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1. NMpuHumMn makcumyma MNMoHTpAruHa

IIpumep 1. PaccMOTpUM 0OBEKT, IBHXKEHHE KOTOPOTO 334aETCSl ypaBHEHUEM

2
d“x
w2 @
dt
3/1ech U - YIIPaBJISIOIMINN ITapaMeTp, KOTOPBIN JOJIKCH YIOBICTBOPSATH YCIOBHIO
lu|<A; (2)

rac A - 3aJaHHOC ITIOJIOKUTCIIBHOC YHCIIO. B cootrBeTcTBUM C (bOpMaHI/IBMOM

OpUHIIMIIA MaKCHUMyMa TIpeacTaBuM ypaBHeHue (1) B BHJE CHUCTEMBI

muddepeHnnanbHbIX ypaBHEHUHN EPBOTo MOPSAKA:
dxg dxy !

at 2 gt

bynem pemats 3amady o HauObIcTpeiiem mnepeBoae (a30BO TOUKH

3)

cucteMsl (3) M3 33JaHHOTO HAYAJIBHOTO TMOJIOKEHHS B HA4YaJl0 KOOPAHHAT (TOUKY

X1 =0). B kauecTBe HayaJbHOW TOYKH OyJe€M paccMaTpuBaTh JHOOYIO TOYKY
($a3oBOro MpOCTPAaHCTBA. ITO TMO3BOJUT BBIACIUTH BCHO  COBOKYITHOCTH
ONTUMAJIBHBIX TPACKTOPHM.
Bocnons3yemcst Teopemoit 2.2. CoctaBuM (pyHKIMIO ['aMHIIbTOHA
H (y, X, u) = 1% +you.

[IppHuMas BO BHUMaHHE HEPABEHCTBO (2), M3 YCIOBUS MaKCMMyMa (DYHKIIUH
I"'amunbpTOHA HAMIEM

u=Asign y»(t). (4)
Bcnomorarenbueie  niepemenHbie  y1(t) uw  wo(t) HaxomsATCS W3 CHCTEMBI
YpPaBHECHUM
dyy dys
—— =0, —==-y1. 5
i e 41 ()

Beinuiiem perrenue cuctemsl ypaBaenuit (5):
p1(t)=C1, yo(t) =—C1t + C3,

rne C1 u Cy - IpOU3BOJIbHBIE KOHCTAHTHI. Toraa ycioBue (4) mpuHUMaeT BH/T
u=Asign (-Ct+C») (6)

I'padukom ynkmu o (t) sBusiercs npsimasi TUHAS, ¥ TOITOMY QYHKIUS 2 (1)

MOET M3MEHATh 3HaK He Oojiee omHoro pasza. M3 (6), Takum oOpazom, CIeayeT, 4To
ontuManbHOe  ympaBieHue  U(t)  sSBIseTcs  KyCOYHO-TIOCTOSHHOM — (DYHKIIHEH,
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npuHuUMaromed 3HadeHuss A W — A u wuMmeroneir He Ooree JABYX HMHTEPBAJIOB
OCTOSHCTBaA ympasicHus. OOpaTHo, jo0ast Takas ¢yHkius U(t) MOXeT OBITh
noiy4yeHa u3 (6) mpu cooTBeTCTBYIOIIEM BbIOOpe mocTossHHBIX Cq U Co .

Hatiném dazoByro TpaekToputo cuctemsl (3) mpu U = A. Mmeewm:

x2=At+sl,x1=%At2+slt+52. (7)

BeipasuB u3 mepBoro ypaBHeHus (7) Bpems t M IOJICTaBHMB €ro BO BTOPOE

ypaBHEHHE, MTOJTYIUM
1 - *
X]=—X5+5S , 8
1 oA 2 (8)

* 1
rae S =Sop — A 312 - POM3BOJIbHAS MTOCTOSIHHAS. AHAJIOTMYHBIM 00pa30M JIETKO

MoKa3aTh, 4TO pu U =—A (a3oBble TPaeKTOpUU CUCTEMBI (3) SBISIOTCS mapaboiaMu
BHJIA

2 **

1
X1 =——X5 +S 9
1 oA 2 )

**

37IeCh S - IPOM3BOJIbHAS TOCTOSTHHASL.
Ha puc. 1 u 2 npencraBnens! napaboisl ceMeicTs (8) 1 (9) cooTBETCTBEHHO.

[To mapabGonam cemeiicTBa (8) a3zoBas ToOUKa JBUKETCS CHU3Y BBEPX, a MO
napabonam cemeiictBa (9) - cBepxy BHH3, TaK KaKk B COOTBETCTBUH CO BTOPBIM

ypaBHeHHeM (3) mpu U = A KoopauHaTa Xp BO3pacTaer, U npu U =—A yObIBaerT.

AXZ

e

N

Puc. 1.




N

Z

Puc. 2.

Paccmotpum  ¢azoByr0 TpaeKTOpHIO, HAa HayalbHOM YYacTKe KOTOPOil
dazoBas TOuka ABMXKETCA MOJ BO3ZCHCTBHEM ympaBieHus U= A mo mapaboie
cemeiictBa (8), a 3akaHUYMBACTCS JABWKCHHE TOJI BO3JICHCTBUEM YIIPaBICHUS
U =—A mo napabose cemeiicta (9). [Ipu s3Tom 3akaHUMBAETCS ABMKEHHUE 1O TOU
u3 mapabon cemerictsa (9), KoTopas MPOXOIUT Yepe3 Hadajao KOOPAMHAT, TaK Kak
KOHEYHOM I1IEeNbI0 YMIPABJICHUs SIBJSIETCS mepeBoj; (a30BOM TOYKM B HAyajio

KOOpJWHAT. YKa3aHHas TpacKTopHs n3o0pakeHa Ha puc. 3. (uaus MRO).

Puc. 3.

Ecan Ha HavyanbHOM Y4aCTKE (1)2130133;1 TOYKa ABUIKCTCIA IIOJ BOBﬂeﬁCTBHeM

yHopaBJICHUA U = —A, d 3aKaH4YMBACTCA ABHKXCHUC I10[ BOBHGﬁCTBHﬁM YIpaBJICHUSA
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u=A, To nBmxenue npoucxoaut no tpaekropurn M R'O, koropas cummeTrpuuHa
OTHOCHUTENFHO Havasia koopauHat tpaekropuun MRO.

Ha puc. 4 wn3zoOpakeHa COBOKYINHOCTb BCEBO3MOXHBIX ONTHUMAaJIbHBIX

TPACKTOPUH.

4\‘4

Puc. 4.

Ot TPaCKTOpHUU ﬂeﬁCTBHTeHBHO ABJIAKOTCA OIITUMAJIBHBIMH, TAaK KaK JIA

KaXIO0M Ha4YaJlbHOM TOYKHU XV CYLIECTBYET €IUHCTBEHHAs TPACKTOpUS,
YAOBJIETBOPSIONIAS] HEOOXOAUMBIM YCIOBUSIM ONTUMAIBLHOCTH (Teopeme 2.2), a 1o
YCIJIOBHIO 33J]a4H SICHO, YTO ONTUMAJIBHOE YIPABJICHHUE CYLIECTBYET.

N3 puc. 4 BUaHO, YTO TEPEKIIOUCHUE YMPABICHUS MPOUCXOJUT HA JIMHHUH
ROR’. Beime smann ROR’' ontumanbHoe ympaBieHue U =-—A, a HUXKE JIMHUH
ROR’ ontumansHoe yrpasieHue U= A. Jluaus RO sBisercs gyacTpio mapaboJibi

cemeiicTa (9) u 3amaérca ypaBHEeHUEM

1 2
X1 =——X5, X9 20,
1 oA 2 2
a muansg R'O - yacTero mapabolibl cemelicTa (2.24) u 3a1a€Tcs ypaBHEHHEM
1 2
X1 =— X5, X9 <0.
1 oA 2 2

Breaém pynkimio



%) — A Bpue imand ROR' u va nmuann RO,
U =
A mxe muann ROR' v va muanu R'O.

Torz:a B K&)KI{I)Iﬁ MOMCHT BpCMCHU t onTumManbHOE YIIPaBJICHUC

u=o(x(t)).

Ecmu B ypaBHeHM:X (3) MOJI0KUTH U = 0(X), TO MPU KaXKAOM HaYaJILHOM yCIIOBHUH

pelIeHrneM cUCcTeMbl ypaBHeHHi (3) OyaeT uaymias B Ha4ajlo KOOPAMHAT ONMTUMAaIbHAas
10 OBICTPOJCHCTBUIO TPACKTOPHUS.

Ipumep 2. Ilo-mpexxHeMy paccMaTpuBaeTCsi OOBEKT, IBHKEHUE KOTOPOTO
3amaéres ypaBHeHmsMu (3). byaem mpenmonaraTh, 9TO Ha  YIPaBISIOMINAN
napameTp U HaJO0KEHO OrpaHUYCHHE

‘ u ‘ <1. (10)
B kadecTBe KpUTEpHS ONTUMHU3AIMH PACCMOTPUM (YHKITHOHAIT

J=}(k+\u\)dt, (11)
0

37ech K - HEKOTOPOE MOJIOKUTEITHLHOE YHCIIO.
Oynkuunonain (11) ssasiercs TMHEMHON KOMOUHALIMEH NBYX (DYHKIIMOHATIOB

T T
Jl=JdtHJ2=J‘U‘dt,
0 0

OJIMH M3 KOTOPBIX 33Ja€T BpeMs JIBH)KEHHSI, a BTOPOM - pacXOJyeMble Ha YIpaBJICHUE
pecypcebl. Uucno K sBnsiercs BecoBbIM KOA(MGUIIMEHTOM, C IMOMOIIBIO KOTOPOTO
YCTaHaBJIMBAETCA KOMIIPOMUCC MEXAY ABYMS 3TUMHU KPUTEPHUSIMHU.
TpeOyercst HalTH ymOpaBiIeHUE W TPACKTOPHUIO, MepeBoisiue ¢(Ha3oByrO
TOYKY W3 33JaHHOTO HAYaJlbHOI'O COCTOSHHMS B HAyajo KOOpPAMHAT U
MUHUMU3UpYytomue (yHkuuonan (11). B kadecTBe HauaidbHBIX Npennosaraercs
paccMOTpeTh Bce TOUKU (Ha30BOM MIIOCKOCTH.

B cooTBercTBUU ¢ Teopemoit 2.1 dynknus ["amunbToHA
H(w, x,u) = wo (K +|U)) + w1 x2 + wou. (12)

Bektop y(t) onpenensiercs ypaBHEHUSIMU

dyo _o dy1 _g4 dv2 _

y y - . 13
dt dt a1 (13)
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Beire yxe oTmedanoch, uto Teopemor 2.1 Bektop W(t) ompememsercs c

TOYHOCTBIO JIO IIOCTOSIHHOTO TMOJIOKUTEIBHOTO MHOXHMTENA. Jlanee, MOCKOJIbKY
wo (t) =const <0, momoxum y (t) =—1. Torna ¢pynkuus (2.28) npumer BuA

H(w, x,u) =—k —|ul+ w1X2 +wou. (14)
Jis onpeaeaeHus ONTHUMAJIBHOTO YIPABJICHUS HE00X0AMMO
MaKCUMHU3HpOBaTh (QYHKUUIO ['aMWibTOHAa, Kak (YHKLUMIO YNpaBiI€HUs, U B
cootBeTcTBUM ¢ (14) ™Makcummzanus QyHkuuu [‘aMuiabTOHa BBUIMBAaETCA B

MaKCUMU3ALHIO QYHKIHUN

AH 2—‘ U‘+l//2U.
IIpencraBum AH B Buje

(15)

AH — (wo —Dumnpuu >0,
- (w2 +Dumpnu <0.

N3 ycinoBust makcumyma QyHkuuu (15), mpuHUMas BO BHUMaHUE OTPaHUYECHHE
(2.26), naitném
1, ecmuy,y(t)>1,

-1, ecmmy (1) <-1,

U (t) =40, ecomm|wo (t) | <1, (16)
€[0,1], ecmuy, (t) =1,

€[-10], ecimy (t) =-1,

*
3nech cuMBosioM U (t) 0003HAa4YeHO ynpaBieHHE, MAKCHMU3HpPYoIIee (yHKITUIO

I'amunbTOHA.
Bengém B paccmorpeHue  QyHKIMIO  “30HBI  HEUYBCTBUTEIBHOCTH

y = dez(X), koTopas onpeaensieTcsi COOTHOMICHUSIMU

0, ecin| x| <1,
sign x, ecm| x| > 1,
€[0,1],ecmx =1,
€[-10],ecmux =-1.

Ha puc. 5 npuBenén rpaduk pynkuuu Yy =dez(X).
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Puc. 5.

PaBeHcTBO (2.32) MOKHO 3amucarh B BUJIE

u (t) =dez(y, (). 17)
B koneunbiii mMomeHnT Bpemenu T X(T)=0, Tak Kak KOHCUHOW IIEJIbIO

YIIPaBJICHUA ABJIACTCA IICPCBOA (1)330B0ﬁ TOYKH B HA4YaJI0O KOOPJAHHAT. HOKa)KeM,

qTo

o (M)[>1. (18)
3anuueM paBeHCTBO

H (M), X(T),u" (M) =~k = u"(M) |+ ¥ xp (M) + w2 (M) -u" (M) (19)
Ecnu ‘ wo (T) ‘ <1, o B coorBerctBHH ¢ (17) U(T) =0, n u3 (2.35) cienyer

H (y(T), x(T),u” (T)) =—k #0. (20)

Cootnomenue (2.36) mpotuBopeunut BTopoMmy ycioButo (2.10). Ilpu o (T) =1
u() e [0,1], anpu wo(T)=-1 u(M)e [— 1,0]. PaBenctBo (18) B 3TOM Citydae Tarke

IPUBOIUT K cooTHOIIEHHIO (20).
N3 nepaBenctBa (18) crnenmyer, yTo B Havyayio KOOpAuHAT (a3zoBas TOuUKa

MOJKET TOTacTh JInOo ¢ yrpasieauem U(t) =1, mubdo ¢ ynpasnenuem U(t) =-1.
[Mpounrerpupyem ypaBuenus (13):
w1 (t)=w1(0), yo (t) =—w1(0)t + > (0). (21)

Ctporo roops, ypaBHeHus (13) 1onyckaroT perieHue
w1(t) =0, yo(t)==1. (22)
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*
B »tom caydae cootHomenue (17) He ompenenser ympasicHue U (t)

0JTHO3HAYHBIM 00pazoM. OmHako pemieHue (20), kak JIerko yOeIUThCs, MPOTHBOPEUUT
YCIIOBHIO

M (w(t), x(1)) =0,

M TIOATOMY €T0 CIIeAyeT UCKITIOYUTD U3 JAITBHEUIIIETO pACCMOTPEHUSI.
B cootBerctBuM ¢ (21) rpadux pyHkumu wo (t) sBisercs npsaMoi JUHHUEH.

Bun sT0i1 npsimoii onpenensercs HadanbHbIMU yenoBusaMu w1 (0) u w9 (0). danee,

CCJIn

w2 () =y2(0),
TO B COOTBETCTBUU C HepaBeHcTBamHU (18) ‘ w2 (0) ‘ >1.

PaCCMOTpI/IM OIITUMAJIBHOC VYIIPABJIICHUC MW OITHMAJIBHYIO TpPACKTOPHUIO,

cooTBeTcTBYOIIME GyHKIUU Yo (), mpencraBnenHoii Ha puc 6.

Ay,

v

Puc. 6.
*
VYnpasnenue U (t) B 3TOM cilyuae UMeeT BUJI, H300paXEHHBIHN HA puC 7.

*
Ay

Puc. 7.
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Kax cnenyer u3 (8) u (9), mpu U =1 ¢a3oBas Touka IBIKETCS MO mapadose

CEeMENCTBa
1l - *
X1 ==X5+S , 23
1 2 2 (23)
anpu U=-1 - no nmapaboiie cemeiicTBa
() ok
X]=——X5+S , 24
1 2 2 (24)

* **
3MeCh S W S - MPOU3BOJIbHBIE KOHCTAHTHL. [Ipu u(t) =0

X (1) = x5 (0),
X1 (t) = %2 (0)t + %1 (0),,

T.C. IIpU U= 0 (baBOBaH TOYKa ABUIKCTCA 110 HpHMOﬁ JINMHHUHN
x2 (1) =x2(0). (25)

Ha puc. 8 nzobpakeHo cemeicTBO npsambix (25).
A Xy

Y

|

Puc. 8.

Takum 00pa3oM, TpaeKkTOpHs, COOTBETCTBYIOIIAs HN300paKEHHOMY Ha

*
puc. 7 ynpasieruio U (1), cocTtouT u3 mapaboil COOTBETCTBEHHO ceMeicCTB (23) u

(24), coequHEHHBIX MEXIy c000# oTpe3koM mpsamoii (25) (puc. 9).
Ha 3akmiountensHoM yuacTke (ha3oBas TOuKa MABMXKETCA MO mapadoiie
cemeiicTBa (24), npuuém no Toil U3 mapabos cemeiicTa (24), KoTopas MPOXOIUT

Yyepe3 Havayio KOOpAMHAT. DTa nmapadosia 3a1aétcs ypaBHCHHEM

a YYaCTOK Hapa60m>1, o0 KOTOpOMY (ba3013a51 TOYKa IICPCBOAHUTCA B Ha4dallo
KOOPJMHAT - YPAaBHEHUEM

1 -
X1 =——X5, X9 20. 26
1 2 "2 2 (26)
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Puc. 9.

* *
[Tepexmrouenue ympasinenus ¢ U (t1)=0 wa U (t) =—1 mpPOMCXOTUT MMEHHO B
TOYKaX ydJacTka mapabosr (26). Takum 00pa3om, MOXKHO 3aIUCaTh

X1(t2)=—%><§(t2)-

JIunuto, koTopas 3a1aéTcsi ypaBHEeHUEM (26) 0003HAYNM 1 .
Haipém nuHuio, B TOUKaxX KOTOPOM MPOUCXOAUT NEPEKIIOUYCHUE YPABHEHUS

cu ()=1mau (t)=0.
Bocnons3yemcst pasencteom M (y(t), X(t)) =0. s momenTta Bpemenu to
uMeeM
—k=|u(tz +0)[+y1(t2) x2(t2) + w2 (t2) u(tz +0)=0. (27)

B cootBeTcTBUU C puc. 6 1 7
u(t, +0)=-1, yo(ty)=-1.
N3 (2.43) cnenyet
k

Xo(to)

y(t2) =w1=- (28)

Hatiném BpeMs IBHKCHUSI C YIPaBICHUEM u*(t) =0. Tak xaxk w9 (t1) =1,
w9 (tp) =-1, TO U3 paBeHCTBa

wo(ta)=w1(ta —t1) +wa(ty)

CleyeT

2
ty —t] ==
0
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VI, IPHHUMAs BO BHUMaHue (28),

2Xo (t
t, —tlz—#. (29)

B wuntepBane t; <t<tp, ¢a3zoBas TOUKa MABMKETCA IOJ BO3AECHCTBUEM

yIpaBICHUS u*(t) =0. [Toatomy

X1(tg) = Xo(t1) (to —t1) + X1 (t)
NJIn

X1(t2) =X (tl)ZXZT(tZ) +Xq(t1)-

[Tockonbky X5 (t1) =Xo (tp), To MOKHO 3amucaTh

2 2
X1(t2)=EX2 (t2) +xq(t). (30)
Touka X(tp) 7eXKNT HA IMHUU y{ U CJIEIOBATEIBHO

1
xi(tz) == %3 (t2). (31)
[Toacrasus (31) B (30), momyuum

xq(t1) = —(% + Ej X§ (t2).

Hanee, yauTsiBas, 4To Xo (to) = X5 (t1), MOKHO 3anmcaTh

xq(ty) = —G + E) X§ (t1).

* *
Wrak, nepeximoueHue ympamieHuss ¢ U (f)=1 ma u (t)=0 mnpoucxoaur B
TOYKaxX KpUBOH

1 2) -
X1 =— —+—|X5, Xo 20. 32
1 (2 k]z 2 (32)

Jlunwro, 3a1aBaeMyro ypaBHeHneM (32) 0003HaYUM ;/; .

*
PaccmotpeB ympasnenne U (1), mpeacrasiennoe Ha puc. 10, aHaTOrHYHBIM
*
00pa3oM MOXHO IOKa3aTh, YTO MepeKoveHue ympasieHus ¢ U (t)=-1 Ha

*
u (t) =0 mpoucxoauT Ha TMHUH
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1 2) -
X1 =| =+—|X5, Xo <0, 33
1 2 kj 21 A2 (33)
a MEePEKIIIOYCHIE YIIPABICHUS C u*(t) =0 Ha u*(t) =1 NpOUCXOAMT Ha JINHUU
1.2
X1 ==X5, Xo <0 34
1=5% X2 (34)
AL
O —
tl i
) Tt >
—-1
Puc. 10.

JIunuu, 3anaBaemble ypaBHeHUsAMH (33) u (34), 0003HaYMM COOTBETCTBEHHO J o
+ — + - +
vy, . lycrs nanee y1=y1 Yy ,ay2=y2 Yr,.
Takum oOpazoM, Ha (a30BOM TUIOCKOCTH CYIICCTBYIOT [IB€ JIMHHUH

NEPEKNIIoUeHuss 1 U yo (cM. puc. 11). Beuue nauHMM Y1 U yo ylIpaBieHHE
u*(t) =—1, HIDKE TUHUU yq U )9 YIpaBICHHE u*(t) =+1. B mpomexyTke MeXIy

*
avuHUAMU Y1 U yp U =0. Ha puc. 11 XupHBIMM JIHMHUSMHU BBIIEICHBI IBE

(ba3oBbIE TPACKTOPUHU, KOTOPBIE YAOBIETBOPSIOT Teopeme 2.1. Tonbko ynpasieHus
U TPACKTOpHH, 3371aBaeMble puc. 11, MOTYT OBITh ONTUMATTLHBIMH.

Jlanee, MOCKONBKY ISl KaKIOM HAYAIBHOW TOYKHU CYILIECTBYET TOJIBKO OJHA
TPAeKTOpHUs, YJIOBJIETBOPAIONIAs HEOOXOAUMBIM  YCJIOBUSAM ONTHMAJIBbHOCTH
(ycinoBusim Teopembl 2.1), a mo (U3MYECKUM COOOpaKEHUSIM CYIIECTBOBAaHUE
ONTUMAJILHBIX TPACKTOPHUIN MPEACTABISCTCS BIOJHE OYEBHIHBIM (PAKTOM, TO ITO
MO3BOJISIET 3AKJIKOYWTh, YTO IIOJYYEHHBIC BBIIIE YIPABICHHUS W TPACKTOPUHU

ABJIAOTCA OIITUMAJIbHBIMH.
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_ A
71 X2
72 u=0 XO
u=-1
>
X1
u=1
u=0
x0 72
1
Puc. 11.
IIycth
X1 = f1(x2)
- ypaBHEHHE JIMHUU )1, A
X1 = fa(x2)

- YpaBHEHHE IJIMHHHM Jo. Torma ONTHManbHOE YIpaBICHHE MOXHO 3a1aTh
PaBEHCTBOM
-1, ecmu X —f1(X)>0 u x; —f,(X,)>0 ,
u=<q 1, ecu Xy — f1(X,)<0 u x; — fo(x,)<0 (35)
0, ecmu sign[x; — fi(xy)]=-sign(x; — f,(x;)] .

Ctporo roBops, paBeHCTBO (35) He 3a7aeT 3HaUCHHUE ONTUMAIbHOIO YIIPABICHUS
Ha JIMHUMA {1, XOTS JIMHUS yq00pa3oBaHa JBYMSI ONTHUMAJIbHBIMU (Da30BBIMU
TPACKTOPUSAMU CUCTEMHI (3).
Ha puc. 12 uzo0paxeHa CTpyKTypHasi cxema ONTUMAaJIbHON CUCTEMBI.
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- X1+ f1(x2) | f1(x2)
e > |
@?« i \

-xp+ fa(x2)  fa(x2)

Puc. 12.
Ecnun dyskmmun X7 — f1(X9) u Xq — fo(X9) umeror pasubie 3Haku, T0 o(t)=0 u

ynpasienne U(t)=0. Ecau ykasaHHble (QYHKIMH HMEIOT OIMHAKOBBIE 3HAKH, TO
o(t) =-2sign[xq — f1(X2)] u curnan ynpasienus u(t) =—sign[x; — f1(X2)].

IIpumep 3. Buecem HekoTopsie u3MeHeHUs: B mpumep 2. Ilo-mpexnemy
MOJIATAeTCs, YTO JBM)KCHHE OOBEKTa YMpaBIICHUS 3aJaeTcs ypaBHeHUsMH (3) mpu
orpaHu4yeHur Ha mapametp ynpasienus (10), u B kauecTBe KpUTEpUsl ONTUMHU3AIUU
paccmatpuBaercs (pynkiuonan (11). OmHako BMeCTO 3aJaHHOM KOHEUHOM TOYKHU (B
npuMepe 2 — 3TO HayaJlo KOOpAMHAT) OyJeM paccMaTpHUBaTh MepeBoj (Pa3oBOW TOUKH
Ha MHOT000Opasue, KOTOPOe 3a/1aeTCs YpaBHEHUEM

X, =0.

K ycrnoBusiM onTUManbHOCTH, 3aJaBa€MbIM TeopeMoil 2.1, HeoOxoauMo 100aBUTh

YCIIOBHS TPAHCBEPCAILHOCTH HA IPABOM KOHIIE TPAEKTOPUH, KOTOPHIE UMEIOT BU]L

yi(M)=p , y,(T)=0. (36)

Tak kak L ABILICTCA THPOU3BOJIbHBIM BCIICCTBCHHBIM YHCJIOM, TO IICPBOC
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paBeHcTBO (36) He HakjagbIBaCT HUKAKUX YCIOBHH Ha ¢(yHKumio 4 (t). [amee, B
cootBeTcTBUH C (21) w, (t) - nuHelHas QyHKUMA, KOTOpas MOXKET 00paIaThes B HYIb
TOJBKO Oo1uH pa3. [loatomy B naTepBasie 0 <t <T ¢ynkuus v, (t) He MOKET U3MEHATH
CBOH 3HAK.

Kak cmenyer u3 (36) m (16), Ha 3aKIIOYUTENIFHOM Yy4acTke ¢a3oBas TOUYKa
JBIDKETCS TIOJT BO3JCHCTBUEM YIpPaBICHUS u*(t) =0 mo Tpaekropuu cemeiictBa (25).

Ha HavampbHOM y4acTKe B 3aBUCHMOCTH OT 3HaKa i/, (0) IBUKEHHE MPOMCXOAUT JHOO
o * *
0]l BO3JeHCTBUEM yrpaBieHus U =1; mbo - U =-1. Bo3MoXeH Takke BapHaHT
*
(v, (0)=0), xorna Ha Bceii TpaekTopuu nBrxkeHus U (t) =0.

*
Ha puc. 13 wuzoOpaxkensl ynpasiaeaue U () W COOTBETCTBYyIOIIAs €My

TpaekTopus X(t) mpu 5 (0) > 1.

A X2
Ay” u" =0
1

| |
tl T t X1

u* =1

x(0)
a) 0)
Puc. 13.

Haiinem Ha (a30Boil MIOCKOCTH COBOKYITHOCTH TOYEK, B KOTOPBIX MPOUCXOIUT

MEPEKITIOUCHUE YITPABICHHUS C u*(t) =1 nHa u*(t) =0.

3anuuieM paBeHCTBO

H (T X(T),u" (1) =~k =|u" (1) + w2 (1) - X (1) + v (T) -u™(T) =
——k+y1 (1) % (T) =0

N3 KOTOpPOro CJICAYCT, 4TO
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k
X, (T)

X () =1 (T)= (37)

B nHtepBane t; <t <T
wo(T) ==y (t) (T —t) +yw,(ty).
B cootBetctBuM ¢ (2.32) v, (1) =1 u, oueBuAHO,

1
vy (t) .

T _tl ==
Tak xak w4 (t;) =y (T), T0 U3 (2.64) cnenyer

Tt =) (38)

B untepBane t; <t <T u*(t) =0, u moToMy

Xp (M) =X, (tg) - (T —t1) + X (ty).

[Mpunumas Bo BHUManue (38) u paBeHcTBo X4 (T) =0, Haligem

Xp (t1) :—% X (ty) - %o (T).

Ho Tak kak X, (T) =X, (t1), To OKOHYaTENEHO MOTYIUM

1 2
Xl(tl):_E'X2 (t1). (39)
PasenctBo (39) 3amaer Ha (pa3oBoil miockocTu napadory. OgHaKo, Kak ClIeayeT

* *
u3 puc. 13, nepexirouenue ynpasieHus ¢ U () =1 va U (t) =0 BO3MOXXHO TOJIBKO MPHU

X, (t;) >0 (B mpoTuBHOM cityyae mpsiMasi X; =0 He MOXXeT OBITh JOCTHTHYTa), T. €.

ypaBHenune (39) HEOOXOAMMO JOMOJHHUTL HEPABEHCTBOM X, (t;)>0. OGozHaumm y*

JTUHUIO Ha (Da30BOM IITOCKOCTH, OMPEACIIEMYIO COOTHOIIEHUSIMU

xlz—%-xz2 , Xp >0,

*
VIMEHHO B TOYKaX JMHHMM ¥ HPOMCXOMUT MepeKioueHue ynpasienus U (t) c

+1 Ha 0.

*
Ecmu paccmotpers ynpasienue U (t), BUI KOTOPOro MpeacTaBlieH Ha puc. 14, u
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COOTBETCTBYIOILYIO eMy ()a30BYIO TPAEKTOPHIO, TO YKa3aHHBIM BBILIE CIIOCOOOM JIETKO

*
YCTaHOBHUTH, YTO TepekiroueHue ymnpasieHus U (t) ¢ —1 Ha 0 IpOUCXOTUT Ha JIMHUU

]/_ , KOTOpasd 3aaaCTCiA COOTHOICHUAMUA

1
X =—-X5 , X, <0

k
Ay

t, T t
>
-1
Puc. 14.

OGo3HauuM y OOBbeNUHEHWe JuHUA ¥y u y . y=y Yy . Jlna kaxmoi

*
¢dazoBoit TpaekTopuu X(t) nepekioueHue ynpasiacHus U (f) IpoucxoauT Ha JIMHUU ¥ .

Ha puc. 15 uzo0paxeHbl TUHHS “TICPEKITIOUCHUS U BUJ BBIACICHHBIX HEOOXO0IUMBIMHU
YCIIOBUSIMU ONITUMAJILHOCTH (a30BbIX TpaekTopuil. Toiabko n300pakeHHble Ha puc. 15

TPACKTOPHUU MOT'YT OBITh ONITUMAJILHBIMU TPACKTOPUAMMU.
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Puc. 15.

Ha puc. 15 BUAHO, 4TO Ka)KJasi ONTUMAJIbHAs TPACKTOPUS LETUKOM JIEKUT MO0 B
J€BOM, 1100 B MPaBOil MOITYIIOCKOCTH.
O003HauUM
X1 =(Xz) -

ypaBHEHHE JIUHUHU ¥ . ONTUMAIIBHOE YIIPaBICHUE 337a€TCS PABEHCTBOM

1, ecmu X; —@(X,) <0 u Xx; <0,
-1, ecmm X; —@(X,)<0 u X; >0,
0, ecmm X; —@(X,)>0 u X, <0,

uiu Xl_¢(X2)<O )41 Xl >O
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2. CUHTe3 onTUManbLHOro ynpasrieHMss MeTogomM ba3oBOro NpoCcTpaHCTBA.
NMoBepXHOCTbL NepeKnYeHns, ee CTPYKTypa

IIpumep 1. PaccMoTpuM 00BEKT, HMEIONTUH TIEPETATOYHYIO (DYHKITHIO

ko
Tp+1)p

Takyto nepenatounyo GyHKIHUIO UMEET, HAIPUMED, JIETaTeNbHbIN annapar

W(p)=

II0 KaHaJIy Kp€Ha Ha HCKOTOPLIX H3 PCKHMOB MOJIETA. ﬂBI/I}KeHI/IC 00BEKTa

OITMCBIBACTCsI ypaBHeHI/ICM
7=+ =Y —ku. (1)

bynem mnpeamnonarath, 4TO Ha YHOpaBISIONMNA MMapaMeTp U HaJOXKEHO

OTpaHUYCHHE
lu|<A,
a 3azaroliee Bo3aencTeue Yo = gq, 31€ch g - MIPOU3BOJIbHAS KOHCTAHTA.
Omubxa
X=Yo—-Y=90 Y,
u ypaBHenue (1) mpuHumMaet BUJ

2
dox dx_ )
dt  dt

Tax xak ypaBHenue (1) ummeer BrOopoil mopsmok, To S=L7, T. e

MOBEPXHOCTh TEPEKIIOUEHUsT HMMeeT pa3MepHocTh 1 u, cleaoBaTensHO,
MPEICTABIIACT COOOM JTMHUIO Ha (Ha30BOM MIIOCKOCTH.

JUis ompeneneHusl JTMHUM NEPEKIOYeHHus Lq Bocmonb3dyeMcs NpUHIUIIOM
“nonsiTHOoro aswxeHus @enpadayma. Beeném obpatHoe Bpems 7=t; —t, 31ech
t1 - koHeyHOe BpeMs, U - Tekyluee BpeMsd. Eciu B IpsIMOM BPEMEHU TPAECKTOPHUS
X(t) mpoxoauTcs OT Havana K KOHILy, To B oOpatHoM Bpemenu 7 (0 <7 <ty) - or

KOHIIa K Ha4dally. CHpaBGIUII/IBBI CICaAyromue COOTHOIICHUS:
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dx_dx dzr _dx dz_ dx
dt dt dr dr dt dr’

02 _d [dx]_ o [ dx]_o%
dgt2 dt |dt| dz | dz| g2

d"x py d"x

dz" dt"

VYpaBuenue (2) MOKXHO 3amucaTh B BUIE

d2x_dx_

T 22
d72 dr

—ku. (3)

[Tonaras U = const, HaligEM perieHue ypaBaenus (3.11):
d x

—=C1eT/T +kU,
dz (4)
x=CTe"T +kur+Cy.

[lepeiiném B ypaBHeHHIX (4) K MPOU3BOIHOM MO MPSMOMY BPEMEHH:
d x

—=C1eT/T +kU,

dr (5)
x=CTe"T +kur+Cy .

Tak kak B oOpaTHOM BpeMeHH Tpaektopuu Li w L{ ucxomsaT u3 Havana

KOOpAMHAT, TO MOCTOsIHHBIE nHTerpupoBanus Cq u Co HaliaéM U3 yCIoBHiA:

d
X| =0, X =0
dz|__
OKOHYATENBHO MOJTYyYUM
dx_ kue?T —ku,
dr (6)

x = -Tkue”T +kur + kuT .

VYpaBuenus (6) omnpexnensitor (B ¢GyHKIUUM mapamerpa 7) B (pa3oBoM

d x

MPOCTPAHCTBE C JIEKAPTOBBIMU KOOPJIMHATAMU at u X mpu U= A muauio Li, a

npu U=—A - muanio L1 .
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Ha puc. 1 m3o0paxens! quanu Ly m L{. PaccmoTpeB mepBble y4acTku
ONTUMAJIbHOM TPAEKTOPHH, JIETKO YCTAHOBUTH, YTO BBILIE JUHUM L1 onrumanbHOe
ynpasieHue U= A, a Hrke IMHAK Lq onTUMaibHOE ynpasiieHue U =—A.

A X

L

Puc. 1.

O6o3naunM X =¢@(X) - ypaBHeHue muHHUH L;. Torma ontumampHOE
yIpaBiieHHe OyIeT 3a/1aBaThCSA PAaBEHCTBOM U = A sign [X — go(x')].

Ha puc. 2 nmpencraBiieHa CTpyKTypHast CXeMa ONITHMAIBHON CUCTEMBI.

7\ Yo
Al u y
k é
| > L [ —
; (M p+1)p
— A
X
@(X) x'
1 P |e—]

Puc. 2.
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IIpumep. 2. PaccMOTpUM CHHTE3 ONITUMAIILHON CUCTEMBI TPETHETO MOPSIIKA.

[lycTh nBMXEeHNE 00BEKTA 3a1aE€TCS YpaBHEHUEM

d3 y
— =u.
dt
Ha ynpasnsromuii napaMetrp U HaJIOKEHO OTPAHUYEHUE
lu|<A.

3aarolee BO3ACHCTBUE UMEET BU

2
Yo =92t” +91t+4dp,
rae 9o, 91, 9o - IPOU3BOJIbHBIE YHCIIA.
Beeaém ommbky

X=Yo —y=0ot> +g1t+gg - .

U3 paBenctna (8) cienyer, 4To

d3x _.d 3 y
dt3  dtd
Torna ypaBHenue (7) MOKHO 3aITCaTh B BUIE
dx_
dt3

(7)

(8)

9)

B cootBerctBUM ¢ TEOpEMOW O YHCIE MEPEKIIOYEHUU ONTUMAIBHOE I10
OBICTPOJICHCTBUIO YIIPABJICHUE PEJICHHO U B MEPEXOHOM IMPOIIECCE TOMYCKAeTCs
He Oojee NByX mepekimtoueHuit pene. Tak kak ypaBHeHue (9) mmeer TpeTwii
MOPSIJIOK, TO B (ha30BOM MTPOCTPAHCTBE CUCTEMBI C JICKAPTOBBIMU KOOPJIUHATAMHU X ,

dx/dt, d 2X/ dt? CYIIECTBYET MOBEPXHOCTh MepekiroueHus S =Ly, mo oxany

CTOPOHY OT KOTOPOM - ONTUMAaIbHOE yrpaBiieHne U = A, a 1o Apyryio - U =—A.

B o6parHoMm BpeMenu ypaBHeHue (9) TpUHUMAET BUJI
d3x B
dzs

Haiiném pemienne ypaBuenus (3.18), npenmnonarasi, 4to U = const:

d2x
dz'2
d x 2'2

—=U—+C17+C9,
dr 2 ! 2

=UT+C1,

3 2
T T
X=U-—+C1—+Cor+C3,
6 1 2 2 3

rae C1, Cy u C3 - KOHCTaHTBI HUHTETPUPOBAHUS.

[Tepeiiném B ypaBHeHUsX (11) k mpoU3BOIHBIM IO MPSIMOMY BPEMEHU:

(10)

(11)
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2 2
d
HIUT-FC]_, —XI—UT——le—Cz,
dt2 dt 2

3 2
T T
X=U—+C1 —+Corr+(Ca.

Koncrantel C1, Co, C3 ONpenensrorcs U3 ycIoBUn

d2x y d x Xo0: X y
=230 =220 -0~ 10
2 7=0
dto] dt|,_g
OKOHYATENBHO MOIYYUM
d°x
) =Uur7 + X3p
dt
dx u 2-2 X + X
_ = —|] — — T
dt 2 30 20
3 2
X=U?+X307—X20T+X10 a (12)

VYpasaenus (12) mo3BoiSIIOT paccUUTaTh JOOYIO TPACKTOPHUIO, BXOSIIYIO B
COBOKYIHOCTH Lo (cM. puc. 3.4).

HazoBém monyrpackTopuei TpaekToputo aemxkenus cucreMsr (9) (wnum (10)),
COOTBETCTBYIOIIYIO IIOCTOSIHHOMY 3HaKy ympasiaeHus U. byaem npenrnonarats,
4TO OOpaTHOE BpeMs 7 BBOAMTCS OTAEIBHO VIS KaXKJIOM MOIyTPACKTOPUU.

[Monoxxum B ypaBHeHUsIX (12) X19 = Xog = X3¢ =0. YpaBHeHus

d%x dx 72 r°

—=ur, —=-U—, X=U—, (13)

dt? dt 2 6
npu U= A 3a1aioT (B pyHKIMH mapameTpa 7 ) JuHuo L1, a mpu U=—A - 1uHHIO
L{. OrmeTum, 9TO TapaMeTp 7 HEOOXOIMMO U3MEHSTH OT HYJIS B TIOJIOKUTEIBHYIO
CTOPOHY.

B pesynbrare 4ncieHHBIX Pacy€TOB, BBINOJHEHHBIX C IIOMOILIBIO YPaBHEHUN
(13), muams Ly = L1 Y L{ 3amaércs cOBOKYIHOCTBIO TUCKPETHBIX Touek. Ha puc. 3
npeacTaBieHa npoekius duHuM Lq Ha muockocte X=0. Eciam Hap kaxnoit
pacdy€THOM TOUYKOM 3alucaTh COOTBETCTBYIOLIEE €M 3HAYEHUE KOOPAUHATHI X, TO C
IOMOUIBIO PUC. 3 MOKHO 3a4aTh JUHUIO L.

[ToBepXHOCTD MEPEKITIOUEHHS 00Pa3yIOT MOTYTPACKTOPHH, IPUMBIKAIOLIIE K
maann Ly, Jlng ompenenenusi, Hampumep, nomytpaektopuun CD  (puc. 4),
NPUMBIKAIONIEH ¢ yrpaBieHueM U =—A K JuHuM L1, HEOOXOAMMO B YpaBHEHHSX
(12) monoxuts U=—A, a B KauecTBe HAUAIbHBIX 3HAYEHUH X109, Xpp, X309 B3SITh

KoopauHatel Toukun D . [Tapamerp 7 mpu 3TOM MO-NPEKHEMY OTCUUTHIBAETCS OT
HYJII B TOJIOKUTEIbHYIO CTOPOHY. AHAJIOTMYHBIM 00pa3oM CTpPOSITCS Jpyrue
MOy TPACKTOPUH, 00pa3yroOIINe COBOKYIMHOCTh L.
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L

>
u=A X"
L1

Puc. 3.

A
K

/

"

u=A
u=A

T
%m,
=N

Puc. 4.

[MonyTpaekTopuy, BXOSIIME B COBOKYMHOCTh L5, XapakTepusyrorcs
yrnpaBienneM U=A u npumbikaloT K JuHMM  L{. Kaxmas w3 stux

MOJYTPACKTOPUM MOXKET OBITh paccuMTaHa 1o ypaBHeHusMm (12). [ns storo B
ypaBHeHusX (12) cieayer monoxuth U= A, a HadallbHbIe 3HAYCHUS JOJKHBI
COBMAJATh C KOOPIWHATAMH COOTBETCTBYIOIICH TOukH JuHUHU L{. Jlerxko BuieTs,
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9TO TIONYTPAeKTOPUH, BXOJIIME B COBOKYHNHOCTh L), CHMMETPHYHEI

OTHOCHUTEJIBHO Hadalla KOOPJAUHAT MOJYTPACKTOPHUSAM, BXOASAIIUM B COBOKYITHOCTb
L5.

Ha puc.4 wu3o0paxeHsl MNPOEKIUH  OOpa3ymloIIUX  MOBEPXHOCTH
NEepeKIIoYeHus: TpaekTopuii Ha miockocTh X=0. Puc. 4 mno3Bossger 3aaarh
MMOBEPXHOCTh TMEPEKIOUCHUs. g 3TOro Haja KaxIoW pacy€THOM TOYKOHU
HE0OXO0MMO 3aIKcaTh COOTBETCTBYIOIIEE €1l 3HaUeHHE KOOpAUHATHI X. OTMETHM,
YTO C MPAKTUYECKOM TOYKH 3pEHUSI PE3yNbTaThl PACUYETOB IEIECO00pa3HO
odopMIISITH B BHJIE puC. 4.

[ToBepXHOCTh MEPEKIIOUEHU YacTO 3aJal0T B BHUAE TaOMUIBI C JABYMS
BXxoAaMu. Jlnsg mosiydeHus Takod TaOIMIbl HEOOXOAMMO Ha puUC. 4 HAJOXKHUTh
KOODAMHATHYIO CETKY M C IOMOIIBI) HHTEPNOSALUHM ONPENCIIUTh 3HAYECHUS
KOOpPJIMHATBI X B y3JIax 3TOM ceTku. B BepxHeil cTpoke TabJWIbl 3aHCHIBAIOTCS

3HAYEHUSI KOOPIAWHATHI d2X/ dt2, B JIEBOM CTOJOLIE - 3HAYEHUs KOOPAHHATHI
d x/dt, a Ha mepeceueHUH CTPOKU M CTOJIONA - COOTBETCTBYIOIICE MM 3HAUYCHUEC
KOOpPJIMHATHI X .

Tabauna.
X”

X

X1 X5 X3 n X{ n Xg
XI
X1 X11 X12 X13 n X1 ~ X1s
X5 X21 X292 X23 n X2j o~ X295
X3 X31 X32 X33 n X3i ~ X3s
I\ A I\ ING I\ A A A
X] Xj1 Xj2 | Xj3 ~ Xji ~ Xjs
I\ A I I I\ I A A
Xm Xm1 Xm2 Xm3 n Xmi n Xms
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[Monoxum, uro X = f(x',X") - ypaBHEHHE MOBEPXHOCTH MEPEKIIIOYCHUSI.

HeTpyaHO yCTaHOBUTB, YTO BBIIIEC MMOBEPXHOCTH MEPEKIIOYCHHS U= A, a HIKE
MOBEPXHOCTH TepekintoueHuss U =—A. ONTUMaJIbHBIN 3aKOH YIIPaBJICHUS, TaKUM
o0pa3oM, MOKHO 3aIiCaTh B BUIC
u= Asign [X — (X, X”)].
Ha puc. 5 mnpeacraBieHa CTpyKTypHas CXeMa ONTHMAIbHOH 110
OBICTPOJACHCTBUIO CHCTEMBI YIIPABICHHS.

A Yo
A — u y
»@ > > » OBBEKT —»{@
—1-A
X' X
< . ]
f(xr’xﬂ)
®. 11
X”
« D] e

Puc. 5.
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3. CUHTe3 onTUManbLHOro ynpasneHus Ans NnpocTbiX MoAeNbHbIX
00BLEKTOB Npu pa3HOOB6pPa3HbLIX KPUTEPUAX ONTUMU3aLUU

[Ipy ompefeneHHd C TOMOIIBIO MNPHUHIMIA MaKCHMyMa ONTHMAIBLHOTO
YIpaBJeHHs — 1eNecoo0pasHo  MOJOKMTL W, =—1. Jlanee, NpH HAaXOXkIEHUH
ONTUMAIBHOTO YIPABJIEHMS, KaK MPABMIIO, MPUXOIUTCS MCIHOJB30BaTh BCE YCIOBHS
NIpUHIMIA ~ MakcuMyMma.  MHOrga  ONTHManbHOE — yNpaBIeHHE — HAXOAMUTCA
HEIOCPEICTBEHHO U3 YCIOBHUS ﬂ(w(t) X (1), Ugpy ) =0.

B HEKOTOpHIX CIydasX Ul HAXOXKAEHHs ONTUMAIBLHOIO YIPABIEHHS ClETyeT
obpamarbcsi K NPUHIMIY TOMATHOTO ABIKeHHs Pempadayma. Ilpu mepexome oT

IIPOU3BOJHBIX IIO IIPAMOMY BPCMCHHA tk 06paTHOMy T CIIPAaBCIJIMBO PAaBCHCTBO

dr dt

Ipumep pemennus 3a1a4mu.
.

Just oGbexra X&+ax=u, [u|<1, a>0, J :J(k +|u|)dt , k >0 pemuts 3agauy 06
0

ONITUMAJIbLHOM II€CPCBOAC CUCTCMBI M3 IMPOMU3BOJIBHOI'O HAYAJIBHOI'O COCTOSHHA B TOYKY

Xx=0.

CoctaBum QyHkuuio ['amunbroHa
Fe=—k—|u[+y-(u-ax).
OnTuManbHOE yIpaBlIeHUE T0CTaBIsIeT QYHKIUU
—1)-unpu u=0;
AFt=—|u|+y -u= (v =1)-ump 1)
(l//+1)-u pu U <0,
makcumyM. U3 ycnoBus makcumyMma ¢pyHkiuu (1) Haxoqum
lopu y >1,
u=<-lopu y <-1, (2)
0 npu |l//| <1.

Bocnonb3yemcst paBeHCTBOM
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3t(y (T) X(T).1, (1)) =0

17001
—k —|u(T)[+w (T) Uy (T)=0. (3)
13 (3) cnenyer, uto Uy, (T)=0, T.e. ‘1//(T )‘ >1. Tpu u(T)=1
l//(T) =k+1, (4)
anpu U (T ) =-1
w(T)=—k-1. (5)
Beinumem auddepenunansHoe ypaBHEHUE ISl i/
dy _
a
[epeiinem Kk 0OpaTHOMY BPEMEHHU T '
dy +ay =0, (6)
dr

VYpaBHeHue (6) UMeeT pelieHue
w(r)=w(0)-e™.
Ecnu B MomeHnT t=T U (T) =1, To, npuHKMas BO BHUMaHue (4), IoJIy4dum
w(r)=(k+1)-e ™. @)

Ha pucynke 1 npeacrasien rpaduk QyHKIIIN l//(T) :

A Yy
N,

1 :
\ t

Z'*

Puc. 1

B cooTBeTcTBUU C paBEHCTBOM (2)

1npu 7 <%,
u(r)= 8
(T) {Ol‘[pI/I T>T*, ®)

B oOpatHom BpemeHu aBukeHHE mpoucxoauT u3 Toukn X=0 wu 3amaercs
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YPaBHEHHEM

dx
—=—Uu+ax.
dr

Peue 910 ypasuenue mpu U=1 u X(0)=0 B nnrepsane 0<7<7™* Haiinem
Touky X(7*). Takum o6pasoM, mpu X(7*)<X<O HBIXCHHE NPOMCXOAUT C

yipasiesneM U =1, a ipu X < X(7*) — ¢ ynpasnernem U=0 (cM. puc. 2).

u=0 u=1 u=-1 u=0 X
>0 >0< o< >
X(7*) 0 X(z*)
Puc. 2

AHaNnOTrHYHBIM 06p330M HaXOAHUTCA TOYKaA %T *) = —X(T*) , KOTOpasa OoIpecacisicT

nepexioyeHue ynpasieHus ¢ U=0 na u=-1.

OxoHYaTeIbHO IMOJIy4YuM

0 mpu |X| > X(z‘*),

| -sign(x) npu x| < x(z *).

3amanus

;
1. Jlns obwvekTa B=U, J = J (k + uz)dt, k>0 pemuth 3amaqy 00 ONTUMAIEHOM
0
MEPEBOJIC CUCTEMBI M3 MTPOU3BOJIBHOTO HAYAIBHOTO COCTOSTHHS B TOUKy X =0.

.
2. lns o6bexra Xe+ax=u, a>0, J :I(k+u2)dt, k>0 pemmts 3amauy 06
0

ONTUMAJIbLHOM IICPCBOAC CUCTCEMBI M3 IMPOU3BOJBHOTO HAYAJIIBHOI'O COCTOAHHA B TOYKY

Xx=0.

.
3. lns obbekta Xe=U, \u\ <1, J= J.det pemuTh 3a7adyy 00 ONTHUMAaJIbHOM
0
MEPEeBOJIC CHCTEMBI U3 TIPOM3BOJIHLHOTO HAYAIBHOTO COCTOSTHIUS B TOUuKy X =0.

:
4. Jlna oObekta Xe=U, ‘u‘ﬁl, J:I(k+u)dt, k>0 pemuts 3amauy 00
0

OIITUMAJIbBHOM IICPCBOAC CUCTCMBbI U3 IMPOU3BOJIBHOTO HAYAJIBHOI'O COCTOSAHHA B TOYKY

Xx=0.

;
5. st o0bexTa e=U, J = I (k + uz)dt, k>0 pemuts 3agady 00 ONTHMAIBHOM
0
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IepeBO/Ie CHCTEMBI U3 TIPOM3BOJILHOTO HAYaIbHOI'O COCTOSHUS B TOUKy X =0,
T
6. Jlns oObekTa Xe+ax=u, ‘u‘ﬁl, a>0, J :j(k+|u|)dt, k >0 pemmuts 3a1aay
0

00 ONTHMAaJILHOM TIEPEBOJEC CHCTEMbI M3 TMPOW3BOJIHHOIO HAYAIBHOTO COCTOSHUS B
Touky X=0.

.
8. s oObekta Xe=U, ‘U‘Sl, J:I(k+|u|)dt, k>0 pemmts 3amaday 00
0

OIITUMAJIBHOM HepeBozLe CUCTCMBEBI U3 HpOHSBOJ’ILHOFO HAYAJIBHOIT'O COCTOJHHUA B TO‘{Ky
x=0.

.
9. llns obbekra Xe=U, \u\ <1, J= szdt pemuTh 3a7a4y 00 ONTUMaJIbHOM
0
MEePEBOJIE CUCTEMBI U3 MTPOU3BOJILHOTO HAYAJIBLHOTO COCTOSHUS B TOUKY X =0,

;
10. Jlns oobexTa XU, J = J (k + uz)dt, k >0 pemmTth 3a1a4y 00 ONTUMATBHOM
0

MIePEBOJIC CUCTEMBI U3 TIPOM3BOJBLHOIO HAYAIBHOTO COCTOSTHUS B Touky X =0,
T
11. Jlns obbekra Xe=U, \u\ <1, J= I(k +u)dt, k>0 pemmrs 3amaqy 06
0

OIITUMAJIBHOM IICPCBOJAC CHUCTCMBI U3 ITPOU3BOJIBHOI'O HAYAJIBbHOI'O COCTOAHHUSA B TOUYKY

x=0.
;
12. Jlns oObekra Xe=U-—ax, \u\sl, J:I(k+|u|)dt, a>0, k>0 wuaiitu
0

ONTUMAaJIbHOE yIpaBieHue (B GyHKIMU Pa3oBOil KOOPAUHATHI), epeBosiee (PazoByrO
TOYKY U3 JJF0O0T0 HAYaJIbHOTO MOJIOKEHHSI B HAYaJI0 KOOPAUHAT.

.
13. Jlna oObexra Xe=U-—ax, ‘u‘ﬁl, J:I|u|dt, a>0 HallTu oNTUMAIILHOE
0

ynpasieHre (B QpyHKUuU (a30BOM KOOpAMHATHI), mepeBojsiiee (a3oByr0 TOUKY U3
JH000r0 HAYaJIBHOTO MOJIO0XKEHHS B HAYaJI0 KOOPAMHAT.

.
14. Jlns oObekTa Xe=U-—ax, ‘u‘ﬁl, J=j|u|dt, a>0 HallTu oNTUMAIIBLHOE
0

ynpasieHre (B QpyHKUuU (Ha30BOM KOOPAMHATHI), NepeBojsdiee (a3oByH0 TOUKY M3
JT1000T0 HAYAJIBHOTO MOJIOXKEHUS B TOUKY X =0.

15. Jlnst oObexra e ax=ku, |u[|< A, k>0 oCylwecTBUTb CHHTE3 ONTHUMAIBHOTO
10 OBICTPOJCHCTBHIO YIPABICHUS, IMoJiaras, 4TO BXOJHOW CHTHAN Y,=(,, Iae §,—
IPOU3BOJIbHAS. KOHCTAHTA.

16. Jlns oobekTa Xe=ku, \u\ <A, k>0 ocyIiecTBUTh CHHTE3 ONTUMAIBHOTO 10
OBICTPOJCHCTBHIO YIIPABJICHHS, TTOJIarasi, YTO BXOJIHOW curHan Y, =(gt+g,, rie g, u
0, — MPOM3BOJIbHBIC KOHCTAHTHI.

17. Ins oObekTa
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&=X,,
¥ =u, |u<1
HaWTH ONTUMAJILHOE MO OBICTPOJICHCTBHIO YIIpaBJiCHHUE, TepeBoasiiee (a3oByIO
TOUKY CUCTEMBI U3 IPOU3BOJIBHOIO HAYAJIIBHOTO COCTOSIHUA Ha MpsiMyro X, =0.
18. Jlna o6bekTa
&=X,,
¥ =u, |u<1
HalTH ONMTUMAJILHOE TIO0 OBICTPOJICHCTBHIO YIPABJICHHE, TIepeBosIee (pa3oByrO
TOYKY CHUCTEMBI U3 IIPOU3BOJIBHOIO HAYAJIBHOI'O COCTOSIHUS HA MPAMYIO X, = X, .

;
19. Jlns oObekra X=U-—ax, ‘U‘Sl, J:I|u|dt, a>0 HalThH OomTHUMAaJILHOE
0
ynpapiienne (B QyHkiuu ¢$a3oBod KOOPJIHMHATHI), mepeBojsiiee (a3oByl0 TOUKY W3
J000T0 HAYAJILHOTO MOJIOKEHUS B TOUKy X =0.

.
20. s oObekTa X+3X=U, J:I(k+u2)dt, k>0 pemurs 3amagy 00
0

OIITUMAJIBHOM nepeBoz[e CUCTCMBI U3 HpOI/ISBOJIBHOI‘O HadaJIbHOT'O COCTOJHUA B TOLIKY
x=0.

.
21. JIns oObekta Xe=U, \u\ <10, J= J. x*dt pemmTh 3amady 06 ONTHMAILHOM
0
MIEPEBOJIC CHCTEMBI U3 MPOW3BOJIEHOTO HAYAIBHOTO COCTOSTHUS B TouKy X =0.

T
22. Jlns obbekta Xe=U, ‘U‘SS, J=I(k+u)dt, k>0 pemurs 3amauy o0
0

OIITUMAJIBHOM IICPCBOJAC CHUCTCMBI U3 IIPOU3BOJIBHOI'O HAYaJIbHOI'O COCTOAHHUSA B TOUKY

x=0.
:
23. lnst oobekTa e=U, J = I (k + uz)dt, k >0 pemmts 33129y 00 ONTUMATLHOM
0

MIEPEBOJIC CHCTEMBI M3 MPOW3BOJIEHOTO HAYAIBHOTO COCTOSTHUS B TOUKY X =0.
T
24. Jlns oObexTa Xt 7X =U, ‘U‘SZ, J :j(k+|u|)dt, k>0 pemmts 3amauy 00
0

ONITUMAJIBHOM IICPCBOAC CUCTCMBbI U3 IMPOU3BOJIBHOTO HAYAJIBHOI'O COCTOSAHHA B TOYUKY

x=0.

.
25. Jlng obwekra M=U, \u\ <10, J= I x°dt pemmTh 3amady 00 ONTHMAIBHOM
0
IIEPEBOJIE CHCTEMBI U3 IIPOM3BOILHOI0 HAYAILHOTO COCTOSIHHS B TOUKY X =0,

:
26. Jlna oObekTa Xe=U, ‘U‘SZ, J:J(k+|u|)dt, k>0 pemmrs 3amauy 00
0

OIITUMAJIBHOM HCpCBOI[C CUCTCMBI U3 HpOI/ISBOJIBHOFO HAYAJIBHOT'O COCTOJHUSA B TO‘IKy
Xx=0.
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.
27. Jlna obbekra ¥e=U, \u\ <3, J= I x°dt pemmTh 3amady 06 ONTHMAILHOM
0
IIEPEBOJIE CHCTEMBI U3 TIPOM3BOJLHOIO HAYAIBHOTO COCTOSHUS B TOuKy X =0,

;
28. It oovekTa e=U, J = J (k + uz)dt, k >0 pemuTh 3ama4y 00 ONTUMAIEHOM
0

IIEPEBO/IE CHCTEMBI U3 IIPOM3BOJLHOIO HAYAIBHOTO COCTOSHUS B TOuKy X =0,
T
29. Jlns oObekta X=U, ‘U‘SS, J :J(k+u)dt, k>0 pemurs 3amauy o0
0

OIITUMAJIBHOM nepeBoz[e CUCTCMBI U3 HpOI/ISBOJII)HOI"O HadaJIbHOT'O COCTOJHUA B TOLIKy
x=0.

;
30. Ius obObekta Xe=U, ‘U‘Sl, J:I(k+u)dt, k>0 pemurs 3amady 00
0

OIITUMAJIBHOM nepeBoz[e CUCTCMBI U3 HpOI/ISBOJII)HOI"O HadaJIbHOT'O COCTOJHUA B TOLIKy
x=0.

.
31. Jisn obbekra Be=U, |u[<3, J:J(k+u)dt, k>0 pemmTs 3amauy 00
0

ONTUMAJIbHOM MEPEBOJIE CUCTEMBI U3 MPOU3BOJILHOTO HAYAJIHLHOTO COCTOSIHHSI B TOYKY
x=0.
.
32. Jlna obbekta X=U, ‘U‘S3, J :J.det pemmuTh 3aga4y o0 ONTHUMAaTbHOM
0
MEePEBOJIE CUCTEMBI U3 MTPOU3BOJILHOTO HAYAJIBLHOTO COCTOSIHUS B TOUKY X =0,

;
33. Jliusa oobekTa Xe=U —3X, ‘u‘Sl, J :j(k +|u|)dt, k >0 HaliTu OonTUMAJILHOE
0
ynpasieHue (B (QyHKIUU (a30BOM KOOPAMHATHI), mepeBojsiiee (a3oByl0 TOUKY W3
JT000T0 HAYAJILHOTO TIOJIOKEHHUSI B HaYaI0 KOOPIUHAT.

.
34. Jlns obwekra Xe=U —6X, \u\ <1, J :I|u|dt HAWTH ONTHMAJILHOE YIIpaBJICHUE

0
(B ¢ynkiuu (a3zoBoil KOOpAMHATHI), NepeBoidiiee (Pa3oBYyIl0 TOYKY H3 JHOOOTO

Ha4aJIbHOTO ITOJIOKCHHA B HAYAJIO KOOPpAWHAT.
T

35. lns o0bekTa = U — 2X, \u\ <2,J)= J |u|dt HAlTH ONTUMAIBHOE YIIPABJICHUE
0
(B ¢ynkuu (a3zoBoil KoOpaMHATHI), TepeBoisdiiee (a3oByIH0 TOUYKY H3 JHOOOTO

Ha4yaJIbHOI'O ITOJIOKCHHUSA B TOUKY X = 0.
T

2
36. s oobekra Xe=U, \u\ <4, J= I X“dt pemmuTh 3amauy 00 ONTHMAaILHOM
0
TIEPEBOJIC CHCTEMBI U3 TTPOM3BOJIBHOTO HAYAJILHOTO COCTOSIHUS B TOUKYy X =0,
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.
37. Jlinsa oobekTa M=U, ‘u‘ <1, J= I(4 + |u|)dt PEIINTH 337729y 00 ONTUMATBHOM
0
IIEPEBOJIE CHCTEMBI U3 IPOU3BOJBLHOIO HAYaIbHOIO COCTOSHUS B TOUKy X =0,

38. Jlis oObekra Xt ax =2u, ‘U‘SIO OCYIIECTBUTh CHHTE3 ONTUMAJIBHOTO IIO
OBICTPOJECHUCTBUIO YNpPABIEHUs, MOjaras, 4TO BXOAHOW cHUrHan Y,=(,, IIe 0,—
MIPOM3BOJIbHAS KOHCTAHTA.

39. s obvexra M=Ku, \u\ <A, k>0 ocymecTBuTh CHHTE3 ONTHMAIBHOTO IO
OBICTPOJEHUCTBUIO YIIPABJIEHUs, TIOJIarasi, YTO BXOAHOW curHain Y,=0t+0,, rae ¢, u
g, — IPOU3BOJIbHBIE KOHCTAHTHI.

40. Jns oObekTa

&= 2x,,
¥ =u, |u<1

HaNTH ONTHMAaJIbHOE MO OBICTPOACHCTBHIO yIpaBJCHHE, MepeBoasiiee (Ha3oByIO
TOYKY CHCTEMBI U3 TPOU3BOJIHHOTO HAYaIBHOTO COCTOSHHA Ha MpAMyto X, =0.

41. Jlng oObekTa

= 2X,,
& =u, |u<1

HaWTH ONTHUMAJILHOE IO OBICTPOACHCTBHIO YIIpaBIICHHE, TepeBo/siIee (ha30BYyIO
TOYKY CHCTEMBI U3 TPOU3BOJIBHOTO HAYaJIbHOTO COCTOSHUS Ha MPSIMYIO X, = X, .

T
42. JInsa oobekTa Xe=U —6X, \u\ <1, J= ﬂu‘dt HaWTH ONTHUMAIBHOE YIIpaBICHUE
0

(B ¢ynkuuu ¢azoBoil KOOpAMHATHI), TepeBojsiiee (a3oByld TOUYKY U3 JHOOOTO

Ha4yaJIbHOT'O ITOJIOXKCHHUA B TOUKY X = 0.

43. Jljst MHOTOIIIAaroBOIO Mpoiiecca P, pl, p2,..., pN ul utu?u:

Pl = pf U, [t <1, 3= 3 (p )
k=0

3anucath OCHOBHOE (DYHKIIMOHAIbHOE ypaBHeHHE bennmana.
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4. MpnMeHeHMe AMHAMU4YEeCKOro NporpaMMmMpoBaHnA Ans onpeneneHus
ONTUManNbLHOro ynpaBfieHus

IIpumep 1. PaccMoTpuM 00BEKT, IBMXKEHHE KOTOPOTO 33J]a€TCSl YPABHEHUSIMU

dx, dx,
—=X,, ——=U
dt dt

* *
B kxauecTBe KOHEUHOM TOUYKH X BI)I6ep€M HayaJI0 KOOpAHHAT, T.C. IIOJIOXHUM X =0.

KauecTBo mpotiecca ynpasieHus 0y/1eM OlIeHUBATh (PYHKIIMOHATIOM
T
J = j(xf + X5+ uz)dt. (1)
0

Takum oOpa3zoMm, peub uUAET 00 ONpEeACTIeHUH ONTUMAIBLHON CTpaTeruu
uz&(xl,xz), KoTopasi oOecrieuuBaeT mnepeBoj (a30BOM TOYKH W3 MPOU3BOJIBLHOTO

HAYaJIbHOTO COCTOSIHUSI B HA4ajo KOOPAMHAT U HPU TOM TaK, YTOObI HA TPAEKTOPHUAX
nBrKeHus PpyHKroHan (1) npuHUMan HauMEHbIIIee 3HAaUCHHE.

Brinumem ¢pyHKIMOHaIRHOE yYpaBHEeHUEe bemnmana

oS oS } @

O=min| x/ +x2 +u° +—x, +—u
u Ox, ox,
Tak Kak Ha ynpaBisSONUMKA napaMeTp U HE HAIOKEHO HUKAKUX OTPAHUYCHUH, TO
JUISL OMIpeiesiCHUsT MHUHUMyMa HeoOxoaumo mpoauddepeHpoBaTh MPaBYK YacTh
ypaBHeHUs (2) 110 U:

oS

2u+ —=0. (3)
ox,

N3 (3) Haxoaum

1 oS

U=———,
2 0Ox,

(4)

H YPAaBHCHHUC bennmana IMPUHUMACT BHU

2
x12+x22+an2—1(6Sj =0. (5)
ox, 4\ Ox,

bynem uckathb pelieHue ypaBHeHUs (9) B BUJE KBAAPATUIHOU (POPMBI

S(x)= Cxi + Coxyx, + Cyxa.
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Torma

ox, ax,

VYpaBuenue (5) npuHUMAaET BUJT
1
X7+ x5 — 4(4C§x§ +4C,Cxyx, + szxlz) +
+2Cx,x, + Cyx; = 0.

Koadbdumuentst Cy, C,, C3 onpenensitores U3 CUCTEMbl ypaBHEHUI:

1—1@=Q

4
1-C2+C, =0, (6)
2C,— C,C, =0.

Cucrtema HEIMHEWHBIX anreOpamveckux ypaBHeHHl (6) wumeer JBa

BCIICCTBCHHBIX PCIICHUA
C,=2, C,=-3, C/ =-/3;
C,=2, C,=—/3, C =-/3.

OTU penieHus: B COOTBETCTBUM C (4) MOPUBOIAT K JBYM CHHTE3UPYIOLIUM

GyHKITUAM
u=—x; —/3x,, (7)
u=—x, +/3x,. (8)

B pesynprare monydaem ABE JIMHEWHBIE CUCTEMBI, IPUYEM JIMHEWHAsA CUCTEMA,
nopoxxaaemasi pyHkiuyei (8), oka3piBa€TCS HEYCTOMUUBOM U, CJIEI0OBATEIHHO, HE MOXKET
obecrieunTh IepeBo1 (Ha30BOM TOUKM B HAYAJIO KOOPIUHAT.

Takum o00pa3oM, onTUMalbHas CUHTE3Upylomas ¢GyHKUUs (onTuManbHas
cTparerus) 3amaercs paBeHCTBOM (7). Ha puc. 1 m3oOpakeHa CTpyKTypHas cxema

OINTUMAJILHOU CUCTEMBEI.



39

u E X |1 |x
/3
Puc. 1.

IIpumep 2. PaccmoTpuM npocTeiiiiee ypaBHEHUE
&=u—x, (9)
oJiarasi, 4TO Ha yIpaBJISIONIMN MapamMeTp U HAIOAKEHO OrPaHUYCHUE
u <1
bynewm pemars 3agauy nepeBoja IMEPEMEHHONW X U3 MPOU3BOJIBHOTO HAYaJIbHOIO
3HAYECHHUS B HYJIb.

VYpaBuenue bemmana (cM. (4.26) yekuuii) UMeeT BHT
. dS
—1=min—(u—x). 10
ul<1 dx ( ) ( )

OnTumanbHOE MO OBICTPOJICUCTBUIO YIIPABIICHUE

= —sign—. 11
u=-sign_ (11)
[Toacrasmss (11) B (10), mosryunm ypaBHEHHE
as dS ds

—l=—"x—""-sign—. 12
dxx dx gndx (12)

. dsS
Haiinem pemenue ypasHenus (12), monaras T > 0. 13 cooTHOMIEHUS
x

das
—(1 =1
dx( +x)

CJIeyeT, YTO

S(x)=In(x+1)+C", (13)

x dsS
3necb C - mpousBosibHas KoHcTaHTta. [lpm d—< 0 anasoruuHbIM 00pa3oM
X

HalgeM

S(x)=In(1-x)+C™. (14)
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[Tomaras, uto paBerctBa (12) u (13) cripaBenuBel ipu X=0, TO B COOTBETCTBHH C
rpaHu9IHBIM ycioBueM (cM. (4.25) nekmuit) C =C  =0.
Oynkuus S(x) 3a1aeT MUHUMAIbHOE BPEMS JIBHKEHHS U MOXKET OBITh TOJIBKO

nosioxkutenbHor BenmmunHon. U3 (13) u (14) caexyer toraa, 4to

S(x) =

In(x+1) mpm x>0,

(4.41)

In(1-x) nmpu x<O0.
OnrtruManbHOe 10 OBICTPOACHCTBUIO YIPaBICHHUE, TAKUM 00pa3oM, OIpPEeIisieTcs

pPaBEHCTBOM

1 mpu  x <0,
v —1 mpu x>0.

ds(x)

X

Kak cnemyer u3 (15), npousBojHas UMEET pa3pbiB B Touke X=(0. ITO

CTaBHT TI0J] COMHEHHUE CIIPABEUIMBOCTh (DYHKIIMOHAILHOTO ypaBHeHHs bemnmana (12).

OpnHako, TMOCKONBKY B ONTHUMAJIBHOM JIBIDKCHHH TIEpeMEHHAs x(t) HE M3MEHSCT 3HaK,
GyHKIHIO S(x) MOKHO OTJEJIbHO paccMarpuBath npu x>0 u npu x <0, a B KaXI01
u3 3TUX obyacte (PyHKIHS S(x) SIBJISIETCS HEMpepbIBHO auddepeHIupyeMoi. ITo

MO3BOJISICT 3aKJIFOYMTh O CITPABEIMBOCTH paBeHCTBA (15).

Bo u36exaHuu HeIOpa3yMEHH OTMETHM, YTO II€JIbI0 HACTOSAIIEr0o Mpumepa
SABJISIETCA HE JIEMOHCTpPAIUs TOro, Kak C MOMOIIbIO JUHAMUYECKOTO MPOrpaMMHUPOBAHUS
MOYXHO OCYIIECTBIIATH CHUHTE3 ONTUMAJIBHOTO MO OBICTPOJCHUCTBUIO YIpaBJICHHUS, a
KeJaHWe TMoKazaTh, YTO TNPEANOJOXKEHUE O HENpepbiBHONW IU(PDHEPEHIIUPYEMOCTH

CI)YHKLII/II/I S (x ) ABJIACTCA BCCbMa CYHICCTBCHHBIM OI'paHNYCHUCM MECTOJa

JAHAMUYECKOI0 MPOrpaMMHUPOBAHMS, KOTJa OH IIPUMEHSETCS Uil HENPEPBIBHBIX
MPOLIECCOB. DTOT MPUMEP TAKXKE IMOKA3bIBACT, UTO JJISI CHUHTE3a ONTUMAJIBHOTO MO
OBICTPOJICHCTBHUIO YIIPABIEHUS IIEJIECO00PAa3HO HCIOJIB30BATh MPUHITUIT MaKCHMyMa

[TonTpsAruna.
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5. AHannTn4yecKkoe KOHCTpympoBaHue onTuManbHbiX perynsatopos (AKOP)

IIpumep. PaccMoTpuM ypaBHEHHE

d—x:Ax+Bu,

dt

noJiarasi, 4to MaTpuisl A, B 1 BekTop X uMeroT BUA

oo o<} L)

U - ckaysipHOe yripaBieHue. TpeOyercs HaWTH yrpaBlieHHE, MUHUMU3UPYIOIIEE

(GyHKUIHOHAT

J= ;]?(XTQX + ruz)dl,

0

|4 0
Q_{O %}

r, 4,, 4, - IIOJIOKHUTCJIbHBIC YUCJIA.

rJIe MaTpuIla

Marpuny K, ¢ momoursio kotopoii 3amaercs ¢ynkums S(x), npeacraBum B

K=|:k11 k12i|-
k12 k22

B cootBercTBuU ¢ (cM. (4.62) nexitus) 3amuiieM ypaBHeHHe Pukkaru:

{% O}_l{ku klz}{o}x[o l]x{kn k12:|+
0 q,| rlky ky 1 ki, ki

BHUAC:

1)
ki Kk, 0 1 0 O ki bk
+ X + X =0.
ki, kK, 0 O 1 O ki, kK,
N3 (1) cnenyet cuctema ypaBHEHUM
1
q, — *klzz =0,
r
1
ki — ;k12k22 =0, (2)

1
q, - ;/@22 +2k,, =0.



42

Cucrema ypaBHeHul (4.68) uMeeT cienyrolue peleHus:

ki =%.rqy,  ky :i\/’”(% +2., ’”%)’
kyy = J—r\/%(‘b +2, ’”41)-

Boigenum u3 (3) penieHue, COOTBETCTBYIOIIEE OIPEACICHHO MOJI0KUTEILHOM

)

matpurie K. Ilpumensis xkpumeputi Cunvsecmpa, HaWIeM, 4YTO TaKUM peEHICHUEM

SABJIAIOTCA

ki = \/%(Clz +2, ”‘h)) kyy = \/a’

ky, = \/’”(% +2, 7’611)-

B cootBeTrcTBUU € (4.63) onTUMATBHOE YIIPABJICHHE

1
u= —;(klle — kzzxz).
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6. OnTMMM3auma B KOHEYHOMepHOM npocTtpaHcTBe (MeTon MHoOXUTeEneu
INarpaHxa. Teopema KyHa-Takkepa. NpagUeHTHbIA MOUCK C MOCTOSAHHbIM
warom. Metoa Hauckopeuwero cnycka. Metoa HbroToHa. MeTtopa
npoekuun rpaaueHTta. lNpoekuma rpagueHta Ha oAHO oOrpaHM4YyeHue, Ha
HECKOJIbKO OrpaHu4eHumn)

1. Haittu MuHUMYM (QyHKIIMH:
Q(X)=x +6X%;
IIPU OTPAHUYCHHH
2X, +4x,-18=0.

2. Haiitn MUHUMYM (YHKITUH:
Q(X)=x +9x%;
IIPU OTPAHUYEHUH

2% +4x,—20=0.

2. C momomrsio TeopeMbl Kyna — Takkepa HAiTH MUHEMYM (DYHKITUH
Q (X) =X +X
IpY OrPaHUYEHUH

h(x)=x—x; +42=0.

2. C momormisto Teopembl KyHa — Takkepa HaiiTh MUHUMYM (DyHKIIUN
Q(X) =% +2x;
IIPU OrPAHUYEHUN

h(x)=4-x —x;>0.

5. C nomouisto Teopemsl Kyna — Takkepa HaiiTh MUHUMYM (DyHKIUN
Q(X) =% +2x]
P OTPaHUYCHUHU

h(x)=16—-x —x; >0.

6. C nomomnibto TeopeMbl Kyna — Takkepa HallTH MUHUMYM (PYHKIIUN
Q(X) =% +4x;
IIPU OrPAHUYEHUN

h(x)=x+X,>0.

7. C momomisto Teopemsl Kyna — Takkepa HailTh MUHUMYM (DyHKIAN
2 2
Q(X)=x +x; -4

IIpu OIrpaHUYCHUHU



g(x)=x—2x,=0.

9. C momomisio Teopemsl Kyna — Takkepa HailTh MUHUMYM (DyHKIIUN
Q(x)=x +x; —16
Py OTPaHUYECHUH
h(x)=2x+X; +420.

10. C momorrsio Teopembl Kyna — Takkepa HailTH MUHUMYM (DYHKIIHH
Q(X)=x —2x,+3
IpU OTPaHUYCHUHU

h(x)=18—-x, —4x, >0.

11. C nomoursto Teopemsbl Kyna — Takkepa HallTH MUHUMYM (DYHKIIHH
Q(x)=x —4x; ~16
IIPU OrPAHUYEHUN
g(X)=x —4x +x; -12=0.

12. C nomomrsto Teopembl Kyna — Takkepa HaliTh MUHUMYM (QYHKIHH
Q(X)=x —2x,+3
P OTPaHUYCHUHN

h(x)=18-x, —4x, >0.

13. C momorsto Teopembl Kyna — Takkepa HailTh MUHUMYM (DyHKIIMH
Q(X)=x-2x;
IIPY OrPAHUYEHUN
h(x)=16—x —x; >0.
14. C nomoursto Teopembl Kyna — Takkepa HallTH MUHUMYM (QYHKIHH
Q(X)=x—2%
IPU OrPAHUYEHUN

h(x)=16—-x —x; >0.

15. C nomoursto Teopembl Kyna — Takkepa HallTH MUHUMYM (QYHKIHH
Q(X)=x +2x,
IpU OTpaHUYCHUU

h(x)=x—-X; +6>0.

16. C momoriwio Teopembl Kyna — Takkepa HailTH MUHUMYM (DYHKIIMH
Q(X)=x + 4x:

IIpu OIrpaHUYCHUHU
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h(x)=8-x—x;>0.

17. C nomorrsio Teopembl Kyna — Takkepa HailTh MUHUMYM (DYHKIIMU
Q(X) =% +4x%;
IpY OTpaHUYCHUH
h(x)=24—-x —x; >0.

18. C momorrsio Teopembl Kyna — Takkepa HaiiTH MUHUMYM (DYHKIIHH
Q(X)=x—4x;
IIpU OIrpaHUYCHUN
h(x)=x +2x, >0.

19. C nomoursto Teopemsbl Kyna — Takkepa HallTh MUHUMYM (DYHKLIHH
Q(X)=x +2x; —4

IpU OTPaHUYEHUHU
g(x)=x+2x,=0.

20. C momompto Teopembl Kyna — Takkepa HATH MUHUMYM (DYHKITUU
Q(Xx)=x+2x; -8
P OTPaHUYCHUHN

h(x)=x+x; +4>0.

21. C nomompto Teopembl Kyna — Takkepa HallTH MUHUMYM (YHKIIAH
Q(x)=x +2x,-3
IIPU OTPAHUYEHUH

h(x)=15-x, —4x, >0.

22. C nomobto TeopeMbl Kyna — Takkepa HallTH MUHUMYM (YyHKLIUU
Q(X)=x,+4x; +16
IPY OTPaHUYCHUH

g(X)=X; +4x +x; +12=0.

23. C nomopto Teopembl Kyna — Takkepa HaliTU MUHUMYM (DYHKIIUU
2
Qx)=x-x
IpU OTpaHUYCHUHU

h(x)=9-x' —x; 0.

24. C nomoupto TeopeMbl Kyna — Takkepa HaliTH MUHUMYM (YHKLIUU
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Q(X)=x —3X, +2

IIPU OTPAHUYEHUH

25.

26.

217.

28.

29.

30.

31.

32.

33.

h(x)=16—x, —2x, >0.

CI[CJ'I&TB OJMH HIar 110 MCToAy rpaiucHra € IIOCTOAHHBIM ITaromM 7\,:1:
4
0

Q(Xx)=x +4x,, X°=

N w

Cnenatb OfUH IIar MO METOJy TPaJIMeHTa:

Q(x)=x—8x;, XO:|:: , A=1

CIIGJ'IaTB OJMH HIar 110 MCToAy I'paAruCHTa C IIOCTOAHHBIM IIaromM A=1:

Q(x)=2x +8x,, X’ :B}

CIIGJ'IaTB OJMH HIar 110 MCeToay rpaaiucHra € IIOCTOAHHBIM IIaromM A=1:
3

Q(X)=x +3%,, X’ = 1]
2

CILeJ'IaTI) OJMH HIar 110 MCTOoAYy IrpauCHTa:
2
Q(x)=x% —4%;, X’ =H, A=1

Crenatb OJUH IIar MO METOLy TPaJIMEHTAa C MOCTOSHHBIM I1aromM A=1:

Q(X) =%, + 4%, xozm.

CnenaTth OAWH 1IAr 1O METO1y HAMCKOPEUIIEro CIycKa:

Q(X)=x +4x;, x° ={ﬂ

CnenaTth OAWH 1IATr TI0 METOIY HAMCKOPEMIIEro CIycKa:

Q(X) =X +2% +X; —8%, +17, X° :{81}.

C,Z[GJ'IaTI) OJAWH mar 1mo Mcrtoay H&HCKOpGﬁHICFO CIIyCKa.:



34.

35.

36.

37.

38.

39.

40.

41.

42.

Q(X) =X +X; —4x +8x, +20, X° ={81}.

CI[CJ’I&TB OJHWH HIIar 1o MGTOIIy HaHCKOpeﬁlﬂerO CHYCKa:
2
Q(x):xf+x§, xXP=|"|.
4
CI[CJIaTB OJHWH IIar 1o MCTO,Hy HaHCKOpeﬁHIeFO CHYCKa:

Q(x)=x +5x;, x°= E}

CIIGJ'IaTB OJMH HIar 110 MCToay H&HCKOpGﬁIHGFO CIIyCKa:

Q(X) =X +2% +X; —4x, +15, x° :{82}

CIIGJ'IaTB OJMH HIar 110 MCToay H&HCKOpGﬁIHGFO CIIyCKa:

Q(X) =X +X; —2x, +4x, +10, X° :{81}.

Crenath OUH 1Iar MO METOly HAUCKOPEUIIIETO CITyCKa:

Q(X)=x2+x;, X° :{12}

Hcnonb3yst meton HetoToHa, HAWTH MUHUMYM (DYHKITUU:
Q(X) =X +X; +X; — 2% +4X, —6x, +14, x°=|1 |.
Hcnonw3ys meton HetoToHa, HAliTH MUHUMYM (DyHKLIHU:

Q(X)=x +x; +8x +12x, +52, X° :B}

Hcnonw3ys meton HetoToHa, HAliTH MUHUMYM (DYHKLIHU:

0

Q(X) =X +X; +X; —8x, +4x, +20%, +120, x’=|-3|.

0

Ncnonws3ys meton HetoToHa, HAWTH MUHUMYM (DYHKITUH:
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4
Q(X) =X +X; +X; — 2% +4X, —6x, +14, x°=|1 |.
0
43. Vicions3yst metoa HpioToHa, HAWTH MUHUMYM (YHKITUU:
6
Q(X) =X +X; +X; —4% +2X, 8%, +12, x"=|1|.
0
44. Ucnionb3yst meToq HptoTOHA, HATH MUHUMYM (DYHKITUU:
0
Q(X) =X +X; +4x +6X, +52, x° :L}.
45. Ucnionb3yst meton HptoToHa, HAallTH MUHUMYM (DYHKITUU:
0

Q(X) =X +X; +X; —4X +2X, +10x, +100, x°=|-5|.

46. Ucnonb3yst meton HptoToHa, HATH MUHUMYM (DYHKITUU:
Q(X) =X +X; +X; —2X +4X, —6x, +14, x°=| 2.

47. Ucnions3ys meton HeroTOHA, HAWTH MUHUMYM (DYHKIIMH:

Q(X) =X +X; +X; —4x, +8x, +10x, +120, x’=|-2|.

48. CnenaTh OJIMH IIAT 110 METOJTY MPOSKIINH TPAJUCHTA:

Q(X)=x +2x, +10, g(x)=x2+(x,~1)" —4=0,

XO—F} 1=0,1
=(, | A=0.L

49. Caenath OJMH IIIar MO0 METOY MPOEKIIMK IPATUCHTA:
Q(X)=%+%+5 g(X)=x +(X, —l)2 -3=0,
1
x’=|11, 4=0,1.
2
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1
50. Haiitu npoekiuto Bektopa Y =| 0 | Ha 1Ba OrpaHUYCHUS:
2
X, + X, — 2%, =0,
2%, — X, + X, =0.
1
51. Haiitu npoekiuto Bektopa Y =| 0 | Ha 1Ba OrpaHUYCHUS:
2
X, +3X, — 2%, =0,

2X, — X, +4%, =0.
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