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DISSIPATIV BIR JINSLI BO°’LMAGAN MEXANIK SISTEMALARNING BARQAROR
MAJBURIY TEBRANISHLARI

B.Nematov, O.X.Ataullayev, B.T.Bisenova,
Yu.l.Mavlonova, D.B.Ismoylov
Navoiy davlat universiteti

Annotatsiya:Maqolada silindrik qatlamlarning deformatsiyalanuvchi sistemalar bilan o’zaro
ta’sirdagi majburiy tebranishlari qaraladi. Silindrik qatlam va elastik sistemaning garmonik
to’lginlar ta’siridagi barqaror majburiy tebranishlari o’rganiladi. Silindrik qgatlam va
deformatsiyalanuvchi sistemada hosil bo’ladigan Tgg halqaviy kuchlanishlar amplitudasining
silindrik gqatlam va muhit parametrlariga nisbatan o’zgarishi o’rganiladi.

AHHoTauusl. B crateu paccmaTpuBaeTcsi BbIHYXKJEHHas KojeOaHHs NepOopMUPYEMBIX CHUCTEM
IIPY B3aUMOJECHUCTBUE LUIMHAPUYECKUMU CIOAMH. M3ydaercs B 3aBUCHMOCTH N€OMETPUUYECKHUX
[IapaMeTpPOB  aMIUIATYJ KOJIBLIEBBIX HANpPSHKEHUM IIPU YCTAHOBMBILNMECS BBIHY)KJIECHHBIX
KOJICOAHUAX [WIMHIPUYECKOTO Cciosi W nedopMHUpyeMoil cpemoil  mox — neicTBueM
rapMOHHYECKHUX BOJIH.

Kalit so’zlar: Deformatsiyalanuvchi sistema, silindrik qatlam, majburiy tebranishlar, garmonik
to’lqinlar, halqaviy kuchlanishlar, amplituda qiymati, muhit parametrlari, dissipativ bir jinsli
sistema, dissipativ bir jinsli bo’lmagan sistema, chegaraviy shart, boshlang’ich shart, bir jinsli
bo’lmagan algebraik tenglamalar sistemasi, bo’ylama to’lqin tezligi, noma’lum sonlar,
ko’ndalang to’lqin tezligi.

KialoueBbie ciaoBa: Jlepopmupyemass cucremMa, UWIMHIPHUYECKUA CIIOM, BBIHYKIEHHAs
KoieOaHusi, TapMOHHWYECKAas BOJIHA, KOJIBIIEBAs HANPSOKEHUS, aMIUTUTYyAa HaNpsDKCHUS,
JTUCCUMATUBHO OJHOPOJHAS CHUCTEMa, JTUCCHUIATHMBHO HEOJHOPOIHAS CHUCTEMa, CKOPOCTh
MIPOJIOJIBHBIX BOJIH, CKOPOCTH MPOOJBHBIX BOJIH, aJireOpanydeckasi CUCTEMa ypaBHEHUH.

Magqolada dissipativ bir jinsli bo’lmagan mexanik sistemalarning garmonik tebranishlari
va qovushqoq elastik muhitda joylashgan silindrik gatlamning garmonik to’lqinlar ta’siridagi
tebranishlari o’rganiladi. r=a silindrik qatlamning ichki sirti, r=b silindrik qatlamning tashqi sirti,
b/a = . Silindrik gatlamga ta’sir etuvchi tekis garmonik to’lginlar trigonometrik funksiyalar
ko’rinishida ifodalanadi:

QW) = @, £ (Frxwt), (1)

Silindrik koordinatalar sistemasida ta’sir etuvchi tekis garmonik to’lqinlar (r, z, t) (1)
silindrik koordinatalar orqali ifodalanadi:

0P = gy Tieo €™ Jn(@yr)cos(nB) £ ~*; @)
_ {_’L, n =0 bo'lganda;
" =12, n=1 bo'lganda;
J.(a;7) — n tartibli Bessel funksiyalari.
Potensiallarda ifodalangan harakat differensial tenglamalari quyidagi ko’rinishida bo’ladi
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vy - 5E = (0 4
Skalyar ko rinishda (3) quyidagicha yoziladi:
1 &g
2 g
i o t 1
(pj at2 1]( )
1 0%\
2 I —
= —— t
Lle ng at2 2]()
¢ = (AR T
pJ pj bo’ylama to’lgin tezligi, 7 pj  ko’ndalang to’lgin tezligi,

— Laplas operatori.

Potensiallarda ifodalangan (3) harakat differensial tenglamalarining yechimlari quyidagi
cheksiz qator ko’rinishida qidiriladi:

(qaf_nﬂ,r)) _ vy (qon{r}) (cos{nﬂ}r‘_‘“) . )
w(r,6.t) n=0\in(r)/) \sin(ng)e-wt /J’
(4) da
A H(l)(alr) r>bda
a(r) = non ' 6
#nr) {Cn Hgl)(azr) + D, ng)(azr) asr<bda ®)
B,H(Byr) r>Dbda
a(r) = " ' 7
¥n(r) {Ln HO @) + M, H?P@B,r) a<r<bda 0

A, B, C,D, L, M, — nomalumlar chegaraviy shartlardan aniglanadi. Ko’chishlar
va kuchlanishlarni quyidagi formulalar bilan hisoblanadi [3].

o 13
- :S'_qo_l_l@_yy; U, =— Yo ‘;o;
¥ Vo - O6 or r o6
)
o,.,.=2ul(ac”> + D))e+ D,y]:

1
o, =2u[—D,p + > (B* +2D)Hy];

A
e SO — Zy[(ﬂ X" A= D)+ D,y];

1 & 1 &7
+

=5

Dissipativ sistemalaring dissipativlik xususiyatlari Boltsman-Volter integral tenglamalari
bilan ifodalanadi [2].
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7, =Ale(0)~ R, (t-0)p(t)dr];
; ©)

B, =mlp)— R, (t-D)p(r)dz;

0
Bu yerda, R, ,R, — qovushqoq elastik muhitning relaksatsiya yadrolari, Koltunov,

Rjanitsin bo’yicha olinadi, t — vaqt, ¢(¢)— ixtiyoriy funksiya, in, i, — Lyame operatorlari,
=12

(2) tashgqi ta’sir etuvchi to’lginlarni va (5) tanlangan yechimlarni (8) ga qo’yib, matematik
shakl almashtirishlarni bajargandan keyin ko’chish va kuchlanishlar quyidagi ko’rinishga keladi:

=L
- 1 i
G =000 = [enue® + AL cos(ne) - e
n=0
_ (» (5) _ wveo -1 (p) (1)
Org1 = U,.gq +Jrf]1 _En=0 Exl Posop +An£1n +
2} . —jeut
B E{ ]Sm ng)-e v
+ n-“a2n ( ) Urlzul(.g)'F

Uﬁ) = [eni”cpoegﬂ) + Aneﬁ) + ang’]) Jcos (n6) - et

Uy = UR + U = [eni”cposflﬂ) + Ael + ang‘:])] sin(n@) - e '@,
n=0

72

Oprp = [Cnsgl) +Dpeld + LelD + Mnsg])] cos (N @) - e 't;
n;O

Org2 = [Cnsgﬁ) + Dnsﬁ) + Lnsf.)i) + Mnsfj‘)] sin(n®) - e~et;

n=0

o 3 3 3 3 i

U =Yo7, [Cﬂfén} + Dpesd 4+ Loel® + Mnfén}] cos(n@)-e 't

= 4 4 4 4 . _:
Usz = Lin=o [Cnfé'n} + anin} + Lnfén} + Mﬂféﬂ}] sin(n@)-e '@t

r=a da silindr ichki sirtida tashqi ta’sir etuvchi to’lginlar yo’q:

Oz = [Catly) + Dyl + Lyel) + Myely) | cos (n ) - e,
50
1 2 3 4 —i
Org2 = [Cnsgo)n + Dnsgo)n + Lnego)n + Mnego)n] cos(nB) - et
n=0
(3.2.9,10)

A, B, C.,D, L, M, — nomalumlar uchun r=b kontakt chegarasida ko’chish va

kuchlanishlar tengligi sharti (bikr kontakt),
Uy = Ura; Ugr = Ugy; (1)
Orr1 = Opr2y Orpr = Orp2s
hamda r=a ichki sirtda kuchlanishlar hosil bo’Imasligi
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Oprz = 0; Grg2 = 0; (12)
shartlaridan aniqlanadi.

[C].{g}={P} ko’rinishdgi kompleks koeffitsiyentli, bir jinsli bo’lmagan algebraik
tenglamalar sistemasi tuziladi:

[C]- noma’lumlar oldidagi koeffitsiyentlar matrissasi;

{g}- noma’lumlar matrissasi;

[P] - tashqi kuchlar matrissasi;

{g}, [P]—- matrlssalar transponirlangan ko’rinishda kelt1r11gan

t-") (3) (3) (3) _ (3) _ (3)
E E ESJ} Ei.u E‘lu Eﬁu
ol A 0
Elh EJ i 63? E':u E."-u Eﬁ:.
(o) _ o) _ o4 _ o) _ &)
[C] El:'; E_"-‘ no E.ﬂ: - E—':r - Ei:.‘ s Eﬁ?;
| DB @ @ ) @
Sl:': t‘.'-'?.' o Ei:'. Eirr - E'."i'.‘ - Eﬁ:'r
1 (2 3y 19
00 _E 9:,_55;:,: - Sg:f - SQJJ
1 (21 f_."l (_I_":
Pk Lt < et S T it A LU
_00 €10 — €10n — €1n — Fin

{gn} = {Anan’Cnananan}T T
(P} = eni"pofe) €P), &P D) 0 o}

e = (A + 20)I(e1b) + Au/b |1, (oyb) - n<alb>]

2u .- ~
E(p) = Tln [— Jh(o.b) + Bn‘]n(alb)] )
) = n @y &) = Db

~ "= N n
e = (A, + 2u)HY (@ub) + A /b [ HY (a,b) — (1)(a1b)l

20
e@ = L™ @by + = H(l)(alb)]

ln b
@ =2 [ (,0) - THO @10
e = —2ap? gV (ﬁlb)] (13)

£ = HO Cib): &) = CHO (Bb);
ot L
eln == pHOC1b); &) =—HP (Bib);
e = (A, + 2)HY (7 ,b) + Ay/b [H @ 2b)_—H(l)( 2b)]

e = O\ + 21)HP (T,b) + Ao/ [H‘”( 2b) — i H(2’< 2b)l
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2~ )
e = 220 [HY (Bob) — THO (Bb))
2~ )
e = S52n [HE (@) ~ T HO @ab)

2 C =]
) = 2 [GHOCab) = Y o)

2 L~
@ =Z2[EHP by —nHP (b))
2u =
62 == 2n2 [HY (Bb)|; €5 = HSY (ob);

2u - '~
e =73 | (B2b)] sgf?—HE?)( 2b);

o =T HEP(sz): ) = THP (Bob);

85n

4) _ ”(1)~ L@ _ ”(2) e

3% ——BH ( 2b); &, ——BH ( ,b);
€D = HP'Bb); £ =HP (8, b);

n ~
e = (o + 2)H (a) + 1o/ [HEP (222) =M (aza)l ;

_ . ~ - n2 -
e = (o + 2)H'( za)+A2/a[Hff)( 22) =7 H 2a)li

2&2 v = 1 -

e5 = s [Hu(nl) (B22) — aHgl)(Bza)] ;
2u .~ 1 ~

e = 220 [HP (B2) - HO (B2

2u Vo~ n -
1y _ 2k 1 1
Elon = a [—nHE,)(aza)+gH§])(a2a)];

2) _ 2 - n.e@, ~
Elon = — [_an(nl)( 23)"'5"'51)( 23)];

2u 2y 5
3 “H2 1 4 2 2
Elon =~ 3 2H”(B ; efon == =2 °HY B2a);

j = w?/ch; By = wi/c;
P; — materialning zichligi.
Tgg — xalqadagi kuchlanishni eng katta amplituda qiymatlarini izlaymiz:
|As| = max|oggl; @ =m/2; v =0,2;v, =0,25; E; = 0,1;
E;,=1,p, =01; p, =1.)
Dissipativ bir jinsli sistema, R; # R,# 0;
Yechimlardan ko’rinadiki, xalqadagi kuchlanish a/b nisbatning o’zgarishiga nisbatan

monoton o’zgaradi. Shu masala dissipativ bir jinsli bo’lmagan sistema Ro=0; uchun
o’rganilganda, natija boshacharoq bo’ladi. Xalqadagi kuchlanish a/b nisbatning o’zgarishiga

nisbatan nomonoton o’zgaradi. Ogg — Xalqadagi kuchlanish aniq (minimal) eng kichik
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giymatga erishadi. Bu eng kichik qiymat dissipativ bir jinsli sistemada amplituda (chastota)
qiymatlari bir-biriga yaqinlasgan a/b ning sohasiga to’g’ri keladi. Shuning uchun ham, dissipativ
bir jinsli bo’lmagan sistemalarni o’rganish, bunday sistemalar uchun minimal qiymatlarni
aniqlash, minimal qiymatlarga erishadigan sistemalarni tanlash ahamiyatlidir.
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