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AHoTaunis

Hano nocmanosxy i po3podieHo MemoouKy YuceibHo20 po36 A3aHHA HeCmayioHapHux OUHAMIYHUX 3a0aY
0 mpuwlapogoi YuniHOpU4Hoi O0OOJIOHKU eNiNMUYHO20 NONEPeuHo20 nepepizy 3 OUCKPEemHUM pDeOpucmum
HanogHweauem. 3anpononosana Memoouka 0a3yemMvbcs HA  BUKOPUCTNAHHI  2inome3u  1AMAHOL  JNiHii,
cniggionoutenv meopii  Tumowenxa, e6apiayilino-pisHUYe8o20 Memody ma AGHOI CKIHYEeHHO-PIZHUYEBOT
anpokcumayii 3a uacom. OmpumaHo KOHKpemHi 4ucnosi peszyibmamu 01 000JOHOK 0aH020 Kiacy 3a Oii
IMNYTbCHO20 HABAHMAIICEHHS.

Kawuosi caoBa: mpuwaposa yuninopuuna 00010HKA, eNinmuunull nonepeunull nepepis, peopucmuil
HANOGHI06AY, 2iNome3a NaManoi Ninii, OUHaMiuHe HABAHMAICEHHS, YUCENbHA MEeMOOUKA.

Ha rtemepimmiii Wac s po3paxyHKY IIapyBaTHX aHI30TPOITHHX CTPYKTYp 3aCTOCOBYIOTH JBa
niaxoau. B mepmoMy miaxoi BUKOPUCTOBYIOTBCS TEOpii, MPH PO3poOIi SKUX KiHEeMaTHYHI TioTe3u
3aCTOCOBYIOTBCS JI0 KOKHOTO miapy okpemo. [Ipu moOymoBi Teopiii Apyroro miaxoay po3B’s3yBajibHi
PIBHSHHS OTPUMYIOTBCSI i3 3@JIy4eHHAM TiNOTE3 [0 BChOIO MAKETy MIapiB B LUIOMY. 3TigHO
TEPMIHOJIOTI], 3ampoIOHOBaHI aBTOpoM craTTi [l], TeopisM MEPIIOro MiIXOAYy JaHO Ha3BY
JTUCKPETHO-CTPYKTYPHUX, & APYrOro — HeMePepBHO-CTPYKTYPHUX.

B naniif po0OOTi Ha OCHOBI JHUCKPETHO-CTPYKTYPHOTO MiAXOMy pO3pOOJieHa YMCEITbHA METOIMKA
PO3paxyHKy TpPHIIAPOBHX LWIIHAPUYHUX OOOJIOHOK EJNINTHYHOTO MONEPEYHOro mepepizy 3
JUCKPETHUM pEOpPHUCTHM HAIOBHIOBaYeM 3a Jii HECTal[lOHApPHUX JUHAMIYHUX HaBaHTaKCHb.
Heoanopifgna TpuimapoBa NpyxHa CTPYKTYpa CKJIaJa€ThCsl 3 BHYTPIIHBOT Ta 30BHINIHBOI OOIIMBOK,
AKi YKOPCTKO 3’€HaHI MiXK COOOI CHCTEMOIO TO3JI0BXKHIX 1 momepeyHnx pebep. Bemwuwnm s
BHYTPIIIHBOT 1 30BHIIIHBOI OOIIMBOK MO3HAYAKOThCs iHAekcamu (1) i (2) 3Bepxy, a Ui MO3I0BXKHIX 1
norepeynnx pebep HamoBHioBada — (i) Ta (j) 3HM3y. BigHecemMo OOONOHKY 10 KPHBOJIHIHHOT
OPTOTOHANIBHOI CUCTEMHU KOOPIUHAT (&, &y, Z) , CHPSKEHO]I 3 JTHIIMH T'OJIOBHUX KPUBHH.

3a He3aseXHi 3MiHHI IPUHMEMO MePEMIIIEeHHs CEPeINHHNX [TOBEPXOHb BHyTpiHJHLo'l' 1 30BHIIITHBOI
OOIIMBOK Ta KyTH IMOBOPOTY iX HOpMajen u(l) u(l) u(l) gol(l) (p(l) u(z) u(z) u(z) (pl(z) @5 (2)

BpaxoByoun KiHEeMaTH4YHi yMOBH KOHTAaKTy OOIIMBOK 1 pebOep HANOBHIOBaYa, BHPA3UMO
y3arajbHeHi HepeMillleHHs | -r0 MO3I0BKHBOr0 pedpa Uy (ey),Us; (), Usi (), @i (), s () bepes
He3aJIeXKHI 3MiHHI:

Uy () = = [u{>(a1,az.)+u ) (@ a) |+ —[h“) O (o, ) ~h P (e, 00 |:
Usi(aq) == [()(a11a2|)+u2 (a1-a2|)]+ [h(l)¢(l)(a1!a2i)_h(Z)(PéZ)(alvaZi)];
(pl.<a1)——[u1< (@)~ (e )+ [h“) O (o, a0) +hPp@ (e a)|; (@)

wz.(al)——[u”(al,az.) ugt (al,az.)]+ WO (e, t31) + WP (a1, )|

2h,



Ugi (01) =US? (a, ) =ufP (e, @) (1 =1,2,...,1).

AHAIIOTIYHO 3aITUCYIOTHCSI BUPA3H JIJIS y3aralbHEHHX MEPEMIIIeHb | -TO MOMepedHoro pedpa.

HedopmyBaHHS OOIMMBOK 1 €IEMEHTIB HANOBHIOBada OyIeMO OMNHCYBAaTH CITiBBIIHOIIEHHSIMHU
Teopii, sika BpaxoBye nedopmallii mornepedHoro 3cyBy (monenb Tumomenka) [2, 3].

Cucrema po3B’s3yBalbHUX pIBHSHb OTpPHUMaHa 3 BapiallifHOro NpHHIUIY [ aminpToHa—
Ocrporpazacekoro [2]:

t
[l6(r1-K)-5A]dt, )
4]

ne I1,K — morenrmianpHa i KiHETMYHA eHeprii OOLIMBOK i pebpucroro HamoBHioBaya, A — pobora

30BHIIIHIX CHJI.

[Tpu po3B’s3aHHI KOHKPETHHX JUHAMIYHUX 3a/ad JaHa CHUCTEMa JOMOBHIOETHCS BiINOBITHHUMH
KpallOBUMH 1 TOYaTKOBUMH YMOBaMH.

3anponoHoBaHa YKCeNIbHA METOJIMKA PO3B’SI3aHHA PiBHSIHD KOJMBAHb TPUINAPOBOT MUIIIHAPHUYHOT
00OJIOHKM eNNTHYHOTO IOMEPEeYHOro Mepepidy 3 AMCKPETHUM peOpPHCTHM HAlOBHIOBaueM 3a il
HECTAIIOHAPHOTO HABaHTWKEHHS 0a3yeThCs Ha 3aCTOCYBAaHHI BapialiifHOTO BEKTOPHO-PI3HHUIIEBOTO
METOy TpH IMOOYAOBI PI3HUIEBUX CITIBBIIHOIIEHh 3a IMPOCTOPOBHMH KOOpPIAMHATAMH Ta SBHIH
CKiHYEHHO-PI3HHUIIEBIH alpOKCUMAIiT 32 YaCOBOIO KOOpAMHATOIO [2, 3].

3 BUKOPUCTaHHSIM pO3pPOOJICHOT METOAMKM 1 CKJIaJICHUX TMporpaM JOCTIPKEHO BIUIUB
TEOMETPUYHUX 1 MEXaHIYHUX IMMapameTpiB OOMIMBOK Ta JKOPCTKOCTEH peOpHCTOTO HAMOBHIOBa4da Ha
XBHJILOBI TIPOIIECH B 000JIOHKAX AaHOTO KJacy 3a Aii iIMIyJIbCHOTO TOBEPXHEBOTO HABAHTAKECHHS.
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NUMERICAL METHOD OF STUDYING DYNAMIC PROCESSES IN A THREE-LAYER
CYLINDRICAL SHELL OF ELLIPTICAL SECTION WITH RIBBED FILLER BASED ON
THE HYPOTHESIS OF A BROKEN LINE

Abstract

A formulation is given and a method for numerically solving unsteady dynamic problems for a three-layer
cylindrical shell of elliptical cross-section with a discrete ribbed filler is developed. The proposed method is
based on the use of the broken line hypothesis, the relations of the Tymoshenko theory, the variational-difference
method, and the explicit finite-difference approximation in time. Specific numerical results are obtained for
shells of this class under the action of an impulse load.

Key words: three-layer cylindrical shell, elliptical cross-section, ribbed filler, broken line hypothesis,
dynamic load, numerical method.
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