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JIucr akTyanusanuu padoueii nporpaMmbl

Pabouas mporpamma nepecMoTpeHa, 0ocyxaeHa u ogodpena st peanmsanuu B 2022 - 2023
y4eOHOM roy Ha 3aceqanuu Kadeapsl [IpoeKTHpOBaHUS M SKCIUTyaTallMU METAJLTY PrUYECKUX

[IpoTrokonm oT 20 1. Ne

3aB. kadenpoii AlT. EopquOB

Pabouas nmporpamma nepecMoTpeHa, 0ocyxaeHa u ogodpena st peanusanuu B 2023 - 2024
y4eOHOM roy Ha 3aceqanuu kadeapsl [IpoeKTHpOBaHUS U IKCILTyaTAIllMd METaLTyprHYSCKIX

IIporokomor 20 1. Ne

3aB. kadeapoii AlT. ﬁ)p‘IYHOB

Pabouas mporpamMmma repecMoTpeHa, 00CyKaeHa 1 0100peHa s peanuzaruu B 2024 - 2025
y4eOHOM rojly Ha 3aceqaHuu Kadeapsl [IpoeKTHpOBaHUS M IKCILTyaTallud METALTYPTHUECKUX

[Iporokom ot 20 1. Ne

3aB. kadeapoii A.T". KopuyHoB

Pabouas mporpamMmma repecMoTpeHa, 00CyKaeHa u 0100peHa s peanuzanuu B 2025 - 2026
y4eOHOM roly Ha 3aceaHuu Kadeapsl [IpoeKTHpOBaHUS M IKCILTyaTallud METALTYPTHUECKUX

[Iporokom ot 20 . Ne

3aB. kadeapoii A.T'. KopuyHoB

Pabouas mporpamma nepecMoTpeHa, 00cykaeHa u ogoopena st peamsanuu B 2026 - 2027
y4ueOHOM rofy Ha 3acefqaHuu kadeapsl [IpoekTHpoBaHUS U SKCILTyaTalluyd METAILTYPTHUECKUX

IIporokomor 20 1. Ne

3aB. kadeapoit AT. fopquOB




1 Iles1u ocBOEHUSI T CHMUTLTHHBI (MOLYJI51)

[{enstMu OCBOCHUS TUCIUTUTHHBI SIBIISTFOTCS:

- IpUOOpeTEeHNE HABLIKOB B MPOSKTUPOBAHUU U MPAKTUYECKOM UCIOJIH30BAaHUS CPE/ICTB
U CHCTEM aBTOMATHYECKOTO pETyJIHPOBAHUS TPOIECCOB TEXHOJOTHMYECKUX MAIIUH W
00opyIoBaHUs.

- OBJIQJICHUE JOCTATOYHBIM YPOBHEM MPO(ecCHOHATBLHBIX KOMIIETEHINI B COOTBETCTBHH
¢ tpeboBanussmu PI'OC BO mno nanpasinenuto 15.03.02 TexHojormyeckue MalluHbBl H
0o0opy10BaHUE.

JUis MOCTHKEHHUs TOCTaBICHHON Lenu B JuciuruiiHe «CHucTeMbl aBTOMAaTHYECKOTO
PETyJIMPOBAHMSI TPOIECCOBY PEIIAIOTCS CIICAYIOIINE 3a0a4u:

-U3y4YUTh YCTPOICTBO M MPUHLIUIT paOOTHI JATYMKOB TEXHOJIOTMUYECKHUX [1apaMeTPOB;

-M3y4UTh OOIIME TOHATHS 00 SJIEMEHTaX CUCTEM aBTOMATUYECKOTO pPEryJINpPOBAHUS
(CAP), xapakTepucCTHKHU 3JIEMEHTapHBIX 3BEHbEB, MEepelaTOuHble (DYHKIMU, CXEMbI BKJIIOUEHUS
3BCHBCB;

-IIOHUMATh IPUHIIUITBI ABTOMATHYECKOTO PETYIMPOBAHUS U 3aKOHOB PETyJIUPOBAHUS;

-OCBOUTH HABBIKW YTCHHS CTPYKTYPHBIX B (DYHKITHOHATBHBIX CXeM JIOKaTbHBIX CAP.

2 MecTo quCcHMIJIMHBI (MO1YJIsI) B CTPYKTYpe 00pa3oBaTeIbHOI POrpaMMbl

Jucuunmuaa CuctemMbl aBTOMAaTHYECKOTO PETyJIMpPOBAHMS IPOLIECCOB BXOIUT B
BapHaTUBHYIO YacTh y4eOHOro I1aHa 00pa3oBaTeIbHON IPOrpaMMBbl.

JUia  u3ydeHus  AMCUMIUIMHBL  HEOOXOAMMBI  3HaHUS  (YyMEHMs,  BJaJ€HUs),
c(OpMHUPOBAHHBIE B PE3YJIbTATE U3YyUEHHS AUCLUIUIUH/ IPAKTUK:

Maremaruka

dusuka

MexaHuka KUAKOCTH U raza

DNEeKTPOTEXHUKA U SJIEKTPOHHUKA

WNudopmaruka

3HaHus (YMEeHUs, BlaJIeHUs), MOJIYUYEHHbIE MIPU MU3yUYEHUU JAaHHOM JUCLMILINHBI OyIyT
HEOOXOIUMBI JUTSl U3yUSHUS IUCIUIUTNH/TIPAKTHK:

ITonroroBka k cade u cjadya rocyJapCTBEHHOTO SK3aMEHa

I'unponpuBo ¥ TUIPO-, THEBMOABTOMATHKA METAJUTypPTrUYE€CKOr0 IPOU3BOACTBA

3 Komnerenuun odyuaromierocs, popMupyemMbie B pe3yJibTaTe 0CBOEHUS

AUCHUILUIMHBI (MOAYJI5) ¥ IJIAHUPYEMBbIe Pe3y1bTAThl 00y4eHHU s

B pesynbrare ocBoeHHMs JIUCHUIUIMHBL (Momyisi)) «CHCTeMbl aBTOMAaTHYECKOTO
pEryJIMpOBaHUs MPOLIECCOB)» 00yUaIOIIUNCS JODKEH 001a/1aTh CIEAYOIIMMU KOMIIETEHIUAMU:

CTpyKTYypHBII [Inanupyemble pe3ybTaThl 00yueHus
JJIEMEHT
KOMIIETCHIINHT

[TK-15 ymeHnuemM BbIOMpaTh OCHOBHBIE U BCIIOMOTaTeIbHbIE MaTepUabl, CIIOCOObI pealln3aluu
TEXHOJIOTMYECKUX IPOLECCOB, IPUMEHSTH IIPOrPECCUBHBIE METObI SKCILTyaTalluU
TEXHOJOTMYECKOro 000pyA0BaHUS MTPU U3TOTOBIEHUU TEXHOJOTHYECKUX MAIINH




3HaTh

— METOOJOTUYECKIE OCHOBBI ()yHKITMOHUPOBAHHSI, MOJICTTUPOBAHUS U
CHUHTE3a CUCTEM aBTOMaTH4eckoro perynupoBanus (CAP);

— ycTpoiicTBo 1 npuHImn padots CAP;

— TUTIOBBIC MAKETHI MPUKIIATHBIX MPOTPAMM aHaIu3a THHAMHYECKHX
CHCTEM;,

— ocHOBHBIE MeTobI aHau3a CAP Bo BpeMEHHOH M 4acTOTHOM 00J1acTsX.

Ywmerp — pacCcUUTHIBaTh OJJHOKOHTYPHBIE U MHOTOKOHTYpHbIe CAP nmpumeHuTenbHO
K KOHKPETHOMY T€XHOJIOTUYECKOMY OOBEKTY;
— mnpoBoauth ananu3 CAP;
- IPOBOAUTH OLICHKY IMHAMUYECKUX XapakTepucTuk CAP.

Bnaners — HaBbIKaMH aHanu3a ycronunBoctd CAP, HacTpoiiku perymistopa;

— HaBbIKaMH ITOCTPOCHUA CUCTCM dBTOMATHYCCKOI'O PETYJINPOBAHUA;
— HaBbIKaMHM aHaJIN3a TEXHOJOTIMYCCKUX IMMPOLCCCOB KaK 00BeKTa
YHOpaBJICHUA U BLI60pa Q)YHKHHOHaHLHBIX CXEM HMX aBTOMAaTHU3alluu.

ITK-13 ymeHueM npoBepsATh TEXHUYECKOE COCTOSIHUE U OCTATOYHBINA PECYPC TEXHOIOIMUECKOTO
000py10BaHUs, OPraHU30BbIBATh NPOMMIAKTUYECKUNA OCMOTP U TEKYLIHH PEMOHT
TEXHOJIOTMYECKHUX MAIllMH U 000py10BaHUS

3HaTh

IPUHIUIBI PAaOOTHI, TEXHUYECKHE XaPAaKTEPUCTUKU, KOHCTPYKTUBHBIE
0Cc00EHHOCTH pa3padaThIBaeMbIX U HCITOJIB3YEMbBIX TEXHUUYECKUX CPEICTB
aBTOMATH3ALNH;

METOAOJIOTHYECKHE OCHOBBI ()YHKIIMOHUPOBAHUS, MOJICTTUPOBAHUS
CHHTE3a CHCTeM aBTomMaTtuyeckoro perynuposanus (CAP);

MIPUHLIMIIBI TOCTPOEHUS! CUCTEM PETYJIMPOBAHUS TEXHOJIOTMYECKUX MAIIKH.

VYmMmern

BBITIOJTHATH Pa0OTHI 10 MH()OPMAITMOHHOMY OOCITYKMBAHHUIO, YITPABICHUIO
Y TEXHUYECKOMY KOHTPOIIIO B MAIlIMHOCTPOEHUH,

npoBoauth ananus CAP,;

OLICHUBATh CTATUCTUYECKUE U TUHAMUUYECKHe XxapakTepuctuku CAP;
BBITIOJTHATH aHaM3 ycronuuBoctd CAP, cunHTe3 perynsropa.

Braners

HaBbIKaMu aHanu3a ycroiuuBoctu CAP;

HAaBbIKAMU HaCTPOMKH PETYJISATOPOB;

HaBbIKaMU aHalIn3a (PyHKIIMOHAIBHBIX CXEM aBTOMAaTH3aLuU
TEXHOJIOTHYECKOT0 000py10BaHMUA.




4. CTpyKTypa, 00bEM U cOiepKaHNe TUCUMTLTHHBI (MOIYJIs1)
OO1mast TPyJA0EMKOCTh JAMCUUIUIMHBI COCTABJISACT 2 3a4YCTHBIX CIUHUI] /2 aKaj. 4acoB, B TOM
qHUCIIe:
— KOHTaKTHas pabora — 6,4 akaj1. 4acosB:
— ay/IMTOpHAs — 6 aKaJi. 4acoB;
— paeayautopras — 0,4 akaj. 4acoB
— camocTosiTenpHas padbota — 61,7 akaz. 4acos;

— IMOATOTOBKA K 3a4éty — 3,9 akaj. yaca
dopma aTTecTaIiK - 3a4€T

AynutopHast 3 e
KOHTaKTHas paboTa E = dopma TeKyIero
=
B aKaJl. 4acax 5} Bung KOHTPOJIS
Paznen/ tema 2 (B axan. yacax) = . P Kon
> 3 ©| caMOCTOSITENBHOH | yCleBaeMOCTH U
JUCLUTUTAHBI = = . | xomnereHuu
Q & paboThI TIPOMEKYTOUHON
nab. |mpaxr. | € &
Tlex. . 128 aTTecTaluu
3aH. 3aH. | O &
1.
1.1 OcHOBHBIE TOHATHS,
OTIpeaeIeHHs u
XapaKTePUCTUKH  CUCTEM
ABTOMAaTHIECKOTO
eryJIMPOBaHUS
peryJmp CamocTosTenbHOe
mporeccoB.  O6oOmeHHast o .
n3ydeHue yueOHoi| Y CTHBIN onpoc
cXeMa  aBTOMAaTHYECKOTo
IV ITHDOBAHIS Y Hay4YHO (cobecenoBanue),
peryJmp ) 0,5 10 JIUTEPATYPHI, MpoBepKa TIK-13, TIK-15
ONeMEeHTBl  CTPYKTYPHBIX .
s BBITTOJTHEHUE KOHTPOJIbHOI
cxem IlpuHnmm peicTBus o
KOHTPOJIBHON paboThI
CHUCTEM aBTOMAaTHYECKOTO
paboThI
perymupoBanus (CAP).
TexHnyeckue cpencrsa
CAP u ux xnaccuduxanus
o (YHKIIMOHATEHOMY 4
Ha3HAYCHHIO.
CamocTrosTenpHoe
1.2 JlaTyuKH KOHTPOJIS H o
u3ydeHue yueOHon
peryJIMpoBaHus:
1 HAY9IHO
orpezeneHne u
JIUTEPATYPHI,
KIaccu(UKanus JaTINKOB; .
ITounck VYeTHBI onpoc
JATYMKH MePEeMEIICHHS; N
JATHKH  CKOPOCTH W JIOTIONTHUTENBHOU | (cobecenoBaHnue),
CKODCHILA: P 1 10 | uadopmanmnu mo Cnava TIK-13, TIK-15
yeKop ’ 3aJlaHHON TemMe naboparopHon
JATINKA CHJIOBOTO
. MOJTrOTOBKA K paboTHl,
BO3IICHCTBHS;
JATYUKH TEMIIEPaTyphbl; nabopatopHomy
PaTypHI; 3aastuto. Pabora ¢
JATYAKA pacxona u
OBHS AJIEKTPOHHBIMHU
yp ’ OoubroTexaMu




CamocrosTensHoe
n3yudeHue yuyeOHOH

1 HAY9IHO
1.3 VpaBHEHHUsS CTaTHKH. N
JIUTEPATyPBHI, YcTHbIi onpoc
YpaBHeHue JIMHAMUKH,
CTATHYCCKIE , IMouck (cobGecenoBanue),
0,5 | 1/0,61 10 | mOmONHHATENLHOM Craua TIK-13, TIK-15
JIMHAMUAYECKHE N
UHPOPMALIUH T10 nabopatopHon
XapaKTePUCTUKU CAP. o
3aJJaHHOW TeMe paboThI
THIOBBIC 3BCHBSI.
MOJIrOTOBKA K
nabopaTopHOMY
3aHSITHIO
CamocrosTensHoe
u3yueHHue yueOHOMH
14 Kpurepuu U Hay4qHO .
CTOHYHMBOCTH P mTe ZT bl YCTHbIi Onpoc
315101<a3aTeJ11/1 . KavecTBa HOZ[FETOI};II()a I’< (cobecenosarme),
' 05 | /11 10 Crnaga MK-13, IIK-15
Busr PeryIsTOpOB. 1ab0paTOPHOMY .
. nabopaTopHOi
TpuHIuUI JeHCTBHUS 3aHATHIO, AGOThL
PEryIsTOPOB BBITIOJTHEHNE p
KOHTPOJIBHOM
paboThI
CamocrosTensHoe
n3ydyeHune yaeOHon
15 ABTOMaTHYECKOE Y M
U Hay4HO Cnaua
peryJrpoBaHUe IPOLIECCOB N
METATYpIHIECKIX JIATEPaTypHI, TabopaTOpHOI
i 05 10 BBIIIOJIHCHUE pabotsl, mposepka |I1K-13, [IK-15
MallIHH. CucreMsr . -
KOHTPOJIBHOM KOHTPOJBHON
ABTOMaTHIECKOTO
pabotsl, Pabota ¢ paboThI
perynuposanus B MMuO.
AIIEKTPOHHBIMHU
OnbIMoTeKaMu
CaMmocrosTensHoe
n3ydyeHune yaeOHon
U HAYYHO
JATEPaTypHl,
MOATOTOBKA K
nabopaToOpHOMY
Cnaua
1.6 CAP B 3aHATHIO, & N
THIPABIHYECKHAX BBITIOJTHEHHE HabopatopHoii
P 1 11,7 - pa6otsl, mpoBepka |ITK-13, ITK-15
MTHEBMATHYECKUX KOHTPOJIBHOM KOHTDONBHOM
cucremax MMuO pabotsl, Pabota ¢ P
paboTsr
JIIEKTPOHHBIMH
OubmmorexkaMu.
ITouck
JIOTIOJTHUTENIEHOM
UH(OPMAIHH T10
3a/IaHHOU TeMe
HWroro no pazueny 2 |4/1,.61 61,7
2. Utoro 3a cemectp
2.1 3auer Koncynprarmms 3auer TIK-13, TIK-15
Wroro no pazneny
Hroro 3a cemectp 2 |4/1,61 61,7 3a4ET
Hroro no nuciumianHe 2 |4/1.61 61,7 3a4eT I1K-13,I1K-15




5 O06pa3oBaTejibHbIE TEXHOJIOTHH

Jis  peanm3anuu  MPEAYyCMOTPEHHBIX BUIOB y4eOHOM pabOThl B KauecTBE
00pa3oBaTeNbHBIX TEXHOJOTUH B MPENOJAaBaHUM JUCHUILIMHBI TPUMEHSIOTCS  METOJIbI
ayIUTOPHON pabOThl — JIEKIIMOHHOE H3JIOKEHUE MaTepHasia Mo YHPaBJISIOMIUM TEXHUYECKUM
CcHUCTEMaM, OCOOEHHOCTSM HCIOJIb30BAaHUS KOMITBIOTEPHBIX TEXHOJIOTHH IS pelIeHUs 3aj1ad
yIpaBJieHUs, 10 PELICHUIO 3a7a4 yIPaBICHUS CTYJCHTOB HEIOCPEACTBEHHO HAa KOMITbIOTEPHOU
TEXHUKE B paMKax TMPAKTHYCCKUX U JabopaTopHbIX padoT. s mydiiero 3akperuieHus
Marepuaia CTYACHTbl TMOJYy4aroT 3aJaHusl, KOTOPHIC BBIMOJHSIOTCA HA MPOTSKEHUU BCEX
7a00paTOPHBIX paboOT B OTPE3KM BPEMEHH, OTBEACHHBIC IS 3aKpEIUICHUS MaTephalia u
MOJTyYeHHUsI HABBIKOB PAa0OTHI ¢ crcTeMaMu yrpaBieHus. OQOpMIICHHBIE MaTEePHAbl CAAOTCS
CTYJICHTaMH ITPETO0/IaBaTEII0 B KOHIIE H3yYCHHSI JAHHOUW JUCITUTIIIMHBL.

Crioco0bl, mpuMEHsieMbI€ JJI1 JOCTUXKEHUS LEIH:

— OJTHOTHITHOE CTPYKTYPHUPOBAHKE JCKIIMOHHOTO MaTepraja U CaMOCTOSATEIbHBIX PaboT;

— MOCJIEA0BATENILHOE MPOBEICHUE JIA00PATOPHBIX 3aHATUN BCIIE]T 32 JICKITUSMU.

[lepenoBbIe TEXHOIOTUHU, IPUMEHSIEMBIE JIJISI JOCTUKCHHUS 1SN

— Ha JIEKIUSIX HUCIIOJIb3YETCSI KOMIBIOTEP C MPOEKTOPOM JJIsi OTOOpaXEHUs U JIydILEero
OCBOEHUS H3y4aeMOro MaTepuaa, IpueMOoB U METO0B pabOThI C CUCTEMaMH yIPaBICHUSI.

— Ha JJabOPaTOPHBIX 3aHATUSAX M3YYAIOTCS M HCIOb3yeTcs coBpemerHbie CAD u Math-
METOJBl JJI peUIeHHs] 3aJad MPOSKTUPOBAHMSI CHUCTEM PEryJUpPOBaHHS C 33JaHHBIMHU
XapaKTePUCTHKAMHU U JIAIOTCS MPAKTHYECKUE HABBIKU HMCIIOIH30BAHUS KOMITBIOTCPHOW TEXHUKHU
JUTSI UCCIIEZIOBAHUSI UX CBOWCTB

JIeKIIMOHHBIN MaTepuan 3aKperuisieTcss B XoJe JIabOpaTOpHBIX paboT, Ha KOTOPBIX
BBITMIOJHSIOTCSL TPYIIOBbIE WM WHAMBHUAyaJIbHbIE 3aaHus Mo mpoiineHHoit Teme. Ilpu stom
71a00paTOpHbIE 3aHATUS IPOBOAITCS B UHTEPAKTUBHOM (POpPME C HCIIOJIB30BAHUEM CIIETYIOIIMX
METOJIOB MHTEPAKTHUBHOTO O0yUYEHUSI:

— npobiaemMHoe oOydeHHe, KOTOpOe€ 3aKIo4aeTcs B CTUMYJIUPOBAHUU CTYICHTOB K
CaMOCTOSITENLHOM «100bIYe» 3HAHHI, HEOOXOAUMBIX JJIsl pEIICHUS KOHKPETHOM MPOOIIeMBI;

— KOHTEKCTHOE OOyYeHHE, KOTOPOE IMO3BOJSET YCBOUTh MaTepuai MyTeM BBHISBICHUS
CBsI3eH MEX]Iy KOHKPETHBIM 3HAHHEM U €ro IPUMEHEHHEM;

— paboTa B KOMaH/ie, KOTopas IpeyCcMaTprUBAET COBMECTHYIO JESATEIbHOCTh CTY/IEHTOB B
Tpymme mnoj pyKoBOJCTBOM JIMJIEpa, HAIIPABIECHHYIO HA pellleHue oO0Iel 3aaun CHHePTHITHBIM
CIOKEHHEM Ppe3yJbTaTOB HHAMBUAYATbHONH pabOThl WIEHOB KOMaHIbl C JCIICHHEM
OTBETCTBEHHOCTH U MMOJIHOMOYUH;

— MEXIUCIUIUIMHApHOE 00y4YeHHe, KOTOpOe MpeaycMaTpruBaeT MCIOIb30BaHNE 3HAHUN
U3 pa3HBIX 00JacTel, UX TPYNIHPOBKA M KOHIICHTPAIUS B KOHTEKCTE KOHKPETHOW pernraeMoit
3a/1a4m.

— MHJAMBUAYabHOE O0ydeHHe, KOTOPOE MPEeayCMAaTPUBACT BBHICTPAUBAHUE CTYJIEHTAMU
COOCTBEHHBIX 00pa30BaTEeNbHBIX TPACKTOPHI Ha OCHOBE (OPMHUPOBAHUS HHIUBUAYATHHBIX
Y4eOHBIX IJIAHOB M TPOTPaMM € YISTOM HHTEPECOB M IIPEIITOUTECHUH CTYICHTOB.

— Jlns BBIMONHEHUS J1A0OPaTOPHBIX PabOT UCHOIB3YeTCsl Ta00paTOPHBIA MPAKTUKYM,
BUPTYaJIbHBIA CTECH]] CHCTEMBI aBTOMATHYECKOTO YIPABJICHHS TEXHOJOTHUYECKAM TIapaMeTpoM,
MIPU [IPOBEJICHUH TA00PATOPHBIX PabOT pacCMATPUBAIOTCS TECTHI MO pa3zesiaM B HHTEPAKTUBHOM
dbopwme.

Jl7is BBITIOJIHEHUS CAMOCTOSATEIBHBIX 3aJlaHUi CTyJeHTaM HEOOXOIUM MEePCOHATbHBIN
KOMITbIOTEp cO cTanaapTHhIM akeTom Microsoft Office (Word, Excel, Power Point).



6 YueOHO-MeTOANYEeCKOe 00eclieueHHe CaMOCTOSITe/IbHOI padoThI 00y4Yalomuxcst
[Ipencrasneno B npuioxenuu 1.

7 OueHoYHbIE CPeICTBA IJIA IPOBEIeHUs POMEKYTOUHOM aTTecTaluu
[IpencraBieHbl B IPUIOKEHUU 2.

8 YueOHo-MeTOAMYecKOe M MHPOPMAIMOHHOE 00ecnedyeHue JUCIUIITIMHBI (MOTYJIs1)

a) OcHoBHas1 IMTEpPaTypa:

1. Auapees, C. M. MoaenupoBaHie 00bEKTOB U CUCTEM YIIpaBIICHHS © yueOHOe mocooue /
C. M. Auapees ; MI'TVY. - Marautoropck : MI'TY, 2017. - 1 sanektpos. ont. auck (CD-ROM). -
3ari. c TUTYJL. JKpaHa. URL:
https://magtu.informsystema.ru/uploader/fileUpload?name=3337. pdf&show—dcatalogues/1/1138
496/3337.pdf&view=true (mara ooOpamenus: 04.10.2019). - MakpooObekT. - Tekcr
anexkTpoHHbIN. - ISBN 978-5-9967-1028-7. - CBenenus noctymnbl Takke Ha CD-ROM.

2. Anppocenxko, M. B. OcHOBBI yIpaBieHHsS METAJUTyPTHUYeCKUMH MAallUHAMU U
obopymoBanuem : yuebnoe mocodbue / M. B. Aumpocenko, O. A. ®unarosa ; MI'TY. -
Marnutoropck : MI'TY, 2016. - 1 snektpon. onTt. auck (CD-ROM). - 3ari. ¢ tuTy. skpaHa. -
URL:
https://magtu.informsystema.ru/uploader/fileUpload?name=2578.pdf&show=dcatalogues/1/1130
388/2578.pdf&view=true (mara oOpamenus: 04.10.2019). - MakpoodsekT. - Tekcr
AIIEKTPOHHBIN. - CBeneHus noctynubl Takke Ha CD-ROM..

0) JlomostHuTEIbHAS JIATEPATYpA:

1. Auapees, C. M. IIpuHUIHUIIBI TOCTPOEHUSI U OPraHU3ALUU KOMILIEKCOB TEXHMUYECKUX
CPEICTB B CHCTEMax aBTOMAaTH4yecKoro ympasieHus. Kypc nekuuii : yueOHoe nmocodue / C. M.
Amnppees. - Marauroropek : MI'TY, 2013. - 1 aneKTpOH ont. quck (CD-ROM). - 3ari. ¢ TuTysI.
JKpaHa. URL:
https://magtu.informsystema. ru/uploader/flIeUpIoad’>name 920.pdf&show=dcatalogues/1/11189
13/920.pdf&view=true (nara oopamienus: 04.10.2019). - MakpooObeKT. - TEKCT : 37EKTPOHHBIH.
- CBenenus noctynHsl Takke Ha CD-ROM.

2. UBmuH, B. I1. CoBpeMeHHas aBTOMAaTHKa B CHCTEMax YIPABICHUS TEXHOJIOTHYECKUMHU
nporieccamu: Y4e6. moc. / B.I1. UBmin, M.IO. ITepyxun - Mocksa : HUI] Uudpa-M, 2013 - 400
c. + (Mom. mar. znanium.com). - (Bsiciiee 06p.: bakanasp.). ISBN 978-5-16-005162-8. - Tekcr :
anekTpouHbIi. - URL: https://znanium.com/read?id=249470 (nata obpamenus: 02.10.2020). —
PexxuM Jtoctyma: 1mo moJimmcke.

3. Teopus aBTOMaTH4eckoro ynpasienus : yueouuk / [B. H. bproxaunos, M. I'. Kocos, C.
I1. ITpotomonoB u Ap.] ; mox pea. FO. M. ConomeHnuiesa. - 4-e uza., crep. - M. : Beiciias mikorna,
2003. - 268 c. : mi. - (TexHonorus, 060pyAOBaHNE U ABTOMATU3AIMS MAITMHHBIX TIPOU3BOJICTB). -
Tekcr : HenmoCpeACTBEHHBIN.

4. ABroMaTH3alnus MPOU3BOJCTBEHHBIX MPOIECCOB B MAIIMHOCTpoeHHH : yueOHuk / [H.
M. Kanycrun, II. M. Ky3nenos, A. I'. Cxuptinaasze u ap.]; nog pen. H. M. Kanyctuna. - M. :
Bricmras mikona, 2004. - 415 c. : wit., cxemsbl, TabJ1. - TEKCT : HEMMOCPEICTBEHHBIN.

B) MeToanyeckne yKazaHus:

1. O6yxoma, T. TI'. HccnemoBaHnwe MPOMBINIIEHHBIX CHCTEM aBTOMAaTHYECKOTO
yIpaBJICHUS] TEXHOJIOTHYECKUMU napameTpami : npaktukyM / T. I'. O0yxosa, U. I'. Camapuna ;
MI'TY. - Marauroropck, 2012. - 57 c¢. : wm, rpad., cxems, Ttabm - URL:
https://magtu.informsystema.ru/uploader/fileUpload?name=565.pdf&show=dcatalogues/1/11000
24/565.pdf&view=true (nata ooparenus: 09.10.2020). - MakpooOBeKT. - TEKCT : AIEKTPOHHBIH.
- IMmeeTcs meyaTHBIN aHaJIOr.



2. Meroauyeckue yKa3aHWS TIO BBIMOJHEHUIO KOHTPOJBHBIX M JIADOPAaTOPHBIX padoT
MMpEaACTaBJICHBI B IPHUJIOKCHHUN 3

r) [Iporpammuoe odecnneuenne u UaTepHeT-pecypcebl:

IIporpammHoe o0ecnieueHue

Haunmenopanmue .
o Ne norosopa Cpox aeicTBus JIMLIEH3UU

MS Windows 7
Professional(us  |[A-1227-18 ot 08.10.2018 11.10.2021
KJIACCOB)
MS Off_lce 2007 Ne 135 o1 17.09.2007 OeccpouHo
Professional
7Zip CBOOOIHO pacIpOCTPAHIEMOE 0eccpoyHO
MathCAD v.15
Education J-1662-13 ot 22.11.2013 0eccpovHO
University Edition

IIpodeccnonanbubie 0a3bl JaHHBIX U HHGPOPMAMOHHbIE CIIPABOYHbIE CUCTEMbI

HasBanue kypca Ccbuika
DenepanibHOE  TOCYIapCTBEHHOE — OFOKETHOE
yUpeXKICHHUE «DenepanbHblit unctutyT|URL: http://www1.fips.ru/

HpOMBIHJJ'I@HHOfI CO6CTB€HHOCTI/I»
3HeKTp0HHa}I 621321 INCPUOAUICCKUX I/I3,Z[8.HI/II71
East View Information Services, OO0 «UBUCy»

https://dlib.eastview.com/

Wudpopmanmonnast cucrema - EnuHoe OKHO URL: http://window.edu.ru/
JIOCTYIa K MHPOPMAILIMOHHBIM pecypcaM
HannonaneHas

uHpopMalMonHo-aHanuTuueckas  cucremMa —|URL: https://elibrary.ru/project_risc.asp
Poccuiickuii MHJAEKC HAYYHOI'O IIMTUPOBAHMS
DnekTpoHHbIe pecypcebl onbmuoreku MI'TY um.
I'.1. HocoBa
Poccuiickas  T'ocynapctBeHHass — OuOaMOTEKa.
Karanoru

9 MartepuajibHO-TeXHHYeCKoe ofecnevyeHne TUCIUTLIHHBI (MOTYJI51)

http://magtu.ru:8085/marcweb?2/Default.asp

https://www.rsl.ru/ru/4readers/catalogues/

MaTepI/IaJ'II)HO-TGXHI/ILICCKOG o0OecrieueHue JUCIHTUIIIIMHBI BKJIIFOYACT:



1. VYwyebuble ayauTopuu i TNPOBEACHUS  3aHATUH  JIEKUMOHHOTO  THIIA:
MynbTUMEIUITHBIC CPEICTBA XPAHCHHUSI, TIEpeaun U TIPEICTABICHUS HHPOPMAITHH.

2. YueOHble ayAUTOpPUM MJi1 TpPOBEACHHs J1a0OpaTOPHBIX 3aHSATHI, TPYNIOBBIX U
WHJIUBUIYAIbHBIX KOHCYJIBTALIMM, TEKYIIEro KOHTPOJII W MPOMEKYTOUHOM aTTeCTallUu:
MynsTuMeANIHBIE CPENICTBA XpaHEHUs, Nepelauu U mpejactaBieHus nHpopmanuu. Komruiekce
TECTOBBIX 33JJaHUH JUISI IPOBEACHUS IPOMEKYTOUHBIX H PYOEIKHBIX KOHTPOJICH.

3. llomemenust st camocTosITeNbHOM paboThl oOyuarouuxcsa: IlepconanbHbie
kommbioTepsl ¢ makerom MS Office, Bbixomom B MHTEpHET M C JAOCTYIOM B 3JCKTPOHHYIO
nH(}OPMallMOHHO-00pa30BaTEIbHYIO CPEly YHUBEPCUTETA.

4. TlomemeHuss s XpaHCHHs U TPOPUIAKTHYECKOTO OOCITYyXHBaHHUS Y4eOHOTO
obopynoBanusa: Illkadel nns XpaHeHUS Y4yeOHO-METOAMYECKON JOKyMEHTAaluu, y4eOHOro
000pyI0BaHUs ¥ y4eOHO-HATIISITHBIX TIOCOOUH.

JlekuMOHHBINH 3aJI, OOOpPYJOBAaHHBIM COBPEMECHHOW TPE3CHTAIMOHHOW TEXHHUKOU
(TIpOEKTOP,3KpaH, HOYTOYK).

KommbrotepHsie Kitaccel, 000pyIOBaHHbIE COBPEMEHHON TEXHHKOW M MeOeblo Uit
MPOBEACHUS TPAKTUYECKUX WM JIADOpaTOpHBIX 3aHsATHH. KommnbploTepbl OOBEIUHEHBI B
JIOKAJIBHYIO CETh C BBIXOJOM B MIHTEpPHET U AJIEKTPOHHYIO MH(DOPMALMOHHO-00pa30BaTeNbHYIO
Cpelly YHUBEPCUTETA.



MMPUJIOKEHHUE 1
Y4e0HO-MeTOIHYECKOE 00ecTieueHHe CAMOCTOSATeILHOI PadoThI CTY1eHTOB.

CamocrosiTeibHasE padora B XoJde AyAUTOPHBIX 3aHATHH IpEANONaracT: H3y4yeHUe U
IIOBTOPEHHE TEOPETUYECKOr0 Marepuaja IO TeMaM JeKIUH (10 KOHCIIeKTaM U y4eOHOH
JUTEpaType, METOAMYECKUM YKa3aHWUSAM), DPELICHUE 3a7ad, BBIIOJIHEHUE WHAMBHUAYAJIbHbIX
3aJaHuN.

CamocTtosiTeibHAas padoTa MO KOHTPOJIEM NpenoAaBaTeisi IpeaoaraeT nNoAroToBKy
KOHCIIEKTOB M BBIIIOJHEHHE HEOOXOAMMBIX PacyeToB IO pa3jieslaM AMCLUUIUIMHBL, pPEelIeHUE U
IIPOBEpPKa IIpernojaBaTeieM 3ahad, padoTra C METOAUYECKOM JIMUTEepaTypod, MOArOTOBKA K
TECTUPOBAHUIO B MHTEPAKTUBHOM hopme.

BueayiuTopHasi camocTosiTeIbHAs padoTa CTYJCHTOB [IPEAIOIAraeT IOATOTOBKY
K J1a00paTOpHBIM 3aHSTUSAM, BBIIIOJHEHHE KOHTPOJIbHONW paboThl, MOATOTOBKY K TECTHUPOBAHUIO
B MHTEPAKTUBHOHN (opMe; H3ydeHHe HEOOXOAMMBIX pa3/esIoOB B KOHCIEKTaX, Y4eOHBIX TTOCOOMSIX
U METOJMYECKUX YKa3aHUAX; pabdoTa CO CIPaBOYHOM JMTEpaTypol, HCHpaBIEHHUE OIINOOK,
3aMe4aHui, oopMIIEHHE 3aJaHHif; paboTy € NEKTPOHHBIMHU YISOHUKAMHU TI0 AUCITUTIINHE.

Ilpumepnvle 3a0anusa K KOHMPOILHOU padome

3anaua 1. HaiiTi SKBHBaJCHTHYIO TMEpeIaTovHyr0 (QYHKIUIO cxeMbl (puc. 1).

@ [, e

M-E

L {7

Puc. 1. CrpykrypHas cxema
3anaua 2. OnpenenuTs NepeaTOuHy0 (PYHKIINIO 00BEKTa PETYIHMPOBAHUS, MOJIEIb

KOTOpOTo 3a/1aHa Au(pepeHlInaIbHbIM YPaBHEHUEM

5y® - 2y@ + 5yM + 2y = 1 5u@ - 2u® + u,

3agaua 3. Pemmuth auddepeHimanbHble ypaBHEHUS C TOMOIIbIO  MpeoOpa3oBaHUs
Jlamnaca, ¢ MCMOMB30BAaHUEM PA3JIMUHBIX METOJIOB pacyeTa MPOCTHIX IPOOEH.
3—d3 + d 4
R — = x
dt3y dty Y
3agaua 4.

Jagaga 1. Hafite aumasTyoEyvee B (az0BVI0 SacTOTHEIE XapakTepHCTHEH HH-
TEeIPHPVIOWET O 3BEHA, HMERIIETO IePeIaToNEVE) VEEITHED
W{S}=L.
Ts
IToCcTpOHTE TorapHGMEYECEHe AMIITHTYIHVI H Qas0BEVI0 JacTOTHEIE XapaKTepHCTH-
w8, [TocTosHHEAs Bpemern T=0.1 c.

3apaua 5. [loctpouts ronorpad CAY c usBecTHOU nepenaTouyHon GpyHkuuen



2s+41
$°+2s5° +s+1

W(s)=

3amaua 6.

3azaga 1. [IpoEepHTE VCTOHYHEBOCTE THIPONPHEOIA C JPOCCETBHEIM DEryiIH-
POBaHHEM, CTPVETVPHAL CXEMA KOTOPOro NPHEETIEeHA Ha pHC. 5.3, a koadduunenTter B
NOCTOAHHEIE BPEMEHH TI8 PAITHIHEIX BAPHAHTOR MIPHBEISHE B Ta0m. 5.1

hﬂ' (‘5} j l.-g (.5) 1 1 I FJ.f-?.' {3)
- O T.ns r'_r]‘g] +2'f—l:~:.j—j'_r3+]‘ I

K,

Prc. 5.3. CIpyeTypHAT cXeMa THIPOOPHEOIA © IPOCCENBHRIM PEryIHPOBAHHEM

Tatammna 5.1
3HAUCHHA TApPaMeTPOE THIPOIPHEOIA

IlapameTp BapranT

1 2 3 4 5 ] 7 8 9

Koadduunent nepegasu me- |
xaHH3Ma ynpaeTeRHsK

['mapasmHieckad DOCTORHEAR | 01l 001 | 0,01 |0.02| 0.020.02|0.01]0.01] 0.01
BpeMerH I, . ¢

]
—
]

2 3

]
]
—

MMexagHIeckas NoCTOSHHAR
BpeMeHH THIPOUHIHEIDA 0.01)0.002|0.002(0.01| 0.01(0,01|0.01(0.01| 0.01

T,.c

Ko hHIHEHT 0THOCHTED-

Horo JexmdupoBanus [, 021 03 04 |05 0607|0806 04
Kos¢uunent obpatsoh 10/ 15|20 10| 15]20]15|10] 15

cBA3H rEaponpusoda K

3amaua 7.

Hana ognokontypHast ACP, 1y koTopoii onpesenena nepeaatrodHast QyHKIIHs
perynsitopa (P) ¢ HacTpoiikamu u muddepeHimanpHoe ypaBHeHne 00bekTa yrpasieHus (OY).

f

x >@—5 p uéﬁoy y
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TpeOyeTcst onpeneanTh:

- IepelaToOuHy0 (GYHKIUIO Pa30MKHYTOM cucteMbl Woo(s),

- XapaKTEePUCTUICCKOE BhIpaKeHHE 3aMKHYTOM cuctembl (XB3C),

- iepeaaTouHble GYHKIIMU 3aMKHYTOH cuctembl D3(s) — 10 3aaHuIo,
Og(s) — o Bo3mytieHuto, OE(s) — mo omuoke,

- ko3¢ dunuents! ycunenus ACP,

- YCTOﬁQHBOCTB CHCTCMHEI.

JlabGoparopHuas padora 1
DJIeMeHTBhI CTPYKTYPHBIX CXeM

Llenb pabOTHI: U3YUUTH SIEMEHTHI B CIIOCOOBI TPe0Opa3oBaHUsl CTPYKTYPHBIX CXEM.
ITocenoBarte/ibHOE COeIHHEHUE 3BEHbEB

[Ipu mocnenoBarenTbHOM  COSAMHEHUM 3BeHbeB (puc.l.) BbIXOAHAsS  BEJIMYHUHA
MPEIIECTBYIOIETO 3BeHA M0IaeTCs Ha BXOJ MOCIIEIYIOIIETrO.

ﬁ;.wf LWZ LL{_M VAN Lol Vo

FK

Puc. 1. Cxema c nocCiacaA0BaTCIbHBIM COCAMHCHUECM 3BCHLCB

I[Ipu 5TOM MOKHO 3aIMCaTh COOTHOLIEHHUS ISl CHTHAJIOB
Yi=WiYo, Y2=Wz2 yi5eeois Yn =Wy ¥Yn
W Yn=W1 Wy W3- yo =W,y Yo
Takum obpazom, W, = [[iL, W;.

Ilenouka nocnedosamenvno coeOUHEHHBIX 36€HbEE NPeodpazyemcsa 6 IK6UBAIEHMHOE
36eHO0 ¢ nepeoamounoil QynKyueil, pasHoill NPOU3EEOCHUI0 NEPeOamouHbIX OYHKYUIL
0mMOeIbHbIX 36€HbEE.

Hapan.ne.nbno-cornacnoe COCIMHCHHUEC

[Ipy mapannenpHO-COTIACHOM COEAMHEHUM HA BXOJ Ka)KJI0T0 3B€HA MOJAETCA OJUH U TOT
K€ CUTHAJI, @ BRIXOJHBIC CUTHAJIBI CKIIAIBIBAIOTCS (PHUC.2)



—=

Puc. 2. Cxema c napasnienbHO-COTJIACHBIM COCIMHEHHEM 3BEHbEB

BrixoaHoii curnan Yy 31ech OyZeT ONpeaesThCs Kak:
Yy=y1+y2+-tyn= Wi+ Wt +Wy)yo = Wi " Yo
Takum obpazom, W, = Dt W;.

ILlenouka 36eHbes, cOEOUHEHHBIX NAPANIENLHO - CO2NACHO, NPEOOPA3Yemca 6 36€HO C
nepeoamounol hynKyueii, pagHoll Cymme nepeoamoyHvblxX QYHKYUil 0moeabHvlX 36EeHbE8.

IMapanienbHo - BCTpeuHoOe coeIMHEeHHE

[Tpu 1aHHOM COEMHEHUH 3BEHO 0XBAaYCHO MOJIOKUTEILHON HITH OTPHUIIATEIBHON 00paTHOM
CBs3bI0 (puc.3).

Y4acToK Ienu, 1Mo KOTOPOMY CHTHAJl HJAET B INPOTHUBOIOJIOKHOM HANpPAaBICHUU IO
OTHOIIIEHHIO K CHCTEME B IIEJIOM (TO €CTh C BBIXO/Ia Ha BXOJT) HA3bIBACTCS YENbIO 0OPAmMHOIL C6A3U
¢ mnepenarouHor ¢yHkiueit Woe. OOpaTHas CBS3b MOXKET OBITh OTPUIATENBHON 10O
MOJIO’KUTEIBHON (OTMEYAETCSl 3HAKOM «H» HUITH «-»).

s orpunarensaoit OC:
y=W,u, y =Wy Yy, u=yo—JY1,
Ciie1oBaTeIbHO
Yy=Wy yo—-Wy y1 =Wy yo—-W, Wy "y

NJIn
yA+W, W) =W,y
Y =Wy Yo
Torna sKBUBaJIeHTHAs NepeaaTouHas GyHKIMs 1t oTpunaTeabuoii OC
Wy
W = 1+W, W,

OKBUBaJIEHTHad NepenaTouHas QyHKIUsS AJs noaoxkuTeabHoi OC

w
Ww=7—"7"—""
3KB 1-W, W,
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Puc. 3. Cxema ¢ napasienbHO-BCTPEYHBIM COEAMHEHUEM 3BEHHEB

Ecnu Woce = 1, To oOpaTHas cBsi3b Ha3bIBaeTCs eMMHUYHON (puc.3,0), Toraa
Wike = Wa /(1 £ Wh).

3aMKHyTl>Ie CHUCTEMbI

3aMKHYTYIO CUCTEMY Ha3bIBAIOT 0OHOKOHMYPHOU, €CIIN IIPU €€ Pa3MbIKAHUH B KaKO-11100
TOYKE MOIYy4atoT LEMOYKY U3 MOCIE0BaTEIbHO COEJMHEHHBIX 3JIEMEHTOB (puc.4, a).

V4
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b 3
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g

Puc. 4. OnHOKOHTYpHas 3aMKHyTasi CUCTEMA

VY4acTok 1enu, COCTOSAIMIMNA U3 MOCIEeI0BaTEeIbHO COCTUHEHHBIX 3BEHBEB, COCAMHSIOLIMI
TOUYKY MPUIIOKEHUS BXOITHOTO CUTHAJIa C TOYKOHM CheMa BBIXOJHOTO CUTHAJIA HA3bIBACTCS HPAMOIL
yenwio (puc.4,0). [lepenarounas GpyHKIusA npsMoit 1enu

W, = W1 War W3,

Lens u3 mocnenoBaTelbHO COEIMHEHHBIX 3BEHBEB, BXOJIIMX B 3aMKHYTHI KOHTYD

Ha3BIBAIOT pazomkHymoit yenvto (puc.4,B). [lepenatounas QyHKIMs pa30MKHYTOM HETH

Wp =Wz W3 W4, Ws



OnHOKOHTYpHAsE CHCTEMa MOJKET OBITh NpPECTABICHA OJHUM 3BCHOM C MeperaTOdHON
byHKIMEH:
Wy

W = —2
3KB 1iwp

rje 3HakK '+" — [Jis cucteMbl ¢ oTpulatebHou OC,
3HaK "—" — mJid cucTteMsl ¢ moJsoxureabHou OC.

Eciin cMEHUTBh TOYKY CHATHS BBIXOJHOI'O CHUTHAJIa, TO MEHSETCs BHJ NpsMoH memnu. Tak,
€CJIM CYMTATh BBIXOJHBIM CHUTHaN Y1 Ha BbIxojae 3BeHa Wi, To W, = W1 W». Bripakenue aiis
nepesaToyHol (GyHKIUK pa30MKHYTOM LU HE 3aBUCUT OT TOYKHU CHSTHSI BBIXOJHOTO CUTHAJIA.

B 3aMKHYTBIX cUCTEMax MPUMEHSIOTCS CyMMAaTOPhl CUTHAJIOB, KOTOPBIE 0003HAYAIOTCS:

Y - cpaBHMBaOImMil MEMEHT ¢ ABYMs BXOJAMH —U U Yq, U OJHHM BBIXOZOM
1

Yo. 3aKpalleHHbI CErMEeHT IIOKa3blBa€T MHBEPCUBHOCTh CUTHajma. T.e. curHan u -

MOJIOKUTEIBHBIN, CUTHANI Y1 — OTpULIATEIbHBINA. BRIXOIHOM curHai Oyner yo = U — yq.

j/"( - CYMMaTop C ABYMs1 IIOJIOXKUTCIIbHBIMU BXOAHBIMH CHTHAJJaMU U U
Y1, T.€e. Yo =UuU + Yi-

JIoNoJIHNTEIbHBIE MPABUJIA IEPEHOCOB

a. IIpasuno nepenoca cymmamopa

[Tpu mepeHoce cymmaTopa 4epe3 3B€HO HO X00y cuzHa1a HeoOXO0IUMO J00AaBUTH 3BEHO C
nepenaTouHoii pyukuueit (Wi Toro 3BeHa, yepe3 KOTOpOe MePeHOCUTCs: cyMMaTop (puc.S, 6).

Ecniu cymmarop mnepeHOCUTCS npomue Xxoda cuzHana, TO J00aBISETCS 3BEHO C
nepeaarouHoi (yHKIMeH, oOpaTHOW mepenatouHoi ¢ynkuuu 3BeHa (1/Wi), depe3 kotopoe
MEPEeHOCUM cymmaTop (puc. 5, B)

) f
al ol £ W, W=
2 a 7 > .}/0 7

[ <

Puc. 5. Cxemsbl mepenoca cymmaropa

[Tpy nmonoOHBIX MpeoOpa3OBaHUSAX MOTYT BO3HHMKATh HEIKBUBAJIEHTHBIE YYACTKU JIMHHUU
CBsI3U (Ha PUCYHKaX OHU 3aITPUXOBAHBI).
0. IlIpasunio nepenoca y3na

[Ipu mepenoce y3ia 4yepe3 3BEHO HO X00y cuzHaaa NOOaBISETCS 3BEHO C MEPeIaTOYHOM
dyHkmen, oOpatHoil nepenarounoil GpyHkimu 3BeHa (1/Wi), depe3 KoTopoe MepeHOCHM Y3el
(puc. 6,0).

Ecnu y3en mepeHOCUTCS npomue xo0a cuznaia, T0 J100aBISETCS 3BEHO C MEPeIaTOIHOM
byHKIMEH 3BE€Ha, Yepe3 KOTOpoe MepeHOCHTCs y3en (puc.S, B).
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Puc. 5. Cxembl nnepeHoca y3ina
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6. Bzaumnuvie nepecmanogku y3noe u cymmamopoe
- Y3716l MOKHO MEHSTh MecTaMHu (puc. 6, a);

- CyMMAaTOpBl MOXHO MEHATh MecTaMu (pHc.6, 0);

- IPU TepeHOCce y3Ja Yepe3 CyMMATop HEeOOXOAMMO J00AaBUTh CPABHHBAIONIMN HJIEMEHT
(puc.6, B): y =y1 + f1=>y1 =y - f1 wim cymmarop (puc.6,r): y = y1 + fi.

Bo Bcex ClIydasx MnepeHoca 3JIEMCHTOB CTPYKTypHOﬁ CXEMBI BOSHUKAIOT HEIK6UBAIEHNHble
yuacmku JJUHHUU CBA3U, IIO3TOMY HaA0 OBITH OCTOPOXXHBIM B MECTaX Cb€Ma BbIXOJHOI'O CUTHAJIA.
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Puc. 6. Cxembl B3aMMHOM NIEPECTAHOBKH Y3JI0B 1 CYyMMaTOPOB

CornacHo  BapWaHTy, MpPOBECTH MpeoOpa3oBaHHWE  CTPYKTYpPHOM  CXEMBI IO
BBIIIICONTUCAHHBIM MTPABUIIAM.

IIpumep:
Onpenenuth mepeAaTOYHYI0 (QYHKIMIO CHUCTEMBI YIPaBJICHHs, CTPYKTYpHas CXeMa KOTOpOH
npecTaBlieHa Ha pucyHke 7. MccinenoBath 3BeHbs, HAWTH J[Y, KOTOPBIM OMUCHIBAETCS CUCTEMA.

Iepenatounsie pynxiun 3sennen: W, (S) = 1> W,(s) = % ; W, (s)=2.
+

1+05s" 0,5s
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Puc. 7. Crpykrypnas cxema CAY

JlabGopaTopHasi padora 2
JaTYNKU KOHTPOJISA U PeryJupoBaHus

Llenb paboter: U3ydueHne n3mepuTenbHbIX 21eMeHTOB CAP

Knaccupukanusi 1aT4uKoB

1) Tlo Ha3zHauEHHIO:

JaTYUKHU NCPEMCIICHUSA

JATYUKU CKOPOCTH;

JaTYUKU YCKOPEHHUS;

JATYNKHU Pacxo/ia;

JaTYUKU CUJIbI U MOMCHTA,

JIaTYUKU TEMIIEPATYPHI U T.J.

2) Tlo crocoOy npeoOpa3oBaHus HEAICKTPHUESCKOM BETUYMHBI B 3JICKTPHYCCKUN CUTHAT:

® TeHEPaTOPHBIN (aKTUBHBIE);

e mapameTpuyeckue (MacCUBHBIE).
B reneparopHbIX gaTuyMKax 3HEPTHs BXOJIHOTO CUTHANIA IPeo0pa3yeTcsl B BEIXOJHYIO
AIIEKTPUUYECKYIO SHEPIHIo BbIxoiHOTrO curHana (1,U,q) 6e3 ydacTust 1omoIHUTEIbHBIX
MCTOYHUKOB YHEPIHH.
B mapamerpuyeckux AaTuyukax Mo IeMCTBUEM BXOJIHOTO CUTHAIA U3MEHSETCA
Kakoi-mbo mapamerp natumka (C, L, R), mpu 3ToM cxeMa BKITIOUCHHSI TUX JATYUKOB
B 00513aTeJIbHOM MOPS/IKE UMEET UCTOUHUK MUTAHUS.

3) Ilo KOHCTPYKIMH U TPUHIIUITY ICHCTBUS YYBCTBUTEILHOTO 3JIEMEHTA!

KOHTAaKTHBIE;
OECKOHTAKTHBIE.
4)ITo xapakTepy 3aBUCHMOCTH BBIXOJJHOTO CUTHAJIa OT BXOJIHOM BETMYHMHBI:

IpOnOpLUOHAIbHEIE  Y=KX;
HIe)HHHIe)ﬁHBIe. / —— Aatumk — Y
peleiiHas 3aBUCUMOCTb ( KOTJIa CUTHAJI Ha BBIXOJIE U3MEHSICTCS CKauKoo0pa3Ho
MIPH TIOSIBJICHUH CUTHAJIA HA BXOJIE);

UMITYJIbCHBIE, KOT 14 TIPA U3MEHEHUH BXOHOW BEJIMYNHBI HAa BBIXOJIE MOSBIISIFOTCS
CUTHAJBl B BHJIE UMITYJIBCOB, YUCIIO KOTOPHIX MPOMOPIHOHATBHO BXOTHON
BEJIMYUHE.
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Puc.2.1. IMmnynbCcHbIE JaTYUKU

5) I[To Buay BBIXOJHOIO CUTHAJIA!

e peneliHble (aBTOMAaTHYECKasi CUCTEMA [IMKJIOBOTO THIIA - IPOrpaMMHast);
® aHAJIOTOBBIE;

e 1 poBbIe (MMIYIIbCHBIE, KOJIOBBIE);

6) I[To Buny npeoOpa3oBaHus CUTHAJIOB:
® MEXaHUYECKHE B AJIEKTPUUECKUE;

® MEXaHUYECKHUE B T'MJIPABINYECKUE;

® CBETOBBIE B 3JIEKTPUUECKHUE.

Crepgamue

JlaTYNKM M0JI0KEHHS

YcrpoiicTBa, cityKauye Ui HoJdy4eHNss HHPOPMAIUH O MOJI0KEHUH 3JIEMEHTOB
MeXaHHU3Ma MyTeM NpeoOpa3oBaHUI JMHEMHBIX WIHM YIJIOBBIX MEPEMEIICHUN B 3JEKTpUUYECKUE
WJIU IPYTUE CUTHAJIBI, HA3bIBAOTCS JATUYUKU NIEPEMEILECHHUS.

KOHI_IGBLIG BBIKJIFOYATCIIN (KOHC‘{HLIC, HYTGBLIC) — 3TO HpOCTGfIH.IPIG JAaTYUKH ITOJIOKCHUA
peneﬁHoro tina. OHu npeaHasHA4YCHBI IJId aBTOMAaTHUYCCKOro BBOJA JJICKTPUYCCKHUX CUTHAJIOB
HJIM KOMMYTAallU TOKOIIPOBOJAa ITPpU JOCTHIKCHUHN 00BEKTOM KOHTPOJHUPYEMOT'O ITOJIOKCHUA.
HOI[p&BI[CJ'I}II-OT Ha:

® KOHTaKkTHBIE (puc. 2.2);
® OECKOHTAKTHBIE.
I[To Buay npeoOpa3oBaHMs BXOJHON BEJIMYMHBI B BEIXOJIHYIO:

AIIEKTPOMEXAaHUYECKHE (KOHTAKTHBIE);

UH/YKTUBHBIE (KOHTAKTHBIE U OECKOHTAKTHBIE);

€MKOCTHBIE;

repKOHbI (OECKOHTAKTHBIE);

AIIEKTPOHHBIE (EMKOCTHBIE, (POTOITIEKTPOHHBIE, HHIyKTHBHBIC);
OTITO3JIEKTPOHHBIE.
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Puc. 2.2. KOHHCBBIC BBIKJIIFOYATCIM KOHTAKTHBIC U UX YCIIOBHBIC I/I306pa)KeHI/I$II
ad — PbIYAXXHOI'O THUIIA, 0— MIMUHACIBHOI'O THUIIA, B~ HepeKnqua}onmﬁ KOHTaKT

3JI€KTpI/I‘-IeCKI/II71 JaTYUK NCPCKIIIOYA0OIICTro TUIla

_|_

YCTPOWCTBO, Ha KOTopoe
O---- nepenaeTcsa cCUrHan,
(namnouka, pene,
ABUraTenu, ai. MarHuT u

T.4.

SHCKTPOKOHTaKTHBIe npeo6pa30BaTenI/I AAaTYUKOB  CIIyXKaT - JIAd HpeO6p330BaHI/I${
MEXaHHUYCCKOI'O NEPpEMEIICHHUA HUCITOTHUTCIBHOI'O opraHa TEXHUYCCKOI'O yCTpOfICTBa
(TeXHOJ'IOFI/I‘leCKOFO O60pyI[OBaHI/IH) B 3aMKHYTOC HJIM PA30OMKHYTOC COCTOSAHUC DJICKTPUICCKUX
KOHTAKTOB, YIIPAaBJIAIOIIUX O)IHOfl NI HCCKOJIBKMMHU 3JICKTPUYICCKUMHU LCTISAMU.

QHGKTpI/I‘-IeCKI/IM KOHTAKTOM HAa3bIBACTCA COCAWHCHHE JIBYX IPOBOJHWKOB, IMO3BOJIAIOLICC
MMPOBOAUTH TOK MCKIY HUMHU. KonTakThl OBIBAIOT OTKPBITBHIC U 3aKPBITLIC (FCpMCTI/I‘-IHBIC).

PacrnionokeHrne KOHTaKTOB B 3allassHHOM CTEKJISTHHOM OaJlIOHE, 3all0JTHEHHOM HWHEPTHBIM
razoM (YUCTBIM a30TOM HWJIM a30TOM C HEOOJBIOW J00aBKOW BOIOPOA) TMOJ JaBICHUEM
NpeIoXpaHseT WX OT OKUCICHHs | 3arps3HeHus. Jlng yiydmieHus KOHTaKTUPOBaHUS
MOBEPXHOCTU KacaHUsl (KOHTAKThI) MOKPBIBAIOTCA TOHKUM cioeM (2...50 Mkwm) 30510Ta, poaus,
naaaus, cepedpa u ap. Takue repMeTH3MPOBaHHBIE KOHTAKTHI IOMYYWIIH HA3BaHUE 2 € P K O H bl
(puc.2.3). B cBsA3M ¢ TeM, YTO KOHTAKTHl B T€PKOHE YMPABJISIOTCS MAaTHUTHBIM ITOJIEM, TEPKOHBI
HA3bIBAIOT MarHUTOYIIPABISIEMBIMU KOHTAKTaMH.



I'epmeTHUHbIE KOHTAKTHI (TEPKOHBI)

H.p. cseToanon <> repKoH
T 3/1eKTPOMaArHuT pene

3J'IeKTp0HHI>Ie JAaTIYUKH

VYcnoBHble 0003HAUYEHUS JPYroro THUNA OECKOHTAKTHBIX MJAaTYMKOB HCIOJIb3YyEMOE B
AIIEKTPUYECKUX CXEMaxX IPUBEIEHbI Ha PUCYHKE 2.4.

Jns momyuyenuss mHGOpMAMM O TMEpEeMEIIeHUH B TpoIecce MEepeABIKEHHUS pabodero
opraHa cCily>kaT AaTYMKH MosoxeHus. MHpopmanus MoxeT mocTynarh HEPEPBIBHO — €CIIH €€
UCTIONB3YIOT B KAadecTBE OOpaTHOM CBs3W. JTa HWH(OpMAIus CIyXHUT s (HOPMHPOBAHUS
YIPaBIISIONUX BO3ACHCTBUI Ha IPUBOJIbI MEXaHU3MOB.

I[To Buay BBIXOJHOIO CUTHaJIa JaTYUKU MOJOKEHUS TOJpPa3eIA0TCs Ha:

® AHAJIOTOBBIE;
® KOJIOBBIC;
e uMIyJIbCHBIE (LIU(POBBIE).

Oob1iee yciaoBHOE 0003HAUEHUE

-~
/S - -~ - X - [ \ -~
WHITYKTHUBHBIN €MKOCTHOH ONTHYECKUN MarHUTHBIN
cseToamon, A : :
= Y -
YCTPOICTBO
(pene)

JlabopaTopnasi paGora 3



PacuyéT BpeMeHHBIX M YaCTOTHBIX XapaKTePUCTHK KojiedaTeabHoro 38eHa B MathCAD.

Leap padoThl: McCIeIOBaHUE CTATUUYECKUX U JUHAMHYECKUX CBOWMCTB 3BEHHEB CHUCTEM
ABTOMATHYECKOTO YIPABJICHHSI C IIOMOIIBIO MTAKETOB MPHUKIAAHBIX mporpamm  MathCAD.

Jlns  cBoero BapuaHTa paccUMTaTh BPEMEHHbIE M YAaCTOTHBIE XapaKTEPUCTHKHU
KOJIe0aTeIbHOTO 3BeHa I JekpeMmeHTa 3aryxanus & = 0.25, 0.5, 0.707 u 1.0. CpaBHUTH
pe3yNbTaThl PacuéToB.

Ilpumep pacuéma: Ilepenarounas QyHKUUs 3BeHA

1

W(p):T2p2 +2§Tp+1’68

<1

rae & — kodpunuent nemndupoBaHus. 3Be€HO MOKHO pacCMaTPUBATh KaK IOCIIEAOBATEIILHOE
COC/IMHCHUE aTlePHOIMYECKOr0 3BEHA IMEPBOro Mopsjaka ¢ neperaarouHoit ¢ynkuuein W(p) =
k/(T1-p + 1) 1 uaeanbHOTO MHTETPHUPYIOLICTO 3BeHA ¢ mepenaTounoi Gynkiueir W(p) = 1/Tup,
OXBAUEHHBIX €IMHUYHOM OTpULIaTeIbHONW 00paTHOM cBs3bI0. 31ech Tu — Bpems uzonpoma; Ty =
2.6Tk; T1 = k- T Tu.

a=TuT, ai=TutT; ao=ITkj+1; bo=TI1Kk;
Ne 1 2 3 4 5 6 7 8 9 10
k 2 3 4 5 4 3 2 3 4 5

T,mc 20 25 30 25 20 15 20 25 30 15

JlaGopaTopHnas pabora 4

YcroituuBocts CAP. Kputepuu ycroitunsoctn

OOBEeKTOM HcCeloBaHUsl SBISETCS CleAdIas CUCTeMa, CTPYKTypHash CXema KOTOpOu
IpeJIcTaBlIeHa Ha puc. 1.

KdJHB |y Kamy

g(t) &(t)

K\I

KMQI\II
——

Puc. 1. CtpykTypHas cxema ciensiie CuCTeMbl

3nech: Kisu - mepeaatounsiii K09hGUIMEHT U3MEPUTEIIBHOTO YCTPONCTBA;

Kgus, T - KoopduimeHT nepesaun 1 nocTossHHas BpeMeHH (pa30uyBCTBUTENBHOTO BBIIPSIMUTEIS;
Ky k03¢ urueHT ycnuneHus 3neKTpOHHOTO YCHIIUTES;

Komy, T - Koo duueHT nepenadu ¥ MoCTOssHHAS BPEMEHU JIEKTPOMAIIMHHOTO YCUITUTEIS;

Ky, Tx - k03¢ puninenT nepeaayn 1 NOCTOSTHHAS BPEMEHH JIEKTPHUUECKOTO JIBUTATEIS;




Kpex - K03 punrieHT nepenaun peaykropa.

Hcxonnple maHHBIC JUIsI MOJCIHPOBAHHS TpuBeneHb B Tabmuie 1. Kaxaprii cTyneHT
MOJTy4aeT HOMEp BapHaHTa UCXOHBIX JaHHBIX OT MPETOAaBaTEs.

I[JISI IMMOJIYUCHHOT'O BapuaHTa 3aJaHusd 110 HPAKTUKC CTYACHT COCTABJIACT HHI[HBHHyaHbHBIfI
OTYET, COACPIKALIMIA TMOJyYCHHBIC Pe3yJbTaThl HCCICAOBAHUS CHCTEMBI B BHJE TPAQHUKOB C
H€O6XOZ[I/IMBIM IIOSICHCHUEM U BBIBOJAMHU.

[MTopsimox paboThI

1. UccnenoBaTh yCTOWYMBOCTD 3aMKHYTOM cUCTEMBI € MOMOILbI0 Kputepus ['ypsuna. [Ipunss
koad¢umeHT ycuienus snektponHoro ycuwurens Ky=100. Onpenenuts KpuTHUECKOE
3HayeHue kodp¢unmenta ycwieHus Ky, korma cucrema HaXOIUTCS Ha TpaHUIE
YCTOMYHBOCTH.

2.WccnenoBaTh yCTOMYMBOCTH 3aMKHYTOM CUCTEMBI C IIOMOIIBIO KpuTepus Payca.

3.MccnenoBarh ycTOMYMBOCTS 3aMKHYTOM CUCTEMBI C TIOMOIIBIO KpUTEepHUs: Muxaitnos.

4.VlccnenoBath yCTOMYMBOCTh 3aMKHYTOM CHCTEMBI € TIOMOIIIbIO Kputepus HailikBucra.
5.HccnenoBath yCTOMYMBOCTh 3aMKHYTOW CHCTEMBI C MOMOUIbIO JIOTapU(MUYECKUX
YaCTOTHBIX XapaKTEPUCTUK, OLIEHUTD 3allachl YCTOWYMBOCTH 110 (haze M aMILUIUTYIE.

JlaGopaTopHas padora S
CuHTe3 ?JJIeKTPUYECKOI CXeMbl yIPABJIEHUS MMAPOUHIHHIPAMUI

Jns  ynpaBieHHsT THUAPONPUBOJIOM B COOTBETCTBUHM C 3aJaHHOM JuarpamMou
MEPEMEILICHUS TUAPOLIMIMHAPA TOCTPOUM IEKTPOKOHTAKTHYIO NPUHIUITHAIBHYIO CXEMY.

Cxema ynpasinieHust OyieT 3anuTaHa OT TOCTOSSHHOIO MCTOYHUKA TOKa HampspkeHueMm 24
Bonbra. [Ins kOoHTposis 3a MCTOYHHMKOM MUTaHUS NPEIyCMOTPUM CUTHaJIbHYIO Jammy JIO

(ToxompoBoa 1), HEIOCPEICTBEHHO BKJIFOYEHHYO B CETh.
1 e 3 4 S S
Kls
+24V 4
[ycK |4
4 PAl Pde PAC
3
Beikn L, ‘P< 2| P> j P>%’ .
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Puc.2. BxiroueHune 37eKTpOABUTATENS U Pa3MEIIEHUE CUTHAJIBHBIX AJIEMEHTOB

Jnarpamma nepemenieHnil THIpOLUMINHIPOB (BbIIAETCS COTJIACHO BapUaHTY)



)

Jlng 3amycka Hacoca THAPOCHCTEMBI Ciy>)kKMT KHomka «llyck» (Tokomposopg 2),
o0ecrieunBaroIlasl BKJIIOUEHHE 3JIEKTPOABUraTessi Hacoca MOCPEACTBOM KoHTakTa pene K (Ha
CXeME€ He YyKa3aHo), a JUIsl €ero OTKIIIOYEHMs CIYKUT KHONKa «BbIKI» (IoMUHUpYOIIEe
otkioyeHue). Camomnonaxsar peine K obecreunM pasMelieHHEM HOPMAIbHO Pa3OMKHYTOIO
koHTakTa K B mapayuiensHolt BeTBU (TOKOnpoBo[ 3). BkitoueHue aiekTpoaBUraTelis HACOCHOU
CTaHOMM MOXHO OCYHICCTBJIATH OAHOBPECMCHHO C INHUTAHHUEM CHUCTCMbBI  YIPABJICHUA.
CnenoBarenbHO €ro MOYKHO HCKJIIOYMTh M3 CHUCTEMbl YIIpaBJIEHUS TUAponpuBojoM. B
IlaJII)HGI\/JIHIGM 6YI[6M CUUTaTh, 4YTO 3TO IMPOUCXOJUT MMCHHO TaK, U HC 6YI[6M ITIOKa3bIBaThb Ha
cXeMe.

3a cocTostHEM pabOThI CUCTEMBI OYyAyT IIOMOTaTh OTCIEKUBATh TPU CUTHAIBHBIC JIAMITHI
JI1, JI2 u JI3. JI1 OyneTr curHamu3upoBaTh O HEAOMYCTUMO MaJIOM JaBJICHUU BO BCACHIBAIOIIECH
BETBU, Jlammna JI2 cuUrHamu3upoBaTh O NPEBBINIEHUH HEKOTOPOTO IOPOrOBOIO 3HAYEHHS B
HarHeTaTelbHOH BeTBH, a 1ammna JI3 o HopmanibHOM paboTe ruapoakkyMysaTopa. Kaxxaas u3 mamm
cpabaThIBaeT B COOTBETCTBUU C CBOMM 3JIEMEHTOM BBOJIa CUTHAJIOB pene nasienus PJ(1, P/I12 u
PJ13. UtoObl He 3aTeHATh YepTeX, B JajJbHEHIIEeM MOCTPOSHUM MPUHIUMHAIBHON CXEMbI 3TH
JJIEMEHTBI HE ITOKA3aHbI.

I[J'IH yHrpaBJICHUA OCHOBHBIM PACIIPpEACIIUTCIICEM NPEAYCMOTPHUM HCITIOJIB30BAHUEC KHOIIKHU
S, KOTOpas 00eCreunuT BKIIOUCHHE KaTyliKu peJe K1. IlocnenoBaTenbHOCTh BKJIOUCHHUS
SJICKTPOMArHuToB pacnpeneJmTeJIeﬁ 6YI[6T ONIpCACIIATHCA Cpa6aTBIBaHI/IeM KOHIICBLIX JATYUKOB

A1, A2, 13.

3nech [1 — 3neKTpoHHBIN AAaTYUK MHAYKIIMOHHOTO TUmna, J[2 —eMkocTHOro tuma, a J[3 —
OTITORJIEKTPOHHOTO THIIA.
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Puc.3. Pasmenienue 6J'IOKI/IpOBO‘IHBIX YCTpOﬁCTB H 3JICMCHTOB BBOJa CUTHAJIOB CXCMbI
YHpaBJCHUA THAPOIIPHUBOIOM

Konmponwvnsie 6onpocwt u 3a0auu 0na camonpoeepku

1

3anncaTh T epeHITHaIbHOS VpaBHeHHe (pHCYHOK 1.17)

1

'_? 2

w

s+ 4

Pucynok 1.17

1.2.1.4 Haiita peaknuro cHcTeMbl (pucyHOK 1.18) Ha eIHHHYHEIR
CKAYOK IIPH HYIeBbIX HAYATIBHBIX YCIOBHAX

i 2
1

s+1

s+3

g

Pucynok 1.18



3. IlpoBepuTh CBOWCTBO YHPABIAEMOCTH M OOBEKTa, MOJENb KOTOPOrO 3aJaHa
cucreMoii AudpepeHInanbHbIX ypaBHEHUH BUA:

X =X,
X, ==X +5X, + 2U.

4 Monens oOBEKTa YINpaBlCHUS 3a/laHa NepeJaToyHOW (QyHKUMe:

2p+1
W = .
(P) p’+5p+6

3anucarb ypaBHeHHS Mojienin B popme Ko, mpoBepuTh CBOWCTBO YHPABISIEMOCTH.
5.

1.3.1.6 Onucate ¢opMyT0il JacTOTHYH PEakIHK V(7)) Ha BXOTHOE

TapMOHHYECKOe BO3AeHCTBHe X(7)=3sinf. eclnH TepedaTouHad (QYHKITHA

¢HIBETpa paBHA

i 357 + 25 +1

W(s)=—F——7—"7
s +25+3

1.4.2.7 O1eHUTh YCTOHYHBOCTE CHCTEMBI (PHCYHOK 1.41) mo kpHTe-
puro [ ypBHIIa

x(1) 0,1 y(t)
—> 5 ¥ —

s+01

—10s

s+1

Pucyaoxk 1.41



IMPUJIO’)KEHUE 2

OIIeHO‘leIe cpeacrea AJid MpoBEeACHUSA l'[pOMe)KyTO‘{H()ﬁ aTrreCcralumn

a) [lnanupyembie pe3yJbTaThbl 00yUEeHUS U OLIEHOYHbIE CPEACTBA ISl POBEACHUSA MPOMEKYTOUHOM aTTecTAluM:

CTpyKTypHBIi
3JIEMEHT [Tnanupyemble pe3ynbTaThl 00yUeHUs OueHouHble CpecTBa
KOMIIETEHITHH

IIK-13 - yMeHHeM NpPOBePSTh TEXHUYECKOE COCTOSTHHE M OCTATOYHBIH pPecypc TeXHOJOTHYeCKOro 000py10BaHHs, OPraHNU30BLIBATH
NPOPUIAKTHYECKHIT OCMOTP M TEKYUIHIi PEMOHT TEXHOJOTHYeCKHUX MAIIMH U 000PY/10BaHUS

3Harthb — IPUHLMIBI padOThI, TEXHUUYECKUE

XapaKTePUCTHKH, KOHCTPYKTHBHbIE Ilepedyenb TeopeTHYeCKMX BONIPOCOB K 3a4eTy:

0COOEHHOCTH pa3pabaThIBAEMBIX U 1. Knaccudukanus TeXHHYECKUX CPEJICTB aBTOMATHU3aLIMH.
CPEJICTB ABTOMATH3AIHH 3. Cucremsl ABTOMATHYECKOTO PEryTHPOBAHUS.
4. Kpurepuu ycToMunBOCTH
—  METOIOJOTMYECKHE OCHOBBI 5. Kopnesoii kputepuii. Kpurepuii CTog0msl.
(bYHKIIMOHUPOBaHUS, 6. Kpmepmf T'yp BHIA.
7. Kputepuit Muxaiinosa.
MOJIEJIMPOBAHUS U CUHTE3a CUCTEM T
8. Kpwurepwmii HaiikBucra.
dBTOMATHHCCKOTO PEry TMpOBaHHA 9. TloxazaTtenu kauecTBa. CBsI3U MEX/1y IMOKa3aTEJIIMU KauecTBa
(CAP); 10. OmnpenesnieHrie U KIIaCCU(PUKANNS JATINKOB.
11. laTuyuku MOJIOKEHUS U CKOPOCTH.
—  HPUHIHIBL HOCTPOCHHS CHCTCM 12. JIaTYuKH CHIIOBOT'O BO3JICHCTBHS
peTyIMPOBaHNs TEXHOJOTMYECKUX 13. Knaccudukanus UCIOTHUTEIbHBIX MEXaHH3MOB.
MalvuH 14. Hactpoiika peryasTopos.

15. TunoBsble 3aKOHBI PETYJINPOBAHMUSL.
16. IIIuHHBII METO/] ITOCTPOCHUS ITHEBMATHUECKUX CHCTEM YITPABICHHS
17. OnpeneneHre ONTUMAIBHBIX HACTPOEK PEryJsiTOPOB

YMmeTn —  BBIIIOJIHATH pa60TBI 10 Hpumepnble 3a0auu K 3auemy.
UH(POPMALIMOHHOMY




CTpyKTypHBI

3JIEMEHT [Tnanupyemble pe3ynbTaThl 00yUeHHs OneHoyHbIe CpeacTBa
KOMIIETEHIINH
00CITy)KUBAaHUIO, YIMPABICHUIO U 3amaya 1 IlocTpouTh mepexoaHyr0 XapakTepucTuky B Mathcad, omnpenenuts
TEXHUYECKOMY KOHTPOJIIO B TOYHOE BPEMs PETYJIUPOBAHUS CUCTEMBI
MaIIMHOCTPOCHUH,

y'(t)-3-y'(t)+5-y(t)=2-u'(t)+15-u(t)
— npoBoauTh aHanusz CAP,
3amaya 2. OmnpenenuTh KOpHEBble Moka3arenu kadectBa CAY, ypaBHeHue

— OLEHHBATbh CTATUCTUYECKUE U JUHAMUKHA KOTOPOT'O HMEET BU/I
JUHAMHAYECKUE XapaKTePUCTUKU
CAP 3-y"(t)-45-y'(t)+4-y(t)=5-u'(t)+2-u(t)

—  BBINOJHATH aHAJIU3 YCTONYUBOCTH
CAP, cunres perynsaropa

Brnagets — HaBBIKaMU aHaiu3a yctoiuuBoctu | [lpumepnuie 3a0anue na 3aueme

CAP,
Jana onqHokonTypHas ACP, nist koTopolt orpe/iesieHa nepefaToyas GyHKIHs

— HaBBIKaMU HACTPOMKH perynsaTopos | perynsaropa (P) ¢ HacTpolikamu u tuddepeHaabHoe ypaBHEHHEe 00beKTa yIpaBiIeHUs

(OY). Tpebyercs onpenenuTh:
— HaBBbIKAMHU aHaJIN3a

(YHKIMOHATIBHBIX CXEM - IepeAaTOUHYI0 (QYHKIUIO Pa3OMKHYTON cucTeMbl W(S),
AaBTOMATHU3aLMH TEXHOJIOIMYECKOT O

- XapaKTepUCTHUECKOE BhIpakeHHne 3aMKHYTOi cucteMsl (XB3C),
00opyaoBaHUS

- mepeaaTouHblie GYHKIIMK 3aMKHYTOM cucTeMbl ®5(S) — 1Mo 3a1aHuro,
@4(S) — mo Bo3mymeHu0, DE(S) — Mo ommmodKe,

- koappuuuents! ycunenuss ACP,




CTpyKTypHBI
JJIEMEHT
KOMIIETEeHIIUH

[Tnanupyemble pe3ynbTaThl 00yUeHHs

O1eHOYHEIE Cpe€acTBa

- YCTOP'I‘IHBOCTB CHCTCMHEI.

x»?ep “%»oy y

f

IIK-15- YMEHUEM BblﬁlflpaTb OCHOBHBIC€ M BCIIOMOraTeJIbHbIC MaTE€pPHAJIbI, Cnocoobl peajin3anui TEXHOJOIHIECCKUX IPOUECCOB, IPUMEHATD
MPOrpeCCUBHLIC METOAbI IKCILIYaTAllMH TEXHOJIOTIHYE€CKOT0 060pyuonam/m IPH U3roTOBJICHUH TEXHOJOIHIECCKUX MAIllUH

3HaTe

—  METOJI0JIOTUYECKUE OCHOBBI
(bYHKIIMOHUPOBAHMUS,
MOJICIUPOBAHUS U CUHTE3a CUCTEM
ABTOMATUYECKOTO PETYJIUPOBAHMS
(CAP),

—  YCTPOMCTBO M MPHHIUT pabOThI
CAP;

—  THIIOBBIC TIAKETHI MPUKIIATHBIX
NporpaMM aHajn3a JTHHAMHYCCKIX
CHCTEM,

— ocHoBHBIE MeToAbI aHann3a CAP Bo
BPEMEHHON U YaCTOTHOM 00J1acTIX

Hepeqeﬂb TCOPETHYECCKHUX BOIIPOCOB K 3a4€TYy:

1
2.
3.
4
5

o

[TonsiTre U onpeAeNneHus] CHCTEMbl aBTOMAaTHYECKOTO  PETYJIUPOBAHMSL.
[Mpuntumn neficTBus cucteM aBToMatudeckoro perynupoBanus (CAP).
ANTOPUTMBI CHCTEM PETYJINPOBAHHUS.

DIEMEHTBI CTPYKTYPHBIX CXEM

Texuunueckue cpeactBa CAP u ux kmaccudukanus mno QyHKIHOHATBHOMY
HA3HAYCHUIO

JuddepenunansHbie ypaBHEHUS TUIIOBBIX YIIPABISIEMbIX IPOIECCOB U
TEXHUYECKUX OOBEKTOB.

YacToTHBIE XapaKTEPUCTUKH.

OmnpeienieHre YaCTOTHBIX XapaKTePUCTHK.

Jlorapudmuueckne 4acTOTHbIC XapaKTEPUCTUKHI

. Henmmueitnpie MOACIIN HEMMPCPBIBHO-AUCKPETHBIX CUCTEM YIIPABJICHUA.
. YCTpOﬁCTBa BBOJa I/IH(I)OpMaI_[I/II/I B DJICKTPOTHUAPABINYCCKUX U

SJICKTPOIMHEBMATHYCCKUX CXCMaX.

. YerpoiicTBa 00paboTku HHGOpPMALIUU B 3JEKTPOTHAPABINYECKUX U

SJICKTPOIMHEBMATHYCCKUX CXCMaX.

. YCTpOﬁCTBa Hp606p8.30BaHI/I${ B DJICKTPOTUAPABINYCCKUX U

SJICKTPOIMHEBMATHYCCKUX CXCMaX.




CTpyKTypHBI

3JIEMEHT [Tnanupyemble pe3ynbTaThl 00yUeHHs OueHouHbIE CpecTBa
KOMIIETEHIIUH
YmeTh —  paccYMTHIBATh OJHOKOHTYPHBIC Ilpumepnvie 3a0auu na 3aueme
MHOTOKOHTypHBIE CAP )
HPHMEHHTETBHO K KOHKPETHOMY 1. TloctpouTs yacTOTHBIE XapakTepucTuky cucteMsl W(S) = 2/(s“+5s+6).
TEXHOJIOTUYECKOMY OOBEKTY, .
2. s CAY, cTpyKTypHas cXxeMa KOTOpO# MoKa3aHa Ha pUCYHKE HIDKE, OIPEACTIUTh
— IIPOBOJIUTH aHAJIN3 CAP’ YpaBHCHHUEC JTUHAMUKH. HOCTpOI/ITB MNEPEXOJHYIO XapaKTCPUCTUKY B MathCad
- IPOBOJAUTH OLIEHKY TMHAMUYECKHUX
xapaktepuctuk CAP 5 4
5s > — »
0.55 + 2 s+3
25 <
Brnaners — HaBbIKaMH aHaJIKU3a YCTOI\/’I"II/IBOCTI/I Hpumep 3a0aHus HA 3aueme

CAP, HacTpOMKHU PETyJIsaTOpa;

HaBBIKaMU IIOCTPOCHUMA CHCTEM
ABTOMATHUYCCKOI'O pCTyJINpOBaHUA,

HaBBIKAMU aHAJIN3a
TEXHOJIOTUIECKUX MPOIECCOB KaK
00BeKTa ynpaBieHus 1 BbIOOpa
(YHKIMOHATIBHBIX CXEM HX
aBTOMaTH3aluU

1. Onpenenuts ycroiunBocTh cucteMbl B Mathcad apudmerrnueckuM 1 9acTOTHBIM
Mmetogamu st CAY ¢ nepenatouHoit pynkuueil. OeHUTh Ka4eCTBEHHbBIE TOKa3aTeNn

peryjimpoBaHust CUCTCMBI.

2p+1
5p?+5p+3

W(p)=

2 TlocTpouTh SIEKTPOpENECHHYIO CXeMy YIPaBICHHS THAPOUMIMHIPAMH IMHHHBIM

METOJIOM IO AuarpamMme nepeMenieHui ruIpoInHIPOB.







6) HOpﬂI[OK MPOBEACHUSA HpOMe)KyTO'lHOﬁ aTTeCTalui, NNOKa3aTe/JIm 1 KPUTEPUHU
OI¢CHUBAHMUA:

IIpomexyrouHas arrecrauus 1o jgucuuiuinHe «CHCTEMBl  aBTOMAaTHYECKOTO
PEryJaupoBaHus IIPOLIECCOB» BKIIKOYAECT TEOPETUUYECKUE BOIIPOCHI, MO3BOJISIOLIUE OLICHUTH
YPOBEHb YCBOCHHS OOYYAIOUIMMHCS 3HAHWW, W TMPAKTHYECKUE 3aJaHUS, BBISBIISIOLINEC
CTeneHb CPOPMUPOBAHHOCTH YMEHHUI U BIIAICHUI, TPOBOAUTCS B (hopMe 3aueTa.

3ayer WO JAaHHOW JUCHUIUIMHE MPOBOIUTCS B YCTHOH (opme, BKIrodaeT |
TEOPETUYECKUI BOIIPOC U OJTHO IIPAKTUYECKOE 3aJaHUE.

Ilokazamenu u Kpumepuu ouenueanus zauema:

-  «3a4YTEHO» CTaBUTCS B CIydae OBJIAJICHUS CTYACHTOM JOCTaTOYHBIM  YPOBHEM
c(hOpMUPOBAHHOCTH KOMIICTCHIIMMA, T.€. 3HATh O NPUHIUIIAX PadOThl, TEXHUYECKHUX
XapaKTePUCTHK, KOHCTPYKTUBHBIX OCOOEHHOCTEW pa3pabaThblBa€MbIX U  HCIOJIB3YEeMbBIX
TEXHUYECKUX CPEJICTB aBTOMATH3allMM; OCHOBHBIX MeToJ0B aHanu3za CAP Bo BpeMeHHOW u
YaCTOTHOW OO0JIACTSX, MPHUHIIAIAX MOCTPOCHUS CHCTEM YIIPABJICHUS TEXHOJOTHYCCKUX MAIIWH;
YMETh BBITIOJIHATH aHau3 ycroiunBoct CAP, cunrtes perynaropa, npoBoauts ananus CAP.

- «He 3a4TeHO0» CTaBUTCS, eclii OOYYAIOIIUICSA HE MOXET TOKa3aTh 3HAHUS Ha YPOBHE

BOCIPOU3BE/ICHUSI U OOBSICHEHHs] MH(OPMALIMU, HE MOXKET MOKa3aTh MHTEJUICKTyaJIbHbIE

HAaBBIKH PELICHUS IPOCTHIX 3a/1a4.

MeToandyecKkue PEKOMEHIAIUHA NJIA MMOATOTOBKH K 3a9€TY

1. Ilpu moAroToBKe K 3aueTy y CTyJEHTa JOJDKEH ObITh XOPOUIMHA y4eOHUK MM KOHCIEKT
JUTEPATYphl, IPOYUTAHHON 110 YKa3aHUIO IIPENIOAABATENS B TEUEHUE CEMECTPA.

2. BHaugane criegyeT npocMOTpPeTh BECh MaTepHall Mo C1aBaeMOi JUCIUIUIMHE, OTMETHTD JUIs
ce0s1 TpynHble Borpockl. OOs3aTenbHO B HUX pazoOparbesd. B 3akimouenue emie pas
1e51eco00pa3HO MOBTOPUTH OCHOBHBIE TOJOXKEHHUS, HCHONb3Yys INPH 3TOM OIOpPHBIE
KOHCTIEKTHI Jekiuil. Ilpu 3ToM HyXHO 00paTUTh 0cO00€ BHUMaHHE HA TEMbl yUeOHBIX
3aHATHUH, TPOMYIIEHHBIX CTYJIEHTOM 10 pa3HbIM MIPUYHHAM.

3. Ilpu moarortoBke K 3ayeTy HEOOXOAMMO MOBTOPSATH NMPOWUIEHHBIM MaTepual B CTPOrOM
COOTBETCTBUM C y4eOHOH pabouell mporpaMMoil JUCHMIUIMHBL, TPUMEPHBIM MEpEeYHEM
y4eOHBIX BONIPOCOB, BEIHOCSIIUXCS HA 3a4eT U COJEPKAIMXCS B JaHHON IporpaMmMe.

4. Ecnu B poliecce caMOCTOSATENbHOM  pabOThI HAal H3YYEHUEM TEOPETHUYECKOT0 MaTepHraa
WIM OpPU PELIEHUH 3aJad y CTyJEHTa BO3HMKAKOT BOIIPOCHI, PAa3pEUINTh KOTOPHIE
CaMOCTOSITENIHO HE y/1aeTCsl, HE00X0IMMO 00PAaTUTHCS K MPETO1aBATEIIO ISl Oy YSHHS
y HEro pa3bsICHEHUH WK yKa3aHuil. B cBOMX BONpOCax CTyAEHT AOJKEH YETKO BBIPA3UTh,
B UEM OH HCIBITHIBACT 3aTPYAHEHMSI, XapaKTep 3TOr0 3aTpyJHEHMs. 32 KOHCYJbTaluen
cienyet oOpalaThCs M B CIy4ae, eCIi BOSHUKHYT COMHEHUS B PaBUIILHOCTH OTBETOB Ha
BOIIPOCHI CAMOIIPOBEPKH.



NPUJTOXEHHUE 3
PEXUM [TPOCMOTPA MAKPOOBHEKTOB
4) Tlepeiitu 1o aapecy MEKTPOHHOTO KaTaiora https://magtu.informsystema.ru .

5) Ilpou3sBecTH aBTOPHU3AIIHIO.
6) AKTHBHU3MPOBAThH TUIIEPCCHUIKY MAaKpPOOOBEKTA.

MeToanuyeckue yKa3aHUus M0 BbINOJHEHUI0 KOHTPOJIbHOH padoThl
Beenenune

[Mlpn w3yuennn gucHUIUIMHBL “CHCTeMBI aBTOMATHYECKOr0 peryJiupoBaHus’
HE00XO0IUMO:

1. PaccMoTpeTh mepeueHb W MOPSAAOK YEpeOBaHUS TEM M BOIPOCOB M3YYEHHs TaHHON
JMCIUTIIHHBL.

2. PaccMoTpeTp W TpW HEOOXOTUMOCTH YTOYHHTH Y BEAYIIErO  IPEroAaBaTelis
IUIaH-TpaUK CcaMOCTOATENBHON paboTHl CTyNEHTa, MOPSIOK M3YyYeHHS AWCLUUIUIMHBL, B YeM
3aKJIFOYACTCSl CAMOCTOSATENbHAs padoTa, MPOMEXYTOYHAsh M MTOTOBas aTTECTALUs I10 JaHHOM
JMCLUILIMHE.

3. YTOUHHUTH MOPSAIOK U IIEJIb MPOBEAEHUS Ta0OPATOPHBIX PadoT.

4. PaccMoTpeTh W TIpU HEOOXOIUMOCTH YTOYHHUTH Y BEAYIIECTO TPENogaBaTessl MOPSIOK
W3yYeHHUs] BOIMPOCOB TEOPETHUECKOTO IIMKJIA, BBIHECEHHBIX HA CAMOCTOSITENBHYIO paboTy
CTYZEHTA, a TAK)Ke MOPSJIOK aTTECTAllMU 110 PACCMOTPEHUIO TaHHBIX BONPOCcoB. CaMOCTOSATEIbHAS
paboTa CTYJEHTOM BBINOJHSAETCS B AayJAUTOPUM M Ha JOMYy IO alIrOPUTMY, 3aJaHHOMY
IpernoiaBaTesieM Uil CO3/IaHus KOHCTIEKTa JUCIUTUIAHBL.

5. O3HaKOMHTCS C COJAEp)KaHMEM U OOBEMOM JOMAIIHEH M KOHTPOJIbHOW pabOThI, IS
CaMOCTOSITEJIbHOTO €€ BBIMOJIHEHUS] M YTOYHUTh HENOHATHble MOMEHTHL. IlomoGpats B
O6uOIMoTEeKEe YHUBEpCUTETa WM JH000H Jpyroil 6ubnmoreke ropojaa JUTEparypy Mo Teme U

IMPOKOHCYJBTHPOBATLECA Yy MPEIoAaBaTCIA C HEJIbI0 YTOYHCHUA HCIOHATHBIX MOMCHTOB.

OcHoBHbIE TPeOOBAHUS H METOAMYECKHE PEKOMEH AU

KonTponbHas pabota siBisieTcs BaKHOU (popMoii caMoCTOsTeNbHOM pabOThI CTYIE€HTOB
3a049HOM (popMbI 00ydeHHs. OHA CITYKUT JOMYCKOM K 3a4eTy.

BrimonHseMble CTy/l@HTaMH KOHTpPOJIbHBIE PabOTHI IMO3BOJISIOT IMPENONABATENIO JaTh
NpeBapUTENbHYI0O OLIGHKY CTENeHH YCBOCHHMS HUMH Yy4eOHOTO Marepuana I0 JIaHHOU

IUCLIUILINHE.


https://magtu.informsystema.ru/

KonTponbHas paboTa cOCTOUT U3 HECKOJIBKUX 3a/1a4 Ha pa3IMyuHbIe TEMBI IO BCEMY KYpCY
JUCLUIUINHBI.

BapuaHT KOHTPOJIBbHOM PabOThI BHIOMPAETCS B COOTBETCTBUU C MOPSAKOBBIM HOMEPOM
JKypHala InpemnojaBartens mo naHHou rpymme. Mcexoas u3 storo mpesiaraercs 20 BapHaHTOB
KOHTPOJIbHBIX paboT oT 1 10 20-T0 BapuaHTa BKIIOYUTEIBHO.

[Ipexne 4eM MPHUCTYNHUTh K HANMCAHUIO KOHTPOJIHHON PabOThI, HEOOXOIUMO H3YUHUTh
TEOPETUYECKHI MaTepuaj, 4ToObl ONpeNeIuTh MECTO TMpEeAJaraéMbIX BOIPOCOB 3aJadyd B
CTpYKType Kypca. O0s3aTeIbHO yKa3bIBaTh JUTEpaTypHbIe U MHBIE UICTOYHHUKH, U3 KOTOPBIX 3Ta
uH(popMalus B3sTA.

Crnucok HCIoNIb30BAaHHOM JIMTEpaTyphl MOMEIIAETCS B KOHIE KOHTPOJIbHON padoThl (HE
MeHee 2-3 HauMEHOBAaHUM HCTOYHUKOB, M3JaHHBIX HE paHee, 4eM 3a 5 JIeT 10 BpEMEHU
HaIMCcaHus paboThl).

KonTponbHasi paboTa BBIMOJIHAETCS Ha OCHOBE HCIOJIb30BAHUS PEKOMEHIOBAaHHOU
autepaTypbl. CIMCOK PEKOMEHI0BAaHHOW JIUTEPATYPbl IPUBOJUTCS MOCIE U3JI0KEHUS BApUAHTOB
KOHTPOJIbHON paboThI.

Hanuuue crivcka peKOMEHOBAaHHON TUTEPATyphl HE MCKIIOYAET UCIIOIB30BAHUS IPYTOn
JIUTEPaTyphl, KOTOpask HOJOUPACTCS CTYACHTOM CaMOCTOSITENTBHO.

Crnucok UCTONIb30BaHHON JINTEPATYPhI 0053aTENbHO OMEUIAeTCs B KOHIIE KOHTPOIbHON
pabotsl B andaBute GamMuianii aBTOPOB WM Ha3BaHHUI HCIIOJIH30BAHHBIX UCTOYHUKOB (€CIId HE

yKa3aHbl aBTOPHI HCIIOJIb3YEMbIX PaboT).

Mpumepbl peweHnA 3a4a4 KOHTPONbHOM paboTbl

IIpumep 1. HailiTn 5JKBUBAJEHTHYI0 IepeJaTO4YHY0 (YHKUMIO cXeMbl (puc.l).

o W, % =l =

Ws = W [
Wy

Puc.1. CtpykTypHast cxeMa MHOTOKOHTYPHOU CUCTEMBbI

Tak Kak cxemMa HMMEeT IEepeKpEIlBaIOUINecs CBSI3U, TO €€ HYXXHO IpeoOpa3oBaTh.
[TepeneceM Hauano oOpatHOil cBsizu 3a 3BeHO W3, [Ipu Takom mepeHoce B 0OOpaTHYIO CBS3b
Ha/10 100aBUTh pukTBHOE 3BeHO 1/WS3 (puc. 2).
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Pucynok 2. [IpeoO6pazoBanHas CTpyKTypHas cxema

Haunnaem cBopaunBaTh CXeMy M HaXOJUTh MEPEIATOYHYIO (DYHKIIHIO:

wi=_—"2_
1-W,o-We'

wil=ws w,-1/Ws,

wil = —w, .w! = W2
1+Wy W
~W1W3
W = wi 1+Wy We — -WiW;
Cowlwil T g TWaWe ) 1+ W We—W i W Ws Wl /W3
T+Wy wg 5 4 3

IIpumep 2. CocTaBUTHL CTPYKTYPHYIO cxeMy 10 A epeHunaIbLHOMy YPaBHEHHIO
oonera 2y - 3y@ + 4y® - gy = 3u@ - y® + 2y,

e Jlpexxae Bcero ypaBHEHHE HOPMUPYIOT (IeNAT Bce KOA(PUIMEHTHl Ha
koa¢dunuent a0 mpu crapiueil mpou3BOAHOM JieBOM uacTu). B Hamem npumepe
a0=2, nenum ypaBHEHHE Ha 2, IOJIyYUM

y® —1,5y@ +2W - 3y = 1,5u@ -0,50 + u.,

e  3areM COCTaBHM CTPYKTYPHYIO CXEMY, UCHOJIb3Ysl OJIOKH MHTETPUPOBAHUS
(T.e. neneHus Ha nepeMeHHyto Jlamnaca s). X 4yucio paBHO MOPSJIKY CUCTEMBI n (B
JAaHHOM IIpUMepe TPEM).

e  C BpIX0J1a KaXJIOTO MHTErpaTOpa OpraHu3yeM oOpaTHbIE CBS3H K O0IIEMY
(BXOAHOMY) CyMMaToOpy € MHBEPTUPYIOLIUM BXOJIOM, HauMWHas ¢ Kod(dunueHTa al
IIpH n-1 TPOU3BOJHOM.

e C BBIXOJ@a HMHTErPaTOPOB OpPraHU3yeM CBS3U C KOXPPHUIMEHTAMU W3
MpaBOW YacTH YpaBHEHHUS K BBIXOJHOMY CyMMaropy oObekTa (eciid NMpOU3BOJHBIE
3]1eCh OTCYTCTBYIOT, TO BBIXOJHOH CyMMaTOp He HyXe€H, a 0JIOK ¢ Kod(pduiuenTom b
MOKHO IIOMECTUTh U Ha BBIXOJIe, M1 Ha BXOJE CHCTEMBI JI0 TJIABHOTO CYyMMAaTopa).
ITonydyeHHas cxema IoKa3aHa Ha pUCYHKeE 3.

IIpumep 3. OnpeneauTs nepesaTovYHy0 PyHKIHMIO 00BEKTA peryJIupoBaHus, MOJeJIb
KOTOPOro 3ajaHa 1 pepeHunATLHBIM YPABHEHH EM

1,5y® +3.5y2 - 3.1yW + 4y = 2. 2u@ —u
Brenem B ypaBHeHue ornepaTop Jlamnaca — s 1 BeIHeceM YuU 3a CKOOKH.



(1,553 +3.552 —3.1s +4)y=(2.2s* - 1Du

JenuM MHOTrO4JIeH npaBoil yacTu AUQepeHInaIbHOr0 YpaBHEHUS Ha MHOTOYJIEH JIEBOM
YaCTH, MTOJy4yaeM BBIPAKECHUE MEepelaTOYHON PYHKINU

2.2s2 -1
,553+3.5s2—-3.1s +4

M/yu(s) =

IIpumep 4. Pemmenue /1/y ¢ ucnonszoBanueM npeodpazoBanuii Jlamnaca.

d’y .d dx
Y 3% _ay=2% . 6x
dtz - dt dt
JlomycTiM, BXOAHOM CHIHAJ UMEET (POPMY €IMHMYHOIO CTYIIEHYATOr0 BO3JEHCTBUS, T.€.

X(t) = 1. Toraa uzobpaskeHre BXOJHOIO CHTHAIIa, COrIacHo tabuie 1.2, uMeeT BU/ X(S) =1 .
s

[TpousBoaum npeodpazoBanue ucxoanoro Y mo Jlamacy u noacrasisiem X(S):
s2Y(s) -3:s-Y(S) -4-Y(s) = 2-5-X(s) + 6-X(5),
s2Y(s) -35-Y(s) -4-Y(s)=2-sL +621,
S S

Y(s)-(s® -3s? -4s) = 2.5 + 6.
Onpenensiercs BelpaxkeHue Juist Y
2s+6
s° —3s” —4s
OpuruHan noyJy4eHHol (pyHKIMHU OTCYTCTBYET B TaOJMIIE OPUTMHAIOB U M300pakeHUH.

JI7ist pelieHunst 3a1a4u ero moucka Apods pa3OUBaeTCsi HA CYyMMY MPOCTHIX Ipo0eii ¢ y4eTOM TOro,
YTO 3HAMEHATEh MOKET OBITh IpejicTaBiieH B Bue S(S + 2)(S + 3):

y__ 26 _ 25+6 _-15 07 08
s —3s?—4s S(s—4)(s+1) s s-4 s+1

Tenepb, ucnonb3ys Tabiu4Hble (GYHKIMM (CM. Tabia. 2), Ompenensercss OpUIMHal
BBIXO/IHON (YHKIUH:

Y(s) =

y(t)=-15+0.7e* +0.8¢™.
ITpu pemenun JIY c¢ wucnonb3oBanueMm mnpeoOpasoBanuil Jlammaca wacto BcTaer

IPOMEXKYTOUHAs 3ajjaua pa3oueHus Apodu Ha cyMMy MpPOCTHIX ApoOeit. CyllecTBYIOT /1Ba MyTH
pELIeHNs 3TOU 3a/1a4u:

- IyTE€M pEIICHUsI CUCTEMBI YPaBHEHUI OTHOCUTEIBHO KO3()(DUITMEHTOB YUCTUTENEH,
- MyTeM pacyera Ko3((HUIIMEHTOB YUCIUTENEH 110 U3BECTHBIM (hOpMYJIaM.
OO0t anropuT™ pa3dueHust Ipodu Ha CyMMY MPOCTHIX IpoOeit:

waz 1 — onpedensromca Kopuu 3uamenamens Si (3Hamenamenb OpooOu
NPUPABHUBAEMCsL K HYJIO U PEUAemcsl NOJLyYeHHOe YPAGHEHUe OMHOCUMENbHO S);

waz 2 — Ka)coomy KOPHIO CMABUMCS 8 coomeemcmeaue npocmas 0pods euoa

, 20e Mi — neuzgecmuulii KOIhhuyuenm,; eciu umeem mecmo KpamHulil KOPeHsb ¢
B

, 1=1n

ij

Kpamuocmuio N, mo emy cmagumcs 6 coomgemcmeaue N Opodeti 8uoa ( X
S—S;
I

uaz 3 — onpeoensromes kosgguyuenmol Ki no oonomy uz eapuanmos pacuema.



IMpumep 5. [Iposepka Ha ycToitunBoctb ACP

OO01ee 3aganue

Hana omnokontypHas ACP, mis koTopol ompeserneHa mnepenaTodHas (yHKIUS
perymstopa (P) ¢ Hactpoiikamu u nuddepenimanbaoe ypaBHeHHE 00bekTa yrpasieHus (OVY).
TpeGyercs onpeaenuTs:

- IepeIaToOuHy 0 (PYHKIUIO pa30MKHYTOH cucTeMbl Woo(s),

- XapaKTepUCTHUUECKOe BhIpakeHne 3aMKHyTo# cucteMsl (XB3C),

- mepeaTouHbie QYHKIMHA 3aMKHYTO# cuctembl D3(s) — 1o 3ajaHMUIO,
OB(s) — no Bo3mytenuto, OE(s) — mo omrmodke,

- koo punuents! ycunenus ACP,

- YCTOMYNUBOCTh CHCTEMBI.

OBPA3EIL]

1
Han IIU-perynmstop ¢ [Id Buga Wp = 2 + S
onuceiBaeMblil U depeHnanbHbBIM ypaBHEHHEM

U OOBEKT YyIpaBlIeHUs,

3 2 2
2d—§/+ d_2y+y:d_;1+4d_u+u
dt dt© dt gt dt

Omnpenensiercs nepenarouHas GyHKUUsS 0ObeKTa:

s? +4s+1

287 +35° +5S

Torpaa nepenarounast GyHKIUS Pa30OMKHYTOM CHCTEMBI UMEET BU:

2 3 2
Woo(s)=Wp(s)~Wo6(s):(2+1} 53+432+1 _2s :95 :63:1=B(s)
25°+3s° +s 25" +3°+s5°  AlS)

S

XB3C:
D(s) = A(s) + B(S) =254 + 3s3 + 52 + 253 + 952 + 65 + 1 = 254 + 553 + 10s2 + 65 + 1.
[Tepenarounblie GYHKIUN 3aMKHYTOH CUCTEMBI:
®.(5) = W, (s) B(s) 253 +9s% +65+1
U1+ W,(5) D(s) 25 +55% +10s? +65+1 - 1 sanasmmo,
1 A 25" +3% 48
1+ Woo (S) D(S) 234 + 553 +1032 +6s+1 . o 0]_]_[1/161(@’

De(s)




32 +4s5+1
W) _ 26%+3%+s  _  sS+45°+s
1+W.,,(s) 1+2$3+952+65+1 2s* 1563 110s% + 65 +1

D, (S) =

4 3,2
28" +387 +s - 110 BO3MYILIECHHUIO.

[To mepenaToYHbIM (DYHKIUSM OIMPEAENIIOTCS KOA(PPHUIMEHTHl YCHICHUS yTeM
HOJICTAaHOBKH B HUX s = 0:

K3 = ®3(0) = 1 — o 3aganuto;

KE = ®E(0) = 0 — mo ommbdke;

KB = ®B(0) = 0 — 10 BO3MYIIEHUIO.

VYcroiuuocts ACP onpeensiercs no kputeputo ['ypBuiia.

Kpurepuii I'ypBuma: cucrema ycToWumBa, ecild Bce  Kod(pduiumeHtsr ee
xapakTepuctTuiyeckoro ypasuenus D(s) = a0 sn + al sn-1 + ... + an = 0 1 Bce IUaroHaJbHbIC
MUHOPBI Al ... An-1 marpuus! I'ypBuLa noj10KUTENbHBI.

[Tockonbky ko3 dummentsr XB3C a4 =2, a3 =5, a2 =10, al =6, a0 = 1
(crenenp noauHOMa n = 4), To Marpuia ['ypBuia umeer BUA:

5 6 0 O
2 10 1 O
0 5 6 0
0 2 10 1
(oOpatuTe BHUMaHHUE HA CXOACTBO CTPOK MaTpulibl: 1 ¢ 3 u 2 ¢ 4). Onpenenurenu:
Al =5>0,
A, = > O)_5%10-2%6-38>0
2 10 |
5 6 0
Ag=2 10 1|=(5*10*6+6*1*0+2*5*0)—-(0*10*0+5*5*1+2*6*6) =
0O 5 6
=209>0

A4 =1* A3 =1%209 > 0.
ITockonpKy Bce oNpenenuTenu nojaoxuTenbabl, To ACP ycroitunsa.

MeToanuyeckne YKa3aHHUs M0 BbINOJHEHHUIO J1a00paTOPHBIX padoT

Ha J'Ia60paT0pHLIX 3aHATUAX OJId JOCTHIXKCHHMA IIOCTABJICHHBIX 3aiad MXCJIaTCIbHO
BBITIOJTHCHHUEC pa60TBI CTYACHTaMU HCIOCPCACTBCHHO Ha KOMHLIOTepHOﬁ TCXHHUKCE. I[J'ISI JIydaiero
3aKpCIICHUA MaT€prajia CTYACHTHI ITOJYYarOT 3aJaHUs, KOTOPEIC BBIMIOJIHAIOTCA HAa IMPOTXKCHUN
BCEX MPAKTHUYCCKUX 3aHATUH B OTPE3KN BPEMCHHU, OTBCACHHLIC JIs 3aKPCINICHUA MaTCpuajlia u
MOJIy4YCHHSI HABBIKOB paGOTLI. Takue 3amaHus CHAIOTCS CTyACHTaMU NPCHOAaBaTCI0O B KOHIIC

HU3YyUCHUA HaHHOﬁ JUCHUITIINHBI.



Oopa3sen ssadbopaTopHoii padoTsI 3

Pocsem nepexodrwy npoueccob

al=00012 gl =007 a0 =3 b0 =3
2 bl
Alp)=alp +al-p+al Cip)=2alp+al Efp) = bl = o vl =
al
a=|al | g, = polyroot{a)
Laz ) (-12.5+ 484124
- g =| 1
\~12.5 - 48.412i )
= 0000011
k=0.1 A=
Hpnbredue nepexodol xopoKmapUCmuKY,
f et
I p . a
it =30+ % | Blpk)———— |
Lot §l\_ L f Pkc‘1pki_,-'
1: 1 I I I
¥t B S T e
0.85%0
Tosso | ]
0 1 L L L
L1 0l 02 03 04
t
BpeMs nepexoddozo npoyecca
e N |
t =023 Givan W) = 105 tr-= Find(t) tr =0.177+4 35393 10
Poc4ém 4ocmomHsls XOpOxmEpUCmUk j=4f-1
o 30
o = -
=DM12e +003.07+3
L(w) = 20og( | W(w)|) # (@) = ar=z(W(a)) @ = 0.1,1.100(

1 1 _4 1 1
1 10 100 1><1I3': 1 10 1040 1><1E;

W

2

Onpedenumb Yacmomy cpesa u Yyacmomy nepebopoma ¢assl
BeinonHume pacdem dna  dpyzux BenuyuH

Mocmpoums 2paguku u cpabBHumb



KOHmpOJleble 680NRPOCHL
Kakwne 3BeHbsT cunTaroTcs OJICMCHTApHBIMHU, a KaKue THIIOBBIMU?

[lepeuncnure AUHAMMYECKHE U CTaTUYECKHE XapaKTEPUCTUKH 3BEHHEB CHCTEM
yIpaBIeHUS.

HpI/IBCHI/ITe NpUMEPLl MCXAHUYCCKUX H OJJICKTPHUYCCKUX QaHAJIOTOB THUIIOBBIX 3BCHLCB
CHUCTEM YIIpaBJICHUA.

B u4éMm orinmumMe nepexomHbIX XAPAKTEPUCTHUK alepUOJUYECKHUX 3BEHBEB IIEPBOIO H
BTOPOT'O MOPSAKOB?

Kax no kpuBoil nepexoaHoro npouecca onpeaeauTb MOCTOSHHYIO BpeMEHU ?

MOKHO M OLEHUTh [UIUTEIBHOCTh NEPEXOAHOTO MPOIecca, €CIIM N3BECTHA MTOCTOSHHAS
BpEMEHU?

B uém npeumyiecTBa JorapuMUUECKUX YaCTOTHBIX XapaKTEPUCTHK Mepe] 0ObIYHBIMU
YaCTOTHBIMU XapaKTEPUCTUKAMU?

Kak mo norapupmMuyeckoii 4acTOTHOU XapaKTePUCTUKE OMPEIEIUTh YacTOTy cpe3a?

UYro takoe korhdunmeHT neMndrupoBaHus U KaK OH BIMSIET Ha IEPEXOTHBINA mpolecc?

OO0pa3en BbINOJHeHHS 3a]aHus JabopaTopHoi padoTsl 1

Haiitu 5SKBHUBaJICHTHYIO TepeNaTOuYHyl0 (GYHKIHIO CXeMbl (puc. 2).

o W, W, =

%( M.e—
Ws

Puc. 2. CtpykTypHas cxeMa MHOTOKOHTYPHOU CHCTEMBI

Tak Kak cxeMa HMEeT IEepPEeKPEIINBAIONINECsS CBSI3M, TO €€ HYKHO IpeoO0pa3oBaTh.
[TepeneceM Hawanmo oOpatHO# cBsizu 3a 3BeHO W3, [Ipu Takom mepeHoce B OOpaTHYIO CBS3b
Ha10 100aBuTh pukTHBHOE 3BeHO 1/WS3 (puc. 3).

7 N
< W, W, W=, 4

o, {

W, W, W,

4
~

~QUKkmubHoe 30eHD

Pucynoxk 3. IIpeoOpa3zoBaHHasi CTPYKTypHasi cxema



HaunnaeM cBopauynBaTh CXeMy U HaXOJUTh MePeAaTOUHYI0 (DYHKIIHIO:

w
w'=—"2,
1-Wo-Wg
wl=ws- W, -1/w;,
wil — _w., -wl = —WalWz
1 1+ Wy W'
- W1 Ws
oW _ 1+W, W _ —WiW;
1+wil.wit 1+—1_+[;,/12'M;/2—(W5- Wyl/W3)  1+Wo We—W1WoWs Wal/W3'
We

1. VYuebHble ayauTopuu JUId IPOBEACHUS  3aHATUH  JIGKLIMOHHOTO  THIIA:
MynbTHMEIUIHBIE CPEICTBA XPAaHEHHUS, TIEPEIauu U MPeICTaBICHI HHPOPMALIH.

2. Y4eOHble ayIUTOPUM JJsl HPOBEAEHUS J1a0OpPaTOPHBIX 3aHATUH, TPYIIOBBIX U
VWHJUBHyQIbHBIX KOHCYJIPTAllMM, TEKYIIEro KOHTPOJI M IPOMEKYTOUYHOM AaTTECTALUU:
MynbsTUMeauiiHbIE CpelICTBA XpaHEHUs, Iepeiau U npeacraBieHus nHpopmauuu. Kommiueke
TECTOBBIX 3aJJaHUH JUIsl IPOBEACHUS IPOMEXKYTOUHBIX U PyOEIKHBIX KOHTPOJIEH.

3. Ilomemenus s caMmocTosiTenbHOW paboThl oOyuaromuxcs: IlepcoHanbHble
komibioTepsl ¢ makerom MS Office, Beixogom B MHTEpHET M C IOCTYIOM B JJICKTPOHHYIO
UH(POPMALIMOHHO-00pa30BaTENbHYIO CPEly YHUBEPCUTETA.

4. TlomemeHus Ui XpaHEHUS W TPOPHIAKTHUECKOTO OOCITYy)KUBAaHUS y4EeOHOTO
obopynoBanus: Ilkadel 11 XpaHeHHs Yy4eOHO-METOJAMYECKOW JOKyMEHTalluH, Yy4eOHOro
000py1I0BaHUS U YIEOHO-HATJIAIHBIX TTOCOOUH.

JIeKIMOHHBIN  3aJl, O00OPYAOBAaHHBIH COBPEMEHHOW NPE3EHTAllMOHHON TEXHMKOMN
(MpoeKTOop,3KpaH, HOYTOYK).

KommnbroTepHble Kiacchl, 000pyJI0BaHHbIE COBPEMEHHOW TEXHHMKOH U MeOenblo s
IPOBEJCHUS TNPAKTUYECKUX WU JlabopaTopHbix 3aHsATHI. Kommblorepsl 00beAMHEHBI B
JIOKAJIbHYIO CETh C BBIXOZOM B VMIHTEpHET M 3JIEKTPOHHYI0 WH(OPMAIMOHHO-00pa30BaTEIbHYIO
Cpely YHUBEPCUTETA.



