NaGopaTtopHasn pab6ota Ne 3
OnuncaHme cuctem B NPOCTPAHCTBE COCTOSAHUN

OzanaesieHue

Lenb paGoThl

ITocTaHoBKa 3a7a4U
ITocnenoBarenbHOCTh BBINOJHEHUS
Mertoauyeckuii npuMep

Otyer 0 pabote

KoHTpoabHbBIE BOOPOCHI

BapuanTsl 3a1anuit

LUenb paboTbl

O3HaKOMIJIEHME C ONMCAaHWEM M HCCIENOBAHUEM JAWHAMHUYECKHUX CHCTEM
yIpPaBJIEHUs B IPOCTPAHCTBE COCTOSTHUM.

NMocTaHoBKa 3agaum

JlaHbl MaTeMaTHU4eCKue MOJACIM TPEX CHUCTEM M CTPYKTypHas CXema,
npeacTaBistonias coboi coeuHenne 3Tux cucremM. Heobxoaumo:

° MOJIYYUTh MOJIENIb PE3YJIBTUPYIOUIEH CHUCTEMBI B MPOCTPAHCTBE
COCTOSIHUH,
° HCCe0BaTh HAOMIOAEMOCTh U YIIPABISIEMOCTh TPEX MOJCUCTEM B

OTJIETILHOCTH U UX COEIMHEHHUS B COOTBETCTBHU CO CXEMOM.

MHOroMepHbIE CUCTEMBI, B OTJIMYUE OT OAHOMEPHBIX MMEIOT HECKOIBKO
BXOJ/IOB U HECKOJIBKO BBIXOJIOB.

Jlinst omucaHMs TaKuX CHUCTEM HCIIONB3YIOTCS TpU Habopa mMmapaMeTpoB
(Tpu BekTopa), cM. puc. 3.1:

1. BEKTOp BXOIHBIX BO3JEUCTBUM (YHpaBICHUN);

2. BEKTOp NEPEMEHHBIX COCTOSHU;

3. BEKTOP BBIXOJHBIX IMAPAMETPOB
U ABYMS ITpeoOpa30BaHUSIMH:

1. mpeoOpazoBaHue “BXOABI-COCTOSHUS

2. nmpeoOpa3oBaHKE ‘“‘COCTOSHUS-BBIXO/bI .

[upoxoe pacnpocTpaHeHue, 00yCJIOBJICHHOE pa3paboTaHHBIM
MaTE€MaTUYECKUM armapaTtoM, MOJYYWIN JIMHEWMHBbIE MOJEIHM MHOTOMEPHBIX
CHUCTEM B IPOCTPAHCTBE COCTOSIHUM, KOTOPHIE UMEIOT BU/I:

it) = AQ)x() + B{Oult);

y(£)=CE)x(); (3.1)



IIEPBOE€  COOTHOLICHHWE HA3bIBACTCA YPABHEHUEM COCTOSHMS, BTOPOE —
ypaBHEHUEM BBIXOAA. 31€Ch X = (X1, X2, ..., xn)T € R — BexTOp TMEpEeMEHHBIX

coctostHuit; u = (uy, uy, ..., ur)T € U < R" — Bexrop ympasieHuiti; y = (y1, 7, -

.
ym)T € R" — BekTOp M3MEpsSIEMBIX mapaMeTpoB; ¢ — Bpems; A(f), B(t), C(f) —
MaTpHIlbl pa3MepHOCTH (nx n), (nx r), (mx n) coorBeTcTBeHHO. [Ipennomnaraercs,
YTO W3BECTHBI HAadalIbHBIE COCTOSHUS X(Z)) = X, TJ€ f() — HA4YaJIbHBII MOMEHT
BpPEMEHHU.
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Puc. 3.1. MHo2OMepHbIe cucmeMbl.

Ecou marpunst A(f), B(f), C(f) He 3aBHUCAT OT BpEMEHHU f, TO CHCTEMa
Ha3bIBaeTCAd  cTalMoHapHoi.  Jlaimee  mpenmonaraerTcsi, YTO  CHCTEMBI
CTaIlMOHAPHEI.

PaccMoTpum 3amaum coequHEHHUS JBYX IOJICHCTEM B cuctemy. Ilpum
COCMHEHWH BO3MOXHBI TpW BapuaHTa (puc. 3.2): mnapamieinbHoe (a),
nocienoBarenbHoe (0) u B oOparHoi cBs3u (B). I[Ipenmomaraercs, 4yro o0e
CUCTEMBI OITMCHIBAIOTCS B MPOCTPAHCTBE COCTOSHUM COOTHOIICHUSMU:

i =Ai:>:1 + Blul; yl =

22 2 2. 42 _ 2.
X% =Ax + Bty vy =Cx,

1

e x1, ul, y1 — BEKTOPBI COCTOSIHUM, yIIPABIEHUM, BBIXOOB IIEPBOM CUCTEMBI, x2

>

u?, y2 — BTOpoi. HeoOGxonumo 1o u3BecTHbIM Marputiam A1, By, Ci, A>, By, Cy

noJy4yuTh Matpuilsl 4, B, C (puc. 3.22).
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Puc. 3.2. CoeduHeHue deyx cucmem.

1. ITapannensHOE COEUHEHHUE.
3anuiieM ypaBHEHHUS CUCTEMbI, C YYE€TOM OCOOCHHOCTEW COEIUHEHUS,
yKa3aHHBIX Ha puc. 3.2.a.

x1 1
Xo= A+ B

x 2 2
X0 = AxT + Bal

y=Cx'+Cx?;
oTcrona
afx') (4, 03z (B
a0 Al ek
1 ;
y=lg q .
X

OxoHYaTEILHO MaTrpunbl COCAMHCHUA UMCIOT BU —

A 0 B
A= ; B= : = I:CI Cz)
0 A B,
2. [TocnenoBareabHOE COCTUHEHNE —
= Ax' + Bug

.2 2 1
X0 =Ax" + B, O,



y=Cox%;
B ManI/ILIHOM BUIAC —

dfx A4 0 x') (B
— = +
dtl 2] | B,a, 4 lls2] o]
1
X
.}? = [ﬂ CE) a
L)
OKOHYATEIIbHO, IMEEM
A 0 B
= ! : B=| '} c=00 ¢,)
B,C, A 0
3. O6parHas cBs3b —
i = Ax' + But BC,xY;
i = Axt + B
y=Cxh;
B MaTPUYHOM BHJIC —
4 (x A B Y x B,
= + id

at|x,) (BG4 Jlx) |0

X
Y= [Cl ﬂ)
Iz }
CraenoBaTenbHO,
A + B B
4= R B Y c=(c, o)
8,0 A, 0

JInsi TUHEWHBIX CHCTEM JIETKO ITOKa3aTh CIPABEMIMBOCTh CIIEIYIOLIETO
pe3yabTara, Ha3bIBAEMOT0 NPHUHIMIOM Cyneprno3uiuu: 3(Q(dEKT, BbI3bIBAEMBIil
CyMMOW HECKOJBKUX BO3JACHCTBUN, PAaBEH CYMME HECKOJIBKMX BO3JICHICTBHM,
paBeH cymme 3(Q(EKTOB OT HECKOJIbKHX BO3JEUCTBUN B OTAEIBHOCTHU. 3aKOH
U3MEHEHUS BEKTOpa COCTOSHUN JIMHEWMHOW CUCTEMBI IPEIACTABIAECTCS B BHUJIE
CYMMBbI CBOOOZHOTO U BBIHYKJIEHHOTO KOJIeOaHUs

x(8) = xe(2) + x4(0).

CB0OOOIHOE [IBIKEHUE X(f) TPOUCXONUT MPU OTCYTCTBUU BHEIIHETO
BO3JICHCTBUS B HEHYJIEBBIX HAYAJIbHBIX YCIOBUAX. OHO ONpenesaeTcss peleHueM
OJHOPOJHOM CHCTEMBI YPABHEHHM, COOTBETCTBYIOIIEH HCXOIHOMY YPaBHEHMIO
COCTOSIHUI

X)) = A@)x()
C HA4YaJIbHBIMH YCIIOBUSIMU X (Z()) = X).
BrIHyKIIEHHOE NBWIKCHHE Xg(f) — OTO pPEaKIus CUCTEMbl Ha BHEIITHEE
BO37ICHiCTBUE u(f) TIpM HYJEBBIX HaYaJbHBIX ycioBusaX. OHO ompenenseTcs



pelIeHHEeM HEOHOPOTHOTO YPABHEHUS TIPH HYJCBBIX HA4aJIbHBIX YCIOBHUSX.

JIis ~ MHOTOMEPHBIX  HECTAI[MOHAPHBIX  CHCTEM,  OMHMCHIBAEMBIX
COOTHONICHHSIMH, TIOBEJICHHE BEKTOPOB COCTOSHUS M BBIXOJA OMPEICISICTCS 10
dbopmynam

xf) =P .5 )=o) + rtD{i,':}B{':}u{':}d':

y(E) = CEYPE, )l ) + _I:n YD, 1) Blm)ufr)dt

(3.2)

(3.3)
rae O(z,t ) — mepexoaHas MaTpuila, uiau mMarpuia Ko, sBisroniasics pemeHueM
ypaBHEHUS
8PED _ 4o, v)
& (3.4)

¢ HauanbHbIM yernoBuem PET) = F

ITepBoie cmaraembie B (3.2), (3.3) omuchiBarOT CBOOOAHOE IBIDKCHHE, a
BTOPBIC - BEIHYK/ICHHOE.

JIJIsT MHOTOMEPHBIX CTAIlMOHAPHBIX CHCTEM, ONHCHIBAEMBIX YPaBHCHUSIMHU
(3.1), 3akOHBI U3MEHEHHUS BEKTOpa COCTOSHHUS M BEKTOPa BBIXOJIa HAXOIATCS IO
dbopmynam

x(f)=D()x(0) + ](IJ(E —T) Bult)dt

%y

t
y(£) = CDE)x(0) + J'cwp(r — D) Bu(t)dr
%y
rne O(f — t ) — nepexoAgHasi MaTpulla CTALMOHAPHOW CHCTEMBI, 3aBUCSIIAS OT
pazHocTH f — T . B nanHOM cityuae pemienue ypaBHenus (3.4) umeet BU
Oft,7) = Dt - 1) = exp[AL - 7)].

OgnuMHM W3 BaXHEWIIMX 3aJad TEOPUU  YIPABIEHUS  SBISAETCS
UCCJIEIOBAaHUE YTMPABISEMOCTH W HAOII0AAEMOCTH JUHAMUYECKUX CHCTEM.
[IpuBeneM COOTBETCTBYIOIIME OMPENEICHUS] W KPUTEPUU IJIsi CTAlMOHAPHBIX
JIMHEVHBIX CUCTEM, NIOJTy4YeHHbIE KanmaHoM.

Cucrema  Ha3bpIBa€TCS  BIOJHE  YIOPaBISIEMOW, €CIU  BBIOOPOM
YIOPABIAIONIETO BO3ACUCTBUS u(f) Ha HHTEpBale BpPEMEHU [fy, {]] MOXKHO

MEPEBECTU CHUCTEMY U3 JII0OOr0 HAYalbHOTO COCTOSIHUA X(f() B MPOU3BOJILHOE
3apaHee 3aJJaHHOE KOHEYHOE COCTOsIHUE X(71).

Cucrema Ha3bIBaeTCsl BIOJHE HAOMIOMAEMOM, €clid Mo peakuuu y(f]) Ha
BBIXOJIE CHCTEMbI Ha WHTEPBAJIC BPEMEHHU [f(), ¢|] TIpH 3aJaHHOM YIIPABIISIIOIIEM
BO3JICUCTBUU u(f) MOXKHO ONPEIETUTh HAYaIbHOE COCTOsTHUE X(Z().

Kpumepuii ynpasnsiemocmu naunetinvix cucmem. [Ins Toro 4rodsl cucrtema
OblIa BIIOJIHE YIIPaBISIEMOM, HEOOXOIUMO M JOCTATOYHO, YTOOBI PaHT MATPHUIIBI
yOpaBIsiEMOCTH



My=(B|AB| A*B| ...| A" 'B)
paBHSICS pa3MEPHOCTH BEKTOPA COCTOSTHUS:
rank My = n.

Kpumepuii nabnrooaemocmu nuneiinvix cucmem. J1jas Toro 4ToObl cucTema
ObL1a BIOJIHE HAOMIOAAeMOM, HEOOXOMUMO U 1I0CTATOYHO, YTOOBI PAHT MATPHUIIBI
HaAOJIFOIa€EMOCTHU
My =(CT| ATCT | (AT)?>C| ... | (ATy»IcT)
PaBHSJICS Pa3MEPHOCTH BEKTOPA COCTOSTHHS:
rank My = n.

3nak Z = (X | Y) o3Ha4aeT npucoeIuHEHNE MATPUIL, T.€. JUIs TIOTyIESHHUS i-
oM CTpOKM MaTpullbl Z OepeTcs cHavyana i-ast CTpoKa MaTpUIlbl X, 3aTeM CIEAYIOT
AJIEMEHTHI i-0il cTpoka marpuilbl Y. [Ipenmnonaraercs, 4To KOJIUYECTBO CTPOK Y
MaTpull OIMHAKOBO.

HamoMHuM, 4TO moJ paHroM MaTpULbl MMOAPa3yMEBAETCS HAWBBICIIUKN U3
MOPSAJIKOB OTIAUYHBIX OT HYJII MHHOPOB ATOW Marpuilpl. PaHr marpuisl paBeH
HauOOJIbIIIEMY YHCITY JIMHEHHO HE3aBUCUMBIX CTPOK.

NMocnepoBaTenbHOCTb BbINONMHEHUSA

B Control System Toolbox wuMeercs THN IaHHBIX, OIPEACIAIOMINX
JUHAMUYECKYIO CHUCTEMY B MPOCTPAHCTBE COCTOSIHMI. CHHTaKCUC KOMAaHJIbI,
coznatomuii HenpepbiBHYO0 LTI (Linear Time Invariant)-cuctemy B BHUIE SS-
00BEKTa C OJJHUM BXOJIOM U OJTHUM BBIXOJIOM

SS(A, B, C, D)

B o1y ¢yHkuMio B KauecTBe NapaMeTpoB MEpPEAarOTCs MAaTPHUIbI

ypaBHEHUI COCTOSHUH U BBIXOJOB BUA

L(t) = Ax()+ Bult);

yE) = Cx)+ Dufe);
B CBSI3M C TE€M, UYTO paccMaTpuBaeTcsi Mozelb Buaa (3.1), To MaTpuiia TuHAMUKH
D Oynet HyneBoM.

J1y1st BBITIONTHEHUST paObOTHI MOTYT TIPUMEHSITHCS KOMaHIbI, IPUBEICHHBIC B
tabnure 3.1.

Tabnuuya 3.1.
Hekomopsbie komaHObI Control System Toolbox
CuHmakcuc OnucaHue
ctrb(LTI-o6bekT>) dopMUpoBaHmMe MaTpuLbl
ctrb(A, B) yrnpaBnsieMoCcTun
obsv(<LTI-o6bekT>) dopMupoBaHue MaTpuLbl
obsv(A, C) HabnaaemMocTu
parallel(<LTI1>,<LTI2>) MNapannenbHoe coegnHeHue
series(<LTI1>,<LTI2>) MocnepoBaTenbHoOE coeanHeHne




feedback(<LTI1>,<LTI2>) CoeaviHeHne obpaTHOM CBA3bIO

append( <LTI1>, ..., <LTIN>) ObbeanHeHue cuctem

connect(<sys>,<Con>,<in>,<out>) YcTaHOBNEHME CBA3EN B COeANHEHNN

JInst monmydeHus: pe3yabTaTOB BBIUMCICHHSI MAaTpHUll, PE3YJIbTUPYIOLIEH
CUCTEMBbI, IO CTPYKTYpPHOH CXE€M€, BOCIOJIb3yeMCSl IMOCIECAHUMH JIByMs
KOMAaH/JIaMHU.

Oyukuuss  append co3gaer 0OBEKT SyS, NPEACTABISAIOMIUNA  COOOM
oObequHeHne Bcex mnoacucteM. [Ipu 3TOM mepBbI BXOAHOW CUTHAN IEpBOU
CUCTEMbl CTAHOBUTCS BXOJAOM HOMep |, BTOpOH BXOJHON CHTrHajl IEpPBOU
CUCTEMBl — HOMEp 2, W T.J. Jajee HUAYT BXOAbl BTOPOM CHUCTEMBI, U T.I.;
AQHAJIOTUYHO OMPEACIISIIOTCS U BBIXOJIBI.

B ¢yukmum connect — mapamerp <Con> omnpeaenseT MaTpHILy CBSI3EH IO
CTPYKTYypHOU cxeme. Marpuiia popMupyeTcs 1o cienyromeMy IpaBuity: Kaxaas
CTpOKa MpPEeJICTaBIsIET COOO0M OJMH BXOJ CUCTEMBI SYS, IIEPBbIN 2IIEMEHT — HOMEP
BXOjla (B COOTBETCTBUHU C TOPSJAKOM B KomaHzae append), 3aremM HAYT HOMEpa
BBIXO/IOB, KOTOpPbIE CYMMHUPYIOTCA M MOJAIOTCS HA paccMaTpUBaEeMblid BXO/I.
[TapameTpsl <in>, <out> — CTPOKU U3 HOMEPOB BXOJIOB U BBIXOJIOB COCTUHEHUS,
SBJISIFOLLIAECS] BHEIIHUMMU.

Hanpumep, 11t mocieaoBareaIbHOr0 COEAUHEHUS ABYX CUCTEM (puc. 2.0):

sysl=ss(Al, B1, C1, D1)

sys2=ss(A2, B2, C2, D2)

sys=append (sysl, sys2)

sysc=connect(sys, [2 1], [1], [2])

B »TtomM cnyuae Ha BXOJ BTOpOMl cucTeMmbl (OOHuMi Bxom Homep 2),
MOCTYIAeT BBIXOJ IepBOi (0Ommii BeIXo[ HOMep 1); BXOJ MEPBOM CHUCTEMBI
(HOMEp OMH) U BBIXOJl BTOPOM CUCTEMBI (HOMED J1Ba) SIBJISIOTCS BHEIIIHUMH.

[TocnenoBaTenbHOCTD BBIMOJIHEHUS JIA0OPATOPHOI pabOThI CleTyomas:

1.  O3HaKOMHTBCSI C OCHOBHBIMH 3JIEMEHTaAMU TEOPUHU.

2.  IlpuBecTtu Bce cucTemMbl B Bapuante B hopmy (3.1).

3.  3amyctuts cuctemy MATLAB.

4.  Co3parb TpH SS-00bEKTa, B COOTBETCTBUU C 33JIaHHBIM BapHUAHTOM.

5. OmpenenuTs ynpaBIseMOCTb U HAOIIOIAEMOCTh K0 CHUCTEMBI.

6. B cOOTBETCTBHM CO CTPYKTYPHOU CXEMOW MOTYyYHUTh MaTpulbl A, B,
C coenuHeHus.

7.  Onpenenuts ynpaplsieMOCTb U HaOIIOAAEMOCTb COSTUHEHHUS.

8. OdopmuTh OTUET.

MeToauueckuit npumep

]_—[aHBI TpH JIMHCHHBIC CTallMOHAPHBIC CUCTCMBbI:



3.0 =X

Y IMEETCS CTPYKTYpPHAsi CXeMa COCITMHEHUS CUCTEM:

-
y ¥
[ga]

Puc. 3.3. BapuaHm 3adaHusi.

1. IlpuBenem cucremy 3 x Buay (3.1), Ayt 3TOro BBEAEM NEPEMEHHbBIC
3_ .3

3 =3 =3
Xp=8 =%,

", IOACTABJISAA UX B HCXOAHBIC YPABHCHUA, ITOJTyUUM —

L1y, (o),
.3 3 3.3 .3 a3 3 3 |4 = RO I
o —3xy - 22 = 4du io = 2x] + 30 + i 2 3 4
yi=x =x yP=0 op?

b

2. Co3paauM MaTrpuibl NEPBOM CUCTEMBI —



3> Al=[7 3:2 1]

Al =

3> 3l=[1 0; 0 2]

El =

3> 2l=[3 -2; 2 1]

Cl =
3 -2
2 1
Co3naBasi, aHAJIOTUYHO,
OOBCKTHI:

»» sl=ss(Al, Bl, C1,0)

a:
xl =2
xl 7 3
He 2 1

h =
ul u2
xl 1 ]
xa 0 2

o =
xl 2
vl 3 =z
Ve 2 1

d =
ul u2
vl 0 ]
Ve 0 ]

Continuous-time model.

MaTpulbl JABYX JAPYTMX CHCTEM CO3HAJAUM SS-



»» 3Z=3s(AZ, B2, Cz,0)

a =

=x1l =2
xl 1 2
Ha 3 2

b =
ul u
x1l 1 5
xa 2 1

C =
®x1l x2
¥l 4 3

d =
ul u2
vl o 1]

Continuous-tine model.
=» 33=3s(A3, B3, C3,0)

a =

xl x2
xl 0 1
we 2 3
b =
ul
®1 0
He 4
|: =
xl =2
7l 1 ]
d =
ul
vl 0

Contimuous-tine model.
3. I/Iccne):[yeM Ha6JIIO)IaCMOCTB nu ynpaBJISIeMOCTB Ka)ICI[OfI CHUCTCMBbI, OJIA

4Cero noCTpouM COOTBCTCTBYIOIIHUEC MATPUIIbI U ITIOCYUTACM UX PAHIH —
>> rank (ctrbiil,El))

ans =

»>= rank (obsw(4il,Cl))

ans =



»» rank (ctrb(az,B2])
ans =

2
>> rank (obhaviiAz,C2))
ans =

2
>» rank (ctrbh (A3, B3]

ans =

a
> rank (obsv (43, C3))
ans =

2

BuaHo, 4Tto BO BCEX CIydasX paHTd MATpUIl YHPaBIIEMOCTH U
HAOJI0AEMOCTH COBITA/IAlOT C PA3MEPHOCTSIMU IIPOCTPAHCTBA COCTOSTHHM.

4. Ilonyyum cuctemy, onpeeasieMyto COeTMHEHUEM.

JInst  KOpPpEeKTHOTO  HWCMOJh30BaHUS  (PYHKIMM  connect  BBEIEM
JIOTIOTHUTENIbHYIO0 CUCTEMY, TIepeaTouHasi PyHKITUS KOTOpoi paBHa 1 (pwuc).

>> 54 = tf(1)

Transfer function:

1

—] =1.___(£T_,

kL
L

Puc. 3.4. 9keusasieHmMHas cxema.

>> sys=append(s1,s2,s3,s4);
>>Q=[2-45;310,420,520];

>>1n=[1 5];
>> out=[3 4];

>>gs com=connect(sys,Q, in,out);
OO6parascek K JTaHHBIM 00BEKTa, MOXKHO TOJIyIUTh MaTpuIlsl A, B, C:

>> A=s com.A;
>>B=s com.B;
>> (C=s_com.C;



4. Beruuciaum PaHI'u MaTpun Ha6JII-0I[a€MOCTI/I H YIpPaBJIICMOCTHU HWTOIOBOM

CHUCTCMBI.

>> rank(ctrb(A,B))
ans =
6
>> rank(obsv(A,C))
ans =
6
Pesynprarel MoKa3bIBaIOT, UTO CUCTEMA YIIpaBisieMa U HaOIogaema.

OTuyeT 0 paboTte

Otuer O(I)OpMJ'IﬂCTC?I B COOTBCTCTBHUH C Tpe6OBaHI/I$IMI/I, NpCaAbABIACMbBIMU

K ohopMIICHHIO pabOT B By3€, U JOJDKEH COIEPIKATh:

I. TurynbHBIN dUCT

2. HaumeHnoBaHue u 11€J1b pabOTHI.
3. Pesynbrarhbl BRIMOTHEHUS PAOOTHI.
4. AHanu3 pe3ysbTaToOB U BHIBOJBI.

KoHTponbHble Bonpochl

1. Jlare onpeneneHne v MpuMepbl COCTOSIHUN yIIPaBISIEMON CUCTEMBI.
2. Iloka3zarp Ha mpuMepe CIPaBEINBOCTh IPUHIUIIA CYIIEPIIO3UIINH.
3. BriBecTn ypaBHEHHS B IIPOCTPAHCTBE COCTOSHUM IS 3aJJaHHOMN
CXEMBI COEJUHEHUS TPEX CUCTEM.

[Tonyuuts onucanue ogHoMepHo cucteMsl (1.1) B kKaHOHMYECKOH
dbopme Korrm.
5. IIpoBecTn aHaIN3 BIMAHUA Pa3sMEPHOCTU BEKTOPOB YIIPABICHUSA U

BBIXOZIOB Ha YINIPaBIISIEMOCTh U HAOIIOAEMOCTb CXEMBI.

o

BapuaHTbl 3agaHumn

NoNe YpaeHeHusi cucmem Cxema
- 1 0 1
-x-,]. = j 3 x1+ 1 1 II = xﬂ * 2
1 21 3 1 2 2 . o2y, 1Y,
. = ¥+ 1
o2y, sk =&Y . 32 2
F = _ u) ¥ 2 3 & I 1
1. S 2 5 7=l 2
2.
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