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CTPYKTYPHASA U HAPAMETPUYECKAS NWIEHTUOPUKALIUSA
CJOXKHBIX OPTATUYECKUX CUCTEM
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IpuBomsiTCS aKTyanbHbIE UL HIMHTALOHHOTO MOJEIUPOBAHMS U CO3JAHHS TPEHAXKEPOB METOIBI CTPYKTYp-
HOI M MapaMeTpHYeCcKoil MACHTU(UKALMN YEIOBEKO-MAIIHHHBIX CHCTEM. [IpearnonaraeTcst BOSMOKHOCTD JICKOM-
MO3MIUK CHUCTEMBI Ha OT/IC/IbHBIC KaHAJIBI YIPAaBICHHS. YKa3bIBAIOTCS HEOOXOAMMBIC JUIS MICHTH(HMKALMH CHH-
XPOHHBIE H3MEPEHUsS TapaMeTPOB CHCTEMEI B IPOIECCEe HOPMAIBHOTO (PYyHKIHOHUpOBaHHS. OCHOBHOE BHIMAaHHE
YACTACTCS CIIydalo, KOT/ia ONepaTop sBIsIeTCs OC3HHEPLMOHHBIM 3BCHOM; @ CHCTEMa SIBIISICTCS CTAlIOHAPHOMN U Ha-
XOJIUTCS B PEKNUME HENIPEPHIBHOTO (DYHKIHOHUPOBAaHUS. ONPENEISIOTCS yCIOBUS HE3aBUCUMOCTH Psijia MepeaToy-
HBIX (DYHKIMH CHCTEMBI OT BHYTPEHHHX ITOMEX. YKa3bIBAIOTCSI METOIBI IIPOBEPKH HAIUUHS HESIBHOM «I1apa3uTHOI»
00paTHOH CBSA3M (KaK MOJOKUTEIBHOM, TaK M OTpULIATEIbHON). JaeTcs mpouenypa AMarHoCTUKU (pyHKIIMOHUPOBA-
HHUSI CHCTEMBbI, KOTOPasi CBOAUTCS K BBIYMCICHHIO KOPPEIAIMOHHBIX (DYHKIHIT 1 ONPEIENICHUIO HATUYUSA 00paTHON
cBs3u. [IpHBOIUTCS AITOPUTM OIIpEe/ieNIeH s IIePeJaTOIHOH QYHKIIMN 00beKTa, IPOIIESAIINH IPAKTHIECKYIO arpo-
Oaruio npy pa3padoTKe TPEHAKEPOB TPAHCIIOPTHBIX CUCTEM.
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STRUCTURAL AND PARAMETRIC IDENTIFICATION
COMPLEX ERGATIC SYSTEMS

'Budylina E.A., *Garkina I.A., 2Danilov A.M., 2Dulatov R.L.

’Penza state university of architecture and construction, Penza, e-mail: fmatem@pguas.ru

Are given the methods of structural and parametric identification of human-machine systems (are relevant for
the simulation and creation of simulators). Possibility of decomposition is assumed to separate control channels.
Defined need for the identification of simultaneous measurement of parameters of the system during normal
operation. The main attention is paid to the case when the operator is without inertia link; the system is stationary
and is in continuous operation. Determined the conditions of independence of a number of transfer functions of the
system of internal interference. Are provided methods for testing the presence of implicit (parasitic) feedback (both
positive and negative). Is given procedure of the diagnostic of system (reduces to the calculation of correlation
functions and determining the presence of feedback). Is given an algorithm for determining the transfer function of
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the object (was practically tested in the development of simulators transport systems).
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PaccMOTpuM OIMH W3 KaHAJIOB YITpaBie-
HHS 00BEKTOM 3praTHIeCcKOi CUCTEMBI [2...5].
[peamonoxuM, 4to onepaTop sBisiercs Oe3u-
HEPUUOHHBIM 3BE€HOM, (DOPMHPYIOIINM CUTHA
x(¢) ommOKku cucteMbl. Torma mpu THUIOTE3e
HE3aBUCHMOCTH KaHAJOB JIJIsl KaXJI0r0 KaHa-
Jla YIPaBICHUSI CUCTEMY MOXHO MPEJCTaBUTh
B BHJIE, H300paKeHHOM Ha puc. 1.

IIpuBenemM BHYTPEHHIOIO IOMEXY K BBIXO-
ny. Torga cTpyKTYpHYIO CXeMy MOXKHO TIpe-
CTaBHUTh B BUJE, U300paKEHHOM Ha puc. 2.

Ecnu BHYTpeHHHE ITOMEXH HE 3aBHCST
OT BHENIHUX BO3MYIICHUH, TO HMITYJIbCHAsI
nepexoHas QYHKIUS PasOMKHYTOH CHCTEMBI
H(t, £) onpenenuTcs pelieHneM UHTETpaIbHO-
IO ypaBHEHHUSL:

F(0t)= [ H (0, 2)R, (1,€)d%;

Ry (t,,4,)=0;
R, (t,.1,)=0;

R, (t,,t,)— R, (t,,t,)=F (t,,1,).

OnpenenuB pemieHUeM HMHTErPaIbHOTO
YpaBHEHUS

R, (4,t:)= [, (4 DR (1,8)dE

UMITYJIbCHYIO TIE€PEAaTOuHYI0 (QYHKIHIO LETH
00paTHOH CBs3U O (, £) ¥ pEIIMB ypaBHEHUE

H(1)= o, (1o, (1.5)dn
13

OTHOCHTENBHO (%, §), MOKHO OTIPENEIUTD UM-
NYILCHYIO NEPedamoymyio QyHKyuio obvexma.
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Puc. 1. Oonokananvnas cucmema:

I(t) — 8x00HO€ 603MYUEHUE (UNU NPOSPAMMA), X(t) — CUSHAT OWUOKU CUCmEeMbl
(ucnorHumenvHolil cueHan), z(t) — cuenan oopamuou cesnsu; n(t) — nomexa, w(t, ) — umnyrocHas
nepexoonas gynkyusa cucmemvl; @ (t, &) — UMRYIbCHAS NepexooHas gyurkyus obvexma,

o (1, &) — uMnyIbCHAS NepexooHas (j)yHKL;uﬂ obpamnoti ceasu, o (1, &) — umMnynbCHAs nepexooHast
@yHryus vacmu 0b6vexma, 20e oeticmauem nomexu MoowcHo npenebpeus

N(O) =, (£l )ag
(1)

w(t.£)
w(t,§)
Puc. 2. I[Ipusedenue nomexu K 6u1xody
B wactHOM cityuae cranmoHapHOH cucre- 3nech
MBI, HaXOJSIIEHCS B PEKUME HEHMPEphIBHOTO r o
(yHKLIIMOHUPOBAHUS, HA BXOJ KOTOPOH MOCTY- S (jo)= J. (sz (t)-R (1 ))e ot

naeT CTalqMOHAapHOC BO3MYIIAKOLICC BO3/CH-
CTBHC, 6yz[eM UMCTb

] 5, (jo)= [ R, (6)e s
F(v)=[H @R, (t-E)dE, =

W, (jo)=W, (jo)7. (jo);

rie W, (jo)= Ve (Jo)
F(T):Rlx (T)_Rz (I); T=14, 1. ol _Wc(j(»'))
Wnu B yacToTHO# obacTy B ciryuae HeoOX0IMMOCTH HMITYITbCHAS TIe-
) — ; ; penarouHasi GyHKIHMs CUCTEMbI ®(Z, &) MOXKET
Sy (jo)=W, (jo)S, (jo), OBITH OMpe/eeHa PEHICHHEM HHTErPaTbHOTO
OTKyza ypaBHEHHs
S (o) _
WH (j(!)):m Rly (tlﬂtz)_z').m(IZ’E.!)Rl (l‘l,&)d&,
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WU PELIEHHEM HHTErPaJIbHOIO YPABHEHUS
Bosnsrepa BTOporo poja:

(1) =0, (LE)+ [ H (1Mo ()N
3

OTMeTHM, 4TO
W (jo)

W, (jo)= 1+, (jo)W (jo)

3aMeTHM, 4TO TepeaarovuHas GyHKIUS CH-
CTEMBI 110 OTHOIICHHIO K TIoMexe 7(f) paBHa

w=_"s
1+ WW

Jns crauroHapHOM CHUCTEMbl ypaBHEHUE
UMEET BUJI

R, ()= [0(®)R, (--E)dE.

Nmeer MecTo aHanmoruyHas (Gopmyna s
e 0OpaTHON CBS3H:

R, ()= [0, (R, (1-E)d%

B uvacrorHO# oOnacTy:
S, (jo)=W (jo)S, (jo);

S, (Jo)=W, (jo)S, (jo);

S, (jo). LS, (o)
5.G0) MU= oy

Kak BumuM, 3HaHUS JEHCTBYIOMINX HA CH-
CTeMy BHYTPEHHHX TMoMeX 7(f) 1Jisi ompenerie-
nus W(jw), W (jo), W (jo) He noTpeboBanoch;
¢ yuetom [(t) = x(t) — z(t) BHJIAM, 9TO JUTSI MX
ompeneneHus He Tpedyercs u 3Hanus /(7). Jlo-
CTaTOYHO UMETh PETUCTPAIIHIO CHT'HATIA OIIHO-
K1 x(f), curHaia oOpaTHOM CBSI3U z(f), BHIXOM-
HoOTrO curHana y(f).

B cootBercTBUHM CO CTPYKTYpHOU cXeMOi
Ha puc. 1

y(t)= jcoo (.8)x(E)dE+ N (2).

OTtkyna
R, (t1,)= [0, (1. 0)R, (,6)dE+ Ry, (4.1,).
0

B CJIydac CTaL[HOHapHOﬁ CUCTEMBI C BXO/-
HbIM CTAHMOHAPHBIM CUTI'HAJIOM OTCrOAa CIICAYCT

R, (1)= [0, ()R, (1-E)dE+ R, (1)

9TO JaeT BO3MO)KHOCTb INPOBEPKU THUIOTE3bI
0 HAJIMYUH HESBHOU «Iapa3uTHOW» 0OpaTHOM
CBSI3U MEX]ly BXOJHBIM U BBIXOJHBIM CHUTHaJIA-
MU PA3ZOMKHYMOU CUCHIEMDBI.

W(jo)=

B camom nene, 3Ta opmyna 1nokasblBaeT,
YTO TIPU HaIMYUU OOpPATHOW CBSI3M BXOJHOH
cur"an x(f) KOppelIupoBaH KaK C BBIXOTHBIM
CUrHaJIOM 00beKTa Y(f), Tak U C IPUBEICHHOM
nomexoid. Ilpu stom R, (T) 3aBHCHT OT BenH-
YHMHBI 9TOH CBA3N, a 3HAK — OT 3HaKa oOpaTHOM
CBSI3U CUCTEMBI.

Jis mpoBepkHM THUIOTE3bl O HAJIMYMM He-
SIBHOH OOpaTHOW CBSI3U JJOCTATOYHO CPABHHTh
Gynkimm R (1), R (1:) nput < 0. Eciu B cucreme
CyILECTBYeT OTPHIIATEIbHAS 0OPATHAS CBSI3b, TO
Oynet HaOIIomaThbCs CIa OpAMHAT JICBOM BETBU
B3aMMHOU KOPPEJAIMOHHOM QyHKIMK R _(T) 110
CPaBHEHHIO C OpAMHATAMU R (1) n1st Tex “3Hade-
Huit T, t1e R, (1) # 0 (1= 0), u Tem pe3ude, yeM
60J1Lme R, (t) [Ipy HaTMYUU MONOKUTEIBLHOU
06paTHOI/I CBSI3 BMECTO CIajia B 9TOH 001acTi
Oyzer MMeTb MECTO BO3pacTaHHWE B3aUMHOM
KOPPEJIMOHHON GyHKIMK R (T)

Taknum 0Gpa3oM, TPH HEH3BECTHOM CTPYK-
Type CHCTEMBI Mpoleaypa AUATHOCTUKHU €e
(YHKIMOHUPOBAHUS CBOIUTCS K:

— BBIYMCIICHUIO KOPPEJIIUOHHBIX (YHK-
umii R (1), R, (r)

— TIpOBEpKE MCCIIETYeMOi CHCTEMbI Ha OT-
CyTCTBUE (HaJuuue) oOpaTHOil CBA3M;

— OLIEHKE BHYTPEHHHUX ITOMEX;

— OLICHKE BBIYMCIICHHBIX XapAKTEPUCTHK.

[Ipu 3TOM anropuT™M HAXOXKIEHHUS YaCTOT-
HOH XapaKTEpUCTHKH OOBbEKTa IO JaHHbIM
HOPMAaJIBHOM SKCIUTyaTaIllul ONpeesseTcs mo-
CJIEJIOBATEIILHOCTBIO (hOpMYIT:

1(t)= x(1)— z(2);
F(t)=R, (1)=& (v);

"5 oy %0975 Gy
7, (o) =2 L2 82‘3 -

[Ipu oTpuumaTenbHON enMHUYHON 0O0pat-
HOM CBSI3H MOIYyYUM

2(1)=-y(0);
H(B)=x()+ v (0);
F(1)=R, (1)-R (v);

(J ) Sk (jo)
W, (jo)= =, (jo)=—"T2—.
®opmynbl 11 onpesienienus W (jo) cnpa-

BEJIMBBI KaK TMpPH HAJIWYUH, TaK U TPU OT-
CYTCTBUM BHYTPEHHUX TIOMeX (Harpumep,
aTMOC(epHBIX — TPU MPOCKTHUPOBAHUU aBHa-
IIHOHHBIX TPEHAXKEPOB).

MeToauKH POIIUTH aripoOaITHIo TIPH paspa-
00TKE TPEHAKHBIX U O0yYarOIIMX KOMILIEKCOB
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JUIS. TIOJITOTOBKH OITEPATOPOB TPAHCIOPTHBIX
cuctem [1, 6, 7].
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