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OLEHKA MAKCUMAJIbHOIO LLATA
ANCKPETU3ALMU C NOMOLLBLIO AHAJIOTA
KPYrOBOIO KPUTEPUA ABCOJTFOTHON
YCTOUYUBOCTU ANA CUCTEM C NEPEMEHHbIM
3ANA30bIBAHUEM'

Bpeinuesa T. A2, (Canxm-ITemepbypeckuii 2ocyoapcmeentuiii
yrusepcumem, Canxkm-Ilemepoype)

Haxoosimes  oyenku maxcumanvhoco waza Ouckpemuzayuu 0ns
HeNnpepulHbIX HeTUHEUHbIX cucmem ¢ OUCKDEeMHbIM YHPAGIeHUeM Ha
OCHOBe Kpy206020 Kpumepusi 05 cucmem ¢ 3anazovieanuem. Ilpu-
8003MCsL NPUMepbL, ULTICMpUpyouue 3PHekmueHocms oyeHKu 0is
JUHEUHO20 U HEUHEUH020 CYYasL.

KiroueBrle ciioBa: OIICHKA IIara JUCKpeTUu3aunuu, CUCTEMEI C 3ariasabl-
BaHUEM, CUHXPOHHM3aIUuA HEJIUHEHHBIX CUCTEM, MOOHJIbHBIE pO6OTBI.

BeedeHue

B nanHoit pabore paccmarpuBaeTcss METOJ OLIEHKH MaKCHMallb-
HOTO I1ara JUCKPETU3alUU JIJIsl HETPEPBIBHBIX CUCTEM C JIUCKPETHBIM
yrpapieHueM. [1ooOHbIe 3ajauy BCTPEYAIOTCS JIOCTATOYHO YaCTO,
TaK Kak OOBEKTHI B OKPYXKAIOIIEH Cpe/ie M3MEHSIOT CBOWM CBOWCTBA
HCIIPCPBIBHO, a YIIPABJICHNUEC, OCHOBAHHOC Ha KOMITBIOTCPHBIX TCXHO-
JIOTHSIX, TIOAAETCSl Yepe3 HEKOTOphle MPOMEXYTKH BpeMeHu. OrieH-
Ka CTPOUTCS C MOMOIIBIO METO/A, MPEIOKEHHOTO B padore [2], Ko-
TOPBI OCHOBBIBAaETCS Ha MOCTPOCHHH aHAJIOTA KPYTOBOTO KPHUTEPHS

! Hayunvii pyxosooumens.: ®padkos A. JI., npogeccop xagedpw: meope-
muueckol KubepHemuxku mamemamuxo-wexanuieckoeo gaxynomema CII16-
ry

2 Tamovsana Anexcanopogua bpuinyesa, cmyoenm
(tatiana.bryntseva@gmail.com).
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a0COIIOTHON YCTOMUMBOCTH Ul CHCTEM C IEPEMEHHBIM 3alla3blBa-
HueM. B crartbe [2] paccmarpuBaroTcs JTUHEWHBIE CHUCTEMBI C HEJH-
HEHHBIM YIpaBJIEHHEM, UMEIOLIUM 3ama3/ipiBaHue. B naHHO# pabote
KJIacC CHUCTEM pacUIMpeH 10 HeJIMHEHHBIX. J(PQPEeKTUBHOCTh METOA
MIPOMIITIOCTPUPOBAHA Ha MPUMEPE CHHXPOHM3ALWHU ABIDKEHHS TPYII-
bl MOOMJIBHBIX POOOTOB, CliepBa Ul JIMHEAPH30BAaHHOW CHCTEMBI, a
3aTeM U JUIST UCXOQHOM.

1. CuHxpoHu3ayusi d8yx MobusibHbIX po6omos.
JluHeapu3oeaHHasi Moderlb.

PaccmoTpuM 3amady CHHXPOHHW3AIUH JBIDKEHHUS TBYX MOOWIIbB-
HBIX poO0TOB. CunTas, 4To poOOT ABMKETCS IPH MAJIBIX CKOPOCTAX,
MBI MOYKEM OTPAaHWYIHUTHCS KHHEMATHIECKOW MOJIEIBIO TENEXKEK, BEIy-
el u BeroMoi. OHa OyIeT BHIIVISIETH CIEAYIOMUM 00pa3oM:

z1=wvcos(p1) y1=vcos(y 9
(1 T2 =wvsin(p;) Y2 =wvsin(p:)

wi1= W w2=T.
I1e r — yIpaBleHHe, w — (UKCHPOBAaHHAs yIJIOBasi CKOPOCThb, U —
¢uxkcupoBaHHas JHHEIHas ckopocTh. [locne mpexacrtasnenus (1) B
BUJIE CUCTEMbl OTHOCHUTEJIBHO OIIUOOK € = X3 — Y2, € = Y1 — P2
Y OCTpoeHus yrpasieHus (cum. [3]), momydaem

2 X(t) = AX(t) + bu(t, X (t — 7(t))) + dn(t,e),
u(t, X(t — 7)) = KX (t — 7(t)),

mex =[] a= [y ifo=[].a=[]

K = ['yK Kv— fy], K, v - BemecTBeHHBIe KOHCTaHTH, K < 0,
v >0, n(t) = 2cos(L5E2)sin() — ¢, 7(t) — QyHkums, Taas, 4T0
tp=t—7(t),nu19 < 7(t) <T,tne T, 7y — HEKOTOPBIE MMOIOKUTEITb-
HBIe IOCTOsIHHBIE uncna. [lonoknm 0 = ¢*X(t — (1)), ¢ = K,
TOT/a MOCIe IMHEAPU3aluu cucTema (2) mpuoOpeTaeT BUIL:

3) X(t) = AX(t) + bp(t,o(t — 7(t))),
o(t,ot—71(t))) = 0.
VenoBue BUa CEKTOpa U 8 [ <
PaccMmoTpuM Teopemy u3 paboThI [2]:

»(to)

<:U’27H1:,u2:1-
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Teopema 1. Hmeemca cucmema asmomamuuecko2o ynpasieHus
2(t) = Ax(t) + bp(t, o (t — 7(1))),

“) o
oc=cuz,

e0e A —nocmosannas n X n mampuya, b, ¢ — nocmosHHwvie n-
gekmopol, T — n-eekmop cocmosnus, p(t,o) — HenpepvieHas Helu-
HelHas QYHKYUA, Maxas, 4Ymo GulNOAHAIOMCS HePAGEHCMEA

pto) _

NS
o

N

IIycmo cywecmeyem uucno jig, p11 < fo < flo, Makoe, 4mo Mampuya
A+pobe* eypeuyesa. Obosnauum vepes W (p) = c*(A—pl,)~1b - ne-
Peoamounyio QyHKYuIo, ONUCHIBAIOWYIO TUHEIHYIO YACMb CUCIEMDb,
a 3a A(p) — xapakmepucmuueckutli MHO204LEH MamMpuybl KoIpdu-
yusnmos A. Ilycmob cywecmeyem nonojcumenvHoe Yucio o, makoe,
wmo dagupiz < 1 u dymegus 7(w) = 1+ (1 + o) Re(W(jw)) +
il (WG — sz — )2/ (1 — da) — T2w2/da,, 20e w € R
§ = v/—1, yooenemsopsiem nepasencmeam :

(5) Jim 7(w) >0,
(6) IAGjw)*m(w) >0  Vw >0,

(6 moukax w, o komopwix |A(jw)| = 0, nepasencmeo (6) nonuma-
emcs Kaxk npeoenvroe).

Tozoa cywecmeyiom nonoxcumenviwvle nocmosnnvle yucia Cq, Co, €,
KOMopble 3a8UCAN MOIbKO 0M KOIDGuUYuUImMos TuHeluHol yacmu cu-
cmembl u uucen iy, p2, T, makue, umo 0as 06020 pewenus x(t)
cucmemvl (4) ¢ HenpepwleHOU HauanbHOU QynKyuei To(t), onpede-
nennou npu —1g < t < 0, cnpasednusa oyenka

[z(@) ]| < (Cillzo(0)] + Co max |c"xo(t)]) exp(—et)
—10<t<0

ons ecex t > 0.

(Cmpozas MOHOMOHHOCMb t—T U HENPEPLIBHOCHIL T HEOOA3AMENbHYL,
00CMaAmMOUHO MOHOMOHHOCMU U HENPEPLIGHOCIU HA NPOMENCYMKAX
t — 7(t) coomeemcmeenno)
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[epenarounas GpyHKIMS JIUHEHHON YacTH CUCTEMBI (2):

™)
wor-curic o e[ 3] ]
o s ]

XapaKTepUCTHYECKHA MTOJTMHOM MaTPHLBI KO3()(PUIHUEHTOB:

p —ol

Alp) = det(pl = A) = p 1 =P

Onpenenum ¢yHKIH0O 7(w) A1 cucteMsl (3), mocie MpUBEACHUS
MOIOOHBIX OHA MPUMET BU/T;

(®)
K2 1 TvyK)? Kv—~7)2T?
m(w) = (UZJ4) —|—LL)2(21)7K—(ZYO[)—|-(KU—7)2)+1—(UJ.

[onmoxwum K u v paBHBIMH -5 1 0.6 COOTBETCTBEHHO, a (v BEIOEpPEM
cKoub yroaHo Omuskoe k 1/4. Iposepum BeimonHeHue (5):

Kv —~)2T?
lim 71'((,0):1—%>

wW—00 4o

0,

HepaBenctBo Bemomusiercs mpu 0 < T° < 0.909. Ycnosue (6)
TaK)Ke BEPHO MpU mapameTpe 7', NMpUHAIJISKANIEM YKa3aHHOMY
BbIllle UHTEpBany. [IpuOaM3UTEIbHAS OLIEHKA Iara JUCKPETH3aIUH,
MOJTyYeHHAs TIPH MOJICTIMPOBAHNH paBHa 1.8.

2. Cny4ai HenuHeliHOU cucmeMsl

UToOB! OIEHUTH TIAT JUCKPETH3AINH JJIST UCXOAHOU CHUCTEMBI,
paccMOTPUM aHAJIOT KPYTOBOTO KPHUTEPHS JJIsi CUCTEM, HMEIOIINX
HEJIMHENHOCTD:

i(t) = Az(t) + b [mt, o1t —7(t)))

pa(t, o2(t)) ’
o=en=[7],
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1
e(t)
0.5t (1) i
0 b
0 10 20 25

Puc. 1. Owubku e u € npu waze ouckpemuzayuu h = 0.909,
JUHEUHbIU Cyuall

e(t) .

—o(t)

1

|
| [T —

|
-1

- L I
20 200 400 600

Puc. 2. Owubku e u £ npu wazce ouckpemuzayuu h = 1.8, aunetinoiii
cayuati
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15

e(t)
—of(t)

I

[IHllHIHH}H‘H'J‘“
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Puc. 3. Owubku e u € npu waze ouckpemuzayuu h = 1.81,
JIUHEHbLU Cyyau

rae A —TIOCTOSHHAS N X N MAaTPHIE, b, ¢ — n X 2 MaTpullsl, T — n-
BEKTOp coCTostHUS, 1 (L, 01), p2(t, 02) — HEPEPBIBHBIC HEJNHEHHbIC
(byHKIMH, TaKue, 9TO BBIMOJHIIOTCS HEPABCHCTBA
P2 (tv 02)

02
U3 Teopemsbl | BBITEKACT CICAYIOIICE YTBEPKICHHE:

1(t, 01
(10) M1 < (p(al) < p2, M < M2

Teopema 2. Paccmompum cucmemy (9) Ilycms cywecmsyrom
makue uucna fio, 1My maxue, umo (pa — fio)(po — p1) = 0, (2 —

Ho
0

cyujecmayem noIoNCUMenIbHoe YUcio o, maxoe, ymo dopips < 1, u
dynxyus
(11)

N (s
_ a( [“1 e . 2 m} 49 [“10“2 mOnJ W(jw)) s

([are Ll e O T ) -ewtw Gy w )

no)(mo — n1) = 0 u mampuya A + [ 770] bc* eypsuyesa. Ilycmo
0
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Y0o8nemeopsaem HepageHcmeam

(12) wh_)rgow(w) >0,
(13) IAGjw)*7(w) >0  Vw >0,

(6 moukax w, ona komopwix |A(jw)| = 0, nepasencmeo (6) nonuma-
emcs Kak npeoenvroe).

Tozoa cywecmeyrom nonoscumensivie nocmosunvle yucia C1,Co, g,
KOMopble 3a8UCAI MOIbKO 0M KOIDGuyusImos unelHol yacmu cu-
cmembl u uucen pui, pg, T, maxue, umo ona 06020 pewenus x(t)
cucmemvl (4) ¢ Henpepwvlenoli Hauarbhou gynkyuei xo(t), onpede-
aennoil npu —7y < t < 0, cnpaseonusa oyenka

lz@) < (Cillzo(0)] + C2 _max |c*zo(t)]) exp(—et)
_TU\tSO
ons ecex t > 0.

3. CuHxpoHu3ayusi d8yx MobunbHbIx pobomos.
HenunHeliHasi Moderib.

OneHuM mar JUCKpeTH3aliK IJIsl CUCTEMBI (2) ¢ mapaMeTpamu
K = —5,7 = 0.6 ¢ moMOomIpI0 NOIYYEHHBIX pe3yisraroB. IIpencra-
BHM (2) B CJICAYIOIIEM B BHJIE:

(14 X =AX+b [Jl(t - T(t)))] o= [01} — X,

n(o2) 02
0 0.1 001 , [-3 —11
rI[eA—[O 0],()—[1 0},0—{0 1:|.]1JI$[HGJH/I-

HEHHOCTH 7) BBIMIOJTHSIETCS HEPaBEHCTBO —2 < 7)/09 < 0, BHIYMCIUM
nepeaaToyHyo (QyHKIIMIO JIMHEHHON YacTu:

15) W(p) = (A — p)"lb = [0,3/p2+1.1/p 0.3/p]

—1/p 0
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—0.3/w? — 1.1j/w —0.3j/w

Torma W (jw) = [ i Jw 0

] . IlTocTtpoum ¢yHk-
muro (11):

(16) ﬂ(w):ReK[é _02} W(jw)+1>*<1+[(1) 8} W(jw)>_

2 0 10 N\ (2 0 10 ,
oo Slelo sfwoa) (52l o wee)-
1
— 0w (W (jw))* (W (3 :
WG OV ()| =

[Tocrie mpuBeeHus! TTOAOOHBIX U BHIOOPA (v CKOIIb YTOIHO OIHM3KHM K
1/4 dyusxims 7(w) npumeT BU:
(17 7(w) =

~ [0.09/w* + (0.61 — 0.097?)/w? + 1 —2.21T%  0.33/w? — 0.3372
N 0.33/w? — 0.3377 0.09/w? + 1 — 0.097>

[IpoBepumM ycioBue (12):

[1 —2.21T%  —0.3377
—0.337% 1 —0.097">

Csl, €CIIM BCe MUHOPBI IJAHHOW MATPHIIbI MTOJIOKUTEIBHBI, TO €CTh

(18)

1-221T% >0 u (1-2217%)(1—0.097%) —0.10897" > 0

T < 0.67267 1—2.37T%40.097* > 0

T < 0.6651.

Taxkum 00Opaszom, ycmosue (12) Bepro mpu 0 < T' < 0.6651. Ilpose-
pum BeinonHenue (13) npu 7' U3 HaMAEHHOTO MPOMEXKYTKA:
(19) |A(jw)[r(w) =

~ [0.09 + (0.61 — 0.09T%)w? + (1 — 2.21T?)w* 0.33w? — 0.3372w*
N 0.33w? — 0.337%w* 0.09w? + (1 — 0.097%)w?|
YciioBuE MOJIOKUATENBHOCTU IEPBOTO MUHOPA!
(20)  0.09 + (0.61 — 0.097?)w? + (1 — 2.21T7%)w* > 0.
Tak xak 0.61 — 0.097% >0u 1 —2.217? > 0npu 0 < T < 0.6651,
To U (20) Oymer MONOXKHUTENFHO HAa JAHHOM NpPOMEXyTke. Paccmot-

limy 0o T(w) = > (0. OHO BBINOJIHAET-
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PUM HEPaBEHCTBO I BTOPOr0 MHMHOpA, MOCIE MPUBEIACHUS MOm00-
HBIX OHO IPUMET BUJ:

21
WB(1 = 2.372 +0.097) + w®(0.7 — 0.620172 4 0.00817*)+

+ w(0.036 — 0.016272) + 0.0081w? > 0.
Bce koadduimeHTs oaMHOMa W3 HepaBeHCTBA (21) MOI0KUTEITEHEI
npu
0 < T < 0.6651, (21) BepHO Ha JaHHOM MPOMEKYTKE.
Crnenyert, ouieHka Ha mar guckperuzamuu: 1' < 0.6651. IIpu monenu-

pOBaHWH OBUT MOJTYYEeH BepXHUil mpenen 1, mpuOITU3NTeTFHO PaBHBII
1.81.

e(t)

o(t)

20

Puc. 4. Owubku e u € npu waze ouckpemuszayuu h = 0.6651

4. 3aknroyeHue

B nmannO# paboTe ObLT MCCIIeOBAaH METOJ OLEHKH IIara TUCKpe-
TH3ALHHU JUIs HEIPEPBIBHBIX JTMHEWHBIX CUCTEM C JIMCKPETHBIM YIIPaB-
JICHHEM Ha OCHOBE aHAJIOTa KPYTOBOTO KPUTEPHS, OIYyUEH MOTO00HBIN
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1
B e(t)
o(t)
% 400 800

Puc. 5. Owubku e u € npu waze ouckpemuzayuu h = 1.81

) e(t)
A ) (A
} l

Puc. 6. Owubku e u € npu waee ouckpemusayuu h = 1.82

XI BCEPOCCUMCKAS IKOJIA-KOH®EPEHLIUA MOJIOJIbIX YUEHBIX
“YIIPABJIEHME BOJIbBIIUMU CUCTEMAMMW”



91

Ul HEeTMHEWHBIX cucteM. DddeKkTuBHOCTH crnocoba Oblaa mpo-
WLTIOCTPUPOBAHA Ha MPHMEPE CHHXPOHN3AUN MOOMIBFHBIX pOOOTOB.
Jns mMHeapu30BaHHON CHCTEMBl TOYHOCTh OLIEHKH MPUOIHM3HUTENb-
HO cocrtasiseT 50%, 11 HeMMHEHHOM MoJen - 0KoJIo 37%.
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ESTIMATES OF MAXIMUM SAMPLING INTERVAL
WITH CIRCLE CRITERION FOR DELAYED SYSTEMS
WITH TIME-VARYING DELAY

Tatina Bryntseva, Saint-Petersburg State University,
Saint-Petersburg, student (tatiana.bryntseva@gmail.com).

Abstract: Obtains estimates of maximum sampling interval for
nonlinear discrete-continious systems using circle criterion for
delayed systems. Provides the examples, that shows efficiency of
method for linear and nonlinear cases.

Keywords: estimate of sampling interval, delayed systems,
synchronization of nonlinear systems, mobile robots.
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