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si3pika. [T03TOMY Bech mporiecc 00ydeHUs Ha 3aHATUSAX PYCCKOTO S3bIKa JJOJDKEH OBITh TIOCTPOCH TaK, YTOOBI
CO3/IaBAIMCh CHTyallMM MaKCHUMAaJIbHO MPHOIMKEHHBIC K PEATbHOCTH. YeI0BeK JOJDKEH MOHUMATh, YTO
KaXX70€ KOHKPETHOE CJIOBO, KaXKJas KOHKPETHAs CHTYyallHs, KaXJas KOHKPETHAs CTPYKTypa HYXKHa eMy
JUTSL PELICHHSI TOW WJTM MHOM KOMMYHUKATUBHOM 3a]aul KaK Ha 3aHATHSIX, TaK U TIOTOM B PEabHOM JKU3HHU.
TpenupoBka s3bIKa B CHTyalUsX, NPUONMKEHHBIX K pPEaTbHOCTH, II03BOJIIET TOTOM YEIOBEKY
MaKCHMAaIBHO OBICTPO MEPEHECTH BCE TO, YTO OBLIO MPOMIEHO Ha 3aHATHUSAX 10 PYCCKOMY S3BIKY, B
peanbHyl0 KHA3Hb. ECiM Ha 3aHATHM TPEHUPYETCS CUTyalus B a’ponopTy, TO YEIOBEK, HAXOASICHh B
peabHO KHU3HU B a3pPOIOPTY, CMOXKET OBICTPEE OTPEearupoBarh, €CIIM 3Ta CUTyallus yke ObLIa MpourpaHa
Ha 3aHsATHH.

Haubonee 3ppekTUBHBIM [T CHATHS SI3BIKOBOTO Oapbepa SBISIETCS] KOMMYHUKATUBHBIN TOAXO B
HU3YUYCHHUU PYCCKOT'O A3bIKa, KOTOprﬁ IMO3BOJISICT YUYMTBIBATH JIMYHOCTHBLIC OCO6CHHOCTI/I CTYACHTOB,
[IO3BOJISIET JaTh MAKCUMAJIbHYH IIPAKTUKY BCEX S3BIKOBBIX HABBIKOB M PEYEBBIX YMEHHUM, KOTOPBIHA
IIO3BOJIACT 3a/laBaThb CUTyalluu, HpI/I6J'II/I)KeHHI)Ie K p€aJIbHOCTHU, ITIO3BOJISICT BJIMATH HA 3MOHPIOH2UIBHBII71 MUD
CTYACHTOB, BBI3BIBATH U HOGy)KI[aTB CTYACHTA K O6IlIeHI/IIO. EHIG OJIHUM CHOCO6OM CHATUA A3BIKOBOI'O
6ap1)epa SIBJISIIOTCS UHTEHCUBHBIE 3aHATHS C HOCHTENEM s3bIKa. Takue 3aHITHS MOTYT IIPOBOAUTHCA 110
PYCCKOMY A3LIKY IJIA TOIO, LITO6])I YCJIOBCK IMMOYYBCTBOBAJ, UTO OH O6HIaeTC$I C pCajibHBIMU JIIOAbMH, YTO
OH MOeET CBOOOJIHO TOBOPUTH. ITO CHUMAET SI3bIKOBOM Oaphep ¥ JaeT BO3MOKHOCTh UEJIOBEKY CBOOOIHO
00IIaThCsl Ha PYCCKOM SI3BIKE.

[IpeononeHne TCUXONOTUYECKHX U S3BIKOBBIX 0OapbepoB — 3TO JBYCTOPOHHHI IpoOIECC,
TpeOyromuii aKTUBHBIX YCWJIMHA KaK OT CTYyAEHTa, TaK M OT MpPENojaBaTelii. YCIeX 3aKITI0uacTcs B
WHTETPAINH JIMHTBOIUIAKTHICCKAX METOJIOB C MPHHIIAIIAMA TIearorundeckoi mceuxosornu. Co3naHue
0e30macHOM, TOJIep)KUBAIONICH Cpebl, T/ie TOOMPSETCss KOMMYHHKAIINS, a OIMHOKHA PaccMaTpUBaIOTCS
Kak peCypC I Pa3BUTHA, ABJIACTCA q)YH)IaMeHTOM JUIA PACKPBITUSA MOTCHIHAIa KaXJI0ro CTyaAC€HTa U
(hopMHUpPOBAHUS Y HETO HE TOJIBKO SI3LIKOBBIX 3HAHWUN, HO U yCTOWYMBOM YBEPEHHOCTH B CBOUX CHJIAX.
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KREMNIY VA POLIKREMNIYDAGI PIEZOQARSHILIKLIKNI MODELLASHTIRISH
A.X. Suvanov, J.R. Nematullayev
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Email: jasurnematullayev@gmail.com

Annotatsiya: Yarimo‘tkazgichli materiallar fizikasi sohasida piezogarshilik effekt muhim
ahamiyat kasb etadi, aynigsa kremniy va polikristall kremniy kabi moddalar asosida sensorlar ishlab
chigishda. Piezogarshilik — bu materialning elektr garshiligining tashqi mexanik kuchlanishga bog‘liq
holda o‘zgarish xossasidir. Piezoqarshilik sensorlar nafaqat mikromexanik tizimlarda (MEMS), balki
avtomatlashtirish, kosmik va biotibbiyot sohalarida keng qo‘llaniladi.
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Kalit so‘zlar: Piezoqarshilik, MEMS, kristallografik, harakatchanlik, piezorezistiv koeffitsiyentlar
matritsasi, kuchlanish tenzori.

MOJAEJUPOBAHUE IIBE3OPE3UCTUBHOI'O DOPPEKTA B KPEMHUU U
INOJIMKPEMHHUH

A.X. CyBanos, 7K.P. HemaTyaaes.
OcHoBHBIE TOKTOpaHThl HaMaHTaHCKOTO TOCy1apCTBEHHOTO TEXHUUECKOTO0 YHUBEPCUTETA.
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AHHoOTamusi: DQPQPEKT MbE30CONPOTUBICHUS HMEET OOJBIIOEC 3HAYCHUE B 00JaCTH (DU3UKH
MOJTYTIPOBOTHUKOBBIX MaTepHalIOB, OCOOCHHO MpU pa3padOTKe JATYUKOB HA OCHOBE TaKUX MaTEepPHAJIOB,
KaK KpEMHMU U MOJMKPUCTALIMYECKUI KpeMHUH. [Tb€30CONpOTUBIEHHE — 3TO CBOWCTBO 3JIEKTPUYECKOIO
COTPOTHBIICHUSI MaTepualla M3MEHSTHCS B 3aBUCHMOCTH OT BHEIIHEr0O MEXaHHUYECKOTO BO3JIEHCTBUSL
[Tse30conpOoTHBIISIIONINE JATYHKH MHPOKO UCIIONB3YIOTCS HE TOJNBKO B MUKPOMEXaHHYECKUX CHCTEMaXx
(MBMC), HO 1 B 00JIaCTH aBTOMATH3AIIMU, KOCMUYECKONW TEXHUKHA U OMOMETUIIMHEIL.

KawueBbie ciioBa: mbe3oconpotuBienne, MOMC, kpucramiorpadus, MOABHKHOCTb, MaTpHIa
MbE30PE3UCTUBHBIX KO3 PUITMEHTOB, TEH30p HAIIPSDKECHH.

MODELING OF PIEZORESISTANCE IN SILICON AND POLYSILICON.

A.Kh. Suvanov, J.R. Nematullayev.
Basic doctoral students of Namangan State Technical University.
Email: jasurnematullayev@gmail.com.

Abstract: The piezoresistance effect is of great importance in the field of physics of semiconductor
materials, especially in the development of sensors based on materials such as silicon and polycrystalline
silicon. Piezoresistance is the property of the electrical resistance of a material to change depending on an
external mechanical stress. Piezoresistance sensors are widely used not only in micromechanical systems
(MEMS), but also in the fields of automation, space and biomedicine.

Keywords: Piezoresistance, MEMS, crystallographic, mobility, piezoresistive coefficient matrix,
stress tensor.

KIRISH

Piezogarshilik effekti ilk bor 1954-yilda Smith tomonidan kremniy va germaniyda kashf etilganini
kiritish mumkin.Ushbu kashfiyot mikroelektronika va datchik texnologiyalarining rivojlanishiga katta
turtki bergan.Piezogarshilik effekti birinchi marta 1954-yilda C.S. Smith tomonidan kremniy va
germaniyda kuzatilgan bo‘lib, bu yarim o‘tkazgich sensorlar sohasining shakllanishiga asos yaratdi.

u o°zgaradi, natijada qarshilik o‘zgaradi — bu piezoqarshilikning fizik asosidir.

p ning mexanik kuchlanish ta’sirida o‘zgarishi bilan bog‘liq bo‘lib, bu o‘tkazuvchanlik zonasidagi
energiya darajalari siljishidan kelib chigadi.

Piezogarshilik koeffitsiyentlarining aniq ragamli giymatlarini qo‘shish (masalan, <100> yo‘nalish
uchun w1, Tz, ma).

Masalan, n-tip kremniyda 711 = —102x107"" Pa™', m2 = 53x107" Pa™!, mas = —13x107"" Pa™! bo‘lib,
bu giymatlar kristall yo‘nalishiga kuchli bog‘liqdir.

Kremniy asosidagi piezorezistiv elementlar hozirda MEMS texnologiyalarida, aynigsa bosim va
kuchlanish sensorlarida keng qo‘llaniladi, chunki ular juda yuqori sezuvchanlikka ega.

Monokristall kremniy yo‘nalishga sezgir piezoqarshilikka ega bo‘lsa, polikristall kremniyda
kristallar tasodifiy yo‘nalganligi sababli effekt o‘rtacha qiymatda namoyon bo‘ladi. Kremniy kristallining
anizotrop tuzilishi tufayli, elektr qarshilikning o‘zgarishi faqat kuchlanishning kattaligiga emas, balki uning
yo‘nalishiga ham bog‘liq bo‘ladi. Shuning uchun, piezoqarshilik effektni aniglashda va undan amaliy
foydalanishda, har bir kristallografik yo‘nalish uchun alohida matematik modellashtirish talab etiladi.

Oddiy materiallarda kuch ta’sirida cho‘zilish yuz beradi, lekin bu holatdagi qarshilikdagi o‘zgarish,
odatda, fagat geometrik o‘zgarishlar (uzunlik va yuzaning o‘zgarishi) orqali izohlanadi. Kremniy kabi
yarim o‘tkazgichlarda esa deformatsiya materialning ichki elektron tuzilmasiga bevosita ta’sir giladi.
Aynan mana shu holat piezoqarshilikni geometrik o‘zgarishlardan ajratib turadi.
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Kremniyda piezoqarshilik effekt, avvalo, o‘tkazuvchanlik zonasidagi elektronlarning energiya
darajalari siljishiga va ularning harakatchanligining kamayishiga bog‘liq. Buning natijasida tok zichligi va
elektr maydon o‘rtasidagi bog‘lanish o‘zgaradi, ya’ni Om qonunidagi qarshilik doimiysi kuchlanishga
bog‘lig miqdorga aylanadi.

1. Om gonunining anizotrop formulasi [1]:
E=p-J
Bu yerda E — elektr maydon, J — tok zichligi, p — materialning solishtirma garshiligi. Bu tenglama
kristall yo‘nalishiga bog‘liq holatda o‘zgaradi.
2. Piezoqarshilik tenzor tenglamasi:
Ap
7 =m0
Bu yerda Ap — solishtirma qarshilikdagi o‘zgarish, p — dastlabki solishtirma qarshilik, T —
piezorezistiv koeffitsiyentlar matritsasi,  — kuchlanish tenzori.

Kremniydagi  piezogarshilik  effektni aniglashda ikki asosiy tenglama ishlatiladi:
1. Om gonunining anizotrop formasi: bu tok va elektr maydon orasidagi bog‘lanishni yo‘nalishli qarshilik
orgali ifodalaydi.

2. Piezoqarshilik tenzor: bu materialdagi garshilikdagi nisbiy o‘zgarishni kuchlanish komponentlariga
bog‘laydi.

Ushbu modelda har bir yo‘nalish uchun maxsus piezoqarshilik koeffitsiyentlar w11, 712, 744 kabi —
tajriba asosida aniglanadi va ular yordamida kuchlanish ostida elektr garshilik ganday o‘zgarishi aniglanadi.
Aynigsa, polikristall kremniyda bu koeffitsiyentlar kristallar yo‘nalishining tasodifiyligi sababli o‘rtacha
giymatlar orgali olinadi.

Kremniyda =n-koeffitsiyentlar nisbatan yuqori bo‘lganligi sababli, kichik kuchlanishlarda ham
sezilarli qarshilik o‘zgarishi kuzatiladi. Bu esa uni juda sezgir sensor materiali sifatida foydalanish imkonini
beradi.

Polikristall kremniy — ko‘plab kristall donachalardan iborat yarimo‘tkazgich material bo‘lib,
undagi piezoqarshilik effekt bir yo‘nalishda emas, balki statistik o‘rtacha yo‘nalishda tagsimlanadi. Shunga
ko‘ra, modellashtirishda har bir kristallning orientatsiyasi hisobga olinmaydi, balki umumiy javob sifatida
garaladi.

Polikremniyda kremniyga nisbatan sezuvchanlik pastroq bo‘lsada, u ishlab chigarish qulayligi va
narx jihatidan afzalliklarga ega. Piezoqarshilik sensorlar ko‘pincha aynan shu material asosida
mikrostruktura sifatida yasaladi.

XULOSA

Kremniy kristallining anizotrop tuzilishi uning elektr xossalariga bevosita ta’sir giladi. Buning
natijasida, elektr qarshilik nafaqat kuchlanishning kattaligiga, balki uning yo*‘nalishiga ham bog‘liq bo‘ladi.
Oddiy metall o‘tkazgichlarda qarshilikdagi o‘zgarish faqat geometrik shakl o‘zgarishlari bilan
izohlanadigan bo‘lsa, kremniy kabi yarim o‘tkazgichlarda deformatsiya elektronlarning energiya holatlarini
o‘zgartiradi. Shu sababli, piezoqarshilik effekti kremniyda ancha sezilarli darajada namoyon bo‘ladi. Shu
tariqa, kremniydagi piezoqarshilik effekti mexanik kuchlanish bilan elektr xossalar o‘rtasidagi noan’anaviy
bog‘lanishni ifodalaydi va u hozirgi zamon mikroelektron sensor texnologiyalarining nazariy asosini tashkil
etadi.
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THE IMPACT OF SPORTS AND CULTURAL ACTIVITIES AMONG YOUTH ON SOCIETY
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Abstract: This article examines the influence of sports and cultural activities on the social,
physical, and spiritual development of young people. Using data from international organizations and
national programs, the study analyzes how youth participation in sports and cultural events contributes to
a healthy lifestyle, social cohesion, and civic responsibility. The findings demonstrate that such activities
foster not only individual well-being but also strengthen the unity and cultural identity of society.

Keywords: youth, sports, culture, social activity, healthy lifestyle, community development.

YOSHLAR ORASIDAGI SPORT VA MADANIY MASHRALARNING JAMIYATGA TA’SIRI

Annotatsiya: Ushbu maqolada yoshlar o‘rtasida sport va madaniy tadbirlarning jamiyat hayotidagi
o‘rni va ularning ijtimoiy faollikka ta’siri tahlil qilinadi. Tadqiqot jarayonida xalqaro tashkilotlar
(UNESCO, WHO) ma’lumotlari hamda O‘zbekiston Respublikasi davlat dasturlari asosida yoshlarning
sport va madaniyatdagi ishtiroki o‘rganilgan. Natijalar shuni ko‘rsatadiki, bunday tadbirlar yoshlarning
sog‘lom turmush tarzini shakllantirish, ma’naviy barkamolligini oshirish hamda jamiyatda birdamlikni
mustahkamlashda muhim.

Kalit so‘zlar: yoshlar, sport, madaniyat, sog‘lom turmush, ijtimoiy faollik, jamiyat.

BJMSHUE CIIOPTUBHOM U KYJIbTYPHOU JEATEJIbHOCTH MOJIOJIEXKH HA
OBHIECTBO

AnHoTanus: B crathbe paccmarpuBaeTcs BIHSIHHE CIOPTUBHBIX W KYJIbTYPHBIX MEPOTPUSTHN
Cpeli MOJIOJICKH Ha OOIIECTBEHHYIO JKM3Hb U COIMATBHYIO aKTUBHOCTbB. McciienoBaHne OCHOBAaHO Ha
TaHHBIX MexayHapoaHbix opranusanuii (FOHECKO, BO3) u rocymapcTBEHHBIX TPOTrpaMM Y 30€KHCTaHa.
Pe3ynbTarThl TOKa3bIBAIOT, YTO YYAaCTHE MOJIOJCKH B CIHOPTUBHBIX M KYJIBTYPHBIX MEPOHPHUATHIX
cnocoOcTByeT (opMHpPOBAaHWIO 3IOPOBOTO 00pa3a >KH3HH, IYXOBHOMY pa3BUTHIO W YKPEIUICHHIO
00IIeCTBEHHOW CIUTOYEHHOCTH.

KiwueBble clioBa: MOJOJCKb, CIOPT, KyJIbTypa, 3J0POBBIA 00pa3 >KHU3HHW, COIHalbHAS
aKTUBHOCTb, OOILIECTBO.

Introduction In the modern era of globalization, youth development has become one of the most
important priorities for every nation. The Government of Uzbekistan has declared youth policy a strategic
direction, emphasizing spiritual and physical education. According to the Presidential Decree No. PF-5684
(2019), creating conditions for youth engagement in sports and culture is vital for nurturing a harmoniously
developed generation.[1]

The World Health Organization (WHO, 2021) reports that 23% of young people aged 15-29 are
physically inactive. This lack of activity can lead not only to health problems but also to reduced social
integration. Sports and cultural programs therefore play a crucial role in shaping active, healthy, and
socially responsible youth.[2]

Literature Review Numerous studies highlight the role of sports and culture in social development.
Smith and Collins (2022).[3] found that participation in sports helps young people develop leadership skills,
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