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BU3HAYEHHS MINHOCTI
TPHOXIHNAPOBOI HUJIIHAPUYHOI OBOJIOHKH

Anomayia. B cmammi  poszensiHymuu  HAnNpyjxceHuu  CMau
MPbOXUWAPOBOI YUNIHOPUYUHOI KOHCMPYKYIL 3 YPAXYBAHHAM eHepeii 3Cy8)y
3anosH08aua. B mpvoxwaposiii koncmpykyiti 06a 308HiWHI wapu 3 €OHAHI
30 O0NOMO2010 3aN0BHINEAYA, SAKUL MAE MEHULy MIYHICMb Y NOPIGHAHHI 00
308HIWHIX WAapis. 3anosHI06ay 3abe3newye NPYyi’CHi 61ACMUBOCMI 000NIOHYI |
npayroe Ha nepeoauy 308HIUHbLO20 MUCKY HA 306HIWHI WApU | NOnepeyHux
3ycuns 3cygy. Kopcmkicms y mpboxuiapogux KOHCMPYKYIU 3HAYHO GUWd,
HIDIC Y CYYINbHUX Memanesux koncmpykyiax. Kpim moeo, éonu sumpumyromo
i Oinbwi HABAHMAICEHHS, SAKI GUHUKAIOMb NPU NPUKIAOEHHI 308HIUUHIX
HasanmasiceHv. B 3anexcnocmi 6i0 M0Oya0 npys’cHOCmi 3an08HI08AYA Y
NonepeuHomMy HANPAMKY 6 MPbOXUIAPOBUX KOHCMPYKYIAX — MOJICYMb
suHuUKamu i nonepeyti degpopmayii.

B cmammi 6yno pozenanymo pieHAHHA 3MIHEHHS KPUBUSHU OKPEMO20
Kilbys y GUNAOKY, KOIU HABAHMANCEHHA HA O0OOJOHKY pO3NOOLIEHO
BNPOO0BIHC OOHIET MBIPHOI | BU3HAUEHI HOPMAIbHI HANPYICEHH 8 NIOUfL
cumempii npu x = 0. Ilpu npogedenHi po3paxyHKi@ OYiuU BUKOPUCMAHI
2inomesu npo 8iOCYMHICMb PO3MACHEHHS Kileyb BIOHOCHUX Oepopmayill 6
OKDYICHOMY HANPAMKY mMa 6i0CYMHOCMI 3CY8y cepeOuHHoi nogepxui. bys
CKAa0eHull eupas OJis NOMeHYIanbHOI eHepeii [ 3a 00NoMO20l0 DiGHAHHSL
Etinepa sapiayivinoi 3a0aui ompumano ninitine HeoOHOpiOHe Oughepenyiline
pienanua yemeepmozo cmynento. llicna eupiwenHs UYb020 PIBHAHHA
AHATIMUYHUM MemOoO0oM OVI0 OMPUMAHA 3ANedCHICMb 0/ padiaibHUll
nepemiujensb, Wo 0ae 3M02y UHAYAMU OKPYICHI I HOPMANbHI HANDYHCEHHS
8 YUNTHOPUYHIU 000JIOHYI.

Ompumane 6 HAYKOBOMY OOCHIONCEHHS DIleHHs 3a0ayi MiyHOCMmI
MpbOXWaposoi  YUNiHOPUYHOI  KOHCMPYKYii  0038015€  BU3HAYUMU
HanpysicenHs: 8 0OONOHYI 8 3ANeHCHOCMI He MINbKU 8i0 2eOMempudHUx il
napamempis, ane i MOOYNIO  3CY8Y 3ANO6HIOBAYA, WO NOKPAWYE
00CMOBIPHICMb NPOEKMYBAHHS | eKCHIyamayiro makux KOHCMPYKYil, uo
0ae nesHi pekomeHOayii no i GUKOPUCMAHHIO.

Knrwuoei cnosa: yuninopuuna ob60ONOHKA, HANPYHCEHHS, MIYHICMb,
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eHep2is 3¢y8y, 3an06HI06AY, KPUBUSHA.

Beryn. YV pi3HEX Tanmy3sX TEXHIKM, TakuxX sK aBiaOyayBaHHS,
cynoOynyBaHHsS  OymIBHUIITBO Ta IHIN  3HAaXONATh  3aCTOCYBaHHS
OaraTtomapoBi KOHCTPYKIIi, B OCHOBHOMY TpPbOXIIApOBI IUIACTMHU Ta
o6ononku. TproxmapoBa KOHCTPYKIIS CKIQAAEThCS 3 JIBOX MIITHUX
30BHIIIHIX IApiB, fAKI 3’€IHAaHI 3a JONOMOIOI0  3allOBHIOBAYA.
3amoBHIOBaYEM SIBJISIETBCSI MaTtepiajl, SKAW Ma€ MEHIINY MIIHICTh, HIXK
30BHIIIHI IIapu, aje 3abe3lneuyye NpyKHI BIACTUBOCTI 00O0JIOHILI abo
maacTuHIll. PO3BUTOK XIMIYHOI IPOMMCIIOBOCTI JO3BOJISIE B SIKOCTI
MaTepialiB  30BHIIIHIX IIapiB 1 3alOBHIOBaYa BUKOPUCTOBYBATH
CKJIOIUIACTUKH 1 EITOKCUIHI CMOJIH.

Oruasig pimens, siki MaoTh Micue. TpboxmapoBUMu 000JIOHKAMHU
3aiimanucs Oarato Bimomux BueHuX, Takux sk C.A.AmGapmomsn [1],
K.3.T'amimos [2] , E.I. I'puromok [3], [1.M.Ori6anos [4] , C.H.Kan [5], I,
Congeti [6], JI.lonemn [7]. Ilpu OyayBaHHI piBHSIHB JJIs 30BHIIIHIX IIapiB
BUKOPUCTOBYIOTh Trimote3u Kipxroda-JlaBa, st cepeaHboro mapy —
3aMoBHIOBaYa — TINMOTE3a MPO  3alOBHIOBAaYa TPHOXIIAPOBI OOOJIOHKH
MOXYTh OyTH 3 JIETKUM 1 J>XOPCTKMM 3aloBHIOBaueM. [y Jjerkoro
3alOBHIOBAYa BIJHOMICHHS MOMYJS TPYKHOCTI 30BHIIIHBOTO IIIApy 10
MOJyJs HPY’KHOCTI 3amoBHIOBaua cknafgae 10°—10* . 3opmimmi mapu
OepyTh Ha ceOc BCe HABAaHTAXXCHHS HAa CTHUCK-PO3TSATHEHHS. 3allOBHIOBAY
MpaLIoe Ha Meperayy HOPMaJIbHOIO THCKY Ha 30BHIILIHI MIAPHU 1 MOTIEPEYHUX
3yCWiib 3CyBY. B 3ajeXHOCTI Bifi MOIYIIO TPYXKHOCTI 3allOBHIOBaYa y
MOTIEPEYHOMY HANPSAMKY B TPHOXIIAPOBUX KOHCTPYKIISIX MOXKYTh BUHUKATH
1 monepeuHi aedopmarii.

IHocTanoBka mpodaemu. TproxiapoBi 0OOJIOHKHM MalOTh SIKOCTI,
SK1 BIZICYTHI Y CYHUIBHHX METQJICBUX KOHCTPYKIIisX. BOoHH MaioTh BHCOKY
KOPCTKICTh 1 MOXKYTh BUTPUMYBATH OUIBII MMTOMI HABAHTAXKECHHSI.

Merta. IIpoBecTr aHaMITHYHI JOCHITKEHHS, SIKI BU3HAYATh JIHCHI
HABaHTAXXCHHA 1 TPHOXIIAPOBUX LMITIHAPUIHUX 000TOHKAX.

Buxnan ocHoBHOro marepiany Skmo o0oloHKa Mae JAEKIIbKa
mapiB, To npu ii po3paxyHKy TpeGa 0OOB’SI3KOBO BpaxOBYBATH EHEPTilO
3CyBY 3aIllOBHIOBAYa.

CymapHi MOMEHTH 3THHY OyJIeMO pO3IJIsAaTi y BUTIsAL [5]

my=my +my =&(x)B(4). (1)

Jle 3amani

my, =& (x) A(9).

é: (X)- CTaTUYHO HEBHW3HaueHa (QYHKINS, SKa 3MIHHA BIIOJIOBXK

00O0JIOHKH.
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B 1ipoMy BHUMaaKy 3MiHIOETBCS 3al€XHICTh (pu M = 0 )

D, (2w,

m¢ - _F a¢2 + Wn (2)7

ne W, - 3araibHi 3HaYE€HHS paIialbHUX [IEPEMIIICHb

W, =W +Wdod :g(x)ﬂ(¢)

Ile MOSICHIOETBCSI THM, IO y BHUMAIKY TPHOXIIAPOBOI OOOJIOHKH
KpMBHM3Ha OOOJIOHKH J, IIPOXOJUTh HE TUIBKM 3a PaXyHOK Jii MOMEHTIB
3ruHy My, ane i BHACIiJOK BIUIMBY TONEPEYHUX CUI O, AKi BUKIMKAIOTh

,Z[OTI/I‘lHi HAIIPY>KCHHS 3allOBHIOBAa4a

Ie F =h - tommna 3amoBHOBava.
PiBHSIHHSI 3MIHEHHS KPUBHU3HU OKPEMOTO KUIBISI TPEICTABUMO Y
BUTIISAIL

1 (&2 m

| S, | = 2 3)
R*\ o¢ D, G,F

15Q¢

e p, =———2- IHTEHCUBHICTb PaJ1aJbHOT0 HABAHTAXKEHHS
" R 0¢ ’

_Po_ -3MiHa KpUBHU3HU KiJ'IBI_IH B HaCJ'IiI[OK 3CYyBY 3allOBHKOBa4a.

G

zap

Po3rnsHemMo BHIIQIOK  KOJHU HaBaHTAXEHHA Ha OOOJIOHKY
pO3MOiIeHE BITOJAOBXK OJHI€ET TBIpHOI pu ¢ =0 . B mumommAi cumeTpii npu
x =0 HOpMaJbHI HANPY>KEHHS BU3HAYAIOTHCA 32 (HOPMYJIIOI0

M pl’? p[LJZ
o =—=y= Rcos¢g=0,04—| — | cos 4
w7 Y T8k / 5\ R ? @

MOMEHT 3ruHy B IOBUIPHOMY MEPETUHI KUIbIS OJWHUYHOT IIUPUHU
BiJI A1 HABAHTAXKEHHS P 1 JOTUIHHUX CHIT
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m, =%[1+0,5005¢—(7r—¢)sm¢], (5)

3 ypaxyBaHHAM 3aJIe)KHOCTI (5) piBHSAHHSA (3) puiiMae BUTIISI

%[%er]:g(x){l,5c05¢+(7r—¢)sin¢_1+0,5005¢—(7r—¢5)sin¢ 6

G, R'F D,

[Ticna BupiieHHs piBHAHHA (6) OTPUMAEMO BHpa3 Ui paaiajbHUX
nepeMiIieHb

w, = Rzg(x){DLW(O,Sﬂcosgb— 0,75sin ¢+ 0,254 cos ¢) —1] +

1

+m[¢(0,25¢cos¢+0,25sin¢—0,57rc0s¢)] ! )

Ha ocHOBI TimoTe3w mpo BIACYTHICTH PO3TATHEHHS KUJIEIb
BiIHOCHHX JedopMalliii B OKPYKHOMY HANpsMKY Ja€ 3MOTY 3HalTh

MepeMiIeHHs vV, 1Mo TOTHYHIN 10 ayrH S
w, 10dv, _

n

+ =
R R o4

v, = —Rzg(x){Di[sin¢(o,25¢3 +0,57¢ —o,5¢_2)+

8¢=

+pcosd(1,25¢4+0,57) — ¢ ]+ﬁ[¢2 cos @+ (8)

zap

+0,25sin¢(¢53 — 274’ +¢_2) 1}

['imotes3a BiCYTHOCTI 3CYBY CepeAMHHOI MOBEPXHI 1€ MOXJIUBICTh

3HANTH 3B'A30K MIXK MEpeMilleHHIMU U, 1o oci X 1 mepeMilieHHsIMu v, 1o
JOTHYHIN 10 IyTH S

ou ov

n n o_
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Y | |sing(¢’-2.826-1)+
u, =R =< ———
G R°F | +0,25cos g(§* ~114* — 279 +2)

ox

b
D

t

—cos¢(0’25¢4 +1,32¢° _0957[¢_0’5) }]

0.5 +sing (24" +0,574” ~ 0,684 +1) - )

3MiHEHHSI KpUBU3HH CEPEIMHHOI MOBEPXHI B HAPSIMKY TBIpHOT
2
B ow,

2
ox~ ’

Ax =

X = —Rgz—f{DLI:¢COS¢(O,57Z’ + ¢) —0,75¢sing — 1] +
X t

+%[¢cos¢(2ﬂ+ )+ ¢Sin¢] b

zap

3MIHEHHS KPUBU3HH CEPEIUHHOT TTOBEPXHI B OKPY>KHOMY HAIPSIMKY

1 (0w,
Z¢:_? a¢2 +Wn )

Xy = §(x){ﬁ[cos¢+ sing( 7 — ¢)] -

zap

—Di[cos¢+ sing( 7 + ¢)+1] |3

JlonaTkoB1 HOpMaJIbHI HAMIPYKEHHS

du ;087 1 . 3
o, . =F—2=ER sin —-2,82¢9—1)+
xdod ax ax3 {GZGPRZF |: ¢<¢ ¢ )

+0,25c084(¢* ~ 119 — 274+ 2) ]—Di[sin¢(2¢3 +0,57¢ - 0,68 +1)+

+0,5¢° —cos $(0,25¢* +1,32¢° — 0,574 -0,5) ] }

Cknamaemo BHUpa3 ISl TOTEHITIATBHOT €Heprii
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1 5n.cp
r :qg quj){;» +Taxdodgx — My Xy Rd ¢ (10)

[TizmcTaBnsieMo BiZIMOBIIHI BUPA3H 1 OTPUMAEMO

2 2 2
r_p| @6(x)] | 33266,89 58923 | £°(x)(33,43 2,28 |
ox’ G R'F* D} R \ D, G,RF

zap t

__p (1032 39,71
2zR\ D, G,R'F)

Pipusiaast Efinepa Bapiamiitaoi 3amayi

%‘ﬂaﬁw}é[a"fi?x)}o

Ile mnpuBojge n0 MiHIKHOTO HEOAHOPIAHOTO AUQEPEHIIHHOTO

PiBHSHHS YETBEPTOro CTYINEHIO BiHOCHO QyHKIi & (x )
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E(x)=e " (C,sink,x + C, cosk,x) +

(12)

+er* (C3 sink,x + C, cos k,,X) + Shast

BucnoBku. OtpumaHe pimeHHS 3aJadi MIITHOCTI TPHOXIIAPOBOL
HWTIHAPUIHOT KOHCTPYKIIIT J03BOJIsSIE BUBHAYUTH HAMPY>KEHHS B 000JIOHII B
3JIEKHOCTI HE TITBKH T€OMETPUYHHX i1 MapaMeTpiB, ajie 1 MOJIYJIIO 3CYyBY
3aloBHIOBAYA, 10 MOKPAIIy€e TOCTOBIPHICTh MPOEKTYBAHHS 1 €KCILTyaTaIlito
TaKUX KOHCTPYKIIIH.
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DETERMINATION OF STRENGTH
THREE-LAYER CYLINDRICAL SHELL
Fidrovska N. M.!, Slepuznikov E. D.2, Carrier I. A3
Kharkiv national automobile and highway university’,
National uiversity of civil protection of Ukrainé?,

Kharkiv state automobile and highway cllege’.

Abstract. In the article consideration strained condition of three
layer cylinder design with calculation of energy displacement fill in. In three
layer design two outward layer united with help fill in, which have lesser
durability as compared with outward layer. Full in securing elastic property
of cylinder and work on transmission outward pressure on outward layer
and cross-section effort of displacement. Hardness three layer design
considerable higher than in unbroken metallic design. Besides that they
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stand and large loading, which arise in the time of action outward forces. In
dependent on modulus elasticity of full in diametrical direction in three
layer design can be arise and diametrical strains. In the article consideration
the equation change of crookedness separate ring in case when loading on
cylinder distribute along one direction and define normal strain in the plan
symmetry by x =0. In the time of conduct calculations use hypothesis of
absence stretching of rings relative strains in  district direction and absence
of displacement the middle plan.

Was composite expression for potential energy and with help the
equation Eyler of the wvariation problem receive long inhomogeneous
differential equation forth power. After decision this equation of analyst
method was receive dependence for radial transference, what let possibility
to receive district and normal strains in cylinder.

Acknowledge the receipt in scientific research decision equation of
durability three layer design allow to receive strains in cylinder not only in
dependence from geometrical its parameters but and of modulus
displacement outward layer, what rise reliable project and exploitation so
design and give definite recommendations for use.

Key words: cylinder casing; strain; durability; energy of
displacement; outward layer; crookedness.
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