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HOCTh CTeHJa 00ecreunBaeTcsl pelieHneM OOpaTHBIX 3a/1a4 — ONPENENICHUEM B MPOILIECCE UCMBITAHUN CTATHYSCKUX U
JUHAMHYECKUX XapaKTePUCTHK 3JICKTPUYECKOr0 MPUBOJA M M3MEPUTEIbHBIX JATYUKOB, PA0OTAIOIINX HA PA3THYHBIX
¢bu3nyeckux npuHIMnax. [Ipeamnonaraercs, 4TO KOMIAKTHBIA JIaAOOPATOPHBIA CTEHI, KPOME PEIICHHs MMPAKTHYECKUX
3aj[a4 UCCIIC0BAHUS MUKPOMEXaHUYECKUX ATIMKOB, TIPH pa3pabOTKe COOTBETCTBYIOMIETO0 HH(POPMAIIMOHHOT'O HHTEP-
(etica BUpTyaIbHOTO TpHOOpa, MOKET 3D (HEKTHBHO MPUMEHSATHCS B y4eOHOM TIpoIlecce MPH MPOBEISHUH JiabopaTop-
HBIX Pa0OT MO COOTBETCTBYIOIIUM AUCIMIUIMHAM HAMPABICHHS TPHOOPOCTPOCHHSI.

KiroueBble ciioBa: 1a00paTOPHBINA CTCHI; BpaIlaloiascs iaThopma; JIEKTPHYCCKUIA TPUBOJT; MUKPOJABUTATEIH T10-
CTOSIHHOT'O TOKA; JaTYHKH YIIIOBOW CKOPOCTH; MUKPOMEXaHUYECCKHE JATYUKH; THPOCKOTIBI; aKCEICPOMETPEI.

A.V. Zamorsky
National Technical University of Ukraine "Igor Sikorsky Kyiv Polytechnic Institute", Kyiv, Ukraine
COMPACT ROTARY PLATFORM AS A UNIVERSAL LABORATORY STAND

A single axis rotary platform is distinguished among the laboratory equipment for testing gyroscopic devices and sys-
tems and their sensitive elements. An overview of the design principles of industrially developed stands for the study of
static and dynamic characteristics of gyroscopic devices and systems is provided.

The scheme of design of the universal laboratory stand is suggested as the compact rotary platform for research of static
and dynamic characteristics of micromechanical gyroscopes and accelerometers as sensors of angular speed. The physi-
cal components of such a stand and technical and technological problems of its practical implementation are reviewed.
The proposed laboratory stand is considered as a cyberphysical system where computing components play a crucial role
in determining the parameters of the system and the studied micromechanical sensors. For this purpose, in addition to
the physical control loop of the electric drive to ensure the stability of the angular velocity of the platform, an independ-
ent measuring loop is considered for analytical determination of system parameters, including the studied microme-
chanical sensors.

The versatility of the stand is ensured by solving the inverse problems, namely determining in the process of testing
static and dynamic characteristics of the electric drive and measuring sensors that work on various physical principles.
It is assumed that, in addition to solving practical problems of micromechanical sensors in the development of the ap-
propriate information interface of the virtual device, a compact laboratory stand can be effectively used in the educa-
tional process during laboratory work in relevant disciplines of instrument making direction.

Keywords: laboratory stand; rotary platform; electric drive; DC micromotors; angular velocity sensors; micromechani-
cal sensors; gyroscopes; accelerometers.
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Pozenanymo ocnosni ocobrusocmi ymos pobomu 3acobie nazemnozo opienmyeanns. Iloxaszano, wo npu Has6HOC-
Mi 306HIUWHIX 30YPEeHb MONCTUBUM € BUHUKHEHHS 000amK060i noxubku eumipiosans. Hasedeno ocnosni xapaxmepuc-
MUKU 308HIUUHIX 30VPEHb.

3anpononosano HO8y cmpyKmypy pezyismopa 360pOMHO20 38 53Ky, 00 CKAAdY AKO20 6X00UMb ACamuyHull ioe-
mmugixamop cmany. Posenanymo mamemamuuny modens npunady y ¢opmi npocmopy Cmawie 3 8paxy8anHaM 308Hill-
Hix 30ypensb. KepysanHa nonosiceHHAM Yymaueoeo eiemMenmy 3anponoHO8aHO NPOBOOUMU MEMOOOM MOOATbHO20 Kepy-
8AHHA 30 HENOBHUM 8eKmopom cmany. Ilpunyckaemscs, wo UMIpO8anHum napamempom 0as idenmughikayii 6exmopy
CMamy € Kym GIOXUNEHHA YYymAueo2o eiemenmy 2ipomeodonimy 6 azumymi. Ilpogedeno ananiz cnocmepeicysanocmi
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npu 3a0anill CMPYKmMypi Mampuyb Cmamy i 6UMIpI08ans. [ 3mMeHuents NOXUOKY OYiHI08AHHSA, W0 BUHUKAE HACTIOOK
HAS8HOCI HEKOHMPOLOBAHUX 30YPEHb, 8 I0eHMUDIKAMOPI CMAHY BUKOPUCTIOBYIOMbCSL K NPOROPYIHUL, MaK i inme-
2PANbHULL KAHAIU 360POMHO20 38'A3KY. Busnaueno xoeghiyienmu cnocmepescysaya, wo Mac acmamuyny cKiaoogy
PISHAHHI CMAKy Y RPURYWeHHi, Wo npoyec OYiHi08AHHA MA€E OYMuU anepioOuyHuUM.

Tlposedeno moodenosanns pobomu acmamuyHo2o i0eHmupiKamopy Ha 0CHO8I po3poOaeHol npoepammoi Mooeii.
Koedghiyienmu npoepammnoi mooeni 06pano Ha 0CHO8I KOHCIMPYKMUBHUX PillleHb, W0 BUKOPUCTIOBYIOMbCA HA CYUACHOMY
emani po36UMKYy CUCMeM GU3HAYEHHS A3UMYMAIbHUX HANPAMKIG Ha Oasi eipomeodonimie. Pospaxosano koegiyicnmu
cnocmepesicysada 0iisl 3a0aHUX napamempis npunady. Pesyismamu mMooeniosanHs noKa3auu, wo 3acmocy8ants 3anpo-
NOHOBAHO20 MEMOOY O0360JI5E CYMMEBO 3MEHWUMU NIUE NOCMIUHOI CKIA00801 3068HIUNb0O20 30ypenns. [loxubka oyi-
HIOBAHHSL KYIMOBUX KOOPOUHAM | WBUOKOCHEU, SKI BUKOPUCIOBYIOMbCS 8 CUCIEMI KepYBAHHSL NOIONCEHHAM UYMIAUBO2O
ejleMenmy, acmamudHum i0eHmupikamopom cmany npsmye 00 Hyis, y mou yac, K Cmamuyua CUucmema Mae NoCmituHy

CKAA008Y NOXUOKU.

YV nooanvuux oocnioscennax nianyemoca nobyoosa y3azanbHeHoi cucmemu, AKa 8KI04AE KePYBaAHHA PYXOM UYym-
JIUB020 efleMeHmy K 8 A3UMymi, max i 8 He2ipocmadini306anitl NIOWUHI.
Kniouogi cnosa: cipomeooonum; acmamuynuil i0eHMu@ikamop cmamy; cucmema KepyeamHsi.

Beryn

CyuacHi BUCOKOTOYHI 3aCO0M Ha3eMHOT'O Opi€H-
TyBaHHs [1-3] wacTo 3acTOCOBYIOTBCA y CKIIAIHUX
yMOBaX, 30KpeMa, 3a HasBHOCTI 30BHIIIHIX 30ypeHBb,
10 CHPUYMHEH! pPI3HUMH (aKTOpamMH, HaNpHKIAL,
HepeMillleHHs JIIoJied, podoTa JIBHI'YHIB a0o iHIIHMX
MEXaHIYHUX NpHucToCcyBaHb [4, 5]. Taki 30ypeHHs Mo-
JKHA OTMUCATH JACTEPMIHOBAaHUMH (TapMOHIYHUMH) 200
BHIIJIKOBUMHU (KBa3irapMOHIYHIMH) CUTHAJIAMH.

3a HagBHOCTI BiOpamiiHuX 30ypeHb YyTJIHBI
€JIeMEHTH, 0 pealli3oBaHi y BUTJIAMI MasTHHKA, Oy-
IyTh CXWJIBHI J0 TIOSBU JOJATKOBHX IIKi[UIMBUX CHUT-
HAJliB HA BUXOJI Jartyuka. KpiM TOro, MOXYTh BHHH-
KaTH 3HAYHI MMOCTIWHI CKJIaJIOBI BiOpaIiiftHOT TOXHOKH,
II0 HEraTUBHO BIUIMBAE€ HA TOYHICTH MPWIATY B LLJO-
My.

B po0oTi 3anponoHoBaHO acTaTH4YHUI i1eHTHI-
KaTop CTaHy JUIsi OI[IHKU MapaMeTPiB PyXy YyTIHBOTO
€JIeMEHTY, SKAH Ma€ BIIACTUBICTh HE30ypIOBaHOCTI
MOCTIMHUMH CKJIAZOBMMH 30BHIIIHIX BIUIMBIB, a Ta-
KO, MOXKJIMBICTh BU3HAUYCHHS OIIIHKH BEITUYHWHHU IO-
CTifHOI CKJIaJI0BOT 30BHINTHHOTO 30yPEHHS.

IMocTraHoBKa 3agayi

Po3risHeMo MareMaTHYHY MOAENb PyXy 4yTJIH-
Boro enemeHry (UE) riporeonomita B ripocTtadinizo-
BaHIH TUIOIIHHI [6]:

Ja+HB+Hwcosga+C,a=M+M,
(7, +mi*) B+mglB-Ha+mi5=0 , (1)
mlB+mj}+ny=O

ne o, — kyru noBopory YE BinHOCHO Kopmycy npu-
nmamy; y — 3MmimieHHs Touku minBicy YE BigHOCHO
KOpILyCy IIpHUIaay B HaIpsAMKY oci Y ; M, — KOMIIeH-
CaliiHuii MOMEHT, SIKHH (HOPMYETHCS CHUCTEMOIO Ke-
pyBaHHsA; M, — 30BHIIIHE MOMEHTHE 30ypEHHS;
J_,J, — ocboBi MmomentH inepuii YE; H — xiHeTtuu-
HUH MOMEHT ripockona; m — Mmaca YE; [ — 3mimieHHs
neHTpy Mac YE BiTHOCHO TOuKM HiJBicy; @, — KyToBa

LIBHUAKICTH 0OepTanus 3emii; ¢, — reorpapivyba mu-

poTa Micus BcTaHOBIeHHS mpunany; C,

— KyToBa
JKOPCTKICTh HijBicy BinHOCHO oci Z ; C - miHiliHa
KOPCTKICTh MiZBiCY BITHOCHO oci Y .

Cuctremy piBHsHBb (1) MOXXKHa NpENCTaBUTH B
MPOCTOPi CTaHIB, SKIIO BBECTU BIJINOBITHI 3MiHHI

xlza,xzza,x3:[3,x4=[3,x5=y,x6=y:

X = AX +BU+GL

, 2
Y =CX
i (]
o 1 0 0 0 0]
[x, ] LA o -4 0 0
J, J,
xZ
0 0 0 1 0 0
x}
= . = C.l
X x ? A 0 fi _fgd 0 Y 0
¢ ‘IX ‘l,t X
s 0 0 0 0 0 1
X, 5 2
o o -HLomslo, G G,
i J. J, moJ |

U=M,, L=M,.

v MaTpHIi CTaHy A
k, =Hwo,coso, +C,.

IMO3HA4YCHO

30BHIITHE MOMEHTHE 30ypeHHs, mo aie Ha YE
TipOTEeO10JTiTa, MOXHA MPEACTABUTH Y BHUTJISIII:

1 1
M, =mgl||n,+—Z |B+| n, +—X |7,

Je n,, n, — CKJIaJ0Bi NepeBaHTAKEHHA TOYKHM IiJIBi-
cy ripoteonoiira [6, 7].
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MowmeHT M, 0O6yMOBJIEHHH Ji€l0 MOCTYNAILHUX
MPUCKOPEHb y TOPU3OHTANBHIN IUIOIIUHI, 10 BUHH-
KaIOTh BHACIIJIOK BIIACHOTO PYXY YyTJIHBOIO CICMCH-
Ty Ta BUMYIICHOTO PyXy OCHOBH, Ha SIKYy BCTaBJICHO
ripOTEOIOIIT.

Bonanouac, 3aie:XHO BijJ 30BHIIIHIX YMOB MOXE
BUHUKATHU IIOCTiHA CKJIafoBa MOMEHTY M, Ta, Bil-
TOBITHO, CYTTEBA CTaTUYHA MOXMOKA B MOKa3ax IMpPH-
Jaay, siKa MOKe JOCSATATH 3HAYHUX 3HAYCHB (OJIUHUIIb
rpanyciB).

[pumyctumo, 10 BUMIPIOETHCS TUIBKH KYT TO-
BOPOTY YyTJIUBOTO CIIEMCHTY B a3uMyTi o . Tozi mat-
PUIISI BAMIPIOBaHb:

c=[t 0 0 0 0 0.

Jdns popmyBaHHS KepyrO4yOro BIUIMBY MOJKHA
BUKOPHCTATH, HANPUKIAN, PETYIATOP 32 HEINOBHUM

BEKTOPOM CTaHy:
X
U=-K|_  |;
X,

e K =[kl kz] — MaTpuIlsl KOEeQIIiEHTIB PETYNIATO-
pa, sKi BU3HA4YEHO B poOoTi [8].

Orxe, HEOOXIIHO BHU3HAYWUTHU OIIHKH 3MIHHUX
craHy X, Ta X,, aje CliJ 3a3HAYMTH, LIO Y BiIMOBIA-
HOMY LIUM 3MIHHUM PIiBHSIHHI cUCTeMH (2) NPUCYTHE
30BHIIIHE 30ypeHHs M, .

HasBHICTh Takoro mIKiJyTMBOTO MOMEHTY TIpH-
3B/ 0 CTAaTUYHOI MOXWUOKW y BU3HAYCHHI OIIHOK
3MIHHHX CTaHy, TOMY aKTyaJIbHOIO € 3a7a9a mooya0BU
acTaTUYHOTO imeHTH(iKaTopa, SKHA IM030aBICHHUN
L[LOT'O HENOJIKY.

Po3B's13aHHsA mocTaBjeHol 3aga4i

PosrisiHeMO CroYaTKy CHOCTEPEKYBaHICTh CHC-
TEMU B HioMy. J[JIs 1IbOr0 BU3HAYUMO MATPUIIO I10-
BHO1 CTIIOCTEPEKYBAHOCTI:

Q =[CT5ATCT5(AT)2 c’i(AT) ¢ (A7) ci(AT) CT].

Panr marpuii crnocrepexyBaHOCTI TOPIBHIOE Ki-
JIKOCTI 3MiHHHX CTaHy rank(Q) =6, OT)Ke, Ha OCHO-
Bi iH(poOpMalii Mpo KyT o MOXXHa BU3HAUUTH OLIHKH
MIOBHOTO BEKTOPY CTaHy X.

Ockinbky Ha 00'€KT /i€ TINBKK OJHE 30BHILIHE
30ypeHHst M, , TO acTaTU4YHUIl 11eHTU(DIKATOP CTaHy

00'ekTa KepyBaHHS (Y4yTIUBOTO €JIEMEHTY TipOTEOJI0-
JTiTa) MOKe OYTH MIPENCTABICHUA MATPUIHUM PiBHSH-
M [9]:

X :AX+BU+K(Y—CX)+Kij(Y—C)2)dt,

ne K — marpuns koediuieHTiB BiANOBITHOTO CTaTHY-
HOro cnocrepexyBaua, K, - martpuis xoedimieHTiB
IHTETpaJbHUX 3B'SA3KiB.

k, 0
k2 kZ
k, 0
K=| ", K, =
k, 0
k, 0
_kﬁ_ L 0 a

Busnaunmo koedinientn K, BuKOpuCTOBYrHOUM
3BHYAIHY MCTOAMKY MPUPIBHIOBAHHS XapaKTCPUCTH-
YHOTO TOJIIHOMY CIIOCTEpeXyBaua 10 CTaHAapPTHOTO
cTifikoTo TONIiHOMa, Hanpukia 6iHoma HeroToHa:

det(pE-A +KC) = p° +60,p’ +150; p* +
+20w, p’ +150, p* ++60) p + ©; . (3)
Busznaunmo det(pE - A +KC):
det(pE-A+KC) =q,p° +a,p’ +a,p' +a,p’ +

2
+a2p +a1p+a()’

ae ag =1,
as =k,
: C
a, :£+ H +—2L+ 2 +k2+_mgl,
J, JJ, m J J

2 2
_( slc, . H'C, ) [HC, +Hl C, ),
! J,o omiJ. ) \mt, JJg, )
HIC,
- kﬁ,
JJ

k glC~ HglC, IC,
ao = ‘lg - + i > k} + s
JJ, JJ, J
[TpupiBHABIIHM KOEQIlliEHTH MTPH OJHAKOBHX CTE-
TIEHAX Y JIiBi# 1 mpaBiii yacTuHax BUpasy (3), oTpumMa-

€MO CHCTEMYy aireOpaidyHMX pIiBHSAHB, SKYy MOXKHA
NPE/ICTABUTH B MAaTPUUHiil opmi:

N =D,-D,, “)

e
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60,
150,
200,

xYz

LOL  mal

2
gIC, | HC,
I, omlJ

X xYz

Il

Cucrema (4) Mae emuHUN PO3B'SI30K, a caMe, 3Ha-
YeHHS WIECTH KoedilieHTiB imeHTH(iKaTopa cTaHy,
OJIUH 3 SIKUX TaKOX BHKOPHUCTOBYETHCS 1 B IHTErpaib-

HOMY KaHaJi.

Mope/oBaHHs poO0OOTH ACTATUYHOIO iJeHTH-

(pikaropa crany

Jlnst MonenroBaHHS acTaTHYHOTO ifeHTH(]IKATO-

m

0 0 0 0 0
1
0 0 - 0 0
]Z
C  msl,
Cc.l? JJ. JJ ’
+ y z z
J)C
HC,
mJ. —HIC.
0 2 y
HIC, JJ.
JXJZ
IC HglC
&y 8%y 0 0 0
J, JJ |
0 )
2
o4 H_2 4 & + m_gl
JJ. m J, U,
0
2 2
i+i+m_gl ﬁ.y%.y H Cy
]X ]X JZ JX mJXJZ
0
k,gIC,
JJ

xYz

JliTa B @3UMYTi CTBOpEHA IWHaMidyHa MOJENb, sKa Bifl-
noBigHa piBHAHHEM (1).

[Tapamerpu mpuiany oOpaHi Ha OCHOBI OTJISILY
ripoTEON0ITIB BiTYN3HSAHOT po3poOku [1], a ix 3Ha-
YCHHS TpeCTaBNICHI B Ta0I. 1.

Brnacma wyacrota cmocrepexyBada oOpaHa
o, =50 ¢!, mo 3 omHOrO 00Ky 3a0e3meuye CTilKiCTh

MIPOIIECY OIIHIOBAHHSA, a 3 {HIIOTO — BHCOKY IIBHAKO-

py craHy B cucteMi kepyBaHHa pyxoMm YE riporeomo-

Tabmuug 1. [Tapamerpu ripoTeonosity

Tiro.

Haszsea

3Hauenns, 0OuUHUYI GUMIDIOGAHHSL

KineTrmuHuit MOMEHT TipocKoma H =0.4 Hwmc
Maca 4y TJIMBOrO eJIeMeHTa m=1 kr
Bincranp Big Touku miaBicy 1o nentpa mac YE [=0.1 M

Mowmenr inepiii YE BigHOCHO oci X

J,=13007 xrm’

Mowmenr inepiii YE BigHOCHO OoCi Z

J, =400 krm®

JliniifHa >KOPCTKICTH MiZBICY BIAHOCHO OCi Y .

C, =150 H/m

KyroBa opcTKicTh miiBicy BiTHOCHO oci Z

C, =500 Hw

16
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B pesynbrati uncenpbHUX po3paxyHKiB Koedimie-
HTiB ileHTU(}IKaTOpa CTaHy 3a PO3B'SI3KOM PiBHSHHS
(4) oTpuMaHi HACTYITHI 3HAYEHHS:

k =300, k, =-298290,
k,=93324, k =-2317,

k, = 432,64,
k, =~-7980,8.

Js hopMyBaHHS KepyIOYOTO CHTHAIY B CHCTE-
My VIPaBIiHHSA TIOJOXEHHSIM YYyTJIHBOTO E€IEMEHTY

0.08

— — cTaTUYHWIA ineHTUdikaTop
| acTaTn4Huii igeHTudikatop

-

0.06

0.04

—— ol

0.02

-0.02

Awmnnityaa, pag
o
JUTIR AP PR el T
>

-0.04 ;i
-0.06

-0.08

0 0.1 02 03 04 05 08 07

Yac, ¢

a) 3araJIbHUH XapakTep MpoIecy OIiHIOBaHHS

Amnnityaa, pag,

HEeOOXIiHI CHIHAJIM OIIIHOK KyTa (. Ta KyTOBOI INBHUJI-
kKocTi O . Ha puc. 1 HaBemeHO TMOXWOKHU OIiHIOBAHHS

d,aTapuc.2 — a MOPIBHSHO JJIsl BUTIAJIKY CTATUYHO-
ro Ta acraTM4Horo igeHrtudikaropiB crany. IToxn6-
KOIO OIIIHIOBAHHS BBAXKAETHCS PI3HUISL MK TOYHUM
3HAYEHHSAM BIAMOBIAHOT 3MIHHOI Ta 1i OLIIHKOIO:

d=o-a, a=a—a.
x10°
1.5 |]| rrrrrrrrrrrrr rrrrrrrr — — cTaTUYHUiA igeHTndikatop
| :

+  acTaTu4HWI igeHTudikaTop

o
4]

o

Yac, ¢

0) meranizallis MOXHOKH OL[IHIOBAHHS

Puc. 1. IToxubka ouiHoBaHHsA 0

25

— — cTaTU4HWI igeHTUdikaTop

20 |+ acTamiuHmil ineHTudbikaTop

e

——r
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@
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a) 3araJbHUH XapakTep MpoLecy OLiHIOBAHHS

0.2 0.3 04 05 06 0.7

Amnnityaa, pag/c

x10
a4 l ‘ [— — cratnammii ineHTMdikaTop
\‘ ‘ +  acTaTU4HWIA ineHTudbikaTop
3
N \
1
) \
R
0\} oot ——k— el —————
[
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21
\i !
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]
44 ‘
sl
|
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Yac, ¢

0) meranizailis MOXHUOKH OLIIHIOBAHHS

Puc. 2. [Toxubka OLiHIOBaHHS O

Otpumani pesynbraru (puc. 1, 0, puc. 2, 0) cBin-
4aTh PO Te, IO MOXUOKA OI[IHIOBAHHS 3MIHHUX CTaHY

0, O acTaTMYHHUM iJ€HTH(DIKATOPOM CTaHy MPIMYE
IO HyJS THCSA 3aKiHYCHHS IMEepeXiHOTO TPOIeCy, B
TOH dYac sIK CTaTWYHa CHUCTEMa MAaTUME TIOCTiHHY
CKIIQZIOBY TIOXHOKH, IO BifoOpa3uThCcs Ha (YHKITIO-
HYBaHHI CHCTEMH aBTOMATHYHOTO KEPYBaHHS IOJIO-
KCHHSM YYTIUBOTO CIIEMEHTY TiPOTCOMOIITY.

BucHoBkH

3anponoHOBaHa METO/IMKA OLIHIOBAHHS BEKTOPY
CTaHy 3a JIOTIOMOTOIO0 aCTAaTHYHOTO iNeHTHUdIKaTopa
JIO3BOJISIE 3MEHIIUTH TOXUOKH OIIHIOBAHHS y3arajb-

HEHHX KOOPAUHAT O, O HEOOXiTHMX ISt poGOTH CHC-

TEMH KEpyBaHHS IIOJIOKCHHSIM UYYyTJIIMBOIO EIIECMEHTY
TipOTEOoI0IITA.

OTprMaHi aHAJTITUYHI 3aJ€KHOCTI KOedilieHTiB
ineHTH(iKaTOpa CTaHy BiJ NapaMeTpiB NpHiIaxy Ta
OaxxaHOi MIBUAKO/IT CUCTEMH OLiHIOBaHHS. Pe3ynbra-
TH MOJENIOBaHHS CBiMYaTh MPO Te€, IO IMEPEeXiTHUI
pexnM ineHTudikaTopa 3akiHayeThes 3a 0,5 ¢, a mo-
XUOKa OIIHIOBaHHS MPSAMYE 10 HYJS HA BiIMIHY Bij
CTaTUYHOI CHCTEMH.

VY nojganpmux MTOCTiHKEHHSX TUIAHYEThCS MO0Y-
JIOBA y3arajJbHEHOI CUCTEMH, SIKa BKJIIOYA€ KePyBaHHS
PYXOM 4YTJIMBOIO €JEMEHTY SIK B a3UMYTi, Tak 1 B
HeripocTabinizoBaniii mwomwai [10, 11], mpote po3-
IIMpEeHa MOZIENb y TAKOMY BHIIAJIKy Oy/ie HeliHIHHOIO.
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ACTATUYECKMI NJEHTUDOUKATOP B CUCTEME YIIPABJIEHUS UYBCTBUTEJIbHBIM
OJIEMEHTOM I'MPOTEOAOJINTA

PaccMOTpeHbl OCHOBHBIE OCOOCHHOCTH YCIOBHH pabOThl CPEACTB HA3eMHOTO opueHTHpoBaHus. [lokazaHo, 4TO mpu
HAJIMYMK BHEIIHUX BO3MYILEHUH BO3MOXKHO TMOSIBICHUE IOMOJHUTEIbHONW MOTPENIHOCTH M3MepeHHid. [IpuBeneHs! oc-
HOBHbIE XapaKTEPUCTUKH BHEIIHUX BO3MYILCHHH.

[peanoxeHa HOBasi CTPYKTypa peryJssitopa 00paTHOM CBsI3H, B COCTAB KOTOPOTO BXOIUT acTaTHYECKUil naeHTH(HUKATOP
coctosinusi. PaccMoTpeHa MaTemarndeckas Mojenb mpudopa B (JopMe MPOCTPAHCTBA COCTOSHHUN C y4ETOM BHEIIHHX
BO3MYILCHHUI. YIIpaBlieHHE MOJOKEHHUEM YYBCTBUTEIBHOIO AJIEMEHTa MPEIOKEHO MPOBOJUTH METOJOM MOJAIBLHOIO
YIPaBJICHUS C HEMOJHBIM BEKTOPOM cOCTOsiHUS. [Ipeanonaraercs, 94To H3MEPseMbIM TapaMeTPOM TSl UACHTU(QHUKAIINA
BEKTOpA COCTOSIHHUS SABJISICTCS YTOJI OTKIIOHCHUS YyBCTBUTEILHOIO JIEMEHTA TUPOTEO/I0JIUTA B A3UMYTE.

IIpoBeneH aHamu3 HAOMIOJAEMOCTH NP 33JaHHOW CTPYKTYPE MATPHIl COCTOSIHUS 1 U3MEPEHUI.

JIJiss yMCHBIIICHHS TOTPEIIHOCTH OLICHKH, KOTOPask BOSHUKACT BCIICACTBUC HATHYHS HEKOHTPOJIUPYEMBIX BO3MYIICHHA,
B UICHTU(PHUKATOPE COCTOSIHUS UCIIOJIL3YIOTCS KaK MPOIMOPLIUOHANBHBIN, TAK M HHTETPAIbHBIN KaHAIBI 00PaTHOW CBS3H.
OnpeneneHpl KO3PPUITUEHTH HAOIIOIATEINS C aCTATHISCKOW COCTABIIAIONICH B ypaBHEHWU COCTOSIHHS B TIPEITIOJIOKE-
HHH, YTO MPOIIECC OLIEHKH JOJDKEH OBbITh aePHOANIECKIM.

[IpoBeneno MozenupoBanue pabOThl aCTATHYECKOro HAeHTH(UKATOpa HA OCHOBE pa3pabOTaHHOW MPOrpaMMHON MOJe-
. KoaduumeHtsl mporpaMMHoil Mojienn BbIOpaHbl HA OCHOBE KOHCTPYKTHBHBIX PEILICHUM, MCHOIb3YeMbIX Ha CO-
BPEMEHHOM JTalle Pa3BUTHsI CUCTEM OIIpEIesICHHsI a3UMYyTalbHbIX HAMPABICHUI Ha 0a3e TMPOTEO0NUTOB. Paccuntanbl
K03 HUITHEHTH HAOMI0IATeIs YIS 3aIJaHHBIX TTapaMeTpoB MpUOopa.

PesynbraThl MOAEIMPOBAHUS MMOKA3aIH, YTO MPUMEHECHUE MPEIIOKECHHOTO METOAA MO3BOJISET CYIICCTBCHHO YMCHB-
IIMTh BJIMSHUE MOCTOSHHOW COCTABISIONICH BHEIIHETO BO3MYIICHHUA. [1OTPEITHOCTh OIICHUBAHUS YTIIOBBIX KOOPIHMHAT
U CKOPOCTEH, KOTOPBIC HCIOJB3YIOTCS B CHCTEME YIPABICHUS IMOJOXKCHUEM UYYBCTBUTCIHLHOTO JJIEMECHTA, acTaTH4e-
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CKAM HICHTU(HUKATOPOM COCTOSIHHS CTPEMHUTCSI K HYJIO, B TO BPEMs KaK CTaTHYECKasl CHCTEMa MMEET IOCTOSHHYIO
COCTaBIIAIONTYIO OTPEIIHOCTH.

B nmanpHeHmNX WCCIENOBAHUSAX IDIAHUPYETCS TOCTPOCHHE OOOOIIEHHON CHCTEMBI, KOTOpas BKIIIOYAET YIPaBICHUS
JIBIDKEHUEM YyBCTBUTEIHHOTO 3JIEMEHTA, KaK B a3UMYTe, TaK U B HETHPOCTAOMIN30BaHHO IIIOCKOCTH.

KiroueBble ¢j10Ba: THPOTCOAONNT; aCTATHUESCKIA HACHTU(PHUKATOP COCTOSHUS; CHCTEMa yTIPABICHHS.
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ASTATIC IDENTIFIER IN THE CONTROL SYSTEM OF THE GYROTHEODOLITE’S
SENSITIVE ELEMENT

The basic features of working conditions of means of ground orientation are considered. It is shown that in the presence
of external vibration the appearance of additional measurement error is possible. The main characteristics of external
vibration are given.

A new feedback controller structure has been proposed, which includes an astatic state identifier. The mathematical
model of the device in the form of space of states taking into account external vibration is considered. It is proposed to
control the position of the sensitive element by the method of modal control by an incomplete state vector. It is assumed
that the measured parameter for identifying the state vector is the angle of deviation of the sensitive element of the gy-
rotheodolite in azimuth.

The analysis of observability at the set structure of matrices of a condition and measurements is carried out. To reduce
the estimation error that occurs due to the presence of uncontrolled vibration, the state identifier uses both proportional
and integrated feedback channels. The coefficients of an observer with an astatic component in the equation of state are
determined under the assumption that the evaluation process should be aperiodic.

Simulation of the work of the astatic identifier on the basis of the developed software model is carried out. The coefficients
of the software model are selected on the basis of constructive solutions used at the present stage of development of sys-
tems for determining azimuthal directions based on gyrotheodolites. The coefficients of the observer for the given parame-
ters of the device are calculated.

The simulation results showed that the application of the proposed method can significantly reduce the impact of the
constant component of external vibration. The error of estimating the angular coordinates and velocities used in the con-
trol system of the position of the sensing element, the astatic status identifier goes to zero, while the static system has a
constant component of the error.

In further research it is planned to build a generalized system, which includes control of the motion of the sensing ele-
ment both in the azimuth and in the non-gyrostabilized plane.

Keywords: gyrotheodolite; astatic state identifier; control system.
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