


ichki bosim hamda irsiy yadroning singulyarlik parametri o ning erkin tebranish chastotasi va so ‘nish koef-
fitsiyentiga ta’siri sonli misolda tahlil gilinadi. Olingan natijalar to g ri chizigli quvur nazariyasi bilan
taqqoslanadi va chegaraviy holatlarda mos kelishi ko ‘rsatiladi.

Kalit so‘zlar: egri chizigli quvur, qobiq nazariyasi, irsiy-qovushqoq muhit, Rjanitsin—Koltunov yad-
rosi, Bubnov-Galerkin usuli, Myuller usuli, kompleks chastota, so ‘nish koeffitsiyenti.

MATEMATHYECKOE MOJAEJIUMPOBAHUE JTUHAMUWYECKOI'O ABUKEHUSA
KPUBOJMUHEMHOI'O TPYBOITPOBOJIA HA OCHOBE TEOPUU HACJEJACTBEHHOI
BA3ZKOYIIPYT'OCTHU

Annomauus. B cmamuve Ha ocHoge meoput 000104eK UCCAEOVIOMC C80O00HBIE U 3AMYXAIOUUE KO-
1eOaHUa KPUBOIUHETIHOZO (MOPOUOATbHO20) cecrmeHmA 000104KU-MPYBONpoeodd, no KOMOPOMY NPOMEKA-
em srcuokocmo. Mooenw, panee NOCHMPOEHHAA MOAbKO 015 CAYHA UOeAIbHO YAPY2020 Mamepuaid, 06006-
Waemes Ha CAyuati HACIeOCMBEHHO-BA3K0OYNPY2020 MAMEPUAIA HO OCHO8e MeOPUl HACIeOCMBEHHOT 653~
xoynpyeocmu bonvymana—Borsmeppa ¢ adpom peraxcayuu Powcanuyvina—Konmynosa. B pesynomame
yacmoma xonebanuil onpeoensemes KaK KOMIIEKCHAS 6eIUHUHA, OeTUCMEUMENbHA YACMb KOMOPOT Xd-
pakmepusyem 4acmomy Kojae0anuti, a MHUMAA 4acHb — OUCCUNAMUBHbIE (OeMIPUPYIouue) CeolCmad Cuc-
memvl. C nomowybro memooa bybrnoea—I anépruna sadaua ce0OUmcs Kk mpaHcyeHOeHMHOMY YACHMOMHOMY
VPAGHEHUIO ¢ KOMMNIEKCHBIMU KOIPuyuenmamu, Komopoe peuwiaemes yucienno memooom Mrwanepa. Ha
YUCTIEHHOM NPpUMEPe NPOaHATUSUPOBAHO GIIUAHUE PAOUYCA KPUGUHDI, OMHOCUMENbHOT ONttHbl mpyowvl 1/d,
CKOpOCHU MeYeHUs, 6HYMPeHHe20 0AGIeHUs, d MAKICe NAPAMempPd CUHSYIAPHOCHU 0. HACIeOCMEEHHO20
20pa Ha wacmomy c80600HbIX KoaeOanull u ko3 puyuenm amyxanus. Ilonyuenuvie pe3yibmamol CoNoc-
magneHvl ¢ pe3yIbmamamis KiacCu4eckoll meopuu nPIMOIUHEHO20 mpybonpoeood, 1 NOKA3AHO UX COG-
naoerue 8 COOMEeMcmeYOUUX NPeOebHbIX CLYHASX.

Kanrouesoie crosa: kpusonrunetinas mpyba, meopus 0007104€K, HACIEOCMBEHHO-6A3K0YNPYeas cpedd,
a0po Pacanuyvina—Konmynosa, memoo bybunoea—I anépruna, memoo Mrwonniepa, KoMniekcHas yacmomd,
KO3(hpuyenm 3amyxaHus.

MATHEMATICAL MODELING OF THE DYNAMIC BEHAVIOR OF CURVILINEAR
PIPELINES BASED ON THE THEORY OF VISCOELASTIC SHELLS WITH HEREDITARY
PROPERTIES

Annotation. In this paper, the free and damped vibrations of a curved (toroidal) shell-pipe segment
conveying a flowing fluid are investigated within the framework of thin shell theory. A model previously
formulated only for a perfectly elastic material is generalized to the case of a hereditarily viscoelastic
material, based on the Boltzmann—Volterra theory of hereditary viscoelasticity with the Rzhanitsyn—
Koltunov relaxation kernel. As a result, the vibration frequency is obtained as a complex quantity, whose
real part characterizes the frequency of oscillation and whose imaginary part characterizes the damping
(dissipative) properties of the system. By applying the Bubnov—Galerkin method, the problem is reduced to
a transcendental frequency equation with complex coefficients, which is solved numerically by the Miiller
method. The influence of the radius of curvature, the relative length of the pipe L/d, the flow velocity, the
internal pressure, and the singularity parameter o of the hereditary kernel on the free vibration frequency
and the damping coefficient is analyzed through a numerical example. The results obtained are compared
with those of the classical straight-pipe theory, and it is shown that they coincide in the corresponding
limiting cases.

Keywords: curved pipe, shell theory, hereditary-viscoelastic medium, Rzhanitsyn—Koltunov kernel,
Bubnov—Galerkin method, Miiller method, complex frequency, damping coefficient.

I. Kirish (Introduction). Neft-gaz, kimyo va issiglik-energetika tarmoqlarida ishlatiladigan quvur
tizimlarining muhim qismi to‘g‘ri chiziqli emas, balki egri chizigli (burilish, kompensator, torusial) uchast-
kalardan iborat bo‘ladi. Bunday uchastkalarda ogayotgan suyuqlikning markazdan qochma va Koriolis
kuchlari, ichki bosim hamda quvur devori materialining reologik xossalari tebranish spektriga sezilarli ta’-
sir ko‘rsatishi mumkin. Egri chizigli vato‘g‘r chizigli quvur o‘tkazgichlarning tebranishlarini qobiq naza-
riyasi asosida tahlil gilishga [ 1-4; 7,8] ishlarida katta ¢ tibor berilgan, ammo bu ishlarning barchasida quvur
materiali mukammal elastik deb gabul gilingan.

So‘nggi yillarda kompozit va polimer asosidagi quvurlarning (shisha-plastik, armaturalangan poli-
mer quvurlar) energetika va kimyo sanoatida qo‘llanilishi tobora kengaymoqda. Bunday materiallar vaqt
o‘tishi bilan deformatsivalanish xususiyatini namoyon qiladi, ya'ni, ularning mexanik xatti-harakati irsiy-
govushqoq (Boltsman—Volterra) nazariyasi asosida tavsiflanishi lozim [4, 6]. Shu sababli mukammal elas-
tik model doirasida qurilgan mavjud vechimlar amaliy jihatdan yetarli emas, ular tizimning eng muhim
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