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CriiikicTh OCHOBHHX PYXiB i30JIbOBaHOI cHC-
TeMH, CKJAJeHOoI 3 00epToBOro Tiia i ABOX
MAaSITHUKIB

Hepwum memooom Jlanynoea 0ocaiorcyemvcs
CMIUKICMb OCHOBHUX PYXI8 [301b06AHOI MEXAHIYHOT
cucmemu, CKIa0eHoi 3 0bepmogozo mina, mame-
planbHoi MOUKU, WO CMEOPIOE 1020 CHAMUYHY
He3PI6HOBAIICEHICMY, ma 080X  OOHAKOBUX
MAMEMAMUYHUX —~ MAAMHUKIE,  HACAONCEHUX  Ha
no30062icHI0 gicb mina. Habauoceno eusnaueni
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Stability of the main motion of the isolated
system which consist of body and two
pendulums

Is studied by the first method of Liapunov the
stability of the main motions of the isolated
mechanical system which consist of rotated body, of
the immobile material point, which create statically
unbalance, and two identical mathematical
pendulums planted on the longitudinal axis of
bearing body. The roots of characteristic equation
are approximately determinate and is studied of
character of transition of process.
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1. Beryn

B po6orti [4] oxepkani qudepeHianbHi piBHSIH-
HSl pyXy 130JIbOBAHOI CHCTEMH, CKIIZICHOI 3 00epTo-
BOTO Tija, MarepialbHUX TOYOK, II0 CTBOPIOIOTH
HOTO  HE3PIBHOBAKEHICTh, Ta  MaTEMaTUYHHX
MasTHUKIB (KyJIb, SIKIIO iX BBaXaTW MaTepiaJbHUMH
TOYKaMH), MacH SKHX pyXaloTbCA 10 KOJaM 3
[IEHTPOM Ha TOB3JOBXKHIM oci Tima. B poboti [5]
JTOCITiPKeHa CTIMKICTh OCHOBHHX PYXIB Ta XapakTep
NepexifHUX TPOLECiB y BHUMNAAKY MOAIOHOT
130JIbOBAHOI CHCTEMH, CKJIAJACHOI 3 OCECUMETPHYHO-
ro Tima (A=B=#C), MaTepialbHOI TOUYKH, IO
CTBOPIOE MOTO CTaTWYHY HE3PiBHOBAKEHICTH 1 IBOX
OJIHAKOBHUX MaTEeMAaTUYHUX MasTHUKIB. [Ipu mpomy
OyB 3acTOCOBaHMH MifXiJ, omucaHudl y poboti [6],
SAKHH CTaB KJIACHYHUM IPHU PO3B’sI3aHHI MOAIOHHX
3ama4 [3]. B mamiit po6oTi aHAIOTIUHI JOCITIIKEHHS
MPOBOASITBCS JJIs 130JIbOBAHOI CHUCTEMH i3 POOOTH

[5], y Bumagky HEOCECHMETPUYHOTO  Tijla
(A=B=C).
2. PiBHSIHHS pyXy CHCTEMH
Buxopucraemo piBHSHHA pyXy i30Jb0BaHOT

cucremy, otpuMasi B [3]. BBaxkaemo, mo Tio —
Heocecumerpuune (A#=B =C), i Hioro cratuuny

© I'.b. ®inimonixiH, B.B. Iluporos,
LI. ®dinimonixina, 2011

HE3pIBHOBAKEHICTh CTBOPIOE HEPyXoMa BiTHOCHO
HBOTO MarepiajbHa TOouka. JlBa  OJHAKOBHX
MaTeMaTHYHUX MAasTHUKA 3HAXOJSITHCS y TUIOIIUHI
nespisHoaxenocti (h; =d =h, /j=12/), i na

HUX JIOTh OJIHAKOBI CHJIM OIOPY (Hj =H,
/j=212/). Toni piBHAHHA PyXy NPUAMAIOTH TaKUii

0e3po3MipHHIA BUTIIAA!

b; = ¢ +Ij|(p’j +n"cose; —&"sing; +
+Qy(L+Ecosg; +nsin ;) — (G +Ry)
><(§~2’y sin @ +£~2’X COScpj)+2§~22(2;’COScpj +
+1'sine;) Q2 (n+sing;)cosg, +
+ﬁ§(§+coscpj)sin P ~Q%(ncoso; —

—Esing;)-Q,Q nsing; —&cose; —cos2¢;) -
~Q,(C+Ry)(Q,sing; ~Q, cosp;)=0,/j=12/;

by =3, Q) ~J 1y @y — Jigre @

x T YXGYG X616 ~%z
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~R,R, (E+R,)D ¢ cosg; +cosasin B=0,
=1

By = —Jaye 2 tIye Qy = Iy €2 —
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- R,;R,(E+R,)D ¢ sing; —sina=0,
j=1

55:—3 Q. -J ﬁy+J~ZGQZ—0050ccosB+

XGIG "X YGIG

2
+RpR; D (9] +E0 cose; +n’;sin ;) =0,
=1

s =5+ R, (26, oSy, +COSQ, +C0S0,)=0,
n

b, =n+R,, (26, sin v, +sin ¢, +sin ¢,) =0,

58:Q+2RmRh(l+;—°j:0, &)

e

Ile BBENICH1 Oe3p03MipHi:
- 3MiHHI 1 Jac

t=®ﬁ,[g¥:m ij; @)

- mapamMeTpu

_A+p(h® +efsin?y,)+2mh?
C +peZ +2ml?

)

X l

_ B+p(h? +¢ef cos? y,) +2mh?
C +pef +2ml?

Mgl

T Capel+2ml?’
5 _ e

=—, € =—-. 3
I 2ml )

- IPOEKIIii KyTOBOI MIBUIKOCTI Ta MPUCKOPEHHSI

Q, =a’cosB-R, cosasinP,
fzy =p'"+R,sina,
Q, = a'sin B+ R, coso.cosf,
f)’x =o"cosB—a'B'sin B—R] cosasin B+
+a'R,, sin asin B—B'R,, cosacosP,
§~2'y =p"+R) sina+a'R, cosa,
§~2’Z =a"sinB—-a'B'cosP+ R, cosacosP—
—a'R, sin acosP—P'R, cosasinf3; (4)

- OCHOBI Ta BIOIIEHTPOBI MOMEHTH iHEPIIii

- - 2
Jio =3 +RyRy Ysin? 0 —R, (7 +7),

i1
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_ _ 2
Jye =9y +RmRJZCOSZ(PJ ~Ry(€* +C%),

-1

J,. =1-Ry (% +1?),

j=t

~ R - . 2,
JxGyG = Tm 2Ree0 sin ZYO+ZSIn Z(PJ']_E-‘T] RJ'

~ - 2
Jisze =| RnRy| 28 cosy, + coso; |-EC|R;,

=1

g -~ - 2 -
Jyeze =| RaRy 2eosmy0+ZS|n(ij—nC R,.(5)
i=1

3 ocraHHBOTO piBHSAHHS cucTteMu (1) BUIUIMBaE, IO
L =const , ToMy Ll KOOpAMHATA 1 PIBHAHHA D3 He
BINTUBATUMYTH HA CTIMKICTh YCTAJIEHUX PYXIiB.

3. OcHOBHI pyxu

Ha Oynmp-sikomy ycrajgeHoMy pyci 0e3po3MmipHi
KOOpIMHATH @, ¢©,, o, B, & m,{ Ta kyroma
mBHAKicTE R — cram. Ha ocnoBHOMY (ycraneHo-
My) pyCi MasTHUKH yCYHYJIH HE3PIBHOBAKEHICTH i

cucTeMa O00EpTAEThCSl HABKOJIO MO3JA0BKHBOI OCi
Tijga, TOA1

£=0, 1=0, a=0, B=0,
R ®y, §, —CONSE . (6)
3HaiiieMo BiAMOBIIHI MOJOXKEHHST MasTHHUKIB. 3 (6)

3 BpaxyBaHHSM Ta (1) omepkyeMo Taki piBHSIHHS IS
BU3HAUEHHS OCHOBHHUX PYXiB

1

0, by=-J,, R

XGZG m:O’

-0, by =R, -1=0,

o

1 bZ

,=-J, . R

YGIG @

l

o

=2€,C0S Yy, +C0oSQp, +COSP, =0,

1)

b, =2€,sin y, +sin ¢, +sin ¢, =0. (7

3 wi€l CUCTEMH OJEPKy€EMO, 110 Ha OCHOBHHUX pyXax
R,=1. J J

XG2G ' ¥ Y616

JIF0 OCTaHHI J1Ba PIBHSHHS, 3 SIKUX OTPUMYEMO TaKi
PO3B’S3KH.

1. Ko €, =0 — He3piBHOBaXXEHICTh BiACYTHS,

=0, KoJM OPIBHIOIOTH HY-

TO MapaMeTp Y, (HampsiM BEKTOPa HE3PiBHOBAXKEHO-
CTi) BTpavae CBiif 3micT. Aue 3amicTh HBOTO Tpeba
BBECTH JesKHi mapamerp 0O, sSKuil BH3HAYaTHMeE
NEBHUI PyX 13 OJHOMApaMeTPUYHOI ciM’i OCHOBHHUX
PYyXiB, 110 YTBOPIOEThCS (pHcC. 1, a):
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(p1:§+6, (p2:—5+9, 00, ). (8)

3aznaunmo, 1mo 0 [0, w), 60 A pemTH 3HAYEH
O € [m,2nt) MOXHA OTpUMAaTH Ti X cami ycTaleHi
PYXH, JIUILE 3MIHIOIOYH MiCISIMA MasiTHUKH.

2. Komu 0<€, <1 — He3piBHOBaXCHICTb € i

MasATHUKM MOXYTb Il YCYHYTH 3 II€BHUM 3aIlacoM
(puc. 1, 6), po3B’si30k cuctemu (7) Ma€e BUTIIAL

P, =0 +Yor P =—0y+Yy, Yo €<[0, 2m), (9)

(o =T —arccose,, ¢, c(n/2, m). (10)

3. Konn €, =1 — He3piBHOBaXXEHICTb HaWOiNb-

ma, sIKy MOXYThb YCYHYTH MasTHUKU (puc. 1, B),
PO3B’s130K cucTeMH (7) Mae BUTIISIT

Elilzn"‘YOi 522_7”'70’ Yo €[0,27). (11)

Hwxye nocnmimKyeTsest CTIHKICTh OCHOBHUX PYXIB Y
BUMaakax, komt 0<e, <1.

Puc. 1. OcHOBHI pyxu cucTeMu

Ha ocnoBHOMY pyci 6e3p0o3MipHi OCBOBI Ta Bij-
IIEHTPOBI MOMEHTH 1HEPIIii CHCTEMH MalOTh BUTIIS

IO =7, +2R R, f —R,%,

JO =3, +2R,R, A~ f)-R,c?, TO =1,
Jx(g)ye =R, R, sin 2y, (R,&, +c0s29,), (12)
ae
f = (cos? @, —C0S 20, 0% v,) =
=&/ sin®y, +(1—87)cos’y,. (13)

MomuoxuBu Bupasu (12) ma C +pel +2ml?,
OTPUMAEMO OCBHOBI Ta BiALIEHTPOBI MOMEHTHU iHEpILii

HA OCHOBHOMY PYCI Y PO3MIpHOMY BHUIJISII
Jo =A+n(h?+elsin?y,)+
+2m(h® +12f)-M,z?,
J,o =B+p(h?+ef cos®yy) +
+2m[h® + 11— f)]-Myz?,

~

J, =Co =C +peg +2ml?,

Jo. = %sin 2y, (ne2 +2ml? cos2¢,). (14)

XGYG

IcToTHO, 1m0 mapamerp f 3anexxuth Bin He3pis-
HOB)XCHOCTI 1 B 3aJ€XKHOCTI BiJ 1 BEJIWYMHH 1
HaIpsIMKY 3MiHIOETBCS y Mexkax 0< f <1.

4, Jlineapu3oBaHi piBHSIHHS

Beenemo y posrisganss 30ypeHuii pyx:

E=u, n=v, a=a, =B, R, =1+p,

Q=@ +Yo+0y, Py =—@Qy+7Yo+0a,, (15)

ae u,v,o,f, p,o,,0, — BIAXHIEHHS BiJ HE30ypeHOro
pyxy (Jul, V. |a|,[B[.|p| [org|, |otp] <<1). Toni mime-
apu30BaHi piBHAHHS (1) MATUMYTb BUTIIS

b, =a! + Ho} + p' =&, [(o" — 2B’ — o)
x (COSp, COSY, —SiN @, Siny,) +
+(B" + 20" - B)(sin @, COSY, +COSP, SiN ¥,)] -
—(U"—=2v'—u) (sin @, COSY, +COSQ, SinY,) +
+ (V" +2u’ —Vv)(cosp, CoSy, —Sin ¢, Sin y,) =0,
b2 =0+ Hoc2 +p =Cl(@" -2 —a) x
X (COS@, COSY, +SIN @y Sin y,) +
+(B" + 20" — B)(—sin ¢, COSY, +COSP, SN V)] —
—(u"—2v'—u) (-sin ¢, COSY, +COSP, Sin v,) +
+ (V" + 2u —V)(cos, Cosy, +sin @,siny,) =0,
by = JA((X -B)-R ‘]AB(B +a)+ B+
+ R, [ug+2R R, (v, Sin ¢, COSY, + 7Y, COSP, SIN v, )] —
= 2Ry R, G (v1 €05, COS Y, — v5 SN g Sin 7) =0,
b, = —RpJ s (o' —B) + Jg (B + ) o+
+R; [VE - 2R R, (v, COSp, COSY, — 7, SN g SN y)] -
—2R; R, & (v5 SIN (g COSY +71 COSP, SN Y4) =0,
by = p+ 2R, R,y, =0,
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56 =Uu—-2R,(y,Sin @,C08Y, +7,COSP,SIN7Y,) =0
57 =V+ 2R, (v, 08¢, COSY, — Y, SiN®,siny,) =0, (16)

Jie BBEJICHI:
- HOBI 3MiHHI

Yi=(0 +0,)/2, v, =(0y—0p)/2;  (17)
- HOB1 0e3p03MipHI mapameTpu
J,=390, 3,=30,
Jae =R;sin 2y, (R.&, +€0s29,), &, =C+R,. (18)

JocrmignMo yMOBHY aCHMOTOTHYHY CTiHKICTh
10 YaCTUHI 3MIHHHUX O, [3, Y;, Y, (332 yMOBH BHKO-

HaHHS 3aKOHIB 30€peXeHHs pyXy LEHTpa Mac Ta
MOMEHTY KUIBKOCTI PyXy PO3IIAYBaHOI CHCTEMH).
BuxopucroByroun Tpu OCTaHHI PiBHSIHHA 13 CHCTEMH
(16), BUKIIOYMMO 3 TEPUIMX YOTHPHOX PIBHIHB
3MiHHI U, V, P, OTpUMAaEMO:

by = jAO" - ijABa - ijABB, + (- ‘TA)B_
— 2Ry R, G [(v1 cosyy — v, in v) COSP, —
—(y3sin v, +Yzfosyo)sin Pol= OL
b =-R JABoc'—(l—JB)a+ JeB' + RyJ asB—
—2R; Ry &y [(v1sin o +7v, COSYo) COSPq +
_ +~(Y'2 COSYy =7V, SN Yo)SiN 9] =0,
L, =(b, +b,)/2=-C, cosq,(a"cosy, +20'siny, —
—aLCosYy, +B"siny, — ZB’COSyO Bsiny,) +
+(=2R R, — 2R, cos g 7} + Hy| +
+2R,, €0s” ¢y, + 2R, sin 20,75 =0,
L, :(51 —52)/2:§h sin @, (a”"sin y, —20.'cosy, —
—asiny, —B"cosy, —2B'sin y, +Bcosy,) —
— 2R, sin 2047, + €~ 2R, sin2 o, 7} +

+Hy} + 2R, sin2 g4y, =0. (19)

5. XapakTtepucTH4He PiBHSIHHSA Ta HeoOXigHI
YMOBH CTiliKOCTi OCHOBHHX PYXiB

XapaktepuctuuHe piBHSHHA cuctemu (19) mae
BHTJISIT TIOJTIHOMY

A(N)=a ) +a X +..+ar+a, =0, (20)
ac
a, =al’R2 +al’R%, a, =a®R, +aR2 +al’R?,
a, =a” +aR, + ai(z’ R2 +aPRE +aR;,
a; =al¥ +aPrR, +a?R2 +aPR?,
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li=246; j=35/, (21)

1 KoediIieHTH:
-mpu R

WJg, a9 =2HJ,J,, a® =H?2J,J, +
+(1- ‘]A)(l ‘]B) a(o)_ZH(l_JA)(l_JB),
al® =H?(1-J,)A-Jp);

(0)

-upu R,

8’ =-2(3,3g +Ry{J\Jp +GLIAT + To - )]},
a =Ha®, al’ =—201-J, - I + R, [(1-J,)(1-J5) -
~300 ~Gh(Ja + J5)(28 ~1)cos 27,1}, af’ = Haf?,

al) =2[1- f)1-J,)A-Jg —R,62)+
+1A-Jg)A- T, -RGH)], af’ =Haf);

-mpu RZ
a® =43,3,82(1-82)-J2% +R, {43, I, (1-82) +
+C.>h[4(‘]A + ‘]B) F(1-§, )—2\] ag SIN 2y0(2€02 -DI}+
+RJ€h(l )[4§heo +4 (JACOSZV0+JBSin2V0)]a
(2) = —2HJ, AB[‘] a TR Qﬁ sin 2y, (2602 -1,
a® =—J2,(1+ H?)+482(1-82)(1-J )A-Jg) +
+RJ{4(1_eo )(l_‘]A B)+4€h[ (1- 2)><
x(3J,+3Jg—2)— JAB sin 2y0(2e0 -D]}+
+AR2C2(1-82) [35282 + (3, c0s 2y, — Jg COS 27, —3)],
al? = —2HJ ,5[J 5 + 2R, 2 sin 2y, (282 —1)],
~RH? JAB+4e0 (1-€ )(2—2JA—2J +3J,Jg)—
~R{4L- T, — Jp)A-82) - 262[282 (1-&2)
x(3J,+3J; —4)—\]AB sin 2y0(2e0 -D]}+
+4R C.ah(l )[3Che0 +(1—JAsin2y0 _‘]BCOSZ Yol
a® = —2HR,J ;&2 sin 2y, (282 1),

a® -

al? =487 (1-&7)(1- T, —R,CHA-Tg ~R,CH);
-mpu R}
aés) =27 B[‘TAB +R J~AB 2R7C;sin 2y, (L-&7)],

a® =232, (1+R,); a® =2R,J 5 [J 4 —
~4R, L sin 2y,1-82)], af =2HR,J %,

af¥ =23 5[] 5 + 2R2C2sin 27, (1-82)], al® =—2HI % ;
-mpu R}

aé4) =_43§B (Eo2 +R, )(1—50 ), 4(14) __12‘]ABeO (- eo ).
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ay’ =-4J3,x(1-¢5)[Be; —Ry1, ~R, |:al(l) + \/(al(l))z —4aa® J
al) =—4)282(1-82). (22) Agg ~ . (26)

3a Tteopemoro JlsamyHoBa mpo CTIHKICTh pyXy 3a
NepM  HaOJMIDKEHHSM, OCHOBHI PyXH (YMOBHO)
ACHMITOTHYHO CTiiiKi, Koiu [1]

Re(1,) <0, /i=16/. (23)

HeoOxinHi yMOBH aCHMMIITOTUYHOI CTIHKOCTI OCHOB-
HUX PYXIB MarOTh BHUTJISI

a, >0, a;>0,...,a >0, a,>0. (24)

3 (20)-(22) BuAHO, IO BHIIQJAKH BiJICYTHOCTI
(e,=0) ta makcumanpHOi (€, =1) HespiBHOBa-
KEHOCTI € KpUTHYHUMU 32 JISIyHOBUM BUIIaKaMH
OJIHOTO HYJBOBOI'O KOpPEHs 1 MOTPe0yIOTh OKPEMOIo
JTOCTIIKEHHS.

VY 3arampHOMY BHMAJKy OTPUMAaHHS KOPCHIB
noJsiiHoMy (20), aHami3 #oro KoeQillieHTiB Ta YMOB
kputepito Payca-I'ypBina aHamiTHdHO 3iHCHHUTH
HEMOXXJIMBO. ToMy MpoBeneMO IOCHiIKEHHS Y BU-
MaJKy, KOJH Maca MasTHUKIB Ha0arato MeHIIIa MacH
cucremu, To06to R, <<1.

I'onoBHI CK1Iam0BI KOE(ILIEHTIB & MNOJIHOMY

(20) ta ymoBu (24) maroTh Taki HEOOXiTHI YMOBH
CTIMKOCTI:

1-J,-R,£2>0, 1-J5-R,£2 >0, (a)
1-J,-R,£2<0,1-J; —-R,£2<0. (6) (25)

Li ymMOBH OibII >KOPCTKI HiXK YMOBH, LIO CKIIaJIeHE

TiJI0 TOBUHHO OyTH BUTATHYTUM (1< J,, 1< Jg) un

cruntocHyTHM (1> J ar 1> J g)- Tomy nomoBumocs

Hajami BUKOPHCTOBYBATH TEPMiHM OUTBIN  HIXK
CIUTIOCHYTE€ TiI0O — yMOBH (25, a), Oumpl HiX
BUTATHYTE TiJ10 — yMOBH (25, 0).

6. Ha0smskeHe BU3HAYEHHSI KOPEHiB
XapaKTepUCTUYHOTO PiBHSIHHS Y BUNIAAKY, KOJIH
0< 50 <1, nocraTHi yMOBH aCHMITOTHYHOI
criiikocTi

3aCcTOCOBYEMO METOJ] PO3KJIAJaHHS KOPEHIB
MOJIIHOMY 3a CTENEHsMU Majoro mapamerpa [2]. V
BUMAJKy, komu R <<l xopeHi XapakTepUCTUYHOTO

piBHstHHS (20) MarOTh Taki pO3KIaJaHHS:

~ _ RyR, G2 (a+bf)(H Fik

Mo,~—H, Ay, ~+ik——% J~Ch( +~ X + ),
cJadg(1-J,)1-Jp)

2a”
e

k= \/(1_3A)(1_‘TB)3/§138_1 )
a:‘TB(l_jA)(l-I"TA_‘TB)z! b:(jA_‘TB)(l_JNA_JNB)Z,
c=[HY,J; +(1-J)A-T5)]. 27)

JilficHi yacTHHM UUX KOpEHIB OyAyTh BiJ €MHI
TUIBKH Y BUMAQJAKY OUTBII HIK CIUTFOCHYTOTO Tifa,
TOOTO TIpY BUKOHAHHI YMOB (25, a).
Otxke, 3 KopeHiB (26) xXapaKTepHUCTHUIHOTO
piBasHHA (20), Ta 3 ymoB (25, a) BUIHO, 1IO:
- 32 OIHOYACHOTO BHKOHAaHHA YMOB (25,a),
OCHOBHHUI pyX YMOBHO aCUMITOTHYHO CTIMKHIA,
a TIepexiHi IPOIIECH — KOJMBaJIbHO-3aTyXar0qi;

- BenuyuHA O6e3po3MipHOro KoedinieHty Teptst H
BIUIMBAE JIMIIE Ha IIBUAKICT 3aTyXaHHS
TIEPEeXiTHUX MPOILIECiB, alle He Ha CTIHKICTb.
[Ipoananizyemo OiIbII JOKJIATHO YMOBH (25, a).

[Ipu npomy OynemMo BBaXKaTH, IO Maca PO3TIIIY-

BaHOI 130JIbOBaHOI CHUCTEMH IpH 3MiHi HE3piBHOBa-

JKEHOCT1 HE 3MIHIOETLCS 1 TOMY, 3 BpaxyBaHHsM (3),

p=const 0 i 50 =0 TUIbKM y BHUNAIKy, KOJIU

€, =0. Jlna Toro, mo6 oCHOBHI pyxH OyJIM yMOBHO
aCHUMIITOTHYHO CTilKi g Oyab-sxoro 0< Eo <1
JIOCTaTHBO, MO0 I[i YMOBM BHKOHYBAIUCS y Haii-
OLTBII YKOPCTKUX - TPAHUYHUX BUTIAAKaX (puc. 2):

1) & =0 (@y =7/2), Y, =0 (puc. 2, a);

2) & =1 (g, =7), Yo =7/2 (puc. 2, 6);

3) € =0 (@y3 =7/2), yo3 =7/2 (puc. 2, B);

4) €& =1 (Pgs =7), Yos =0 (puc. 2, 1);

BinMina BumankiB monsrae B TOMY, IO Yy
BUTaKax 1, 2 MasTHUKH PO3TAIIOBYIOThCA Ha oci Y
(puc. 2, a, 6 BinmoBigHO), a y Bunaakax 3, 4 — Ha oci
X (puc. 2, B, T BiITIOBIHO).

VY rpaHMYHUX BUTAAKaX TEH30p IHEPINl CHCTEMHU
— TOJIOBHUH IIEHTPAJBHUI 1 Ma€ BUTIIS;

A, 0 0
Js=| 0 By 0|, /i=14/, (28)
0 0 Cg

re Jy, =Asi, Jy, =Bsi, J, =Cg - ronosHi
HEeHTpaJbHi MOMEHTH iHepuii cucTtemH (BiZHOCHO
oceit Xg,Yg,Zg) Ha i-My TPaHMYHOMY OCHOBHOMY

pyci. Bpaxosytoun (14), maTumemo:

As; = A+ph? +2m(h? +1%) - M, 2%,
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Bgs =Bgj +2ml?, Bg, =Bgg +pes.  (29)

Ay Y,

Puc. 2 IlonoskeHHS MAaITHHKIB HA OCHOBHUX pyxax B 'rpPaHUYHHUX BHUIIAAKaX

3azHaunmo, o Oe3po3MmipHi mapameTpu J,,

Jg , BpaxoBytoun (18) Ta rpaHMYHI BUNIAIKH, MOKHA
NPECTaBUTH TaK:

Js=A/Cs. Jg=Bg/Cq, i=/14/. (30)

Toni nilicHi 4YaCTUHM KOPEHIB A, . XapakKTepu-
ctuaHOro piBHAHHSA (20) OyayTh Bix €MHI IPU OTHO-
YacCHOMY BUKOHaHHI yMOB

Co— Ay —~M;h2>0, Cu —By ~M;h? >0, /i=14/. (31)

ae h,=h+z. 3asHaunmo, mo ymoBu (31), oTpu-
MaHi B TPaHUIHUX BHIIAJKAaX, CKBIBAJICHTHI YMOBaM,
aki Oynu oTpuMmani B poOoti [7], ajme s naHoi
3a[a9i € MOXIIMBICTh KOHKPETH3YBaTH Ili YMOBH. Y
SBHOMY BUTJISIII BiTHOCHO MapaMeTpiB CHUCTEMH, B
HaHOULTBII HEOE3MEUHNX KPUTHYHUX BHITAIKAX, KOJIH
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