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M.X. ®@aiizyainaeBa. Hccieooganue 21eKmpo@uauyecKux C8oUCms CMpYKmyp KpemHull -
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N.O. Abdulxafizova, O.O. Ochilov. Application of mach-zehnder interferometer in magneto- | 86
optics.
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Y.A. Buriyev, Sh.R. Kamalov. Investigation of nonlinear optical properties Ag»S quantum dots | 88
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film.
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K.R. Yakubov, O.0. Qurbanov, R.Sh. Rahimboyev. Biomassani oldindan ishlov berish | 118
texnologiyalari orgali gishlog xo ‘jaligi chigindilaridan biogaz ishlab chigarish samaradorligini
oshirish.

B.I'. pickun, U.A. HOamomen, O.L. KypaeB, B.M. BorupoB. Memoouxa oyenxu | 121
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IJNEKMPOIHEPeUU 68 KIIUMAMUYECKUX YCIIOBUAX Y36eKucmaHa.

0.0. Bozarov, J.N. Usmonov, N.A. Kozimjonov. Mikro GES turbina aktiv ishchi | 124

g ‘ildiragining optimal geometrik parametrlarini aniglash.
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Kopnyc epaiyamejlbHOc0 MeXanusma COJIHEe4YH0c0 mpeKepda.

K. Yakubov, R. Rakhimbaev, R. Bazarbayev, D. Kurbanov, K. Ollashukur. Biogas | 130
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0.0. Bozarov, J.N. Usmonov, N.A. Kozimjonov. Ogar suv manbalarida ishlovchi 5 kW |i | 134
mikro-GES ishchi g ‘ildiragining geometrik parametrlari va energetik ko ‘rsatkichlari
o ‘rtasidagi analitik bog ‘lanishlarni tadqiq etish.

K.R. Yakubov, D.Sh. Kurbanov, D.R. Aminov, S.Zh. Karazhanov, Guanggen Zeng. | 137
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N.O. Axmedjonov. O ‘zbekiston sharoitida quyosh energiyasidan foydalanishning salohiyati va | 138
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O¢.K. Sunnatova, M.M. Raxmatova, Qazib olish sanoatida muqobil energiya tizimlari: ilmiy | 141
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CBOUCMBA KPEMHUSL, Te2UPOBAHHO20 AMOMAMU NATIAOUS.

II.b. VYrtamypamoBa, O.K. Ara6oeB. Buusnue anekmponnoco  obnyuenus Ha | 148
Gpomornekmpuyeckue XapaKkmepucmuky KpeMHUEBbIX 2emepoCmpyKMYPHbIX —COTHEYHbIX
IIEMEHMO8, 1e2UPOBAHHBIX SALIUEM, OISl KOCMULECKO20 NPUMEHEHUS.

Sh.B. Utamuradova, A.B. Uteniyazova, M.M. Muxammadiyeva, | 152
M.H. Fayzullayeva. XRD patterns of the Ta-Si system at proton irradiation.

SA.A. CaiinumoB, ®.b. ¥YmapoB. Mamepuanwynociuxk e6a Hanomexnonocusiapoa | 154
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C.X. CyaeiimanoB, H.H. TypaeBa. Oowue s¢hgexmor paduayuonnozo cumnepeuzma 6
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G*‘.H. Mavlonov, J.M. Nazirov. Yevropiy kirishma atomlari bilan legirlangan kremniyning | 159
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AT. Mamadalimov, N.K. Xakimova, D.E. Xazratov, M.S. Ismatova, | 165
D.A. Azimova, N.A. Qushboqov. G‘ovakli kremniy morfologiyasini boshqarishning
elektrokimyoviy usullari.

J.J. Hamdamov, B.Sh. Aliqulov, M.U. Erkinov. Erbiy bilan legirlangan kremniyning raman | 165
spektroskopik xususiyatlarini tadgiq gilish.

AT. Mamadalimov, N.K. Xakimova, D.E. Xazratov, M.S. Ismatova, | 168
N.A. Qushboqov, D.A. Azimova. Kimyoviy modifikatsiya gilingan biomaterialning volt-amper
xarakteristikasi va fotoo ‘tkazuvchanlik kinetikasini tadqiq qilish.
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I HIYBBA. SPUMYTKA3SI'HUYJIAP ®U3UKACH BA
SAPUMYTKA3SINUYJIAP MATEPUAJIIIYHOCJIUTY MYAMMOJIAPU

B3AMMOJIEVCTBUE IPUMECHBIX ATOMOB Ni B Si C JIUCJIOKAIIUAMUA
N JUCJTOKAHNOHHBIMHU CKOIVIEHUAMMU

C. 3aiinadugunos, K. Mycaes
AHoudcanckuil 2ocyoapcmeennwlii ynusepcumem, 2. Anoudican, yi. Yuueepcumemckas
129, Pecnybnuka Y36exucman
quyoshcha2@gmail.com

B pabore wuccnemyercs B3amMojeicTBHE mNpuMecHbIX aromoB Hukens (Ni) B
MOHOKPHCTAITHYECKOM KpeMHHH (Si) ¢ AUCIOKAIMOHHBIMU CKOTICHUSIMHU, (POPMHUPYEMBIMU
ncrounukamu @panka—Puna. Ha ocHOBe aHanm3a SKCIEPUMEHTAIbHBIX JaHHBIX IO
HU3KOTEMIIEPATypHOH TEpMOOOpabOTKE JIETUPOBAaHHBIX OOpa3llOB IOKAa3aHO, 4YTO B
MPUCYTCTBUM  BHYTPEHHHX  HANpsHKEHUH  BO3MOXXHO ~ WHUIMUPOBAHUE  TEHEpALUH
KOHIICHTPUYECKUX JTUCIOKAITMOHHBIX METEIb TAXKe B UCXOIHO O€3AMCIIOKAIIMOHHOM KPEMHHH.
[Ipemoxkena wHTEepnperamusi HAOTIOJAEMBIX KOJIBIIEBBIX MPHUMECHBIX 00pa30BaHUM Kak
pe3yabpTaTa OCaXICHUS MEXKIOY3C€IbHBIX AaTOMOB HHKEIS W WX KJIacTepOB Ha
JTUCIIOKAIIMOHHBIX TETVISIX, BO3HUKAIONMX mpu pabote wuctounuka Dpanka—Puna.
Paccmotpena maremarmdeckass MOJENb JUHAMUKA JTUCIOKAIIMOHHOTO CETMEHTA C y4eTOM
YOPYroro B3auMOJICHCTBHS, BI3KOT'O TOPMOKEHUS U KPUTHUECKOTO HANPSKEHUS aKTHBALIUU.
[lokazano, 4ro QopMUpOBaHHWE AMCIOKAIIMOHHBIX  CKOIUIGHHH  COMpPOBOXKIAeTCA
nepepacnpeseiecHieM BHYTPEHHUX HANpsHKEHWM, YTO OrpaHMYMBAaeT JaJbHEUIIYIO
reHepanuio nerenb. llomydeHHble pe3yJbTaThbl IMO3BOJSIOT YTOYHUTH MEXAHU3MBI
o0Opa3oBaHMsl MPUMECHO-INCIOKAIIMOHHBIX CTPYKTYp M HUX BIMSHHUE HAa CTPYKTYpHBIE H
ANEKTpOPU3NYECKHEe  CBOIICTBA  KpPEeMHHs, a TaKKe OTKPBHIBAIOT  BO3MOKHOCTH
LEJICHANPABJICHHOIO  YIpaBieHUS  JePEeKTHOW  CTPYKTYypOill  MOIyHNpPOBOIHUKOBBIX
MaTepHaoB.

1. BBenenue

B HacTtosiniee BpeMsi H3yud€HHE pPa3IMUHBIX HAHOPAa3MEPHBIX CTPYKTYyp U
0o0pa30oBaHuil B KPUCTAIUTMYCCKOM perieTke Si sSBIISICTCS] OYCHb aKTyalIbHON TEMOHA.

[ToBeneHnue pa3nuuHbIX nmpumecei, Takux kak Ni, Mn, Cu u ap. J0CTaTOYHO XOPOIIO
usyuesl [l, 2, 3, 4]. JloctaTo4HO MOAPOOHO U3YyUEHO UX BIUSHUE HA JIEKTPOPU3UUCCKUEC
CBOIMCTBA UCXOJIHOTO MaTepuara.

OcoOpl1if uHTEpec mpeacTaBisieT Ni MOCKOIbKY OCHOBHAs 4acTh BBEJACHHBIX aTOMOB
3TON MPUMECH HAXOIATCS B AIEKTPOHEHTPATHHOM COCTOSIHUU B BUJE PA3JIUYHBIX KIACTEPOB
U 7AeeKTHBIX KOMIUJIEKCOB. OTHU KJacTepbl U MPUMECHbIE OO0pa30BaHUS OKa3bIBAIOT
3HAYUTENBHOE BIMSIHUE Ha DIIEKTPO(PHU3NYECKHEe CBOWCTBA KPEMHHUS. BBHICTYNATh B KaueCTBE
TeTTEPUPYIONIHNX [IEHTPOB B XOJI€ Pa3IMYHbIX BHEITHUX BO3ACHCTBHIA [5].

B nanHoit pabote paccMoTpeHa MoBeleHHE NpuUMecHbIXx aromoB Ni B mpoiiecce mocie
mu(pPy3nOHHONH HHU3KO TeMIepaTypHoil o00paboTku. BbIIBUHYTO mpeamnoyiokeHue o
B3aMMOJICHCTBUM MPHUMECHBIX aTOMOB C COOCTBEHHBIMH JAe(peKTaMH KPUCTAUIMUECKOM
pemeTkn MoHOKpHUcTasunueckoro Si. CrenaHa MONBITKA CBS3aTh MPOLECCHl 00pa3oBaHUS
JCIIOKAlMOHHBIX KOHILIEHTPUUYECKUX IMETENb, CO3JaBaEMbIX MCTOUHMKamu Ppanka-Puna, c
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KpYroBBIMU OOpa3OBaHUSIMH  TOSIBISIOIIMMCS B O€3IMCIOKAlMOHHOM Si B XoJe
nocnenudy3uHHON HU3KOTEMITepaTypHO 00OpabOTKH.
2. JKCIepUMEHT
[Tpu HU3KO TemmepaTypHoii 00paboTke 0Opa3loB Si JIETUPOBAHHBIX aTOMaMHU
Ni Habmoaercst ocelaHre MPUMECHBIX MTPEHUITUTATOB HA TUCIOKAIIMOHHBIX JIMHUSX [ 5,

6] (puc.1)

a) 0)
Puc.1. UK cHUMKH TUCJIOKALIMOHHBIX 00pa310B MM0C/Ie HU3KOTEeMIIEPaTyPHO
00padoTKu

CornacHo [6] Tepmoo6paboTka o6pasnos Si(Ni) ¢ mIoOTHOCTBIO auciokarmii ~10%

cm? B mHTepBase Temneparyp 450-800° C B TedeHnn 4 9acoB MPHBOIUT K 0OPA30BAHHUIO

JIMHEWHBIX I1IEMOYEK ITOKa3aHHBIX Ha puc.l.a. ABTOpHI TOJArarT, YTO 3TO SIBISETCS

CIIEICTBUEM OCQKJICHUS TMPEIUIUTATOB Ha JIMHEWHBIX JUCIOKAIUsX. ABTOpBI [7]

MOJIYYHJIM CXOXKHH pe3yibTaT (puc.l.0) B pesynprate TepMooOpadboTku obpasioB Si(Ni)

npu Temneparype 750° C B Teuennu 9 yacoB. Kak BuiHO u3 puc.1 pe3ybTarhl UACHTUYHBI.

Habmronaemyto KapTHUHY MO>KHO OOBSICHUTD oceJlaHleEM MIPUM ECHBIX
MPEeUUNUTATOB(KJIACTEPOB) HA TUCIOKAIIMOHHBIX JIMHUSX.

HNuTepecnass kapTuHa HaOmogaeTrcss B 0e3 AHCIOKAIMOHHBIX oOpasmax. Ilocne

TepMOOOpaOOTKM B HHUX O00pa3yloTCs MPUMECHbIE CKOIUICHUS O4YEeHb WHTEPECHOH

¢opmei(puc.2.).

a) 0)
Puc.2. UK cHuMKH 0e31HCI0KAlIMOHHBIX 00pa30B 0CJIe TepMO00OpPadoTKHI
B pab6ote [5] TepmoobpaboTka 6e3 muciaokaruoHHbXx obpasioB Si(Ni) mpu 800° C B
TE€YeHUU 4 YacoB MPUBEIO K OOpPa30BAHHUIO INETICOOPa3HbIX CKOIUIEHWH IMOKa3aHHBIX Ha
puc.2.a. Iloxoxuil pe3ynbTaT Mojsy4yeH u aBTopami [7](puc.2.6).
3. Pe3yabTaTsl n 00CyKIeHHE
JlanHas paboTa ecTh HOIBITKA O0BICHUTh MEXaHU3MBbI (POPMUPOBaHUS U camy (popmy
HaOJTF0IaeMBIX CKOIUICHHH Ha OCHOBE MATEMAaTHUECKOW MOJIENH, ONMCBHIBAIOLIMI TIOBEJCHUE
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KOHIEHTPUYECKUX JTUCIOKALMOHHBIX M1E€TENb, FEHEpUPYEMBIX HcTOuHMKamMu Ppanka-Puna,
NpuBe/ICHHOI aBTOpamu [7, 8].

[Tox Ha3BaHueM 0e€3 AMCIOKAIMOHHBIN TMOapa3yMeBalOTCS 00pasmbl Si ¢ H3HAYATHHO
HU3KOH IUIOTHOCTBIO JMHEHHBIX AUcIOKanuii mpumepHo <10 cm-> . Ho kak u3BecTHO
IHMCIOKAlMA MOTYT TeHEepUpoBaThcs B Tmpomecce TepMooOpaborku. Hammume B
KPHUCTAJUIMYECKOW pelieTke Si pa3luuHbIX MPUMECHBIX aTOMOB, HMEIOIIMX OTJIUYHBIA OT
Si aroMHBIA pajMyc M OTHOCUTEIBHO BBICOKHE TEMIIEPATYPbl BBI3BIBAIOT BHYTPECHHHUE
HaIpsDKEHWE KOTOPble B CBOIO OYEpE/lb CHOCOOCTBYIOT T'€HEpallMM KOHLEHTPUYECKUX
JUCJIOKAIIMH  MCTOYHHUKAMHU KOTOPBIX ABJISIIOTCS ucTouHMKHM @Dpanka-Pupa. JlroOoi
3aKpEIJICHHBIH CErMEHT JAMCIOKAaIMM, CIOCOOHBIN CKOJNB3UTh B JIPYroMl IIOCKOCTH
CKOJIbYKEHUSI MOXKET SBJIATHCS HCTOUHUKOM Dpanka-Puna.

B pabote [7] npeanokeHa TeopeTHueckas cxema (pOpMHpPOBaHUS AMCIOKAIIMOHHBIX
CKOIUIEHUH, BO3HUKAIOIIUX MpU (PyHKIMOHMpPOBaHUM McTouHMKa Ppanka—Puna. B pamkax
JTAaHHOM MOJENU JUHAMHKA AUCIOKAIIMOHHOIO CerMEHTa ONMMChIBAETCs AU pepeHInanbHbIM
YpaBHEHHEM, YUYUTHIBAIOIIMM BSI3KOE TOPMOKEHHE ABHKEHHUS, YIIPYTHe CBOMCTBAa KpUCTallia,
BHEIIIHEE MTPUIIOKEHHOE HANIPSDKEHUE, a TAK)KE KPUBU3HY JIMHUM TUCIOKAIUN.

B ciyuae xorjia jiMHa cerMeHTa B KPUBOJIMHEHHBIX KOOpArHATax d HAMHOTO OOJIbIIe
CMEIIICHUS TOYEK JTUCIOKAIMOHHOTO CErMEHTa S TO eCTh Ipu d>>S cripaBelIMBO YpaBHEHUE
1)

g t) = $ 2= (1)

cr

rae  (g-ycwihe  CcO3/1aBaeMO€ paHee  HCOYLUIEHHBIMH  HCTOYHUKOM
MUCIIOKAIIMOHHBIX METEJb, Gyz M Gc¢r -CYMMHpPYIOIIEE HAMpsDKEHUE B TOYKE C
KoopauHaTtaMu (X,Y) ¥ MUHUMaJIbHOE HaIPsHKEHUE HEOOX0UMOe It 0Opa3oBaHUS
JIUCIIOKAIIMOHHOM TIETJIU COOTBETCTBEHHO.

KomnonenTra oy; omnpenenser B3auMOJICUCTBHUE AUCIOKAIIMK B IJIOCKOCTH
CKOJIBYKEHHUS.

[lepBas aucnokanvoHHas NeTisA, oOpa3oBaHHAs UCTOUYHHKOM, YNAJIETCs OT HEro U
(bukcupyercs Ha ornpenenéHHOM paccTosinnu. Kaxkaas mocnenyromias rnetsis, NpuoInkasch
K TpeapIAyIIei, UCIBITRIBAET BO3pacTaloIee YIpyroe OTTaJIKHUBAHUE, UYTO MPUBOIUT K
MOCTENIEHHOMY 3aMeJUICHUI0 €€ JIBMXKEHHS M, B KOHEYHOM HTOre, K OCTaHOBKe. B
pesynbTate  GopMUpYETCs ~ OUCIOKAIMOHHOE  CKOIUIGHHWE, B  KOTOPOM  JIMHUU
B3aMMOJEHCTBYIOT HOCPEACTBOM COOCTBEHHBIX MOJIEH HANPSIKEHUN.

Puc.3. Moaesb CKOIJICHUS THJIOKAIHOHHBIX IeTe/b
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I[lo mepe pocrta CKOIUIEHUS BIUSHUE COBOKYIHOI'O BHYTPEHHErO0 HAMPSKEHUS
YCUJIUBAETCsl, YTO OTpakaeTcs Ha pabore HCTOYHWKA. ['eHepaldsi HOBBIX IICTEIb
MpeKpalaeTcs Toraa, Korjia CcyMMapHoOe HanpsiKeHHe — BHEIIHEE TUTI0C MHIYLIUPOBAHHOE
CKOIUICHUEM — CTAHOBUTCS MCHBIIIE KPUTHYECKOTO 3HAYCHUS Ocr , HEOOXOAUMOTO IS
aKTHBAIIMU UCTOYHHKA.

4. 3akj0ueHue

Kak BumHO 13 puc.3 ¢popma KOHIIEHTPUUYECKUX TUCIOKAIIMOHHBIX CKOTUICHUN COBITAIacT
¢ ¢opmMamu 00pa3oOBaHUM, TOKa3aHHBIX Ha PHC.2. MOXHO MPEANOIOKUTH, YTO B MPOIIECCE
TEPMHUYECKOH 0OpaOOTKH TPOUCXOAMT TEHepalus KOHICHTPUUYCCKUX JHCIOKAIIMOHHBIX
CKOIUIEeHMM wucTouyHuKamMu @Ppanka-Puma. Mexnoy3enbHble aTOMBI INPUMECEH  MOTYT
MPUTATUBATBCS M OCENaTh Ha KPYTrOBBIX JUCIOKAIUsAX o0Opasys KiIacTepHbIE TETIIH.
Bbiaromapst BBICOKOM CKOPOCTH OXJIaXICHHUSI TIETIIN HE YCIEBAIOT pa3pacTaThCsl.

JleTanbHOE M3Yy4YEHHME TPOIECCOB B3aMMOJICHCTBUS PA3IMUHBIX J€(PEKTHBIX CTPYKTYp C
aTOMaMHU TTPUMECH TIO3BOJIUT B JTAJIbHEHIIIEM JIyHIlle YITPABJISTh CBOMCTBAMH MOJIYIIPOBOTHUKOB
1 IpuOOPOB Ha UX OCHOBE.
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UTTPUH KUPUIIIMA ATOMJIAPUHUHI KPEMHUUJATY JUODY3UA
KOO PUIEHTUHN AHUKJIAI

X.C. Janues!, 1.X. Xamumxkonos?, E.A. Kapuméaen?
Y MU munnuti maoxuxom ynusepcumemu” ®edepan dasnam 6100icemu ULl MabAUM
myaccacacunune Towkenm waxpudazu guruany, Towkenm, Y36exucmon.
2V36exucmon Munnuii ynueepcumemu xy3ypudazu Apumymrazeuunap Qusuxacu éa
MUKDPOIIeKMPOHUKA UTMULL - maokuxom uncmumymu, Towkenm, Y36exucmon.
e-mail: islomjon_xx@mail.ru

SApumyTKazruy MaTepUATHUHT AaCOCHHM TAIIKWJ 3TTaH KPEMHUWHUHT AJIEKTPO(PHU3UK Ba
ONTHK XYCYCHSTJIADUHU SXIIWJIAIINA, SPUMYTKA3TUWIM acOOOJapHUHT TeMmIiepaTypa Ba
paguanusara YMIaMINIUTMHA OIIUPUIIA KPEMHUWHN HOJUP €p AJIEMEHTJIapy OWJIaH JIerupJiall
MyXuM axamusTtra sra. LIyHUHTJeK ONTOAIEKTPOHMKAJAa HOAWUP €p dJIEeMEHTIapu OwilaH
JIETUpJIaHTaH MaTepuaiapiad (QoiiganaHuiml KCTUKOO/UIapura Ba KpeMHHUMra HoOAUp ep
ANEMEHTIApUHUHT MU y3usiCHHE YpraHuiira KA3UKUII KyH cailuH optud Oopmokma [1-4].
[IyHuHT ydyH XaMm Ma3Kyp HIIJa HOJUP €p dJIEMEHTIapAaH Oupu OYiIraH WTTpUH KUpPUIIMa
aTOMJIAQPUHUHT KpeMHUUaaru quddysus KodpPUIMEeHTHHN aHUKJIamra OaFvIIIaHTaH.

TaakukoT yuyH, comumTupMma Kapumwmrd 48 Owm-cm 6ynran, Yoxpans ycynuaa
VCTUpWITaH pP-TUIUTM MOHOKPHUCTAUT KpeMHUimaH doinananuirad. Kupuimma sneMeHTH
cudaruma, tozanura 99.9999 % OynraH UTTpUM dIEMEHTH ONMHTaH. MOHOKpPUCTAIT KPEMHUMA
HaMmyHaJapHUHT Yndamu 14x7x1 mm ra tenr. uddys3usnan oaguH MOHOKPUCTAUT KPEMHHMA
HaMyHajlapura MeXaHWK Ba KuMEBuil unuioB Oepwnrad. Iy namynamap cuptura BVYII-5
KypuaMacH EpaaMuia HTTpUii aTommapy 1okopr BakyyM (10 Mm. cum. ycT.) ocTraa mypKanim.
Ym0y HamyHajmap KBapll MIWINAAaH Tal€piiaHraH aMITyjanapra >KOWJAIITHPUIAN. AMITyna
WYHUJArd XaBo CYpuO OJMHUIN Ba FOKOPH BaKkyyM xocwt KuuHan. Juddysus xapaé¢aun CYOJI-4
neun Epmamuna T=1200°C Ttemmeparypama t=20 coar BakT nmaBoMmaa o0 OOPHIIH.
Juddys3usgan keiinH, HaMyHanap Te3 COBUTUIIIN.

WtTpuii aToMu paanycu KpeMHUI aTOMU paJuycuIaH KaTTa OyIraHiIuruHd MHOOATra oJral
xonaa auddys3usgaH KeMuH, UTTPUNA aTOMIAPUHUHT KPEMHHMHUJArd TAaKCUMOTHHH YpraHMII
Oyiinua TaaKUKOT onub Oopwinu. Utrpuit kupummacu yuyH auddysus kodGuimeH THHUHT
TeMIieparypara OOFJIMKINTH KyHugaru MyHocabat OuiiaH aHUKIal MyMKHH [5]:

D=8-10"3 -exp[-2,93B/kT] cm? -1

Huddysus temneparypacunu 900°C nmam 1300°C raua  Yysraptupub, muddysus
KodpdunmeHTHHN KuitmaTtu xuco0nabd yukuiau [6]. duddysus temneparypacHHUHT OPTHUILU
ounan quddys3us kodhpUIUEeHTH XaM OPTHILIHY Ky3aTuiau. KpeMuuitnaru uttpuiiHuHT 1uddysus
Kod(HUIIMEHTHHH TeMIiepaTtypara OoFIukIuru Kyituaa (1-pacm) Gepunras.

Juddysus ko>GUIMEHTHHN KUAMATH ONMHIaH HaTwxkaiapra kypa, 3,11-10%° cm? - ¢t
nan 4,45-10%2 cm? - ¢! rawa Y3rapuimMHM Ky3aTHII MYMKUH. Bu3 YTkasral TaJkuKOT YUyH,
middysus temneparypacu T=1200°C Ba muddysus Baktu 20 coar Oynranna auddysus

KOX(pGUIIMEHTH KUiiMaTH 1,05-10%? cM? - ¢~ TeHT SKaHIMIY aHUKJIAHIH.
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1-pacm. Kpemuuiinarn urrpuiiHuHr 1udpysus kodgpduuneHTHHE TeMnepaTypara
OOFTUKJINTH

HlyHuHrOeK TaaKUKOT HaTKajgapu Oyiinya WTTpUWHUHT KpeMmHuigarun auddysus
koappurmentuan  900-1300°C  TemmepaTypa wuHTepBanmma Hasapwii Ba 1100-1300°C
TeMIlepaTypa HUHTEpBaJINAa OSKCHepUMEHTan Kuiimatiapu oiauHAu. ONMHraH >crepuMeHTal
TaJUKUKOTIIapra Kypa, KpeMHHuinaru utrepuidHuHr nuddysus xoddduieHtn Ttemmeparypa
OLIMIIM OWJIaH SKITOHEHIMA KOHYH acoCua OIIMIIN Ky3aTHIIIH.
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n-GaP BINAR BIRIKMASIDA TOK O‘TISH MEXANIZMLARINING
HARORATGA BOG*‘LIQLIGI

A.S. Saidov!, Sh.N. Usmonov!, H.Sh. Abdullayev?, O.Z. Turg‘unov?’, T.X. Jalilov?
YO 2R FA S.A. Azimov nomidagi Fizika-texnika instituti Toshkent shahri, Ch. Aytmatov
ko ‘chasi 2B.
2Chirchiq davlat pedagogika universiteti Chirchiq shahri, Amir Temur ko'chasi 104 uy.
E-mail: habibabdullayev04@gmail.com

Yarimo‘tkazgichli qurilmalarni loyihalash va tayyorlashda materialning asosiy
parametrlarini aniqlash, xususan, yarimo‘tkazgichli materiallarni tavsiflashda galvanomagnit
o‘lchash usuli keng tarqalgan metodlardan biri hisoblanadi. Jumladan Xoll effektidan foydalanish
namunaning elektrofizik parametrlari - solishtirma elektr o‘tkazuvchanligi (o), asosiy zaryad
tashuvchilar konsentratsiyasi (n) va harakatchanligini (i) yuqori aniqlikda o‘lchash imkonini
beradi [1]. Mazkur omillarni inobatga olgan holda, Te bilan legirlangan n-turli GaP binar
birikmasida zaryad tashuvchilarning transport mexanizmlari 80—740 K harorat diapazonida tadqiq
etildi.

Yarimo‘tkazgich namunalarining elektrofizik parametrlarini o’rganishda ularda omik
kontaktlar olish juda muhim ahamiyat kasb etadi. Chunki omik kontaktlar o‘lchash jarayonida
qo‘shimcha parazit qarshilik va zararli potensiallar farqining paydo bo‘lishining oldini olib,
namuna elektr parametrlarining aniqroq qiymatlarini o‘lchash imkonini beradi [2]. Shu boisdan n-
GaP namunasida Ni-Ag—Sn—GaP ko‘p qatlamli struktura asosida omik kontaktlar hosil gilindi.
Namunaning solishtirma elektr garshiligi hamda Xoll koeffitsiyentini aniglash uchun to‘rt zondli
Van der Pau usulidan foydalanildi.

Namunalarning elektrofizik parametrlari HMS-7000 (ECOPIA, Janubiy Koreya) o‘lchash
majmuasi yordamida 80-740 K harorat oralig‘ida tadqiq etildi.

O‘Ichashlardan oldin namuna 5 daqiqa davomida distillangan suvda qaynatildi, hamda 473
K haroratda azotli muhitda ushlab turildi. Mazkur ishlov hamunaning sirt faolligini kamaytirish
orgali o‘lchash natijalarining aniqligini oshirishga yordam beradi [3].
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1-rasm. n-GaP namunasida zaryad tashuvchilar konsentratsiyasining haroratga
bog‘ligqligi.

1-rasmda n-GaP namunasida zaryad tashuvchilar konsentratsiyasining haroratga bogliglik
grafigi keltirilgan. Ushbu rasmdan ko‘rinib turibdiki harorat 80 K dan 740 K gacha ortganda n-
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GaP namunasida zaryad tashuvchilar konsentratsiyasi ~1-10* c¢m= dan ~1.2-10'® cm gacha

monoton tarzda ortadi.

borganda zaryad tashuvchilar konsentratsiyasi deyarli 100 marta, so‘ngra haroratning to 740 K
gacha ortishida esa ~10 marta ortishi kuzatiladi. Demak 80 — 140 K haroratlar oralig‘ida namunada
tok o‘tish mexanizmida erkin elektronlarning faol termik generatsiyasi muhim rol o‘ynaydi.
Haroratning 80 K dan 110 K oralig‘ida erkin elektronlar konsentratsiyasi (n)ning haroratga

1-rasmda keltirilgan grafik tahlili shuni ko‘rsatadiki harorat 80 K dan 140 K gacha ortib

i )

bog‘ligligi eksponensial qonunga bo‘y sinadi:
n =ngye kT,

bu yerda E; — nGaP da elektr o‘tkazuvchanlik turini aniglab beruvchi sayoz sathli donor
markazlarining energetik sathi, k — Boltsman doimiysi, T — absolyut harorat. Namuna Te bilan
legirlanganligi boisidan E; Te kirishma atomlarining ionlanishi energiyasi bilan bog‘lig.
Hagigatdan In(n) = f(1/T) bog‘lanish grafigi 80 — 110 K oralig‘ida aynan to‘g‘ri chiziq grafigi
bilan juda yaxshi ekstrapolyatsiyalanadi. Ushbu to‘g‘ri chizigning burchak koeffitsiyenti orqali
hisoblab topilgan E; ning giymati 70 meV ni tashkil etdi. Demak Te atomlarining energetik

sathlari GaP o‘tkazuvchanlik zonasi tubidan 70 meV pastda joylashar ekan.
2-rasmda n-GaP namunasining solishtirma elektr o‘tkazuvchanligini haroratga bog‘liglik

grafigi keltirilgan.
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2-rasm. n-GaP namunasining solishtirma elektr o‘tkazuvchanligini haroratga
bog‘liqligi.

Grafikdan ko‘rinib turibdiki harorat 80 K dan 320 K gacha ortganda namunaning solishtirma
elektr o‘tkazuvchanligi monoton tarzda ortib boradi, so‘ngra 740 K gacha monoton tarzda kamayib

boradi.
grafigi keltirilgan. Grafik tahlili shuni ko‘rsatadiki harorat 80 K dan 90 K gacha ortganda

elektronlar harakatchanligining ortishi, so‘ngra 740 K gacha esa - monoton tarzda kamayishi

kuzatiladi. Demak 90 K gacha erkin elektronlarning sochilishida ionlashgan kirishma atomlarining
ta’siri, 90 K dan 740 K oralig‘ida esa - kristall panjara atomlari issiglik tebranma harakatining

3-rasmda n-GaP namunasida zaryad tashuvchilar harakatchanligining haroratga bog‘liglik

ta’siri muhim rol o‘ynar ekan.
Ma’lumki, yarimo’tkazgich materiallarning elektr o‘tkazuvchanligi muayyan haroratda

zaryad tashuvchilar konsetratsiyasi n ga va harakatchanligi x4 ga bog‘liq:
o(T) = qn(T)(T), )
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3-rasm. n-GaP namunasida zaryad tashuvchilar harakatchanligining haroratga
bog‘ligligi.
ya’ni, harorat o‘zgarishi bilan namunada tok o‘tish maxanizmining o‘zgarishiga zaryad
tashuvchilar konsentratsiyasining o‘zgarishi bilan bir vaqtda ular harakatchanlining o‘zgarishi
ham ta’sir qiladi.

Demak, past haroratlarda 90 K gacha n — GaP(Te) namunasida tok o‘tish mexanizmida
erkin elektronlarnning ionlashgan kirishma atomlarida sochilishi, 90 — 320 K haroratlar oralig‘ida
sayoz donor sathlaridan elektronlarning termik generatsiyasi, 320 — 740 K oralig‘ida esa
elektronlarning fononlarda sochilishi muhim rol o‘ynar ekan.

Te bilan legirlangan n-GaP monokristall namunalarida 80-740 K haroratlar oralig‘ida
o‘tkazilgan eksperimental tadqiqotlar zaryad tashuvchilarning konsentratsiyasi va
harakatchanligining haroratga bog‘liglik xususiyatlarini aniglash imkonini berdi. Natijalar shuni
ko‘rsatdiki, harorat oshishi bilan zaryad tashuvchilar konsentratsiyasi ~1-10* c¢m= dan ~1.-108
cm gacha ortadi, bu esa donor atomlarining termik ionlashuvi bilan bog‘liq. Tadqgiqot davomida
donor sathining ionlanish energiyasi ~70 meV ga teng ekanligi aniglandi. Elektronlar
harakatchanligining tahlili esa past haroratlarda zaryad tashuvchilarning sochilishi asosan
ionlashgan kirishmalar bilan, yuqori haroratlarda esa fononlar bilan bog‘liq ekanligini ko‘rsatdi.

Olingan natijalar GaP asosidagi yarimo‘tkazgich materiallarda zaryad tashuvchilar transport
jarayonlarining fizik mexanizmlarini chuqurroq tushunishga imkon beradi. Aniglangan transport
parametrlaridan GaP asosidagi optoelektron va yuqori harorat sharoitida ishlovchi
yarimo‘tkazgich qurilmalar (masalan, yorug‘lik diodlari, yuqori haroratli sensorlar va elektron
komponentlar)ni loyihalash hamda ularning ish rejimlarini optimallashtirishda foydalanish
mumkin. Bu esa GaP asosidagi materiallarning zamonaviy mikroelektronika va optoelektronika
texnologiyalarida qo‘llanilish imkoniyatlarini kengaytirishga xizmat qiladi.

Adabiyotlar:
1. Schacham, S. E., & Finkman, E. (1986). Light-modulated Hall effect for extending
characterization of semiconductor materials. Journal of Applied Physics, 60(8), 2860-2865.
https://doi.org/10.1063/1.337071
2. Saidova A. S., Usmonova Sh. N., Turgunova O. Z. Investigation of the Features of the
Thermovoltaic Effect in GaSb, GaAs and GaP Binary Compounds // Applied Solar Energy. —
2023. —Vol. 59. — Ne 4, — P. 400-409.
3. Schroder, D. K. Semiconductor Material and Device Characterization / D. K. Schroder. — 3rd
ed. — Hoboken, New Jersey: John Wiley & Sons, Inc., 2006. —P. 72.
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MARGANETS BILAN LEGIRLANGAN KREMNIYDA FAZAVIY VA
STRUKTURAVIY O‘ZGARISHLAR

Sh.B.Utamuradova, J.J.Hamdamov, H.J. Matchonov, F.J. Matchanova,
F.R. Yo‘ldoshov, G. Nurmatova, E.A. Erkayeva
O ‘zbekiston Milliy universiteti huzuridagi Yarimo ‘tkazgichlar fizikasi va
mikroelektronika ilmiy-tadgiqot instituti, Toshkent, O ‘zbekiston

Kremniyni o‘tuvchi elementlar bilan legirlash funsional yarimo‘tkazgich materiallar
muhandisligining strategik muhim yo‘nalishi hisoblanadi. Bu yo‘nalish kremniyning elektron,
magnit va issiglik xossalari spektrini kengaytirishga qgaratilgan. 3d-elementlarning keng doirasi
orasida marganets alohida e’tiborni tortadi, chunki u barqaror silitsid fazalarini hosil qilish,
shuningdek Si kristall panjarasida spinga bog‘liq o‘tkazuvchanlik va kuchsiz ferromagnetizmni
yuzaga keltirish xususiyatiga ega [1-2]. Kremniy-marganets (Si-Mn) tizimi murakkab ikki
komponentli tizim bo‘lib, o‘zgaruvchan tarkibli ko‘plab intermetall birikmalardan iborat boy
fazaviy diagramma bilan tavsiflanadi. Eng ko‘p o‘rganilgan va amaliy ahamiyatga ega bo‘lgan
fazalar MnSi, Mn4Si7 va Mn11Siig kabi kremniyga boyroq birikmalardir [3-4].

Si-Mn tizimi bo‘yicha sezilarli miqdordagi eksperimental va nazariy ma’lumotlar mavjud
bo‘lishiga garamay, bir gator muhim masalalar hali ham hal etilmagan. Termik ishlov berish
jarayonida fazaviy o‘tishlarning mexanizmlari va harorat chegaralari to‘liq aniglanmagan. Termik
ishlovning dastlabki bosgichlarida marganets atomlarining joylashuvi jumladan, tugunlararo va
klaster holatlari noanig golmoqda. MnsSi7 fazasining hosil bo‘lish sharoitlari va uning keyingi
termik ishlovda MnSi ga gayta o‘zgarishi ehtimoli yetarlicha o‘rganilmagan.

Past haroratlarda silitsid hosil bo‘lishining dastlabki bosqgichlarini ishonchli aniglash alohida
qiyinchilik tug‘diradi, chunki bu sharoitda Mn hali tartibsiz shaklda yoki a-Si da erigan atom
ko‘rinishida bo‘lishi mumkin. Bunday holatlarni rentgen-difraksiya usullari bilan farglash giyin,
birog yuqori sezgirlikka ega tebranish spektroskopiyasi aynigsa, Raman spektroskopiyasi
yordamida gisman aniglash mumkin [5-6]. Shunday qilib, Mn bilan legirlangan kremniyda
marganets silitsidlarining faza hosil bo‘lishi va faza barqgarorligini termik ishlov berish
sharoitlariga bog‘liq ravishda o‘rganish qattiq jismlar fizikasi, materialshunoslik va amaliy
nanotexnologiyalar kesishmasidagi dolzarb vazifa hisoblanadi.

Dastlabki material sifatida solishtirma qarshiligi 1 dan 40 Om-sm gacha bo‘lgan
monokristall p- va n-turdagi kremniy plastinkalari ishlatildi. Yuqori tozalikdagi (> 99,999 %)
metall marganets bilan legirlash moysiz turbomolekulyar nasos tizimi yordamida ta’minlangan
yugori vakuumli muhitda (P < 107-10® Torr) termovakuumli bug‘latish usuli orqali amalga
oshirildi. Marganets bilan legirlash yopiq vakuumli kvarts ampulalarda 600 dan 1200°C gacha
bo‘lgan haroratda 0,5 soatdan 10 soatgacha davom etgan yuqori haroratli diffuziya jarayoni
amalga oshirildi. Diffuziyadan so‘ng, namunalar tez sovitish yoki sekin pechda sovitish usullarida
sovutildi. Ushbu turli xil issiqlik yo‘nalishlari silitsid fazalarining morfologiyasiga va Si kristall
panjarasida ichida Mn ning taqsimlanishiga sezilarli ta’sir ko‘rsatadigan kristallanish va fazaviy
o‘zgarishlarning deyarli muvozanatli va metastabil holatlarini tadqiq qilish imkonini berdi [7-9].

Strukturaviy ma’lumotlar ko‘rsatadiki, issiqlik bilan ishlov berish MnSi nanofazalarining
paydo bo‘lishi va o‘sishiga olib keladi, hamda kremniy bilan yanada to‘yinishi natijasida
MnSi—Mn4Si7 o‘zgarishini yuzaga keltiradi. Bu o‘zgarish Mn ning qayta tagsimlanishi, elastik
zo‘riqishlarning ortishi va aniq “silitsid/Si” chegarasining shakllanishi kuzatiladi. Mn bilan

17



I IIYBBA. APUMYTKA3STHUJIAP ®U3UKACH BA APUMYTKA3TUUJIAP
MATEPUAIINYHOCJIMTU MYAMMOJIAPHU

legirlangan kremniyda Ec-0,54 eV chuqur sath MnSi birikmalari qobig‘idagi Mn bilan bog‘liq
komplekslar bilan o‘zaro bog‘liglikni ko‘rsatadi. E¢-0,42 eV chuqur sath yuqori silitsid fazasi
Mn4Si7 hosil bo‘lishi va nomuvofiq dislokatsiyalar o‘sishi paytida o‘zining maksimal hissasiga
erishadi. Ec-0,20 eV sayoz sathi “silitsid/Si” chegarasidagi interfeys tutqichlarining mavjudligini
aks ettiradi, ularning hissasi birikmalarning yiriklashishi bilan ortib boradi.
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1-rasm. 1200°C haroratda termik ishlovdan so‘ng p-Si<Mn> namunasining
kimyoviy Raman tasviri: signal jadalligi tagsimoti (rangli shkala, 3D), faza kontrast
xaritasi (yuqori o‘ng burchakda) va tanlangan sohalardan olingan integrallangan spektrlar
(pastki gismda).

Olingan eksperimental ma’lumotlar Si-Mn tizimida termodinamik va diffuziya omillari
ta’sirida bosqichma-bosqich fazaviy o‘zgarishlar sodir bo‘lishini ko‘rsatdi. Bu fazaviy
o‘zgarishlar ham rentgen-strukturaviy tahlil, ham Raman kombinasion sochilish spektroskopiyasi
yordamida tasdiglandi. Ushbu usullar kimyoviy bog‘lar va kristall panjarasi simmetriyasi
darajasidagi strukturaviy o‘zgarishlarni aks ettirdi.

Rentgen nurlarining difraksiyasi bo‘yicha o‘tkazilgan tadgiqotlar Si-Mn tizimidagi faza
tarkibining termodinamik ishlov berish haroratiga bog‘liq ravishda kuzatish imkonini berdi.
Issiqlik bilan ishlov berishning dastlabki bosqgichida T<600°C difraktogrammalarda asosan keng
va yaxshi ajralmagan difraksion maksimumlar kuzatiladi. Bu holat kristallanish darajasining
pastligini, panjara nugsonlarining sezilarli miqgdorini va yuqori gatlamning gisman
amorflashganligini ko‘rsatadi. 26 ning ~ 28-29° oralig‘ida keng maksimumlarning paydo bo‘lishi,
Mn atomlarining panjara oralig‘idagi bo‘shliglariga joylashishi natijasida kristall kremniy panjara
parametrining kengayishi bilan bog‘liq bo‘lishi mumkin [10].

Monokristall kremniy va MnsSiz hamda MnSi silitsid fazalariga mos keladigan difraksiya
cho‘qqilari aniq ko‘zga tashlanadi (111),, (333), aks etishlari, shuningdek B-fazadan cho‘qgqilar
qayd etilgan bo‘lib, bu ko‘p komponentli kristall tuzilmaning shakllanganligini ko‘rsatadi. Harorat
600-700°C ga ko‘tarilganda, MnSi intermetall birikmasi uchun xos bo‘lgan aniq difraksion
cho‘qqilar shakllanadi. Eng kuchli akslanishlar 26~31,6° 36,1° 47,3° va 55,5° burchaklarda
kuzatildi. Shu bilan bir vaqtda, kremniy cho‘qgqilari, aynigsa (111), va (220), saglanib goldi.

Raman spektroskopiyasi kremniy-marganets tizimidagi faza tarkibi o‘zgarishini bosgichma-
bosgich kuzatish imkonini berdi. Yuqori haroratda termik ishlov berishning dastlabki
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bosgichlarida MnsSi- silitsid fazasining hosil bo‘lishi va keyinchalik yuqori haroratlarda MnSi ga
o‘tishi rentgen-difraksion ma’lumotlar va ilmiy adabiyotlardagi manbalar [11-15] bilan muvofiq
keladi.

1200°C haroratda termik ishlov berilgan p-Si<Mn> namunasida faza va kimyoviy
komponentlarning tagsimlanishini vizualizatsiya qilish kimyoviy Raman xaritalash usullari
yordamida amalga oshirildi (1-rasm). Ushbu metodologiya yuqori aniglikda fazoviy va
spektroskopik ma’lumotlarni bir vaqtning o‘zida olish imkonini beradi.

Olib Dborilgan tadgigotlar Si-Mn tizimida termik ishlov berish davomida fazalar
shakllanishining aniq ketma-ketligini aniglash imkonini berdi. Bu natijalar rentgen-difraksion
tahlil va Raman kombinatsion sochilish spektroskopiyasi yordamida tasdiglandi.

Shunday qilib, olingan ma’lumotlar Si-Mn tizimida faza hosil bo‘lishining ishonchli
eksperimental-nazariy sxemasini ta’minlaydi hamda silitsidlarning o‘sishi va o‘zgarishining
asosiy mexanizmlarini yoritib beradi. Bu, aynigsa mikro- va nanoelektronika sohalarida,
boshqariladigan faza tuzilishiga ega bo‘lgan funksional kremniy tarkibli materiallarni loyihalashda
amaliy ahamiyatga ega.
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LiNbO3 YUPQA PLYONKALARINING KRISTALLIK DARAJASIGA TERMIK
ISHLOV BERISH JARAYONLARINING TA’SIRI

Z.T. Azamatov?, A.B. Baxromov!, A.A. Sapaeval, M.Sh. Suyunova?
YO 2MU huzuridagi yarimo ‘tkazgichlar fizikasi va mikroelektronika ilmiy-tadgigot
instituti, Toshkent.
2Navoiy davlat konchilik va texnologiyalar universiteti. Navoiy.
e-mail: abrorbahromov0101@gmail.com

Tadgiqot doirasida monokristall kremniy (SiO>) asosi yuzasida litiy niobati (LiNbO3) yupga
plyonkalarini sintez gilish jarayoni yuqori chastotali (RF) magnetronli ion-plazmali purkash
usulida amalga oshirildi, bu esa dielektrik materiallarni purkashda nishon sirtida zaryadlar
to‘planishining oldini olib, plazma razryadining yuqori barqarorligini ta’minladi. Eksperimentda
nishon (target) sifatida tarkibi 99,99% yuqori tozalik darajasiga ega, diametri 50 mm va qgalinligi
5 mm o‘lchamli LiNbO3z keramik materialidan foydalanildi, bunda dielektrikning past issiglik
o‘tkazuvchanligini kompensatsiya qilish va issiqlik dissipatsiyasini optimallashtirish magsadida
nishonning teskari tomoniga mis (Cu) kontakti o‘rnatilib, tizimning uzluksiz suv sovitish konturi
orgali issiglik muvozanati saglab turildi.

Vakuum kamerasidagi goldiq gazlar molekulyar nasos yordamida tozalanadi, plazma
mubhitini yaratish uchun 120 sccm ogim tezligida inert argon (Ar) gazi yuborilib, ishchi bosim 3
Pa miqdorida turg‘unlashtirildi, bu esa Ar* ionlarining nishon sirtini samarali bombardimon gilishi
va purkalanayotgan zarrachalarning o‘rtacha erkin yugurish yo‘li davomida yetarli kinetik
energiyani saglab qolishi uchun zaruriy fizik sharoitni yaratdi. Plyonka kondensatsiyasi nishonga
150 W miqdoridagi o‘zgaruvchan tok quvvati berish orgali amalga oshirildi, bu esa litiy va niobiy
atomlarining barqaror stexiometrik ogimini shakllantirishga xizmat qildi, bunda nishon va silisiy
taglik orasidagi masofaning 40 mm etib belgilanishi purkalanayotgan atomlarning sirt bo‘ylab
diffuzion harakatini faollashtirib, o‘sayotgan plyonka yuzasining yuqori energiyali ionlar bilan
ortigcha bombardimon gilinishining oldini olish imkonini berdi.

Olingan LiNbOz/Si geterostrukturasining kristallik darajasini oshirish, amorf fazani trigonal
strukturaga o‘tkazish va ichki mexanik kuchlanishlarni relaksatsiya qilish magsadida namunalar
havo mubhitida ikki bosqichli differensial termik ishlovdan o‘tkazildi. Dastlabki bosgichda harorat
5°C/min tezlik bilan 550°C gacha ko‘tarilib, kristallik murtaklarining shakllanishi uchun 30 minut
davomida izotermik ushlab turildi, shundan so‘ng faza shakllanish jarayonini yakunlash va
donachalar chegarasini bargarorlashtirish uchun harorat 700°C gacha oshirilib, 45 minut davomida
termik modifikatsiya gilindi. Jarayon yakunida kremniy va litiy niobati orasidagi termik kengayish
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koeffisiyentlari farqi tufayli yuzaga kelishi mumkin bo‘lgan destruktiv kuchlanishlarni
minimallashtirish va mikro-yoriglar hosil bo‘lishining oldini olish maqsadida namunalar xona
haroratigacha nazorat gilinadigan gradiyent bilan sekin sovitildi.

Tadgiqot doirasida shakllantirilgan LiNbO3/Si geterostrukturalarining faza tarkibi, kristallik
darajasi va strukturaviy simmetriyasini aniglash magsadida Raman spektroskopiyasi tahlili
o‘tkazildi. Litiy niobati (LiNbOs) xona haroratida trigonal kristallik sistemasining R3c fazoviy
guruhiga mansub bo‘lib, ushbu simmetriya guruhi materialning barcha fundamental fizik, xususan,
ferroelektrik va nolineer-optik xossalarini belgilab beradi [1,2]. R3c simmetriyasining
fundamental xususiyati unda inversiya markazining (markaziy simmetriyaning) mavjud
emasligidir, bu esa kristall panjarasida musbat va manfiy zaryadlar markazining siljishiga va
natijada spontan qutblanishning vujudga kelishiga zamin yaratadi. Raman spektrlarining qiyosiy
tahlili shuni ko‘rsatadiki, termik ishlov berish jarayoni plyonkaning amorf holatdan aynan ushbu
magqsadli R3c fazasiga o‘tishida hal giluvchi rol o‘ynaydi[3,4].
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Termik ishlov berilmagan namunaning Raman spektrida (qgizil chizig) fonon modalarining
intensivligi o‘ta past bo‘lib, spektr yoyilgan (broad) ko‘rinishga ega ekanligi plyonkaning
dastlabki holatda asosan tartibsiz amorf tuzilishga ega ekanligidan dalolat beradi. Ikki bosgichli
termik ishlovdan so‘ng esa, spektrda o‘tkir va yuqori intensivlikdagi cho‘qqilarning paydo bo‘lishi
plyonkaning to‘liq kristallanganini va R3c fazasiga xos bo‘lgan trigonal strukturani
shakllantirganini isbotlaydi. Nazariy jihatdan ushbu simmetriya guruhi uchun ruxsat etilgan
7A1+13E optik tebranish modalaridan asosiylari eksperimental spektrda yaqqol namoyon bo‘ladi.

Spektrning 150-220 cm™ sohasidagi past chastotali tebranishlari (E va A1 modalar) Li*
ionlarining kristall panjarasi ichidagi uzoq masofali harakati va Nb®* ionlarining kislorod
oktaedriga nisbatan siljishi bilan bog‘liq bo‘lib, ularning ko‘k spektrda shakllanishi strukturaning
c-o0‘qi bo‘ylab tartiblanishini anglatadi.

Yuqoridagi rasmda LiNbOa3/Si geterostrukturalarining Raman spektrlari: (1) termik ishlov
berilmagan namuna; (2) termik ishlov berilgan namuna.

240-280 cm™ sohasidagi kuchli tebranishlar (A1(TO) va E(TO) modalar) Nb-O bog‘larining
egilish tebranishlariga hamda Li-O bog‘larining valent tebranishlariga tegishli bo‘lib, ushbu
cho‘qqilarning keskinligi litiy va kislorod atomlarining stexiometrik muvozanatda ekanligini
tasdiglaydi. Spektrning 320-370 cm™ va 430-450 cm™ sohasidagi modalar NbOs oktaedrining
deformatsiyasi va O-Nb-O burchaklarining tebranishlari natijasida yuzaga keladi. Xususan, 434
cm™ atrofidagi cho‘qgi litiy niobatining R3c fazasiga xos bo‘lgan asosiy indikatorlardan biri
bo‘lib, namunada boshqa niobiy oksidi fazalari (masalan, Nb2Os yoki LiNb3Og) mavjud emasligini
isbotlaydi.
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Spektrning 520.7 cm™? sohasidagi dominant cho‘qgisi kremniy (Si) tagligining birinchi
tartibli optik fonon (LO) modasiga mos keladi. Termik ishlovdan so‘ng ushbu cho‘qqi
intensivligining ortishi LiNbOs plyonkasining kristallanishi natijasida uning optik shaffofligi
yaxshilanganini va lazer nurining taglikka qadar sochilmasdan yetib borishini ko‘rsatadi. 600-680
cm sohasidagi keng va intensiv moda (A1(LO) va E(LO) esa NbOs oktaedri ichidagi Nb-O
bog‘larining cho‘zilishi (stretching) bilan bog‘liq bo‘lib, uning shakllanishi plyonkada
ferroelektrik xossaga javob beruvchi oktaedrik karkasning to‘liq vujudga kelganini anglatadi.
Shuningdek, 800-900 cm™ sohasidagi ikkinchi tartibli fonon modalarining aniglanishi
namunaning yuqori strukturaviy sifatga ega ekanligini yana bir bor tasdiglaydi. Xulosa qilib
aytganda, Raman spektrlarining qiyosiy tahlili LiNbOs/Si geterostrukturalarining bargaror R3c
fazasi bo‘yicha shakllanishi faqatgina nazorat gilinadigan termik ishlovdan so‘ng yakunlanishini
va barcha atomar bog‘larning muvozanatli kristallografik nugtalarga joylashishini ilmiy jihatdan
asoslaydi.

Adabiyotlar:
1. Rabiei P., Ma J., Khan S., Chiles J., Fathpour S.Heterogeneous lithium niobate photonics on
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BJIMAHUE TUITIA TIOJJTOXKKHA HA MOP®OJIOTI'TIO TOHKUX IJIEHOK
CNTSSe/ZnO/ZnO: Al

II.B. Yramypanosal, K.M. ®aiizy1naes’, A.B. Ctanunk?
YHayuno-uccnedosamensvcxuii uncmumym @usuxu norynpoeooHuKos u
Murpoanekmponuxu npu Hayuonanenom ynusepcumeme Y3zbexucmana, Y30exucman, Tawxenm,
100057, yn. Aneu Onmaszop 20
2I'O «Hayuno-npaxmuveckuti yenmp Hayuonanvnoii akademuu nayx benapycu no
mamepuanogedenuroy, Pecnyonuka benapycs, Munck 220072, yn. I1. Bposku 19

B mocnenHee pecsaTHIETHE MOMCK HOBBIX YKOJOTHUYECKH YUCTHIX M HEJOPOTHX MaTepPHajoB
Ui OTOBOJIBTAUKU TPUBEII K 3HAYUTEIHLHOMY HMHTEPECY K YETBEPHBIM IOJYIPOBOIHUKOBBIM
coequneHusM [1]. Cpenmu HuUX oco0oe MECTO 3aHMMAKOT MaTepHajbl THUIA KECTepPHUTa, I/ B
MOCJIEZIHEE BPEMsl aKTUBHO HCCIEAYeTCsl 3aMeHa NE(PHUIUTHBIX MM TOKCHYHBIX JIEMEHTOB Ha
6onee pocrynusie ananoru. Coequnerne CuaNiSn(S,Se)s (CNTSSe) siBisieTcst mepCrneKTHBHBIM
TIOTJIOLIAONIMM CJIOEM Onarojapsi ONTHMAaNbHOW MIMPHUHE 3ampenieHHod 30HBI (<1.5 3B) wu
BBICOKOMY KO((GHUINEHTY ONTUYECKOTO MOTIIOMIEeHHS [2].

D¢ PEeKTUBHOCTh TOHKOIUICHOYHBIX COJTHEYHBIX 371eMeHTOB Ha ocHoBe CN'TSSe Bo MHOrOM
3aBUCHT OT KayecTBa TeTeporepexoja ¢ MpoBOASHIMM OKcuaHbM cinoeM (ZnO:Al mmu AZO),
BKJItouas okoHHBIN cioit (ZnO). Ctpykrypa Cu2NiSn(S,Se)s/ZnO/ZnO:Al npencrasnsier coboi
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MHOTOCJIOWHYIO CUCTEMY, T/Ie KaX/Iblii HHTep(eiic UTpaeT KPUTHUECKYIO POJIb B pa3JelicHUH U
TpaHCIOpTe HOcUTeNel 3apsiaa [3].

OnHako, CBOMCTBA 3TUX TOHKHMX IUIGHOK — KPHUCTAJUIMYECKas CTPYKTypa, MOPQOIOTrHs
MOBEPXHOCTH M MEXAaHHUYECKUE HANpSHKEHUs — CYIIECTBEHHO 3aBUCAT OT MPUPOIBI H
XapaKTePUCTUK UCIOIB3yeMOH MOUIOKKH. [10/7105KKa HE TOIBKO CITY>)KUT (PU3HUECKON OTOPOi,
HO W JUKTYET YCJOBHUSI pPOCTa TUICHOK, BIMSET HA pa3Mephl 3epeH M IUIOTHOCTH Je()eKTOB Ha
rpaHuie pasnenoB. lccrnemoBaHwe BIMSHUS THMA TOUIOKKHA (HAampuUMep, CTEKIO0, TUTaH,
MOJMOJCH WM MOJMMEPHBIE MaTepuallbl) Ha CTPYKTYPHBIE M ONTHYECKHE CBOWMCTBA CHCTEMBI
Cu2NiSn(S,Se)s/ZnO/ZnO:Al - sBisieTcss  KIIOYEBBIM  3TalloM HAa MYTH K  ONTHMH3AIUU
MIPOU3BOIUTEIHLHOCTH JTAHHBIX (DOTORIEKTpUUECKHX MpeoOpa3zoBareneit [4].

B nannO# paboTe MpOBOIUTCS CPAaBHUTEIBHBIN aHAIN3 BIMSHUS PA3TUYHBIX TIOJUTOKEK Ha
Mopdosoruueckre xapakrepuctuku ctpyktypbl CuzNiSN(S,Se)4/Zn0O/Zn0O:Al, uto no3BonseT
ONpeNeNiuTh  Hauboyiee OJArONPHSTHBIE YCIOBHS JUISI CHHTE3a BBICOKOKAYECTBEHHBIX
(oTOUyBCTBHTENBHBIX CiI0eB. CHHTE3 TOHKMX TUIEHOK OCYIIECTBIISUICS B JIBA dTala: Ha MEPBOM
JTare METOJOM MAarHeTPOHHOT'O pPaCHbUICHHs HAHOCWJIMCH METaNTHYeCKHEe MPEKypCcophl, Ha
BTOPOM — TIPOBOJIMIICS X TIOCIIEIYIONINI TEPMUYECKUH OTKHT B TIapax cepsl U cenena. [lnenkn
ZnO u ZnO:Al ocaxpanuch MpH KOMHATHOW TeMIEpaType C IOMOIIBI0 MarHeTPOHHOIO
HambUIeHUs.  Mopdomornyeckne  0COOEHHOCTH — TOBEPXHOCTH  IOJyYEHHBIX  00pasIoB
MCCIIEIOBAIMCH METOJIOM aTOMHO-CHJIOBOM MHKPOCKOIIUH C MCIOJIh30BaHWEM MHUKpockoma NT
206 (Microtestmachines Co., benapycs).

Ha pucynke 1 mnpeacraBnensl TpexmepHbie (3D) ACM-uzoOpakeHuss MNOBEPXHOCTU
crpykrypbl CuzNiSN(S,Se)4/Zn0/Zn0O:Al, chopmupoBaHHON Ha ABYX pasIMYHBIX IMOUTOKKAX:
KECTKOU cucreMe creksio/Mo u rudkoi TutaHoBoi doibre (Ti).

XK:10.lum Y:10.lum 2:484.0nm [1.5:1] XK:10.lum Y:10.lum 2:930.3nm [1.5:1]
Ra: 44.9nm  Rg: 57.2mnm Ra: 117.9nm  Rg: 148.9mm

Puc. 1. ACM-u3o6pazkenusi moBepxnoctu crpykrypnl CuzNiSn(S,Se)s/Zn0O/Zn0O:Al,
chopMupoBaHHOII HA PA3JIMYHBIX MOAJI0KKAX: (a) cTeksio/Mo u (0) TuTanoBas ¢oJbra (Ti).

CrtpykTypa Ha moajoxke crekino/Mo XapakTepu3yeT OTHOCUTENBHO OJHOPOAHBIM
pacripesielieHieM 3epeH U CriIaXeHHbIM penbedom. CpenneapupmeTnyeckas HIEpOXOBATOCTb
coctaBisgeT Ra=44.9 HM, a cpenHekBaapatuyHas — Rqg=57.2 um. Takas wmopdonorus
CBHUJIETENILCTBYET O BBICOKOH IUIOTHOCTH YNAKOBKH KPHUCTAUIUTOB, YTO OJAarompuATHO s
(dbopMupoBaHHs KaueCTBEHHOTO P-N mepexoaa ¢ 0ydepusim coem ZnO. [Tnénku Cu2NiSn(S,Se)4
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Ha TMOJUIOKKE T1 JEMOHCTPUPYIOT PE3KOE YBEIMYEHHE TEKCTYPHPOBAHHOCTH IOBEPXHOCTH.
3HaueHus 1MIEpOXOBATOCTU BO3pacTalOT Oosiee ueM B ABa pa3a: Ra=117.9 um u Rg=148.9 um.

HaGnromatorcsi BbIpaKEHHBIE THKH M arjloMepaTrhl, YTO MOXET OBITh OOYCIIOBIICHO
pa3nuuusMH B KOAPPHUIHEHTaX TEPMUYECKOTO paciuperus Mexay TutanoM U Cu:NiSn(S,Se)a,
a TaKk)Ke M3HAYAITbHOW MUKPOCTPYKTYPOH METaUTMIECKOH (POIBTH.

Bricokast mepoxoBaTocTh, HabOIIOJaeMas HAa THUTAHOBOM MOJIOKKE, C OJHOW CTOPOHBI,
yBeNMIUBaeT dPGEKTUBHYIO TUIONMIAIb KOHTAKTa MEK/Y TOTJIOUIAIOIINM CI0oeM U Oydepom, 4To
MOXKET CIIOCOOCTBOBATh POCTY TOKa KOpPOTKOro 3amblkaHus (l). OnHako, 3HAYMTEILHBIC
nepenaabl BeICOT (10 930.3 HM mo ocu Z Ha Ti mporuB 484.0 aM Ha MoO) co3Aal0T PUCK
BO3HMKHOBEHHUS JIOKAJBHBIX IIYHTHUPYIOIMIMX MyTE€H M HEOJAHOPOIAHOCTEH B TOHKOM OydepHOM
cioe ZnO.

Takum o0pa3om, HCMONb30BaHUE MOIOKKHN cTeksio/Mo obecrieunBaeT mojyueHue 6osee
IJTaHAPHBIX UHTEP(QEICOB, B TO BpeMsl Kak CTPyKTyphl Ha Ti-¢osbre TpeOyrOT JOMOIHUTEIBHON
OINITUMU3AIMKU TOJIIMWHBI IMOCICAYIOIMIUX CJIOCB JIsI NPCAOTBPAIICHUA IPOKOJIOB W CHUKCHUA
TOKOB YTCUKH.

Jlannast paboTa BbINOMHEHA TpH noiepkke PoHa GuHAHCUPOBAHUS HAYKH U HHHOBAIMH
Pecrryomuku V306ekucran (rpant Ne FL-8824063350) u Benopycckoro peciyoimkanckoro GoHa
bynnameHTabHBIX UccaenoBanmii (rpant Ne ®25Y35-097).
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Trukhanova E.L., Zubar T.I., Trukhanov A.V., Trukhanov S.V. Morphology and Crystal Structure
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N3MEHEHUE TUITA KOHTAKTA IIOTTKH! B JIIOTENMEM
JJETUPOBAHHOM KPEMHUH

X.C. Nanues, 3.9. baxponkyJioB, M.U. Bo3op6aeBa.
Hayuno-uccneoosamenvckuil uncmumym uzuku noiynpo8ooOHUKo8 u
mukpoanekmponuxu npu HY'Y3, Vzoexucman, Tawkenm
e-mail: zbahronkulov@inbox.ru

B mnactosiimee Bpemsi CBOWCTBA KOHTAaKTOB METAUI-TIOIYNPOBOAHUK HMEIOT BaXXHOE
3HAQYEHHE B MHUKPODJIEKTPOHUKE U BBICOKOCKOPOCTHBIX JJEKTPOHHBIX YCTpoOMcCTBax. Jlnomspl
[IoTTKM MIMPOKO TPUMEHSIOTCS Ojarojapsi HU3KOMY TOKY OOpaTHOW YTEUKH U OBICTPOMY
BpeMeHH oTkiHKa. OHAKO B KJIacCHYeCKUX CTpykTypax [IIoTTku MexaHu3M MPOTEKaHUs TOKa B
OCHOBHOM 00YCIJIOBJIEH TEPMOUIEKTPOHHON 3MHCCUEH, ITPH ITOM IPU BBICOKHUX 3HAUEHUSX TOKa
BO3HUKAIOT OTPAaHUYEHUS, CBS3aHHBIE C IOCJIEIOBATEIBHBIM COMNPOTHUBICHUEM M KauyeCTBOM
uHTepdeiica.

B nannoit pabote ctpykrypa aunona [llortku Au/(n-Si)/Ni Obli1a ucciae0BaHa Ha KPEMHHH,
nerupoBaHHoM JotenieM (Lu), mpu  STOM BBISBICHBI TOJOKUTEIbHBIE H3MEHEHHS,
BO3HUKAIOIINE B PE3yJIbTaTe JIETMPOBAHUS, U JaHO UX (pr3nueckoe 0ObsICHEHNUE.
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2500 1
2000 -
1500 S T=300K
1000 4 Fe

...
500 'y
Il.
0 J

1000 500 0 500 000 MY
Puc. 1. BoabT—amnepHas xapakrepucruka auoaa lllorrkn Au/(n-Si)/Ni

Ha pucyHke mnpencraBieHa BoOJbT—aMIiepHas xapakrepuctuka auoxa IlloTTku co
ctpyktypoit Au/(n-Si)/Ni npu temnepatype 300 K. U3 rpaduka BugHO, 4TO CTPYKTypa 00JIaaeT
BBIPQ)KCHHBIMU  BBIPSIMIISIIONIMMA  CBOMCTBAMH, TO €CTh TOK CYIICCTBEHHO 3aBUCHT OT
HANpaBJICHUS MPHUIOKEHHOTO HANPSHKCHUS. DTO CBUICTENBCTBYET O (hopMupoBaHMU Oapbepa
IoTTKM Ha rpaHUIIC METAJUI—TIOIYIIPOBOJIHUK.

B obnactu obpatHoro cmemienus (V < 0) 3HaueHHe TOKa OCTaeTCsA MPAKTHUECKU OIU3KUM K
Hyio. Jlaxe npu HanpspkeHusx nopsiaka —1 000 MB 3amMeTHOro Toka yTeuku He HaOmonaercs. B
Cllydae HEeKa4yeCTBEHHO C(HOPMHUPOBAHHOTO KOHTAKTa OOPATHBIN TOK ObLIT ObI 3HAYMTEIIBHO BHIIIIE.

B oGmnactu npsimoro cmemenus (V > 0) pocT Toka MposBIsieTCs Mo3TanHo. B uaTepBane ot
0 mo mpumepno 0,3-0,4 B Tox yBenuunBaeTcs MeAsieHHO. Ha taHHOM 3Tarie 31eKTpOHbl HAUNHAIOT
MpeoI0eBaTh MOTEHIIMAIBHBIN Oaphep Ha TPaHHIle METAI—-IOTYIPOBOTHUK.

Ha ocHoBanuu rpaduka MOXHO cAenaTh OOImMA BRIBOJ, 4yTo AuoA Au/(n-Si)/Ni obnamaer
XOpoIIUM K03(PPHUIIMEHTOM BBITPSIMIICHHUS, XapaKTepU3yeTCs] HU3KUM OOPAaTHBIM TOKOM YTEUKH U
JIEMOHCTPHUPYET OTUETIUBBIA IKCIIOHEHIINATBHBINA POCT TOKA B 0071aCTH MPSMOTO CMEIICHHSL.
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mA —u—diod 20

.

T=300K

Tok kuchi
o

1000 500 0 500 w0 MV
Puc. 2. BoabT—amMnepHasi XapakTepucTuka cTpykTypbl Au/(n-Si)/Ni Ha
OCHOBE KpeMHHMS, JIerupoBaHHOro JorenueM (Lu)

Ha nanHOM pucyHKe mpejacTaBieHa BOJbT—aMIIEpHas XapaKTEpPUCTHKA CTPYKTYpbl Au/(n-
S1)/Ni Ha ocHOBE KpeMHHsl, JerupoBanHoro mrorerueM (Lu), usmepennas npu temmeparype 300
K. U3 rpaduka BumHO, 4TO HAa HHTEPPEce MEXTY METALIOM M KPEMHHEM, JIETHPOBAHHBIM Lu,
6aprep LLloTTKH HE chopmupoBacs.

OTO sIBIEHHE TPEeXae BCEro oObsCHSETCS TeM, 4To aToMbl Jrorenus (Lu) B kpemHun
MIPOSBIIAIOT AKIENTOPHBIE CBOMCTBA. B pe3ynbraTe MCXOAHBIN N-TUI MOJYNPOBOIHUKA YACTUYHO
KOMITEHCUPYETCS U MPUOIIKAETCS K p-TUILY, BCIEICTBUE Uero He pOpMHUpYeETCs MOTEHIMATbHBIN
Oappep, HEOOXOAMMBIH Ui OrpaHWYEHMs] TOTOKAa OJJIEKTPOHOB MEXAY MeETalioM |
MOJIyIpOBOAHUKOM. 10 3T0# mpuunHe KOHTAKT (PYHKIIMOHUPYET Kak OOBIUHBIN METAIIMYECKUH,
TO €CThb MPHOOPETAET OMUYECKUI XapaKTep.

Kak BUIHO M3 pHUCYHKa, 3JEKTPOHBI CBOOOJHO MEpEMENIAIOTCS MEXAY METaTTHYeCKUM
MOKPBITUEM M TOBEPXHOCTHBIM CJIOEM. DTO CBA3aHO CO BTOPHIM (haKTOpoM: JierupoBaHue Lu
MOBBIIIAET MPOBOJUMOCTh MPUIIOBEPXHOCTHOTO CIlosl, o3ToMy Oaprep LIloTTKH He oOpasyercs.
[Ipu BbICOKOI KOHIIEHTpPALMU MPUMECH WUJIM MPH €€ HAKOIJICHUU BOJIHM3U MOBEPXHOCTH KOHTAKT
CTAaHOBUTCS OMHYECKUM.

B oGmactu oTpumarenbHbIX HampsbkeHud, npumepHo mpu —1000 mB, Tox mocturaer
3Ha4YeHHH mopsaka —3...—4 MA. DTO CBHUIETEIBCTBYET O TOM, YTO OOpaTHBIM TOK HMeEET
3HAYUTENIbHYIO BEJIMYMHY, a TOTEHUUAIbHBIA Oapbep Ha TpaHHIE METaLI—OIyHIPOBOIHUK
CYILIECTBEHHO CHUKEH UJIM OTCYTCTBYET.

B o06iactu moNOXKUTEIBHBIX HAIMpPSHKEHUH TOK BO3pacTaeT mpuMepHo 10 +4...+5 MA, u
rpaduk coxpaHseT NpPaKTUYECKU JMHEHHBIA Xapaktep. XapaktepHas ig auona LlorTku
AKCMOHEHIIMAIbHAs 00JacTh pOCTa TOKA B JIAHHOM cilydae 4€Tko He HaOmromaercs. Eciu Obl B
CTpYKType MpHUCYTCTBOBaN TpaaulMoHHbIH Oapeep IlorTtku, B amamazone 0,2-0,4 B
HaOMoaI0Ch OBl pe3Koe AKCIOHEHIIMAIbHOE yBElWYeHHe TOKa. B paccmaTpuBaeMoMm ciiydae
3aBHCHUMOCTbH TOK—HaIIPsHKEHHE JeMOHCTPUPYET CBOMCTBA, OIM3KUE K OMUUYECKOMY KOHTAKTY.

Takum o6paszom, ctpykrypa Au/(n-Si)/Ni Ha OCHOBE KpeMHHs, JIeTUpoBaHHOro Lu, He
MPOSIBISIET KJIacCHUeCKUX Xapaktepuctuk auonaa lllortku. BonpT—ammepHas XapakTepucTuka
MMEET TOYTH JHMHEHHBIA BUJ, YTO YKa3blBAa€T HA MEPEXOJ] KOHTAKTa K OMHYECKOMY THUITY
IIPOBOJMMOCTH.

Jluteparypa:
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Reviews, 1(1), 2014, pp. 011304.
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®OPMHPOBAHUE IMPUMECHBIX CKOIIJIEHUH B OBPA3IIAX n-Si<Ni>

H.A. Typrynos'?, P.M. Typmanosa®, H.B. Xaiitummeron!
YHayuno-uccnedosamenvckuii uncmumym gusuxu nonynposooHuxoe u
Mmukpoanekmponurku npu HY'Y3, Tawkenm
2 Axademus MBJ] Pecnybnuxu Y36exucman, Tawxenm, Y3bexucman

Nzyuenune mnpupoasl, Mopdororuu (XMMHUYECKOTO COCTaBa, pPa3MEpPOB) IPUMECHBIX
CKOTUIEHUH, 00pa3yroImuXCcsl Ha MOBEPXHOCTH WM B 00beME MOITYIPOBOJHUKOBOIO MaTepHara,
uMeeT OOJbIIOe 3HAUEHUE MpPH pPa3pabOTKe TEXHOJOTUU TIOIYYEHHs MOJIYNPOBOTHUKOBBIX
MaTepHAIOB ¢ YHUKaIbHBIMHU cBoiicTBaMu] 1-3].

B xauectBe rcxo1HOT0 00pasia i SKCIePUMEHTOB UCIIOIb30BAIN MOHOKPUCTATIINYECKUI
KpeMHuil Mapku KO®, BeipaiiieHHbIN 110 MeToly YOXpanbCKOro, ¢ yJIeIbHbIM COTPOTUBJICHUEM,
p=0,3 Om-cm. [Iuddy3uto 2IeMeHTOB HUKEIS B KPEMHUM TIPOBOIWIM Tpu Temneparype T=1473
K B meun CYOJI-4M. IlpomomxurensbHOCTh auddy3un cocTaBisio 5 yacoB. Temmeparypy
mupdy3ud  KOHTPOJIUPOBAIM C TOMOIIBIO  IUIATMHO-TUIATUHOBOW  Tepmomnapel. [locrne
¢ dY3UOHHOTO OTXKHUTa 00Pa3Ibl OXJIAXKAATIN METOA0M ObICTPOTro (Voxs= 200 K/c) u meanenHoro
(Voxn= 1 K/c) oxnaxaerus. C mOMOIIbIO CKAHUPYIOIIETO JIEKTPOHHOIO MUKPOCKOIa Mapku JSM-
IT200 uzyganuce CTpyKTYpHOE CTPOEHHE, XUMHUUECKUH COCTAB MPUMECHBIX CKOTUICHUH aTOMOB B
obpasmax n-Si<Ni>.

PesynbTaTel uccnenoBanuii npoueccoB (GOpMUPOBAHUS MPUMECHBIX CKOIUICHUN HUKETS B
KPEMHUU TPHU OIMpPENETICHHBIX TEPMOJMHAMHUYECKUX YCIOBUAX MUG(GY3MOHHOTO JIETUPOBAHUS
MOKa3ajau, 4TO0 MOPQOIOTHYECKHE MapaMeTphl MPUMECHBIX CKOIJICHUH HUKENs, B OCHOBHOM,
3aBUCAT OT 3HAYEHUS TeMIepaTypsl U BpeMeHU auddy3un, a Takke OT CKOPOCTH OXJIaKICHUS
o0pa3uoB nocie Aupdy3noHHOro OTXKUra.

Kak mokazanu pe3ynbTaThl SKCIEPUMEHTANBHBIX HCCIEAOBAHUN, B 3aBUCUMOCTH OT
CKOpOCTH oOxJaxaeHus mocie auddysnonHoro omxura, B oObeMe o0pa3moB Si<Ni>
HaOII0JAI0TCS TPUMECHBIE CKOTICHUH Pa3IuYHbIX (hopM u pazmepos (puc.l.).
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a b
Puc.1. [IpuMecHbIe CKONJIEHNH HUKEJISI B KPEMHHH, B 00pa3nax: a— ¢ ObICTPbIM
oxJaxkaeHueM (Vox2=200 K/c¢); 6— ¢ MeajieHHBIM oXJIakaIeHueM (Voxa=1 K/c).

[Tpu GoNBITIMX 3HAYCHHSIX CKOPOCTH OXJIaXIeHUS (Voxs=200 K/c), B ocHOBHOM, 00pasyrorcs
CKOTIIEHHS] C OTHOCHTEIHFHO MeNKMMHU pazmepamu (d<10® M), koTopsle HMeIOT UrI000pa3HyIo,
JMCKOOOpAa3HyI0, JIMH3000pa3Hyo U cdepudeckyro Gopmy (puc.l (a)). B odbeme oOpasmoB ¢
MEJUICHHBIM OXJIAXICHUEM (Voxs=1 K/C) HaOmomaroTCss mpruMecHbI€ CKOIIJICHUSI C pa3MepaMH JI0
HECKOJBKHX MHUKPOMETPOB, OCHOBHAS 4acTh KOTOPBIX UMeeT chepuieckyro dhopmy (puc.l (0)).

Ha puc. 2. mpencraBieHbl pe3ysIbTaThl aHAIN3a XUMHYECKOTO COCTaBa JIMH3000pa3HOTO
MIPUMECHOTO CKOTUICHHS pazMepoM ~ 700 HM, oOpa3oBaBmierocsi B 00beMe OBICTPO OXJIaKICHHOTO
obpasma n-Si<Ni> nocne auddysun. Kak BugHo, mporieHTHOE comepkanre aToMoB Ni B 00beme
ckorieHus cocrapisger 23,23%, atomsl Si - 75,42%, atomoB Fe - 0,26%, atombr Cr - 0,31%,
aToMbl kuciopoza - 0,43%, aromsl yriepona - 0,35%. Kak okazanock, o Bcemy o0beMy JaHHOTO
CKOIIJICHHSI 3TH MTPUMECH PaCIIPEICIICHBI TOYTH PAaBHOMEPHO.
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Puc.2. ITosiHBIH CHIEKTP 3JIEMEHTHOI'0 COCTABA JIMH3000Pa3HOr0 NPUMECHOI0
CKoIIeHusi pa3MepoM ~700 HM B OBICTPO OXJIa:KAeHHOM o6pa3me N-Si<Ni>.

Pe3ynbraThl aHATM30B XMMHUYECKOT'O COCTaBa, MPOBEACHHBIX Ha MEJICHHO OXJIAXKJICHHBIX
obpasmax Si<Ni>, TO3BOJWIM OINpPECIUTh KOJIWYECTBEHHBIC MapaMeTpbl CchepudecKkoro
IMPUMECHOTO CKOIUICHUS, pa3Mep KOTOpPOro jocturaetr ~2 MkM. Kak okas3anoch, B ero o0beme,
psamy ¢ aromamu Si U Ni, IPUCYTCTBYIOT TaK)KE aTOMbBI TEXHOJIOTUYECKUX TIPUMECEH, TAKUX KaK
KEJe30, XpOM, KUCTIOPO.I U yriepo (puc. 3).
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Puc.3. lloHbI# cNIEKTP 3J1eMEHTHOI'0 COCTaBa c(pepuueCKNX NPUMECHBIX
CKOIUIEHHIT pa3MepoM ~2 MKM B Me/IJIEHHO OXJIAXKIeHHOM oopa3sie n-Si<Ni>.
AHanu3 XUMMHUYECKOI'0 COCTaBa TOr0 CKOIUIEHUS MOKa3aj, YTO MPOLIEHTHOE COJepKaHhe
aToMoB Ni B €ro IeHTpalibHOM o0nacTu cocTaBisieT 52,58%, aromel Si - 45,38%, aToMbl xernesa -
0,42%., atomsl xpoma - 0,31%, aTomsr kuciiopona - 0,73%, aromsl yriepona - 0,58%.

Takum oOpa3zoMm, pe3ynbTaThl MPOBEAEHHBIX HCCIEAOBAHUN MOKA3bIBAIOT, YTO PEKUM
oXJaxJaeHus: mocie u¢pGy3HOHHOTO JIETUPOBAHUS OKa3blBAaeT 3HAYUTENILHOE BIIMSHHUE Ha
MOPGOJIOTHIO W pacTlpelie]ieHUe MPUMECHBIX aTOMOB MO 00beMy cKorieHu#. [Ipu BBICOKOH
ckopoctH oxnaxzaeHus — oxoimo 200K/c, B o00béme KpuUCTaNIMYECKOW  KpeMHUs
MPEUMYIIECTBEHHO  (OPMHUPYIOTCS  OTHOCHTEIILHO MEJKHE TPUMECHBIE CKOIUICHHS B
HAaHOMETPOBOM JMara3oHe. Takxke OnpeIesIeH0, YTO IPU MEJIEHHOM OXJIaKJIEHUH CO CKOPOCTHIO
nopsaka 1 K/e nmpoucxoauT 3HaUUTENIbHOE YKPYITHEHHE MPUMECHBIX CKOIUICHHWH, B PE3yJbTaTe
4yero GopMUpPYIOTCS IPUMECHBIE CKOIIJICHUSI pa3MepaMu /10 HECKOJIBKUX MHUKPOMETPOB.

Cnucok ucno/b30BaHHBIX JIUTEPATYP:
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electrophysical properties of Samples n-Si<Ni,Cu> // East European Journal of Physics. 2023. No.
3. pp. 287-290.
3. TyprynoB H.A., TypmanoBa P.M., XaiitummeroB H.b. CTpykTypHOE CTpOCHHE NMPUMECHBIX
CKorieHuH B KpemHuH, JserupoBaHHoM Ni, Fe m Cu// ®uszuka mnoaynpoBOJHUKOB U
MHKpodiekTponuka. 2023. 1.5, Bbi.3-4. c. 28-33.
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Yarimo’tkazgichli yupqga qatlamlar noyob elektr, optik, mexanik va termal xususiyatlarga
ega bo’lib, ular yordamida yangi ilg’or texnologiyalar yaratilmoqda. ZnxCdi1xS shunday yupga
gatlamlardan biri bo’lib, uni turli xil tagliklarda, turli sharoitlarda o’stirilib, kerakli fotoelementlar
olish mumkin. ZnxCdixS tuzulmasi ZnS va CdS ning turli xil nisbatda birikishidan hosil
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bo’ladigan 11-VI guruhiga mansub yarimo‘tkazgich materialdir. Bu yerda x — ruxning mol ulushi
bo‘lib, 0 <x < 1 oralig‘ida o‘zgaradi. Tarkibiy nisbati x ni o‘zgartirib materialning fizik, elektron
va optik xususiyatlarini keng diapazonda boshqarish mumkin. Shu sababli, Zn,Cdi—~«S zamonaviy
optoelektronika va fotonika sohalarida katta ilmiy va amaliy ahamiyatga ega. Bunda ZnS keng
tagiglangan sohaga ega yarimo‘tkazgich, uda Eq taxminan 3,6 eV ni tashkil etadi, CdS esa nisbatan
tor tagiqlangan sohaga ega bo‘lib, uning Eq qiymati ~2,4 eV ga teng [1,2]. Ushbu ikki material
asosida hosil bo‘lgan Zn,Cdi~S qattiq eritmasida energiya oralig‘i x qiymatiga bog‘liq holda
uzluksiz ravishda o‘zgaradi:
CdS: Eg= 2.42 eV; ZnS: E4g= 3.6-3.7 eV
Zn,CdiS uchun: Eg(X) = XEzns + (1-X)Ecds - b-Xx(1-x)
bu yerda b — egilish parametri (odatda 0.3-0.6 eV).

Natijada ushbu materialning optik yutilish chegarasi ultrabinafsha sohasidan ko‘rinadigan
yorug‘lik diapazonigacha sozlanishi mumkin. Bu xususiyat Zn,Cdi—~S ni spektral sezgir qurilmalar
uchun istigbolli materialga aylantiradi.

Yugqoridagilardan kelib chiqgan holda, biz molibden tagligida ZnCdi—~S yupqa gatlamini
o’stirdik, uning fotoelektrik xususiyatlarini yaxshilash maqsadida ustiga ITO shaffof pardasini
gopladik.

ITO goplamasi In203vaSnO, komponentlaridan tashkil topgan maxsus yupqa gatlam bo’lib,
elektr tokini va yorug’likni (ko’rinadigan yorug’likning 85-90 % ini) yaxshi o’tkazadi. Elektr
o’tkazuvchanligi metallga yaqin, unda o'tkazuvchanlik sohasining joylashuvi elektronlarni oson
harakatlanishi uchun qulaydir. Indiy qalay oksidining taqiqlangan soha oralig’i keng bo’lib,
~3,5-4 eV ga teng va taxminan 10 sm™ zaryad tashuvchining maksimal konsentratsiyasiga ega.
Elektronlarning chigish ishi ~4,5-5 eV. ITO substratlarda yaxshi yotadi, ham gattiq, ham
kimyoviy juhatdan inert hisoblanadi. Bu xususiyatlari tufayli u ko’p hollarda shaffof gatlam
sifatida turli tagliklar, yupga gatlamlar ustiga qoplanadi [3].

ITO ZnCds

Vacuum IeveI_ET[D

,,,,,,,,,, Ec (ZnCdS)

Ec (ITO)

Piro
Ef

Ev (ITO)

Vacuum level_ E
Zn

1-rasm. ITO va ZnxCd1xS ning energiya zonalari diogrammasi:
Ec- o’tkazuvchanlik zonasi, E\- Valent zona, Es+-Fermi sathi, Eg- tagiglangan soha
kengligi, ¢p-chiqish ishi, AEc- o’tkazuvchanlik zonasi siljishi, A E\- valent zona siljishi
Zn,Cdi~S yupqa qatlami yarimo’tkazgich qatlamlarni gaz tashish usulida o’stiruvchi
qurulmada Molibden taglik ustida harorati 650°C taglik va 940°C manbaa sharoitida o’stirildi.
Olingan tuzulmaga 107 Tor. bosim va 20 W quvvat ostida t=40 min. davomida ITO (In,03 =95%,
Sn0O»=5%) goplamasi yotqizildi, galinligi d=200nm.
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ITO va Zn,Cdi~S n-tipli o’tkazuvchanlikga ega bo’lib, ikkalasi tutashganda ularning
energiya zonalari moslashadi, elektronlar yuqori konsentratsiyali 1ITO dan Zn,Cdi~S tomon
harakatlanadi. Fermi sathlari tenglashib, zonalar egiladi (1-rasm) va natijada Omik aloga hosil
bo’ladi. Tuzulma elektr manbaaga ulanganda, to’g’ri va teskari yo’nalishda tok yuzaga keladi.

Kelgusidagi ishlarimizda yuqoridagilardan kelib chiggan holda, Mo-ZnxCd1.xS/ITO
birikmasining sirt morfologiyasi va elektrofizik xususiyatlari tadqiq gilinadi.
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Kpemuuii siBIsieTCsl OTHUM M3 HauOoJIee NIMPOKO UCTIOIh3yEMbIX MaTEPUAIOB COBPEMEHHOM
MUKPOAJICKTPOHUKH H MTOJIYIIPOBOJIHUKOBON TEXHHUKH. DJICKTPOPHU3MUECKUE CBOMCTBA KPEMHHUS B
3HAYUTEIBHON CTENCHH ONPEACISAIOTCS HaJIMYUEM INpUMeced U Ne(eKTOB KPUCTAIUTHYECKON
pemérku. OcoOblii MHTEpEC TPEACTABISIOT NPUMECH MEPEeXOIHBIX 3JIEMEHTOB, KOTOpBIC
CIIOCOOHBI CO3/1aBaTh TIIyOOKHE SHEPreTHYECKHE YPOBHU B 3alpelméHHON 30HE KPEMHUS U
CYIIECTBEHHO BJIMSATH Ha MPOIECCHI IeHEPAIMU M PEKOMOMHAIIMY HOCUTEJICH 3apsiza.

K uymcny Hambonee W3yYEHHBIX IEPEXOJHBIX AIIEMEHTOB OTHOCATCS MapraHen (Mn),
k00aneT (Co) u xpom (Cr). DTH 311eMeHTHI 00J1aAaI0T CII0KHON IEKTPOHHON KOH(UTryparueil u
MoryT (OpMHUpPOBaTh B KPEMHUHU pa3ivuHbIC Je(EKTHbIC ICHTPbl. B OoTiiMYMe OT OOBIYHBIX
JOHOPHBIX M aKIICITOPHBIX MPUMECEH, MEPEXOIHbIC JIEMEHThI CO3/Ial0T TIIyOOKHE YPOBHU B
3alpemEHHON 30HE TOJYIPOBOJHHMKA, KOTOPHIE WIPAIOT BAXKHYK pPOJIb B (HOPMUPOBAHHUU
nehekTHO# cTpyKTypbl MaTepuana [1-3].

B Hacrosimem 0030pe paccMaTpHBaeTCsi pojib COCTOSHUS TEXHOJOIMYECKHX NpHMeceil B
dbopmupoBannu AePEKTHOW CTPYKTYpPhl KPEMHHS, JETUPOBAHHOTO MEPEXOJAHBIMU dJIEMEHTAMHU.
Ocoboe BHUMaHUE yenseTcs B3auMoieicTBI0 T-HoHOB (B yacTHOCTH, pumecedt Mn, Co u Cr)
CO CBSI3aHHBIMH COCTOSIHHSIMH aTOMOB KHCIIOPO/Ia B KPUCTAJUNIMYECKOM peréTKe KpeMHUS. AHAIN3
BBITIOJTHEH HA OCHOBE PE3YJIbTaTOB, MOJTYYSHHBIX METOJAAMH CHEKTPOCKOMHUH TITyOOKUX YpOBHEH
(DLTS) u undpakpacuoii criekrpockonuu (MK) [1].
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B kxpemMHuu, BBIpallIeCHHOM METOJOM YOXpaabCKOro, MPUCYTCTBYET 3HAYUTEIHHOE
KOJIMYECTBO KHUCJIOPOAA, KOTOPBIN SBJISETCA OJHOW U3 OCHOBHBIX TEXHOJIOIMYECKUX MPUMECEM.
[Tpu BBICOKOTEMIIEpATYpPHBIX 00pabOTKAX KUCIOPO MOKET 00Opa30BhIBAThH PA3IMYHBIC CBSI3aHHBIC
COCTOSIHMSI B KPUCTAJUTMYECKOM peméTke KpeMHus1. B yacTHOCTH, BO3BMOXHO 00pa30BaHUE YaCTHIL
BTOpOii (haspl, Takux kak SiO2 u SiOs. DTH CTPYKTYPHI OKa3bIBAIOT CYIIECTBEHHOE BIIMSHHUE HA
IpOILIECChI IeeKTo00Opa30BaHUs M B3aUMOJICHCTBHE TIEPEXOAHBIX JIEMEHTOB ¢ KpeMHueM [1].

B askcriepuMeHTAbHON YacTH CTaThbH HCIIOJB30BAIMCH 00pa3ilbl KPEMHHsS, B KOTOpPHIE
npoBoawiack nuddysus nepexomHsix 3neMeHToB — Mn, Co u Cr — B HHTEpBae TeMIEpaTyp
900-1200 °C B Teuenme 2 duacoB. J[ns aHanmm3a W3MEHEHMH NPUMEHSUIHNCH HH(paKpacHas
cnekrpockonust  (MK), DLTS-cmekrpockonus, PamaHOBCKas CHEKTPOCKOIUS, H3MEpPEHHE
YIEJIBHOTO COMPOTUBIICHUS], & TAK)KE PEHTTC€HOCTPYKTYPHBIN aHan3. Takoi KOMIUIEKC METOJIOB
MO3BOJIUJT OLIEHUTh KaK HW3MEHEHUE COCTOSHUSI KHUCJIOPOJia, TaK W BIUSHUE TMEPEXOTHBIX
3JIEMEHTOB Ha CHEKTP TIIyOOKHX YPOBHEH U (Pa3oBbIii cocTaB AePeKTHBIX 0Opa3oBanuii [1].

OCHOBHOHM pe3yJbTaT CTAaTbU COCTOMT B TOM, YTO BBEJIEHHUE TEPEXOJHBIX AJIEMEHTOB B
KPEMHHI MPUBOIUT K YMEHBIICHUIO KOHIIEHTPAIIMH ONTUYECKUA aKTUBHOTO KUCJIOPO/1a TPUMEPHO
Ha 10-30%, 9TO yKa3pIBaeT Ha MPSMOE B3auMo/ieicTBUE T-MOHOB ¢ aToMaMHu Kuciioposa. OTHaKo
emé Oosee cuibHBIN Ah(dEKT 1aéT mpeaBapuTesbHas BRICOKOTEMIIEpaTypHas o0paboTka: mocie
omxkwura ipu 1100 °C KOHIIEHTpaIUs ONTHYECKH aKTUBHOT'O KHCIIOPO/Ia YMEHBIIIAETCS YKe Ha 45—
50% BcaenCTBUE OCaXICHHS KHUCIopoaa u obpaszoBanust dactuil SiO. [1]. DTo o3nagaet, 4to
MIEPEXO/IHbIE AJIEMEHTHl HE MPOCTO CO3JIAIOT COOCTBEHHbIE TNIyOOKHE LIEHTPBI, HO U aKTUBHO
BKJIIOUYAIOTCS B MTPOLIECCHI MTEpepacpeIesIeHrs] TEXHOJIOTHUECKUX TpUMecel BHYTPU KpHUCTaslIa.

[lepexonHbie 3eMEHTHI BIMSAIOT Ha KPEMHUN HE TOJIBKO 3a CUET 00pa3oBaHUS TITyOOKHUX
YpOBHEH B 3anpeni¢HHON 30HE, HO U Yepe3 u3MeHeHue o0Iel 1eeKTHOM CTPYKTYphl KpHUCTaslIa.
YcTaHOBIEHO, YTO MPHU HATMYUU KHUCIOpoJa B 00béMe kpeMHuUs B Buje yactull SiO2 Bo3pacTaer
a3 dexTuBHOCTD (HOPMUPOBAHMS TITYOOKHX IIEHTPOB, CBsi3aHHBIX ¢ aromamu Mn, Co u Cr. Ecnun
xe SiO: mpucyTCTBYeT B BHJE NMOBEPXHOCTHOM IUIEHKH, €€ HalM4ue, HallpOTUB, 3aTpPyIHSET
muhdy3uro mepexoHbIX 3JIEMEHTOB B 00bEM oOpasiia. Takum oOpa3oM, BIUSHUE OJHOTO U TOTO
e MEePEeXO0IHOTO AIIEMEHTAa Ha CBOMCTBA KPEMHUS ONPEAEIsSeTCs] HE TOJIBKO €ro MPUpPOJOn, HO U
(a30BbIM COCTOSIHUEM KHCIOpOJa, a TaKXkKe YCIOBHSMHU MpPEIBApUTEIIbHON TEepMHUUYECKOM
00paboTKH.

Ha ocHoBe paccMOTpeHHOI CTaTbu MOKHO CJENaTh BBIBOJA, UYTO POJIb MEPEXOIHBIX
AJIIEMEHTOB B KPEMHHUU HOCUT CIIOKHBII M MHOTrOrpaHHbIii xapaktep. [Ipexne Bcero, oHu
(dbopMupyIOT TITyOOKHE YPOBHU B 3aMpeliEHHON 30He oNynpoBogHuKa. Kpome Toro, mepexoHbie
AJIEMEHThl aKTUBHO B3aUMOJEWUCTBYIOT C KHCJIOPOJOM U JAPYTUMH TEXHOJIOTHMYECKUMU
npuMmecsiMi. WX TMOBeJeHHE B KPUCTAIMYECKOW pEIIETKE OMpeAeNseTcss MeKy3eIbHbIM
MOJIOKEHHUEM, 3apsAI0BbIM COCTOSHUEM U YCIOBUSIMU TepMHueckoil oOpabotku. Takxke oHuU
CIOCOOHBI MHUIIMUPOBATh OOpa30BaHME KJIACTEPOB U BTOPUYHBIX (pa3. B coBokymHOCTH 3TO
MO3BOJISIET pacCCMAaTPUBATh MIEPEXOJIHBIEC ATEMEHTHI KaK BaKHBIN (akTop yrnpaBieHus Ae()eKTHON
CTPYKTYpOMl KpEMHHsSI W OJHOBPEMEHHO KaK MCTOYHUK CIOXHBIX IPOLECCOB, KOTOpPbIE
HEO0OXOJMMO YYHUTHIBATh MpPH CO3JaHUU TOIYNPOBOJHUKOBBIX MAaTEPHUAIOB C 3aJaHHBIMU
CBOWCTBaMH.

Jluteparypa:
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®OPMHPOBAHUE IMPUMECHBIX CKOIIJIEHUH Ni u Fe B Si

H.A. Typrynos!?, H.B. XaiiTummeron’
YHUM pusuxu norynpoeoonuxos u muxposnexmponuxu npu Hayuonanernom ynusepcumeme
Vsbexucmana, Tawkenm, Y30exucman
2 Axademus MBJ] Pecnybnuxu Ys6exucman, Tawxenm, Y3bexucman

Kak wu3BecTHO 1eJeHaNpaBIeHHOE YIPABIEHUE JIIEKTPOPU3UUECKUMH CBOHCTBAMH
MOJIyIIPOBOJHUKOBBIX MaTepHaoB MyTEM JIETUPOBAHUSA UX DPA3IMYHBIMU MPUMECSIMH IIUPOKO
HCIOJIb3YETCS B MUKPORJIEKTPOHHOI MPOMBIIUICHHOCTH. BBeieHne TOHOPHBIX M aKUENTOPHBIX
MIPUMECHBIX B 00BbEM MOJYIIPOBOJHUKOBOIO MarepHajia aTOMOB IO3BOJISIET IIeJICHANPaBICHHO
U3MEHSTh KOHLIEHTPALMIO U TUIl HOCUTENEH 3apsia, yAEeTbHOE CONPOTHBIICHHE, IOJIOKEHUE
ypoBHs @depMu u Apyrue BakHeWIIMe mNapaMmerpbl Mmartepuana. Kpome 3Toro, oObnemMHbIE
CKOIUIEHUS TMPUMECHBIX aTOMOB, BO3HUKAIOIIME IIPH BBEICHUM aTOMOB MPUMECH B
MOJIyIPOBOJHUKOBBIN ~ MaTepuain,  TakKe  CYIIECTBEHHbBIM  00pa3oM  OIpEeAeisioT
anektpodusndeckue cporicrsa Marepuana [1,2]. [Ipupoaa hopmupoBanue npuMecHbIX 1ePEKTOB
npu  AUQPy3MOHHOM  JIETUPOBAHUU  MOJIYNPOBOJHUKOB  OMNpEACNseTcs  MPUPOAOH
KPUCTAJIMYECKON pPEmETKU, MeXaHu3MoM Juddy3ud U B3aUMOACWUCTBUEM NPUMECH C
COOCTBEHHBIMHU Jie)eKTaMH KpHUCTalIa.

[lonydyeHHble  DKCHEpUMEHTANbHBIE  pe3yJbTaThl  aHANIM3a  HAYaIbHBIX  CTaJUil
(hopMUpOBaHMSI MUKPO- ¥ HAHOCKOIUJICHUI MPUMECHBIX aTOMOB HUKEJS B KPEMHHH B IpoIiecce
¢ dy3UOHHOTO JIETHPOBAHUS MPH BbICOKHX Temrieparypax (T>1273 K) u npoueccoB ux pocra
MOKa3aJH, 4YTO HAIMYHE CHIIBHOTO MTPUTOKA aTOMOB IpuMecH Ni u Fe B peakIIMoHHYI0 30HY BOKPYT
BAKaHCHOHHBIX TOpP, AMCIOKAIMH W MHKPOTPEHIMH, OOPa3yIIIUXCS B KPUCTALIMYECKON
cTpykType Si [3], mpuBoAUT K 00pa30BaHUIO CHIIMITUAOB HUKEIS U jKele3a Kak CaMOCTOATEIbHON
¢azel. [To Mepe npogomkenus 1udPy3nOHHOTO Mpolecca MPUTOK aToMOB npumeceit Ni u Fe B
3Ty 30HY IpPOJOJDKAeTcs, U, Omarogaps HecTabuIbHOCTH ATHX (Pa3, HaOmomaeTcss oOpa3zoBaHUE
OTHOCHUTENILHO CTa0MIIBHOTO CJIOSl BO BHYTpeHHeW obOnactu. CrnemayeT OTMETUTh, YTO OCHOBHBIM
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(akTopoM, BIHMSIOIIMM Ha TaKoe OOpa30BaHHUE NMPHUMECHBIX CKOIUICHWM, SIBJISETCS CKOPOCTh
oxXJTaxeHus 00pasnoB nocie nupdysun. Yem Boimne ero 3HaueHUE (Voxs > 200 K/c), TeM meHbIe
pa3mep 00pa3yroUINXCsl MPUMECHBIX CKOIUICHUH, KOTOpBIE, B OCHOBHOM, HMEIOT OJTHOCIONHHYIO
CTPYKTYPY, T.€. COCTOST U3 CHIIUIIMIOB HUKEIIS U XkKene3a. PazMepbl TakuX CKOIUICHUH IPUMECHBIX
aTOMOB MOXXET JOCTHIaTh JI0 HECKOJIBKUX COTEH HAaHOMETPOB. [109TOMY MX HPHUHSITO HA3bIBAThH
MPUMECHBIMU HAaHOCKOTUICHHUSIMU.

PesynbraThl SKCIEPUMEHTOB TOKAa3ald, YTO HE3aBUCHUMO OT Tuma oOpasmoB Si<Ni,Fe>,
KOJIMUECTBEHHAsI JIOJIsl aTOMOB HHKENs W JKeje3a B IIEHTPAIbHOM 4YacTW MHKPOCKOIUICHHH,
oOpasyromuxcsi B WX oObeme He mpeBblmiaeT ~35% W 3aBUCHT OT pa3Mepa U (OPMBI
MUKpPOCKOIUICHHS. B 00beMe MHOTOCIONHBIX CKOIUICHHH KOJIMYECTBA IMPHUMECHBIX aTOMOB
3aBUCHT OT MX CJIOCB, U UMEET Pa3InIHbIC 3HAUCHUSI.

Ha puc. 1 mokazaHa cxemarudeckas MOJENb IIOCIEIOBATEIBHOCTH 00pa3OBaHUS

JIUH3000pa3HBIX HAHOCKOMIEHUN B OBICTPO OXJIAXKAEHHBIX (Voxx > 200 K/c) obpazmax.
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Puc. 1. Cxemaruueckasi MoJe/ib 00pa3oBaHMsl JTUH3000pa3HBIX NPUMeECHBIX
HAHOCKoOIJIeHuii B o0pa3uax Si<Ni,Fe>.

N3menenne reomerpuueckoit (opMbl U pazMepa Mpu 00pa30BaHUU MPUMECHBIX MHUKPO- U
HaHOCKOIUJICHUH, (OPMHUPYIONUXCS B 00bEME MOHOKPHCTAJIa KPEMHUS, TNPHUBOJIUT K
BO3HUKHOBEHHIO PA3HOCTH JIaBJICHUN Ha TPaHUIIE MOHOKpPUCTA/UIA Si M TPUMECHOTO CKOTIJICHUS,
KOTOpasi HabJII01aeTCsl Ha TPaHUIe TPUMECHOTO CKOTUICHHS M 6a30BOT0 KpHCTayIa Si.

Takum 006pa3oM Ha OCHOBE MOJIYYEHHBIX PE3YIbTATOB BBISBICHO, YTO OCHOBHBIM (haKTOPOM,
BJIMAIOIIHUM Ha PasMEpPbI U (I)OpMBI IIPUMECHBIX CKOILJICHHH HUKEJIS U JKelle3a B KpEMHHU, SABJIACTCA
CKOPOCTh OXJIAKJIEHUS 00pa3ioB nocie auddysun. Uem Boime ero 3HaueHue (LVoxa > 200 K/c),
TEM MEHBIIIE pa3Mep 00pa3yIOIIMXCs MPUMECHBIX CKOTUICHHM.

Jlureparypa:
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2. Turgunov N., Zainabidinov S., Berkinov E., Akbarov, Sh. Influence of the clusters of impurient
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SIRKONIY BILAN LEGIRLANGAN KREMNIYDAGI TUZULMAVIY
O‘ZGARISHLAR
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So‘nggi yillarda yarimo‘tkazgich va optoelektronikaning asosiy materiali bo‘lgan kremniy
(Si) xususiyatlarini modifikatsiya qilish va uning qo‘llanish sohasini kengaytirish uchun turli
elementlar bilan legirlab, ularning optik va elektrofizik xususiytlarini o‘rganish bo‘yicha ko‘plab
tadqiqot ishlari olib borilmogda. Ushbu elementlar orasida Sirkoniy kirishmasi muhim ahamiyatga
ega [1-4].

Bunday kirishmalar kremniyning elektro‘tkazuvchanligi, mexanik mustahkamligi va boshqa
muhim xususiyatlarini o‘zgartirish imkonini beradi. Yuqori temperaturda Sirkoniy (Zr) atomlari
bilan legirlangan monokristall kremniyning nugsonli tarkibiga ta‘sirini Raman spektroskopiya
yordamida o‘rganish natijalari keltirilgan. Tadqiqot uchun Choxralskiy usulida o‘stirilgan va
solishtirma qarshiligi 35 Om-sm bo‘lgan n-tipli monokristall kremniydan foydalanildi.

Sirkoniy atomlari bilan legirlash jarayoni 1200°C temperaturda 12 soat davomida
vakuumlangan kvarts ampulalarda diffuziya usuli bilan amalga oshirildi hamda diffuziyadan so‘ng
namunalar tez sovitildi.

Sirkoniy bilan legirlangan kremniy namunalarining Raman spektrlari o‘Ichab, kirishma va
termik ishlovning kristall strukturasi ta’siri aniqlandi. Dastlabki kirishmasiz (etalon) namunaning
Raman spektrlarining tahlili 1-rasmda keltirilgan va unda quydagi cho‘qqilar aniglandi. 127,16
cm?, 180,07 cm?, 311,89 cm?, 523,93 cm?, 952,38 cm™. Bu cho’qqilar monakristall kremniydagi
akustik TA, LA va optik TO, LO piklar hamda molekulyar bog‘lanishlarni beradi. Asosan 127,16
cm?, 180,07 cm™? cho‘qqi TA akustik sohani beradi, bu sohada nugsonlar amorf hususiyatni
ko‘rsatadi. 311,89 cm™ da 2L A akustik soha deyiladi bu joyda ham Si-P2 bilan kuchsiz bo‘g‘lanish
hosil bo‘ladi va bu amorf sohaga tegishli [2-3].

15000

10000 +

Intensity

5000

Raman Shift cm™
1-Rasm. KEF-35 Om-cm. Dastlabki kirishmasiz (etalon) namuna.
523,93 cm* dagi cho‘qqgi Si-Si kimyoviy bog‘lanishni beradi, bu optik soha deyiladi. 952
cm™ cho*qqi hosil bo‘lishi optik soha deyiladi 2TO sohaga mos keladi.
n-Si ga Sirkoniy atomlarini 1200°C da 12 soat davomida diffuziya gilindi va Sirkoniy bilan
legirlangan namunalari ham Raman spektrometrida o‘lchandi.
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2-Rasm. KEF-35 Om-cm. Dastlabki kirishmasiz (etalon) namuna, 2. n-Si<Zr>
T=1473 K, t=12 soat, tez sovutilgan.

Sirkoniy (Zr) bilan legirlangan namunalardagi o‘zgarishlarni 2-rasmda kuzatish mumkin.
Bunda akustik, amorf, optik sohalarda ko‘rish mumkin. Grafikda 0-200 cm™ oraligda amof soha
kamayib bormoqda bu Zr atomlari kristall panjarada nuqgsonlarni tartiblanishiga hissa qo‘shgan
hamda 180 cm™ dagi pik yo‘qolganligini ko‘rish mumkin. Sirkoniy atomlari kremniy atomlari
o‘lchamidan katta bo‘lganligi namunani hosil qiladigan kristal panjarada egilish markazlarini hosil
gilmoqda [3].

Zr atom diffuziyalanish natijasida namunaga ichkarishiga kirib borib kristal panjaralarni
ma’lum darajada deformatsilamoqda buni natijasini 309 cm™ da Si-P2 molekulyar bog‘lanishdagi
pik markazi 311 cm™ siljishi orgali tushuntirish mumkin. 2-grafikda hosil bo‘lgan ko‘pgina
piklarda bunday holat kuzatilgan. Undan tashgari 429 cm™ da yangi pik payda bo‘lmoqda bu
albatta Zr atomlariga tegishli deyish mumkin [1].

Optik sohaga tegishli bo‘lgan 523 cm™ cho‘qgimizda ham intensivlik pasayganligini ko‘rish
mumkin. Zr atomlari hisobiga kremniy kristal panjarasida tugunlar markazida joylashib,
nugsonlarni qisman ortishiga hissa qo‘shmoqda degan xulosa qilish mumkin [3].
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1. Utamuradova, S., Daliev, S., & Ismoilov, S. (2025). Influence of Cooling Rate on Structural
and Electrophysical Changes in Zirconium-Doped Silicon (Si + Zr). International Journal of
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2. Kumar, R., & Tanwar, M. (2021). Effect of some physical perturbations and their interplay on
Raman spectral line shapes in silicon: A brief review. Journal of Raman Spectroscopy, 52(12),
2100-2118.
3. Sh.B. Utamuradova, Sh.Kh. Daliev, J.J. Khamdamov, Y.Z. Mardiyev/ Raman spectroscopic
analysis of tungsten silicide (WSi2) phase formation and lattice stress in p-type silicon./ Research
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KREMNIY MONOKRISTALINI TERMIK OKSIDLASHNING
1Q-SPEKTROSKOPIYASI TAHLILI
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Kremniyni termik oksidlash yarimo‘tkazgich asboblari ishlab chigarish texnologiyasida
asosiy jarayonlardan biridir. Si/SiO chegara sirtining sifati va oksid gatlamining tuzilishi MDYa
(metall-dielektrik-yarimo‘tkazgich) strukturalarining elektrofizik xarakteristikalarini belgilaydi
[1]. Infraqizil Furye-spektroskopiyasi Si-O-Si bog‘larining tebranish modalarini tadqiq etish va
oksid plyonkalaridagi lokal nugsonlarni aniqlash uchun keng qo‘llaniladi [2, 3]. Quruq kislorodda
va suv bug‘ida o‘stirilgan oksidlarning xususiyatlarini solishtirish, vodorod va gidroksil guruhlar
mavjudligi oksidning va uning kremniy bilan chegarasining tuzilishiga jiddiy ta’sir ko‘rsatadi [3,
4].

Tajribani bajarish uchun n-tipli monokristallik kremniydan foydalanildi. Namunalarni
tayorlashda kremniy slidkalar tayorlandi, namunalarga birinchi bo‘lib mexanik ishlov berilib
hamma tomonida 30 mkr olib tashlandi, bunda M-28 makkali kukundan M-8 gacha o‘lchamda
bo‘lgan kremniy karbit kukunidan jilvirlash orqali amalga oshirildi. Mexanik ishlov berilgan
namunalrimiz bir xil 1700 mkr o‘lchamda bo‘lishi taminlandi hamda ular kimyoviy tozalash
bosqichidan o‘tkazildi.

n-Si sirtida oksid qatlam o°stirishda ikki usuldan foydalanildi va ular orasidagi farqlar tahllil
gilindi. Birinchi usulda n-Si namunamiz quruq kislorad mubhitida, ikkinchi usulda suv bug‘i

mubhitida oksid qatlam o‘stirish amalga oshirildi. Ikkala tajriba ham bir xil sharoitda 1100 °C da 1
soat davomida amalga oshirildi.
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1-Rasm. 1-dastlabki namuna; 2-quruq kislorod muhitida oksid gatlam o‘stirilgan
namuna; 3-suv bug‘i orgali oksid gatlam o‘stirilgan namuna.

Barcha namunalarning 1Q spektrlarida Si-O-Si bog‘larining turli tebranish modalariga mos
keluvchi xarakteristik yutilish polosalari kuzatiladi. Dastlabki namunada Si-O-Si bog‘lar 1125 cm’
1 asimmetrik tebranishlariga mos keluvchi intensiv yutilish polosasini kuzatish. Quruq kislorod
muhitida oksid gatlam hosil gilingan namunada Si-O-Si bog*ning pik markazi 1098 cm™ ga siljidi
hamda suv bug‘ida oksid gatlam hosil gilingan namunada esa 1080 cm™ siljiganligini 1-rasmda

Transmittance (%)
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mumkin. Bunda siljishlarga mos ravishda optik faol kislorod konsentratsiyasida ham o‘zgarishlar
kuzatildi, dastlabki namunada kislorod konsentratsiyasi 8,5 * 10 cm™, quruq kislorod muhitida
osidlagan namunamida kislorod konsentratsiyasi 2,5 - 10 cm™, suv bug‘ida oksid gatlam hosil
qilingan namunada esa kislorod konsentratsiyasi 9 - 1017 cm tashkil gildi. Olingan natijalrda
optk faol kislorod konsentratsiyasini ortishi va pik markazlarining siljishi namuna sirtida oksid
gatlamni zichlashib borishi va plyonka galinligini ortishini 5-20 nm gacha ko‘rsatadi [5].

1Q spektri natijalarida quruq muhit va suv bug‘i orqali oksid o‘stirgan mamunalrimizda
qo‘shimcha yangi piklarni 460 cm™ hosil bo‘lganligini ko‘rsatmoqda. Bu 450-470 cm™ sohada
Si—O-Si bog‘ining mayatniksimon tebranishi kuzatiladi. 612 cm™ dagi cho‘qqilar uglerod Si-C
bog‘larini ko‘rsatmoqda. Bundan tshqari barcha namunalarda 737 cm™ pik markazi kuzatilgan bu
O-C bog‘lari sifatida, 817-886 cm™ piklar esa Si-O sifatida adabiyotlarda ko‘rish mumkin [6]

Oc‘tkazilgan 1Q tadgiqotlari n-tipli kremniyni termik oksidlash sharoitlari hosil bo‘luvchi
oksid plyonkalari tuzilishiga jiddiy ta’sir ko‘rsatishini ko‘rsatdi. Suv bug‘ida oksidlash quruq
kislorodda oksidlashga nisbatan (2,4-10'7 sm™3) yuqoriroq optik faol markazlar konsentratsiyasiga
(9-10" sm™) ega oksid hosil bo‘lishiga olib keladi. Bu Si-O-Si-H tipidagi gidroksillangan
komplekslar hosil bo‘lishi va tuzilishning yuqori defektliligi bilan bog‘lig. Olingan natijalar
mikroelektronika asboblarida dielektrik gatlamlarni shakllantirishning texnologik rejimlarini
optimallashtirish uchun ishlatilishi mumkin.
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GAZ TASHISH USLUBI ASOSIDA TEKSTURALI KREMNIYNING SIRTIGA
YUPQA QATLAM CdTe BIRIKMASINI O‘STIRISH
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CdTe uchun tagiglangan soha kengligi xona temperaturasida E=1.45 eV. Erish
temperaturasi Cd uchun T=321°C, Te uchun T=450°C va CdTe uchun T=1092°C ni tashkil giladi.
Kremniyning tagiglangan soha kengligi Eq=1.12 eV va erish temperaturasi esa T=1414°C ni
tashkil giladi. So‘nggi yillarda Si va yupga CdTe o‘rtasidagi geterostrukturani yaratish bo‘yicha
tadgiqot ishlari amalga oshirilmoqgda, chunki bu materiallarga asoslangan geterostrukturalar
quyosh energiyasini elektr energiyasiga aylantirish uchun va namlikni gayd etuvchi detektorlarda
yuqori effektivlikga ega bo’lgan qurilmalar ishlab chigarish mumkin[1]. Shu bilan birga, yuqori
sifatli Si- CdTe birikmalarni ishlab chigarish giyin, chunki Si va CdTe ning panjara parametrlari
10-15% ga farq giladi, bu Si/CdTe yuzasida sirt nugsonlarining yuqori zichligi shakllanishiga olib
keladi [2]. n-Si/p-CdTe geterostrukturasida bufer vazifasini bajaradigan oraliq o°tish gatlamini
shakllantirish orgali sirt nugsonlarining past zichligi bilan yuqori sifatli Si — CdTe birikmalarni
ishlab chiqarish mumkinligini ko‘rsatdi. Ushbu ishning maqgsadi Si tagliklarida kompozitsion
darajali CdTe yupga qatlamlarni o‘stirish, qatlamlarning tarkibini ularning qalinligi funksiyasi
sifatida aniqlash [2]. Ma’lumki, turli xil tagliklarda yupga CdTe yupga gatlamlari turli xil
texnikalar bilan o‘stirilishi mumkin. Yarimo’tkazgichli yupga qatlamlarni kimyoviy usuli bilan
o’stiruvchi qurilma asosida Si va yupqa CdTe geterostruktura o’stirildi. Vodorod oqimida gazni
tashish usuli bilan o’stirish jarayonida vodorod oqimi tezligiga, substrat harorati Tp va bug'lanish
moslamasining harorati T, ga garab CdTe plyonkalarining tuzilishi, morfologiyasi va tarkibini
o'rganadi. “Yarimo’tkazgichli yupqa qatlamli kimyoviy molekulyar dasta usuli bilan o’stiruvchi
qurilmasi” yordamida teksturali Si ning ustiga yupqa qatlamli CdTe o’stirtildi. Bunda n-Si tipli va
p-CdTe tipli gilib tanlandi.CdTe namunasi - m=150 mg; Manba harorati T,=~750-800°C; T,
=Substrat harorati Tp= 350-400°C; Vodorod ogimi tezligi 1 L/soat; [2]. Yupga n gatlamning atom
tarkibi mTe/mCd = 49,65/50,35; O‘sish tezligi, ~350-400°C da, Pcdte = 300 um/h; CdTe qalinligi
=20 + 50 um; O*sish vaqti 30 min [2].
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1-rasm. n-Si va p-CdTe getrostrukturaning yorug’likda olingan volt —amper
xarakteristikasi.

Al n-Si/p-CdTe Ni strukturada orga kontakt sifatida Al n-Si ustiga va oldi kontakt sifatida
esa Ni p-CdTe qilingan. n-Si/p-CdTe geterotuzilmasining yorug‘lik ostidagi volt-amper
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xarakteristikasi tadqiq qilindi. O‘lchash natijalari strukturaning diod xatti-harakatini namoyon
qilishini ko‘rsatdi. To‘g‘ri yo‘nalishda tokning eksponensial ortishi geterop-n o‘tish hosil
bo‘lganini tasdiqlaydi. Teskari yo‘nalishda tokning kichik qiymatlari o‘tishning yuqori sifatini
bildiradi. Yorug‘lik ostida olingan -V xarakteristika fotovoltaik effekt mavjudligini ko‘rsatadi.
Grafikdan ochiq zanjir kuchlanishi U= 0.1 - 0.2 V deb baholandi. Qisqa tutashuv toki kichik bo‘lib,
bu interfeys rekombinatsiyasi va kontakt yo‘qotishlari bilan tushuntiriladi.
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2-rasm. n-Si/p-CdTe getrostrukturaning qorong’ulikda olingan VAX xarakteristikasi.

To‘g‘ri yo‘nalishda tokning (mA) tartibida o‘sishi strukturaning, past ketma-ket garshilikka
ega ekanini ko‘rsatadi. Olingan natijalar n-Si/p-CdTe geterotuzilmasi asosida fotovoltaik
qurilmalar yaratish mumkinligini ko‘rsatadi. Fotovoltaik parametrlarni yaxshilash uchun kremniy
yuzasini teksturalash va interfeys sifatini oshirish muhim ahamiyatga ega. Shottki yoki p-n o‘tish
mavjud bo’ladi [3]. Strukturada elektron o‘tish uchun bar‘yer mavjud. Diodga xos eksponensial
o‘sish kuzatiladi. Struktura bir tomonlama o‘tkazuvchi xususiyatga ega. Kuchlanish oshgan sari
tashuvchi injeksiyasi kuchayadi.

n-Si/p-CdTe geterotuzilmasining qorong‘idagi volt-amper xarakteristikasi o‘rganildi.
O‘Ichash natijalari strukturaning aniq diod xarakteristikasini namoyon qilishini ko‘rsatdi. To‘g‘ri
yo‘nalishda tokning eksponensial ortishi geteropo‘tish hosil bo‘lganini ko’rsatadi. U=2-4 V
oraligida tokning eksponensial o‘sishi diffuzion mexanizm ustunligini bildiradi. Teskari
yo‘nalishda tokning juda kichik qiymatlari o‘tishning yuqori sifatini ko‘rsatadi. Bu natija interfeys
nugsonlarining kamligi va sirt ogish toklarining pastligi bilan tushuntiriladi. U=5 V da tokning
(mA) tartibiga yetishi strukturaning past ketma-ket garshilikka ega ekanini bildiradi. Olingan
natijalar n-Si/p-CdTe geterotuzilmasida sifatli p—n o‘tish hosil bo’lganini ko’rsatadi [3]. Bu esa
mazkur struktura asosida fotovoltaik qurilmalar yaratish imkoniyatini ko‘rsatadi.
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Bugungi kunda kremniy (Si) eng keng qo‘llaniladigan asosiy yarimo‘tkazgich materiali
sifatida yetakchi o‘rinni egallaydi. Kremniy kristallari yuqori integratsiyalashgan sxemalar, yuqori
tezlikdagi fotodiodlar, radiatsiyaga chidamli detektorlar, xotira elementlari, shuningdek, quyosh
batareyalari va boshqa ko‘plab elektron qurilmalarni ishlab chigarishda qo‘llaniladi. Bunday
qurilmalarning ishonchliligi va bargarorligini belgilovchi asosiy omillardan biri bu materialdagi
ichki va tashqgi nugsonlar tabiatidir [1-3]. Ushbu ishda p-tipli monokristalli kremniy (p-Si)
namunalariga yuqori haroratli diffuziya usulida volfram (W) kiritishning materialning elekir,
tarkibiy va strukturaviy xossalariga ta’siri kompleks tadqiq gilindi. Namunalar asosan 1150-1573
K haroratlar oralig‘ida 5-15 soat davomida diffuziya gilinib, tez va sekin sovutish rejimlarida
tayyorlandi. Solishtirma garshilikning gatlam-qgatlam o‘lchovlari, Raman spektroskopiyasi, EDX
(energiya dispersiv rentgen fluorescent) va FTIR (infraqizil spektroskopiya) usullari yordamida
tahlillar olib borildi.

Natijalar shuni ko‘rsatdiki, volfram atomlari p-Si monokristal namunada o‘tkazuvchanlik
turini n-tipga o‘zgartirdi. Tajriba davomida p-Si namunaga volfram atomlarini 1200 °C haroatda
10 soat davomida diffuziya gilinganda dastlabki namunaning solishtirma garshiligi p =0.35 Q-cm
dan ortib ketdi yani p-Si<W> namunalarida solishtirma garshilikning sirtda p=0.47 Q-cm ga ega
bo‘ldi. p-Si<W> namunani sirt gatlamidan bosgichma bosgich 15 u olib borilganda solishtirma
garshilik p = 0.36 Q-cm ga o‘zgardi. Bu holat adabiyotlarda keltirilgan volframning kremniydagi
donorlik xususiyati hagidagi ma’lumotlar bilan mos tushadi [4].

Raman spektroskopiyasi tahlilida ~244 sm™ va ~429 sm™ chastotalarda yangi, intensiv
piklarning paydo bo‘lishi kremniy yuzasida volfram silitsidi (WSi2) fazasi shakllanganligini
tasdigladi buni 1-rasmda ko‘rish mumkin. Adabiyot ma’lumotlariga ko‘ra, volfram silitsidining
xarakterli Raman piklari aynan shu chastotalar oralig‘ida kuzatiladi [5]. Shuningdek, 2TA fonon
piki markazining ~308 sm™ dan ~319 sm™ ga siljishi panjarada kuchli siquvchi mexanik
kuchlanishlar hosil bo‘lganligidan dalolat beradi [6]. Bu holat katta o‘lchamli volfram
atomlarining kremniy panjarasiga kirib borishi natijasida yuzaga keladi [7].
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1-rasm. Namunalarning Raman spektrlari:
1. Qora chiziq boshlang‘ich p-Si; 2. Qizil chiziq termik ishlov berilgan p-Si (nazorat); 3.
Ko‘k chiziq volfram bilan legirlangan p-Si<W>.

EDX-8100 spektrometri yordamida o‘tkazilgan element tahlili diffuziya harorati 1100 °C
dan 1250°C gacha ortishi bilan volfram miqgdori 1.375% dan 1.500% gacha oshishini ko‘rsatdi. Bu
diffuviya qonunlariga mos keladi va diffuziya koeffitsientining haroratga bog‘liqligi bilan
izohlanadi [8,9]. Sekin sovutilgan namunalarda W miqdori tez sovutilganlarga nisbatan yuqori
ekanligi aniglandi, bu muvozanat holatida volframning eruvchanligi yugori ekanligini bildiradi
[8]. Yuqgori haroratlarda (1250°C) WSi2 dan tashqari WsSis fazasining hosil bo‘lish ehtimoli
kuzatildi, bu adabiyotlarda keltirilgan ma’lumotlar bilan mos keladi [10,11].

IQ spektroskopiyasi natijalariga ko‘ra, termik ishlov va volfram diffuziyasi natijasida optik
faol kislorod va uglerod konsentratsiyasining kamayishi aniglandi. Sekin sovutilgan p-
Si<W> namunasida kislorod konsentratsiyasi 7,7-10'7 sm™ dan 2,37-10'¢ sm™ gacha, uglerod
konsentratsiyasi esa 8,4-10'7 sm™ dan 2,21-10'7 sm™ gacha pasaygan (2-rasm, 1-jadval). Natijada
kremniy monokristali hajmida volfram atomlarining mavjudligi ushbu atomlarning kislorod va
uglerod bilan o‘zaro ta’sirlashuvi natijasida kremniy tarkibidagi optik faol markazlar migdorini
kamaytirishi bilan izohlash mumkin [12]. Spektrlarda 611 sm™ (Si-C), 737 sm™! (O-C), 818 sm™!
(Si-0), 891 sm™* (Si-OH) va 1107 sm™! (Si-O-Si) tebranish modalari gqayd etildi [12].

611 737 818 891 1107

-

'con

Transmittance (%)
%

/

\

;

E

T T T
600 800 1000 1200

Wave number (cm™)

2 Rasm. 1. Dastlabki namuna, 2. Nazorat namuna t=1250°C, t=15 s, sekin
sovutilgan, 3. p-Si<W> t=1250 °C, t=15 s, sekin sovutilgan.
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1-jadval
Namuna nomi Optik faol kislorod Optik faol uglerod
konsentratsiyasi konsentratsiyasi
(cm?) (cm?)
Dastlabki namuna (p-Si) 7,7 -10% 8,4 "10%
Nazorat namuna (p-Si, t=1200°C, 4,77 -10Y 7,6 "10%
t=15 s, sekin sovutilgan)
p-Si<W> namuna (t=1200 2,37-10% 2,21 10Y
°C, t=15 s, sekin sovutilgan)

Olingan natijalar volfram bilan legirlash kremniyning nafaqgat elektr xossalarini, balki uning
tarkibiy va strukturaviy xususiyatlarini ham tubdan o‘zgartirishini, yangi barqaror faza-volfram
silitsidi (WSi2) hosil bo‘lishini va panjarada kuchlanish maydonlari vujudga kelishini ko‘rsatadi.
Bu esa mikroelektronika qurilmalari, xususan, integral mikrosxemalar va kontakt tizimlari uchun
istigbolli material yaratish imkoniyatini beradi.
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HCCJEJOBAHUE JIEKTPO®U3NUYECKHAX CBOMCTB CTPYKTYP
KPEMHUI-TAHTAJI METOJOM D®®EKTA XOJLIA

HI.b. Yramypangosa, A.b. Yrenuszosa, M.M. Myxammaauesa, M.X. ®aiisy/iiaesa
Hayuno-uccnedosamenvckuti uncmumym gusuxu noaynpo8ooHUKos u
muxpoanekmponuxu npu HY'Y3 um. Mupzo Ynyebexa,
e-mail: aysara.uteniyazova@gmail.com

KonTakT “Merann-noiaynpoBoJHUK’ — 3TO 00JIACTh CONMPUKOCHOBEHMS, 00ecIeunBaroas
ANIEKTPUYECKUI TOK MEXIY METalIOM U MOJYHPOBOJHUKOM. OTH KOHTaKThl B OCHOBHOM
UCIOJIb3YIOTCA JJIi M3TOTOBJIEHMSI BBICOKOKAYECTBEHHBIX IOTYIPOBOJHUKOBBIX MPHOOPOB B
UHTErpajibHOM MHKpocxeMe. Paznuuue B paboTe BbIXOAA 3JIEKTPOHOB MEXIy METaNIoOM U
MOJYTIPOBOJIHUKOM TIPH WX KOHTAKTE SBJSIETCS TPUYNHOW BO3HUKHOBEHHS BCTPEYHBIX
T dY3UOHHBIX U Apei(POBBIX TOTOKOB. DTH MOTOKH IEUCTBYIOT JI0 T€X MOP, TOKa HE IPOU30iiIeT
BbIpaBHMBaHHE ypoBHel depmu B 00oux marepuanax [1].

I[Ipy  co3maHuMM  MOJYNPOBOJHUKOBBIX  MPHOOPOB  LIMPOKO  IPUMEHSIOTCA B
MHUKPOIEKTPOHUKE TYrOIUIABKME METalilbl M HX CHIMLIMIBL, 4YTO OOYCJOBIEHO UX
TEPMOJANHAMUYECKUMH OCOOCHHOCTSIMM, CTaOWIBHOCTBIO MPH BBICOKMX TeMIeparypax M
NEPCHEKTUBHBIMU JJIEKTPOPU3NUECKUMHU CBOMCTBAMHU. KOHTAKTBI  TYroIuIaBKOro MeTal -
KPEMHHs IIHPOKO HCMOJNb3YIOTCS B KauyeCTBE OMMYECKMX KOHTAaKTOB, OapbepoB IlloTTkw,
3aTBOPHBIX AIEKTPOIOB B YCTPOWCTBAX MUKPOIIEKTPOHUKHU U3-32 UX HU3KOTO CONPOTHUBICHUS U
BBICOKOH TEPMHYECKOM CTaOUIBLHOCTH [2].

W3BecTHO, 4To OCHOBHBIMH AEKTPOPU3NIECKUMU XapaKTepUCTUKAMHU
IIOJIyIIPOBOJIHUKOBBIX MaTEpUANIOB SIBJIAIOTCS IIUPUHA 3alpelieHHON 30Hbl, MOABHKHOCTD,
yZ€NbHOE CONPOTHUBIIEHHE, BpEMs JKWU3HHU, TEeMIepaTypa IUIaBJICHUs, SHEPrus HOHHU3ALUU
npuMecei, Hadano coocTBeHHO mpoBoauMoctH [3]. [lyTeM HamblIeHHs TYroruiaBKOro MeTaia
Ha TIOBEPXHOCTb KPEMHHUs, HaMH ObUIM M3rOTOBJEHbl KOHTAKTBl TaHTAJI-KPEMHUH.
OnexkrpoduznyecKre XapakKTepUCTUKU 3TUX KOHTAKTOB ObUIM MCCIIEOBaHbl MeToiaMu 3 deKTa
Xoiuta ¢ momorieio npubopa Ecopia HMS-7000.
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Puc. 2. 3asucumocms yoenvnozo conpamuenenus om memnepamypnl : 1—n-Si; 2—
Ta/n-Si
[ToyuyeHHbIe pe3yNbTaThl IOKAa3aJIH, YTO JErupoBaHue N-Si ¢ yACIbHBIM CONPATHBICHHEM
10 Omxcm mpumechto TaHTana (Ta) NPUBOOUT K M3MEHEHHIO 3JIEKTPO(U3IMUECKUX
XapakTepucTuk. 13 cpaBHeHUs pUCYHKOB | 1 2 cieayeT, 4To BBEJCHUE IPUMECH TaHTaua B N-Si
IPUBOAUT K U3MEHEHUIO THIIA MPOBOAMMOCTH, YMEHBLICHHUIO MOJIBIKHOCTH HOCUTENIEH 3apsija,
YBEJIMYEHHUIO Y/AEIbHOIO CONPOTHBIIEHUS oOpasua. M3 aHanuza mosyuyeHHbIX JaHHBIX CIIEIYeET,
YTO YMEHbIICHHE MTOIBUKHOCTH 00YCIOBJIEHO TEM, UTO JIETHPYIOLIasi IPUMECh BBICTYIAET B POJIU
LIEHTPOB PaccessHUs HOCUTEIEH 3apsaa.
Jluteparypa:
1. 3u. C. ®u3zuka noxynpoBOJHUKOBEIX pubopoB; Ilep. ¢ anri. - M.: Mup, 1984. - 368c.
2. Meropapka 1. Cumnuast s CBUC. - M.:Mup, 986. -176 ¢
3. bonu-bpyesuu.JI., Kanamnukos C.I'. ®usuka nonynposogaukos. M.: Hayka, 1990. 678 c.
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VOLFRAM BILAN LEGIRLANGAN p-Si MONOKRISTALL KREMNIYNI EDX
TAHLILI

Sh.B. Utamuradova?, Sh.Kh. Daliev?, J.J. Khamdamov?!, Y.Z. Mardiyev?,
M. Qambarova?
O ‘zbekiston Milliy universiteti huzuridagi Yarimo ‘tkazgichlar fizikasi va
mikroelektronika ilmiy-tadgiqot instituti, Toshkent, O ‘zbekiston®
O ‘zbekiston Milliy universiteti fizika fakulteti, Toshkent, O ‘zbekiston?
E-mail: yolginmardiyev96@gmail.com

Yarimo‘tkazgichli materiallar orqali zamonavi qurulmalar tayorlash texnologiyasida
kremniy monokristallarini volfram bilan legirlash muhim ahamiyat kasb etadi. VVolfram kremniy
bilan kimyoviy birikmalar-silisidlar hosil gilish xususiyatiga ega bo‘lib, bu birikmalar integral
mikrosxemalar va kontakt tizimlarida keng foydalaniladi [1]. p-tipli kremniy (p-Si)
monokristallariga volfram diffuziya qilish jarayonida sirt qatlamida sodir bo‘ladigan o‘zgarishlar,
xususan silisid fazalarining hosil bo‘lishida ishtirok etatadigan volfram atomlarini foyizini EDX-
8100 energiya dispersiv rentgen fluorescent spektrometri yordamida tahlil gilindi.

Tadqiqot ob’ekti qilib (111) orientatsiyali, solishtirma qarshiligi 10 Q-cm bo‘lgan p-tipli
kremniy monokristallari tanlangan. Namunalar birinchi bo‘lib mexanik ishlov berilib sirtidan 30
mkr olib tashlandi, keyingi bosgichda kimyoviy ishlov berildi [1]. Tayorlangan namunalrni
(Magnetron Sputtering Machine Price) uch nishonli magnetron orgali (W) volfram atomlaridan
tashkil topgan gatlam hosil gilindi. Barcha namunalatni diffuziyon pechda 1150-1250 °C harorat
oralig‘ida vakum sharoatda, 15 saot diffuziya amalga oshirilda, tez va sekin sovutildi. [1].

Diffuziya amaliyotini yakunlangandan so‘ng barcha namunalarni EDX-8100 (Energiya
dispersiv rentgen fluorescent) qurulmasi orgali sirt galamini taxminiy 3-15 mkr galinlikkacha
bo‘lgan gismidagi atomlar ulushi aniglandi EDX-8100 qurilmasi yuqori samarali SDD (Silicon
Drift Detector) detektori bilan jihozlangan bo‘lib, u elektron sovutish tizimiga ega va suyuq azotni
talab gilmaydi [3-4]. Qurilmaning energiya 140 eV dan kichik, elementlarni aniglash diapazoni
esa ugleroddan (C6) urangacha (U92) ni tashkil etadi [5]. Rentgen trubkasidan chiggan yugori
energiyali rentgen nurlari namunaga yo‘naltirilganda, namuna tarkibidagi atomlarning ichki
elektron qobiglaridan elektronlarni urib chigaradi. Xususan, K-gobiqdan elektron urib
chigarilganda, yuqori energiyali L yoki M qobiglardan elektronlar K-qobiqdagi bo‘sh o‘ringa
o‘tadi va bu o‘tish jarayonida elementga xos bo‘lgan xarakterli rentgen nurlanishi — fluorescens
nurlanish hosil bo‘ladi [7-8]. Har bir kimyoviy element o°ziga xos elektron tuzilishga ega bo‘lgani
uchun, hosil bo‘lgan nurlanishning energiyasi ham shu element uchun xarakterli bo‘ladi.

Dastlabki namunaning tarkibi: Si —99.964%, Pb — 0.017%, Cu — 0.010%, Fe — 0.005%, Rb
— 0.004% ni tashkil etgan. Volfram diffuziyasi 1150°C, 1200°C va 1250°C haroratlarda 15 soat
davomida amalga oshirilgan. Sovutish tezligining ta’sirini o‘rganish magsadida namunalarning bir
gismi tez, ikkinchi gismi esa sekin sovutilgan. Barcha namunalar EDX-8100 spektrometrida tahlil
gilingan.
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Volfram diffuziya qilingan namunalarda W miqdori 1.37% dan 1.50% gacha bo‘lgan
oralikda aniglangan. Eng yuqori giymat (1.500%) 1200°C da sekin sovutilgan namunada, eng past
giymat (1.375%) esa 1150°C da tez sovutilgan namunada kuzatilgan.

Namuna Foyizi Harorati Sovutish line
nomi % °C tezligi

(p-Si) 97.536 SiLa

p-Si<W> 97.817 1150 Tez SiKa
(Si)

1.375 1150 Tez WLa
(W)

p-Si<W> 97.536 1150 Sekin SiKa
(Si)

1.476 1150 Sekin WLa
(W)

p-Si<W> 97.682 1200 Tez SiKa
(Si)

1.433 1200 Tez WLa
(W)

p-Si<W> 97.553 1200 Sekin SiKa
(Si)

1.500 1200 Sekin WLa
(W)

p-Si<W> 97.338 1250 Tez SiKa
(Si)

1.482 1250 Tez WLa
(W)

p-Si<W> 97.424 1250 Sekin SiKa
(Si)

1.462 1250 Sekin WLa
(W)
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Harorat ortishi bilan W miqgdorining biroz oshishi diffuziya koeffitsientining haroratga
bog‘ligligi bilan izohlanadi.

Volfram va kremniy orasidagi o‘zaro ta’sir natijasida bir necha xil silisid fazalari hosil
bo‘lishi mumkin. Adabiyot ma’lumotlariga ko‘ra, W-Si sistemasida asosan ikki turdagi silisidlar:
WSi2 va WsSiz mavjud [9]. Tadqiqotlar shuni ko‘rsatadiki, 680—-800°C harorat oralig‘ida volfram
va kremniy orasidagi reaksiya natijasida tetragonal WSi. fazasi hosil bo‘ladi [6]. Ushbu ishda
qo‘llanilgan haroratlar (1150—-1250°C) esa WSi2 hosil bo‘lish haroratidan ancha yuqori bo‘lib, bu
sharoitda silisid hosil bo‘lish jarayoni jadal kechishi kerak [2].

Yugori haroratlarda (1300-1350°C) esa WSi. dan tashqari WsSis fazasi ham hosil bo‘lishi
mumkin [9]. WsSi; odatda WSi2/W chegarasida yoki WStz sirtida kuzatiladi. Ushbu fazaning hosil
bo‘lishi WSi2 ning yuqori haroratda qisman parchalanishi va undan kremniyning ajralib chigishi
bilan bog‘liq. Bizning tajribamizda 1250°C da W miqdorining biroz pasayishi (1.482% dan
1.462% ga) va S, Ca kabi elementlarning miqdori ortishi WsSis fazasining hosil bo‘lish ehtimolini
ko‘rsatadi.

Volfram bilan legirlangan p-Si monokristallarini EDX-8100 usulida tahlil gilish quyidagi
xulosalarni chigarishga imkon beradi:

1. Volfram diffuziyasi natijasida kremniy sirt gatlamida silisid fazalari — asosan WSi. va gisman
WsSis hosil bo‘ladi. Bu fazalarning hosil bo‘lishi EDX spektrlarida W va Si intensivliklarining
o‘zgarishi bilan namoyon bo‘ladi.
2. Diffuziya haroratining ortishi (1150°C dan 1250°C gacha) bilan volfram miqgdori 1.375% dan
1.500% gacha oshadi, bu Arrhenius gonuniyatiga mos keladi.
3. Sekin sovutilgan namunalarda volfram miqgdori tez sovutilganlarga nisbatan yuqori, bu
muvozanat holatida W ning eruvchanligi yuqori ekanligini ko‘rsatadi.
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1. Sh.B. Utamuradova, Sh.Kh. Daliev, J.J. Khamdamov, Y.Z. Mardiyev. RAMAN
SPECTROSCOPIC ANALYSIS OF TUNGSTEN SILICIDE (WSI2) PHASE FORMATION
AND LATTICE STRESS IN P-TYPE SILICON./ RESEARCH FOCUS | VOLUME 4 | ISSUE
112025 ISSN: 2181-3833 ResearchBip (15.22) | Google Scholar | Index Copernicus (ICV 80.58)
2. Duchateau, J. P. W. B., Kuiper, A. E. T., Lathouwers, E. G. C., & Reader, A. H. (1993). Surface
and interface effects in WSi. formation. Journal of Vacuum Science & Technology A, 11(1), 6-10.
3. Shimadzu Corporation. (2024). EDX-8100 Energy Dispersive X-ray Fluorescence
Spectrometer. Shimadzu, China.
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LANTAN ATOMLARINING MONOKRISTAEL KREMNIYGA
DIFFUZYASINING RAMAN SPEKTRMETRI TAHLILI

Sh.B. Utamuradova, J.J. Hamdamov, A.M.Qo‘shimmetov, S.B. Erkinova
O ‘zbekiston Milliy universiteti huzuridagi Yarimo ‘tkazgichlar fizikasi va
mikroelektronika ilmiy-tadqiqot instituti, Toshkent, O zbekiston
E-mail: jonibek.uzmu@gmail.com

Yarimo‘tkazgich materiallar orqali turli xil elektronika qurulmalari uchun materiallarni
ishlab chiqish va takomillashtirish zamonaviy fan va texnikaning asosiy yo‘nalishlari bo‘lib
golmoqda [1]. Yarimo‘tkazgichli qurilmalar uchun asosiy material bo‘lgan kremniy o‘ziga xos
xususiyatlarga ega. Biroq, uni yanada takomillashtirish uchun turli xil element tomlarini qo‘shish
kerak. Kremniy kristall panjarasiga boshga elementlarning atomlarini Kiritish uning
xususiyatlarini sezilarli darajada o‘zgartirish va yuqori samarali elektron qurilmalarni yaratish
uchun yangi imkoniyatlar ochish imkonini beradi [2].

Kremniyga har xil turdagi nodir yer elementlarni legirlash orqgali yangi slisid, slikad
fazalarini hosil bo‘lish, namunalarda molekulyay bog‘lanishlarni, nugsonlani, amorf gatlamlarni
o‘ganishda Raman spektroskopiyasi asosiy o‘rindi egallamogda. Kremniy (Si) uchun 520 sm™
atrofidagi birinchi tartibli optik fonon cho‘qqisi asosiy hisoblanadi. Ammo haqiqiy namunalarda,
termik ishlov berilganda, boshqa elementlarni diffuziy gilinganda, qo‘shimcha cho‘qgqilar paydo
bo‘ladi [1(3)].

Tajribani bajarish uchun n-Si (KEF-35 om-cm) namuna tanlab olindi. Dastlab namuna
mexanik ishlov berilib sirt gatlamidan notekis gatlamlar olib tashlandi, kimyoviy tozalash
bosqichlardan o‘tkazildi. Tayyor holatga keltirilgan namunalar sirtida VUP-4 qurulmasida yugori
vakum ostida Lantan atonlari bilan goplaplandi. Namunalarni kvars ampulada vakum sharoitida
1300 °C haroratda 5 soat davomida diffuziya amalyoti olib borildi hamda namunalar tez sovutildi.

Lantan bilan legirlangan kremniy namunalarining Raman spektrlari o‘Ichab, kirishmalarni
kristall strukturasi ta’siri aniqlandi. Dastlabki kirishmasiz (etalon) namunaning Raman
spektrlarining tahlili 1-rasmda keltirilgan va unda quydagi cho‘qgilar aniglandi. 131,23 c¢m?,
311,89 cm™, 523,93 cm, 952,38 cm™. Bu cho’qqilar monakristall kremniydagi akustik TA, LA
va optik TO, LO piklar hamda molekulyar bog‘lanishlarni beradi. 131,23 cm™ keng pik - bu
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cho‘qqi odatda kremniyning akustik fononlari bilan bog‘liq ikkinchi tartibli sochilish (2TA) yoki
amorf fazaning mavjudligidan dalolat beradi. Kengligi esa tartibsizlikni ko‘rsatadi. Adabiyotlarda
amorf kremniy (n-Si) da 150 cm™ gacha bo‘lgan keng pik kuzatiladi [4]. 311,89 cm™ da 2LA
akustik soha deyiladi bu joyda ham Si-P; bilan kuchsiz bo‘g‘lanish hosil bo‘ladi va bu amorf
sohaga tegishli [4].

523,93 cm™? dagi cho‘qqi Si-Si kimyoviy bog‘lanishni beradi, bu optik soha deyiladi. 952
cm™ cho‘qqi hosil bo‘lishi optik soha deyiladi 2TO sohaga mos keladi [5-6].
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1-Rasm. Dastlabki namuna (KEF-35 om-cm)

Lantan (La) bilan legirlangan namunalardagi o‘zgarishlarni 2-rasmda kuzatish mumkin.
Bunda amorf, akustik, optik sohalarda o‘zgarishlarni ko‘rish mumkin. Raman spektrometrida
anigalangan piklar 118,9 cm™, 256,4 cm™, 311,89 cm™, 374,54 cm™, 463,2 cm™?, 523,93 cm™,
661,43 cm™, 952,4 cm™. 118,97 cm™ past chastotali bu cho‘qqgi lantan atomlarining kremniy
panjarasidagi lokal tebranishlarini hosil gilgan. Og‘ir atomlar (La atom massasi ~139) panjarada
go‘shimcha past chastotali modlar hosil giladi. Ba’zi tadqiqotlarda La bilan bog‘liq past chastotali
modlar 100-150 sm™ oralig‘ida kuzatilgan [7]. 256,4 cm™ cho‘qqi lantan silitsidi (LaSi2) yoki
lantan oksidi (La20s) ga tegishli. LaSi> ning Raman spektri bo‘yicha adabiyotlarda 200-300 cm™
oralig‘ida bir necha cho‘qqilar qayd etilgan [8]. Xususan, 260 cm™ atrofidagi pik LaSi> ning Eg
rejimiga mos keladi. 311,89 cm™ yuqorida aytilganidek, Si ning 2TA piki. Bu pikning mavjudligi
La diffuziyasi Si ning fonon spektrini o‘zgartirmagan. 374,54 cm™ cho‘qqi ham LaSi> yoki La.Os
bilan bog‘liq. La20s uchun 370-400 cm™ oralig‘ida bir necha Raman faol modlar mavjud [8].
Shuningdek, kremniy substratidagi oksid gatlamlari (SiO2) da 430-450 cm™ atrofida pik beradi,
ammo 374 unga mos kelmaydi. 463,2 cm™ cho‘qqi SiO- ning (kristobalit yoki kvarts) asosiy
Raman cho‘qqisiga juda yaqin. Masalan, a-kvarsda 464 cm™ da kuchli pik bor [9]. Bu esa diffuziya
jarayonida vakuumda bo‘lsa ham, sirtda oksidlanish hisobidan sodir bo‘lgan. 661,43 cm™ lantan
oksidi (La20s) ning yugqori chastotali modlaridan biri [8].
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2-Rasm. n-Si<La> Lantan diffuziya gilingan namuna grafigi

n-Si va n-Si<La> namunalarining Raman spektrlari tahlili shuni ko‘rsatdiki, lantan
diffuziyasi kremniy spektriga sezilarli ta’sir ko‘rsatgan. Yangi cho‘qqilar (119, 256, 375, 463, 661
cm™) lantanning kremniy bilan o°zaro ta’siri natijasida yuzaga kelgan. Ular asosan lantan silitsidi,
lantan oksidi va kremniy oksidi bilan bog‘liq. Shu bilan birga, kremniyning asosiy fonon cho‘qqisi
(524 sm™1) saqglanib qolgan, bu esa kristall tuzilishning asosiy qismi buzilmaganligini ko‘rsatadi.

ADABIYOTLAR RO‘YXATI:

1. Utamuradova, S., Daliev, S., & Ismoilov, S. (2025). Influence of Cooling Rate on Structural
and Electrophysical Changes in Zirconium-Doped Silicon (Si + Zr). International Journal of
Independent Research Studies, 14(5), 27-32.
2. Kumar, R., & Tanwar, M. (2021). Effect of some physical perturbations and their interplay on
Raman spectral line shapes in silicon: A brief review. Journal of Raman Spectroscopy, 52(12),
2100-2118.
3. Sh.B. Utamuradova, Sh.Kh. Daliev, JJ. Khamdamov, Y.Z. Mardiyev/ RAMAN
SPECTROSCOPIC ANALYSIS OF TUNGSTEN SILICIDE (WSI2) PHASE FORMATION
AND LATTICE STRESS IN P-TYPE SILICON./ RESEARCH FOCUS | VOLUME 4 | ISSUE
1112025 ISSN: 2181-3833 ResearchBip (15.22) | Google Scholar | Index Copernicus (ICV 80.58)
4. Brodsky, M. H., et al. (1970). Infrared and Raman spectra of amorphous silicon. Physical
Review B, 1(6), 2632. DOI: 10.1103/PhysRevB.1.2632
5. Temple, P. A., & Hathaway, C. E. (1973). Multiphonon Raman spectrum of silicon. Physical
Review B, 7(8), 3685. DOI: 10.1103/PhysRevB.7.3685
6. Temple, P. A, etal. (1972). Two-phonon Raman spectrum of silicon. Light Scattering in Solids,
345-349. DOI: 10.1007/978-3-642-80693-5 54
7. Nava, F., et al. (1993). Raman spectra of rare-earth silicides. Journal of Applied Physics, 74(3),
1796-1801. DOI: 10.1063/1.354785
8. Boldish, S. I, & White, W. B. (1979). Raman spectra of lanthanide
sesquioxides. Spectrochimica Acta Part A, 35(11), 1235-1242.DOI: 10.1016/0584-
8539(79)80024-4

TITAN BILAN LEGIRLANGAN KREMNIYNING RAMAN SPEKTROSKOPIK
TADQIQI
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Yarimo‘tkazgich materiallarning fizik xossalarini boshqarishning eng samarali usullaridan
biri bu ularni turli kirishma atomlari bilan legirlash hisoblanadi. So‘nggi yillarda o‘tuvchi
elementlar bilan legirlangan kremniy asosidagi materiallar mikro- va optoelektronika qurilmalarini
yaratishda keng qo‘llanilmoqda. Xususan, titan (T1) atomlarini kremniy kristall panjarasiga kiritish
natijasida panjara parametrlari o‘zgarishi, lokal elastik kuchlanishlar hosil bo‘lishi hamda
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nugsonlar zichligining ortishi kuzatiladi.

Mazkur strukturaviy o‘zgarishlar materialning fonon spektriga bevosita ta’sir ko‘rsatadi.
Shu sababli kristall panjarada yuz berayotgan deformatsion jarayonlarni aniglashda Raman
spektroskopiya usuli yuqori sezuvchanlikka ega bo‘lgan nomanfiy diagnostik metod sifatida keng
qo‘llaniladi.

Ushbu ishda titan bilan legirlangan n-tipli kremniy monokristallarining kristall tuzilishida
yuz beruvchi o‘zgarishlarni Raman spektroskopiyasi yordamida tadqiq etildi. Tajriba uchun
boshlang‘ich solishtirma qarshiligi p=2.1+2.5 Q-cm oralig‘ida bo‘lgan nazorat n-Si namunalari
tanlab olindi. Titan elementi bilan legirlash jarayoni termik diffuziya usuli yordamida amalga
oshirildi. Namunalar dastlab kimyoviy tozalashdan o‘tkazildi hamda sirtidagi oksid qatlamini olib
tashlash magsadida HF eritmasi bilan ishlov berildi. So‘ngra Ti (99.999% tozalikka ega) yuqori
vakuum sharoitida (10%+107 Torr) BYII-4 qurilmasida Si sirtiga termik purkaldi. Namunalar
1200°C haroratda 15 soat davomida kvars vakuumli ampulada diffuziya qilindi.

Raman spektroskopik o‘lchovlar xona haroratida 785 nm lazer manbaiga ega QE Pro High-
Sensitivity Spectrometer yordamida 0-1200 cm™ to‘lqin sonlari oralig‘ida amalga oshirildi
(1-rasm).

1-rasmda dastlabki (n-Si), nazorat (n-Sinez) hamda titan bilan legirlangan (n-Si<Ti>)
namunalarining Raman spektrlari keltirilgan. Raman spektrlarining tahlili natijasida kremniyga
X0s (Si-Si) bo‘lgan birinchi tartibli TO fonon cho‘qqisi dastlabki n-Si namunasida vro=522.72 cm
! da kuzatildi. n-Sinaz. ushbu cho*qqining vro=523.88 cm™'gacha siljishi kristall panjarada issiglik
ishlovi natijasida yuzaga kelgan qoldiq elastik kuchlanishlarning mavjudligini ko‘rsatadi. Titan
bilan legirlangan n-Si<Ti> namunasida esa TO fonon cho‘qqisining yanada yuqori to‘lqin sonlari
tomon siljib, vro=524.23 cm™' ga teng bo‘lishi aniqlangan. Ushbu siljish titan atomlarining
kremniy kristall panjarasiga diffuziyalanishi natijasida panjara parametrlarining o‘zgarishi hamda
elastik sigilish kuchlanishlarining ortishi bilan izohlandi.

| ﬂ
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. Y > n's'naz.
2 TSN . N
&
2 T, =522.7248201
(2}
[
Q
Rl
=
FWHM: 265727 n-Si
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Raman shift (cm™)
1-rasm. n-Si va n-Si<Ti> namunalarning Raman spektri.

Shuningdek, legirlangan namunada pik kengligining ortishi: FWHM=29.04 cm™
fononlarning sochilish ehtimoli ortganligini hamda kristall panjarada strukturaviy nugsonlar
zichligining oshganligini ko‘rsatadi. Integral kenglik (I.Breadth) qiymatining ham ortishi
(28.28 — 30.92) materialda panjara tartibsizligining kuchayganligini tasdiglaydi (1-jadval).
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Titan atomlarining diffuziyasi natijasida kristall panjarada strukturaviy nugsonlar va lokal
deformatsiyalar hosil bo‘lgan, bu esa fononlarning sochilish ehtimolini oshirib, Raman
cho‘qqisining integral kengligining ortishiga olib kelgan.

1-jadval.

Namunalarining Raman TO fonon cho‘qqisi parametrlari

Namuna  Center, vro (cm™) Area Height FWHM (cm™) |.Breadth
n-Si 522.7248201 343330 12137.9 26.5727 28.2858
N-Sinaz. 523.8844257 160870 5547.05 27.2447 29.0011
n-Si<Ti> 524.2349317 331844 10731.9 29.0485 30.9212

Raman spektroskopik tahlil natijalari titan atomlarining n-tipli kremniy kristall panjarasiga
diffuziyalanishi natijasida strukturaviy deformatsiyalar yuzaga kelganligini ko‘rsatdi. n-Si<Ti>
namunasida TO fonon cho‘qgisining yuqori to‘lgin sonlari tomon siljishi kristall panjarada elastik
sigilish kuchlanishlari hosil bo‘lganligini bildiradi. Pik kengligi (FWHM) va integral kenglik
(1.Breadth) giymatlarining ortishi esa titan kirishmasi ta’sirida materialda strukturaviy nugsonlar
zichligining oshganligini hamda fononlarning panjara bo‘ylab erkin targalalish ehtimoli
kuchayganligini tasdiglaydi.

Foydalanilgan adabiyotlar ro‘yxati:
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2. Nemanich R. J., Fulks R. T., Stafford B. L., & Vander Plas H. A. Reactions of thin-film titanium
on silicon studied by Raman spectroscopy.
3. Applied Physics Letters, 46(7), 670-672, 1985.
4. Nemanich R. J., Fiordalice R. W., & Jeon H. Raman Scattering Characterization of Titanium
Silicide Formation. IEEE Journal of Quantum Electronics, 25(5), 997-1002, 1989.
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Vibrational Structure of Titanium Silicate Catalysts: Spectroscopic Study. Journal of the American
Chemical Society, 2001.
7. Aubakirova D., Yerdybaeva N., & Pichugin V. Study of the composition of titanium oxide films
deposited by reactive magnetron sputtering. Recent Contributions to Physics, 2020.
8. Raxmatullayev I. A., Tursunkulov O. M., Nazarov X. T., Davronov M. X., Kurbonov A. K.,
Tukfatullin O. F., & Raxmatullayev M. R. Mikro o‘lchamli titan dioksidi kukunlarining sirt
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Tonkue mneHku ZrO: NpHUBIEKAIOT BHUMAaHWE Oiarofapsi BBICOKOH TEPMOCTOWKOCTH,
XAMHYECKOH CTaOMJIIBHOCTH W YHUKAIBHBIM ONTHYECKMM CBOMCTBaM, 4TO JI€JaeT WX
MEPCIEKTUBHBIMUA JIII MUKPODJIEKTPOHUKM M OINTO3JEKTPOHHBIX YycTpoicTB[1-4].CBoiicTBa
IUICHOK HAIMPSMYIO 3aBUCAT OT YCJIOBHU TEPMOOOPaOOTKH, OCOOCHHO OT cpelbl (BaKyyM WA
KHACJIOPO/) W TEMIIEPaTypbl, KOTOPBIE ONpEAeNsioT (HOPMUPOBAHHE OJHOCIOWHOW WK
MHOTOCJIONHON CTPYKTYpBhl, PEKpPUCTAIN3ALIMI0 U 00pa3oBaHue OKCHIHOTrO cios.[5-7] Llensto
JaHHOM palboThl SBISETCS KOJMYECTBEHHOE HCCIIEJOBAHME DBOJIOLUUM ONTHYECKUX U
CTPYKTYpPHBIX MapameTpoB ZrO»-IJIEHOK MNP BBICOKOTEMIIEpaTypHO 00pabOTKe B Pa3IMYHBIX
cpelax ¢ UCIOJb30BAaHUEM DJUIMIICOMETPUH, a TAK)KE YCTAHOBJIEHME CBSA3M MEXAY TOJIIMHOMN
IJIEHKH, TJIOTHOCTHIO, BHYTPEHHUM HAIIPSLDKEHUEM U IIMPUHOMN 3allpellieHHOM 30HBI.

B tonkux mnénkax ZrO: tommumHoN < 600 HM, HarpeBaeMbIX B KHCJIOPOJHOW Cpelne,
HaOMIOaeTCsl  CIIOKHAs HBOJIIOLMS  TOJIIMHBI, OOYCIIOBJIEHHas: COBOKYMHOCTbIO (DU3HKO-
XUMUYECKUX TMPOIECCOB M KOJIMYECTBEHHO OlleHeHHas meTonoMm ammuncomerpun (P, A). B
mporecce  TepMHUecKoil  00pabOTKM  OJHOCIONHAs CTPYKTypa TpaHCPOpMUpYETCS B
MHOTOCIIONHYIO TeTepOoCTPYKTYpY ZrO2/Zr0:-x/Si(111), 4T0 mMOATBEpKIAAaETCS CHEKTPATHHBIM
casurom ¥ u A, orpaxatonium (GopMUPOBaHKE JTOMOJHUTENBHOIO OKCcUIHOro cios. C pocTtoM
TeMreparypbsl AUQQy3us KUCIOpoJa YCKOpsieTcs 10 3akoHy AppeHuyca, YCHUIMBas
OKHCIIUTEIbHBIE PEAaKIIUU Ha IOBEPXHOCTH U MHTepdeiicax. Tommnaa OKCUIHOTO oSl pacTET Mo
napaboINIECKON KHHETHUKE, a €r0 OOJIBIIUA MOJISIPHBINH 00BEM BBI3BIBaCT 00bEMHOE paCIIUpPEHUE
U yBeJIUYEHHE 001Iel ONTHYECKON TOJIIMHBI TUIEHKH.

[TapannensHo ocHOBHOM ZrO2-Cliol oABepraeTcst peKpUCTaIM3aluy U JeHCPUKAIUH, YTO
CHIDKAET MOPUCTOCTh U CJIETKa YMEHbIIaeT (U3NYeCKyI0 TOMIIUMHY. Takum 006pa3om, SBOIOIHUS
TOJIIUHBI OMpeeNsieTcss KOHKYypeHIUEeH MpOLEeccoB: YIIOTHEHWE OCHOBHOro cioa (d]) u
aKTUBHBIN POCT OKCUIHOTO cJios (dT), mpu 3TOM B KHCIOPOAHOMH cpeie 00bIYHO Mpeod1aiaeT pocT
OKCHJIHOTO CJIOSI, YTO YBEIUYUBAET OOIIYIO ONTUYECKYIO0 TOMIIMHY. DOPMUPOBAHUE OKCHUIHOTO
ciosi  co3MaéT  MHOTOCIONMHYI0 HMHTEePPEpEeHUIUMOHHYIO CHUCTEMY, CIBUI  MAaKCUMYMOB
UHTEp(EepEeHIINH, CHIKEHIE aMIUTUTY/Ibl U OTpakaTeIbHOU CIOCOOHOCTH BBI3BIBAIOT BU3YaJIbHOE
«BBIOCIMBAHKE) 1IBETA MJIEHKU.

B BakyymHO# cpele OKMCJIEHHE MOYTH OTCYTCTBYET, IUIEHKA COXpaHsSeT OAHOCIONHYIO
cTpyktypy ZrO2/Si(111). C yBenudyeHueM TeMIepaTypbl BO3pacTaeT TEPMOJIMHAMHYECKAS
MOJIBIJKHOCTh aTOMOB, MPOMCXOJIUT PEKPHUCTAUIM3ALUS U POCT KPUCTAIUTOB, JIe(eKThl Ha
TpaHULAX 3€pPEeH YMEHbBINAIOTCS, MeTacTabuiabHble (a3pl CTAOMIM3HPYIOTCS, MaTepHuall
YIUIOTHSETCS M TUIOTHOCTh yBeNW4yuBaeTcs. B pesynpraTe ¢usnyeckas TOJMIIMHA CIIErka
yMEHbIIIAeTCs, MOKa3aTeslb MpPEJIOMJICHHMs n BO3pacTaeT, a OINTHYecKas ajauHa nytd n-d
U3MEHSIETCS MEIJIEHHO.

IIpu BbicokuMx Temmepatypax (~1200 °C) mpomomkaercss pOCT 3epeH M pellakcalus
BHYTPEHHUX HANpPsHKEHUH, NP ITOM UYPE3MEPHOE YBEIUYEHHUE IMOBEPXHOCTHOM MOPUCTOCTH
MOJKET YCWINTh paccesHue. OaHako oOuiast OnTHYecKasi TOJMIIUHA OCTA&TCsl HOYTH HEU3MEHHOU
WJIM CJIETKAa YMEHBILAETCS, B OTJIMUUE OT KUCIOPOAHOM cpelibl. B BakyyMe 3BOJIIOLINS TOJIIIMHEI U
ONTUYECKUX MApaMETPOB  OMNpPENENAETCS  UCKIIOYUTEIbHO  (U3MUECKUMH  IpolieccaMu
(neHcuKanus, peKpUCTAIIN3AIMS, PEeTaKcalus HAaNpsHKEHHH) 0e3 XMMHUYECKOro OKHMCICHHS,
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o0ecrieynBast XOpOIIee COOTBETCTBUE OAHOCIOWHONW MOJIENIN B SJUIUIICOMETPUIECKOM aHAIIN3E.

B nannoit pabore Tonkue mieHKH ZrO: TOJBEprajiuch TEPMUYECKOH 00paboTke mpu
BBICOKHX TEMIIEpaTypax B BaKyyMe U KHCIOPOAHOM cpene. Ha OCHOBaHMHU 3IUTUIICOMETPUYECKUX
M3MEpeHUi HaOII0IaINCh U3MEHEHUS IHUPHHBI 3anperieHHoi 30ubl (Eg) n cooTBeTcTBYIOMIECH
JUTMHBI BOJIHBI (Ag) TUICHOK B 3aBUCUMOCTH OT TEMIEPATyphl U yciaoBuil cpeasl (Tabmuia 1).

200 : . . . 5]
180 20 4
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1907 « 20, 900C 8] « 70, 900C
1404 + ZrQ, 600C 16 ZrO, 600C
= 120 el
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Puc. 1. diuuncomerpuyeckue JaHHbIe TOHKHUX IUIEHOK ZrO: mocie TepMU4ecKon
00padoTKHU NMPHU BLICOKOI TeMIepaType B BAKyyMe U KHCJIOPOJIHOM cpefe.

B Bakyyme XHMMHMUYECKHI COCTaB IUIEHOK MPAKTUYECKH HE HU3MEHSETCS, a BHEIIHEE
OKHCJIEHME MUHUMaIbHO. COOTBETCTBEHHO, 3HaueHue Eg yBennuuBaetca ¢ 4,95 3B npu 600 °C
10 5,05 3B mpu 1200°C. DTOT pocT 00BACHIETCS YIUIOTHEHUEM U PEKpUCTAILTA3AIMEN MaTepuraa,
MPUBOIALIIMMHU K OoJjiee IUIOTHOMY PpAacCIOJIOKEHHUIO AaTOMOB, CHIDKEHHUIO IOPUCTOCTH U
yIIydiIeHuto Mopdosioruu MOBEpXHOCTH. B pesynbraTe Mmokazarenu MPEIOMIICHUS Clerka
MOBBIIIAIOTCS, ONTHYECKUE MMOTEPU MUHUMANbHBI, a UHTEP(EPEHIIMOHHBIE IIBETA MPOSBISIOTCS
ApKo U HacblleHHO. COOTBETCTBYIOLIAs JUIMHA BOJIHBI 3allpPEIeHHOM 30HBI AZ B BaKyyMe
HaOmogaercs B quanazone 250-255 am (Puc. 1).

[Ipu Tepmuueckoit 00pabOTKE B KUCIOPOJHOW cpelie MOBEPXHOCTh TOHKHX IMJIEHOK ZrO:
OKHUCHSAETCSA, (OPMHUPYS MHOTOCIOWHBIM OKCHUIHBIN ciiod. [losiBiIeHHME OKCHIHOTO CIIOS
YBEJIMUYMBAET TPAJMEHT IOKa3aTessl MPEJIOMIICHUS M YCUJIMBAeT ONTHYECKOe MorjouieHue. B
pe3yJibTaTe ImupuHa 3anpenieHHon 308l Eg camxaercs ¢ 4,85 3B npu 600 °C o 4,75 3B npu
1200 °C. Bepicokuid KO3(pPHUIIMEHT TMOIJIOMICHUS OKCHUIHOTO  CJIOsl, MHOTOCJIOHMHBIE
uHTepepeHIIMOHHbIE YPPEKTHI U MIEPOXOBATOCTH NOBEPXHOCTU OOBSICHIIOT pa3MbITHE IIBETOB U
CHIDKEHHE OTpakaTenbHON crnocoOHocTH. COOTBETCTBYIONIAs JJIMHA BOJHBI Ag BapbUpYyeTCs B
nuanaszone 255-260 HM, 4TO COOTBETCTBYET yMeHbIIeHUIO Eg.

Tab6auua 1. 3aBucumocts Eg 1 cOOTBETCTBYIOIIEH ATUHBI BOIHBI AZ TOHKUX MJICHOK
ZrO: oT TeMIIepaTypsl U Cpeabl.

Egs AgB Egs AgB
Temnepa-
T a (OC) BaKyyMe BaKyyMe KHCHOpOI[e KHCJIOpOI[e HpI/IMella]-[]/[e
yp (3B) (M) (B) (M)

B Bakyyme XxuMu4yecku
600 4,95 250 4,85 255 cTabuibHa; B KUCIOPOJIE
HaYaJIbHOE OKHCIIECHUE

B BakyyMme yIioTHeHue;

900 5,00 248 4,80 258
B KHCIIOPOZIE POCT
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OKCHJIHOTO CJIOA,
cHmxkeHue Eg

B Bakyyme
MaKCUMaJIbHOE
1200 5,05 246 4,75 260 YIUIOTHEHHUE; B
KHCIIOPOJIe

MHOT'OCJIOMHEIN OKCU 1

YCUJICHUC TTOTJIOMICHUA

Takum oOpazom, sBomtonuss Eg B 3aBUcHMOCTH OT TemmepaTypbl U CpElbl CIIYKHUT
YYBCTBUTCIIBHBIM OINTUYCCKUM HWHAUKATOPOM CTPYKTYPHBIX, XHUMHYCCKUX W OITHYCCKUX
m3mMeHeHud B 1ieHkax ZrO.. Bricokue 3HaueHuss Eg B Bakyyme OTpaxaroT XUMHUYECKYIO
CTaOMJIBHOCTD U IMpeoliiajaHie YUCTON HHTep(EepeHLIny, Torla Kak cHIkeHue Eg B kuciaopoe
ACMOHCTPHUPYECT OKUCIICHUEC IMTOBEPXHOCTU U YCUJIICHHUEC OINITUYCCKUX ITOTCPD.

Cnucok 1uTepaTypbl:
1. Xie, H.; Wu, Q.; Xu, L.; Zhang, L.; Liu, G.; Dong, C. Nitrogen-doped amorphous oxide
semiconductor thin film transistors with double-stacked channel layers. Appl. Surf. Sci. 2016, 387,
237-243.
2. Gao, Y.; Li, X.; Chen, L.; Shi, J.; Sun, X.W.; Zhang, J. High mobility solution-processed
hafnium indium zinc oxide TFT with an Al-doped ZrO2 gate dielectric. IEEE Electron. Device
Lett. 2014, 35, 554-556.
3. Peng, J.; Sheng, C.; Shi, J.; Li, X.; Zhang, J. High-k titanium-aluminum oxide dielectric films
prepared by inorganic—organic hybrid solution. J. Sol-Gel Sci. Technol. 2014, 71, 458-463.
4. Yang, W.; Song, K.; Jung, Y.; Jeong, S.; Moon, J. Solution-deposited Zr-doped AlOx gate
dielectrics enabling high-performance flexible transparent thin film transistors. J. Mater. Chem. C
2013, 1, 4275-4282.
5. Saha, J.K.; Billah, M.M.; Bukke, R.N.; Kim, Y.G.; Mude, N.N.; Siddik, A.B.; Islam, M.; Do,
Y.; Choi, M.; Jang, J. Highly stable, nanocrystalline, ZnO thin-film transistor by spray pyrolysis
using high-K dielectric. IEEE Trans. Electron. Devices 2020, 67, 1021-1026.
6. Baturay, S.; Candan, I.; Ozaydin, C. Structural, optical, and electrical characterizations of Cr-
doped CuO thin films. J. Mater. Sci. Mater. Electron. 2022, 33, 7275-7287.
7. Spiga, S.; Rao, R.; Lamagna, L.; Wiemer, C.; Congedo, G.; Lamperti, A.; Molle, A.; Fanciulli,
M.; Palma, F.; Irrera, F. Structural and electrical properties of atomic layer deposited Al-doped
ZrO2 films and of the interface with TaN electrode. J. Appl. Phys. 2012, 112, 014107.

IZOVALENT KIRISHMALARI BILAN LEGIRLANGAN KREMNIYNING
ELEKTROFIZIK VA ENERGETIK XUSUSIYATLARI
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O’zMU huzuridagi Yarimo 'tkazgichlar fizikasi va mikroelektronika ilmiy-tadgiqot instituti,
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n-tipli kremniy (n-Si) asosida galay (Sn) va germaniy (Ge) atomlari termodiffuziya usuli
orqali kiritilgan yarimo*tkazgich namunalar uchun Shotki diod tuzilmalari tayyorlandi va ularning
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elektrofizik xossalari volt-amper xarakteristikalari (VAX), volt-farad (C-V) o‘lchovlari hamda
sig‘imli chuqur sathlar spektroskopiyasi (DLTS) metodlari yordamida kompleks tarzda tadqiq
etildi [1]. O‘Ichovlar keng harorat oralig‘ida olib borilib, diffuziya gilingan izovalent kirishmalar
elektr maydon tagsimoti, tashuvchilar konsentratsiyasi va nugsonlar energetik spektriga
ko‘rsatgan ta’siri chuqur tahlil qgilindi. n-Si<Sn> tuzilmalarida xona haroratida (300 K) ichki
potensial gqiymati Vbi = 0,75 V, past haroratda (77 K) esa Vbi = 1,05 V ga teng ekani aniqlangan
(1-rasm).
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1-rasm. 1100 °C haroratda olingan n-Si<Sn> namunalarining volt—farad
xarakteristikalari (1/C2-V): (&) T=300 K, V1,i=0,75V; (b) T=77 K, Vhi = 1,05 V.

Bir xil teskari siljish sharoitida kambag‘allanish (depletion) qatlamining kengligi W ning n-
Si<Ge> tuzilmalariga nisbatan sezilarli darajada kichik bo‘lishi donor kirishmalarining yuqori
darajada faollashuvi, erkin tashuvchilar konsentratsiyasining ortishi hamda Debay uzunligining
gisgarishi bilan izohlanadi. Xususan, n-Si<Sn> tuzilmalarida Debay uzunligi Lp ~ 0,095 mkm ga
teng bo‘lib, bu elektrostatik potensialning sirtga yaqin sohalarda tez so‘nishini va «qattiq»
elektrostatik profil shakllanishini ko‘rsatadi [2]. Aksincha, n-Si<Ge> tuzilmalarida ichki
potensiallar 300 K va 77 K haroratlarda mos ravishda Vbi = 0,42 V va Vbi =~ 0,80 V ni tashkil etib,
kambag‘allanish sohasi sezilarli darajada kengroq (W = 2,2-7,5 mkm) bo‘lishi aniqlangan (2-
rasm).
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2-rasm. 1000 °C da olingan n-Si<Ge> strukturalarining volt-farad xarakteri (1/C2—
V): (@ T=300K, Vy,=0,42V; (b) T=77K, Vbi =0,80 V.

Bunda Debay uzunligi Lp ~ 0,362 mkm gacha oshgani kuzatilib, bu donor faollashuvining
nisbatan pastligi hamda zaryad zichligining fazoda sekinroq o‘zgarishini bildiradi [3]. Natijada,
Ge bilan legirlangan tuzilmalarda elektr maydon tagsimoti nisbatan kamroq bo‘lib,
tashuvchilarning fazoviy tagsimlanishida sirtga yagin sohalardan chuqurroq hududlargacha
sezilarli o‘zgarish kuzatiladi. DLTS tahlillari n-Si<Sn> namunalarida tutish kesimi ¢ ~4,7 x 10°'¢
sm? bo‘lgan Ec - 0,35 eV energiya sathiga mos keluvchi chuqur markazlar mavjudligini ko‘rsatdi.
Ushbu energetik sath taqiqlangan zonaning o‘rtasiga yaqin joylashgan bo‘lib, ularning
rekombinatsiya jarayonlarida faol ishtirok etishi ehtimolini oshiradi. n-Si<Ge> tuzilmalarida esa
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~ 202-208 K harorat oralig‘ida kuzatilgan ¢ = 3,7 x 107'7 sm? tutish kesimiga ega Ec - 0,33 eV
energetik sath aniglanib, bu sath ham chuqur markazlar toifasiga kirishi ko‘rsatildi [4]. Bunday
markazlarning mavjudligi tashuvchilar umrining gisgarishiga hamda noideal rekombinatsiya
jarayonlarining kuchayishiga olib keladi. Olingan natijalarga ko‘ra, qalay (Sn) atomlarining
diffuziyasi natijasida n-Si asosida nisbatan tezroq elektrostatik profil shakllanadi, ya’ni
kambag‘allanish gatlamining torligi va ichki elektr maydonning yuqori gradiyenti kuzatiladi.
Biroq, bunday strukturada taqiqlangan zona o‘rtasiga yaqin joylashgan ~0,35 eV chuqur
markazlarning hosil bo‘lishi qayd etilib, ular Shockley—Read—Hall (SRH) mexanizmi bo‘yicha
rekombinatsiya jarayonlarini faollashtirishi mumkin. Germaniy (Ge) atomlarining diffuziyasi esa
donorlarning faollashuv darajasi nisbatan past bo‘lishi, shuningdek, ~0,33 eV chuqur
markazlarning mavjudligi tufayli SRH mexanizmi orqali rekombinatsiya yo‘qotishlarining
kuchayishiga olib kelishi aniglandi [5]. Natijada, Ge bilan legirlangan tuzilmalarda zaryad tashish
samaradorligi pasayishi hamda volt amper xususiyatlari kuchayishi ehtimoli ortadi. Ma’lumki,
kremniy zamonaviy mikro- va optoelektronika sanoatining asosiy materiali hisoblanadi. Birog
uning «toza» holatdagi xossalari, xususan, bevosita bo‘lmagan zonalararo o‘tish, nisbatan past
tashuvchi harakatchanligi hamda tashish jarayonlarining murakkab mexanizmlari tezkorlik,
spektral gamrov va energiya samaradorligi bo‘yicha ortib borayotgan talablarni har doim ham
to‘lig qondira olmaydi [6]. Shu sababli, kremniy xossalarini muhandislik yo‘li bilan
boshqarishning muqobil usullari, jumladan, izovalent legirlash yondashuvlariga bo‘lgan qiziqish
ortib bormoqda. Klassik legirlashda donor va akseptor kirishmalari orqgali tashuvchilar
konsentratsiyasi va solishtirma qarshilik boshqarilgan bo‘lsa, IV-guruh elementlari (C, Ge, Sn, Pb)
bilan izovalent legirlash texnologik va funksional nugtayi nazardan tobora katta amaliy ahamiyat
kasb etmoqda. Ushbu elementlar kremniyga izoelektron bo‘lib, kristall panjara tugunlarini
almashtirgan holda, birinchi yaginlashuvda tagiglangan zonada anig donor yoki akseptor sathlarini
hosil gilmaydi. Birog ular zonali strukturani, elastik-deformatsiya holatini, lokal mexanik
zo‘riqishlarni hamda kremniyda mavjud nugsonlar podsistemasini nozik tarzda qayta sozlaydi.
Mazkur ta’sirlar natijasida kremniy asosida «kuchlanishlar injeneriyasi» (strain engineering) va
«gotishma injeneriyasi» (alloy engineering) konsepsiyalarini amalga oshirish imkoniyati yuzaga
keladi. Jumladan, Si/SiGe, Si—Sn, SiGeSn kabi ko‘p komponentli tizimlar hosil qilish orgali
zonalararo energetik tafovutni boshqarish, tashuvchilar harakatchanligini oshirish, optik yutilish
spektrini kengaytirish hamda gurilmalarning funksional samaradorligini oshirish mumkin [7]. Shu
jihatdan, izovalent legirlash kremniy texnologiyasining keyingi rivojlanish bosgichida muhim
ilmiy va amaliy yo‘nalish sifatida qaralmoqda.
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QUYOSH ELEMENTI FOTOELEKTRIK QUVVATIGA YORUG’LIK
INTENSIVLIGINING TA’SIRI

M.A. Alinazaroval, H.A. Mamajanova?
!Namangan viloyati PMM, Aniq va tabiiy fanlar metodikasi kafedrasi mudiri, dotsent
2Namangan davlat texnika universiteti tayanch doktoranti

Bugungi kunda dunyo miqyosida, xususan, O‘zbekistonda qayta tiklanuvchi energiya
manbalaridan samarali foydalanish strategik ahamiyat kasb etmoqda. An’anaviy yoqilg‘i
resurslarining cheklanganligi, ekologik muammolarning kuchayishi hamda energiya iste’molining
ortib borishi quyosh energetikasini rivojlantirishni dolzarb masalaga aylantirmogda. Quyosh
elementlari asosida ishlovchi fotoelektrik tizimlar ekologik toza va bargaror energiya manbai
sifatida keng qo‘llanilmoqda.

Quyosh elementining chiqish quvvati bevosita yorug‘lik intensivligiga bog‘liq bo‘lib,
atmosferadagi o‘zgarishlar, kunning turli vaqtlari, mavsumiy omillar hamda changlanish darajasi
kabi tashqi ta’sirlar natijasida intensivlik doimiy ravishda o‘zgarib turadi. Shu sababli fotoelektrik
quvvatning yorug‘lik intensivligiga bog‘ligligini modellashtirish va matematik jihatdan hisoblash
quyosh panellarining real ish sharoitidagi samaradorligini aniglash uchun muhimdir.

Mazkur mavzuning dolzarbligi shundaki, modellashtirish orgali quyosh elementining volt-
amper xarakteristikasini, maksimal quvvat nuqtasini va foydali ish koeffitsientini turli yorug‘lik
sharoitlarida oldindan prognoz qilish imkoniyati vyaratiladi. Bu esa energiya tizimlarini
loyihalashda, optimal ish rejimini tanlashda hamda avtomatik boshqaruv tizimlarini ishlab
chigishda ilmiy-amaliy asos bo‘lib xizmat qiladi.

Shuningdek, zamonaviy ragamli va hisoblash texnologiyalaridan foydalanib fizik
jarayonlarni modellashtirish ta’lim va ilmiy tadqiqot jarayonida ham katta ahamiyatga ega.
Shuning uchun quyosh elementi fotoelektrik quvvatiga yorug‘lik intensivligining ta’sirini
modellashtirish orgali hisoblash mavzusi ilmiy, amaliy va energetik nuqgtai nazardan dolzarb
hisoblanadi.

Ushbu ishda quyosh elementining fotoelektrik quvvatiga yorug‘lik intensivligining ta’siri
nazariy va amaliy jihatdan modellashtirish asosida tahlil gilindi. Tadgiqot jarayonida
yarimo‘tkazgichli p—n o‘tishli quyosh elementi modeli asosida yorug‘lik intensivligining ortishi
natijasida hosil bo‘ladigan fototok, diod noideallik faktori va maksimal quvvat nuqtasining
o‘zgarishi aniqlandi.

Yarimo‘tkazgichli QElarining harakteristikalarini va asosiy fotoelektrik parametrlarini
modellashtirish turli dasturiy mahsulotlar yoki interfaol ragamli platformalardan foydalaniladi.
Masalan “PVLighthous” tizimi turli materiallar (Si, Poly-Si, a-Si, Ge, GaAs va h.k.) asosida hosil
gilingan p-n-o‘tishli QElarining fotoelektrik harakteristikalarini olishga imkon beradi [1]. Uning
yordamida QEning alohida elementlarining fizik parametrlarini (legirlash darajasi, kirishma turi),
konstruksion elementlar (baza, emitter, izotip gatlam, sirtiy optic gatlam, metal elektrod kabi)
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geometric parametrlarini (galinlik, kenglik kabi) va boshga (material turi) parametrlarini
o‘zgartirib, QElarining spectral (optic) harakteristikalarini va VAHni hisoblash hamda natijalarni
jadvallar yoki grafiklar ko‘rinishida olish mumkin.

“Sentaurus TCAD” dasturiy tizimidan foydalanib, yuqoridagidek imkoniyatlarni yanada
kengaytirish mumkin [2]. Jumladan bu tizimda 4 turdagi zaryad ko‘chish, 3 turdagi
rekombinatshiya mexanizmlarini, hamda rekombinatsiya jarayonida issiqlik ajralishini e’tiborga
olib, QEning barcha harakteristikalarini va asosiy fotoelektrik parametrlarini hisoblash mumkin.
Bu tizim [3] ashbob-texnologik modellashtirish usuli bo‘lib, uning yordamida virtual tajribalar
o‘tkazish mumkin. Tizimning 14ta kutubhonasiga kiritmlgan ma’lumotlar bazasidagi har qanday
ifodalar va ragamli ma’lumotlardan avtomat tarzda foydalanish ko‘zda tutilgan.

Fotovoltaikada keng qo‘llanilishi mumkin bo‘lgan modellashtirish usuli sifatida “Python”
dasturiy tizimini ko‘rish mumkin [4]. Bu dastur juda yuqori darajali dasturlash imkoniyatlarini
beradi. Shuning uchun undan turli jarayonlarni avtomatlashtirishda, yangi saytlar yaratishda,
ma’lumotlarni visuallashtirishda keng foydalaniladi. “Python” dasturiy tizimi turli xil aniq
ob’ektlarga qaratilib, kodlarni tizimlashtirishga va yengil o‘qilishiga, jarayonlarni nisbatan oson
tushunilishiga olib keladi. Kodlarni yozib ishga tushirishda hatoliklarni oson va tez topishga va
uni bartaraf qilishga imkoniyat kengroqdir. Bunday dasturiy tizimning ko‘plab kutubhona turidagi
instrumentlari va xizmat paketlari mavjud. Alohida vizuallashtirish, grafik va diagrammalar
qurish, ma’lumotlar bazasi yaratish, tezkor prototiplar ishlab chigarish kabi imkoniyatlari bu
dasturning qo‘llash sohasini kengaytirib bormoqda.

Quyosh elementining chiqish xususiyatlarining diod noideallik faktori va yorug’lik
intensivligiga bog’liq o‘zgarish jarayonini Python dasturlash tili yordamida modellashtirish
amalga oshirildi. Buning uchun quyosh elementning “Sinton Instrument Suns-Voc” qurilmasida
olingan boshlang’ich parametrlaridan foydalanildi.

Ma’lumki, real quyosh elementining VAX tenglamasi

[ [V+|st } V+IR,
I=1_-1]exp -1|-
nkT/q R, 1)
ko‘rinishga ega, bu yerda k=1.38-10"2% J/K - Boltsman doimiysi, T=300 K, q=1,6-10"° KI,
n - noideallik koeffitsiyenti, I. - fototok, Is - to“yinish toki, Rs - ketma-ket garshilik, Rp - parallel
garshilik.
“Python” dasturi imkoniyatlaridan foydalangan holda Quyosh elementi ishlab chigargan

fotoelektrik quvvatiga yorug’lik intensivligining bog’lanishi aniqlandi. Xususan, nurlanish
intensivligining va diod noideallik faktorining o‘zgarishini QE tomonidan ishlab chigilayotgan

fotoelektrik energiya quvvatiga ta’siri modellashtirish orqali hisoblandi. Natijalar 1 - rasmdagi
grafik shaklida ifodalandi.
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1 - rasm. Quyosh elementi ishlab chiggan fotoelektrik quvvatining yoritish
intensivligi va noideallik koeffitsiyentiga bog’lanish grafigi.

1 - rasmdagi 3 o‘lchamli grafikdan ko‘rishimiz mumkinki, yorug’lik intensivligining va diod
noideallik faktorining ortishi bilan QE tomonidan ishlab chigilayotgan maksimal quvvat kamayib
boradi.

Xulosa qilib shuni aytishimiz mumkinki, Maksimal quvvatning nur intensivligiga bog’ligligi
diod noideallik faktoriga nisbatan keskinroqdir. Yuqori nur intensivligida diod noideallik faktori
ham chiqish quvvatiga kuchliroq ta’sir etadi.

Olingan natijalar quyosh panellarini samarali ishlatish, ularning optimal ish rejimini tanlash
hamda energetik ko‘rsatkichlarini prognozlashda muhim ahamiyat kasb etadi.

Mazkur tadgigot gayta tiklanuvchi energiya manbalaridan foydalanish samaradorligini
oshirishga, xususan, fotoelektrik tizimlarning nazariy asoslarini tahlil gilishga xizmat giladi.
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PAMAH-CHHEKTPOCKOIINA MOHOKPUCTAIVIMYECKOI'O KPEMHMUS p-TUITA
HOCJIE JIN®PY3UU CEPEBPA

C. AdaypaumoB
Hayuno-uccneoosamenvckuil uHcmumym @uzuku nOaynpo8oOHUKO8 U MUKPOILEKMPOHUKU NPU
Hayuonanvnom ynueepcumeme Y3o6exucmana Y36exucman, 100057, Tawxenm,
yn. Aneu Anmasap, 20
samaraabduraimov4@gmail.com

[Tocne Tepmuyeckoit 06paboTKK 00pa3ipl KpeMHUN—cepeOdpo ObLTN MPOaHAIU3UPOBAHBI C
WCIIOb30BaHUEeM PamaH-CcrieKTpoMeTpa C JUIMHOW BOJIHBI BO30YXaeHus 785 M. M3HavyaibHO
CHEKTPAJIbHOMY aHaJIM3y ObUI MOJBEPTHYT XMMHUYECKHU OUMIICHHBIH OOpas3er] KpeMHHs p-THIla
(cM. pucyHok 1).
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Pucynok 1. PaMmaHoBCKHi CIEKTP MCXOAHOT0 00pa3na ¢ NpPOBOAMMOCTbIO
6 =0.45 Om'ecm .
Jlis m3ydeHus: B3aUMOJICHCTBUS MEXAY KPEMHHEM U cepeOpoM Takke ObUl MOJydeH
PamanoBckuii ciekTp obpasiia KpeMHUS ¢ BHEAPEHHBIM cepedpom (prcyHok 2). Ha moBepxHocTH

ObLTH 3aMKCUPOBaAHBI (ha30BHIC TIPEBPAILICHHUS.
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angdysupoBanHbIM cepedpom nocie 2 yacos Auppy3un npu temneparype T = 1373 K.
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JU71s1 BBISIBJICHUS Pa3InIuid MEXTy UCXOTHBIM 00pa3iioM u obpasnamu ¢ 1updy3upoBaHHBIM
cepeOpoM HX CHEKTPhI ObLITH HAJIOKEHBI JPYT HA APYra, a COOTBETCTBYIOLINE YYACTKU CIIEKTPOB

yBenudeHsl (pucyHnku 3a, 3b, 3c u 3d).
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OTU U3MEHEeHHsI JEMOHCTPUPYIOT, UTO BHEAPEHUE cepedpa B KPEMHUM p-THUIA NPUBOIUT K
YBEIHUYEHUIO0 aMOp(HOI 00JIaCTH U CHIXKEHHIO KpUCTAILTMYHOCTH. Kpome Toro, mpoBoauMocTh
m3menunack ¢ 0,4 no 0,56 Om'scm'. XoTs yBenuueHue amopdHOi ¢da3bl B KPEMHHH MOXKET
BBI3BIBATh OIpeAeNEHHbIe OTpUIaTeNbHbIe A((EKTHI, OHO TaKkKe 00J1a/1aeT PSIIOM MPEUMYIIECTB,
OCOOCHHO TPHU HCIIOJIB30BAHUM B KOHKPETHBIX TEXHOJIOTMUECKUX MPOIeccax M yCTPOMCTBAX.
Huxe mnpuBeneHbl HEKOTOpPblE MOTEHIMAIBbHBIE IPEUMYIIECTBA YBEIUYECHHOW amMopdHOi
obmactu: Huzkast CTOUMOCTb IPOU3BOJICTBA. AMOP(HBIM KPEMHHIA Je1ieBiie B MPOU3BOICTBE, YEM
KPUCTAJIMYECKUI, MOCKOIBKY HE TpeOyeT BBICOKOTEMIEpaTypHOHl 0OpaOOTKU WM CIOXKHOU
KpUCTAITM3alMU. JTa SKOHOMUYHOCTh OCOOCHHO Ba)KHA JJIS MACCOBBIX MPUMEHEHUH, TAKNX KaK
0a30BbIC COJIHCUHBIC TMaHeau u ceHcopbl [1]. I'mOkocTh. AMoOp(dHBIH KpeMHHI ITUPOKO
HCIOJIb3YETCSl B TOHKOIUIEHOYHBIX TeXHONOrusax. Ero rubkas mpupoaa AenaeT ero moaxoasiium
JUTS U3TUO0AEMBIX YCTPOUCTB, TAKUX KaK TMOKHE COIHEYHBIC AIEMEHTHI U TUCIUied. B oTinune ot
KECTKOTO U XPYMKOT0 KPUCTAILTUIECKOTO0 KPEeMHHsI, aMOp(HBIA KPEeMHH MO3BOJISIET CO3/1aBaTh
KOHCTPYKIIMU pa3HOOOpa3HbIX reoMeTpuueckux (Gopm. Bricokas crmocoOHOCTH K MOTIIOIIEHUIO
cBeta. AMOpGHBIN KpeMHHI 00aaeT CUIBbHBIMUA CBETOMOTJIOMIAIOIIUMU XapaKTePUCTHKAMU,
9TO JenaeT ero 3(hGEeKTUBHBIM i MPeoOpa3oBaHUs COJTHEYHOM SHEPruu. B TOHKOMIEHOUYHBIX
CONTHEYHBIX TAHENAX COJIHEYHBIH CcBeT J(PQPEKTUBHO TOTJOIMIAeTCS U Mpeodpa3yercs B

Pucynok 3c. YBenuueHHoe u3o0paxeHnmne
cnekTpajibHoii 061actu ot 400 em™* 10 600 cm 7.
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AIIEKTPUYECKYI0 SHEPrHi0 JIaKe IpU HCIOIB30BAaHUHM HEOOJBIIOrO KOJUYECTBA MaTepuaa.
Huskue snepro3arparsl Ha Mpou3BoACTBO. [Ipon3BoACTBO aMOPPHOTro KpeMHUS TpeOyeT MEHBIIIE
SHEPruM 10 CPaBHEHUIO C KPUCTAUIMYECKUM KPEMHHUEM, UTO BaXKHO MpU pa3paboTke
SKOJIOTMYECKA YMCTBIX TEXHOJNOTHHA. BbICOKas 4yBCTBUTEIBHOCTh K CBETYy. briaromaps
3P PEeKTHBHOMY MOTJIOMIEHUIO CBeTa aMOP(HBIA KPEeMHUH HCIONB3yeTcss B (POTOJETEKTOpax U
(OTOHHBIX YCTPOWCTBAX, TJI€ OH TOBBIMIAET CBETOYYBCTBHTEIBLHOCTh M CKOPOCTh OTKIIHKA.
[IpocTroTa W mMUPOTa TEXHOJIOTHYECKOTO MPUMEHECHHs. AMOPQHBIA KPEMHHUU HCIIONB3YETCS B
MOBCETHEBHBIX JJICKTPOHHBIX YyCTpoiicTBax, Takux Kak JKK-mucruien, 0a3oBbie COTHEUYHBIC
MIaHEJH, CBETOMOHBIE CUCTEMBI U IPYTHUE OCBETHTEIBHBIE TEXHOJIOTHH OJaro1aps JIErKOCTH €ro
unterpanui [2]. IIpoctoTa coznanus CI0XKHBIX CTPYKTYp. ETro MOXKHO JIerko HAaHOCUTh METOAAMHU
pacIbUICHHS WM TIOKPBITHSA, YTO TO3BOJISIET (hOPMHUPOBATH KPYITHOPA3MEPHBIE CTPYKTYPhI. XOTs
€r0 HU3KUW aTOMHBIA TOPSAJOK OTPAaHMYMBACT MPUMEHEHUE B HEKOTOPBIX BHICOKOA(()EKTUBHBIX
YCTPOUCTBAX MO CPABHEHHUIO C KPUCTALTUYECKUM KPEMHHUEM, €r0 SKOHOMUYHOCTh, THOKOCTb U
SKOJIOTHYHOCTE JENAal0T €ro OCOOCHHO NOAXOMAIIMM IS COJHCUHBIX IIaHeJIed, T'MOKOH
ANIEKTPOHUKH U JETKUX TEXHOJIOTHI.

Pesynbrarel Paman-criekTpockonuu: PaMaH-CIIEKTpaibHBIA aHaIM3 IOKa3aJl BHEIPECHHE
aTOMOB cepedpa B TOBEPXHOCTh KpeMHHUs. B pe3yibrare B3auMoaelcTBUs ¢ cepedpoM MOSBUITUCH
HOBBIE TUKH, YKa3bIBAIONTHE Ha (ha30BbIE IPEBPAICHUS B KPEMHUN-CEPEOPSHON KOMIIO3HUITUH.

B nannolt pabGore ObUIO pPaccCMOTPEHO BHICOKOA((EKTHUBHOE OYHUIIEHHE IMOBEPXHOCTHU
KpPEMHHS W aHAJIN3 W3MEHEHUH, MPOUCXOJAIINX TMOCIe TEPMHUUYECKON 00paboTKH ¢ cepedpoM.
[TosydeHHbIe pe3ysbTaThl TOKA3bIBAIOT, YTO: BhicOKOOUMIIIEHHAS TOBEPXHOCTh KPEMHUS CO3AaET
OJlarompusITHBIC yCIIOBUA i1 aTroMHOW muddy3um cepebpa; PamaH-CieKTpOCKOMNHST OKa3aiach
3¢ (GEeKTUBHBIM METOJOM ISl BBISIBICHUS B3aUMOJEUCTBUN MEXKIY KpEMHHUEM M cepeldpoM,
noATBepAUB (POPMHUPOBAHNE HOBBIX XUMHUYECKUX (a3.

OTU pe3yNbTaThl ABISIOTCA 3HAYUMBIMU VIS YTIyOIEHHOTO MOHUMAaHUS B3aHMMOJCHCTBHIMA
MEXJy MOHOKPHUCTAJUIMYECKUM KpPEMHHEM M MeTallaMd B OONAcTH JJIEKTPOHUKU U
MarepuanoBeaeHus [3].

Jlureparypa:
1. I'pun M. A. Kpemnueguvle conneunvle 21emenmol. NPOOSUHYMble NPUHYUNBL U NPAKMUKA.
Lentp hoTOdMEKTPUUECKUX YCTPOUCTB U cucteM, YHuBepcuteT HoBoro KOxxHoro Yanbca, 1995.
2. Ctput P. A. Booopoocooepocawuii amopghuviii kpemruti. KeMOpUDKCKUN YHUBEPCUTET,
1991.
3. [MaBesu JI., JlokByn . k. (pen.). Kpemnuesasa pomonuxa. I3narensctBo Springer, 2004.

OXYGEN PRECIPITATION DISTRIBUTION IN SILICON DURING HIGH-
TEMPERATURE THERMAL ANNEALING

R.R. Burkhonov!, G.Sh. Ochilova?
Nanotechnology Development Center, National University of Uzbekistan
National University of Uzbekistan, Physics Program

Samples subjected to high-temperature pre-annealing exhibit a stable increase in oxygen
precipitation, which depends on the annealing time and temperature. Measurements of the density
of oxygen precipitates indicate that oxygen deposition within the wafer is non-uniform, reaching
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peaks near the surfaces and a minimum in some regions of the sample. High annealing
temperatures lead to the formation of defects that serve as precursors for the subsequent nucleation
and growth of oxygen precipitates [6,7]. Previous studies [1] have shown that the suitable
temperature range for the growth of oxygen precipitates is from 870 to 1100°C, since in this range
the formation and dissolution of oxygen precipitate nuclei is minimized [2].

In this work, we studied the process of enhancing the kinetics of oxygen precipitation due to
vacancy injection at high temperatures in polished silicon wafers with a resistance in the range of
p =10-20 Q cm . The initial concentration of interstitial oxygen in the sample was measured using
a Fourier transform infrared spectrometer and was found to be 7.7x10'7 at cm™. The sample was
subjected to rapid thermal annealing in an argon atmosphere at temperatures from 850 to 1250°C
for times from 1 to 45 s, depending on the temperature.
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Fig. 1. Dependence of the density of precipitates on the time of heat treatment at
1250°C for 45 s in an argon atmosphere.

Cooling rates of about 55°C/s were used. Samples treated by the rapid thermal annealing
method were subjected to a two-stage treatment consisting of 5 h at 850°C and 18 h at 1150°C in
an argon atmosphere. The residual oxygen concentration and the oxygen precipitate density were
measured by etching cleaved cross-sections of the samples with an etching solution. The
dependence of the percipitated oxygen concentration on the pre-annealing time at different
temperatures was recorded by counting defects under an optical microscope at 800x magnification
[3,6,7]. Typical oxygen precipitate density depth profiles for three different annealing times at
1250°C are shown in Fig. 1. A significant increase in oxygen precipitation was observed with
increasing heat treatment time. This increase also strongly depends on the relative value of the
heat treatment temperature. Cross-section etching showed that this increase in oxygen precipitation
is not uniform throughout the entire thickness of the sample: the precipitation density increases
throughout the entire thickness of the wafer, and density peaks are observed near each of the
surfaces.

The data in Fig. 1 show that short heat treatment times above 1050 °C are extremely effective
in increasing oxygen precipitation during subsequent treatment at 850/1150 °C. Subsequent
annealing at 900 °C for 4 hours and at 1100 °C for 16 hours prevents additional crystal nucleation
and, under normal conditions, has an effect solely on the growth of existing nuclei (Fig. 2). Thus,
we can state that high-temperature heat treatment creates a new type of defects that can be, at least
partially, stabilized as oxygen precipitate nuclei during treatment at 850/1150 °C. We will refer to
these defects as high-temperature nuclei to clearly distinguish them from the nuclei into which
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they transform, as well as from the nuclei formed at a lower temperature and themselves
precipitated [4,5,8].
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Fig. 2. Precipitate density distribution profile by depth after heat treatment at 1250°C

for 45 s in an argon atmosphere.

Currently, the nature of these defects is not fully understood; there is experimental data
indicating a correlation with the argon environment during high-temperature processing. It is
known that many of the observed phenomena of oxygen kinetics in silicon can be described within
the framework of the classical theory of homogeneous nucleation [1,2] and diffusion-limited
growth [3,4]. However, recently, numerous heterogeneous effects on oxygen nucleation have been
observed: high concentrations of dopants, as well as the concentration of carbon or a silicon layer
on the back side of the wafers, can significantly affect the kinetics of oxygen precipitation.
Increased oxygen precipitation has also been observed near surfaces with a high density of
oxidation-induced stacking faults. In all these situations, the role of internal point defects appears
to be significant.

Thus, this study experimentally investigated the distribution of oxygen precipitation density
in silicon wafers subjected to rapid thermal annealing in an argon atmosphere at temperatures
ranging from 850 to 1250°C. It was determined that the precipitation density increases throughout
the entire sample thickness, with density peaks observed near each surface and a significant
increase in oxygen precipitation, unevenly distributed throughout the sample thickness, with
increasing heat treatment time.

Literature:
1. F.S. Ham, J. Phys. Chem. Solids 6, 335 (1958).
2. P. Fraundorf et al., J. Appl. Phys. 58, 4049 (1985).
3. Y. Yamanaka, Jpn. J. Appl. Phys. 31, 2519 (1992).
4. G. Borionetti et al., ASTM STP 990, 1989.
5. L. Fu, D. Yang, X. Ma, G. Yang, Q. Duanlin. Journal of Semiconductors, 2007.
6. X. Zhang et al., Materials Science in Semiconductor Processing, 2018.
7. Z. Liet al., Journal of Crystal Growth, 2024.
8. Y. Wang et al., Materials Science in Semiconductor Processing, 2025.
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YARIMO‘TKAZGICHLAR FIZIKASIDA CHUQUR SATHLAR
PARAMETRLARINI ANIQLASHDA ARRENIUS GRAFIGINING O‘RNI

X.S. Daliyev?, F.F. To‘yboyev?, B.O. AbduraximovaP®
30 zbekiston Milliy universiteti huzuridagi Yarimo ‘tkazgichlar fizikasi va mikroelektronika
ilmiy-tadqiqot instituti, Toshkent, O ‘zbekiston.
bMirzo Ulug ‘bek nomidagi O ‘zbekiston Milliy universiteti
fazliddinjon08088@gmail.com

So‘nggi yillarda aralashmalarning o‘zaro ta’sirini o‘rganish yarimo‘tkazgichlardagi chuqur
markazlar fizikasining eng muhim muammolaridan biri hisoblanadi. Kremniyning tagiglangan
zonasida chuqur energetik holatlarni hosil qiluvchi aralashmalarning ofzaro ta’siri
yarimo‘tkazgichning elektr va fotoelektrik xossalarining sezilarli darajada o‘zgarishiga, turli
klasterlar va ikkinchi faza ajratmalari shakllanishiga olib kelishi mumkin [1].

Yarimo‘tkazgichli materiallar, xususan, kremniy tarkibidagi chuqur sathlarni (CHS)
o‘rganish zamonaviy mikroelektronikaning dolzarb masalalaridan biridir. Chuqur sathlarning
asosiy parametrlari - ionlanish energiyasi (E,) va tutish kesimi (o) hisoblanib, ularni aniglashda
Arrenius grafigi usuli eng ishonchli yechim hisoblanadi [2].

Arrenius tenglamasi DLTS (Deep Level Transient Spectroscopy) uchun

en = yT?exp (,:Bii) (1)

- kg bolsman doimiysi;

- enemmissiya tezligi;

-y materialga xos doimiy koeffitsiyent;

- AE aktivlanish energiyasi (o‘tkazuvchanlik zonasi tubiga nisbatan chuqurligi);

- T2 bu yerda kvant-mexanik hisoblar tufayli qo‘shimcha harorat koeffitsienti mavjud.

Yugoridagi (1) — formulani logarifimlasak formula quyidagicha bo‘ladi.

In2% = InA — (é—ET) (2)

Bunda y ordinata o‘qiga ln% ni, x absissa o‘qiga % deb olsak To‘g‘ri chiziq hosil bo‘ladi.
Bu grafik arrenius grafigi deyiladi. Eksperiment davomida olingan natijalar asosida In(e,, /T ?)ning
1000/T ga bog‘liglik grafigi chiziladi (1-chizma). Hosil bo‘lgan to‘g‘ri chizigning qiyaligi
(tangens burchagi) to‘g‘ridan-to‘g‘ri nugsonning ionlanish energiyasini (Ea) beradi. 1- chizma
misolida “Eksperimental Arrenius grafiklari” keltirilgan. Arrenius grafigida ordinata o‘qi (Y)
sifatida -lg(@)ning tanlanishi bejiz emas. Bu fizik jarayonning chuqur sathlarga (tuzoglarga)
bog‘ligligini ko‘rsatadi. Yarimo‘tkazgichlarda 6 - bu erkin tashuvchilar konsentratsiyasining
tuzoglarda tutilgan tashuvchilar konsentratsiyasiga nisbatini ifodalovchi parametrdir.

Ya’ni: o~ 3
ne
Harorat ko‘tarilishi bilan tuzoglardagi elektronlar termik energiya hisobiga ozod elektronga
aylanadi.
0 koeffitsienti haroratga eksponentsial bog‘liq,
—AE
6 =Cexp — 4)
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1-chizma. Yarimo‘tkazgichdagi chuqur sathlarning emissiya koeffitsientining
haroratga bog‘ligligi.

Yuqoridagi nazariy hisoblarimizni hisobga olish uchun 1-chizmada tajriba grafiklaridan
ko ‘rish mumkin. 1 - chizmada yarimo‘tkazgichdagi chuqur sathlarning emissiya koeffitsientining
haroratga bog‘liqligi ko‘rsatilgan. Grafikda ikki xil bo‘lmagan tuzoqglar uchun Arrenius bog‘ligligi
uchun A va B markazlari mavjud ular A chiziqgi (ko‘k) va B chizig‘i (qizil). Ushbu grafikdagi
chizigning og‘ish burchagi (qiyaligi) bizga chuqur sathning energiyasini (E:) beradi. Chiziq
qanchalik tik bo‘lsa, sath shunchalik chuqur bo‘ladi.

A chizigi (ko‘k): Bu sathning aktivlanish energiyasi Ea = Ec-0.23 eVga teng. Bu sath
nisbatan “sayoz” bo‘lib, o‘tkazuvchanlik zonasiga yaqin.

B chizig‘i (qizil): Bu sath uchun aktivlanish energiya yuqoriroqda -Ea = Ec-0.39 eVga
tengligini ko ‘rishimiz mumkun [3].

Tajriba natijalarining Arrenius grafigidagi tahlili shuni ko‘rsatadiki, o‘rganilayotgan
namunalarda ikki xil chuqur sath mavjud. Grafikning qiyaligi bo‘yicha hisoblangan ionlanish
energiyalari E¢ - 0.23 eV va E¢ - 0.39 eV ga teng. To‘g‘ri chiziglarning chiziqlilik darajasi
yugoriligi ushbu markazlarning termik aktivlanish xarakteriga ega ekanligini va Arrenius
gonuniyatiga to‘liq bo‘ysunishini isbotlaydi [3].

Yugoridagi chizmadan ko‘rinadiki Arrenius garfigi taqiqlangan zonadagi chuqur sathlarning
joylashuvi, nugsonning tabiati, rekombinatsion markazni va namuna tipini (p,n) aniglashda
yordam beradi.

Foydalanilgan adabiyotlar ro‘yxati:
1. Daliyev X.S., Lebedev A.A. Legirlangan yarimo‘tkazgichli materiallarning xossalari. — M.:
Nauka, 1990.
2. Zaynabidinov S.Z., Daliyev X.S. Kremniyda nugsonlarning hosil bo‘lishi. — Toshkent:
Universitet, 1993.
3. Sharifa B. Utamuradova, Khojakbar S. Daliev, Shakhrukh Kh. Daliev, Uktam K. Erugliev.
Capacitive Spectroscopy Of Deep Levels In Silicon With Samarium Impurity. East European
Journal Of Physics. 2023.
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OPTOELECTRONIC DEVICE FOR MONITORING DUST ON
PHOTOELECTRIC MODULE SURFACES

O.Kh. Kuldashov, D.O. Nabiev
Research Institute of Semiconductor Physics and Microelectronics Republic of
Uzbekistan, Tashkent

Solar energy is increasingly becoming an important renewable and environmentally friendly
source of energy in modern energy systems. Factors such as environmental pollution, global
warming, and the depletion of traditional fuel resources are increasing the need for sustainable
technologies in energy production. From this perspective, photovoltaic technologies have great
potential to ensure energy security, reduce carbon footprints, and increase economic efficiency.
[1].

However, the actual efficiency of solar panels depends on a number of external factors,
among which dust accumulation on the surface is noted as one of the most serious problems.
According to scientific sources, the layer of dust on the surface of the panels acts as an optical
barrier, significantly reducing the amount of light reaching the photovoltaic elements. This, in turn,
leads to a decrease in the useful work coefficient in photovoltaic plants [2].

Studies have shown that dust accumulation can reduce the output power of a panel by 5-30%
within a few days, and this figure is likely to be even higher for panels that have not been cleaned
for a long time. Especially in regions with dry and windy climates, the level of dust accumulation
increases sharply, further reinforcing the need for regular maintenance of photovoltaic
installations. Therefore, monitoring, detecting and developing effective cleaning methods for dust
accumulation on the surface of solar panels is one of the most relevant scientific and technical
directions in the field of photovoltaics. In this regard, the possibility of assessing the efficiency of
panels in real time is expanding through the use of optoelectronic methods, spectral analysis
methods and automated monitoring systems.

A single-wave two-channel optoelectronic device was developed to control dust
accumulation on the surface of solar panels. Its operation is based on the comparison of optical
radiation intensities passing through a transparent glass placed next to the panel and an open space..

The photoelectric module is an optoelectronic device designed to detect dust on the surface
(Fig. 1), which includes a generator 1, two infrared emitting diodes (LED1, LED2) and
photodiodes (FD1, FD2), comparators 2 and 3, a photoelectric signal processing unit 4, an
indicator 5 and a transparent glass 6.

During the research, the proposed single-wavelength, two-channel optoelectronic device for
detecting dust accumulation on the surface of solar panels was tested in laboratory and natural
lighting conditions. The measurements were carried out by comparing the radiation flux passing
through transparent glass and the reference radiation intensities received directly in the open air.
The experimental results showed that the difference between the signals received from the
photodiodes increases with the formation of a dust layer on the glass surface. In cases where the
amount of dust is small, the values of the signals of both channels are close to each other, and the
difference is kept to a minimum. As a result of the increase in the dust layer on the surface, the
radiation intensity recorded by the photodiode under the transparent glass decreases significantly.
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Figure 1. Block diagram of the optoelectronic device for detecting dust on the
photovoltaic module surface.

According to the measurement results, it was observed that the relative difference between
the photoelectric signals increases proportionally with the increase in the level of dust on the
surface. This confirms that the device is capable of accurately and stably recording dust
accumulation. The results obtained show that the proposed optoelectronic method is effective in
monitoring dust on the surface of solar panels. The proposed two-channel optoelectronic method
is a convenient and reliable solution for real-time monitoring of dust accumulation on the surface
of solar panels. The main advantage of the method is the ability to reduce the influence of external
lighting changes by comparing the radiation transmitted through transparent glass with the
reference radiation flux in the open space.

Compared to traditional methods, the proposed device allows to achieve high accuracy based
on relatively simple elements, without requiring complex spectral analysis equipment. Also, the
use of infrared light-emitting diodes increases the stability to external influences and ensures
repeatability of measurements. The important point is that this optoelectronic method is maximally
approximated to the constructive glass surface of solar panels, and the measurement results
correspond to practical operating conditions. This allows for timely planning of cleaning work,
reducing operating costs and increasing the overall energy efficiency of photovoltaic systems. At
the same time, in the future, it is possible to further expand the possibilities of integrating the
device with automatic cleaning systems.

Based on the principle of comparison of radiation intensities measured through transparent
glass and in open space, the proposed device made it possible to record the dust level in a reliable
and stable manner. The obtained results confirmed that the device has high accuracy in practical
operating conditions and is an effective solution for increasing the efficiency of solar panels and
organizing cleaning processes in a timely manner..

Literature:
1. Hassan A., Rahoma U.A., EIminir H. K., and A. Fathy, "Effect of airborne dust concentration
on the performance of PV modules” // J. Astron. Soc. Egypt. vol. 13, no. 1, pp. 24-38, 2005.
2. Perez-Anaya, E.; Elvira-Ortiz, D.A.; Osornio-Rios, R.A.; Antonino-Daviu, J.A. Methodology
for the Identification of Dust Accumulation Levels in Photovoltaic Panels Based in Heuristic-
Statistical Techniques. //Electronics 2022, 11, 3503. https: doi.org/10.3390/electronics11213503.
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N(Si2)1x(GaP)x EPITAKSIAL QATLAMLARI ELEKTR
O‘TKAZUVCHANLIGINING AKTIVLANISH ENERGIYASI

A.S. Saidov, Sh.N. Usmonov, O.Z. Turg‘unov*
O zbekiston Respublikasi Fanlar akademiyasi S.A. Azimov nomidagi fizika-texnika instituti
*otabeksemicon@gmail.com

Ushbu ishda suyuq fazali epitaksiya usuli bilan olingan (Si2)1-x(GaP)x epitaksial
plyonkalarida solishtirma elektr o‘tkazuvchanlikning temperaturaga bog‘ligligi tadqiq qilindi.
Tajriba Van der Pauw [1] metodi orgali HMS 7000 Hall effect measurments system qurilmasida
80 K dan 750 K gacha bo‘lgan itervalda olib borildi (1-a) rasm). Namunaga omik kontakt material
sifatida Ag va kontaktni mexanik ta’sirlardan himoya qilish uchun Ni ishlatildi. Yarimo‘tkazgich
materiallarda elektr o‘tkazuvchanlikning temperaturaga bog‘liqligi zaryad tashuvchilarning
konsentratsiyasi va ularning harakatchanligi bilan belgilanadi. Shu sababli temperaturaning
o‘zgarishi materialdagi zaryad tashish mexanizmlariga sezilarli ta’sir ko‘rsatadi. Xususan
yarimo ‘tkazgichlarda elektr o‘tkazuvchanlikning temperaturaga bog’ligligidan
o‘tkazuvchanlikning aktivlanish energiyasini aniglash mumkin [2]. Tajriba natijalari elektr
o‘tkazuvchanlikning temperaturaga bog‘liqligi keng 7lemperature intervalida aktivatsion
xarakterga ega ekanligini ko‘rsatdi. Aktivatsion mexanizm yaqinlashuvida elektr o‘tkazuvchanlik
quyidagi eksponensial bog‘lanish bilan ifodalanadi

0 = opexp (—Eq/kT) D
bu yerda oo — temperaturaga chiziqli bog‘liq bo‘lmagan koeffitsient, Ea — aktivlanish
energiyasi, k — Boltsman doimiysi, T — 71emper 71emperature.
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1-rasm. (Si2)1.x(GaP)x namunasi solishtirma elektr o‘tkazuvchanligini haroratga
bog‘ligligi a) — logarifimik va 1000/T o‘qlarda, b) — grafikning chizigli
ekstrapolyasiyalangan gismi.

Elektr o‘tkazuvchanlikning aktivlanish energiyasini aniqlash uchun Arrenius
koordinatalarida ¢ = f(1/T) funksiya grafigi yasaladi (1-b) rasm). Grafikning chizigli gismi elektr
o‘tkazuvchanlik bitta asosiy aktivatsion mexanizm bilan aniqlanadigan temperatura intervaliga
mos keladi. Mazkur chizigli gismning qgiyaligidan aktivlanish energiyasi hisoblab topildi.
Hisoblash natijalariga ko‘ra epitaksial gatlam uchun aktivlanish energiyasi Ea ~ 32 meV ga teng
ekanligi aniglandi. Ushbu giymat donor aralashma markazlarining ionlanish energiyasiga mos
keladi. Bu holat tadqiq etilayotgan plyonkada elektron tipdagi o‘tkazuvchanlik mavjudligini
ko‘rsatadi. Past temperaturalar sohasida donor markazlarining bir qismi ionlashmagan holatda

71


mailto:otabeksemicon@gmail.com

II IIYBBA. MUKPODJIEKTPOHUKA BA DJIEKTPOTEXHUKA MYAMMOJIAPH

bo‘lib, bunda zaryad tashuvchilar konsentratsiyasi kichik qiymatga ega bo‘ladi. Temperatura
ortishi bilan donor atomlari asta-sekin ionlashadi va erkin elektronlar konsentratsiyasi ortadi,
natijada elektr o‘tkazuvchanlik ham ortadi. Shunday qilib, olingan natijalar (Si2)i1x(GaP)x
epitaksial plyonkalarida elektr o‘tkazuvchanlikning temperaturaga bog‘ligligi donor
markazlarning termik ionlanishi bilan belgilanishini ko‘rsatadi. Aniqlangan aktivlanish energiyasi
materialdagi asosiy donor sathining energetik chuqurligini tavsiflaydi va yarimo‘tkazgichning past
hamda o‘rta temperatura sohalaridagi elektr xossalarini tushuntirishga imkon beradi.
Adabiyotlar:
1. L.J. van der Pauw. A method of measuring specific resistivity and hall effect of discs of arbitrary
shape. Philips res. Repts 13,1-9,1958.
2. D.D. Nedeoglo et al. Electrical properties of n-type epitaxial GaP layers. Phys. Stat. sol. (a) 36,
659 (1976).

ISSIQXONALAR UCHUN YORUG*‘LIK DIODLI FITONURLANTIRGICH

S.Q. Qarshiyev
Mirzo Ulug’bek nomidagi O ‘zbekiston Milliy universiteti O zbekiston, Toshkent sh, Yangi
Olmazor ko ‘chasi 20 uy. 100069
e-mail:suxrobgarshiyevl1003@gmil.com

Hozirgi kunda sun’iy yoritish sharoitida o‘simliklarni yetishtirish zamonaviy agrar va
biotexnologik rivojlanishning muhim yo‘nalishlaridan biri hisoblanadi. Ushbu yo‘nalish ko‘plab
mamlakatlarda haydaladigan yer maydonlarining kamayib borishi va iqlim omillarining o‘zgarishi
sharoitida 0zig-ovqat xavfsizligini ta’minlash hamda barqaror gishloq xo‘jaligi mahsulotlarini
ishlab chiqarishini yo‘lga qo‘yishning strategik vositasi sifatida qaralmoqda [1].

Himoyalangan yer sharoitida o‘simliklarni yetishtirish samaradorligini belgilab beruvchi
eng muhim parametrlardan biri yoritish tizimi hisoblanadi. Yorug‘lik nafagat fotosintez uchun
asosiy energiya manbai, balki o°simliklarning morfogenezi, biokimyoviy jarayonlari va
mahsuldorligini boshgaruvchi muhim omil hisoblanadi. So‘nggi o‘n yilliklarda LED
texnologiyalarining jadal rivojlanishi kuzatilmoqda. Bu esa an’anaviy yoritish manbalari
(cho‘g‘lanma lampalar, natriy va lyuminessent lampalar)dan energiya tejamkor, nurlanish
spektrini boshqarish imkoniyatiga ega bo‘lgan tizimlarga o‘tishga olib keldi. Yangi avlod
svetodiodli fitonurlantirgichlar fotosintetik faol radiatsiya diapazonida (400—700 nm) spektrni anig
shakllantirish imkonini beradi va bu fotosintez, o‘simliklarning vegetativ o‘sishi hamda gullashi
uchun optimal sharoitlarni ta’minlaydi [2].

O‘zbekiston Respublikasi sharoitida issigxonalar qgishloq xo‘jaligining ustuvor va jadal
rivojlanayotgan tarmoqlaridan biri hisoblanadi. Tarmoq statistikasi ma’lumotlariga ko‘ra,
mamlakatdagi issigxonalarning umumiy maydoni taxminan 6,5 ming gektarni tashkil etadi.
Ularning taxminan 1,1 ming gektari (17 %) gidroponika qurilmalariga, 4,9 ming gektari (83 %)
esa tuproq substratiga asoslangan issigxonalarga to‘g‘ri keladi. Bu ko‘rsatkichlar tarmoqning
yuqori intensivlikda rivojlanayotganini ko‘rsatadi va mikroiglimni boshqarish hamda sun’iy
yoritish tizimlari bilan integratsiyalashgan energiya tejamkor komplekslarini ishlab chigish
zarurligini tasdiglaydi [3].
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Shu sababli, gayta tiklanuvchi energiya manbalaridan foydalanish bilan birga issigxonalarda
yoritish parametrlarini takomillashtirish O‘zbekistonda agroinjenerlik texnologiyalarini
rivojlantirishning ustuvor yo‘nalishlaridan biri hisoblanadi.

Ishlab chiqilgan fitonurlantirgich pomidorlarni fotosintetik yoritish uchun mo‘ljallangan.
Qurilma konstruksiyasi korpusdan (1) iborat bo‘lib, uning ichida turli spektral diapazonda
nurlanuvchi yorug‘lik diodlar majmuasi joylashtirilgan. Bu nurlanish 410-800 nm diapazonida
uzluksiz spektrni shakllantirib, fotosintetik faol radiatsiya sohasiga mos keladi.

Fitonurlatgich tarkibiga quyidagilar kiradi:

e ko‘k yorug‘lik diodlar (2) - nurlanish to‘lqin uzunligi 410-500 nm;

« gizil yorug‘lik diodlar (3) - 600-650 nm diapazonda;

e chuqur qizil yorug‘lik diodlar (4) — 650-700 nm diapazonda;

« uzoq qizil yorug‘lik diodlar (5) — 700-800 nm diapazonda;

e lyuminoforli ko‘k yorug‘lik diodlar (6) - gayta nurlanish maksimumi spektrning
yashil sohasida (500-600 nm). Qurilmaning elektr ta’minoti quyosh fotoelektr moduli (7) orqali
zaryad kontrolleri (8) va akkumulyator batareyasi (9) yordamida amalga oshiriladi. Bu esa
markazlashgan elektr ta’minoti mavjud bo‘lmagan sharoitlarda tizimning avtonom va mavsumiy
bargaror ishlashini ta’minlaydi. Ekspluatatsiya jarayonida parametrlarni bargarorlashtirish uchun
yorug‘lik diod drayveri (10) qo‘llaniladi. U doimiy harorat rejimida ishlab, yoritish
parametrlarining uzoq muddat barqarorligini ta’minlaydi.

Mikrokontroller (11) o‘simliklarning o‘sish va rivojlanish bosqichiga qarab har bir spektral
guruh yorug‘lik diodlarining nurlanish intensivligini £2 % aniqlikda boshgaradi.

1-rasmda yorug‘lik diodli fitonurlantirgichning blok-sxemasi keltirilgan.
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1. Yorug‘lik diodli fitonurlantirgichning blok-sxemasi

O‘tkazilgan tadqiqotlar natijasida issigxona sharoitida o‘simliklarni samarali yoritish
uchun mo‘ljallangan energiya tejamkor yorug‘lik diodli fitonurlantirgich ishlab chiqildi. Taklif
etilgan qurilma fotosintetik faol radiatsiya diapazonida (410—800 nm) nurlanishni ta’minlovchi
ko‘p spektrli yorug‘lik diodlar majmuasidan tashkil topgan bo‘lib, o‘simliklarning fotosintez
jarayonini faollashtirish, vegetativ o°sishini tezlashtirish va mahsuldorligini oshirishga xizmat
giladi. Qurilmada ko‘k, qizil, chuqur qizil va uzoq qizil diapazondagi svetodiodlarning birgalikda
qo‘llanilishi o‘simliklarning biologik ehtiyojlariga mos spektral tarkibni shakllantirish imkonini

73



II IIYBBA. MUKPODJIEKTPOHUKA BA DJIEKTPOTEXHUKA MYAMMOJIAPH

beradi. Tizimning quyosh fotoelektr moduli, zaryad kontrolleri va akkumulyator batareyasi orgali
ta’minlanishi uni avtonom va energiya tejamkor holda ishlashini ta’minlaydi.

Shu tariqa, ishlab chiqilgan fitonurlantirgich issigxona o‘simlikchiligida sun’iy yoritishning
energiya tejamkor, boshqariladigan va yuqori samarali tizimini yaratish imkonini beradi hamda
O‘zbekiston sharoitida zamonaviy agroinjenerlik texnologiyalarini rivojlantirishga xizmat giladi.

Adabiyotlar:
1. Mironyuk S.S., Smirnov A., Sokolov A., Proshkin Y. Optimization of spectral composition and
energy economy effectiveness of phyto-irradiators with use of digital technologies // Handbook of
Research on Energy-Saving Technologies for Environmentally-Friendly Agricultural
Development. 1GI-Global. 2020. Pp. 191-212.
2. D. Bisht, D. Kumar, D. Kumar, K. Dua, D.K. Chellappan Phytochemistry and pharmacological
activity of the genus artemisia Arch. Pharm. Res., 2021. 44. pp. 439-474.
3. D.K. Kwon, J.M. Myoung. Wearable and semitransparent pressure-sensitive light-emitting
sensor based on electrochemiluminescence ACS Nano. 2020.14. pp. 8716-8723.

MODELING THE CHARACTERISTICS OF A FIELD-EFFECT TRANSISTOR
WITH A QUANTUM DOT ARRAY CHANEL

A.R. Khudaybergenov
PhD Student, Karakalpak State University
abdumuxammedxudaybergenov@gmail.com

This study considered numerical modeling study of a field-effect transistor (FET) with an
array of quantum dots (QDs) forming a channel. Utilizing the Coulomb blockade effect and the
density of states in the QD array, we investigate how quantum dot size distribution affects the
current-voltage characteristics. Simulations show how the accuracy of distribution is improved by
increasing the number of particles in an array and how it affects device characteristics. This model
can be used in the development of future nanoelectronic devices.

Field-effect transistors (FETs) with quantum dot channels have attracted significant attention
due to their potential applications in nanoelectronics. Quantum dots (QDs) are nanoscale
semiconductor particles with discrete energy levels. QDs have the ability to exhibit quantized
transport effects and Coulomb blockade when placed in an array between source and drain
electrodes. These effects have a significant impact on the characteristics of the device.

This study focuses on modeling the transport properties of a FET with a QD array channel.
The main objective is to understand how QD size distribution affects the current-voltage (I-V)
characteristics and electron occupation numbers, providing insights for future device optimization.
We consider a series of quantum dots placed between electrodes without interactions among them.
The size distribution of the dots is the primary factor affecting transport. The distance between
electrodes is fixed, so the effective barrier width w depends on the QD size a:

d—a

w=——, a= f(w) (delta-barrier parameter)

The size distribution can be modeled using a Gaussian (normal) distribution:
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P(a) = — ( (a - a")Z) € [3,10]

a) =—exp|———1], a , nm
N b

The density of states for a quantum dot with broadening y is:

D(E _1 Y
( )_n(E—E0)2+y2

The Fermi functions at source (f;) and drain (f,) are:

AE) =17 exp[(E — eV)/kT]’ f2(E) =17 exp(E /kT)
The tunneling current through the QD array is given by:
1) =5 | DE=-V)AE - (B B

Here, T = y/2h and U includes Coulomb interaction:

1
U=5eV+UAN, AN =N - N

The calculation algorithm involves the following steps:

1. Compute U, and N, for a given QD radius R:
0.3

U, = " eV-nm, N, = j D (E)f,(E)dE

2. Apply voltage V and solve for AN using Newton’s method:

1(” 1
G :=x+ N, _Ej D (E eV - on) (FL(E) + f(E))dE = 0
3. lterative scheme:
e G (xn)
n+l — *n oG
3 )

4. Stop when |x,.1; — x,| < 107° or maximum iterations reached.
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Figure 1:Quantum dot size distribution, N = 500 particles.
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Figure 2:Quantum dot size distribution, N = 50000 particles.
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Figure 3:1-V characteristics for QD array FET with different a, values.

Figures 1 and 2 show the size distribution for Np,icies = 500 and Npyyicies = 50000.
Increasing the number of particles improves the symmetry and accuracy of the distribution,
illustrating the law of large numbers.

Figures1 and 2 demonstrate the statistical behavior of the quantum dot (QD) size
distribution for two different ensemble sizes. For N = 500, noticeable fluctuations appear in the
histogram, indicating insufficient statistical averaging. There is a possibility that such deviations
may lead to unintended anomalies in the calculated density of states and transport characteristics.
Meanwhile, the profile obtained for N = 50000 represents a smooth Gaussian-like shape,
indicating that we are approaching the expected theoretical distribution. This result emphasizes
the importance of having large ensemble sizes for reliable numerical modeling of QD arrays. The
electrical transport characteristics shown in Fig. 3 clearly reveal the influence of the average QD
size a, on device performance. As a, increases from 3.5 nm to 5 nm, the drain current increases
significantly.

In this work, a theoretical model describing the density of states in a quantum dot array was
developed by incorporating realistic size distribution and level broadening effects. The proposed
method makes it possible to accurately model the electronic transport characteristics of QD-based
field-effect transistors.The numerical findings show that increasing the number of particles
significantly improves the statistical accuracy of the size distribution, which leads to more precise
transport simulations. The calculated 1-V characteristics reveal a strong dependence of device
performance on the average quantum dot size. An increase in a, reduces quantum confinement
energy and Coulomb blockade effects, thereby enhancing carrier transport through the QD array.
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G‘OVAKLI KREMNIYNING LITIY-ION BATAREYALARNING ANOD
MATERIALI SIFATIDA QO‘LLANISHI ISTIQBOLLARI

O. Inoyatov
O zMU huzuridagi Yarimo 'tkazgichlar fizikasi va mikroelektronika ilmiy-tadgiqot instituti,
Toshkent, O zbekiston.

Jahonda yarimo‘tkazgichlar fizikasi sohasida olimlar sanoat hamkorlari bilan birgalikda
litiy-ion batareyalari uchun yangi turdagi anodlarni ishlab chigishga garatilgan tadgiqotlarni keng
doirada o‘tkazmoqdalar [1].

Xususan, Baden-Vyurtemberg Quyosh energiyasi va vodorod texnologiyalari markazi
(ZSW) olimlari FACILE loyihasining sanoat hamkorlari bilan birgalikda litiy-ion batareyalari
uchun yangi turdagi anodlarni ishlab chiqdilar. Asosiy g‘oya - an‘anaviy grafitni zaryaddan bir
necha barobar ko‘proq saqlashga qodir bo‘lgan kremniy tolalar va noto‘qima tuzilmalar bilan
almashtirish.

Grafit zamonaviy Li-ion akkumulyatorlari uchun standart bo‘lib qolmogda (1-rasm), ammo
cheklangan xususiy sig‘imga ega - taxminan 370 mA-soat/g. Olimlar nazariy jihatdan 1000
MA:-soat/g va undan yuqori bo‘lgan kremniy tolali anodlardan foydalanishni taklif gilmogdalar.
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Kremniy anodlar uchun uzoq vaqtdan beri istigbolli material hisoblangan, ammo zaryadlash
paytida uning hajmli kengayishi strukturaning buzilishiga olib kelgan.

Hozirgi kunda jaxon miqyosida jadal rivojlanayotgan energiya tejamkor materiallarni
olishga qaratilgan soxada g‘ovakli yarimo‘tkazgichlar va yarimo‘tkazgichli birikmalarni litiy-ionli
batareyalarning (ularni yuqori bashorat kilinayotgan quvvat ko‘rsatkichlariga (3600-4140
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mA-soat/gacha) ega bulishligi mumkinligini inobatga olib) anodlari uchun material sifatida
ko‘llashga qaratilgan faol tadqiqotlar olib borilmoqda. G‘ovakli yarimo‘tkazgichli materiallarni
olishning istigbolli usullaridan biri bu gidroflorik kislotaning suvli eritmalariga asoslangan
elektrolitlar tarkibida monokristalli yarimo‘tkazgich plastinalargp anodli elektrokimyoviy ishlov
berish texnologiyasi. Hozirgacha asosiy material sifatida monokristalli kremniy qo‘llanilmoqda.
Ushbu loyihada mavjud sanoat akkumulyatorlarining quvvatini oshirish va “zaryad-razryad”
siklini 1000 ga yetkazish magsadida mualliflar monokristalli kremniydan tashqari litiy-ionli
batareyalar anodi sifatida foydalanishi mumkin bo‘lgan istigbolli turli xil fazali g‘ovakli
kremniyga asoslangan materiallardan foydalanishni rejalashtirishmoqda.

G‘ovakli kremniy, turli fazalarga ega kremniy qotishmalarining qatlamlarini olish uchun
elektrokimyoviy hujayra ishlab chigilishi zarur. Olinadigan g‘ovakli materiallarni litiy-ionli
batareyalarda mavjud bo‘lgan grafit anodini o‘rniga anod materiallari sifatida istigbolli qo‘llash
imkoniyatini tekshirishga oid izlanishlarni olib borish istigbolli yo‘nalishlardan biri hisoblanadi.
Buning natijasida materialning solishtirma hajmining moslashuvchan kengayishi va tiklanishi
tufayli batareyaning “zaryad-razryad” siklini 1000 gacha oshirishga erishish mumkin bo’ladi.

Adabiyotlar:
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QUYOSH ELEMENTLARI UCHUN KREMNIY ASOSIDAGI OKSID
GETEROTUZILMALARINING ELEKTR XUSUSIYATLARINI TAQQOSLASH

Sh.X. Daliev, F.A. Saparov
M. Ulug ‘bek nomidagi O zMU huzuridagi Yarim o ‘tkazgichlar fizikasi va
mikroelektronika ilmiy-tadqgiqot instituti, O ‘zbekiston, 100057, Toshkent,
Yangi Olmazor ko ‘chasi, 20

e-mail: sfa@inbox.ru

Quyosh elementlari texnologiyasida oksid gatlamlari muhim funksional rol o‘ynaydi. Ular
yarim o‘tkazgich yuzasini passivatsiya gilish, elektr transport jarayonlarini bargarorlashtirish
hamda optik xususiyatlarni yaxshilash orqali qurilmaning umumiy samaradorligiga ta’sir
ko‘rsatadi. Shu sababli kremniy asosidagi geterotuzilmalarda turli oksid gatlamlarining fizik va
elektr xususiyatlarini tagqoslab o‘rganish muhim ilmiy ahamiyatga ega. Metall bilan legirlangan
Kremniydan fargli ravishda, ZnAIO va CdO oksid plyonkalari magnetron purkash usuli bilan
taglik qizdirilmasdan cho‘ktirilganda asosan yaxlit plyonka hosil bo‘lish mexanizmi bo‘yicha
shakllanadi. Sirt diffuziyasining pastligi, bog‘lanishlarning ion xarakteri hamda amorf SiO- ostki
gatlamining mavjudligi nanoklasterlar yoki yo‘naltirilgan nanostrukturalar hosil bo‘lishini
cheklaydi. p—Si/Si02/ZnAlO tuzilmasida SiO2 gatlami kremniy va yuqori oksid gatlami o‘rtasida
bufer vazifasini bajaradi va epitaksial moslashuvni kamaytiradi.
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1-rasm. Qorong ‘u sharoitdagi I-\/ (yarim logarifmik) xarakteristika va aniglangan
samarali idealilik koeffitsienti n

Tok—kuchlanish (I-U) xarakteristikalarining tahlili p—Si/SiO2/ZnAlO va p-Si/SiO./CdO
geterotuzilmalari o°rtasida sezilarli farqlar mavjudligini ko‘rsatadi. Grafik natijalariga ko‘ra, CdO
qatlamli tuzilmalarda tok qiymatlari yuqoriroq bo‘lib, tokning kuchlanishga bog‘ligligi I ~ Ur
qonuniyatiga yaqin van = 16.4 ga teng. ZnAlO qatlamida esa bu ko‘rsatkich n = 8.8 bo‘lib, tokning
o‘sishi nisbatan sustroq ekanligi kuzatiladi. Bundan tashqari, elektr xarakteristikalarning tahlili
shuni ko‘rsatadiki, p—Si/SiO2/ZnAlO tuzilmasi elektr jihatdan ma’lum darajada metall-dielektrik—
yarim o‘tkazgich (MDYa) strukturasiga o‘xshash xatti-harakatni namoyon qiladi. Bunda SiO:
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gatlami dielektrik rolini bajarib, zaryad tashuvchilar transportini cheklaydi va tokning
kuchlanishga bog‘ligligi nisbatan sust o‘sish bilan xarakterlanadi. Fotovoltayk qurilmalarda esa
samarali ishlash uchun zaryad tashuvchilarning erkin transporti va yuqori elektr o‘tkazuvchanlik
talab qilinadi.

1-jadval
ZnAIlO va CdO oksid gatlamlarining elektr va fotoelektrik parametrlarini taq(;oslash
Parametr ZnAlO Cdo
To‘g‘ri siljishda tok Pastroq Yugorirog
Teskari siljishda sizib chigish toki Yugoriroq Pastroq
Fotojavob (Light — Dark) O‘rtacha Kuchlirog ifodalangan
VAX (Volt-amper xarakteristika) Yomonroq Yaxshiroq
simmetriyasi
U > 2V da I(U) ning tikligi Kichikroq Kattaroq

Grafik tahlilidan ko‘rinib turibdiki, ZnAlO gatlamli tuzilmalarda tok giymatlarining pastligi
va transport jarayonlarining cheklanganligi ushbu materialning fotovoltayk qurilmalarda faol
gatlam sifatida go‘llanishini ma’lum darajada cheklaydi. Shunday qilib, o‘tkazilgan tagqoslama
tahlil CdO asosidagi oksid gatlamlari elektr transport xususiyatlari jihatidan samaraliroq ekanligini
ko‘rsatadi. Olingan natijalar kremniy asosidagi oksid geterotuzilmalarini optimallashtirish hamda
quyosh elementlari texnologiyasida mos materiallarni tanlash uchun muhim ilmiy asos bo‘lib
xizmat gilishi mumkin.

KREMNIY ASOSLI QUYOSH ELEMENTLARINING ELEKTROFIZIK
XOSSALARIGA KIRISHMA ATOMLAR KLASTERLARINING TA’SIRI

Q.A. Ismaylov, Z.T. Kenjayev, J.O. Jalg‘asov
Berdag nomidagi Qoragalpoq davlat universiteti

Ushbu tezisda kremniy (Si) asosli quyosh elementlarida samaradorlikni belgilovchi asosiy
elektrofizik ko‘rsatkichlar — zaryad tashuvchilar konsentratsiyasi (n, p), harakatchanlik (p), hayot
davomiyligi (tr) hamda rekombinatsiya markazlarining energetik spektri — kirishma atomlar
(xususan, Ni) klasterlari bilan bog‘liq mexanizmlar asosida tahlil gilinadi. Ni atomlarining
diffuziyasi, termik ishlov berish va nurlanish omillari ta’sirida Si panjarasida klasterlashuv
jarayonlari kompensatsiyalanish darajasi, getterlash, rekombinatsiya kanallariga olib kelishi
ko‘rsatib beriladi.

Kremniy fotoelementlarida foydali ish koeffitsiyentini cheklovchi asosiy omillar ichida
materialning elektrofizik sifati (t, p, n/p, rekombinatsiya spektri) hal giluvchi o‘rin tutadi [1-3].
Aynigsa, yuqori samarali arxitekturalar (TOPCon/HJT/back-contact) kontakt va sirt
rekombinatsiyasini keskin pasaytirgani sababli, hajmiy nugsonlar, chuqur sathlar va klasterlarning
ta’siri yanada sezilarli bo‘lib bormoqda. ITRPV va sanoat tahlillarida p-type PERC’dan n-type
texnologiyalarga o‘tish kuchaygani qayd etiladi, bu esa n-type plastina sifati, gettering va defekt
injiniringiga talabni oshiradi.

2. Elektrofizik parametrlarni belgilovchi fundamental omillar

Quyosh elementlarining elektr parametrlarini (Voc, Jsc, FF) materialning quyidagi uch
“ichki” ko‘rsatkichi boshqaradi [1]:

(1) Zaryad tashuvchilar konsentratsiyasi (n, p) — legirlash va kompensatsiyalanish natijasi.
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Kuchli kompensatsiya holatida Fermi sathi siljiydi, elektr neytrallik sharoitlari o‘zgaradi va chuqur
sathlar zaryad holatlari rekombinatsiya tezligiga bevosita ta’sir qiladi.

(1) Harakatchanlik (n) — fonon sochilishi bilan birga, aralashma atomlari, dislokatsiyalar
va donachalar chegaralari (polikristall Si’da) hisobiga kamayadi. Bu ketma-ket garshilik
komponentlarini va tok yo‘qotishlarini oshiradi.

(iii) Hayot davomiyligi (t) — Shockley—Read—Hall (SRH) rekombinatsiyasi asosan chuqur
sathlar (kirishmalar, komplekslar, klaster-atrofi defektlari) bilan belgilanadi; t pasayishi Voc va
Jsc’ni cheklaydi.

Harorat omili ham Eg va rekombinatsiya parametrlarini o‘zgartiradi; Gulyamov va
hammualliflar kremniy o‘tkazuvchanligining haroratga bog‘liq xatti-harakatlari orgali energetik
tagsimlanish haqida xulosalar berishni ko‘rsatadi.

3. Ni kirishma atomlari klasterlarining ta’sir1

Ni kremniyda tez diffuziyalanuvchi kirishma bo‘lib, u yakka holatda ham, kompleks/klaster
holatida ham chuqur energetik sathlarni shakllantirishi mumkin [4-8]. Muhim jihat shundaki,
Ni’ning ma’lum termodinamik sharoitlarda o‘z-o‘zidan yig‘ilishi kuzatiladi; klasterlarning
o‘lchami va konsentratsiyasi diffuziya harorati hamda sovitish tezligiga bog‘ligligi IR-
spektroskopiya asosida ko‘rsatilgan.

Klasterlashuv ikki xil “qarama-qarshi” natija berishi mumkin:

1. Getterlash effekti: klaster/komplekslar zararli rekombinatsion kirishmalarni “tortib olish”
va ularni elektr faol bo‘lmagan holatga o‘tkazish orqali T ni oshiradi. Mualliflar [4,5] Ni bilan
legirlashdan so‘ng kremniyli quyosh elementlarida fotoelektrik ko‘rsatkichlarning yaxshilanishini,
umumiy samaradorlikning oshishini ko‘rsatgan.

2. Chuqur rekombinatsion markazlar: agar klasterlar zichligi va energetik spektri SRH
rekombinatsiyasini kuchaysa, t pasayadi va Voc cheklanadi. Shu sababli “klaster parametrlarini
boshqarish” (TIB rejimi, sovitish tezligi, kislorod/uglerod bilan o‘zaro ta’sir) asosiy ilmiy vazifaga
aylanadi.

lImiy tadgiqotlarda [6-8] bilan legirlangan kremniyda termik ishlovning elektr
o‘tkazuvchanlikka sezilarli ta’sirini ko‘rsatib, termik ishlov berish jarayonida holatlarning gayta
tagsimlanishi (qgattiq eritmaning parchalanishi, komplekslanish) elektrofizik parametrlarni
o‘zgartirishini ta’kidlaydi.

Bunday jarayonlarda materialning kompensatsiyalanishi ortishi mumkin: solishtirma
qarshilikning o°‘sishi, “yarim izolyator’ga yaqin holat, impuls rejimdagi barqarorlikka ta’sir
giluvchi mexanizmlar yuzaga chigadi. Kompensatsiyalangan tizimlarda past haroratlarda hopping
conduction (chuqur sathlar orasida zaryad tashuvchining sakrab o‘tishi) ustunlashishi ehtimoli
yugori bo‘lib, bu hodisa elektrofizik diagnostikada (o(T), I-V nolinearligi) alohida belgilar beradi.

Ni legirlangan kremniyda y-nurlanish rekombinatsion xossalarga qanday ta’sir qilishini
o‘rganish radiatsion defektlar va Ni bilan bog‘liq komplekslar o‘zaro raqobatini tushunishga
xizmat giladi. Mualliflar [7,8] tizimida rekombinatsion/fotoelektrik xossalarning nurlanishga
bog‘liq o‘zgarishilarni aniqlashgan.

Mazkur yo‘nalish amaliy jihatdan ham muhim: PV tizimlar odatda kuchli radiatsiya
muhitida ishlamasa-da, “defekt injiniring” nuqtai nazaridan nurlanish sinovlari rekombinatsiya
spektrini aniglash va klasterlarning stabilizatsiya rolini baholash uchun qulay usuldir.

Ni diffuziyasi orgali kremniy quyosh elementlari samaradorlikni 20-25% oshirishga olib
kelishi ko‘rsatilgan [4-6]. Ni kirishma atomlari klasterlari shakillanish mexanizmlari va fizik
asoslari ochib berilgan. Shuningdek, Ni klasterlari tuzilishi va migratsiyasi bo‘yicha alohida ilmiy
ishlar mavjud bo‘lib, unda klaster parametrlarini termodinamik sharoitlar orqali boshqarish
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mumkinligi muhokama gilinadi.
Xulosa

1. Kremniyda kirishma atomlar klasterlari (xususan Ni) elektrofizik xossalarga ikkiyoqlama ta’sir
ko‘rsatadi: ma’lum sharoitda gettering orqali T ni oshirishi, boshga sharoitda esa chuqur
rekombinatsiya markazlarini kuchaytirishi mumkin.
2. Termik ishlov va sovitish rejimi klasterlashuvning asosiy boshqaruv parametrlari bo‘lib,
kompensatsiyalanish darajasi, p(T) va rekombinatsiya spektrini aniglaydi.
3. Yugori samarali n-type arxitekturalar (TOPCon/HJT/back-contact)ga o‘tish fonida
klaster/defektlarni nazorat gilish materialshunoslik darajasidagi eng muhim vazifalardan biri
bo‘lib qoladi.
4. IR/FTIR, DLTS, PL xaritalash kabi metodlar klasterlarning energetik “izini” aniqlash va
texnologik rejimlarni optimallashtirishda asosiy diagnostika vositalari sifatida qo‘llanadi.

Foydalanilgan adabiyotlar:
1. Liu, A., Phang, S.P., Macdonald, D., Gettering in silicon photovoltaics: A review. Solar Energy
Materials and Solar Cells. 2022. V. 234. P.111447.
2. Fraunhofer ISE. Photovoltaics Report, 2025
3. Green M.A. et al. Solar Cell Efficiency Tables (Version 66). 2025.
4. Z.T. Kenzhaev, N.F. Zikrillaev, V.B. Odzhaev, et al. Influence of Nickel Impurity on the
Operating Parameters of a Silicon Solar Cell. Russ Microelectron. 53, 105-116 (2024).
5. Kenzhaev, Z.T., Zikrillaev, N.F., Ayupov, K.S. et al. Enhancing the Efficiency of Silicon Solar
Cells through Nickel Doping. Surf. Engin. Appl. Electrochem. 59, 858-866 (2023).
6. Z.T. Kenzhaev, Kh. M. lliev, K. A. Ismailov, et.al. Physical mechanisms of gettering properties
of nickel clusters in silicon solar cells, Physical Sciences and Technology, 11(1-2). 2024: 13-22.
7. X.M. lliev, K. A. Ismailov, et.al. The Influence of y-Irradiation on the Electrophysical
Parameters of Nickel-Doped Silicon Grown by the Czochralski Method
8. Zaynobidinov S.Z., Turgunov N.A. Vliyanie termicheskoy obrabotki na elektrofizicheskie
svoystva kremniya, legirovannogo nikelem // Uzbek Journal of Physics, 2018.

YI'JIOBOE MYJIbTUIIVIEKCUPOBAHUE BPOI'TOBCKHUX PEHIETOK B
IJIEHKAX As,Ses VISI ATAIITUBHBIX ®OTOHHBIX YCTPOMCTB
YIIPABJIEHUSA U3JTYYEHUEM

A.A. Canaesa, 3.T. Azamaros, A.b. baxpomoB
Haytmo-ucczze()oeameﬂbCKmZ uHcmumym «@u3u7<a nOﬂynpoeodHukoe u
MUKpoaiekmponuxuy npu Hayuonanvnom ynueepcumeme Y3oexucmana um. Mupzo Ynyebexa,
Tawxkenm Jlabopamopus «Keanmosas snekmponuxa u iazephvle mexnoaocuuy» e-mail:
sapaeva.aigul.2035@gmail.com

B pabore wuccnenoBanbl (U3NYECKUE MEXaHU3Mbl (OPMHPOBAHUS BBICOKOIJIOTHBIX
MYJBTHIUIEKCUPOBAHHBIX OOBEMHBIX TOJIOTPAMM B TOHKOIUIEHOYHBIX CIIOSX TpPUCEJIEHUAA
Mbllbsika (AsSes). Pa3paboTana meronmka ONTHMHU3ALMHM SKCIO3MLIMOHHOTO PACHUCAHUS Ha
OCHOBE PEKYPCHBHOTO ajropuTMa, oOecleurBaronias SKBUBAJCHTHOCTh AU(PAKIMOHHON
3pPEKTUBHOCTH KaHAJIOB 3a CYeT KoMIeHcanuu 3¢ ¢GexToB (HOTOMHIYIHPOBAHHOTO CTHPAHHUS.
VYcTaHOBIEHBl 3aKOHOMEPHOCTH H3MEHEHMsI JIy4eBOW CTOMKOCTM 3alMCAHHBIX CTPYKTyp B

82


mailto:sapaeva.aigul.2035@gmail.com

11 IIYbBA. ®°OTOHUKA MYAMMOJIAPA

3aBHCUMOCTH OT PEKHUMOB MPEIBAPUTEILHON TEPMHUYECKOH OOpabOTKH, YTO IO3BOJIMIO
paclIupUTh AMHAMHUYECKUI THaNa30H MOUIHOCTEN UX 3Kcruryaraiuu B MK-cucremax.

BparroBckasi  CeNEeKTUBHOCTb, XaJbKOTEHHIHBIE CTEKIO00pasHbIE —IONYIPOBOJHHUKH,
As2Ses, yrioBoe MyJIbTHILICKCHPOBAHKE, TUHAMUYECKUN AUAIIa30H, JTy4eBas CTOHKOCTb.

CoBpeMeHHBIE 3aaud KBAHTOBOW JJIEKTPOHHMKH TPEOYIOT pa3paboTKu 3()(HEeKTUBHBIX U
MaJIorabapuTHBIX cpen JULSI yIpaBJIEHUS IPOCTPAHCTBEHHO-3HEPTr€TUYECKUMU
XapaKTepUCTUKAMHU JIa3epHBIX IYYKOB. XaJIbKOTCHUIHBIE CTEKIO00pa3HbIE MOIYMPOBOIHUKU
(XCII), B wacTtHOCTH coenuHCHHE ASyS€3, TIPEICTABISIIOT 3HAYMTENBHBIN WHTEpec Omaromaps
aHOMAJIbHO BBICOKOMY IIOKazaTesto mpeiaomiieHus (N=2.8), mpo3pauHoctu B mmpokom WK-
JIMana3oHe W BBIPAKXEHHOW CIIOCOOHOCTH K (OTOCTPYKTYPHBIM mpeBpamieHusM [4]. Meron
YIJIOBOTO MYJIBTUILUIEKCHPOBAHUSI B JIAHHBIX Cpelax IO3BOJISIET pealn30BaTh KOHIIEILIHIO
MHOT'OKaHaJIbHOI'O ONTUYECKOTO 3JIEMEHTA Ha €AMHOM IJIEHOYHOW MOJIOKKE.

3anuch  UQPAKIUOHHBIX  PELIETOK  OCYILIECTBJIAJIACh  IOCIENOBATENbHO  IyTEM
MPELIM3UOHHOTO BapbUPOBAHHUS YIJIa MaJeHUsI OopHOro myuyka €. CorjacHO TEOpUU CBSI3aHHBIX
BosH KorenbHuka [1], audpakunonnas 3¢p¢GeKTuBHOCTh 7 A1 00beMHOI (a30BOM pelIeTKH B
MIPOXOJISIIEM CBETE ONPEAEIAETCS BEIPAKECHUEM:

" (ﬂ'A‘I’ld)
= sin? |——
n Acosf
rme AN — aMIuIMTyJa MOAYJISALIHW ToKasarens mnpeiaoMiacHus, d — TosmuHa

(dhoTopedpakTUBHOTO CIIOA.

DKCIepUMEHTAIbHBIC HCCISNIOBaHUS TUICHOK ASSes (d~5 MKM) TP CUUTHIBAHUU Ha
2=633 HM TOJTBEP/IMIIH TEOPETHIECKYIO MOJIENb YIIIOBOTO CENEKTUBHOTO OTKIMKA THMa Sinc2.
[Tokazano, 94TO BBICOKHH KOYPPUITMESHT IPETOMIICHHS Cpeibl 00ECTIEUNBACT PeATU3AIUI0 PEKUMA
Bbparra naxxe B MukpoHHbIX cnosix. llupuna BparroBckoro muka Ha IMOJIYBBICOTE COCTaBHJIA
FWHM=1.5°, uTo 060CHOBBIBa€T BO3MOKHOCTh ITUIOTHON MYJIbTUIUIEKCHOM 3aCH C marom 2°
P MUHUMAaJIbHOM YPOBHE MEPEKPECTHHIX MOMEX.

Jlnst BeIpaBHUBaHUS WHTEHCHMBHOCTEH N nudparupoBaHHBIX KaHAJIOB U 3(PPEKTUBHOTO
UCIIOJIb30BAHUS TMHAMUYECKOro auamna3oHa (M-number) [3] npuMmeHeH alnroputM peKypCHBHOTO

pacue€Ta BPEMCHHU SKCIIO3UIIUN ti:
T

k+C
rjie T — XapaKTepHOe BpeMs penakcaiuu (HOTOOTKINKA, K — HOMep 3KCHO3HIUH. DTO
MO3BOJIMJIO  KOMIICHCHPOBATh JETpaJaliii0 paHee 3allMCaHHBIX pelIeTOK B  Ipoliecce

tk

MOCIEAYIOUIUX SKCIIO3UIIMOHHBIX IIUKIIOB.

AHanu3 yCTOWYMBOCTH TOJIOTPAMM K BO3JCHCTBUIO MHTEHCHBHOIO JIA3€PHOT0 M3ITYUYCHHUS
MOKa3aj, YTO MOPOr UX TEPMHUECKOH Nerpajalvy JTUMUTHPOBAH TEMIIEPATypod CTEKJIOBaHUS
matepuana (Tg=180°C). Ilpu mnotHOCTsIX MourHOcTH cBbiiie 50 Bt/cm? Habmonaercs addext
ONTUYECKOTO OTXKUTa, OOYCIOBIEHHBIH MeTacTabunbHOCThIO amopduoit cetku XCII [2].
[IpennoxeHHbI METO/ MpeABapUTEIbHON HU3KOTEMIEpaTypHOil TepMmocTtabumu3zanuu (T=100°
C) obecneunn penakcalMio BHYTPEHHUX HAMpPSHKEHUM CTPYKTYpbl. OJTO TMPHUBEIO K POCTY
IKCIUTYaTallMOHHOTO pecypca ronorpamMM Ha 40% ¥ TOBBIMIEHHIO TMOPOra ONTHYECKOU
crabunpHOCTH A0 100 B1/cm?.

Pa3paboranHbie peXHMBI  YIJIOBOTO  MYJbTHIUIEKCHPOBaHMS B  TUIeHKax  AS;Ses
00eCrieunBalOT CO3JaHHE CEJICKTHUBHBIX ONTHYECKUX (UIBTPOB U  MPOCTPAHCTBEHHBIX
MOJYJISITOPOB C BBICOKOHM pa3periaromieil CrocoOHOCThI0. YcTaHOBIEHHBIE 3()(eKThl Tepmo-
ONTUYECKOW CTaOMIM3AINK OTKPBIBAIOT MEPCHEKTUBHI MPUMEHEHUS! JaHHBIX CpPEJ B KadecTBe
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HaJACKHBIX (I)OTOHHBIX KOMIIOHCHTOB JIsI CHCTCM QaAallTUBHOI'O YIIPABJICHUA JIA3CPHBIM
U3IYy4YeHHUEM U rojorpapuueckoir 00padoTku HHPOpMALIUH.

Cnmcok uTeparypsbl:
1. Kogelnik, H. Coupled Wave Theory for Thick Hologram Gratings // Bell System Technical
Journal. — 1969. — Vol. 48, No. 9. — P. 2909-2947.
2. Shimakawa, K. Photo-induced effects and metastability in amorphous semiconductors and
insulators / K. Shimakawa, A. V. Kolobov, S. R. Elliott // Advances in Physics. — 1995. — Vol. 44,
No. 6. — P. 475-588.
3. Curtis, K. Characterization of the M-number of holographic storage media / K. Curtis, D. Psaltis
I/ Optics Letters. — 1996. — Vol. 21, No. 12. — P. 892-894.
4. Popescu, M. A. Non-Crystalline Chalcogenides / M. A. Popescu. — Dordrecht: Kluwer
Academic Publishers, 2000. — 377 p.

QUYOSH ELEMENTLARI SAMARADORLIGINI OSHIRISHNING YANGI
USULLARI: STRUKTURAVIY OPTIMALLASHTIRISH YONDASHUVI

Q.A. Ismaylov, Z.T. Kenjayev, X.X. Bauetdinova
Qoragalpoq davlat universiteti

Ushbu tezisda quyosh elementlari samaradorligini oshirishning aynan strukturaviy
optimallashtirish yo‘nalishidagi eng yangi texnologik yechimlari tahlil gilinadi. Asosiy e’tibor
kristalli kremniy (c-Si) fotoelementlarida rekombinatsiya yo‘qotishlarini kamaytirish, kontakt
yo‘qotishlarini pasaytirish va optik yutilishni oshirishga garatilgan: passivatsiyalangan kontaktlar
(TOPCon), kremniy geteroo‘tishli (SHJ/HJT), orqa kontaktli arxitekturalar (IBC/HBC) hamda
perovskit—kremniy tandem tuzilmalari. Ilmiy manbalardagi tasdiglangan rekord ko‘rsatkichlar va
sanoat trendlariga tayangan holda, yagin istigbolda yuqori samaradorlikka olib keluvchi
yo‘nalishlar asoslab beriladi.

Kremniy quyosh elementlarida Foydali ish koeffitsientini (FIK) cheklovchi omillar ichida
strukturaviy nuqgtai nazardan eng muhimlari [1-4]:

e sirt va hajmiy rekombinatsiya (zaryad tashuvchilar “yo‘qolishi”),

o kontakt rekombinatsiyasi va kontakt qgarshiligi (Rs),

o parazitik optik yutilish (aynigsa kontakt gatlamlari va metallizatsiyada),
o yorug‘likni tutib qolish darajasining yetarli emasligi.

So‘nggi 3-5 yildagi texnologik sakrashlar aynan shu yo‘qotishlarni “kontakt darajasida
passivatsiya” va “arxitektura” orqali kamaytirishga garatildi. Sanoat road-map’larida ham p-type
PERCdan n-type platformalarga o‘tish asosiy trend sifatida ko‘rsatilmoqda.

TOPCon konsepsiyasi “klassik metall-kremniy kontaktini ultra-yupqa SiOx tunnel oksid +
doplangan poli-Si gatlamlari bilan almashtirib, bir vaqtning o‘zida:

o sirt rekombinatsiyasini kamaytiradi (yaxshi passivatsiya),
o kontakt selektivligini oshiradi (elektron/kovakni ajratish),
o metall kontakt ostidagi yo‘qotishlarni pasaytiradi.

TOPCon texnologiyali panellar samaradorligi 25.6% darajasiga [2] yetganini takidlash
joyiz. Shuningdek, sanoat yo‘nalishida TOPCon jarayonlari (jumladan LECO kabi kontakt
optimallashtirish yondashuvlari) ulushi tez o‘sishi prognoz qilinadi.

Ammo, TOPCon samaradorligi ko‘pincha “poli-Si qalinligi”, “parazitik yutilish” va

84



11 IIYbBA. ®°OTOHUKA MYAMMOJIAPA

“metallizatsiya bilan moslashuv” bilan cheklanadi. Shu sababli poli-Si gatlam gqalinligini
optimallashtirish ham alohida tadqiqot yo‘nalishiga aylangan.

HJT texnologiyasi c-Si plastinasi yuzasida amorf kremniy (a-Si:H) passivatsiya gatlamlari
va shaffof o‘tkazuvchi oksidlar (TCO) yordamida juda past rekombinatsiyaga erishadi. Bu
arxitektura aynigsa yugori VVoc (ochiq zanjir kuchlanishi) bilan ajralib turadi. Ma’lumot uchun
n-type HBC (orqa kontaktli geteroo‘tishli) kremniy elementida 27.3% rekord qayd etgan [2] — bu
sof kremniy texnologiyalari uchun juda yugori natijadir.

Amaliy tomondan HJTning muhim muammolaridan biri — metallizatsiya va interkonekt
(aynigsa Ag sarfi) bo‘lib, so‘nggi yillarda “kam-kumush” va “misga o‘tish” tadqiqotlari kuchaydi.

IBC (Interdigitated Back Contact) va HBC (heterojunction back contact) konsepsiyalarining
asosiy g‘oyasi — old (yorug‘lik kiradigan) yuzada metall panjarani minimal qilish yoki butunlay
olib tashlash. Buning natijasida:

e soyalanish yo‘qotishlari kamayadi,
e optik yutilish ortadi,
« old yuzani passivatsiya gilish osonlashadi.

Olimlar [3,4] orga kontaktli yondashuvlar modul darajasida ham yuqori natijalarga olib
kelayotganini ko‘rsatadi (masalan, IBC modul samaradorligi bo‘yicha +27% yuqori ko‘rsatkichlar
bergan).

Yugori samaradorlik texnologiyalari (TOPCon, HJT, BC) sanoatlashtirilganda asosiy
cheklovlardan biri — metallizatsiya narxi va barqgarorligi. Shu sababli ilmiy-amaliy yo‘nalishda
[5-7]:

e Ag pastalarini optimallashtirish,
e Ag miqgdorini kamaytirish,
e Cu (mis) asosida metallizatsiya/elektroplating kabi yechimlar jadallashdi.

Masalan, TOPCon’da Ag’ni qisqartirish va Cu metallizatsiya strategiyalariga bag‘ishlangan
ilmiy ishlar ko‘paymoqda [6]. Bundan tashqari, mis kontaktli mini-modullarning garish sinovlari
bo‘yicha ham sanoat miqyosida natijalar bor. Metallizatsiya bo‘yicha bir gator xulosalarda ham
ckranli bosma usul hanuz ustunligi saqlanayotgan bo‘lsa-da, Cu ulushi ortib borayotgani
ta’kidlanadi [6,7].

Bir-birini “to‘ldiruvchi” spektral yutilishga ega bo‘lgan ikki qatlamni ketma-ket ulash
(tandem) nazariy chegarani oshiradi. Shu yo‘nalishda perovskit—Si tandem so‘nggi yillarda eng
tez o‘sayotgan platforma bo‘lib, tasdiglangan rekordlar (+33%) ham mavjud. Xususan, 1 sm?
maydonda 2-terminal perovskit/kremniy tandem uchun 34.85% samaradorlikka erishilgan [3]. Bu
natija strukturaviy optimallashtirishning (ya’ni faqat sovitish/tozalash emas) “yangi avlodi”
sifatida garaladi.

Xulosa
Strukturaviy optimallashtirish bo‘yicha so‘nggi texnologik trendlar quyidagi ketma-ketlikda
umumlashtiriladi:
1. n-type platformalar (kam degradatsiya va yuqori potensial)ga o‘tish,
2. Rekombinatsiyani keskin kamaytiruvchi passivatsiyalangan kontaktlar (TOPCon) va HIT/SHJ
yechimlarini kengaytirish,
3. Optik yo‘qotishlarni kamaytiruvchi orqa kontaktli (BC) arxitekturalarning ulushini oshirish,
4. Texnologiyani arzonlashtiruvchi va barqarorlashtiruvchi Cu metallizatsiya yo‘nalishlari,
uzoq muddatli istigbolda esa samaradorlik sakrashini beruvchi perovskit—kremniy tandem
strukturalar.
Foydalanilgan adabiyotlar:
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APPLICATION OF MACH-ZEHNDER INTERFEROMETER IN MAGNETO-OPTICS

N.O. Abdulxafizova, O.0O. Ochilov
Center for the Development of Nanotechnology under M. Ulugbek National University of
Uzbekistan
abdulxafizovanargiza@gmail.com

Introduction: The Mach-Zehnder interferometer is used to detect changes in the phase shift
between two collimated beams separated from a light source. The operating principle of the
interferometer is based on measuring the phase shifts between two beams caused by changes in
the sample or the optical path length. This optical device is named after Ludwig Mach (son of
Ernst Mach) and Ludwig Zehnder. In 1891, Zehnder described this interferometer, and based on
his proposal, Mach developed the optical device in 1892.

The Mach-Zehnder interferometer is a modern variant of interferometric methods and plays
a significant role in magneto-optics. It can be used as a magnetic sensor to detect magnetic fields.
Magneto-optics is a scientific field that studies the influence of magnetic fields on optical
properties, with one of its key principles being the Faraday effect. This effect is related to the
refractive index and transmission coefficients of a material. It is crucial for magneto-optical
research and technologies, such as the development of sensors and lasers [1].

This article analyzes the application of Mach-Zehnder interferometry in magneto-optics,
highlighting its advantages and practical significance.
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Figure 1. Schematic of the Mach-Zehnder Interferometer
In Figure 1, P represents the projection screen, S is the laser source, M1 and M, are plane mirrors,
P1 and P2 are polarizers, EM is electromagnetic field while D;and D are beam-splitting prisms.

Application of the Mach-Zehnder Interferometer in Magneto-Optics

The Mach-Zehnder interferometer is widely used in magneto-optics. This interferometric
method enables highly accurate measurement of changes in magnetic fields. With the help of
Mach-Zehnder interferometry, the following magneto-optical phenomena can be studied:

Faraday Effect: This interferometer allows detecting and measuring the influence of
magnetic fields on light waves, which is particularly useful for analyzing optical materials and
structures [2]. Depending on the strength and direction of the magnetic field, the optical response
of materials (such as the polarization angle) changes. The Faraday effect is employed to study
magneto-optical properties in nanostructures, such as quantum dots, nanotubes, and other
nanomaterials.

Additionally, by modifying the Faraday geometry within the interferometer, it is also
possible to investigate the Kerr Effect.

Advantages of Mach-Zehnder Interferometry

Due to its structural features and operational principles, the Mach-Zehnder interferometer
differs from other interferometers. This interferometer utilizes two primary optical elements: a
beam splitter and a beam combiner. The application of the Mach-Zehnder interferometer in
magneto-optics offers several advantages:

Sensitivity: One of the most significant advantages of the Mach-Zehnder interferometer is
its ability to detect extremely weak magnetic fields. This interferometer can measure magnetic
fields as low as 10 nT (nanotesla). Compared to other interferometric systems, this level of
sensitivity is approximately 10 times higher [3]. Thus, the ability to observe and measure small
magnetic field variations makes this method highly valuable for magneto-optical research [4].

Precision: The results obtained using Mach-Zehnder interferometry have very high accuracy,
with measurement repeatability less than 0.1%. This high precision minimizes unexpected errors
in measurements and ensures the reliability of results in scientific experiments [5]. Therefore, this
interferometric method is widely used in delicate research fields, such as the study of micro- and
nanomagnetism.

High Efficiency: Mach-Zehnder interferometry demonstrates high efficiency in analyzing
optical changes. This interferometer, for instance, can perform 1,000 measurements within 1.5
milliseconds. Such speed and efficiency allow real-time monitoring in laboratory settings,
facilitating fast and effective measurements in practical research [6]. This capability is particularly
useful for dynamically studying magnetic fields.

Conclusion

Due to its multi-directional, symmetrical, and precisely controllable design, the Mach-
Zehnder interferometer stands out from other interferometers, such as Michelson, Fabry-Perot, and
Jamin interferometers. The benefits of this interferometer are closely linked to its extensive
applications in optical systems and quantum technologies, as it enables precise interference
measurements and provides high sensitivity in controlling optical properties.

In particular, magnetic sensors based on the Mach-Zehnder interferometer allow studying
the Faraday effect, the Kerr effect, and other magneto-optical phenomena in ferromagnets,
semiconductors, and nanocomposites. This enables the investigation of interactions between
magnetic and optical properties, the dynamics of electronic and magnetic moments, and the
emergence of new effects in nanostructures.
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Thus, the Mach-Zehnder interferometer plays a crucial role in magneto-optics and various
branches of physics, significantly contributing to the study of ferromagnetic nanostructures,
materials science, and the advancement of new technologies.
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INVESTIGATION OF NONLINEAR OPTICAL PROPERTIES Ag.S QUANTUM
DOTS THIN FILM

Y.A. Buriyev, Sh. R. Kamalov
Institute of lon-Plasma and Laser Technologies of Uzbekistan Academy of Sciences
buriev.y.a@gmail.com

Ag>S is a semiconductor with a moderate band gap of approximately 1 eV and a relatively
high optical absorption coefficient, which makes it a promising material for photovoltaic
applications. It has showed that reducing the nanocrystal size to around 3 nm increases the band
gap to at least 1.1 eV (1120 nm), as a result of weak quantum confinement effects [1,2]. This effect
becomes particularly significant when the radius of these species is smaller than the exciton Bohr
radius [3]. Nevertheless, the nonlinear optical properties of Ag.S quantum dots in thin-film form
have not yet investigated. Due to above reasons, we decided to study the nonlinear optical
properties of Ag>S quantum dots (QDs) thin film. Firstly, we measured absorption, fluorescence
spectr of a 30 um thick film. The QDs film showed a fluorescence peak centered at 970 nm,
covering the near-infrared spectral range from 800 to 1200 nm when excited at 462 nm. The
morphology of the sample was studied using a JEOL JEM-2100 transmission electron microscopy
(TEM). Their average particle size was found to be 3.6 nm. We used a femtosecond laser (Jasper
20, Fluence Technology) with a wavelength of 1030 nm, a pulse duration of 200 fs, a repetition
rate of 300 Hz and standard Z-scan method for determination nonlinear optical properties the film.

Tsastra (2) = (1 — q(2) / 2V 2) x (1 + lo/lsat ((2/20)? + 1)) (1)

Here q(z) = lofLest / (1+ (2/20)?), lo is a laser peak intensity at focus (z = 0), /8 is the nonlinear
absorption coefficient attributed to TPA, zo = k(wo)?/2 is a Rayleigh length, k = 24/ is a wave
number, Ler = (1 - exp(-aol))/ao is an effective length of samples, ao is a linear absorption
coefficient, L is a thickness of the studied film, and lsx is a saturation intensity of the sample. The
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effective lengths of the films of studied samples were almost similar to L due to small linear
absorbance at the wavelength of the probe pulses (1030 nm). Particularly, this value became
slightly less than the thickness of films (Left = 29 gm) for the 30 um thick films. Two-photon
absorption (TPA) was observed in the sample at a pulse energy of 1.3 pJ, with a corresponding S
coefficient of 6.5x10° cm W-L. With increasing pulse energy, the contribution of TPA decreased,
while saturable absorption (SA) became dominant. When the pulse energy reached 5.1 pJ,
saturable absorption (SA) was observed, with a I = 9x10* W cm™,
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EXPERIMENTAL AND MATLAB-BASED COMPARISON OF TEMPERATURE
EFFECTS ON OPTICAL FIBER SIGNAL LOSS

N. Normatova, Sh. Ismoilov, O. Jabbarov
Urgench State University named after Abu Rayhan Biruni
nigoranormatova@gmail.com

This paper presents a comparison of experimental measurements and MATLAB simulation
results for temperature-dependent optical fiber signal loss. Laboratory experiments were
conducted in the 27-50 °C range using a single-mode fiber at 1550 nm. The results show that
optical attenuation increases with temperature. Experimental losses rise by approximately 2—-3 dB
within the studied range and are slightly higher than simulated values due to additional practical
effects such as micro-bending and connector losses. The study highlights the importance of
considering temperature effects in optical fiber communication systems.

Optical fibers are a fundamental component of modern telecommunication and sensing
systems due to their low attenuation, high bandwidth, and immunity to electromagnetic
interference. However, their transmission parameters are sensitive to environmental conditions,
particularly temperature. Temperature variations influence optical fiber performance through
changes in the refractive index of the fiber material (thermo-optic effect), thermal expansion of
the fiber structure, and micro-bending losses induced by thermomechanical stress. These
mechanisms lead to variations in optical attenuation, phase shift, and dispersion, which are
especially critical in long-haul communication links and high-precision optical sensing
applications.

Previous studies indicate that even small temperature fluctuations can produce measurable
changes in attenuation, particularly in silica-based fibers operating at standard telecommunication
wavelengths of 1310 nm and 1550 nm. Despite the availability of experimental data and numerical
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modeling approaches, direct comparative evaluations between laboratory measurements and
MATLAB-based simulations remain limited. Therefore, this work compares experimental results
obtained in the 27-50 °C temperature range with MATLAB simulation outcomes to assess
temperature-dependent optical signal loss and identify the dominant influencing mechanisms.

Methodology: The experimental system consisted of a single-mode silica fiber (SMF-28), a
1550 nm laser diode source, and an InGaAs photodetector for output power measurement.
Temperature control (—5 °C to +60 °C) was achieved using a Peltier module mounted on an
aluminum block to ensure uniform thermal distribution. The fiber was coiled on the block surface,
and temperature was monitored using a DS18B20 digital sensor controlled by an Arduino
microcontroller.

Simulation in MATLAB/Simulink

A corresponding model was implemented in MATLAB/Simulink, including a continuous
wave laser source, a temperature-dependent optical fiber block, and a gain/loss subsystem for
signal analysis. The attenuation coefficient was modeled as:

a(T) = ag + k(T —T,)

where, a,— base attenuation at reference temperature T, = 25°,

k — temperature sensitivity coefficient (0.002 dB/km-°C).

The transmitted optical power P,,,,.(T) was calculated using:

Pout(T) = P X 10_“(T)L/10

where, P,,— input optical power,

L— fiber length (1 km in the experiment).

Measurement Procedure

Input and output optical power were recorded at temperature steps between 25 °C and 60
°C. The temperature was increased gradually to ensure thermal stability. Simulation was
performed using the same temperature values to enable direct comparison with experimental data.

Results and Analysis

Simulation results

Simulated Temperature vs Optical Signal Loss
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Figure 1. Simulated Temperature vs Optical Signal Loss (25-60 °C). The model uses
P, = 0.5dB, k = 0.05 °C™* and additive positive noise to mimic measurement scatter.
The simulated loss curve (Figure 1) shows exponential increase from 25 to 60 °C. Each
plotted marker includes an annotation with its loss value (dB). This visual annotation helps
compare pointwise values with experimental data.
Experimental vs Simulation comparison
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Figure 2 compares experimental and simulated results. Experimental losses are 0.1-1.2 dB
higher at corresponding temperatures, indicating additional practical loss factors such as
connectors and micro-bending

Simulation vs Experimental Optical Loss
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Figure 2. Comparison between simulation and experimental measurements (27-50 °C).
Tabular comparison (selected temperatures)

Temperature Simulated Experimental Difference

(°C) loss (dB) loss (dB) (Exp - Sim) dB
27 0.592 0.692 0.100
30 0.656 0.856 0.200
35 0.889 1.189 0.300
40 1.211 1.811 0.600
45 1.383 2.283 0.900
50 1.769 2.969 1.200

Table 1. Numerical comparison between simulation and experiment for 27-50 °C.

Conclusions and Recommendations

This combined experimental and simulated study confirms that optical attenuation increases
with temperature. The exponential model reproduces the trend but underestimates absolute losses
observed experimentally due to additional practical loss mechanisms.

Practical recommendations:

- Use temperature-compensated fibers or armored/coated fibers in harsh environments.

- For sensing: use FBGs or interferometric enhancements for improved sensitivity; calibrate
sensors considering thermo-optic coefficients.
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STUDY OF NONLINEAR OPTICAL PROPERTIES Ag.Se QUANTUM DOTS
THIN FILM

Y.A. Buriyev, Sh.R. Kamalov
Institute of lon-Plasma and Laser Technologies of Uzbekistan Academy of Sciences
buriev.y.a@gmail.com

Ag>Se quantum dots (QDs) are an environmentally friendly semiconductor material. Zhang
et al. investigated the size effect of Ag>Se QDs used as a blocking layer in dye-sensitized solar
cells (DSSCs), revealing a new approach to effectively regulate charge transport and
recombination in such devices [1,2]. Ag>Se is a nonmagnetic, narrow-band-gap semiconductor
with a band gap ranging from 0.15 to 0.7 eV [3,4]. AgzSe nanocrystals have attracted considerable
attention due to their versatile applications in photo-rechargeable secondary batteries, luminescent
devices, optoelectronics, photovoltaic cells, and photodetectors [5,6].To investigate the optical
properties of the sample, absorption and fluorescence spectra were measured. The QDs film
exhibited a fluorescence peak centered at 1010 nm, spanning the near-infrared spectral range from
850 to 1400 nm under excitation at 462 nm. The morphology of the sample was investigated using
a JEOL JEM-2100 transmission electron microscope (TEM), revealing an average particle size of
3.7 nm. A femtosecond laser (Jasper 20, Fluence Technology) with a wavelength of 1030 nm, a
pulse duration of 200 fs, and a repetition rate of 300 Hz was used in conjunction with the standard
Z-scan technique to determine the nonlinear optical properties of the film. At a pulse energy of 1.3
WJ, positive nonlinear absorption was dominant. As the pulse energy was gradually increased, the
contributions of positive and negative nonlinear absorption became comparable at 1.82 pJ,
corresponding to two-photon absorption and saturable absorption, respectively. Upon further
increasing the energy to 2.6 pJ, saturable absorption (SA) became dominant. At a pulse energy of
1.82 uJ, B and sy were 4.6x10° cm W and , 8x10° W cm™. respectively.
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LITIY NIOBAT KRISTALLARIDA PYEZOELEKTRIK EFFEKTNING
AKUSTOOPTIK XOSSALARIGA TA’SIRI

N. Soliyeva
lon Plazma va lazer texnologiyalari instituti

Ushbu ishda litiy niobat (LiNbO3) kristallarida pyezoelektrik effektning akustooptik (AO)
ko’rsatkichlarga ta’siri nazariy tahlil qilingan. Tadqgiqotda pyezoelektrik “qattiglashish”
(stiffening) hodisasi va bilvosita fotoelastik effektning akustik to‘lqin tezligi hamda akustooptik
sifat koeffitsienti (M.) giymatlariga qo‘shgan hissasi o‘rganilgan. Natijalar shuni ko‘rsatadiki,
pyezoeffektni hisobga olish AO qurilmalarning samaradorligini bashorat gilishda hal giluvchi
faktor hisoblanadi

Litiy niobat o’zining trigonal simmetriyasi (3m nuqtaviy guruhi) tufayli kuchli anizotropiyaga
ega bo‘lib, zamonaviy lazer texnikasi, akustooptik modulyatorlar va deflektorlarning asosiy
materiali hisoblanadi. Biroq, ko‘plab hisob-kitoblarda pyezoelektrik effektning elastik va optik
xossalarga bilvosita ta’siri yetarlicha baholanmaydi. Ushbu ishning maqsadi — pyezoelektrik
maydonlarning kristall panjarasidagi mexanik va optik o‘zaro ta’sirini miqdoriy jihatdan
baholashdir.

PYEZOELEKTRIK “QATTIQLASHISH” MEXANIZMI

Pyezoaktiv yo’nalishlarda tarqalayotgan akustik to‘lqin kristall panjarasida vaqtinchalik
deformatsiya bilan birga lokal elektr maydonini ham hosil giladi. Bu maydon elastik gaytish
kuchini oshiradi, natijada kristallning “samarali qattiqligi” ortadi. Kristalning (optik) o‘qi bo‘ylab
tarqalayotgan bo‘ylama akustik to‘lqin uchun samarali elastik moduli (Ceff) quyidagi bog‘liglik

orgali ifodalanadi:
2

Ceﬁ=CE+%
Bu yerda C®*— doimiy elektr maydonidagi elastiklik moduli, e — pyezoelektrik doimiy,
&’-dielektrik o‘tkazuvchanlik. (LiNbOs) uchun ushbu effekt hisobiga akustik tezlik v-taxminan 11-
12% ga ortadi.

Akustooptik o°zaro ta’sirning samaradorligi asosan fotoelastik koeffitsient (pefr) va akustooptik
sifat koeffitsienti bilan belgilanadi. Pyezoelektrik kristallarda “toza” fotoelastik effektga
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qo‘shimcha ravishda, pyezoeffekt uyg‘otgan elektr maydoni elektrooptik effekt orqali qo‘shimcha
sinish ko‘rsatkichi o‘zgarishini yuzaga keltiradi. Samarali fotoelastik koeffitsient quyidagicha

aniglanadi:
re

peﬁFp-E
Litiy niobatda bu “bilvosita” hissa p,, koeffitsientining giymatini deyarli ikki baravar
oshishiga olib keladi.
TADQIQOT NATIJALARI VA TAHLIL
Olib borilgan nazariy hisob-kitoblar natijalari quyidagi jadvalda umumlashtirildi (Z-kesim
bo‘yicha):

Pyezoeffektsiz Pyezoeffekt bilan O‘zgarish
Parametr . .
giymat giymat (%)
Akustik tezlik (v), m/s 6570 7330 +11.5%
Fotoelastik doimiy (p) 0.071 0.138 +94.3%
Sifat koeffitsienti (M2), o
1075 s¥/kg 1.37 2.15 +57.0%

Tahlillar shuni ko‘rsatadiki, garchi akustik tezlikning ortishi V®maxrajda bo’lgani uchun)
M2ni kamaytirishga harakat gilsa-da, fotoelastik koeffitsientning (persr keskin ortishi yakuniy
samaradorlikni 57% ga oshishini ta’minlaydi.

XULOSA

Litiy niobat kristallarida pyezoelektrik effekt shunchaki ikkinchi darajali tuzatish emas, balki
akustooptik parametrlarining fundamental giymatlarini belgilovchi asosiy faktor hisoblanadi. M2
koeffitsientining 60% ga yagin ortishi, ushbu kristallar asosida yaratiladigan AO-filtrlar va
modulyatorlarning boshgaruv quvvatini tejash va sezgirligini oshirish imkonini beradi. Ushbu
natijalar optoelektronik qurilmalarni loyihalashda foydalanilishi tavsiya etiladi.

FOYDALANILGAN ADABIYOTLAR:
1. Dieulesaint, E., & Royer, D. (1980). Elastic Waves in Solids: Applications to Signal Processing.
Wiley.
2. Korpel, A. (1997). Acousto-Optics. Marcel Dekker, Inc.
3. Zaharov, Y. N., et al. (2015). “Anisotropy of Acousto-Optic Figures of Merit in LiNbO3
Crystals”. Journal of Applied Physics.
4. Bondarenko, V. S. (1986). Pyezoelektricheskie kristalli dlya akustoelektroniki. Nauka.

TURLI TO‘LQIN UZUNLIKDAGI NANOSEKUNDLI IMPULSLI LAZER
NURLANISHI ASOSIDA POLIKRISTALL KREMNIY SHIKASTLANISH
XUSUSIYATLARI TADQIQI

B.A. Abduraxmanov, D.D. Matyakubov
Islom Karimov nomidagi Toshkent Davlat Texnika Universiteti, Toshkent
bahrom.abdugahhor@gmail.com

PVDF piezoelektrik sensori oxirgi yillarda yuqori javob chastotasi (nanosekund darajasi) va
20 GPa dan yuqori bosim o‘lchash diapazoni bilan rivojlantirilgan bo‘lib, lazer termik zarba
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to‘lginlarining ideal sinov komponenti hisoblanadi [1]. Kremniy materiallari ajoyib optik
materiallar bo‘lib, odatda optik tizimlarning filtr va asos materiallari sifatida ishlatiladi va ular
mikroelektronika sanoati, optoelektron sanoati va boshga sohalarda keng qo‘llaniladi. Kristal
materiallarining to‘lqin diapazoni boshqa materiallarga gqaraganda tor (300 K da 1,12 eV)
bo‘lganligi sababli, ular infraqizil to‘lqinli lazerlarning katta ichki so‘rilishiga ega. Shuningdek,
ular tor plastik hududga ega gattiq materiallar bo‘lib, kuchli yorug‘lik nurlanishining infraqizil
to‘lginida zararlanishga moyil [2,3].

Chen va hamkorlari [4] polikristall kremniy yuzasida mikrokanallarni lazer bilan o‘yish
orqali polikristall kremniy quyosh batareyalarining fotoelektr konversiya samaradorligini oshirish
uchun lazerdan foydalanganlar. Natijalar polikristall kremniy quyosh batareyalari va
mikrokanallarning samaradorligi 0,23%-1,50% ga oshirilganligini ko‘rsatdi. Karnakis va
hamkorlari [5] 355 nm yuqori intensivlikdagi nanosekundli Nd:YAG lazeri yordamida
monokristall kremniyni o‘yishni amalga oshirgan. Natijalar ko‘rsatdiki, tushayotgan lazer
intensivligi ma’lum chegaradan oshganda, kremniy yuzasida g‘ayritabiiy yuqori o‘yish chuqurligi
kuzatiladi. Dobrzanski va hamkorlari [6] 1064 nm lazer to‘lqin uzunligidan foydalanib, quyosh
polikristall kremniy yuzasining mikro-teksturasini gayta ishlagan, bu quyosh batareyasining
yorug‘likni ushlashini yaxshilagan.

2.1. Na’muna yuzasida bug‘ bosimi effekti

Lazer na’munani nurlatganda, energiyani so‘ragan zarrachalar bir-biri bilan to‘qnashib,
energiyani uzatadi va material yuzasi harorati lazer energiyasi bilan gizdirilgandan keyin sezilarli
darajada oshadi [7]. Uch to‘lqinli lazer nurlangan hududlarining chegaralaridan tashqarida chaqish
va to‘lqinli galtirashlar paydo bo‘ladi, chunki nurlangan hududdagi material yuqori haroratga ega
va to‘lginlar atrofga tarqaladi. Lazer energiya zichligi polikristall kremniyning buzilish
chegarasidan oshganda, lazer buzilishi yuz beradi. Material yuzasida hosil bo‘lgan bug* tashqariga
chaqish moddasi bilan modda bug‘ini hosil giladi va energiyani so‘rishda davom etadi, shuning
uchun u gisman ionlanib, yuqori harorat va yugori bosimli plazma hosil giladi.

300 K da polikristall kremniy materiallarining turli to‘lqin uzunliklari (1064 nm, 532 nm,
355 nm) uchun yorug‘lik nurlanish chuqurligi koeffitsientlari () mos ravishda 0,01, 1, 1000 ga
teng [8]. Polikristall kremniyning to‘lqin diapazoni Eg = 1,12 eV. E(eV) = hv = 1,24 - A1
tenglamaga asosan, uch to‘lqin (1064 nm, 532 nm, 355 nm) uchun lazer foton energiyalari mos
ravishda 1,165, 2,33 va 3,49 eV ni tashkil giladi. Ushbu energiya ostida 1064 nm to‘lqin uzunligi
asosan fototermik rejimda issiq eritish zarari bilan bog‘liq. Nurlanish jarayonida erigan material
ko‘p bo‘ladi va bug‘ bosimi ta’siri ostida chaqish hodisasi yuz beradi va aniqroq qaltirashlar hosil
bo‘ladi [9]. 532 nm to‘lqin uzunligi asosan issiq eritish zarari va fototermik zarar bilan bog‘liq,
lekin asosiy zarar fototermik zarardir. 355 nm to‘lqin uzunligida qaltirash darajasi nisbatan kichik.

2.2. Plazma termik zarba to‘lqini bosimi effekti

Polikristall kremniy materiallari yuzasida atom bog‘lari o‘rtasidagi bog‘lash kuchi eng past
bo‘lganligi sababli, kesishuvchi tipdagi yoriq zararlanish hududi ko‘rinadi. Lazer termik zarba
to‘lqini ta’siri ostida ustuvor va vayron qilingan old tomon o‘zaro vertikaldir. Burchak 90° ni
tashkil qgiladi va bu C2 simmetriyasiga bo‘ysunishi tufayli, bu qattiq donalararo sinish deb ataladi
[10]. Biroq, yorilish zararlangan hududi nurlangan hudud markaziga ustuvor emas, balki maksimal
daraja nurlangan hududning chekkasida joylashgan. Asosiy sabab lazer termik zarba to‘lqini
bosimi effektidir.

PVDF piezoelektrik yupqa gatlami, 0 dan 20 Gpa gacha o‘lchash diapazoni va nanosekund
darajasida chastota javobi bilan, yuqori bosim o‘lchashning ideal sensori hisoblanadi [11]. Vaqt t
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da, PVDF o‘lchagan kuchlanish signali V(t) va PVDF ingichka yupqa qatlami yuzasidagi termik
zarba bosimi P(t) quyidagi bog‘liglikni qanoatlantiradi [12]:
P(t) = (K/AR) [o' V(t)dt

Bu yerda K dinamik kalibratsiya koeffitsienti (6,6 x 107 Pa-cm2/uc), A PVDF ning samarali
maydoni, R PVDF bilan parallel garshilik (50 Q). 7-tenglama yordamida ostsillograf tomonidan
aniqlangan kuchlanish signali lazer induktsiyalangan termik zarba to‘lqini bosim signaliga
aylantirilishi mumkin.

Lazer quvvat zichligi 6,3 GW/cm? bo‘lganda uch to‘lqinli lazerlarning birinchi to‘lqin
shakli. To‘lqin uzunligi kamayishi bilan, ostsillograf termik zarba to‘lqini piezoelektrik signal
amplitudasini kamaytiradi. Bir xil quvvat zichligi ostida 1064 nm to‘lqin uzunligining nishatan
bosimi eng katta ekanligi ko‘rinadi. Lazer to‘lqin uzunligining kamayishi bilan, lazer ablyatsiya
termik zarba to‘lqini bosimi kichikroq bo‘ladi. Qisqa to‘lqinli lazer quyidagi xususiyatlarga ega:
kattarog foton energiyasi, kattaroq so‘rilish koeffitsienti, sayozroq nurlanish chuqurligi, lazer
fotonlari-kremniy o‘zaro ta’sir mexanizmi kuchayadi, bu qisqa to‘lginli lazer va polikristall
kremniyning to‘liq bog‘lanishiga olib keladi [13].

Biroq, to‘lqin uzunligining kamayishi kritik buzilish quvvati chegarasini kamaytirishga va
lazer induktsiyalangan termik zarba to‘lqini bosimini kamaytirishga olib keladi, bu termik zarba
to‘lqinlarining hosil bo‘lishini cheklaydi [14]. Yuqori energiyali nanosekundli impulsli lazer
na’muna materiali yuzasida ishlaydi va bosim impuls davomiyligi juda qisqa bo‘lib, uning
mexanik effekti impuls bilan xarakterlanadi va impuls termik zarba to‘lqin mexanikasi effektining
muhim parametrlaridan biri bo‘lib, quyidagi ifoda bilan ifodalanadi [12]:

F =] P@d:
2.3. Polikristall kremniyda lazer termik zarba to‘lqining so‘nish qonuni

Lazer quvvati 6,3 GW/cm? va to‘lqin uzunligi 1064 nm bo‘lgan piezoelektrik to‘lqin shakli
eng katta amplitudaga ega va boshqa to‘lqin shakllariga o‘xshash. 14-rasmdan lazer tomonidan
induktsiyalangan termik zarba to‘lqini va keyingi to‘lqin aks ettirishi bilan eng katta cho‘qqi hosil
bo‘lganligi aniqglandi. Shuningdek, termik zarba to‘lginlarining davriyligiga asosan polikristall
kremniyda tarqaladigan termik zarba to‘lginlarining o‘rtacha tezligi hisoblanishi mumkin. 11-
rasmda ko‘rsatilganidek, kuchlanish to‘lqin shaklining ikki qo‘shni impulsi o‘rtasidagi davomiylik
t ni tashkil qiladi, bu ikki qo‘shni lazer termik zarba to‘lginlari na’muna materiali yuzasiga
yetishish o‘rtasidagi vaqt oralig‘ini anglatadi. 14-rasmdan tAB = 55 ns, tBC = 60 ns va tCD = 61
ns o‘qish mumkin. O‘rtacha qiymat: tave = 59 ns, va namuna qalinligi d = 0,25 mm. Shunday
gilib, V = 2d/t formulasi asosida polikristall kremniy namunasida targaladigan termik zarba
to‘lginlarining o‘rtacha tezligi v = 8,47 x 10° m/s chiqariladi.

Lazer tomonidan induktsiyalangan termik zarba to‘lqinlari polikristall kremniy varag‘ining
old va orqa yuzasida uzluksiz aks ettiriladi. Shuning uchun termik zarba to‘lqini polikristall
kremniyning old va orqa yuzasida aks ettirilganda, termik zarba to‘lginlarining cho‘qqi bosimining
so‘nish qonunini chizish uchun masofa ishlatilishi mumkin. 1-jadvalda termik zarba
to‘lginlarining cho‘qqi bosimi ko‘rsatilgan.

- Nisbatan cho‘qqi Uzatish yo‘qotishisiz

Qalinlik (mm) kuchlanish (107 Pa) cho*qqi kuchlanish (107 Pa)
0,25 4,2 4,2
0,75 3,5 3,6
1,25 2,7 2,8
1,75 2,2 2,3
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2,25 1,7 1,8
2,75 14 15
Eksponensial so‘nish moslash usuli bilan polikristall kremniydagi lazer termik zarba
to‘lqining cho‘qqi qiymatlarining so‘nish qonuni chiqarildi: Pmax = 5,37 exp(-x/3 - 0,7). Bu
formulada Pmax termik zarba to‘lqining cho‘qqi bosimi va x termik zarba to‘lqining targalish
masofasidir. 12-tenglama asosida maksimal cho‘qqi qiymati 4,67 x 107 Pa ni tashkil giladi.
3. Xulosa

PVDF piezoelektrik membranining aniglash texnikasi asosida, ushbu magola polikristall
kremniy materialini lazer nurlatish jarayonida lazer issiq termik zarba vayronkorlik hodisasini
o‘rganadi va polikristall kremniy materialiga lazer tomonidan induktsiyalangan termik zarba
to‘lqin jarayonida to‘lqin effekti funksiyasini tahlil qiladi. Asosiy natijalar quyidagicha:

1. Impulsli lazer ta’siri jarayonida bug‘ bosimi va plazmaning birgalikdagi ta’siri yuqori
haroratga ega eritmani chaqish hodisasiga hissa qo‘shadi. Polikristall kremniyning lazer nurlanish
hududida erishi va gazlanishi materialni olib tashlash sharoitini yaratadi. Bundan tashgari, bug*
bosimi va plazma bosimi materialni olib tashlashga katta hissa qo‘shadi. Lazer to‘lqin uzunligining
kamayishi lazer va na’muna o‘rtasida kuchliroq bog‘lanishni ta’minlaydi, buzilish chegarasi
giymatini kamaytiradi va lazer termik zarba to‘lqini kuchini zaiflatadi.

2. Yugori bosimli tez kengayuvchi havo oqimi eritmani bosganda va na’muna materialining
qattiq qismiga bog‘langanda, yuzaga perpendikulyar bo‘lgan gayta bosim hosil bo‘ladi va elastik
to‘lginlar yuzada popereq to‘lqinlar hosil qilish uchun tashkil etiladi. Popereq to‘lginlar tarqgalishi
suyug-qattiq interfeys deformatsiyasiga olib keladi. Shu bilan birga, na’muna materiali yuzasidagi
kuchlanish gradienti moir hodisasiga olib keladi.

3. Qattiq material kesishuvchi kuchlanishga garshi kuchsizroq qobiliyatga ega, shuning
uchun lazer termik zarba to‘lginlari ta’siri ostida yorilish vayronkorlik hodisasi osongina
kuzatiladi va vayron gilingan hudud lazer nurlanish hududining chekka hududidir.

4. Polikristall kremniy namunasida termik zarba to‘lqinlarining o‘rtacha tarqalish tezligi v =
8,47 x 10°> m/s ni tashkil qiladi va polikristall kremniydagi lazer termik zarba to‘lqining bosim
cho‘qqisining so‘nish tendentsiyasi eksponensial tagsimlanish shaklida bo‘ladi.
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TEMPERATURE DEPENDENCE OF VELOCITY OF ACOUSTIC WAVES IN
SILICON CRYSTAL

I.Sh. Toshpulatov, V.N. Avdiyevich
Institute of lon-Plasma and Laser Technologies
e-mail: ibrat.toshpolatov96@gmail.com

In recent years, there has been increased interest in the linear and nonlinear elastic properties
of crystals used in optical signal processing devices such as modulators, deflectors, acousto-optic
filters, etc. [1, 2]. This is due to the fact that the efficiency of acousto-optic devices is determined
not only by photoelastic properties, but also by the elastic properties of the material used, including
their anisotropy.

Sample preparation and research methods

A study of pure silicon (Si) was conducted. The sample, corresponding to the length of 0.589
cm, 0.587 cm, and 1.391 cm, respectively, has a parallelepiped shape with a [110] direction of 1°
accuracy with directional. The non-parallelism of the ends perpendicular to the direction of
acoustic wave propagation was no more than 30 arc seconds. To excite acoustic waves with a
frequency of 30 MHz, piezoelectric transducers made of X- or Y -cut quartz with a natural resonant
frequency of ~30 MHz were used. Acoustic contact between the transducer and the sample was
created using organosilicon oil. Measurements were carried out in the temperature range from 300
to 410 K.

The amplitude of the total echo pulses, which is the result of the interference of acoustic
signals, depends on the phase difference between the oscillations filling these pulses and the length
of the sample Lo. By changing the frequency of these oscillations vwithin small limits, it is possible
to fix the frequency values at which the amplitude of the total pulses reaches a minimum or
maximum, and determine the velocity of the acoustic waves with an accuracy of ~ 0.1% from the
relation [3]:

V =2L,Av Q)
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where Avis the difference between two adjacent frequencies at which the minimum of the

total interference pulse is achieved. The accuracy of determining the acoustic wave velocity is

limited by the limits of the sample length measurement and is ~0.1% [4]. The linear operating

mode of the measuring system was ensured by an attenuator at the input of the measuring receiver.
Results and discussions

The characteristic surfaces of velocity and attenuation of acoustic waves can be constructed

if all independent real ( cjj) and imaginary ( cij,) components of the complex elasticity tensor

Cijra[5]:

Cijkl = Cija + 1Cija (6)

Si has their own internal symmetry, resulting from the cube's elasticity tensor, and the three

independent components of the real and imaginary parts must be known. Effectively, the elastic

constants are the values c,,-0f the directions along the longitudinal and transverse acoustic waves

for [110]; these are the acoustic wave velocity and attenuation coefficient, and the measurement
results are based on the definition of [110].

The Si crystal elasticity tensor, taken from the present components of the values in [3], cites
literature that provides a good fit. In crystals, each has an optional direction along the acoustic
wave propagation velocity and attenuation coefficient expressions using the effective elastic
constant, with calculations possible.

Corr = PV? (7)
The real and imaginary effective elastic constants corresponding to the elasticity tensor are
determined by [6]. Direction [110] of longitudinal acoustic wave propagation for acoustic waves
to temperature relationship is shown in Figurel.
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Fig. 1. Dependence of the acoustic wave velocity along [110] on temperature (1) in Si
crystals. 2-data from [4].

It is evident that in the [110] direction of the Si crystal, the propagation of acoustic waves
velocity slightly decreases with increasing temperature, the temperature from 300 K to 410 K
increases in the [110] direction of the Si crystal, the propagation of acoustic velocity decreases by
0.3%. With an increase in temperature to 410 K, thermal expansion of the crystal and increased
vibrations of atoms cause a decrease in the speed of sound waves by 0.3%. The calculation results
in the form of dependence of the deviation of the polarization vectors of quasi-longitudinal waves
on the direction of their propagation in the plane (110) are shown in Fig. 2. Since this plane is
perpendicular to the axis of symmetry of the second order, the calculation data are presented in the
range of angles from 0 to 180 degrees. Angles are measured from the [110] direction.
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Fig. 2. Deviation of energy flux density (1) and polarization (2) of quasi
longitudinal acoustic waves propagated in the (110) plane in Si crystal
Conclusion
The study simultaneously determined the temperature dependence of the attenuation
coefficient and the propagation velocity of acoustic waves in a Si crystal. The obtained values of
the real components of the elasticity tensor allow us to analyze the spatial distribution of these
acoustic wave properties. It was shown that the attenuation coefficient of acoustic waves increases
linearly not only at low temperatures but also at temperatures above room temperature. The
experimental results obtained at room temperature are consistent with the results obtained from
literature sources. The temperature coefficient of the velocity of acoustic waves is a=-2.46 10
K. It is evident that for these waves the maximum deviation of the polarization vector from the
wave normal, equal to approximately +8 degrees, is observed when the wave normal is directed in
the plane (110) at angles close to 60 or 110 degrees relative to the [110] axis.
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®AKTOPBI BIIMAIOIIUE HA DOPEKTUBHOCTD
COJIHEYHBIX 2JIEMEHTOB

K.A. Ucmaiinos, K.Y. Kamanosa, C.T. Taxxkudaena, K. A. Aye3:kaHnoBa

Kapaxannaxckuu eocynusepcumem um.bepoaxa

ConHeuHast PHEpreTMKa CTPEMHUTEIBHO  pPa3BUBACTCS, TMpeajiaras  YeJIOBEUeCTBY
BO3MOXHOCTh IOJIy4aTh YHUCTYIO M BO300HOBIsAeMYyl0 sHepruto. OnHako 3PPEeKTUBHOCTh
COJIHEUHBIX DJIEMEHTOB, KOTOpPBIE MPEoOpasyloT COJTHEYHOE H3JIYYCHHE B IJICKTPHUUECKYIO
SHEPTUI0, OCTaETCs BaXXHBIM BOMPOCOM I JalibHEWIIero mporpecca otpaci. lloatomy
COJIHEUHBIE SHEPTETUUECKHE CUCTEMBI CYUTAIOTCS KITFOYEBBIM MHCTPYMEHTOM SHEPTOCHAOKECHUS
HBIHENTHETr0 W OyIymuX mokoJieHni. JlapaidTe pacCMOTpHUM KITOUeBBIE (DaKTOPHI, BIUSIONINE Ha
3¢ ()EKTUBHOCTh CONHEYHBIX D3JEMEHTOB, YTO OCOOCHHO Ba)XHO B YCIOBHUSX TJ100aTbHOTO
CTPEMJICHHSI K SHEPTrOCOEPEKCHUIO M COKPAIICHHIO BHIOPOCOB MAapHUKOBBIX ra3oB. OmaHHM U3
TJIaBHBIX  (PaKTOpOB, ompeaensiomux SOPEKTUBHOCTh COTHEYHBIX OJIEMEHTOB, SBIISETCA
Martepual, U3 KOTOPOro OHU U3rOTOBJEHBI. Ha ceromusmamii 1eHs Hanbosee pacipocTpaHEHHBIM
MaTepuaIoM JUIsl COTHEYHBIX JIEMEHTOB SIBIsieTCS KpeMHUU. CyIIECTBYIOT JIBa OCHOBHBIX THIIA
KPEMHUEBBIX 3JIEMEHTOB: MOHOKPHUCTAITNYECKHE U MOJINKPUCTAIITUYECKHE.
Monoxkpuctaminueckue 31eMeHnTsl 0osee 3¢pdextuBHbl (Mx KIIJ nocturaer 20-22%), Tak kak
AIIEKTPOHBI CBOOOJHEE MEepeMEeNaloTcsl B MX CTPYKType, HO OHHM JOpOXE B IMPOU3BOJCTBE.
[Tonukpuctamnnueckue 35meMmenTsl uMeroT KIIJ[ okono 15-17%, HO oHM nemieBsne, 4To AenaeT ux
0oJee JOCTYTHBIMHU.

CoBpeMeHHbIE HCCIEIOBAaHUS B OO0JIACTH COJIHEYHBIX JJIEMEHTOB HAalpaBieHbl Ha
noBsllIeHHE uX dpPexTruBHOCTU. Pa3pabaTbiBaloTCs HOBBIE MaTepUaibl, TAKUE KaK MEPOBCKUTHI,
KOTOpBIE MOTYT MPEIOKUThH BHICOKYIO 3()()EKTUBHOCTh MPU HU3KOH CTOMMOCTH MPOU3BOJICTBA.
Kpome toro, TexHosnoruu, Takue Kak HaHOTEXHOJIOTHH, MO3BOJISIIOT CO3/IaBaTh 0ojiee TOHKUE U
3¢ ()EeKTUBHBIC  COJIHEUHBIC  JJIEMEHTBHI,  CIOCOOHBIC  YJIABIMBAThL  OOJBINE  CBETA.
MHoroo6emaroiue pe3yabTaThl MOKa3bIBAIOT Pa3pabOTKu B 00JacTU THOPUAHBIX COJTHEYHBIX
CUCTEM, KOTOpbI€ MOTYT HCIIOJIb30BaTh OJHOBPEMEHHO COJHEYHOE U3IMyYeHUE U TeIyio. ITO
no3Bossier yBeanuuTh oot KI1/ cuctemsl, 4T0 0COOEHHO Ba)KHO AJIsi OOJBIIMX YCTaHOBOK.
O} PeKTUBHOCTh CONHEYHBIX JIIEMEHTOB OIpENEsIeTCs MHOXKECTBOM (aKTOpoB — OT
MaTepHuagoB, HMCIOJIb3yeMbIX s WX MPOU3BOJACTBA, A0 KIMMATHYECKHX YCJIOBUH M yria
YCTaHOBKH. B yCOBHUAX r100aIbHOTO POCTa MHTEpEca K BO3OOHOBIISIEMbIM HCTOYHUKAM SHEPTUU
KIIFOYeBOM 3ajaveil octaércs mnoBbilieHHE S()(GEKTUBHOCTH U yJACUICBICHHWE TEXHOJIOTUMN
CONMHEYHON osHepreTuku. HoBble pa3pabOTKM M TEXHOJOTMH, TaKue KaKk MHOTOIIEIeBhIe
COJTHEYHBIE DJIEMEHTHI, CHCTEMbl TPEKHWHTa U OXJAKICHHS, a TaKKe YyCOBEPIIECHCTBOBAHHE
MaTepHuaIoB M 3alIUTHBIX MOKPBITUH, MOMOTYT YIYYIIUTh MPOU3BOAUTEIHHOCTH COTHEYHBIX
MTaHEJEN.

B 3akmioueHUMM XOTUM OTMETHTh, YTO MPABHIBHOE MPOEKTUPOBAHHME M IKCILTyaTallHs
COJTHEYHBIX YCTAaHOBOK UTPAIOT PEIIAIONIYIO POJIb B TIOCTHXKEHUU MAKCUMAIIbHOUN A (HEKTUBHOCTH
Y BKJIaJIe B II100ANIbHBIE 32/1a4H 110 YHEPTOCOSPEKEHUIO.

102



IV IIYBBA. MYKOBIJI DSHEPTUSI MAHBAJIAPH

OBOCHOBAHME BBIBOPA JJATUHUKA JTABJIEHUS IS BOJSTHOI' O
KOHTYPA ABTOHOMHOMN KOMBUHUPOBAHHOM
®OTOTEILUIOINPEOBPA30OBATEJBHOM YCTAHOBKH

0.®. Tykdarymn’, K.A. Jxkymamypatos, B.I'. JIpickun, JI.A. ®aTky.iaes
HUU uszuxu nonynposoOHUKO8 u MUKPOIIEKMPOHUKU
npu HYY3 um. M. Ynyebeka, ¥Y3oexucman, Tawkenm, 100057, yn. Aneu Anmaszap, 20
“e-mail: oskar.tukfatullin@gmail.com

B mnocnennue roasl B mupe, B ToM uucie B PecrmyOiuke Y30ekucraH, Bc€ Oosibliee
BHUMAaHHE Y/EISIETCS PAa3BUTHIO TEXHOJOTUH HCIIOJIb30BaHUS BO30OHOBISIEMBIX HCTOYHHUKOB
SHEPTHH, TPEXK/IE BCETO COTHEYHOH dHeprun. OTHUM W3 MEPCIIEKTUBHBIX HANIPABICHUN SBIISETCS
co3llaHie KOMOWHHPOBAHHBIX (OTOTEIUIONPEOOPa3OBaTENFHBIX YCTAaHOBOK, ITO3BOJISTFOLITNX
OJIHOBPEMEHHO MOJy4yaTh JJIEKTPUUECKYIO0 U TEIUIOBYIO 3HEprui0. D(PGEeKTUBHOCTh MOJOOHBIX
YCTaHOBOK BO MHOTOM OMPEIEIISETCS THAPABINYESCKIM H TETUIOBBIM PEKUMaMH paOOTHI BOJSHOTO
KOHTYpa  OXJIQKJEHHs, TpeAHAa3Ha4YeHHOTO Ui  OTBOJA  HM30BITOYHOrO  Terja  OT
(hOTORNIEKTPUIECKOTO MOIYJIS.

KoHTponbs ruapaBinyecKux mapamMeTpoB BOJSHOTO KOHTYpa SIBIISIETCS] BAKHBIM YCIOBHEM
oOecrieueHus: cTaOMIbHOMN U 3PPeKTUBHOM paboThl HOTOTEMIIONPE0OPaA30BATENBHBIX YCTAHOBOK.
B 5rm0il cBsA3M BO3HHMKaeT 3agauya OOOCHOBAHHOI'O BBIOOpa CpPEINCTB U3MEpPEHHUS JaBJICHUS,
MO3BOJISIOMIMX KOHTPOJIUPOBATH PEKUM IUPKYJISIIAH TETUIOHOCHTEISL.

enpro HacTosIIeH pabOTHI SABIAETCS pacuéTHOE 0OOCHOBaHWE BHIOOpA qUANa3oHa M THUIIA
JaTyuKa  JaBJI€HMs U1 BOJSIHOIO  KOHTypa  aBTOHOMHOM  KOMOMHMpOBAaHHOM
dhoToTermonpeoOpa3zoBaTeILHON YCTAHOBKH OTKPHITOTO THMA [1].

PaccmarpuBaemasi cuctemMa BKIIOYAeT aKKymyJupyrommuid 0O6ak  o0sémom 200 i,
OUPKYJISAIMOHHBIM  Hacoc JT-750, matumk pacxoma YF-S201, TpyOuareiii  abcopbep
napajieJIbHOr0 THIA M JIMHUM NOJaud M BO3BpaTa BojAbl B 0ak. MakcumainbHas Temieparypa
TEIUIOHOCUTENS B cuctemMe MoxeT gocturars 90 °C.

Hupkynsuuonnsiii Hacoc JT-750 paboraer B auama3oHe HampsbKeHWH nuTaHus 6—12 B
IIOCTOSIHHOTO TOKa M CIOCOOEH cO37aBaTh HANOp 0 5 M BOJSHOIO cToji0a. MakcumanbHOe
JIaBJIEHHE, CO3/1aBa€MOE HACOCOM, ONPEAEISIETCS BhIpaKEHUEM

P =pgh,

rlie p — IUIOTHOCTh BOJIbI, § — YCKOpEHHE CBOOOIHOTrO TajeHus, h — Harmop Hacoca [2—4].
[ToacraBnss 3HaYCHUS p = 108 kr/m®, g=981 M/c> u h=5wm, nonydaem P = 4,9x10* ITa, uToO
cooTBeTcTBYeT npuonu3urenbHo 49 klla. Takum 0O6pa3oM, MakCUMaJIbHOE CTATUYECKOE 1aBJICHUE
B cucteMe He npeBbimaet S50 kl1a.

I'mapocraTyeckasl cOCTaBIAIOIIAs JaBlIeHUs, 00YCIOBICHHAs PAa3HOCTBIO BBICOT MEXTY
HayajoM JIMHUM TOJauyd M KOHILIOM JIMHUM BO3BpaTa BOJbl B 0ak, 3HAYUTEIHHO MEHBIIIE.
MaxkcuMasbHbIN nepenas BHICOThI cocTaBisieT 0KoJo 0,59 M, UTO COOTBETCTBYET JIaBICHUIO MEHEe
6 kIla. CnenoBatenbHO, OCHOBHAsl YacTh JABJICHHS B CHCTEME OIpEesieTCs] XapaKTepUCTUKAaMHU
LUPKYJISLIMOHHOT O HAacoca.

daxkTUYeCKHi pacxo]l BOJIbI B CHCTEME U3MEPSUICS ¢ IOMOIIbIO AaTuMKa pacxonaa YF-S201
u cocrasisger 2,8—-2,93 n/mMuH. B cucreme ucnomnb3yercss TpyOdathlii abcopOep mapauienbHOro
THIIA, COCTOSIIIMA W3 TSATH CTaNbHBIX TPyO BHYTpeHHHM auamerpoM O =28 MM u JUIMHON
=098 M kaxnmas. TpyObl coemauHeHsl mnpu momomu [IBX-TpoiHUKOB B peHIéT4aTyIo
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KOHCTpYKIMIO (Tull  «harpy), 00eCneunBaroONIyl0 MapaUieIbHOe pACIpeIeiICHHe TOTOKa
TETJIOHOCHUTEJISL.

Cpennuii pacxos Boasl Oy =~ 2,9 1/MuH cooTBercTByeT 4,8%107° M/c. TTocKombKy TpyObI
COEJIMHEHH] TIapallIeNbHO, PAcXoj depe3 OaHy TpyOy cocTaBiseT (i = (/5= 9,6x107° m/c.
[Inomaap nonepeyHoro ceueHus TpyObl ONpeesieTCsl BEIPaXKECHUEM

5"
4
¥ cocTapjisieT mpubamsutenbHo 6,15x1074 M2, CpemHsis CKOPOCTh MOTOKA BOJBI B OHOM
Tpy6e paBHa v = (1/S =~ 0,016 m/c.
Jlnst onipeniesieHnst peKrMa TeYEHUsl PACCUNUTHIBAETCS Yyucio PelHombaca
Re = P24
w
rae W — AuHaMuueckas Bs3kocTh [2—4]. IIpu temneparype Boabl 20 °C auHamuyeckas

BS3KOCTH BOJBI cocTapiseT npumepHo 1x107° TTa-c. TTomcTaBaas COOTBETCTBYIOIIME 3HAUCHHS,
nonmyyaeM Re =~ 450-500. DTo 3HaueHHWe 3HAYUTEIHHO MEHBIIE KPUTHYECKOTO 3HAYCHUS
Re =2300, 4To CcBHUIETENHCTBYET O JIAMUHAPHOM pEXUME TEUEHUS J>KUIKOCTH B TpyOax
abcopoepa.

[loTtepu naBnenus B Tpybax MoOryT ObITh OlleHEHBI 1o Gopmyne Japcu—Beiicbaxa

2
ap =20
d 2
rae A — KodhUIMEHT TUIpaBIUYecKOro TpeHus [2—4]. s n1aMUHApHOTO peKUMa

teueHus A = 64/Re. IloacTaBmisis moaydeHHBIE 3HAYEHUS, TOJydaeM, YTO TMOTEPU JABJICHHUS B
OJTHOM TpyO€ COCTaBIIAIOT JIOJIH Mmackais. [{axe ¢ ydéTOM MECTHBIX CONPOTUBIICHUH TPOMHUKOB 1
COEMHUTENIbHBIX 3J€MEHTOB CyMMapHbIM mepemnaja JaBieHHs Ha abcopOepe HE MpeBbIIIaeT
HECKOJIbKHX JIecsATKOB mackaieit (menee 0,02 xlla).

[TonydyeHHble pe3yabTaThl MOKA3bIBAIOT, YTO THAPABIMYECKOE COMPOTHUBIIEHUE abcopbepa
Ype3BhIYATHO MaJi0 MO CPaBHEHHUIO C JAaBJICHHUEM, CO3JaBaCMbIM LUPKYJIALHOHHBIM HAaCOCOM.
[lepenan naBnenus Ha abcopbepe coctasisier MmeHee 0,1 % ot pabodero naBieHus cucteMsl. B
CBSI3H C 3TUM HCIOJIb30BaHUE JBYX JIATYMKOB JABJICHUS JJIS U3MEPEHUs Tepernaja JaBlIeHus He
SIBJIIETCS L[EI€CO00PA3HBIM.

PanroHanbHBIM pelieHreM SIBISIeTCSl yCTaHOBKA OJHOTO JIaTYMKa JaBJICHUS MOCJe Hacoca,
nepen BxoaoM B abcopOep. Takol naT4Mk MO3BONISIET KOHTPOJIUPOBATH (haKTUUECKHI HAmop
HACcOCa, BBISBJIATH BO3MOXHbBIC HAPYIICHUS IUPKYIISIUH, 3aBO3AYILIMBAHIE CUCTEMBbI UIIH 3aCOPbI
TpyOONPOBOJIOB, a TAK)KE KOHTPOJIUPOBATH U3MEHEHHE PeKruMa paboThl Hacoca MPU U3MEHEHUU
HaMPsDKEHUS TUTaHUSL.

B kauecTBe M3MEpUTENHHOrO 3JIeMEHTa ObLI BBHIOpAH KepaMUYECKUI NaT4YMK JaBJICHUS
cepun XDB401 c nuanazonom wusmepenust 0-50 xIla. [lanHbIi AMana3oH COOTBETCTBYET
MaKCUMaJIbHO BO3MOXXHOMY JIaBJICHUIO B CHUCTEME, OINpPEAENsieMOMY XapaKTepUCTUKaMU
HUPKYIAIUOHHOTO Hacoca. [Ipu peanbHBIX pexumax pabOThl YCTAaHOBKHU JIaBJICHHE B CHCTEME
Haxonutesa B npenenax 20—40 klla, 4To cooTBETCTBYET CpeHEN YacTH Juara3oHa U3MEpPEeHUM
JaTyuka U 00ecredrnBaeT JOCTATOUYHYI0 UyBCTBUTEIBHOCTh M TOYHOCTH U3MEPEHUH.

Kepamuueckne  4yBCTBUTENbHBIE  OJEMEHTHl  OONAAAOT  PSIIOM  MPEUMYIIECTB:
YCTOHYMBOCTBIO K BBICOKMM TeMIlepaTypaM, BBICOKOW JOJITOBPEMEHHOH CTaOMIBHOCTBIO,
YCTOMUYMBOCTBIO K KOPPO3UH U BO3MOKHOCTBIO JUTUTEIBHOT'O U3MEPEHUS CTATUUECKOTO JIaBJICHUS.
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B orianune OT Nbe303JIEKTPUYECKUX JATYUKOB, KOTOPBIE JIydIle MOAXOJAT JUIsl PETUCTpaLluu
JUHAMMYECKUX  IIPOLIECCOB, KEpaMUYECKHE JAaTUMKH  ONTUMAJbHBl ISl  HU3MEpPEHUs
KBa3UCTAL[MOHAPHOIO JaBJICHUS B TMIPABIMUYECKUX CUCTEMAX.

CoBMecTHOE HCIIONB30BAaHME JaT4YMKa JABJICHUSA, JaT4YMKa pacxoja BOJAbI U JaTYUKOB
TeMIepaTyphl Ha BXOJIE U BBIX0/e abcopOepa MO3BOJISET MOIy4aTh KOMILICKCHYIO HH()OPMAIIHIO
0 pexxume paboThl ycTaHOBKH. Ha OCHOBE H3MEpEHHOTO pacxo/ia U Pa3HOCTH TEMIIEPATYP MOKHO
OIIPEAETUTh TEIJIOBYIO MOITHOCTh CUCTEMBI 110 BBIPAXKEHUIO

Q =mCpAT,

/I 71 — MAaCCOBBIN pacxo]1 BOJbI, ¢, — YJIeIbHas TEINIOEMKOCTh BO/IbI, AT — MOBBIIICHHE
Temrneparypsl TeroHocutens. I[lpu pacxoxe okono 2,9 I/MHUH MacCOBBIM PacxXoi BOJIbI
coctasisieT mpuoau3uTensHo 0,048 kr/c. Jlaxke npu yBenmueHnn temmeparypsl Boas! Ha 5—10 °C
TEIJI0OBAsi MOIIHOCTh YCTAHOBKH MOYKET COCTaBJIATH OT 1 10 2 kBT.

Takum 006pazoM, MpoBENEHHBIN PACUETHBINA aHAIIU3 TTOKA3BIBAET, YTO JIABJICHUE B BOJISTHOM
KOHType aBTOHOMHOW  (poToTeruionpeoOpa3oBaTeIbHON  YCTAHOBKM  OTKPBITOTO  THUIIA
onpeseNnsieTcsi B OCHOBHOM XapaKTEPUCTHKAaMH LHUPKYJIALHMOHHOIO Hacoca, TOrJa Kak
TUIPaBIMYECKOE COMPOTHBJIEHHE abcopOepa MPakTHUYECKU HE BIMAET HA PEKUM LHUPKYIISIHU.
Breibop kepammueckoro marumka pgaBiueHus guanazoHa 0-50 k[la sBnseTcs TeXHUYECKH
000CHOBaHHBIM U 00€CIIeUYHBAET ONTUMAJIbHYIO YYBCTBUTEIBbHOCTh U3MEPEHHH 0€3 N30BITOUHOTO
nuana3oHa. [lodyyeHHble pe3ysbTaThl MOTYT OBITH HMCHOJB30BaHBl MpU pa3paboTKe cHUCTEM
MOHHUTOPHHIa U aBTOMAaTU3allMi aBTOHOMHBIX COJTHEYHBIX TEIJIOBBIX YCTAHOBOK.

Jluteparypa:
1. Tykdarymmna O.®. u np. KomOuHupoBanHas ¢oToTeIIonpeodpa3oBaTebHas yCTaHOBKA.
[Tatent PY3 Ne FAP 2545, 2024.
2. Cengel Y.A., Cimbala J.M. Fluid Mechanics: Fundamentals and Applications. McGraw-Hill,
2014.
3. Duffie J.A., Beckman W.A. Solar Engineering of Thermal Processes. Wiley, 2013.
4. Idelchik 1.E. Handbook of Hydraulic Resistance. CRC Press, 1994.

OIITHYECKASA AEI'PAJALIINA HHKAIICYJISIHTA DBA B
COJIHEYHBIX MOAYJISIX ITOCJIE 14 JIET SKCIIJIYATALIUN

B.I. Apickun’?, U.A. FOagames?, FO.M. Kyp6anos?, H.A. Xamaamona®,
Y HUH ¢pusuxu nonynpoeoonuxos u muxposnexmpornuxu npu HY'Y3 um. M.
Vnyebexa, Y36exucman, 100057, Tawkenm, yn. Aneu Anmazap, 20
2 Tawikenmckuti 20cy0apcmeeHH bl mexHudecKull yuueepcumem, Y36exucmar,
100095, Tawxenm, yn. Yuusepcumemckas, 2

Cpoxk ciyx0b1 poToanekrpuueckoro moayis (POM) onpenensercss BpeMEHEM €ro
0e30TKa3HOW  TeHepalMd  JJIeKTPOIHEPruH, TONe3Hoi i mortpeburens  [1].
[IponomxurensHoCcTh dKcIuTyaTaun OOM  3aBUCUT OT CKOpPOCTH JErpajalli €ro
KOMIIOHEHTOB, KOTOpasi, B CBOIO OUEPE/Ib, ONPEAEIIAETCS TEXHUUECKMMH XapaKTEPUCTUKAMHU
MIAHEJN U KIIMMaTUYeCKUMH YCI0BUAMU MecTHOCTH [ 1-3]. IIponeccel aerpananuu npuBoasaT
K HapyLIEHUIO IIEJIOCTHOCTH KOHCTPYKLMH, CHIDKEHHMIO ONTHYECKMX U DIIEKTPUYECKHUX
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XapaKTEePUCTHUK, a TAK)KE K BO3MOKHOMY BbIxoy ®OM u3 ctpos [2]. OnHUM U3 KpUTHYECKU
BAXKHBIX 3yieMeHTOB (POM sBisieTCs HMHKAICYJISHT W3 ATWieHBHHMiuanerara (OBA),
MOJIBEP)KEHHBIN JIECTPYKIIMK TI0J] BO3JEHCTBHEM OKpyxkaromed cpeabl [3]. M3menenue
nsera OBA - 310 creactBue (HOTOXMMHUYECKUX MPOLECCOB, MPOTEKAIOIIUX MPU BBICOKUX
TEeMIIepaTypax IO0J BO3JEHCTBUEM COJIHEYHOI'O W3JyUYEHUS U BIUSAIOLUIMX HA BBIXOJHYIO
momrHocTe ®OM [1-3]. B pabote mpeacTaBieHbl pe3ybTaThl KOJMUYECTBEHHOW OICHKH
ONTUYECKON Jerpajaliii MHKAICYJSHTa U yCTaHOBJIEHA €€ IMpsiMas CBSA3b CO CHUKEHHEM
3PPEKTHBHOCTH MOJTYJIS.

O6pa3zupl mueHkn DBA tommuHol 0,42 MM ObUIM BBIPE3aHbI C BHELIHEH CTOPOHBI
MOJYJS, KOTOPBIM SKCIUIyaTUpOBAJCS B TeyeHHe 14 JeT B yCIOBUSAX PE3KO
KOHTHHEHTAJIbHOr0 KjinMaTa Y30ekucraHa. O0pasibl ObIIIM IPOMBITHI JUCTUIUIMPOBAHHON
BOJIOM M OCYIIEHBI CTpyell Temuoro Bo3ayxa. M3menenume oxpacku DBA ¢
npo3padnoro/6enoro (puc. 1a) Ha xenTo-0ypsIit (puc. 106) CBUIETEILCTBYET O MOTJIOMIEHUN
u3iydeHus B quanazone 435-480 um. [{ns mpoBepku 3TOTO

g -
: " 42
\"‘ -

Q7 R
9‘3@,_

., )

b

Y .

R st

a

Puc. 1. O6pa3ubl mHKancy/Jassuta IBA 10 Hauaja sxcruryaramuu () u
yepe3 14 aer (b)

MIPEANOI0KEHUS C IIOMOIIIBIO ABYXJIy4eBOro crekrpodoromerpa Shimadzu UV-2600i
ObLTM M3MEpeHbl KOX(PUIIMEHTHI MPONMyCKaHUS W OTpaykeHus obOpasmoB (puc. 2). Ilux
norJionieHus B paiione 1200 HM 00yciioBIIeH pacTaruBaromuMu kosebanusmu C—H-cBszeit
B MeTuibHBIX (- C—H3) m mMerunenoBweix (-C—H2) rpynmax. YcpemHeHHBIH TO CHEKTPY
KOA(GUIIMEHT MPOMyCKaHUs UCXOTHOM TIeHKU cocTaBui 84,7 %. 3a 14 net skcrutyaTauu
cpeaHee 3HaYeHHE MPOMYCKaHUS CHU3MIIOCH 10 59,5 %, TO ecTh IPO3pauHOCTh YMEHBIIUIACh
Ha 25,5 %. Ilokazarenr mnpenomienuss DBA MOXHO oOIeHHTH Yepe3 Kod(hduIueHT
oTpaxkeHus R, ucnosb3ys hopmyiy Ajs HOpMAJIBHOTO Ta/ICHUs CBETa HA TPaHUILy pa3/ela
BO3IyX-TIJICHKA:

L& - 1o

T (1)

W3 rpaduka Ha puc. 2 (kpuBas 3) BUJHO, YTO KO3 GUIMEHT OTpaxeHus R B BuauMoi
obnactu coctaisier okojio 20%. Pemas ypaBHenue (1) oTHOocUTEnsHO n, moiayuyum 2,61.
s gucroro OBA n = 1,48. Cronp BbicOKOe pacdyeTHoe 3HaueHue (2,61) oObsicHseTcs
CTPYKTYpO# 0Opasiia: BKparieHus 0enbix Touek (puc. 1b) coznaror nuddysnoe paccesaue,
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KOTOpO€E CIIeKTpo(hoTOMETp (PUKCUPYET KaK MOBBIICHHOE OTpaxxeHne. BuzyansHo oOpaser
— 9TO XenTasg IwieHka DOBA ¢ OelpIMU BKIIOUEHHSIMH MOXKHO CYHTATh KOMITO3UTHOM
CPEIOH, ONTHUYECKHE IOCTOSIHHbIE KOTOPOM MOXKHO ONPEIENIUTh C IIOMOILBIO TEOPHS
s dexTrBHONI cpeabl bpyrremana.

Koo duuuenT mornomienns BbIUUCIAETCS depe3 KOIPPHUIMEHT NPOIMyCKaHus | U
touHy obpasna d = 0,042 cwm:

a Ing. =~
d Bl g )

Jia o6paszua OBA B xenroii obnactu cnekrpa (okosno 500—600 um) mpomnyckanue T
» 60 % xodddunuent nornomenus a» 12,14 cm™ , mokasarens nornomenus K » 5,3 X107,
Tak kak K << n, To hopmyna bpyrremana MOXXHO 3amKcaTh B BUJIE:

jl—:ﬂ.*f 2 0 (3)

Neff — TTOKA3aTeIb MPEJIOMIIEHUS KOMITO3HTA; N1, f1 — mokazaress npenmoMacHus U
oObeMHas JI0JIs MEPBOM KOMIIOHEHTHI; N2, T — mokasarenb mperomiieHuss U 00beMHas
JI0JIs1 BTOPOW KOMIIO- HEHTHI. BhinonHss anredpandeckue npeoOpa3oBaHusl, MOIyYUM U3
(3) BBIpa)KEHHE NIJIs1 BEIYMCICHUSI 00bEMHOM KOHIICHTPAIIUU TTEPBON KOMITOHEHTHI [4]

4)

[Ipeanonaras, 4To mepBas KOMIIOHEHTA - 3TO YACTHIII 3arPsSI3HEHUS, HAIIPUMEpP caxa
uiay yriaepox ni » 3, a BTopas kommnoHeHta OBA nz » 1,48, mo dopmyne (4) Obuta
paccunTanbl 0ObeMHBbIE KOHICHTpanuu kommonentoB fi » 75.0 % , fo » 25.0 %. Ha
OCHOBAHHUH TOJYUYEHHBIX PE3yJIbTaTOB, MOXKHO IMPEAMNOI0XKHUTh, YTO MPHUIIOBEPXHOCTHBIN
cioi DBA mnpencraBiser coO0HW KOMIIO3UT, COCTOSIIIMA M3 TMPOAYKTOB JeTrpajaliuu
MOJIMMEPA U BHEJPEHHBIX YaCTHUIl aTMOCHEPHBIX 3arpsi3HCHUM (IPEUMYIIECTBEHHO CaXKH).
Boicokuii onTH4ecKUil KOHTpACT Mexy Marpuueil 9BA u yriepoJHbIMU BKIFOUEHUSAMHU
MPEeBPALIAET COXPAHUBIIMECS YYAaCTKU YHCTOTO MOJMMEpPa B IEHTPhl HHTEHCUBHOTO
paccesiHusl, KOTOpbIe BU3YaJIbHO OMPEEIAIoTCA Kak Oellble BKPAIUICHHUS Ha JKeNToM (oHe.
[TonydeHHbIe pe3yabTaThl CBEACHHI B TAOIUILY (COCTaBIEHA C MOMOIIBIO TUHTBUCTUYECKOM
mozenu MU Gemini (Google).

CpaBHuTenbHble XapakTepucTuku OBA 1o u nocie 14 net sxcrtyaTanuu

107



IV IIYBBA. MYKOBIJI DSHEPTUSI MAHBAJIAPH

[Tapamerp Hcxonubii HerpanupoBaBmuit IIpnunHa U3MeHEHUI
OBA cioit (14 ner)
(HOBBIIT)
IBeT 1 BUI becusernsIi, bypo-xenTsiii, Xpomodopsr (—
PO3pavHBIN Oenbie C=C-), caxa,
BKpAIICHUS paccesiHue
Koad. (3,7%) 20% Poct ontuueckoit
OTPKCHUS MJIOTHOCTHU
MMOBEPXHOCTHU
Iloka3areis 1,48 2,61 Kap6onuzanus u
TIPEIOMIICHUS BHEJIPEHUE CaXHU
(75%)
Koad. 12,14 dopmMupoBaHue
MOTJIOIIEHHUS, CM ! CUCTEM
COTIPSIKEHHBIX
CBsI3ei
ITokazarens 5,3 x10° CeneKkTUBHOE
TIOTJIOIIEHUS MOTJIOIICHHE B
cuHen obactu
O0BeMHas 100% 25 % Pacnag Matpuiisr
nonsg OBA U 3aMellcHUE

IPUMECSIMHU

BriBon nist @OM: 3a 14 net sKkcrutyaTaluy IpUIoBEpXHOCTHBIN CIION TpaHC(hOpMUpOBaICS
B BBICOKOTIpeToMJIsTIOIni SkpaH. OcHoBHOM Bkiasn B majgenue KI1JI BHocut poct koaddurmenta

oTpakeHus B 5,4 pasza, yTo OJIOKUPYET AOCTYI (POTOHOB K aKTUBHOMY CJIOIO KPEMHUSI.

Jlureparypa:

1. C. Deline, D. Jordan, B. Sekulic, J. Parker, B. McDanold, and A. Anderberg. 2024. PV
Life time Project — 2024 NREL Annual Report. Golden, CO: National Renewable Energy
Laboratory. NREL/TP-5K00-90651.
2. M. Aghaei, A. Fairbrother, A. Gok, S. Ahmad, S. Kazim, K. Lobato, G. Oreski, A.
Reinders, J. Schmitz, M. Theelen, P. Yilmaz, J. Kettle. Review of degradation and failure
phenomena in photovoltaic modules. Renewable and Sustainable Energy Reviews, v.159,
pp. 112160, 2022. doi:10.1016/j.rser.2022.112160.
3. M.C.C de Oliveira, Diniz Cardoso ASA, M.M. Viana, Lins V de FC. The causes and
effects of degradation of encapsulant ethylene vinyl acetate copolymer (EVA) in crystalline
silicon pho-tovoltaic modules: A review. Renew Sustain Energy Rev 2018;81:2299-317.
doi: 10.1016/j.rser.2017.06.039.
4. V. G. Dyskin,, S. X. Suleymanov, M. U. Djanklich, N. A. Kulagina, and U. B. Hamdamov.
Modeling of antireflective gradient coatings for solar cells, Applied Solar Energy, 2024, VVol.
60, No. 4, pp. 559-565. DOI: 10.3103/S0003701X24602722

PA3PABOTKA MOJEJIM TPOI'HO3UPOBAHUSA NPOU3BOAUTEJIBHOCTHU

®OM B 3ABUCHUMOCTHU OT 3ATI'PAZHAIOININX ®PAKTOPOB
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0.®. Tykdarymn’, 5.H. Byrynoaes?

YHUU pusuxu norynpoeoonuxos u muxposnexmponuxu npu HYY3 um. M. Yiyebexa,
Vaoexucman, 100057, Tawxenm, ya. Aneu Anmazap, 20
2Koncmpykmopckoe 610po u HayuHo-mexHuYecKuii yenmp onvimHuoz2o npouszeoocmea AH

PVy3
Vsoexucman, 100125, Tawxenm, ya. ypmon uyau, 40
baxtiyorbutunbayev@gmail.com

B mpomecce 3arpsi3HEHHS TOBEPXHOCTH  (DOTOANEKTpUYECKHX Moxylel (DPOM)
3arpsi3Hsomue GakTopbl MPUPOTHOTO MPOUCXOXKICHUSI UTPAIOT KITIOUEBYIO0 poib. CyllecTByeT
MHOYXECTBO HAYUYHBIX MyOJIUKAIUH, B KOTOPBIX Ui MOJCIMPOBAHUS 3aTrPs3HEHUS TPUMEHSETCS
OJIMH WX Cpa3y HECKOJbKO Ha0OpOB TMOTOJHBIX IMapaMeTPOB, TAaKUX KaK KOHIIEHTpaIus
B3BCILICHHBIX YaCTHI] HAa BO3JyX€, CKOPOCTh W HANpPaBJICHHE BETPa, BIAKHOCTh BO3IyXa,
TeMIepaTypa U 4actoTa ocaakoB u p. [1, 2]. B atom pabote paccmaTpuBaeTcs, Kak MOTOIHBIC
(hakTOpBI OKPYIKAIOIICH Cpebl BIUSIOT Ha MPOU3BOAUTENHHOCTE @OM. 3T0 MaéT BO3MOXKHOCTH
3apaHee OMpeIeNnuTh, KaK MOTOHBIC YCIOBUS MECTHOCTH OY/IyT BJIHATH HA MIPOU3BOAUTEIILHOCTh
¢dorornektpuueckux craHuuun (OIC), rne mIaHupyercs CTPOUTEIbCTBO, WM MPOBOJIUTH
MOHHUTOPHUHI YK€ TOCTpoeHHbIX @POC B peadbHOM BpeMEHH. MHOXECTBO MOJECIEH,
YYUTBHIBAIONINX KOHIIEHTpAIlMU B3BelIeHHBIX udacTull PM10/PM2.5 u moroaHsle mapaMeTphl,
MPOBEPSUTHCH B TE€X PErHOHAaxX, T MPOBOJUIUCH HCCICIOBAHMS, MOATOMY HX TOYHOCTH ISt
KJIIMMAaTHYECKUX yCJIOBHIA Y30eKucTaHa He rapaHTupoBaHa. Vcxons u3 aToro, Obliaa mocTaBiieHa
3ajaua pa3zpaboTaTth COOCTBEHHYIO MOJIENb, YUUTHIBAIOIIYIO aPHUIHBIN KIIMMAT CTPaHBI.

JI1st mporuo3a CyTOYHOro ypOoBHS 3arpsI3HEHUSI MOYJIS MOXKHO HCIIOJIb30BATh TUCKPETHYIO
MOJIEJIb HaKOIUIEHHs Macchl dacTull Ha Am. Eciam 3a HEKOTOPBIM J€HB BBINAIO KOJIMYECTBO
0CaJIKOB BHIIIIE TIOpoTa (Harmpumep, 3 MM), peamnoaraercs, 4To @OM mosHOCThIO CMBITa, 1 Am
copaceiBaercs B 0. Ecnum moxkas HeT, cuuTaeM CYTOYHOE MPHUPALIEHHE MacChl OCAJKOB
nponopioHanbHbIM KoHIeHTpauusM PM. Ilo momenmu Coello — Boyle macca otrnoxenuii
npupanuBaeTcs Kak [3]:

Am = (PMyg * v19 + PM,5 * v, 5) AT cosp ((1)
rne PM;, u PM,s — cpeaHecyTOYHble KOHIIGHTPAIIMM YaCTHIl B T/M°, Vio, V25 —
COOTBETCTBYIOIIME CKOPOCTU oOcenaHusi, AT — BpeMs HKCIO3UIMH, B HAlleM ciydyae Oepem
JUTUTEIBLHOCTh CyTOK 86400 c, (p — yroy HaKJI0Ha MOIYJIA.

[TockonbKy B Ipolriecce 3arpsi3HeHUs] MOAYJIsl OTHOCUTEIbHAS BIAXKHOCTh BO3yXa U BETEP
UTPAIOT KIIOYEBYIO POJib, UTOTOBYIO (POPMYITy MOJIEIH MOKEM 3arKcaTh B BUJIE:

Am = (PMyg * v19 + PMy5 * V35) AT c0SQ Fry Foer (@)
rae Fry U Fer GYHKINMY, YYUTBHIBAIOIINE BIUSHUE BIAXXHOCTH BO3yXa U BETpa.

OtHocuTenbHAas BIAXHOCTh ycuiuBaeT anare3uto yactul. Ilpm RH Beime ~70%
KaWUISPHBIE CUJIbl YJIEP>KUBAIOT BJIAry U MbLIb HA MOBEPXHOCTH, YTO MPUBOJIUT K YCUIIEHHOMY
OCellaHMio 3arps3Hsronux yactul] [4]. YuuteiBas 3T0, omuiieM (GYHKIHIO YIUTHIBAIOIINH
BJI&YKHOCTh BO3/lyXa B BUJIE:
max(0, RH -70) ((3)

30
rac ¢ — nmapameTp, RH — oTHOCHTENBHAS BIAXKHOCTb.

FRH(RH): 1+C

BeTep MOJKET CIIOCOOCTBOBATh 3arpsA3HCHUIO U B TO K€ BpCMA OYHIICHUIO ITOBECPXHOCTU
®OBM ot 3&Fpﬂ3HeHHﬁ B 3aBUCUMOCTHU OT CKOPOCTH U HAIIPABJICHUS. Bo mHOrmx OKCIICPUMCHTAX
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[1, 2] 6buTO MOKA3aHO, YTO JIOOOBOI BETEp YCHUIIMBACT 3arpsi3HEHUE, a OOKOBBIC BETPhI OUUIIIAIOT
MOBEPXHOCTh OT 3arps3HeHuil. Mcxons u3 3Toro (QyHKIUIO, YYUTHIBAIOIIYIO BIIHMSHHUE BETPA,
MOJKEM 3aIKcaTh B BUJIE:
F...(w) = clam v ca— 2 i ((4)
BET p(l + adep COSﬁ Aget |Sln:8|) 0'1) 3)
w + Waep W+ Wt
II€ W — CPEIHAS CKOPOCTh BETPA, HMAPaMETPhl Agep, M (ger XAPAKTEPH3YIOT BIIHSHHE
BETPOBOI'O BO3JEHCTBUS Ha IPOLECCH 3arpA3HEHUs MOBEPXHOCTH DOM. Wyep, U Wyer
KO3(pPHUIIMEHTH HACHIIEHUS HOPMHUPOBOYHOW (YHKIMH, XapaKTepHbIE /IS 3arps3HEHHUS U
OYUIICHHSI OT IMBUTH. [§ — yroJI HalpaBJleHue BeTpa, B € [-/2; m/2]. Yrisl HanpaBiIeHUs BeTpa
CUHMTBIBAIOTCA TAK, YTOOBI 1060BOI BeTep cootBercTBOBAN f = 0°. MHONKHUTEND COS[S yUHTHIBAET
J000BBIC COCTABJISIONIME BETpa, a |Sinf| — OokoBbIe cocraBistoniue. BeTpsl, cayBaromue ¢
TBUTEHOU CTOPOHBI DM, HE YUHUTHIBAIOTCS, TIOATOMY NpH yriax f € [-m/2; /2] BmusHue BeTpa
CUMTAETCS HE3HAYUTENbHbIM, U MNpUHUMAETCAd Fperep = 1. Omepatop clamp(f(x), 0.1, 3)
OTPaHUYMBACT PE3yJIbTAThl (PYHKIIUH B Pa3yMHOM HMHTEPBAJIE /IS PABHIILHON MHTEPIIPETAIIUN:
0.1, f(x)<0.1
clamp(f(x),0.1,3) =< f(x),01 < f(x) <3 ((5)
3, f(x)>3
Teneps, moacrasmsis (3) u (4) B (2), momyyaem ciieyroliee BEIpaKeHHE:

Am = 86400 * cosp(PM,q * vy + PM, s * v, 5) (1 + CW)*

l w w ((6)
1+ E— - ————|sinf],0.1,3

# lamp(1 + gy €O ~ G o sinf,0.1,3)

Jlnst Kaxaoro aHs oOHOBIsieM mpupaineHue m(t) = m(t — 1) + Am u HaxOuM CBS3b MEXTy
HAKOIUIEHHOM Maccod W majgeHueM MOUHOCTH K3 = P(t)mpor/Pune = exp(—a m(t)), tne K3 —
koa(dpurmeHT 3arpszHenust. itoro mporaozupyemyro MoitHocTs @OM n11s1 t-To JHS C TOMOIITBIO
pa3paboTaHHON MOJIEH MOKHO BBIPA3UTh TaK:

P(t)HpOF = P‘{I/lCe_am(t) ((7)
rie P(t)ppor — MPOTHO3MPYEMass MOIUHOCTB, Py,. — MommuocTh uucroro ®OM, a —
napametp. s naentuduxaniyu napaMeTpoB MOJICIH V1g, V.5, C, Adep, det, Wdep, Wdet, 0L aBTOPaAMH
Obla pa3paborana nporpamma Ha Python 3 ¢ mcnonbszoBanuem 6ubauorexu SciPy, B koTopoi
OLICHKa MapaMeTPOB BBIMIOJIHAJIACH METOJIOM HEIWHEHHBIX HAUMEHBIIMX KBAJAPaTOB IyTEM
MUHHMU3ALUA CYMMBbI KBaJpaTOB HEBSI30K MEXKIY M3MEPEHHBIMU U PACUETHBIMH 3HAUCHUSMU
morrHoctr OOM.

KauectBO wu3MepeHMil MeETEOpONIOTHYECKHX MapaMeTpoB, OCOOEHHO KOHIICHTPAIMH
B3BEIICHHBIX YacTull PM, HanpsiMyIo onpeesnser 10CTOBEPHOCTh BXOIHBIX MTapaMETPOB MO/IEIIH.
Hanunuue cucremaTH4ecKuX MOrPENIHOCTEHN WM BBICOKOM BapuabeIbHOCTH U3MEPEHUH TPUBOAUT
K HCKaXCHHUIO OIEHKH CKOPOCTH HAKOIUICHUS 3arps3HEHUM, YTO, B CBOIO OYepelb, CHIXKAET
TOYHOCTH MPOTHO3a BbIXOAHOH MorHocTH OOM. [losToMy B 3KcnepuMeHTax ObLIO MPHUHSITO
pellieHre HCIOJIb30BaTh JAHHBIE aBTOMATUYECKOH CTaHLIMM MOHHUTOpPHHIA KadecTBa BO3yXa,
Haxojsulelcs BOMM3M AKCIIEPUMEHTAIBHON YCTaHOBKM, YCTAHOBJICHHOM Y3rHIpOMETLEHTPOM
npu nojuepxkke Zamin Foundation (puc. 1). [laHHas craHuMs HOpeAcTaBiIsieT CcoOOM
NOJHO(YHKIIMOHAJIBHBI aBTOMAaTHU3UPOBAHHBIM N3MEPUTENbHBIH KOMIUIEKC BBICOKOM TOUYHOCTH
komnanun HORIBA, ocHaméHHbI cepTU(UIMPOBAHHBIMUA AHAIUTHYECKMMU NpUOOpamMu, a
TAaKXKe CHUCTEeMOM KalMOpOBKM M KOHTPOJS KauecTBa, COOTBETCTBYIOIIEH MEXTyHapOJHBIM
crangaptam [5].
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& LAMIN

Puc. 1. ABTomaTuueckas CTAaHIOUA MOHUTOPHUHTA KaYeCTBa aTMOC(l)epHOFO BO3ayxa,
YCTAHOBJIEHHO# Y3ruJpoMeTIIeHTPOM npu noaaep:kke Zamin Foundation [5].
BbiBoabI:

e Pa3zpabotana u BepupunpoBaHa MaTEMaTHUYECKass MOJIENTh MPOTHO3UPOBAHMS 3arPSI3HEHUS
®OM, wucnosp3yromias METPOJIOTHYECKHE BXOAHBIC JaHHBIE W YYUTHIBAIOIIAs
KIMMaTHYECKHE OCOOCHHOCTH Y30eKHCTaHa;

e Pa3zpabGorana mporpamma Ha Python nnsi aBTOMaTtW3MpoBaHHOW MOJTOHKH TapamMeTpOB
MOJICIM METOJIOM HEJIMHEHHBIX HAaWMEHBIIHUX KBajpaToB. I[Iporpamma oOecrieunBaer
OOBEKTHBHYIO OILICHKY KOX(P(GUIMEHTOB M OBICTPYIO aJanTalldi0 MOJAEIW K HOBBIM
BXOJAIIMM JAaHHBIM.

Jluteparypa:
1. Zheng, C., H. Tuo, H. Lu, Y. Liu. Experimental study of dust accumulation of photovoltaic
modules under different wind directions and its effect on power output characteristics. // Case
Studies in Thermal Engineering. 2026. T. 79, C. 1077509.
https://doi.org/10.1016/j.csite.2026.107759.
2. Goossens, D., Z.Y. Offer, A. Zangvil. Wind tunnel experiments and field investigations of
eolian dust deposition on photovoltaic solar collectors. // Solar Energy. 1993. T. 50, Ne 1, C. 75-
84. https://doi.org/10.1016/0038-092X(93)90009-D.
3. Coello, M., L. Boyle. Simple Model for Predicting Time Series Soiling of Photovoltaic Panels.
/I IEEE Journal of Photovoltaics. 2019. T. 9, Ne 5 C. 1382-1387.
https://doi.org/10.1109/JPHOTOV.2019.2919628.
4. Bessa, J.G., L. Micheli, F. Almonacid, E.F. Ferndndez. Monitoring photovoltaic soiling:
assessment, challenges, and perspectives of current and potential strategies. // iScience. 2021. Vol.
24, No. 3, pp. 102165. https://doi.org/10.1016/j.isci.2021.102165.
5. UzDaily. Three new air quality monitoring stations installed in Tashkent. URL:
https://www.uzdaily.uz/en/three-new-air-quality-monitoring-stations-installed-in-tashkent/ (mara
oOparenusi: 24 ¢espanb 2026 r.).
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RUX OKSIDINI QAYTARILISHI JARAYONI MUJASSAMLANGAN QUYOSH
NURI TASIRIDA KECHISH

S.X. Sulaymonov, R.R. O‘rinboyev
O zbekiston Respublikasi Fanlar Akademiyasi Materialshunoslik instituti
O ‘zbekiston Resfublikasi 100084, Toshkent sh., Chingiz Aytmatov ko chasi, 2 B.
e-mail: rahimjonravshanovich1990@gmail.com

Hozirgi kunda shamol va mujassamlanmagan quyosh energiyasi kabi gayta tiklanadigan
energiya manbalaridan foydalanish bilan birgalikda energiya samaradorligi ko‘plab mahalliy
energiya ehtiyojlarini gondirishi mumkin, ammo energiya talab giladigan va yuqori haroratli
jarayonlarga, aynigsa sanoat va transportga ta’siri kamroq. Geliostatlar va texnologik
minoralardan foydalanadigan keng miqyosli va mujassamlangan quyosh tizimlari yoqilg‘i va
boshga mahsulotlarni ishlab chigarish uchun termal va termokimyoviy jarayonlarni boshqarish,
shuningdek an’anaviy yuqori haroratli sanoatni boshgarish uchun yuqori haroratli texnologik
jarayonlarni issiqlik bilan ta’minlashi mumkin.

Quyosh reaktorini loyihalash jarayonida ko‘plab o‘zgaruvchilarni hisobga olish kerak,
ularning ko‘pchiligi o‘zaro bog‘liq [1]. Muayyan kimyoviy jarayonlar muqarrar ravishda turli
reaktor konstruksiyalariga va rivojlanishning turli yondashuvlariga olib keladi. Ko‘pgina hollarda
issiglik va massa uzatishning roli reaktorni loyihalashda eng muhim omil hisoblanadi [2], Quyosh
termokimyoviy reaktori H>O ning parchalanish davrlarini o‘z ichiga olgan quyosh jarayonlarining
asosiy tarkibiy gismidir. Quyosh muhandisligida quyosh oynasini mujassamlash tizimlarini
hisoblash nazariyasi ancha to‘liq ishlab chiqilgan (Zohidov, Grilixes va b. asarlari), quyosh
muhandisligi mutaxassislariga yaxshi ma’lum. Amalda oynaliy mujassamlash tizimining energiya
xarakteristikalarini hisoblash uchun hal gilinayotgan masalaga, kerakli aniglikka va hokazolarga
qarab turli usullardan foydalaniladi [3]. Noto‘g‘ri oynaliy mujassamlash tizimi uchun, nometall
projektorlar sinfiga tegishli (8 yoki undan ko‘p yoy dagiqalaridagi noaniqliklar), energiya
xususiyatlarini hisoblash uchun empirik Aparisi formulasidan foydalanish mumkin, bu shakl [4]:

18071

2 _ 2 2
E(r) = EyRssin?(U,,)h3 (180) o ~(na775) (1+cos(Um) 1

T

bu yerda Eo - to‘g‘ridan-to‘g ri quyosh nurlanishi, Unm - kontsentratorning ochilish burchagi,
ha - aniglik parametri. Aniqlik parametri odatda eksperimental ma‘lumotlar asosida aniglanadi va
kontsentratorning energiya xususiyatlariga ta‘sir qiluvchi barcha omillarni 0°z ichiga oladi.

Biroq, amalda, ko‘zgularning sirt xatosidan tashqari, ko‘plab omillarning ta’sirini
minimallashtirish mumkin. Shuning uchun ma’lum hollarda ha va sk o‘rtasida aniq bog‘liqlik
mavjud (sk - ko‘zgularning burchak xatosi).

Quyosh diskining bir xil yorqinligini hisobga olsak, ushbu parametrlarni bog‘laydigan [5]

da quyidagi bog‘liglik olingan:
Jerf (bc/Vzok) 5

A =
dc
Bu erda phs - Quyoshning kattaligi (Yer uchun 16 minut), erf - xato funksiyasi:
erf(x) = \/%foxe‘tzdt 3
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Eslatib o‘tamiz, agar tasodifiy sonlar to‘plami standart og‘ish s bilan normal tagsimotdan
keyin bo‘lsa, u holda sonning o‘rtacha qiymatdan a dan ko‘p bo‘lmagan chetga chiqish ehtimoli
teng bo‘ladi.

Quyosh muhandisligida quyosh oynasini mujassamlash tizimlarini hisoblash nazariyasi
ancha to‘liq ishlab chiqilgan quyosh muhandisligi mutaxassislariga yaxshi ma’lum. Amalda
oynaliy mujassamlash tizimining energiya xarakteristikalarini hisoblash uchun hal gilinayotgan
masalaga, kerakli aniglikka va hokazolarga qarab turli usullardan foydalaniladi [3], Noto‘g‘ri
oynaliy mujassamlash tizimi uchun, nometall projektorlar sinfiga tegishli (8 yoki undan ko‘p yoy
dagigalaridagi noanigliklar), energiya xususiyatlarini hisoblash uchun empirik Aparisi
formulasidan foydalanish mumkin, bu shakl [7]:

180712 2
B() = ByRsin® Ui (22)" e~ (17wy) (Ereosttm) 4
bu yerda Eo - to‘g‘ridan-to‘g‘ri quyosh nurlanishi, Un - kontsentratorning ochilish burchagi,
ha - aniqlik parametri. Aniqlik parametri odatda eksperimental ma‘lumotlar asosida aniqlanadi va
kontsentratorning energiya xususiyatlariga ta‘sir qiluvchi barcha omillarni o‘z ichiga oladi.

Biroq, amalda, ko‘zgularning sirt xatosidan tashqari, ko‘plab omillarning ta‘sirini
minimallashtirish mumkin. Shuning uchun ma‘lum hollarda ha va sk o‘rtasida aniq bog‘liglik
mavjud (sk - ko‘zgularning burchak xatosi).

Eslatib o‘tamiz, agar tasodifiy sonlar to‘plami standart og‘ish s bilan normal tagsimotdan
keyin bo‘lsa, u holda sonning o‘rtacha qiymatdan a dan ko‘p bo‘lmagan chetga chiqish ehtimoli
teng bo‘ladi.

Ushbu ilmiy ishda H20 ni termokimyoviy parchalash orgali Hz olish texnologiyasiga ustuvor
ahamiyat beriladi. Bu termokimyoviy usulning ikki bosqichdan iboratligi bilan bog‘liq. Masalan,
Zn0O/Zn tizimi uchun dastlab ZnO dissotsilanish jarayoni sodir bo‘ladi va metall Zn olinadi. Bu
reaksiyada erkin O chigib ketadi. Keyingi bosgichda metall Zn ~ 350 - 450 °C haroratda
oksidlanadi va erkin H olinadi. Bu reaksiya yaxshi, chunki Hz va O hosil gilish jarayoni ajralib
turadi va Hz - O portlovchi aralashmalarini hosil gilish uchun sharoit yo‘q. Bu, aynigsa, sof Hz
bilan ishlash tajribasi va zarur infratuzilmaga ega bo‘lmagan institutimiz uchun juda
muhim.Shunga  asoslanib, biz eng xavfsiz, minimal xavf bilan H>O ni termokimyoviy
parchalanish texnologiyasini tanladik.

ZnO ning karbotermik qaytarilishi uchun laboratoriya seriyali quyosh reaktori
loyihalashtirilgan va ishlab chiqarilgan. Reaktor vertikal optik o‘qi bo‘lgan quyosh pechining
markazlashtirilgan nuqtasida ishlashga mo‘ljallangan.

ZnO ning termal dissotsiatsiyasi bilan solishtirganda, uglerodning ZnOga qo‘shilishi ikkita
asosiy afzalliklarni beradi:

1) zarur  jarayon haroratini taxminan 600 K ga kamaytiradi;

2) hosil bo‘lgan gaz asosan Zn va CO dan iborat (Zn va Oz emas). Bunday gaz
aralashmasidan Znning kondensatsiyasi asosan sink bug‘lari va kislorodning ZnO hosil qilish
uchun rekombinatsiyasini oldini oladi.

ZnOning termal dissotsiatsiya jarayoniga o‘xshab, quyosh issiqligidan foydalangan holda
karbotermik sink quyosh energiyasini moslashuvchan saqlashni ta‘minlaydi. Zn metallini saqlash
va tashish mumkin, bu uning energiya tarkibini moddiy aylanish jarayonini yopadigan turli
jarayonlarda yanada foydalanish imkonini beradi .

ZnOning quyosh karbotermik kamayishi uchun ogim jadvali, shu jumladan Zn ni gayta
tiklashning turli jarayonlari
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ZnO ning karbotermik qgaytarilishi uchun soddalashtirilgan kimyoviy reaksiya:
Zn0 + C - Zn+ CO; AH, 500k = 350 kJ/mol

Termodinamik jihatdan reaksiya 1220 K dan yuqori haroratlarda yakunlanadi.

Tegishli reaksiya tezligiga erishish uchun 1400 - 1500 K atrofidagi haroratlarda ishlash
tavsiya etiladi.
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SbxSey YUPQA QATLAMLARIDAGI XUSUSIY NUQTAVIY NUQSONLAR

K.M. Kuchkarov!?, B.A. Ergashev?, A. Nasirov?, M.P. Pirimmatov’,
A.S. Matmurodov?, X.Z. To’liboyeval?*
10 ‘zbekiston Respublikasi Fanlar Akademiyasi S.A Azimov nomidagi Fizika Texnika
Insituti, 100212, O zbekiston, Toshkent sh.Chingiz Aytmatov ko ‘chasi 2B-uy.
2Mirzo Ulug’bek nomidagi O zbekiston Milliy Universiteti, 100174, O ‘zbekiston,
Toshkent shahri, Talabalar shaharchasi, Universitet ko ‘chasi 4-uy.

Bugungi kunda Sh,Ses quyosh elementining fotoelektrik parametrlari quyidagi giymatlarga
erishilgan: Uoc=0,467 V, 15c=33,52 mA, FF(%) < 0,68, n=10,57%. Quyosh elementining gisqa
tutashuv toki o’zining chegaraviy qiymatiga yaqin. So’ngi yillarda QE ning salt yurish kuchlanishi
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va to’ldirish koefitsiyentining qiymatlari sezilarsiz oshgan. Quyosh elmentining samaradorligini
bundan keyingi yuqori qiymatiga erishish uchun salt yurish kuchlanishi va to’ldirish
koefitsiyentining oshishi bilan amalga oshirish mumkin. Adabiyot ma’lumotlari tahliliga ko’ra QE
ning salt yurish kuchlanishi kamayishiga olib keluvchi sabablardan biri, bu Sb.Sez yupga gatlamini
o’stirish jarayonida SboSes baza gatlamidagi boshgarib bo’lmaydigan murakkab xususiy nuqtaviy
nugsonlarni (Sesh1, Sesh2, 2Sesh1, 2Sesh2, Vsb1, Vsbh2, Sbse1, Sbse2, Sbses, Vse1, Vse2, Vse3) hosil
bo’lishidir [9]. Hozirgi kunda SbxSey yupqga gatlamlarini o’stirish uchun qo’llanilayotgan mavjud
usullar ushbu nugsonlarni boshgarish imkonini bermaydi.

Ushbu maqolada turli tarkibli (Sb, Se ga boy va stexiometrik tarkibli) SbxSey yupga
gatlamlaridagi xususiy nuqtaviy nugsonlarning tabiati va holati tadqiq gilingan.

Mustaqil manbali bug’ transport usuli bilan Sb.Sez yupga gatlamlarini turli manba
temperaturalarida olish jarayoni quyidagicha olib borilgan. Taglik uchun 2,5%2,5 sm o‘lchamdagi
sodali ohak shishasi (SLG) tayyorlanadi va ularni sirt yuzasini uskus kislotasi, so’ng etil spirti
bilan ultratovush vannasida 10 dagiga tozalanib, azot gazi ogimida quritildi. Magnitron
changlatish usuli bilan yugori vakuum holatida taglikning turli haroratlarida shisha tagliklar sirtiga
qalinligi 1 um Mo yupqa qatlamlari o‘tqazildi. Tayyor bo‘lgan shisha/Mo struktura ustiga alohida
manbali bug‘ transport usuli orqali SbxSey yupqga qgatlamlari o’stirildi. O’stirish jarayonida 2x2 sm
o’lchamdagi shisha va shisha/Mo tagliklari dastavval taglik tutqishlariga joylashtirildi va 1,3 Pa
(10 mm.sim.ust.) ga teng vakuum hosil qilinib, so’ng kameraga argon (Ar) gazi kiritilib, 7 Pa ga
teng kamera ishchi bosimi hosil gilindi. Tashqi pech yordamida ishchi hajm (kvars kamera)
gizdirilib, taglik harorati 400 °C ga yetganida, manba harorati 500-525-550 °C bo’lgan holda
yupga qatlamlar o’stirildi va bug’lanish jarayoni 10 daqiqa davom etdi.

Jadval 1. Turli manba haroratlarida o 'stirilgan SbxSey yupga gatlamlarning texnologik
kattaliklari va tarkibiy (EDS) natijalari

Taglik harorati| Manba harorati | Bug’langan manba | Qalinligi Tarkibi
(°C) (°C) massasi (mg) (bm) | Sh (%) |Se (%)| Sb/Se
54 500 143,6 1,732 | 33,7 | 6,3 [0,5083
55 400 525 224,2 3,276 | 40,1 | 9,9 |0,6694
53 550 363,6 6,291 | 45,2 | 4,8 |0,8248

Bug‘lanish manbasining turli haroratlarida olingan namunalarning tarkibi energiya
dispersion spektroskopiya (EDS — AzTec Advanced. Oxford Insturments), elektr xossalari
SM2460 SourceMeter (Keithley, AQSh) qurilmalarida tadgiq gilingan.

Energiya dispersion spektroskopiya natijalari tahliliga ko‘ra, manbaa haroratining
o‘zgarishi bilan olingan yupqa qatlam tarkibidagi Se miqdorining o‘zgarib borishi aniqlandi (1-
jadval).

Namunalardagi nuqtaviy nuqsonlar haqida chuqurroq ma’lumot olish uchun kreostat
yordamida Van der Pau usuli bilan 77-300 K harorat oralig‘ida elektr o‘tkazuvchanlikning
haroratga bog‘ligligi o‘lchandi. Tajriba natijalari yarimo‘tkazgichlar uchun xos bo‘lgan Arrenius
tipidagi eksponensial bog‘lanish orqali ifodalandi: [1]:

o(T) = g, -e_lb;_% (D
bu yerda o — qorong‘ulikdagi solishtirma o‘tkazuvchanlik, oo — eksponensialgacha bo‘lgan

koeffitsient, Ea — o‘tkazuvchanlik uchun faollashuv energiyasi, k — Boltsman doimiysi va T —
absolyut haroratdir.
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1-rasmda manba haroratining turli giymatlarida olingan namnunalar uchun Arrenius grafigi
keltirilgan. Ushbu grafik asosida har bir namuna uchun faollashuv energiyalari aniglandi.
Hisoblash natijalariga ko‘ra, manbaa harorati mos ravishda 500 °C, 525 °C va 550 °C bo‘lgan
namunalar uchun (Es) giymatlari 578 meV, 111 meV va 518 meV ga teng ekani aniglandi. Olingan
natijalar Sb>Ses asosidagi yupqa gatlamlar uchun adabiyotlarda keltirilgan giymatlar bilan yaxshi
mos keladi [38—40]. Se ga boy M54 namunada aniglangan (Ea = Ev + 0.578) eV faollashuv
energiyasi kristall panjara tugunlarida Sb atomlari o‘rniga Se atomlari joylashib qolishi bilan
bog‘lig nugson (Sesp) holatiga mos keladi. Ushbu turdagi antisayt nugsonlar “hole-trap” sathlarini
hosil qilib, kovaklar uchun tutuvchi markaz sifatida namoyon bo‘ladi [2,3].

Source

@ 500°C |
o]
ok @ 525 Oc |
@ 550°C

Ea:lll meV

12 b V., (Shallow acceptor)

-14 b

Ing, (Q-cm)”

-16
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1000/T, (K™

1 — rasm. Namunalarning solishtirma elektr o‘tkazuvchanligini haroratga
bogligligi yordamida Arrenius grafigi orgali faollashuv energiyasini aniglash grafigi

Sb ga boy M53 namunada esa (E. = Ec — 0.518) eV faollashuv energiyasi aniglanib, bu holat
kristall panjarada Se atomlari o‘rniga Sb atomlarining joylashishi (Shse) yoki Se vakansiyalarining
(Vse) hosil bo‘lishi bilan izohlanadi. Mazkur nugsonlar donor tipidagi sathlarni shakllantirib,
elektronlar konsentratsiyasining ortishiga olib keladi. Natijada namuna n-tipli elektr
o‘tkazuvchanlikka ega bo‘ladi [4,5].

Stexiometrik tarkibli M55 namunada esa nisbatan kichik (Ea = Ey + 0.111) eV giymatga ega
bo‘lgan faollashuv energiyasi kuzatildi. Bu Sb vakansiyalari (Vsp) bilan bog‘liq sayoz akseptor
sathlarining mavjudligidan dalolat beradi. Bunday nugsonlar kovaklar konsentratsiyasini oshirib,
p-tipli elektr o‘tkazuvchanlikning kuchayishiga xizmat qiladi va elektr xossalar nuqtai nazaridan
foydali nugsonlar sifatida garaladi [6,7].

Umumiy holda, faollashuv energiyalarining giymati Se va Sb ga boy namunalar uchun
chuqur sathli nugsonlarning ustunligini, stexiometrik tarkibli namunada esa asosan sayoz akseptor

holatlar mavjudligini ko‘rsatadi. [43].
2-jadval. ShySey yupga gatlamining turli galinlikdagi nugson xususiyatlari.

No: Sb/Se | Ea(eV) 6 (@xm)? | Tipi Nugson tipi [9] Nugson turi [9]

M54 0,5083 | Ev+0,578 | 6,57x10° |p Hole trap Sesp

M55 0,6694 | Ey+0,111 | 1,14x10° | ~p Shallow acceptor | Vsp

M53 0,8248 | Ec—0,518 | 1,89x10* |n Donor Sbse or Vse
Xulosa
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Energiya dispersion analiz (EDS) natijalarga ko’ra alohida manbali bug® transport usuli
yordamida Sh.Ses binar birikmasi uchirib olingan yupga gatlamlar tarkibi manba harorati ortishi
bilan Se ga boy tarkibdan Sb ga boy tarkibga tomon o‘zgarib borishi aniglandi. O‘tkazuvchanligi
1,14x10° (Qxm)? dan 1.89 x10* (Qxm)? oraligda o‘zgarishi kuzatildi. Solishtirma elektr
o‘tkazuvchanligi orqali aniqlangan faollashuv energiyalari Sb ga boy va Se ga boy namunalarda
chuqur sathli nugsonlar hosil bo‘lishini, stexiometrik trakibli namunada sayoz akseptor sathli
nugsonlar mavjudligini ko‘rsatdi. Bu esa stexiometrik tarkibli namunada kovaklar konsentratsiyasi
oshib, p-tipli elektr o‘tkazuvchanlik kuchayishiga olib keldi.
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3. C. Yuan, S. Chen, X. Yang, Native defects and conductivity type control in Sb2Ses thin films,
Appl. Phys. Lett. 110 (2017) 093903;
4. For Electrical Conductivityof Glass. Communications of the American Ceramic Society, August
1982. 129-130 pp;
5. N. W. Ashcroft, N. D. Mermin, Solid State Physics, Brooks/Cole, New York, 1976;
6. B. G. Streetman, S. Banerjee, Solid State Electronic Devices, 7th ed., Pearson Education,
Boston, 2015;
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BIOMASSANI OLDINDAN ISHLOV BERISH TEXNOLOGIYALARI ORQALI
QISHLOQ XO'JALIGI CHIQINDILARIDAN BIOGAZ ISHLAB CHIQARISH
SAMARADORLIGINI OSHIRISH

K.R. Yakubov, O.O. Qurbanov, R.Sh. Rahimboyev
Abu Rayxon Beruniy nomidagi Urganch davlat universiteti Fizika-matematika fakulteti
220100 Urganch sh.
e-mail: ollashukurgurbanov@gmail.com

Ushbu tezisda O‘zbekiston sharoitida qishloq xo‘jaligi chiqindilaridan biogaz ishlab
chigarish samaradorligini oshirishda oldindan tozalash texnologiyalarining roli tahlil gilingan.
Fizik (ultrasonik, termal), kimyoviy, biologik va kombinatsiyalangan usullarning giyosiy tahlili
keltirilgan. Tadgigotlar kombinatsiyalangan usullar metan ishlab chigarishni 94% gacha, termal
usullar esa ayrim xomashyolarda 136.6% gacha oshirishi mumkinligini ko‘rsatgan [0,0].
O‘zbekistonda qishloq xo‘jaligi chigindilarining katta resurs salohiyati mavjud bo‘lib, so‘nggi
yillarda bu sohada muhim loyihalar amalga oshirilmogda [0,0]. Tezis yakunida tahlil gilingan
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adabiyotlar natijasida mahalliy sharoitga mos oldindan ishlov berish texnologiyalarini tanlash
bo‘yicha tavsiyalar berilgan. Global energetika tizimida qayta tiklanuvchi energiya manbalarining
ulushi ortib bormoqda. Xalqaro Energetika Agentligi (IEA) ma’lumotlariga ko‘ra, global biogaz
ishlab chiqgarish 2025-2030 vyillarda 22% ga o'sishi kutilmoqgda [0]. Biogaz ishlab chigarishning
asosiy xomashyosi bo‘lgan qishloq xo‘jaligi chiqindilari tarkibidagi lignotsellyuloza ularning
parchalanishini giyinlashtiradi va maxsus oldindan ishlov berish jarayonlarini talab giladi [0,0].

O‘zbekiston qishloq xo‘jaligi rivojlangan davlat sifatida katta miqdordagi organik
chigindilar resursiga ega. Qishloq xo‘jaligi chiqindilari tarkibiga chorva go‘ngi, bug‘doy va sholi
somoni, paxta poyasi kiradi. Bir bosh qoramol go’ngidan kunlik 1.5-3.0 m?3 biogaz olish mumkin
[0]. 2025-yilda O‘zbekiston Ekologiya vazirligi va Yaponiyaning Le One Co. kompaniyasi
o‘rtasida organik chiqindilarni biogaz va metanga aylantiruvchi pilot qurilma tashkil etish
bo‘yicha kelishuv imzolangan bo’lib bu orqali O’zbeksitonning yuqori biogaz potensialini amalga
oshirish mumkin bo’ladi [0,0].

Anaerob parchalanish jarayoni to‘rt bosqichdan iborat bo‘lib, bular gidroliz, asidogenez,
asetogenez va metanogenez. Bu bosqichlardan gidroliz eng muhim va ko‘p hollarda cheklovchi
bosqich hisoblanadi. Buning sababi shundaki, gishloq xo‘jaligi chiqindilari tarkibidagi murakkab
organik polimerlar (tsellyuloza, gemitsellyuloza, lignin, ogsillar va yog‘lar) mikroorganizmlar
uchun bevosita hazm bo‘lmaydi. Gidroliz bosqichida anaerob bakteriyalar tomonidan ishlab
chigarilgan fermentlar ta'sirida bu murakkab birikmalar oddiy eruvchan moddalarga (gandlar,
aminokislotalar, yog‘ kislotalari) parchalanadi [0,0]. Keyingi bosgichlar aynan shu oddiy
moddalar ustida kechadi. Shu sababli, agar gidroliz sekin yoki sust kechsa, butun jarayon
sekinlashadi va biogaz ishlab chigarish samaradorligi pasayadi. Aynigsa, lignotsellyuloza tarkibli
chigindilarda bu muammo keskin namoyon bo‘ladi, chunki ularning tabiiy bardoshli tuzilishi
fermentlar ta'sirini qgiyinlashtiradi [0]. Shu sababli, biomassaga oldindan ishlov berish
texnologiyalari orgali biogaz ishlab chigarish samaradorlikni oshirishning asosiy omillaridan
biridir. Ushbu tezisning asosiy magsadi — O‘zbekiston sharoitida gishloq xo‘jaligi chigindilaridan
biogaz ishlab chiqarishda oldindan ishlov berish texnologiyalarining ta’sirini tahlil gilishdan
iborat.

Biomassani oldindan tozalash usullari to‘rt asosiy guruhga bo‘linadi: fizik, kimyoviy,
biologik va kombinatsiyalangan [0,0]. Fizik usullarga ultratovushli, ekstruziya, mexanik
maydalash va termal ishlov berish kiradi. Kimyoviy usullar ishqoriy, Kislotali va oksidlovchi
reagentlar yordamida lignotsellyuloza strukturasini parchalashga asoslangan. Biologik usullar
fermentlar va mikroorganizmlar yordamida biomassani hazm gilishni osonlashtiradi. Gibrid
usullar esa bir necha texnologiyalarni uyg‘unlashtirib, yuqori samaradorlikka erishish imkonini
beradi [0,0]. 1-jadvalda asosiy usullarning giyosiy tahlili keltirilgan.

1-jadval. Oldindan ishlov berish usullarining samaradorligi

Usul Metan o’sishi % Xom ashyo turi Manbalar

Ultrasonik 15-70% Turli xil biomassalar | [0,0]

Termal (55°C) 136.6% gacha Makkajo'xori [0]

Termal (80°C) 62% gacha Javdar (gora | [0]
bug‘doy)

Kimyoviy-ultrasonik | 67-94% Turli xil biomassalar | [0]
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Ekstruziya 21-143% Turli xil biomassalar | [0]

Biologik 30-60% Lignotsellyuloza [0,0]

Ultrasonik ishlov berish akustik g‘ovaklanish (Acoustic cavitation) hodisasiga asoslangan
bo‘lib, optimal sharoitlarda (1437.8 Vt, 43.7 daqiga) metan ishlab chiqarishni 70-76% gacha
oshiradi [0]. Birog, ayrim hollarda energiya balansi past bo‘lishi mumkin [0].

Termal ishlov berish samaradorligi xomashyo turiga bog‘liq: makkajo‘xori uchun 55°C
(136.6% o'sish), javdar (qora bug’doy) uchun 80°C (62% o'sish) samarali [0]. Akustik
g‘ovaklanish ishlov berish javdarda 38.7% o'sish bergan, ammo makkajo‘xorida samarasiz
bo‘lgan [0]. Kombinatsiyalangan usullar (kimyoviy-ultratovushli, mexanik-ultratovushli) sinergik
samara berib, metan ishlab chiqgarishni 67-94% gacha oshirgan [0]. Ekstruziya esa uzluksiz
jarayon bo‘lib, samaradorlik 21-143% oralig‘ida [O].

O‘zbekiston sharoitida chorva go‘ngi, paxta poyasi va somon asosiy xomashyo hisoblanadi
[4,11]. Tahlillar quyidagilarni tavsiya etadi:

. Chorva go‘ngi uchun ultrasonik usul (energiya balansini hisobga olish kerak) [0,0];

Paxta poyasi va somon uchun kombinatsiyalangan usullar [0,0,0];
Kichik fermerlar uchun energiya tejamkor termal usullar [0].

Xulosa. Tezisda olib borilgan tahlillar asosida quyidagi xulosalarga kelindi:

1. Oldindan tozalash usullari biogaz ishlab chigarish samaradorligini sezilarli oshiradi:
kombinatsiyalangan usullar 94% gacha, termal usullar 136.6% gacha, ultrasonik usullar 70%
gacha [0,0,0].

2. Usul samaradorligi xomashyo turiga bog‘liq — makkajo‘xori uchun termal (55°C), javdar

uchun 80°C, echki go‘ngi uchun ultrasonik usul samarali [0,0].

3. Kombinatsiyalangan usullar sinergik samara berib, an’anaviy usullarning cheklovlarini
bartaraf etadi [0].

4. O‘zbekiston sharoitida chorva go‘ngi uchun ultrasonik, paxta poyasi va somon uchun
kombinatsiyalangan usullar tavsiya etiladi. Kichik fermerlar uchun energiya tejamkor termal
usullar magsadga muvofiq [0,0,0,0].

5. Kelgusida mahalliy xomashyo turlariga moslashtirilgan optimallashtirilgan rejimlarni ishlab
chiqish, energiya balansi va iqtisodiy samaradorlikni baholash bo‘yicha tadqiqotlar olib
borish lozim [0].
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B mupoBom maciitabe nekapOoHU3aIMs SHEPTETUKU U CTpaTeru OOpbObI ¢ H3MEHEHHSIMH
KiuMaTa TpeOyroT (JOpPCUPOBAHHOTO PA3BUTHUS BO30OHOBISIEMBIX UCTOYHUKOB dHeprun (BU1D), B
YaCTHOCTH COJIHEYHBIX (POTOdNEeKTpuueckux cucteM [1,2]. 3a mocrnenHue OecATHIIETHUS
YCTaHOBJICHHAs] MOIIHOCTh (oTodnexTpuueckux craHiui (OIC) 3HAUUTENHHO BO3POCIHA,
MPEBPATUB UX B 3HAYMMBIN AJIEMEHT HAlIMOHAJIBLHBIX SHEprocucreM [2].
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Bripabotka amekrposneprun @IC HecTaOMIbHA U3-32 MPSIMON 3aBUCUMOCTH OT TIOTOJTHBIX
yciioBuil. B yacTHOCTH, reHepaliys HeJaBHO BBEICHHBIX B 3KCILTyaTalllIO0 CUCTEM IEMOHCTPUPYET
3HAYUTENIbHYIO BapUaTUBHOCTH [3, 4].

D dekTHBHOCTE POTOITEKTPHUSCKUX CUCTEM OIPEACTSETCS HE TOJIBKO KOA((OUIIMEHTOM
WCTOJIB30BaHUs ycTaHOBIeHHOU MomHOCTH (KUY M), HO 1 (hakTHaeckuM 00bEMOM BRIpaOOTKH B
IpoLecce 3KCIulyaTaluy. B cBsi3u ¢ 3TUM pacTeT NOTPeOHOCTh B YHUBEPCAIBHBIX MOKA3aTENAX
st 00beKTUBHOTO cpaBHEeHUS DOC, paboTaOMUX B PA3IHUHBIX KIMMATHIECKAX U TEXHUYECKIX
YCIIOBHUSIX.

C 9T0i1 TOUKH 3peHHs OKa3aTeb yAeabHO BeipadoTku (Specific Yield) snsercs oqaum u3
Haubosee BaXKHBIX M IHIMPOKO MPUMEHSIEMbIX NapaMeTpoB Uil OLIEHKH SKCIUTyaTal[MOHHOMN
addexTuBHOCTH COMHEUHBIX (QoToanekTpuueckux cradmuii (O@IC) [5]. Hauublii mapamerp
MO3BOJISIET OOBEKTUBHO CpPaBHUBATh (POTODJIEKTPUUECKUE CHCTEMBI, paCIOJIOKEHHbIE B
Pa3IMYHbIX PErMOHAaX M UMEIOIIKE Pa3HYI0 YCTAaHOBJICHHYIO MOIIIHOCTh MJIM KOH(PUTYPALIHIO.

VYnaenpHas  BbIpabOTKa — 3TO  KOJUYECTBO  DJIEKTPOIHEPruH, BbIpabOTaHHOE
(OTORNIEKTPUUECKON CHUCTEMON 3a ONpPENeNIEHHBIM MeproJ BpeMEHHU (Kak MpaBuilo, 3a roj), B
pacdeTe Ha OJIMH KAJIOBATT YCTAHOBJICHHOW MUKOBOW MOIIHOCTH CTaHIMH [6]. DTOT moKa3areinb
oTpakaeT (haKTHIECKYIO IKCIUTYyaTallMOHHYI0 () PEKTUBHOCTH (POTOATEKTPHUIECCKOU CHCTEMBI:

Wf
SY = R (1)
p
re:
Ws — KONIMYECTBO DIIEKTPOAHEPTHH, BBIPAOOTAaHHOW 3a BbIOpaHHBIM mepuoy (kBT -u);

Pp — mmKOBass MOIIHOCTh (POTOIIEKTPHUECKOW CHUCTEMBI MPH CTaHAapTHHIX yciaoBusx (STC)
tectupoBanus, (KBT).

CpaBHenne ®OC ¢ pa3IM4YHON YCTAaHOBJIEHHOM MOIIHOCTBIO W TOJOBOM TeHepanuen
HanOosiee A(p(HEKTUBHO TMPOBOAUTH dYepe3 ToKa3aTeidb yIEIbHON BBIPAOOTKH. AHamM3
(hakTHYeCKOW MPOU3BOIUTEIBHOCTH CUCTEMBI MOCIIE BBOJA B AKCIUIyaTAlIMIO OCIOXKHSETCS TEM,
YTO OHA 3aBUCHUT HE TOJIBKO OT IPOEKTHBIX PEIICHUI U KaueCTBa MOHTAaXa, HO U OT TUHAMHUYECKHUX
(hakTOpOB: HHTEHCUBHOCTH COJIHEYHON pajMallui U TeMIepaTyphl (HOTOAIEKTPUIECKIX MOTYJICH.

B coBpemeHHO#l nuTepaType ynenbHas BbIpaOOTKa paccMaTpUBAEeTCsl KaK KIIIOUEBOM
napamerp MouutopuHra ®OC [7]. Mexaynaponnbsie uccienoBanus (EC, bmmwkamii Bocrok,
A3us) TOATBEPXKIAIOT, YTO OTOT IIOKa3aTellb B 3HAUYUTEIbHOW CTENEeHH AETePMUHUPOBAH
JIOKAIbHBIMHU KITMMATHYECKHUMHU YCIIOBHsIMU [3—4, 9].

OOBIYHO paccuuThIBa€TCA TOJ0Bas YyJelbHas BBIPA0OTKA, XOTA B psjie CIIydaeB
OTPEAETSAIOTCS M CpeTHEMECSYHble 3HayeHHs. TumuuHble TOKa3aTeNud [Uisi CHCTEM B
BenmukoOputanuu coctaBisitor 750-800 kBT 4/kBT; B 3KBaTOpHAIbHBIX PETHOHAX C BBICOKUM
YpOBHEM HHCOJSIMK 3TU 3HaueHus nocturaroT 1500-2000 kBt-u/kBt. ['omoBas BeipabOTKa
HampsIMyl0 3aBUCUT OT PECypCOB COJIHEYHOW paJualuud W BapbUpyeTCs OT Tofa K Troay B
3aBUCHMOCTH OT TIOTOJIHBIX YCIOBHM, Jake MpH CTaOHIbHON pabore obopymoBanust [10].
Koadpurnment npousBogutensuoctu (Performance Ratio, PR) cooTHOCHT peanbHyr0 BEIpaOOTKY
C MHCOJIALIMEH, IPUXOAsIIeHcs Ha GOTOIIEKTPHUUECKYIO MTaHeb. JJaHHBIN MOKa3aTenb OTpaXKaeT
COBOKYITHO€ BIIMSIHUE TEMIIEPATYpPhl DJIEMEHTOB, a TAK)KE AJIEKTPUUECKUX MOTEPh B UHBEPTOPE U
KaOeJbHBIX TUHUAX:

PR= —=——"- @)



IV IIYBBA. MYKOBIJI DSHEPTUSI MAHBAJIAPH

re:
T'p — KOJIMYECTBO NMUKOBBIX COJIHEUHBIX YacOB B roAy B Mecte pacnoiiokeHuss @OC. 3HaueHue
T paccauthIBaeTCs Mo GopMyIie:

T = Hore ©)

P GSTC
rae Hsite — conneunas uHconsanms B MecTe pacnonoxenus ®IC 3a rox, Wxh/m?; Gsrc —
conHeuHas paauanus npu ycnosuu STC, 1000 W/m?[11-14].;

Hamu nmnpoBeaeHbl MOHMTOPMHI M PacYETHO-3KCIEPUMEHTAIbHBIE  MCCIIEI0BAaHUS
sHepreTrueckux napameTpoB ®IC, MoAKIIOUEHHBIX K HU3KOBOJIBTHOMN pacipeeIuTeIbHON CETH
B pa3IMYHBIX pernoHax Y3oOekucrtana (tabn. 1). Ha puc. 1 mpuBeneHsl 3HaueHus rofoBOI
yAETbHOU BbIpaOOTKH ManoMOIIHbIX PDC, 3KCIUTyaTUPOBABILMICSA B PETMOHAX PECHYOJIMKH B
2025 r. Ananu3 mpejCcTaBICHHBIX JAHHBIX TOKAa3bIBA€T, YTO BAJIOBOM MOTEHIIMAJ COJTHEYHOM
sHepruu B PecnyOnmke VY30ekucraH XapaKTepU3yeTcsl 3HAYUTENIbHBIMH TEPPUTOPUATBHBIMU
Pa3IMUUAMU.

Ta6a. 1. CpaBHMTEJbHBIH aHAJIM3 NOTEHIHAJIA COJTHEYHOIl reHepald B PperHoHax
Y3b6exucrana

Pernonnl Sy kBt 4/kBT KHNYM, % PR Thuk, 9ac [15]
AHnmxan 1350,19 15,4 0,75 2650
Byxapa 1549,35 17,7 0,86 2930
Oeprana 1323,14 15,1 0,74 2650
Jxu33ax 1479,17 16,8 0,82 2930
Xopesm 1331,37 15,2 0,74 2900
Hamanran 1501,24 17,1 0,83 2650
Hagowii 1402,79 15,8 0,78 2930
Kamkanapbs 1577,45 18,0 0,88 2950
Camapkann 1334,9 15,2 0,74 2930
CeIpnapbs 1303,35 14,8 0,72 1700
Cypxanmapbs 1455,09 16,6 0,81 2950
Kapakanmakcran 1434,02 16,4 0,8 2900
Tamkent 1434,01 18,0 0,50 2852

Hamu mnpoBeaeHbl MOHUTOPHMHT U PAacUETHO-IKCIEPUMEHTANbHBIE HCCIEI0BAHUS
sHepreTrdeckux mapameTpoB OIC, MOAKITIOUEHHBIX K HU3KOBOJIBTHOM pacipeeuTeIbHON CeTr
B pa3NUYHBIX peruoHax Y30ekucrtana (tabn. 1). Ha puc. 1 mpuBeneHsl 3HaueHUs TOIOBOI
yAEIbHOU BBIPAOOTKH MaoMOLTHBIX PDC, IKCIUTyaTHPOBABILIMIICS B PETHOHAX PECIYOJIUKH B
2025 r.

AHanu3 TpeACTaBICHHBIX JAHHBIX ITOKa3bIBAET, YTO BaJIOBOM MOTEHIMA COJTHEYHOU
sHepruu B PecnyOnmke Y30ekucTaH XapaKTepU3yeTCsl 3HAYUTENBHBIMH TEPPUTOPUATBHBIMU
Pa3IUYUSIMU.

HauGonpimne 3HaueHus yAedbHOW BBIPAOOTKH DIIEKTPOSHEPTUU U KodpUIMeHTa
UCIIOJIb30BAHUS YCTAHOBJICHHOW MOIIHOCTH 3adukcupoBanbl B Karkagapeunckoir (SY —
1577,45 xBt-u/kBt, KUYM — 18,0%), Byxapckoii (SY — 1549,35 kBt-uw/kBt, KUYM — 17,7%)
u Hamanranckoit obnactax (SY — 1501,24 kBt -4/kBt, KUYM — 17,1%), 94T0 CBUAETEIBCTBYET
0 BBICOKOH »ddektuBHOCTH IKcrutyatamun OOC B gaHHbIXx peruoHax. Kosddunuent
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MIPOU3BOJIUTEIIBHOCTH B OOJIBIIMHCTBE PErHoHoB Haxomutcs B auanazone 0,72-0,88, uro
YKa3bIBACT Ha YAOBJICTBOPHUTCIIBHOC TCXHUYCCKOC COCTOAHUC U SKCILNTYaTaAllMOHHYIO HAJAC)KHOCTDh
ycraHoBOK. HauBeiciiee 3nauenne PR nabmonaercs B Kamkamnapsuackoit oonactu (0,88), Toraa
KaK OTHOCHUTEIHHO HU3KHUH MMOKa3areib BhisBICH B ropoae Tamkernte (0,50). 910 o0ycrnoBieHO
COBOKYITHOCTBIO (PAaKTOPOB, XapaKTEPHBIX JIsi TUIOTHOW TOPOJCKOW 3aCTPOMKH: TOBBIIIICHHBIM
YPOBHEM 3albUIEHHOCTH, d(H(PEKTOM YACTUUHOTO 3aTCHEHUS MOJMAYJECH COCEIHHMH 3IaHUSMU U
COOPYKCHUAMH, a4 TAKIKC MHTCHCHUBHBIM TCIIJIOBBIM IICPCTIPEBOM (1)0TO3JI€KTpI/I‘IeCKI/IX IIaHeJeh B
YCIIOBHAX OFpaHI/I‘IeHHOﬁ €CTECTBEHHOU BCHTUJIAIIMK, YTO IPUBOAUT K 3HAYUTCIIBHBIM
TEMIICPATYPHBIM IIOTEPAM MOLIHOCTH. KonnyecTBO NUKOBEIX COJIHEYHBIX YacOB BapbUpPyETCA OT
1700 B Coipnapsunckoii obiactu 1o 2950 B Kamkagapeunckoit u CypxanapbUHCKON 001acTsX,
YTO HANpsSMYIO BIMSIET HA 00bEMbI T0JI0BOW BbIpaOOTKU. B 11e50mM pernonsl ¢ 0osiee BbICOKUMU
SHAYCHUAMHU IIHUKOBBIX COJHCYHBIX 4YaCOB JCMOHCTPUPYIOT H 0Oojiee BBICOKHE I10Ka3aTelN
yIeJIbHOU BRIpaOOTKH Ha o0BekTax BUD.

Takum o00pa3om, pe3ysbTaThbl aHalW3a TMOATBEPKIAIOT BBICOKHH IMOTEHIIMAT Pa3BUTHS
COJTHEYHON DHEpPreTMKH B IOKHBIX U LEHTPAJbHBIX perroHax Yiz0ekucraHa. OOocHOBaHa
11e7IECO00Pa3HOCTh MPHUOPUTETHOTO pasmenieHrnss HOBbIXx DPOC B 30HaX C MaKCHUMaJIbHOU
COJIHEYHOM  HMHCOJISILUEH, BbIcOKMMHM  3HaueHusMu KHUYM u  kosddunmenta
IMPOU3BOAUTCIIBHOCTH.
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MIKRO GES TURBINA AKTIV ISHCHI G‘ILDIRAGINING OPTIMAL
GEOMETRIK PARAMETRLARINI ANIQLASH

0.0. Bozarov?, J.N. Usmonov?, N.A. Kozimjonov?
Y00 ‘gon universiteti Andijon filiali
2Andijon davlat universiteti

Mikro gidroelekitr stansiyalar kichik suv ogimlarining energiyasidan foydalanish imkonini
berib, ekologik toza energiya ishlab chigarish imkonini yaratadi. Shu sababli mikro GES
turbinalarining optimal geometrik parametrlarini aniglash ilmiy va amaliy jihatdan dolzarb masala
hisoblanadi. Mazkur tadqiqot ishining maqgsadi mikro GES turbinasining aktiv ishchi g‘ildiragi
uchun optimal geometrik parametrlarni aniqlash hamda ularning energiya samaradorligiga ta’sirini
o‘rganishdan iborat.

Tadgiqot jarayonida gidrodinamika va suyuglik mexanikasi qonuniyatlariga asoslangan
nazariy tahlil usullaridan foydalanildi. Turbina ishchi g‘ildiragining geometrik parametrlarini
aniglashda suv ogimining tezligi, bosimi va sarfi asosiy parametr sifatida gabul gilindi [1-2]. Aktiv

ishchi g‘ildirak diametri quyidagi formula yordamida aniglanadi:
60 V
D=

mm
bu yerda: D — ishchi g‘ildirak diametri, V — suv ogimining tezligi, n — turbina aylanish
tezligi.
Turbina samaradorligi esa quyidagi formula orqgali aniglanadi:

_ P
T= pgoH

bu yerda: n — turbina samaradorligi, P — ishlab chiqgarilgan quvvat, p — suv zichligi, g —
erkin tushish tezlanishi, Q — suv sarfi, H — suv bosimi.

Tadgiqotda turli geometrik parametrlar uchun hisoblash ishlari olib borilib, ularning turbina
samaradorligiga ta’siri tahlil qilindi. Mikro GES turbinasining ishchi g‘ildiragi geometrik
parametrlarining optimal qiymatlari hisoblash natijalari shuni ko‘rsatdiki, ishchi g‘ildirakning
geometrik parametrlarini optimallashtirish turbina samaradorligiga sezilarli darajada ta’sir qiladi.
1-jadval.

1-jadval
Parametr Belgilanishi || Optimal giymat
Ishchi gildirak diametri D 0.8-1.0m
Kuraklar soni z 8-10
Kirish burchagi B1 20-30°
Chiqish burchagi B2 15-20°
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Parametr Belgilanishi || Optimal gqiymat
Ishchi g‘ildirak kengligi B 0.15-0.35m

Kuraklar soni oshgani sari suv ogimi bilan energiya almashinuvi yaxshilanadi 1-rasm.
Ammo kuraklar sonining ortib ketishi gidravlik garshilikni oshiradi [5]; 1-grafik.

Kuraklar sonining turbina samaradorligiga ta’siri

Samaradorlik (%)

90
83% 82%

85 78% =

80 70%

—

75

70

65 . B

6 8 10 12 Kuraklar soni

1-grafik. Kuraklar sonining turbina samaradorligiga ta’siri
6 ta kurak — 70 %, 8 ta kurak — 78 %, 10 ta kurak — 83 %, 12 ta kurak — 82 %

Natijalar shuni ko‘rsatadiki, optimal natija 10 ta kurak mavjud bo‘lganda kuzatiladi 2-
grafik.

Ishchi g'ildirak diametrining turbina quvvatiga ta'siri

Quvvat (kW)
13

12
"

10

0.6 0,8 0.8 0.9 1.0 1.2
Ishchi g'ildirak diametri (m)

2-grafik. Ishchi gildirak diametrining turbina quvvatiga ta’siri
0.6m—95kW;0.8m—11.0kW;09m — 125kW; 1.0m — 11.8§ kW; 1.2 m — 10.3 kW.
Tahlil shuni ko‘rsatdiki, 0.9 m diametr eng optimal qiymat hisoblanadi.

Mikro GES turbinasining ishchi g'ildiragi konstruktiv sxemasi

Markaziy val

e

Kuraklar

Kuraklar
Ishchi g'ildirak diski

Suv ogimi yo'nalishi

1-rasm. Mikro GES turbinasining ishchi g‘ildiragi konstruktiv sxemasi
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ok

Rasmda turbina ishchi g‘ildiragining asosiy elementlari ko‘rsatilgan:

Markaziy val, ishchi g‘ildirak diski, kuraklar, suv oqimi yo‘nalishi.

Bu rasm suv ogimi energiyasining turbina aylanish momentiga aylanish jarayonini
ko‘rsatadi.

Tadqgiqot natijalari shuni ko‘rsatadiki, mikro GES turbinasining ishchi g‘ildiragi
parametrlarini optimallashtirish qurilmaning umumiy samaradorligini oshiradi. Aynigsa kuraklar
soni va ularning burchaklari suv oqimining energiyasini maksimal darajada o‘zlashtirishga imkon
beradi.

Natijalar boshqa ilmiy tadqiqotlar bilan ham mos keladi. Ko‘plab tadqiqotchilar mikro GES
turbinalari uchun 8-10 ta kurak optimal hisoblanishini ta’kidlaydi [3-4].

Xulosa

Mazkur tadqiqotda mikro GES turbinasining ishchi g‘ildiragi uchun optimal geometrik
parametrlar aniqlandi. Tadqiqot natijalariga ko‘ra:

ishchi gildirak diametri — 0.8-1.0 m

kuraklar soni — 8-10 ta

Kirish burchagi — 20-30°

chigish burchagi — 15-20°

Mazkur parametrlar tanlanganda turbina samaradorligi oshadi va energiya yo‘qotishlari
kamayadi. Olingan natijalar mikro gidroenergetika qurilmalarini loyihalashda amaliy ahamiyatga
ega.

Foydalanilgan adabiyotlar:
White F.M. Fluid Mechanics. — McGraw Hill, 2016.
Cengel Y.A. Fluid Mechanics: Fundamentals and Applications. — McGraw Hill, 2018.
Nag P.K. Power Plant Engineering. — McGraw Hill, 2017.
Bhattacharya S. Small Hydro Power Systems. — CRC Press, 2018.
0. O. Bozarov, N. A. Kozimjonov. Analytical relationships between geometric and energy
parameters of the water wheel. Technical science and innovation, Tashkent State Technical
University. 2023, Ne2, p. 99-107.

SAIIMUTHBIN KOPITYC BPAIIATEJILHOIO MEXAHU3MA
COJIHEYHOTI'O TPEKEPA

C.A. lamunos’, O.®. Tykdarymraun, J1.C. Iyaarosa, 3.JI. Myxameaues
HUU ¢uszuku nonynposoonukos u muxkposnekmponuxu npu HYY3 um. M. Yayebexa
100057, 2. Tawkenm, Y30exucman
“e-mail: daminovsa@gmail.com

Cucrembr cnexxenus 3a ConHileM (COTHEYHBIE TPEKEPhl) TO3BOJSIOT TOBBICHTH
3¢ GEeKTUBHOCTE  (POTOINEKTPUUYECKUX YCTAHOBOK 3a CYET ONTHUMAJIbHOM OpHEHTAlUU
(OTORNIEKTPUUECKMX MOMYyJIed OTHOCHTENHHO TAJalolIero COJHEYHOro wu3nydenus [1].
[IpuMeHeHne TakuX CUCTeM OOECTeurBaeT YBENUYCHHE BBIPAOOTKH AIIEKTPUUIECKON SHEPTUU TIO
CPaBHEHHUIO CO CTAllMOHAPHBIM PACIIOJIOKEHUEM MOJTYJIECH.

OKcIUTyaTanus COJIHEYHBIX TPEKepOB B KIMMATHYECKHX YCIOBHUSAX Y30€KHCTaHa
COMPOBOXKIAETCA BO3JCHCTBHEM psAa HEOMarompusiTHBIX (DaKTOPOB, BKJIIOYAs BBICOKYIO
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3anmbUIEHHOCTh aTMOC(epbl, aTMOC(hepHbIe OCAJAKU W 3HAYUTENIbHBIE CYTOYHBIE IIE€perajbl
TeMIreparypbl. OTH (aKkTOphl MPUBOAAT K 3arpSA3HEHHUIO U KOPPO3UH 3JIEMEHTOB BpallaTeIbHBIX
MEXaHU3MOB TPEKEPOB, YTO MOXKET CYIIECTBEHHO CHU3UTH MX HAJEKHOCTh U CPOK CITY KOBL

Bo Bcex KOHCTpYKIMSX COJIHEYHBIX TPEKEPOB 3allUTa BpallaTeNbHBIX Y3JI0B, HE
IpelycMOTpeHa. B pesynbraTe NOAMIMIHUKYA M 3JIEMEHTHI Nepeadl ABMKEHUS MOABEPratoTCs
BO3JICWCTBUIO BJIard, MbUIM W MPOAYKTOB KOPpo3wH. B cBs3M ¢ 3TUM pa3paboTKa 3allUTHBIX
KOHCTPYKTUBHBIX 3JIEMEHTOB, OOECIIEUMBAIOIIMX 3alllUTy BpPALIATEIbHOTO MEXaHHW3Ma OT
BHEIIIHUX BO3JICHCTBUM, SIBISIETCS aKTyaJlbHOM MHKEHEPHOU 3a7a4ei.

Lenpto manHOW paboThl sBIsieTCS pa3paboTka M OKCIIEPUMEHTAJIbHAs POBEpPKa
KOHCTPYKLHHU 3aIIMTHOTO KOpIyca BpallaTelbHOTO MexaHu3Mma [2, 3] COJHEYHOro Tpekepa,
MpeIHa3HAYEHHOT0 JJIsl MOBBILICHUS AKCIUTyaTallMOHHOW HAJI&KHOCTH CHUCTEMbl B YCJIOBHAX
HEOJaronpusITHBIX KIMMAaTHUYeCKHX Bo3AeicTBuil. Oco0oe BHUMaHUE YACIEHO pa3paboTke
TEOMETPpUH Kopiyca, obecrnieunBaromeid 3pPeKTuBHBIN 0TBO atMOoc(hepHO Biard M 3alIuTy
MEXaHN3Ma OT 3arps3HEHUM.

MonenupoBaHue KOHCTPYKIIMHM  3aIIMTHOTO KOpIyCa BBIMOJHAJIOCH B  CHUCTEME
aBTOoMaTu3upoBaHHoro mnpoektupoBanus Autodesk Fusion 360. I[Ipu mnpoexTupoBaHuU
YUUTHIBAIUCH  Pa3Mepbl  OMOPHOrO Mpo(uis KOHCTPYKLUHMU TpEeKepa, PpacloyioKeHue
MOIUIMITHUKOB BpalaTeIbHOTO MEXaHU3Ma U YCJIOBHS OTBOJIa aTMOC(EpHO BiIar.

Ha mepBom »stame ObLT pa3paboTaH MpOOHBIA BapHaHT 3alIMTHOTO Kopmyca (puc. 1),

)

Puc. 1. Ilpoonwtit eapuanm eéepxueil 4acmu 3auiumHo20 KOPRyca epauiamenbHozo
mexanuzma: 3D-moodenw (cnesa) u uzeomosnennslii oopazey (cnpasa)
MPEACTABIISIONUNA COO0H BEPXHIOW YacTh C JIByMs BBIEMKaMHU JJI YCTAaHOBKHA Ha OIIOPHBIN
npoduib BpalIaTeJbHOIO MexaHu3Ma. ['eomeTpusi Kopmyca Oblla BhIOpaHa TakuM 00pazoM,

9TOOBI 00€CeYNTh MUHUMAIBHBIN 3230p MEXKIY KOPITYyCOM U 3JIEMEHTaMH MEXaHU3Ma.

AHanu3 KOHCTPYKIMH MOKa3aJl HEOOXOAUMOCTh YIIyUIlEHHUs YCIOBUN OTBO/IA BOJIBI U3 30HBI
KOHTaKTa Kopmyca ¢ onopHbeiM mpoduiem. [loaromy Ha BTOpoM 3Tame KOHCTPYKIHMS KOpITyca
ObUTa yCOBEpIICHCTBOBaHA MYTEM J00aBIEHUS OTBEPCTHH Ui KpPENn&XKHBIX BHHTOB H
CHEIUAIbHBIX BOJOOTBOJASAIIMX 3JIEMEHTOB BIOJh KPOMOK BbIeMOK (puc. 2). IlpemnoxeHHas
TEOMETPHUSI TO3BOJIAET HAIpPaBJIATh MOTOK JOKJIEBOM M TalloOM BOJBI 3a Mpelensl Kophyca U
MPEeAOTBPALIAET €€ HAKOIJIEHUE BHYTPU KOHCTPYKIHUU.
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=N

@

Puc. 2. Ycosepuiencmeosannulii 6apuanm gepxueil uacmu 3aujumno20 Kopnyca ¢

Inemenmamu omeooa 60oovt: 3D-mooenw (cnesa) u uzcomosnenuslii oopazey (cnpaesa)

Ha Ttperpem »srame Obula pa3paboTaHa BcrOMoOrarelbHass HUXKHSS 4acThb KOpIIyca,
o0ecrieunBaromias JONOJHUTENbHYIO (UKCAllMI0O KOHCTPYKIMU U 3alIMTy BpallaTeIbHOro
MEXaHM3Ma C HIKHEH CTOpoHBL. BcmoMorarenbHbIH 3J€MEHT  COAECPKHUT  BBICTYIBI,
COOTBETCTBYIOIIME (OpME BBIEMOK BEpXHEH 4YacTH Kopiyca, 4YTO OOECHeuMBaET IUIOTHOE
COEIMHEHHE AJIEMEHTOB KOHCTPYKIUH (pHc. 3). B pe3ynpraTe 3allUTHBIA KOPIIYC MPEACTABISET
c000i1 TBYyXKOMIIOHEHTHYIO CUCTEMY, COCTOSIIYIO U3 BEpXHEN U HIDKHEN JacTeil.

Puc. 3. Husicuan yacme kopnyca (cneea) u oouuil 6ud coOpanHoil KOHCMpPYKyuu
(cnpasa)

N3roToBnenne OMBITHBIX O00pa3lioB 3allUTHOTO KOPIyca OCYUIECTBIISIIOCH METOJIOM
aJIMTUBHOTO TMpou3BojicTBa (3D-meuatn) ¢ ucnons3oBanueM 3D-mpuntepa Creality K2 Pro u
¢unamenta w3 ynapornpouHoro ABS-mmactuka. IIpuMeHeHME aIIUTUBHBIX TEXHOJOTHI
MO3BOJIMJIO OMEPAaTHUBHO H3TOTOBUTH HECKOJIbKO BAapHAHTOB KOHCTPYKIIMM M IPOBECTU HX
AKCIEPUMEHTAIBHYIO POBEPKY.

Jl5ig olieHKH paboTOCTIOCOOHOCTH Pa3pabOTaHHOTO KOpIyca ObLIM MPOBEIEHBI HATYPHBIE
WCIBITAHUSA Ha SKCIEPUMEHTAJIHLHOM COJIHEYHOM TPEKEepe, YCTAHOBICHHOM Ha KpBILIE 3JaHUS
HUW ¢usuku nonynpoBOAHUKOB U MUKPOIIEKTPOHHUKHU. VICTIbITaHUS MPOBOIWINCH B 3UMHUI
niepuos ¢ 12 saBaps no 28 despans 2026 roaa.

B mpormecce wucnbITaHuil KOPIyC MOABEPraics BO3ACHCTBUIO aTMOC(EPHBIX OCAIKOB,
BKJIIOUAsi CHETOMaJbl, a TaKXe MHOTOKPATHBIM IHKJIaM OONEJCHEHUS U TMOCIEIYIONIEro
orrauBanua. CyTouyHBIe TeMIepaTypHble Koje0aHUs B JTOT TMEPUOJ COCTaBISUIH  OT
MOJIOKUTEIBHBIX 3HAUEHUU THEM IO OTPULIATENIBHBIX TEMIIEPATYP B HOUHOE BPEMSI.

PesynpTaTel HaOmoJIeHWN TOKa3anw, 4YTO pa3paboTaHHas KOHCTPYKIHS —KopIyca
obecnieunBaeT 3((HEeKTUBHBIN OTBOJ JOXKACBON U TallOil BOJABI M MPEAOTBpaIaeT e nonagaHmue B
o0nacTh BpalaTeNIbHOrO MexaHu3Mma. llocne 3aBeplieHHs] HUCTBITAaHUM KOPIYC MOTHOCTHIO
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COXpaHHJI CBOIO TE€OMETpHYEecKylo (GopMy, a Marepuajg Kopiyca He MpOIAEMOHCTPHPOBAI
IIPU3HAKOB Pa3pyLICHUs WIH IOTEPU MEXAHUYECKON ITPOYHOCTH.

Takum 00pa3oM, MpOBEAEHHBIE MCIBITAHUS TOATBEPIMIA PpabOTOCIOCOOHOCTh H
YCTOMYUBOCTh  pa3pabOTaHHOW  KOHCTPYKIMH  3alUTHOTO KOpIyca K  BO3ICHUCTBHUIO
HEeOIaronpUATHBIX KIMMATHIECKUX (PAKTOPOB.

BriBojnl

— PazpaboTaHa KOHCTPYKIIHSI 3aIIUTHOTO KOPITyCa BPAIIaTEIbHOTO MEXaHU3Ma COTHEYHOT'O
TpeKepa, MpeAHa3HaueHHas JUIsl SKCIUIyaTallud B YCJIOBUSAX MOBBIIIEHHON 3aNbIIIEHHOCTH
1 aTMOC(EpPHBIX BO3ICHCTBUI.

— Iloka3zaHo, YTO mNpUMEHEHHE AaJJUTHBHBIX TEXHOJOTUH MO3BOJIAET OIEPATUBHO
pazpabaTeiBaTh M W3TOTABJIMBATH  KOHCTPYKTHUBHBIE  SJIEMEHTHl  COJIHEYHBIX
SHEPreTUYECKUX YCTaHOBOK.

— HatypHple 3uMHHME HCHBITaHUS TOATBEPAWIN  3()(HEKTUBHOCTh  MPEATIOKEHHOU
KOHCTPYKLIMHU 3alIUTHOTO KOpIyca U €€ yCTOWYMBOCTh K BO3JAECHCTBUIO KIMMAaTHUYECKUX
(hakTopoB.

Jluteparypa:
1. Paskun I'"H. u np. ConHeunslii Tpekep ¢ cuctemoil camopackpsitus // Bectuk HOVpI'VY.
Cepus «Duepreruka», 2021, T. 21, Ne 1, C. 82-89.
2. 3amopoxen B.I1., Manas H.B. YHuBepcaqbHbIN 3alUTHBIN KOXYX BpallarolIerocs ys3Ja
arperarta. [Tatent P® Ne RU 175 382 U1, 2017.

3. Hlaraes I'X. m np. YCTpoOMCTBO 3aliuThl BpaIIalONIMXCS Y3JIOB MaIlldH OT BHEIIHHUX
3arpsizHeHui. [latenT PO Ne RU 2 137 952 C1, 1999.

BIOGAS PRODUCTION POTENTIAL FROM ORGANIC WASTE IN THE
ARAL SEA REGION: THE CASE OF KHOREZM REGION AND THE REPUBLIC OF
KARAKALPAKSTAN.

K. Yakubov, R. Rakhimbaev, R. Bazarbayev, D. Kurbanov, O. Kurbanov
Urgench State University after name Al-Biruni, 220100, 14, Khamid Alimdzhan.st,
Urgench, Khorezm, Uzbekistan.

The Khorezm region and the Republic of Karakalpakstan, located in the northwestern part
of the Republic of Uzbekistan within the Aral Sea zone, represent a significant agricultural area.
The primary economic activity in these regions is agriculture, encompassing crop cultivation and
livestock farming. Consequently, these sectors generate substantial quantities of organic waste [0].
Biomass serves as a traditional energy source for biogas production and represents a promising
avenue for Uzbekistan's agrarian sector. The country has the potential to generate 0.3 million tons
of oil equivalent from biomass, which could meet 15-19% of Uzbekistan's energy needs [0].
Unfortunately, the management of this organic waste is currently inadequate. Organic waste from
farms and livestock operations is processed using traditional methods, primarily through open-air
(aerobic) composting. There is no well-established system for monitoring manure composition for
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biogas production or for its distribution to fields. The gradual phase-out of energy subsidies in
Uzbekistan, coupled with the high initial costs of alternative energy technologies, has led to
livestock manure being used for heating and cooking rather than being returned to the soil as
fertilizer [0]. In autumn, the burning of crop residues, and in rural areas, the widespread use of
coal for heating, remain the most significant factors negatively impacting air quality. As a result,
wind-blown salt dust particles, nitrogen oxide compounds, carbon monoxide, methane, and carbon
dioxide are released directly into the atmosphere, seriously impacting environmental ecology [2,0].

Biogas technologies offer a solution to numerous pressing environmental problems,
including soil salinization, preservation of the fertile topsoil layer, wind-induced soil erosion in
the Aral Sea region, deforestation for firewood, and the uncontrolled release of large quantities of
carbon dioxide and methane into the atmosphere.

Extensive global scientific research has been conducted on biogas production from cattle
manure. Most experimental studies involve pre-experiment physicochemical measurements,
including: cattle manure moisture content, dilution rate, total solids (TS) content, volatile solids
(VS) content, daily substrate loading rate, daily biogas yield, and the percentage composition of
gases in the biogas [0,0,0,0]. These parameters are critically important for the biogas production
sector. However, existing research on biogas reactors in the Uzbek part of the Aral Sea region has
primarily focused on economic aspects, design features, and production potential. For instance,
Saidmamatov et al. highlighted the potential of biogas production from agricultural waste in the
Aral Sea region, as well as the associated economic and social barriers [0]. Saipov et al. forecast
the future development prospects of biogas technology in Uzbekistan [0]. Furthermore, Anarbayev
et al. provide scientific insights into the positive environmental impact of biogas plants in
Uzbekistan, specifically regarding the reduction of greenhouse gas emissions into the atmosphere
[0].

Agricultural waste management and energy supply remain critical challenges in the Aral Sea
region, while the efficiency of small-scale biogas technologies under local climatic conditions is
still insufficiently studied. This research investigated biogas production from cattle manure using
a small-scale biogas reactor equipped with a horizontal static mixing system (1 m3 working
volume, 0.4 m3 reserve volume) in the Urganch district of the Khorezm region over one seasonal
cycle.

Environmental and substrate temperature, daily dry matter loading, organic dry matter
content, biogas yield, and gas composition (CHs, CO2, H2S) were continuously monitored. In
parallel, a biochemical methane potential (BMP) test was performed using the same substrate.
Kinetic modeling using the Modified Gompertz (SGompertz) model was applied to predict biogas
production.

The BMP test showed a theoretical methane potential of 208 mL/g VS for cattle manure. In
the real reactor, the average summer biogas yield reached 176 L/kg VS (176 mL/g VS), with
methane content of 54.32%, CO: of 33.16%, and H2S concentration of 1710 ppm. In autumn,
biogas yield decreased to 83 L/kg VS (83 mL/g VS), while methane content increased to 64.54%,
CO: decreased to 20.9%, and HS averaged 1656 ppm. The bioconversion efficiency of the reactor
was 56.7% in summer and 25.6% in autumn.

Results demonstrated that substrate temperature instability and simplified mixing
significantly influenced biogas productivity. Higher temperature stability led to increased methane
content. The Modified Gompertz model accurately predicted cumulative biogas production (R? =
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0.986), while differences between BMP and reactor performance clearly reflected the impact of
the Aral Sea region’s natural climate.

Overall, the study provides a comparative assessment of seasonal performance and potential
of controlled and uncontrolled small-scale biogas systems in the Aral Sea region.
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QUVURLARDAGI ORTIQCHA EVAZIGA ISHLAYDIGAN ELLIPTIK
MIKROGIDROTURBINANI MAQBULLASHTIRISH

S. Saydullayeva
Qo ‘qon universiteti Andijon filiali

Ma’lumki, an’anaviy elektr energiyasi ishlab chiqarish jarayonida yer osti yoqilg‘i
zaxiralarini keskin kamayishi bilan birga zaxarli gazlarni yer atmosferasida qolishi tufayli juda
katta ekologik muammolarni Kkeltirib chigarmoqda. Ushbu global muammolarni bartaraf etish
yollaridan biri sifatida energiya ishlab chigarishda ekologik toza hisoblangan gayta tiklanadigan
energiya manbalaridan foydalanishga to‘la o‘tish konsepsiyasi butun jahon miqyosida ustivor
yo‘nalish qilib belgilandi.

Shu sababli, gayta tiklanuvchi energiya manbalaridan samarali foydalanish, xususan suv
ta‘minot tizimida quvurlarda isrof bo‘layotgan ortiqgcha bosimdan energiya resursi sifatida
foydalanib elektr energiya ishlab chigarish dolzarb ilmiy-amaliy vazifalardan biri sanaladi [1,2].

Odatda,iste’molchilar suv ta’minoti tizimidagi mavjud tarmogqlarda ortiqcha suv bosimini
bargarorlashtirish talab etiladi. Bunday hollarda esa yuqori bosimli quvur tizimlarida bosimni
me’yorlashtirish uchun PRV (Pressure Reducing Valve) qurilmalari keng qo‘llaniladi. Biroq bu
jarayonda oqim energiyasining sezilarli qismi issiqlik va gidravlik yo‘qotishlarga aylanadi [3]. Shu
nuqtai nazardan, ortigcha bosim energiyasini gayta tiklash ilmiy va amaliy ahamiyatga ega
muammo hisoblanadi. Bu jarayonda yo’qotiladigan bosim energiyasidan foydalanish mumkinligi
ta’kidlanib, bu borada turli tadqiqotlar olib borilmoqgda[4].

Usbu ishda taklif etilgan quvur ichiga o‘rnatiladigan elliptik lopastli mikrogidroturbina
modeli aynan shu magsadda ishlab chiqildi[5,6]. Elliptik shakl oqim sohalarini kuraklarga ta‘sir
etmay ajralishini kamaytirish va kurak orqa sohasida hosil bo‘ladigan uyurmalarni minimal
darajaga yetkazish orqali aylantiruvchi momentni oshirib, barqaror ishlashini ta‘minlashga xizmat
giladi.

Qaralayotgan elliptik mikrogidroturbina konstruktsiyasi vertikal valga biriktirilgan 4ta
aerodinamik elliptik lopastlardan iborat bo‘lib, rotor val bilan birga aylanishda lopast ishchi zonasi
elliptik shaklga ega bo‘ladi. CFD (Computational Fluid Dynamics) modellashtirishda quvur
ichidagi ogim laminar deb gabul gilinib, Navye—Stoks tenglamalari yordamida suv ogimi tezligi
va bosim tagsimoti hisoblandi:

1 yadpPy
u(r—@ —E/(R —7‘2)

Bu formula asosida lopastlarning markazdan optimal radial masofasi: roptzgr deb
topildi.

CFD hisoblashlarda Turbulent Flow k—®» SST modeli ishlatilgan bo‘lib, bu model devor
yaqinidagi oqimlarni aniq aks ettiradi va oqim tezligi yuqori bo‘lgan joylarda k—e modeli bilan
birlashtiriladi.

1-rasmda elliptik gidroturbina rotori markaziy gorizontal kesimdagi tezlik maydoni
ko‘rsatilgan. CFD natijalari shuni ko‘rsatdiki: quvur markazida maksimal tezlik 1,96 m/s, kirish
qismida o‘rtacha tezlik 1,20 m/s. Lopast qavariq qismida mahalliy tezlik 2,32 m/s gacha oshdi,
rotor ortida esa 0,18-0,32 m/s oralig‘ida sekinlashish kuzatildi.
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1-rasm. 1 — Korpus; 2 — Ishchi g‘ildirak (rotor); 2’ — Rotor segmenti; 3 — Val;
4 —Yo‘naltiruvchi lopastlar; 5 — Rotor pervanelari; 6 — Podshipnik uzellari; 7 —
Kirish kanali; 8 — Chiqish kanali;

Elliptik geometriya kurakorti uyurma sohasining hajmini 27% ga, turbulent kinetik
energiya zichligini 18% ga kamaytirdi, dinamik bosim esa 2680-2750 Pa bo‘lib, an’anaviy PRV
yoki sferik modelga nisbatan 21% yuqori bo‘ldi. Bu aylantiruvchi momentning ortishiga olib keldi.

Shuningdek, o‘rta aylantiruvchi moment 10,6 N-mga teng bo’lib, 27-30% ortishi, foydali
ish koeffitsienti 49% dan 62%ga ortganligini, bu bilan gidravlik yo‘qotishlar 16% ga va kurak
orga uyurma sohasi 27% ga kamayganligi aniglandi

Elliptik mikrogidroturbina yugori bosimli quvurlarda ortigcha bosim energiyasini gayta
tiklashda samarali ekanligi tasdiglandi. CFD natijalari shuni ko‘rsatdiki, elliptik geometriya
ogimni barqarorlashtiradi, uyurmali sohasini gisgartiradi va aylantiruvchi momentni oshiradi.
Taklif etilgan konstruktsiya past bosimli quvur tizimlarida mikro gidroenergiya yig‘ish uchun
ilmiy asoslangan samarali yechimdir.

Foydalanilgan adabiyotlar:
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Malaysia,” J. Design for Sustainable and Environment, 3(1), 2021.
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3. Lucid Energy Inc. LucidPipe™  Power System  Technical  Overview,
2016.https://docs.lib.purdue.edu/context/ectfs/article/1224/viewcontent/FACTSHEET _LucidPip
e_ 10202016.pdf
4. Berrada, A., Bouhssine, Z., Arechkik, A., 2019. Optimisation and economic
modelingof micro hydropower plant integrated in water distribution system. J. Clean.
Prod. 232, 877e887. https://doi.org/10.1016/j.jclepro.2019.06.036.
5. Aliyev R., Saydullayeva S. Ellipticheskaya gidravlicheskaya turbina // Nauchno-texnicheskiy
jurnal “Uzbekgidroenergetika”. — 2023. — Ne4 (20). — B. 54-57.
6. Aliev Rayimjon, Bozarov Oybek, Saydullayeva Saidaxon, Abbosova Nozimaxon, Aliev
Suhrob. Gidravlik turbina, UZ Patent Ne FAP 2833 (06.10.2025).

OQAR SUV MANBALARIDA ISHLOVCHI 5 kW LI MIKRO-GES ISHCHI
G‘ILDIRAGINING GEOMETRIK PARAMETRLARI VA ENERGETIK
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KO‘RSATKICHLARI O‘RTASIDAGI ANALITIK BOG‘LANISHLARNI TADQIQ
ETISH

0.0. Bozarov?, J.N. Usmonov?, N.A. Kozimjonov?
Y00 ‘qon universiteti Andijon filiali
2Andijon davlat universiteti

Bugungi kunda energiya resurslariga bo‘lgan talabning ortib borishi qayta tiklanuvchi
energiya manbalaridan foydalanishni yanada dolzarb masalaga aylantirmoqda. Gidroenergetika
gayta tiklanuvchi energiya manbalari orasida ekologik toza va bargaror energiya ishlab chigarish
imkonini beruvchi muhim yo‘nalishlardan biri hisoblanadi. O‘zbekiston Respublikasida mavjud
anhorlar, kanallar va irrigatsiya tizimlarida ogayotgan suv ogimlari kichik gidroenergetika
qurilmalarini joriy etish uchun katta salohiyatga ega. Biroq ko‘plab mikro-GES qurilmalarida
ishchi gildirak lopastlarining geometrik parametrlari optimal tanlanmaganligi sababli energiya
samaradorligi past darajada golmoqda.

Shu sababli mikro-GES ishchi g*ildiragining geometrik parametrlarini ilmiy asosda aniglash
hamda ularning energetik ko‘rsatkichlarga ta’sirini tahlil gilish muhim ilmiy-amaliy ahamiyatga
ega. Tadgiqgot davomida mikro-GES ishchi g‘ildiragiga suv oqimining ta’siri nazariy va analitik
usullar yordamida o‘rganildi. Suv oqimi charxpalak lopastlariga ta’sir etganda hosil bo‘ladigan
kuch gidrodinamik va gidrostatik bosimlarning yig‘indisi sifatida qaraldi.

Hisoblashlar natijasida lopastlarga suv oqimi ko‘rsatadigan ta’sir etuvchi kuch uchun
quyidagi ifoda olindi:

2 2 2 2
E. = pTgl[(h1 +19 c;s 6) hy + ﬁghz (1 _ co:; 6)] : 1)
bu yerda p — suv zichligi g — erkin tushish tezlanishi 8 — suv ogimi tezligi 6 — ogimning lopastga tushish
burchagi h: va h: — lopast balandliklari. Lopastlarga ta’sir etuvchi kuch quyidagi ko‘p o‘zgaruvchili funksiyaga
bog‘liq:

Umuman olganda lopastlarga ta’sir etuvchi kuch a, 0, 8, ¢, R4, h1 erkin o‘zgaruvchi
kattaliklarning ko‘p o‘zgaruvchili funksiyasi Fc= F(a, 0, 8, ¢, R4, hy) iborat 1-rasm. (1) formula
bilan hisoblangan qiymati, ko‘p o‘zgaruvchili F¢ funksiyaning maksimal giymatidan 7-8% ga farq
giladi [1-2].
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1-rasm. Mikro-GES ishchi g‘ildiragining geometrik sxemasi.
Nazariy hisoblashlar asosida 5 kVt quvvatga mo‘ljallangan mikro-GES ishchi g‘ildiragining optimal
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geometrik parametrlari aniglandi.
1-jadval. Mikro-GES ishchi g ‘ildiragining geometrik parametrlari

Parametr Parametr belgilanishi Qiymati
Lopast yuqori balandligi hu 400 mm
Lopast pastki balandligi h2 190 mm
Charxpalak radiusi Rs 650 mm
Lopast egrilik radiusi Ra 450 mm
Lopastlar orasidagi burchak o 40°
Lopast egrilik burchagi o 20°
2-jadval. Mikro-GES energetik ko ‘rsatkichlari

Ko‘rsatkichi Ko‘rsatkichi belgilanishi Qiymati
Generator quvvati P 5 kVt
Foydali ish koeffitsienti n 92 %
Chigish kuchlanishi U 220V

Tadqiqot natijalariga ko‘ra, lopast burchagining & = 20° giymati mikro-GES qurilmasining
samarali ishlashi uchun magbul deb topildi. Shuningdek, ishchi g‘ildirak lopastlarining egrilik
radiusi ham suv ogimining yo‘nalishini samarali boshqarishga xizmat qiladi. Egrilik radiusining
optimal tanlanishi suv ogimining energiyasini maksimal darajada mexanik energiyaga aylantirish
imkonini beradi [4]. Shu asosda hisoblangan geometrik parametrlar asosida 5 kVt quvvatga
mo‘lj allangan mikro-GES 1shch1 g 1ld1rag1n1ng konstruktlv modeli 1shlab ch1q11d1 2-rasm.

musgﬁsstgg

2-rasm. 5 kVt mikro- GES ishchi g 1ld1rag1 konstruksnyasn

Tajriba natijalari nazariy hisoblashlar bilan solishtirilganda ular orasidagi farq 3,4 % ni
tashkil etdi [3]. Tadgigot natijalari mikro-GES ishchi g‘ildiragining geometrik parametrlarini
optimallashtirish qurilmaning energiya samaradorligini sezilarli darajada oshirishini ko‘rsatdi.
Aynigsa, lopast egrilik radiusi va oqimning tushish burchagi energiya o‘zlashtirish darajasiga
sezilarli ta’sir ko‘rsatadi.

Taklif etilgan konstruktiv parametrlar kichik suv ogimlariga ega kanallar va irrigatsiya
tizimlarida mikro-GES qurilmalarini samarali qo‘llash imkonini beradi.

Foydalanilgan adabiyotlar:

1. Bozarov O., O‘sarov X., Kiryigitov B. Asinxron faza-rotorli elektr dvigateli negizida mikro-
GES elektr generatorini tayyorlash. O ‘zbekgidroenergetika ilmiy-texnik jurnali, 2020.
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3. Qodirov D.B. Past bosimli suv ogimlari uchun energiya samarador mikrogidroelektrostansiya.
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Si—-CdTe TANDEM QUYOSH ELEMENTIGA SnS: QATLAMINI JOYLASHTIRISH ORQALI
SAMARADORLIKNI MODELLASHTIRISH

K.R. YAKUBOV?, D.SH. KURBANOV!?, D.R. AMINOV?, S.ZH. KARAZHANOV?,
GUANGGEN ZENG?®
Abu Rayxon Beruniy nomidagi Urganch davlat universiteti Fizika-matematika fakulteti
220100 Urganch sh.
2Quyosh energiyasi bo ‘limi, Energiya texnologiya instituti, Instituttveien 18, 2027 Kjeller,
Norway
3Xitoy, Sichuan viloyati, Chengdu shahri, Sichuan Universiteti, Materialshunoslik va
Muhandislik insituti, 610065

So‘nggi yillarda tandem quyosh elementlarining samaradorligini oshirish muammosi
fotovoltaika sohasida eng dolzarb ilmiy masalalardan biridir. An’anaviy CdS/CdTe ETL
qatlamlarida chegara rekombinatsiyasi va energetik nomosliklar natijasida tok yo‘qotilishi yugori
bo‘lib, samaradorlikni cheklaydi. Bundan tashqari, CdS tarkibidagi kadmiy ekologik xavf
tug‘diradi, bu esa “Yashil fotovoltaika” talablariga zid keladi. Shu sababli, Si—CdTe tandemlarida
elektron tashuvchi gatlamini optimizatsiya qilish, chegaradagi yo‘qotishlarini kamaytirish va
toksik materiallardan gochish ilmiy jihatdan dolzarb muammo hisoblanadi. Bu masalani hal gilish
istigbolli yo‘nalishlardan biri sifatida SnS. materialini ETL sifatida qo‘llash ko‘rilmoqda. SnS.
keng optik shaffoflik va qulay Energiya zonalarining moslashuvchanligiga ega bo‘lib, elektronlar
tashilishini yaxshilaydi va chegara rekombinatsiyasini kamaytiradi. Shu bilan birga, SnS: ekologik
jihatdan xavfsiz bo‘lib, CdS ga nisbatan muqobil sifatida qaraladi [1].

SnS:2 ning elektron tashish qatlami (ETL) sifatidagi samaradorligini baholash magsadida
Glass/ITO/ETL/n-Si/CdTe/Ni tandem strukturasi SCAPS-1D dasturida modellashtirildi [1,9].
Taqqoslash bir xil simulyatsiya sharoitida amalga oshirildi: absorber va pastki gatlam
parametrlarining barchasi o‘zgartirilmasdan saqlandi, fagat ETL materiali almashtirildi [2].

Simulyatsiya natijalariga ko‘ra, SnS.: asosidagi model CdS ga variantga nisbatan taxminan
4 % yugqori energiya samaradorligini namoyon etdi. Bu farq kichik ko‘rinsada, tandem strukturada
chegara sohasidagi yo‘qotishlarida muhim rol o‘ynaydi [2]. Yaxshilanishning asosiy sababi
ETL/absorber chagarasida qulayroq energetik moslashuvchanligi bilan bog‘liq [6,8]. Xususan,
SnS./CdTe chegarasida hosil bo‘ladigan o’tkazuvchanlik zonasi siljishda elektronlar uchun
optimal yo’l hosil giladi [6]. Bunday energetik konfiguratsiya elektronlarning yaxshi o’tkazishni
ta’minlaydi va chegarada rekombinatsiyasini kamaytiradi [8]. Aksincha, CdS/CdTe chegarasida
energetik nomoslik natijasida rekombinatsiya ehtimoli yuqoriroq bo‘lishi mumkin [5.6].

Bundan tashqari, SnS: keng optik shaffoflikka ega (Eg = 2.24 eV) [7]. Bu qisqa to‘lqinli
fotonlarning absorber qatlamga samarali yetib borishini ta’minlab, qisqa tutashuv toki (Jsc) ning
oshishiga ijobiy ta’sir ko‘rsatadi [2]. CdS ning taqiqlangan zona qiymati yuqoriroq (=2.42 eV)
bo‘lsa-da, real chegara nuqsonlari va energetik sathlar tashish jarayonlariga salbiy ta’sir qilishi
mumkin [5,6]. Materialshunoslik nuqtai nazaridan ham SnS: ustunlikka ega [5]. CdS tarkibida
kadmiy mavjud bo‘lib, ekologik va toksikologik cheklovlarga ega [7]. SnS: esa nisbatan ekologik
xavfsiz material hisoblanadi va kelajakda “Yashil fotovoltaika” konsepsiyasiga mos keladi [10].
Shu bilan birga, CdS texnologik jihatdan yetuk va CdTe asosidagi sanoat quyosh elementlarida
keng qo‘llanilgan an’anaviy ETL hisoblanadi [3,5]. Biroq SCAPS-1D natijalari shuni ko‘rsatadiki,
SnS. tandem konfiguratsiyada elektron tashishni yaxshilash va chegara rekombinatsiyasini
kamaytirish nuqtai nazaridan istigbolli muqobil variant bo‘lishi mumkin[8,9].
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Shunday qilib, SnS: asosidagi ETL Si—CdTe tandem quyosh elementlarida samaradorlikni
oshirish, energetik moslashuvni yaxshilash va ekologik xavfsizlikni ta’minlash nuqtai nazaridan
muhim ilmiy yo‘nalish sifatida qaralishi mumkin.

Foydalanilgan adabiyotlar ro’yxati:
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4. Sze S.M., Ng K.K. Physics of Semiconductor Devices. Wiley, 2007.
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Cells. 2004;83:243-250.
6. Wei S.-H., Zunger A. Band offsets and optical bowing in semiconductor alloys. Applied Physics
Letters. 1998;72:2011-2013.
7. Sinsermsuksakul P. et al. SnS: and related materials for photovoltaic applications. Advanced
Energy Materials. 2014;4:1400496.
8. Li X. et al. Band alignment engineering in CdTe solar cells. Solar Energy. 2018;159:390-397.
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O‘ZBEKISTON SHAROITIDA QUYOSH ENERGIYASIDAN
FOYDALANISHNING SALOHIYATI VA UNI RIVOJLANTIRISH ISTIQBOLLARI

N.O. Axmedjonov
Cyber university davlat universiteti,
Toshkent viloyati, Nurafshon shahri, Yangiobod k. 42-uy
E-mail:nodirbek.axmedjonov@bk.ru

Mamlakatimizda bugungi kunda elektr energiyasining katta gismi tabily gaz va ko‘mir
hisobidan ishlab chigarilmoqda. Umumiy energiya ta’minoti 2024-yil holati bo‘yicha: tabiiy gaz
85,87 % ni tashkil etadi, qolgan gismini neft 4,84 % va ko‘mir 6,624 %, QTE manbalari 2,66 % ni
egallagan® (1-rasm). Birog bu model uzoq muddatda na ekologik, na igtisodiy jihatdan bargaror
hisoblanmaydi. Shu bois, hukumat tomonidan ‘“yashil energetika” sohasiga alohida e’tibor
garatilib, 2030-yilgacha elektr energiyasi ishlab chigarishning kamida 25-30 foizini gayta
tiklanuvchi energiya manbalari hisobidan ta’minlash belgilangan?.

Zamonaviy dunyoda energiya manbalarining tanqisligi va iqlim o‘zgarishi muammolari
barqaror taraqqiyotning asosiy to‘siqlaridan biriga aylanmoqda. Shu munosabat bilan, qayta
tiklanuvchi energiya manbalari (QTEM) ya’ni quyosh, shamol, biomassa, geotermal va
gidroenergiya mugobil va ekologik toza energiya manbalari sifatida tobora katta ahamiyat kasb
etmoqda. Bu energiya manbalari atrof-muhitga minimal zarar yetkazadi, uglerod chigindilarini
kamaytiradi va uzoq muddatda igtisodiy jihatdan ham tejamkor hisoblanadi. O‘zbekiston
geografik joylashuvi, tabiiy resurslari va iglim sharoitlari nugtai nazaridan gayta tiklanuvchi
energiya manbalari orqali energiya ishlab chigara olishi mumkin bo‘lgan katta salohiyatga ega
davlatlardan biri hisoblanadi.
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1-rasm. Umumiy energiya ta’minoti 2024-yil holati bo‘yicha.

O‘zbekiston yiliga o‘rtacha 300 dan ortiq quyoshli kunlarga ega bo‘lib, bu ko‘rsatkich
quyosh fotoelektr stansiyalari uchun nihoyatda qulay. Mamlakat bo‘yicha quyosh nurlanishining
o‘rtacha darajasi 4,52 kWh/m?/kun atrofida bo‘lib%, bu Markaziy Osiyodagi eng yuqori
ko‘rsatkichlardan biridir. Surxondaryo, Qashgadaryo, Xorazm, Buxoro va Navoiy viloyatlari
quyosh energiyasidan samarali foydalanish uchun eng istigbolli hududlar sanaladi.

Ayni vaqtda Respublikamiz hududida qurilayotgan va qurilishi rejalashtirilgan QES larining
statistikalarini (2-rasm) berib ketamiz. Xorzam viloyati Tuproqqal’a tumanida “Sarimay Solar”
quyosh elektr stansiyasi Fransiyaning “Voltalia” kompaniyasi tomonidan 2025-yil noyabr oyiga
topshirish rejalashtirilgan. Loyiha 177 gektar maydonni egallagan bo‘lib, 100 MV quvvatga ega,
bu kamida 60 mingta honadonni elektr energiyasi bilan ta’minlashga yetadi. Havoga
chigariladigan CO: chiqindisini kamaytirish yiliga 230 ming tonnadan ortiq bo‘lib, mazkur loyiha
O‘zbekistonning toza energiya ishlab chiqarishni kengaytirish va “yashil iqtisodiyot”ga o‘tish
bo‘yicha sa’y-harakatlarini qo‘llab-quvvatlaydi®.

Buxoro viloyatida, Abu Dabining Masder kompaniyasi tomonidan Nur Bukhara Solar PV +
BESS (Nur Bukhara quyosh fotovoltaik stansiyasi va batareya energiya saglash tizimi) loyihasi
ham 2025-yilda yakunlanishi rejalashtirilgan bo‘lib, quvvati 250 MW solar PV + 63 MW / 126
MWh (batareya energiya saglash tizimi BESS) ga ega. taxminan 55,000 ga yaqin xonadonlarga
elektr energiyasi yetkaziladi. Viloyatda yana bitta loyiha Artemisia (\VVoltalia kompaniyasi) gibrid
loyiha 126 MW fotovoltaik + 300 MW shamol + 100 MW / 200 MWh BESS quvvatga ega, uch
kompleks: quyosh, shamol, va energiya saglash gibrid loyihasi qurilishi 2026-yilda boshlanishi
rejalashtirilgan.

Samargand va Jizzax viloyatidagi asosiy loyihalar Nur Samarkand (Masdar) 220 MW Solar
PV stansiyasi va Nur Jizzakh (Masdar) — 220 MW Solar PV stansiyasi hisoblanadi. Ushbu
loyihalar yakunlangach, ikki stansiya birgalikda taxminan 1.12 milliard kilovatt-soat (= 1.12 TWh)
yiliga elektr ishlab chiqaradi, CO: chiqindilarini sezilarli darajada kamaytirish kutilmoqda.

Navoiy viloyatida quvvati 100 MV “Navoi Scaling Solar 1” loyihasi 2021-yilda ishga
tushgan. Surxondaryo viloyatida Sherabad Solar Project (PV quyosh fotoelektr stansiyasi) quvvati
457 MV ga teng bo‘lib, ishga tushirilish muddati 2026-yilga belgilangan®. Andijon, Namangan va
Qashqgadaryo viloyatlarida ham quyosh elektr stansiyalari qurilishi rejalashtirilgan.
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O'zbekistondagi yirik quyosh elektr stansiyalari (MW) bo'yicha

Surxondaryo (Sherabad Solar) 457 MW

Navoiy (Scaling Solar 1) 100 MW

Jizzax (Nur Jizzakh) 220 MW

Samarqgand (Nur Samarkand) 220 MW

Loyihalar joylashuvi

Buxoro (Artemisia Hybrid) 126 MW

Buxoro (Nur Bukhara + BESS) 250 MW

Xorazm (Sarimay Solar) 100 MW

0 100 200 300 400
Quvvat (MW)

2-rasm. Respublikamiz hududida qurilayotgan va qurilishi rejalashtirilgan QESlar

O‘zbekiston qayta tiklanuvchi energiya manbalarini keng joriy etish bo‘yicha so‘nggi
yillarda katta qadamlar tashlagan bo‘lsada, bu jarayonni sekinlashtiruvchi bir qator tizimli va
texnik muammolar mavjud. Mamlakatda hozircha quyosh panellari, invertorlar, turbinalar va
akkumulyator tizimlari mabhalliy ishlab chigarilmaydi yoki juda cheklangan hajmda ishlab
chigariladi. Bu holat xorijdan importga bog‘liqlikni keltirib chiqaradi, natijada loyiha qiymati
oshadi. Quyosh va shamol elektr stansiyalari asosan uzoq hududlarda joylashgan bo‘lib, ularni
milliy tarmogqga ulash katta infratuzilma xarajatlarini talab etadi.

Qayta tiklanuvchi energiya sohasining bargaror rivojlanishi, avvalo, yetuk mutaxassislar,
ilmiy salohiyat va texnik kadrlar tayyorligiga bevosita bog‘liq. Energetika va muhandislik
yo‘nalishlarida o‘qitilayotgan talabalarning amaliy tayyorgarligi yetarli darajada emas. Ko‘pgina
oliy ta’lim muassasalarida zamonaviy laboratoriya-uskunalar va sinov maydonchalari mavjud
emas. Shu sababli Oliy ta’lim muassasalarida “yashil energetika”, energiya samaradorligi va
barqaror rivojlanish texnologiyalari yo‘nalishlarini kengaytirish, xalgaro universitetlar bilan
qo‘shma dasturlarni yo‘lga qo‘yish, ilmiy-tadgiqot markazlari va ishlab chigarish korxonalari
o‘rtasida ilm-fan - ishlab chigarish - ta’lim integratsiyasini kuchaytirish zarur. Xulosa qilib
aytganda, gayta tiklanuvchi energiya manbalari O‘zbekistonning energetik xavfsizligi, ekologik
barqarorligi va iqtisodiy mustaqilligini ta’minlashda muhim o‘rin tutadi. Tizimli islohotlar, kadrlar
salohiyatini oshirish, ilmiy izlanishlarni kuchaytirish va xalgaro hamkorlikni kengaytirish orgali
bu soha mamlakat igtisodiyotining eng istigbolli yo‘nalishlaridan biriga aylanishi mumkin.

Foydalanilgan adabiyotlar ro‘yxati:
1. O‘zbekiston Respublikasi milliy statistika qo‘mitasi. O°‘zbekiston Respublikasi yoqilg‘i va
energiya balansi (2024 vyil)
2. O‘zbekiston Respublikasi Prezidentining PQ-4477-son garori, 2019-yil 22-oktabr)
3. International Energy Agency. (2023). Solar Energy Policy in Uzbekistan: A Roadmap. Paris:
IEA. Retrieved from https://www.iea.org/reports/solar
4. Voltalia kompaniyasi (2024). O‘zbekistonda Sarimay quyosh elektr stansiyasi qurilishi va
batareya orgali energiya saglashning jadal rivojlanishi boshlandi. Voltalia rasmiy sayti, 15 may
2024-yil. https://www.voltalia.com
5. https://www.masder.ae
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QAZIB OLISH SANOATIDA MUQOBIL ENERGIYA TIZIMLARI: ILMIY TAHLILI

O¢.K. Sunnatova, M.M. Raxmatova
Navoiy davlat univesiteti

Qazib olish sanoati energiya sarfi yugori va atrof-muhitga katta ta’sir ko‘rsatadigan soha
hisoblanadi. An’anaviy yoqilg‘ilar — ko‘mir, neft va gaz — ekologik iz goldiradi, ishlab chigarish
xarajatlarini oshiradi va global iqlim o°‘zgarishiga salbiy ta’sir ko‘rsatadi. Shu sababli, so‘nggi
yillarda mugqobil energiya (ME) tizimlari — quyosh, shamol, geotermal, gidro va bioyoqilg‘ilar
— qazib olish sanoatida ham tadbiq etilmoqgda.

Ushbu magola “Renewable Energy Systems in the Mining Industry: A Literature Review
and Research Agenda” (Hossein Abbaspour va boshg., 2022) nomli magola asosida gazib olish
sanoatida ME tizimlarining potentsiali, qo‘llanilishi va istigbollari tahlilini beradi. Tezisning
magsadi — sohada amalga oshirilgan ilmiy ishlarni sharhlab, kelgusidagi tadgigotlar uchun
yo‘nalishlar belgilash.

Muqobil energiya tizimlari atrof-muhitga zarar etkazmaydigan va iqtisodiy jihatdan foydali
hisoblanadi. Qazib olish sanoatida ularning qo‘llanilishi bir necha bosqichni 0°z ichiga oladi:

o Konlarni gazib olish;

e Mineralni transport gilish va gayta ishlash;

o Energiya ta’minoti va jarayonlarni optimallashtirish.
ME tizimlarining afzalliklari:

1. Energiya xarajatlarini kamaytirish;

2. CO: emissiyasini kamaytirish;

3. Sanoat jarayonlarini ekologik bargaror gilish.

Biroq, texnik va igtisodiy cheklovlar mavjud: kapital xarajatlar yuqori, infrastruktura talab
etiladi va ayrim tizimlar iqlim sharoitiga bog‘liq. Shu sababli, gazib olish sanoati uchun hibrid
tizimlar (masalan, quyosh + batareya yoki shamol + PV) samarali yechim sifatida ko‘riladi.

Maqola asosida Hossein Abbaspour va boshg. (2022) tomonidan tahlil gilingan 40 ta ilmiy
ish, konferensiya materiallari, magistrlik va dissertatsiya ishlari sharhlangan. Adabiyotlar uch
asosiy mavzu bo‘yicha guruhlangan:

1. Potentsial va amalga oshirish imkoniyatlari;
2. ME tizimlarini tanlash jarayoni;
3. Tizimlarning qo‘llanilishi va istigbollari.
Har bir ishning iqtisodiy samaradorligi, ekologik ta’siri va texnologik integratsiya
imkoniyatlari o‘rganilgan.
Sharh shuni ko‘rsatadiki:
e Qazib olish sanoatida ME tizimlari energiya Xxarajatini kamaytiradi va ekologik
bargarorlikni oshiradi;
o Texnik va iqtisodiy to‘siqlar mavjud: yuqori kapital xarajatlar, infrastruktura cheklovlari
va iqlim sharoitiga bog‘liqlik;
« Tadqiqotlar kelajakda hibrid tizimlar, optimizatsiya metodlari va maxsus dasturiy ta’minot
ishlab chiqgishga e’tibor qaratishni taklif qiladi.
Kelgusidagi ilmiy yo‘nalishlar:
1. Ko‘p faktorli baholash usullari;
2. Optimizatsiya metodlari;
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3. Qazib olish va mineralni gayta ishlash operatsiyalari;
4. Dasturiy ta’'minot ishlab chiqish.

cheklanganligi

Tizim turi Afzalliklar Cheklovlar Qo‘llanilish bosqichi
Energiyani arzon ishlab Ob-havo sharoitiga Konning off-grid
Quyosh (PV) chiqarish, ekologik bog‘liq energiyasi
Uzluksiz energiya, kam Shamol tezligiga Qazib olish va
Shamol . .
xarajat bog‘liq transport
Gidro Bargaror engr_giya, uzoq Suv manbalariga Mine_ralni gayta
muddatli ishlash bog‘liq ishlash
Geotermal
Geotermal Barqaror, kam chiqgindili manbalarning Jarayonlarni isitish

Bioyoqilg‘i

Qayta tiklanuvchi,
chigindilarni kamaytiradi

Ishlab

chigarish xarajatlari

yuqori

Transport va energiya
manbai

Ragamli natijalar tavsiyasi
e Qazib olish sanoatida ME tizimlari energiya xarajatini 20-30% kamaytirishi mumkin.
e CO: emissiyasini kamaytirish 10-25% gacha bo‘ladi.

o Hibrid tizimlar (quyosh + batareya) uzog masofali konlarda energiya mustagilligini 90%

gacha oshiradi.

Ushbu maqola gazib olish sanoatida ME tizimlarining potentsiali va qo‘llanilishini tizimli
tahlil giladi. Natijalar sanoat loyihalarida energiya samaradorligini oshirish, ekologik bargarorlikni

ta’minlash va kelgusidagi ilmiy tadqiqotlar uchun yo‘nalishlarni belgilashga xizmat giladi.

Qazib olish sanoatida mexanizatsiya va avtomatlashtirilgan (ME) tizimlar ekologik va
iqtisodiy jihatdan samarali bo‘lib, hibrid tizimlar va optimizatsiya metodlarining qo‘llanilishi
ishlab chiqarish samaradorligini oshiradi. Kelgusida dasturiy ta’minot, ko‘p faktorli baholash va
tahliliy tadgiqotlar yordamida yanada samarali va mukammal yechimlar ishlab chiqgish

imkoniyatlari mavjud.

1. Abbaspour, H., et al. (2022). Renewable Energy Systems in the Mining Industry: A Literature

Foydalangan adabiyotlar:

Review and Research Agenda. International Journal of Renewable Energy Research (IJRER).
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RADIOAKTIV ISHLOV BERILGAN TABIIY TOLALARNING OPTIK
XOSSALARINI TADQIQ QILISH

A.T.Mamadalimov?, N. K. Xakimova!, Sh.M. Norbekov?, S.U.Umarova®
Yyarimo tkazgichlar fizikasi va mikroelektronika ilmiy-tadgigot instituti
2Toshkent menejment va iqtisodiyot instituti
3Qarshi davlat universiteti

Mazkur tadgigotda sun’iy radionuklid bo‘lgan y-*°Co izotopi bilan nurlantirilgan paxta
tolalari namunalarining optik xususiyatlarini o‘rganishdan iborat. KMnOs va yod bilan termik
ishlov berilgan Surxon-18 va Surxon-14 navli paxta tolalarining optik xossalari ya’ni
fotolyuminesensiya (FL) va infragizil (Fourier Transform Infrared Spectroscopy) (FTIR)
spektroskopiya usullarini birgalikda qo‘llash orgali kompleks tarzda o‘rganildi. Ushbu yondashuv
tolalarning energetik holatlari va molekulyar tuzilishi o‘rtasidagi bog‘liglikni aniglash imkonini
berdi.

Natijalar asosida taqiqlangan zonadagi chuqur sathlarning energiyasi baholandi. KMnOa4
bilan legirlangan namunada yuqori optik faollik kuzatildi. Tadgiqot natijalari tolalarning
optoelektron qurilmalarda qo‘llanish imkoniyatlarini tasdiglaydi.

So’ngi paytlarda tabiiy tolalar fizikasi sohasida tadqiqotlar muvaffaqiyatli olib borilmoqda.
Xususan, paxta tolalarining yarimo’tkazuvchanlik xossalari aniqlangan [1-4]. Paxta tolalari ketma-
ket almashinadigan kristalli va amorf tuzilishlariga ega [4]. Hozirgi vaqtda tabiiy yarimo’tkazgich
tolalari fizikasi sohasida jadal tadgiqgotlar olib borish natijasida elektron texnika elementlarini-
elektron namlik o’lchagichni, diodlarni, fotodiodlarni va tranzistorlarni yaratishga imkon berdi [3-
4].

Paxta tolalari asosiy tarkibiy qismi bo‘lgan sellyuloza tufayli murakkab kristalli-amorf
tuzilishga ega bo‘lib, ularning optik xossalari funksional guruhlar holati va strukturaviy defektlar
bilan chambarchas bog‘liq. FTIR spektroskopiya usuli yordamida tolalarning kimyoviy
tuzilmasidagi o‘zgarishlar aniqlanib, ular FL spektrlarida kuzatilgan emissiya xususiyatlari bilan
solishtirildi.

1-rasm. (1) Surxon-14 navli paxta tolasi y-°°Co izotopi bilan nurlantirilgan. (2) Surxon-18
navli paxta tolasi y-°°Co izotopi bilan nurlantirilgan va KMnO4 bilan legirlangan. (3) Surxon-14
navli paxta tolasi y-®°Co izotopi bilan nurlantirilgan va yod bilan legirlangan. (4) Surxon-14 navli
paxta tolasi y-°°Co izotopi bilan nurlantirilgan. (5) Surxon-18 navli paxta tolasi y-°Co izotopi bilan
nurlantirilgan va yod bilan legirlangan. (6) Surxon-14 navli paxta tolasi y-°Co izotopi bilan
nurlantirilgan va KMnOg bilan legirlangan. (7) Surxon-14 navli toza paxta tolasi. (8) Surxon-18
navli toza paxta tolasi. y-*°Co nurlanishi, KMnOa va yod bilan modifikatsiya gilingan holatda
o‘rganilgan. FTIR tahlil paxta tolasi tarkibidagi sellyuloza funksional guruhlari va ularning
radiatsion hamda kimyoviy ishlov natijasida yuz beradigan strukturaviy o‘zgarishlarini aniqlash
imkonini beradi. Paxta tolasi sellyulozasining asosiy FTIR diapazonlari Paxta tolasi asosan -D-
glyukopiranoza birliklaridan tashkil topgan sellyulozadan iborat. FTIR spektrlarida quyidagi
asosiy yutilish zonalari kuzatiladi:
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1-jadval
1-rasmdagi grafikda ushbu zonalar aniq ko‘rinadi va radiatsiya hamda kimyoviy ishlov
To‘lqin soni (cm™) Guruh Tavsif
3300-3400 O-H stretching Sellyuloza gidroksil guruhlari
2890-2920 C—H stretching Metilen guruhlari
1730-1740 C=0 Oksidlangan guruhlar (karbonil)
1640 O-H bending Adsorbsiyalangan suv
1430 CH: bending Kristallik indeks bilan bog‘liq
1370 C—H bending Sellyuloza skeleti
1160 C—O-C stretching Glikozid bog‘lari
1050-1030 C-O stretching Spirt guruhlari
895 B-glikozid bog' Sellyuloza amorf fazasi

natijasida ularning intensivligi o‘zgaradi. y-°Co nurlanishi sellyulozada radiatsion destruksiya va
zanjir uzilishi jarayonlarini keltirib chigaradi.

Intensivlik (%)

oO-——7T———T T T T 1
4000 3500 3000 2500 2000 1500 1000 500

To'lgin soni (sm™)
1-rasm. Surxon-14 va Surxon-18 navli paxta tolalarining FTIR (Fourier
Transform Infrared Spectroscopy) spektrlari.

Asosiy kuzatuvlar: 3300-3400 cm™ (O—H guruhi) Toza paxta tolalarida (7 va 8 spektrlar)
keng va kuchli yutilish kuzatiladi. Nurlantirilgan namunalar (1 va 4) da intensivlik kengligi ortgan
shuningdek intensivlik biroz kamaygan. Bu vodorod bog‘lari tizimining buzilishi va sellyuloza
kristallik darajasining pasayishi bilan izohlanadi.Yod bilan ishlov berilgan namunalar (3 va 5)
3300 cm™ O-H pikining shakli o‘zgaradi. Bu vodorod bog‘larining qayta tashkil bo‘lishi
sellyuloza—yod komplekslari hosil bo‘lishini bildiradi.

Paxta tolasi asosan B-D-glyukopiranoza birliklaridan tashkil topgan sellyulozadan iborat.
Sellyuloza molekulasida klassik xromofor guruhlar kam bo‘lsa ham, PL emissiya quyidagi
manbalar hisobiga yuzaga keladi: oksidlangan guruhlar (C=0O, COOH), radikal markazlar,
konjugatsiyalangan fragmentlar, sellyuloza zanjirlarining klasterlashuvi. Tadgigotlarda sellyuloza
materiallarida 370 nm, 430-470 nm va 505-510 nm atrofida uchta asosiy emissiya zonasi
kuzatilishi aniglangan.

v-%%Co nurlanishi paxta tolasi sellyulozasida erkin radikallar va defekt markazlari hosil
bo‘lishiga olib keladi. Radiatsiya natijasida sellyuloza zanjirining gisman degradatsiyasi yuz berib,
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karbonil guruhlar miqdori ortadi, bu esa luminesensiya intensivligini oshiradi. KMnOa bilan
modifikatsiya gilingan namunalar eng yuqori FL intensivligini ko‘rsatadi, bu oksidlangan emissiya
markazlarining ko‘payishi bilan bog‘liq.

2800 +

2400 +

Intensivlik (%)
= = N
N [o2] o
o o o
o o o
1 1 1

800

400

RNW N OO o

o]
o 4
o

400 450 500 550
To'lgin uzunligi (nm)
2-rasm. Surxon-14 va Surxon-18 navli paxta tolalarining fotolyumensensiya spektri.
Yod bilan legirlash sellyuloza zanjirlari orasida kompleks tuzilmalar hosil gilib, emissiya
spektrining siljishiga olib keladi. Surxon-18 navli paxta tolasi Surxon-14 ga nisbatan yuqori optik
faollikka ega, bu uning kristallik darajasi yuqoriligi bilan izohlanadi. Fotoluminesensiya
spektrlaridagi o‘zgarishlar paxta tolasi strukturasi radiatsion va kimyoviy modifikatsiya orqali
boshqarilishi mumkinligini ko‘rsatadi.
Adabiyotlar:
1. Zakirov A.S., Yuldashev Sh.U., Wang H.J., Cho H.D., Kang T.W., Khamdamov J.J.,
Mamadalimov A.T. Photoluminescence study of the surface modified and MEH-PPV coated
cotton fibers // Journal of Luminescence. 2011 V.131. Pp. 301-305.
2. YcemonoB X.Y, HukonoBuu ['.B. DnekTpoHHass MUKPOCKOINHUS IEJUTFOJIO3bI. TOIIKEHT.
M3natensctBo Akanemuun Hayk Y3CCP. 1962. 264 ctp.
3. Zakirov A.S., Yuldashev Sh.U., Cho H.D., Lee J.C., Kang T.W. and Mamadalimov A.T.
Organic photodiodes on the base of cotton fibers/polymer composite. Journal of Applied Physics
110, 114522 (2011).
4, A.T.MamaganumoB, 3.A.Jlonmo6oeB, K.Maxmymno, IIl.Tyitune, M.lllepmaTtos.
DOTONMPOBOAMMOCTD XJIONMKOBBIX BOJIOKOH. Jlokimanst AH PY3 1995r. Ne5-6. cTp.22-24.
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KPEMHUAA, TETHPOBAHHOI'O ATOMAMM ITAJIJIAIUA
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BBICOKOPHEPIeTHYECKON 3JIEKTPOHUKU BCE OoJiee aKTyalbHOM CTAaHOBHUTCS 3a/adya CO3IaHUs
paaualMOHHO-CTOMKHMX IOJIyIPOBOJAHUKOBBIX MarepuanoB. KpemHUi, SBIASICH OCHOBHBIM
MaTepHaAIOM COBPEMEHHOW MHUKPO- M HAHODJCKTPOHMKH, LIIMPOKO MPHMEHSETCS B MpUOOpax,
paboTaronmx B YCIOBHSIX BO3JICHCTBHUS HOHU3UPYIOIIUX W3Ty4deHUH. OIHAKO M3BECTHO, UTO
oOilydeHHEe  BBICOKOOPHEPI€TUYECKMMH  YacTUIAMH  TNPUBOJUT K  JAETpajallid  ero
ANIEKTPOU3NIECKUX CBOWCTB BCJEICTBHE OOpa30BaHMS PaJUAIMOHHBIX Je(EKTOB, KOTOpHIE
CYIIECTBEHHO M3MEHSIOT MapaMeTphl IPOBOJMMOCTH U peKOMOMHAIIMK HOCHTeeH 3apsia [1].

Anbda-gacTuilel, 061amass O0JBIION MacCOi W BBHICOKOW MOHU3UPYIOMIEH CIIOCOOHOCTHIO,
BBI3BIBAIOT B KDEMHHH HHTEHCHBHOE 00pa30BaHNE TOYCUHBIX U KIIACTEPHBIX Je(PEKTOB, TAKUX KaK
BAaKaHCHUU, MEXY3€JIbHbIE aTOMBI U UX KOMIUIEKCHI. DTU Je(PEKThl (OPMUPYIOT INIyOOKHE YPOBHU
B 3ampeuiéHHONM 30HE, KOTOpble AEMCTBYIOT Kak 3(QQEKTHUBHbIE LEHTPhl PEKOMOMHALUU U
KOMIIEHCAIUH, MPUBOJS K CHIKEHHUIO KOHIIEHTpAIlMM CBOOOJHBIX HOCHUTEJEH 3apsaa U pocTy
AJIEKTPUYECKOI0 COMPOTHBIIEHUS Marepuana. B pesynbrare CyIIECTBEHHO YXYyALIAIOTCS
XapaKTEPUCTUKH IMOJIYyIPOBOJAHUKOBBIX MPUOOPOB, OCOOCHHO IMpeIHa3HAYEHHBIX Ui paboThl B
paaralMOHHbBIX YCIOBHSIX [2].

[Mannaguii sSBAsIETCSI OJHUM M3 TaKUX DJIEMEHTOB, CIIOCOOHBIX CYIIECTBEHHO BIUSATH Ha
neQeKTHYIO MoJcucTeMy KpeMHus. B 3aBucuMocTy oT ycinoBuid AU Ppy3MOHHOTO JIETUPOBAHUS U
TepMuueckor 006paboTku aromsl Pd MoryT oOpa3oBbIBaTh pa3ianuHble Ae()EKTHbIE KOMIUIEKCHI,
W3MEHSIIOIINE pacHpe/ieieHhe SHEPreTHYecKX YPOBHEW B 3alpeliéHHOW 30HE M TEM CaMbIM
omnpejensione 3JeKTpodu3nuecKkue CBoicTBa MaTepuana. B psjge paboT mokazaHo, 4YTO
M01I00HBIE MPUMECH MOTYT KaK yXyAILIaTh, TaK U, IPU ONTUMAIBHOM BBIOOPE TEXHOJIOIMUECKUX
PEKUMOB, YIIyUIIaTh PAAUAIMOHHYIO CTOUKOCTh KpeMHuUs [3].

B kauyectBe 00BEKTOB HCCIEIOBAHUS HCIIOJIB30BATUCH MOHOKPHUCTANINYECKUE TIACTUHBI
KPEMHHS N-THIIA IPOBOJMMOCTH C YAEIbHBIM conpoTuBicHreM p =~ 40 Om-cMm (Mapka KD®D-40).
JlerupoBaHue KpeMHHMsI HaJJIaJWEM OCYIIECTBISUIOCh IubGy3noHHBIM MeToAoM. [lns atoro
aTOMBbI NAJJIaAWs MPEABAPUTEIHHO HANBUISUINCHh HA MOBEPXHOCTh KPEMHUEBBIX IUIACTHH, TOCTE
4yero oOpasilbl MOMEIANINCh B OTKaYaHHbBIE U 3alasHHbIe KBapleBble aMmiyibl. [uddy3noHnblit
oTxur nposoauiics npu temmeparype T = 1100 °C B redenue 5 yacos.

[Tocne 3aBepliieHHs NPOIECCOB JIETUPOBAHUS M IOBTOPHOM OUYUCTKUA TOBEPXHOCTH
UCXOJHbIE U JIETUPOBAHHBIE OOPA3Ilbl MOABEPraIUCh OOIYUYEHHUIO O-4aCTUIAMHU C dHeprueit 2
M»sB. OO6Gnyuyenue mnpoBoauiaoch mpu jgo3ax 5x10™ wm 1x10™ cM? ¢ wuCHoJib30BaHUEM
ANIEKTpOCTaTUUeCKOro  yckoputens «OI-5» B JlabopaTtopum  HEHUTpOHHOH  GHUUKHK
OO0benMHEHHOT0 HHCTUTYTA SAepHBIX HccneaoBanuii (JIHO OUAN).

HccnenoBanue 3eKTpUYECKUX CBOMCTB 00paslioB MPOBOAUIIOCH METOJIOM HMMIIEIAHCHON
cnekTpockonuu npu komHatHOW Temmepatype (T = 300 K). M3mepeHus BBINONHSIUCH C
ucnonb3oBanueM umneaancmerpa «Ellins P-45X» B AByX31neKTpoHON U3MEPUTENLHOM sueiike B
gacToTHOM auana3one oT 1 'y go 0.5 MI'u. AMInMTyaa nepeMeHHOro U3MEPUTENHFHOTO CUTHATIA
cocraBisuia 10 MB, 4TO MO3BOJISTIO MPOBOAUTH U3MEPEHUS B JTMHEHMHOM peXUME 0e3 BHECEHUS
JONOJTHUTEIbHBIX HEIMHEHHBIX NCKaKEHUH B ANIEKTPUYECKUNA OTKIMK 00pa31oB.

Ha puc.1 npeacraBieHbl UMIIEIaHCHBIE CIEKTPBI UCXOAHOTO U JIETUPOBAHHOTO 00pasla n-
Si 1o 1 mocne obryueHust o-4acTULiaMu ¢ 3Hepruei 2 MaB npu gozax 5x10™ u 1x10" cm 2. Kak
BUJIHO, YTO CONPOTHUBJIEHUE MCXOJHOro oOpasua a0 obmyueHus coctapiser 123.4 kOwm. Ilocne
oby4enus conpoTuBieHue Bo3pactaet 10 241.1 kOM u 533.9 kOM COOTBETCTBEHHO.

Pe3koe yBenuueHue CONPOTUBIIEHMSI CONPOBOXKIAAECTCA CYIIECTBEHHBIM paCIIMpPEHUEM
MoJIyKpyra Ha auarpaMMax HaiikBucra, 4TO yKa3blBa€T Ha pOCT CyMMAapHOrO HMIIEAAHCA U
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3aMeUICHHE peJaKCaIllMOHHBIX mporeccoB [4]. Hannsiii 3ddekr obOycrmoBieH oOpa3oBaHHEeM
pauanvoOHHBIX Ne()EeKTOB B KPUCTALIUYECKOW pPEHIETKE KPEeMHUS (BaKaHCHH, MEXY3eIbHBIX
aTOMOB U UX KOMIUIEKCOB), KOTOpbIe (POPMUPYIOT IIyOOKHME YPOBHHU B 3alpeIlEHHON 30HE U
JNEUCTBYIOT KaK IIEHTPbl PEKOMOMHAIMU M KommeHcanuu [5]. B pesynbrate y™meHbliaercs
KOHLEHTpalLUsl CBOOOJHBIX HOCHUTENEW 3apsjia U IMOJBMKHOCTb 3JEKTPOHOB, YTO MPUBOIUT K
YBEJIMYCHUIO 00BEMHOTO COMPOTHUBIICHHUS.
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Puc.1. I'ogorpadsl ucxoanoro(a) u serupopantoro(b) oodpasua n-Si: g0 (uepHast

JIMHUS), ocjie 00Jayuennsi C 10301 5x10' cm2(kpacHas JuHust) U 1x10' cm?(cuHas
JIMHUSA)

Takum 00pa3oM, HeEJIETUPOBAHHBIA N-Si  JTEMOHCTPHUPYET HHU3KYI0 DPaJIUANMOHHYIO
CTOMKOCTB, TIOCKOJIbKY YK€ TpH f03e 1x10' cM™? ero conmpoTHBIECHUE BO3pacTaeT Oojee 4yem B 4
pa3a 1o CpaBHEHHIO C UCXOIHBIM 3HAUCHUEM.

Jnst obpasnoB n-Si<Pd>, momyuenubix muddysuonHsiM serupoBanuem mpu 1100 °C,
HUCXOJHOE COMPOTHUBIIEHHUE cOCTaBIseT 82.4 KOM, YTO 3aMETHO MEHBIIIE, YEM Y HEJIETUPOBAHHOTO
kpemans (123.4 kOwm). DTO CBHAETENBCTBYET O TOM, YTO MPOIECC BBICOKOTEMIIEpATYypPHOU
mupdy3un YaCTUYHO YJIy4lIaeT CTPYKTYpHOE KadecTBO KpHUCTalla W CHIDKaeT BKJIal
TEXHOJIOTHYECKUX JIeEKTOB B 00I1ee conpoTuBicHue(puc.2.b).

[Tocne o6nyuenus conpotusienue yBenuuuBaercs 10 203.7 kOwm (5x10' cm?) m 381.3 kOm
(1x10' cm2). HecmoTpss Ha CYIIECTBEHHBIH POCT, aOCONIOTHBIC 3HAYCHUS COMPOTHUBIICHUS
OCTalOTCSA HHUXE, YeM y COOTBETCTBYIOIIMX HEJIETMPOBAHHBIX 00pa3loB. DTO 03HAYaET, 4TO
MpUCYTCTBUE aToMOB Pd 4YacTHYHO KOMMEHCHPYeT HEraTUBHOE BIIMSHHUE PaJUAllMOHHBIX
nehEeKTOB.

C ¢usuyeckoii Touku 3peHus arombl Pd B kpemMHuu (QOpMHUPYIOT TIIyOOKHE YPOBHHU H
CHOCOOHBI 00pa30BHIBATh KOMILIEKCHI C BaKAaHCUSIMU U APYTUMHU paJHallMOHHBIMU Ae(eKkTamu
(Pd-V, Pd-Si-V) [6]. YMEHBIIAOT
paauanvoHHBIX JedeKTOB, CHIKAas HX JPQPEKTUBHOCTh KaK IEHTPOB pekomOuHanuu. B

Takue KOMIUIEKCHI 3JEKTPUYECKYI0 aKTUBHOCTb
pe3ynbTare JIerpafanus 3IEKTPUUYECKUX CBOWCTB MOJ JIEHCTBHMEM OONydYeHUS B JIETUPOBAHHBIX
obpasnax npu 1100°C BeIpakeHa ciadee, 4eM B UCXOJHOM n-Si, OJIHAKO OCTAETCS JOCTATOYHO
3aMETHOM.
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BJIMAHUE SJIEKTPOHHOI'O OBJYYEHUSA HA ®OTOIJEKTPUYECKHUE
XAPAKTEPUCTUKU KPEMHUEBBIX TETEPOCTPYKTYPHBIX COJTHEYHbBIX
IJIEMEHTOB, JIETUPOBAHHBIX I'AJIJIMEM, J1JIs1 KOCMHUYECKOI'O
INPUMEHEHUWA

II.b. Yramypanosa, O.K. Ara6oes
Hayuno-uccreoosamenvckuii uHcmumym u3uxku noaynpo8ooOHUKO8 U MUKPOIIEKMPOHUKU,
Tawkenm, Yzbexucman

B nocnenHue roapl KpeMHHEBble cojiHEUHbIe AyeMeHThl (CD) BHOBb NPHUBIEKAIOT
3HAYUTEIbHOE BHUMaHUE JIsi KOCMHUYECKUX TPUMEHEHUH, 0COOCHHO JIIsl KPaTKOCPOUHBIX MUCCUI
Ha HU3KOM okonozemHor opbute (LEO, 500-2000 Mm). D10 00YyCIOBICHO WX BBICOKOU
3(h(HEKTUBHOCTBIO MPeoOpa3oBaHUsl COJTHEYHOM HHEPTHUU, SKOHOMHUYECKOW 3(P(EKTHBHOCTHIO,
TEXHOJIOTUYECKOM 3PEIOCTHIO U OJIarONPHUSATHBIM COOTHOIIIEHHEM MOITHOCTH K Macce [1].

B nacrosimmee Bpemsi coBpeMeHHbIe KpeMHuEBbIe CO, Takue Kak rerepoctpykrypubie (HIT
— Heterojunction Technology) C3 u 31eMEeHTBI CO CTPYKTYPOW C TYHHEIBHBIM OKCHIOM H
naccupoBanHbIM KoHTakToM (TOPCon — Tunnel Oxide Passivated Contact), 1eMOHCTPUPYIOT
3¢ deKTUBHOCT MPeoOpa3oBaHus COJIHEUHON dHepruu Oosee 25% MpH CTaHAAPTHBIX HA3EMHBIX
ycnoBusax (AM1.5G), uyto cooTBeTcTBYeT MpuMepHO 23% npu KocmuueckoM crektpe AMO [2].

B mocnemnue rompt HIJT CD  pmocturim  HamBbicmied 3(QQEKTHBHOCTH  Cpenu
OJTHOTIEPEXOAHBIX  KPEMHHEBBIX  (DOTORNIEKTPUUECKHX  MpeobOpa3oBateneid.  PexopaHas
3¢ (GEeKTUBHOCTh TAaKUX SJIEMEHTOB B Ha3eMHBIX ycnoBusix aocturaer 27.1% (AMI1.5G, 1000
Bt1/Mm?) [2]. IlomuMo BbICOKO#M 3¢ (EKTUBHOCTH, TaHHBIE COTHEYHBIE SJIEMEHThI XapaKTePU3YIOTCS
OTHOCUTEIIbHO  BBICOKOM  pagUallMOHHOM  CTOMKOCTBIO, TEXHOJIOTMYECKOW  IMPOCTOTOM
W3rOTOBJICHUS M HU3KOW cebecronmocThio. braromaps stum mnpeumymectBam HIT CO
paccMaTpuBalOTCSl Kak MEPCHEKTUBHBIE HMCTOYHUKH BJIEKTPOSHEPTHMH ISl KOCMHUYECKUX
anmnapaToB MaJbIX pa3MepoOB, B YaCTHOCTH CIyTHHKOB kiacca CubeSat, pyHKIHOHUPYIOIINX Ha
HU3KUX OKOJIO3EMHBIX OpOUTaX.

Hcxons w3 BBINIEU3NOKEHHOTO, IIENbI0 HACTOSIIEH paloThl SBISETCS HCCIEIOBAaHUE
BITUSIHUS AIIEKTPOHHOTO 001myueHus ¢ sHeprueit 1 MaB Ha ¢doTosnekTpudyeckie XapakTepUCTUKH
KPEMHHUEBBIX TeTepOCTPYKTYpHBIX CO p-TUTIA, TETUPOBAHHBIX TAJLTHEM.
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Hus mpoBenenust uccnenoanus HIT CO (puc. 1) Obum CcO34aHBI HA MOAJIOXKKAX
MOHOKPHCTAIZTMYECKOTO KPEMHUS P-THIA, JETUPOBAHHBIX T'aJUIMEM U BBIPAIIEHHBIX METOJ0M
Yoxpansckoro (Cz-Si). TlapameTps! mosoxek: KoHIeHTpamus axientopos N,>3.1-101 cm?
tommuHa ~ 135 MkwMm, kpuctamorpaduueckass opueHrtanus noBepxHoctu (100), mcxomHoe
00BEeMHOE BpeMs )KU3HU CBOOOAHBIX HOcHTenel 3apsana thuk>0.22 mc. [lonpoOHast napopmarus

0 TEXHOJIOTHH M3TOTOBIIeHUS BhICOKOAQdekTuBHBIX HIT CO npuBenena B padote [3].

@ @ Ag metallization grid
ITO 70 nm
n-a-Si:H 10-15 nm
i-a-Si:H 5 nm
p-type Cz-Si(Ga)
~135 um

i-a-Si:H 5 nm
p-a-Si:H 10-15 nm
ITO70 nm .
Ag metallization grid

Puc. 1. Cxemarnyeckuii Bujx kpemuuesoro HJT cosHeuHoro ajiemenra.

OOGiyyenue 00pasloB AJIEKTPOHAMH MPOBOAWIOCH Ha yckopurtene Y-003 WMuactuTyTa
snepHoit puzuku AH PY3 B pexume X010€TOr0 X0Aa UIsi IpeI0TBPaleHHs yTeUeK TOKA BO BpeMst
oOnMydeHHusT TpU KOMHATHOM Temreparype. OHEprus »dJIEKTPOHOB cocTaBisuia 1 M»aB,
MHTEHCHBHOCTh MOTOKA 3MekTpoHOB ~1.8-10 cM?2 ¢ O6pasmel o6Mydamuch B JHUana3zoHe
dmoencoB 5-10%° - 5.10" e/cm?. TlorpemHocTs m3MepeHHs (oeHca 31eKTpoHoB (D) He
npesbimana ~+10 %.

CrnexrpanbHasi (OTOUYBCTBUTEIBHOCTh (KBaHTOBas A((HEKTHBHOCTH) TETEPOCTPYKTYPHBIX
conmHeuHbIX 37eMeHTOB (CD) wmccienoBaach C HCMOJIb30BAaHUEM HW3MEPUTEIBHON CHCTEMBI
QEX10 B pexxume kopotkoro 3ambeikanus mpu 300 K. 3MepeHnst Harpy304HbIX BOJbT-aMITEPHBIX
xapaktepuctuk (HBAX) mpoBoIuIuch ¢ MCIOIB30BaHUEM UMITYJIHCHOTO MMHUTATOPA COTHEYHOTO
m3mydeHus kimacca AAA (SS—80AA) co ciektpom AMO (136,7 mB1/cm?) Taxoke mipu 300 K.

Jis  uccrnenoBaHusl TPHUPOABI  PaJAMALMOHHBIX  JePeKToB B 00bEME KpeMHU,
0o0pa30BaBIIMXCA IMOCIE DJIEKTPOHHOTO  OOJy4YeHHs, NpPUMEHSJICS MeToJ EMKOCTHOMN
cnekTpockonuu riaybokux ypoBHew (DLTS). M3mepenus nmpoBoauinch Ha yctaHoBke Boonton
7200 coBmecTHO ¢ reHeparopoM ummyibcoB Tektronix AFG3021C npu vacroTe 3amonHeHus |
MI'. DkcnepuMeHTbl BBINOJHIIUCHL B a30THOM Kpuocrare JANIS VPF-100 B auanazone
temmneparyp 30-300 K.

Ha puc. 1 npuBeneHsl Harpy3oudHble BoOJbT-ammepHbie xapakrtepuctuku (HBAX) HIJT
COJTHEYHBIX 2JIEMEHTOB /IO U IOCIIe 00ydeHus MeKTpoHaMu ¢ sHeprueit 1 MsB npu ¢uroencax
5-1013-5-10" e/cm? U3 puc. la BUAHO, 4TO NEKTPOHHOE 00TyUYEHHE CYIIECTBEHHO BIHIECT Ha BUJT
HBAX. Ilpu sToMm 3HaueHus Jsc ymenpiarotrcs ot 46.75 mA/ecm? (@ = 0 e/cm?) no 34.5 mA/cm?
npu yBenuueHun ¢uroerca a0 5-10" e/cm?. AHalorMyHBIE TEHIEHIIUM HAOMIOJAIOTCS U IS
3apucumocteit Voc(®) u n(P). B wuccrnemyemom auamnazoHe QruroeHCOB 3HaueHHe Voc
ymenbInaercs ot 0.68 B 1o 0.57 B (na 16.2 %), a 3Hauenue n — ot 17.2 % g0 10.7 %.
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Ha puc. 1. HBAX HJT C3 o u nocJie 001y4eHus 3JieKTpoHaMHu ¢ 3Hepruei 1 MhB
npu ®=5-10" - 5-10'° e/em?.

0.0 0.1 02

W3BecTHO, 4TO yXyAlIEHHE BHIXOJHBIX apaMEeTPOB COJIHEYHBIX 3JIEMEHTOB C POCTOM J103bI
o0JIy4eHHsI CBA3aHO ¢ 0Opa30BaHUEM paJUallMOHHBIX JepeKToB B 00bEMe CD, KOTOpbIE UTPAIOT
POJIb PEKOMOMHAIIMOHHBIX LIEHTPOB. DTH JIe()eKThl OTPULIATEIBHO BIMSIOT Ha BpeMs >KM3HH (U,
COOTBETCTBEHHO, NTUHY JU(dy31n) HEOCHOBHBIX HOCUTENEH 3apsaa B 6aze CO, 4To MPUBOAUT K
CHIDKEHUIO BBIXOJHBIX MTAPAMETPOB COTHEUHBIX AJIEMEHTOB.

Jnna nuddy3un HEOCHOBHBIX HOCUTENEH 3apsiia MPU 00JyuYeHUH BBICOKOIHEPTeTHUECKUMHU
YaCTUIIAMU U3MEHSETCS 10 3aKOoHYy [4]:
L2 L% + KL¢: (1)
rae Lo u L - coorBeTcTBeHHO /uHA A dy3un HEOCHOBHBIX HOCUTENIEH 3aps/ia 10 U TTOCIie
ob6myuenus; KL - koadpummeHT paguaiioHHOTO TOBPEXKACHUS UTMHBI TH((Py3un HEOCHOBHBIX
HOCHUTENEH 3apsaa; ¢ - no3a (GIroeHe) AIeKTPOHOB.
Ha puc. 2 npencraBieHbl 3aBUCUMOCTH JIWHBI nuddy3un (a) u €€ u3MEHEHUsI B BHUJC

A(1/L?) ot ¢uroeHca smekTpoHOB. M3 puc. 2a BUAHO, YTO C POCTOM /03Bl OOTyYEHHUS IJIMHA

muddy3un yMeHbIIaeTCs SKCIIOHEHIIUABHO. [Ipu aToM e€ 3HaueHue 10 00ydeHHS dJIEKTPOHAMU
COCTaBJISLIIO ~669.3 MKM.

700

.\ N o0 -
a =
'S 6001 2 )
= = 104
= 500 \ =
E .\ =]
g o] .‘\ gb 10" 4
- . S
= 300 ™~ G
2 = 104
wy 200 4 E{J
= 5
A 100 . g 10' 4
= . 12
0l ' . £ ] K-12010
10° 10" 10" 10" a1 '

Fluence (es‘cm:)

10"

T
10

Fluence (ez'cm:)

Puc. 2. 3aBucumoctu 1inHbI 1M Py3MH HEOCHOBHBIX HOCUTeJIel 3apsiaa (a) u eé
M3MeHeHus, npeacTasiennoro B suje A(1/L2), or ¢uiroenca 3j1eKTponos ¢ sueprueii 1 MaB.

C yBenuyeHHneM J03bl 00NydeHUs 3HAaUeHHUEe ATUHBI TU((y3un MOCTENEHHO YMEHBIIAeTC s
u pocturaet 119.6 mxm npu 5-10'° e/cm? Ha ocHoBe 3aBucumoctu L(®), mpeacraBneHHoi B BUIE
A(1/L?) or @, 6bl1 paccuuTaH Kod()(HUIMEHT pamualMOHHOro moBpexkaeHus Ki;=1.2-1072
[TonyueHHoe 3HaueHHE Ha TMOPSIOK MEHbIIE, YeM JUIsi KPEMHHUEBBIX COJIHEYHBIX AJIEMEHTOB,
MIPUMEHSIEMBIX B KOCMUYecKor TexHuke (5.6-107'") [4], uTo cBUAETENbCTBYET O O0siee BHICOKOM

paﬂHaHHOHHOﬁ CTONKOCTH HCCIICAYCMBIX CTPYKTYP U TNCPCIHCKTUBHOCTU HUX INPUMCHCHUSA B
KOCMHUYCCKOM ITPOCTPAHCTBC.
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Ha puc. 3 nmpuBeneHa criekrpaibHas 3aBUCHMOCTh BHEIIHEro kBaHToBoro Beixoaa (EQE)
HIJT conneunsix snementoB 110 (1) u mocne oOmydyeHus siekTpoHamu ¢ sHeprueir 1 MaB mpu
pa3nuyHbIX 3HaueHWsX (aroenca. W3 mpeacTaBieHHOW 3aBHCHUMOCTHM BHJIHO, 4YTO TIOCIHE
ANIEKTPOHHOTO 00dydeHuss 3HadeHus EQE He3HAuMTeNbHO CHUKAIOTCA, B OCHOBHOM B

JUIMHHOBOJIHOBOM O0JIACTH CHEKTPA 3JIEKTPOMATHUTHOTO U3IY4YECHHUS.
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Puc. 3. CnexTpajibHasi 3aBUCHMOCTb BHELIHEr0 KBAaHTOBOro Bbixoaa HJT CJ,
10 ¥ mocJie 00, 1y4eHus1 3JIeKTpoHamMu ¢ dHeprueii 1 MaB.
Hesnaunrensnoe mageane EQE nabmrogaeTcss HaunHAs ¢ JUTMH BOJIH 0KOJ10 650 HM U1 BBIIIIE.
DTO0 yKa3bIBaeT Ha TO, YTO pajHallMOHHBIE NePEKThl MPEUMYIIECTBEHHO 00pa3yroTcsl B 00bEMe
kpemHus. U3 puc. 3 Taxke BUAHO, YTO C YBEIMUYEHHEM JI03bl OOJy4YEeHHUs HAKJIOH CIIEKTPalIbHON
3apucuMoctd EQE, mnpm KOTOpOM HAyMHAETCs CHUKEHHE €€ 3HAYEHHs, CMEIaeTrcs B

T
400

KOPOTKOBOJIHOBYIO  00JIaCTh  CIIEKTpa. OTO CBHJETEIbCTBYET O POCTE KOHLEHTpAIUH
paaralnoHHBIX 1e(eKTOB B 0071aCTH, PacIONOKEHHOHN OMKe K p-N-NIepexoy.
S
1+——Fx
aD

EQE =

TA— @

)
ﬁsinh (L) + cosh (i—c)

rae, EQE — BHenmHUI KBaHTOBBIN BBIXOI, S — CKOPOCTh MMOBEPXHOCTHON PEKOMOMHAITIH, O —
kod(durment nornomeHus, L — muddy3nonHas IimHA HEOCHOBHBIX HOCHUTENCH 3apsmga, X —
rIyOuHa 3ajeraHus P-N- mepexona.

0.7 10
T b
0.6 a) E : m.;“m: ) E +0.18 eV
110" e/em v o
~~ 14 2 - 16 3
0.5 5-107 e/em’ 3.4*10° cm
B W, E, +0.36eV ‘
= 0.4 ——1'10" elem 5 ) )
= Reference g 10 2.1#10™ cm®
g, 0.3 4 s
@ 0.2 = Z
w T Y
= 0.15 4 E, =
— o 1074
0 0.104
. A
0.00 { L= .
T T T T T 10 T T T T T T

90 120 150 180 210 240
Temperature (K)

270 300 4 5 6 7 8 9 10 11

10T (K™)

Puc. 4. Cnektpnl DLTS (a) u kpuBbie Appennyca (b) niisa HJIT CD, 06.1y4eHHBIX

3JeKTpoHamu ¢ Heprueii 1 MaB npu ®=5-10" - 5-10'° e/cm?. Ckopocrsb 3Mucenn — 100 ¢,

CornacHo BbeIpaxkeHHI0 (2), mocie obmyueHuss CO 31eKTpOHAMU YBEIHUHUBAETCS CKOPOCTh
MOBEPXHOCTHOM pekomOuHanuu (S), B To BpeMs kak minHa auddysun (L) ymeHbImaeTcs.
OOpa3oBaHue paaualMOHHBIX Je()EKTOB TPU B3aUMOJEHCTBHH C BBICOKODHEPTETUUYCCKUMU
YacTUI[AMH TPUBOJUT K Jnerpaganuu L. B pesynbrare addexkTHBHOCTH cOOopa HOCHUTENEH
CHIDKaeTcs: (hOTOreHepUpOBaHHBIE HOCUTENH, OOpa3yroluecs B IIyOMHE TOUTOKKU (0a3sel), C
MEHbIIIEH BEPOSITHOCTHIO JJOCTUTAIOT KOHTAKTOB.

D710 BbI3bIBaCT yMeHbIleHHe 3HaueHuid EQE B JJTMHHOBOJIHOBO# 00JacTH CHEKTpa MpHU
OOJTy4eHHH BBICOKUMH JI03aMU 3JIEKTPOHOB, YTO IMOJHOCTBIO COTJIACYeTCsI C BBIpaKeHHEM (2).
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Takum o6paszom, nerpamamus EQE okaspiBaeT Ooiiee 3HAUUTENHHOE BIMSIHUE HA TOK KOPOTKOTO
3aMbIKaHHUS, YEM Ha HAIPSHKEHUE XOJIOCTOIO X0Ja COJIHEYHOIO JIEMEHTA.
Ha puc. 4 nokazans! cnektpsl DLTS (a) u xpuBbie Appenunyca (b) ans HJT conneynbix

AJIEMEHTOB, OOIYYEHHBIX O3JEKTpOHaMu ¢ »Heprueil 1 MaB mnpu pasnuusbix (raroeHcax B
muanasone oT 5-10% e/cm? 0 5-10%° e/cm?. Kak BHaHO U3 pHC. 4, C yBEIMUEHHEM 10361 00Ty UeHHUs
B cnekTpax DLTS mosiBisitoTcst 1Ba TITyOOKHMX SHEPreTHMUYECKHX YPOBHA (nedeKxTa) B HUKHEH
MIOJIOBHHE 3aNperIéHHON 30HBI, BO3HUKAIOIINE B PE3yJbTaTe B3aUMOACHCTBUS C AIICKTPOHAMH.
DOHepruy akTUBALMU 3TUX ITyOOKMX YPOBHEW M CEYEHMsI 3aXBaTa HOCHUTEJIEH, BBIUMCIICHHBIE U3
KPUBBIX AppeHHyca, COCTABISIOT s epBoro riaydokoro nentpa (E1) Ev+0.18 5B, 3.4-1071¢ cm?,
a s Broporo riybokoro mentpa (Ez) Eyv+0.36 5B, 2.1:10% cm?. CornmacHo muTepaTypHEIM
TaHHBIM [4], aKUENTOPHBIA YpOBEHb C dHEpPreTHuecKkuM monoxenuem Ey+0.36 5B cBszan c
komiuiekcom Ci—Oi, a ypoBens ¢ Ey+0.18 3B coorsercTByet nuBakancuu (V-V).
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4. M. Yamaguchi. Radiation-resistant solar cells for space use. Solar Energy Materials and Solar
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XRD PATTERNS OF THE Ta-Si SYSTEM AT PROTON IRRADIATION

Sh.B. Utamuradova, A.B. Uteniyazova, M.M. Muxammadiyeva, M.H. Fayzullayeva
Institute of Semiconductor Physics and Microelectronics at the National University
named after Mirzo Ulugbek
e-mail: aysara.uteniyazova@yahoo.com

Proton radiation damage is an important failure mechanism for electronic devices in near-
Earth orbits, deep space and high energy physics facilities [1]. Protons can cause ionizing damage
and atomic displacements, resulting in device degradation and malfunction [2]. Shielding of
electronics increases the weight and cost of the systems but does not eliminate destructive single
events produced by energetic protons. Modern electronics based on semiconductors — even those
specially designed for radiation hardness — remain highly susceptible to proton damage. The
conversion of semiconducting materials (i.e., the controlled variation of their properties) using
beams of light ions, in particular, of protons, has become one the most promising and actively
developing physicotechnological methods in recent years. The interest in proton irradiation is
caused by the wide and controlledrange of the treated depths of the material and by the absence of
complex radiation defect clusters with high annealing temperatures.
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Proton irradiation influence changes in the properties of semiconductors by three main
factors: the formation of new impurities as a result of nuclear reactions, radiation defect formation,
and the accumulation of hydrogen atoms. The irradiation of silicon with protons gives rise to
primary point radiation defects, i.e., vacancies V and the interstitial silicon atoms Si; (the Frenkel
pairs) related to them; these defects are generated along the ion track as a result of the development
of collision cascades that involve the ions and the crystal-lattice atoms [3].

It is known from the literature that radiation defects include, first of all, the complex
consisting of interstitial oxygen O; and vacancy V (A-center), divacancy (V-V), and the complex
consisting of phosphorus at the lattice site Ps and vacancy V (E-center).

Radiation defects in Ta-Si systems were investigated by X-ray diffraction (XRD), scanning
electron microscopy (SEM) analysis before and after irradiation with 650 keV protons. In the
Fig.1. shows of XRD spectres of Ta-Si system.
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200000 -

T - 1
0 50 100 150
20

Fig.1. XRD spectres of Ta-Si system (1) and Ta-Si system(2) irradiated by proton

Refractory metal silicides are widely used in the microelectronics industry as interconnects
and contacts owing to their low contact resistance and thermalstability, which are produced by the
refractory metal-silicon reactive diffusion process in the solid state. Among these silicides,
tantalum silicide is important in the microelectronics industry for the use as interconnects and
contacts because of thermal stability and low contact resistance [4]. This is produced by reaction-
diffusion at the metal-silicon interface in the solid state. Tantalum silicide (TaSi>) is the potential
high temperature material and micro-electronic material.

TaSi2 is mainly used as a high-temperature reinforcing material to improve the oxidation
resistance, thermal shock resistance, compactness. As so far, the structural stability, mechanical,
thermodynamic properties and high temperature oxidation of TaSi; silicide have also been
investigated by experimental and theoretical methods. Experimental and theoretical results
indicate that TaSi> silicide exhibit the brittle behavior [5].
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Fig.2. XRD spectres of peaks at 20=28.92, 26=28.98, 20=95.29 , 20=95.59 in the Ta-Si
system (1) and peaks at 26=28.94, 26=29.12, 260=95.26, 26=95.47, 26=95.57, 26=95.76 in
the Ta-Si system(2) irradiated by proton

The reduction of intensity is an indication of defect productions upon irradiation which
creates lattice disturbance. On the other hand, XRD patterns collected by parallel beam geometry
(Fig. 2. (a) and (b)) from region reveal the same trend with less prominent variation in the intensity
of (110) peaks of the irradiated samples compared with the unirradiated one. This may be attributed
to the presence of unirradiated portion in the irradiated samples while taking the XRD data in the
parallel beam geometry, as slight variation in thickness might exist among the samples.
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MATEPHAJIITIYHOCJ/IMK BA HAHOTEXHOJIOTUSIJIAPJIA OI'-2
IJIEKTPOCTATHUK TE3JIATKHYUNIAH @OUTATAHUITHUHI IEPCIIEKTHUB
NMKOHMUATJIAPU

S1.A.CaiimumoB, @.b.Ymapos
V36exucmon Munnuil VHU8epcumemu Xy3ypuoazu Apumymrazeuynap ¢uzuxacu ea

MUKPOITIEKMPOHUKA UAMULL — madmmom uHcmumymu

Hanoynmyamnu Macmrtabnapaa CTpyKTypajaHraH MaTepUaUIApHUHT (U3MK Ba MEXaHHUK
XOCCaJlapuHU TaJAKUK STHIL, HIYHUHIAEK YOy XOoccajJapHU OOLIKapUIl UMKOHUSTUHM YpraHuil
HaHOMaTepHaUIap SPaTHUILI COXacHJa MCTUKOOITN TEXHOIOTHSJIApHU MIIUTA0 YMKUIITHUHT MyXUM
HmapTiapuad Oupu XxucoOnaHaau. 3aMOHAaBUN HAHOTEXHOJIOTUSAJIAP PUBOKU MaTepHAJUIAPHUHT
aTOM Ba HaHOYIYaMJard TY3WIUIIMHM YyKyp YpraHUIIHHU, YJIapHUHT TapkuOM Xampaa (usuk
napaMeTpiIapuHM aHUK Ha3zopaT KWIUIIHU Tanad stagu. Ly cababnu HaHOMaTepualIapHUHT
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TY3WINIIN Ba 3JIEMEHT TapKUOMHH aHUKJIAI, NIIYHHHTACK YJIapHHU Tal€plall Ba aMainid KyJulam
KapaCHIIapUHU caMapaiy OOIIKApHIl HMMKOHMHU O€pyBYM SHTH TypAarn WiIMHNA ac6o0-
YCKyHaJIApHH SIpaTHII J0n3ap0 Basudanapaan oupu xucodnanaum [1].

Bynnait ac6o0mapan Wnuiad YWKUIIIA KYJUTAHWIAAUTaH (DU3WK MPUHIUILIAP JOUPACH
Kylda KeHr OynmO, ymap opacuia macT Ba ypTa SHEPTHSIM 3apsyjlaHraH 3appadaiapHUHT
¢dokycanran gactanapuaan GongaTaHuII aJOXHIa axaMuATra sra. GOoKyciaHraH 3JIeKTPOH, HOH
€ku OOoIKa 3apsyilaHraH 3appadajap AacTajllapy MOJJAHWHT HAHOMHUKECHArW TYy3WIMIIHHU
TaXJIMJI KWJIUIL, YHUHT SJIEMEHT TapKHOWHU aHUKJIAII XaM/a 032 Ba XaKM CTPYKTypacHra JIOKaJ
TabCUP KYpCATHUIL MMKOHUATHHU Oepajiu.

CKaHepnoBYM AAPO MUKPO3OHAU

WoH onTukacu HamyHa kamepacu
e

Keaapynone nuxzanap

WoH maHban INeKTPOCTaTUK Te3NaTTny

&

‘:!‘ X-Hypnap N

MpotoHnap / a-3appavanap

« Pentren perekropu

« RBS petextopu

» 3appa AetekTopu

1-pacm . CkaHep/ioBYH AP0 MUKPO3OHAMHUHT YMYMHUH KYPHHUIIHU.
MabiayMKy, Typiad XWJ 3apsajiaHraH 3appadaijap Mojja OwiaH ¥3apo TabCHPIIALIMII
XyCyCUSITIIapU KMXaTUJaH Oup-OupuiaH ¢apk Kuiagu. YJIApHUHI SHEPrusicd, Maccacu Ba
3apsaura OOFJIMK paBHINJa KAaTTHK ¢a3zamarda Mojaga OwiaaH y3apo TabCHUP MEXaHU3MHU XaM
Typauda HaMo€H Oynanu. LlyHUHT y4yyH 3apsafiaHTaH 3appadanap AactanapuaaH (oilzamaHuil
MaTepUAJUIAPHUHT CTPYKTypacu Ba (M3UK XOCCAJAPUHU TaJAKUK KWIMILAA, UIYHUHTAEK SHIU
(GYHKLIHMOHAT HAHOMAaTepUaUIapHU SIPaTHIAA MyXUM UIMUNA Ba aMaluid axaMUsITra ara.
V36ekucTon Mummmii yHHUBEpCHTETH Xy3ypumard SpumyTkasruuwiap (U3HKacH Ba
MHUKPOAJIEKTPOHUKA WJIMHUH TaJKUKOT MHCTUTYTUIa Kapalllid, MpOTOHJap sHeprusicu 1 MsB
(renuit nonnapu yuyH 2 MaB) O¥iraH 3JeKTpOCTaTHK T€3TaTTUYHH [IPUHIIUIT KUXATAAH (aiipum
y3rapTUpuIIap KUPUTHIIXUCOOUTa) CKaHEPJIOBYM SAPO MHUKPO3OHIM cudaThga HIIIaTUII
MyMKHH. CKaHepJIoBUH s1p0 MUKpO30H M (Scanning Nuclear Microprobe) — Oy MOH JacTacUHU
MUKpPOH ynuamraya ¢pokyciad, HaMyHa F03aCHHH HyKTa-HyKTa CKaHep KWJIMII OPKaJI MOJUIAHUHT
TapKUOM Ba TY3WINIIMHYU TaxJIWJI KUIIMIITA XU3MaT KUJIAIH.

Hyp nacracMHMHI HaMmyHa aTOMJIapM sIposiapy OWjlaH ¥3apo TabCUPH HATHXKAcUAaA
MKKUJIAMYU HypJIaHUILIAp (PEeHTreH, raMMa HypJIaHHUIIM Ba COYMJITAH MOHJIAP) XOCus Oynanu.
VY1ly HypiaaHUIIUIap AeTeKTOpaap €pAaMuaa Kaia sTiiiaau Ba Oy 2JIeMeHT TapKUOUHY, yIapHUHT
KOHIIGHTPALMACUHN XaMJa HaMyHaJard TaKCUMOTHHHM IOKOPH CEe3IMpJIMK OWJIaH aHUKJall
MMKOHHMHHU Oepaay. YOy KypUJIMaHUHT KYpPUHUIIHN 1-pacMaa KeATUPHIITaH.
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buszga umnaérran 37eKTpOCTaTUK TE3JIATTMUHU MUKPO30H/ITa aljlaHTUpUII YUyH KyHujaru
KypuiManap OYIHIIY MapT:
1. Vou onTukacu (KBaapymoJib JMH3AJIAP)
— nactanu 1-5 MKM raga (oxyciam y4yH.
2. CKaHepIIOBYM MArHUT €KH IEKTPOCTATUK CUCTEMA
— JlacTaHu HamyHa Oyinal X, y-ykimap Oyiinda XapakaTIaHTUPULT YUyH.
3. Jlerexropmnap
o Si(Li) éxu SDD pentren aerextopu (PIXE)
o KpeMmHuil gerekropu (RBS)
4. BakyyM Kamepacu Ba HAaMyHa CTOJIH
Xo3upaa kymiab MamiakaTiapaa ymoy KypuiMagaH KeHT (oigananuiMokaa. Macanas:

[Tonpmanuar Kpako maxpugarun OI-2 37I€KTPOCTATHK TE3NATTUYUHUHT OUTTa KaHAJIU
CKaHEpJIOBYH SAPOBUM MHUKpO30HIM — cudaruaa unuiatuamokaa. Y Henryk Niewodniczanski
Institute of Nuclear Physics (IFJ PAN, KpakoB) fa spaTuirad WIMHE TaXJIHIT KypuiaMacu 0yiuo,
y IOKOpPH DSHEPrusuiM MNpPOTOHNap €KM OOIIKAa HOHJAp JAacTaCMHUM MHUKPOH Yiodamjapurayda
¢doxycnad, HaMyHa F03aCMHU CKaHEpJIalll OpPKaJIM MOJJIAHUHT TapKUOWHU TaxJIMJ KWJIUII yYyH
sSpuUMyTKazruuiaap (usukacu, Onopu3uka, MaTepUaIIIyHOCTUK Ba T'€OJOTHs coXajapuja KEHT
KYJUJTAaHWIMOK/A.
Anadouéraap:

1. Ilonomapes A.I'. [Ipumenenne choOKyCHUPOBAHHBIX MYyYKOB 3apsKEHHBIX YACTHUI[ HU3KUX U
CpemHUX >Hepruil B HaHOTexHoyoTusX. COOpHUK TpynoB MO (QHU3UKE YCKOpUTENeH Hu
HaHOTexHoJorui. MHCTUTYT npukinagHoi ¢pusuku HannonanbHo# AkagemMun HayK YKpauHBbI T.
Cywmsl, cTp.64.

OBIIHUE Y®PEKTHI PAIUAIIMOHHOI'O CUHEPTU3MA B HE:KMBOM U
’KAUBOM ITPUPO/IE

Axmatosa I'.I1.}, Mckanaposa ®.A.3, U6poxumosn P.P.1?2
Oxcenrenpaep B.JI1.Y, Cyaeiimanos C.X.!, Typaesa H.H.?
Y Unemumym mamepuanosedenus Axademuu nayx Pecnybnuxu Y3bexucman, yn. Quneuza
Aummamosa, 26, 100084, Tawxenm, Y30exucmat.
2Vuusepcumem Bebcmep, Cenm-Jlyuc, CIIA.
31Jenmp pazeumus nanomexnonozuu npu Hayuonansnom Yuueepcumeme Yzbexucmana um. M.
Vayeoexa, Tawxenm, 100174, Y36exucman
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*Tawxenmexuii 2ocyoapemeennoiii mexnuveckuii ynueepcumem umenu Mcnama Kapumoea, yu.
Ynusepcumemcras, 2, 100095, Tawkenm, Y30exucman.

Konuenuus Cunepruzma (COBMECTHOE JICHCTBHE) SIBISIETCS B ITOCIEIHEE BpeMst HanboJee
MOTYJIIPHOM B HAyKe M TEXHOJIOTUU B3aUMOJICHCTBHS paJualiiyl ¢ BemecTBoM. [Ipumepst aToro
MHOT000pa3Hbl, 4YTO JeNaeT aKTyaJlbHBIM TIIOMCK Hambojee OOmuX YHH(PHINPOBAHHBIX
3akoHoMepHocTel CuHeprusma. Pasznuunble 3@exTsl W HX TpPaKTOBKAa pPacCMOTPEHBI, B
YaCTHOCTH, JUISI ciy4as JBYX (DaKTOPOB BO3JCHCTBUS (MOHU3UPYIOMIEH paguanuu |
TeMIepaTypbl), MpUYEM OOCYXIAeTCs pOJb HM3MEHEHHS HMX HWHTEHCHUBHOCTH. Pe3ynbTaThl
SKCTIIEpPUMEHTa IOKa3aHbl Ha puc.l, rae HaOMIONAIOTCS HEMOHOTOHHBIE 3aBHCHUMOCTHU: TIPH
U3MEHEHHH OJHOTO (haKTopa BO3JEHCTBUS W MOCTOSHCTBE apyroro: spdexr 1 = F (T =
var,Y = const ) u spdexr 2 = F,(T = var,Y = const)

MOIBOCTD RUSEL, Puc. 1. A, b: Pe3ynbrarsl

Ip/mun OJIHOBPEMEHHOT'0 TEPMOPATUAIITTOHHOTO

46 48 50 51 54 56 S8 10 100
Wrr—T T 1T T T g T

|N Saccharomyces cerevisiae, mramm XS800. A —
13 3apucuMOCTh Kod(pdunueHta 3pGeKTUBHOCTU
KOMOWHHUPOBAHHOTO  BO31eHcTBUsT Kk OT

Temnepatypa, °C

I[GI\/’ICTBI/ISI Ha JUILTIOUWIHBIC JPOKIKCBBIC KIICTKU

TEMIIEPATypbl, TPH KOTOPOW IPOMCXOIUIIO
obnmydeHne, W OT  MOIIHOCTH  JIO3bI
WOHHU3HpYIOUIero u3mydeHus; kpusbie 1 — 10, 2
12 — 25, 3 — 250 I'p/mun; b — 3aBuUCcHMOCTB

kodpdumuenta k or MoOmHOCTH  J03BI

1 ]
L |I|||||||I .

! MOHHU3UPYIOLIETO U3ITy4eHus npu
al 7 (ukcupoBaHHON JCHCTBYIOIIEH TeMIIEpaType
(52,5 °C). B, I': Pe3ynbpTaThl OTHOBPEMEHHOTO
JercTBUsl yabTpaduoneToBoro u3ayuenus (254
HM) ¥ TUIEPTEPMUU Ha  JUIJIOUJHBIE

Kordduuuenr ydpdexkTHBHOCTH
KOMOHHHPOBAHHOIO Bo3jaeiicTBus k

JIPOXKKEBBIE KIeTKH Saccharomyces cerevisiae,
mramM  XS800. B -  3aBucumocts
kodpduruenta k or TemmepaTrypel, NOpu

iy vl 4l g KOTOpOH  mpoucxoguino — obOmydenue: 0,033

40 i ke 58 0m 0,1 1
Y HHTeHCHEHOCTE (xpuBas 1), 0,25 (kpuBas 2) u 1,5 Br/mM2 (kpuBas
Temneparypa, °C V@ coera, Br/m? 3); I' — zaBucumocTh Kod(duuuenra k ot

WHTEHCUBHOCTH Yd-cBeTa Ipu IMOCTOSTHHOM

Jlns mexanu3ma CyONOBpEXKACHUN IuarpaMma CHHEpru3Ma, MoKa3aHHas Ha puc. 2-3,
MIPUBOJIUT K KWHETUYECKUM ypaBHeHUsM (1), rae umeercs craiioHapHoe peuieHue (2):

dN 1
{d_tl = Nolap; + Br1]l + N2[Br21] — N1 [Vorl @)
dN
d_tz = No[“pz] —Br21N;
Ny(t) = ¢[“p1' a,2B:1.812Yors No] 2)
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OHO cmpaBeIMBO sl yOUTBHIX KJIETOK (B paaudallMOHHONM OWOMENuIHE) — |
MOBPEXJICHHSI MOJIEKYJ (B paiMalliOHHON (PM3UKU KOHJCHCUPOBAHHBIX cpel — cM. popmyuis (1)
1 (2)). B 9TOM BBIp@XKEHUH A}, 1, Vor OTPAKAIOT BEPOATHOCTH (MHTEHCHBHOCTH) PaIMAllHOHHOTO

U TETIOBOro (PakTOpOB BO3JICHCTBUS, V,r — BEPOSATHOCTh OTXKHTra TMOBpEKIeHUM. [iis
~ — RO Qﬁ . _ Qr). *
JTALHEUIIIETO PAacCMOTPEHUsST TIONOXKUM  f§. = filexp — )y Yor =Yoexp(—+ )i Yor =
T T
Q
Yoexp (— K—B), npuveM (; — SHEPruy aKTUBAIMK BCEX KAHAIOB TEIIOBOTO OTKUra. OUeBUIIHO,
T

4qTO IIpU OHNpCACJICHHOM COOTHOIICHHMHU BBIIICO3HAYCHHBIX BCIWYWH, MOXHO IIOJYYUTH BCC
Pa3JIMUHBIC BUABI KPUBBIX IMPCACTABJICHHBIX Ha pI/IC.l, B TOM 4YHUCJIC U ((F0p6aTI>IX)), T.C. — C

Iip
2 4 6 8 10
I T

TEABHOCTE 0. 1, MHH

E 4
T

\\
AN

A "
D, Dy 52

o001 1 1 I I I I
o 2 4 6 8 10 12 14

Hosa, Tp . Puc. 3. Cxema Tpex (¢akTopHOro
Puc. 2.Ilpumep KOJIMYECTBEHHOH OLIEHKH

12

T
1 4
2 3
3

2
2
T
L

BeposTHOCTS BLIAHBACMOCTH, %

BO3/EeliCTBUSI Ha PaKOBYI0  OIYX0JIb

k03¢ dunuenrta CHHEPreTu4ecKoro
N (mocpaBHeHMI0 ¢ puc.3. 31ech JA00aBJIeH
ycwieHHus (mpuMep H3 PaAMALMOHHOMH

pacnax cocrosinuss N, ¢ BO3BpaToM B
oHkoJiorum) [2].

HCXO/HOE cocTosiHue Nj; BepOsITHOCTH

MaKCHUMYMOM.
Kpome metrona ananmsa Bcex siBieHudd CuHepru3ma (COBMECTHOHOTO JIEHCTBHUS) THIIA
yYKa3aHHbBIX Ha puc. 1, 2 u 3, B pamMKax AWarpaMHOM TEXHUKH MOKHO BBIJACIHTH €I€ OJHO
Ype3BhIYATHO BaXHOE OOCTOSITENBCTBO. 3/1€Ch «HA JIUII0» HEJIMHEHHOE B3aUMOJICHCTBUE ABYX
NpUYMH (HA30BeM HX YIPABIAOIIMMU MapaMeTpaMu), U HMeEEeTCs €lle OJHA Beln4YhMHa —
pe3ynbTar (KOTOPbIi Ha30BEM MapaMeTpoM Mopsaka). ITH HaOJIOJIEHUS MPUBOAST K MBICIU
HCIIO0JIh30BaTh B KAYECTBE METO/1a MOJICIIMPOBaHUs Teoputo karactpod Pene Toma [3].

DIVERGENCE

INECCESSIBL
REGION

CATASTROPHE 8|MCDAUTvl

Hnes npumenennss TK: coderanue Rene Thom (1923-2002) —
ynpasJjsiiouux napametpon (X,Y) Bbiaessier
obmactu (+) wiam (-) cuHeprusmMa AJs
napaMerpa nopsijaka Z.

dpaHIly3ckuii MaTeMaTHK, CO3JaTellb
Teopun Karactpod. Jlaypear wmemamu
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B Takom cnyuae ypaBHeHusiM (1) u (2) MOXHO CONOCTaBUTH TOIOJOTHYECKYIO
IIOBEPXHOCTh XapaKTEpHOI0 BHJAa YUTHM, IOJYyYaEMYIO IPU BBEJIEHUH COOTBETCTBYIOLIMX
nepeMeHHbIX X 1 Y (ynpaBJsilomuX napamMerpoB) u Z (mapamMerpa mopsiika).

B Hamem cayuam mnapamerp mnopsiaika Z OTpakaeT BEJIMUYMHY CTallMOHApHOMN
koHUeHTpauuu Ni, a ynpasistomipe napamerppel X u Y OTpakaloT poJib «UHTEHCUBHOCTH
paavalnypu» W HMHTEHCHUBHOCTU TeIUla TemIepaTypbl. VHTepecHO, YTO MpH IPOU3BOJIBHBIX
Benu4MHaX X U Y MbI IOJYy4YaeM CUTYalLMIO TaK Ha3bIBAEMOI'0 HEaJJUTUBHOIO B3aUMOAEHCTBUS
paaManuMyd M Tela, 4TO OCOOEHHO BaXXHO B CBA3M C HJEEH COENEHEHMsI «CTaHIapTHOM
pagranuoHHONW Qu3uKM» ¢  — ne)OpMUPOBAHHON cTaTHCcTUYeCKor ¢u3ukon Tuammmca [2,4].
BosibIoi MHTEpEC BBI3BIBAECT BHJ] TPACKTOPUH B TIpocTpancTBe {X, Y} nBurasce B1oiab KOTOPOi
CHUCHTEMA JIEMOHCTPUPYET CBOMCTBO aJINTUBHOCTH (PaKTOPOB BO3/AEUCTBUSA

Jlureparypa:
1. EscrparoBa E.C., I'epackun C.A., Kypaxosckas I'.I1., Tonkaesa M.C., [lerun B.I'. O6mue
3aKOHOMEPHOCTH CHUHEPTMYECKUX U aHTAarOHUCTMYECKUX B3aMMOJEUCTBUMN B paauoOuosioruu //
Pammanms u puck. — 2023. — T. 32. — Ne 2. — C. 132-141. DOI: 10.21870/0131-3878-2023-32-2-
132-141.
2. Oksengendler B. L., Ashurov M., Suleymanov S., Turaeva N., Iskandarova F., Akhmatova G.,
Ibrokhimov R. Synergism in radiation effects in condensed matter. Fundamental and application
aspects // arXiv:2602.14085 [cond-mat.other]. — 2026. — DOI: 10.48550/arXiv.2602.14085.
3. R. Gilmore, Catastrophe Theory for Scientists and Engineers (Dover, New York
1981).
4. Tuanmuc K. JIlnnamMmuuecknii crieHapuii HEOKCTEHCUBHOM CTaTUCTHYECKON Mexanuku // Physica
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YEVROPIY KIRISHMA ATOMLARI BILAN LEGIRLANGAN
KREMNIYNING DIFFUZIYA CHUQURLIGI TADQIQOTI

G*‘.H. Mavlonov, J.M. Nazirov
Islom Karimov nomidagi Toshkent davlat texnika universiteti professori
mail:gmavlonov@tdtu.uz

Zamonaviy elektronika va optoelektronika sohasida kremniy asosidagi materialar alohida
o‘rinda turadi. Kremniy - eng keng tarqalgan yarim o‘tkazgich material bo‘lib, u mikroelektronika
sanoatining asosi hisoblanadi. So‘nggi yillarda kremniyga nodir yer elementlarini (NYE)
aralashitirish orqali yangi xususiyatlarga ega bo‘lgan materialar olish dunyo olimlarida katta
qiziqish uyg‘otmoqda[1].

Tadgiqotda n-tipdagi, solishtirma garshiligi 60-100 Qxsm bo‘lgan monokristall kremniy
namunalaridan foydalanildi. Yevropiy atomlarining kremniyga diffuziya jarayoni kvars trubali
ampulalarda yugori vakuumli muhit hosil gilinib, diffuziya Magnetic MG17-60/300 elektr pechida
1-jadvalda Keltirilgan parametrlar asosida o‘tkazildi. Diffuziya parametrlari quyidagi jadvalda

keltirib o‘tilgan. 1-jadval
Parametr 1-holat 2-holat 3-holat
Temperatura 1000°C 1100°C 1200°C
Vaqt 6 soat 10 soat 14 soat
Muhit Vakuum (107° Pa) Vakuum (10 Pa) Vakuum (10 Pa)
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Har bir temperatura rejimi uchun 3 ta namuna tayyorlandi. Diffuziya jarayonidan so‘ng
namunalar bosgichma-bosqgich sovutish usuli bilan sovutildi. Sovutish tezligi 5°C/min ni tashkil
etdi.

Harorat diapazoni 1000-1200 °C gacha, vaqt intervali esa 6 dan 14 soatgacha belgilab
olinib, Yevropiy atomlarining kremniy ichiga kirib borish chuqurligi Fikning ikkinchi gonuni
asosida hisoblandi. Eksperimental ma’lumotlar shuni ko‘rsatadiki, Eu atomlarining diffuziyasi
jarayoni kutilganidan ko‘ra sekinroq kechadi. Bu holat Eu atomlarining katta atom radiusi tufayli
panjara tugunlari orasida emas, balki asosan vakansiyalar orqgali harakatlanishi bilan izohlanadi.
Kremniyda diffuziya jarayonlari quyidagi omillarga bog‘liq bo‘lib bunda Temperatura - diffuziya
jarayonining eng muhim parametri biri hisoblanadi harorat oshishi diffuziya koeffitsientining
eksponensial oshishiga olib keladi[2]. Diffuziya chuqurligini aniglashda muhim kattaliklardan biri
bu diffuziya koeffitsiyenti (D) bo‘lib diffuziya koeffitsiyentini Arrenius tenglamasiga ko‘ra
hisoblash mumkin:

E, . _Ea
D =Doexp (—22) yoki D =Do-e
Bu yerda D, — harakatchanlik koeffitsiyenti 5 x 1073sm?/s E, - aktivlanish energiyasi
bo‘lib, u yevropiy uchun taxminan 2.8 - 3.4eV ni tashkil etdi. Bu yuqori energiya yevropiyning
kremniy panjarasida ‘‘og‘ir’’ kirishma ekanligini tasdiglaydi. Diffuziya koeffitsiyenti diffuziya
chuqurligini aniglashdagi asosiy omillardan biri hisoblanib quyidagi formulaga asoslangan holda
aniglashimiz mumkin[3]
x = 2+/Dt
Bu yerda:
D - diffuziya koeffitsiyenti;
t - diffuziya vaqti
Tadqiqot natijalariga ko‘ra, (2-jadval) yevropiy atomlarining kremniydagi diffuziya
koeffitsientlari temperaturaga hamda diffuziya chuqurligi diffuziya koeffitsienti va diffuziya

Yevropiy diffuziya koeffitsientining temperaturaga bog‘ligligi

D (sm%s) D = Dyexp (_ %)

2185X10—13 /
4,87x10-14 \

6,65x10715

Diffuziya koeffitsienti D (sm?/s)

1000 1100 1200 T(°'C)

Temperatura 7(°C)
vaqtiga bog‘liglikligini ko‘rsatdi. Quyidagi jadvalda har xil temperaturalarda olingan diffuziya
koeffitsientlari va chuqurligi keltirilgan:

1-rasm: Diffuziya koeffitsientini temperaturaga bog‘ligligi
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2-jadval
Temperatura, °C Vagqt, soat D, sm?/s X, UM
1000 6 6,65x1071° 0.24
1100 10 4,87x107 14 0.837
1200 14 2,85x10713 3.45

2-jadvaldagi giymatlar asosida diffuziya koeffitsientini temperaturaga bog‘ligligi
hamda diffuziya vaqgtining diffuziya chuqurligiga bog‘liglik grafigini tasvirlasak quydagi
ko‘rinishda aks etadi.

[xi = 2v(Dt)
Diffuziya chuqurligining va va temperaturaga bog'liqligi
,5. —®= 1000°C "
*7 -m= 1100°C /
A

—a— 1200°C /
A
2.0- /

€
L R
> +
T s
o
=1
=
%)
©
2 I——
N 1.0- |
£ ___________-——I—-—-—'________
3 I
=

0.5 -

9 10 1 12 13 14
Diffuziya vaqti (soat)

2-rasm: Diffuziya chuqurligining vaqt va temperaturaga bog‘liqlik grafigi

Tadgiqot davomida kremniy kristall panjarasiga kiritilgan yevropiy atomlarining harorat
va vagt omillariga bog‘lig ravishda diffuziyalanish xususiyatlari tahlil gilindi. Tadgigot natijalar
shuni ko‘rsatdiki, diffuziya jarayoni asosan issiglik ta’sirida faollashadi hamda harorat oshishi
bilan yevropiy atomlarining kremniy ichkarisiga kirib borish chuqurligi ortadi.

Tajriba va nazariy hisob-kitoblar asosida diffuziya jarayonining asosiy gonuniyatlari
aniglanib, kremniyda yevropiy atomlarining tagsimlanish holati baholandi. Shuningdek, diffuziya
chuqurligi vaqt davomiyligi va legirlash sharoitlariga sezilarli darajada bog‘lig ekanligi aniglandi.
Olingan natijalar yarimo‘tkazgich materiallarning fizik xossalarini boshgarishda hamda
optoelektronika va mikroelektronika qurilmalarini yaratishda muhim ahamiyatga ega. Shu bilan
birga, yevropiy bilan legirlangan kremniy materiallari yangi turdagi funksional yarimo‘tkazgichlar
ishlab chigishda istigbolli material sifatida garalishi mumkin. Tadgigot natijalari kelajakda
yarimo‘tkazgich texnologiyalarini rivojlantirish, xususan, yugori samarali elektron va
optoelektron qurilmalar yaratish uchun ilmiy asos bo‘lib xizmat qiladi.

Foydalanilgan adabiyotlar:
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K MPOBJIEME OCOBEHHOCTEMN PAIUAIIMOHHOM JET'PAJJALIMU CUCTEM C
BBICOKOM DHTPOIIUEMN

Asumos! K.T., Typaesa? H.H., Oxcenrenniep’ B.JI.

Kageopa ecmecmeennvix oucyunnun, Ynusepcumem 6oennoii 6e30nachocmu u 060poHbl
Vsbexucmana. 2. Tawxenm, Mup3zo-Yuyebexckuii paiion, ya. Iaprkenm, 2.
2Department of Biological Sciences, Webster University, St. Louis, MO, US
SUncmumym Mamepuanosedenus Axademuu Hayx PY3. o. Tawxenm, yi. Bodomsop iiyiu 25

Bce 0OBEKTBI COBPEMEHHOH TBEPJIOTEIBHOW JIIGKTPOHHKH, (PYHKIIMOHUPYIONIUE B
CIIOKCHHBIX PEAKIIMOHHBIX YCIOBHSX, ITOJABEPTAOTCS JIETPAJAIAN, BBIXOJIS TIPU 3TOM 3a MpeIe
(«xpacHbIe TUHUN) BO3MOXHBIX nuBHanuii (cM.[1]). [ToaTomy mosiBieHrne 0ObEKTOB HOBOTO THUTIA
BBI3BIBACT HEOOXOIUMOCTh 00S3aTeILHOTO M3YUYEHHUS pauallMOHHON nerpananuu (0coOeHHO, B
YCIIOBUAX KOCMHMYECKOTro o0iydeHus). Bce ckazaHHOe OTHOCHTCS U K CpeJaM C BBICOKOU
suTpormer [2]. Otmewass psm paboT B 3TOM 007acCTH, HENb3s HE 3aMETUTh OTCYTCTBHE
(GbyHIaMeHTaNbHBIX UJIEH, a C 3TUM — U (PyHJAaMEeHTalIbHBIX OJIX00B B 3T0M o0nactu. Bmectu ¢
TEM, TaKasi BO3MOKHO NPUCYTCTBYET, YTO U 00CYkAAETCS HUXKE.

Boigenum HekoTOpbie (hyHAaMeHTalIbHbBIE JIEMEHTHI B 3TON 001acTH.

1. MoxHO HpeanoyioKuUTh, 4TO 0Aa30BBIM MOHITHEM OOBEKTa C IMOBBIIIEHHOW SHTPOIHEH
SIBJISIETCS LIEJIOCTHOCTD (110 KAKOMY-TO BBIOPAaHHOMY CBOMCTBY) JUIS BCET'O 0OBEKTA.

2. CBoiicTBa BBICOKO SHTPOMUNHHBIX 0OBEKTOB JOKHBI OBITh B MEPY U3MEHSIIOIIUMUCS TIPU
paavalliOHHOM BO3JCHCTBHU, OIpENeIsieMbIMU HEOOXOAWMBIMH  COOTHOILIECHUSIMU
nopska u 6ecropsiaka [3].

3. Bpicokas sHTpomus OOBEKTOB MOKET ObITh yrojao0ieHa OONbIION HWHEPTHOM Macce
TSOKENBIX OOBEKTOB C peakiMell Ha BHEIIHHE BO3JCHCTBUS, OMUCHIBAEMBIC TUHAMHKON
Herotona, u undopmanuonnoit nuHamukoi IlleHHOHa, mpUYeM OHU JOJDKHBI UMEET
ONMU3KYI0 UHTepHpeTanuio [4].

4. Tlpu mocTpoeHUH MHUKPOCKOMUYECKOW TEOPHH paaualuOHHBIX 3(deKToB, HEOOXOAUMO
YUUTBHIBATh 5 THIOB PaiMalliOHHO-CTUMYJIHPOBAHHBIX MPOIIECCOB: AePeKTO0Opa3oBaHue,
paananuoOHHO-CTUMYIUPOBAaHHYI0 MU (]y31I0, KBa3SUXUMHUUYECKUE PEAKIUU C JeeKTaMu
Pa3IUYHOTO MaciiTada U pa3MEpPHOCTH (IUCIOKAIMU U TPaHUILIBI pasena) [5].

5. DTH mpoIlecchl OIMUCHIBAIOTCS BEPOSTHOCTHBIMU METOJAMU M JAIOT KOI(PPHUIIMEHTHI
COOTBETCTBYIOIIHUX PaJUAIMOHHO-CTUMYJIMPOBAHHBIX MPOIIECCOB aTOMHBIX MEPECTPOCK
[6].

6. IlomyuyeHnsle K03()(PUIMEHTH UCTIONB3YIOTCS TS 3aMMUCHU KHHETHUYECKUX YpaBHEHHH (10
cxeme [Tnanmana-Crapoay6Oresa) [7].
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7. Wcxons u3 TiyOOKOW aHAIOTUW PAaMAllMOHHOTO OTKIIMKA JKUBOU M HEXuBOU [Ipupoab
(u e, u aqpyrue oTHOCUTCS K CIIOKHBIM CHCTEMaM), MOXKHO YIOJAOOHUTh PaIMalliOHHYIO
CTOMKOCTBIO HEKMBOW U KHUBOM [Ipupozpl (CO CIOXKHONW CTPYKTYpOi) ajanTaliOHHBIM
IpoIiieccam B )KMBBIX CUCTEMAX, T.€. TI0JIE3HO MPOBECTH AHAJIOTHIO MEXKY <«JIeTpaaalnein»
U «00Je3HBIOY [8&].

OuyeHp BakeH BOMNPOC O (PU3UYECKOW MPUYUMHE, C TOMOIIBI KOTOPOW JOCTUTACTCS
[IEJIOCTHOCTh B MOBEACHUM cucTeMbl (mpuHuun ¢oH — bepramangu). B obcyxmaemom ciydae
CIUTaBa M3 MHOXXECTBA PA3JIMYHBIX XUMHUYECKUX SJIEMEHTOB, JIOTHYHO (BUAMMO) HCIOJIB30BaTh
UJeu TpoTeKaHusi B coueTanuu ¢ Mojenbio D.Annepcona [9]. B atom ciydae nerpanarus
MpeJICTaBIsieT coO0M HapylleHHe Ipoliecca NPOTEKaHHs WIK MOJlydeHUue B MoJienu AHJIepcoHa
KOPPEJAIIMOHHONW JIJIMHBI, MEHBIIE XapaKTepHOrO pa3Mepa HEYMOPSJOUYEHHON [EMOYKU
Anpnepcona. Ilo — BumguMoMy, B ciydyae MHOTO(GAKTOPHOTO BO3JIEHCTBUS pajudallid MOXET
OKa3aThCs MOJIC3HOM KOHIENIHs paauanuonnoro Cuneprusma [10].

3aKiroueHne Mbl XOTeNIM Obl OTMETUTD CIIEYIOIIEe BaXKHOE 0OCTOSTENHCTBO: BO MHOTHX
paboTax mpu o0CyXIC€HUH CTAOMIBHOCTU CTPYKTYP CUCTEM C BHICOKOH SHTPOIHEH UCTIONIB3YIOTCS
unert bompmana — I'mbG0ca, KOTOpbIE CIpaBEUIMBBI JIMIL JJIsi PAaBHOBECHBIX cHCTeM. Kak
MOKa3bIBAET JIMTEPATypa, OJHOKO, B TMOIABJISIONIAM YHWCIE CUTYaIlMH TEXHOJOTHS TOTYYEHUS
BBICOKO DHTPOIMUHBIX CHCTEM pPEaU3yeTCsl B HEPABHOBECHBIX M AK€ CHUIILHO HEPABHOBECHBIX
yCIOBUSX (MpUYEM B OTKPBITBIX CcHCTeMax!), Korga MOXKeT OBITh HCIONb30BaHA JHOO
TepmoauHamuka OH3arepa u gaxe cunepreruka [Ipuroxuna — Xaxena [11].

Jlanee, CKOpPOCTh «penakcalumu» YCIOBHM TEXHOJIOTMHA Ha CTOJBKO BEJIHMKA, a CKOPOCTh
penakcanuu mapaMeTpoB CpeAbl OTHIOIb HE 0053aTeIbHO AKCIIOHEHIMAIbHO (BO BPEMEHH), a
crereHHass (MO0 cucreMa OTHOCHTCS K Kareropuum Complexity), To Bcs cucTema MoOJIHA
MeTacTaOMJIbHBIX COCTOSTHUM, M €€, BO3MOXKHO, CIIEyeT ONHMCHIBATh B paMKax Moaxoaa (-
nehopMupoBaHHON cTaTucTUKU Tcammuca [12].

Taxkum obpazoM, Hayka o Jerpaganuu (0coOCHHO, paAHaIlMOHHOW) BeChMa Oorara uaesMu
U pe3yibTaTaMH, HO COBCEM HEIPOCTA.
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G‘OVAKLI KREMNIY MORFOLOGIYASINI BOSHQARISHNING
ELEKTROKIMYOVIY USULLARI

A.T. Mamadalimov, N.K. Xakimova, D.E. Xazratov, M.S. Ismatova,
D.A. Azimova, N.A. Qushboqov.
Mirzo Ulug ‘bek nomidagi O zbekiston Milliy universiteti huzuridagi Yarimo ‘tkazgichlar
fizikasi va mikroelektronika ilmiy tadgiqod instituti
xazratovdilshod323@gmail.com

So‘nggi yillarda yarim o‘tkazgichli materiallar texnologiyasida g‘ovakli kremniy muhim
ahamiyat kasb etmoqda. Uning katta ichki sirt maydoni, optik va elektr xususiyatlarini boshgarish
imkoniyati uni sensorlar, nanoelektronika, fotonika hamda biotibbiyot sohalarida istigbolli
materialga aylantirmoqda. G‘ovakli kremniy — bu monokristalli kremniydan tashkil topgan,
gubkasimon tuzilishga ega modda bo‘lib, u tasodifan kashf etilgan bo‘lsada, tez orada eng ko‘p
o‘rganilgan kremniy strukturalaridan biriga aylangan. 1956-yilda g‘ovak kremniy kashf
etilganidan beri, g‘ovak kremniy tuzilmalarini tayyorlash uchun 20 dan ortiq usul ishlab chiqilgan.
Ushbu usullar ikki asosiy toifaga bo‘linadi: yuqoridan-pastga va pastdan-yuqoriga yo‘nalgan
struktura bo‘yicha olinadi. Yuqoridan-pastga yondashuvda, monokristall kremniy plastinasining
klasterlari olib tashlanib, deyarli mukammal kristall tuzilmasida bo‘shliglar hosil gilinadi va bu
orqali g‘ovak tuzilma shakllantiriladi. Bu yondashuv kremniy plastinkasidan atomlarni kimyoviy
yoki fizik usullar bilan olib tashlashga asoslanadi. Natijada, kremniy asosidagi g‘ovakli kremniy
gatlami olinadi. Aksincha, pastdan-yuqoriga yondashuvda kremniy Klasterlarini shunday tarzda
birlashtirishga asoslanadiki, kristall tuzilmani hosil gilgan holda, oraliqda bo‘sh joylar qoldiriladi
va natijada g‘ovak tuzilma sintez qilinadi. Bu yondashuvlar odatda g‘ovakli kremniy kukunlarini
hosil giladi [1-4].

Metod va natijalar: G‘ovak kremniy tuzilmalari, boshqa g‘ovak materiallar singari, asosan
g‘ovak o‘lchamlariga qarab tasniflanadi. G‘ovak o‘lchami 2 nanometrdan kichik bo‘lgan
tuzilmalar mikrog‘ovak kremniy, 50 nanometrdan katta bo‘lganlari esa makrog‘ovak kremniy deb
ataladi; bu oraligda joylashgan tuzilmalar esa mezog‘ovak kremniy deb yuritiladi. G‘ovak
diametri, shakli, yo‘nalishi, tarmogqlanishi, o‘zaro bog‘ligligi va tagsimoti kabi juda keng
o‘zgaruvchan xususiyatlar tufayli, morfologiya bu materialning eng kam miqdoriy baholanadigan
jihatlaridan biridir [5]. Tadqiqot natijalari shuni ko‘rsatdiki, anodik o‘yish jarayonida qo‘llanilgan
tok zichligi, o‘yish vaqti hamda elektrolit tarkibi g‘ovakli kremniy gqatlamining morfologik
xususiyatlariga sezilarli darajada ta’sir ko‘rsatadi[6]. Tok zichligi oshirilgan sari hosil bo‘lgan
g‘ovaklarning diametri va chuqurligi ortdi. Jumladan, 20 mA/sm? tok zichligida olingan namunalar
sirtida mayda va zich g‘ovaklar (diametri ~200 nm) kuzatilgan bo‘lsa, 40 mA/sm? holatida bu
g‘ovaklar diametri 500—700 nm gacha yetdi. Biroq, tok zichligi haddan tashgari oshirilganda (50
mA/sm? va yuqoriroq) g‘ovaklarning strukturasida buzilishlar — notekis kengayishlar va bir-biriga
qo‘shilib ketgan g‘ovaklar kuzatiladi. O‘yish vaqti oshgan sayin g‘ovaklar chuqurlashdi va
qatlamning umumiy qalinligi ortadi. 10 daqiga davom etgan o‘yishdan keyin hosil bo‘lgan
gatlamning galinligi taxminan 3—5 mkmni tashkil etgan bo‘lsa, 30 daqgiqalik o‘yish natijasida u 15
mkm gacha yetadi. Shuningdek, o‘yish vagqti ortishi bilan g‘ovaklarning yuqori qatlamga nisbatan
chuqur qatlamlarida bir tekislik darajasi pasaydi. Elektrolit tarkibiga Kkiritilgan etanol
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g‘ovaklarning tartibli va silliq shakllanishiga ijobiy ta’sir ko‘rsatdi. Etanol ishtirokisiz o‘tkazilgan
tajribalarda g‘ovaklar notekis, deformatsiyalangan va ko‘p hollarda yopiq shaklda hosil bo‘ldi.
Optik yordamida olingan tasvirlar asosida gatlamning tuzilmasi modellashtirildi. G‘ovaklarning
silindrsimon va konussimon shakllari, ularning bir jinsliligi, oraliq masofa va yo‘nalishdagi
o‘zgarishlar aniqglanib, texnologik parametrlar bilan bog‘liq ravishda grafiklarda ifodalandi.

Xulosa. Ushbu natijalar shuni ko‘rsatadiki, anodik o‘yish parametrlarini sinchkovlik bilan
boshqarish orqali magsadli morfologik xususiyatlarga ega g‘ovakli kremniy qatlamlarini olish
mumkin. Bu esa uni optoelektronika, sensorlar va biotibbiyot sohalarda amaliy qo‘llash uchun
zarur texnologik asos bo‘lib xizmat qiladi. Olib borilgan eksperimentlar natijasida g‘ovaklarning
diametri, chuqurligi va qatlamning bir jinsliligi kabi muhim morfologik ko‘rsatkichlarni aniq
boshgarish imkonini beruvchi optimal texnologik rejimlar aniglandi. Tadgigot yakunida olingan
ma’lumotlar asosida g‘ovakli kremniy hosil qilish jarayonini barqarorlashtirish hamda ushbu
usulni sanoat ishlab chiqarishiga tatbiq etish bo‘yicha zaruriy texnologik tavsiyalar ishlab
chigilgan.
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ERBIY BILAN LEGIRLANGAN KREMNIYNING RAMAN SPEKTROSKOPIK
XUSUSIYATLARINI TADQIQ QILISH

J.J. Hamdamov, B.Sh. Aliqulov, M.U. Erkinov.
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ilmiy — tadqiqot instituti, Toshkent, O ‘zbekiston
e-mail:mirzadavlat5711@gmail.com

Erbiy (Er) bilan legirlangan kremniy (Si) kristallarining Raman spektroskopik tahlili tadqgiq
qilindi. Tadqiqotning magsadi legirlash jarayonining kremniy kristall panjarasi tebranish ta’sirini
aniglashdan iborat. Namunalar yuqori harorat 1200 C da termik ishlov berilgandan so‘ng Raman
spektroskopiya usuli yordamida tahlil qilindi. Olingan spektrlarda 520 cm™ atrofidagi asosiy optik
fonon cho‘qqisining siljishi va kengayishi kuzatildi. Bu holat kristall panjarada strukturaviy
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nugsonlar yuzaga kelganini ko‘rsatadi. Natijalar erbiy bilan legirlangan kremniy asosidagi
optoelektron materiallarning fizik xossalarini yaxshilash va infragizil diapazonda ishlovchi
qurilmalar yaratishda muhim ahamiyat kasb etadi.
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1-rasm Erbiy bilan legirlangan Si kremniyning Raman spektri

Kremniy asosidagi materiallar zamonaviy mikroelektronika va fotonika sohalarida asosiy
konstruktiv materiallardan biri hisoblanadi. So‘nggi yillarda nodir yer elementlari, xususan Erbiy
bilan legirlangan Kremniy tizimlari infragizil diapazondagi (A =~ 1.54 um) nurlanish xossalari
sababli katta ilmiy qiziqish uyg‘otmoqda. Er** ionlarining kremniy panjarasiga kristall struktura,
fonon spektri sezilarli ta’sir ko‘rsatadi. Shu sababli mazkur tizimning tebranish xususiyatlarini
Raman spektroskopiya usuli yordamida tadqiq gilish dolzarb masala hisoblanadi[1-2].

Raman spektr tahlili natijasida barcha namunalarda 520 cm™ atrofida joylashgan birinchi
tartibli optik fonon tebranishi kuzatildi. Legirlanmagan kremniyda ushbu cho‘qqi yuqori
intensivlikka ega bo‘lib, kristall tuzilmaning yuqori darajadagi mukammalligini ko‘rsatadi.

Erbiy bilan legirlangan namunalarda 520 cm™ cho‘qqining kichik chastotaviy siljishi hamda
spektral kengayishi qayd etildi. Cho‘qqgining yuqoriga o‘sishi kristall panjarada nugsonlarni
kamayishi bilan birga kristall pajara yaxshilanganligini ko‘rish mumkin, pastga siljishi esa
kiritilayotgan namunaning hisobiga kristall panjarada buzilishlar, nugsonlar va dislokatsiyalarni
ortishini ko‘rishimiz mumkin. Spektral chizigning kengayishi esa kristall panjarada nuqgsonlar
konsentratsiyasining ortishi va amorf qatlamlar oshganini bildiradi.150-300 c¢cm™ sohada
kuzatilgan qo‘shimcha past intensivlikdagi tebranish legirlash natijasida hosil bo‘lgan lokal
tebranish markazlari yoki Er—Si komplekslarining mavjudligi bilan bog‘liq bo‘lishi mumkin. 900—
1000 cm™ oralig‘idagi keng signal esa ikkilamchi (ikki-fononli) jarayonlar yoki kislorod bilan
bog‘liq tebranishi izohlanadi.[2-3]

Xulosa

Raman spektrida, erbiy bilan legirlangan kremniy namunasi yuqori kristallikka ega bo‘lib,
asosily Raman cho‘qqi =520 cm™ orqali monokristall kremniyning xususiyatlarini saqlab qolgan.
Kirishmaning joylashuvi va lokal tebranishlar orgali spektrda kichik farglar hosil gilsa-da, umumiy
kristallik va Si tarmog‘ining strukturasiga sezilarli ta’sir ko‘rsatmaydi. Past va yuqori to‘lqin
sonlaridagi cho‘qqilar yuzadagi oksid qatlamlari va nuqsonlar bilan izohlanadi. Natijalar erbiy
qo‘shilgan kremniy materialining elektronika va fotonik qurilmalarda qo‘llanilishi uchun yuqori
sifat va bargaror kristall tuzilishini namoyon etadi.

Foydalanilgan adabiyotlar ro‘yxati:
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KIMYOVIY MODIFIKATSIYA QILINGAN BIOMATERIALNING VOLT-
AMPER XARAKTERISTIKASI VA FOTOO‘TKAZUVCHANLIK KINETIKASINI
TADQIQ QILISH

A.T. Mamadalimov, N.K. Xakimova, D.E. Xazratov, M.S. Ismatova.
N.A. Qushboqov, D.A. Azimova.
Mirzo Ulug ‘bek nomidagi O zbekiston Milliy universiteti huzuridagi Yarimo ‘tkazgichlar
fizikasi va mikroelektronika ilmiy - tadgiqod instituti
ismatovamoxida@gmail.com

Yarimo‘tkazgichlar sohasida biomateriallar asosidagi funksional materiallarga bo‘lgan
qgizigish sezilarli darajada ortib bormoqda. Biomateriallar ekologik xavfsizligi, arzonligi va gayta
tiklanish xususiyatlari bilan ajralib turadi [1]. Aynigsa, lignosellyuloza asosidagi biomateriallar
(yong’oq, o‘rik va pista qobiqlari, xurmo danagi, o‘simlik tolalari va boshqalar) elektr va fizik-
kimyoviy xossalari tufayli zamonaviy materialshunoslikda istigbolli yo‘nalish sifatida qaralmoqda
[2]. Shu bilan birga, biomateriallarning elektr va fotoelektr xossalarini o‘rganish zamonaviy sensor
texnologiyalari hamda optoelektron qurilmalar yaratishda muhim ahamiyat kasb etadi [3].
Dastlabki holatda biomateriallarning elektro‘tkazuvchanligi past bo‘lib, bu ularning amaliy
go‘llanilishini cheklaydi. Elektro‘tkazuvchanlikning pastligi asosan ularning keng tagiglangan
zona (EQ) giymati va zaryad tashuvchilar konsentratsiyasi bilan izohlanadi [4]. Shu sababli,
kimyoviy modifikatsiya va legirlash usullari orqgali biomateriallarning energetik sathlarini
o‘zgartirish, ya’ni nugson sathlarini hosil qilish dolzarb ilmiy masalalardan biri hisoblanadi [5].
Turli ionli eritmalar (metall tuzlari, oksidlovchilar, galogenlar) bilan ishlov berish
biomateriallarning elektr o‘tkazuvchanligi va fotoo‘tkazuvchanligini sezilarli darajada oshirishi
mumkinligi adabiyotlarda qayd etilgan [6]. Adabiyotlardan ko‘rish mumkinki biomateriallarning
elektr xossalari yetarli darajada o‘rganilmagan. Ushbu ishda yong‘oq qobig‘i asosidagi
biomaterialni kimyoviy modifikatsiya qilish va uning elektr xossalarini ya’ni, volt-amper
xarakteristikasini, fotoo‘tkazuvchanlik kinetikasini o‘rganish maqgsad qilingan. Tadqiqotda
legirlanmagan hamda ZnSO4 2% li eritmasi, yodning 5% li eritmasi va KMnQO4 2% li eritmalari
yordamida legirlangan namunalar tayyorlandi. Tayyor namunalardan omik kontaktlar olindi.
Buning uchun mis sim va suyuq shisha bilan grafit kukunidan elektro‘tkazuvchi elim tayyorlandi.
Bu yong‘oq qobig‘i asosidagi biomaterialdan yangi funksional yarimo‘tkazgich materiallar
yaratish imkoniyatlarini namoyon etadi.
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Ushbu tadgiqot ishida legirlanmagan hamda kimyoviy eritmalari bilan legirlangan yong‘oq
gobig‘i namunalari tanlab olindi. Namunalar mexanik va termik ishlovlardan o‘tkazildi. Ya’ni,
yong‘oq qobig‘i 1mm qalinlikda 3x4 mm? o‘lchamda tayyorlandi va distillangan suvda 30 min.
davomida qaynatilib so‘ng, xona tempiraturasida quritildi. Bu jarayon namunalar tarkibidagi
ortigcha organik va eruvchan moddalarni chigarib tashlash magsadida bajarildi.

Quritilgan namunalar kimyoviy modifikatsiya gilish magsadida ZnSO4 2% li eritmasi,
yodning 5% li eritmasi yoki KMnOs 2% li eritmalariga, 30 dagiga davomida shimdirildi.
Shimdirilgan namunalar termik ishlov berish uchun termopechga joylashtirildi va 80°C haroratda
5 soat davomida diffuziya jarayoni amalga oshirildi. Termik diffuziya jarayonida legirlovchi
moddalar biomaterial tarkibiga kirib borishi ta’minlandi. Keyingi bosgichda namunalar yuzasida
elektr o‘lchovlar olib borish uchun omik kontaktlar hosil gilindi. Buning uchun mis sim va suyuq
shisha bilan grafit kukunidan foydalanildi. Dastlab suyuq shishaga grafit kukuni qo’shib
aralashtirilib elektro‘tkazuvchi yelim tayyorlandi va mis sim yordamida omik kontakt hosil qilindi.
Tayyorlangan namunalar asosida volt-amper xarakteristikalari va fotoo‘tkazuvchanlik xossalari
o‘rganildi. Bunda tok kuchining kichik qiymatlari I1I-300 (nanoamperda) elektrometr orgali
o’lchandi. Tajribalar 293-360 K haroratda va 1-100 V kuchlanish oralig‘ida olib borildi.
Ultrabinafsha nurlanish ta’sirida namunaning solishtirma qarshiligi kamayishi kuzatildi.
Kimyoviy birikmalar bilan legirlangan yong‘oq qobig‘ining molekulyar strukturasini o‘zgarishi
natijasida ularning elektron holatini o‘zgartirish mumkin. Bu o‘z navbatida, yong‘oq qobig‘ida
elektrofizik xossalarini o‘zgarishiga olib keladi.

Natija va muhokama. Tadqiqot natijalari shuni ko‘rsatdiki, legirlanmagan hamda yodning
5% li, KMnO4 2% li yoki ZnSO4 2% li eritmalari bilan legirlangan yong‘oq qobig‘i namunasidan
volt-amper xarakteristikalari olindi. Legirlanmagan toza namunaga berilayotgan kuchlanish 0 dan
100 V ga yetganida, tok kuchi Imax=3,4 nA ni tashkil etdi (1-rasm,1). Shu kuchlanish ostida
yodning 5% li eritmasidagi namunadan o‘tgan tok kuchi Imax=25 nA ni (1-rasm,2), KMnQO4 2%li
eritmasidagi namunadan o‘tgan tok kuchi Imax=73,9 nA ni (1-rasm,3) va ZnSO4 2% li eritmasidagi
namunadan o‘tgan tok kuchi Imax=282,5 nA ni (1-rasm,4) tashkil etdi.
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1-rasm Yong‘oq qobig‘ining legirlanmagan(1), Yod (2), KMnO4 (3) yoki ZnSO4 bilan
legirlangan (4) namunalarning volt-amper xarakteristikasi. T=300K.
Volt-amper xarakteristikalarini (VAX) olish jarayonida legirlanmagan hamda, yodning 5%
li, KMnO4 2% li yoki ZnSO4 2% li eritmalari bilan legirlangan yong‘oq qobig‘i namunalaridan
turlicha tok o‘tishini kuzatishimiz mumkin. Demak, tabiiy yong‘oq qobig‘iga kirishma Kiritib, biz
uning elektr o‘tkazuvchanligini boshqarishimiz mumkin. O‘lchashlar natijasida namunalarni VAX

chiziqli ekanligi ma’lum bo‘ldi. Takroran o‘lchanganida ham, VAX da o‘zgarishlar kuzatilmadi.
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2-rasm Yong‘oq qobig‘ining legirlanmagan(a), Yod (b), KMnOj4 (c) yoki ZnSO4 bilan

legirlangan (d) namunalarning fotoo‘tkazuvchanlik kinetikasi. U=50V, hv=5eV.

Tajriba davomida legirlanmagan hamda turli kimyoviy modifikatorlar bilan ishlov berilgan
namunalar uchun tok kuchining vaqtga bog‘liq o‘zgarishi qayd etildi. Legirlanmagan yong‘oq
qobig‘i namunasiga 2020sek. vagt davomida 5 eV UB nurlanish ta’sir ettirilganda tok kuchining
0,023 nA dan 0,036 nA gacha eksponensial ortib bordi va tok kuchi o‘chirilgandan so‘ng uzoq
muddatli relaksatsiya kuzatildi (2a-rasm). Bu esa materialda fotogeneratsiyalangan zaryad
tashuvchilarning hosil bo‘lishi va ularning o‘tkazuvchanlikka qo‘shgan hissasi bilan izohlanadi.
Yod bilan legirlangan namunada 1075sek. vaqt davomida 5 eV UB nurlanish ta’sirida tok kuchi
0,011 nA dan 0,014 nA gacha o‘zgardi va tok kuchi o‘chirilgandan so‘ng uzoq muddatli
relaksatsiya kuzatildi (2b-rasm). Bu esa yod atomlarining chuqur sathlar hosil gilishi natijasida
zaryad tashuvchilar konsentratsiyasi ortganligini ko‘rsatadi. KMnOa4 ning 2% li eritmasi bilan
legirlangan namunada 3138 sek. vaqt davomida 5 eV UB nur ta’sirida tok kuchi 0.021 nA dan
0,031 nA gacha o‘zgarishi kuzatildi va tok kuchi o‘chirilgandan so‘ng uzoq muddatli relaksatsiya
kuzatildi (2c-rasm). Bu holat oksidlovchi muhit ta’sirida sirt holatlarining modifikatsiyalanishi va
rekombinatsiya jarayonlarining kamayishi bilan bog‘liq. ZnSOs ning 2% li eritmasi bilan
legirlangan namunada esa 5 eV UB nurlanish ta’sirida 1207 sek. vaqt davomida tok kuchi 0,09 nA
dan 0,12 nA gacha oshdi va tok kuchi o‘chirilgandan so‘ng uzoq muddatli relaksatsiya kuzatildi
(2d-rasm). Bu esa kirishma ionlarining material tuzilmasiga Kiritilishi natijasida energetik
sathlarning shakllanishi bilan izohlanadi va fotoo’tkazuvchanlik namoyon bo’lganligini
bildiradi.Yuqorida oligan natijalardan shuni bilishimiz mumkinki, tempiratura ta’sirida va nur
ta’sirida tokning ortib borganligini kuzatishimiz mumkin. Bu esa yarimo‘tkazgichlarga xos
xususiyatlarni namoyon gildi.
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DESIGN AND OPTIMIZATION OF A CYLINDRICAL DBD PLASMA REACTOR FOR
PLASMA-ASSISTED PREPARATION OF Ag/TiO: PHOTOCATALYST FOR
WASTEWATER TREATMENT

N. Matyakubov, M. Karimov, J. Madrakhimova, D. Isayev
Department of Physics, Urgench State University named after Abu Rayhan Biruni,
Urgench, Uzbekistan
Email: nosirbek0726@gmail.com

In this study, a cylindrical dielectric barrier discharge (DBD) plasma reactor was designed,
simulated, and experimentally optimized for the plasma-assisted synthesis of Ag/TiO2
photocatalyst intended for wastewater treatment. The reactor consists of two parallel electrodes
separated by a dielectric plate, and the entire assembly is enclosed within a cylindrical chamber.
Argon gas was used as the working gas to generate a stable nonthermal plasma at atmospheric
pressure and room temperature.

To enhance reactor performance, the complete geometry of the DBD system was modeled
using COMSOL Multiphysics, where the internal gas flow distribution, velocity fields, and plasma
region behavior were simulated. These simulations guided the optimization of electrode spacing,
gas inlet geometry, and discharge region uniformity.

Silver nitrate (AgNOs) was employed as the precursor for Ag deposition. During plasma
treatment, AgNOs rapidly decomposed and was reduced to metallic Ag nanoparticles, achieving
uniform loading on TiO: without thermal calcination. In experimental studies, key operational
parameters—including gas flow rate, electrode gap distance, and discharge power—were
systematically varied to achieve maximum plasma stability and effective precursor reduction.

In conclusion, this work demonstrates that the combined COMSOL-based design and
experimental optimization of the DBD reactor provides an efficient, low-temperature, and
environmentally friendly route for preparing high-performance Ag/TiO. photocatalysts suitable
for scalable wastewater treatment applications.

Keywords: DBD plasma reactor, COMSOL simulation, Ag/TiO. photocatalyst,
wastewater treatment, argon plasma, plasma-assisted synthesis.
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THE COBALTITE OF BARIUM AND STRONTIUM, SYNTHESIZED IN A SOLAR
FURNACE

M.S. Paizullakhanov!, E.Z. Nodirmatov?, F.N. Ernazarov!?, M.M. Sulaymanov'?
!Materials sciences institute of the academy of sciences Republik of Uzbekistan
Chingiz Aytmatov street, 2-B, Tashkent city, Uzbekistan
2Tashkent State Transport University, Temiryo ‘Ichilar Street, Mirobod District,
Tashkent, 100167 Uzbekistan

Abstract. Perovskite cobaltites of strontium SrCoOs-; and barium BaCoOs-s have been
studied. It is shown that the technological route, which includes melting a stoichiometric mixture
of cobalt oxide with barium or strontium carbonates in a solar furnace, quenching the melt into
water, grinding the casting and molding, followed by sintering at 1100°C, makes it possible to
obtain a material based on hexagonal barium and strontium cobaltites with a developed fine
microstructure and semiconductor properties. the nature of the electrical conductivity.

Keywords. Barium cobaltite, strontium, solar furnace, melting, hardening, sintering,
ceramics.

Introduction.

It is known that perovskite cobaltites of strontium SrCoOs.5 and barium BaCoOz.s exhibit a
wide range of electronic and magnetic characteristics and are of great interest. A feature of such
compounds is the possibility of influencing their transport properties by varying the concentration
of anionic vacancies [1]. At the same time, synthesis at high pressures makes it possible to obtain
an ideal oxygen stoichiometry (6 =0). For example, SrCoOs obtained at 6 GPa [2, 3] is a simple
cubic perovskite structure. Recently, more and more attention has been paid to barium cobaltite
oxide due to its semiconductor characteristics [4-6]. Materials based on BaCoO3.; doped with some
other elements have low resistivity at low temperatures and can be used as thermistors.

Technological approaches.

In this work, we studied perovskite structures based on barium and strontium cobaltites
obtained by melt synthesis in a solar furnace of the corresponding mixture of barium and/or
strontium carbonates with cobalt oxide: BCO3 + C0203; SrCO3+C0203. From the mixture after
grinding (63 mkm) and molding by semi-dry pressing (P = 1t), samples were made in the form of
a cylinder & 20 mm, which were installed on a water-cooled melting unit located on the focal
plane of the solar furnace.

A concentrated flux of solar radiation with a density of the order of Q=450 W/cm? was
directed to the sample. Melt droplets fell into water and cooled at a rate of 10° deg/s. Such cooling
conditions made it possible to fix the high-temperature structural states of the material.

Drops of the melt loaded into water cracked into small glassy particles of arbitrary shape.
To study such a material, it was ground to a fineness of 60 mkm, dried at 400°C, and samples were
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molded in the form of cylinders @8mm and 15mm high for firing at a temperature of 1000°C
followed by arbitrary cooling.
Experimental results and their discussion.

Figure 1 shows X-ray patterns of barium and strontium perovskite cobaltites.

The analysis of X-ray patterns showed that for the case of BaCoO3 the diffraction pattern is
described by a hexagonal lattice of space group P63/mmc with lattice parameters a=5.652 A,
c=4.763A. In the case of strontium cobaltite SrCoO3, a hexagonal structure is also observed with
lattice parameters a=9.511A, ¢=12.287A.

BaCoO 3
SrCoO 3
] N
20 30 40 50 60 20 30 40 50 60
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BaCoO 3
SrCoO 3
] ]
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20 26

Fig.1. X-ray patterns of perovskite structures of barium cobaltites BaCoO3 and
strontium SrCoO3 obtained from a melt in a solar furnace
The average ceramic grain size is 3 um. The relative density of the samples was 94%. The
dense microstructure made it possible to obtain good reproducibility of the electrical characteristics
of the ceramic. The analysis of the obtained results made it possible to determine the activation
energy equal to 0.01 eV. The obtained results indicate that BaCoOz and CaCoOs cobaltites,
demonstrating high electrical conductivity and low thermal expansion coefficient, can be used as
a promising thermoelectric material.
The temperature coefficient of thermal expansion of the samples in the temperature range
25 - 950°C was o = 11.7x10° K™ for SrCoO3 and o = 14.1x10° K* for BaCoO3
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Fig.2. SEM micrographs of barium (a) and strontium (b) cobaltites obtained by melt
guenching in a solar furnace.
Conclusion.

Thus, the technological route, which includes melting a stoichiometric mixture of cobalt
oxide with barium or strontium carbonates in a solar furnace, quenching the melt into water,
grinding the casting and molding, followed by sintering at 1100°C, makes it possible to obtain a
material based on hexagonal barium and strontium cobaltites with a developed fine microstructure
and semiconductor properties. the nature of the electrical conductivity. The materials, exhibiting
high values of electrical conductivity and low coefficient of thermal expansion, can be used as a
promising thermoelectric material.
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SiO2 (001) SIRTIDAN PAST ENERGIYALI Ne* VA Ar* IONLARINING
SOCHILISHIDA ENERGIYA SPEKTRINING SHAKLLANISH MEXANIZMLARI

H.Sh. Atanazarova, N.A. Xudayshukurova, Sh.F. Bardiboyeva, D.S. Sapayev,
A.S. Ashirov
Urganch davlat universiteti, Urganch

Zamonaviy sirt fizikasi va nanomaterialshunoslikda materiallarning eng yuqori atom
gatlamlarini o‘rganish muhim ahamiyat kasb etadi. Adsorbsiya, kataliz, korroziya va yupga
gatlamlar hosil bo‘lishi kabi ko‘plab fizik-kimyoviy jarayonlar aynan material sirtida kechadi.
Shuning uchun sirt atomlarining tarkibi va fazoviy joylashuvini aniq aniglash imkonini beruvchi
yugori sezgirlikka ega tahlil usullariga ehtiyoj katta.

Past energiyali ionlar sochilish spektroskopiyasi (LEIS - Low Energy lon Scattering) sirtning
birinchi atom gatlamiga nisbatan o‘ta yuqori sezgirlikka ega usullardan biridir [1,5]. Bu usulda
energiyasi bir necha keV dan oshmaydigan ionlar sirtga yo‘naltiriladi va gaytgan zarralarning
energiyasi o‘lchanadi. Odatda inert gaz ionlaridan foydalaniladi, chunki bu holda sochilish asosan
sirt atomlari bilan yakka binar to‘gnashuvlar natijasida yuzaga keladi [2].

lon va sirt atomi orasidagi to‘gnashuvni birinchi yaginlashuvda markaziy kuchlar
maydonida ikki zarraning elastik sochilishi sifatida garash mumkin. Sochilgan ionning energiyasi
zarralar massalari nisbati va sochilish burchagi 6 ga bog‘lig bo'ladi. Agar M; ion massasi, M sirt
atomi massasi va Eo boshlang‘ich energiya bo'lsa, sochilgandan keyingi energiya E = K(60)-Eo
munosabat orgali aniglanadi, bu yerda K(8) - kinematik koeffitsient. Og‘ir sirt atomlari bilan
to‘gnashganda ion kamroq energiya yo‘qotadi, yengil atomlar bilan to‘gnashuvda esa energiya
yo‘qotish katta bo‘ladi.

Ammo real kristall sirtlarda vaziyat murakkabrog. lon Kkristall panjarasi ichida harakatlanar
ekan, u bir gator atomlar bilan ketma-ket to‘gnashishi mumkin - bu kanallash effekti deb ataladi
[3]. Kristall strukturasida atomlar ma’lum gatorlar va tekisliklar bo‘ylab tartibli joylashgan va ular
orasida nisbatan bo‘sh yo‘llar - kanallar mavjud. Sirt yaginida esa to‘liq kanallardan tashgari yarim
kanallar ham bo‘lib, ular ionning gisman kirishiga imkon beradi.

Ushbu ishda barcha hisob-kitoblar LEIS usullaridan biri, binar to‘gnashuvlar yaginlashuvi
(BCA - Binary Collision Approximation) usuliga asoslangan simulyatsiya dasturi yordamida
amalga oshirildi [4]. BCA modelida ionning kristalldagi harakati ketma-ket binar to‘gnashuvlar
sifatida tasvirlanadi. Simulyatsiyada SiO» ning (001) sirtidan (110) yo‘nalishi bo‘ylab sochilish
o‘rganildi. Bombardimon ionlari sifatida Ne* va Ar* tanlandi, boshlang‘ich energiya Eo = 1, 3 keV
va sirpanish burchaklari y = 3°, 7°, 11° qilib olindi.

Simulyatsiya natijalari energiya spektri shaklining boshlangich energiya va sirpanish
burchagiga sezilarli bog‘ligligini ko'rsatdi. 1-rasmda Ne® ionlari uchun olingan spektrlar
keltirilgan. Past energiyada (1 keV) va kichik sirpanish burchaklarida ionlar asosan sirtning
birinchi atom gatlamidan sochiladi va spektr bir cho‘qqili shaklga ega bo‘ladi. Burchak ortishi
bilan ionlarning yarim kanallarga kirish ehtimoli oshadi va spektrda past energiya tomonida
go‘shimcha cho‘qqi paydo bo‘ladi. Energiya 3 keV ga oshirilganda kanallash ehtimoli keskin
ortadi va spektr aniq ikki choqqili ko‘rinishga keladi.
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1-rasm. Ne* ionlarining SiO> (001)(110) sirtidan sochilish spektrlari: a) Eo=1 keV;
b) Eo=3 keV.

2-rasmda Ar* ionlari uchun olingan natijalar keltirilgan. Argon ionining massasi neon ioniga
nisbatan katta bo‘lgani sababli, uning trayektoriyasi sirt atomlari bilan to‘gnashuvda kamroq
og‘adi. Bu esa sirt gatlamidan sochilish ehtimolini oshiradi. Past energiyalarda kanallash effekti
fagat katta burchaklarda sezilarli bo‘ladi. Energiya ortishi bilan asosiy cho‘qqi intensivligi ortadi
va atom zanjiri bo‘ylab sochilish ustunlik giladi.
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2-rasm. Ar* ionlarining SiO> (001)(110) sirtidan sochilish spektrlari: a) Eo=1 keV;
b) Eo=3 keV.

Olingan natijalar ion-sirt o‘zaro ta’sirining ko‘p omilli murakkab jarayon ekanini ko‘rsatadi.
Spektrning yakuniy shakli ion va nishon atomlari massalari nisbati, sirpanish burchagi,
boshlang‘ich energiya, kristall panjara geometriyasi hamda ko‘p martalik to‘gnashuvlar ehtimoli
bilan belgilanadi.

Xulosa qilib aytganda, SiO> (001)(110) sirtidan past energiyali Ne* va Ar* ionlarining
sochilishi BCA simulyatsiyasi yordamida nazariy o‘rganildi. Energiya spektri shakli ionning
boshlang‘ich energiyasi va sirpanish burchagiga kuchli bog‘ligligi aniglandi. Kanallash effekti
spektrda bir nechta cho‘qgining paydo bo‘lishiga sabab bo‘lishi ko‘rsatildi. Og‘ir ionlar (Ar*)
uchun sirt atom zanjiridan sochilish ustunlik gilishi, yengil ionlar (Ne*) uchun esa kanallash ta’siri
kuchlirog ekanligi qayd etildi. Natijalar LEIS usulining sirt tuzilishini atom darajasida tahlil
gilishda samarali vosita ekanini tasdiglaydi.
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CsPbCl: DAN CsMnCl: GA O‘TISHDA ELEMENTLARNI ALMASHTIRISH ORQALI
TAQIQLANGAN ZONA ENERGIYASINI O°’ZGARISHINI O’ RGANISH

K.R. YAKUBOV?, D.SH. KURBANOV?, N.M. NAZAROVA?, XIA HAO?,
!Abu Rayxon Beruniy nomidagi Urganch davlat universiteti Fizika-matematika fakulteti 220100
Urganch sh.
2 Institute of New Energy and Low-Carbon Technology & College of Materials Science and
Engineering, Sichuan University, Chengdu 610065, China
e-mail: davronkurbanow@gmail.com

So‘nggi yillarda qo‘rg‘oshinsiz perovskit materiallar ekologik xavfsizligi va barqarorligi
sababli katta ilmiy qiziqish uyg‘otmoqda[1-3]. An’anaviy CsPbCls perovskiti yuqori optoelektron
xossalarga ega bo‘lsada, tarkibidagi Pb elementi toksikligi sababli uni mugobil materiallar bilan
almashtirish dolzarb masala hisoblanadi[1-6]. Shu nuqtai nazardan, CsMnCls qo‘rg‘oshinsiz
perovskit sifatida istigbolli namunalardan biridir [7]. CsPbCls dan CsMnCls ga o‘tishda kristall
tuzilma va elektron konfiguratsiyada sezilarli o‘zgarishlar yuz beradi. Pb** (6s26p°) ionining
o‘rnini Mn?* (3d°) egallashi natijasida valent va o‘tkazuvchanlik zonalarining tabiati o‘zgaradi.
Natijada CsMnCls odatda keng taqiqlangan zonali material sifatida namoyon bo‘ladi[1], bu esa
uning quyosh elementlari va keng spektrli optoelektron qurilmalarda qo‘llanishini cheklaydi[6].
Tagiglangan zona energiyasini kichraytirish va materialning yorug‘lik yutish diapazonini
kengaytirish magsadida Mn o‘rnini gisman boshqa metall ionlari bilan almashtirish samarali
strategiya hisoblanadi. Xususan:

Yb?* Kkiritish: Yb ionlari 4f energetik sathlari orqali qo‘shimcha lokal energetik darajalar
hosil qiladi[8]. Bu esa oraliq sathlar paydo bo‘lishiga va samarali yuqori energiyali nurlanish hosil
bo‘lishi yoki infragizil emissiya jarayonlariga olib kelishi mumkin[9]. Yb Kiritish natijasida
zonaviy tuzilishda torayish yoki oralig holatlar shakllanishi kuzatiladi[8-9].

Zn* Kkiritish: Zn* (3d"°) to‘liq to‘ldirilgan d-qobig‘iga ega bo‘lib, panjara
deformatsiyasini kamaytirishi va kristall barqarorligini oshirishi mumkin. Zn qo‘shilishi natijasida
Mn—ClI bog‘ uzunliklari o‘zgaradi va bu kristall maydon kuchini modifikatsiyalaydi. Natijada
tagiglangan zona energiyasi nazoratli ravishda kamayishi yoki optik o‘tishlar intensivligi ortishi
mumkin[4].

Nazariy jihatdan, bunday modifikatsiyalarni zichlik funksional nazariyasi (DFT)
yordamida tahlil gilish mumkin. Hisoblashlar orgali umumiy va gisman zichlik holatlari (DOS va
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PDQOS), zonaviy tuzilma (band structure), hamda zaryad tagsimoti (Bader charge analysis)
o‘rganilib, kirishma kiritishning elektron tuzilishga ta’siri aniqlanadi.

Xulosa qilib aytganda, CsPbCls dan CsMnCls ga o‘tish ekologik xavfsiz alternativni tagdim
etadi. Mn ionini YDb, Zn yoki boshga metall ionlari bilan gisman almashtirish orqgali tagiglangan
zona energiyasini samarali boshgarish, optik yutilishni kengaytirish va materialni quyosh
elementlari hamda fotonika qurilmalari uchun moslashtirish mumkin. Ushbu yondashuv
qo‘rg‘oshinsiz perovskitlarning amaliy qo‘llanilish imkoniyatlarini sezilarli darajada kengaytiradi.
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Si<Er> VA Si<Eu> MATERIALLARIDA FAZAVIY O‘ZGARISHLAR VA NUQSONLI
STRUKTURA

Sh.B.Utamuradova, X.S.Daliyev, J.J.Hamdamov, A.G*.Mardonqulova, M.N.Marseva
O ‘zbekiston Milliy universiteti huzuridagi Yarimo ‘tkazgichlar fizikasi va
mikroelektronika ilmiy-tadgiqot instituti, Toshkent, O ‘zbekiston
E-mail: jonibek.uzmu@gmail.com

Kremniy (Si) planar strukturalar texnologiyasining rivojlanishi va nisbatan arzonligi tufayli
yarimo‘tkazgichlar sanoatida asosiy material hisoblanadi. Biroq, uning bilvosita zonali tuzilishi
sababli fotogeneratsiya va yorug‘lik nurlanishi jarayonlaridagi kvant samaradorligi cheklangan [1-
4]. So‘nggi o‘n yillikda kremniyning optik xossalarini modifikatsiyalash usullari, xususan, nodir
yer elementlarini (NYE) kiritish orqali faol o‘rganilmoqda. Ular orasida erbiyga (Er) va evropiy
(Eu) alohida e’tibor garatilmoqda, misol uchun Er** ionlari ~1,54 mkm sohada nurlanadi va bu
optik tolali tarmoglarga mos keladi. Kremniyga Er kiritilganda Er — O komplekslar, shuningdek,
Er:0s, ErSiz va b. oksid va silitsid fazalar hosil bo‘lishi mumkin [2-6].

Kompleks tadgiqot doirasida erbiy va yevropiy atomlari bilan legirlangan kremniy
namunalari yuzasining qiyosiy SEM tadqiqotlari o‘tkazildi. Olingan tasvirlar ishlatilgan nodir yer
elementlariga qgarab sirt morfologiyasida sezilarli farglarni anigladi. Erbiy bilan legirlangan
namunalar uchun orolchali strukturalar namoyon bo‘lishi va ErSi»— tipidagi birikmalar hosil
bo‘lishi mumkin bo‘lgan shakllanayotgan teksturalangan yuza xosdir. Yuqori kontrastli sohalar
kuzatiladi, bu erbiyning mabhalliy to‘planishi va nugsonli komplekslarning shakllanishini
ko‘rsatishi mumkin. Yevropiy bilan legirlangan holatda sirt morfologiyasi nanorelefning kamroq
ifodalanganligi bilan ajralib turadi, ammo fazaviy tabagalanish va tartibli tuzilmalarning
shakllanishi belgilari mavjud bo‘lib, bu yevropiyning kremniy panjarasi bilan o‘zaro ta’sirining
boshqa mexanizmlarini ko‘rsatadi.

IQ-spektroskopiya ma’lumotlariga ko‘ra, kislorod va Er o‘zaro ta’sirlashib, sirt yaqini
gatlamida galinligi 0,2-0,8 mkm alohida yoki kirishma oksidli fazalarni hosil giladi. Oksid
gatlamining galinligi 5-15 nmdan ortiq bo‘lgan barcha namunalarda 1080 —1100 sm™ sohada
Si—0O-Si bog‘ining asimmetrik tebranishlariga mos keluvchi intensiv yutilish polosasini kuzatish
mumkin. Ushbu polosaning joylashuvi va yarim kengligi oksidlanish darajasiga hamda kremniy
oksidining ehtimoliy nostexiometriyasiga (SiOy, 1 < x < 2) bog‘lig. Bizning tajribalarimizda
toblash harorati ortishi bilan bu polosa 1100-1110 sm™ sohasiga siljigan, bu esa oksidning
zichlashganini va uning stexiometriyasi ortganini ko‘rsatadi. Tajriba ma’lumotlari shuni
ko‘rsatadiki, qalin oksid pardali ~150 nm va oksidi gisman olib tashlangan ikkita kremniy
namunasining 1Q-spektrlari 380—1700 sm™ diapazonda o‘ziga xos xususiyatlarni namoyon etadi.
~1100 sm™ dagi intensiv polosa Si—O—Si bog‘ining asimmetrik valent tebranishlariga mos keladi
va oksid gatlami olib tashlanganda uning amplitudasi kamayadi. 450-470 sm™ sohada Si—O-Si
bog‘ining mayatniksimon tebranishi kuzatiladi. 605 va 621 sm™ dagi cho‘qqilar uglerod (C) va
bor (B) aralashmalari mavjudligidan dalolat beradi, bu dastlabki kremniyning xususiyatlari yoki
uning o‘stirilish sharoitlari bilan bog‘liq bo‘lishi mumkin. Dastlabki namunaga nisbatan erbiy
bilan legirlash 1090-1110 sm™ oralig‘ida polosa amplitudasining sezilarli pasayishiga olib keladi.
Ushbu chiziq maydonini migdoriy baholash optik faol kislorod Si - O - Si migdorining 35-47% ga
kamayishini ko‘rsatdi. Bu holat Er ning O bilan o‘zaro ta’siri natijasida yuzaga keladi. Bu
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jarayonda Er Si—O—Si bog‘lanishlaridagi O ning bir qismini almashtirib, Er—O bog‘lanishlarini
hosil giladi.

Namunalar Er ishtirokida toblanganda SiO: tarkibidagi kislorod gisman gayta tagsimlanib,
Er—O bog‘lanishlarini hosil giladi. Natijada mavjud Si—O—Si guruhlari soni kamayadi va bu
kremniy matritsasidagi kislorodning optik faolligini pasaytiradi. Shuningdek, Er—Si—O
silikatlari yoki Er-Os nanodispers kiritmalari shakllanishi ham mumkin [].
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1-Rasm. Yevropiy oksidi Eu20s-Si qatlamining diffuziyasi natijasida hosil bo‘lgan kremniy
strukturasining tasviri.

Si oksidlanish qatlamiga ega namunalarda qo‘shimcha piklar kuzatildi. Piklar 457 sm™, 605

sm’, 621 sm™, 1090 sm™* va 1107 sm™* da joylashgan. 457 sm™' da sirtda Si-O bog‘lanishining
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deformatsiyasi, 842 sm™' da Si-O bog‘lanishining egilishi, 1107 sm™ da esa Si-O-Si
bog‘lanishining cho‘zilishi kuzatiladi. 605 sm™ dagi pik Si-C bog‘lanishiga mos keladi.

Shuningdek Si<Er> da Er-O bog‘lanishiga mos keluvchi 495 sm™ va 848 sm™' da joylashgan
ikkita qo‘shimcha pikni kuzatish mumkin. Bu piklar faqat erbiy bilan legirlangan namunalarda
paydo bo‘lib, nazorat namunalarida mavjud emas.

SEM-tasvirlar tahlili termik ishlov berish va nodir yer elementlari oksidlari diffuziyasidan
so‘ng kremniy sirti morfologiyasida sezilarli o‘zgarishlar yuz berganini ko‘rsatadi. Dastlabki
tuzilmalarda, ehtimol, ko‘p bosqichli ishlov berish natijasida shakllangan, bir necha mikron
o‘lchamdagi gismlarga ega “dag‘al g‘ovaksimon” yoki “tolasimon” relyef kuzatiladi. Taxminan
x1100 marta kattalashtirilganda sirt to‘rsimon tuzilishga ega bo‘ladi, bu gatlamning gisman
“yemirilishi”, diffuzion jarayonlar yoki oksid kirishmalarning hosil bo‘lishidan dalolat berdi.
Eu:05-Si qatlamining diffuziyasidan so‘ng relyef yanada notekis bo‘lib, unda oksid
plyonkalarining pishib yopishishi va darz ketishi, shuningdek, silikat fazalarining shakllanishini
ko‘rsatishi mumkin bo‘lgan mahalliy orolchalar va pufaksimon tuzilmalar paydo bo‘ladi.
Umuman olganda, termik ishlov berish g‘adir-budurlikning ortishiga, mikroyoriglar va murakkab
sirt hosilalarining yuzaga kelishiga olib boradi, bu esa kremniydagi jiddiy strukturaviy
o‘zgarishlardan dalolat beradi. Eu.0s-Si tuzilmalarida yuqori haroratli ishlov berishgacha
metallning to‘liq oksidlanmaganligi sababli kremniy bilan chegarada Eu konsentratsiyasi ortishi
aniqlangan. 1200 °C haroratda ishlov berilgandan so‘ng, Eu ionlari kremniy taglikka
diffuziyalanib, sirtoldi sohalarida Eu konsentratsiyasi 3,7-10%° sm dan yuqori bo‘lgan sirt
gatlamini hosil giladi, bu esa standart diffuzion legirlashga xos giymatlardan ancha yugoridir.
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HNCCIEJOBAHUE ITAPAMETPOB YHEPTETUUYECKOM CTPYKTYPBI
HAHOIIVIEHOK GalnP/GaP
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BuHapHbIE TIONYIIPOBOIHUKOBBIE coenuHenus Tuma A°B®, a Taxke MHOrOKOMIIOHEHTHBIE
reTepOCTPYKTYPhl Ha UX OCHOBE 3aHMMAIOT KJIFOUEBOE MECTO B COBPEMEHHOW ONTO-, MUKPO- U
HAHO3JIEKTpOoHUKe. VX mupokoe npuMeHeHue 00ycI0BIEHO BO3MOXHOCTBIO LIEJIEHAIIPaBICHHOT O
YIIPaBIEHUS DJIEKTPOHHO-30HHOW CTPYKTYpOHM, KOHIIEHTpAallMeW HOCHUTENIeW 3apsaa Hu
CIEKTPAJIbHBIMHM XapaKTEpUCTUKAaMU H3IydeHHs. OcoOblii Hay4yHbIH M NMPAKTUYECKUI HHTEpEC
npeacTaBiasier GopMUpOBaHUE TPOHHBIX TBEPIABIX pacTBOpoB THa GaixAlxAs u Gaxlni«P, mis
KOTOPBIX XapaKTepHa peryJinpyemMas luprHa 3apeliEHHON 30HbI, 3aBUCSIIast OT KOMIIOHEHTHOTO
coctaBa [1]. DTo MO3BOMSET BapbUPOBATH HHEPTETUUECKOE IMOJOKEHHE 30H U aJallTUPOBATh
MaTepua 1oj KOHKpeTHbIe pruOopHble 3a1aun. K HacTosieMy BpeMeHH JeTalbHO UCCIIEOBAHbI
COCTaB, KpHUCTAJUIMYECKash CTPYKTypa, a TakKe OINTHYECKHME U JJIEKTPOHHbIE CBOHCTBA
MHOTOCTONHBIX TeTepocTpyKTyp GaixAlxAs/GaAs, chopMUPOBAHHBIX Pa3IHYHBIMA METOIaMH
ANUTaKcHalibHOTO pocrta. lllupokoe BHeOpeHHWE OSTUX CHCTEM B NOpUOOPHl MHKPO- H
OINTORJIEKTPOHUKH CBSI3aHO C WX BBICOKOM CTPYKTYpHOH COBEpIIEHHOCTHIO, BO3MOXHOCTBIO
MOJIyYE€HUSI PE3KUX TeTEepOrpaHul] W CTaOMWIbHBIMM TapaMeTpaMH 30HHOW CTPYKTYpbl [2].
TBépnbie pactBopsl GaxlnixP c yBennueHHOW MMPUHON 3anpeméHHONl 30HBI MPEICTaBISIOT
0COObIN UHTEpEC AJIsl IPUMEHEHHUS B KAUECTBE BEPXHETO p-N-1epexo/ia B TAHAEMHBIX COTHEUHBIX
JJIEMEHTaX, a TAKXKE B XKENTO-3€JEHBIX CBETOM3ITydYarOIUX auofax. OgHako HcciaeoBaHUE HUX
ONITHYECKUX CBOMCTB, 0COOCHHO B 00JIACTH MEpECEUCHUS MPSIMOM U HETIPSMOU 3apeIIEHHBIX 30H,
CONPSKEHO C ONpEleN€HHBIMU TPYIHOCTAMH. BOmu3u mepexoma oOT MNPSIMO3OHHOTO K
HENpPSIMO30HHOMY  XapakTepy  CHEKTPbl  JIOMHHECHEHUMH  OTJIMYAIOTCS  NOHWKEHHOU
MHTEHCUBHOCTBIO, YTO YCJIOXKHSET aHajdl3 MEXaHHW3MOB PEKOMOMHALIMM U HSHEPreTHYECKOM
CTPYKTYpHI [3]. JloTOTHUTENBHBIC CIIOKHOCTH 00YCIOBICHBI OTCYTCTBHEM ITOJIOXKEK C UICATHHO
COTJIACOBAHHBIM IapaMEeTPOM pPEHIETKH, a Takke BO3MOKHBIMH 3(deKkramMu ynopsaodeHHs
aTOMOB B KPHUCTAJUIMYECKOM PELIETKE, BIMSIOUIMMU Ha 30HHYK CTPYKTYpPY U ONTHYECKHE
XapakTepuUCcTUKN Marepuana. B pabotax [4] mpenctaBieHbl cCHCTEMaTHYECKHE HCCIEIOBAHUS
ANIEKTPOHHOMU CTPYKTYPHBI TBEPABIX pacTBOpPoB GaxlNixP B mmupokom nutepBaiie koHeHTpamuii (0
< x < 1), d4Yr0 MO3BOJWIO MOJYYUTh JETAIbHYI0 HH(POPMAIMIO O 3aBHCUMOCTH 30HHBIX
rapaMeTpoB OT COCTaBa U CTENEHU CTPYKTYPHOT'O YIOPSIAOUYEHUSI.

DKClIepUMEHTANIbHBIE HCCIeIOBaHusl [5] mMokaszanw, YTO KBaHTOBas J(PQPEKTUBHOCTD
JIOMUHECHEHIIMN CBETOJUOJOB Ha OCHOBe TBEPABIX pacTBopoB GaxlnixP cymecTtBenHO
CHIDKAETCS TpPHU yMEHbBIIEHUU JJIMHBI BOJIHBI M3MydeHus Hmwke 590 HM (UTO COOTBETCTBYET
sHepruu potoHa > 2,1 3B). Jlanusiii 3 ekt cBs3an ¢ n3MEeHEeHNEeM 30HHOU CTPYKTYPbI MaTepuana
U TepepacrpeesieHHeM BEpOATHOCTEH paauallMOHHOM M HEepaJualMOHHON peKoMOWHAIUU
HocuTenel 3apsaaa. HecMoTps Ha cyiecTByrome npodaeMbl orpaHUYeHNs HOCUTENEeH B crijlaBax
GaxlnixP ¢ yBenuueHHOW MMMPUHON 3amnpeIiéHHON 30HBI, ObUI MPENTOKEH YIMPOIIEHHBIN
TEOPETUYECKUM MOAXOMA Ul MOJAEIUPOBAHUSA JAErpajallil MHTEHCUBHOCTH JIOMHUHECLICHIIUHA B
3aBHUCHUMOCTH OT HEPT€TUYECKOT0 PACILEIUIEHHS MEeXAY NPAMOM 1 HenpsiMoi 30Hamu [6]. Taxoi
MIOAXOJ IMO3BOJWJI KOJWYECTBEHHO ONMUCATh BIMSHUE 30HHOW MEPECTPOWKM HA ONTHYECKHE
XapakTepuCcTUKu Matepuana. B pabore [7] mnéuku GaxlnixP moasepranuchk nerupoBaHHIO
vonamu Te B auanmazoHe koHuentpamuit ot 7-10° no 2-10'® cm? Amamus cnekrpos
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(OTOMIOMUHECHIEHITH TTOKa3all, YTO MEePEX0l OT HENPSIMO30HHOTO K MPSIMO30HHOMY XapakTepy
u3nydyeHus HaOmogaercss B temneparypaom untepsaie 40-100 K. ITpu sToM mpu KOMHaTHOM
TEMIIepaType B CIEKTpax (OTOJOMHUHECLUEHINN JOMHHUPYET H3Iy4YeHHEe, OOYCIIOBIEHHOE
NPSIMBIMA MEK30HHBIMM IE€PEXOJaMH, UYTO CBHJIETEIIbCTBYET O CYIIECTBEHHOM W3MEHEHUU
MeXaHM3Ma peKoMOMHanuu Hocutenel 3apspa. B mocnennue ronael ans  GopMupoBaHUS
HAHOIUIEHOK Ha MOBEPXHOCTU IOJIYIPOBOAHUKOB U JIUIIEKTPUKOB LIUPOKOE PaclpOCTpaHEHHE
MOJIyYUJT METOJI HHU3KOZHEPIreTUYECKOW MOHHOM MMIUIAHTAallMM B COYETAHUU C IOCIEIyHoIen
TEPMHUYECKON 0OpabOTKOM. YCTaHOBIEHO, YTO MPU GOMOAPIMPOBKE TIOBEPXHOCTH MOHAMH At
TP BBICOKHX J03aX MPOUCXOAUT 00OralleHne NPUIoBEPXHOCTHOTO c10st aromaMu (Ga, Torja Kax
IIpY UMIUJIAaHTALIMA MOHOB METaJUI0B (Hanpumep, Ba u Na) HaOnroaercss HaKomjieHue Kak aToOMOB
Ga, Tak W HMIUIAaHTHUPYEMOro MeTajyla BOIM3M ToBepXHOCTH. OJHAKO aHaJIOrHYHBIE
CHUCTeMaTHYeCcKue ucciaeaoBanus A ciydas GaP, MMIIIaHTUPOBAaHHOTO HU3KOAHEPT€TUUECKUMU
woHamu In*, mpakThdecku OTCYTCTBYIOT. Hactosiias pabGoTa TOCBAIIEHA (OPMUPOBAHUIO
nanorénok GalnP/GaP(111) merogoM wnoHHOM wmMmmanTaimu In™ B mommoxku GaP ¢
MOCJIEAYIOIUM OTKUIOM M MCCIEI0BAHUIO UX CTPYKTYPHBIX M ONTHYECKUX CBOMCTB. TOHKHE
miénku GalnP tommunoii d = 30-50 A 6bu1n mosTyYeHsl UMIITaHTaNUeH HOHOB In* B KpucTaIbI
GaP(111) ¢ mocnenyromei Tepmuueckoir oopabotkoi npu temmeparype T = 950 K. Ha puc.1
MPEJICTaBICHbl  CIEKTPbl ~ ONTHYECKOTO  IOIJIOMIEHUS  (3aBUCUMOCTHM  OTHOCHUTEIHHOU
WHTEHCUBHOCTH | cBeTa, mporeamero yepes oopaser, oT 3Hepruu GoToHa hv) 1 McxomaHOTO
GaP(111) u ana GaP(111), conepxamero mnéuky Gaoglno 4P Tommunoit d = 50 A.

I

0.8
0.6
0.4

0,2

1 1
0.5 1 L5 2 hv, 3B

Puc.1. Cnexrpsl noriaomenusi ceera GaP(111) (kpusas 1), GaP(111) ¢ HaHon/IeHKO#’
Gaoelno 4P (2)

W3 ananusa paHHBIX, NMPEACTaBICHHBIX Ha puc.l, cremayer, 4to Ha 3aBuUcUMOCTAX I(hv) ¢
yBeIMYEHUEM SHepruu (QoroHa hv 3HaYeHHE OTHOCUTEIHHOM HHTEHCHBHOCTH MPOIIEANIETO
u3nydeHus | Ha HayallbHOM ydYacTKe MPAKTUYECKH HE M3MEHsETCs, MOCJie Yero HalIroaeTcs
pe3koe ymeHblneHue | ¢ mocnemyromuM crpemieHueM K Hymo. s ucxomnoro GaP(111)
CHIDKEHHME MHTEHCUBHOCTU HAaUMHAETCs NpH Av = 2,2 5B, Toraa kak s crpykrypsl GalnP/GaP -
npu hv = 1,7 3B. DkcTpanonanus JMHEHHOr0 y4acTKa PEe3KOro Craja KpPUBBIX K OCH SHEPTUU
¢orona hv mo3BONAET OMpENENUTh UIMPHUHY 3ampeméHHON 30HBI Eg COOTBETCTBYIOIIErO
Marepuana. YCTaHOBIEHO, 4To 3HaueHue Egq mis monokpuctamna GaP(111) cocrasnser
npubnausutenbHo 2,36 5B, Torma kak ans HaHOMIEHKU GagelnosP ono paBHO ~1,85 3B, uTO
CBUJIETEIBCTBYET O CYIIECTBEHHOM CY’KE€HUHU 3alpelIEHHON 30HBI 10 CPABHEHUIO C MOAJI0KKOM.

Taxum o6pa3om, B paboTe MOKa3aHO, YTO MKUPHHA 3apEIIEHHOM 30HbI HaHOIUIEHKK GalnP
(~1,85 5B) 3nauntensHO MeHbile, yeM y GaP (Eg = 2,36 5B), uTto 00ycnoBiieHO U3MEHEHUEM
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KOMIIOHEHTHOT'O COCTaBa M MO (UKaLell 30HHON CTPYKTYPBI TBEPJOTO pacTBOpa. Y CTAHOBIICHO
TaKke, 4To (POPMHUPOBAHUE TUIEHKU COMPOBOXKAACTCS CTPOTUM SIHUTAKCUAIBHBIM POCTOM, TPHU
KoTOpoM Kpuctamuiorpaduyeckue opuentannu GalnP u GaP na rpanune pasaena moJHOCTBIO
COBIAJAIOT, 4YTO  CBUAETEIBCTBYET O  BBICOKOH  CTPYKTYpPHOM  COIJIACOBAHHOCTH
rerepouHTepdeiica.
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QAUNTUM TRANSPORT AND PARTICLE STATISTICS

I.LA. Muminov, A.M. Axmadjonov, A.B. Qurbonov, G.R. Madaminova
Department of Physics, Fergana State University,
E-mail: islomjonmuminov@gmail.com

As a transport phenomenon in a semiconductor, the transport of electrons (charge and spin)
is often considered, but some quasiparticles baring transport behave differently from electrons. We
will have a look how we apply the quantum transport theory (or not apply).

In the previous section, we have introduced the Landauer formula to treat the electric
conduction in semiconductor quantum structures. In the discussion, we assumed the transport of
electrons and used the unit charge and the Fermi distribution in the derivation. And the
conductance quantization is derived from the anti-bunching of fermions on quantum wires. On the
other hand, in order to calculate the transmission coefficient T;;, we have introduced T -matrices

and S matrices scheme.

K
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Fig. 1 (a) S-matrix modeling of an AB ring. (b) The transmission coefficient of the AB
ring |¢|? is plotted (surface plot) as a function of the phase shift from the path difference ( 8, ) and
the magnetic flux piercing the ring ¢p/¢,. (c) Color plot of the same calculation over a bit wider
region. (d) The same transmission coefficient as a function of ¢ /¢, with 8, as a parameter. The
AB oscillation of period ¢, once disappears around 6, = 1.6 and then the reverted oscillation,
that is, with m-shift in the phase appears.

These are only to calculate the transmission and reflection of waves without the relation to
the particle statistics. Hence the method should be applicable regardless of particle statistics. Let
us have a look on bunching and anti-bunching properties. The wavefunction for identical two
particls is in real coordinate representation as

1
Y1) = 72 [p1(r) P2 (12) £ d1(r2) P2 ()], €Y
In the double sign, + corresponds to bosons, and - to fermions.
()2 [‘tv(ﬁ'r?)r Boson
O2\T)|”
Fermion
(a) F (b) T3 =TF) 7';

Fig. 2 (a) Schematic probability densities in coordinate representation |, (1) |2, |, (1) |?
of one-particle wavefunctions. The two wavefunctions have a partial overlap. (b) In the case of
(a), the spatial probability density of particle 2 is plotted as a function of coordinate r, with
taking the position of the particle 1r; as the origin in the two-particle wavefunction ¢ in.

As shown in Fig. 2(a), we consider gaussian shaped wavefunctions ¢, ,(r) with partial
overlap. Figure 2(b) shows the probability density of the two-particle wavefunction versus the
relative position. As we can easily see by putting r, = r,, the probability densities are

2 2
lW(ry,r)|? = {g|¢1 (r)1%¢2 ()l E?;Srz?gr;) | 2)

That is, in the case of bosons, the probability density is twice the case of single particle while
in the case of fermions the density is zero. This means that the bunching occurs for bosons while
the anti-bunching occurs for fermions. The discussion of (1)~(3), which leads to the Landauer
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formula can be understood in this context of anti-bunching. That is, the difference in the chemical
potentials of two electron reservoirs, eV is the energy window to be used to form the wave packets
of elctrons i.e., AE ~ eV. The time for such a wave packet to go through a point in the real space
is, from the uncertainty relation, At = h/AE = h/eV. From the anti-bunching property or Fermi
statistics, a single wave packet can accomodate a single electron (if the spin degree of freedom is
taken into account, two electrons). Then the current flowing though the one-dimensional system
is ] = e/At = (e?/h)V (with spin freedom, (2e2/h)V ), which results in the same conclustion in
the previous section. The above discussion is the same calculation of that done in the k -space
though it gives an important insight of the flow of electrons on quantum wires. When the
conductance is quantized in such a quantum wire, the electrons flow with the time interval of
h/eV. As is describe in the shot noise section of 2, the current flow is approximated as a periodic
series of delta-functions and the shot noise disappears. In the Landauer's discussion, the
conductance quantization is the consequence of the fermion's anti-bunching property and the above
consideration means that can be experimentally confirmed through shot noise measurement.

We expand the above to quantum wires with transmission coefficients 7" less than 1 to get
G = TGq. In this case, there appear free spaces between the wave packet due to the electron
reflection and the packing of electrons becomes stocastic to some degree. This states can be viewed
as follows. A perfectly ordered series of wave packets are occupied by electrons with probability
T, by holes with probability 1 — 7. Identical electrons (also holes) cannot be distinguished and
the number of cases for vacancies, i.e. the degree of randomness is proportional to 7'(1 — 7). In
the limit 7" — 0, this goes to Eq. (2) and with using the relation /| = 27 G,V for voltage V, the noise
power spectrum is given as.

((8)?) 2e?
=2e——
Af h

The above S is suppressed from Spion 1IN EQ. (3) by factor 1 — 7. Generally, we refer to
Fano factor as the ratio of variance to the average. In the present case that corresponds to the ratio
of the shot noise to the Poisson noise and is 1 — 7.
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S =

VT(1-T). (3)
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OLTINGUGURT VA RUX BILAN KETMA-KET LEGIRLANGAN
MONOKRISTALL KREMNIYNING ELEKTROFIZIK XOSSALARI VA Si-ZnS
KLASTERLARINING HOSIL BO‘LISH MEXANIZMI

G.O. Abdurazzogova
O zbekiston Milliy universiteti huzuridagi Yarimo ‘tkazgichlar fizikasi va mikroelektronika
ilmiy-tadgiqot instituti

So‘nggi yillarda yarimo*‘tkazgichlar fizikasida asosiy yo‘nalishlardan biri - kremniy kristall
panjarasida nanoo‘lchamli klasterlarni shakllantirish va ular orqali material xossalarini boshqarish
hisoblanadi. Ayniqsa, turli valentlikka ega bo‘lgan kirishma atomlarning o‘zaro ta’siri natijasida
yangi lokal bog‘lanish markazlari hosil bo‘lishi kremniyning elektrofizik va optik xossalarini
magsadli o‘zgartirish imkonini beradi. Zn va S atomlari kremniyda mos ravishda akzeptor va
donor sathlar hosil gilishi sababli, ularning bir kristall panjarada bir vaqtda mavjud bo‘lishi
elektrostatik tortishuv orgali murakkab nugson-komplekslar va ZnS tipidagi bog‘langan klasterlar
hosil bo‘lishiga olib kelishi mumkin [1]. Ushbu ishda aynan shu jarayonning elektrofizik jihatlari
o‘rganildi.

Tadqiqotlar uchun boshlang‘ich material sifatida fosfor bilan legirlangan, n-tipli
o‘tkazuvchanlikka ega monokristall kremniy (Si—100) tanlandi. 1-bosgichda oltingugurt
diffuziyasi amalga oshirildi. Namunalar oltingugurt bilan birga vakuumlangan kvarts ampulalarga
joylashtirildi (P = 10°-10"° mm.sim.ust.) va bosqichma-bosqgich xarorat ko‘tarildi: 550°C gacha
sekin ko‘tarildi va ma’lum vaqt ushlab turildi. So‘ng 1250°C gacha qizdirilib, diffuziya amalga
oshirildi. Bu bosgichda S atomlari kremniy panjarasiga kirib, chuqur donor sathlar hosil qildi. 2-
bosgichda rux diffuziyasi amalaga oshirildi. Bu bosgichda S bilan legirlangan namunalar rux bilan
birga yana vakuumlangan ampulalarga joylashtirildi va 1200°C da diffuziya qilindi. Natijada
kremniy panjarasida donor (S) va akseptor (Zn) kirishmalar bir vaqtning o‘zida mavjud bo‘ldi.

Qatlamma-qatlam yemirish usuli yordamida o‘tkazilgan tahlillar shuni ko‘rsatdiki, ketma-
ket diffuziyadan so‘ng kremniy hajmida Zn va S atomlarining notekis tagsimoti yuzaga keladi.
Ma’lum chuqurliklarda ularning konsentratsiyasi kesishadigan sohalarda Si.ZnS tipidagi klaster
tuzilmalar hosil bo‘lishi ehtimoli yuqori. Bu jarayonni quyidagicha tushuntirish mumkin: S
kremniyda donor bo‘lib, ionlashganda musbat zaryadlangan markaz hosil qgiladi . Zn esa akseptor
bo‘lib, manfiy zaryadlangan markaz hosil gilad.Qarama-qarshi zaryadlangan bu markazlar o‘zaro
tortishadi.Yugori haroratda diffuziya kuchayib, ular energetik jihatdan bargaror Zn—S bog‘langan
komplekslar hosil giladi.Bu komplekslar oddiy nugson emas, balki lokal ravishda panjara
potensialini o‘zgartiruvchi Klaster tuzilmalardir.

Diffuziya jarayonidan so'ng rux aralashmalari atomlarining kremniy monokristaliga kirib
borish chuqurligining konsentratsiyaga bog'ligligi 1-rasmda ko'rsatilgan.

850°C da 1 soat davomida olib borilgan qo‘shimcha issiqlik ishlovi klaster hosil bo‘lish
jarayonini sezilarli kuchaytirdi. Termik faollashuv natijasida:

e Zn va S ionlarining migratsiyasi ortadi. Ularning o‘zaro uchrashish ehtimoli
ko‘payadi.
e Hosil bo‘lgan komplekslar yanada barqarorlashadi

Tajriba natijalari shuni ko‘rsatdiki, qo‘shimcha issiqlik ishlovidan so‘ng ZnS tipidagi
bog‘lanishlar hosil bo‘lgan qatlamning chuqurligi deyarli ikki baravar ortgan. Bu esa klasterlar
hajm bo‘ylab ko‘proq shakllanganini bildiradi.
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maydonlarini hosil gilib, zaryad tashuvchilarning erkin harakatini cheklaydi.
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Hall o‘Ichovlari natijalari shuni ko‘rsatdiki, ketma-ket diffuziyadan so‘ng:
Tashuvchilar konsentratsiyasi o‘zgaradi

Harakatchanlik kamayadi

Ba’zi sohalarda o‘tkazuvchanlik turi almashishi mumkin
Harakatchanlikning kamayishi ZnS tipidagi Klasterlarning zaryad tashuvchilar uchun
qo‘shimcha sochilish markazlari vazifasini bajarishi bilan tushuntiriladi. Bu klasterlar lokal elektr

2a va 2b rasmda oltingugurt va rux aralashmalari atomlarining ketma-ket diffuziyadan so'ng
bir kristalli kremniyda tagsimlanishi, shuningdek, Si>ZnS tuzilishli binar birikmalarning hosil
bo'lishi ko'rsatilgan.
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a) Monokristalli kremniydaSi>ZnS tuzilmali binar birikmalarning bir-biriga ko'p
tagsimlanishi.
b) Monokristall kremniy ustida Si>ZnS strukturali binar birikmalar gatlamining
hosil bo'lishi
850-875°C da olib borilgan ishlov kristall panjarada lokal gayta tuzilish jarayonlarini
yuzaga keltirishi mumkin. Bu esa oddiy nugsonlar emas, balki yangi turdagi bog‘langan
mikrosohalar shakllanishini anglatadi. Bunday o‘zgarishlarni tasdiglash uchun rentgen difraksiya
(XRD) va Raman spektroskopiya tadgigotlari magsadga muvofiqdir.
Oltingugurt va rux atomlarini ketma-ket diffuziya qilish natijasida kremniy Kkristall
panjarasida o‘zaro bog‘langan Zn—S tipidagi klasterlar hosil bo‘lishi aniqlandi. Ushbu klasterlar:
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- go‘shimcha issiqlik ishlovi ta’sirida shakllanishini kuchaytiradi

- zaryad tashuvchilar harakatchanligini kamaytiradi

- kremniyning elektrofizik xossalarini sezilarli darajada o‘zgartiradi

Bu natijalar kremniy asosidagi yangi funksional materiallar yaratishda kirishma klasterlar
orqali xossalarni boshqarish mumkinligini ko‘rsatadi.
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Si SUBSTRATLARDA Ge ORALIQ QATLAMI ASOSIDA
(Ge2)i+(GaAsi-3Bid)(ZnSe), QATTIQ ERITMALARINI SUYUQ FAZALI
EPITAKSIYA USULIDA O‘STIRISH TEXNOLOGIYASI

A.Y. Boboyev, U.R. Karimberdiyev, M.M. Arabboyeva, G.l. Numonjonova.
Andijon davlat universiteti

So‘nggi yillarda kremniy asosidagi mikroelektronika va fotonika tizimlarini rivojlantirishda
[1I-V hamda 11-VI guruh yarimo‘tkazgich birikmalarini Si substratlar bilan integratsiyalash
muhim ilmiy-amaliy masalalardan biri bo‘lib qolmoqda. GaAs va ZnSe kabi materiallar
to‘g‘ridan-to‘g‘ri zonali tuzilishga ega bo‘lgani sababli optoelektron qurilmalar, yorug‘lik
chigaruvchi elementlar va fotogabul gilgichlar yaratishda katta ahamiyatga ega. Biroqg ularni Si
substratlarda bevosita o‘stirish jarayonida kristall panjara parametrlarining mos kelmasligi,
issiqlik kengayish koeffitsiyentlarining farqi va strukturaviy nugsonlarning paydo bo‘lishi asosiy
muammolardan hisoblanadi[1].

Mazkur muammolarni kamaytirish uchun Ge oraliq gatlamidan foydalanish samarali
yondashuvlardan biri hisoblanadi. Ge oraliq gatlami Si substrat bilan GaAs va ZnSe asosidagi
epitaksial qatlamlar orasida o‘tish sohasi vazifasini bajaradi hamda kristall panjaradagi
nomuvofiglikni gisman kamaytirishga xizmat giladi[2]. Qattiq eritmalar Si substratlarda Ge oraliq
qatlami ishtirokida suyuq fazali epitaksiya usuli orqali o‘stirildi. Eritma-gotishma sifatida Bi
asosidagi eritmadan foydalanildi. Epitaksial o‘sish jarayoni palladiy orgali tozalangan vodorod
atmosferasida amalga oshirildi. Kristallanish jarayoni 750-650 °C harorat oralig‘ida, majburiy
sovitish sharoitida olib borildi. Sovitish tezligi taxminan 1 °C/min etib tanlandi.

Tajribalarda substratlar orasidagi masofa, eritma tarkibi, boshlang‘ich epitaksiya harorati va
sovitish tezligining qatlam hosil bo‘lishiga ta’siri o‘rganildi. Ayniqsa, substratlar orasidagi
bo‘shligning epitaksial qatlam qalinligi va strukturaviy sifatiga ta’siri alohida tahlil gilindi.

Tajriba natijalari shuni ko‘rsatdiki, epitaksial qatlamlarning o‘sishi substratlar orasidagi
masofaga kuchli bog‘liq. Optimal sharoitda substratlar orasidagi masofa taxminan 0,8 mm
bo‘lganda qatlam o‘sishi barqaror kechadi. Bunday holatda massa ko‘chishi asosan molekulyar
diffuziya hisobiga yuz beradi va kristall gatlamning bir jinsliligi yaxshilanadi.
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1-rasm. Qattiqg eritma 2-rasm. (Gez)1~(GaAs1-6Bid)(ZnSe),
molekulalaridagi tetraedrik gattiq eritmalari epitaksial qatlamlari
bog‘larning fazoviy konfiguratsiyasi galinligining substratlar orasidagi masofaga
bog‘liqligi.

Substratlar orasidagi masofa 0,8 mm dan ortganda eritmada tabiiy konveksiya jarayonlari
kuchayadi. Bu esa massa ko‘chishining notekis bo‘lishiga, yuqori va pastki substratlarda hosil
bo‘ladigan qatlamlarning qalinligi hamda sifatida farq paydo bo‘lishiga olib keladi. Natijada
kristall strukturaning mukammalligi pasayishi mumkin[3]. Tadqiqotda Bi eritmasida Ge., GaAs
va ZnSe komponentlari molekulyar komplekslar holida mavjud bo‘lishi va kristallanish jarayonida
molekulyar almashinish turidagi gattiq eritma hosil qilishi ko‘rsatildi. Bu holat Ge., GaAs va ZnSe
birikmalarining uzluksiz gattiq eritma hosil gilish imkoniyatini tasdiglaydi.

Si substratlarda Ge oraliq gatlami yordamida (Gez)i—«—(GaAsi-6Bid)«(ZnSe), qattiq
eritmalarini suyuq fazali epitaksiya usulida o‘stirish mumkinligi aniglandi. Yugqori sifatli epitaksial
gatlam olish uchun 750-650 °C harorat oralig‘i, 1 °C/min sovitish tezligi va 0,8 mm atrofidagi
substratlararo masofa eng magbul sharoit hisoblanadi. Ge oraliq gatlamidan foydalanish Si
asosidagi optoelektron va mikroelektron qurilmalar uchun yangi ko‘p komponentli
yarimo‘tkazgich tuzilmalarni yaratishda istigbolli texnologik yechim bo‘lib xizmat qiladi.
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CONDENSATION OF EXCITON-POLARITON

U.Q. Omonova, F.R. Muxamadiyeva, D.B. Ahmadjonova, A.A. Mashrabboyev
Master’s Students of the Department of Physics, Fergana State University
E-mail: islomjonmuminov@gmail.com

While electrons are the representative of fermions flowing through quantum circuits, as we
have seen above, E-Ps in microcavities is a system, with which we can explore the boson flow
through quantum circuits experimentally. The consequence of Fermi statistics on fermion flow in
quantum circuits is the conductance quantization and the reduction of shot noise. On the other
hand, bunching of the identical particles is the characteristics of the Bose statistics. As a result,
Bose-Einstein condensation (BEC) or similar phenomenon with condensation occurs. The
stimulated emission is also a phenomenon similar to the boson bunching, and photons in a cavity
of a laser can be viewed as a kind of condensation though the lasing occurs in non-equilibrium
open systems while BEC is a phenomenon in equilibrium. There is thus a clear difference [1,2].
Figure 1 shows the diagram of refractive index in the cavity prepared for the observation of BEC.
This figure also shows the energy density of electric field along z-axis in the mode localized at the
center of cavity, which is calculated with T-matrix method. T-matrice and S-matrices are thus used
to calculate various quantities related to wave propagations.

A short summary on BEC of three-dimensional ideal boson gas is given in conclusion. As
the expression of the critical temperature T, in Eq. (1), the lighter the effective mass is, and also
the higher the particle density is, the higher T. becomes. Conversely, when the mass and the
temperature are given, the critical particle density for BEC to appear is defined. Figure 1(a)
illustrates the process of creation of a BEC with laser light irradiation on the cavity system. In the
beginning of the process, many E-Ps with high energies are excited with the lase pulse. They emit
energies as phonons to the crystal and are cooled down. If the laser power is higher than the critical
value Py,, as cooling, a BEC is created and a macroscopic humber of E-Ps fall into the lowest
energy state. In Fig. 1(b), the wavenumber-energy distributions of E-Ps measured from light
leakage, are given around the BEC critical power.
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Fig. 1 (a) Conceptual diagram illustrating the “cooling” process for micro-cavity E-P to
cause BEC. (b) Distribution of E-Ps in the space of wavenumber and the energy measured from
the optical emission. Py, is the critical excitation power to create E-Ps with the critical particle
density for BEC. from.

Here we need to be careful about the meaning of "BEC." The present E-P system is
composed of modes confined to a 2-dimensional plane and 3-dimensional BEC in eq.2 cannot be
directly applied. In the space with dimension lower than or equal to 2, no infinitely long range
order does not exist as mentioned in Mermin-Wagner theorem [3]. Instead, Berezinskii-Kosterlitz-
Thouless (BKT) transition occurs and the order decays with some power of the distance[2].
Actually, the existence of BKT transition was evidenced in detailed analysis of experiments. And
the observation of vortexpair is announced. There are so many reports on the BEC of E-P systems
and the research is active both in theory and experiment.

Here a short supplement on the structure of waveguide for laser diode (LD) is given. Let us
consider the Fabry-Pérot type LD with waveguide (cavity) length L. Let m;, 7 and A be an integer,
the reflactive index, and the wavelength in the vacuum respectively, then the condition of
resonance is

A
m;— = 2L. (1)
Therefore the interval in the resonant wavelengths and that in the resonant frequencies are
2
Cc
AA—E,AV—E, (2)

respectively. In usual systems, 4 <« L. When the amount of carrier injection is large and the
luminescence is broad in wavelength, precise determination of [ is not requied monstly and multi-
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mode oscillation around a center wavelenth is observed. In the above, we write the light intensity
simply as I,exp (—a'z). Then a’ can be expanded as I(z) = I,exp ((g — a)z), where g is the
optical gain, « is the material specific absorption coefficient. Let us write the reflection ratio of
the two mirrors as R; and R, respectivly, then the condition for the amplification to occur is
RiR,exp [(g — a@)2L] > 1.
Thus the threshold optical gain g, for the total amplification is
g =« +%ln (R11Rz)' 3)

The reflactive index n; is common for both sides of the homo pn-junction, while the
reflactive index in the active layer mn, is larger than 7. z-axis is taken as in the figure and we
consider the electromagnetic wave propagate along the z-axis. The propagation mode is transverse
electric (TE), i.e., the electric field along z axis is absent ( £, = 0 ). Also the mode is assumed to
be uniform in y direction. Thus we only need to consider the elecric field in y direction, which is
determined from

0%  0? 02
ﬁ-l-ﬁ_‘uoeoeﬁ gy=0. 4

The change of magnetic permeability in semiconductors from the vacuum is little then we
use u, here.

We treat the system as a waveguide and look for a solution of standing wave on x and
propagating wave on z . Then we find a solution inside the active layer (|x| < d/2) as

&y (x,z,t) = Acos (kx)exp [i(wt — pz)],
where

K? = poecow® — B? = nzk§ — B2, ko = et (5)
c*n,

And outside the active layer (x| > d/2) , the solution should decay with [x] = co . The
condition of connection at x = +d/2, &, restricts the solution to

&y (x,z,t) = Acos (%) exp [—y (|x| — g)] exp [i(wt — B2)]. (6)
Equation (4) requires
y? = B —aikg. (7)
From Maxwell equation, the continuity in z—component of magnetic field at x = +d /2
requires
an (E) _Y _ VB ks

The values of k,y and S are determined from the above equations. Because tangent is a 7

C))

— periodic function,there are multiple solutions,each of which forms a descrete mode.
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(Ge2)i+(GaAsi-3Bid),(ZnSe), EPITAKSIAL QATLAMLARINING
STRUKTURAVIY VA ELEKTROFIZIK XUSUSIYATLARI

A.Y. Boboyev, U.R. Karimberdiyev, F.A. Abdulkhayev, M.M. Arabboyeva.
Andijon davlat universiteti

Yarimo‘tkazgich materiallarning strukturaviy va elektrofizik xususiyatlarini boshgqarish
zamonaviy optoelektronika, fotonika va nanoelektronika qurilmalarini yaratishda muhim
ahamiyatga ega. Si asosidagi qurilmalar keng qo‘llanilishiga qaramay, kremniyning bilvosita
zonali yarimo‘tkazgich ekanligi uning optik xususiyatlarini cheklaydi. Shu sababli GaAs va ZnSe
kabi to‘g‘ridan-to‘g‘ri zonali materiallarni Si texnologiyalari bilan integratsiyalash dolzarb masala
hisoblanadi. Ge, GaAs va ZnSe komponentlari asosidagi gattiq eritmalar Si asosidagi optoelektron
qurilmalar uchun istigbolli materiallar gatoriga kiradi. Bunday gatlamlarning sifati ularning
tarkibi, kristallanish sharoiti, massa ko‘chish mexanizmi va texnologik parametrlariga bevosita
bog‘lig[1]. Epitaksial qatlamlar Bi tarkibli eritma-gotishmadan suyuq fazali epitaksiya usuli
yordamida o‘stirildi. Jarayon 750—650 °C harorat oralig‘ida va 1 °C/min sovitish tezligida olib
borildi. Qatlamlarning o‘sishida Ge., GaAs va ZnSe komponentlarining Bi eritmasidagi
eruvchanligi hamda kristallanish chegarasida molekulyar komplekslar hosil gilishi hisobga olindi.

Qatlamlarning strukturaviy sifati substratlar orasidagi masofa, boshlang‘ich epitaksiya
harorati va sovitish tezligiga bog‘liq holda baholandi. Shuningdek, olingan qatlamlarning qalinligi,
o‘tkazuvchanlik turi, solishtirma qarshiligi va zaryad tashuvchilar konsentratsiyasi tahlil gilindi.

Tadqiqot natijalariga ko‘ra, olingan epitaksial qatlamlarning qalinligi 10 mkm gacha yetishi
mumkinligi aniglandi. Hosil gilingan gatlamlar p-tip o‘tkazuvchanlikka ega bo‘lib, ularning
solishtirma garshiligi taxminan 10 Q-cm, zaryad tashuvchilar konsentratsiyasi esa 1,5-10'° cm™
atrofida bo‘lgan[2]. Epitaksial qatlamlarning tarkibi chuqurlik bo‘yicha gradient xususiyatga ega
ekanligi kuzatildi. Maqolada keltirilgan ma’lumotlarga ko‘ra, 1 mkm chuqurlikda GaAs miqdori
15 % dan, ZnSe miqdori esa 12 % dan oshmagan. Bu holat gatlam tarkibining kristallanish
jarayonida bosgichma-bosqich o‘zgarishini ko‘rsatadi. 750 °C haroratda ayrim hollarda
nanoklasterlar hosil bo‘lishi kuzatilgan.
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tagsimlanish diagrammasi.

Bu hodisa komponentlarning kristall panjara parametrlaridagi farq va issiglik kengayish
koeffitsiyentlarining nomuvofigligi bilan izohlanadi. Bunday nugsonlar gatlamning elektrofizik
xususiyatlariga ta’sir qilishi mumkin. Shu sababli epitaksial o‘sish sharoitlarini anigq nazorat gilish
zarur[3].

Tajriba natijalari shuni ko‘rsatadiki, sovitish tezligining ortishi strukturaviy nuqsonlar hosil
bo‘lish ehtimolini oshiradi. Past sovitish tezligi esa atomlarning kristall panjarada tartibli
joylashishiga yordam beradi. Shuningdek, 0,8 mm atrofidagi substratlararo masofa diffuzion
o‘sish rejimini ta’minlab, gatlamning bir jinsli va nisbatan mukammal hosil bo‘lishiga xizmat
qgiladi. (Ge2)i~+(GaAsi-6Bid)(ZnSe), epitaksial gatlamlari Si substratlarda Ge bufer gatlami
yordamida yuqori sifatda o‘stirilishi mumkin. Olingan gatlamlarning p-tip o‘tkazuvchanlikka ega
bo‘lishi, solishtirma qarshiligi va zaryad tashuvchilar konsentratsiyasi ularning optoelektron
qurilmalarda qo‘llash uchun istigbolli ekanligini ko‘rsatadi. Qatlam sifatini yaxshilashda sovitish
tezligi, substratlararo masofa va boshlang‘ich epitaksiya harorati asosiy boshqariluvchi texnologik
parametrlar hisoblanadi.
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BOSE-EINSTEIN CONDENSATION OF IDEAL GAS

G.U. To‘xtarova, A.R.Maxmudov, Sh.E.Xomidjonov, O.Yu.Nazirova
Master’s Students of the Department of Physics, Fergana State University
E-mail: islomjonmuminov@gmail.com,

Bose—Einstein condensation (BEC) is one of the most remarkable quantum phenomena
predicted by quantum statistical mechanics. It occurs when a dilute gas of bosonic particles is
cooled to extremely low temperatures, near absolute zero. Under such conditions, a large fraction
of the particles occupy the lowest quantum state, leading to the emergence of macroscopic
quantum behavior. Unlike classical gases, where particles behave independently, a Bose gas at
sufficiently low temperature exhibits collective quantum properties governed by Bose—Einstein
statistics.

The theoretical foundation of Bose—Einstein condensation was established in 1924-1925
through the work of Satyendra Nath Bose and Albert Einstein. Einstein extended Bose’s statistical
treatment of photons to massive particles and predicted that below a critical temperature T,, the
occupation number of the ground state would increase dramatically.

Let us consider spin 0 ideal Bose gas. For the Bose distribution

1 -1
f(e) = P CEm ) (B = (kgT)™h), €Y)

we define the point of u = 0 as follows. At T = 0, from (1) all the particles fall into the
ground state, there we define
uw(T =0) = 0. (2)
At finite temperatures, let N be the number of particles in the system:

N=Zﬂm

In the usual case we can write

N - f f(e)D(e)de 3)
Here the number of particle at the ground state N, should be
N 1 1 kT kT .
= ~ = — - ~ —_—
w1 g T, @
If we calculate the particle distribution on this line, for three dimensional ideal gas
h2k? m3/2y
E(k) = om then D(E) = W\/E (5)
Therefore
Vvmd/2 € mkgT)3/%  [*® X
N = f _\/— ¢ = mksT)7 _de (6)
V2m2n3 ), eemwF —1 2m2h3 o e %*—1
where x = ef and a = uff . We write the definite integral termas I(a) , thenI is
* Wx v (3
1(0)_fO ex_ldx—7(<§>~2.6 (7)

which decreases with increasing of the absolute value of @ < 0 . Then, in this logic,
with T — 0 the maximum number of N determined from (6) goes to zeo. It is apparent that we
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have dropped something from the counting. That is, of course, the macroscopic number of
particles fall into the ground state. From Eq. (7)
V2m2hd® N
(@) = —F—=50
(mkgT)3/2V
When this excessds (7) at low temperatures the anomaly (increase in the particle number
at the ground state.) occurs.  This critical temperature T is
2mh? N 7?3
mkg [((S/Z)V] ®
Here [ = (V/N)Y3 is the average distance between the particles and Eq. (8) is
interpreted as

T<T,=

h
e, T )
This confirms the statement that the BEC takes place when the average de Broglie
wavelength is comparable with the average particel distance. Below T, , we add the number of
ground state particles N, to Eq.  (8)
N = Vm3/2 j°° NG
 \2m2h3 o eEmh—1
From Eq. (9) , N, becomes a macroscopic number fro T < T, , then u=0 .
Therefore
vm3z = e V (mkgT)3/? T\3/?
NO:N_\/ET[Zfﬁ . eeﬁ—ldelel_NWI(o)l=N[1_(i) l (11)
This is just like a spontaneous magnetization rapidly grows to finite values below the critical
temperature in the ferro— magnetic transition. The total energy of the system for T < T, is
calculated as

de + N, (10)

Vvm3/2 [® ¢3/2
E = d
\/fnzhs_]; eBe — 1 €
® x3/2 3vm _ /5
T<T,, —dx = —— (—) 12
3_/5 m 3/2
— _ _ 5/2
E=2¢ (2) (Znhz) V(kgT)5/2. (13)
Then the heat capacity at constant volume is calculated as
15 5\, m \32 o, .
= — — /2
Co 4 {<2> (Znhz) Vg™ T (14)

C, shows a cusp at T, indicating that this is the phase transition. Here we have a look at
bosonic stimulation for N particles, which is, though, essentially the same as what has been
mentioned on the case of two particles in Sed. 1. As we have seen, the bosonic stimulation
works as if it is a driving force in BEC or laser oscillation. Let us consider a identical boson
system the case a particle in state ¢;,; gets perturbation and transitions to other single particel state
@s, - Now the problem is the difference in the transition probabilities to the state occupied with

N particles and to the empty state.
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Fig.1 Specific heat at constant volume of three di— mensional ideal Bose gas as a
function of temperature. T, is the critical temperature of the BEC.

We write the initial state as
N
. 1 n
4(_1)(1'1, e Thp) = \/(N T DN 7 11 Rm,N+1det(+){‘Pi(rj)}§0ini(TN+1)- (15)
The symbol det™represents permanent, which is obtained by making the signs of all the

terms into + . The final state wfrf ) is obtaned by exchanging ¢;,; with @5, . Let the matrix

elements of perturbation Hamiltonian be a , i. e. (@g, |H; |9, ) = a. Assuming that ¢;(i <

N) is orthogonal to ¢g, , among <1pfrf)|1311|1pf)> , number of terms that give non—zero a is

(N + 1)N!I; n;! . This is equal to the sgare of the denominator in normalization constant.
Then finally< frf)|F11|z/)f)> = a. On the other hand, assuming all of @;(i < N) are @5, , Wwe

can write

N
; 1 N
J(rl) = 1_[ Ry n+1P6in (1) =+ @in ("n) Pini Ty 41)- (16)
m=1

JIN+1)

All of the N! terms in detMare ¢y, () -+ @, (ry) and devided by N! in the denominator

of normalization constant to 1 . However the final state is

D = g (1) Ppin ) Piin Tvsr)- (17)

Then we get (@g, |Hil@m ) =aVN +1 , and from the Fermi 's golden rule, the
transition probability should be N + 1 times larger.
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