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Jlaboparopnas padora Nel
OueHka yCTOHYHUBOCTH CHCTEMbI MeT00M D-pa3ouenns

Ieab pa0doThl: MpHOOpEeTEHNE YMEHUM U 3aKpeIICHUE

HaBbIKOB pacyeTa yCTOMYMBOCTU CUCTEM MeToioM D-
pa30ueHns B MIOCKOCTH OJTHOTO MapameTpa.

KpaTkue TeopeTHYecKHE CBEIEHUS

Becbma yacto Bo3HHKAaeT HEOOXOMMOCTh UCCIIEI0BATh
BIUsiHUE Ha ycToHunBocTh CAP Tex uiu uHBIX €e mapaMeTpoB.
OOBIYHO paccMaTPHUBAIOT BIMSIHUE TAaKUX I1apaMeTPOB,
KOTOpbIE MOTYT ObITh U3MEHEHBI, HaTpUMeEp, K03 (HUIINEHTOB
nepelaui U MOCTOSIHHBIX BPEMEHU YCUIIUTENbHO-
peoOpa3oBaTEeNbHBIX JIEMEHTOB.

JlommycTrMble Tpeesibl U3MEHEHHs KaKoTro-JIn0o mapaMerpa
ONPENETAOT NPYU HEM3MEHHBIX 3HAUYECHUSX OCTANIBHBIX. B 3TOM
cllydae Ha IUIOCKOCTH MapaMeTpa BBIIEISIIOT (CTPOsT) obaacmy
ycmouuugocmu, T.€. TaKyto 00J1IacTh U3MEHEHUs 33JaHHOTO
napameTtpa, npu kotopom CAP ocraercss yCTOWYUBOM.

[TocTpoenue obmacTeit ycTOHYMBOCTHA BO3MOKHO C
MIOMOIIBIO JTF0O0T0 U3 KpUTepreB ycTonuuBocTU. OJTHAKO TaK
MOCTYMAOT JIUIIb MPU ONPEIEICHUU TPAHUYHOTO 3HAYEHUS
Koa(duImeHTa nepeaayu pa3soMKHYTOU CUCTEMBI, a IPU
BbIJIEJIEHUH 00J1acTel yCTOWYMBOCTH UCIIOJIB3YIOT OoJiee
oOmmit meron D-pazbuenus. B npuHIMIUAIEHOM

OTHOILICHUH, 3TO - METOJ, pa3AaeICHUs N-MEPHOIO IIPOCTPAHCTBA

3



napaMeTpoB Ha 00JIACTH, KaXI0H U3 KOTOPBIX COOTBETCTBYET
OTIPEIEIEHHOE YUCIIO MPABbIX KOPHEN XapaKTEPUCTUYECKOTO
ypaBHeHHs1. O61acTh, KOTOPOI COOTBETCTBYET HYJIb MPABBIX
KopHeil (T.e. Bce kopHH XII — «i1eBbiey»), ecTh 00s1aCTh
ycroitunBoctH. [Ipaktruecku, ¢ momorisio D-pazouenus
BBIJCIISIOT «00JIaCTH YCTOMUMBOCTHY B MJIOCKOCTU OJJTHOTO MJTH
JIBYX IIapaMeTpPOB.

D-pa3z0uenue B njiockocTH 0AHOT0 napamerpa. [lycts |1 —
napametp pa3ouenus. Tpebyercs BBIACHUTH, B KaKUX Mpeaeax
MO>KHO U3MEHSATh apaMeTp |, He Hapyllias [pu 3TOM
ycToiunBOCTH cucTeMbl. [IpennonaraemM, 4ro |1 BXOIUT B
XapaKTepPUCTUYECKOE YPAaBHEHUE 3aMKHYTOM CUCTEMbI TMHEUHO
U ypaBHEHHE MOXHO MPUBECTH K BUY:

UM+N=0, )
rae M u N— moJimHOMEL OT S.
Pa3pemum ypaBHenue (1) OTHOCUTENBHO MapameTpa L.

pu= —N/M. (2
DTO0 paBEHCTBO OIpeIeNsieT 3aBUCHMOCTh ITapaMeTpa
pa30ueHus OT 3HaYeHUsI KOPHEH XapaKTepUCTHUECKOTO
MIOJINHOMA. BBIACHNM, NpU KaKUX 3HAYEHUAX L/ CUCTEMA
HaXOJUTCs HAa IPAHULIE YCTOMUUBOCTH, T.€. KAKME 3HAUYCHUS L/

COOTBCTCTBYIOT YUCTO MHUMOMY KOPHIO ja) C):(enaeM



MOJICTAHOBKY S=] @ Ml TIOCTPOUM Ha KOMIUIEKCHOH TIOCKOCTH
(pucynoxk 1) rpaduk pyHkuuu
u(jo)= = N (jo) IM (jw) = Re (w)+ jIm (@), ®3)

IIpHU U3MCHCHUHN YaCTOTHI OT -00 10 +o0,

+j IInockocme
napamempa

!

Pucynok 1 — D-pa3ouenne miockocTu napamerpa p

Oyuknusa Re(w) — yetnas pyukuus o, a Im(w) — HedeTHas,
MO3TOMY HCKOMasi KpUBasi CHMMETPUYHA OTHOCHTEITLHO
BEIIECTBEHHOH OCH .

[TomydeHHy0 KpUBYIO Ha3bIBAIOT Kpugol D-pasouenus (nnu
2o0oepagom D-pazbuenust). OHa npeacrabisier co00i
0ToOpa’keHre MHUMOM OCH IJIOCKOCTH KOpPHEH

XapaKTCPUCTUYICCKOTO YPAaBHCHHUA HA INIOCKOCTDh IapaMeTpa (L.



Ecnu, nBurasce no KpuBOM Npu U3MEHEHUH YaCTOTBI (0 OT =00
70 +00, HAHOCUTH IITPUXOBKY CJIEBA, TO OHA OyJIET HAIlpaBlieHA
B Ty 4acTb IJIOCKOCTU IIapaMeTpa L, KOTOpasi COOTBETCTBYET
JIEBOY IOJIYIUIOCKOCTH KOPHEH.

Ha pucynxke 1 kpuBas D-pa3zbuenust pa3aenser mI0CKOCTb
rapameTpa ( Ha HeCKoJibko obmactedt (oo0nactu 1,2,3 u 4). Ta
13 HUX, BHYTPb KOTOPOIl HalpaBjieHa IITPUXOBKa 00enx
BeTBel rogorpada D-pazdouenust, moocem dbime obracmoio
yemotiyugocmu (06macts 4). Teneps HY)KHO B35Th KaKyr0-JTH00
TOYKY L U3 3TOM 00JIaCTH U, NOJIB3YSCH JIIOOBIM U3 KPUTEPUEB
YCTOMYMBOCTHU, IPOBEPUTH YCTOMUNUBOCTb CUCTEMBI IIPU L= Lii.
Ecnu kputepuii ynoBIeTBOPSETCS, TO pacCMaTpuBacMast
00J1aCTh U €CTh 00JIaCTh YCTOMYUBOCTH CUCTEMBI.

PaBeHcTBO (3) yc0BHO olpeaenseT napamerp A Kak
KOMIUIEKCHYIO BennuuHy. Ha camom nene 3To BelecTBeHHas
BEJIMYMHA U HA IUIOCKOCTH |l CIIEAYET PacCMaTpUBaTh TOJIBKO
T€ TOYKH, KOTOPbIE JIeKaT Ha BelleCTBEHHOU ocH. [loaTomy
3HA4YeHHUs apaMeTpa 4, IPH KOTOPbIX CUCTEMA OCTAETCS
YCTOMUYUBOM, ONPENEIIAIOTCS OTPE3KOM IOJI0KHUTEIbHOM
MOJIyOCH abCLIUCC, JIeKAIUM BHYTPH 00JIACTH YCTOMUMBOCTH.

WHorna napameTp 44, BIUSHUE KOTOPOTO HA YCTOMYMBOCTD

CAP HCCICAYIOT, BXOIUT B XapaKTepI/ICTI/I‘leCKI/Iﬁ IMOJIMHOM BO



BTOpOIi cTenenu. Torna MoskHO 0603HAYNTh #=7 U aenaTh D-
pa3OueHue MIOCKOCTH MapaMeTpa 7;.
3ananmue

B cootBeTcTBHE € MUCXOAHBIMU JaHHBIMHU CJIEIYET BBIIIOJIHUTh
cllefyolIee:

1. 3ammcarh XapakTepUCTUYECKOE YPaBHEHHUE CUCTEMBI B

COOTBETCTBUU C YpaBHEHUEM (2);
2. moctpouth rojgorpad D-pazouenns;
3. ompenenuTh 00IaCTh YCTOHYNBOCTH CHCTEMBI B

TUTOCKOCTH TTapamMeTpa pa3OueHUsL.



HMcxoaHble TaHHBIE /IS AHAJIHN3A

Ilepenarounbie
Bapuanr CrpykrypHas cxema CAP
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IopsinoK BLINOJHEHUS PA0OTHI

Ha ocHoBe cTpyKTypHOI CXeMBbI CUCTEMbI HANTH
obmyro nepenarounyro ¢pynkiuo CAP.

HaiiTu 3aBucuMocCTh ¥ MOCTPOUTH KpuBYI0 D-
pa30ueHus B IJIOCKOCTH mapametpa K.

Haiitu pactipenenenue KOpHel B Kax10# 13 odacTeit
IOCKOCTH K.

YcranoButh 06macTh yctoituuoct CAP u
JIOMYCTUMBIN THANa30H U3MEHEHHs TapameTpa K mis

YCTOMYUBOU CHCTEMBI.
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JlaGopaTopHasi paGora Ne2
Ounenka ycroitunocTn no kpurepuro HalikBucra
[leab paGoThI 3aKiI0YaeTCs B IPUOOPETEHUN YMEHUHN U
3aKPEIUICHUH HaBBIKOB PacdyeTa yCTOMYNBOCTH CUCTEM
ABTOMAaTHUYECKOIO PEryJIMpPOBaHUs IIPU IIOMOIIM KPUTEPHU S
HarikBucra.

KpaTkue TeopeTHYeCKHE CBEICHUS

YacrtoTHsll kpuTepui HalikBucra gaet BO3MOKHOCTh
ONPEAEIUTh YCTOMYMBOCTD 3aMKHYTOW CUCTEMBI
aBTomMaruueckoro perynupoBanus (CAP) no ammmTtyaHo-
(ha30BOI YaCTOTHOM XapaKTEPHUCTHKE €€ PA30OMKHYTOH IIETH.
JlaHHBI KpUTEPUN TPUMEHUM K CUCTEMAM, Y KOTOPBIX CTEIIEHb
MOJIMHOMA YUCIIUTENS TepeaToyHoN (YHKIIMU Pa30MKHYTOMN
LIETIA HE BBIIIE CTENEHU NOJIMHOMA €€ 3HaAMEHATelIs.
[IpenBapuTenbHO A0KHA OBITH OIpe/ieiieHa YCTOHYHBOCTD
HCCIEAYEMON CUCTEMBI B €€ PA30MKHYTOM COCTOSTHUU.
[IpuHATO pa3znuyarh Tpu Cirydasi IPUMEHEHUs KPUTEPUs
HaiikBucra.

1. Pazomxnymas cucmema — ycmotiuusas. B 3tom cityuae
s yeTounBocTH 3aMKkHYTOH CAP Heo6xoaumo u
JOCTaTOYHO, YTOOBI rojjorpad pa3oMKHYTONW CUCTEMBI IPU
M3MEHEHHUH YaCTOThI OT HYJS IO OECKOHEYHOCTH HE OXBAThIBAJ

TOUKy ¢ kKoopauHatamu [— 1, JO] (pucyHok 1).

13



2. Pasomknymas cucmema — na epanuye ycmouuugocmu.
XapakTepuCTUUYECKUM TOJTMHOM TaKOW CUCTEMBI UMEET
HYJIEBBIE HJIM YUCTO MHUMBIE KOPHU, TIPH OCTAJbHBIX JIEBBIX.
Ecnu HyneBbIX KOpHEH v (anepuoanyecKkas rpaHulia), To
rojorpad Ha HyJI€BOH 4acTOTE AYroil OECKOHEYHO OOJIBIIIOTO
paauyca nepeMeniaeTcs OT MOoJ0KUTEIbHON BEIIECTBEHHOU
nostyocu Ha yroi 90°v o yacoBoi cTpenke (pUCyHOK 2).
Ecmu B cocTaBe XapaKTeprCTHYECKOTO TIOJIMHOMA €CTh mapa
YHCTO MHUMBIX KOpHEH (K0J1e0-51 rpaHuIia), To rojorpad Ha
4acTOTE pa3pbIBa Jyroil 6ECKOHEYHO OOJIBIIIOTO pagruyca
niepemeniaercs Ha yroy 180° mo yacoBoii cTpenke (pucyHoK 3).
B 06oux cioyyasx uig yCTOWYUBOCTU CUCTEMBI HEOOXOAUMO U
J0CTaTouHO, yTOOKI roforpad pazomkayToit CAP npu
M3MEHEHHUU YacTOTHI OT HYJIS 10 OECKOHEYHOCTH,
JIOTIOJTHEHHBIHM Ha y4acTKax pa3phiBa Iyroil 0ECKOHEUHO
0O0JIBIIOTO pajauyca, He OXBaThIBAJ TOUKY C KOOPAUHATAMU [—
1, jO].

3. Pazomknymas cucmema — neycmotiyugas.
XapakTepUCTHUCCKUI TTOJIMHOM TaKO# CHCTEMbI UMeeT |
npaBbIX KOpHel. B aToMm, Hanbonee ob1eM, ciydae KpUTEpHi
bopmynupyetcs Tak: i ycToMuuBocTH 3aMKHYTO CAP
HE00X0/AUMO U JI0CTaTOYHO, YTOOBI IPU U3MEHEHUH YaCTOThHI
OT HyJA JI0 OECKOHEYHOCTH roiorpad pa3oMKHYTOH CUCTEMBI

OXBaThIBaJ TOYKY ¢ KoopauHatamu [— 1, jO] 1/2 pa3 B
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I10JIOKUTEIIbHOM HAIPaBJIEHUU (IPOTHUB YAaCOBOM CTPENIKH).
XapaKkTepUCTUYECKUI MIOJIMHOM PA30MKHYTOM CUCTEMBI, KpOME
BELIECTBEHHBIX KOPHEH (JIEBBIX WM MPABBIX) MOKET UMETh
HYJIEBbIE WJIM YHUCTO MHUMBbIE KOpHU. Tornaa Ha yyacTkax
pa3psiBa rojorpad JTOTOTHSIOT AYTOi OECKOHEYHO OOJIBIIIOTO
panuyca.

[Ipu cnoxxHo#t popme ronorpada pasoMKHYTONH CUCTEMBI

y)106Hee HCIIOJIB30BaTh TaK Ha3bIBACMOC IIPAaBUJIO IEPEXO 0B

(pucynok 4). Toraa kpurepuii popMmynupyercs Tak: 3aMKHYTast
CHCTEeMa YCTOWYMBA, €CIIM PA3HOCTh MEXKIY YHUCIOM
MOJIOKUTETBHBIX M OTPULIATENBHBIX [IEPEX0I0B rogorpada
Pa30MKHYTOM CUCTEMBI YEPE3 OTPE30K BEUIECTBEHHON OCH
(-0,-1) paBHa I/2. B mpoTHBHOM cilydae 3aMKHYTast CHCTEMA -

HEYCTOWYHBA.

At

%
)

Pucynok 1 — I'ozorpagsl ycTOMUUBBIX pa30MKHYTBIX CUCTEM
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At

¥+

0)

At

Pucynok 2 — I'oyorpadsl pa30MKHYTBIX CHCTEM, HaXOISIUXCS

Ha arepuoMYeCKON rpaHuIEe YCTOMYMBOCTH

(a) —3amkHyTas cuctema ycrouusa (v =1)

(6) — 3aMKHYyTas crucTeMa Ha I'paHule YCTOWYUBOCTH (V = 2)

|+

Y+

Pucynok 3 — I'ostorpad pa3oMKHYTOM CHCTEMBI, HAXOAIIENHCs

Ha KoJiebaTeIbHOM IpaHuIle YCTOHYMBOCTH
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-1/2 +172

r/+ I f 1|/7 i/
0T

Pucynok 4 — Onenka nepexojia rojgorpada uepes oTpe3ok

L B

-1/2

BEIIECTBEHHOM ocH (- 00,-1)

3ananue

B cooTBeTcTBHE C HCXOMHBIMU JAHHBIMH CIICTYET JJIS KaXKI0TO
13 BapUAHTOB CHCTEM BBITIOJHUTH CIICIYIOIICE:

1. YcraHoBUTH hakT yCTOWYHMBOCTH PA3OMKHYTOM

CHUCTEMBI,

2. IToctpouTts Trogorpad pa3oMKHYTOW CHCTEMBI,

3. BEIMONHUTE aHAIN3 YCTOﬁQHBOCTH SaMKHYTOfI CUCTCMBI.
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HMcxoaHble TaHHBIE /IS AHAJIHN3A
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IlopsiaoK BbINOJHEHNSI PA0OTHI

B Mozenupytomeil nporpaMme co31aTb MOJENIb
Pa30MKHYTOH CUCTEMbI aBTOMAaTUYECKOTO YIIPaBICHMUS;
Onpenenuth XapakTepUCTUUECKUN TOJTMHOM
Pa30MKHYTOH CUCTEMBI M PACCUUTATh €TI0 KOPHHU.
OueHnTh YCTOWYUBOCTH PA30MKHYTON CUCTEMBbI
(J1r00BIM M3 U3BECTHBIX CIOCOOO0B);

[TocTpouTts ronorpad pazomkuyroii CAP;

Ha ocHoBe aHanu3a nosnyueHHoro rojgorpada caenarb

3aKimoueHue o0 ycroitunBocT 3aMkHyToM CAP;

Bonpochbl 111 CAMOKOHTPOJIS

KakoBa ¢u3nyeckas HHTepIpeTanus OleHKH
ycroitunBoctu CAP o kputepuro HaiikBucra (3HaueHne
TOYKHM ¢ KoopauHatamu [-1, jO])?

Kak npuBectu 3aMkHyTy10 CAP K pa3oMKHYTO#?

Kak onienuts yctoitunBocth 3aMkuyTol CAP, eciin
pasomkHyTas CAP — ycroituupas?

Kaxk onenuts ycroiiunocts 3amknyroil CAP, ecinu
pazomkHyTasgs CAP — Ha rpaHuIle yCTOMYMBOCTH.

Kak ouenunts ycroitunsocts 3aMmkHyTOoi CAP, ecnu

pazomkHyTtast CAP — HeycToitunBasi.
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JlaGopaTopnas paGora Ne3

Pacuer cucreMbl METOAOM MMPpOoCTPaHCTBA COCTOSTHUH.

Ieab padoThl: proOpeTeHNe YMEHUN U 3aKpeIuIeHue

HaBBIKOB pacdye€Ta CUCTCMbI aBTOMATUYCCKOI'0 YIIpaBJICHUA

METO0/I0M MPOCTPAHCTBA COCTOSIHUM (METOIOM ITEPEMEHHBIX

COCTOSIHUS).
HcxoaHble IaHHbIE LISl aHAIM3A
Bapu- | Crpykrypnas cxema CAP [Tepenarounbie GyHKITUN
aHT
W, = 2
55 +1
U _ <z v y 0.1 1
e @@ (- et
"’ - "‘ - W, = S W, 10s® +10s +1
01 ) ~ W |- Wor =5
2 W, =2
- W, =
2 s*+1
w2
55-1
W, = !
10s+1
u I
,.. W, ’:‘ W W, = 0.05 " .
: ; S 27165 + 25 +1
02 W | W,, =05
1 _
W< W, = e Wy, =2
1
' 10s-1
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W, =
10s+1
0.15 0.1
u—r- W, ':‘ W, y W, = ——= W, = ==
' : ° o5
% Wo 1 371657 + 205 +1
W= = W, =0.1
— Wl SZ +1 Wo, =1
w, =2
10s-1
W, =2
10s+1
0.15 01
u—r- W, ’:‘ W, y W, = - W, = —
. T o 1 Ws = 255 +20s+1
’Wg = Woy =5
[Worl W, = v
W, =2
10s-1
T
20s+1
. | w-d
N S .
_"(8)—1' W W 1
< 27 2557 +55+1
05 _ - W, = 1 W, _0z2
tos?41 s
W |- W,, -5
1
' 20s-1
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1T 20s+1
u—r-®—> W, W, P W 01 ~ 1
- ' 1T " 2582 4255 +1
06 s W, =0.2
(W o] 1 Wo, =5
— Wl:sz+1
1
Y 20s-1
2
toBs+l
0.1 1
W, = s 27108 1105 +1
07 W, =2
2 W01=5
WM=gd | W2
Wo_ 2
'oBs-1
1
Y 10s+1
W, + le—o'05 1
S P
u 1657 +2s+1
o8 —X) QW > - i
_ " _ * T 20s+1
T - - W s2+1 | w, - 05
\V\,_\ - 1 W02=2
171051
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W =
' 10s+1
0.1
W, + 0.15 W=
u : Y Wl - S 0.5
W, W, .
09 — X W, ) 71657 +20s +1
. + 2
T \\'r..u Wl — 21 42@
@4 s +1 Vv:m:_i_l
W= 2
' 10s-1
W= 2
' 10s+1
0.1
W, + e 0.15 W, ==
U o V. Y 17T 05
— W, W, W S _
10 9 - - ® 2552+20s+1
B . W, 1 W, =5
W, = W, =5
[Wol« bostl W;nz:l
W= 2
' 10s-1
W = 1
' 20s+1
B 1
W, — + 27 255 +55+1
L=y Q y w201 Wt
1 - (X _"' 1T 3652 +155+1
T- . Wa 1 W01:Lj
W | = W,, =5
(Wof< M= .
1
t20s-1
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@

1 1
W, = 2 0557 1 255 +1
20s+1 S+l S+
71052 +10s+1
W, =02
W,, =5

IIpumep BbINOJIHEHHS J1a00PATOPHOIi paGoOTHI.

Ilycth ncxonnas 61ouHas crpykrypsas cxema (bCC) umeer

cnenyromuid Bua (puc. 1):

.0 ] @
A

43?:%

Pucynok 1 — Ucxoanas 6104uHasi CTpyKTypHasi cCXeMa CUCTEMBI.
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Howmep xon¢wurypamnmu cucrems! — 3, mosromy pacuerHas bCC

BBITJISLAUT CIAEAYIOIUM 00pa3oMm:

r @ s [,
A

Pucynoxk 2 — Pacdetnas 61049Hast CTpyKTypHasi cxema

[lepenatounsie pynkuuu (I1d) 3BenneB cneayromnue:

)=
W, (s) =k,
W4(S):k—4
s
_ ks
W)= s+
We(s) = kg
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O003HAYUM CUTHAJILI HA CXEME:

uy ¥ Y1 ¥a ¥z Y?_’_ ¥3

| Y5
o L
‘ 4»% ¥z = __;El ¥4

Pucynoxk 3 — Cxema cuctembl ¢ 0003HAYEHHBIMU CUTHAIAMHU.

OnpenenuM nopsaaok cucteMbsl. OH onpeaenseTcs
MaKCUMaJIbHOM CTETIEHBIO XapaKTEPUCTUUECKOTO TIOJIMHOMA
suamenaresst D(S). B namrem ciydae B GopMupoBaHHH
3HameHatens OyayT yaactBoBath 1D 3BenneB Nel, 4 u 5.
[ToaToMy OpSIOK CUCTEMBI N, KOTOPBI, B CBOIO OYEPE/ib,
ompezenseT KoinyecTBo nepemeHHbix cocrosinus (I1C), pasen
4.

[Tpoussenem Boi6op I1C:

1=9
X2 =Yy
X3= Y3
X4=Y3
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3anumem [1® 3BenbeB Nel, 4, 5 yepe3 0003HauCHHBIE BhIIIE

CUTHAJIBI:

Yy

Wi (s) = =
Yo
Yy

W,(s) = =
Vs
Yy

Ws(s) = =
Y7

Pacnimiem HeBripaxkenHble yepe3 [IC curnanel Yz, Vs, Yo B
COOTBETCTBHUU C XapaKT€POM COCIMHEHUN B CXEME pHC.3:

Y7:yz+y4:kz'YG+X2:(y1+y5)'k2+X2:(X1+ke'y3)'k2+xz:
=X Ky (U, + Vo) Ky K + X, =X K, Ky Ky U, + K, K- (U — Y, )+ X, =
:X1’k2+k2'ke’uz+kz'ks'ul_kz‘ke'y7+xz;
Y7+k2'ke'y7:X1'k2+X2+k2'k6'u1+kz'ke'uz;

Yo (LK, - Kg) =X Ky + X, + K, Kg Uy + K, K Uy

. + X, ! +U, k, kg +u, kp-ks

1+K,K, 1+k, -k 1+k, -k 1+Kk, -k
YS:uz+yg:uz+(U1_y7):u1+uz_(y2+y4):U1+u2_xz_y6'k2:
=Up +Uy =X, =K, - (Y1+Y5) = +U, =X, =X, K, = Vg K, -Kg;

Y7 =%

ys'(1+ kzke):_x1k2_xz+u1+u2;
k, 1 1 1
— Xy - +U, - +U,- .
1+K, - kg 1+k, -k 1+k, -k 1+k, -k
Yo =U =Y, =U = (Y, + ) =U — (Vg Ky + %) =Uy =K, - (Y, + Y5) =%, =
= Uy — XKy = YgkoKs =X, = Uy — XK, —KoKg (U, +Yg) =X, =
=Up =% Ky = Uy Ky K = Yo oKy - Kg =X
yg'(1+kz'ke):_xl'kz_xz+u1_uz'kz'ks;
K, 1 1 K, -k,
X - —X, - +U, - -u,- .
1+Kk, -k 1+Kk, -k 1+Kk, -k 1+Kk, kg

Yg =%

Yo =



Mogeinb cucTeMsl B TEPMUHAX IPOCTPAHCTBA COCTOSHUN
COCTOMT U3 JIByX BEKTOPHO-MaTpUuHbIX ypaBHeHUH (BMY):
auddepeHNATBHOTO YPAaBHEHHS COCTOAHUSA 1-T0 nopsiaka

1 aJiredpanvecKoro ypaBHeHus1 BbIX0/a, T.€.
Xj(t) = A-x;(t)+B-u;(t);
yk(t):CXJ(t)‘l‘ Du,('[)

[Tockonpky B HaleM ciy4ae CUCTEMHBIN BBIXO/T
BBIpakaeTcs uepe3 ogHo u3 [1C (Y = X3 — 3T0 U ecTh
ypaBHEHHUE BbIX0Ja), TO TIOJHAS MOJEINb (BEKTOPHO-MaTpUYHas
Mojienb - BMM) pacueTHoi cuctemsl OyneT chopMupoBaHa
TOJBKO U3 BEKTOPHO-MaTpU4IHOTO ypaBHeHUs (BMY)
COCTOSIHUSI CUCTEMBI.

3anumeMm BMM coCTOSIHUSI CHCTEMBI, BKITIOUYAIOITYIO B CE0s
4 ckaJApHBIX YPAaBHEHUSI COCTOSIHUS:

1) chopMupyeM NEpBOE CKATSIPHOE ypaBHEHHE
COCTOSTHUSI:
W) ==
Yo Tu -S
Y:- Tu S=Y,.
3ameHuM nepeMeHHyto Jlammaca S Ha onepartop

Jlannaca p:
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p-X, - T, =Y,

0 O
Mockombky P X, =X, ,10: Xi- T, =Y,.

3anuiieM 3To ypaBHEeHUE B HopManbHOU (hopme Korm:

u u _

1’ —Xy- +u;- 2 J
1+k, -k, 1+k, -k 1+k, -k 1+k, -k

v = x K T, T, T, ky kg T,

2) chopMupyeM BTOPOE CKAJIIPHOE ypaBHEHUE
COCTOSAHUA:
Kk
W, (s)= LA =
Ye¢ S
P-X, =K,Ys;
U
X2 =K, Ys;
|
X ——xlﬂ—x2 Ky +U, Ky +U, Ky ;
1+K,k, 1+K,k, 1+K,k, 1+K,k,

3) chopMupyeM TpeThe CKaJIsIpHOE ypaBHEHHE
COCTOSIHUSI:

[
IMockonbky X3=Y3,a y3=x4,10 X3 =X,;
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4) chopMHpyeM YE€TBEPTOE CKAIPHOE ypaBHEHUE
COCTOSIHHA:
W= - ﬁ
P*-Ys Ty +P-Ys =Ks- Yy
Xy T +Ys =K Yo
X, T, +%X, =K - y;;

Xy ==Xy 'Ts_l + k5 'Ts_l'y7;

.kz'ks’T{l_}_x ,ks'T571
1+kky 2 1+kok,

X, =%

,kz'ks'Tsil’ks_}_ .kz‘ks'Tsil'ks_

-x, T, +u u,
1+k,k, 1+k,k,

1
Moenb cOCTOSHHS CUCTEMBI 4-TO MOPSAIKA C JBYMEPHBIM

BEKTOPHBIM BXOJIOM, 3alMCaHHAs B CKAJISIPHOU opMme, nMeeT

CHEAYIOIIUN BUJL:

Xy =l Xy + dyg Xy +digXa Hdpg Xy + By By,

Xy =g X + dppXy +dgp¥y + dg Xy + by + by,

Xy =y X+ ApXy +aeds + X, +hgly +bpi,,

OTKYy/la MATPHIbI COCTOSIHMSI A U ynpaBjeHusi B

3allUCbIBAIOTCA TaK:
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S| iaa] by by
Agy ; Aag by by
dim 4 =[4x4] dim B =[4x2]

Cucrema CKalsIpHbIX ypaBHEHUIN COCTOSTHUSI UIMEET BUJL:

) k2T Tt Tt k2k6- Tu
X1=-x1 — X +1l -2
1+ k2k6 1+k2k6  1+k2k6 1+ k2k6
2=-x1 k2 k4 —x2 ka +1il k4 +u2 k4
1+k2k6  1+k2k6  1+k2k6 1+ k2k6
DB=x4.
-1 -1 -1 -1
sao g KRS kSTST o KZKSTSTKG k263757 k6
1+ k2k6 1+k2k6 1+ k2k6 1+ k2k6
rie
ke | w7 ], ]
1+ k2k6 | 1+ k2kh
T k2kd | kd ;
A= 1 k26 | 14 k2k6
0 I T 1
kzksTs™ | ksTsT sl
| T+ k2k6 | 1+k2ké ]
[ ot —kok6T ]
1+ k246 1+ k26
2 2
B=| 146 1+ k2k6
0 0
k25T it | k25T k6
1+ k2k6 1+ k246

35



Peanuzanus pacuera CUCTEMBI 110 METOAY IICs

yHuBepcajabHoM nakere MathCad.

4. 3anucriBaeM BXOIHbBIE CUTHAJIBI:

git) = 1. 2sin{4.5) + 3

ft) =12t

0 -T5

T5=12

kA=15

1.
Tu=25 kd =1
K2=05 k5 =09
2.
0
0
=
0
0
3. ®opmupyem marpuibsl A u B:
a2.Te L oTe ! o
I+12 .k 1412k
-2 k4 ket
b= 1+k2 - ki 1+k2 ki
0 0
k. T D ks 15!
L+K k6 14k K

3anucbiBaéM BEKTOP HaYaJIbHBIX YCIOBHM:

-1

3aﬂaeM SHAYCHHUA MMapaMCTPOB 3BCHLCB CUCTCMBI:

Tw k2 kA Tw
1412 16 1+12. 16
k4 k4
1+ k2 K6 1+k2. 16
0 0
K15 T5 e ks TS ks
1+ k2 k6 1+k2. k6

5. 3anuceiBaem cucteMy auddepeHInanbHbIX ypaBHEHUH (T.€.

cucremy BMVY cocrosinus):

dodtit ) =4 - x+E--[

6. 3ajaeM pelieHue:

36
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¥ o= rkfbeed x,0, 20,2000, dudt)

0e: ridked - G axUuA, AZKILER PELeHUE CLCINEME! UG Haere R
0 - Havano aneMeRHo0 LHMmenaansa
20 - xoHel apeMerHoa0 WRmepeana
2000 - YUcAO Wazog, Ha Komopkle paadlageimed UHmenaan

7. 3agaeM U3MEHEHNUE UHIEKCA:

j:=0.2000

8. O603HaYUM OCh BPEMEHH

.=,
i 1.0

9. 3agaauM BBIXOAHOW IMApaMeTp CUCTEMBI .

7= %3

10. ITocTpoum rpaduk permeHus: cuctemsl JIY, koTopslit Oyaer

SABJIATHCA NMEPEXOAHBIM COCTOSIHUEM CUCTEMBI Xjk:

200

170

140 X;, (1)
2o X;,(t)
X. . 80 Xik =
5 X320
2 X4 (1)
Xj.4 -10
""" -40

-70
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1. Makapos .M., Menckuit 5.M. JIuHeitHbie cUCTEMBI
(371eMEHTBI TEOPHUU, METO Bl PacueTa U CIPaBOYHBIN
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Mammnoctpoenue, 1982. — 504 c.

2. ®enocenkoB b.A., llledbykoB A.B. Teopus

ABTOMAaTHUYECKOIO YIPAaBJICHUs. JINHEHHBIE CUCTEMBI.

2006r. — 156c.



JlaGopaTopnasi paGora Ne4
Pacuer nepexoanbix npoueccos B CAY
[leab paGoThl: MPUOOPECTH YMEHHUS U OBJIAJIETh HABBIKAMU
pacuyera nepexoiHbIX npoieccoB B CAY npu nomomu
uHcTpyMeHTansHOU cucteMsl CLASSIC u yHuBepcaabHOTO

nakera MathCad.

HcxoaHble JaHHbIE

Pucynok 1 — CrpykrypHas cxema pacuetHoit CAY

[TapameTpbl BXOAHBIX BO3ACHUCTBHI

g(t)=X,,-sinot+ X, | X, =0.5n
n=1.6 f(t)=Xe-exp(—lj ®=2+n
T X, =0.2n

] T=2n

G710 g(t) = X,,-sinot+ X, X, = 2n
f()=k-t K = 0.5n
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[TepenaTounbic PyHKIINN 3BEHHEB CXEMBI:

W1(s) =Tés+w T,=104n & =% ~05+0.In| W2(s) ::S:_i

0.2n 0.05n | W6(s) = —

W3(s) =0.5n W4(s) = W5(s) = — 2ns+1

2n-s+1 ns‘+s
IlopsinoK BbINOJHEHHSI PA0OTHI:

1 Coznarb moniens CAY B MOJEMHpYIOIIEH cCucTEME.

2 Haiitu [1® CAY 1o kaxaoMy U3 KaHaJIOB «BXO/I-
BBIXOJI».

3 PaccuntaTte nepexoansie mporeccel B CAY no kaxaoMmy
W3 KaHAJIOB «BX0-BeIX0» B cucreme CLASSIC u Haiitu
Pe3YIBTUPYIOIIHMKA TIEPEXOHBIN MPOIIECC B CHCTEME T10
METOTy CYIEPIIO3HUIIUH.

4 BrimomHuTh pacuer nepexoaHbix mpomeccoB CAY B
nakere MathCad u HaiiTi pe3yabTupyromuii
MIEPEXO/IHBIN MPOIIecC B CUCTEME 110 METOAY
CYTEPIIO3UITIH.

5 Paccuntarh mepexoaHbIi mpoiiecc B UCXOAHON CUCTEME,

40

BeKTOpHOﬁ 1o BXoa4y (I[J'IH 9TOI'0 UCIIOJb30BaTh

npouenypy ckaiaspusanun) B cucteme CLASSIC.



6

CpaBHUTH NOJTy4YE€HHBIE TPAPHUKH TEPEXOTHBIX
npoueccoB (1o 0.3 u 4; o 1.3 u 4 — ¢ 0AHON CTOPOHBI

U 10 1.5 — C Ipyroii).
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Peanuzanus pacucera nepexoaHbIX NMPOLHECCOB B MAKETE

MathCad

1-8 BXOHOE BOSAERCTEME  Z(t) = Ssi(10t) + 5

2-8 BXOLHOE EO3EHCTEWE ft) = 10exp(—0.11)

0 5
W sofpsserie 1-ro gls] =glt) laplace t - ——F +—
BX0AHOM BO3LERCTENA (24100 =
10.
W sofpakeHwe 2-ro 5] = 1) laplace 1 —
BXORHOTD BOSASACTEN A {s +.10000000000000000000)
DORMMRYIOWAR SHAETR N0 T-My Wiz s) = gls)s

BXOGHOMY BOSLEHCT BHID

DOPRHRYIO WA GAE TR Mo 2-hy TWHTs) = £1s) s
BXOHONY BOSLERCT BHIO

0.009s* + 0.009455 + 0.003245° + 0.000365

M CAY N0 kaHany o-y Wyels) =

B3 UNLTROE S+ 175 + 12357 + 046455 + 0,105 + 0.01517:% + 0.001495 + 0.00012
095+ 1,125 + 0.495:* + 009385 + 0.0083256 + 0.0004 5

N CAY no kaHany -y Wyf(s) =

fi23 y4eTa HHNETPOE ST+ 1755 + 12357 + 04645 + 01055 + 0015177 + 0.00149s + 0.00012

MepexofHBI Npouece CAY N0 KaHany g-y

Wit ) Wyels) |
3

hef t) = invlaplace s — 4.4842002812702790954.10° cos(10.4) — 3.142259177803 198567410 sin( 10

MepexofHel Npougce CAY No kaHany f-y

W) Wrl(s) |
SR
5

hWf(t) = vlaplace s — —3.030859971 9363891487 exp( - 10000000000000000000-4) — 5015670833265

g'ﬁ.'.

-104
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JlaGopaTopnasi paGora Ne 5
Pacuer nepexoanbix npoueccos B CAY rpaduyeckum
crocodom no meroay B.B. CononoBHukoBa (Merony
Tpaneuuii, uiam Meroxy h-gpyHnkuuii)
[leab paGoThbl: MPUOOPECTH YMEHHUS U OBJIAJIETh HABBIKAMU
pacdeta nepexoaHbIX npoieccoB B CAY rpaduueckum

CIIocoooM

HcxoaHble JaHHbIE

[TapameTpbl BXOAHBIX BO3ACUCTBHI

g(t) = X, -sinot+ X, X =050 @=2+n

n=1.6 ft) = X, 'exp(—%j X,=02n T, =0.2n
t
n=7.12 | IW=% p( Tj e

F(t) =kt k =0.5n
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[TepenaTounbie PyHKIIUN 3BEHBEB CXEMBI:

n

T
Wis)=————— T,, =10 =1 -05+0.1
s) TI 4T s+1 = " ¢ 2T, O Was) = 25
ns+1
W3(s) =0.5n W4(s)—& W5(s)—(0'05/n) W6(s) =
' 2n-s+1  ns?+s 2ns+1

44

IlopsiioK BLINOJHEHUS PA0OT:

Haiitu nepenarounsie GpyHKunu GopMupyromumx

(UITBTPOB IS KAXKIO0TO U3 KaHAJIOB.

Coznarb Mmonens CAY B MOJEHUPYIOIIEH CUCTEME.

Haiitu [1® CAY 1o kaxaomy U3 KaHaJIOB «BXOJ-

BBIXOI».

Haittu 1 moctpouts nepexoansiii npouecc B CAY no

KaXXAOMY U3 KaAHAJIOB «BXO/-BbBIXO[D).

Haiitu u moctpouts BUII®D (BeniecTBEHHYIO YaCTOTHYIO

nepeaarounyio pyaknuo) CAY 1mo kaxaomy u3

KaHaJIOB.

Paccuntath MEpEXOAHBIC ITPOUECCHI 110 KAKAOMY U3

ka"asioB CAY no metony CononoBHukosa B.B.

CpaBHUTB TpaUKH MEPEXOJHBIX MIPOLIECCOB,

MOJIYYCHHBIC MAIIMHHBIM U Fpaq)I/I‘leCKI/IM CHOCO6aMI/I,

BrIBO LI




11

1.2

Ykazanus:
[Tonyunts BUII® CAY MOXHO HECKOJIbKUMH
crocobamu:
Ha ocnoBanuu romorpada CAY, onpenenus
nevictButenbHyI0 yacth YIID (Classic)
OTIPEJICTTUTh ¥ OCTPOUTH JCUCTBUTEIBHYIO YaCTh MOXHO
u nipu iomou cpeacts MathCad (pabora ¢

KOMIIJIIEKCHBIMU III/ICJ'IaMI/I)
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Wis) = — NepefaroyHan PyHKLUMA UCCNedyEMOra SEEHA

20z + 1

Mpouenypa onpegeneqna BHM@ zeeHa (cMcTemMEl)

w=0,0001.. 10 j=4-1

s(w) = 1w Eelw) = Re("W0(1-w
10 T T
5 — —_
] | ]
0
110 0.01 04 1 10

Pucynox 1 — BUII® nHepumoHHOro 3B€Ha 1-T0 mopsiaka
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[ [

\/w S> e '

Re1(0) f——

hx(t)

021 22 »
>t

v

Re2(0) > hag)

PucyHnok 2 —OTtansl onpeneeHus NepexoHOro mporecca mno

Metoy CononoBHukoBa B.B.:

Oran 1 — pacuer BUIID 3BeHa/crcTeMBbl BTOPOTO
MOPAIKA;
Oransl 2, 3 — annpoKCUMalus Tpaneueu aabHbIMU
tunoBeiMu BUIID;
Otan 4 — onpeieNieHre pe3yIbTUPYIOLIETO
NEePEXOJHOTO MPOLIecca METOOM

CYIEPIIO3UIIHH.
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