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POTOIJNEKTPUK BATAPEAJAPU ACOCUIA IOKOPU CAMAPAJIN
POTO-UCCHUKJ/IMK BATAPESAJIAPU BA KYPUJIMAJIAPUHHU SAPATHUII

XoJs10B Yiiryn Paygosuu

Annomauun. Kyéw uypranuwiu gomosnekmpux 6amapesiap (PIB) nune gponman w3acuea
mywu6 romunuwiu Hamudicacuoa xusutiou. Monoxpucmann kpemuuiiau @I raprune xapopamoan y3eapuuu
Kkoappuyuenmu 0,46 % mene muxoopoa yseapub bopaou. Hamuscada camapadopnueu 6a uuon4auIueued
canbuti mavcup xypcamaou. Quzuxa-mexuuxa uncmumymu I enuonoaueonuda oaub bopunean maxcpuoa
cunos namuxcanapu acocuoa ®IB nume xapopamunu nACAUMUPUUL OPKATU VHUHE UWL DAOTUSMUHU
AXWURAU MYMKUHAUSU Kypcamunou. Byrnune yuyn @B Hune opka cupmuea cys ymuui Kanauiapu napaiien
JAHCOUNAWIZAH VAU NOIUKAPOOHAM ACOCUOA UCCUKIUK KOJLIEKMOPU UUWAAO YuKuiou éa (aon cys ounau
cogumuwi ycyau Kyananunou. Qusuxa-mexunuxa Uncmumymu I'enuononueonuda onub dopunean 2 Uuiiux
madicpuba HamMudICaLapu anpeis — cemaops onapurune KyH oagomuoa OO kyssamunu ypmaua 15-25 %
2a AXWURAW MYMKUHAUSY aHUKAaHOU. Domodiekmpux bamapes 8a YHUHe OpKa MOMOHU2A OUPUKIMUPULSAH
UCCUKTIUK KOALeKmOopu acocuda sipamunearn @omo-uccuxnux bamapescu (OUB) cosymuw muzumiapuoan
camapanu oudanranuws anvarasul wwiamunaémean DPOB  nap napxuoan maxpudban 8-10 %
KUMMampoxoup. Xo3upau ukmucoouil wapoumoa XycycaH YiapHu pecnyorukanume icanyoutl xyoyorapuoa
@UPB napudan ¢hotidananuw maxcadea mysoguxoup[l1].

Kanum cyznap: Kyéw suepeusicu, gpomosnekmpux 6amapes, pomo-uccuxiux damapes, Kyéw
IHEPIUACU, IHEPUsL MADMUHOMU, IHEPLUSL CAMAPAOOPTULU.

Kupum. Byrynru kyHaa kKalTa THUKJIQHaJuWTaH SHeprusfgad Qoiinamanum TyHEHUHT
KyIad Mamiakartiapuaa EKWIFM HapXMHMHT OIIMIIM  Ba AaHbaHABUHA  peCypCIapHHHT
yexmanrammru cababmu Ky€m sHeprusicugan Qoigananumra OyiaraH 3XTUEX OPTMOKIA.
@DoTodNeKTpUK Oarapesuiap KaiTa THKJIAHAIUTAH JHEPTUs COXacHaa camapaiu, Oapkapop Ba
HKOJIOTHK TO3a MaxcynoriapaaH Oupuaup. DorosnekTpuk Oarapesmap TYrpugan-tyrpu Kyém
HYPJIAHUIIWHY 3JIEKTp dHepruscura aitmantupaau. Amanaa Kyém nypnanummanar atura 15-20%
AJIEKTp OHHEPrusicura, KOJraH KUCMU HCCUKJIHMKKa ainmananu. Kailta TukinanyBuM sHeprus
MaHOanapuaaH GoiIaTaHuII KUIUIOK aX0IMCHTa Xap TOMOHIaMa KyJail mapT-mapouT sipaTUIIra
kapatwirad. Ongarna ®Ob HUHT wi XapopaTu Oup Tpaaycra KyTapuiaranaa camapanopiauk 0,46 %
nacaiuimra oo Kelumy MyMKUH [2]. MaMiakaTuMu3 skaHyOui Xyyajapuaa XaBo XapopaTu
Ba YaHTJIAHWIN Japakacu OolKa Xyayiuiapra HucOaran rokopwimru cabadmu ®UK ra tabcup
kypcataau. [lllyaunr yayn @36 napuau camapaiopIMriHA OMIKUPHUIIT OOpacua W3JIaHUIILIAp 0JIN0
oopunan. by umina 340 Bt mu ®Ob nan doiinananmian. UccHKIMK KOMIEKTOpH Tarépiai yayH
ysimu monukapOoHaTaan (dovgananwian. Mccuknuk kosekropuHuHT POb mapamerpnapura
TabCHUPH Ba UNLTA0 YUKUII TEXHOJOTUSICH YPTaHHIIIH.

Taxxpuba KypuwiMacu Ba TexHoJiorusicu. ©Ob HUHT ulam camapaaopIuruHA OIIUPHIILL
MAaKCaJi/la YHUHT OpKAa CHUPTUra YPHATHUIN YYYH HCCHUKJIUK KOJJIEKTOPUHUHT TaKOMUJUIAIITaH
camapaJid TeXHOJOTUsAcH Uiuiad yukmwiau. Tanépmanran @b HUHT TakOMUIUIATaH KYPUHUTITH
acocuma TomkeHT maxpuHUHT DU3UKa-TEXHUKAa WHCTUTYTH [ €THOnoIUronuaa Takpuda CHHOB
HaTWKajgapu oo OOpuiIIu.
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Taxpuba Hatmwxkanapu acocuna OB napHUHT canT IOpUIN KYWIAHWININA, KUCKA TYTaIlyB
ToKU wyHuHraek Kyéu HypiaaHuimu, arpod-MyxXuT TeMIepaTypacu Ba MIaMoJl TE3TUTH YITUaHIH.
O®UD xanyOra KapaTuiarad XoJaTaa TOPU30HTra HUCcOaTaH 450 OypYak OCTHJa XapaKaTCu3 TasHY
KOHCTpYKIUATA YpHaTuiaau. Taxpuda cMHOB yuyH ojuHraH ®Ob HHM OpKa 103aCHHU COBYTHII
Makcaauaa ysuld TMoJuKapOoHaTnaH Tal€piiaHraH TaKOMWUIAIITAH WCCUKIUK —KOJUIETOPU
VpHaTWwIn. Ysau moiukapOoHAT Yy3ura Xoc Xycycustiapra sra: maddoduuru, MCCHKIMKKA
YUJIaMJIWIIATH, EHTWUINTY, MYCTaXKaMJIMTH, STHIIYBUAHJIUTM OwWiaH OoOIIKa Marepuaiiapra
HUcOaTaH AXIINA XUCOOIaHa u.

Haruka myxokamacu. Taxpn6a cnaoB Hatmkanapu 202 1— iiun 17 — cenTa6paa coat 08
- 16% ra Kamap 15 mMuHyT BakT opaymruma onaub Oopwinu. HaTtwkamap oumk xaBoma om0
6opunau. Xaso Temmeparypacu 22-32 °C, mamon Ttesmuru 8m/c, armocdepa Gocumu 757
MM.CUM.YCT Ba HHCOuUW Hammuk 17-37 % Hu tamkun >1au. OIUHTaH HATHXKalap acocujia
rpadukiIap 2 — pacMa KeITUpUWIrad. 2 a — pacmza (KOpa YM3HK) CalT IOpUII KyWIAHUIIMHUHT,
(KU3UJT 9M3WK) KUCKA TYTalTyB TOKUHUHT BaKTra OOFIUKINTH KenTupmiral. 2 6 — pacmua sca DUB
JIaH OJIMHTaH MCCUK CYBHUHT BaKTTra OOFIMKJINTY KEITHPUIITaH.
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2'paCM. a) CAJIT OPUII KYYWIAHHUIIHA BA KUCKA TyTallyB TOKUHMHI' BAKTIra 60FJ1PIKJ'II/IFI/I,
6) HCCUKJIMK KO/UICKTOPUIAH YMKKAH UCCCUK CYBHUHI BaAKTIra OOFJIMKJINTH.

Ounk Kyémmm xyama 340 Bt nu ®Ub Hu xapakaTcus TasHY KOHCTPYKIUATA YpHATHO
Hatwka onmuHan. PUb kyn maBomuna 7,5 coat unutarwiau. by Baktaa 1,64 kBT *coart 3axmpa
SHEPTUsCH, UCCHK CyBHMHT uukui Tesmuru 0,011 m/c 6¥nranaa ypraua 47 °C nu 308 mutp cys
OJIMILI UMKOHUTA 3Ta Oy1amMus.

Xyaoca. Makosiaga TakOMIUIIAIITaH UCCUKIIMK KOJUIEKTOpH Hiad unkuinan Ba ®Ob HuHT
opka ro3acura ypHatuiaau. Mnura®d yukwiran @b HUHT TeXHHK MapaMeTpiapu YpraHuJIu.
Omunran Hatwxkanap ®Ob napuuar ®UK u omrannurunm kypcarau. ®Ub kanannapugan
oKaaurad coByK cyB ®Ob HUHI OpKa CHpPTHAArd HMCCUKJIUKHM Y3JIalITHPAAU Ba MCCUKIHK
sHeprusAcu xocui Kunaau. TaBcust stunran ®UB opkanu sxanyOuit Xynayiapna QoiigamaHuin
UMKOHU MaBxyn. Omub OopwiraH TaxpuOa HaTIKalapulaH KUIUIOK aXOJUCHHH KYHJIATHK
HXTUSKUAH KeTHO YMKUO XaM 3JIEKTp SHEPTUSICH, XaM UCCUKIIUK SHEPTUSACH OJIUII MyMKHH.

dorinaaHmIran axaduéTiaap
[1] Muminov R., Tursunov M., Yuldoshev ., Sabirov H., Kholov U., Akhtamov T., “Features of
optimization of increasing the efficiency of an autonomous photo thermal installation for rural regions”,
E3S Web of Conferences 216, 01146 (2020), p. 2-6.
[2] Pushpendu Dwivedi, K. Sudhakar, Archana Soni, E. Solomin, I. Kirpichnikova, “Advanced
cooling techniques of P.VV. modules: A state of art”, Case Studies in Thermal Engineering 21 (2020), p. 2-
17.
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Kyém uccukInk KypuwiMajaapuaa MCCHKJIUK aKKyMyJasTopJapu cudaruaa dpa3aBuii
y3rapyBum MaTepuaiiapaaH (poiaaaaHnun
H.Y. Typanosa

Kauut cy3nap: ['maybep tys3u, napadun, Datalogger, Arduino, Ky€m uccukxoHacu, ¢pazaBuil y3rapyBuu
MaTepHuaIap, SHEPreTHK caMapaIopiInK
Kupuum: ByryHru KyHra Kagap MCCHKJIMK CakJall yuayH Kymiuabd ¢asa y3rapyBun MaTepuaiapu
UIUIad YMKApWiIraH THU3UMJIApW Ba WIUIA0 YMKAPHWIIAH cakjam Tusumiapu Qoigananumra
Oynran kyruiad myammonap MaBxynd[l]. Marepuamuiapra kyWnnaguran Oup KaHya Tanabnap
MaBxyn [2-4].

e KEpaKIIM UII XapopaTy OPAIUFUIA IPHII IPUIIT HYKTACH;

e OUPIUK XaKMJa IOKOPH SLIIUPUH SPUILI UCCUKJIUTH;

e KYIIMMYa UCCUKIUK WUFUIUIIMHYA TAbMHUHIIANI YUyH Y3Ura XOC UCCUKJIUK CUFUMU;

® HCCUKJIWK YHEPTUSCUHY CaKJIAIl TA3UMUHUHT TYIUK IUKIIA UIUIAIIHA OWJIaH SHEPTUSTHUHT

cakJjall XyCyCUATUHHU MacaiiMaciury;
e OyF OOCHMHHHHT MMaCT JapakaJaliuri, MAaTEPUATHUHT JKOMIAMTUPHUIIIA KaM Xa)XKMra 3ra
Oynumm;

@du3nka-TeXHUKa WHCTUTYTH OJUMIIAPDH TOMOHUIAH, HCCUKIUK aKKyMyJIsTOpu cudatuga
unutatwiagurad  ['maybep Ty3u Ba mapadUHHUHT OWUp HEYa TUIMHUHT HWCCUKIHK-(OU3UK
XYCYCHUSITIIApUHU aHUKJAll OYHnYa SKCIIepUMEHTald TaJKUKOTIap YTKAa3WIIU HIUIATUIaJAUraH
['may6ep Ty3u Ba mapauHHUHT OMp HEYa TUMTUHUHT UCCUKIUK-(DU3UK XYCYCHUSITIIApUHN aHUKJTAIIl
Oyiinya SKCIIEpUMEHTANl TaAKUKOTIAp YTKazuiaau. MccukxoHamapaa xapopaT KHIjaa 35%C nam
38°C raua Gaxop Ba é3ma aca 50°C man 60°C raua y3rapu6 Typaau. MccukxoHa kedacH cOBHO
KETMACJINTY Ba YCUMITUKIAPHUHT YCUIITN YU9yH KOMGPOPT XapOpaTHU TaAbMHUHIIAII YUYH UCCUKJIHK
akkymynsaTopu cudaruna raydep Ty Ba mapaguHiaH ¢oinamaHwigu. ODKCIEepUMEHTAal
MabJIyMOTJIAPHU XHUCOOJIAII Ba KalTa UIILIAI YIyH CTeH sipaTiian [1].
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1-pacm. @azanu ymuw mamepuanniapuoan uccuKauKk akkymyaamopaapu éa I nayoep mysunune
azasuit ymuw oagprapunu cunauwl HcapaéHuoa UCCUKAUK XYCYCUAMIAPUHU YP2AHUWL YUYH
IKCHEPUMEHMATI CIMEHOHUNZ OUAZpaAMMacu
CreHJ] MCCUKJIMK M3OJSIUSUIAHTAH JeBOpiapu OYnraH Ba jkapa€HIapHU Ky3aTHIl UMKOHUSITH
OynraH KamepaaaH nbopar SbHU OUTTA JEBOP MKKHM KaBaTJIM IWIIA WAWIIAAH sicayiraH Oyiauo, y
epla Xap XWJI XaXMJard akKyMyJSITOp CHHOBJAH YTKa3swiau. XapopaTHM yiadam y4yH 6 Ta
CeHCcOpH OVyiraH KaMepaHWHI MYKH XapopaTh y4yH aBTOMAaTHK OOLIKAapyB OJOKH, LIYHWHI/IEK
Xapopar CEHCOpJIApUAaH MabIyMOTIApPHH KOMITBIOETEpra y3aTHII MOCiIaMacu. ABTOMATHK
OomKapuiaural Kamepa y4yyH HCHTHII Ba COBYTHUII TH3UMJIApu rpadukaa xentupwirad. by
rpadukmaan kypuHuO TypuOauku, 20 MaKWKala HMCUTHUIN BaKTHIA XaBO XapopaTd MaKCHMal
rccuKiK Man6an épaamuna 40° C ra erkasmwnmn. Cys Ba [mayGep Ty3umaH HaMyHaIap OUp XWI
XakMja, xap oupu 70 Ma gaH Ba OMp XWJI TEPMOTEXHUK XyCYCHSTIApra dra IIUIIA WIUIIIapaa
onunrad. TaxpuOa 6ommanranugad 150 nakuka yrrav, unumigara [ nayoep Ty3u OyTyHmai 3pu6
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keTau Ba 6y epaa yauHr xapoparu 50°C, cys namynacugaru xapopar sca 53°C »au. 1lly naiitnan
Oomal, kKaMepagaru COBYTHII PEXHMMU KaMEpaHWHI €H JeBOpJapura YpHATWIraH KCTPAKTOp
épramuaa nra Tymau. Kamepaagaru XaBoHU COBYTHIN Xkapa€Hu 2 pacMia KypCaTUIITaH.
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2-pacm. Hcumuw ¢a cosymuw naiimuoa Kamepaoazu xaeo Xapopamu 6éa pazaniu ymuu
Mamepuaniapu HAMyHanNapyu Yadauwi HAmuxicaiapu

CoByTui )apaénu 6omnanranuaad 60 MUHyT YTrad, cys Ba [ nayGep Ty3unuHT Xapopatu 26,35°C
Ba 35°C 6ynmu. CyB xapopatu I'maybep TY3WHHHT XapopaTHIAH IOKOPH OYJIHIIMTa Kapamaii,
XYyJJIM Ty COBYTHII BaKTHJa ylapAard xapopaT oup xui 6yimub xonau. by mryHu kypcaraauku,
COBYTHII >kapaéHua [ maydep Ty3uaaru Xxapopart nacaiuimm KpucTauiap XoCui1 OViummm Tydanam
CeKWHJamTrad. [maybep Ty3MHUHT XapopaTu ¢asand YTUII XapopaTUra KUpraHjaa, KamepamaaH
WCCUKJIMKHU Y3JIYKCH3 OJMO Talulalmura KapaMmai, YHMHT Xapopatd 43 MHUHYT JaBOMH]IA
ysrapmanu. 1y Gunan Gupra, kamepaaar CyB Ba XaBo XapopaTd Moc pasuiia 28 Ba 25°C ra
etnu. by rpaduknan xypurnb® TypuOamkm, 20 mMaKWKaaa WCHUTHUIN BaKTHIa XaBO XapopaTH
MakcuMan Hccukmuk ManbGau épmamuaa 40° C ra erkaswinu. OpraHuk MarepHasulapiaH
doiinanaHuIl UCCUKINK SHEPTUACUHU CaKJAIIHUHT caMapalid ycy/ulapuiaH oupuaup. Xynoca
YpHUIA MWIyHH aiTumn Mymkubkd, Inaybep Tysu 28-32°C opanurupa dasaBuit ysrapypuan
Matepuan cudaTuAa HIUIATUIUMIIM MYMKHH. VCCHKIMK XyCycHSTIapu Ba KPHUCTAJUIAHUII
TypJapvHU Xap TOMOHJaMa YypraHumina [mayOep Ty3W HMCCHUKIMKHH aKKyMYISIWS KUJIHII
coxaculla WIIATWIMII Y4yH HUCTUKOOmM XucoOmaHamau [4-5]. OpraHuk MarepuamiapiaH
doiianaHuIl UCCUKINK YHEPTHSICHHHU CAKJIAIIHUHT CaMapalid YCYyJUIapUAaH OUpUIUp, JEKUH
OpraHMK MaTepuasuiapAaH GoiilataHuIga XapopaT PSKUMUHU XaM KaTUUN XucoOra OJuIl MyXUM
axamusiTra sra.
Anaduéraap
[1]. K.C.AxaroB, A.C.XamumoB, X.X.CammoB. Pe3ynapraTbl pacueHTHO-IKCIIEPUMEHTAIBHBIX
HCClIeI0BaHU I TI0 OTIPEJICIICHHUIO TETUIOBEIX IMapaMeTPOB (pazarepexoqHOro TeIIOBOTO aKKyMYJISITOpa.
q)yH,Z[aMCHTaIIBHBIe U TPHUKIAAHBIC BOIIPOCHI (1)I/I3I/IKI/I. C60pHI/IK TE3UCOB JOKJIad0B MC)I(I[YHapOI[HOfI
koH(pepenuuu. 2015 r.
[2]. Ahmet Kurklu. Energy storage applications in greenhouses by means of phase change materials
(PCMs): a review. Renewable Energy.1998.
[3]. Lane, G.A., Solar Heat Storage: Latent Heat Materials, Volume IBackground and Scientific Principles.
CRC Press, Florida, 1983.
[4]. Typomora [1.Y. HccienoBanue u cpaBHeHue caxapa u conmu NapSOs+10H,0O riaybep B kauecTBe
akKyMmyJsaTopa Temia. “TeHOEHIMHM pPa3BUTHS COBPEMEHHOM (DHM3HMKH IOJYIPOBOJHUKOB: IPOOJICMEI,
JOCTIKEHHUS M IEPCIeKTHBBI . MexlyHapoaHas oHnaiiH kordepenuus. 2020r.
[5]. Stabilization of Glauber’s salt for latent heat storage. FEF2003YL46.
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JUDPAKTOTPAMMA U ®OTOJIOMHUHECIHEHIUA SIITAKCUAJIBHON
MJIEHKU (Si2)1-x(GaN)x

T.T. Nmaus3oB

B nocnennee BpeMsi MposBISIETCS MHTEPEC K MOTYYEHUIO HUTPUAA TaJUIMs Ha KPEMHMHU,
YTOOBI HUCIIOJIB30BATh CYIIECTBYIONINE KPEMHHEBBIE TEXHOJIOTHH JJISl MOJy4YEHUsI CTPYKTYpPhI Ha
OCHOBE HUTPUA TaJUIHs, UTPAIOLIYI0 BAKHYIO POJIb B CO3/IaHUH MPHOOPOB OMTOAIEKTPOHUKH [1].
B nanHoif pabore mpuBENEHBI PE3yJAbTaTbl PEHTICHOCTPYKTYPHOTO HCCIEAOBaHUS U
(OTOIFOMUHECIICHITUH AMUTAKCHATBHBIX CII0EB (Si2)1x(GaN)x. DnuTakcuanbHbIC CJIOU MOTYYCHBI
METOAOM XKUAKO(DA3HOHN SMUTAKCUU U3 OTPAaHUYCHHOTO0 00BbEMa OJIOBSIHHOTO pacTBOpa-paciiiaBa
[2].

Ha puc. 1 mpencraBiena peHTreHorpamma 3smuTakcuanbHOW TieHKH (Siz2)1x(GaN)x.
BBIPAIICHHOH HA TTOIOKKY U3 KpeMHHs. CpaBHUTENbHO y3kas mmpuaa (FWHM = 3.78x107 rad)
u Gonpias uHTeHCHBHOCTH (2-10° nMm-cex™) ocHoBHOTO pediexca (111)si, CBUAETENLCTBYET O
BBICOKOM CTEMEHH COBEPIICHCTBA KPUCTAUIMYECKON pemieTku TuieHKH (Si2)1x(GaN)x, To ecth
BbIpallleHHAsl TIIJICHKAa SIBIISETCS MOHOKpHUCTaUIM4eckoil ¢ opueHTtauuedt (111). Opnako
HaOII0JaeTCsl KpaTHOE YMEHBIICHHE WHTEHCHBHOCTH ero BToporo (222) um Ttperbero (333)
MOPSIAKOB.

Pa3mepnr cyOkpucTammuToB (OJI0KOB) TIJICHKH, OLICHEHHBIN MO IMMWPUHE JAHHOTO IMMHKA IO
bopmyne CemsixoBa—Ileppepa [3]:

0,942
~ wcos26

rze A — JUIMHA BOJHBI U3IYUYCHUs, ® — MOTyIIMpUHA peduiekca U 6 — Op3rTOBCKHI Yo, COCTaBISLITN
~ 40 =M.

B npomecce BblpamuBaHusi ciaos B HEM (HOPMHUPOBAIUCH CYOKPHCTAIIIUTHI, UMEIOIINE
nuHeWHbIN pa3mep ~ 40 HM. Takke 0OHApYKEHO, 4TO B AU(PAKTOrpaMMe MPUCYTCTBYIOT Y3KHE
CeNIEKTUBHBIE pedIeKChl cO caa0bIMU MHTEHCUBHOCTSMH OT JIBYX paszHbIX mMoauduxammii GaN -
Kyoudeckas ¢ opueHtanuet (111) u rekcaronansHas u ¢ opuernranueit (002). JIuneiinsiit pazmep
KPUCTAJUTUTOB ATUX MOAU(DUKALMHU COCTABISET ~ 47 HM.

Ananu3 audpakTorpaMMbl SMUTAKCHAIBHOTO €0 TBepaoro pactBopa (Siz2)ix(GaN)x
MOKa3bIBAET, UTO B KPUCTAITMUECKON peIIeTKE IUIEHKN HAOII0Aa0TCs MUKpOHANpsDKeHus [4]. OTu

MHKDOHAIPSIKEHUH B TUIEHKE, BUJMMO, BHI3BAHbI PA3IMYAEM MOHHBIX PaguycoB Kpemuus (¢ =

0.040 nm), ramms (rg, = 0.062 nm) u asora (r} = 0,146 nM), KOTOPBIE PACTIONOKEHBI B y3J1aX

3amenieHus. CpaBHUTENBHO OOJIBIINE PAAMYChl MOHOB Tajlds M a30Ta BBI3BIBAIOT MCKAXKEHUE
KPEMHHEBOM PELIETKH TICHKH, CIEICTBUEM KOTOPOTO SIBIISICTCSI HEKOTOPOE YBEIMUCHHE 3HAUCHUS
MapaMeTpa PelIeTKU IUICHKU a(si2)1-x(GaN)x = 0,54372 HM 1O CpaBHEHUIO C MapamMeTpOM PEIIETKH
noanoxku asi = 0,54293 uwm.

A Taxxe Obu1 uccinenoBad crektp doromomunecueniuu (PJI) (Siz)1-x(GaN)x, KoTopbIit
nokazaH Ha puc. 2. Bo3Oyxnenne ®JI nmpous3BoAMIOCH JIa3epPHBIM H3IYYEHHEM CO CTOPOHBI
AMUTAKCHAIBHOTO CJosi mpu Temneparype >kuakoro azora (77 K). Ilpm stom mMakcumym
MHTEHCUBHOCTH JJIOMUHECIICHTHOTO M3JIyueHHs HaOIr01a1cs Py JUIMHE BOJTHBI Amax = 438 HM, 4TO
cooTBeTcTBYeT 3Hepruu ¢otoHoB Epn = 2.83 »B. Ha mmpoxom ¢one cnexrpe DJI Bbaensics
HEOOJIBIION MUK M3JIy4eHUs MpU 3Heprusix GotoHoB Eph = 1.66 3B. DTOT NuK, mo-BuauMomy,
CBUJETEIBCTBYET O BO3HHUKHOBEHHHM pPa3MBITOM TIOJIOCHI 3HEPreTUYECKHX YpPOBHEH aTromMoB
Mosiekyl kpeMHus (Ejsi), pacronoxeHHble B 3anpeiieHHon 30He Ha Ejsi = 1.66 3B Hike qHa 30HBI
MIPOBOIUMOCTH TBepaoro pactBopa (Si2)1-x(GaN)x.
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Puc.1. InppakrorpaMmma smuraKkcuaaIbLHOTO Puc. 2. Cnekrp ¢oT0,1II0MHHECHEHIINH
cJiost TBEPAOrO pacTBopa (Si2)1-x(GaN)x. 3MUTAKCHAIBHOIO CJI051 TBEPAOIo pacTrBopa

(Si2)1x(GaN)x mpu Temmnepatype 77 K

CopepxaHue KpeMHHMsT B  IPHUIIOBEPXHOCTHOM 0O0JacTu IUIEHKU  HEOOJBIIOE,
CIIeZIOBAaTEeNbHO, pa3MbITasi 10JIOCA SHEPreTHUeCKuX ypoBHeH npu Epn = 1.66 3B oOycnosneHa
cBs3aMu Si-Si, HaxoAsMUXCcsAs B OKpyKeHHH oborameHHoro GaN moacios KOBaJeHTHOM CBSI3U
TETPadAPUUECKON PEIISTKH MaTpHIbl TBepaoro pactBopa (Siz)1-x(GaN)x.

Takum o6pazom, monydeHHast micHKa (Si2)1x(GaN)x SBiIseTcss MOHOKPHCTAITHUECKUM C
opuenranueii (111) u B Hell NPUCYTCTBYIOT HAHOKPUCTAUTUTHI HUTPH/IA TaUTUs, KaK KyOu4ecKoi
(c-GaN), Tak u rekcaronanapHOi (h-GaN) momudukaiuii. DMUTaKCHAIBHBIA CIIOW TBEPIOTO
pactBopa (Si2)1-x(GaN)x umeer mmpokyro 3anpeménnyro 300y (Eph = 2.83 3B) u 310 ipeacrasisier
WHTEpEeC A pa3pabOTKH ONTOZJIEKTPOHHBIX MPUOOPOB, pabOTAIOMUX B BUIMMOW 00JaCcTH
CTIEKTpa U3IIy4CHHUSI.
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Y3BEKUCTOH XYAYAIAPATA KAVITA TUKJIAHYBUM DHEPTUSI MAHBAJIAPHA
SHEPI'O-UKTUCOAUU CAJTIOXUATHHU BAIIOPATJIAIIIA XAJIKAPO
METPEOJIOT'HK KY3ATYBJIAP

PaxumoB Opramanu KOngamesny
“Ky€m HCCUKIHMK Ba SHEPTeTUK KypuiIMaiapH JabopaTopusicu” KaTTa WIMHAN XOAUMHU

MamMmnakatumMu3 Xyayaiiapuia Kalta TukiaaHyBud dHeprus wmanOamapu (KTOM)
SHEPTUSICUHUHT TaOWHH, SUIMK, TEXHUK Ba HHEPro-UKTUCOAUN CATOXUSATIAPUHU WIIOHWIN
Oaxouial, yJapHUHT re0ax00poT MabIyMOTIAPUHHU TYIIIAI, T€OMH(POPMAIIOH TEXHOJIOTUsIap Ba
HEWpPOH TapMOKJap acocuja Kailita Ttaxiaun Kuiuimi, yinap acocuga KTOM  xampna
TEXHOJIOTUSUTAPHUHT TEXHUK Ba TEXHOJIOTMK KHXATAaH HI MakOyIJIapUHU TaHJAIl, WIUTa0
YUKapWJIaAUraH SHEpPrus MUKIOPHUHHUHT TalllKd MYyXHUT OMWJUIApH (XaBO XapopaTd Ba HAMIIMTH,
OynyTiap xapakaTv JMHAMUKACH, IaMOJI, YaHTJIAHHWII, EFMHTaPUYUINK MUKIOPH Ba OolIKamap)ra
OOFJIMKJIMTMHKM Oaxofaml Xama ymoOy MHUKIOp [03acuJaH KHUCKa Ba y30K MYIIATId WIMHI
Oamopariam kabu Ao0m3apd Ba 3apypHil Macaianap MamakaTHMH3/1a PUBOXKIAHUO KenaéTraH
KaiiTa TUKJIaHAJUTaH SHEPreTUKa COXACUHU PUBOXKIAHTUPHUIL, HIYHUHTJEK, XyCyCHil Ba caHOoaT
MUKECHUIATH STIEKTP DHEPTUSICUHU HMIUTA0 YMKApPyBUYWIAD Ba MCTEHMOTUMIAp (QoigaiaHuILuIapu
yayH 10713ap0 Ba 3apyp Bazudanap XucoOaaHa M.

Kyém Ba mamon manGanapu acocujaru SHeprus TU3UMIIApUHUHT camMapa opiIuru/uiiad
YUKapUIll KyBBaTJIApd KUHMATIAPUHUHT XYAYAra XOC HUKIUMHUIl OMWIIap KypcaTKuujapura
(aTrpod-MyxHuT XapopaTH, HAMIUK, [AMOJ TE3JUTH, CFUHTAPYMIUK, YaHTJIAHWII Japakacw,
OynyTiap XapakaTHHUHT Y3Trapuill JUHAMUKACH Ba OoIIKanap) OOFIMKINKIAPUHN YPHAMII XaM/a
yllap[iaH OJMHAKAK JSHEPTUSHU HEHPOH TapMOKJIap acocHja KHCKa Ba Y30K MYIATIN WIMHAN
OalopaT KWJIMII 111y TaHJIAHTaH XyAyAJapaard y30K MyIaT/id Xxamaa Ky3aTHII TaBpUIINTH KUCKa
OyiraH aKTHHOMETPUK Ba HMKJIMMHI MabIyMOTIap Mapxyanurura Oornuk. Omatma, ep ycTH
Ky3aTyBiapuaaH ¢oinamanui Oepuiagurad UIMUN OalloOpaTHUHT aHUKIUTUHU OIIMPAaH, aMMO
Xap JOUM XaM OepuiraH XyAy[aa ep YCTH Ky3aTyBlapu onu0 Oownmaiinu. byHnait xomarnapaa
CYHBUN WYIJOII Ky3aTyBJIApUra TAsSHUII XaMJla yJIapHU €p YCTH Ky3aTyBJapu acocujia KanhTta
UILIan OeNrUIaHTal MaKcaara TYFpu HyHanTUpasm.

ByryHru kyHaa ¥Y30ekucToH xyaymuaa 90 ra sSIKHH METEOPONOIHK CTAHIHSIAP MAaBXKYIl
6ynu6, ynapaa pakatruHa ruipOMETPOSIOTHK MaKCaAjap HyKTau Ha3apuaaH MaMJIaKaTHUHT Oapya
XYIOyUlapy YIyH UKIUM MabIyMOTJIApUHM (TalllKU XaBOHWHT MUHKMaJ Ba MakCHMal Xapoparw,
XaBOHHMHT HAMJIUTH, aTMocdepa OOCHMU, IMAMOJ TE3JIUTH, YaHTJAHWII, EFUHTAPUYMINK Ba X.K.)
aHWKJIam Oyiinya Ky3arysiap oaud 6opwranu [1]. Tabkummam >KOu3KH, pecIyOInKa XYy Iu1ara
KYIu1ad MeTeoCTaHIMAJIAp METEOPOJIOTHK ax0OpOT aIMAIyBUHHUHT XaJIKapO METCOCTaHLUATIapU
pyiixarura kuputuirad [2-3].

Wnmuit m3nanummapaa NASA POWER, SARAHIE, ERAS ka0bu xankapo MabiymMoTiap
Ga3acy XaMaa CyHbHIl fiyIII0MI Ky3aTyBIapH, IYHUHIICK, Y 30eKUCTOH Xyayauaa (33 Ta) Ba yHHHT
yerapanapy SKWHUIa aMMO KYIIHU pecryonukanap xyayauaa (9 ta) sxoinamran xamu 42 Ta ep
YCTH Ky3aTyB METEOCTaHIUsIapy TaHJIa0 OJIMHIaH.

Ep yctu xy3aryBiapu MabJIyMOTIap AaBPHIUTH Typauuda 0ynuo, 1960-2020 iunnapaaru
kynauk, 2005-2020 iwmap yuyH 3 coatnuk (Oup xkyHaa 8 ta ymuos)xamaa 2012-2020 iummap
opamuru yd9yH dca xap 30 MUHYTIMK Kajgam OujaH ViIYaHTaH MabJIyMOTIApHU Y3uaa
Myxaccamamrtaprad. Oaud 6opuirad TaxJWutapJaaH MabiayMm Oynummda, 2005-2020 viunnapaa
TalIKy XaBo xapoparu yprada 1,8 °C ra omrannuru anukiiasau. Tamku xaBo xapopatu +35 °C
naH roKopu Ba -10 °C nan mact OYIran KyHJIApHUHT XaKUKWAH COHU, ITYHUHTIEK, MaBXK Y1 KYPHJIHII
HOpMaJapuja KeITUPWITaH XApOPaTHUHT ypTada, Xamja MCUTHUII Ba COBYTHII KypCaTKUWIAPU
napaxacu ¢GapKyd aHHWKJIAHTaH. YOy oiau0 OopuiaraH XMCOO-KUTOOJIap acocuaa MCCHUKJIWK Ba
COBYK TAbMHUHOTH TU3MMHHH JIOWHXANAIIAA KYPHJIUII MEbEPIApU Ba KOUAAIApUTra Y3rapTHPHUIIT
KUPUTHUII 3apypIUTY aHUKIIaH/IH.

DHeprus TEeKaMKOp Typap-)KOH OWHONApUHU JOWMXANAIl, PEXATAMMTUPUII XamJia
Oamopatiiam yuyH 3apyp Oynran ucutum Ba coByTuin mapaxa-kyHmnapu (HDD Ba CDD)am
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XaJIKapo MabJIyMOTJIAp Ba CYHBUH WYJIAOILI Ky3aTyBJIApUM aCOCHJA aHUKJIAIINA yJIapHU €p YCTH
Ky3aTyBJapyd OpKaJdM aHUKJIAHTaH KuiMaTiapura HucOaTaH XxaToyuukiapu —l-xaznBanna
KEJITUPUJIITaH.
Kansaa 1.: HDD Ba CDD kuiimatinapuan NASA POWER Ba ERAS mabaymoriaapu
acocu/a AaHUKJIAHTaH KHIIMAT/IapHHM ep YCTH Ky3aTyBJapH OM/IaH Xucodaamaaru

XaTOJMKJIApH

Errors| MAD | MSE | RMSE | MAPE | MAD | MSE | RMSE | MAPE
NASA POWER ERA5

Thase HDD
12 | 18397 ] 65227,18 | 2554 | 13,87 | 102.61 | 19114.61 | 138.26 | 8.41
14 | 194,33 ]72277,18 | 268,84 | 11,75 | 112.36 | 23290.24 | 152.61 | 7.33
16 | 204,24 | 7944388 | 281,86 | 10,16 | 123.45 | 28790.12 | 169.68 | 6.57
18 [21527| 877743 | 296,27 | 898 | 13536 | 3540155 | 188.15 | 597
20 | 224,61 | 9686467 | 311,23 | 7,96 | 148.48| 43305.7 | 208.1 | 5.51
22 | 233,88 1074763 | 327,84 | 7,01 |164.94 | 52869.73 | 229.93 | 5.22
Thase CDD
18 | 210,39 | 6212155 | 249,24 | 17,65 | 155.33 | 38047.52 | 195.06 | 13.02
20 [ 19555 | 5197124 | 227,97 | 22,22 | 140.48 | 30771.76 | 175.42 | 15.97
22 | 177,55 | 4172955 | 204,28 | 29,18 | 123.97 | 23798.88 | 154.27 | 20.42
24 | 1547 | 3111621 | 1764 | 40,88 | 105.09 | 17313.09 | 131.58 | 27.71
26 | 124,33 | 2006191 | 141,64 | 63,63 | 82.48 | 11230.36 | 105.97 | 41.69
28 | 86,27 | 9682,39 | 98,4 | 127,29 | 56.18 | 5598.91 | 74.83 | 76.91

Kansan 1.man xypuHu® TypuOauKu, onataa xaronuk kuitmatm 10% rada KaOyn
KWIMHTaHIUuTH cabadsm, 18 °C 6azaBuit xapopaT yuyH MamJlakaTHUHT OyTyH Xyayauna HDDuu
xucoonamaa NASA POWER (8.98) ra wuucbOatan sur moc Mabiaymomiap ERAS5 (5,97)
XUCOOIaHaIH.

VYyana Mabiymomiap 0azacu MabiIyMOTiapu OuiiaH Bepu(UKAIUsIIANl HAaTHXXKaJapUaaH
KYPUHAIUKH, YpTada OMJIMK CyTKAIUK HUFUHIA KY€l HypJIaHUIITH MUKIOPUHY BEpU(PUKAITHSITAII
TaxJIUJI KUJIMHTAHJa, ep YCTH KUHMAaTJIapura dSHT SKUH OYIIraH 3HT XM HaTmwkamapHu NASA
POWER wmasbnymoTinap 6a3acu kypcatau (>kaasai 2.).

JKansan 2.: Ypraua oi/IMK CyTKAINK AUFUHAN KY&I HypJAHHIIN KHAMATIapH
oyiinu NASA POWER, ERAS Ba SARAHI1E mabaymotaap 6a3ajnapu 0yin4ya TaKKOCIamn
HATHKAJIAPH

Xankapo Tu3uM xaTtonuru Vpraua kBampatuk Pearson’s r (IlupcoHHMHT
MabJIyMOTIIap RMS (xBt-coat/m?) yeTnammm (RMSD) KOPpEIISLus
0azacu (xBt-coat/m?) K03 GULNCHTH)
NASA POWER 0.14 0,25 0.9951
ERA5 0,2 0,26 0,9962
SARAH1E 0,13 0,27 0,9901

OnuHran HaTwxanapAaH KypUHAJAWKH, HEWPOH TapMOKJap, MaTeMaTHK ycyJulap Xamzaa

Typiu nactypiap épaamuaa Y3oekucton xyayauna KTOM acocuaaru sHeprus KypuiMaiapu Ba
JHEPIHsl TEKAMKOP WHINOATJIAPDHU JIOMMXAjall, peXaJallTUPULI, KypUIIl Xamaa yjaplaaH
OJIMHAJIWTAH PHEPTUSHM Ba camMapaHu Kucka myanariau oamopatiamaa NASA POWER Ba ERAS

MabJIyMOTJIAPUHU KaiiTa uIliarad xoiaa ¢poianaHui MyMKYH.
. Apnaduétrnap pyixaTn
[1] V36ekucron Pecriybnukacu ['uapoMeTeoposiorusi Xu3MaTi MapKa3uHUHT pacMUi
caxuacu. DiaekTpon manba: https://www.meteo.uz/#/uz/open-data/meteostations

[2] Dnexrpon manba: https://rp5.ru
[3] Dnekrpon manba: http://pogoda-service.ru
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BA3A COXACH TYJNK KAMBAFAJUIAIITAH KPEMHMILJIN CTPYKTYPAJIAP-
HUHT XAPOPATI'A CE3THPJIUTU XYCYCUSITJIAPH

be6utos P.P.

XapopaT AaT4MKJIap SbHH, YI4aHAETraH XapopaT KUMUMAaTUHU 3JIEKTP CUTHAJIWra aljaHTH-
pHII y4yH MYJDKaJJIaHTaH JaTYuKIap, OYyTyHITH KyHJa TYPJIH coXajlapAa KeHT KYJUIaHWJIMOK/A Ba
ynapra 6ynran tainad Tobopa ycud 6opmokaa.

X03upru KyHAa KOHTAKT THUIIHMJIATHA XapopaT AATYMKIAPUHUHT Typiapu Kyn 0ynuo, Oume-
TaJUIM 3JeMEHTIIap, TEPMUCTOpPIIAp, p-N-YTULIUIH SPUMYTKA3TUWIN XapopaT JaTurKIIap, TepMora-
painap, CyIOKIMKIN Xapopar AaT4uKIapy Ba Oomkanap mysap xyminacuganaup[l, b. 2959-2978].

P-N-YTULLIM SIPUMYTKA3TUYIM XapopaT JaT4MKIapuia KymiagaH, SpuMyTKa3TU4iId AHOA-
Jap Ba TPaH3UCTOpPJIApa, XapopaTHU Yadall ydyyH CTaOWJUTaliraH JTOMMUM TOK OKHO YTaéTran
TYFpU WYHAMHMIIAA CHIDKUTHITAH P-N-YTUIIra TyMa&éTraH KyWIaHUIIHUHT XapopaTra OOFITUKIH-
TUHM Kaill KWIKMOI OPKaJIM XapopaTHU YiYall amaira OlUpUiIaan. Yiaap BOJIbT-XapopaT TaCHU-
(GuHUHT HUCOATaH I0KOPU YU3UKJIMIIUTHY, YIIdail KapaéHUHUHT TE3JIUTH, KUYUK YITYaMIMINTH Ba
ap30HJIMTH OMJIaH aXpanud Typau.

Ymly xapopaT NaTUYMKIAPUHUHT KaMUMJIMKJIApH 3ca HUCOATaH IOKOPH HCTEHbMOJ KHIIH-
HaJWraH UIIYM TOKUAA UIUIAIIN Ba I0KOPH aHUKJIMKHU TabMUHJIAII YUYYH KUYMK Apeidan 6apka-
POpJIAIITHPUIITAaH TOK MaHOau Tanad KMIMHUIIUAUD. XapopaT JaTYUK UCTEbMOJ KUJIAJUraH KyB-
BAaTHU XapOpaTHH YJIHall yYyH T€CKapW WYHAIUINIAA yJIaHTaH P-N-YTUIUIM SPUMYTKA3TUYIN JU-
OJUIaPHU KYJUIAII OPKAJIM KAMAUTUPUILI MYMKHH.

[yauHT yayH ik 6opa 0a3a coxacu KamOarajalral KpEMHUWIN CTPYKTYpaHH Xapopar
natyuru cudaruaa Kymaam taknug stwirad 0ynub, OyHaa xapopaT JaT4WK TOMOHHJIAH UCTEh-
MOJI KWJIMHAJWTaH KyBBaTHM KaMaMTUPHUIN Ba YIYOB AHUKIUTMHUHT IOKOpU OYJIMIIMHU Tab-
MUHJIAIIra UMKOH Oepaauran OapKapopialITHUPHITaH KyBBaT MaHOaura OynraH TanaOHM WYKO-
THII, ITYHUHTAEK, TECKapy WYHAIIUINIA yJIaHTaH APUMYTKa3rM4 acoCuiaru p-N-YTUIIUIM Xapopar
JATYUTUHUHT BOJT-XapopaT XapaKTepUCTHKACHUIA YN3UKIH OOFIMKIMKHH OJIUIITa SPUILIIIITAH.

U, B 12UorB
1,2
’ o 1,01
1,0 T
. - Py ——— 0,8
0,8
0,6 ——o°C ]
' —20°C 0.4
—t 40 °C ¥
04 609
0.2 —+—80°C 0,24
’ t,°C
0 1 32 3 4 5 6 7 8 9U. B 200150100 -50 0 50 100 150 200

nume

1-pacm.Vraon norennuaaununr (Ug) Typan xun  2-pacm. Yados mnorennuaauaunr (Ug) xapo-
xapopataapaa KyBBaT MaHO0am (Uyyr) HHMHI  paTra 00FJIHKJIMK rpaduru
KYYJAHUIIMTa OOFJIMK-JTUTH rpaduru

Hlynnait Kuaub, TaBcHsl STHITaH XapopaT JaTYUTMHUHT KOHCTPYKLUSATIAPUIA TEXHUK HATH-
Kacu, APUMYTKA3rMy YTUIIMHUHT TeCKapH YTUIINA UIUIAIIM OPKAJId Xapopar JaT4rKIa KyBBaT
cappunu Oup Heua 00p KaMaWTUPHUIITA, KyBBAaT MaHOaW rmapaMeTpiiapuaaH YId0B aHUKJIUTHHUHT
MYCTaKWIIUTH cababmu OapKapopialITUPHITaH TOK MaHOACHMHM KYJUiail 3apypaTHHu OapTtapad
JTUILTA, IIYHUHIZIEK, YIIOY XapopaT JaTuyuruja KEeHI XapopaT OpaufuAa XapOpaTHUHI KydJla-
HUIITa TYFPH TPONOPLMOHAIUTWINIUIA Ba YM3UKJIWINTa SPUIIAITAaHINTHHN 1 — Ba 2 — pacmuiap-
Jla KENTUPWITaH TaxprOa HaTHKajdapu OpKalu sIKKOJI KYpHUII MyMKHH.

Kypunma 3-pacmia kypcatuiras Ba y Kyiuaaruda nnuiaiigu. FOkopu catxiaru KOHTakT Ba
Ky4IM JIETHPJIAHTaH COXAa KOHTAKTUIa YJIaHAJWraH TECKApH Ky4IaHMII WIIYM Ky4JaHHUI XH-
cobnananu. Mabirym Oup TecKap MIIYM Ky4IAHHIINAA, HAMYHAaHMHT 06a3a coXacH TYJIHK Kamba-
FaJUIAIIraH xoJjarra yTaau Ba opTUO Oopa€TraH UIIYM KyWIAHWIIMJAH YII9ail MOTEHUUAIN J10U-
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Muil KuiiMaTra sra 6ynaau Ba Oy (hakat xapopaT y3rapraijaa yHra MyTaHocuO paBHILa Y3ra-pajiu.
bynnaii xonma, Ya4oB MOTEHIMAIWHWUHT Y3TapUIIM Ba Xapopar Yy3rapuioura HUCOATH SbHU
Xapopar Ce3rupiauryd KodPUIUESHTHHHHT KUAMaTH MycOat (HOJIaH KaTTa) Oyianu.

3 2 I

2 3 I

f i

N'x ) N L\j\ Lr) N

I 7 ] /
Fi LY

L1

o

@ I-:;!l!!i: 0 @ ﬂ < P;IH!H < l':)
3 1 2 3
i i i i
TG (6
N N
} { | &=

L p— ra 4 5
@ I’rmm - lﬂ @ l’m:m > [’H

3-pacm. Tanknk 3THJITaH yu4 4-pacm.Texkmupuiagurad cTpyKTypajiapaa TypJH Tec-
JIEKTPOAJIH KpPeMHMIl Kapy HMIIYH KYWIAHHIUIapAa YTHIUIAPHWUHI Kamo0a-
CTPYKTYPACHHUHTI TY3U-JTHIIH FAJUIALUTAH COXA KEHIVIMTMHUHI Y3rapuil JMHAMHKA-

CHHH KypcaTyB4H cH(aTHil KOHCTPYKTHB cXeMaJap

Kysaruiran xapakTepucTHKaIApHU CTPYKTYPAHUHT N-p*- Ba P-N-YTUIIApUIArd KaMOara-
JalraH coXaxap KeHIJIUTHHUHT Y3rapuiniap TWHAMUKACHUTa MOC PaBUIIA TYPIU XWJI TeCKapu
WYY KyWIaHWIUIap YYyH YM3WITaH YpraHwiaéTraH CTPYKTYpaHUHT cudaTuil CTPyKTypaBHil
cxeManapu épramuiaa 4-pacMaa KypcaTwiraiiaid TyIIyHTUPHUII MyMKUH:

Uum = 0:001u1aHFud X0MaTHIA, SIbHU CTPYKTypara TeCKapy UITYM KyWIaHHII OepuaMarad
xonga (4a-pacm), CTpYKTypaja MabiyM KSHITIUKAArd KBa3WHEHTpal 0a3a coXacu MaBxXy/l;

0 <Unum<U,: cTpykTypara OepriiraH TECKapu HINYM KYWIAHHIITAHHHT ONIMIIN Ontan (4b-
pacM) KBasMHEWTpas 6a3a COXaCMHUHT KEHIJIMTH acTa-ceKuH Kamasau. Hatmxkana ymOy Kkucmaa
yiruoB norentcuanu (U1z) Teckapu wiran nuku Kyaaanumura (Ui2) TeHT, sbHU 1-pacMaard 4u-
3UKJIM YCUIII KUCMHTa MOC X0JIaT Ky3aTHJIa/Iu;

Unum = U,: kyunaaum U, ra eTranga, n-p’- Ba p-N-yTUILIap y3apo TyTallaad Ba CTPYK-
TypaHHMHT KBa3MiHEHTpan 0a3ac TYIMK KamOarayuiamaay, HaTuxkana 2 Ba 3 KOHTaKTJIapH ¥3apo
y3uIaIu.

Unum > U, Teckapy KywIaHUII 0a3a coxacu TYJIMK KamOarayutamaanrad Kywianuniias (Uo)
KaTTa Oyiranga N-p’- Ba P-N-YTUILIAPHUHT KamOarajamran coxacu (akar 2 KOHTAaKT TOMOHTIa
KEHTasI, 2 Ba 3 KOHTAKTJIAp y¥3apo y3UiIranauru cababnu sca 1 Ba 3 KOHTaKIapAa yrdaHaaurad
MOTEHITMA TOOOpa opTHO OOpaéTran UITYK KyWIaHUINTa OOFINK OYIMai, TouMuid 6y1nub Komaau,
Oy 1-pacmuaru TYWHHTAHIMK KUCMUTA TYFPU KeTau.

baza coxacu Tynmuk kamOaramnamragurad KyuiaaHumHUHT (Ug) Xapoparra OOFIUKIHTH -
180°C man 180°C raua OynraH KeHI xapopaT HMHTEpBaJUAa TEKIIMpHIraH. byHma, TYFpu
HYyHaMMIIIaru Ky4WwIaHUIIHUHT Xapoparra OoFIuKIuruaan ¢apkiau pasumaa U, xapopat opTULIN
OuJIaH OPTUIIN XaM/J1a FOKOPY YM3UKIMINTY OuiiaH xapakrepiaanaau. U, KydIaHUIITHIHT XapopaTra
cesrupymuru O0yTyH Xapopart uarepBanuaa +2.18 mB/°C ra TeHrMru aHuKIaHTaH.

Anaduéraap pyixatu

1. Childs P.R.N., Greenwood J.R., Long C.A. Review of temperature measurement // Review of
Scientific Instruments, 2000. — Vol. 71, No. 8. — PP. 2959-2978
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XUMHYECKHWHA MOTEHIIUAJI IBYMEPHOTI'O SJIEKTPOHHOTI'O T'A3A B
MAT'HUTHOM ITOJIE

B.T. A6oynazuzoe’, ITJK. Baiimamoe?, M.C.Toxupaiconos®

Ydusuro-mexnuueckuii uncmumym AH PY3, yn. Y. Aiimmamosa 26, 100084, Tawxenm,
V3bexucman

Hamaneanckuii 2ocyoapcmeennviii ynusepcumem, yi. YViunckas 316, 716019, Hamanean,
V3bexucman

Hccnenyercst TeMiepaTypHOE€ HM3MEHEHHE XMMMUECKOIO IIOTEHLHUalda JIBYMEPHOIO
ANIEKTPOHHOTO Ta3a Mpu (PUKCHPOBAHHOM 3HAUYEHUU MArHUTHOTO Moiid. Takas 3aBHCHMOCTh
MpUBEACHO B pabote [1] Ams 37eKTpOHHOTrO ra3a B KBaHTOBOM sime GaAs. U3 3Toit 3aBuCUMOCTH
CJIelyeT, 4TO €CJIM ypoBeHb JlaHaay 3anojHeHa TOYHO HAMOJIOBUHY — XMMUYECKUN IMOTEHIIMA HE
MEHSIOCH C TEMIIEPATYPOM.

3neck npusezeHa ananu3ssl (T ) B IpeNeNbHBIX CITydasx - KOr/a yiumpeHus yposau Jlanaay
orcyrctByeT ['=0, u c yuetom ux ymupenus ['>0. Haiinena ananutudeckas gopmyina,
ornmceiBatommas 3asucumoct 4(T,v) mpu I'=0 u Hu3KHX Temreparypax. [IpuBeseHa Takxke
HU3KoTemieparypHas ¢opmyna 3asucumoctd  u(k T /I,ec) Ha OCHOBE  pa3ioKeHHs
3ommepdenbaa. OOCyk1at0Tcsl BIUSHUE TEIJIOBOTO BO30YKICHUS MPOUCXOIAIETO KaK BHYTPH -
TaKk 1 MEXJy YpoBHsIMHU JlaHay Ha M3MEHEHUs XUMUYECKOIO ITOTEHIMANa C TEMIIEPAaTypPOU.

JUia 3agaHHOM TemmepaTypsl T, KOHLIEHTpaluu Ny, napaMerpa ylupeHuH ypoBHsA I' u
MarduTHOro mois B - xumuueckuit moreniman 2D snexrponnoro raza (T,B,I7) MoxHO HalTH
u3 ypaBHeHuii [2,3,4]

_(e-¢&)’

nszDha)Zn:j \/%Fexp[ 3 }f(s,u,T)dg (1)

3necsk, f (g, ,u,T) - ¢pynkuus pacupenenenus Oepmu-Jlupaka, &, - SHEPreTHUECKUE YPOBHU
Jlannay (cimHOBas pacUIeNICHUs YPOBHA He OyJleM YUUTBIBATh) U /i - HUKIOTPOHHAS SHEPTUs

-4
gn:(ng)m hw:he_B*:llﬁAB{ﬂ] @)
2 m m /m, T
* * 12
Dho =8 D:mzzm_% 3)
7h 7h® m, eV-cm

daxTop 3amonHeHus v ompeaensercs kak v =ng / Dho.
I'paduk 3aBucumoctu £(T) mokasaHa Ha PUCYHKE Ui TPEX Pa3sHbIX 3HAYCHHU YHCEIl
3amonHeHus v = 2.25, 2.5, 2.75. U3 rpaduka BHIHO, YTO IIPH JOCTATOYHO HU3KHMX TEMIIEpaTypax

T<<I' , u xorga sHeprua @DepMmu JEKUT BHYTpU YpoBHA JlaHnay, ODIEKTpOHHBIM ra3
NEHCTBUTENBHO BeAET celsi Kak MeTalmmueckd. [Ipum Manblx 3HaYeHHWH mapameTpa yIIUpPEeHHUs
I' >0 3aBucumoctb 4(T) CTpeMHTCS K IHITPUXOBYIO JHHHUIO. IIpH GONBIINX TeMIieparypax
T >>1" BaugHWe ymupeHus ypoBHS He3ameTHO. C JajdpbHEWIIMM pPOCTOM TEMIIEPATYPHI,
XUMHUYECKUN MOTEHLIMAJA MEIJIEHHO YMEHBIIAETCS. OTO CBA3aHO C TEMJIOBBIM IEPEXO0JI0M
3IIEKTPOHOB MEKTY YPOBHIMH JlaHiay, M OHO DKCIIOHEHIUAIBHO Majio ~ eXp(—hw/T) .
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GaAs: m*=0.067m,, n.=0.36x10" cm”
28 T T T T T T T T T T T T

—— Numeric I'=0.6 meV
----- Analytic T'=0.6 meV
- — = Numeric I'=0 meV

N v=2.5

TIT

Puc.1. 3aBHCMMOCTH XMMHYECKOT0 NOTeHIuAaa 2 3/1eKTPOHHOI0 ra3a OT TeMIepaTyphbl AJsi Tpex
Pa3sHBIX 3HAYEHHIT unces 3anosnenus Vv = 2.25, 2.5, 2.75.

Jlureparypa

[1] Cristine Villagonzalo , Rayda Gammag, The Intrinsic Features of the Specific Heat at Half-Filled
Landau Levels of Two-Dimensional Electron Systems, J.Low Temp Phys (2011) 163: pp.43-52, doi
10.1007/s10909-010-0259-3

[2] Ramos A.C.A., Farias G.A., Almeida N.S. Thermodinamics of a Quasi-two Dimensional Electron
Gas: Effects of Magnetic Fields, Temperature and Finite Width. Physic E: Low-Dimensional Systems
and Nanostructures. 43, 2011. 1878-1881p .

[3] W. Zawadzki, R. Lassnig, Magnetization, Specific heat, Magneto-thermal Effect and Thermoelectric
Power of Two-dimensional electron gas in a Quantizing Magnetic Field, Surface Science 142, 225-235
(1984)

[4] I. Fezai, S. Jaziri, Thermodynamic properties of Landau levels in InSb two-dimensional electron gas,
Superlattices and Microstructures 59, (2013), pp. 60-65
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PA3PABOTKA BBICOKO3®®EKTHUBHBIX HOJYIHPOBOIHUKOBBIX
JAETEKTOPOB IJIs1 PAJOHOMETPOB U UCCJIEJOBAHUE OBBEMHOH
AKTUBHOCTH MPOAYKTOB PACITAJIA PA/IOHA.

Bb.C. Pagxxamnos
OTHU HITO «Pusuka-Connue» AH PY3, Tamkent, 100084, yiu. Yunrus Aittmarosa “b”,
V306ekucraH.

AHHOTAIUSA

B pabGore mnpuBoauTcs omucaHue pa3pabOTaHHOTO paJOHOMETpa M HKCHPECCHOTO
M3MEpEHUsl MPOAYKTOB paclaja pajoHa Ha 0a3e KPEMHHUEBOIO JETEKTOpa OOJIBIIOr0 JUaMeTpa.
PazpaboTka 1eTeKTOpOoB ¢ OOJIBIION YyBCTBUTENLHON 00JACThIO M pa00OYNM 00BEMOM U3 KPEMHUS
muamerpom Oosbmre S0 MM u tommuaor  0.3-0,5MM, B MUPOBOM MPAKTHKE UCIOJIB3YETCSI OYCHB
masio. [IpuBoasTCcs pe3ynbTaThl pa3pabOTKM TEXHOJOTMHM HM3TOTOBJICHUS, a TaKKe JaHHBIC
UCCIIEIOBAaHMSI MEKTPOPUZNUECKUX U PATUOMETPUYECKHUX XapAaKTEPUCTHK MOJIYIPOBOAHUKOBBIX
MIOBEPXHOCTHO-0apbepHbIX U rerepernepexoanbix Al-aGe-pSi-Au neTekTopoB OOIBIINX pa3MepoB
(mrametrpom 30-100 MM), CTpyKTypHas cxema paauoMerpa. Kpome 3TOro mpuBeAcHBI JaHHBIE
MOHHUTOpHHra pagoHoMmeTpoM RR-4M koHueHTpaiu pajoHa B IOIIIOYBEHHOM CJIOE U HA BO3yXe
OT TEMIIEPATYPBI, BIAXHOCTH U BPEMEHH CYTOK.

Knrouesvie cnoea: xKpeMHUl, NOJTYNPOBOJHUKOBBIE IETEKTOPHI, PaJOHOMETP, MPOIYKTHI
pacraza paJoHa, MHKPOKOHTPOJUIEP

PABPABOTKA JETEKTOPOB

PazpaboTka ¥ oONTUMHU3AIUS TEXHOJOTMHM W3TOTOBIEHHS, YHCJIEHHBIE pacdyeThl U
KOMIIBIOTEpDHOE MaTeMaTHdecKoe MOJeJIUpPOBaHUWEe, KPEMHHUEBBIX JETEKTOPOB OOJBIIMX
pa3MepoB npuBeeHbI B padotax|1,2]. [loBepxHOCTHO-OaphepHBIE IETEKTOPHI U3TOTABINBAIICH U3
KpeMHHS n-tuma, rerepernepexoaabie Al-aGe-pSi-Au 1eTeKTOPHI U3 KpEMHHUS p-TUMa. Y AeIbHOe
COIIPOTHBIIEHUE HCXOJHBIX IUIACTUH BapbUpoBajloch B nuamnasoHe (3-8) kOM-cM, BpeMsl KU3HU
HEOCHOBHBIX HOocutenen coctapiisuio T = 3001000 Mkc. MeToaoM BakyyMHOTO HalbUICHUS! TIPU
naBneHud 3x10°MM.pT.CT. Ha TIACTHHBI P-TUIA HAaHOCHIH aMopdHbiii aGe (300A°) U KOHTAKTHI
Al (300A°) u Au (~200A°). AMopdHBII TepMaHUi C ATIOMUHHEM Ha BHICOKOOMHOM KPEMHUU
CO3JIaCT XOPOILO MPOBOAIINN OMUYECKHI KOHTAKT. {11 MOBEpXHOCTHO-0aphEPHBIX JETEKTOPOB
koHTakTel Al (300A°) u Au (~200A°). M3roroBieHHbIE AETEKTOPHl HUMEIU CICTYIOIINE
xapakrepuctuku: Juametp - 40-100 mm, Tonuuaa yyBcTBUTENbHOM 001actn W=0.3-0,5MM npu
pabouem HanpsikeHHH Upas= (10+80) B, «remuoBoit» Tok logp= (0,5+2) MKA, emxocte C=
(1000+1750) n®d, sueprernueckuit skBuBajeHT myma Ey= (40+52) k3B, sHepreruueckoe
paspenrenne cocTaBiso Re=86 k3B mpu Temneparype T =+27 °C. [2].

Ha ocHoBe mOBepXHOCTHO-O0apbepHbIX H rereporepexomnbix Al-aGe-pSi-Au nerekTopoB
OoJpIITUX pa3MepoB pa3paboTaH nmpudop pamoHomerp. Pazpaborannsiii B madboparopuu ®TU AH
PVY3 pagonomerp oOecrieunBaeT M3MEpEHHUE COJEPXKaHMS paJoHa B BO3JyXe, MOYBE, BOJAE U
MaTepuae, a TakKe MO3BOJISIET MPOBOJUTH MOHUTOPUHT B T€UEHUE MPOJOIKUTEIHLHOTO BpEMEHU
B OHJAlH pexxume. (B mannbiii MmomeHnt npubop ceprudunuposan). [lpunun padotsr npudopa
OCHOBaH Ha 3aKayke HCCIEAYEeMOro BO3JyXa B H3MEpPUTENbHYIO Kamepy C MOCIeAYIOUIM
U3MEPEHUEM €T0 PaMOAKTUBHOCTH B TEUEHUE PETTIAMEHTHOI'O BPEMEHH.

CtpykTypHas cxema pagoHOMETpa IpuBeAeHa Ha puc.l. B ero coctaB BXoAsT cieayronme

(YHKIIMOHATILHBIC DJIEMEHTHI: paboyas Kamepa ¢ JIETEKTOPOM-2, y3el yCHJICHUS U CENEKIUU
nHpopManuu (aHAJTOTOBBIA y3€l)-3, MHUKPOKOHTPOJUIEPHBIA y3en (mudpoBor y3emn)-4, y3enl
BTOPUYHOTO DJEKTPOMUTAHUA-6, y3el BO3MyX03a00pHHKA-1, TEpCOHANBHBII KOMIBIOTEP C
YCTaHOBJICHHBIM IPOrpaMMHBIM —oOecrieueHueM-5, GSM/SMS-monynb, s  TpoBeICHHUS
W3MEpeHuil B OHMalH pekume-7. Ha Puc.2,3 mpencraBieHbl W3TOTOBJICHHBIC DPAaJIMOMETPHI:
pagoHOMETP, ISl UBMEPEHUH B BO3/IyX€, IOYBE U BOJE U PAJOHOMETP JI U3MEPEHUI B OHJIAHH
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Puc.2. Panonomerp RR-4M Puc.3. Pagonomerp RR-
Puc.1. bBiiok cxema N o
AJIs1 N3MEpPeHuii B BO3yXe, 8M nas u3mepenuii B
pajioHOMeTpa "
No4Be M Bojie OHJIANH peRuMe.

pexxume. Paspaboranubie mpudopsl padorarT kak B komiuiekTe ¢ [IK ¢ onepaninoHHoi cuctemMon
Windows 7, 8, Tak ¥ aBTOHOMHO.

PazpabGorannas paGouas kamepa [3] mpeacTtaBisier coOOW MyCTOTENbIH IWIMHAP, BHYTPH
KOTOPOTO B F€OMETPUYECKOM LIEHTPE, Ha TTO/IBECKAX YKPEIUIEH ETEKTOpP KPEMHHUEBBIN JIETEKTOP
C JIUaMeTpPOM UYBCTBUTENbHOH oOmactu 60 MM, KOTOpBI UYBCTBUTENEH K PEruCTpaluu
IPOJYKTOB paciaza ¢ AByX CTOPOH.

MUKPOKOHTPOJUIEPHBIM y3e7 00ecneuynBaeT MOJHYI0 aBTOHOMHYIO pPabOTy yCTpOHCTBa
pETHCTpAIIH.

Jns 00paOOTKM, HAKOIUIEHHOM B YCTPOWCTBE HWH(OPMALMM, OHO TOAKIIOYAeTCS K
NePCOHAILHOMY KOMITBIOTEPY, Ha KOTOPOM YCTaHOBIJICHO pPa3pabOTaHHOE B COOTBETCTBHH C
TEXHUYECKUM 3aJlaHHeM IPHUKIAIHOE MporpaMMHoe obecrieyenne — nporpamma ADL-V1.9-3.3.

[4].
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Puc.4. U3nydyenue pagona u3 noussl. Iepuox 21.10.2020r.-29.05.2021r.
HN3mepenus, npeacraBieHHble Ha Puc.4 npoBoAWINCH B pe:xXnMe PeajibHOr0 BpeMEHH.
Yepes GSM/SMS - moayab uHdgopmanusi nepeaaBajach Ha TejedoH Hccieq0BaTesIsi, a
TaKKe HAa MOHUTOP NMEePCOHATBHOI0 KOMIIBIOTEPA, I/ie 0TOOPAKATUCH JAHHbIE U3MEPEeHM.
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BJIMSIHUE ATOMOB MOJIEKYJI ZnSe 1 Ge HA ®OTOJ3JIEKTPUYECKHUE
CBOMCTBA KPEMHUSA

Amonos K.A.

B Hactosmee BpeMs B Mupe, B 00JACTH MOJXYHPOBOJAHMKOBOIO MaTepUajOBEECHUS,
yaensiercss OOJbIIOE BHUMAaHWE HCCICIOBAaHWSAM B  HAMpPaBJICHUW TOJNIYYEHUS HOBBIX
MOJIYIIPOBOJTHUKOBBIX MaTEepUalOB C YHUKaJIbHBIMU CBOWCTBAMH, MPUTOTHBIX ISl CO3JaHUS
npubopoB MHUKpO-, (oTo- U onTomniekTpoHHkH [1]. B ganHo#l pabGore mpuBEICHBI
MpeIBapUTENIbHbIE IKCIIEPUMEHTAIbHbIE PE3YJIbTAaThl POTOAIEKTPUUECKOTO UCCIEA0BAHNUS IIIEHOK
TBepaoro pactBopa (Si2)1-x-y(Ge2)x(ZnSe)y, BhIpallieHHOr0 METOIOM JKUAKO(A3HOMN AMUTAKCUH U3
OTPaHUYEHHOTO 00BEMa OJIOBSIHHOTO PAacTBOpa-paciuiaBa B arMochepe OUHIEHHOTO MaliagueM
BOJIOPO/Ia Ha OJIOkKKaX U3 MOHOKpucTammdeckoro kpemuust KJ1b—-0,01 ¢ opuenramuenn <I11>
n tomuuHOW ~ 350 MKM [2]. DHepro - IUCHEPCUOHHBIM PEHTICHOBCKUHM aHAINU3 IUJIEHKU
MOKAa3bIBAeT, YTO MOJsIpHOE conepkaHue ZnSe u Ge B miueHkax 4 u 5.7 % COOTBETCTBEHHO.
CTpyKTypHBIE HCCIENOBAaHUS JMHUTAKCHAIBLHOW TUICHKH OBLTH BBIMIOJIHEHB HA PEHTTEHOBCKOM
muppakromerpe JIPOH-3M (puc. 1.). Ilpu 3TomM 0OHapykeHO, 4TO KpHUCTauiorpaduaeckas
OPHEHTAIUS SIMUTAKCHATIBHOTO ¢J1051 (Si2)1-x-y(Ge2)x(ZNnSe)y cooTBeTcTBYeT Hamnpasienuto (111) u
MMEET COBEPILIEHHYI0 MOHOKPUCTAIIIMYECKYIO CBOMCTBY.

B nporiecce BbIpanmBaHus SITUTAKCHAIBHOTO CJIOSI B HEM ()OPMUPOBATUCH CYOKPUCTAILITIBI
uMeromue pasmep 47 HM. AHanM3 TOKaszall, 4TO HOBBIC celeKTUBHBIC peduiekchl (111)znse u
(220)znse 00ycitoBIIEHBI HAHOKpUCTAIIaMU ZNSE ¢ pazmepamu 64 1 32 nm o HarpasiaeHusM (111)
u (220), coorBeTcTBeHHO. [Ipy 3TOM 3KCIIEPUMEHTAIBLHO ONpPENCIECHHOE 3HAUYCHHUE TapaMeTpa
PEIIETKU CeeHu/a IMHKA COCTaBIAN0 aznse = 5.6815 A. Jlpyrue HOBble y3KHE CTPYKTypHBIE
nuHaud (111)ce 1 (200)Ge MOABISIIOTCS OT HAaHOKpUCTALIOB GE C XapakTepHBIMH pazMepamu 44 u
32 nm no nHanpasierusM (111) u (200), coorBeTcTBEHHO. 3HAUEHUE MapaMmeTpa pPEIIeTKU
HaHOKpHCTaIoB Ge, onpeJieieHHOe H3 PeHTIeHOrPaMMBI, COCTABIIAIO ace = 5.6489 A.

) 1.0r (111), 1.0 AT
Dol 3 = 7\ N
=08 o % 08 ] I 1
(e I :Lg; P00 - { .. e
S 04l = S g 04 [ .
< g 5 g * s / ~
o2 =g 7§ = goz1 o "2
— \M\/\/ § < 8 7 '.r e Seee
~— N [
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20, deg. Fu B
Puc. 1. InppakrorpaMmma 3MUTAKCHATBHOM Puc. 2. CnexTp (0TO9YBCTBUTEIHHOCTH
mieHKH (Siz)1xy(Ge2)x(ZnSe)y (0 < X < 0.057), pSi — N(Si2)1xy(Ge2)x(ZNnSe)y (1) u
(0 <y <0.04) pSi-nSi (2) erpykTyp

NpH KOMHATHOW TeMIeparType.

Taxke oOmNpemesUINCh CHEKTpalbHble YyBCTBUTENBHOCTH PSI-N(Si2)1x(Ge2)x(ZnSe)y
cTpyktyp (puc. 2.). CiekrpanbHas GoTouyBcTBUTENBHOCTH PSi—N(Si2)1-x(Ge2)x(ZNnSe)y cTpykTypsl
oxBaTbIBaeT Auana3oH sHepruii ot 0.98 no 3 sB. Ha rpaduke criekTpaabHbIi 4yBCTBUTEILHOCTH
pSi-n(Si2)1-x(Ge2)x(ZnSe)y crpykTypsl  HaAOJIOAAETCS MUKHA YYBCTBUTECIBLHOCTH MPH SHEPTUH
¢dotonoB 2.4 um 2.68 5B oOycrmoBneHsl Mosekyiabl ZnSe(puc. 2.). OT0, MO BHIANMOMY,
00yc1aBIUBaeT BOZHUKHOBEHUIO TPUMECHOTO YpOBHS ZNSE pacnonoxkeHHoro Ha AEj = Eph — Eg si
HUW)KE TIOTOJIKA BAJICHTHOH 30HBI KPEMHHSL.

TBepabie pacTBOpHI, MoNyuyeHHBIE Ha ocHOBe Si, Ge u coenuHeHuit ZnSe obiaaaronye
PSIOM TIPEUMYIIECTB MO0 CPABHEHHIO C OOBIYHBIM KPEMHHUEM, PEKOMEHAOBAHBI Ul pa3padOTKU
COJIHEYHBIX JJIEMCHTOB, HMMEIOIIMX JHAaNa3oH (OTOYYBCTBUTEIBHOCTH  PACIIMPEHHBIA B
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KOPOTKOBOJIHOBYIO 00J1aCTb CIIEKTPa U3Ny4eHHUs, U 3P (HEKTUBHO pabOTaIOUINX MTPU 00JIee BHICOKUX
TeMIeparypax.

[1] XK.HN. Andépos, B.M. Annpees, B./I. Pymsnues. TeHneHunn u MEepCrieKTUBBI Pa3BUTHUS
cosHeuHOU GoTorHepreTuku. Gusmka u TexHuka noaynpoBoaHUKoB. 2004. Tom 38. Ne 8. ct. 937-
948.

[2] A.S. Saidov, Sh. N. Usmonov, K. A. Amonov, M. S. Saidov, B. R. Kutlimuratov.
Photosensitivity of pSi-n(Si2)1xy(Ge2)x(ZnSe)y heterostructures with quantum dots. Applied
Solar Energy. 2017. Vol. 53. No. 4. pp. 287-290.A.
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INVESTIGATING PHYSICAL PROPERTIES OF ANTIMONY SELENIDE THIN
FILMS FABRICATED BY CMBD METHOD

Khurramov Ramazon Ravshanovich

1. Introduction

Today, world researchers pay special attention to the use of Sb.Ses layers as an absorbing
layer for thin film solar cells [1]. This is due to the fact that the physical properties of this material
(p-type conductivity, band gap Eq = 1.01-1.2 eV, high absorption coefficient o > 10° cm™, low
melting point and high partial pressure) makes it possible to grow high quality films at low
temperatures. In addition, the elements included in these materials have a relatively low cost,
abundance in nature Sb and Se with 0.2 and 0.05 ppm (parts per million) respectively, stability
under external influences and nontoxicity [2].

Currently, the efficiency of thin-film solar cells based on Sh>Ses is 9.2% [3]. The efficiency of a
Sh>Ses solar cell is highly dependent on the physical properties of the base layer. To date, several
methods were used for fabrication of Sh>Ses films: vacuum-free (electrodeposition, chemical bath
deposition, spin-coating), high and low vacuum methods (thermal evaporation, vacuum
evaporation, rapid thermal evaporation, vapor transport deposition, magnetron sputtering, close-
spaced sublimation). For all mentioned fabrication methods, the conductivity value of Sh,Ses films
is rather low 1078 + 107 (Ohm x cm) . The efficiency of solar cell can be improved by increasing
this value. The conductivity can be varied by the deviation from the stoichiometry of the films
composition, owing to intrinsic point defects or by injection of extrinsic point defects, i.e. by
impurities. Earlier in [4], we reported characteristics of Sh,Ses fabricated by chemical molecular
beam deposition CMBD from Sh»Sez precursor.

2.Experimental details

High purity of 99.999% Sb and Se granules were used as precursors. The sedimentation
process of the ShyxSey films was carried out in the atmospheric pressure hydrogen flow and at
substrate temperature of 500°C. Soda-lime glass was cleaned using detergent, deionized water,
acetone, and ethanol in sequence and used as substrate. At the Sb (800—900°C) and Se (400-500°C)
evaporation temperatures, granules transfer into the vapor phase. Films thickness was 2—3 pm. The
electrical properties were measured by the 2-probe method. The type of conductivity of the films
was determined by thermoprobe method. Structural, morphological and optical properties of thin
films are investigated using from X-ray diffractometer, SEM and spectrophotometer.

3. Results and discussion
The dark conductivity of the ShxSey films strongly depends on the Sb/Se ratio. The
dependence of the conductivity of samples on Sbh/Se ratio is presented in Fig. 1.

: It is seen that the conductivity is almost the same
z (~107° (Ohm x cm)™1) for Sb/Se ratios in the range 0.3
! + 0.66. We have observed a drastically increasing of
° the conductivity from 107> (Ohm x cm)? at Sb/Se >
' 0.66 up to 10? (Ohm x cm)* at Sb/Se = 0.9 and it is
2E almost unchanged until Sh/Se =1.22. Moreover, we
4
5
0

Igo, (Q-cm)”

S F have established conversion of the type of the charge
' . carriers, depending on the Sb/Se ratio. Samples
2 04 08 08 10 12 demonstrated p-type conductivity at Sb/Se < 0.7 and n-

) Sbise type conductivity at Sb/Se > 0.8. From this behavior,
Fig. 1. The dependence of the we can see that there is “a tipping point” at Sb/Se = 0.7,

CondUCt'V'tySg];SSébgteiyoﬂIms on the which corresponds to the stoichiometric composition
of Sh,Ses.
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SEM images of samples show good crystal structure that consist of nanorods. With the increase
of Se percentage, morphology exhibits better grain density. In Se poor thin films, SbySey
nanorods grow perpendicular to substrate and are correlated each other by VVan der Waals force.

b PR R K
S Oak WA Bu g A
AT 4 \" %

e

Fig.2. SEM images of different Sb/Se ratio samples

n " \ ib/Se
: L \ o5 Thin films are deposited on Mo and SLG
I Y T I substrates. The structure of thin films

% M o5 with Mo substrate has good, proper

I E— Wb — orientation with (211) and (221) peaks

3 ____MMMA._AM_M_M which is perpendicular to substrate, while

E A SLG substrate has parallel peaks. In Se
rich samples the intensity of (221) peak is
increased.

20 (rpan)
Fig.3. XRD patterns of different Sb/Se ratio samples

Band gap (Eg) of ShxSey thin films can change from 0.4 eV

3501 to 1.9 eV via different ratio of Sb/Se. By this way, we can
e get thin films which possess optimal parameters. Fig.4.

o indicates Eq of ShyxSey thin film fabricated by CMBD
wl method. It is about 1.2 eV at Sb/Se = 0.4 and this amount
100 / varied between 0.8 and 1.3 eV by changing the Sh/Se ratio.

(ahv)?

When we change Sb or Se percentage on films appear
—_ useful and harmful defects. By increasing Se percentage
o w we can get the passivation of harmful defects at the bulk.

Fig.4. Tauc plot of Sb,Sey film
4. Conclusion

The conductivity of ShxSey films was studied as a function of the vapor phase mixture of
Sb and Se. By the precise control of the Sb/Se ratio we succeeded in obtaining stoichiometric
Sb2Se3 films. It is also found out that we can control the conductivity by deliberately introducing
the deviation from the stoichiometry. The conductivity was varied in the wide range of 107°-10°
(Ohm x cm)™ and samples had p- and n-type of conductivity depending on Sb/Se ratio. At
Sb/Se=0.4 morphology, structure and band gap of film is more better than other ratios.

List of used literatures

[1] Mavlonov A., Razykov, T., Minemoto T., Zu X., Li S. et al., 2020. A review of Sh,Se; photovoltaic
absorber materials and thin-film solar cells. Sol. Energy 201, 227-246

24



FIZIKA-TEXNIKA INSTITUTI YOSH OLIMLAR KONFERENSIYASI 13-14 dekabr 2021y.

[2] Zhou, Y., Leng, M., Xia, Z., 2014. Solution-processed antimony selenide heterojunction solar cells.
Adv. Energy Mater. 4 (8), 1301846

[3] Li, Z., Liang, X., Li, G., Liu, H., Zhang, H., 2019. 9.2%-efficient core-shell structured antimony
selenide nanorod array solar cells. Nat. Commun. 10 (1) https://doi.org/10.1038/s41467-018-07903-6.

[4] Razykov, T.M., Shukurov, A.K., Kuchkarov, K.M., Ergashev, B.A., Khurramov, R.R., Mavlonov, A.,
2019. Morphological and structural characteristics of Sb,Ses thin films fabricated by chemical molecular
beam deposition. Appl. Solar Energy 55 (6), 376-379

25



YOUNG SCIENTISTS CONFERENCE OF PHYSICAL-TECHNICAL INSTITUTE, December 13-14, 2021

ZnxSnixSe 10NKAa KaTJIaMJIAPHHUHT 3J1eKTPO(PU3UK Xoccalapu

P.T. Uyanomos
®dusnka-TexHuka HHCTUTYTH, YnHTH3 AlitMaToB 2b , Tamkent, 100084,Y306ekucraH.

Anomayus: Ywoy mesucoa ZnySnixSe xammux Kopumima ionka KamiamiapuHute 31eKmpoguzux
XOCCanrapuHu yiapHune QuU3UK-KUMEBUL napamempaapuea 60MUKIUSUHY MAOKUK JIMUTUW HAMUICATAPU
MYXOKama d5munaou 6a OYHOAa atHaH Kyuoazunap aHUKIaHOU: I0NKa KAMAAMIAAPHUNHE KAMMUK KOPULUMALap
KumMésutl mapxubu oyuuda (p) conummupma Kapuuaux, (1) 3apsao mautyeuuiapu xapaxamuauiueu éa (n)
KOHYyenmpayusacu ypmacuoazu O02nukiap .

IOnka katmammu kyém anementnapunr CdTe, Cu(InGa)Se acocwmarn romka KaTiiamiin
Ky€I 3JeMEHTJIApUHUHT I0TYBUYHM KaTJaMmjapura KupyBud 3JaeMeHTIapHuHr Hoéomuru Te, In (ep
103112 KaM TapKaHiury) Ba Ga KUMMATIUTH KEHT UIIad YnKapuiiia TYCKUHIMKIapra yaypaMoKkaa
[1]. DxoJ0rHUK Ba KEHT KyJIaMa IIU1ad YMKApHUIll YIyH MaTeprauiap eTUIIMACIUry OuiiaH OOFJINK
MyaMMoOJIapHH OapTapad JTHII acocuid moy03ap0 BazudanapmaH xXucoOJaHUO KEIMHMOKJA.
Byrynru kyHaa roKopuaa Kaiia dTHITaH KaMYAIUKIapHU O0apTapad STHIN yYyH IOTMKA KaTIaMIIH
Ky€ll SJeMEHTIApUHHUHI IOTYyBUM 0a3a KaTjaMUHM KyWHJarn ap30H Ba 3apapcu3 SHTHU
matepuaiuiap Sn(Se,S), CuaSn(Se,S)s, Cu20, CuShS,, CuzN, FeS,, ShySes SboSz Ba Sbo(Se,S)3
Owran anmamTupuiaIMokaa [2, 3]. OnuHagurad IOMKa Katjaamiap JIEKTpoOHU3UK XxoccalapuaaH
OMpH KMYMK COJMIITHPMA KapLIWIMK 3ra Oyica KyE€ml sJeMeHTIapu Taiépiamga MOHOCHOAN.
AkcapsaT Ky€ul 3JeMEeHTIapUHUA KeTMa KeT KApIIMIUTH YHU (OTOANEKTPUK XOcCcalapura Karra
TabCUp Kypcaragu. byHra caba0 romka KariamyiapAaH TallKWid TONTaH CEHIBUY KyEIn
3JIEMEHTJIApUJIA TOK YTHUII MEXaHW3MU WYHAIUIIN TArjJuKKa NEPHOEHIUKYIApaAnUp. SAHU EPYFIuK
TYIUmM N-Typ KaTiaMm TapadaaH Oynca P-Typ IOTYBUM KaTJiaM COJHINTHPMA KApIIHIWATHTa
OOFNMK paBuIAa Ky€ml aneMeHTHHU doiganmm um kodhdumeHTn y3rapaau. ZnxSNixSe ronka
KaTiamiapu Oy Taimabiapra Moc Kenaau cabadu KMYUK CONMIITHPMA KapIIMINK 3ra. ZnxSNi1-xSe
IOTIKa KaTJIAMJIADUHUHT ~ 3JeKTpodu3uk mapamerpiapu  1-XKagsanmga kentupwirad. byHna
TapKUOHM Y3rapuiiy OuiaH YTKa3yBUAHIUK TYPHUIATH WHBEPCHS, COJUIITAPMA KAPIIHIUK, 3apsiT
TallyBUMJIApU XApaKaTYaHJIWUTHMHU Ba 3apsjl TallyBUWIApH KOHIEHTPALMSICHUHHU Y3TrapHIln
aQHUKJIaH/I!.

1-Kaasaa. ZnxSN1xSe 10NKa KaTJIaMJIApPHHUHT 3J1eKTPO(HU3UK napamMeTpiapu

ZnySni1-xSe x=0 x=0.04 | x=0.06 | x=0.08 x<0.3 x=0.55
VTKasyBUaHINK TypH p p p p © 3£X n) n
ONeKTpYTKa3yBUaHINK el i A3 6
(OM-CM)'l, 300K 6§mmmmia 15 0.16 1-10 210 4-10 1-10
Conumtupma KapIIniuk ) i i A7
(Om-cm), 300K 6§mmmmna 610 2:10 10 50 210 5-10
3apsij] TalryBUMIapy

XapaKaTYaHJIUTUHU, 24 22 19 12

cM?/B-cex

3apsaa TalllyBUYWJIapU 5 1017 5. 1016 1016 6- 1014
KOHIICHTPAIIUSICHHH, CM

Tark xapoparn 550 550 550 550 550 550

T., (°C)

ZnxSni1xSe [omKa KaTiiamijapyd TapKUOHHW Y3Trapuiny OwujlaH YTKa3yBYAHJIMK TypHUIard
MHBEpCUS HaMOEH OYnau, aiiHaH TapkuOmapHuHr 0<x<0,3 opanuruaa OYIMIINAA HAMyHAIap p-
Typaaru yTkazyBdaHiumkka, 0,3<x < 55 Oynummma 3ca n-Typ YTKazyBUYaHJIMKKa dra OViad.
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ZnxSn1xSe  KaTTUK KOpUIIMAa TAapKUOM KEHI COXajld KOMIIOHEHT TOMOHTra CHJIYHIINTA
VTKa3yBUaHIIMK TYPUJArd WHBEPCHs Typ YTKa3yBUAHIMK Ky3aTHJIAIW Ba COJUIITHPMA JJICKTP
KapIIWIMTHHA OPTHIIH 3Ca 3apsj TallyBYM SPKHUH 3JEKTPOHJIAp KOHCEHTPALUACH KaMalHIly Ba
ZnxSni1xSe  [omKa KaTJaMJIApUHHUHT TOJUKPUCTAT TapkuOujaa ZnSe MOJIAp YIYIIWHUA OIIUIIH
OMIIaH U30XJIAHAIH.

ZnySn1xSe  10TKa Karjamjapuaa KEHICOXald KOMIIOHEHTHHHT MOJIAP MHKIOPUHHU
OpPTHINU OWJIaH |l 3apsil TAllyBUWJIAp XapaKaTyaHJIUTd KAWMaTH Kamasia, sbHH Oy x=0
oymimmma 24 cm?/B-cek, Ba x=0,3 Oymmmmaa 10 cm?/B-cek 6ymamm. ZnxSnixSe romka
KaTiaMmjapuaa X HUHT KdAMatd omu0 OopuIlHga KpUcTamdajgap XaKMHUHUHT KaMailuIIn
HATW)KAacHUJa ylap OpacUJard KpucTalrdaiap derapajapapo 3WWIATH OIIagy Ba KpHCTaTdanap
qyerapaiapapo 3apsiuiap COYMJIMII Makaslapu oOpTaad, Oy 3ca 3apsl TallyBUMHUHT
XapakaTUaHJIMTMHA  KaMaWTUpaaW. 3aps] TallyBUWIAPHUHT XapaKaTYyaHIUTH  COUMJIHII
MeXaHU3MHU OwjiaH OenrwiaHaad. 3apsii TAllyBUMHUHT COYWJIMIIMHUHT OWp HEYTa acoChit
MexaHm3MiIapAaaH wubopar, (¢GoHOHIapaa (KpHcTan —TaH)kapa ~aTOMJIAPUHHUHT — TepMal
TeOpaHUIUIapH); HOHJAIITaH apajammMaiap, Mamkapa MakponaedexTiaapu (auciokamusiap,
KpUCTauanap derapajapu Ba Oolmukainap). Mykamman KpucTauiapja MakpoiedexTiap macT
KOHCEHTpauuscH Ty(aiiau 3apsii TaulyBYHJIAQPHUHT COYMJIMINN YBTHOOPTa ONMHMAian. AMMO
MOJIMKPUCTAIIAp/a KpUCTATYalIap Yerapaiapapo 3ULIUTH 3apsiji COUMITUIIT MEXaHU3MIJIapra KaTTa
tabeup dTamu. Lllydxacus, XxapakaT4aHINK KaHYAIIMK FOKOPH O0YJIca, KpUCTAIUT CTPYKTYpa ueanra
SKUHPOK Oyau.

ZnxSN1xSe I10TKa KaTJiaMJIapd y9yH acOCHH 3apsij] TallyBUMIAp KOHIEHTPAIMICH KEHT
COXaJTi KOMIIOHEHTHHHI MOJISIp MHUKIOPHHM OPTHUIIM OwiaH Kamasgu. ZNxSNnixSe  romka
KaTJIaMJIapuIard acoCHH 3apsi]l TallyBUMJIAPHUHT KOHIICHTpaIMsIcH KoBakiap x=0 Oymummma
5-10'7 cm® nan , x=0,3 6ymummaa  10%%cm™ raya xamasmu kysatuiau. Byara ca6a6 Zn aTomu
Oup KUCMH Sn aTOMU YPHUHU OJIa[H, KEHMHTH Zn HUHT MOJISAP YJIMIIA OPTUIIN aKIETOP CaTX,
OepyBuM TYTr'yHJIapapo Sei HyKCOHU OuJIaH peakcusira Kupumub ZnSe (azamapu XOCHI KUy,
peHTreH ¢asza aHaNW3 HaTIWKaJapuaaH ZnSe MOJsp HUCOATH YCUIIWHU KYpHUII MyMKHH. By
TyryHJapapo Sei HyKCOHMHUHT KOHCEHTPAIMsICH KaMaluIIY, aKIENTopap KOHIICHTPALUsA-CUHUHT
nacaiiummra om0 kenagu. Ly Ounan Oupramukaa ZnxSni-xSe KaTTHK KOpUIIMA TapKUOM KEHT
COXaJTM KOMITOHEHT TOMOHTa CHJDKHUIIIH/IA KOBAKIIAp Ba JOHOPJIAP KOMITCHCAIIUSCH F03ara Kella/Iu.
ZnxSN1xSe p-Typaard 10nKa KaTIaMJIAPUHHUHT SJCKTPOPHU3UK KaTTATUKIAPH caMapain KyEm
AJIEMEHTIIAPUHUHT TaNa0JIapUTH MOC KEJWIIH, YIap acoCHaa ap30H Ba caMapaid Kyem
3JIEMEHTIIApUHU OJIMIIra HIMKOH Oepaju.

dorinaanmIran axaduéTiaap

1. Martin A. Green, Ewan D. Dunlop, Jochen Hohl-Ebinger, Masahiro Yoshita, Nikos Kopidakis,
Xiaojing Hao. Solar cell efficiency tables (version56), //Prog Photovolt Res Appl. 2020, , pp. 629-
638

2. https://www.ise.fraunhofer.de/content/dam/ise/de/documents/publications/studies/Photovo
Itaics-Report.pdf

3. T.M. Razykov, C.S. Ferekides,D.MorelE.Stefanakos,H.S.Ullal, H.M. Upadhyaya. Solar
photovoltaic electricity: Current status and future prospects.//Solar Energy 85 ,2011, pp.1580—
1608.

27


https://www.ise.fraunhofer.de/content/dam/ise/de/documents/publications/studies/Photovoltaics-Report.pdf
https://www.ise.fraunhofer.de/content/dam/ise/de/documents/publications/studies/Photovoltaics-Report.pdf

YOUNG SCIENTISTS CONFERENCE OF PHYSICAL-TECHNICAL INSTITUTE, December 13-14, 2021

Multiplicity dependencies of midrapidity transverse momentum distributions
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We have analyzed p; spectra of identified charged particles at ten different groups of
<dNen/d7> in inelastic proton-proton collisions at (s)¥?=7 TeV at mid-y at the LHC, measured by
ALICE Collaboration [1.]. We have studied the evolution of collective characteristics of collision
system with varying <dNcw/d7> by means of combined (simultaneous) minimum »?> model fits of
pt distributions of identified charged particles in each group of charged-particle multiplicity
density, employing the Tsallis distribution function with thermodynamical consistence and
Hagedorn function with included transverse (radial) flow over measured long p: regions of hadrons.
The combined minimum 42 fits with Tsallis function with thermodynamical consistence and
Hagedorn function with included transverse (radial) flow reproduce quite well p; distributions of
the studied particle species in ten different groups of <dNcw/d7> in proton-proton collisions at
(s)¥2=7 TeV. The findings of the present analysis for p+p collisions at (s)Y?=7 TeV have been
compared systematically with the respective results of recent work [2] for p+p collisions at (s)*?=13
TeV.

The non-extensivity parameter q values for the charged pions and kaons, protons and
antiprotons in proton-proton collisions at (s)2=7 TeV proved to be noticeably smaller as compared
to those in proton-proton collisions at (s)?=13 TeV in the whole analyzed <dNcn/d 7> range. This
suggests that the systems produced in proton-proton collisions at (s)?=7 TeV have the noticeably
larger degree of equilibrium and thermalization than those at (s)*?=13 TeV.

The obtained effective temperatures T of Tsallis function with thermodynamical
consistence have shown consistent increase with increasing <dNcw/d 7> in proton-proton collisions
at (s)¥?=7 TeV in agreement with the similar result [2] obtained in proton-proton collisions at
(s)¥2=13 TeV. The respective T versus <dNcw/dz> dependence in proton-proton collisions at

(s)=7 TeV has been described well with the simple power function T = A - < dfiv—;h >% with the

same value ~1/3 of exponent parameter as that obtained [2] in proton-proton collisions at (s)*?=13
TeV. Comparing relation T~&'/3 extracted in present analysis and in Ref. [2] with the relation
T~g,*/* for the simple model of an ideal gas of massless pions, it is found that dependencies on
energy density of the effective temperatures of the systems, created in proton-proton collisions at
(s)¥2=7 TeV and 13 TeV, and that of an ideal pion gas are compatible to each other due to closeness
of the corresponding exponent parameters. The difference observed between exponent parameter
(1/3) obtained in present analysis and that (1/4) for an ideal gas of massless pions could probably
be explained by nonzero viscosity to entropy ratio ((7/s) > 0) and some nonzero coupling existing
between the constituents of the dense medium produced in proton-proton collisions at high energies
of LHC.

It is obtained that the transverse (radial) flow emerges at <dNcn/d 7> ~ 6 and then increases,
becoming significant at higher multiplicity events and attaining the maximum value (8;) =
0.29+0.02 at the highest studied average multiplicity density <dNcn/d7>=21.3£0.6 in proton-proton
collisions at (s)*2=7 TeV. These results are consistent with the similar emergence and development
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of transverse radial flow in higher multiplicity events in proton-proton collisions at (s)*2=13 TeV
at the LHC demonstrated in Ref. [2].

We have estimated from analysis of To and (S;) versus <dNcn/d 7> dependencies, extracted
employing Hagedorn function with included transverse flow, that the probable deconfinement
phase transition in proton-proton collisions at (s)?=7 TeV takes place at <dNcn/d7> ~ 6.1%0.3,
which is noticeably smaller of the corresponding estimate (<dNcn/d 7> = 7.1+0.2), obtained recently
in proton-proton collisions at (s)¥?=13 TeV in Ref. [2]. We have also estimated the corresponding
critical energy densities for probable deconfinement phase transitions in p+p interactions at (s)*?=7
and 13 TeV at the LHC to be 0.67+0.03 GeV/fm® and 0.76+0.02 GeV/fm?, respectively, being
significantly lower of the critical QCD energy density (1 GeV/fm®). The deduced noticeably larger
degree of equilibrium and thermalization at (s)*?=7 TeV than that at (s)¥>=13 TeV energy could
probably explain our finding that the probable deconfinement phase transition in p+p collisions at
(s)¥2=7 TeV takes place at the lower estimated critical energy density (0.67+0.03 GeV/fm®) as
compared to that (0.76+0.02 GeV/fm®) in p+p collisions at (s)*?=13 TeV.
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In present work, for describing the p: spectra, d°N/(Nevdpidy), of the identified charged particles in
different event classes in inelastic p+p collisions at (s)¥?=13 TeV, measured by ALICE Collaboration
[1], we use the thermodynamically consistent Tsallis function

d?N

_a
o= 2mCepeme (14 (4 - D) @)
For description of the p: spectra, d?N/(Ne.dpidy), of particles in present analysis, we use the
Hagedorn function with the embedded transverse flow
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Figure 1. (a) - The charged-particle multiplicity eeio"'"’ .
density <dNcn/d7> dependencies of the extracted g Tl ossssssa 2 0
values of thermodynamically consistent Tsallis 605755055
function (Eqg. 1) for the charged pions (®) and kaons
. . . <dN,/dn>
(A), protons and antiprotons (m) in inelastic p+p
collisions at (s)¥?=13 TeV; (b) — the same for the | _. . s .
obtained effective temperatures T (e) of E:jgllljre/d 2>' dThed che}rgedf—?;rtlclte ?gltlpllcny S?I[]s'éy
thermodynamically consistent Tsallis function. The ch tn e[:f)er:_' enc(;eso § eet>_< rac e.téﬁtt)h(a) anb dod((i
data points have been fitted with the simple power parameters ot Hagedorn tunction wi € embedde
: 4B sa is the fitti transverse flow (Eq. 2) in inelastic p+p collisions at
function T =A-<=2"%>¢ where A is the fitting | (5)1/2=13 TeV; (c) - the same for the obtained n values of
constant, and « - the exponent parameter. The dashed | Hagedorn function with the embedded transverse flow for
and solid curves are the power function fits of the | the charged pions (e) and kaons ([J), protons and
whole range (10 data points), and of the whole range | antiprotons (m).
excluding the first data point (9 data points),
respectively.

Figure 1 summarizes the charged-particle multiplicity density <dNcn/dn> dependencies of the
extracted g and T parameters of thermodynamically consistent Tsallis function (Eg. 1) for the
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charged pions and kaons, protons and antiprotons in inelastic p+p collisions at (s)¥?=13 TeV,
obtained from the combined minimum x2 fits. Figure 2 illustrates the <dNcn/d 7 > dependencies of
the obtained (B;), To and n parameters of Hagedorn function with the embedded transverse flow
(Eq. 2) for the charged pions and kaons, protons and antiprotons in inelastic p+p collisions at
(s)?=13 TeV, extracted from the combined minimum 2 fits and presented in Table 3. It should
be emphasized here the importance of studying the behavior of (f;) and To and their excitation
functions due to their relation to map the phase diagram of QCD, though usually the chemical
freeze-out temperature (Ten) is used in such phase diagrams.

In present work [2] the midrapidity p: distributions of the charged pions and kaons, protons
and antiprotons at ten different classes of the average charged-particle multiplicity density
<dNew/d7> in inelastic p+p collisions at (s)*?=13 TeV at midrapidity at LHC, measured [1] by
ALICE Collaboration, have been analyzed. The evolution of collective properties of a system with
changing <dNew/d7> has been studied by means of simultaneous (combined) minimum y? model fits
of the pt spectra of the charged pions and kaons, protons and antiprotons in each class of charged-
particle multiplicity density, using the thermodynamically consistent Tsallis distribution function
and Hagedorn function with the embedded transverse (radial) flow, applied over measured long pt
ranges of identified particles. The combined minimum ,? fits with thermodynamically consistent
Tsallis function as well as Hagedorn function with the embedded transverse flow describe quite
satisfactorily the p:spectra of identified charged particles in ten different classes of charged-particle
multiplicity in inelastic p+p collisions at (s)?=13 TeV.

The significant separation of non-extensivity parameter q values for mesons (pions and
kaons) and baryons (protons and antiprotons) has been observed in the whole studied <dNcn/d 7>
range in inelastic p+p collisions at (s)¥?=13 TeV. The relation g(baryons) < g(mesons) has been
satisfied for the whole analyzed multiplicity (density) range of charged particles, in agreement with
previous studies of high energy p+p collisions. The extracted effective temperatures T of
thermodynamically consistent Tsallis function have demonstrated a steady rise with an increase in
multiplicity of charged particles in inelastic p+p collisions at (s)¥?=13 TeV. The corresponding T
versus <dNch/dn> dependence is reproduced very well by the simple power function T = A -

< d;V_;h >% with exponent parameter = (1/3) [2] in the whole analyzed range <dNc/dn> > 4.

Comparing T~¢'/3 deduced in present analysis and T~u'/# for blackbody radiation, it is obtained
that the energy density dependencies of the effective temperature of a system, created in p+p
collision at (s)*2=13 TeV, and of the blackbody temperature are close to each other due to closeness
of the respective exponents.

It is obtained [2] that the transverse (radial) flow becomes considerable at higher
multiplicity events in p+p collisions at (s)Y?=13 TeV, attaining the maximum value (B8,) =
0.28+0.02 at the largest studied multiplicity density <dNch/d7>=26.02+0.35. The transverse flow
is found to be practically absent in low multiplicity p+p collisions in region <dNcn/d#> < 7. From
analysis of To and (B;) versus <dNcn/dn> dependencies, extracted using Hagedorn function with
the embedded transverse flow, it is estimated [2] that the probable onset of deconfinement phase
transition (from hadronic to QGP droplet-like matter) in inelastic p+p collisions at (s)?=13 TeV
(at midrapidity) occurs at <dNch/d7> =~ 7.1+0.2. This estimate proved to be below, but on the same
order as, the critical value of <dNcn/d7> for attaining the critical energy density (= 1 GeV/fm?),
evaluated in present work, based on previous relativistic hydrodynamic calculations for p+p
collisions at (s)¥?=13 TeV.
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Bunsinune ci1adoil BApM30HHOCTH HA MHKEKIIMOHHBIE TU((PY3HOHHBIE PeKUMBI IepeHoca
TOKA B MOJYIPOBOJHUKOBBIX P-N- CTPYKTYypax
Abnues XKypabex My3zaddap yrim

Annomavyua. Fccnedosanvl npoyeccbl NpoXodcoeHus moka 6 P-N- CmpyKmype,
U320MOGNEHHOU HA OCHOBE NOAYNPOBOOHUKA, UMeIowull C1abbvlll 2paoueHm OHA 30Hbl
npPOBOOUMOCMU U NOMOAKA 8AIeHMHOU 30Hbl. Tlonyueno ocHO8HOe ypasHeHue 3a0a4l 8 YClo8UsIX
HAnuU4us KEA3UINeKMpUYecKux nojeu Oas 91eKmpoHos u Owipok. llokazana, umo nuHelHas
8APU3OHHOCTb YEENUYUBAET MOK HACLIUJEHUSL.

Knwouesvie cnoea: moxonpoxoosicoenue, KeaudieKmpuyecKue nojs, NOAYAPOBOOHUKU C
JIUHEUHOU 8aPUZOHHOCBIO, MOK HACLIUWEHUS.

1. BBenenune

Pa3BuTre HAHOTEXHOJOTMM M KOMMEPLHMAIHA3ALUU HAYYHBIX IPOJYKTOB INPHUBEIH K
HE00XO0AMMOCTH MTOUCKAM HOBBIX JOCTYITHBIX M MHOTO()YHKIIMOHAJIBHBIX MaTEPUaIOB, CHOCOOHBIX
3aMEHUTH KPEMHUH B MTOTYITPOBOIHUKOBOM AeKTpoHHKE [ 1-4]. Cpenu 3THX MaTepuaioB O0IbIIOE
MECTO 3aHMMAlOT TaK Ha3blBa€Mble TBEPIBIE PACTBOPBI 3JIEMEHTAPHBIX IOIYIPOBOJAHUKOB M
ounapabix coeauHeHuit I1-V u I1-VI, koTopsiM BceM B TOW WM WHOW CTENCHH NpPHCYIIA
BapU30HHOCTb, T.€. 3aBUCUMOCTb IIUPUHBI 3alPEIIeHHON 30HbI OT JUTMHBI o0pa3ua [5-7]. Llenbio
TAHHOM pabOTHI SIBJIIETCS UCCIIEIOBAaHKE BIUSHIE BAPU30HHOCTH Ha MPOLIECCH TOKOTIEPEHOCA B P-
N- CTPYKTYpax, -0a3a KOTOPBIX SBJISETCS TAKUM BApU30HHBIM MaTEPUAJIOM.

2. MaTtepuaJjibl 1 MeTOAbI

Jlis uccnenoBanus mpolecca mepeHoca Toka B p-n- CTPYKType, UMeroliei 6a3oByro N-

00J1aCTh ¢ BapU30HHOCTHIO (CM. pHC. 1) BOCIOIB3yeMCsS OCHOBOIIOJIATAIOIIMMHU YPAaBHEHUSIMH C

dE o dE
YUCTOM IrpaiuCHTA JHA 30HbI IPOBOANMOCTHU d_xc U T'paJUCHTA ITIOTOKA BAJICHTHOU 30HBI d_):/:

1. ToxoBble ypaBHEHUs I SIEKTPOHOB (j,) ¥ IBIPOK (jp):

- 1dEc dn
Jn —qunn(E+q dx)+andx, 1)
P 1 dEV dp
Jp = qbnp (E + ;g) —qDp—. ()
[TonHas MIOTHOCTB TOKA
J=Jp+Jn (3)
2. YpaBHEHHS COXpaHEHUs YUCIIa CBOOOHBIX HOCUTEIICH 3apsi/ia C yU€TOM CTaIlMOHAPHBIX
YCIIOBUI % = % = 0:
djn _
g_?‘ = —qU, (4)
J
—L=qU. (5)
3. YpaBuenue Ilyaccona nis moaynpoBOAHUKA 3JIEKTPOHHOIO THIIA TPOBOJUMOCTH:
=& p_n+N (6)
amq dx p—n a
M (metasmn)
a)
M
+ D n I —
b
0 e
c)
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Puc.1 3onnas quarpamma (a) u cxema (b) p-n- rerepocTpyKTypsHl, (C) — 0Ch KOOpaUHAT, Ec — 1Ha 30HBI
MpoOBOJUMOCTH, Ev — IIOTOJIOK BaJICHTHOM 30HBI, M — TOKOCHEMHBIN METAJNIMYCCKUN KOHTAKT
3. O0cyskeHne M pe3yJibTaThl.
N3 (1) — (3) MOXKHO HaWTH BBIpAKCHUE JIJISI HAITPSHKEHHOCTH YJICKTPUUYECKOTO TTOJIS:

iy~ )~ ) ()

E — ‘I#p q ’ (7)
bn+p
d’p (b—1) _ sdp\* dp( 1 1dE, 1dE,
0 () - om0 0145
Pz T N; P\dx dx qu+ pqu+( )q dx
Ec(x) = E¢o + Ky x, 9)
Ev(X) = EVO + sz, (10)
dp_dpf J [l il _poen _
rae L, = /DT, — nuddy3rnonHas 1jnHa HEOCHOBHBIX HOCUTENEH (IBIPOK).
1 A 1 A
p= cle'(W?)" + cze(E'E)x, (12)
S 1 _
A= aNaDy + [Ki + (b — 1)K,], (13)
= 1 Kt DK
Jo = 4D, (= + 140 (21)

4. 3aki04eHune

Wrak, kak moka3pIBaeT MPOBEJCHHOE UCCIICAOBAHUE Ja’Ke B YCIOBUAX cIa00i JTMHEHHON
BapU30HHOCTU 3aBUCHMOCTb TOKAa OT HAIPSDKEHMSI B YCJIOBHUSAX MHXKEKIUH B P-N- CTPYKTypax
K1 +(b—1)K,

2kT

3aBUCUT KaK OT BapU30HHOCTH JUIsl 30HBI MPOBOUMOCTH (K1), Tak U OT BapM30HHOCTH IOTOJIKA
BAJICHTHOW 30HBI. DKCIICPUMEHTAJILHO HM3BECTHBI ClydaW, Korja MeHsercs Toibko Eq(x), a
Ey, =const unn HaobopoT. B 3TuX chnyyasx BbIpaXeHHE Ui TOKA HACBHIILIEHHUS YIPOCTUTCS
COOTBETCTBEHHO.
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VARIATIONAL APPROXIMATION FOR 3D QUANTUM DROPLETS
Sherzod R. Otajonov

In Bose-Einstein condensate, a localized state with quantum fluctuations is known as
quantum droplets (QDs). The study of the properties of quantum droplets attracts much interest
since the pioneering paper [1], where the author showed in two-component bosonic mixtures the
mean-field (MF) term and quantum fluctuation so-called Lee-Huang-Yang (LHY) [2] term can
have opposite signs. The balance between these terms leads to the formation of quantum droplets.
The calculations of the LHY terms generate different nonlinear forms in different space geometries,
[3, 4], in local Bose-Einstein condensates this terms proportional to |y|y, [w|? log(lyf?) v and |y?y,
1D, 2D and 3D respectively. Different aspects of QDs have been studied in a large number of
papers. Dynamics of 1D QDs was studied in [4, 5]. Generation of the QDs through modulational
instability in the 1D binary condensate is investigated in [6]. Two-dimensional QDs and vortices
have been considered in [7, 8]. In our previous research, we mentioned that the variational
approximation (VA) with super-Gaussian trial function gives good agreement for the description
of the 1D and 2D QDs [5, 8]. The main purpose of this work is to develop a variational approach
for 3D QDs.

Let us consider a mixture of Bose-Einstein condensate in three-dimensions. In symmetric
case, the system can be described by single dimensionless Gross-Pitaevskii equation (GPE) [1].

1

W+ SV +alyfe — Bl =0 ()

For analyzing Eq.(1) we employ super-Gaussian trial function. The advantage of choosing this
function is that, it allows to describe the small (bell shape) and as well as large droplet (flat-top
shape) states. Substituting trial function into Lagrangian density of Eqg.(1) and integrating over
space yields the averaged Lagrangian. By using Euler-Lagrangian equations we have found the
dynamical equations for variational parameters. Analyzing these equation we found the stationary
parameters of QDs, effective potential, and frequency of small oscillations. For large N the width
of the QDs increases, while the maximum density approaches to a constant which shows the
behavior of incompressible liquids. It is shown that, the VA gives good description for the
stationary and dynamical properties of QDs.
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Sbh2Ses YUPQA QATLAMLARINING STRUKTURAVIY, MORFOLOGIK, OPTIK
VA ELEKTROFIZIK XOSSALARIGA SELENIZATSIYANING TASIRI

Olimov A
O’z R FA Fizika-texnika instituti, O’zbekiston, 100084, Toshkent, Chingiz Aytmatov ko’chasi

Bugungi kunda jahon tadgigotchilari Sb>Ses qatlamlarini quyosh elementlari uchun
yutuvchi gatlam sifatida ishlatishga alohida e'tibor garatmoqdalar. Buning sababi shundaki, bu
materiallarning fizik xususiyatlari (p-tipli o'tkazuvchanlik, tagiglangan soha kengligi Eq=1.01-1.3
eV, yuqori yutilish koeffitsienti a>10° sm™) Cu(In, Ga) (Se, S). xususiyatlariga juda yaqgin [1].
Shuningdek uning arzon, ekologik jihatdan zararsiz, hamda yer yuzida keng targalganligidir. Bu
ekologik toza va samarali quyosh modullarini ishlab chigarish imkonini beradi, shuningdek ularni
sanoat migyosida keng ishlab chigarishga yo'l ochadi.

Yupga gatlamli quyosh elementlarining samaradorligi asosan asosiy qatlamning fizik
hususiyatlari bilan bog'liq. Hozirgi vaqtda quyosh elementlarida asosiy gatlamni olishning
vakuumsiz, yuqori va past vakuumli usullari qo'llaniladi [2]. Quyosh elementining asosiy
gatlamining fizik xususiyatlari usullarning texnologik parametrlariga sezilarli darajada bog'liq.

Bu ilmiy ishning magsadi, turli migdorda Se elementi bilan boyitilgan Sh.Ses yupga
gatlamlarining strukturaviy va elektrofizik xossalari tadqiq etish. Boshlang'ich material sifatida
ShoSes kukuni (99.999 %) va toza Se elementi ishlatilgan bo’lib, ular kimyoviy molekulyar
dastalarda olish (KMDO) usuli bilan vodorod atmosfera bosimida olingan. Vodorod gazining
ogimi 20 sm¥min. Sh,Ses yupga gatlamini bir vagtda Sb,Ses kukuni va Se elementining bug’
fazadagi miqdorini o’zgartirish orgali olingan. Sh2Ses kukunining buglanish harorati 0’zgarmas
900 °C da va Se elementining bug’lanish harorati (350°C, 370 °C, 390 °C, 410 °C, 430 °C)
0’zgartirib borildi.

1-rasmda Se elementi bilan boyitilgan Sh>Ses yupga gatlamining rengen analizi berilgan.
Rasmdan ko’rinib turibdiki, hosil bo’lgan intensiv cho’qqgilar (JCPDS: 15-0861) kartotekadagi
cho’qqilarga muvofig bo’lib, bu esa SboSes yupga gatlami polikristall ortorombik strukturaga ega
ekanligidan dalolat beradi.
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1-rasm. Se elementi bilan boyitilgan Sb,Sez yupga gatlamining rengen analizi
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2-rasmda o elektr o'tkazuvchanlikning Se ning bug’lanish haroratiga bog'ligligi
ko'rsatilgan. Rasmdan ko'rinib turibdiki bug’lanish, harorat 350 °C va 390 °C oralig’ida Sh,Se3
yupga gatlamining elektr o'tkazuvchanligi ko'tarildi. 390 °C dan yuqori haroratda elektr
o'tkazuvchanligi  kamayishi aniglandi. Se ning harorati  ko’tarilishi  bilan elektr
o'tkazuvchanligining oshishi Sesp-antistrukturali nuqtaviy nugsonlarining xosil bo’lishi bilan
izoxlanadi. Yani kovaklarning konsetratsiyani oshiradi. Harorat ortib borgan sari Sesp-
antistrukturali nuqtaviy nugsonlar donor hususiyatiga o’tib kovaklar konsentratsiyasini
kamayishiga olib kelishi, elektr o'tkazuvchanligi kamayishiga sabab bo’ladi.

le-3

5

w
1

Conductivity (Ohm x m)~1
N

=
1

350 370 390 410 430
Tse, (°C)

2-rasm. Elektr o'tkazuvchanlikning Se ning bug’lanish haroratiga bog'ligligi
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P-N O*TISHLARDAGI TOK TASHISH JARAYONLARINING UMUMLASHGAN
NAZARIYASI

J.Sh. Abdullayev, O.A. Abdulxayev.
Kirish.

Hozirgi kunda elektrotexnika qurilmalari jadal su’ratlarda rivojlanmoqda hamda bunda
yarimo‘tkazgichli asboblar alohida o‘ringa ega bo‘lib, ushbu asboblarning ishlashi asosan p-n
0 tishga asoslangan. Shu nugtai nazardan, ushbu ishda p-n o‘tishdagi tok tashish mexanizmlarini
umumlashgan xol uchun tadqiqg etib, tok kuchini kuchlanishga bog‘ligligi uchun umumiy ifoda
keltirdik. Ma’lumki hozirgi kunda yarimo‘tkazgichli asboblarda kechuvchi elektr fizikaviy
jarayonlarni tadgiq gilishda quyidagi (1) tenglamalar sistemasidan foydalaniladi [1,2,3]:

J(x6t) =q-1 -p(x1)-E(x.1)-q-D -Ap(x1)

(1.1)

J(x.t)=g-u -n(x.t)-E(x,t) +g-D -An(x.1)

H b M (12)
Pt _ 1 A7 (xi)+G —R

at q r P p (1.3)
xt) 1 A7 (x1)+G —R

ot q M M M (14)
@E(x,t) _ B N e
£ . g [pl[x_.r} n(x,t) -I-."le[x_.r] _"wdd{x,z}] w5

Ammo ushbu differensial tenglamalarni yechishda p-n o‘tishning sohalari uchun
chegaraviy shartlardan foydalaniladi va bu chegaraviy shartlardan yechimni izlash davomida bir
gancha yaginlashishlarga olib keladi[4]. Shu sababli, ba’zi tajribalarda tok kuchini kuchlanishga
bog‘ligligini nazariy hisoblashlardan chetlanishini ko'rishimiz mumkin [5]. Bu chegaraviy
shartlarda “QNR” sohalarda diffuzion mehanizmi, “SCR” sohada esa rekombinatsiya mehanizmi
etiborga olingan.Ushbu kamchiliklarni bartaraf etish uchun (1,1) va (1.2) dagi tok zichligi
formulalarini differensial ko rinishdan integral ko‘rinishga keltirib oldik:(bunda koordinata boshi
sifatida p-n o‘tishning chegarasi tanlangan)

2 qUu
g-D, -n -{1 exp[ k-T”

2 qu
q-Dp-nE.- 1—exp R T

J= . + x '
ND(xn}-{ exp[ q.(@(;;T— Uy) ]dr Aﬂq(‘-"p]'J exp(_ q- (cp(;}TJr U) )dx
—xp xp ] (2)

Ushbu ifodani (2) keltirib chigarishda fagat fundamental formulalardan foydalanildi va
hech ganday yaqinlashishlar ishlatilmadi. Integral ko‘rinishda izlangan tok kuchini kuchlanishga
bog‘ligligida, potensialni masofaga bog ligligini aniglash kerak bo‘ladi. Potensialni masofaga
bog‘ligligini, —x, < x < x,, oraligda (3) tenglamalar sistemasini yechgan holda aniglash mumkin:
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So‘ngra (2) ifodadagi integralni hisoblab, p-n o‘tish uchun tok tashish mehanizmlarini
umumlashgan nazariyasi tadqiq qilinishi mumkin. Biz taklif gilgan ikinchi ifodadan, yechim izlash
bir necha yaginlashishlarni oldini oladi.Injeksiyaning kichik darajalarida (p,n < Np, N,) (3.1)
ifodadan potensialni masofaga bog‘ligligini aniglab (2) ifodani yechimi aniglanish mumkin bo'lib,
bu esa 0z navbatida rekombinatsiya mehanizmlarining p-n o‘tishdagi tok tashish mehanizmlariga
ta’'siri sustligini ko‘rsatmoqda.
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QUYOSH ENERGIYASIDA OLINGAN Bi1,7Pbo,3Sr2Can-1yCunOy (n=9-20) O‘TA
O‘TKAZUVCHAN QATORNING ELEKTROFIZIK XUSUSIYATLARINI O*RGANISH.

Eshonqulov Elyor Baxtiyorovich

Annotatsiya. Yugori parametrlarga ega o'ta o'tkazgich materiallarni olish zaruriyati ularning elektrofizik
xususiyatlarini yugori aniglik bilan o'rganish imkonini beradigan usullardan foydalanishni talab giladi.
Ushbu magola o'ta o'tkazuvchan materiallarning magnit sezgirligi va garshiligini tekshirish usullarini
loyihalash va ishlab chigishni ko'rsatadi. Ushbu usullardan foydalanib, Quyosh energiyasida eritish usuli
yordamida hosil gilingan Bi17Pbo3Sr.Cag.1yCumOy (n=9-20) tarkibli namunalarda o’ta o'tkazuvchi T
haroratiga o'tishining eksperimental ravishda aniglangan natijalari keltirilgan.

O’ta o'tkazgich — bu, bir vaqgtning o’zida nol garshilikka ega ideal o'tkazgich va har ganday
magnit maydonni 0’z hajmidan sigib chigaradigan ideal diamagnit materialdir [1]. O’ta
o'tkazgichlar energiya tejovchi qurilmalarni yaratish uchun istigbolli materiallar guruhiga
kiritilgan. Bu materiallardan amaliy foydalanishga go'yiladigan asosiy talablar yugori O’ta
o'tkazuvchi o'tish harorati T va yuqori kritik tok zichligi Jc hisoblanadi [2].

Energiya resurslari cheklanganligi sababli gayta tiklanadigan energiya manbalariga
asoslangan texnologiyalar: suv, shamol va quyosh istigbolli hisoblanadi. Quyosh texnologiyasi
SFAQ - T so'nggi o'n yilliklarda Bi/Pb kupratlarini sintez qilish uchun ishlab chigilgan. Ushbu
texnologiya energiyani tejash muammosini hal gilish uchun ikki jihatni birlashtiradi: 1 - quyosh
energiyasidan foydalaniladi; 2 - yangi o’ta o'tkazuvchan materiallar va keramika ishlab
chigilmoqda [3]. Yuqgori haroratli o‘ta o‘tkazuvchan Bi/Pb materiallarning elektrofizik
xususiyatlarini o‘rganish uchun qarshilikni o‘Ichashning 4 kontaktli va magnit sezuvchanlik
usullaridan foydalanildi. O‘Ichash texnikasi ishlab chigildi. Bi17Pbo3Sr.Can-1yCumOy (n=9-20)
tarkibli o‘ta o‘tkazuvchan keramikalarning magnit xossalari va qarshilik o°zgarishining
namunalarning olish shartlari va tarkibiga bog‘ligligi o‘rganildi.

O‘lIchash usullari asosida sxemalar tayyorlanib, yuqori aniglikdagi o‘lchash asboblari
yordamida 77-320K harorat oralig‘ida o‘Ichash ishlari olib borildi. O‘Ichash jarayonini bevosita
kompyuterga yozib borish dasturi yaratildi va bu o‘lchash jarayoni anigligini oshirdi. Bi/Pb yuqori
haroratli o‘ta o‘tkazuvchan materiallarni sintez gilish, vaqt va harorat bo‘yicha eng maqul
rejimlarni tanlab olish, hamda, ularning hosil bo‘lish jarayonlari nazariy va amaliy jihatdan tahlil
gilindi.

Katta Quyosh pechida olingan yugori haroratli o‘ta o‘tkazuvchan Bi/Pb materiallarning
elektrofizik xususiyatlarini laboratoriya sharoitida o‘rganish orqgali olingan natijalar, Gruziya
Fanlar Akademiyasining E. Andronikashvili nomidagi Fizika instituti va AQShning San-Xose
davlat universitetiga jo‘natilib, o‘rganilgan namunalarning natijalari bilan taggoslandi.

O‘lIchash natijasida:

Bi1,7Pbo 3Sr2CasCus0y, Bi1,7Pbo3SroCasCu7Oy, Bi1,7Pbo3Sr.CagCugOy, Bi1,7Pbo3Sr.Ca11Cu120y va
Bi1,7Pbo3Sr2Cai0Cu200y tarkibli namunalarni 848°C haroratda 115 soat sintez gilinganda
namunalarning kritik haroratlari mos ravishda 100K, 110K, 122K, 107K va 114K ekanligi
aniglandi.  Shuningdek olingan namunalarda o‘ta o‘tkazuvchanlikni  xarakterlovchi
xususiyatlaridan biri hisoblangan Meyssner effekti kuzatilgan.

Bi1.7Pbo.3Sr2Ca1:Cui20Oy nominal tarkibi namunaning o’ta o'tkazuvchanlikka o'tishning
magnit va 4-kontaktli garshilik usuli bilan o'rganish natijalari (1-rasm a, b) da ko'rsatilgan.

39



YOUNG SCIENTISTS CONFERENCE OF PHYSICAL-TECHNICAL INSTITUTE, December 13-14, 2021

0,040-
403 ‘3‘2 ‘ 0,036
357 | w ! 0,032
301 51 \ g 0,028
‘§ 2,54 \ Ezo, o 0,024
~20 159 \ 0,020
o Y
\ 10] \ 0,016- )
1,54 05| \ 0,012 I
104 I TR 0,008 1
0,5 : T.K 0,004 i
004, : : : : : 0,000 { ——
80 120 160 200 240 280 80 100 120 140 160 180 200 220 240 260 280 300
T, K T,K
a) b)

1-rasm. O’ta o'tkazuvchanlikka o'tishning ogimga ta'sirining ko'rinishini magnit (a) va 4
kontaktli garshilik (b) usullari bilan o'rganish

O'Ichovlar tok va chastotaning turli giymatlarida amalga oshirildi. Buning sababi, elektr
xossalarini o'rganishda an‘anaviy ravishda qo'llaniladigan chastota va tok parametrlari gattiq fazali
reaktsiyalar usuli bilan sintez gilingan namunalar uchun optimal bo'lib, ularda atomlararo alogalar
eritish usuli bilan sintez gilingan namunalarga garaganda kuchsizroqdir. 1 a,b - rasmda namunaning
0’ta o'tkazuvchanlik holatiga o'tish harorati Tc = 120-122K bo'lgan fazalarning ulushi 90% dan
ko'prog'ini 0'z ichiga olganligini ko'rsatadi.

Shuni ta'kidlash kerakki, quyosh texnologiyasi o'ziga xos, boshga sharoitlarda amalga
oshirilmagan, maxsus elektr xususiyatlariga ega nanostrukturali materiallarni olish wusuli
hisoblanadi.
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MYIKACCAMJIALIITAH KYEII HYPJIAPU OKMMHJIA CH: BA CeO2 ACOCHJIA
TEPMOKHUMEBMIT IMKJI OPKAJIA BOJOPO/] OJIULL

Axmanos X.C.
Kupum

Xo3upru Bakraa OyTyH AyHE OYinad MCTEebMON KWJIMHAAWTaH BOXOPOXHUHT 96 (ousu
Ka3u0 oMMHaIuraH EKWIFWIApHM XaM XOM allé, XaM eHeprus MaHOau cugaTuaa UIIIaTaJurad
kKapa€Hnapra TYFpu kenaau. Hz nmmma® yuMKapumIHUHT acocuid kapaCHuW TaOWWM Ta3HUHT OyF
pedopmarusicu 6ynu0, y nyHé TabMUHOTUHUHT 48% HU TamKuil KWiIaad, HeQT Ba YIJIEPOJIHUHT
KHCMaH OKCHJUIaHUIIN Kabu Oomika ycymuiap moc pasumiia 30% Ba 18% wumnad ymkapagu. Hz
UIUTa0 YUKApUINHUHT KojdraH 4% cyB enekTponmsura Tyrpu Kenaau [1]. TepmokuméBmii
cukiapra ku3ukum 1970-1980-fimnnapaa kyuaiian. X03UprH BakTAa BOJOPOJ acoCaH KUME
CaHOaTH TOMOHHUJAH MCTEHMOJI KWIMHAAM, aMMO Y30K MY[AJaT[a, acocaH, pPUBOKIAHAETTaH
0030pap Xxyucobura yHUHT Tajabu ycuiu KyTuiMokaa. IIlyHHuHr yayH BOZOPOAHN €KOJIOTHK TO3a
yeymnap Ownan unuiad uukapum poimsapoaup [2]. Iy cababmu kaiita TUKIAHYBYM €HEPIuUs
MaHOanapura acociaHu0 siHU TYFpUIAH TYFPH My)KaccaMilallirad Ky€u Hypiapu €plaMmuzia CyBJ1aH
Katanusaropiap €paammzia BOAOPOJA aXpaTuO OJUIN Makcal KWIMHraH. byHna okcuiaHuII-
KalTapuIMII PEeaKCUsACUTa acociIaHIu Ba KyHUJarn TEPMOXMMMK PEaKCUsHHU TaHiaad onguk (1-
pacm) Ba peakTop Huna Oy xapact 103 Oepaau. Kyém peakropunu napaMeTpiIapiuHu yprauank(2-
rasm).

AcocHii KucM.

Peaktop Au3aitHu y4yH 3aHriaMaiaurad nmynataad sicaarad 304 mapkacu YpraHuigu Ba
ymdy MaTepuall Y9yH MCCUKIUK HYKOTWIIMIIM Ba YHHHT OOIIKa TEPMOJMHAMUK IapaMeTpiapu
aHMKJIAaHAU. XUCOO-KUTOONAp IIYHU KYPCAaTAMWKH, PEAKTOp SpaTUIIIA IOKOPUAATH MaTepuaniaH
¢oiigananuim Makcaara MyBOGUKIUp. PeakTOpHMHT MCCHKIMK YTKazyBuaHnuru ydyH K (T)
Xapoparra OOFIMKJIMKIApH MHTEPIIOALMS Ba €KCTPANOIALUS YCyau OwilaH aHUKJIaHau. Tamku
MYXHUT OMJIaH UCCUKJIMK aJIMALINHYBH jKapaéHiapu yprauuiaau. Peakrop nunaa comup 6ynaauran
TEPMOKMMEBHUI JKapa€H YpraHWwiIW, PEaKTOPHHHI CaMapaJopiIur¥ AaHHUKJIAHOU. DyHUHT ydyH
meTtasut okcuu CeO2 TaHIaHTaH.

CHy | ___ J[§CH, + Ce0, 2™ ™™ (e0,_s + 28H, + 8CO]
: |
CeO,_
CeO, 20 H, ||c°
5 !

IJKS0TEpPMHYECKHE ]

—«—|8H, + Ce0, ————— Ce0,_5 + 5H,0

v H,0
H:

1-pacm. CeO; / CeO,5 cukiura acociaHraH TEPMOKMMEBHI OKCHIJIAHUII Ba KaHTapHIIHII
pEeaKCUsUIApUHUHT YMYMUU KYPUHHUIIIN.
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2-pacM. CUJIMHIPCUMOH PEaKTOPHUHT KYPUHHILIH Ba Yymuamu [3]

CHJIMHIPCUMOH PEaKTOp YUyH UYKOTHIIAIUTaH UCCUKINK OKUMUHU KyHuaarnda xucoomaimMus.

_ 277(Ti _To)

1 R, 1
“In2+ —
k Ri hR,

by epna q - uccukiuk okumu, BT; K - mccuknuk yrkasyBuannuru, Bt / (M ger); Ti - peaktop
nuunaru xapopar, K; Ro - peakTopHUHT Tamky paguycu, MM; Ri- HUKU paanycH peakTop, MM.
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3-pacm. Hyccent conn (Nup) Ba I'pacrodpd conu (Grp) HUHT peakTOPHHHT WUYKH XapopaTura
OOFJIMKJIATH.
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4-pacm. Uccuknuk y3atui koepUInueHTIapuHIHT PEaKTOPHUHT HYKU XapOpaTHra OOFIUKIIUTH.
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5-pacm. Hccukiwk OKMMH ( HHHT TYpid Xapopariapaa peaktop Ro Tamku pagmycura
OOFTMKJIUKIIAPH.

Xyaoca: Peakrop scamn ydyyH Typid XWJI MaTepuauiap Kapad YMKWIIN Ba yiaap WYUIAH C€HT
MabKyu TaHiaad onuHAn. XucoOanuiap myHd KYpcaTAuKA PEeakTop sicall y9yH HepkaBeika 304
MapkagaH QolgamaHuIl Makcaara MyBOQHUK 1e0 Tomwiad. PeakTOpHMHT HUCCHKIIHK
yTKa3yBYaHJIMK KukiMatu HepikaBeiika 304 mapkacu yuyH K(T) Temmeparypara OOFIHKIUTH
AQHUKJIAaH]IM, UHTEPIOJALUs Ba €KCTponojanus KWIMHIM. bynna uccukiuk yrkazyBuaniauk 300-
650 K xapopatna 91,5-64.8 Bt/m?*K, 650-1400 K xapopar opanuruza eca 64,8-85 Br/m?*K raua
Varapamu. Mccukmmk anmamuin KuiMatu eca 686,5-962,3 Br/m*K raua y3rapumiHu aHUKIAIUK.
CH4 Ba CeO2 TepmokuMEBUI HUKIIApH EpAaMua BOJOPO MILIA0 YMKAPUII YCYIUIApH TaxJIAI
KWIMHIaH. TepMOKUMEBUN LIMKIHUHT €HIOTEPMHUK Ba €K30TEPMUK KapacHIapyu Y4yH UCCHUKIIMK
OaylaHcnapy TEHIVIaMaJlapyd YpraHwiad Ba Kyuwmarunap anukmanaud: 700 -1400 K xapopat
OpallUFua PEeakTOp TOMOHUAAH KY€l HYpJAHUIIMHWHI FOTHIMII camapagopaurua 99,6% nan
92,8% rauva y3rapu0 Typaau Ba peakTopra TyIIaJuraH UCCUKINK MUKI0pU Oup Mot yuyH 391K
nan 432 xXKraua y3rapagu. Kyém eHeprusiciHu €KWIFUJa CakjaHaIuraH KUMEBUUM eHeprusra
annmanTupum camapanopyiuru 3-10%rava 6axonanaaun. CHs Ba CeOz opkanu yTKazwiaguraH
TEPMOKUMEBHUM peakiysi eHAOTepMUKINp, Oy kapaéH yduyH ontuman xapopar 1400 K, Oynna
BOJIOPOJ, METaH SXIIMPOK aXPaTUIIAIU Ba BOJOPOJ KOHBepcusicu opraau. [IiTXoHaa xapopar Ba
Ky€Il JOUMHUIINTH YpTacuaaru MyHocabaTHH, sS’bHU IOKOpUAry MapaMeTpiIapHH y3rapTupraiia
KY€l pEaKTOPUHUHT HHTEHCUBIIMTH, KOHLIEHTPALUSACH Ba CAMApaJOPIUTMHU AaHUKJIAI JaCTYPUHU
unuad uukaud. bapua Hatmkamap I[liTXoHma mactyprnamrTwpuiaraH Ba spartuiarad.OnuHTaH
HaTHKara acocyiaHu0, Xynoca KWINII MyMKUHKH, PEaKTOp AC€BOPUHUHT KAJTUHIIUTY OLIUIIN OUIaH
UCTEHMON KaMasau. PeakTopHu scamiga OW3 KyHUAard HaTWXKalapra acocliaHuO OmThMal
KQJIMHJIMKHY TaHJIAIIUMA3 MYMKHUH.
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PARABOLIK QUYOSH KONSENTRATORI PARAMETRINI ANIQLASH
Arziyev Zavqidin Djumamurod 0’g’li

Kirish

Butun dunyo bo’ylab energiyaga bo’lgan talab oshib bormoqda. Global o’sish tendensiyasi
igtisodiyotni rivojlantirish uchun elektr energiyasiga talab, eksponensial ravishda o’sib borishini
ko’rsatmoqda. Elektr tokini ishlab chigarishda, atmosferaga korbanat angidrid (COz), oltingugurt
dioksidi (SO2) va azot oksidi (NOx) ajralishi natijasida hosil bo’ladigan parnik effekti, yer sharida
jiddiy ekologik muammolarning kelib chigishiga sabab bo’Imoqda. Bugungi kunga kelib havoning
ifloslanishi, cho’llanish, qurg’oqgchilik va turli xil tabiat falokatlarining sababchisi aynan tabiiy
resurslardan tinimsiz foydalanishimiz ogibati 0’laroq namoyon bo’Imoqgda.

Konsentratorlar parametrlarini aniglash metodlari

a) To’g’ridan-to’g’ri aniglash metodi. Bu usulda nur tushish yuzasini skanerlash uchun
lazer nuridan foydalaniladi [1]. Yuzadan o’Ichangan ogim, uzatish samaradorligi xaritasini chizish
imkonini beradi. U konsentratordagi defekt va yuza notekisliklari hagida ma’lumot beradi.

b) Teskari metod. Bu usulda nur tushish nugtasini yoritilganligini o’lchash orqali
konsentrator parametri aniglanadi. Bu usul yordamida tez va oddiy apparatlar yordamida
o’lchovlarni amalga oshirish mumkin. Bu usul konsentratorning effektivligini aniglash uchun
burchak bilan bog’lig bo’lgan mugobil variant hisoblanadi [2].

Parabolik konsentratorning parametrlarini aniglash formulalari

Parabolik konsentratorning konsentratsiya koeffitsiyenti quyidagi formula bilan aniglanadi

[3]:

K = Lok (1)
dquy

Bu yerda q¢,x-konsentratorning fokal tekisligiga yig’ilgan nurlanish, q,,,,,-Quyoshning nurlanishi.
qrox quyidagi formula orgali topiladi [4]:
Aok = (rfi;Q)?sq (2)

Bu yerda Q, — @, T, — 7y vaqt intervalidagi energiya fargi. S,-fokal tekislikda gabul gilgich
yuzasi. Konsentratordan kelayotgan nurlanishni bir nuqgtaga yig’ib suyuglikni gizdirib olingan
issiglik

AQ = suymsuy(TZ -Ty) 3)
Suyuglik gizdirishdagi issiglik quvvati [5]:

AQ

P = (4)
T2—Tq
Konsentratorning foydali ish koeffitsiyenti
M = — 5)

AquySk
Bu yerda S; — konsentrator yuzasi
Tajriba natijalari e

Tajriba  0’tkazish uchun 1-rasmda
ko’rsatilgan parabolik konsentratordan va quyidagi
qurilmalardan foydalanildi:1) Parabolik konsentrator (S,=0.446 m?), 2)SolSensor-200, quyosh
intensivligini gayd gilish uchun, 3) ATE-9380-Termometr, 4) 3 ta termopara (Cr—Ni, Ni—Al), 5)
Temir slindr shakldagi m=488 g, S,=15.9 sm?, 6) Noutbuk (natijalarni gayd gilish uchun) va 7)
Sekundomer.

Konsetrator yuzasiga tik tushayotgan quyosh radiatsiyasi har yarim soatda SolSensor
apparati bilan o’lchandi (2.a rasm) 9 soat davomidagi quyosh radiatsiyasining o’rtacha giymati
927 W /m? ni tashkil etdi, havo temperaturasi va fokal tekislikdagi temperatura termoparalar
yordamida termometr orqgali o’Ichandi (2.b-rasm).

= ‘-‘:: = : T

1-rasm. Parabolik tipdagi quyosh
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Konsentratorning konsetratsiya koeffitsiyentini aniglash uchun uning fokal tekisligiga
temir joylashtirildi va u ma’lum vaqt gizdirildi, va natijada temperaturalar fargi o’Ichanib, quyidagi
(3) ifoda orqali energiyalar fargi hisoblandi:

AQ = Comy(T, — T;) = 449 kg]—K 0.488 kg - (555K —299.1K) =56-103]

(4) ifodadan foydalanib quvvat hisoblandi:
AQ 56 103 ] B

T, —Tq 852s
I (W/m3) t e
1000
800
W\\\ 700
600
500
500 400
300
200
100
4] 0]
8 =] 10 11 12 13 14 15 16 17 3 9 10 11 12 13 14 15 16 17
a) t (soat) b) t(soat)

2-rasm. a) Intensivlikning vaqt davomida o’zgarishi, b) Konsentrator fokal tekisligi
temperaturasinina vaat bo’vicha o’zaarishi

Olingan quvvatni unda turgan gabul giluvchi jism temirning yuzasiga bo’lib fokal tekislikdagi
radiatsiyani topamiz:
P 66 W
rok =5 = 159-10*m?
bu giymatni (1) ifodaga qo’yib konsentratiya koeffitsiyentining qiymatini topamiz:
Arok 41.5 kW/mz
K= Qquy 927 W/m?
(5) ifoda yordamida qurilmaning foydali ish koeffitsiyenti topildi:
P 66 W
e = = =0.16

AquySk 927 % . 0.446 m?

Qaytaruvchi yuzaning sifati pastligi, gabul gilgich atrof muhitdan izolyatsiya gilinmaganligi uchun
quyosh konsentratorining FIKi n, = 16 % i tashkil gilmoqgda.

= 41.5 kW /m?

= 44.8
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Assessment of the influence of the parameters and properties of phase change materials on
the thermal performance of buildings
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Abstract

This study presents the results of the impact assessment of the parameters and properties of phase
change materials (PCMs) on the heating and cooling loads in buildings integrating PCM layers by
the orthogonal experimental design (OED) method. The impact of various PCM layer factors in
four climates was assessed. These factors were the thickness, melting temperature, latent heat of
fusion, density, specific heat capacity, and thermal conductivity. The results revealed that varying
the density, latent heat of fusion, and thickness of PCMs in lightweight buildings highly impacted
thermal load reduction, whereas the variation in thermal conductivity had a slight impact.

Keywords: phase change materials; heating and cooling loads; orthogonal experimental design;
ASHRAE Standard 140; lightweight buildings.

Introduction

Incorporation of PCM in building walls requires a parametric study of PCMs and the whole system
to optimize design and material selection [1,2]. A parametric study using building performance
simulation (BPS) tools could help designers determine the optimal solution regarding considered
criteria. However, performing such a parametric study is rather complicated and time consuming
because it requires a large number of simulation runs. Additionally, currently, only a few BPS tools
embed comprehensively verified and validated PCM models [1]. Moreover, there are many
parameters or factors to be considered, such as building thermal insulation, types and locations of
various PCMs, building orientation, glazed surface area, window type, envelope airtightness,
building thermal inertia, efficiency of HVAC equipment and systems, and renewable energy
sources. Furthermore, interactions exist among certain parameters, which are not easy to evaluate
with a single parametric study [3].

Therefore, this paper aims to establish a methodology that simplifies parametric studies for PCM
integration in building envelopes. The methodology is based on the orthogonal experimental design
(OED) method [4,5], which is a statistical widely used method in industry for performing
parametric studies by reducing the required number of experiments [5].

Methodology

To assess the influence of the PCM layer parameters and properties on the thermal performance of
buildings, we employed the OED method. This method selects representative cases from the full
FED such that these cases are uniformly distributed within the test range and thus can represent the
overall situation, which is highly efficient for arranging multifactor experiments with optimal
combination levels. For the use cases, we selected building models—cases 600 and 650 from
ASHRAE Standard 140 [6]. These building models were selected for their simplicity and because
they are well-referenced and well-understood buildings that have been simulated with several BPS
tools. Moreover, our simulations were performed with modified versions of the existing and
validated Modelica-based building models, which are available in Modelica library AixLib [7].

Results and discussion

3.1. Annual heating load
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Table 4 lists the specific annual heating loads per unit of the net floor area of the base case 600 in
the different climates. In the modified case 600, the specific annual heating loads are given for

PCMs with quasi-ideal properties.

Table 4. Specific annual heating loads for case 600 in the four climates.

Specific annual
heating energy in _ Order of
2
Climate KWh/m*a Optimal test Optimal factor
combination influence
Basic  Optimal levels
test
| 103.5 47.06 AuBoCsD3E1 AsBoCsDsEq D>C>A>B>E
6 F4 F4 >F
1 89.85 66.15 AsB1CsDsEs AsB1CsDskEs A>D>C>B>F
F» F» >E
11 58.10 34.85 AsB1CsDsEs AsB1CsDskEs;  D>A>C>B>F
F» F» >E
AV 6.625 0.117 AuBoCsD3E1 AsBoCsDsE; A>D>B>C>F
F4 F4 >E

3.2. Annual cooling load

Table 5 lists the annual cooling loads in the basic (without the PCM layer) and modified cases 600
and 650 in the four climates. In the modified cases, the annual cooling loads are given for PCMs

with quasi-ideal properties.

Table 5. Specific annual cooling loads in cases 600 and 650.

Specific annual cooling load in kWh/m?-a

. Case 600 Case 650

Climate

Basic Optimal Optlmal _ Basic Optimal Optlmal _
test combination test combination

I 140.3 91.16 AsB.CsDsE 109.0  44.27 AsB1CsDsE1F
1 1k 4 1

I 60.92 39.29 AsB.CsDsE 46.96 21.21 AsB1CsDsE1F

1F1 1

1l 165.1 136.33 AsB,CsDsE 127.3 80.42 AsB1CsDsE1F
2 1F1 5 1

v 189.9 168.31 AsB4CsDsE 1509 110.37 AsB4CsDsE1F
8 3F1 4 1

Conclusions

This study presents the results of the impact assessment of the parameters and properties of PCMs
on the heating and cooling loads of buildings integrating PCM layers using the OED method. For
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lightweight buildings, the results indicated that varying the density, latent heat of fusion, and
thickness of the PCMs had a high impact on the reduction of the annual heating and cooling loads
regardless of the ventilation mode. However, from case to case and climate to climate, the level of
the thickness, latent heat of fusion, and density attained the maximum value, whereas the level of
the thermal conductivity and specific heat capacity attained the minimum value. In future
optimization problems, these parameters may be excluded except for the thickness, for which the
penalty function applies. The general thermodynamic pattern of the results indicates that
lightweight buildings require heat storage as much as possible while preventing heat exchange with
the environment.
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MAJKBYPHI1 KOHBEKIIUSI OCTHJIA TiO2 BA CuO ACOCJIN
HAHOCYIOKJIUKJIAPAATY UCCUKJIUK Y3ATUIIHUA AHUKJIALLI YUYH
MVYJIKAJIAHTAH ABTOMATJIAIITHPUITAH CTEH/ SIPATHII

Kypaes Tyxramypoa Ucsiom y¥iau
1. Kupum

Camapaiopauru Xxam/a 5K0JIOTHK XaB(CU3IUTY KUXATIaH KyENI SHEPrHUsICHHY OOIIKa TypAaru
SHEpruAra aMJaHTUPHII KalTa THKJIAHYBYM 3HEPTus MaHOanmapuaaH (oiinanaHuIIHUHT MakKOym
yCyJUIapuAaH XUCOOIaHaau, XycycaH Ky€Il MCCUKIMK KOJUIKTOpiapuaaH ¢oiinamanum OyHu
aKKon HamyHacuaup. Llynunr Omnan Oup Karopaa Oapya HCCUKIMK TH3UMIIApUa KeuraHu kabu
Ky€Ill MCCUKJIMK THU3UMJIapuJa XaMm KedaJuraH HCCHKIMK WHTEHCHU(HUKAIUSACH MyaMMOCH Xam
yupal Typanu. AliHaH 1y kaOu MyaMMOJapHH Xal KHJIUII MaKCaJuJa sHTH TypJard HOKOpu
HCCHUKJIMK YTKa3yBYaHIMKKA 3Ta HAHOCYIOKJIMK aTamMai [ 1] HCCUKIIMK TallyBUMJIapJlaH CAaHOAT/Ia,
AJIEKTPOHUKAAA, OUp Ba UKKU KOHTYPJIM KyEI UCHKJIMK TU3UMiIapuaa ¢organanunaau [2-3]. Iy
OusaH OMp KaTtop/la HAHOCYIOKJIWKIIAp/a KeyaJuraH MCCUKIMK XapaHIapuHU TaAOWK KUJIHII
YUyH HAHOCYIOKJIUKJIAPHUHT HUCCHKIHUK (U3UKABUH XYCYCHUSATIAPUHU aHUKJIAII, HAHOCYIOKIJIUK
TapKuOUIaru HaHO3appaydajap KOHIIEHTPAIMSICUHH XapopaT y3rapuuinra OOFIMKIUTUHN 0axoanl
MyXHM KypcaTKuujiapaaH caHanaau [4-5]. ByHmaH Tamkapu HAHOCYIOKJIMKJIApPHHU Tanépiiaii
yCyJUIapH XamJia yjiap/Ja KedaJura cequMEeHTAIHsI Ba arriioMepanus xapaéHiapu XaM HCCUKITUK
y3aTyBUAHJIUIUra CE3WIAPIIM Japakaja TabCUp KWIYBYM OMWJUIApJaH caHanaau [6-7], macaiaH
yITpaTyByNIUId apanamrtupuin dactoracu 20 k[ man kuuuk Oyiica ceauMMeHTaIus kapaéHHUTra
KaHaKa TabCUp KWIMIIM EKM HaHO3appadajap KOHLEHTpauusicu 5% JaH olraHjga KaHaail
V3rapunuiap Ky3atunuim ¢ku “Two step method” meron ypaura “One step method” meTonman
¢oiiganaHuin CycrneH3usia coaup Oynaauran arriomeparnus >kapaéHHHU BYXKYJra KEJIHIIU Ba
O6omkanap. HaHOCYIOKIMKIApHU MCCHUKIMK (U3UKABUN XYCYCHSTIApUHU  aHUKJAIl XaMmJa
HAHOCYIOKJIMKJIAp/ard WCCUKJIMK Y3aTUINHU TaAOWK KWIMII Makcaauga kynruaa [8-9]
TaJKUKOTIap 00 Gopmirad. AWHU 11y Makcaaaa Kyiuaa aBTOMaTIalITHPUITaH TU3MHU TakIug
KWJTAHAIH.

2. Mertoxoaurus

Hanocyroknukiapiard MCCHUKIMK Y3aTHIIHM TaAKUK KWIMIIAAH aBBaJl MaTepHaUIapHU
TAHJIAII Ba CYCNEH3MsA Taiépiam Ba CYCHEH3USJAard KeYaJuraH CeJUMEHTals Ba OoIlkKa
*)apacniapau Ky3atuiauimi myxumaup. Ly makcanna “Two step method” ycynunan doiinananud
HaHOCYIOKJMK Tanépiaam yuyH T102 Ba CuO HaHO3appavanapy TaHaa0 ONMHAM Ba yATPATOBYIILIH
apanamTupuI épaamMuaa cycrensus tanépmanau. 1-a,0,c pacmiap.

» __5:.‘.;
a) CuO 6a TiO; acocu _ C) CuO 6a TiO;
Hanoszappuanap 6) GT-Sonic D3 0a conuxkauua  Haunozappauanap acociu
Jcapaénu HAHOCYIOKIUK

1-pacm. a,6,c. TiO2 Ba CuO acocid HAHOCYHKJINK, COHUKAIUSA JaBoMuiiinru 12 MuH
conukanus yacroracu 40xkl'n Ba xaxkmuii konuenrpauus 1%.
Tailiépnanran HaHOCYIOKJIMKIap OwiaH Oupra Ttaxpubamap onmb Oopuil Makcaauaa
Kydugaruya TpUHIMIHAT CcXeMma OwiaH OepuiraH aBTOMATIAIMITHUPWITAH TH3UM TakIud
KWJIWHAH, 2-PacM.

49



YOUNG SCIENTISTS CONFERENCE OF PHYSICAL-TECHNICAL INSTITUTE, December 13-14, 2021

i [——
J P

[ ™
| it widler fake ™

, Tempershive sesir

|_ _
|
latll————— from navodiod fonk

o - ]

Loalval vilve 4
L

2-pacMm. 1-momMep MaTepHuajl acocHAaru Kyeu KoieKTopu; 2-capg aaruuru; 3-co3ianyB4u
KJIanaH; 4-uMpKyJsIIUOH HACOC; 5- OomKapyB 0J10ku; 6,8,9-xapopaTt naT4yuKIapu; 7-UCCUK CYB
YUYH 0aK aKKyMYJIATOPH,
bynnan Tamkapu aBTomaTiamTHpuiran cucreManuHr CAD moxmenu Xam sipaTuiraH

xamaa Solidworks makern €pmammuna gacTiIabKu CUMYJISIIMOH TaAKUKOTIAp XaM OJIu0 OopuiraH
3-a,0,c pacM. ABTOMATIAIITPWITAH CHUCTEMAa aBTOMATIAIITUPHUIN KOHWJIATApU Ba OOCKUUWIAPU
acocWJa Ty3WJraH Ba TH3MMHHM  Ha3zopaT KwiuO, poctiaad Typuin Makcaauaa Arduino
iargopMacuiari MUKPOKOHTPOJUIEpIIapiaH Ba YI40B AaTYUKIapuIaH GoiilaTaHuITaH.

3-pacm.a) CAD mopensn, 6) Taskpuoa HAMYHACMHUHT KYPUHUIIH, €) 1ACTIA0KH CUMYJISIIIAOH

TAJAKHKOT HATHKACH.

Kyiinga aBTOMaTIaIITAPUITaH TH3MHHKA Oommkapuin yayH DipTrace ga sipatuiran  OomIkapys

OJIOKH CXeMacH KeNTHPWITaH 4-pacM.

Cxema Kyiugaru KOMIOHEHTaJap/laH TaIllKKII TOITaH:

-ARD2 Arduino Uno Mukponpoceccopu

- PCF8574T mukpormpoceccop acociu 12¢ MOyib

- ULN2003A — kagamiiu MOTOPHHU WIUIATUII YUYH YHUBEpCAl JpaiBep

- MOTOR_STEPPER_6- yHHITIONSIp KajaMJId MOTOP

- TUXGR_16X2_R2- JIC/ 1602A nucrnei

- DS1820- pakamim TeMIieparypa JaTauru

- A3122EU- Xonn a¢pdext naruuru (cappuu yovam yayH )

-10 kOm xamza 4.7kOm pesucropiap xamaa Jluox Ba KOHIEHCATOPIIap
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4-pacM. ABTOMATJIAIUTHPUJITAaH TH3MHUHU 0OIIKAPYB OJOTMHHUHI WHTErpaj cxeMacu KYypHHULIH.
3. Xyaoca

IOxopuaaru TagkukoTHH 0110 00pHO KyHuaarnva xyaocanap OJIUII MyMKHH.

-Taknug  KUIMHAETraH  KyE€m — KoJuleKTopu — Hadakar OuMp  KOHTYpJIM  Ba  KVYH
KOHTYPJIH crcremManapaa WIITATAITHII y4yH Xam MoC
-aBTOMATIAIITHPUITaH cucreMa HAHOCYIOKJIUKIJIAPHU Hadakat epKHUH OanKku
MaXOypHii  KOHBEKIUSa  XaM  ONTHMajl  OKUM  PSKUMHUHH  TONWII ~ WMKOHHWHHU
Oepaau

-TaKmng KWJIMHTaH aBTOMATJIAIITHPUIITAH cucTemMa 3aMOHaBHH Joiuxanan
IIporpaMMasapuiaH ¢oiinananran XoJaa spaTWIraH (Arduino Platform)
-aBTOMATJIAIITHPHITaH cucTeMa UIIOHYWIN Xamzaa KEpaKJIH KaTTaINKIapHA

OeBocHTa MUFUIIT IMKOHU MaBXY/I.
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