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BIIJINB AVUCUIIATUBHOTI'O I IIOCTIMHOI'O MOMEHTIB HA
CTIMKICTH PIBHOMIPHOI'O OBEPTAHHS JIBOX
ITPY2KHO 3B’A3AHNX BIJIbHNX I'TPOCKOIIIB JIATPAH2KA

OTpuMaHO y BUIVISIZII CHCTEMHU TPHOX HEPIBHOCTEH YMOBU ACUMITOTUYHOI CTIHKOCTI PiIBHOMIpPHOTO 06€p-
TaHHS B CEPEJIOBUIII 3 OIIPOM JIBOX BULIBHUX ripockomiB Jlarpam:ka, moB’s3aHuX IPYKHUM CHEPHIHUM
mapHipoMm. O6GepTaHHsI KOXKHOI'O I'iDOCKOIA HiJTPUMYETHCS MOCTIHMMYM MOMEHTaMH B iHepliaJibHii
cucremi KoopauHaT. PO3IIAHYyTO BUNAIKU BHPOIKEHHS NIPYKHOIO C(hepPUTIHOro ImapHipa B cepuiHo
HeNnpy»KHui, IiHApuaHuii 1 yHiBepcanabanilt npy»kuuii mapuip (mapuip I'yka). ITokazano, mo npu
JIOCUTH BEJIMKUM KOPCTKOCTI IIapHipa yMOBU aCHMIITOTHYHOI CTiIKOCTI BU3HAYAIOTHCA TiJIBKU OJIHIEIO
HEPIBHICTIO, siKa 30ira€ThCs 3 HEPIBHICTIO, OTPUMAHOIO JJIs BUMAJKY WIHIPUIHOTO TmapHipa. [lpn
30iry KyTOBHX IIBHJIKOCTEH BJIACHUX OOepTaHb IPOCKOIIB Il HEPIBHICTH 30ira€TbCsi 3 BiJIOMOIO yMO-
BOIO JIJIsl OJTHOT'O I'ipOCKOIIa.

MSC: 70E55.

Kna10408t cao8a: JUHAMINHO CumMempuyhi meepdi mina, npyscruli chepusHusl WapHip, cepedosuuyi
3 ONIPOM, PIBHOMIPHE 06EPMAHHA, ACUMNMOMUNHA CMITKICMD.

1. Bcryn.

Cucrema npyzkuo 38’si3annx TBepaux Tin (CII3TT) zaiimae npomizKHe 110J107KEH-
Hsl Mi2K abCOJIIOTHO TBEPIUM i NPYKHUM TLIOM, IO A€ MOXKJ/IUBICTH MOIEIIOBATH PYX
IPY?KHUX TiJ B IOCUTh IMUPOKNX MeKax. Tak, Hanpukiam, B pobori 1] mpyxuuit Kop-
IIyC PAKeTU MOJEJIOEThCI CUCTEMOIO JIBOX TBEPIUX Tij, MOB’s3aHUX MPYXKHUM IIap-
HipoM, a poboTax [2—3] — IPYKHUM CTPUIKHEM i CHCTEMOIO JIBOX TBEP/MX TiJI, 3’ € THAHIX
NPYKHUM IapHipoM. ¥ X poboTax BiI3HAYAETLCS XOPOIInii 36ir pe3yIbTaTiB po3pa-
XYHKIB 3 €KCIePUMEHTaJbHUME mannMu. Hamgami momibni mocimkents: Oyau mpoaIoB-
’KeHi B poborax [4-5| ra inmux. 3asmanns npo pyx CII3TT wmae i camocriiine naykose i
NPUKJIaIHEe 3HAYeHHsI, TOMY IO 0araTo 06’€KTiB CyJacHO! paKeTHO-KOCMITHOI, aBialriii-
HOT, MOPCBHKOT, 3a/IiI3HUYHOI Ta iH. TexHika MoxKe OyTu 1ipejcrasieHa y surysai CIISTT.
Bukonannst 06’€KTiB KOCMITHOI, aBiamiitHol i Mopchkol TexHikn B Bursiai CIISTT na-
mitusocst B 60-1 poku munysioro cromitts. CII3TT omnucyrors ripockorivuni cucremu,
pobotu, manimysasropu i MH. iH. Pyx CII3TT ckinueHUM KiHIEBUM YHCJIOM HEJIIHIHHUX
OAP. V 38’a3ky 3 mum CII3TT nabysae Bce OiIbIIOTO MPUKIIATHOTO 3HAYEHHS SIK MO-
JieJTb KePOBAHOI MEXaHIYHOI CUCTEMHU i BCe OLJIBIIIOrN0 TEOPETUIHOTO 3HAYCHHSI, TOMY IO
B TaKiil cucreMi BUHHKAIOTH KOJIMBAHHSA JOCATDH CKJIAIHOrO BUrsy. Haitbinbmn 3araib-
Hi DIBHSIHHSI PYXy CHCTeMH 3B’si3aHUX TBepaux Tij Oyynu orpumani [1.B. Xapmamosum
[6] i mocaimzkeni B poborax iforo yunis [7-10] i 6ararbox inmmx. Brums aucnnarii xa

JlocnimKeHHsT BUKOHAHI B paMKax IporpaMu (pyHIaMEHTAJTBLHAX JTOCTiAKeHb MinicTepcTBa OCBITH
i mayku, mpoekt Ne 0119U100042.
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CTifiKicTh 00epTaHHS TBEPAOro Tija OyJI0 PO3IJIAHYTO B OaraTtbox crarTax. locuTs xo-
POIIHit OIVIsi)I IUX CTaTell 1 MeTo/IiB JIOCi/PKeHh MOXKHA 3HANTH, HAIIPUKJIAJI, B POOOTAX
[11-13]. ¥ crari [14] posrusinyTo 33/1a9y po PyX BasKKOIrO JIUHAMIYHO CUMETPHYHOTO
TBEPJIOTO TijIa HABKOJIO HEPYXOMOI TOUKH, IO 3HAXOAUTHCS I €0 JTUCUIATHBHOTO
MOMEHTY 1 IOCTIfHOIO MOMEHTY B iHepIliaJibHill cucTeMi Koopaunat. [lokazamo, 1o i
MOMEHTH MOKYTb HAIaBaTH iCTOTHO JIeCTabiIi3yI0unii BIUINB Ha CTIAKICTH piBHOMIPHO-
ro obepTaHHs TBEPIOro Tijia. ¥ Iiiif cTaTTi y3arajbHEHO Pe3y/IbTATH Ha BUIAIOK PIBHO-
MipHOT0 06epTaHHS JIBOX BLIBHUX IIPYZKHO 3B’ AI3aHUX JUHAMIYHO CUMETPUYHUX TBEPIHUX
Tig. Po3ryistHyTO BUIIAJIKM BUPOJXKEHHST IIPYZKHOIO CEPUIHOIO IMAapHipa B chHepuIHO
HeNpy KHUM, IUIHAPUYHE 1 yHiBepcanbHuil npykuuii mapuip (mapuip I'yka). IToka-
3aHO, IO IIPH JIOCUTh BEJIUKUI KOPCTKOCTI MIapHipa yMOBU aCHUMITOTHYHOI CTIfIKOCTI
BUBHAYAIOTHCS TITBKNA OHIEI0 HEPIBHICTIO, KA 30ira€ThCsl 3 HEPIBHICTIO, OTPUMAHOIO
ISl BUIQJIKY MUIIHAPUIHOTO TapHipa. [Ipu cniBnajiHHI KyTOBHX IIBHUJIKOCTEH Biac-
HUX 00epTaHb TiPOCKOIIB I HEPIBHICTH 30ira€ThCs 3 BiJOMOIO yMOBOIO JIjIsl OJIHOTO
ripockorma [14].

2. ITocTaHoBKa 3aja4i i MeTO | BUPIIII€HHSI.

Posrnanemo Bibhe obepTannsi B CEPEJOBUINI 3 OMOPOM JBOX IPYKHO 3B’A3aHUX
JITHAMIYHO cuMerpudHuX TBepaux i S; (i = 1,2). Teepai tina Sy 1 Sy 38’s3ani B TOU-
i O npy»HiM BisHOBMIOOUEM cepuannm mapaipom L = k¢; x ¢o/([é1]|[e2]), k > 0
[8-9]. TBepae Tiso S; 3HAXOAUTHCS T/ €0 JUCUIIATHBHOIO MOMEHTY ]\7 id = —Diﬁi
(D; = diag(Dj1,Dj1,D;3)), siKuil MOJIEJIIOE CepeJIOBUIIE 3 OHOPOM 1 HOCTIfiHOro Mo-
MeHTy B iHepuia/bHiit cucremi xkoopaunar M;, = Pv. Tyt ¢ = C10, ¢ = 0Cy; C;
i «f; BigmoBizHO IeHTP Mac i KyToBa mBuAKicTb Tina S;; D1, D1, Dis 1 P; — cram
(Din > 0,D;3 > 0), i = 1,2; U — OMUHAYHUI BEKTOD, CIPSIMOBaHUIi 10 CIIIBHIN oci
BJIACHUX 0bepTaHb ripockoris JlarpaHxka B He30ypeHOMY pyCi, JIJIsi BU3HAYEHOCTI Oy 1e-
MO BBazKaTH 10 BekTopy ¢1 = C10 (pumc. 1).

PiBusuus obepraHHs IBOX BUIBHUX, NMPYXKHO 3B’s3aHUX TipocKomiB Jlarpamxa, 3
ypaxyBaHHIM JUCHUIIATUBHOTO 1 MOCTIMHOTO MOMEHTIB, MAaTHUMYTb BUTJISAJ] AHAJIOTIY-

uuit [7-10]

(J1-@1)* +mgc1 X (@1 X €1 +Wa X C2)* = —L + 7 — Dy,
(J2 . wg). -+ mocCa X (wl X 51). = L+ Pov — Dowo,

(1.1)
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ne J; — Tensop i"epuil Tisa S; BigHOCHO iioro merTpa mac Cj, a m; — Maca IbOro Tija
(1 =1,2), Toukoro mo3HavdeHa abCcoOTHA MOXiHA.

3B’s7KeMo 3 KOXKHUM i3 Tin S; Hesminno Gasuc €4 esel 3 pepmmunoo B Toumi O, oci
SIKOT'O HAIIPABUMO 110 F'OJIOBHUX OCSAX TeH3opa inepitii J; (¢; = ¢;€3) i BBesieMo Hepyxomuit

basuc ejeyey, BEKTOD ) SIKOTO 30Ira€ThCsd 3 BEKTOPaMH e B HesbypeHoMy pyci.

Bennuunu O‘ij =€, e (i,j = 0,n; p, k = 1,2,3) BusHauaioTs OpienTanio 6asucy

Sisist o sisisd
3
=i v =]
Cu = Zaukek (1.2)
k=1

o iy 0
KoedinienTn affk MOXKHa BUPA3UTH Hepe3 ozf?g i oo 9]

/,Lk - Z a;w'akg (13)

Bexropni pisnsmug (1.1) B npoekmisx Ha oci pyxomoro 6azucy €.ehe, npuiiMyTh
BUTJISAT

Aipr+ (C1 — A qury + p [(B2 — @er2)agg — (G2 + pora)agt + (05 + ¢3)ags)

20 10 , .20 10
= —k(o3)0] + a3y0n) + a33a33) — Dipr + a§Py,

Ajdr — (CL — A)piry — p[(B2 — qera)adh — (G2 + para)adi + (03 + ¢d)all] =
= k(az)aq) + azgal) + a33a1l) — Diigi + ag3 Py,
C17'1 = —Digry + a33 Py

A2P2 +(C2 — AQ)Q27”2 +u [( P — qir1)ags — (@1 + pir)ags + (p] + qZ)a%,%] =

= —k(ajfas] + ajfais + ajfaiy) — Doipr + aig P, (1.4)
Agds — (Ca = Ap)para — p[(B1 — qrr)ost — (@1 + pir)adf + (F + af)ad] =
= k(azia3] + azpais + ajgaiy) — Dags + 33 Py,
Cary = —Dagry + a3 Ps.

Ho cucremu pisasinb (1.4) 1orpibHO 10GABUTH PIBHSIHHS JIJIsi HAIIPSIMHUX KOCH-

Hycis |9
L0 i0 0 <40 i0 i0
aq] = —qiqz] + Ty, Qo) = Py — 100,
.30 i0 0 <40 i0 i0
Q1 = —QiQzy + Titgy, Ggy = Pitizy — T30, (1.5)
10 + 20
Qi3 = qza33 7'104237 a23 Pza33 73013,
.50 i0 W0 +i0 i0 i0
Q31 = —Ppig) + qioq], Qg = —Pitigy + i),
.30 i0 i0
Q33 = —PiQiagg + i3,
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Tyt pi, q;, 7 — TPOEKIlil BeKTOpa KyTOBOI MIBUIKOCTI W; TBEPIOro Tisa S? Ha oci
pyxomoro Gasucy €il€§€é; Ji = diag(4;, A;, Cy), A; A; + ch, I = vecico, Vv =
m1m2/(m1 + 77’L2).

3. BuBia piBHsHBb 30ypeHOTr0 pyXy B CEPEIOBHIIll 3 OIIOPOM JIBOX BIJILHUX
OPY>KHO 3B’si3aHuX ripockoiiB Jlarpamxa.

[Ipunycrumo, 1o B HE30ypeHoMy pyci Tisio S; 0bepTraeTbcs 3 KyTOBOIO IIBUIKICTIO
Wp; HABKOJIO BeKTOpa ¢;. Hexait wy; = wol-eﬂé.

Cucrema pisusiab (1.4)—(1.5) momyckae yacTHuUii po3B’si30K

o U
pi=qi =0, ri =wo =
D3
i0 0 _ i0
aj] = coswypit, ajy = sinwpt, ajz =0, (2.1)
o) = —sinwpit, o) = coswo;t, aby = 0,
0431*0@ *0 @33—1,

KOTPi BiZIIOBiZIa10Th piBHOMIpHUM 0OepTaHHsIM Tijl S; HABKOJO OCEHl ;.

Hocaigumo crifikicrs pimenss (2.1) B gacTuHi 3MIHHUX, $IKi BUSHAYAIOTH [OJIOXKEH-
Hs Oceil §; B mpocTopi i KyToBi mBuaKocTi TBepanx Tija. s mporo B 30ypernomy pyci
HOKJIaIeMO W; = Wo; +$2;, Je ‘ﬁz‘ € BEJIMYUHOIO TIEPIIIOTO MOPSIKY MaJIOCTi B TOPIBHAHHL
c ‘wol".

36epiraroun KOJIUINHI [TO3HAYEHHSI, 3aIUIIEMO PiBHSAHHS 30yPEHOro pyXy

Aipi + (Ci = Awoigi + s1a2 [(B; — woja)ony — (45 + woips)aji] =

= (aig — k’)%:s Dilpi_aglipi

AiGi — (C; — Aj)woipi — s1a2 [(25] WOJQJ) — (g + wo]pj)a%l] = (2.2)
= (a19 — ]‘3)0413 Dy1g; — a32P1>
Citi = —Dj3ry, (2.3)
S0 0 Ci0 0 ,
Q3 = WoiQg3 — (i, Qg3 = —Woi03 + Pi- (2.4)
Tyrik=1,2,5 = 3—i, otk = cos ppi, ok = —sin pp;, adf = sin py;, ol = cos gy,

Pki = Pk — i, Pi = wWoit.
PiBusnus (2.3) BiIOKPEMITIOETHCS BiJl iHIMIX PIBHAHB 1 HOro XapaKTepHCTUIHE PiB-
HYHHSI Ma€ OJIUH JIMCHUI Bl éeMHUI KODIHb.
- . / / ’L ’L
ITepeitmemo 70 HOBUX 3MIHHUX P, ¢;, O3, Ohs 9]
/ . / .
D; = Pi S p; =+ gi cos @, q; = Pi COS Y — q; SN Y5,
i 0 i0 i 0 i0
0613 — a31 Sin ()02 + 0532 COS SOi, a23 — 0131 COS SDZ - a32 Sin @’L
. / . ; . 4 . . .
i moksazemo §; = q; —ip;, Vi = &5+iadhs, TOAl B HOBUX 3MIHHUX CHCTEMa PIBHAHD (2.2)
i (2.4) 3anummeTsbest Tak

A + (iCiwoi + Din)%i + vy = —(k +iP)yi, (i =1,2, j = 3 —1). (2.5)
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Tyr i maxi cuix BinpisuaTn HuKHIT iHgekc ¢ = 1,2 Bix ysaBHOI OquHMAI.

PiBasinnst (2.5) BU3HAYAIOTHCS YOTUPMa CTYTIEHSMU BIIBHOCTI 1 OMUCYIOTH PYX JiHiii-
HOI MEXaHIYHOI CUCTEMH, 1110 3HAXOAUTHCS i JII€I0 JUCUITATUBHUX, ITOTEHIIIHHUX, TipO-
CKOIIYHUX 1 MUPKYJIATIAHIX CHUJI.

4. AcuMmnroTuvyHa CTINKICTh PiBHOMIpHHX 00epTaHb B CEepPeIOBUIII 3 OII0-
POM ABOX BiJIbHMX NPY2KHO 3B’si3aHUX ripockoiiB Jlarpam>ka.

[IpepcraBuBmu mykani GyHKINT y BUTIIsIT ae/\t, 3alUIIeMO XapaKTePUCTUIHE PIB-
HAHHA 36ypeHoro pyxy (2.8) y Buruisii

Fl ](Z—,U,)\2 -

O, 0 (3.1)

abo
M 4 (a3 +ib3) N3 + (G + ib2) A% + (a1 + iby)A + ag + iby = 0, (3.2)
A€ " .
F; = Ai)\z + (ZCZ + Dil))\ + k+iP;, C; = Ciwo;.
_ ADon+ 45D 0, by A1Ch + A'2017
a4 a4
DDy — C1Cy + (A} + Ay + 2u)k

as )
a4
_ 61D21 + 6’2D11 + A;PQ + A;Pl 5 (Dll + Dgl)k — 6’1P2 — égpl

= 3.3
L i — . (33)

as

by

(Ci+C)k+ PDn+ Dy PP, k(P + Py
ay » ©0 as » Y0 as )

ag = AL Ay — 12 = A1 Ay + (A1 + Aycd) > 0, C; = Ciwgi.

HocuizkeHHst XapakKTepUCTUYHOTO piBHsIHHS (3.2) Gy1eMo HPOBOJUTHU 3a JIOIIOMO-
roro iHHOpHOrO mizxomay. 3rijuo 3 kpurepiem JIbemapa—Ilinapa [15|, mist icnyBamHs
ACUMITOTUYIHO CTIKMX pillleHb HEOOXiTHO i JOCTATHBO, 00 MATPHUIIST CHOMOTO MTOPSIII-
Ky, CKJIaJIeHa 3 KoedinienTis Muorowirena (3.2) 6ysia iIHHOPHO-TIO3UTHBHOIO, TOOTO OyJsin

by =

mo3uTUBHO Bu3Hadeni marpuii Ay, Asg, As i Ar:

A\ Dy + AyDyy S
aq

Il = ’A1| = as = 0, (34)
1 —b3 —CNLQ

I3 = |A3‘ =10 as —by| > 0, (3.5)
as —bg —&1

1 —bs —as b1 0
0 1 —b3 —ax b

Is = ’A5| =10 0 as —by —ay| >0, (36)
0 as —bg —dl bo

as —b2 —&1 bo 0
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(=il olNall

as

—bs
1
0
0
0

as

—by

—ds
—bs
1
0
az
—by

_dl

b1
—bs

a3
—by
_al

bo

_d2

_bZ

&
bo
0

by
_dl
bo
0
0

ap
bo
0
0
0

> 0,

Tak sik ag > 0 (I3 > 0), To acuMITOTHYHA CTIHKICTH PIBHOMIpHUX OGepTaHb B
CEPEJIOBHUIII 3 OMOPOM JIBOX TipOCKOIIB Jlarpam»ka, 3B’d3aHUX MPYKHUM CHEPUIHUM
MIApHIPOM, BU3HAYAETHCsI TPhoMa HepiBHOCTsAME (3.5)—(3.7).

3 mepiBHocTi (3.4) BuIUIMBaE, 10 IpU BiJACyTHOCTI yacTkoBol mucunarii (Di; =
Dy = 0) koedinient a3 = 0 1 acumnroTHYHA CTifiKicTh PIBHOMIpHUX 00epTaHb HEMOXK-

JINBA.

Buxinna mexanidna cucreMa € bararonapaMeTpUIHOIO. Y 3B’s3KY 3 UM PO3TJITHEMO
PsJT OKpEMUX BUIIAJIKIB, sIKi MAIOTh 1 caMOCTIfiHUI HAyKOBUil iHTEpEC.

Boaus 2kopctkocti miapuipa Ha ymoBu crifikocti. Hexait kK =

1k < 1.

3 TOYHICTIO JI0 BEJIUYUH MEPINOTrO MOPSIAKY MaJjoCTi BiHOCHO K BHUIIUIIEMO HEPiBHO-

cri (3.5)—(3.7):

Is16+ 130 > 0, Itk + Isg > 0, I715 + I7g > 0.

Tyt

(3.8)

I31 = —(A/1A/2 —u? [(611)21 + AIQP]_)2 + (521711 + A/1P2)2+

+2(5'152D11D21 + AllA/QP1P2) + (61P2 — 6’2P1)(A/1D21 - A;Du)} +

+(A Doy + AyDyy) {(512 + D?))Ay Doy + (C3 + D§1)A/1D11} ;

I3y = (A/1D21 + AIQDll) [(A/Q + 1)2Dgy + (All + M)2D11} > 0,

/ / 2
Iso = Dy [(AQ + )2 Doy + (A} + M)QDH] >0,

(3.9)

’ / 2 =~ ~
Io = {(AQ + 1)’ Doy + (A} + u)an} (D1C — Pag1) P,

ELleA,1+A/2+2/L>0, D1=D11+D21,5261+52,P:P1+P2.

Benuunnm I51 i I77 y 3B'3Ky 3 IXHBOIO TPOMI3IKICTIO HE HABEJIEHI.

I3 (3.8)—(3.9) BumMBaE, IO IPHU JOCATH BEJHKIiH KOPCTKOCTI (JIOCHTH MAJIOMy K)

YMOBa CTIMKOCTI BU3HAYAETHCA OJTHIEI0 HEPIBHICTIO

(Dlé — Pa,gl)P >0,

(3.10)

AKe PO3MMaJa€ThbCd Ha ,ILBI HepiBHOCTi i3 YpaxXyBaHH{AM BB€ACHUX ITIO3HAYCHDb Ma€ BUTJIAL:

C1P1Dy3 + CoPy D13 > a1 PD13Da3 /Dy (P > 0),
C1P1Dgys + CoPyDq3 < C~L21PD13D23/D1 (P < 0).

(3.11)
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Bunanok He npyxxkHoro cdepuysoro mapsipa (k = 0). B upomy Bunajgky B
KoedirieHTax XapaKTepuCcTUIHOro piBHstHHSA (3.2) Tpeba mokaacru k = 0. HepiBricTb
(3.4) He 3miHIOETDHCsI, & HepiBHOCTI (3.5)—(3.7) He3HAUHO crpoIy0ThCs (KoedirienT by =
0). Brizgmo (3.8) mi mepiBHOCTI IPUIIMYTH BUIVISIT

I31 >0, Is1 > 0, I71 > 0. (3.12)

Bunagok nuitinapuasoro mapHipa (k= 00). Y 1poMy Bunia Ky piBHsHHs (3.2)
BAIUIIETLCT TaK

M2 4 (@y 4 b))\ + iby = 0, (3.13)
ne
P
dlzfl, by = —, bp = =—, a2 = a2 >0,
as a9 ag

1 jy1st icHyBaHHSI aCHMITOTHYHO CTIHKuX pimensb piBusmust (3.13) Takoxk HeoOXigHO i
JIOCTaTHBO, 00 Oym mo3nTuBHO Bu3HadeHi Marpuni A i As:

11:d1>0,

1 —b3 —ao
I3=1|0 as —by| = ag(agdg — dl) + bg(agbg — bz) > 0. (3.14)
as _b2 C~L1

Tax sk a3 > 0 (1 > 0), TO acHUMOTOTHYHA CTIHKICTH BU3HAYAETHCS HEPIBHICTIO
(3.14), sika 36iraeTbes 3 HepiBaicTiO (3.10).

Takum 9uHOM, B pa3i NUIIHJIPUIHOTO MIapHipa, ACUMITOTUYHA CTIMKICTH PiIBHOMIp-
HUX 0DepTaHb B CEPEIOBUIINI 3 OMOPOM JBOX TipockomiB Jlarpamxka, 3 ypaxyBaHHsIM
HOCTIIHIX MOMEHTIB, BU3HaYa€ThCs HepiBuicTio (3.10).

Ciij1 3a3HaYUTH, IO [IPU Wo1 = W2 (P1D23 = P2D13), C=C1+Cy, A=A+ Ay,
¢ = ¢1 + ¢2 uepisuicts (3.10) 36iraeTbest 3 nepiBaicTio poborn [14].

Bunanok yHiBepcanbHoOro npy>kHoro mapsipa (mapuipa I'yka) (k # 0,wp1 =
wo2 = w). B npoMy Bumaiky, mok/asmm B Koedirienrax (3.3) (wp1 = w2 = w) (P Dag =
P,Dq3), orpumaemo:

ACy+ ACy L
b3 = b31w, b3 = %, a1 = G11 — 19w, g = Gg1 — dgaw?,
_ C1P, + CoPy D11+ Doy
all = ———————, @21 = 77@,
ayq ayg
Dy D A+ A, +2u)k C,C
gy — 11Do1 + (A + Ay + 2p1) ,C~L22:¥,52:b21w+b22,
a4
C1Da1 + CoD APy + A,P C,+C
by = 21 & L by = w? b1 = biiw + bi2, b1 = gk
a4 a4 a4
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Koedirmientn ag, ag He 3MIHIOIOTHCS, a Iepina HepiBHICTE [3 > 0 MaTuMe BULIIAL,

KBa/JIpaTHOI HEPIBHOCTI BiJITHOCHO W

(a3bsy — ba1)borw? — (a3dsn — azayy — asbaabsy 4 2bo1bao)w — G12a3 + aids; — biy > 0

HEBUKOHAHHS KOl BeJe JI0 aCUMIITOTHYHOI HECTIMKOCTI.

5. BucHoBkwu.
YMOBH aCUMITOTUYHOI CTIHKOCTI PiBHOMIpHOrO 0obepTaHHS B CEPEIOBHUIII 3 OIO-

POM JIBOX BUIBHHUX TipocKoIiB Jlarpanxka, 3B’d3aHuX HPYKHUM CHEPUIHUM MIAPHIPOM,
BU3HAYAKOTHCS TPhoMa HepiBHOCTsSMEU. OOepTaHHsI KOXKHOI'O TPOCKOTA i ITPUMYETHCS
MMOCTIHHUM MOMEHTOM B iHepIiaJbHIll cucTeMi KOOpAWHAT. PO3TVISHYTO BHUIAJKUA BU-
POKEHHS MIPYKHOT0 cOePUIHOrO IMapHipa B chepuyunuil HenpyKHUN, TUTiHIPUIHANL
i yuiBepcasbpuuii npyxuuii mapuip (mapuip I'yka). [lokasano, 1o mpu 10CHTH BEJHKOT
2KOPCTKOCTI ITapHipa YMOBU CTiHKOCTI BU3HAYAIOTHCS TLIbKU OJTHIEI0 HEPIBHICTIO, sIKA
30iraeThCd 3 HEPIBHICTIO, OTPUMAHOIO JJIsi BUMIAIKY MIIHAPUIHOrO mapHipa. [lpu cris-
MaJiHHI KyTOBUX IIBUJKOCTEH BJIACHUX 0OEPTaHb TiPOCKOIIB I HEPIBHICTH 30ira€ThCst
3 BIJIOMOIO YMOBOIO JIJIST OJTHOT'O TipPOCKOIIa.

10.

11.

12.
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Yu.M. Kononov, Ya.l. Sviatenko

On the subject of influence of dissipative and permanent momentums on stability of

uniform rotations of two elastically connected free gyroscopes of Lagrange.

In many works, there are studies of the asymptotic stability of rotation of a free Lagrange gyroscope

in a resisting medium. This article generalizes this problem to the case of uniform rotations of two free

Lagrange gyroscopes connected by an elastic restoring spherical hinge. The rotation of each gyroscope

is maintained by a constant moment in an inertial coordinate system. The characteristic equation of the

perturbed motion is presented in the form of an algebraic equation of the fourth degree with complex
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coefficients. Based on the innor approach, conditions of asymptotic stability are obtained in the form
of a system of three inequalities. The left-hand side of these inequalities is represented, respectively, in
the form of determinants of the third, fifth, and seventh orders. Up to first-order values of smallness,
relative to the reciprocal of the stiffness coefficient, a study is made of the effect of the joint stiffness on
stability conditions. From the conditions of positivity of the highest coefficients in three inequalities,
it is shown that for a sufficiently large rigidity, the stability conditions are determined by only one
inequality. Cases of degeneration of an elastic spherical joint into a spherical inelastic, cylindrical, and
universal elastic joint (Hooke’s joint) are considered. In the case of an inelastic spherical joint, the
system of three inequalities is slightly simplified. The greatest simplification arises in the case of a
cylindrical hinge. In this case, the characteristic equation is represented as a quadratic equation with
complex coefficients. According to the innoric approach, the conditions of asymptotic stability are
written in the form of a single inequality, the left side of which is presented in the form of third-order
determinants. It is shown that this inequality coincides with the inequality obtained earlier for the
case of a sufficiently large rigidity of the hinge. If the angular velocities of the proper rotations of the
gyroscopes coincide, the inequality obtained for the cylindrical hinge coincides with the well-known
inequality for one gyroscope. In the case of a universal elastic hinge (Hooke’s hinge), the first inequality

is represented as a square inequality with respect to the angular velocity of proper rotation.

Keywords: dynamically symmetric rigid bodies, ball-and-socket elastic and cylindrical hinge, resisting

environment, uniform rotations, asymptotic stability.

Incruryr npukiaagnol maremaruku 1 mexanmiku HAH Ykpainwm, Ompumaro 04.05.19
Ci10B’sIHCBK

JloHenpkuit HamioHapHUE yHiBepcuTeT iMeHi Bacuist Cryca,

Binnnis

kononov.yuriy.nikitovich@gmail.com

filioeee@gmail.com

141



	Cover_IAMM_V33_2019.pdf
	Page 1
	Page 2


