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ANNOTATSIYA:

Ushbu ishda tasodifiy qo‘zg‘alishlar ta’siridagi gisterezis tipidagi elastik-dissipativ xarakteristikaga
ega o‘yiq plastinkaning harakat differensial tenglamasini tuzish masalasi o‘rganilgan. Plastinka
materialining dissipativ xossalari Pisarenko-Boginich gipotezasi asosida tavsiflangan. Tadgiqotda
to‘g'ri to‘rtburchak plastinka va undan ajratilgan to‘g‘ri to‘rtburchak shakldagi o‘yiq qaralgan.
O‘yigning tomonlari plastinka tomonlariga parallel deb qabul qilingan. Shuningdek, o‘yigning
plastinka tekisligidagi joylashuvi ixtiyoriy bo‘lishi mumkinligi nazarda tutilgan. Ushbu geometrik
va fizik model asosida plastinkaning harakat tenglamasi shakllantirilgan. Model tasodifiy tashqi
ta?sirlar hamda materialning ichki dissipativ xususiyatlarini hisobga oladi. Olingan tenglama elastik
dissipativ sistemalarning dinamikasini tadqiq etish uchun nazariy asos bo‘lib xizmat qgiladi.

Kalit so‘zlar: o‘yiq plastinka, gisterezis, egilish, eguvchi moment, burovchi moment, differensial
tenglama, xususiy tebranish formasi.

KIRISH

Bugungi kunda mexanik sistemalar murakkab elementlari materiallaridagi chiziglimas elastik dissipativ
xarakteristikalarini hisobga olgan holda ularni matematik modelini ishlab chigish dolzarb masalalardan
hisoblanadi. Bu borada ko‘plab ilmiy tadqiqot ishlari olib borilgan. [1-9] — ishlarda o‘yiq plastinkalarning
xususiy va rezonans chastotalarini aniqlash, o‘yiq parametrlarining dinamik xarakteristikalarga ta’siri
hamda soddalashtirilgan hisoblash modellarini yaratish masalalari ko‘rib chiqgilgan. Plastinkalarning modal
xususiyatlarini tahlil qilish uchun sonli usullar taklif etilgan. Ushbu usullar yordamida o‘yiglar mavjud
bo‘lgan plastinkalarning tebranish chastotasi aniqlangan. Bunda plastinkaning xususiy tebranish chastotasidagi
o‘zgarishlar qonuniyatlarini aniqlashda chekli elementlar usullari asosida modellashtirish va tajribalar natijalari
hisobga olingan. Abacus dasturidan ham modellashtirishda foydalanilgan. Olingan modelning sonli natijalari
PSV-500 vibrometrda olingan tajribalar natijalari bilan ustma-ust tushgan. O‘yiq plastinkalarning xususiy
tebranish chastotasi ularning parametrlariga bog‘liqligi aniglangan va tahlil qilingan. Plastinkalarning
xususiy chastotasiga sezilarli ta’sir ko‘rsatadigan parametrlar ajratib olingan. Bu olingan xususiy tebranish
chastotalarining qonuniyatlari o‘yiq plastinkalarda o‘yiqlar orasida yoriglar paydo bo‘lishini oldindan bashorat
qilish va ularning chidamliligini aniglash imkonini berishi ko‘rsatilgan. Gisterezis tipidagi elastik dissipativ
xarakteristikali o‘yiqga ega plastinkaning tebranishlarini o‘rganish dolzarb hisoblanadi.

MATERIAL VA METODLAR

Ushbu ishda gisterezis tipidagi elastik dissipativ xarakteristikali o‘yiqga ega plastinkaning energiya
ifodalarini hamda harakat differensial tenglamasini aniqlash masalalari qaralgan (1-rasm). Bunda plastinka
materialining dissipativlik xossalari Pisarenko-Boginich gipotezasiga asosan olingan.
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1-rasm. O‘yigga ega plastinka sxemasi

l-rasmda tasvirlangan gisterezis tipidagi elastik dissipativ xarakteristikali o‘yiqqa ega plastinkaning
tomonlari a,b, o‘yigning tomonlari a*,b* va bir uchi (zg,yo) nugtada joylashgan. Bunda kiritilgan Ozy va
O*z,y, koordinatalar orasida quyidagi bog‘lanishlar mavjud:

T =20+ T,
(1)

Eguvchi va burovchi momentlar materiallardagi gisterezis tipidagi elastik dissipativ xossalarni hisobga
olganda tasodifiy qo‘zg‘alishlar ta’siridagi mexanik sistemalar uchun quyidagicha aniglanadi [10]:
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bunda 03,05 va 0z; kuchlanishlar deformatsiyalar orqali quyidagicha ifodalangan:

Ezz -~ E;z Garnz ~
i__ljuvl’ ng—l_yﬂvz, U@gz—liyu‘/& (3)
Ez =E(1—Liz +jLes);  Ej=FE(1— L+ jlag);

Gag =G (1= Li+4L3),
bu yerda F, G, u, j lar ikkinchi bobda keltirilgan.

Liz =01 f:(2); Loz = 02 f%(2),
Lig = 01 f3(2); Lag = 02f5(2),

Li=01§(z); L5 =0:§(2).

01,05,01,0, — statistik chiziglilashtirish koeffitsientlari; fz(z) va fij(z) — funksiyaning nisbiy deformatsiya
maksimal giymatidagi tebranish dekrementi; §(z) — nisbiy deformatsiya amplitudasiga bogliq bo‘lgan tebranish
dekrementi;
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03,05 va 0z; kuchlanishlarning (3) ifodalarini momentlarning (2) ifodalariga qo‘yamiz. Ba‘zi
hisoblashlardan so‘ng,
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Of‘yiq ham to‘g‘ri to‘rtburchak shaklidagi plastinka ko‘rinishida bo‘lganligi sababli, uning ko‘ndalang
egilishidagi kinetik va potensial energiya quyidagicha aniglanadi[11]:
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bunda wy, = wy, (@4, ys,t) — 0'yigga mos keluvchi plastinkaning egilishi; Mz, , My, va Mjz_ 5, lar mos
ravishda o‘yiqqa mos keluvchi plastinkadagi eguvchi va burovchi momentlar.

Bunda ham eguvchi va burovchi momentlar materiallardagi gisterezis tipidagi elastik dissipativ xossalarni
hisobga olganda quyidagicha aniqlanadi[10]:
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Hosil gilingan momentlar ifodalari plastinkaning gisterezis tipidagi elastik dissipativ xarakteristikalarini
hisobga olish imkonini beradi.

NATIJALAR VA ULARNING MUHOKAMASI

Tasodifiy qo‘zg‘alishlarda gisterezis tipidagi elastik dissipativ xarakteristikali o‘yiq plastinkaning kinetik
va potensial energiyalari quyidagicha bo‘ladi:
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Aniglangan momentlar va (13-14) ifodalar gisterezis tipidagi elastik dissipativ xarakteristikali o‘yiq
plastinkaning kinetik va potensial energiyalarini aniqlash imkonini beradi.

Lagranj II-tur tenglamasiga asosan yozamiz,
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bunda Wy — asos tezlanishi.
Bu olingan differensial tenglama tasodifiy qo‘zgalishlar ta’siridagi gisterezis tipidagi elastik dissipativ
xarakteristikali o‘yiq plastinkaning harakat differensial tenglamasi hisoblanadi.

XULOSA

Tasodifiy qo‘zg‘alishlar ta’siridagi gisterezis tipidagi elastik dissipativ xarakteristikali o‘yiq plastinkaning
harakat differensial tenglamasi Lagranj II-tur tenglamasiga asosan olindi. Bu olingan harakat differensial
tenglamasi tasodifiy qo‘zg‘alishlar ta’siridagi gisterezis tipidagi elastik dissipativ xarakteristikali, o‘yiqqa ega
plastinkaning dinamikasini o‘rganish va ustuvorligini parametrlarning turli giymatlarida tekshirish imkonini
beradi.
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Rezyume

This paper investigates the problem of deriving the differential equation of motion for a perforated plate

with hysteretic elastic-dissipative characteristics subjected to random excitations. The dissipative properties of
the plate material are described based on the Pisarenko-Boginich hypothesis. A rectangular plate containing a
rectangular cutout is considered. It is assumed that the sides of the cutout are parallel to the sides of the plate.
Furthermore, the cutout may be located arbitrarily within the plane of the plate. Based on this geometrical

and

physical model, the equation of motion of the plate is derived. The proposed model takes into account

both random external excitations and the internal dissipative properties of the material. The obtained equation
provides a theoretical foundation for studying the dynamics of elastic-dissipative systems.

Key words: perforated plate, hysteresis, bending, bending moment, twisting moment, differential

equation, natural mode shape.
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B nmanmoit pabote uccieyercs 3a1ada mocTpoenus auddepeHInaabHOr0 YpaBHeHUs IBUKEHUS TIIACTHH-
KU C OTBepCTUEM, O0JIaJIaroleil ypyro-InCcCUIaTuBHON XapaKTepUCTHKON IMCTEPE3UCHOIO THUIA, IPHU BO3eli-
CTBUU CJIyYaiiHbIX BO30YyKjeHuil. JluccunaruBHble CBONCTBA MaTepraJia ILIACTUHKU OIMCAHBI HA OCHOBE T'HIIO-
te3bl [Iucapenko-Boruamga. B ucciemoBannm paccMarpruBaeTcs IpSMOYTOJIbHAS IJIACTUHKA C IPSIMOYTOJIBHBIM
orBepcrueM. [Ipemomaraercs, 970 CTOPOHBI OTBEPCTHS aPAJIIEIbHBI CTOPOHAM IIaCTHHKH. Kpome Toro, Jomyc-
KAaeTCsT TPOU3BOJILHOE PACIIOJIOKEHNE OTBEPCTUsI B IIJIOCKOCTH IJIACTUHKU. Ha OCHOBe JIAHHOI reoMeTpUIecKOit
1 (pU3MIECKOl MoJe I chOPMYJIUPOBAHO YPaBHEHUE JIBUKEHUsI ILJIACTUHKU. 1loCTpOeHHAas] MOJIE/Ib YINTHIBAET
cIydaiiHble BHEITHVE BO3JEHCTBUs, a TaKyKe BHYTDEHHUE JMCCHUIIATHUBHBIE CBOMCTBa Marepuana. llomydyernoe
YPaBHEHUE CJIyKUT TEOPETHUIECKON OCHOBOM JIJTsi MCCJICIOBAHNS JTUHAMUKY yIIPYTO-IMCCATATHBHBIX CHCTEM.

Karouesvie €A08a: TUIACTUHKA C OTBEPCTUEM, TUCTEPE3UC, U3TN0, N3rHOAIOIINi MOMEHT, KPYTAIIUN MO-
MeHT, nuddepeHmanibHoe ypaBHeHne, (hopMa COOCTBEHHBIX KOJIEOAHH.



