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METOJIUKA CUHTE3Y PIBHSIHb PYXY BIBPOI30OJIbOBAHOI
I'TPOCKOIIYHOI CUCTEMU

En A technique is proposed for synthesizing the motion equations of a vibro-
isolated gyroscopic system using general dynamics theorems for both elements of
the device and for a housing with a vibration protection system.

The motion equations of each element of the gyroscopic system are written in
the axes of the mobile coordinate system, which is rigidly connected with it. To set
up the motion equations, the theorems of the change in the motion quantities
principal moment and the theorem of the change in the motion quantities principal
vector are used. These equations include the principal vector and the moment of
external forces acting on the element; Moments and forces of interaction between
the elements and the possible discrepancy between the center of mass and the
center of the element's suspension is taken into account.

The technique to set up the rotational motion equations is based on the
technique proposed by Ishlinsky A. Y. and provides the elimination of the
unknown components of the interaction forces between the elements (frames,
rings) and takes into account the divergence of the suspension centers of the cardan
suspension elements of the device determined by the suspension geometry and
elastic deformations of the supports axes of the suspension. The components of the
interaction forces moments, that coincide with the rotation axes of the elements,
are assumed to be known and are not excluded from the equations.

In the equations of translational motion of elements, the components of the
elements interaction forces can be eliminated if the supports of the suspension axes
are considered to be absolutely rigid. When the finite rigidity of the axle supports
of the suspension is taken into account, the interaction forces are assumed to be
known and are not excluded from th translational motion equations.

The motion equations of the vibro-insulated housing of the device are recorded
in a coordinate system connected to it rigidly, which axes are the inertia central
axes. The forces and moments of the forces of the hull and the vibration protection
system interaction are given as a superposition of potential forces (moments of
potential forces), which are determined by the expression of the potential energy
and the resistance forces (moments of resistance forces), which are determined
from the scattering function. The vibration protection system is considered to
consist of passive vibration isolators. Vibration isolators are represented as three
elastic elements of parallel coordinate axes and the elastic forces are linearly
dependent on deformations. The drag force depends linearly on the strain rate.

The system of motion equations is supplemented by the expressions for the
control moments and relations for the angular velocities of the elements.

! Hayionanvuuti mexniunuiil ynieepcumem Yxpainu «Kuigcokuil norimexuiyHuil iHcmumym» xageopa
meopemudHoi MexaniKu

2 Hayionanshuii mexmiunuii yuigepcumem Yrpainu «Kuigcoxuti norimexuiunuil incmumym» xageopa npunadia
ma cucmem KepyeaHHs JimaioHUMy anapamamu
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Cucmemu ma npoyecu KepyeaHH:

Ru [Ipemiaraercss METOAMKA CUHTE3a YPaBHEHHH JBIKEHHUS BUOPOU30IMPOBAHHON
TMPOCKOIIMYECKOM CHUCTEMBI C HCIOJIb30BAHHMEM OOIIMX YPaBHEHUH IUHAMUKH.
CuHTe3UpOBaHHBIE YPABHEHMSI IBUKEHMS YIEPKUBAIOT W3BECTHBIE PEAKLUU B
0CsX IOJIBECA IEMEHTOB I'MPOCKONMYECKON CHUCTEMBI M KOPITyCa, YTO MO3BOJISIET
UCCIIEI0BaTh JUHAMMKY B3aUMHOIO BIJIMSHHUSA CHCTEMbl BHOPO3ALUTBI U
TMPOCKOIMYECKON CUCTEMBI.

Beryn

Jia ckiagaHHS PIBHSHB PyXY KIACHYHHMX TIPOCKOMIYHHUX CHCTEM, B
OCHOBHOMY, BHUKOPHCTOBYIOTBHCSI 3arajibHi TEOpEeMH IUHAMIKH ab0 MEeTOJuKa
piBHsHb Jlarpamxka apyroro poay [1, 2, 3]. Ockinbku B 0aratboX BHITaIKaX
ripOCKOIIYHA CHCTEMA — € CHUCTEMOIO E€JIEMEHTIB, 110 O0EpTalOThCS HABKOJIO
NEBHUX OCEH, 3acCTOCYBaHHS 3arajbHUX TEOpPEM JUHAMIKA € HalOuIbII
OYEBHUJIHUM 13 (PI3UYHOI TOUKH 30py. EKcrmyaraiiisi ripoOCKOMIYHUX CUCTEM Ha
pyxomux 0O’€KTaXx BHMMAara€ 3acTOCYBaHHS CHUCTEM BIOpO- Ta yIapo3axXucCTy.
OcHOBHAa METOJMKA CKJAJaHHS PIBHSIHb PYyXYy BIOpOI30JHOBAHOTO Tilda — II€
3actocyBaHHA (hopmarnizma Jlarpanxa.

ITocTanoBka 3agaui

Y  po0OOTI MNpOMOHYETbCS  METOAMKA CHHTE3y PIBHAHb  pyXy
B10p0130JIbOBAHOI TPOCKOMIYHOI CUCTEMH 13 BUKOPUCTAHHSAM 3arajibHUX TEOPEM
JUHAMIKM (K I €JIEMEHTIB MpWiaay, Tak 1 JJid KOPHYCy 13 CHCTEMOIO
BiOpo3axucty. Ilpu npoMy MHpykHI CHIM Ta iX MOMEHTH BU3HAYAIOThCA 13
BHpa3y MOTEHLIAJbHOI €HEprii, a CUJIM ONOopy Ta iX MOMEHTHM — Ha IIJICTaBi
dbyHKIIT po3citoBaHHs [4]. BBaxkaeTbcs, 1110 cucTeMa BiOpO3axHCTy CKIATAEThCS
13 MACUBHUX BIOPO130JISTOPIB.

OCHOBHA YaCcTHHA

PiBHSHHS pyXy KOXXHOTO I-TO €JIeMEHTa TipOCKOIIYHOI CHCTEMH 3aIlu-
cyroteest B ocsix cuctemu koopaunaT (CK) O;X;YiZj sxopcTko 3B’s13aHOT 3 HUM:

&f'(io_ ror r r r uur
at -+ o) X Kio, = IV'ieoi + L0, — Lijico, -m;O,C, XWo, (1)
do. r. r r _
%:Fie_"Ri,iﬂ_Ri,i_l, 1=1..n, (2)

VY dpopmynax (1) ta (2): c'gi : Kioi — TOJIOBHUHM BEKTOP KITBKOCTEH PyXy Ta

1 1 |
. o . . . e
KIHETUYHHUI MOMEHT i-TO €JIEMEHTA,; a'kioi / dt — BimHocHa noxigna; F°, Mio, —
1
TOJIOBHUM BEKTOP T4 MOMEHT 30BHIIIIHIX CHJI, JiOYHMX Ha i-i emeMenT; L i-10; -
1 1 1

Liiao» Riit, Rijig — momentn ta cumu saemonii mix i ta i-1(i+1)
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CIICMCHTaMMH, Woi y, O — IPUCKOPCHHA TOYKH IABICY I i Ta KyTOBa IBUJIKICTDH

i-ro enementa, C; — meHTp Mac i eremMeHTa, N — KiJbKICTh eneMeHTiB (pOTop,

pamu). 3azHaunMo, mo i=1 BiAmoBimae poTopy, MPUIOMY L1 00, = R10 =0,
uuu

0,C,=0.
V Bunaaxky posoixuocti tentpis miasicy O;_; ta O; enemenrtis npuiany,
|
MOMeHT cun B3aemoxii Ljj; mpum mepexomi Bim momoca Oj 3 g0 O
BU3HAYAETHCS 32 (I)OpMIyHOIo:I - |
Lio. = Lio, +Oi0;_1 xR, (3)

1
B fKIA HEBIJOMI CKJIAIOBI CHJIM B3acMOMIII Ri,i—l I-ro Ta 1—1 enemeHTa

BUpaXaroTbcs 13 (Gopmyn (2) LIUIAXOM TOCIIJOBHOTO BHUKIIOUEHHS CHUII
1 1

B3aemozii Ry o, ..., Rj_1j momepennix i —1 exemenTis:
i-1r i-1r
[S
ZQ, ZF +R||1 (4)

VY pasi ypaxyBaHHs npy>KHHx I[e(bopMauu/I OIOp OCl MABICY €IEMEHTa, Yy
MPUMYILIEHHI MOCTYNAIBbHOTO MEPEMIIIEHHS HOoro 001 MiJBICY, chIH B38,€M0)111

BBAXKAIOTHCS BIIOMUMH, Ta iX MOKHA MOAATH TaK: R,,,_l = —Ig( 1@1 & 1I‘ 1, 1€
f’)i(o_l, 80, — miaromanbHi MaTpuIi KOe(iLicHTIB B’SI3KOr0 TEPTS Ta KOE(Iil[icHTIB

. J . . . . -
HPYXHOCTI, lj_1 — paxiyc-BeKTOp MepeMillieHHs [IeHTpa miaBicy | —1 ejxeMeHTa.
uuu
Bimnosigno, Bektop OO, , y dopmyn (3) momaerhca Ak cyma
uuu uuwu uuuuu
!
0,0, ; =pi1 +§1=00"_; +0; 410, ;, mo cknanaerscs 3 MOCTIHHOrO BeKTOpPA
r uuuu uuuuu
Pi.1 =00, Ta paniyca-sexkropa i3 =0j;0; ;. Ocranniii Bu3HAUaE
nepemimenns mouarky Bimmiky CK O;_1X_1Yi_1Zi_1, BHKIMKaHE MOPYKHUMH
nedopMalisaMy MiANKIHUKIB B OCAX MiABICY |—1 eleMeHTa. 3a3Ha4uMo, III0
1

JUTSL 9yTIIMBOTO €JIEMEHTY BUKOHYETHCS YMOBa pI =0, a npyxHi gepopmartii I;
BPaxOBYIOThCSl TUIBKM B OMNOpax poTopa (MOMEHT MpYyKHOro aebanancy). Y
BUITAJIKY JOCIHIDKECHHS BIUIMBY HHU3bKOYACTOTHUX KOJIMBaHb Ha TIOXHUOKH
T1POCKOMIYHOT CHUCTEMH JUIsl 30BHINIHBOIO KapAaHOBOTO IMiABICY MPUUMAIOTH
r=0.

PiBHsiHHA pyXy BIOPO130JIbOBAHOTO KOPIYCY Mpuiaga 3anucyroThes B CK
Ok &€y , XOPCTKO 3B’s13aHOI 3 HAM, OCI SIKOI € IIEHTPaJTbHUMH OCSIMH THEPIIii:

&f'(korr r r r

dt . +(Dk X KkOk = MlSOk + LkOk - Lk,nOk ! (5)
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nk r nk r

d r
aZQJ. :ZFje+Rk, (6)
j=1 j=1

1 1

ne Q. Kkok — TOJIOBHHM BEKTOP KIJIBKOCTEW PyXy Ta KIHETUYHUN MOMEHT
I ) !

KOpITyCy; ) — KyTOBa IIBUJKICTH KOPIIYCY; Lk,nok — MOMEHT CHJI B3a€MOJII

1 1 1

KOplyca Ta N-ro eleMeHTa TipockomiuHoi cuctemu; R, =RF+R7,

1 1 1

Lo, =Lio, + Lig i6 i

ko, = Hko, TLko, — CHIAa Ta MOMEHT CHJI CHCTeMH BIOpO3aXHCTy, sIKI

1
MONAIOTBCA  SIK  CYNEPNO3WIUs MOTEHmiaJbHUX cul  RY  (MOMEHTIB

MOTEHIIATBHUX CHJT |I_7ktok ) Ta CUJI OTIOpY I-lzf(b (MOMEHTIB CHJI OIIOPY Il_f(l)ok ).

[Ipu cknaganHi piBHSAHB, 3a omopHy CK BuOupaerbcs reorpagiyHa
cuctema koopauHat O&ng, Bice Of skoi HampsiMiieHa Ha cXim, Bick On — Ha
niBHi4, Og — 1Mo BepTUKaJl MicIls Bropy. I3 pyxomum 06’ektoMm 3B’s13yeTbes CK
OpéoNolo, KyTOBE TIONOKECHHS oOcCei sKoi BimHocHO reorpadiunoi CK
BU3HAYAETHCSI KYTOM PHUCKaHHA (KYT Kypcy) W,, KyToM audepeHTy (TaHraxa)
9, Ta KyTOM KpeHy @, .

Kyrose monoxenns CK O&nC, Bimmocho CK Oy m.C,,
BU3HavaeThess Kyramu Einepa-Kpuwiosa v, 9, ¢ (puc. 1), a nepemilieHHs
nouatky Bimmiky CK O & mCx  BimocHo OyEynyC, BH3HAYaeTHCH
KoopauHatamu &, m, C.

lo

3"

Puc. 1. Kyrose nonoxennst CK O &, Cy Bignocro Oy€qnC,
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IMepexomu mix Bkazanumu CK BH3HA4atOThCSt MATpUIIMU S Ta A,

0ENE—04EgMolo —E— Ol

Cw Ta MOMEHTH CHJT B3a€MO/I1T BIOPO130JIbBAHOTO KOPITYCY 13 00’ €KTOM
(OCHOBOIO) MOYKHA BU3HAYUTH 13 BUpa3iB [4]:

r (& o oIl rq) ob oD oD
Rk: - y ;
o' o' ot B -
I
Lo, ={'—kak’ Licny o '—kck}; '—kok {Lkak Licn, - '—kck}
e
T ——C0S +d—Hsm cos9; . d—H—d—Hsiné}
I TR dy ® ke dep dy
. ——d—Hsin —d—Hcos cos9;
ka dS‘ (P d\y (P ’
dd dod . dCD dod .
LY =~ —cosp+——sinecos9; LD sing;
T A P N T THE A

Lz, = ngmcp— 3;%5@0038.

BBaxkaemo, 1m0 BiOpOI30JISITOPU MOAAIOTHCA Y BUTIIANI TPbOX MPYKHUX
€JIEMEHTIB  MapajeapHux Ao koopauHatHux oced  CK O & n &y,

e, fiyy g — KOOPIMHATH TOYOK 3aKpIIUICHHS BIOPOI3ONATOPIB Ha KOPICi

npwiany y i xe CK.
Iozuaumumo yepes Cyg, Cpy,, Cjr Ta My, hy,, by KoediuienTn npyxHOCTI T

Koe(DIIiEHTH B’SI3KOTO TEPTS BIOPOI30JIATOPIB B HAMPSIMKY KOOPJIWHATHUX OCEH
CK Oy §nily. Bpaxkaemo, mo cuiM MNpyKXHOCTI JIHIMHO 3aleXaTh BIJ

nedopmMaitiii, a CuIM ONopy JIHINHO 3aJIe’KaTh Bl MBUIAKOCTI Aedopmartiid. Tomi
norenmianbHa eHepris [1 Ta ¢yskmis poscitoBanns @ 3anmumryThes, y

3aJIeKHOCTI Bim nmedopmartiii A|§, Aln’ AlC NPY)KHUX €JIEMEHTIB CHCTEMH

BIOPO3axUCTY, HACTYITHUM YHHOM:
19 2 2 2 19
1= EZ(CléAlé +CnA +Cchi),  P= EZ(W;&@ +h, & +h &)
1=1 =1

I3 ypaxyBannam matpuui nepexogy A, mixx CK Oy§n,E, Ta O, &M Cy
OTPUMAEMO:

A =&+ (@1 =D e +ap - fig —as -l

Apy =N+3891 g + (a2 —1) - iy, + 33 I,
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Ay =C+agy - liz +agy - fiyt(ags —1) - fie,

Jie a;; — €JIEeMEHTH MaTpuli A .

ij

JIns ckinagaHHs PpiBHAHB PYyXY TPOCKOIMYHOI CHCTEMH BUKOPUCTOBYETHCS
MmeToauka Inmmacekoro O. FO. I[1, 2, 3], 3a AKOI BHUKIIOYAIOTHCSA HEBIIOMI
CKJIaJIOBI MOMEHTIB PpEaKIIiii Li,i—loi y OcCsAX MiJBICY eleMeHTIB. Bimomumu
CKJIQJIOBUMM ITUX MOMEHTIB BBAXKAKOTHCS TaKi, MO0 HAMPSIMIICHI B3JIOBX OCEH
nijBicy eneMeHTiB. MoMeHTH l\/lieoi TaKO’K BBAXKAIOThCS BITIOMUMM.

3a3HauMMoO, M0 B PIBHAHHSIX OOEPTAIBHOIO PYXy KOPIYCY TaKOXK
1
BUKJIIOYAIOTHCA HEBIJOMI CKJIAJJOBI MOMEHTY Ln,kok° Cucremy piBHSIHb PYXy Y

LIJIOMY MOTPIOHO JOMOBHUTH BHpa3aMHU JJII MOMEHTIB KEpyBaHHS Ta
1

CIIiBBITHOIICHHSIMH IJIsI KyTOBUX IIBUAKOCTEH eleMeHTiB oy, 1=1,2,...,n, K.
) ) I I ) .
KyToBI MIBUAKOCTI OCHOBH (), Ta KOpIIyCca (9, BH3HAYarOTHCS HA ITiJCTaBi

CITIBBIIHOIIIEHB
1

rror r T R |
0, =Q+& + & +&: oy = 0 + e & &,
1
ne 2 — kyroBa mBUAKICTH reorpadiunoi CK.
BBaxatouu a1 KOHKPETHOCTI, IO TIPOCKOIMIYHA CUCTEMA CKIAAAEThCS 13
30BHIIIHBOTO TPHOXBICHOIO KapJaHOBOTO MiABICY Ta YYTJIMBOTO €JIEMEHTa

(TPbOXCTENEHEBOr0 TpoOCKONa), KyTOBl MIBUAKOCTI 30BHIIIHBOTO KapJAaHOBOIO
M1JIBICY MOJIaI0THCS TaK

r r ! r r ! r r 1
wg = 0y +&; 035:0)6+[§g; 0y = g + %%, (8)

a KyTOBI1 MIBUIKOCTI YyTJIMBOTO €IEMEHTY

1 I r ! 1
(533:{04“&; (02:0)3+[§‘; (Ealzcroz+x&. (9)

Tyt & — KyToBa MmBUAKICT 0OEPTaHHS POTOpPA TiIPOCKOINA, IOBOPOTH HA KYTH
O, Ta O, 3A1MCHIOIOTHCA HAaBKOJIO BEPTHKAJIBLHUX OCEH, MOBOPOTH HA KyTH [,
Ta [, 3A1MCHIOIOTHCS HaBKOJIO TropuzoHTanbHUX oced. Ilepexim mix CK
BU3HAYAETHCSI MATPUIIMU Tiepexony A :

Ok —2—>0g%sYeZ,  OpurXitYisaZiss—A—0X ViZi
i=12,..5.

[To3HaunMo JiBy yacTUHY piBHSHB (1) Tak

i0;
dt

r r r’ r' r, r,
o x Kigy = Ko, ={Kiy, Kiyy, Kiy |

IXj ! 1y ! 1Zj
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Tomi micas BUKITIOYEHHS HEBIMOMHUX CKIAJOBUX PEaKIliid, 3aruIIeMo
HACTYIIHI PIBHSHHS 00€pTaIbHOrO PYXY UYTIMBOTO €JIEMEHTY

; I& e
Klyl - = M1Y1 + Ll,2Y1

!/ !/ ! H D
Koy, + Kix €08y, +Kq, siny, = M§X2 +Lp 3, M2y, , )
Kéz3 +(Kay, +Kyy, )sinBy + (K3, — Ky, siny, + Ky, cosy,)cosf, =

e D o D D
=Mz, + L3 4;, —Mgyy, SINB, —M3 1, COSB, + M35, .

Onyckaroun pIiBHSHHS 30BHINIHBOTO KapJlaHOBa IMIABICY, I KOPIYCY
npuiIagy OTPUMAEMO HACTYITHI PIBHSHHS 00€pTaIbHOTO PyXY

Kie, + Koy, COSOL —[Kéy6 + Kgy, C0sBe — (Ks,, —Kiy, Sinye +
, : : e rr
+Kys, COSye)SInBeJSIn ote = Mye, +Lye, —| Losy, +(m6p6 X Wo, )X6 X
rr :
XCOS Qg + {[ Ls 4y, — M5ey5 ]005[3e - [—(L473X4 + (m4p4 XWo, )X4 )sm Ve +

rr e | rr :
+(L4,324 +(m4p4 x W, )24 jCOSye - MSZS}sm Be + (Mgpg x W, )y, }sm O —

D .
~Myee, ;

King + Kby SiNatg +| Kgy +Kgy, csBe —(Kay, — Ky, sinye + (11)

’ H €

+K3,, cowe)sm Be}cos% =My, * L, —[L6,5X6 +

ror : e
+(m6p6 X Wq, )Xe sino, — [L5'4y5 —Ms,, }cosBe —[—(Lﬂn‘gx4 +

ror . ror e |
+(m4p4 X Wo4 )x S 'Ye + L4,3Z4 + (m4p4 X Wo4 )Z COS’ye — M525 SIn Be +

4 4

r r D

+(m6p6 X W, )ye }COSOLe —Mgen,

ch =My, + chk - Ly 66 Micse,
UL uuu

I
ne Mk 6 _Oko X Rk 6 l\/II i-1 _OI()i_:]_>< Ri,i—ll I :172"--’6-
Y piusnHsX koprycy MomeHtd Ly gr o Lgsy, . Ls 4y, He Bukimouamucs,

OCKIJIbKA BBaXKAIOThCsI BIMOMUMH. [[I MOMEHTH BUHUKAIOTh B OCSAX MOBOPOTY
BIJIMOBITHUX paM Ta CKJIAJAIOThCS 3 MOMEHTIB OIMOPY, MOMEHTIB TEpTSA Ta
KepyHo4Ynx MOMeHTiB. MomeHT Ly 37, B HAaBCICHHX PIBHSIHHSIX TaKOX

BBAXKAETHCSI BIIOMHM: BIH MOXE BKJIIOUAaTH MOMEHTH CHJI OMOpPY Ta TEPTA B
BEPTHKAJIbHIM OCI TOBOPOTY YYTJIMBOIO €JIEMEHTa Ta MOMEHT KEpyBaHHS.
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MowmeHT L4,3X4 € HEBIJOMHM 1 TOBHHEH OyTH BUKIIOUECHHH, YpaxXxOBYIOUH

CIIIBBITHOIIICHHS
r ' ’ ] D
L4:3X4 - (K3X3 + L3,2X3)Cosar _[K3Y3 + (K2y2 T Kly1 + Mz,lyZ)COSBr -
! ' - ] D . .
—(K3,, = Kyy, siny, + Ky, €0sy, + M3y, )sinB,]sina, .

VY cBOIO 4Yepry, B OCTaHHBOMY BHpa3i MOMEHT Lj 2x, MOXE BKIIOYaTH

MOMEHTH CHJI ONOpY Ta TepTsd y TOPU3OHTAIbHINA OCi MOBOPOTY UYTJIMBOTO
eJIeMEHTa Ta MOMEHT KepyBaHHS.

VY piBHsHHAX oOeptanbHOro pyxy (10) ta (11), mpuckopeHHs IIEHTPIB
M1JIBICY €JIEMEHTIB BUBHAYAIOTHCS 3 BUPA3iB:

r r rr r.fr r d? r dFG
W, =Wq, + & x(pg +Ig) + 0y % (wkx(p6+r6))+?+2@ X
r r
r r r ror r rory dir r dr (12
Wo, =Wo. , T 841 % (pi + 1) +03i+1><(60i+1>< (pi + ri))+F+ 203i+1xa,
1=12,..,5,
ne npuckopenHs noyarky Bimiiky CK Oy&,n,C, Ta LeHTpa Mac KOPITyCy MaroTh
BUTJISIT
r ve T
Wo, =—9 +d;/—tB+vaB,
r 13
r rr r r r r. d¥ .r drk 13)
WO —Wo +8k><rk +O)k X(O)erk)+—+2(,0k><

dt? dt

dv

1 . . . 5 I
Tyt vg, d_tB — MBHJKICTh Ta MPUCKOPEHHS BiOpomepemMilieHHs: 00’ ekTa, § —

MIPUCKOPEHHS BIJILHOTO T IIHHS.

Jliig 3anucy piBHAHD (6) MOCTYNAIIBHOTO PYXY KOPITyCY MpHiiaja, MOX1aHi
BiJl TOJOBHHMX BEKTOPIB KUIBKOCTEH pyXy c'gi €JIEMEHTIB BUpa3UMO Yepes
MPUCKOPEHHS BIAMOBIAHUX LEHTPIB MaC:

| [ I I | 1 I )

npu4IoOMy \;VO. BU3HAYarOThCA 13 popmyi (12).

PiBHSHHS  mWOCTymaqbHOTO  pyXy  BiOpOI30JbOBAaHOTO  MpHJIaJa
CKJIa/1al0ThCs 3 piBH}IHI) PYXy Kopmycy

n,k
ol oD
Zm Wejg, = ;Fjeak " & (15)
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n,k n,k

: 1 oD
2MWe i, =2 Fii, ‘2—‘2—?
j=1 j=1 n 1

ok X oIl oD
m;w =) Ff ————
jzzl 17CG JZ:; JCk ac aé
Ta, TpH BpaxyBaHHI TMpyxHUX nAedopmaiiii omop poTopa, piBHIHb
MOCTYNAJIBHOTO PyXy poTopa
MWep, = Flil B hX1 e Cxy S MWey, = Fl(;l B hYl e Cy, Y1
e (16)
MWe z = I:121 - hzl - Cp 1.

Takum 4MHOM, cHCTEMa PIBHSAHb pyXy Oyne ckiaaaTtuch 3 piBHSAHB (10),
(11), (15), (16), B sknMX KyTOBI MIBUAKOCTI BU3HA4YAIOThCsS BUpazamu (8), (9), a
npuckopenns — (12), (13), (14). 3a3naunmo, 1m0 OTPUMaHI PIBHSHHS MOTPIOHO
JIOTIOBHUTH CITiBBIHOIICHHSIMU ISl MOMEHTIB KEpYBaHHS.

BucHoBKH

CuHTe30BaH1 pIBHSHHA pyXy OyayTh YTpUMYyBaTd BIJIOM1 peakiii y
PIBHSHHSIX PyXy SIK €JIEMEHTIB MPUJIaay TaK 1 y PIBHAHHIX PyXy KOpIycCy, IO
JTI03BOJIUTH JIOCHIPKYBAaTH JUHAMIKY B3a€EMHOTO BIUIMBY CHCTEMH BIOPO3axXUCTy
Ta TIPOCKOIMIYHOT CUCTEMHU.
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