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28.01.2026, nporoxomn Ne 7 W
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JIMcT akTyajam3anuu padoyeil mporpamMmbl

Pabouas mporpamma nepecMoTpeHa, oocyxaeHa u ogodpena st peanmszanuu B 2027 - 2028
y4eOHOM roJly Ha 3aceaHuu Kadeapbl ABTOMaTU3UPOBAHHBIX CUCTEM YITPABIICHHUSI

[Iporokonm ot 20 1. Ne

3aB. kadeapoii C.M.ZH}:[peeB

Pabouas mporpamMma rnepecMoTpeHa, 00CykaeHa u ogo0peHa s peanmsaruu B 2028 - 2029
y4ueOHOM rojly Ha 3acejaHuu kKadeapbl ABTOMAaTU3UPOBAHHBIX CUCTEM YIIPABIICHUS

[Iporokonm ot 20 1. Ne

3aB. kadeapoii C.M.ZH}:[peeB




1 lesin ocBOCHUSA TUCHUTIIMHBI (MOYJIA)

LenssMu OCBOCHUS TUCIUILIMHBI « MaTeMaTHYeCKOe MOICINPOBaHUE 00BEKTOB H
CUCTEM YIPABIICHHS» SIBJISIFOTCS: Pa3BUTHE MPO(HECCHOHATbHBIX KOMIICTCHIIMI B 001aCTH
MIPUMEHCHHUS COBPEMEHHBIX TCOPETHUCCKUX M SKCIICPHUMEHTAIBHBIX METOJIOB Pa3pabOTKH
MaTeMaTHYECKUX MOJCIICH HCCIICyeMbIX 00BEKTOB M IPOIIECCOB, OPTaHU3aAIlUN 1
MPOBEJICHUIO SKCIIEPUMEHTAIBHBIX UCCIICIOBAaHNN U KOMITBIOTEPHOT'O MOJICTTUPOBAHUS C
MMPUMEHEHUEM COBPEMEHHBIX CPEJCTB U METOJIOB, MCIIOJIb30BaHUS PE3YJIbTaTOB OCBOCHUS
(hyHIaMEHTAIBHBIX U IPHKJIAIHBIX JUCIMILIMH JUISI CHHTE3a U peali3allid MaTeMaTHYECKOM
MOJICIIH, IEMOHCTPAIIMHM HABBIKOB Pa0OThI B HAYYHOM KOJUICKTHBE, IPEICTABICHUS
pe3yIbTaTOB HAYYHOM JESTEIHHOCTH.

2 MecTo qucuuILUIMHBI (MOYJIsl) B CTPYKTYpe 00pa3oBaTeIbHOM NPOrpaMMbl

Jucnunnmna MaremMaTnyeckoe MoJIeTUPOBaHUE OOBEKTOB U CUCTEM YIIPABIICHUS
BXOJIUT B 0053aTEIbHYIO YaCTh Y4€OHOT0 IJIaHa 00pa30BaTEIbHON MPOrPAMMBI.

Jist u3y4yeHus IMCHUIUIMHBI HEOOXOAUMBI 3HAHUS (YMEHHUS, BIAJCHHUS ),
c(hOpMHUPOBAHHEIC B PE3YJIBTATE U3YUCHUS JUCIUILTNH/ TIPAKTHK:

[Tepen Ha"aIOM M3YYCHHS TUCITUTUIMHBI CTYICHT JIOJDKEH 00J1a/1aTh CIICAYIOIIUMU
3HAHUSIMU, YMEHUSIMU U HABBIKAMH:

BJIAQJICTh:

* HaBBIKAMU UCIOJIb30BaHUSI METOJJOB MAaTEMaTUKU U €€ MOJeliel B
MPAKTUYECKON ACSITENFHOCTH C MPUMEHEHUEM COBPEMEHHON BBIUMCIUTEILHOM TEXHUKH;

* COBPEMEHHBIMU MH(POPMAITMOHHBIMH U UH(OPMAIMOHHO-
KOMMYHHKAITMOHHBIMH TEXHOJOTUSMU U HHCTPYMEHTAIBHBIMU CPEACTBAMH ISl PEIICHUS
OOIIeHAYYHBIX 33/1a4 B CBOEH MPO(eCcCHOHANBEHOM NeSTEIbHOCTH U JUIS OpTraHU3aIlluU CBOETO
Tpy/a;

* OCHOBHBIMHU Ha4aJbHBIMU HABBIKAMU MOCTPOSHUS MATEMAaTUYECKUX MOIeNeit
CUCTEM U UX MMapaMeTpUdecKoi IeHTU(PHUKAIUY;

3HaTh:

* IPUHIUIBI PAOOTHI CUCTEM aBTOMATHUUYECKOTO YIIPaBICHUS TEXHOJIOTHYECKUMHU
Mpoleccamu;

* IPUHLIMUIBI IOCTPOEHUS MOJEJIEH CUCTEM;

* OCHOBHBIE TIOHSTHUSI TEOPUU aBTOMATUUYECKOTO YIIPaBICHUS;

* IPUHLIMIIBI TIOCTPOEHUS MOJENIEH, METOAbl CTPYKTYPHOU U apaMeTpUUECKOU
UICHTH(HUKAIIUN, METO/IbI PEIICHUS 3a/1a4 YCIOBHOMN M 0€3yCIIOBHOW ONTHUMH3AINHY;

YMETh:

* COCTABJIATh MaTEMATHUYECKYIO MOJIETIb OOBEKTA M CUCTEMBI yIIPaBICHUS;

* MPOEKTUPOBATH MPOTPAMMHBIE AITOPUTMBIL;

* COCTaBJIATH CTPYKTYPHBIE CXEMBI KOHTYPOB YIIPaBJICHHUS,

* pemaTh 33Jla4yd  CTaTUYECKOH OJHOMEPHON M MHOTOMEPHOU ONTUMU3ALINU
MOJ€eJIe!, peliaTh 3aa4i JIMHEWHOr0, HEJTMHEHHOT0 ¥ IMHAMUYECKOT0 IPOrPaAMMHUPOBAHMSL.

3HaHus (YMEHUs, BJIAJICHUS ), TOJIyYE€HHbIC NTPU U3YYCHUN JAHHOW JTUACIUILIMHBI
OyIyT HEOOXOUMBI I U3YUCHUSI TUCITUTLINH/TIPAKTHK:

ABTOMaTI/I3I/IpOBaHHI:Ie CUCTEMBI Hay‘-IHLIX I/ICCHCI[OBaHI/Iﬁ

ArperaTHble KOMIUIEKCHI TeXHUUecKuX cpeactB ACYTII

CI/ICTGMBI praBHeHH;{ HpOI/I3BOILCTBOM, TCXHOHOFHGﬁ 1 KAa4Y€CTBOM

[{udpoBsie cuCTEMBI YIIPABICHUS

[ToaroToBKa K 3anIuTe ¥ MPOIEAYpa 3aIUTHI BBIMTYCKHOW KBATU()UKAITMOHHOM
paboThl

[Tpon3BOACTBEHHAS - HAYYHO-UCCIIEIOBaTENbCKas paboTa



3 Komnerenuun ody4yarmierocsi, opmupyemMbie B pe3yJbTaTe 0CBOCHMS
AUCUUIIMHBI (MOIYJIsl) U IVIAHUPYeEMbIe Pe3yJibTaThl 00y4eHus
B pe3ynbraTe 0ocBOEHUS MUCHUIUIMHEI (MOAysl) «MareMaTudeckoe MOIeTUPOBaHUE

00BEKTOB U CUCTEM
KOMIIETEHIUSIMU:

YIpaBJICHUD 00yYaIOIIMIACS TODKEH 00J1a1aTh CIASAYIOIIMMHI

Kon nnaukaropa

Nuaukatop JOCTHAKEHUS] KOMIIETEHIUA

OIIK-1 CniocobeH aHaM3upoOBaTh M BBISIBIIATH €CTECTBEHHO-HAYYHYIO CYIITHOCTH MPOOJIeM
yIpaBiIeHUS B TEXHUYECKUX CUCTEMaxX Ha OCHOBE MOJIOKEHHI, 3aKOHOB M METO/IOB B 00J1aCTH
€CTECTBEHHbIX HayK U MAaTEeMaTUKH

OIIK-1.1

BrimonHser ananus u GopMyIupyeT mpoodieMbl yIpaBIeHUS B
TEXHUYECKUX CUCTEMAaX Ha OCHOBE MOJIOKEHUH, 3aKOHOB U METOJIOB B
00J1aCTH €CTECTBCHHBIX HAYK U MATCMATHKH

OIIK-3 CnocobeH caMOCTOATENLHO peuIaTh 3aaa4u YIIpaBJICHHA B TCXHUYCCKHUX CUCTEMAX

Ha 0aze IOCJICAHUX

JIOCTHOKEHU N HAYKH 1 TCXHUKHU

OIIK-3.1

Hcnonb3yeT cCOBpeMEHHBIC TEOPETHIECCKHE U SKCIIEPUMEHTAIbHBIC
METO/IbI Pa3pad0TKH MAaTEMATHUYCCKUX MOJICIICH UCCIICIYEMBIX 00BEKTOB
1 MIPOIIECCOB B aBTOMATH3UPOBAHHBIX CHCTEMAaX yIIPaBICHUS
TEXHOJOTHYECKUMHU KOMILICKCAMH

OIIK-3.2

[TpuMeHsieT COBpEeMEHHBIE METO/IBI Pa3pa00TKH TEXHIUYECKOTO,
WH()OPMAIMOHHOTO U AJITOPUTMHYECKOT0 00ecTieueHUs TU(POBBIX
CUCTEM YIPABJICHUS] TEXHOJIOTHYECKUMHU KOMILUICKCAMH




4. CTpyKTypa, 00b€éM U coep:kaHue TUCHUILIHHBI (MOLYJIs1)

OO0mmas TpyJ0€MKOCTh JUCIIUIUIMHBI COCTABISIET 5 3a4eTHBIX enuHuI] 180 akaa. yacoB, B TOM

qHuCIIC:

— KOHTaKTHas padoTa — 94,2 akaj. 4acoB:

— ayautopHas — 90 akaj. 4acos;

— BHeayauTopHas — 4,2 akajl. 4acos;

— camocTosTenbHas padota — 50,1 akan. 4acos;
— B (hopme npakTudecKoi moarotroBku — 0 akas. Jac;
— MOJTrOTOBKA K K3aMeHy — 35,7 akaj. Jac

®dopma arrecTalyy - IK3aMeH, KypcoBasi paboTa

AynutopHas ) ©
o KOHTakTHas paboTa E = dopma TeKylero
=
N B aKaJ. yacax 3] Bun KOHTPOJIA
Paszen/ Tema 3 ( ) =l y Kon
—— g S © | caMocTOATENBHOM | ycreBaeMOCTH | KOMITETEHIIHH
n 3 g E PpaboTHI HPOMEKYTOUHOM
nab. | mpaxr. t<!
Tlek. o ’EaH § g aTTeCcTaluu
1. Busl MaTeMaTH9IeCKHX
MOJIEJICH CUCTEM,
KJIaccu(pUKaus, OCHOBHbIC
KPUTEPHUHU UX NPUMEHCHUS
CamocrosTensHoe
U3yUYCHHE
4eOHOU U
1.1 OcHOBHBIC IOHATHS yHa aHO
MOACIHPOBAHMIA. 2 4 III/ITeyaT bI Y CTHBIN o1poc OIK-1.1,
MaremaTuyeckoe ch))uc}llcp ’ P OIIK-3.1
MOJIETINPOBaHHUE.
JOTIOJTHUTEINbHBIX
MaTepHaJoB MO
TEMeE.
1 [ToaroroBka IIpoBepka
edepara Ha TEM edepara. Y CTHBII
1.2 Bupgs! u xnaccudukanus 5 ped <I<)BI/UIBI u Y|P (b;;maﬂ o OIIK-1.1,
MozeeH OIIK-3.1
KIaccuuKanus Marepuazam
MoJIenein pedepara.
[MoaroroBka
JIOKIIATIa Ha TeMy | .
CTHBIH JJOKJIa] 110
1.3 ITocTaHoBKa 3a7a4 4 4 «MaTremMaTH4ecKu 5 A o OIIK-1.1,
Vo WHIIUBULy aTTbHOM OIK-3.1
JIETTUPOBAHUS € MOJIeITH Tene -3.
JMHAMAYECKHX
cucTEM»
HWroro no pazngeny 2 4 13
2. MeTopl MaTEMaTHYECKOTO
MOZEINPOBAHUI OOBEKTOB U
CUCTEM
YceTHBIH onpoc o
CamocrosTensHoe HDAKTHICCKOR
2.1 Mopenu ¢pusnyecKux HU3y4dEeHHE Ir))a60Te Nel
MIPOLIECCOB, ONUCHIBAEMbIX yueOHoM N
«Hucnennsie OIIK-1.1
0OBIKHOBEHHBIMU 1 1 4 3 JIMTEPATYPHI, METOMB! PeleHHs OIK-3 1’
nuddepeHInaTbHBIMU MOJITOTOBKA K dpbe CIE)HHaHBHLI ’
YpaBHEHUSAMHU MPAKTHIECKUM p N
X ypaBHCHUIA
3aHATHSIM

JAUHAMHYCCKUX




CUCTEM»

VYeTHBIH onpoc 1o

CamocrosTensHOe MIPAKTUYECKOH
n3ydyeHune abore Ne2
2.2 YucneHHoe pelieHne Y N P
y4eOHOM «Pemenune
A bepeHIatyHpIX 4 JIUTEPATYPBI U epeHIInaNTbHBI OIIK-1.1,
ypaBHeHUH. YucIeHHbIE PaTyPBbI, p . OIIK-3.1
MIOJITOTOBKA K X YypaBHEHUH B
MOJENHN CUCTEM
MIPAKTUYECKUM cucreme
3aHATHIM BH3YaJIbHOTO
MOJICJIUPOBAHUSD)
VYeTHbI onpoc 1Mo
TIPaKTHIECKOI
abore Ne3
2.3 Ucnons3oBanne p
CamocrosrensHoe | «Mcnonb3oBanue
OIIePAlOHHOTO UCYHCITCHHS
. HU3yuyeHue METOJIOB OIIK-1.1,
IUTSI TIOCTPOCHHUS MOJIETIeH 4 o
yueOHOit OIEPaIlMOHHOTO OIIK-3.1
CUCTEM U 00BEKTOB
JATEPATypHI HCYUCITCHUS IS
yIpaBlICHHUS
penIeHust
U pepeHIInaNTbHBI
X YpaBHEHHI»
Wroro no pazneny 12
3. Mopenu 00bEeKTOB U CHCTEM
yIpaBIeHUS
CamocrosTenpHOe | YcTHBIM onpoc 1o
u3yueHue MIPAKTUYECKOU
3.1 Ilepenarounsie Y . P
y4eOHOi pabote No4
pymxumH cHCTEM. JIATEpaTyphl «MaremaTnueckre
DneMeHTapHbIE U TUIIOBBIE patTypel, OIIK-1.1,
MOJrOTOBKA K MOJIEJIA CUCTEM B
3BEHBS CHCTEM YIIPABIICHUSI. 4 4 DAKTHICCKIM (bopMe «BXOL OIIK-3.1,
Ilepexoanbie 1 YacTOTHBIE p P OIlK-3.2
3aHATHUSIM, BBIXOJ» C
XapaKTePUCTUKH.
BBITIOJTHEHNE UCIIOJIb30BaHUEM
CoenuHeHne 3BEHbEB
MIPaKTHYECKUX nepeaToOYHbIX
pabort byHKIMI
CamocrosTenpHOe
U3yueHHe
3.2 Mogenu perymisTopoB. yaeOHOU YcTHBIN otIpoc o
MaremaTudeckoe JATEPaTypHl, MIPaKTHYECKON OIK-1.1
MOJETUPOBaHNE KOHTYpa 6 4 TIOATOTOBKA K pabote Ned OIK 3'1’
perymupoBanus. Pacuer MIPaKTHIECKUM «CuHTe3 u OIK 3' 2’
MEPEXO/IHBIX MPOIECCOB B 3aHATHSM, HACTpOMKa KOHTypa ’
KOHTYpe BBINOJIHCHHE pETYJIUPOBAHUS
MPaKTHYECKUX
pabor
3.3 Hactpoiika CamocrosTenpHOe .
YcTHBIi onpoc o
peryisTopoB. MeToibl u3yueHue o
N . MPaKTUYECKOU
HACTPOWKHU PEryJsiTOpOB O yueOHOM pabote Nes
ontumymy. [lepexoHbie JIUTEPATYPBI -
I OL[C(}Z/CL?B CI/IETCM};.X nonrcr))mg}rc)a I’< «Mccnenosanne OIK-1.1,
KE‘{GCTBO ne CXO}IHBIX’ 6 10 MPaKTHIECKUM METOJI0B OIK-3.1,
P P HaCTPOMKHU KOHTYpa OIIK-3.2
nporeccoB. YnucneHHsle 3aHATHUSM,
o peryJupoBaHus 1Mo
METO/IbI HACTPOHKH BBINOJIHEHNE N
eryJIITOPOB, KPUTEPUH MIPaKTHYECKUX MATEMATHHCCKOH
PETryIATOPOB, KPUTEP P MOIEIID
HACTPOUKHU pabor
CamocrosTenpHOe
n3ydyeHue
y4eOHOM YcTHBII ompoc 1o
3.4 Mogenu cucTeM «BXOJ — JTUTEpPaTypHl, TIPaKTHIECKOI OIK-1.1
BbIX0» [IpeoOpazoBanue 4 MOJITOTOBKA K pabote Ne6 OIK 3' 1’
Mozenei MPaKTUYECKUM «IIpeobpazoBanue ’
3aHATHAM, Mozenei»
BBINOJIHEHHE

MIPAKTUYCCKUX




paboT

CamocrosrenbHoe
H3ydeHHe .
N YcTHBIH onpoc 1o
3.5 Mopenu cucreM yaeOHOH N
aBTOMAaTHYECKOM JUTEPaTypBbl TPAKTIICCKOH
i pabote No7
ontumuzanuu. [loctpoenne MOATOTOBKA K OIIK-1.1,
N 1 4 3 «MogenupoBanue
MoJIeIe CUCTEM MPAKTHIECKUM cHCTEM OIIK-3.1
9KCTPEMAIILHOTO 3aHATHSM,
JKCTPEMaIbHOTO
peryJIrpoBaHus BBIIIOJIHEHHE
PEryJIMpOBaHU
MPAaKTUYECKUX
pabot
HUroro no pazneny 6 24 18 15
4. Mopaeny HHTEIIEKTY alTbHBIX
CHCTEM YIPaBJICHU
CamocTosaTenbHOe
4.1 MeToas! TOCTPOSHUS 1
U3yUYCHHE
AITOPUTMH3ALNN N .
o . yueOHOH YcTHBI onpoc 1o
HeHpoceTeBbIX MOJeNeH .
JIUTEPATYPBHI, NPaKTHYECKON
CHUCTEM YIPaBJICHUS.
. MMOJITOTOBKA K pabote Ne§ OIIK-1.1,
HeiipocereBas 2 4 3 .
MPAKTHIECKAM «HeiipocereBbie OIIK-3.1
perpeccuoHHasl MOJEb,
3aHATHSM, MOJIENId 0OBEKTOB
oOyuaemas 1o
BBITTOJTHEHUE YIpaBJICHUDY
9KCHEPUMEHTAIBHO
MPaKTUIECKUX
TIOJIyYEHHBIM JIaHHBIM
pabot
CamocToaTenbHOe
4.2 Ucnonp3oBaHne HU3y4YCHUE VYcTHBI onpoc 1o
METOJ0B HEYETKOH JIOTUKH y4eOHOM MPaKTHYECKOU
IUTSI TIOCTPOCHHUS MOJIETIeH TUTEPaTypHI, pabote Ne9
CUCTEM YIIPABJICHMUS. 2 4 3 IIOATOTOBKA K «MaremaTnueckoe OIlK-1.1,
AnroputrMmuzanus u NIPAKTUYECKUM MOZCIINPOBaHUE OIlK-3.1
MporpaMMHasi peagu3anus 3aHATHSIM, HEUYETKO-
Mojienel, IOCTPOCHHBIX Ha BBITTOJTHEHUE JIOTHYECKHX CUCTEM
METOJ]aX HEYETKOH JIOTUKU MIPAKTUYECKUX YIPaBICHUSD
pabot
Hroro o pazneny 4 8 6
5. Mogenu pacnpeneneHHbIX
00BEKTOB U CUCTEM YNPABICHUS
CamocrosTensHoe
HU3y4deHUe YcTHBIN onpoc 1o
5.1 Tlonsarue yueOHOM TIPaKTUIECKOM
pacrpeeNIeHHBIX CUCTEM. JUTEPaTypBHl, pabote Nel0
Mertons! pemeHust 2 4 3 MOATOTOBKA K «MaremaTnueckoe OIIK-1.1,
mudhepeHaIbHBIX MIPAKTUYECKAM MOJIETUPOBAHKE OIIK-3.1
YpaBHEHHUH B YaCTHBIX 3aHATHUSM, mporecca Harpesa
MPOM3BOTHBIX BBITTOJTHCHUE TEIUIOTEXHUYECKH
MIPAKTUYECKUX MacCHUBHOTO TeJIa»
pabor
CamocrosTensHoe .
YcTHBIN onpoc 1o
U3yUYCHHE o
N MIPAKTUYECKOH
y4eOHO
pabore Nell
5.2 OnTuMansHoe JIUTEPATYPBHI,
«MopnenupoBanue
YIPABIEHUE B CUCTEMAX C MOATOTOBKA K OIlK-1.1,
1 2 4,1 nporecca
pacnpeeseHHbIMU MPAKTUYECKUM OIIK-3.1
ONTUMAIILHOTO
rnapameTpamu 3aHATHSM,
yHpaBJIeHUs
BBIIIOJIHEHHE
pacrpeeneHHbIM
MPAKTUYECKUX
00BEKTOB
pabot
HUroro no pazneny 3 6 7,1
Hroro 3a cemectp 18 54 18 50,1 9K3aMeH, Kp
9K3aMeH, KypcoBas
Hroro no nucuuminHe 18 54 18 50,1 » Kyp

pabota




5 Ob6pa3oBaTesibHbIEe TEXHOJIOTHH

s peanuzanuu nperyCMOTPEHHBIX BUJIOB Y4eOHOM pabOThI B KauecTBe
o0pa3oBaTeNbHbIX TEXHOJIOTU B MIPENoJaBaHUK TUCIUILUINHBI « MaTemaTuyeckoe
MOJIETTUPOBaHUE OOBEKTOB U CUCTEM YIIPABIICHUS» UCTIONb3YIOTCS:

TpagumonHbsle 00pa3oBaTeIbHbIE TEXHOIOTUN — UH(POPMAIIMOHHAS JIKIIHS
(BBOZIHYIO JIEKIIHIO, TJI€ JaeT MepBOE MPEACTABICHUE O IPEIMETE U 3HAKOMCTBO CTYICHTOB C
Ha3HAYCHHUEM U 3aJladyaMHU Kypca); JeKIUU — KOHCYJIbTAI[iH, U3JI0’KEHHE HOBOT'O MaTepuaia
COIPOBOXKAAETCS MOCTAHOBKON BOMPOCOB U AUCKYCCHEH B IOMCKAaX OTBETOB HA 3TU
BOIIPOCHI; TPaKTUUYECKHE PAOOTHI.

Texnonoruu npo6IeMHOro 00yueHus: — MPOOIEMHBIE JIEKIIUU SBIISETCS Pe3yIbTaTOM
YCBOCHHUSI MOJIYYeHHON HH(POPMAIIMH TOCPECTBOM [TIOCTAHOBKH MPOOJIEMHOI0 BOMpoOca U
MOKCKA IMyTeH ero penieHus; 1abopaTopHbIe 3aHATHS C UCIIOJIb30BAHUEM ITPOOIEMHOTO
o0y4eHus, KOTOPOE 3aKIII0YAETCS] B CTUMYJIMPOBAHHUH CTYIEHTOB K CAMOCTOSTEIbHOM
«J100b14e» 3HAHUHM, HEOOXOIUMBIX JJISl PEIICHUS KOHKPETHOH MPOOIEMBI.

TexHOIOrHH TPOEKTHOTO 00YYEHHUST — OpraHu3aIus 00pa3oBaTeIbHOTO MPOLEcca B
COOTBETCTBHUH C AJITOPUTMOM TMOITAITHOTO PEIICHUS MPOOIEMHON 3a1a4H UK BBITIOJTHEHUS
y4e0HOTO 3aIaHHUS.

HNHbopMannoHHO-KOMMYHHKAIIMOHHBIE 00pa30BaTeIbHBIE TEXHOIOTUN — B XO/I€
MIPOBE/ICHUS JIEKIMOHHBIX 3aHITUN MPEAyCMaTPUBACTCS HCIIOIB30BAaHHUE HIICKTPOHHOTO
JIEMOHCTPAIIMOHHOTO MaTepuaa (JIEKIUU-BU3yaIH3allnu ), UCTI0Ib30Banue MHTepHET
PeCypCcoB IS TPOMEKYTOUYHBIX aTTECTAlUi M MPOBEPKH OCTaTOYHBIX 3HAHUH.

JIeKIIMOHHBIN MaTepua 3aKpeIIsieTcs B X0€ J1a00paTOpHBIX paboT, HAa KOTOPBIX
BBITIOJIHSIOTCS TPYIITIOBBIE WIIM WHAWBUYAIbHbIC 3aJJaHUS IO IPOIIEHHON TeMe.

CamocrosiTenpHas paboTa CTUMYJIMPYET CTYJIEHTOB K CAMOCTOSITEIIbHON MPOpadoTKe
B IIPOIIECCE BBHITIOJTHEHUSI KOHTPOJIBHBIX Pa0OT, a TAKKE B TPOIIECCE MOATOTOBKH K YCTHOMY
OIIPOCY, TECTUPOBAHHIO U UTOTOBOM aTTECTAIIHH.

B xoze mpoBeaeHus JIEKIIMOHHBIX 3aHATHI TPeAyCMaTPHBACTCS:

UCTIOJIB30BaHUE IIEKTPOHHOTO JEMOHCTPAIIMOHHOTO MaTepralia 10 COBPEMEHHOM
U3MEPUTEIIBHON TEXHUKE;

UCTIOJIb30BaHUE IEKTPOHHBIX YYEOHHKOB IO OT/IEIEHBIM TeMaM 3aHSTHIA,

AKTUBHBIC 1 HHTEPAKTUBHBIE ()OPMBI OOYUEHUS: BApUATHBHBIN ONPOC, AUCKYCCHH,
YCTHBIH OTPOC, TECTOBBII OMPOC, MHINBUAYILHBIN JOKJIA] 110 PE3yJIbTaTaM BBITOTHEHHS
MpaKTU4YEeCKON padOTHI U T.1.

6 YueOHO-MeTOAHYeCKOE 0O0ecnieyeHHe CAMOCTOATEIbLHOMH padoThl 00yUaommuXxcst

HpCI[CTaBJ'ICHO B IPUJIOKCHU N 1.

7 OueHO4YHbIE CPEICTBA VISl IPOBEIeHUsI IPOMEKYTOYHOM aTTeCTAllUN
[IpencraBieHsl B TPUIOKEHUU 2.

8 YueOHo-MeTOAMYeCKOe U MH(POPMAIIMOHHOE o0ecTieYeHre TUCIUIITTUHBI

a) OcHoBHas JIuTeparypa:

1. baxBainos, JI. A. MoaenupoBanue cucteM : yaebnoe nocodue / JI. A. baxBanoB. —
Mockga : I'opnas kaura, 2006. — 295 ¢. — ISBN 5-7418-0402-0. — Tekcr :
AIeKTPOHHBIN // JlaHb : 3ekTpoHHO-O0nbMnoTeunas cucrema. — URL:
https://e.lanbook.com/book/3511 (mara obpamenus: 27.01.2026). — Pexxum nocryna: mis
ABTOPH3. MOJIb30BATEIICH.

2. berukos, 10. A. HenpepbiBHBIE U TUCKPETHBIC HETMHEWHBIE MOJICIIH TUHAMUYECKUX
cucteM : moHorpadus / FO. A. berukos, E. b. Conossesa, C. B. Illep6akoB. — CaHKT-
[TerepOypr : Jlanb, 2021. — 420 c. — ISBN 978-5-8114-3348-3. — Tekcr :



https://e.lanbook.com/book/3511

AIeKTPOHHBIN // JlaHb : 3nekTpoHHO-O0nbMnoTeunas cucrema. — URL:
https://e.lanbook.com/book/169318 (nata o6pamenus: 02.02.2026). — Pexxum noctyna: mis
aBTOPH3. TOJIb30BATEIICH.

0) /lomoJiHUTEIbHASA JINTEpaTypa:

3. Kyuepses, b. B. MoaenupoBaHnue nporeccoB 1 00bEKTOB B METAJUTYPIHH :
ydyebnoe nocodue / b. B. Kyuepsies, B. b. Kpaxt, O. I'. Manyxun. — Mocksa : MUCHUC, [6.
r.]. — Yactsb 1 : MonenupoBanue U ONTUMH3ALNS TEXHOJIOrHYecKux cucteM — 2004, — 62
c. — Texcr : anexTponHnsli // JlaHsb : 35mekTpoHHO-O0MbOIMoTeuHas cucrema. — URL:
https://e.lanbook.com/book/116999 (mara obpamenus: 27.01.2026). — Pexxum nocryna: s
aBTOpU3. MOJIb30BATENECH.

4. Aunpees, C. M. MozenupoBaHie 00bEKTOB M CHCTEM YIIpaBJICHUS : yuecOHOE
nocobue / C. M. AuapeeB ; MI'TVY. - Marautoropck : MI'TY, 2017. - 1 351eKTpoH. ONT. TUCK
(CD-ROM). - 3arq. ¢ tuty:n. skpana. - URL:
https://host.megaprolib.net/MP0O109/Download/MObject/1873 (maTa oOpamieHus:
14.01.2026). - MakpooObeKT. - Tekct : anexkTpoHHsiid. - [SBN 978-5-9967-1028-7. -
Csenenus noctymHabl Takke Ha CD-ROM.

B) MeToanueckue yKa3zaHusi:

5. Aunpees, C.M. MeTo1bl MaTEMaTHYECKOTO MOACIIMPOBAHHUS MPOMBIIIJICHHBIX U
MEXaTPOHHBIX CHCTEM YIIpaBJICHUs: TPakTUKyM [Tekcr]: yaebHoe mocobue / C.M. AHIpees,
B.P. I'acusapos. - Marnurtoropck: M3a-Bo Marauroropck. roc. TexH. yH-ta uM. [.J1. Hocoga,
2019. 105 c. ISBN 978-5-9967-1739-2

r) IIporpammuoe obecieuenune u MHTEpHET-pecypcsl:

IIporpammHoe o0ecnieyenune

HaumenoBanue o
o Ne norosopa Cpox neicTBUS TUTIEH3UN

7Zip cB000IHO pacnpocTpansemoe [10 6ecCpoYHO
BupryanbHubiit
CTECH]I CUCTEMBI
ABTOMATHHCECKOTO | ooy etenmbeTBO Ne2013612340 GeccpouHo
yIpaBJICHUS
TEXHOJOTHYECKIM
napameTpom
Scilab
Computation cB00OOTHO pacnpocTpansiemoe [10 OeccpovYHO
Engine
LibreOffice cB0OOHO pacnpoctpansemoe [10 06eccpouHo
Tex Live cB000IHO pacnpocTpansemoe [10 6ecCpoYHO
Texmaker cB00OTHO pacnpocTpansiemoe [10 0OEeCCpOYHO
MAXIMA cB00OTHO pacnpocTpansiemoe [10 OeCCpOYHO
?i?gip Mozilla cB0OOIHO pacmpocTpansemoe [10 6eccpodHo
FAR Manager cB00OTHO pacnpocTpansiemoe [10 0OEeCCpOYHO
MS Office 2007 | i 135 1 17.09.2007 Geccpoumo
Professional



https://e.lanbook.com/book/169318
https://e.lanbook.com/book/116999
https://host.megaprolib.net/MP0109/Download/MObject/1873

MathCAD v.15

Education H-1662-13 o1 22.11.2013 OeccpodHO
University
bpaysep CBOOOJHO PAacIpOCTpaHsIeMoe 0eccpodHO

Calculate Linux [cB0O0gHO pacmpocTpaHsIemMoe
Desktop Xfce [I1O

OeccpouHO

l'[pmbeccnona.nbnble 0a3bl JaHHbIX U ]/IH(l)OpMaIII/IOHHLIe CIIPaBOYHbIC CHCTEMbI

Hassanue Kypca Cchuika
HanwnonannHas nH(pOpMaIMOHHO-
aHaJTUTHYCCKas URL.: https://elibrary.ru/project_risc.asp
cucreMa — Poccuiickuii HMHAEKC HAay4YHOTO

I'.1.

DNeKTpOoHHBIE pecypcbl onbmmorexkn MI'TY um.

https://host.megaprolib.net/MP0109/Web

KJ1accC

9 MaTepuajibHO-TeXHUYeCKOe o0ecrneyeHue JUCHUIIMHBI (MO1yJIs1)

MarepuanbHO-TEXHUYECKOE 00eCTIeueHrnEe JUCIUTIIMHBI BKITIOYALT:

1. YueOHbIC ayAMTOPUH JJIS POBEIACHUS 3aHATHH JICKITMOHHOTO THMA (aya. 437,450)
MynsTuMeAMIfHBIE CPEACTBA XpaHEHUs, Iepeaaun U MpeAcTaBieHuss HHGOpMaIUU
2. YyeOHas ayIuTOpus AJIsl IPOBEICHHS MPAKTUYECKUX 3aHITHIA: KOMITBIOTEPHBIN

[Tepconanbubie komnbioTephl ¢ makeroM MS Office, LibreOffice u Beixogom B

WHTEpHET U C JOCTYIIOM B BJIEKTPOHHYIO HHPOPMALIMOHHO-00pa30BaTEIbHYIO CPELy
yHuBepcuteTa (aya. 448)

3. [TomemeHus Asi caMOCTOSITENEHOM paboThl 0Oyuaromuxcs (a. 450)
[Tepconanbhbie KoMITbIOTEPHI ¢ TakeToM MS Office, LibreOffice u Berxogom B

WHTEepHeT U ¢ TOCTYNOM B 3JIEKTPOHHYIO HH(POPMAIIMOHHO-00pa30BaTENbHYIO CpeLy
YHUBEpPCUTETA

4. YyeOHble ayAUTOPHUH IS TPYIIOBBIX M MHIUBUAYATbHBIX KOHCYJIbTAIIUH,

TEKYILEro KOHTPOJIS U MPOMEXYTOUHBIX KOHCYIbTaluil (ayn. 448, 450)

Jlocka, MyJIbTUMETUUHBIN ITPOEKTOP, IKPaH
5. [Nomernenue s XpaHeHUs U MPOGUIAKTHIECKOTO OOCTYKUBAHUS y4eOHOTO

obopynoBanus (ayu. 445)

Crennaxu 1Jisi XpaHeHHs] y4eOHO-METOANYECKUN JOKYMEHTAIU!
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Ipunoxenue 1

Y4yeOHO-MeTOANYECKOE 00ecTieyeHrne CAMOCTOSITeIbHON padoThl 00y4arouxcs.

TeMa npakTu4eckoi
padoThI

Bomnpocsl 111 yCTHOTO onpoca

Mertobl pereHus
Qg QepeHIraTbHBIX
ypaBHEHUH

1. [TpousBecTn unciaeHHoe penieHue AuddepeHnaITbHOTO
ypaBHEHHUS.

Y'+2y'+y=0 mpu y(0)=0, »'(0)=2

2. [IpousBecTn aHAIUTHYECKOE perieHue auddepeHInaIbHOTO
YpaBHEHUSA

5y"=y"=3y=0 mpu y(0)=1, »'(0)=-2

3. PaccMoTpeTh OBEJEHUE CUCTEMBI U COCTaBUTh MOJIENb MpoIiecca
HaroJHeHus 0aka B BUJIE JIMHEHHOTo 1uddepeHIaabHOro
ypaBHeHus. [IponsBecTu yncieHHOE peleHue NoIyYeHHOro
nudepeHIMaIBHOTO YpaBHEHUS

4. Kak npencraButh auddepeHnnanbHoe ypaBHEHHE,
OIKCHIBAIOLIEE [TOBEJIEHHE 00BEKTa B KAHOHUUYECKOH dopme?

5. 3anumute nuHeitHoe OZY n-oro nopsaka ¢ NOCTOSHHBIMU

K03 pULIMEHTaMU C HEHYJICBOH IPaBOM YacThIO

6. Kakue merosel pemenns auddepeHnnanbHbIX YpaBHEHUH
UCIOJIBb3YIOTCS B IIPH UCCIIEOBAaHUM MOJIENEN cucTeM?

7. MeTo/ibl YMCIACHHOTO pemeHust Tu(GepeHIMaIbHbIX YPaBHEHUH.
8. ANTOpUTM peanu3aly BHIOPAaHHOTO YUCIEHHOTO METO/1a
pemieHus AuddepeHnrnaIbHbIX YpaBHEHUH MOIETN

9. IlocTpoeHne cucTeMbl pa3HOCTHBIX YPaBHEHUH [ YMCICHHOTO
pemieHus AugdepeHnrnaIbHOro ypaBHEeHuUS.

MopaenupoBanue
anemenToB CAP

1. Kakue ¢Qusnueckue mpouecchl MPOMBIIUIEHHOE MPOU3BOCTBA
MOTYT OBITh NPEICTABIEHBI TUTIOBBIMU 3BEHbSIMU TAY?

2. 3amaH Habop TMPOLECCOB MMPOMBIIUIEHHOIO IPOU3BOACTBA.
[Ipounssectn pa3paboTKy MaTEMATUIECKHUX MOJIETIEH,
OTMCHIBAOLINX TOBEJCHUE MPOMBIIUIEHHBIX O0OBEKTOB.

3. [IpuBecTn MaTeMaTH4yecKue BBIPAXEHUS ONMHUCAaHUS (PU3NUECKUX
3aKOHOB, ONMCBIBAIOIINX MOBEJCHNE OOBEKTA

4. Yro Takoe IUHeapu3alus CBOMCTB MojenupyemMoro oorekra? B
KaKuX CIy4asx MPUMEHsETCs JTMHeapu3anns?

5. Kakue xapakTepuCTHKH OOBEKTa JOJKHBI OBITh OIKCAHBI B
MaTeMaTHYeCKON Moaenn?

6. IlpuBenuTe mpuUMep CHHTE3a MATEMaTUYECKOM MOJEIHU B
orepaTtopHoi popme

4.3. JInsg Kakux LeJied CTPOSITCI MAaTeMaTUYECKUE MOJIEIH B BUIE
CTPYKTYPHBIX CXeM?

4.4. Kakue OCHOBHBIE CO€QUHEHUs 3BeHbEB. lIpuBeaute npumep
MIOCTPOECHMSI MOZEIIEN /IJIsl KaXK/10T0 TUIA COEIMHEHUN 3BEHbBEB.

Hcnons3oBanne
MeTona
npeoOpa3oBaHUs
Jlammaca s
HCCIEI0BAHUS
JIUHAMUYCCKUX CHCTEM

1. Kak IIOJIyYUTh OIIEPaTOPHYIO bopmy 3aIucu
nuddepennmranbHoro ypaBHeHusA? UTo Takoe HHTErpail CBEPTKU?

2. Kak mpencrapnsercs MoJiellb B oriepaTopHoOi opme 3arnucu?

3. [TpuBenuTe MOPSIOK BEIYMCICHHS H300paKeHUH QyHKIIUHA Ha
pUMepe IPOCTEHIINX (PYHKITHI

4. [Tepeuncniure  cBoiicTBa  mpeoOpazoBanus  Jlammaca.

[IpuBenure mnpuUMep TNOIMYYCHUS MEPeNaTOuHOM (QYHKIUH C
UCIOJIb30BAHUEM CBOICTB ITpeoOpa3oBaHus
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Tema npakTuyeckoi
padoThI

Bomnpocs! 11 yCTHOT0 onpoca

5. IIpuBenure npumep MOIY4YEHUs MOJEIM B OIEPATOPHOM
dhopme
6. Kakne wuccimenoBanus NpPOU3BOIATCA IO MAaTEMaTU4YECKUM

MOJIETISIM B OIlepaTopHoi opme
7. IlpuBenuTe NOPAIOK CUHTE3a MATEMATUYECKOW MOJIENIM HarpeBa
TOHKOI'O TeJa.

CuHTe3 u HacTpolKa
KOHTYypa
peryJIupOBaHUS

1. DONEeMEHTHI, BXOIAIINE B KOHTYP CUCTEMBI aBTOMAaTHYECKOTO
peryaupoBaHus

2. Peanuzyembie MaTematndeckue ¢pyHkuu nemenramu CAP
3. BapuaHTbl GyHKIHIA pEryasToOpoB

4. NuxeHepHble METOAbI HACTPOUKH PETYIISITOPA

5. Yro Takoe MNepexoJHbI MMpoLecc MNPU BO3MYLIEHUAX CO
CTOpOHBI 3aaanus? [IpuBeauTe npuMep NepexoJHOro mporecca.

6. Yro Takoe MNepexoJHbI MpoLecc NPU BO3MYLIEHUAX CO
cTopoHbl Harpy3ku? IIpuBenure npumep nepexoaHoro mpouecca.

7. Bo3MoskHbIE BapHaHThI IEPEXOAHOT0 Ipoliecca B 3aMKHYTOM
KOHTYpe

8. Uro Takoe pa3oMKHYTHIM KOHTYyp ympaBiuenusa? /Kax
MIPOU3BETCTU pa3MbIKaHUE KOHTypa?

9. [TaccuBHBIE ~ METO.BI ONpeNeJICHUus]  JUHAMUYECKHUX
XapaKTePUCTUK O0BEKTA YIIpaBJICHUS

HccnegoBanue
METO/I0B HACTPOMKH
KOHTYypa
peryJaupoBaHus 1Mo
MaTeMaTHYECKOU
MOJIENIN

1. Kakme Meroapl amanmrTanyy MaTeMaTHYECKOH  MOJEIIH
UCMOJIb30BAJIMCh MpPU BBIMOJHEHUH paOoThl? [losicHUTE MOpPsIOK
JIEUCTBUI MPHU MPOBEACHUY aJANTAIIMN MaTEMaTHYECKOW MOJIEIIH.

2. Kak peann3oBbiBaeTCs MaTreMaTudeckass MOJENIb KOHTypa
yIpaBlIeHUs B ONlepaToOpHON (popMe C KOHTYPOM CaMOHACTPOHKU?

3. Mopaenu KOHTYpPOB CaMOHACTPOMKH

4. Paccumraiite HACTPOMKM peEryssiTopa JUIs 3aJaHHOW MOJENIN
00BEKTa C MCIOJIb30BAHUEM MaTeMaTHUECKOro METO/Ia.

3. Pacuer HacTpoek peryiasToOpoB Il CTATHYECKHX H
aCTaTUYECKUX OOBEKTOB

6. [TouckoBble METOABI HACTPOWKHM peryisaTtopoB. IIpumep
peann3anuy NOMCKOBOIO METOA

7. B ueM 3akinroyaeTcsi HOMCKOBBIM METOJI HACTPOUKHU KOHTypa?

8. B uem 3aktogaercs MOMCKOBBIN METOJ HACTPOUKHU KOHTYpa?

9. [TosicuuTe, MO KAKUM XapaKTePUCTHKAM 00bEKTa yIpaBJIeHuUs,
MO’KHO OIIPENIEIUTh €T0 apaMmeTpsl?

[IpeobpazoBanue
MoOJenen

1.Yrto Takoe ynpasnsemasi popMa MaTeMaTHUECKON MOJIEIN «BXOJ-
BBIXO»?

2.IlpuBeauTte ob1Iee MATEMATUYECKOE OMTMCAHUE MOJIETU B
yTnpasiseMoi popme

3.Kako#i Bu nMeeT MaTpulla COCTOSIHUM B yIIpaBisieMoit hopme?
[okaxxuTe Ha mMpuUMepe Mepexo]l K yIpasisieMoit popme
MaTeMaTHYECKOW MOJENIH

4.Kak nepeiTu U3 NpeCTaBIeHUs MATEMATUUYECKOU MOJIEH B
ynpasisieMoil (popme K mpeAcTaBIeHUIO B oniepaTopHoi popme?
[Tokaxure Ha npumepe

5.Kakoii o0uuii Bua yMEIOT MaTpUIlbl yIPaBISCHUS U MaTpHIla
cBOOOHBIX KOA(D(DUIIMEHTOB JIJIST MOJIENICH CUCTEM,
MIpeJICTAaBICHHBIX B yIpaBisieMoil popme?
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Tema npakTuyeckoi
padoThI

Bomnpocs! 11 yCTHOT0 onpoca

Uto Takoe BEKTOpP COCTOSHUS MOJEIH CUCTEMBbI?

3anummTe ypaBHEHUSI COCTOSIHUSI CHCTEMBI B BEKTOPHO-MAaTPUIHON
dbopme

CdopmupyiiTe MaTeMaTHIECKYIO MOJETH B IPOCTPAHCTBE
cocTosiHu# 1o U HepeHIaTbHOMY YPaBHEHHIO N-0Tr0 MOPSIKa
[TokaxuTe cBS3b NPEACTABICHNS MOJEIEH CUCTEM B IPOCTPAHCTBE
COCTOSIHUH C omepaTropckoil popmoii npencrasnenus. [Ipuseaure
pUMep Mepexo/ia U3 MPOCTPAHCTBA COCTOSIHUHN K MEPeAaTOYHOM
byHKIIUN

MopaenupoBanne
CUCTEM
JKCTPEMaJIbHOTO
peryJaupoBaHUs

1. Kakue xnaceel CAO ucnons3yrorcs? B uem otinmune Mexay
kinaccamu CAO?

2. Ocnosnoit npuHui padotsel CAO ¢ COBMEIIEHHBIM pa00YnM 1
TECTUPYIOIINM BO3/ICHCTBUEM

3. Iy Kakux Lenen peanns3yercs 3JIeMEHT MaMATH [IPU
noctpoenun CAO?

4. Kakyro ¢yHKIHIO BEITIOJHSET TpUrTep peBepca? Kakue
HACTpOIKHU Tpurrepa pesepca? Matematuueckas pyHKIHS
TpUITepa peBepca.

5. Kak peanusyercs cocrosinue ocranoBku B CAO. Kak
BbIOMpaeTcs Bpemsi octaHoBku? Kakue ycioBust popMupyrores st
OCTaHOBKH U €€ npekpaiuenus B CAO?

6. B kakux ciayyasx MpUMEHSIIOTCS CHCTEMbI aBTOMaTHYECKOMN
ontumuzanmu (CAO)? B uem otnuunie CAO oT cuctem
ABTOMATUYECKOTO PEryIupoBaHus?

7. Kak cTpoutcst MOAyb (GOPMUPOBAHUS TECTUPYIOLIETO
Bo3zeicTBUs? Kak mpon3BOAUTCS OlIEHKA OTKJIMKA OOBEKTa Ha
TECTUPYIOLIEE BO3IEHCTBUE?

8. . [IpuBeauTe JOrMYECKYIO0 CXEMY CUCTEMbI (POPMUPOBAHHUS
peaKiuy CUCTeMbI Ha OTKJIMK o0bekTa. Kakoil Bum umeet
Joruyeckast pyHKIMS IEPEKITIOYEHNS HallpaBJIeHUs TOUCcKa?

9. Kakoli BUJl IM€€eT NEPEXOIHBIN MPOLIECC B IOUCKOBBIX CUCTEMAX
ONTUMH3ALINN?

HeiipocereBbie
MOJeIN OOBEKTOB
yIIpaBICHUSA

1. Yto Takoe nepcentpoH? Kakne 31eMeHThI BXOAAT B IEPCENTPOH?
2. Yro Takoe aktuBanronHas Gpynkuus? [IpuBeaure ocHOBHbIE
BapHaHThl aKTUBALMOHHBIX (DYHKINN

3. Kakyto pyHKIHMIO BBIOTHSIOT «Beca» HelpoHa?

4. Yto TaKoe CKPBITHIN CIIOW nepcenTpoHa?

5. Jlns kakux 1eneit ucronb3yercst ooyyatomiast Beioopka? Kak
HE0OX0auMO (OPMUPOBATH 00YUAIOIITYIO BEIOOPKY?

6. Kak ¢hopmupoBath JUHaAMHUYECKHE 3JIEMEHTHI C UCIIOJIb30BaHUEM
HCKYCCTBEHHOW HEMPOHHOM ceTh?

7. Kakoii crioco6 ucnonb3yetcs i o0yueHust HelipoHHO# cetn? B
YeM 3aKJII0YaeTCsl OCHOBHAs MJiesl 3TOro crocoda’?

8. 3anmmuTe B 00111eM BUIE BEIpRXKEHHUE I pacyeTa OlIMOKH B
cKpbIThIX cinosix MHC

9. IlosicHuTe Ha IpUMEpE CTPYKTYPY HEHPOCETEBOTO PETYIISITOPA.
Kakue curnanbsl Heo0X0AMMO 10/1aBaTh HAa BXO/bI HEHPOCETEBOTO
perynstopa, A OPMHUPOBAHUS YIIPABISIONIETO CUTHAIA?

10. Kak oprann3oBath paboTy HEHPOCETEBOTO PETYyJIATOpa B
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Tema npakTuyeckoi
padoThI

Bomnpocs! 11 yCTHOT0 onpoca

CUCTEME YMPaBIICHUSI IPU U3MEHEHUU PEKUMA YIIPaBICHUS
(Hampumep, ¢ aBTOMaTUYECKOT0 Ha PYYHOU)?

MaremaTtudeckoe
MO/JICTTUPOBAHUE
HCUYCTKO-JIOTHUYCCKHUX
CUCTEM YIPaBIICHUS

1. 3anumuTe OCHOBHBIE (YHKIIMU HeueTKoU oruku. Kak
UCIOJIb30BATh 3TU (YHKLUU JUISI [TOJTyUYEHHs] OCHOBHBIX 3aKOHOB
(hopManbHO JTOTHKHU?

2. YTo Takoe HEeYETKOE MHOKECTBO?

3. Uro Takoe QyHKIUS TPUHAIIICHKHOCTH ?

4. ITpuBeuTe NpUMep HEUETKOTO MHOYKECTBA Ha IIPUMEpPE
rapaMmerpa «TeMIeparypay

5. Kakyro kiaccuUKanuo UMEIOT TUIOBbIE (DYHKIIMU
MIPUHAITIC)KHOCTH?

[IpakTrueckas padota No§

6. Chopmupyiite 1 nosicHute 6a3y rnpaBuil JUisl IPOCTOTO CIyYaro
peryaupoBaHMs apaMeTpa rporiecca.

7. Kak npousBonutcs azzuduxanus? [lpuseaure mpumep
¢baz3udukanmy Ha IpUMepe JaHHBIX IPAKTHUECKONW PabOThI

8. Kak npousBoautcs arperupoanue? [Ipusenure npumep
arperupoBaHMsl

9. Kak npousBoaurcs aedaszzuduxanusa? [lpusenure npumep
nedazzudukanum

10. IlpuBenuTe CTPYKTYpPY HEUETKOIO PETYJIATOPA

11. Kakas 6a3a npaBui1 HCIIOJIb30BAJIACH P TOCTPOESHUH ITPOCTOTrO
perynsitopa? Kak ¢popmupoBanace 6aza nmpaBui?

MaremaTtdeckoe
MOJETIMPOBAHUE
npoluecca Harpena
TEIIOTEXHUYECKHU
MacCCHBHOI'O Tella

1.Kakue nporecchl SIBISIFOTCS POLIECCAMU C PACIIPEIETICHHBIMU
napamerpamu?

2.Kakoit kinacc nuddepeHnanbHbIX YpaBHEHUH ONKUCHIBAET
MOBE/IeHNE 00BEKTOB C pacCHpeIeIEHHBIMU ITapamMeTpaMu?

3.Yto Takoe cerouHas ¢pyHkuusa? [ Kakux 1enei ncnoabp3yrTes
ceTouyHble QYHKIUU?

4.Yem oTiinuaeTcs sBHAsI CXEMBbI YUCIEHHOTO PEIICHNs yPAaBHEHHUS
MOJIEJIH C PacipeleICHHBIMU TapaMeTPaMH OT HESIBHOW?

5.Yem ompezensercs TOYHOCTb PELIEHUs YUCICHHBIM METOLOM IS
MoJiesiel 00BEKTOB C PaCIpeIelIeHHbIMU ITapaMeTpaMu?

MopaenupoBanue
npouecca
OITHMAaJILHOI'O
YIIpaBJICHUS
pacnpeneeHHbIM
00BEKTOB

1. Ins kakuX 00bEKTOB UCTIOIB3YETCSI ONTUMAIBHOE YIIPABICHUE
2. ChopmynupyiTe MPUHIINAI ONTUMATIBEHOTO YIIPABICHUS
bennmana. 3anummmTe MareMaTHueckune (GyHKIIMU PeaTu3yIoIIie
STOT MPUHIIHIT

3. JaiiTe onpeneneHus: NOHATUSL BAPUALMOHHOTO UCUUCIICHUS.

4. TlosicauTe, Ha Y€M OCHOBBIBACTCS TIPUHIIUI MAaKCUMyMa
ITonTpsruna

5. ChopmynupyiiTe MOUCKOBYIO 33/1a4y ONTUMAIBHOTO YIIPaBICHUS
JUTSL pacTIpeIelIeHHOTO 00bEeKTa

6. [IpuBennTe aarOpUTM NOUCKA ONTUMAJIBHOTO YIIPaBICHUS IS
MHOT'030HHOTO arperara

7. 3anuimmTe B MaTeMaTHYECKON (hOpMe OCHOBHBIE KPUTEPUH
ONTUMAJIBHOTO YIIPaBICHUS
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Tema u conep:kanue pedepara
Pedepar BrimonHsiercss Ha TeMmy “OCHOBHEBIE MIOHSATHUS U ONPEICICHHS B MOACITUPOBAHUN
CHUCTEM U TpoueccoB». B pedepare oOyuaroniyecs 10JKHBI PACKPBIThH CIIEAYIOIINE BOMPOCHL:
1. Bunsl u knaccuduxanms Mmoaenei
2. Kiaccudukanus MaTeMaTHIeCKUX MOJIEICH
3. CTpyKTypbl MATEMaTU4YECKUX MOJIEIEH
KaxxnoMy oOyuatoriemycs BbIIaeTCsl CBOM BapuaHT BO3MOXKHOM kiaccudukauuu. Pedepar
TOTOBUTCS TIOCIIE CAMOCTOSITEIIbHOTO U3YUEHHUS CTIEIMAIbHON JIUTEPATYPbl, UICTOUHUKOB B CETH
MHTEPHET, Y4eOHbIX MOCOOHI U METOUYECKIX MAaTEPUaIOB.
dopma pedepara MOKET OBITH CBOOOAHASI, OTHAKO MIPEMOYTEHUE OTAACTCS OTIHMCAHUIO
KJIacCU(pUKaLUU MAaTeMAaTUYECKUX B MOCJIE0BATENbHON (popMe, B KOTOPOM [Tl KaXKI0T0 BUA
MIPE/ICABJICHUS MOJIETTU IPUBOAUTCS €€ OlKMcaHue, 00J1aCcTh MPUMEHEHUS U JACTCS IPUMED.

Tema u conep:kanne KypcoBoii padoTbl

OOmast Tema KypcoBoi paboThl «Maremarnyeckoe MOAEIMPOBAHUE M HCCIIEAOBAaHHE
KOHTYpPa KaCKa{HOTO yIIPABJICHUs TEXHOJIOTHYECKUM ITapaMeTpOM

OOwee 3agaHue Ha KypcoByro paboty: IIpomsBecTH MaTeMaTHdyeckoe MOJIEIUPOBAaHUE,
peanu3anuio, HAcTpOMKy M HCCIEIOBaHHE pabOThl KOHTypa KacKaJHOIO YIIPABICHHS
TEXHOJIOTHYECKHUM IpoLeccOM. B KauecTBe TEXHOJOIMUYECKOro Ipolecca BbIOpaTh IMpoLece
yIOpaBJIEHUS TEMIIEpaTypoil B paboueM MPOCTPAHCTBE KaMEPHON HarpeBaTelIbHON IeYu.
CrpyKTypHas CUCTEMBI KacKaJHOI'O YIIpaBJICHUs NpUBEJCHA Ha pucyHke 1. B coorBercTBUU €
BAPUAHTOM 3aJaHUs BBIIOJHUTH MCCIEIOBAHNUE NOJYYEHHOM MAaTeMaTHYECKOW MOJIENIN KOHTypa
KaCKaJHOT'O YIIPaBJICHUS.

3aganne

N . TeMIIepaTypsl
oy JlokansHbI1 Kackaasrit
perynsTop perynsTop c Q

A

11 L
Perynu pyrompii JTaMCHHas Pa6ouee npocTpaHCTBO _,.-'"-
ropeika .
OopraH KaMEPpHOH Teun -.l__.-;__.-l
= _.". .-'::...-".. ..._. _.". r _."- ..--.."'-I
OO6muit - v ]

TpyO ONpoBOJI ra3a

Pucynox 1 — CrTpykTypa CHUCTeMBl KAacKaJHOTO YIIPaBICHUS TeMIlepaTypoil pabouero
MPOCTPAHCTBA MUIAMEHHOM €YU

B kadecTBe HCIOJHUTENBHOIO YCTPOMCTBA HCIONB3YETCS HMCIIONHUTEIbHBIA MEXaHU3M
MOCTOSIHHOM CKOPOCTH Bajl KOTOPOTO ECTKO COWIEHEH C BajOM pEryJIUpPYIOIIETr0 OpraHa.
VYrpaBieHrue UCHOJHUTENBHBIM YCTPOHCTBOM OCYILECTBISETCS] MOCPEICTBOM MOJAaYd HAa HETro
curHanoB «bonbiie» - «MeHblle» COOTBETCTBYIOIIUM KoMaHAaM «OTKpPBITE» U «3aKPBITh
3aCJIOHKH PEryJIHpPYIOIIEro opraHa.

B kadecTBe 3akoHa peryaupoBaHUs B KAaCKagHOM U JIOKAIBHOM DETYISTOpE BHIOpaTh
crangaptabid [IM]]-3axkoH perynmupoBanus. [lapamerpsl 0ObeKTa ymHpaBJICHHS, CTaTHYECKas
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XapaKTepUCTHKA PEryJIMPYIOIIEro OpraHa B BEJIWYMHA 3aJjaHUs BBIOMPAIOTCS B COOTBETCTBHUH C
3a/laHueM 110 BapHaHTaM.

O0o3HayeHnEe MAPAMETPOB 3JIEMEHTOB KOHTYPa peryJiupoOBaHUs:

T3 — BesinunHa 3a1aHus Temneparypsl, C;

Kum — ckopocTh OBOpOTa BaJia HCIIOJIHUTEIBHOIO MeXaHu3Ma, %o/c;

T1, T2 — mOCTOSTHHBIE BPEMEHH MHEPIIMOHHBIX 3BEHBEB IEPBOTO MOPSIKA, POPMUPYIOLIHE
MHEPLHOHHOCTh 00bEKTa yIIpaBieHUs 1o kaHainy «Pacxon raza» - « Temnepatypa», c;

Tv — nocrostnHast Bpemenu 1o kaHaiy «IIpouent nosopora 3acinonku POy - «Pacxon razay,
C;

V=f(x) — craTuueckas XapaKTepUCTHKa PpEryJUPYIOLUIET0 OpraHa, IpeICcTaBICHHAS
‘OKCNIEPHMEHTAIBLHBIMU JAHHBIMA M>/4;

T=f(V) — craruueckas XapakTepUCTHKa OOBEKTa YIpaBIEHUS — PaOOUYero mpoCTPaHCTBA
KaMEpHOM I1e4H, ITPEICTaBICHHAs SKCIIEPUMEHTAILHBIMU JaHHbIMU, C.

Peanuzanuio MaremMaTH4ecKol MOJAENU KOHTYpa KAacKaJHOTO PETyJIMPOBAHUS MPOBECTH B
9JIEKTPOHHBIX TaOJMLAX MCIOJIb3YSl YHMCICHHbIE METOJbl pelIeHUuH udQepeHuaIbHbIX U
MHTETPAIbHBIX YPAaBHEHUH, a TaKKe B cpesie BuzyanbHoro moaenupoBanus ScilLab/XCos.

IIpoBecTn HACTpOMKY KacKagHOIO M JIOKAJIBHOIO PEryjsaTOpOB [UIsl IOJIY4YEHHS
NEPEXOJIHOrO IpoLecca 3aJaHHOI0 KayecTBa C 33aJaHHOW BEJIMYMHOW MepeperyJupoBaHus Mpu
M3MEHEHUU 33JlaHusl OT MMHMMAJILHOTO 3HAaYE€HMs 10 3aJaHHOTrO 3HaueHusd. /|11 BceX BapuaHTOB
3a/laHus UCIIOJIb30BaTh CIIECAYIOIINE 1IEJIEBbIE I0KA3aTENN KauyecTBa IEPEXOAHOr0 IIpolLecca:

[TepeperynupoBanue 6<15%.

KypcoBasi padoTa 10/1:kHa colep:KaTh:

1. TUTyNbHBINA JUCT.

2. JIuct 3a1aHusl B COOTBETCTBUU C BAPUAHTOM.

3. I'pacnyeckoe npescTaBieHNe CTATUYECKUX U JMHAMUYECKUX XapaKTEPUCTUK HIIEMEHTOB
KOHTYpa yIpaBJIeHUs. Y paBHEHUS JIUHUU PETPECCUU JUISl CTATHYECKUX XapaKTEPUCTHUK.

4. MareMaTH4ecKyl0 MOJENb KOHTYpa KacKaJHOIO PETYJIMPOBAHMs, NPEACTABICHHYIO B
(dopMe 3anncu MaTeMaTUYeCKUX BBIPAKEHUI.

5. CTpyKTypHYIO cXeMy MaTeMaThuyeckoi mozaenu. Ha cTpyKTypHOI cxeme JT0JIKHBI ObITh
0TOOpaKeHbI BCE 3JIEMEHTHI MaTEMaTUUECKON MOJIENIN U TIOKa3aHbl BCE CBSA3H MEXKIY HUMU.

6. ITocienoBaTeIbHOCTD 3aNIOJIHEHUS STYEEK HIIEKTPOHHOM TaOJIUIbI.

7. IlocnenoBarenbHOCTh BBIOOpa HAcTpoek perynsTopa. [lpuBectu rpaduku nepexoaHbIx
IIPOLIECCOB B MIPOLIECCE HACTPOUKH PETYIIATOpA.

7. IlepexoqHbIi IPOLECC B KOHTYPE IPU U3MEHEHUU BEJIMYMHBI 33JJaHUs] OT MUHUMAaJIbHOTO
3HAUEHUS 10 3aJJaHHON BEJIMUYMHBI (BO3MYILEHUE CO CTOPOHBI 3aaHHUS).

8. CTpykTypHyt0 cxeMy, peanu3oBanHyto B SciLab/XCos. ['paduku mepexomnoro mporecca
cucrembl B SciLab/XCos. Ilo cTpykTypHO#l cxeme NpPHUBECTH OMHUCAHUS AECUCTBUI KaKIOro
AJIEMEHTa U €ro poJib B pealu3alii MaTeMaTHuecKod mozenu. [[ns 3BeHbeB, UIsi KOTOPBIX
TpeOyeTcsi HAacTpoWKa, NMPUBECTH HACTPOECUHBIE IMapaMeTpbl (JAMATOroBble OKHAa HACTPOCK C
3aIOJIHEHHBIMH TTOJISIMH)

9. BeiBozIbI IO paboTE, B KOTOPBIX MPOU3BECTH OMUCAHUE TOCIIE0BATEILHOCTH HACTPOIKU
KaCKaJIHOTO U JIOKAJIbHOTO PETyJIsTOpa.

HccnenoBarenbckas 4acTh KypcoBoii padboThl

B wuccnenoBarenbckoil yactu KypcoBOW pabOThl HEOOXOJUMO BBINOJHUTH Pa3paboOTKy
AJIEMEHTA MaTEMaTHYECKON MOJIENH U €T0 Pealn3aluio Ul IPOBEACHUS UCCIIEI0BAaHUS KOHTYpa
CHUCTEMBI KaCKaJHOT'O PEryJIMpPOBaHus. 3aJaHUE BBIIIOJIHACTCS 110 BApUAHTAM.
3amaHMe Ha UCCIIEAOBATENbCKYI0 YacT paboTel. Pa3paboTarh MaTeMaTHYeCKyl0 MOJEIb
JJIEMEHTOB ~ CHUCTEMBI,  IO3BOJISIIOLIME  TOJIYYUTh  OKCHEPUMEHTAIBHYIO  YaCTOTHYIO
XapaKTepUCTUKY YacTH LENell pealu30BaHHOIO KAacKaJHOIO KOHTypa pEryJupOBaHUS.
BrinosHuThs uccnenoBanre MOJTYyYEHHOW YaCTOTHOW XapaKTEPUCTUKU U OLEHHUTh YCTOMYMBOCTH
CHCTEMBI WK €€ AeMeHTa. Pearn3anuio BEITOIHUTH IPOIPAMMHO B CpeJie SJEKTPOHHBIX TaOIHIL
WM B cpene BusyanbHoro monaenupoBanust Scilab mmu SimInTech. Tekcr 3amanus ykazath Ha
JIMCTE 3a/laHus NOSICHUTEIbHOMN 3aIIUCKE.
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B mosicHUTEeTbHOH 3amHuCcKe KypcoBOiM pabOTHI MCCIIEIOBATEBLCKAS YaCTh BBITOJIHICTCS B
OTJICITHHOM pa3jielie B KOTOPOM HEO0OXOIMMO PaCCMOTPETh:

1) TeopeTHUECKHE aCIICKThI HCCIICIOBAHUS CHCTEM I10 YaCTOTHBIM XapaKTePUCTHKAM;

2) MaTeMaTU4YeCKYI0 MOJIENb dJIEMEHTA, PEATH3YIOIIYIO SKCIIEPUMEHTAILHOE OINPEICTICHIE
YaCTOTHBIX XapaKTEPUCTHK;

3) peanu3zanuio MOJCTUPOBAHUS DJJEMEHTA, PEATU3YIONMIETO AKCIEPUMEHTAIBLHOE
orpeie/ieHUEe YaCTOTHON XapaKTEPUCTUKH U BBIBOJIA PE3YJIbTATOB DKCIICPUMEHTA;

4) pacuet nokasaresyiei 1o 3aJaHuio U BHIBOJ.

Bapuanr 1. Peanu3oBaTh MaTeMaTHYECKyH0 MOJENb 3KCIHEPUMEHTAIBHOIO ONpEAe/ICHUs
YaCTOTHBIX XapaKTEPUCTUK 3aMKHYTOTO JIOKAJIbHOI'O KOHTypa PEryJMpOBaHUS IPU pPa3HOU
BEJIMYMHE 3a/laHusd M pPa3HbIX HadyalbHBIX yciuoBusAx. Crenars BBIBOJ ~— BO3MOXHOCTH
JUHeapu3aliyd  JIOKaJbHOTO  KOHTYypa M moaoOpaTh  KOI(PQPHUIMEHTHl  JTUHEHHOTro
QG epeHIaIbHOT0 YpaBHEHHS, PEUICHHE KOTOPOro ObuIo Obl OJM3KO K XapaKTepUCTHKAM
JIOKaJIbHOTO KOHTypa. CenaTh BHIBOJ O BIUSHUM BEITUYMHBI 33/1aHUSI M HAYaJTbHOTO COCTOSHUS
KOHTYpa Ha KodppunuenTs! auddepeHnnanbHoro ypaBHeHHs.

Bapuant 2. Peanu3oBaTh MaTeMaTUYECKyH0 MOJIENb OJKCHEPUMEHTAIBHOTO ONpeeNieHus
rogorpada pa3oMKHYTOW CHCTEMBI MO KaHATY «JIOKAJbHBIA PEryyisaTop — OOBEKT YIPABICHH.
Crnenatb BbIBOJI 00 yCTOMYMBOCTU CHUCTEMBI IPU MOJTYYEHHBIX HACTPOWKa perynaropa. 3MeHuTs
HACTPOWKH PEryisiTopa M MOJYYUTHb HOBBIM romorpad. CpaBHHTH yCTOWYHMBOCTH CHUCTEMBI C
pa3HbIMH HaCTPOHKAMHU PETYIIATOPA.

Bapuanr 3. PeanuzoBaTh MaTeMaTUYECKyH0 MOJENb 3KCHEPHUMEHTAIBHOIO ONpeAesIeHuUs
rogorpada 3aMKHYTOH CHCTEMBI YIIPaBJICHUS MO KaHANy «3aJaHHe JIOKAIBHOTO peryisTopa —
00BeKT ympasieHus». Crnenarb BbIBOJ 00 yCTONYMBOCTH CUCTEMBI MPHU MOTYYEHHBIX HACTpPOMKa
perynsTopa. M3MEHUTh HACTPOWKM peryisaropa M MOJy4yuTh HOBBIM rojporpad. CpaBHUTH
YCTOWYMBOCTh CUCTEMBI C Pa3HBIMU HACTPOUKAMH peryJsiTopa.

Bapuant 4. PeasnzoBaThb MaTeMaTHYeCKyl0 MOJENb 3KCIEPUMEHTAIBHOTO ONpeieiIeHus
rogorpadga pa3soOMKHYTOM CHUCTEMBI YIpPaBJIEHUS 110 BHEIIHEMY KOHTYpPY U NpU 3aMKHYTOM
BHYTPEHHEM KOHTYpe M0 KaHaly «3aJaHhe KacKaJHOTO PEryJsTopa — OOBEKT YHpaBICHUS».
[TosryunTs romorpadbl Ipu pa3HbIX 3HAUEHUSAX ApaMETPOB HACTPOMKHU KaCKaJHOIO pEeryisTopa
(3-4 ronorpada).

BapuanTt 5. PeanuzoBaTh MaTreMaTHYECKYH0 MOJEINb ISl 3KCIEPUMEHTAIBHOTO ONPEICTICHUS
rojorpada pa3oMKHYTOH CHCTEMBbl YINpAaBJICHUS IO BHEIIHEMY KOHTYPY U IpPH 3aMKHYTOM
BHYTPEHHEM KOHTYpE I10 KaHAJIy «3aJJaHuE€ KacCKaJHOrO PEryJsiTopa — OOBEKT YIpPaBICHUS.
[TomyuuTts romorpadsl npy pa3HbIX 3HAYEHUSAX ApaMETPOB HACTPOIMKHU JOKAJIBHOTIO PETYJISTOpa
(3-4 ronorpada).

Bapuant 6. Peasm3zoBaTh MaTeMaTH4eCKyl0 MOJENb 3KCIEPUMEHTAIBHOTO OINpeieIeHUs
rogorpaga 3aMKHYTOM CHCTEMBbl KAacKaJHOTO YIPaBJIEHUS IO KaHATy «3aJaHHe KacKaJHOIo
perynsTopa — 00beKT ynpasieHus». [loaydnts rogorpadsl Npu pa3HbIX 3HAYSHUSAX TapaMeTpPOB
HAaCTPOUMKH KacKagHoOTo perynsaropa (3-4 romorpada).

Bapuant 7. PeasmzoBaTh MaTeMaTH4eCKyl0 MOJENb 3KCIEPUMEHTAIBHOTO OINpEieIeHUs
rogorpaga 3aMKHYTOM CHCTEMBbl KacKaJHOTO YIPaBJIEHUS IO KaHATy «3aJaHHe KacKaJHOIo
perynsTopa — 00beKT ynpasieHus». [loayunts rogorpadsl Npu pa3HbIX 3HAYCHUSAX apaMeTpOB
HACTPOMKH JIOKAIBHOTO peryisitopa (3-4 rogorpada).

Bapuant 8. PeasmzoBaTh MaTeMaTH4eCKyl0 MOJENb 3KCIEPUMEHTAIBHOTO OINpEAeIeHUs
YaCTOTHBIX XapaKTEPUCTUK 3aMKHYTOTO JIOKAJbHOTO KOHTypa PpEeryJupoBaHUs HpPHU pa3HBIX
HACTPONKAX PEryisiTopa. BEIMOIHUTE aHAIN3 CBSI3U MPSIMBIX ITOKa3aTelNeil KauecTBa MePEeX0qHOr0
mpolecca B JIOKATbHOM KOHTYpPE C MapaMeTpaMH YaCTOTHBIX XapaKTepPUCTHUK.

Bapuant 9. PeasmzoBaTh MaTeMaTH4eCKyl0 MOJENb 3KCIEPUMEHTAIBHOTO ONpEAEICHUs
YaCTOTHBIX XapaKTEPUCTUK 3aMKHYTOTO JIOKAJIbHOIO KOHTypa pEryJIMpOBaHUS IPU pPa3HOU
BEJIMYMHE 3a/laHUsl M Ppa3HbIX HadalbHBIX yclnoBusX. ChenaTb BBIBOJA  BO3MOXKHOCTH
JUHEApPU3allMk  JIOKAJLHOTO  KOHTypa H®  Mmogoopatb  KO3(PQHUIMEHTHl  JIMHEWHOTO
TuQepeHIaIbHOr0 YpaBHEHUs, pPeUIeHne KOTOporo Obulo Obl OJM3KO K XapaKTepUCTHKAM
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JIOKaJIbHOTO KOHTypa. CenaTh BHIBOJ O BIUSHUM BETUYMHBI 33/1aHUSI M HAYAJIbHOTO COCTOSHUS
KOHTYpa Ha KodppuuenTs! auddepeHnnanbHoro ypaBHeHMs.

Bapuant 10. Peanu3oBarb MaTeMaTH4ecKyl0 MOJENb 3KCIEPUMEHTAIBHOIO OINpeesieHus
YAaCTOTHBIX XapaKTEPHCTUK 3aMKHYTOI'O KaCKaJHOTO KOHTypa pEryJIHpOBAaHUS MNpPU pa3sHOM
BEJIMYMHE 3a/JlaHds M Pa3HbIX HaAYyalbHBIX YycioBUsAX. Chenatb BBIBOJ ~ BO3MOXHOCTH
JUHEAapU3allMd  KackKaJHOro  KOHTypa H  moAoOpaTh  KOA(PQHUIMEHTH  JUHEHHOTO
nudGepeHIMAIBHOTO YPaBHEHHUS, PEIICHHE KOTOPOro ObUIO OBl OJIM3KO K XapaKTEPHCTHKAM
JIOKaJIbHOTO KOHTYpa. Cenarh BBIBOJA O BIMSHUYM BEIMYUHBI 3a/IaHHS U HAYaJIbHOTO COCTOSIHHSA
KOHTYpa Ha K03 durimenTsl 1uddhepeHImaibHOT0 YpaBHEHHS.

Bapuant 11. Peanu3oBarh MaTeMaTHYECKyH0 MOJETbh SKCIEPUMEHTAIBLHOTO OIpEIeICHUs
rogorpadga 3aMKHYTOM CHCTEMBbl KacKaJHOTO YIPaBJIEHUS IO KaHATy «3aJaHHe KacKaJIHOIO
perynsTopa — 00beKT ynpasieHus». [loaydnts rogorpadsl mpu pa3HbIX 3HAYCHUSAX TapaMeTPOB
HACTPOIKHU KackaaHoro perynisartopa (3-4 romorpada).

Bapuanr 12. Peanu3oBarb MaTeMaTH4eCKyl0 MOJENb SKCIEPUMEHTAIBHOIO OINpeesIeHUs
rogorpaga o0bEKTa ynpaBiIeHHUs B PA30OMKHYTON CUCTEMbI (IIPU OTKIIOYEHBIX PEryJSTOPOB IO
KaHAITy «HCIIOJIHUTEIBHBIN MEXaHN3M — PEryJIMPYIOUINA OpraH — ropenkay ). BeiBectu rpaduku
AUX n ®YX B norapudmuveckom macmrade. [To rpadpukam onpenenuth TUI U TUHAMAYECKHEC
XapaKTePUCTHKN 0OBEKTa YIPABICHUS.

Bapuant 13. Peanu3oBarb MaTeMaTH4ecKyl) MOJENb SKCIEPUMEHTAIBHOTO OINpeeeHus
rogorpada 3aMKHYTOM CHUCTEMbI KacKaJHOTO YIPAaBJICHHS MO KaHATy «3aJaHhe KacKaJHOTO
perynaropa — 00beKT ynpasieHus». [lomydnTts rogorpadsl npu pa3HbIX 3HAUCHUSX TapaMeTPOB
HACTPOMKHU KacKagHoro peryiaropa (3-4 ronorpada).

Bapuant 14. Peanu3oBarb MaTeMaTHYeCKyH) MOJENb SKCIEPUMEHTAIBHOTO OINpeesieHus
rojorpada o0bEeKTa yIpaBIeHUSI B PA30OMKHYTOH CHCTEMBI (TIPH OTKIIOYEHBIX PETYISTOPOB MO
KaHaJy «MCIIOJIHUTENbHBIN MEXaHU3M — PETYIUPYIOLINI OpraH — ropenkay ). BeiBectu rpadguku
AUYX u @YX B norapudmuueckom macimrade. [lo rpadukam onpenenurs TUI U JUHAMHYECKHE
XapaKTePUCTHKU OOBEKTA YIIPABICHUSI.
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TIpunoxenue 2

OLEHOYHBIE CPEJICTBA [UIs HPOBEICHHS IPOMEKYTOUHOIH aTTeCTaluu

CTpyKTYypHBI
1 DIIEMEHT
KOMIIETEHIIU
u

[Inanupyemslie
pE3yJIbTaThI
00yueHus

O1neHOYHBIC CPEACTBA

OIIK-1: Crioco0eH aHAJIM3UPOBATH M BbISIBJISATH €CTECTBEHHO-HAYYHYIO CYIIIHOCTH MPO0JieM
yIpaBjieHHs] B TEXHUYECKHX CHCTEMAaX HA OCHOBe MO0JIOKEeHHI, 3aKOHOB U MeTO10B B 00/1aCTH
€CTeCTBEHHBIX HAYK H MaTeMATHKH

OIIK-1.1

BrInonsseT aHanu3 u
dbopmyupyer
poOJIEMBI
yIIpaBJICHUS B
TEXHUYCCKHUX
CHCTEMaX Ha OCHOBE
ITOJIOKEHUM, 3aKOHOB
1 METOJ0B B 00J1acTH
€CTECTBEHHBIX HayK
1 MaTeMaTUKU

Ilepeuens meopemuueckux 60npocos:

1. MeToapl cuHTE3a MATEMATUUECKUX MOJIEIIEH.
XapakTepUCTUKH aHAJTUTUYECKUX, SKCIIEPUMEHTAIIBHBIX U
aHAJIUTUKO-3KCIIEPUMEHTANIbHBIX MeTo10B. Obnactu
IIPUMEHEHHUS 3TUX METOJIOB.

2. Buovl mamemamuueckux mooeneu, NPpuHAmas
kaaccuguxayus. Haznauenue u obwas xapaxmepucmuxa
KadHc0020 KNacca Mamemamuideckux mooesell.

3. B 4em cyImHOCTh CUCTEMHOTO MOAX0/a IIPU CUHTE3E
MaTeMaTHYECKUX MoJiesIel 1151 0ObEKTOB, ONHUCHIBAEMBIX
3aKoHaMu MexaHukH. [IpuBeanure npumepsl

4. Kakue metoap! pemieHus 1uddepeHaabHbIX ypaBHEHUN
MCIOJIb3YIOTCS IIPU UCCIIEI0BAaHUH MOJIENIEN CUCTEM?

5. Kak u Ju1st Kakux 1esei Ipou3BOAUTCS JEKOMITO3ULIHS
MaTemaruueckoit mogenu? IlpuBennre npuMep 1€KOMIO3ULUH.
6. Uto Takoe maTemaTuueckas cxema? J{Ja Kakux menei
MCIIOJIb3YETCS 3TO MOHATHE?

7. Uto Takoe ¢popmanbHas Mosienb cucteMbl? Kak mpousBoauTcs
nporiecc Gpopmanuzanun?

8. Kakue Buapl obecrieduenus TpeOyroTes Uil pa3paboTKu
MMUTAIIMOHHBIX MOJIEICH?

9. Kak ¢popmupyercs nenb moaenrpoBanus? Kakue Buibl neneit
MOJIETTMPOBAHUS UCIOIb3YIOTCS MPU ONPeAEICHUN KOHIIETILUN
Mozenun?

10. Kakue cranuu pa3paboTKH MOJENN UCIOIB3YIOTCS MpU
cucTeMHOM nonaxoae? OxapakTepusynuTe 3TH CTaAHuH.

11. Yro noHMMaThCs O CTPYKTYPOH CUCTEMBI IIPYU CUCTEMHOM
MOJIXOJIE TIOCTPOEHUS MOJIENEN?

12. Yro Takoe MOAENIL CUCTEMBI?

13. YTo Ha3bIBaETCS TMIIOTE301 M aHAJIOTUEHN B UCCIIEA0BAaHNUN
cucreM?

14. Yro Takoe mporecc (yHKIIMOHUPOBAHUS CHCTEMBI?

Ilpumepovl npaxmuueckux 3a0anui;
1. Kak npeacrasuth quddepeHnnaibHoe ypaBHEHNE,
OIKCHIBAIOLIEE MTOBE/IEHHE 00BEKTa B KAHOHUYECKOH popme?
2. 3anumute nuHeHOe O/[Y n-oro nmopsiaka ¢ NOCTOSHHBIMU
K03 pHIIMEHTaMU C HEHYJICBOU MPaBOM YacThIO
3. Kakue meronp! perienust quddepeHanbHbIX YpaBHEHUI
HCIIOJIb3YIOTCS B IIPU UCCIIEI0OBAaHUHN MOJENIEN CUCTEM?
4. Kak npescraBisieTcss MOJICNb B ONepaTOpHOM dopme 3anucu?
IIpuBenure nmpumep.
5. [IpuBenuTe MOPSIIOK BHIYUCICHUS N300paKeHUH (PYHKITUN
Ha NpUMepe MPOCTeHIINX (YHKINH
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6. [Tepeunciure cBolicTBa nmpeoOpazoBanus Jlammaca.

[TpuBeauTe NpUMEp NOTYYCHUS IEPEAATOUHON (YHKIIUU C

UCIIOJIb30BaHUEM CBOMCTB IIpeoOpa3oBaHus

7. Kak moiy4uTs onepatopHyto (GopMy 3amnmicu

TG depeHmanbHoro ypapHenus? Uto Takoe HHTErpai

CBEpTKHU?

8. [Ins kakuX 1esiei CTposATCs MaTEMAaTHYECKUE MOJICIIH B BUJIE

CTpYKTypHbIX cxeM? [IpuBeauTe mprumep MaTreMaTHuecKou

MO/JIEJIN B BUJI€ CTPYKTYPHOM CXEMBI

9. Kakue xapakTepuCTHKH 0O0BEKTA JOJDKHBI ObITh OTIMCAHEI B

MaTeMaTu4yecKor Moaenu?

10. MeTozp! uncieHHoro penenus auddepeHnnanbHbIX

ypaBHEHUU

11. AaropuTt™ peanu3aiy BEIOPAaHHOTO YHCICHHOTO METO1a

peweHust quddepeHraIbHbIX ypaBHEHUN MOETH

12. TlocTpoenue cucTeMbl pa3HOCTHBIX YPaBHEHUH JIsI

YUCJICHHOTO peleHus qudQepeHInaIbHOro ypaBHeHUs

13. Kakue ocHOBHbIE COEIMHEHNUS 3BEHbEB. [IpuBeauTe npumep

HOCTPOCHMS MOJIeJIel /ISl KayKIO0ro TUIIAa COEAMHEHHH 3BEeHbEB

14. Kakue oCHOBHbIE COEIMHEHNUS 3BEHbEB. [IpuBeauTe npumep

HOCTPOCHMSI MOJIeIel ISl KayKI0ro TUIAa COEAMHEHHUH 3BEHbEB
14. IIpuBenuTe npuMep CUHTE3a MATEMATUYECKON MOJIENN B
omnepaTtopHoi popme

IIpumepsl 3axa4

1. I[IpousBecTu ynclieHHOE pelieHne Au(ppepeHnanbHOro
ypaBHEHHUS.

V'+2y'+y=0 mpu y(0)=0, »'(0)=2
2. PaccMoTpuTe MOBEICHHE CUCTEMBI M COCTaBUTh MOJIEITh
npoliecca HaroJHEHHsT 0aKka B BUJIE JTMHEHHOTO
TudepeHIaIbHOr0 YpaBHEHUS ISl IBYX BapUaHTOB
npouecca.. [Ipon3BecTu 4ncieHHOE penIeHne MoIyYeHHOTO
TudepeHIMaIbHOT0 YpaBHEHUS.

qi

L

3. IlpousBecTu aHamUTUYECKOE perieHne 1uddepeHnanIbHOro
ypaBHEHUS
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5y"—3y"=3y=0 mpu y(0)=1,
y(0)=-2

4. Jlyst 3aJaHHOM CTPYKTYPHOM CXEMbI PUBEIUTE
MaTEeMaTU4YeCKOe OMUCAHUs MTOBEJCHUS MOJICIIU B ONIEpaTOPHOI

dbopme

x(t) 1 1
z ; TP+1 T,P

A

y(t)

A 4

T5;P+1

A

5. IlpencraswTe 3aaanHOe MU PepeHITnaTbHOE YpaBHEHHE
noBeIeHHUsI 00bEKTa PAa3HOCTHBIM aHAJIOTOM B PEKYPPEHTHOM

dbopwme.

5)"=y'=3y=0 mpu y(0)=1, y'(0)=-2
6. I 3ajlaHHOW MOJZIETIM CUCTEMBI B MAaTPUYHOM YIIPaBIIIEMOMN
dbopme MmoayunuTe MOJICIb B OllepaTopHOi hopme

o 1 0 0
Ay=|0 0 1|, By=[0|,Cy=[3 4 1]
L—zlo 38 —11J M

7. Ilo 3apmannomy nuddepeHImaIbHOMy YpaBHEHUTO
chopMupyiiTe MaTEMaTUYECKYIO MOJIENb B IPOCTPAHCTBE
COCTOSTHHI

V"' +11y"+38y" +40y =x"+ 4x" + 3x

OIIK-3: Crioco0eH caMoCTOATEIbHO peliaTh 321241 YIPABJICHUS B TEXHUYECKHX CHCTEMaX Ha
0a3e MOCJEeAHUX AOCTHKECHUI HAYKH U TEXHHUKH

OIIK-3.1

Ucnonp3yer
COBpPEMEHHBIE
TEOPETUYECKHE U
SKCIICPUMCHTAJIbHBIC
METO/Ibl pa3paboTKu
MaTEMATHYCCKUX
Mozenen

HCCIIETy EMBIX
00BEKTOB 1
IIPOLIECCOB B
ABTOMATHU3HPOBAHHBI
X CHCTEMax
YIIpaBJICHUA
TCXHOJIOI'M4YCCKUMU
KOMIIJICKCaMH

Ilepeuenv meopemuuecKux 60npocos

1. Mojenu kackaJHbIX cUcTeM yrpasieHusi. O6pacTu
WCIIOJIb30BAaHMS KACKAIHBIX CUCTEM. METO/Ibl HACTPONUKH
KAaCKaJHBIX PETYISTOPOB.

2. IIpuBenuTe MOEIN KOHTYPOB PErYJIUPOBAHUS C
3aMKHYTBIM U Pa30MKHYTBIM KOHTYPOM CaMOHACTPOUKHU.
3. [Tosicuute npuHIMI GOPMHUPOBAHUS MOJENN

CaMOHACTPOMKH PETYJIATOPA C UCIIOJIb30BaHUEM
ONTUMU3ALMOHHBIX AJITOPUTMOB.

4. IIpuBenuTe CTPYKTYpPY MOJEIN CUCTEMBI
AKCTpEeMabHOTO perynupoBaHus. [loscHuTe ocoGeHHOCTH
QITOPUTMHUYECKOM peannu3anuy MOJIEIH.

5. [IpuBenuTe CTPYKTYpY HEUETKOTO PEryJIATOpA.
[TosicHUTE ITOCIIEI0BATEIBLHOCTD IIPOBEACHUS PACYETOB IIPU
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(opMHpOBaHUY yIIpaBIIOIIETO Bo3AelcTBUs. HasHaueHue n
aNITOpUTMUYECKas peanu3anus 06oka nedasupuKanmm.

Ilpumepovl npaxmuueckux 3a0anuil
1. [TpuBeauTe CTPYKTYpPY JOKAIBHOIO KOHTYpA yIpaBJICHUS
C HCHOJHHUTEIBHBIM MEXaHH3MOM ITOCTOSIHHOM CKOpPOCTH.
[IpuBenuTe MaTEMaTHUECKOE ONKCAHUE KaXI0T0 IEMEHTa ITON

CTPYKTYPBHI.
2. [IpuBeauTe CTPYKTYpHYHO CXEMy HEUPOHHOW CeTH
Xondunaa. [TosicauTe OCHOBHbBIE OTJINYHNS OT
MIPSIMOHAIIPABJICHHBIX HEHPOHHBIX ceTel

3. Kax mosy4yuTh 4acTOTHBIE XapaKTEPUCTUKU CUCTEMBI TTPU
MIPOBEICHUU BBIYUCIUTEIbHBIX SKCIIEPUMEHTOB HA MOJEIN?

4. Chopmupyiite (QYHKIUH TPUHAIICHKHOCTH HEYCTKUX

perynaropoB. Kakue Meronbl ¢opmupoBaHus (pyHKUUN
MIPUHAJJICKHOCTH MOTYT IIPU 3TOM MCTOJIb30BaThes. [IpuBeaure
npuMepsl GopMUpoBaHUS PYHKIMA MPUHAATIE)KHOCTH.

5. Mopenn 3aMKHYTBIX CHCTEM peryiaupoBaHus. Mopjenu
JBYXKOHTYPHBIX ~ CHUCTeM. Mojaenum CUCTeM  KacKaJHOIo
yIpaBiIeHUS

6. [TosicuuTe HPUHIUI dbopmupoBaHus MoOJIeNn
CaMOHACTPONKH perynaropa C VICII0JIb30BAHNEM

ONITUMH3AIMOHHBIX AITOPHUTMOB
1. Onpenenure, 11 Kakoro AupHepeHnarIbHOr0 YpaBHEHUS
MOJTyuyeHHas CTpyKTypHasi cxema B Scilab

|

2. CocTaBbTe CTPYKTYPHYIO CXEMY JUIS peaan3aluu
MaTeMaTH4eCKON MOJeNu, ONUCchIBaeMoil nuddepeHnanbHbIM

ypaBHEHHEM
dy
d_r =K, (x - Kcy)

3. Peanu3yiite cucTeMy pa3HOCTHBIX YPAaBHEHUH ISl OUCAHUS
MaTeMaTuyecakord MOJEIH, NPEACTaBICHHON CTPYKTYpPHOU
CXeMOM
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4. Jlns 3a1aHHON CTPYKTYPbl HEHPOHHOU CETH 3aIMIINTE
MaTEeMaTHYE€CKOE BBIPAKECHHUE CBSI3M MEXKTy BXOJIOM X U
BBIX0ZIOM Y B hopme Y (X)
os) |-
os2) 2 . v
Va o(Sk) —
0(S2)
o) |
OIIK-3.2 [Ipumensier Ilepeuenv meopemuueckux 60npocos
COBPEMEHHBIE METO/IbI
[pazpaboTku 1. Bunsr MaTeMaTUYECKUX MOJIETIEH, MIPUHATAS
TEXHUYECKOTO, kinaccudukanus. HazHauenune u oOmias XapakTEepUCTHKA
H(OPMALIMOHHOTO U Ka)KJI0TO KJIacCa MaTeMaTUYECKUX MOJEIEH.
QITOPUTMHUYECKOTO 2. Meronasl CHUHTE3a MaTeMaTUYECKUX MOJIEIIEN.
oOecrnieueHus XapakTepUCTUKU aHATIMTUYECKUX, IKCIEPUMEHTAIbHBIX U
U (PPOBBIX CHCTEM AHATMTHUKO-OKCIIEPUMEHTAIBHBIX ~ MeToAoB.  OOmacTu
YIIpaBJICHUS MPUMEHEHHUSI 3TUX METOJIOB.
TeXHOJIOTHIECKUMU 3. Metonpl uuciaeHHOTO pemeHuss auddepeHIuanbHbIX
KOMILJIEKCAaMU YpaBHEHUH.

4. CnocoOsl MaTEMaTHYECKOTO OMHMCAHUS TEXHOJIOTHUECKHX
CUCTEM YIPAaBIEHUS M HX DJIEMEHTOB. JlMHaMHYecKue
MOJIETN

5. Mopenn 3aMKHYTBIX CHCTEM peryiaupoBaHus. Monenu
JIBYXKOHTYpPHBIX CHUCTeM. Mojenu CcHCTeM KacKaJaHOIo
yYIPaBJICHUS

6. Monmenn THma «BXOA-BBIXOX», CTPYKTypa MOJEIH,
OTIpeJIeJIEHUE U 3aITUCh MEePEJaTOUYHbIX (PYHKINUN MOACITH

7. Monenu CHUCTEM aBTOMATHYECKOMI ONTHUMH3AIAH.
CrpykTtypHas cxema moaenu CAO.

8. Monenu HeMpoceTeBbIX 0OOBEKTOB U CHCTEM YIIPaBJICHHUS,
OCHOBHBI€ NOHATHS. CTPYKTYpbl HEHPOCETEN.
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9. Moxgenu cuCTEM HEYETKO-JIOTHYECKOTO  YIIPaBJICHUS.
OcCHOBHBIE 3Tarbl TOCTPOEHUSI CUCTEM HEYETKOI'O BHIBOJIA.

10. Cunre3 Heipoceroir mojenu. [IOHATHS CHMHONTHUYECKUX|
BecoB. [IpuMep BbIUKCIICHHN pe3ybTaTa HEMPOCETH

11. Monenu cucteM aBTOMaTHYECKOM ONTUMM3ALINH, aJITOPUTM|
peanuzauuu  Mojenu. (OCHOBHBIE THIBI AJITOPUTMOB
ABTOMATHUYECKON ONTUMHU3AIUH, UX OTIUYHS JPYT OT APYyTa.

12. Metoasl yMciaeHHOro pemeHus auddepeHInanIbHbIX|
ypaBHEHUH

IIpumepvl npakmuyeckux 3a0anuil

1. Peanu3auuss NOUCKOBBIX  METOJOB  HJICHTU(UKALUU
Mozenel cucreM. AJNTOpUTM  IOMCKOBOIO  METOAA.
IlonckoBele MeTOIBI HACTpOMKU perynsaropos. I[Ipumep
peayi3allii TOMCKOBOI'O METOJla C HCIIOJIb30BAaHUEM
(YHKIMY TIOUCKA 3JIEKTPOHHBIX TaOJINLI.

2. CrocoOsl HaCTPOUKHU MaTeMaTHYECKUX MoOJeeN
mpoueccoB u cucreM. llaccuBHble METONBI ONpeeiIeHUs
JMHAMUYECKUX XapaKTEPUCTHUK OOBEKTa yIpaBIICHUS.
[Ipumep HacTPONKM MaTEMaTHYECKON MOJEIN TOMCKOBBIM
METOJIOM.

3. Aaroputm oOpaTHOTO pacmpoCTpaHEHHUS OIMIMOKHU, CMBICIT
aJIropuTMa, MOCJIE0BATEIBHOCTD KOPPEKTUPOBKHY|
CHUHOIITUYECKUX BECOB

4. Ilpumep peanu3anuu pPErpecCUOHHON  HEHpOoceTeBOU
MOJIENH, HacTpanBaeMoi (obyuaemoii) 1o
9KCIIEPUMEHTAIBHBIM JaHHBIM IIpOLECCA.

5. ®opmMupoBaHue 0a3bl MPaBUII MOJIETIEH HEUETKOTO BHIBOJA.
[IpuBenure npumep ¢opmupoBaHus Oa3zbl MpPaBWII JIs
yIpaBJIEeHUS! YypOBHEM B Oake

6. Hacrpoiika Mozeneii  KOHTYpOB aBTOMAaTHYECKOIO
perynupoBanus. Metonbl HacTpoiiku. [IpuBenure npumep
pacdyera Hactpoek IIM]I perymsaropa B OIHOKOHTYPHOU
cUcTeMe

7. BBITOTHUTE CUHTE3 MAaTEMaTUYECKON MOJIENIH Mpoliecca
HarpeBa TOHKOI'O Te€Jla B HarpeBaTEIbHOM I1e4H,
OCYILLIECTBIISIOIIETO B COOTBETCTBUH CO CIEAYIOIIEH CTPYKTYypOH
TEXHOJIOTMYECKOTr0 arperara

<5 <5 anopHit Totepn
Sotitototetaraty [l oo titeteretitetotetesetitetintitatitetes Kanopuitrocts orep
faretoratotutatere! I ot a et et ettt tatetatete?
R [ R R rasa Temnia
etstinetitin e S s
3
l Z lZ;

] Pa6ouee
NIPOCTPAHCTBO
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8. CchopmupyiiTe anroputM 4YHCICHHOTO MOICTUPOBAHUE
[poliecca Il HHEPLIUOHHOTO 3BeHa 1-0ro mopsaka co
CTPYKTYPHOH CXEMOU

x(t) yit)

0. 1151 cucTemMbl YUCIIEHHBIN YpaHEHUH, 3aJaHHBIX B PEKYPEHTHOU
(hopMe pa3paboTaiiTe aIrOPUTM BBIYUCIICHUHN. Peanmn3yiiTe
QIITOPUTM U TOTYYHUTE pelIeHus B Buje rpaduka GyHKINH

h
Yoy = 5'(xi+| RATO) _2y2(i))+y2(i)

Mgy = h- Wogsny T Vi

10. Mcrionb3ys cxemy pemenust 1updepeHuaisHOoro ypaBHeH st
N-0ro MopsAKa METOIOM MOHMKEHHS IPOU3BOAHON (IpUBEIEHA
Ha PUCYHKE), COCTABHTh M pean3oBarh B ScilLab cxemy pemienust
nuddepenimansaoro ypasuenus 2y +2) +y=x.

X b, )

\ 4

Y y’
> | > — |

\4

l"’ vY
|
N
i

A

ay

— |l

a

n

11. JInst KOHTypa peryJInpoBaHus ¢ UCIIOIb30BAHUEM HEUETKOTO
[PETYJIATOPA U CTPYKTYPHOM CXEMOM MPEACTaBICHHON HUXKE,
BaNUIINTE AJITOPUTM (PYHKIIMOHUPOBAHUS
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u
x - Xt
3C 'K,
ZgAﬂ €X1 X] Y U (e}
» KI > HP > CP > TP
A A
z X> TAZH
K2 "
A dg
—=x
de ?
€
» A
OOBbeKT ynpaBieHHs F(XBX)
- [ 1 <Z_l I ] ] T ) XBX
p+1 Tosp+1

12. TIpousBeauTe peaan3alnio MaTeMAaTHYECKON MOICITH CUCTEMbI
C CAMOHACTPOIKOI B makere MojaenupoBanus Scilab.
[TocTpoiite rpag¥iKy BBIXOAHOTO CHTHAJA MPH M101a9e
CTYIIEHYATOr0 CUTHAJIA Ha BXOJ MOJICIIH.

T.=Ti=12 g __ 0

==

0) Ilopsinok mpoBeaeHNs MPOMEKYTOYHOM ATTECTALMH, MOKA3aTeJIH M KPUTCPHH OLICHUBAHMSA:

[IpomexyTouHas aTTecTalus 1o AUCHUIUINHE «MareMaTH4eckoe MoJIeTMpOBaHNE 0ObEKTOB U
CHCTEM YIPAaBIEHUS BKIIOYAET TEOPETUUECKNE BOIIPOCHI, TIO3BOJISAIOIINE OLIEHUTh YPOBEHb YCBOCHHUS
00y4arolMMUCs 3HaHUH, U IPaKTUUECKHE 3a/1aHusl, BBIABIIAIOIINE CTENEHb C(HOPMUPOBAHHOCTH YMEHUN
U BJIQJICHUH, TPOBOAUTCS B (popMe 3Kk3aMeHa U B (popMe BBIITOJHEHMS U 3aIIUThI KypCOBOM paboTHI.

DK3aMeH M0 JaHHOH JMCHUIUIMHE TPOBOAMUTCS B YCTHOM hopMe MO HK3aMEHALMOHHBIM OUJIeTaMm,
KKl U3 KOTOPBIX BKIIIOYAET 2 TEOPETUYECKUX BOIIPOCA M OJHO MTPAKTHYECKOE 3aJaHUE.

[Tokazarenu U KpUTEpUN OLIEHUBAHUS SK3aMEHa:

— Ha OLIEHKY «OTJIM4YHO» (5 6a/U10B) — 00yyaronuiics 1eMOHCTPUPYET BBICOKUH YPOBEHb
c(hOpMUPOBAHHOCTH KOMITETEHI[MI1, BCECTOPOHHEE, CUCTEMATUYECKOE U INTyOOKOe 3HaHuE Y4eOHOTo
MaTepHaia, CBOOOIHO BHIMOIHIET MPAKTHUECKUE 33/1aHuUs], CBOOOIHO ONIEpUPYET 3HAHUSAMH, YMEHUSIMH,
MPUMEHSIET UX B CUTYalUsIX MOBBILIEHHON CIIOKHOCTH.

— Ha OLIEHKY «Xopouio» (4 6asia) — 00yJarouuiicss JTeMOHCTPUPYET CPEAHUNA YPOBEHb
c(OpMHUPOBAHHOCTH KOMITETEHIIMI: OCHOBHBIE 3HAHUS, YMEHUS OCBOEHBI, HO JIOIYCKAIOTCs
HE3HAYUTENIbHbIE OLUTMOKH, HETOUHOCTH, 3aTPYAHEHUS MPH AaHATUTUYECKUX ONepalusix, epeHoce
3HAHUU U YMEHUI Ha HOBbIE, HECTAHIAPTHHIE CUTYaIUH.

— Ha OLIEHKY «yHOBJIETBOPUTEJILHO» (3 Oauia) — 00yJarouuiicss JeMOHCTPUPYET HOPOTOBBIH
ypoBeHb C(HOPMHUPOBAHHOCTH KOMIIETEHIIUI: B X0/1€ KOHTPOJIbHBIX MEPOTIPUSATUH TOMYCKAIOTCS OLINOKH,
MIPOSIBIISIETCS] OTCYTCTBHE OTACIBHBIX 3HAHUH, YMEHHH, HABBIKOB, 00YYAIOIIHIACS UCTIBITHIBAET
3HAYUTENIbHbIE 3aTPyAHEHUS IPU ONIEPUPOBAHUY 3HAHUAMHU U YMEHUSMU MIPU UX MEPEHOCE Ha HOBHIE

CUTYyaLlHUH.

2. K, 1

0.6%(12% 5+ 1)

1 1
— —rer—
1+12%s 14+10%s
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— Ha OLIEHKY «HEYI0BJIETBOPUTEIbHO» (2 6ayuta) — 00y4aroIuiics: IEMOHCTPUPYET 3HaHUS He Oosee
20% TeopeTH4ecKOoro MaTepuasa, JOIMyCcKaeT CylIECTBEHHbIE OIIUOKHU, HE MOKET M0Ka3aTh
MHTEJJIEKTyaJIbHbIE HABBIKU PELIEHUS IMPOCTHIX 3a]1a4.

— Ha OLICHKY «HeY/I0BJIeTBOPHUTEJbLHO» (1 06amt) — oOyuaromuiics He MOXKET I0Ka3aTh 3HAHUSI Ha
YpOBHE BOCTIPOU3BEICHUS U 00BSICHEHUS MH)OPMAIINH, HE MOKET IM0Ka3aTh MHTEIJICKTYAIbHBIC HAaBBIKU
pElIeHUs MPOCTHIX 3aj1au.

KypcoBast paGoTa BBINOIHAETCS MOJI PyKOBOJCTBOM IIPETIOAaBATENsS, B IIPOLIECCE €€ HATMCAHUS
oOyJaroluiics pa3BUBACT HABBIKU K HAy4YHOH paboTe, 3aKperuiis U OJTHOBPEMEHHO PacIIUpsis 3HAHUS,
MOJIy4YEHHBbIE ITPU U3yUeHUH Kypca «MaTemMaTuueckoe MOJeINPOBaHNE 0OBEKTOB U CUCTEM
ynpasienus». [Ipu BeImomTHEHHN KypCOBO# pabOThl 00YYarONIUiiCs JOKEH MMOKa3aTh CBOE YMEHHE
paboTaTh ¢ HOPMAaTUBHBIM MaTEPHAIIOM U JPYTUMHU JUTEPATYPHBIMU UCTOYHUKAMU, a TAK)Ke
BO3MOYKHOCTh CUCTEMAaTU3UPOBATh U aHAIM3UPOBATh (PAKTUYECKHI MaTeprall K CAMOCTOSATEIBHO
TBOPUYECKU €r0 OCMBICIIUBATb.

B nporiecce HanrcaHus KypcoBO#M paOOThI 00YYArONIHICS TOMKEH pa300paThCsl B TECOPETUUECKUX
BOIpocax M30paHHON TeMbI, CAMOCTOATEIHHO MPOAHAIU3UPOBAThH MPAKTUYECKUI MaTepual, pa3o0parh u
000CHOBATh MPAKTUYECKHUE TPEATIOKEHHS.

[Tokazarenu u KpUTEpPUU OLICHUBAHUS KYPCOBOM paOOTHI:

— Ha OLIEHKY «OTJMYHO» (5 0aiioB) — paboTa BINOJIHEHA B COOTBETCTBUU C 331aHUEM,
00yJaroIuiicsl MOKa3bIBae€T BHICOKHI YPOBEHb 3HAHUN HE TOJIBKO Ha YPOBHE BOCIIPOU3BEACHUS U
o0BbsicHeHUs! HH(OPMAIMH, HO M HHTEJUIEKTYyalIbHbIC HABBIKM PEIICHHUs Po0IeM U 3a/1a4, HaXOXKICHUS
YHHUKAJIbHBIX OTBETOB K MPOoOIeMaM, OIICHKU M BIHECEHUS! KPUTUUYECKUX CYKICHUI;

— Ha OIICHKY «X0opoiio» (4 6aia) — paboTa BIIMTOJHEHA B COOTBETCTBUU C 3a/IaHUEM, O0yJaIOITUICs
MTOKAa3bIBAET 3HAHUS HE TOJIBKO HA YPOBHE BOCIIPOU3BEICHUS 1 OObSICHEHUsI HH(OpMAaLIUU, HO U
MHTEJJIEKTyaJIbHbIE HaBBIKU PELLIEHUs IPo0OJIeM U 3a/1a4, HAXOKJCHHUS YHUKAJIbHBIX OTBETOB K
npoOemMam;

— Ha OLIEHKY «y0BJIeTBOPUTEIbHO» (3 Oaisa) — paboTa BHINOIHEHA B COOTBETCTBUU C 33JaHUEM,
o0yyaroIuics MoKa3bIBaeT 3HaHUS HAa YPOBHE BOCIPOM3BEACHUS U 00BsICHEHUS HHPOpMaIuy,
MHTEJJIEKTyalIbHbI€ HaBBIKU PELIEHUsI IPOCTHIX 3a/1a4;

— Ha OLIEHKY «Hey10BJIeTBOPUTEJIBHO» (2 Oasuia) — 3a1aHue NMpernoAaBaTesis BbIMOJIHEHO YaCTHYHO,
B IIPOLIECCE 3AIIUTHI pabOThl 00yYaroMMics JOMYCKAeT CYIIIECTBEHHbIE OLTNOKH, HE MOKET M0Ka3aTh
MHTEJUIEKTyallbHble HABBIKU PEIICHUS MOCTABICHHON 3a/1auH.

— Ha OIICHKY «HEeY/0BJIeTBOPUTENbHO» (1 Oai) — 3aaHue mperno/1aBaTesis BHITOTHEHO YaCTUYIHO,
o0yyaroIuicsi HE MOXeT BOCIPOU3BECTH U OOBSICHUTH COAEpP)KaHHUE, HE MOXKET I0Ka3aTh
MHTEJJIEKTyalIbHbI€ HaBBIKM PELLIEHUS TIOCTaBJICHHON 3a/]auu.
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IIpuno:xenue 3

MeToauuecKkue YKa3aHUA 110 BBIMMOJHCHUIO HHAUBHAYAJIBbHBIX 3agaHui

IIpaxTudaeckasa padora N21

METO/IbI PEINEHUA JU®PEPEHIIMAJIBHBIX YPABHEHUM

3ananme 1. [IpousBecTr YMCICHHOE pelICHHUE 3aJaHHBIX TU(PEpeHIINATbHBIX YPaBHEHHH,
ucrions3ys  meron  Oiuepa.  Iloctpouts Tpadukm  YacTHBIX — pelICHMH  3aJaHHBIX
muddepeHnanbHbIX ypaBHeHUH. Cienarh BBIBOA O TOUHOCTH YMCIIEHHOTO PEIICHUS.

Y'+2y"+y=0,y(0)=0,)'(0)=2
4y"—y=0,y(0)=2,y'(0)=2

3aganue 2. PaccMoTpeTs oBeIeHNE CUCTEMBI U COCTaBUTh MOJIEIb B BUJIE JIMHEHHOTO

mddepeHmanbHoro ypaBaeHus. [IponsBecTi YuciieHHOE pelieHue MoJydeHHOTO
muddepernmransHoro ypapaenus. (s HeoqHOpoaHBIX AU depeHInanbHbIX YpaBHEHUN
npuHATh X = 1, HaganpHbIe yenoBus yO = 0. {1t ogHOpoaHbIX ) depeHnanbHbIX ypaBHEHHH
MIPUHSTH HEHYJIeBbIe HaYalbHbIe YCiI0BUs). [locTpouTs rpaduku YaCTHBIX PEIICHUH.

Hanonnenune 6aka Bo10# (C yrnpaBisieMbIM CIIMBOM, CO CBOOOIHBIM CIIUBOM).

["apmoHHMuecKuil ocHUILIATOP (C y4eTOM U 0e3 ydeTa TpeHus).

MaremaTnueckuii MasiTHUK (C y4ETOM TpeHus U 0e3 yuera TpeHus)

Harpes Tonkoro tena — nuddepennuanbHoe ypaBHEeHHE epBOro nopsiaka y’ = k(x—y).

Odopmnenue otyera.
OT4er JOKEH COlepKaTh CIIEIYIOIINE PE3YIbTAThI.
Jns 3amanus 1.

1. Pa3HOCTHBII aHAIOT, B COOTBETCTBUU C YHCIIEHHBIM METOI0M Dilepa

2. I'pacdmyeckue pereHus, MOJIy4eHHbIE aHATUTHYECKUM U YUCICHHBIM METOJIOM JIISI
3a/laHHBIX AUQPepeHInanbHbIX YPaBHEHUNH. BbIBOJI 0 TOUHOCTH MOJIyYEHHBIX YHCICHHBIX
pELIEHU.

Jns 3amanus 2.

1. [Ins paccMaTpuBaeMbIX CUCTEM MPUBECTH MOPSIOK MOTYyUYEHUE MAaTEMAaTUYECKON MOIeNN
B BuJe 1 pepeHuanIbHOr0 ypaBHEHUSI.

2. I'paduk pemenus quddepeHInanTsHOr0 YpaBHEHHUS YUCIEHHBIM METO/IOM.
[TpakTrueckas padota Ne2
MOJAEJIUPOBAHUE U UCCJIEAOBAHHUE 2JIEMEHTOB CUCTEM
ABTOMATHUYECKOI'O PET'YJIUPOBAHMUSI (CAP)

3ananme 1. UnciaeHHBIM METOI0M NIPOU3BECTH pacueT TUHAMUYECKHX (TIePEeXOJHON U
UMITYJIbCHOM) XapaKTePUCTUK O0bEKTa yIpaBlieHUs, PYHKIIMOHUPOBAHNE KOTOPBIX OMHKCHIBAETCS
YpaBHEHUSMH BUOB:

2
30d—f+20d—y+y=3x
dr dr

[To mony4eHHbIM NepeXOoqHBIM XapaKTEPUCTUKAM ONPEIEIUTh TapaMeTpbl 00bEKTa
yIpaBJIeHUs: BpeMs 3ana3AbIBaHus — Ts, [locTostHHYI0 BpeMeHn o0bekTa — To, Ko uimenT
nepeaaun oobekTa ynpasienus — Koy.

[TpousBecTn mocTpoeHne cXxeMbl penieHus AuddepeHnnanbHbIX YpaBHEHUH B cpefie
MonenupoBanus Scilab. CpaBHUTH pe3ynbTaThl pelIeHUs MOJTyYeHHbIE YUCIEHHBIM METOJIOM U
B pe3yJbTaTe BHIUMCIEHUS B cpene Scilab.

3aganue 2. [To nepegatoyHbiM GYHKIUSAM TUIIOBBIX 3BEHbEB MOTYUYUTH U depeHIaTbHbIe
ypaBHEHUS (AJIs CIETYIOIIUX THIIOBBIX 3BEHBEB):

1. UaTerpupyroniee 3B€HO

2. lHepuMOHHOE 3BEHO NEPBOI0 MOPSAIKA
3. lHepmoHHOE 3B€HO BTOPOro MOpPsaKa
4. ®opcupyroliee 3BeHO
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5. PeanbHoe auddepennupyroriee 3B€HO

3ananmue 3. [IpousBecTy YUCIECHHBIN pacueT TMHAMUYECKUX (MIEPEXO0THON U UMITYJIbCHOW) U
YaCTOTHBIX XapaKTEPUCTHUK JIJIsl IPE/ICTABIICHHBIX BBIIIE TUITOBBIX 3BEHBEB MPHU 3a/IaHHBIX
napaMmerpax.

Odopmnenue oryera.

OT4er JOMKEH COIePIKATh CIIEIYIONINE PE3yIbTaThI.

1. luHaMuyecKre XapaKTepUCTUKH 0ObEKTOB yIPABJICHHUSI, TOJYUSHHbIE U3 PEIICHUS
Qg depeHIraIbHbIX ypaBHEHUH.

2. [apameTpsl 00BEKTOB yIpaBICHUS, ONPECIICHHBIE U3 TUHAMHUYECKUX XapaKTEPUCTHUK.

3. luddepennnanpaple ypaBHEHUE, TOJYICHHBIE U3 TIEPEAATOYHBIX (DYHKIIUN THITOBBIX
3BeHbeB CAP.

4. IluHaMUYeCKHE XapaKTePUCTHKH (TIePEXO0HASI, UMITYJIbCHAS U YaCTOTHAsI) 3aJaHHBIX
TUTIOBBIX 3BeHbEB CAP.

[TpakTuueckas pabota Ne3
Hcnonb3oBanue MeToa npeodpa3zoBanus Jlamiaca s uccjie0BaHUs JTMHAMHYECKHX
cHUCTEM

3aganue 1. Mcnonb3ysa meton npeodpazoBanus Jlannaca moiny4uTh YaCTHBIE PEIICHUS
muddepeHIMATFHBIX YPaBHEHUH B aHATUTHYECKOM Bue. [Ipon3BecTr cpaBHEHUE YaCTHBIX
pemeHuit AU pepeHnanbHbIX YPaBHEHUN MOTyYeHHBIX aHATUTHYECKUM CIIOCOOOM ¢
peUICHUSIMHU, TTOJTYYEHHBIC YUCIICHHBIM METOIOM.

Y'+2y'+y=0,y(0)=0,)'(0)=2
4y"—y=0,y(0)=2,)'(0) =2

3aganue 2. [Tonyunts nepenaTouyHyro GYHKIHMIO CHCTEMBI, IPEICTABICHHYIO B BUJIE
coeTMHEHMH 3BeHbeB. cnonb3ys meTon mpeoOpa3zoBanus Jlammaca moqyduTh aHATUTHUYECKOE
pelieHre 1 MOCTPOUTh MepexoaHyto GpyHKIHo (B (hopMe UMITYIIbCHOM XapakTepucTuku). T1 =
10c, T2 =20c, T3 = 10c. CpaBHUTH OJIYYCHHBIH PE3YIBTAT C PE3YIBTATOM YUCIEHHOTO
pelIeHus], IOJyYeHHOT0 METOJOM IMOCIIEA0BATEIbHOTO pacyeTa 3B€HbEB CTPYKTYPHOM CXEMBI.

x(1) 1 1 Vw)
TP+ T,P ]

‘ !

Odopmienue otuera.

OTyer T0IKEH COlepXKATh CIETYIONIHE Pe3yIbTaThI.

1. Iopsinoxk pemienus nugdepeHnanbHbIX YPaBHEHHH ¢ UCTIOIb30BaHIEM IPeoOpa3oBaHus
Jlamutaca
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2. Pe3ynbTathl peieHus 3a1aHHbIX AU(depeHInanbHbIX YPaBHEHUH B aHATUTUYECKOM BH/IE.
['padiky yaCTHBIX pelICHUH MOJTyYeHHBIE U3 aHATUTHYECKOTO PEIICHHS U YUCICHHBIM
METOJIOM.

3. Iopsinok mpeoOpa3zoBaHUE CTPYKTYPHON CXEMBI M ITePEeIaTOUYHYI0 ()YHKITUIO CUCTEMBI.

4. AHanuTHYECKOE BhIpakeHHE (QYHKIIMU—OPUTHUHANA, TOTyUYEHHOTO U3 MepeAaTOUHON
byHKIMN.

5. I'paduku UMITyJIbCHBIX XapaKTEPUCTHUK, MTOJIyYEHHBIE ITyTeM PEIICHUs aHATUTUYECKOM
(YHKIMU ¥ YUCIEHHBIM METOJIOM HCIIONb3Ys CIIOCO0 MOCIEA0BATEIFHOTO PELICHNUS
CTPYKTYPHOH CXEMBI.

IIpakTnueckas padora Ne4
CUHTE3 U HACTPOMKA KOHTYPA PEI'YJIMPOBAHUSA

3aganue 1. [IpousBecTr cUHTE3 U peanu3alyio KOHTYPOB peryiupoBanus c¢ [T1
PETYISITOPOM U Pa3INYHBIMU THIIAMH OOBEKTOB YIPABJICHHS: ¢ CAMOBBIpDAaBHUBaHUEM U 0e3
camoBbIpaBHUBaHUS. CTPyKTypHas cxeMa 00BEKTOB YIPABICHUS U UX XapaKTEPUCTUKU
npuBeIeHb HIbKe. (Bux u xapakTepucTHku 00bEKTOB YIIPABICHUS aHAJIOTUYHBI TIPSy IEH
paboThI).

L K
ILP LP+1
Ax=10% 2(1)
—> > —>
T X
o K
TP+1 rLP+1
Ax=10% 2(1)
. > e
X x

[TapameTpsl 0OBEKTOB yIIpaBICHHUS:
e s 00bekTa ¢ camoBbipaBHUBaHueM: K =2, T1 = 10c, T2 = 3¢
e I 00bekTa 0e3 camoBbipaBHUBaHusA: K =2, T1 = 5¢, T2 =3¢

3ananmue 2. [Ipoussectu pacuet HacTpoek [I1-perynaropoB MeTO10M MOIaIBHOTO U
CUMMETPUYHOT0 onTUMyMa. [Ipon3BecTy pacyeT nepexoaHbIX IPOLECCOB B KOHTYpE
PEryJIUpPOBaHMUS.

3aganue 3. OnpenenuTs NpsAMbIE TOKA3aTEIN Ka4eCTBA EPEXOIHBIX IPOLECCOB.

1. IlepBoe BpeMs peryaupoBaHus Tpi — BpEMs OT MOMEHTA BO3MYILEHHSI O MOMEHTa, KOrja
perynupyemMas BEIU4YMHA EPBBIN Pa3 JOCTUTHET HOBOT'O 3aJaHHOTO 3HAYEHUS.

2. BpeMsl OKOHYaHHUS PErYJIMPOBAHUS Tp2 — IPOLIECC PETYIUPOBAHMS CUUTACTCS
3aKOHUYEHHBIM, KOI'J1a pEryJupyeMasi BEJIMUMHA OKOHYATEJIbHO M10Na1aeT B 30HY HOBOT'O
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YCTAaHOBUBILErOCs 3HaYEHUsI IMPHUHON 2AX, e Ax = 2+2,5% 0T BHOCUMOTr0 BO3MYIIEHUS CO
CTOPOHBI 33JaHHUS.

3. AMmutyaa (BenuuuHa) nepeperyiaupoBanusi Axmax. [lepeperyiarpoBanue OTHOCST K
MOJIHOMY U3MEHEHHIO PETryIHPYyEeMOi BEIUUYUHBI, 00YCIOBIEHHOMY JICUCTBUEM
CKayKOOOPa3HOTO BO3JICHCTBUS, M BBIPAKAIOT B % OT BETUYMHBI U3MEHEHUS 3adaHus AX.
Odopmienue otyera.

OT4er JOKEH CollepKaTh CIIEIyIONINE Pe3yIbTaThl.

1. CTpyKTypHBIE CXeMBI KOHTYPOB perynupoBanus ¢ [IM-perynstopom u o0beKTaMu
pa3IMYHbIX TUIIOB

2. Pacuer HacTpOEK PErysITOPOB METOIAMH MOJAJILHOTO U CUMMETPUYHOTO ONITUMYMa.

3. I'padpuku mepeXxoJHBIX MPOIIECCOB.

4. IToka3zaTenu KauecTBa, ONpeesIeHHbIE 110 TpaduKaM NepexoaHbIX IPOIECCOB.

IIpakTHyeckas padora NeS
HCCJIEJOBAHUE METO/J0OB HACTPOMKHN KOHTYPA PET'YJIMPOBAHMUSI

3aganue 1. [IpoBecTu MozenpoBaHue OOBEKTOB YIIPABIEHUS C CAMOBBIPABHUBAHUEM.
CrpykTypa Mozesei JoKHa coiepKaTh OHO, /1Ba U TPU IOCJIEJ0BATEIBHO COCTUHEHHBIX
MHEPLHUOHHBIX 3BeHa 1-oro nopsaka. [1o momyueHHbIM Mo1e1IM 00BEKTOB IPOBECTU PacUeT
KPHUBBIX Pa3roHa v rpa@uuecKiuM CrocoOoM ONpeaeTuTh TUHAMUYECKHE TTapaMeTpbl 00bEeKTa
(Bpemsl 3ama3/ibIBaHus — T3 ¥ IOCTOSHHYIO BpeMeHH oobekTa — T0). s Bcex Mozenei npuHATh
koo Punment nepenauu KO = 2.

[Tapametpsl 00bekTOB yrpasienus: 1. J{is oobekTta 1—oro nopsaka: T1 =40c 2. s
o6bekTa 2—oro nopsnka: T1 =20c, T2 = 30c 3. [{ns odbekra 3—ero nopsnka: T1 = 10c, T2 =
25¢, T3 = 5c.

3aganue 2. /{5 pazpaboTaHHbIX MOJiENEll 0OBEKTOB MPOU3BECTH MOJAEINPOBAHNE PAOOTHI
KOHTYPOB PEryJIMPOBaHUs B CIEIYIOIUX COYETAHUAX:

e [l-perynarop — O0bexT 1-oro mopsaka

e Il-perynarop — OObeKT 2-0ro nopsjaka

e [IH-perynarop — OObEKT 2-0ro nopsijika
e [IN/I-perynstop — OObekT 3-ero nopsaka

3aganue 3. /{1151 moy4eHHBIX MOJIENIEH KOHTYPOB PETYJIUPOBAaHUs, IPOU3BECTH pacyeT
HACTPOEK PETYJIATOPOB C HUCIIOJIB30BAHUEM CIIEIYIOIINX METOJOB:
1. MeTon ontuMyMma 1o MOAYJII0 iepeaTouHol pyHKIuu (kpome BapuanTa c [1-
PETYIATOPOM M 00BEKTOM 2-0r0 HOpPsI/IKA)
2. Merop 3urnepa-Huxonca (ZN)
3. Metog CHR (Chien, Hrones, Reswick)
4. ITouckoBBIMH METOJIaMH C HCIIOIb30BAaHUEM KBaJAPATHYHOIO UHTETPAIbHOTO KPUTEPHS U
MOJ1yJIbBHOI'O UHTETPAJIBHOTO KPUTEPUSI.

J = Taz(r)dr — min
0

J :Tr‘g(r)‘dr — min
0

JIJ11 TOJTy4eHHBIX HACTPOEK PETYJIATOPOB MPOU3BECTH pPacyeT EPEXOIHBIX IIPOLIECCOB B
KOHTYpax PeryJIupOBaHMS U ONPEAEIIUTD MPSAMbIE TOKA3aTeNIM KaueCcTBa JIJIsl ’TUX MPOLIECCOB.

Odopmnenue oruera.
OT4er JOMKEH COepKaTh CIEIYIONIHE PE3yIbTaThI.

32



1. KpuBsie pazroHa ajis 3aJlaHHBIX OOBEKTOB yIpaBiieHus. [ paduyeckoe onpeneneHne

napaMeTpoB 00bEKTa yIpaBISHUS 10 KPUBOU pa3roHa
2. OnucaHue METOJIOB pacueTa HaCTPOEK PEryJIsTopa.
3. Pacder mapaMeTpoB HACTPOECK PETYIISATOPA 3aIaHHBIM METO/IaM.

4. I'padmku Epex0HBIX MPOIECCOB B KOHTYpaX PEryJIUPOBAHUS C HACTPOHKAMH
PEryJISTOpa, BHIMOTHEHHBIE C UCIIOJIE30BAHUEM IO PA3TMYHBIX METOIUKAM.

5. I[Ipou3BecTr cpaBHEHHE BCEX MOYUYEHHBIX MEPEXOIHBIX MPOIeccCoB. ONpeaenuTh IpsIMbIe
MOKA3aTe M Ka4eCTBa PEryJIUPOBAHUS: BPEMS PETyIUPOBAHUS Tp2; IEPBOE BPEMS PEryITUPOBAHUS
Tp1; BEJIMYHMHY IepeperyaupoBanus 6. [loaydeHHbIe pe3ybTaThl 0 HACTPOMKaM KOHTYpa U
MOJTyYEHHBIC ITPH 3TOM Ka4eCTBEHHBIC MTOKA3aTEIH MEPEXOAHBIX IMPOIIECCOB CBECTH B TAOJIUIIBI
(Onmna tabauna A kaxaoro Mmeroaa. Beero 5 tabmui). Chaenath BBIBOJIBI IO padboTe.

IIpakTnueckas padora Ne6
IMPEOBPA3OBAHUE MOJEJIEN

3apanme 1. Maremarnueckast MOJI€Nb TMHEHHOM CTALIMOHAPHON CUCTEMBI 3a/1aHa Kak
MOJIeJTh «BXOJI — cocTtosinue — Beixoa» (BCB) B Buze cuctemsl quddepeHinanbHbIX YpaBHCHHMA
1-oro mopsiika B BEKTOPHO-MaTPHUUHOM Qopme:

x=Ax+Bu
y=Cx
rre A — Marpuia nxn MOCTOSIHHBIX Kod(duimenTos, B — Bektop-cronber nx 1 moCTOsIHHBIX
k03P unmeHToB, C — BEKTOP-CTpOKa 1 Xn MOCTOSTHHBIX K03()(HUITUEHTOB, X — N-MEPHBIH BEKTOP
COCTOSTHHSL.
[TpousBectu npeobpa3oBanre MaTeMaTuuecKoil Mmojenu 3aganHoi B popme BCB B hopmy
«BX0Jl — BBIX0/» (BB) 1 momyuuTh MaTeMaTu4eckyto MOZeb B popMe nepeaTouyHol GyHKINUN
BUJIA:

b, p" +b, p"" +..+bp+b, m<n

W(p): n n—1
P +an_1p +...+a1p+ao

[TpunsATh cnenyromue 3HaueHus i matpun A, B, C.

(1 -1
-7 =5
3
B:
2
c=(1 1)

3aganue 2. MaremaTrueckast MOJIETb JIMHEWHOM CTAllMOHAPHOM CUCTEMBI MIPE/ICTABICHA B
dbopme ckasipHOTo MU PEpPeHITHATHPHOTO YPAaBHEHUM N-0T0 MOPsaKa (MOACIb BXOJ — BBIXO/) U
UMEET CIEAYIOUTUI BUI:

v +a,1 yO U+ +a; yU + a0 y = bpnu™ +bp-u™ D+ 4+biu® +beu

I/Ie y — BBIXOJIHAsI IEPEMEHHAs1, U — BXOJAHON CUTHAN, N — MOPSAIOK CUCTEMBI, M — MOPSATIOK
MIPOU3BOHOM BBIXOTHOM NIEPEMEHHOM, B SIBHOM BHUJIE 3aBHUCSIIMK OT U, ai , bj — MOCTOSTHHBIC
KO3 PHULIUEHTHI.

[TpousBecTu npeodpa3zoBaHUe MATEMATHIYECKON MOJICTH U3 UCXOTHON (hOPMBI «BXOJ —
BBIXO/» B ()OPMY «BXOJ — COCTOSIHUE — BBIXO/» U 3aITUCATh B BUJIe KAHOHMYECKOH
HaOII0IaeMOM ¥ KAaHOHMYECKOU yripaBisieMoit hopme. [IpuHATh K03 P dUITHEeHTHI
TuQepeHIMaIbHOr0 YpaBHEHUS U3 epeIaTOYHON (QYHKIMH, TOTyYCeHHOH B 3aJaHuH 1.
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3ananue 3. /{71 MOTy4YEHHBIX B 3aJJaHUM 2 MAaTEMAaTUYECKUX MOJENEH B
BEKTOPHOMATPpUYHOU (hopme pa3paboTaTh CTPYKTYPHBIE CXEMBI PEIICHUS I KAHOHUIECKIX
dopm. IIpuBectu hopMyIibl 1715 YUCICHHOTO pacyeTa Bcex GopM MaTeMaTHUECKONH MOJIEIH.

[ToyuuTh IEpexXoaHbIE XapaKTEPUCTUKH MPU CTYIIEHYATOM BXOJIHOM BO3JIEUCTBUU MPU U =
1 st Becex popM MaTeMaTUYECKOl MOJeN IPU HYJIEBbIX HauadbHBIX yciaoBusX. (Ilomyduurs
NEePEeXOHbIE XapaKTePUCTHKH JUII KAHOHUYECKON YIpaBisieMol popme, KaHOHUYECKOM
HaOro1aeMoi popMe 1 U1l MaTeMaTHIecKoi Moienu B hopme nuddepeHInaibHoro
ypaBHeHus ). UHTerpupoBanue npou3BoauTh ¢ marom He 6onee 0,01 ¢ CpaBHUTH MOTydYCHHBIE
pE3yJIbTaThI.

Odopmienue otuera.

OT4er JOMKEH CollepKaTh CIIEIyIONINE Pe3yIbTaThl.

1. [Topsimox mpeoOpa3zoBaHUsT MATEMAaTUYECKOW MOeNH U3 3ananHoi ¢popmbel BCB B
nepesaToOuHyo (PYHKIIHIO.

2. IMopsmox peodpazoBaHuss MATEMATHYECKON MOICIN U3 TIepeIaTOYHOM (DyHKIINY B
KaHOHUYECKYIO YIPABIsEMYI0 M KAaHOHUYECKYI0 HaOmogaeMyto hopmy.

3. CTpyKTypHBIE€ CXEMBI pEIICHUS JUIsI KAHOHUYECKOM HabJt0/1aeMON U KAaHOHUYECKON
yrOpaBisieMoit popMBbL.

4. PazHOCTHBIE ypaBHEHHUS VIS pacueTa MepexoqHON XapaKTePUCTUKH 110 BCEM MOTYYCHHBIM
dbopmam MaTeMaTHYECKON MOJIEIIH.

5. Penienue u nepexoHbie XapaKTePUCTUKH JIJIS BCeX TpeX GopM MaTeMaTHUYECKON MOJEINH.
CpaBHeHHE pe3yJIbTaTOB PACUETOB MO PA3JIMYHBIM MIPEICTABICHUSIM MAaTEMAaTHYECKON MOJIETH.

6. O0muii BEIBOJ 110 paboTe

IIpakTnyeckas padora Ne7
MOJEJUPOBAHUE CUCTEM 9KCTPEMAJIBHOT'O PETYJIMPOBAHUS
1. BBINOJHUTE MPOrpaMMHYI0 pEAIN3alMI0 CUCTEMBI ABTOMATHYECKONW ONTHMHU3ALMH,
peaIn3yIoIly0 TOUCKOBBIN aJTOPUTM C COBMEILIEHHBIM IMOMCKOBBIM U pabouuM JBHKeHHEM. B
KayecTBE IapaMmeTpa IIOMCKa HCIOJb30BaTh MAKCHUMYM BBIXOJHOM BEIMYUHBI OOBEKTa
YIOPaBIEHUS C IKCTPEMaIbHONU CTATUYECKOM XapaKTepUCTUKOM (CM. (aiisl 3ajaHus 110 BapuaHTaM,
CTaTUYECKas XapaKTepUCTHUKa MPeJICTaBlIeHa SKCIEPUMEHTAIbHBIMU JAHHBIMH).
CtpyKTypHas cxema CUCTEMbl aBTOMaTHYECKON ONTHMHU3ALNY NTPUBE/IEHA HA pUCYHKE 1.
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nocie apeiida)

JluHamMHu4ecKre mapaMeTpsl 0ObEKTa yIpaBICHUS:

T1=25c¢; T>=10 ¢

Ku=0,05; 0,1; 0,15 %l/c
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Zy=0,01; 0,05; 0,2 en. BBIXOAHOTO MapaMeTpa
Bpems momenTa npeiia ctarndeckoit xapakrepucTuku: tn=550 c.

Y =f(X)

A

TP+1

|
Z(7) |
|
|

lzmx(r)

oC

U(x)
oc) t B

TP |« CP

U(x)

AZ(1)=Z (1)~ Z, (7)

| Copoc

Pucynox 1 — Cmpykmypnasa cxema CAO

2. Bwmoanutk uccnenosanue padorsl Moaenu CAO mpu 3alaHHBIX MTapaMeTpax o0bEeKTa
Y JIByX MOJIOKEHUAX CTATUUECKOM XapaKTEPUCTUKH (OTIAENBHO IIPU CTATUYECKON XapaKTEpUCTHKE
1 ¥ oTHENBHO IPH CTaTUYECKOM XapakTepucTuke 2). HauanbHyro TOUKY U HallpaBlIeHUE JBUKECHUS
JUI pacyeTa MepexoAHOro mpolecca BhIOpaTh OJJMHAKOBOE JUIsSl pacueTa MepexoHbIX MPOLECCOB
JUIsl cTathyeckux xapaktepuctuk 1 u 2. KoHTpoiupoBaTh BO3HMKHOBEHHE MEPHOJUYECKHX
KoJIeOaHU BOKPYT TOUKH MaKCUMyMa.

3. OmnpenenuTs BIUSHUE 30HBl HEUYBCTBUTEIBHOCTU U CKOPOCTH HCIOJHUTEIBHOTO
MexaHu3Mma pazpadoranHoit CAO Ha ammuTyay KojeOaHUi A ¥ MOTepH Ha MOUCK B.

Odopmnenue otuera.
OTuer J0KEH COIePKATh:

1. PacuerHple  cTaTMdyecKMe  XapaKTEpUCTUKU  OOBEKTa  yHOpaBIeHUS U HX
AMIPOKCUMHPYIOLIUE TTOJMHOMBI.

2. CTpyKTypHYIO CXEMY CHCTEMbI aBTOMaTU4YE€CKONH ONTMHUU3ALNH.

3. I'paduxu mepexomubix mporieccoB B CAO BO BpeMEHH NOJYYCHHBIC NMPU 3aJaHHBIX
napameTrpax 0ObeKTa YIpaBJICHHUS U pa3IMYHON BEJTMYMHE 30HBI HEUYBCTBUTEIBHOCTH U
CKOPOCTH HCTIOJHUTEIBHOTO MEXaHU3MA.

4. T'paduku nepexoAHbIX MPOIECCOB B (Pa30BbIX KOOPAWHATAX Z-X MOJTYYECHHBIX MPHU TEX XK€
napaMmeTrpax, 4To U rpaduku B MpeablayLIeM ITyHKTE.

5. TI'paduxu 3aBHCHMOCTEH aMIUTUTY bl KOJIEOAHUN M BETMYMHBI IIOTEPHU HA MIOMCK 3HAYCHHS
30HBI HEUYBCTBUTEIBHOCTH ZH U CKOPOCTH UCIIOJIHUTENBbHOTO MexaHu3ma Ky

IIpakTyeckas padora Ne§
HCIIOJIb30BAHUE HEMPOCETH JJ151 IOCTPOEHUSA MOJIEJIN
ITPOLECCA
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3ananue 1. [IpousBectn nporpaMMHYyI0 peanusanuio Helipocereoit (HC) monenu mist
pacyeTa perpeCCHOHHON 3aBUCMMOCTH 110 SKCIIEPUMEHTAIBHBIM JJAHHBIM Tpolecca.

Mogens noikHa cosiepKath 2 BXxoja u oauH Bbixoa. Ctpykrypa HC moaenu nomkHa
BKJIIOYATh B CE0S OIMH CKPBITBHIN CIIOM, coep kaliuii 4 HelpoHa, M OBITh MOJHOCTHIO CBA3aHHOM.

B kadecTBe akTHBAIIMOHHON (DYHKITMH MCIIOJIb30BaTh (YHKIIUIO TUIIEPOOINYECKOTO TAaHTE€H A
¢ MacmTabupyembiM aprymeHToM. @opmyina juis pacdera GyHKIIUU TUTIEPOOINIECKOTO
TaHT'eHCAa, a TAKXKE ero MPOU3BOAHON NpuBeaeHa HUxke. KoaddunmnenTs MmacimrabupoBaHus B
aKTHBAIMOHHBIX QyHKIMIX a=0,5.

AKTHBANHOHHBIE PYHKUHH

Mnepbonuyeckui b e — g~ (thax)’ 1 4a
thax = ——— 1ax) = =
MponzsoaHan runepbonuyeckoro
Mnepbonuyeckuii TaHrexc TaHreHca
1,0 2,0

05

\’.

3aganue 2. Beimonuuts o0yuenue HC moenu 1o skcrepuMeHTaIbHBIM IaHHBIM TIpoliecca.
B kauecTBe 3KCIIEpUMEHTAIbHBIX TaHHBIX UCIOIb30BaTh 3aJaHHBIN HA00p Map «X-y»,
pPaBHOMEPHO pacmpeeNeHHbIX M0 OCH «X». Habop JaHHBIX 17151 00y4YeHUs MPUBEIICH B
MPUJIOKEHUH K 33JIJaHUIO.

Ha omnom Bxone HC Moaenu 3a1aTh KOHCTAHTY, 3HAYSHHS] KOTOPHIX BEIOPATh

CaMOCTOSITENILHO.

3ananue 3. [Iposectu uccnenoanne padbotsl HC Mmonenu. OnpeaenuTs BIUSHAE [1ara u
KOJIMYECTBO 310X 00y4eHHUs HAa TOYHOCTh MOJTYyYEHHOTO PEIIECHUSI.

Odopminenue otyera.

Omuem Oondicen cooeparcamso
1. CTpyKTypHYIO CXEMY pPEaTM30BaHHON HEHPOCETEBOM UMUTALIMOHHON MOJEIIH.
2. MaccuB UCXOIHBIX JaHHBIX, UCMOJIB3YEMBIX I 00yUeHUS HEUPOCETH.

3. Pe3ynbTathl iccne10BaHuUs BIUSHUS 1Iara 00y4eHHs U YHCIia 310X 00y4YeHHsI Ha TOYHOCTh
MOJTy4YE€HHOM Mozenu (pe3ynbTaThl cBecTy B Tabnuiy). BeiOpats Hanbomnee appexTuBHBIE
3HAYEHUS.

4. IToctpouTts Tpaduku u3MeHeHus BecoB. (Pa30uThk Ha 4 rpynmbl: JyIsl BBIXOJAHOTO CIIOS,
Wi, W2i, W3i)

5. I[TocTpouTh rpaduk TUHUK PETPECCUU TTOTYUSHHBIN ¢ ucnonb3oBanuem HC monenu u ¢
MCII0JIb30BaHUEM METOJa HAUMEHBIINX KBaIpaToB.

6. JIucTHT mporpaMMsbl, peaTu3yIoNui HEUPOCETEBYIO MOJIEIb.
IIpakTnyeckas padora Ne9
MOJEJIX HEYUETKO-JIOTMYECKUX CUCTEM YIIPABJEHUS
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[lenb paboOTHI: TOCTPOCHHUE U MATEMATUIECKOE MOACITUPOBAHUE HEUETKO-JIOTHYECKOTO
JIOKAJIBHOTO PEryJIATopa MmapaMeTpa TEXHOJIOTHUECKOTo MPOoIecca U UCCIIEI0BATh €ro PadoThI
Mamepuanet 015 8blnoaneHUs pabomol

CTpyKTypHas cxemMa MOJCIUPYEMOI CHCTEMbI ¢ HEYETKO-JIOTHIECKHM PETYIISITOPOM
npuBe/cHa Ha puc. 1.

X, =2
3C K,
Zons e=x, X, Y U o}
» Kl » HP CP 1P
A 5
Z X2 TAZH Y
K2 M
@,
dt ?
€
»
OO0OBEKT YIpaBJICHUA F(XBX)
7 — |z 1 XBX
T,p+1 A Topp+1 X

Puc.1 Cmpykmypuaa cxema 10KanabH020 KOHMYPA Pe2yIuUPOBaAHUs C HEUEMKO-T102UYECKUM
pezynamopom

B kauectBe QyHKIMN NPUHAIIEKHOCTHU JJI BXOJIHBIX CUTHAJIOB «OLINOKA
paccoriacoBaHus» U «CKOPOCTh U3MEHEHHsI OIINOKHU paccoriacoBaHMsD MCIIOJIb30BaTh
KyCOYHO-JIMHEHHbIE PYHKINH, IPaUKN KOTOPHIX IPUBEAECHBI HA PHC.2.

MaremaTHueckue BoIpaXeHUs (QyHKIMH TPUHAATISKHOCTH JIUIsl BXOJHBIX U BBIXOJHBIX
CUTHAJIOB UMEIOT BU/I:

0, ecm x > —-0,2
-1,25x-0,25; ecnmu -1<x<-0.2
-1.4286x+0.2857, ecmu—0.5<x<0,2
Worp vae =4 1.4x+1.7, ecmm —1<x<-0.5
0, eciu x >0,2
-1.4286x+0.2857, ecnu—0.5<x<0,2
Woom =41.4x+1.7, ecim —1<x<-0.5
0, ectn x>0,2
1.4286x+0.2857, ecmu—0.2<x<0,5
W0 mame =1 -1.4x+1.7, ecmm 0.5<x <1.0

0, ecm x <-0,2

€
MOTP.Eo,vbume -
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. 0, ecm x<0,2
Rinon somuoe =1 55y 0.25: ecm 0,2<x <1,0
B, =[+1;+0,5;0;-0,5; 1] . Tie
B, ="VYmenvwams"" bvicmpo"
B, ="Vmenvwams"" Meonenno"
B, =" Heusmenamp"
B, ="Veenuuueamv"" Meonenno"

B, ="Vseauuusamv"" boicmpo"

Odopmienue otuera.
OTueT 10IHKEH CoAepIKaTh
1. CTpyKTypy KOHTYpa HEUETKOTO pEryIupOBaHUs
2. I'paduku QpyHKUIMN TPUHAICKHOCTH
3. ba3zy npaBui paboThl HEUETKOT'O PErysTopa
4. IlepexoaHble MPOLECCH] B CUCTEME PErYIMPOBAHUS
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