





o‘tishdagi potensial to‘signing shaffofligi bilan bog‘landi. Avval to‘g‘ri va teskari tunnel toklarining inte-
gral ifodalari ko‘rib chiqildi, so*ng ular orasidagi farq orgali to‘liq tunnel toki yozildi. Keyingi bosqgichda
holatlar zichligi uchun 3D erkin elektron gaz modeli qo‘llanib, integral ifoda analitik soddalashtirildi va
tunnel tokning kuchlanishga bog ligligini ifodalovchi yakuniy model olindi. Hisoblash natijalari kuchli le-
girlangan GaAs tunnel diodi uchun I-V xarakteristika ko‘rinishida tasvirlandi.

Tahlil va natijalar. Tsu-Esaki modelida tunnel tokini eksperiment o‘tkazmagan holda oldindan ba-
holash uchun integral ifoda yechildi. Tunnel dioddan o‘tayotgan to‘g‘ri tunnel toki n-yarimo‘tkazgichning
o‘tkazuvchanlik zonasidagi elektronlar bilan to‘lgan energetik sathlar zichligiga va p-varimo‘tkazgichning
valentlik zonasidagi elektronlar bilan to‘lmagan, berilgan energivaga ega bo‘lgan bo‘sh o‘rinlar zichligiga
proporsionaldir. Teskari tok esa p-yarimo‘tkazgichning valentlik zonasidagi to‘ldirilgan energetik sathlar
bilan shunday energiyvaga ega bo‘lgan n-yarimo‘tkazgichning o‘tkazuvchanlik zonasidagi bo‘sh o‘rinlarga
proporsional. Bundan tashqari, p—n o‘tishdan o‘tayotgan tunnel tok potensial baryerning shaffofligiga ham
bog‘liqdir.

Avytilganlarni hisobga olgan holda to‘g‘ri tok Esaki nazariyasiga asosan integral ko‘rinishda ifodala-
nadi. Keyin teskari tok aniglanadi va p—n o‘tishdagi to‘liq tunnel toki to°g‘ri va teskari toklarning ayirmasi
sifatida olinadi. Keyingi analitik almashtirishlar orqali (4)-ifodaga kelinadi. Mazkur ifoda asosida kuchli
legirlangan GaAs tunnel diodining [-V xarakteristikasi hisoblandi.

Avtilganlarni hisobga olgan holda to‘gri tok Esaki nazariyasiga asosan, quyidagi ko‘rinishni gabul
qiladi:
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Ifodalarni qo‘yib, integralni hisoblaymiz:
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€ ning o‘rtacha arifmetik giymati € = %(eVK — E; — eV) ni qo’yib, ildizni integral belgisi ostidan
chigarib yuboramiz:
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KONSOL STERJENNING EGILISHGA BIKIRLIGINI ERKIN TEBRANISHLAR VA
NAZARIY MODEL ASOSIDA ANIQLASH

Annotatsiya. Ushbu maqolada bir uchi gistirib mahkamlangan, ikkinchi uchi erkin (konsol) sterjen-
ning egilishga bikirligini ikkita usul yordamida aniglash masalasi ko ‘rib chigilgan. Sterjenning erkin so ‘-
nuvchi ko ‘ndalang tebranish jarayonini eksperimental qayd etish va uning grafigidan foydalanib chastota
tavsiflarini ajratib olish orgali Eyler—Bernulli dinamik tenglamasi va konsol balkaning chegaraviy shart-
laridan kelib chigadigan xarakteristik (chastota) tenglama asosida tebranish davri, chastotasi, logarifmik
dekrement hamda so ‘nish koeffitsiventi hisoblangan va Elning sonli qiymati topilgan. Olingan natijalar
asosida taqqoslash ishlari bajarilgan.

Kalit so‘zlar: Eyler-Bernulli tenglamasi, konsol balka, chastota, egilish bikirligi (EI), logarifmik
dekrement.

OINPEJEJIEHUE M3Tr'MBHOM )KECTKOCTH KOHCOJIBHOI'O CTEPKHSI HA OCHOBE
CBOBOJHBIX KOJEBAHUI U TEOPETUYECKOI MOJEJIH

Annomauus. B oannoti cmamve paccmampueaemes 300a4a onpeoeneHus useubHo Hécmrxocmu
CHePIHCHS, 0OUH KOHEY KOMOPO20 HCECHKO 30UeMIEH, d Opyeoli c80600eH (KOHCOIbHO20 CHEPHCHS), 08V M
memooamu. TIymém sxcnepumeHmanpHol pecucmpayuu npoyeccd c80600HBIX 3AMYXAIOUUX NONEPEYHbIX
KONeOAHUT CMePHCHA U U3GNeYeHUS YACMOMHBIX XAPAKMEPUCIIUK MO e20 ZpAQUKY, HA OCHOGe
OuHamuvecko2o ypaguenus Jinepa—bepHyniu u Xapakmepucmuyecko2o (4acmomHozo) ypasHeHus,
BLIMEKAIOUC20 U3 CPAHUYHBIX YCIO6UI KOHCONBLHOU Oanku, OblLiy paccHumansl nepuoo, yacmoma
KONeOaHUT, 102apUPMUIECKILil OeKpeMeHm U KO3DPuyueHm 3amyxXanus, d maKki#ce HAOeHO YUCTeHHOe
snawenue EI. Ha ocrose nonyueHHbIX pe3yismamos bln0IHeHbl CPAGHUMEbHbIE PABOMbL.

Kanrouesoie cnosa: ypasnenue Jiinepa—bepnyniu, konconvraa baika, yacmoma, useudarouuti
momenm (EI), noeapughmuueckuii Oexpemerm.

DETERMINATION OF THE FLEXURAL RIGIDITY OF A CANTILEVER BEAM BASED ON
FREE VIBRATIONS AND A THEORETICAL MODEL

Annotation. This article examines the problem of determining the flexural rigidity of a rod—
specifically a cantilever rod fixed at one end and free at the other—using two methods. By experimentally
recording the process of free damped transverse oscillations and extracting frequency characteristics from
the resulting plot, the oscillation period and frequency, logarithmic decrement, and damping coefficient
were calculated, and the numerical value of flexural rigidity (EI) was determined, these calculations were
based on the dynamic Euler-Bernoulli equation and the characteristic (frequency) equation derived from
the cantilever beam's boundary conditions. A comparative analysis was conducted based on the obtained
results.

Keywords: Euler—Bernoulli equation, cantilever beam, frequency, bending stiffness (EI), logarithmic
decrement.

Kirish. Konstruksiya elementlarining egilishga bikirligi £/ sterjen, balka va boshqa elementlarning
statik va dinamik harakatlarini baholashda asosiy mexanik xarakteristikalardan biri hisoblanadi [1]. £7 ni
aniglashning ikki asosiy yo‘li mavjud: statik usul (ma’lum yuklama ostida egilishni o‘lchash) va dinamik
usul (erkin yoki majburiy tebranish chastotasidan foydalanish) [2]. Dinamik usulning afzalligi shundaki,
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