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AHHOTAIUA
AUCHUIIMHBI (Y4e0HOr0 Kypca)
b1.B./1B.06.01 TEOPUSA ABTOMATUYECKOI'O YIIPABJIEHUSA

(mmdp ¥ HaMMEHOBaHUE AUCIUILIMHBI (Y4eOHOTO Kypca))
1. I.[e.m; 1 32Ja491 U3YYCHUA TUCIHUIIINHBI (yqeﬁnoro Kypca)

lenp — ocBoeHHE OOIMMUX MPUHIUIOB W CPEIACTB, HEOOXOAMUMBIX IS
YOpaBJICHUS AMHAMUYECKMUMU CHCTEMaMH pPa3UYHOM (PU3MYECKOW MPUPOJIbI
MPUMEHUTENBHO K MPOU3BOJICTBEHHBIM U TEXHOJIOTHYECKUM ITPOLIECCAM.

3amaun:

1. M3ydyenue oOmuX MPUHITAIOB ¥ TSHACHIINN Pa3BUTHUS CUCTEM YTIPABIICHUS.

2. I3ydyeHue COBpEMEHHBIX TEXHUYECKUX CPEJICTB YIIPABICHHUS.

3. M3yueHne M OCBOCHHE METOJIOB Pa3paOOTKM MaTEMAaTHYECKHUX MoJielei
OTJICJIbHBIX MOJCUCTEM U UX KOMITBIOTEPHOM MPOTPaMMHON pean3aliu

2. MecTo aucuuiuinabl (yueoHnoro kypcea) B crpykrype OIIOIT BO

JanHast nucruiuinHa (y4eOHbBIH Kypc) OTHOCHTCS K JIMCIIMIUIMHAM I10 BBIOOPY
yaeOHoro miana mo ®I'OC BO 15.03.05 «KoHCTpYKTOPCKO-TEXHOIOTHIECKOES
oOecrieueHrne MATMHOCTPOUTEIIBHBIX IIPOU3BOJICTBY.

Jucruminebl, ydeOHbIe KYpChl, HA OCBOCHHHM KOTOPBIX Oa3WpyeTcCsl JTaHHAsS
MUCIUATUINHA (yueOHbIit Kypc) — Bricias MaTeMaTHKa, CucreMbl
ABTOMATHU3UPOBAHHOI0 IMPOEKTHUPOBaHUs, OCHOBBI TEXHOJIOTHMH MAIIHHOCTPOECHMS,
Meramnopexymme cranku, OcHoBsl Cad.

JIucuuIuInHbl, yudeOHbIe KYypPChI, JJISI KOTOPBIX HEOOXOIWMBI 3HAHUS, YMCHHS,
HaBBIKH, TIpHoOpeTaeMbple B PE3yJIbTaTe M3YUYCHHS JAaHHOW IUCHMILUIMHBI (y4eOHOTO
Kypca) —  ABToMarM3alys  TEXHOJOTHMYECKHUX  TPOLECCOB,  TeXHOJIOTHS
MAaITHHOCTPOCHMS.

3. I[lnanupyemble pe3yabTaTbl 00y4YeHHMs] MO JAMCUHUILUIMHE (Yy4eOHOMY
KYpPCY), COOTHECeHHble ¢ IUIAHHUPYEMbIMHM  Ppe3yJIbTATAMH  OCBOCHUA
0o0pa30BaTeJIbHOM MPOrpaMMBbI

dopMupyemMble H I[lnanupyembie pe3yjbTaThl 00y4eHUsI
KOHTPOJIUPYeEMBbIe
KOMIIETEHIIUH

CIIOCOOHOCTH 3HaTh:
BBITIOJIHATh Pa0OTHI IO | -  METOJOJOTHYECKHE  OCHOBBI  (DYHKIIMOHUPOBAHWS,
JTMArHOCTHKE MOJICIMPOBAHUSI M CHHTE3a CHCTEM aBTOMATHYECKOTO
cocTosiHUS ~ auHaMuKku | yrpasiienus (CAY);
00BEKTOB - ocHOBHble MeTonbl aHanu3a CAY BO BpeMEHHOH U
MaIlIMHOCTPOUTENBHBIX | YaCTOTHOM 00s1acTsX, cmocoObl cuHTe3a CAY;
IPOU3BOJICTB C |- THUIIOBBIE TMAKEThl MPHUKIATHBIX TPOrpPAMM aHAJIM3a
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HUCIIOJIb30BAHUEM
HEOOXOIMMBIX METOJIOB

JVHAMUYECKUX CHCTEM;
- KMHEMAaTHYECKYIO CTPYKTYpY M KOMIIOHOBKY CTaHKOB,

U CPEACTB  aHaIW3a | CUCTEMBI YIPABJICHHS UMU;
(TTK-12) - CpeacTBa JUisl KOHTPOJIA, WCIBITAHWW, JUArHOCTUKHU U
aIalITUBHOTO YIIpaBJeHUs: 000pYA0BaHUEM.
Ymers:
- BBINOJHATh AHAJIU3 TEXHOJOTMYECKHX IIPOLIECCOB Kak
O00BEKTOB aBTOMATU3aLlMU U YIIPABIICHUS;
- COCTaBJATb CTPYKTYPHBIE CXEMBbI, X MAaT€MAaTHYECKUE
MOJIETH KaK OOBEKTOB YIIPaBJICHUS;
- HUCIOJIb30BaThb  OCHOBHBIE  METOAbl  IIOCTPOCHHUS
MaT€MaTUYeCKUX MOJENIEd IMpOLIECCOB, CHUCTEM, UX
AJIEMEHTOB U CUCTEM YIPaBJICHUS;
- paborartb C KakuM-IMOO M3 OCHOBHBIX THIIOB
IPOrpaMMHBIX CUCTEM, peIHa3HAaYeHHBIX TUIS
MaTE€MaTUYeCKOro M HWMHUTAUMOHHOTO MOJEIUPOBAHHUS
Mathcad, Matlab.
Bianers:
- HAaBBIKAMM NPUMEHEHHUS DJEMEHTOB aHajlu3a JTaloB
YKU3HEHHOTO LIMKJIA MPOAYKIVH U YIIPABICHUS UMHU;
- HaBbIKAMHM  HAJAJKWA, HACTPOWKH, PETYIHPOBKH,
OOCITy)KMBaHUSI ~ TEXHUYECKUX  CPEICTB U  CHCTEM
YIPABJICHHUS;
- HaBBIKAMU O(QOpPMJIEHUSI PE3YJITATOB HCCIEAOBAHUN H
IIPUHATHSL PELICHUM.
CIIOCOOHOCTB 3HaTh:
y4acTBOBaTh B | - METOABl M CPEACTBA F€OMETPUUYECKOIO MOJETUPOBAHUS
pa3palboTKe TEXHUUYECKUX 00BEKTOB,;
MaTEMaTUYECKUX U | - TEHACHLUHU Pa3BUTHUS KOMIBIOTEPHOMN rpaguKu, ee poiib U
¢usznueckux MofelieHd | 3HaueHHEe B HMHXKEHEPHBIX CHCTEMax U MPHUKIaJIHBIX

MIPOIIECCOB M OOBEKTOB
MAaIIHHOCTPOUTEIbHBIX
npou3BocTB ([TK-18)

nporpaMmax;
- o0mue TpeOoBaHWS K aBTOMATH3UPOBAHHBIM CHCTEMaM
MIPOCKTUPOBAHMS;

- OCHOBBI TEXHOJIOTHYECKOTO PETYJIUPOBAHUS.

YMeTh:

- CTPOUTH MaTEMATUYECKUE MOJIETN OOBEKTOB YIIPABJICHHUS
U cucteM aBroMatuueckoro ynpasieHus (CAY);

- npoBoauTh aHanu3 CAY, oneHuBaTh CTaTUCTUYECKUE U
JWHAMUYECKHUE XapaKTEPUCTUKH;

- paccuduThIBaTh OCHOBHBIE Kauy€CTBEHHBIE ITOKA3aTEIU

CAY, BBINIOJHATH: aHAINW3 €€ YCTOWYMBOCTH, CHHTE3
pEryusaTopa;
- paspabarhiBaTh  QJTOPUTMbl  LEHTPAJIU3OBAHHOIO

KOHTPOJIA KOOPpANHAT TCXHOJIOTHYCCKOI'O 06T>€KTa;
- paCCUYUTBIBATh OAHOKOHTYPHBIC W MHOI'OKOHTYPHEBIC
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CHUCTEMBI aBTOMAaTUYECKOTO pETYJIMPOBAHUSA
IPUMEHUTEIIBHO K KOHKPETHOMY TEXHOJIOTUYECKOMY
OO0BEKTY;

- WUCIIOJIb30BaThb OCHOBHBIC TEXHOJOTUM II€peAayu
nH(popMaIuu B cpejie JOKaIbHBIX ceTel, ceTu Internet.

Bnanetn:

- HaBBIKAMHU O(OPMJICHUS TIPOCKTHON U KOHCTPYKTOPCKOM
JIOKYMEHTAIUU B COOTBETCTBUU ¢ TpeboBanusmu ECKJI;

- HaBBbIKAMHM IIOCTPOCHHUS CHUCTEM aBTOMATHUYECKOIO
YIIPaBJICHUS] CUCTEMaMHU U IIPOIIECCAMU;

HaBbIKAMH AHAJIM3a TEXHOJOTMYECKUX TPOIIECCOB Kak
o0BeKTa yIpaBJeHHUs U BEIOOpa (yHKIIMOHATBHBIX CXEM UX
aBTOMAaTHU3aIl1H.

TeMmaTHyeckoe CoACpKaHUuEC NTUCHUIIJIHNHBI (yqeﬁﬂoro Kypca)

Pa3ne,

IHoapasaea, rema
MOIYJIb Apasiet,

OcHoBHble MOHATHS U omnpeneneHus. CyIHOCTb HPOOJIEMbI
ABTOMATHYECKOIO YIPaBJICHUS

OcHoBHble yctpoiictBa CAP wm wux xiaccudukamus 1o
HazHayeHuro. Kmaccudukanuss aBTOMaTHYECKOrO yIpaBICHUS.
Matemaruueckas MOJIeNIb LIEHTPOOEIKHOTO PETYIIATOpa CKOPOCTH
JIBUTATEJsI

Hccnenoanue BIIMSTHUS IapaMeTpoB LEHTPOOEIKHOTO
PETYJIATOPA CKOPOCTH Ha MPOLIECC PETYIUPOBAHHUS.

OcHOBHBIE TIOHATHS  TeopwH | XapaKTEPUCTHKU MEPEXOTHOTO npouecca. YacroTHble
ABTOMATHUYECKOIO YIPaBJICHUS. | XapaKTEPUCTHUKHU.

Maremarnueckue Mozenu. JIMHeapusanus MaTEMaTUYECKHX
mojeinel. [lepenatounbie pyHKIUH.

OmnpeneneHyne 4aCTOTHBIX XapaKTEPUCTUK MO aHAJIM3y BXOJHOTO
Y BBIXOJIHOTO CUT'HAJIa BO BpEMEHU

TunoBble 3BeHbs MEePeIaTOUYHBIX HYHKITUH.

DKCIEepUMEHTATBFHOE UCCIIEIOBAHNE XapaKTEPUCTHK 10 GUTypam
Jluccaxy.

OnpeneneHre NepexoIHOM YaCTOTHOW XapaKTEPUCTUKH.

@OyHKIMOHAIBHBIE W CTPYKTypHble  cxembl.  [IpaBuna
peoOpa3oBaHUs CTPYKTYPHBIX CXEM.

Hccnenosanue ycroiunBoctu CAY no kpurepuio ['ypsuna.

[TpaBuia mpeoOpa3oBaHusi CTPYKTYPHBIX CXEM.

KauecTBeHHBIM u =
N [Toctpoenne romorpada cuCTEeMBI H  JOTrapuhMHUUECKOU
KOJIMYECTBEHHBII aHaIn3 .
YaCTOTHOM XapaKTEPUCTHUKHU.
CHUCTEM ABTOMAaTHYECKOTO v
MaremaTuyeckas OIICHKA YCTOMYHMBOCTH. 3amaun
yIpaBieHUs

YCTOﬁQHBOCTH. 3amac YCTOﬁQHBOCTH

UccnenoBanme Ttounoctu CAY B pexume JABUKEHUSA 110
rapMOHMYECKOMY 3aKOHY.

OnpeneneHue XapakTEPUCTUK NIEKTPOMEXaHUYECKOT O IPUBOJIA.
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OnpeneneHne XxapakTepUCTHK THAPOMEXAaHUUECKOr0 MPUBOAA.

Cunre3 u aHaJIn3 CHCTEM
ABTOMATHUYCCKOI'O YIIPaBJICHU.

KommekcHas OLICHKa KadyeCcTBa CHCTEM u 00BHEKTOB
ABTOMATHYCCKOI'O YITPABJICHUS.

Onpenenenne xapakrepuctuk CAY mpoaoibHOW moaade mpu
TOYCHHH.

OJNIEKTPOHHBIE  KOHCTPYKLMOHHBIE  3JIEMEHTHI  yIPAaBICHUS
AJIEKTPONPUBOJAMU

Oo0ecrieuenne HeoOxonumMoil ToyHocTd CAY. OrleHKa TOYHOCTH
CAY.

Uccnenosanue BaugHusg actatusMa Ha kauectso CAY.

(OCHOBEBI CHHTE3a CHCTEM aBTOMAaTHYECKOT'O yYHpaBJICHUSA

HccnenoBanue BiusHUSA Kod(pQUIMEHTA Mepenadyd oOpaTHOM
cBs13u Ha TouHOCTh CAY.

HccnenoBanne  BiusHUS THOKOM  oOpaTHOW  CBS3M  Ha
osicTponerictBue CAY.

OO6masi TPy10eMKOCTh THCHMILIMHBI (Y4eOHOTro Kypca) — 6 3ET.

Pa3padoTyuk nmporpaMmai:
JIOLICHT, K.T.H.

(IOIDKHOCTH, YYEHOE 3BaHUE, CTETICHB)

B.A. I'yuseB

(moanuce) (U.0.Damunus)




4. CTpyKTYypa " coepkaHue TUCUUILIHUHBI (Y4e0HOT0 Kypca)

Kypc nzyuenus

4

Teopusi aBTOMAaTHYECKOI0 YIIPABJIEHHUSI

(HauMeHOBaHME JUCLUILINHBI (Y4eOHOro Kypca))

Paspeu, Ioapasnen, Tema Bunpl yueoHoii padoThbI Heobxoanmbie Dopmbl Pexomenaye
MOayJIb KonrakTnas pa6ora CamocrosiTebHast padora MaTepuaIbHO- TEKyIero Mmast
(B yacax) TeXHHYECKHe KOHTPOJIs JuTeparypa
BCEro g ®opMBbI IPOBeIeHNs JIEKIHH, ($opmMbI Opranuzanuu pecyperl (HammeHoB2 Ne)
g J1260pPaTOPHBIX, IPAKTHYECKUX €CaMOCTOATEJILHOM HHe
z E Py 3aHATHI, MeToabI 00y4eHusd, ] padoThI OLICHOYHOr0
E 3 g % g peasiu3yonine NpUMeHsieMyIo § cpeacTBa)
b é_ E @ % 00pa30BaTeIbLHYI0 TEXHOJIOTHIO 2
g 5 é
Moaynb 1. | 1.1. OcHOBHBIE 1 N3yuenue MYJIbTUMEIUNHBIE IIposepka | 1,2,3
OCHOBHEIE NOHATUA u KOHCIICKTa JIGKHI/Iﬁ CpeacTBa KOHCIICKTa
IIOHATHA OIpCACIICHUS. u HeKHI/Iﬁ
TEOpUU CymHOCTh PEKOMEH0BaHHOM
aABTOMAaTHUYCCKO HpO6J’IeMBI JIMTEPATypPhbl
To ynpaBJICHUA. aABTOMATHYCCKOI'O
yIIpaBJIEHUSI.
1.2. OcHOBHBIE Uzydenne KOMIBIOTEPHBII OTYET B 1,2,3
ycrpoiictBa CAP u KOHCIIEKTa JIEKIUI KJ1acc 3JIEKTPOH
uX Kiaccupuranus 54 HOM BUJE
Io Ha3HaA4YCHUIO. peKOMeHHOBaHHOﬁ
Knaccudukarms JUTEPATyPHI
aBTOMATUYECKOTO
YIpaBJICHHUS.
MaremaTtuueckas
MOJIEND
HEHTPOOESIKHOTO
peryistopa
CKOpPOCTH
JABUTATCIIA.
1.3. Hccinenosanue 3aHATHE C IPUMEHEHUEM pabota ¢ KOMITBIOTEPHBIH OTYET B 1,2,3
BIIUAHUA KOMHLIOTepHOﬁ TCXHHUKHU pa3aaTOYHbIM KJacc QJICKTPOH
rnapaMeTpoB Marepuagom HOM BH/JIE
IIEHTPOOEIKHOTO
peryisaropa
CKOpPOCTH Ha
porecc
peryaupoBaHusl.
1.4.XapaxkTepucTuk pabora ¢ KOMIIBIOTEPHBII OTYET B 1,23
)48 MepexogHoro Pa3aaTOUYHbIM KJj1accC QJICKTPOH




mporecca. MaTepUaIoM HOM BHJIE
YacToTHbIE
XapaKTePUCTHUKH.
1.5.MaremaTnueck pabota c KOMIBIOTEPHBII OTYET B 1,2,3
ne MO/JICIIH. pa3zaToYHBIM KJ1acc ANIEKTPOH
Jlnreapuzanus MaTepHaIoM HOM BHJIC
MaTeMaTHYECKUX
MOJIENeH.
Ilepenarounsie
GdyHKIHH.
1.6. Omnpenenenuve 3aHITHE C TPUMEHEHUEM paboTa ¢ KOMITBIOTEPHBIN OTHYET B 1,2,3
YaCTOTHBIX KOMIIBIOTEPHOI TEXHUKU pa3aaToOuHBIM KJ1acc JIEKTPOH
XapaKTEePUCTHK IO MaTepHaIoM HOM BHJIE
aHaNMM3y BXOJHOTO
u BBIXOHOTO
cHTHaja BO
BpEMEHHU.
1.7. Tumnossie Uzydenne KOMIBIOTEPHBIH OTYET B 1,2,3
3BEHBS KOHCIIEKTA JICKLIHM KJ1acc ANEKTPOH
TepeaaTOYHBIX i HOM BHJIE
(hyHKIHH. PEKOMEHA0BaHHOM
JIUTEPATYPBI
1.8.DkcriepumenTa pabota ¢ KOMTBIOTEPHBII oruerB | 1,2,3
JIbHOE pa3naTouyHbIM KJ1acc JIEKTPOH
HCCIICIOBaHUE MaTepHaIoM HOM BHJIE
XapaKTEePUCTHK 10
¢durypam Jluccaxy.
1.9. Omnpenenenue pabota c KOMITBIOTEPHBIN OTHYeT B 1,23
MEePEXOAHOM pa3naTouyHbIM KJ1acc JIEKTPOH
4aCTOTHOM MaTepHaIoM HOM BHJIE
XapaKTEPUCTHKH.
Monynb 2. | 2.1.®OyHKUMOHATIBH Uzyuenue MYJIbTUMEIUITHBIE osepka | 1,2,3
KagecTBeHHBIN | BIe M CTPYKTYpHBIC KOHCIIEKTA JICKLIAH cpencrea KOHCIIEKTa
u cxembl. [IpaBuia u JIEKITIIA
KOJIMYECTBEHHBI | MpeoOpa3oBaHuUsL PEKOMEHIOBaHHOM
i aHaU3 | CTPYKTYPHBIX JTUTEPATyPHI
CHCTEM CXEM.
aBTOMaTnuecko | 2.2. Mccnenosanue 3aHATHE C TPUMEHEHUEM Wzydenne MyJIbTHMEIUAHBIC IoBepka | 1,2,3
ro yIpaBJIeHUsA. | yCTOMYHMBOCTH KOMIBIOTEPHOM TEXHUKHU KOHCIIEKTa JIeKLIUH cpencTBa KOHCIIEKTa
CAY 1o xputepuo u JEeKIUI
T'ypBuna. PEKOMEHI0BaHHOMI

JUTEPATYPHI




2.3. IIpaBuna 3 Uzyuenue KOMITBIOTEPHBIN OTHYET B 1,2,3
npeoOpa3oBaHus KOHCIIEKTa JIEKIHi KJ1acc JNEKTPOH
CTPYKTYPHBIX i HOM BHJIC
CXEM. PEKOMEHA0BaHHOMI
JIUTEPATYPBI
2.4. Tocrpoenue 3 pabota c KOMIBIOTEPHBII oruerB | 1,2,3
rogorpaga pa3gaToYHBIM KJ1acc ANIEKTPOH
CHCTEMBI u MaTepHaioM HOM BHJIC
JOTapUPMIIECKON
YaCTOTHOU
XapaKTCPUCTHKH.
2.5.Matemarudeck 14 pabora ¢ KOMITbIOTEPHBIN OTHYeT B 1,23
as OIICHKA pa3aaToOuHBIM KJ1acc JJIEKTPOH
YCTOHYHUBOCTH. MaTepHaIoM HOM BHJIE
3agaun
YCTOWYMBOCTH.
3amac
YCTONYHMBOCTH.
2.6. Uccinenosanue 3aHATHE C TPUMCHEHUEM 3 pabota c KOMIBIOTEPHBIH OTYET B 1,2,3
tounoctu CAY B KOMITBIOTEPHON TEXHUKH pa3IaToOYHbBIM KJacc 3JIEKTPOH
pEXUME IBIDKCHHS MaTepHaIoM HOM BHJIE
o
rapMOHUYECKOMY
3aKOHY.
2.7. Omnpenenenue 3aHATHE C TPUMEHEHUEM 13 pabota c KOMITbIOTEPHBIN OTHYeT B 1,23
XapaKTEePUCTHK KOMIIBIOTEPHOI TEXHUKU pa3aaToYHBIM KJ1acc JJIEKTPOH
AIIEKTPOMEXAHUYEC MaTepHaIoM HOM BHJIE
KOT'O MPHUBOJIA.
2.8. Omnpenenenue 3aHATHE C TPUMECHEHUEM 3 pabota c KOMITbIOTEPHBIN OTHYeT B 1,23
XapaKTEePUCTHK KOMIIBIOTEPHOI TEXHUKU pa3aaTouHBIM KJ1acc JJIEKTPOH
THIPOMEXAHIUIECK MaTepHaIoM HOM BHJIE
Oro0 MPHUBOJIA.
Monynb 3.1 3.1. KommiekcHas 4 Uzydenne MYJTbTHMEIHIAHBIC YCTHBIN 1,2,3,(1,2)
CuHres M | OIlCHKa KayecTBa KOHCIIEKTa JIEKIUi cpencTea ompoc
aHAJIM3 CHCTEM | CHCTEM U 00BEKTOB u
aBTOMAaTHUYECKO | aBTOMATHYECKOIO PEKOMEHIOBaHHOM
IO YyIpaBiCHHS. | YIPABJICHHUSL. JIUTEPATYPHI
3.2. Ompenenenue 3aHTHE C IPUMEHEHUEM 3 pabora ¢ KOMITBIOTEPHBIN orwerB | 1,2,3(1,2)
XapaKTEPUCTHK KOMIIBIOTEPHOM TEXHUKU pa3aaToYHBIM KITacc 3JIEKTPOH
CAY mnpoponbpHOH MaTepHuaIoM HOM BHIE
nojaden pu
TOYEHHUHU.




3.3. ObGecneyenue 13 pabora ¢ KOMITBIOTEPHBIN oruerB | 1,2,3(1,2)
HE00XO0IUMOIH pa3aaToOuHBIM KJ1acc JNEKTPOH
TOYHOCTH CAY. MaTepuagIoM HOM BHIE
O1eHKa TOYHOCTH
CAY.
3.4. UccienoBanue 3aHATHE C TPUMECHEHUEM 3 pabota c KOMIBIOTEPHBII OTYET B 1,2,3(1,2)
BITUSTHUS KOMITBIOTEPHOM TEXHUKHU pa3naTouHbIM KITacC AIIEKTPOH
acTaTu3Ma Ha MarepuanoM HOM BHJIE
kauectBo CAY.
3.5. OCHOBBI 14 pabota ¢ KOMIIBIOTEPHBI OT4YET B 1,2,3(1,2)
CHHTE3a  CHCTEM pa3aaToOuHBIM KJ1acc JIIEKTPOH
aBTOMAaTHYECKOTO MaTepHaIoM HOM BHJIE
YIOpaBJICHUSL.
3.6. UccnenoBanue 3 pabora ¢ KOMITBIOTEPHBIN oruerB | 1,2,3(1,2)
BIIUSTHUS pa3aaToOuHBIM KJ1acc JJIEKTPOH
k03¢ dunneHTa MaTepHaIoM HOM BUJIE
nepenavu
o0paTHOU CBs3M Ha
TouHOCTh CAY.
3.7. UccinenoBanue 4 pabota c KOMIBIOTEPHBIH OTYET B 1,2,3(1,2)
BIUSHUSA  THOKOM pa3aaTovHbIM KIIacc JIIEKTPOH
o0paTHOU CBs3M Ha MaTepuanoM HOM BHJIE
OBICTpOICiicTBHE
CAY.
HUroro: 128

12
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5. Kputepun u HOpMbI TEKYIIEr0 KOHTPOJISI U IPOMEKYTOYHOH aTTeCTAIUM

@opMBI TEKYIIETO KOHTPOJISI

YcnoBus JOITYCKa

Kputepuu 1 HOpMbI OLIEHKH

[IpakTrueckas pabota

BreimonHeHnue
NPaKTUYECKUX pabOT

«3a4TEHOY»: paboTa BBIIIOJIHEHA B COOTBETCTBUH C METOIUICCKUMU
yKa3aHusIMH, 0pOpMIIeHA TPaMOTHO, CTYACHT TEXHUYECKU MPABUIBHO
(GbopMyJIMpYET OTBETHI HA paCCMATPUBAEMBIE BOITPOCHI.

«HE 3a4TCHO» pa60Ta BBIIIOJIHCHA C OHII/I6KaMI/I, CTYACHT HE NMECT
MMPCACTABJICHHUA O paCCMAaTPUBACMBIX BOIIPOCAX

Pedepar

Hanucanue pedepara

«3a4TEeHO»: TeMa pedepaTa MOITHOCTHIO PACKPHITA, OPOPMIIEHA TPAMOTHO,
CTYJIEHT TEXHUYECKH MPaBUIIbHO (POPMYJIMPYET OTBETHI HA pacCMaTpUBaEMbIe
BOITPOCHL.

«HE 3aYTEHO»: TeMa pedepara HE pacKphbITa.

CDopMa IIPOBCACHUA
HpOMC)I(YTO‘{HOﬁ aTTcCTalln

VYcnoBus nomycka

Kputepuu u HOpMBI OIICHKU

3ayeT BreinosiHenue «3a4TEHO» [TonHbIe M TIpaBUITBHBIE OTBETHI HA BCE BOMPOCHI.
TIPAKTHYECKHX paboT He3naunTensHbie OMMOKH WM HEYBEPEHHOCTD B
9
OTBECTax.
BBITIOJTHEHUE pedepara
«HEC 3a4TCHO» OTBeTH Ha BOIIPOCHI HC C(I)OpMy.]'II/IpOBaHH.
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6. Kpurepuu u HOpMBI OlleHKH KYPCOBBIX padoT (MMPOEKTOB)

Y4eOHBIM TUIAHOM M0 JTAHHOW JUCHUIUIMHE KYpPCOBBIX paboT (IMIPOEKTOB) HE
PETyCMOTPEHO.

/. IlpuMepHasi TeMaTHKa NMMCbMEHHBIX padoT (KYpcoBbIX, pedepaTos,
KOHTPOJIbHBIX, PACYeTHO-TPAGUYECKUX H AP.)

Ne i/t Tewmbl pedepaToB

1 Cucrtema  aBTOMAaTHYECKOTO  YIpPABICHHUS  TONEPEYHBIM
CYIIIOPTOM TOKapHOro cranka ¢ UI1Y

2 CucreMa aBTOMaTU4eCKOr0 YIIPaBIEHUS IPOAOIbHON
1I01a4e IIPU TOYEHUU

3 Cucrema aBTOMaTHUYECKOTO yIPaBJIEHUS MONIEPEYHOM mojaueii Npu Bpe3HOM
U OBaHUU

4 Cucrema aBTOMaTH4YECKOr0 YIIPABJIEHUSI IOBOPOTOM pabovero
Oprasa pOMBIIIJIEHHOr0 po0oTa

3) CucreMa aBTOMaTHYECKOT0 pEryJIMpoBaHus pa3Mepa JIeTalu Ha OeCLieHTPOBO-
HUTM(OBATBHOM CTAaHKE

6 Cucrema aBTOMaTHYECKOTO JUCTAHIIMOHHOIO YIIPABJICHUS MaHUITYJIATOPOM

7 Cucrema aBTOMaTHYECKOTO yIPaBIEHUS THAPABINYECKUM CYIIIOPTOM TOKAPHOTO
CTaHKa

8 Cucrema aBTOMaTHUYECKOTO YIIPABJICHUS MOAa4YeH mpu hpe3epoBaHun

9 Cucrema aBTOMaTHYECKOTO YIIPABJICHUS MPOJIOIBHON MOAa4YeH IPH CBEPICHUU

10 Cucrema aBTOMaTHuecKoro ynpaniueHusi KonupoBajibHo-(ppe3epHoro cranka

8. Bonipocsl Kk 3a4eTy

Ne n/mn Bomnpocsr

1 OCHOBHBIE MOHSITHS M ONIPEACIICHUSI

2 CopepxaHue  MOHATUH:  «CHCT€Ma  yIOpPaBIEHUSN», «OOBEKT  yIpaBIICHUS»,
«YyIpaBJIAIOIIME M BO3MYUIAIOUINE BO3JACHCTBUSY, «YNPABISIONINE KOOPIAUHATHD)

3 Knaccudukaius cucteM aBTOMEXaHUYECKOT0 YIIPABICHHSI

4 [IpyHIMI pa30MKHYTOTO YIIpaBJiI€HUs. Y IPABJICHUE M0 BOZMYIIEHUIO U OTKJIOHEHHUIO

5 OcHOBHbIE BUIbl AJITOPUTMOB (PYHKIIMOHUPOBAHUS

6 Knaccudukanus cucteM 1o xapakTepy nepeadu CUTHaJIOB

7 Knaccugukanus cucreM MO OCHOBHBIM BHAAM YypaBHEHHMH JMHAMUKH IPOLIECCOB
yIpaBJIeHUs

8 MaTemaTHuecKoe ONMCaHUE JIMHENHBIX CUCTEM

9 MaremaTruyeckoe MojaenrupoBanue 3aeMeHToB CAY

10 Knaccupukanus  snemerntoB  CAY.  Cratuctuueckue U JUHAMUYECKHE
XapaKTePUCTUKHU 3JIEMEHTOB

11 JIuHeapu3auusi HETUMHEWHBIX UG (EpeHINaTbHBIX  YPAaBHEHUHA JAMHAMHYECKUX
pexxumoB padoTsl anemenToB CAY. CrannaptHas gopma 3anucu auddepeHuanbHbIX
ypaBHEHUH

12 OcHoBHbBIE CBOMCTBa IpeodpazoBanus Jlamnaca

13 XapakTepuCTUKU JUHAMHUECKUX 3BeHbeB CAY

14 IlonsiTue o0 pAMHAMHUYECKOM 3BEHE. XapaKTEPUCTHKH JUHAMMUYECKOTO 3BEHAa,




nepenaToyHbie (YHKIMH, YACTOTHBIE XapaKTePUCTHKHU (aMIUTUTYIHBIE U (Da3oBbIe),
norapu(MUYECKHe YacTOTHBIC XapaKTCPUCTHKH, BPEMEHHBIC XapaKTEPUCTHKU
(mepexoaHbIe U BECOBHIC)

15 Tunosble TMHAMUYECKUE 3BEHbS U UX XaPAKTEPUCTUKH

16 CrpykTypHas cxema cucTeMatudyeckoro ympasieHus. OCHOBHbIE — IpaBUIIa
npeoOpa3oBaHusl CTPYKTYPHBIX CXEM: IIOCIEIOBAaTEIbHOE COCIUHEHHUE 3BEHHEB;
napajieIbHOEe COeIMHEHNE 3BEHBEB; 3BEHO, OXBAUEHHOE OOpaTHOM CBS3BIO; MEPEHOC
CyMMaropa; NepeHocC y3Jia, IEPEeCTaHOBKA Y3JI0B 1 CYMMaTOPOB

17 Brruucnenue nepenaToYHbIX (QYHKIMA U 9aCTOTHBIX XapaKTEPUCTUK OJHOKOHTYPHOMH
¥ MHOTOKOHTYPHOH pa3oOMKHYTOW cucteMsbl. [lepenaTodynpie (GyHKIHMU U yNpaBlieHUE
3aMKHYyTOM CAY. YacTOTHBIE XapaKTEePUCTUKHU 3aMKHYTON CHCTEMBI

18 MareMaTHueCKOe MOJICIMPOBAHUE U COCTABJICHUE CTPYKTYPHOM CXEMBbI

19 VYCTONUMBOCTE CHUCTEM aBTOMAaTHYeCKOro ympasieHus. IloHatue ycroWuuBOCTH
JIMHEapU30BaHHBIX cucteM. HeobXxo1umoe 1 10CTaTOYHOE YCIIOBUE YCTOMUNBOCTH

20 Anrebpanueckue Kputepuu ycroitunoctu Payca u ['ypsuma

21 YacrorHble kpuTepun ycroruuBocT. [IpuHnmn aprymenrta. Kpurepun ycroluuBocTu
MuxaiinoBa A.B. Iloctpoenue obnacteit ycroituuBoctu. [lonsitue o J{-pazouenun

22 Kputepuu ycroiunBoctu HaiikBucra. AHanu3 ycTOMYMBOCTH IO JOrapupMUUECKUM
YAaCTOTHBIM XapaKTepUCTHKAM

23 Y CTOHYMBOCTD CHCTEM C 3aIa3/IbIBAHUEM

24 MeTtobl o11eHKH KadecTBa perynupoBanus CAY

25 [Tonatue o kauectBe nporecca ynpapieHus. OlieHKa KauecTBa CUCTEM YIPaBJICHUS B
YCTAaHOBUBIIMXCS pexumax. IlocTosHHble oOmMMOKH. ACTaTHUECKHE CUCTEMBI.
TouyHoCTh TpU TapMOHUYECKOM BO3JACHCTBHU. YCTAaHOBHBILMECS OLIMOKM HpHU
IIPOM3BOJBLHOM BO3JIEHCTBUH, KO3()PHUIIMEHTHI OIIHOOK

26 Onenkn kayecTBa epexoaHoro npoecca. OneHkn KayecTsa rnporecca
IIPY BO3/IEUCTBUU CTYIIEHYATON QYHKIUU

27 YacroTHble METOIBl OLEHKM KadecTBa peryiaupoBaHus. OneHka KadecTBa
pEryIMpOBaHMs 10 AMILIUTYIHO-YACTOTHOM XapaKTEPUCTUKH 3aMKHYTON CUCTEMBI; 110
BELIECTBEHHON YaCTOTHOM XapaKTEPUCTUKE 3aMKHYTOM CHCTEMBI; C IO aMIUIMTYIHO-
(ha30BOIl XapaKTEPUCTUKE PA30OMKHYTON CHUCTEMBI; IO JIOTapU(PMUUECKUM YaCTOTHBIM
XapaKTepUCTHKaM

28 KopHeBble 01IeHKH KauecTBa PEryJINPOBAHUS

29 Cunre3 CAY 1o 3a1aHHBIM [IOKa3aTelsIM KayecTBa MPoLecca YIIPaBICHHUSI

30 [ToBpIlIEHNE TOYHOCTH B YCTAHOBUBILUXCS PEKHUMax U oOecrieueHrue yCTOMYMBOCTU U
KauecTBa YIPABJIEHUS CHHTE3UPYEMBIX CHUCTEM 3a CYET H3MEHEHMsI MapaMeTpoB
CHCTEM U ITyTEeM BBEJICHUSI KOPPEKTUPYIOIUX YCTPOHCTB

31 Cucrema aBTOMAaTHYECKOr0 YIIPABIEHUs MMPOJOIbHON MOAAYEN IPU TOYEHUHN

32 Cucrema aBTOMaTH4ECKOTO yIIPABJIEHUS NIONIEPEYHON NoAauei IpU BPE3HOM
nuiidoBaHun

33 CucrtemMa aBTOMaTHYECKOTO YIpaBJIEHHUs IOBOPOTOM pabOyero opraHa
IPOMBIIIJIEHHOTO po0oTa

34 CucTtema aBTOMaTHYECKOTO PETYIMPOBAHUS pa3Mepa JeTaiu Ha OeCIieHTPOBO-
UM OBATIHLHOM CTAHKE

35 Cucrema aBTOMaTH4E€CKOr0 JUCTAHIIMOHHOIO YIPABJIEHUSI MAHUITYJISITOPOM

36 Cucrema aBTOMaTH4YECKOTO YIIPABIEHUS THIPABINYECKUM CYNIIOPTOM TOKAPHOTO

CTaHKa
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37

Cucrtema aBTOMaTHYECKOTO yIpaBJIeHUs Moaavyei npu ppe3epoBaHuu

38 CucreMa aBTOMaTHYECKOTO YIIPABJICHHS TPOIOJIbHOM MOJAYel TPH CBEPJICHUHU

39 CopepxaHue  MOHATUH:  «CHCT€Ma  YIOpPaBIEHUSN», «OOBEKT  yIpaBIICHUS»,
«YyIpaBIIAIOIIME M BO3MYIIAIOUIUME BO3JACHCTBUSY), «YNPABISIONIUE KOOPIAUHATHDY

40 Knaccudukanus cucteM aBTOMEXaHUYECKOTO YITPABICHHSI

41 [TpuHIMI Pa30MKHYTOTO YIPaBICHHS. Y TPABJICHUE TI0 BO3MYIICHUIO U OTKIIOHCHHIO

42 OCHOBHBIE BUJIbI AITOPUTMOB (DYHKIITMOHUPOBAHUS

43 Krnaccudukanus cuctem 1o xapakrepy nepejadyu CUrHaJIoB

44 Knaccudukanus cucTteM MO OCHOBHBIM BHJIAM YPAaBHCHHN TUHAMHUKU MPOIECCOB
yIpaBlieHUs

45 MareMatuyeckoe OnMcaHue JMHEHHBIX CUCTEM

46 MaremaTnueckoe MojaenpoBanue 3aeMeHToB CAY

47 Knaccudukanms SJIEMEHTOB CAY. Cratuctuueckue u TUHAMUYECKUE
XapaKTePUCTUKHU IJIEMEHTOB

48 JluHeapuzanus HEIHMHEWHBIX  TU(G(EpPCHIMATBHBIX  YpaBHEHUH  JMHAMUYCCKUX
pesxxumoB padoTsl anemenToB CAY. CrangaptHas Gopma 3anucu auddepeHnuanbHbIX
YpaBHEHUI

49 CopepxaHue  MOHATUH:  «CHCTeMa  YIOpPaBIEHUSN», «OOBEKT  yIpaBIICHUS»,
«YIpPaBIAIOIINE M BO3MYIIAIOUINE BO3JACHCTBUSY), «yHPABISIONIUE KOOPIUHATHDY

50 Krnaccudukanus cucteM aBTOMEXaHUYECKOr0 YIIPaBJICHUS

9. ®oHI OLEHOYHBIX CPEICTB /JJs1 MNPOBeJeHUSA IPOMEKYTOUYHOM

aTrecranmmu oﬁyqammnxm Io ITMCOMIIJINHE

9.1. ITacopT (poHIA OLIEHOYHBIX CPEICTB

Ne
n/n

Kon

Kontpoanpyembie pazaennl KOHTPOJIMPYeMOH HaumenoBanue
(TemMbl) IUCHMILIHHBI KOMIIeTeHIMH (M1 OLICHOYHOI'0 CPeACTBA

ee 4YacTH)

[IpoTokos BeITOTHEHUS
PaAKTHYECKOTO
3ananus |
«HccnemoBanne
BIIMSHUSL ~ TIapaMeTpoOB
IIEHTPOOCKHOTO

Mopyib 1. OcHOBHBIE peryisitopa  CKOpPOCTH
MIOHATUS TEOPUU
aBTOMATHYECKOIO PEryJIupOBaHUS.

yIIpaBJICHHUS. [IpoTOKON BBHIMOJIHEHUS

MK-12, TIK-18 | 72 fponece

MPaAKTUYECKOTO
3aJ1aHus 2
«Onpenenenue
YaCTOTHBIX
XapaKTePUCTHUK o
aHallM3y BXOJHOTO M
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BBIXOJJHOTO CHUTHaja BO
BPEMEHNY.

Monayns 2. KauecTBeHHBIN U
KOJIMYECTBCHHBIN aHAIN3
CHCTEM aBTOMAaTHYECKOT'O
yIIpaBJICHUS.

[1K-12, T1K-18

[IpoTokoJ1 BEITOTHEHHUS
MPAKTUYECKOTO
3agaHus 3
«HccnenoBanue
ycroitunBoctu CAY 1o
Kputeputo I'ypBuna».
[IpoToKOJI BBITIOJTHEHUS
MPAKTUYECKOTO
3ananusa 4
«HccnenoBanue
tounoctu CAY B
peXUME JIBUKEHUS 10
rapMOHUYECKOMY
3aKOHY.

[IpoTokoJ1 BEITOTHEHHUS
MPaKTUUYECKOTO
3aJ1aHud S
«Onpenenenune
XapaKTEePUCTHUK
AIEKTPOMEXaHUUECKOTO
MIPHUBOJIAY.

[IpoTOKOJI BBITIOJHEHUS
MPAKTUYECKOTO
3a7aHus 6
«Onpenenenue
XapaKTePUCTUK
TUPOMEXAHUYECKOTO
MIPUBOJIAY.

Moayns 3. CuHTe3 U aHaIu3
CHUCTEM aBTOMAaTHUYECKOI0
yIIpaBJICHUSI.

[1K-12, T1TK-18

[IpoTOKOJI BBITIOJIHEHUS
MPaAKTHYECKOTO
3amanus 7
«Onpenenenune
xapaktepuctuk  CAY
MPOJIOJBHON  MoJayeu
IPU TOUCHUUY.
[IpoTOKOJI BBITIOJIHEHUS
MPAKTUYECKOTO
3aJ1aHus 8
«HccnenoBanue
acTaTu3Ma Ha KayeCTBO
CAVY».
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9.2. TunoBble KOHTPOJIbHBIE 32/IaHUA WJIN UHbIE MATEPUAJIbI, HE00X0AUMbIE
JAJI OLEHKHM 3HAHMH, YMEHHMH, HABBIKOB M (HJIM) ONbITA [1eATEJIbHOCTH,
XapaKkTepu3ylumux J3T1anbl (GopMHuUpOBaHUS KOMIIETCHUUI B mpolecce
0CBOEHMSI 00Pa30BaTEJIbHON MPOrPAMMBI.

9.2.1. KoMIIeKT 3aIaHMi AJ1 IPAKTUYECKUX padoT.

IIpakTnyeckas padora Nel
HccnenoBanue BIUSIHUA NAPAMETPOB LEHTPOOEKHOT0 PeryJsiTopa CKOPOCTH
HA Npouecc peryJupoBaHusi

Lenv pabomur: [Ipuodbpemenue npakmuieckux HagblK08 IKCNEPUMEHMANLHOU OYEeHKU Npoyecca
PpecyIuposanus u yCmouuusol pabomul CUCMeMbl A8MOMAMUYECKO20 YNPABTIeHUSL.
Teopemuueckas uacmeo

Hccnenyercs cucreMa aBToMaTndeckoro yrpasieHus (puc.1.1), cocrosimas 13 eHTpoOeKHOTO
perynsropa CKOPOCTH, TTOJI3YH 1 KOTOPOTro CBsI3aH pbluaramMu 2 ¢ 3aCIOHKOH 3 1mojaun paboueit
CMECH B TEIJIOBOM JABUTI'aTCIIb 4. PGFyJIﬂTOp IPUBOJUTCA BO BpallICHUC OT ABUTaTCIIA YCPE3
3y0Ouaryo nepenauy S.

Puc.1.1. Cxema CAY cxkopocmuio epauienusn oguzamens

[Tpu ¢ynxumonuposanuun CAY BpalieHue aBurarens depe3 3yOuaryro mepeaady nepeaaercs
pPEeryJAITOpY CKOPOCTH, IIAPUKH KOTOPOTO TOJ JEHCTBUEM IIEHTPOOEKHON CHIIBI C OJHOMI
CTOPOHBI ¥ CHJIBI IPYXKUHBI C JIPYrol 3aHUMAlOT HEKOTOPOE IIOJIOKEHUE, YTO BBI3BIBAET
OIPENIETICHHOE OTKPBITHUE JIPOCCENsI U CHCTEMAa HAaXOAUTCS B paBHoBecuu. lIpu yBenmmuenuum
MOMEHTa HAarpy3KH CKOPOCTb JBUIATElls YMEHbIIAETCA B COOTBETCTBUU C €r0 XapaKTepUCTUKOM,
YTO BBI3bIBAET YMEHBIIEHHE CKOPOCTH BpaLIeHUs peryisaropa. LleHTpoOexHble CUIbl Takke
YMEHBIIAKTCS, IMAPUKH OIMYCKAIOTCS M 4Yepe3 PBIUAXKHYK) CHUCTEMY YBEJIMYMBAKOT OTKPBITHE
npoccens. YBeNW4YeHHe TNoJaud pabodeld cMecH B JBUraTellb BBI3OBET YBEIMUYEHHE €ro
CKOpPOCTH, PaBHOBECHE BHOBb BOCCTAHOBHTCS, HO YK€ Ha JIPyrOM ypOBHE. fICHO, YTO pa3HOCTh
CKOPOCTEH ONpeessseT KaueCTBO PETyJINPOBAHNS: YEM OHA MEHbIIE, TEM Bbllle KadecTBo CAY.
[Tpu ymensiienun Harpy3ku CAY paboTaeT B 00paTHOM MOPSIKE.

Jns ananuza CAY He0o0X0IMMO COCTaBUTh €€ MaTeMaTHUYECKyl0 MOJielb. AHAU3 MOKa3bIBaECT,
YTO B CHUCTEMY BXOJST JIBUraTellb, APOCCENb Mojauu pabouel cMecH, pblyaskHas Nepenada u
3yOuaTas nepeaaya.

JIBrkeHne JBHUrarenass NpU OrPaHUYEHHHM YYETOM SIBICHUMM INIEpPBOrO MOpsAaKa, T.€. €ro
MHEPIMOHHOCTBIO, MOXET OBITh MpeJACTaBleHO AU epeHIaTbHbIM ypaBHEHHEM IE€PBOTr0O
MOpSIIKA:

16



I,,Z—?+/1(,a)+MH:M0, (1.1)

rae lo u 1o — MOMEHT WHEpIUH POoTopa U KOI(PPUIMEHT BA3KOro TpeHus asurarens, M, u My —
MOMEHT COTPOTHBIICHUS HATPy3KH U MOMEHT JBUTATENsI COOTBETCTBEHHO.
MoMeHT ABMKEHUS 3aBUCHUT OT OTKPBITUSA JpOCceis mojiauu paboyeil cMecu:

M, =bk,, (1.2)
riae b — koaddunmenT nepegaun OTKPBITUS IPOCCENS OT MEPEMEIICHHUS TOJI3yHa PErysaTopa
4yepes phluaxHyo nepeaaqy, Ky — koahGuireHT nponopuuoHaIbHOCTH MKy OTKPHITHEM
Jpoccerst © MOMEHTOM JIBUTaTels.

Ecnu npuHSTH epe1aTouHOe OTHOLIEHUE PhIYaroB U 3y0uaTol nepenayu paBHbIM €AHHHUIIE, TO,
U3 TEOMETPHYSCKUX COOTHOIICHHIA, TTOJyYUM ypaBHEHUE CBSI3H, KOTOPOE OMPEACIIseT
3aMKHYTOCTh CAY:

b=2I(1-Sina). (1.3)
[Tomyuyennast Matemaruueckast mojienb (1.1)-(1.3) ucnonb3yercst B MpUKIAAHON MporpaMMme, ¢
MOMOIIIbIO0 KOTOPOU BBHITIOJIHSIOTCS TpeOyeMble hCCiaeI0BaHusl.

m MogenupoBaHHe perynaTopa cCKOPOCTH ABHraTens =] B3
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Puc.1.2. Mooenuposanue uenHmpooexcno2o pecyaiamopa cKopocmu

Ilpakmuueckan wacmp

[TpakTuyeckas paboTa BBITOJIHAETCS ¢ TOMOIIBIO IPUKIIAHON MPOrpamMMbl, MHTEpdenc KoTopoi
npencrabied Ha puc.l.2. Ilporpamma «Perynstop ckopoctw» HaxoauTcsa Ha paucke. [lpu
HaKaTuu KHONKU “‘Help” mosBiseTcs NONOIHUTENBHBIA WHTEPPEHC ¢ WHCTPYKIHUSIMU |
MOSICHEHUSMHU K IpOrpaMme.

B 3aBucumocTH OT BapuaHTa 3a/JaHUsl BBIOpaTh JHMAana3oH W IIAr M3MEHEHHs MapaMeTpa, B
GYHKIIUM KOTOPOro HEOOXOAMMO MPOBOAMTH HccienoBaHus. PekoMeHayercs BbIOMpaTh
JIMara3oH, OpUEHTHUPYSACh HA MAaKCUMaJIbHOE M MUHUMAaJIbHOE 3HAUCHHE yKa3aHHOIO MapaMmerpa
B Taliuile BapuaHTOB 3adaHuil (cMm. Tabxn. 1.2). B Hauyane pabGoThl MOATOTOBUTH TaOIHUILY
HKCIEPUMEHTAIbHBIX JaHHBIX (cM. Tabi.1.1). [Ipu BeIMOMHEHUH HCCIEIOBaHUN B COOTBETCTBUU
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C 3a/JlaHMeM Heo0XOAMMO, TOCJe aKTHBHM3alMM MIPOrpaMMbl, B OKHAaX IJIaBHOIO HHTepdeiica
BBECTH HCXOJHBIC [aHHBIC COIVIACHO BAapHaHTy 3aJaHUs U YCTAHOBUTH IIEPBOE 3HAYCHUE
nu3MeHseMoro napamerpa. Haxars kHonky «IIyck»

[Tocne BBIXOJA CHCTEMBI HAa YCTAHOBHUBIIMKCS PEXKUM pPAaOOTHI (ONpEAensTh BU3YalbHO II0
OTCYTCTBUIO KOJ€OaHMH OCIHMJUIOIpaMMbl OTKPBITUS 3aCIOHKH JIpOCCENs) HaXKaTh KHOIIKY
«[Tay3a», onpeaenuTh TOYHOE 3HAYCHUE CKOPOCTH BpAILlCHHs ABUTaTelNsl U 3alucaTh B TaOJIHUILY
JKCIIEPUMEHTAIBHBIX JaHHBIX. 3aTEM yBEJIMYUTh MOMEHT HArpy3ku 10 25 HM u HaxaTh KHOIIKY
«IIponomxenue». Ilocne Boixona CAY Ha HOBBIN YpOBEHB YCTAaHOBHBLIETOCS PEeKUMa pabOTHI
HakaTb KHONKY «llay3a» m mnpoBecTH HM3MEpEeHHs HOBOTO 3HA4YCHMsI CKOPOCTH BpaLICHUS
nsuratelis. [1onb3ysach ocuMIOrpaMMoid 3aMKCUPOBATh TAKXKe BPEMs MEXAY MoJadyel cKauka
Harpy3ku W crabwimsanueil mporecca perynaupoBanHus. CraOMIu3anuio OLEHMBATh I10
OCIIIJUIOTPaMMeE  OTKPBITHS 3acIOHKH Jpoccesiss mopjaun paboueit cmecu. IlpoBonutsb
HEOOXOMMBbIE H3MEpPEHHs [0 OCLWIIOrpaMMe INpolecca peryjJupoBaHUs, PYKOBOJCTBYSCH
IOCTPOEHUAMH pHuc.1.3.

Qcumnnorpad

—a
=
=

a0
&0 CKOPOCHIb
00

CcKa4dKa

40

ITHE SACNOHKM X, fihd

WrnoBan cKopocTe W, pasc

o

0 f ¥ Y ) ) ) o F

05 0g o0y 0g na 1 11 {4
Bpets, ©

Puc.1.3. Cxema usmepenus xapaxmepucmuKk Kauecmea npoyecca pecyiupoeanus

Jannble 3anucatb B Tabiuuy. J[lns BBINOJHEHHUS CIEAYIOLIETO 3KCIEPUMEHTa MOXKHO
BOCTIOJIb30BaThCSl KHOMKOM «Reset» u HauaTh 3KCHEPUMEHT C TOW ke MOCIeI0BaTeIbHOCTHIO
JEICTBUI, HO Y€ IIPU CIEAYIOLEM 3Hau€HUU U3MEHseMoro napamerpa. Eciu npu kakom-in6o
skcniepumMenTe CAY CTaHOBUTCS HEYCTOHYMBOM, COOTBETCTBYIOIEE COOOIIEHHE 3amucaTh B
tabnuiry. B tabmuie 1.1 mpencraBiieHbl SKCIEPUMEHTAIbHBIC JJAHHBIE MUCCIIEIOBAHUS KauyecTBa
perynupoBanuss CAY ¢ HEKOTOPBIMH HMCXOJHBIMH IapaMeTpaMu B (YHKIMH HKECTKOCTU
HPYXHUHBI PETYJIATOPA.

Tabauya 1.1. Dxcnepumenmanvrvle OanHble

T ECTKOCTE CkopocTb aBuratens, pajil/c Tounocts

No I bricTponericTBue Jlo ckauka IMocie ckauxa | PCTYTMPOBAHHA,
o PY>KHHBI, CAY. ¢ pan/c

H/vm > MOMEHTa MOMEHTa

Harpy3KH Harpy3KH

1 0,5 He ycroiiunBa - - -
2 1,0 He ycroiiuuBa - - -
3 15 1,36 81,0 77,2 3,8
4 2,0 0,33 80,2 76,2 4,0
5 2,5 0,15 79,8 73,9 5,9
6 3,0 0,09 79,6 72,8 6,8
7 3,5 0,10 78,1 71 7,1
8 4,0 0,12 77,5 69,4 8,1
9 4,5 0,14 76,8 67,7 9,1
10 5,0 0,16 76,0 66,0 10
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Puc.1.4. I'pagpuku, nocmpoennwvie no oannvim maoauuwt 1.1

Jlns mocTpoeHus rpagHKOB MOKHO HCIIONb30BaTh mHaker EXell, a mns BelmonHeHus Komuu
uHTepdeiica mporpaMMel, KOTOpas IOJ/UKHA OBITH IPEICTaBIEHa B OTYETE, HCIIOIB30BATh
kiaBuim Alt - Print Screen u BctaButh konmto B gjokyment Word.

3aoanue
B cootBercTBUU ¢ BapuanTOM (Tabu.1.2) mpoBecTH UCCIIEIOBAaHUE KauyeCTBa PETYJIIMPOBAHUS B
3aBHCHUMOCTH OT U3MEHSAEMOT0 MapaMeTpa U MOCTPOUTH rpauKu 3aBUCUMOCTH ObICTPOIEHCTBUS
u ToyHocT CAY B QyHKIIMU OT U3MEHSAEMOT0 IapameTpa.
Tabnuya 1.2. Ucxoounsie oannvie

ITeps | Macca | ’Kecmxocmo | Momenm | Bro | Hauanvna| Kosppgpuyuenm | Hzmensmo

as | wapux | NPysCUHbL uvepyuu | pas | A cuna 3aeucumocmu napamemp
uudp| o m, Cup, H/Mm | Osueamens | i | npyorcunst | mMomenma om

a Ke lo, ke/M? | pa Pup, H OMKpLIMUSL

opoccenst Ky, H/mm

0 0,35 50 0,25 0 55 2 m

1 0,30 4,5 0,20 1 100 4 Crp

2 0,25 4,0 0,16 2 150 6 lo

3 0,20 3,5 0,10 3 200 8 Ko

4 0,15 3,0 0,06 4 130 10 Pup

5 0,10 2,0 0,04 5 85 9 m

6 0,15 1,0 0,12 6 70 7 Crp

7 0,20 15 0,14 7 95 5 Py

8 0,25 2,5 0,31 8 170 3 ly

9 0,30 3,5 0,38 9 135 11 Ko

Cooeprcanue npomokona

B mpotokosie mpeacTaBuTh 1enb paboOTHI, UCXOAHBIE JaHHBIE, 3aJJaHHe MCCIEIO0BAHUSA, KOIHUIO
uHTepdeiica g TH0O0r0 SKCIIEPUMEHTa W3 BBIOJHEHHOW cepuu, omucaHue padotrel CAY,
TaOIMILy SKCIIEPUMEHTAIBHBIX JaHHBIX, Tpaduku TpeOyeMbIX 3aBHcUMOCTel. BHIBOBI.

IIpakTyeckas padora Ne2

OnpeneseHue YaCTOTHBIX XaPAKTEPUCTHK M0 AHAJHU3Y BXOJHOI0 M BHIXOIHOT0 CUTHAJIA BO
BpPEMeHH
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Llenw pabomui: Ilpuobpemenue npakmuyeckux Ha8bIKO IKCNEPUMEHMAILHO20 ONPeOeleHs]
YACMOMHBIX XAPAKMEPUCTUK.
Teopemuueckasn yacmeo
Uccnenyemold cuUCTEMOW SBIIETCS JBYXMaccoBasi JWHAMUYECKAash CHCTEMA, CXEMa KOTOPOM
n3zoOpaxena Ha puc 2.1. Cucrema HaxOUTCS MOJ ACUCTBHEM KUHEMATUYECKOTO BO30YKIACHHS —
X, BBIXOAHBIMU CUTHAJIAMU SBIISAKOTCS KOOpAUHAThI X1 A X2 nepeMeIICHruA Macce mp mu my,
CBSI3aHHBIX MEXIY COOOI0 )KECTOKOCTAMH C1 M C2 ¥ BS3KUM TPEHUEM A/ U A2.

C, C2

JV\/_

m, m,

L%
AT A
Sy

Puc.2.1. /lunamuueckasn cxema 08yxmaccoeoii cucmemul

YPaBHeHI/IG ABHIKCHUA CUCTCMBI COCTABJIACTCS 110 U3BCCTHBIM IIPpaBUJIaM
TGOpeTI/I‘{eCKOﬁ MCXaHHNKH:

2
m d Xl"'lz(%_%}"'cz()ﬁ_xz):ﬂl(% %j-i_cl(x_xl)

L dt? dt  dt dt  dt
d?x dx, dx,
mz ?Zz'Flz(d—tz—E}'i'Cz(xz _Xl): 0

VipolieHHas MaTeMaTuuecKast MOJeNb:
2 —
M2, + (4, + A )% +(C; +¢ )% = (4 + 4, )sx + (¢, +¢, )x
M,S°X, + A,8X, +C,X, = A,SX, +C,X,
rae s=d/dt — oneparop Jlamnaca.
JIns mpencTaBieHHss MaTEMAaTUYECKOM MOJENM B IMEPEMEHHBIX COCTOSHUS PENIMM KaxkI0e
ypaBHEHHUE OTHOCUTENLHO MEPEMEHHBIX X1 M X2, KOTOPBIE 3allMCAHbl B CTApIIUX MPOU3BOHBIX
COOTBETCTBEHHO. [IpeobpazoBaHHas TaKMM 00pa30M MaTeMaTH4ecKas MOJENb MMEET BUJL:
X =5 [— ax +ax+s[—ax + azx]]
X, =sta.x, +ax +s-a,x, +a,x]
rae koadduitnenTs Mogenu: ar = (Ao+Ay/my, a2 = (C2+C1)/my, a3 = AoaMz, as = Co/my;
Tenepb MOKHO 3aIKUCaTh MATEMATHYECKYIO MOJIENb B IEPEMEHHBIX COCTOSIHUS, TO €CTh B BHIE
cucTeMsl TuddepeHInaTbHbIX YPaBHEHUH, PEIIEHHBIX OTHOCUTEIBHO TIEPBBIX MPOU3BOIHBIX:
Sy, =—-ay, tax+y,
Sy, =—a,¥; +a,X

SYy; =—az¥;+tazy, + Yy,

Y4 =—8,Y3 +a,X
I/IMCHHO TakKasd MOJICJIb peaJ'II/I30BaHa B HpHKJ’IaI[HOfI HpOFpaMMC, 110 KOTOpOﬁ HpOBOI[SITCH
HUCCIICOJOBAHUEC YaCTOTHBIX XapaKTepI/ICTI/IK.

Ilpakmuueckan wacmp

Ha puc.2.2 npencrasnen uHTepdeiic NpuKIagHON MPOrpaMMbl MPHU UCCIAEAOBAaHUHM YaCTOTHBIX
XapaKTePUCTHK OJHOMACCOBOM cucTeMbl. IHCTPYKIIMM M MOSICHEHUSI JJ1s1 pabOThl C MPUKIIAHON
IpOrpaMMOii MOSBIISIFOTCS HA IOTIOJTHUTEIBHOM HHTep(eiice Mpu HakaThu KHOKH «Hepl».
[ToaroToBUTH TaOMUIBI SKCIIEPUMEHTAIBHBIX U PACYETHBIX JAHHBIX Ul MCCIIEIOBAHUS OIHO U
nByxmaccoBoi cucteMm. Ilocie akTUBM3alUMM IMPOrpaMMbl BBIOpAaTh PEXHUM HMCCIEIOBAHUS
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OJIHOMAacCOBOM CHCTEMBl M B COOTBETCTBYIOIIMX OKHAaxX HHTepdeilica yCTaHOBUTH JaHHbIE
COIJIACHO BapHaHTy 3anaHus (cM. Ta01.2.2). Haxare kHomnky «IIpomeccy, a morom 3aaaTh
[IEpBOE€ 3HAYEHUE YacTOThl BO30YXKAAIOLIEr0 CHTHAJA - CUCTEMa MPHUXOIUT B JBH)KEHHE.
BriOpaTh nepBoe 3HaU€HUE YaCTOTHI BO30Y K AAIOIIEr0 CUTHAIA, 110100paTh KEIAEMYI0 CKOPOCTh
HepeMelleH sl JeHThl CaMOIUCIa U IPOU3BECTH 3anuch. [Ipu 3TOM CKOPOCTh JBMXKEHUS JICHTHI
JIOJKHA BBIOMpAThCS Tak, YTOOBI 00ecreynBaIach pacumpoBKa CUTHAJIOB P UX 00padoTKe.
[Tocne 3amucu TpeGyeMoro ydactka Haxarb KHONKY «CTOI» B OKHE PErMcTpallid CHUIHAJIOB.
W3MeHuTh 3HaUYEHHE YaCTOTHI, AOXKIATHCS OKOHYAHUS NEPEXOJHOr0 Mpolecca M MPOU3BECTH
3allUCh ClleAylollero ydactka (kHomka «Ilyck» B OKHe perucTpanuu CUrHajioB). BeImonHsATh
N0J00HBIC MAHUITYJIALUH JJIS1 KaXKI0TO 3aIUIaHUPOBAHHOTO 3HAYEHHUSI YaCTOTHI BO30YKIAIOIIETO
CUTHaJIa.

AHAJIOTUYHO MPOBECTH SKCIIEPUMEHT U JJISl IBYXMACCOBOM CUCTEMBI.

Jis  0O0pabOTKM HSKCHEPUMEHTANbHBIX J@HHBIX MCIIOJB30BaTh IIOJIY4YE€HHbIE B IIpolecce
JKCIepuMeHTa ocuusuiorpamMmel. Ha puc.2.2 s wactotsl 300 pan/c moka3aHbl HEOOXOIUMbBIE
IOCTPOCHUS Ul  ONpENAEICHUs OJHOW TOUYKM aMIUIMTYAHOM M (a30BOM YacCTOTHBIX
xapakTepucTuk. M3mMepenus y100HO IpOBOIUTH MOcie KonupoBaHus skpana (Alt Print Screen) B
penakrope Word kak pa3mep aBTo pUrypbl — COOTBETCTBYIOIIEH JIMHUKM HA PUCYHKE.

mMDAEnMpDBaHHE YACTOTHbIK HaPaKTEPMCTHK JWHAMMUECKOH CMCTEMBI i [

Brifepure KoAHYECTBD Macc

[ 0aHa MAcca o OEE MAcChl

MNapameTpul AHHAMHYECK DR
CHCTEMB

bl acca b1, ke I2IJ -
Aectrocte C1, Hevim I'I 400 (\\

K. e MeHT BﬂSKDI’DI‘] B0
TpeHWA L1, kric

il
o T [
|

»

YacToTa BAOAHOMND CHrHanNa
rpydo
300 paag/c E

E TOMHDO

Perumpauuﬂ CHMrHanoB

Myek | CropocTe, c/aeneHue

om| FTH

Mpouece |

Esit | Help |

Puc.2.2. Hccnedosanue 4acmomusix XapaKkmepucmuk 00HOMACOGOU CUCH EMbl

PesynbTaThl n3MepeHuii He0OX0IUMO 3aMKUCHIBATh B COOTBETCTBYIONLY IO Tabmuiy (Tabm. 2.1).
Tabnuya 2.1. Dxcnepumenmanvhvie u paciemuvle OAHHbIE

No | Yacrora, | AmMmunryna | Ammiuryga | OrcraBan | Ilepuon A [0)
pan/c BXO0J1a BBIXOJ1a ne rpaa
1 30 0,69 0,70 0,0 0,74 1,01 0
2 100 069 0,83 0,0 0,25 1,20 0
3 150 0,69 1,09 0,05 0,35 1,58 -61
4 200 0,69 1,58 0,10 0,59 2,29 -66
5 250 0,69 2,47 0,10 0,44 3,58 -82
6 300 0,69 1,63 0,40 0,74 2,36 -120
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7] 30 | 069 | 079 | 025 | o064 | 1,14 | -167
Taxkum 00pa3om, 3aUKCHPOBAHBI BXOIHON M BBIXOJIHOW CUTHAJIBI JIs 7 3HaueHWU dactoT. J{is
KamﬂOﬁ BCIIMYHUHBI 4YaCTOTBhI OHpGHCHHKﬂCﬂ OJHa TOYKa aMHHHTYHHOJRWTOTHOﬁ 158 ¢330BO'
YAaCTOTHOU XapaKTEPUCTHK 110 GopMyJIam:

A, . 360° -7
A=—=%, p=——.
A T
[TockonbKy B pOopMysax MPUCYTCTBYET OTHOIIEHUE COOTBETCTBYIOIIMX BEIMYHH, TO U B TaOJIHIIE
BCIOJY Ul BBIXOJHBIX JaHHBIX Pa3Mepbl MPEACTABICHBI B MM, KOTOPBIC OIPEICISIFOTCS MO
pasmepy aBToQurypel Ha wu300pakeHMH uHTepdeiica B pemakrope Word. Ha pwuc.2.3
IpeICTaBlICHa aMILUIUTYIHO-(Da30Basi YacTOTHAash XapaKTEPUCTUKA C OOO3HAYCHHBIMU Ha Hel

BKCHepHMBHTaHBHBHHITOqKaMH,HOCTpOeHHaHIH)HaHHLdea6HHHB12.L

Im
A
1 1 |2 |Re
350 100
-1 150
300 -2 200
250

Puc.2. 3. Ikcnepumenmanvnas AOIX

Cnenyer 3aMeTHTb, YTO HEKOTOpPHIE OTKJIOHEHHUS ATOM XapaKTEpPUCTUKU OT TEOPETHYECKOMN
O00yCJIOBJICHHbIE ~ HETOYHOCTSMU  OIpENEeNEeHUs MCXOJHBIX JaHHBIX, B  OCOOEHHOCTH
OTHOCHUTEIBHO (ha3bl.
AHaJIOTMYHO 00pabaThIBalOT Pe3yJIbTaThl SKCIIEPUMEHTOB U MPU UCCIIEAOBAHUU JIBYXMAacCCOBOM
CHUCTEMBI.
3aoanue
B coorBerctBun ¢ BapuantoM (Ta6:s.2.2) mpoBectu wuccinenoBanue M mnoctpouts ADUYX
crcTeMbl (OJJHO MACCOBOM HMJIHM JIBYX MAacCOBOIA, 10 BBIXOJIaM X1 HJIH X2).

Tabnuya 2.2. Ucxoounwvie Oannvie

IlepBas M1, KT c1, H/'mm A1, Kr/C Bropas M2, KT C2, H/mMm A2, KT/C

uugpa undpa
0 10 1000 900 0 5 800 700
1 15 2000 1100 1 10 900 800
2 20 3000 1600 2 15 1100 900
3 25 4000 1800 3 20 1400 1000
4 30 2000 1300 4 30 1000 800
5 35 3000 1500 5 25 1200 1200
6 40 4000 1700 6 20 2200 1400
7 45 6000 1400 7 15 1800 800
8 50 3000 1600 8 40 1500 2000
9 55 5000 1800 9 35 2000 2200

Cooeporcanue npomokona
B mpotokosne mpenctaBuTh 1eib paboThl, HEOOXOAMMBIE TEOPETUUYECKHE CBEICHUSI, UCXOIHbBIC
JaHHBIE B COOTBETCTBUU C BapUaHTOM 3a/aHUS, KOIHUIO HHTepdeiica ¢ 3aMuChi0 BHITOJIHEHHBIX
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SKCTIIEPUMEHTOB W TOCTPOCHHUSIMH, HEOOXOAMMBIMH IS OMPEICICHUS BBIXOIHBIX ITaHHBIX;
TaOJIUIBI AKCIIEPUMEHTATBHBIX U PACUETHBIX JAHHBIX; TpauKu dKCIepUMeHTATbHBIX ADUX
cucteM. BeIBOIBI.

IIpakTnyeckas padbora Ne3
HccnenoBanue ycroituusoctu CAY no kpurepuio I'ypsuna

Llens pabomur: IIpuobpemenue npakmuyeckux HA8blKO8 OYEHKU YCMOUUUBOCIU CUCTEMb]
A8MOMAMUYECKO20 YNPAGIeHUs.

Teopemuueckasn yacmeo
C nomomisio kputepus ['ypBulia ucciaenoBars Ha ycroitunBocth CAY moBojoM cynmnopra
METAJJIOPEXKYIIETro CTaHKa, CXeMa KOTOpOoro rnokasana Ha puc. 3.1, a.

+

s
{

y X u,, oJ U,
T —311 YII 1 1
|='| cynnopm_|

v R
=
v

VIIT

A

I10C

a) 0)
Puc.3.1. Ilpunuyunuansunas (a) u hyukyuonanvuasn (6) cxemovt npugooa

[TpuBox cocrout u3 ycumurens-npeodpasosarens (I111), npuratens (/1) nocTossHHOrO TOKA,
penykropa (P), 3anatomero norenimomerpa (311) u norenunomerpa odparnoit csizu (ITIOC).
[Ipexne Bcero HEOOXO0AUMO COCTaBUTh MaTEMAaTUUECKYIO MOJIEh ToBo1a. COTIaCHO MIPUHITUITY
paboThl, TOBOJ MpeACTaBIsieT co0oii 3aMkHyTyI0 CAY, dyHKIIMOHATBHAS cXeMa KOTOPOi
npuBeneHa Ha puc.3.1, 6. [lycTh BbIJIeJIeHHBIE HA CXEME DJIIEMEHTBI OMTUCHIBAIOTCS CIICTYIOITUMHU
nepeIaTOYHbIMU (DYHKIUSAMU:

M :UL(S):k " . _ UO(S) _ ky .
3I: W, (s) X(s) OIr: W, (s) = ) Tsel
. _ a(s) _ Ky . Y
A: WO(S)_UO(S) " TstD)s P: Wp(s)=£=kp;

U, (s
HOC: Wnuc (S) = A = koc'
Y(s)
Teneps MOKET OBITH IOCTPOCHA CTPYKTYPHAsI CXeMa MOBO/Ia, B KOTOPOil (IIpy paBEHCTBE
K03 PUIIMEHTOB Nepeiayun 3aJat0IIero NOTEHIIMOMETPA U MOTEHIIMOMETpa 00paTHOM CBsA3M) /1Ba
COOTBETCTBYIOIIUX AJIEMEHTA Ha (PYHKIIMOHAIEHOW CXeMe 3aMEHSIOTCSI OJTHIM DJIEMEHTOM C
k03¢ purmenTom nepenaun K, Ha CTpykTypHOI cxeme (puc.3.2).

X S ” Us ky U, K, a ) y‘
V] T+l (T,s+Ds

Puc.3.2. Cmpykmypnasn cxema npugooa

Takum o0OpazoMm, mepenatouyHass (QYHKIMS 3aMKHYTOM CHCTEMbl IOCI€  HECIOXKHBIX
anreOpanyeckux npeoOpazoBaHui MproOpeTaeT BUI:
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_ Ko
(T, s+1)(T,5+D)s+k,
riae Ko — ko duimeHT nepeaayn CUCTEMBbI, PaBHBIH NPOU3BEACHUIO KO3 UIIMEHTOB nepeaadn

BCEX 3BCHBEB KaHasa MpsAMOro JeiictBus. MTak, cucremMa MMeeT XapaKTepUCTHUECKOe YpaBHEHHUE
3-ro mopsiaKa:

W(s)

TyTaS3 + (T, + To) 2+ s+ ko=0.
CocraBum nerepMHHaHT ['ypBulla U HaliZIeM yCIIOBUSL yCTONYUBOCTH.

T,+T, Ky 0

=TT, 1 0]

0 T,+T, Kk,
AHanu3 yclIOBUM YCTOMYMBOCTH IO KpUTEpUIO ['ypBHIIa IOKa3bIBAa€T, YTO €IUHCTBECHHBIM
YCIIOBUEM SIBJISIETCSI MO3UTUBHOCTH BTOPOrO JIETEPMUHAHTA, MOCKOJIbKY ao=1,Ts, paBHO Kak
u A;=a1=T,+Ty, Bcerma Oonbme Hyns. Takum o00pa3oMm, i YCTOWYMBOCTH TOBOJIA

HEOOXO0INMO, YTOOBI:
A2= (T, + Ty) — koT, Ty > 0.

[Tocie HeCTOKHBIX MPe0Opa30BaHMIA IOTYYaeM eIMHOE YCIOBHUE YCTOWYMBOCTH CUCTEMBI:

i+i>k (3.1)
y Td 0 .

BrimoiHeHHe 3TOro yciuoBHsl 00s3aTeNbHO, MOATOMY HA MPAKTHUKE BapHaIuUei, moadopoM
napaMeTpoB mnpuBojaa ctpemarca odecreunth (3.1). IIpu sTom Hambonee ynoOHO H3MEHSTh
napametrpsl ko u T, — oOmmit ko3dduimeHT nepemadyd MPUBOJA W IMOCTOSHHYIO BPEMEHHU
yCHIIUTENA-TIpeoOpa3oBares. B mo0oM ciiydae 3HaueHHs BapUallyil ATHX MapaMeTPOB JTOJDKHBI
nexath B obnactu D, moctpoeHHoi corntacuo ycnouio (3.1) (puc. 3.3).

kOA

obnacms
HeyCmouyueblx

3HAYEeHUll

Koz o /T,

obnacmo
VYCMOUYUBHIX 3HAYECHULL
ol T >r
vl y

Puc.3.3. Obaacms ycmoiniuugvix 3HaveHuil

Ilpakmuueckaa uwacmp

Jns BeImonHeHuss pabOThl HUCHONB3YyeTCs TMpUKIAAHas mporpamma, HHTepdeic KOoTopou
npeacraBinensl Ha puc.3.4. Ilpukimagnas mporpamma «YCTOWYHMBOCTH TOYHOCTH CAVY»
HAXOAWTCS Ha Aucke. MHCTPYKIMU W MOSICHEHUS Uis pabOoThI C MPOTPaMMOI Conep:Karcs B
camMoOil mporpamMme U MOSBJISIOTCS Ha 3KpaHe MOHUTOpa Npu Haxartuum kHomku Help. [Jlns
BBITIOJTHEHHS] JTOM MpakTUYecKo paboThl, TOCIEe AaKTHUBU3ALMKU TPOrpaMMbl Ha TJIABHOM
uHTepdeiice omKeH ObITh BbIOpaH pexum «lccrienoBanue ycTONYUBOCTIY.

Ha n3o6paskenun ocimniorpada 3adpukcupoBaH nepexoanslii npouecc CAY npuBoaoOM CTaHKa,
KOTOPBIA OTBEYACT HCXOJHBIM JaHHBIM, TPEICTABICHHBIM B OKHax wHHTepdeiica (cieBa).
BxonHoli curnan cryneHyatoil Gopmbl M300pakeH JMHHUEH 2, - MepeMelleHHe Cynmnopra —
nunaueit 1 Ha puc.3.4. BuaHo, 4To cuctema sBiIsSE€TCS YCTOMYMBOW U €€ JUHAMHUYECKOE KaueCTBO
MOJKET OBITh OLIEHEHO 10 KOMIJIEKCHOMY TOKa3aTeio, KOTOPbIH pacCUUTHIBAETCs 1Mo hopMyIie:

ymax
A=="21 3.2
Ve (3.2)
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1€ Ymax — MaKCUMajbHas BEJIUMYMHA TEpEMEIICHUs CYIIopTa, Yc — YCTaHOBHBIIEECS
nepeMeNIeHNe CyNnopTa Mocjie OKOHYaHUsl MEePEXOJHOTo mpoliecca, 1, — BpeMs MepexoIHOro

mpounecca. Onpez[eﬂeHHe 9TUX BEJIMYHH I10 pE3YyJibTaTaM 3KCIICPUMECHTA IIOKa3aHO Ha pI/IC34
mlﬂccnegosaﬂne ¥CTOHYMBOCTH M TOYHOCTH NpHEoaa MPC = |EI|5|

' MocnenosaHue YoToiuMBOCTH

(‘ WMccnegogaHue TOUHOCTH

JEMMATENE :I

HMcxoaHue naHHHe
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i Reset 2 =
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Puc.3.4. Humepdgheiic npuknaounoit npozpammoul

B cootBeTcTBHH ¢ 331laHUEM HEOOXOAMMO ITPOBECTH MCCIICAOBAHUS 3aBUCUMOCTH KOMIUIEKCHOTO
MoKa3aTelsi KadecTBa MEPEeXOAHOro IMpoiecca OT KodpQUIMeHTa mnepefayd yCUIUTeNs-
npeoOpaszoBarensa. s ompeneneHus AWana3oHa BO3MOXKHOTO H3MEHEHHs Kod(huimenrta
HEO0O0XO0IUMO, TONb3YsICh 3aBUCUMOCTBIO (3.1), mns 3amaHHbIX 3HaueHud T, u Ty paccuurTarhb
MaKCHUMaJIbHO BO3MOKHYIO BETHUUHY (Kyn)max. TIpH 3TOM yUHTBIBAaTh, YTO OOMIMIA KO PHUIIHEHT
nepenaun CAY onpenensiercs mo Gopmyre:

k, =k H., .
2r
BriOpate  miar  u3MeHeHus  koddduIMEeHTa  Tepedaud  yCHIMTEIS-TIPeoOpa3oBaTelis
(pexomenayercss npuHATh mar 0.2(Ky)max) ¥ MOATOTOBUTH TAOMIly SKCHEPHUMEHTATBHBIX H
pacYeTHBIX JTaHHBIX TaK, YTOOBI OXBATHTh MAaKCUMAJIHHO JOMYCTUMBIN KOA(POUIIUEHT TIepe1adH,
oTpeieNieHHbIi 1o 3aBucumoctu (3.1).
B tabmune 3.1 npencrasien npumep st CAY ¢ UCXOTHBIMHU JTAaHHBIMH, COOTBETCTBYIOIIMMHU
puc. 3.5. Pacuerom 1o (3.1) Haxoaum ko=383,3. CienoatenbHo (Kyn)max=1158. Beibupaem mrar
0,2-1158=232, cocTaBisieM TaOIHIly U MPOBOIUM IKCIIEPUMEHTHI.
AKTHBU3UPOBATh TMPUKIAJIHYIO TPOTPaMMy, 3aJaTh HCXOJHBIC IaHHBIE B COOTBETCTBHH C
BapHAaHTOM, BBIOpATh MepBOe 3HaYeHHe KodpUIIMeHTa epeaul yCUIUTeNsi- mpeodpa3oBaTens
W BBINIOJHUTH MOJICTUPOBAHUE TIEPEXOJHOT0 Tporecca. [lo ocruuiorpaMme TPOU3BECTH
HEO0OXOIMMbIC M3MEPEHUS U 3alucaTh pe3yIbTaThl B TAOMUILy. BBIMOTHATE IKCIEPUMEHTHI IS
BCETO BBIOPAHHOTO JAMana3zoHa N3MEHEeHHs K03 UIHeHTA.
Paccuntarh KOMIJIEKCHBIN TOKa3aTeNbh KadyecTBa IJs KaXKIOTO JKCIEPUMEHTa U TMOCTPOUTH
rpaduK 3aBUCHMOCTH KOMILJIEKCHOTO IOKaszarens 4 JWHAMHUYECKOrOo KadecTBa CHUCTEMBI OT
ko3¢ ¢punmenra nepenaun Ky, ycmmmrens-npeodpasosarens (puc.3.5). Ecium mpu xakom-muoo
3HaueHun kodpduimenta nepegaun CAY okasplBaeTcs HE YCTOWYMBOM — COOTBETCTBYIOIEE
coo0O0IIIeHre 3armucaTh B TAOIHILY.

k()koc

wn

Tabauya 3.1. Dxcnepumenmanvhvie u paciemuvle OAHHbIE

Ng kyn Ymax ‘ yC ‘ tn ’ A
1390 CAY He ycroiiuuBa
2 1158 97 \ 50 | 2440 | 47,30
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3 926 93 50 1,10 2,05

4 694 85 50 0,53 0,90

5 462 79 50 0,34 0,54

6 230 68 50 0,24 0,33
A

2,0 /
15 /
o

T/

0
230 462 694 926 1158 Kk,

Puc.3.5. I'pagpuk 3aeucumocmu KomniekcHozo nokaszamensn kavecmea CAY
om Koighpuyuenma nepedauu ycunumensa-npeoopazosamens
(30Ha Heycmouuugoll padomaul 3amemHeHa)
3aoanue
1. Tlo UCXOIHBIM JAHHBIM, B COOTBETCTBUU C BapuaHTOM (Ta0:;.3.2), HOCTPOUTH AUArpaMMy
YCTOWYMBOCTU CHCTEMBbI MO KpuTeputo ycroitunBoctd ['ypBuma (cm. puc.3.3). Omnpenenutsb
MaKCHUMaJIbHO BO3MOXKHOE 3Ha4eHHE KOd(pUIMEHTa Mepeadd yCHIUTEII-TIpeoOpa3oBaTels u
MOJATOTOBUTH TAOIHILY IKCIEPUMEHTATbHBIX IAHHBIX.
2. HWcnonp3ys NpUKIAIHYI NporpaMmy, HHTepdeldc KOTOpod mpenacraBieH Ha puc.3.4,
MIPOBECTHU CEPHUIO IKCIIEPUMEHTOB U Pe3yJIbTaThl 3aIIMCaTh B TAOJIHUILY.
3. Ilo pe3ynbpraTtamM 5KCIIEPUMEHTOB MOCTPOUTH SKCIEPUMEHTAIBHBIN rpauK 3aBUCHMOCTH U
IIPOBECTHU €r0 aHAJIU3.
Tabnuya 3.2. UcxoOwnsie Oannbvie

[lepBas | Ycunumens | /leuecamensv | Bunm.napa | Bropas | [Jeucamens | Obp.ceazv
udpa T, ¢ Ko, pad/cB Hen, mm mudpa Ty, ¢ Koc, B/MM
0 0,003 1,6 12 0 0,050 0,20
1 0,015 2,0 10 1 0,100 0,90
2 0,020 3,2 16 2 0,150 1,10
3 0,025 2,4 8 3 0,200 1,40
4 0,006 52 10 4 0,030 1,00
5 0,009 3,0 14 5 0,025 1,20
6 0,004 4,0 16 6 0,120 0,40
7 0,045 3,6 18 7 0,015 0,60
8 0.050 5,6 20 8 0,040 0,15
9 0.005 4,5 14 9 0,035 0,52

Cooeprcanue npomokona

B mporokone mpenctaBuTh CTpyKTypHyo cxemy CAY, nuarpamMmmy KadecTBa, TaOIHILy
OKCIIEPUMEHTAILHO-PACUETHBIX JaHHBIX, TpauK 3aBUCUMOCTH KOMIUIEKCHOTO TIOKAa3aTels
JUHAMHYECKOTO KadecTBa OT KOX(pUIMEHTa Nepeadd yCUIUTENs-peodpa3oBareisi, KOMUIo
uHTepdeiica ¢ 3aMUChI0 IEPEXOTHOM XapaKTePUCTHKH MPU KaKOM-JTHO00 3HaueHHUH Ky, BBIBOIBI.

IIpakTuyeckas padora Ned
HccaenoBanue Tounoctu CAY B pe:kuMe IBHKEHHS 110 TAPMOHUYECKOMY 3aKOHY

Ilens pabomur: IIpuoopemenue npakmuueckux HA8blKO8 OYEeHKU MOYHOCIU CUCTEM
aA8MOMAMU4eCcKo20 YnpasieHus npyu mecmuposanuu o 2ApMOHUYECKOMY 6XOOHOM) CUSHATY.
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Teopemuueckaa uacmso

Uccnenyercs CAY nmoBoaoM, CTpYKTypHasi cxema KOTOpOTo IpejcraBieHa Ha puc.4.1. Buano,
yro CAY oTiiMyaercs OT PacCMOTPEHHOHN B IMpakTUuecKkoi padore No5 Tem, 4TO yCHIMTENb-
npeoOpaszoBateb NpeACTaBiIeH He OE3bIHEPIIMOHHBIM 3BEHOM, a allepUOANYECKUM |-To mopsijika.

X(t) a)|  k K y(j)

y

7]
Ts+1 (T,s+1)s

k

en

A 4

A 4

K  le

oc

Puc.4.1. Cmpykmypnas cxema uccinedyemoii CAY

s Takoi CUCTEMBI BaKHBIM U IIEPBOCTEIICHHBIM SIBJIIETCS BOIPOC yCTOMYMBOCTHU. [loaTomy
nepe] HayaJloM SKCIEPUMEHTANBHBIX HMCCIEIOBAaHUN HEOOXOAMMO OMNPEIEeNIUTh MAaKCUMAIIbHO
JONyCTHMOE 3Ha4YeHue kod(h¢uimenta K, mepenadd ycUIHTENsA-IPEOOpa3oBaTes, MOIb3ysICh
dopmynoit (3.1) ¢ yueToMm 3aBHUCHMOCTH IJIsl OIpenaeeHus] o0mero KodgppuiueHTa nepenayu
[OCJIEZI0BATENbHO COEIMHEHHBIX 3BeHbeB CAY:

ko =k kK, K,

rie Ken = H/2 77— nepenatounas GpyHKIMs BAHTOBO# mapsl (H —1iar BAHTOBOM maphl).

Ilpakmuueckas wacmeo
Jnst BeimosiHeHHMsT PaOOTBI HMCHOJB3YETCsl MPHUKJIaAHAas TMporpamma, HUHTepdenc KOTopoi
npencraBieHsl Ha puc4d.2. IlpuknagHas nporpaMma  «YcroiumBocTh To4HOCTE CAVY»
HAXOIUTCs Ha aucke. MHCTPYKIMU W MOSICHEHUWs Al pabOThl C MPOTpaMMON COAEpIKaTcs B
caMOil mporpamMMe U MOSBIAIOTCA Ha JKpaHe MOHMTOpa Npu Haxaruu kHonku Help. s
BBITTOJIHEHUSI JTOW TPAKTHYECKOW paboThl, TOCIE aKTHUBU3AIMH MPOTPaMMbI Ha TJIaBHOM
uHTepdeiice noKeH ObITh BBIOpaH pexxuM «lcciieioBaHue TOUHOCTI.
Ha wu3obpaxenun ocummiorpada 3adukcupoBana peakuuss CAY moOBOIOM CTaHKa, KOTOpas
OTBEYaeT MCXOAHOMY rapmMoHudeckomy curnamy 50Sin30t — muaust 1. AMIUIMTYAa W YacToTa
BXOJHOTO CHTHaJla 3a/Jal0TCS B  COOTBETCTBYIONIEM OKoOmmKe uHTepdeiica. Cymmopt
oTpaOaTbIBAaeT 3aJaHHbI 3aKOH JBWXKEHHMS B COOTBETCTBHM CO CBOMMM JMHAMHUYECKUMHU
CBOWCTBAMH M B pe3yJIbTaTe IEpPEMENIaeTcss MO 3aKOHY, KOTOPBIA COOTBETCTBYET JIMHUH 2, C
olnOKoM, n300paxeHHol auHuel 3. Cieayer OTMETUTh, YTO U3MEPEHHUs HKCIEPUMEHTAIbHBIX
3HaYeHWH Ha OCHHUIOrpade MOXKHO BBIMONHATH TOJBKO TOCJIE 3aBEPIIECHUS TEPEXOTHOTO
pexxuma palboTsl (cM. puc.4.2).
[ocne ompeneneHuss MaKCHMAJIBHO JIOMYyCTUMOro koddduimeHta K, mepemauu ycuIMTENs-
npeoOpa3oBaresis, MOATOTOBUTh TAaOJIMIYy 3KCIIEPUMEHTAIBHBIX JaHHBIX, IPUMEP KOTOPOH JUIs
CAY c ucxonHbIMH JaHHBIMU 10 puc.4.2 mpexacraBieH Huxe. [Ipeamornaraercss mpoBeneHue
TpeX cepuil SKCIIEPUMEHTOB MPH CIEIYIOMUX 3HAaYeHUAX KodpuireHTa nepeadu yCuanTems-
npeobpazoBatest: (Kyn)1=0,9(Kyn)max; (Kyn)2=0,6(Kyn)max; (Kyn)3=0,3(Kyn)max-

Tabauya 4.1. DxcnepumenmanvHvle OaHHble

o, , ,

Ne K paod/c Omax Ne K paod/c Omax Ne K paod/c Omax
1 40 3 6 40 5 11 40 12
2 80 16 7 80 33 12 80 54
3 417 | 120 | 111 8 278 | 120 68 13 139 | 120 32
4 160 49 9 160 34 14 160 26
5 200 32 10 200 27 15 200 24

Jluama3oH W [Iar M3MEHEHHUS YacTOT OMPEACIACTCS JKCIEPUMEHTAIbHO TakK, YTOOBI MpH
(Kyn)1=0,9(Kyn)max MakcHManbHOE 3HAUCHHE ONIMOKM MPHXOMWIOCh HAa CpelHEe 3HAYCHHUE
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YaCTOThI, a IOar II03BOJIAII HNPOAECMOHCTPUPOBATH TCHACHIHWIO HN3MCHCHHA omuOKu B 00e€
CTOPOHBI OT MAKCUMYyMa.

HpI/I BBI60pe AMIUIMTYJIbI BXOJHOI'O CHUT'HAJIa HCO6XOI[I/IMO YUYUTBIBATh BO3MOXXHOCTDH
peructpaiiu BCCX CHUTHAJIOB IIPpU  YaCTOTC, COOTBGTCTByIOH.[CfI MaKCUMyMy OIIIMOKH.

Pexomennyercs ycrtanaBnuBath A=20.
mlﬂccnenosaﬂue YCTOAYMBOCTH M TOYHOCTH NpWBoAa MPLC - |EI|5|

7 MecnsqoBaHHe YoTaliHEDCTH

(:. HccnegoBaHKe TOUHOCTH
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ﬂ
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Puc.4.2. Hnmepdgheiic npuknaonoit npozpammel 011 ucciedosanus mounocmu CAY

[To pe3ynbpraTtam SKCIEpUMEHTOB (CM. Tabn.4.1) mocTpoeHsl rpadKu 3aBUCUMOCTH OUIHMOKU OT
4acTOThl BXOJHOTO CHUTHaja JJIi TpeX 3HaueHU KoadduuueHTta nepenayn yCUIMTENs-
npeobpazosarens (puc.4.3).

anax

100 K, =417

80 / K
60 : =R / /\ \ k,»=278
ﬁ/ _

40

40 80 120 160 ®, padlc

Puc.4.3. I'pagpuku 3xcnepumenmaivHbiX 3a6ucumocmeit

3aoanue

1. ITo ucxonHBIM JaHHBIM, B COOTBETCTBHM C BapuaHTOM (Tabin.4.2), paccuuTaTh MaKCUMAalIbHO
nonycTuMeiii - koaddurment Ky, mnepemaun ycuIMTENsA-NpeoOpa3oBaTeis, W MOJATOTOBHTH
TaOJIMUILy SKCTIEPUMEHTAIBHBIX TaHHBIX.

2. Vcionb3ys IpUKIIaJHYIO0 IporpaMmy, HHTepdeiic KoTopoi npeacTasieH Ha puc.4.2, BbIOpaTh
JIMara3oH M [I1ar U3MEHEHUs 4aCTOThl BXOAHOTO curHaia. [IpoBectu cepuio sKCrepuMeHTOB (JUIs
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KKJIOTO 3HA4YeHHs KOX(P(UIMEHTA Tepenadyu), 3amuchiBas pe3yibTaThl B TAaOIMUIly, a 3aTeM
MOCTPOUTH T'PaUKH IKCIIEPUMEHTATBHBIX 3aBHCUMOCTEH.
Tabnuya 4.2. Ucxoounvie oannvie

IlepBas ko, Bropas | Hey,

unré)pa Tom, € pao/cB To.c umi?pa MM Koc
0 0,003 1,6 0,050 0 12 0,20
1 0,015 2,0 0,100 1 10 0,90
2 0,020 3,2 0,150 2 16 1,10
3 0,025 2,4 0,200 3 8 1,40
4 0,006 5,2 0,030 4 10 1,00
5 0,009 3,0 0,025 5 14 1,20
6 0,004 4,0 0,120 6 16 0,40
7 0,045 3,6 0,015 7 18 0,60
8 0.050 5,6 0,040 8 20 0,15
9 0.005 4,5 0,035 9 14 0,52

Cooepotcanue npomoxona

B npoTokone mpuBect cTpykTypHYI0 cxemy CAY, cooTBeTCTBYIONINE pacyeThl KoddumueHTa
nepefayd  yCHIUTENs-peoOpa3oBarensi, TaONUIly SKCIEPUMEHTAIBHBIX JAaHHBIX, KOIHIO
uHTepdeiica NPUKIAAHOW  MPOrpaMMbl  JUIsl  KAaKOro-TMOO  AKCIIEPUMEHTa, Trpaduku
SKCIIEPUMEHTANbHBIX 3aBUCUMOCTEH. BBIBOBI.

IIpakTuyeckasi pabora NeS
OnpeneseHue XapaKTePUCTHK 3JIEKTPOMEXaHNYeCKOro IPUBOAa

Heﬂb paﬁombl: Hpuo6pemeHue npaKkmu4eCKux Ha6blKO8 KOMNIEKCHO20 UCCIE008AHUSL CUCTNEM U
00bEeKmMo8 a8moMamuyecKo2o ynpaeieHusl.

Teopemuueckaa uacmp
Ha pwuc.5.1 npencrapiiena 37€KTpOMEXaHUYECKAsT CUCTEMA — MPHUBOJ BPAIIAIOIIETO JBHKECHUS,
KOTOPBI COCTOMT W3 JJIEKTpoJABHUrarenss | MHOCTOSHHOrO TOKa, PEAyKTOpa 2 W HarpysKu,
HanpuMep, MIuHAeNs 3.

Puc.5.1. Cxema 31eKmpomexanuuecKoil cucmembl

ypaBHCHI/IH ABHUKCHUS ABUTATCIIA ITOCTOSSHHOT'O TOKA IPH HpeHe6pe)KeHI/II/I SIBJICHUSAMH BTOPOT'O
nopsiAKa UMECT BUA!

dQ

— osuz .
osuz Idﬁuz + Ml’
dt

(5.1)

i€ Mosuz, I osuzy {26u- — MOMEHT JIBUYKEHUS, MOMEHT MHEPLIMU POTOPA U YIJIOBasi CKOPOCTh
nBurarens, M1 — MOMEHT Harpy3ku Ha Baity nBurateins. C Apyroil CTOpOHbI, B COOTBETCTBUU C
ANEKTPOMEXAHUYECKON XapaKTEPUCTUKOMN JABUTATEIS:
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M osue = k()U - kMQdeue; (52)

rie Ko — KO3 GHUIMEeHT MPONOPLHUOHAILHOCTH MKy HanpsbkeHrneM U 1 MOMEHTOM JIBHOKEHHUS,
Ky — KO3 PHUIHMEHT HAKIIOHA JIEKTPOMEXaHUYECKON XapaKTePHUCTUKH.
Penykrop Moxet ObITh pecTaBieH 0e3bIHEPIIMOHHBIM 3BEHOM:

Q=Q, K (5.3)

ogue " peo’!

rjie £2; — yriioBasi CKOPOCTb BBIXOJIHOTO Bajia PeayKTopa, Kyeo — KoadduimeHT nepeaayu.
B koHeuHOM UTOTE, YpaBHEHUE JIBUKCHHUS BaJla HATPY3KH:

do
A+ p[Qdt - [Qdt)+M =0, (5.4)

rae M, I, £2- oye3Hblii MOMEHT, MOMEHT WHEPIIUHU U YTJI0Bask CKOPOCTh HAarpy3KH, [ -
KPYTHJIbHAS )KECTKOCTh, A - KO3 (UIIMEHT BA3KOro TpeHus. Takum o0pa3oM, ypaBHEHHE CBS3H,
KOTOPOE MOKAa3bIBAET, Ha YTO PACXOyeTCs MOJIe3HAsl YaCTh MOMEHTA JIBUraTelis, UMEET BHIL:

M, =k ., A(] Qdt - [Qdt) (5.5)

[To mony4eHHOW MaTeMaTHYECKOH MOJIENN, KOTOpasi COCTOUT U3 ypaBHeHui (5.1-5.5),
IIOCTPOEHA CTPYKTYpHask CXeMa AJIEKTPOMEXaHUYECKON cucTeMsl (puc.5.2).

M
< — s/
k, |« p o,
U 0
—> k() Iaeues > kped 1 >
T2s? +T,s+1
M, A 1/s
kpedﬁ
15 |e

Puc.5.2. Cmpykmypunas cxema 31eKmpomexanuieckoll cucmemol

Ha cxeme ectb 1Ba BXoja: OJMH IO yHOpasisiomeMmy BozieiictButo U, a BTOpoilt - 1o
Bo3MyIueHnto M. He cmoTps Ha TO, 4TO MO MCXOJHOU cxeme (cM. puc.5.1) cuctema KakeTcs
pPa3sOMKHYTOM, Ha caMOM Jiele OHa 3aMKHyTa C oOpaTHbIMM NOTOKaMH curHainoB. Ilo
pa3paboTaHHONW MaTeMaTHYEeCKOM MOJIEIH 3JEKTPOMEXaHHMYECKOro MOBOJIAa MOKHO MPOBOJUTH
IIPEIBAPUTENIBHBIE HCCIIEN0BAHUS C LIEJIBI0 ONPEIECIICHNS XapaKTEPUCTHK, OLIEHKH KadecTBa U
BbIOOpAa HEKOTOPBIX €ro mapaMerpoB. Takoi 3Tam MpeiBapUTENIbHOTO MPOEKTUPOBAHMS BCEra
JIOJDKEH TPHUCYTCTBOBATh MPH Pa3pabOTKE CUCTEM U OOBEKTOB aBTOMAaTHYECKOTO YNpaBJIEHUS U
ABJIIETCS. YPE3BbIYAHO Ba)KHBIM, TaK KaK MMEHHO 3/I€Ch OINpPEAENsAOTCsS OOIIME HalpaBlICHUS
yZIOBJIETBOPEHMSI TPEOOBAHUSAM TEXHUUYECKOTO 3a[aHUs U YIIYULIEHUs XapaKTePUCTUK CUCTEMBI.
Hampumep, u3BeCTHO, YTO MEpPEAATOYHOE OTHOLIEHHE PEAYKTOpa CYIIECTBEHHO BIUSET Ha
JUHAMUYECKHE XapaKTEPUCTHUKU AJIEKTPOMEXAaHWYECKoro mnpuBoaa. OleHKa MNepexXoIHbIX
XapaKTEPUCTUK CHUCTEMBI, MPEJCTaBICHHON pa3paboTaHHONW MaTeMaTHYeCKOW MOJIEIbI0, TpHU
pa3HBIX 3HAYEHUAX KOA(PPHUIMEHTA Mepelaun PeayKTopa MO3BOJISIET PEIIMTh TaKyIo 3ajaqy.

Ilpakmuueckan wacmp

Jnst BeImosiHeHHsT PaOOTBI HMCTOJB3YETCS TPUKIAAHAs Tporpamma, HWHTEpdehc KoTopoun
npeacraBied Ha puc.5.3. Ilpuxknagnas mnporpamma «DIJIEKTPOMEXAHUYECKAS] CUCTEMay
HaxOJIUTCA Ha JUCKE. SIIpoM 3TOM mporpaMMBbl CIY>KUT COCTABJICHHAs BBIIIE MaTeMaTHYECKas
MoJieh. IHCTPYKIIMH U TTOSICHEHHUSI ISl pa0OThI ¢ TPOrPaMMOil cofiepKaTcsl B caMOi Tiporpamme
Y TIOSIBJISIFOTCSI HA DKPaHEe MOHUTOPA MPHY Ha)xkaTUu KHOnkH Help.
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Ha wu3o6paxxenun ocmwmiorpada (puc.5.3, a) 3apuKCHpOBaH TPOILECC WU3MEHEHHS YIJIOBOM
CKOPOCTH HAarpy3ku (JuHMs 1) mpu pasroHe M IpH W3MEHEHHH MOMEHTA IOJIE3HON Harpy3Ku
(JIuHMS 2) IO CTYIIEHYaTOMY 3aKOHY.

BoInonHsSs Takue SKCIEPUMEHTHI NMPH Pa3HBIX 3HAYCHUSAX HANPSOHKCHUS MHUTAHUS JIBUTATEIS,
MOYKHO ITOCTPOUTH CTATUYECKUE XapPAKTEPUCTUKU IEKTPOMEXaHNYECKOI0 IIOBOJA: 3aBUCUMOCTh
YIJI0BOW CKOPOCTH HArpy3KH OT IOJIE3HOT0 MOMEHTa (puc.5.4, a).

ol
HWCXOAHBIE IAHHBIE 2an L0 Ocyunnorpad
Neurarens : -s -
KoadapumenT nepeaadd ka, Hw/B ID,dE _! E ;"
MoteHT HHepUMM, kr M2 IU'DM m I % %
FoadduumeHT nepenasu ki, Hc/pan 0E5 -_ I % %
Penyxrop - - —— =
F.oediient nepenayi EE :gi Bpens, ¢
I
Harpysra - Q 2 e
MoMEHT 1HepUMM, kT M2 IU“I i - 6)
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Puc.5.3. Humepgeiic npuxknaonoit npozpammel npu
onpeodeneHuu cCmamuyeckux xXapaKkmepucmuk (a) u
pe3yibmamol MOOENUPOSAHUS NPU ORPedeleHUU
OUHAMUYECKO20 Kayecmea:

MM EHT Harpyske, Ho

03 04 05

6)_kp=0,1" 3)-kp=0’3;2)_kp=0’8 ' " Epems, ¢

r)
Jnst ompeneneHus ONTUMAIBHOTO TO OBICTPOJEUCTBHIO KOX(P(UIIMEHTA Tepenadu peayKTopa
IPOBOJUTCS CEpUsl IKCIIEPUMEHTOB, IPU KOTOPHIX (PUKCUPYETCs MepeXOoAHbIil npouecc (pa3roH
IPHUBOJA) MPU BCEX €ro HEM3MEHHBIX NapaMeTpax, HO JUlsl pa3HbIX 3HaYeHHH koddduumeHnrta
nepenauu peaykropa (puc.5.3, 0, B, I).
[To pesynpTaTam SKCIEPUMEHTOB MOCTPOEHBI TpaduK 3aBUCHMOCTH JMHAMHUYECKOTO KauecTBa,
KOTOpOEe oOmpefensercs MO0 KOMIUIEKCHOMY IMokazaTento (cMmorpu ¢dopmyny 5.2), or
koa¢¢unmenTa nepenayn peaykropa (puc.5.4, 6). I[Ipu BbIIOTHEHUN SKCIIEPUMEHTOB JaHHbIE
yIOOHO MpPEACTaBIATh B TaOMMYHOW QopMme, a MOTOM CTPOUTh HEOOXOTUMBIH rpaduk
3aBUCHMOCTH KOMILJIEKCHOTO MokKa3ateis A ot koddpuimenTa nepeaadn peaykropa.
Onpenenenre HEOOXOIUMBIX s pacueTa no Gopmyse (3.2) mapaMeTpoB MoKa3zaHoO Ha puc.5.3,
6. BuzmHo, uTo onTMManbHOE 3Ha4YeHHe KoddduimeHTa mnepemaud, mpu Kotopom A-—min,
paBusiercs 0,3. IlepexoaHslii mporecc NHpuU TakoM 3HaueHUM Kod(hQUIMEHTa Ieperadn
peAyKTopa MpeicTaBIeH Ha ocuuIorpaMMme puc.5.3, B.
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Puc.5.4. I'paghuku sxcnepumenmanvHovix 3a8UCUMOCmEl:
a) — cmamuyecKue XapaKkmepucmuku; 0) — OUHAMUYECKas XapaKmepucmuKa

3aoanue
1. ITo MCXOAHBIM JAHHBIM, B COOTBETCTBHM C BapuaHTOM (Ta0i.5.1), ompenenuTh cTaTU4ecKue
XapaKTEPUCTHKH 3JIEKTPOMEXaHUYECKOrO MOBOJAA JUIA Pa3HBbIX 3HAYCHHUN HAIPSHKCHUS MUTAHUS
JIBUTATENs W TOCTPOMTH COOTBETCTBYyromme rpaduku. (nama3zoH HM3MEHEHUS HaNPSHKEHUS
OIpeeNseT IPENo1aBaTeb).
2. IIpoBecTn cepHio 3KCIIEPUMEHTOB IO MOJCIMPOBAHHIO TEPEXOJAHON XapaKTEPHCTHKHU IPH
pa3HbIX 3Ha4YeHUsX Kod(puimeHTa K, mnepenadynm peayKTOpa, BBINOJHUTE HEOOXOAUMBIC
U3MEPEHHUs, PaCCUNTATh KOMIUICKCHBIH MOKa3aTesib A M IMOCTPOUTH COOTBETCTBYIOLIMHA Ipaduk
JUISL ONPEJICIICHUSI ONITUMAIIBHOTO IO OBICTPOICHCTBIIO KOd(duItneHTa K.

Tabnuya 5.1 Ucxoomusie oannvie

IepBas ly Ko K K, Bropas I Yij A

uuppa | xrm® | Hw/B | Hmc/pan uugpa krm? | Hw/pax | Hmc/pan
0 0.004 0.50 0.63 0.1 0 0,20 1000 0.15
1 0.006 0.48 0.70 0.2 1 0,30 500 0.17
2 0.008 0.35 0.52 0.3 2 0,05 740 0.09
3 0.010 0.25 0.45 0.4 3 0,08 600 0.11
4 0.012 0.55 0.85 0.5 4 0,10 520 0.19
5 0.014 0.52 0.91 0.3 5 0,12 860 0.12
6 0.016 0.32 0.65 0.1 6 0,18 960 0.14
7 0.018 0.28 0.54 0.2 7 0,22 640 0.13
8 0.020 0.42 0.58 0.3 8 0,14 1200 0.07
9 0.022 0.30 0.43 0.5 9 0,16 1100 0.09

Cooeporcanue npomokona

B mportokone mpeacTaBUTh CTPYKTYPHYIO CXEMY SJIEKTPOMEXaHUYECKOH CHCTEMBI, TaOJIMIIbI
AKCIIEPUMEHTAJIbHBIX JaHHBIX, COOTBETCTBYIOIIME TpadUKU CTAaTUYECKHX XapaKTePUCTUK U
rpaduk 3aBHCUMOCTH KOMIUIEKCHOTO TOKa3aTels IWHAMUYECKOro KadecTBa OT Kod(uimeHTa
nepeaaun peaykropa, KOmu uHTepdeiica MpUKIaIHON MPOrpaMMbl C MTEPEXOIHBIM MPOIIECCOM
Opy ONTHUMAIBLHOM 1O OBICTPONEHCTBUIO 3HAUYECHUU KOd(PPUIMEHTa Tepenayd peayKTopa.
BrisBogs!.

IIpakTuyeckas padora Ne6
OmnpeneneHue XapaKTepUCTHK MMIPOMEXaHMYECKOro NMPUBoOAa

lle.flb paﬁombt: Hpuo6pemelme npakmu4ecKux HaeblK06 KOMNJIE€KCHO2cO UCCe006AHUA CUCTEM U
00bEeKmMo8 asMmoMamuyecKo2o ynpaeieHusl.

Teopemuueckasa yacmeo

Ha puc.6.1 npencraBneHa rufjpoMexaHuyecKkas CUCTEMa — MPUBOJ] OCTYMATEIbHOIO JIBHXKEHHUS.
[IpuBOA COCTOUT M3 THUIAPABIWYECKOTO IUIMHIpA |, MITOK KOTOPOrO CBSI3aH C CYNIOPTOM 2
(Harpy3koif) MEXaHHYeCKOH CBS3pI0 C KecTKocThio c¢. CynmopT mepeaBuraercs 1o
HATPABISAIONIUM 3, KOTOpPBIE XapaKTepU3yIOTCs KOd(D(PHUIIMEHTOM BSI3KOTO TpeHHS A, a CKOPOCTh
peryaupyercs ruapaBindeckuM apocceneM 4. Takum oOpa3oM, cMCTEMa UMEET YIPaBIISIOIIHA
BXO/JI (OTKpBITHE X Apoccess) M BO3MYIIEHHE — CUITY TToNie3Hol Harpy3ku F. Llenbio ynpaBnenus
SIBIISICTCS TIEPEMEIIIEHHE CYIITOPTa ¢ 3aJaHHOM ckopocThio dy/dt mo koopauHare Y.
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Puc.6.1. I'uopomexanuueckan cucmema

JIBHKeHHE CyNIopTa MOXKET OBITh ONMHCaHO TudGepeHITMAIbHBIM YPAaBHEHHEM BTOPOTO
MOpsIIKA:
m d’y + A dy +¢(

T2 e y-— yl) = F7 (6-1)

dt dt
rjae m— macca cynmnopra; A - k03hOUIUEHT BA3KOTO TPEHHUS; Y — epeMeleHue Macchl; F —
MOJIC3HAsT HArPy3Ka.
['uapaBIryYecKui MMIMHAP C TOJAC3HOM II0MAa b0 P MopIIHs 10DKeH OBbITh IPeCTaBICH
ABYMs YPAaBHCHUSAMU, KOTOPBIC OTBECYAOT KHHEMATUYCCKOMY U CUJIOBOMY BO36y>KI[CHI/IIO.
[TepBoe onmchIBaeT ABMKEHHE 1O pacxoay Q macia yepes HIuHIp:

Q
y, =[=dt, 6.2)
P
a BTOPOC — UIBMCHCHHC NaBJICHUSA B IIOJIOCTH:
Fl
LY (6.3)
pl P

Pacxon Macia yepes npoccens 3aBUCUT OT OTKPBITHS APOCCEIUPYIOLIEH IIENIH U Iepenaaa
JaBJIICHUS Ha HEH:

(6.4)

rje u — ko3 duIreHT pacxo/a yepes APOCCETUPYIONIYIO melb, K — KoahGuiment

NIPONOPUHMOHATIBHOCTHA MEXKIY IIOIIAABIO IIETIN U OTKPBITUEM X JIPOCCE, Po — JABICHUEC JIMHUM

MATAHUS, O — yACIbHBIN BEC MACIIA.
K maremaruueckoit Mojiel HEOOX0IUMO TPUOABUTH YPABHEHHE CBSI3H:

F=(y,-y)c. (6.5)

[lo momyueHHOW MaTeMaTW4ecKOW MOJETH, KOTopas COCTOMT W3 ypaBHeHWi (6.1-6.5),
MIOCTPOCHA CTPYKTYypHasi cXema THUJIpoMexaHuueckoil cucrembl (puc.6.2). Ha crpykrypHOit
CXeM€ €CTh JIBa BXO/a: OJIMH 10 YIPABJISAIOIIEMY BO3ICHCTBUIO X, @ BTOPOH 1O BO3MyIIeHuIo F.
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Puc.6.2. Cmpykmypnasa cxema 2u0pomexanuieckou cucmemuol

v

A

Hpoccenb Ha BXOAE CXEMBl TMPEJICTaBICH JBYMs [EpPEeNaTOYHBIMH  (YHKIHUAMH C
JIMHEapU30BaHHBIMU KO3 duIeHTaMu nepeaadu Koy — 1o yrpasistonieMy Bo3AeHCTBHIO X U Kop
— 1o mnepenaay pAasieHud. I[lpy MonenupoBaHMM CHCTEMBI C INPUMEHEHHEM UHCIIEHHBIX
QITOPUTMOB MOKHO HCIIOJIb30BaTh MEPBUYHYIO HEJIMHEHHYIO 3aBUCUMOCTh (6.4). IloctosiHHBIE
BpEMEHH TIepeaTOuHOM (QYHKIMH HArPy3KU B COOTBETCTBHH ¢ (6.1) paHsiores: T12 = m/c, T2 =
Alc. 3aech, Kak ¥ IS JIEKTPOMEXaHHUYECKOTO MOBO/A, MOYXKHO KOHCTATHPOBATh 3aMKHYTOCTh
CHUCTEMBI, KOTOpasi, TeM He MeHee, He siBisieTcs CAY.

Paspaborannas MaremaTuueckas MoOJeNb IIO3BOJIIET Ha JTane  IMpeIBapUTEILHOTO
IPOEKTUPOBAHUS IPOBOAUTH HCCIEIOBAHUS C LEIbIO OINpEAEICHUS BIMSHUS [apaMETPOB
NpUBOJA Ha IUIABHOCTh JIBWJKCHMS, OLICHKM KadecTBa YNPABICHHS W  BO3MOKHOCTHU
COIPOTHUBIICHUS BHEILIHEH Harpy3ke  T.N. B 3aBUCUMOCTH OT ’KE€JIaeMOro JMana3oHa CKOpocTel
JIBUKEHHST pabodero opraHa MOXHO MPaBUIBLHO BbIOpaTh COOTHOIIEHHUE: NaBICHHUE MUTAHUS —
r€OMETPUYECKUE NapaMeTpPbl APOCCEIIsl, YTO SIBIAECTCS BaXXHOW 3aJavyeil, OT PEHIEHUs KOTOPOM
OyIyT 3aBHCETb SHEPTEeTHUECKHUE MTOKA3aTEeIH TOBO/IA B IIEJIOM.

Ilpakmuueckan wacmp

Ha pwuc.6.3 mnpeacraBien wuHTepdelc MNPUKIAAHON NPOTPaMMBI, KOTOpas MOICITUpPYET
TUApOMEXaHN4ecKyto cucremy. Ilpuxnmagnas mnporpamma «l'MapoMexaHuuyeckas CHUCTEMa»
HaXOAMUTCS Ha JUCKE. SIApoM 3Toil mporpaMMbl sSBIISETCS MPEICTABICHHAs BBIILE HEJMHEHHas
MaTeMaTHuYecKasi MoOJielb, KOTOpas YYMUTBHIBAET HEJIMHEHHYI0 3aBUCHUMOCTh (6.4) Kpome
HEJIMHEWHOCTE!, OIMCAHHBIX B TeOpeThYecKoi yactu. Koo puimeHTs Moieny pacCuuTaHbl IS
ceyromuX ueXoaHbIX AaHnbX: £=0.9, p~=900 xr/m®. UHCTpYKIMH ¥ HOSACHEHHUS 1S PabOTHI ¢
IIPOrpaMMOMl  COZEpKaTcsi B CaMOW IPOrpaMMe M MOSBISIOTCS Ha 3KpaHEe MOHMTOpa IpU
HaxaTuu kHotnku Help.

mlﬂccnegosauue THAPOMEXAHWYECKOTO NPHEDAA o =]
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Puc.6.3. Hnmepdgheiic npuknaonoit npozpammul Mooeaupoeanus
2UOPOMEXAHUYECKOU CUCHIEMbL

Ha u3o0paxxenun ocmwmiorpada (puc.6.3) cKOpocTh ABMKEHUs pabodero opraHa o003HaUCHA
auHUER 1, CKOpOCTb JBMKEHHUS LITOKA TMAPABIMYECKOrO LUIMHApPA — JUHUEH 2, a JuHUS 3
COOTBETCTBYET BHEIIHEH Harpy3ke — cuiie, KOTopas NpHUKIaJbIBaeTcsi K pabodeMy oprasy.
3adukcupoBaH LMK YOPABICHUS, COCTOSIIMN W3 CIEAYIOUIMX 3TaloB: JBW)KEHHE BIIEBO
(oTpuLaTenbHasl CKOPOCTb) K JIEBOMY YIOpPY, JBMKEHHE BIPABO /0 OKOHYAHUS MEPEXOTHOTO
npoliecca 1 MOTOM BHE3AIHOE MPUII0KEHNUE CHITbI HATPY3KH, IBHKEHHE K TIPAaBOMY YIIOPY.
AHanu3 OCHUJIOTpaMMbl TIOKA3bIBAET, YTO MPU U3MEHEHUH HAIpPaBICHUS JIBUKEHUS B CHCTEME
IPOUCXOIUT TEPEXOIHBIA IMPOIECC, KOTOPBIH COMPOBOXKIACTCS 3aTyXaIOMIMMHU KOJIEOaHUSIMH,
KaK CKOpPOCTH pa0ouero opraHa, TaKk W CKOPOCTH UITOKA TUIPABIMYECKOrO LHIWMHApA, a
U3MEHEHHE CHJIBI Harpys3ka, KpOMe TMEpeXOJHOr0 MpOoIecca, BBI3BIBACT yMEHBIICHUE
bakTUYeCKOM CKOPOCTH ABUKEHMsI pabouero oprana (BeiaumuunHa oV Ha ociuuiorpamme). [Ipu
YBEIIMYEHUU CHJIBI CBEPX ONPEACICHHON BEIWYMHBI MOXET TIPOU3OHTH [IBUKECHHE B
MIPOTUBOIMOJIOKHOM OT ’K€JIaeMOr0 HaIlPaBJIEHUH, TO €CTh Maciio OyleT BBHITECHITHCS U3 MOJIOCTU
THJIPABIUYECKOTO IMIHHIPA.
BoinonHsiss Takue OSKCHEPUMEHTHI MPH Pa3HbIX 3HAYCHHSIX CHJIBI COMPOTHUBJICHHS, MOXXHO
MOCTPOUTh KaK JUHAMHUYECKHE XapaKTEPUCTHKH 3aBUCHMOCTH IE€PEpETyIUpPOBAHMS, 3aTyXaHUSI
3a MepHUoJI OT MAPAMETPOB CUCTEMBI, KOTOPbIE U3MEHSIIOTCS, TAK U CTATUYECKUE XapaKTePUCTUKU
3aBUCHUMOCTHU CKOPOCTH JIBW)KEHHS OT CHJIBI ITOJIE3HOM HArpy3ku (puc.6.4).
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Puc.6.4. Cmamuueckasn 3a8ucumocms CKOpoCmu 08UIHCEHUA OM NOJIE3HOU HAZPY3KU

3aoanue
1. ITo ucxogHbIM JaHHBIM, B COOTBETCTBUHU C BapuaHTOM (Tabin.6.1), ompenenuTsh CTaTUYECKUE
XapaKTePUCTHKU THUAPOMEXaHUICCKOTO MPHUBOJA (3aBUCMOCTh CKOPOCTH pabOdyero opraHa oOT
CHWJIBI TIOJIE3HOM HAarpy3Ku) AJIs pa3HbIX 3HAUYCHUH JaBJICHUS MUTAHUS THAPABIMYECKON CHCTEMBI
U TIOCTPOUTH COOTBETCTBYMOIIMK Tpaduk. (Jlmama3oH W3MEHEHUs JaBICHUS OIpPEaesieT
MpernojaBaTens).
2. OnpenenuTh JUHAMHYCCKHE ITOKA3aTeIH THAPOMEXAaHUYECKOTO TPHUBOJA: OTHOCHUTEIBHOE
NepeperyIupoBaHue U 3aTyXaHue 3a IEPUO.

Tabnuya 6.1 Ucxoouvle Oannvie

IepBas k, Po, P, Bropas c, A, m,
nudpa MM MlIla cM? nudpa H/mMm Kr/c KT
0 0.50 1.0 80 0 1800 1750 5
1 0.25 1.5 100 1 5000 2000 10
2 0.08 2.0 120 2 2500 1250 15
3 0.12 2.5 140 3 2000 1360 20
4 0.35 1.0 160 4 3250 2500 25
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5 0.45 1.5 180 5 1250 1500 30
6 0.30 3.0 200 6 4500 1800 35
7 0.20 3.5 80 7 5250 1450 40
8 0.40 4.0 150 8 3500 1300 45
9 0.14 4.5 170 9 4000 1600 20

Cooeprcanue npomokona

B npotokone mnpeAcTaBUTh CTPYKTYPHYIO CXEMY HCCIEAYyEeMONM CHUCTEMBI C HCXOJHBIMU
JAHHBIMU, TaOIMIBI SKCIEPUMEHTAIBHBIX JaHHBIX, IpaUKU CTATUYECKUX XapaKTEPUCTUK,
JTUHAMHUYECKHE TIOKA3aTelM KauyecTBa MEPEeXOJHONW XapaKTEPUCTUKU TUIPOMEXAHUYECKOTO
PUBOJIA.

IIpakTnyeckas padora Ne7
Omnpenesienue xapaktepuctuk CAY npoaosibHO# nmogavyei Npu TOYEHUH

He./lb paﬁombl: Hpuo6pemeHue npakmu4yeCcKux HaeblKo6 KOMNJIEKCHO20 UCCIEe008AHUS CUCTEM U
00bEeKmMo8 a8moMamuyecKo2o ynpaejaeHu:l.

Teopemuueckas uacmeo

HaubGonee pactipoctpaneHHbIi B MeTamuiooopadoTke Tum 3aMKHYThIX CAY — 310 CAY,
npeHa3HaYeHHbIE JUI1 aBTOMAaTHYECKOTO PEryJIMPOBAHUS IpoLiecca pe3aHusl 3apaHee
YCTaHOBJICHHBIM 06pa30M. Takue cucTeMbl MOT'YyT IIPUMCHATHCA KaK IJId CTa6I/IJII/I3aIII/II/I
3aJJaHHBIX BBIXOJHBIX TAPAMETPOB MIPOLECCa PE3aHNUs, TaK U I UX U3MEHEHUS B LIUKJIE
00paboTKH 1O oTpeneneHHoMy anroputMy. Hanbosee nienecoo0pa3Ho MCIOIb30BaHNE TaKUX
CHCTEM Ha 3aKJIIOYUTEIbHbIX, QUHUIIHBIX ONEPALUAX TEXHOJIOTHYECKOTO MpoLecca.

[lpu mexanuyeckoil 0OpabOTKe pe3aHWeM TOYHOCTh OOpaOOTKH, B OCHOBHOM, OIPENENISIeTCS
yOpYTruMH JepopMalusIMU TEXHOIOIHYECKONH CHCTEMBI, KOTOpBIE, B CBOIO OUYEpPEllb, 3aBUCAT OT
cuibl pe3anus. [loaToMy crcremMa aBTOMAaTHYECKON CTaOMIIHM3allMM CHJIBI PE3aHUsl Ha 3apaHee
3aJJaHHOM YpOBHE WJIM NPOrPaMMHOIO PEryJIUpOBaHMs €€ MO 3aJaHHOMY 3aKOHY MO3BOJISET
IIOBBICUTH TOYHOCTH O6pa6OTKI/I 1 3HAYUTCIIBHO YIYYIINTb Ka4C€CTBO MOBCPXHOCTH z[eTaneﬁ.
CAY crabunM3anuu cuiibl pe3aHus Npu ToyeHuu (puc.7.1) cMOHTHpOBaHA HAa TOKAPHOM CTaHKE
H COCTOUT U3 IMpUBOAA MNOJAYH U HUSMCECPHUTECIBHOIO YCTPOﬁCTBa. I/I?,MepI/ITCJ'IBHafl Oe1b
peann3oBaHa C TIOMOIIBIO JWHAMOMeTpudeckoro mnpeobOpasoBarens [II, xoropelii uepes
ycuiutenb Y oOecrieunBaeT curHail oopaTHou cBsi3u Uye, TPOMOPLMOHATIBHBIA COCTABIIAIOIIEN
P; cunbl pesanus. [IpuBon mojauu cocTouT U3 ycuiurens-nipeoopasosarens YII, asurarens
nocrosiHHoro Toka /[ u peaykropa P.

d
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Puc.7.1. @yukyuonanvnasn cxema CAY cmaounuzayuu cunvl pezanus
npu mouenuu

CAY (¢ysKumonupyer cruenymomuMm obOpazom. Ha BXoa cucTeMbl, K CpaBHHBAIOIIEMY
YCTpOUCTBY TmocTymaer curHaidl U, KOTOpBIM COOTBETCTBYET TpeOyeMOMYy 3HAUYCHHUIO CHJIBI
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pe3aHus B omnpesesiecHHOM MaciiTabe. Ha BTopoii BXoa cpaBHHBAIOIIETO YCTPOWCTBA MOCTYMAET
curnan Uy, BepabaTeiBaeMblii AMHaMoMeTpudeckuM mpeodpazosarenem Al u ycunutenem VY.
Takum oOpa3zom HanpspkeHue U,c TPOMOPIMOHATBEHO pEalbHOMY 3HAUEHUIO CHJIBI pPE3aHUA.
Ommbka oJ=U,U,. mnocrymaer Ha BXox ycuiurens-npeoopasosarens YII, koropsiid
BbIpabaTbiBaeT Hanpspbkenue U, nurtanus asuratens /. Jsuratens I, uepe3 peaykrop P
oTpenieNsIeT BEIMYUHY NMPOJOIBHOM 1M01a4YH TaK, YTOOBI CBECTH OUIMOKY K MUHUMYMY.

Kak ynpaemsiembrii 00bekT B CAY BxoauT mporecc pesanus I[P, KOTOpBI MPOUCXOTUT B
3aMKHYTON TEXHOJIOTMYECKOH 00pabaThIBaroIIeii cucTeme.

Marematnueckas wmonens CAY  cocTouT W3 MaTeMaTHYECKUX MOJENEH  3JIEMEHTOB,
COCTABIIIIOLINX CHCTEMY. YCHIINTENb-TIpeoOpa3oBaTesib OnUchBaeTcs auddepeHnnaibHbIM
ypaBHEHHEM NIEPBOTO MOPSAIKA,

r 4y,
"t

HO €r0 XapaKTepUCTHKA HeTMHEHHAs THIIa
“nacermenus’’ (puc. 5.34):

U,=k, U, ecmu U <dUjg;

Puc. 7.2. Xapakmepucmuka U(, = Umax , ecmu OU 2= &JO;
ycunumensa-npeoopaszasameins
rae Ky, Tyn — K03 GUIUMEHT YCHUIICHHUS M MOCTOSTHHAS. BPEMEHHU YCHIINTEIIS-TIPeo0pa3oBaTes;
Umax — HanpsKEHUE HACHIIIICHHUS.
JIBurarens MOCTOSIHHOTO TOKA OMUCKHIBaeTCS TU((EepeHIIMATLHBIM YPAaBHEHHEM BTOPOTO
nopsiKa:

+U, =k U, (7.1)

2

d?+nd@+%:gm, (7.2)

dt dt
rae Ko, 7o, T - K03 HUIMEeHT epeauul, IOCTOSHHbIE BpEMEHH (JIEKTPOMAarHUTHAS U
MeXaHHUYeCKasi) JIBUTATEIIS.
Penykrop, TeH30METpUYECKHI TUHAMOMETP H DJICKTPOHHBIN YCUIIUTENb OIHCHIBAIOTCS
JMHEHHBIMU YPaBHEHHUSMH, KOTOPBIE COOTBETCTBYIOT O€3bIHEPIIMOHHBIM 3BEHBSIM C
k03 durmentamu nepenadn: Ky, Kon, Ky.
OkBuBaneHTHBIE ynpyrue cucteMbl (Y C) Mo COOTBETCTBYIOLIMM OCSIM KOOPIMHAT MOTYT OBITh
HpeCTaBlIeHb! AU GepeHIIHATFHBIMU YPAaBHEHHSMH BTOPOTO MOPSIIKA, KaK IS OTHOMACCOBBIX
CHCTEM:

Te TJl't

2
P =mOI 5X+;td5X+c X;

X 2 X
dt dt
d’oy  doy
+A +C,dY;
2 y
dt dt
rje m—macca cynnopra; A - KoahGULIHEHT BA3KOro TpeHUs (CUiIa TPEHUsI TPOTOPIHOHAIbHA
CKOPOCTH); Cx, Cy — JKECTKOCTH 110 COOTBETCTBYIOILEH KOOpIUHATE.
[Tpouecc pezanus [P MoxeT ObITh IPe/ICTaBICH YPAaBHEHUEM, CBS3BIBAIOLIUM (aKTUUECKUE
BEJIMYMHBI TO1a4YH Sy U IITyOuHBI Hy pe3anus ¢ cocrassmoneil P; cuibl pe3anHus:

P = CpH;foV " (7.4)

rae Cp, Xp, Yp, Np — dMIIupHueckre KodpGUIUEHT U MOKa3aTeIu cTeneHu, V — CKOpoCTh pe3aHusl.
brok I'C BeIMONHSIET Oniepaliuy B COOTBETCTBUM € TEOMETPUYECKUMU COOTHOLIEHUSIMH MEKIY
COCTABJIIOLIUMHY CUJIbI PE3aHUS:

(0.6P)*
1+tg%(p+7)

I7I€ @ — IJIaBHBIA yroJl B IIJIaHE PE3LA, 77 — YIOJ CX0/1a CTPYKKH.

(7.3)

P,=m

P =P, -tg(p+n); (7.5)

v =
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C y4eToM NMpUBEICHHBIX BhINIC ypaBHeHUH (7.1-7.5) u cBsi3eit PyHKIIMOHAIBHOM CXEMBI 110 PHC.
5.30, matrematnueckyro Moaenb Bced CAY Hazo JOMONHUTH CIIETYIOIMMH 3aBUCUMOCTSIMU:

oJ=U -U_;
S,=wk,;
dox
1S,=S, ———; 7.6
Hr/):H;e_é.‘)/;
Uoczé),'kz)n.ky;

Takum oOpazom, crabuiauzalus CUIbl pe3aHuss Ha TpeOyeMOM YpOBHE, KOTOpbIM B
OTIpeNIelIEeHHOM MaciuTabe oTBedaeT 3agaHHoMy Hampsbkenuto U; Ha Bxone CAY, mpoucxoaut
[0 CYeT YNpaBJIEHUS MPOJOJIbHOM mnoxpaded. [Ipu ToyeHMM neTanu, MHPUITYCK KOTOPOH
HU3MCHACTCA, PEryjiupoBaHUC IoAa4d JOJIDKHO IIPOUCXOJUTH Tak, 4yTOOBI CHJIA pe3aHud
ocTaBaJlach IOCTOSIHHOM Ha Bcel juimHe oOpabotku. Ho kauectBo pabGorel CAY nenmkom
3aBUCHT OT €ro IapaMeTpoB, a TAKKE OT MapaMeTPOB TEXHOJOIMYECKOH 00pabaThIBarOIICH
cucremsl (TOC) rne umeHHo u peanusyercs npouecc ToueHus. [loaTomy BaxHelen 3anaueit
IpU TPOEKTUPOBAHUU CHCTEMBI SIBIISIETCA IPaBUJIbHBIA BBIOOpD €€ IapamMeTpoB, a IpU
JKCILTyaTalluu — OL€HKa KauyecTBa B 3aBUCUMOCTH OT napamerpoB TOC, xoTopble B JaHHOM
cllydae sIBJIIIOTCS BO3MYILICHUSIMH.

Ilpakmuueckas uacmeo

Ha puc. 7.3, a mpencraBineH uHTepdeic MPUKIAJHON MpOrpaMMbl B KOHIIE MOJCITHPOBAHUS
nporecca CTabMIM3auy CUIIBI PE3aHMs TPU TOYCHHH CIICIUAIBHO MOATOTOBICHHON NETal C
HEpaBHOMEPHBIM INIPHUITYCKOM, KOTOPYI0 MOXXHO YBHJETh Ha JKpaHE B Hayajle MOJACIHPOBAHHS
(puc.7.3, 0). Ilpuxknagnas nporpamMma «CAY craOuian3anuu CUibl pE3aHMsD) HAaXOIUTCS Ha
JIUICKE.

SInpoM 3ToM porpaMMBbl CILyKUT NPEACTaBICHHAs BbILIE HEJIMHEHHAs MaTeMaTH4eCcKasl MOJEIb,
a MHCTPYKLUMHU M MOSCHEHHs Ui paboThl ¢ MpOrpaMMoil coziepkaTcst B caMoi Iporpamme u
MOSIBJISIFOTCSL HAa 3KpaHe MOHUTOpa Npu Haxaruu kHonku Help B mosie rimaBHoro mHTepdeiica.
[Tponiecc pe3aHus oTBeyaeT CIEAYIOIUM MapameTrpaM: Ko3(h(UIMEHT U MOKa3aTelHu CTEeNeHU
cunoBoit 3aBucumoctu C,=3000, x,=0.9, y,=0.75, n=- 0,1.

[Tomy4yeHHble XapaKTEPUCTUKU W3MEHEHMs MPOJOJIbHOM MOoJaud W cocTaBisiomeil Pz cuiibl
PE3aHusd IMO3BOJIAIOT HaWTH " OILICHUTH BCE HCO6XOI[I/IMI)IC napamMeTpbel KadeCTBa: TOYHOCTH
peryaupoBaHus, ObICTPOIeHCTBUE, CKIIOHHOCTh K KOJICOAHUSM U T.II.

Ha ocumnnorpade untepdeiica (puc.7.3, a) 3apukcupoBan mporecc peryaupopaHus (TuHus 1 —
coctaBisiromiast P; cuibl pezanusi, TMHUA 2 — MpojojibHas mojada S). ITockonbky mporecc
HAUMHAETCS C MOMEHTa IIOJBEJCHHs pe3lla K 3aroTOBKE, TO 3/IeCh Iojada IOCTHTaeT CBOESH
MaKCHUMAaJIbHO JOMyCTUMON (1O XapakTepUCTHKaM MNpPHUBOJAA) BEJWYMHBL Jlamee NMpoUCXOAUT
ABTOMATHYECKOE PETYJIMPOBAaHUE C IENbI0 CTAOMIM3AIlMH CHJIBI Pe3aHUsl — MPH YBEIHUCHHUU
CHJIBI [10J1a4a YMEHBIIACTCS, IPU YMEHBIIICHUH - YBEITHMUNBACTCS.

AHanu3 1mpolecca peryjJupoBaHHS MOXHO IPOBECTH 10 YBEJIWYEHHBIM (parMeHtam
ocumtorpammsl (puc.7.3, B). CtaOunu3anus BBITOJHAETCS MO MEPEXOAHON XapaKTepHCTUKE C
napameTpamu: Bpems t, mepexoHoro mporecca, MaKCUMallbHask BeMHYNHA Prax cOCTaBIsTIONIECH
CHJIBI pe3aHusl U ¢ HeKoTopoi omubkoil OP. Ilo »TMM mapameTpaM MOKHO OLEHHTh KauecTBO
CAY.
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[l MoaenvpoBatie CACTEMBI ABTOMATMHECKOA CTABUAMZALIMA CHAIbI PE3aHKA P o [ [E5

METPEI TOC
20000

EE

960
- - YCHMAMTENE
LHarETp aeTanM, Hi 50
[ NEBHEI Yron pesia
B nnaHe, rpan M
CropooTs pesani, miian |30
Koa p@uUHeHT U nokasaTenn
CTENEHH CHAOBOA SaBHCHMOCTH
Cp = [3000 x= |08
=07 n= |01
g ;
MNapameTpw CAY ‘ £ g
g 2
Luawomerp  ka.s/H = [0,0001 2 T E
o 034 7
Ucumrens kn= [ i 2
T T | g g
NpeofipasneaTens g =
Ton, ¢ = [0.003 g 28 I
4
Leurarent ka, panteB = [1.2 ch 0,28 %
2
Tec= [0005 = 0 £
4, 042 044 046 045 05 0 054
Tmo= |00 Bpers, ¢ d: TRerm, € iraltn
Penuerop  kp,pa/pan= 0,1 ‘ EREE Tpaiece] Rt | Hep | et | )

Puc.7.3. Mooenuposanue CAY cmaounuzayuu cunvl pe3anus npu mo4eHuu:
a) — 2nasHwvlil unHmepgeiic, 6) — HaUAILHOE NOJI0IHCEHUE, 8) — OUCHKA KAYeCmeda

3aoanue

1. ITo ucxoIHBIM JaHHBIM, B COOTBETCTBHH C BapruaHTOM (Ta0:1.7.1), mpoBecTH MOACIUPOBAHUE C
LENbI0 OIpeeyieHus] KadecTBa TNepexonHoi xapakTepucTuku CAY 10 KOMILJIEKCHOMY
nokasarento (cMotpu Gopmyiy (5.2)) ¥ TOYHOCTH O OMIHOKE OP OT CIEAYIOIIUX MapaMeTpoB
CAY:

1) oT ko3¢ unmeHTa nepeaadn peayKTopa;

2) oT kecTKocTH Cx ynpyrou TOC;

3) oT kod(unmeHTa nepeaadn yCuanTels oOOpaTHON CBSI3H.
Ilpumeuanue:

- muara3oH u3MeHnenus xxectkoctu (H/mMm) 18000 < ¢ <50000;
- IMana30H BapbUPOBaHUs KOG PUIIMEHTA YCHITUTENs 00paTHOM cBsizu 5 < Ky <55;
- IMana3oH U3MEHEeHUs KoddduiinenTa nepeaadn peaykropa (mm/pan) 0,2 <k, <0,05.
2. BpiOupasg mar HW3MEHEHHUs 33JaHHOTO IapaMmeTpa, IMPOBECTH SKCIEPUMEHTHI Ha BCEM
JMara3oHe ero W3MEHEHHs, ONpeAeIuTh HeoOXoAuMbie (CM. BBINIE) JUHAMUYECKHE
XapaKTePUCTHKH U 3alIUCaTh PE3yJIbTaThl B COOTBETCTBYIOLIME TAOIHUIIBI.
3. IloctpouTh TrpapuKud 5SKCHEPUMEHTANbHBIX 3aBHUCHUMOCTEM KOMIUIEKCHOTO MOKa3aTels
KayecTBa M OIMMOKM OT YKa3aHHbIX Bbile napameTpoB CAY. OnpenenuTh AMHAMUYECKUE
nokazarenu CAY: oTHOCHTENbHOE NIEPEPETYINPOBAHNE U 3aTyXaHUE 32 MEPUO/I.
Brumanue! IlockonpKy MCXOAHBIE JAaHHBIE 3aJaIOTCSI CIy4alHO, HE MCKIIOYAECTCS CUTYalMs,
korna CAY oka3biBaeTcsi HEyCTONUNUBOM, TO €CTh COBCEM HE MPUTOAHOMN K (PYHKIMOHUPOBAHUIO.
CoobmeHust 06 3TOM, B TakOM ciyd4ae, MOSBISETCS Ha HKpaHE MOHHUTOpPa BO BpeMs
MoJIeJIMpoBaHusl. PexoMeHnanuu A pelieHus: Takoil mpoOiaemMbl — 1eCTBOBATh B ClEAYIOIIEH
M0CJIE0BATEIbHOCTH!
1) wu3MeHsTh mapamerp, B QyHKIIMH KOTOPOTO aHATM3UPYETCs NuHaMuueckoe kadectso CAY B
JMana3oHe, yKa3aHHOM B 331aHHH;
2) ecnu B pe3ysbTaTe BBIMOJHEHUS I1.1 He yaaeTcs obeceuuth mocTostHeTBO CAY, yMeHbIIaTh
ko duuueHT nepenaun npsmoro kanaga CAY 3a cuer yMeHbIIeHUS KOdPPHUIIMEHTa YCUICHUS
TPAH3UCTOPHOTO (THPUCTOPHOTO) mpeoOpazoBatensd. I[lomydeHHBIH TakuM 00pa3oM HOBBIN
KO3 QUIIMEHT 3aHECTH B UCXO/HBIE JAHHBIE C COOTBETCTBYIOLIMM KOMMEHTAPHUEM.

Tabnuya 71.1. — Hcxoouwvie oanmvle
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= = B = 2 B | O>IC Bl 28 | m |k Kie | To,c | Tu, ©
0 200 30000 100 1200 | 200 30 0.001 0 |20 0.8 | 0.003 | 0.01
1 180 28000 90 1400 | 180 45 0.002 1 30 0.9 | 0.005 | 0.02
2 160 26000 70 1000 | 160 60 0.003 2 |40 1.0 | 0.007 | 0.03
3 140 24000 60 800 140 75 0.004 3 50 1.1 | 0.010 | 0.04
4 120 22000 50 900 80 80 0.005 4 |60 1.2 | 0.008 | 0.05
5 100 20000 40 600 100 45 0.006 5 70 1.3 | 0.009 | 0.01
6 80 23000 30 700 110 60 0.007 6 |80 0.7 | 0.006 | 0.02
7 60 25000 55 1100 | 120 75 0.008 7 90 0.6 | 0.004 | 0.03
8 40 27000 65 550 90 30 0.002 8 100 1.5 | 0.003 | 0.04
9 20 29000 85 750 130 45 0.004 9 110 1.8 | 0.005 | 0.05

Cooepircanue npomoxona

B npoTokoiie mpeAcTaBUuTh CTPYKTYpHYIO cxemy ucciegyemon CAY ¢ HCXOOHBIMU IaHHBIMU,
Koo uHTepdelica mpu MOICTUPOBAHUY, TAOHIIBI SKCIICPUMEHTAIBHBIX JaHHBIX, TPa(UKH
COOTBETCTBYIOIIMX 3aBUCUMOCTEN. BBIBOABI.

IIpakTHyeckas padGora Ne§
HccaenoBanye BJUSAHUA acTaTH3Ma Ha KadyecTBo CAY

Ilenv pabomui: [Ipuobpemenue npaxmudeckux HABbIKOE IKCHEPUMEHMATbHO20 ONpeoeneHUs.
napamempog IIH-pezynamopa.

Teopemuueckaa uacmp

Uccnenyrorcs nse CAY: ucxoHas cuctema ¢ acTaTu3MOM IEPBOTO MOPsAKa, Mpeodpa3oBaHHas
(c [IN-perynsaTopom) — cUCTEMa C acTaTM3MOM BTOPOro mopsiika. M3BecTHO, YTO Ul OLEHKH
TOYHOCTH aCTaTHYECKUX CHCTEM BTOPOTO MOPSJIKAa UCHOJIB3YETCS YIpaBIIAolllee BO3AEHCTBHIE B
BUJIE CUTHAJIa C MOCTOSIHHBIM yCKOpeHueM. [Ipu TakoM pekume paboThl acTaTUdeckas cucreMa
BTOPOTO MOpSJKAa UMEET OIINOKY, MO BEIMYMHE KOTOPOH MOKHO IMPOBOAMUTH OLEHKY KayecTBa
CAY wu mpouecca peryiupoBaHusi. YcTaHOBUBHIasgcs omuOka actatudeckoil CAY mnepsoro
MOpsZIKa B 9TOM Cilydae OyJIeT CTpEMUThCSI K OECKOHEUHOCTH.

Ilpakmuueckaa uwacmep

Ha puc.8.1 mnpeacraBneH uHTepdeilc NPUKIATHOM NPOrpaMMbl, C MOMOIIBIO KOTOPOM
BBITIOJIHSIFOTCS SKCIIEpUMEHTaNbHbIE HccienoBanus. [Iporpamma «I1W perynstop» HaxoauTcs
Ha paucke. MHcTpykuuum u mosicHeHHMst A paboThl € MPOrpaMMoOil coaepkaTcss B caMoil
mporpaMMe U MOSBISIOTCSA HA DKpaHe MOHUTOPA NP HaXkKaTuu KHomku Help.

[Tocne axtuBmzanmu npukiagHod nporpamMmbl  «CAY c IIU-perynstopom», KOTopas
HaXOJUTCS Ha JMCKe, Ha TJIABHOM MHTepdeiice 3a1at0Tcd UCXOIHBIE JaHHBIE B COOTBETCTBUH C
BapuUaHTOM (CcMOTpH Tadymiry 8.2).

[Ipu wuccnenoBanuM BAUSHUA NOCTOSSHHOM  BpemeHu [IM-perynsropa Ha  KadecTBO
pEeryJlupoBaHMsl YCTAHOBUTb CTaTHUYECKHM PEXUM U TPOBECTH CEPUI0 IKCIEPUMEHTOB st
OLIEHKH KOMIUIEKCHOTO KpuTepusi 4 KayecTBa, B COOTBETCTBUU ¢ (opmynoi (5.2). U3mepenue
HKCIIEPUMEHTAJIbHBIX JIaHHBIX, HEOOXOAUMBIX JJI1 PACYETOB, IPOBOAUTCS MO OCHMIIIIOTPaMMaM.
[Ipu 3TOM JU1s1 UCXOJTHOM CUCTEMBI KOMIUIEKCHBIM KpUTEpU 4 pacCUMTHIBAeTCs OJAMH pa3, a Ajs
CAY c II1-perynsaTopom — Jyisi BCEro BRIOPAaHHOTO JMarna3oHa N3MEHEHHS MOCTOSTHHON BpEMEHU
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T.. Jlnana3zoH W3MEHEHUs] TOCTOSTHHOW T, BPEMEHHU ONPEACISIeTCS OT 3HAYCHUs, TPH KOTOPOM
CAY cCTaHOBUTCS HEYCTOMYMBOH, B CTOPOHY YBEINUYCHHS. ODKCIEPUMEHTAIbHBIC JTaHHBIE
3aIUCHIBAIOT B TAOJIUILY, IPUMEP KOTOPOIl MPEICTaBIICH HUXKE.

Tabauya 8. 1. DxcnepumenmanvHvle U paciemuvle OaHHblE

N | T ¢ Cratudeckuil pexxum JIBMXK. C IOCT YCKOPEHUEM
j v Ofmax, 2pad | tn, A oa, 2pad

1 0,8 76,28 2,61 3,32 8,3

2 0,7 77,63 2,34 3,03 8,1

3 0,6 79,40 2,10 2,78 7,2

4 0,5 81,80 1,72 2,34 6,1

S 0,4 85,30 1,40 1,99 5,2

6 0,3 90,70 1,40 2,12 4,0

7 0,2 100,40 2,05 3,43 2,6

8 0,1 123,50 30,0 61,75 2,2

9 0,05 Cucrema HEYCTOHYMBA

3aTeM BHIOMpAETCS 3aKOH JBHKEGHHS C IOCTOSHHBIM yckopeHweMm (2 pan/c®). Ha puc.8.1 Ha
n300pakeHnH ociruiorpadoB auHHEH | 0003HAYCH 3aKOH JBUKCHHS, KOTOPBIM 3ajaercs, a

auHUEN 2 — (paKTUUYECKUH 3aKOH JBH)KEHUS, BOCIIPOU3BOAUMBII pab0OYMM OpPraHOM.
[ MconenoBanue BEAMAHUA ACTATHIMa Ha KavecTEo CAY [_ O] x]

HcrogHan cucTeMa Cucrema c NHU-peryasropom
Mcxonnuie napaMeTpul

Yeunurene-npeotpasoeat.

Koa pepuiieHT 10
MEPEAEH

[MocToAHHaA ID 03
EpEMEHM, C -

Jevrarens

Cucrema c MNl-perynsaropom

Keadbduument [7g
MEpEnaqH -

MocToRHHERA ID,DS

YEPEMEHH, C

MH-peryaaTop
MNocrosnnan IU [
BPEMEHN, C -

3aKoHB ABHXEHWA

™ CTaTMUBCKMI pestum Ocwnnorpady

Ocymnnorpads Dcuunnorpady

™ NOcTOAHHEA CKopoETE

(:. NOCTOAHHOE YCKOPEHHE an
SanaHHoE YCKOPEHHE
2 pan/c2

&0

5 40
Mpouscc i

i 20
Reset | Epr;lﬂ 0 2 .
Bpema, © Help | Euit | Bpena, ©
a) 6)
Puc.8.1. Hccneoosanue enuanus nocmoannoit epemenu INH-pezynamopa
na mounocmov CAY

Bpems, c

[Tpu BBINOJHEHNH SKCTIEPUMEHTOB ONPENENSIETCA 3aBUCUMOCTh YCTaHOBUBILIEHCS OIIMOKY uepe3
1 ¢ mocie Hayanma NEepexXOJHOro Ipolecca OT mnocTosHHOW T, Bpemenu IIM-perynstopa.
PekoMenayercss HaYMHATh SKCHEPUMEHTHl C MaKCUMaJIbHOW BEMYMHBI MOCTOSSHHOM BPEMEHU
[T1-perynsTopa, a 3aTeM MOCTENEHHO, COrJIaCHO BhIOpaHHOMY miary (cM. Tabi.6.1), yMeHbIIaTh
€€ J10 BeJINYMHBI, IPU KOTOPOH cucTeMa TepsieT YyCTOUYUBOCTb.

Ha pwuc.8.1, a mnpencraBieH wuHTepdeic NPUKIAAHON HporpaMMbl MpHU MOJCTUPOBAHUU
UCXOAHOU cucteMbl (cieBa) u cucrembl ¢ [IM-perynsaropom, KOTOpBI MMEET MOCTOSHHYIO
Bpemenn 0,7 ¢. OmmbKa HCXOIHON CHCTEMBI, KOTOpas ycTaHOBHIAch uepes 1 ¢, pasnsercs 13,4°,
a ommbka cuctemsl ¢ IIM-perymstopom — 8,1°. Kpome Toro, MomenmpoBaHHe TIO3BOJISET
yOeauThes, YTO JUIs UICXOHOW CHCTEMBI OIIMOKA ¢ TEYEHUEM BPEMEHHU YBEIMYUBAETCS, TO €CTh
takasi CAY He criocobHa paboTath B 3aaHHOM pexknmMe pabotsl. [IpeobpazoBannas CAY Oyner
NOJIEP/KUBATH IIOCTOSTHHOE 3HAYECHHE yCTaHOBUBILEHNCS OLITMOKH. I'paduku
HKCIEPUMEHTAIbHBIX 3aBUCUMOCTEN OLIMOKHU, KOTOpas yCTAaHOBUJIACh Yepe3 1¢, 1 KOMIJIEKCHOTO
Kputepust kadectBa A oT T,, TOCTPOGHHBIE MO H3JIOKEHHOH METOAMKE, IMpe/CTaBlIeHbl Ha
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puc.8.2. Tam ke, nis cpaBHEHHUS, MPSAMOW JUHUEH, MapaJICIbHOM OCH abCIuCcC, MOKa3aHo
3HAYCHHUC KOMIIJICKCHOT'O KPUTCPUA IJIA HCXOHHOﬁ CHUCTCMBI.

oa, epao A
\ A
8 = 4
\S oo
" |

L

0
Og 00501 02 03 04 05 06 07 Tuc

2

Puc.8.2. 3asucumocms ycmanosusuwieiica omuoxu (uepes Ic) u kpumepus A
om nocmoannou epemenu ITH-pecynamopa

VYMeHblIeHHEe TOCTOSHHOW BpemeHu [IM-perynsitopa NOJOXKHUTENBHO BIUSET HAa TOYHOCTH
CHCTEMBI, HO TIOCJIE€ HEKOTOPOW BEJIMYMHBI MOCTOSAHHOW Bpemenu I[IM-perynstopa cucrema
TepsieT YyCTOWYMBOCTb, TO €CTh CTAHOBUTCSA HE CLIOCOOHOM K (DyHKIIMOHUPOBAaHUIO. Takoi cirydai
3adukcupoBaH Ha puc.8.1, 0, korga mocrosiHHas Bpemenu 1, < 0,1c.

3aoanue
B cootBercTBUM ¢ BapraHTOM (Ta611.8.2) MpoBeCTH CleAyIOIINE UCCIeI0BaHMS.
l. VYcTaHOBUTH JKCHEPUMEHTAIbHO MHUHHMAJbHOE 3Hau€Hue MocTosiHHOW Bpemenu [IU-
perynaropa, npu kotopoit CAY tepsier yctoiunBocTh. ONpenennTs IUana3ol U ar U3MEHEHUs
MOCTOSIHHOM BpeMeHH T, U MOJATOTOBUTH TaOJIMIly SKCIIEPUMEHTAIbHBIX U PACUETHBIX JTAHHBIX.
2. IlpoBecTr 3KCHEPUMEHTHI MPU CTATUYECKOM pEeXHMME pabOThl U paccuUTaTh KOMIUIEKCHBIN
kputepuit kauectBa CAY c [TIU-perymnsitopom.
3. YGenutncs B ycTpaHeHuu ckopocTHoi ombku st CAY c [TM-peryastopom.
4. IlpoBecTu SKCHEPUMEHTHI NpPHU JBMKEHUHM C IIOCTOSHHBIM YCKOPEHHEM M OINPEIeNIUTh
TOYHOCTb PETYJIMPOBAHMSL.
5. OO0pabotarhb  pe3ynbTaThl  AKCINEPUMEHTAJIBHBIX  HMCCIEOBAHUW M  TOCTPOUTH
COOTBETCTBYIOIME IPAYUKH.

Tabnuya 8.2. Ucxoouvle oantvle

IlepBas | Ycunurens-npeobpazoBarens | Bropas | JIBurarens

mugpa Kyn T, C mudpa | Ky, pao/cB | Ty, ¢
0 10 0,012 0 0,5 0,08
1 15 0,025 1 1,0 0,09
2 7 0,030 2 15 0,11
3 8 0,003 3 2,0 0,14
4 9 0,006 4 0,8 0,10
5 12 0,004 5 0,9 0,12
6 13 0,005 6 1,2 0,07
7 14 0,056 7 1,3 0,06
8 16 0,037 8 0,7 0,05
9 18 0,045 9 0,6 0,15

Cooeporcanue npomokona
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B mpotokone mnpenctaBuTh CTpyKTypHble cxembl ucxomHoii CAY wu cucremsl ¢ [1HU-
pEryasTOpOM, HCXOJHBIE JaHHBIE, KONMUIO HHTepdeiica i Kakoro-mubo pexuma paloThl,
TaOJIMIly OSKCIEPUMEHTAIBHBIX W PACYETHBIX JIAHHBIX; TpadUKH SKCIEPUMEHTAIBHBIX
3aBUCUMOCTEN. BBIBOBI.

Kpurtepuu onenku:
- OIIEHKA «3a4TE€HO» BBICTABISETCA CTYICHTY, €CIHM TPABHWIBHO O(OPMIICHBI
OTYETHEIEC TaOIUIIEI.
- OIICHKA «HE 3a4TE€HO» BBICTABIISICTCS CTYACHTY, €CJIM HEMPABUIHLHO O(GOPMIICHBI
OTYETHBIC TaOIUIIE.

TecToBLIE 3a1aHUA:

1. 13 kakux 010k0B coctouT CAY?
- 00BEKTa yNpaBICHUS U PETYJIATOPA
- MPYBO/IA T10/1a4 ¥ TIEPBUYHBIX IIpeoOpa3oBarTescii
- 3alaTYrKa YIIPAaBJICHUSA U CPABHUBAIOIICTO 3JICMCHTA
- HpI/IBOI[a TJIAaBHOT'O IBUXKCHUS U KOpO6KI/I Hepez[aq

2. YUTo MOHUMAIOT TIOJT YIIPABJISIEMBIM 00BEKTOM?
- IPOLIECC Pe3aHMsl WK IPUBOJAHBIE MEXaHU3MBI
- IepeiHIo 0abKy cTaHKa
- 3a1HI010 0a0Ky CcTaHKa
- CTaHMHY CTaHKa

3. Kakue BHemHME CHITBI (BO3MYIIICHHS ) MEIIIAFOT JOCTHIKEHHUIO YIIPABIISIEMOM
enau?

- HaHpH)KCHI/IG IIUTAHUA SHGKTPOI[BI/IFaTeJ'ISI 1 BHCIIIHAA CUJIA COHpOTI/IBJ'ICHI/ISI

- pacxoa Maciia U TEXHOJOIMYCCKasA Harpy3ka B THAPABINYCCKUX MUIIUHAPAX

- KOJ'IC68.HI/ISI, nepeaaBacMbIC YCPE3 (I)YHI[aMeHT OT PsAAOM CTOAIIUX CTAHKOB

- TEeMIIepaTypa MOMELIECHUs

4, Kakue 0CHOBHBIE IPUHITUIIBI YIIPABICHUS?
- 10 BOBMYIICHHWIO 1 IO NOTPCHIHOCTH
- 110 TIepeaaue nHpopmanun
- 110 YIPABJICHUIO MOMEHTOM
- 110 YIPABJICHUIO CUJIAMH pe3aHus

5. Kakoil npuHLUI 3aJ10K€H B 3aMKHYTON CUCTEME yNpaBIICHUS?
- IPUHIUI 00paTHOM CBA3M
- IPUHIMIT BHCITHETO BOB}IGf/iCTBHﬂ
- IPUHIAI OTKJIOHEHUH OT 3a/IaHHBIX 3HAYCHUN
- IPUHIIUI OBICTPOTO pearupoBaHUs

6.Uemy paBHa cTaTudeckas MorpeurHoctb B acrarnueckux CAY npu
HOCTOSTHHOM BXoAHOM curHaie: X(t) = X,u W (0) — o0?

- 0,, =0
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300. Kakast ctpykTypHasi cxeMa THAPOTPUBO/Ia OYIET COOTBETCTBOBATH €TO
NPUHIUIUATBHON cxeme?

Ts+1 Es
X 0 ]{3 0 1
Ts+1 Fs
x P k, 011
Ts+1 Fs

) 1> k x

Fs Tgs+1

301. KakoMy 3BeHY COOTBETCTBYET MaTeMaTHUECKOE OMTUCAHUE COCTUHCHUS

30JIOTHUKA C THAPABIMYECKUM HIIMHAPOM? CTPYKTypHAsi cXemMa COEAMHEHUS

npejcTaBicHa Ha cxeme. Mcmonb3yembie 0003HaueHus: K, — KoaddummeHt
3aBUCUMOCTH Pacxo/ia MOTOKa Macyia OT OTKPBITHS ITeNiel 30J0THHKa F —
IO b TIOPITHS THIPABINYECKOTO IMIMHIpA 15 — MOCTOSTHHAS BPEMEHU

30JIOTHHKA.

kY /C @) l

3 p=s

s+l |Fs

- peaIlbHOMY UHTETPUPYIOILEMY 3BEHY
- mud dhepeHIIpyoIIeMy 3BeHY

- UHEPIIMOHHOMY 3BEHY
- KoJie0aTeTbHOMY 3BEHY.
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302. Kakast cTpyKTypHasi cxeMa THAPOTPUBO/IA C )KECTKOW 0OPaTHON CBSI3bIO
OyIeT COOTBETCTBOBATH €T0 MPUHIUITUAILHON CXeMe, MPUBEICHHON Ha
pucyHke?

Xo# b

b k., Q 1 | X
Ts+1 E
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303. Kakas cTpykTypHas cxema ruJiponpHuBoia ¢ THOKOM 0OpaTHOM CBS3bIO

OyZeT COOTBETCTBOBATH €T0 MPUHIUITUAIILHON CXeMe, TPUBEICHHON Ha
pucyHke?

i |k o |1
T s+1 I
b TS
a

Ts+1

x ) k, Q 1]
T ST 1 Fs
Xos b TS
a

Ts+1

Y

T3s+l Fs
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IIpoueaypa oueHuBaHus
YCTHBIN ONPOC W/WIIM KOMIBIOTEPHOE TECTHPOBAHUE IO HK3aMEHAITMOHHOMY
ownety (0aHKYy TECTOBBIX 3a/IaHUH)

Kpurepun onenku:

- OLICHKa «OTJIMYHO» BBICTABISECTCA CTYIEHTY, €CJIM OH Jaj IOJIHbIE M
MCYEPIBIBAIOIINE OTBETHI Ha BOIIPOCHI OMIIETa;

- OLIEHKAa «XOpOILIO» BBICTABISIETCA CTYAEHTY, €CIIM OH IpU OTBETE Ha
BOIPOCHI OMJIeTa pa3o0pajcs B CyTH BOIIPOCOB, HO €r0 OTBET ObLI HE MOJIHBIM;

- OLIEHKA «YyJOBJIETBOPUTEIILHO» BBICTABISETCS CTYJEHTY, €CJIM OH B LIEJIOM
OpPUEHTHUPYETCS B TEMATHKE BOIIPOCOB, HO €T0 OTBETHI ObLIIM HEYBEPEHHBIMU U HE
HOJIHBIMU, IPU STOM CTYJIEHT HE YETKO OTBEYAJ Ha JIONOJIHUTEIbHbIE BOIPOCHI;

- OLIEHKA «HEYJOBJIETBOPUTEIHHO» BBICTABIISETCS CTYIEHTY, €CJIM OH HE CMOT
OTBETUTH Ha BOIPOCHI OUJIETA, a TaK K€ HE OTBETWJI HU Ha OJUH JOIMOJHUTEIbHBIHI
BOIIPOC.

10. O6pa3oBaTebHbIe TEXHOJIOTHMH U MeTOANYECKHE YKA3aHHUS 110 OCBOEHHUIO
AUCUMILVIUHBI (Y4e0HOI0 Kypca)

OcHOBHOI1 00pa30BaTENbHON TEXHOJOTHEW NPHU H3YYEHHH AUCIUILUIMHBI
SBJISIETCS IPUMEHEHHUE TEXHOJIOTUU TPAJUIIMOHHOTO 00YUYEHHUS.

Ha 0a3e, mnomyueHHBIX Ha JIEKIUSAX TEOPETUYECKUX 3HAHUM, IpuU
IPOBEJCHUH NMPAKTUYECKUX 3aHITUN BBISBISIOTCSA M MPUMEHSIOTCS HEOOXOIUMBIE
CBA3M MEXJIy TEOPETUYECKHMMHM 3HAHUSMH W KOHKPETHBIMHA  HaBBIKAMU
NPUMEHEHUS ITUX 3HAHUU Ha MPAKTHKE.

MeTounqecmle PEKOMECHIAIUA 11O U3YICHUIO TUCHHUITJIMHBI

Teopusi aBTOMAaTHYECKOI'0 YIIPABJIECHHUS

MO,I[y.]'IB 1 OCHOBHBIC TTOHSITHUS TCOPHUU aBTOMATHYCCKOI'O0 YIIPABJICHUA

Mopyns 1 [TpakTrueckoe 3anstue 1

CKOPOCTH Ha IPOLECC PEryINPOBaHHSI.

HccnenoBanue BIMSHUS MapaMeTPOB LIEHTPOOEKHOIO perynisropa

Mopyns 1 [TpakTnueckoe 3ansartue 2

BBIXOJJHOI'O CUT'HAaJIa BO BPECMCHHU.

OnpeneneHI/Ie YaCTOTHBIX XapPaKTCPUCTUK 110 aHAJIN3Yy BXOIAHOTO H

Monyns 2 KauecTBeHHBIN U KOJIMYECTBEHHBIM aHAJIN3 CUCTEM aBTOMAaTHYECKOTO
yIOpaBJIeHUS.

Monyis 2 ITpakTrueckoe 3ansaTue 3
HccnenoBanue ycronunoctd CAY no kpurteputo I 'ypeuna.

Monyis 2 [TpakTuyeckoe 3anstue 4

UccnenoBanme Ttounoctu CAY B pexuMe JABUKCHUS
rapMOHHYECKOMY 3aKOHY.

1o

Monynsb 2 [TpakTHueckoe 3aHsATHE S
OmnpeneneHne XapakTePUCTUK dICKTPOMEXaHMYECKOTO MPUBOJIA.
Monayns 2 [TpakTudeckoe 3ansTre 6

OnpeneneHI/Ie XAPAKTCPUCTHUK THAPOMEXAHUYCCKOT'O ITPUBOJIA.
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Monynb 3 CHHTE3 U aHAJIM3 CUCTEM aBTOMATUYECKOI0 YIIPABJICHHUS.

Monayns 3 [IpakTrueckoe 3austue 7
Onpenenenne xapakrepuctuk CAY 1npojosibHOM mojade npu
TOYCHUHU.

Monyns 3 [TpakTuyeckoe 3ansTue 8
Uccnenosanue acratusma Ha kauectso CAY.

MoayJas 1

Tema. OcHOBHbBIE MOHATHUS TEOPUHN ABTOMATUYECKOTO YIPABICHUS.

Ileab ¥ 3a1aUu M3VYEHHUS.

Heap —  nodyyeHHEe  TEOPETHYECKUX  3HAHUM 1O  OCHOBHBIM
OCHOBOTIOJIATAlOMIMM  TOHATUSIM B TEOPUM ABTOMATHYECKOIO  YIPABIICHUS
TEXHOJIOTUYECKUMU MPOIECCAMMU.

3agaun:

1. O3HaKOMHUTBCS C OCHOBHBIMH TEPMHUHAMH W OIpPEICICHUSIMH TEOPUHU
aBTOMATHUYECKOT0 YIPaBJICHHUS.

2. TlomyuyeHne  TpPaKTHYECKUX  HABBIKOB  IIOCTPOCHHUS  YaCTOTHBIX
XapaKTEPUCTHUK Ha IIpuMepe paboThl PETryJsiTopa CKOPOCTH.

HN3y4uB JaHHBIA MOAYJIb, CTYICHT J0JIKEH:

HMeTh MpeACTaBJIeHNe O BO3MOXHOM BUPTYIbHOM MOJICIUPOBAHUM PAOOTHI
TEXHUYECKOTO YCTPOMCTBA M TOJYyUYECHHE HEOOXOAMMBIX €r0 XapaKTEPUCTUK IS
Han0oJIee ONTUMAIILHOTO MPOEKTUPOBAHUSL.

3HATb METOJIbI U CPEJICTBA T€OMETPUUYECKOTO MOJICTIUPOBAHUS TEXHUUECKUX
O00BEKTOB; METOJOJOTUYECKHUE OCHOBBI (PYHKIIMOHHPOBAHUS, MOJEIUPOBAHUSA U
CHUHTE3a CUCTEM aBTOMATUYECKOIO YIPABJIEHHUS; OCHOBHbIE METOIbI aHan3a CAY
BO BPEMEHHOM M YaCTOTHOU 00J1acTAX, ciocoObl cuHTe3a CAY.

yMeThb CTPOWTh MaTeMaTHYSCKHE MOJCIN OOBEKTOB YIIPABJICHUS U CHUCTEM
aBTOMATHYECKOIO0  yIpaBlieHUs,; TpoBoauTh aHanmu3 CAY, oueHuBaTh
CTaTUCTUYECKHE W JUHAMUYECKHE XapaKTEPUCTUKU, BBIMOJHATH aHAIMU3
TEXHOJIOTUYECKHUX MPOIIECCOB KaKk 0OBEKTOB aBTOMATH3AIMH U YIIPABJICHUS.

BJajeTh HaBbIKaMH OQGOPMIICHUS TPOCKTHOM H  KOHCTPYKTOPCKOM
JOKYMEHTAIIuU B cooTBEeTCTBUU ¢ TpeOoBanusMu ECK]I; HaBbIkaMu NIpUMEHEHUS
AJIEMEHTOB aHAJIN3a HTAIOB KU3HEHHOTO IIUKJIA TPOIYKIIUU U YIPABICHUS UMH.

Ilpu oceoenuu memot Heo6X00UMO:
® M3Yy4YUThb YUYeOHBIN MaTepHAaJl.
e BbINOJHUTH MPAKTHYECKHE 3aIaHUS 110 TEMe.

MoayJs 2.

Tema. KauecTBeHHBIM M KOJIMYSCTBEHHBINM aHAJIN3 CHCTEM aBTOMATHYECKOTO
YIIPaBJIEHUS.

eas u 3a1a4u U3yYeHU .

Mear — O3HakOMJIIGHHME W OBJIAJICHUE METOAWKAMH KauyeCTBEHHOM U
KOJIMYECTBEHHOM OLEHKH CUCTEM aBTOMATUUYECKOTO YIIPABJICHUS.

3anaum:

1. N3ydeHue pa3IMuHBIX TMOAXOJ0B MU METOAMK pacueTra KaueCTBEHHOW U
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KonnuecTBeHHOI onieHKU CAY.

2. [TlomydyeHme mMPaKTHYECKMX HABBIKOB C IIOMOIIBIO  BBITOJTHEHUS
MPAKTUYECKUX 3aIaHUH JIJIs 3aKPETUICHHUS] U3YUYEHHOTI0 MaTepuaa.

HN3y4uB JaHHBIA MOAYJ/Ib, CTYJCHT JI0JIKEH:

HMeTh MpeacTaBJeHue 0 BO3MOXKHBIX CIIOCO0aX pacyeTa KOJIMUYECTBEHHOU U
KadyecTBeHHOU onieHKH CAY.

3HATh TCHACHIIMHM Pa3BUTHS KOMIBIOTEPHOU IpaduKu, €€ poJib U 3HAYCHHE B
WH)KCHEPHBIX CHUCTeMaxX U TMPUKIQJHBIX [pOrpaMMmax; THUIIOBbIE TMaKEThl
NPUKIAIHBIX TPOrpaMM aHajv3a JAUHAMHUYECKHUX CHCTEM; KHHEMaTHYECKYIO
CTPYKTYPY ¥ KOMIIOHOBKY CTaHKOB, CUCTEMBbI YIIpaBJIECHUS UMHU.

YMeTb pPacCUMThIBaTh OCHOBHBIE KadyecTBeHHble Tokazarenu CAY,
BBITIOJIHATh: aHAJU3 €€ YCTOMYMBOCTH, CHUHTE3 pEryJsiTopa; pa3padbaThiBaTh
QJITOPUTMBI  LIEHTPAJIM30BAHHOTO KOHTPOJISI  KOOPJMHAT TEXHOJIOTHYECKOIO
O0BEKTa; COCTABIATh CTPYKTYPHBIE CXEMbI, UX MAaTEMaTUYECKHE MOJEIN Kak
OOBEKTOB  yNpaBJEHHUS; MCIOJb30BaTh OCHOBHBIE  METOJBl  MOCTPOCHUS
MaTeMaTUYECKUX MOJIeJIeM TIPOILIECCOB, CHUCTEM, HX DJJIEMEHTOB U CHUCTEM
yIIpaBJICHUS.

BJIaJleTh. HaBBHIKAMU IIOCTPOCHHUS CHUCTEM aBTOMATHYECKOrO YIIPABIICHUS
CUCTEeMaMU U TMpollecCcaMUu; HaBbIKAMH HaJaJKH, HACTPOWKHU, PpEryJIMpPOBKH,
00CITyKUBAHUSI TEXHUYECKUX CPEJICTB U CUCTEM YIPABJICHUS.

Ilpu oceoenuu memot Heo6X00UMO:
® H3YYHUTh YUYeOHBbII MaTepua;
® BBINOJHUTH NPAKTHYECKHE 32]aHUS 110 TeMe.

MoayJs 3.
Tema. CuHTE3 M aHATIM3 CUCTEM aBTOMATUYECKOrO YIPaBICHHUS.

Heab 1 3a1aun U3yYeHUsl.

Iean — M3yueHne u 0CBOCHNE BO3MOXKHOCTH MIPOBEACHUS CUHTE3a U aHAJIN3a
CUCTEM aBTOMATUYECKOTO YIPABJICHUS.

3agaum:

1. 3yunth METOIUKY TIpOBeNeHUs CHTe3a U aHanmm3a CAY.

2. llomydyeHwe mpPaKTUYECKHMX HABBIKOB C TOMOIIBI0 BUPTYaJIbHOTO
AKCHEPUMEHTA MPOBOAUTH CUHTE3 U aHanu3 CAY.

HN3yunB 1aHHBIN MOAYJb, CTYACHT J0JI2KEH:

HMeTh MpeacTaBJeHHe O TAaKUX KIIOUEBBIX MOHSATUSIX B TEOPUH YIIPABICHUS
Kak cuHTe3 U ananu3 CAY.

3HaTh  o0mme  TpeOOBaHUS K  aBTOMATHU3UPOBAHHBIM  CHUCTEMaM
MPOCKTUPOBAHMS; OCHOBBI TEXHOJIOTHYECKOTO PEryJIMpOBaHUs; CpPEICTBA IS

KOHTPOJIS,  WMCIBITAHWWA,  JUAarHOCTHKA HW  aJalNTUBHOTO  YIPaBJICHUS
000py10BaHUEM.

yMeThb pPacCUMTHIBaTh OJHOKOHTYPHBIE W MHOTOKOHTYPHBIC CHCTEMBI
ABTOMATHYECKOTO  PEryJUpOBaHUS  MPUMEHUTETRHO K  KOHKPETHOMY

TEXHOJIOTUYECKOMY OOBEKTy; paboTaTh € KaKUM-THOO W3 OCHOBHBIX THIIOB
NPOrPaMMHBIX ~ CHCTEM, NpEJHA3HAYCHHBIX  JUII  MareMaTH4YeCKOro |
uMUTaAIMOHHOr0 MoAenuposanus Mathcad, Matlab.
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BJIa/IeTh. HAaBBIKAMHM aHAJIM3a TEXHOJIOTMYECKUX MPOIECCOB KaK O0bEeKTa
YOpaBJICHUS W BBHIOOpa (DYHKIIMOHATBHBIX CXEM HMX aBTOMATH3AIlMH; HABBIKAMU
oopMIIEHUS PE3YJIBTATOB UCCIACAOBAHUMN U PUHSATHS PEIICHUI.

Ilpu oceoenuu memot Heo6Xx00UMO:
® M3YYMTh YUeOHBbI MaTepual;
¢ BBINOJHHUTH MPAKTHYECKHE PAOOTHI.
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11. VY4eOHO-MeTOau4Yeckoe ¢  uUHPOpMAUMOHHOE  olecnevyeHHe
AUCHHUILIMHBI (Y4e0HOT0 Kypca)

11.1. Ob6s13aTesibHARA IUTEPAaTYpa

bubmmorpaduyeckoe onucanue Tun (yuebnuk, yueOnoe | Konmnuectso
No nocodue, yueoHo- B
/11 METOINUECKOE ouodImoTeke
HOCO6I/I€, IMPAKTHUKYM,
ayano-, BUIACO-
nocoOus u Ap.)
ABTOMAaTHYECKOE YIIPABICHHUE MPOLIECCAMU
MEXaHUYECKON 00pabOTKH [DIEKTPOHHBIH
pecypc] : yueonuk / C. M. Bparan [u ap.]. - ?BC
! Mocksa : By3ockuii yueOnuk : THOPA- yHeOHHK CZON'\/::!\IIUM.
M, 2017. - 228 c. - ISBN 978-5-9558-
0514-6.
EropoB A. U. Bseagenue B TeopuIo
yIpaBJICHUS cHCTEMaMHu c
pacrpeneneHHbIMU napamMeTpamu
DIIeKTpOHHKIN pecypce] : yueb. mocodue / " "
2 [A n. EpropOB, Hl? H?IgH]aMgHCKaSI. - CaHkT- yuaebnoe nocodue IbC "lams
[TetepOypr : Jlanb, 2017. - 292 c. : un. -
(Yuebnuku gy By3oB. CrnenuanbHas
auteparypa). - ISBN 978-5-8114-2554-9.
ABTOMAaTHYECKOE YIIPABICHHUE MPOLIECCAMU
MEXaHU4YeCKOW 00paboTKH [DIIEeKTPOHHBIN
pecypc] : yaeonuk / C. M. bpartasn [u np.]. - ?EC
3 Mocksa : By3oBckuit yueObnuk : MTHOPA- yHeOHHK CZONI\';T:.I\“UM'
M, 2017. - 228 c. - ISBN 978-5-9558-
0514-6.
COI'NJTACOBAHO
JlupexTop Hay4dHOU OMOINOTEKN A.M. AcaeBa
(noonucy) (U.0. Pamunus)
«_» 20 T
MII
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11.2. lonoqiHUTEeJbHASL JUTEPATypa M y4deOHble MaTepuaabl (AyaHo-,

BH/1€0- IIOCOOUS U JP.)

e (oun HayuHoit oubmmoreku TI'Y:

11.3. Ilepeuenb pecypcoB MH(POPMANUOHHO-TEJTEKOMMYHHMKAIIMOHHOM

ceru "'UnTepuer"

Web of Science [DnekTpoHHBIH pecypc] : MyJIbTHIUCIUIUIAHAPHAS
pedeparuBHas 6a3za manHbX. — Philadelphia: ClarivateAnalitics, 2016— . —
Pexxum noctyna : apps.webofknowledge.com. — 3arn. ¢ skpana. — f3. pyc.,
aHTIL.

Scopus [DnekTpoHHBIi pecypc] : pedepaTtuBHas Oaza JaHHBIX. —
Netherlands: Elsevier, 2004— . — Pexxum moctyna : scopuS.com. — 3ari. ¢
sKpaHa. — 3. pyc., aHIIIL.

Elibrary [DnexTpoHHbIll pecypc]| : HayuyHas 3JIEKTpOHHas OMOIMOTEKa. —

Mocksa : HOb, 2000— . — Pexxum moctyma : elibrary.ru. — 3ari. ¢ skpaHa. —
S3. pyc., aHrIL
Springer Link [DnektponHblii pecypc] : [0a3a  JmaHHBIX]. —

Switzerland: SpringerNature, 1842— . — Pexxum nocrtyna : link.springer.com.
— 3ari. ¢ ’3kpanHa. — 3. aHr.

Science Direct [DnexTpoHHBIH pecypc| : KOUIEKIUS 3JICKTPOHHBIX KHUT
u3narenbcTBa Elsevier. — Netherlands: Elsevier, 2018— . — Pexxum goctymna :
sciencedirect.com. — 3aru. ¢ 3kpana. — S13. aHr.

11.4. IlepeyeHb NPOrPaAMMHOI0 OOeceYeHUst

Ne HaumenoBanmue I1O KosnyectBo PexBU3MTHI 10r0BOpa (Aara,

n/n JIMLEH3 U HOMeEp, CPOK 1eiCTBHA)

1 Windows 1398 JHorosop Ne 690 or 19.05.2015r.,
CPOK AEHCTBHA - OECCPOUHO

2 Office Standart 1398 Horosop Ne 690 or 19.05.2015r.,
CpOK  JeiicTBUS -  OECCPOUHO;
Horosop Ne 727 ot 20.07.2016r.,
CPOK JISWCTBHS - OECCPOYHO

3 Kommac 3D 250 Horoeop Ne 652/2014 ot 07.07.2014
beccpounas

4 MathCAD 15 Akt /i ot 21.07.09 (Foc. Kontpakr
487 ot 28.05.09) Beccpounas
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OCyIIECTBJICHUA Oﬁpa3OBaTeJIbHOI‘O nmpouoecca nmo JTMCUMIJIMHE (MOIly.]'lIO)

11.5. Onucanue MaTepuaAJIbHO-TEeXHUYECKOM 0a3bl, HEOOXOAUMOM /I

Ne m/m

HaumeHnoBanue
000py10BaAHHBIX
Y4eOHBIX KAOMHETOB,
Jaboparopmii,
MAaCTePCKUX H JIp.
00bEKTOB LIS
MpoBeeHUs
NMPAKTHYECKUX H
JIaG0PaTOPHBIX
3aHATHI

IlepeyeHb OCHOBHOTO
odopynoBanus

dakTHYeCKHUil aapec
yueOHbIX KaOHETOB,
JiabopaTtopuii,
MAaCTEPCKHUX H 1p.

Iiomwank, M?

KouanuecTBo
MOCATOYHBIX MECT

KomnerotepHsbiii Kknacc.
YueOHass ~ ayauTopus
JUIS MIPOBECHNUS
3aHATHH JIEKIMOHHOTO
THUTIA. YueOHas
ayIuTOpHs TUTS
MPOBEACHUS  3aHATUU
CEeMUHApPCKOTO  THIIA.
YuebHass  ayAauTopus
JUISL MIPOBECHUS
nabopaTOpHBIX  PaboT.
YuyebHast  ayauTOpHs
UL KypCcOBOTO
MPOEKTUPOBAHUS
(BBITTOTHEHHS
KypPCOBBIX
YuyebHast  ayauTOpHS
JUISL MIPOBECHUS
IPYIIIOBBIX u
WHIMBHY JIbHBIX
KOHCYJIbTalUi
YuebHast  ayAuTOpHUs
JUISt MIPOBECHUS
3aHATHH TEKYIIETOo
KOHTPOJIS u
MIPOMEXYTOUYHOMN
arrecranmu. (E306)

pabor).

[lepenocHoi
MPOEKTOP, JKpaH,
KOMIIBIOTEPHBINA CTOJ,
CTON
MPEnoJaBaTeIbCKHM,
CTyI, JI0CKa
ayJIUTOpHas, CTOJI
YUYEHUYECKUN
nByxmecTHbIH, [TK

445020, Camapckas
o0u., r. ToapsTTH, YII.
benopycckas, 16B
ro3urys 1mo TTT Ne9,
3 stax, (E-306)

52,9

15

YueOHass  ayauTopus
JUTSL [IPOBEJIEHUS
3aHATUN  JIEKIIMOHHOTO
THIIA. YuebHas
ayIuTopus JUIS
MPOBEJCHUSI  3aHATUU
CEMHHApCKOT0  THIIA.
YuebHast  ayauTOpHUs
JUISt KypCOBOTO
MPOEKTUPOBAHUS
(BBINOHEHUS
KypCOBBIX
VYuebHass  ayauropus
JUISt MIPOBEACHUS
TPYIIIOBBIX u
VHIVBUIY ATHHBIX
KOHCYJIbTalUi.
YuebHast  ayauTopus
TS MIPOBEACHUS
3aHATAN TEKYILETO
KOHTpPOJIS u

pabor).

Cron
MPEeToaBaTeIbCKHMA,
CTOJIbI YUCHHUYCCKUE
JABYXMECTHBIC
(MoHOOIIOK)
JIOCKa
(menoBas),
MIPOEKTOP,
mporeccop

CTYII,
ayIUTOpHAs

kadenpa,
9KpaH,

445020, Camapckas
001., r. ToapsTTH, Y.
benopycckas, 16B
mosurust mo TTT Ne20,
3 arax, (E-309)

71,5

66
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Ne m/m

HaunmenoBanue
000py10BaHHBIX
YueOHbIX Ka0UHETOB,
Jaboparopmii,
MAacTepPCKUX U Jap.
00bEKTOB LIS
NpoBeaeHHus!
NPaKTHYECKUX U
J1a00paTOPHBIX
3aHATHI

IlepeyeHb OCHOBHOTO
o0opynoBanus

dakTHYeCKHUil aapec
yueOHbIX KaOHETOB,
JiabopaTtopuii,
MacTepPCKUX H 1p.

Iiomwane, M?

KouanuecTBo
MOCATOYHBIX MECT

MIPOMEXYTOUYHOMN
arrecraimu. (E-309)

KomrmbroTepHsrit
KJIacc. ITomemienue
JUIL CaMOCTOSITEIBHOM
paboTHIL. YuebOnast
Ay IUTOPHSI UL
MPOBEICHUS 3aHATHU
CEMHMHApPCKOTO  THIIA.
VYueOHast ayauTOpHs
UL KYPCOBOTO
MIPOCKTUPOBAHHUS
(BBITTOJTHEHYS
KYPCOBBIX pabor).
YyeOHas aynuTtopus
UL MIPOBEICHUS
TPYTITIOBBIX u
UHIUBUY AJTBHBIX
KOHCYJIbTallH.
VYueOHast ayauTOpHs
IS MIPOBEICHUS
3aHATHN TEKYIIETO
KOHTPOJIS u
POMEXYTOUYHON
arrecraimu. (I'-401)

Cron
YYEHUUYECKUH,  CTYI,
IIK ¢ BBIXOJIOM B CETh
HUHTEpHET

445020 Camapckas
o6macte, r. TonpsaTTH,
yn.benopycckas, 14,
no3unus mo TIT Ne 48,
4 srax, (I'-401)

84,8

16
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