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MATEMATHUYHI MOJIEJII I'TPOCTABIVII3ATOPA 3A PI3BHUX
PEJKUMIB IOT'O POBOTH

En The article considers the development of a mathematical model of the
stabilization and rotation system in the modes of stabilization, targeting, auto-
tracking of the target and electrical arrest. The output signals shall be signals
proportional to the components of the angular velocities of the line of sight, the
angles of pitch and dash of deviation around the axes of the gyrosystem and the
angles of inconsistency of the line of sight relative to the optical axis of the
homing head. The system of cardan suspension of the stabilization and rotation
system is considered, where the actuators are located on the axes of rotation of the
outer and inner frames of the cardan suspension. The homing head is mounted on
the inner frame. The inner frame is a gyrostabilized platform. Depending on the
mode of operation of the stabilization and rotation system: in the stabilization
mode, the coordinate system that is stabilized is assumed to be stationary in inertial
space; in the auto-tracking mode of the target, the coordinate system that is
stabilized by Oxyz is returned according to the change of direction to the target; in
the mode of electrical locking, the axes of the coordinate system which is
stabilized by Oxyz coincide with the axes of OX,Yy,z, connected to the body of the
main product. To obtain differential equations, the projections of the total vector of
the kinetic moment of the inner and outer frames on the axis of the outer frame are
taken and written according to the theorem on the change of the kinetic moment of
the considered system relative to the axes of suspensions. The total moments of
external forces applied to the outer and inner frames around their axes of rotation,
which have the following components: moments of actuators, moments of viscous
and dry friction, imbalance and other unaccounted for factors around the axes of
the outer and inner frames . The moments of the forces of viscous and dry friction
are presented in the classical form, taking into account the signs when changing
the direction of movement. The mass of the inner frame with all devices mounted
on it, and the mass of the entire movable system (outer and inner frames), as well
as the radius vector characterizing the displacement of the center of mass, give a
static imbalance of the movable system relative to the suspension axis of the i-th
frame are components imbalance. The scientific novelty of the work is to obtain a
mathematical model for a particular product, as well as the practical feasibility of
their application. The result is a differential equation that fully describes this
system of stabilization and rotation, takes into account the parameters of actuators,
turbulent moments, as well as random effects and can be used depending on the
tasks.
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Mexanika 2ipocKoniunux cucmeum

Rll PaccmaTpuBaercs pa3paboTka MaTeMaTHYECKOW MOJETU CHUCTEMBI CTaOWIHM3a-
MM ¥ TIOBOPOTA B PeKUMaX CTAOMIIM3AIUH, IeleyKa3aHus, aBTOCOIIPOBOXKICHHUS
LIEJTU U JIEKTPUUECKOT0 apeTyBaHHs. B pexxrme aBTOCONMPOBOXKICHUS 1I€JIU ONTH-
YECKUM KaHAJ OIpeAesieT KOOPAUMHATHI OTKJIOHEHUS JTMHUU BU3UPOBAHUS I10 JIH-
HUU TENH. YTIBI LIeJIeyKa3aHUsl BBIIAIOTCS OTHOCHTEIIBHO CUCTEMBI KOOpPJHMHAT
KOpITyca OCHOBHOT'O M3JICJIMS B BHJIE YIVIOB DMjepa - 3aJJaHHBIX YIJIOB MTOBOPOTA
BHEIIIHEW pPAMKH OTHOCHTEJIIBHO KOpPIyCa U BHYTPEHHEM pPaMKU OTHOCHUTEIHHO
BHEIITHEI.

Beryn

3aBnaHHsl pO3pOOKM MaTeMaTHYHOI Mojedl cTabimizaiii Ta MOBOPOTY €
aKTyaJIbHOIO, TAK SIK JI03BOJISA€ MepeAdaunTy X1 npouecy craduiisaillii, po3paxy-
BaTU LUIbOBY (YHKIIKO (BUXIJHI IapamMeTpU IpPOLECY), KEpyBaTH MPOLECOM,
IPOEKTYBaTH CUCTEMH 3 OakaHMMHU XapakrepucTukamu. KpiMm Toro, kepoBaHuit
ripocTabiini3aTop 103BOJIsI€ BUMIPIOBATH CKJIAJOBI KYTOBOT IIBUIKOCTI JiHIT Bi-
3yBaHHS 00'€KTa CIIOCTEPEKEHHS.

ITocTanoBka 3agaui

MeTor A0CHIKEHHS € po3poOKa MaTEMaTUYHOI MOJIEeNII CUCTEMH CTal1-
Ji3aiii 1 MOBOPOTY TripocTadiiizaropa B mpoiieci ctadiiizailii, 1iJieBKa3iBKU, aB-
TOCYNPOBOY 1111 Ta €EKTPUYHOTO apETyBaHHSI.

JAu¢epenuiaabHi pIBHSIHHA po0oTH cucTemMa cradiiizauil i moBopory
rOJIOBKH CAMOHABE/ICHHA

Ha puc. 1 npencraBieHa KiHeMaTH4Ha cCXe€Ma KapAaHOBOIO MiABICY CHC-
temu crabimizanii i moBopoty (CCII) romoku camonasenenus (I'CH), ne mos-
HaueHi B/I3p, B/lgp — BUKOHABYI IBUTYHH Ha OCSIX 00€pTaHHS 30BHINIHBOI 1 BHY-
TPIIHBOI PAMOK KapAaHOBOro miaBicy. Ha BHyTpimHIA pamil BCTaHOBJIEHA
['CH. BuytpimHs pamka € ripoctadinizoBanoro miargopmoro. Ha puc. 1. moka-
3ana JIB — minis BizyBanus ['CH.

Beengemo nactynHi cucremu koopauHaT: OXoYoZ, — TIOB’si3aHA 13 KOPIY-
COM OCHOBHOTO BUpOOY; OX;Y1Z; — MOB’si3aHa 13 30BHINTHBOI0 PAMKOIO KapJIaHO-
Boro miaBicy; OX,Y,Z, — moB’s3aHa i3 BHyTpimHLOI0 pamkor (I'CH). BignocHi
KYTH [OBOPOTY paMoK @, ¢,mokaszani Ha puc. 2. Tam jxe mokasaHi mpoekii

abCOJIOTHOT KyTOBOI HIBUIKOCTI KOpPIyCy BHUpOOY Ha 3B’s3aHi 13 HUM oci (), ,
Qyo ’ QZO '
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Puc. 1. Kinematnyna cxema kapnanosoro mniasicy CCII I'CH
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Puc. 2. KinemaTtuka KyTiB HOBOPOTY PaMOK KapAaHOBOTO MiJIBICY

[Toznaunmo OXyz cucrteMy KOOpAMHAT, Y sIKI MOBUHHA OyTH CcTab1i30-
BaHa BHYTPIIIHA paMKa, sk matdopma ripocradinizatopa (puc. 3), ae JIL — mi-
His 1. Kytu Ao, AP 3a1ai0Th aiicHUM cTaH miat@opMu 11010 CUCTEMH KOOP-
JIMHAT, sIKa CTA0UTI3YETHCS 1 € MOMUIIKaMHK CTa01Ti3alrii.
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Puc. 3. IlonoxxeHHs BHYTpIIIHBOI pamMKu (T1aTGopmMu) 100 CUCTEMU
KOOPJIMHAT sIKa CTa0LII3Y€EThCS

3anexuo Bijg pexumy poooru CCII I'CH:

— y pexxumi cradimizamii I'CH cuctema koopauHar, sika ctabutizyerses, OXyz
MPUKUMAETHCSI HEPYXOMOIO B 1HEPIIAIBHOMY MTPOCTOPI;

— Y pexXuMi aBTOCYNpPOBOIY ILJII CHUCTEMa KOOPAMHAT, fKa CTaOUII3yeThCH,
OXyz moBepTa€eThCA BIAMOBITHO J0 3MIHU HAMPSIMKY Ha II1J1b;

— Y PeXHUMI €NEeKTPUYHOTO apeTyBaHHS OCl CUCTEMHU KOOPJUHAT, siKa CTa0LIi-
3yeThest, OXyz 36iratoThest 13 ocsiMu OX,YoZo, TIOB’I3aHUMU 13 KOPITYCOM OC-
HOBHOTO BUPOOY.

BianosigHO 10 puc. 2 nmpoekuii abCOI0THOI KyTOBOI MIBUAKOCTI (), MOBO-
pPOTY 30BHIIIHBOT paMKH Ha 1i oci OX;Y1Z;:
o, =€, cosp, —Q, sing, ;
O‘)1y1 = Qyo + (Py ; (1)
O, =, sinQ, +, cose, ;
IpoeKLli abCONIOTHOI KyTOBOi IIBUAKOCTI (), BHYTPIIIHBOI paMKH Ha ii oci
OXzY22y:
Wyyp =y, COSQ, + ;4 SN, ;
Wyyp =~y SINP, + @, COSP, ; (2)
Wy, =Wy T @, -
[To3naunmo uepe3 Jiy, Jiy, Ji; MOMEHTH iHepLii 30BHINIHBOTO PaMKH

HABKOJIO NOB’s13aHMX 13 Hero ocell OXpY1Zi, uepes Jy, Joy, Jo; MOMeHTH 1HepHii
BHYTPIIIHBbOI paMKH (HaBaHTAKEHHSI) HABKOJIO TIOB’sI3aHUX 13 Heto oceil OXpYoZy.
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Tomi mpoekiii BekTopa KiHeTnaHOro MoMenTy K, BHYTpIilIHbOi pamMku Ha
ii oct:
Kaxz = J0x®2505 K2y2 = ‘J2y0‘)2y2; Koz =35,0,5. (3)

—

[Tpoekiii cymapHOro BekTopa KiHeTHYHOro MoMmeHTy K, BHyTpimmHboi i
30BHIITHBOT PaMOK Ha OC1 30BHIIITHBOT PaMKH:
lel = Jlxmlxl + K2x2 COSOP, — K2y2 Sin(Pz ;
K1y1 = ‘]lyo)lyl + K, sing, + K2y2 CoS®,, (4)
Kig =33,0,, + Ky,

BianoBigHo 10 TeopeMu Mpo 3MiHY KIHETHYHOTO MOMEHTY AudepeHiria-
JbHI PIBHSHHS PyXy PO3MVISIHYTOT CUCTEMHM IIOJ0 OCEH MiJBICIB MATUMYTh BU-
IS

dK,,,
=+ 0, Ky — 0Ky, = M.,
s (5)
f + O,y szz — W55 Koo =My,

ne M,;, M,,, — cymapHi MOMEHTH 30BHIITHIX CHJI, TPUKJIAJEH] 0 30BHIIIHBOT

1 BHYTPIIIHBOI PAMOK HaBKOJIO iX OCeil 00epTaHHsI, sIKI MAalOTh TaKl CKJIJOBI:

Mlyl = Mdel + Mmp.el + Mmp.cl + M()e61 + Meo&ul; (6)
MZZZ = M()gZ + Mmp.eZ + Mmp.cZ + M()e62 + Meoa.wZ'
ytMyisM, e M, i Mysis M, — BiTOBITHO MOMEHTH BHKOHABYHX JIBHTY-

HIB, MOMEHTH CHJI B’A3KOTO 1 CyXOT0 TepTs, JAeballaHCy Ta Bij IHIIUX HEBPaxo-
BaHUX (DAKTOPIB, 1110 OOYPIOIOTh, HABKOJIO OCEH 30BHINIHBOI (1=1) 1 BHYTPIIIHBOT
(i = 2) pamok.

MoMeHTH chJl B SI3KOTO 1 CyXOTO TePTS MOXKYTh OyTH TIPEACTABIICH] y BU-
IS

M mp.el == fl(py; M mp.cl = _mmpl Slgn q:')y ;
Mmp.eZ == fZ(bz; Mmp.cZ = _mmp2 SIgn (i)z !

ne f. — koedimienTn B’s13K0r0 TEPTH, M, — MOJIYJIi MOMEHTIB CHJI CyXOTO TEPTSI

(7)

II0JI0 OCI MIJBICY 30BHIIIHBOI 1 BHYTPIIIHbOI PAMOK KapAaHOBOTO MiJIBICY.
[To3naunmo depe3 M, Macy BHYTPIIIHbOT paMKH 3 yciMa BCTaHOBICHUMHU
Ha Hil TPUCTPOSIMHU, My, — MACy BCi€l pyXoMoi CUCTeMH (30BHIIIHBOI 1 BHYTpI-

IIHBOT PaMOK); P, {pxi,Pyi,Pzi} — Ppanlyc-BEKTOp, L0 XapaKTepU3ye CTaTUYHHUN

neGamancy pyxoMuil CHCTeMH mIOR0 oci mimsicy i-i pamku; W {WXO,WyO, ZO}—
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BEKTOpP YSIBHOTO JIIHIHHOTO MPUCKOPEHHS OCHOBHOTO BHUPOOHM B MPOEKIIAX HA
fioro oci. Toxi MomeHTH nebanaHCy JOPIBHIOBATUMYTh

Moo =M (P W, =pWL)s My =—M,(p W, —p W) (8)
ne W Wyi ,W,.— mpoekiii mpucKOpeHHs Ha BIMOBIAHI 0CI KapJaHOBUX PaMOK.
3rigHo puc. 2.

W, =W, coso, —-W, sing ; W, =W, sing +W, cose,;
W, =W, cose, +W sine,; W, =-W,;sing, +W, coso,. ©)

Xi?

3 ypaxyBaHHsIM ciiBBigHONICHD (1) — (4) Ta (7) qudepeHiaabHi piBHIHHS
pyxy CCII (5) npuiiMmyTh HaCTyIIHUI BUTJIAL;

(le +J,,8iIn% @, +J,, cosZ(pZ)d)2y2 /coso, + fw, , /cosp, =
=M,,, — (le + sz)tg ¢y, — (Jlx —J.. )mlxlwlzl -

_(‘]2x0)2x2 COSQ, +J,,0,,,sINQ, + Jszlxl)(DZzZ -
(10)
- fl((’olxl tg(pz _Qy0)+ Mmp.cl + M()e6l +M

303,141;
J,,0,,, + F,0,,, =M, + (sz - JZy)(DZXZO)ZyZ +

+f,0,, +M +M,,,+M

mp.c2 0e62 603M2

JlaH1 piBHSHHS — OCHOBHI, BOHM OMHUCYIOTh KYTOBHUU pyX BHYTPIIIHBOT
PaMKu 3 a0COIOTHUMU KYTOBUMH MIBUIKOCTAME O,y 5, M,,, -

3anumemo Takox piBHAHHA pyxy CCII (5) y BIAHOCHUX KyTOBUX ILIBH/]I-
KOCTAX Q. , ¢, TIOBOPOTY PaMOK:

(3 +3,,5in% 0, +3,,c08° 0, ), + fip, =M, —(J,, +J,,sin’ @, +
.1 o .
+J,,€05°¢, )0, +§(Jzy =3, )[4, 5N 20, + ,,,p, COS 20, +

+O)1y1((0121 + 2(PZ )Sin 2(P2:| + ‘]szlxl(bz - (Jlx - ‘le - ‘JZZ + ‘]2x COSZ ¢, +
) 11
+J2ysm2 o, )o)lxlwlzl + M +M M (11)

Tp.cl Bo3M1?

. : i 1 .
JZz(pz + fZ(Pz = Mmaz - ‘]22(0121 +E(‘]2x - ‘J2y)|:(0)12y1 _0)12x1)3m2(Pz +

+0yy @y, €052, [+ M, + M, 5, + M

Tp.C2 1e62 BO3M2 *

BucHoBkn

Po3pobnena maTtemMaTuyHa MOJENbh CHCTEMH B CTaOumi3aIli i moBOpOTY
['CH y mporeci craGimizaiii, iJeBKa3iBKH, aBTOCYMPOBOAY Il Ta €JIEKTPUY-
HOTO apeTyBaHHS.
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