MMHUCTEPCTBO HAYKHU U BBICHIEI'O OBPA30OBAHM S POCCUMCKOM ®EJEPAITN
benepanbHOE TOCyIapCTBEHHOE 010 IKETHOE 00pa30oBaTesIbHOE YUpPEKICHUE
BBICIIET0 00pa30BaHUs
«TONBATTUHCKUN TOCYTAPCTBEHHBI YHUBEPCUTET

b1.0.28

(undexc Oucyuniumvl)

PABOYASA ITPOTPAMMA JJUCHUITJIMHBI

TEOPUA ABTOMATHYECKOI'O YIIPABJIEHUA

(HauMeHo8aHUe OUCYUNIUHDBL)

I10 HAINPaBJICHUIO MOATOTOBKH (CHEUAIILHOCTH)

15.03.05 KOHCTPYKTOPCKO-TEXHOJIOTMUYECKOE OBECIIEYEHUE
MAIINHOCTPOUTEJIBHBIX ITPOU3BOACTB

HaIpaBJIECHHOCTH (MPOQUIIb)/CrIeIuaTu3 A

TEXHOJIOT' A MAIIIMHOCTPOEHU A

dopma 00ydeHHsI: OUHAs
I'ox mabopa: 2022
O6mas Tpynoemkoctsb: 4 3ET

PacnpeueneHHe 4aCOB JUCHUIIJIMHEI ITO CEMECTpaM

Cemectp 6

dDopmMa KOHTPOJIA 3ayer Hroro
Bua zansaruii
Jlexiuu 32 32
JlaboparopHsbie 16 16
[IpakTnueckue 32 32
PykoBosicTBO: KypcoBbie paboTh (ipoekthl) / PI'P
ITpoMexxyTodHast aTTeCTAIHS 0,25 0,25
KonraktHas pabora 80,25 80,25
CamocrosiTenpHas pabora 63,75 63,75
KoHTpob
Hroro 144 144
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1. Ilean ocBOEHUN TUCIUILIHHDI

HGJIB OCBOCHUA JUCHUIIIIMHBI — OCBOCHUC 06H_II/IX IMPUHIIMIIOB U CPCACTB, HCO6XOI[I/IMBIX JJIsL
yipaBJIC€CHUA AWHAMHWYCCKHUMH CHUCTEMaMU pa3quH0171 (1)I/ISI/I‘ICCKOI7I Ipupoabl IMPUMEHUTCIBHO K
MPONU3BOACTBCHHBIM U TCXHOJIOTUYCCKUM IIPOLICCCaAM.

2. Mecto nucuumiuabl B ctpykrype OIIOITI BO

JIMCUMIUTMHBL M TMPaKTUKA, HAa OCBOGHUU KOTOPBIX Oasupyercs HaHHas JUCIUILIMHA!
«Bpicmias matremaTukay, «OCHOBBI TEXHOJIOTHH MAIIMHOCTPOCHUSY, «MeTaNTIOpeKyIIe CTAaHKNY,
Ocnossl CAIIP».

JIMCUMIUTUHBL U TPAKTUKH, JUISI KOTOPBIX OCBOEHUE JIaHHOM MUCIUILUIMHBI HEOOXOIMMO Kak

MNpeaAmCCTBYIOIICC: «ABTOMaTI/IBI/IpOBaHHOC MPOCKTUPOBAHUEC TCXHOJOIMYCCKUX MPOLCCCOBY»,
«TexHonorus MAalITHHOCTPOCHUS).

3. Ilinanupyembie pe3yJibTaThl 00y4YeHUs

dopmupyemble U
KOHTPOJIHpyeMble
KOMIIeTEHIIUH

I/IHIII/IKaTopr JOCTHIKCHUSA

. IInanupyemsle pe3yJbTaThl
KOMIIeTeH Ui

o0yueHust

(Ko ¥ HAMMEHOBAHUE)

(K0 1 HAUMEHOBAHUE)

OIIK-3. Cnocoben
BHe]lpf[TB 1 OCBanBaThb
HOBOE TEXHOJOTUYECKOE
o0opynoBaHue

OIIK-3.1. Hcnons3yet
HOPMAaTUBHYO u
TEXHOJIOTHYECKYIO
JIOKYMEHTAITH IO JUTST
MIPOEKTUPOBAHUS u
COTIPOBOXKICHUS
MIPOU3BOJICTBA TEXHUYECKUX
00BEKTOB, CHCTEM u
MpoleccoB B 00macTu
MaIIHHOCTPOCHUSI.
OIIK-3.2. Ymeer
HACTpauBaTh
TEXHOJIOTHIECKOE

o0opynoBaHue Ha
IIPOU3BOJCTBO HOBOM
HOMEHKJIATypbl U3AEIUN B
YCIIOBUSAX
MAaIIMHOCTPOUTEIBHOTO
MIPOU3BO/JICTBA.

3HaTh:

- METOJI0JIOTHYECKHE OCHOBBI
(GYHKIIMOHUPOBAHHUSI, MOJICTTUPOBAHUS
Y CMHTE3a CHCTEM aBTOMATHYECKOTO
ynpasnenus (CAY);

- ocHOBHBIE MeTo bl aHam3a CAY Bo
BPEMEHHOW U YaCTOTHOM 00JIacTsX,
cnoco0ObI cuaTe3a CAY;

- TUTIOBBIE TTAKETHI MIPUKIATHBIX
MporpamMM aHajIn3a JUHAMUYECKUX
CUCTEM;

- KHHEMAaTUYECKYIO CTPYKTYpPY U
KOMITOHOBKY CTaHKOB, CHCTEMBI
yIpaBIeHUS UMH,

- CpeCTBa TSl KOHTPOJIA,
UCIIBITAHUH, TUAaTHOCTUKU U
aJaNTUBHOTO yIPaBICHUS
000py/IOBaHUEM.

YMeTs:

- BBIIIOJIHATH aHAJIN3
TEXHOJIOTUYECKHX MPOIECCOB KaK
00BEKTOB aBTOMATU3AINU U
YIIpaBJICHUS;

- COCTaBIIATh CTPYKTYPHBIE CXEMBI, UX
MaTeMaTHYECKHE MOJICTTH KaK
00BEKTOB YyIIpPaBIICHNUS,

- UCIIOJIB30BAaTh OCHOBHBIC METOAbI
MIOCTPOCHUS MaTEMaTHUYECKUX




®opmMupyembie U
KOHTPOJINpYyeMble
KOMIIEeTeHI[HH
(ko1 1 HAUMEHOBAHME)

NuaukaTopsbl J0CTHXKEHUS
KOMIIEeTeHIINI
(K01 1 HAUMEHOBAHUE)

IlnannpyemMble pe3y/ibTaThl
o0y4eHust

MOJIEJICH TPOIIECCOB, CHCTEM, UX
AJIECMEHTOB Ml CHCTEM YIIPaBJICHHUS,

- paboTaTh ¢ KAKUM-TTHOO U3
OCHOBHBIX THIIOB TIPOTPAMMHBIX
CHCTEM, MPeTHA3HAYCHHBIX IS
MaTEeMaTHYECKOTO ¥ HIMHTALIMOHHOTO
moaenupoBanus Mathcad, Matlab.

Bnaners:

- HaBbIKaMU IIPUMEHEHUS DJIEMEHTOB
aHaJIM3a TANoB KU3HEHHOTO 1IMKJIa
IIPOAYKIMH U YIIPABICHUS UMY,

- HaBbIKaMU HaJIaJIKU, HACTPOMKH,
pEryaupoBKH, 00CITYKUBAHUS
TEXHUYECKUX CPEICTB U CUCTEM
YIpaBJIECHUS;

- HaBBIKaMU O0(hopMIICHUS
pE3yJIbTaTOB UCCIEN0BAHNN U
IIPUHSATHS PELICHUMN.

OIIK-10. Criocoben
pa3zpabaThiBaTh
QIITOPUTMBI U
KOMITEIOTEPHBIC
MPOrPaMMBI, TPUTOAHBIE
JUTSL IPAKTUIECKOTO
MIPUMEHEHHUS

OIIK-10.1. [Tpumenser
METO/TBI CO3/TaHUS
QITOPUTMOB TIPU PEIICHUU
3amay  MpodeCcCHOHATBHON
JESITEIbHOCTH

OIIK-10.2. Pa3pabarbiBaer
MPOrpaMMBbl aBTOMAaTU3aLIUN
3a7a4 B CHCTEMax
ABTOMATHU3UPOBAHHOTO
MIPOSKTUPOBAHHS.

3HaTh:

- METOJIbI M CPEJICTBA
TE€OMETPUYECKOTO MOJEITUPOBAHUS
TEXHUYECKHX 00BEKTOB;

- TEHJCHIINH Pa3BUTHUS
KOMITBIOTEPHOU TpaduKH, ee poJib U
3HaYeHHNE B MH)KEHEPHBIX CUCTEMAaX U
MIPHUKJIATHBIX TIpOrpamMMax;

- o0111e TpedoBaHUs K
ABTOMATHU3WPOBAHHBIM CUCTEMAaM
MPOEKTUPOBAHNUS,

- OCHOBBI TEXHOJIOTHYECKOTO
pEryJIUpPOBaHMUS.

VYMmeTs:

- CTPOUTH MAaTEMATUYECKUE MOJIENIH
00BEKTOB YIPABIECHUS U CUCTEM
aBTOMATUYECKOTO yIPABICHUS
(CAY);

- npoBoAUTH aHanu3 CAY, onieHuBaTh
CTaTUCTUYCSCKUE M JTUHAMUYECKHE
XapaKTePUCTHKHY;

- pacCUMTHIBaTh OCHOBHBIC
KadecTBeHHEIE noka3zatenu CAY,
BBITIOJIHSITh: aHAJIN3 €€ YCTOMYHBOCTH,
CHUHTE3 PEryJsiTopa;

- pa3pabaThIBaTh AITOPUTMBI
LEHTPATN30BAHHOI'O KOHTPOJIA
KOOPJMHAT TEXHOJIOTHYECKOTO
00BEKTa;




®opmMupyembie U
KOHTPOJINpYyeMble
KOMIIEeTeHI[HH
(ko1 1 HAUMEHOBAHME)

NuaukaTopsbl J0CTHXKEHUS
KOMIIEeTeHIINI
(K01 1 HAUMEHOBAHUE)

IlnannpyemMble pe3y/ibTaThl
o0y4eHust

- paCcCUUTBIBATb OAHOKOHTYPHBIC U
MHOFOKOHTypHBIG CUCTCMBI
ABTOMATUYECKOI'O PETyJIUPOBaHUA
HpI/IMeHI/ITeJIbHO K KOHerTHOMy
TEXHOJIOTHYECKOMY 06’beKTy;

- UCIIOJIb30BAaTh OCHOBHBIC
TEXHOJIOTHH II€pEaavYn I/IH(bOpMaI_[I/II/I B
Cpeac JIOKaJIbHBIX CeTeﬁ, CCTU
Internet.

Bnaners:

- HaBbIKaMU O(hOpMIIEHUS IPOEKTHOMN
Y KOHCTPYKTOPCKOH IOKyMEHTalluu B
COOTBETCTBUH C TPEOOBAHUAMU
ECK/;

- HaBBIKAMU IIOCTPOEHUS CHCTEM
aBTOMAaTUYECKOTO YIPaBJICHUS
cUCTEMaMH U Ipolieccamy;
HABbIKaMU aHAJIN3a TEXHOJIOTMUYECKUX
IPOLIECCOB KaK 00bEKTa YIPABICHUS
1 BbIOOpa (QYHKIIMOHATIBHBIX CXEM UX
aBTOMATU3ALUH.




4. CTpyKTYpa U cofepKaHue JUCHUILIHHBI

Monyab
(pasznen)

Bun
y4eOHoi
padoThI

HanMeHoBanue TeM 3aHATHH
(yuedoHoOl padoThI)

Cemectp

Oo0nemMm,

Banasl

HNHTepakTus, 4.

DopMBbI TEKYLIET0
KOHTPOJIA
(HauMeHOBaHMe
OLICHOYHOI 0
cpeacTBa)

Monyns 1.
bazoBbie
XapaKTEPUCTUKHI
CHCTEM
YIIPABIICHHUS.

Jlex.

1.1. OcHOBHBIE IOHATHS U ONPEICIICHHUSI.
CymHOCTh MpoOIeMBI aBTOMATHYECKOTO
yIpaBICHUS.

BOHpOCH K 3a4CTy

Cp.

1.1. OcHOBHBIE IOHATHS U ONPEICIICHMUS.
CymHOCTh MpoOIeMBbI aBTOMATHYECKOTO
yIpaBICHUS.

BOHpOCH K 3a4CTy

JIek.

1.2. OcHoBHble ycTpoiicTBa CAP u ux
KJIacCcU(UKaLus 10 Ha3HAYCHUIO.
Knaccugukarus aBToMaTn4eckoro
yrnpapiieHusl. MaTeMaTnueckas Mofeib
IIEHTPOOEKHOTO PEryasiTopa CKOPOCTH
JIBUTATEIIs.

OTuer B 3JIEKTPOHHOM
BUJIC

1.2. OcHoBHble ycTpoiictBa CAP u ux
KJaccu(uKanus Mo Ha3HAYCHUIO.
Knaccugukamus aBToMaTn4eckoro
yrnpaiieHus. MaTeMaTnueckas MoJeib
IIEHTPOOEKHOTO PEryasiTopa CKOPOCTH
JIBUTATEIs.

OT4er B 2JIEKTPOHHOM
BUJIE

JIa6.

1.3. UccnenoBanue BIUSHUS TApaMETPOB
HEHTPOOESIKHOTO PETYIATOPA CKOPOCTH Ha
MpOIeCcC PEryIUMPOBAHUSI.

OT4YeT B 3JIEKTPOHHOM
BUJE

Cp.

1.3. ccnenoBanue BIHSIHUS TapAMETPOB
LEHTPOOESIKHOTO PETYISATOPAa CKOPOCTH HA
IIPOLIECC PErYIUPOBAHUS.

Bormpocs! k 3agety




DopMBbI TEKYLLET0

Bun . KOHTPOJISA
Monyab . HanMeHoBanue TeM 3aHATHH Oo0nemMm,
y4eOHoi . Cemectp banabl | AHTepakTuB, 4. | (HAaHMeHOBaHHUe
(paznen) (yueoHoii padoThI) q,
padoThI OLICHOYHOI'0
cpeacTBa)

Jlek. 1.4.XapakTepuCTUKU EPEXOTHOTO 6 2 - - Bomnpocs! k 3auety
nporecca. YacToTHBIE XapaKTEPUCTUKH.

IIp. 1.4.XapakTepuCTUKH MEPEXOTHOTO 6 8 - - OT4eT B 3JIEKTPOHHOM
nporuecca. YacTOTHBIE XapaKTEPUCTUKH. BUJIE

JIa6. 1.5.MaTeMaTHuecKue MOIEIIH. 6 4 - - OTueT B AJIEKTPOHHOM
Jluneapuzalys MaTeMaTHYECKUX MOJIEIICH. BUJIE

Cp. 1.5.MaremaTuueckue MOJEIH. 6 4 - - Bomnpocs! k 3auety
Jluneapuzalys MaTeMaTUYECKUX MOJIesIen

Jlek. 1.6. OnpeneneHune 4aCTOTHBIX 6 2 - - Bomnpocsl k 3auety
XapaKTePUCTHK IO aHAINU3Y BXOJIHOTO U
BBIXOJIHOTO CUTHAJIa BO BPEMEHHU.

Cp. 1.6. Onpenenenune 4aCTOTHBIX 6 4 - - Bormpocs! k 3auery
XapaKTePUCTHK 10 aHAINU3Y BXOJHOTO U
BBIXOJIHOTO CUTHAJIa BO BPEMEHHU.

Jlek. 1.7. Tunossle 3BEHbsI IEPENATOUHBIX 6 2 - - Bormpocs! k 3a4ery
byHKIMH.

Cp. 1.7. TunoBsle 3BeHBS MepelaTOYHBIX 6 4 - - Bomnpocs! k 3auety
(O YHKIHH.

JIek. 1.8. Onpenenenne nepexo HON YaCTOTHOM 6 2 - - Bompockr k 3auety
XapaKTePUCTHUKH.

IIp. 1.8. Onpenenenue nepexogHON 4acTOTHOU 6 8 - - OT4YeT B 3JIEKTPOHHOM
XapaKTEPUCTHKH. BUJIC

JIa0. 1.8. Onpenenenue nepexogHON 4acTOTHOU 6 4 - - OT4YeT B 3JIEKTPOHHOM
XapaKTePUCTHKH. BUJIC

Cp. 1.8. Onpenenenrie nepexoJHON YaCTOTHON 6 4 - - Bomnpocs! k 3auety

XapPaKTCPUCTHUKH.




DopMBbI TEKYLLET0

Bun . KOHTPOJISA
Monyab . HanMeHoBanue TeM 3aHATHH Oo0nemMm,
y4eOHoi . Cemectp banabl | AHTepakTuB, 4. | (HAaHMeHOBaHHUe
(paznen) (yueoHoii padoThI) q,
padoThI OLICHOYHOI'0
cpeacTBa)
Moayib 2. Jlek. 2.1.OyHKIMOHAJIBHBIE U CTPYKTYPHBIE 6 2 - 2 Bomnpocs! k 3auety
KauecTBeHHBIN 1 cxembl. [IpaBuiia mpeoOpa3oBaHus
KOJINYECTBEHHBII CTPYKTYPHBIX CXEM.
aHajns CUCTEM | Cp, 2.1.OYHKIMOHAIBHBIE M CTPYKTYPHbIE 6 4 - - Bompocsl k 3a4eTy
ABTOMaTH4ECKOro cxemsl. [IpaBuia npeoOpasoBaHust
YIPaBICHHL. CTPYKTYPHBIX CXEM.
Jlex 2.2. UccnenoBanue ycrounBoct CAY no 6 2 - - Bomnpocsl k 3auery
kpurepuro ['ypeuna.
Cp. 2.2. UccnenoBanue ycroitunBoctu CAY no 6 4 - - Bomnpocs! k 3auety
kputeputo ['ypuna.
Jlex 2.3. TlpaBuna npeoOpa3oBaHUs 6 2 - - Bompocsr k 3adery
CTPYKTYPHBIX CXEM.
Cp. 2.3. [IpaBuna nmpeobpa3oBaHus 6 4 - - Bompocs! k 3auery
CTPYKTYPHBIX CXEM.
Jlek. 2.4. IToctpoenue rogorpada CUCTEMBI U 6 2 - - Bomnpocs! k 3auety
Jorapu(MUIECKON YaCTOTHOM
XapaKTePUCTHUKH.
Cp. 2.4. Tloctpoenue rogorpada CUCTEMBI U 6 4 - - Bormpocs! k 3auety
Jorapu(pMUUECKOi YaCTOTHOM
XapaKTePUCTHUKH.
Jlek. 2.5.MaremaTudeckast OLleHKa 6 2 - - Bormpocs! k 3auery
YCTOMYHMBOCTH. 3a/1a4¥l yCTOWYUBOCTH.
3anac yCTOM4YMBOCTH.
Cp. 2.5.MaremaTnyeckas OLlEHKa 6 4 - - Bormpocs! k 3agety

YCTOMYMBOCTU. 3a/1a4ll YCTOMYUBOCTH.
3amnac yCcTONYMBOCTH.




DopMBbI TEKYLLET0

Bun . KOHTPOJISA
Monyab . HanMeHoBanue TeM 3aHATHH Oo0nemMm,
y4eOHoit . Cemectp Baanbl | AHTepakTuB, 4. | (HAHUMEHOBaHUE
(paznen) (yueoHoii padoThI) q,
padoThI OLICHOYHOI'0
cpeacTBa)
Jlek. 2.6. Uccnenoanue tounoctu CAY B 6 2 - - Bomnpocs! k 3auety
pEKHUME JBUKCHHSI 10 TAPMOHUYECKOMY
3aKOHY.
JIab. 2.6. UcciaenoBanue Tounoctu CAY B 6 4 - - OTyer B 3JIEKTPOHHOM|
peKHUME JBUKCHHSI 10 TAPMOHUYECKOMY BUIC
3aKOHY.
Cp. 2.6. Uccnenoanne Tounoctu CAY B 6 4 - - Bomnpocs! k 3auety
pEeXHUME JBUKECHHSI 10 TAPMOHUYECKOMY
3aKOHY.
IIp. 2.7. OnpeneneHue XapaKTEPUCTUK 6 8 - - OT4er B 2JIEKTPOHHOM
ANEKTPOMEXAHUYECKOTO MPUBOIA. BUJIE
Cp. 2.7. Onpenenenre XapakTEPUCTHK 6 4 - - Bormpocs! k 3auety
AIEKTPOMEXAHUYECKOTO MPUBOJIA.
Moy 3. Jlek. 3.1. KoMmekcHas olleHKa KauecTBa CUCTEM 6 2 - - Bormpocs! k 3agety
CuHTe3 U aHAIN3 1 00BEKTOB aBTOMAaTHYECKOTO VIIPABICHHUSI.
CUCTEM JIek. 3.2. Onpenenenue xapakrepuctuk CAY 6 2 - - Bormpocs! k 3auety
ABTOMATHUECKOTO OPOJ0JLHON ITOoJa4Yell IpH TOUCHUH.
YTPaBICHHS. Cp. 3.3. OGecnieueHue HEOOXOAMMON TOUHOCTH 6 4 - - Bomnpocs! k 3auery
CAY. Ouenka Tounoctu CAY.
Cp. 3.4. ccnenoBanue BINSIHUS acTaTU3Ma HA 6 4 - - Bormpocs! k 3agety
kauectBo CAY.
JIek. 3.5. OCHOBBI CHHTE3a CUCTEM 6 2 - - Bompockr k 3auety
ABTOMATUYECKOTO YIIPABJICHUS.
Jlek. 3.6. UccnenoBanue BIUSHUS THOKON 6 2 - 2 Bonpocsr k 3auery
oOparHoii cBs1i3u Ha ObIicTponerictBiue CAY.
Cp. 3.6. HccnenoBanne BIHMSHUS THOKON 6 3,75 - - Bompockr k 3auety
oOparHoii cBs1i3u Ha ObIicTponericTBiue CAY.
A 6 0,25




DopMBbI TEKYLLET0

Bun . KOHTPOJISA
Monyab . HanMeHoBanue TeM 3aHATHH Oo0nemMm,
yueOHOI N CemecTtp banabl | UHTepakTuB, 4.| (HAaUMEHOBaHHeE
(paznen) (yueoHoii padoThI) q,
padoThI OLICHOYHOI'0
cpeacTBa)
Hroro:; 144




5. O6pa3oBaTe/ibHbIEe TEXHOJIOTHHU

B mpomecce n3ydeHus TUCIUTUITMHBI UCTIONB3YETCS TEXHOJOTUSI TPATUITMOHHOTO O0ydeHUs
(JIekIuu, MpakTH4YeCKue paboThl, CAMOCTOSITEIIbHAS paboTa CTYJCHTA).
Benymeit nestenbHOCT B Mpoliecce OOydeHHUs SIBIsieTCA yueOHasi JEATEeNbHOCTh CTY/ACHTOB,
XapaKTEPU3YIOIIAsCS IEHCTBYIOIICH CUCTEMOH MMO3HABATEIBHBIX MPOIIECCOB, HAYMHAS C BOCTIPHSITHS
uH(GOpMAIIMK 1 3aKaHYUBAsI CIOKHEHIIIMMH TBOPYECKUMHU MPOIIECCAMH, CIIOCOOHOCTSMHU OOIIETO U
YaCcTHOTO XapakTepa, AMOIMOHAIBHBIMU SIBICHUSMH, KOTOPhIE MOTHUBHPYIOT MHOTHE CHCTEMBI
yueOHBIX JICUCTBUH, a TaK K€ OOIIMMH U YACTHBIMH MOTHBAIUSMHU.

6. MeToauuyecKue YKa3aHUusA 110 0OCBOCHUIO JUCHUIIIMHBI

K ocobeHHOCTSIM OOydYeHUs MHUCHUUIUIMHE MOXKHO OTHECTH ITOCTOSHHOE B3aMMOJICHCTBHEC
MEXJy CTYACHTaMU W MPENoAaBaTessiM, a TaK ke MaKCUMalIbHYIO0 MPUOIMKEHHOCTh MaTepuana K
po(heCCHOHANILHOM JIEATEIHHOCTH, YTO BBIPAXACTCS B MOJCIMPOBAHUU TPO(HECCHOHATBLHBIX
CUTYaLUM.

[ToaroToBKa K 3aHATHAM 3aKIOYacTcsl B pabOTe ¢ KOHCIEKTOM JICKIMH O TaHHOW TeMe, B
M3YYEHUU COOTBETCTBYIOIIETO pas3fjesia ydyeOHMKa WIM Yy4eOHO-METOJAMYECKOTro mocobus, B
MIPOCMOTPE JOTOJHUTENBHON JuTeparyphl. lIpakTuueckas paboTa BBINOIHSAETCA B AyJUTOPUH.
OTuer 1o BBINOJHEHHO paboTe MOATrOTaBIMBAETCS U 3aMOJIHACTCS CTYACHTOM CaMOCTOSITENBHO.



7. OueHOYHBIE CPEACTBA

7.1. IlacnopT OLIEHOYHBIX CPEACTB

Koa koHTpo/IMpyemMoii KOMIIETeHIIUH HaumeHoBanue
Cemectp
(WJIK ee 4acTH) OLIEHOYHOI'0 CPeACTBA
6 OIIK-3 [IpakTraeckue padboTer NoNe 1-2
Bonpocsl k 3k3ameny Ne 1-15
6 OIIK-3, OIIK-10 [TpakTrueckue padotsr NeNe 3-4

JlaboparopHubie paboThr NeNo 1-2
Bompocsr k 3x3ameny Ne 16-30
6 OIIK-10 Jlaboparopubie padoTsr NeNe 3-4
Bomnpocsl! k 3k3ameny Ne 31-50

7.2. TunoBblie 3alaHusl WJIM MHBIC MaTEepUalibl, H606X0}IHMbIe AJIA TEKYIEro KOHTPOJIsA

7.2.1. KOMIUIEKT MMPaKTUYECKHUX U JIA0OPATOPHBIX PaboT
(HaumeHoBaHUE OYEeHOUHO20 CpedCmBa)

IpakTnyeckass padora Nel. HccienoBanue BJIMSIHUS NApPaMeTPOB IEHTPOOEKHOTIO
peryJisiTopa CKOpOCTH Ha Mpouece peryaupoBaHus.

Henv pabomor: I[lpuobpemenue npaxmMudecKux HABLIKOE IKCNEPUMEHMANbHOU OYEHKU
npoyecca pe2yiupoearus u yCmouduson pabomsl CUCmemMbvl Ad8MOMAMULECKO20 YNPAGIeHUS.

Teopemuueckaa uacmao

Uccnenyercst cucrema aBToMaTudeckoro ympasieHus (puc.l.l), cocrosimas —wu3
LEHTPOOEIKHOTO PETYJIATOPAa CKOPOCTH, MOJN3YH 1 KOTOPOro CBsi3aH pbluaraMu 2 C 3aciIOHKOH 3
nosiayu paboueit cMecH B TEMJIOBOM BUTATENb 4. Perynarop npuBoAUTCs BO BpallleHUE OT IBUTATENS
yepes 3youaryro nepeaady S.

Puc.1.1. Cxema CAY ckopocmuio epauienusn osuzamens

[Ipu pynkmmonupoannu CAY BpalieHue IBHUTaTeNs yepe3 3y0uaTyro nepeaady nepenaercs
PETyIATOPY CKOPOCTH, IAPUKH KOTOPOTO MOJ] IEHCTBUEM IIEHTPOOSKHON CHIIBI C OTHON CTOPOHBI U
CWJIBI TIPYXHUHBI C JIpYyrol 3aHUMAIOT HEKOTOPOE TIOJOXKEHHE, YTO BBI3BIBAECT OMpPE/EICHHOE
OTKPBITUC OPOCCCIIAA U CUCTEMA HAXOAUTCA B PABHOBCCHUMH. HpI/I YBCIMYCHUN MOMCHTA HArpy3KHu
CKOPOCTb JBHUTATENsl YMEHBIIAETCSI B COOTBETCTBUU C €ro XapaKTEPUCTHKOM, YTO BBI3BIBAET
YMEHBIIEHWE CKOPOCTH BpalleHus peryisaropa. LleHTpoOekHble CHIIbI TaKKe YMEHBIIAIOTCH,
HIAPUKU OMYCKAIOTCS U Yepe3 PhIYaKHYIO CUCTEMY YBEIIMUMBAIOT OTKPBITHE JIpoccesl. Y BeTnueHne
nogadyu pa60qei’1 CMCCHU B IABUIaTCJib BBI3OBCT YBCIIMYCHUC €0 CKOPOCTH, PAaBHOBCCUC BHOBbL
BOCCTaHOBUTCSI, HO YK€ Ha JIPyroM ypoBHE. SICHO, YTO pa3HOCTb CKOPOCTEH OINpeesnsieT KauecTBO



pEryJINPOBaHUS: Y€M OHAa MeHble, TeM Bbllle kKadyecTBo CAY. Ilpu ymenbuienun Harpy3ku CAY
paboTaer B 00paTHOM TOPSIJIKE.
st ananmuza CAY HEOOXOAMMO COCTaBHUTh €€ MaTEMATHUECKYIO MOJIeNIb. AHAJIU3 TIOKA3bIBACT,
YTO B CHUCTEMY BXOJAT JBUraTellb, JPOCCENb IOJaud pabodell cMmecu, phlyakHas Iepenada U
3yOuaras nepeayva.
JIBro>keHue fBUrateis NpU OTPAaHUYEHUH Y4YETOM SBJICHUH MEpBOTrO MOpPsAKA, T.€. €ro
MHEPIHOHHOCTBIO, MOXKET OBITh MpeicTaBiIeHo M depeHInaTbHBIM YPaBHEHHEM IIEPBOTO MOPSIKA!
I(,dd—at)+/1(,a)+MH:M(,, (1.2
rze lo u Ao — MOMeHT uHepIuH potopa u ko3 duuuent Bs3koro Tpenus asuratens, M, u My —
MOMEHT CONPOTUBIICHUS HArpy3KU U MOMEHT JBUraTelsl COOTBETCTBEHHO.
MoMEHT JBUKEHMS 3aBUCUT OT OTKPBITHS JPOCCENIs T01a4u pabodeil cMecu:
M, =bk,, (1.2)
rae b — ko3 duumeHT nepeaadn OTKPBITUS IPOCCENis OT MepeMEIeHHs TTOJI3YHA perysiTopa
Yepe3 PhIYaKHYIO nepeaady, Ko — KoahGUIUeHT TPOHOPLIHOHATEHOCTH MKy OTKPBITHEM IPOCCEIIs
¥ MOMEHTOM J[BUTATEJIS.
Ecnu npuHATE nepenaToyHOe OTHOIIEHUE PbIYaroB M 3yOuaToil nepesauu paBHbIM €IUHMIIE,
TO, W3 TEOMETPUYECKMX COOTHOILIEHUM, MOJIYyYUM YpaBHEHHE CBSI3U, KOTOPOE OIpeeseT
3aMKHYTOCTh CAY:
b =2IQ— Sina). (1.3)
[Tony4yennas marematuueckas mojaens (1.1)-(1.3) ucnone3yercs B mpUKIIQAHON nporpamme, ¢
MOMOIUIbIO0 KOTOPOH BBIMOIHSIOTCS TpeOyeMble NCCIIEI0BAHUS.
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Puc.1.2. Mooenuposanue yenmpoo6excno2o pecyaimopa cKopocmu

3aoanue

B cooTBercTBUM ¢ BaprantoMm (Tab:.1.1) mpoBecTH uccie0BaHUE KauecTBa PeryJIupoOBaHUs B
3aBUCUMOCTH OT MU3MEHSAEMOI0 NapaMeTpa U MOCTPOUTH rpadUKK 3aBUCUMOCTU OBICTPOAEHCTBHS U
touyHOCTH CAY B ()yHKIMH OT U3MEHIEMOTO MapaMeTpa.



Tabauya 1.1. Hcxoouwle oanmvle

[leps | Macca | ’Kecmxocms | Momenm | Bro | Hauanvna| Kosgpguyuenm | Uzmensmo

asi | wapux | npyjcuHvl | unepyuu | pas | s cuia 3asucumocmu napamemp
mudp | o6 Mxe | Cnp, H/Mm | 0sucamens | tud | npyoicunvt |  MomeHma om

a lo, K2/M? pa Pup, H OMKPbIMUSL

opoccens Ko, H/mm

0 0,35 5,0 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 ly

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 1,5 0,14 7 95 5 Pup

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

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

Cooepotcanue npomokxona

B npoTokoe npencTaBuTh 1eNb padOThl, HCXOIHBIC TaHHBIC, 3a/IaHUE UCCIICIOBAHUS, KOITHIO
uHTepdeiica s 10000 SKCIepUMEHTa U3 BBIIOJIHEHHOM cepuH, onrcanue padotsl CAY, Tabnuiy
AKCIIEPUMEHTAJIbHBIX JIAHHBIX, TPAaQUKU TPEOYEeMbIX 3aBUCUMOCTEN. BBHIBOIBI.

IIpakTnyeckasi padora Ne 2. XapaKTepuCTHKH IepPeXOJHOro mnpouecca. YactoTHbie
XapaKTePUCTUKH.

Llenwv pabomui: 1lpuobpemenue npakmu4eckux HA8bIKOE IKCNEPUMEHMATbHO20 ONPeOeeHs]
UacmMoOmMHbIX XAPAKMEPUCNMUK.

Teopemuueckasa yacmpo

Hccnenyemoit cucteMoit sIBJISIETCSl AByXMaccoBasi JUHAMUYECKas CHUCTEMa, cXeMa KOTOpOoH
n3o0paxkeHa Ha puc 2.1. Cucrtema HaXOAUTCS MO/ ICUCTBUEM KHHEMATHYECKOTO BO30OYXKIAEHUS — X,
BBIXOJIHBIMU CUTHAJIAMU SIBJISIOTCS KOOPAMHATBI X1 M X2 MEpeMEeleHUss MacC M1 U My, CBSI3aHHBIX
MEXIYy COO0I0 JKECTOKOCTAMHM C1 U C2 M BSI3KUM TPEHUEM A/ U A2.
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Puc.2.1. /lunamuueckasn cxema 08yxmaccogoii cucnemol

2

ypaBHCHI/IC ABWIKCHUS CHUCTCMBI COCTABJIAICTCA 110 U3BCCTHBIM IIPpaBUJIaM TeOpeTquCKOﬁ

MCXaHUKH:
2
m d Xl+ﬂvz(d_X1_%j+cz(X1_Xz)zﬂi(%_d_)(lj+c1(x_x1)

tdt? dt dt dt dt
d*x dx, dx
m, dt22 +/12(d_t2_aj+cz(xz _Xl)zo

VrpolieHHast MaTeMaTHIecKast MOJIEIb:
2
m,S™X, + (ﬂ'z + Z’l)sxl + (Cz + Cl)xl = (ﬂl +4 )SX + (Cl +C, )X
M,S%X, + A,SX, +C,X, = A,SX, +C,X,
rae S=d/dt — oneparop Jlamaca.



JInst mpejcTaBieHrss MAaTeMaTHYECKOW MOJENIH B MEPEMEHHBIX COCTOSHHS DPEIIUM KaXI0e
ypaBHEHHE OTHOCHTENILHO IEPEMEHHBIX X1 M X2, KOTOPHIE 3alMCaHbl B CTApIIMX IPOHU3BOIHBIX
COOTBETCTBEHHO. [IpeoGpazoBaHHas TaKMM 00pa3oM MaTeMaTH4ecKas MOJIEIb MMEET BUJL:

1 1
x, =s ' [-ax, +ax+s[-a,x +a,x]]
x, =s -a,x, +a,x, +st[-a,x, +a,x]

rae koadduiuentsl Mogenu: ar = (A2+Ay/my, a2 = (C2+C1)/my, a3 = AaMz, as = Ca/my;

Temneps MOKHO 3aIMCATh MATEMATUYECKYIO MOJIEND B IIEPEMEHHBIX COCTOSIHUS, TO €CTh B BUJIE
cucTeMbl T epeHInaabHbIX YPaBHEHHUM, PEIIEHHBIX OTHOCUTEILHO MIEPBBIX IPOU3BOIHBIX:

Sy, =—ay, +ax+y,
Sy, =—a,¥; +a,X

SYs =—&;Y;+ay, Y,
Sy, =—-a,Y; +a,X
NmenHo Takasg MOAenb peajru30BaHAa B NPUKIAIHOW MpOrpaMMe, MO KOTOPOM MPOBOIATCS
HCCJIEI0BAHUE YACTOTHBIX XapaKTEPUCTHK.
3aoanue
B coorBerctBum ¢ Bapumantom (Ta6m.2.1) mpoBecTu ucciemoBaHue u HoCcTpouTh ADYX
crcTeMbl (OJJHO MACCOBOM HMJIM JBYX MacCOBOIA, 110 BBIXOJIAM X1 MJIH X2).
Tabnuya 2.1. Ucxoousie oannvie

[lepBas M1, KT c1, H/mMm A1, Kr/c Bropas My, KT C2, H/mMm A2, KT/C

undpa udpa
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 nporoxkosie mpencTaBuTh 1eNb paboThl, HEOOXOUMBbIE TEOPETUUECKHE CBEJICHUS, UICXOIHbIE
JTaHHbIE B COOTBETCTBUM C BapUMaHTOM 33JaHHUs, KOMHIO MHTepdelica ¢ 3amUChi0 BBIMOJHEHHbBIX
HKCIIEPUMEHTOB U MIOCTPOEHUSMHU, HEOOXOAUMBIMU JJISl OTIPEENIEHUS BBIXOIHBIX JaHHBIX; TAOIHIIBI
HKCIEPUMEHTAIBHBIX M pacyeTHBIX MaHHBIX; Trpaduku skcnepumeHTanbHBIX ADUX cucrem.
BriBoapbl.

IMpakTuyeckas padora Ne 3. UccinenoBanue ycroitunBoctu CAY no kpurepuio I'ypBuna

Ilenv padomui: Ilpuobpemenue npakmuyeckux HABbLIKO8 OYEHKU YCMOUYUBOCMU CUCHEMbL
ABMOMAmMu4ecKo2o ynpaeieHus.

Teopemuueckas uacmso

C nomonipro kputepus ['ypBuila ucciaegoBath Ha yctolunBocTh CAY moBOIOM cymmopra
METaJUIOPEXKYIIEro CTaHKa, CXeMa KOTOpOro rokazaHa Ha puc. 3.1, a.
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Puc.3.1. Ilpunyunuanvuas (a) u yukyuonanvuasn (6) cxemwvt npugooa

[TpuBon coctout u3 ycunurens-npeoopasosarens (I1I1), asurarens (/) mocTosHHOrO TOKa,
penykropa (P), 3apatomero norenimomerpa (311) u norenunomerpa odparnoii cesazu (I10C).

[Ipexne Bcero HEOOXOIMMO COCTaBUTh MaTEMaTHYECKyl0 Mojenb mnoBoaa. CoriacHo
MPUHLIKITY PabOThI, TOBOJ MpeCTaBIIAeT coOol 3aMkHyTYyI0 CAY, QyHKIMOHATbHAS CXeMa KOTOPOU
npuBezena Ha puc.3.1, 0. [IycTb BbIZeneHHBIE Ha CXEME DJIEMEHTHI ONMHCHIBAIOTCS CIIEAYIOIIUMHU
Hepe,I[aTO‘IHLIMI/I byHKIUSAMU:

W, (s) = ) () =kK,; HI:w  (s) = Uy(s) _ K
T aé§ ) ) T U(s) Ts+L]
WOTG, e T TS’ P w, 9=k,
P al(s P

nocC: W, (s) = U Moc\2) (S) »
Y (s)

Tenepb MOXeT ObITH MOCTPOCHA CTPYKTYpHAsl CXeMa MOBOJAA, B KOTOPOM (NMPU paBEHCTBE
KOX((UITMEHTOB Tepeladrl 3aJIAf0IIEero MOTEHIIMOMETPa W TIOTEHIIMOMETpa OOpaTHOW CBsI3W) 1B
COOTBETCTBYIOIIUX JJIEMEHTAa Ha (YHKIMOHATBHOW CXEME 3aMEHSIOTCS OJHUM JJIEMEHTOM C
ko3 dunrenTom nepenaun K, Ha CTpykTypHO# cxeme (puc.3.2).

X S y Us K, U, K, a ) y‘
“f) Ts+1| | @s+ds | L

Puc.3.2. Cmpykmypunas cxema npugooa

Takum oOpazom, mnepenaTtoyHas (QYHKLIUS 3aMKHYTOH CHCTEMbI TIOCJIE HECIOXHBIX
anredpandeckux Mpeoodpa3oBaHuil MPUOOpPETAET BU:
k
0

W(s) = ,
(T,s+1)(T,s +1)s+Kk,

rie Ko — ko punmeHT nepenadun CHCTEMBbI, PaBHBIH TPOU3BEICHNIO KO3 QUIIEHTOB iepeiaun
BCEX 3BEHbEB KaHaja MpAMOTo AeicTBus. MTak, cuctema UMeeT XapakKTepUCTHUECKOe YypaBHEHHE 3-
ro MopsAJIKa:

T,Tos®+ (T, + Ty) s>+ s + ko= 0.
CocraBuMm ACTCPMUHAHT prBHua )51 Haﬁl{eM yCJl1oBus YCTOI\/’I‘-II/IBOCTI/I.
T, +T, K, 0
r=/T1, 1 o
0 T, +T, K,

AHanu3 yclIOBUH YCTOMYHMBOCTH MO KpUTEpHIO ['ypBHIlAa MOKAa3bIBAET, YTO €AMHCTBEHHBIM
YCIOBUEM SIBJIAETCS TO3UTHUBHOCTH BTOPOrO JETEPMHUHAHTA, IOCKOJIBKY a0=1,Ty, pPaBHO Kak



u A=a1=T,+T,, Bcerna Gomnpie Hyas. Takum oOpa3zom, s YCTOHUMBOCTU MOBOJA HEOOXOIUMO,
YTOOBI:
A2= (T, + Ty) — koT,To> 0.

[Tocne HeCOKHBIX MTPe0Opa30BaHU MOTyYaeM eIMHOE YCIOBUE YCTOMUYUBOCTH CUCTEMBI:
1 1
T— + T— > kO' (31)
y 0
BrimonnHeHue 3TOT0 yCIIOBUs 00s3aTeNbHO, TOITOMY HA MPAKTUKE BapHanuel, Mmoa00poM
napamMeTpoB mpuBoaa crpemsatcs obecreuuth (3.1). Ilpu 3TOoM Hambonee yaoOHO H3MEHATH
napametpsl Ko u T, — o01muii k03 HUIMEHT TIepeiadn TPUBOIA U MOCTOSHHYIO BPEMEHU YCHUITUTEIIS -
npeoOpaszoBarens. B nmoOom ciayyae 3HaueHUS Bapualuil 3TUX NapaMeTpoOB JOJKHBI JIEKaTh B
obsactu D, mocTpoeHHO# cortacHo ZCJIOBI/IIO (3.1) (puc. 3.3).

obnacmo
HeyCmouyueblx

SHAYEeHUU

Kot —= 1T,

obracmow

VCMOUYUBHIX 3HAYECHULL

0 T, T,

Puc.3.3. Obnacms ycmouiuugvlx 3HaueHuil

3aoanue

1. [To UCXOAHBIM JAaHHBIM, B COOTBETCTBHH C BapuaHTOM (Tab6in.3.1l), mOCTpOUTh AuarpaMmy
YCTOMYMBOCTH CHUCTEMBI IO KpuTepuio ycroiumBoctd ['ypBuma (cM. puc.3.3). Onpenenutsb
MaKCHUMaJIbHO BO3MOXHOE 3HaueHHe Ko3(dduimeHTa mnepenadn ycuIMTEIsS-IpeodpazoBaTess U
MOJTOTOBUTH TAOJIUITy SKCTIEPUMEHTAIBHBIX TaHHBIX.

2. Ucnonp3ys NMPUKIAAHYIO TPOrpaMMy, MPOBECTU CEPUI0 IKCIIEPUMEHTOB U PE3YNIbTaThI
3amucaTh B TaOJIHILY.

3. ITo pe3ynbraTamM SKCIIEPUMEHTOB MOCTPOUTH IKCIIEPUMEHTATBHBINA Tpa@uK 3aBUCUMOCTH U
MIPOBECTHU €T0 AHAIIN3.

Tabnuya 3.1. Ucxoousie oannvie

[lepBas | Ycunumenw | Jeucamens | Bunm.napa | Brtopas | [Jeucamens | O6p.cés13b
udpa T, c Ko, pao/cB Hen, mm nudpa 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 5,2 10 4 0,030 1,00
5 0,009 3,0 14 S) 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

Cooeporcanue npomokona
B mnportokone mpencraButh CTpyKTypHyr0 cxemy CAY, amarpamMmy KadecTBa, TaOJIWIly
SKCHICPUMCHTAJIbHO-PACYCTHBIX  JTAHHBIX, rpa(bm( 3aBUCUMOCTH KOMIINIECKCHOI'O I1IOKa3aTecisd



JUHAMUYECKOTO KauecTBa OT Kod((UIMEeHTa Mepenaun YyCHIHUTENA-IIpeoOpa3oBares, KOIHUIO
UHTepdelica ¢ 3aIHChI0 EPEXOAHON XapaKTEPUCTUKH IPH KaKoM-JI00 3Ha4eHHH Ky,. BbIBOIBI.

IIpakTuyeckasi pa6ora Ne 4. UccaenoBanue TouHoctTu CAY B pexkume JIBUKEHUS 1O
rapMOHUYECKOMY 3aKOHY

Llenv pabomowi: [Ipuobpemenue npakmuyeckux HABLIKOE OYEHKU MOYHOCMU CUCTNEM
aA8mMoMamu4ecKo20 YnpasieHus npu mecmuposanuu o 2ApMOHUYECKOMY 6XOOHOM) CUSHATLY.

Teopemuueckasn yacmso

Uccnenyerca CAY noBogom, CTpyKTypHasi CXeMa KOTOPOro npejacTaBieHa Ha puc.4.1. Buano,
yto CAY oTiauyaeTcss OT pPacCMOTPEHHON B NpakTHYecKoi padore No5 TeM, 4TO YCHUIIUTENb-
npeoOpazoBaTeNb MPEACTABICH HE OS3bIHEPIIMOHHBIM 3BEHOM, a allepUOAMYECKUM |-T0 mopsiika.
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Puc.4.1. Cmpykmypnas cxema uccieoyemoii CAY

JI1s1 TakoW CUCTEMBI BaXKHBIM U IIEPBOCTEIIEHHBIM SIBJIIETCSI BOIIPOC YCTOMYMBOCTH. [loaTOMY
nepes HayaloM SKCIEPUMEHTAIbHBIX HCCIEIOBAaHUN HEOOXOIUMO OMpEeIeNuTh MaKCUMAIbHO
JnonycTuMoe 3HaudeHue Kodddunmenta K, mepemaum ycunmurens-npeoOpa3zoBatelis, MOJIb3YICH
dopmymnoit (3.1) ¢ yderom 3aBHCHUMOCTH AJisi OmpeneneHus obuiero koddduimenta mnepenayn
MOCJIEI0BATENbHO COETMHEHHBIX 3BeHbeB CAY:

ko =k Kk, K

0 “oc ‘en”

rne Ken = H/I2 77— nepenatounas GpyHKIMsS BUHTOBO# mapel (H —ar BAHTOBOM maphl).

3aoanue

1. ITo ucxoaHbIM TaHHBIM, B COOTBETCTBUHU C BapuaHTOM (Ta0:1.4.1), paccuntaTs MaKCUMaJIbHO
JOMYCTUMBINA KOG uuueHT Ky, mepenaun ycuiauTens-mpeodpa3oBarteisi, 1 MOArOTOBUTh TaOIHUILY
AKCIEPUMEHTAIbHBIX TaHHBIX.

2. Vcnonb3ys NpPUKIAJHYIO MporpamMMmy, BBIOpAaTh AMANa3oH W IIar M3MEHEHUS YacTOThI
BXOJIHOTO curHaia. IIpoBecTu cepuio SKCIEPUMEHTOB (A KaXAOro 3HAYeHUs KO3PQUIMEeHTa
nepeaayn), 3anKchiBas pe3yabTaThl B TaOJIHILy, @ 3aTeM MOCTPOUTH IPaMKU IKCIIEPUMEHTAIBHBIX
3aBHCHMOCTEM.

Tabnuya 4.1. Ucxoousie oannvie

IlepBas ko, Bropas | Han,

qu?ppa Tom € paod/cB To.c uml?pa MM Koe
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

Cooeporcanue npomokona



B nporokone mpuBectH cTpyKTypHylo cxemy CAY, COOTBETCTBYIOLIHE pPACUETHI
k03¢ duIMeHTa mnepesadnl yCuInTens-peoOpazoBarens, TaOIuIy SKCIEPHUMEHTAIbHBIX IaHHBIX,
KONHMI0O uHTepdeiica NpUKIAIHOW NpPOrpaMMbl I KaKOro-TMOO SKCHepuMeHTa, rpaduku
9KCIIEPUMEHTAIBHBIX 3aBUCMOCTEH. BBIBOIBI.

Jladoparopnasi padora Ne 1. OmnpeneieHne XapaKTePHUCTHK 3IJIEKTPOMEXaHUYeCKOro
NMPUBOAA

Llenw pabomur: [Ipuobpemenue npakmuieckux Hagblk08 KOMNIEKCHO20 UCCIe008AHUS CUCTEM
U 00bEKMO8 a8MOMAMuUYecKo20 YnpasieHus.

Teopemuueckasn yacmso

Ha puc.5.1 npencraBiena 3j1eKTpOMEXaHUYECKasi CUCTEMA — IIPUBO]I BPAIIAIOLIETO ABUKEHUS,
KOTOPBI COCTOUT U3 JEKTPOABUTaTeNs | MOCTOSITHHOTO TOKA, PEAYKTOpa 2 U Harpy3Ku, HallpuMep,
HIUHACIA 3.

1 2

Puc.5.1. Cxema InekmpomexanuuecKkoil cucmemol

YPaBHeHI/IH ABWIKCHUS JABUTATCIIAI TIOCTOAHHOI'O TOKa IIpU HpeHe6pe>KeHI/m SABJICHUAMUA
BTOPOTO MMOpAJAKAa UMCCT BU:

de@ue + M

o6uz dt 11

e Mosuz, 1 osuey {296ue — MOMEHT JIBHDKEHHSI, MOMEHT MHEPIIMU POTOpA U YIJIOBasi CKOPOCTh
asurarens, M1 — MOMEHT Harpy3ku Ha Bany asurarens. C Ipyroid CTOPOHBI, B COOTBETCTBHH C
AEKTPOMEXAHUUECKON XapaKTEPUCTUKOMN JABUTATEIS:

M deuz koU - k,uQ (5.2)
rae Ko — k03 (UIMEHT TPOMOPIMOHATBHOCTH MEKAYy HampsykeHneM U W MOMEHTOM
IBIKEHHUSA, Ky— KOO GHUIMEHT HAKIIOHA DJIIEKTPOMEXaHUYECKON XapaKTEPUCTUKH.
PenykTop MOXeT OBbITh MPEACTaBIeH OE3bIHEPIIHOHHBIM 3BEHOM:

Q=Q, k., (5.3)

rze {2/ — yrioBas CKOPOCTh BBIXOJHOTO BaJla peIyKTopa, Kyeo — K03 UIMEeHT nepenayu.
B xoHeuHOM nTOrE, ypaBHEHUE IBUKEHUS BaJla HATPy3KHU:

dQ
|E+m+ﬂqut—jgldt)+ M =0, (5.4)
rae M, I, 2- mone3Hpli MOMEHT, MOMEHT HWHEPIMH M YIJIOBask CKOPOCTh HAarpysku, [ -
KpYTUJIbHAS JKECTKOCTh, A - KO3(PQHUIMEHT BSI3KOro TpeHus. TakuM oOpa3oMm, ypaBHEHHE CBS3H,

KOTOPOC MOKAa3bIBACT, HA UTO PACXOAYCTCA IMOJIC3HAA YaCThb MOMCHTA JABUTATCIIA, UMCCT BU!
M, =k, A([Qdt - [Qdt) (5.5)

[lo monay4eHHOHM MaTreMaTU4ecKOW MOJENH, KOTOpas COCTOMT u3 ypaBHeHui (5.1-5.5),
MOCTPOEHA CTPYKTYPHAsl CXeMa JICKTPOMEXaHWUYECKON CUCTEMBI (puc.5.2).

= (5.1)
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Puc.5.2. Cmpykmypuasa cxema 31€KmpomMexanuieckoil Cucnemol

Ha cxeme ecth nBa BXOAa: OJUH IO ylpasisiouieMy Bo3zaelcTtBuio U, a BTOpol - 1o
Bo3myuieHuto M. He cmotpst Ha To, 4TO MO HMCXOAHOH cxeme (cM. puc.5.1) cucrema Kaxercs
Pa30MKHYTOH, Ha CaMOM JIeJIe OHA 3aMKHYTa C OOpAaTHBIMH ITOTOKamMu curHaoB. [1o paspaboTanHoi
MaTeMaTHYeCKOM MOJENIM 3JIEKTPOMEXaHWYECKOIo IOBO/AAa MOKHO INPOBOJIUTH MpeBapUTENIbHbIC
UCCJIEIOBAHMSI C LIEJIBIO OIPENIEICHHS XapaKTePUCTHUK, OLIEHKH KauecTBa U BbIOOpa HEKOTOPBIX €ro
napameTpoB. Takoi 3Tan nmpeaBapuTeIbHOrO IPOSKTUPOBAHUS BCET/1A JOJKEH IPUCYTCTBOBATH IPU
pa3paboTKe cucTeM U 0OBEKTOB aBTOMAaTUYECKOTO YIIPABJICHUS U SBISETCS YPE3BbIYAHO Ba)XKHBIM,
TaK KaKk MMEHHO 3JIeCh OIpeNeNAloTCs OOIMe HaNpaBiCHUs YAOBJIETBOPEHUS TpeOOBaHUAM
TEXHUUYECKOTO 3aJjaHMsl U YIyULICHUS] XapaKTEPUCTUK CUCTEMBI.

Hanpumep, M3BECTHO, YTO IEpeAaTOYHOE OTHOLICHHE PEIyKTOpa CYLIECTBEHHO BIHUSET Ha
JUHAMHYECKHE XapaKTEPUCTUKU 3JIEKTpoMeXaHuyeckoro mnpuBojaa. OlleHKa MepexoaHbIX
XapaKTEPUCTHK CUCTEMBI, TPEICTABICHHON pa3paboTaHHOM MaTeMaTHYeCKON MOJIENbIO, IPH PA3HbBIX
3HaueHUsAX Kod(uireHTa nepeaaun peaykTopa no3BoJsSeT PEeLIUTh TaKylo 3a1auy.

3aoanue

1. ITo ucxoIHBIM JaHHBIM, B COOTBETCTBUH C BapuaHTOM (Ta0:1.5.1), onpenenuTs craTH4ecKue
XapaKTEePUCTHKHU 3JEKTPOMEXAHUYECKOr0 TOBOJA JJS Pa3HbIX 3HAUYEHUM HaNpsOKEHHs MUTaHUS
JBUTATENsl M TIOCTPOUTH COOTBETCTByoIME TIpaduku. (/luama3oH W3MEHEHUs HaNpsLKEHUs
OIIpEEIISAET IPENOAABATEND).

2. IIpoBecTu ceprio 3KCIEPUMEHTOB 110 MOJECIMPOBAHUIO NMEPEXOJHON XapaKTEPUCTUKH MPU
pa3HbIX 3HaueHUIX Koddduimenra k, mepeaaun penykropa, BEIIOIHUTh HEOOXOAUMbIC U3MEPEHHS,
paccunTaTh KOMILIEKCHBIN MToKa3aTenb A U TOCTPOUTh COOTBETCTBYIOLIUM rpauK AJIsl ONpeIeeHUs
ONITUMAJIBHOTO TI0 OBICTpOaeHCTBIIO KO3 durrenTa Kp.

Tabnuya 5.1 HUcxoomusie oannbvie

IepBas ly Ko Ko Ky Bropas | B A

muppa | krm® | Hw/B | Hwmc/pan nuppa krv? | Hw/pax | Hwmc/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

Cooeprcanue npomokona



B mporokose npencTaBUTh CTPYKTYPHYIO CXeMY 3JIEKTPOMEXaHMUECKOW CHCTEMBbI, TaOJIUIIbI
9KCHEPUMEHTAJIbHBIX JJAHHBIX, COOTBETCTBYIOIME I'PaUKN CTATUUECKUX XapaKTEPUCTHK U Ipaduk
3aBHCUMOCTH KOMIUIEKCHOTO IOKa3aTelsl JTWHAMUYECKOrO KadecTBa OT KOd(p(UIMEeHTa mepenadn
pelyKTOpa, KONUIK uHTepdeiica NpUKIAJHOW MNporpaMMbl € MEPEXOJHBIM IPOLECCOM IpU
ONTUMAJILHOM IO OBICTPOJCHCTBHIO 3HAYEHNH K03 (DUITEeHTa TIepeiaun peayKTopa. BeIBOIbI.

JlaGopaTtopnas pabGora Ne 2. OmpeleneHue XapaKTepPHUCTHK TI'MIPOMEXaHHYECKOIr0
NMpUBOAA

Lenw pabomui: [Ipuobpemenue npaxmuyeckux Hagbik08 KOMNIEKCHO20 UCCIe008AHUS CUCTEM
U 00vEKMO8 ABMOMAMULECKO20 YNPABIEHUSL.

Teopemuueckasn yacmo

Ha puc.6.1 mpencraBieHa TuApOMEXaHHYECKas CHUCTEMa — MPUBOJ MOCTYHATEIHEHOTO
nBkeHus. [IprBox COCTOUT M3 THAPABIMYECKOTO IUIMHPA 1, IITOK KOTOPOTO CBSI3aH C CYMIIOPTOM
2 (Harpy3Koii) MeXaHH4eCKOH CBA3bIO C )KECTKOCThIO ¢. CyNmopT NepeABUraeTcs o HapapsoIIUM
3, KOTOpbIe XapakTepHu3yTCs KOI(D(UIMEHTOM BSI3KOTO TPeHHS A, a CKOPOCTh PETYIHPYETCs
THIpaBInYecKuM japocceneM 4. Takum oOpa3oM, cucTeMa UMEET YIPABISIFOIINHA BXOJ] (OTKPBITHE X
Jpoccens) W BO3MYILIEHHME — CWIy THone3Hoi Harpysku F. llenbio ympaBnenust sBisercs
HepeMelieH e CyIIopTa ¢ 3alanHoi ckopocThio dy/dt mo koopauHare Y.
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Puc.6.1. I'uopomexanuueckasn cucmema

JIBIkeHue cymnmopra MOXET ObIThb omucaHo JudQepeHIHanbHbBIM ypaBHEHHEM BTOPOTO
Hopsi/IKa:
2
md y+/1ﬂ+c(y—yl)=lz, (6.1)

dt? dt

rae m — Macca cynmnopta; A - Ko3pGUIUEHT BA3KOT0 TPeHUs; Y — IepeMelrieHne maccol; F —
noJie3Hast HarpysKa.

[M'uapaBnuyecknii MUJIMHIP C TMOJE3HON TUIONaAbpio P MopiiHsS T0JDKeH OBITh MpeacTaBieH
JIByMsl YPAaBHEHHUSIMHU, KOTOpPbIE OTBEYAIOT KHHEMAaTHUYECKOMY M CUJIOBOMY B030YyxaeHuto. [lepoe
OIIMCHIBAET JIBIDKEHHE 0 pacxoay Q macia depes HUIMHID:

m:j%dn (6.2)
a BTOpPOC — UIBMCHCHHUE JaBJICHHUA B IIOJOCTH:
F

p, = Fl (6.3)

Pacxon macna depe3 apoccenb 3aBUCUT OT OTKPBITHSL APOCCETUPYIOLIEH IIEeNd U Tepernaja
ABJIEHUS HA HEWU:

(6.4)




rae 4 — ko3 UIMEHT pacxoja Yepe3 IPOCCEIHMPYIONIylo IMmielb, K — Koa(duimeHt
HPOMOPIIMOHATIBHOCTH MEX/y IUIOIIAABIO IIETH U OTKPBITHEM X JPOCCEesi, Po — JaBJICHUE JIMHUH
IIUTaHUs, O — YIEIbHBIN BEC MacCIa.

K marematiueckoi Moiesii He00X0IMMO MPHUOABUTh YPaBHCHUE CBS3H:

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

[To monydeHHOW MaTEMaTHYECKOH MOJEIH, KOTOpas COCTOMT U3 ypaBHeHHil (6.1-6.5),
MOCTPOEHA CTPYKTYpHAasi cXeMa TruJpoMexaHuueckoil cuctemsl (puc.6.2). Ha ctpykTypHO#l cxeme
€CTb JIBa BX0J1a: OJIMH IO YNPaBJISIOIEMY BO3JCHCTBHIO X, @ BTOPOH MO BO3MYyIleHuIo F.
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Puc.6.2. Cmpykmypnasa cxema 2udpomexanuieckoil Cucmembl

v

Jpoccenb Ha BXOAE CXEMBI NPEACTABICH JBYMs IIepEIaTOYHBIMH (QYHKIUSMH C
JIMHEAPU30BaHHBIMU KO3 PHUIMEHTAMH TIepeaadr Ko — M0 yIpaBisioieMy BO3ACHCTBUIO X U Ky —
1o Tepenaay AaBieHus. [Ipu MoaenupoBaHUH CUCTEMBI ¢ TPUMEHEHHEM YHCIICHHBIX alrOPUTMOB
MOKHO HCIONIb30BaTh MEPBUYHYIO HEINWHEHHYI 3aBHCHUMOCThH (6.4). IlocTosiHHBIE BpeMeHH
TepeIaToyHol GyHKIMN HArpy3KH B cooTBeTcTBHH ¢ (6.1) paBHsrores: T12 = m/c, T2 = A/c. 3xaecs,
KaKk W JUIsl DIIEKTPOMEXAHUYECKOTO TOBOJAA, MOXHO KOHCTaTUPOBAaTh 3aMKHYTOCTh CHCTEMBI,
KOTOpasi, TeM He MeHee, He siBisgeTcs CAY.

Paspaborannass MaTemaTuueckas MOJENb IO3BOJSIET HA JTafe MpeIBapUTebHOTO
MIPOEKTUPOBAHUSI TPOBOAUTH MCCIIEOBAHMS C II€JIbIO OMPEENICHUs BIMSHUS ITapaMeTpoB NPUBOIA
Ha TUTABHOCTH JBUKCHUS, OIICHKH KauecTBa yIPaBICHUS U BO3MOXKHOCTU COMPOTHBIICHUS BHEIIIHEH
Harpyske u T.I. B 3aBHUCHMOCTH OT ’KeJlaeMoro JMana3oHa CKOpOCTEH JBHKEHUs paboyero opraHa
MOKHO TPaBUJIILHO BHIOpaTh COOTHOIICHHE: JAaBICHHE MUTAHHS — TE€OMETPUUYECKHE MapaMeTphbl
JIpOCCelis, YTO SIBISETCS BaXHOW 3aJadyeild, OT pelIeHHs KOTOpOil OynyT 3aBUCETh SHEPreTUUYECKUE
MOKAa3aTeNH MOBOJIA B IEJIOM.

3aoanue

1. ITo ucXOIHBIM JaHHBIM, B COOTBETCTBHH C BapuaHTOM (Ta0:1.6.1), onpenenuTh CTaTHIeCKIe
XapaKTepUCTUKU THIPOMEXAHUYECKOTO MPUBO/IA (3aBUCUMOCTh CKOPOCTH pabOYero opraHa OT CHJIbI
MOJIE3HON HAarpy3KH) A pPa3HbIX 3HAYEHUH MaBICHHUS TUTAHUS THAPABIMYECKON CHUCTEMBI U
MOCTPOUTh  COOTBETCTBYIOLIMN rpaduk. (uama3oH u3MEHEHHs JaBJIEHUS  OIpeAemseT
MpernoaBaTens).

2. OnpenenuTs TMHAMUYECKHE MOKAa3aTeNHU THAPOMEXaHUYECKOr0 MPHUBOJA: OTHOCUTEIBHOE
nepeperyjMpoBaHue U 3aTyXaHHe 3a IepUo/I.

Tabnuya 6.1 Ucxoousie Oanmvie

[TepBas k, Po, P, Bropas c, A, m,
uugpa MM MlIla cM? uudpa H/mm KI/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
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

Cooepicanue npomokona

B nporokosne mnpencTtaBUTh CTPYKTYPHYIO CXEMY HCCIEAYEeMOW CHCTEMbl C HCXOIHBIMU
JaHHBIMU, TaOJHIBl DSKCHEPUMEHTAIBHBIX MJaHHBIX, TpadUKU CTaTHYECKUX XapaKTePUCTHK,
JUHAMHUYECKHE IMOKAa3aTeIN KauyeCcTBa NEPEXOAHON XapaKTEPUCTUKU THIPOMEXaHUUECKOTO MPUBO/IA.

JlaGopaTopnas pa6ora Ne 3. Onpenenenue xapakrepuctuk CAY npoao/ibHoii mogaveii
NPH TOYCHUH

Llen» pabomui: IIpuobpemenue npakmuuecKux HagblK08 KOMNIEKCHO20 UCCIe008AHUS CUCTNEM
U 00EKmMOo8 a8MoOMAMuUYecKo20 YnpagieHusl.

Teopemuueckas uwacmo

HauOonee pacnpoctpaHeHHbli B MeTamnooOpaborke Tun 3aMKHYTBIX CAY — sto CAY,
IpelHa3HaYeHHbIE I aBTOMATHMYECKOIO PEryJupoBaHUs Ipolecca pe3aHus 3apaHee
YCTaHOBJICHHBIM 00pa3oM. Takue cucTteMbl MOTYT MPUMEHATHCS KaK Ul CTa0MIIM3aluK 3aJaHHbIX
BBIXOJHBIX IApaMETPOB IpOLlEcCa pe3aHus, TaK M JUIsl UX M3MEHEHHs B LUMKIE OOpabOTKH IO
onpeneneHHoMy ainroputMmy. HaubGonee 1enecooOpa3HO HCIOJIB30BaHHE TaKUX CHCTEM Ha
3aKIIFOYUTEIBHBIX, QUHHUIIHBIX ONEPALUAX TEXHOJIOTHIECKOTO MPOoIecca.

[Tpu mexanndeckoit 00paboTKe pe3aHHeM TOYHOCTh 0OpabOTKH, B OCHOBHOM, ONpeAesseTcs
yIpyruMu AeopMaIisiMi TEXHOJIOTHYECKON CHUCTEMBI, KOTOPBIE, B CBOIO OUEPElb, 3aBUCST OT CHUJIIBI
pe3anus. [loaToMy cuctema aBTOMaTHUECKOW CTaOMIM3alMU CUJIBI PE3aHUs Ha 3apaHee 33JaHHOM
YpOBHE WJIHM TPOTrPaMMHOIO PETYIUPOBAHUSA €€ MO 33JaHHOMY 3aKOHY IO3BOJIAET MOBBICHUTH
TOYHOCTh OOPAaOOTKHU M 3HAUUTENIBHO YIYUIIUTh KAUeCTBO MOBEPXHOCTH JETaleH.

CAY crabuin3anuy CUIIbl pe3aHus pU TOYeHuH (puc.7.1) CMOHTHpPOBaHA HAa TOKAPHOM CTaHKE
Y COCTOUT U3 MPHUBOJIA NMOAAYN U U3MEPUTENBHOIO yCTpoiicTBa. M3mMepurenbHas 1enb peaqn3oBaHa
C TIOMOINBI0 JUHamMoMmeTpuueckoro mnpeoOpaszoBatens JII, koropwiii dyepe3 ycuiaurenb Y
oOecnieunBaeT curHan oopatHoil cBsa3u U,e, MpONOpHMOHANBHBIN cOCTaBistoIe P; cuiibl pe3anust.
[TpuBoa mojaun cocTouT U3 ycunutens-npeodpaszosatens YII, apurarens nocrosHHoOro Toka /I u
penykropa P.

d
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Puc.7.1. @ynkyuonanvnan cxema CAY cmadbunuzayuu cunvt pezanus
npu mouenuu

CAY ¢ynkumonupyer cienyronmM oOpa3oM. Ha BXom cCHCTEMBI, K CpaBHUBAIOIIEMY
YCTPOMCTBY noctynaer curaai U,, KOTOpbIii COOTBETCTBYET TpeOyeMOMY 3HAUEHHUIO CHIIBI PE3aHHUs
B ompesieieHHOM MaciiTabe. Ha BTopoil BXxoa CpaBHUBAIONIETO YCTpOHCTBA TocTymnaeT curaain U,
BbIpabaThIBaeMblil JUHaMoMeTpuyeckuM npeodpazosareneM I u ycunutenem Y. Takum oOpazom
HarnpspbkeHue U,e TPpOMOpIMOHANIBHO peabHOMY 3HAueHHUIO CHibl pe3aHus. Ommbka oU=U,—
U,cmocTymaer Ha BXo1 yeuuTensi-nipeoopazosatens Y11, kotopsiil BeipabaTeiBaeT HanpsikeHue Uy



nuranud asurarens J. J{Burarens I, yepes penykrop P onpenernser BenuyuHy MNpoa0IbHOM I0Ja4u
TakK, YTOOBI CBECTU OLIMOKY K MUHUMYMY.

Kak ynpasnsemsblii 00bekT B CAY BxoauT npornecc pesanus IIP, koTopblii mpoucxoaut B
3aMKHYTOM TEXHOJIOTHYECKON 00pabaThIBAIOIICH CUCTEME.

Marematnueckag wmojzeilb CAY cocToMT W3 MaTeMaTHYECKHMX MOJEJIEll 3JIEMEHTOB,
COCTAaBJIAIOLIMX CHCTEMY. Y CHUIMTENb-IIpeoOpa3oBareib ONUChIBaeTCs U (depeHInalbHbIM
YpaBHEHHUEM IIEPBOTO MOPAIKA,

du,

T

yn

+U, =k, (7.1)
HO ©€ro XapakTepUCTHKa HEJIMHEHHas THa
“naceimienus’” (puc. 5.34):
U,=k, U, ecmu <o
U =uU eciu U =0U ;

o

Puc. 7.2. Xapaxmepucmuka max 7
ycunumensn-npeoopazasameis
rae Ky, Tyn — K03 PHUIHUEHT yCHICHHS U TOCTOSIHHAS BPEMEHHU YCHUITHTESI-IPeoOpa3oBaresis;
Umax — HaIlIpsDKEHUE HACHIIIICHUSI.
JlBurarens TMOCTOSHHOTO TOKa OMUCHIBaeTCA Iu(PepeHIInaIbHBIM ypaBHEHUEM BTOPOTO
nopsijiKa:

do,

2
T T,

dt

rae Ko, T,, Ty - xodpduIMEHT mnepenayu, MOCTOSHHbIC BPEMEHH (IJICKTPOMArHUTHAs WU
MeXaHUYeCKasi) JIBUraTels.

Penykrop, TEH30METpUYECKMH JMHAMOMETP M DJIEKTPOHHBIM YCHUIIMTENb OIMCBHIBAKOTCS
JUHEHHBIMU  YpaBHEHUSMM, KOTOPbIE  COOTBETCTBYIOT  O€3bIHEPLIUOHHBIM  3BEHBSIM  C
kodhduienTamu nepenadn: Ky, Kon, K.

OxBuBajeHTHbIE ynpyrue cucreMbl (AYC) mo COOTBETCTBYIOIIMM OCSIM KOOpPAMHAT MOTYT
ObITh TpenacTaBieHbl Au(QepeHInanbHBIME  YpaBHEHUSMH  BTOPOTrO  MOpSAJKa, Kak  Juis
OJIHOMAaCCOBBIX CHCTEM:

+w,=kU,, (7.2)

2
P :mddtfxwl%wxéx;
> (7.3)
d'dy . ddy
P=m +A—=+cJy,;
’ dt? dt 2l

rae m—mMacca cynnopta; A - ko3 GHLUUEHT BI3KOro TPEHHUs (CUJIa TPEHUS IPONOPLUOHAIIbHA
CKOPOCTH); Cx,Cy — JKECTKOCTH 110 COOTBETCTBYIOILEH KOOPIUHATE.

ITpouecc pezanust ITP mMoxeT ObITH IPEACTaBIEH YPAaBHEHUEM, CBSA3BIBAIOLINM (DaKTHUECKHE
BEJINYMHBI TT0/1a41 Sy M TITyOnHBI Hy, pe3anns ¢ cocTaBistomei P; critel pe3aHust:

_ XpQ YP\ / NP
P,=C,H’S™™, (7.4)
rae  Cp, Xp, Yp, Np — dMOHpuyeckue KOdPPHUIMEHT U MOKazaTeiau cTerneHu, V — CKopocTh
pe3aHusl.

bnok I'C BBIOTHSIET OTEepaiii B COOTBETCTBUH C TEOMETPUIECKIMH COOTHOIIICHUSIMHU MEXKITY
COCTABJISIOLIMMHU CHJIbI pE3aHUS:
_|_(6R) . 5 _ .
P, T tgi(p i) P =P, tg(p+mn), (7.5)
I7ie ¢ — TJaBHBIN YTOJ B IUTAHE Pe3lia, 77 — YTroJl CX0/a CTPYKKH.
C yueToM pUBECHHBIX BhIlE ypaBHeHUH (7.1-7.5) 1 cBsi3eid GyHKIIMOHATBHOM CXEMBI 110 PHC.
5.30, matremaruyeckyro Mmoaenb Bceil CAY Hazo JONOIHUTE CIEAYIOIUMHU 3aBUCUMOCTSIMU:




élJ :U3_Uac7
S,=0k,;

dox
H¢:H3_§.y;
Uoc:&/.kz)n.ky;

Takum oOpa3om, crabuIu3anUs CUJIBl pe3aHuss Ha TpeOyeMOM YypOBHE, KOTOpBI B
olpe/ielIeHHOM MaciuTabe oTBevaeT 3aJaHHOMY HampsbkeHuto U, Ha Bxoxe CAY, nmpoucxoaur no
CYET YINPABJICHMs IPONOJIBHOW monayei. IIpu TodyeHuM neranu, NPUITYCK KOTOPOM HM3MEHSETCH,
peryaupoBaHue [01a41 J0JIKHO IPOUCXOAUTh TaK, YTOOBI CHJIa Pe3aHUs OCTaBajach MOCTOSHHON Ha
Bcell nmmHe 00padotku. Ho xadecTBo padotel CAY 1ENMKOM 3aBUCHT OT €T0 IMapaMeTpoB, a TAKKe
0T IapaMeTpoB TeXHOJIOrn4eckoil oopadateiBatomieit cuctemsl (TOC) rae UMEHHO U peanu3yeTcs
npouecc TodeHus. [lodromy BakHeHIIEH 3amadel NpU IPOCKTUPOBAHMM CHCTEMBI SIBISETCA
IPaBUIbHBIM BBIOOp €€ MapaMeTpoB, a MPHU IKCIUTyaTallMM — OL[EHKa KauyecTBa B 3aBUCUMOCTH OT
napamerpoB TOC, KOTOpbIE B JAHHOM CIIy4ae SBJISIOTCSI BOSMYILICHUSIMH.

3aoanue

1. ITo MCXOTHBIM JaHHBIM, B COOTBETCTBHH C BapHaHTOM (Tabi1.7.1), MpoBECTH MOJICITMPOBAHIE
C LIEJIBIO OIIPENIEICHN S KaueCTBa EPEXOAHON XapakTepucTUKU CAY 110 KOMIIIEKCHOMY I10Ka3aTelto
(cMmoTpu hopmyity (5.2)) ¥ TOYHOCTH 110 omHOKe OP OT ciienyromux mapameTpoB CAY:

1) oT ko3¢ unmeHTa nepeaadn peayKTopa;

2) 0T XeCTKOCTH Cx ynpyroi TOC;

3) oT K03 UILIUEHTA TTepeau YCUITUTENSI 0OpaTHON CBSI3U.
Ilpumeuanue:

- muana3oH m3MeHeHus xectroctr (H/mm) 18000 < ¢x <50000;

- IMana3oH BapbupoBaHus KoddduirenTa ycunutens oopatHoii cesizun 5 < Ky <55;

- IMana3oH u3MeHeHus koddduimenra nepenaun peaykropa (mm/pan) 0,2 < kj <0,05.

2. BpiOupas mar W3MEHEHHsS 3aJaHHOTO MapameTpa, MPOBECTH SKCIIEPHUMEHTHl Ha BCEM
JIana3oHe ero U3MEHEHUs, ONPeIEIUTh HE0OX0IUMbIE (CM. BbIIIE) JUHAMUYECKHUE XapaKTEPUCTUKU
¥ 3aIHMCaTh PE3yJIbTAThl B COOTBETCTBYIOIINE TAOIHIIBL.

3. Ioctpouth TrpapuKy SKCHEPUMEHTANBHBIX 3aBHUCUMOCTEH KOMIUIEKCHOTO IOKa3aTess
KadecTBa M OMMOKM OT YyKazaHHBIX Bblie napamerpoB CAY. Omnpenenuts TUHAMUYECKHE
noka3zarenn CAY: oTHOCUTENIbHOE TIepEePEryIMpPOBaHUE U 3aTyXaHUeE 32 MEPHO/I.

Buumanue! 110ckonbKy UCXOAHBIE JAHHBIE 33JJaI0TCS CIIYYalHO, HE MUCKIIFOYAETCS CUTYAIus,
korga CAY oka3bIBaeTCsl HEYCTOHUMBOM, TO €CTh COBCEM HE NMPHUTOJHON K (YHKIMOHHPOBAHUIO.
CooOmienust 06 3ToM, B TAKOM cllydae, MOSABIISETCS Ha 3KpaHe MOHUTOPA BO BPEMS MOJIETTUPOBAHUS.
Pexomenaruu 1uis pereHust Takoi npoosieMsl — 1EHCTBOBATh B CIEAYIOLIEH MOCIIeI0BATEIbHOCTH:
1) wu3MeHsTh mapamerp, B (YHKIIMHA KOTOPOTO aHATU3UpYyeTcs auHamudeckoe kadectBo CAY B
JarnasoHe, yKa3aHHOM B 3aJlaHHH;

2) ecnu B pe3ysbTaTe BBIMOJHEHMS 1.1 He ymaeTcs obecrnednTh mocTossHCTBO CAY, yMeHbIIATh
koa¢¢uimeHT nepeaaun npsamoro kaHaina CAY 3a cuerT yMmeHbIIEHUS KOdPUIUEHTa YCHICHUS
TPaH3UCTOPHOTO (TUPHCTOpHOrO) TpeoOpazoBatens. IllomydyeHHBI TakuM 00pa3oM HOBBIN
K03 QHUIIMEHT 3aHECTH B UCXO/HBIEC JaHHBIE C COOTBETCTBYIONIMM KOMMEHTAPHEM.

Tabauya 7.1. — Ucxoonvie Oannvie
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200 | 30000 | 100 | 1200 | 200 | 30 | 0.001 20 | 0.8 | 0.003 | 0.01
180 | 28000 | 90 | 1400 | 180 | 45 | 0.002 30 | 0.9 0005 | 0.02

160 | 26000 | 70 | 1000 | 160 | 60 | 0.003
140 | 24000 | 60 | 800 | 140 | 75 | 0.004
120 | 22000 | 50 | 900 80 80 | 0.005
100 | 20000 | 40 | 600 | 100 | 45 | 0.006
80 | 23000 | 30 | 700 | 110 | 60 | 0.007
60 | 25000 | 55 | 1100 | 120 | 75 | 0.008
40 | 27000 | 65 | 550 90 30 | 0.002
20 | 29000 | 8 | 750 | 130 | 45 | 0.004

40 | 1.0 | 0.007 | 0.03
50 |1.1 0010 | 0.04
60 | 1.2 |0.008 | 0.05
70 | 1.3 0009 0.01
80 | 0.7 | 0.006 | 0.02
90 | 0.6 | 0.004 | 0.03
100 | 1.5 | 0.003 | 0.04
110 | 1.8 | 0.005 | 0.05
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Cooepotcanue npomokxona

B nporokoe npencraBuTh CTPYKTypHYIO cxemy uccneayemond CAY ¢ HCXOIHBIMU TaHHBIMU,
Konuio MHTepdeiica Mpu MOACTUPOBAHUU, TAONHIIBI SKCIEPUMEHTANBHBIX JaHHBIX, TpauKu
COOTBETCTBYIOLIMX 3aBUCUMOCTEMN. BBIBOIBI.

Jladoparopnasi padora Ne 4. UcciienoBanue BIUSIHUA acTaTu3Ma Ha KayecTBO CAY

Lenv pabomuwi: Ilpuobpemenue npakxmuiecKkux Ha8bIKO8 IKCNEPUMEHMATbHO20 ONpeOeieHls]
napamempog [ IH-pezynsamopa.

Teopemuueckasa uacmpo

Uccnenyrorcss nBe CAY: wucxogHas cucteMa C acTaTU3MOM —TIEPBOTO  TOPSIIKa,
npeoOpaszoBanHas (¢ [TM-perynsTopom) — cuctema ¢ acTaTu3MOM BTOPOTo nopsijika. M3BeCTHO, YTO
JUISL OIICHKM TOYHOCTH AaCTAaTUYECKUX CHUCTEM BTOPOTO TOPSIKA HCIOJIB3YETCs YIPaBIISIOINIEe
BO3/ICIICTBHE B BHJIE CUTHAJIA C TIOCTOSIHHBIM yckopeHueM. [Ipu TakoM pesxxrMe paboThl acTaTudecKas
CHUCTEMa BTOPOTO TIOPSAIKAa WUMEET OIMMOKY, IO BEIMYWHE KOTOPOW MOXKHO IPOBOJUTH OIECHKY
kauectBa CAY U npoiiecca peryiupoBanus. Y CTaHOBUBIIAsCS ormrbka actatuueckoit CAY nepBoro
MOPsIIKa B ATOM cliydae Oy/IeT CTPEMUTHCS K OECKOHEUHOCTH.

3aoanue

B cootBeTcTBUM ¢ BapuaHTOM (Tab1.8.1) mpoBecTH Claeayromue necaea0BaHusl.

1. YcTaHOBUTH SKCIEPHUMEHTAIbHO MHUHUMAIbHOE 3HA4YCHHE MOCTOSHHOW Bpemenu I[IM-
perymnsTopa, pu kotopoir CAY Tepsier ycTondnBoCTh. ONpeAenuTh AUana3oH U mar H3MEHEHHS
MOCTOSTHHOM BpEMEHH T, U TOJITOTOBUTH TAOIHILY SKCIIEPUMEHTAIBHBIX U PACUETHBIX TAHHBIX.

2. IIpoBecTH PKCIIEPUMEHTHI IPU CTATHIECKOM PEXHME PaOOTHI M PaCCUMTATh KOMIUICKCHBIN
kputepuii kauectBa CAY c [IU-perynstopom.

3. Y6enuthcs B ycTpaneHuu ckopoctHoi ommoku anst CAY c [TU-peryasitopom.

4. TIpoBecTH SKCHEPUMEHTHI TPU JBUKEHHH C TOCTOSSHHBIM YCKOPEHHUEM U OINPEACIUTh
TOYHOCTb PETYJIUPOBAHMUSL.

5. OO0paboraTh  pe3yJabTaThl  JKCHEPUMEHTAIBHBIX  HWCCIECNOBAaHWMH U  TMOCTPOHTH
COOTBETCTBYIOIIHE TpadUKH.

Tabauya 8.1. Hcxoouwie oanmvle
[lepBas | VYcumurens-npeoOpazoBatens | Bropas JlBuraresnb
uudpa Ky \ Ty, C uudpa | Ky, pao/cB | Ty c




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

Cooepicanue npomokona

B mporokone mnpeacraBuTh CTpyKTypHble cxembl ucxoaHod CAY wu cucremsl ¢ [IU-
PEryasTOpoM, HCXOJHbIE JaHHbIE, KOMMIO UHTepdeiica s KaKoro-mmdo pexuma padoThl, TaOIUIy
OKCIEPUMEHTAIBHBIX W PAaCYETHBIX JaHHBIX; Tpa(UKH SKCIEPUMEHTAIBHBIX 3aBUCHMOCTEH.
BriBoasl.

TunoBoi npuMep 3a1aHus

JlabopaTopnasi padora Ne 4. UcciiefoBanue BIAUSIHUS acTaTu3Ma Ha KadyecTBo CAY

Llenv padomui: [Ipuobpemenue npakmuveckux HAGbIKOE IKCNEPUMEHMATLHO20 ONnpeoeeHUs
napamempog IIH-pezynsmopa.

Ilpakmuueckaa uacmp

Ha puc.8.1 mnpeacraBnen uHTepdeic NpUKIAIHOW NPOTpamMMbl, C TMOMOULIbIO KOTOpPOH
BBIIIOJIHSIFOTCS DKCIIEpUMEHTalIbHbIE uccienoBanus. [Iporpamma «IIM perynarop» HaxomuTcs Ha
nucke. MHCTpYKIIMU M MOSICHEHUS JUIsl pabOThI ¢ IPOrpaMMOii cojieparcs B caMoil mporpamme u
HOSIBJISIFOTCS] HA SKpaHe MOHUTOpA Mpu Hakatuu KHonku Help.

[Tocne aktuBuzanuu npuknagHod mnporpammsl «CAY c [IM-perymaropom», KoTopas
HaXOJUTCS HAa JUCKE, Ha TJABHOM MHTepdeiice 3aJaroTcsi UCXOAHbIE JAHHBIE B COOTBETCTBUH C
BapHaHTOM.

IIpn wccnenoBaHMM BIUSHHAA TIOCTOSHHOM BpeMeHn [IM-perymsaropa Ha kadecTBO
pETyJINPOBAHUS YCTAHOBUTH CTATUUECKUN PEKUM M NMPOBECTH CEPHUIO SKCIIEPUMEHTOB JUIsl OLEHKU
KOMIUIEKCHOTO KpuTepusi A KaudecTtBa, B COOTBeTCTBHU ¢ (opmynon (5.2). H3mepenue
HKCIEPUMEHTAIbHBIX JaHHBIX, HEOOXOAUMBIX JUIS pacueTOB, IPOBOAUTCS MO ocLmiIorpammam. [Ipu
9TOM JIJISl UCXOJHOU CHCTEMbI KOMIUIEKCHBIN KpUTEpUil A paccuuThIBaeTCs OAUH pa3, a g CAY ¢
[T1-perynsTopoM — Al BCero BHIOPAHHOTO JAMANa30Ha HM3MEHEHHs! TOCTOSHHOW BpEMEHH .
Jnana3oH M3MEHEHUs TMOCTOSHHOW [, BPEMEHM OMpenemsieTcs OT 3HadeHus, mpu koropom CAY
CTaHOBMTCS HEYCTOMYMBOM, B CTOPOHY YBEIMYEHHUS. DKCIIEPUMEHTAIIBHBIE JaHHBIC 3allMCHIBAIOT B
TabJIMIy, TPUMEpP KOTOPOU MpeICTaBIeH HUXKE.

Tabnuya 8. 1. Dxcnepumenmanvrvle u pacuemuvle OaHHbLE

N | T ¢ CraTndecKkuil pexxum JIBMXK. C IOCT yCKOpEHUEM
B " Omax, 2pad | Iy, ¢ A oa, 2pao

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

5 04 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 HeycTOUMBa




3aTeM BBLIOMpaeTCs 3aKOH JBUKEHMS C TIOCTOSHHBIM yckopenueM (2 pan/c?). Ha puc.8.1 Ha
n300pakeHnH ocuuiorpadoB TMHUEH 1 0003HaUEH 3aKOH ABUKEHMS, KOTOPBIN 3a/1a€TCsl, a TMHUEH

2 — (hakTUYEeCKU 3aKOH JBM)KEHUS, BOCIIPOU3BOJUMBII pab0uuM OpraHoMm.
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Puc.8.1. Hccneoosanue enuanus nocmoannoi epemenu INH-pezynamopa
Ha moynocmp CAY

[Ipy BBINOJHEHUM SKCIIEPUMEHTOB ONPEIENAETCS 3aBUCHMOCTb YCTAaHOBUBILEHCS OLIMOKHU
yepe3 | ¢ mocie Hayana MEpeXOAHOro mporecca OoT mocTosHHOW T, Bpemenu IIM-perymstopa.
Pexomenayercs HauMHATh YKCIIEPUMEHTHI C MAKCHUMAJIBHON BEJIMYMHBI ITOCTOSTHHOW BpeMenu [111-
peryssaTopa, a 3aTeM MOCTENeHHO, COIJIaCHO BEIOPAHHOMY IlIary, YMEHBIIATh €€ J0 BeIHYUHBI, IpU
KOTOPOM CUCTEMA TEPSIET YCTOMYMBOCTb.

Ha puc.8.1, a mpencraBieH uHTepdeic NPUKIAAHON MporpaMmbl HpU MOJETUPOBAHUU
UCXOJHOMN cucTtemsl (creBa) U cucteMsl ¢ [IM-perynstopoM, KOTOPBI HMEET OCTOSTHHYIO BPEMEHU
0,7 c. OmmbKa UCXOIHOH CHCTEMBI, KOTOpasi ycTaHOBHIach yepes 1 ¢, papusercs 13,4°, a ommbka
cucremsl ¢ [TU-perynatopom — 8,1%. Kpome TOro, MosieTMpoBaHue MO3BOISET YOSTUTHCS, UTO IS
UCXO/IHOM cHcTeMBbl OIIMOKa C TeYUEHHEM BPEMEHH YBEJIMYUBAETCs, TO ecTh Takasi CAY He criocoOHa
pabortath B 3ajaHHOM pekume paboTel. [IpeobpazoBannas CAY OyneT noaaepKuBaTh MOCTOSHHOE
3HaYeHHWE YCTAHOBMBILEHCS OIIMOKH. I'paduku 3KCIEpUMEHTAIBHBIX 3aBUCUMOCTEH OLIMOKH,
KOTOpasi yCTaHOBWJIACh 4yepe3 1c¢, M KOMIUIEKCHOTO KpuTepus kadectBa A OT T, MOCTPOEHHBIE IO
U3JI0O)KEHHOW METOJuKe, NpeacrasieHbl Ha puc.8.2. Tam jxe, nis cpaBHEHUs, NPSMOW JIMHHUEH,
napajuieIbHOM ocH abcIucce, MOKa3aHo 3HaYeHHE KOMIUIEKCHOTO KPUTEPUSI ISl HCXOJTHOM CHCTEMBI.
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Puc.8.2. 3asucumocmo ycmanoeusuieiica ouwiuoku (uepes Ic) u kpumepusa A
om nocmosannou epemenu IH-pecynamopa



VYMeHblIeHHe NOCTOSHHOW BpeMeHu [IM-perynstopa moJIOKUTENBHO BIUSET HAa TOYHOCTH
CHCTEMBI, HO IOCII€ HEKOTOPOW BEIMYMHBI NOCTOSIHHOM Bpemenu [T -perynstopa cucrema tepsier
YCTOMYHMBOCTb, TO €CTh CTAHOBHTCS HE CIIOCOOHOH K (YHKIMOHUPOBaHHWIO. Takoi clrydai
3aduKkcupoBaH Ha puc.8.1, 0, koraa moctossHHAs Bpemenu 1,< 0, c.

7.3. OueHouHble CpeACTBa IS NMPOMEKYTOUHON ATTECTAIMM MO HMTOraM OCBOEHMS
JUCHHUILIHHBI

7.3.1. Bonnpochl K IPOMEKYTOYHOM aTTecTalu

Cemectpb

Ne

u/n Bompocsl k 3auery

1 OCHOBHBIC TIOHSITHS U OTIPEIICIICHUS

2 CopepxaHue MOHSATHI: «CUCTEMA YIIPABICHUSN», KOOBEKT YIPABICHUS», KYPABISAIONINEC U
BO3MYIIAIONIUE BO3JCHCTBUSY, «YIPABISIFOIINE KOOPIMHATHD)

3 Knaccugukaius cucteM aBTOMEXaHUYECKOTO YIIPABICHHUS

4 [TpuHIMIT PAa30MKHYTOTO YITPABJICHUS. Y TIPABICHUE 110 BO3MYIIECHUIO U OTKIIOHCHUIO

5 OCHOBHBIC BUJIbI AJITOPUTMOB (D)YHKIIMOHHPOBAHUS

6 Knaccugukaius cuctem 1o xapakrepy nepeadn CUTHAJIOB

7 Knaccugukaius cuctem 1o OCHOBHBIM BUJIaM YPaBHEHUH JTMHAMHKH ITPOIECCOB
yIIpaBICHUS

8 MatemaTtuueckoe onucaHue TUHHEHHBIX CHCTEM

9 Maremaruueckoe MojienrpoBanue diaemMeHToB CAY

10 | Knaccuduxanus snementoB CAY. CrtaTucTHYECKHE I TUHAMUYECKHE XapaKTePUCTHKH
DJIEMEHTOB

11 | JIuneapuszanus HeMMHENHHBIX AU PepeHInaNIbHbIX YPaBHEHUN JUHAMUYECKUX PEKUMOB
pabotel anemMeHToB CAY. CranaapTtHas ¢opma 3anucu auddepeHnalbHbIX YpaBHEHUH

12 | OcHoBHEBIE cBOMCTBA IpeoOpazoBanus Jlammaca

13 | XapaktepucTuKU AMHAMUYECKuX 3BeHbeB CAY

14 | IlonaTue o TMHAMUYECKOM 3BEHE. XapaKTepUCTUKN AUHAMUYECKOTO 3BE€HA, IepeAaTOYHbIE
(yHKLMH, YaCTOTHbIE XapaKTEePUCTUKH (aMILTUTYAHbIE U (a30BbIe), JorapudmMudeckue
YaCTOTHBIE XapaKTEPUCTUKHU, BPEMEHHBIE XapaKTEPUCTUKH (IIEPEXOIHBIE U BECOBBIE)

15 TumnoBele IMHAMUYECKHE 3BEHbS U UX XAPaAKTCPUCTHKHN

16 | CtpykrypHas cxema CUCTeMaTHUeCKOro yrpasyieHusi. OCHOBHBIC MTPpaBHiIa PeoOpa3oBaHuUs
CTPYKTYPHBIX CXEM: MOCJIC0BATEILHOE COCAMHECHUE 3BEHBEB; MAapaJLICIIbHOEC COCTMHCHUE
3BEHBEB; 3BEHO, OXBAYEHHOE 00OPATHOM CBSI3bI0; IEPEHOC CyMMATOPa; MEPEHOC y3Ia,
MIEPECTAHOBKA Y3JIOB U CYMMAaTOPOB

17 | Boruucnenue nepenaToYHbIX (PYHKIMKA U YACTOTHBIX XapaKTEPUCTUK OJTHOKOHTYPHOH U
MHOTOKOHTYPHOM pa30MKHYTOU cuctemsl. [lepenaTounsie GyHKIUY U yIpaBieHUE
3aMkHYTOM CAY. YacTOTHBIE XapaKTEPUCTUKH 3aMKHYTON CHCTEMBbI

18 | MaTtemaTndeckoe MOJICTMPOBAHUE M COCTABJICHUE CTPYKTYPHOH CXEMBI

19 | YcToituuBOCTh CHCTEM aBTOMATHUYECKOTO yrpasieHus. [lonsaTue ycroitunBocTu
JMHEapU30BaHHbIX cucTeM. Heobxoammoe 1 JOCTaTOYHOE YCIOBHUE YCTOWYMBOCTH

20 | Anrebpanueckue kpurepun yctoiunoctu Payca u I'ypBura

21 | YacToTHbIe KpUTEepuHU ycTOHYUBOCTH. [IpuHnmn aprymenTa. Kpurepun ycroiunBocTr
MuxaiinoBa A.B. IToctpoenue obnacteii ycroitunBocti. [lonsrue o JI-pa3ouenun

22 | Kpurepun ycroitunBoctn HaiikBrcTa. AHaIN3 YCTOMYMBOCTH I10 JIOTAPHU(PMUYECKUM
YaCTOTHBIM XapPaKTCPHUCTUKAM




BOHpOCLI K 3a49€Ty

n/n

23 | YcTOoWYMBOCTh CUCTEM C 3ala3/ibIBAHUEM

24 | MeTonpl OTICHKH KadecTBa perynupoBanus CAY

25 | Ilonsatue o kayecTBe npouecca ynpasieHusa. OlieHKa KauecTBa CUCTEM YIPABJICHUS B
yCTaHOBHUBIIMXCS pexnmMax. [TocrostHHbIe OmIMOKH. ACTaTH4eCKHe CUCTEMBl. TOUYHOCTh TpU
rapMOHUYECKOM BO3J€HCTBUU. Y CTaHOBUBLIMECS OUIMOKU IPU MPOU3BOIBHOM BO3JI€HCTBUH,
KOd(UITUEHTHI OITNOO0K

26 | OueHkH KadyecTBa Nepexo Horo npouecca. OLUEHKH KauecTBa IpoLecca Ipy BO3AEHCTBUM
CTYHEeHYaTON QyHKIUHU

27 | YacToTHBIE METO/bI OLICHKH KauecTBa peryiarpoBanus. OleHKa KayecTBa peryJnpoBaHus 1o
aMILIUTYIHO-4aCTOTHON XaPAaKTEPUCTUKHU 3aMKHYTOM CUCTEMBI; 110 BEIIECTBEHHOMN
YaCTOTHOW XapaKTEpUCTUKE 3aMKHYTOM CUCTEMBI; C IO aMIUIUTYAHO-(ha30BOM
XapaKTEpUCTUKE PAa30MKHYTOW CUCTEMBI; MO JIOTapU(PMUUECKUM YaCTOTHBIM
XapaKkTepUCTHKAM

28 | KopHeBble OIIEHKHM KauecTBa PEryIMpOBaHUs

29 | Cunre3 CAY 1o 3a1aHHBIM TIOKa3aTeNsIM KayecTBa MpoIiecca yIpaBIeHUs

30 | IloBbllIeHHE TOYHOCTH B YCTAHOBUBILIMXCS peXKUMax U o0ecriedyeHne yCTOWIMBOCTH U
KayecTBa YIPABJICHUS CUHTE3UPYEMBIX CUCTEM 3a CUET U3MEHEHMSI IApaMETPOB CUCTEM U
IyTEM BBEJICHUS] KOPPEKTUPYIOIIUX YCTPONUCTB

31 | Cucrema aBTOMATHYECKOTO YIPABICHHSI MPOJOIBHOM 1Moiaueld Npyu TOYCHUU

32 | CucteMa aBTOMAaTHYECKOI0 YIIPABJICHUs IONIEpeYyHON oayueil pu Bpe3HOM IIIHM(OBAHUU

33 | Cucrema aBTOMATHYECKOTO YIPABICHHS IOBOPOTOM pabOYero oprana npOMBIIIJICHHOTO
pobota

34 | CucreMa aBTOMAaTHYECKOTO PETYIIMPOBAaHUS pa3Mepa AeTaid Ha OECIIEHTPOBO-
HITM(OBATHHOM CTAaHKE

35 | CucrteMa aBTOMaTHYECKOI0 AUCTAaHIIMOHHOT'O YIPABJICHUs MAHUITYJISITOPOM

36 | CucreMa aBTOMATHYECKOTO YIPABICHHSI THIPABINIECKAM CYITIOPTOM TOKAPHOTO CTaHKa

37 | CucteMa aBTOMaTHYECKOI0 YIPaBJISHUsI ITo1auell pu Gppe3epoBaHUM

38 | Cuctema aBTOMATHYECKOTO YIPABIICHHsI TPOJOIBHOM MMo1auel Ipy CBEpIICHUN

39 | ConeprxaHue NOHATHI: «CUCTEMa yIPaBIEHUS», «OOBEKT YIPABICHUAY», «YNPABIAIOIINE U
BO3MYILAIONIME BO3JICHCTBUSA», «YHPABISIONINE KOOPAUHATHI

40 | Knaccudukarysi CucTeM aBTOMEXaHHYECKOr0 YIpaBJIeHUs

41 | IlpuHIMI pa30MKHYTOrO YIpaBieHus. YIpaBJIeHHE 0 BO3MYIICHUIO U OTKJIOHEHHIO

42 | OCHOBHBIE BHJIBI AITOPUTMOB ()YHKITMOHUPOBAHHSI

43 | Knaccudukaiys cucTeM o XapakTepy Nepeadd CUrHaJIOB

44 | Knaccudukanus CUCTEM 110 OCHOBHBIM BHUJIaM YpaBHEHUI TMHAMUKHU IIPOLIECCOB
yIpaBJIeHUS

45 | MaTemaTnueckoe ONnMcaHue JMHEHHBIX CUCTEM

46 | MaremaTtuyeckoe MojieTupoBaHue ieMeHToB CAY

47 | Knaccudukanus snementoB CAY. CtaTucTHuecKre U TUHAMUYECKUE XapaKTEPUCTUKU
DJIEMEHTOB

48 | Jluneapu3zaiys HeMMHEHHBIX U PepeHIINaNbHbIX YPABHEHNUH THHAMUYECKUX PEKUMOB
pabotsl anemMentoB CAY. CranmapTtHas popma 3anucu 1uddepeHaabHbIX ypaBHEHUN

49 | ConeprkaHMe OHATHI: «CUCTEMa YIIPABICHUSN», «OOBEKT YIPABICHUA», KYIPABISAIONINE |
BO3MYIIAIONIME BO3ACHCTBUSY, «YNPABISIIOIINE KOOPIUHATHD)

50

Knaccugukaius cucteM aBTOMEXaHUYECKOTO YIIPABICHUS




7.3.2. Kputepuu 4 HOPMbI OLEHKH

Cemectp

dopma
NMPoBeIeHUs
MPOMEKYTOYHOM
arTecTalnu

Kpurepun u HOpMbI OLIEHKHU

3ader (yCTHO)

«3a4YTCHO»

WCYUEPIIBIBAIOIINE OTBETHI HA
BOIIPOCHI K 3a4€Ty U Ha
JIOTIOJTHUTEIIbHBIE BOIIPOCHI,
BBITIOJTHEHBI BCE TIPAKTHUECKUE U
sabopaTopHbBIE PAOOTHI

«HEC 3a4TCHO»

HEIPAaBUJIbHBIE OTBETHI HA
BOIPOCHI K 3a4eTy; MPAKTUYECKUE
1 1abopaTopHbie padOThHI
BBITIOJTHEHBI HE MOJTHOCTHIO (HE
BBITIOJIHEHBI)




8. YueOHo-MeTOoAuYecKoe 1 MH(OPMAIITUOHHOE 00ecTiedyeHue U CIIUTIITUHbI

8.1. O0si3aTesibHAA JIUTEPATYpPa

Tun (yueOHuK, ydeOHOE

KoanuyecTBO B

HAY4YHOH
Ne nocooue, yueoHo-
ABTOPpBI, COCTABUTEH 3arsaaBue (3aroJioBok) I'ox n3panus ounoamnorexe /
n/n MeToIMYecKoe nocooue,
HaumenoBanue
NPaKTHKYM, JP.) 3EC
1 | C. M. bparas [u ap.] ABTOMaTHUYECKOE YIIpaBJIEHHUE IIpoleccaMu | Y4eOHUK 2017 9bC
MEXaHU4YECKOH 00pabOTKU "ZNANIUM.CO
Mll
2 | A. W. Eropos, JI. H. BBeznenue B Teopuio yrpaBieHuUs YyeOHoe nmocodue 2017 OBbC "Jlanp"
3HaMeHCKas CHCTEMaMH C pacipeaeICHHBIMH
napamMeTpamu
3 | O.B.Hoc Teopust aBTOMaTHYECKOTO YIIPABICHUS. Y4eOHoe mocodue 2019 9bC
Teopus ynpaBneHust 0COOBIMHU JTUHEHHBIMU "ZNANIUM.CO
Y HEJIMHENHBIMHU HENIPEPBIBHBIMU M"
cHUCTeMaMH
4 | E. D. Crpammnaus, A. /1. Teopust aBTOMaTHYECKOTO yIIPABICHUS YaeOHHuK 2019 3BC
3akoismud, C. I1. "ZNANIUM.CO
Tpodumos, A. A. FOpnora M"
8.2. lonotHuTEIBHAS JIATEPATYPa
Tun (yueOHuK, yyeOHOE KOHH%CTEO °
HAY4YHOH
Ne nocooue, yueOHo-
ABTOpBI, COCTABUTEJIH 3arsiiaBue (3aroJi0BoK) TI'ox u3panus ondamortexe /
n/m MeToAnYecKoe mocooue,
HaumenoBanue
NPaKTHKYM, JP.) 3EC
1 | IO.B. Ilerpakos, O. U. Teopust aBTOMaTHYECKOT'O YITPABICHHS Y4eOHoe mocodue 2009 OBC "Jlanp"
JlpaueB TEXHOJIOTHYECKUMU CUCTEMaMHU
2 | B. A.T'ynses, A. O. Teopust aBTOMaTHYECKOTO yIIPABIICHUS Y4eOHO-MeToTnYecKoe 2008 138

Hpaues, 0. B. Ilerpakos

TEXHOJIOI'MYCCKUMHU CUCTCMaMH

nocooue







8.3. Ilepeuennr mpodeccHOHATBLHBIX 0a3 JAHHBIX M MH(POPMANHOHHBIX CHPABOYHBIX
cucTeM

— Google Scholar — mouckoBast cuctema 1o Hay4HOM JUTEpaType. Brirouaer cTaTbu KpyImHBIX
HAyYHBIX W3/IaTENIbCTB, apXUBbI MPENPUHTOB, MyOIUKALUKA Ha CalTaX YHHUBEPCUTETOB, HAyYHBIX
0O0IIECTB M APYTrUX HAYYHBIX Opranu3anuii. Mimer craTeu, B TOM YUCIIe U HA PyCCKOM s3bIke. UTo He
MaJIOBaXXHO, PACCUUTHIBAET UHACKC LIMTUPOBAHUS IMYyOJMKAalUNA M TO3BOJSET HAXOJIUTh CTATbH,
CoOJIeprKalllie CChUIKM Ha TE, YTO YK€ HallIeHbI

—Poccuiickas rocymapcrBenas ouoanoreka (PI'B), r. Mocksa — http://www. rsl.ru

—WNudopmarnmonnas cucrema "EawmHOe OKHO nocTyma K oOpa3oBarelnbHBIM pecypcam”
co3naHa 1o 3aka3y denepaabHOTO areHTCTBa 1Mo oOpa3zoBanuio B 2005-2006 rr. Ha manHbIN epuoa
B Db yxe coOpano 6omee 11 Thic. yueOHBIX MaTepHalioB pa3auuHbIX By30B Poccun. B OK — Gonee
30 ThIC. onmucaHuii, a Tak ke ecTh "['noccapuit" m pazmen "Cucrema HOBOCTEH" MO Ha3BAHHOM
TEMaTUKe. DTO YHUKAIBHBIH 00pa30oBaTelbHBIN MPOEKT B pycckosizbiuHoM WHTepHete. [lomHbiid
JIOCTYI KO BCEM pecypcam, BKIFOUasi MOJTHOTEKCTOBbIE MaTepuasbl OMOIUOTEKH, MIPEI0CTaBISAETCS
BCEM I10JIb30BaTEIISIM B CBOOOAHOM pesknume — http://window.edu.ru

—HuTepHeT-6ubnnoTexka 00pa3oBaTENbHBIX HM3AHUM, B KOTOPOW COOpaHbI 3JIEKTPOHHBIC
y4eOHUKH, CIIPAaBOYHbIC M y4eOHbIe MTOCOOHs. Y JOOHBIN MOKMCK MO KJIIOYEBBIM CIOBaM, OTICIbHBIM
TEeMaM M OTpacisaM 3HaHus — http://www.edulib.ru

8.4. [lepeuenb nporpaMMHOro odecrneyeHust

Ne HanmenoBanue I10 KouaunvecTBo | PekBu3uTHI 10roBopa (nara,
n/n JIMICH3UH HOMep, CPOK JAeHCTBHA)

1 Windows: noroop Ne 757 ot 04.07.2018,
WinPro 10 RUS Upgrd OLP NL Acdmc CPOK JeHCTBHS — OECCPOYHO;

KOHTpakT Ne 1653 ot
14.12.2018, cpok neicTBUs —

OeCcCpoYHO
2 Office Standard:
Office Stdandard 2013 Russian OLP NL KOHTpakKT Ne 690 ot
AcademicEdition 19.05.2015, cpok neiicTBus —
OeccpovHO

Office Stdandard 2016 Russian OLP NL
AcademicEdition noroBop Ne 757 ot 04.07.2018,
CpOK ,ZLCI>'ICTBI/ISI — 6CCCp0‘lHO

Office Stdandard 2016 Russian OLP NL

AcademicEdition KOHTpakT Ne 727 ot
20.07.2016, cpox nercTBUs —
06eccpoyHo

3. KOMIIAC-3D v 18 (IlpoextupoBanne | 250 KoHTpakT Ne 1198 ot
Y KOHCTPYUPOBAHUE B 18.11.2019, cpoxk nercTBUs —
MaITUHOCTPOEHUN ) OecCpoYHO

4. Mathcad Education - University Edition | 25 KOHTpakT Ne 469 ot
Subscription (25 pack) 05.06.2020, cpok aeicTBUS —

06eccpouHO



http://window.edu.ru/
http://www.edulib.ru/

00pa30BaTeIbHOIO MPoIecca Mo THCIUTIINHE

8.5. Onucanne MarepHaJbHO-TEXHHMYECKON 0a3bl, HEOOXOAMMOM ISl OCYLIECTBJICHUSI

HanmeHnoBaHue 000py10BAHHBIX YUeOHBIX
Ka0MHETOB, JIa00paTOPHii, MACTEPCKHUX H

Ne Ap. 00bEKTOB /1JIsl IPOBE/ICHUs!
N IlepeyeHb 0OCHOBHOIO 000PY10BAHMS
n/m | NPakTUYeCKUX U Ja00paTOPHbIX 3aHATHIM,
NMOMELIEeHUH VI CAMOCTOATEILHOMN
padoThl 00yYarommxcs (HoMep ayAuTOPH)
KomnerorepHsiil kiacc. ITepeHOCHOI POEKTOP, IKPaH,
VYuebHas ayauTopus Ui IPOBEACHU 3aHATUI | KOMIIbIoTepHble CTOJIBI, CTOI
JIEKLMOHHOI'O THUIIA. IIpenoaaBaTebCKUM, CTYIbs, 10CKa
VYuebHas ayaAuTOpus Ui IPOBEACHUS 3aHATUH | ayauTopHast, CTOJbl yueHUUECKUe
CEMHMHApPCKOIo TUIIA. nByxmectHsle, [IK
VYuebHasgs  ayauropuss  UIi  KypCOBOTO
MIPOEKTUPOBAHMS  (BBIMOJIHEHHUSI KYPCOBBIX
1 | pabor).
VYyeOHast  ayautopust i HPOBEACHUS
IPYIIOBBIX U WH/IUBUYaJIbHBIX
KOHCYJIbTALIUH.
VYuebHas ayaAuTOpUs 1Jis IPOBEACHUS 3aHITUI
TEKYIIEro KOHTPOJII U  IPOMEXYTOUHOMN
arrectanuu. (E-306)
VYuebHas ayautopus i nposeieHus 3ausatuil | Cton npenogasarenbekuid, CTObI
JIEKIMOHHOIO TUMNA. YueOHasi ayAUTOpHs IJs | yYeHUYECKHE IBYXMECTHbIE (MOHOOJIOK) ,
MIPOBE/ICHUS] 3aHATHUH CEMUHApCKOTO THIIA. | CTYJIbA, I0CKa ayIUTOpHas (MenoBas),
VYyeOnast  ayauTopuss A KypcoBoro | kadeapa, IpoeKTop, 3KpaH, Ipoieccop,
MPOEKTUPOBAHUS  (BBIIOJIHEHUS KYPCOBBIX | IIKa(]bI
2 | pabot). YuyeOHas ayquTOpus TS TIPOBEICHHSI
IPYNIOBBIX U WH/IMBUYaJIbHBIX
KOHCyJbTallMil. VYueOHas ayautopus JUis
IIPOBEJEHUS 3aHATUH TEKYLIETO KOHTPOJIA U
npomexyrouHoi arrecraimu. (E-309)
3 [Tomemenne st caMocTosATeNbHOM paboThl | CTOMNBI, CTYIIbS, KOMIIBIOTEPHI
cryaentos (I'-401)
[Tomemenne st camocTosATenbHOU paboThl | Jlocka aynuTopHas (MenoBasi), CTOJIBI
4 | obyuaromuxcs (C-508) YUYEHUYECKHUE, CTOJI TPENOJaBaTENbCKUM,

CTYJIbS, CTEH]IbI, MIKaQBI.
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