0,x e Vy
up (%) = {u(x), x € R™\Vy
shartlarni gqanoatlantiradigan u(x) = u, (x) + u, (x) ikkita funksiyani yig“indisi ko rinishida ifoda-
laymiz. u, (x) funksiya [ 10]da isbot gilingan asosiy teorema shartlarini ganoatlantiradi, chunki u, (x) funk-
siya R™\(0Vg U E) da garmonik, u, (o) = 0 va dVp U E kompakt lokal boglamli.
O‘Ichov uchun quyidagi o‘lchovni garaymiz
du(x) = ds(x) + 2’5:1 6(x — ap)dx,
bu yerda 6 Dirak funksiyasi. Demak,
(p) glal
u(x) = 2 2 S K(x—a,)+ 2 [ k= )5 0) + 1),
p=1 |a|=0 la]=0 aVR
bu yerda,

weo= Y L [ &kt =9 hads) + )
lal=0  gvg
R™ da garmonik. 2-tcorema isbot bo‘ldi.
Xulosa. Agar u(x) — funksiya berilgan sharda garmonik funksiva bo‘lsa, u holda bu funksiya be-
rilgan shartlarda ushbu

wo=Y 1 f K= ),
|a|=0
yoyilma shaklida tasvirlash mumkin.
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Karimova Sanobar To‘yboyevna (Toshkent Kimyo-texnologiya instituti “Fizika va energetika” kafedrasi
katta o‘qituvchisi, mustaqil izlanuvchi)
BURALISH-EGILISH TO‘LQININI QOVUSHOQ-ELASTIK STERJENGA TARQALISHI
XUSUSIYATLARI

Annotatsiva. Bu ishda buralish-egilish to lginini qovushog-elastik sterjenga tarqalishida sodda-
lashtirilgan tenglamasini olish masalasi ko ‘riladi. Sterjenni differensial yondashuy bo ‘yicha olingan teng-
lamalarini turlicha soddalashtirilgan holidagi bir va ikki o ‘Ichamli tenglamalari olingan. Materiallarning
qovushoqligi irsiy, ya 'ni, Boltsman-Volterra integral munosabati bilan olingan. Qovushqoq yadrosi sifa-
tida uch parametrli relaksatsiya yadrosi olingan. Dispersion tenglama olinib, uni sonli yechishi topilib tah-
lil gilingan.
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Kalit so‘zlar. sterjen, buralish-egilish to lqini, govushoqg-elastiklik, inersiya momenti, buralish bur-
chagi.

XAPAKTEPUCTHUKHA PACITIPOCTPAHEHHS KPYTUJIBHO-U3TMEHOM BOJIHLI B
MNOPUCTOM YIIPYT'OM CTEPKHE

Aunomayus. B oannoi pabome paccmampueaemcs 3a0a4d NOIYYeHUs YAPOUEHHO20 YPAGHEeHUS
pacnpocmpaHenus KpymuibHO-U3UOHOT ONIHBL 6 8A3KOYNPY2oM cmepicHe. Tlonyuenvl 00HOMepHbIE U 08)-
MepHble YPABHEHU CIEePIHCHA, NOJYHYeHHble OUphepeHyUaIbHbIM MEMOOOM 6 DA3IUYHBIX YAPOUJEHHDIX
enyuasx. Baskocms mamepuanoe onpedensiemes ¢ NOMOUBIO HACIEOCHMBEHHO20, MO eCMb UHMESPAIbHO2O0
coomnoutenus bonvymana-Borvmeppoi. B kauecmee 20pa 63a3k0cmiL UCNOIb3YemMes mpexnapame mpuiec-
Koe a0po perakcayuu. I1onyueHo oucnepcuonHoe ypasHerue, HAllOeHO 1 NPOAHATUSUPOBAHO €20 YUCTEHHOe
peuterue.

Knrwuegoie cnosa: cmepoicenv, kpyuenue-useubHas G0IHd, GA3KAL YNPY2OCHb, MOMEHM UHEPYUL,
Yeon KpyueHus.

CHARACTERISTICS OF THE PROPAGATION OF A TORSIONAL-FLEXURAL WAVE IN A
POROUS-ELASTIC ROD

Annotation. This work deals with the problem of obtaining a simplified equation for the propagation
of a torsional-flexural wave in a viscous-elastic rod. One-and two-dimensional equations of the rod
obtained by the differential approach in various simplified cases are obtained. The viscosity of materials is
obtained by the hereditary, that is, Boltzmann-Volterra integral relation. A three-parameter relaxation
kernel is taken as the viscous kernel. The dispersion equation is obtained, its numerical solution is _found
and analyzed.

Keywords: rod, torsion-bending wave, viscous elasticity, moment of inertia, torsion angle.

Kirish. Sterjenlar elastiklik nazariyasining uch o‘lchovli tenglamalarini bir o‘lchovli tenglamalarga
keltirishning eng umumiy goyasi sifatida qaraladi va konstruksivalarning ixtiyoriy nuqtadagi kuchlanish
— deformatsiya holatini aniqlash masalasi ko‘riladi [1,2]. Buning uchun vangi o‘zgaruvchilar kiritib hosil
bo‘lgan tenglamalar sterjenlarning dinamik tenglamalari olingan [3,4]. Sterjenlarning ko‘ndalang o‘lcham-
lari, odatda, xarakterli to‘lqin uzunligiga nisbatan kichik bo‘lgani uchun, kesimlardagi deformatsiya jara-
yonlarini kvazistatik deb hisoblash mumkin [5]. Bu, xususan, ma’lum bir deformatsiya turi uchun mos ke-
ladigan statik masalani vechish orqali sterjen kesimi bo‘ylab siljishlar va yo‘nalishlarning tagsimlanishini
izlash imkonini beradi. Qalinligi bo‘yicha siljishlarni yaqinlashtirishning yana bir usuli bu muammoning
aniq yechimini topish hisoblanadi [6,7]. Qovushog-elastik struktura dinamikasi muammolarida an’anaviy
ravishda sterjenlar va ularning tizimlarida egiluvchan, burama va bo‘ylama to‘lginlarning targalishiga katta
¢’tibor berilgan [8,9]. Sterjenlar uchun tenglamalarni chiqarishda variatsion tamoyillami qo‘llash uchun
normal yo‘nalishda cheksiz miqdordagi erkinlik darajalaridan chekli miqdordagi erkinlik darajalariga chek-
li polinomlar bo‘yicha siljishlamni yaqinlashtirish orqali o°tish eng qulaydir. Ushbu bo‘limchada egiluvchan
- burama to‘lqinning tarqalishi ko‘rib chigamiz. Differensial yondashuv orgali olingan differensial tengla-
malalar sistemasidan dispersion tenglamani olish masalasi ko riladi.

Masalani qo‘yilishi va yechish metodikasi. Geometrik nochiziglilikni hisobga olmagandagi, ster-
jenlarda egiluvchan va burama to‘lginlarning o°zaro ta’sirini ifodalovchi tenglamalar tizimi quyidagi ko®-
rinishda bo‘ladi:

2 2 J _ 2 j . 27177

OO0 or, L9 Lys S0 vy O _

ot Ipax Ip ox Ip ox 0
2177 . 2175 j . 2

W Is W Iy, 26 _,

ot? F o ox? F % ox
Bu yerda, W(U W)T — ko*ndalang ko‘chishni ifodalovchi ustun matritsa bo‘lib, U — 4 w —,
/

mos ravishda, xoy va xoz tekisligidagi ko*chishi; buralish burchagi; / vy = ]WZ -deplanatsiya momenti
wy

1. ={[war. 1, =([v’aF

ustun vektori; - 0°q bo‘yicha moment deplanatsiyasi — deplanatsiya
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momenti; / p- qutib inertsiya momenti; / p- 0°q bo‘yicha inersiya momenti; F — sterjen ko‘ndalang kesimi
yuzasi; €, — siljish to‘lginini tarqalish tezligi; ¢, — bo‘ylama to‘lqin tarqalish tezligi.

( 82 2 82
" o’
Yugqorida keltirilgan (1) differensial tenglamalar sistemasini yechish uchun ko‘chishni xq, tekisligida
ko‘ramiz. Buning uchun parametrlarni o‘lchamsiz holatiga keltiramiz:
= x ~ W - 6
=2 W=—"16="
X w9

Shunday qilib, t =77, x = XX, W =W, W ,0=6,0.

Bulami (1) tenglamaga qo‘ysak, quyidagicha o‘lchamsiz parametrlar orqali berilgan tenglamani ola-
miz:

6, 829—c2r 16,36 1,6, 1 _e RN
2o O XPoR I, X* T ap X oRt ax?
Wy 18 o ] 82)8W:O

1, X170 U MXToR eyt

w,o'w 1w, 18 _e 1aZ)aZW+
720 FX? 1707 xRt o

2 2 A27 2)
1,6, 18 ,. 10 0%
+ T2 A woT A ) A T
F X1 or “X? 0% ox
2 T2
Oxirgi olingan (2) tenglamani birinchisini — va ikkinchisini ——— ga ko‘paytiramiz, natijada
0 0
quyidagi tenglamalar sistemasini olamiz:
F0_ o L1730 1, 1 ( o 12896
ar ML XPeR I XP o Rar2r
Ji 2 T2 9% 7
+—= Woz(8~2_cs2 1,2 a~2)8~V2V: >
1, 6,X" o X*ox" ox 3)

oow I 1 0 T 7* 02 )82W+
or: K X?orr M Xx?oxt oxf
I 6, 1 0 . T* &* 0%

T w, A R S e Ar o

X2
Agar F = cfl“ » ]—S bo‘lsin deb faraz qilinsa, u holda (3) tenglama quyidagi ko‘rinishni egal-
P
laydi:
0’0 o0 I, 1 & , I, & .00
=2 ~2__ 2( ¢ ~2) =t
ot ox~ I, X or’ c.l, ox" OX
I, Wy, & 1, & oW _

+ ——c =0,
I, 6,X° G 2l 7 o7

“4)
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Y AR 2
or: F X7 (at2 * T, 1, O ) ox>
7,6, 1 (aj e I, o* %6 0.

“ eI, ox27 ax?

Agar C 2 ifodani c? deb belgilab olsak hamda kutib inersiya momenti [/ pVva buralishdagi

T

inersiya momenti ] bir xil tartibda deb olsak va ¢?>1, ¢’tiborga olsak, u holda (4) tenglamalar sistemasini
Y s

soddalashtirish mumkin bo‘ladi. Faraz qilamiz: y-2 _ ]_‘/' va g = %, u holda,

P
o%0 9%0 o> .. 0% _0%0
_ov _er L 9Y
o o o lea@ee (5)

7 7 2 2 2177
2 2 6~2 — T, ‘:)—a NVZV =0,
]p ]w ot ox~" Ox

ow I, & 0 o W 1,1, |1, & 0% 00
b ———* = _Czrc ~2) o —=( =2 _Cszr/w ~2) — =0
ol F I oi 0% 0% F 1 1, oi 0% Ox

Yugorida keltmlgan Ly / £ va ‘/’Z P ifodalar bir xil tartibli bo‘lishini inobatga olib,

elliptik ko*ndalang kesimli steI]en ohnsa, u
holda tenglamani quyidagicha yozish mumkin:

0’0 80 o 02 8249 0* oW
~2 ~2_( 72 ~c'T =)= ( _02 —)— =0,
or ox COxX° Ox “ox° OX ©)
oW o L, O OW o>, 0% 0%
— —\—=— I +&E(——¢ T =
or? or? € a)”cZ) ox? (8t2 ¢ aiz) o%>

Bu tenglama chegaraviy va boshlangich shartlar asosida analitik yechiladi.
Buralish-egilish to‘lqin uchun dispersion munosabatni olish. Oxirgi olingan (6) differensial teng-
lamalar sistemasining yechimni harakatlanuvchi garmonik to‘lginlar ko‘rinishida izlaymiz:

i (ot —kx i (ot —kx
0=6,e "W =W )
Bu yerda: o - aylana chastotasi, to‘lqin davrini T = 2/m belgilaydi; k - to°lqin soni, A - to‘lgin uzun-

ligi (fazoviy davr) bilan bog‘liq to‘lqin soni: & = 2r/k; , Wy - amplitudalar. Agar (7) ni (6) ga qo‘yish or-
qali kompleks koeffitsiyentli algebraik tenglamalar sistemasini olamiz:

O,(-0" +k* -0’k + kT )+ W, (e0’k’ —ec’T k") =0,
0,(e0’k’ - ec’T kY + W, (-0 - 0’k* + T k') =0. (8)

Yugqorida keltirilgan kompleks koeffitsiyentli algebraik tenglamalar sistemasini asosiy aniglovchisi-
ni nol bo‘lishidan kompleks parametrli dispersion tenglama olinadi. Uni sonli yechish orgali dispersiya egri
chiziglari ko‘riladi. Agar sterjen elastik bo‘lsa, u holda qovushoqlik yadrosi amplitudasi nolga teng bo‘ladi.
U holda dispersiya tenglamasi qu’yidagicha bo‘ladi

o*(1+2k* +(1-eHk*) -0 (K> + 1+ 2T k' +

©)
+20°T (1= 2)k®) + (T k* + T (1- £2)k*) = 0.
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