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HANMIPAKEHHO-AE®OPMUPOBAHHOE COCTOAHUE U IMMTPOJOJIBHO-PAIUAJIBHBIE
KOJIEBAHMSI TPEXCJIOHON TPAHCBEPCAJIBHO-U30TPOITHOY KOHUYECKOH
OBOJIOYKH

Annomauus. B oannoii pabome paccmampusaemcs 300a4d NpoOOIbHO-PAOUATLHBIX KOLeOaHUT
MPexXCAOUHOT MPAHCEEPCANbHO-U30MPONHOT KOHUYeckoll obonouky. [lpeononaeas, umo ciou mpexcioii-
HOTl KOHUYeCKOl 000I0YKYU COCMOAM U3 MPAHCEEPCATbHO-U30MPONHO20 MAMEPUILA, HA OCHO8E OCHOBHBIX
YpagHeHuli meopuu ynpyeocmu 8bl8e0eHd CUCmeMd YPAGHEeHUI NPOO0IbHO-PAOUANbHBIX KonebaHut. T1o-
JIYHeHbl AHATUMUYECKIE BbIPANCEHUS Ol NePeMeueHIT U HANPANCEHUT 8 NPOU3BOTLHBIX MOYKAX ClI0e8
0007104KU, KOMOPbIE CEA3AHBL MEHCOY OO0 YCI08UAMU KOHMAKMA MEHCOY CAOIMU U SPAHUYHBIMU YCIO0-
suamu. TlonyuenHas cucmema ypagHeHuti NPOOOIbHO-PAOUATbHBIX KONeDAHUT peuteHd, U Ha OCHO8e NOJLY-
YeHHBIX Pe3yIbmamog pacnpeoeieHue nepemeujeHuti i HanpaXceHuil no 060I0YKe NPeOCMAaIeHO 8 GUOe
epagpuros. [lonyqenHvle pe3yrbmanmol MO2Yym 0blmb UCNONIB30BAHBL NPU OUHAMUYECKOM pacHeme U Npoex-
MUPOGAHUL IJIEMEHMOG CIOUCTNBIX KOHUYECKUX KOHCIMPYKYUIT.

Knruegoie croea: cioii, nonepeuno-u30mponHulii Mamepuai, npoooibHO-paouUdibHoe KoiebaHue,
2PaHuYHOe YC08Ue, ypasHeHue Konebanus, nepemeujerue, HanpsadceHue.

STRESS-STRAIN STATE AND LONGITUDINAL-RADIAL OSCILLATIONS OF A THREE-
LAYER TRANSVERSAL-ISOTROPIC CONICAL SHELL

Annotation. This work examines the problem of longitudinal-radial oscillations of a three-layer
transverse-isotropic conical shell. Assuming that the layers of the three-layer conical shell consist of
transversally isotropic material, a system of longitudinal-radial oscillation equations was derived based
on the fundamental equations of elasticity theory. Analytical expressions for displacements and stresses at
arbitrary points in the shell layers were obtained, which are related to the contact conditions between the
layers and the boundary conditions. The resulting system of longitudinal-radial oscillation equations is
solved, and based on the obtained results, the distribution of displacements and stresses across the shell is
presented in the form of graphs. The obtained results can be used in the dynamic calculation and design of
elements of layered conical structures.

Keywords: layer, transverse-isotropic material, longitudinal-radial oscillation, boundary condition,
oscillation equation, displacement, voltage.

Kirish. Zamonaviy mashinasozlik, aviatsiya va raketa texnikasi, kemasozlik hamda qurilish sohala-
rida gatlamli qobigsimon konstruksiya elementlari keng qo‘llanilmogda. Bunday elementlar yugori mustah-
kamlik va bikrlikni kichik massa bilan uyg‘unlashtirgani sababli muhandislik amaliyotida alohida ahamiyat
kasb etadi. Xususan, konussimon qobiglar reaktiv dvigatellaming soplolari, uchish apparatlarining burun
gismlari, rezervuarlar, quvurlarning o‘tish uchastkalari va turli akustik qurilmalarda asosiy konstruktiv ele-
ment sifatida uchraydi. Ekspluatatsiya jarayonida bunday konstruksiyalar dinamik yuklanishlar ta'siriga
uchraydi, shu sababli ularning tebranish jarayonlarini ishonchli matematik modellar asosida o‘rganish dol-
zarb masala hisoblanadi [13].

Qatlamli gobiglarni tayyorlashda, ko‘pincha, kompozit materiallar ishlatiladi. Bunday materiallar-
ning ko‘pchiligi xossalari bir yo‘nalishda boshqa yo‘nalishlardan farq qiladigan, ya'ni, transversal-izotrop
muhit sifatida modellashtiriladi. Materialning anizotropivyasi va qatlamlarning turli fizik-mexanik xossalar-
ga ega bo‘lishi qobigdagi kuchlanganlik-deformatsiyalanganlik holatiga sezilarli ta'sir ko‘rsatadi. Shu bois
klassik izotrop qobiqlar nazariyasiga asoslangan yondashuvlar bunday konstruksiyalarning dinamik xatti-
haraka-tini yetarli aniglikda tavsiflay olmaydi [4].

Anizotrop va qatlamli qobiqlar nazarivasini rivojlantirishga S.G Lexnitskiy, S.A. Ambarsumyan, E.I.
Grigolyuk va boshga olimlar katta hissa qo‘shgan. Elastik jismlarning tebranish tenglamalarini elastiklik
nazariyasining uch o‘Ichovli tenglamalari asosida aniq yechimlardan kelib chiqib qurish usuli I.G.Filippov
va uning shogirdlari tomonidan ishlab chigilgan. Ushbu yondashuv keyinchalik transversal-izotrop silindrik
gobiglar va sterjenlarning tebranishlarini o‘rganishda qo‘llanilgan jumladan, X.X Xudoynazarov tadqiqot-
lari. Biroq uch qatlamli transversal-izotrop konussimon qobiglarning bo‘ylama-radial tebranishlari masala-
st hozirga qgadar vetarlicha o‘rganilmagan. Konussimon geometriya tenglamalaming koeffitsiyentlari koor-
dinataga bog‘liq bo‘lishiga olib keladi, bu esa masalani silindrik qobiglarga nisbatan ancha murakkablash-
tiradi [5-6].

Ushbu magolaning magsadi uch qatlamli transversal-izotrop konussimon qobigning bo‘ylama-radial
tebranish tenglamalarini keltirib chiqarish, qobiq qatlamlaridagi ko‘chishlar va kuchlanishlar uchun ifoda-
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Uch gatlamli konussimon qobigning bo‘ylama-radial tebranishlari ichki va tashqi fn(i) (z,0),

fs, @ (z,t) dinamik kuchlar ta'siri natijasida vujudga keladi, deb faraz gilinadi. Shu sababli transversal-

(3) (1)_

izotrop xususiyatga ega uch qatlamli konussimon qobiqning 7;""’-tashqi va r; ichki sirtlarida quyidagi

chegaraviy shart o‘rinli bo‘ladi:
o = 2F{ ()0 + (F/(2)) o = (1 +(F@)") 1

A (o —al2) + (1~ (1)) = (1 (1) £

(3) ifodai = 1 daichki sirt uchun chegaraviy shartni va i = 2 da tashqi sirt uchun chegaraviy shartni
ifodalaydi.

Bundan tashqgari, o‘rta gatlam bilan ichki va tashqi qatlamlar orasida quyidagi dinamik va kinematik
kontakt shartlar o°rinli bo‘ladi:

(3)

rl(o) sirtda

U(l) U(O) U(l) U(O), (1)_ r(g), GZ(;):GZ(;)). (4)
rl(z) sirtda

U(O) U(Z) U(O) U(Z), (0) T(f) 02(2)—02(5). (5)

bu yerda: Ur(m) (r,z,t) va Uz(m) (r,z,t) uch qatlamh konuss1mon qobiq gatlamlari nugtasi radial va
bo‘ylama ko‘chishlari.

Demak, uch gatlamli konussimon qobiqning ichki va tashqi dinamik yuklanishlar ta’siri ostida yuza-
gakeladigan bo‘ylama-radial tebranishlari haqgidagi masalani yechish (3) tenglamalarni (4) va (5) kinematik
va dinamik kontakt shartlarhamda nolga teng boshlang‘ich shartlar bilan yechishdan iborat bo‘lar ekan.

Masalaning yechimi. Uch gatlamli transversal-izotrop konussimon qobigning bo‘ylama-radial teb-
ranish tenglamalarini chigarish uchun (2) harakat differensial tenglamalar sistemasini (3) chegaraviy, (4)
va (5) kontakt shartlar bilan birgalikda yechamiz. Bir gancha matematik amallar va soddalashtirishlarni ba-
jarganimizdan so‘ng quyidagi differensial tenglamalar sistemasini hosil gilamiz:
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bu yerda Q;j, Pij, Ryj, Jij va Hyj uch qatlamli konussimon qobigning geometrik hamda fizik
parametrlariga bog‘liq bo‘lgan o‘zgarmas koeffitsiyenlar. Masalan:
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(6)-(9) tenglamalar sistemasidagi UT(%), UZ(%), U, (0) va U, (0) izlanuvchi funksiyalar. Ular uch gat-lamli

konussimon qobigning markaziy o‘qidan & masofada Joylashgan o‘rta gatlamdan tanlangan sirtdagi
ko*chish vektorining komponentalari hisoblanadi. Uch gatlamli konussimon qobigning qatlamlaridagi ko‘-

U9, U0, U va

chish va kuchlanishlami topish uchun gatlamlardagi ko*chish va kuchlanishlarni ham U, 4, U, g,

Ul 1) izlanuvchi funksiyalar orqali ifodalaymiz:
Uch gatlamli konussimon qobigning ichki qatlamidagi ko‘chishlar quyidagicha:
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Uch qatlamli konussimon qobigning o‘rta qatlamidagi ko‘chishlar quyidagicha:
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Uch gatlamli konussimon qobiqgning tashqi qatlam1dag1 ko chishlar quyidagicha:
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a5, 652 va 6 kuchlanishlar ham xuddi shunday ifodalanadi. Xuddi shunday uch qatlamli ko-

nussimon qobiqgning orta qatlamidagi ko*chish va kuchlanishlar quyidagicha:
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Uch gatlamli konussimon gobigning bo‘ylama-radial tebranishlarida hosil bo‘ladigan o‘rta qatlam-

ning qolgan O'ég), Z(Z) va ar(g)larni ham izlanuvchi UT(%), UZ(%), U. (01) val, ® { funksiyalar orqali ifo-dalaymiz:
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Uch qatlamli konussimon qobiqning tashqi qatlamida hosil bo‘ladigan kuchlanishlarni ham UT(%),

y©

z0- U ( 1) va U} 1) izlanuvchi funksivalar orqali ifodalaymiz.
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