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1. Ilesm ocBOEHUM AUCHUIIITHHBI

I_[eJ'ISIMI/I OCBOCHUSI TUCHUIJIMHBI ABJISIOTCS.

- HpI/IO6p€TeHI/IC HaBBIKOB B IMPOCKTHPOBAHWU W MPAKTUYCCKOM HCIIOJb30BaHUA CPEACTB U CUCTCM
ABTOMATHUYCCKOT'O PETYJIMPOBAHUA IIPOLIECCOB TEXHOJOI'MYCCKUX MAIlIUH U O60py,Z[OBaHI/IH.

- OBJIQJICHUE JOCTATOYHBIM YPOBHEM MPOPECCHOHATBHBIX KOMIIETCHIIMH B COOTBETCTBUH C
tpeboBanusiMu PI'OC BO mno wHampaBinenuto 15.03.02 TexHoyormueckue MaiiuHbl H
obopyioBaHHE.

Jis MOCTMXKEHHST TIOCTAaBIICHHOW 1€ B AMCHUIUIMHE «CHCTEMBI aBTOMAaTHYECKOTO
PEryIUpPOBAHUS IPOIIECCOBY PEIIAIOTCS CICAYIONIHNE 3aauu:

— M3YYMTb YCTPOMCTBO M MPUHLUI pabOTHI 1aTYNKOB TEXHOJIOTHYECKHUX I1apaMETPOB;

— HW3y4YUTh OOLIME MOHATHA 00 AJIEMEHTaX CUCTEM aBToMaruueckoro perynupoBanusi (CAP),
XapaKTEpUCTUKU 3JIEMEHTApHbIX 3BEHBbEB, MepelaTouHble (YHKIUHU, CXEMbl BKIIOUEHUS
3BEHBEB,;

— IIOHMMATb IPUHILIMIIBI ABTOMATHYECKOI'O PETYJIMPOBAHUS U 3aKOHOB PETYJIMPOBAHUS;

— OCBOUTH HaBBIKM YTEHHUS CTPYKTYPHBIX U PYHKIIMOHAIBHBIX CXeM JIoOKanbHbIX CAP.

2. MecTo AUMCHUIUIMHBI B CTPYKTYpe o00pa3oBaTeibHOH MNPOrpaMMbl MOATOTOBKU
O0akajaBpa

Hucuunnuna b1.B./IB.04.02 «Cuctembl aBTOMaTUYECKOIO0 PEryJIMPOBAHUS IIPOLIECCOBY»
BXOJIUT B BApUATUBHYIO 4acTh O5I0Ka 1 06pazoBaTebHON MpOrpaMMbl, AUCIUILINH 110 BHIOODPY .

Jlns u3yueHus: qUCHMILTMHBI HEOOXOAUMBI 3HaHUs (YMEHHUs, BIaJeHus ), chopMUpOBaHHbBIE
B PE3YyJIbTATE U3YUECHUS!

— B1.b.09 «Maremartuka;
— B1.B.10 «®usukay;
— b1.b.13 «Mudopmarukay;
— bl1.b.17 «DnexTpoTexHHKa 1 dJIEKTPOHUKAY.
3HaHMST W YMEHHUS CTYACHTOB, TIOJY4YEHHbIE MpPU M3YUYEHUU JUCHUUIUIMHBI OyayT
HEOOXOUMBI ISl U3YUYEeHUs JUCUMILINHBI «[ npaBinyeckoe 000py10BaHNE METALTypPru4ecKuX
3aBOJIOBY, @ TAKXKE MIPH BBIITOJIHEHUU BBITYCKHOMN KBaTM(PUKAUOHHON pabOTHI.

3. Kommnerenuum o0y4yamomerocsi, ¢opmupyembie B pe3yJbTaTe OCBOEHHUS
AUCHUILVIMHBI (MOYJIs) M INIAHMPYeMble pPe3yJIbTaThl 00y4eHHUsI»

B pesynbrare ocBoeHuss AUCHMUILTUHBI «CHCTEMBI aBTOMATHUECKOTO DPETyIUPOBAHUS
MPOIIECCOBY 00YUAIOMIUKACS TOJDKEH 00J1a/1aTh CISAYIOIMIMMHI KOMIETEHITUSIMH:



CtpyKTypHBIi

JIEMEHT [Tnanupyemble pe3yabTaTbl 00y4eHUs
KOMIIETEHIIMH
IIK-13 - yMeHumeM mNpoBepATh TeXHHYECKOe COCTOSIHHE M OCTATOYHBIH pecypc

TEXHOJIOTUYECKOr0 O000pyJA0BaHMs, OPraHU30BbLIBATH MNPOPUIAKTHYECKHIT OCMOTP H
TeKYIIHi PEMOHT TEXHOJOTHYEeCKUX MAIIIUH U 000PY10BaHUS

3HaTh —  NPUHIMITBI PAOOTHI, TCXHUYECKHUE XapaKTEPHUCTUKH, KOHCTPYKTHBHBIC
0COOCHHOCTH pa3padaThIBAEMBIX M HCIIOJIb3yEMbIX TEXHHUECKUX
CPEIICTB aBTOMATU3AIUH;

—  METOJIOJIOTUYECKHE OCHOBHI (DYHKIIMOHUPOBAHHMS, MOJCTUPOBAHMS U
CHHTE3a CUCTEM aBTOMaTudeckoro perynuposanus (CAP);

— MNPUHIUIIBI TIOCTPOCHUA CUCTCM PCTYJIMPOBAHUA TCXHOJIOTHYCCKUX
MaIuH

YMeThb —  BBINOJHSATH pabOTHI M0 MHPOPMAIIMOHHOMY O0CITYKHUBAHUIO,
YIPABJICHUIO U TEXHUYECKOMY KOHTPOJIIO B MAIIMHOCTPOCHUH,

—  npoBoauTh aHan3 CAP,

—  OLICHMBaTh CTAaTUCTUYECKHE U AUHaAMUYecKue xapaktepuctuku CAP

—  BBINOJHATH aHanu3 ycrounBoctu CAP, cunTe3 perymnstopa

Bnaners —  HaBbIKaMmu a”anu3a ycronuusoctu CAP,

—  HaBBIKAMH HAaCTPOMKH peryJsiTOpOB

—  HaBBIKaMH aHANM3a QYHKIIMOHAIBHBIX CXEM aBTOMAaTH3AIHH
TEXHOJIOTHYECKOI0 000y 10BaHMSI

IIK-15- ymeHueM BbIOHPATHh OCHOBHBbIE U BCIOMOraTeJbHble MaTepHAJIbl, CIHOCOOBI
peaqu3anM  TEXHOJOTMYECKHX IPOLECCOB, NPUMEHATh MNPOrpecCUBHbIE MeTOIbI
IKCILIYATAUMU TEXHOJOTHYEeCKOro 00OpYyA0BaHMS MPH H3rOTOBJIEHHH TEXHOJOTHYECKHUX
MalIuH

3HaThb METO0JI0IHYeCKHe OCHOBBI ()YHKIIMOHUPOBAHUS, MOIETTUPOBAHUS U

CHUHTE3a CHCTEM aBToMaThyeckoro peryiauponanus (CAP),

— ycTpoiictBo u nmpuHimn padotsl CAP;

— TUIOBBIE AKEThl MPUKIAIHBIX IPOrpPaMM aHAIN3a JUHAMHYECKUX
CHUCTEM,

— OCHOBHbIE MeTo/1bl aHanu3a CAP Bo BpeMeHHOMN M YaCTOTHOM 06J1acTsIX

Ymetp —  PacCUYUTHIBATh OAHOKOHTYpPHbIE U MHOTOKOHTYpHBIe CAP nmprMeHUTeNbHO K
KOHKPETHOMY TCXHOJOTHYCCKOMY 06’L6KTy,

— npoBoauth aHanu3 CAP,

- IPOBOANTH OLIEHKY IMHAMHUUYECKUX XapakTepucTuk CAP

Bnaners — HaBbIKaMHU aHanu3a yctounBoct CAP, HaCTpONKH pETyNIATOPA;

— HaBBIKAMHU [TOCTPOEHHUSI CUCTEM aBTOMATUYECKOTO PETyIMPOBaHMUS,

—  HaBBIKaMH aHAJIM3a TEXHOJOTHYECKUX MPOIIECCOB KaK 00bEKTa
yIpaBJieHUs! ¥ BbIOOpa GYHKIIMOHATIBHBIX CXEM MX aBTOMATU3AlNU




4. CTpyKTYpa U colepKaHue TUCUMILUIUHBI (MO1YJIs1)

OO0mast TpyA0eMKOCTh TUCIUTUIHHBI COCTABISICT 2 3a4ETHBIX SAWHMII /2 aKaJl. 4acoB, B TOM YHUCIIC:

- KOHTaKTHas pabora — 6,4 akaj. 4acos:
— ayamTopHas — 6 akaj. 4yacos;
— BHeayautopHas — 0,4 akana. 9acoB

— caMocTosTelIbHas paboTta — 61,7 akas. yacos;

— MOJrOTOBKA K 3aueTy — 3,9 akaj. yaca
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XapaKTEPUCTUKA CHUCTEM aBTOMATUYECKOTO m3yueHne yuebHoii 1 |(cobeceoBanue), [TK-15-3yB

perynupoBaHusi  mporieccoB.  O6oO0meHHas
cXeMa aBTOMAaTUYECKOTO PeryIHpOBaHUSI.

OneMeHThl CTPYKTYpHBIX cxeM IIpuHinun
nercTBUs CUCTEM aBTOMATHUYECKOTO
perynupoBanus (CAP).

Texunueckue  cpenctBa CAP  um mx
KJ1accupuKanus o (GYHKIIMOHATTEHOMY
HA3HAYCHMUIO.

HAy4YHO JIUTEPaTyphl,
BBITIOJTHEHHE
KOHTPOJILHOM paboThI

IIPOBEPKA KOHTPOJIBHON
paboThI
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2. JlaT4uKu KOHTPOJISI U PETYIUPOBAHUS: 4 1 10 CamocrosiTenbHoe VYcTHBII onpoc [1K-13-3yB
onpe/ereHUE U KiaacCu(pUKaIUs JaTYNKOB; u3yueHne yuebHoii u  |(cobecenopannue), Cnaua |[1K-15-3yB
JaTYUKU [TEPEMELLCHUS; HAy4yHO JIUTEpaTyphl, |1abopaTopHOil paboTHI,
JaTYUKHA CKOPOCTH U YCKOPEHHUS, ITonck KONONHUTEIBHON
JaTYMKH CUJIOBOI'O BO3/ICHCTBHSI, vH(bOpMALKMH 11O
JIaTYUKH TEMIEPaTyphl; 33/IaHHOM Teme
JIATYMKH PacXojia U ypOBHsI HONTOTOBKA K
nabopaTopHOMY
3aHaTuro. Pabota ¢
3JIEKTPOHHBIMHU
OoubIroTEeKaMHU
3. YpaBHEHHUs CTaTUKU. Y paBHEHUE 4 1 |(1/11 10 CamocrosTenbHoe VYcTHBIN onpoc [1K-13-3yB
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xapakTepuctuk CAP. TunoBsie 3BeHbs.. HAYHHO JUTEPATyPEL, | 1a6OpaToOpHOi paGoTH,
IMonck DOMOIHUTEIBHON
WHPOPMAITUH TTI0
3aJJaHHOU TEME
MOJITOTOBKA K
nabopaTopHOMY
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4. Kpurepuu ycroitunoctu. [lokazatenu 4 1 |[1/11 10 CamocrosiTenbHOe VYeTHbli onpoc [1K-13-3yB
KadecTBa. Busl perynsropos. IIpuHium u3ydenue yueGHoii 1 |(coGecenoBanue), Craua |I1K-15-3yB
ACHCTBIA PETYTATOPOB HAYYHO JIMTEPATyphl,  |1a60paTOPHOl paboThI
HOJrOTOBKA K
n1abopaTopHOMY
3aHSTHUIO, BBITIOJTHEHUE
KOHTPOJIbHON pabOThI
5. ABTOMaTHYECKOE perynupoBanue| 4 1 10 CamocrosiTenbHOe Cnaua naboparopHoit [1K-13-3yB
NPOIECCOB  METAUTyprHYeCKUX  MAIIMH. M3y4eHue y4eOHOH U |paGoThl, MpoBepKa I1K-15-3yB
CucTeMbl aBTOMAaTHYECKOTO PETYITUPOBAHUS B Hay4HO JIUTEPATYPEL, |k onTpoBHOI PAGOTEI
MMuO. BBIIIOJIHCHHE
KOHTPOJILHOM paboTHhl,
Pabora c
3JIEKTPOHHBIMHU
oubaroTeKaMu
6. CAP B ruipaBinu4eckux 1 MHEBMaTudeckux | 4 1 11,7 CamocrosTenbHoe Cnaua nabopaTopHOi [1K-13-3yB
cucremax MMuO M3yueHne yaeOHol 1 paboTHI, IPOBEPKA [T1K-15-3yB

HAYYHO JINTEPaTyphl,
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5. O0pa3oBaTe/ibHbIE TEXHOJIOTHH

Jns peanuzauuMy  OpedyCMOTPEHHBIX BHAOB Yy4yeOHONM paboThl B  KayecTBe
00pa3oBaTeNbHbIX TEXHOJOTMH B MPENOJaBaHUU JUCHUUIUIMHBI MPUMEHSIOTCS MeTOAbI
ayJIMTOPHON pabOTHI — JIEKIMOHHOE H3JI0KEHHE MaTepuaja MO YNPaBISIONIMM TEXHUYECKUM
cucTeMaM, OCOOCHHOCTSIM HCIIOJIb30BAaHMS KOMIBIOTEPHBIX TEXHOJOTHH Ui pElIeHUs 3ahad
YIPaBJIEHUS, 110 PELIEHUIO 33/1a4 YIPABJIEHUS CTYJAEHTOB HENOCPEICTBEHHO HAa KOMIIBIOTEPHOI
TEXHUKE B pPaMKax TMPAKTHYECKUX M JTa0OpaTOpHbIX paboT. [lmg mydmiero 3akperjieHus
MaTepuaia CTYAEHThl IOJIy4aroT 3a/JaHus, KOTOPbIE BBINOJHIIOTCS HAa MPOTSIKEHUH BCEX
7a00paTOpHBIX  pabOT B OTPE3KHM BPEMEHH, OTBEJCHHBIC IS 3aKpeIUIeHUS Marepuaia u
MOJTy4YeHHUs] HAaBBIKOB paboOThl ¢ cucteMamu ympasieHus. OQopmileHHbIE MaTepHUabl CAAIOTCS
CTYJI€HTaMH MPENoJIaBaTEeNI0 B KOHIIE U3YUYCHHS TAaHHOM TUCIUILINHBL.

Cnioco0mbl, IpuMeHsAeMble Il TOCTUKEHUS LEIH:
— OJTHOTUITHOE CTPYKTYPHPOBAHUE JIEKIIMOHHOTO MaTepuaja U CaMOCTOSTEIbHBIX PaboT;
— MOCJe10BaTeNIbHOE MPOBEACHNE 1a00PaTOPHBIX 3aHATUMN BCIIE] 3a JIEKIUSIMHU.

IlepeaoBble TEXHOJIOTHM, IPUMEHSIEMBIE JIJTSI TOCTHKECHUS 1ISITH:

— Ha JICKIHSIX HCHOJB3YETCS KOMIBIOTEpP C MPOEKTOPOM JUIsi OTOOPaKEHHS M JIYYIIeTo
OCBOEGHUS U3Y4aeMOT0 MaTepuaia, MPUEeMOB H METOJ0B PabOTHI C CUCTEMaMH YIIPaBICHHUS.

— Ha J1Ta00OpaTOPHBIX 3aHATUSIX H3YYalOTCs U UCToNb3yercs coBpemernbie CAD u Math-
METOJBI JUIsl PEIICHUs 3aJa4 MPOCKTHPOBAHHUS CHCTEM pETyJIUpOBaHUS C 3aJaHHBIMU
XapaKTepUCTHUKAMU U JAIOTCS MPAKTHUECKHE HAaBBIKM HCIIOJIb30BAHUS KOMIBIOTEPHON TEXHUKU
JUISL KCCIIEIOBAHUS X CBOMCTB

JIeKIIMOHHBIN MaTepHall 3aKpeIuisieTcsl B XOJe JIadOpaTOpHBIX pPadOT, Ha KOTOPBIX
BBITIOJHSIOTCS TPYNIOBBIC WM WHAWBUAyAIbHBIC 3aJaHus 1O TpoiaeHHONH Teme. [Ipu aTom
1abopaTOpHbIE 3aHATHS MPOBOAATCS B WHTEPAKTUBHOW (hOpME C MCIIONB30BAaHHEM CIIEIYFOIINX
METOJIOB HHTEPAKTUBHOTO O0yUYEHUSI:

— mpobiemMHOe 00ydeHHe, KOTOpO€ 3aKIHYaeTcsi B CTUMYJIUPOBAHMU CTYACHTOB K
CaMOCTOSITENIbHOM  «100bIu€» 3HAHUM, HEOOXOAMMBIX JUISI PELICHUS KOHKPETHOM
pOoOJIEMBI;

— KOHTEKCTHOEe OOydeHHe, KOTOpO€ TIMO3BOJSET YCBOUTh MaTepHall IMyTeM BbISBICHUS
CBsI3eH MEXTy KOHKPETHBIM 3HAaHUEM U €0 IPUMCHCHHEM;

— pabora B KOMaHZE, KOTOpas MpeayCMaTpUBAET COBMECTHYIO JIETEILHOCTh CTY/IEHTOB B
TpymIe MoJ PYKOBOJICTBOM JIMJIIEpa, HANpaBICHHYI Ha pelIeHHe oOmei 3amadn
CHHEPTUHHBIM CIIO)KEHHEM DPEe3yJIbTaTOB WHAMBHIYaTbHOH pabOTHI WIEHOB KOMaHJBI C
JIeJIeHHEeM OTBETCTBEHHOCTH U ITOJIHOMOYHH;

—  MEXIUCHUIUTMHAPHOE 00yYeHHUe, KOTOpPOe MpeaycMaTprBacT UCTIONh30BaHNE 3HAHUN U3
pa3HbIX oO0NacTeil, WX TPYNIHPOBKA M KOHIEHTPAIMS B KOHTEKCTE KOHKPETHOM
penaeMon 3a1aum.

— WHAWBUIyalIbHOE OO0YYeHHE, KOTOpPOE€ NpEeAyCMAaTPHBAECT BBHICTPAMBAHHE CTYIECHTAMHU
COOCTBEHHBIX  OOpa30BaTENBbHBIX  TPACKTOPUHA  HAa  OCHOBE  (DOPMHUPOBAHHS
WHIMBUIYATBHBIX YYeOHBIX TUIAHOB M MPOTPAMM C YYETOM HHTEPECOB U MPEATIOUYTCHHM
CTYICHTOB.
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— Jlns BBIMOJMHEHUs Ja0OPATOPHBIX padOT HCMOIB3YeTCs JabOpaTOPHBIN TPAKTUKYM,
BUPTYaJbHBI CTEHJ| CHCTEMBbl aBTOMAaTHYECKOTO YIPABICHUS TEXHOJOTHYECKUM
napamMeTpoM, MpH TPOBEICHHH JIAOOPATOPHBIX pPabOT PACCMATPUBAIOTCS TECTHI T10
pasjienaM B UHTEPAKTHBHON Gopme.

JJ1st BEITIOJTHEHUST CAMOCTOSITETIbHBIX 3aJJaHHUI CTyIEHTAaM HEOOXOAUM MePCOHATBHBIN
KOMIIBIOTEP O cTaHaapTHEIM makeToM Microsoft Office (Word, Excel, Power Point).

6. YueOHO-MeTOANYeCKOEe 00ecTieYeHre CAMOCTOATEILHOI padoThI CTY/ICeHTOB

CamocrosiTeibHasE padoTra B XoJde AayAWTOPHBIX 3aHATHI IIpEANOJaraeT: HU3y4yeHUe u
MOBTOPEHHE TEOPETHUYECKOr0 Marepualia Mo TeMmaM JIeKIUi (10 KOHCHeKTaM U Yy4eOHOH
JUTEpaType, METOAMYECKUM YKa3aHUSAM), PEUICHHE 3a/ay, BBIIOJHEHUE WHAWBUYyaIbHBIX
3aJlaHNi.

CamocrosiTeibHas padoTa Mo KOHTPOJIEM IpenojaBaTessi MPEINoaaraeT MoAroToBKY
KOHCIIEKTOB U BBIMOJHEHHE HEOOXOJMMBIX pPAcdeTOB IO pa3jeiaM JAUCLUUILTUHBI, pPelIeHue U
IIpOBEpPKa IIpernojaBareseM 3adad, padoTa ¢ METOAMYECKOM JIUTepaTypod, MOArOTOBKA K
TECTUPOBAHUIO B UHTEPAKTUBHOU (hopMme.

BHeaynuTopHasi camocTosiTeJibHasi padoTa CTyEHTOB IIPEIoIaraeT MoAroTOBKY K
71a00paTOPHBIM 3aHSATHUSM, BBIMOJTHEHHE KOHTPOJIHHOW pabOThl, MOATOTOBKY K TECTUPOBAHUIO B
WHTEPAKTUBHOU (opMe; U3ydeHHE HEOOXOMMBIX Pa3/IeIOB B KOHCIIEKTAX, YYCOHBIX TOCOOUAX U
METOJMYECKUX YKa3aHHsIX; paboTa CO CHPaBOYHOW JUTEPaTypoil, HCIpaBiIeHHE OUINOOK,
3aMe4aHui, oopMIIEHHE 3aJaHHif; paboTy € NEKTPOHHBIMHU YISOHUKAMHU TI0 AUCITUTIINHE.

Ilpumepnvie 3a0anua K KOHMPOALHOU padome

3agaua 1. Halitu 5KkBUBajeHTHYIO NepefaTodHyr0 (yHKIHUIO cXeMsl (puc. ).

l W7 a—I/]/Z, a-WJ-,J

W, =

W =W,

Puc. 1. CrpykrypHas cxema
3anaua 2. OnpenenuTs NepeaTOuHy0 (PYHKIIUI0 00BEKTa PETYIHMPOBAHUS, MOJIEIb

KOTOPOTO 3a/1aHa U PepeHIINaTIbHbIM YPAaBHEHUEM

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

3agauya 3. Pemuth auddepeHnnanbHble ypaBHEHUS € MOMOIIBIO  MpeoOpa3oBaHus
Jlannaca, ¢ UCHOIB30BAHNUEM PA3IMUHBIX METOJOB pacyeTa MpOCThIX APOOEHi.
]

d d
3;}-+;}-—}- =dx

3agaua 4.
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3agaga 1. Hafite aMnmuTyasvio H (a0BVI0 YACTOTHEE XapaKTePHCTHEH HHE-
TeTPHPYVIOWIET ¢ 3B6HA. HMEHOIIET 0 MepeIaTOIHVED QVHKITHIO

_ 1
Wi(s)=—.
Ts
[MocTpouTs ToTapHOMHYECKHE aMIIHTYIHVED H (a30EVI0 TacTOTHRIE XaPaKTepHCTH-

s [TocToasHas epemenn 7=0.1 c.

3anaua S. IToctpouts rogorpad CAY ¢ uzBecTHON nepenaTouyHON GyHKINEH

2s+41
W(s)=
(s) s°+2s°+s+1

3amaua 6.

3azaga 1. [IpoBepHTE VCTOHYHEOCTE THIPONPHEOJA C JPOCCEIBHEIM PeryiIH-
POBAHHEM, CTPVETVPHAL CXeMA KOTOPOro IPHEEISHA Ha puc. 5.3, a koabhduuenTs 1
NOCTOAHHEIE BPEMEHH 118 PAXTHYHEIX BAPHAHTOR NPHBEIEHE! B TAa0T. 5.1

e () 1,9 [1 1 L )
K. Q T.. s ]":,_r].g] +20, T, s+1

K

o

Pac. 5.3. CrpyeTypHAR cxeMa THIPOOPHEOIA ¢ JPOCCENEHEN PETVIHPOBARHEM

Tadmauma 5.1
3HAYeHHA DapaMeTpoE THIPOMPHECIA

IMapamerp Bapuant

1 2 3 4 3 ] 71 8 9

Koaduunent nepegatn me- | 4
xaHH3Ma yapaeTeREA K,

]
—
]

2 3

)
]
—

[ napasmHieckad DOCTORHEAL | 01l 0,01 | 0.01 |0.02] 0.02|0.02]0.01]0.01] 0.01
BpeMerH I ., . ¢

MMexapHdeckas DOCTOIHHAR
BpeMeHH THIPOUHIHEIDA 001 0.002(0002(001] 0.01|0.01(001{0,01] 0,01

T,.c

KoapHIHEHT OTHOCHTED-

Horo Jeumduposanus [, 0203 |04 (05| 06|07|08|06| 04
Koz duuneHT 00patsol 10/ 15|20 [10]| 15]|20|15]10] 15

cBA3H rEaponpusoda K,
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3amaua 7.

JHana onnokontypHast ACP, mys koTopoit onpesenena nepeaatTounas GpyHKIus
perynstopa (P) ¢ HacTpoiikamu u quddepeHimanpHoe ypaBHeHne 00bekTa yrpasieHus (OY).

f
x»%% P %é% oy

Vv
<

Tpebyetcs onpenenurs:

- IepeAATOUHY0 (PYHKIUIO pa30MKHYTOH crucTeMbl Woo(s),

- XapaKTepUCTUYECKOe BhIpaykeHHe 3aMKHYTOH cuctemsl (XB3C),

- lepeaaTouHblie GYHKIIMU 3aMKHYTOH cucteMbl D3(s) — 10 3a1aHuIo,
®B(s) — no Bo3My1eHuto, PE(s) — no omuodke,

- koo punuents! ycunenus ACP,

- YCTOﬁqHBOCTb CHUCTCMBI.

JlabGoparopuas padora 1
DJIeMEeHTbI CTPYKTYPHBIX CXeM

Henb paboThl: U3yUUTH 3JIEMEHTHI U CIIOCOOBI MpeoOpa3oBaHMs CTPYKTYPHBIX CXEM.
ITocenoBarte/ibHOE COeIMHEHUE 3BEHbEB

I[Ipu mocnemoBatenbHOM  COEOWHEHWHU 3BEHBEB (puc.l.) BBIXOJHAs  BEIUYHHA
MPEAIIECTBYIONIETO 3BEHA MOAAETCS Ha BXO[ MOCIETYOLIETO.

L s, e Lt P o Lol Vs

IR

Puc. 1. Cxema ¢ nocieqoBaTeIbHBIM COETMHEHNEM 3BEHLEB

HpI/I 3TOM MOXHO 3aI1ucaTb COOTHOLICHUS JISI CUTHAJIOB
Yi=Wyi-Yo, y2=Wz -y oo Yu =W, Yus
wm Y, =Wy Wy-Wi-y,=W_. ¥
Taxum o6pazom, Wayz = l_[?=1 W,
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Ilenouka nocnedosamenbHo COeOUHEHHBIX 36€HbEE NPEOOPA3YEMCA 8 IKGUBAICHMHOE
366H0 C nepeoamouHol (QyHKuueil, pasHoil NPOU3EEOeHUI) NepedamoyuHblX @QYHKYUIl
OMOeIbHBIX 36€HbES.

Hapannenbno-cornaCHoe COCIMHCHHUC

[Tpu mapamiensHO-COTIaCHOM COCIMHEHHHM Ha BXOJ Ka)KJIOTO 3BEHA I0J1a€TCS OJIUH M TOT
’K€ CUTHAJI, & BBIXOJHBIE CUTHAJIBI CKJIQ/IBIBAIOTCS (pHUC.2)

_ [y 1)

U
\L.
=
¢&

—,M

Puc. 2. Cxema c mapajyiCJibHO-COTJIAaCHBIM COCAMHCHUECM 3BCHLCB

BbIxoiHOM curHai Y 31ech OyIeT ONpeaesaThCs Kak:
Yy=Y1+tYyz+-+¥, =W+ W+ --+W, )y, =W, ¥
Taxum o6pasom, Wayz = ?:1 W;.

Ilenouka 36enbes, cOEOUHEHHBIX NAPANIEILHO - CO2IACHO, NPEoOPA3yemcsa 6 36eH0 C
nepeoamounoil pynKyueil, pagHoil cymme nepeoamounvix QYHKYuii Omoe1bHbIX 36€HbES.

HapaJ’lJ’leJ’leO - BCTPEYHOC COCAUHECHUE

Ilpy 1aHHOM COEMHEHWM 3BE€HO OXBAYECHO IOJOXKHUTEIBHON WJIM OTPULATEIIBHON
o0OpaTHOH CBs3bIO (puUC.3).

Y4acTok menu, Mo KOTOPOMY CHTHAI HWAET B TPOTHBOIMOJIOXHOM HAIPABJICHUH I10
OTHOIICHHUIO K CHUCTEME B IIeJIOM (TO €CTh C BBIXOJIa HAa BXOJ) HA3bIBACTCS Uenbio 0Opamuoil
ceazu c nepenatounoit Qynkiuenn Woe. OOpaTHast CBSI3b MOXKET OBITH OTPUIIATEIBHON JHOO
MOJIOKUTETHHON (OTMEYAETCSl 3HAKOM «H» WITH «-»).

s orpunarensaoi OC:
y=Wq-u y; =W, 'y, u=y,—ym,
CruenoBaTeabHO
y:Wn'yI]_Wn'yl :Wrx'yﬂ_wnlwnc'y
1581051
y(1+wn' Wncj = I;'III"IrH'.):!":'l]
Yy = WBE{EE “Yo-
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Toraa sxBUBasIeHTHAs TiepenaToyHas GyHKIHS AJs oTpunareabHoii OC

W, =—o
IKE '
1+W_ W, .

DOKBHUBaJICHTHAs NiepefaToyHast QyHKIHS AJ1s1 moaoxuTeabsHoi OC

WBKEI = L
1-Wo W,
a
, y
" = M? :> L I/l/jwﬁ L’
.
o/ ) y
W,

14

Puc. 3. Cxema ¢ mapamiebHO-BCTPEYHBIM COSMHEHNEM 3BEHHEB

Ecnu Woce = 1, To 0OpaTHas cBsi3b Ha3bIBaeTCs eMMHUYHON (puc.3,0), Toraa

nge = Wn /(1 + Wn)

3aMKHYTbIe CHCTEMBbI

3aMKHYTYIO CUCTEMY Ha3bIBAIOT OOHOKOHMYPHOLL, €CIH TIPU €€ pPa3MbIKaHUH B KaKOi-TH00
TOYKE TOJIYJarOT I[EMOYKY U3 TIOCIEOBATEIHFHO COSAMHEHHBIX AIEMEHTOB (puc.4, a).

Vi

ol

b 5

ot

™

g

Puc. 4. OnHOKOHTYpHas 3aMKHYTasl cucTeMa
15



VY4acToK IIeNH, COCTOSIINN M3 MOCIECIOBATEIBHO COCIMHEHHBIX 3BEHBEB, COCIUHSIONINNA
TOYKY TPHJIOKEHUS BXOJHOTO CHTHAJIA C TOYKOM CheMa BBIXOJHOTO CHUTHAja HAa3bIBACTCS
npamoit yenvio (puc.4,0). [lepenarounas GpyHKIus IpSAMOI 1IeH

W, =Wi1- W2 Wa.

Ilenb W3 1HOCHEIOBATENBHO COECIUHEHHBIX 3BEHBbEB, BXOASIIUX B 3aMKHYTBIH KOHTYp
Ha3bIBAIOT pA30MKHYmoil yenvio (puc.4,B). llepenarounast pyHKIMS pa30OMKHYTOH IIeTIH

Wp =W, W3 W4 Ws
OHOKOHTYpHasi CUCTeMa MOXKET ObITh IpPEACTaBICHAa OAHMM 3BEHOM C IEepeJaTO4yHOU
byHKIMEH:

w. = Vs
IKE 1in.’

rae sHak '+ — A8 cMCTeMEI C OTpHIaTenabHoi OC,
sHaK "—" — AnA cCHCTeMBbl ¢ MonoxuTennHoi OC.

Ecnyu cMEHUTH TOYKY CHATHS BBIXOAHOI'O CUTHAJIA, TO MEHSETCsS BHJI HpsAMOH uenu. Tak,
€CJIM CUMTATh BBIXOJHBIM cUTHad Y1 Ha Bbixoae 3BeHa Wi, To W, = W1 Wa. Beipaxenue s
nepeaaToyHor (YHKIIMU Pa30MKHYTOH IENH HE 3aBHCHUT OT TOYKH CHSTHS BBIXOJHOTO CUTHAJA.
B 3aMKHYTBIX crcTeMax MPUMEHSIIOTCS CYMMAaTOpPbl CUTHAJIOB, KOTOPblE 0003HAYAIOTCS:
U

=1

Vioo- CPaBHUBAIOUIUI 3JIEMEHT C JIBYMsI BXOJAaMU —U U ¥4, U OJIHUM BBIXOJAOM ¥g.
3aKpalieHHbI CETMEHT MOKa3bIBA€T MHBEPCUBHOCTh CUTHAsA. T.e. CUTHAN U - MOJIOKUTEIbHBIMH,

CHUTHAJ ¥ — OTPHULIATENbHbIA. BpIXoAHO! curHan Oyer ¥p = U — ¥y.

u 7

Ji - CYMMAaTtop C [IByMs IIOJIOKATEIBHBIMH BXOAHBIMU CHUTHAjJaMU U U
Y. T.e. ¥g=u+y,.

I[OHOJIHI/ITEJIBHLIG npaBuJia rNepeHoCcoB

a. IIpaguno nepenoca cymmamopa
[Tpu nmepeHoce cymmaTopa 4yepe3 3BEHO HO X00y cUzHA1a HE00XO0AUMO J00ABUThH 3BEHO C
nepeaarouHont pynkiuent (Wiy Toro 3BeHa, uepes3 KOTOpoe nmepeHocuTcst cymmarop (puc.S, 0).

Ecnm cymmarop mnepeHOCHTCS npomugé xo0a cuzHana, TO 00aBISETCS 3BEHO C
nepenarouHor (QyHKIHeH, oOpaTtHOW mepenaroyHoit ¢ynkumu 3BeHa (1/Wi), gepe3 koropoe
MePEHOCHM CyMMatop (puc. 5, B)

8 f
0 1 y0 1
y0 V\/l y1 u V\/2 _>yz y V\/l LVVZ yz Vvl LVVZ

[ <

Puc. 5. CxembI nepeHoca cymmaropa
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[Tpu mogoOHBIX MPeoOpa3OBaHUAX MOTYT BO3HHMKATh HEOKBUBAJCHTHBIE YYACTKU JIMHHUU
CBsI3U (HA pUCYHKaX OHU 3alITPUXOBAHBI).

0. IIpaeuno nepenoca y3na

[Tpu mepeHoce y31a yepe3 3BEHO HO X00y cuzHana NOOABISETCS 3BEHO C MEPEAATOYHOM

byukuueii, ooparHoii nepenatounoii Gpyukiuu 3BeHa (1/Wi), yepe3 KOTOpoe MEPEHOCHM Y3ei
(puc. 6,0).

Ecnu y3en nmepeHocUTCs npomue xo0a cuznana, T0 100aBIsIeTCS 3BEHO C MEPeIaTOYHOM
byHKIHEH 3BeHa, Yepe3 KOTOPOe MepEeHOCUTCs y3en (puc.S, B).

al 5 b

A 5 1 G Jo 1
7 AR 7 S g Nk T:wfywﬁ-

. . Vi

| Tl L

Puc. 5. Cxemsl nepexoca ysina

FS
=
<

6. Bzaummnuvie nepecmanogxu y3n06 u cymmamopos

- y3JIbl MO’KHO MEHSTh MeCTaMu (puc. 6, a);

- CyMMAaTOpbI MOXXHO MEHATh MecTamH (puc.6, 0);

- TIPU TIEPEHOCE y3J1a Yepe3 CyMMaTop HeOoOXOAMMO NOOABUTh CPaBHUBAIONIMNA 3JIEMECHT
(puc.6, B): y =y1 + f1 =>y1 =y - f1 wim cymmarop (puc.6,r): y =y1 + f1.

Bo Bcex chmyuasx mepeHoca  JJIEMEHTOB  CTPYKTYpPHOH  CXEMBI  BO3HHMKAIOT

HedKeusdaleHmuvle yyacmKuy JIMHUWU CBA3U, ITOOTOMY HAJ0 OBITh OCTOPOKHBIM B MECTax CbEMa
BBIXOJHOI'O CUI'HAJIa.

al

Puc. 6. Cxembl B3aMMHOM NIEPECTAHOBKH Y3JI0B U CyMMaTOPOB
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CornmacHo  BapWaHTy, TPOBECTH MpeoOpa3oBaHUE  CTPYKTYpHOW  CXEMBI IO
BBIIICOIMMMCAHHBIM IIpaBUJIaM.

[Ipumep:

Onpenenuth nepetaTouyHyr0 (YHKLIMIO CHUCTEMbI YIPABICHMS, CTPYKTYpHas CXeMa KOTOPOH
IIpeACTaBIIeHAa HA pUCYHKe 7. MccnenoBars 3BeHbs, HAUTH J[Y, KOTOPBIM ONMCBIBACTCS CUCTEMA.

Iepenarounsie Gpynkuuu 3eenves: W, (S) = % W, (s) = ﬁ ; W, (s)=2.
ur . &t it
W,(s/ -~
W,ls/
Wils/

Puc. 7. Crpykrypnas cxema CAY

JlabopaTopHasi paGora 2
JIaTYMKH KOHTPOJIS M peryJIMpoOBaHust

ens pabotel: U3yuenue nzmepurenbubix anemeHToB CAP
Kanaccnpukanusa 1arunkon

1) Tlo Ha3zHaueHHUIO:

JATYNKH [TEPEMELLIEHUS;

JaTYNKHU CKOPOCTH;

JaTYNKHU YCKOPEHUS;

JaTYUKH pacxona;

JATYUKH CUJIBI 1 MOMEHTA;

JaTYUKHU TEMIEPATypbl U T.1.

2) Tlo criocoOy npeoOpa3zoBaHus HEAIEKTPHUYECKOM BETMYMHBI B 3JICKTPHUYECKUN CUTHAL:

® TeHEpaTOPHBIN (aKTHUBHBIE);

e MapameTpuyeckue (IacCUBHBIE).
B renepaTopHBIX JaTYMKaX SHEPTUsl BXOJHOTO CUTHAJIa IPeoOpaszyeTcsl B BBIXOIHYIO
ANIEKTPUUYECKYIO SHEPIUIo BbixoiHOro curHana (1,U,q) 6e3 ydacTust 1omoIMHUTEIbHBIX
MCTOYHUKOB YHEPIHH.

18



B napamerpuueckux gaTumkax moj I€HCTBHEM BXOAHOTO CUTHAJIA U3MEHSETCS
Kakoii-mubo napametp aarunka (C, L, R), mpu 3ToM cxema BKIIOYSHUS ITHX
JATYUKOB B 0053aTEIbHOM MOPSAKE UMEET UCTOUHHUK MMUTaHUS.

3) Ilo KOHCTPYKIMU U IPUHLIUITY ICHCTBUS YyBCTBUTEILHOTO 3JICMEHTA!

® KOHTAKTHEIE;
e (OECKOHTAKTHBIE.
4HI1o xapakTepy 3aBUCHMOCTH BBIXOJHOI'O CHTHAJIA OT BXOIHOM BEJIMYHHBI:

e qmporopiroHanbHbie Y=KX;
o X ) aT4yUK L5 Y
® HeJHMHEHHBbIE. A

e peseiiHas 3aBUCUMOCTD ( KOTJIa CUTHAJI Ha BBIXO/IE€ M3MEHSETCS CKaYK0OOpa3HO
IIPU MOSIBJIEHUM CHUTHAJIA Ha BXOJE);
¢ UMIIYJIbCHBIC, KOrJa IMpu U3MCHCHUN BXOI[HOI>'I BCJINYHHBI HAa BBIXOJC ITOABIAIOTCA

CUTHaJIbl B BUJC UMITYJIBCOB, YHCJIIO KOTOPBIX ITPOIMOPHUOHATIBHO BXOI[HOﬁ
BCIIMYHHC.

u D=NAd

L 4

Puc.2.1. ImnynbCcHBIE JaTYUKA

5) 1o BUIY BBIXOJJHOT'O CHTHAJIA!

epelneiiHble (aBTOMAaTHYECKask CUCTeMa LIMKIJIOBOTO THIIA - TPOrpaMMHasi );
® aHAJIOTOBBIC;

e 111 (ppoBbIE (MMIYIIbCHBIE, KOJIOBBIE);

6) ITo Bugy npeoOpa3oBaHus CUTHAJIOB:
® MEXaHUYECKUE B DJIEKTPUUECKHUE;

® MEXaHUYECKHE B THIPABINYECKUE;

® CBETOBBIE B DJIEKTPUUECKHUE.

Crensme CUCTEMBI

JaTuynku mooxeHust

YcrpoiicTBa, ciryXamye Ui Hody4eHUss HHPOPMAIUH O MOJI0KEHUH JIEMEHTOB
MeXaHHU3Ma MyTeM MpeoOpa3oBaHUM JTUHEMHBIX WM YTJIOBBIX MEPEMEIICHUN B AJIEKTPUUYECKUE
WJIN IPYyTUE CUTHAJIBI, HA3bIBAOTCS JATUYUKU NIEPEMEILECHHUS.

KOHI_ICBLIC BBIKJIFOYATCIIN (KOHC‘-IHLIC, HYTCBLIC) — 3TO HpOCTCfII.HPIC JaTYUKH ITOJIOKCHUA
peneﬁHoro tuma. OHn NpE€aAHa3sHAYCHBI IJId aBTOMAaTHUYCCKOro BBOJA JJICKTPUYCCKHUX CUTHAJIOB
HJIM KOMMYTAallU TOKOIIPOBOJda ITPpU JOCTHIKCHUHN 00BEKTOM KOHTPOJUPYCMOT'O TTOJIOKCHUS.
HOIIpEB,Z[CJ'IHIOT Ha:
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® KOHTaKTHEIE (puc. 2.2);
® OECKOHTAKTHBIE.
[To Buay npeobpazoBaHusi BXOJHOW BETUYHUHEI B BBIXOTHYIO:

® JJICKTPOMEXaHWYECKHE (KOHTAKTHBIC),

® UHIYyKTHUBHBIC (KOHTAKTHBIE U OCCKOHTAKTHEIE);

® CMKOCTHBIC,

® TepKOHBI (OECKOHTAKTHBIC);

® 3JICKTPOHHBIC (EMKOCTHBIE, (POTOAIEKTPOHHBIC, UHAYKTUBHBIC);
®  ONTOAJIEKTPOHHBIE.

:—I“J‘VW

Ty = ;
g “3% gtg{J
7 ~—— . Ronnlg;fmu t/~

0

Ipysxcuna

Puc. 2.2. KoHIleBbIe BBIKITIOUATENIM KOHTAKTHBIC U MX YCIOBHBIC U300paKCHHS:
a — PBIYKHOTO THIA; O — MIMUH/IETHHOTO TUTIA; B- MEPEKIIOYAIOIINNA KOHTAKT

SHGKTPI/ILIGCKI/Iﬁ JAaTYUK HNCPECKITIOYAIOIICTO TUIIa

_|_

YCTPOICTBO, Ha KOTOpoe
O---- nepenaeTcsa CUrHan,
(namnouka, pene,
OBUTaTenu, 3. MarHuT u

T.4.

SJ'ICKTPOKOHTaKTHBIC Hp606pa30BaTeHI/I AAaTYUKOB  CIIyKaT  JIA Hp606pa3OBaHI/IH
MEXaHHUYCCKOI'O NEPEMEIICHHUA HUCITOJTHUTCIBHOI'O opraHa TEXHHUYCCKOI'O yCTpOfICTBa
(TCXHOJ'IOFI/I‘{CCKOFO O60py,[[OBaHI/I$I) B 3aMKHYTOC UJIM PAa30OMKHYTOC COCTOAHHC SJICKTPUICCKUX
KOHTAKTOB, YIIPaBJIAOIIUX OJIHOP'I WK HECKOJIBKMMHU 3JICKTPUYCCKUMH LECTISIMU.
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DJIEKTPUYECKUM KOHTAKTOM HAa3bIBACTCS COCAMHEHHUE JIBYX IPOBOJHUKOB, ITO3BOJISIOLICE
IPOBOJUTH TOK MEX1y HUMHU. KOHTAaKTHI OBIBAIOT OTKPHITHIE U 3aKPBITHIE (TEPMETUYHEBIE).

PacrosnioxkeHre KOHTAaKTOB B 3alassHHOM CTEKJITHHOM OaJlIOHE, 3all0JTHEHHOM HWHEPTHBIM
ra3oM (YUCTBIM a30TOM WM a30TOM C HeOONbIION J00aBKOH BOIOpPOAA) MO AaBJICHUEM
NpEAOXpaHsIeT WX OT OKHUCICHMS U 3arps3HeHus. Jljig yJoydilleHussT KOHTAKTUPOBAHUSA
MOBEPXHOCTU KacaHUsl (KOHTAKThI) MOKPBIBAIOTCA TOHKUM cioeM (2...50 Mkwm) 3050Ta, poaus,
nayiaaus, cepedpa u ap. Takue repMeTU3MpoBaHHBIC KOHTAKTHI TIONYYWIIH Ha3BaHUE 2 e P K O H
ot (puc.2.3). B cBA3M C TeM, YTO KOHTaKThl B TE€PKOHE YIPABISIOTCS MArHUTHBIM IIOJIEM,
TE€PKOHBI Ha3bIBAIOT MAarHUTOYIPABIIIEMBIMUA KOHTAKTaMHU.
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['epMeTHUHbIE KOHTAKTHI (TEPKOHBI)

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

3J'ICKTp0HHI)Ie JATYUKH

VYcnoBHble 0003HAUEHUS JPYroro THUINA OECKOHTAKTHBIX JAaTYMKOB HCIOJIb3yeMOe B
AIIEKTPUYECKUX CXEMaxX IPUBEIEHbI Ha PUCYHKE 2.4.

Jns momyuenust wHGOpMAMK O TMEpEeMEIIeHUH B TpoIecce MEpeABIKEHUS padodero
opraHa cCily>kaT AaTYMKH MosoxeHus. MHpopmanus MoxeT mocTynarh HENPEPBIBHO — €CIIH €€
UCIOJIB3YIOT B KauyecTBE OOpAaTHON CBSA3U. OJTa MHGOpMaLUs CIYyXHUT Uil (OpMHUpPOBaHUS
YHIPaBISIONUX BO3AECHCTBUM Ha MPUBOIbI MEXaHU3MOB.

I[To Buay BBIXOJHOIO CUTHaJla JaTYUKU MOJOXKEHUS MOAPA3eIAI0TCs Ha:

® aHAJIOTOBBHIC;
® KOJOBBIC;
e uMIyJbCHbIE (LIU(POBLIE).

Oob1iee yciaoBHOE 0003HAUCHUE

-
~~™N 1+ - > n -
WHyKTUBHBIN €MKOCTHOMN ONTHYECKUI MarHUTHBIN
cseToamon, A : :
> Y -
YCTPOICTBO
(pene)
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JlabGoparopHasi padora 3

Pacuét BpeMeHHBIX H YaCTOTHBIX XapaKTePHCTHK KoJiedaTenbHoro 3seHa B MathCAD.

Leap padoThl: Hccae10BaHUE CTATUYECKUX M JUHAMUYECKUX CBOWCTB 3BEHHEB CHCTEM
ABTOMATHYECKOTO YIIPABJICHHsI C MIOMOIIBIO MTAKETOB MPHKJIAAHBIX porpamm MathCAD.

Jlns  cBoero BapuaHTa paccUMTaTh BPEMEHHbIE M YAaCTOTHBIE XapaKTEPUCTHKHU
KoJIe0aTeIbHOTO 3BeHa I JekpeMmeHTa 3aryxanus & = 0.25, 0.5, 0.707 u 1.0. CpaBHUTH
pe3yNbTaThl Pacu€ToB.

Ilpumep pacuéma: Ilepenarounas GyHKUUsS 3BEHA

1
W(p) = &<,
(P) T2p2+2§Tp+1eg<

rae § — ko dunueHt nemrdupoBaHus. 3BEHO MOXKHO PaCCMaTPHUBATh KaK MOCIIEIOBATEIILHOC
COC/IMHCHUE aTlepHOIMYECKOr0 3BEHA IMEPBOro Mopsjaka ¢ neperaarouHoit ¢yukuuein W(p) =
k/(T1-p + 1) 1 uaeanbHOrO MHTETPHUPYIOIICTO 3BeHA ¢ mepenaTounoi ynkiueir W(p) = 1/Tup,
OXBAYCHHBIX CIMHUYHON OTPHUIIATEIILHOW 00paTHO CBs3bt0. 31ech Tu — Bpemst uzonpoma; Ty =
2-6T-k; TL =k T Tu.

a=TuT, a;=Tut T, ao=I1ki+1; bo=T1k;
No 1 2 3 4 5 6 7 8 9 10
k 2 3 4 5 4 3 2 3 4 5

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

JlabopaTopnasi paGora 4

YcroituuBocts CAP. Kputepuu ycroitunsoctn

OOBEKTOM UCCIENOBAHUS SBJSETCA CHASAAIIAas CUCTEMa, CTPYKTypHas cxema
KOTOpPOI MpeicTaBiIeHa Ha puc. 1.

g(t) £t) Rwe b | Kowy [U ®

K\I

KM'-U\II
—

Puc. 1. CtpykTypHas cxema ciensiie CuCTeMbl

23




3nech: Kusw - mepeaaTounblii KOOGGUIMEHT U3MEPUTEIHHOTO YCTPOUCTBA;
Kpu, Ty - xodpduumeHt mnepenaun © TNOCTOSIHHAS BpeMeHH (Da304yBCTBUTEIHHOTO
BBITIPSMUTEIIS,;
Ky k03¢ puruent ycuneHus 3neKTpOHHOTO YCHIINTEIS;
Kowy, T5 - k0o umpenT nepenaun u mocToSHHAS BPEMEHH 3IEKTPOMALIMHHOTO YCHIIUTEIIS;
Ky, Tx - k03¢ punmenT nepeaayn 1 mOCTOSTHHAS BPEMEHH JIEKTPHUUECKOTO JIBUTATEIIS;
Kpex - K03 punirienT nepenaun peaykropa.

Hcxonuple naHHbIE JUIsI MOACTHPOBAHMSA IpHBeneHbl B Tabmune 1. Kaxneld cryaeHt
HOJTy4aeT HOMep BapHaHTa UCXOJHBIX JaHHBIX OT ITPENo/JaBaTes.

Jlis osTy4yeHHOTO BapHaHTa 33aHusl M0 MPAKTHKE CTYACHT COCTAaBIISACT WHAUBHYaTbHbIN
OTYET, COJCp)KAIIMI IONyYCHHBIC PE3YJIbTaThl HCCIEIOBAHUS CUCTEMBI B BHJE TIpaduKOB C
HEOO0XOIMMBIM MOSICHEHHEM H BBIBOJIAMH.

[Topsimox paboThI

1.UccnenoBaTh yCTOMYMBOCTh 3aMKHYTOW CHCTEMBbI C TIOMOIIBIO Kputepusi [ypsuia.
[Tpunss kosddunuent ycunenus snekrponHoro ycwurens Ky=100. Omnpenenuts
KpUTHYEeCKOe 3HaueHue koddduimenra ycunenus Ky, korma cucrema HaXOAWTCS Ha
TPAHUIIE YCTONYMBOCTH.

2.WccnenoBath yCTOMYMBOCTH 3aMKHYTOW CHCTEMBI C IIOMOIIBIO KpuTepus Payca.

3.MccnenoBarh yCcTOMYMBOCTS 3aMKHYTOM CHCTEMBI C TIOMOIIIBIO KpUTEpUsT MUXaiiios.

4.ViccnenoBath yCTOMYMBOCTh 3aMKHYTOM CHCTEMBI € TIOMOIIIbIO KpuTepus HailikBucra.

5.MccnenoBath yCTOMYMBOCTh 3aMKHYTOW CHCTEMBI C MOMOUIBIO JIOTapU(MUYECKUX
YaCTOTHBIX XapaKTEPUCTUK, OLIEHUTD 3a11achl yCTOWYMBOCTHU 110 (a3e U aMILTUTY/IE.

JlaGopaTopHas padora S
CuHTe3 JIeKTPHYECKOI CXeMbl YIPaBJIeHHS THAPOUNINHAPAMHA

Jns  ynmpaBineHHsT THUAPONPUBOJIOM B COOTBETCTBUM C 3aJaHHOM JuarpamMou
MEePEMEILICHUS TUAPOLIMINHAPA TOCTPOUM JIEKTPOKOHTAKTHYIO MPUHIIUITUATIBHYIO CXEMY.

Cxema ynpasneHusi OyZeT 3aruTaHa OT MOCTOSSHHOTO HUCTOYHHKA TOKa HaIpsbKeHueM 24
Bonbra. [Ins kOoHTposis 3a MCTOYHHMKOM MUTaHUS NPEIyCMOTPUM CUTHaJIbHYIO Jammy JIO

(ToxompoBoa 1), HEIOCPEICTBEHHO BKJIFOYEHHYO B CETh.
1 & 3 4 S 6
K ls
24V 4
MNuck |,
4 FAL 1Pﬂ8 Pae
3 3
Beikn L, ‘P<+— 2| P> ) p>}f4

2

/10 Al /e N3

V4 <

A2

Puc.2. Bximouenue SJICKTPOABUIATCIIA U pa3MCIHICHUC CUTHAJIBHBIX 3JICMCHTOB
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Jluarpamma nepemeleHuil THIpOLUIMHIPOB (BbIIAETCS COIVIACHO BapUaHTY)

A

0

Jlnsg 3amycka Hacoca THAPOCHCTEMBI Ciy>)kMT KHomka «llyck» (Tokomposojg 2),
o0ecreunBaroIlas BKJIIOUEHHE JIEKTPOABUraTelsl Hacoca MOCPEACTBOM KoHTakra peie K (Ha
CXEM€ HE YyKa3aHO), a /s €ro OTKJIIYEHMs CIYXHUT KHOIKa «BpIkin» (IOMHHHpYIOIIEE
otkioyeHue). Camomnonaxsar peine K obecrieunM pa3MenieHHEM HOPMAIbHO Pa3OMKHYTOIO
KoHTakTa K B mapamiensHoil BeTBU (TOKONpPoBOJ 3). BriroueHue 3neKTpoaBUraTesst HaCOCHOM
CTAaHLUM MOXXHO OCYILECTBISATh OJHOBPEMEHHO C TMHMTAHUEM CHUCTEMBbl YIIpaBJICHHS.
CrnenoBarenbHO €ro MOYKHO HCKJIIOYMTh M3 CUCTEMBI YIIPaBJICHUS TUIAPONPHUBOJOM. B
IlaJII)HGI\/JIHIGM 6YI[6M CUUTaTh, 4YTO 3TO MPOUCXOJUT MMCHHO TaK, U HC 6YI[6M ITIOKa3bIBaThb Ha
cXeMe.

3a cocTostHMEM PabOThI CUCTEMBI OyAyT MOMOTaTh OTCIEKUBATh TPU CUTHAJIBHBIE JTAMIIBI
JI1, J12 u JI3. JI1 OyneTr curHamm3upoBaTh O HEAOMYCTUMO MaJIOM JaBJICHUU BO BCACHIBAIOIICH
BETBU, Jammna JI2 curHanu3upoBaTh O NPEBBIIIEHWH HEKOTOPOTO IOPOrOBOTO 3HAYEHHS B
HarHeTaTeJIbHOM BETBH, a Jiammna JI3 o HopmayibHOUM pabote ruapoakkymyisropa. Kaxmas u3
JaMIl cpabaThIBAET B COOTBETCTBUM C CBOMM JJIEMEHTOM BBOJIa CUTHAJIOB peiie mAaBieHust P/I1,
P12 u P/I3. YToOBI HE 3aTE€HATH YEPTEXK, B AabHEHIIEM MOCTPOCHUN NMPUHIUIHAIBEHON CXEMbI
9TH JIEMEHTHI HE TIOKA3aHBbI.

,Z[J'ISI YHpaBJICHUA OCHOBHBIM pacClpeaACIUTEIICM MMPEAYCMOTPUM HCIIOJIB30BAHUC KHOIIKHU
S, KOTOpas 00eCreunuT BKIIOUCHHUE KaTyliKu peJe K1. IlocnenoBaTenbHOCTh BKIIOUYCHUS
SJICKTPOMArHuToB pacnpeneJmTeJleﬁ 6YI[6T ONIpCACIIATHCA Cpa6aTBIBaHI/IeM KOHIICBLIX JATYUKOB

A1, 12, 13.

3nech Jl1 — 351eKTpOHHBIN JaTYUK MHAYKIMOHHOTO THNa, J[2 —eMKocTHOro TUmna, a /I3 —
ONTO3JIEKTPOHHOTO THIIA.
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Puc.3. Pasmenienue 6J'IOKI/IpOBO‘IHBIX YCTpOﬁCTB H 3JICMCHTOB BBOJa CUTHAJIOB CXCMbI

yIIpaBJIEHUS TUAPOIPUBOIOM

Konmponvnsie éonpocet u 3a0auu 011 camonposepku

1

3anHcaTh JHGQepeRIIHAIbHOS YpaBHEHHE (PHCYHOK 1.17)

1

w

.

e

s+ 2

s+ 4

Pucynok 1.17

1.2.1.4 Haiita peaknuro cHcTeMbl (pHcyHOK 1.18) Ha eJHHHUHEIA
CKAYO0K IIPH HYJIEBBIX HAYaIBHBIX YCIOBHAX

2

1

s+ 1

T

5+ 3

g

Pucynok 1.18
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3. IlpoBepuTh CBOWCTBO YNpPaBISIEMOCTH IJIsI OOBEKTa, MOJEIb KOTOPOrO 3ajaHa
cuctemMoit AuddepeHnnanbHbIX YpaBHEHUM BHUIA:

X =X,
X, ==X, + 95X, + 2U.

4 Monens O0OBEKTa yHpaBICHHS 3a/laHa TepeaaTOodHON (YHKITHEH:

2p+1
W = .
(P) p’+5p+6

3anucath ypaBHeHUs: Mojenu B popme Koiu, mpoBepuTh CBOMCTBO yNPaBiIsieMOCTH.
5.
1.3.1.6 Onucate dopMyI0i 9acTOTHVH PEaKIHIO V(/) Ha BXOIHOE
rapMoOHHUECKOe Bo3deficTBHe x(1)=3sint. ecoH mepeaaTovHas (YHKITHA
¢buIBTPa paBHA
_ 35" +2s5s+1
W(s)=—F—7—"2
s +25+3

1.4.2.7 OueHHATh YCTOHTHBOCTh CHCTEMEI (pHCYHOK 1.41) mo kpHTe-
puro [ 'ypBHIIa

x(t) 0,1 v(z)
— 5 P 4
s+01
—10s
s+1 )
Pucynok 1.41
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7 OIICHO‘IHLIC cpeacrea AJisl MIpoBEeACHUSA HpOMe)l(yTO‘lHOﬁ arrecranuun

a) [lnanupyembie pe3yJbTaThbl 00yUeHUS U OLIEHOYHbIE CPEACTBA ISl POBEACHUA MPOMEKYTOUHON aTTecTAluM:

CtpyKTYypHBI
JJIEMEHT [Tnanupyemble pe3ynbTaTbl 00yUEHUs OneHouyHble CpeaCTBA
KOMIIETEHIIUU
IIK-13 - yMeHueM NpOBepATH TeXHHYECKOE COCTOSIHME M OCTATOYHBIN pecypc TEeXHOJIOrH4ecKoro 0o00py/AOBaHHS, OPraHU30BbIBATH

NPOPUIAKTHYECKHI OCMOTP M TEKYIIHIi PEMOHT TEXHOJOTHYeCKHUX MAIIMH U 000PY/10BaHUS

3HaTh

NPUHIMIB paOOThI, TEXHUYECKUE
XapaKTEePUCTHKH, KOHCTPYKTUBHBIC
0COOEHHOCTH pa3pabaThIBAEMbIX U
HCIOJIB3YCMbIX TEXHUYCCKUX
CpEeICTB aBTOMAaTH3AIHH;

METOJI0JIOTUYECKNE OCHOBBI
(GYHKIIMOHUPOBAHMUSI,
MOJIEJTMPOBAHUS U CUHTE3a CUCTEM
AaBTOMAaTUYECKOTO PEryIupoBaHus
(CAP);

MPUHIMIBI TOCTPOCHUS CUCTEM
pEryJIMpOBaHUs TEXHOJIOTHYECKUX
MaIlH

Ilepeyens TeopeTHYECKHX BOMPOCOB K 3a4eTy:

RBoOoo~Noa~wONE

0.
11.
12.
13.
14.
15.

Knaccudukanys TeXHUUECKUX CPEeICTB aBTOMATH3aIUH.
CucreMbl aBTOMaTHYECKOIO KOHTPOJISL.

CucreMbl aBTOMaTHYECKOTO PETYJIUPOBAHUS.

Kpurepun ycroitunBoctu

Kopnesoii kputepuii. Kpurepuit CTo105bl.

Kpurepuii I'ypsuna.

Kpurepnii Muxaiinosa.

Kpurepnii HalikBucra.

[Tokazarenu kauecTBa. CBsI3U MEXIy IMOKa3aTEIIMH KauecTBa
Omnpenenenue U Kiaccupukanus JaTIUKOB.

JlaT4MKY MTOJIOKEHUS U CKOPOCTH.

JlaT4MKy CUIIOBOTO BO3JACHCTBUS

Krnaccudukanus ncrnoiHUTENbHBIX MEXaHU3MOB.
Hacrpoiika peryiastopos.

TUnoBble 3aKOHBI PETYJINPOBAHUS.
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CTpyKTypHBI

3JIEMEHT [Tnanupyemble pe3ynbTaThl 00yUeHHs OneHoyHbIe CpeacTBa
KOMIETEHIIUH
16. lIIuHHBII METO/ MOCTPOCHUS THEBMAaTUYECKUX CUCTEM YIIPABIICHUS
17. OnpeJieeHue ONTUMAIbHBIX HACTPOEK PEryJIITOPOB
Ymeth —  BBIIOJHATH PabOTHI MO
MH(OPMaLIUOHHOMY
Ilpumepnuie 3a0auu K 3auemy.
00CITyKUBaHUIO, YIIPABJICHUIO U
TEXHUYCCKOMY KOHTPOJIIO B Bamaya 1 IlocTpouTh MepexoaHy0 XapakTepucTuky B Mathcad, omnpenenuts
MallMHOCTPOCHHH, TOYHOE BPEMsl PEryJIMPOBAHUS CUCTEMbI
—  npoBoauTth aHanu3 CAP, y'(t)=3-y'(t)+5-y(t)=2-u'(t)+15-u(t)
—  OLCHHBATH CTATHCTHUCCKHEC I 3amaua 2. OmnpenenuTs KOpHeBble Nokaszarenu kadectBa CAY, ypaBHEHHE
JTUHAMHYECKHE XapaKTePUCTUKU JTMHAMIKH KOTOPOTO HMEET BHIL
CAP
3-y"(t)—45-y'(t)+4-y(t)=5-u'(t)+2-u(t)
—  BBIIOJHATH aHAJIU3 YCTOMYUBOCTHU
CAP, cunrtes perynsaropa
Bnaners —  HaBBIKaMH aHaiu3a ycToWuuBOCTH | Illpumepnsvie 3a0anue na 3aueme

CAP,

—  HaBBIKAMH HACTPOUKH
PETYJIATOPOB

—  HaBbIKaMH aHaIU3a
(GYHKIIMOHAJIBHBIX CXEM

Hana onnokontypHas ACP, nist koTopoit onpeseneHa nepeaaTounas QyHKIUs
perynsitopa (P) ¢ HacTpoiikamu u muddepeHmanbHOoe ypaBHEHNE 00bEKTa YIPaBICHUS
(OY). Tpebyercst onpeenuTh:

- IepeIaTouHY0 QYHKIUIO pa30MKHYTON cucTeMbl W(S),
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CTpyKTypHBI
JJIEMEHT
KOMIIETEHIIH

[Tnanupyemble pe3ynbTaThl 00yUeHHs

O1eHOYHEIE Cpe€acTBa

ABTOMATH3AIMH TEXHOJIOTHYECKOTO
000pyI0OBaHUs

- XapaKTEePUCTUICCKOE BhIpaKeHHEe 3aMKHYTOM cuctembl (XB3C),

- mepenaTouHbie PYHKIMU 3aMKHYTO# cucteMbl D5(S) — 10 3a1aHHIO,
@y(s) — mo Bo3myieHuro, Pg(S) — 1o omrdke,

- koa(punmentsr yemnenus ACP,

- YCTOIZHHBOCTL CHUCTCMBI.

f

x»%e P “zéeoy >y

IIK-15- YMEHUEM Bblﬁl/lpaTb OCHOBHBIC M BCIIOMOraTeJIbHbIC MaTE€pPHAJIbI, Cnocoobl peaim3allui TEXHOJOTNYIECCKUX MMPOUECCOB, IPUMEHATH

MPOrpeCcCUBHLIC METOAbI IKCILIYaTAllMH TEXHOJIOTIHYE€CKOT0 060py)10133mm IMPH U3IrOTOBJICHUH TEXHOJOI'HYECCKUX MAIIIUH

3HaTh

—  METOJI0JIOTUYECKUE OCHOBBI
(bYHKIIMOHUPOBAHUS,
MOJIEJIMPOBAHUS U CUHTE3a CUCTEM
aBTOMATHUYECKOTO PETYJIHMPOBAHUS
(CAP),

—  YCTPOMCTBO M MIPHUHITUT pabOThI
CAP;

Hepeqeﬂb TECOPETHYECCKHUX BOIIPOCOB K 3a4€TYy:

1. TlonsTHe u ompeeneHus: CUICTEMbl aBTOMAaTHYECKOTO PETyJINPOBAHHUS.

2. TlpwHIun mgelcTBUS CUCTeM aBToMaTHueckoro perynupoBanus (CAP).

3. AJTOpUTMBI CUCTEM PETYIHPOBAHUS.

4. DIEeMEHTHI CTPYKTYPHBIX CXEM

5. Texumueckue cpenctBa CAP u ux knaccudukanus no (GyHKIHOHATEHOMY
Ha3HAYCHUIO

6. Juddepennmanbubie ypaBHEHHS TUTIOBBIX YIIPABISIEMBIX MIPOLIECCOB H
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CTpyKTypHBI

3JIEMEHT [Tnanupyemble pe3ysIbTaThl 00ydeHUS OrneHOYHBIC CpPE/ICTBA
KOMITETCHITH
— THIOBBIC MAKETHI MTPUKIIATHBIX TEXHUYECKUX 0OBEKTOB.
MpOTrpaMM aHajau3a JUMHAMUYECKUX 7. HacTOTHBIC XapaKTCPHCTHKH.
cucTeM, 8. OmnpeneneHre 4aCTOTHBIX XapaKTEPUCTHK.
9. Jlorapudmudeckrne 4aCTOTHBIC XapaKTEPUCTHKHU
—  ocHoBHBIe MeTObI ananu3a CAP Bo 10. HenuneiiHble MOJENN HEMPEPHIBHO-AUCKPETHBIX CUCTEM yIPABICHUS.
BPEMEHHOI M YACTOTHOI 06IaCTAX 11. YcrpoticTBa BBOIa MH(DOPMALIUU B MJIEKTPOTUIPABINICCKUX U
ANICKTPOITHEBMATHYCCKUX CXEMax.
12. YcrpoticTBa 00pab0oTKH HHPOPMAIUH B SJICKTPOTHIPABIHYECKUX H
ANIEKTPOITHEBMATHYCCKUX CXEMax.
13. YcrpoiicTBa mpeodpa3oBaHus B JIEKTPOTUAPABIUICCKIX U
AJIIEKTPOITHEBMATHUECKHUX CXEMaXx.
Ymethb

—  pacCUMTHIBATh OJHOKOHTYPHBIE U
MHOTOKOHTypHBIE CAP
MIPUMEHHUTENIBHO K KOHKPETHOMY
TEXHOJIOTHYECKOMY OOBEKTY,

— npoBoauTh aHanu3 CAP,

- IPOBOJUTH OLEHKY IMHAMUYECKUX
xapaktepuctuk CAP

Ipumepnvie 3a0auu na 3aueme

1. TTocTpoWTh YaCTOTHBIE XapaKTepHCTHKH cucTeMbl W(S) = 2/(s2+55+6).

2. s CAY, cTpyKTypHas cXxeMa KOTOpPOi MoKa3aHa Ha pUCYHKE HIDKE, ONPEACTUTh

ypaBHEHHE AUHAMHKHU. [TocTpouTs mepexoanyro xapakrepuctuky B MathCad
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CTpyKTypHBI

3JIEMEHT [Tnanupyemble pe3ysIbTaThl 00ydeHUS OneHOYHbIE CpEeACTBA
KOMIETECHIINU
5 R 2 4 R
0.5s+2 s+3
25 e
Brnaners — HaBBIKAMH aHAIM3a YCTOWYMBOCTH | [Tpumep 3a0anus na aueme

CAP, HacTpolKHU perynsTopa;

HaBbIKAMM  TIOCTPOEHHUS  CUCTEM
ABTOMAaTHUYECKOIO PETYJIUPOBAHMS,

HaBBIKAMHU aHAIIN3a
TEXHOJIOTHIECKUX MPOIIECCOB KaK
0o0BeKTa ynpaBjieHUs U BbIOOpa
(YHKIIMOHATBHBIX CXEM MX
aBTOMaTH3aluU

1. Onpenenuts ycTounBOCTh cucteMbl B Mathcad apudmerrnueckum 1 4acTOTHBIM
metoaamu st CAY ¢ nepenatouHoit ¢pyHkuue. OLeHUTh KadyeCTBEHHbIE
MOoKa3aTeJIi peryjaInpoBaHUs CUCTEMBI.

2p+1

. .
Sp°+5p+3

W(p)=

2 TlocTpoHTh 3IEKTPOPENICHHYI0 CXeMYy YIPAaBICHUS THAPOIMINHAPAMH IIHHHBIM
METOJIOM IO AuarpamMme nepeMenieHuid ruIpouInHIPOB.
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0) Ilopsaiok mpoBeaeHUsI MPOMEKYTOUYHON ATTECTAIUM, MOKA3ATeIM U KPUTEPHH
OLlCHUBAHMS:

[Ipomexxyrounast arrecrauust 1o aucuuiuiniie «CHCTEMBbl aBTOMAaTHYECKOTO
PEryJIUpOBaHUsl MPOIIECCOBY» BKIIOYAET TEOPETHUECKHE BOMPOCHI, TO3BOJIAIOIINE OILICHUTD
YpOBEHb YCBOCHHS OOYYAIOIIMMHUCSA 3HAHUM, W TNPAKTUYECKUE 3a/laHusl, BBISBISIOLINE
CTerneHb c(pOPMUPOBAHHOCTH YMEHUHN U BIIaJICHUI, IPOBOAUTCS B (popMe 3aueTa.

3adyer 1O JMaHHOW MAWCIHUIUIMHE IPOBOJMTCS B YCTHOM Qopme, BKiIroYaer |1
TEOPETHYECKHUI BOIIPOC U OJTHO IIPAKTUUYCCKOE 3aJaHue.

Ilokazamenu u Kpumepuu ouenueanus sauema:

- «3a4TeHO» CTAaBUTCS B CIydyae OBJIAJEHUS CTYAECHTOM JOCTaTOYHBIM ~ YPOBHEM

c(OPMUPOBAHHOCTH KOMIETEHLIMH, T.€. 3HATh O NPUHIUNAX Pa0OThI, TEXHUYECKUX

XapaKTePUCTHK, KOHCTPYKTHBHBIX OCOOCHHOCTEH pa3pabaThIBa€MBIX U HCIIOJIB3YEMbIX

TEXHUYECKUX CPEJICTB aBTOMATH3aLMU; OCHOBHBIX MeToj0B aHanu3a CAP Bo BpemeHHOH u

YaCTOTHOW 00J1aCTSX, NPUHIMIIAX HOCTPOCHUS CUCTEM YIPABICHUS TEXHOJIOTMYECKUX MAIlUH;

YMETb BBINOJIHATE aHan3 ycrounBoctd CAP, cuntes peryisaropa, nposoauts ananus CAP.
MeToanyeckne peKOMeH/IAUUM 1JIsl TOATOTOBKH K 3a4eTy

1. Ilpu noAaroToBKe K 3auyeTy y CTYJAEHTa JOJKEH OBITh XOPOIIMN yYeOHUK MIIM KOHCIIEKT
JUTEPATyphl, IPOUNTAHHOM 10 YKa3aHUIO NIPENOAaBaTells B TEUCHUE CEMECTPA.

2. BHaugane ciegyer nmpocMOTpeTh BeChb MaTepuall 10 CIaBaeMOM JUCHMIUIMHE, OTMETUTh
Ui ce0st TpyIHble Borpockl. O0s3aTeNIbHO B HUX pa3oOpaTbes. B 3akiroueHue erme pas
1es1eco00pa3HO MOBTOPUTh OCHOBHBIE TOJOXKEHUS, HCHONb3Yys INPH 3TOM OIOpPHBIE
KOHCTIEKTHI JieKIuid. IIpu 3ToM HyX)HO 00paTuTh 0c000€ BHUMaHME HA TEMbl YUEeOHBIX
3aHATHUH, TPOMYLIEHHBIX CTYIEHTOM IO Pa3HbIM IPUYHHAM.

3. Ilpu nmoaroroBke kK 3ayeTy HEOOXOAMMO MOBTOPAThH MPONAEHHBIH MaTepuasl B CTPOTOM
COOTBETCTBUM C y4eOHOH pabouell mporpaMMoil JUCHUIUIMHBI, TPUMEPHBIM MEpEeYHEM
y4eOHBIX BONPOCOB, BEIHOCSIINXCS HA 3a4€T U COJEPKAIIUXCS B JaHHOU IIPOrpaMMe.

4. Ecnu B mpolecce caMoCTOsTEIbHON padoThl HaJl U3yUeHHEM TEOPETUYECKOro MaTepuaa
WIM IpU PELIEHUH 3aJad y CTyJEHTa BO3HMKAKOT BOIPOCHI, PAa3PELINTh KOTOPHIE
CaMOCTOSITENIbHO HE YyJaeTcs, HeoO0XOAWMO OOpaTHTbCS K MPEnoAaBaTeNio  JUls
MIOJIy4EHHUs1 y HETO pa3bsICHEHUH WM yKa3aHuUH. B CBOMX BOIpocax CTYAEHT JOJIKEH
YETKO BBIPA3UTh, B UEM OH MCIBITHIBAET 3aTPYAHEHUS, XapaKTEP ITOrO 3aTpyJHEHUS. 3a
KOHCYJbTAlle cieayeT oOpamaTbCsi W B Cllydyae, €CIM BO3HHUKHYT COMHEHHS B
IIPABUJIBHOCTH OTBETOB HA BOIPOCHI CAMOIIPOBEPKH.
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8. YueOHO-MeTOoAMUYECKOE M HH(POPMALIMOHHOE 00ecTieYeHHe TN CIMTITHHBI
a) OcHoBHas1 JIUTEpaTypAa:
1. Aungpocenko, M. B. OcCHOBBl yNpaBi€HUS METALUIYPrUYECKUMHU MalluHAMU U

obopynoBanueM : ydeOHoe mocobue / M. B. Anmpocenko, O. A. @unarosa ; MI'TVY. -
Marnutoropck : MI'TY, 2016. - 1 3neKTp0H ont. guck (CD-ROM). - 3arn C THUTYIL
JKpaHa. URL:
https://maqtu.informsvstema.ru/uploader/flIeUpload?name:2578.pdf&showzdcataloqueslll
1130388/2578.pdf&view=true (marta obparenus: 04.10.2019). - MakpooObekT. - Tekcr :
3JIEKTPOHHBIN. - CBeneHus nocTynHbl Takke Ha CD-ROM.

Annpees, C. M. MoaenupoBanne 00BEKTOB U CHCTEM yIpaBieHus : yuebnoe nocodue / C.
M. Annapees ; MI'TY. - Marautoropck : MI'TV, 2017. - 1 sanekrpon. ont. auck (CD-ROM).
- 3arm. c TUTYIIL. JKpaHa. - URL.:
https://magtu.informsystema.ru/uploader/fileUpload?name=3337.pdf&show=dcatalogues/1/
1138496/3337.pdf&view=true (mara obOparenus: 04.10.2019). - MakpooOsekT. - Tekcr :
anekTpoHHbI. - ISBN 978-5-9967-1028-7. - Csenmenus poctynHsl Takxke Ha CD-
ROM.496/3337.pdf&view=true. -ISBN 978-5-9967-1028-7.

0) /lononnumenvhaa 1umepamypa

1) Ilapcynkun, b. H. ABTomaruzaims TEXHOJOTMYECKHX IIPOLECCOB M MPOU3BOJICTB B

2)

3)

4)

MeTayutypruu : yaeoHoe nmocodue / b. H. ITapcynkun, C. M. Anapees, E. C. Psa6unkoBa ; mox
pen. b. H. Ilapcynkuna ; MI'TY, [kad. [IKuCVY]. - Maraurtoropck, 2011. - 151 c. : ui., Tadm.
- URL:
https://magtu.informsystema.ru/uploader/fileUpload?name=482.pdf&show=dcatalogues/1/10
87745/482.pdf&view=true (mara oOpamenus: 23.10.2020). - MakpooObekt. - Tekcr :
AJIEKTPOHHBIN. - IMeeTcs meyaTHbIi aHaJIor.

OnTtuMuzanusi yopaBieHHs TEXHOJOTMYECKMMM Tpoueccamu : mpaktukym / b, H.
[Mapcynkun, C. M. Anapees, E. C. PsOunkoBa, T. I'. O6yxosa ; MI'TY. - Marauroropck,
2013. - 177 c. : ui., rpad., CXEMBI, TadmI. - URL:

https://magtu.informsystema.ru/uploader/fileUpload?name=638.pdf&show=dcatalogues/1/11
09486/638.pdf&view=true (mara obpamenus: 23.10.2020). - MakpooosekT. - Tekcr :
anekTpoHHBbIH. - ISBN 978-5-9967-0393-7. - FimeeTcs neyaTHbIi aHaJOr.

[Tapcynkun, b. H. ABroMaTuzamus ¥ ONTUMH3alMs YIPABICHHUS IPOLECCOM BBIIABKU
YyryHa B JOMEHHBIX nedax : yueOHoe mocodue / b. H. Ilapcynkun, C. M. Anapees, T. I
CyxonocoBa ; MI'TVY. - Marautoropck : MI'TY, 2018. - 215 c. : un., Tabmn., cxemsl, rpad.,
aujarp., HOMOTp., ICKHU3BI. - ISBN 978-5-9967-1208-3. - URL:
https://magtu.informsystema.ru/uploader/fileUpload?name=3635.pdf&show=dcatalogues/1/1
524803/3635.pdf&view=true (mara obpamenus: 23.10.2020). - Makpoodbekt. - Tekcr :
3JIEKTPOHHBIN. - IMeeTcs nevaTHslil aHajor.

[TapcynknH, b. H. ABromarmsamuss W ONTHMH3ALUS YIPABJICHUS TEIJIOBBIM PEXUMOM
paboTbl OJOKa BO3JIyXOHarpemBaTeiel JIOMEHHOW meun : ydeOHoe mocobume / b. H.
[Mapcynkun, C. M. Anapees, M. 10. Ps6uukoB ; MI'TY, [kad. I[TIKuCVY] . - Maruutoropck,
2009. - 148 c. : WL, rpad., CXEMBI, TabII. - URL:
https://magtu.informsystema.ru/uploader/fileUpload?name=269.pdf&show=dcatalogues/1/10
60896/269.pdf&view=true (mara oOpamenus: 23.10.2020). - MakpooObekT. - TekcT :
3JIEKTPOHHBIN. - IMeeTcs nevaTHslil aHajor.
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https://magtu.informsystema.ru/uploader/fileUpload?name=2578.pdf&show=dcatalogues/1/1130388/2578.pdf&view=true
https://magtu.informsystema.ru/uploader/fileUpload?name=2578.pdf&show=dcatalogues/1/1130388/2578.pdf&view=true
https://magtu.informsystema.ru/uploader/fileUpload?name=3337.pdf&show=dcatalogues/1/1138496/3337.pdf&view=true
https://magtu.informsystema.ru/uploader/fileUpload?name=3337.pdf&show=dcatalogues/1/1138496/3337.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=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=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

5) CucTeMbl aBTOMATH3alKHU U yIIpaBiieHus. JJabopaTOpHbIi MpakTHKyM : yueOHOe mocobue / b.
H. Mapcynkun, C. M. Auapees, E. C. Ps6uukosa, T. I'. O0yxoBa. - Marautoropck : MI'TY,
2013. - 1 onekrpon. omnt. guck (CD-ROM). - 3arm. ¢ Turyn. skpana. - URL:
https://magtu.informsystema.ru/uploader/fileUpload?name=1061.pdf&show=dcatalogues/1/1
119471/1061.pdf&view=true (mata oOpamenus: 23.10.2020). - MakpooObekT. - TekcT :
3JIEKTPOHHBIN. - CBeneHus nocTynHbl Takke Ha CD-ROM.

6) Amngpees, C. M. IIpHHIUIIBI TOCTPOCHUS U OPTaHU3ALUH KOMIUIEKCOB TEXHHUECKUX CPEIICTB
B cHUCTEeMax aBTOMaTuyeckoro ympasienus. Kypc jexuuit :
Amnppee. - Maruutoropck : MI'TY, 2013. - 1 snekrpon. ont. auck (CD-ROM). - 3ari. ¢
TUTYJI. JKpaHa. - URL:
https://magtu.informsystema.ru/uploader/fileUpload?name=920.pdf&show=dcatalogues/1/11
18913/920.pdf&view=true (mata obpamienus: 04.10.2019). - MakpooObekT. - Tekcr :
AIIEKTPOHHBIN. - CBeneHus goctynHsl Takke Ha CD-ROM.

yuebnoe mocooue / C. M.

6) Memoouueckue yxazanus

1. OOGyxoBa, T. I'. HWccrnegoBanue NPOMBIIUICHHBIX CHCTEM aBTOMAaTHYECKOTO
yIpaBJICHUS] TEXHOJIIOTHYECKUMU napamerpamu : npaktukym / T. I'. O6yxoBa, U. I'. Camapuna ;
MITY. - Marauroropck, 2012. - 57 «c¢. : wnm, rpad., cxemp, T1aba. - URL:
https://magtu.informsystema.ru/uploader/fileUpload?name=565.pdf&show=dcatalogues/1/11000
24/565.pdf&view=true (mata oOpamenus: 09.10.2020). - Makpooobekr. - Teker
ANEKTPOHHBIN. - IMeeTCs eyaTHbI aHAJIOT.

2. Metoanueckue yka3aHUs MO BBIMOJIHEHHUIO KOHTPOJBHBIX U JIA0OPATOPHBIX padboT
MIPE/ICTABJICHBI B IPUJIOKEHUH .

2) IIpocpammnoe obecneuenue u Hnmepnem —pecypcol
IIporpammHoe o0ecneuenune

Haumenosanue [10 Ne morosopa Cpoxk neiicTBUS TULEH3UH
MS Windows 7

Professional(nns ~ |1-1227-18 ot 08.10.2018 11.10.2021
KIIacCOB)

MS Oﬁ.lce 2007 Ne 135 o1 17.09.2007 0eccpovHO
Professional

FAR Manager CBOOOIHO OEeCCPOUHO
7Zip CBOOOJIHO 0EeCCPOUHO
MathCAD v.15

Education J1-1662-13 ot 22.11.2013 0eccpovHO
University Edition

IIpodeccnonanbHble 0a3bl JaHHBIX M MH(POPMAIMOHHBIE CIPABOYHbIE CHCTEMbI

HazBauue kypca CchUIKa

DneKkTpoHHas 0a3a MePUOINYECKUX U3nannii East

View Information Services, OO0 «MIBUC» https:/dlib.eastview.com/

[Touckoras cucrema Axanemus Google (Google URL: https:/scholar.qoogle.ru/

Scholar)
®denepanbHOE rocyz[apCTBeHHove OrOHKETHOE URL: http://www1.fips.ru/
YUPCKACHUC «(DellepaJ'IBHBII/I HNHCTUTYT
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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
https://magtu.informsystema.ru/uploader/fileUpload?name=920.pdf&show=dcatalogues/1/1118913/920.pdf&view=true
https://magtu.informsystema.ru/uploader/fileUpload?name=920.pdf&show=dcatalogues/1/1118913/920.pdf&view=true
https://magtu.informsystema.ru/uploader/fileUpload?name=565.pdf&show=dcatalogues/1/1100024/565.pdf&view=true
https://magtu.informsystema.ru/uploader/fileUpload?name=565.pdf&show=dcatalogues/1/1100024/565.pdf&view=true
https://dlib.eastview.com/
https://scholar.google.ru/
http://www1.fips.ru/

HanmonansHas nHGpOpMAIIMOHHO-aHATUTHYECKAs
cuctemMa — Poccuiicknii HHIEKC HayYHOIO

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

DneKTpoHHbIE pecypchl onbmuoreku MI'TY um.
I'.1. Hocoa

http://magtu.ru:8085/marcweb2/Default.asp

Poccuiickass  T'ocymapcTBeHHass — OuOIMOTEKA.
Karasoru

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

DJeKTpoHHas 0a3a NepUoIMYECKUX u3anuii East
View Information Services, OO0 «1IBUC»

https://dlib.eastview.com/

9. MaTepuajibHO-TeXHHYecKoe o0ecniedeHue TUCHUTLIHHBI (MOIYJIs1)
IlepeyeHb y4eOHO-MeTOAMYECKUX MATEPHAJIOB M CPEJCTB 00y4YeHHUA

Twum u Ha3BaHUE AyauTOpHUH

OcHareHue ay IuTOpuu

Y4eOHbIe ayIUTOPUH IS MynbTUMEANITHBIE CPEACTBA XPAHEHHUS, IIEpEAUn U
NPOBEICHUS 3aHATUHN JIGKIIMOHHOTO | TIPEACTABICHUS HHPOPMAIUH.

THIIA

Y4eOHble ayIUTOPUH IS MynbTUMEaITHBIE CPEACTBA XPAHEHUS, IIEPEAAYN U
IPOBEICHUS JTaOOPaTOPHBIX npecTaBIeHus HHPOPMALIUH.

3aHATUHN, TPYIIIIOBBIX U
VHIVBHUAYaJIbHBIX KOHCYJIbTAlUH,
TEKYLLEro KOHTPOJIA U
IIPOMEXKYTOYHOM aTTecTaluu

KoMIurekc TecToBbIX 3aaHUM U1 IPOBEACHUS
IIPOMEXKYTOUHBIX U PyOEKHBIX KOHTPOJIEH.

[Tomemenus ans camocrostensHoil | [lepconanbnbie komnbroTepsl ¢ makerom MS Office,

paboThl 00y4aroIUXCs BBIXOJIOM B

I/IHTepHeT " C IOCTYIIOM B 3JICKTPOHHYHO

MH(POPMALMOHHO-00pa30BaTENbHYIO Cpely YHUBEPCUTETA

[Tomewenus nis XpaHEHUS U Ixade! 11 XpaHeHUs y4eOHO-METOANYECKON
npopHIAKTHIECKOTO JIOKYMEHTalUH, y4eOHOTro 000py10BaHHs U y4eOHO-
o0ciyKuBaHUsl y4eOHOTO HarJIsIHBIX IOCOOUH.

00opyIoBaHUs

JlexumoHHBIH  3a7, OOOpPYJOBaHHBIM COBPEMEHHOM MPE3EHTALMOHHONM  TEXHHUKOU

(mpoexTop,3KpaH, HOYTOYK).

KomneioTepHble Kiacchl, 00OpYyIOBaHHBIE COBPEMEHHOM TEXHUKOM M MeOenplo s

MPOBEJCHUS MPAKTHUECKUX WM JiabopaTopHbIX 3aHATUH. Kommnbiorepsl 0OBEAMHEHBI B

JIOKaJbHYIO CE€Th C BBIXOJOM B MHTEpHET M 3JIEKTPOHHYIO HH(OPMAITMOHHO-00pa30BaTEeIIbHYIO

Cpely YHHBEPCHTETA.
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https://dlib.eastview.com/

IMPHJIOKEHHUE

MeToanuyeckue yKa3aHHs 10 BHINIOJHEHUI0 KOHTPOJbHOH PadoThl
Beenenue

[Ipy wu3ydennn gucHUIUIMHBL  “CHCTEMBbI ABTOMATHYECKOI0 peryJHpOBaHus’
HE00X0IUMO:

1. PaccMoTpeTh mepedeHb W MOPSIOK YepelOBaHUS TeM M BOIPOCOB M3YUYCHHUS TAHHOU
JUCLUTUIMHBL.

2. PaccmoTpeTs M Ipu HEOOXOAMMOCTH YTOYHUTh y BEAYIIEro IpernojaBaress IUIaH-
rpaduK CaMOCTOSATENBHOW pabOThl CTyAEHTa, MOPSAAOK W3Y4YCHHs AMCUUIUIMHBI, B 4YeM
3aKJII0YAETCSl CaMOCTOSATENbHAS PadoTa, TMPOMEXYTOUHAsI M MTOTOBas aTTECTAlHsl 1O JaHHOU
JUCLUTUIMHE.

3. YTOUHUTH NOPAIOK U LIEIb IPOBEACHUS Ja00paTOPHBIX paboT.

4. PaccMoTpeTh W TIpH HEOOXOAMMOCTH YTOYHUTH Y BEAYIIETO IPETOAaBaTelIs MOPSI0K
U3yYeHHUs] BOIPOCOB TEOPETHUYECKOTO IHKJA, BBIHECEHHBIX Ha CAMOCTOSITENBHYIO paboTy
CTYACHTa, a TaKKe IOpSAJOK aTTeCTallud IO PAacCMOTPEHMIO JaHHBIX  BOIIPOCOB.
CamocrosTenbHas padoTa CTYACHTOM BBINOJHAETCS B ayJUTOPUU U Ha JIOMY IO aJITOPUTMY,
3aJJaHHOMY IIpernoJiaBaTesieM /Ui CO3/IaHusI KOHCIEKTa JUCLUIUINHBL.

5. O3HaKOMHTCS C COJAEp)KaHUEM U 0OBbEMOM JOMAIIHEH M KOHTPOJIbHOW pabOThI, IS
CaMOCTOSITEIFHOTO €€ BBINIOJIHEHWsI W YTOYHUTH HEMOHATHBIE MOMEHTHL. IlogoOpats B
O6uOIMoTEeKe YHUBEpCUTETa WM JHO0H Apyroil O6ubimoreke ropoja JUTEpaTypy MO TeMe U

IMPOKOHCYJIbTUPOBATHCA Y IMPECIIoAaBaTeCIA € IEJIbIO YTOYHCHUA HETIOHATHBIX MOMCHTOB.

OcHoBHbIE TpeﬁDBaHI/IH U METOAUYECCKUE PEKOMEHIAIUH

KonTponbHas paboTta siBisieTcs BaxxHOM (popMoit caMOCTOSITENEHOM paboThI CTYIEHTOB
3a049HOM (popMbI 00ydeHHs. OHA CITYKUT JOMYCKOM K 3a4eTy.

BrImonmHsIeMbIe  CTYJIeHTAaMH KOHTPOJIbHBIE PaOOTHI TIO3BOJISIOT TIPEIOIABATENI0 JIaTh
MpeIBapUTENbHYIO0 OIIGHKY CTENeHH YCBOCHHsS HMMHM Yy4eOHOro Marepuaia 1o JaHHOU
TUCITUTLIAHE.

KonTposnbpHas paboTa COCTOMT M3 HECKOJBKHX 3a/Ja4 HAa PA3IMYHBIC TEMBI 10 BCEMY

KypCy JHACHHIUIAHBI.

37



BapuaHT KOHTpONBHOW PabOTHl BBIOMPAETCS] B COOTBETCTBUU C MOPSAKOBBIM HOMEPOM
JKypHaja Ipenojasatens 1o naHHoi rpymme. Mcxons u3 aroro npemnaraercst 20 BapuaHTOB
KOHTPOJBHBIX paboT ot 1 10 20-ro BapuaHTa BKIIOYUTEIHHO.

[Ipexne 4eM NPHUCTYNHUTh K HAaIMCAHUIO KOHTPOJBHOM pPabOThl, HEOOXOIUMO H3YyYUTh
TEOPETUYECKUI MaTepuaj, 4ToObl OINpPENeNUTh MECTO IMpeajJaraéMblX BONPOCOB 3aladyd B
CTPYKType Kypca. O0s13aTenbHO yKa3bIBaTh JTUTEPATYPHbIE M UHBIC HCTOYHHUKH, U3 KOTOPBIX 3Ta
uHopManus B3ATA.

Crnucok HCI0JIb30BaHHOM JINTEpaTyphl MOMEUIAETCS] B KOHIE KOHTPOJIbHOM paboThl (He
MeHee 2-3 HaMMEHOBAaHUM HCTOYHUKOB, M3JAHHBIX HE paHee, 4eM 3a 5 JIeT A0 BPEMEHU
HaIMcaHus paboThl).

KonTponbHast paboTa BBINOJIHAETCS Ha OCHOBE MCIOJIb30BAaHUS PEKOMEHI0BAaHHOU
autepaTypbl. CIMCOK PEKOMEHI0BAaHHOW JIUTEPATYPbl IPUBOJUTCS IOCIIE U3JI0KEHNS BAPUAHTOB
KOHTPOJIbHON paboThl.

Hannuue crincka pekOMEHI0BaHHOM JIMTEPATyphbl HE UCKII0YAET MCIOJIb30BAHUS IPYTroi
JUTEPATyphl, KOTOPast HOJOUPAETCS CTYyIE€HTOM CaAMOCTOSITENBHO.

Crnucok UCNoNb30BaHHON JIUTEpaTyphbl 0043aTENbHO TOMELIAETCS B KOHIIE KOHTPOJIbHOM
pabotsl B andaBute GpaMuUIMi aBTOPOB MJIM Ha3BaHUM MCIOJIb30BAHHBIX UCTOUYHUKOB (€CIH HE

yKa3aHbl aBTOPBI UCTIOJIB3YEMbIX padoT).

Mpumepbl pelweHns 3a4a4 KOHTPO/IbHOM paboTbl

Ilpumep 1. HaiiTn 3KBHBAJIEHTHYI0 NepeIaToyHyr (GYHKIHIO cxeMbl (puc.l).

o W, T .

Ws = W, fo——
Ws

Puc.1. CtpykTypHasi cxeMa MHOTOKOHTYPHOM CHCTEMBI

Tak kak cxemMa HMEET MEPEKPEIIMBAIOIINECS CBS3HM, TO €€ HYXHO NpeoOpa3oBaTh.
[Tepenecem Hadano oOpatHoi cBsizu 3a 3BeHO W3, [Ipu Takom mepeHoce B 0OpaTHYIO CBSI3b
Ha10 100aBuTh pukTHBHOE 3BeHO 1/WS3 (puc. 2).
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N E

W fe W, fe= W,

2 4

~QUKITLIGHOE 366HD

Pucynok 2. [Ipeobpa3zoBaHHasi CTPYKTYpHas cxema

Haunnaem cBopauuBaTh CXeMy M HaXOJUTh MEPEAATOUHYIO (DYHKIIHIO:
r__ Wa
1-Wy W'

W =Ws- Wy 1/Ws,

Wy W
wih=_—w, - w=_—=2
1+W2'W6
- TWiW3y
W - w . 1+Wq W . -W,y W,
14w 1+$ﬂﬁf-;(w5- Wal/Wa)  1+Wp We—W, Wy Ws W l/Wy'

Ipumep 2. CocTaBUThL CTPYKTYPHYIO cXeMy No auddepeHnnaibHOMy ypaBHEHHIO
oowexra 2y© - 3y@ + 4y - gy = 3u@ - uy® + 2u,

1. Ilpexne Bcero ypaBHEHHE HOPMUPYIOT (IEISAT Bce KOIPPHUIMEHTH Ha
kodpduuuent a0 mpu crapuied Ipou3BOAHOW JeBOM yactu). B Hamem npumepe
a0=2, nenum ypaBHEHHE Ha 2, TOJYIHM

y® —1,5y@ +2W - 3y =1 5u®@ -0,50 + y.

2. 3areM COCTaBMM CTPYKTYpPHYIO CXEMY, UCIIOJIb3Ysl OJIOKM MHTETPUPOBAHUS
(T.e. nenenus Ha nepemeHHyto Jlamnaca s). Mx 4ncio paBHO NOPSAAKY CHCTEMBI n (B
JAHHOM TIpUMepe TPEM).

3. C BBIXOJa KaX/I0TO MHTETpaTOpa OpraHn3yeM oOpaTHBIE CBSI3U K 00IIeMy
(BXOJTHOMY) CyMMaTopy ¢ MHBEPTHUPYIOIIMM BXOJOM, HauMHas ¢ Koadduiuenra al
py n-1 TPOU3BOIHOMN.

4. C BBIXOJa HUHTErPAaTOPOB OPraHU3yeM CBS3U C KOX(PPHUIMEHTAMH U3
MPaBOi YacTH ypaBHEHHUS K BBIXOJHOMY CyMMAaropy OOBeKTa (eciu IpPOHU3BOHBIE
3/1€Ch OTCYTCTBYIOT, TO BBIXOAHOH CyMMaTOp He HyXeH, a 0JIOK ¢ Koa(ppHuireHTom b
MOJKHO TTOMECTHTh W Ha BBIXOJIC, M HA BXOJI€ CHCTEMBI JO TJIAaBHOTO CyMMAaTopa).
[TonmyuyeHHasi cxema roka3zaHa Ha pPUCYHKe 3.
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Puc. 3. CtpykrypHas cxema

Ipumep 3. OnpeneauTs NepeIaToOYHY0 PYHKIHIO 00BEKTA PEeryJTupoBaHusA, MOe/b
KOTOPOro 3agaHa audepeHuuajIbHbIM YPABHEHUEM

1,593 + 3.5y - 3.1y +ay=22u% —u
Bsenem B ypaBHeHue onepatop Jlamiaca — s v BbiHeceM YuU 3a CKOOKH.
(1,55 +3.55* —3.1s +4)y=(2.25* —1L)u

JlenuM MHOTrouJIeH MpaBoi 4acTu AUPQPEpEeHIINATLHOTO YpaBHEHHUsI HA MHOTOWIEH JIEBOI
YacTH, M0Jy4yaeM BbIpaXXKEHUE MepelaTOYHON PyHKIUU

2.252 -1
,5534+3.552-3.1s +4

Wy(s) =

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

d y—E’»y—4y:2%+6x
dt? dt dt

JlorycTuM, BXOJAHOM CUTHAT UMeeT (OpMy €AMHUYHOTO CTYIEHYAaTOr0 BO3JCHCTBUS, T.€.

X(t) = 1. Toraa u306paskeHHe BXOJHOTO CUTHAIIA, COTTIacHO Tabmuie 1.2, uMeeT BHT X(S) =1 .
s

[MpousBoaum npeodpaszoBanue ucxoanoro Y mo Jlamacy u noacrasisem X(S):
s2.Y(s) -3-5-Y(S) -4-Y(s) = 2-s-X(s) + 6-X(8),
s2Y(s) -3-5Y(s) -4-Y(s) =25 +61,
S s

Y(s)-(s® -3s? -4s) = 2.5 + 6.
Onpenensiercs BbIpakeHUe 17 Y

2S+6
s* —3s% —4s

Y(s) =
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OpuruHaI MOJy4YeHHOW (QYHKIIUM OTCYTCTBYET B TaOJIUIIE OPUTHHAIOB U W300paKCHUIA.
JIst pelieHust 3aqa4u ero MoucKa Apo0b pa3duBaeTCss HA CyMMY HPOCTBIX IPOOEH ¢ y4eTom
TOT0, YTO 3HAMEHATEIh MOKET OBITH IIpeACcTaBicH B Buze S(S + 2)(s + 3):

__2s+6 __ 2s+6 15 07 08
s°—3s*—4s s(s—-4)(s+1) s s-4 s+1

Tenepb, ucnonb3ys TabauuHble (QyHKIUU (CM. Tabna. 2), ompenenseTcs OpUrHHa
BBIXOHOU (DYyHKIIMU:

y(t)=-1.5+0.7e* +0.8¢".
I[Ipu pemennun JIY ¢ wucnosb3oBaHueM mpeoOpa3zoBanmii Jlammaca 9acTo BCTaeT

MIPOMEXKYTOYHAs 33a7a4a pa3OoueHus Apodu HA CyMMY MPOCThIX aApobeit. CymecTBYIOT Ba MyTH
pELIeHUs 3TOU 3a/1a4u:

- IyTEeM pEIICHUS] CHCTEMbl YPAaBHEHUH OTHOCUTEIHHO KO3()(DUITMECHTOB YUCITUTENEH,
- myTeM pacydera Kod(OUITMEHTOB YUCIUTEIEH 110 U3BECTHBIM (POPMYJIaM.
OO6muii anroput™ pazbueHust ApoOU HA CyMMY MPOCTHIX APOOEii:

waz 1 - onpeoensiomcs KopHu 3Hamenamens Si  (3HameHamenvb OpooOu
NPUPABHUBAEMCsl K HYJIO U Peaemcst NOJLy4eHHOe YPAGHEHUe OMHOCUMENbHO S);

waz 2 — Kajncoomy KOpHIO CMAGUMCS 8 COOmeemcmeaue npocmas 0podv euod

, 20e Mi — Heussecmmublii KOIhhuyuenm,; eciu umeem mecmo KpamHvlil KOpeHsb ¢

S=5§;

KpamHocmbio N, mo emy cmasumcsi 6 coomeemcmeue N 0p06eb7 guoa
K, e

DN J=11n1

(S_Si)J

waz 3 — onpedensomces KoIppuyuenmeol Ki no oonomy uz eapuanmos pacuema.
IIpumep S. ITposepka Ha ycToliunBocts ACP

Oo6ee 3aganue

f

x >@—( p Ué»oy y

A

Hana ognokontypHas ACP, mist koTopoit ompeneneHa mepeaaTovHast (QpyHKIUS
perynstopa (P) ¢ nHactpoiikamm u muddepeHnmanpbHoe ypaBHEHHE OOBEKTa YIpaBICHUS
(OY). Tpebyercs onpenenuTs:

- IepeaTOuHy0 (PYHKIHUIO Pa30MKHYTOH cucTeMbl Woo(s),

- XapaKTepUCTHUECKOE BhIpakeHHE 3aMKHYTOH cucteMsl (XB3C),

- IepeaTouHble QYHKIIMU 3aMKHYTOH cuctemsl D3(s) — 1o 3aaHuio,
Og(s) — mo Bo3mytieHuto, OE(s) — mo omudke,

- koo punments! ycunenuss ACP,

- YCTOﬁQHBOCTB CUCTCMBEI.
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OBPA3EIL]

1
Han IIU-perynastop ¢ II®d Buma Wp = 2 + S
onucheIBaeMblil U epeHnnanbHbIM ypaBHEHHEM

U OOBEKT YIpaBJICHHUS,

dy 3dy dy d%u 4d_u

dt3 dt2  dt g2 dt
Onpenensercs nepeaaToyHast PyHKIUS 0ObEKTa:

W06 (S) =

s? +4s+1

253 1352 +5 ,

Torz[a nepeaarodHas Q)YHKHI/ISI paSOMKHYTOﬁ CUCTEMbI UMECT BU/.
s? +4s+1 253 +9s2 +65+1 _ B(s)

253435245 25°+3% 4+ A©)

W, (5) = W, (5)- W (5) = [ 1)-

XB3C:
D(s) = A(s) + B(s) =254 + 3s3 +s2 + 2s3 + 952 + 65 + 1 = 254 + 533 + 10s2 + 65 + 1.
[TepenaTounbie (HyHKIIUN 3aMKHYTOW CUCTEMBI:

W, (s) B(s) _ 25% +9s2 +65+1

D, (s) = 1 T o4 3 2
+W,,(8) D(S) 25" +5s° +10s° +65+1 - 0 sananmo,
e () = 1 _AE) 2" +35% 45
1+ W, (s) D(s) 2s* +5s° +10s® +6s+1 - 0 omubke,
O (s)= Wis(s) 2% 4352 +s s$®+45° +s

1+W,, (s) _1+ 263 41952 +65+1 25% +55° +10s2 + 65 +1

25" +35° +5 - 10 BO3MYIICHHUIO.

[To mepenaTouyHbiM (QYHKIUAM OMPEAETSIOTC KOIPPUIMEHTHl YCUICHUS MyTeM
IIOACTAHOBKH B HUX S = (:

K3 = ®3(0) = 1 — o 3aganmuto;

KE = ®E(0) = 0 — no omuoke;

KB = ®B(0) = 0 — 10 BO3MYIIECHHUIO.

VYcroitunBocts ACP onpenensiercst mo kputeputo ['ypBuiia.

Kpurepuit T'ypBuma: cuctema ycroifumBa, eciu Bce KOIPPHUIMEHTH  ee
xapakTepuctuueckoro ypasHeHust D(s) = a0 sn + al sn-1 + ... + an = 0 u Bce AUaroHajJbHbIE
MuHOpHI Al ... An-1 matpuns! ['ypBuna noiaoXuTeabHbI.

[Tockonbky xoapdunmentsr XB3C a4 = 2, a3 =5, a2 = 10, al = 6, a0 = 1
(cteneHp moauMHOMa n = 4), To Marpuna ['ypBuia uMeeT B
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5 6 0 O
2 10 1 0
0 5 6 0
0 2 10 1
(oOpaTuTe BHUMaHKE HA CXOJICTBO CTPOK MaTpuilbl: 1 ¢ 3 u 2 ¢ 4). Onpenenurenu:
Al=5>0,
A, = > =5*10-2*6=38>0
2 10 ’
5 6 0
Ag=2 10 1|=(5*10*6+6*1*0+2*5*0)—-(0*10*0+5*5*1+2*6*6) =
0 5 6
=209>0

A4 =1* A3 =1%209 > 0.

HOCKOHBKy BCC OIIPCACIUTCIIN ITOJTOXKHUTCIIbHBI, TO ACP YCTOI>'I‘II/IBEI.

MeToan4yeckne yKa3aHus 10 BbINOJHEHUIO JA00paTOPHBIX padoT

Ha J'Ia60paTOpHI>IX 3aHATUAX DI OOCTHMIXKCHHMA IIOCTABJICHHBIX 3aiad XCJIAaTCIbHO
BBITIOJTHCHHUC pa6OTBI CTYACHTAMU HCIOCPCACTBECHHO Ha KOMHBIOTepHOﬁ TCXHHKC. Z[J'ISI JIyqmaiero
3aKPCIUICHUA MaTCpuajia CTYACHTEI TOJTYYar0T 3aaHrA, KOTOPBLIC BBIITOJIHAKOTCA Ha IMMPOTAKCHUN
BCEX MPAKTHYCCKUX 3aHATHH B OTPE3KU BPEMCHHU, OTBCACHHLIC I 3aKPCIJICHUA MaTepuajia U
MMOJIYYCHHSI HABBIKOB pa6OTLI. Takue 3alaHuA CHAKOTCA CTYACHTAMH IIPCIIOAAaBaTCIIFO B KOHIIC

HU3YyUCHUA JTaHHOM JUCHMIIIUHEI.
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Oo6pa3sen JadopaTopHoii pa6oTbl 3

Pocsem nepexoddex npoueccof

a2 = 0.001: al = 0.02 al =3 B0 =3
2 b0
Alp)=alp +alp+al Cp)=2alp+al Bip)=b0 0= -
{al)
a=|al | .= polyroot{a)
laz) |r —12.5+ 48.412i )
£y o= |
| -12.5 - 48.412i )
= 0,0.0001.. 1
k=01 A=Y
Jpofiedue nepaxoddol xapoKMapUTMUKY,
i ot ‘I-

a

¥t 1E A

Bpems nepexoddozo npoyecca

t=023 Given Wit = 105 tz = Find{f)
Poc4ém 4gcmomHals x0paxmepucmus j=af-1
T — 30
Wi =

.
—-0.00120° + 0.03.04 + 3

Li@) = 20-loel |Wia)| ) b (@) = ar=(W (@) @ =0.1,1. 100

oy

wi

1 10 100

e
=

tr = 0.177 + 5.393ix 107 2
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OnpefenvTb YacToTy cpesa M YacToTy nepesopoTa ¢asbl
BbINO/MHWTL pacyeT Ana ApYrux BeMYmH

MocTpounTb rpadmKM U CPaBHUTD

KOHMpOJ'leble 680NpPOChL
Kakwne 3BeHbsI CUMTaroTCsA SJICMECHTApHBIMHU, a KaKue THUITOBBIMU?

[lepeuncnure AUHAMMYECKHE U CTaTUYECKHUE XapaKTEPUCTUKH 3BEHHEB CHCTEM
yIpaBIeHUS.

HpI/IBeI[I/ITe NpUMEPbI MCXAHHYCCKHUX H OJJICKTPUUCCKUX daHAJIOI'OB THIIOBBIX 3BCHLCB
CUCTEM YIIPABJICHUA.

B u4éMm ornmumMe nepexoAHBIX XAPAKTEPUCTHK alepUOJUYECKUX 3BEHBEB IEPBOrO U
BTOPOT'O MOPSAKOB?

Kak no xpuBoii nepexoaHoro nporecca onpeaeanTb HOCTOSIHHYO BpeMEH!?

MOXKHO M OLEHUTh UIUTEIBHOCTh IEPEXOAHOTO MPOLECcCa, €CIIU U3BECTHA ITOCTOSTHHAS
BpEMEHU?

B uém npeumymiecTBa norapupMUIECKAX YaCTOTHBIX XapaKTEPUCTHK Mepe OOBIYHBIMH
YaCTOTHBIMU XapaKTEPUCTUKAMU?

Kak no nporapugmuueckoi 4acTOTHON XapaKTEpUCTUKE ONPENIEIUTh YaCTOTy cpe3a’?

Yro Takoe KOApGUIMEHT 1eMI(PUPOBAHUS U KaK OH BIMSAET Ha NePeXOAHbINH mporecc?

OO0pa3en BbINoOJHeHH 3a]aHus JabopaTopHoi padoTs! 1

Haiitn SKBHBAJICHTHYIO MEPEAaTOYHYI0 (DYHKIHUIO CXeMbl (pHC. 2).

: W, W |l 2=

1/1/51 Mh
Ws

Puc. 2. CTpykTypHasi cxeMa MHOTOKOHTYPHOU CHCTEMBI

Tak kak cxemMa HMEET MEPEKPEIIMBAIOIINECS CBSI3H, TO €€ HYXHO NpeoOpa3oBaTh.
[Tepenecem Hauano oOpatHOU cBsi3u 3a 3BeHO W3 [Ipu Takom mepeHoce B 00paTHYHO CBSI3b
Ha10 100aBuTh pukTHBHOE 3BeHO 1/WS3 (puc. 3).
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W J= W, =W,

~QUKITLIGHOE 366HD

Pucynok 3. [IpeoOpa3zoBaHHasi CTPYKTYpHas cxema

Haunnaem cBOpauuBaTh CXeMy M HAXOJUTh MEPEIATOYHYIO (DYHKIIHIO:
r__ Wa
1-Wy W'

W'=ws- W, 1/Ws,

wH — _w .WI=M
1 1+ W, W
- TWiW3y
w . 1+Wq W . -W,y W,
LeWILWil 12 (W Wyl /W3) L+ Wo We—W o Wy W Wl /W
2¥Wa
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