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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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21 3.680 1.2341
26 4.460 1.0648
31 5.240 0.9831
36 6.020 0.9178
41 6.800 0.9092
46 7.580 0.7864
51 8.360 0.6285
56 9.130 0.6230
61 9.910 0.5818

61 ta ketma-ket cho‘qqi orasidagi vaqt farglarining o‘rtachasi sifatida tebranish davri topildi: T =
0,1558 s (standart chetlanish £0,005 s, bu 0,01 s namuna olish gadamining kvantlash xatosiga mos keladi).

Bundan so‘nuvchi (damped) chastota:
1

1 2m
fr=5= oisss © 6,417 Hz wgq = P 40,32 rad/s.

Logarifmik dekrement ikki mustaqil usulda baholandi:
Klassik usul (birinchi va oxirgi cho‘qqi, n = 60 davr):

— (A Xy = (AT o .
81_(60) ln(x61) - (60) ln(0,5818) 0,0176;
{ =——2> - 0076 ~ 0,0028 (va'ni= 0,28 %).

Jam® + 82 /(39,48 +0,0003)
Bu giymat { <« 1 shartini to‘liq qanoatlantiradi, demak, sterjenda so‘nish juda kuchsiz (yengil dem-
pfirlangan tizim).
Xos chastotani aniglash:
@y 40,32
“n = o (2) ~ /(1 -10,0000078)
Kutilganidek, £ juda kichik bo‘lgani uchun so‘nishsiz chastota amalda so‘nuvchi chastotadan farq
qilmadi (farq 0,001%dan kam). (15) formulaga Z = 0,80 m, p4 = 1,000 kg/m, g.L = 1,8751 va yuqorida
topilgan w,, = 40,32 rad/s qiymatlarini qo‘yamiz;
wp® - pA-L* (40,32)%- 1,000 - (0,80)* 5
El = G = a7 =53.86 N - m*.
Endi bu topilgan £7 ni tagqqoslash uchun xuddi shu sterjen gorizontal holatda, bir uchi qistirib mah-

kamlangan konsol sxemada, ikkinchi erkin uchiga ketma-ket beshta turli yuk P qo‘vilib, mos egilish miq-
PL’

= 40.32 rad/s.

dori f st o‘lchangan. Konsol balka uchun statik egilish formulasi f; = dan foydalanib, har bir yuk-

(3ED)
lama uchun EI hisoblanadi:
1-jadval
Statik yuklama tajribasi natijalari (to‘ldiriladi)
3
Ne Yuk P(N) Egilish f (mm) Sterjen uzunligi (m) ElI = (I;;)
1 2 1.06 0.44 53.57
2 4 2.1 0.44 54.08
3 6 3.01 0.44 56.6
4 8 4.11 0.44 55.21
O‘rtacha EI 54.865

To‘rtta o‘lchov bo‘yicha EI ning o°rtacha qiymati va standart chetlanishi hisoblanadi: Elg,¢ (%)2 El;

Natijalarni taqqoslash. Uchta yondashuv -(1) tebranish grafigidan bevosita, (1) Eyler—-Bernulli di-
namik tenglamasi asosida va tajribasi asosida topilgan £7 gqiymatlari quyidagi jadvalda solishtirilgan:

2-jadval
Turli usullar bo‘yicha aniqlangan EI giymatlarini tagqoslash
Usul EIN - m* Izoh
1. Dinamik (erkin so‘nuvchi .
tebranish, grafik) usuli 53,86 Ushbu maqolada hisoblangan
2. Statik Y“klé‘;“ﬂis‘llf)“h (¢4 xil yuk, 54.865 Talaba tomonidan to‘ldiriladi
Nisbiy farq 1.87 % A = |[EL—EL|/ El: X 100%

tavsiflaydi.
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