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B naniif po6oTi HaBeneHi CIIBBITHOIICHHS, IO BH3HAYAIOTh HAINPYXCHO-Ae)OPMOBAHHIl CTaH
CHCTEMH ABOX 3aMKHEHHX KOHIYHHX O0OJOHOK, 3’€IHAHHX LEHTPAJIHLHOI )KOPCTKOI BCTABKOIO, SKI
00epTAIOTHCS 3 MOCTIMHOK KYTOBOK IIBHAKICTIO HABKOJO OCI CHMETPil CHCTEMH, LIEHTP Mac SIKOI
3[IHCHIOE PYX B LICHTPAJILHOMY CHIIOBOMY IIOJI.

Kiaro4oBi ci1oBa: HanpyxeHo-1eGOpMOBaHUii CTaH, 3aMKHEHI KOHIUHI 000JIOHKH, 00epTaIbHH
PYyX, LICHTPAJIbHE CUIIOBE IIOJIE.

Beryn. B OyniBenbHil  TexHili, MammMHOOyIyBaHHi, aBiaOyqyBaHHI,
KOCMIYHIH TEXHII[l Ta IHIIUX Tay3sX HAPOMHOTO TOCIOJAPCTBA BHHUKAIOTH
3a/adi JOCTIKEHHS HaIPy)KeHO-Ie()OpMOBAHOTO CTaHy IUIACTHH, MEMOpaH Ta
000JI0OHOK, 110 00epTatoThcst. OCHOBHMM HAaBaHTAXKEHHSIM, SIKE JIi€ Ha EIEMEHTH
TaKUX CHCTEM, € 3HauHI BiJIIEHTPOBI CHJIM 1HEpIil, SKi iCTOTHO BIUTMBAIOTh Ha
MIIHICHI XapaKTepPUCTUKU KOHCTPYKIIiH.

B Oaratbox BuUMagkax Bich O0EpTaHHS MEXaHIYHMX CHCTEM MOXe
3IIHCHIOBATH IIOBOPOT, 1110 MPU3BOJUTH JI0 BHHUKHEHHSI HE TUTBKH MEPEHOCHUX 1
BiTHOCHUX, @ 1 KOpIOJNICOBMUX CHJI iHEpIii, IO 3MIHIOIOTHCS IEpPiOIUYHO 3a
yacoM. ['ipockoriyHa B3aeMOIisi Mix 00epTaIbHUM IIEPEHOCHUM PYXOM CHCTEMH
i BIJHOCHHMH IPY)XKHUMH KOJIMBAHHSIMH €JIEMEHTIB € JDKEpenoM 30yIKeHHs
MpereciiHuX KOJIWBaHb, sIKI MOXYTh HOCHTH pPE30HAHCHUH abo HecTiikuii
xapakrep. BuHMKaOUMii MpW 3MiHI OCi Opi€HTaIii CHCTEMH TipOCKOMIYHHHA
MOMEHT BHUKJIMKA€E TIOSIBY 3HAKO3MIHHUX HANpYKeHb, SIKI iCTOTHO BIUIMBAIOTH Ha
MIIIHICTh Ta HAJIHHICTh CJIEMEHTIB KOHCTPYKITIi.

B poborax [1, 3-10] mocmimkeHo HanpykeHo-AehOPMOBAHMI CTaH 1 KOJIUBAHHS
MeMOpaH, IUIACTUH Ta 00OJIOHOK, 110 3/IIMCHIOIOTH CKIIAJHUN PYX B LIEHTPAILHOMY
CWIoBOMYy Tonmi. B maHii poOOTI BHKOHAHO MaTEMAaTHYHE MOJICITIOBAHHS
HaIpyXeHo-1e()OpMOBaHOT'O CTaHy CHCTEMH JIBOX CKJIaJICHHX KOHIYHUX OOOJIOHOK 3
LEHTPATHHOIO KOPCTKOKO BCTABKOIO MPH CKJIaIHOMY OO€pTaHHi.

1. Po3risiHeMo cucreMy JIBOX 3aMKHEHHX KOHIYHHX OOOJIOHOK, 3’€IHaHUX
LEHTPAIBHOIO JKOPCTKOIO BCTaBKOK, IO O0OEpTarOThCST B MPOTHIICKHUX
HanpsIMax B IEHTPAJIBHOMY CHJIOBOMY ITOJIi 3 TIOCTIHHOI KYTOBOIO HIBHIKICTIO
® HaBkomo oci cumerpii OZ cucremu. Ha eneMeHT OOOJOHKH i€
HaBaHTa)XEHHS, 110 CKIAJA€ThCsl 3 TPaBITAlIHUX Ta IHEPIIHHUX CHII, aje MpHu
BEIMKUX 3HAYEHHSX KYyTOBOI IIBHIKOCTI BJACHOIO OOEPTAaHHS CHCTEMH
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IpaBiTAI[ifHIMU HABAaHTA)XCHHAMH MOJXKHAa 3HEXTyBaTH. ToJi IHTCHCHUBHICTH
IHEpIiHHOTO HABAHTAKCHHS Ha eJIEMEHT 000JIOHKH BU3HAYAETHCS 32 (HOPMYIIOFO:
_] ~ ~ ~

G =-ph(@®+a" +a‘), (1.1)

ne a®,a’,a® - BEKTOpUM TIEPEHOCHOrO, BiIHOCHOrO Ta KOPIOIiCOBOrO

IPUCKOPEHb el1eMeHTa 000IOHKH. BEKTop nepeHoCHOro MpUCKOPEHHS eJ1eMeHTa
KOHIYHOI OOOJIOHKH, sIKa 00€pTaeThCs 3 KYTOBOIO IIBHIKICTIO () HAaBKOJIO OCI
cUMeTpii, BU3HAYAETHCS (HOPMYIIOIO:

@ =g+ EXF+ QX (QXF), (1.2)
1€ d - BEKTOp IPUCKOPECHHS LIEHTPY Mac CUCTeMHU. BekTopHuil 100yTOK € X7

B Oasuci (i,j,k) cuctemu koopauHaT OXYZ 3 mOYaTKOM B ILEHTPI Mac
CHCTEMH Ma€ BUTIISIL

i J k
0w, 0 0 |=
(R—xcosa)cosT (R—x;cosx)sinT x; sin¢

oY
X
N
Il

= f'O—](a)a)Oxl sin a)+l€a)a)0 (R—x cosx)sin 7, (1.3)

e 7= wt+x, - Ga3oBa KOOpAUHATA.

Jlist BUu3sHAYCHHS £2 X (.é X F) pO3KpUEMO HOOYTOK
i b k
Qx7F= 0 o 0 |=ilwyx;sina—
(R—x cosax)cos T (R—x;cosor)sin T x; sin ¢

—(R — x; c0s &) sin 7]+ j (R — x; cos &) cos T + Ig[—wo (R—xjcosx)cos 7. (1.4)
Tomi

i b k
OQX(2xF)= 0 0N w =
Wy x; sSinot—W(R—x; cosax)sinT w(R—x,coscr)cosT @, (x; cosa—R)cos

—i(R—x, cosa)cosT(a)g +0? )+]’[a)a)0x1 sina—w? (R—xcosx)sin7]—
—k[a)gxl sinor—wwy (R—x, cosa)sin T]. (1.5)
Homaroun Bupazu (1.3) ta (1.5), OTpUMyeEMO CKIIaJOBi IMEPEHOCHOTO
MIPUCKOPEHHS B CHCTEeMI koopauHat OXYZ :
a% = —(0f + *)(R - x, cos 00) cos T,
af =—w*(R-x, cosa)sin 7, (1.6)
a$ = -3 x sin o+ 20w, (R — x, cos &) sin 7.
CKJ1aJioBi BEKTOpa MEPEHOCHOrO MPUCKOPCHHS eleMeHTa OOONOHKH B

HamnpsiMi KOOPJMHATHUX JMiHIH X;,X,,X; MalOTh BUIJIS;

e ___e e . e
axl =—ay COSQCOST—ay CoOsSSINT+a, sIo=
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= (a)é +o’ )(R—x; cosa)cos acos® T+w? (R—x cos)cos asin? 7—
—ngl sin” ar+ 2wy (R—x; cosor)sinasin 7= w? (R—xcosx)cosor+
+2wwy (R—x cosa)sinasin 7+ w§ [(R—x cosoc)cosowos2 T—X sin® o],
ay, =—aysint+ay cos7=(3 +®? )(R—x, cosa)sin 7cos T—
—* (R-x, cosa)sin Tcosrzwg(R—xl COS(r)sinTcosT,
ay, =—aysinocosT—aysinasint—a; cosor=(] +w* )(R—x, cosar)sinarcos® 7+
+o® (R—x; cos)sin asin’® 7+ a)%xl sinacosor—2way (R—x| cosx)cosasin 7=
=0’ (R—x; cos)sinor—2wwy (R—x cosr)sinasin T+
+a)§ sinof (R—x; cosot)cos2 T+x, cosc]. (1.7)

Cki1aJIoBi BeKTOpa BiHOCHOrO NMPHUCKOPEHHsSI d’ B HAIPSIMI KOOPAMHATHHX
TiHIH X{,X,,X; KPUBOMiHIHHOI CHCTEMM KOOpDAMHAT, MOB’S3aHOI 3 EIEMEHTOM
00OJIOHKH, JOPIBHIOIOTH BiTIOBIIHO

e
ay =il a,,

e
=0; a, =0, (1.8)
Ie U,V, - NepeMIILEHHs eJIeMEeHTa O0O0JIOHKU B HAIIPsMi KOOPIMHATHUX JIiHIH
X15X9, x?’ .
KopionicoBo mpucKopeHHs Bu3HauuMo B Oasuci (i, ji, & CHUCTEMU
1> J1> K
KOOpAMHAT X, X, X3!

L i Ji ky
a“=2(Q2xV")=2|wsino—w,cosasinT @,cosT —wcosa—w,sinasint|=
u 0 @

=2{i W, cos T+ D(wcosa + @, sinasin T)] — jy [W(wsina — @, cosasinT) +
+u(wcos o+ wy sin asin T)] + lgl [O(wsin & — @, cos asin T) —uw, cos 7]}. (1.9)

Honaroun Bupasu (1.7), (1.8) Ta (1.9), oTpumaeMo CKIamOBi BEKTOPY
a0COJIIOTHOTO IIPUCKOPEHHS B CHCTEMI KOOPJIMHAT X{X,X3

ay, =@’ (R—x; cosax)coso+2wwy (R—x; cosoc)sinocsin1+w5 [(R—x cosax)x
XCOSCOS” T—X sin? o i+ 2[ wwy cosT+HV(wcosa+wy sinasinT)],

ay, = a)g (R—x, cosor)sinTcos T+ U—-2[ w(@wsino—w, cosorsinT)+
+u(wcosa+wysivasinT)],

a,, =@’ (R—x; cosa)sina—2wwy (R—x, cosa)cosasin1+w§ [(R—x cos.oc)(cos.2 )X
Xcos> T+ x) cos o]+ w++2[v(wsin o — wy cos orsin T) —uwy cos 7). (1.10)

Y BuUmaaky, KOJM KyTOBa IIBUJAKICTH BIIACHOTO OOEpTaHHS OOOJOHKH
HaOaraTto OiIbllle KYTOBOi IIBHIKOCTI OOEpTaHHS UEHTPY Mac CHCTEMH
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(w >> ), BUpa3 i1t NPoeKIii iHepIifHOro HaBaHTAXKEHHs, 10 i€ Ha KOHIUHY
000JIOHKY, Oy/Ic MaTH BUTJISII
qx =—,uhax1 =—,uh{a)2 (R—xj cos)cosa+2mww, (R—x cosor)sinasin T+ii+
+2[Wa)0 cosT+U(wsinosin7)]},
qy, =—,uhax2 =—,uh{i)—2[W(a)sin o—w, cososin T+i(wcosa+wy sinasin )]},
Y =—,uhax3 =—,uh{a)2 (R—x cos@)sinT—2ww, (R—x cosa)cos asin T+ v+

+2[1')(a)sina— W, cososinT) —uw, cos T} (1.11)

2. JudepeHuiliHi piBHSHHSA pPyXy O€3MOMEHTHOI KOHIYHOI OOOJIOHKH B
KPUBOMiHiHHI} cHCTeMi KOOPANHAT X{,X,,X3 MAIOTh BUITIAA [2]:

ONy, 1 ON,

x| X, cos¢ oOx,

oN|y s 1 Ny 2

+-=N;, +q, =0 2.1
ax1 X1 coso axZ X1 12 qXZ ’ ( )

Nyjky + Nysky +4,, =0,

1
+— (N1 =Np)+q, =0,
X

* * . .
e kg =ki—®; ky=ky—®,; k,k, - KpUBHHH CepeIUHHOI IIOBEPXHIi
ob6omnoHkH 10 aedopmanii; &, &, - 3MiHI KPUBHH.
PaniasnbHi, OpyXHi 1 TOTHYHI 3yCHILIsI BU3HAYAIOTHCST POPMYIIaMu:

Eh Eh Eh
Ny = &y +VE ), Njp =—F———E€
11 -2 l—vz( 2 TVE), Npp 2(1—v) 12
OOunciumo  nedopmarnii cepeMHHOT TMOBEPXHI Ta MapaMeTpu 3MiHH
KPUBHU3HU, BpaxoBytouu, mo k; =0, k, =tgo/ x;:

(&1 +vEp), Ny = (2.2)

_ du 1 dv, wigo 1 du_ dv 23
R T T 8_ L. @23
X1 X1 coso %) .xl X1 X1 cosax Xn X1 X1
Tyr u,v,w - HepeMillleHHA TOYOK CEPEAUHHOI MOBEpPXHI B HampsAMi
KOOPJMHATHUX JiHIA X;,X,,X3.
3MiHHM KPUBHH BU3HAYHUMO 32 (POPMYIaMU:
0w
2 =-2, (2.4)
axl
2 tgor

xtcos’a dxa %1 0% x7cosa 9%
Bupasu st 3ycuiib 3 ypaxyBaHHSIM CITIBBiTHOIICHS (2.3) HAOYIyTh BUTIIAAY:

Eh | du 1 Jv
= 4 — +
Nl] 1—V2 |:ax1 X1 (COSO( axl “- wtga):|

Eh | 1 1 dv du
= — + +v=—
N22 1—V2 |: X1 (COSO( axZ “- wtga) v axl :|




ISSN 2410-2547 195
Omip matepianiB i Teopis cropya/Strength of Materials and Theory of Structures. 2019. Ne 102

Ny, =—Eh (—1 a—“+@—£j. (2.6)

21+v)\ x;cosax dx,  dx; X
Toni
ONy,  En bzu v( 1 Jdv, \,v( 1 9%v , du ow,
ox; _1—v2|_8x12 xfkcosa&xz i tha)'xlkcosa&qaxz "ox; ox '8
Ny, ok 1 ﬂ+ v 1 dv
ox, 2(1+v)| x cos o g2 0x10xy X, 0xy |

2.7)

N __Eh |Pv_1( 1 ou_ | 1 1 u _ov
oxp  2(1+v)| o2 x? \ cosex dx, X, coso dx;dx, Ox
Ny _ Eh | 1] 1 *v, du_ow Q’u
axZ _1—V2 ; cosax ax22+ax2 axZ tga +vaxlaX2 '

3 ypaxyBaHHsIM CITiBBiqHOLIEHb (2.6), (2.7) cucrema (2.1) naOyzne Burmsny:

n (9%, 1[0u 1, , 3-v v
— 2 laxlz I le X1 xlk 2C05aaxZ tha *

1 1+v 2% awj 1-v  9%u
Y 10, Al P L L S A
(2(:03“ axl axZ axl 2x12 COSZ o ax% M
Eh fl—vazz): 1 1+v 0% 1-vov l-v,,
1_‘;21 2 axlz x1 chosaaxlaxZ 2 axl 2x1
2.8)
2
) (3—\/ Ju , 1 9%v tga,aw qxz_o’

' xlcosak 2 dx, cosa X2

Eh f8u|: 9*w
1-? laxl

2 tgo
(1 dv, wiger | v 8 w 1 tgor 1 _Jdw dw,  ®Z Jv g, =0.
X CosaaxZ xl 1L xlcoszaasz axl xlcosaaX2 3
BucnoBku. J[ludepenuiiini piBHsHHA (2.8) BH3HAYAIOTh HANPYXEHO-
nedopMoBaHHil CTaH CUCTEMH JIBOX 3aMKHEHUX KOHIYHHUX OOOJIOHOK, 3’€JIHAHHX
LEHTPAIBHOIO JKOPCTKOIO BCTaBKOIO, SIKI 00EPTAIOTHCS 3 IMOCTIHHOI KYTOBOIO

LIBHJKICTIO HAaBKOJIO OCI CHMETpii CUCTEMH, IIEHTP Mac SIKOi 3JiHCHIOE pyX B
LEHTPAJIbHOMY CHJIOBOMY IIOJI.

,V{t 1 8w 8w tgo 81))
gor
ax1 2X1 X1 X COS o axz axl X1Co8Cx 8x2
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Lizunov P.P., Kriksunov E.Z., Fesan O.M.
STRETCHED-DEFORMED STATE OF CLOSED CONICAL SHELLS WITH COMPLEX
ROTATION

In construction machinery, engineering, aircraft engineering, space technology and other
branches of the national economy there are problems of studying the stress-strain state of plates,
membranes and rotating membranes. The main load on the elements of such systems is the
significant centrifugal forces of inertia, which significantly affect the strength characteristics of
structures.

In many cases, the axis of rotation of mechanical systems can make a turn, which leads to the
emergence of not only portable and relative, but also coriolis forces of inertia, which change
periodically over time. The gyroscopic interaction between the rotational motion of the system and
the relative elastic oscillations of the elements is a source of excitation of precessional oscillations
that can be resonant or unstable. As a result of changing the orientation axis of the system, the
gyroscopic moment causes the appearance of alternating stresses, which significantly affect the
strength and reliability of the structural elements.

In the works [1, 3-10] the stress-strain state and oscillations of membranes, plates and shells
carrying complex motion in the central force field are investigated. In this paper, the relations that
determine the stress-deformed state of the system of two closed conical shells connected by a central
rigid insert, which rotates with a constant angular velocity around the axis of symmetry of the
system, whose center of mass moves in the central force field are given.

Key words: stress-deformed state, closed conical shells, rotational motion, central force field.

Jluzynoe ILI1., Kpukcynoe 2.3. @ecan A.H.
HANIPSI’)KEHHO-AE®OPMUPOBAHHOE COCTOSIHUE 3AMKHY ThIX KOHHYECKHNX
OBOJIOYEK ITPU CJIOKHOM BPALLIEHUSL

B naHHO# paboTe NpUBEACHBI COOTHOILICHHS, OIPEACIISIOIINE HAMPSKEHHO-Ie()OpMHUPOBAHHOE
COCTOSIHUE CUCTEMBbI JIBYX 3aMKHYTBIX KOHUYECKUX 000JI0YEK, COCIMHEHHBIX LEHTPAIbHOM KECTKON
BCTaBKOH, BPAILIAIOIIMXCS C MOCTOSHHOM YIJIOBOH CKOPOCTBIO BOKPYI OCH CHMMETPUU CHCTEMBbI,
LIEHTP Macc KOTOPOH OCYILECTBIISET JABU)KEHUE B LIEHTPAJIBHOM CHIIOBOM I10JIE.

KiroueBble ci10Ba: HAaNpPsHKEHHO-Ae()OPMUPOBAHHOE COCTOSHHE, 3aMKHYTBIC KOHHUYECKHE
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Jizynos ILII1., Kpuxcynos E.3., ®ecan O.M. HanpyxeHo-1epopMOBaHUH CTaH 3aMKHEHHMX
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36ipuuk. — K.: KHYBA, 2019. — Bumn. 102. — C. 191-198.

Hasedeni cnigsioHOwleHHsl, WO BUSHAYAIOMb HANPYHCEHO-0ePOPMOBAHUL CIMAH CUCEMU 080X
3AMKHEHUX KOHIUHUX 0OOJOHOK, 3 COHANUX YEHMPATLHOIO HCOPCHKOIO 6CMABKOIO, SKI 00epmalomscs
3 HOCMILHOIO KYMOBOI0 WBUOKICIIO HABKOIO OCI CUMEmpIi cucmemu, YyeHmp Mac sSKoi 30iCHIOE pyX 6
YEeHMPanbHOMY CUNOBOMY HOJI.
bibmniorp. 10 Hass.

UDC 539.3

Lizunov P.P., Kryksunov E.Z., Fesan O.M. Stretched-deformed state of closed conical shells with
complex rotation // Strength of Materials and Theory of Structures: Scientific and technical
collected articles. - Kyiv: KNUBA, 2019. - Issue 102. - P. 191-198.

The relations that determine the stress-strain state of the system of two closed conical shells
connected by a central rigid insert, which are rotated with a constant angular velocity around the
axis of symmetry of the system, whose center of mass moves in the central force field, are given.
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