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BBEAEHHUE

B MeToaHYCCKUX YKa3aHHAX ONMMCaHbl BU/bl MEPEXOAHLIX NPOLECCOB
M OCHOBbI BbINOJHEHUS BUPTYaIbHOH nabopaTopHo# paboThl NMpHU NMOMOILM
nporpamMmbi VisSim.

[lepexoaHblit pex UM BOZHHUKAET U3-3a HCCOOTBETCTBHUA COCTOAHHA CHUCTE-
Mbl MOCTYMAIOLLHM Ha Hee BO3ACHCTBHAM. HecoOTBETCTBHE MOXKET BO3HHKATD
BCJACACTBUE HAIMUMSA CTYNEHYATBIX CllaraeMbiX B BO3ACHCTBHH (M) HJIU B €ro
HEKOTOPbIX MJIA/ILIKUX NPOU3BOAHBIX. BTOpO#H NpHYHHOA BO3SHHKHOBEHHA Ne-
PEXOHOTO MpoLEcca ABJIAETCA HECOOTBETCTBHE HAYaJIbHBIX YCIOBHUH (3Have-
HU# CHrHAJIOB Ha BbIX0/1aX HHTErPATOPOB MOJE/H CUCTEMbI B MOMEHT NOJAYH
BO3JCICTBHA) 1101aBaEMOMY Ha MOJZEJIb [MaZAKOMY CUrHaity. B nepsom ciy4ae
NEepeXOAHbIi [IPOLECC MOXKET BO3ZHHUKATb B JIIOOBIE MOMEHTb! BPEMEHH, a BO
BTOpPOM CJTy4ae, KOrja Ha CUCTEMY NOJAETCA AOCTATOYHO [MaAKHiI CHrHan, fne-
peXoaHbI# MPOLECC MPOUCXOAMT JIHLLB NOCIIE NOAAYH CUIHAJIa — OAHOKPATHO,
NOCJIC 4ero, CHrHajlbl, NOCTYNAIOUIUE HA CHCTEMY M NPHBEACHHbIE KO BXOAY
MEPBOI0 HHTENPATOPa MOACIH CTAHOBATCA HENPEPbIBHLIMU, H3IMEHSIOTCA ILU1aB-
HO, 4TO U ABJIAETCA NPHYHHON U NPU3HAKOM YCTAHOBHBLUENOCA PEXHMA.

Takum 00pa3zoMm cMrHanbl, BO3A€HCTBUA, MNOCTYNAIOWMKWE HA HEKOTOPbIHA
JIKHEAHbIA OObLEKT WK CHCTEMY, MOXKHO Pa3Ac/IMTh Ha YCJIOBHO-TTIAKHE, Ta-
KH1e, KOTOpbI€ HE MPUBOIAT K BOSHUKHOBEHHIO NEPEXOAHOID MPOLIECCa, H «1le-
POXOBaTbIE», MPUBOAALLHE K NNEPEXOAHOMY NPOLUECCY.

CyTb NEepexoAHOro pexuma 3To nepepacnpeaciieHHe 3HEPruu Mexay
HAaKaIUTHBAIOIUUMH JIEMEHTAMH CHCTEMbI, TAKOE, KOTOPOE 00eCneyuBaeT «Co-
[IAaCOBAaHHE» COCTOAHHUA M NOBEACHHUA CUCTEMbI C BXOAHbLIM BO3ACHCTBHEM.
Hakannusatowmu 3neMeHTaMu, HanpuMep, B ANEKTPHUYECKON LENH ABNAIOT-
C KOHAEGHCATOPbI M KaTY KU HHAYKTUBHOCTH, B MEXaHHYECKUX CHCTEMAX 3TO
NPYXHUHbI H MACCHBHBIE YIEMEHTI.

[lepen BoinonHeHHeM naboparopHoi paboTbl Kaxabli CTYAEHT AOMKEH
NOAYYHTb BAPHAHT 3ajaHuA, TILATENLHO H NOAPOOHO O3HAKOMHMTBLCA C 3aJaHH-
€M, H3I0XKEHHbIM B METOAHYECKHX YKa3aHHAX, NOpaboTaTh TEOPETHYECKHI
mMatepHua B yueOHHuKe, noayyuTh A0NYCK Npenoaasarens B Buae 3a4era (kon-
JIOKBMYMQ) M TOSILKO MOCAE ITON0 NPUCTYNHUTDL K BbINOJHEHUIO 1abOpaTOpHO#H
pabotbl cobnonas Mepst 6e30nacHOCTH B 1aboparopuu.

Jlaboparopuas paboTta naet BO3MOXHOCTb 03HAKOMHTLCA C NPOI'PAMMOH
VisSim ¢ ec BO3MOXHOCTbLIO 110 H3YHCHHH MEPEXOHBIX MPOLIECCOB Pa3IHYHbIX
TEXHONMOTHYECKHX OOBEKTOB UX CTATHUECKHX U IMHAMHYECKUX XapPaKTEPHCTHK
perynupyioulei annaparypoi Kciob3lyeMOi Ha IIPOH3BOACTBE, 3aKperniseT
M PACIIMPAET 3HAHHUA, NOJYUEHHBIC ITPH TEOPETHUECKOM H3yHEHHUM Kypca.
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JIABOPATOPHAA PABOTA Ne |

HCCIUEJAOBAHUE HHEPEXO/HBIX TIPOLHECCOBR
ANNTEPHOJIMUEFCKOI'O OBFBEKTA (3Bena)
noa CTYNEHUATHIM BO3BAEACTBHUH

1. IIEJIL PABOTDI

PeaibHbie CHCTEMbI M HX aICKBATILIC MOJLCIIH 00J12/1a10T HHEPLMOHHOC-
Tb10. [103TOMY OHH HE MOTYT MIHOBCHHO pCalHpoOBaTh Ha pe3koe, CKaukooo-
pa3Hoe, CTYNEHYaToe H3IMEHEHHE BO3ACHCTRUA. | IepeXol cCHCTeMBI H3 01HOIO
COCTOAAHHA, COOTBETCTBYIOILIENO HEKOTOPOMY HCXOAHOMY BOBJICACTBHIO, B APY-
roe MpOMCXOUT HEKOTOPOE BPEMA. ITO H €CTb Niepexoanniit npouccc. OaHako,
B HEKOTOPBIX Cy4asxX, MPH NOAaYe Aaxe, HanpUMep, CTYNEHYAToro Bo3aeH-
CTBHMA, CHCTEMA YK€ NOTOBA €0 BOCIIPHHATD U IIEPEXOAHBINA Npottecc B TaKOM
ciyuae orcyrcrayeT (060bekT | B 3amaHun).

[NepexoaHbie MPOLIECCHI AMEPHOANUECKOTO 3BEHA NMPH Pa3HLIX 3HAYEHHUAX
HaYaJIbHBIX YCNOBHA. BenuunHa, MHTEHCUBHOCTL NEPEXOAHONO npouecca
YMEHbILAETCR NPH NPUONHKEHUH HAYAILHOIO YC/I0BHSA (MCXOAHOIO 2HAYEeHUS
BBIXOJHOTO HANPAXKEHUA HHTErPaTOpPa MOAEJIH) K YCTAHOBUBLUEMYCS 3HAUE-
HHIO BbIXOAHOIO curHana. Takum o6pa3zom koppekTHee Obino 6bi rOBOPUTL He
O TOM, €CTb WK OTCYTCTBYET NEPEXOAHDI MPOLIECC, @ O €ro BENHUYHHC, KOTO-
py10 MOXHO Ob110 661 OnpeaensAThH MO MAKCUMYMY OTKJIOHEHHA

[lepexoaHbiit NpoLECC HE BOZHUKAET, €CliM BLIXOAHOE HANPAXCHUC anc-
PHOAMYECKOIO 3BEHA B MOMEHT NOCTYTUICHHS CTYNEHYATOrO BO3ICACTBHA PABHO
YCTaHOBHBILEMYCS 3HA4YEHHIO BLIXOJHOIO CHrHasa 3BeHa. B htom cnyyae 3ne-
HO «HACTPOEHO» Ha NPHUEM CTYNEHLKH, NOTOBO €0 BOCTIPUNATEL 6¢3 nepexon-
HOTr'O peXxHMa.

1. Leab pabomsi. O3HAKOMNEHHE C BOIMOXXHOCTAMM ITAKCTOM 11POTrPamMM
VisSim no onpeaeneHMIo nepexoAHbIX Npo1IecCoB (XaPAKTCPUCTHK ) 00LEKTOB,
Hanpumep: NOAAYH Napa B KOTesl, NYCK KOoHRCHACPHOR sMiuu u np. 3anana
CHCTEMA U3 3 O0BEKTOB OAMHAKOBBIX MO HAPAMCTPAM, HO C PAVIHMHBIMHU HA-
YanbHLIMH YCIOBHAMH, MEPECXO/IHBIE IPOLIECCh KOTOPhIX HCOOXO/IMMO Heclle-
J10BaTb.

2. Cxema. Cxema TEeXHONOruueckUx 0OBEKTOB [IPEICTARICHA HA PHC.
B xauecTBe TexHONOrHUECKMX 00BLEKTOR Ha cXxeMe MOTYT ObITh J1100ye BUpTY-
anbHble 00BEKTHI ONUCHLIBAEMbIE aNNEPHOAHUYECKHMH 3BEHBLAMMU.
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Puc. Cxema uceneayeMbiX TEXHONOrHYECKHX 00bEKTOB C alepHOANYECKH-
MK 3BEHbAMH

3. Hcxodnbie dannsie. UcxoaHble naHHbie NpuBeaeHbl B Tali. ans nepena-
TOYHON PYHKUHH NPH HAYAIBbHBIX YCJIOBHSAX /n THNA:

. N
G ——.
Ds +1
Tabnnua.
BapHaHTbl HCXOAHBIX AAHHbIX MO CIHCKY B XXypHaJe
O6next lapa- Homep no cnucky (Homep BapuanTta

merp [V 2 3 Ja[s a7 [s ] Jrofun]u]uafra]sfe]7[s]io]20
In 211 221 23] 24] 25| 26] 27] 28] 29] 30] 3] 32| 3.3] 3.4] 35] 36| 3.7] 38] 39] 40

G 210 2.2] 23] 24] 25] 26] 2.7] 28] 29| 30] 3] 32| 33] 3.4] 35] 36| 3.7] 38] 39] 40
lNIIllllllllllllllllll
D 02| 02[02]02]l02]02]02]02]02]02]02]02]02]02]02]02]02[02]|02]02

In 1sl sl asias|aslusposlos]us|os|os]os)s]s]vs|isos]us]s]s

G 21| 22| 23] 24] 25| 26] 2.7] 28] 29[ 30] 30] 32] 3.3] 3.4] 35| 36] 3.7] 3.8] 39| 40
"Nlllllllllllllll|l|ll
D 02| o2 02] 02| n2f02]02]02]02]02]j02]02]02]02]02|02]02]02]|02]02

In ojlojojJolojojlolaoajo]lojojololo]jojo]J]ojJo]o]oo
G 21| 22] 23] 24| 25| 26| 27| 28] 29| 3.0 3.1] 32] 3.3 3.4] 35] 36| 3.7] 3.8] 39] 40
l"Nllllllllllllllllllll
D 02|l 02{02{02]02102]02]02]02{02]02]02]02{02]02]02(02]02]02]02

4. [Topsadok ebtnonuenusn pabomai.

1) 3anycTuUTbh NporpaMmy MOACIIMPOBAHHA CHCTEM yripaBiaeHHAa VisSim,;

2) OTkpbITb HOBbIF (aiin (none) A MOAENHPOBAHHA U cobpaTh U3 On0-
xoB VisSim moaenupyemyio cucteMy (puc) ucnonb3ys 3 6noka Transfer
Function u plot;

3) Ucnonb3lys BHyTpeHHee MEHIO 610KOB YCTAHOBHTb Ha4allbHbiE YCIO-
BHA W3 TaONHLBL.




4) Onuu u3 6nokos plot HCNLAB30BATE ANIA NOCTPOECHHUA PATOBOIO HOPT-
PETa CHCTEMbI BKJIIOYHUB €ro B Ha pexuM 4 Bxoaa.

5) 3anycTtute cxeMy B paboTy koMaHAo#% GO WK KHOMKOM Ha NancHn HH-
CTPYMEHTOB C H300paXKxeHHEM 3EJIEHOIO TPEYrobHHUKA.

4. TpeboBaHus k oTuETY:

I) Haueptutb ucxostyio ¢y HKUKOHANbHYIO OJIOK-CXEMY CHCTEMbI YIIpaB-
NEeHUA;

2) Hanucarb nepeaatounsic GpyHKIMH TEXHONOHUECKHX 00BEKTOB;

3) IlpuBecTn cxemy MoacaupoBanus cucteMbl B 6110kax VisSim (kak Ha
HabOpHOM none nporpammel);

4) Ilpusectu rpadrkn 1epexoiHOIo NPoLecca B CHCTEME X, (1), x,(t), x,(t)
MPH U3MEHEHHUH CE NOJIOKEHUA. YKasaTh HA 1padHKe HHTEPBaNbl BpeMEHY,
KOTOpbi€ COOTBETCTBYIOT JUIUTENILHOCTH NEPCXO/IHbIX NpoueccoB t = At , t =
At,, t = At,. Yka3aTb MUHUMANIbHLIA HHTEpBAN,
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JIABOPATOPHAS PABOTA Ne 2

HUCCJEJOBAHHE NEPEXOJHbIX IHPOLIECCOB
KOJIEBATEJILHOI'O 3BEHA
INPHA CTYNNEHYATbLIM BO3AEACTBHU

1. HEJIb PABOTbI

Jna xonebarenbHONo 3BeHa (CM. pHC.) U 3BEHbEB Oonee BLICOKOIO NOPAA-
Ka BblLLIECKAa3aHHOE OCTAETCA B CHJIC:

N

1)12 § + D2 s +1 * [IPH HAYANBbHLIX YCNOBHAX /n.

IepexonHbiii npouecc B konedaTeNLHOM 3BEHE 3aBUCHT OT HaYaslbHBIX
ycaosuii. Ilpu HauansHOM ycnosun In (MakcHMasibHOE 3HaYEHHE) BbIXOAHON
CHI'HaJl HE MCTIbITHLIBAET KoNieOGaHuid, a cpaly ycTaHaBIMBAETCA HA NOCTOAHHOM
YPOBHE.

Takum obpa3oM, faxke NPH CTYNEHYATOM BO3ASHCTBUH HA BXO/IC THHEIA-
HO#l cHCTEMBbI, NEPEX0AHBIH NPOLECC MOXET OTCYTCTBOBATD.

. Lens pabomsi. O3HakoMIEHHE C BOBMOXXHOCTAMU NAKETOM POrpaMMm
VisSim no onpeaenenuio NepexoaHbiX NpoueccoB (XapaKTepUCTHK) koseba-
T€NbHbIX 3BEHLEB. 3a/laHa CHCTEMA U3 4 00BbEKTOB OAHOMO THNA, HO C Pa3NUY-
HbIMH Ha4aNbHbIMHU YCJIOBHAMM, 1IEPEXO/IHbIE NPOLIECCHI KOTOPbIX HEOOX0AH-
MO UCC/IEA0BATD.

2. Cxema. CxeMa TexHONOIrHUECKUX 00bEKTOB MPEACTABJICHA HA PUC.

}.h“'m.“ S
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Puc. Cxema uccienyeMbiX TEXHONOI HYECKHX 0OBEKTOB C KoJiebaTeibHbI-
MH 3BEHbAMH



3. Ucxodnsic dannbie. AcxoaHbie AaHHbIE NPHBEAEHLI B TabJ1.

Tabnuua.
BapuaHTh! HCXOAHBLIX AAHHBLIX MO CMIHCKY B XXypHane

O6vext Mapa- Homep no criucky (Homep BapnaHTa)
merp [t J2 [3 Ja[sTe 7 oo [re[ufna]Jua]ws]sTe]17[w]i9]20

In olovljojojojojojvjojJojo]jo]jojujuovjojojojo]lw
G A 32] 33 34 35] 36] 3,7] 38 39| 40| 40| a2] 43] a4] 45| 6] 47| an] 49| 50
b N v oo oo e pv e pe bl
D, Jooilooi]ooifoorjocijoot]ooijoot]oot]ool]oot|ootfoor]oot{ool|oolt]oo1fo0r]oolo.0l
I): 0.0410.04] 0.04]0.03] 0,041 0.04] 0 4] (1,04] 0,04} 0.04] 0,041 0.04]1 0,04] 0,04] 0.04] 0.04] 0.04] 0,041 O (D,
Im 220222V 2)202122V212]212}22]2]2]2]2
G 21| 3.2] 33 3.4] 35| de| 37| 28] 3] ap | 4] 42] 4.3] 44| 45| a6] 4.7] 48] 49] 50
n | N oo oo poepafaopopopebopopaoopoepafar]o
D, [omfoorfoo]eorfoo]ooifeoifoor{ootfoorfoorfuorfoorfootfvoifestfovt]oorvorjom
D, |0.04]0.04]0.04]0.04] 0.04] 0.04] 0,04] 0.04] 0.04] 0.04] 0.04] 0.04] 0.04] 0.04] 0.04] 0.04] 0.04] 0.04] 0.04J0.04
In |4a|ala|ala|a|a|a|a]a]ala]a|a]ala]a]a]a]ds
G 31| 32]33] 34 3.5] 36] 3.7] 38| 39 40| 41 42| a3 a4 as]| a6 47] 48] 49] 50
m [N oo ool olbofboepofopolaopelalfaeafagangsy
D, Joojom]ootjom]om]ooifoeifootfooioorfoor]uotfootfooiuotfoeilov]ooijooipor
D, |0.04]0.04]0.04]0.04]0.04] 0.04] 0.04] 0.04] 0.04] 0.04] 0.04] 0.04] 0.04] 0.04] 0.04] 0.04] 0.04] 0.04] 0,040,
In | x| 32] 33] 34 3] 36| 37| 38] 39] 4.0] 4.1 4.2] 43| 44| 45| 46| 47] 48] 49] 5.0
G 30| 32| 33] 34] 35| 36 37| 38 39] 40| a.1] 42] 43| 4.4] 45| 46] 47| 48] 49] 5.0
v [~ [l opaf ooyl ofebaeapopapagn
D, [ooifom]ooijooifoorfooifvoifoor]oorfooifooifooi|oo]ooi]oot]oot foor]oor]ooifoor
D, [v.0a]o.04]0.04]0.04] 0.04] 0.04] 0.0a] 0 04] 0.04] 0,04} 0.04] 0.04] 0,04 0.04] 0,04 0.04] 0.04] 0,04] 0,04 04

4. [Topsdok sunonnenus pabomo:.

1) 3anycTuTh NporpaMMy MOAENUPOBAHHA CHCTEM yrnpaBieHus VisSim;

6) OtkpbiTh HOBbLIR dalin (none) ans MmoaenHpoBaHUa u cobpatb u3 6no-
koB VisSim mogenupyeMyio cucteMy (puc) ucnonab3ys 4 6aoka Transfer
Function u plot 1a 4 Bxoaa;

7) Hcnonb3ys BHyTpeHHee MEHIO OJI0KOB YCTAaHOBHTDH Ha4asibHbIE YCIO-
BUA U3 TabnnLp.

8) 3anycTure cxemy B paboty komaHa0i GO WIM KHONKOM Ha NAHEIH HH-
CTPYMEHTOB C H300paXKeHHEM 3€N1€HOro TPeyrojibHHKa.

4. TpeboBanus k oTuery:

5) Haueptutb HCXOAHYIO PYHKUHOHANBHYIO 610K-CXEMY CHCTEMbI yTTpaB-
NEeHHA;

6) Hanucarb nepenarounble PyHKUMH TEXHONOrHYECKHX OOBEKTOB,;

7) INpuBecTn cxeMy MOAEAHPOBaHHA cUCTEMbI B Bitokax VisSim (kak Ha
HabOpHOM none nNporpaMmbl);

8) NpuBecTH rpadpuku nepexoaHOro Mpouecca B CHCTEME NPH U3IMEHe-
HUM €€ NONOXKEHHUA. YKa3aTb Ha rpa¢uke HHTEPBAJIbI BPEMEHH, KOTOPLIE COOT-

BETCTBYIOT NIMTENILHOCTH NEPEXOAHBIX NMPOLECCOB. YKa3aTbh MHHHMa/bHbI
MHTEpBaJI.
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JIAbOPATOPHAS PABOTA Ne 3

HCCIEAOBAHHUE INMPHU3HAKOB INEPEXOAHOI'O
H YCTAHOBUBUHIETI'OCSA PEXHMOB PABOTHI
CHACTEM ABTOMATHYECKOI'O PEI'YJIMPOBAHNA

1. HEJIb PABOTBI

YCnoBHA OTCYTCTBHA NMEPEXOAHOI0 NPOLIECCAa B CHCTEME YNPABJICHHA.
B Teopuu aBroMarHueckoro ynpasineHHsa oObiuHO paccmarpusatorca CAP
C HYIEBbIMH Ha4a/1bHLIMH YCJIOBHAMH. JTO OOBACHAETCS TEM, YTO H3Y4YaeTCA
peaklMa CHUCTEMBI yMpaBjeHua, paboTalouieil B yCTaHOBUBILEMCSA, CTaLHO-
HapHOM pPeXHMe, Ha Manbie MMPUPALLEHHUA BO3AeHicTBHI. 3TO 4acTo NO3BOAAET
paccMaTpHUBaTb CHCTEMY KakK JIMHEHHYI0, H, KPOME TOIO, CYMTATh HaYallbHblE
YCJIOBUSA HYJICBbIMH.

PaccMOoTpuM cHCcTEMY TpETLErO NOPAAKa:

b,s* +bs* +1

W(s)=k—s -
a,s” +as” +a,s+1

OObIYHO MOAENb TaKO# CHCTEMbI MPEACTABIAETCA B BHAE, NOKA3aHHOM
B BEpXHeil uacT puc. la, 0AHaKO MOYXKHO COCTaBHUTb U IKBHUBAJIEHTHYIO CXEMY,
B KOTOPOi AnddepeHIIMpOBaAHHE BXOAHOIO BO3ACHCTBHS Oy1eT OCYLLICCTBIATH-
CA B iBHO# ¢popMe, Tak, KaK NOKa3aHO B HUXHEH YyacTH puc. 16.

Btopasa ¢popMma no paay npuuuH, B YHaCTHOCTH BBHAY Ha/IL4YHUA B peab-
HOM CHIHaJ1e a/UIMTHBHBIX LLIYMOB, KOTOPbI€ rHNepbONH3UpYIOTCa onepauuei
anpdepeHLMpPOBaHHA, OObLIYHO HAa NPAKTHUKE HE UCIONbL3YETCA, HO MO €€ CXxe-
Me XOPOILLIO BHAHO, YTO BXOAHOE BO3EHCTBHE, NPEXAE YEM NOMNacTb Ha MO-
AeNb KOHTYpa ynpaBaeHHus, noasepraercs aupdepesunponanuto. Takum o6-
pPa3oM, AJ1A HCKJIIOYEHHUA MEPEXOAHOTO NPOLIECCA B AAHHON cxeme Heobxoau-
MO, 4TOOBI TPETbA MPOU3BOAHAA BXOAHOrO CHrHasa x(7) Oblia HenpepbiBHOM.
B 3TOM ciry4yae, Ha KOHTYP CKauykH HE NOCTYNAT. Ecnu HauyanbHbIE YC/IOBHA
HyNEBbIC, T.€. HANPAXKCHHUA HA BbIX0O/1AX HHTEMPATOPOB PaBHbI HYJIO, TO Ha3BaH-
HOE YCJIOBHE ABJIAETCA U JOCTATOUHDIM.

Cka3zaHHoc MOXHO cOPMYJIHPOBATb H APYrHM (Opa3oM: ckaukH (pa3-
pbIBbI NEPBOro poAa) B NPOM3BOAHBIX BO3ACACTBHA, CTAPLUKUX YEM HUCNO HY-
ne# nepeaaTo4HON PyHKUMN CHCTEMBI C HYJIEBLIMH HauallbHBIMH YCIOBHAMH
HE NPUBOAAT K BO3SHUKHOBEHHIO NEPEXOAHOrO Nnpouecca.

B cnyuyae HeHyneBbIX Ha4albHbIX YCNOBHH 413 00ecne4yeHns OTCYTCTBHA
NEpEXoAHOro npouecca, kK cCGopMyJIMPOBaHHOMY Bbillie HEOOXOAUMOMY YC-
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JIOBHIO CJICAYET nob6aBunTL YCJI0BHE COINacoBar'us BXO/J1HOMO CHrHajia U €ro
NMPOKU3BOAHbLIX C HAYAJIbHBIMH YCIIOBHAMM.

y(t)
BRI Cadiy il
+

Puc. 1. [lee 3xeusanenmuvie hopmes npedcmasnenus Modeau cucmemol
mpembveco nopaoka. Hucnumens 6 hopmyne ywumeteaemcs 1ubo cmeweruem
MOYEK NPURONCCHUA B030€UCMBUU 6NPABO NO yenu unmezpamopos (a), 1ubo

Henocpedcmeennbim Qughhepenyuposanuem 6xo0H020 cucHana, max, Kax no-
Kasamo na Huxcreu cxeme (6)

CMbica nepexoaHoOro npouecca — 3TO COrIACOBaHHE IHEPrETHYECKOIO
COCTOAHHA B3aUMOAEHCTBYIOLUX 3JIEMEHTOB CUCTEMbI C PE3KO H3MEHHBLIH-
MHCH BXOAHBLIM CUI'HAIOM H (M1H) €ro MAaJALLUMH MPOU3BOAHBIMM.
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[lpH3HakK nepexoaHoro U yCTaHOBHUBULICIOCA pexxuMoB padoThl CAP.
MoxkHO nH, u3yuas BbixogHoH curHan CAP, onpenenuts, paboraer oHa Ha
JAAHHOM OTPE3KE BPEMEHH B NEPEXOAHOM WIH YCTAaHOBUBLUEMCS pexume? Jlns
ITONO HY»XHO Gonee TouHO chopMyaUpOBaTh, YTO TAKOE NEPEXOAHbIH H YTO
TaKo€ YCTAHOBUBLIHHCA PEXKHUMbI C MTPAKTHUECKOA TOUKH 3PCHHA.

YMEHbLIEHHE pa3Maxa 11EPEX0HON0 Hpouecca o Mepe CriaxuBaHUs
BO3MYLUEHHS, MOCTYNAIOWErD Ha KoJiebaTenbioe 38eHO. BepxHas kpusas -—
NepeEXoAHbIA NPOIIECC NMPU HACAILHOM CTYNCHYaTOM BO3AcHCTBUH. BTopas
U TPETbA KPHUBbIE COOTBETCTBYIOT BCe Oonee CrinaxeHHOMY CTYNEeHYaToMy BO3-
aeAcTBHO. YeTBepras xpuBas — CYLIIECTBEHHO CITIAXKEHHOE CTyNneH4aroe Bo3-
AeACTBHE, MPU KOTOPOM MHTEHCHBHOCTD MEPEXOAHOI0 MPOLECCa 3HAYHUTENLHO
CHWXEHA (NATas KpuBas).

Ha puc. 2 curnasibi, noctynatouiue Ha TpH HKHUX KonedaTeNbHbIX 3BEHa,
NpEABAPUTENLHO CIIAKHUBAIOTCA PUIBTPAMH, COCTOALLIMMH U3 ABYX NOCAEAO0-
BAaTe/IbHO BKIIOYEHHbBIX AaNEPHOAHYECKHX 3B€HbEB. UHEPLIMOHHOCTD ITUX 3BE-
HbEeB BbIOpaHa HapacTaloUlei cBepXy BHM3, 4To obecneunBaet Bce Oonbliee
CIaXUBaHUE CTYNEeHYaTON PyHKUMH.

Ha puc. 3 HapacTanue Bo3aeiCTBHS CO C HEKOTOPOH CKOPOCTLIO X, en/cek
COMPOBOXKAAECTCA 3aMETHLIM NEPEXOAHBLIM NPOLECCOM, MPH CKOPOCTH X, e/
CeK NEPEXO/IHbIH NPOLECC CyUIECTBEHHO cnabee U npu ckopocTH X en/cex
1EPEXOAHDIN [IPOLECC MPAKTUYECKH OTCYTCTBYET.

Ha puc. 4 6onee xpynHbiit MacLiTab NO3BOIAET paCCMOTPETb BEJIMUHHDI
OTKJIOHEHHH BbIXOAHbIX BEJIMYHH KOJICOaTeNbHbIX 3BEHLEB OT BXOAHBIX. g |
KPHBOH MaKCHMa/IbHOE OTKJIOHEHHE OT 3aAalollero (2 KpuBas) BO3ACACTBUA
COCTaBJIAET OTHOCHTENBHO MaITY10 BeinunHy 0,1, T. €. konebarenbHas cucrema
MPAaKTHYECKH YCIEBAET OTCNAEKHBATH 2 KPHBYIO CHTHAN U OTKJIOHEHHA yXe
MOXXHO TPaKTOBaTb HE KaK MEPEXOHbI MpoLecc, a Kak OUIMOKY yCTaHOBHB-
LIErocs pexuma, onpeaenteMyto ko3pPpuumeHraMmu oIHboK CHCTEMBI

Takum obpaiom, ¢ mpakTHYECKOH TOYKH 3PEHHA MEXAY MNMEPEXOAHbLIM
H YCTAHOBHUBLUHMCA PEXUMaMH padOTbl CHCTEMbI CYLLIECTBYET CPABHUTE/ILHO
pa3MbiTas rpadyua. Ee MoXxHO onpeenaTs, 3a1aBas KPUHTHYECKYIO CKOPOCTb
HW3IMEHEHHA BO3ACHCTBUA, [IPH KOTOPOIA BEJIHUKHA NEPEXOAHOID I1poLiecca CTa-
HOBHUTCA NpeHeOpexuMo Manoii, Hanpumep, meHee 5 %. Irta ckopocTb A
KOHKPETHOM CUCTEMbI OyAeT onpeenaTocsa koddpPpuuneHTaMu omnbok cucre-
Mbl C, U C,.

OTMmeTHM, 4TO B JIMHEIHBIX cUcTeMax (OPMATIBHO NEPEXOAHbIH Npouecc
JUIHTCS OECKOHEYHO, MOCKOIbKY BbIXOAHON CHIHAN ITPHOAHKAETCA K YCTAHO-
BHUBLUEMYCA 3IHAYECHHUIO ACHMNTOTHYECKH. Ha npakTHke cuMTaercs, 4To nepe-
XOAHbBIA MPOUECC 3aKOHYMWICH B MOMEHT, KOI'la €ro BEJIMYHHA YMEHbLIACTCA



B 20 pa3 no CpaBHEHHIO C MAaKCHMaJbHbIM €10 sHa4eHHEM. B suHelHbIX
AMIUTUTYAHO-HMITYJIbCHBIX CUCTEMAX MPH HEKOTOPbIX YCIOBHAX NEPEXOAHBI i
NpoLECcC MOXET ANHTLCA KOHEeYHOoe BpeMA. Tem He Menee, u B AUCAP, kak
1 B HenpepblBHbIX CAP, niepexoiHbi#f MpOLIECC MOXET [TPH ONMPEAESIEHHBIX YC-
JIOBHAX OTCYTCTBOBATb HJIH COCTABJIATL MATYIO YaCTh CUI'HAIA YCTAHOBHBLLUE-
I'oCA peXXUma.

1. Lenv pabomei. O311akOMNEHHE C BOIMOXKHOCTAMH NAKETOM NPOIPaMm
VisSim no onpeAesieHUIO NEPEXOAHbIX NPOLECCOB (XapaKTEPUCTHK) Koneba-
TeNbHbIX 3BEHbEB. 3a/1aHa CUCTEMA U3 5 00BEKTOB OAAHOrO THIA, HO C pa3iny-
HbIMH Ha4aJIbHbIMM YCJIOBUAMH, NEPEXOAHBIE MPOLECCHI KOTOPbIX HEOOX01HU-
MO UCC/IEROBATD.

2. Cxema. Cxema TeXHONOMMUYECKHUX OOBEKTOB MpeACTaB/IeHa Ha puc. 2, 3, 4.

Havyan. = 0

YT PN P RGO S PP I T B
PuUnbLTPHLI |
1 1
— 1 1
N2s+1 0ze4 |
1 1 :
4] 1 ] 1 —Ha3———— -
05541 05+ D15 + Odee 1 :
| S ;
‘ 1 : ' r2 1 .".:-] ] ] [}
h-*1 1 - 4.3 —b ! g : : :
2:% | zs+1 || 015 + 0dse1 ] “{,/-_,. ..... - - — - -
! ) (] ' '
; 70 ) / ' ' '
! . A A e
: ' 0 5 1 15 z

Time (sec)

Puc. 2. Cxema uccnedyemoix mexunonozuyeckux obvexmoas c konebamens-
HOIMU 36EHBLAMUYU C 8030€UCMBUEM OM UMUMAamopa (2enepamopa CucHanoa).
Bapuanm |
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Puc. 3. Cxema uccnedyemux mexnonozuieckux obvexmos c konebameno-
HBIMU 36EHBAMU C B030€UCMBUEM OM UMUMAMOpPAa (2eHepamopa CucHanos).
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Puc. 4. Cxema uccnedyemvix mexnonozudeckux obvexmoe ¢ konebameno-
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3. Ucxoonvie dannbie. UcxonHbie JaHHbIE MPHUBEACHDI B Taba. 1, 2.

Tabnnua 1.
BapuaHTbl HCXOAHBIX AAHHBIX N0 CIIMCKY B XypHane (pHc. 2)

O6vexT [Tapa- Homep 1o cnucky (Homep sapuanta)
merp [t J2 [3 Ja [sTe[7 s o [wu][u]u]oJufis]w]i7]m]i9]20
In |o]Jojolo ojojojojJo]J]o]J]olo]Jolojo|lo]oJo] o
G | 3.0] 3.2] 3.3] 3.4] 35| 36| 3.7] 3.8] 39| 40| 4.1 4.2] 43| 4.4] 4.5] 46| 4.7] 48] 49| 5.9
| N B e
D {oJajJoalalm[a]Jalm]a[m]ala]jlo]ajlaojo]lalon]o]o
D, | 04] 04| 04] 04] 04] 04] 04] 04| 04] 04] 04] 04] 04 04| 04| 04| 04] 04] 04] .04
In lolololo]Jolo[lo]o]Jolo]lo|[o]loJlolo|]o|lo]oJo]|o
G | 3.0] 32] 3.3 24 a5] 36| 3.7] 38] 39 40| 4.1] 4,2] 4.3] 4.4] 4,5] 4.6] 4.7] 48] 49] 5,
1 N bl e frpepr e feprperfelrjegn
D JojJafajojafajalja]jalm[afja]jlajajajajaloaja|o
D, | .04] 04] 04] .04] 04| 04] 0a] 04] .04] 04| 04| 04] 04]| 04| 04] 04| 04] .04] 04| 024
In JojojojlojojoJo[ojJojo]jo]J]olo]o|l]oOo]J]o]Jojo]o}| O
G | 3] 2] 23] 24l 3s] 3ol a7 3x] 39| aof 40 4.2 ]| a.a] 45] 46| 4.7] 48] 49] s,
i N BRI
Dy Joajloaloajoajoajalalojoa]lmioa]lm|[m]oajoa]oa]o ol o
D, | .04] 04] 04] 04] 04| 04| 04| 04] 04| 0] 04] 04] 04] ,04] ,04] 04] 04] 04] 04] 04
In oJolojolololojlolofJoJolo]Jo]JolJoJoJo]lo] o
G |3.1]3.2] 3.3] 3.4] 35] 26| 3.7 38| 39| 40] 4.1] 42| 43| 4.4] 45| 46! 47| 48] 49] 5.
v N vl oo ool ooy ool
D,yloajajajajoajajlojojajajaonjoa|snjajajlbajalsjoa]l.ox
D> | .04] 04] 04 04] 04] 04 04| 04] 04] 04] 04] 04] 04 04] 04] 04] 04] V4] 04 04
DunbTpni
In ojojlojojJojolojolojojlaoalojolojojololojo}o
G N R
l N vl v oo ool ooy oo oo
D |o2le|ofe|lneiolme|ozl@]| mn|m]|o2]m|n2)m]| o] m|n|.w
In lolojojlofolo]JolJo]Jo]lo]Jo]lo]Jo]loJo]Jo]Jo]Jo]o]ou
G NN
1 N ppr e e v prpr e
D |l |losls]lslo]ls]losles|slols|l sl m]ms] o6
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G vvfv e v oo oo oo
I N BN R
D 0,2(02]02102]102102102102]02]02]102{02]02]02]102]02]02)10.2]02]02
D
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‘T'abninua 2.
BapraHTbl HCXOOHBIX JIAHHBIX 10 CIIKCKY B XypHae (puc. 3, 4)

O6wvexr | 1aPa Homep no cinncky (iomep napraina)
metp [t |2 [3 [4 [S e [7 [ |9 Jw[ue 2] d]ed[os]e6]17 8|19 20
In ojojJojJojJolojolo]lJ]ojojojlojojolo]jo]l]o]o]o]| oo
G 3l 32 an] a4l sl vl v a8 2ol 40 4] 42 43] 44] 45| 46| 4.7 48] 49| S0
1 N | J [ TR T T (N T [ T Y Y N T T N T [ O O I O I O Y A
Dy|ow|jomjfojm]m]joaimim]jolmimimimjojojoajalmnoln
D> {04 o4 4] 04 0d] ] a] 04] 04] 04] Daf 04] 04| 04| 04| 04] 03] 04| 4] 04
In ojololJojJojloloajo]lo]Jo]Jo]l]olojo]Jojo]lojo]jo]o
G o] a2 3] va ss) se] v7] 3g] 39] a0l a1 42]43] 44]45]46] 47| 48] 49] 50
1 N | 1 1 | 1 I l 1 | ! 1 1 | l | i | 1 1 |
D plajojoropoirofo oo mimimioroniojpo|mpmim
D> | 04] 04] 04] 04] 04| 04| 04| 04| 04| 04] 04] 04] O4) 04| 04| 04| 04| 04) 04] 04
n ojojlojojojlojJojololojocojo]joejojojo]jo|lo]lo]o
G 0] 32 3.8 34 35| 6| V7] | 3w an]an] a2| 43] a4]45]|a6] 47| 48] 49| 50
1 N 1 1 1 1 1 1 | 1 1 1 | } 1 | 1 | 1 ] 1 l
Dl gloajuajajmmjoajmimjoaimionpaimimjiaAajlmiajoriola
D> | 04] 04] 04] 04] 04] 0a] 04] 04] 04| 04| 04] 04] 04] 04| 04] 04] O8] 04| 4] 4
" OunvTpu
In lolo]lJo]lojo]lo|lo]o]jo]lo|lo]J]o|jojJo|[o]Jojo]Jo]au]oO
G (1N N T N T T Y Y T T O I O T O Y OO N O A
l N } l ! | 1 1 1 1 1 1 1 I | | | | | ] 1 1
l) ogjlastasjasiasjasjasjasjosjosjogjogjosjoasjasjasjasjasj|aqsios
In ojlojlo]Jojlo]jJolojolJojojo]Jojlo]Jo]lo]lojojo]lol| oo
(] | | 1 | | | ) | | ] | | | | | 1 1 | 1 |
I N N [ T T T T T T [ T Y T T M T N T O O IO O O O
D |od4loaloa]os]o4]04a]l04]04]04]04]04]04]04]04]04]04]04]04]04]04
n ol o uﬂ_o_‘ _2‘_4(_»_1 LS ‘L:*_ vjojojofu ojojojlojo]o
G I I T O T N T Y T T T T N T N O R Y N T I O I Y IO N O IR
il N | 1 { | | | 1 | [ | 1 | | | { | 1 | | l
D |ozfoz[0z2[ez]oz2[o2]02]02]02]02]02]02[02]02[02]02[02]02]02]02]
D

4. [Topadok evtnonterus pabome.
1) 3anmycTuTh NporpaMMy MoaeaHPOBaHUA CUCTEM ynpaBieHua VisSim;
9) OTkpbITh HOBbI Gaiin (none) as MmoaenupoBaHus U cobpars u3 GiiokoB
VisSim MoaennpyeMylo CHCTEMY N0 COOTBETCTBYIOLIEMY PUCYHKY MCNONb-
3ys HeoOxoaumbie 610ku Transfer Function u plot ¢ HYXHBIM KOJIHYECTBOM
BXO/IOB;
10) Ucnonb3ys BHyTpeHHee MeHI0 010KOB YCTAaHOBHTDb Ha4allbHbIE YCII10-
BMA 13 Tabnuupl 1, 2, 3.
11) 3anycTure cxemy B paboty komanaoit Go WiIH KHONKON Ha f1aHeNH
MHCTPYMEHTOB C U3006paXKeHHEM 3CNEHOTO TPCYTONbHHKA.
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4. Tpe6oBaHHs K OTHETY:
9) HauepTutb UCXOAHYIO PYHKUHOHAILHYIO 0/10K-CXEMY CHCTEMBI YITPaB-
JICHMA;

10) Hanucatb nepenaroulbie PyHKUMH TEXHONOTHYECKUX O0BEKTOB;

11) [puBecTn cxeMy MmoaeaMpoBaHua cHcTeMbl B Os1okax VisSim (kak Ha
HabOpHOM MoJjie NporpamMmbi);

12) INpuBecTu rpadukH NepexoaHOro NpoLecca B CHCTEME NPH H3MEHe-
HHWH €€ NONIOKEHHUA. YKa3aTh Ha rpad)MKe HHTEPBaJibl BpEMCHH, KOTOPbIE COOT-

BETCTBYIOT JUIMTENbHOCTH NEPEXOdHbIX Mpoueccos. Yka3zaTh MUHHMAJbHbII
MHTEpBaJl.
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