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ITocTpoeHbl ypaBHEHHS ABWKCHHS OCECHMMETPHYHON H30TPOMHOW MO-
MEHTHOU C(HepUUEeCKOil TOHKOH OOOTIOYKH B YCHUIUSIX M B KHHEMAaTHYECKHX Mapa-
MeTpax, a TaKKe YIPOIICHHBIC MOJAECIHU C HCIOJNIE30BAaHUEM MOJIyUYCHHBIX paHee
JIBEHA/IIATH YPABHCHHUH IBIKCHUSI [T HECTAI[MOHAPHBIX W30TPOITHBIX MOMEHT-
HBIX chepudeckux obomouek. [Tomaras, 4T0 UCKOMbIe (QYHKI[MH HE 3aBUCST OT
A3UMYTAJIBHOTO yIVIa, HAJIararoTcs HEOOXOMMMBIC OrPaHMYCHHUS Ha IO IepeMe-
IICHH, YTO MPUBOJAUT K HYICBHIM 3HAYCHHUSIM HEKOTOPHIX KHHEMATHYCCKUX Ma-
pametpoB. [l BEIOJHEHHUS 3THX YCJIOBUH Halaraercs Takke HEKOTOpOe Or-
paHMYCHME HA BHEIIHIOK HAarpy3Ky. B aToM ciiyqae Mozens U3 JBEHaaTH ypaB-
HEHUI B OMEPATOPHOM BH/C B KHHEMATHUSCKUX MMapaMeTpax CBOAUTCA K IECTH
YPaBHEHUSIM. YTIPOILEHHE MOJEIH 3aKII0YAeTCs B TOM, 4TO KO3()(HUIIMEHTBI Orte-
paTopoB B YACTHBIX MPOU3BOAHBIX HE 3aBHCAT OT a3UMYTAJILHOTO yIiia B CHJIY Or-
PAHUYCHHOCTH HECKOJbKHX KMHEMATHYCCKHX MapaMeTpPOB U MPEHEOPeKEeHUs
craraeMbIMH 0oJiee BBICOKOrO IOPSKAa MajOCTH B PA3JIOKEHHU MO TOIIIUHE
000JI0UKH.

Yucno ypaBHEHHH W HEM3BECTHBIX YMEHBIIICHO OJiarogapsi BBEACHUIO TOTION-
HUTENBHBIX THIOTE3 M3 Kilaccuueckor Teopuu oOonouek. [Ipenebperaercs o0-
’KaTHeM HOPMAaJIbHOTO BOJIOKHA M, COINIACHO (PU3MUYECKOH M T€OMETPHYECKOM I'H-
note3e Kupxroda — JIsiBa, onucaHbl CBSI3b HOPMAIBLHOTO MEPEMEIICHUS U TAHT'CH-
LUAJIBHBIX COCTABJISIOIIUX BEKTOpa yIila MOBOPOTA HOPMAJIBEHOTO BOJOKHA ¥ JIH-
HeWHasl CBsI3b HOPMAJIbHOW K CPEIMHHOW MOBEPXHOCTH KOOPAWHATHI BEKTOpa yr-
Jla TIOBOPOTa C €r0 TAHTCHIMAIBHBIMU COCTABIIAIONIMMU. ITOrOBYIO CHCTEMY B
OIEPATOPHOM BHUJE COCTABJISIIOT TPU ypPaBHEHHS JBIDKCHUS B KMHEMATHYCCKUX
napameTpax. Vcrnoiap30BaHO BapHaIiOHHOE ypaBHEHHE ['aMHIBTOHA C Y4ETOM
THIIOTE3 O CBS35X, HajaraeMbIX Ha KHHEMATHYECKHE MapaMeTphl.

I'paHUYHBIC YCIOBHUS HE BBIMUCHIBAIOTCS, MOCKOIBKY 00OIOYKA CUUTACTCS
3aMKHYTOM.

Knrouesvie cnoea: N30TpONHAs TOHKAsE MOMEHTHAs yrpyrasi 000JI04Ka, ypaB-
HEHUsI IBWKCHHS B YCHJIMSAX M KAHEMATHYECKUX MapamMeTpax, OCeCHMMETPUYHAS
3aj1a4a, cepuueckas 000JIOUKa.
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BBeneHune

HezaBucuMeble nons BpallleHUM, Kak U IO IEPEMELIECHUI, coaepKaTca B MaTe-
MaTH4eCcKOH MOJIeTT MOMEHTHOM TEOpHH yIIpyrocTH (MOMEHTHOro KoHTHHYyMa Koccepa).
Takast MOzIeIb TEOPHUH YIPYTOCTH OIICHIBAET MUKPOCTPYKTYPY MaTepualia ¥ IPUMEHSIEeTCS
JUISL OTIMCaHUS 1e(hOPMUPOBAHUS 3ePHUCTHIX I'PaHYIMPOBAHHBIX, IIOPOIIKOOOPa3HBIX U
CBITyYMX MaTepuajoB. MaTemaTH4yeckasi MOJEIb IT03BOJISICT CTPOUTh HEKIACCHUECKHE
MOJZIETH TOHKOCTEHHBIX KOHCTPYKLUH — CTep)KHEH, MIIaCTHH U 000JI0UeK.

Wznoxenue ocobeHHOCTEH MaTeMaTUYECKON MOZICNIHU U €€ CTAHOBJICHUE MOKHO Hal-
TH, Hanpumep, B myonukanusx B. Hoauxoro [1], C.1. I'epacumosa, B.1. Epodeera,
W.H. Conpnarora [2], A.I. barnoesa, B.1. Epodeera, A.B. [llekosina [3] u ap.

Teopust MOMEHTHBIX YIPYTHX 000JI09€K n3aranach B crarbsix A.E. I'puna, I1.M. Ha-
rou [4], 1.B. babuua [5], [ A. Banuna [6] u mp.

B MOMeHTHO# T€OpUH YIPYTOCTH METOJ] TUIIOTE3 JUIS TOCTPOCHHUS IPUKIIAIHBIX TEO-
puit TOHKUX CTEPKHEH, TIIACTHH U 0005104eK ucnonb3osad M. bupcanom [7-10], C.A. Am-
6aprymsHom [11, 12], B.B. [TansmoBeiM [13], O. Xoddmanom [14], X. Ansrernbaxom,
B. Epemeessim [15], C.O. CapkucsHom [16—19] u ap.

OO6mast Teopusi TMHAMHUKH YIPYTHX MOMEHTHBIX 00OJIOUEK TMOCTPOCHA B CTaThe
Q.C. Mai, M.Yu. Ryazantseva, D.V. Tarlakovskii [20].

VYpaBHEHHS IBMKEHHS HECTALMOHAPHBIX M30TPOIHBIX MOMEHTHBIX ceprudeckux
000JI0YEK B YCHIIMAX U «IIEPEMEIICHUNX» (KHHEMAaTHIeCKUX MapaMeTpax), a TaKkxke
COOTBETCTBYIOIIME YIIPOIIEHHbIC MOJIETHN TIpe/icTaBieHbl B [21]. Ha ocHOBe ymporeHHO#H
MOJIEJIH B HACTOSIIEH CTaThe MOMydIeHbl YpaBHEHU S ABH)KECHUS 3aMKHYTOH OCECUMMETPHY-
HOI yNpyroi N30TPOIMHON MOMEHTHOU chepruieckoid 000IOUKH B YCHITUAX U KHHEMATH-
YECKHX IMapaMeTpax, 3aliCaHHbIe B OLIEPATOPHOM BUJIE, @ TAK)KE COOTBETCTBYIOIINE YIIPO-
IICHHBIE MOJICITH.

1. NocTaHOBKa HECTALlMOHAPHOMN OCECUMMETPUYHOMN 3aaaumn
ANS OCHOBHOM MoAesin MOMEHTHbIX ctheprnyecKkmx o6onoyex

[Tonmaraem, uTo cepuyeckas 060I0uKa UMEET paIryC R U TOCTOSHHYIO MAJIYEO TOJN-
nmuy h:

h
—=98<<1. 1
7 (D

Martepuan 000049kl onuckiBaeTCst Monenbio Koccepa [22].
B xadecTBe KpUBOJIMHENHHBIX KOOPAUHAT HA CPEIUHHOMN ITOBEPXHOCTH UCIIONB3YIOTCS
cthepruyeckne KOOPIMHATHI:

g =P, (0<B,<m), &=a, (-n<a,<mn). (2)

OO11yr0 MaTeMaTHYECKYIO MOZIENIb TMHAMHUKH YIIPYTHX MOMEHTHBIX 000JI0YEK MOYKHO

Haiitu B [20]. 75 TOHKMX MOMEHTHBIX YIIPYTHX 000JI0YEK ITOCTOSHHOM TOMIIUHBI IPU

IJIaIKOM CPEAMHHOM IOBEPXHOCTHU IOCTPOEHBI YPaBHEHUS JBUKEHUS COOTBETCTBYIOILEH

chepuueckoi 000JI0UKHU B YCHIIHAX U «IIEPEMEIICHIX) (KHHEMAaTHYECKUX ITapaMeTpax).

B pesynbrate nomydeHs! ABEHAAIATh YPAaBHEHHUH IBIDKSHNS B KHHEMATHUECKUX MTapaMeTpax,
3aIlMCaHHBIX B ONlepaTOpHOM Bue [21]:

O*'W

LW+P= ot L:(Lii)lleza W:(W19W2,""W12)T9 P:(plapza---aplz)Ta
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W =Ug, Wy =Uy, W3=W, Wy=0p Ws=0,, W=0, W;=VY5 (3)

Wg =Wo> Wo =Qp, Wi =@, W =VY3, W =03,

_9p _ Y _ 4 _%Mﬁ _ My _my
pl ph’ pz ph’ p3 ph’ p4 Jh > ps Jh > p6 Jh s
_ My _my — Mg — Mapse _m — My
p7 pl’ p8 pla p9 IJ ) plO IJ ) pll pl’ p12 IJ .

3neck L — muddepeHunanbHbIe OnepaTopel, U = (; + Wx;)3" + (W + y3x;)n — BEKTOp
nepeMeIeHus, ® = (; + @;x3)3' + (® + Q3X;)N — BEKTOPHI yIJla IOBOPOTA, P — INIOTHOCTb
MaTepuana 000m0uKH; J — MaccoBasi Mepa MHEPLHH CPE/bl IIPU BPALCHUN; gy, G, 4,
My Mgy 11y, — QU3MYECKHE KOOPTUHATHI BEKTOPOB ¢'3; + gN M MOMEHTOB /'3, +m,

At 3, + M\, N, IMEIONIHX CMBIC] BEKTOPOB TIOBEPXHOCTHOTO 1ABJICHHS H MOMEHTOB, OT-
HECEHHBIX K eJMHMIIE IUIOLIaH, a TaKKe aHaJIOrMYHOrO MOMEHTa BTOPOro IOpsIKa
fith, 3, + MMy, M, COCTOSIIETO M3 6a3nca 3,3, B KACATENBHOM K CPEIHHHOI TTOBEPXHOCTH
IUIOCKOCTH U €IMHIYHOTO HOPMAJIbHOTO K HEll BEKTopa .

Wcnonb3yst pe3ynsrarsl u3 cTath [21], mOCTpouM ypaBHEHUS ABMXKEHUS 3aMKHYTON
O0CECUMMETPUYIHON YIPYroil H30TPONHONH MOMEHTHOH ceprudeckoil 000I0UKH B KHHE-
MAaTHYECKHX NapaMeTpax.

Ionaras, 4To BCe UCKOMBIE (DYHKIIUH HE 3aBHCAT OT KOOPOUHATEI O, TOIYyYUM pa-
BEHCTBA:

u, =0, vy, =0, w;=0, ¢5=0. 4)
JJ1 X BBITIONTHEHU ST HEOOXOIMMBI CIIeYIONIIe TpeOOBaHMsI K BHELITHEH HArpy3Ke:
q, =0, n~1MB=0, my, =0, n~12MB=0, my, =0, m,, =0. (5)
Torna nns quddepennranbHeIX onepatopos Li; ¢ ydeToM (4) 1 (5) momy4uM BEIPaKEHHUSL:
1 Ay, ow 20
L,u)=—=[ALw)+pu]l, L(w=—2—, L. (0, )=——0,,
11() pRz[ 22() H_] 13() pRzﬁﬁz 15( (x) OR o
1] A 2072 L oy
Ly(W)=—o| ——=2 Lo (y)+p_y |, L =—""——¢, L =——2 (6
17 (W) pR{ I'E 5o (W) +p \V} 1,10((9) pR2 [ 1,11(W3) oR OB, (6)
L,=1L, :Ll6 :LIS =L19 =L1,12 =0,
207 0@
Lz,lz((P3)= S
PR 0P, (7)
Ly =Ly, =L23 =Ly, =L25 =L26 =L27 :L28 =L29 =L2,10 =L2,11 =0,
A 1 20
Ly(w)=—"30u), Ly(w)=—=[n.Ly(w)—4Aw], Lis(o,)=""(o,),
31 (1) pR2 1 () 33 (W) pR2 (1, L3 (W) W] 35 (0,) R (@)
n 2ar?
Ly (w)="—L(v), L3;p(0)=——51(9), 3
PR PR

1|7
L3,11 (y3)= _p_R{R_;ZSO (w3)+ 27“!’3} Ly =Ly =Lig=Lyg=1Ly = L3,12 =0,
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B, oo (0,) = B ops
JR* 0B, Lanl@)="p B, ©)
Lyy=Lyy=Ljz=Lyy=Lys="Ly;=Lyg=Ly =L410 =L411 =0,

LS](u)=j—;ua Ly (w) = i;;gv Lss(@a) = J{% (R 4(1) }

Ly(w) =

2
L57(\v)=7a\v, 5lo(<p)—J—R{ %”((p)w @} (10)

V. 4 B, L |riy,
Lee(m)—J 2130((’))_7(0C+R )(9 Lg 15 (03)=— JR{ I'E 130(([’3)"'2[3([’3},

L61 :L62 :L63 :L64 :L65 :L67 :L68 :L69 :L6,10 :L6,11 =0;

(11)

W o)t
R 5[32 75 \Fa prz o

1 Ru_
L71(”)=_p? Azl3o(u)+r—2u , Ly (w)=

L77(W):E{R_5130(W)_r_2\l’} L7,1o((P)=p_R(Ps L7’]](W3):_p1332_6[323’ (12)

Ly =Lyy=Lyg=Lyg =Ly =L7,12 =0,

20 00,
L =———2
8,12((P3) oR O, (13)
Lgy =Ly, = Lgy = Lgy :LSS =Lgg = Lg; = Lgg = Lgg :LS,IO :LS,ll =0;
0w By 0@,
(o) = — (py)=—3—2,
Los JR B, TR op, (14)
Ly, = Loy = Loy = Loy = Los = Loy = Log = Log =L9,10 =L9,11 =0;
20 200 Ow 1 V. ho(o,) v
L10,1 (u) = _Fu’ L,O’3(w) = R as 10,5((%) ZE{—%"‘F_&% >
2

20 Y. | Lo(e) 1 200 Oy
L]O’7(W)=J_RW’ L]O,]O((p)=7+|:30RT_r_2(p s Lign(W3)=—— L, (15)

L102 =L104 :L10,6 :LIO,S =L10,9 =L10,12 =0;

1 2\
Ly, (u)= l(”) Ly ;(w) :_p_R|:;+ Ly(w)+—- 2 }

20
L11,7 (v)= _p_RSzll V), Lll,lO((P) = p_Rl]((P)a

Ilu 2A
Ln,n(‘lfs) :_{_;lso(‘lfs)__zz‘lfs}a
PLR r

L11,2 =L11,4 =L11,5 :Lll,6 =L11,8 =L11,9 =L11,12 =0;

(16)
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1|y 2B 1|y 2B
L12,6((D) = JR{ > 130(03)"' i|> L12,12((P3):7{13_2[30(@3)_1/_22@3}, (17
L12,1 = L12,2 = L12,3 =L12,4 =L12,5 =L12,7 =L12,8 = L12,9 = L12,10 =L12,11 =0.

31ech BBEIEHBI 0003HAYEHUS:
2%u
6 Ou
—ctgB,, L(u)=——+uct ,
aBg ap, g B, 1 (u) B, 2B,
A =h+p, Ay=r+2pn, Ay=2A+p,, p,=pta,
B =B+vy, B,=B+2y, By=2B/+v,, y,=Axe,
r? , h3

Ay, =AN,+p,, B, =B,+y,, [[=l4+—, r =—,
2+ > TH, 2 2Ty 1 R 7 12

C yueroM (3) u (6)—(18) nomydaem crnenyromme CHCTEMbl YpaBHEHUH:
o’

o’
‘ (19)

ug=u, Yg=V, @, =0, [u)=

(18)

Ly 12(03)=0, Lyg(@)+Ly;5(93)=0, Lgs(0)+Lg,5(03) =

Ly 15(93) =0, Log(@) + Lo 5(93) =0, Ly () + Ly 15 (93) =—— 62 ;

u
or*’
’w
o’

Lyy(u)+ Liy(w) + Lis(0,) + Li; (y) + Ll,lo((P) + Ll,ll(‘lfs) +p =

Ly () + Lys(W) + Lys(@, ) + Lyg (W) + Ly 1o (@) + Ly, (W3) + py =

2
Ls; (1) + Lsy (W) + Lss (0,) + Ls7 (W) + Ls 1o (@) + ps = —5*

o’ (20)
Ly (u) + Lyy(w) + Lys(@,) + Ly (W) + Ly 1o(@) + Ly 1, (W3) + p; = ?\21/’
2

o

b

Lyg, () + Lig5(W) + Lyg s (@) + Lyg 7 (W) + Lig 10 (@) + Lyg 11 (W3) + pyo =

52\113
o
OnHopomHas cucteMa ypaBHeHu# (19), oueBUIHO, YIOBIETBOPSAETCS, €CIIN OTOKHUTh
0=0, ¢,=0. 21

Takum 00pa3oM, B OCECHMMETPUYIHOM Cllydae pa3peliaroiine ypaBHEHUS — 3TO CHCTe-
Ma (3) 3 ImecTH ypaBHEHHI OTHOCHTEIBHO IECTH HEM3BECTHBIX U, W, Og, Y, @, Y5:

L, 1,1 (u)+ L, 1,3 (wm+1L, 1,7 (y)+1, 1,10((P) +L L11 (y5)+p, =

00 0 52\%/

0
LW+P= P L=(Lij)6x6, i,j=1,3,5,7,10,11,
t

(22)
0 o 0o o o o o\ o 0 0o 0o o o o)\
W= wiwy, wy, wy, ws, we | o P=| D1, pys D3y Pas Pss P |

0 0 0 0 0 0

W =U, W, =W, Wy =, =Yg, Wy = 0, Wy = Vs,
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0 0 0 ~ 0 0 ~
qﬁ q My _ mﬁ — ") o, m

P = ph’ pz_p_ha p3_ Jh s p4_pla 5 Tl 5 6_p_l-
EcrecTBeHHO, ynpomaoTcs ypaBHEHU IBUKEHHSI X (PU3NIECKUE COOTHOIICHHS, KO-
Topble ¢ yueTtoM (4), (5) u (21) npuobperaroT BUI:
YPaBHCHUS IBIKCHUS
6214[5 6T
or’ 6[32
O*w 1| 0T
W= — | BT ctgB, ~ Ty T,y |+ 4,
p 81‘ |:6B2 B3 g B2 B oo q

0? oM
18 { P+ (M MWcthz}—Tgwmﬁ,

ph +( a)Cth2+T[753:|+qu

or B,

o’y 1 OMg,
I 8;23 :_( . +Mﬁ3ctg[32 —N+m, (23)

Co, _1 8Rﬁ"‘+(R +R et B, + R, |+ Ty — T,y + i
=— - My s
o2 3B, Ba. oapJCIE P2 o3 3 ~4p3 Ma

82([) 1 8S[3a ~
—*= + (Sﬁa +Saﬁ)ctg B, +M3ﬁ —Mﬁ3 - Ry, +m,,,,,
ot B,

2 2
8(2:):0’ 6(23:0;
ot ot

(hu3HYECKHE COOTHOILICHHUS

T 2
bp :l(/\zs—u+kuctg B, +2/\le 4 (A NV Ayetg [32}7%,

h R ) B,

Tza :%(k;—é+/\2uctg B, +2A,wJ—;—22{x§WBz +Ayyetg B, J%\Vs,
R TR T SR
NI A

%:%(%+u0tgﬁz+2wJ R2 (a[;i +yetg B, J+A2\v3,

RM
o1 A, ou +Auctg B, +2A,w [+ A —+7u|/ctg +2Ay,,
2 2 Vs
2

RM 1
[(x(x :—E(Ka—u+/\2u‘3tg B2 +2A WJ"'}\'_"'AQWCtg B2 +2A]Url3’
2
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M
R 1% U (PRCIUAN W AL | P Y
I R|R| 0B, B,

M

I R|R| ap, B,
Rza =%(Y+ 58(;2 —y o cig BZJ r’ (y+§?2—y (pctg Bz}
R}"l‘ﬁ :%( aacgz ~7,0, ctg BzJ s (v_a%z—wpctg Bz}
R;;g :_%ma +y_0, %:—%ma +7,0,
Rgp = Ry = Rgy = Ry = N, =0, 20
%:_l(y 66([13)2 -y _o,ctg BzJ ( %—Y_(Pﬁg Bz}
Riaﬁ - 1( 880[;2 —v,0,ctg BzJ (Y-E—Yﬁpﬁg Bz}

RS 1
a3 __ = _ _ _ _
Y R TP Sep =S =S =0
3necy T = T3, yuM=M iy, 3;— TCH30pbI TAHTCHI{MAJIBHBIX YCUJIHi 1 MOMEHTOB; T3 Py,
T, - BGKTOpLI nepepesmBa}ome yeumuit; M3, M, - BEKTOPBI JIOMOTHUTENBHBIX
MOMeHTOB; /N — BEKTOp HopMalibHOro ycunus; R = RU:)I:)] S= SU:)I:)] R, R¥3,u S
N, — aHaJOTHYHBIE CBA3AHHBIC C MOMEHTHBIMH CBOUCTBAMH CPE/IBI BETMYHUHBI.

2. NocTaHOBKa HeCTaLMOHAPHOW OCEeCMMMETPUYHON 3aaaum
ANA yNpoLeHHbIX MoAenen MOMeHTHbIX cchepuyecknx o6onoUek

Cornacao [23-25] nonaraem, 4to oOkaTue HOPMAJIBHOIO BOJIOKHA OTCYTCTBYET, TO
ects Y, = 0. Benen 3a Kupxrodom —JIsBoM mpuHUMaeM TUNoTe3y MpsAMoi HOpMAIu U
MIPEATMONOKEHUS 00 yIyie OBOpOTa:

2
\v=—l N a—\f=0,
R\ 0B, ot

o, 0¢

v
R ot

Jlist oGecriedeHnst STUX THIIOTE3 HaJlaraeM Ha BHEIUHUE HArpysku ycnosust: m = 0, mg =0,
(0. BapuaunoHnHoe ypaBHEHHUE [ OCHOBHOM MOJIEITH HpI/IHI/IMaeT Buz [20]:

27)

M= E
12} (1) 2
Jdtjj Z Z zu (Vovjj+poi 66 6»?/ +
4 I |i=13,5] j=1,3,5,7,10 t

oWro 0
+ > Ly [w,-ﬂéwi ds =0. (28)

i=7,10| j=1,3,5,7,10
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U3 (28) c yuetom (27), KHHEMATHUECKUX ITapaMETPOB U TeopeMbl OCTpOrpaackoro —
laycca [24] nonydaem cucteMy ypaBHEHHI JABMXKEHHS OOOIOUYKH, COCTOSIIIYIO U3 Tpex

YPaBHEHUH C TpeMsi HEM3BECTHBIMH U, W, 0.

D 0@ 0@
0@ o 0
L W +P :avz ,
ot
0 0 0® o 0o o\ o® o 0o o \T
L :(Lll] B iaj:193959 W :(W],W2,W3] > P :(p1>p2>p3] B
3x3
0 0 0 0 0 0 ~
qﬁ q mMa
Wi=u, wi=w, Wwi3=0,, =—, =—, = .
P o BT
31ech
0 03 g(z)
Liy w)=Ly (w)+Ly (), i,j=1,2,3
e

0@ 0 10 10 1
Ln (u) L11(u)+ L17(u)+ L7](u)+R—L77 (u)

2)
213 (w)= zw(W)_%L”(;[;VJ-FfleLB(W)_RLLW(&B J
2 2

0(2 0 10 1
Lis (0,)=Lis(0,)+— L110+RL75((0 )+—L710((0 ),

0 0 10 1oL 1 oL
L (u) L31(u)+ L37(u)+ 7](14) ey 77(14)’
R R 0B, R B,
0
0 0 10 (o 1oL 1 0L (8w/d
L33 (W):L33(W)——L37 W + 73(W) - 77( W Bz)’
R B,) R P, R B,
0
02 0 1o 1 oL 1 oL
Lss (o,) = L3s (o, )+ — L3 10+ 5 (0, ) — 7’10((%),
R B, "R B,
0 0 10 10 1
Ls1 (u)=Lsi(u)+— > —Ls1(u)+— 2 Lo, (u) +R—L10 7(u),
0 0 190 (ow) 10 19 (0o
Ls3 (w)= L53(W)—§L57 (862J+EL10,3(W) R—L107 5[:;

0@ 0 10 1
Lss (o,) = Lss(0,)+— L510+RL105((0 )+—L1010((x) ).

EcrectBenHo, yTO ympomuiarores U puzndeckue cooTHomeHus (22)—(26), koTopsle ¢

ydetoM (27) mpuobpeTaroT BUA:
(hu3HYECKHE COOTHOIICHHUS
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BB zi Azﬁ—u+kucth2+2/\]W +r_3 A, 0 [ ow +A ow ctg B, |,
R °op R 0B, \ B, oB,
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280



2
Ty _ 1 xa—u+/\2uctgﬁz +2Aw +r—3 xi o +A28—W0tg32 >
h  R{ 0B, R 9B, \ 0B, B,

T T.
RIENE' WO I LR PN |
ho ok R\ 0B,

N A ou 2AP| D [ow ) ow
—=—| ——tuctgB, +2w|-—— + ctgB, |,
h R\ B, R* | 3B\ B, ) B,
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MM _ 1 A, 0 [ ow +2 ow ctgB, +2A,w |,
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M M
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R, Ry 2
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h h R ¢ BB B3 3p
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HauanbHblie ycioBus:
”|t:0: W|z:o =0, o, |t:0 =0,
Oul  _ow 90, | _y
Ot |y Ot | Coor =0 '
3akno4yeHue

HOHy‘IeHa MaTeMaTU4eCKas MOJCJIb U €€ YITPOIICHHBIC BapUAHThI IJIs1 OTMCaHUA U~
HaMHKH H30TPOITHON TOHKOH yIpyroi MOMEHTHOH cepruueckoit 00onouku. Moaens co-
JICPXKUT LIECTh ONEPaTOPHBIX YPaBHEHUH. YIIPOLIEHHE MOIECIIN BO3MOXKHO JIO TPEX YpaB-
HEHMI C TpEMA HEU3BCCTHBIMU.
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The equations of motion of an axisymmetric isotropic momentary spherical thin shell in forces
and kinematic parameters, as well as simplified models, are constructed using the previously
obtained twelve equations of motion for unsteady isotropic momentary spherical shells.
Assuming that the desired functions do not depend on the azimuthal angle, the necessary
restrictions are imposed on the displacement fields, which reduces the values of some kinematic
parameters to zero. To fulfill these conditions, a certain restriction is also imposed on the
external load. In this case, the model of twelve equations is reduced to six equations of motion
in kinematic parameters written in operator form. At the same time, the coefficients of partial
differential operators are also simplified due to independence from the azimuthal angle, the
limitation of several kinematic parameters, as well as the neglect of terms having a higher order
of smallness relative to the thickness of the shell.

It is shown that by introducing additional hypotheses used in classical shell theory (neglecting
compression of a normal fiber and Kirchhoff—Love's hypothesis about the relationship between
the tangential components of the rotation angle vector of a normal fiber and normal displacement,
as well as the relationship between the linear relative coordinates of the rotation angle vector
normal to the median surface and its tangential components), the number of equations and
unknowns decreases. As a result, we obtain three equations of motion in kinematic parameters
written in operator form. To carry out this procedure, the Hamilton variational equation is
constructed, taking into account the kinematic parameters imposed by the hypotheses.
Boundary conditions are not written out because the shell is considered closed.

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

284



