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C HCHONMb30BaHUEM IOMYYEHHBIX paHee ypaBHEHMH ABHXKEHUS TOHKUX MO-
MEHTHBIX YIPYTHX 000J04eK NOCTOSHHOM TOJIIMHBI C IPOU3BOIBHOIN CPEIMHHOM
MOBEPXHOCTBIO IIOCTPOCHBI YPaBHCHUS JABMKCHUS W30TPOITHOH MOMEHTHOM cde-
PHUECKO OOONOUKH B YCHIIMAX U «IIEPEMEICHUSIX» (KHHEMATHYECKUX MapaMeT-
pax). Ilpu 3TOM y4uTBIBaJIaCh METPHUKA CPEAUHHOM chepuueckoil OBEPXHOCTH,
B Ka4€CTBE KPUBOIMHENHHBIX KOOPMHAT KOTOPOH MCIONB3YIOTCS [IBE YIIOBBIE KO-
OpAMHATHI CTAaHJAPTHON C(EPUICCKOH CHCTEMBI KOOPAMHAT C HAYAJIOM B IICHTpPE
CPEIMHHON MOBEPXHOCTH.

CHauyasa 3alMChIBa€TCsl 3aMKHYTasi CUCTEMa, BKJIIOYAIOIasi B ce0sl ypaBHEHUS
JIBIDKEHUSI B (PU3NUECKUX KOMIIOHEHTaX TEH30pPOB BHYTPEHHMX YCHJIMH U MOMEH-
TOB, & TAKXKE B JIONOJIHUTENIBHBIX aHAJOTMYHbBIX XapaKTEPUCTHKAX, COOTBETCTBYIO-
IIMX MOMCHTHBIM CBOMCTBAM MOJEIH, M (PU3MUYECKHE COOTHOLICHMS. 3aTeM HC-
KIIIOUYeHUEeM (PU3UUECKUX COOTHOIIEHMH CHCTEMa CBOAUTCS K IBEHAILATH ypaB-
HEHUSIM JBWXXEHUS B KHHEMAaTHUECKUX MTapaMeTpax, 3allMCaHHbIM B OIIEPaTOPHOM
Buze. Ilpu 3ToM K03 PUIIMEHTH! ONEepaTopOB B YACTHBIX IPOU3BOAHBIX YIIPOLIA-
I0TCS 32 CYeT MPEeHEOPEXKEHUs! claraeMbIMU, UMEIOIIMMU 00jiee BBICOKUI MOps-
JIOK MaJIOCTH OTHOCHTEJIBHO TOJIIMHBEI 00010uku. HecMOTpst Ha rpoMO3IKOCTD
cHCTeMBI, ee (hopMma IOIydaeTcss KOMIIAKTHOH. [ paHnuHbIE YCI0BUS HE IPUBOAAT-
csl, TIOCKOJIBKY O0OJIOUKA CUMTAETCs 3aMKHYTOM.

C NOMOIIBIO BBEICHUS] aHAIOTHYHBIX MCIOIB3YyEMbIM B KIACCHUYECKOH TEO-
puM 000JI0YEK IOMOJIHUTENBHBIX THIIOTE3 (IpeHeOpekeHne 00KaTHeM HOpMallb-
HOTO BOJIOKHA, runoreza Kupxroda — JIsBa 0 CBA3M TaHTCHIIMAIBHBIX COCTABIISIIO-
LIMX BEKTOpA yIIa MOBOPOTa HOPMAJILHOTO BOJIOKHA C HOPMAJbHBIM IepeMellie-
HHEM, a TaKKe I'MIIOTE3a O CBSI3M HOPMAJIbHON K CPEIMHHOM MOBEPXHOCTU YacTH
KOOPAMHATHI BEKTOpa yIila MOBOPOTA C €ro TAaHTEHIMAIBbHBIMU COCTABIISIOLIMU)
YUCJIO YPaBHEHUH M HEW3BECTHBIX YMeHbLIaeTcs. [ npoBeneHus 3Toil mpote-
Jlypbl CTPOMUTCS BapHaIlIOHHOE ypaBHEHUE |'aMUIbTOHA, y4UTHIBAIOIEE Hajlara-
€Mble TUNOTE3aMH CBA3M KMHEMAaTHUECKUX NapaMEeTPOB, KOTOPOE 3aTeM Npeodpa-
3yeTcs ¢ IIOMOLIbI0 00001eHHOM TeopeMbl OcTporpaackoro — ['aycca.

Kniouesvle cnosa: M30TpOIHAs TOHKasi MOMEHTHas! ynpyrasi 000JIouKa, ypas-
HEHMS JIBIDKCHMS B YCHIMAX M KHHEMATHYECKHX Mapamerpax.

" BoinonHeno npu ¢punancoBoit mopuepxkke PH® (mpoekt Ne20-19-00217).
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BBeneHune

Mogenb MOMEHTHOU TEOPUH YIIPYTOCTH C HE3aBUCUMBIMHU IIOJISIMU IIEpPEMEILIEHUH U
BpalLICHU MPUMEHSETCS NIPHU ONKCAHUM HANPsSHKEHHO-Ie()OpMUPOBAHHOTO COCTOSHUS
(HZC) xoMIO3UTOB, 3€pHUCTHIX I'PaHYJINPOBAHHBIX, IIOPOLUIKOOOPA3HBIX U CHITYYHUX
MaTepuanoB, a TAKKE NP MOCTPOCHUHN HEKJIACCHYECKUX MOJeed TOHKOCTEHHBIX KOH-
CTpyKUuii (CTep)KHEH, TUIaCTHH U 0007104eK). B HacTosIIIee BpeMsi Teopus yIpyrocTH TpeX-
MEpHBIX MOMEHTHBIX Cpeji pa3paboTaHa JOCTaTOYHO ITOJIHO, U IT0 TOMY BOIIPOCY UMEETCs
MHOTO Imyonukanuii. He mperenays Ha MOMHOTY, OTMETHM HEKOTOpbIE U3 HUX [1-3].

KonnuecTBo myOnuKauii, mocBAIIEHHBIX MOMEHTHBIM YIIPYTUM 000TI0YKaM, orpa-
HUYeHo. 13 Hux otMeTuM crathi [4—6]. B yactHOCTH, B [5] HCTIONB3YIOTCA (YHKIIMOHAT
I'amunbTOHA M Pa3iI0kKEHUS B CTEIIEHHBIE Ps1Zibl 10 HOPMAJIbHON KOOPAMHATE € 3aMEHOM UX
YaCTHYHBIMH CyMMaMH.

Paznmuunble BONpOCH, CBsi3aHHbIe ¢ TunoTe3oii CeH-Benana, ocoOeHHOCTSIMU Tpa-
HUYHBIX YCIOBUM, HAJIMUUEM OTBEPCTUN U BO3JIEHCTBUEM TEMIIEPATYPHOIO IOJA, AJISA
IUJIMHAPUYECKUX 000mo4ek paccMorpenbl B [7-10]. B cratbe [11] paccmaTpuBaetcs yii-
pyrast MOMeHTHasl Iosiorast 000J04Ka Mo AefICTBHEM 3aJaHHOTO HECTALMOHAPHOTO TEM-
neparypHoro nonsi Koccepa. [Ipu ucnonp3oBaHUM NMPEeaNoIoKeHUH THNa THUMOLIEHKO
IIOCTPOCHBI YpPaBHEHUS ABHKCHUS. PaccMOTpeHB! IpUMephl CTATUKU MapHUPHO OIIEPTOi
MPSIMOYTONIBHOH B ITaHe CheprHueCcKoi 000TOUKH U TUHAMHUKH CBOOOIHO OMEPTOil KBa-
paTHOI MJIaCTHHBI, & TAKKE YCTOWYMBOCTH KPYTOBOM IMUIMHAPUYECKON OOOIOYKH MOA
JICIICTBIEM paBHOMEPHO pacIpe/IeIEHHON TeMIlepaTyphbl.

Haubonee mpocThIM B M3Y4YEHUH OKAa3bIBACTCS IOBEACHUE YIPYIMX MOMEHTHBIX
MIJIACTHH U CTePXKHEH. DTUM BoMpocaM MocBsieHbl ctaThil [12—19]. B [15] mocTpoeHb!
YpaBHEHUS paBHOBECHS ITPU UCTIOIB30BAHUH Psifia YIIPOIIAIOIIMX TuoTe3. B cratbsx [ 16—
19] ¢ ucnonb3oBannem mozenu Koccepa taHa mocTaHOBKA 331241 O IBUKESHUH TIACTHHBI
MTOCTOSIHHOW TONMIIKHEL. [10oCTpOeHBI aCHMITOTHYECKHE YPaBHEHHSI, paciiaJaoniiecs Ha
cootHomeHus, onuceiBaromue HJIC u xpaeBoil a3 dexr.

OOm1as Teopust AMHAMUKH YIIPYTUX MOMEHTHBIX 00onouek noctpoeHa B [20]. C ee
HCIIOJIB30BAHUEM B NPEIIAraeMOH CTaThe MOMyUYEeHbl yPaBHEHUS IBIKECHHS 3aMKHYTON
MOMEHTHOH yHpyroit chepudeckoil 000I0UKH.

ypaBHeHMFI ABUXEeHUs B yCunuax

PaccmarpuBaercs cepruueckas H30TpoITHAst MOMEHTHAs yIpyrasi 000I0uKa ¢ pajuy-
COM R ¥ ITIOCTOSIHHOM MaJjIoil TOIIIAHON A:

h/R =3<<1. (D

Ee marepuan onuceiBaercs mozenbio Koccepa [21]. Jlanee ucmonb3zyeM MoCTpOSHHBIE
B [20] HauanbHO-KpaeBbIe 331a4H IS TAKOM IPOM3BONBHON 000JI0YKH B KPUBOIHMHEHHOMN
cucreme koopaunar &', E%, x; ¢ 6a31COM, COCTOSIMM M3 OPTOB 3, 3, B ILIOCKOCTH,
KacaTeJIbHON K CPEANHHOW TOBEPXHOCTU, U CAMHUYHOIO HOPMAJIBHOT'O K HEW BEKTOpPA 1.

Jis chepuyeckoil 000I0UKH KOHKPETU3UPYEM CHCTEMY KPHUBOJIMHEHHBIX KOOpPAH-
HAT KaK c(epHUEcKyIO ¢ HAYaJIOM B IIEHTPE CPEIMHHOI OBepXHOCTH U yrymamu 0 < &' =
=fB,<m-—n< g = o, < m. HMcnone3ys ee MeTpuky [22], 3amucelBaeM ypaBHEHUS
JABHWKCHHUSA B (bl/ISI/IquKI/IX KOMIIOHCHTax (I/IM COOTBECTCTBYIOT HUKHHUE MHJACKCHI B BUJIC
KOOPJIMHAT C OIyCKaHHEM MX HHJICKCOB) BEKTOpa IepeMerieHus u = (u; + \y,x;)3" + (w +
+ Y3x,)n, BeKTOpa yria mosopora @ = (®; + ¢,x;)3" + (® + @3x;)n, TeH30pOB TaH-
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reHiuanbHbX yeumii 1 Momentos T =T33, 1 M = M”33, BeKTOPOB Tiepepe3bIBaro-
X YCUJIMHA W JAOTOJTHUTEIBHBIX MOMEHTOB 1’ 1331., T 3i31. uM 1331., M 3i3i, HOpPMaJbHOTO
ycrutHst N, a TAKXKE aHATOTMYHBIX CBSA3aHHBIX C MOMEHTHBIMU CBOWCTBAMHE CPEIIbl BETHYHH
R=R"%p,uS=25np, R, R, u8%, N,
ﬁzuﬁ
th? = K(TﬁB,Taﬁ,TﬁB T, )+ Ty3 + Rqg,

o%u,
P = K(Tyy T Ty + Tg) + T3 + Rq

o> * oo
o*w
th? = K(T33.T,3,T3) = Tog — T, + Ry,
oF oF
K(F,,F,,F,)= -+ .1 2+F3Cth2;
op, sinf, oa,

ZK(MﬁBﬂMaﬁ’MﬁB _Ma(x)_R(Téﬁ _mﬁ)a

phR
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62\|/ﬁ

ot
oty
or*
0%y, JE

=K(My,,M_,,M..))~R(N-m), [=—;
atz ( B3 a3 [33) ( ) 12

pIR

M

pIR * :K(Mﬁa’ Mﬁa+M(x[3)_R(TSa_ma)’ (3)

oo ?

pIR

0*®

ﬁ _ ~
MR? = K(RﬁB’Raﬁ’RﬁB _Ra(x)+R[33 +R(Ta3 _T})a +mMﬁ),

2
RSP _ k(R

or? K

B> Ry, + Raﬁ) + Ry5 + R(Tog — Ty + myy,), “4)

oo ?

2
hJRa—O)—K(Rm,R

6t2 - RﬁS)_Rﬁﬁ_R(xa+Mﬁa_M(xﬁ+R(Ta_T(x[3+r7lM);

('RE]

62%

ot?

1JR = K(SﬁB,Saﬁ,SﬁB =S, )+ RWM 5 —M,, — Ry +n~12Mﬁ),

2
LR aa% =K(S,,.S

2 B> S an > Spa +Saﬁ)+R(M3[3 = Mgy — Ry + 1y, (5)

Sﬁ3)+R(Mﬁa -M,—N, + My, ).

["RE

2
0
RSP —K(S,,,S
2 p3>
ot
3nech p — IIOTHOCTh MaTepHrana 000J0uky; J — MaccoBast Mepa MHEPIUH Cperbl IPU
BPALICHUW; (g, o> § M My, Mo, My Mygs Mygg s Mgy Mgy Moy, Moy, — GU3HYCCKHE
KOOPIMHATBI BEKTOPOB ¢'3, +gn ¥ m'd, +mn, 7,3, + i1, N, AMEIOLUX CMBIC] BEK-
TOPOB IMMOBEPXHOCTHOI'O AaBJICHUS U MOMCHTOB, OTHCCCHHBIX K €AMHHUIIC IJIOIIaAn, a TaK-
~] ~7
’KE aHAJIOTHIHOr0 MOMEHTa BTOPOTO TOPSNKA 1715,,3; + /M5, M.
Jst 3ambikanus cucteMsl (2)—(5) k Hell 100aBIsA0TCS PU3NYECKUE COOTHOIIICHUS:

T 1 r’ 1
BB _ 2 _ —
TR K, (up,u,)— z Ki(Wp,Wo)+2Mw | +hy;, 1 =5 A=A+,
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= E|:K2(u[5:ua) _?KZ(W[MWQ) +2A1W:|+7\'\V35

Ty, 1 72
—t = K lagg) = K (v |+ 20 —<p3 o,
K R|
T,e 1 [ 2
TZE_K 4 (ug,u, ) - K sy, |- —(Ps—(’) ,
T 290
ﬁ 6_W_”BJ oy; +u_y, 20 —(pa—(o J, (6)
B, R B, R
T r? r?
ﬂzu_ ~ __W3J_ua:|+u_‘|fa_205[;(9[3"'(’)[3}

R | sin B2 8(12 R
0

re oy, r
—ug |~ Py | 5 ——— -20| —o,+0, |, =pta,
B2 BJ u+[R2 aBZ WBJ [R Dy aJ He=H
1 2 2
h sinf3, da., R”sinf, oo, R

2A 12
[Ks(uﬁaua)+2W]+R—12K5(W[35W(1)+A2W35 A2 :7\‘+2“”

%=K1<wﬁ,wa>—%l<l<uﬁ,ua>+2m (wg—%},
RA?W :KZ(WﬁaWa)_%KZ(uﬁﬂua)"_ZA] (‘I’s _%j,
EZL{&(W,W )_le(”ﬁa” )}_20‘@3,
1 R “ R ¢
Moy :l|:K4(WﬁaWa)_lK4(uﬁaua)j|+2a(P35 (7)
1 R R
M

B3 _ M. | Up 0 w
Yt N — = |+ 200, ,
I R {R Ve B, [% Rﬂ Pa

a3 [ 1 0 w
Maz _Be ooy 2N 200,
1 R {R Vo sinfB, da, (W3 Rﬂ i

A—& u_a_ + 1 8 _K + 200,
1 Rl R Ve sin 3, 8(12 ViR Pp>

Rop _ 1 0,(05,0,) — Q( yl+2B, 24+Bo,, B, =B+
i R B> 1(Pp5> Py, 'R D3, 1= Y,
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oF, OF,
O (F\,Fy) =y M(F\,F))+v, —> O4F ,F,)=y.M(F,F,)+vy_ .
B, oB,
B coorHomenusx (6)+9) yureHo, 4To OCKONbKY pacCMaTprUBatOTCS TOHKHE 00OOUKH,
JUIS KOTOPBIX BBITIONHsIETCsl cooTHoIeHue (1), To B coorBercTBuu ¢ (10) nmeeT mecto
acumnrornueckoe paseHctso 72 = O(h?), h — 0. Tlostomy B KodGunnenrax muddepen-
[UaJIbHBIX OIIEPATOPOB 3/IECh U Jajiee Majble claraeMble OTOPOIICHBI.

YpaBHeHUs1 ABMXKEHUS B «NepeMeLLeHUsX»
(KkMHemaTMuyeckux napameTpax)

Bwmecro cucremsl ypaBaeHuit (2)—(5), (6)—(9) ynoGHee monb30BaThCs ypaBHECHUSAMHA
B «TIepeMeIeHUAX» (KUHEMaTHIEeCKUX MapaMeTrpax). s ux mocTpoeHus MOJICTaBIIIEM
(6)—(9) B (2)—(5). B pesynbsrare momyuaem

*W
LW+P:?, L:(Lg;)lleza W:(Wlawza---awlz)Ta P:(plap2a'--:pl2)T5

W =g, Wy, =y, W3=W, W, =0, Ws=0,, Wg=0, Ww;=Vyj,

W =Wqs Wo=0p, W =0, Wi =V;z, W, =03,

I N L) S VR LIV}
pl ph’ pz ph’ p3 ph’ p4 Jh ” ps Jh ” p6 Jh ’ p7 pI’
e Ty _m iy
Ps ol Py 1T Po 1T Pu ol P 178

3neck auddepeHunaIbHBIC ONepaTopbl L; OLPEEIIOTCs CISAYIOLNM 00pa3oM (ocTallb-
HBIE OTIePaTOpPhl TPUBUAIIBHEIC):

Ay ow 2a.

1
Ln(”ﬁ)zﬁ[h(”ﬁ)"'“_”ﬁ]a LIS(W):p?ﬁ’ Lls(wa):p_Rwaa Ay=2A,+p,,

1 ols_(u) 1 r?
L,(u,)= 2 L =—| ——1 TR
12 (uy) pRZSinBz oat, 17(‘!’[5) pR{ I'E 4(\If[5) H_Wg
r? r’ A O
Lis(w) == Lo (W), Luo(00) =" Lis(0,). L],nous):p—R%;
2
1 ol (u) 1
L, (u,)= >+ , Ly(u)=——7l, (u,)+pn u,l,
21( [3) pstinﬁz aaz 22( (x) pR2[6 ( (x) u (x]
A ow r?
L,(w)=—"3— , Ly(owg)=—L(05), L =——1L ,
2 (W) PRZSinBz oat, 24 ( B) 15 ( B) 27(‘!’3) R 21(‘!’[3)
1 r’ r’
Lzs(\lfa)zp_R _Flm(\lfa)"‘u_\lfa ) L29((P[5)=?L15((P[5)7
AR
Lz,n((Ps):_Lzs(\Vs);
As

A 1
Ly (ug) = _pTSzl] (ug), Ly (uy)=—Ly(u,), Ly(w)= p?[lhls(w) —4A,w],
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2Ro

2Ro Ru_
Ly (o) = Ly (wp), Lys(w,)=- Ly (o), Ly (yg) = Ly, (wp),
A, A, A,
Ru_ ar’
Ly (y,) = Lyy(Wy), Lao(@p)=- L3 (0p)s
As As
|, _
310((Pa)— A3 L31((Pa) L3,11(W3)=_p_R I'E L(ys)+20ys5 |;

200R
L@(ua):—%us(ua), Ly(w)=—"2PZ 1, (w)

3
_ 1! ((Dﬁ) [v___ ) _ 1 Ol ()
Lualeg)= { R? R? o mﬁ}’ L45((D“)_JR2sinB2 oo,

2

r
L ,
R (¢y)

’l
Ly (@) =- RBL13((P3) L49((Pﬁ)zi{_r7—((pﬁ)+“{_(%];

pB
Lys(0) = JT3L13 (@), Lyg(y,)= _%LIS (Vo) L4,10((Pa) =
3

JA, JR R?

LS](u[S)_ 15(“[5) L53(W):_2a[fR Lis(w),
3

Lsg(0) = PA3 Ly(o), B;=2B;+v,,
3

pR 1 618+((9[3)
L =—19L , Lo (mp)= ,
s7(Wg) 7 15(Wp) s4(0p) JRsinB, oo,

l 2
Lss(0,) = J{ (R(D) (R 40‘] } L59((P[3):_%L54((P;3),

1| rlwe, BpPR
LS,]O((pa)ZJ_R|:_9RT+’Y—(pa s Lsn(03)=— JA, Ly (95),

20pR 20pR pB;
Loy (ug) =———Ln3(up), Ley(u,) =~ Ly, (uy,), L64((D[3)_ le((’)ﬁ)
JA, JA, JA,

B 1] vy, B
Lis(©,) = =28 Ly (@), Ly (@)= 7{%@ () —4(a +R_;H,

3

pRyY_
Lgo(9g) =———Ly(9p), L 0(Po) = Py Lyy(9,),

JA, JA,
1
L6,]2 (p3)=- J_R

ly
Lyy(w) =~ A‘ Liy(w),  Lys(o0,) = R Lis(0y), Ly (y ﬁ)—p{&ﬁ) B ﬁ}

2 o
3 R r

2

1
l((P3)+2B(Ps} L71(”[5) 5 L7 (ug), Ly (ug)= RLIZ(ua)s

20
Lg(w,) =L, (y,), L7,1o((Pa)=p_R(Paa Ly (w3) =L (y5),
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712((P3)— [f Ly3(93), L81(uﬁ)_ L2l(uﬁ) Lg, (u,, )—rlz Lyg(uy),

3

n_ ow
pRr*sinf, oo, ’

1 Z+ [0} +
ng(Wa)zg{&_l:_z\Va} Lo () =—Lis(9p),  Lg 1 (W3) = Loy (y5),

Ly (w) =— L84<wﬁ>=—§Lls<wﬁ>, Ly () = Ly (),

R2
2Ro _20p
L = Ly,(u )= u Ly.(Wy=———"L.(w
8,12((P3) A3 Li5(03); 0r (U ) = 15( o) 03 (W) = JAS 23 (W),

Lys () =—%L]3<m), Lo () =—§L]5<wa),

3

1 R’
Loy (o) = _JRT{E (o) +yr—2(ﬂg}a Lys(0,) = —RLys(®,,),

(Pg) v
99 (Pp) = {7]{2& _r_;(Pﬁ s Lojo(@,) = Lys (@),
2pRoc pB;
L L =—1
9,11(\V3) JA, Ly (y3), 912((P3) JA, 13(03);

2pa. Ry_
Ly, (”ﬁ) = _J%Lls(uﬁ)a Lyy;(w)= J%Lls W), Lyjye(w)= _;2—}[/\1423 (®),
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YnpouieHHble Moaenu cpepuyecknx o6onoyvek

Bo-niepBBIX, aHANOTHYHO KIACCHUECKUM YIPYIHM oOonoukam [22-24] monaraem,
4TO 00KaTHE HOPMAJILHOTO BOJIOKHA OTCYTCTBYET, TO €cTh /5 = 0. ITpu 5T0M, ecrecTBEHHO,
JIOTIONTHUTENBHO CIEyeT MON0KHUTh (P = 0. Bo-BTOpBIX, M0106HO 060510uKe Kupxroda—
JlsiBa mpUHMMAaeM TUIIOTe3y IPSIMON HOPMAJH, a TAKKe aHAJIOTHYHbIE TIPEITOJIOKEHUS
OTHOCHTEINIBHO yIyIa IOBOPOTA. DTO COOTBETCTBYET PABEHCTBAM:
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BHCIIHUC HATPY3KH: m = 0, 7yy, =0 1 7y =0, My, =0, 7y =0, 7y, =0.pu
9TOM 3alMCAHHOE B (PU3UUCCKHUX BEIUYMHAX BAPHANNOHHOE YPaBHEHHE T OCHOBHOMN
Mojenu Oynet umeth Bu [20]:
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3akntoyeHue

ITocTpoeHsl ypaBHEHUS HECTALIMOHAPHOIO ABM)KEHUS TOHKOW YIIPYrod MOMEHTHOMI
cthepudeckoii obonouku. [lomyueHHass cucTeMa CONSPXKUT JABEHAANATh YpaBHCHUU U
JAOCTAaTOYHO I'POMO3 KA. HOKa3aHO, YTO IIpU UCTIOJIB30BAHUU JOIMOTHUTCIBHBIX TUIIOTE3
OHAa CyIIIECTBEHHO YIPOIIAETCS M BKIIFOYAET BCETO MIECTh ypaBHEHUH. [1pH peneHnu KoH-
KPETHBIX 3aJa4, 10 KpaiHel Mepe, CHadajIa eCTh CMBICI PacCMaTpHUBaTh OCECUMMETPUYHBIE
nedopMmariuu, mojarasi, YT0 HICKOMbIe (PyHKIIMU HE 3aBUCST OT yIiia a,. Ilpu 3Tom uncio
YpaBHEHHH 1 HEU3BECTHBIX JOTOJHUTEIEHO COKPAIIACTCSL.
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EQUATIONS OF MOTION
OF AN ISOTROPIC SPHERICAL MOMENT ELASTIC SHELL*
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Using the previously obtained equations of motion of thin moment elastic shells of constant
thickness with an arbitrary middle surface, the equations of motion of an isotropic moment
spherical shell in terms of forces and “displacements” (kinematic parameters) are constructed.
In this case, the metric of the middle spherical surface is taken into account, as the curvilinear
coordinates of which two angular coordinates of the standard spherical coordinate system
with the origin at the center of the middle surface are used.

First, a closed system is written down, which includes the equations of motion in the physical
components of the tensors of internal forces and moments, as well as additional similar
characteristics corresponding to the moment properties of the model, and physical relationships.
Then, by excluding physical relations, it is reduced to twelve equations of motion in kinematic
parameters, written in operator form. In this case, the coefficients of partial derivative operators
are simplified by neglecting terms that have a higher order of smallness relative to the thickness
of the shell. Despite the bulkiness of the system, it is written in a compact form. Boundary
conditions are not written, since the shell is considered closed.

By introducing additional hypotheses similar to those used in the classical theory of shells
(neglecting the compression of a normal fiber, the Kirchhoff — Love hypothesis about the
connection between the tangential components of the rotation angle vector of a normal fiber
and normal displacement, as well as the hypothesis about the connection between the normal
to the middle surface part of the coordinate of the rotation angle vector and its tangential
components) the number of equations and unknowns decreases. To carry out this procedure,
a variational Hamilton equation is constructed, which takes into account the connections
between kinematic parameters imposed by the hypotheses, and then the corresponding one is
transformed using the generalized Ostrogradsky — Gauss theorem.

Keywords: isotropic thin moment elastic shell, motion equations in forces and kinematic
parameters.
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