JIABOPATOPHAS PABOTA 4
HccaenoBanue cucTeM ynpaBJeHUs B IPOCTPAHCTBE COCTOAHUM

1. Hean pa6oThl. 3yueHre METOUKHU COCTABIICHUS YpaBHEHUN 00bEKTa B
IIPOCTPAHCTBE COCTOSTHUM, CIIOCOOOB HAXO0XJI€HUs (ha30BbIX TPACKTOPUN OOBEKTA
u pemeHus quddepennnanbabix ypaBHenuit Ko B cpene Mathcad.

2. Kparkue TeopeTu4ecKkme CBeIeHUA

2.1. Mopesb B IPOCTPAHCTBE COCTOSTHU I

Oo6wekt ynpapnenus (OY) mo onpeaesneHuio mpeacTaBisieT COBOKYITHOCTh
TEXHUYECKUX YCTPOMCTB, HYXIAIOIMMUXCA B CIHEHUAJIBHOM OPraHU3allMOHHOM
BO3JEUCTBUHY (YIIPABICHNUH) IS ITOJIYYEHHUS LIENEBOTO pe3ynbprara — (puc. 1).
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Puc. 1. O6bekT ynpaBneHus

BennumnHbl, OKa3bIBAaONIWE BIMSIHUE Ha MNOBEAEHHE OOBEKTa HA3BIBAIOTCS
BO3JCUCTBUSMU. BBIIECHAIOT Cleaytomue BEKTOPbl BO3IEMCTBUM:

ul

U(t)=|... | - BEKTOp YIPABJISAIONIUNA BO3ICUCTBUM (YIpaBICHUI);
ul‘ﬂ
h

F()=|.. - BEKTOpP BO3MYIIAKOIINX BO3JCUCTBUM, ONHUCBHIBAKOIINAX
fe

BJIMSTHUE OKPY>KaIoIIeH cpeibl Ha TaHHBI 00BEKT;

Y

Y(1)=|.. | - BEKTOp BBIXOJHBIX CHUTHAJIOB — CUTHAJIOB JaTYUKOB,
Y

yCcTaHOBJIEHHbIX Ha OY.
[Tpu onucanuu OY B mPOCTPAHCTBE COCTOSHUI BBOJIUTCS JOTOJIHUTEIbHBIN
BEKTOP COCTOSIHUI UJIM BEKTOP (ha30BBIX KOOPJIMHAT OOHEKTA

x, (1)
X(@)=] ..
x, (1)
ITo ONPEACICHUIO BEKTOP X (f) Ha3bIBACTCS BEKTOPOM COCTOSIHUS 00BEKTA, €CIIN OH
00J1a1aeT CICTYIONIMMU ABYMS CBOMCTBAMMU:



1) 1151 jaHHoro OV BEKTOp COCTOSIHUA JOKEH UMETh MUHUMAIbHYIO
Pa3MEPHOCTD;

2) pPa3MEpHOCTh JOJDKHA OBITh JOCTATOYHOW JJIi TOTO, YTOOBI, 3Has
HaYyaJbHOE COCTOSIHUE X (f,) M BXOJHBIC BO3ICHCTBUA Ha OOBEKT, pPAcCUUTATH
COCTOSTHHE O0BEKTA B CIACAYIOUINI MOMEHT BpeMEHU X (7, +At) .

B Teopun aBTOMaTHUECKOrO ympaBieHUs JJiI 00BEKTOB, IBUKEHHUE KOTOPBIX
onuckiBaeTcss  AudPepeHIMaIbHBIM  YpaBHEHUEM  1-0TO  MOpsAKa, 4YacTo
HCTIOJIB3YETCS] KAHOHUYECKUM BEKTOP COCTOSIHUS

N yO)
x=| .. =" |, (1)

n

Yy ()

00pa3oBaHHBIA W3 MPOU3BOAHBIX BBIXOJHOTO CUTHaiMa 00bekTa. Bo3MOXXHOCTH
HCIIOJIB30BaHUS O3TOI'O BeKTopa B KAa4CCTBC BeKTOpa COCTOSHUA O6’BCKT3 BBITCKACT
U3 Teopun AuddepeHInaIbHbIX YpaBHEHUH, U3 KOTOPOH M3BECTHO, UYTO PEIICHHE
y(t) muddepeHIHATbHOTO YpaBHEHHsS] 71-OT0 TMOpSAAKAa MOXKHO OJHO3HAYHO

OIpPEAENINTD, 33/1aB 1 HAYAJIbHBIX YCIOBUN: QYHKIUIO y(f,) B HA4aJbHbIH MOMEHT
BPEMEHU U €€ MPOu3BOAHbIe y"(f,), i=1,2,..,n—1, T.e. 3a]1aB BEKTOP COCTOSHHUS B
Ha4yaJIbHBII MOMEHT BpeMeHU X (z,). IIpm 3THX yCIOBHSAX MOXKHO pPACCUMUTATH
pemieHue y(r) ¥ Haiitu 3HaueHue BekTopa (11) B m000 MOMEHT BpEMEHU —
CJIEOBATEIbHO, COIVIACHO ompeneneHuto Bektop (11) sBusgercs BexkTOpoM
COCTOSIHUS JJIsl paCCMaTpUBAEMOIo OObEKTA.

IIpu BbIOOpE BekTOpa cocTosiHUs Uil ucciexyemoro OY ucnomnb3yercs 1Ba
OIXO0/A:

1) bu3nYecKuil MoaX0 — KOMIOHEHTBI BEKTOpPA COCTOSIHUSI BHIOMPAIOTCS
TaKUM 00pa3oM, UTOObl OHU UMEJIU SACHBIN (PU3UUECKUN CMBICIT;
2) MaTEMaTUYECKU MOJX0J — BEKTOP COCTOSIHMSI BbIOMpAeTCs TaKUM

oOpazoM, 4TOoOBI 3ajjaya yOpaBiCHUS MaTeMaTHYeCKH pelanach Hauboliee
IPOCTBIM CITOCOOOM.

JIns pemieHus 3a/1ad aHAIW3a U CHHTE3a CTPOUTCA MATEMATHUYECKas MOJEIb
0o0beKTa  ymOpaBJICHHs, TMPEACTABISIONIAS  COOOM P MaTeMaTHYeCKHX
COOTHOLICHUN MEXIY KOMIIOHEHTAMHU YKAa3aHHBIX BEKTOPOB, MO3BOJIAIOIINX MPU
3aJJaHHBIX BXOJHBIX BO3JECHUCTBUAX PACCUMTATh 3HAYCHUS BBIXOJHBIX CHUTHAJIOB
oOBeKTa.

B npocrtpanctBe cocrosHuit moxaens OV mpencraBisieT coOOW CHUCTEMY
nuddepeHnanbHbIX YpaBHEHUH, 3anicanubiX B popme Komu:

x()=@[x,),...x (),u,(t),...u, (), f,(t),.., (O], i=L2,..,n;
yj(t)=nj[xl(t),...,xn(t)], j=12,..,r,
WM B BEKTOPHOU popme

: (12a)

{X(t) =P[X (1), U®),F1)], (126)

Y(t)=N[X ()]



[lepBoe ypaBuenue (126), sBustomeecs aAuQdepeHIrnaIbHbIM, Ha3bIBACTCS
ypaBHEHUEM COCTOSIHMSI OOBEKTa, a BTOpoe airedpanvyeckoe — YypaBHEHHUEM
HaOII0/IeHNs (M3MEpPEHMi) 00BeKTa.

Yacto ucnoisib3yercs JIUMHEHHBbIE MOJEIU OOBEKTOB, B KOTOPBIX (DYHKIIMH
®(-), N(-) SABISIOTCS JUHEHHBIMU (QYHKITUSIMH CBOUX apTyMEHTOB:

{X(r) = AX (1) +BU (1),
Y(t)=CX (1),
rae A, B, C — MaTpuiibl HapaMeTpoB 00bEKTa COOTBETCTBYIOIINUX Pa3MEPHOCTEH.
IIpumep. Paccmotpum OV, 3a1aHHbIN clieyrolien nepeaatouyHoi GyHKiuen
W(p)=—o (14)
(Tp+D(T,p+1)

CocTaBuM OIKMCAaHUE JAaHHOTO OOBEKTAa B IPOCTPAHCTBE COCTOSHUN C
KAaHOHWYECKHM BEKTOPOM COCTOSHHUA. C 3TOM LIENbI0 MPEABAPUTENBHO 3aIHILEM
COOTBETCTBYMOIIEE AU dhepeHITnaIbHOE YPaBHEHUE 00BEKTA 10 €ro MepeIaTOqHON
(byHKIIH:

(13)

K _Y(p)
Gp+D(Tp+1) U(p)

W(p)=

150105
(Lp+D(T,p+DY(p)=KU(p),
(TT,p* + (T, +T,) p+ DY (p) = KU (p).
Tak kak nepemaroyHast GyHKIHS OMPEAEIICTCS KaKk OTHOIIIEHNE TpeoOpa3oBaHui
Jlamaca BBIXOZHOM BEJIMYMHBI K BXOJHOM IPU HYJIEBBIX HAYAIBHBIX YCIIOBUSAX, TO
p Edi’ y(t)=Y(p), y(t) = pY(p), 3({t) = p’Y(p). C HUCII0JIb30BaHUEM JaHHBIX
t

COOTHOIIEHUI TMepexo/IuM OT OIEepaTOPHOTo ypaBHEHUS K qudhepeHunanbHoOMy

TT,5()+(T +T,) 3(t) + y(t) = KU (7). (15)
C HCIIOJIb30BAHUCM KaHOHHWYCCKOI'0 BEKTOPaA COCTOSTHUU
x,(1) y(®)
X)) = = 16
© (xz(t)j (y'(t)j (16)

nuddepennanrbHOMY ypaBHEeHHIO (15) BTOpOro mopsiika ¥ MOXKHO TMOCTaBUTH B
COOTBETCTBUE CUCTEMY JBYX NU(PPEepeHIIMAIbHBIX YPABHEHUI:
X, (1) = x,(1)

S TR N N S a7
xz(t)_ T_xz(t) (T+T)x2(t)+TT U(t)

1T2 1 2 172
VYpaBuaenus (17) npencrapisatoT onucanue oobekta (14) B (a30BOM NMPOCTPaHCTBE
C BEKTOPOM cOCTOsIHUM (16).
Monuenb o6bekTa (17) MOXKHO 3amucaTh B MATPUIHOM BHJIC
0 1 0

(),Cl} 1 11 (xlj+ K U@, (18)
5) == -+ |\n) ==
T, T T, TT,

()= o)
V) X,



C MaTpHILlaMU IapAMETPOB

0 1 0
A= 1 _(l+i)’ B=| K |, C=(1 0). (19)
T, 1, T, 1T,

2.2. Pemenue nudppepenunaibubix ypaBHenuii Komm B Mathcad

3anuck mozeneit B equnor dhopme (12) (bopme Koin) mo3BoisieT oTBICUbCS
OT CMBICJIa TIIEPEMEHHBIX COCTOSIHMS M HMCCIIEI0BAaTh CUCTEMBI PA3HOU IPUPOIBI
CTaHJAapPTHBIMU METOJAaMH, KOTOPBIE XOpOIIO pa3pabdOTaHbl U pPEATU30BaHbl B
COBPEMEHHBIX KOMIIBIOTEPHBIX Iporpammax. Hanpumep, B makere Mathcad nis
peieHus cucreM auddepeHunanbHbIX ypaBHeHui (12) pa3paboTaHbl cienyromme
¢bynkun (mpouenypsl): tkadapt, Rkadapt, rkfixed, Bustoer.

OTu QYHKIMHU UMEIOT aHAJIOTUYHOE OOpaIlleHne K HUM, KOTOPOE MOSACHUM Ha
npumepe ¢pyukiuu Rkadapt(XO0, t0, tk, N, F).

Rkadapt(XO0, t0, tk, N, F) - mmer pemenne nuddepeHInanpbHOr0 ypaBHCHUS
WIM CUCTEMBI C MCIOJb30BaHHEM MeToaa PyHre - KyTThl ¢ mepeMEeHHBIM IIaroM
(TaM, rhe pelieHHe MEHSETCsl MEJUICHHEEe, Iar yBEJIWYUBAEeTCs, a B 00J1acTu
OBICTPOTO M3MEHEHUs pelleHus Iar (YHKIUM yMeHblIaercs). BosBparaercs
pEeLIeHUE C PaBHBIM LIAarOM, ONPEAEIAEMbIM YACIOM TOYeK N.

ApPrymMeHThI BbIILIEYKa3aHHON (PYHKIIMU UMEIOT CIETYIOINUNA CMBICIT:

X0 - BEKTOp HaYJIbHBIX YCIOBUM;

t0, tk - rpaHuIBI MHTEpBAJIA JUISI IOUCKA PELICHUS;

N - KOJIMYECTBO TOYEK HA MHTEPBAJIE;

F(t,X) - BekTop-(hyHKIIMS IEPBBIX MPOU3BOIHBIX — MPABBIX YaCTEH ypaBHEHUI

Kommn.

B pesynbrare paboThl yKa3aHHBIX (DYHKIMN pacCUUTHIBACTCS MaTpUIa,
KOJIMYECTBO CTOJIOIIOB KOTOPOM Ha €IUHUILY OOJIbIIIE YUCIIa yPABHEHUIN CHCTEMBI, a
KOJIMYECTBO CTpoK paBHO mapamerpy N. IlepBwiii cronber comepXUT 3HAUYEHUS
HE3aBHCHUMOI MEPEeMEHHOH t, BTOPOW — 3HA4Y€HHUs MepBOM (Pa30BOM KOOPIMHATHI,
TPETUH - 3HAUEHHUS BTOPOH (pa30BOM KOOPAUHATHI CUCTEMBI U T.J[. — CM. IIPUMED.

2.3. Cnioco0bl pacyera ¢a30BbIX TPAaeKTOPHii 00beKTA
CymectByeT 4 crocoba mocTpoeHus (Ga3oBbIX TpaekTopuil. PaccMoTpum ux
Collep’KaHWe Ha TpUMepe OOBEeKTa C MepeaaTovYHON (yHKIMeW HHTerpaTropa

K o
BTOpOTO mnopsgaaka W(p)=—, KOTOpPbIH B KAHOHUYECKOM (PA30BOM IPOCTPAHCTBE
p 2
P

OIMMMCHIBAETCS cucTteMoil nuddepeHIanIbHbIX ypaBHEHUI:
x,(1) = x, (1)
{xz (1) =KU (1)
JI1s1 TpOCTOTHI pacueToB MOCTpoeHHe (ha30BBIX TPACKTOPUM MPOBEAEM IpHU
E€IMHUYHOM CTYIIEHYATOM YIIPABJIAIOLIEM BO3AEHUCTBUM U (1) =1(¢) .

(20)

Cnoco6 1. OcHOBaH Ha pelIEHUH CUCTEMbI AU(PepeHInaIbHbIX YpaBHEHUI
(20) nnu quddepeHHaTBEHOTO YpaBHEHHS BTOPOTO MOPSIKA
F(O=KU®), x(0)=x, (0)=x,(0)=x,



Y €IMHUYHOM CTYIIEHYaTOM BXOJHOM BO3ACUCTBUU U (1) =1(7):
[%,(0dt = [ K 1()dt = x, (1) = Kt +C, .

OmnpenenuM (Ha3oByr0 KOOPAUHATY x,(t) U3 IEPBOTO YpaBHEHUS cucTeMbl (20)
% () = [ x, ()t =%Kt2 +C1+C,.

Haiinem nocrostnuabpie uHTErprpoBanus C,, C, U3 HAYAJIBHBIX yCIOBUI
x,0)=x,,=C,,
x,0)=x,=0C,.
B pesynbTare nomydaem
x, (1) =%Kt2 + Xyt + X 21
x,(t) = Kt + x,,.

VYpasuenus (21) napamerpuueckoit (opMe OMUCHIBAIOT (Ha30BYI0 TPACKTOPHUIO
CHUCTEMBl — 3aBUCHUMOCTH OJIHOHM (pa30BOi KOOpAUHATHI OOBEKTa OT JOPYroH, T.e.
GYHKIUIO x, = f(x,) (MU x, = f(x,)).

Cnocod 2. CocTouT B UCKJIIOUCHUH BPEMEHHU ! U3 CUCTEMbI ypaBHeHUH (21).

1 o
[ToxcraBisis 3HaUeHHE tzg(xz —X,,) U3 BTOPOTO YpPaBHEHHS CHCTEMbl YpaBHECHUM

(21) B mepBoe, noJryyaem
= ij X _ﬁxgo (22)
SBHOE ypaBHEHHUE (a30BOM TPACKTOPUHU CHCTEMBI — TapabOIUUYECKYIO 3aBUCUMOCTD
(a30BBIX KOOPAMHAT MEXKIY COOOM.
Cnocod 3. UckiroueHue BpEeMEHM HEMOCPEACTBEHHO U3  CHCTEMBI
muddepentipanbapix  ypaBHeHH (20). [ 3TOro mnepenuiieM 3Ty CHUCTEMY

ypaBHEHUH B pa3BEpHYTOM BHJIE:

dx,
— 1 = xz’
dt
dx, _
dt
Pasgenum mepBoe ypaBHEHHE JAaHHON CHCTEMBI Ha BTOPOE:
1
a1, (23)
dx, K

- HaiiaeMm audepeHimanbHoe ypaBHeHHE (a30BOM TPaeKTOPUH OOBEKTA.

PemuB ypaBHenue (23) mpu COOTBETCTBYIOUIMX HadaJbHBIX YCJIOBUSIX,
MOJIyYMM ypaBHEHUE (Da30BOM TpaeKTOpUHU 0OBEKTA

jﬁdxz = jixzdxz = X =Lx22 +C
dx, K 2K

- Ty K€ caMmyto mapaboiy (22).

Cnoco0 4 nipecTaBisieT pa3BUTUE U yTOUHEHHUE criocoba 3. YacTo ypaBHEeHUE
dazoBoit TpaekTopuu (23) MoaydaeTcss CIOXKHBIM, KOTOpOE AHAJIMTUYECKH HE
pemaetrcsi. B ToM ciywae pemenue auddepeHimanbHoe ypaBHEeHHE (Da3zoBoit



TPACKTOPUH HAXOJIUTCS UUCJICHHO C MOCIEAYIOIUM TOCTpOEeHHuEM Tpaduka
3aBUCUMOCTH x, = f(x,).

3. 3agaHus ¥ NOPSIAOK NPOBEICHUSI HCCICAOBAHNM

3aganue. Ucnone3ys — (Moauduuupys) IPOTPAMMHBIM  MOZYJb
nabopatopHoit pa6otel B Mathcad (cMm. puc. 3) TpeOyercs mpOBECTH OMHCAHHBIC
HUKE WCCICNOBAHUSA JUIsl 3aJaHHOTO OO0BEKTa, TNepenaroyHas QyHKIUS U
napaMeTpbl KOTOPOTO OMPEACNAIOTCS COrJIacHO Tabiuie 1 B 3aBUCHMOCTH OT

HOMEpA BapuaHTa, MPUYEM ISl YETHbIX BapuaHtoB W(s)=—————, a m
s(T s+1)
k
HeueTHBIX — W('s )= .
(T s+1)(T,s+1)
Tabauua 1. [Tapamerpsl nepeaaTouHbIX GyHKIIUI

BapuanTt k T, T,
1 1 0,5 0,1
2 2 0,25 0,5
3 3 0,1 0,25
4 1 0,25 0,2
5 1 0,25 1
6 2 0,05 0,25
7 4 0,08 0.24
8 4 0,5 0,1
9 2 0,5 0,25
10 3 1 0,5
11 3 0,5 0,05
12 1.5 0,25 0,2
13 2 0,75 0,01
14 5 0,45 0,1
15 3 0,9 0,05
16 2.5 0,36 0,67
17 1.5 0,34 0,52
18 4 0,8 0,2
19 4.5 0,7 0,12
20 3.5 0,3 0,95
21 5 0,1 0,6
22 4 0,8 0,3
23 1 0,65 0,5
24 2 0,45 0,55
25 4 0,72 0,35




IHopsnok ucc/ieJ0BAaHNH U MIPeICTABJICHUS UX Pe3yJbTATOB

1. Co3naTh TEKCTOBBIM OJIOK, cojaepkamuii HazBanue pabdotel, OUO
CTyJICHTa, HOMEp BapuaHTa, 0THOPMaTUPOBATh TEKCT B COOTBETCTBUU C 00pa3lioM,
MIPUBEJECHHOM Ha puc. 2.

JlaGopaTopHasi padora Ned.
HccaenoBanue cucTreM ynpaBJjeHUs B IPOCTPAHCTBE COCTOAHUM

Brimonwr: crynent rp. 111111 Banos U.1.
Bapuanr: N
Hara: 01.03.2016 .

Puc. 2. OO6pasen hopmMaTupoBaHus TEKCTa

2. Yka3atb nepeatouHyro GyHKIHIO O0BEKTa U €€ TapaMeTpbl

W(p) =

3. CdhopmupoBats maTtpuiibl A u B omnucanus o0ObeKkTa B KaHOHUYECKOM
MPOCTPAHCTBE COCTOSIHUM.

4. CdopmupoBats BekTop-¢pyukmuio F(t, X) mpaBodi dYacTu oOmnucaHuS
cuctembl yrpasienus B popme Komru npu u(t)=1(t).

5. 3agmate HauanbHbIe ycnoBus o0bekTa X(0) = 0 m x,(0) = 0, pemutsb
cucteMy auddepeHImanbHbIX ypaBHeHHM, onuckBaomux CAY u MOCTpPOUTH
rpa@ukd ee MepexOoJHBIX IMPOLECCOB — TIpaduku HU3MEHeHus ee (a3oBbIX
KOOpJIMHAT (3aMETUM, OHM IPH YKa3aHHBIX YCIOBUSX COBMAJAIOT C rpaduramu
MePEXO0THOM U BECOBOM (DYHKITUN CHCTEMBI).

6. Ucnonb3ys MaTpully Z penieHusi CUCTEMBbI TudPpepeHInaIbHbIX YPaBHEHUN
nocTpouTh hazoByro TpackTopuro CAY.

7. AHanuTHueckoe (aHaJUTHYECKU-YHMCICHHOE) OlpeaeneHue (Pa3oBbIX
TPACKTOPUN CUCTEMBI.

Jlatb BbIBOJ ypaBHEHHUS (a30BOM TpaeKTOpuH OOBEKTa M paccuuTaTh €€
JF0OBIM APYTUM METOJIOM, YKA3aHHBIM B TEOPETUYECKOM YacTH PabOThl.

8. BbIBoIBI 110 paboTe (0 COOTBETCTBHH PE3YIHTATOB 1.5 U 11.6)

[Ipumep nporpaMMHOIO MOAYJISl BBITIOJIHEHHUS TAOOPATOPHOUN paOOTHI.



JlabGopaTtopuas pabora No 3.
NccnenoBanue CAY BOpPOCTPAaHCTBE COCTOSIHUU

Beinmounun: ctynent rp. 111111 UBanos U.N.
Bapuanr: N
Harta: 01.03.2016 .

2.0nucanue o0beKTAa

Tl =1 T2 =2 K =2

(P)

T (Tlp + D-(T2p + 1)

3.dopmMupoBanue MaTpun A u Bomnucaunus o6bekTa B
NPOCTPAHCTBE COCTOSSHUMU

SRIGIN:= 1
0 1 0
NAW\:Z -1 —_1 _i B:= K
TIT2 TI T2 TI-T2

(s a5 ()

4. dopmupoBanue BekTop-pyakuuu F(t, X) npaBoif uacTu
onucanus CAY

E(t,X) == A-X + B-&(1)
5,HayanbHblE ycnosunda cMncTtembl

0
t0 := 0 tk == 1C n:=1000C j:=1.n X0:= (O)

PeweHne cnctembl gudbdhepeHUumManbHbIX YpaBHEHUN "
noctTpoeHuerpad@ukos nn

71 := Rkadapt(XO0,1t0,tk,n,F)



1 2 3
1 0 0 0
2 1'10-3| 4.998'107| 9.993'104
3 2:10-3| 1.998'106| 1.997-103
4 3'10-3| 4.493:106| 2.993:103
5 4'103| 7.984:106| 3.988:10-3
6 5-10-3| 1.247°105| 4.981-103
7 6:103| 1.795°105| 5.973:103
Z1=| g 7°10-3| 2.441-105| 6.963:10-3
9 8103 3.187-10-5| 7.952:10-3
10 9:10-3| 4.032°10°5| 8.939-103
11 0.01| 4.975:10°5| 9.925'103
12 0.011| 6.017°105 0.011
13 0.012| 7.157°105 0.012
14 0.013| 8.395'105 0.013
15 0.014| 9.732°10°5 0.014
16 0.015| 1.117'10*4

6 MocTtpoeHue pasoBon TpaekTtopuum CAY
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7. AHATATHYRCKOE (AHATHYCCKH-YHCTICHHOE) OTPETRIICHHS (JA30BbIX TPACKTOPHEA

Puc. 3. IlporpaMMHBIif MOAYJb [Tl BHITIOJIHEHUS J1a00paTOPHOM paboThI

4. Conepxxanme oT4yeTa
Otuer mo snabopaTopHOil pabore (opmupyercs kak JucTHHr W3 Mathcad

BBHITIOJIHCHHS YKA3aHHBIX TMYHKTOB B TMOPSAKE HUCCIEAOBAHUS C J0OABICHHEM OT
PYKH BBIBOJOB MO paboTe, GOpMyIHpPYEMbIX Ha OCHOBE IpaMKOB M YHCIIOBBIX
JTAHHBIX MOJYYEHHBIX BXO/JI€ UCCIIET0BAHUM.

S. KOHTpoJIbHBbIE BONIPOCHI

1. Jlath ompezaeneHus BEKTOpaM YIPABJICHHS, HAOJIIOJEHUS U COCTOSHUSA
00bEKTa; MPUBECTH UX MIPUMEPBHI.

2. CdhopmynupoBaTh OCHOBHbBIE MOAXObI K BEIOOPY BEKTOpPA COCTOSHMS AJIs
KOHKPETHOT'O 00BEKTA.

3. Tloscuuth cnoco6 ompeneneHusi marpunl A, B, C onucanusi TuHEHHOTO
00beKTa B MPOCTPAHCTBE COCTOSIHUM IO €T0 33JJaHHOM MepeaTOuHON (QYHKIIMH.

4. IlosicHUTH OCHOBHBIE YETHIpE crocoba orpenenacHus (pa3oBbIX TPACKTOPUIl
00BeKTa yrpaBiICHHUS.

5. losicauth cmbica mapametrpoB B mpouenype Rkadapt(XO0, tO, tk, n, F) u
AJIEMEHTOB €€ BBIXOJIHOW MaTpHUIIbI Z.

bubauorpadguyecknii cnucox
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