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Jluer akryaausauun padoyeii nporpamMmel

Pa6oyas nporpamma nepecmoTpena, obcyxkaeHa u ogo0pena juis peammsanuu B 2020 - 2021
yueGHOM roj1y Ha 3acejilanuu Kadeapsl ABTOMaTH3HPOBAHHBIX CHCTEM YIIPABIICHHS

IIporokon or 02 ceu*mW Ne 1
3aB. kadeapoii (7,, s / C.M. Anjapeen

Paboyas nporpamMma nepecMotpena, oocykaena u ogodpena Juist peanusaiiun B 2021 - 2022
yueOHOM Tojly Ha 3acejianny Kadeapsl ABTOMaTH3HPOBAHHBIX CHCTEM YIIPABJICHHS

Ilporokosor 20 r. Ne
3aB. kaeapoit C.M. Annpees

Pabouas nporpaMma nepecmorpena, oocysk/ieHa u ofobpena ans peatnsanun 8 2022 - 2023
y4eOHOM roj1y Ha 3acejianny Kadeapsl ABTOMAaTH3UPOBAHHIX CHCTEM YIPaBJICHHA

Ilporokon or 20 r. Ne

3as. kadeapoit C.M.Xunpeeu

Pabouas nporpamma nepecmorpena, odcyx/iena u ogobpena s peamusamuu B 2023 - 2024
yueOHOM rojty Ha 3aceanuu Kadeapbl ABTOMATH3HPOBAHHBIX CHCTEM YTIPaBJICHHUS

[lporokos ot 20 r. Ne
3as. kadeapoii C.M. Anjpecs




1 esn ocBOCHUSI AUCHUIJIMHBI (MOTYJIs1)

- (¢opmupoBaHHE Yy OOYYAKOIIUXCS CIIOCOOHOCTH TPOBOAWUTH BBIYMCIIUTEILHBIC
OKCIIEPUMEHTHI C HCIOJL30BAaHUEM CTaHIAPTHBIX MPOTPAMMHBIX CPEACTB C IEIBIO MOTYICHHS
MaTeMaTHYECKUX MOJIENIel TIPOIIECCOB U OOBEKTOB aBTOMATHU3AIUU M YIIPABJICHUS;

- ¢opmupoBaHue Yy OOy4aroUmIMXcs TOTOBHOCTH YYacTBOBaTh B COCTABJICHUU
AHATUTHYECKUX O0030pOB M HAYYHO-TEXHHUYECKMX OTYETOB IO pe3yJbTaTaM BBITOJHECHHON
paboThl, B OArOTOBKE MyOJIHMKAIMKA MO pe3ylbTaTaM HMCCIEJOBaHUN M pa3paboTOK B 001acTH
CHCTEM aBTOMATH3allUU U YIIPABJICHUS;

- hhopMUpOBaHUE Y 00YJAIOIIMXCS CITOCOOHOCTH OCYIIECTBIIATH COOp M aHAIN3 UCXOTHBIX
JAHHBIX JIJISl pacueTa U MPOCKTHPOBAHUS CHCTEM U CPEACTB aBTOMATH3AIMH U YIIPABJICHUS;

- hopmupoBaHEe y 00YJAOIIMXCS CIIOCOOHOCTH TIPOBOJAUTH AUATHOCTUKY COCTOSIHHS U
TMHAMUKA TIPOM3BOJICTBEHHBIX OOBEKTOB, a TaK)K€ HAJEKHOCTH HX OJCMEHTOB C
UCTIOJIb30BaHUEM HEOOXOANMBIX METO/IOB aHAIIH3A.

JUisg NOCTHXKEHHUS TOCTaBJICHHBIX Leseld B JucHUIUIMHE « CHUCTeMbl aBTOMAaTH3aluu U
YIIPABJICHUS» PELIAIOTCA 3a0a4H:

- W3y4yeHHE OOLIMX CBOWCTB, YCTPOHCTBA M COCTaBHBIX D3JIEMEHTOB pa3IMYHbIX
aBTOMAaTUYECKUX CUCTEM YIIPABIICHNUS,

- U3YYHUTh PA3JIMYHBIE METOJbl ONTHUMM3ALUN JUHAMUYECKMX I1apaMETPOB KOHTYpPOB
yIpaBJIeHUs] U yMETh OOOCHOBAHHO X UCIOJIb30BATh B IPAKTUYECKOI padore;

- U3YYUTh pa3IMYHbIE CIOCOOBI ONTHMHU3ALMHN YIPABICHUS TEXHOJIOTUYESCKHUMHU
IIPOLIECCAMM C LIEIIBIO JTOCTUKEHUS DIKCTPEMAJIbHBIX BEJIMYUH IIPUOPUTETHBIX [1aPaMETPOB;

- YMETb COCTaBJISATb CTPYKTYPHbIE CXEMbl M AapryMEHTHPOBAHO OOOCHOBBIBATH
QITOPUTMUYECKYI0 CTPYKTYPY KOHTYPOB YIIpaBJIEHHs C  HCIIOJIb30BaHMEM CBOOOJHO
IIPOrpaMMHUPYEMBIX TEXHUYECKUX CPEICTB KOHTPOJIS U YIIPABIICHHUS;

- YMETb CHUHTE3UPOBAaTh MaTeMaTHUECKUE MOJIeNU (YHKIIMOHUPOBAHUS aBTOMATHYECKUX
CUCTEM M CO3/1aBaTh MPOTrpaMMHOE OOecliedeHHe Al MOAEIUPOBaHUs pabOThl 3TUX CUCTEM U
(YHKLIIMOHUPOBAHUS CUCTEM B PEabHBIX TPOU3BOJICTBEHHBIX YCIOBUSIX.

2 MecTo IUCIMILIMHBI (MOYJI51) B CTPYKTYype 00pa3oBaTe1bHOI MPOrpaMMbl

Juctmmuimaa CucTeMbl aBTOMAaTU3allMU U YIPABICHHUS BXOIWT B BapUATUBHYIO 4acTh
y4eOHOTro I1aHa 00pa3oBaTeIbHON TPOTPAMMBIL.

Jlnsg  u3ydeHWs  JUCUUIUIMHBI  HEOOXOJAWMBbI  3HaHWUsA  (YMEHHS,  BJIAJICHUSA),
c(OpMUPOBAHHBIE B PE3y/IbTaTE U3YUEHUS AUCIMUILTUH/ PAKTUK:

[TporpaMMupOBaHUE U OCHOBBI AITOPUTMHU3AIHH

Teopus aBTOMaTHYECKOr0 yIpaBiIeHUS

VYdueOHas - MpakTHKA MO TOJYYCHUIO TEPBHYHBIX NPOPECCHOHATIBHBIX YMEHHUU W
HaBbIKOB, B TOM YHUCJIC TICPBUYHBIX YMeHI/Iﬁ U HAaBBIKOB Hay‘IHO'HCCHCJIOBaTeHBCKOﬁ
JESITEIIbHOCTH

Y4eOHas - 03HAKOMHTEIIbHAS IPAKTHKA

[Ipon3BocTBEHHAs - MpaKTHUKa MO MOJYyYEHHIO NMPOPECCHOHAIBHBIX YMEHUN M OIbITa
pohecCHOHANBEHOM e TENIbHOCTH

3HaHus (YMCHUS, BIAJICHHS), TIOYUYCHHbBIC TIPU M3yYCHUU JTAHHOW TUCIUIUIMHBI OyIyT
HEOOXOAUMBI JJIsl U3yYCHHS JUCIUTUINH/TIPAKTHK:

CamoOHacTpanBaroIINECs] CUCTEMBI

HpOI/ISBOI[CTBeHHaSI — OpCaauIlIOMHAas MpaKTHUKa

[Tpou3BojcTBEHHAS - TPAKTHKA MO TOJIYYCHUIO MPO(EeCCHOHAIBHBIX YMEHUH U OMBITA
po(hecCHOHANEHOM e TEIEHOCTH

ABTOMaTH3aIMs TEXHOJIOTHYECKUX MPOIIECCOB U MPOU3BOICTB



OHTI/IMI/IBaI_[I/ISI YIIPpABJIICHHUA TCXHOJOTMYCCKHMMHU IIpoHeCCaMu MCETAJLTYPru4eCKoro

IMPpOU3BOJACTBA

[ToaroToBka K 3alUTe U 3aIlUTa BBITYCKHOW KBaJTH(PHKAIIMOHHON paboThI
Iloaroroska K cade U caada rocyJapCTBEHHOIO SK3aMEHa

3 Komnerenuuu ody4yarwierocsi, popmupyembie B pe3y/ibTaTe 0CBOCHUS

AUCHMILIMHBI (MOYJIs1) U IIJIAHMPYeMble pe3yJbTaThl 00y4eHu sl

B pesynbrare ocBoeHus aUCHMIUIMHBI (Monyiis) «CHCTeMBl aBTOMAaTH3alUd U
yrpaBiaeHUs» 00ydaomuics J0HKeH 001a1aTh CIeIyIOIUMUA KOMIETEHIUSIMHU:

CTpyKTypHBIii
JJIEMEHT
KOMIIETEHIINH

[Tnanupyemsble pe3ynbTaThl 00yYeHHUS

ITK-2 criocoOHOCTBIO IMPOBOJAUTDH BBIYUCIIUTCIILHBIC SKCIICPUMEHTEBI C UCITI0JIb30BAHHUEM
CTAaHAAPTHBIX MMPOTrpaMMHBIX CPEACTB C LCJIBIO ITOJYUCHUSA MAaTCMATUICCKUX MO,I[CJ'ICI‘/'I IpouecccoB
1 00BEKTOB aBTOMaTU3allu U YIIPAaBJICHUA

3HaTh

- ICTOPHUIO PA3BUTHS CUCTEM aBTOMATU3AIINH;
- ocobennoctu nocrpoenus ACYTIT u ACVYII;

- IMHAMHYECKUE XapaKTEPUCTUKH U MTApaMETPhl TUTIOBBIX 3BEHbBEB,
COCTaBJISIOUINX JIOKAJIbHBIN KOHTYp PEeryIupOBaHNUS;

- TUTIOBBIC 3aKOHBI PETYTMPOBAHUS M OCOOCHHOCTH UX TEXHUYCCKOH
peanuzanuy;

- CTaTUYECKHE M TUHAMHYECKHE XapaKTePUCTUKN O0BEKTA YIIPABJICHHUS;

- 0COOEHHOCTH CUHTE3a U HACTPOUKHU KOHTYPOB YIIpaBIICHUS
TEXHOJIOTHYECKUMU MPOIIECCaMHU;

- 0COOEHHOCTHU Pa3pabOTKH CHCTEM aBTOMATUYECKON ONTUMH3AIIUN
ynpasneHus (CAOY) TeXHOIOrM4eCKUMHU NTapaMeTpamu;

- 0COOEHHOCTH UCTIOIB30BaHUSI HEHPOCETEBOTO METO/IA /IJISl OTIPEACTICHUS
JKCIEPUMEHTAIBHO-CTATUCTUYECKUX MOJIETIEN U HEMPOCETEBOTO
YIPABJICHUS TEXHOJIOTUYECKUMH MPOLECCAMU;

- 0COOCHHOCTH HUCTIOIB30BAHMS IPUHIIMIIOB TEOPUH HEYETKUX MHOKECTB U
HEUYETKUX JIOTUYECKUX BBIBOJIOB ITPU CUHTE3€ MATEMAaTUYECKUX MOJENIeH
MIPOU3BOJICTBEHHBIX MPOIIECCOB M peaTnu3alli HEUETKOTO YIIPaBIEHUS
TEXHOJIOTMUYECKUMU NTapaMeTpaMu;

- 0COOCHHOCTH MPOTPAMMHOM peasi3aIlii JOKATbHBIX
MUKPOTIPOIIECCOPHBIX KOHTYPOB YIIPABJICHHUS B MPOIIECCE CBOOOTHOTO
MPOTPaMMHUPOBAHUS PETYIHPYIONIUX KOHTYPOB;




VYmeTb

- C UCIIOJIb30BaHUEM CHEIHATU3UPOBAHHOTO IPOrPaMMHOTO OOecTieueHust
paccuuThIBaTh TEOPETUUECKYIO JJUHUIO PETPECCUU AJIs TOCIEAYIOLIETO
MCIOJIb30BAaHUS MOJIyYEHHOTO YPaBHEHHUsI IPU MOJICIIMPOBAHUH 00BEKTa
yIIpaBJICHMUS;

- C UCIIOJIb30BaHUEM CHEIHATU3UPOBAHHOTO IPOrPAMMHOT0 0OecIIeYeHHs
paccuuThIBaTh METOJI0M Dijiepa TPAEKTOPUIO U3MEHEHUS BBIXOIHOTO
CUTHaja 00beKTa yrpaBiIeHUS;

- C HICTIOJIB30BaHUEM CHEIMATH3UPOBAHHOTO MTPOrPAMMHOTO 0OecreueHus
peanu3oBaTh pacuer nepexoaHoro mnpouecca B CAY;

- IPUMEHATH METO/bl MATEMAaTUYECKOTO MOJIEIIMPOBAHUS JUIsl UCCIIEIOBAHUS
Y IPOEKTUPOBAHUS CIOKHBIX TUHAMUYECKUX 0OBEKTOB yIPABICHHUS:
IIPOBOAUTH ONTUMU3ALMIO KOHTYpa YIPABICHUS U aHAJIU3 BIUSHUS
MapaMeTpoB HACTPOUKH PETYIATOpa Ha KaYeCTBO MEPEXOAHBIX MPOIECCOB
B CAY; npoBoauTh uccaenoBanue pazpadoranHoi CAY npu neiictBuu Ha
CUCTEMY PA3JIMYHBIX BO3MYIICHUII;

Brnaners

- HaBbIKaMU IIPOEKTUPOBAHUS U Pa3pabOTKH MATEMAaTUUYECKUX MOJIETEH
00BEKTOB U CUCTEM;

- HABBIKaMU PEAIM3aLUN aJITOPUTMOB YHCIEHHOIO MOJACIIMPOBAHNUS C
HCIIOJIb30BAaHUEM IIPOTPAMMHBIX CPEICTB;

- HABBIKAMU MaTE€MaTHYECKOI0 MOJEIMPOBAHMS CIIOKHBIX JTUHAMUYECKHUX
IPOLIECCOB U OOBEKTOB YIIPaBJICHUS;

ITK-3 roTOBHOCTHIO y4acTBOBATH B COCTABJICHUU aHAJIMTUYECKUX 0030pOB U HAYYHO-
TEXHUYECKUX OTYETOB MO Pe3yJbTaTaM BBIIIOJIHEHHOW paboThl, B IOJATOTOBKE MyOIHUKAIIH 110
pe3ynbTaraM UCClIeA0BaHUM U pa3paboToK

3HaTh

- o011ee HampaBJIeHUEe Hay4YHOU pabOThI MPU MOJTOTOBKE PACHIMPEHHBIX
aHAJIMTUYECKUX 0030pOB;

- CTaHJIapThl U TPEOOBAHMS K HAYYHO-TEXHUUECKUM OTYETaM IO
pe3yibTaTaM BBITIOJTHEHHON paboTHI,

- IOPAZIOK PabOThI MPH MOArOTOBKE HAYYHO-HCCIIEI0BATENBCKOIO OTYETA;

YMmern

- IPUMEHSTh METOJIUKY MOATOTOBKH HAYYHO-UCCIEN0BATENbCKOTO OTUETA
0 pe3yJibTaTaM HCCIIEOBaHUI;

Bnanets

- HaBbIKaMH IIOATIOTOBKH aHAJIUTUYCCKUX O630pOB 10 pacmnpeHHoﬁ
TEMATUKE U q)OpMI/IpOBaHI/II/I OCHOBHBIX 3aJla4 UCCJICOO0BaHUA, ONIPCACICHUA
CTPYKTYPbI HAYUHO-HUCCIICAOBATCIILCKOTO OTUYCTA,

[TK-5 criocoOHOCTHIO OCYIIECTBIISITh COOp M aHATU3 UCXOAHBIX JAHHBIX JIJIS pacuera u
IPOEKTHUPOBAHUS CHCTEM M CPEJCTB aBTOMATH3AIMH U YIIPABICHUS

3HaThb - c1oco0OBI cOOpa M aHATM3a UCXOIHBIX JTAHHBIX IS pacueTa 1
IIPOEKTUPOBAHMSI CUCTEM U CPEACTB aBTOMATU3ALUHU U YIIPaBICHUS;

YMers - HCIIOJIb30BaTh NH(OPMALIMOHHBIE PECYPCHI ISl TPUOOPETEHNS HOBBIX
3HaHUI U yMEHMH B 00JIaCTH aBTOMATH3aIMK TEXHOJIOTMYECKHX IPOIIECCOB;

Bmanets - HaBbIKaMU cOOpa U aHaIM3a UCXOJHBIX JaHHBIX 11 3 (HEKTUBHOTO

pelieHus 3a/1a4 Mo NPOEKTUPOBAHUIO CUCTEM U CPEACTB aBTOMATU3AIUN U
YIpaBIEHUS;

JIIK-2 criocoOHOCTHIO IPOBOIUTH TUATHOCTUKY COCTOSIHUS U JMHAMUKH IPOU3BOICTBEHHBIX
00BEKTOB, a TAK)KE HAJIEKHOCTH HX DJIEMEHTOB C MCITOJIb30BaHUEM HEOOXOIUMBIX METOIOB

aHaJIM3a




3HaTh

- METOJIMKY IKCTPAIOJISIIMN YKCIIEPUMEHTAILHON KPUBOM Pa3roHa;

- METOJMKY orpeneneHus KodhduiueHToB nuddhepeHnaaT-HOro
YpaBHEHUS 110 SKCIIEPUMEHTAIBHON KPUBOW pa3roHa JJisi 0ObEKTOB
yIIpaBJIEHUS C CAaMOBBIPAaBHUBAHHEM U 0€3 CAaMOBBIPAaBHUBAHUS;

- METOIMKY IPeoOpa30BaHuUsl UMITYJILCHOM XapaKTEPUCTHKH 00bEKTa B
KPHUBYIO Pa3rOHA U OINpeesICHHs] TUHAMUYECKHX ITapaMeTpoB 00bEKTa 1O
IKCTIEPUMEHTAIBHON UMITYJIbCHON XapaKTepPHCTHUKE;

- METOAMKY noctpoeHus rogorpada AOGUX obbekTa ynpapieHHS 11O
IKCIIEPUMEHTAIBHON KPUBOW pa3roHa JJIsl pa3InuHbIX 00BEKTOB;

YmeTh

- OKCIIEPUMEHTAIILHO OMPEENISITh CTATUYECKHE U TUHAMUYECKHE
XapaKTePUCTHKU OOBEKTA YIIPABICHUS;

- rpaduuecku ompeaenaTh napaMeTpbl 00bEKTa YIPaBICHHUS 110
JTUHAMHYECKUM XapaKTePUCTHKAM O0BECKTa YIIPABIICHUS;

- OIPENENSATh pacueTHBIM IyTeM KodhpuirenTtsl nuddepeHansHoro
ypaBHEHHS 00BEKTA YIIPABIICHHS;

- ctpouth rogorpadgsr AOUX oObekTa ynpaBieHus;

Brnaners

- METOJMKON SKCTPAIOJISALUYU IKCIIEPUMEHTAIbHOW KPUBOU pa3roHa;

- METOJIMKOM ompeaenieHus ko3 duimenToB quddepeHnaaTbHOro
YpaBHEHHUSI 110 SKCIIEPUMEHTAIBLHON KPUBOI pa3roHa Juisi 00bEKTOB
yIIpaBJIEHUs ¢ CAaMOBbIpaBHUBaHUEM U 0€3 CaMOBBIPaBHUBAHUS;

- METOJIMKON MTpeoOpa30BaHus UMITYJILCHON XapaKTEPUCTHKU 0OBEKTa B
KPHUBYIO Pa3roHa U ONpPEeNCHHs JTUHAMUYECKHUX MTapaMeTpoB 00bEKTa 10
JKCIEPUMEHTAIIBHON UMITYJIbCHOW XapaKTEPUCTHUKE;

- MeToJMKON noctpoeHus rogorpapa AGUX obbvekra ynpapieHus 0o
AKCIIEPUMEHTAILHOW KPUBOI pa3roHa Juist pa3indHbIX 0OBEKTOB.




4. CTpykTypa, 06bEM U colepkaHne TUCHMILUTUHBI (MOIYJIs)

OO0mast TPyAOEMKOCTh TUCIUILIHHBI COCTaBISIeT 9 3a4eTHBIX eANHUI] 324 aKall. 4acoB, B TOM YHCIIE:

— KOHTaKTHas pabora — 127,5 akaj. yacos:
— aynutopHas — 121 akaz. 4acos;
— BHeayAUTOpHas — 6,5 akaJ. yacoB

— caMocTosTeNnbHas padota — 160,8 akaz. 4acos;

— INOJATOTOBKA K 9K3aMCHY — 35,7 aKaj. yaca

dopMa aTTecTaluy - 3a4ET C OLEHKOM, KypCOBOI MPOEKT, IK3aMEH

AynutopHas . dopma
KOHTaKkTHas | E TEKYIIETO
e pabota % 9 Bun KOHTPOJIS Ko
Pasnen/ tema 8| (Bakan. gacax) | Zf camocrositens | ycreBaemoct
2 3 o . KOMIIETEHII
JCLUILTHHBI 2 2 e HOM uu
© Tle | nag. |"PaK § é paboTs! IIPOMEKYTOY 1
B I VO ] HOM
K. | 3aH. o
3aH. aTTecTaluu
1. Ucropus pa3BUTHSI CHCTEM aBTOMATH3allUU U
ynpasnenus. Knaccudpukarnus CAnY
CamocrosiTens
HOE H3y4YeHHUE
yuebHoil u
Hay4yHOU
1.1  Crabummupyromue CAY. Cucremsl 1 .
JIATEPATYPHI. VYcrHblit
CBSI3aHHOTO  PETYyJUpPOBaHUSI. Cucremsl 2 10 IK-2
Tlouck OIIpoC
MPOTPaMMHOI0 YIIPaBJICHUSI.
JIOTIOJTHUTENEH
BIX
MaTepuaioB
6 110 TEME.
CamocrosTens
HOE M3Yy4eHHE
yueOHOH 1
Hay4YyHOHU
1.2 CucteMsl 9KCTPEMAIILHOTO i .
JIUTEPaTypHl. YcrHbli
peryaupoBaHus WA CHCTEMBI 2 10 IK-2
. TTouck OITpoC
ABTOMATHYECKOIl ONTHMHU3AIMN YIIPABICHUS
JIOTIOJTHUTENbH
BIX
MarepuaioB
10 TeMe.
Hroro no paszneny 4 20

npousBoacTBoM (ACVII)

2. ABTOMATU3MPOBAHHbIE CUCTEMBbl YIpPaBJICHUS
texHojornueckumu nponeccamu (ACY TII) u




CaMocCTOsTENb
HOE M3YyYeHHE

yaebHoit u
Hay4HOU
2.1 MaremaTuueckue MOZENH 10 | "MTCpaTYpHL. Vel [K-2
TEXHOJIOTHUECKUX MPOLIECCOB. ITouck orpoc
JIOTIOJTHUTENbH
BIX
MaTepHuaoB
10 TEME.
CamocrosTens
HOE U3y4YeHHE
2.2 CtpykTtypa COBpPEMEHHOM yueOHOIt U
IIPOMBIIIICHHON aBTOMAaTU3UPOBAHHOU Hay4yHOU
CHUCTEMBl YTPABICHHUS TEXHOJOIMYECKUMHU 10 | “mTepatyper YCTHBIH K-2
nporeccamu.  CTpykTypa  COBPEMEHHBIX Iowuck ornpoc
ABTOMATH3HPOBAHHBIX CUCTEM YIPABICHHSA JOTIOJTHUTEIbH
MPOMBIIIIEHHBIM IPOU3BOICTBOM BIX
MaTepHUaoB
10 TEME.
Hroro mo paznmery 20
3. JlnHaMHY€eCKHEe XapaKTePUCTUKU U TapaMeTPhl
TUIOBBIX 3BEHBEB, COCTABISIOMIMX JOKAJIbHBIN
KOHTYp PEryJIHpOBaHUs
CamocrosTens
HOE U3y4YeHHE
yuebHoil u
Hay4yHOU
JUTEPATYPHI. VeTHbI
31 IIponopuronansHoOe 3BEHO. ITouck
WHepuuoHHOE 3BEHO MEPBOTO  MOPAIKA. 15 nonomnuurensH KO}?TIEE)?;HM IK-2
MHepuuoHHOE 3B€HO BTOPOTO MOPSIKA. BIX pabota
MaTepHUanoB
10 TEME.
TTonroroska k
KOHTPOJIbHOM
pabote
CamocrosTens
HOE U3y4YeHHE
yueOHOH 1
Hay4YyHOHU
JIUTEPATYPBHIL. VerHbii
IMouck
3.2 3BeHo 3amasgsiBaHus. VHTerpupyromee oI1pocC.
5 |momonuurensu [1K-2
3BeHO. [luddepeHunpyromiee 3B€HO. X Kontponbnas
pabora
MaTepHaJIOB
10 TEME.
IToaroroBka k
KOHTPOJIbHOU
pabote
Hroro mo pazaerny 20

4. TumoBble 3aKOHBI PETYIUPOBAHUA M UX

TEXHUYCCKas pcain3anus




CamocrosiTens
HOE M3y4eHHE
4.1 OOmume cBeneHus. MHTerpambHBIC yqeGZ;IﬁH
eTyJISITOPBI. [TponoprroHabHEBIE .
pery P poropt Hay4HOU
PEryIsTOpHI. .
JUTEPaTypPHI. YcrHblit
IIponopuroHaabHO-UHTETPATIBHBIE 15 [K-2
ITouck OIIpoC
perynsatopsl (IIM-perynaropsr). Perynsatopst
JIOTIOJTHUTENEH
MPOTNOPIMOHAIBHO-HHTETpAIbHO-TUd depeHI I
nanbHoro aericteus (IINJ-perynsaTopsr).
A (I /-pery pe1) MaTepuanoB
TI0 TEME.
CamocrosiTens
HOE M3y4eHHE
yaebHoit 1
Hay4HOU
4.2 JByX1O3ULIMOHHbIE PETYISTOPBI. 5 | MTEpaTypEL YcTHbIl MK-2
TpexXno3uMOHHBIN PETyIIATOD. ITouck ompoc
JIOTIOJTHUTENbH
BIX
MarepuaioB
10 TEME.
Hroro mo paznmery 20
5. CraTtudeckue u JMHAMHUYECKUe
XapaKTEePUCTHKN OOBEKTA YIPABICHHS
CamocTosTens
HOE M3y4eHHE
yeOHOU
5.1 OOmme cBemeHUI O CTATHYECKUX y o
JIUTEpaTypHl, YcrHbli
XapaKTepUCTHKaX  OOBEKTa  yNpaBJICHUS.
11/11 MOJIrOTOBKA K |  OMpOC 10
MeTon HauMMEHBUIMX KBagpaTOB M  €ro 9,2 JTIK-2
41 nabopaTopHBI |1a60PaTOPHEI
NPUMEHEHHEe TPU ONHCAHUU CTAaTHYECKUX
M 3aHATUAM, | M paboTam
XapaKTepUCTUK OOBEKTOB YIIPABJICHUSL.
BBITIOJIHEHHE
71a00paTOPHBIX
pabort
CamocrosTens
HOE H3y4YeHHUE
yeOHOU
5.2 OOmue cBeaeHUs O JAUHAMHYECKHX Y .
. JUTEpaTyphl, YcrHbli
CBOMCTBaxX o0bekTa yIIpaBJIEeHUsL.
40/11 MOJITOTOBKA K |  OIpOC 1O
Knaccudukanus oO0bEKTOB M oOIpeneneHue 20 ATIK-2
nu 71a00paTOpHBI |71a00PATOPHBI
JMHAMHYECKUX IapaMeTpoB O0bBEeKTa MO
. M 3aHATHAM, | M paboTam
KpPHUBOW pasroHa
BBINIOJTHEHHE
71a00paTOPHBIX
paboTt
51/22
Hroro no paszneny " 29,2

TEXHOJIOTUYCCKUMMU MPOIECCaMU

6. CuHTEe3 M HACTpOiika KOHTYpPOB YHPaBJICHHUS




CaMoCTOSITENb

6.1 TlpuHOMITBI ONTHMHU3AIMH KOHTYPOB HOE U3y4YEHUE
YNIPABICHUSI TEXHOJIOTHIECKUM IapaMeTPOM. y4eOHOH 1
MaremaTnueckoe 00ocHOBaHHE Hay4HOUI MK-2
ONTHMU3AIlMM  KOHTYPa  PErYyJINPOBAHUSL. 5 5 | JHTEpaTypEL VYerHbrit HK-S’
Merton JIUHAMUAYECKOM ONTUMU3ALUHN ITouck OIIpoC HK-S,
KOHTYpOB  YIpaBJeHUS  OOBEKTaMH ¢ JIOTIOJTHUTENbH
CaMOBBIPaBHUBAHUEM — ONITUMYM I10 MOAYJIIO BIX
nepenaToyHoi hyHKIHH. MaTepHuaoB

10 TEME.

CamocTosTens
6.2 CuUMMETpPHUUHBI ONTUMYM — METOJ HOE U3Y4YCHHUE
JUHAMUYECKOH  ONTUMHU3allud  KOHTYpPOB yueOHOH u
yIpaBlIeHUS 00BEKTaAMH 0e3 HAy4YHOU MK-2
camoBbIpaBHMBaHUA. CpaBHEHHE METOJOB 4 15 | “MTepaTypeL. YcTHBIHI HK-37
ONTUMyMa MO MOAYJII0 M CHMMETPHUYHOIO ITouck orpoc HK—57
ontuMyMa. BBeneHue  KOPPEKTHUPYIOIIUX JIOTIOJTHUTEIbH
3BEHBEB U  CIVIAXKMBAHMSA  33/IaIO0IIETO BIX
CHTHAJIa — 3Tall CTPYKTYPHOH ONTHMHU3AINN MaTepuanoB

TI0 TEME.
Hroro mo paznmery 6 20

51/22 129,
HUroro 3a cemectp 34 320
nu 2

7. Cucrembl aBTOMaTHYECKOH ONTHUMH3ALUH
ynpaBieHuss  (CAOY)  TeXHOJOTHMYECKHMHU
napameTpamu

CamocTrosiTens

HOE U3y4YeHHE YcTHbli
7.1 CAO c 3anoMHHaHMEM 3KCTpeMyMa yuebHoi onpoc,
BBIXOZHOI'O napaMmerpa. CAO c JIMTEPATYPEL, - | BLIIOTHCHHE IK-2,
3alIOMMHAaHHEM MPOW3BOTHONH  BBIXOJHOTO 2 41| 5 | MOATOTOBKA K | PAKTHICCKH MK-3,
mapamerpa. CAQO [IUCKPETHOTO MPHHITUIA MPAKTHHECKHM | - X padoT, IK-5
NeHCTBHA. 3aHATHSM, pa3zenos

MOJTOTOBKAa | KypCOBOTO

KypCOBOTO MPOEKTa

MIPOEKTa




CamocTosSTeb

7.2 CAO ¢ npuHyIuTEeNbHON MOy sLueH. HOE U3Yy4YEHUE VYcrHbli
CAQO c wuHTerpanbHOW OIICHKOW OTKJIMKA y4ueOHO orpoc,
ONITUMH3HPYEMOTO mpouecca Ha JUTEPATYPHl, | BBITOTHEHHE TK-2,
TECTHpYIOIIee BO3ICHCTBHE. 2 5 | TOATOTOBKA K | MPAKTHMECKH | [rp o
MateMaTiueckoe  ONHMCaHHE  TPAaeKTOPHUit MPaKTHIECKUM | X pador, HK-S’
npetida CTaTHYECKIX XapaKTePUCTHK 3aHATHSIM, pa3znemnoB
ONTUMH3UPYEMOTO TIpoIiecca Mo AeHCTBUEM MOTOTOBKAa | KYpCOBOTO
TEXHOJIOTHYECKUX BO3MYIICHUH KYpCOBOTO MPOEeKTa
MIPOEKTa
Hroro mo paznmery 6/21| 10
8. Hcnonb3oBaHue HEHpoOceTeBOro MeToja Uis
OTIpeieIeHUs
9KCHEPUMEHTAIBHO-CTATUCTHUECKUX MoJeNeil u
HEHpOCeTEeBOro yNpaBJIeHUs] TEXHOIOTHIECKUMHU
poleccamMmu
CamocTrosiTens
8.1 OOmme cBemeHUs O HEHPOHHBIX CETSX. HOE U3y4YeHHE Y cTHBIN
ApXUTEKTypa HCKYCCTBEHHBIX HEHPOHHBIX y4eOHO o1mpoc,
ceTel. OO6yueHune HCKYCCTBEHHBIX JUTEPATYpBI, | BBITOMHEHNE | 1r o
HelpoHHBIX ceteil. Micnonp3oBanue MHC s 4/o11| 5 |TOATOTOBKa K |NPaKTHYECKH HK-37
pemieHus 3ajad  YOpaBICHHUS M CO3JaHHUS NpakTUYeCKUM | X paboT, HK-57
HKCHEPUMEHTAIBHO CTaTUCTHYECKHX 3aHATHSM, pas3zenos
MoJIeNIell  YIPaBICHUS TEXHOJOTHYECKUMHU MOJTOTOBKA | KYypCOBOIO
poIeccaMu. KYPCOBOTO MPOEKTa
MPOEeKTa
7
CamocrosTens
HOE U3y4YEHUE YcTHbli
yaeOHOI o1mpoc,
8.2 IlpumeHeHne HEHPOHHOTO MeTOHa IUIS JUTEPATYPBI, | BBITONHEHUE | 1r o
OTIpeNieNIeHUs YIIPABICHUS JTHHUU PETPECCHH 5 5 | TOATOTOBKA K | MPAKTHYCCKH HK-S’
9KCIIEPUMEHTAIILHO CTaTUYECKOU MPaKTUIECKUM | X paldor, HK-S’
3aBHCUMOCTH 3aHATHSM, pa3zenos
MOJTOTOBKAa | KypCOBOTO
KypCOBOI0O MIPOEKTa
MIPOEKTa
HUroro 1o pazaeiny 6/21| 10

9. Ucnonp30BaHue MPUHIUIIOB TECOPHUH HECUCTKUX
MHOXECTB U HCUCTKUX JIOTUYCCKUX BBIBOAOB ITPH

CHUHTEC3C MaTEMaTHYCCKHUX Mojenei
IIPOMU3BOJCTBECHHBIX IIPOUECCOB M pCaInU3aAlUuN
HCYCTKOTO YIpaBJICHUA TEXHOJIOTHYCCKUMHA

napameTpamu




CamocTosTeb

HO€ U3y4YCHUE YcrHbli
9.1 O6mue 0coOeHHOCTH yIIpaBIeHHs Ha Oaze yaeOHO ompoc,
TEOpHHU HEUYCTKHUX MHO)KECTB. JMTEPATYPEI, | BEIMOTHEHAE | oo o
OyHKINOHAIBHAS cxema CHCTEMBI 2 5 | MOATOTOBKA K | MPAKTHICCKH HK-S’
yOpaBieHHs Ha 0a3e HEYETKOH JIOTHKH. MPaKTHIECKUM | X pador, HK-S’
[IpuHIMD paboOTBl HEYETKOTO pEryisITopa. 3aHATHAM, paszenos
ANTOPUTMBI HEYETKOTO BBIBOJIA. MOJTOTOBKA | KypCOBOTO
KypCOBOTO HpoeKTa
MIPOEKTa
CamocrosTens
HO€ U3y4YCHUE YcrHbli
y4eOHOI o1poc,
9.2 IlpuMeHeHHe MpPUHIMNA HEYETKOTO JUTEPATYPBI, | BBIMOTHEHHE | 1o o
yIOpaBieHUs OpU  CHHTe3e  IHU(POBBIX 5 6/411| 5 |moAroToBka K | mpakTHyecku HK-37
KOHTYPOB CTa0WJIM3aLMH TEXHOJOTMYECKUX NpaKkTHYeCKuM | X pador, HK-57
IapaMeTpOB NPOU3BOJICTBEHHBIX IPOIIECCOB 3aHATHAM, paszenos
MOJTOTOBKA | KypCOBOTO
KypCOBOTO MIPOEKTa
MIPOEKTa
Hroro mo paznmery 4 6/41| 10
10. Ilporpammuas peanu3auus JIOKaJIbHBIX
MHKPOIIPOLIECCOPHBIX KOHTYPOB YIPaBJICHHS B
npouecce  cBOOOJHOTO  MPOrPaMMHUPOBAHUS
PEryJIHPYIOLINX KOHTYPOB
10.1 TlporpammHas peanu3anusi THUIOBBIX
3aKOHOB YIPaBIICHUS TPH HCIOJIb30BAHUH
CBO0O/IHO MPOrpaMMHUPYEMBIX CamocrosiTelnb K-2
MHKPOIIPOIIECCOPHBIX KOHTPOJUIEPOB. 4 1 |Hoe myqenue YcrHblit HK-37
MonemupoBaHue paboThI JIOKaJIbHBIX yaeOHOH orpoc HK-S’
KOHTYPOB  IIM(POBOTO  PETYIMPOBAHUSA JIUTEpaTyphl
TEXHOJIOTUYECKIM rapamMmeTpoM
MPOU3BOJICTBEHHOTO IpoIecca.
10.2 UccnenoBanue UUQPPOBEIX KOHTYPOB CaMOCTOSTENE
perynupoBaHus TEXHOJIOTHYECKHX . [K-2,
HapaMeTPOB MPOU3BOJCTBEHHBIX IIPOLIECCOB C 2 0,6 HOE H3YHCHHIE YerHbIi [K-3,
LEJIbI0 ONTUMM3ALIUH 1apaMeTpoB yueOHoi orpoc I1K-5
JIHUTEpaTyphl
MePEeX0THOTO IIpoIiecca
Hroro mo pazmerny 6 1,6
Hroro 3a cemectp 18 18/8 (31,6 9K3aMEH,KII
sauer ¢ |IIK-2,[TIK
Hroro no aucuurinHe 52 511222 18H/8 120' OHGHKOﬁ: -
kypcosoit  |2,ITK-3,TIK
C




5 O0pa3oBaTesibHbIEC TEXHOJIOTHH

Jns  peanu3alMd  MPEIyCMOTPEHHBIX  BHJOB  Y4eOHOH pabOThI B  KadecTBE
06pa3OBaTeJIBHBIX TEXHOJIOTUHA B npenogaBanu AUCHUIIIAHBI «CucremMnl aBTOMaTu3alunu u
yIIPaBJICHUS UCTIOIB3YIOTCS:

Tpanuimonneie 00pa3oBaTEeNbHBIC TEXHOJIOTHH — HH(OpPMAIMOHHAS JICKIHS (BBOJIHYIO
JICKIIHIO, TJIE JaeT IePBOE MPEIICTABICHHE O MPEJMETE U 3HAKOMCTBO CTY/ICHTOB C HA3HAYCHUEM H
3aJauaMu Kypca); JeKIUH — KOHCYJIbTAllMH, W3JI0KEHHE HOBOTO MarepHajja COMPOBOXKIACTCS
MIOCTAaHOBKOH BONPOCOB M JIUCKYCCHEH B TIOMCKaX OTBETOB HAa ATH BOIPOCHI; MPAKTHYECKUE
paboTHI.

TexHonoruu mpoOieMHOro OO0y4YeHUsT — MPOOJIEMHBIC JICKIIUU SIBISICTCS PE3yJIbTaTOM
YCBOCHHUS MOJy4YEHHOU WH(OPMAIIUU TTOCPEICTBOM ITOCTAHOBKH ITPOOJIEMHOTO BOIIPOCA M MTOUCKA
nyTeil ero pemieHHs; MPAKTUYECKHE 3aHSATHS C HUCIOJIb30BAHUEM IPOOJIIEMHOTO OOy4YeHHE,
KOTOPOE 3aKJIFOYAETCs B CTUMYJIMPOBAHHH CTYJICHTOB K CaMOCTOSITEIIBHON «IOOBIUE» 3HAHUU,
HEOOXOJUMBIX IS pEIIeHHs] KOHKPETHOW mpoOsiemMbl. [IpakThyeckoe 3aHATHE HA OCHOBE
Kelic-MeToJ1a — 00y4eHUe B KOHTEKCTE MOJISITUPYEMOUN CHTYAIlMH, BOCIIPOU3BOISIICH peaTbHbIC
YCIIOBUSI HAYYHOM, TPOU3BOJCTBEHHOM, OOLIECTBEHHON NesATeNbHOCTH. O0yJaroniecs T0JIKHBI
MIPOAHATH3UPOBATH CUTYAIIHIO, Pa300paThCs B CyTH IIPOOIIEM, MPEIOKUTH BO3MOKHBIC PEIICHUS
U BBIOpATh JydIllee U3 HUX.

TexHONIOrMM TPOEKTHOTO OOYyYeHHUs — OpraHu3alys 00pa3oBaTENBHOTO Ipolecca B
COOTBETCTBUHM C QJITOPUTMOM IIO3TAITHOTO PEIICHHS MPOOJIEMHOW 3aJa4d WM BBITOJHCHHUS
yuebHoro 3agaHusi. CTyI€HThI B BBIIOJIHAIOT UCCIIEOBATEIbCKUN KYPCOBOW MPOEKT, B KOTOPOM
NPOM3BOJISAT HAYYHBIC MCCIICIOBAHUS 10 33JJaHHOW TEME B paMKaxX M3y4YaeMbIX B JIUCIMILIHHE.
Pe3ynbTarel WcCCeqOBaHMS MPEACTABISIOT B (OpME YCTHOTO JOKJIAna MO MPE3CHTAMH U
KypCOBOT'O IPOEKTA.

NHupopmalinoHHO-KOMMYHHUKAIIMOHHbIE 00pa30BaTE/IbHbIE TEXHOJOTMU — B  XOJE
MPOBENCHUS JIEKIUOHHBIX 3aHITHH TPEeIyCcMaTpPUBAETCS HCIOJIB30BaHUE DIEKTPOHHOTO
JIEMOHCTPAIIMOHHOTO Marepuayia (JICKIMU-BU3yalIN3allin), UCTIOJIb30BaHue MHTEpHET pecypcoB
JJI IIPOMEKYTOUHBIX aTTeCTaHHi/JI " MMPOBEPKU OCTATOYHBIX 3HAHUH.

6 YueOHO-MeTOAMYecKOe o0ecniedeHrue CAMOCTOATEIbHOI padoThl 00yUYar0LIUXCs
[IpencraBieno B npuaoxeHuu 1.

7 OuneHovnblie cpeacrea AJid MpoBeACHUSA l'[pOMe)KyTO‘-lHOﬁ aTTeCTallumn
Hpe,[[CTaBJ'IeHLI B IIPUJIOKCHU U 2.

8 YueOHO-MeToAHYecKOe U MHPOPMALMOHHOE o0ecTieueHHe JUCHUTLINHBI (MOTYJIs1)

a) OcHoBHas1 IUTEpPaTypAa:

1. CoBpeMeHHBIE CHCTEMbI aBTOMATH3AIlMKM U yIpaBleHus : ydyeOHoe mocobue / C. M.
Anpnpees, E. C. Pa6uukosa, E. 10. Myxuna, T. I'. CyxonocoBa ; MI'TY. - Maruurtoropck :
MI'TY, 2015. - 1 osnektpon. ont. auck (CD-ROM). - 3arn. ¢ tutyn. skpana. - URL:
https://magtu.informsystema.ru/uploader/fileUpload?name=71.pdf&show=dcatalogues/1/112396
3/71.pdf&view=true (nara oopamenus: 14.05.2020). - MakpooObeKT. - TeKCT : 3JIEKTPOHHBIH. -
Ceenenus goctymHbl Takke Ha CD-ROM.

2. CucreMbl ymOpaBleHUS TEXHOJOTUYECKUMHU TIpolieccaMu W WHGOPMAIMOHHBIC
TEXHOJIOTHH : yueOHoe mocobue it By3oB / B. B. Tponenko, B. K. ®enopos, A. U. 3abynckwid,
B. B. KomenaantoB. — 2-e uzfa., ucnp. u gomn. — Mocksa : M3narensctBo FOpaiit, 2020. —
136 c. — (Bricmiee oopazoBanue). — ISBN 978-5-534-09938-6. — Tekcr : anexrponnsiii // 96C
FOpaiir [caiiT]. — URL: https://urait.ru/bcode/454172 (nata oopamienus: 23.10.2020).

0) JlonmoiHuTeIbHAS JIUTEpaATypAa:


https://magtu.informsystema.ru/uploader/fileUpload?name=71.pdf&show=dcatalogues/1/1123963/71.pdf&view=true
https://magtu.informsystema.ru/uploader/fileUpload?name=71.pdf&show=dcatalogues/1/1123963/71.pdf&view=true
https://urait.ru/bcode/454172

1. CucTeMbl aBTOMATH3aIIMU U yripaBiieHus : yaeonoe mocodue / b. H. I1apcynkun, C. M.
Anpnpees, T. I'. CyxonocoBa, E. C. Psg0unkoBa ; MarHUTOrOpCKuid TOC. TEXHUISCKUI YH-T UM.
I''I. HocoBa. — Maruuroropck: M3n-Bo Marauroropck. roc. Texs. yu-ta, 2015. - 326 c. : un.,
cxeMsl. - ISBN 978-5-9967-0629-7. — Tekct: HEMOCpEACTBEHHBIN.

2. Ilapcynkun, b. H. ABromatu3anus v onTUMU3aLKs YIIPaBICHUS IPOLIECCOM BBIIUIABKU
yyryHa B JIOMEHHBIX Iedyax : ydeOnoe mocoowe / b. H. Ilapcynkun, C. M. Anapees, T. T.
CyxonocoBa ; MI'TVY. - Marautoropck : MI'TVY, 2018. - 215 c. : ni., Tab:., cxemsl, rpad., iuarp.,
HOMOTD., ACKH3BI. - ISBN 978-5-9967-1208-3. - URL:
https://magtu.informsystema.ru/uploader/fileUpload?name=3635.pdf&show=dcatalogues/1/1524
803/3635.pdf&view=true (mara ooOpamenus: 14.05.2020). - MakpooObekr. - Tekct
ANEKTPOHHBIN. - IMeeTCs neyaTHbI aHAJIOT.

3. Ilapcynkun, b. H. ABromaTtu3zanus 1 ONTUMU3aLUs YIPABICHUS TEIJIOBBIM PEKUMOM
paboThI OJI0KA BO3IyXOHArpeBaTeliel JOMEeHHOM meun : yuebnoe nocodue / b. H. [Mapcynkun, C.
M. Anapees, M. 1O. Psa6uukoB ; MI'TVY, [kad. [IKuCVY] . - Marauroropck, 2009. - 148 c. : un.,
rpad., CXEMBI, TaoI. - URL:
https://magtu.informsystema.ru/uploader/fileUpload?name=269.pdf&show=dcatalogues/1/10608
96/269.pdf&view=true (gara oopameuus: 14.05.2020). - MakpooOBEKT. - TEKCT : 3JIEKTPOHHBIH. -
NmeeTcst meyaTHsblil aHAJIOT.

4. Ilapcynkun, b. H. ABromaTu3anusi TEXHOJOTMYECKUX IPOLIECCOB U MPOU3BOJCTB B
MeTayypruu : yaeonoe nmocooue / b. H. IMapcynkun, C. M. Auapees, E. C. PsbunkoBsa ; mox pe.
b. H. ITapcynkuna ; MI'TY, [kad. [IKuCV]. - Marautoropck, 2011. - 151 c. : un., tadm. - URL:
https://magtu.informsystema.ru/uploader/fileUpload?name=482.pdf&show=dcatalogues/1/10877
45/482.pdf&view=true (nara obparenus: 14.05.2020). - MakpooOBeKT. - TEKCT : 37IeKTPOHHBIH. -
Nmeercs nevaTtHslii aHaJOr.

5. Iapcynkun, b. H. ABromaTu3anusi TEXHOJIOTMYECKHUX MPOLECCOB U MPOU3BOJCTB.
[Ipon3BOACTBO cCTali B MapTEHOBCKUX II€4yaX, JABYXBAHHBIX arperatax M KHCIOPOJIHBIX
KoHBepTepax : ydebHoe mocobue / b. H. IMapcynkun, T. I'. CyxonocoBa, A. P. bonnapesa ;
MI'TY. - Marautoropck : MITY, 2016. - 264 c. : wr, Tadbm - URL:
https://magtu.informsystema.ru/uploader/fileUpload?name=2913.pdf&show=dcatalogues/1/1134
463/2913.pdf&view=true (mata oOpamenus: 14.05.2020). - MakpoodnbekT. - Tekcr
AJIEKTPOHHBIN. - FIMeeTCs reyaTHbIi aHAJIOoT.

6. Ilapcynknn, b. H. HMcnonp3oBaHue 3KCIEPUMEHTAIbHO-CTATUCTHYECKUX METO/0B
MOJICTTUPOBAHUS JUIS YIIPABJICHUS TEXHOJIOTHYECKUMU Tpoleccamu : yueOHoe mocobue / b. H.
[Tapcynkun, C. M. Anapees, E. C. Ps6unkosa ; MI'TY. - Marautoropck, 2012. - 177 c. : un.,
rpad., CXEMBI, TabII. - URL:
https://magtu.informsystema.ru/uploader/fileUpload?name=597.pdf&show=dcatalogues/1/11031
50/597.pdf&view=true (nara oopamenus: 14.05.2020). - MakpooOBeKT. - TEKCT : 3JCKTPOHHBIH. -
ISBN 978-5-9967-0292-3. - IMeeTcs IeUaTHBIN aHAJIOT.

B) MeToanueckue ykazaHus:

1. Cuctembl aBTOMAaTH3aIlMu W yrOpaBieHHUs. JlabopaTOpHBIH TPAKTUKYM : ydeOHOE
nocob6ue / b. H. [apcynkun, C. M. Anapees, E. C. Ps6uukosa, T. I'. O6yxoBa. - MarHuToropck :
MI'TY, 2013. - 1 asaekrpon. ont. auck (CD-ROM). - 3ara. ¢ turyn skpana. - URL:
https://magtu.informsystema.ru/uploader/fileUpload?name=1061.pdf&show=dcatalogues/1/1119
471/1061.pdf&view=true (matra oOpamenus: 14.05.2020). - Makpoodsekt. - Tekcr
ANIEKTPOHHBIN. - CBenenus noctynusl Takxke Ha CD-ROM.

2. OnTtumu3zanusi yOpaBjieHHS TEXHOJIOTHYECKUMHM Tporeccamu : mpaktukym / b. H.
[Tapcynkun, C. M. Aunpees, E. C. Pga6uukosa, T. I'. O6yxoBa ; MI'TVY. - Marauroropck, 2013. -



https://magtu.informsystema.ru/uploader/fileUpload?name=3635.pdf&show=dcatalogues/1/1524803/3635.pdf&view=true
https://magtu.informsystema.ru/uploader/fileUpload?name=3635.pdf&show=dcatalogues/1/1524803/3635.pdf&view=true
https://magtu.informsystema.ru/uploader/fileUpload?name=269.pdf&show=dcatalogues/1/1060896/269.pdf&view=true
https://magtu.informsystema.ru/uploader/fileUpload?name=269.pdf&show=dcatalogues/1/1060896/269.pdf&view=true
https://magtu.informsystema.ru/uploader/fileUpload?name=482.pdf&show=dcatalogues/1/1087745/482.pdf&view=true
https://magtu.informsystema.ru/uploader/fileUpload?name=482.pdf&show=dcatalogues/1/1087745/482.pdf&view=true
https://magtu.informsystema.ru/uploader/fileUpload?name=2913.pdf&show=dcatalogues/1/1134463/2913.pdf&view=true
https://magtu.informsystema.ru/uploader/fileUpload?name=2913.pdf&show=dcatalogues/1/1134463/2913.pdf&view=true
https://magtu.informsystema.ru/uploader/fileUpload?name=597.pdf&show=dcatalogues/1/1103150/597.pdf&view=true
https://magtu.informsystema.ru/uploader/fileUpload?name=597.pdf&show=dcatalogues/1/1103150/597.pdf&view=true
https://magtu.informsystema.ru/uploader/fileUpload?name=1061.pdf&show=dcatalogues/1/1119471/1061.pdf&view=true
https://magtu.informsystema.ru/uploader/fileUpload?name=1061.pdf&show=dcatalogues/1/1119471/1061.pdf&view=true

177 c. : ui., rpad., CXEMBI, TalII. - URL:
https://magtu.informsystema.ru/uploader/fileUpload?name=638.pdf&show=dcatalogues/1/11094
86/638.pdf&view=true (nara oopamenus: 14.05.2020). - MakpooOBeKT. - TEKCT : 3JCKTPOHHBIH. -
ISBN 978-5-9967-0393-7. - UmeeTcs nmedaTHbI aHajIOr.

3. Napcynkun, b. H. 3agaun mo cuHTE3y aBTOMAaTH3MPOBAHHBIX CHCTEM YIPABICHHS
TEXHOJIOTHYECKUMHU TTPOIIECCAMH M TIPOU3BOICTBOM : yueOHoe nmocobue / b. H. [Tapcynkun, T. T
CyxonocoBa ; MI'TY. - Maruutoropck : MI'TY, 2016. - 54 c. : w1, Tabn., cxem. - URL:
https://magtu.informsystema.ru/uploader/fileUpload?name=2248.pdf&show=dcatalogues/1/1129
743/2248.pdf&view=true (mara ooOpamenus: 14.05.2020). - MakpooObekr. - TekcT
3JIEKTPOHHBIN. - MIMeeTcst neyaTHblid aHaJor.

4. Tlapcynkun, b.H. Pacuer CAY cC THNOBBIM pEryJSTOPOM : METOJ. yKa3aHus /
b.H. [Tapcynkun, T.I'. O6yxoBa; Marautoropckuii roc. Texauieckuii yH-T um. .M. HocoBa. —
Marnutoropck: W3n-so Marautoropck. roc. TexH. yH-ta, 2014. — 11 c¢. — Tekcr:
HEMOCPEICTBEHHBIH.

5. Meroauueckrue yKa3aHMsl IO BBINOJIHEHUIO MPAKTHUYECKUX padOT NIpUBEIEHBI B
MIPUJIOKEHUU 3.

r) [Iporpammuoe o6ecnneuenue u UHTepHer-pecypcebl:

IIporpammHoe obecnieyeHue

Haumenosanue [10 Ne norosopa Cpoxk neficTBUS JTULEH3UU
MS Windows XP
Professional (mus 1-1227-18 ot 08.10.2018 11.10.2021
KJIACCOB)
MS Off_lce 2003 Ne 135 ot 17.09.2007 0eccpovHO
Professional
FAR Manager ICIB 860HH0 pactpocTparsieMoe OeccpouHo
7Zip CBOOOJIHO  pacHpoCTpaHsIeMOe 0EeCCPOYHO
BupryanbHslii cTeH]
CHUCTEMBI
ABTOMATHICCKOTO cBugerenscTBO Noe2013612340 O6eccpouHo
YIIpaBICHUS
TEXHOJOTHYECKUM
apamMeTpoM
SCII{:lb Computation CBOOOJTHO pacIpoCTpaHsIeMOe Secepoto
Engine 1o
MathCAD v.15
Education University J1-1662-13 ot 22.11.2013 0eccpovHO
Edition
MathWorks MathLab
v.2014 Classroom K-89-14 o1 08.12.2014 0eccpouHo
License

IIpodeccnonanbHble 6a3bl JAHHBIX U HH(OPMaIMOHHBIE CIPABOYHbIE CHCTEMbI

HasBanue xypca Ccbuika

DnekTponHas  0Oaza  mepuoauueckux |https://dlib.eastview.com/



https://magtu.informsystema.ru/uploader/fileUpload?name=638.pdf&show=dcatalogues/1/1109486/638.pdf&view=true
https://magtu.informsystema.ru/uploader/fileUpload?name=638.pdf&show=dcatalogues/1/1109486/638.pdf&view=true
https://magtu.informsystema.ru/uploader/fileUpload?name=2248.pdf&show=dcatalogues/1/1129743/2248.pdf&view=true
https://magtu.informsystema.ru/uploader/fileUpload?name=2248.pdf&show=dcatalogues/1/1129743/2248.pdf&view=true
https://dlib.eastview.com/

n3naaui East View Information Services,
000 «MUBUC»

HammmonansHas
UH(OPMAIMOHHO-aHATUTHIECCKAS
cucrema — Poccuiickuii UHIEKC HAy4HOTO
nutupoBanus (PMHII)

URL: https://elibrary.ru/project risc.asp

[TouckoBast cucrema Akagemus Google
(Google Scholar)

URL: https://scholar.google.ru/

Wudopmannonnas cucrema - Exaunoe

OKHO Jgoctyma K uHpopmanuonasivM|URL: http://window.edu.ru/

pecypcam

denepanpHOE rOCYJapCTBEHHOE

OrokeTHOE yupexaeHune «DenepanbHblii i _ .

HHCTHTYT A URL.: http://www1.fips.ru/
COOCTBEHHOCTH»

Pocenitcras Tocynaperaetmas https://www.rsl.ru/ru/4readers/catalogues/
oubmmoreka. Karamorn

DJeKTpoHHBIE — pecypchbl  Oumbnmotekwu|http://magtu.ru:8085/marcweb2/Default.as
MI'TY um. I'.'1. Hocona p

YHuBepcuTerckas UHPOPMALMOHHAS s .

cncrena POCCHS https://uisrussia.msu.ru

MesxayHapoaHas HaYKOMETpUYeCKast

pedepaTuBHAas W TOJHOTEKCTOBas 0Oasza

http://webofscience.com

JMAHHBIX HayuyHbIX wu3ganuii «Web of

science»

MexmyHapogHast pedeparuBHas u
MOJTHOTEKCTOBAS CIpaBOYHasI 0aza|http://scopus.com

JAHHBIX HAYYHBIX U3TaHUN «SCOPUS»

MexnaynapoaHas 06a3za TOJHOTEKCTOBBIX
ypHasoB Springer Journals

http://link.springer.com/

MexnayHapoaHas KOJUIEKUIMS Hay4YHBIX
IMMPOTOKOJIOB 110 Ppa3JINYHbBIM OTpaCIIsIM
sHanuit Springer Protocols

http://www.springerprotocols.com/

MesxayHapoaHas 0aza HaYYHBIX
MaTepuaioB B 001acTh GU3NYECKUX HAYK
U nHkuHUpuHTa SpringerMaterials

http://materials.springer.com/

MexnayHnaponnas ~ 0a3a  CIpaBOYHBIX
U3JaHUK TI0 BCEM OTpacisM 3HAHUU
SpringerReference

http://www.springer.com/references

MexnyHaponHnas pedepatuBHas —0Oasza

JAHHBIX 10 4YHCTOM W mpukiagHoii|http://zbmath.org/

marematuke ZbMATH

MexnyHaponHas pedepatuBHast u

HoTHOTEReTOBAA CrpanoTHai .6333 https://www.nature.com/siteindex
JAHHBIX HAY4YHBIX W3JaHUN «Springer

Naturey

ApxuB Hay4HBIX JKYpHAIIOB

«HarmonanbHbIH

AIIEKTPOHHO-UH(POPMAITUOHHBII
koHnopruym» (HIT HOMUKOH)

https://archive.neicon.ru/xmlui/
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9 MarepuajibHO-TeXHUYeCKOe o0ecneyeHne JTUCIUIIINHBI (MOTYJIs1)

MatepuraabHO-TEXHHUYECKOE 00€CTICUCHHE TUCITUTUINHBI BKITFOYACT:
1. YueOHbIe ayAuTOpUH ISl POBECHUS 3aHATUH JICKIIMOHHOTO THIA
MynsTUMEIHITHBIE CPEACTBA XPAHEHUS, TIepeadr U MPeCTaBlIeHUs HHPOPMAITUU

2. YueOHasi ayTuTOpHS IS TPOBEACHUS MPAKTUYECKHUX 3aHATUH U Ta00paTOPHBIX paboT:
nabopaTopys aBTOMATH3AIMK TEXHOJOTMUECKUX MPOLIECCOB U IPOU3BOJICTB

JIaGopaTopHble YCTaHOBKHU U MIPUOOPHI TSI BBITOJIHEHHS JIAOOPATOPHBIX M PAKTUIECKUX
pabor:

- nabopaTopuslil crena «lIpombliennsie qaTuuku pacxona», [11P-CK + komnbroTep ¢
npenycraHoBieHHbIM 11O oT u3roroBuTes.

- nabopatopHblii cTeHa «llpombinuieHHsle natuuku Ttemmeparyps», IIAT-CK +
KOMIIBIOTED € IpenycTaHoBiIeHHbIM 110 oT u3roroBuress.

- maboparopusiii ctera «[IpomMeiennasie garauku nasiaeausy, [11J1-CK + kommbsrorep
¢ npexycraHoBieHHbIM [1O oT u3rorosurens;

- mporpaMMmupyemblii siormueckuii  kontpoiuiep [IJIK-Siemens + HOytOyk c
npenycraHoBieHHbIM [1O oT usroroBurens;

- 1abOPaTOPHBIN CTEH]T «ABTOMATH3AIMs CUCTEM TEIIOTa30CHA0KCHHSI M BEHTUJISIIHI,
ATI'CB-09-11JIP-01 + HoyTOYyK c mpexyctaHoBiaeHHbIM [1O oT usroroButens;

- mabopaTOpHBIN CTEH[ «ABTOMATH3AIMs CUCTEM BOJOCHA0XKEHUS U BOJOOTBEACHUSY,
ABUB-VY-01-12;

- nabopatopusiii crern «[1JIK-Omron-40A-HH#»

3. YueOHble ayTUTOPHUHU AJIS BBIITOJHEHHUS KYPCOBOI'O IPOEKTUPOBAHUS, IOMEILEHUS JUIS
CaMOCTOSITENIbHOM pabOoThl 00y4arOIIUXCS

[TepconanbHbie KoMmmblOTEph! ¢ maketom MS Office, Beixomom B IHTEpHET 1 ¢ 1OCTyIIOM
B AJIEKTPOHHYIO HH(OPMaLlMOHHO-00pa30BaTeNbHYIO Cpey YHUBEPCUTETA

4. YueOHble ayJUTOPHUH Ui TPYIIIOBBIX U MHAUBHUAYAJIbHBIX KOHCYJIbTALUN, TEKYILErO
KOHTPOJIA U IPOMEKYTOUHBIX KOHCYJIbTALUN
Jlocka, MyJIbTUMEIUHHBINA TPOEKTOP, IKPaH

5. Tlomemienue g XpaHeHUS M NPOPUIAKTHYECKOIO OOCITYXKMBaHHUS Yy4eOHOTro
o0opynoBaHus
Crennaxu 7151 XpaHeHUs] Y4eOHO-METOAMYECKUHN JOKYMEHTAIINHI



Ipunoocenue 1

Y4eOHO-MeTOAMYeCKOe 0DecrieyeHe CaMOCTOATEIbHOI padoThI CTY/IEHTOB MO JUCIUIIUHE

«Cucremsbl ABTOMAaTH3allUM U YIIPpaBJICHUSD>

ITo JUCHUITIIINHEC «CucreMbl aBTOMaTH3AIIUN U YIIpaBJICHUA» TIPEAYCMOTPEHA ayAUTOpHAA U

BHCAyAUTOpHAas CaMOCTOATCIIbHAA pa60Ta o6yqafoumxc51.

Ay,HHTOpHaH CaMOCTOATCJIbHAsA pa60Ta o6yqa}oumxc;1 mpearojgaracT BbIIIOJIHCHUE

na6opaTopHHx H IPAKTUICCKUX pa60T " JOKJIaza I1O MOJYYCHHBIM pE3yiibTaTaM, a TaKXKE YCTHBIﬁ

OIIPOC O MMOPAAKE BBIIIOJIHCHUS J'Ia60paT0pH0fI u HpaKTquCKOﬁ pa6OTBI, MMOJIYYCHHBIM YMCHUAM

1 HaBBIKaM.

IIpumepHBbIe BONPOCHI VI YCTHOTO ONPOCA MO BBINOJHEHHBIM J1a00paTOPHbIM padoTam

Tema 1adbopaTopHoii padoThI

Bomnpocs! a5 ycTHOr0 onpoca

OKCTpanosuus
9KCTIIEPUMECHTAIBHON KPUBOU
pasrona

1. Tlouemy mpu  3KCTpamojsiiuud  KpUBOW  pasroHa

HPENoiaraeTcsi, YTo MepeXOoHbIN MPOLEecC 3aKOHYUTCS

3a Bpems paBHoe (3...4)To?

Kak ¢u3nuecku peannzoBan 00bEKT yrpaBiIeHuUs?

3. Tlocrtpoiite xkpuByro pasrona OV co CleIyIONIMMHA
napamerpamu To=10c, t3=2c.

4. B u4eM 3aKiro4aercss HeIOCTaTKU METOa SKCTPAOSUN?

no

Onpenenenne k03PGUIIHIEHTOB
T epeHIaIbLHOro
YPaBHEHHUS

10 DKCIIEPUMEHTAIILHON KPUBOMI
pas3roHa it 00bEKTOB
YIPaBIIEHUS C
CaMOBBIpaBHUBAaHUEM

1. Kakue xoimu4uecTBEHHLIE OLICHKHA JUHAMUYECKUX CBOMCTB
OV ucnons3yrores? Kakue GpopMyIibl CyIeCTBYIOT Ui UX
onpeneneHus’?

2. 3anuuuTe ypaBHEHHE TUHAMUKU 1711 00bekToB | u 11
MTOPSIIKOB.

3. 3anumuTe GopMysbl 1 pacuera Ko3(pPUIINEeHTOB
muddepeHIaNbHbIX ypaBHEHUH.

4. TTocTpoiiTe KPUBYIO pa3roHa, 0 H3BECTHOMY YPaBHEHHUIO
nuHamuke oobekra: 0,1Y () + Y (t) = 2,5X(1).

5. Yro Takoe nepexoaHas xapakrepuctuka? Kak onpenenurs
ypaBHEHHE NEPEXOAHOM XapaKTepUCTUKH 00beKTa?

[IpeoOpazoBanre UMIYIbCHON
XapaKTePUCTUKHA 0OBEKTa
B KPHBYIO pa3roHa

1. Uto Ha3bIBaETCA UMIYJILCHON XapaKTEPUCTUKOMN?

2. YUto Takoe nepeaarounas Gpynkuusa? Kak ee moiayduTs u3
YpaBHEHUS TUHAMUKU?

3. OnummMTe METOIUKY CHSTHSI SKCIIEPUMEHTAIILHON
UMITYJIbCHOM XapakTepucTHkH. Kak npaBuibHO BBIOpaTh
BpEMs UMITYJIbCA?




Tema s1aGopaTopHOi padoThI

Bomnpocs! 111 ycTHOr0 onpoca

4. OnpenenuTe BECOBYIO QYHKIIHIO, IO H3BECTHOMY
ypaBHeHHIO quHaMuku oobekTa: 0,1Y (1) + Y(t) = 2,5X(t).

5. OnuuimTe MEeTo/1 MePEeCTPOEHUSI UMITYJILCHON
XapaKTepUCTHKHU B KPUBYIO pasrona. Ha uem on
OCHOBBIBaeTCA?

Ornpezenienne TMHAMUYECKIX
napameTpoB 00BEKTa

10 PKCIICPUMEHTAIBHOM
UMITYJIbCHOM XapaKTEPUCTHKE

1. Uto Ha3bIBaETCA UMMIYJILCHON XapaKTEPUCTUKOMN?

2. Kakue mapameTpbl 00beKTa MOXKHO ONPEACTUTH 10
UMITyIBCHOM XapakTtepucTtuke? Hanummure popmynsl.

3. OnuimuTe METOUKY CHSTHSI SKCIIEPUMEHTAIbHOU
UMITYJIbCHOW XapakTepucTUkH. Kak mpaBuiIbHO BHIOpAThH
BpeMs UMIynbca?

4. Kakue cBoiicTBa XapakrepuzyeT KO3 PUIHEeHT
caMmoOBbIpaBHHBaHUA? B ueM Qpu3nueckuii CMbICI 3TOr0
napameTpa?

5. Kakue cBolicTBa XapakTepusyeT CKOpocTh pazrona? B yem
bu3nUecKknuit CMBICI 3TOTO MapameTrpa’?

[Toctpoenue ronorpadga AOGUYX
I10 DKCIIEPUMEHTAIILHOU KPUBOU
pasroHa

JUIsl 0OBEKTOB MEPBOTO MOPSAIKA
C 3ara3/ibIBaHEM

1. Ha3zoBuTe M3BECTHBIE YACTOTHBIE XapAKTEPUCTUKH
00BEKTOB.

2. Kak mony4uTh 4aCTOTHBIE XapaKTEPUCTUKH OITBITHBIM
nyrem?

3. Kak noxyunts A®YX, ecnu uzBectHa [1d oobexra?

4. Kak noctpouts rogorpadp AD®UX no kpuBoii parona
oObekra?

5. HazoBuTe THIIOBEIE BXOJHBIC BO3AeHCcTBHUA. [[1g 4ero oHu
HYKHBI?

Onpenenenue k03 punneHTon
G hepeHIaTLHOTO
ypaBHEHUS

I10 3KCIIEPUMEHTAIbHOU
KPUBOMU pa3roHa Jijisi 00bEKTOB
0e3 caMOBBIPAaBHUBAHMS

1. Yem otnnyarorest quddepeHmanbHbe ypaBHEHNsI 00bEKTOB
C CaMOBBIPaBHHUBaHUEM U 0€3 CaMOBbIPAaBHUBAHHUS?

2. Kak onpenenuTh TaHT€HC yIJia o, M 4YTO OH XapaKTepHu3yeT?

3. Eciu cKOpOoCTh pa3uBKU HE U3MEHUTHCA, YEPE3 KaKOM
MIPOMEKYTOK BPEMEHHU MPOU30MIET aBapus (sl pacuera




Tema s1aGopaTopHOi padoThI

Bomnpocs! 111 ycTHOr0 onpoca

BOCITIOJIb30BaTbCA HCXOJHBIMU ,Z[aHHBIMI/I)?

4. B xakux eIMHHIIAX U3MepseTcs Jo U Kakoi (Pu3nIecKuid
CMBICII UMEET 3TOT mapameTp?

5. [lpuaymaiite mpuMepsl 00bEKTOB O3 caMOBBIpaBHUBaHUS |
u Il mopsiakoB.

[Toctpoenue rogorpadpa AOYX
I10 OKCIIEPUMEHTAIBHOW KPUBOU
pasrosa

11st oosektoB |l u |1l mopsnkos
C 3ama3/bIBaHHEM

1. 3anumuTe nepeAaTouHyro (GYHKIUIO MOJIETH 00bEKTa.

2. Ha yem OCHOBBIBAETCS METOI pa3OneHuUsl KpUBOW pa3roHa Ha
CTYNEHYAThIE CUTHAJIBI?

3. Kak mocTpouTh Ha KOMIUICKCHOM IJIOCKOCTH Toorpad
ADUX ob6bekra? Kakoit He0OXOAMMO JJIs1 3TOTO MIPOBECTH
AKCIIEPUMEHT?

4. Yem 0OBsCHsIETCS BEIOOp AMAINIa30HA YaCTOT AJISt

' 1

nocTpoenus rogorpada B popmyne o, oo =2
3T, T
3

5. OnummTe METOAMKY MOCTPOeHus roxorpada Ha
KOMIIJIEKCHON TIOCKOCTH JUII MHOTOMHEPLIMOHHBIX OOBEKTOB.

Ilepeyenn npakTu4eckux pador
1. CocraBienue MaTeMaTHUECKON MOJIENIM OOBEKTA YIIPABJICHUS U pacyeT KPUBOM pa3roHa u

ofpeieieHne TMHAMUYECKHX MTapaMeTpOB O0BEKTA.
2. Pazpabotka cTpykTypHO# cxembl CAY TE€XHOJIOTHYECKOTO MapaMeTpa.
3. Pa3paboTka 010K-CXEMBI JITOPUTMA U pacyeT KOHTYpa yIpaBlIeHHsI B COOTBETCTBUU CO

CTPYKTYPHOU CXEMOM.

4. OnTtuMu3alys KOHTypa yNpaBiIeHUs U aHaIU3 BIMSHUS TapaMeTPOB HACTPOUKH

pEryisaTOpa Ha Ka4eCTBO MEePEXOHbIX ImporeccoB B CAY.

5. Uccnenosanue CAY npu AeicTBUM Ha CUCTEMY BO3MYILEHUI: OJJHOKPATHOTO

BO3MYILIEHUS, Apeiida cTaTUYeCKON XapakTepUCTUKU, TIEPUOINYECKUX ITOMEX.

Tect
IIpumep tecta. Bapuanr 1:




1. Kak Ha3bIiBaeTcs rpauk,
NPECTAaBICHHBIN HA PUCYHKE?

A) cratuyeckasi XapaKTepUCTHKA;
b) nepexoanas xapakTepucTuka;
B) xpuBas pasrona;

I') mepexoHbIi mporecc.

t,C

2. Yemy paBeH K03 GUIIUEHT Nepeaadn
oOnekTa?

A) 1,75
B) 0,50
B) 1,20

T)-0,57
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3. Ha pucyHke npeacTaBieHa TPaeKTOPHsI
M3MEHEHUS BBIXOJHOUN BEIMYUHBI TIPH
W3MCHCHUU ITOJI0KeHHUs Baja Ha 10%.
Yemy paBeH K03 PULIMEHT nepeaadn
o0BekTa?

A) 4
b) 3;
B) 0,7
10,5

1) 0,3

Kpusas pasroHa OY

50

V.

/?

30

7
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10

20

40

60

4. Tlo npenpiayieMy puCyHKY paccuuTarh
CKOpOCTh pa3roHa 00beKTa YIpaBICHHUS.

OtBerT:




5. Ha pucyHke npezacraBiieHa TPaeKTOPHUs
WU3MEHEHHS BBIXOTHOW BEJIMYHHBI IIPH

U3MEHEHUH TT0JI0KeHUA Basta Ha 15%.

YeMy paBHA IOCTOSIHHASA BPEMEHU

o0bekra?

—

P N W B~ O

A) 30;

/

B) 15; 0 10 20 30 40 50 60 70

B) 70;

r) 3s.

Bueayauropnas camoctosiTenbHasi paboTa 00yJyaronmxcs MpeirnoiaracT BbIIOJHEHUE
KOHTPOJIbHOM paboThI U pa3fiesioB KypCOBOrO IMPOEKTA.

KonTposbHnas padora
[Tpumep koHTpONBLHOU paboTHl. BapuanT 1:

JlaHO: MHEPLIIMOHHOE 3BEHO NIEPBOI0 MOPsIKA C MOCTOSHHOM Bpemenu T=0,3 c.
1. 3anumunTe ypaBHEHHE JUHAMUKU U NepelaTOYHYI0 (YHKIIMIO 3BEHA.

2. MeronomM Dilnepa paccuuTaTe TPaCKTOPUIO U3MEHEHUS BEIXOJHOIO CUTHANA, €CJIU BXOJHOM CUTHAI
n300pakeH Ha pucyHke. HadanbHoe 3HaueHue BoIXoqHON BenmuuuHbl Y(0)=20.

30
5

20

15

1: \ e
\

BXoAHasA BeriM4vuHa, ycn.ea.

0 01 02 03 04 05 06 07 08 09 1

Bpemsi

3. PaccunraiiTe TpacKTOPHIO UMITYJILCHOM XapaKTepUCTUKH 3BEHA, €CITH MPOIOJDKATENLHOCTH BXOAHOTO
umiyibca 0,2 ¢, aMILIMTy1a UMITyibea 25 y.e. HagansHoe 3HaueHne Beixoauoi Beanunssl Y (0)=0.




Memoouueckue pekomenoayuu no 66100py memvl Kypcoeo2o npoeKkma

u n0p}100K 3auiumol

[lenn BBINOJHEHUS KypCOBOIO IPOEKTA: MOJIYYUTh MPAKTUYECKUE HABBIKM I10 CUHTE3Y
JOKQJIbHBIX CHCTEM aBTOMAaTUYECKOTO YNPABICHUS TEIUIOTEXHUYECKUX IPOLECCOB C
UCIIOJIb30BAHUEM COBPEMEHHBIX HH(GOPMAIMOHHBIX TEXHUYECKUX CPEACTB, MPUMEHAITh
pa3IuyHble METOJbl JMHAMHYECKOM M CTPYKTYPHOM ONTHUMH3ALMU NApaMETPOB HACTPOMKHU
KOHTYPOB YIIPABJICHHUS.

Hanucanue KypCOBOI'O IIPOCKTa SABJIACTCA BaKHBIM 3BCHOM B BBIpa6OTKC Y CTYACHTOB
HaBBIKOB K CaMOCTOSITEIILHOMN Haquoﬁ pa60Te C yqe6H0171 nI/ITepaTypoﬁ " CIIpaBOYHHKaMH IIO
KOHerTHOﬁ TCMATHUKE, 3aKPCIINICHNH OCHOBHBIX TCOPCTHUYCCKUX 3HAHWM 110 JUCHHUIIIIMHE, a TAKXKC
HpI/IO6peTCHI/II/I OIIbITa O(bOpMJ'IeHI/ISI TCKCTOBOI'O U rpa(bnquKoro MaTc€prajlia B COOTBECTCTBUU C
HeﬁCTBYIOIHHMH CTaHJapTaMHu.

B Xone BbINOJIHEHHSI KypCOBOTO MPOEKTa M3Y4arOTCsS TEXHOJIOTMYECKHUE PEKUMBI pabOThI
00BEKTa YIPaBIECHUS, COCTABIAETCA JIUTEPATypHBIM 0030p MO cCHCTeMaM AaBTOMAaTHU3ALUU
u3ydyaeMoro o0bekra. Ha OCHOBaHMM HM3y4eHHOrO MaTepHaja M JaHHBIX, MOJYYCHHBIX MPHU
IIPOXOXKACHUN IPOU3BOJCTBEHHOM MPAKTUKU, pa3padaThIBae€TCs CTPYKTYpHAsl cxema JIOKaJIbHON
CAY, maremarnyeckasi MOJieJIb OOBEKTa YIIPABJICHUS, pacyeT nepexoAHbix mpoueccos B CAY u
JUHAMHAYECKast U CTPYKTYpHasi ONTUMHU3ALMS HACTPOMKH KOHTYpa YNPABICHHUS IS ONPEACICHUS
ONTUMAJIHBIX HACTPOEK pEryisTopa, MpOM3BOAUTCS aHaiu3 paspabotanHoil CAY. CryaeHT
YUUTCA MareMarudeckomy MozenupoBaHuio CAY, coCTaBISITh NOSICHUTEIBHYIO 3aIlHCKY,
BBINOJIHATH CTPYKTYPHBIE CXEMBbI aBTOMATH3allMK BBIOPAHHOT'O TEXHOJIOTHUECKOT0 00BEKTa,

HaBpiku u YMCHHS, IIOJIYYCHHBIC B IIPOLECCEC IMPOCKTUPOBAHUA, MHCIIOJIB3YIOTCA IIpU
BBIIIOJIHEHUH OJTHOM M3 IJIaB BLIHYCKHOﬁ KBaHHCI)HKaHHOHHOﬁ pa60TBI.

KypcoBoii mpoeKkT cOCTOUT M3 TEKCTOBOW 4YacTH (MOSCHUTENbHOHM 3amucku) Ha 35 — 45
CTpaHMIl ¥ rpaduueckoi yactu — 3 nuct ¢popmara Al-A2. OcHOBHast 4acTh pabOThI COCTOUT U3
JBYX pa3JIelOB: TEOPETHUYECKOIO M PacyeTHOro. JAOJDKHA OTpakaTh PE3yNbTAThbl, NOJy4YEHHBIE
CTYZICHTOM IIPU BBIITOJIHEHUH TAIOB KypCOBOT'O MPOEKTA.

Pazoen 1 — or 15 go 20 ctp. ComepXHUT KpaTKoe OMHCAaHWE OCOOCHHOCTEH
aBTOMATH3UPYEMOT0 TEXHOJOTMYECKOro  mpolecca (ydacTka, arperata — Bamero OVY);
JUTEpAaTypHBIH 0030p CYIIECTBYIOIIUX CHOCOOOB aBTOMATHYECKOIO YIPABICHUS OTHM
npoueccoM. B paznene Beinenuts 2-4 noapaszaena.

Paszoen 2 — ot 20 no 35 ctp. Pacyer koHTypa aBTOMaTHUECKOTr0 yrpasieHus. Pa3ien nomken
cofiepKaTh CIIEAYIOLIE NOApa3Aeibl:

2.1 Maremaruueckas moaenp <QY>

2.1.1  Pacuér craTn4eckoil XapaKTepUCTUKU
2.1.2  Pacyer AMHaMHUYECKUX MApPaMETPOB

2.2 CrpykrypHas cxema CAY <TeXHOJOTHYECKOTO MapameTpa>
2.3 Pacder nmepexoJHOTO mpoIiecca B KOHTYPE YIPaBICHUS



2.4 ]JluHamuueckasi ONITUMH3AIMS KOHTYpa YIpaBIeHUS
2.5 Hccnenoanne CAY

3aluIIeHHbI KypCcOBOM MpOeKT ocTaercs Ha Kadenpe. Jlydmme paGoTbl MOTYT ObITh

PEKOMEH/IOBaHbI Il JIOKJIAJ0B HAa HAYYHBIX CTYJCHUYECKHMX KOH(MEPEeHUHUSX, K ITyOJUKaAIHH
TE3MCOB B CTYZCHUECKUX cOopHHUKax. K caue sk3ameHa Mo IUCUUIUIMHE JIOMYCKAIOTCs JIUIIb T

CTYACHTHBI, KOTOPBIC UMCIOT IMOJIOKUTCIIbHBIC OLICHKHA 110 KYPCOBOMY IIPOCKTY.

IIpumepsl TeM KypCOBBIX IPOEKTOB [0 MeTAJUIYyPrHYeCKHM IepeesiaM

Aznomepayuonnoe npou3eo0cmeo

1.

w

KonTyp ontumu3anuy ynpasiaeHHs IPOLIECCOM MEJIKOro ApoOiIeHns: MaTepraa B IapoBbIX
WM CTEP>KHEBBIX MEJIbHUIIAX.

KoHTyp perynnpoBaHus BIa)KHOCTH arjiloMepalliOHHON MIUXTHI.

KouTyp perynmnpoBanus TemnepaTypsl B padoueM MPOCTPAHCTBE 3aKUTATEILHOTO FOpPHA.
KoHnTyp ynpasieHus npoueccoM CXUTraHus TOIUIMBA B paboueM IPOCTPaHCTBE
3a)KUTaTeIbHOrO rOpHa.

KoHTyp perynupoBaHusi CKOpOCTH arJIOMAIlIMHbI 10 3aKOHYEHHOCTH MPOLIecca CIIEKaHUs B
3aJJaHHOM Y4acTKe (AKTUBHOM) arJIOJICHTBHI.

Jlomennoe npouszeoocmeo

6.

7.
8.
9

10.
11.

KonTyp perynupoBaHus pacxoaa ropsuero 1yThs.

KoHTyp perynupoBanus TemrnepaTypbl FOpsSYEro TyThsl.

KoHTyp perynnpoBaHus BIa)KHOCTH FOPSYETO TyThsl.

KouTyp perynnpoBanus gaBiieHusi B paboueM IpOCTpaHCTBE (Ha KOJOUIHUKE) TOMEHHON
MeYH.

KouTyp perynupoBanus TemnepaTypsl KyIojia BO3AyXOHarpeBarTeisi JOMEHHOM MedH.
CAO ynpaBieHHs NPOIECCOM CKUTaHMs TOIUIMBA B BO3JlyXOHarpeBaTesie ¢ eJbIo
obecredyeHnss MaKCUMaJbHO BO3MOXHOM CKOPOCTH Harpesa Kyrmoia.

Koxcoxumuueckoe npouszeoocmeo

12.
13.
14.

KoHTyp peryaupoBaHus pacxo/ia OTOIUTEIHLHOTO ra3a Ha KOKCOBYIO CTOPOHY OaTapew.
KoHTyp perynupoBaHus TemnepaTypbl OTOIUTENBHOTO rasa.

OnTumu3aIms mporecca BeIeTIeHUS OSH3071a ¢ IEbI0 00eCTIeUeHUs MaKCHMaTbHOTO
BBIIEIEHNS OEH30Ia.

Buinnasxka cmanu 6 KOHeepmepax

15.
16.
17.
18.
19.

KoHTyp perynnpoBanus pacxoja KACIOPOJa HA MPOLYBKY.

KouTyp perynupoBanust noj0KeHus: IpOAYBOYHON KHUCIOPOIHOU DypMBI.
KoHTyp perynupoBanus 1aBjieHUs Ha BBIXOJI€ KOHBEPTEpA.

Cucrema NporHo3UpoOBaHUs TEKYILETO COAEP KaHMsI YIIIEpoaa B METalIe.
Cucrema HENPepbHIBHOTO KOCBEHHOI'O METOJ1a U3MEPEHMSI TEMIIEPATYPhI METAJLIA.



Buinnaska cmanu 6 9ﬂekmp00yzoebtx neuax

20. Cxema peryaupoBaHus pacxoaa IPUPOAHOTO ra3a B KOMOMHUPOBAHHBIX (ypMax-TOpeiKax.

21. KoHTyp peryaupoBaHus pacxoaa Kucioposaa B paboyem npocrpanctse JJCIL.

22. KoHTyp peryaupoBaHus OJa4l KOKCOBOM MEJIOYH JJIsi BCIICHUBAHUS 1IUIAKA.

23. KonTyp perynupoBanus paboyero Toka qIyru 1no nudpdepeHnnaabsHoN cXxeme.

24. Ontummsanus sHepreTudeckoro pexxkuma JICII ¢ nenpro obecrieueHns MaKCUMalTbHON
npousBogutTenasHoctu JCII.

Bneneunas oopabomka cmanu é ycmanogxax Ileuv-koeui u 6aKkyymmuposanue cmaiu.
25. KoHTyp peryiaupoBaHus pacxoaa KUCIOpoaa Ha MPOAYBKY MeTala.
26. Konryp perynupoBanus nogauu coimyunx B AITK.
27. Konryp perynupoBanus pabodero Toka ayru (assi.
28. KoHTyp perynupoBaHus pacxoja MPUPOJAHOrO I'a3a Ha Pa30rpeB BaKyyMKaMephl.

29. KoHTyp onTUMH3AIMK pacxoja TPAHCIIOPTUPYIOIIETO ra3a (aproHa) ¢ 1eNbl0 TOCTHKEHUS

MaKCUMaJIbHOUN MpOou3BoAUTEILHOCTH Y BC M0 M3MEpEeHNIO MacChl B IIUPKYIUPYIOIIEM
KOHTYDE.

30. KonTyp onTuMu3auu pacxoja TPaHCIIOPTHPYIOLIETO ra3a (aproHa) Juist JOCTHKEHUS
MaKCHUMaJIbHOU Mpou3BoauTesbHOCTH Y BC 1o n3MepeHuto Macchl CTajau B KOBLIE.

Pasznueka cmanu na Maumunax HenpepvIGHON Pa3NUEKU CINAIU
31. KoHTyp peryiaupoBaHusi ypOBHS METaJIa B IPOMEKYTOYHOM KOBIIIE.
32. KoHTyp perynupoBaHus ypOBHS MeTajuia B Kpuctaumsarope MHIJI3.
33. KoHTyp perynupoBaHust TEMIIEPATYPHI B CEKIIMH 30HBl BTOPHYHOTO OXJIAXKICHUSI.
34. KoHTyp peryiaupoBaHus pacxoaa KACIOpoaa Ha Ta30KUCIOPOIHBIN pe3ax.
35. KoHTyp perynanpoBaHus TEMJIOBOTO peKUMa KPUCTAIUIM3ATOPA C LIEbIO TOTyYSHUS
3aJJaHHO TOJIIIMHBI CJI0S 3aTBEPAEBIIET0 METa/lIa Ha BBIXO/E (CKOPOCTHIO PA3IUBKH).

Haczpeeé memanna nepeo npokamkou

36. KoHTyp peryimpoBaHHs TeMIIEpaTyphl padodyero MpoCTpaHCTBA HArPeBaTESILHOM ITeYH.

37. KoHTYp perympoBaHHs TEMIIEPATyPhl IOBEPXHOCTH HArPEBAEMOM 3arOTOBKHU B TIeYax
MIPOXOAHOTO THUIIA.

38. KoHTyp perynupoBaHus JaBieHUs B pabodyeM MPOCTPAHCTBE HArPeBaTEIbHBIX MEeUeH.

39. Onrumu3anus npoiecca COKUraHus TOIUIMBA B pabodeM MPOCTPAHCTBE MeYeH C 1ebIo
CHUKEHUS YIETbHOIO Pacxo/ia TOIIMBA.

40. KoHTYp peryMpoBaHus COOTHOIICHHUS T'a3-BO3/yX 110 aHAIN3Y OTXOSAIINX MTPOAYKTOB
CTOpaHUS.

41. KoHTyp perynupoBaHus TEMIIEpaTypbl CTEH Ia B KOJIMAKOBOM MeYHr JJi CBETIIOr0 OT>KUTa
MeTaa.

42. KoHTYp peryinupoBaHus TeMIIepaTypbl padouero mpoCcTpaHCTBA KOJIAKa IeYH JIJIs
TEPMUYECKOTO CBETIIOTO OTXKUTA METaLIA.



MpunoxkeHue 2

OueHo4yHbIE CpeCTBA 1JIA NPOBeIeHNsI IPOMEKYTOYHON aTTecTAlNH MO JUCHUIVIUHE «CHcTeMbl ABTOMATU3ALMH U YIIPABJIEHUSI»
a) MnhaHupyemble pe3yabraTbl 06yyeHUA M OLEHOUYHbIE CPpeacTBa 418 NpoBeaeHUA NPOMEXKYTOUHON aTTecTauum:

CTpyKTypHBIii
AJIEMEHT
KOMIIETEHIINH

[Tnanupyemsble pe3ynbTaThl 00y4eHHUs

O1eHOYHEIE cpe€acTBa

CIIOCOOHOCTBIO MIPOBOAWUTD BBIYUCIIUTCIIBHBIC SKCIICPUMCHTBI C UCITIOJIB30BAHUECM CTAHAAPTHBIX NPOTPAMMHBIX CPCACTB € HCJIBIO ITOJTYUCHUA

MaTeMaTHYeCKUX MOJIEJIeH MPOIECCOB U 00BEKTOB aBToMaTH3auuu u yrnpasieHus (I1K-2)

3HaTe

HCTOPHUIO
aBTOMaTHU3alluu,

ocobenHoctu noctpoenuss ACYTII u
ACVII;

Pa3BUTHA CHUCTEM

JUHAMUYECKHE  XAPAaKTEPUCTHKU U
apaMeTpsl TUIIOBBIX 3BEHBEB,
COCTABJISIFOIIUX  JIOKAJIBHBIA  KOHTYp
pETyJINPOBAHNS;

TUIIOBBIC 3aKOHBI PCTYJIUPOBAHUA U
0COOEHHOCTH ux TEXHUYECKOM
peannsanuy;

CTaTU4YCCKUEC u JUHaAMHUYCCKUEC

XapaKTepUCTUKU O0BEKTa YIPABICHUS;

0COOEHHOCTH CHHTE3a M HACTPOUKHU
KOHTYpPOB yIIpaBIICHUS
TEXHOJIOTHYECKUMHU TPOLIECCAMU;

OCOOEHHOCTH  pa3pabOTKHM  CHUCTEM
ABTOMATHUYECKON ONITUMU3AIIH
yIpaBJIeHUS (CAQY)

TEXHOJIOTHYCCKUMHU ITapaMETpaMu;
0COOEHHOCTH HUCIIOJIBb30BaHUA

Bonpocwt 0nsa noozomoexku K 3auemy ¢ OUeHKOIL:

1.

2.

ok

9.

10.

11.

12.

Hcropus pa3BUTHS aBTOMATHYECKHUX CHCTeM perynupoBaHus. CoumanbHbiid 3¢ ekt
BiusAHUS CAY Ha TEXHOJOTMYECKHM MepCOHAa.

Ponp aBTOMaTH3a1MK B pa3BUTHUU IIPOMBILUIEHHOTO IPOU3BOJICTBA.

CtpykTypa aBTOMAaTU3UPOBAHHOW CHUCTEMBI  YIOPABICHHUS  METAJUIyPrHUYE€CKUM
IIPOM3BOJICTBOM, IPUHLHUIIBI MEPAPXUUECKOTO IMOCTPOEHUS, KJIacCU(PUKALUSA YpPOBHS
MPUHSATHUS PELICHUN.

Knaccugukanus cuctem yrnpapieHus 0 BUJaM BBIIOIHIEMbIX (PYHKIIHH.
[TporpaMMHOe U anropUuTMUUECKOE 0OecrieueHHe aanTUBHONW CUCTEMBI YITPaBICHHUS.
Omnpenenenye TMHaAMUYECKUX MapaMeTPOB 00bEKTA YIPABIECHUS 110 PE3YJIbTUPYIOLIEH
KPUBOMW pa3roHa, INoJy4Ye€HHOH! B X0J1€ IKCIIEPUMEHTA.

Crartuyeckue M JAMHAMUYECKHE XapaKTEPUCTUKH HHEPLUUMOHHOIO C 3ara3/ibIBaHUEM
00BEKTa yNpaBJIEHUs] CTATUYECKOTO TUIIA.

JlnHaMuuyeckre XapaKTepUCTUKH HMHEPLIUOHHOTO C 3ama3/bIBAaHHEM acTaTUYECKOIo
00BEeKTa yrpaBJIeHUS.

Ananrtanust CAY k nHQOPMAITMOHHOHN CTPYKTYPE TEXHOJIOTHYECKOTO MPOIIecca.
Ananramuss CAY K JUHAMUYECKMM IapaMeTpaM OOBEeKTa YNpPaBICHHUS B pPEXKHUME
ABTOMAaTHU3UPOBAHHON HACTPOUKHU.

Metoauku GOpMHUPOBaHUS T'PaJyHMPOBOYHBIX U pabOUMX XapaKTEPUCTHK B CUCTEMAax
aJJaTUBHOI'O THIIA.

JIMHaMH4YecKre XapaKTepUCTUKU MPONOPLHUOHAIBLHOIO U MHTErPUPYIOLIETO 3BEHBLEB,




CtpyKTypHBII
JJIEMEHT

KOMIICTCHI N

[Tnanupyemsble pe3ynbTaThl 00y4eHHUs

O1eHOYHEIE Cpe€acTBa

HEHPOCETEBOr0
olpeneneHus
SKCHICPUMCHTAIIbHO-CTATUCTUYCCKUX
MoJieliell 1 HeMpOCeTeBOro yIpaBiIeHUs
TCXHOJIOTUYCCKUMHU ITPOLECCAMMU,
0COOEHHOCTH UCIIOJIb30BaHUS
HPUHIUIIOB TEOPUU HEUETKUX MHOXKECTB
N HCYCTKUX JIOTMYCCKHUX BBIBOAOB IIpU
CHUHTE3€ MAaTeMaTHYeCKHUX  Mojesei
IMPONU3BOACTBCHHBIX IIponecCcoB n
peanu3alMM  HEYETKOro  YIpaBJICHUS
TCXHOJIOTHYCCKUMHU ITapaMETpaMu;
0COOEHHOCTH MPOrPaMMHON peanu3aiuu
JIOKaJIBHBIX MHUKPOITPOLIECCOPHBIX
KOHTYpPOB YIIpaBJIIEHHS B IIpolecce
CBOOOAHOTO IPOrpaMMUPOBAHHUS
PETYIUPYIOIIUX KOHTYPOB;

METOJa JJIsL

13

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

(U3HYECKUI CMBICT ITAPaMETPOB.
. JluHaMHUYecKue XapakTepUCTUKU AUPPEPEHIUPYIOMIET0 U HUHEPLUUOHHOTO 3BEHBEB.
DU3NYECKUI CMBICI TapaMETPOB.
dopMHpPOBAHUE TECTUPYIOLUIUX BXOJHBIX
OnpeaACIICHNY JTUHAMUYCCKUX ITapaMCTPOB.
[IpyunHa mMOSBICHHUS MEPEXOJHOTO (AMHAMUYECKOT0) 3ama3fblBaHUs B KOHTYpE
YIIpaBJIECHUA.

[IpyunHa TOSIBIEHHUS CTATUYECKOW ycTaHOBUBIIEHicsS mnorpemHoctu Il-perynaropa
(moka3aTh Ha KOHKPETHOM CXEeMe).

Knaccudukanus mMaremMaTHUeCKUX MOJEJIeH TEXHOJOTHYECKOro IMPOIecca, BHUIBL,
JOCTOMHCTBA U HEAOCTATKU (KpaTKO, TOJIBKO IMTPUHIIUITNAJIbHBIC MOMCHTBI).

BO3eH CTBHI Ipu aBTOMATHUYCCKOM

JleTepMUHUPOBaHHBIE MOJICIM TEXHOJIOTMYECKOrO IpoIlecca, JOCTOMHCTBA H
HEJIOCTaTKU.
OKCIIepUMEHTAIbHO-CTaTUCTHYECKAass MOJIeTb TeXHOoJIorndeckoro mpoiecca. Crnocod

MAaTEMAaTUYCCKOr 0o NPEACTABIICHUA, MOOCTOMHCTBO U HEAOCTATKU.

OMIMpUYecKre MaTeMaTHUYEeCKUe MOJENINM TEXHOJOTHYECKUX MPOLECcCOB, (u3nyeckas
CyTh, CTIOCO0 OPMUPOBAHUS, TOCTOUHCTBA U HEJIOCTATKH.

JluHaMu4eckre MOJIeNTu TEXHOJIOIMYECKHUX MPOLecCOB, (U3NYECKas CYIIHOCTh, CIOCO0
(dbopMHUpOBaHUSI, TOCTOMHCTBA W HEJIOCTATKH.

MaremaTnueckie MOJENN TEXHOJIOTHYECKOTo IMpolecca JeTePMHUHUPOBAHHOTO THIIA,
JOCTOWHCTBA U HETOCTATKH.

HeoOxonuMmele ycrnoBHS TNPUTOHKH MOAYJNS IEpeJaTOYHOM (YHKUIMU 3aMKHYTOTO
KOHTYpa MNEpBOro Bujaa K CAMHUIC.

Heo6xonuMele ycroBHs MPUTOHKH MOJYIIS TIepeIaToOuyHON (PYHKIIMM KOHTYpa BTOPOTO
BHUa K CIUHUIIC.

OnTtuMuzanusi HaCTPOWKM KOHTYypa ympamieHuss nmo merony «OMy, ¢usmdeckoe
000CHOBaHHE MeTO/1a U POPMYIIBI JUIsI OTIPEIEIICHUS TTapaMeTPOB.

OnTtuMuzanusi HACTPOMKM JMHAMHUYECKUX IapaMeTpOB KOHTypa YIpPABICHHS 10
metony «CO». dusnueckoe 000CHOBaHKE, 001aCTh MPUMEHEHHUs, paboune HOopMyIIbI




CtpyKTypHBII
JJIEMEHT

KOMIICTCHI N

[Tnanupyemsble pe3ynbTaThl 00y4eHHUs

O1eHOYHEIE Cpe€acTBa

217.

28.

29.

30.
31.

32.

33.

34.

35.

36.
37.

38.

39.

40.

JUIsL OIIPEIEIIEHNs] [TapaMETPOB.
Ontumuzanys HACTPOWKHM KOHTypa ympaBieHus 1o Meronay «JIO». duszudeckas
CYILIIHOCTb, JOCTOMHCTBA U HENOCTATKH, PEKOMEHIALIUU JJIs1 UCIIOJIb30BaHUS.

Crioco0b! yimy4llleHUs MapaMeTpoB NEPeXOAHOro IMpoliecca B KOHTYpE YIPaBICHMS,
ONTUMU3UPOBAHHOTO 110 MeToAy «CO».

Kackagnas cucrema ynpasnenus. Jlocrouncrsa. Crioco0 peryivpoBaHus Ha peaJbHOM
npuMepe.

CucreMa CBsA3aHHOTO perynupoBanus. [IpumMep opranusannu peaabHOro BapuaHTa.
OO6ocHoBaTh (U3UYECKYIO BO3MOKHOCTh KOMIIEHCAIIMA HMHEPUHUOHHOCTH OOBEKTa
yIpaBJIeHUs B KOHTYpe ¢ ucnonb3oBanuem [IH-perynaropa.

IIporpammuas peanusaums IIM-3akoHa peryaupoBaHuss IIpd MaTEMaTUYECKOM
MOJICJIMPOBAHUH [IEPEXOAHBIX IPOLIECCOB B KOHTYPE PEryIMPOBAHUS.

Tunel peneiHbIX XapakTepUCTUK. POPMHUPOBAHNE YIPABIIOLIETO BO3JIECHCTBUS IPH
HAJIMYMU PEJIEHHOI0 JIEMEHTA C 30HON HEUYBCTBUTEIBHOCTH U THCTEPE3UCOM.
TexHomoruueckue ocobeHHocTH, 3amauu, pemaembie ACY TII, obmas cTpykTypa,
BBIOOp KpUTEPHUS YIIPABICHHUS.

Crpykrypa uHdpopmanmonnoro odecrieuenuss ACY TII Ha nmpumepe CTpyKTypHOU
cxemsl peanuzanuu ACY TII.

Bunel kputepues addextuBHOCTH yripaBieHus npoueccamu B ACY TII.

Ha3nauenune, QyHkimun u cTpykTypHble cxembl ACYII Mertamutyprudeckoro
IIPOM3BOJICTBA.

Hepapxuuecknii npuHuun nocrpoenuss ACVYII, moacucrema moanepKKu NPUHATHS
pelieHni, Kkiaaccuuraius HHPOPMAITMOHHBIX TEXHOJIOTHUH.

CucreMbl NpPOrpaMMHOIO YIPABJIECHUS, NPUHLMII JEHCTBUS, PEKOMEHIAIMH K
MPUMEHEHHUIO, JOCTOMHCTBA U HEIOCTATKH.

OCHOBHBIE TIOHSATHUSI MHTEIUIEKTYAJIbHBIX CUCTEM, 00J1aCTh MPUMEHEHUs, CTPYKTypHast
cxema.




CtpyKTypHBII
JJIEMEHT

KOMIICTCHI N

[Tnanupyemsble pe3ynbTaThl 00y4eHHUs

O1eHOYHEIE Cpe€acTBa

Bonpocul 012 noozomoexku K IK3ameny:

1.

2.

10.

11.

12.

13.

[TpuHIMOBl  aJanTalMd — CaMOIPHUCIIOCA0NIMBAIONICHCS CUCTEMBI  YIPaBICHHUS K
JUHAMUYECKUM CBOWCTBAM 0OBEKTa YIPaBJICHHUS.

WHuTennekTyanbHble CUCTEMbl aBTOMATHYECKOI'O YIpPaBIEHUS, 00J1acTh NPUMEHEHUS,
CTPYKTYpHasl CX€Ma, Ha3HaYCHHUE OTAEIbHBIX 3JIEMEHTOB.

ITpunuun peiicteusg CAO ¢ npuHYIUTENBHON MOAYJIALMEN, MaTEMaTHYeCKasi MOJEIIb,
CTPYKTYpHas CXeMa, JOCTOMHCTBA U HEJOCTATKHU.

ITpuauun peiictBuss CAO ¢ 3anOMHHaHUMEM DJKCTpEMyMa BBIXOJIHOIO IapameTpa,
MaTeMaThyeckas MOJENIb KOHTYpa ONTUMHU3ALUU, CTPYKTYPHAsl CXEMa, TOCTOMHCTBA U
HEJO0CTaTKH.

[Mpunuun nedictBus CAO ¢ 3alOMHHaHMEM 3KCTpPEMyMa CKOPOCTH HW3MEHEHUs
BBIXOZHOI'O ITapaMeTpa, MaTeMaTH4ecKasi MOZENIb KOHTYpa ONTUMU3ALNH, CTPYKTypHasi
CXeMa, JIOCTOMHCTBA U HEAOCTATKU

[Tpuniun pabotsl maroBoit CAO, maremaTHuyeckash MOJeNb, CTPYKTYpHas CXema,
JIOCTOMHCTBA U HETOCTATKH.

[Tpunmun pa6otsl CAO ¢ uMHTErpajabHON OLIEHKOW peakiuM Ipolecca Ha MpoOHOe
TECTUPYIOIIEE BO3ACHCTBHE, MATEMAaTUYECKAsI MOJIENb, JOCTOMHCTBA U HEJOCTATKH.
Junamuka CAQO, pekoMeHJalMM M0 YIy4UIeHHI0 Moka3ateneil s¢dexkTuBHOCTH
¢yukumonuposanust CAO.

[ToBbrmienne ycrounBoct padotel CAO B yClIOBUSIX HMHTEHCHBHOIO JECUCTBUS
TEXHOJIOTUYECKUX BO3MYILIEHUHN U TOMEX.

Obmee nonsTHe ucKyccTBeHHBbIX HeiponHbix cereit MHC. Apxurexktypa HHC,
BXO/JIHBIE, CKPBITbIE, BEIXOJHBIE CJIOH, YCIOBHOE 0003HAYECHHE.

OcCHOBHBIE IPUHIUIIBI M METO/IbI OPTaHU3ALMH TpoLiecca 00yUeHUs] HeUPOPETyIsTOpa,
CTPYKTYpHBIE CXEMBI, JOCTOUHCTBA U HEIOCTATKH.

HeoOxonumele u  jpocrarouHble ycnoBus d(dextuBHoro mnpumeHenus CAO
YIIPABJICHUS TEXHOJOTHYECKUMHU MPOLECCAMU.

ITporienypsl 00ydeHus: HEHpPOCETEBOM CHCTEMBbl aBTOMATHYECKOTO pPEryJIHMpPOBAHMSL
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14.

15.

16.
17.
18.
19.
20.
21.
22.

23.

24.

25.

OO01re MpUHIUIBI KOPPEKTUPOBKH CHHANITUYECKUX BECOB HEHPOHOB.

OcHOBHbBIE MOHATHS NPEIYKIIMOHHBIX MOZENeH CUMaHTHYECKUX CETeH U JIOrHYeCKUX
MOJENEN.

CtpykTypHas cxeMa pealu3allid HEUPOCEeTEBOTO pEryasTopa TEXHOJIOTHYECKOTO
nporiecca.

OO61ure 0coOEHHOCTH YIpaBlieHUs Ha 6a3e TeOpUU HEYETKIMX MHOKECTB.
@OyHKIIMOHAIBHAS CXeMa CUCTEMBI YIIPaBJICHUs Ha 0a3e HEYETKOH JIOTHUKH.

[Tpunimn paboThl HEYETKOTO PEryIsATOpa.

AJIFOpI/ITM HCEYCTKOI'O BBIBOJAA MaMZIaHI/I.

Anroputm HedyeTkoro BbiBojia CyreHo.

Oco06eHHOCTH MPAKTHYECKON peain3alui HEYETKOTO PErysTopa.

[IpuMmeHeHHe MPUHIMIIA HEYETKOTO YIPABJICHUS MPU CUHTE3€ IUGPOBBIX KOHTYPOB
CTa6I/IJ'II/I3aIII/II/I TEXHOJIOTHYCCKUX MMapaMETPOB MPONU3BOJACTBCHHBIX ITPOLCCCOB.
Oco0OeHHOCTH TPOrPaMMHOM pealu3alid THUIOBBIX 3aKOHOB YIPaBICHHUS TPHU
WCIIOJIb30BAaHUU CBOOOHO MTPOTPAMMUPYEMBIX MUKPOTIPOLIECCOPHBIX KOHTPOJLIEPOB.
Oco0OeHHOCTH  MOAENUPOBaHUS  pabOThl  JIOKAIbHBIX  KOHTYpPOB  IU(POBOTO
PETYJIMPOBAHUS TEXHOJIOTHYESCKUM ITapaMeTPOM ITPOU3BOICTBEHHOTO MPOIIecca.
HccnenoBanmne nudpoBBIX KOHTYPOB PETyIUPOBAHUS TEXHOJOTMUECKUX MapaMETPOB
MIPOM3BOJICTBEHHBIX IPOIECCOB C IICNIBI0 ONTHMH3AIMK IapaMeTPOB IMEPEXOTHOTO
npoiiecca.

YMmeTn

c UCTIOJIb30BaHUEM
CHELHATU3UPOBAHHOTO  MPOTrPAMMHOIO
obecrnieyeHus paccuuTHIBaTh
TEOPETUYECKYIO JIMHUIO PErpeccud JUIs
HOCJIEAYIOLIETO UCTIOJIb30BaHUS
HOJTY9EHHOTO ypaBHEHHS npu
MOJIEIMPOBAHUH OOBEKTA YIIPaBICHUS;

c UCTIOJIb30BaHUEM
CHEMATU3UPOBAHHOTO  MPOTrPAMMHOIO

3ananue Nel./[ng npuBeeHHON cTaTHUECKON XapaKTEPUCTUKU O0BEKTA yIIpaBJICHUS

paccuuTaTb TCOPETUUCCKYIO IMHHUIO PETPECCUN METOAOM HAMMEHBIIINX KBAJPAaTOB
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obecneucHus pacCUuTbIBaTb MCTOAOM

Ditnepa TPAaeKTOPHIO W3MEHEHUS
BBIXOHOTO CUTHaJa o0BekTa
yIpaBICHUS;

c HCIIOJIb30BaHUEM

CIIELUATU3UPOBAHHOTO  MIPOTPAMMHOTO
o0OecrieueHHUs  pealu3oBaTh  pacyeT
nepexoiHoro npouecca B CAY;
NPUMEHSTh METOJAbl MaTeMaTUYEeCKOTrO
MOJICTTUPOBAHUS JJISl MCCIENIOBaHUS U
MIPOSKTUPOBAHUS CIIOXHBIX
TUHAMHYECKHX OOBEKTOB YIpaBICHUS:
MPOBOAWTh  ONTHMHU3AINMIO  KOHTYypa
yOpaBlIeHUS W aHajiW3  BIUSHUSA
napamMeTpoOB HACTPOMKU pETyisiTopa Ha
KaueCTBO IEPEXOJHBIX IMPOILIECCOB B
CAY; MPOBOAUTH HUCCICIOBaHUE
pa3pabotannoit CAY mpu aeiicTBum Ha
CUCTEMY PA3JIMYHBIX BO3MYIICHUH;

1000
ProMm
900
800 / // // Fmax
/

=
\
\

)

=

=
\

th
=
NN

N\

/
74

0 10 20 30 40 50 60 70 80 90
Xoa ITM, %

=
=

Temmnepatypa B neuu, °C

[y
=
-

N

=

3ananue Ne2. [To sxkcniepuMeHTanbHON KPUBOM pa3roHa METOAOM Diiiepa paccunuTaiTe
TPACKTOPHUIO U3MEHEHUS BBIXOHOTO CUTHAJIA, UCIIOJIb3Ys B KAYECTBE BXOAHOI'O CUTHaja
YpaBHEHUE TEOPETUYECKON JTMHUU PETPECCUH, TIOTYUYEHHOM B 3a1anun Nel.
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3ananue Ne3. Vicnionb3ys pe3yabTaThl IpeabIAYIINX BeluucaeHui (3ananue Nel u Ne2), B
COOTBETCTBUU CO CTPYKTypHOU cxemoii CAY u 6II0K-CXeMOH alropuTMa peain3oBaTh
pacueT nepexogHoro npouecca B CAY
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CrpykTypHast cxema Jjsl pacyeTa KOHTypa yIpaBJiIeHHs C TUIIOBBIM PETYISATOPOM
u UM noCTOSIHHOW CKOPOCTH
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Hauano

BBOoAMM napameTpbl
obbekTa: al, a2, a3,
a4, a5, T1, T2,XH, Y3

BbluncnerHve
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BBOAMM HACTPOMKM: Aa
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ABUKUTCA

U'>dU'n/2
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O1eHOYHEIE Cpe€acTBa

brok-cxema nporpammsl pacueTa nepexoJHbIX MPOLECCOB
B KOHTYpE peryJpoBaHUs TEMIIEpaTypbl

3ananue Ne4. [Ipou3BecTH ONTUMU3ALMIO KOHTYpa YIIPABJICHUS U aHAJIU3 BIUSHUSA

MapaMeTpoB HACTPOHKH PETYNIATOpA HA Ka4yecTBO MEepexoaHbIX mporeccoB B CAY.

3amanne NoS. [IpousBectu uccienopanue pazpadoranHont CAY npu 1eiCTBUH HA CUCTEMY

BO3MYILIEHUI: OJIHOKPATHOI'O BO3MYILEHUS, JIpeii(a cTaTHIECKON XapaKTEepUCTHKH,

MNEPUOANICCKUX ITOMEX.

Bnanets

HaBbIKAMHA HpOCKTI/IpOBaHI/Iﬂ nu
pa3pabOTKU MaTeMaTHYECKUX MOJeei
0OBEKTOB M CUCTEM;

HaBBIKAMU peamzls alnn aJIFOpI/ITMOB
YUCIIEHHOTO MOJICITHPOBAHUS c
HCIIOJIb30BaHUEM MIPOTPaMMHBIX
CpPE/ICTB;

HaBBIKAMH MaTeEMaTHYECKOTO
MO/JICIIUPOBAHUS CIIOKHBIX

JTUHAMHYECKHUX IPOLIECCOB U  OOBEKTOB
yIpaBJICHUS;

Hpumepbl mem Kypcoevlx RPOEKmMoe6 no MemajiypeuiecCKum nepe()efum:

N

o

ArjioMepalMoHHOE MPOU3BOJICTBO

KoHnTyp onTumuzanuu ymnpaBieHUs HPOIECCOM MENKOro ApoOJIeHus MarepHhaia B
LIAPOBBIX WM CTEP’KHEBBIX MEIbHUIIAX.
KoHTyp perynnpoBanus BlIa)KHOCTH arJIOMEPAallMOHHON IIUXTHI.
KonTyp perynupoBanus temieparypsl B paboyeM HpPOCTPAHCTBE 3aKUTaTEIbHOTO
rOpHa.
KonTyp ympaBienus mporieccoM CKHraHusi TOILUIMBa B pabodyeM IMpOCTPAHCTBE
3a)KUTaTeIbHOrO rOpHa.
KouTyp perynupoBaHusi CKOpPOCTH arjoMallMHbl MO 3aKOHUEHHOCTH IIpolecca
CTEKaHUA B 33JJaHHOM y4acTKe (aKTUBHOM) arjioJIEHTHI.

JloMEHHO€E NTPOU3BOICTBO

KoHTyp perynupoBanus pacxoa ropsuero AyThsl.
KonTyp perynupoBanusi TemnepaTypbl FOpSYEro yThsl.
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10.
11.

12.

13.
14.

15.
16.
17.
18.
19.

20.

21.
22.
23.
24,

KoHTyp perynnpoBanus BIa)KHOCTH FOPSYEro TyThsl.

Kontyp perynupoBanus naBieHHss B paOoueM MpPOCTpaHCTBE (Ha KOJIOIIHUKE)

JOMEHHOM I1EeYN.

KoHTyp perynupoBanus TeMnepaTypsl KyIoJia BO31yXOHarpeBaTelis JOMEHHOU Ieun.

CAO ynpaBieHus: NPOLECCOM CKHUTaHUS TOIUIMBA B BO3JlyXOHarpeBaTelle C LIEJIbIO

obecreyeHns MaKCUMaJIbHO BO3MOXHOM CKOPOCTH Harpesa Kymoia.
Kokcoxumuueckoe npou3BoACTBO

KonTyp perynupoBaHusi pacxojia OTOINUTEIBHOIO Tra3a Ha KOKCOBYIO CTOPOHY
Oatapeu.
KoHTyp peryiupoBaHusi TeMIIEpaTypbl OTOIIUTEIBHOTO ra3a.
OntuMu3anus mpoiiecca BblJesIeH s O€H30J1a ¢ 11eJIbI0 00ecIeueHnss MAKCUMaIbHOTO
BBIIEIEHNS OEH30Ia.

BrIngaBka cTaad B KOHBEPTEPAX

KoHTyp perynmnpoBanus pacxojia KUCIOPOJa Ha MIPOTYBKY.

KonTyp perynanpoBaHus NOJI0KEHUS POTYBOYHOIN KUCIOPOJTHON (QypMBI.

KoHTyp perynnpoBanus AaBlieHUsI HA BBIX0JI€ KOHBEpTEpA.

Cucrema NporHO3UPOBAaHUS TEKYILETO COAEP KaHMsl YTIIIEpoAa B METalIe.

Cucrema HenpepbIBHOTO KOCBEHHOI'O METOJ1a M3MEPEHMSI TEMITEPATyphl MeTaJlIa.
BrlnuiaBka cTany B 3J€KTPOIYrOBbBIX Meyax

Cxema perynupoBaHHMs pacxoja IPHPOJHOTO ra3a B  KOMOMHHMPOBAaHHBIX
dbypmax-ropenkax.

KonTyp perynmnpoBanus pacxoaa kuciaoposaa B pabodem npocrpanctse JCII.
KonTyp perynupoBanus mogayu KOKCOBOM MeJIOYH /ISl BCIIEHUBAHUSI [IUTAKA.
KouTyp perynupoBanust pabouero Toka 1yru no quddepeHnuanbHol cxeme.
Ontumuzanus sHeprerudeckoro pexuma JICII ¢ nenbio odecrniedeHnss MaKCUMaIbHOM
nipousBoutenbHocT JICIL
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Bueneunas o6paboTtka cranu B yctaHOBKax [ledb-KOBII 1 BaKyyMMHPOBaHUE CTAJIH.

25. KoHTyp peryaupoBaHus pacxoaa KUCIOPOAa Ha MPOAYBKY METaa.

26. Konryp perynupoBanus nojaayu coimyuux B AITK.

27. KonTyp perynupoBanus pabo4yero Toka ayru (assl.

28. KoHTyp peryaupoBaHus pacxoia IPUPOJHOIo ra3a Ha pa3orpeB BaKyyMKaMephl.

29. KoHTyp oNTHMH3allMM pacxoja TPaHCIOPTUPYIOIIEro Tra3a (aproHa) ¢ IeJblo
JOCTUKEHHUS] MaKCUMallbHOM MpousBoauTenbHocTd YBC 1o m3MepeHuio macchl B
LUPKYJIUPYIOLIEM KOHTYDE.

30. KoHTyp onTuMH3aIMK pacxo/1a TPAaHCIIOPTUPYIOMIETO ra3a (aproHa) s JOCTHKESHUS
MaKCHMaJIbHOU Mpon3BoauTeNbHOCTH Y BC 10 n3MepeHnIo MacChl CTajlIu B KOBLIE.

Pa3yinBKa cTany Ha MalIMHAaX HENPEPBIBHON Pa3JIMBKY CTAIH

31. KoHTyp peryiaupoBaHust ypOBHS METaJlIa B IIPOMEKYTOYHOM KOBIIIE.

32. KoHTyp perynupoBaHus ypOBHS MeTaia B Kpuctamuzarope MHII3.

33. KoHTyp perynupoBaHus TEMIIEPATypPhl B CEKIIUH 30HBI BTOPHYHOTO OXJIAXKICHUSI.

34. KoHTyp perynupoBaHUs pacxoja KHUCIOopo/ia Ha Ta30KUCIOPOIHBIA pe3ak.

35. KoHTYp peryimpoBaHus TEIJIOBOTO PEKUMaA KPUCTAIUIM3ATOPA C MEIBI0 MOTydeHUs
3alaHHOM TOJIIMHBI CJIOS 3aTBEPAEBIIET0 MeTaljla Ha BbBIXOJE (CKOPOCTHIO
Pa3IUBKH).

HarpeB MeTanna mepesr IpoKaTKou

36. KonTyp perynupoBaHusi TeMIepaTypbl pabodero MpOCTPaHCTBA HarpeBaTeIbHON
MeYH.

37. KouTyp peryaupoBaHHs TeMIIepaTypbl MOBEPXHOCTH HArpeBaeMoOM 3aroTOBKH B
neqyax IpoxXoqHOro TUIA.

38. KonTyp perynupoBaHus 1aBjieHUs B paboueM MPOCTPAHCTBE HArPEBATENBHBIX ITEUYCH.

39. OnTuMH3anyKs MPoLecca CKUTaHUs TOIUIMBA B pab0YeM NMPOCTPAHCTBE MeUeH C 1ebIo
CHIDKEHHUS YJIeJIbHOTO pacxoja TOIUIMBA.
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40. KouTyp perynMpoBaHUsi COOTHOIIEHHS Ta3-BO3AYX II0 aHaJIM3y OTXOJSIINX
IIPOLYKTOB CrOpaHUsl.

41. KoHTyp peryiaupoBaHusi TEMIIEpPATypbl CTEHJAa B KOJIIAKOBOM IE€YM JJIs CBETJIOrO
OT)KUIa MeTaJlIa.

42. KoHTyp peryiampoBaHusi TeMIepaTypbl pabodero mpocTpaHCTBa KOJIMaKa Medd Jis
TEPMHUUYECKOTO CBETJIOTO OTXKHUIa METaLIA.

Oobuee 3a0anue Ha Kypcoeoii npoeKn:

1. CocTaBieHue maremMaruueckoi moaenu oobekTa ynpasienus (OY). Bei6op
CTaTUCTUYECKUX JIaHHBIX, pacyeT CTaTHYecKor xapakrepuctuku OY MeTroaoM
HaMMEHBIINX KBAJIPATOB MO HKCIIEPUMEHTAIBHBIM JaHHBIM. PacueT KpuBOi pasroHa u
ornpezeNeHue IMHaMUYeCKUX napameTpoB o0bekTa. CocTaBieHne ypaBHEHUsI TUHAMUKY U
nepenarouHoi pynkuuu OV.

2. Pa3pabotka cTpykTypHOil cxembl CAY TexHomornueckoro napamerpa. O00CHOBaHHBIN
BBIOOD 3aKOHA PErYJIMPOBAHUS C ydeToM mapameTpoB OY U BUAa HCIIOJHUTEIIEHOTO
yCTpoiicTBa. YKa3aHHe MPUMEHSIEMbIX TEXHUUECKHUX CPEICTB: JaTYUKH, BTOPUUYHbBIE
pUOOPEI, PETYASTOPHI (KOHTPOJUIEPHI), YCHUIIUTENH, UCTIOTHUTEIbHBIE MEXaHU3MBI,
PETYAUPYIOIINE OpTaHbl U T.II.

3. Pacyer KOHTypa ynpaBlieHUs] B COOTBETCTBUU C BEIOPAHHOM CTPYKTYPHOM CXEMOH,
BKJII0Uasi OJI0K-CXeMY allrOpUTMa, pacueTHbIE (POPMYJIBI M BHIOOP HAYaIbHBIX YCIOBHM,
PY4HOI OapOOHBIHA pacdeT 5-8 TOUEK U CpaBHEHHE UX C KOMITbIOTEPHBIM BapHAHTOM.
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4. OnrtrMu3anys KOHTypa yIpaBJICHHs U aHAJIW3 BIUSHUSA IapaMETPOB HACTPOUKH
peryasTopa Ha KauecTBO IlepexonHbix npoueccos B CAY. OnpeneneHne onTHMaabHbIX
HacTpoek peryisaropa. MecnenoBanue NepexoaHbIX MPOLECCOB B CUCTEME ITPU Pa3HbIX
CKOpOCTSIX UCIOJIHUTEILHOTO MEXaHU3Ma, IIPU Pa3HbIX 3HAUEHUAX KOAPPUIIUEHTA
nepeIayu peryisTopa, BpeMeHu uzoapoma u np. MccnenoBanue CAY npu neiicTBUHM Ha
CHCTEMY Pa3JINYHBIX BO3MYIIEHHUI: OTHOKPAaTHOTO BO3MYIICHUS, ipetida craTnaeckon
XapaKTEPUCTUKHU, NEPUOJUIECKUX BBICOKOYACTOTHBIX IIOMEX U T.II.

TFOTOBHOCTBIO Y4aCTBOBATH B COCTABJICHUH aHAJITUTHYCCKUX O630pOB N HAYYHO-TCXHHUYCCKUX OTUYCTOB I10 pC3yJIbTaTaM BBIIIOJIHEHHOH pa6OTI)I, B ITIOATOTOBKE
nyOJIMKAIKH 110 pe3yibTaTaM uccieqoBanuii U pazpadorok (ITK-3)

3Harb — oOulee HampaBjieHME Hay4YHOH pabOThI
npu MOJTOTOBKE paCHIMPEHHBIX .
1. Bunbl Hay4HBIX TyOTUKAIIAN
aHAJTUTHYECKUX 0030pOB;
2. DTarmbl TOJArOTOBKH HAYYHO-HCCIIEIOBATEIILCKOTO OTYETa
—  CTaHJapThl " TpeOOBaHMs K
3. CTpykTypa HAyYHO-HUCCIIEI0BATENILCKOTO OTUETa
HAyYHO-TEXHUYECKUM  OTYEeTaM IO
. 4. KynbTypa HUTUPOBAHUS U OCHOBHBIE TPEOOBAHMS K UCIIOIH30BAHUIO HCTOYHUKOB,
pe3yNbTaTaM BBITOJIHEHHOH paboTHI;
LHUTUPOBAHUIO U COCTABJICHUIO CIIUCKOB JIUTEPATYPHI
— TOpsSAOK paboThl TpH  TMOATOTOBKE
HAyYHO-UCCIIEIOBATENIbCKOIO OTYETA,
YmeTh — HOPHUMCHATH MCTOIUKY IIOATOTOBKHU 1. CocTaBuTh aHHOTAITHIO KypCOBOTI'O ITPOCKTA
HAyYHO-UCCIIEIOBATENILCKOIO OTYETa IO 2. CocTaBUTbH CITUCOK KJIFOUEBHIX CIIOB
pe3ynbTaTam UCCIIeI0BaHUIT; 3. OdopMUTH pe3yabTaThI UCCIIEAOBAHUS 110 TPEOOBAHUSM CTaHIAPTOB
4. CoCTaBHTbH CITUCOK ITUTHPYEMbIX HCTOUHUKOB
5. TlpoBeputh KypCOBOI MPOEKT HA AHTUTIJIATHAT
Bnagerts — HaBBIKAMM MOATOTOBKM aHaiuTHueckux | OpopmieHue TekcToBOM U rpadMuecKoi 4acTH KypCOBOTO MPOEKTa B COOTBETCTBUU C
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0030pOB MO PACIIUPEHHON TEMaTUKE U
dbopMupoBaHUU OCHOBHBIX  3ajau
WCCJICIOBAHMSI, OTIPEIICIICHUS CTPYKTYPHI
HAYYHO-HCCJICJIOBATEIICKOTO OTYETA,

Tpe6OBaHI/I${MI/I CTaHJApTOB U MECTOANYECCKOI'O YKa3aHUsI.

CIOCOOHOCTHIO OCYIIECTBIISITH COOp M aHATU3 MCXOHBIX JaHHBIX /IS pacueTa U MPOSKTUPOBAHKS CUCTEM M CPECTB aBToMaTH3aimu u yrnpasiaenus (ITK-5)

3HaTe

CIIOCOOBI c60pa K aHallu3a HCXOJHBbIX
JaHHBIX JJIA pacucTa U IIPOCKTUPOBAHUS
CUCTEM M CpCACTB aBTOMATU3allUUd U
YIIpaBJICHU,

MeTtoasl cOopa HayuHOH MHGOpMAITUU

YmeTs

UCTIOJIb30BaTh UH(POPMALMOHHBIE
pecypchl aisl TPUOOpPETEHHs] HOBBIX
3HAaHMM ¥ yMeHMH B o0yacTu
aBTOMaTH3aluU TEXHOJIOTHYECKUX
IPOIIECCOB;

HpOBeCTI/I PIH(l)OpMaI_II/IOHHHﬁ INOUCK HAaYYHbIX UCTOYHUKOB I10 3aJJaHHOM TeMe KYpCOBOI'O

IIPOEKTa

Bnanets

HaBbIKaMU cOOpa M aHajIM3a MCXOJHBIX
JTaHHBIX JUIs1 (G (EKTUBHOIO peIIeHUs
3aa4 MO NPOEKTUPOBAHHUIO CHUCTEM U
CpEeACTB aBTOMATH3ALMH U YIPABJICHHUS;

[Toabop HEOOXOMMOI JIMTEPATYPhI, COCTABICHUE TPUMEPHOTO ITaHA KYPCOBOTO MPOEKTA.

UreHure U aHanu3 BEIOpAaHHOM JIUTEpaTyphl, IOArOTOBKA aHAIMTUYECKOTO 0030pa 1Mo

CHUCTEMAaM aBTOMaTu3aluu BBIGpaHHOl"O TCXHOJIOTMYCCKOTO IIpoLecca.

CITOCOOHOCTBIO IpOBOAUTDH AUATHOCTUKY COCTOSAHUA U JUHAMUKH ITPOU3BOACTBCHHBIX O6’beKTOB, a TaK)XXC HAJAC)KHOCTHU UX 3JICMCHTOB C UCITIOJIb30BAHUCM

HE00X0AUMBIX MeTo10B aHaym3a (JIITK-2)

3HaTh

METOJUKY AKCTPAIOISILIUU
DKCIIEPUMEHTAIbHON KPUBOM pa3roHa;

METOJUKY OIpeieNeHus
kodpunmeHToB  auddepeHInaIbHOro
YpaBHEHHUS IO  JKCHEPUMEHTAIbHON

~own

ITouemy mpum 3KCTpanoIsIUUy KpUBOW pa3roHa IPEANoaaraercs, 4To NepexoIHbII
npoliecc 3aKoHUUTCs 3a Bpems paBHoe (3...4)To?

Kak ¢usnuecku peann3oBaH 0ObEKT yrpaBiIeHUS?

B yem 3akmrogaercs HeAOCTaTKU METOIA SKCTPAIIOJIALNAN ?

Kakve konmmdyecTBEHHBIE OIEHKH JAMHAMHUYECKHX CBOMCTB OV wucCmoib3yroTcs?
Kakue ¢popmysbl CymecTBYIOT AJIsl MX ONpeaesIeHus ?




CtpyKTypHBII
JJIEMEHT

KOMIICTCHI N

[Tnanupyemsble pe3ynbTaThl 00y4eHHUs

O1eHOYHEIE Cpe€acTBa

KpUBOH  pasroHa  Juisi  OOBEKTOB
YIPaBICHUS C CaMOBBIDABHUBAHHUEM U
0e3 caMOBBIPABHUBAHUS;

METOAMKY NPeoOpa30BaHMs UMITYJIbCHON
XapakTEepUCTUKH OOBEKTa B KPHUBYIO
pasroHa U ONpEAEICHUS TUHAMUYECKUX
napaMeTpoB o0BeKTa 1o
DKCIIEPUMEHTAIBHON HMITYJIbCHOU
XapaKTEpPUCTHKE;

METOJUKY
APYX

DKCIIEPUMEHTAIIBHOM KPHUBOW pa3roHa

nocTpoeHus  rojorpada

o0ObeKTa  ympaBjieHHUs IO

JUTSL pa3JIMYHBIX OOBHEKTOB;

10.
11.

12.
13.
14.
15.
16.
17.
18.
19.
20.

21.
22.

23.

Yro Takoe nepexonHas xapakrepuctuka? Kak onpenenurs ypaBHEHHE NEPEXOIHOM
XapaKTepUCTUKH 00beKTa?

UYro Ha3pIBaeTCA UMIYJIBCHOM XapaKTEPUCTUKOU?

Yro takoe nepenarounas pyHkuusa? Kak ee noay4uTs U3 ypaBHEHUs AUHAMUKU?
Onumure METOAUKY CHSATHUS SKCIIEPUMEHTAIbHON HMMITYJIbCHOM XapaKTepUCTHUKH.
Kak nmpaBuiabHO BeIOpaTh BpeMst UMITyJIbca?

Onumure METo NePecTPOSHUS UMITYJIbCHOM XapaKTEpUCTUKHU B KPUBYIO pa3roHa.
Ha gyem oH ocHOBBIBaeTcs?

Yro Ha3pIBaeTCA UMIYJIBCHOM XapaKTEPUCTUKOMN?

Kakue napamerpsl 00beKTa MOXKHO OIPEAESIIUTh 0 UMITYJILCHOM XapaKTepUCTHKE?
Hanumure ¢popmyisl.

Onumure METOAMKY CHATHS SKCIIEPUMEHTAIBHOM MMITYJIbCHOW XapaKTEPUCTUKHU.
Kak npaBuibHO BBIOpaTh BpeMsl UMITyJibca?

Kakue cBoiicTBa xapakrepuzyeT ko3(dduuumeHT camoBbIpaBHHBaHUA? B uem
(U3UYECKU CMBICI 3TOTO TTapameTpa’?

Kakue cBoiicTBa XapakTepu3yeT CKOpOCTh paszroHa? B dem ¢usmueckuil cmbIci
ATOTO Mapamerpa’?

Ha3zoBuTe M3BECTHBIE YACTOTHBIE XapaKTEPUCTUKH O0OBEKTOB.

Kak nony4uuts yacTOTHBIE XapaKTEPUCTUKH OINBITHBIM ITyTEM?

Kak nonyunts ADOUX, ecnu usBectHa [1d oObexra?

Kak noctpouts ronorpadp A®YUYX no kpuBoii pazrona oobexra?

HazoBute TMIOBBIE BXOAHBIE BO3A€HCTBUA. JlJIs 4ero OHU HYKHbI?

Yem OTJINYAKOTCS muddepeHanbHbIe YpaBHEHUS O00BEKTOB c
CaMOBBIpaBHHBAHHUEM M 0€3 CAMOBBIPABHUBAHUS?

Kak omnpenenanTs TaHT€HC yria o M 4YTO OH XapaKTepu3yeT?

B kakux enuHHIax usMmepsercs Jo U KakoW (QU3MUECKUH CMBICI HMEET 3TOT
napameTp?

Ha uyeM ocHOBbIBaeTcsS MeTOJ] pa3OuMeHHs] KPUBOM pa3roHa Ha CTyleHYaThble
CUTHAJIBI?




CtpyKTypHBII

AJIEMEHT [Tnanupyemsble pe3ynbTaThl 00y4eHHUs OneHoyHbIe CpeaCcCTBa
KOMIIETEHIINH
24. Kak mocTpouTh Ha KOMIUIEKCHOU TuiockocTu rojorpad ADPUX obwekra? Kakoit
HEO0OXOIUMO IS 3TOTO MPOBECTU IKCIEPUMEHT?
25. Uem o0OBsicHSETCS BEIOOD IMAIia30Ha 4YacToT I TOCTpOeHUs rogorpada B popmyre
Wy € i; w, =2
0o T3
26. OnumuTe METOAMKY IMOCTpOeHHs roaorpada Ha KOMIUIEKCHOM IUIOCKOCTH IS
MHOTOWHEPIHUOHHBIX 00BEKTOB.
Ymetp IKCIIEPUMEHTATHHO OIpPENCIIATh 1. Yemy paBen ko3 dunument nepenaun oobexra?
CTaTUYECKHe " JTMHAMAYECKHE
XapaKTePUCTUKU O0BEKTa YIIPABICHUS; = 90 !
rpadu4ecKd ONpPENeNsiTh IMapaMeTph é
00BEKTa YyIPaBICHHUS TI0 TUHAMUYECKIM O 70
XapaKkTepUCTHKaM 00BEKTa yIpaBIIeHUS; ’é
OIIpENIEIIATh pac4yeTHBIM IIyTeM g
k03hdurmentsl  auddepeHIraIbHOro % 50
ypaBHEHHs 00BEKTa yIpaBIECHUS; @
ctpouth roxorpapel APYX oObekTa 0 20 40 60
YHOpaBJICHMA; BXOHOW CUrHarn
2. Tlocrpoiite kpuByto pasrona OV co cienyromumu nmapamerpamu To=10c, 13=2c.
3. Paccuuraiite = TpaeKTOPUIO  HUMITYJICHOW  XapakTEpUCTHKH  3BEHA,  €CIHU
MPOAOJKATENIBHOCTh BXOAHOTO uMIiynbca 0,2 ¢, aMIUIUTyna uMIyjibca 25 y.e.
HauanbHoe 3HaueHue BoixoqHoM BenuunHbl Y (0)=0.
4. Ha pucyHKe TpeicTaBieHA TPACKTOPHsS HM3MEHEHHUS BBIXOJHOW BEIWYHMHBI TIPU

U3MEHEeHUU TonokeHus Bama Ha 10%. Uemy paBeH koddduimieHt nepenayu
o0Opekra?




CtpyKTypHBII
JJIEMEHT
KOMIIETEHIH

[Tnanupyemsble pe3ynbTaThl 00y4eHHUs

O1eHOYHEIE Cpe€acTBa

Kpusas pasroHa OY

50

;—_n

/
/

10

0 20 40 60

5. Ha pucyHke npencrtaBieHa TpPaeKTOpUS W3MEHEHHs BBIXOJHOM BEJIWYUHBI NPU
U3MEHEeHMH NoJI0XeHus Basia Ha 15%. Uemy paBHa MOCTOsSIHHAsI BpEMEHU 00beKTa?

5

el

—

R N W N

/

0O 10 20 30 40 50 60 70

6. Ilo xpuBoii pa3zrona onpeaenuTe KOAPGUIMEHTH TUPPepeHIINaTBHOTO YPAaBHEHUS
00BEKTa:




CtpyKTypHBII
JJIEMEHT [Tnanupyemsble pe3yabTaThl 00yUeHHUsI OueHouHbIE CpeCcTBa
KOMIIETEHIH

Y, °C I

0.8

(8]

041

0,0 L !
T, o 40 60 80 100 t.c

7. TloctpoiiTe KpuBYIO pa3roHa, IO H3BECTHOMY YpPAaBHEHMIO TUHAMUKH OOBEKTa:
0,1Y'(t) + Y(t) = 2,5X(1).

8. Omnpenenute BecOBYIO (YHKIIHUIO, 10 U3BECTHOMY YPAaBHEHMIO AUHAMHUKU OOBEKTA:
0,1Y'(t) + Y(t) = 2,5X(1).

9. IIpunymaiite mpumepsl 00beKTOB 0e3 camoBblpaBHUBaHU | 1 || mopsiikoB.

10. ITo »KCnepuMeHTaTbHON KPUBOW pa3rOHa CTATUYECKOTO OOBEKTa YIpPaBICHHS
noctpouts rogorpap AOGUX.

11. [lo »kcnepuMeHTaIbHOW KpPUBOM pa3roHa acTaTUYecKOoro OOBEKTa YIpaBJICHUS
noctpouTsb rogorpap AOUX.

Bnaners —  MCTOJUKOU skcrpanosiuu | Jlabopartopras padora Nel «DkcTpanonsanms 5KCIEPUMEHTAIBHON KPUBOM Pa3sroHay.
SKCIIEPUMEHTAIBHON KPUBOH Pa3roHa; JlaGopatopHas padota Ne2 «Omnpenenenue KodpUIMEeHToB TU(PepeHIIHaTbHOTO
YpaBHEHHUS I10 3KCIIEPUMEHTAIbHOM KPUBOM pa3roHa Jisi 00bEKTOB

YIPaBIEHUS C CAMOBBIPABHUBAHUEM»

JlabopaTtopnast pabora Ne3 «IIpeobpazoBaHre UMITYJIbCHON XapaKTEPUCTHKNA O0BEKTa

—  METOANKOH OIIPEEIICHUSA
kodpunmeHToB  auddepeHInaIbHOro




CtpyKTypHBII
JJIEMEHT

KOMIICTCHI N

[Tnanupyemsble pe3ynbTaThl 00y4eHHUs

O1eHOYHEIE Cpe€acTBa

YpaBHEHHUS IO  JKCHEPUMEHTAIBHON
KpUBOM  pa3roHa  Jjis
yIpaBJICHUSI C CaMOBBIPABHHBAHUEM U

00BEKTOB

0e3 caMOBBIPABHUBAHMUS;

METOTUKON npeoOpa3oBaHUs
UMITYJIbCHOM XapaKTEPUCTUKN O0BEKTa B
KPUBYIO  pa3roHa |
JUHAMUYECKHUX TTapaMeTpoB OOBEKTa IO

OIpeICTICHUS

DKCIIEPUMEHTAIBHON HMITYJIbCHOU

XapaKTEpPUCTHKE;
METOJUKON  TOCTpOEHHs]  rojorpada
A®YX  oObekra  ympaBieHHUs IO
DKCIEPUMEHTAJIbHOW KpHUBOM pa3roHa
JUIS pa3JIMYHbIX 00BEKTOB.

B KPUBYIO pa3rOHa

Jlaboparopuas padota Ned «Onpenenenrne AMHAMUYECKUX TapaMETPOB O0BEKTA

I10 3KCIIEPUMEHTAIbHON UMITYJIbCHON XapaKTEPUCTUKE

JlaGopaTtopnas pabora Ne5 «Iloctpoenue rogorpada AOUYX mo sKCIepUMEHTAIBHON
KpUBO pa3roHa Juis 00bE€KTOB IEPBOI0 MOPSAIKA C 3a1a3/{bIBAHUEM)

JlaboparopHnas pabota Ne6 «Onpenenenue kod3QphuueHToB quddepeHnnaIbLHOro
YpaBHEHHUS 10 3KCIEPUMEHTAILHON KPUBOU pa3roHa Jiisi 00beKTOB 0e3
CaMOBBIPaBHUBAHUS»

Jlaboparopuas padota Ne7 «Iloctpoenue rogorpadpa AOUX 10 IKCIIEPUMEHTAITLHOM
KpuBO# paszrona mjist 00bekToB Il u |11 mopsinkoB ¢ 3ama3apIBaHHEM)




6) MopaaoK NpoBeaeHUA NPOMEXKYTOUHOM aTTecTaumun, NoKasaTtenn u KpUTepum oLeHUBaHuA:

HpOMe)KyTO‘IHaﬂ arrecragud 1o JUCLHHUIIIINHE «CucreMsnl aBTOMaTU3allv1 U YIIPABJICHHUA> BKIIIOYACT TCOPCTUUCCKUC BOIIPOCHI, MMO3BOJIAOIINEC OLUCHUTD
YPOBCHb YCBOCHUA O6yanOH_[I/IMI/IC$I 3HaHI/II71, U MPAKTUYCCKUC 3aJIlaHUs, BBIABJIAIONNUEC CTCIICHD C(i)OpMI/IpOBaHHOCTI/I yMeHI/Iﬁ u BJIaI[eHPIfI, IMPpOBOAUTCA B
dopme rx3ameHa (7 cemecTp), 3a4eTa ¢ OIeHKO#H (6 ceMecTp) U B (OpMe BHIMIOTHCHHSI U 3aLTUTHI KypPCOBOTO IMPOEKTA.

DK3aMeH 10 JaHHOW AMCIUIUIMHE TPOBOAUTCS B YCTHOM (hopMe 1Mo 3K3aMEHAITMOHHBIM OMJIeTaM, KaXK/bli U3 KOTOPBIX BKIIIOYAET 2 TEOPETUIECKUX
BOIIPOCA U OAHO IIPAKTUYECKOE 3aJaHHUE.

Tokazamenu u kpumepuu oyeHU8aHUs IK3AMEHA:

— Ha OLICHKY «OTJIHYHO» (5 0aisI0B) — 00yUaronuiicst 1eMOHCTPUPYET BHICOKUN YPOBEHb C(HOPMUPOBAHHOCTH KOMIIETEHLIUH, BCECTOPOHHEE,
CUCTEMAaTUYECKOE U TNTyOOKOe 3HaHUE yueOHOro Marepualia, CBOOOIHO BBIIOJIHSET IPAKTUUECKUE 3a/1aHUs, CBOOOHO ONEPUPYET 3HAHUSIMU, YMEHUSIMH,
IIPUMEHSIET UX B CUTYaLUSIX NOBBILIEHHOMN CII0)KHOCTH.

— Ha OIICHKY «X0Po1Io» (4 6aia) — 00yJarouiics: IEMOHCTPUPYET CPEIHHIA YPOBEHL CPOPMUPOBAHHOCTH KOMITCTSHIIMI: OCHOBHBIC 3HAHUS, YMCHUS
OCBOCHBI, HO JIOMYCKAIOTCSI HE3HAYUTEIbHBIC OIIMOKH, HETOUHOCTH, 3aTPYAHEHUS MTPU aHAIUTHUYECKUX OINEpaIusixX, IepeHoce 3HaHu 1 yMEHUI Ha HOBBIE,
HECTaHAAPTHBIE CUTYyaIUH.

— Ha OLIEHKY «yA0BJeTBOPUTEIbHO» (3 Oaia) — o0yJarouuiicss 1eMOHCTPUPYET MOPOrOBbIN YPOBEHb CHOPMUPOBAHHOCTH KOMIETEHIIUN: B X0/1€
KOHTPOJIbHBIX MGpOHpI/IHTI/Iﬁ AOITYCKarOTCA OIHI/I6KI/I, MMPOABJIACTCA OTCYTCTBUEC OTACIIBHBIX 3HaHI/II\/'I, yMCHHfI, HaBBIKOB, 06y‘~I&I—OIIIHI>iCSI HUCIIBITBIBACT
SHAYUTCJIBHBIC 3aTPYAHCHUA ITPU OIICPUPOBAHHUU 3HAHHUAMU U YMCHUSAMHU ITPH UX IIEPEHOCC HA HOBBIC CUTYyalllH.

— Ha OLICHKY «Hey/10BJIeTBOPUTEJIbHO» (2 6amia) — oOydaromuiicss AeMOHCTpUPYET 3HaHus He Oonee 20% TeopeTHdeckoro MaTepuaia, JoImycKaeT
CYIICCTBCHHBIC OIHI/I6KI/I, HC MOXCT IMOKAa3aTh MHTCIVICKTYAJIbHBIC HABBIKW PCIICHHUA ITPOCTHIX 3ada4.

— Ha OIICHKY «HeY/A0BJEeTBOPUTEIbHO» (1 0amr) — o0yJaromuiicss He MOXKET TTOKa3aTh 3HAHUS HA YPOBHE BOCTIPOU3BEICHHS M O0BSICHEHUS
nH(pOopMaInu, He MOXKET MOKa3aTh HHTEJUICKTYaIbHbIC HABBIKM PEIICHHSI MPOCTHIX 3a/1a4.

Iokazamenu u kpumepuu oyeHu8anus 3a4ema ¢ OYeHKOI.:

— Ha OLIEHKY «OTJMYHO» (5 0aiIoB) — 00y4aronuiics: 1eMOHCTPUPYET BHICOKUN YPOBEHb CPOPMUPOBAHHOCTH KOMIIETEHIIN, BCECTOPOHHEE,
CHUCTeMaTHYeCcKoe U Ty00oKoe 3HaHHe yueOHOro MaTrepuasa, CBOOOIHO BBIMOJIHAET IPAKTHUECKHE 3aJaHus], CBOOOTHO ONIEpUPYET 3HAHUSAMU, YMEHUSIMH,
MPUMEHSIET UX B CUTYalUSIX TOBBIIIEHHOMN CII0)KHOCTH.



— Ha OIICHKY «X0Po1Ioy» (4 O6aia) — 00yJaromuiicsi IEMOHCTPUPYET CPEAHUIA YPOBEHL CPOPMUPOBAHHOCTH KOMITETSHIIMI: OCHOBHBIE 3HAHUS, YMEHUS
OCBOEHBI, HO JIOITYCKAIOTCS He3HAYUTEIIbHbBIC OMIMOKH, HETOYHOCTH, 3aTPYAHCHHS ITPU AHATTUTHYECKUX OIEpaIHsIX, IEPEHOCE 3HAHUN U YMEHUH Ha HOBBIC,
HECTaH/IapPTHBIC CUTYaIUH.

— Ha OLIEHKY «Y/JA0BJIETBOPUTEJILHO» (3 06ajuia) — 00yJarouuiics JeMOHCTPUPYET OPOTOBBIA YPOBEHb CHOPMHUPOBAHHOCTH KOMIIETEHIIMI: B X0/I€
KOHTPOJILHBIX MEPONPHUSATHIA JOMYCKAIOTCS OIMOKHU, TPOSIBIIICTCS OTCYTCTBUE OT/ACIBHBIX 3HAHHH, YMEHHIA, HABBIKOB, 00YJaIOLIHIICS UCTIHITHIBACT
3HAYUTEINIbHBIE 3aTPYIHEHUS IPU ONIEPUPOBAHNY 3HAHUSMHU U YMEHUSMU IIPU UX IIEPEHOCE HA HOBBIE CUTYAlUH.

— Ha OLICHKY «Hey/I0BJIeTBOPUTEJIbHO» (2 O6aia) — oOydaromuiics JeMOHCTpUPYET 3HaHuA He Oonee 20% TeopeTuueckoro MaTepuasa, JOIycKaeT
CYIICCTBCHHBIC OHII/I6KI/I, HC MOXCT IMOKAa3aTh MHTCIUVICKTYAJIbHBIC HABBIKW PCIICHHUA ITPOCTHIX 3a4a4.

— Ha OILICHKY «HeYA0BJeTBOPUTEILHO» (1 0amr) — o0yuaromuiicss He MOXKET NTOKa3aTh 3HAHUS Ha YPOBHE BOCIIPOU3BEACHUS M O0BSICHEHUS
nH(OpMALINY, HE MOXKET MTOKA3aTh HHTEIUICKTYaIbHbIC HABBIKU PEIICHHS MPOCTHIX 3a/1a4.

KypcoBoii mpoeKT BbINOJIHAETCS 1101 PYKOBOACTBOM IIPENOAaBaTelis, B IPOLecCce ee HallucaHus 00yJarouicsl pa3BUBaeT HaBbIKU K HAy4YHOU paboTe,
3aKpeIIsis ¥ OJJHOBPEMEHHO pacIlupsis 3HAHUS, IOIy4EHHbIE IPU U3yuyeHuH Kypca «CHCcTeMbl aBTOMAaTU3aLKUU U yIpaBiieHus». [Ipu BeinosiHeHnn
KYPCOBOTO MPOEKTa 00y4arOLIUIiCcs 10JKEH MoKa3aTh CBOE yMEHUE paboTaTh ¢ HOPMATUBHBIM MaTEPHUaIOM U APYTUMU JIUTEPATYPHBIMU HCTOYHUKAMU,
TaK)X€ BO3MOKHOCTh CUCTEMaTU3UPOBATh U aHAJIM3UPOBATh PAKTUUECKUI MaTepua U CaMOCTOATEIbHO TBOPUYECKU €TI0 OCMBICIUBATb.

B npornecce HanucaHus KypcoBOro IpOeKTa 00y4aromMNics JOJKEH pa30o0paThCs B TEOPETUYECKUX BOIIPOCAX U30PaHHOHN TEMBI, CAMOCTOSITEILHO
MIpOaHAIM3UPOBATh IPAKTUUECKUN MaTepurai, pa3oopaTh 1 000CHOBATh MPAKTUUECKUE MPEATIOKEHNUS.

llokaszamenu u Kpumepuu oyeHusanus Kypcoeo20 npoekma.

— Ha OLEHKY «OTJMYHO» (5 0ayIoB) — MPOEKT BBINOJIHEH B COOTBETCTBHH C 3a/IaHUEM, 00yJaroIIniics OKa3bIBaeT BEICOKUI YPOBEHb 3HAHUN HE TOJIBKO
Ha YPOBHE BOCIIPOM3BEIECHUS U O0BSICHEHUSI UH(OPMALIUY, HO U MHTEIUIEKTYalbHbIE HABBIKU pELIeHUsI TPOOJIeM U 3a/1ad, HaX0XKI€HNUS YHUKAJIbHbBIX
OTBETOB K Mpo0sieMaM, OLIEHKH U BBIHECEHUS KPUTHUECKUX CYXKIACHMUIA;

— Ha OIICHKY «Xopo1io» (4 0amia) — MpOeKT BBIMOIHEH B COOTBETCTBUH C 3aJaHUEM, OOYJAFOIINIICS TTOKAa3bIBACT 3HAHUS HE TOJIBKO Ha YPOBHE
BOCITPOU3BEACHHUA U 00BSICHEHUS I/IH(i)OpMaHI/II/I, HO 1 UHTCJJICKTYAJIbHBIC HABBIKU PCUHICHUA HpO6J’ICM " 3aJia4, HaXOXKXJACHUS YHHUKAJIIBHBIX OTBETOB K
npoOaemMam;



— Ha OLIEHKY «Y/A0BJIETBOPUTEJILHO» (3 0ajuia) — MPOEKT BBINOJIHEH B COOTBETCTBUU C 3aJlaHMUEM, O0YJArOIIUICS MOKa3bIBAET 3HAHHS HA YPOBHE
BOCIIPOU3BE/ICHHS U 00BSICHEHHS UH(OPMAIMH, HHTEIUIEKTYaIbHbIE HABBIKHM PEIICHHS TPOCTHIX 33/a4;

— Ha OIICHKY «HEY/I0BJIETBOPUTEILHO)» (2 0aia) — 3alaHue MPerno1aBaTeis BBITOJIHEHO YACTHYHO, B IIPOIIECCE 3alIUTHI pa0OTHl 00YJarOIIHIICs
JIOTYCKAeT CYIIECTBEHHbIE OIIMOKH, HE MOXKET MOKa3aTh UHTEJUJICKTyaJIbHbIE HABBIKH PELICHUS TOCTAaBICHHOM 3a1auH.

— Ha OLICHKY «HCYAOBJECTBOPUTEIBbHO» (1 63.]'[.]'[) — 3aJlaHUC IMpenoaaBaTeyisd BEIIIOJIHEHO YaCTUYHO, O6yanOHleICH HE MOXKET BOCIIPOU3BECTU U
OOBSICHUTD COACPIKAHUC, HC MOKCET IMOKA3aTh MHTCIUVICKTYAJIbHBIC HABBIKW PCIICHUSA IIOCTaBJICHHOM 3aJa4du.



Ilpunoscenue 3
MeToaunueckme yKa3aHusa No BbINONHEHMIO NPAKTUYECKUX paboT no gucumunamHe «Cuctembl
aBTOMaTU3aLUMU U YNpaBAEHUA»

Llenp mnpoBeneHUs MPAKTHUECKUX pabOT: MPHOOpETeHNE MPAKTUUECKUX HABBIKOB pacueTa
CHUCTEM U KOHTYPOB aBTOMATHU3allMH, IOJITOTOBKA K BBIIIOJIHEHUIO KypcoBoro npoekra. [locie
pa30opa ocTaBIEHHOH 33a4u CTYAEHTbI CAMOCTOSITEIILHO BBIIIOJIHSAIOT 3aJaHus. Pe3ynbTaTsl
paboThl 0OPMIISAIOT B BHIE OTYETa. B 0TUeTe MPUBOAATCSA CXEMBI U Tpa(UKH, Pe3yIbTaThl
pacy€ToB, TaOIUIIBI SKCTIEPUMEHTAIBHBIX TAHHBIX.

CxeMbI 1 TpaKu BRIYEPUHBAIOTCS C UCIIOJIE30BAHUEM CTaHIAPTHBIX U300PKEHUH C
MPUMEHEHUEM YePTEKHBIX HHCTPYMEHTOB. [ padkul ¥ CXEMBI MOTYT BBIIOTHATHCS ¢ TIOMOIIBIO
rpadUUeCKUX KOMITBIOTEPHBIX IPOTPaMM, paCIeYaThIBATHCS M BKIICHBATHCS 10 BCEMY KOHTYPY B
OTYET.

IlepeyeHb NpakKTHYeCKUX PpadoT

1. CocraBieHne MaTreMaTHYeCKONH MOAETH 00BEKTa YIPABICHUS M pacyeT KPUBOH pa3roHa u
OIIpeJIeTICHNEe TUHAMUYECKHUX I1apaMeTpOB OOBEKTA.

2. Pazpabotka cTpykTypHO# cxembl CAY TE€XHOJIIOTHYECKOIo MapaMmerpa.

3. Pa3paboTka 010K-CXEMBI JITOPUTMA U pacyeT KOHTYpa YIpaBlIeHHUs B COOTBETCTBUU CO
CTPYKTYPHOM CXEMOM.

4. OnTumu3anys KOHTypa YIPaBICHUs U aHAJIU3 BIUAHUS 1apaMeTPOB HACTPONKHU
perynsTopa Ha KauyecTBO MepexoHbIX mpoueccoB B CAY.

5. UccnenoBanue CAY npu neiicTBUM Ha CUCTEMY BO3MYILIEHUI: OJTHOKPATHOTO
BO3MYIICHUS, Ipeiha cTaTHIecKoil XapaKTepUCTUKH, TEPHOANIECKUX TTOMEX.

Mpumep ogpopmneHusa npakmuyeckoii pabomeor Nol:
CocmasneHue mamemamu4eckoli modenu 06bekma ynpassaeHus U pacyem Kpueoli pa3eoHa u
onpedesneHue OUHAMUYECKUX napamempos ob6vekma.

s obecrieuenns 3pPeKTUBHOTO YIPaABICHUS MPOLIECCOM HEOOXOIUMO UMETh HH(POPMALIUIO
0 XapaKTEPHBIX 0COOCHHOCTAX 00bekTa ynpasieHus (OY), KOTOPYIO MOKHO MOJTYYUTh IPU
aHaJIN3€ CTAaTUYECKUX U IUHAMHUYECKUX XapaKTEPUCTHUK.

3aBUCUMOCTH BBIXOJHOI BeTHMUMHBI Y (TeMIepaTrypa B 30HE IIOJJOrpeBa) OT BXOHOTO
napamerpa X (monoxenue PO B ra3onpoBojie) B yCTaHOBUBIIEMCS PEKUME Ha3bIBACTCS
CTaTMUYECKOM XapaKTEpUCTUKOH Mpoliecca U UMEET BUJI CTATUUECKOM 3aBucUMocTU. CTaThyeckas
XapaKTepUCTHKA MO3BOJISIET ONPEAETUTh IrpaHuLlbl yipasisgemMocTd OV, T.e. B KaKuX mpenenax
MO’KET U3MEHATHCS BBIXOHOM MapaMeTp MPpHU U3MEHEHUH BXOJIHOTO IapameTpa OT
MUHUMAaJIBHOTO 10 MaKCUMaJIbHOTO 3HaueHHs. CTaThyeckas XapakTepuCcTHKa Bpallaroencs
ME€YM MPU Pa3IMYHON MPOU3BOJNUTEIBHOCTH II€UH MTPEACTABICHA HA puUC. .

Jlnst onpeniesieHust CTaTHYECKO XapaKTePUCTHKH TEXHOIOTHIECKOT0 Iporecca
HCTIONIb30BAaHBI SKCIIEPUMEHTAIIbHBIC JJAHHBIC, KOTOPHIE TTOJTyYEeHBI B PE3yJIbTAaTe MACCHBHOTO
HaOJIOICHNS 32 HCCIEAYEMbIM IPOLIECCOM, C TIOMOIIBIO PETUCTPALH B ONIPEAEICHHBIC MOMEHTEI
BPCMCHU TCKYIIIHUX 3HAUCHUH BXOAOHBIX U BBIXOAHLIX ICPECMCHHBIX TECXHOJOTHUYCCKOI'0 Mpouecca
(XpoHOMETpax Ipolecca).



OyukimonanbHas 3aBucuMocTh Y = f(X) , onpenensiromas ¢ onpeaeaeHHON J0CTOBEPHOCTHIO
HaJINYME CTATUCTUYECKON CBA3M MEXAY epeMeHHbIMU X U Y, Ha3bIBaeTCs TEOPETUUECKON
nuHUeH perpeccun. OnpenereHne BUa YpaBHEHUS TEOPETUUECKON TMHUK PETPECCHUH SIBIISICTCS
OCHOBHOM II€JIbI0 PETPECCUOHHOTO aHANN3a. JIMHUS perpeccuu pemaeT BOIpoc HHTEPIOISIINY,
T.€. HAXOXKJCHUS 3HAYCHUH (YHKIIMU BHYTPH HEKOTOPOTO MHTEpBaJia 3HAUYCHHUI apryMeHTa U He
OILICHUBAET TEUYEHHE MpOIecca BHE ATOI0 MHTEPBAJIA, T.€. HE PEIIaeT MPOOJIeMy IKCTPATIOIISIIHH.
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Puc.l Cmamuueckas xapakxmepucmuka epawiarouieiica nevu
Pacuér TeopeTndeckoit IMHUM PETPECCUU BHIMIOTHUM METOJIOM HAMMEHBIITNX KBAAPATOB, CYTh
KOTOPOTO 3aKJF0YAETCsl B MUHUMU3aMK QPyHKIUU ycnoBue (2.1):

n
— 2 )
> (¥, = ¥(x,)f — min, (1)
i=1
rAe N —4UCIO0 SKCNEePUMEHTasbHbIX Touek n=1,2,3...;

Yi — 9KCepUMEHTaJIbHOE 3HAUCHHE TIPH X=X ;
Y (Xi) — opnuHata TMHUY perpeccuu npu X=X .

Jl1st mosryyeHus TIMHUU PErPECCUU HETMHEWHBIX 00BEKTOB, UCTIOIB3YIOTCS TIOJIMHOMBI BTOPOi
u OoJiee BHICOKHX cTerneHel. Pacyet koo duiimeHToB noanHoMa npuBezeH B npuioxenuu A. Jlns
anmnpoOKCUMAaIMU CTaTUUECKON XapaKTEPUCTUKU ObUT BEIOPAH MOJIMHOM YETBEPTON CTEHEHH.
[losnydeHHbIE TMHUY PErpeccUy 11 HOMUHAJIbHON IPOU3BOJUTENBHOCTH NIEYH OIIMCBIBAETCS
ypaBHeHHEM (2.2), a 17151 MaKCUMaJIbHOM MPOU3BOIUTEIILHOCTH TTeYH ypaBHEHHEM (2.3):

Y =26,80 +4,81:x + 0,50-x> —0,01-x°> +3,28107x*, (2)

Y =2545+2,76x + 0,44 —0,01-x°> +2,2810°x* . (3)



B nipon3BOoICTBEHHBIX YCIOBUSIX TEXHOJIOTMYECKHE MPOIECCHl 00IaJal0T HHEPLIUOHHOCTHIO U
3aras/pIBaHUEM. DTO 03HAUYAET, YTO MOCie U3MEHEHUs Kakoro-iubo ¢gakropa (mapamerpa)
KOHTpOJIUpyeMasi IepeMEHHasi U3MEHSIETCSl HE MTHOBEHHO, a 10 HEKOTOpOil TpaekTopuu. B aTom
ClIy4ae 3aBUCUMOCTh MEXK/I1Yy BXOJHBIMU U BBIXOJHBIMH MapaMeTPaMU UCCIIEIyeMOro mpoiecca
onpexaensercs qudpepeHnnarIbHbIMA yPaBHEHUSIMU, YIUTHIBAIONTUMH THHAMUKY H3MEHEHHS
BBIXOJIHOTO nTapameTpa. COCTOSIHUE U TTOBEJCHUE CUCTEMBI YIIPABJICHUS B MIEPEXOIHBIX PEKUMAX
onpezenser e€ TMHaAMUYeCKHe CBOMCTBA. JJluHaMu4ecKre CUCTEMbl MOTYT ObITh OMUCAHbI
JTUHEHHBIMU U PepeHInaNTbHBIMU YPAaBHEHUSIMH, BHIPAKAIOUTUMH (YHKIIMOHATIBHYIO CBA3b
MEX1y BXOJAaMH U BBIXO/IaMHU.

Ha puc.2 nzo6paxkena nuHamudeckas xapakrepuctuka OY cHsATas SKCIEPUMEHTAIBHO MpU
M3MEHEHUH T0JI0KeHUs peryiupytomiero oprada Ha 10% (¢ 50% na 60%) 1715 HOMUHATBHON
MIPOU3BOIUTENILHOCTH Ie4H (TOYKU Ha rpaduKe), U pacyeTHas KpUBas pa3roHa (CIIIOUIHAs JTUHUS
Ha rpaduke). [1o momydeHHBIM ONBITHBIM JAHHBIM BUIHO, YTO KPUBAast pa3roHa UMeeT S-00pa3HbIi
BUJI, CJIEI0BATENbHO, /IS ONPEAEICHUS TPAEKTOPHUU KPUBOM pa3roHa MOJIEIH pacyeT BEAEM C
MOMOIIIBI0 AU PEPEHIINATHHOTO YpaBHEHUS BTOPOTO Mopsiaka Gpopmyna (2.4):

2
éo d Y2('c) " é‘l dY(t)
dt“o

KoadppuumeHTbl guddepeHLmManbHOro ypaBHeHMUA.

+a, Y, () = f[O()], (4) rae 8o, 81, 8, —

PeweHne andpdepeHunanbHoro ypasHeHus (2.4) umeet sug dopmyna (2.5):
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(5)
TAC T; — BpEMHA 3al1a3AbIBaHUA Oy, MUH;

Tos — mocrosHHas Bpemenu OY, MuH;

Ko — k0oadpurment nepenaun OV, °C/%;

AX — U3MEHEHUeE TIOJIOKEHUS PETYIUPYIOIETo opraHa, %o;
Y — HavanpHas Temnepatypa B OV, °C.

[Ipu moicTaHOBKE DKCIIEPUMEHTATBHBIX 3HAUCHUN B popMyiry (2.5) moaydum ypaBHEHHE
(2.6) nns onpeneneHUs pacYeTHON TPAEKTOPUU KPUBOM pa3roHa:

T T
2,5 20,5

Y(t)=(@0+0,14-¢e —114-e )-12,50-10+ 725 _ (6)
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Puc.2 Kpusas pazzona epawiarouieiica nevu

Bapbupyst Bpemsi (1) B popmyiie (6) npu HEM3MEHHBIX: TIOCTOSIHHOW BpeMeHU 00bekTa (Tog),
BpPEMCHH 3ara3bplBaHus 00beKTa (T;), ¥ KoddduimenTe nepenadn oobekTa (Kog) momyqrmm
pacueTHyI0 TPACKTOPHUIO KPUBOHM pa3roHa.

[To nuHAMUYECKOI XapaKTePUCTHKE OOBEKTA YIPABIICHUS OMPECIICHBI BPEMS 3aIla3 /[bIBAaHHS
o0bekTa (1,), moctossHHas BpeMeHu oobekTa (T,) u koaddurment nepenaun oobekTa (Kos): T, =
2,50 muH; Ty =20,50 MuH; Ko = 12,50 °C/%HM.

Mpumep ogpopmneHusa npakmuyeckoli pabomeoi No2:
Pazpabomka cmpykmypHol cxemol CAY mexHon02u4eckoeo napamempa

CAY coOTHOIIIEHHEM PacX00B TOIUIMBO - BO3/IYyX B 30HE HarpeBaTelbHOM Meuu
npencTanieHa. Pacxos TorumBa Benymuii napametp (1 siBisieTcst Bo3mylteHuem st CAY
COOTHOIIIEHUS ), PACX0/I Ta3a BEJOMBII mapamerp. J[is ynpaBlieHHss COOTHOIIEHUEM TOTUTHBO —
BO3JIyX BBeAEM napameTp ko3P HUIMeHT pacxoaa Bo3ayxa o

\Y
a=—", (1)
V. L
roe Vi — Ana nccnegosaHma nosegeHua CAY pacxog raza HeobxoanMmMo Npom3BOIbHO BbIOBUMPATb UK
PaCCUMTBIBATL, 419 YNPOLLEHWA PACYETOB PAcX0Z, rasa NPUMEM NOCTOAHHbIM Vi =5530, m>/u;

Vg=-19071,43+3416,41Xm-53,07(X um)*+0,29(X um)*— pacxop, Bo3ayxa 6yaem onpeaenstb no
ypaBHeHUI0, M*/y;
L=10 — cTexnomeTpryecKkmnit KoapPULMEHT COOTBETCTBYIOLLNIN 06 BEMHOMY KOIMYECTBY HE06X0AMMOTO

BO34yXa ANnA CXuraHnAa ogHoro obbema npPMpPoAaHOro rasa

Jnist ynipaBieHust COOTHOIIEHHUEM TOTLTUBO — BO3LyX HEOOXOMMO MOAIEPKUBATh 0=CONSt,
YTO JOCTUIaeTCs U3MEHEHUEM ITOJIOKEHUs 3aCIIOHKH HA BO31YXOIIPOBOJE.

Crpykrypnas cxema CAY conepxut 6 3BeHbEB U 2 31eMeHTa cpaBHeHUs. OV (30Ha
HarpeBaTeJIbHOM I1€UN) COCTOUT U3 TPEX 3BEHBEB, Ha pUC. 1 BbIIENIeH MyHKTUpOM. IlepBoe 3BeHO —



dbyukunonaapHoe Y=f(Xyn) B KOTOPOM OCYIIECTBIIIETCS pacueT CTATHUECKOTO 3HAYECHHUS 0, 10
dopmyie (2). Bropoe 3sero W1(p) — HHEPIIMOHHOE 3BEHO MEPBOT0 MOPSIKA MOJICIUPYET
MHEPIMIO B CAMOM TEXHOJIOTHUECKOM O0BEKTE CBA3AHHYIO C ATMHHON U KOHCTPYKIUEH
BO3/yXOIIPOBOJIa MEKY PACXOAOMEPOM U 3aCIIOHKOM a TaK)Ke€ CKOPOCTBIO ABMXKEHHUS BO3/lyXa B
TpyOorpoBoje. HepnOHHOCTH 3BeHa nepBoro nopsiaka Wi(p) npuMem paBHOW MOCTOSHHOW
Bpemenu Tog. Tpethe 38eHO OV ¢ nepenatounoit pyukimeit Wo(p) MOaCTUPYET HHEPIIUIO TIPU
nepegavye M3MEepUTEIbHON HHPOPMAIIMHU: CUTHAIA O PAcXOe BO3/1yXa IO MHEBMAaTHYECKIUM
TpyOKaM, HHEPLUUOHHOCTHIO JaTYMKa, BTOPUYHOTO Ipubopa, TMHUM cBsi3u. THepLIHOHHOCTH
3BeHa Wy (p) mprMeM paBHOI BpeMeHH 3arma3abiBanus 13 B OVY.

r =, ., N T T T T T T T T T T T AN a
| Y= f(Xum) W, W, Oy|
Xum : Y Y Z : Zo

I ] - o

) S— O S— O S— |

UM P2 T

Xum U .
0] u* U € Zset
9Co 9C,

Puc.1 CTpyKTypHasa cxema A4na pacdeTa KOHTypa ynpasBaeHua C TUMOBbIM PerynaTopom
1 MM nocTosiHHOM CKOPOCTH

Jnst yripaBneHus COOTHOIIEHHEM TOTUIMBO — BO3/IyX HEOOXOIUMO TMOIIEP)KUBATH 0=CONSt,
YTO JOCTUTAECTCS U3MEHEHUEM IOJI0KEHUS 3aCIIOHKH Ha BO31yXxonpoBojie. Ha puc.1 BBeneHsl
cnenyromue 0003HadeHHs! (YaCTHBIE 3HAUCHUS IS IpUMepa yKa3aHbl B CKOOKAX):

o Xym — nonoxenue Bana UM (ycrmoBHOE TONIOKEHHE 3aCIIOHKH Ha BO3YXOIMPOBOE), %0;

e Y — ycTaHOBUBIIIEECS 3HAUECHHUE peryaupyeMoil BenuuuHbl OY 1o craThyeckon
XapakTepucTuke (KodpUIMEHT pacxoaa Bo3Iyxa o.);

e Z; — npoMexyro4Has BeauduHa, C;

e /;—pacyeTHOe 3HauUeHHue peryaupyemoii Beanurnnbl OV (nelicTBUTENbHOE 3HAaUCHHE 0 B
TEKYIIUH MOMEHT BpeMeHH t);

e Zset —3ajaHHOE 3HAUEHUE perynupyemMoit Benuuntbel OV (3aJaHHOE 3HaYCHHE
ko3 uIreHTa pacxoa Bo3ayxan);

e ¢ =7set— Z,— curHan paccoriiacoBaHusi (OIuOK);

e U — ynpasnsroniee BO3eiiCTBIE Ha BBIXO/E perynaropa, %o;

o U*=U - Xyym ynpassiomiee BO3ICUCTBUE C YIETOM OOPAaTHON CBSI3U IO TOJI0KESHHIO
Baia UM, %;

® © —3HaKOBas NepeKiIoyvaomas GyHKIUS, ONpeaeNsonias HapaBieHue apkeHus M,
o =[1;0;-1].



Mpumep ogpopmneHusa npakmuyeckoli pabomor No3:
Pa3paboTka 6/10K-cxemMbl aNrTOPUTMa U pacyeT KOHTypa yrnpaBieHus
B COOTBETCTBUM CO CTPYKTYPHOM CXEMOIA

bnok-cxema anropuTma nporpaMmsl puBeeHa Ha puc.l. JlanHbIi BapuaHT 0J0K-CXEMBI
MOJIXOJUT ISl KOHTYpa PEeryJIMpOBaHUs TEMIIEpPAaTyphbl B HArpeBaTelbHOI ra30BOil meyu.

Mpu nocnenosBaTteNbHOM COeANHEHUN ABYX 3/1IeMEHTAPHbIX 3BEHbEB NEPBOro NOPAAKa MOMKHO MNONYUYNTb
YO0BNETBOPUTE/IbHYIO MOZE/b PeasIbHOro 06bEKTa M MPOU3BECTU PacyeT C NPUEMIEMOM TOYHOCTbIO.

1 1
W, = W =
O T R s .

Jnis pacuera MHEPIMOHHOCTEH PUMEHUM MeToA Diisepa, hopmyisl (4). 3agaaum mar
JTUCKPETH3AINH 110 BpeMeHHU At, Tak 4T0ObI OH ObUT Kak MUHHUMYM B 10 pa3 MeHbIlIe BpeMEHU
3ana3apiBanus OV 13. 3atem BeiOpaTh HavanbHbie yeiaoBus Z1(0)= Z,(0)= Y=f(Xo) u AZ;(0)=
AZ3(0)=0. BeiOpaTs 3anannoe 3nauenue Zset. [1o maram dyepes uareppai Bpemenu At
pPacCYMTHIBATh MOCIICIOBATEIBHO 3HAUCHUS BeTUUnH AZy, Z3, AZy(t), Z; 1o Tex mop moka He
3aKOHUYUTCS MEPEXOHBIN IPOLECC B KOHTYPE.

az,0)=lr 0)- 2,0 A2, (0)=[2.0)- 2,01 (2)
Zl(t+At):Zl(t)+AZl(Z) Zz(t+At):Zz(t)+AZZ(3t)

B npoun3BoACTBEHHBIX YCIOBUAX KPUBYIO Pa3roHa CIIOXKHO IOJIYyYUTh, TaK KaK HE BCErAa
yJlaeTcs BhIJIETUTh MOMEHT BHECEHUSI CKaYKOOOpa3HOTO 3a/1a01IEeT0 CUTHajIa WK OTQUIbTPOBATh
peaknuy o0bEeKTa Ha TEXHOJIOTHYeCKHe Bo3MylleHus. [loaTomy Ju1st co3janus MoJienn
JMHAMUYECKUX CBOMCTB 00BEKTa HEOOXOAMMO B HHCTPYKIIMU MO HKCIUTyaTal[MK WK acropTe
U3MEPUTENIBHOTO MTPUOOpa HAlTH Cpey MPOUYMX XapaKTEPUCTUK MHEPILIMOHHOCTh JaTUUKa.

Curnan ¢ Beixosa OV Z;(t) mocrymaeT Ha BXoa neMeHTa cpaBHeHus DC1, Tya e 1MoaaeTcs
curnai 3ananus Zget(t). Ha BeIxo/e aeMeHTa cpaBHEHUS POPMUPYETCS CUTHA
paccoriacoBanus £(t), paBHBIN pa3HOCTH MEXIY TEKYIIUM 3HAYEHUEM KOA(PGUIIMEHTa pacxo/ia
BO3/IyXa W 3aJaHHBIM 3HAYCHHUEM.



Hauano

BsoAvM napameTpsbl
obbekra: al, a2, a3,
a4, a5, T1, T2,XH, Y3

Bbluncnenune
TEKYLLMX 3HAYEHUM
Y, 71,272, d71, dZ2

BBOAMM HaCTPOMKM:
Kp, Tus, Kum, dZh,
dT

N.rm=t3n.rm

V. V.
Z2=71eK Z2=73an

Bbluncnexve
nonoxeHue Bana
NMm: X

Bbluncnenue:
E, F, Up, U’

UM pocTuraet KOHLEBbIX

o U'>dU'H/2
BbIK/IlOYaTesnen

ABNXKUTCA

U'>dU'n/2

HeT

Aa
UM pocTuraet KoHUEeBbIX

BbIKNtOYaTenemn

KoHev,

Puc.1 BnoK-cxema NporpaMmmbl pacyeTa NepexoiHblX NPoLeccos
B KOHTYpe pery/impoBaHus TemnepaTypbl

3aKOoH peryanposaHua B 0bwem Buae npeacrasieH Gopmynoin:

U(t)=K, g(t)+TiF(t)+TnD(t) +U,,20e
F(t)=F(t - At)+ &(t)At D(Q:M

At (3)



rne Ug=Xo — HauabHOE MOJIOKEHHE BBIXOTHOTO BaJla MCIIOJIHUTEILHOTO MEXaHU3Ma,
Kp — ko3 urmerT nepenaun peryisaropa paccuutaem mo dpopmyne (1);

T3 — Bpems M3opoma, onpesensiollee BeIMUUHY MHTerpaabHoM Yactu F(t) no oTHoLIeHuUIo K
nponopumoHanbHo Yactu, npumem F(0)=0 u Ty3=Tgg;

Tn — Bpems npeaBapeHus, xapakKTepusyeT cTeneHb BanaHua audbdepeHumpytollei yactu D(t), npumem
D(0)= € (0)/At 1 Tp=13.

Curnain ynpagsistoniero Bozaeiicteust U(t) mocrymaet Ha Bxoq DCa, Ti€ CpaBHUBACTCS C
TeKymuMm mososkenrneM Bama UM: U*(t)= U(t) - Xym. CKoppeKTHpPOBaHHBIN CHTHAT
yrpasistoniero Bosacicteus U*( t) moctymaeT Ha BXOA peleitHoro sjaementa PO, rue
orpezensercs HanpasieHue qewkeHns M. 3nak nepekimoyatomieii Gynkuuu o(t) onpenensercs
10 YCIJIOBUIO:

+1, mpu U'(1) > dZy; 0(7) = 0, mpu — dZ, < U'(x) < dZ,; 4)

=1, mpu U'(1) < —dZ,

rae dZH — 30Ha HeYyBCTBUTE/IbHOCTU NEPEKNTOYAIOLWLErNO pene.

B npombILWeHHOCTU ncnonb3ytoTca MM NoCTOAHHOM CKOpPOCTH

Kum = const. Ecaum o(t)=1 UM asuxeTca B CTOPOHY «Bonblue», o(t)=0 UM HenoasuxeH, o(t)=-1 UM
OBVXKETCA B CTOPOHY «MeHblue». [103ToMy NonoXKeHue BbixogHoro Bana UM Ha cnegytowem ware
onpegenserca no popmyne:

X, t+A)= X, (t)+ 0K, At (5)

roe At — mar guckperusanuu, Ky — ckopocts M.

[To popmymnam (2)-(5) 61T paccUUTaHBI BCE CUTHANBI, 0003HAYEHHBIE HA pUC.] U KOHTYp
YIOpaBJICHUS 3aMKHYJICA. Ternepp HEOOXOAMMO TMEpeWTH Ha CICAYIONMMA Iar Mo BPEMEHH U
MPOU3BECTH PACUYET B TOM K€ MOPSAKE JO TE€X MOp IMOKa MEPEXOIHBIM MPOILIECC B KOHTYpE HE

3aKOHYHUTCS.
Tabauya 1
Pacyet IMepBbIX 10 Touek nepexoaHoro npomecca aad KOHTYpa peryjinpoBaHud TEMIIEPATYPbI
T X Y Z; Z, | AZy | AZy | Zosan E F Up | U o
70,0

0 0 |[1225,4|1225,4|1225,4 0,00 | 0,00 [1225,4| 496 | 49,62 [ 3,75| 3,75 | 1

71,5
1 9 |1247,4|1225,4/1225,4 0,09 | 0,00 1225,4]| 496 | 9925 (3,78 |219 | 1




73,1 148,8
2 7 11269,3|12255|1225,4 0,18 | 0,00 |1 225,4| 49,6 7 380062 1

74,7 198,4 -0,9
3 6 |1291,2|1225,7|1225,4 0,27 | 0,00 |1 225,4| 49,6 9 381 5 -1

73,1 248,1
4 7 11269,3|12259|1225,4 0,18 | 0,00 |1 225,4| 49,6 2 3831065 1

74,7 297,7 -0,9
5 6 |1291,2|1226,1|1225,4 0,27 | 0,00 |1 225,4| 49,6 4 384 2 -1

73,1 347,3
6 7 11269,3|1226,4/1225,4 0,18 | 0,00 |1 225,4| 49,6 6 386069 | 1

74,7 396,9 -0,8
7 6 |1291,2|1226,6/1225,4 0,27 | 0,00 |1 225,4| 49,6 9 388 9 -1

73,1 446,6
8 7 11269,3|1226,8|1225,4 0,18 | 0,00 [1225,4( 49,6 1 389072 1

74,7 496,2 -0,8
9 6 |1291,2|1227,0]1225,4 0,27 | 0,00 [1225,4( 49,6 3 391 6 -1

73,1 545,8
10 7 11269,3|1227,3|]1225,4 0,18 | 0,00 [1225,4( 49,6 6 3921075 1

IIpumep odopmiteHnst npakTHYecKoil padoTbl Ne4:

OnMuMU3ayusa KOHMYpPa ynpasaeHus U aHaau3 eAusHUSA Napamempos HacmpodlKu
peaysaamopa Ha Ka4ecmeo rnepexooHsix npoyeccos 8 CAY

C nomolp0 MaTeMaTUYECKOM MOJIeNIN OBLIH MOTyYEHbI IEPEXO0HbIE TIPOLIECCH CUCTEMBbI
PEryJIMpOBAaHMS TEMIIEPATYPHI B 30HE MIOI0IPEBA NIEYH ITPU U3MEHEHNH 33JJaHUs U Harpy3KH [1e4H,
10 KOTOPBIM OBLIHM OMpe/eIeHbI TOKa3aTeNIu KauecTBa.

B nporecce uccienoBaHus CHCTEMbI aBBTOMAaTHYECKOTIO PETYJIUPOBAHUS TEMIIEPATYPhI B 30HE
MOJIOTPEBA MEUN U3MEHSIOCh BPEMs H30/IpOMa PETysTopa, KO3QPHUIIMEHT peryasTopa, BpeMs
IIPEBAPEHMS U CKOPOCTh UCIIOJHUTEIBHOTO MEXaHU3Ma.

Taoauua 1 — [Moka3aresn KayecTBa NP Pa3JIddIHOM BPpeMeHH U304pOMa

H3MmeHeHuve 3a1aHus V3MeHeHne Harpy3Ku
Tys, MUH
o, % T1, MHH Tp, MUH o, % T1, MAH Tp, MUH
24,60 5,40 14,00 6oiee 80,00 — 68,00 68,00
20,50 8,10 13,50 6oiee 80,00 — 64,00 64,00
16,40 14,90 12,50 66,00 — 65,00 65,00
12,30 21,60 11,90 60,00 13,30 25,00 30,00
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a)

1 — nepeperynupoBaHue, c;

6)

3 — BpeMsi OKOHYaHHS PETYIUPOBAHUS, T7.

PI/IcyHOK 1 — Iloka3aTenu KadyecTBa IIpU pa3JIMYHOM BPpEMCHU U30JpOMa:

C YBCIMYCHUEM BPEMCHHA U30pOMa YMCHBIIACTCA NICPCPETYIUPOBAHUC I obomx

2— BpeMsI JOCTHKCHHSA 3aJaHHOTO 3HAYCHUS TEMIICPATYPhI, T1,

a) peryJIMpoBaHue 10 3aJjaHuto0; 0) peryJIupoBaHUE IO HArpy3Ke

BApHUAHTOB pa6OTLI CHUCTCMBEI. BpeMs{ IMOJIHOT'O PEryJInpOBaHud YMCHBIIACTCA, 10 3HAYCHUA

BpeMeHH u3oapoma paBHoro T,;=12,30 MuH, a mOTOM pe3KO BO3pacTaeT B 000ux ciydasx. Bpems,
3a KOTOpO€ TEMIIEPATypa B II€YH JOCTUTACT MIEPBBIM Pa3 3aJaHHOIO 3HAYCHUS OCTACTCS

MPAKTUYCCKN HEM3MCHHBIM JIA PETYJIMPOBAHUSA 110 3aaHUIO, a4 110 USMCHCHUTIO HAaIr'py3KH

YBCIUMYUBACTCA C YBCIMYCHUEM BPEMCHU U30/IpOMa. Taxoxe ¢ YMCHBIICHUCM BPpCMCHHU U30JpOMa

HOSABIISIOTCS KoJieOaHMs B cUcTeMe perynupoBanus. Haubonee ontumanbHOE BpeMs H301poMa

Tuws=14,35mun.




Taoauna 2 — [lokazaresin KayecTBa MPH Pa3JIUnIHOM K03 PUUHEHTe peryasaTopa

W3menenue 3ananus W3menenne Harpy3ku
Ky, %/°C
o, % T1, MUH To, MUH o, % Ty MUH T2, MUH
0,82 35,00 10,00 75,00 14,00 16,00 80,00
0,59 35,00 10,00 32,00 10,00 18,00 65,00
0,43 26,00 10,00 54,00 10,00 21,00 78,00
0,33 23,00 11,00 52,00 11,00 24,00 82,00
0,30 22,00 12,00 60,00 13,00 25,00 30,00
0,16 17,60 17,00 6omee 80,00 27,40 41,00 | 6onee 80,00
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a) 6)
1- MepeperyIMpoBanue, 6; 2 — BpeMsl IOCTHKEHUS 3aIaHHOTO 3HAYCHHS TEMIIEPATYPhI, T1;

3 — BpeMsI OKOHYAHHUS PETYJIUPOBAHUS, T2.

Pucynoxk 2 — [lokazaTenu kadecTBa IpH pa3IndHOM KodhPHUITMEHTE peryasTopa:




a) peryJupoBaHue 1o 3aaHuI0; 0) peryJIupoBaHUE MO HArpy3Ke.

C ymeHnbllieHHneM 3Ha4eHUs Kod(puiireHTa peryiasTopa yMEeHbIIaeTCs epeperyIupoBaHme B
cucTeMe, rnocie 3HadeHus ko3 dunuenta perymuposanus Ky,=0,33%/°C nepeperynupopanue
PE3KO BO3pacTaeT TOJIBKO MPU YBETUUYECHUU HArpy3Ku. Bpems nocTikeHus 3aJaHHOTO 3HAYCHUS
TEMIIEPaTyphbl YBEJINUHUBAETCA B 000UX CIydasiX, a BpeMs [MOJIHOTO PEeryJIupOBaHus cHavaja
YMEHBIIIAETCs, a TOTOM HaunWHaeT Bo3pacTarh. Hanbonee onTuManbHbI KOAPPHUIUEHT
perysropa paseH K,=0,33%/°C.

C yBenu4eHHEM CKOPOCTH UCTIOTHUTEIHHOTO MEXaHU3Ma IIepeperyIupoBaHre U BpeMs
JOCTHOKCHHS 33JJaHHOTO 3HAYEHHUS TEMIIEPATypPhl B CUCTEME OCTAIOTCS MTPAKTUYECKH
HEW3MEHHBIMH MPU PETYIUPOBAHUH T10 3a/1aHUIO. J{JIs1 peryIMpoBaHusi 0 Harpy3Ke
NepeperyIMpoBaHre U Bpems T; yMeHbImaroTcs 10 K,,=95,24%/MuH, a mocie 3Toi CKOpOCTH
YBEJIMYHMBAIOT CBOE 3HaUCHKE. BpeMsi MOTHOTO peryMpoBaHusi YMEHBIIAETCA C YMEHBIIICHUEM
ckopoct UM no 3nauenus K,,=95,24%/mun, a npu ganpHeiIIeM yMEHbIIEHUU CKOPOCTH
YBEJIMYUBACTCS 7151 000OMX CilydaeB perynupoBanus. Hanbomnee onTumalibHas CKOPOCTh
ucnonHurensHoro Mexanusma K,,=94,10%/MuH.

C yMeHbIIEHNEM 3HAYEHMsI BPEMEHU TIPEBAapEHHUs], 3HAUCHUS I0Ka3aTelel KauecTBa
CHCTEMBI JIJIsl PETYJIUPOBAHUS 110 3a/1aHUI0 IPAKTUUYECKU HE U3MEHsoTCs. 1 pery1upoBaHust O
Harpy3ke ¢ yBEJIMYEHHEM BPEMEHM NIPEABAPEHUS PACTET MEPEPETYINPOBAHNE, BPEMsI T1 CHadaIa
YMEHBILIAETCS, a MOTOM yBennuuBaeTcs U mpu T,=2,00MuH yxe He usmensierca. Bpems nomaHoro
perynupoBaHus B uHTepBaie BpeMeHu oT T,=2,50mun 1o T,=1,00Mun usmensiercs He
3HAYUTENIBHO, a 32 MPEeIeIaMU 3TOT0 MHTEpBaja MPOLECC NEPEXOANUT B KOJIEOATENbHBIN PEXKHUM.
Haubonee ontumanbHoe Bpems npeaapenus paBHo Tp=1,50mMuH.
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0) perynupoBaHue MO Harpy3Ke

PI/ICYHOK 3 - HepexonHHe IIpOUCCChI IIPU OIITUMAJIbHBIX HaCTpOﬁKaX CHUCTCMBI

[To monmy4eHHBIM TpaduKaM IMOKa3aTesIel KauecTBa CUCTEMbBI MOYKHO C/IeNIaTh BBIBOI, YTO
HanOoJee OIaronpuaATHOE TEUYSHHE TIEPEXOTHOTO MPOIEcca IPH PEryIMpPOBaHUH 110 HATPYy3Ke U
3a/1aHuIo obecrieunBaeTcs pu BpeMeHu uzoapoma Ty,=14,35MuH, koapdunuenTe perynsaropa
K,=0,33%/°C, Bpemenu npeapapenus T,=1,50MHUH ¥ CKOPOCTH HCIIOJHUTEIBLHOIO MEXaHU3MA
Kin=94,10%/MuH.

JI71s1 onTUMAaNIbHBIX HACTPOEK MOCTPOECH MEPEXOIHBIN MPOIECC B CUCTEME PETYIIHMPOBAHUS 110
M3MEHEHUIO 3a/IaHHUS M I3MEHEHHIO HAarPy3KH TMeUH PUCYHOK 3, U OTpe/IeTICHBI MOKa3aTeIn
KauecTBa CUCTEMBI PETYIUPOBAHMUSL.

lMoKa3aTenn KayecTBa cCUCTEMbI 418 PeryJIMpoBaHMA NOo 3a4aHUIO:

0=18,20 %; T, = 11,50 muH; T, = 60,00 MuH.

lMokasaTenn KayecTsa cMcTembl ANA perynanposaHnA no Harpyske:

0=10,30 %; T, = 26,00 muH; T, = 75,00 MuH.

IIpumep odopMieHHs NPAKTHYECKO padoThI NeS:
Hccneoosanue CAY npu oeticmsuu Ha cucmemy 803MyuWeHUll. 00HOKPAMHO20
803MYyWeHUs, Opelgha cmamuyeckol XapaKxmepucmuku, Nepuooudeckux nomex

MonenupoBanue pabotel CAOY B ycioBusix npeiida cTaTUdecKol XapaKTepUCTHKH.
Hanee paccmorpum paboty CAOY ocHOBaHHOW Ha HEYETKOHW JIOTHKE, NMPU paboTe B
YCIIOBHSX Jipeiiha CTaTHIECKON XapaKTepUCTUKH.

Mogenupyem pabory CAOY ¢ npexHUMH HAcTpOWKH. BBOIMM HCKYCCTBEHHBIH apeid
CTaTUYECKON XapaKTepUCTUKU. JIOyCTUM B MOMEHT yCTaHOBUBLIETOCs MIEPEXOJHOIO IIpoIiecca,
B MOMEHT BPEMEHH BOCEMBCOT ISATHIACCAT CEKYH[, TOYKAa MaKCUMyMa IPOU3BOAUTEIBHOCTH
H3MEHSET CBOE TOJIOKEHUE B COOTBETCTBHH ¢ popmytoi (1).
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Puc.1 YBenuuennsiit ¢pa3zoBsiii moptpet padotsl CAOY ocHOBaHHOM
Ha HEYETKOM JIOTUKE

I[peﬁ(l) CTaTUYECKOH XapaKTCPUCTHKU HNPUCYTCTBYCT B IIPOU3BOACTBCHHBLIX YCIOBUAX, I3TO
CBsA3aHHO C pa3jiMdHbiM XUMHUYCCKHM COCTaBOM KaMeHHOYFOHLHOﬁ CMOIJIbI, TEMIICPATYPbI
0pr>1<a101116171 CpCanl, BIAXKHOCTHU BO3AYyXa, U APYyTrUMHU BO3H€fICTBI/I$IMI/I CO CTOPOHBI:
— 2 3
Y[xBX(T)PT] = Qg + a, [xBX(T) i (ZT] + a [xBX(T) i CZT] + as [xBX(T) i_ CZT] (1)
+ Bt

roe ag, aq,dy, Az — NOCTOSHHbIE KO3PPULIMEHTBI YPaBHEHUSA CTaTUYECKOW XapaKTepPUCTUKU
ONTUMMU3NPYEMOTO NpoLiecca; @, — COOTBETCTBEHHO CKOPOCTU FOPU30HTaNIbHOMO U BEPTUKAIbHOTO
CMellleHUs (apelida) cTaTUYECKOM XapaKTeEPUCTMKN; T — Bpemsd npollegluee ¢ Havyana gperida
CTAaTUYECKOWN XapaKTePUCTUKMU.

B mamewm cnyuae: @« = —0,1; g = 0,001.

Pesynbrar MonenupoBanuss pabotst CAOY B ycnoBusix Jpeildpa craTudeckoin
XapaKTEepUCTHKH MpeJcTaBieH Ha puc.2.Da30BbIil mopTpeT paboThl CUCTEMBI MIOMCKA ONTHUMYyMa
IpeJICTaBIeH Ha pucC. 3. YBenuueHHbIH (Pa30BbIi TOPTPET pabOThl CUCTEMBI MTOMCKA ONTUMYyMa
IpeJCTaBJeH Ha puc. 4.
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Puc.2 Ilpouecc noucka ontumyma CAOY 0CHOBaHHOUN Ha HEUYETKOH
JIOTHKE B YCIOBHSAX Jipeiiha cTaTH4eckoil XapakTepuCTUKU
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Puc. 3 ®azoBsiit noptpet padotet CAOY 0CHOBaHHOM Ha HEYETKOM JIOTHKE B YCIOBHIX Aperda
CTaTUYECKON XAPaKTEPUCTUKHU
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Puc. 4 Yennuennsiii pazoBsiif moptpet padotel CAOY oCHOBaHHOM Ha HEUETKOU JIOTUKE
B YCIIOBUSIX Jipeiida cTaTHIeCKON XapaKTepUCTUKH

AHanu3upys MnojiydyeHHbIe JaHHbIE, IPUXOIUM K BBIBOLY, uTO pazpaboranHas CAOY ocHoBaHHas
Ha HEUYeTKOW JIOTMKE yCTOHYMBa K JApeildy cTaTUUeCKOW XapaKTepUCTHKM, a CIel0BaTelbHO
yCTOMYMBA K BHEIIHUM BO3JEUCTBUAMHU U MOKET IPUMEHSATHCS Ha Pa3IMuHBIX IPOU3BOJICTBAX, B
JTFOOBIX METEOYCIIOBHSIX.

W3 momy4eHHBIX TaHHBIX, CM. PUC.2-4, BUIHO, YTO APEi( HETOCTATOUYHO BEIUK JIsl BKIIOUCHUS
6moka BIIP, u 3a onTMMyMOM CTaTU4YeCKOW XapaKTEPUCTUKU YCTpemiisieTcsl mouck Omoka OP,
10/1aBasi BBIXOJAHOM JIOTUYECKUN CUTHAN «OO0JBIIOE MOJIOKUTEIBLHOE)» 10 MOMEHTA JTOCTUXKEHUS
okpecTHOCTH ontumyma. Ilpu Oonee cunbHOM aApeiide, xoraa ommubka Oyner Gojblle rmopora
pabotsl OP B paboty 3aneiictByercs 610k BITP.

AHaJIN3 NOJTY4YEHHBIX PACYETHBIX 3aBUCUMOCTEH MMOKa3bIBAET, UTO MPU (PYHKIIMOHUPOBAHUH
cuntesupoBanHod CAQOVY mporeccoMm yrnaBiauBaHus O€H30J1a M3 KAaMEHHOYTOJBHOW CMOJIBI
oOecrieynBaeTcss yYCTOWYMBBI TOMCK MaKCUMaJIbHOW MPOU3BOIUTENBLHOCTH OCH30JIbHOM
KOJIOHHBI.



