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JTAHAMIYHUA AHAJII3 CACTEMH JIBOX 3’ € THAHUX
OUJITHAPUYHUX OBOJIOHOK

JInst MOCHi/KeHHS TMHAMIKM NalHBHOTO pesepByapy emuictio 200 u° skuii 3axumennii
30BHILIHBOK IWIIHAPUYHOK OOOJOHKOK 1 3'€qHaHMH 3 HEK CTAICBUMH Tpybdamu Juis
3aKkadyBaHHA Ta BigOOpy @anuBa, 3a JONOMOror mporpamuoro kommiekcy NASTRAN
noOyaoBaHa CKiHYCHHOCJIEMEHTHA MOJENb KOHCTPYKIi y BHIVIALI CHUCTEMH [BOX 3 €IHAHHX
T HAPUYHEX 00050HOK. Ha ocHOBI Mertomy JlaHioma BHKOHAHO MOJAIbHHN AHAI3 CHCTEMH.
BusiBiieHO BIUIMB 30BHIIIHBOI OOOJOHKM Ta CIEMEHTIB 3 €JHAHHS Ha JAWHAMIYHY IOBEHIHKY
MAJIMBHOTO pe3epByapy.

Beryn. BukoHaHHS MiXHApOJHHUX 3000B's3aHb YKpaiHW B 3B'S3Ky 3 i
yuactio B JloroBopi mpo AHTapkTHKy [l] mOB's3aHO i3 3a0e3medeHHAM
KUTTEMISIIBHOCTI 1 MozepHi3auii iHQpacTpyKTypH yKpaiHCBKOI aHTapKTHYHOL
crannii Axanemik Bepnancekuii. Ha ctaHIii BCTaHOBIEHO HOBHH pe3epByap
wigpuanoi gopmu emmictio 200 4 IS IM3EIBHOTO MANBHOTO. 3 METOKO
JIOJIATKOBOTO 3aXHCTYy OTOYYIOYOTO CEPENOBHINA BiJl MOMKIMBOIO BHTOKY
MAIBHOTO  BHYTPIIIHA TepMeTHYHAa €MHICTh IS TIajiBa 3axHIleHa
30BHIITHBOI0 MHJIIHAPUIHOIO 000JOHKOIO. BHYTPIITHS 1 30BHINTHSA OOOJOHKH
TEXHOJIOTIYHO 3’ €JIHaHI TPyOOIPOBOAAMH JUIS 3aKadyBaHHS 1 BigOopy mamusa.
Bracnmigok mnpupomHux 30ypeHb TpW  KOJMBaHHI 3aXUCHOI OOOJOHKH
CTBOPIOIOTECS TEPEAYMOBH ISl JOAATKOBOTO AWHAMIYHOTO HABaHTAKCHHS
gepe3 KOPCTKI KpiluleHHs TpyO Ha MamuBHUN pesepByap. Ilig dac Hakadyku
IajgvBa B pe3epByap depes3 BEpXHil MaTpyOOK BHACTIJOK MaiHHS IalHBa ITiJ
THCKOM 1 32 paXyHOK »OPCTKHX 3’ €lHaHb BHYTPIIIHBOI 1 30BHIIIHBOI 000JIOHOK
y Oe3BITpSHY MOTOJYy BIAYYBAIOTHCSA KOJMBAHHS 30BHIIIHBOT OOOJIOHKH.
HaBeneni Qaktu cBiguaTh Tpo HEOOXiTHICTH JOCHIIDKCHHS HECYYOoi
CIPOMOJKHOCTI Ta IMHAMIKM TAIMBHOTO pe3epByapa 3 ypaxyBaHHIM 3aXHUCHOI
OOOJIOHKM Ta TEXHOJIONIYHHUX €JIEMEHTIB 3’ €IHAaHHA. BaKJIIMBOIO CTaIicro
JIUHAMIYHOTO PO3PaxyHKY CIIOPYAM € BUKOHAHHS 11 MOJaapHOro aHamsy [2,3].

B rtemepimHii dYac BeayThCcS IHTEHCHBHI JIOCTIDKEHHS B Taysi
MaTEeMaTUYHOTO MOJETIOBAHHS 1 MPOTHO3YBAaHHS HPUPOAHUX 1 TEXHOTEHHHX
MIPOIIECiB, MO BiOYBAIOThCS Ha 3emui. J[JIs 1bOTO PO3pOOIIOIOTHCS TOTYKHI
OOYHNCITIOBAIbHI CUCTEMH, SIKi 0a3yIOThCSI HA CYYaCHHX METOJaax OyiBerbHOI
MEXaHiK{, MEXaHiKH TBEepAWX Ta Ne(MOPMIBHUX TijJ, MaTeMaTUYHOI (i3HKH.

[l Kupuuyk O.A., Kyseko O.B., JIyk' suuenxo O.0.
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OOunCmIOBaNbHI CHCTEMHM, M0 TIPEICTAaBICHI Ha PHUHKY HAayKOMIiCTKOI
MPOAYKIii, MalOTh PO3BHHEHI CEPBICHI MOMJIIMBOCTI. Y 3B'I3Ky 3 IHUM
BIMBUM € 3aBIAHHI - 3 BEJIHMKOI KUTBKOCTI PI3HOMAHITHHX BITYM3HSHUX 1
3apyOiKHIX 0OYMCITIOBAIBFHUX KOMITJICKCIB BUOPATH Ti, AKi MOTIIH O HAHOiIbII
e(eKTUBHO BHUKOPHCTOBYBATHUCS JUI BHPILICHHS HAYKOBO-ZOCHIIHUX 1
MPUKIAAHAX 33734 MeXaHiku. J[I1 HOCHiKeHHS IWHAMIKH CHCTEMH JIBOX
3'€IHAaHUX pe3epByapiB aBTOPaMHU 3aCTOCOBAHHWHA MPOTPAMHHUI MPOIYKT
MSC.Software Corporation -ckiHYeHHOEIEeMEHTHA MPOrpaMHa CHCTEMa
MSC.NASTRAN [5]. KopuctyBauamu nporpaMHoro 3abe3mnedeHHs miei ¢pipmu
€ TIANpUEMCTBA aBIaKOCMIYHOi, aBTOMOOUIbHOI, EJIEKTPOHHOI Ta IHIIMX
ramy3edfl MPOMHUCIOBOCTI, a TaKOX BHUIII HaBYaimbHI 3aknanu. Kommanis
CHIBIpAIfOE 3 HAWOUIBIIMMU CBITOBUMHU BHpPOOHHKAMH, TakuMu sk BMW,
DaimlerChrysler, Fiat, GM, Ford, Nissan, Toyota,eBw, Airbus, Lockheed
Martin, United Technologies, Dupont, Eastman Koddkforolara ix.

IloOynoBa ckiHYUeHHOeTeMeHTHOI Mojesi CHCTeMH JBOX 3 €IHAHUX
NMIHAPUYHUX 00070HOK. B poboTi moOynoBaHa CKiHYCHHOEIIEMEHTHA
MOJENb CKJIAQJeHOI KOHCTPYKIii y BUIJLIAI CHCTEMH JABOX 3’ €IHAHUX
OWTHAPUIHAX 00OJIOHOK 3 BiATIOBIAHUMH T€OMETPUYHHUMH Ta MEXaHIYHUMU
XapaKTEPUCTUKAMHU TTATMBHOTO Ta 3aXHCHOTO pe3epByapiB (puc. 1). PesepByap
JUTSL IM3EIBHOTO TATUBa SIBJISIE COOOK0 METANCBUI HWITIHIP BUCOTOK 5,961 i
niamerpoM 6,63m.

Puc. 1. CkiH4YCHHOETIEMEHTHA MOZICNIb CHCTEMH JIBOX 3’ €JHAHUX LHTiHAPUIHUX 000IIOHOK

PezepByap 3 mnajmMBOM 3HAXOAWTHCS B CEPEIMHI 3aXHUCHOI MeTaJeBOl
OWTHIPUYIHOT 000NOHKK BHUCOTOW 6,58 M 1 miamerpom 6,96 m. Topuruna
CTIHOK 000JIOHOK ckiamae 5 amm, marepian — Cr.3nc.2. CraneBi Tpyou mis
3aKayyBaHHS Ta BIIOOPY MalliBa MarOTh aiamerp 3 mroiima ta goBxuny 0,16.m.
Huningpruni 06010HKK po30HTI 1O Koty Ha 64 yactunH, 1o BucoTi — Ha 20.
CriHku 00OJIOHOK 3MOJENBOBaHI y BHITLSINI CYKYITHOCTI YOTHPBOXKYTHHX
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IJIOCKUX CKIHYEHHHX €JIEMEHTIB 31 IICThMa CTENeHIMH BiIbHOCTI. J[Bi TpyOH,
0 3 €IHYIOTh OOOJIOHKH, MOJENIOIOTCS CTEPKHEBUMH eJeMEeHTaMu. B
MiCIIX KpIiIUIGHHA TpyO A0 pe3epByapiB OJWH YOTHPHOXKYTHHH €IEMEHT
3aMiHCHHWH Ha YOTHPH TPHOXKYTHI IUIOCKI eneMeHTH. KilbKicTh IBOMIpHHX
eJIeMEeHTIB Mojeli ckiagae 2692, kinbKicTh By3miB — 2575.Y Bysnax HHKHBOI
KPOMKH BHYTPIITHBOTO pe3epByapy OOMEXKEHi IMepeMillleHHs Mo TBipHIH 1
paziycy, MOBOPOTH HABKOJO pPAajiycy 1 AOTHYHOI. By3nu HIKHBOI KPOMKH
30BHILIHBOTO PE3epBYyapy KOPCTKO 3aKpPillIeHi.

3a gomomoror Metoxy JlaHmomia, IO peanizoBaHHA B NPOrPaMHOMY
komiuiekci NASTRAN, BHKOHaHUN MOZAJIbHHUA aHAl3 CHUCTEMH JBOX
3’enqHanux o0OosoHOK. OTpuMmaHi (GOpPMH Ta YacTOTH BIIACHUX KOJHMBaHb
cuctemu. JIOCTiKEHHS MOKa3ally, IO CIOCTEPIraloThCs PErysApHi(LIMKITiqHI)
Ta HeperyJsipHi nedopmarii CTIHOK SIK 30BHINHBOI Tak 1 BHYTPIIIHBOT
00010HOK. B Tabmuii 1 npeacTaBiieHi 9acTOTH BIACHUX KOJHMBAHb CUCTEMH Ta
KUTBKICTh XBWJIb B3JIOBX KiJ 000JIOHOK. HaBeneHa HasiBHICTh PETYISAPHUX Ta
HEperysIpHuX aedopmariidi cTiHok obomoHok it 20-th popm BiacHMX
KOJIUBaHb CUCTEMH.

Tabmuus 1

CHCTSggﬂzzﬂﬁaHux IlanuBHuii pezepByap 3axucHuit pesepByap

M | Yacrora XBIPE;J:;L;;CTL S Kimxicrs,
, o | Yacrora, XBHJIb Yacrora,
Iy Kona Iy - Iy XBMJIb B3JIOBK
(BHyTp./30BH.) Koma Kora.)
1 14.0568 -19 15,6536 10 13,94727 10
2 14.1037 -/* 15,36569 10 13,947y 10
3 14.2192 -19 15,38951 9 14,11186 9
4 14.3192 ** 15,9003 9 14,11138 9
5 14.8603 -/11 16,4548 11 14,73988 11
6 14.9440 *11 16,4569 11 14,73945 11
7 15.6025 -/8 17,3935 8 15,4825%2 8
8 15.6833 */8 17,4019 8 15,48252 8
9 15.8081 10/- 18,0561 12 16,24563 12
10 | 15.8298 10/* 18,0572 12 16,24585 12
11 | 16.0532 9/- 20,2515 13 18,27567 13
12 | 16.0737 9/* 20,2520 13 18,27572 13
13 | 16.3850 -112 20,2918 7 18,32078 7
14 | 16.4680 *12 20,3044 7 18,32082 7
15| 16.6155 11/- 22,8954 14 20,7009 14
16 | 16.6359 11/* 22,8961 14 20,70089 14
17 | 17.5647 8/- 24,6471 6 23,00981 6
18 | 17.5895 8/* 24,6658 6 23,00963 6
19 | 18.2313 12/- 25,8949 15 23,4385 15
20 | 18.2386 12/* 25,8952 15 23,43831 15
* — HeperymsipHi gedopmanii;, - —gedopmanii BigcyTHI
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Perymsapui  nedopmarii  30BHIMIHBEOI  000JIOHKH  0e3  aedopMyBaHHS
BHYTPIIIHBOI 000JIOHKH criocTepiraroThes mo ¢popmax 1, 3, 5, 7, 13l1o dpopmax 9,
11, 15, 17; 19mwmxiniuao 1ehOpMYETHCS JIMIIE CTIHKA BHYTPIIIHBOT OOOJIOHKH,
30BHIIIHS 000JIOHKa HE aepOopMyeThcsa. MaroTh MICIle OJHOYACHI pPETyIspHi
nedopmartii 30BHIIIHEOI OOOJIOHKK Ta HEPETYJSIpHI BHYTPIIIHBOI OOOJIOHKH
(dbopmu 6, 8, 14)i maBmaku (popmm 10, 12, 16, 18, 20)Io ¢opmax BiacHHUX
KOJMBaHb 2 Ta 4 CIOCTepiraroThCsl HeperyssipHi aedopmanii 30BHIIIHBOT
000JIOHKH Ta JIOKaJIbHI AepopManii BHyTpIIIHEOT 000JI0HKH. B Garateox Bumamkax
B MICIIX pO3TalryBaHHsS TpyO nedopmartii CTIHOK 000JIOHOK HOCSTH JIOKaJbHHH
XapakTep, M0 CBIAYUTh MPO BIUIUB 3'€[IHAIBHHUX CIIEMEHTIB Ha (POPMH BIACHUX
KOJIMBAaHb CUCTEMH JIBOX OOOJIOHOK. B3/IOBX TBIpHMX OOOJIOHOK CIIOCTEPIraeThest
OJIHA TIBXBWJII MO BCiX (pOpMax BIIACHHX KOJNHBaHb CHCTeMH. YacTOTH BIACHHX
KOJIMBAHb CHICTEMH 3’ €JHAHUX 000JIOHOK HaOyBaroTh 3HaueHHs Bix 14,0568 no
18,2386l 11 (tabmn. 1). Ha puc. 2 npexacrasineni 4 (puc. 2a), 8 puc. 2p), 18 puc.
2,6) hopMH BJIACHHX KOJIMBAHb 3’ €THAHUX O0OJIOHOK, II0 SKHX BHIHO PETYJHIPHI i
HeperyJsipHi  edopMariii 30BHIMIHROT Ta BHYTPINIHEOI OOOJIOHOK, JIOKAJIBHI
nedopmartii B MiCIIIx KpirieHHs TpyoO.

JIs OIiHKM BIUIMBY €JIEMEHTIB 3'€THAHHS Ha 3HA4YEeHHS YacToT Ta (opMm
BIACHHX KOJIMBaHb CHCTEMH JIOCHI/DKEHAa JMHAMIKa OKPEMO IaJMBHOTO
pesepByapy Ta 3axMCHOTO pe3epByapiB. [loOymoBani iX po3paxyHKOBI
CKIHUCHHOEJIEMEHTHI MOZENI Y BUIVIS LIMTIHIPHYHUX OOOJIOHOK, CTIHKH SIKHX
alPOKCHMYIOTBCSL ~ CYKYIHICTIO ~ YOTHUPHOXKYTHHX  IUIOCKMX  €JIEMCHTIB.
leomeTpryHi, MeXaHIYHI XapaKTEPHCTUKH Ta TpPaHUYHI YMOBH pe3epBYyapiB
aHAJIOTIYHI XapaKTEPUCTUKAM 1 YMOBAaM BHYTPIIIHOI Ta 30BHIIIHBOT 0OOJIOHOK
CHCTEMH.

MopnansHul aHANI3 pe3epByapy Il 30epiraHHs MaivBa MoKa3as, Mo (GOpMH
BIIACHUX KOJNIMBaHb € TWKIvanMA  (puc. 3). B KomoBOMy — HAmpsiMKy
crioctepiratoThest Bifg 6 g0 15 xBuib 1 B3moBXK TBipHOI — 1 miBxBrirt. YactoTn
BJIACHHMX KOJIMBAaHb HaOyBalOTh 3HaueHHs Bix 15,6536 no 25,8952 (Tadi. 1).
Ilpn nmocnmipkeHHI IMHAMIKM 3aXHCHOTO pe3epByapy (OpMH HOTO BIaCHHX
KOJIMBaHb CHIBNAJAIOTh 3 GOPMaMU HAMBHOTO pe3epByapy (puc. 3), ajie 4acToTH
BJIACHUX KOJIMBaHb MCHILI 32 BiIMOBiHI YaCTOTH MAJMBHOTO pe3epByapy (tadi. 1)
1 MaroTh 3HaYeHHs B mianasoni Big 13,9473 1 mo 23,4383 1.

SIKIIo TOpIBHATH pe3yJbTaTH MONAIFHUX aHaJli3iB BHYTPINIHBOI OOOJIOHKH
CHCTEeMH 3 €JIHAHMX OOOJIOHOK Ta MAJIMBHOTO pe3epByapy, BHAHO, IO (GoOpMHU
BJIACHMX KOJIMBAaHb 1 BIIOBIOHI YaCTOTH KOJMBAaHb BiIpi3HAIOTHCA (Tabi. 1).
CriocTepiraroTbcsi KOJMBAHHS BHYTPIITHBOI OOOJIOHKH CHCTEMH 3 CYTTEBUMH
HEpEryJSPHAMH Ta JOKATbHUMHA jedopmartisimu  (puc. 2), sIKi BiACYTHI TpH
OKpEMOMY JOCTI/UKCHHI JHHAMIKA TIAMMBHOTO pe3epByapy (puc. 3). Ilpu
TIOPIBHSHHI JWHAMIKA OKPEMO 3aXHCHOTO pe3epByapy Ta 30BHIIIHBOI OOOJOHKH
cucTteMu Jimie STta 7 GOpMH BIACHUX KOJWBAHbL CITIBIIAIAIOTh, A€ BiIIOBIIHI
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Puc 2. ®opmu BIacHHX KOJIMBAaHE CHCTEMH JBOX 3’ €AHAHUX 00OIOHOK

Puc 3. Tlepia ¢popmu BlIacHUX KOJHBAHb ITAIMBHOTO Ta 3aXUCHOTO PE3epByapiB
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YaCTOTH KOJIMBAaHb 10 IMX (opMax BiipisHsroThCs (Tabi. 1). Takosk 30BHILIHS
000JIOHKAa CHCTEMH Mae€ JIOKaJIbHI Ta HEperysapHi maedopmaliii, ski BiZICyTHI TIpH
JIOCITI/PKEHH] TUHAMIKHU 3aXHCHOTO Pe3epByapy.

OTpuMaHi pe3yibTaTH CBIiTYATh MPO BIUIMB HA TUHAMIYHI XapaKTEPUCTUKH
MaJMBHOTO Ta 3aXHCHOI'O Pe3epByapy €NEMEHTIB 1X 3'€HaHHS B CHCTEMY, Ta
iCHyBaHHSI B3a€EMOJIIl MONIEPEUYHUX Ta MOB3JOBXKHIX (OPM BIACHUX KOJIMBAHb
000X pe3epByapis.

BucnoBok. Ilpu nocnipkeHHI AWHAMIKH pe3epByapy Aisl 30epiraHHs
ManuBa, IO 3aXUIICHUH OOOJOHKOI 3'€THAHOI 3 HHM TEXHOJIOTIYHUMU
eJIEMEHTaMH, 32 PO3PaXyHKOBY MOJEIh HEOOXiTHO MPUHHATH CHUCTEMY IBOX
3’ eIHAaHUX O00OJIOHOK, 00 MOJAJIBHUIN aHaJ3 MOJEIN y BUIIISAII IHIIHIAPHIHOT
O00OJIOHKH 3 BIJTOBITHHMHU XapaKTEPHCTHUKAMH TAIHBHOTO pe3epByapy HeE
BiJIMTOBiTa€ peanbHiM MOBEiHIII IIBOTO pe3epByapy B cucteMi. Llei pakt Moxe
CYTTEBO BIUTMHYTH Ha Pe3yJbTaTH PO3PaXyHKY MaJIMBHOTO pe3epByapy Ha pi3Hi
BUJIM TUHAMIYHIX HABAHTaKCHb.
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Kupuuyx A.A., Kysvko A.B., Jlykvanuenxo O.A.

JAHAMMYECKHUI AHAJIN3 CUCTEMBI JIBYX COEJIUMHEHHBIX
HUJIMHAPUYECKHUX OBOJIOYEK

JIns MCCIIENIOBAaHMS JMHAMMKM TOIUIMBHOTO pesepByapa obbemoM 200 M, KOTOpBIH 3ammiieH
BHEIIHEH IMIMHIPUYECKOH OOONOYKOH M COEAMHEH C HEll CTAaIbHBIMH TPyOamu Ul 3aKaukd M
cipBa  TOIUIMBA, C momompbio mporpammuoro  kommiaekca NASTRAN  moctpoeHa
KOHEYHODJICMEHTHAsI MOJETb KOHCTPYKIIUH B BHE CUCTEMBI JBYX COSIUHCHHBIX IIINHIPHICCKUX
ob6onouek. Ha ocHoBe Merona JlaHIoma BBINONHEH MOJANbHBIA aHAIM3 cucTeMbl. OOHApYKEHO
BJIMSHHCE BHEIIHEH 000IOUKH U JJIEMEHTOB COCIUHEHHS HA JHHAMHIECKOE IIOBE/ICHIE TOILIHBHOTO
pesepByapa.

Kyrychuk A.A., KuzkA.V., Lukianchenko O.O.

DYNAMIC ANALYSIS OF TWO CONNECTED CYLINDRICAL SHELL S

For studing the dynamics of the fuel reservoir citgaf 200 ni, which is protected by the outer

cylindrical shell and connected with her steel pif@r pumping and draining fuel, using program
NASTRAN the finite element model a structure in fbem of two connected cylindrical shells is

constructed. Based on Lanczos method implementedaimanalysis system. Revealed the
influence of the outer shell and connection elesentthe dynamic behavior of the fuel reservoir.



