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AHHOTAILIAS
MabnymMKH, XO3UPrH KyHJa TEXHHMKAa Ba TEXHOJIOTHSJIAp IMUIAAT OujaH
PUBOXKJIAHAETraH JaBpJla TabJIMMIAa IBTUOOPHU KYyHYaUTHpUII KEPAKIUTH Xe4
OupuMu3ra sSHHTHJIMK dMac Ha3zapuMmja. KaguMm — KaauMmaaH pUBOXKIIaHTaH, TapaKKUAn
ATraH MamilakaTiap OMpUHYM YpUHJA TabiIUMIa 3bTHOOpP Ba Maliar capdaiiras.
[Iynnaii 5xan OyryHIM KyHAAard y3rapuuuiap Ba TapakKUETra Tal€p TypUuIIMMU3 YUyH
anbarTa OU3 WIMra Mypoxkaat Kuiiamus. Yoy Te3uca 6u3 OyryHra KyHaard 10j3apo
Macajajapial Oupu OynraH HaHO(U3MKa KypcUra KHUpUII Ba YHUHT (hyHIaMeHTAI
OWJIMMITAPUHY drajuialll XaKua alpuM MacaiaiapHu EpUTTaHMU3.
Kaaut cy3aap: Hanorexnonorusiiap, HaHo(HU3MKa, HAHOCTPYKTypajiap, HaHO
ya4aM, HAHOMETP, HAHORJIEKTPOHUKA, KBAHT Yerapa, 3JIEKTPOH.
AHHOTAIUA
HSBCCTHO, 9qTO B HAIC BpCMs, B JIIOXY 6ypHOFO pa3sBUTHA TCXHHUKH H
TGXHOHOFHﬁ, HHN OJId KOT'O U3 HAC HE ABISICTCA HOBOCTBLIO HGO6XOI[I/IMOCTI> YACIATH
Oosbiie BHUMaHUS 0Opa3oBaHuto. C He3amaMsTHBIX BPEMEH Pa3BUTHIE U Pa3BUTHIC
CTpaHbl YA BHUMAaHHUE U JICHbIM O00pa30BaHUIO B MEPBYIO odepensb. [loaTomy,
YTOOBI OBITH TOTOBBIMU K CCroAHAIIHUM U3MCHCHHAM W PAa3BHUTHUIO, MbI 00s13aTENIBLHO
oOpaTumcsi K Hayke. B maHHOW auccepTani Mbl 3aTPOHYJIM HEKOTOPBIE BOIIPOCHI
IMOCTYIUNICHHUA B KYPC HaHO(bI/ISI/IKI/I N IMOJIYUYCHUA €C q)YHHaMGHTaJILHBIX 3HaHI/II71, qTo
SABJIACTCA OAHUM M3 aKTyaJIbHBIX BOIIPOCOB CCTOAHA.
KimoueBbie caoBa: HanorexHomoruu, HaHOPU3HWKA, HAHOCTPYKTYPHI,
HaHOMAcCIITAa0, HAHOMETP, HAHORJIEKTPOHUKA, KBAHTOBBIA PyOeK, JIIEKTPOHUKA.
ABSTRACT
It is known that nowadays, in the era of rapid development of techniques and
technologies, it is not new to any of us that it is necessary to pay more attention to
education. From time immemorial, developed and advanced countries have paid
attention and money to education in the first place. Therefore, in order to be ready for
today's changes and development, we will definitely turn to science. In this thesis, we
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have covered some issues about entering the course of nanophysics and acquiring its
fundamental knowledge, which is one of the current issues today.

Keywords: Nanotechnology, nanophysics, nanostructures, nanoscale,
nanometer, nanoelectronics, quantum frontier, electronic.

Kupu

Kypunu6 TYpUOIUKH, caHoar KOpXOHaJIapH WIMUANW-TaAKAKOT
MyaccacalapuHUHT KampuéTiapy Ba WHHOBAIMSJIApU HBa3ura PUBOXKIAHUIIU
MYMKHH, V¥3 HaBOartuaa, Tanabiapra xkaBoO Oepajurad IOKOpHU Majakaid Kaapiap
Taiéplam ydyH TabJIMM Myaccacajlapd XaM CaHoaT KopXoHamdapu OwiaH (aon
XaMKOPJIUK KWWY, ITYHUHTAEK, JaBiaT TOMOHUAAH MaKCaIJTd MOJIUSIAII TUPUITUIITN
no3uM. by 6opa OyryH ynkaH ucioxariap KWIHHMOKIA.

[Ipesupentumusz I.M.Mup3uéeBHUHT xap Mabpy3anapuna “ByryH Tabiaumra
eTapiu YbTUOO0P KapaTMacak, €nuiapra mapT — lapouTiap sjpaTMacak KeMHH Kya Keu
oynagun. apzanpmapumu3 Ou3gaH po3W OYIMIIKM Y4yH Xam OYryH WIMHU
KydaiTupuimuMus mapt.” by cy3nap 3amupuia xKyna karra 3ptubop €tudau. YyHku
Oy WWIHU HOMHHH XaM IIIy CYy37iap 3aMUpHAa KYWUHIIU Jecak ajammaraH Oyiamus.
“2024 — tiun Emnap Ba OM3HECHU KYJIJ1a0 — KyBBaTjaml Wuian” Oy jJerad €ni aBjiojra
Oynra” 3pTUOOPHUHT OUp KYPUHUILHIND.

Pecniybnukamusna 1OKOpYM TEXHOJOTMK 3aMOHABUN CaHOAT KOPXOHAJApH,
JIOTUCTHKA Ba MHGpaATy3UsIMa TapMOKJIapu, O0Fua Ba MakTabJyiap, MaJaHUsT Ba CIIOPT
oOektinapu Oapno ATWiaW. SIHTM — sHrU um YpuHiapu oumiMoknaa. [llaxap Ba
KHIIUTOKJIapuMu3 0007 0VIn0, axosin Xaér aapaxacu okcaind 0opmoka. [1]

Oxopuna roprOommMu3 TOMOHWAAH aWTwiran Oy ramiap 3aMupuaa
XIKUMU3HHUHT YJIKaH MeXHaTiIapu €THOTH. DHAWIMKIA XaJKUMU3HUHT OFUPUHU Ba
MEXHATUHHU E€HTWI KWJIUII Y4yH HAHOTEXHOJOTHsuIapJiaH camapanu ¢doiganaHunm,
HAHOTEXHOJIOTHSUIAP aCOCHJA SpaTWITaH MaTepUaliapHU WMILTA0 YUKApUIl OyTryHTH
KYHHUHT J0J13ap0 Macajlacu Jecak ajammarad Oynamu3. ByHUHr y4yH OupuHYU
KaJlaM HaHO(W3HWKA KYPCUHU YyKyp drajuiarat nuiapHu TapOusyian 3apyp.

Hanoctpykrypanapaaru gpyHaaMmenTan xogucanap

Acocuil XOJIMCAJIapHUHT y4Ta TYpyXd MOOWI TeneOHHUHT XapaKaTUHU
oenrwnaiinu. Hano ymuamaaru Ty3uwiamanapjia 3apsij TauryBuuiap (JIEKTpoHJIap Ba
Temukiap). by KBaHT KaMOK, OQJUIMCTUK TPAHCIOPT Ba KBAHT IIOBKWH, TYHHET,
YIIAPHUHT KEIUO YMKHIIN/A TUTTUK KBAHT MEXaHUK X0 ucaIapruHu uQoaamanam.

1. KBaHT uerapanaHuiim

KBaHT yerapacu 371eKTpOHJIIAPHUHT KaMuJa OUTTa MYHAIMILIIA SPKUH XapaKaTH
yii0y DJJEKTPOHJAp KOWIAITaH HAHOCTPYKTypaaa XOCWi OYynraH MOTeHIHal
TYcuKiIap OujlaH dYerapajaHrasja coaup Oynamu. Y pyxcaT STWITaH SHEPrus
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XOJIaTJIapu CIIEKTPUTa Ba HAHOCTPYKTypa OPKadW 3apsij TallyBUMJIApHU Yy3aTHUIITa
SIHTU HaKH_UIapHI/I KI/IpI/ITaI[I/I.

yll S'/JI“IOBJII/I TH3UMIA XapaKaTilaHaauTrad 3PpKHH 3JICKTPOH KMHCTHUK XYCYCHUATTaA
ara 3H€pFI/IH, YHI/IHF KaTTaJluru (1)3,301"21 MOC KCJIaau. yHI/IHr I/IMHy.TIC KOMHOHCHTJIapI/I
Px, Py, Pz

1 , , ,
E=—(p,+p,+p.).
2m (1.1)

€KU TYJIKWHIIM TacBUpAa
ﬁ 7 3 ¥
E=—o(k_+k, +k)
2m ‘ (1.2)
Oy epaa m (uryHuHTrAeK, M* me6 Xam OenruiaHaau) JCKTPOHHUHT camMapaiu
Maccacu O0yIn0, y KaTTUK KUCMIIapJia ojaTaa My eIeKTPOHHUHT KOJITraH MaccacuaaH

KaMpoK Oymanu; h = h/2n — xamaiitupwiran [1nank koacraaracu ( [ =D§ ); Kx, Ky, Kz
— TYJIKUH BEKTOPUHUHT (Pa30BUN KOMIIOHEHTJIapu. HaHOCTpyKTYpaga 3eKTpOHHUHT
APKUH XapakaTu Kamuaa OUTTa HyHanuAa yekinanrad. bepuiran nyHanuma, y x YKu
Oyiinabd WyHanmum OYJICHMH, OJIEKTPOHHHM VyIUIA0 TypraH Kywiap IIaKjiaa

KYpCaTHITaHUICK, YeKCU3 YyKYp MOTCHIIMAN KyAyK OniaH nhoaianuIm MyMKuH. [2]
1.1.

E3 - n=3
| r
U(x) y(x)

Ez n=2
| i—"
00 a

—

X

['eoMeTpuk KyJayK KEHIJIUTU @ YIyH X 0Yiinad a5ekTpoH 0 < x < @ Xyayauaa HOM
MOTEHIMAJl 3Heprusra sra. Yekcus IOKOpU MOTEHIMA TYCHK 3JIEKTPOHHUHT YIIOY
XyIyAJaH Talkapuaa Oynuinura TYCKUHIWK Kunanu. lynnaih kuimnO, s1eKTpoHra
MOC KeJIaJUraH TYJIKUH (PYHKCHICH MOTeHIIMANl KyTYKHUHT Yerapaiapuja, sbHu x= ()
Ba X= @ Jia UYKOJUIIM Kepak. YOy 1maprra gakar 4YekJaHraH TYJIKUH QyHKIUsIapu
TY1utamu sxaBo0 Oepaau. bymnap A = %a (1.2) myHocabatu OusiaH aHUKJIAHTaH TYJIKUH

y3yanurd 1 6ynran goumuii Tynkuanap 6ynmmo, Oy epna n=1,2,... .
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o o 2m_nm
Terumum pyxcat 3TWITaH TYIKAH BEKTOP KUHMATIapy AUCKPETAND Ba kn=/1—=7
n
KuiiMatura era. (1.3)
Harwkana, Kynykaaru 3JeKTpOHHUHT PyXcaT 3TWITAH dHEPTHs XolaTiapu Xam

auckper 0ynub unkaau. by naBmaTiapHUHT CIEKTpH KyHuaarnda TaCBUpJIaHTaH
¥ p p p i
Wk, han
= = . (1.4)

-
2m 2ma”

E

N OyTyH COHM KBaHT XOJATUHU OWJIIUPYBYM KBAHT COHUTUD.

(1.4) nman  kypuHu®O  TypuOIMKH, DJIEKTPOH  YEKJaHTaH  XyJyAra
AKOMITAIITUPUJIITAH.

HaHO03JIeKTpOH KyprIMajJapHUHT HIJIAIIMHUHT aCOCUIM X0oAucaIapu

Hanoanexkrponuka - nHanometp (1 - 100 HM) anmeMeHT yiuammapura sra Oyiraxn
AJIEKTPOH KypUJIMajapHH SpaTHIll, TaAKUK KWW Ba KYJlall OUiaH IyFyJUIaHa U aH
dan Ba TexHomorus coxacu. byHmall KypuJIMalapHUHT WIUIAIIN KBAaHT YI4amiind
addekTiapra acociaHraH.

Xaxmu dpdektn - Oy TaHAHUHT XYCYCUSTJIAPUHUHI YHUHI XaXXMUTa
oormukyuru. By Tabcup TaHaHWHT KeHTavuiu, xed Oyiamaranna Oup MyHamuina,
MabJIyM OUp KPUTHK KMMAT £, OMiIaH TaKKOCIaHaauraH 0ysca naigo 0ynaau.

Krnaccuk ymuam sadpdextnapu yayH €k KIIacCUK MUKIOPAHP, MacaiaH, Tuddy3us
Y3YHIIUTH, 3JIEGKTPOHHUHT YpTaua SpKUH HYyIu Ba Oolikaiap.

Hano ynmuamparu ty3uwiManapaa MOOWI 3apsj TallyBUYMWJIAPHUHT (AJIEKTPOHIAp
Ba TEIIMKJIAP) XaTTU-XApaKaTIapUHU aHUKJIAWAUraH acoCHil >KUCMOHUN Xoaucaiap
KBaHTHM yuuiad Typuil, OaNIMCTUK TPAHCIOPT Ba KBAHT IIOBKUHJIApU Ba
TYHHEJJIAPHU Y3 UUUra OJaau.

Hano ymuamnm Tty3uwiManapiaa coadp OViaaurad KUCMOHUM — Xojucasap
TYymIaMu ojaTAa KBaHT Yymdamiuu s¢dextnap ned aramaau. by TabcuprapHUHT
Oapuacu HaHOMETp UIKAJACMHUHT (a3oBUMl Xynyajapuia 3aps TallyBUuiIap
XapaKaTUHUHT KBAHT MEXAHUK (TYJIKUH) TAOMAaTUHUHT HAMOEHUIUD.

KBanT ymuamnapu sddextinapu (37MeKTpOH Ty3uiaManapia) KPUTUK Y3YHIHK (i
POJIMHU acCOCaH KBAHT XapaKTEPUCTHUKACU - DJIEKTPOHJIap Y4uyH jAe bpoitn Tynkun
V3YHJINTH A YiWHaraHjga ros3ara Kenaaw, SbhHU. KaMujga OuTra Yyiruamjarwa
CTPYKTYpaHMHI yIuyaMu A Ta TeHr OynraHga. YmOy mapT Oakapuirania
HAaHOCTPYKTypaJlapia KBAaHT MEXaHUK XOAMCAJIapU JTOMUHAHT OYnuO, Oy yJapHHHT
ANEKTPOH KypuiMaiap/a KyJUIaHWIaIuraH y3ura Xoc 3JEKTPOH, ONTHK, MarHuT Ba
OOlIKa XyCYCUSTIApUHH OeaTuiIanu.

Meson (ne bpoin TYIKUH Y3YHJINTM) KUPUTHIALIIN MyHOca0aTH OWIaH TYpiH
MaTepuaiap y4YyH HAHOCTPYKTYpPAJIApHUHT UYM3UKIW ViIuyaMmjapuHU Oaxosail
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KU3UKu yuroraau. Kpucranma Te3nukaa xapakaTjlaHA[WTaH JJIEKTPOH YUYH €
Bpoiin tynkun y3yrnura v (v << C - EpyFiuk Te3auri) GopMysia Ouian aHUKTaHaIN:

h h
A= =
m*v 2m*Eyyun

m*v?

2

QJICKTPOHHHUHIT CaMapalini MacCCaCHu Kacpla, EKHH = - YHUHI' KHHCTHK

SHEPTUSCH.

KenuHr, Merannapaaru 3pkuH 3JIEKTPOHIApHUA KYpUO YMKaIuK. Arap xapopar
nact Oynca, y xonna dakar depMmu gapaxacura sSKUH SHeprusra sra OyiraH
3NEKTPOHNIAPHH 3PKHH 1e0 Xucobnam MyMKHH. Yprada, MeTamap ydyH ®epmu
sHeprusicu Er ~5 5B Hu tamkun kunagy. [lemak, metaiuiapaard 5pKUH 3JEKTPOHIAD
yayH 6usna E,,,, *Er = 55B =810 Jx.

Merannapaa camapany Macca M™ = Mg, 6yrma Me= 9,1-10°31 " snekTpoHHMHT
Konran maccacu. E,,, Ba M KuiiMariaapuan A (GopMysacura ajaMamrTupub, Ous
A = 0,55 HM HHU OJIaMH3 - KPUCTAJUI MaHKapa KOHCTAHTACUHUHT YIT4aMH TapTUOU.

SApumyTKazruuaapaa 3pKUH 31eKTPOHTIapHUHT sHepruscH E,, = kT = 0,026 5B
(xoHa xapopatuaa). Xap XWI SPUMYTKAa3rUWid MaTepuauiapia >3JIEKTPOHHHHT
camMapali MaccacH Kyja Karra Gpapk Kunagd. Macanas, kpeMHuUM yayn m =0,92my,
GaAs m"=0,068m,. Xucobnam nryHu Kypcataguku, Oy MaTepuasiap ydyH ae bpoiin
TYJIKUH Y3YHJIUTYA Moc paBuiiaa 8 Ba 30 HM.

SpuMyTKasruwiapaa SpKUH JJIEKTPOHJIAp YUYYH J€ bpoWi TYIKUH Yy3yHIUTH
MeTajlapra Kaparahjga aH4ya Yy3yH Oynrannura cabaliu, KBaHT —yiyamuiu
dpdeKTaapHn  SAPUMYTKA3TUWIM Ty3WIMalapAa amajira OLIMPUII TEXHOJIOTHK
KUXATIAH OCOHPOKAWp. bByHmaH Tamikapu, sSpUMyTKa3ruujgap JOMHHT OYIHIIN
MYMKHH Ba 111y Tap3/1a 3JE€KTPOH KypuiIMaiap yuayH 3apyp Oyiarad P-n OupukManapuHu
apatagu. IllyHuHr y4yyH »>iekTpoHuKaga ¢GoijallaHuIl y4yH KBAaHT VYiIdyaMu
s dexTIapuHy YpraHuil Ba HAHOCTPYKTypajapHU MIAK/UIAHTUPHUII acoCaH SPUM
YTKa3ru4iIM MaTeprauiapia aMmaira OMApUIIaIH.

Anaduérnap pyuxaru:
1. https://xabar.uz/ejvs
2. http://physics.nist.gov/cuu/Constants/Table/allascii.txt
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