in the plane (110) in GaAs crystals using expressions (5) are shown in Figure 1.

[010]
20

0[100]

270

Fig. 1. Quasi-longitudinal (1), quasi-transverse (2) and purely transverse (3) attenuation surfaces of acoustic waves in the
(001) plane of a GaAs crystal.

The image is a polar plot illustrating the attenuation surfaces of three types of acoustic waves in the (001) plane of a
Gallium Arsenide (GaAs) crystal. The plot provides a visual representation of how the attenuation of each type of wave varies
with direction within the crystal plane. Quasi-longitudinal waves are primarily longitudinal with a small transverse component.
The least attenuation is observed for purely transverse waves, as indicated by the green curve being closest to the center. Quasi-
transverse waves have a motion that is mainly perpendicular to the direction of propagation but with a small longitudinal
component. The attenuation is higher than that of purely transverse waves but less than quasi-longitudinal waves, as shown by
the blue curve. Purely transverse waves have a motion completely perpendicular to the direction of wave propagation. The
highest attenuation is observed for quasi-longitudinal waves, as represented by the red curve being farthest from the center. The
shape of each curve shows the anisotropic nature of the crystal, indicating how the attenuation of acoustic waves varies with
direction. The distinct shapes for each type of wave highlight the directional dependence of attenuation in the GaAs crystal. The
variation in curve shape and distance from the center indicates that the GaAs crystal exhibits different attenuation properties

depending on the direction of wave propagation within the (001) plane.
[001]
90

0[110]

1
a, dB/us

Fig. 2. Quasi-longitudinal (1), quasi-transverse (2) and purely transverse (3) attenuation surfaces of acoustic waves in the
(110) plane of a GaAs crystal.

Conclusion. The attenuation surfaces for quasi-transverse waves reflect the crystal's response to waves that are not purely
transverse. This can give insights into how attenuation is distributed between longitudinal and transverse modes, especially under
high-frequency conditions. Purely transverse waves will have attenuation characteristics that are directly influenced by the
material's transverse acoustic properties. In GaAs, these waves are sensitive to the crystal structure and imperfections, and their
attenuation surfaces will reveal information about how well the crystal supports purely transverse wave propagation at 1 GHz.

Quasi-transverse waves will reflect a mix of attenuation factors and how the crystal transitions between longitudinal and
transverse behaviors. Purely transverse waves will highlight the crystal’s ability to support transverse wave propagation and
how scattering or other interactions affect them. This information can be critical for applications like ultrasonic testing, material
characterization, and the design of acoustic devices using GaAs. As seen in the provided polar plots, the attenuation surfaces in
the (001) plane have more regular and symmetric patterns, while those in the (110) plane are more elliptical and anisotropic.
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PROBLEMS OF DISTANCE MEASUREMENT TO DISTANT SUPERNOVAE
Annotation

This article analyzes the procedure for measuring distances to distant objects in cosmology and possible sistematic and statistical
errors, uncertainties in distance measurement. In particular, the errors that occur due to absorptions in the intergalactic medium,
extragalactic and host galaxies, possible errors in determining the absolute magnitude: nuisance coefficients, color parameter,
light curve shape parameter in finding the distance modulus are analyzed. It is also taken into account possible errors in
measuring the distance via redshift. As a result, the necessity for dark energy in cosmology is estimated due to these
uncertainties.

Key words: absorbtion, color parameter, cosmology, dark energy, distance measuring, error, nuisance coefficients

MPOBJIEMbI U3BMEPEHUSA PACCTOSIHUM 1O JAJEKUX CBEPXHOBBIX
AHHOTaALHSA

B crarbe aHamM3UpyeTCs MPOLEAypa U3MEPECHUSI PACCTOSIHUH 10 JadeKuX 0ObEKTOB B KOCMOJIOTHH U BO3MOYKHBIE CHCTEMHBIE U
CTaTHCTUYECKHE OIIMOKH, MMOTPEIIHOCTH U3MEPEHHUs PACCTOSHUN. B 4acTHOCTH, aHATM3UPYIOTCS OIIUOKH, BO3HHUKAIOIIHE H3-32
MOTJIOIICHUSI B MEXKTATaKTHYECKOH Cpelle, BHETAIAKTHYECKHX W POAUTENBCKHX TalaKTHKaX, BO3MOJXKHBIC OIIHOKH B
OTIpeNICNICHHH a0COIOTHOM 3BE3HON BEMHMUYUHBL: KO3(D(HUIMEHTH OMEX, mapameTp IBeTa, mapaMeTp (GopMbl KpuUBOW Oiiecka
MPU HAaXOXKICHUM MOJYJS PAcCTOSHUS. TakKe YYHTHIBAIOTCS BO3MOXKHBIC OINIMOKH H3MEPEHHS PACCTOSHHUS Yepe3 KpacHoe
cMeleHne. B pesynbraTe u3-3a 9THX HEOIPEIeICHHOCTEH OLleHNBaeTCsl HEOOXOAUMOCTh TEMHO SHEPIHU B KOCMOJIOTHH.
KnroueBbie cioBa: MoriolmieHne, [BETOBOW MapaMeTp, KOCMOJIOTHS, TEMHAsl SHEPTHsl, U3MEPEHHE PACCTOSHUS, MOTPEIIHOCTS,
Memmaronye Ko3)OUIMeHTHI.

UZOQ O’TA YANGI YULDUZLARGACHA BO’LGAN MASOFALARNI O'LCHASH MUAMMOLARI
Annotatsiya

Ushbu magolada kosmologiyada uzoq ob'ektlarga masofani o'lchash tartibi va yuzaga kelishi mumkin bo'lgan sistematik va
statistik xatolar, masofani o'lchashdagi noanigliklar tahlil gilingan. Xususan, galaktikalararo muhitda, galaktikalararo va mezbon
galaktikalardagi yutilishlar tufayli yuzaga keladigan xatoliklar, 0’ta yangi yulduzlarning absolyut yulduz kattaligini aniqlashdagi
mumkin bo'lgan xatoliklar; jumladan, noqulaylik koeffitsientlari, rang parametri, yorug'lik egri shakli parametri kabilarning
masofa modulini topishda yuzaga keltirishi mumkin bo’lgan xatoliklari tahlil gilinadi. Shuningdek, masofani qizil siljish orqali
o'lchashda yuzaga kelishi mumkin bo'lgan xatolar ham hisobga olinadi. Natijada, ushbu noanigliklar tufayli kosmologiyada
goramtir energiyaga bo'lgan ehtiyoj tahlil gilinadi.

Kalit so'zlar: yutilishsh, rang parametri, kosmologiya, qorong’u energiya, masofani o'lchash, xatoliklar, noqulaylik
koeffitsientlari.

Introduction. The accelerated expansion of the Universe was discovered during 1998, by two independent projects, the
Supernova Cosmology Project and the High-Z Supernova Search Team, which both used distant supernovae la (SNe la) to
measure the acceleration. The idea was that as SNe la have almost the same intrinsic brightness (a standard candle), and since
objects that are further away appear dimmer, it is used the observed brightness of these supernovae to measure the distance to
them. The observational fact is that the SNe Ia at z = 0.5 are ~0.28™ dimmer (~14% farther) than expected [1]. The unexpected
result was that objects in the Universe are moving away from one another at an accelerating rate. Cosmologists at the time
expected that recession velocity would always be decelerating, due to the gravitational attraction of the matter. To explain the
acceleration they introduced into science a new term "Dark Energy". It is said that this energy, which causes the accelerating
expansion Universe, covers about 70% of the Universe [2].

In cosmology, distance is calculated in two main ways, through the distance modulus and the cosmological redshift. The
calculation of distance using the distance module is mainly based on observational data, which takes into account the absolute
and apparent magnitudes of objects, absorption coefficients, color parameter, light curve shape parameter, nuisance coefficients,
etc. The calculation of distance by redshift is based mainly on theoretical data, with only the cosmological redshift based on the
measurement results.

First method is considered to have a high degree of reliability because it relies mainly on observational data, but is more
likely to have systematic and statistical errors. Second method is based on theoretical data and is less likely to contain errors and
inaccuracies in calculations, but has a much lower level of reliability. Therefore, Reiss, Perlmutter, and Schmidt, in their study,
proposed a modification to the second method to correct the difference in distances found in these two methods, and introduced a
new term into cosmology called “Dark Energy” [2]. But could this difference be due to the errors and inaccuracies of the first
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method, or due to the inaccuracies in the measurement of the redshift? In their view, these errors are insufficient to close the
difference between two distance measuring methods.

Distance mesurement in intergalactic medium. Before the effects of light absorption were discovered, various
photometric methods were quite successfully used in astronomy to determine the distances to stars and other space objects. Based
on various astrophysical or statistical assumptions, the absolute magnitude M of the studied objects was determined. Then,
comparing it with the apparent magnitude m, we calculated the distance 1’ to the object by the formula:

lgr'=02(m-M)+1 @

Since the discovery of the fact of the existence of interstellar matter, formula (1) has ceased to be correct and has been
replaced by another:

lgr =02(m—M) +1—0.24 2
or:
M =m+5-5Ilgr — A4, ?3)

where A denotes the loss of light in magnitude as a result of its passage through the interstellar medium. The distances r
previously determined were magnified, because if we compare formulas (1) and (2), we have:

r'=r-10%%4, A>0 . 4

From this equation we can see that apparent distance is always greater than real distance(»>r). In addition, the discovery
of dark matter also entailed a decrease in almost all previously measured distances. For example, the size of our Galaxy
decreased by about half [3].

This formula is mainly used for objects in our Galaxy. However, we can realise from this formula that as the distance
increases, the distance-measure errors increase significantly under the affect of the interstellar matter. For example, when the
extinction A = 2.5 at a distance of 1000 pc, the error is ~ 3, which means that the object appears to be about 3 times farther away
from the real distance. Especially calculating the distance to the distant SNe, taking into account the Galaxy extinction,
extragalactic and SNe host galaxy extinctions, the distance measurement becomes more sophisticated and the uncertainties
increase even more. Measuring distance is hard there is no easily-determined standard of length for calibration. This has always
been a central problem in astronomy. The distance to a light cannot be estimated from its apparent brightness. There are too many
factors which can change the perceived intensity [4].

Distance mesurement based on SNe la data. Six of the principal galaxy distance indicators are discussed: Cepheid
variables, the Tully-Fisher relation, the Dn-o relation, Surface Brightness Fluctuations, Brightest Cluster Galaxies, and SNe la
[5]. Below we take a closer look at the last method.

Finding the distance to distant supernovae, the distance modulus is calculated by the following formula:

p=mp—Mp + ax; - Bc )

where: m*g, the apparent magnitude at maximum, Mg is the absolute magnitude of SNe(in the rest frame B-band). a and
B are nuisance coefficients and their value can be constrained in several methods (Table 1). x1-light curve shape parameter, c-
color parameter, these parameters have a particular value for each SNe. Based on the observed values of SNe stretch and color
distributions, the limits are ~ —4.5<x1<2 and —0.3<c<0.6. These limits were identified based on the results of 234 SNe la [6].

Table 1. Best fit ACDM parameters for SNe la

Qw o B Ms
JLA (stat+sys) 0295 0.034 0.14120.006 3.10120.075 -19.05% 0.02
JLA (stat) 0.289+ 0.018 0.140+0.006 3.139+0.072 -19.04+ 0.01
SDSS+SNLS (stat+sys) 0.311% 0.042 0.14020.007 3.140£0.082 -19.04+ 0.03
SDSS+SNLS (stat) 0305 0.022 0.139+£0.007 3.178+0.079 -19.030.01
lowz+SDSS (stat+sys) 0.337+0.072 0.145+0.007 3.059+0.093 -19.02+ 0.03
lowz+SDSS (stat) 0.298+ 0.052 0.144+0.007 3.096:£0.090 -19.04+ 0.02
lowz+SNLS (stat-+sys) 0281+ 0.043 0.13820.009 3.02420.107 -19.08+ 0.03
lowz+SNLS (stat) 0.282+0.023 0.13920.009 3.07420.104 ~19.05% 0.02

In this table It is given nuisance coefficients average values a =~ 0.14 and f ~ 3.1, absolute magnitude Ms = -19.05 [7].
However, these values are differed from other papers, for example:

»  SALT Light-Curve Fit Parameters — Mg =—19.46, o.= 1.34+0.08 and § = 2.59+0.12,

»  SALT2 Light-Curve Fit Parameters — Mg = —19.44, a. = 0.104+0.018, and $=2.48+0.10[6],

»  The best-fit Light-Curve parameters in YONSEI SNe catalog for SALT2 are a = 0.15, f = 3.69, and Ms = -19.06
[1515].

Two different light curve fitting methods, MLCS (multicolor light curve shape) and a template-fitting approach, were
employed to determine the distances to the nearby and high-redshift samples. Both methods use relations between light curve
shape and luminosity as defined from SNe la in the nearby Hubble flow [12]. Both methods employ extinction correction from
the measured color excess using relations between intrinsic color and light curve shape, then the Galaxy and SNe host galaxy
extinctions are corrected by using following formula:

Ry = Ay/Ep_y (6)

This ratio normally has an average value of 3.1 for interstellar dust in the

Galaxy, although it can vary between 2.1and 5.8 [8]. The same value (R,=3.1) was also detected by other researchers
[9,10]. However, A. G. Riess et al. defined this ratio: Rv=1.7-2.2[12].

Based on a new approach for determining the absorption-to-reddening ratio Rv for host galaxies using color excess
probability functions, it was found for a sample of 34 SNe la observed in Shc-Scp galaxies, and 21 SNe la observed in Sab-Sbp
galaxies, Rv=2.71 + 1.58 and Rv = 1.70 + 0.38 respectively [9]. SNe la in passive hosts favour a dust law of Ry = 1.0+0.2, while
SNe la in star-forming hosts require Rv=1.8+0.2 [6]. On average, the distance modulus increase by 0.019™, with an average
increase for the fixed Rv subsample of 0.014™. It is supposed that these results agree with ~1% increase in distance [13].
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All these constraints and values are defined with a certain confidence level, which means that these limits and values are
not appropriate for all SNe la. In addition, each method has some uncertainties. For example, Hicken M. et al. combine the CfA3
SNe la sample with samples from SALT, SALT2, MLCS17, MLCS31 to calculate improved constraints and found uncertainties
MLCS17 has 0.02™, MLCS31 and SALT have 0.03™, and SALT2 has 0.06™. In addition, some factors (not all) affecting the
distance modulus have been considered by Riess et al., Including Effect of a Local VVoid-very small, Weak Gravitational Lensing
0.02™, Evolution 0.05™ Extinction 0.05™, (according to the latest researches ~ 0.10M-0.25™), Light Curve Fitting Method 0.03™
[14]. And they consider that all these factors cannot explain for the 0.28™ difference in the template-fitting SNe la distances and
the Qa=0 prediction. But if it is collected that all the factors and uncertainties that affect the modulus of distance, perhaps the
observational data of SNe la can be explained without dark energy.

Distance measurement via redshift. ~ The distance to the long supernovae can also be measured by redshift:

i =25+ 5logyo(dL/Mpc), (7
_ Ay . Z Hodz! _ <
dy = (1+2) Fhsink (O J; 225). du = ®
Hy = 100h km s~*Mpc™1,
H=Hp/Oy(1+2)3+Q,(1+2)2+Q, 9)

This way is more theoretical, so it is considered that there are no any uncertainties as statistical and systematic errors. But
while measuring spectroscopic redshift there could be some uncertainties. Srivatsan Sridhar and Yong-Seon Song claimed that
there are significantly contaminated by the uncertainty on redshift measurements obtained through multiband photometry, which
makes it difficult to get cosmic distance information measured from baryon acoustic oscillations, or growth functions probed by
redshift distortions [16]. They test their method using simulated galaxy maps with photometric uncertainties of co= (0.01, 0.02,
and 0.03).

Conclusion. In cosmology, calculating distance is a very complex process. Calculations become more complicated,
especially when calculating the distance to a long supernova. In this study, the factors that cause uncertainties and errors in
distance calculation were discussed in detail. From this it can be concluded that the difference in the calculation of the distance to
the long supernovae in the two methods ((7) and (8) equations) may be due to the above possible errors and uncertainties. As a
result, cosmology may not need "Dark Energy"
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BO3MOKHOCTH UCITIOJIb30BAHUSI TOJYITPOBOJHUKOBbBIX CEHCOPOB B MOHUTOPUHT'E
31OPOBbSI YEJIOBEKA
AnHOTaNMsS

B cratbe paccMOTpeHBI BO3MOXKHOCTH M Ppe3yJIbTaThl MPUMEHEHHUS COBPEMEHHBIX JATUYHUKOB, SIBISIOUIUXCS PE3yJIbTaTOM
JIOCTIDKCHUH B 007acTH (DU3MKH TONYNPOBOTHHUKOB, B YCTPOICTBAaX, MpeIHA3HAYCHHBIX ISl HEMPEPHIBHOTO MOHHTOPHHIA
3I0pOBbs YenoBeka. Takke ObUTH MPEUIOKEHBI HEKOTOPBIE METO/BI YCTPAaHEHHUS TPYAHOCTEH, BO3MOKHBIE B 3TOM IpOIIecce.
KuroueBble ¢/10Ba: MONYIIPOBOJHUK, JATYHK, MOJNYIPOBOJHUKOBBIN AAaTYMK, P-N MEPEX0], MAHUTHOE MOJE, TEPMOPE3HCTOP,
MAarHUTHBIA JaTYHK.

POSSIBILITIES OF USING SEMICONDUCTOR SENSORS IN HUMAN HEALTH MONITORING
Annotation
The article discusses the possibilities and results of using modern sensors, which are the product of advances in semiconductor
physics, in devices designed for continuous monitoring of human health. Some troubleshooting methods available in this area
have also been suggested.
Key words: semiconductor, sensor, semiconductor sensor, p-n junction, magnetic field, thermistor, magnetic sensor.

YARIMO‘TKAZGICHLI SENSORLARDAN INSON SALOMATLIGINI MONITORING QILISHDA FOYDALANISH
IMKONIYATLARI
Annotatsiya
Magolada yarimo‘tkazgichlar fizikasi sohasining yutuqlari mahsuli bo‘lgan zamonaviy sensorlardan inson salomatligini doimiy
monitoring qilib borishga mo‘ljallangan qurilmalarda qo‘llash imkoniyatlari va natijalari muhokama qilingan. Shuningdek, ushbu
sohada mavjud ba’zi muammolarni bartaraf qilish usullari taklif qilingan.
Kalit so‘zlar: yarimo‘tkazgich, sensor, yarimo‘tkazgichli sensor, p-n o‘tish, magnit maydon, termorezistor, magnit sensor.

Kirish. Jamiyatimiz misli ko‘rilmagan darajada jadal suratlar bilan rivojlanib bormoqda. Insoniyat tarixida birinchi
hisoblash asbobi — “Abak sanog‘i” (Eramizdan avvalgi 3000 yillar) kashf qilingandan to birinchi elektron hisoblash mashinasi
ishlab chqilgunga qadar (1942 yil, ENIAK) gariyb 5000 yil vaqt o‘tgan bolsa, undan birinchi inson koinotga chigqunga qadar
(1961 yil Yuriy Gagarin) atigi 19 yil vaqt o‘tdi.

Bugungi kunda hayotimizni qo‘l telefonlari, hisoblash tizimlari, axborot almashish tizimlari, avtomatlashtirilgan
boshgaruv tizimlari, elektron maishiy texnikalar, bort kompyuterli avtomashinalar kabi qulaylikarsiz tasavvur ham qgila
olmaymiz.

Informatsiya almashish tezligining o‘ta yuqoriligi odatiy holga aylanib bormoqda. Yaqin o‘tmishda bir habarni boshqa
qit’aga yetkazish va javobini olish uchun oylab vaqt sarflangan. Bugungi kunda ushbu habar bir necha soniya ichida manzilga
yetib borayotgan bo‘lsada, uni yuklab olish tezligiga (u, xattoki, Gbit/sek bo‘lganda ham) e’tiroz bildiramiz.

Agar televizorning boshqaruv pulti orqali bir kanaldan boshqasiga o‘tkazish tugmasini bosganingizda uni bajarish atigi
bir necha soniyaga kechiksa, uning nozozligi bo‘yicha mutaxassisga murojaat qilamiz.

Yugqorida keltirilgan taraqqiyotga erishshda zamonaviy elektron tizimlarning asosini tashkil qiluvchi “Yarimo‘tkazgichlar
fizikasi” ilmiy tadqiqoqtali natijalarining o‘rni beqiyosdir.

Ushbu magolada zamonaviy avtomatlashtirilga boshqaruv tizimlarining eng zarur ajralmas qismi hisoblangan
yarimo ‘tkazgichli sensorlardan inson salomatligini saqlash maqsadlarida foydalanish imkoniyatlari muhokama qilingan.

Adabiyotlar tahlili. Ma’lumki, inson tanasi o‘zida ro‘y berayotgan fizik, kimyoviy va biologik jarayon yordamida
o‘zining haroratini optimall (o‘rtacha 36,6 °C) holatda ushlab turadi. Ushbu haroratdan atiga 1°C ga chetlanish ham inson
tanasida qandaydir kasallik borligidan dalolat beradi. Shu ma’noda inson tanasi haroratini uning salomatlik ko‘zgusi deb
hisoblash mumkin.

Odatda inson tanasi harorati shifoxonalarda muntazam ravishda grafik bo‘yicha, yoki uy hamda safar sharoitlarida
kasallik alomati sezilganda, turli termometrlar yordamida tananing ma’lum bir joyida o‘lchanadi. Bu esa turli kasalliklardi
dastlabki boshlanish davrida sezib qolish ehtimolini kamaytiradi. Buning ustiga biz tana haroratini fagat bir joyda (odatda
peshona yoki qo‘ltiqda) o‘lchashga odatlanganmiz. Bir vaqtning o‘zida tananing turli joylaridagi haroratni uzluksiz o‘Ilchash va
natijalarni giyosiy gayta ishlab xulosa chiqgarish amaliyoti yetarli darajada ommalashmagan.

Asrlar osha chaqaloqlar va bolalar tanasi haroratini o‘lchash uchun kasallikning qandaydir tashqi belgilari, katta yoshdagi
insonlar uchun ularning shikoyatlari turtki bo‘lib kelgan. Masalan bolaning ishtaxasi bo‘lmasa yoki kamharakat bo‘lib qolsa
birinchi galda uning peshonasi ushlab ko‘riladi. Agar harorat keragidan yuqori ekanligi sezilgan holdagina termometrga murojaat
qilinadi. Lekin, bilamizki, ba’zi hollarda tananing ichidagi xavfli yuqori harorat inson peshonasida aks etmasligi mumkin.
Shunday ekan, inson tanasi haroratini zamonaviy fan-texnika yutuglaridan foydalangan holda davomli monitoring gilib borish
bugungi kunning eng dolzarb muammolaridan biri hisoblanadi.
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Odatdagi tibbiy termometrlarda suyuqliklar xajmining harorat ta’sirida chiziqli o‘zgarishi xususiyatidan (masalan,
simobli termometrlar), metallarda esa haroratga bog’liq ravishda elektr tokini o‘tkazish darajasi o‘zgarishi xususiyatlaridan
(termorezistorlar) foydalaniladi. Lekin, bunday turdagi termometrlarning tibbiyotda qo‘llanishida bir gator kamchiliklar mavjud.
Bunday kamchiliklar jumlasiga:

- simob bug‘ining inson uchun o‘ta zararli ekanligi;

- suyuglikli termometrlar fagat visual informative xarakterga ega bo‘lib, elekrtosignal ko‘rinishda emasligi;

- suyuglik termometrlarning maksimall anigligi 0,1 °C, termorezistorlarning anigligi O(1 °C) ekanligi;

kabilarni kiritish mumkin.

Yarimo‘tkazgichlar fizikasining hozirgi kundagi intensiv rivojlanib borishi natijasida yuqoridagi singari kamchiliklardan
holi bo‘lgan harorat sensorlaridan foydalanish imkoniyati ham ortib bormoqda, Hozirgi kundagi yarimo‘tkazgichli
termometrlarning ishlash prinsipi to‘g‘ri yo‘nalishdagi p-n o‘tishda kuchlanishning haroratga bog‘ligligi hususiyatiga asoslangan.
Yarimo‘tkazgichlarning bunday xususiyatlari bugungi kunda ham ko‘plab fizik tadqiqotchilar, jumladan respublikamizning
yetakchi olimlari G*.G‘ulomov va U.Erkaboyevlar rahbarligidagi bir guruh ilmiy tadgiqotchilar tomonidan faol o‘rganilmoqda
[4].

Tadgiqot metodologiyasi. Quyida yarimo‘tkazgichli termometrlarning bugungi kundagi mavjud ilg‘or
namoyandalaridan biri bo‘lgan DS18B20 sensoridan inson tanasi harorat signallarini olish va uni gayta ishlash magsadida
foydalanish imkoniyatlarini ko‘rib chiqamiz.

TO-92 korpusdagi DS 18B20 harorat sensori o‘lchamlari bo‘yicha kompakt (4.5x4.5x3.5mm) qurilma bo‘lib, undan
kichik xajmli monitoring qurilmalarini yaratishda foydalanish qulay (1-rasmga garang).

1-rasm. TO-92 korpusdagi DS18B20 sensor tasviri.

Ushbu sensor quyidagi xossalarga ega:

- yarimo‘tkazgichli qurilma;

- 3 dan 5 voltgacha doimiy tok iste’mol qiladi;

- 9, 10, 11, 12 razryadli holatlarda ishlaydi;

- 12 razryadli holatda harorat o‘lchash aniqligi — 0.0625 °C;

- 12 razryadli holatda harorat o‘lchash tezligi — 750 ms gacha;

- har bir sensor unikal seriya nomeriga ega (bu 127 tagacha sensorni bitta kabelga parallel ulash imkoniyatini beradi);

- o‘lchagan haroratni, havotir signalining quyi va yuqori chegara giymatlari (Th va TI) ni, konfiguratsiyani saglab
turuvchi RAM xotiraga ega.

Usbu sensorni funksional imkoniyatlariga ko‘ra alohida “mikrokontroller” deb atash mumkin bo‘lib, uning
soddalashtirilgan sxemasi 2-rasnda keltirilgan.
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2-rasm. DS18B20 sensor tuzilishining soddalashtirilgan sxemasi. DQ — o‘lchangan harorat signali pini, Vdd — sensorga musbat
tok berish pini, GND — manfiy pin.

Ushbu sensordan inson tanasi haroratini davomli monitoring qilib borishga mo‘ljallangan avtomatlashtirilgan qurilma
A.Turakulov va F.Mullajonovalar tomonidan taklif qilingan bo‘lib [6], uning soddalashtirilgan sxemasi 3-rasmda keltirilgan.

BATTERY
Vv

3-rasm. Qurilmaning soddalashtirilgan sxemasi. 1 - termosensorlar, 2 - harorat o‘lchash natijalarini uzatish kabeli, 3-qurilmaga
kabelni ulash joyi, 4-qurilmaning o‘zgarmas tok manbai, 5 - mikrokontroller, 6 - natijani monitoring qgilish lampalari, 7 - xavfli
holat to’g’risida ogohlantiruvchi qo‘ng‘iroq, 8 - LCD displey foydalanuvchi interfeysi, 9 - tashqi qurilma.
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Ushbu inson tanasi haroratini monitoring qiluvchi avtomatlashtirilgan qurilma boshqa mavjud harorat o‘lchovchi
asboblardan shu bilan farqlanadiki, u bir vaqtning o‘zida tananing bir nechta joyi haroratini o‘lchaydi, barcha o‘Ichash natijalarini
monitorda ko‘rsatadi, olingan haroratlarni taqqoslash orqali avtomatik qayta ishlaydi va natijalarni ogohlantirish signallari orqali
ma’lum qiladi. Shu bilan birga, u uzoq vaqt davomida tana harorati o‘zgarishi dinamikasini tashqi qurilmalarga (masalan, USB
kabel orqali personal kompyuterga) uzatib, davomli monitoring ma’lumotlari sifatida saqlash imkoniyatini ham beradi. Yana bir
eng asosiy omillardan biri — qurilmada “miya” sifatida mitti hamda arzon Arduino Nano mikrokontrolleridan foydalanilgan. Bu
esa qurilmani jamiyatning barcha tabaqadagi a’zolari uchun qurbi yetishini ta’minlaydi.

Tahlil va natijalar. Hozirgi vaqtda inson “yurak-qontomir” tizimi faoliyati ko‘zgularidan biri sifatida
elektrokardiogramma (EKG)dan keng foydalanilmoqda. Ma’lumki, EKG — bu yurakning sinus tuginida hosil bo‘lgan elektr
tokining inson tanasining turli nuqgtalaridagi potensiallari ayirmalarining grafik tasviri bo‘lib, u asosan yurakda ro‘y berib
bo‘lgan turli ishenik va boshqa kasalliklar simptomlarini baholash imkoniyatlarini beradi. Lekin EKG ba’zi simptomsiz
kasalliklarni aniqlash uchun yetarli ma’lumot bera olmaydi.

Ma’lumki, yurakning “Sinus tuguni” hosil qilgan elektr toki yurak bo‘ylab “Gis dastasi” ko‘rinishda tarqaladi. Agar
ushbu dasta hosil giladigan magnit maydonidagi o‘zgarishlani qayd qilish imkoniyati bo‘lganda edi, biz undan EKG ga nisbatan
ko‘proq ma’lumotlarni olgan bo‘lar edik.

Dunyoda birinchi bo‘lib ushbu go‘yani 1963 yilda Amerikalik olimlar Gerhard Boul va Richard McPheelar amalga
oshirishga harakat qilishgan. Ular magnit maydonini qayd qilish uchun metal o‘zakli magnit g‘altaklaridan foydalanganlar.
Lekin inson tanasidagi biotoklar atigi 10-1* dan 10-1° Teslagacha magnit maydoni hosil gilganligi sababli ular ijobiy natijaga
erisha olmaganlar.

Ushbu go’ya 1964 yilda DC SQUID (Direct Current Superconducting Quantum Interference Device) — o‘zgarmas tokli
o‘ta 0°‘kazuvchan magnit sensorlar [1], 1967 yilda RF SQUID (Radio Frequency Superconducting Quantum Interference Device)
— radio chashtotali o‘ta o‘kazuvchan magnit sensorlar [2] ixtiro gilingandan keyin ijobiy natija bera boshladi. Lekin, bunday
sensorlarning tannarxi bugungi kun texnologiyalaridan foydalangan holda ham o‘ta qimmat (o‘rtacha $1-1,5mln.) bo‘lganligi
sababli, EKG o‘rnini bosa olmayapti.

2015 yilda f.-m.f.d.VIadimir Belotelov rahbarligida bir guruh Rossiya Kvant Markazi (PKL] — Poccuiickuii KBaHTOBBIIT
Lentp) olimlari tomonidan yuqori sezuvchanlik xususiyatiga ega bo‘lgan magnit sensori yaratildi. Ushbu sensor SQUID
sensorlarga nisbatan yuzlab marta arzon va kompakt bo‘lib, u ferrit-granatning monokristall yupga gatlamidan tayyorlanadi.
Magnit maydonini aniglash uchun mazkur gatlamdagi atomlarning magnit momentlari boshgaruvchi g‘altaklar yordamida yuzlab
kilogerts chastota bilan aylantiriladi [3]. Ushbu texnologiya 10-*® dan 10°*' Teslagacha bo‘lgan magnit maydonini aniglash
imkoniyatini beradi. Lekin, ushbu sensor tashqi magnit shovqinlarga nisbatan ham o‘ta sezgirligi sababli, hozircha, isomagnit
sharoitida tajribadan o‘tkazilmoqda.

Hozirgi kunda yuqorida e’tirof etilgan G‘.G‘ulomov va U.Erkaboyevlar rahbarligidagi guruh tomonidan magnit
maydonining yarimo“tkazgichlar xossalariga ta’sirini o‘rganish bo‘yicha ham ilmiy tadgiqotlar olib borilmoqda [5].

Xulosa. Xulosa qilib aytish mumkinki, hozirki kunda yuqori sezuvchanlik xususiyatiga ega bo‘lgan magnit sensorlaridan
foydalanish uchun asosiy to‘siglardan biri — bu inson tanasidan olingan signallarni tashqi magnit maydon ta’siri, yani,
shovginlardan tozalash muammosidir. Bu muammoni signallarni vagt momentlarida diskretlash orgali hal gilish imkoniyati
mavjud. Masalan, muayyan sharoitda t; vaqt momentida inson tanasida o‘lchangan By, (t;) miqdordan joriy vagt momentidagi
mavjud tashqi B, (t;) magnit maydon migdori (buni shartli ravishda shovgin deb atash mumkin) ni ayirib, inson tanasining sof
magnit maydoni B(t;) ni aniglash mumkin:

B(tl) = Bhb(ti) - Ben(ti)' i=012,..
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ADAPTIVE RESTRICTION AND A METHOD FOR DETERMINING THE ANGLE OF INCLINATION FOR
BRAILLE TEXTS
Annotation
This article focuses on the principles of Optical Character Recognition (OCR) for the Latin Braille alphabet in the Uzbek
language (the type of writing used by blind people). We employed multiple image processing and analysis streams to implement
the text recognition process. In doing so, adaptive thresholding and tilt angle determination methods were thoroughly examined.
Key words: Adaptive, angle of inclination, ocr, grid.

AJATITUBHOE OT'PAHUYEHUE U METO/] OITPEJAEJEHUSA YI'JIA HAKJIOHA VIS TEKCTOB INIPUO®TOM
BPAILIA
AHHOTanUs
Ota cTaThs TOCBAINIEHA NPHHIMIAM ONTHYECKOTO PACIIO3HABAHHSA CHMBOJIOB (ONTHYECKOE DPACIIO3HABAHHE CHMBOJIOB) JUIS
JmaTuHCKoro andasuta bpaitng Ha y30eKcKoM s3bIKe (THII MHChMa, HCHONB3YyEeMBIH CIEHNBIMU TIOAbMH). MBI HCIOIB30BAH
HECKOJIBKO TIOTOKOB O00OpabOTKM W aHaiIM3a M300paKeHWH AJIs peaqu3alyy Ipolecca pacno3HaBaHus TeKcTa. [Ipu 3Tom Obum
HOAPOOHO PacCMOTPEHBI METOBI aAAIITUBHOTO OTPAHMYCHHS U OIIPE/IeNICHHUs yTila HaKJIOHA.
KunroueBsbie ci10Ba: AnanTHBHBIHA, YTOJ HAKIIOHA, OCT, PEIIETKA.

BRAYL YOZUVIDAGI MATNLARNI ANIQLASHNING ADAPTIV CHEGARALASH VA EGILISH BURCHAGINI
TOPISH USULI
Annotatsiya

Bu maqola O‘zbek tilidagi lotincha Brayl alifbosi (ko‘zi ojiz odamlar foydalanadigan yozuv turi) uchun optik belgilarni aniqlash
OCR (Optical character recognition) tamoyillari bilan bog‘lig. OCR jarayonini amalga oshirish uchun biz tasvirni gayta ishlash
va tahlil gilishning bir nechta mavzularidan foydalandik. Bunda adaptiv chegaralash va egilish burchakni aniglash usullari
batafsil ko‘rib o‘tildi.

Kalit so‘zlar. Adaptiv, egilish burchagi, ocr, panjara.

Kirish. Ushbu maqolaning maqgsadi Brayl kodi (ko‘zi ojizlar tomonidan qo‘llaniladigan yozuv turi) uchun optik
belgilarni tanuvchi OCRni ishlab chigishdan iborat. Biz ushbu ishni bajarishda quyidagi 5 ta asosiy bosgich yordamida Brayl
belgilarini aniglash jarayonini ko‘rib o‘tdik:

+Kiruvchi tasvirlar sifatini boshgarish;

+Brayl alifbosida yozilgan matnni tashkil etuvchi nugtalarning joylashuvini aniglash uchun skanerlangan tasvirlarni
gayta ishlash;

+Matndagi satr va ustunlar o‘lchov giymatlarini olish uchun topilgan nuqtalarni qayta ishlash. Ushbu usul Brayl mesh
aniglanishi deb nomlanadi;

+Aniqlangan nuqtalar kombinatsiyasini ASCII kodigagi ifodaga aylantirish uchun O‘zbek tilidagi lotincha Brayl
alifbosidan foydalanish;

+Foydalanuvchi interfeysi.

Bizda yuqoridagi besh qismga tegishli bo‘lgan natijalar mavjud. Biz ushbu maqolada berilgan natijalar bilan ishlaymiz.

Kiruvchi tasvir sifatini boshgarish. Ushbu magolada biz Tven standartini tanladik [1]. Ushbu standart ko‘pgina sanoat
firmalari (HP, Logitech, Caere va Aldus) tomonidan ilgari surilgan. Ushbu standartning magsadi kiruvchi tasvir sifatini
yaxshilash va turli shovgin giymatlarini kamaytirishdan iborat. Ushbu standart fagat skanerlar uchun emas, balki turli xil
manbalaardagi tasvirlarni olish imkonini beradi. Bu tasvirdagi belgilarni olishning ustuvor vazifadir.

Nugtalarni lokallashtirish

Bu mantqiy jarayonning birinchi bosqichi hisoblanib, kiruvchi tasvir kam shovqin parametrlariga ega bo‘lishi kerak.
Brayl alifbosida yozilgan tasvirda quyidagi ikki xil tipdagi nutqalarni ko‘rish mumkin: bo‘rtgan nuqtalar va botiq nuqtalar. Ko‘zi
0jiz odam matnda faqat bo‘rtgan nuqtalarni aniqlab, o‘qish jarayonini amalga oshiradi. Botiq nuqtalar ushbu matnning orga
tomonidagi sahifasida chop etilgan, bo‘rtgan nuqtalar hisoblanadi. Bu holat ikki xil turdagi nuqtalarni tasvirda farqlashda
muammo tug‘diradi. Ammo biz ushbu holatda tasvirni bir marotaba skanerlash orqali ikki tomondagi belgilarni ham ajratib olish
taklifini beramiz.
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oSt B E S o .
1-rasm: Brayl alifbosida yozilgan ikki tomonlama matn.

Brayl alifbosidagi boshlanish nugta mavjud qgolipning (pattern) kuzatilgan modeli hisoblanadi. Biz tajriba davomida
skanerlangan tasvirlarda bo‘rtgan nuqtadan yuqorida yarim oy shaklida yorgin maydon, pastki gismda esa shu shakldagi
qorong‘u maydon mavjud ekanligini aniqladik. Botiq nuqtalar teskari patternga ega bo‘ldi (yuqoridagi qorong‘u, pastdagi yorqin
maydon) (2-rasmga qarang). Biz berilgan maydonlarni oq va qora dog‘larga ajratishda, ikkita adaptiv chegaralash usulini
qo‘lladik. Chegaraviy yorqinlik darajalari yorqinlik gistogrammasidagi nuqtalar sifatida aniqlanadi [2], ular uning umumiy
maydonini ikki maydonga ajratadi, shuning uchun tagsimot ma’lumotlarining berilgan ulushi tegishli chegaradan yugori/pastda
joylashgan. Foiz eksperimental ravishda 5 ga o‘rnatildi%.

2-rasm. Chegaralash jarayonidan keying tasvir.

Keyinchalik, biz qora va oq maydonlarning markazlarini aniglaymiz va ularni qora va oq nugta koordinatalari sifatida
qabul qilamiz. Keyinchalik, yuqorida joylashgan oq nuqta va quyida joylashgan qora nuqtadan iborat qo‘shni juftlarni
aniqlaymiz. Bu juftliklar keyinchalik “bo‘rtgan nuqtalar”, “botiq nuqtalar” sifatida belgilanadi.

3-rasm. Lokallashtirilgan tasvir nuqgtalari
Ushbu usul foydalanish qulayligi va yuqori bajarilish tezligi bilan ajralib turadi. Shunga garamay, ushbu usul ikkita muhim
kamchilikka ega [3]. Birinchidan, ba’zi nuqtalarning yo‘qolishi, ikkinchidan, soxta nuqtalarning paydo bo‘lishi kuzatiladi.
Xatolar bir-biriga yaqin joylashgan dog‘lar mavjudligi bilan bog‘liq bo‘lib, ular chegarani o‘zgartirish jarayonidan so‘ng
birlashadi (bu, aynigsa, bo‘rtgan va botgan nuqtalar juda yaqin bo‘lganda sodir bo‘ladi; 2-rasmdagi oxirgi ustundagi nuqtalarga
garang). Muammoni barcha intellektual ishlov berishning keyingi bosgichga - tarmoqni aniqlashga o‘tkazish orqali hal qilish
mumkin [4]. Biz ishlab chigqan panjara qurish algoritmi noto‘g‘ri tartibda joylashgan nugqtalarni samarali ravishda tashlab
yuboradi va manbaaga tegishli yo‘qolgan nuqta maydonlarini aniglaydi.

Bu algoritm aniqlanishi zarur bo‘lmagan nugqtalarni tabiiy ravishda tashlab yuboradi. Nugtalar bilan ishlashning intuitiv
yondashuvidan tashqari, biz patternni aniglashning mugobil samaradorlikdagi usullarni anigladik. Bu usullar bilan tanishib
chigishingiz mumkin.

Tarmogni aniglash.

Ushbu bosqichda matn satrlari, ustunlarining joylashuvi va yo‘nalishini aniqlashimiz zarur. Bu pozitsiyalar biz Brayl
meshi deb ataydigan usulni tashkil giladi. Brayl alifbosida biz 6 nuqtadan iborat to‘rga egamiz. Har bir nuqta faol yoki faol
bo‘lmasligi mumkin (matnda bo‘rtgan Brayl nuqtasi sifatida belgilangan). Har bir kombinatsiya alohida xarakterni ifodalaydi.
Agar bizda N ta belgi (matn) bo‘lsa, ular orasidagi masofalar normallashtiriladi. Keyin, bizda 6xN nuqtadan iborat to‘r mavjud
(Brayl to‘ri) bo‘ladi. Oldingi algoritm nuqtalarning bir gismini aniqlaydi, ammo ularning soni panjara qurish uchun yetarli
hisoblanadi. To‘liq panjara mavjud bo‘lganda, har bir potentsial joyga yaqin nugtalar mavjudligini tekshirish uchun uni batafsil
o‘rganish mumkin (har bir nuqta yuqorida va pastda joylashgan bir nechta nuqtalarga ega, ammo ba’zida ularning joylashuvi
markazlashtirilmagan) bo‘ladi. Ushbu algoritm yordamida biz yo‘qotilgan nuqtalarni tiklaymiz. Shuningdek, soxta nuqtalarni -
masofa qoidalariga mos kelmaydigan nuqtalarni eslatib o‘tish kerak. Algoritm ularni oddiy istisno tarzida tashlab yuborishni
ta’minlaydi.
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4-rasm. Brayl to‘ri.
Standart masofalar: Ph = 2.5 mm, Rh = 3.5 mm, Pv = 25 mm va Rv = 5 mm. Algoritmning birinchi bosgichi egilish
burchagini aniglash bo‘lib, u quyidagi metodga asoslanadi [5]
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Shundan so‘ng, algoritm boshlang‘ich nuqtani tanlaydi va butun tarmoqni qurish uchun standart masofalarni ketma-Kket
siljitishni amalga oshiradi. Asosiy tanlovimiz noto‘g‘ri joylashgan nuqtani tanlamaslikdan iboratdir. Ushbu muammoni hal gilish
uchun tizim ma’lum bir mos nuqtalar maydoniga eng yaqin 10 ta maydon nuqtasini tahlil giladi. Ushbu nuqtalarning har biri
uchun tizim dastlabki mos yozuvlar nugtasidan belgilangan masofaga asoslangan munosabatlarni o‘rnatishga harakat giladi.

Har bir urinishda tizim standart pozitsiyalarda ma’lum usulda topilgan nuqtalar sonini hisoblab chiqadi. Ushbu 10 ta
nuqtaning maksimal giymati boshlang‘ich nuqtani tanlash uchun ishlatiladi (harakat faqat vertikal ravishda amalga oshiriladi va
nuqtalar gorizontal chiziqlar bo‘ylab qidiriladi, bu belgi ichidagi nuqtaning nisbiy holatidan mustaqillikni ta’minlaydi).

Yana bir muhim vazifa — ko‘rilayotgan Brayl belgisi ichidagi boshlang‘ich nugtaning nisbiy holatini aniqlash. 4-rasmda
ko‘rib turganingizdek, 6 ta pozitsiya mavjud [6]. Biz shunchaki barcha mumkin bo‘lgan pozitsiyalarni taxmin gilamiz va keyin
yuqorida tavsiflangan maksimal nugqtani topish usulidan foydalanamiz Birinchidan, nuqta qaysi ustunga (2 dan), so‘ngra qaysi
gatorga (3 dan) tegishli ekanligini aniglaymiz.

Yakuniy bosqich sifatida boshlang‘ich nuqtadan boshlab toki butun tarmoqni qurishgacha bo‘lgan jarayon qaraladi.
Ushbu harakat moslashuvchan tarzda amalga oshiriladi. Ushbu usulning mohiyati 6 o‘lchamdagi panjarani har bir keyingi
nugtalar uchun ham siljitishdan iborat. Keyingi belgi topilgach, biz panjara tugunlari yaginidagi nugtalarni tekshiramiz. Keyin
biz ushbu nugtalar asosida panjara o‘rnini to‘g‘rilaymiz. Biz bu jarayonni tasvirning o‘ng chegarasiga qadar davom ettiramiz.
Shundan so‘ng, biz bir xil adaptiv mantiq asosida keyingi qatorga o‘tamiz.
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5-rasm. Tasv1rn1ng ikki sahifasi uchun hisoblangan Brayl to‘ri.

Agar chegaralar to‘g‘ri va aniq o‘rnatilgan bo‘lsa noto‘g‘ri holatdagi nuqtalar ushbu jarayonda ko‘rib chigilmaydi.

ASCII kodiga tarjima

3-bosqichdan so‘ng bizda olti nuqtali belgilar (1 yoki 0 ga teng bo‘lishi mumkin bo‘lgan oltita bit) bilan ifodalangan
Brayl matni mavjud. Endi biz uni ASCII kodiga aylantirishimiz kerak. Boshgacha gilib aytganda, Brayl alifbosini qo‘llaymiz.

Foydalanuvchi interfeysi

Foydalanuvchi interfeysi Gradio freymworki yordamida yaratilgan bo‘lib, istalgan qurilmlardan foydalanish imkoniyatini
beradi [7]. Dastur kodi foydalanuvchi interfeysi uchun Python hamda C++ dasturlash tillarida yozilgan va tasvirni gayta ishlash
tartiblari C da yozilgan (foydalanuvchi interfeysi bilan bog lanish uchun DLL kutubxonalar tuzilgan.

Tezker Brayl tarjimon (O'zbek latin yoz

ertatsiya gilish

6-rasm. Dasturning umumiy ko‘rinishi va ishlash prinsipi

Dasturdan foydalanishda zarur tavsiyalar, yutuglar va kamchilikar

Bugungi kunda biz hali bajarishimiz zaur bo‘lgan quyidagi ishlarni ajratib ko‘rsatishimiz mumkin:

+Algoritmlarning ishlashini tezlashtirish. Biz butun sahifani taxminan 2.8 soniyada taniymiz (Intel i5-1035G1 (8) @
3.600GHz; GPU: Intel Iris Plus Graphics G1 Memory: 7715MiB) [8]. Bu anchayin tez ishlash hisoblanadi.

+Dasturning joriy versiyasida foydalanuvchi Brayl nuqtalari orasidagi masofani qo‘lda o‘rnatishi kerak. Bu nostandart
Brayl alifbosi bilan ishlash qobiliyati bilan bog‘liq. Tizim, albatta, sukut bo‘yicha standart masofalardan foydalanadi, ammo
masofalarni avtomatik aniqlash juda foydali bo‘ladi. Avtomatik o‘lchovlarni aniqlash uchun sun’iy intellekt texnologiyalarini
qo‘llash magsadga muvofiq bo‘ladi [9].

+Kompyuterlashtirilgan (8 nugtali) Brayl alifbosi va maxsus simvolik belgilar ketma-ketliklarini (masalan, matematik
belgilar) joriy etish.

+Ushbu dasturda Brayl alifhosida yozilgan matnni aniglash xatolik giymati 3% ni tashkil etadi.

Ushbu ilova foydalanuvchilar uchun katta gizigish uyg‘otadigan ba’zi xususiyatlarni o‘z ichiga oladi. Garchi bu
xususiyatlar tasvirni qayta ishlash algoritmlari bilan bog‘liq bo‘lmasa-da, quyida ularning qo‘shimcha imkoniyati haqida aytib
o‘tamiz:

+Ushbu OCR dasturimiz A4 dan katta bo‘lgan sahifalardagi Brayl alifbo belgilarini aniglash uchun ishlatiladi. Bunda
skaner qilinayotgan tasvir ikki qismga ajratilgan holda yuklanadi hamda ular bitta sahifa ko‘rinishiga keltiriladi. Odatda ko‘zi
ojizlar uchun tayyorlangan o‘quv adabiyotlar A4 dan katta bo‘lgan sahifalarda ham bo‘ladi [10].

+Foydalanuvchi loyihalarni yaratishi mumkin. Loyiha tegishli varaglarni (masalan, kitoblarni) skanerlash uchun
mo‘ljallangan [11]. Dastur va skaner parametrlari loyiha bilan birga saglanadi.

Xulosa. Biz Brayl alifbosida yozilgan matnlar uchun optik belgilarni aniglash (OCR) tizimini ishlab chigdik va amalga
oshirdik. Yakuniy ilova barcha turdagi qurilmalar uchun professional dastur bo‘lib, u standart matnli OCR-ga o‘xshash ishlaydi
va ko‘zi ojizlar odamlar uchun juda foydali vositadir.
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BJIUSAHUE TEMIEPATYPbI © MATHUTHOI'O IOJISI HA INIOTHOCTH NOBEPXHOCTHBIX COCTOSIHUM
IT'ETEPOCTPYKTYPHOI'O NOJIYIIPOBOJHUKA
AnHOTaLUA

B nmanHOH cTaThe HMcCleqOBaHBI (U3NYECKUE CBOICTBA IMOBEPXHOCTH T'eTEPOCTPYKTYPHOTO IIOJIYIPOBOJHHKOBOIO MaTephaa.
TpyMeHeHa 3aBUCHMOCTD TIOTHOCTH TIOBEPXHOCTHBIX COCTOSIHHI MOJIYNpoBofHKKa Si(P) P-THIIA OT MArHUTHOTO oJisl. Briepebie
pa3paboTaHa MaTeMaTHYecKas MOJEIb, ONpeeIIFONIast BIUSHAC CHIBHOIO MarHUTHOTO TOJIST HA TEMIIEPaTypHYIO 3aBUCHMOCTh
IUIOTHOCTH MOBEPXHOCTHBIX COCTOSIHUI B IOJIYTIPOBOIHUKOBBIX T€TEPOCTPYKTYpax.

KiroueBbie cj0Ba: TeTEPOCTPYKTYpa, (HOTOIIEKTPUUECKU mpeoOpa3oBarenb, TIyOOKHE YPOBHH, BOIBT-(hapagHblie
XapaKTePUCTHUKHU, TOBEPXHOCTHBIE COCTOSHHS, MATHUTHOE TIOJIE.

INFLUENCE OF TEMPERATURE AND MAGNETIC FIELD ON THE DENSITY OF SURFACE STATES OF A
HETEROSTRUCTURAL SEMICONDUCTOR
Annotation

This article examines the physical properties of the surface of a heterostructure semiconductor material. The dependence of the
density of surface states of the p-type Si(p) semiconductor on the magnetic field is applied. For the first time, a mathematical
model has been developed that determines the influence of a strong magnetic field on the temperature dependence of the density
of surface states in semiconductor heterostructures.

Key words: heterostructure, photoelectric converter, deep levels, capacitance-voltage characteristics, surface states, magnetic
field.

GETEROSTRUKTURALI YARIMO‘TKAZGICH SIRT HOLATLAR ZICHLIGIGA HARORAT VA MAGNIT
MAYDONINING TA’SIRI
Annotasiya

Ushbu magolada geterostrukturali yarimo‘tkazgich material sirtining fizik hossalari o‘rganildi. p-tipli Si(p) yarimo*‘tkazgichning
sirt holatlar zichligini magnit maydonga bog‘ligligi tadbiq etilgan. 11k bora, Yarimo‘tkazgichli geterostrukturalarda sirt holatlar
zichligini haroratga bog‘ligligiga kuchli magnit maydonning ta’sirini aniglovchi matematik model ishlab chigildi.

Kalit so‘zlar: geterostruktura, fotoelektrik o‘zgartirgich, chuqur sathlar, sig‘im-kuchlanish xususiyatlari, sirt holatlari, magnit
maydon.

Kirish. Ma’lumki fotoelektrik o‘zgartirgichlar sifatida keng qo‘llaniladigan CdS/Si(p) geterostrukturali
yarimo‘tkazgichning elektr, optik va magnit hossalarini o‘rganish dolzarb muammolardan biri hisoblanadi. Jumladan CdS/Si(p)
ni geterochegarasida nugsonlarning hosil bo‘lishi, ushbu yarimo‘tkazgichli materiallarning elektr xususiyatlariga salbiy ta’sir
gilsa, chuqur energetik sathlardagi sirt holatlar zichligi esa geterostrukturani fotoelektrik samaradorligini yomonlashishiga olib
keladi.

Mavzuga oid adabiyotlar tahlili. Bugungi kunda, sirt holatlar zichligini o‘lchash, uni tashgi omillarga bog‘ligligini
aniglash bo‘yicha bir gator tadgiqotlar olib borilgan. Xususan, [1,2] ishlarda yarimo‘tkazgichli strukturalarda sirt holatlar
zichligini Volt-Farad usuli yordamida aniglangan.

Ishning asosiy magsadi CdS/Si(p) geterostrukturali yarimo‘tkazgichning sirt holatlar zichligini magnit maydonga
bog‘ligligini modellashtirishdan iborat.

Keskin p-n o‘tishli diodning past chastotali sig‘im-kuchlanish xususiyatlarini CdS/Si(p) geterostrukturali yarimo‘tkazgich
uchun tavsiflash mumkin. U holda geterostrukturani past chastotali sig‘im-kuchlanishi quyidagi ifoda orgali hisoblanadi [1]:

_ dqpch _s ggoq(Na+Nt) (1)
P dv 2(V, -V —AV,)

(1) formulada V ni giymati 0 dan boshlab Vsrgax gacha o‘zgaradi. U holda (1) ni V bo‘yicha 0 dan Vsrgax oraligda integrallasak

va Vg (B,T) ni hisobga olish natijasida, qpch ni aniglash mumkin:
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Vg™ (B.T)

qpch = qSS = -[O Cpch (\/)dv &)

v, [66,d(N, +N,)
R

Bundan tashqari, sirtdagi ionlashgan zaryad miqdori akseptorni va chuqur sathdagi konsentrasiyalar bilan bog‘liqligi:
Oss =a(N, +N,)5S @3)

J- chuqur energetik sathlarni gayta zaryadlagan gismi (yuzi).
1-rasmga ko‘ra J ni quyidagicha aniglanadi:

W -5 = = “)
a°N,
Shu bilan birga, W ni V ga bog‘ligligi quyidagicha [1]:
W (V)= 85 (5)
C(v)

(4) va (5) dan foydalanib § ni topamiz:

c6,S e2,0(E ~Eq, |W

o= (6)
C(V) a’N,
Si(p) uchun valent zona shipiga nisbatan Er ni quyidagicha aniglanadi [1]:
Na
E _EV—kTIn(N j (7)
\%
(7) dan:
E. = KTI N, 8)
Fo Ev - n N
v
kelib chigadi.
(8) ni Et ga nisbatan baholaymiz:
N
E.-Er =E -E, - kTIn(N—Vj ©)
Sirt holatlari uchun E: ni Ess ga almashtirsak va (1) formuladan foydalansak:
N
(s —Er, ) =a(@—¥)—kTin| - (10)
P Na
kelib chigadi.
Sirt holatlari uchun (6) dagi (Et — EFp ) ni o‘rniga (10) ni qo‘ysak:
£E,S &€, N
Sgg ==L — [0 q(cD—V)—len(—Vj (11)
C:pch (V) q Na Na
ifodani olamiz.
Geterochegaralarda sirt holatlar zichligi Nss chuqur sathdagi xajmiy konsentrasiya bilan quyidagicha bog‘langan:
Ngs = NJgs (12)

TZ
[1] gakora Ogg ni V =Vgg shart asosida (11) ni hisoblansa, ( E, (T) =E, (O)—al—_l_ ni hisobga olamiz) u
a, +

holda O ( B, T ) quyidagi ko‘rinishga keladi:
SS

ZggO(Eg (T)+ﬁinB*j 5 N

S (B) = L | gl E, (T)+ A= |—KTIn| ~ (13)
a(N,+N,) a’N, N

(2), (3), (12) va (13) lardan foydalanib, sirt holatlar zichligini kuchli magnit maydonga bog‘liqligi topiladi:

C a
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(8 _ N 58 _ L
N = N, &8¢ s [, Ci(V)av (14)

Shunday qilib, (13) va (14) lardan foydalanib, CV usulida aniglangan sirt holatlar zichligini kuchli magnit maydoniga
bog‘lanishini topamiz:

Nss (B)=N, JL(EQ (T)m?n_B*]_\/zggo [Eg (T)+ﬁeB*J—kT|n[%j

a(N,+N,) ) aN, ) .

_JM* \/@—[EQ (T)+ﬁe—B*J —Jo

(15)

q
Agar ushbu ifoda B — O ga intilsa [1] ishda keltirilgan sirt holatlar zichligi formulasiga qaytadi. Bu esa, biz taklif

mC

qgilayotgan matematik modelni nazariy tomondan to‘g‘ri ekanligini isbotlaydi. Taklif etilayotgan matematik modelda NSS (B)
sirt holatlar zichligini (15) formula bo‘yicha haroratga bog‘ligligini to‘liq tushintira olmaydi. Chunki, past haroratlarda (15) ga
ko‘ra NSS ( B) deyarli o‘zgarmaydi. Yani o1 ning giymati barcha materiallar uchun 10 atrofida bo‘ladi o2 esa [6] ga ko‘ra 100
K da yuqori haroratlarda olinadi. Bundan kelib chigadiki,

. aT? eB | eB
IT'L%(EQ(O)_%H+ﬁm*j_Eg(o)+ﬁ _ (16)

m

C C

. _ N
Bundan tashqari, (15) formuladagi KTIn [N—V xad ham N (B) ni haroratga bog‘liqligi dinamikasiga deyarli
a
ta’sir etmaydi. Sirt holatlar zichligini haroratga bog‘ligligini aniqlash uchun chuqur energetik sathlarda (taqiqlangan zona
kengligining markaziga yaqin zonalar) zaryad tashuvchilarning termik generasiyalanish ehtimolligidan foydalaniladi.
Ma’lumki, sirt holatlarning bo‘shalish ehtimolligi vaqtga, haroratga va taqiqlangan zona kengligining markazi tabiatiga
bog‘liq. Chuqur sathlardagi Ess energiyali sathning bo‘shalish ehtimolligi quyidagi formula orqali [5-8] aniglanadi:

t
p(Eq ) =1—exp| —— a7)
T( Egs )
Bunda, 7(Egg)- chuqur energetik sohalarda 0 dan boshlab Ess gacha elektronlarni bo‘shalish vaqti. Albatta, Ess ni
qiymati ortishi bilan unga ko‘proq vaqt ketadi. [6] ga ko‘ra (Ess) funksiya Ess va kT ga kuchli bog‘liq bo‘ladi:

E
7(Ey,T,t)=rexp| = (18)
(Ea T =0
(17) va (18) lardan p(ESS ,T,t) aniglash mumkin:
t Eg
p(Eg, T,t)=1—exp| ——exp| —= (19)
7, KT
Bu ifoda, sirt holatidagi zaryad tashuvchilarning Ess energetik sathini bo‘shalish ehtimolligini haroratga bog‘ligligini
ifodalaydi.
Ilmiy adabiyotlardan ma’lumki, sirt holatlar sonini vaqtga bog‘liqligi quyidagi ifoda orqali aniqlanadi [9]:

N ()= [ Neop(Es T 1) cE (20)

(20) ifodada, Nss ni giymati energiyaga bog‘liq bo‘lmagan kattalik bo‘lib, [1] da CV usulida hisoblangan sirt holatlar
zichligiga teng. Shu bilan birga, biz taklif gilayotgan Nss(B) ham B — 0 ga intilganda [1] da keltirilgan Nss ga gaytadi. U holda,
(15) ni (20) ga qo‘yib va uni o‘zgarmas vaqt oralig‘ida (t=const) sirt holatlarni energiya bo‘yicha integrallanishini hisobga olsak,
sirt holatlari soni quyidagicha aniglanadi:

E,
N (E, B.T)=IEVNSS (B) p(Ess, T)dEq (22)

Sirt holatlar soni N(E,B) dan Ess energiya bo‘yicha hosilasi energetik sirt holatlar zichligi deb ataladi. Unda, (21) ni Ess
bo‘yicha differensiallash natijasida (21) ifoda quyidagi ko‘rinishga ega bo‘ladi:
E., T

dN (Eg,B, T ) Ni dp ,
NSS (ESS’ B’T) = % y0k| NSS (ESS’ B-T) = Z NSSi (B)%
SS N, =0 SS
(22)
Ushbu keltirib chiqarilgan (22) formula energetik sirt holatlar zichligini haroratga bog‘ligligiga kuchli magnit
maydonning ta’sirini ifodalaydi.
Tahlil va natijalar. Endi, taklif etilayotgan model asosida tashqi omillar ta’siridagi sirt holatlar zichligini aniglashni
yarimo‘tkazgichli strukturalar uchun tadbiq etaylik. Jumladan, [10] ishlarda metall-oksid-yarimo‘tkazgich strukturalarda sirt
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holatlar zichligini radiatsiya va magnit maydonlarga bog‘ligligi bo‘yicha ta’iri tajriba natijalarida olingan. Ya’ni, [10] ishda Bi-
Si-Al yarimo‘tkazgichli tuzilmani sirt holatlar zichligiga magnit maydon ta’siri hona haroratida aniglangan [1-rasm]. 1-rasmda
Nss(E) ni E ga bog‘ligligi B=0 va B=0.17 TI magnit maydonlarda grafiklari keltirilgan. Ushbu rasmdan ko‘rinib turibdiki,

magnit maydon ta’sir ettirilganda OY o‘qi bo‘ylab (Nss o'qi ) siljishi tajribada kuzatilgan. Lekin, bu tajriba natijalari sabablari
tushintiruvini mexanizmi ishlab chigilmagan.

(e Lind -
(VAR 3

1012 |

NlE, ooV

IR

1otk i i i i

L v
-G -4 —0.2 L 0.2 0.4
Encrgy £, oW

1-rasm. Bi-Si-Al tuzilmalarida (Si asosida) sirt holatlar zichligiga magnit maydonning ta’siri.
1-B=0 11, 1°-B=0.17 T1,
T=300 K [10].

Lekin, biz taklif gilayotgan matematik model (22-formula) tajriba natijalarini izohlashga imkon beradi. Chunonchi, [10]
da keltirilgan fizik parametrlarni (22) formulaga qo‘llash. Ya’ni,  Bi-Si-Al (Si sirti) tuzilma uchun Eg (O) =1.12eV,

B=0.17 Tl, T=300 K, F=0.11V. 4-rasmda, (22) formula bo'yicha olingan Nss(B,T) ni turli magnit maydonlarga bog‘ligligi
keltirilgan. Tajriba (1-rasm) va nazariya (2-rasm) grafiklarini solishtirilsa, albatta ba’zi qonuniyatlar bajarilganda, sifat jixatdan

bir-biriga yaqin keladi. Taklif gilinayotgan modelni yana bir afzalligi shundan iboratki, (22) formula yordamida tajriba natijalari
past harorat va yugori magnit maydonlarda hisoblash mumkin.

1,006+12
1,006+13

1,008+12

Hss, 3B™1 cmh-2

1,006+11

1,006+10
o4

2-rasm. Xona haroratida Bi-Si-Al tuzilmasida (Si asosida) sirt holatlar zichligiga magnit maydonning ta'siri.
1- B=0TI, T=300 K,
2- 2-B=0.17TI, T=300 K

Xulosa. Ushbu tadgiqot ishlarini bajarish jarayonida, quyidagi xulosalarga erishildi: Ilk bora, yarimo'tkazgichli
geterostrukturali materiallar uchun sirt holatlar zichligini haroratga va magnit maydonga bog‘ligligini nazariy jihatdan
tushuntirildi. Yarimo‘tkazgich-dielektrik chegarasidagi sirt holatlar zichligiga magnit maydonning ta'sirini hisoblovchi yangi
analitik ifoda taklif qgilindi. Yarimo‘tkazgichli geterostrukturalarda sirt holatlar zichligini haroratga bog‘ligligiga kuchli magnit
maydonning ta’sirini aniglovchi matematik model ishlab chigildi.
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KVANT O‘LCHAMLI YARIMO‘TKAZGICHLI STRUKTURALARDA MAGNITOQARSHILIK
OSSILLYATSIYALARIGA KUCHLI ELEKTROMAGNIT MAYDONNING TA’SIRI
Annotatsiya

Ushbu ishda kvant o‘rali yarimo'tkazgichli strukturalarni o'rganishga qiziqish uni kichik o'lchamli diapazonda ishlaydigan
nanotexnologik asboblar sifatida, shuningdek, turli xil spintronik qurilmalarda qo'llash imkoniyati bilan belgilanmoqda. Olimlar
tomonidan ushbu kvant o‘lchamli strukturalarning katta e’tibor bilan o‘rganishiga asosiy sabab, bunday materiallarning fizik
xususiyatlari bir qator qiziqarli ilmiy jarayonlarga ega bo‘lib, bu jarayonlarning turli xil tashqi omillar ta’sirida tubdan
o‘zgarishlarini to‘liqroq tushunishga imkon beradi.

Kalit so‘zlar: Geterostruktura, nanoo‘lcham, kvant o‘ra, holatlar zichligi, holatlar zichligi, ossillyatsiya, nanoo‘lcham, magnit
maydon, ikki o‘lchamli, yarimo*‘tkazgichlar.

BJIUSAAHUE CUJBHOI'O QJIEKTPOMATHUTHOI'O IMOJISI HA OCHUJJIAIUA MATHUTOCOITPOTUBJIEHUSA
B KBAHTOBOMEPHBIX NIOJYITPOBOJHUKOBBIX CTPYKTYPAX
AHHOTAIHS

B nanHoii paboTe uHTEpeC K UCCIISIOBAHUIO TIOJIYITPOBOJAHUKOBBIX CTPYKTYP C KBAaHTOBOW paHOW ONMpPEENseTCs] BO3MOKHOCTHIO
UX TPUMEHEHHS B KaueCTBE HAHOTEXHOJOTMYECKUX YCTPOWCTB, PabOTAIONIMX B MalOpa3MEpHOM [Halla3oHe, a TaKkke B
Pa3MYHBIX YCTPOUCTBAX CIMHTPOHUKH. OCHOBHAs TPUYMHA, IO KOTOPOW STH KBAHTOBHIE CTPYKTYPHI H3YYalOTCS YIEHBIMH C
0OJNBIIMM BHUMAaHHWEM, 3aKJIIOYAETCS B TOM, YTO B (PM3MUECKHX CBOMCTBAX TaKUX MAaTEPHAJIOB NMPOUCXOIOHUT PSA MHTEPECHBIX
HaYYHBIX MPOIECCOB, KOTOPBIE MPUBOAAT K OoJiee MOTHOMY MOHUMAHHUIO (pyHIaMEHTaTbHBIX H3MEHEHHH 3THUX MPOIECCOB MO
BIIMSIHUEM TIO3BOJISIOT PAa3IHUHbIC BHEITHHE (hAKTOPBI.

KiroueBbie ciaoBa: ['erepocTpykrypa, HaHOpasMep, KBaHTOBAas KaTylIKa, IUIOTHOCTb COCTOSIHHM, TUIOTHOCTh COCTOSIHUH,
KosiebaHue, HaHOpa3Mep, MArHUTHOE T10JI€, JIBYMEPHOCTh, IMOJIYIPOBOIHUKH.

INFLUENCE OF A STRONG ELECTROMAGNETIC FIELD ON MAGNETORESISTANCE OSCILLATIONS IN
QUANTUM WELL OF SEMICONDUCTOR STRUCTURES
Annotation

In this work, the interest in the study of quantum-wound semiconductor structures is determined by the possibility of its
application as nanotechnological devices operating in the small size range, as well as in various spintronic devices. The main
reason why these quantum-scale structures are studied with great attention by scientists is that the physical properties of such
materials have a number of interesting scientific processes, which lead to a more complete understanding of the fundamental
changes of these processes under the influence of various external factors. allows.

Key words: Heterostructure, nanoscale, quantum coil, density of states, density of states, oscillation, nanoscale, magnetic field,
two-dimensional, semiconductors.

Kirish. So'nggi yillarda, kvant o‘rali yarimo'tkazgichli strukturalarni o'rganishga qgiziqish uni kichik o'lchamli diapazonda
ishlaydigan nanotexnologik asboblar sifatida, shuningdek, turli xil spintronik qurilmalarda qo'llash imkoniyati bilan
belgilanmogda. Olimlar tomonidan ushbu kvant o‘lchamli strukturalarning katta e’tibor bilan o‘rganishiga asosiy sabab, bunday
materiallarning fizik xususiyatlari bir qator gizigarli ilmiy jarayonlarga ega bo‘lib, bu jarayonlarning turli xil tashqi omillar
ta’sirida tubdan o‘zgarishlarini to‘ligroq tushunishga imkon beradi. Jumladan, bunday tashqi omillardan biri kvantlovchi magnit
maydon va kuchli elektromagnit to‘lqin bo‘lib, u hajmiy yoki kichik o‘lchamli materiallarning kristall panjarasi bo‘ylab erkin
harakatlanayotgan zaryadli zarralarning tracktoriyalarini o‘zgartirib yuboradi. Bu esa, kvant Xoll effekti, Shubnikov — de Gaaz va
de Gaaz — van Alfen effektlari kabi kvant — fizik hodisalarning paydo bo‘lishiga olib keladi.

Adabiyotlar tahlili. Kvantlovchi magnit maydon va kuchli elektromagnit maydon ta’sirlarini tadbiq etish natijasida
hajmiy yoki nanoo‘lchamli strukturalarning asosiy parametrlari: magnit maydon singdiruvchanligi, magnitoqarshilik,
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konsentratsiya, effektiv massa, harakatchanlik, g — faktor, relaksatsiya vaqgti va boshqgalarni aniglash imkonini beradi [1-8]
ishlarda hajmiy yarimo‘tkazgichli materiallarga kichik konsentratsiyali aralashmalar kiritish natijasida magnitoqarshilik
ossillyatsiyalarining kuchli elektromagnit to‘lqin ta’sirida o‘zgarishlarini eksperimental natijalari keltirilgan. Bunda, past
haroratlarda aralashma turi va konsentratsiyasini o‘zgartirish natijasida magnitoqarshilik ossillyatsiya grafiklarini yaqqol siljishi
kuzatilgan. Lekin, ushbu eksperimental tadgiqotlarning yuqori haroratlardagi ossillyatsiya jarayonlari nazariy jihatdan
mukammal o‘rganilmagan. Bundan tashqari, [1, 7-8] ishlarda kvant o‘rali geterostrukturali yarimo‘tkazgichlarning
magnitogarshilik ossillyatsiyalariga kuchli elektromagnit maydon, magnit maydon va haroratlarning ta’sirlari tadbiq etilgan.
Chunonchi, ushbu ishlarda, ilk bora InAs/GaSb kvant o‘ra asosida geterostruktura uchun o‘ta yuqori chastotali elektromagnit
maydon quvvati (P) dan magnit maydon kuchlanganligi (H) bo‘yicha birinchi (dP/dH) va ikkinchi tartibli (d?P/dH?) differansial
signallarning ossillyatsiyalari turli haroratlarda tajribada aniglangan. Bunda, harorat ortishi bilan ossillyatsiya aplitudalarini
keskin ravishda kamayishi kuzatilgan, lekin ushbu tajribalarda aynan shu fizik jarayonni sababi keltirib o‘tilmagan.

Tadgigot metodologiyasi. Kuchli elektromagnit madondagi bir jinsli tizimdagi tok zichligi quyidagi ifodaga ega [8];

j = o(T,)Eg yoki j = j(Eg) 6

Bu yerda, T.- kuchli elektromagnit maydondagi erkin elektron temperaturasi; Eg- kuchli elektromagnit maydonning
elektr maydon kuchlanganligi.

Ushbu j(Eg) xarakteristikalari uchun differensial elektr o‘tkazuvchanlikka o4 bog‘ligligi haqgida fikr yurutish qulaylik
paydo qiladi, yani;

di
Ud(EE) :ﬁ_g-l—Ed—EE (2)

Ushbu (2) ifodani o‘zgaruvchan maydonda xisoblash uchun Furye komponentlari qo‘llash orqali j(w) va Ez (w)lar tadgiq
etiladi. w-o‘zgaruvchan elektromagnit maydon chastotasi. Shuning uchun, biz xozirda na’munaga ta'sir gilayotgan kuchli
elektromagnit maydoni vaqt bo‘yicha o‘zgarmas ta'sir qilayapti deb faraz qilamiz.

U holda, muvozanat (balans) tenglamasi [7]:

% <E>-kT
(v B) =3——— (3
e
(3) dan foydalanib, (2) ni quyidagi ko‘rinishga keltirish mumkin:
-T
oEE =nk—— (4)
e

(4) ifodada o‘ng tomonda keltirilgan had kuchli elektromagnit maydonning quvvatini (P) ifodalaydi. U holda, (4) dan:
P =0EZ (5)
ifoda kelib chigadi.
Demak, (5) dan ko‘rinib turibdiki, kuchli elektromagnit maydon quvvati materialning elektr o‘tkazuvchanligi va
elektromagnit to‘lqinning elektr kuchlanganligini kvadratiga bog‘liq ekan.
Tahlil va natijalar. Endi, (5) ifodadan foydalanib, kuchli elektromagnit maydondagi kvant o‘rali geterostrukturalarni
yarimo‘tkazgichlarning elektr o‘tkazuvchanlik ossilyatsiyalarini ko‘rib chiqamiz.
Kuchli magnit maydondagi kvant o‘rali geterostrukturali yarimo‘tkazgichlarning elektr o‘tkazuvchanligi t(E,B)
quyidagicha aniglanadi [3]:
2
o(E.B) = e’ng <;EE‘B) > ©
bunda, ng-ikki o‘lchamli materiallar uchun erkin elektronlar konsentratsiyasi;
< t(E, B) >-kuchli magnit maydondagi zaryad tashuvchilarning o‘rtacha relaksatsiya vaqti.
Ikki o‘lchovli materiallarda erkin zaryad tashuvchilarning o‘rtacha relaksatsiya vaqti quyidagi ko‘rinishga ega:

[ NZ4(E, B)( f)T(E)EdE

N

< 1(E,B) >= @)

bunda, N2¢(E, B)- 2d o‘lchamli yarimo*‘tkazgichning energetik holatlar zichligi.
[2] ishda 2d o‘lchamli materiallar uchun energetik holatlar zichligini magnit maydon va haroratga bog‘ligligini analitik
ifodasi keltirib chigarilgan. Bunda, mualliflar Gauss tagsimot funksiyasidan foydalangan. Yani,

oo [ (e-(o(ued e )

oC
N2(E, B,N,, d,n,) = Z e | - Gt | ®
b | )

Bu yerda, N, — diskret Landau sathlari soni; d — kvant o‘ra kengligi; n, — o‘lchamli kvantlar soni; w, — siklotron
chastotasi.

Kichik o‘lchamli yarimo‘tkazgichlar uchun sochilish mexanizmlarini elastik sochilish yaginlashuvida t(E,T)
relaksatsiya vaqti hamda (6), (7) va (8) ifodalardan foydalanib, kvant o‘lchamli yarimo‘tkazgichlar uchun kvantlovchi magnit
maydondagi elektr o‘tkazuvchanlik ossilyatsiyalarini haroratga bog‘ligligi quyidagi ko‘rinishga keladi:

252

2
o E— hwc(nL+l)+7:n—*n§ 3 /9
2L [, exp —2( Eleie ]> VT B (FER)dE - ©)

(9) dan ko‘rinib turibdiki, kvant o‘lchamli yarimo‘tkazgichlarning ossilyatsiyalash jarayoni asosan 2d o‘lchamli energetik
holatlar zichligi hisobiga paydo bo‘lmoqda. Ammo, (9) da kuchli elektromagnit maydon ta'siri hisobga olinmagan. (5) da esa,
elektromagnit to‘lgin quvvatining materialni elektr o‘tkazuvchanligiga bog‘ligligi keltirilgan. U holda, (5) va (9) ifodalardan
foydalanib, kuchli elektromagnit maydon quvvati P ni kvantlovchi magnit maydon B, kvant o‘ra kengligi d, harorat T, elektr
maydon kuchlanganligi Eglarga bog‘ligligi (P?¢(B, T, Eg, d)) kelib chigadi. Ya'ni:

024(E,B,T,d) = —

2mmxc
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P?%(B,T,Eg,d) = 0**(E,B,T,d) - EZ (10)
yoki,
2
E- h-# np+s +ﬁn2 3
o) ] yu(koT)PE™: (ED) aE - B2 (12)

G

2mmxc

3B 21 oo
P?%(H,Ny,n,,d, Eg, T) =— EEfo anexp —2(

Ushbu keltirib chigarilgan formula, bir gator tajriba natijalarini tushuntirishga va ulardan fizik jarayonlar mohiyatini
izohlashga hizmat giladi.

Xulosalar. To‘gri zonali kvant o‘ra asosidagi geterostrukturalarda ikki o‘lchamli kombinirlangan holatlar zichligini
haroratga bog‘ligligiga kvantlovchi magnit maydonning ta’sirini hisoblash uchun yangi model ishlab chiqilgan. Kuchli magnit
maydonda kvant o‘raning ikki o‘lchamli kombinirlangan holatlar zichligini haroratga bog‘ligligini “termik kengayishi” ni Gauss
tagsimot funksiyasi yordamida tushuntirilgan. Eksperimental natijalar kvantlovchi magnit maydonidagi kvant o°raning
kombinirlangan holat zichligi ossillyatsiyasi yordamida talgin gilingan. Hisoblash natijalari har xil haroratlarda kvantlovchi
magnit maydonidagi InGaN/GaN kvant o'rasiga asoslangan heterostrukturalar uchun olingan eksperimental natijalar bilan
taggoslangan. Kombinirlangan holatlar zichligi ossillyatsiyalari gonuniyatidan magnitooptik yutilish mexanizmini aniglashning
yangi metodi taklif etilgan. Kvant o‘rali to‘g‘ri zonali yarimo‘tkazgichli strukturalarning magnitooptik yutilish koeffitsientining
harorat, magnit maydon va kvant o‘raning qalinligiga bog‘liqligini hisoblovchi yangi matematik model ishlab chigilgan.
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OCIMLISIIAN IIJIOTHOCTHU SHEPTETHYECKHX COCTOSIHUI B HAHOPA3MEPHBIX
TMOJYITPOBOJHUKAX ITPHU ITPOJOJIBHBIX U ITIOINEPEYHBIX KBAHTYIOIINUX MATHUTHBIX ITOJISIX
AHHOTaALHSA
C ydueToM TrayccoBOW (YHKIMH paclpelCiCHUs] yIaeTcs pacCYMTaTh BIUSHHC KBAaHTOBAHHOTO MArHUTHOTO TIOJIA Ha
TEMIIEPATYPHYIO 3aBUCUMOCTh KOJCOAHUH TIOTHOCTH SHEPTUU COCTOSHHN B KBAHTOBOPA3MEPHBIX MOJYIPOBOIHUKAX HA OCHOBE
METO/ia pacTekanus nenbTa-GyHKiuu. C MOMOIIBIO YHACICHHBIX METOOB pacyera pa3paboTaHa HOBas MaTeMaTHUCCKash MOJICIh
TEMIICPATYPHON 3aBUCHUMOCTH KOJICOAHHWH TUIOTHOCTH OSHEPTUU COCTOSIHUH pa3pelieHHOrO TOJii B  HAHOPa3MEPHBIX

MOJTYIIPOBOAHHUKAX TIO]] JEHCTBUEM MOTIEPEYHOT0 KBAHTYIOIIET0 MATHUTHOTO TIOJISI.
KiroueBble cJI0Ba: MarHUTHOE IM0JI€, KBAHTYIOIIEE MATHUTHOE MOJIE, TeTEPOCTPYKTYpa, KBAHTOBAs sIMa, INIOTHOCTh COCTOSHUIA,
OCILIWJUISILIUSL, HAHOPa3Mep, IBYMEPHBIE MOTYIIPOBOIHHUKH.

OSCILLATIONS OF THE ENERGY DENSITY OF STATES IN NANO-SIZED SEMICONDUCTORS IN
LONGITUDINAL AND TRANSVERSE QUANTIZING MAGNETIC FIELDS
Annotation

Taking into account the Gaussian distribution function, it is possible to calculate the effect of a quantized magnetic field on the
temperature dependence of fluctuations in the energy density of states in quantum-sized semiconductors based on the delta-
function spreading method. Using numerical calculation methods, a new mathematical model of the temperature dependence of
fluctuations in the energy density of states of the allowed field in nanosized semiconductors under the action of a transverse
quantizing magnetic field has been developed.

Key words: magnetic field, quantum magnetic field, heterostructure, quantum well, density of states, oscillation, nanosize, two-
dimensional semiconductors.

BO‘YLAMA VA KO‘NDALANG KVANTLOVCHI MAGNIT MAYDONDAGI NANOO‘LCHAMLI
YARIMO‘TKAZGICHLARDA ENERGETIK HOLATLAR ZICHLIGI OSSILLYATSIYASILARI
Annotasiya
Gauss tagsimot funksiyasini hisobga olgan holda kvant of‘lchamli yarimo‘tkazgichlarda energetik holatlar zichligi
ossillyatsiyalarini haroratga bog‘ligligiga kvantlovchi magnit maydonning ta’sirini hisoblash mumkinligi delta — funktsiyalarni
gatorga yoyish usuli yordamida asoslangan. Sonli hisoblash usullaridan foydalanib, ko‘ndalang kvantlovchi magnit maydon
ta’siridagi nano o'lchamli yarimo‘tkazgichlarda ruhsat etilgan sohasining energetik holatlar zichligi ossillyatsiyalarini haroratga

bog‘liqligi aniglangan.
Kalit so‘zlar: magnit maydon, kvantlovchi magnit maydon, geterostruktura, kvant o‘ra, holatlar zichligi, ossillyatsiya,
nanoo‘lcham, ikki o‘lchamli yarimo‘tkazgichlar

Kirish. Hozirgi vaqtda yarimo‘tkazgichlar fizikasi sohasidagi amaliy va fundamental tadqiqotlarga bo‘lgan qiziqish
hajmli materiallardan nanoo‘lchamli materiallarga o‘tdi. Ayniqsa, kvantlovchi magnit maydon ta’sirida bo‘Igan nanoo‘lchamli
yarimo‘tkazgichlarda zaryad tashuvchilarning energyetik spektrining xususiyatlarini tubdan o°zgarishi, olimlarning spintronika
va nanoelektronika sohalari bilan ilmiy tadqiqot ishlarini olib borishga qizigish uyg‘otdi. Natijada kvantlovchi magnit
maydonidagi erkin elektronlar va teshiklarning energetik sathlarini kvantlantirish kvant o‘rali yarimo‘tkazgichlardagi energetik
holatlar zichligi ossillyatsiyalarini sezilarli o‘zgarishlarga olib kelishi tajribalarda kuzatilmoqgda.

Adabiyotlar tahlili. Kvant o‘rali yarimo‘tkazgichlarda energetik holatlar zichligini kvantlovchi magnit maydonining
kattaligiga bog‘ligligini o‘rganish zaryad tashuvchilarning energyetik spektrlari to‘g‘risida muhim ma’lumotlarni olish imkonini
beradi. Kinetik, dinamik va termodinamik Kattaliklar, jumladan magnit garshilik, magnit singdiruvchanlik, elektronlarning
issiglik sig‘imi, Fermi sathi va boshqa Kkattaliklarning ossillyatsiya jarayoni asosan energetik holatlar zichligining
ossillyatsiyalanishi hisobiga hosil bo‘ladi.

Bundan kelib chiqadiki, ko‘ndalang va bo‘ylama magnit maydon ta’siridagi to‘g‘ri burchakli kvant o‘rali
yarimo‘tkazgichning o‘tkazuvchanlik sohasida energetik holatlar zichligi ossillyatsiyalarini o‘rganish zamonaviy qattiq jismlar
fizikasining dolzarb muammolaridan biri hisoblanadi.

Jumladan, ushbu ishlarda, [1, 2, 3], bir jinsli perpendikulyar magnit maydonidagi va tasodifiy ixtiyoriy korrelyasiya
maydonidagi ikki o‘lchamli elektron gazlarda Landau sathlari holatlar zichligi hisob-kitoblari ko‘rib chiqilgan. Keskin
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o‘zgarmaydigan trayektoriya bo‘yicha integrallar yarim klassik usuli yaratilgan korrelyasiyaning tasodifiy maydoni uchun yo‘lli
integrallarning noan’anaviy yondashuvi ishlab chigilgan va bu Landau sathlari holatlar zichligi uchun analitik yechim beradi.
Magnit maydonining zaiflashishi va korrelyasiya uzunligining kamayishi bilan holatlar zichligining og‘ishi Gauss shaklidan
ortadi [1, 2]

Bu ishlarda erishilgan yutuqlarga qaramay, ularda ba’zi savollar ochiq qolmoqda. Masalan: ko‘ndalang va bo‘ylama
magnit maydondagi kvant o‘rali yarimo‘tkazgichlarning energetik holatlar zichligini haroratga bog‘ligligini termik o‘zgarishni
hisobga olgan holda ganday aniglash mumkin? Umuman, uning harorat bo‘yicha o‘zgarish dinamikasi qanday bo‘ladi kabi
muammolar hozirgacha ochiqg gqolmoqda.

Tadgiqot metodologiyasi. Keling, ko‘ndalang kvantlovchi magnit maydon ta’sirida kichik o‘lchamli qattiq jismlardagi
holatlar zichligi ossillyatsiyalarining haroratga bog‘ligligini ko‘rib chiqaylik. Ma’lumki, Landau sathlariga haroratning ta’sirini
aniqlashda, energetik holatlar zichligi ossillyatsiyalarini deltaga o‘xshash funksiyalar bo‘yicha qatorga yoyish usulidan
foydalaniladi [4, 5, 6, 7]. Delta shaklidagi funksiyalarning ketma-ket gatorga yoyish yo‘li bilan energetik holatlar zichligi
ossillyatsiyalarini o‘rganish orqali kvant o‘rali yarimo‘tkazgichlarda o‘tkazuvchanlik sohasini diskret Landau sathining haroratga
bog‘ligligini tushuntirish mumkin bo‘ladi. Kvantlovchi magnit maydonda holatlar zichligi ossillyatsiyalarining haroratga
bog‘ligligi diskret Landau sathlarining termik kengayishi bilan aniqlanadi. Mutloq nol haroratda Gauss tagsimot funksiyasi delta
shaklida bo‘lib, quyidagi ifoda bilan hisoblanadi [8]:

2
ﬂ} o

1
Gauss(E,T) = F-exp[— (kT)2

U holda, termik kengayishni Gauss taqsimot funksiyasini haroratga bog‘ligligi bilan tavsiflash mumkin. Cheksiz chuqur
to‘g‘ri burchakli kvant o‘ra uchun, zaryad tashuvchilarning Ei chuqur sathidan o‘tkazuvchanlik sohasiga va E energiyali valentlik

2
sohasiga termik chiqgarish vaqti eksponent faktor exp{— ( E-E )
(kT)’

Landau sathlari eksponent sifatida energetik holatlar zichligi ossillyatsiyalariga va haroratga bog‘liq. Energetik holatlarning
zichligi ossillyatsiyalarining haroratga bog‘ligligini aniglash uchun T = 0 holatidagi energiya zichligi ma’lum energiya Ei (N,
Nz) funksiyasiga teng deb faraz qilamiz. Ikki o‘lchamli elektron gazlar uchun, ko‘ndalang kvantlovchi magnit maydonda,
holatlar zichligining ossillyatsiyalari (2) formula bo‘yicha hisoblanadi.
eB &
NZ% (E,B)=— > S(E-E(N.,N,)) @
h "R
LNz
Haroratning oshishi bilan har bir holat energiya Ei(NL, Nz) bilan o‘zgaradi. Diskret Landau sathlarini Ei (NL, Nz) energiya
bilan termik kengayishi Shokli-Rid-Xoll statistikasiga bo‘ysinadi [9]. Shunday qilib, o‘tkazuvchanlik va valent sohalarida, barcha

holatlarning termik kengayishini hisobga olgan holda, hosil bo‘ladigan holatlar zichligi ossillyatsiyalari barcha termik
kengayishlarni yig‘indisi bilan aniqlanadi. Demak kvant o‘rali yarimo‘tkazgichlar uchun T cheklangan haroratda energetik

J bilan belgilanadi. Demak, chuqur to‘ldirilgan diskret

holatlar zichligi ossillyatsiyalari NSZ'dZ (E, B,T,d) Gauss funksiyani gatorga yoyish orgali termik

kengayishini (haroratga bog‘ligligini) tushuntirishga imkon beradi.

Agar st_g(E,B, T,d) ni Gauss funksiyalari bo‘yicha gatorga yoyib kengaytirsak, u holda ikki o‘lchamli elektron
gazlardagi energetik holatlar zichligi ossillyatsiyalarining haroratga bog‘ligligini hisoblash mumkin. Bundan, ko‘ndalang
kvantlovchi magnit maydonidagi energetik holatlar zichligi ossillyatsiyalarining haroratga bog‘ligligini olish mumkin.

Tahlil va natijalar. Ko‘ndalang kvantlovchi magnit maydonda Landau sathining termik kengayishi diskret sathlarning
silliglashiga olib keladi va termik kengayish Gauss funksiyasi yordamida aniglanadi. Past haroratlarda Gauss tagsimot
funksiyalari delta shaklidagi funksiyaga aylanadi:

Gauss(E,E,,T) >5(E—-FE) (3.21)
T—0
Shunday qilib, to‘g‘ri burchakli kvant o‘ra uchun energetik holatlar zichligi ossillyatsiyalarini quyidagi analitik ifoda
orgali olamiz:
2
232
[E_[hw“[N“;}zﬂ’ZzszD @
= m
NZ% (E,B,T,d)= Zﬁ-i-exp - >
N, Ny ﬂh kT (kT )

Bu yerda, d - kvant o‘raning qalinligi; NL - to‘g‘ri burchakli kvant o‘ra uchun Landau sathlari soni; Nz - Z o‘qi bo‘ylab
o‘lchamli kvantlar soni; B - ko‘ndalang kvantlovchi magnit maydonining induksiyasi. Bu formula ko‘ndalang kvantlovchi magnit
maydon ta’siridagi kvant o‘rali yarimo‘tkazgichlarda, energetik holatlar zichligi ossillyatsiyasining haroratga bog‘ligligini
anglatadi. Olingan ifoda turli harorat va ko‘ndalang magnit maydonda, ikki o‘lchamli elektron gazlarda energetik holatlar zichligi
ossillyatsiyalari bo‘yicha eksperimental ma’lumotlarni qayta ishlash uchun qulaydir. Shunday qilib, nanoo‘lchamli
yarimo‘tkazgichlardagi energetik holatlar zichligi ossillyatsiyalarining haroratga bog‘ligligini ifodalaydigan yangi matematik
model ishlab chigildi. Taklif etilayotgan model yordamida kvantlovchi magnit maydondagi nanoo‘lchamli
yarimo‘tkazgichlarning energetik xolatlar zichligini haroratga bog‘ligligini tahlil gilaylik. Ushbu ishda [10], HgCdTe/CdHgTe
kvant o‘rali assimetrik yarimo‘tkazgichlarda klassik va kvantlovchi magnit maydonlar ta’siridagi erkin elektronlarning siklotron
rezonans spektrlarining o°zgarishi o‘rganilgan. Bu yerda CdxHgixTe kvant o‘raning qalinligi d=15 nm, magnit maydoni B=15 T
va harorati T=4,2 K ni tashkil etadi. Bu ishda materiallar uchun energetik holatlar zichligining haroratga bog‘liqligi muhokama
gilinmagan. 1-rasmda ko‘ndalang kvantlovchi magnit maydon B=15 TI. va harorat 4.2 K bo‘lganda kvant o‘raning qalinligi d=15
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nm uchun CdxHgixTe ni energetik holatlar zichligi ossillyatsiyalari keltirilgan. Rasmda keltirilgan kvant o‘raning
o‘tkazuvchanlik sohasidagi diskret energetik sathlari (3) formula bo‘yicha hisoblangan. Bunda diskret energetik sathlari soni 10
ga teng. Har bir diskret energiya cho‘qqgilari Landau sathlari deyiladi. Grafikda diskret Landau sathlarini kuzatilishiga sabab,
B=15 Tl da, iw, = 0,02eV, T=4.2 K da kT=4.10-4 eV hamda h:;C = 50 yoki kT « hw, sharti bajariladi. Bunday holda Landau
sathining termik kengayishi juda kuchsiz va energetik holatlar zichligining ossillyatsiyasi, ideal shakldan chetga chigishni
sezmaydi. Birinchi diskret Landau sathi (N.=0) kvant o‘raning o‘tkazuvchanlik sohasining pastki qismida paydo bo‘ldi. Ikkinchi
(NL=1), uchinchi (NL=2) va boshga diskret Landau sathlari kvant o‘raning o‘tkazuvchanlik sohasi tubidan yuqorida joylashgan.
Shu tarzda, past haroratlarda kvant o‘raning valentlik sohasida ham Landau sathining cho‘qgilarini hisoblash mumkin. Ushbu
hisob-kitoblarga dissertatsiyaning keyingi bobida ko‘rib o‘tamiz. 2-rasmda energetik xolatlar zichligi N}}(E,B, T,d) 42K, 20
K, 40 K, 60 K, 80 K va 100 K haroratlar uchun ossillyatsiya keltirilgan. Bu rasmdan ko‘rinib turibdiki, harorat ko‘tarilishi bilan
Landau sathining cho‘qgqilari keskin silliglasha boshlaydi va etarlicha yuqori haroratlarda holatlarning diskret holatlar zichligi
uzluksiz energyetik spektrlariga aylanadi.

MLIBATA) s

1 -rasm. HgCdTe/CdHgTe kvant o‘radagi energetik holatlar zichligi ossillyatsiyalari. Kvant o‘ra CdxHgi-xTe ning qgalinligi d
=15nm, B=15T va T =4.2K, [10]. Ushbu grafik (3) formula bo‘yicha olingan
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2-rasm. Ko‘ndalang kvantlovchi magnit maydon (B=15T1) gacha HgCdTe/CdHgTe kvant o‘raning (d=15nm) o‘tkazuvchanlik
sohasidagi energetik holatlar zichligi ossillyatsiyalarining haroratga bog‘ligligi. Rasmda keltirilgan energetik spektrlar (3)
formula bo‘yicha hisoblangan

Xulosa. Parabolik dispersiya gonuni asosida bo‘ylama va ko‘ndalang magnit maydon ta’siridagi ikki o‘lchamli
materiallarning energetik holatlar zichligi ossillyatsiyalarini hisoblash uchun yangi analitik ifodalar olindi. Ko‘ndalang
kvantlovchi magnit maydon ta’sirida ikki o‘lchamli yarimo‘tkazgichli materiallarda energetik holatlar zichligi
ossillyatsiyalarining haroratga bog‘ligligini aniqlash uchun yangi matematik model ishlab chiqildi. Kvant o‘rali
yarimo‘tkazgichlarda harorat ortishi bilan termik kengayish hisobiga diskret Landau sathlari yuvilishi ko‘rsatildi va energetik
holatlar zichligi ossillyatsiyalari kuzatilmadi.
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