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TEIJIOBBIX H aTOMHBIX JJIEKTPHYCCKUX CTaHUMI

YpoBeHnb 00pa3oBaHusi: Bbicliee 00pa3oBaHMe - MAaruCTpaTypa

®opma o0yuenusi: OuHas

Pabouast nporpaMma QM CHUILIHHBI
OCHOBBI ABTOMATHU3AIIUA

bJaok:

Baok 1 «/Iucuuniunsl (MoxyJim)»

Yacrtb 00pa3oBaTesbHOM
NPOrpamMMblI:

Yacrb, popmMupyeMasi y4acTHUKAMHU 00pa30BaTeIbHBLIX OTHOIIEH Uil

Ne IMCHUNJIMHBI 0 YYeOHOMY
IJIaHy:

b1.4.11.01.02

TpynoeMKOCTh B 3a4eTHBIX
eIMHULAX:

1 cemecrp - 4;

Yacos (Bcero) no yueoHomy
MJIAHY:

144 yaca

Jlekuuu

1 cemecTp - 16 yacoB;

HpaKTuquKne 3aHATHA

He NMPeyCMOTPEeHO YUeOHbIM IIAHOM

JlabopaTopHbie padoThI

1 cemectp - 32 yaca;

Kouncynbranuu

MPOBOJIUTCHA B paMKaX 4YaCoB ayIUTOPHbIX 3aHSATHH

CamocTrosiTesibHasi padoTa

1 cemectp - 95,7 yaca;

B ToM unciae Ha KII/KP

He MPeyCMOTPEeHO YUeOHbIM MJIAHOM

HNnasa koHTakTHas padora

MPOBOAUTCS B PAMKAX YaCOB Ay/IMTOPHBIX 3aHATHI

BKJIIOYAS:

TecTrupoBanue

KontpoabsHnas padora
PacderHo-rpadguyeckas padora
KossiokBUYM

IIpomeskyTouHast aTTecTALUS:

3ayer c oneHKoOI

1 cemectp - 0,3 yaca;
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NPOI'PAMMY COCTABMUJI:

[IpenoaBarenn

MNMognucaHo anekTpoHHoW nognuceio $rE0Y BO «HUY «M3U»

CseneHunn o enagensue L3N M3K

Bnapeney

Mep3nvKuHa E.W.

Waentuduratop

R26072d90-MerzlikinaYl-9a9904a}

E.N. Mepanukuna

(OJDKHOCTB)

COI'ZTACOBAHO:

PykoBoguTens
00pa30BaTEIbHON IPOrpaMMBbI

(moamucs)

MNognucaHo anekTpoHHoi nognuckio ®r6OY BO «HUY «M3U»

CseneHva o snagensuye L3N M3K

Bnapeney

AHAPIOLWWH A.B.

Waentuduratop

R58c1b096-AndriushinAV-dc5e9a3|

(pacmudpoBKa MOIIHCH)

A.B. Annpromun

(IOJDKHOCTD, yUeHas CTeHeHb, yUeHOe
3BaHUE)

3aBeyIOIIMI BBITYCKAIOIICH
KadeIphl

(mozmucs)

MNognucaHo 3neKTpoHHO| nognuceio ®TEOY BO «HUY «M3W»

CseneHva o snagensuye L3N M3K

Bnapeney

YepHses A.H.

Waentuduratop

R7a97f450-ChernyaevAN-b37575e|

(pacmudpoBKka MOIIHCH)

A.H. YepHsieB

(IOJDKHOCTD, yUeHas CTeHeHb, yUeHOe
3BaHUE)

(mozrucs)

(pacmudpoBKa HOIIHCH)



1. EJIX 1 3AJAYHN OCBOEHMUSA JUCIIUITJIMHbI

Lenbp ocBoeHWsl IMCHUIJIMHBI. HW3Y4Y€HHE OCHOB M OOIIUMX MPHUHIMIIOB aBTOMAaTU3ALUU
TEIUIOPHEPIreTUUECKUX OOBEKTOB, MPHUHIMIIOB IOCTPOEHUS U pealu3alMi CHUCTEM YIIpaBJICHUS
TEIUIOPHEPTEeTHUECKUMU  O0BEKTaMH, METOJOB MaTEMaTHUYECKOro OIMCaHUs, aHaiu3a W CHHTEe3a
AJIEMEHTOB M  CHUCTEM  YIPABJICHHSA, BOIPOCOB IIOCTPOEHHS U  TEXHMUYECKOH  peanu3alnuu
ABTOMATHU3UPOBAHHBIX  CHUCTEM  YIpaBleHUs  TexHojormueckumu  mpomeccamu  (ACYTII) B
TEIUIOPHEPTETUKE, OCHOBHBIX IOHSATHM METPOJIOTMH, METOJOB M TEXHUYECKUX CPEACTB H3MEPEHMUS
TEIUIOTEXHUYECKUX BETMUMH

3agauu AMCHMIIMHBI

- OCBOCHHE OCHOB METPOJIOTHH, METO/IOB OLIEHKH MOTPEIIHOCTH PE3YJIbTaTOB U3MEPEHUN U
METOJI0B U CPEJICTB U3MEPEHUS TEINIOTEXHUYECKUX BEIUUNH;

- OCBOCHHE OCHOBHBIX MIPUHIIUIIOB YIIPABJICHUS TEIUIOTEXHUYECKUMU 00beKTaMH, (PYHKUIUN U
3a/1a4 aBTOMaTHYECKUX U aBTOMAaTU3UPOBAHHBIX CUCTEM YIIPABIICHUS;

- OCBOCHHE METOJIOB MAaTEeMaTUYECKOT0 ONMUCAHUS TMHAMUYECKIX CUCTEM U METOJIOB X aHAJIN3a
Y CUHTE3a;

- IPHOOPETEeHNE HABBIKOB MPUHATHS 1 000CHOBAHUS KOHKPETHBIX TEXHUYECKHUX PELICHUI Mpu
BbIOOpPE CTPYKTYpPbl aBTOMAaTUYECKOW CUCTEMBI YIIPABJICHMUS, AITOPUTMOB pabOThI PErYISTOPOB,
KPUTEPUEB KauecTBa YIPABJICHUS; IPUHIIUIIOB TOCTPOCHUS CUCTEM aBTOMATU3AlIMU B TEINIODHEPTETHKE;

- OCBOEHHE MH(POPMALIUY O TPOMBIIIJICHHBIX TEXHHUECKUX cpeacTBax apromaruzanun (TCA),
UCIONIB3YEMBIX MPU MOCTPOCHUHU CUCTEM aBTOMATHU3AIMH B TEIIJIOOHEPTeTHKE, UX MPUHLIUIIE ACHCTBUS U
METOJaX IPUMEHEHUS;

- IpHOOpETEeHNE HABBIKOB BHIOOPA U 00OCHOBAHMSI KOHKPETHBIX TEXHUYECKUX PEIICHUN MPH
BbIOOPE TEXHUUECKON CTPYKTYPhI CUCTEM aBTOMATH3aLlMU B TEINIO3HEPTETUKE, a TAK)KE HABBIKOB 110
BBOJY B JICHCTBHE U ONEPATUBHOMY YIIPABJICHUIO CUCTEMaMU PEryJIHpOBaHuUs Ha 0a3e MPOMBIIITICHHBIX
CPEJCTB aBTOMATHU3ALIUH.

dopmupyembie y 00yJaronierocsi KOMNeTeHIMH U 3aIJIaHUPOBAHHBIC Pe3yJabTaThl 00yYeHHs TI0
JUCHHUIIIIMHE, COOTHECEHHBIE C HHAMKATOPAMHU JOCTHKEHUS KOMIIeTCHIIHI |

KOI[ U HAMMCHOBAaHHEC KO}] 1 HAMMCHOBAaHHE 3al'lJ'laHI/Ip0BaHHI)Ie PE3yJabTaThI oﬁyquI/m
KOMIICTCHIINU HHAUKATOPA TOCTUKCHUSA
KOMIICETCHIINH

ITK-2 Cnocoben NJI-3nk-2 JlemoncTpupyer 3HATb:
y4acTBOBAaTh B OPTaHU3AlMM | 3HAHUE OCHOBHBIX ~ OCHOBHBIC TCPMUHBI K ONIPCACIICHUA,
pa3paboTKu, BHEAPEHUS U HaIpaBJIEHUN U METO/I0B HCTIO/b3yEeMbIC B 00NIACTH aBTOMATH3ALINN;
conpoBoxaeHuss ACYTII, aBTOMAaTHU3AINH 00bEKTOB OCHOBHBIC IIPUHIHIIBI IIOCTPOCHUS CHCTEM
pa3paboTke MEpOnpUITUN DYHEPIreTUKHU YIPaBJICHHA TCIVIOTCXHUICCKHMHA
[0 TIOBBIIIEHHIO KAYECTBA 00BEKTaMH U MPOIECCAMU, COCTaB U
ACY TIT u eé s1eMEeHTOB (GYHKIIMOHUPOBAHUE CUCTEM YIIPABIICHUS;

- HanboJiee pacrpoCTpaHEHHbBIE
HEJMHEWHBIE SJIEMEHTHI CHCTEM
VIPaBICHUS ¥ HX XapaKTEPUCTHUKH,
ocobernoct padotel ACP ¢
HEJTMHCWHBIMH 3JICMCHTAMH,

- OCHOBHBIE CTIOCOOBI MTOBBIIIICHUS
kadecTBa paboTel ACP, OCHOBHBIE METOIbI
pacuera ACP.

YMETB!

- BEIOMPATh TEXHUUECKUE CPEJICTBA IS
CO3JIaHUS CUCTEM aBTOMAaTH3AINH
00BEKTOB TEIJIOOHEPTETUKH B
3aBHCUMOCTH OT YCJIOBHI pabOTHI;




Koa u HaumeHoBaHue Koa u HaumeHoBaHMe 3anﬂaﬂnp03aﬂﬂue PeE3yJabTaThI 06yqemm
KOMIIETCHIINH HHAUKATOpa JOCTHKCHUSA
KOMIICTCHIIUHA

MIPUMEHSITh OCHOBHBIE BU/IbI TEXHUYECKUX
CpE/ICTB aBTOMATU3ALIMH NPU CO3/IaHUHU
ACYTII B sHepreTuUKe;

- CTPOUTH MAaTEMATUYECKUE MOJIEIIH
00BEKTOB M CHCTEM aBTOMATUYECKOTO
YIPaBJICHUS; BBIIOJIHATH AaHAJIU3 CUCTEM
aBTOMATHUYECKOT0 YIPaBIICHUs, IOTy4YaTh
CTaTUYECKUE U JTUHAMUYECKUE
XapaKTePUCTUKU OOBEKTOB U CUCTEM
YIpaBJICHUS;;

- OLICHUBATh Ka4e€CTBO pabOThHI
ABTOMATHYECKUX CHUCTEM YIPaBIICHUS,
BBITMIOJHATH OTPaHUYCHHBII
(mapaMeTpuYEeCKHii) CHHTE3 CHCTEM
aBTOMATHUYECKOTO YIIPABIICHUS;;

- U3MEPSATh OCHOBHBIE MMapaMeTpbl 00bEKTa
C TIOMOIIIBIO TUITOBBIX U3MEPHUTEIBHBIX
pUOOPOB, OLIEHUBATH MOTPEIITHOCTH
M3MEpEHUIl; OCYIIECTBUTH BHIOOP METOJIOB
Y CPEJICTB U3MEPEHUM ISl KOHTPOJIS
COCTOSTHUS TETNIOTEXHUYECKOTO
000opyI0BaHus;

- BBINIOJIHSATH aHAJIU3 YCTOMYUBOCTH U
3araca yCTOMYMBOCTH CUCTEM YIPABJICHHUS.

2. MECTO JUCIUILIVHBI B CTPYKTYPE OBPA30OBATEJBHOM ITPOT'PAMMBI BO

JucuurniauHa OTHOCHUTCA K OCHOBHOM TmpodeccroHanmbHOM 00pa3oBaTenbHON MporpamMme
ABTOMaTU3UPOBAHHBIE CUCTEMBI YIIPaBJIEHUS 00BEKTAMHU TEIIOBBIX M aTOMHBIX AJIEKTPUUYECKUX CTaHLIUH
(manee — OIIOII), nampaBnenust noarotoBku 13.04.01 TennosnepreTuka M TEIUVIOTEXHHKA, YPOBEHb
00pa3oBaHUs: BBICIIEE 0Opa30BaHKE - MAarUCTPaTypa.

TpebGoBaHMsI K BXOAHBIM 3HAHUSM U YMEHUSIM:
- 3HaTh JuciuninHa 6a3upyeTcs Ha ypoBHe OakajaBpuara

PesynbTarsl 00yueHus, Noxy4eHHbIE IPU OCBOEHUU JAUCLUUIUIMHBI, HEOOXOAUMBI IIPU BBIOJIHEHUN
BBIITYCKHON KBaTM(PUKALIMOHHOMN paboThI.




3. CTPYKTYPA U COAEPKAHUE JUCHUIIJINHbI

3.1 CTpyKTypa THCHUNIHHBI
OO01as TpyJI0eMKOCTh JUCHUTUTMHBI COCTABIISIET 4 3a4eTHBIX eMuHUIIbI, 144 yaca.

PacnpenencHue TpyoeMKocTH pasjena (B 4acax) Mo BHUIAM YIeOHOH paboThI

Pasesb1/TeMbl 8| a
Ne JTUCIUTUTAHBL/ (D OPMBI § % § KonrakTHas pa6ora cp CopneprkaHue caMOCTOSTENTFHON paboThl/
/i IPOMEXYTOTHOM o &| 3 Koncyubraums UKP PaGora s | LOATOTOBKA K METONYECKUE YKa3aHHsI
aTTeCTAIH 8 g | © |Jlex | Jlab | Ip — - VKK | TK A cemectpe | ATTECTALMH
M p /KOHTPOJIb
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1 OCHOBHBIC MTOHATHUSA 9 1 3 - - - - - - - 6 - Ilo020mogKa K ayoumopHsM 3aHAMUAM:
YIIpaBJICHUSA, TEPMUHBI [TpopaboTka JeKInH, TOATOTOBKA K 3aIIHUTE
U OTIpeJIeNICHHUSI. n1ab. paboThI
Juddepennunanbueie IlodzomogKa K neKyuiemy KOHmMpOoio:
ypaBHEHHS U IToBTOpEeHNE MaTepuana o pasiery
JIMHAMHUYECKHE "OCHOBHBIE TIOHATHA YNIPABICHUS, TEPMHUHBI U
XapaKTEePUCTHKU ompeznenenus. Jnddepenuansubie ypaBHEHHUS
JIMHEHHBIX CHCTEM 1 TMHAMHYECKNE XapaKTEePUCTUKHU JIMHEIHBIX
11 OCHOBHBIE TTOHSTHUS 9 3 - - - - - - - 6 - cuctem"

YIIPaBIICHUS, TEPMUHBI
Y OTIpEJIeNICHHSI.
JduddepernnansHeie
ypaBHEHHS U
JMHAMHYECKUe
XapaKTepUCTUKH
JIMHEMHBIX CUCTEM

Ilod2omoeka domauinezo 3adanusn:
[MoxroToBka AOMaITHeTo 3aJaHUS HAIpaBJICHA
Ha OTPabOTKy YMEHUH pelieHus
npodeccHoHaNbHBIX 3aaa4. JlomaliHee 3a1aHne
BBIJIA€TCA CTYACHTAM I10 U3Y4EHHOMY B pasjiene
"OCHOBHBIE TIOHATHS yTIPABICHUS, TEPMHUHBI U
omnpezenenus. Judpdepenpanbuble ypaBHEHUs
U IWHAMHWYECKHE XapaKTePUCTUKH JIMHEHHBIX
cucteM" Matepuainy. JJONOJHUTENBHO CTYACHTY
HEO0XOIMMO U3yUUTh JUTEPATYPY U pazo0pars
MIPUMEPHI BBITIOTHEHUS ITOTOOHBIX 33 JaHHH.
IIpoBepka goMaIIHEro 3aJaHus IPOBOJUTCS O
MPECTaBICHHBIM TUCBMEHHBIM pa0oTaM.
Ilod20mo6Ka K KOHmMPOILHOU padome:
Wzyuenne matepuanos mo pasnery OCHOBHEIE
TIOHSITHSI YIIPABIICHUS, TEPMUHBI U
onpenenenus. Juddepennmanpapie ypaBHEHUS
1 TWHAMHYECKHE XapaKTePUCTUKH JIMHEHHBIX
CHCTEM M MOJITOTOBKA K KOHTPOJHHON paboTe
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Camocmoamenvroe usyuenue
meopemuueck02o mamepuana: VIsyaenue
JIOTIOJTHUTENIBHOTO MaTepHaia o pasjierny
"OCHOBHBIC TIOHATHS YIIPABIICHHS, TCPMUHBI H
onpenenenus. AnddepeHnnansapie ypaBHEHUS
1 TMHAMHYIECKNE XapaKTEPUCTUKHU JIMHEIHBIX
cucrem"
H3yuenue mamepuanog 1umepamypHbix
UCIOYHUKOG:

[12], BBenenue, rnassi 1, 2

CTpyKTypHBIE CXEMBI
CHCTEM YIpPaBJICHUS

2.1

CTpyKTypHBIE CXEMBI
CHCTEM YIpPaBJICHUSA

IlodzomogKa K neKyuiemy KOHmMpoio:
IToBTOpEeHue MaTepuana no pasaeny
"CTpyKTypHBIE CXEMbI CUCTEM yIpaBicHUA"
Ilodzomogka K ayoumopHlm 3aHAMUAM:
[IpopaboTKa JICKITUH, BBITOJIHCHHE U
MOJIrOTOBKA K 3amure jJab. paboTh
Ilod2zomoeka domauinezo 3adanusn:
[ToaroroBka JOMaIIHETO 3a1aHUS HAIIPaBICHA
Ha OTPaOOTKY YMEHUH pelIeHus
npodeccrnoHaNBHBIX 3a/1a4. JlomamnHee 3agaHue
BBIJJAETCS CTY/ICHTaM I10 U3yYEHHOMY B pasJielie
"CTpyKTypHBIE CXEMbI CUCTEM yIpaBicHUA"
Marepuainy. JloNnOJIHUTENBHO CTYACHTY
HEO0XOIMMO U3YyYUTh JUTEPATYpy U pa3o0path
IIPUMEPHI BBITIOIHEHUS TOT00HBIX 3aJaHUH.
IIpoBepka goMaIHero 3aJaHus MPOBOIUTCS IO
IIPECTaBICHHBIM MTUCHBMEHHBIM paboTaM.
Ilo020mo6Ka K KORmMPOIbHOU padome:
N3ydyenune marepuaioB 10 pas3zieiry
CTpyKTypHBIE CXEMBI CUCTEM YNPABICHUS U
MOJIrOTOBKA K KOHTPOJIbHON paboTe
Camocmoamensroe usyuenue
meopemuueckozo manepuana: Nzydenve
JIOTIONTHUTEIHHOTO MaTepraa o pasaery
"CTpyKTypHBIE CXEMbI CHUCTEM yIIpaBJICHH"
H3yuenue mamepuanos 1umepanmypHsix
UCOYHUKOG:

[12], rmaBa 3

Y cTOMIMBOCTE , 3amac

Iloozomoeka K mMeKyuiemy KonmpaoJiro:
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YCTOMYUBOCTH U
POOACTHOCTH CHCTEM
aBTOMAaTHYECKUX
yHOpaBJICHUS

3.1

Y CcTOMUIMBOCTE , 3amac
YCTOWYUBOCTH U
POOaCTHOCTE CHCTEM
ABTOMATHYECKUX
YIpaBICHUS

IToBTOpeHue maTepuaa 1o pasaeny

"Y cTONUMBOCTS , 3alac yCTOHUUBOCTHU U
POOACTHOCTH CUCTEM aBTOMATHYECKHX
ynpasieHus"

Ilo020mo6Ka K ayOumopHovim 3aHAmMuAM:
ITpopaboTka IeKnnH, BEIOTHEHHUE U
MOJITOTOBKA K 3amuTe 1ab. paboTHI
Ilod20moeka 0omauinezo 3adanus:
IToaroroBka KOMaIIHETO 3aaHUS HAIIPABICHA
Ha 0TPabDOTKY YMEHUI peleH s
npodeccroHaNBHBIX 3a/1a4. JlomalHee 3agaHue
BBIJIACTCA CTYICHTaM 10 U3Y4EHHOMY B pasjiene
"Y cTONUMBOCTS , 3aIac yCTOHYNUBOCTH U
pOOACTHOCTH CHCTEM aBTOMATHYCCKUX
ynpasyieHus" MaTtepuany. [lonoITHUTENbHO
CTYZIEHTY HEOOXOANMO M3Y4HTh JIUTEPATypy U
pa3o0path NpUMEpHI BHIIOIHEHNUS TTOJOOHBIX
3aganuid. [IpoBepka nomMarmrHero 3afiaHus
MIPOBOANTCS TIO MPECTaBICHHBIM THCHMEHHBIM
pabotam.

Ilo020moeKka K KOHmMPOIbHOU padome:
W3y4yenue MaTepuaiioB 10 pa3aeiny

Y CTOMUUBOCTS , 3a1aC YCTOMYMUBOCTH U
po6acTHOCTh CUCTEM aBTOMATHYECKHX
YIpaBJIEHUS U MOATOTOBKA K KOHTPOJIBHOM
pabore

Camocmoamenvhoe usyuenue
meopemuyueckoz0 mamepuana: Vzyaenne
JIOTIOJTHUTENBHOTO MaTepHaia o paszieiny
"YcToiunBOCTS , 3a11ac YCTOMYHUBOCTH U
PpOOACTHOCTH CHCTEM aBTOMAaTHYECKUX
ynpasJyieHus"

H3yuenue mamepuanos 1umepanmypHsix
UCHOYHUKOB:

[12], rmaBa 4

Pacuer cucrem
aBTOMATHYECKOTO
praBHeHI/IH n3
YCJ'IOBI/IH MWUHHUMU3AINU

20

16

IHoozomogka Kk mexyuiemy KOHmMpoRio:
[ToBTOpenne maTtepuana mo paszaeny "Pacuer
CHUCTEM aBTOMATHYCCKOTO YIIPABJICHUA U3
YCJIOBUA MUHUMH3AITUN BI)I6pOCOB




BBIOPOCOB
YIPaBIIEMBIX
MIEPEMEHHBIX

yIpaBIseMBbIX IePeMEHHbIX"
Ilooz0mogka pacuemuo-zpaguueckozo
3adanua: B pamkax pacyeTHO-rpayeCcKOro

4.1

Pacuer cuctem
aBTOMATHYECKOT'O
YIpaBICHUS U3
YCIIOBHS MUHIMHU3AIINH
BEIOpPOCOB
YIPaBIIEMBIX
TIepEeMEHHBIX

20

16

3a7aHUsI BBITIOTHACTCS YEPTEK KOHCTPYKIIHH.
J71s1 BBITIOJIHEHUS YEPTEKEN BBINOIHIIOTCS
IpeABapUTEIbHBIC PACUETHI OCHOBHBIX
MOKa3aTeJiel, KOTOphIe YKa3bIBAIOTCS Ha
yepTexe. 3agaHue BBINOIHACTCS
MHIVBHUIYaJIBHO 110 BapuaHTaM. B kauecTBe Tem
3aJjaHMs IPUMEHSIOTCA clleayomue: PacueTHoe
3aanue no Kypey «OCHOBBI aBTOMAaTH3AIN |
cemectp, rpymmna Td-6,7M-XX OntumanbHbINH
napametrpuieckuii cuate3 ACP ¢ TunoBsIMu
JUHEHHBIMU aJITOPUTMAMHU PET'yITHPOBAHU
Oo6nekT ynpasnenus (OY) 3a1aH nepeaaTouHoM
(byHKIMEH TPEeThEro Mopsi/iKa C 3ama3/ibIBaHIEM,
KO3 PHIHEHT TIepeaadn 00BeKTa paBeH 2,5,
MIOCTOsIHHBIE BpeMeHH paBHbl 10, 15 u 30
CEKYHJI COOTBETCTBEHHO, BPEMS 3alla3JbIBaAHNU -
4 cexyHnsl. 1.PaccauTars 1 MOCTPOUTH TPAPUKU
[IEPEXOIHOM, UMITYJIbCHOM MEPEXOAHON U
4acTOTHBIX XapakTepuctuk OVY. Ilepexonnyio u
HUMIIYJIbCHYIO MEPEXOIHYI0 XapaKTePUCTUKU
IOCTPOUTH HA OJJHOM KOOPJIUHATHOU
miockoctH. 2.Paccunrars g ACP ¢ ITU-
ITOPUTMOM I'PaHHILy YCTOHYHUBOCTH M JTMHUU
3a/laHHOro 3amnaca ycroluuoctu st m=0.221,
m=0.366. 3.0npenenuTs ONTUMAaJIbHbIE
Hactpoiiku I1-, U- u I -perynaropos npu
orpannueHusix m = 0.221, m=0.366 npu
YCIIOBUM MUHUMYMa JINHEWHOTO HHTETPaJIbHOTO
nokazatesst. 4.ITocTpouts rpaduku
MEPEXOAHBIX TPOIIECCOB IPH TT0AaYe
BO3MYIICHHS Ha BXOJ 00BEKTa U IPH
W3MEHEHNH 3aJaHUs IPH HaHIeHHBIX
HacTpOMKax U ONpeeIuTh 3HaYCHUN
mokasarenei kauectsa ACP (quHaMudeckoro n
CTaTUYECKOTO OTKIOHEHHS, BpEMEHH
peryIupoBaHus, CTEIIEHH 3aTyXaHus,
JIMHENHOr0 UHTErpaJIbHOro nokasarens). Bo
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BCEX CJIyYasX CUMTATh, UYTO MMOJACTCS
€MHUYHOE CTYNEHUaTOe BO3MYILEHHE.
5.CpaBHHTH 3P (PEKTUBHOCTH PACCMOTPEHHBIX
ITOPUTMOB PETYIUPOBAHHS.
Ilo020mo6Ka K ayOumopHovim 3aHAmMuAM:
[IpopaboTka JIeKIINH, BEITOIHEHHE U
MOJITOTOBKA K 3aIuTe J1a0. paboTs
Ilod2zomoeka domauinezo 3adanusn:
[ToxroToBka JoOMaITHeTo 3aaHUS HaIpaBIeHa
Ha OTPaOOTKy YMEHUI pelicHus
npodeccroHaNBHBIX 3a/1a4. JlomalHee 3agaHue
BBIJIACTCA CTYICHTaM 10 U3Y4EHHOMY B pasjiene
"PacdeT cucTeM aBTOMaTHUYECKOTO yIIPABICHUS
U3 YCJIOBUS MUHUMHU3AIMK BEIOPOCOB
yIpaBJIsieMBIX IEPEMEHHBIX" MaTepuay.
JIOTIOTHUTEIBHO CTYICHTY HEOOXOAUMO
W3YYUTH JUTEPATyPy U pazo0paTs IpUMEpHI
BEITIOJTHEHUS TTOOOHBIX 3amaHuid. [IpoBepka
JTOMAIITHETO 3a/IaHUs TIPOBOIUTCSI IO
MIPeCTaBICHHBIM MTUCBMEHHBIM pa0oTaM.
CamocmosamensHnoe usyuenue
meopemuyueckozo mamepuana: VI3yaenue
JIOTIONTHUTEIHHOTO MaTepraa o pasaery
"PacdeT cucTeM aBTOMaTHYECKOTO yIIPABICHHS
Y3 YCJIOBUSI MUHUMU3AIUU BHIOPOCOB
YHpaBIIeMBIX IEPEMEHHBIX"
H3yuenue mamepuanog numepamypHsix
UCHOYHUKOB:

[1], cTp. 25-26, 28-77

[12], rnaBa 5

5 CuHTE3 aNropuTMOB Ilo0z0mogKa K meKyuiemy KOHmpoJio:
CIIOKHBIX CTPYKTYP IToBTOopenue maTepuana no pasaeny "Cunres
CUCTEM ANTOPUTMOB CIOXHBIX CTPYKTYp CHCTEM
aBTOMAaTHYECKUX AaBTOMATHYECKUX yIpaBieHHUA"
YOpaBICHUS Iodzomoeka K ayoumopHsimM 3aHAMUAM:
5.1 CuHTE3 aIroOpuTMOB [IpopaboTka JIeKIIUH, BEITOJHEHHE U

CIIOXKHBIX CTPYKTYP
CUCTEM
ABTOMAaTHYECKUX

MOJITOTOBKA K 3amuTe 1ab. paboThI
Camocmoamensnoe uzyuenue
meopemuyeckozo mamepuana: V13yuenue
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yIpaBJIeHUs

JIOTIOJIHUTEIBHOTO MaTepuaa o pasjaery
"CHHTE3 alrOPUTMOB CIIOKHBIX CTPYKTYD
CHUCTEM aBTOMAaTHYECKUX yIpaBIeHUs"
H3yuenue mamepuanog 1umepamypHbix
UCIOYHUKOG:

[2], ctp. 135-144

6 Hexkoropslie 8 - 6 Ilo020moeKa K meKyuiemy KOHmpoJio:
HEJNUHEWHbIE 3a1a4l [loBTOpEHNE MaTepuaia no pasaeny
aBTOMATHYECKOT'O "HekxoTopbie HEMMHEWHBIC 3a0a4l
yOpaBJICHUS aBTOMATHYECKOTO yIpaBiIeHHU"
6.1 Hexkotopsie 8 - 6 Ilodzomogka K ayOumopHvlm 3aHAMUAM:
HEJIMHEIHbIE 321241 [TpopaboTka JeK1nH, BBIOJIHEHHE U
ABTOMATHYECKOTO HOATOTOBKA K 3aIUTe 71a0. paboThI
yIpaBJICHUS Ilo020mo6Ka K KOHMPOILHOU padome:
W3y4yenue marepuaios 1o paszaeny HekoTopeie
HeJIMHEHHbIE 33/1a41 aBTOMAaTHYECKOTO
YIIPaBICHHUS U TIOATOTOBKA K KOHTPOJIBHOM
pabote
Camocmoamenvhoe usyuenue
meopemuyueckozo mamepuana: Vzyaenne
JIOTIOJTHUTENBHOTO MaTepHaa o paszierny
"HekoTopble HENMMHEWHBIE 3a0a4l
aBTOMATHYECKOTO yIIpaBieHUs"
H3yuenue mamepuanog 1umepamypHbix
UCIMOYHUKOG:
[12], rmaBa 9
7 Merposiorus 1 32 16 16 Ilodz0mogKa K meKyuiemy KOHmMpoiio:
TEIJIOTEXHUYECKHUE IToBTOpEHNEe MaTepuaa Mo paszieity
HU3MEpPEHus "MeTposorus U TeINIOTEXHUYECKUE U3MepeHus"
7.1 Mertpomnorus u 32 16 16 Ilodzomogxa Kk nabopamopuoit padome: Jns
TETIOTEXHUYECKHUE BBITIOJTHEHHS 33/1aHUH 110 JT1a0opaTopHOi padore
N3MepeHus HEO0OX0AMMO TPeIBapUTEIBEHO U3YUHTh TEMY 1

3aJ1a4u BBHITIOJHEHUS JTA00PpaTOPHOU paboTHI, a
TaK K€ U3yYUTh BOIPOCHI BAPHAHTOB
00paboTKH Pe3yabTATOB IO H3yYEHHOMY B
pasnene "MeTpoJioTHs ¥ TeIJIOTEXHIUUECKHE
n3MepeHus" MaTepuany.

Iloozomoexa K ayOumopHovimM 3aHAmMuAM:
ITpopaboTKa JEeKINH, BEIOJHEHUE U
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MOJITOTOBKA K 3aluTe J1a0. paboThI
Camocmoamenvnoe uzyuenue
meopemuueckozo mamepuana: VI3yacuue
JIOTIOJTHUTEBHOTO MaTepHaa o pasjieny
"MeTpoJIoTHS U TeIUIOTEXHUIESCKIE U3MEpEHUS"
Hzyuenue mamepuanos iumepamypHslx
UCHOYUHUKOB:
[4], I'maBmr 3,5,6,7,10,11,12, myskr 17.7

[8], cTp. 3-8

[9], cTp. 3-8

[10], cTp. 3-8

[11], cTp. 3-8

8 TexHHYECKUE CPECTBA 32 16 16
ABTOMATHU3AIIHH

8.1 | Texuuueckue cpencTna 32 16 16
ABTOMATHU3AIIHH

Iloozomoeka K meKyuwiemy KOHmMpOJIIo:
IToBTOpEeHue MaTepuana no pasaeny
"TexHUYECKUE Cpe/ICTBA aBTOMAaTU3aluu"
Ilodzomoeka K nadbopamopnoit padome: Jlns
BEITIOJTHEHUS 3aJaHUH TI0 JTaOOpaToOpHOU paboTe
HEO0XOIUMO TIPEABAPUTEIHHO U3YIUTh TEMY H
3a[1au BBHITIOJIHEHNUS Ta00paTOpHOH paboTHI, a
TaK ke U3yYUTh BOIIPOCHI BAPHAHTOB
00pabOTKU Pe3yNIFTATOB 110 H3YYCHHOMY B
paznene "TexHudeckue cpeacTpa
aBTOMaTH3aIMK" MaTepuaty.

Ilo0z0moeKa K ayOumopHovim 3aHAMUAM:
[IpopaboTka JeKIIH, BEIOTHEHUE U
MOJICOTOBKA K 3amute jab. paboThl
Ilodzomoeka domauinezo 3adanusn:
[MoxroToBka AOMAaITHETo 3aJaHUS HAIpaBJIcHA
Ha OTPabOTKy YMEHUH peleHus
npogeccHOHANBHBIX 3a1a4. JloManrHee 3a1aHue
BBIIACTCS CTYACHTAM I10 H3YYCHHOMY B pa3Jieie
"TexHUYECKUE CPEJICTBA aBTOMAaTU3aluu"
MaTepuainy. JJOmoHUTETbHO CTYICHTY
HEOOXOIUMO U3yUHUTh JUTEPATYPY U pazodparsb
TIPUMEPHI BBITIOTHEHUS ITOT00HBIX 3aJaHHH.
IIpoBepka JOMAIITHETO 3aaHusI IPOBOIUTCS TI0
NPEACTABJIICHHBIM ITUCHbMCHHBIM pa60TaM.
CamocmoamensHnoe usyyenue
meopemuyueckozo mamepuana: Vzyuenve
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JIOTIOJTHUTEIBLHOTO MaTepuana o pa3aeny
"TexHUYeCKUe Cpe/ICTBA aBTOMAaTU3aluu"
H3yuenue mamepuanog 1umepamypHslx
UCMOUHUKOB:

[2], ctp. 181-214
[3], cTp. 5-33, 35, 41-63, 94-103

[5], cTp. 3-12
[6], cTp. 3-12
[7], cTp. 3-12
3adeT ¢ OLIEHKOH 18.0 - - - 0.3 - 17.7
Bcero 3a cemectp 144.0 16 32 - 0.3 78 17.7
Hroro 3a cemecTp 144.0 16 32 - - - 0.3 95.7

IIpumeuanue: Jlex — nexuuu; JIab — naboparopHsle padboTsl; [Ip — npaktuueckue 3ansatust; KIIP — aynuTopHble KOHCYIbTALUU IO KYPCOBBIM
npoekTam/padoram; UKKII — nnauBuIyanbHbIe KOHCYIBTAIIMH 110 KYPCOBBIM IpoekTaM/padoram; I'K- rpymmoBsie KOHCYIbTAMU TIO pa3ienaM
mucuuiuiniel; CP — camocrostensHas padora crynenta; UKP — unas konraktHast padora; TK — Texymumii koHTposb; [TA — npomexxyrouHas

arrecranusa
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3.2 KpaTkoe coaep:kaHue pa3iejioB
1. OchosHble nonamus ynpasnenus, mepmunbsl u onpedenenus. Jluggepenyuanvrvle ypasHenus
U QUHAMUYECKUE XAPAKMEPUCMUKU TUHEUHbIX CUCeM

1.1. OcHOBHBIC TTOHSATHSI YIPABICHUS, TPMUHBI U onpeaencHus. {uddepennmansabie
YpaBHEHUS U JTUHAMUYECKHUE XapaKTEPUCTUKU JTUHEHHBIX CHCTEM

OcHoBHBIE TOHATUA yrpaBieHusi. OOBEKTHl ympaBieHus, ux kinaccuukanus. OcoOeHHOCTH
TeXHUYECKUX CHCTEM ympaBieHus. [loHATHE JAEKOMIO3WIIMKM CHUCTEMbl W 3a7ad yIpaBIICHUS.
ABTOMAaTHYECKHE U aBTOMATU3UPOBAHHBIC CUCTEMbI yIpaBieHUsS. JMHAMHUYECKHE CHCTEMBI U UX
BUAbl. JluHeliHbie W HenuHeWHble cuctembl. llonstne wmoxaenu cucteMbl. JlMHeapuzanus.
Marematuueckuil amnmapar HCCICIOBAaHUS JIMHEWHBIX HENPEPBHIBHBIX JTUHAMUYECKUX CHCTEM.
Bpemennble  xapaktepuctuku.  [IpeoOpazoBanme  Jlammaca.  Ilepemarounas — GyHKIHS.
[IpeoOpazoBanre Dypne. HacTOTHBIE XapaKTEPUCTUKU TUHEHHON CUCTEMBI.

2. CmDVKI’I’ZVDHble CXeMbl cucmem ynpaeierusd

2.1. CTpyKTypHBIE CXEMbI CUCTEM YIIPABJICHUS

CTpyKTypHBIE CXEMBbI CHCTEM YIPABIEHUSA. DJIEMEHTAPHBIC 3BEHbSI U TUIIOBBIE CBS3M MEXKIY
HUMU. TUMOBBIC JIMHEWHBIC AITOPUTMBI PETYJIUPOBAHUS M CTPYKTYPHBIE CXEMBI PETYJISTOPOB.
[IpencraBieHne mMaTeMaTHUYECKUX MOjENEi OOBEKTOB YIPABIICHUS C UCHOJB30BAHUEM THIOBBIX
3BeHbEB. CTPYKTYPHBIE CXEMBI aBTOMAaTHYECKUX CUCTEM PETyJIUPOBAHUS.

3. Yemortivusocmo , 3andac choﬁlmgocmu u DO6CICI’I’ZHOCI’I’Zb cucmem asmomamu4ecKux
ynpaeieHusl

3.1. YcroiuuBoCTS , 3arac yCTOMYMBOCTH U pOOACTHOCTh CUCTEM aBTOMATHUYECKUX YIPABICHHUS

Y CcTOMYNBOCTh JIMHEWHBIX JUHAMHUYECKHX CHUCTEM. ANreOpandyeckue U 4acTOTHbIE KPUTEPHUU
ycronunBoctu. Ilonatne 3amaca ycronumBocTM cucteMmbl. Kpurtepum 3agaHHOro 3amaca
YCTONYUBOCTH.

4. Pacuem cucmem asmomamuyeckozo YnpaesieHuA u3 yCio6uid MuHumusayuu 6bl6l?0€08
ynpaesiAaemvlx nepemMerHHblx

4.1. Pacuer cucTeM aBTOMaTUYECKOTO YIPABICHUS U3 YCIOBUS MUHUMHU3ALUU BHIOPOCOB
YIIPABJISIEMBIX ITEPEMEHHBIX

IlokasaTtenu © KpuUTEepUM KadecTBa IIpoLEecca peryiaupoBaHusa. Pacder onTUManabHBIX
[IapaMeTpPOB HACTPOMKM B OJHOKOHTYPHBIX aBTOMAaTHYECKHUX CHUCTEMAax pEryJHpOBaHUSA C
TUIIOBBIMU JTMHEHHBIMU AJITOPUTMAMH.

5. Cunmes ajicopummoe CJAOHCHBIX CIMPYKNyp Cucmem asnomamudecCKux ynpaesieHuA

5.1. CuHTE3 aNnropuTMOB CIIOXKHBIX CTPYKTYP CUCTEM aBTOMAaTUYECKUX YIPaBICHUS

MHOTOKOHTYpHbIE U  KOMOMHHpPOBAaHHBIE CHCTEMbl PpEryJUpOBaHUS: KacKaJHble, C
JIOTIOJIHUTEIbHBIM CUTHAJIOM II0 IPOM3BOJHON OT IPOMEXYTOYHOM YIIPABIISIEMOW IEPEMEHHOH, C
M3MEpEeHNEM BO3MYIIAIOMIMX BO3AeicTBUL. MHOrOMepHBIE OOBEKTHI U CUCTEMBI YIIPABICHHUS.

6. Hexomopuie nenunetinble 3a0a4u A8MOMAMU4ECKO20 YnpaejieHuA

6.1. HekoTopble HETMHENHBIE 3a/1a4d aBTOMAaTUYECKOTO YIIPaBICHUS
Henuneitnple cucteMbl W uX o0coOeHHOCTH. THUMOBBIE HENWHEHHBIE SJIEMEHTHI CHCTEM
yrnpasieHusi. CHCTEMBI C TIO3UITMOHHBIMH AJITOPUTMAMU PETYITUPOBAHMS. ABTOKOIEOaHMUS.
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7. Mempoaocus u meniomexnuyeckue usmepenus

7.1. Metponorus ¥ TEIJIOTEXHUYECKUE U3MEPEHUS

OcHOBHBIE MOHATHS U ONPENEIEHUST METPOJIOTUU. DJIEMEHThl TEOpUM HorpeurHocred. O0mue
CBEIEHUSI O METOAaX M CPEACTBAX M3MEPEHMsI TEIUIOTEXHUUYECKUX BEJIWYHMH (TeMIIEpaTypsl,
JaBJICHUS, pacX0/ia, ypOBHS, XUMUYECKUX BEIUYHH).

8. Texuuueckue cpeacmea asmomamuzayuu

8.1. Texuuueckue cpeAcTBa aBTOMATU3ALINHI

OCHOBHBIE TCHJICHIIMHM Pa3BUTHs TeXHUYEeCKUX cpeacTB aBroMmarmu3anuu (TCA). O6oOmeHHas
TEXHUYECKass CTPYKTypa aBTOMAaTHYECKOM CHUCTEMBbl peryiupoBaHusi. VcnogHUTEIbHBIE
MEXaHHU3Mbl, OCHOBHbBIE BH/]IbI, CBOMCTBAa U OCOOCHHOCTH yripaBieHus. CTPyKTypbl Ui peanu3anuu
TUIIOBBIX AJITOPUTMOB peryiupoBaHus. OOHIENPOMBIIUICHHBIE 3JIEKTPUUECKUE HCIOIHUTEIbHBIC
mexanusmbel  (OUM). Krnaccudukanus DOWM, cocTraBHbIE 4YacTH, THIBI PUMEHSIEMBIX
AIIEKTPOIBUraTele, criocoOs! ynpasieHus. KoHTakTHbIe U OECKOHTAKTHBIE ITYCKOBBIE YCTPOMCTBA.
MarnokaHnaiabHble KOHTpOJuIephl Kommanuu «OBEH»: CIEUUATU3UPOBAHHBIE PETYJISTOPBl U
YHHMBEpCaIbHbIE KOHTPOJLIEPHI, TporpaMMupyemsble B cpeae «CoDeSys».

3.3. Tembl NpaKTHYECKUX 3AHATHI
HE MPEyCMOTPEHO

3.4. Tembl 1a60paTOPHBIX padoT
1. 1.M3yuyenue uudpoBsIx peructpupyronux npudopos (Jlaboparopuas padota Ne4);
2. 2.M3yueHue u noBepka cpeAcTB usmepenus aasinenus (Jlaboparopnas padora Nel2);
3. 3.13ydenue pacxoaoMepoB NepeMeHHoro nepemnasa aasiaeHus (Jlaboparopuas padbora
Nel3);
4. 4 Nzyuenue u ucneitanue pH-merpos (JIaGoparopnas padota Nel8) (4 gaca);
5. 5.9kcnepuMeHTaIbHOE MOTyYeHUE NTEPEXOTHON XapaKTePUCTUKU 00bEKTa-
aJIeKTpoHarpeBatens Ha 6a3e mporpammupyemoro koutposuiepa [IJIK150 u cpensr
CODESYS;
6. 6.Mccnenoanue ACP TeMriepaTypsbl 2JIeKTpuuecKoii neun Ha 6a3e konTposuiepa [TJIK150
u lIMM-ynpaBieHremM cpeiHed MOITHOCTBIO HAarpeBarTels;
7. 7.ACP TemmnepaTypbl 2JIEKTpOHArpeBaTess ¢ MO3UIIMOHHBIM aITOPUTMOM PETYIUPOBAHUS
Ha 6a3ze xoHTposuepa [IJIK150 u cpeast CODESYS;
8. 8.ACP temMmnepaTyphbl 2JIEKTpOHArPEBATENSI C UCTIOTHUTEIHLHBIM MEXaHU3MOM MOCTOSTHHON
ckopoctu Ha 6a3e konTposutepa I[TJIK150 u cpenst CODESYS.

3.5 KoncyabTanuu

Ipynnoewie koncyremavuuu no paszoeaam oucyuniunsl (I°'K)

1. OOcyxnenue wmarepuaigoB 1o keiicam paszznena "OCHOBHbBIE TOHSATHS YIPABICHMS,

TepMUHBl U ompeneneHus. JuddepeHnuanpHpie  ypaBHEHHS W AMHAMHYECKHE

XapaKTEpUCTUKH JINHEHHBIX CUCTEM"

OO6cyxeHre maTepuaios Mo keiicam pasaena "CTpyKTypHbIE CXEeMbl CUCTEM yIpaBlieHus"

3. OOcyxaeHne MaTepualioB Mo Keiicam paszziena "YCTOMUMBOCTB , 3amac yCTOHYMBOCTU M
po0aCTHOCTh CUCTEM aBTOMATHUECKHX yIpaBiIeHUs"

4. OOcyxIeHue MaTepualoB MO Kelicam pasgena "Pacuer cucreM aBTOMAaTHYECKOTO
yIpaBiIeHUs U3 YCIOBHSI MUHUMM3AIMH BIOPOCOB YIPaBIsSEMBIX IEPEMEHHBIX"

N

14



5. OO6cyxneHue mMarepuanoB o keiicam pasaena "CHHTE3 aITOPUTMOB CIOXKHBIX CTPYKTYP
CHUCTEM aBTOMATHYECKHUX yIpaBicHHs"

6. OOcyxneHue MaTepuaaoB IO Keiicam pazaena "HexoTopple HeTWHEHHBIE 3a1add
ABTOMATUYECKOT'0 yIpaBIeHUs"

7. OOcyxneHue MaTepuanoB IO Keicam pazgena "MeTposioruss M TEIUIOTEXHHYECKUE
n3Mepenus"”

8. OOcyxaeHne MaTepralioB 1o KelicaM pazjena "TexHuueckrue cpecTBa aBToMaTu3anuu"

Texywuii konmpons (TK)

1. KoHcynpranuu HamnpasieHbl Ha [OJIyY€HUE MHAMBUAYAJIBHOIO 33aJaHUS AJI BBIIOJHEHUS
KOHTPOJIBHBIX MEPONpPUATUH 1O pazneny "OCHOBHBIE MOHSATHS YIpPaBICHUS, TEPMHUHBI U
ompenenenus. JuddepeHnuanpapie ypaBHEHHS M JUHAMHYECKHE XapaKTEPUCTUKU
JIMHEWHBIX CUCTEM"

2. Koncynbranuu HampaBieHbl HA MOJyYCHHE WHAWBUIYAIBHOTO 3a/aHUs ISl BHIIIOJHEHHUS
KOHTPOJIbHBIX MEpONpUATU Mo pazaeny "CTpyKTypHbIE CXEMbI CUCTEM yIpaBieHU"

3. Koncynpranum HampaBieHbl Ha MOJYyYE€HHE WHIMBHIYAIbHOTO 33JaHUS JJISI BBITOTHEHHS
KOHTPOJIBHBIX MEPOIPUATUA MO paszaeny "YCTOMYMBOCTH , 3amac yCTOMYUMBOCTH U
pO0aCTHOCTH CHCTEM aBTOMATUYECKHUX yIpaBiIeHHUS"

4. KoHCynbTallMM HaIpaBJICHbl Ha MOJTYYEHHE WHIUBUIYATbHOTO 3aJaHUs JUIS BBIOJHEHUS
KOHTPOJIbHBIX MEPONpPUITUN MO pazjeny "Pacder cucreM aBTOMaTHYECKOro YIpaBJICHUS
13 YCIIOBUSI MUHUMH3AIIUU BRIOPOCOB YIIPABIISIEMBIX IT€PEMEHHBIX "

5. Koncynpranuu HanpasiieHbl Ha MOJIyY€HUE MHIAUBUAYAIBHOIO 3aJaHUS AJI BBIIOJHEHUS
KOHTPOJIBHBIX MEPOINPUATUH 110 pa3aeny "CHUHTE3 alrOpUTMOB CIIOKHBIX CTPYKTYP CUCTEM
aBTOMATUYECKUX yIpaBiieHus"

6. Koncynbranuu HanmpaBlieHbl HA MOJYY€HUE WHIAUBUAYAIBHOTO 3aJaHUS AJIS BBHIOJHEHUS
KOHTPOJbHBIX ~ MEpOIpHsATHM 1o pasgeny "HekoTopele  HelMHEHHbIE — 3aJauu
ABTOMATUYECKOTO yIPaBJICHUS"

7. KoHcynbTanuu HanmpaslIeHbl HA MOJTY4YEHUE WHIUBUAYAIbHOIO 3a/laHus Ul BBITOJIHEHUS
KOHTPOJIbHBIX MEPONIPUATHH 11O pa3zeny "MeTposorus 1 TeNI0TEXHUYECKUE U3MEPEHUS"

8. KoHcynbranuu HampaBieHbl Ha MOJyYeHHE WHAWBUIYAIBHOTO 3a/laHUs JIJIsl BHIIOJTHEHHUS
KOHTPOJIbHBIX MEPONIPUATHH 110 pas3zeny "TexHu4ecKkue cpencTsa aBToMaTH3auu"

3.6 TemaTnka KypcoOBBIX MPOEKTOB/KYPCOBBIX padoT
KypcoBoii npoekt/ pabota He IPeayCMOTPEHBI
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3.7. CooTBeTCTBHE Pa3/1eJIOB IHCHHMILIMHBI U OpMHUPYEMBbIX B HUX KOMIIeTEeHIIU

3araHupOBaHHbIE PE3YIbTaThl 00YUYEHHUS 1O

Howmep pasznena aucruruiiHs (B

O1eHOYHOE CPEACTBO

Koapl
JUCLUIUIMHE COOTBETCTBUU C 11.3.1) (TN ¥ HAUMEHOBAaHUE)
WHIUKATOPOB
(B COOTBETCTBUH C pazfenoM 1) 1]2]3]4]5]6]7]8
3HaTh:
OCHOBHBIE CITOCOOBI TIOBBIIIIEHUS Ka4eCTBa pabOThI WI-3 + TectupoBanue/Tect 2. ACP cinoxHoi
ACP, ocHoBHbIE MeTO/BI pacueTa ACP M3k CTPYKTYpPBI
Han0oJiee pacpoCTpaHEHHbIC HEIMHCHHBIC TectupoBanue/Tect 3. Hekotopsie
3JIEMEHTBI CUCTEM YIPABJICHUS U X V/T-311c2 + HEJIMHEWHBIE 3a/1a4l aBTOMaTHYECKOI0
XapaKTepUCTHKH, ocobeHHocTu padboTtel ACP ¢ YIPABICHUS
HEJTMHEHHBIMU DJIEMEHTAMH
OCHOBHbBIE€ TEPMUHBI U OIIPEIEIEHNUS, UCIIOIb3yEMBIE TectupoBanue/Tect 1. OCHOBHBIE TEPMUHBI
B 00JIaCTH aBTOMATH3aI[M1; OCHOBHBIC ITPHHIIUITHI U oTpeIeieHUs
IIOCTPOEHUS CUCTEM YIIPABJICHHUS N /I-3mk-2 +
TEIUIOTEXHHYECKUMHU O0BEKTaMU U MPOIIECCaMHU,
cocTaB U QYHKIIMOHUPOBAHHUE CUCTEM YITPABJICHUS
YMmerh:
BBITIOJIHSTH aHAJIU3 YCTOMYMBOCTH | 3amaca Kontponbnas padota/KonTposnbhas pabora
YCTOWYMBOCTU CUCTEM YIPABICHUS V-3 + 2. YCTOWYUBOCTB U 3a11ac yCTOWYHUBOCTH
cucreM ynpasieHus. Kpurepun
YCTOMYMBOCTH
MU3MEPSITH OCHOBHBIE TTapaMeTPhl 00BEKTA C KomnnoxBuywm/3amura 1abopaTopHBIX paboT
MTOMOIIIBIO TUTIOBBIX U3MEPUTENBHBIX TPHOOPOB, no paszaeny "TennorexHuyeckue
OIICHUBAThH MOTPEITHOCTH U3MEpEHUH; ocymecTBUTh | MJI-3mk-2 + U3MEPEHHS U mpudopsI"
BBIOOP METOJIOB U CPEACTB U3MEPEHUN IS KOHTPOJIS
COCTOSIHUSI TETJIOTEXHUYECKOT0 000py10BaHUS
OILICHUBATh Ka4eCTBO PabOThl aBTOMATHUYECKUX Pacuetrno-rpaduueckas padora/Pacuernoe
CHCTEM ynpaBneHIEﬂ; BBINOJIHATH OTPAHUYECHHBIN WJT-311ic2 + 3aganue 1o Kypcey "OCHOBBI
(mapamMeTpuYecKuii) CHHTE3 CUCTEM aBToMaTtu3aiuu"
aBTOMATHUYECKOTO YIPABIICHUS;
CTPOUTH MaTeMaTHYECKUE MOJIEIH OOBEKTOB U V-3 + 14 KonTpomnsnas pabora/KontponbHas pabota
CHCTEM aBTOMATHYECKOTO YIIPABJICHUS; BBITIOTHATH ] 1. Inddepennmanpapie ypaBHEHUS U
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AHAJIN3 CUCTEM aBTOMATUYCCKOI'O YIIPABJICHHA,
moJiydyaTb CTATUYCCKUC U TUHAMHUYCCKUC
XapaKTCPUCTHKU 00BEKTOB M CUCTEM YIIPABJICHUA,

JUHAMUYECKHE XapaKTePUCTUKU CHCTEM
yIpaBiIeHUs. DJIEMEHTapHbIE 3BEHbS U UX
COEAMHEHUs

BBIOMPATh TEXHUUECKUE CPEJICTBA IS CO3/IaHUS
CHCTEM aBTOMAaTHU3aLUU OOBEKTOB TEIIIOHEPTeTUKU
B 3aBUCHUMOCTH OT yCJIOBHM pabOThl; IPUMEHATH
OCHOBHBIE BU/Ibl TEXHUUECKUX CPEICTB
aBromarusauuu nnpu coznganuu ACYTII B sHepreTuke

N/I-3mk-2

Komnoksuym/3amura 1a60paTopHBIX
pabora o pazzaeny "TexHuueckue cpeacTra
aBTomMaru3aiuu"
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4. KOMIIETEHTHOCTHO-OPUEHTAPOBAHHBIE OIIEHOYHBIE CPEJICTBA JUISA
KOHTPOJISI OCBOEHMS PE3VJIbTATOB OBYUEHMS 11O JUCIMUIIIMHE
(TEKYIIU KOHTPOJIb YCIIEBAEMOCTH, IPOMEKYTOUYHASI ATTECTALMSA
1O JUCLMILINHE)

4.1. Tekymuii KOHTPOJIb yCIIeBA€MOCTH
1 cemecTp

Dopma peanuzaruu: [lncemennas padota
1. KonTponbnas pabota 1. Jluddepennmanbabie ypaBHEHHS U JUHAMHYECKHAE XapaKTEPUCTUKH
CUCTEM YIpaBlieHUs. DJIeMeHTapHbIe 3BeHbs U ux coenunenus (KonrponpHas pabora)
2. KonTponbHas padota 2. YCTOHYHBOCTD U 3a11aC YCTOWYMBOCTU CUCTEM YIIPABIICHUSI.
Kpurepuu ycroitunBoctu (KontponsHas padota)
3. Pacuernoe 3amanue no kypcy "OcHoBbl aBTomaTu3anuu'” (Pacuerno-rpadudeckas padbora)
4. Tect 1. OcHoBHble TepMuHbI U onpeaeneHus (TectupoBanue)
5. Tect 2. ACP cnoxnoii ctpyktypsl (TectupoBanue)
6. Tect 3. HekoTopsie HenMHEHbBIE 3aaun aBTOMaTU4YecKoro ynpasnenus (TectupoBanue)

Dopma peanuzanuu: YcrHas popma
1. 3amuTa nabopaTopHbIX padboT mo pazaeny "TemnorexHuyeckue u3MepeHus u Npuoopsr”
(KomnoksBuym)
2. 3amuTa 1abopaTopHbIX padoTa no pazaeny "TexHudyeckue cpeacTBa aBToMaTH3auu"
(KomnokBuym)

BaHHLHO-peﬁTHHFOBaﬂ CTPYKTYpa JUCHUIUINHBI SABJIACTCA ITPUITOKCHUCM A.

4.2 IIlpomMe:KyTOYHAS aTTeCTALMS 110 JUCHUIIMHE

3auem c oyenxou (Cemecmp Nel)
UroroBass  ouenka=(Cpennuit Oamnr 3a  cemectp)*0,6+(Omenka 3a  MPOMEXYTOUHYIO
atTtecranuio)*0,4 B npusioxeHue K TUTIIOMY BBIHOCUTCS OIIEHKA 3a TIEPBBIN ceMecTp.

IIpumeuanue: OrieHOYHBIE MaTEpUAbI IO AUCHUILIMHE MPUBEIEHBI B (DOH/IE OLIEHOYHBIX
matepuanos OITOII.

5. YYEBHO-METOANYECKOE OBECIHHEYHEHUE JUCLHUIIJINHBI

5.1 ITeyaTHbIE U IJIEKTPOHHbIE H3IAHNS

1. [Tanbko, M. A. Pacuer u MmoienupoBaHue aBTOMaTHYECKUX CUCTEM PETYJIUPOBAHUSA B Cpefie
Mathcad : YueOnoe nocodue no xkypcy "Teopust aBTOMaTH4ECKOr0 YIpaBieHUs" 110 HalPaBICHUIO
"TemosHepreTuka" U CrienaIbHOCTH " ABTOMATH3aIUs TEXHOJIOTUYECKUX MTPOLIECCOB U
npousBoacTB" / M. A. [lanbko, Mock. sHepr. un-T (MOU TVY) . — M. : U3a-so MOU, 2004 . — 112
c. - ISBN 5-7046-1034-X .;

2. AunpromuH, A. B. YipaBieHue 1 MHHOBAaTUKA B TEIJIOPHEPTEeTUKE : yueOHOe MocoOue 1Jis By30B
no HampasneHnuto "Temnosnepreruka” / A. B. Auapromun, B. P. Cabanun, H. M. CmupsoB . — M. :
M3 paTensckuii jom MDOU, 2011 . —392 c. - ISBN 978-5-383-00539-2 .
http://elib.mpei.ru/action.php?kt_path_info=ktcore.SecViewPlugin.actions.document&fDocumentl
d=4186;

3. Ky3umus, B. @. Texnuueckune cpencrBa aBTomaTu3anuy. [I[puHINIIBL peanu3auy JIOKAIbHBIX
ABTOMATHUYECKUX CHUCTEM PEryJlMpoBaHus : yueOHoe nocobue no kypcy "TexHuyeckue cpeacTna
aBTOMaTU3auu'" sl CTYICHTOB, OOYJAIOIIMXCS 110 HarpaBjieHuto "TerosHepreTuka u
teriorexuuka" / B. @. Ky3umun, Ha. uccnen. yu-r "MOUN" . — Mocksa : U3a-80 MOU, 2021 . —
104 c. - ISBN 978-5-7046-2377-9 .
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http://elib.mpei.ru/action.php?kt_path_info=ktcore.SecViewPlugin.actions.document&fDocumentl
d=11502;

4. VBanoga, I'. M. TeruioTexHu4ecKue U3MEPEHHS U MPUOOPHI : y4eOHUK IJIs1 BYy30B 1O
HarnpasieHuto "Temnosnepreruka” / I'. M. MBanoga, H. /1. Ky3nenos, B. C. Uucrtsakos . — 3-¢ u3j.,
crep . — M. : U3parensckuit jom MOU, 2007 . — 460 c. - ISBN 978-5-383-00155-4 .;

5. Ky3umun, B. ®. ABromarnueckas cuctema peryaupoanus (ACP) remneparypsl
AIIEKTPOHArpeBaTeIs ¢ MO3ULIMOHHBIM AITOPUTMOM PETyIrpoBaHus Ha 0aze konTposepa [1JIK
150. JTaboparopnas padota Ne3 : meTonuueckoe mocodue mo kypcam "TexHUYECKHUe CpecTBa
aBToMaTH3anuu", "ABTOMATU3ALUS CUCTEM TEIUIOCHA0KEHUS M KOHAUITMOHUPOBAHUS" TI0
HarpasieHuto "Termnosnepreruka u remiotexauka” / B. @. Ky3umun, E. M. Mep3nukuna, Harr.
uccaen. yu-t "MOU" . — M. : U3g-so MDUY, 2013 . - 12 c.
http://elib.mpei.ru/action.php?kt_path_info=ktcore.SecViewPlugin.actions.document&fDocumentl
d=5642;

6. Ky3umun, B. @. UccnenoBanue XxapakTepuCTUK O0OBEKTA YIPABJICHHS (IJEKTPUUECKON TIEYHN) Ha
6aze xortpoiepa ITJIK 150. JlabopaTopHas padora N 1 : MmeToguveckoe mocodue mo Kypcam
"TexHUYECKHE CPeICTBA aBTOMATH3alMK" ¥ ""ABTOMATH3alHUsI CHCTEM TEIUIOCHAOKECHHS 1
KOHIWIIMOHUPOBaHHA" 110 HarpasieHuio "TermnosHepreruka u terorexauka” / B. @. Ky3umums, E.
U. Mepznukuna, Mock. sHepr. ua-T (MOU TVY) . — M. : U3narensckuii jom MOU, 2011 . - 12 c.
http://elib.mpei.ru/action.php?kt_path_info=ktcore.SecViewPlugin.actions.document&fDocumentl
d=2855;

7. Ky3umun, B. @. UccnenoBanue ACP temneparypsl 21€KTpUUECKOM neun Ha 0a3e KOHTPOJuIepa
[TJIK 150. JTabopaTtopHast padota N2 : meToauyeckoe nocodue no kypcam "TexHudeckue cpeicraa
aBTOMaTH3aMu" U "ABTOMATH3AIUS CUCTEM TEIUIOCHA0KEHUS M KOHAUIIMOHUPOBAHHSA"' 110
Hanpasnenuto "Termnosnepreruka u remnorexuuka” / B. @. Ky3umun, E. . Mep3znukuna, Mock.
sHepr. uH-T (MOU TVY) . — M. : U3patenbckuit njom MOU, 2011 . - 12 c.
http://elib.mpei.ru/action.php?kt_path_info=ktcore.SecViewPlugin.actions.document&fDocumentl
d=2856;

8. lonbukosa, H. C. M3yuyenue u ucnsitanue pH-merpos. Jlaboparopnas padota N 18 :
MeTOouYecKoe mocodue 1no Kkypcam "MeTponorus, cranfapTusanus u ceprudukanms”,
"TexHuueckue u3MepeHus u npudopsl" no HanpasieHuto "Tennosnepreruka" / H. C. JlonGukosa ;
Pen. I'. M. UBanoBa ; Mock. suepr. uH-T (MDU TVY) . — M. : U3natensckuit tom MOU, 2010 . — 8
c.
http://elib.mpei.ru/action.php?kt_path_info=ktcore.SecViewPlugin.actions.document&fDocumentl
d=1690;

9. Nonbukosa, H. C. 3yueHue u nmosepka cpeicTB U3MepeHus AasieHus. JlabopatopHas padora Ne
12 : MeToguueckoe nmocodue no Kypcam "MeTposiorus, cranaapTu3anus u ceprudukanus”,
"TexHuueckue u3Mepenus u npudopsl" no Hampasienuto "Temnosnepreruka" / H. C. JlonOukosa,
JI. M. 3axapoBa, Mock. snepr. un-T (MOU TV) ; Pen. I'. M. iBanoBa . — M. : M3naTenbckuii oM
M3, 2010 . -8 c.
http://elib.mpei.ru/action.php?kt_path_info=ktcore.SecViewPlugin.actions.document&fDocumentl
d=2137;

10. onbukosa, H. C. U3yuenue unpoBbIX perucTpupyronmx npudopos. Jlabopatopnas padora
Ne 4 : metoanueckoe nocobue o kypcam "MeTposnorus, cranaapTU3anus u cepTudukanus’,
"TexHuueckue usmMepeHus u npudopsl" no Hanpasinenuto "Temnosnepreruka” / H. C. lonbukosa,
A. H. Jlecanuyk, Mock. suepr. ua-T (MOU TVY) ; Pen. I'. M. MBanoBa . — M. : 3narensckuii 1om
MO5H, 2010 . -8 c.
http://elib.mpei.ru/action.php?kt_path_info=ktcore.SecViewPlugin.actions.document&fDocumentl
d=2138;

11. Ky3nenoBa, A. B. UcnsiTanne pacxomomepa nmepeMeHHOro nepenaja naasienus. Jlaboparopraas
pabota N 13 : meronndeckoe nocobue mo kypcam "MeTposorus, CTaHJapTH3ALMS U
cepruduxanus"”, "TexHnueckrue u3MepeHus 1 npuodopsl" o HarpasieHuto "TemnosHepretuxa” / A.
B. Ky3nenona ; Pen. I'. M. BanoBa ; Mock. sHepr. un-T (MDOU TY) . — M. : U3naTenbckuii 1om
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MD5H, 2010 . -8 c.
http://elib.mpei.ru/action.php?kt_path_info=ktcore.SecViewPlugin.actions.document&fDocumentl
d=2143;

12. Porau B.41.- "Teopus aBTomatuyeckoro ynpasienus", U3garenscto: "MOUN", Mocksa, 2020
https://www.studentlibrary.ru/book/ISBN9785383014172.html.

5.2 JInueH3MoHHOEe U CBOOOIHO pacnpocTpaHsieMoe MPOrpaMMHoe odecneyeHue:
1. Office;

2. Windows;

3. MathCad;

4. Matlab;

5. Scilab;

6. CODESYS.

5.3 UnTepHeT-pecypchl, BKIKYas NpodeccuoHaIbHble 0a3bl JAHHBIX H HH(POPMALMOHHO-
CIIpaBOYHbIE CHCTEMbI:

1. 3BC Jlans - https://e.lanbook.com/

2. Hayunas sjekTpoHHasi 6udiamorexa - https://elibrary.ru/

3. DaexTponnasi 6udmoreka MIU (3B MDIH) - http://elib.mpei.ru/login.php

4. HauMoHaJIbHBI MopTaJ oHIaliH 00yueHusi «OTKpbITOe 0Opa3oBanue» - https://openedu.ru

6. MATEPUAJIBHO-TEXHUYECKOE OBECHHEYEHUE JUCHUITVIMHBI

Tun nomeneHust Homep ayauropun, OcHaenue
HAaUMECHOBaHUE
Y4eOHble ayAUTOpUU IS K-120, MammHHEBIN 3a71 cepBep, KOHJAUITMOHEP
[IPOBEICHUSA JIEKIIUOHHBIX NBL{
3aHATUHN U TEKYILETO
KOHTPOJIA
VYueOubie aynuropuu g | B-210/2a, Jlaboparopus CTOJ, CTYJI, TyMOa, CTeH]
MIPOBEICHUS TEMJIOTEXHUYECKUX nabopaTopHbIi
71a00PATOPHBIX 3aHITHH n3MepeHuil 1 nprudopoB
Y4eOHble ayAUTOpUU IS Bb-205, YueOnas rapra, CTOJ IPENnoaaBarTess, CTyml,
MPOBEICHUS ayAUTOpHUS JIOCKa MEJNO0Basi, MyJbTUMEAUNHBIN
MIPOMEXKYTOUHOU MIPOEKTOP, IKPAH, KOJIOHKU
aTTecTaluu
ITomemenus s HTB-303, KomnbroTepHsblit CTOJI KOMIIBIOTEPHBIN, CTYJI, CTOJI
CaMOCTOSITEIIbHOU PabOThI YUTAJILHEBIN 341 MMACHEMEHHBIHN, BEITAJIKA JUTS OJICK I,

KOMIIBIOTEPHAs! CETh C BBIXOZOM B
HHTepHeT, KOMIIBIOTEDP NEPCOHAIBHBIN,
IIPUHTEDP, KOHIULUOHED

ITomemmenus g B-210/78, Kpecio pabouee, CTOJ, CTyJ, mKad,
KOHCYJIbTUPOBAHUS [IpenonaBarenbckas BelIajaKa IS OJCKIbI, CTOI JIJIs
COBEIIaHUH, 3KPaH, KOMIIBIOTEP

MEPCOHAIIbHBIN, TPUHTEP

ITomemenus s B-210/8a, Apxus mkad
XpaHeHus: 000pyIOBaHUS
1 y4eOHOTO MHBEHTaps
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IIpunoxenne A

BAJJIBHO-PEUTUHITOBAS CTPYKTYPA JIUCHOUILJIAHBI

OcHOBBI aBTOMAaTHU3allun

(Ha3BaHME AUCIMILIMHBI)

1 cemecTp

HepequL KOHTPOJIBHBIX MePOHpHﬂTHﬁ TEKYIIET0 KOHTPOJIA yCII€BAEMOCTH MO JUCHUIIJIMHE:

KM-1
KM-2
KM-3
KM-4

KM-5

KM-6
KM-7

KM-8

Tect 1. OcHOBHBIE TepMHHBI U onpeneneHus (TectupoBanue)

Tect 2. ACP cnoxunoit ctpykrypsl (TectupoBanue)

Tect 3. HekoTopsle HeTMHEHHBIE 3a7]a4 aBTOMaTHdeckoro yrpasieHus (TectupoBanue)
KonTponbnas padota 1. Jluddepennmanbubie ypaBHEHHS U JUHAMHYECKHAE XapaKTEPUCTUKH
CUCTEM YIpaBlieHUs. DIeMEeHTapHbIe 3BeHbs U uX coenunenus (KonrponpHas pabora)
KonTponbhas padota 2. YcToiuMBOCTh U 3a11ac YCTOMYMBOCTH CUCTEM ynpasiieHus. Kpurepuu
ycroiunBoctu (KontponsHas pabota)

Pacuernoe 3aganue o kypcy "OcHoBbl aBToMaTu3anuu” (Pacuerno-rpaduyeckas padora)
3amuTa 1a60paTopHbIX padboT no pazaeny "TemnorexHuyeckue u3MepeHus u npuoops"
(Komnoksuym)

3amuTa 1abopaTopHBIX padoTa 1mo pazaeny "TexHu4YecKue cpecTBa aBTOMaTH3aIH '
(KonmnokBuym)

Buja npomexyTouHOi aTTecTanMu — 3a4€T C OLICHKOM.

Howmep
paszena

HNunexc KM- | KM- | KM- | KM- | KM- | KM- | KM- | KM-
KM:
Henens 4 8 10
KM:

=
(&
w
N
o1
o
~
o

Paznen nucuuruinHbl

~

11 15 7 14

OCHOBHBIC TIOHSATHUS YIIPABJICHHSI,
TEPMHHBI U ONIPEICTICHHUS.
Huddepennmanbabie ypaBHEHUS
U TUHAMUYEeCKUe
XapaKTePUCTUKU JIMHCHHBIX
CUCTEM

11

OCHOBHBIC TIOHSATHUS YIIPABJICHHSI,
TEPMHHBI U ONIPEICTICHHS.
Huddepennmanbabie ypaBHEHUS
U TUHAMUYEeCKUe
XapaKTePUCTUKU JIMHEWHBIX
CUCTEM

CTpyKTypHBIE CXEMBI CHCTEM
yIpaBICHUS

2.1

CTpyKTypHBIE CXEMBI CHCTEM
yIpaBICHUS

Y cTOHYMBOCTE , 3aI1ac
YCTOHYHBOCTH U pOOACTHOCTH
CUCTEM aBTOMATHUYCCKUX
YIPaBJICHUS

3.1

YcToluuBoCTS , 3amac
YCTOMYMBOCTU U pOOACTHOCTD +
CHUCTEM aBTOMAaTHYECKHUX
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yIpaBiIeHUsS

Pacyer cuctem aBTOMaTH4€CKOIrO
YIIPABJICHUS U3 YCIOBUS
MHUHMMHU3ALUU BBIOPOCOB
YIIPABJISIEMBIX TEPEMEHHBIX

4.1

Pacyer cuctem aBTOMaTH4€CKOIO
YIIPABJICHUS U3 YCIOBUS
MHUHHMHU3ALUU BBIOPOCOB
YIIPABJISIEMBIX [TEPEMEHHBIX

CuHTE3 aNropuTMOB CI0XKHBIX
CTPYKTYp CUCTEM
aBTOMATHUYECKUX YIPABICHMUSI

5.1

CuHTE3 aNrOPUTMOB CIIOKHBIX
CTPYKTYp CUCTEM
ABTOMATHYECKUX YIIPABJICHUS

HexkoTtopeie HenMHEHBIE 337241
ABTOMATHUYECKOT'O YIPABJICHUS

6.1

Hexkotopsle HenMHENHHbBIE 3a1a41
ABTOMATUYECKOI'0 YIIPABJICHUS

Mertponorus u
TEIUIOTEXHUYECKUE NU3MEPEHUS

7.1

Mertponorus u
TEIUIOTEXHUYECKUE NU3MEPEHUS

TexHuueckue cpeacTna
ABTOMATHU3ALINHU

8.1

TexHuueckue cpeacTna
AaBTOMAaTU3alUuU

Bec KM, %:

10

10

10

15

15

20

10

10
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