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Hpodaembt ReURCHROZ0 GHAALST )
¢ UHNceHepHbIX cucmemax. Boinyck 2(18), tom 9, 2003 . Kazann

O aBwxeHAn HECUMMETPHYHOTO TUpoOCTaTa
B cpefe ¢ COUPOTUB/ICHUHCM

J.4.Jlemenko, C.I.Cykcona

OpieccKast rocyjapCTBEHHAS aKalAeMUsi CTPOUTEIBCTBA U APXHTCKTYPBI
VYpauna, 65029, Onecca, yn. [luapukcona, 4
leshchenko_d@ukr.net

PacemarpBaeTcs ABWKEHHE TKEIOrO TBEPAOTO Tend, G1u3KOro K AMHAMIYECKH CHMMETPUUIHOMY,
BOKPYT LIEHTPA Macc B TIPCANONIOMKEHHH, YTO TEN0 HMEST CEPHYCCKYHO M0JIOCTH, 3allOMTHEHHYIO
JKUAKOCTRIO C GOMBLION BA3KOCTRED, M HAXOMMTCS, B CPEJIE CONMPOTHBICHHEM, AHAIA3 YCPEAHEHHBIX
YPABHEHHH [BHIKEHHS MMOKA3biBAET, YTO MONYHYEHHAs CHCTEMA SKBMBANICHTHA CHCTEME YPaBHEHWH,
OITHCHIBAIOIINX IBOMIOUMEO IKOJTOTHUECKHX CHCTEM. Jlnga oTOM cHCTeMBbl OMNpPEAEeNeH M HCCHenyerca
nepBbli UHTETPaL. g

PaccMOTpHM JIBHIKEHHE TBEPAOTO Teia, OIM3KOrO K [AMHAMHUYECKH CHMMETPUYHOMY, BOKPYT
[ICHTpa MAace, KOTOPOE UMEET CHEepHUecKyEO MONOCTh, 3aIlOJHEHHYIO XKUIKOCTBIO GONBIIOH
BA3KOCTH, ¥ HAXOIMTCSA B CONPOTHBIAIOMENCH cpeae. MHaMUYeCKue ypaBHeHus Jiiiepa B
[POEKIUSIX HA [TIABHKIE IEHTPATHEIE OCH HHEPUHH HMEIOT BUZ [1-3]. -

Ap+(C-B)gr=—¢e(l,p+1,q+15r)+

+ jﬁ p[c(A—C)(AJ,»c—B)r? +B(A--B)(A+B-C)g?]
Vi

Bi+(A-Clrp=—&(lyp+1q+1,r)+

P o | LT 1
+ P JarB-a)(B+A4-C)p* +C(B—C)(B+C—A)r?] W
VABC

Ci+(B-A)pg=-¢e(lyp+1,q+1r)+

P 2 1 Wi
+=PL_IBc-B)(C+B-A)q’ + A(C-4)(C+A4-B)p?]| -
i B(/
3nect A, B, C — raasHBIC [SHTPATBHBIC MOMEHTHI HHEPIIHH CHCTEMBL P, ¢, ¥ — MDOCKIHH
aBCOMIOTHON YITIOBOH CKOpPOCTH HA COOTBCTCTBYIOIIHE [JIaBHbIC IIEHTPAIBHBIC OCH HHEPIIAH.
&llpemonaraeTcs, Yo MOMEHT CHII COTIPOTUBICHHMS M MOKET OBITH [TPEICTABIEH B BHUIC
M =]®, rie Tensop [ MMeeT NOCTOSHHBIE KOMIIOHCHTHI B CHCTEME KOOPAHHAT Oz (i=1,2,3),
OCH KOTOPOH CES3aHBI C [TIABHBIMH LEHTPATBHLIMY OCAMY HHEPTIMHA TBEPIOTO Tesia [4].
i f | ’
CompoTHBIEHUE CPesbl [IPeIIIoNaraercs clradbiv u ~g<<l, tue || /|| — HopMa MaTPHIBI
g
k02 QULHEHTOB COMPOTHRNEHNS, Go ~ HAYATBHOS 3HAYCHHE KHHETHIECKOTO MOMEHTA Te/a ¢
KUIKOCTBIO.
B craracMbIX, YIUTHIBAIONUX BIMSIHUE BS3KOM JXMIKOCTH, 3AIONHAKIMICH NOTOCTh, HA
IBIKEHEE TBCPHOrO Teda, P — MIOTHOCTH XHAKOCTH, V — KHHEMATHYECKUM KO3 hHIHEHT
BSBKOCTH. B paccMaTpuBaeMoii 3ajiade TeH30p P 3amanuM B BuAC Py = P&y, rie & — CHMBOJ
Kpouexepa, a P > 0. Tak Hanpumep, Ansi cepuyecKodl ITOJOCTH PaiiycoM a HMeeM

8ma’ _ .
P =—— [lpeanonaraercd [1], 4TO MOIOCTE 3AMONHEHA XUAKOCTHIO JOCTATOHHO BombImoi
325
, pPPG,
BSI3KOCTH, [IO3TOMY ———— ~ &
vABC
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Ecmu TeNo OJHIKOo K AAHaMHU4YeCKH CAMMETPHYHOMY, TO
B=A(1+ yg), e<<1, y~1 )

Taxum oOpasoM, Mbl I[pPEANONAaracM, YTO T'HPOCKONHYECKHME BO3MYHICHHSA, KAk M
BO3MYILIEHHA, OOYCJIOBICHHBIC CONPOTUBNCHAECM CPEIbl H  MONOCTBIO, 3al0THEHHOMH
KHJIKOCTBIO OOIBIION BSSKOCTH, OHOI0 TIOPAKA &

Mozcrasiss (2) B (1) v 0T6packBas 4ICHS HOPSAKA £, TOTYYHM

pP
Ap+(C—A)qr = eydqr— .C(]];N lr;«g+f13?‘)+ e C(A-C)rip
PP _
AG+(A-Clp=ey(A-Clrp—&(l,,p+1,q+ ]23r)+A C(A-C)r’g (3)

cr'=_azqu—fr’fa]p”gzwfssf‘)+%(C*A)(P2 +q?)

Tpu £ = 0 cucrema (3) MBTErPHPYCTCS ABHO, B YACTHOCTH 7 = ry. [IPeIIONOKHM, YTO 7 # 0

Torma mepeMeHHBIC p, ¢ COBEpHIAIOT TAPMOHHYECKHE KoJeOaHHs HaCTOTBI

3aBHCANICH OT 1. IloaTomy crcTema (3) OTHOCHTCS K CYIIECTBEHHO HEIHHEHHBIM.
Hcnonpsyem obmee moposxnaromee pemenrne cuctemsi (3) [5]

~

A @)

r=C,, p=acosy, g=asiny (a>0, a=const, C, 20, C, =const), gu:r-c-';

B Ka4ecTBe Npeodpa3oBanus K nepemeHHrM a, C) = 7.

Hoxcrasnm (4) B Tperbe ypasHerue (3), a Aus TNEPBEIX ABYX YPAaBHEHHH YUHTHIBAEM, UTO
2 Bl Ao {oe y

a=p'+qgtua= pcosy +qsiny . YCpenHHM IIOJNYYeHHYIO CHCTEMY YPaBHEHHI 1L @ U r

no daze y[6].
TMocne yepegHeHUs cucTeMa IPUHMMAET B

[pP(C -4
f:r‘&zaz _AHL_._}SB:|

L ¢ .
{ P(A-C) ©)
a=a ;O___j—rz '""f'([n ';'122)}
!_ vA®
Ymuosxas meproe ypapHeHHe cucTeMsl (5) Ha 27, a BTOPOE YparHeHUE Ha 24, TOTYduM
dx
P x(/ll + 14,y)
dt
(6)
dy .
u s y(-’tz + f1,X)
: 2¢ £ 2pP(C—-4)
B3mecs x = 77, = o, A=~k Ay===(l.%IL,) Bt S
Fo @ ) c 2 A( 1 2,) Hy AC
2pP(A-C
, = —'?P—(A—am)(' Hpuyem seerga A <0, 4, <0, mpuAd>C 4 <0, 0> 0,anpu 4 <C 4
V
>0, 1 <0,

Ormernm, uro (6) — crcrema menuHeNHBIX TG (ePEHUMATEHEIX YPABHEHHUI, ONMMCHBAIOLIHX
3BOJIFOIHUIO IKOJOTHUeCcKHX cucTeM [7, 8].

B patore [3] paccmarpupanocs GHICTPOC UBUXXEHHE BOKPYT HEMOIBMKHONW TOUKH B C1a60
CONPOTHBJIAIOMEHCS cpejie HECUMMETPHYHOIO TBEPJIOro Tedda O ChHepHuecKod T10A0CThIO,
34I10JIHEHHOH XKUJIKOCTHIO GONBINOH BIA3KOCTH.
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O IBWKEHHH HECHMMETPHHIHOIO THPOCTATA B CPEIC € COTIPOTHBACHHEM

[lpy Manerx 3Ha9eHUAX BETUIHHE] i, NPEICTABIAIOUIEH COO0H B HEROIMYTIEHHOM JABHKEHHH
MOIYAh SMTHOTHYeCKHX (yHkOMHA [5], cHcTeMa ypaBHEHWH T4 KBajpaTla BEIHYHHEL
KHHETHYECKOr0 MOMeHTa G° Tela ¢ XKHIAKOCTBIO M kzp UMEET BHI CHCTEMBI (6) C OpYTUMYU
3HAYCHUAMU KO3pduuneHToB 1|, Ay, 1y, 1.

B Harmei 3aga4e MepBeIM MHTEIPATOM CHCTEMET (0) ABIAETCS BRIpAXKEHHUE

x Mgt o (,ly et (7)

KpuBas 3aBHCHMOCTH X OT y OKa3aHa Ha PACYHKE.
B ciyuae, korma C > 4 xpusas umeer Bun I, nipu 4 > C — sua [I. Pacemorpum HanpasneHnue
ABYXEHHA TOYKU C KOOPIKHATAMMU (X, V) B0 KPHBOK C TE€UEHUEM BPEMEHH:

1 ,do |1 ( dy  dx

1
A1 | e il
2P @ 2\ dx] U F B )

3iaecsh p, @ — MOIAPHBLE KOOpMHAaTHI (TomTroc B Touke O).

Puc. 1 mocTpoeH Npu CJIeAYIONIMX 3HAYCHHUSX: ITOTHOCTD XHUAKOCTH p =1 2'6 r/em’ , paauyc
chepuyeckoil mosoctd a = 200 oM, KuHeMaTHHeckni KO3QQHUUIUEHT BI3KOCTH KHIKOCTH
v =33 4dem’/c, MaTpuLa Koacp(bHuHeHmB COITPOTHBIIEHHMS NPEANOJaraetcss IHaroHaIbHoH |
KOMIIOHEHTHI ¢e crneayroimue: [y = 2,322, I, = 1,31, f3 = 1,425, ['nasHsle HEHTPAILHBIC
MOMEHTBI HHepiuu cucteMel 4 u C npnﬂnmaem TAKUMH; A*Z,éxl()?r-c_\iz, C=1,67><10T1“-CM2,
¢=0,1; HayalpHBIC 3HA4YEHHS IS TIPOSKIMH BEKTOpa YMIOBO# ckopocTy py = 10 pap/c,
go=0, ro=10 pax/c.

C mammvy ganubive A, = —1,70658682x107, 4, = ~1,39692308x107"°, 1 = -990233,7616,
16 = 408330,0204, To ects BemuuuHBl —A\/gy M —Ay/pn  mOpANKA ~1,723418132343x10 " u
~3.419389054034x107"° coorBercrsenno. [Ipu C > A anreGpamueckas CKOpOCTh BCErjia
veHbmre 0 (BenuupHAMH A MOXHO TpeHeOpeus H3-32 HX MalocTH), npu A4 > C
anrebpapyecKas CKOpoCTh Oolibile Hynd. HarpapleHue BeKTOpa CKOPOCTH B KaXkIOM ClTydae
TIOKA3daHO Ha PHCYHKE.

MoxH0o ¢IeIaTh CACOYIOLIME BRIBOJIBL O 3aBUCHMOCTH ) OT X (a oT r) JUIst cHcTeMsl (6): ¢
TeyeHHeM BpeMend npu [ — © x = 0w y — 0; togka (0, 0) — craunoHapHas 104Ka,
E‘%croﬁlmmﬂﬁ y3em; ¢ TedeHHeM BPEMEHH TPOEKIMH abCOMOTHOR YITOBOH CKOPOCTH Teiia
CTpeMATeS K HYITIO; Te/TO CTPEMUTCH K COCTOSIHUIO HOKOS.
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Puc.1 (Fig.1)

About motion of non-symmetric gyrostat in a resisting medium

D.D. Leshchenko, S.G. Suksova

Odessa State Academy of Civil Engineering and Architecture
4, Didrikhson str., Odessa 65029, Ukraine
leshchenko d(@ukr.net

The motion of a close to dynamically symmetric rigid body around a centre of mass is considered.
External resistance and spheroidal cavity containing a high-viscosity fluid are presented. The averaged
equations of the motion show that the obtained system is equivalent to the system of nonlinear
equations and describes evolution of ecological systems. The first integral for this system is defined
and investigated.

Let us consider the motion of a close to dynamically symmetric rigid body with the spheroidal
cavity containing a high-viscosity fluid about a centre of mass in a resistive medium. The
dynamic Euler equations in the projections on the principal central axes of inertia have the
form [1-3].
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O ABHKEeHHHN HECUMMETPHIHOTO FHPOCTATA B Cpele C CONPOTUBISHHEM

Ap+(C=B)gr=—e(l,p+1,q+1,r)+

pP 3; P 2
4+  plCA-CIHA+C—-B)r - +B(A-B)(A+B-C)g"
L plcca-c Jrt v B(A=B)( 2’|
Bg+(A-Clrp=—e(l, p+1,q+1yr)+
PP 1 . 5 ) s (1)
L glAfB—=A)B+A-C +C(B-C)(B+C—4
v B alA(B=4)(B+4-C)p* +C(B=C)(B+ a

Crt(B-A)pg=—&(Iyp+1ng+Iyr)+

=

& ;; r[fs'(C—B)((:}BAA)CJ2 +A(C~4)(C+A-B)p*]
v

Here A, B and C are the principal central moments of inertia of the system; p, ¢, r are the
projections of the absolute angular velocity vector on the corresponding principal central axes
of inertia. It is assumed that the moment of resistive forces M~ can be represented in the form
M’ =I@ , where the tensor / has constant components in the Oz; (i=1, 2, 3) system, axis of
which are associated with the principal central axes of inertia of the rigid body [4].

. o I ‘
The resistance of the medium is assumed to be weak bl & << 1, where ||| is the norm of

Y
the matrix of the resistance coefficients, Gy is an initial value of the kinetic moment vector of
the rigid body with the fluid.
p and v are the density and kinematic cocfficient of viscosity of the fluid in terms taking into
account the influence of the viscous fluid that is filled the cavity, on the motion of the rigid
body. In considered problem tensor P is defined in the form of Py = P& where 4 is

Kronecker symbol and 2 > 0. Thus, for example, for the spheroidal cavity with the radius of ¢
7

we have P=—2_ It is assumed [1] that the cavity is filled with a high-viscosity fluid,

therefore 2G|
vABC
If the body is close to a dynamically symmetrical one then
" B=A (1l + ye), e<<1, p~1 (2)

A

Thus we assume that the gyroscopic perturbations and perturbations which are caused by
resistance of the medium and cavity filled with a high-viscosity fluid are of the same order of

smallness &.
After substituting (2) in (1) and rejecting terms of order &, we obtain

P
.Ap—'r(CmA)qr:E;{Aqr—g(fanrI,zq+113r)+%(7(A—C)r2p
P
; P - , PP 5 i 5
Aq+(A~C)rp~g;{(A—(,)rp—s(lep+IDQTIB;")+-?C(A—(,),? g (3)
e

i P 5 5
Cr:—ggqu—a‘(131p+I32q+Imr)'r‘s—A—(C—A)(p“ +q )

When ¢ = 0 the system (3) is obviously integrated, in particular » = ro. We assume that 1670,
Then the variables p and g perform harmonic oscillations with the frequency [(C — 4 )ry|

depending on rg. Therefore system (3) is essentially nonlinear.
We use common generating solution of system (3) [5]
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T

C -4
r=C), p=acosy, g=asiny (a>0, a=const, C, 20, C, = const), g:/=r---—1:1mr 4)

as a transformation to the variables a, C; = r.
We qub‘s’utu‘[e (4) in the third equation of (3), and take into account for two first equations,
that a® = p* + ¢* and @ = pcosy +qsiny . We average the obtained system of equations for a

and r with respect to phase y [6].
After averaging the system have the form:

[pP(cm_ﬁ _£ ]
vAC (i | )
[ pP(A-C 1 |
= B2 e o1,
VA 24

We multiply the first equation of the system (5) by 2r, and the second equation by 2a and
obtain

—-:x();]+,u1y)
di
‘ ©
& (ﬁ'. +u xJ
& Wall
2 £ 2pP(C~4)
Here x = #, y = &, /11=_'Ef;3, lz:_g("u"'"]zz)s ﬂ1="£T’
P(A-C)C
;12:2’07(/;; )C. Always A; <0, 4; <0, when 4> C <0, 1> 0, and when 4 < C,
od?
>0, p <0.

It should be noted that (6) is a system of nonlinear differential equations and describes
evolution of ecological systems [7, 8].

In paper [3] fast motion of an asymmetrical heavy rigid body about a fixed point with the
spheroidal cavity filled with a high-viscosity fluid in a weak resistive medium is investigated.
For small &, representing the modulus of the elliptic functions in unper‘rurbed motion [5] the
system of equations for the square of value of kinetic moment G* of body with the fluid and
i has a form (6) with different values of coefficients A, Ao, 11, 1.

In our problem first integral of the system (6) is

x'zi et = C]yj-\ Pt (7)

A HaXg

Xy e
Here Ci = L,_o,)—,.___
(}JG A eH

The curve y= y (x) is shown at the Fig. 1.
In the case when C > 4 it has a form [; when 4 > C — a form II. We consider the direction of
motion of point with coordinates (x, y) along the curve during the time:
lpio o
I\

= Const .

2" @ 3 Y
Here p, @ are polar coordinates (pole — in the point O).
Fig.1 is constructed for the following values: density of the fluid p =1,26 g/em?, the radius of
spheroidal cavity @ = 200 cm, kinematic coefficient of viscosity of the fluid 1=33,4cm?/s, the
matirix of the coefficients of resistance assumes diagonal and has such components; 7;;=2,322,
1»=1,31, [;3=1,425. Principal central moments of inertia 4 and C have such values:

1
]— Exy(#zx A, iy - /11)
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A=2,6x10’ gcmz, C=1,67x10’ gcmg; &= 0,1; initial values for the projections of the angular
velocity vector are pg = 10 rad/s, ¢o = 0, o = 10 rad/s.

With our data A =~1,70658682x107, A, =-1,39692308x107"°,  p=-990233,7616,
16 = 408530,0204, that is values —ii/sn and —A/iy are order 1,723418132343x107" u
-3,419389054034 - 107" respectively. When C > 4 algebraic velocity is always less then 0
(values 4; could be neglected because of their smallness), when 4 > C algebraic velocity is
always greater than 0. The directions of motion are shown on the figure for the both cases.

We can conclude about dependence y fromx (a* from #) for system (6): x = 0,y — 0 with
¢ — oo; point (0, 0) is a stationary point, stable knot; the components of the absolute angular
velocity of the body tend to zero with ¢ — co; the body tends to the rest state.
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