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1. ITEPEYEHb

IINTAHUPYEMBbIX

PE3YJIbTATOB OBYYEHUA  IIO

AACHUIIIMHE, COOTHECEHHBIX C IIJIAHAPYEMBIMH PE3YJbTATAMH
OCBOEHMHSA OBPA3OBATEJIbBHOMU ITPOI'PAMMBbI

Buj nesiTeJIbHOCTH BBINTYCKHUKA

JucuurimHa 0XBaThIBACT KPYT BOIMPOCOB, OTHOCSIIUXCS K MPOSKTHO-KOHCTPYKTOPCKOMY BHIY
HpO(l)eCCHOHaHbHOﬁ ACATCIIbBHOCTH BBIITYCKHUKA B COOTBCTCTBHM C KOMIICTCHUOUAMU W BHIAMHU
JeSATeTLHOCTH, YKa3aHHBIMU B y4eOHOM IUTaHE.

Meab AMCIUATIMHBI

®dopMupoBaHUE Y O0YJAOITUXCSl 3HAHUM, YMEHUN U HaBBIKOB, HEOOXOIUMBIX JIJISl BHITIOJIHCHHUS
aHaJM3a CUCTEM aBTOMATUYECKOTrO YIPaBJICHUSI TEXHOJIOTMUYECKUMU MTPOLIECCaMU

3agaum QM CHUTILTHHBI

W3y4yeHre METOJI0OB KOHTPOJIsL, OOpabOTKH, aHaIM3a CHUCTEM aBTOMATHUYECKOTO YIIPABJICHUS
TEXHOJIOTHYECKHUX MPOIECCOB B chepe MpodecCHOHATBLHOM IS TEIIbHOCTH.

Kon Conep:xanue IlepeyeHb MJIAHUPYEMBIX Pe3yJIbTATOB
KOMIIeTeHIIUH KOMIIeTeH Ui 00y4eHMs 110 IMCIHHUILINHE
1 2 3

OIIK-5 CIOCOOHOCTH pelarb | 3HaTh:
CTaHJapTHBIE 3agauu | - OCHOBBI UH(POPMALIMOHHOM "
npodeCcCuOHATBHON o6ubanorpaduyeckoit KyabTypHl;
JeSTeIbHOCTH HA  OCHOBE | yM€Th:
MH(OPMAaLMOHHOM ul|- pewarb CTaHJapTHBIE 3aJjauu
oubmmorpaduyeckoil KyiabTyphl | MPO(eCcCHOHAIBHONW AEATEIHHOCTH HAa OCHOBE
c MpUMEHEHHEM | ”HQOPMAIMOHHOW U OuOnmorpadpudeckoi
MH(POPMAIIMOHHO- KYJIBTYPHI,
KOMMYHHUKAI[MOHHBIX BJIA/IETH.
TEXHOJIOTMH M €  y4eTOM | - HaBbIKAMU pELICHUs CTaHIApTHBIX 3ajad
OCHOBHBIX TpeOoBaHull | MpodeCcCHOHATbHONU JESTEIbHOCTH Ha OCHOBE
MH(pOPMAaIMOHHOM MHPOPMALIMOHHOM W OubaMorpaduueckon
0€30MacHOCTH KYJIbTYpBI.

[1K-9 YMEHHE MPUMEHSATh METO/bl | 3HATh:
KOHTPOJISl KadecTBa W3JENUN U | - ATAIlbl aHAJIN3a CUCTEM aBTOMAaTHYECKOTO
00BEKTOB B cdepe | ynpapiaeHus;
npogeccuoHaIbHON - KJIJaCCU(PMKALIMIO CUCTEM aBTOMATHYECKOTO
NeSITeTbHOCTH, MIPOBOJUTH | YIIPABJICHUS;
aHaJM3 TMPUYMH  HApYyIIEHUH | - IPUHIMIIBI MAaTEMAaTHYECKOTO OMUCAHUS

TEXHOJIOTUYECKUX IPOLIECCOB U
pa3pabarbIBaTh MEPOIPUATHUS IO
UX NPEAYIPEKACHUIO

CHUCTEM aBTOMATUYCCKOI'O YIIPaBJICHUSA,

- METOJIbI KOHTPOJISl Ka4yeCcTBa U3ACTUN U
00BbeKTOB B chepe npodeccrnoHambHON
JESITENIbHOCTH,

YMETh!

- aHAJIM3UPOBATH PE3YIBTATHl TEOPETHUUECKUX H
SKCIICPUMCHTAJIBHBIX I/ICCJ'IG)IOBaHI/Iﬁ 00BEKTOB
YIPaBJICHUS B IECHOW MPOMBIIIIIEHHOCTH

- KJIacCU(UIIUPOBATH CUCTEMBI
ABTOMATUYCCKOT'O YIIPABJICHHA,

- IPOBOJUTH AHATN3 IPUYUH HAPYIICHUN
TEXHOJIOTHYCCKUX ITPOLECCCOB U p33pa6aTBIBaTB
MEPOTPHUSITHSI 110 X MPETYIPEKICHUIO
BJIAJIETh:

-METO/IaMH aHAJIN3a CHCTEM;

-METOJJaMH MaTEeMaTHYECKOTO OMTUCAHUS
CHUCTEM;

- METOZ[AMH KOHTPOJISI KAueCTBa U3JICIINN U




00BEKTOB B cpepe npodheccHoHaIbHOM
JACATCIIbHOCTH,

2. MECTO JUCHHMIUIMHBI B CTPYKTYPE OBPA3OBATEJIbHON

IMPOI'PAMMBbI

Hucuummuaa b1.5.24 YpaBieHrue B TEXHUYECKUX CUCTEMaX OTHOCUTCS K 0a30BOM 4acTH.

JuctumniauHa YnpaBlieHHE B TEXHUYECKUX CHCTEMax 0a3upyeTcsl Ha 3HAHHSX, MOJTYYCHHBIX
NP U3YYCHUH TUCIUTUIMHBI MATEMAaTUKHA OCHOBHOM 00111€00pa30BaTEIbHON MPOTPAMMBI.

OcCHOBBIBasICh Ha HW3YYCHUHW IEPEYUCICHHOW JMCIMIUIMHBI, YIPABJICHHE B TEXHUYECKHUX
b1.5.24 ABTtoMaTuku u

CHUCTEMAX MHOPCACTABILICT OCHOBY JJId HM3Y4YCHUS AUCHUILIMHBL.

aBTOMaTHU3alluH IIPOU3BOACTBCHHBIX ITPOLECCOB.

Takoe cuCTeMHOE MEXAUCLHUIUIMHAPHOE W3yYEHHE HAIpPaBICHO HA  JIOCTHXKCHHUE
tpedyemoro ®I'OC ypoBHS MOATOTOBKH 1O KBaM(DHUKAIIMK OaKaiaBp.
3. PACIIPEJAEJIEHUE OFBEMA JIUCIHIUIIJIMHbI
3.1. PacnipenesieHue o0bemMa qJMCUMILIMHBI 10 ()opMaM 00yYeHHUs
Tpyooemkocmob Oucyuniunsl 8 uacax
Kypcosasn
g 3 paboma Buo
§ N z (npoexm), | npomesncy
Dopma 5 § S KOHmMpOb mounou
ooyuenusn S g S § nas ammecma
= 3 < g g 6
S § S = § = § S paooma, uuu

| S| s | 5| § | §5 | §5 |pedepam

S8 8| 2 § S S $ S PIpP

<O | X < = S SR

1 2 3 4 5 6 7 9 10 11

Ounasn 2 | 4 | 108 | 54 18 36 54 - 3ager
3aounasn 3 - | 108 | 14 6 8 94 Kp 3auer
3aounasn - - - - - - - - -
(yckopeHHoOe
o0OyueHue)
O4Ho-3204Has - - - - - - - - -

3.2. Pacnpenesnienne o0beMa AMCUMILIMHBI 110 BUIAM YUeOHbIX 3aHAATHI U TPYA0EMKOCTH

e m.u. g Pacnpedenenue
Tpyoo- UHMEePaKmueHoll, no cemecmpam,
Buo yueonuvix 3anamuii eMKOCmb | aKmue-Hoil, UHHO6a- uac
(uac.) UUUOHHOU popmaXx,
(uac.)
1 2 3 4
|. KonrakTHas pa6ora o0yuyaoumuxcs ¢
npenoaaBaresieM (BCero) 54 12 54
Jlexumu (JIk) 18 4 18
Jlaboparopusie padotsl (JIP) 36 36
Koncynpranun + +
I1.CamocTosiTeIbHAS padoTa 00y4aIOLIHUXCS 54 ) 54
(CP)
IMoaroroBka Kk 1a00paTOPHBIM paboTamMm 30 - 30
IToAroToBKa K 3a4eTy B TEUCHHUE CEMECTpa 24 - 24




111. TIpomeskyTOYHAS ATTeCTALUS 3a4eT + - +
Oo61mmas TpynoemMkocTs auciuiuiiabl 108 gac. 108 - 108
3 3au. en. 3 - 3

4. COAEP) KAHUE JUCIIUITVINHBI

4.1. Pacnpeue.ﬂeﬂne pa3ae/;ioB JTMCHUIIJIMHBI IO BUAAM y‘leﬁHbIX 3aHATHIA

- 1J1sl 04HO# (pOpMBI 00YUCHHS:

Buowl yueonwvix 3anamuil, 6xkouan
CamMocmoamenvbHyo paoomy
N odyuarowuxca u mpyooemKocmey;
pas- Haumenoeanue Tpyooem- (uac.)
dena u pasoena u kocntb, yueoHble 3aHAmus camocmosn
memol mema oucCyunIUHbL (uac.) menvnas
[— nabopamopnsie | paboma
pabompt ooyuaio-
wuxcs
1 2 3 4 5 6
1. O0beKThl ypaBJileHUsI B JlecHOM 38 4 14 20
NPOMBIILIEHHOCTH
1.1 OOBeKT ynpasieHus. YTpaBIsioniee
YCTPOMCTBO. YTIpaBIsieMbIe, 19 2 7 10
YIIPABJISIONINE BETHIHUHBI.
1.2. Bosmymaromue Bo3ieHCTBUS. 19 2 7 10
[Tpumepsl 00BEKTOB yIIpaBICHHS.
2. Kaaccudukamnus cucrem
aBTOMATHYECKOT0 YIPABJIEHUS 9 4 - 5
(CAY)
2.1. CucremMbl aBTOMaTHYECKOTO
yrnpasieHus. PazoMkHyTHIE, 4 2 ) 5
3aMKHYTbIe, KOMOMHHUPOBaHHBIE
CHUCTEMBIL.
2.2. CucreMsbl cTaOMIIM3AINH,
MPOrpaMMHBIE, CIEASIINE CHCTEMBI. 5 2 - 3
AJIaNITUBHBIE CHCTEMBI.
3. MaTeMaanefRoe onucanue CAY. a1 6 15 20
Anaym3 ycroiiunoctu CAY
3.1. MeTtob1 pemeHust
T PepeHINATBEHBIX YPaBHEHUH.
15 2 7 6
[MpeobpazoBanue Jlamnaca.
[lepenarounsle GpyHKIMU.
3.2. | TunoBsle 3BEHbS, UX NEPEIATOUHBIC 8 2 ) 6
GbYHKIIUH.
3.3. | YCcTOMYMBOCTh CHCTEM aBTOMATHKH. 18 2 8 8
4. CTpyKTypHBIe CXeMbl CHCTEM 20 4 7 9
ABTOMATHYECKOI'0 YIIpaBJeHUsl
4.1. CrpykrypHas cxema CAY. DneMeHTHI 4 2 ) 2
CTPYKTYPHBIX CXEM.
4.2. [IpaBuna npeobpazoBanHus
CTPYKTYPHBIX CXEM
IIpumeps! CTPYKTYpPHBIX CXEM CHCTEM 16 2 7 7
ABTOMAaTHYECKOTO YIpaBJICHUS JIECHON
IPOMBIIIJIEHHOCTH.
UTOro 108 18 36 54




- I 3204HOH (popMBbI 00yUeHHs:

Buowl yueonwvix 3anamuil, éxniouan
camocmoamenvbHylo paoomy
M odyuarowuxca u mpyooemKocmey;
pas- Haumenosanue Tpyooem- (uac.)
oena u paszoena u Kocmb, yueOHbIE 3aHAMUA camocmon
memol mema oucCyunIUHbL (uac.) menvhas
f— nadopamopuvie | padoma
pabdomul obyuao-
wuxcsa
1 2 3 4 5 6
1. O0beKTHI ynpaBjeHus B JIecHOM 35 2 3 30
NPOMBINLICHHOCTH
1.1. OO0BeKT yrpaBieHns. Y IpaBIIsIoiee
YCTPOUCTBO. YTpaBIsieMEbIE, 18 1 2 15
YOPaBISIONINE BEJINYHUHBL.
1.2. Bosmymaromue Bo3IeHCTBHSL. 17 1 1 15
ITpumepsl 00BEKTOB yIIPaBICHHUSL.
2. Knaccudukanus cucrem
aBTOMATHYECKOT0 YIPABJIEHUS 16 1 - 15
(CAY)
2.1. CucremMbl aBTOMAaTHYECKOTO
ynpasieHus. PazoMkHyThIE, 8 1 _ v
3aMKHYTbIe, KOMOMHHUPOBaHHBIE
CHCTEMBI.
2.2. CucTeMbl CTaOMIIH3ALIHIH,
NPOTPaMMHBIE, CIESIINE CHCTEMBI. 8 - - 8
AJIaNITUBHBIE CUCTEMBI.
3. Maremarnueckoe onucanue CAY.
N 35 2 3 30
Anaans ycroiiunoctu CAY
3.1. MeTtoas! penieHus
g hepeHINaNbHBIX yPaBHEHHIA.
13 - 3 10
[MpeobpazoBanue Jlamnaca.
[Tepenarounble QyHKIHU.
3.2. | TunoBsble 3BeHbS, UX NEPEIATOUHBIC 11 1 ) 10
(GYHKITIH.
3.3. Y CTOWYMBOCTh CUCTEM aBTOMATHKHU. 19 1 8 10
4. CTpyKTypHBIE cXeMBbI CHCTEM 22 1 2 19
aBTOMATHYeCKOI'0 YIpaBJeHUsl
4.1. CrpykrypHas cxeMa CAY. DneMeHTbI 10 1 ) 9
CTPYKTYPHBIX CXEM.
4.2. IIpaBuna npeoOpa3oBaHus
CTPYKTYPHBIX CXeM
IIpumeps! CTPYKTYpHBIX CXEM CHCTEM 12 - 2 10
ABTOMATHYECKOTO YIIPaBIICHHS JIECHON
MPOMBIIIIJIEHHOCTH.
HUTOro 108 6 8 94

4.2. Copep:kaHue IMCUUILIMHBI, CTPYKTYPHPOBAHHOE 110 pa3/iejiaM i TeMam

PA3JIEJI 1 O0beKThI ynpaB/aeHHs B JIECHOH MPOMBILIJICHHOCTH

Aemomamuka — HayKa O IPUHIUIIAX TIOCTPOEHUS, pacyeTa U KOHCTPYHPOBAHUE 3JIEMEHTOB U
CHCTEM B IIEJTIOM.
Aemomamuueckoe ycmpoucmeo — yCTpOHUCTBO, BHIIOIHSIONIEE CBOM (QYHKINHU 0e3

HEMMOCPECACTBCHHOI'O Yy4aCTHUs YC€JIIOBCKA.




Asmomamu3zayus — IPOLECC BHEJPEHUS aBTOMATUYECKUX YCTPOUCTB B IPOU3BOJCTBO.
Heo0xoauMbIM yc0BHEM aBTOMATHU3ALUH SBIISETCS MEXaHU3ALHS.

Inemenmol agmMomMamuky — KOHCTPYKTUBHO 000Cc00JI€HHAs 4aCTh aBTOMAaTH4YECKOI CUCTEMBI,
BBITOJIHAIOMIAST OTpeieTIEHHbIE (DYHKIIUH.

OJEeMEHTBI AETISTCA:

® H3MEpPUTEITHHO-TIPEOOPa30BaATEIBHBIE (TATIUKH )

®  YCWINUTEJIbHBIE

® UCIOJHUTENIbHBIE

Bubl aBTOMaTH3aUU!
YactuyHas — aBTOMATU3UPYIOTCSI HEKOTOPBIE OCHOBHBIE OIlEpallii POU3BOICTBEHHOTO MpoIiecca
(KOHTPOJIb, ©3MEPEHUS )
KomiuiekcHas — aBTOMaTU3UPYIOTCS] BCE OCHOBHBIE OIEpAIlMi U HEKOTOPbIE BCIIOMOTaTE/IbHbBIE
ITonHast — aBTOMAaTU3HUPYIOTCS] BCE OCHOBHBIE U BCIIOMOTaTeIbHbIE IIPOU3. onepanuu. B atom
ciyyae B cucTteMy BKItouaroTcss OBM
Ynpaenenue — onHa n3 QyHKUMNA aBTOMaTH3ALMH.
Ynpasnenue — 310 opranu3anus Kakoro-amoo mporecca, 00eCcreunBaloTCs TOCTHKEHHS
MOCTaBJIEHHOW LeJIN
CAY — obecnieunBaeT JOCTKEHUS ITIOCTABICHHOM 1IEJIM aBTOMAaTHYECKHU
B Hacrosiee BpeMsi BO MHOTMX TEXHHUUECKUX YCTPONCTBAX YIPABJICHUS OCTaeTCs 3a
4yeJIoBEKOM. VIMEHHO OH pellaeT Kak U KOTJa MEHSTh JIEHCTBUS YCTPONCTBA, YTOOBI MOITYYHUTh
JKenaeMblid 3P QekT.

OnHako yBeJIMYEHNE MOIIHOCTH U OBICTPOACHCTBUS MAIIMH U MEXAaHU3MOB IIPUBOJIAT K
TOMY, YTO YE€JIOBEK HE B COCTOSIHUE YIPABIATh UMU C HEOOXOAUMOM TOUHOCTBIO U
osicTpozeiicTBueM. T.O. B X0/1e TEXHUYECKOTO MTPOrpecca BO3HUKIIA HEOOXOAUMOCTh UCKIIFOUHUTh
4eJI0BEKa U ONepalK YIIpaBJIECHUS.

Ynpasnenue 00vexmom — porecc BO3ACUCTBUS Ha HETO C IeNbI0 00ecTIedeHUs TpeOyeMoro
COCTOSIHUS.

Obvexm ynpagnenus — TEXHUYECKOE YCTPONCTBO (MEXaHMU3M, arperaT, CTaHOK, CaMOJIET, MAlllMHA)
WJIM KOJUIEKTHB JIOJAEH U T. 1.

VYnpasnenue, ocyiecTBiasieMoe 6€3 y4acTHsl YeloBeKa, Ha3bIBA€TCsl aBTOMATUYECKUM .
[IpenMeToM HaAmMX JIEKIUM SBISETCS TEOPHS aBTOMATHYECKOIO YIPABJICHUS TEXHUYECKUMU
o0BeKTaMu

TexHoOrHYeECKOE YyCTPOMCTBO, ¢ MOMOILBIO KOTOPOTO OCYILECTBISETCS aBTOMAaTHYECKOE
yhpaBieHHue 00bEKTOM HA3bIBACTCS YIPABJIAIOMNM ycTpoicTBOM. (YY)

CoBokynHocTs OV 1 YV o6pazyer CAY

B peanbHBIX YCIOBUSAX Ha Kaxablii OOBEKT BHEIIHSS Cpella OKa3blBAE€T MHOTI'OYMCIEHHOE
BO3JICHCTBHE.

Bce ot BO3NIEHCTBUS NMpPaKTUYECKHM HEBO3MOXKHO YYeCTb, I[IO3TOMY B IIOJIE€ 3pEHUs
OCTaBJISIIOT JIMIIL T€, KOTOPbIE OKa3bIBalOT HAauOOJIbIlIEE BIMSHHUE HAa BBIXOAHbBIE BEIUYMHBI U
Ha3bIBAETCSI BXOAHBIM BO3JIECHCTBUEM.

C TouKkM 3peHus BAMSHUS BXOJHbBIX BO3/IEHCTBUN Ha 0OBEKT PA3IeNsioT IBE UX FPYIIbL:

1. ympaBneHue (IOJOKUTENBHO BIUSIOIINE)

2. BO3MyMIaroIUe (TOMEXH)

BO3MYIIICHUA

VYupasnstoniue l l l

sorpie—————>
BO3JICIICTBHE 06. Yopasn. [—»
—>

Yupasiisiembie BO3A€CTBUA

Ynpaenarowue 6o30eticmsus — BO3AEHCTBHSI, KOTOPbIE 00ECIIEYHUBAIOT )KETAEMOE U3MEHEHHUE
NOBeJCHUS 00BEKTa

IIpu py4HOM ynpaBiIeHMM Takue BO3JEHCTBHA Ha OOBEKT OCYILECTBISAIOTCS 4YEIOBEKOM
(oneparop), Ipu aBTOMaTUYECKOM — YIIPABJIAIOIINUE YCTPOUCTBO.




Hamnpumep B aBTomMoOMIIE: Menanb, KOpoOKa mepeaad, pyib, KJIamaHbl, TOTUIMBOIIOAIOIINE
YCTPOMCTBO.

Bo3mymaroniee BozneicTBue (TIOMEXH, BO3MYIICHHS )-MEIIAIOT JOCTIDKCHUIO 1IETH, |
MU3MEHUTH UX, KaK MPaBUJI0, HEBO3MOKHO.
Hampumep: 1t a/Mm HEpOBHOCTH JIOPOTH, MTOPHIBBI BETPa, BIUSHUE HA CKOPOCTh, OTKJIOHCHHE OT
NyTH. YTpaBieHUE BO3JCHCTBUSI BBIXOJHON BEJIMYUHBI, 10 OTKJIOHEHHUIO KOTOPBIX CYIUM O
Havayie padotel OV,
Hampumep: mns a/M : HampaBieHHE IBUXCHHS a/M, CKOPOCTh JBIDKEHHS, TeMIleparypa
JIBUTATEJNS, TEMIIEpaTypa B KaOWHe.
3amava yrnpaBieHHs 3aKJII0YaeTCs B (DOPMHUPOBAHKE TAKOTO 3aKOHA U3MEHEHUE YITPABJISIOIICTO
BO3JICUCTBHS, NPH KOTOPOM JOCTHTaeTCs J>KeJaeMoe IOBEeACHHE OOBEKTa, HE3aBHCHUMO OT
HaJIUYHs BO3MYIIICHUSI.
B o0mem Bune CAY umeer Bua

G \Y X
vy oy

—
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G — 3ajaronue BO3/eiCTBHE, 3aJaHHE
JlaHHas cucTemMa Ha3bIBaeTCsl Pa3OMKHYTOM.
Ona MOXeT pYHKIIMOHUPOBATh IIPU YCIOBUSIX:
e OV He feHCTBYIOT HUKaKUE BO3MYILLICHUS
e MaremaTtnueckas Monenb OV wu3BecTHa Uil CKOPOCTH MOMEHTa BPEMEHU C BBICOKOM
TOYHOCTBIO
e AnroputM yrpaiieHUs B Y'Y pealu3yercs ¢ BHICOKOH TOUHOCTBIO
Hapymenue XoTst 661 OAHOTO M3 3TUX YCJIOBUH NMPHUBOAMUT K IOSABICHHUIO HEKOHTPOJIUPYEMOMH
BEJIMYMHBI OT JKEJIAEMOT0 3HAYCHUSI.
Ho Ttak kak B OOJBIIMHCTBE 3aJad HEOOXOAMMO BECTU KOHTPOJIb BO3MYILEHHS U
yIpaBisieMO BETUYMHOM, TO CO3/1al0T OoJiee clokHble 3aMKHYThie CAY.
F

G v v X
Yy oy
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B HUX HCTIOB3YIOTCS] IPUHIUI OOPATHOM CBSI3H.

Ha Bxon YV nonaercs 3agaromiee BozzeiictBue G, copeprkaiiee MHGOpMaIUIO 0 3aJaHHOM
3HaueHue X. [loMuMo 3TOro mocrymaer Takxke MH(GOpMaLUs O TEKYLIEM COCTOSHUU OOBEKTa
(X) u o meiicTByrOIIEM Ha 00BEKT BO3MyIIleHHE F
VYV — nepepabarbIBaeT NMoIy4eHHYIO HH(OPMALIKIO 110 ONpeAeNEHHOMY alropuTMy. B

pe3yJIbTaTe BO3HUKAET yIIpa

PA3JIEJI 2 Knaccnpukanusa CAY

J11s1 03HaKOMJIEHHSI C OCHOBHBIMH BHJIaMU CUCTEM aBTOMAaTHUYECKOIO YIPABICHUS U
COOTBETCTBYIOILIEH TEPMUHOJIOTHEN paccMOTpuM Kiaccudukannio CAY no psay npu3HaKoB,
CYILIECTBEHHBIX C TOUKH 3PEHUSI TEOPUU aBTOMAaTUYECKOIO YIIPABICHHUS.



CAY
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Mo Mo Mo Kom6uHposa
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1.B 3aBucMMOCTH OT BHIOB HCIIOJIL3yeMoi YY uHpopmanuu pa3auyaioTt 3 tuna CAY
e Pa3zoMkHyTBIE
e 3aMKHYyTbIE
e KomOuHupoBaHHbIE
1. Pa3oMKHYyTBbIe — HE OCYII-IOT KOHTPOJIb 32 COCTOSIHUEM 00BEKTa B HUX OTCYTCTBYET 00p.
CBSI3b MEXIY BBIXOJIHOM 00BEKTa U BX0JI0M Y Y-Ba.
Pasznuyarot pazomkHyThIe CAYVY:!
o [lo 3a0arowemy 6030elicmsuio: IOCTyNAroIne H3BHe KoMaHAbl G MPUBOIAT MyTEM
M3MEHEHUs yIIPaBJISIONIEro Bo3aeicTBrs U K COOTBETCTBYIOIIEMY U3MEHEHHIO
BBIXO/THON BEJIMYMHBI 00BEKTa X
TourOCTh cooTBeTCcTBUS X 1 G HUKaAK HE KOHTposup-as. [lo3ToMy Takue cructeMy IpUTOIHBI JIUIITb
IPU JOCTATOYHO BBICOKON CTAaOMIBHOCTH YCIOBHM paOOThl U HEBBICOKMX TPEOOBaHUN K TOUHOCTH.
o  CAY no sozmywenuro (CAY KoMIIEHCAIUN )IPUMEHSIETCS IS TOJIEPKAHUS BBIX.
BenmuurHbI OY X = CONS 3a cYET YacTHOU O0Op. CBSI3U MO OJJHOMY M3 BO3MYIIAIOLINX
NapaMeTPOB- YBEINYUBAETCS TOYHOCTD YIIP-HUS
B Takux cucreMax TOYHOCTh OCTAeTCsl HEBBICOKOM, T.K. HEJIb3sI OXBATUTh BCE BO3MYILIEHUS
napameTpbl 00bEKTa U3M-Csl BO BpEMEHH KaK U BO3MYIICHHUSI.
2. 3amknyTbie CAY- Ha Bx0o1 Y Y-Ba MOAAOTCS 3a1aromiee Bo3aeicTBus G U BBIXOIHAS
BeJMYrHA 00BeKTa X.
VYV obecnieunBaeT He00X-0€ COOTB-BHE MEXTy X 1 G IyTeM BO3JEHCTBUS HA OOBEKT.
B takux CAY VYV crpemutcst TMKBUIMPOBATH BCE OTKIOHEHUS X OT €ro 3HaYeHHUs,
omnpenensieMoro 3aganreM G, He3aBUCUMO OT TPUYHH, BRI3BABIINX ATH OTKJIOHEHHUS, BKItovas F,
BHYTPEHHUE U BHEIIIHUE IOMEXH, a TaK K€ U3MEHEHUS IMapaMeTpoB CUCTEMBL. Y'Y co3laeT oop.
cBs13b BOKpYT OV, CBSI3bIBast €ro BBIXOJ U BXOJ.
Taxue CAY Ha3bIBaloT ¢ 00paTHOi cBA3bI0 Ui CY 1O OTKIOHEHHIO.
OHM UM. HEOTPAHUYEHHYIO TOYHOCTb YIIP-HUS U SIB-CA OCHOBHBIM TUIIOM CAY.
3. KomounupoBanubie CAY — o6bequnenre CY 1Mo OTKIOHEHHIO U PA30MKHYTOH 1O
BHEILIHEMY BO3JICHCTBHUIO.
Ot CAY yBeIMYMBAIOT TOYHOCTH YIPABJICHUS.




B Hux HanGosee moHO uct-cst nHGopManus 00 00bEKTE U BHEITHEH CUTYaIlNH.
2.11o 3apa4ve ynpasJjenus :4acTHbIM, HO IIUPOKO PACIPOCTPAHEHHBIM BUJIOM CUCTEM
ABTOMATUYECKOTO YIIPABJICHHUS SBISIOTCA CUCTEMBbI aBTOMaTu4yeckoro peryiauposanus (CAP), unu
ABTOMATUYECKUE CUCTEMBI peryaupoBaHusi. CUCTEMON aBTOMATUYECKOTO PEryIMPOBaHUS
HasbiBaeTcst CAY, 3aaya KOTOpO# 3aKIII0YaeTcs B MOAJIEP:KaHUU BBIXOIHOM BeIMYMHBI 00BEKTa Ha
3aJJaHHOM YPOBHE, T. €. B MOAepKaHnu paBeHcTBa y(t) = X(t).
3. Ilo Buay 3aar0mero BO3AeMCTBUS CUCTEMbI aBTOMAaTUYECKOTO PETYJIMPOBAHUS - CUCTEMBI
cTabMUIM3aluu, CHCTEMBI IPOTPAMMHOIO YIIPABJICHUSI U CIIESALINE CUCTEMBI
B 3aBucumoctu ot xapaktepa 3anaroniero sosaeicteus CAP nensrcs Ha Tpu Bujaa:
1.Cucrembl cTabHIN3aAIIH
2. CucteMbl IPOrPaMMHOTO PETyIUpOBaHus (YIpaBIeHUs)
3. Cnepsiiiue CUCTEMBI.
B cucremax crabunuzanuu 3ajaroniee BO3AeiCTBIE MTOCTOSHHO BO BPEMEHH,
B CUCTEMAaX IIPOrPaMMHOI0 PETYJIMPOBAHMsSI 3aJalollee BO3AEHCTBUE U3MEHSETCS 110 3apaHee
M3BECTHOMY 3aKOHY,
B CJIEJILINX CUCTEMAX 3aJalollee BO3/ICHCTBUE SIBJISIETCS 3apaHee HE U3BECTHON (pyHKIMEN
BpeMeHU. B nocnennem citydae 3agaroniee BO3A€HCTBHUE ITOCTYNAET HA CUCTEMY U3BHE U 3aJlauei
CHCTEMBI SIBJISIETCSl 00ECTICYCHNE CIISKEHUS BBIXOJHON BETMYNHON 00BEKTA 32 U3MEHSIOIICHCS
3aJarolIeil BeTMYMHON TaK, 4YTOOBI BCe BpeMs MOIIEPKUBATIOCH PaBEHCTBO Y(t) = x(t).
[Tpumepom criendieii CUCTEMbl ABTOMAaTHYECKOIO PETYJIMPOBAHUS MOXKET CIIYKHUTh aBTONUIIOT,
BEJIYILIUM CaMOJIeT 1O 3aaHHOMY KYpCY.
OpHaxo, eciiv aBTONWIOT TOMOJIHUTD BBIYMCIUTEIBHBIM YCTPOHCTBOM, KOTOPOE OIPEEIISIET
HE00XO0IMMOE HaAIPaBIICHUE JBIKEHUS CaMOJIeTa UCXO/I U3 33aJ1a4M JOCTHKEHHS OIpeIe]ICHHON
TOYKH NPOCTPAHCTBA 3@ MUHUMAJIbHBIA IPOMEKYTOK BPEMEHHU WJIM [IPU MUHUMAJIbHOM Pacxojie
TOPIOYETO U T. II., TAKYIO CUCTEMY aBTOMATHYECKOTO YIPABICHUS YK€ HENb3s Ha3BaTh CUCTEMOM
peryinupoBaHHusl.
4.11o popme ynpasiasiiomero Bo3aeicTBus
CAY 0bIBalOT HEMPEPHIBHOTO UM JUCKPETHOIO AEHCTBUS B 3aBUCMOCTH OT XapakTepa JeHCTBUs
COCTaBJISIOLIUX CUCTEMY 3BEHBEB.
CucremMa HenpepbIBHOI'O 1eICTBHSA, COCTOUT TOJIBKO U3 3BEHHEB HEMPEPBHIBHOTO AEUCTBHUS, T. €.
3BEHbEB, B KOTOPBIX BCE CUTHAIIBI SIBJISIIOTCS HEMIPEPBIBHBIMU (YHKIIMSAMU BPEMEHH.
CucreMa IMCKPETHOrO AeiicTBMSA, WU IUCKPETHAsi CUCTEMA, - 3TO CUCTEMa, COJIeprKalasi XOTs Obl
OJIHO 3BE€HO JMCKPETHOIO ACUCTBHS. 3BEHOM JUCKPETHOIO AEUCTBUS HAa3bIBAETCS 3BEHO, BHIXOHAS
BEJIMYMHA KOTOPOTO U3MEHSETCS JUCKPETHO, T. €. CKauKaMH, AaKe IpHU IJIaBHOM U3MEHEHUU
BXOJIHOH BenuuuHbl. Mnu ynpasistonee Bo3eiicTBue GopMHUpPYyeTcsl B TUCKPETHBIE MOMEHTHI
BpPEMEHH.
JIMCKpETHBIE CUCTEMBI JENSTCS Ha:
-peneiHble
-UMITyJIbCHBIE
-1IUPpOBBIE.
5.I10 xoM4YecTBY yHpaBJseMbIX BeJHYHH

B 3aBucuMocCTH OT KOJIMYECTBA BBIXOJIHBIX CUTHAIOB 00BEKTa yIpaBieHUs], 00pa3yroIINX BEKTOP
BBIXOJTHOU Ben4MHEI y(t), CAY aensTcs Ha OJHOMEpHBIE 1 MHOTOMEPHBIE (IBYXMEpHBIE U T. 11.).
Ecnu ynpasnsieMblii 0ObEKT UMEET TOJIBKO OJIMH BBIXOJHOW CHUTHAJ, TO CUCTEMA OJHOMEpHasi, eClu
MHOT'0, TO CUICTEMa MHOTOMEpPHas.
Mmuoromepusie CAY (u CAP), B cBOIO ouepeb, JenaTcs Ha CUCTEMbI HECBSI3aHHOTO U CBSI3aHHOTO
ylpaBieHUs (PEryIupoBaHus).
CucreMa HeCBSI3AHHOT'O YNIPABJIEHUSI UMEET HECKOJIBKO YIPABJISIONINX YCTPOUCTB, KaXa0€ U3
KOTOPBIX OCYILECTBIISICT YIPaBJICHNUE CBOEH BBIXOAHOM KoopauHaToi o0bekTa. Ilpu 3Tom Bee atn
YCTPOMCTBA HE NUMEIOT B3aMMHBIX CBS3EH.
B cucreme cBsi3aHHOIO0 ynpasJIeHHUsI OT/IEIbHBIE YIIPABIISIOIINE YCTPOMCTBA CBA3aHbI APYT C
JPYrOM BHEIIHUMU CBA3SMH.
Bxopsimias B cocTaB MHOTOMEPHOI CHUCTEMBI YIIPaBJIEHUs (KaK CBSI3aHHOW, TaK M HECBSI3aHHOMN)
OT/ZIeJIbHAsI CUCTEMA YIIPABJICHUS HA3bIBAECTCS ABTOHOMHOM, €CJIM YIIpaBisieMas €10 BbIXOJAHAs
KOOpAWHAaTa 00BEKTa HE 3aBUCHUT OT 3HAUEHUH OCTAJIbHBIX YIPABISEMBIX KOOPAMHAT, TaK YTO
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W3MEHEHHUE TTOCIICTHUX HE BBI3BIBACT M3MEHEHHS 3 TOW KOOPAMHATHL. YacTo C MEeNIbI0 TOTYICHHS
ABTOHOMHOCTH (HEOOXOIMMOMN 10 KaKOW-THO0 IKCIUTyaTalluOHHOW IPUYUHE) BBOJIST BHEIIIHHE
CBSI3U MEXIY OTACIbHBIMHU YIIPABJISIONTUMHU YCTPONUCTBAMH.
6.110 cmocoOHOCTH K aanTalun

AanTHUBHBIE, WJIM CAMOITPUCIIOCA0IUBAIOIINECS, CHCTEMBI 00J1aJal0T CIIOCOOHOCTHIO
MPHUCTIOCAOIUBATHCS K U3MEHEHHUIO BHEITHUX YCIOBHH pabOThI, a TAKXKE YIIy4IIaTh CBOIO pabOTy HO
Mepe HakoIuieHus onbiTa. HeaganTuBHBIE, MM, KaK MX €I HA3bIBAIOT, OOBIKHOBEHHBIE, CHCTEMBbI
TaKoi COCOOHOCTHIO HEe 0071anar0T. OHU UMEIOT TIOCTOSIHHYIO HACTPOIKY. Ecnu BeieacTeue
KaKoT0-JTM00 N3MEHEHHS YCIIOBU pabOThl OOBIKHOBEHHON CHCTEMBI €€ HaCTPOMKY TpeOyeTcs
WU3MEHHUTH JJI TOTO, YTOOBI COXPAHUTH 33JJAHHOE KAYECTBO YIPaBICHUS (HAPUMED, TOUHOCTb,
OBICTPOJICHCTBUE), ATy MEPEHACTPONKY JODKCH ClIeNIaTh YeJIOBEeK. B aganTuBHON cucTteMe 3To
OCYIIECTBIISIETCS aBTOMAaTUUECKH CAMHUM YIIPABIISIONIMM YCTPOMUCTBOM CHCTEMBI.
O6nacts npuMmeHeHus aganTuBHbIX CAY - 3T0 ynpaBieHne 00beKTaMu, CBONCTBA UJIH YCIOBUS
paboThI KOTOPBIX HEIOCTATOYHO U3BECTHBI UJIM CYIIIECTBEHHO HEMOCTOSIHHBL. B 3THX ycrnoBusix
OOBIKHOBEHHAs, HEQANTHBHAS, CUCTEMA JIHOO Oy1eT paboTaTh HEYIOBIECTBOPUTEIBHO, JTHOO
noTpeOyeT MOCTOSTHHOTO HA30pa.
7. I1o BAY IMHAMHYECKHX NPOLECCOB
JInHelHOM Ha3bIBAETCS CUCTEMA, KOTOPAsl ONMCHIBACTCS JMHEHHBIMU YPAaBHEHUSAMU. B IpoTHBHOM
Clly4ae CUCTeMa SIBJIsSIeTCA HelMMHEeHON. UToOb! cucTema Obljia HEMUHEHHON, JOCTATOYHO UMETH B
€e COCTaBe XOTs1 ObI OHO HETUHEHHOE 3BEHO, T. €. 3B€HO, ONMCHIBAEMOE HEIIMHEHHBIM YPABHEHUEM.
Ecnu He orpaHnYMBaTh 1Mana3oHa M3MEHEHHS BXOIHBIX BO3JICHCTBUM, TO BCE PEaIbHBIC CHCTEMBbI
ABTOMATHUYECKOTO YIPABJICHUS OKa3bIBAIOTCS HEIMHEHHBIMU. TPYIHOCTH UCCIEAOBAHUS
HEJIMHEWHBIX CUCTEM 3aCTaBIIsIeT YIPOUIaTh UX onucaHue. JKenaTelbHbIM MPeaeioM TaKOro
YOPOIIEHUS SABJISIETCS] MPUOTMKEHHOE OMMCAHNUE WX JIMHEUHBIMU YPAaBHEHUSIMU, XOTsI ObI B HE-
KOTOPBIX U3 HHTEPECYIOIINX HAC PEKUMOB. DTO HA3bIBACTCS JIMHEAPHU3AIeH HETMHEHHBIX CUCTEM.
8. Ilo u3sMeHeHHIO BO BpeMeHHU

- CIMayuoHapHvle cucmemsvl - BCE TIApaMETPbl KOTOPOH HE U3MEHSIFOTCS BO BPEMEHHU.

- He CMAayuoHapHvle- CACTEMBI C TIEPEMEHHBIMU TTapaMeTpaMu( T.€. ABIsETCA (PYHKITUIMU

BPEMEHM)

PA3JIEJI 3.MaTemaTuyeckoe onucanue JuHedHbIXx CAY

YroObl  ynpaBisTh OOBEKTOM HEOOXOAMMO 3HaTh €ro MaTeMaTH4YecKoe OIHMCaHue.
Hccnenosaune CAY BKIIOYaEeT MATEMATHYECKOE ONMCAHNUE CUCTEM.

MaremMaTHueckoe ONHMCaHUE HAYMHAETCS C pa30ueHHs e€ Ha 3BEHbsl M ONHCAHHUE ATHUX
3BEHbEB JIN0O0 aHATUTUYECKHU (YpaBHEHMIT), Tpaduyecku (B BUJIE XapakT.)
B pesynbraTe coctaBisieTcs cTpykrypHas cxema CAY

M oy

[
»

v

mnmy

KaxxoMy 3BeHY COOTBETCTBYET €r0 XapaKTePUCTHKA WIIM ypaBHEHUE
Mamemamuueckoe onucanue 3i1emenma — ypaBHEHHE, KaK TpaBuio auddepeHInanbHoe,
KOTOPOE CBSI3BIBACT €TI0 BXOIHBIC U BBIXOIHBIC BEJTUIHHBI U SIBIISICTCS (DYHKIIUEH BpeMEHN

Matematuueckass MOJEIb MOKHO HCIIOJIb30BaTh JJIsl MpoeKkThpoBaHUs HOBBIX CAP u ans
OIIEHKH pabOTOCIIOCOOHOCTH JICUCTBYIOIINX

MaremaTuueckoe OMHCaHWe CTAaHAAPTHBIX CPEACTB aBTOMATHUKH (JIaTYMKOB, UCTIBITYEMBIX
CpPEeICTB, YCWJINTENIb) W3BECTHO 3apaHee. I[lo wHOMY o00CTOMT nem0 ¢ OoO0BeKTaMu
PEryIUPOBAaHUS; KOTOPHIE OTIIMYAIOTCS CIIOKHOCTBIO U pa3HOOOpa3ueM.

C ongHOM CTOpPOHBI MaT€MAaTHMYeCKash MOJENb 1. KaK MOXXHO IOJHEE OTpakaTh CBOMCTBa
pealbHOTO 00BEKTa, a C IPYrod CTOPOHBI, OBITH MO BO3MOXXKHOCTH MPOCTOW, HE YCIIOXKHSTH
UCCJIEJIOBAHHUE.

CymecTByeT 1Ba criocoda MmoyrydeHrne MaTeMaTH4ecKoi Moenu
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®  gHaIUMUYEeCKUll — WCIOJb30BAHHE TJIAaBHBIX (I)I/I3I/IKO-XI/IMI/ILICCKI/IX BaKOHOMepHOCTeﬁ
mponeccoB, NPOTCKAOIINX B OG’LGKTG, TO CCTb Ha 3HAHUC MCXaHH3Ma 3TUX MMPOLCCCOB.
L4 3Kcnepumenmaﬂbnblﬁ — YCTAHOBJICHUC COOTBCTCTBYIOIIUX  MCKAY BBIXOJHBIMH U
BXOIHBIMHU IIapaMETpaMu HYTéM OKCIICPUMCHTA.
IIpuMepbI 00bEKTOB YIPABJIECHUS — MOCTYNAaTCIIbHOC IBUKCHHUEC MCXaHH3Ma Ioaa4uunu
JIECOITMIILHOM PaMbl OIIMCBIBAKOTCS YPABHCHHUCM

md_V =F
dt
m — macca

V -MUHUMAJIbHASI CKOPOCTh
F — pe3yibTHpyrOIIas qeHCTBYOIAs CUIIa TIPH CYIIKE MHJIOMATEPUAIOB BIQKHOCTh H3MCHSICTCS
mc— =W

dt
( — OTHOCUTEIIbHAS BJIQKHOCTH JIPEBECHHBI
W- macca Biaru, B €IMHHUIIC BPEMCHH
M C - Macca abCOIOTHO CYyXOU APEBECUHBI
dy _
dt

OO6umit Bua mudhepeHnnanbHbIX YpaBHEHUH X

X — BXOJIHasl BEJINYMHA
y — BeIXoAd11as (peryiaupyemasi)
T — onp-ex1 cBOMCTBa 0OBEKTA
YTo0bI oNpeeTuTh NoBeleHne 00beKTa BO BpeMeHH He00X0MMO pPelInTh
auppepeHunaiIbHOE ypaAaBHEHHE
Pemute MOXHO nBYMs crioco0amu:
1. merox BapHaluy MOCTOSHHON MHTETPUPOBaHUs (Ha MPAKTUKE PACCMATPHUBACTCS)
2. METOJ OTepaTOpHOTo HcuucieHus (mpeodbpaszosanue Jlammaca)
CrnoxHas cucTeMa peryJnpoBaHUs COAEPIKUT OOJIbIIOE KOJIMUYECTBO 3JIEMEHTOB.
CrnenoBartenbHO onpesienieHue Aud. ypaBHEHUS U pEIISHHE SBISETCS CIIOKHOM 3a1aueit
B TY npumMensieTcs MeToj] 0NepaTOPHOTO UCUHCIeHUs - ITpeoOpa3oBaHue Jlamiaca
(ymporaroriee perieHue 3aaa4)
CymrHocTh npeodpa3oBaHMsi COCTOUT B TOM, YTO BMECTO nepeMeHHo# X(t) paccMaTpuBaeTcs
X(p),
P- KOMIUIEKCHAs TIEpEeMEHHasi — OIeparop.
X(t) — Ha3pIBatOT opuruHaiIoM GyHkuuu X(p)
X(p) u3o6pakennem pyukuuu X(t)
Onepanuto nepexosa ot uckomoit pynkimu X(t) k e€ n3oopaxeHuto X(P) Ha3bIBAIOT MPSAMbIM
npeoOpa3oBanueM Jlamnaca
b
L I((/_: X(p) - YcnoBHas 3anuck

Oneparuro nepexoja oT u3oopaxenus X(p) k uckomoii pyHkiuu X(t)- 06paTHBIM
npeobpa3oBanueM Jlamnaca

L k(p) = x()

[Tpu onepatopHOM HCUUCIEHUH ITyTEM MpsiMOTo IipeoOpa3oBanus Jlamaca nepexoasaT oT
OPUTHHAJIOB (YHKIMH K UX U300pa’keHUSIM, IPOU3BOIAT BHIYUCIEHUS, TOTY4at0T
pe3ynbTUpYIOlee H300paKEeHHUE, a 3aTeM C IIOM. 00paTHOTO IpeodpazoBanus Jlamnmaca HaXOIAT
OpUTHHAI pe3yabTaTa.

ITpu 5TOM BCe pacy€Thl yHIpomaoTcs, T.K. onepauu AuddepeHunpoBaHus OpUriHagIoB

dx/ d’x d"x i 6
ot g2 " 3AMCHSIOT Onepaliell YMHOKeHHS H300paKerms X(p) HO omeparop p B

cooTBeTcTBYFomIEi cremen, T.e. pX(P), P~ X(p), p" X(p), a onepanyy HHTErPUPOBAHNS Ixdt
3aMEHAIOT ONEPALUAMU ACTIECHHUS: X( Fy X( Fy
: 0 02

ITpumep:
JlommycTHM cucTeEMa peryaupoBaHus ONUCHIBACTCS YPABHECHHEM
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ad"x,  /dt"+a ,d""'x  /dt""+...+adx, /dt+a,x,,. =b d"x /dt™ +..0,x,
npuBeAéM ero no Jlammacy x Buny:
an pnxgbw(p) + anfl pnilxsbzx Tt al ngbe(p) + aoxebvc(p) = bm pmxex(p) + "boxsx( p)

ks N3o6pakeHme 1 OpUTHHAT UMEIOT
xX(p) = g x(t)e” Ptdt ¢ 3aBHCHMOCTb

[Tpu pacuérax nepexo ot X(t) K X(P) OCYIIECTBISIIOT C TIOMOLIBIO TAOIHMIIL T.€. 3a1a4a
peutenus AU epEeHIMPOBAHHOTO yPABHEHUS CBOAUTCS K TOMY UTOOBI MPe0Opa3oBaTh
nuddepeHIMPOBaHHOE yPABHEHHUE JIEMEHTOB 110 Jlariacy, BHIIOJIHUT HEOOXOAUMbIE
BBIYUCIIEHHS C N300PAKEHUAMH M C TIOMOLILIO TabJIHIL IEPEHTH OT N300PAKEHHSA PE3YIILTATA K €10
OpUTHHAIY.

V6emumest B IPAaBOMEPHOCTH TAKOTO MEPEXOIA.

O6o3naunm  dx/dt = y(t) Haiiném uzobpaxenue:

Y(p) =L [x/dt =[y(t)e™dt = [e™dx
0 0

COFJ'IaCHO HpHMepy I/IHTCFpI/IpOBaHI/Ie I10 4HaCTAaAM
fudv =uv + Jodu

0O0603HaYUM e P = u, dx =dv

Y(p)= ke ™ 7+ pe™xydt = p | x(t)e *dt - x(0)°
0 0
[Tpu HyneBbIx HavabHBIX ycnoBHsx X(0)=0
y(P) = L(®/) = px(P)
Takum obOpasam nepenud ot JudGepeHINPOBAHHON (OPMBI 3aITUCH ITPOU3BOIHOM K €&

3amucH onepaTopHoi popme MyTéM 3aMeHbI %t =P

Omneparust qudGepeHnpoBaHus OpUTHHATIA COOTBETCTBYET OTIEPAIIMH YMHOKEHUS

M300paXeHHs 3TOTO OPUTMHAIA HAa KOMIUIEKCHOE Yncio P - 0fHO U3 cBOMCTBO mpeoOpa3oBaHue
Jlammaca.
B mpeo6pa3zoBanHbIx 1o Jlamacy BeIpaKeHUAX C KOMILJIEKCHOM MEPEeMEHHOH, p MOKHO
HpOI/IBBO)II/ITI) paSJ'II/I‘IHI)Ie HCﬁCTBHﬂZ YMHO)KGHI/IC, JCJICHUEC, BO3BECACHUA B CTCIICHb, BEBIHCCCHUCEC 3a
CKOOKH.

[Tpeobpazyem (1)

(@,p" +2,,p " +..a P +a5)X,,.(P) =byX,.(p) (2)

OmnpenenuM OTHOIICHHS H300paKEHHUS BEIXOIHOM BETUYHHBI K N300paKEHUIO BXOTHOM :

X (P)/ X, (P) = by / (3, " +..2,p+8,) =W ()

OTHOIICHUS I/I306pa)KCHI/ISI BBIXO)IHOIZ BCIIMYHHEI 3JICMCHTA CUCTCMBI K 1/1306pa>1<eH1/110 €ro BXOI[HOﬁ
BCJIIMYHMHBI IPXU HYJICBBIX HAYAJIbHBIX YCJIOBHUAX HA3bIBAOT Hepe)IaTO‘lHOi;I (bVHKllPleﬁ 3BCHA.

X, (P) =W (P)X,.(P)

[Tepenarounast QyHKIMSI CUCTEMBI OIIpeiessieM e€ JMHAMHYECKHAE CBOMCTBA, CIIEI0BATEILHO
neproii 3anaueit CAP sBisercs onpenenenue e€ W(p)

[Mepenarounyto (YHKIUIO BCEH CHCTEMBI MOXKHO HAWTH MO MEPEIATOYHBIM (HYHKIIUSIM
OTIIEIILHBIX €€ DJIIEMEHTOB

B ypaBHeHue 2 pa3zenum ciaraeMble Ha a,

an n an— n-. a- b
(- p"+ "2 p" L+ p DX, (P) =—X,.(P)
a'0 0 a'0 a'0
0O003HaYUM
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a

a1 2 2
2 =T, 2 =T =T
aO a0 aO
K = Do
a'0

Torna ypaBHeHue npuMeT BU:
Ty p" + TP + T p +D)x,,,.(p) = kx,,,.(P)
T — mocTosiHHAs BpeMEHU — BpeMs B TEU€HHE KOTOPOTO BBIXOHAS BEJIMYMHA TOCTUTANIA Obl
YCTaHOBUBIIIEECS 3HAYCHUE, €CITU OBl CKOPOCTH €€ n3MepeHus Obuia Const
T , T —xapakrepe3yloT HHEpIHUOHHBIE cBoiicTBa OY

K- KOB(i)(bI/II_[I/IeHT YCHUJIMs 3B€HA ITOKA3bIBA€T BO CKOJIBKO pa3 OTKJIIOHCHHUEC BBIXOI[HOﬁ BCJIMYHMHBI B
yCTaHOBJICHHBIf/i PCKUM IMPCBLIIACT O6yCJIOBI/IBH_Iee €ro OTKJIOHCHUC BXOHHOﬁ BCIIMYHHBI

K X,.(p)
T'p"+T ,p" +T,p+1 ™

k
T'p"+T,p+1
_ X@blx (t)ycm

Xex (1)
Tunoevie 36eHbs, ux nepexooHvlie XapaKmepucmuKku
CTpyKTYypHBIE 3BEHbS COCTOSIT U3 3B€HbEB. 3BEHO OMUCHIBAETCS AUPPEPHINPOBAHHBIM YpaBHEHUE
i niepen. pyHkiuei. [To Buay ypaBHEHHMH pa3IudaroT 5 THIIOBBIX 3BEHBEB, U3 KOTOPBIX MOTYT
cocroats CAY.
1. Bbe3vinepuuonnoe 36eno.

D10 3BeHO omuchkBaercst ypasuenneM X = K* Y (1) Eciim Ha BXOjie 3BeHa MOJATh MHUYHYIO

CTYNEHYATYIO (DYHKIIHIO, TO Ha BHIXOJIE MOJyYaeTCs CUTHA yCuiIeHus B K pa3
3anuceiBaeM ypaBHeHue (1) B onepaTopHoOit popme

x(p) = k*y(p)
X(P) _

Tepen. pynxms : W (P) = W

[TpumMepsl 3BeHa : KECTKUN MEXaHUYECKUH pbIuar, MOTEeHIIMOMET], YCUITUTEb.
2. Anepuooduueckoe 3éeno 1 nopsaoka

Camoe pacnpocTpaHEHHOE 3BEHO OMUCHIBAEM ypaBHEHUE:

Tdx

T +Xx=k*y

Xooe (P) =

W(p) =

¢ T-nocrosinHOE BpeMs ; K-koaddurment
x=k*y@dl-e T)

JlanHas KpuBasi SKCIIOHEHTA :

B onepatopnoii popme:

T*p*x(p)+x(p) =k*y(p)

o XB) K
(p)=—=%= ﬁ_
y(p) p+
[TpuMep: mMacCUBHBIE YETHIPEXIOIFOCHUKH, COCTOSIIUE U3 CONPOTUBIIEHHS U HHIYKIIHH,
CONPOTHUBJICHUS H €EMKOCTH; TEPMOIIAPhI; MATHUTHBIN YCHIMTEIb, TCHEPATOPHI MOCTOSIHHOTO
HIEPEMEHHOI0 TOKA
3. Humezpupyouwiue 36eHo

dx
YpaBHEeHHE UMEET BUJT pry =k*y
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x =k J§ ydt

1t _
Mpuy=1e <= K [t 1dt = kt
o = arctgk
B oneparopnoit popme (1)
X k
px(p) = ky(p) > W (p) = X2 _ K
y(p) p

HpI/IMepBII BHGKTpI/I‘ICCKI/Iﬁ JABUTraTClib, €CIINU BXOZ[HOfI CUTHaJIaM CUHTaThb HaHpﬂ)I(eHHe Ha HKOpe, a
BBIXO/IHBIM — YTJIOM ITOBOPOT SKOPS; ONEPAIMOHHBIA YCHIIUTEIb C EMKOCTHONH 0OPaTHOM CBA3bIO
4. Hughpepenuyupyrowque 3eenvs

Tpu BUaa:
e UneansHoe nuddepeHIupoBaHHOE 3BEHO
d
x =k
dt
e PeanpHoe nuddepeHnmpyroee 3BeHO
dx d
T =k
dt dt
e PeanpHoe co cratu3mMoM auddepeHmpyroee 3BeHO
dx d
T—+Xx= kl—y+k2y
dt dt

us (1)=> X(p) = kpy(p) =W (p) =kp
4 x(p) = kpy(p)
dt  W(p)=kp

kK — kp
x=XeT wp)=_P
277 (p) T, +1

1)x =

t

t
3)x=k,(1-e T)+?1e T

[Tpumep peanpHOTO MU HEPEHIIMPOBAHHOTO 3BeHA — TpaHCHOPMATOP
5. Anepuooduueckoe (konredamenbnoe)36eHo 6Mopo2o ROPAOKA

d?x dx
2 +2pT —+x=Kk
dt? g dt y

£ — KO3 PUITMEHT 3aTyXaHUs
T%p*x(p) +2pTpx(p) + X(p) = ky(p)
k
W(p) =
(P) T?p®+2pTp+1
[Tpumep: kKoHTYp, coaepxamiuii R, L, C , 37IeKTpOMarHUTHBINA YCUIIUTEIb, JICKTPOIBUTATEb

IIOCTOAHHOI'O TOKa C HE3aBUCHMBIM BO36Y)K}1€HI/IeM, €CJIM BXOAHBIM CUTHAJIOM CUHUTAIOT
HAIpsPKCHUE Ha AKOPEC, a BEBIXOAHBIM — YaCTOTY BPAIICHUSA AKOPA

T

IToMUMO TUIIOBBIX BCTPEYAKOTCS — 3BEHO C 3aI1a3/IbIBAHNEM — YCTPONCTBA, B KOTOPBIX BBIXOHOM
CUTHAJI NIOSIBJIACTCS YepPe3 HEKOTOPOE BpeMs I10CJIE BOSHUKHOBEHUS BXOJIHOIO CUTHAJIA.
Hanpumep: AmHHBIE TUHUH, TPAHCIIOPTEDP, TPYOOIIPOBO

X =ky(t —17)
W(p)=e™

YceTOoHYNBOCTh CHCTEM ABTOMATHKH
VY CTONUUBOCTL SABJISIETCS BAXXKHEWINUM IOKa3aTelieM IWHAMUKUA CUCTEM aBTOMAaTHYECKOI'O

perymupoBanus (CAP). Bosee Toro, ycTOMYMBOCTD — 3TO OCHOBOIIOJIATAIOIIEE TIOHITHE TIPH paboTe
15



10001 caMOperynupyromieecs CUCTEMbl, HalpuMep SHEPreTH4YeCKOW CUCTEMbl, MEXaHHYECKHX
JBIDKYIIMX cucteM H T.a. [lo3TOMy MNpUHLMIBI W KPUTEPUH, MOJTYYEHHBIE MpPU H3YyUYECHUU
ycroitunBoctd CAP, HaX0sT MIMPOKOE MPUMEHEHNE U B IPYTHX 00JIACTSIX HAYKUA U TEXHUKH.

CAY unu nrobast apyras cucTeMa CYMTAIOTCSl YCTOHYMBBIMHU, €CIIH, Oy/ydd BBIBEICHHOM, U3
COCTOSIHUSI PaBHOBECHS, a 3aTe€M IPEJOCTaBICHHONW caMoil ceOe, BO3BpalllaeTCsi B NMPEKHEE WU
3aHUMAET HOBOE COCTOSIHUE PABHOBECHSI.

CAY cuuraercsi yCTOMYMBOM, €CIIM MEPEXOIHBIN MPOIECC B HEM 3aTyXaloUIUii; HEyCTOMUYUBOMN
- €CJIM MIEPEXOIHBIN MPOLECC B HEN PACXOISAILIMIACS.

[TockonpKy TEpeXOJHBI TMpolecc — O3TO pe3yibTar pemieHus auddepeHnaIbHOro
ypasuenus cuctemsl (r.e. 3aBucumocts X{), To cucrema ycroiiumsa, ecmu X€ > const, u
cucTeMa He ycToitunsa, eciu X — oo.

YCTOMYMBOCTh JIMHEWHBIX CHCTEM 3aBUCUT TOJIBKO OT NAapaMETPOB CaMHUX CUCTEM M HE
3aBUCHUT OT BEJIMYMHBI BO3MYILAIOIMINX WU APYTUX BHEIIHUX BO3JIEHCTBHM.

JlelcTBUTENBbHO, IIYCTh JIMHEWHAs WIM JIMHEAPU30BaHHAs CHUCTEMA  ONMUCHIBACTCS
Qg depeHIraIbHBIM YpaBHEHHEM N — 0 MOPSIKA:

¢ " +a1p”'1+...+an3(= ¢, " +b1pm‘1+...+bm§ + €, p' +c1p"l+...+c,_1p+c,j‘ (5.1)
rme Y,g u f - cooTBercTBEeHHO perymupyemas BeJIWYHMHA, 3aJai0llee BO3JCHCTBHE M
BO3MYILCHHE  WJIM  OTKJIOHEHHS  OTHX  BEJIMYMH OT HMX  OA3UCHBIX  3HAYCHHHU;
ay, &,...,4,,0,,b,,...,0b,,,¢,y,Cp,...,C, - mocrosiHHbIe KO3DdUIMeHTH; M<N u | <n, p - omeparop
nuddepeHIpoBaHHus.
JIist OLIEHKH YCTOWYMBOCTH CHCTEMBI JIOJDKHA OBITH MCCIIEI0BaHa CBOOOIHAS COCTABIIAIOIIAS
pelIeHHs YPAaBHEHHS T.€. PEIICHUE OJJHOPOIHOTO YPaBHEHHS

€' +ap"t+..+a, p+a, y=0

IIpU HaYaJIbHBIX YCIOBUAX

o .O
~ 0. ~ . 14,0170
yO =y, yO =y ;.y"-Q =y*-,
o0
19
rac yo, y g eees y(] . IIOCTOSHHBIC, OFpaHI/IquHI)IG 10 a6COJ'IIOTHOMy 3HAUYCHUIO.
OO0miee pernieHWE YpaBHEHHST €CTh CyMMa CjlaraéMblX, BHJ KOTOPBIX OIPEICISIeTCS
3HAUYCHUSIMU KOpHeﬁ XapaKTepI/ICTI/I‘{eCKOFO ypaBHCHI/I}I

n n-1
as +as +..+a,,5+1=0

Crnenyet 3aMeTUTh, 4YTO KOG (ULHUEHTHI YpaBHEHHUS U, CII€0BATEIbHO, 3HAYEHUS €r0 KOpHEH
3aBHUCAT TOJIBKO OT CBOMCTB M ApaMETPOB IEMEHTOB CUCTEMBI, CIIOCO0a UX COETUHEHHUS.

Takum oOpa3zom, s yCTOMYMBOCTH (ACUMOTOTHYECKOW YCTOWYMBOCTH) JIMHEMHOMN
CTAllMOHAPHOM CHCTEMBI HEOOXOAMMO M JOCTaTOYHO, YTOOBI BCE KOPHH €€ XapaKTepPUCTUYECKOTO
YpaBHEHHUS UMEINIM OTPHULATEIbHYIO BEIIECTBEHHYIO YacTh. [Ipy Hanuuum XoTst Obl OJJHOTO KOPHS C
MI0JIO’)KUTEIBHON BEIECTBEHHOM YacThIO CUCTEMA HEYCTOWYMBA.

Cpenu KopHEH XapaKTepUCTHIECKOTO YPaBHEHHS MOXKET ObITh KOpeHb ¢; =0 min mapa 9ncto

MHHMBIX KOpHCﬁ + Jﬂ . Ecmm Ipu 3TOM BCHICCTBCHHBIC YaCTH BCEX OCTAJIbHBIX KOpHCﬁ
OTpULATCIIBbHBI, TO PCIICHUC YPABHCHUA 6y,I[CT HMETh MOCTOSHHOE cjlaraéMoe C IIOCTOSHHOM

-

ammturynoir C, Sin @t + ¢, . B atux cnydasx cucrema HefiTpanbHa.

CdopmymupoBaHHOE BHIIIE YCIIOBHUE YCTOMYMBOCTH CHPABEUTMBO KaK JIIS JIMHCWHBIX, TaK W
JUISL JIMHEAPU30BAaHHBIX CHCTEM (TeopeMbl JIAMyHOBA): MO KOPHSIM XapaKTEPUCTUYECKOTO YpaBHEHHUS
CHUCTEMBI, JJIEMEHTHI KOTOPOW OIMCHIBAIOTCS JIMHCAPU30BAHHBIMH ypaBHEHMsIMA (cM. 1. 2.1),
JEWCTBUTEIHEHO MOXKHO CYJUTh O €€ YCTOMUMBOCTH WJIa HEYCTONYHNBOCTH.

KopHu aireOpandeckoro ypaBHEHHUs, Kak U BCIKUE KOMITICKCHBIC YUCIIa, YIOOHO MPEICTABIATh
B BUJIC TOYEK Ha KOMIUIEKCHOM TIOCKOCTH. [[s1 yCTOWYMBOCTH JIMHEHHON CHCTEMBI HEOOXOIUMO U
JOCTaTOYHO, YTOOBI BCE KOPHU €€ XapaKTEPUCTHUECKOTO YpaBHEHHS JICXKATH CIeBa OT MHUMOH OCH
KOMIDIEKCHOHM IIIOCKOCTH (pHC.a), T. €. 4TOObI BCE KOPHU ObUIM «IeBBIMU». Ecmu XoTs Obl oIuH
BEIICCTBECHHBIN KOPEHb MM OJTHA TTapa KOMILICKCHBIX COTPSKCHHBIX KOPHEH HaXOIUTCS CIIpaBa OT
MHUMOM OCH, TO cHCTeMa HeycToiuuBa (puc.0).
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MHuMass ochb SIBISIETCS, CJEIOBATENIbHO, TPAaHULIEH YCTOMYMBOCTH. ['OBOpAT, 4TO cHCTeMa
HaXOJWUTCsl HAa TPaHMLE YCTOMYMBOCTH, €CIIM MMEETCsl HYJIEBOM KOpEeHb (pHC.B) WJIM IIapa YHUCTO
MHHUMBIX KOpHEH (pHC. T), @ OCTaJIbHbIE KOPHU <JIEBBIEY.

*] *] +j +

] i y g
a) 6) B) r)

Ha mnpaktuke mnsi ynpomieHusi pacueToB ycronyuBocTh CAP omnpenenstor ¢ MmoMomibro
KpUTEpUEB YCTOMYMBOCTU. KpuTepuil yCTOMYMBOCTH — 3TO IPABUIIO, IO3BOJSIIOLIEE BBIICHUTH
YCTOMYMBOCTH ~ CHUCTEMbl 03  BBIYMCICHUS  KOPHEH  XapaKTepPUCTHUECKOTO  ypaBHEHHUS.
PaccmatpuBaroTcst kK03(h(UIMEHTHI XapaKTEPUCTUYECKOrO YpPaBHEHUSI WIM HEKOTOpBIC (DYHKIIMH.
Kpurepun ycTOHYMBOCTH 3KBUBAJICHTHBI CHOPMYIMPOBAHHOMY BBIIIE YCIOBUIO YCTOWYHBOCTH.

Kpurepun ycTouMBOCTH pa3fensioT Ha anreOpandeckne W dactoTHble. K anreOpandeckum
oTHOcAT Kpurepuu ['ypeuna, JIsenapa-lllunapa n Payca, k yactroTHeIM — Kpurepun MuxaiinoBa u
HaiikBucra.

KPUTEPUI YCTOMUMBOCTHU I'YPBULIA
Hcnonb3yercst Kak Al pa30MKHYTBIX, TAK U VIS 3AMKHYThIX CHCTEM.

[Ipu wucnonb3oBaHUM KpUTepuss U3 KOIDPHUIMEHTOB XapaKTEPUCTUYECKOTO YPaBHEHHUS

COCTaBJISIIOT MaTPULLY

a a; a .. 0 0
a, a, . 0 0
0 a a; .. 0 0
0 0 0 0
0 0 0 o

[To nuaroHanu TabaUIBI OT JIEBOTO BEPXHEro yrja BBIIKCHIBAIOT MO HOPSIIKY BCeE
Kod(pUIUEHTbl, HA4YWMHAas C & U 3aKaH4YuWBas a,. 3aTeM KaxAblil cTonOen TaOIHIIbI
JOTIOJHSAOT TaK, YTOOBI BBEPX OT JAMAroHalN MHIAEKCH KO3 ()HUIIMEHTOB yBEIUYNBAINCh, @ BHU3
- yMeHbIIANUCh. B ciaydae oTCyTCTBHS B ypaBHEHHUHM Kakoro-mubo ko3pduuueHta u BMeCTo
K03(ppuureHToB ¢ nHAeKcoM MeHblIe 0 1 6oablIe N MUIIYT HYJb.

Kpurepuit popmynupyercs Tak: 4ToObl paccMaTpuBaemasi cucremMa Obula YCTOWYHBOM,
HEOOXOIMMO M JOCTaTodyHO mpH 8, >0 HUMeTh NOJOXHUTEIbHBIMU BCE JHaroHaJbHBIC

OTpeaeNUTENH, ToJydyaeMblie U3 MaTpuisl (5.5), T.€.

ai a‘3 a‘5
A _ . _ al a3 . _ .
=4, >0, A, = 4 a >0;A,=|a, a, a, |>0;
0 2 0 a1 a3

A, >0 A, =a,A, ;>0.
Ecnu a, >0, To mocinennee HepaBeHCTBO B (5.6) ynoBneTBopsiercs npu A, , >0.
CucreMa HaxoJUTCA Ha rpaHulle ycroiumBocTu, ecau A, =0 u Bce mpenapayuiue
OmpeneuTean  MOJOXKHUTEAbHBI. ODTO yclIOBHE pacmnajgaercs Ha aBa: a,=0
(amepuonuueckas TrpaHuna ycrouuBoctu) u A, ;=0 (xo;mebarenbHas TpaHHUIA

YCTOMYHUBOCTH).

Jlns yCTOWYMBOCTM CHCTEM IIEPBOTO M BTOPOTrO IMOPSAKOB JOCTATOYHO, 4YTOOBI BCE
KO3 PHUIMEHTH XapaKTePUCTHYECKOTO YPaBHEHHS OBbUIM TMOJOXUTENbHBIMU. Jlnisi cuctem Ooiee
BBICOKOTO ITOPSI/IKa KPOME 3TOTO HEOOXOANMO yIOBIETBOPEHHUE CIEAYIOINX HEPABEHCTB:
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Pazgean 4. CTpyKkTypHBIE CXEMbI CHCTEM ABTOMATHYECKOI0 YIIPABJIEHUS

CAY cocrout u3 00beKTa yIpaBJIeHUS U PETYIISATOPA.

2C D) %
\%C) UM PO oy

G

A 4
A 4
A 4
v

5}

OcHoBHbIe cocTaBHbIC yacTh CAY:
1. WD — u3MepuTenbHBINM 3JEMEHT (IaTYUK) — CIIYXKUT JJI1 U3MEPEHUS YIIPaBIISIEMOI0

napamerpa X (naruuk t-psr, P, U )
2. OC —31eMeHT CpaBHEHHUS — BBINOJIHAET ONEPAl[Mi CPABHEHUS U3MEPEHHOT'0 3HauUeHUsI X C

sanammemu G A = G-—X
3. VYD- ycuiuTesbHbIC 3JIEMEHT — BBINOJL. oriepanuy ycuieHus curdana Kk = f(A)

4. VM — UCTIOTHUTEIBHBIN MEXaHU3M (JIBUTATEIb) — BO3JCHCTBYET Ha OOBEKT C IEIBIO
U3MEHeHus ero cocrosiHus 4/3 PO

5. PO - perynupyromuii oprat (kjiamnaH, KpaH, 3aJBUKKa)
Kpome 3tux snemenToB B coctaB CAY BXOIUTh JONOIHUTEIbHBIEC 3JIEMEHTHI: YCTPOUCTBA CBS3H,
COIJIaCOBaHUS

Ilo pyHKIMOHAIBLHOMY NPU3HAKY 3JI€MEHTBI 1eJISTCS HA TPYNIbI:
1.M3mepurenbHbie yerpoiictBa (MY)- ycTpoHCTBO [Uis NOTyueHHs HHPOpMAILIUU, KOTOPOE

BbIJ1aeT YHU(DUIIMPOBAHHBIN CUTHAN , COOTBETCTBYIOIINN 3HAYCHUIO KOHTPOJIUPYEeMOH (hHU3HUECKOi
BEJIMYMHBI (IEPBUYHBIE TPEOOPA30BATENH, TATUUKH).
2.YcrpoiicTBa npeodpa3oBanus, 00padboTKH, XpaHeHUsA MH(POPMALMH U BEIPAOOTKH KOMaH/
yhpasieHus. DTO HEHTpajIbHas rpyIna TEXHHYECKUX YCTPOUCTB BKIIIOUAET aHAJIM3aTOPbl CUTHAJIOB,
(byHKLIMOHATIBHBIE U OTIEPALlMOHHBIE IPeoOpa30BaTelu, JOTHUYECKUE YCTPOUCTBA, YCTPOHCTBA
aMsTH, 33/1a0111e€ YCTPONUCTBO (CO3AAaET CUTHAJI, ONIPEIEISIIOIIMIM JKelaeMoe 3HaueHHe
peryarpyeMoil BETHUUHBI), CyMMATOpPBI (ONpeeNsoe OTKIOHEHUE U3MEPEHHOT0 3HaYeHU s
napameTpa OT 3a/IaHHOT0), PETYISTOPHI ( BIpabaThIBAIOIINE HEOOX0IUMOE BO3/ICHCTBHE HA
00BEKT), YIPaBJISAIOIINE BEIYMCIUTEIbHBIE YCTPOUCTBA U KOMILIEKCHI.
3.¥YcrpoiicTBa MCNIOJIB30BAHUS KOMAHAHOM WHGOPMAIUU JJI1 BO3JICUCTBUS Ha TIPOLIECC —
WCIIOJIHUTEINIbHBIE yCTpoiicTBa. K HUM npUHauIekaT yCHIIMTEIN MOIIIHOCTH KOMAaH/IHOTO CUTHaJIa
OT PEryJATopa WM YIPaBISAIOLIEro KOMIUIEKCA U UCTIOTHUTENIbHbIE MEXaHU3MBbI, BO3JIEHCTBYIOLINE
Ha peryaupyromuil oprad oobekTa.(KpaH, KiamnaH, 3aJBUXKKY).
4.Y cTpoiicTBa AJ1s1 NpUeMa, Npeodpa3oBaHusA U Mepeladil CUTHAJIA TT0 KaHajaM CBs3H-
TeseyCcTpoicTBa, mudparopsl, AemudpaTopsl. JlanHas rpynmna coiepXuT npruoopsl,
oOecrneynBaroe B3auMoIeiCTBIE PYHKIIMOHAIBHBIX OJIOKOB NIEPBBIX TpeX rpymi. Bo MHOrHX
cucTeMax poJib TAaKUX YCTPOMCTB BBHIMOIHSAIOT IPOBOJIA UITH TPYOBI, a IEpEUnCIICHHBIE BBIIIE
HCIOJIB3YIOT MPU Nepejaun Ha O0JIbIINE PACCTOSIHUA(B TEICYIPABICHNHN) UK B YCIOBUSIX CHUIIBHBIX
MIOMEX.

[Tpumep Nel CAY TtemmnepaTypsl B IIEUH.

HeoOxoaumo noaiepkxuBaTh NOCTOSTHHYIO BETMYMHY TEMIIEpaTyphl B IEUH
[Tpu pyuHOM yTIpaBlIeHUH, YETIOBEK BHIMOIHAET (QYHKIIUH:

KOHTPOJIb TEMIIEPATypPhl

CpaBHEHHE C 3aJJaHHOMN

BbIpa0OTKa peIIeHHsI O EPEIBUKECHNUN IBUXKKA.

MCIIOJIHEHUE NPUHATOTO PEIICHUS

NS
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[Tpu aBTOMATHYECKOM YIPABJICHUH, YCTPOWCTBA /1. B3SATh Ha ce0s (b-M YeIoBeKa U CTPYKTypHas
cxema 0. UMEeTb BUL:

X(t)

YCHIINTENb M | PO xonTakts! .| OV omneus
JBHK.PEOC

Y
A
A
v

N3 (matuuk)

A

\\

HpHMep Ne2. Cucrema YHIpaBJICHUA CKOPOCTU BpAICHUS SJICKTPOABUT'ATECIIA ITIOCTOSIHHOI'O TOKA

nC 1%
U Y.
SH 0 y | vM | A | M
ny > > >
e
T

\
Cucrema cocTouT U3 dAeKTpoABUrarens — /I, MOCTOSHHOTO TOKa C HE3aBUCUMBIM BO30YXIECHUEM,
BpalaloIero Kakoi-To pabounii Mexanusm — M

JlBurarenb 1 MEXaHU3M COCTABIISIOT OOBEKT yIPaBICHHUS.

Perynupyemoii BeTUUMHON SIBISIFOTCSL V' - yIJIOBasi CKOPOCTh Basia, cBsizbIBatomiero 3/l u M
Bo3mylienrem — sIBISETCS MOMEHT CONIPOTUBIEHUST M, pabouero MexaHu3Ma.

Heo0xoanMo obecnieunTh CKOPOCTH BpalieHus: ¥V MexanuzMa M mponopiroHaaIbHO HEM3MEHHOMY
ATaJIOHy HanpshkeHuss DH Wi n3MeHsTh €€ MPOIOPIHNOHATIBHO HAMIPSHKEHHUIO TPOTPAMMHOTO
ycrpoiictsa [TV - U,

st aToro ¢ TaxoreHepatopa TT, CBI3aHHOTO ¢ BaJIOM 3JIEKTPOJBUTATEINISl CHUMAETCS HAllPsKEHHE
U, (mponopuuoHaIbHOE YII0BOH CKOPOCTH)

B ycrpoiictee cpaBHenus (YC) U, cpaBHHMBaeTCs ¢ STaIOHHBIM HanpsikeHuem U .

U x = U o U 0

TT ocymi-eT o0Op. CBS3b B CUCTEME.

Pasznocts U, momaercst Ha yCUIIUTENb, TA€ YCUIMBAETCS 2-Ms KacKaJlaMu — IpeABAPUTEIbHBIM

YCUJIUTENEM Y M YCHIIMTEIEM MOIIHOCTH Y M, K KOTOpOMY NOJKJIFOUEH ABUrarens /| 1.o0.
BBIJIEPKUBACTCS IPONOPLUOHATIBHOCTh MEXK/y CKOPOCTBIO BpalieHus V ]I U HalpsKeHUEM,
3agaBaembiM OH (ITV)

HanpyMep: eciii B KaKOH-TO MOMEHT T M_ - MOMEHT CONPOTHBIICHHS, TO YIIIOBast CKOPOCT
vi={ U, (TM) u TU, - Bo3HuKaeT CHIHAT PacCOTTacOBaHUs

MU ma Beixone V i TU ; momaBaemoe 06MOTKy SIKOPS 97I€KTPOABHTATEIIS
B pesynsrate T | u Bpam-cs MomenT DJ 1 V BOCCTAHABIMBACTCS (C HEKOTOPOH MOTPEIIHOCTBIO).

[TpaBuia mpeoOpa3oBaHusl CTPYKTYPHBIX CXEM.
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1. Tlepenarounas ¢yHKIUS MMOCIEIOBATEIHHO COCIMHEHHBIX 3BEHHEB PaBHA MMPOU3BEICHHIO UX
nepeaaToyHon QyHKIUH.

Wi(p) R W;(p)

W(p)=ﬂW(p)i

2. llepemarounas ¢QyHKOMS [NapaUIeIbHO COCIMHEHHBIX 3BEHBEB paBHA CyMe HX
nepeaaToOuHbIX (PYHKITHIA.

> Wi(p)

»
»

A

W:(p)

W(p>=iW(p)i

3. Tlepenarounass (GYHKIUS TPA  BCTPEYHOM IMAPALICIBHOM  COCJAMHCHUU  3BCHBCB
omnpezensercs no popmye:

WZ(p) >
W,(p)
W(p) = W (p)npsm.yenu
1+W (p)npsimyenu -W (p)obpam.ceszu
W (p)L1
W(p) = AP
+W (p)1-W(p)2
® - OTpHUIaTeIbHas oOpaTHas CBA3b
W(p)t
W)=
+W(p)L-W(p)2
% - IOJIOKUTENbHAs OOpaTHas CBA3b
W (p)1
W(p)= P

T 1-W(p)L-W(p)2
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4.3. JlabopaTopHbie padoThI

Buo
3anAmuUA 6
N Homep ) Obven unmepakmm;vnoﬁ,
i paszoena Haumenosanue nabopamopnoii padomot (wac.) aKmueHoil,
OUCYURIUHBL UHHOGAUUOHHOIL
dopmax,
(uac.)
1 Nnenrudukaius 00bEKTOB YIpaBIeHUS 7 pasbop KOHKPETHBIX
1. (1 coco0) cUTyauuii-3 4.
2 Wnentudukanus o0bEKTOB YIPaBICHUS 7 pa300p KOHKPETHBIX
(2 CHOCO6) CUTYyaIHii-3 4.
3 4 [IpeoGpa3oBaHue CTPYKTYPHBIX CXEM 7 pas0op KOHKPETHbIX
CHCTEM aBTOMATHKHU CHTYalHid-3 4.
4 3. . [IpeobpazoBanue Jlamnaca 7 -
5 VY CTORYMBOCTH CUCTEM aBTOMATHKHU 8 pa3b0p KOHKPETHBIX
CUTYyAaIHii-3 4.
UTOoro 36 12

4.4, CeMmuHapbl/ IpaKTHYECKUE 3aHITHS
y4€OHBIM TIJIAHOM HE MPEAYCMOTPEHO

4.5. KoHTpo/IbHbIEe MepPONIPUATHS. KYPCOBO# NPOEKT (KypcoBasi padoTa), KOHTPOJIbHAS
padora, PI'P, pedepar
y4€OHBIM TIJIAHOM HE MPETyCMOTPEHO

21




5. MATPAIIA COOTHECEHUSA PA3JIEJIOB YYEFHOM JUCIAIIIMHBI K ®OPMUPYEMbBIM B HUX

KOMIIETEHHUAM U OEHKE PE3YJbBTATOB OCBOEHUSA JUCIIUIIJINHBI

Komnemenuyuu Komnemenyuu
No, naumenosanue Kon-60 OIIK IIK P t wac Buo ) Ouyenka
Pazoenoe OuUCyuUnIuUHbl wacoe 5 9 Komn. K YyueonwLx 3anamui pe3yibmamos
1 2 3 4 5 6 7 8
1.00beKThHI ynpaBIeHUsI B JIGCHOM 38 + + 2 19 JIK,JIP, CPC 3auer
MIPOMBINIICHHOCTH
2. Knaccudukanus cucteM aBTOMaTu4eckoro 9 + + 2 45 JIK,CPC 3auer
ynpasierns (CAY)
3.Maremarndeckoe onucanue CAY. Ananns 41 + + 2 20,5 JIK,JIP, CPC 3auer
ycroitunBoctu CAY
4.CTpyKTYpHBIE CXEMbI CUCTEM 20 + + 2 10 JIK,JIP, CPC 3auer
ABTOMATHYECKOTO YIIPABJICHHSI
6cezo uacoe 108 54 54 2 54
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6. IEPEYEHb VYYEBHO-METOAMYECKOI'O OBECHEYEHHUS JJIs1
CAMOCTOATEJBHOU PABOTbHI OBYYAIOIIIUXCHA ITO AUCHUIIJIMHE

1. KonoBanos b. . Teopus aBTomaTrueckoro yrnpasienus: yaeoHoe nmocodue / b. M. Konosaios,
1O. M. Jleb6enes. - 3-¢ uza., nepepad. u goi. - Cankr-IlerepOypr: Jlans, 2010. - 224c¢. (c. 30-34, 38-
44,74-78, 92-108).

/. IIEPEYEHb OCHOBHOM ¥ JOHNOJHHUTEJIBHOW JUTEPATYPBHI,
HEOBXOJIMMOMU JJIsA OCBOEHUA JUCHUITJINHBI

Buo Konuuecmeo
u axzemnaapos | Obecneuen-
No Haumenoeanue uzoanusn 3aHs- ¢ HoCHD
y
MUA | Guonuomexe, | (3k3./ uein.)
T,
1 2 3 4 5
OcHoBHas IMTEparypa
1. KonoBasios b. U. Teopuss aBTOMATHYECKOTO JIxk, 26 1

ynpasienusi: yueoHoe mocooue / b. M. Konosanos, | JIP
1O. M. JleGenes. - 3-e uzn., nepepad. u goim. - CaHKT-
IletepOypr: Jlans, 2010. - 224c.

2. Mamnadeen C.M1. OcHOBBI aBTOMAaTHKU U CUCTEMBI JIk 15 1
ABTOMATUYECKOTO YIIPABJICHUS ;| YYCOHHK JIJIS
ctya.By3oB / C.M.Manadees. - M.: U3garensckuit
1eHTp «Axagemusi», 2010. - 384c.

JlonoJIHUTeIbHAS JTUTEpPaTypa

3. I'puropsesa T. A. ABTOMaTu3anus TEXHOIOTMUECKUX JIk 23 1
MIPOIIECCOB U MPOU3BO/CTB : yueOHoe nocodue / T. A. OP
I'puropnera, B. H. Tonybaes. - bparck: bpl'Y, 2016. -
98c.
http://irbis.brstu.ru/CGl/irbis64r_15/cqgiirbis_64.exe
4. I'puropseBa, T. A. VYnpasienue texHuueckumu | JIP 49 1

CHCTEMaMH: METOJINYECKHE YKa3aHHs K BBITIOJHEHUIO
nabopatopubix pabor / T. A. I'puropsena, /. C.
Cemenog. - bparck: bpl'Y, 2013. - 27c.

8. HHEPEYEHD PECYPCOB NHPOPMAIIMOHHO -
TEJEKOMMYHUKAIIMOHHOM CETU «MHTEPHET» HEOBXOJUMBbIX
JJIs1 OCBOEHUSA JUCHUITIJIMHBI

1.OnexTpoHHbIN KaTaJjor O6ubIMoTeKU bpl'Y
http://irbis.brstu.ru/CGl/irbis64r_15/cqiirbis_64.exe?LNG=&C21COM=F&I21DBN=BOOK&P21
DBN=BOOK&S21CNR=&7211D=

2. DnextponHas oubmmoreka bpl'Y http://ecat.brstu.ru/catalog.

3.  DIeKTpOHHO-OMONMMOTEUHass CHCTeMa «YHHBEPCHUTETCKas OuOmmoreka  onliney
http://biblioclub.ru.

4. DnexTpoHHO-0MbOIHOoTeuHas cuctema «M3marenscTBo «Jlanb» http://e.lanbook.com.

5. Nudopmanuonnas cucremMa "EmmHoe okHO noctyma K oOpa3oBaTelbHBIM pecypcam"
http://window.edu.ru.

6. Hayunas snextponnas oubmuoreka eLIBRARY.RU http://elibrary.ru.

7. VYuauBepcuterckas uHpopMmanmonHas cuctema POCCHUA (YUC POCCHUA)
https://uisrussia.msu.ru/.

8. HarmonanbHas snextponHas oubanorexka HOB http://xn--90ax2c¢.xn--plai/how-to-search.
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http://irbis.brstu.ru/CGI/irbis64r_13/cgiirbis_64.exe?LNG=&Z21ID=&I21DBN=BOOK&P21DBN=BOOK&S21STN=1&S21REF=1&S21FMT=fullwebr&C21COM=S&S21CNR=10&S21P01=0&S21P02=1&S21P03=A=&S21STR=%D0%9A%D0%BE%D0%BD%D0%BE%D0%B2%D0%B0%D0%BB%D0%BE%D0%B2,%20%D0%91.%20%D0%98.
http://irbis.brstu.ru/CGI/irbis64r_13/cgiirbis_64.exe?LNG=&Z21ID=&I21DBN=BOOK&P21DBN=BOOK&S21STN=1&S21REF=1&S21FMT=fullwebr&C21COM=S&S21CNR=10&S21P01=0&S21P02=1&S21P03=A=&S21STR=%D0%9A%D0%BE%D0%BD%D0%BE%D0%B2%D0%B0%D0%BB%D0%BE%D0%B2,%20%D0%91.%20%D0%98.
http://irbis.brstu.ru/CGI/irbis64r_15/cgiirbis_64.exe?LNG=&Z21ID=&I21DBN=BOOK&P21DBN=BOOK&S21STN=1&S21REF=3&S21FMT=fullwebr&C21COM=S&S21CNR=10&S21P01=0&S21P02=1&S21P03=A=&S21STR=%D0%93%D1%80%D0%B8%D0%B3%D0%BE%D1%80%D1%8C%D0%B5%D0%B2%D0%B0%2C%20%D0%A2%2E%20%D0%90%2E
http://irbis.brstu.ru/CGI/irbis64r_15/cgiirbis_64.exe
http://irbis.brstu.ru/CGI/irbis64r_15/cgiirbis_64.exe?LNG=&Z21ID=&I21DBN=BOOK&P21DBN=BOOK&S21STN=1&S21REF=3&S21FMT=fullwebr&C21COM=S&S21CNR=10&S21P01=0&S21P02=1&S21P03=A=&S21STR=%D0%93%D1%80%D0%B8%D0%B3%D0%BE%D1%80%D1%8C%D0%B5%D0%B2%D0%B0%2C%20%D0%A2%2E%20%D0%90%2E
http://irbis.brstu.ru/CGI/irbis64r_15/cgiirbis_64.exe?LNG=&C21COM=F&I21DBN=BOOK&P21DBN=BOOK&S21CNR=&Z21ID=
http://irbis.brstu.ru/CGI/irbis64r_15/cgiirbis_64.exe?LNG=&C21COM=F&I21DBN=BOOK&P21DBN=BOOK&S21CNR=&Z21ID=
http://ecat.brstu.ru/catalog
http://biblioclub.ru/
http://e.lanbook.com/
http://window.edu.ru/
http://elibrary.ru/
https://uisrussia.msu.ru/

9. METOAUYECKHUE YKA3AHUSA IJIs1 OBYYAIOIIUXCA IO OCBOEHUIO
JUCIHUIIVIMHBI

9.1. MeTonnueckne yKazaHus J1JIs1 00y4arOIIMXCs 110 BBINOJHEHHUIO JIA0OPATOPHBIX padoT

JlabopaTopHasi pagora Nel
HUnentuduxanus odbexToB ynpasiienus (1 cnocod)

[leab paGoTEHL.

OmnpenenuTs napaMeTpsl nepenaroyHoi pyHkmuu oosekra: (K,T,7)

3ajlaHne: B COOTBETCTBUU C BAPHAHTOM, BBIJAHHBIM MPEIOJABATENEM, BBIOJHUTH BCE ITYHKTHI,
NPOTMCAHHBIE B XOZ€ PaOOTHI

Bu 3aHATHS B MHTEPaKTUBHOW, aKTUBHOM hopMe: BBITIOIHUTH 33JaHNE U pa300paTh KOHKPETHYIO
CHUTYAIIHIO.

XoJ1 paoTHL.

1. TlocTpouTh SKCIIEPUMEHTABHYIO XapaKTepUCTUKy y = f (t).
A

y(t) f-————————————————————— %
|

v

Trp Trep t
T

\ 4

P <
< L]

Tron P

< Ll

A\ 4

2. Onpenenuts K03GGUIHUEHT YCUIICHUS.
()
TIe;
Y,em (1) — ycTaHOBHBIIASICS BeMUMHA TTapaMeTpa,
x, (t) - BxomHoe Bo3zeiictue 1(t) .

3. Onpenenuts 3ana3apIBaHUE B OOBEKTE - T
TpancnoptHoe 3anasapiBanue 7,

[TepexonHoe 3ana3apiBanue 7

nep !
HomnHoe 3anasnpiBabue 7,,, =7,, +7,,, -

[Tocrosinuyto Bpemenu I (1o rpauky)
3. 3anonHuTh TaOMHUIY 1.

Tabmumna 1
t 0
y(t)akcn 0
y(t) pacu 0
A 0
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4. BRIUUCINTE MIEPEIATOYHYIO (DYHKIHIO, TOJCTABUB HaliieHHbIe 3HaueHus K, T,7 :
K.e™
W(p)=——
Tp +1
5. Onpenenutb KOOPAUHATHI PACUETHOU XapaKTEPUCTHKH 10 (hOpMyIie:

t
Ypur ) =K-(1-€ T)

6. OnpenenuTh OMHUOKY UICHTH(PHUKALIUH:

A:M.loo

(t) yem

7. Cpenars BBIBOJ O TOYHOCTH METO/, OIPCICIHB |Amax| -

dopma 0TYETHOCTH:
Otuer HaOupaeTcs Ha KOMIBIOTEpE U CIAaeTCs B IIEYaTHOM BHAE. B oTyere OMKHBI
IPUCYTCTBOBATH!

1. Howmep BapuanTa

2. e paboTsI

3. 3amanue

4. TlosTamHoe BBIMOJIHEHUE BCEX 3a/laHHI BapHaHTa
5. BriBom.

3amauus U1 CaMOCTOATENBHOM PadOTHI:
W3y4unTh MeTO1bl UICHTU(UKALIUU CUCTEM YIPABICHHUS.

PexoMenanmu mo BEINOJHEHUIO 3aJaHUM U TOJATOTOBKE K Ha6ODaTODHOﬁ pa60Te
O3HAaKOMUTBECSA C TCOPCTUYCCKNM MaTCpruajioM, MNPCACTABJICHHBIM B IICPBOM pPa3aeCic IIElHHOfI
JUCHUITIINHBI.

OcHoBHast TuTepaTypa
1. Konosanos b. 1. Teopust aBromaTudeckoro ymnpasienus: yueoHoe nocooue / b. 1. Konosanos,
10. M. JleGenes. - 3-e u3a., nepepad. u jpor. - Cankr-IlerepOypr: Jlans, 2010. - 224c.
JlononHuTEeNbHAS IUTEPATYypa
1. T'puropbeBa, T. A. VYmnpaBieHHE TEXHHYECKHMH CHCTEMaMHU: METOJUYECKHE YKa3aHHUS K
BBITIOJIHEHHIO J1abopaTtopHbix padoT / T. A. I'puropsena, [[. C. Cemenos. - bparck: bpl'VY, 2013. -
27c.
Bomnpocks! k 3amure
1. Unentuduxamms o0beKTa.
2. [lepexonHast XapaKTEPUCTHKA .
3. EnvHUYHOE CTyleHYaToe BO3AeCTBHE.
4.ITapameTpsbl nepeaTOYHON PYHKIINH.

JlabopaTopHas paGora Ne2
HNnenTudukanus o0beKTOB ynpasjieHus (2 cnocod)

[{esb paOoTHI
OmnpenenuTh NapaMeTphl NepeaaToyHon GyHkuu oobekra: K, T,7
3agaHue: B COOTBETCTBUM C BapUAHTOM, BBIJAHHBIM IIPENOJABAaTENEM, BBINOJHUTH BCE IMYHKTHI,
MPOMKCAaHHBIE B X0J1€ pabOThI

XoJ1 paloTHL.
Haiitu nponssenenue 0,63-y (1) .

OTHOXUTH 3TO 3HAUCHHUE HA OCH opauHarT.

OtmeTuTh TOUKy A.
OnpenenuTh MOCTOSIHHYIO BpeMeHH T mo ¢popmyne: 7T =A-r

nonn

o rowbd -

3navenus Ku 7, B3aTh u3 1 cnoco0a v MOJICTaBUTh B MIEPEIATOYHYIO (DYHKIIHIO.

noan
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http://irbis.brstu.ru/CGI/irbis64r_13/cgiirbis_64.exe?LNG=&Z21ID=&I21DBN=BOOK&P21DBN=BOOK&S21STN=1&S21REF=1&S21FMT=fullwebr&C21COM=S&S21CNR=10&S21P01=0&S21P02=1&S21P03=A=&S21STR=%D0%9A%D0%BE%D0%BD%D0%BE%D0%B2%D0%B0%D0%BB%D0%BE%D0%B2,%20%D0%91.%20%D0%98.
http://irbis.brstu.ru/CGI/irbis64r_15/cgiirbis_64.exe?LNG=&Z21ID=&I21DBN=BOOK&P21DBN=BOOK&S21STN=1&S21REF=3&S21FMT=fullwebr&C21COM=S&S21CNR=10&S21P01=0&S21P02=1&S21P03=A=&S21STR=%D0%93%D1%80%D0%B8%D0%B3%D0%BE%D1%80%D1%8C%D0%B5%D0%B2%D0%B0%2C%20%D0%A2%2E%20%D0%90%2E

K-e™
T, +1
6. ITlocTpouTh pacueTHYIO XapaKTEPUCTHKY, MOJIB3YICh (DOPMYITON:
_t
Ypueu(t) =K -(1—€T)
7. 3anosHUTH TabIUILy 2.

W(p)=

Tabnuna 2
t 0
y(t)ak'cn 0
y(t) pacu 0
A 0

8. OmnpenenuTh OMMOKY UACHTHU(PHUKALIUH:

A= h(t):wcn - h(t)paw 100

(t) yem

9. Cnenatp BBIBOJ O TOYHOCTH METO/IA, OTIPE/ICITUB |A n‘ax| .

®opma OTYETHOCTH:
Otuer HaOupaeTcs Ha KOMIBIOTEpE H CHACTCSs B TIEYaTHOM BHUAC. B oOTYeTe JTOIKHBI
MPUCYTCTBOBATH:

1. Howmep BapuanTa

2. e paboTsr

3. 3amanue

4. TloaTamHoe BBIIOJIHEHUE BCEX 3aJJaHUI BapUaHTa

5. BriBox.

3ajanus U1l CaMOCTOSITENLHOM pabOThI:

N3yunTh MeTO1bI UIEHTU(PUKALIUN CUCTEM YIIPABICHHUS.

PexoMenganuy 1o BBINOAHEHWIO 3aJaHMM M MOATOTOBKE K JiabopaTopHOil pabore/ ceMuHapy/
IPAKTHYECKOMY 3aHATHIO

OSHaKOMI/ITBCﬂ C TCOpeTI/ILIGCKI/IM MaTCpI/IaJ'IOM, Hpe}ICTaBHeHHBIM B HepBOM paSIleJ'Ie I[aHHOﬁ
IUCIHTIINHEL

OcHoBHas nuTepaTypa
1. Konogsanos b. 1. Teopust aBromaTudeckoro ymnpasienus: yueoHoe nocooue / b. 1. Konoranos,
10. M. JleGenes. - 3-¢ u3a., nepepad. u jpor. - Cankr-IlerepOypr: Jlans, 2010. - 224c.
JlononHuTENbHAS IUTEPATYypa
1. T'puropbeBa, T. A. VYmpaBieHue TEXHUYECKMMH CHCTEMaMM: METOJMYECKHE YKa3aHUS K
BBINOJIHEHHIO JJabopaTtopHbix padot / T. A. I'puropsesa, J[. C. Cemenos. - bparck: bpl'Y, 2013. -
27c.

Borpocks! k 3amure
1. IlepenaTounast GyHKITHUSI.

2. Yro nokasweBator K, T,7
3. BenmmuuHa p.

JlaGopaTopHas padora Ne3
IIpeoOpa3oBaHne CTPYKTYPHBIX CX€M CHCTEM aBTOMATUKHU
[{esib paboTel: [TpeoOpa3oBaTk CTPYKTYpHYIO CXeMy (BapHaHT BBIZAET MPENoaBaTelb).
3agaHue: B COOTBETCTBUU C BapHaHTOM, BBIIAHHBIM IMpernojiaBareieM, npeo0pa3oBaTh CTPYKTYPHYIO
CXEMY.
BapuaHThI BeITIOSTHEHUS paOOT MPUBEICHBI HIDKE B cCXeMax U Tabnumax 3u 4.
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XBX
AT% Wi(p)

XB]:IX

Wa(p) o Wa(p) >
W.(p)
XBMX
1(p) N W2(p) > Ws(p) >
Wu(p)
XBBIX
Wi(p) Wa(p) o Wa(Pp) >
Wa(p) J
XBBIX
Wi(p) W;(p) > W3(p) >
Wu(p)
XBLIX
Wa(p) o Wa(p)

v




XBX XBI)IX
| Wi(p) Ws(p) R
> WZ(p) ! W4(p)

7)
XBX XBbIX
Wl(p) > W3(p) >
Wa(p) | Walp)
8)
XBX XBBIX

Wi(p)

,{ Ws(p)

Wa(p)

Wa(p)

Wi(p)

Wa(p)

Ws(p)

v

XB];IX

Wa(p)

XBX

5 L
2 X
Bl

W

1(p)

-

Wy(p)

%

W3(p)

XB];IX

W3(p)

v
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Ne
Cxempl | Wi(p) Wa(p) Ws(p) Wa(p)
K, Ky K,
1 T,p+1 K, T,p T,p+1
ﬁ KZ K4
2 T.p p(T,p+1) Ky T,p+1
K, Ky Ky
3 K, T,p+1 T,p+1 p
K, K; K,
4 Tp+1 T,p T,p+1 K,
K, K, K,
5 T,p+1 K, T,p+1 T,p+1
Ky K, Ky
6 Tlp p(TZ p+1) KS T4p
K, K, Ky
7 K, T,p+1 T,p+1 T,p
Ky Ky Ky
8 T,p+1 T,p T,p+1 K,
L _ K K,
9 T,p p(T,p+1) Ks T,p+1
KZ K3 K4
10 K, T,p+1 T,p+1 T,p+1
Tabmuia 2
Nelk |T,c|K, |T,c |K |Tpc | K, |T,c
1 15 8,0 4.0 12.0 1,0 150 |0,1 50,0
2 2,0 50 6,0 8,0 50 250 |0,2 40,0
3 1,0 3,0 50 15,0 2,0 10,0 |0,3 30,0
4 0,5 10,0 | 2,0 20,0 4,0 300 (04 20,0
5 25 6,0 20,0 | 6,0 0,5 40,0 |05 10,0
6 15 8,0 250 | 12,0 15 150 |0,6 15,0
7 0,5 20,0 [ 4,0 25,0 2,0 50 0,7 20,0
8 1,0 2,0 12,0 | 30,0 2,5 10,0 |0,8 25,0

Tabmuma 3

29



9 20 |10,0 |30 |200 |30 |200 |09 ]300

10 |25 |[150 |40 [100 |50 |30,0 |10 |350

Popma OTYETHOCTH:
Otuer HaOupaeTcs Ha KOMIIBIOTEpE M CHAETCSd B IEeYaTHOM BuAE. B oT4yere JOKHBI
MPUCYTCTBOBATh:

1. Howmep BapuanTa

2. llenb paboTsI

3. 3amanue

4. TlosranHoe BBIIOJHEHUE BCEX 3a/IaHUM BapUaHTA

5. BriBox.

3ajaHus JUIs CaMOCTOSITeJIbHOU PabOThI:
N3yuuTs npaBuiia npeoOdpa3oBaHus CTPYKTYPHBIX CXEM.

PexoMeHnmanum mo BBIITOJIHEHUIO 3aJaHUI M HONTOTOBKE K J1a00paTopHOU padbore
O3HaKOMUTBCA C TEOPETHUYECKHMM MaTepHajioM, IIPEICTABICHHBIM B YETBEPTOM pas3feie JTaHHOU
JOUCIUIIIINHEL.

OcHoBHast TuTepatypa
1. Konosanos b. U. Teopust aBTomaTHueckoro ynpasienus: yueOHoe nocodue / b. M. Konosaios,
10. M. JleGenes. - 3-¢ uz., nepepad. u nomn. - Cankr-IletepOypr: Jlans, 2010. - 224c.
JlononHuTENBbHAS IUTEPATYpa
1. I'puropbeBa, T. A. VYnpaBieHue TEXHUYECKMMH CHCTEMaMHU: METOJUYECKHE YKa3aHUS K

BBINOJIHEHHIO JabopaTopHbIX paboT / T. A. I'puropeena, JI. C. Cemenos. - bpatck: bpl'Y, 2013. -
27c.

Bormpocs! k 3amnure

1. Ilepenarounas pyHKLHUS MOCIEIOBATENLHO COCTUHEHHBIX 3BEHBEB.

2. llepenaTounas GyHKIUS NapauIeIbHO COEIMHEHHBIX 3BEHBEB.

3. IlepenaTouynas (pyHKIMS IPH BCTPEYHOM MapaljieIbHOM COEAMHEHUH 3BEHbEB.

JlabopaTopnas padora Ne4
IIpeodpa3oBanne Jlaniaca

[{ens paboThl: pemuTh auddepeHmaibuoe ypaBHeHue (13 j1ad. pad. Ne3) onepaTopHbIM CIIocoO0M
(c momosio npeoOpazoBanus Jlamnaca).

3amanue: auddepeHnnaTbHOE ypaBHEHHUE, MONydeHHOe B JjabopaTopHoit pabore Ne3 pemuthb
OTIEPaTOPHBIM CIIOCOOOM.

Xoa paboThL.
1.Ionyuuts auddepeHnnan-Hoe ypaBHEHHE U3 TIepeIaTOYHON (QYHKITUU:
k
W =— (1
Po=og @

Xooe (P) = X, (P) *W(Pp)

K *
X@blx( p) - T ng( p)

+1
TPX,, (P) + X,,.(P) =k X,.(p)
2
TM+ X, () =k x_(t) @

dt
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To ectb mepenarounas gpynkius (1) coorBeTcTBYeT nuddepeHIman-HOMy ypaBHEHHUIO (2)

2. Pemmuth muddepernuanbHoe ypaBHEHUE OTIEPATOPHBIM CITOCOOOM

degb%‘: + XGbe = kX@x

X, (P) =W (P)X,.(P)
kx,,.(p)

Tp+1
TpX(s'bDC ( p) + X@be( p) = kX(s'x

[To tabmumam Jlamnaca onpenensiem

X8b13 ( p) =

Xex(p) = XOex/ p
kx
X, (D) = ——2—
p(Tp+1)

Xsblx( p)(Tp + 1) = kxex( p)
U3 tabnur Jlammaca: X, (t) =1(t)) x(p) = 1
p

k
Xﬁbﬂ(p):—l
T fl
p(p+T)
1 _
W3 Tabmun Jlammaca : - —— = %(1—6 “)

(p+a)p
X, (t) = %xm—e%) —kx_(1—e’T)

PopMa OTYETHOCTH:
Otuer HaOupaeTcs Ha KOMIBIOTEpE U CIaeTcs B Ie4yaTHOM Bue. B oTyere OMKHBI
IPUCYTCTBOBATH:

1. Howmep Bapuanra

2. Ilenb paboTsI

3. 3ananue

4. TlosTamHoe BBINIOJIHEHUE BCEX 3a/laHUil BapHaHTa

5. BriBog.

3aiaHud JUIS CaMOCTOSITENIbHOW PabOThI:
IIpenycMOTpeHBI BAPUAHTOM CTYJICHTA.

PexoMeHIaImu 0o BBITOJHEHWIO 3aJIaHWI U IOJATOTOBKE K 1a0OPAaTOPHOI padboTe
O3HAaKOMUTBCS C TEOPETUYECKUM MaTepHalioM, MPEJCTaBICHHBIM B TPEThEM pasliene JaHHOU
JOUCHUITIIINHBI.

OcHOBHas uTeparypa
1. Konosanos b. 1. Teopus aBTOMaTHueckoro ynpasieHus: yuedHoe nocobdue / b. 1. Konoanos,
10. M. JleGenes. - 3-¢ u3., nepepad. u pom. - Cankr-IletepOypr: Jlans, 2010. - 224c.
JlononHuTENBHAS IUTEPATYpa
1. T'puropbeBa, T. A. VYmopaBieHue TEXHHYECKUMH CHCTEMaMHU: METOJMYECKUE YKa3aHHUsS K
BBINOJIHEHHIO JabopaTopHbix pabot / T. A. I'puropwesa, JI. C. Cemenos. - bpatck: bpl'Y, 2013. -
27c.

Bonpocs! k 3amure

1. CymnocTs npeobpazoBanus Jlamnaca.
2. IIpsamoe mpeoOpazoBanus Jlamaca.

3. O6patHoe mpeoOpazoBanus Jlamnaca.
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JladopaTopuast padora Ne5
YceTolYHBOCTL CHCTEM AaBTOMATHKH

[{enh paboOThI: MPUOOPECTH HABBIKU M YMEHHE IO OIPEICICHUIO YCTOWYMBOCTH PA30OMKHYTHIX H
3aMKHYTBIX CUCTEM C MCITOJIb30BAaHUEM PA3ITUYHBIX KPUTEPUEB YCTOMUHUBOCTH.
BapuaHTsl MHAMBUIYATBLHBIX 33JJaHUI COBIIAAIOT C BApUAHTAMH JTa00paTopHOU paboThl No3.

3amaHue:

1. Haiitu nepenarounsie GyHKIUN Pa3OMKHYTOW U 3aMKHYTOW CHCTEMBI.

2. [IpoBecTn wuccienoBaHWE Ha YCTOWYMBOCTH PA3OMKHYTOH M 3aMKHYTOH CHCTEMBI IIO
kpureputo ['ypsuna.

3. Cnenatb BbIBOJ] 00 YCTOWYUBOCTH CUCTEMBI.

Xo0J1 pabOTHL
Kputepuii ycroitunBocTu ['ypBUIIa MCIIONB3YyeTCs KaK JUIsl PA30MKHYTBIX, TaK W ISl 3aMKHYTBIX
CHCTEM.

[Ipu wcnonb30BaHUM KpPUTEPUS M3 KOIPPHUIIMEHTOB XapaKTEPUCTHUECKOro ypaBHeHUs (5.4)
COCTABJISIFOT MaTPHILY

a a; a .. 0 0
a, a, a, 0 0
0 a 0 0
% 3 (5.5)
0 0 0 0
0 0 0 o

[To nuaroHanu TabaULBl OT JIEBOTO BEPXHEro yrja BBIIKUCHIBAIOT MO HOPSIIKY BCE
KOo3(pUIUEHTbl, HAa4YWMHas C @MU 3aKaH4YuBas a,. 3aTeM KaxAblil cTonbOen TaOnuIbI
JIOTIOJHSAOT TaK, YTOOBI BBEPX OT JAMAroHalN MHIAEKCH KO3 ()HUIIMEeHTOB yBETUYNBAIKNCh, @ BHU3
- yMeHbIIAIUCh. B ciaydae oTCyTCTBHS B ypaBHEHHUM Kakoro-mubo ko3pduuueHTta u BMECTo
k03¢ hunreHToB ¢ nHAeKcOoM MeHbie 0 1 OoibIie N MUIITYT HYJb.

Kpurepuit popmynupyercs Tak: 4ToObl paccMaTpuBaemas cucremMa Obula YCTOWYHBOM,
HEOOXOIMMO M JOCTaTo4HO TNpu 8, >0 HuMeTh NOJOXHUTEIbHBIMH BCE JHAaroHaJbHBIC

OIpeaeNuTeNH, MojJydyaeMble U3 MaTpuisl (5.5), T.€.

al a3 a'5
N N S .
=a,>0; A, = . >0;,A,=|a, a, a,|>0;
0 2 O a1 a3
A, >0, A,=aA, ,>0. (5.6)

Ecnu a, >0, To mocinennee HepaBeHCTBO B (5.6) ynoBneTBopsiercs npu A, >0.

CucreMa HaxoQUTCS Ha TpaHUIEe YCTOWYMBOCTH, ecaiu A, =0 u Bce mpenblayuue
onpenenutenn B (5.6) momoXuUTeNbHbI. OTO YycClIOBUE pacmajnaercs Ha jaBa: a,=0
(amepuonuueckas TrpaHuna ycroilumBoctu) u A, =0 (xonmebarenbHas TpaHHULA

YCTOMYHUBOCTH).
Jis  yCTOWYMBOCTH CHCTEM IIEPBOTO W BTOPOTO TIOPSIIKOB JOCTATOYHO, YTOOBI BCE
KO3 PUIIMEHTHI XapaKTePUCTUUYECKOT0 YPAaBHEHHSI ObLIH MOJIOKUTEIBHBIMHU.

Popma OTYETHOCTH:
Otuer HaOupaeTcs Ha KOMIIBIOTEpE M CAAeTCs B TIeYaTHOM BuAE. B oTdyere JOKHBI
IIPUCYTCTBOBATH:

1. Howmep BapuanTa

2. llenb paboTsI

3. 3amanue

4. TlosTanHoe BBINIOJIHEHUE BCEX 3a/laHUil BapHaHTa
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5. BriBox.

3ajaHus JUIs CaMOCTOSITEJIbHOW PabOThI:
W3yunTh KpUTEpUU YyCTOMYUBOCTH CUCTEM YIIPABIICHUS.

PexoMeHmanmu 1o BINOIHEHUIO 3aJaHUI U IIOATOTOBKE K 1a00paTopHoil pabore
O3HAaKOMHUTBCSI C TEOPETHUYECKUM MaTEpUaliOM, MPEJACTABICHHBIM B TPETbEM pazjieliec JaHHOU
JOUCLMILIMHEIL.

OcHoBHast uTeparypa
1. Konosanos b. 1. Teopus aBromaTu4eckoro ymnpaiieHus: yueoHoe mocooue / b. 1. Konopaios,
1O. M. JleGenes. - 3-¢ uza., nepepad. u nomn. - Cankr-IlerepOypr: Jlans, 2010. - 224c.

JlononHuTenbHAs TUTEpaTypa
1. I'puropbeBa, T. A. VYnpaBieHue TEXHUYECKMMH CHCTEMaMHU: METOJUYECKHE YKa3aHUS K
BBITIOJIHEHHIO J1abopaTtopHbIX padoT / T. A. I'puropsena, /[. C. Cemenos. - bparck: bpl'VY, 2013. -
27c.
. - bparck: bpl'Y, 2013. - 27c.

Bomnpocs! k 3anuTe

1. YCTOHYMBOCTD CUCTEMBI.

2. Kputepuu ycTOHYHMBOCTH.

3. YcroitunBas, HeyCTONYMBAsI CHCTEMBI.

4. Cucrema Ha rpaHule YCTOHUUBOCTH.

5. YeTonuMBOCTh CUCTEMBI 110 KpuTepuio ['ypBuna.

10. IEPEYEHb HH®OPMAIIMOHHBIX TEXHOJIOT U, UCIOJIb3YEMBIX ITPH
OCYHECTBJIEHUU OBPA30OBATEJIBHOI'O TPOLECCA 110 JUCHUIIVIMHE

I/IH(1)OpMaI_II/IOHHO-KOMMYHI/IKaI_II/IOHHLIe TCXHOJIOTUHU - IIpeNoAaBaTcCiib HCIOJb3YCT IS
nonyquI/m I/IH(i)OpMaIH/II/I l'IpI/I IIOATOTOBKE K 3aHATUAM.

- OC Windows 7 Professional;

- Microsoft Imagine Premium;

- Microsoft Office 2007 Russian Academic OPEN No Level;

- AHTHBUpYCHOE porpaMMHoe obecrieuenne Kaspersky Security.

11. OMUCAHUE MATEPUAJIbHO-TEXHUYECKOM BA3bI, HEOEXOJIUMOM
JJIs1 OCYIMECTBJIEHUSA OBPA3OBATEJIBHOT'O ITPOLHECCA IO AMCIUIIVIMHE

Buo Haumenosanue Ilepeuensy ocrnognozo Ao JIP
3aHAMUSA ayoumopuu 060opyoosanus B
1 2 3 4

JIk Jucnnennsle Kinaccsl Ilepconanbuble -
KOMIIBIOTEPBI

JIP Jucnneinple Knaccsl ITepconasibHbIE JIP 1-5
KOMIIBIOTEPBI

CP 431, 433

33


http://irbis.brstu.ru/CGI/irbis64r_13/cgiirbis_64.exe?LNG=&Z21ID=&I21DBN=BOOK&P21DBN=BOOK&S21STN=1&S21REF=1&S21FMT=fullwebr&C21COM=S&S21CNR=10&S21P01=0&S21P02=1&S21P03=A=&S21STR=%D0%9A%D0%BE%D0%BD%D0%BE%D0%B2%D0%B0%D0%BB%D0%BE%D0%B2,%20%D0%91.%20%D0%98.
http://irbis.brstu.ru/CGI/irbis64r_15/cgiirbis_64.exe?LNG=&Z21ID=&I21DBN=BOOK&P21DBN=BOOK&S21STN=1&S21REF=3&S21FMT=fullwebr&C21COM=S&S21CNR=10&S21P01=0&S21P02=1&S21P03=A=&S21STR=%D0%93%D1%80%D0%B8%D0%B3%D0%BE%D1%80%D1%8C%D0%B5%D0%B2%D0%B0%2C%20%D0%A2%2E%20%D0%90%2E

IMpunoxenne 1

®OHJ OHEHOYHBIX CPEACTB JJ151 TIPOBEJIEHUSI
IMNPOME/XKYTOYHOU ATTECTAIIUHU OBYUAIOIIUXCHA IO JUCIHUIIJIIMHE

1. Onucanue ¢poHJa OLIEHOYHBIX CPEACTB (IACHOPT)

No
KOMIIETEeH JneMenT Paznen Tema 20C
wHn KOMIIETCHIIUH
OIIK-5 CIIOCOOHOCTH 1.06bexTHI 1.1. O0bext ympaBneHus. | Borpocsl k
pemaThb YIpaBIECHUS B | YIOpaBIsAOIIEE  yCTPOMCTBO. | 3a4€Ty
CTaHAAapTHBIC 3a7ayMl | JECHOU VYrpasnsemble, YNpaBisIOIIUe
po¢eCCUOHANBHONW | MPOMBIIUICHHOCTH | BEJIMYMHBI.
NEeATEILHOCTH Ha 1.2 Bosmymatomue
OCHOBE BO3JICUCTBHSI. ITpumepsl
WH(OPMAIMOHHON W 00BEKTOB yIIpaBICHUS.
oubnmorpaduyeckoit | 2.Kmaccupukamus | 2.1 Cucremsl
KYJIBTYPBI c | cuctem ABTOMAaTHYECKOTO
MPUMEHEHUEM aBTOMaTHYECKOTO ynpasieHus.  PasomkHyThIE,
nH(GOPMAITMOHHO- ynpasnerus (CAY) | 3aMKHYTEHIE,
KOMMYHHKAIMOHHBIX KOMOWHHPOBAaHHBIE CHCTEMBI.
TEXHOJOTHH HU C 2.2.CucteMbl  CTaOMIH3ALINH,
Y4E€TOM  OCHOBHBIX IPOTrpaMMHBIE, clleAsIme
TpeOoBaHUit CUCTEMBI. AJanTUBHEIE
WHPOPMALTUOHHON 3.MaremaTtndeckoe | CUCTEMBI.
Oe3omacHOCTH oIHCaHue CAY. | 3.1 MeTtomst penreHus
Ananms g hepeHnnanbHBIX
I1K-9 YMEHHUE NPUMEHATH | YCTOMYHUBOCTHU ypaBHenuit. [lpeoOpazoBanue
meroasl  KoHTpons | CAY Jlamnaca. [TepenaTounsie
KayecTBa M3ACIMH U GbyHKIUH.
00BeKTOB B cdepe 3.2. TumoBble 3BEHbs, HX
npoecCUoHaIbHOMN nepeaToYHbIe GyHKIMH,
NeSITeNbHOCTH, 4.CTpyKTypHBIE 3.3.YcToiunBocTh CHCTEM
MPOBOJUTH  AHAIU3 | CXEMBbI CHCTEM | aBTOMAaTHKH.
MPUYUH HapylIEHUI | aBTOMaTHYECKOro 4.1 CrpykrypHas cxema CAY.
TEXHOJIOTMYECKHX yIpaBlICHUS ONeMeHTbI CTPYKTYPHBIX
MPOLIECCOB u CXEM.
pa3pabaTtbiBaTh 4.2 TlpaBuia mpeoOpa3oBaHUS
MEPOTIPHSTUS TI0 HX CTPYKTYPHBIX CXeM
MPenyNpexRICHUIO [Ipumepsl CTPYKTYPHBIX CXEM
cucTeM aBTOMATHYECKOTO
YIPABJICHHUS B JIECHOH
MPOMBIIIIEHHOCTH

2. Bonpocsl K 3aueTy

Ne KoMmnerenuuu BOIIPOCHI K 3AYETY Ne 1 HamMeHOBaHue
n/n | Kox Omnpenenenue pasaena
1 2 3 4 5
OIIK-5 criocoOHOCTh pemath | 1.1.  O6bexT yIIpaBIICHHS. 1.00bBeKThI
CTaHJApTHRIE 3aJa4u | 1.2, Vnpapisioliee yCTPOMCTBO. YHOPaBJICHHU B
pOheCCHOHAIBHOM 1.3.  Vupasusewmsie, yrpagsonge | IECHOH
ACATEILHOCTH Ha BENTMYMHBIL. Bo3My1aromue Bo3aeicTBHS. IPOMBIIICHHOCTH
1 OCHOBC 5 1.4.  TIpumepsl OOGBEKTOB yIIPABIECHHUS.
MHOPMAITHOHHOM 21 Cucremsl aBTOMATHYECKOTO
oubrorpaduyeckoi yTIPaBIICHUS. 2.Knaccudurariys
KYJIbTYPbI €| 22  PasomkuyThle, 3aMKHYTEIE, | CACTEM
MPUMEHCHUEM KOMGHHHPOBAHHBIE CHCTEMBI. aBTOMATHYECKOTO
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nH(pOpPMAITHOHHO- 2.3 Cucremsl CcTa0WIHM3aIiy, | YIIpaBICHUI

KOMMYHHKAIIUOHHBIX | MPOTPaMMHBIE, CIAEISAIINE CUCTEMBI. (CAY)

TEeXHONOTMH W ¢ | 2.4 AJanTHBHBIC CUCTEMBI.

y4eTOM ocHOBHBIX | 3.1 MeToms! pemenns nuddepeHnnaTbLHbIX 3.MaTtemMaTu4ecKo

TpeboBaHUit ypaBHEHU. e ormucanue CAY.

WHPOPMALTUOHHON 3.2.IlpeobpazoBanue Jlamnnaca. AHanus

Oe3omacHOCTH 3.3.Ilepemarounsie HyHKITHH. YCTOHYHBOCTH

3.4.TumnoBsle 3BeHbS, UX NIEpeAaTOUYHbIE CAY
[1K-9 yMEHUE NPUMEHATH | QPYyHKIHH.

METOJIbI KOHTPOJIA | 3.5.Y CTOMYNBOCTH CHCTEM aBTOMATHKH.

KadecTBa m3menwii U | 3.6.Kpurepnuu yctodumBOCTH

00bekTOB B cdepe | 3.7. YcroituuBble, HEYCTOHYMBEIC, HA TPAHULE

PO eCCHOHATTEHOM YCTOMYHMBOCTU CUCTEMBI aBTOMATUYECKOTO

JeSITEeNbHOCTH, YIpaBJICHUSL.

IIPOBOJUTH anamm3 | 4.1.Ctpykrypnas cxema CAY. 4.CTpyKTypHBIE

OpUYMH  HapymeHud | 4.2. DIeMEeHTBl CTPYKTYPHBIX CXEM. CXEMBI CHCTEM

TEXHOJIOTMYECKUX 4.3. IIpumepsl CTPYKTYPHBIX CXEM CUCTEM ABTOMAaTHUYECKOTO

MPOIIECCOB W | aBTOMAaTHYECKOTO YIPAaBJICHUS B JECHOU yIpaBJICHUS

pa3pabaTsiBaTh MIPOMBINIICHHOCTH

meporpusituss o ux | 4.4.1IpeobGpazoBaHue CTPYKTYPHBIX CXEM.

OpeayNpeXICHUIO 4.5. IlpaBuna mpeodpa3zoBaHus CTPYKTYPHBIX

CXeM
3. Onucanue noka3zarejeil U KPpUTEPUEB OIEHUBAHUS KOMIIETEHIIUH
IlokazaTenu Ouenka Kpurepun
3Harth 3aYTEHO OueHKa «3auTe€HO» BBICTABIIAETCS B
OIIK-5: clyudae, ecnu CTY/IEHT
OCHOBBI MH(POPMALMOHHOM u JIEMOHCTPHPYET:
?E?Jgflorp auIeCKoR KyIETypEHL, —  BCECTOPOHHEE CHCTEMAaTHUEeCKOE
e 3HAHHE HPOrPaMMHOTO

- JTambl aHalM3a CUCTEM aBTOMAaTHYECKOI'o )
YIIpaBJICHUS, Marepuaia,
- KiIaccH(HUKAIMIO CHCTEM aBTOMATHUYECKOTO — TIPaBUJIBHOC BBIIIOJIHCHUC
YIPaBJICHMUS; J'Ia60paTOpHI)IX pa60T,
- TNPUHLUUIBL MaTeMaTH4ecKOro  ONHCAHUS HAIpaBJICHHBIX Ha IIPUMEHEHHE
CHCTEM aBTOMATHUYECKOTO YIPABJICHUS; MPOTPaMMHOTO MAaTEPHAIIA;
- MCTOJAbI KOHTPOJISI KadeCTBa I/I3I[6J'IHI>1 u — HpaBI/IHBHOC HpI/IMeHeHI/Ie
o0vekTOB B cdepe  mpodeccnoHaIHHON OCHOBHEIX OO EHHUIH
ACITCILHOCTH, IPOrPaMMHOTO MaTEPUAIA.
2)71“‘4[‘}2]%; He3auTeHo | OIeHKa «HE3aYTEHO) BHICTABIISCTCS B
- pelarhb CTaHJapTHBIE 3a7a4u ClyHage, eciu CTyACHT
npo¢eCCHOHANBLHON JIESITETBHOCTH Ha OCHOBE ACMOHCTPHUPYET.
uHpopmManmoHHoOi M OuOnmorpaduyeckoin —  CYIICCTBCHHBIC MPOOCITBI B 3HAHUH
KYJIBTYPBI; IPOTrPaMMHOI0 MaTeEPHAIa;
TIK-9: — TPUHIUIIAATBHBIE OITUOKU TTPH

- aHAJM3HUPOBATH PE3YJLTATHl TEOPETHYECKUX U
OKCIIEPUMEHTAIILHBIX HCCIIEJIOBAaHUH OOBEKTOB
YIPaBJICHHS B JICCHON MPOMBIIIJICHHOCTH

- KiaccupuImpoBaTh CHCTEMBI
aBTOMAaTUYECKOTO yIPABJICHUS;

- TpPOBOJUTH AaHAIW3 TMPUYMH HAPYIICHUN
TEXHOJIOTHUYECKUX IMPOIIECCOB U pa3padaThiBaTh
MEPOIPUATHUS TI0 UX MPEITYTPEKICHUIO

Baanerb

OIIK-5:

- HaBBIKAMH pEIICHWs CTaHJAPTHBIX 33134

HpO(l)eCCHOHaHBHOfI JACATCIBHOCTH Ha OCHOBC

BBITIOJTHEHUH JTA0OPATOPHBIX
paboT, HaMpaBJICHHBIX HA
MPUMEHEHHUE MPOTPAMMHOTO
Marepuaa,

— HEBO3MO>XXHOCTh TPUMEHEHUS
OCHOBHBIX ITOJI0KEHUH
MIPOrpPaMMHOI0 MaTepuaa.
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UHGOPMAIMOHHOW M OuOIHorpaduyecKon

KYJIbTYPBL.

TIK-9:

-MCTOAaMU aHAJIN3a CUCTEM,

-METOoAaMU MATEMATHUUYCCKOT' O OIIhUCaHuA
CHUCTEM;

- METOJaMH KOHTPOJISI KauecTBa H3ICIHH U
00BeKTOB B cdepe  mpodeccHoHaIbHON
JICSTSIILHOCTH.

4., MeToauyeckue MaTepHajbl, ONpeae/A0N[de NMPoleaypbl OlleHHBAHHUS 3HAHUI,
YMEHWIi, HABbIKOB M OMBITA 1eATEIbLHOCTH

JuciuminHa VYnopasieHue B TEXHMUYECKHMX CHCTEMax HalpaBjieHa Ha HM3y4YE€HUE METOJ0B
KOHTpOJIs,, 00paOOTKM, aHalu3a CHCTEM AaBTOMAaTMYECKOI'O YIPaBIEHUS  TEXHOJIOTMYECKHUX
npoIieccoB B cepe NpodecCnoHaIbHON NeSTeTbHOCTH.

W3y4yeHne qUCHMILINHEI IPE1yCMaTPUBAET:

— JIeKLHUH,

— nabopaTtopHbIe pabOTHI,

— CaMOCTOSTENbHYIO PaloTy,

— 3a4er

B xozne ocBoenus pasaena | «OObEKTHI ynpaBieHUsI B JIECHOM NPOMBIIUICHHOCTH» CTYIEHTBI
JIOJKHBl HAy4YUThCS HPUMEHSTh METOAbl KOHTPOJISI KadecTBa M3AeIuil U OOBEKTOB B cdepe
npopeCcCHOHATBHON  ESTEIbHOCTH, HNPOBOAUTH  WAECHTHU(PUKALNMIO OOBEKTOB  YIPABICHMS,
AHAIU3UPOBATH PETYIUPYEMbIE, PErYIUPYIOLINE, BOZMYIIAIOIINE BO3ACHCTBUS.

B xone ocBoenus pasnena 2 «Kmaccudukamnus cucrem aBromatudeckoro ympasienus (CAY)»
CTYIEHTBl JOJDKHBI IPOBOAMTH KJIACCU(UKALMIO CHUCTEM aBTOMATHYECKOIO  YIpPaBICHUS
TE€XHOJIOTMYECKHX IIPOLIECCOB B JIECHON OTpaciIu.

B xone ocBoenus pasznena 3 «Marematuueckoe onucanue CAY. Ananus ycToHuuBoCTH
CAY » cTyneHTBI JOKHBI YMETh COCTaBJISTh MATEMAaTHYECKOE ONIMCAHUE CUCTEM aBTOMATHYECKOIO
yIpaBieHUs MapaMeTpaMy B JJECHOM IPOU3BOJICTBE, YMETh aHAIU3UPOBATh YCTONUNBOCTh IaHHBIX
CHCTEM pa3IMYHBIMHU CIIOCOOAMHU.

B xone ocBoenus pasznena 4 «CTpyKTypHBIE CXEMBI CUCTEM aBTOMATHYECKOIO YIIPABICHUS»
CTYJEHTBI JOJKHBI 3HATh CIIOCOOBI COETMHEHNUS AIEMEHTOB aBTOMAaTUKU B CTPYKTYPHBIX CXEMax,
YMETb COCTABJIATH CXEMBbI aBTOMATU3ALMH JUISl Pa3JIMYHBIX TEXHOJIOTMYECKHUX MPOLIECCOB.

B mnpomecce mnpoBeneHust 1a0OpaTOPHBIX pabOT MPOUCXOJUT 3aKPEIUICHHE 3HaHUM,
dopMHpoBaHHE YMEHMM M HABBIKOB peaju3allud MPEACTABICHHUS O Pa3IMYHBIX CHCTEMax
ABTOMATUYECKOTO YIPABJICHUS, UX UIACHTU(PUKAINY, aHAIN3a JaHHBIX CUCTEM Ha YCTOMYUBOCTb.

PaGota c¢ nuTepaTypoil sBIseTCs BaKHEHIIMM 3JI€MEHTOM B MOJYyYEHMM 3HAHMU 110
muciuminbe. [Ipexae Bcero, HEOOXOAMMO BOCIIONIB30BAThCSA CIIMCKOM PEKOMEHIYyEeMOil 1Mo JaHHON
JUCLUIUINHE JUTEpaTypol. JlOMOJIHUTENbHBIE CBEACHHS MO M3y4aeMbIM T€MaM MO>KHO HaWTH B
epuoIndecKo rneuatu u MarepHere.
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Ipunoxenne 2

AHHOTAIUA
paboueii nporpaMMsbl TUCIHUANIMHBI

anaB.JIeHne B TEXHUYCCKHX CHCTEMaX

1. Less u 3212494 IMCHUTLIMHBI

Lenpro n3ydeHus TUCIUILINHBI SIBISETCS: (OPMHUPOBAaHUE Y 00yUAIOIIUXCs 3HAHUHM, YMEHUI
U HaBBIKOB HEOOXOIMMBIX JUIS BBHIOJHEHUS aHAINW3a CHCTEM AaBTOMAaTHYECKOTO YIPaBICHHUS
TEXHOJOTUYECKUMH IPOLIECCAMU

3amayeld M3ydeHUS IUCLUIUIMHBI SIBISETCS. HM3YYEHHE METOJIOB KOHTPOIIs, 00paboTKw,
aHaJM3a CHCTEM aBTOMAaTHUYECKOTO YIPABJIEHHS  TEXHOJIOTHYECKHX IPOIEecCOB B cdepe
po(hecCUOHATIBHON e TENbHOCTH.

2. CTpyKTYpa IMCUUTINHBI
2.1 O6mas Tpya0eMKOCTb AUCUUIUTMHBI cocTaBisier 108 wacoB, 3 3aueTHBIX €AMHUIBL

2.2 OCHOBHBIE pa3/ieiibl TUCIUIUIUHBIL:

1. OOBEKTHI YIpaBJICHHUS B JIECHOW TPOMBIIICHHOCTH

2 Knaccuduxkamms cucrem apromarrdeckoro ynpasieHus (CAY)
3. Martemartndeckoe onucanue CAY. Ananus ycroitunBoctu CAY
4 CTpyKTYypHBIE CXEMBI CHCTEM aBTOMaTHYECKOT'O YIPABJICHHS

3. Ilnanupyemble pe3ybTaThbl 00y4eHHUs! (epeyeHb KOMIIeTeHIM)

ITponiecc n3yueHust IUCUMIUIMHBI HallpaBjeH Ha ((OpMUPOBaHHE CIIEAYIOUINX KOMIIETEHIIHA:

OIIK-5 - cnocoOHOCTH peliaTh CTaHJAPTHBIE 3a/1a4M POPECCUOHANBHOMN J1eATENbHOCTH Ha
OCHOBE MH(OPMALMOHHOW M OMOIMOrpapuueckol KylbTypbl ¢ IPUMEHEHHEM HH(OPMAalMOHHO-
KOMMYHHUKAIIMOHHBIX TEXHOJOTHMA M C YYETOM OCHOBHBIX TpeOOBaHUI WH(HOPMAIIMOHHOM
0€30MacHOCTH,

I1K-9 - ymeHHe NpUMEHSTh METOJbl KOHTPOJS KadecTBa M3JENUH U OOBEKTOB B cdepe
npoeCcCHOHATIBHON JIeSTeTbHOCTH, MPOBOJUTH aHAIU3 NPUYMH HAPYIIEHUH TEXHOJIOTHYECKUX
IPOIIECCOB U Pa3pabaThIBATh MEPONPHUATHS IO UX MPEIYIPEKICHUIO.

4. Bua npomMeskyTOYHOM aTTecTalluM: 3a4eT.
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IMpunoxenne 3

IIpomoxon 0 0ononneHuAX u usMeHeHUAX 6 padoueil npozpamme
na 20 __ -20 YueoHwlit 200

1. B paGouyto nporpammy o IUCHUIUIMHE BHOCSATCS CIEAYIOUINE TOTOTHEHHUS:

2. B pabGouyto nmporpaMmy 1o AUCUUIIIMHE BHOCSATCS CIEAYIOIUE U3MEHEHUS:

[Tporoxon 3aceqanust kageapnl Ne OT «__ » 20 r.,
(paspabomyux)

3aBenyromnuii kageapoit

(noonucs) (®.1.0.)
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[IporpamMa cocTaBieHa B  COOTBETCTBUM C  (peAepajibHBIM  TOCYIapCTBEHHBIM
00pa3oBaTeNbHBIM CTaHIAPTOM BBICHIET0 OOpa30BaHUS MO HampaBlIeHUIO MoAroToBku 15.03.02

TexHomornueckue MamuHbl 1 000pynoBanue ot «20» okTsopst 2015 . Ne 1170

s Hadopa 2015 roaa: u yue6usiM manoM @I'BOY BO «bpl'Y» nist ounoit popmbl 00ydeHus: ot

«03» mromst 2018 . Ne 413;

s Hadopa 2016 roaa: u yue6usM ianoM @I'BOY BO «bpl'V» anst ounoit popmbl 00ydeHus ot

«03» mromst 2018 1. Ne 413;

s Hadopa 2017 roaa: u yue6usM ianoM @I'BOY BO «bpl'V» ans ounoit popmbl 00ydeHUs OT

«03» mromst 2018 1. Ne 413;

s Hadopa 2018 roaa: u yue6usM mianoM @I'BOY BO «bpl'V» anst ounoit popmbl 00ydeHus OT

«03» urois 2018 . Ne 413.

IIporpammy cocTtaBmI:
IInorauxoB Huxkoiaii IlaBmoBruy, HOIEHT, K.T.H.

Pabouas nporpamma paccMoTpeHa U yTBEpKAeHa Ha 3aceqaHuu kapeapsl BullJIP
oT « 25 » nekabps 2018 r., mpotokos Ne 8.

3aBenytromnuii kageapoit BullJIP HBanos B.A.
COT'JIACOBAHO:

3aBeyromuil BeIMycKaroen kadeapon NBanos B.A.
Jupexkrop O6ubIMoTEKH Cotnuk T.D.

Pabouas nporpamMmMa 07100peHa METOTUIECKON KOMUCCHEH JIECOTPOMBIIIIICHHOTO (haKyIbTeTa
ot « 27 » nmexabpst 2018 r., mporokoi Ne 4.

[Ipencenarens MeToMUECKOi KOMUCCHH (DaKyIbTETA Ceipomaxa C.M.
HavanpHuk
y4eOHO-METOIUUYECKOr0 YIpaBICHUs Hexesen I'.I1.

Peructpanmonssiii Ne

(memoouueckuti omoen)
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