MMHUCTEPCTBO HAYKHU U BBICHIEI'O OBPA30OBAHM S POCCUMCKOM ®EJEPAITN
deneparbHOE TOCYAAPCTBEHHOE 00 PKETHOE 00pa30BaTEIbHOE YUPEIKICHNUE
BBICIIET0 00pa30BaHUs
«TONBATTUHCKUHN TOCYIapCTBEHHBI YHUBEPCUTET

b1.B.17

(undexc Oucyuniumvl)

PABOYASA ITPOI'PAMMA JIUCHUIIJIMHBI

TEOPUA ABTOMATHYECKOI'O YIIPABJIEHUA

(Haumenosanue OUCYUNIUHbL)

I10 HAINPaBJICHUIO MOATOTOBKH (CHEUAIILHOCTH)

15.03.05 KOHCTPYKTOPCKO-TEXHOJIOTMUYECKOE OBECIIEYEHUE
MAIINHOCTPOUTEJIBHBIX ITPOU3BOACTB

HaIpaBJIECHHOCTH (MPOQUIIb)/CrIeIuaTu3 A

TEXHOJIOT' A MAIIIMHOCTPOEHU A

dopma o0ydeHus: OUHAs
I'ox mab6opa: 2020
O6mas Tpynoemkoctsb: 4 3ET

Pacnpe)le.ﬂe}me YaC0B JUCHUIIMHBI IO CEMECTPpaM

Cemectp 6

®opma KOHTPOJIA 3a4yer Hroro
Bun 3ansaruit
Jlexuun 32 32
JlaboparopHebie 16 16
ITpakTnueckue 16 16
PykoBOJICTBO: KypcoBbie paboThI (1poekThi) / PI'P
[TpomMexxyTouHast aTTecTanus 0,25 0,25
KonraktHas pabota 64,25 64,25
CamocrosiTenpHas pabora 79,75 79,75
KoHnTpons
Hroro 144 144




Pabouyto mporpammy coctaBui(u):
noueHt kadenpsr OnTMII, goneHT, k.1.H., ['ynses B.A.

(OondxcHocmy, yueHnoe 3eanue, cmenensb, Pamunus 1.0.)

(Oondicnocmy, yueroe 36anue, cmenetsb, @amunus U.0.)

PenenzupoBanue paboueii mporpaMMbl TUCHUTUIMHBL:

OtcyTcTBYET

Peniensent

(Oondicnocmy, yueroe 36anue, cmenetsb, Qamunus U.0.)

PaGouas mporpamma aucuuminHel coctaBieHa Ha ocHoBanuu @I'OC BO u yuebHOro mniaHa
HaIpaBJICHUs MOATOTOBKH (CIEIUATBLHOCTH)
15.03.05 KOHCTPYKTOPCKO-TEXHOJIOTHYECKOe 00ecneYeHne MaIIMHOCTPOUTENbHBIX TPOU3BOJICTB

Cpok neiicTBus padoueii mporpaMMepl AucUUIIHHBI 10 «30» aBrycra 2024 r.

YTBEPXIEHO

Ha 3acenanuu kadenpsl / nenapramenra / mieHTpa
«O06opynoBaHue ¥ TEXHOJIOTUU MAIIMHOCTPOUTEIHLHOTO MTPOU3BOJICTBAY

(mpotokomn 3acenanus Ne 1 ot «30» aBrycra 2019 r.).



1. Ilean ocBOEHUN TUCIUILIHHDI

HGJIB OCBOCHUA JUCHUIIIIMHBI — OCBOCHUC 06H_II/IX IMPUHIIMIIOB U CPCACTB, HCO6XOI[I/IMBIX JJIsL
yipaBJICHUA AWHAMHYECKHUMH CHUCTEMaMU paanquﬁ (bHSH“IGCKOfI IpUpoOaAbl IMPUMCHHUTCIIBHO K
MPONU3BOACTBCHHBIM U TCXHOJIOTUYCCKUM IIPOLICCCaAM.

2. Mecto nucuumiuabl B ctpykrype OIIOITI BO

JIMCUMIUTMHBL M TMPaKTUKA, HAa OCBOGHUU KOTOPBIX Oasupyercs HaHHas JUCIUILIMHA!
«Bpicmias matemaTuka», «OCHOBBI TEXHOJIOTMH MAIIMHOCTPOCHUSY, «MeTaTIOpeKyIIe CTAaHKNY,
Ocnossl CAIIP».

JIMCUMIUTUHBL U TPAKTUKH, JUISI KOTOPBIX OCBOEHUE JIaHHOM TUCIUILUIMHBI HEOOXOIMMO Kak

MpCaACCTBYIOIICC: «ABTOMaTI/BI/IpOBaHHOC MPOCKTUPOBAHUEC TCXHOJOIMYCCKUX MPOLCCCOBY»,
«TexHonorus MAaIITUHOCTPOCHHUS.

3. Ilinanupyembie pe3yJibTaThl 00y4YeHUs

dopMmupyembie u
pMupy NHaukaTopbl 10CTHIKEHU S

KOHTPOJIMpYyeMbIe N IInanupyemMble pe3yabTaThbl
Kowll)nengiyunu KOMIICTCHIHH pyoﬁyqe}?nﬂy
(Koa 1 HAMMEHOBaHUE)
(Ko ¥ HAMMEHOBAHUE)

IIK-12: cnoco6HOCTH 3HaTh:
BBITIOJTHSATE PaOOTHI 110 - METO0JIOTHYECKHE OCHOBBI
IHArHOCTHUKE COCTOSHHUS (YHKITMOHUPOBAHMUS, MOJICTTUPOBAHUS
JUHAMUKH 00BEKTOB U CUHTE3a CUCTEM aBTOMATHYECKOTO
MAaIIMHOCTPOUTENBHBIX ympasienus (CAY);
IIPOU3BO/JICTB C - ocHOBHbIE MeToAbl aHasin3a CAY Bo
HCIIOJIb30BaHHEM BPEMEHHOM M YaCTOTHOI 00NacTsX,
HEOOXOJIMMEIX METOJIOB U crmocoObI cuaTe3a CAY,
CPEJICTB aHallu3a - TUTIOBBIE MAKEThI MPUKIIATHBIX

MPOrpaMM aHAJIH3a THHAMUYICCKIX

CHUCTEM,;
- KHHEMaTHUYECKYIO CTPYKTYPY H
KOMITOHOBKY CTaHKOB, CHCTEMBI
yIIpaBJICHUS] HMU;

- cpesicTBa JUIT KOHTPOJIS,
UCTIBITAHUMN, TUATHOCTUKHU U
QIAIITUBHOTO YIIPABJICHUS
000py/IOBaHUEM.

YMeTs:

- BBITIOJTHATH aHAIH3
TEXHOJOTHYECKHUX MPOIIECCOB KaK
00BEKTOB aBTOMATHU3ALUN U
yIpaBJICHUS;

- COCTaBJIATh CTPYKTYPHBIE CXEMBI, UX
MaTeMaTHYeCKHe MOJICTH KaK
00BEKTOB YIIPaBJICHHUS;

- HCIIOJIB30BAaTh OCHOBHBIE METO/IbI
MTOCTPOCHHSI MATEMATHICCKIX




®opmMupyembie U
KOHTPOJIUpYeMble
KOMIIETeHI[HH
(ko1 1 HAUMEHOBAHME)

NuaukaTopsbl J0CTHXKEHUS
KOMITeTeHIUI
(Koa 1 HAMMEHOBaHUE)

Ilnannpyemble pe3yabTaThl
o0yueHust

MOJIeIIeH MPOIIECCOB, CUCTEM, UX
JJIEMEHTOB M CHCTEM YIIPABJICHUS,

- paboTath ¢ KAKUM-JIH00 U3
OCHOBHBIX THIIOB IIPOTPAMMHBIX
CHCTEM, MpeTHA3HAYCHHBIX IS
MaTEeMaTHYeCKOT0 U UMUTAIIHOHHOTO
moaenuposanus Mathcad, Matlab.

Bnagers:

- HaBbIKAMHU ITPUMEHEHHUS JIEMEHTOB
aHaJIM3a 3TANoB KU3HEHHOT'O 1IMKJIA
IPOAYKLHMH U YIIPABJICHUS UMU;

- HaBbIKAMU HaJIaJIK1, HACTPOMKH,
pEryarpOBKH, 00CTYKUBAHUS
TEXHUUYECKUX CPEICTB U CUCTEM
YIIPaBJICHMUS;

- HaBbIKAMU O(OPMIICHHUSI
pE3yJIbTaTOB UCCIIENOBAaHUN U
IIPUHATUS PELICHUM.

[TK-18: cioco6HOCTH
y4acTBOBaTh B pa3pabOTKe
IporpaMM U METOJIUK
KOHTPOJISI ¥ UCTIBITAHUS
MAaIlIMHOCTPOUTEIbHBIX
W3ENUI, CPEACTB
TEXHOJIOTUYECKOTO
OCHAIIIEHUS, TUarHOCTHKH,
aBTOMaTH3alMU U
yIIpaBJICHUS,
OCYILECTBIISATh
METPOJIOTHYECKYIO
MIOBEPKY CPEICTB
U3MEHEHHS OCHOBHBIX
nokasaresel KkayecTBa
BBIITYCKaeMO# MPOIYKIINH,
B OLIEHKE e€ Opaka U
aHaJIN3e TPUINH
BO3HUKHOBEHUS,
pa3palboTke MeponpusTUit
0 €ro MpenyNpeKICHUI0
U YCTPaHECHUIO

3HaTh:

- METOJIBI M CPEJICTBA
FCOMETPHYECKOI0 MOJICTTHPOBAHUS
TEXHHYECKUX OOBEKTOB;

- TCHICHIIMM Pa3BUTHUS
KOMIBIOTEPHOU TpaduKH, €€ poJib U
3HaUEHUE B MH)KEHEPHBIX CUCTEMAX U
MIPUKJIAIHBIX TIpOrpaMMax;

- o0u1re TpeOoBaHuUs K
ABTOMATHU3MPOBAHHBIM CUCTEMAM
MPOEKTUPOBAHHUS,

- OCHOBBI TEXHOJIOTHYECKOTO
pEryJIMpOBaHUsI.

YMeTs:

- CTPOUTh MAaTEMaTUYECKHE MOJEITH
00BEKTOB YIIPaBJIEHUS U CUCTEM
ABTOMATHUYECKOTO YIIPaBIICHUS
(CAY);

- npoBoAuTh aHanu3 CAY, oneHuBaTh
CTATUCTUYECKUE U TUHAMUYECKHE
XapaKTePUCTHKHU;

- pacCUUTHIBATH OCHOBHBIC
KauecTBeHHbIE MokazaTenu CAY,
BBITIOJTHSATE: aHAIN3 €€ YCTOWYNBOCTH,
CUHTE3 PEeryysiTopa;

- pa3pabaThIBaTh aITOPUTMBI
LEHTPATN30BaHHOTIO KOHTPOJIS
KOOPJMHAT TEXHOJIOTHYECKOTO
00BEKTa,

- pacCYUTHIBATh OJTHOKOHTYPHBIC U




®opmMupyembie U
KOHTPOJIUpYeMble
KOMIIETEeHIHH
(ko1 1 HAUMEHOBAHME)

NuaukaTopsbl J0CTHXKEHUS
KOMITeTeHIUI
(Koa 1 HAMMEHOBaHUE)

Ilnannpyemble pe3yabTaThl
o0yueHust

MHOT'OKOHTYpPHBIE CUCTEMBI
ABTOMATUYECKOT'O PEryJIupOBaHUs
IPUMEHHUTENBHO K KOHKPETHOMY
TEXHOJIOTMYECKOMY OOBEKTY;

- HCIOJIb30BATh OCHOBHBIE
TEXHOJIOTUH TIepeadu HHpopMaIum B
cpeze JOKalbHbIX CeTel, CeTH
Internet.

Bnaners:

- HaBBIKaMU 0(pOPMIICHUS IPOCKTHOM
Y KOHCTPYKTOPCKOM JIOKyMEHTAllUu B
COOTBETCTBUU C TPeOOBAaHUAMU
ECK/;

- HaBBIKAMH MTOCTPOCHHSI CUCTEM
aBTOMATHUYECKOTO yIPaBJICHUS
CHCTEMaMH U TPOIIECCaMH;
HaBBIKAMU aHAJIM3a TEXHOJIOTHYECKUX
IPOLIECCOB KaK 00BEKTa YIIpaBICHUS
¥ BBIOOPA (DYHKIIMOHAJIBHBIX CXEM HX
aBTOMATH3AIIHH.




4. CTpyKTYpa M coJiepKaHue IUCHUIINHbI

Monayab
(pa3nen)

Bun
y4eOHol
padoThI

HaunMenoBanue TeM 3aHATHI
(yuedoHoOl padoTHI)

Cemectp

OonemMm,

Banasl

HNHurepakrus, 4.

DopMBbI TEKYLLET0
KOHTPOJIA
(HauMeHOBaHMe
OLICHOYHOI'0
cpeacTBa)

Monyib 1.
IbazoBbIe
XapaKTEPUCTUKH
CHCTEM
YIIpaBICHUSI.

Jlek.

1.1. OcHOBHBIE TOHATHS U ONPEICIICHHUSI.
CymHOCTh MpoOIeMBbI aBTOMATHYECKOTO
yIpaBICHUS.

Bomnpocsl k 3auety

Cp.

1.1. OcHOBHBIE TOHATHS U ONPEICIICHHUSI.
CymHOCTh MpoOIeMBbI aBTOMATHYECKOTO
yIpaBICHUS.

BOHpOCbI K 3a4CTy

JIek.

1.2. OcHoBHble ycTpoiicTBa CAP u ux
KJIaccU(UKanus 1Mo Ha3HAYCHUIO.
Knaccugukanus aBToMaTn4eckoro
yrmpasieHus. Maremarudeckasi MOJeb
IIEHTPOOEKHOTO PEryasiTopa CKOPOCTH
JIBUTATEIIs.

OTuer B 2JIEKTPOHHOM
BUJIC

1.2. OcHoBHble ycTpoiicTBa CAP u ux
KJaccu(uKanus Mo Ha3HAYCHUIO.
Knaccugukamus aBToMaTn4eckoro
yrnpapyieHus. MaTeMaTrndeckasi Moeib
IIEHTPOOEKHOTO PEryasiTopa CKOPOCTH
JIBUTATEIIs.

OTuer B 2JIEKTPOHHOM
BUJIE

JIa0.

1.3. UccnenoBanue BIUSHUS TApaMETPOB
[EHTPOOESIKHOTO PETYISITOPA CKOPOCTH HA
IpoIeCcC PEryIUMPOBAHUSI.

OT4eT B 3JIEKTPOHHOM|
BHUJIC

Cp.

1.3. ccnenoBanue BIHSIHUS TapaMETPOB
LEHTPOOESIKHOTO PETYIATOPAa CKOPOCTH HA
IIPOLIECC PErYITUPOBAHUS.

Bormpocs! k 3agery




DopMBbI TEKYLLET0

Bun . KOHTPOJISA
Monayab . HauMenoBanue TeM 3aHATHI Oo0nemMm,
y4eOHoi . Cemectp Baaabl | UHTepakTuB, 4. | (HAHUMEHOBaHHUE
(pa3neu) (yueoHoOii padoThI) 4,
padoThI OLICHOYHOI'0
cpeacTBa)

Jlek. 1.4.XapakTepucTUKU EPEXOTHOTO 6 2 - - Bomnpocs! k 3auety
npouecca. YacToTHbIE XapaKTEPUCTUKH.

IIp. 1.4.XapakTepuCTUKH MEPEXOTHOTO 6 4 - - OT4eT B 3JIEKTPOHHOM
nporuecca. YacToTHbIE XapaKTEPUCTUKH. BU/IE

JIao. 1.5.MaremaTuuecke MOJEIH. 6 4 - - OTuer B 2JIEKTPOHHOM
Jluneapuzalys MaTeMaTHYECKUX MOJIEIICH. BU/IE

Cp. 1.5.MaTeMaTHuecKue MOIECIIH. 6 8 - - Bomnpocs! k 3auety
Jluneapuzalys MaTeMaTUYECKUX MOJIesIen

Jlek. 1.6. OnpeneneHune 4aCTOTHBIX 6 2 - - Bomnpocsl k 3auety
XapaKTePUCTHK O aHAINU3Y BXOTHOTO U
BBIXOJHOI'O CUTHAJIa BO BPEMEHH.

Cp. 1.6. OnpeneneHnre 4aCTOTHBIX 6 8 - - Bormpocs! k 3auery
XapaKTePUCTHK IO aHAINU3Y BXOJHOTO U
BBIXOJHOT'O CUTHAJIa BO BPEMEHH.

Jlek. 1.7. Tunossle 3BEHbsI IEPENATOUHBIX 6 2 - - Bormpocs! k 3auery
GyHKIMIH.

Cp. 1.7. TunoBsle 3BeHBS MepelaTOYHbIX 6 8 - - Bomnpocsr k 3auety
(OYHKIUH.

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

[Ip. 1.8. Onpenenenue nepexoIHON YaCTOTHOM 6 4 - - OT4eT B 3JIEKTPOHHOM|
XapaKTEPUCTHUKH. BH/IE

JIab. 1.8. Onpenenenue nepexogHON 4acTOTHOU 6 4 - - OT4eT B 3JIEKTPOHHOM|
XapaKTEPUCTHUKH. BH/IC

Cp. 1.8. OnpeencHue MepexoHON YaCTOTHOM 6 8 - - Bompocsr k 3auery

XapPaKTCPUCTHUKH.




DopMBbI TEKYLLET0

Bun . KOHTPOJISA
Monayab . HauMenoBanue TeM 3aHATHI Oo0nemMm,
y4eOHoi . Cemectp banabl | UHTepakTUB, 4. | (HAHMeHOBaHUe
(pa3neu) (yueoHoOii padoThI) 4,
padoThI OLICHOYHOI'0
cpeacTBa)
Monyib 2. Jlek. 2.1.OyHKIUOHAJIBHBIE U CTPYKTYPHBIE 6 2 - 2 Bomnpocs! k 3auety
KauecTBeHHBIN U cxembl. [IpaBuiia mpeoOpa3oBaHus
KOJIMYECTBEHHBIN CTPYKTYPHBIX CXEM.
aHan3 CUCTEM | Cp, 2.1.OyHKIMOHAILHBIE M CTPYKTYPHEIE 6 8 - - Bompocsl k 3a4eTy
ABTOMATHYCCKOTO cxemsbl. [IpaBuia npeobpasoBanus
YUPABIICHUA. CTPYKTYPHBIX CXEM.
Jlex 2.2. UccnenoBanue ycrounoctu CAY no 6 2 - - Bormpocs! k 3auery
kpurepuro ['ypeuna.
Cp. 2.2. UccnenoBanue ycroitunBoctu CAY 1o 6 8 - - Bomnpocsr k 3auety
kputepuio ['ypBuia.
Jlex 2.3. TlpaBuna npeoOpa3oBaHUs 6 2 - - Bomnpocsr k 3auery
CTPYKTYPHBIX CXEM.
Cp. 2.3. TlpaBuna npeoOpa3zoBaHUs 6 8 - - Bompocs! k 3auery
CTPYKTYPHBIX CXEM.
JIek. 2.4. IToctpoenue rogorpada CUCTEMBI U 6 2 - - Bomnpocs! k 3auety
Jorapu(MUIECKOM 4aCTOTHOM
XapaKTePUCTHUKH.
Cp. 2.4. Tloctpoenue ronorpada cUCTeMBI U 6 8 - - Bomnpocs! k 3auety
Jorapu(pMUUECKOi YaCTOTHOM
XapaKTePUCTHKH.
Jlek. 2.5.MaremaTudeckast OLleHKa 6 2 - - Bormpocs! k 3auery
YCTOMYHMBOCTH. 3a/1a4y¥l yCTOWYUBOCTH.
3amac yCTOH4HMBOCTH.
Cp. 2.5.Maremarmnueckas OleHKa 6 8 - - Bompocs! k 3auery

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




DopMBbI TEKYLLET0

Bun . KOHTPOJISA
Monayab . HauMenoBanue TeM 3aHATHI Oo0nemMm,
y4eOHoit . Cemectp Baaabl | UHTepakTuB, 4. | (HAHUMEHOBaHHUE
(pa3neu) (yueoHoOii padoThI) 4,
padoThbI OLICHOYHOI'0
cpeacTBa)
Jlek. 2.6. Uccnenoanue tounoctu CAY B 6 2 - - Bomnpocs! k 3auety
pEXKHUME JBUKCHHSI 10 TAPMOHUYECKOMY
3aKOHY.
J1a6. 2.6. UcciaenoBanue Tounoctu CAY B 6 4 - - OTyer B 3JIEKTPOHHOM|
peKHUME JBUKCHHSI 10 TAPMOHUYECKOMY BU/IC
3aKOHY.
Cp. 2.6. UccnenoBanue Tounoct CAY B 6 8 - - Bomnpocsr k 3auety
pEeXHUME JBUKECHHSI 10 TAPMOHUYECKOMY
3aKOHY.
IIp. 2.7. Onpenenenre XapakTEPUCTHK 6 4 - - OT4YeT B 3JIEKTPOHHOM|
AIEKTPOMEXAHUYECKOTO MPUBOJIA. BUIE
Cp. 2.7. OnpeneneHue XapaKTEPUCTUK 6 8 - - Bomnpocsr k 3auety
AIEKTPOMEXAHUYECKOTO MPUBO/IA.
Monyib 3. Jlek. 3.1. KoMmekcHas OlleHKa KauecTBa CUCTEM 6 2 - - Bormpocs! k 3auery
CHHTe3 U aHAIIN3 1 00BEKTOB aBTOMAaTHYECKOTO YITPABIEHUSI.
CHUCTEM JIek. 3.2. Onpenenenue xapakrepuctuk CAY 6 2 - - Bormpocs! k 3auery
ABTOMATHUECKOTO OPOJ0JLHON ITOoJa4Yell IpH TOUCHUH.
yIpaBJIeHHUS. Cp. 3.3. ObecneueHre HEOOXOAUMON TOUHOCTH 6 8 - - Bompockr k 3auety
CAY. Ouenka Tounoctu CAY.
Cp. 3.4. UccnenoBanue BIMSHUS acTaTH3Ma Ha 6 8 - - Bompockr k 3auety
kauectBo CAY.
JIek. 3.5. OCHOBBI CHHTE3a CHCTEM 6 2 - - Bompockr k 3auery
ABTOMATUYECKOTO YIIPABJICHUS.
Jlek. 3.6. UccnenoBanue BIUSHUS THOKON 6 2 - 2 Bomnpocsr k 3auery
oOparHoi cBs1i3u Ha ObIicTponeirictBiue CAY.
Cp. 3.6. UccnenoBanue BIUSAHUS THOKOU 6 7,715 - - Bomnpocs! k 3auery
oOparHo#i cBs1i3u Ha ObIicTponerictBiue CAY.
A 6 0,25




DopMBbI TEKYLLET0

Bun . KOHTPOJISA
Monayab . HauMenoBanue TeM 3aHATHI Oo0nemMm,
yueOHOI N CemecTtp banabl | UHTepakTuB, 4.| (HAaUMEHOBaHHeE
(pazaen) (yuedoHO¥ padoTHI) u.
padoThI OLICHOYHOI'0
cpeacTBa)
Hroro: 144




5. O6pa3oBaTesibHbIE TEXHOJIOTHH

B pamMkax yueGHOro Kypca npexycMOTPEHbI CIIEAYIONIHe 00pa30BaTe/IbHbIE TEXHOIOTHHU:

- TEXHOJOTHS  JUCTAHIIMOHHOTO  OOydYeHHWs:  JIeKIUH, [PaKTUYEeCKUE  3aHATHUS,
CaMOCTOSITENIbHAS pabora, peainzyemsle c IIPUMEHEHUEM uH(OPMAIIMOHHO-
TEJICeKOMMYHUKALMOHHBIX CETe TMpHU OMNOCPEIOBAaHHOM (HAa PACCTOSHUH) B3aWMOJEUCTBUU
CTYJEHTOB U IIpENoAaBaTess,

- IpU MOATOTOBKE K OTBETaM Ha TECThl MO TeMaM Kypca U BBIIOJHEHHUIO MPOBEPSIEMBIX
3aJJaHUii CTYACHTY HEOOXOAMMO TIIATEIBHO HM3YYUTh MPEATaracMylo JIMTEpaTypy, HOPMaTHBHBIC
MIPABOBbIE AKThI, yUeOHBIN MaTepUal.

6. MeToauuyecKue YKa3aHUusA 110 0OCBOCHUIO TUCHUIIINHBI

JlucraHnMoHHOEe  OOy4YeHWE TMPEANOoiaraeT CaMOCTOSITEIbHOE HM3ydeHHEe  Y4eOHBIX
JTUCIUIUIMH C UCHOJB30BaHUEM JIIEKTPOHHBIX Y4eOHO-METOAMYECKUX KOMIUIEKCOB, Pa3MEIICHHbBIX
B CHCTeME OOYy4eHUs, KOHCYJIbTAIlMU MPENoAaBaTesl IPU MOATOTOBKE K TECTUPOBAHUIO M TIO €ro
UTOTaM, MpPHU TOJATOTOBKE K 3ayeTaM U SK3aMEeHaM, KOHTPOJBHBIX M KYpPCOBBIX paboT, a Takke
y4acTHE B DJIEKTPOHHBIX CEMUHAPAX U MPAKTUYCCKUX 3aHITUSIX.

CamoctosiTenbHass paboTa CTYACHTOB MPOBOAUTCSA C LIETBI0 YIIIYOJIGHHUS W PaCHIMpPEHUs
TEOPETHUUECKUX 3HAHWUW; Pa3BUTHUS IO3HABATENbHBIX CIOCOOHOCTEH W aKTUBHOCTU CTY/ICHTOB;
CaMOCTOSITENIbHOCTH, OTBETCTBEHHOCTH U  OPraHU30BAHHOCTH, TBOPYECKON WHUIIMATHUBBI;
(GbopMHpPOBaHMUS  CAMOCTOSITEJIBHOCTH  MBILUICHHUS, CIIOCOOHOCTH K CaMOpa3BUTHIO,
CaMOCOBEPILIEHCTBOBAHHUIO 1 CAMOpPEaIN3aliu.

KoHTpoJ1b BBIMOTHEHHON CaMOCTOATENEHON PadOTHI OCYIIECTBISCTC WHIWBUAYAIBHO, IPU
3anuTe pedeparoB, KypcoBbIX padOT, TBOPUECKUX MPOEKTOB, C UCIOIb30BAaHHEM MH(OPMALIMOHHO
- TEJIEKOMMYHUKAITUOHHBIX TEXHOJIOTUI



7. OueHOYHBIE CPEACTBA

7.1. IlacnopT OLIEHOYHBIX CPEACTB

Koa koHTpO/IMpyemMoii KOMIIieTeHIIUN HaumenoBanue
Cemectp
(MM ee 4aCTH) OLICHOYHOI'0 CPEeACTBA
6 I1K-12 [TpaxTrueckue padoTsr NeNe 1-2
Bonpocs! k 3auery Ne 1-15
6 IK-12, T1IK-18 [TpaxTuueckue pabotsl NeNe 3-4

Jlaboparopubie paboTel NeNe 1-2
Bormpocs! k 3auety Ne 16-30

6 I1K-18 Jlaboparopubie padoTsl NoNe 3-4
Bormpocs! k 3auetry Ne 31-50

7.2. TunoBblie 3alaHusl WJIM MHBIC MaTEepUalibl, H606X0)IHMI>IC AJIA TEKYIEro KOHTPOJIsA

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

IpakTnyeckass padora Nel. HcciaenoBanue BJIMSIHUS NAPaMeTPOB IEHTPOOEKHOTO
PeryJisiTopa CKOpoCTH Ha Mpouecc peryJupoBaHus.

Ilenv pabomwr: [Ipuobpemenue npakmuyeckux HABbIKOE OIKCHEPUMEHMATLHOU OYEeHKU
npoyecca pe2yiuposanus u yCmouyusol pabomul CUCMeMbl AGMOMAMUYECKO20 YNPABGIEHUSL.

Teopemuueckaa uacmao

Uccnenyercst cucrema  aBToMaTudeckoro — ympasieHus (puc.l.l), cocrosimas — wu3
LEHTPOOEIKHOTO PETYJIATOPAa CKOPOCTH, MOJI3YH 1 KOTOPOro CBsi3aH pblyaraMu 2 ¢ 3aCJIOHKOM 3
nojgaun pabodell cMecH B TeIUIOBOM nBurartens 4. Perymarop mpuBOOUTCS BO BpalleHHE OT
JIBUTATENs yepe3 3youaTyro nepeaauy S.

Puc.1.1. Cxema CAY ckopocmuio epauienusn osuzamens

[Ipu pynkmmonupoannu CAY BpalieHue IBHUTaTeNs yepe3 3y0uaTyro nepeaady nepenaercs
PETyIATOPY CKOPOCTH, IAPUKH KOTOPOTO O] ACHCTBUEM IIEHTPOOEKHOU CHIIBI C OJTHOW CTOPOHBI
U CUJIBI MPYXHHBI C JIPYrodl 3aHUMAOT HEKOTOPOE TOJIOKEHHE, YTO BBI3BIBACT OIPEICICHHOE
OTKPBITHE JIPOCCENIsi U CUCTEMa HAaXOJWUTCS B paBHOBecHH. [Ipu yBenTMueHMHM MOMEHTa Harpys3ku
CKOPOCTb ABHIaTelid YMCHBIIACTCA B COOTBECTCTBHUHM C €TO XapaKTepHCTHKOﬁ, YTO BBI3BIBACT
YMEHBIIIEHHE CKOPOCTH BpaleHHUs perynaropa. lLleHTpoOexHble CHIBI TaKXKe YMEHbBIIAITCS,
[IAPUKHU OMYCKAIOTCS U YePEe3 PHIYAKHYIO CHCTEMY YBEITUYUBAIOT OTKPBITHE APOCCENs. Y BEIMUCHUE
nojayn paboueil cMecH B JBUTATENh BHI30BET YBEIWYCHHE €T0 CKOPOCTH, PAaBHOBECHE BHOBH
BOCCTAaHOBUTCS, HO YK€ Ha JIpyroM ypoBHE. SICHO, YTO pa3HOCTb CKOPOCTEH OINpeesnsieT KauecTBO



pEryJINPOBaHUS: Y€M OHAa MeHble, TeM Bbllle kKadyecTBo CAY. Ilpu ymenbuienun Harpy3ku CAY
paboTaeT B 00paTHOM TOPSIJIKE.

Hns anamm3a CAY  HEOOXOAMMO COCTaBUTh €€ MaTeMaTHYeCKYyK MOJenb. AHanmmu3
MOKAa3bIBAET, YTO B CHCTEMY BXOST JBUTATElNb, JPOCCENb IMOAAYu pabouell cMecH, pblYaKHas
nepegaya u 3youaras nepejaya.

JIBukeHue ABUrateNs NpU OrPaHUYCHHHM YYETOM SIBJICHUN IEpBOro MOpsAIKa, T.€. €ro
WHEPIHOHHOCTBIO, MOXET ObIThb TNpeAcTaBieHO aAuddepeHInanbHbBIM YpaBHEHHEM IIEPBOTO
nopsiKa:

I(,c:j—cto+/1(,a)+MH =M,,

1.1)

rae lo u Ay — MOMeHT uHepuuu potopa u Ko3hduiueHt Bs3koro TpeHus apurareins, M, u My
— MOMEHT COIIPOTHBJICHUS HATPY3KHW M MOMEHT JIBUTATEIISl COOTBETCTBEHHO.

MoOMEHT IBUKEHHUS 3aBUCHUT OT OTKPBITUS APOCCEIIs I0Jauu pabouel cMecu:

M, =Dbk,,
1.2)
rae b — koahdunneHT nepeaayn OTKPHITUS IPOCCEs OT MepeMEIeHHs TOJI3YHA PEerysiTopa
4yepe3 phlUaXHy nepenady, Ko — KOI(DOUIMEHT NpPONOPIMOHATBHOCTH MEXKIY OTKPBITHEM

JpOCCeNsl U MOMEHTOM JIBUTaTelsl.

Ecnu npuHATH nepesaToyHOe OTHOIIEHUE PhIuaroB M 3y04aToi nepeaayu paBHbIM €IUHUIIE,
TO, U3 TE€OMETPUYECKHX COOTHOIIEHHUH, MNOJy4MM YypaBHEHHME CBS3U, KOTOpPOE OIpelenserT
3aMKHyTOCTh CAYVY:

b=211—Sinx).
1.3)

[Tony4yennas marematuueckas mojens (1.1)-(1.3) ucnone3yercs B mpUKIAAHON nporpamme, ¢

MOMOIUIbI0 KOTOPOH BBIMOJIHSIOTCS TPeOyeMble NCCIIEI0BAHUS.

m MonenupoBaHue perynATopa CKOPOCTH ABMraTens =] 3

WCXO0NHHE NAHHHE CAY

Macca WapHEOE, K 0.23

Cuna npysutel, H 100

AecTtrocTs

npYskHE! HAmra I‘I 5
tOrEHT WHEPLHI
AEMraTens, krim2 ID"I

K3 PPUUMEHT SAEMCHMOCTH
MOMEHT 3 ABHMATENA OT

OTEPEMTHA ApOCCend, I4

Heram

|4D 3‘ MomeHT Harpysku, Hii

Ocunnnorpad

Mpouecc | MNpogoneHue |

Reset |

OTKREITHE SRCN0HEK X, M

Exit |

¥rnoBas CcKopocTe W, paajc

04 05 0§ 07 0s 0g 1

Commnnorpad

0)

YENoBEA CEOpOCT: W, pasy

BpesA, ©

Puc.1.2. Mooenuposanue yuenmpoo6excno2o pecyaimopa cKopocmu

3aoanue



B cooTBercTBUM ¢ BapranToMm (Tab:.1.1) mpoBecTH uccie0BaHUE KauecTBa PeryaIupOBaHUs B
3aBUCUMOCTH OT MU3MEHSAEMOI0 NapaMeTpa U MOCTPOUTH rpadUKK 3aBUCUMOCTU OBICTPOAEHCTBHS U
touyHOoCcTH CAY B ()yHKIIHMH OT U3MEHIEMOTO MapaMeTpa.

Tabnuya 1.1. Ucxoomnsie oannvie

ITeps | Macca | ’Kecmxocmo | Momenm | Bro | Hauanvna| Koappgpuyuenm | Hzmenamo

as | wapux | npyd’cuHvl | uHepyuu | pas | A cuna 3aeucumocmu napamemp
uudp| o m, Cup, H/Mm | O8ucamens | uud | npyscunst |  mMomenma om

a Ke lo, k2o/m? | pa Pup, H OMKPbIMUSL

opoccens Ko, 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 ly

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

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

3) 0,10 2,0 0,04 3) 85 9 m

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

7 0,20 1,5 0,14 7 95 3) Pup

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

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

Cooeporcanue npomokona

B mpoTokose npencTaBuTh 1eidb paboThl, HICXOHbIE JaHHBIE, 3aJJaHUE UCCIIE0BAHUS, KOIIUIO
uHTepdeiica 18 aH0O00ro 3KCIEpUMEHTa U3 BBINOJIHEHHOM cepuu, omucanue padorel CAY,
TaOJIMILY SKCIIEPUMEHTANBHBIX JaHHbIX, Ipaduku TpeOyeMbIX 3aBUcUMOcTell. BbIBOIBI.

IIpakTuyeckas paGora Ne 2. XapakTepUCTHKH NepexXoAHOro mpouecca. YacToTHble
XapaKTepPUCTUKH.

Llenv pabomur: [Ipuobpemenue npakmuyeckux HAGbLIKO8 IKCNEPUMEHMANLHO20 ONpedeneHUs
YACMOMHBIX XAPAKMEPUCUK.

Teopemuueckaa uacmp

Uccnenyemoii cucTeMor SIBIETCS JBYXMaccoBasi THUHAMUYECKasi CHUCTEMA, CXeMa KOTOpPOH
n3zoOpaxena Ha puc 2.1. CucremMa HaXOIUTCS MO EHCTBUEM KMHEMAaTHYECKOTO BO30YKICHUS — X,
BBIXOJHBIMH CUTHAJIAMU SABJIAIOTCA KOOPAMHATDBI X1 1 X2 NepeMEIICHUA MaccC M1 1 M2, CBA3aHHLIX
MEXy COO0I0 KECTOKOCTSIMH C1 M C2 U BA3KUM TpEeHUEM A7 U Az

Cl C)

m, m,

> =
A, 2,
R

Puc.2.1. /lunamuueckan cxema 08yxmaccoeoii Cucmemol

YPaBHeHI/Ie ABVIKCHUSA CHUCTEMBI COCTABJIAACTCA IIO0 MU3BCCTHBIM IIpaBUJIaM T@OpGTH‘-IGCKOfI

MEXaHUKH:
d?x, (dxl dxj (dx dxlj
m—>t4 | L2 |4c(x =X )=4] ———= |+¢,(x—x
1 dtz 2 dt dt Z(Xl 2) ﬂ'l dt dt 1( l)
d?x dx, d
e T

prOH_ICHHaSI MareMaTndcCKasa MOACIIb:



m,s2x, + (A, + A, )sx, +(c, + ¢, )x, = (4, + 4, )sx + (¢, +¢, )x
M,S%X, + A,8X, +C,X, = A,5X, +C, X,
rae s=d/dt — omeparop Jlamaca.
I[JISI MMpEaACTaBJICHUA MaTeMaTUYECKOMI MOZCIN B NEPCMCHHBIX COCTOSAHUA PCIIHUM KaAXKIOC
YpaBHCHHUE OTHOCHUTCIBHO IIECPEMCHHBIX X1 U X2, KOTOPBIC 3alliMCaHbl B CTapIIUX ITPOMU3BOAHBIX

COOTBETCTBEHHO. [IpeoGpazoBaHHas TaKMM 00pa3oM MaTeMaTH4ecKas MOJIEIb MMEET BUJL:
X, =sf-ax +ax+st[-a,x +a,x||
{xz =s™ [— a X, +a,x, +s[-a,x, + a4x]]
rae koadduimentsl Mogenu: ar = (A2+Ay/my, a2 = (C2+C1)/my, a3 = AaMy, as = Ca/my;

Tenepp MOXXHO 3amMcaTh MaTeMaTHYECKYIO MOJENb B IIEPEMEHHBIX COCTOSHHUSA, TO €CTh B
BUJIC CUCTEMBI TH(PepeHIINATbHBIX YPAaBHEHUH, PEIIEHHBIX OTHOCHTEIBHO MEPBBIX MPOU3BOIHBIX:

Sy, =—a)y, +ax+y,
Sy, =—a,y; +a,X

SYs; =—a3Y;+ a3y, + Y,
Sy, =—-a,Y; +a,X
NmenHo Takasg MOJenb peaau30BaHa B MPUKIAJHOM Mporpamme, Mo KOTOPOM MPOBOIATCS
HCCIIEIOBAHNE YaCTOTHBIX XapaKTEPUCTHUK.
3aoanue
B coorBerctBum ¢ Bapumantom (Ta6m.2.1) mpoBecTu ucciemnoBaHue u HocTpouTh ADYX
cucTeMbl (0JJHO MACCOBOM HJIM JBYX MacCOBOIA, 10 BBIXOJIAM X1 MJIH X2).
Tabnuya 2.1. Ucxoousie oannvie

[TepBas M1, KT c1, H/mMm A1, Kr/c Bropas M2, KT C2, H/mMm A2, Kr/C

undpa uudpa
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 npotoxkorne npeactaButh 1e1b padoThl, HEOOXOIUMBbIE TEOPETUUECKHE CBEJIEHUS, UICXOAHbIE
JTaHHbIE B COOTBETCTBHM C BapHMaHTOM 33JaHHUs, KOMHMIO MHTepdelica ¢ 3amiChi0 BBITOJHEHHBIX
HKCIEPUMEHTOB U IIOCTPOEHUSMHU, HEOOXOANMMBIMU JJIsl OTIPEENIEHUS BBIXOIHBIX JaHHBIX; TAOIHIIBI
HKCIEPUMEHTAIBHBIX M pAacYeTHBIX MJaHHBIX; Trpaduku skcnepumeHTanbHbBIX ADUX cucrem.
BriBoapbl.

IMpakTuyeckas padora Ne 3. HccaenoBanue ycroituuBoctu CAY 1o KpUTepHIO
I'ypBuua

Ilenv pabomwi: [Ipuobpemenue npakmuueckux HABLIKOE OYEHKU YCMOUYUBOCMU CUCHEMbI
aA8mMoMamu4ecko20 yYnpasieHus.

Teopemuueckasa yacmao

C nomouresto kputepus ['ypBuia uccienoBath Ha yctoiunBocth CAY moBogoMm cymmopTa
METAJIJIOPEXKYIIETo CTaHKa, CXeMa KOTOpOro MokasaHa Ha puc. 3.1, a.




X oJ Uy a y
gy vnp{ gpfe
{ [oC |*
a) 0)

Puc.3.1. Ilpunyunuanvnasn (a) u gynkuyuonanvnan (6) cxemsl npugooa

[IpuBoxa coctout u3 ycunurens-peoopaszosarens (I1I1), aeurarens (/1) mocrosHHOTO TOKAa,
peaykropa (P), 3agatouiero norenimometpa (311) u morenuunomerpa odparnoii cesizu (I10OC).

[Ipexxne Bcero HEOOXOAMMO COCTaBUTh MaTeMaTH4yeckyl Mozenb mnoBoja. CoriacHo
OPUHIUITY paboThl, TMOBOJX mpenacTaBiseT coboil 3amkHyTyro CAY, ¢dyHKIHMOHaNBHAsS cxema
KoTopoil mpuBereHa Ha puc.3.1, 6. IlycTe BbAENEHHBIE Ha CXEME SJEMEHTHI OINHCHIBAIOTCS
CJICAYIONIMMH TIepeaTOYHBIMU (PYHKIIUSMHU:

A X T M W, ()= 0 (e) " Tos et
A: W, (s) = a(s) _ K, . v Y
U,(s) (T,s+Ds P: W (S):_Es; —K
s a(s ?

IHOC: W, . (s) = U, (s) _ koc'
Y (s)
Tenepp MOXKET OBITH MOCTPOEHA CTPYKTYypHas cXeMa MOBOJAA, B KOTOpPOW (IIpU paBEHCTBE
K03 PULMEHTOB meperauyn 3a7aroliero MOTEeHUUOMEeTpa U MOTEHIMOMeTpa oOpaTHOM CBs3M) JBa
COOTBETCTBYIOIIIMX 3JEMEHTa Ha (YHKIMOHAIBHOM CXeMe 3aMEHSIOTCS OJHUM DIIEMEHTOM C
Kod¢duirieHToM nepenaun K, Ha CTpyKTypHO# cxeme (puc.3.2).

U
| ] k i K, Yo K, 0! k y:
ol Ts+1 (T,s+1)s -

Puc.3.2. Cmpykmypnasn cxema npugooa

Takum o0pa3oM, mnepenarouyHas (QYHKIUS 3aMKHYTOM CHUCTEMBI IOCJI€ HECIOMKHBIX
anreOpanyeckux npeoOdpazoBaHUi MproOpeTaeT BUI:

k
W (S) = 0 ’
(T,s+)(T,s+1)s+Kk,
rae kKo — x03hUIMEHT mnepenadyd CHUCTEMbI, PaBHBIA TMPOU3BEACHUIO KOI(D(DHUIIMEHTOB

Iepeayn BCEX 3BEHBEB KaHaja IpsAMOro Aeucteus. Mrak, cUCTEMa MMEET XapaKTEPUCTUYECKOE
ypaBHEHUE 3-T0 MopsIKa:
T,Tos®+ (T, + Ty) s2+ s + ko= 0.
CoctaBuM neTepMuHaHT [ 'ypBULIa U HAWJEM YCIOBUSA YCTOMYHUBOCTH.
T,+T, K, 0
=TT, 1 0l
0 T,+T, k,
AHanu3 ycllOBUM yCTOMYMBOCTH MO KpuTepuio ['ypBHIla MOKa3bIBa€T, YTO €AMHCTBEHHBIM
YCIIOBUEM SIBJIIETCS TMO3UTHBHOCTH BTOPOrO JETEPMHUHAHTA, MOCKOJIBKY a0=1,Ty, paBHO Kak



u A=a1=T,+Ty, Bcerna Oomnpiie Hyas. Takum 0Opa3zoMm, UIs YCTOHYMBOCTH MOBOJA HEOOXOIUMO,
YTOOBI:
A2= (T, + Ty) —koT, To > 0.

[Tocie HeCIOKHBIX MPEOOPa30BaHMIA TIOTYYaeM €IMHOE YCIOBUE YCTOMYMBOCTH CUCTEMBI:

Ti +Ti > ko 3.1

P 1)
BrimonHenue 3Toro ycioBus 00s3aTENbHO, MOITOMY Ha IMpPAaKTHKE Bapualuei, moadopom
napamMeTpoB mpuBoaa crpemsatcs obecreuuth (3.1). Ilpu 3TOoM Hambonee yaoOHO H3MEHATH
napameTpel Ko u T, — oOmuii ko3dduimMeHT nepenayv NPUBOJA M TIOCTOSHHYIO BpPEMEHHU
ycumTeNsi-ipeoopa3oBarens. B mo0oM citydae 3Ha4YCHHs BapHallMi 3TUX MapaMeTPOB JOJDKHBI

nexatb B obnactu D, moctpoeHHoi cornacHo ycnoButo (3.1) (puc. 3.3).

kOA

obnacmu
HeyCmouyuUeblx

3HAYeHUull

k01 —° 1/ T()

obnacms
VYCMOUYUBHIX 3HAYEHULL
ol T >r
vl y

Puc.3.3. Obnacms ycmouiuugvlx 3HaueHuil

3aoanue

1. [To MCXOAHBIM TAHHBIM, B COOTBETCTBUHU C BapuaHTOM (Tabi.3.1), MOCTpOHUTH quarpammy
YCTOMYMBOCTU CHUCTEMBI [0 KpHUTepuio ycroWuuBoctd ['ypBuma (cM. puc.3.3). Omnpenenutsb
MaKCHUMaJIbHO BO3MOXHOE 3HaueHHe Ko3(dduimeHTa mnepenadn ycuIMTEIsS-IpeodpazoBaTess U
MOJTOTOBUTH TAOJIUITy SKCTIEPUMEHTAIBHBIX TaHHBIX.

2. Hcnonb3ys MPUKIAAHYIO TPOrpaMMy, MPOBECTU CEPUI0 IKCIIEPUMEHTOB U PE3yJIbTaThl
3amucaTh B TaOJIHILY.

3. ITo pe3ynbraTam SKCIIEPUMEHTOB MMOCTPOUTH IKCIIEPUMEHTATBHBINA Tpa@uK 3aBUCUMOCTH U
MIPOBECTHU €T0 AHAIIN3.

Tabnuya 3.1. Ucxoousie oannvie

[lepBas | Ycunumenw | /lsucamens | Bunm.napa | Bropas | [Jeueamenv | Obp.ces3e
udpa T, ¢ Ko, pao/cB Hen, Mm udpa 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 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

Cooeporcanue npomokxona
B mnporokone mnpeacraButh cTpykrypHylo cxemy CAY, nuarpaMMy KayecTBa, TaOJIMILy
HKCIEPUMEHTAIbHO-PACUETHBIX JaHHBIX, TpapuK 3aBUCUMOCTH KOMIUIEKCHOTO IIOKa3aTels



JUHAMUYECKOTO KauecTBa OT Kod((duUIMEeHTa Mepenaun YyCHIHUTENA-IpeoOpa3oBares, KOIHUIO
uHTepdeiica ¢ 3aMUChI0 EPEXOTHON XapaKTEPUCTHKH MTPU KAaKOM-JIHOO0 3HaYeHUH Ky, BHIBOIBL.

IIpakTuyeckasi pa6ora Ne 4. UccaenoBanue TouHoctTu CAY B pexkuMe JIBUKEHUS 1O
TapMOHHMYECKOMY 3aKOHY

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

Teopemuueckasn yacmso

Uccnenyercas CAY noBoaoM, CTpyKTypHasi CXeMa KOTOpPOro IHpejcTaBieHa Ha puc.4.l.
Bunno, uro CAY oTaudaercst OT pacCCMOTPEHHOM B IMpaKTHUECKoi padote NS TeM, 4TO YCHITUTENb-
npeoOpa3oBaTelib NPeACTaBICH He 03bIHEPIIMOHHBIM 3BEHOM, a allepHOANYECKUM 1-To mopsiaka.

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

b4 0

Ts+1 (T,s+1)s

K

6n

\ 4
A\ 4

K, |

oc

Puc.4.1. Cmpykmypnaa cxema uccneoyemoii CAY

Jyis TaKo# CHCTEMBI BaXKHBIM M TICPBOCTEIICHHBIM SIBJIIETCSI BOIIPOC yCTOWYUBOCTH. [1oaTOMY
nepea HadaloM JSKCIICPUMCHTAJIIBHBIX I/ICCJICIIOBaHI/Iﬁ HCO6XO[[I/IMO OIpeaACINTb MAaKCUMAJIbHO
JIonycTuMoe 3HaudeHue koddduimenta K, mepemaum ycuiauTeNns-mpeoOpa3oBatTelis, MOJIb3YACH
dopmymoit (3.1) ¢ y4eroM 3aBHCHMOCTH I ONpeleieHus obmiero koddduimenra mepemnadn
MOCIIeI0BATENbHO COETUHEHHBIX 3BeHbeB CAY:

k, =k kk k .

y 0 ‘oc ‘en

rie Ken = H/I2 77— nepenarounas GpyHKIMs BUHTOBO# mapel (H —ar BHHTOBOM maphl).

3aoanue

1. Tlo WCXOAHBIM [aHHBIM, B COOTBETCTBMHM ¢ BapuaHtoM (Tabm.4.1l), paccuurTaTh
MaKCHUMaJbHO JONMYCTHUMBIH KO3 duimeHnt Ky, Tmepemadn yCHIUTENsS-peodOpazoBatens, Hu
MOJTOTOBUTH TAOIHILY SKCIIEPUMEHTANIbHBIX TAaHHBIX.

2. Hcmonb3ys MPUKIAJHYIO TPOrpaMMy, BBIOpATh IUANA30H M IIar H3MEHEHHSI YaCTOTHI
BXOJHOTO curHaia. [IpoBecTH cepuio SKCIEPUMEHTOB (A7 KaXAOro 3HaYeHUs KodPQuIimeHTa
nepeIavn), 3aUChIBasi PE3YJIbTAThl B TAOJHUILY, & 3aT€M MOCTPOUTH TpadUKH IKCIIEPHUMEHTATBHBIX
3aBUCHUMOCTEM.

Tabnuya 4.1. Ucxoousie oannvie

IlepBas Ko, Bropas | Han,

unltjbpa Tom, € pao/cB Toc umf))pa MM Ko
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
koa(dduimenTa nepenavn yCHWIMTENA-IpeoOpa3oBaresis, TaONHIy SKCIICPUMEHTAIBHBIX JTaHHBIX,
KONHI0 uHTepdeiica NPUKIAIHOW NPOrpaMMbl I KaKOro-THOO SKCHEpUMeEHTa, rpaduku
IKCIEPUMEHTAIBHBIX 3aBUCUMOCTEH. BBIBOIBI.

Jladoparopnasi padora Ne 1. OmnpeaeeHne XapaKTePHUCTHK 3IJIEKTPOMEXaHUYeCKOro
NMPUBOAA

Llenv pabomwr: Ilpuobpemenue npakmuueckux HABbIKOE KOMNIEKCHO20 UCCIEO08AHUSL
cucmem u 06veKMmMo8 A6MOMAMULECKO20 YNPAGIEHUS.

Teopemuueckasn yacmso

Ha pwuc.5.1 mnpexacraBneHa 5>I€KTpOMEXaHMYECKAass CHCTEMa — MPHUBOJ BpaILAOLIETO
JBUKEHHS, KOTOPBII COCTOUT U3 3JIEKTPOJIBUTATENS | MOCTOSIHHOTO TOKA, peyKTOpa 2 U Harpy3KH,
HanpuMep, [WNuHAeNs 3.

1 2

Puc.5.1. Cxema 3nekmpomexanuuecKkoil cucmemol

YPaBHeHI/IH JABHKCHHUA ABUTATCIIA ITIOCTOAHHOI'O TOKa IIpH HpeHe6pe)KeHI/II/I SABJICHUAMU
BTOPOT'O IMOpAJAKa UMCCT BU:

dQ (
_ 06U .
M()gue - I()sue dt + Ml’ 51)

e Mosue, I osuz, £206u> — MOMEHT JIBUJKEHUS, MOMEHT MHEPLMU POTOpPA U YIJIOBask CKOPOCTh
asurarens, M1 — MOMEHT Harpy3ku Ha Bany asurarens. C Ipyroid CTOPOHBI, B COOTBETCTBHH C
AEKTPOMEXAHUUECKON XapaKTEPUCTUKOMN JABUTATEIS:

M = kc)U B k.wQ()suz; (
5.2)

rae Ko — KOI(hOUIMEHT NPONOPIHOHAIFHOCTH MeXIy HampsbkeHueM U H MOMEHTOM
JBIDKEHUS, Ky — KOOQPHUIIUSHT HAKIIOHA JICKTPOMEXaHHUECKON XapaKTePHUCTUKH.

PenykTop MoeT ObITh IpeCTaBIeH Oe3bIHEPLINOHHBIM 3BEHOM:

Q=0

ogue

(
5.3)

rie {2/ — yrioBasi CKOPOCTh BBIXOJHOTO BaJla peIyKTopa, Kyeo — K03 duIMeHT nepenayu.
B xoHeuHOM HTOTE, YypaBHEHUE ABUKEHUS Balla HATPY3KHU:

dQ
1 254 20+ ([ Qdt - [Qdt)+ M =0, (
! 5.4)
dt :
rne M, I, (2- mojne3HbIi MOMEHT, MOMEHT WHEpIMH U YIJoBas CKOPOCTb Harpysku, /[ -
KpYTUJIbHAS JKECTKOCTh, A - KO3(PQHUIMEHT BSI3KOro TpeHus. TakuM oOpa3oMm, ypaBHEHHE CBS3H,
KOTOPO€ MTOKAa3bIBAET, HA YTO PACXOLYETCs MOJIE3HAs YaCTh MOMEHTA IBUTATEIIS, UMEET B!
M, =k, A([Qdt - [Qdt) (
pe
5.5)
[lo monmy4eHHOH MaTreMaTU4ecKOW MOJENH, KOTOpas COCTOMT u3 ypaBHeHui (5.1-5.5),
MOCTPOEHA CTPYKTYpHAsi CXeMa JIEKTPOMEXaHNYEeCKOU cuctemsl (puc.5.2).

sue  ped !
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Puc.5.2. Cmpykmypuasa cxema 31€KmpomMexanuieckoil Cucnemol

Ha cxeme ectb ABa BXOJa: OJWH MO YIpaBisiolieMmy Bo3aeicTBuio U, a BTOpoil - mo
Bo3myuieHnto M. He cmotpst Ha To, uTO Mo HUCXOAHOH cxeme (cM. puc.5.1) cucrema Kaxercs
Pa30MKHYTOM, Ha caMOM JieJieé OHa 3aMKHyTa C OOpaTHbIMM IOTOKamu curHaioB. Ilo
pa3paboTaHHON MaTeMaTHYeCKOW MOJENM 3JIEKTPOMEXaHWYECKOro IOBOJAa MOXKHO IPOBOAMTH
IIPE/IBAPUTENIbHBIE HCCIEJOBAHMS C LIEJBIO ONpPEAEICHUS XapaKTEpUCTUK, OLEHKHU KadecTBa M
BbIOOpa HEKOTOPBIX €ro mapamerpoB. Takoil 3Tanm npenBapUTENbHOIO NMPOEKTUPOBAHMS BCErza
JIOJDKEH TPUCYTCTBOBATH MpPH pa3padOTKe CHUCTEM M OOBEKTOB aBTOMATHYECKOTO YIPABICHHUS U
SBJISICTCA YPE3BbIYAfHO BAXKHBIM, TaK KaK MMEHHO 37ECh OINpeNessIoTcs OOLIMe HalpaBiIeHUs
YZIOBJIETBOPEHUS TPEOOBAHUAM TEXHUUECKOTO 3aJJaHUsI U YIYULICHHUS XapaKTEPUCTUK CUCTEMBI.

Hanpumep, M3BECTHO, YTO IEpeAaTOYHOE OTHOLICHHE PEIyKTOpa CYLIECTBEHHO BIHUSET Ha
JUHAMHYECKHE XapaKTEPUCTUKU 3JIEKTPOMEXaHW4YecKoro mnpuBoaa. OlleHKa MepexoAHbIX
XapaKTepUCTUK CHUCTEMbI, MPEACTaBICHHONW pa3pabOTaHHOM MaTeMaTHYeCKOM MOJEeblo, NpHU
pa3HBIX 3HAYCHHUIX KOA((UIHECHTA ITepelaun PEAYKTOpa MO3BOJISET PEIIUTh TaKyIO 3a1a4y.

3aoanue

1. ITo ucXoIHBIM JaHHBIM, B COOTBETCTBUM C BapuaHTOM (Ta0:1.5.1), onpenenuTsb craTH4ecKue
XapaKTEPUCTHKHU 3JIEKTPOMEXaHMYECKOr0 MOBOJA JJIS PAa3HBIX 3HAYEHWH HAIPSDKEHUS INUTaHUSA
JBUTATENsl M TIOCTPOUTH COOTBETCTByoIME TIpaduku. (/luama3oH W3MEHEHUs HaNpsLKEHUs
OIIpEEIISAET IPENOAABATEND).

2. IIpoBectu cepuio SKCIEPUMEHTOB [0 MOJEIMPOBAHUIO NMEPEXOAHON XapaKTEPUCTUKH MPHU
pa3HbIX 3HaueHUIX Koddduimenra k, mepeaaun penykropa, BEIIOIHUTh HEOOXOAUMbIC U3MEPEHHS,
paccunTaTh KOMIUJIEKCHBIM TOKa3aTellb A U IOCTPOUTH COOTBETCTBYIOLIMN rpadux s
OIPEJICNICHUs] ONITUMAILHOTO MO OBICTPOICiicTBHIO KOd(duireHTa K.

Tabnuya 5.1 HUcxoomnsie Oannvie

[TepBas ly Ko K K, Bropas I yij A

muppa | krm® | Hw/B | Hwmc/pan uugpa 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 | 042 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
9KCIIEPUMEHTAIBHBIX JaHHBIX, COOTBETCTBYIOLIUE IPA(PUKU CTATUUECKUX XapaKTEPUCTHK U rpauk
3aBHCUMOCTH KOMIUIEKCHOTO IIOKa3aTels JAUHAMHYECKOro KadecTBa OT Kod(h(UIMeHTa mepenaqyu
penykTopa, KOmWi0 uHTep(delica NPUKIAAHOW MpPOrpaMmbl C MEPEXOIHBIM MPOLECCOM MpHU
ONTUMAJILHOM IO OBICTPOJCHCTBHIO 3HAYEHNH K03 (DUITEeHTa TIepeiaun peayKTopa. BeIBOIbI.

JlaGopaTtopnas padora Ne 2. OmpeaeneHue XapaKTepPHUCTHK T'MIPOMEXaHHYECKOIro
NMpUBOAA

Ilenv pabomwr: Ilpuobpemenue npaxkmuueckux HABbIKOE KOMNJIEKCHO2O0 UCCIe008aAHUSA
cucmem u 06veKMO8 A8MOMAMUYECKO20 YRPABIEHUSL.

Teopemuueckas uacmeo

Ha puc.6.1 mpencraBieHa TuApOMEXaHHYECKas CHUCTEMa — MPUBOJ MOCTYHATEIHEHOTO
nBwkeHus. [IpuBOA COCTOMT W3 TUAPABIMYECKOTO MMIMHIApAa |, INITOK KOTOPOrO CBSI3aH C
CyHIopToM 2 (Harpy3Koi) MEXaHH4eCKOW CBS3BIO C JKECTKOCThIO ¢. CymmopT mepeaBHraercs Mo
HAMpaBJIIONUM 3, KOTOPhIE XapaKTepU3YIOTCS KOA(p(HUIMEHTOM BA3KOTO TpeHUs A, a CKOpOCTb
perynupyercsi ruapaBindeckuM apoccenem 4. Takum oOpa3oM, cucTeMa MMEET YIPaBIISIOLIHNA
BXOJ (OTKpBITHE X JAPOCCEIs) U BO3MYIIEHHWE — CHIIY Moje3HoN Harpy3ku F. Llenwio ynpaBnenus
SIBJISICTCS TIEPEMEILICHHE CYIITIOpTa ¢ 3aaHHOi ckopocThio dy/dt mo koopauHare Y.
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Puc.6.1. I'uopomexanuueckasn cucmema

JIBIkeHue cymnmopra MOXKeT ObIThb omucaHo AudQepeHInanbHbBIM ypaBHEHHEM BTOPOTO
nopsiKa:
2

m

y , ,dy _ (
Tae M — Macca CYIIIOPTAa, /1 - KOB(I)(l)I/ILII/IeHT BA3KOI'O TPCHUSA, y — NEpEMCIICHUC MACCHI; F —
[10JIE3HAs HATPY3Ka.
FI/II[paBJ'II/I‘IeCKI/Iﬁ OUJIIMHAP C MOJIE3HON IJ10Ia A0 P IMopHIHA OOJIKCH 6BITL MMPEACTaBJICH
JByMsI ypaBHEHUSIMHU, KOTOpbIE€ OTBEYAIOT KMHEMAaTUYECKOMY M CHJIOBOMY B030ykieHHto. [lepoe
OMMUCBIBACT ABUKCHHUEC 11O pacxony Q Macjia 94epe3 HUIIUHAP:

_Q (
Y, =] Edt’ 6.2)
a BTOpPOC — UBMCHCHHUC NaBJICHUA B IIOJIOCTH:
F (
=15 6.3)

Pacxoj macia 4depe3 apoccelib 3aBHCUT OT OTKPBITHS JPOCCETUPYIOIISH IeNn U mepenana
JIABJICHUS HA HEW:

6.4)




rae 4 — ko3 UIMEHT pacxoja Yepe3 IPOCCEIHMPYIONIylo IMmielb, K — Koa(duimeHt
HPOMOPIMOHATIBHOCTH MEXy TUIOIIAABIO MIETH U OTKPBHITHEM X JpOCcesi, Po — JaBJICHUE JIMHUH
IIUTaHUs, O — YIEIbHBIN BEC MacCIa.

K marematiueckoi Moiesii He00X0IMMO MPUOABUTh YPaBHCHUE CBS3H:

E =(y - y)C. (
. =(y,—y)c 65)

[To monydeHHOW MaTEeMaTHYECKONH MOJENM, KOTOpas COCTOMT U3 ypaBHeHHit (6.1-6.5),
MIOCTPOCHA CTPYKTYpHAsl cXeMa THIpPOMEXaHHYeCKoi cuctembl (puc.6.2). Ha cTpykTypHO# cxeme
€CTh JIBa BXOJIa: OJIMH TI0 YIPABJISAIONIEMY BO3JCHCTBHIO X, 2 BTOPOH MO BO3MYyIeHHIO F.

X F
—P> kbx Q

1/c y
T2s® +T,s+1
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Puc.6.2. Cmpykmyphasa cxema 2uo0pomexanuiecKkoll Cucmemol

v

Hpoccens Ha BXOJ€ CXEMbl NPEICTABICH JBYMs TMepedaTOYHbIMU (QYHKIUSMU C
JIMHEApU30BaHHBIMU KOA(PPHUIMEHTAMH TIepeaun Koy — 10 yIpaBisioleMy BO3JACHCTBUIO X U Ky —
no nepenaay AasneHus. [Ipu MogenupoBaHUU CUCTEMBI C TPUMEHEHUEM UYHCJICHHBIX alTOPUTMOB
MOKHO HCIOJIb30BaTh IEPBUYHYIO HEJIMHEHHYI0 3aBUCUMOCTh (6.4). IlocTosiHHBIE BpemMeHH
TepeaTouHol GyHKIMH HArpy3KH B COOTBETCTBUH ¢ (6.1) paBustorcs: T12 = m/c, T, = Alc. 3necs,
Kak M JUIsI DJIEKTPOMEXaHMYECKOTO IOBOJA, MOXKHO KOHCTAaTHPOBATH 3aMKHYTOCTH CHCTEMBI,
KOTOpasi, TeM He MeHee, He sBisieTcst CAY.

Pa3paboranHass MaremaThueckas MOJENb IIO3BOJSIET Ha dTale MpelBapUTEIbHOTO
POEKTHUPOBAHUS MPOBOANUTE MCCIIEOBAHUS C 1IETBI0 ONPEENCHUs BIUSHUS apaMeTpOB MPUBOJIA
Ha TUIABHOCTH JIBIDKEHHS, OIICHKH KayeCcTBa YIPABJICHUS U BO3MOXHOCTH COIIPOTUBIICHUS BHEIITHEH
Harpyske M T.I. B 3aBHcHMOCTH OT jkelaeMoro Auana3oHa CKOPOCTEeH ABMKEHHs pabodyero opraHa
MOYKHO TIPaBMJIBHO BBIOpaTh COOTHOIICHHUE: JABJICHUE MUTAHHUS — TEOMETPUYECKHE TapameTphl
JpOCCesl, YTO SIBJISETCS BaXKHOM 3ajjauel, OT pelleHus: KOTOpoil OyAyT 3aBUCETh YHEPreTHUYECKUe
MOKa3aTeN! MOBOJIa B 1IEJIOM.

3aoanue

1. ITo ucx0IHBIM JaHHBIM, B COOTBETCTBHH C BapuaHTOM (Ta0:1.6.1), onpenenuTb craTH4ecKue
XapaKTEePUCTUKN THIPOMEXaHMYECKOrO MpHUBOJA (3aBUCHUMOCTb CKOPOCTH pabodero opraHa oT
CHUJTBI TIOJIE3HOW HArpy3KH) JJIsl pa3HbIX 3HAUYCHUH JTaBIICHHUS MUTAHUS THIPABIUYECKON CHCTEMBI U
HOCTPOUTHh  COOTBETCTBYIOIIMHA rpaduk. (Juama3oH W3MEHEHUS JaBICHHUS  OIpeneseT
IpernojaBaTessb).

2. OmpenenuTh JUHAMUYECKHE MOKa3aTeNu THIPOMEXaHHMYECKOrO MPHUBOJA: OTHOCUTEIIBHOE
NepeperynupoBaHue U 3aTyXaHue 3a IepUo.

Tabnuya 6.1 Ucxoousie oanmvie

[NepBas k, Po, P, Bropas c, A, m,
mdpa MM MIlIa cm? mudpa H/mMm 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 TI0Ka3aTelu KadyecTBa IEPEeXOJHOM XapaKTEePUCTHKU TUJIPOMEXAHUUYECKOTO
MPUBO/JIA.

JladopaTopnasi padora Ne 3. OnpenesieHue xapakrepuctuk CAY npoaosibHoi moaaveit
NPH TOYCHUHU

Llenv pabomwr: Ilpuobpemenue npakmuueckux HABbIKOE KOMNIEKCHO20 UCCIEO08AHUSL
cucmem u 06veKMo8 A8MOMAMULECKO20 YNPAGIEHUS.

Teopemuueckasn yacmeo

Haubonee pacrnpocrpaneHHbIi B MeTauiooOpaboTke tum 3aMkHYTEIX CAY — 3to CAY,
npelHa3HaYeHHbIe 7 aBTOMATHYECKOrO PEeryJupoBaHusl Mpollecca pe3aHus  3apaHee
YCTaHOBJICHHBIM 00pa3oM. Takue cucTeMBl MOTYT MPUMEHSTHCS KaK Ul CTa0MIIM3aluH 33 JaHHBIX
BBIXOJHBIX IapaMeTpPOB IpoOliecca pe3aHus, TaK U JJIs UX H3MEHEHHS B LUKIE OO0pabOTKH IO
orpeneneHHoMy ainroputMmy. Hambonee 1enecooOpa3HO WCIOIB30BaHUE TaKUX CHCTEM Ha
3aKJIIOUUTENbHBIX, (DMHUIIHBIX ONEPalUIX TEXHOJIOTHYECKOTO Mpoliecca.

[Tpu mexaHnueckoil 0OpabOTKe pe3aHHeM TOUYHOCTh 00paOOTKH, B OCHOBHOM, OIPENEIsIETCS
ynpyrumu aedopManusiMu TEXHOJIOTMYECKON CUCTEMbI, KOTOphIE, B CBOIO OYepelb, 3aBUCAT OT
cunbl pe3aHus. [loaromy cucrema aBTOMAaTMuYecKOd CTaOMIM3allMU CWIbl PE3aHUsl Ha 3apaHee
3aJJaHHOM YPOBHE WM IMPOTPAMMHOIO PETYJIHPOBAHHS €€ IO 33aJaHHOMY 3aKOHY IO3BOJISET
MOBBICUTH TOYHOCTh 00Pa0OTKU U 3HAUUTEIHHO YIYUYIIUTh Ka4eCTBO MOBEPXHOCTH JIETaJICH.

CAY crabunuzauuy Cwibl pe3aHus NpU TodyeHuu (puc.7.1) cMOHTHpOBaHa Ha TOKapHOM
CTaHKE€ U COCTOMT W3 IPUBOJA MOJAYM M M3MEPUTENBHOrO ycTpoicrBa. M3MmeputenbHas Lenb
pean3oBaHa ¢ MOMOILBIO JUHaAMoMeTpudyeckoro npeodpaszosarens JII, KoTopselil uepe3 ycuinTelb
Y obecneunBaer curHan obpatHoil cBs3u U,e, mponopuuoHanbHBIA cocTaBistomen P; cuibl
pe3anus. [IpuBoa momaun cocTouT U3 ycunutens-npeoopazosarens YII, nBurarens mocToOSHHOTO
toka /[ u penykropa P.

d
Bl T ] 3yc,

A

dt
u, U, o) S3 S P,
VI |- O L P P, >
H3 Hd’ 1P » I'C R
Uoc Py
Up )]
Y VI IVC, [«

Puc.7.1. @ynkyuonanvnana cxema CAY cmaobunuzayuu cunvl pezanus
npu mouenuu

CAY ¢ynkuuonupyer creayrommMm oOpazom. Ha BXom cuCTEMBI, K CpaBHUBAIOIIEMY
YCTPOMCTBY mocTymaeT curHayl Us;, KOTOPBI COOTBETCTBYET TPeOyeMOMY 3HAYCHHIO CHJIBI PE3aHUS
B olpesielieHHOM MaciiTabe. Ha BTOpoli BXOJ CpaBHHUBAIOIIETO yCTpoicTBa mocTymnaeT curaain Uy,
BbIpabaTbiBaeMblil TuHaMomeTpudeckuM npeodpaszosarenem I u yecunurenem Y. Takum o6pazom
HanpspkeHne U, TpOnopIoHanbHO pealbHOMY 3HaueHUIo cuiibl pe3anus. Ommboka oU=U,—U,.



MOCTYMAeT Ha BXOJ ycuiutens-npeoOpasosarens YII, kotopslit BeipaGaThiBaeT HampspkeHue Uy
nutanus asurarens . JIsurarens I, yepe3 peayktop P ompenenser BeIMYMHY TPOAOIBHOU
MOJJa4M TaK, YTOOBI CBECTH OMNOKY K MUHUMYMY.

Kak ynpaBnsembiii 00bekT B CAY Bxoaut nporecc pe3anusi IIP, KoTopblli TPOUCXOANT B
3aMKHYTOH TEXHOJIOTHYECKOI 00pabaThIBatOIIeH cUcTeMe.

Marematnueckass wmozaenbp CAY  COCTOMT M3 MAaTeMaTHYECKUX MOJEIEH 3JIEMEHTOB,
COCTAaBIIIOLINX CHCTEMY. Y CHJIHMTENb-IIpeoOpa3oBareb OmnuchiBaeTcs U depeHuanIbHbIM
YpaBHEHUEM IIEPBOTO MOPSIJIKA,
av, +U (

wgr Tk, 7.1)

HO €ro XapaKTepHCTUKAa HEITWHEHHas THuma
“nacermenus’”’ (puc. 5.34):

U,=k,U, ecmu U <dU,
=U eciu  OU =dU,

Puc. 7.2. Xapakmepucmuka U, max 1
ycunumens-npeoopazasames
rae Kyn, Tyn — KO3GOHUIUEHT YCUIICHHS U TIOCTOSHHAS BPEMEHU YCUITUTEISI-IPe00pa3oBaTes;
Umax — HanIpsDKEHUE HACHITIICHUSI.
JIBUraTenb TOCTOSHHOTO TOKa OMNMUCHIBaeTCs IU(B(EpeHIMAIbHBIM YPAaBHEHHEM BTOPOTO

MopsI/IKa:

d’m, do
T.T, dt2 +T, dtg +o,=kU,, 7.2) (

rne Ko, To, Ty - KO3pPUUIMEHT mnepenadu, MOCTOSIHHbIC BPEMEHH (JJICKTPOMArHuTHAs W
MEXaHUYECKasi) JIBUraTels.

PenykTop, TeH30METpHUUECKUH JMHAMOMETP M 3JEKTPOHHBIM YCHJIMTEIb OMNMCHIBAIOTCA
JUHEHHBIMU  YpaBHEHUSMM, KOTOPbIE  COOTBETCTBYIOT  O€3bIHEPLMOHHBIM  3BEHBSIM  C
k03 durenTamu nepeadn: Ky, Kon, Ky.

OxBuBajeHTHbIE ynpyrue cucreMbl (AYC) Mo COOTBETCTBYIOIIMM OCSIM KOOpPAMHAT MOTYT
ObIThb TpencTaBieHbl AU(QepeHInanbHBIMU — ypaBHEHUSAMH BTOPOrO  MOpPSJKA, Kak JJs
0JIHOMAaCCOBBIX CUCTEM:

2
P.=m d fx /l_d5x +C,X;
dt dt (
d 5)/ doy 7.3)
Py = d > + ﬂd—+C 5y
rae m — wMmacca cynmopra; A - KO3(QQHUIHUEHT BS3KOrO TpeHus (Cuia TpeHUs

IPONOPIMOHATIBHA CKOPOCTH); Cx, Cy — KECTKOCTH II0 COOTBETCTBYIOIIEH KOOPANHATE.

Ipouecc pezanust ITP mMoxeT ObITH MPEACTaBIEH YPAaBHEHUEM, CBA3BIBAIOLINM (haKTHUECKHE
BEJINYMHBI 110/1a41 Sy ¥ IITyOnHBI Hy, pe3anus ¢ cocTapistomei P; cuitel pe3aHust:

P, =C,H’S™"™, (
7.4)

rae  Cp, Xp, Yp, Np — dMnupudeckue KodQQPUIUEHT U MOKa3aTeNu cTeneHu, V — CKOpoCTb
pe3aHusl.

bnok I'C BeIIOMHSET omepalMd B COOTBETCTBHUHM C TIE€OMETPUYECKMMHU COOTHOLICHHSAMHU
MEXy COCTAaBJIIOLIMMHU CUJIbI PE3aHMS:

(0.6P)?
1+tg°(p+7)’

I7ie ¢ — TTaBHBIN YTOJ B TUTaHE Pe3lia, 77 — yroJl CX0/a CTPYKKH.
C yderoM NpHBeIEHHBIX BbIIIEe ypaBHEHUH (7.1-7.5) u cBszel (PyHKIIMOHAIBHOW CXEMBI O
puc. 5.30, marematuueckyro mojenb Beced CAY Hag0 JOTOMHUTE CIAEAYIOMUME 3aBUCUMOCTSIMH:

(

y =



&J :U3 _Uoc’
S,=wk,;

3 dox (
Sy =5, Tt 7.6)
Hr]) = H3 _5)}’

Uoc :5y'k0n ) ky;

Takum oOpa3om, crabuIu3anUs CUJIBl pe3aHuss Ha TpeOyeMOM YypOBHE, KOTOpBI B
orpezieieHHOM MaciuTabe oTBedaeT 3ajaHHOMY HampspkeHuto U; Ha Bxoae CAY, mpoucxoauT 1o
CYET YINPABJICHMs IPONOJIBHOW monayei. IIpu TodyeHuM neranu, NPUITYCK KOTOPOM HM3MEHSETCH,
peryJivpoBaHHe MOJa4YH JIOJKHO MPOUCXOJUTH TaK, YTOOBI CUJIa PE3aHUs OCTaBalaCh MOCTOSIHHON
Ha Bcel anmuHe 00paboTku. Ho xadectBo paboTet CAY IENMKOM 3aBUCUT OT €ro mapamMeTpoB, a
TaKkKe OT TMapaMeTPOB TEXHOJIOTHYEeCKo oOpabateiBaromieii cucrembl (TOC) roe MMEHHO H
peanusyercss mpouecc TodeHud. [loaToMy BaxkHeiIIedl 3amadeld MpyU MPOCKTHUPOBAHUU CUCTEMBI
ABIIIETCS TPABWIBHBIA BHIOOp €€ MapaMeTpoB, a MPHU SKCITyaTalldd — OIIEHKa KauyecTBa B
3aBucuMocTH oT napamerpoB TOC, KOTOphIE B JaHHOM Cly4ae SIBJSIOTCS BO3ZMYILEHUSMHU.

3aoanue

1. Ilo wucxogHelM JaHHBIM, B COOTBETCTBUM C BapuaHToM (Tabin.7.1), mnpoBecTH
MOJICJIMPOBAHUE C IIEJIbIO OMNpeAeNieHUs] KadecTBa mepexoaHoil xapaktepuctuku CAY mo
KOMIUIEKCHOMY TOKa3aTelto (cMoTpu (opmyiry (5.2)) ¥ TOYHOCTH IO OmHOKe OP OT CICIYIOIINX
napamerpoB CAY:

1) oT ko3¢ ulMeHTa nepeaadn peayKTopa;

2) oT xkecTkocTH Cx ynpyroi TOC;

3) oT ko3¢ ulMeHTa nepeaadn yCUIUTeNss OOpaTHOM CBSI3H.
Ilpumeuanue:

- muara3oH m3MeHenus xxectkoctu (H/mMm) 18000 < ¢, <50000;

- IMana3oH BapbUPOBaHUs KOG GUIIMEHTA YCHIUTENs 00paTHOM cBsizn 5 < Ky <55;

- IMana3oH U3MEHEeHUs KoddduinenTa nepeaadn peaykropa (mm/pan) 0,2 <k, <0,05.

2. BpiOupas mar M3MEHEHHs 3aJaHHOTO MapameTpa, HMPOBECTU SKCIIEPUMEHTHl Ha BCEM
IUarna3oHe ero MW3MEHEHHUs, OIpeleauTb HeoOXoauMble (CM. BbINIE) JAMHAMHUYECKHE
XapaKTEePUCTHKH U 3alIUCaTh PE3YJIbTaThl B COOTBETCTBYIOLINE TAOIHUIIBI.

3. Tloctpouth rpaduku SKCIEPUMEHTAIBHBIX 3aBUCHUMOCTEH KOMILJIEKCHOTO MOKa3aTels
KayecTBa M OIIMOKM OT YyKazaHHbIX Bblmle mnapamerpoB CAY. Omnpeaenutbs JUHAMHYECKHE
nokazarenu CAY: oTHOCHTENbHOE NIEpEPEryINPOBAHNE U 3aTyXaHHUE 3a MEPUO/I.

Brumanue! 11ockonbKy UCXOIHBIE JAHHBIE 3aJAI0TCS CIy4YailHO, HE UCKJIFOYAETCSl CUTYyalus,
korna CAY oka3bpIBaeTcsi HEYCTOMUMBOM, TO €CTh COBCEM HE MPUTOJHOW K (DYHKUIHOHHUPOBAHUIO.
Coo01eHus 06 3TOM, B TAKOM CIIydae, MOSBISIETCS Ha SKpaHe MOHUTOPA BO BpPeMsI MOJIETTUPOBAHHUS.
Pexomenparuu g pemieHMs  Tako  mpoOiieMbl  —  IEHWCTBOBATh B CIEAYIOIICH
MIOCJIE0BATEIBHOCTH:

1) wu3MeHsTh mapamerp, B (YHKIIMHA KOTOPOTO aHATU3UpYyeTcs auHamudeckoe kadectBo CAY B
Juana3oHe, yKa3aHHOM B 33/1aHUU;
2) ecnu B pe3ylbTare BBINMOJIHEHUS 1.1 He ymaercs obecrieunth mocTossHCTBO CAY, yMeHbIIaTh
koa¢unmeHT nepeaaun npsamoro kaHaina CAY 3a cuerT yMmeHbIIEHUS KOI(PUIUEHTa YCHIICHUS
TPaH3UCTOPHOTO (TUPHCTOpHOrO) TpeoOpazoBaTens. IllomydyeHHBIH TakuM 0O0pa3oM HOBBIN
KO3 (UIIMEHT 3aHECTH B UCXOHBIE JAHHBIE C COOTBETCTBYIOIIMM KOMMEHTAPHEM.

Tabnuya 71.1. — HUcxoouwvie oannvle
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0 200 | 30000 | 100 | 1200 | 200 30 | 0001 | O 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

Cooepicanue npomokona

B npotokose npeacTaBuTh CTpyKTypHYIO cxemy uccienyemoit CAY ¢ HCXOHBIMU JJaHHBIMU,
Konuio uHTepdeica NMpu MOACTUPOBAHUU, TaONHIIBI SKCIEPUMEHTANBHBIX JaHHBIX, TpauKu
COOTBETCTBYIOLIMX 3aBUCUMOCTEMN. BBIBOIBI.

Jladoparopnasi padora Ne 4. UcciienoBanue BIUSIHUA acTaTU3Ma Ha KayecTBO CAY

Llenv pabomui: 1Ipuobpemenue npakmuiecKkux Ha8bIKO8 IKCNEPUMEHMATbHO20 ONpeOeieHls]
napamempog [ IH-pezynsamopa.

Teopemuueckasa uacmpo

Uccnenyroress nse CAY: wucxogHas cucreMa ¢ acTaTU3MOM II€pBOTO  MOpPSKa,
npeoOpaszoBanHas (¢ [TM-perynsTopom) — cuctema ¢ acTaTu3MOM BTOPOTo nopsijika. M3BeCTHO, YTO
JUISL OLEHKM TOYHOCTHU AaCTaTMYECKHUX CHCTEM BTOPOIrO MOpPSAJKAa HCIOJB3YETCS YIpPaBIIAOIIEe
BO3JICIICTBIE B BHUJE CHUTHAllA C TOCTOSHHBIM yckopeHuem. [lpu Takom pexume pabOTHI
acTaTUYeCKas CUCTeMa BTOPOTO MOPSIKa UMEET OLTUOKY, M0 BEJIMYMHE KOTOPOW MOKHO MTPOBOJIUTH
oreHKy kauectBa CAY u mporiecca perynupoBanus. Y CTaHOBHUBIIAscs omMOka actatiuueckoit CAY
MEPBOIO MOPSAJKA B ITOM CiIydae OyJIeT CTPEMUTHCS K OECKOHEUHOCTH.

3aoanue

B cooTtBercTBHM ¢ BapuanToM (Tab611.8.1) mpoBecTH CleayIOIINe UCCIICTOBAHMUS.

1. YcTaHOBUTH SKCIEPHUMEHTAIbHO MHUHUMAIbHOE 3HAa4YeHHE MOCTOSHHOW Bpemenu I[IM-
perynsitopa, pu koTopoit CAY Tepsier ycTtolunBOoCTh. ONpenenuTsh AUana3oH W MIar U3MEHEHUs
MOCTOSTHHOM BpEeMEHH T, U TOJITOTOBUTH TA0IHILY SKCTIEPUMEHTAIBHBIX U PACUCTHBIX TAHHBIX.

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

3. Yoenuthcs B ycTpaneHuu ckopoctHoi ommoku anst CAY ¢ [TH-peryastopom.

4. TIpoBecTH JKCHEPUMEHTHI TPU JBUKEHHH C TOCTOSHHBIM YCKOPEHHUEM U OMNpEeAeTUTh
TOYHOCTb PETYJIUPOBAHHS.

5. OO0paboraTh  pe3yJabTaThl  JKCHEPUMEHTAIBHBIX  HCCIENOBAaHHUH U  MOCTPOWTH
COOTBETCTBYIOIIKE I'padUKH.

Tabauya 8.1. Hcxoouvie oannvle
[lepBas | VYcumurens-peoOpazoBatens | Bropas JBurarenn
udpa Kyn \ Ty, mudpa | Ky, pao/cB \ To, ¢




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 mnpenacraBuTh CTpyKTypHble cxembl ucxoaHo CAY wu cucremsl c [IU-
PEryJIsTOpPOM, UCXOHBIE JaHHbIE, KOMMIO UHTepdelica 11 KaKoro-ammdo pexuma padoThl, TaOIUIy
OKCIEPUMEHTAIBHBIX W PACUYETHBIX JAaHHBIX; Tpa(UKH SKCIEPUMEHTAIBHBIX 3aBUCHMOCTEH.
BriBoasl.

TunoBoi npuMep 3a1aHus

Jladoparopnasi padora Ne 4. UcciienoBaHue BIUSIHUS acTaTU3Ma Ha KadecTBO CAY

Llen» padomui: [Ipuobpemenue npakmuyeckux HAGbIKOE IKCNEPUMEHMATLHO20 ONpeoeneHUs
napamempog IIH-pezynsmopa.

Ilpakmuueckaa uacmp

Ha puc.8.1 mnpexacraBnen uHTepdeiic NpUKIaIHOW HPOrpamMMbl, C IMOMOLIbIO KOTOpPOH
BBIIIOJIHSIFOTCS JKCIIEpUMEHTalIbHBIE uccienoBanus. [Iporpamma «IIW perynarop» HaxomurTcs Ha
nucke. MHCTpYKIMU M MOSICHEHUS JUIsl pabOThI ¢ IPOrpaMMOi cojiepKarcs B caMoil mporpamme u
HOSBIISIIOTCS] Ha DKpaHe MOHUTOpA Npu HakaTuu KHonku Help.

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

IIpyu wuccnegoBaHuM BIMSHUA TOCTOSSHHOM BpemeHu [IM-perynsitopa Ha KadyecTBO
pPEryJaupOBaHKs YCTAHOBUTHh CTATUYECKHUI PEKUM U IIPOBECTH CEPUIO DKCIEPUMEHTOB JIs OLEHKH
KOMIUIEKCHOTO KpuTepusi A KaudecTtBa, B COOTBeTCTBHU ¢ (opmynon (5.2). H3mepenue
HKCIEPUMEHTAIbHBIX JTaHHBIX, HEOOXOIMMBIX JUIsI PAcYeTOB, MPOBOJUTCA MO OCLHUIOIPaAMMaM.
[Tpu 3TOM JUIs1 UCXOAHOM CHUCTEMBI KOMIUIEKCHBIN KpUTepUil A pacCUUTHIBAETCS OJMH pa3, a JJs
CAY c IIH-peryasTopoM — JUIsl BCETO BBIOPAHHOTO AMAINa30Ha M3MEHEHHs MOCTOSHHON BpeMEHU
T.. Jlnana3oH U3MEHEHUs MOCTOSHHOM T, BpeMeHU omnpeJensieTcs OT 3HaueHus, npu kotopom CAY
CTaHOBMTCS HEYCTOMYMBOM, B CTOPOHY YBEIMYEHHUS. DKCIIEPUMEHTAIIBHBIE JaHHBIE 3allMCHIBAIOT B
TabJIMIly, TPUMEpP KOTOPOU MPeICTaBIEH HUXKE.

Tabnuya 8.1. Ixcnepumenmanvhvle u pacuemmuvle OaHHbLE

N | T e CraTndecKkuil pexnm JIBMXK. C IOCT yCKOpEHUEM
j v Omax, 2pad | 1, ¢ 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 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 HEyCcTOMUYMBA




3aTeM BBLIOMpaeTCs 3aKOH JBUKEHMS C TIOCTOSHHBIM yckopenueM (2 pan/c?). Ha puc.8.1 Ha
n300pakeHUn ocuuuiorpadgoB JuHHEeH 1 0003HAaYeH 3aKOH NBWIKCHMs, KOTOPBIA 3amaeTcs, a
JTuHAEH 2 — (aKTUYECKUH 3aKOH JBM>KEHUS, BOCIIPOU3BOJUMBII pabounM OpraHoMm.

el
L Moo seaonanms nauanun sovarussa na kasectao CAY

Cuovess o Nl-poryamropos
Mexmaman coucTomn b ] Cuzroma ¢ NH-perynernpos

Dcunnor
Ougnmsnr pad I b

Spava, ¢

Puc.8.1. Hccneoosanue enuanus nocmoannou epemenu INH-pezynamopa
Ha moynocmp CAY

[Tpy BBIMOJHEHUM 3KCIEPUMEHTOB OIpPENENIeTCsl 3aBUCUMOCTb YCTaHOBUBLIECHCS OMIMOKU
yepe3 | ¢ mocie Hayajla MepexoHOro mpolecca OT MOocTosHHOM T, Bpemenu IIM-perymsropa.
PexomeHyeTcst HAUMHATh SKCIEPUMEHTHI ¢ MAKCUMAaJIbHOM BEJTUYMHBI NOCTOSHHOW BpeMenu [1M1-
perymisTopa, a 3aTeM MOCTENEHHO, COIVIACHO BHIOpAaHHOMY IIary, yMEHbUIaTh €€ A0 BEJIUYHMHbI, IPU
KOTOPOH cucTeMa TepsieT yCTOHUNBOCTb.

Ha puc.8.1, a npeacraBien uHTepdeic NPUKIATHOW MPOTrpaMMbl HPU MOAETUPOBAHUU
UCXO/IHOM cucteMsl (creBa) U cuctemsl ¢ [IM-perynsaropom, KOTOpbIi MMeeT MOCTOSHHYIO BPEMEHU
0,7 c. OmubKka NCXOMHOM CHCTEMBI, KOTOpas ycTaHOBHIAch yepes 1 ¢, pasusercs 13,4, a ommbxka
cucremsl ¢ ITH-perynaropom — 8,1°. Kpome Toro, MozenupoBaHue mo3BonseT yoeauThes, 9To s
UCXOJHOW CHUCTEMBbl OLIMOKAa C TEYEHHWEM BpEMEHHU YyBenuuuBaeTcs, To ecTb Takas CAY He
criocoOHa paboTaTh B 3a/laHHOM pekume pabotel. [Ipeobpa3zoBannas CAY Oyxner moajaepk uBath
MIOCTOSIHHOE 3HAu€HUE yCTaHOBUBIIEHCS omuOKu. ['paduku 3KCHepUMEHTAIbHBIX 3aBUCUMOCTEN
OLIMOKH, KOTOpas YCTaHOBWJIACh dYepe3 lc, M KOMIUIEKCHOTO KpHuTepus kadecTBa A oT Ty,
MIOCTPOEHHBIE MO U3JI0KEHHOW METOJMKE, MpeacTaBieHbl Ha puc.8.2. Tam xe, AJid CpaBHEHUS,
npsAMOM JHMHUEH, mapaiieabHol ocH abcuuce, MOKa3aHo 3HaYeHHE KOMIUIEKCHOTO KpUTEpHs s
VCXOJIHOM CUCTEMBI.
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Puc.8.2. 3a6ucumocmo ycmanogugwieiica owudku (uepes Ic) u kpumepua A
om nocmoannoii épemenu IIH-pezynamopa

VYMeHblIeHHEe NOCTOSHHOW BpeMeHu [IM-perynsTopa moJIOKUTENBHO BIUSET HAa TOYHOCTH
CHCTEMBI, HO IOCIIE€ HEKOTOPOW BEIUYMHBI NOCTOSIHHOM Bpemenu [T -perynsropa cucrema tepsier
YCTOMYMBOCTb, TO €CTh CTAHOBHTCS HE CIIOCOOHOH K (YHKIMOHUPOBaHHUIO. Takoi clirydai
3auxcupoBan Ha puc.8.1, 0, Korjga nocrossHHas Bpemenu T, < 0,1c.

7.3. OueHouHble CpeACTBa IS NMPOMEKYTOUHON ATTECTAIMM MO MTOraM OCBOEHMS
JAUCHHUILTHHBI

7.3.1. Bonnpochl K IPOMEKYTOYHOM aTTecTAlu

Cemectp 6

Ne

w/n Bomnpocs! k 3a4ery

1 OCHOBHBIE TOHSTUS U OTIPEJICTICHUS

2 ConeprxaHue MOHATUM: «CUCTEMA YIPABICHUS», «OOBEKT YIPABICHUN», «yIPABIISIONIUE U
BO3MYIIAIOIINE BO3JEHUCTBUSY», «YIPaBJISIOLINE KOOPIUHATHDY

3 Knaccudukanms cuctem aBTOMEXaHUUECKOTO YIIpaBICHUS

4 [TpuHIMIT pa30MKHYTOTO YIIpaBJICHHS. Y IPABJICHHUE IO BO3MYIIECHHUIO U OTKJIOHEHUIO

5 OcHOBHBIE BUIbl AITOPUTMOB (DYHKIIMOHUPOBAHUS

6 Kiaccudukanms cuctem no xapakrepy nepejaadud CUrHajioB

7 Knaccudukanus cuctem 1o OCHOBHBIM BUJIaM YPaBHEHHM TUHAMUKHU MPOIECCOB
YIIPaBJICHUS

8 MareMaTHdeckoe OIMMCcaHue JUHEHHBIX CHCTEM

9 Maremarnueckoe MojenupoBanue anemMeHToB CAY

10 | Knaccuduxanus snementoB CAY. CraTucTHYECKHAE M TUHAMUYECKHE XapaKTePUCTHKH
2JIEMEHTOB

11 | JIuneapu3zanusi HeIMHENHBIX AUPPEpeHInaNbHBIX YPAaBHEHUN JUHAMHUYECKUX PEKUMOB
pabotsl anemMenToB CAY. CrannapTtHas popMa 3anucu auddepeHnnanbHbIX YpaBHEHHUH

12 | OcHoBHBIE CBOliCTBA TpeoOpazoBanus Jlamaca

13 | XapakTepucTUKU AMHAMUYECKUX 3BeHbeB CAY

14 | IlonsiTHe 0 TMHAMUYECKOM 3BEHE. XapaKTepUCTUKU AUHAMUYECKOTO 3BE€HA, IepEIaTOUHbIE
(GyHKIIMHU, YaCTOTHBIE XapaKTEPUCTUKH (aMIUTUTYAHbIE U (a30BbIE), TOTapupMUIECKHe
JaCTOTHBIE XapaKTEPUCTUKH, BPEMEHHBIE XapaKTEPUCTUKH (IIEPEXO/IHBIE U BECOBBIE)

15 TumnoBesle IMHAMUYECKHE 3BEHbS U UX XapPaKTCPUCTHUKNU

16 | CtpykTypHas cxema CUCTEeMaTHYECKOro yrpasieHusi. OCHOBHBIE MTpaBHiIa MPeoOpa3oBaHus
CTPYKTYPHBIX CX€M: IOCIIe0BAaTEIbHOE COEAMHEHNE 3BEHbEB; AapaIeIbHOE COSMHEHNE
3BEHBEB; 3BEHO, OXBAYEHHOE 00PATHOMN CBSI3BI0; IEPEHOC CyMMATOPa; IIEPEHOC Y3714,
NIEPECTaHOBKA y3JI0B U CYMMAaTOPOB

17 | BoluncieHnue neperaToYHbIX (QYHKIMHA U YaCTOTHBIX XapaKTEePUCTUK OJHOKOHTYPHOU U
MHOTOKOHTYPHOM pa30MKHYTOU cuctemsl. [lepenaTounbie GyHKIUU U yIpaBlIeHHE
3aMKkHyTOM CAY. YacToTHBIE XapaKTEPUCTUKH 3aMKHYTON CUCTEMBI

18 | MaTtemarnveckoe MOJICITHPOBAHNE M COCTABJICHUE CTPYKTYPHON CXEMBI

19 | YcToituMBOCTb cCUCTEM aBTOMAaTHUYECKOro yrpasieHus. [lonarue ycroitunBoctu
JIMHEapr30BaHHbIX cucTeM. HeoOxonuMoe 1 JocTaTOYHOE yCIIOBUE YCTOWYUBOCTH

20 | AnreGpanyeckue Kpurepun ycrounoct Payca u I'ypBuna

21 | YacrotHble KpuTepuH ycroiunBoctu. [Ipuanmn aprymenrta. Kputepuu ycroitunBoctn
MuxaitnoBa A.B. [loctpoenue obnacteit ycrounocTH. I[Tonsarue o J{-pazOuennn




Bonpocsl k 3auery

n/n

22 | Kputepun ycroitunBoctn HaiikBrcTa. AHaIN3 YCTOMYMBOCTH I10 JIOTAPHU(PMUIECKAM
4aCTOTHBIM XapaKTEPUCTHKAM

23 | YcToWYMBOCTh CUCTEM C 3ala3/ibIBAHUEM

24 | Metons! o1ieHKH KadecTBa perynupoBanust CAY

25 | IlonsaTue o kayecTBe npolecca ynpasieHus. OlieHKa Ka4ecTBa CUCTEM YIPABJICHUS B
ycTaHoBUBLIMXCA pexxnMax. [locTossHHbIE oIIMOKU. AcTaTUYeCKHe CUCTEMBI. TOUHOCTh pU
rapMOHUYECKOM BO3J€MCTBUU. Y CTAaHOBUBLIMECS OLIMOKU IPU MPOU3BOIBHOM BO3JEHCTBUM,
KOd(QPHUIHEHTH OTHOOK

26 | OueHkH KayecTBa IepexoHoro npouecca. OLUEHKH KauecTBa Ipolecca Ipy BO3AEHCTBUU
CTyneH4YaToil pyHKIUU

27 | YacTtoTHBIE METOABI OLICHKU KauecTBa peryaupoBanusi. OIeHKa KauecTBa PEryIUPOBAaHUS 110
aMIUTUTY/IHO-4YaCTOTHOM XapaKTepUCTUKU 3aMKHYTOW CUCTEMBI; 10 BEIIECTBEHHOMN
YaCTOTHOM XapaKTEPUCTHKE 3aMKHYTOH CUCTEMBI; C [0 aMILUIUTYJHO-(a30BOH
XapaKTepUCTUKE PA30OMKHYTOM CUCTEMBI; 110 JIOrapu(pMUIECKUM YaCTOTHBIM
XapaKTepUCTHKAM

28 | KopHeBble OIIEHKHM KauecTBa PEryJIMpOBaHUs

29 | Cunre3 CAY 1o 3aaHHBIM NIOKA3aTeJsIM KauyecTBa MpoIiecca YIpaBIeHHS

30 | IloBpllIEHHE TOYHOCTH B YCTAHOBUBLIMXCS p&KUMaX U oOecredeHne YCTOMYUBOCTH U
KauyecTBa YIPaBJICHUS CUHTE3UPYEMBIX CUCTEM 3a CUET U3MEHEHMSI IapaMETPOB CUCTEM U
IIyTeM BBEJICHUS] KOPPEKTUPYIOIIUX YCTPOHUCTB

31 | Cucrema aBTOMATHYECKOTO YIPABICHHS MTPOAOIBHON MMoiauell Ipy TOYSHUN

32 | CucreMa aBTOMAaTHYECKOI0 YIPaBJIeHUs NONepeyHol noAayei mpyu Bpe3sHOM IUIM(OBaHUH

33 | Cucrema aBTOMAaTHYECKOTO YIIPABICHHUS TOBOPOTOM pabOYero oprana MpOMBIIIIICHHOTO
pobora

34 | CucreMa aBTOMAaTHYECKOIO PEryJIMpoOBaHus pa3Mepa JeTajld Ha OeCLieHTPOBO-
UM (oBaIbHOM CTaHKE

35 | CucreMa aBTOMAaTHYECKOT0 IMCTAHIIMOHHOTO YIPaBJIEHUSI MAHUIYISITOPOM

36 | Cucrema aBTOMAaTHYECKOTO YIIPABICHHS THIPABIMYECKAM CYIIIOPTOM TOKAPHOTO CTaHKA

37 | CucreMa aBTOMAaTHYECKOI0 YIIPaBJIeHUs Mojlauell pu Gppe3epoBaHUH

38 | Cucrema aBTOMATHYECKOTO YIIPABICHHS MTPOAOIBHON MMoIavuell Py CBEPICHUHT

39 | ConepxaHue MOHATHH: «CUCTEMa yIPaBIECHU», «OOBEKT YIPaBICHUN», YIPABISIOMUE U
BO3MYIIAIONINE BO3JEHCTBUSA», «YIPABISIONINE KOOPAMHATHI)

40 | Kiaccudukaiys cuCTeM aBTOMEXaHUIEeCKOTO YIPaBJICHHUS

41 | IlpuHIun pa3oMKHYTOTO YIpaBjeHHUs. YTIpaBJieHHEe [0 BO3MYIICHHUIO U OTKJIOHEHHUIO

42 | OCHOBHBIE BUJIbI AITOPUTMOB (DYHKIIMOHUPOBAHUS

43 | Knaccugukaius cucTeM Mo XxapakTepy nepejadyn CUTHaJIOB

44 | Knaccugukanus cucTeM o OCHOBHBIM BHJIaM YpaBHEHUH IMHAMUKH [TPOLIECCOB
yIIpaBJICHUs

45 | MaremaTHueckoe ONnrcaHue JIMHEHHBIX CHCTEM

46 | Maremaruueckoe MoJienupoBaHue 1eMeHToB CAY

47 | Knaccudukamus snemMeHToB CAY. CTatucTuyeckre U AMHAMHUYECKUE XapaKTePUCTUKU
JJIEMEHTOB

48 | JIuneapu3zaius HEIMHEHHBIX TU(PepeHIMaIbHbIX YPAaBHEHUN IUHAMHUECKUX PEKUMOB
pabotel anemenToB CAY. CranaaptHas Gopma 3anucH 1uddepeHanbHbIX ypaBHEHUN

49 | ConeprkaHue MOHATHI: «CHCTEMa YIIPABIECHUSN», «OOBEKT YIPABICHUA», KYNPABIAIOIINE U
BO3MYIIIAIONIME BO3JIEHCTBUSA», «YNPABISIONINE KOOPAUHATHI

50

Knaccmbmcaum{ CHUCTCM aBTOMCXaHHUYCCKOI'O YIIPABJICHU S

TecToBBIC 321aHUA:




1. 13 kakux 61okoB cocrout CAVY?

- 00BEKTa YIpaBICHUS U PETYIATOPA

- IPUBO/IA T10J1a4 U NIEPBUYHBIX ITPeoOpa3oBarTeiei

- 33/IaTYMKa YIIPABJICHUS U CPABHUBAIOIIECTO YJICMECHTA
- PUBO/IA TJIABHOTO JIBKOKCHUS U KOPOOKH Iepeiay

2. UTo MOHUMAIOT MO/ yIPaBIIEMbIM 00bEKTOM?
- IPOIIECC PE3aHMsl WU PUBOIHBIC MEXaHU3MBI
- mepeHIo 0a0Ky cTaHKa

- 3a/IHI0I0 0a0Ky cTaHKa

- CTAaHUHY CTaHKa

3. Kakue BHemHME CHITbI (BO3MYIIIEHUS ) MEIIAIOT JTOCTHXKCHHIO YIIPABIIIEMON 11N ?
- HANPSDKEHHUE MMUTAHUS SJIEKTPOABUTATEISI U BHEIIHSISI CHJIA CONTPOTUBIICHUS

- pacxoJ Macia U TEXHOJIOTHUeCKas Harpy3Ka B THAPABIMUYECKUX IHIMHIPAX

- KoJie0aHus, repeaaBaeMble uepe3 PyHIaMEHT OT PSAJIOM CTOSIIIIUX CTAHKOB

- TeMIIepaTypa MOMeIIeHus

4. Kakuie OCHOBHBIE IPUHIIUIIBI YIIPABICHUS?
- 10 BO3MYIIEHUIO U 110 TOTPEITHOCTH

- 110 mepeaaye nHpopMauu

- 110 YIPABJICHUIO MOMEHTOM

- 110 YIIPABJICHUIO CUJIAMH PE3aHus

5. Kako# mpyHIMI 3a7105K€H B 3aMKHYTOM CHUCTEME YIpaBieHus?
- IPUHIUI 00paTHOU CBSA3U

- IPUHIIUI BHEIIHETO BO3ACHCTBUS

- IPUHUHUII OTKJIOHEHUH OT 3a/JaHHbIX 3HAUCHU I

- IPUHLUN OBICTPOTO pearupoBaHMs

6.quy paBHA CTAaTUYCCKaA NOTPCHIHOCTL B ACTaATUYICCKUX CAY IIpu MMOCTOSAHHOM BXOIHOM

curnane: X(t) =X,u W(0) - o0?

- 5YCT =0
- 5ym:1
1
- 5yCT =
Xo
-5 =0

300. Kakast cTpykTypHasi cxema r'JIponprBoia Oy1eT COOTBETCTBOBATh €T0O
MPUHIUIINAIBHON cxeme?

- ) S—




I s+ Iy
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I:s +1 Fs
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301. KakoMy 3BeHY COOTBETCTBYET MAaTeMaTHYECKOE ONMMCAHUE COSTUHEHHUS 30JI0THUKA C
rupaBiandeckuM nuianHapoMm? CTpyKTypHasi cXxeMa COeAMHEHHUS MIPEICTaBIeHa Ha CXEME.
HUcnonb3zyembie 0003HaueHus: K; — koahuireHT 3aBucuMocT pacxoza moToKa Maciia oT
OTKPBITHS I1IeJIeH 30JI0THUKA F — IUIoIIa b NOPIIHS THAPABINYECKOTO IMIMHAPA 73 — MOCTOSIHHAS
BPEMCHH 30JI0THHKA.

kel

I s+1 Fy

- peaJIbHOMY UHTETPUPYIOLIEMY 3BEHY
- mudhepeHIUpPYIOIeMY 3BeHY

- UHEPIIMOHHOMY 3BEHY

- KoJie0aTeIbHOMY 3BEHY.

302. Kakas cTpyKTypHasi cxema I'MJIpoIprBO/ia C )KECTKOH 00paTHOM CBS3bI0 OyneT
COOTBETCTBOBATh €r0 MPUHIMIUAIBLHON CXeMe, TPUBEIEHHON Ha pUCYHKE?




k o) 1 )

T s +1 Es | a

303. Kakas CTpyKTypHas cxema rupoIrprBojia ¢ THOKOW 0OpaTHOM CBSA3BIO OyeT
COOTBETCTBOBATh €r0 MPUHIUITUATIBLHON cXeMe, TPUBEIECHHON Ha pUCYHKE?

o 1]
Fs
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7.3.2. Kputepuu 4 HOPMbI OLEHKH

Cemectp

dopma
NMPoBeIeHUs
MPOMEKYTOYHOM
arTecTalnu

Kpurepuu u HopMbI OLIEHKH

[IpoBepka

3aJIaHUN "

IIPOXOKIACHUC
HUTOT'OBOI'O TECTA

«3a4YTCHO»

40 u Oosiee 6aJUIOB

«HE 3a4YTCHO»

meHee 40 daiuioB




8. YueOHo-MeTOAMYecKOEe U MH(POPMAIIMOHHOE o0ecTieYeHre TUCIUILTHHbI

8.1. O0si3aTesibHAA JIUTEPATYpPa

Tun (yueOHuk, yueoHoe

Koaun4yecTBO B

HAY4YHOH
Ne nocooue, yueoHO-
ABTOpBI, COCTABUTEIHN 3arsnaBue (3aroJjioBoK) I'ox n3nanus oudamMoTeke /
n/m MeToinYecKoe nocooue,
OPAKTHKYM, 1p.) HaumeHoBanue
P > AP 9BC
1 | C. M. bparas [u 1p.] ABTOMaTHUYECKOE YIIpaBJIEHHUE IIpoLeccaMu | Y4eOHUK 2017 9BbC
MEXaHUYECKON 00paboTKH "ZNANIUM.CO
MII
2 | A. U. Eropos, JI. H. BBenenue B TeOpuI0 ynpaBieHUs Y4eOHoe nmocodue 2017 OBC "Jlansp"
3HaMeHCKast CHCTEMaMH C pacupeaeICHHBIMU
napaMeTpamu
8.2. lonoiHUTe/ILHAS JUTEpPaTypa
KonnuectBo B
Tun (yueOHuk, yaeoHoe .
HAY4YHOM’
Ne nocooue, yueoHo-
ABTOpBI, COCTABUTEIH 3ariaBue (3aroJ10BOK) I'ox u3panus onobmorexe /
n/n MeTOoAnYEecCKoe mocoomne,
NpAKTREYM, Jp.) HanmeHnoBanue
P » AP BC
1 | 1O0.B. [lerpakos, O. 1. Teopus aBTOMaTU4ECKOTO yIpaBICHUS YuebHoe nocobue 2008 109
JpaueB TEXHOJIOTHYECKUMHU CHCTEMaMHU
2 | B. A.T'ynses, A. O. Teopust aBTOMaTH4ECKOTrO yIpaBICHUS Y4ebHO-MeToIn4ecKoe 2008 138

Hpaues, 0. B. Ilerpakos

TEXHOJIOTHYECKUMU CUCTEMaMU

rmocobue




8.3. Ilepeuenb npodeccHOHAIBHBIX 0a3 AAHHBIX M HHPOPMAIMOHHBIX CHPABOYHBIX
cucTeM

— Web of Science [DnekTpoHHBINH pecypc]| : MyJIbTHAUCIUIUIMHAPHAS pedepaTuBHas 0aza
JTAHHBIX. — Philadelphia: ClarivateAnalitics, 2016- ) — Pexum JOCTYyIa
apps.webofknowledge.com. — 3aru. ¢ skpana. — S3. pyc., aHrd1.

— Scopus [DnekTpoHHbIii pecype] : pebepatuBHas 6a3a manHbix. — Netherlands: Elsevier,

2004— . — PexxumM jocTyma : scopus.com. — 3ariL. ¢ 3kpana. — S13. pyc., aHri.

— Elibrary [2nexTpoHHbIi pecypc]| : HaydHas 3JeKTpoHHas OuOimoreka. — Mocksa : HOB,
2000~ . — Pexxum moctymna : elibrary.ru. — 3arm. ¢ skpana. — 3. pyc., aHrIL

— Springer Link [Dnextponnsiii pecype] : [0a3a mannbix]. — Switzerland: SpringerNature,
1842— . — Pexxum noctyna : link.springer.com. — 3aru. ¢ skpana. — 53. aHri.

— Science Direct [DnekTpoHHBIH pecypc] : KOUIEKIHS DJIEKTPOHHBIX  KHHT
usnarenabcTBa Elsevier. — Netherlands: Elsevier, 2018— . — Pexxum moctyna : sciencedirect.com. —

3ari. ¢ sKpana. — 3. aHri.

8.4. [lepeuenb nporpaMMHOro odecrneyeHust

Ne Hanmenosanme IO PexBu3UTHI Aorosopa
n/n (1aTa, HOMep, CPOK JAeHCTBUS)
1 | Windows HoroBop Ne 690 or 19.05.2015r., cpok
JeCcTBHS - GECCPOUHO
2 | Office Standart JHorosop Ne 727 ot 20.07.2016r., cpok
JeCTBHS - 6ECCPOUHO
3 | Kommac 3D Horosop Ne 652/2014 ot 07.07.2014
beccpounas
4 | MathCAD Akt 1/m ot 21.07.09 (I'oc. Kontpakr 487
ot 28.05.09) beccpounas




8.5. Onucanne MarepHaJbHO-TEXHHMYECKON 0a3bl, HEOOXOAMMOM ISl OCYLIECTBJICHUSI
o0pa3oBaTeIbHOIO Mpouecca 1o JMCUUIINHE

HanmeHnoBanune 000py10BaAHHBIX YUeOHBIX
Ka0OMHETOB, JIa00PATOPHUIi, MACTEPCKUX U

Ne AP. 00bEKTOB /IS MPOBeIeHHA
N IlepeyeHb OCHOBHOIO 000PY10BAHMS
n/n | NPaKTU4YeCKUX U JJa00OPaATOPHBIX 3aHATHH,
MOMeIEeHHU 1JIs1 CAMOCTOATEIbHOMI
padoThl o0yyarommxcst (HoMep ayAuTOPUM)
Aynutopust BeOKOH(pepeHInH. DKkpaH TEJICBU3UOHHBIH, [THPMBI,
YueOHast ayTUTOpHS A7l IPOBEACHUS POKEKTOP Ha LITaTHUBE. CTOJ
3aHATUH JEKIMOHHOTO THIA. Y4yeOHas IIPEIO01aBaTEIbCKUM, CTYJIbs
ayIUTOpUs AJI IPOBEACHUS 3aHATUI pernoaaBaTeNbCKUE.
CEeMHMHApPCKOro Tumna. Y4yeOHas aynutopus 1uia | TpancnapaHT-iepeTsikka, CUCTEMHBIN
1 | KypcoBOro NMPOEKTUPOBAHUS (BBITIOJIHECHUS 0JI0K
KYpPCOBBIX pa0oT). YueOHast ayIuTOpHs IJist
MPOBEJICHUS TPYIOBBIX M MHIUBUYaTbHBIX
KOHCYJIbTAIIMN Y4eOHas ayaAuTopus JJIs
MIPOBEJICHUS 3aHATUN TEKYIIEro KOHTPOIS U
npomexxyrouHoi arrecrarmu. (YJIK-807)
Aynuropus BeOKOH(pEpEeHIIUH. Croubl yUYEHUYECKHUE., CTON
YyueOHast ayTUTOPHsI U IPOBEICHUS NpPEnoJaBaTeIbCKUM,  CTyJbs,  JIOCKa
3aHATUHN JEKIIMOHHOTO THUIA. Y4eOHas (mapkepHas), kadenpa uHanompHas, IIK,
AyIUTOPUS JJISl TIPOBENICHUS 3aHATUI TEJIEBU30P.
CEMHUHAPCKOro TUMNa. Y4yeOHas ayuTopus AJis
2 | KypcOBOTO MPOEKTUPOBAHUS (BBITTOITHEHUS
KYPCOBBIX pa0oT). YueOHas ayAUTOpHs IS
MIPOBEJICHUS TPYIIOBBIX ¥ HHIUBUYaThHBIX
KOHCYJIbTalMi YueOHas ayiuTopus s
NPOBE/ICHUS 3aHATUH TEKYIIEro KOHTPOJIS U
npomexxyrounoit arrecrarmu. (YJIK-301)
[Tomemenue st camocTosATeNbHONM padboThl | CTOBI Y4EHHYECKHE, CTYJIbA
3 | crynenTos (I'-401) yuennueckue, [IK ¢ BBIXOJOM B CETh

WNHuTtepHer




