JIABOPATOPHAA PABOTA 5

AHaJIUTHYECKOE KOHCTPYMPOBaHUE ONITUMANBHOIO peryJastopa (AKOP)
no pynkuuonasy 00006menHoin padorsl A.A. Kpacosckoro

1. Hean padoTsl. M3yueHne MeToAa CUHTE3a U CBOMCTB ONTUMAJIBHBIX CUCTEM
yOopaBiaeHuss 1Mo (QyHKIHOHaTy o000menHor pabotrel (POP); nporpammHoe
(UMCTIEHHOE) M AaHAIMTUYECKOE ompeneseHue Kod(Q@PUIMEHTOB ONTHUMAIbHOIO
peryisitTopa.

2. KpaTkne TeopeTu4eckue cBeleHUsA

2.1. ®ynkuuoHaa 00001meHHoi padoTnl A.A. KpacoBckoro

TpynHoctu pemenus HenuHerdHou 3amaun AKOP B mocrtaHoBke Jlerosa-
Kanmana BbBBaM co3zmanue A.A. KpacoBckuM HOBOro MeToja CHHTE3A
ONTUMAJIbHBIX CHCTEM — AHAJIUTHUYECKOIO KOHCTPYUPOBAHUS ONTHUMAJIbHBIX
PETYISATOPOB IO TaK Ha3bIBAEMOMY KpUTEpHIO (HyHKIIMOHATY) 0000IICHHOM pabOTHI.
PaccmoTpum  nmaHHBIA  (YHKIIMOHAT NPUMEHHUTEIBHO K OOBEKTaM YIIpaBJICHHUS,
OMHCHIBAEMBIX BEKTOPHBIM (PP EpeHITNATBHBIM YpaBHEHUEM

X (1) =F(X)+B(X)-U(), (1)
rae X(t) — n-MepHbI BEKTOp COCTOSIHUSI 00bekTa, U(t) — m-MEepHbId BEKTOp €ro
yhnpaBistomux Bo3aencTBuid. J{ns oOobekra ynpasnenus (1) kputepuid 060011€HHOM
paboThl MOKHO 3aIUCcaTh TaK

1 oS .t

J= T(XT(t)QX(t)+UT(t)RU(t) —(—) BR‘lBT oS

)dt 2)

rae R, 0 — cuMMeTpUYHBIC BEIIECTBEHHBIC MOJIOKUTEIHHO-ONPEACICHHBIC MATPHUIIBI
BECOBBIX KOA(PDHUIIMEHTOB KPUTEPHS.
DTOT KpUTEpUI KauecTBa HAa3bIBACTCS MOIYONPEICIICHHBIM B CBSI3U C TEM, UTO

OH OTIN4YacTCA OT KBaApaTHUYIHOI'O0 KpUTCpUA JletoBa—Kanmana HaauuueMm
JOITIOJIHUTCIBHOI'O CJ1aracMoro

1 0S
- j (—) BR™ —dt, (3)
0X
3aBUCSIIAM OT HEU3BECTHOU (byHKuI/II/I bennmana S(X) (ona ompexpensiercss B
JajgbHENIleM B IIPOIIECCE CUHTE3a ONTUMAIBLHOTO PETYJIATOPa).

CoOTBETCTBEHHO 3ajaya onTuMaipHOro ympasieHus A.A. KpacoBckum
dbopmynupyercs ciemyomuM odpazoM: TpeOyeTcst HallTH ynpaBieHne 00bexTom (1)
B (hopme oOpaTHOI CcBSI3H

UX)=U(x,,%y,....,X,)
NEPEBOJAIIEE €r0 M3 HAYAIBHOIO COCTOSHUS X (f, =0) =X, B KOHEYHOE HYJIEBOE
coctosHue X (f, =c0) =0 ¢ MMHMMAaJIbHBIM 3HAYCHUEM KBaJPAaTUYHOIO (PyHKIMOHAIA

2).



2.2. OcnoBHas Teopema Kpacosckoro A.A.

Hust  chopmynMpoBaHHOM  3a7aud  yNpPaBICHUS  ONTUMAIbHBIA  3aKOH
yIPaBIICHUS ONPEACIIAETCS CIEAYIONIEH TEOPEMOil.
Teopema: mnsa oObekTa ympaieHusi (1) onTHUMalbHBIMU B CMBICIE MHUHUMYyMa
(dbyHKIMoHama (2) SBJISIIOTCS YIIPABICHUS

| ot o 3S
UX)=——R B (X)-— 4
(0=- R7BT(0-22. @)
Trac S(X) — €CTh BBIHy}K,Z[CHHOC pCHICHI/IC ypaBHCHI/IH B YACTHBIX HpOI/IBBOHHBIX
oS(X
S BE) rx)=-X"0x (5)
o Ox,

1

Crporoe (ITMHHOE) I0KA3aTENbCTBO JIAHHON TEOPEMBI, IPUBOJIMMOE B paboTax
A.A. KpacoBckoro, moBTopsATh He OyaemM. OJHAKO OTMETHUM, YTO YyKa3aHHBIN
pe3yibTaT MOKHO TMOJY4YWTh, MOBTOPUB PACCYKJIEHUE TEOPETUYECKOW YacTH
npenpayien 1abopaTtopHoit paboThl, NpeBAPUTEIHLHO 0003HAUNB
1 0S 1..- oS
IgT 9>

Q(X) = X" (DQX (1) +— (—) BR X (6)
B sTOoM ciiydyae BMECTO ypaBHEHUS FaMI/IﬂLTOHo—HK06H—BeﬂﬂMaHa (I'SIb) nosyuaem
oS T 1 dS 1,157 OS T 1 TBS
—) F BR B + (X (H)QX(t) +— BR B 0.
(aX)()4( ) aX( (HQX(t) ( ) )
[Tocine cokpalienus ciaraéMbiX YpaBHEHUE IPUHUMAET BU/
aS
(o) FX) =X (0QX(®, (5%)

SKBUBAJIEHTHBI ypaBHEHHIO (5). /laHHOE ypaBHEHHE M3BECTHO B MAaTEMAaTHUKE KaK
ypaBHeHue JIsAmyHoBa. OTO pacCykA€HUE HE SIBISETCS MAaTEMAaTUUYECKU CTPOTUM, TaK
KaK 37ech mpenmnonaraercs, 9ro ¢GyHKuus Q(X) SBISETCS MOJHOCTHIO W3BECTHOU
(3amaHHOI), XOTs oOHa corjacHo (6) BbIpakaeTcs Yepe3 HCKOMYIO (YHKIUIO
bennmana. Ho oHo 00BsicHseT 1 moaTBepxkaaeT pe3yasTaT A.A. Kpacosckoro.

[TocnenHue BBIKIIAKH MOKa3bIBaOT, YTO KpacoBckuii A.A. cieriuanbHO BBEI B
KBaIpaTUYHbIA (PyHKIIMOHAJ ciaraeMoe (2), 4ToObl BMECTO CJIOKHOTO HEJIMHEHMHOIO
ypaBHenus ['SIb momyuuth Oojee mpocToe JIMHEHHOE ypaBHeHUE (5), pelieHue
KOTOPOrO ONpPEAENSIET ONTUMallbHOE YypaBHeHUE (4). OrTa NpUHIMIUAIBHAS
OCOOEHHOCTh METO/Ia HMMEET Ba)KHbIE€ IPAKTUYECKUE TMOCICACTBUS: €CIU  JUIs
00BEKTOB BBICOKOTO MOPSAJIKA BBIYHCIUTEIbHBIE TPYIHOCTH PEUICHUS HEJIUMHEHMHOIrO
ypaBHeHusa [fIb TpynHO npeomonvMmbl, TO U ONPEACICHUE PENICHUW JIMHEMHOTO
ypaBHEHHUsA (5) A TeX ke 0ObEKTOB HE BCTpeyaeT OONbIINX 3aTpyqHeHHH. [laHHast
rinaBHasg oco0eHHOCTh MeTtoAa A.A. KpacoBckoro ompenensier u ero mociaeayromme
CBONCTBA.

2.3. ®usznueckuii cMmbica kpurepusi A.A. Kpacosckoro

[Ilupokoe pacnpocTpaHeHue Ha mnpakTtuke wmerona A.A. KpacoBckoro
OTIPE/IEIISICTCS. HE TOJIBKO TEM, YTO OH CYHIECTBEHHO YMEHBIIAET 00HEM BBIUMCICHUN
B cpaBHeHMM c MeronoM JleroBa-Kanmana, HO M TeM, 4YTO HCHOJbB3YyEMbIN
(hyHKITMOHAJ KaueCcTBa UMeeT ITyOOKHil (PM3UYECKHUI CMBICII.



J1is BBISICHEHUS] PU3NYECKOTO CMbICia Kputepus (1) paccMOTpUM YacTHBIN €ro
cily4au, korja matpuina R aBisgeTcs nuaroHanbHOU

I/t 0 0 0

o /2 0 0
R=-10 0 /12 0 )

O |

o 0 0 .. 12

B »TOoM ciyyae B COOTBETCTBUM C (4) ONTHUMAlIbHOE YIPABIECHUE OIpPEACNICTCS
BBIPAKEHHEM

9S(X),

U (X)=-r Zka(X) j=1,2,...,m . (8)

k
CooTtBeTcTBEHHO KpuTepuii (1) 3anuiercs B BUIE

T 1&(U;] 18 X
sz{XT(t)QX(t)+EZ(—J +2Z[szkj 9S( )} { =
0

=T

€))

2
m( J.
XT(t)QX(t)+1Z(—J +— Z[ J"Pt] t,
250y I

O'—.8

rjie onTuManbHble ynpasineHus U, ONUCBIBAIOTCS ypaBHCHUSIMH (8).

OynkuuroHan (9) Ha3pIBaeTCsl KpUTEprueM 00001IeHHOM paboThl. ITO Ha3BaHUE
CBSI3aHO C TEM, YTO MOCJIEAHEE ciiaraeMoe B (9) MOXKHO 3amucarh Kak HHTErpall

EJU OptT ()RU ,, (t)dt, KoTOpBIi BeIpaXkaeT coboit sHepruto (00001IeHHY0 paboTy)
0
ONTUMAJIBHOTO ynpasienus U, (t).

2.4. Pemenue 3apaun AKOP A.A. KpacoBckoro
Tak kak U1 TUHEHHOrO0 00BbEKTA

X)) =AX({®)+BU @) (10)
¢byukiusa  bennmana-Jlsnynoa S(X) omnmceiBaeTcs B KBajapaTUYHOW  dopme

SX)=X"PX ¢ CUMMETPHUYHON MOJIOKUTEIIBHO ONpPEACIICHHOW Martpuuen P, 1o
KpuTepuii (2) ¢ yueToM ymnpasieHust (4) MOKHO MPEJICTaBUTh B popme

J= T{XT (t)[Q +PBR'B- P]X(t) +U"T (t)RU(t)}it, (11)
0

a ypaBHEHHIO (5%) MOCTaBUTh B COOTBETCTBUE MAaTPUYHOE ypaBHEHUE JIsmyHOBa

PA+A'P=-Q. (12)
3aMeTUM TaKxKe, 4To ypaBHeHUE (12) BbITEKaeT U3 MATPUYHOIO ypaBHEHUsI PukkaTy,
ecIi B Hero BMecTo Matpuipl Q noxcraputs Matpuiy Q+PBR'B'P.



Takum oOpazom, pemenne 3amaun AKOP nns o6bexta (10) mo kputeputo (11)
CBOJIUTCSL K PEILICHUIO JIMHEHHOr0 MaTpu4yHOro ypaBHeHus JlsnyHoBa (12) u
ONPENEIIAETCS CAEAYIOIIMMA TEOPEMAMH.

Teopema 1: ecnu marpunia A ycToiluMBa, TO AJis JHOOOM MMOJOXKUTEIBHO
ONpENEICHHOW  MaTpulbl (Q  CyIIECTBYET  E€IWHCTBEHHOE  IOJOXKHUTEIBHO
onpeaeneHHoe peueHue P, ypaBuenus (12).

Teopema 2: Ilycte marpuna A ucxogHou cuctembl (10) ycroiuuBa, P, -
IIOJIOKUTENIBHO ~ OmpefeneHHoe pemeHue ypaBHeHus (12). Torma ynpasnenwue,
muHumusupyromee ¢yakuuonan (11) ¢ marpumamu Q>0, R>0, Ha nBHXKEHUSIX
3aMKHYTOM CHCTEMBI, BO30YXICHHOW MPOU3BOJIBHBIMA HAYAIBHBIMUA YCIOBUSIMH
X(0)=X,, onpeneseTcss BIpaXKEeHUEM

U=-K,-X ; K,=R'B"-P_, (13)
.

IpUYEM 3aMKHYTas cucteMa X =[A — BR'BTP . ]- X acuMnToTHYeCKH yCTOWYMBA, 4

dyskmms S(X) =X P . - X sBigercs Juist Hee pyHKkuuel JIisnyHoBa.

W3 mnpuBeAeHHBIX TEOpEM CIIEAyeT, YTO METOJl CHUHTE3a ONTHMAIbHBIX
PETYISATOPOB TIO KPUTEPHIO O0O0OIIEHHOW pabOThl HEMOCPEICTBEHHO NPUMEHUM
TOJILKO K YCTOMYMBBIM OOBEKTaM YMpaBICHUS. ITO SBISETCS CYUIECTBEHHBIM
HEJ0CTaTKOM JJAHHOTO METOJla CHHTE3a ONTUMAJbHBIX cUcTeM. J[Jisi ero ycrpaHeHus
A.A. KpacoBckuM TmpemsioKeHbl pa3iudyHble MOAU(HUKALKUKA paccMaTpUBAEMOTO
METO0/1a, TPUMEHUMBbIE K HEYCTOMYUBBIM U HEUTpalbHbIM 00beKTaM. OHM OCHOBAHBI
Ha MpeoOpa3oBaHUM MCXOAHBIX HEYCTOMYMBBIX AU(dEepeHIMaNbHBIX YpPaBHEHUN
o0bEeKTa B YCTOMYMBBIE C MCIOJB30BAaHMEM TaK Ha3bIBAEMBIX CIIOCOOOB
peryisipu3alnud 00beKTOB YIIPaBICHUS.

Takum oOpaszom, s 3amaun AKOP A.A KpacoBckoro ¢  JHMHEHHBIM
00BEKTOM, Kak HW B a”HajgornyHoil 3amade Jlerosa-Kaimmana, onTuMajibHBIM
PETYISATOPOM SIBISIETCS. MHOTOMEPHBIN MPOMOPIUOHATBLHBIA PETYISITOP ¢ MaTpHUIlEH
Ko3QpuuueHToB ycuieHuss K,, HO KOTOpas BbIYMUCISIETCA IO 0Oojee MpOoCToMy

ANTOPUTMY.

3. 3aganus ¥ NOPSIIOK NMPOBeIeHUs MCCIeJ0BAHMIA

3aganue. Mcnonb3ys (Moauduuupys) IporpaMMHBI MOIYJb J1a00paTOPHOIL
pabotst B Mathcad (cm. puc. 2) TpedyeTcss NpPOBECTH ONHCAHHBIE HUXKE
MCCJICIOBAHMS ONTUMAJIBLHOTO PETyJsTOpa JUIsl 3aJJaHHOrO OOBEKTa, MepeaaTovHast
GyHKIUST M TapaMeTpbl KOTOPOTO ONpENEeNsIloTCs  coryacHo Tabmume 1 B

3aBUCUMOCTH OT HOMepa BapuaHTa, npudeM W (s )=L, W,(s ):L,
s(T, s+1) s(T,s—1)
Ws)= X L W(s)= X .
(T, s+1)(T,s+1) (T, s+1)(T,s+1)

Tabnuna 1. [TapameTpsl nepegatouHbx GyHKINN



Bapuanm W(s) k T, Ty,
I Wi(s) I 0,5 0,1
2 W(s) 2 0,25 0.5
3 W(s) 3 0,1 0.25
4 W.(s) I 0,25 0,2
5 Wi(s) I 0,25 1
6 W,(s) 2 0,05 0,25
7 Wy(s) # 0,08 0,24
8 Wi(s) 4 0,5 0,1
9 Wi(s) 2 0,5 0,25
10 W,(s) 3 I 0.5
11 W(s) 3 0,5 0,05
12 Wi(s) 1.5 0,25 0,2
13 W(s) 2 0,75 0,01
14 W,(s) 5 0,45 0,1
15 W(s) 3 0,9 0,05
16 W.(s) 2.5 0,36 0,67
17 W(s) 1.5 0,34 0,52
18 W,(s) 4 0,8 0.2
19 W(s) 4.5 0,7 0,12
20 Wi(s) 3.5 0,3 0,95
21 W(s) 5 0,1 0.6
22 W,(s) 4 0,8 0.3
23 W(s) I 0,65 0.5
24 W(s) 2 0,45 0,55
25 W(s) 4 0,72 0,35

IMopsinok ucc/ienoBanmii U NpeacTaBJIeHUs UX Pe3yJIbTATOB

1. Co3nath TEKCTOBBIH OJI0K, copepkaiuii Ha3Banue padotel, OO cTyneHTa,
HOMEp BapuaHTa, OTPOpPMATHPOBATH TEKCT B COOTBETCTBUM C 00paslom,
HpPUBEICHHOM Ha puc. 1.

JlaGoparopHnasi pabora NeS.
AHAJIMTHYECKOE KOHCTPYUPOBAHHUE ONITUMAJILHOTO peryJsatopa (AKOP)

no GyHKuuoHay 00001eHHO# padoThl A.A. KpacoBckoro

Brimonwnn: cryaent rp. 111111 MBanos N.A.



Bapuanr: N
[ara: 01.10.2017 r.

Puc. 1. O6pa3zen popmatupoBaHus TeKCTa

2. Yka3zatb nepeAaaTouHyro GyHKIHIO UCCIEyeMOro OOBEKTa U €€ apaMeTphbl

W(p) =

3. CdopmupoBars Matpuiiei A u B ommcanuss o0beKkTa B KaHOHHMYECKOM
IIPOCTPAHCTBE COCTOSHUMN:

X(t)=A-X(t)+B-U(1),
A= ooy B o, .

4. 3anaTe mapameTphl pyHKIIMOHATA KadecTBa CAY

J= T(XT(t)QX(t) + U (ORU(1) )dt

5. Pacuer k03 PUIIMEHTOB ONTUMAIILHOTO PETYJISITOPa

5.1. CocraBneHue U pelieHne MaTPUIHOTO ypaBHEHUS JIsITyHOBA
PA+A"P+0=0
OTHOCHUTCIIbHO MaTPHIIbI P.

5.2. OnpeneneHre ONTUMaIbLHOIO YIIPaBICHUS

U= 1 R'BT 98 =—-R'B"PX=RX.
2 0X

6. Ilepexoanbie npouecchl onTuMalibHOM CAY
HccnenoBath BIMSHUE MApaMETPOB KPUTEPHS KaueCTBA Ha MEPEXOTHBIC

MPOLECCHI CUCTEMBI C HadalbHbIMU yclIoBUsAMHU X (0) =2 — 3. x,(0) =0.

7. BeiBotbI O pabore:



Huxe npuBoanutcs npuMep nNporpaMMHOTO MOAYJISI BHITTOJIHEHUST PaOOTHI.

l.OnncaHne obvekrTa ORIGIN:= 1

AAAAARAAAA

Tl =1 T2 =2 k=1

k
NASD)

T (Tlp + D-(T2p + 1)

2.0opMupoBanue MaTpun A u B onucanus ob6bekTa BOpocTpa
HCTBE COCTOSSHUU (KAHOHUYECKUU BEKTOP COCTOSIHHU )

0 1 0
e e e S B:=| &k
TI-T2 TI T2 TI-T2

(s a5 (o)

3.3ag4aHuVe KBagpaTMyHoro pyHKLMOHANA KayecTBa

o I
== "o

4. KoHTponbHOEe peweHne 3agaum AKOP

5.PeweHne maTpmyHoro ypasHeHua JlanyHosa

11 pl2 11 pl2
P(pl1,pl2,p21,p22) = pep A+ AL prp +Q
p21 p22 p21 p22

Given

p2l  pl2 3pl2  p22
_— pll —-——_—
P(pl1,pl12,p21,p22) g g 2 g
s s ) -
LA 3-p21 p22

pll pl2 + p21 —=3-p22 + 1

pll =C pl2 =C p2l =C p22 :=C

P(pl1,pl12,p21,p22) = 0

Res := Find(p11,p12,p21,p22) =

—_— = = N



5.2.PacyeTonTMmanbHOroynpaBnaeHus
) Res1 R652 21

M| Res Res, 1

= Lplp K = (=0.5 -0.5)

UX) =K-X

6.MocTpoeHnerpadmKkoB nepexoagHblXx npoueccoBontTMumanbHon CAY

F(t,X) = A-X + B-UX)

AAN
HayanbHble YyCAOBUA CUCTEMDBI 2.0
X0 :=

t0:=C tk =8 n:=10000 j:=1.n 0.0

PeweHne cuctembl anddpepeHuUManbHbIX YypPaBHEHUIW U NOCTpOeE
HuerpadmMKoOB NEePeEXOAHbIX MPOLECCOBONTUMANbHON CUCTEMbI

Z1 := Rkadapt(XO0,t0,tk,n,F)

Z1;
Puc. 2. I[IporpamMmHBIil MOAYJIb JIsl BBITIOJTHEHUS J1TA00paTOPHON pabOThHI

Conep:xanue oryera

Otuer mo maboparopHoil pabore (opmupyercss kak juctuHr u3 Mathcad
BBITIOJIHEHHSI YKA3aHHBIX ITYHKTOB B MOPSIKE UCCIIEOBAHUS C JOOABIEHUEM OT PYKU
BBIBOJIOB 10 paboTe, (popMynHpyeMbIX Ha OCHOBE I'pa(MKOB M YHCIOBBIX JAHHBIX
MOJIyYE€HHBIX BXOJIE UCCIICI0BAHUM.

S. KoHTpoJIbHBIE BONIPOCHI



1. B yem otnuune kBagpatuuHoro kpurepus JleroBa-Kanmana ot ¢pyHKumonana
06061enHoi padbotsl (POP) A.A. Kpacockoro. ®usnueckuii cMmbicii DOP.

2. ChopmynupoBath 3ajja4y aHATUTUYECKOTO KOHCTPYUPOBAHMS ONTUMAIBLHOTO
perynstopa (AKOP) B nocranoBke A.A. KpacoBckoro.

3. CdopmynupoBaTh OCHOBHYHO TeopeMy A.A. KpacoBCKOro mo perieHuto
3agaun AKOP.

4. Vxkazarb npeumyiiectBo meroga AKOP A.A. KpacoBckoro, 4em OHO
ONpEeaEsIeTCs.

5. Vka3zatp u nosicauth Hegocratok Mmeroga AKOP A.A. Kpacosckoro,

6. YkazaTb CBsI3b MAaTPUUHOTO YpaBHeHUs JIsimyHoBa ¢ ypaBHeHueM JIsmmyHoBa.
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