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NOSR TARIXi: XULASO
Qoabul edilmo tarixi: ~ XXI asrin asas texnoloji nailiyystlorindon biri nanoelektronikanin inkisafidir. Elektronikanin

06.06.2026 nanomiqyasda idaro olunmasi, daha kigik, siiratli vo enerji baximindan genastli qurgularin
Nosr edilma tarixi: ~ yaradilmasmna imkan verir. Lakin nanoelektronikanin totbigi yalmz miisbat toraflorlo
25.06.2026 mohdudlasmur, bu sahanin qarsisinda miithiim texnoloji mahdudiyystlar va istehsal problemlori

movecuddur. Bu ¢atinliklor nanoelektronikanin genis sanaye tatbiglorina kecidini langidir vo
ACAR SOZLOR: qlobal elmi-texnoloji amokdaslig1 zoruri edir. Nanoelektronika ~1-100 nm miqyasinda isloyan

nanomiqyas, elektron sistemlorinin layihalondirilmasi va istehsalini ohato edir. Bu miqyasda kvant effektlori,
mikroelektron, atomik miqyasli qgeyri-boraborliklor vo materiallarin  yeni xiisusiyyotlori istehsalin
nanometr, mirokkobliyini artirir. Miasir yarimkegirici sonayesi 2-3 nm texnoloji diyinloro dogru
sensorlar, kvant iralilosa do, ham texniki, ham ds igtisadi baximdan ciddi problemlorls (izlosir. Nanoelektronika
qurgular. texnologiyalar1 telekommunikasiyanin eloco do informasiya texnologiyalarinin, tibbin vo enetji

Sonayesinin inkisafi {¢lin strateji ohomiyyto malikdir. Nanoelektronika, informasiya
texnologiyalari vo Sanaye elektronikasinin golocok inkisafinda asas istigamatlordan biridir. Bu
sahada aparilan tadqiqatlar yalniz hesablama sistemlorinin giiciinii artirmaqla kifayotlonmir,
hom do tibb, ekoloji monitoring va digar mihim saholords yeni totbiq imkanlar1 yaradir.
GoOzlonilir ki, yaxin onilliklords nanoelektronika texnologiyalari klassik mikroelektronikani
todrican ovoz edarak texnoloji taroqqinin aparici qiivvasina ¢evrilacakdir..

GIRIS

Nanoelektronikanin genis totbiqi bir sira texnoloji problemlorla iizlosir: Istehsalin doqigliyi vo
tokrarlana bilmosi — nanometr saviyyasinds struktur yaratmaq ¢otindir vo istehsal zamani qiisurlar
yarana bilor; Materiallarin sabitliyi vo homogenliyi — nanomateriallarin kiitlovi istehsalda
keyfiyyatinin qorunmas1 problemli ola bilor; inteqrasiya gotinliklori — nanodl¢iilii komponentlorin
moveud mikroelektron sxemlorlo inteqrasiyasi texniki problemlor yaradir; Qiymot vo maliyyo
xarclari — yiiksak texnoloji avadanliq vo xammalin baha olmasi.( Bassett, D. R.2010,s700).

Nanotexnologiya miiasir elmin vo sonayenin on dinamik inkisaf edon saholorindon biridir.
Nanohissociklor (1-100 nm Olgilu materiallar) 6z unikal fiziki-kimyavi xiisusiyyatlorino goro
elektronika, tibb, kosmetika, kond tosarriifati, enerji vo digor sahalordo genis totbiq olunur. Lakin
onlarin bu clir genis yayilmast insan saglamligi vo otraf miihit liglin miioyyan risklor yaradir. Bu
risklor imumilikds nanotoksiklik anlayisi ilo ifads olunur.g Nanotoksiklik — nanohissaciklarin bioloji
sistemlara tosiri naticasinds yaranan manfi naticalorin dyranilmasi sahasidir.

Nanoelektronika miiasir elmin va texnologiyanin on siiratlo inkisaf edon istiqgamatlorindon
biridir. Elektronikanin nanomiqyasda idaro olunmasi, klassik yarimkecirici texnologiyalarin
sorhodlorini asaraq daha kicik, daha siiratli vo enerji baximindan daha somorali qurgularin
yaradilmasina imkan verir. Bu sahs yalniz fundamental elmi nailiyyatlorlo mohdudlagmir, hom ds
sonaye istehsali vo global igtisadiyyat ti¢lin miithiim perspektivlor acir. (Bhushan, B. (Ed.). 2017. s
24).

Nanoelektronika sonaye vo iqtisadiyyatin bir ¢ox saholorindo ohomiyystli tosir gostorir.
Nanodl¢iilii elektron qurgular sayosindo yiiksok performansli hesablama sistemlori, yiiksok hossas
sensorlar, agag1 enerji sorf edon portativ cihazlar va yeni tip enerji saxlama texnologiyalart hazirlanir.
Diinya bazarinda nanoelektronika mohsullarinin hacmi siiratlo artir. Bu sahads aparilan todqiqatlar
vo totbiqi layiholor olkslorin texnoloji rogabat qabiliyyeatini yiiksoldir. Azaorbaycanda da
nanoelektronika iizro potensialin artirilmasi elmi infrastrukturlarin inkisafi, tocriiboli kadrlarin
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hazirlanmasi vo innovasiya sistemlorinin yaradilmasi ilo baghdir.( Teo, B. K., & Sun, X. H.
2007.51450).

MATERIALLAR VO METODLAR

Nanoelektronika ~1-100 nm miqyasda elektron proseslorin idarasine asaslanir. Bu miqyasda
kvant effektlori, sath- hacm nisbatinin artmasi, asagt enerji sorfi vo yliksok inteqrasiya sixligi kimi
uistiinliiklor oldo edilir. Notico: daha kigik, siirotli, az enerji istehlak edon, funksional baximdan
“agilli” sistemlor.( Schon, J. H., Kloc, C., & Batlogg, B. 2002. s575).

Doyor toklifi: Hesablama giiciiniin sixliq va enerji baximindan 6lgiilmosi (performance-per-
watt); Sensinq vo kommunikasiya xorclorinin azalmasi — biznes proseslorinin rogomsallagmasi; Yeni
mohsul siniflori (bioelektronika, kvant qurgular) vo yiiksok giris baryerlori sayosindo rogabot
ustunliyda.

Nanoelektronikanin sonaye totbiqlori asagidakilardir:
1.Mikroprosessorlar vo hesablama texnologiyalari: Nanoelektron komponentlor daha yiiksok
inteqrasiyali mikroprosessorlarin istehsalina imkan verir.

Intel, AMD, TSMC va digar sirkatlor 3 nm texnologiyaya qodor ¢atmisdir vo yaxin golocokdo atom
miqyasinda tranzistorlarin totbiqi planlasdirilir.

Bu texnologiyalar siini intellekt, kvant simulyasiyalari va yiiksok performansli hesablama sahoalorindo
totbiq olunur.

2.Molumat yaddas qurgulari: Nanodlgiilii yaddas texnologiyalart (MRAM, RRAM, PCRAM) yiiksok
stirat, davamliliq vo enerji gonasti tomin edir. Bu yaddas novlori galocokds sort disklorin vo flash
yaddaslarin yerini tuta bilar.

3.Sensor texnologiyalar1: Nanosensorlar tibbde, atraf miihitin monitorinqinds, kimyavi analizlords
vo tohliikoesizlik saholorindo genis totbiq olunur. Qazlarin askarlanmasi, biomarkerlorin tohlili,
nanorobotlarin idars edilmasi kimi funksiyalar1 miimkiin edir.

4. Enerji texnologiyalari: Nanoelektron qurgular daha somorali giines elementlarinin, litium-ion
batareyalarinin  vo  superkondensatorlarin  istehsalinda istifado edilir. Enerji saxlama
texnologiyalarinda nanosaviyyali materiallarin totbiqi enerjiys tolobati daha optimal 6domoyas imkan
yaradir

5.Telekommunikasiya vo informasiya texnologiyalari:Yiiksok siirotli internet vo 5G/6G
texnologiyalar1 nanoelektron qurgularin asasinda formalagir.Optoelektron komponentlor (nanoLED,
lazer diodlar, fotodetektorlar) informasiya otiirmasini daha effektiv edir.

6.Tibb vo biotexnologiya: Nanotransistor asasli biouygun implantlar vo nanosensorlar erkon
diagnostika va saxsi tibbi miialica tigiin istifads olunur . (Teo, B. K., & Sun, X. H. 2007.s 1454)

Nanoelektronika hom sonaye, hom do iqtisadiyyat ii¢lin yeni imkanlar agan strateji sahadir. O,
daha giiclii kompiiterlorin, enerji baximindan gonastli qurgularin, tibbi diagnostika vasitalorinin vo
yeni nasil rabito texnologiyalarmin osasint togkil edir. Bu sahonin davamli inkisafi qlobal
iqtisadiyyatda innovativ sigrayislara, Olkolorin texnoloji miistoqilliyino vo comiyyatin hoyat
keyfiyyatinin yiiksalmosine miihiim t6hfa veracokdir.

Nano olgiilii tranzistorlar, kvant ndqtolori, nanotellor vo grafen kimi nanomateriallar miiasir
elektron texnologiyalarinda innovativ totbiqlor tapir. Nanoelektronikanin inkisafi hesablama
texnologiyalari, biotibb, optoelektronika, enerji saxlama vo kosmik sonaye kimi saholordo boyiik
potensiala malikdir . (Janata, J. 2008. s 327)

NOTICOLORIN MUZAKIROSI

Umumilikds, nanoelektronika Azorbaycanm elmi vo sonaye potensialmin artirilmasinda
miithiim rol oynaya bilor vo bu sahodo investisiyalarin artirilmasi, kadr hazirligi vo innovasiya
infrastrukturunun formalasdirilmasi vacibdir. Mikroelektronika — hazirda kiitlovi istehsalda istifado
olunan, klassik fizika vo silisium asasl texnologiyalara sdykonan bir sahadir.

Nanoelektronika — daha ¢ox goalacok iiglin nozords tutulan, nanomateriallar vo kvant prinsiplorine
osaslanan yeni nosil elektronikani ifado edir.

202



Nanotexnologiya sonaye, kond tesorriifati, biznes, tibb vo ictimai sohiyys kimi insan
foaliyyatinin bir ¢ox saholorindo nanomateriallarin ehtiyaclari va totbiglori sobabindon boylik ictimai
maraq qazanmigdir.

NOTIiCO

Nanoelektronika miiasir sonayenin inkisafinda miihim rol oynayan vo golocayin
texnologiyalarim1 formalasdiran strateji istigamatlordon biridir. Nanodlgiilii material vo qurgularin
tatbiqi elektron cihazlarin 6lgiilorinin ki¢ilmosine, mohsuldarliginin artmasina, enerji sorfiyyatinin
azalmasina vo funksional imkanlarinin genislonmosing sorait yaradir. Bu texnologiyalar yarimkegirici
sonayesi, telekommunikasiya, informasiya texnologiyalari, tibb, avtomobil sonayesi vo enerji
sektorunda genis totbiq olunaraq istehsal proseslorinin somoraliliyini artirir.

Nanoelektronikanin iqtisadi potensiali da olduqca yiliksokdir. Bu sahays yatirilan
investisiyalar innovativ mohsullarin yaradilmasina, yiiksok olava doyaro malik istehsalin inkisafina
va yeni is yerlorinin agilmasina sabab olur. Eyni zamanda, nanoelektronika roqomsal iqtisadiyyatin
inkisafin1 siiratlondirir, sonaye miiossisolorinin ragabst gabiliyyatini artirir vo 6lkolorin texnoloji
miistaqilliyinin méhkomlonmasine t6hfa verir.

Notico etibarilo, nanoelektronika hom sonaye innovasiyalarinin osas harokatverici
qiivvalarindon biri, ham do global iqtisadi inkisafin mithiim amili kimi ¢ixis edir. Galocokds bu
sahado aparilan elmi todqiqatlar vo texnoloji yeniliklor nanoelektronikanin totbiq imkanlarin1 daha da
genislondiracok vo onun diinya iqtisadiyyatindaki oshomiyyatini artiracaqdir.
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SUMMARY

INDUSTRIAL APPLICATIONS AND ECONOMIC POTENTIAL OF
NANOELECTRONICS

Aygun Sultanova, Sema Babayeva
Nakhchivan State University, Nakhchivan, Azerbaijan

One of the main technological achievements of the 21st century is the development of
nanoelectronics. Controlling electronics at the nanoscale allows for the creation of smaller, faster,
and more energy-efficient devices. However, the application of nanoelectronics is not limited to its
positive aspects; this field faces significant technological limitations and production challenges.
These challenges slow down the transition of nanoelectronics to wide-ranging industrial applications
and necessitate global scientific and technological cooperation.Nanoelectronics encompasses the
design and production of electronic systems operating at ~1-100 nm. At this scale, quantum effects,
atomic-scale inhomogeneities, and new properties of materials increase the complexity of production.
Although the modern semiconductor industry is moving towards 2—-3 nm technological nodes, it faces
serious problems from both a technical and economic perspective. Nanoelectronics technologies are
of strategic importance for the development of telecommunications, as well as information
technologies, medicine, and the energy industry. Nanoelectronics is one of the main directions in the
future development of information technologies and industrial electronics. Research in this area not
only increases the power of computing systems, but also creates new application opportunities in
medicine, environmental monitoring and other important areas. It is expected that in the coming
decades, nanoelectronics technologies will gradually replace classical microelectronics and become
the driving force of technological progress.

Keywords: nanoscale, microelectronics, nanometer, sensors, quantum devices.

PE3IOME
MPOMBIUIJIEHHBIE MIPUMEHEHUSA U1 DKOHOMUWYECKHW MOTEHIUAJ

Aiiron Cyaranosa, Cema babaeBa
HaxubiBaHcKuii rocyiapcrBeHHblii yHuBepcuter, HaxubiBan, Asepoaiiikan

OgHuM M3 TJaBHBIX TEXHOJOTMYECKMX JocTkeHu XXI| Beka sBisercs pa3BUTHE
HAHORJIEKTPOHUKHU. YTpaBJleHUE 3JEKTPOHMKONH Ha HaHOMaclITabe MO3BOJISET CO3/4aBaTh Ooiee
KOMIIAKTHbIe, OblcTpple U »HeprodddexTuBHbIe  ycTpoiicTBa. OJOHAKO  IPUMEHEHHE
HAHORJIEKTPOHUKH HE OTPAaHMYUBAETCS €€ MOJOKUTEIbHBIMHU aCIEKTaMU; 3Ta 00JIaCTh CTAIKMBAETCS
CO 3HAUUTEJbHBIMU TEXHOJOTUYECKUMHU OIPaHUYCHHUSIMH U ITPOU3BOJICTBEHHBIMU MTpoOieMaMu. JTH
npoOJIeMbl 3aMEUISIOT TEPEeX0] HAHOIEKTPOHUKUM K IIMPOKOMY CIIEKTPY TNPOMBIIUIEHHBIX
MPUMEHEHUN U TpeOYIOT IN100aIbHOr0 HayYHO-TEXHUYECKOro coTpyaHuuecTBa. HaHoanekTpoHuka
BKJIIOYAET B c€0s MPOEKTUPOBAHHUE U IPOU3BOACTBO JIEKTPOHHBIX CUCTEM, Pa0OTAIOIMX B MaciTade
~1-100 um. Ha 3ToM macmitabe kBaHTOBBIE 3(P(HEKTHI, HEOAHOPOJHOCTH Ha aTOMHOM YpPOBHE M
HOBBIE CBOHCTBA MAaTepHAIOB YBEIMUYUBAIOT CIOKHOCTh IIPOM3BOJCTBA. XOTA COBpPEMEHHAas
MOJIYTIPOBOJTHUKOBAsE TPOMBILIUIEHHOCTh JBUKETCSI K TEXHOJOTMYECKMM Yy3iaM 2-3 HM, OHa
CTAJIKUBAETCS C CEPbE3HBIMH MpOOJIEMaMH KakK C TEXHUYECKOM, TaK M C 3KOHOMHUYECKOH TOUYKH
3peHusi. HaHOANIEKTpOHHBIE TEXHOJOTMM HMEIOT CTPAaTEerMuecKoe 3HAauYeHHe I pPa3BUTHSA
TEJIEKOMMYHHUKAIMM, a Takke WH(POPMAIMOHHBIX TEXHOJOTHH, MEIHWIUHBI U JHEPreTHYecKou
MPOMBINIIEHHOCTH.  HaHO31ekTpoHMKa — O/JHO W3 TJIaBHBIX HalpaBieHWH OyAyIIero pa3BUTHUS
UH(POPMALMOHHBIX TEXHOJIOTUN U IPOMBIIIJICHHOM 3JIeKTpOHUKH. MccnenoBanus B 3Toii 001acTi He
TOJIbKO IOBBIIIAIOT MOLIHOCTh BBIYMCIUTEIbHBIX CHCTEM, HO U OTKPHIBAIOT HOBBIE BO3MOXXHOCTH
IPUMEHEHHUS B MEIUIIMHE, MOHMTOPHMHIE OKpY)KAIOIIEH Cpelpl W APYTUX BaXKHBIX O0OJACTSIX.
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Oxwunaercs, YTo B OMIDKANIINIE ASCSITHICTHS HAHOJIEKTPOHHBIE TEXHOJIOTHH TTOCTEIIEHHO 3aMEHSIT
KJIACCHYECKYI0 MUKPOIJIEKTPOHUKY M CTAaHYT JBUKYIICH CHIION TEXHOIOTHYECKOIO Iporpecca.

Knioueesvie cnosa: nanomacuimad, MUKpos1eKmpoHuKd, HAHOMemp, OamyuKu, KeaHmosbvlie
ycmpoticmea
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