ISSN 1683-4720 IIpaui ITIMM HAH VYkpaiau. 2019. Towm 33

VIIK 531.36, 531.38
DOI: 10.37069/1683-4720-2019-33-10

(©2019. FO. M. Kononos, B.}O. Bacunenko

IIPO CTINMKICTh OBEPTAHHA III/ JI€I0 ITIOCTINTHOT'O
MOMEHTY JA3UI'N JIATPAHXKA 3 IIEAJIBHOIO PIZIMHOIO
B CEPEJIOBMUIIII, ITIO YNHUTH OIIIP

PosriisinyTo 06epTaHHS HABKOJIO HEPYXOMOI TOYKH BayKKOTO JUHAMIYHO CHUMETPUYHOI'O TBEPJIOIO Tijla
3 JOBIJIBHOIO OCECHMETPUIHOI0 MOPOXKHUHOIO, ITLJIKOM 3aII0OBHEHOIO 11€aJIbHOI0 HECTUCJUBOIO PiTUHOIO.
Hocaimxkeno crifikicts piBHOMipHOrO obepranusa n3uru Jlarpam:ka 3 piIuHOIO B CEPEOBUII, IO YU-
HUTBH OHip, 3 ypaxyBaHHSIM 3aJIaHOTO IOCTiiHOTO MoMeHTY. IIpesicraBieno piBHsAHHS 00ypPEHOrO pyxy
mauru Jlarpamxka 3 imeaspHOIO pigunHoo. /loBeneHo, 110 I eTincolaabHOl TOPOKHUHN aCUMITTOTH Y-
Ha CTIAKICTh PiBHOMIpHOIO OGEpPTAHHSI MA€ MICIle TLIBKH JIJIS CTUCHYTOI eJIiIcoi1aabHOl TOPOXKHUHM.
Bimgmiveno, 1o B 61/1bII0CTI TPAKTUYHO BaXKJIMBUX BUIIAJIKAX, OCHOBHUI e(eKT BIUIMBY PiJUHE Ha PYyX
TBEPJIOTO Tijia MOXKHA BPaXyBaTH, PO3IVISIAIOYN TiJIbKM OCHOBHMII TOH KOJUBaHHS pimuan. OTpuMaHo
YMOBHU aCHUMIITOTHYIHOI CTIHKOCTI PIBHOMIPHOTO OOEpTaHHS B CEPEJOBUIII, [0 YMHUTH OINp, M €0
rocrifinoro MoMenTy j3uru Jlarpan:ka 3 JIOBIJIBHOI OCECUMETPUYHOIO ITOPOXKHUHOIO, 1[0 MICTUTD iJ1e-
anbHy piguny. i yMoBE cTifiKOoCTi BUBe/IeH] 3 ypaxyBaHHSIM OCHOBHOIO 1 JOJTATKOBOTO TOHIB KOJTMBAHD
pimuau. Baxkke TBepe Tijio Mae HEPYXOMY TOYKY i 3HAXOIUTHCS ITiJ1 JTI€I0 MTOCTIHOTO MOMEHTY B iHep-
HiaJibHiM cucreMi KoopauHAT. [IpoBe/ieHO aHAITUYHI Ta YUCEJIbHI JIOCTII/IPKEHHs BILIMBY OCHOBHOIO i
JIOJATKOBOI'O TOHIB KOJIMBAHb PIAWHU, ITEPEKUIATILHOTO, BiIHOBJIIOIOYOTO, JUCATIATUBHOTO i MOCTIAHOTO
MOMEHTIB Ha YMOBU aCUMIITOTUYIHOI CTINKOCTI piBHOMIpHOrO obepTanHs A3uru Jlarpamxka 3 ireaabHOIO
piguHOM0. 3a3HAYEHO, MO 3 ypaxyBaHHSIM OCHOBHOIO TOHY KOJIMBaHb PiIUHU, MPeJCTaBjeH] B pobOTi
KyOiuHa i KBaapaTHa HEPIBHOCTI € yMOBaMU aCHUMIITOTHYHOI cTifikocti. Ha mpukmazdi esmimcoiganpHol
IMOPOXKHUHU TTPOBEJICH] YUCEIbHI JOCiIXKeHHsT objiacTeii crifikocTi. BeranossieHo, 1o 3i 30i/1bIIeHHAM
€KBATOPIaJbHONO MOMEHTY 1HEPINl TBEPIOro Tijia 06/JIaCTh CTIMKOCTI 3MEHIIYEThCsI, & 31 301IbIIIeHHIM
OCBOBOT'O MOMEHTY iHEpIIl TBEPAOro Tija BOHM 30iIbIIYIOTHCS.

MSC: 70E50.

K408t cA08a: 4CUMNMOMUYHE CMIUKICMSb, nocmitinul momenm, d3usa Jlaepanoica, idearvra pi-
dura, cepedosuuLe, U0 HUHUMD ONIP.

1. Beryn.

B po6ori [1] posrisiayTo 3aa4dy npo CTifiKicTb 06epTaHHs HABKOJIO HEPYXOMOI TOU-
KM BayKKOI'O0 CHUMETPUYHOIO TBEPOTO Tijla I JI€I0 JUCUIIATUBHOTO 1 MOCTIHHOTO MO-
MEHTY B iHepIiasbHiil cucreM KoopiuHatr. B [2-3] y3araibHena 1s 3a/a4a Ha BUIIAJI0K
piBHOMIpHOIO 0OEpPTAHHST HECUMETPUIHOTO TBEPIOrO Tijla HABKOJIO TPETHOI TOJIOBHOI OCi
B IPUIIYIIEHH], 0 [EHTP MAac TBEPJOro Tija 3HAXOIUThCsS Ha It oci. Y poborax [4—
5| Gysm posmouari JMOCIIRKEHHsI CTIHKOCTI 06epTaHHsl B CEPEJIOBUII 3 OIOPOM J3UI'H
Jlarpanzka 3 imeanpHO0 piamHo0. Y crarTi [6] mocsiKyeThes 3aa4da, PO3IISTHYTa B
[1], Ha BUNAIOK HAsSIBHOCTI 1/1€aJIbHOT PLAMHN B IIOPOXKHKHI TBEPIOro Tia. VY 1iii crarTi,
3 ypaxyBaHHSIM OCHOBHOTO TOHY KOJIMBAHb PiAMHU, OTPUMAaHI YMOBU ACHMIITOTHIHOI
crifikocTi piBHOMIpHOTO 00epTanus n3uru Jlarpanxka 3 piinHoo0. Y 1LOMY ITOBiTOMJICH-

JlocnimKeHHsT BUKOHAHI B paMKax IporpaMu (pyHIaMEHTAJTBLHAX JTOCTiAKeHb MinicTepcTBa OCBITH
i mayku, mpoekt Ne 0119U100042.
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Hi y3arajIbHIOIOTHCs Pe3yJbTaTu cTaTTi [6] Ha BUIIAJIOK ypaxyBaHHsI J0JIATKOBUX TOHIB
KOJIMBaHb i/1€a/TbHOI PIIUHK B JIOBLIbHIN OCECUMETPHYHIN MOPOXKHUHI.

2. ITocranoBka 3amaui.

Posryisinemo obeprants HABKOJIO HEPYXOMOI TOUKU BayKKOT'O JNWHAMIYHO CUMETPUY-
HOI'O TBEPJIOrO Tija 3 JOBLILHOIO OCECHMETPUIHOIO MOPOXKHUHOIO, IILJIKOM 3aII0OBHEHOIO
ileaIbHOI0 HECTUCUBOIO pimmuoio. [Ipunycrumo, 1o Ha HLOTO, KPIM CHJIN TSXKiHHS,
e aucunarusuii Moment My = —DW (D = diag(Dy, Dy, D3), D; >0, i = 1,2), mo
MOJIEJIIOE OITiP CEePEJIOBUINA, 1 MOCTIMHUI B iHEpIiaJbHill cuCcTeMi KOOpMHAT MOMEHT
M, = PV, 7 — OIMHUYHUN BEKTOP BUCXiTHOI BepTUKaji, P noBiibHa cTada.

Hocnimumo crilikicTb piBHOMIpHOTO 0bepranus n3uru Jlarpamxka i3 pinunoo B ce-
PEJIOBUIII 3 OIIOPOM 3 yPaxyBaHHAM 33JaHOTO IIOCTIITHOTO MOMEHTY, BBaXKalovHd, IO B
He30ypPEHOMY PYyCi TBepJIe TiIo 1 pijinHa 00epTaloThCs HABKOJIO BEPTUKAJI STK OJIHE IIiJie
3 KyTOBOIO MIBUJIKICTIO .

PiBusinus 36ypenoro pyxy nzuru Jlarpanzxka 3 i1eaJbHOIO PIAMHOIO MAIOTh BUTJIAT [5—

6]
AQl + (C — A)WQQ +2 Z an(Sln — wSQn) =3Py — D1Q1 + Ty
n=1
A — (C = AwQ +2) " an(San + wSin) = £Pyp — D19y + T, (1)
n=1

N2(S1p — AnSan) + an = 0, N2(S, + AnSin) + anfls = 0,
Y1 =wy2 — D2, Jo = —wn +
CQ3 = +£P§ — D3(Q3 + w),
5 =0. (2)

Tyr ﬁ = (Q1,Q92,Q3); 5 = (71,72,7Y3) — OJMHUYHUI BEKTOP HAIPSIMKY CHJIU Tsi-
Kinus, y3 = +149; A i C — BiAMOBiHO TOOBHUN €KBATOPIATbHAN 1 OCLOBUN MOMEHTH
imepmil TBepyoro Tina i pigunu; I' = gmd, m — mMaca mexaHivHOI cucremu, d — BiJICTaHb
BiJ| IIEHTPY MAC CHCTEMHU J0 HEPYXOMOI TOUYKU; A\, = 2wW/Ky, Ky — BJIACHI YUCIA, sSKi
BCIOJIU II{JIBHO 3aIIOBHIOIOTH 06/1aCTh JIiiCHOI OCl K| > 1; BUSHAUEHHSI BEJININH Ay, 1 Ng
JaHo B poborax [5-7).

Cucrema piBusnb (1)—(2) poszinserses 1 gomyckae pirmenHs

M=72=013=1U%U=0=0,w=P/D3, S, =52, =0, (3)

71:72:07 73:_17 91:QQZO7WZ_P/D3) Sln:SQn:07 (4)

sIK1 BiJIOBIZAIOTH PIBHOMIDHHM OOEPTAHHSM TBEPIOrO Tija 3 KYTOBOIO MIBUIKICTIO W
HaBKOJIO Beprukasi. IIpu 1pomy pimenso (3) BiOBijae BUIAJIOK “CIUISTIOl J3UIH"
(meHTp Mac TBEPAOTro Tijla 3HAXOAUTHCS BUIIE HEPYXOMOI TOYKH, T06TO d > 0), Ha AKuHii

nie nepeknpaioanii Moment (I' > 0), moment M, a pimennio (4) — BUIIAJ0K CTATHIHO
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cTifikol “m3uru’ (IEeHTP Mac 3HAXOAUTHCS HIZKIe HEPyXOMoI toukn (d < 0), Ha sKuii
nie BinHosimoBaabamit MoMenT (I' < 0) 1 moment —M,,.

[lepre piBusinus B (2) mae giicauil Bix'emunii kKopinb 23 = —D3/C'. Xapakrepu-
cTUYHe PiBHsAHHS, MO Bianosigae cucremi (1)—(2), 3aBxkau Ma€e OJUH HYIbOBUIT KOPIHb,
06yMOBJIeHI{ HASTBHICTIO T€OMETPHYHOTO iHTerpaia 3 + 3 + 75 = 1.

3. Acumnrorn4yHa crifikicrs pimenss (3).

YV HOBHX KOMILIEKCHHX 3MIHHUX 2 = Q1 — 1§29, v = 1 — iY2, Sn = S1n — 152,
cucrema (1) 3anuierbcsi HACTYIIHUM YHHOM

AQ A+ [i(C — A)w + Di] Q4+ 23772 ) an(Sp — iwSy) = (il + P)n,

N2(S,, — iwApSn) + a2 =0, (5)
v =i(wy — Q).
Tyr A\, = Xn/w
XapakTepucTuuHe piBHsIHHS it 30ypeHoro pyxy (5) MaTuMe BUIJIsiI
iCw+Dy T'—iP — E,
A - D D 6
L (A —iw)? ;A—iw)\n ’ (6)

ne B, = 2a2 /N2 > 0.
3 ypaxyBaHHSIM OCHOBHOI'O 1 JIOJIATKOBOTO TOHY KOJIMBaHb piauau (n = 1,2) pie-
usnHs (6) HAOye BUIVIsILY

as\t + (a3 + ib3) A3 + (ag +ib) A2 + (ay + b))\ + ag + ibg = 0. (7)
Tyt
as=A—FE —Ey=A*>0,
a3 =Dy >0, bg =[C — A(A\1 + A\a) — 24" + E1 )\ + Eo)\]w,
ag = [C — A* +(C = 2A) (M1 + A2) — AN g + 2(E1 g + Eo)p)]w? — T,
by =P — (14 A1 + A2)Diw, (8)
a1 = [(M + \2)(P — Diw) — M\ Dyw]w,
b ={(M + )T+ [2A = C)Ade + (A= C) (M + X2) — (Br s + Bop)|w®w
ap = [T + (A — O)w?] MAaw?, by = (D1w — P)AiAaw?.

st icHyBaHHST AaCUMITOTHYHO CTIHKUX pillleHb cucreMu (5) HEOOXIJIHO 1 T0CTaTHBO,
11106 MaTPHIls CbOMOIO MOPSJIKY, CKJIaJleHa 3 Koedinienris muorousena (7)

a4 —bg —an —b1 a 0 0
0 a4 —b3 —ag —b1 ag 0
0 0 agy —bs —az —b1 ag
A7 = 0 0 0 as —bg —aq b()
0 0 as —b2 —ai bo 0
0 as —bQ —aq b() 0 0
as —b2 —aq bo 0 0 0
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6ysa iHHOpHO-nI03UTHBHOIO |9]. To6r0 Oy nosuTnsHO BU3HaveH Marpuii Aj, Az, Aj
1 Ag:
|A1‘ =a3 = D1 >0,

ag —bz —az —b1 ag

ayg —bg —a 0 aq —bg —an —bl
’A3| =10 ag —by| >0, ’A5| =10 0 as —by —aq| >0, |A7| > 0.
as —b2 —al 0 as _b2 —ai bo

a3 —by —ai1 by 0

(9)

[Tigcrasusimu (8) B (9), orpumaemo 3 ypaxysanusm A* > 0, [ = I'/D3, x = Dy/Ds:

—(A1 = A2)2(M1 = 1)%2(A\g — 1)2E1 Eod Aaw® (Dot T + Trg) > 0, (10)
—(F52f2 + F51f + F50)w2 > O, (11)
[5i0 + T30 > 0, (12)

e
Iy =[(M = Dz +1][(Ae — Dz + 1] 22,

Fro={[(Ae—1z+1](x—1)E1 +[(AM — Dz + 1] (x — 1)E2+
(A1 =Dz +1][(Ae =1z +1](A—Cx)} P,
Ts2 = A Aez?,
Ts51 = z(g12° + gax + A\ A A*) P?
g1 = (A1 — 1)PEp + Aa(Mg — 1)3Ey + (A* — C) A ),
g2 = MM — 1)2E; + Xa(Ma — 1)2Ey — C* ANy, C* = C — Ey — Ey,
Is0 = {MAafia® + fo2® P + fazP? + f4A*P3} P,
fi=(C— A [EtA (M — 1)+ Exda(Ma — )] — (A1 — D)(A2 — 1)(M\1 — X2)2E1 B,
fo=[(A=C)\A — C(A1 — 1) Exdi + [(A = C)Ade — C (A2 — 1)°] Bxdo+
+(A1 + X2 —2) (A1 — X2)* A\ By By,
f3=MM=D)?Ef+{ [0 — 1?4+ Q2 — D] Mda — MM — 1)° = Ao(A2 — 1)} By Eo+
+X2(Xe — 1)2E2, fi =M (01 — 1)2E; 4+ Aa(Mo — 1)%Es,
I3 = —22, T30 = M (A — DE; + da(\y — 1) By 2+
+(C — Ey\; — Ex)g)zP — A*P2.

TakuM 9UHOM, YMOBH aCHMITOTHYHOI CTIHKOCTI pirmreHHs (3) BU3HAYAIOTHCS TPHOMA
Hepisaoctsivu (10)—(12), a pimennst (4) 6yayTh TAKOXK BU3HAYATHCS TPHOMa HEPIiB-
Hoctsimu (10)—(12), sikmo B Hux 3aminntn P aa —P. OTXKe, yMOBH aCUMITOTHYIHOI
cTiiKOCTi piBHOMIpHOTO ObepTaHHsi 13uru JlarpaHxka 3 JIOBUIBHOIO OCECUMETPUIHOO
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MTOPOXKHUHOIO, O MICTHUTH 1JleaJbHy PIINHY, 3 YpaxXyBaHHIM OCHOBHOIO 1 J10/IATKOBOTO
TOHIB KOJIMBAHHS PiJMHNI, 3BOJSATLCA JI0 TPhoX HepisHocteit (10)-(12).

Hepisuicrs (10) ne BuKoHyeThcs B pa3i KpaTHUX BJIACHUX 9acToT (A] = A2) abo s
A1 = 1, abo A9 = 1. Bysemo BBaxkaru, mo w # 0 (P # 0). B poborax [7-8| mokaszaHo,
[0 HECTIfKICTh MOKe BUHUKHYTH TULIBKY IPU MO3UTUBHUX 3HAYEHHSIX \,. TOMY, SIKIIO
HPUILYCTUTH, O A\ # A2, Ay # L,A, > 01w # 0, To cucrema uepinocreii (10)—(12)
CIIPOIIYETHCS:

T + Ty < 0, (13)
F52f2 + F51f +I'59 <0, (14)
—$2f + I'sgp < O, (15)

VY BUIIAQJIKY BiJICYTHOCTI BIJIHOCHOIO PyXY PiJIMHY B IOPOXKHUHI TBepioro Tia (F =
Ey = 0) xapakrepucruute pisasiaHs (6) Oyjie KBaJpaTHUM DiBHSIHHSIM

a2 + (a1 + ib1)A + ag + ibg = 0. (16)

a2:A>0, a1:D1>O, bQZ(C—2A)w,
alz(C—A)wQ—F, blzP—Dlw.

YMoBu acuMnTOTHUHOI crifikocti piBHsiHHs (16), To6TO pimennst (3) (w = P/Ds),
BU3HAYAIOTHCS HEPIBHOCTSAMHE

az —by —ap
A1l =a1=D1/A>0, |As]=|0 a —by|>0

aq —b() —a

abo HepiBHIiCTIO

(CDy — AD3)P? — DIDsTI' > 0 (17)

YmoBa acumnrorudHol crifikocti pimennst (4) (w = —P/Ds3) mae BurIsL
(CDy + AD3)P? + D3D3T < 0. (18)
Hepisrocti (17)-(18) caigyiors Takoxk 3 Hepisnocti (15) Bigmosigno npu w = —P/Ds

iw = P/Ds, sxkmo B HbOMy T0KIacTH Fy = Eo = 01 A\ = A2 = 0 i cuiBnagaors
3 HepiBHOCTSIMU PobOoTH [1]. YV 6iABIIOCTI MPAKTUYHO BayKJIMBUX BHIIAKAX, OCHOBHHI
edeKT BIIUBY PiIMHU HA PyX TBEPJOrO Tija MOXKHA BPAXyBATHU, PO3IVISIAIOYUN TiIbKH
OCHOBHUI TOH KosmBaHHs pimuau (n = 1) [6]. Tak, Hanpuksiam, B pasi emincoinasb-
HOI TTOPOYKHUHU 3 HECKIHYEHHOI'O CIIEKTPAa BJIACHUX 3HAYEHBb A, HA PyX TBEPJIOrO TijIa
BILINBAE TiJILKW OCHOBHA rapMmoHika Ai. Tomy okpemo posriasHeMo Bumanok 1 = 1. B
[[bOMY BUIAJIKYy XapakTepucrudse piBHsiHHs (6) Oy/e KyOiuHUM DIBHSIHHSIIM

agA® + (ag + ib2) A* + (a1 + ib1)A + ag + iby = 0 (19)
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CL3=A—E1=A* >07 as = Dy >07 bQZ(C—A)\l—QA*)w,
ay =[C —A*+(C —2A)\]w? =T, by =P — (1 + \)Dw (20)
ag = (P — Diw)\w, by = [I' — (C — A)w?] \w

YMOBH acuMITOTHYHOI cTifikocti piBusans (19), Tobro pimenns (3) (w = P/Dsy),
BU3HAYAIOTHCS HEPIBHOCTSIMI

|A1| =ag = D1 >0,

a3 —by —ai1 by 0

as —b2 —ai 0 as —bQ —al bo
As| =10 as —bi|>0, |As|=|0 0 az —bi ao|>0. (21
as —bl —Qag 0 a9 —bl —a 0

as —by —ayp O 0

ITigcrasusimu (20) B (21), orpumaemo

(M — 1)T2® + [f O\ — 1)P2] 22— (C + A* — AN)P%x + A*P2 < 0.  (22)

[f M — 1)E1P2} 2% — (C — Eyh)zP? + A*P? < 0. (23)

Hepisrocti (22)—(23) He 3aekarhb BiJ| 3HaKa BeJIUIHHU P 1 TOMY TaKoXK € yMOBaMU
acUMITOTUYHOI cTifikocTi pimenns (4) (w = —P/Ds).

Coiz 3a3naunT, mo Koedinientu (19) MoxkHa orpuMaru 3 (8), SKIIO B HUX OKJIa-
ctu Fy = 0, Ay = 0 i BBazkaTu ag = ay4, as = agz, by = b3, a1 = asg, by = ba, ag = aq,
bo = by. Hepisrocti (22)—(23) Taxkox cainyors 3 (11)—(12), gxio B ocTaHHixX IOKIACTH
Ey =0, A2 =0.

TakuMm 9rHOM, IPU BPaxyBaHHI OCHOBHOIO TOHY KOJMBaHb piaunan (n = 1) Kybiuna
i kBajpaTHa HepiBHOCTI (22)—-(23) € yMOBaMU ACHMIITOTUYIHOI CTIHKOCTI.

Y pasi BinbHOro obepranus j3urn Jlarpamxka (I' = 0) mepiBrocri (22)—(23) upu
P # 0 npuitMyThb BUIIsL,

{ El)\l()\l — 1){[}2 + (C — El)\l)a: — A* > 0, (24)

C(A —1Da? + (A* — A\ + C)z — A* > 0.

I axmo mpu ' # 0 ymoBu acummrorudnoi crifikocti P # 0 He 3ajexkanin Bij 3Haka
Besimanan P, to npu I' = 0 1i ymoBu Bxke He 3asexkars B Besmumun P (P # 0) i
3BOJISITHCSL JI0 JIBOX KBaJPATHUX HEpiBHOCTEH (24) BiHOCHO 3MIHHOI .

Ha npukirai esrincoinaabHOT MOPOXKHUHA ITPOBEJIEMO JIOC/IIIPKEHHST CUCTEMHU HEPiB-
Hocreili (24). Beegemo 6e3posmiphi 3MiHHI

4 p? 2

1 2
A=A I> + (1 2 — B8 By = - Ay —
o+m +5( +p%), C Co+557 S R el
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m = 48/3, B = ¢/a, ¢ 1 a — HaniBBici eincoiaNIbHOI MOPOKHUHN (HAIIBBICH ¢ Ha-
npasJieHa 110 oci obeprantst). Posmiphi Besmanau MoMentis inepril A, C, Fy BigHeceni
1o mpa®, a Maca m — 110 Tpas.

Ha puc. 1-4 nasesieni rpadiku rpanuip obsacreil criiikocri (24) (3amexknocti x =
D1/D3 Bin B) mss L =0, a = 1, I = 1. O6sacti cTiiKOCTI JIezKaTh BUIIE JAHUX KPUBHUX.
Buauenusm Ag = 01 Cp = 0 (meBarome TBepse Tino) Ha puc. 1,3 Bijmosinae HUKHII
rpadik, a Ha puc. 2,4 — Bepxuiit. Ha puc. 113 Cyp = 0, a Ay BiamoBiiHO TOPIBHIOIOTH
0, 0.02, 0.04 1 0, 0.01, 0.01, a Ha puc. 214 Ag = 0, a Cy BignopigHO HOpPiBHIOIOTH 0,
0.02, 0.04 i 0, 0.01, 0.01.

Puc. 1. I'paruiis obacreit Puc. 2. I'paruisa obracreit
cririkocti st Ao = 0,0.02,0.04 crivikocti st Co = 0,0.02,0.04
mpu Cp =0 mpu Ao =0
06
0 02 04 6 06 08 1 0 02 04 6 06 08 1
Puc. 3. I'panuriss obaacreit Puc. 4. I'panuriss obaacreit
cririkocti g Ao = 0,0.01,0.01 criiikocti g1t Cop = 0,0.01,0.01
mpu Cop =0 apu Ao =0

3 HaBEJIEHNX PUCYHKIB BHUILIABAE, 110 aCUMIITOTHYHA CTIAKICTHL PIBHOMIpHOrO 06€ep-
TaHHs OyJe TIAbKMA B pasi mijKarol esiincolgaiabHol mopoxkHuHn $ < 1, a TaKoxXK Te,
o 3i 30LIBIIEHHSIM E€KBATOPIAJILHOIO MOMEHTY iHEpIii TBEpPAOro Tija 00JiacTb CTiii-
KOCTi 3MEHINYETHCH, & 31 301bITEHHIM OCHLOBOIO MOMEHTY iHEPIlil TBEPIOro Tijia BOHA
301/IBIITYEThCS.
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Ha mimcraBi mpoBeseHNX aHAJITUYHAX 1 YHCEJTBHUX TOCTIIXKEHb MOXKHA 3poduTn
HACTYIIHI BUCHOBKU:

1. 3 ypaxysanusm ocHoBHOTO (n = 1) i mogarkoBoro (n = 1,2) ToHIiB KoIMBaHb i/e-
AJIBHOI PIAUHU ACUMITOTUYIHA CTIHKICTh PIBHOMIDHOIO OOEpTAHHS i /€0 TOCTIHOIO
1 IMCUTIATHBHOI'O MOMEHTIB I3urn Jlarpan»ka 3 JOBIIBHOIO OCECHUMETPUIHOIO TOPOXKHI-
HOIO BU3HAYAETLCA TpbhoMa HepiBHOCTAME. [Ipu momasbimoMy 30iIbIIeHH] YUC/Ia TOHIB
KOJIUBaHDb PiIUHU YUCJIO HEPIBHOCTEH 301/IBIMTYETHCS HA OIMHUITIO.

2. Hns emincoigaJbHOI MOPOXKHUHA aCHUMIITOTUYHA CTIMKICTh piBHOMipHOrO 0bep-
TaHHSA Ma€ MICIle TIIBKH JIJIs IiIKATOI eTiICoITaaIbH0l TOPOXKHUHH.

3. B cepenoBuriii 3 ormopoM yMOBU aCUMIITOTUIHOI CTIIKOCTI piBHOMIpHOTO 0b6epTaH-
Hs1 HeBLIbHOT si3urn Jlarpam:ka 3 ieansroro pigunoro (I' # 0) npu n = 1 BU3HAYAIOTHCS
KyOluHUM 1 KBaQJPATHUM HepiBHOCTsAME BinHOCHO x (x = D1/D3 > 0 i He 3aiexarhb Bij
sHaka Besquaunu P, a st BuibHOI n3uru Jlarpamka (I' = 0) 1i yMOBHM BH3HAYAIOTHCS
BXKE JIBOMa KBaJ[PATHUMU HEPIBHOCTSIMHU 1 HE 3asiexkaTh Bij Beauaunun P (P # 0).

4. Illpu n = 1 mokaszamno, 10 3i 30iJbIIEHHSIM €KBATOPiaJbLHOIO MOMEHTY iHEepITil
TBEPJIOTO Tija 00/IaCTi CTIMKOCTI 3MEHIIYIOThCA, & 31 301IbIIEHHIM OCBOBOTO MOMEHTY
iHepIIil TBEPIOro Tijia BOHU 301IbIIYIOTHCS.
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Yu. M. Kononov, V. Yu. Vasylenko
On the Stability of the rotation under the action of constant momentum Lagrangian top

with perfect fluid in a resisting medium.

The rotation around a fixed point of a heavy dynamically symmetric solid body with an arbitrary
asymmetric cavity completely filled with an ideal in-compressible liquid is considered. The stability
of a uniform rotation of a Lagrang’ top with the ideal liquid in a resisting medium under condition
of a given constant moment is investigated. The equation of the perturbed motion of the Lagrang’
top with the ideal liquid is presented. It is proved the follow-ing: the asymptotic stability of uniform
rotation for an ellipsoidal cavity will be only for a compressed ellipsoidal cavity. It has been observed
that most practically important cases consider the main effect of the ideal liquid influence on the
motion of a solid can be researched by means of considering only the fundamental tone of the liquid
oscillation. Conditions of uniform rotation asymptotic stability in a resistive medium under the action
of the Lagrange top’ constant moment with an arbitrary axisymmetric cavity containing an ideal
liquid are obtained. Stability conditions are derived with provisions for the main and additional tones
of liquid oscillations. The heavy solid body with the fixed-point value is ex-posed to the action of a
constant moment in the inertial coordinate system. Analytic and numerical investigations of the main
and additional tones of liquid oscillations influence, over-turning, restoring, dissipative and constant
moments on the conditions of the asymptotic stability of the uniform rotation of the Lagrange top with

an ideal liquid are carried out. It is stated the following: cubic and square inequalities presented in the
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paper are conditions of asymptotic stability if the basic tone of liquid fluctuations will be mentioned.
Stability region numerical studies have been carried out on the example of an ellipsoidal cavity. It is
presented that increasing of the equatorial moment of inertia of the solid body de-creases its stability

region as well as the increasing of the solid body inertia axial moment in-creases the last one.

Keywords: asymptotic stability, constant moment, Lagrange top, ideal liquid, resistive medium.
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