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Pacnpeue.ﬂeﬂue YaC0B JUCHHUIIMHBI IO CEMECTPpaM

Cemectp 9

dopmMa KOHTPOJIA 3a4er Hroro
Buj 3ansiTuit
Jlekuun 4 4
JlaGopaTopHble 6 6
[TpakTuyeckue 6 6
PykoBoJICTBO: KypcoBble paboThl (mpoekts) / PI'P
ITpomMexyTodHast aTTeCTAIHS 0,25 0,25
KonraktHas pabora 16,25 16,25
CamocrosTenbHas pabora 124 124
KonTtponb 3,75 3,75
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
yipaBJICHUA AWHAMHYECKHUMH CHUCTEMaMU paanquﬁ (bHSH“IGCKOfI Ipupoabl IMPUMCHHUTCIBHO 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, «MeTallTIOpeKyIIHe CTAaHKNY,
Ocnossl CAIIP».

JIMCUMIUTUHBL U TPAKTUKH, JUISI KOTOPBIX OCBOEHUE JIaHHOM TUCIUILUIMHBI HEOOXOIMMO Kak

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

3. Ilinanupyembie pe3yJibTaThl 00y4YeHUs

dopmupyemMbie U
KOHTPOJIHpyeMble
KOMIIeTEHIIUH

I/IHIII/IKaTopr JOCTHIKCHUSA

. IInanupyemsle pe3yJbTaThl
KOMIIeTeH Ui

o0yueHust

(Ko ¥ HAMMEHOBAHUE)

(K0 1 HAUMEHOBAHUE)

OIIK-3. Cnocoben
BHEIPSTHh U OCBAMBATh
HOBOE€ TEXHOJOTHYECKOE
o0opynoBaHue

OIIK-3.1. Hcnonb3yet
HOPMAaTUBHYIO 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
MPOU3BOACTBO HOBOM
HOMEHKJIATypbl U3JIeIUI B
YCIIOBUSAX
MalIMHOCTPOUTEIBLHOTO
MIPOU3BO/JICTBA.

3HaTh:

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

- ocHOBHBIE MeTo bl aHam3a CAY Bo
BPEMEHHOW U YaCTOTHOM 00JIacTsX,
criocoObI cuHTe3a CAY;

- TUTIOBBIE TTAKEThI MPUKJIIATHBIX
MporpamMM aHajIn3a JUHAMUYECKUX
CUCTEM;

- KHHEMAaTUYECKYIO CTPYKTYPY U
KOMITOHOBKY CTaHKOB, CUCTEMBbI
yIpaBIeHUS UMH;

- CpeCTBa ISl KOHTPOJIS,
UCIIBITAHUH, TUAaTHOCTUKU U
aJaNTUBHOTO yIPaBICHUS
000py/IOBaHUEM.

YMeTs:

- BBINIOJIHATH aHAJIN3
TEXHOJIOTUYECKHX MPOIECCOB KaK
00BEKTOB aBTOMATHU3AIUU U
yIpaBIeHUS;

- COCTaBIIATh CTPYKTYPHBIE CXEMBI, UX
MaTeMaTU4YeCKUEe MOJICIU KaK
00BEKTOB yIIpaBJICHHUS,

- HCIIOJIb30BaTh OCHOBHEIE METOIbI
MTOCTPOCHHS MATEMATHUYCCKHUX




dopmMupyembie U
KOHTPOJINpYyeMble
KOMIIEeTeHI[HH
(ko1 1 HAUMEHOBAHME)

NHaukaTopsbl J0CTHXKEHUS
KOMIIEeTeHIINI
(K01 1 HAUMEHOBAHUE)

IlnannpyemMble pe3y/ibTaThl
o0y4eHust

MOJIEJICH TPOIIECCOB, CHCTEM, UX
AJICMEHTOB M CHCTEM YIIPaBJICHHUS,

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

Bnaners:

- HaBBbIKaMU IIPUMEHEHUS DJIEMEHTOB
aHaJIM3a TAoOB KU3HEHHOTIO LIMKJIA
IIPOAYKIMH U YIIPaBJICHUS UMH;

- HaBbIKaMU HaJlaJIK1, HaCTPOMKH,
pEryaupoBKH, 00CITYKUBAHUS
TEXHUYECKUX CPEICTB U CUCTEM
YIpaBJIECHUS;

- HaBBIKaMU O0(hopMIICHUS
pE3yJIbTaTOB UCCIEN0BAHNN U
IIPUHSATHS PELICHUMN.

OIIK-10. Criocoben
pa3pabaTsiBaTh
AJITOPUTMBI U
KOMITbIOTEPHBIC
MPOTrPaMMBI, TPUTOTHBIC
JUTSL IPaKTHYECKOTO
MPUMCHEHHSI

OIIK-10.1. [Tpumenser
METO/TBI CO3/TaHUS
QITOPUTMOB TPU PEIICHUH
3a7ady  mpoQecCHOHATIBHON
JESITEIbHOCTH

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

3HaTh:

- METOJIbI M CPEJICTBA
T€OMETPHUUYECKOT0 MOJICITUPOBAHMS
TEXHUYCCKHX OOBEKTOB;

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

- o0111e TpedoBaHUs K
ABTOMATHU3WPOBAHHBIM CUCTEMAaM
MPOEKTUPOBAHNUS,

- OCHOBBI TEXHOJIOTHYECKOTO
pEryJIUpOBaHMUS.

YMeTs:

- CTPOUTh MaTEMATUYECKUE MOJEIH
00BEKTOB YIIPABIEHUS U CUCTEM
aBTOMAaTHUYECKOTO YIpPaBICHUS
(CAY);

- npoBoAUTh aHanu3 CAY, oneHuBarh
CTaTUCTUYCSCKUE M JTUHAMUYECKHE
XapaKTePUCTHKHY;

- pacCUMTHIBaTh OCHOBHBIC
KauecTBeHHEBIE MokazaTesm CAY,
BBITIOJIHSITh: aHAIN3 €€ YCTONYMBOCTH,
CHUHTE3 PEryJsiTopa;

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




dopmMupyembie U
KOHTPOJINpYyeMble
KOMIIEeTeHI[HH
(ko1 1 HAUMEHOBAHME)

NHaukaTopsbl 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;

- UCII0JIb30BaTh OCHOBHBIC
TEXHOJIOTHH II€pEaavYn I/IH(bOpMaI_[I/II/I B
Cpeac JIOKaJIbHBIX CeTeﬁ, CCTU
Internet.

Bmanerts:

- HaBBIKaMU 0(OPMIICHHUSI POSKTHON
Y KOHCTPYKTOPCKOM TOKYMEHTALU! B
COOTBETCTBUH C TPEOOBAHUSIMHU
ECK/I;

- HaBBIKAMH TTOCTPOEHUS CUCTEM
ABTOMATHUYCCKOT' O praBneHMa
CHCTEMaMH U IMPOIIECCaMU;
HaBBIKAMH aHAJIN3a TCXHOJOTUYCCKUX
MPOLIECCOB KaK 00BEKTa YIPaBICHUS
¥ BBIOOpA (DYHKIIMOHAIBHBIX CXEM UX
aBTOMAaTH3aI1H.




4. CTpyKTYpa U cofepKaHue JUCHUILIHHBI

®opMbI TEKYLIETO

M Bun . KOHTPOJIs
01yJ1b . HaunMenoBanue TeM 3aHATHH Oo0nemMm,
yueOHoi N Cemectp banabl | UHTEepakTuB, 4. | (HAaUMEHOBaHUeE
(paznen) (yueoHoii padoThI) q,
padoThbI OLICHOYHOI'0
cpeacTna)
Monyns 1. Jlek. 1.1. OcHOBHBIE IOHATHS U OIPECIICHUS. 9 1 - 2 Bormpocs! k 3auery
basoBbie CymHocTh mpobaeMbl aBTOMAaTUYECKOTO
XapaKTEPUCTUKU yIpaBJICHUSI.
cCUCTEM Cp. 1.1. OcHOBHBIE IOHATHS U ONPEICIICHHUS. 9 5,4 - - Bormpocs! k 3auery
YIIpaBJICHUSI. CymHOCTh MpoOIeMBbI aBTOMATHYECKOTO
yIpaBICHUS.
Cp. 1.2. OcunosHble ycrpoiictBa CAP u ux 9 5,4 - - Bormpocs! k 3auery
KiaccupuKalus 1Mo Ha3HAYEHUIO.
Krnaccudukanus aBToMaTHIecKOro
ynpaBieHus. MaTtemaTudeckasi MOAENb
LEHTPOOEIKHOTO PETYISITOpPa CKOPOCTH
JIBUTATEJIS.
Jlab. 1.3. ccnenoBanue BIUSIHUS TTapaMETPOB 9 15 - - OT4YeT B 3JIEKTPOHHOM
IIEHTPOOEIKHOTO PETryIsITOpa CKOPOCTH Ha BUIE
MIPOLIECC PEryIUPOBAHUSI.
Cp. 1.3. ccnenoBanue BIUSIHUS TTapaMETPOB 9 5,4 - - Bormpocs! k 3auery
IEHTPOOEIKHOTO PErysITOpa CKOPOCTH Ha
MIPOLIECC PETyIUPOBAHUSI.
Cp. 1.4.XapakTepuCTUKH MEPEXOTHOTO 9 54 - - Bomnpocsr k 3auety
nporiecca. YacTOTHbBIE XapaKTePUCTUKH.
Cp. 1.5.MaremaTndeckre MOJEIN. 9 6,4 - - Bomnpocsl k 3auery
JInHeapu3zanysi MaTeMaTHYECKUX MOJIETIEH
JIa6. 1.6. Onpenenenue 4aCTOTHBIX 9 1,5 - - OT4er B 2JIEKTPOHHOM

XapPaKTCPUCTHK I10 aHAJIM3Y BXOAHOT'O U
BBIXOJHOI'O CUT'HaJIa BO BPCMCHU.

BUE




®opMbI TEKYLIETO

Bun . KOHTPOJIs
Monyab . HaunMenoBanue TeM 3aHATHH Oo0nemMm,
yueOHoi N Cemectp banabl | UHTEepakTuB, 4. | (HAaHUMEHOBaHUeE
(paznen) (yueoHoii padoThI) q,
padoThI OLICHOYHOI' 0
cpeacTna)
Cp. 1.6. OnpeneneHne 4aCTOTHBIX 9 6,4 - - Bomnpocs! k 3auety
XapaKTEPUCTHK 110 aHAINU3Y BXOJHOTO U
BBIXOJIHOTO CUTHAJIa BO BPEMEHHU.
Cp. 1.7. TunoBsle 3BE€HbS NIEPEIATOUHBIX 9 6,4 - - Bompock! k 3auety
GyHKIHH.
J1a6. 1.8. OnpeneneHue nepexoHON YaCTOTHON 9 15 - - OTyer B 3JIEKTPOHHOM|
XapaKTePUCTHKH. BUJIC
Cp. 1.8. OnpenencHue MepexoHON YaCTOTHOM 9 6,4 - - Bomnpocsr k 3adety
XapaKTEPUCTHKH.
Moy 2. Jlek. 2.1.DyHKUIMOHAJIBHBIE U CTPYKTYpPHBIE 9 1 - 2 Bormpocs! k 3auery
KayecTBeHHBIN U cxembl. [IpaBuiia mpeoOpa3oBaHus
KOJIMYECTBEHHBIN CTPYKTYPHBIX CXEM.
aHanus cucteM | Cp. 2.1.®yHKIMOHATBHBIEC i CTPYKTYPHBIE 9 6,4 - - Bomnpocs! k 3auety
ABTOMATHYECKOTO cxembl. [IpaBuiia mpeoOpa3oBaHUs
yIIpaBJICHUS. CTPYKTYPHBIX CXEM.
JIao. 2.2. UccnenoBanue ycroitunBoctu CAY no 9 1,5 - - OT4er B 3JIEKTPOHHOM
Kkputepuio ['ypBuna. BUJIE
Cp. 2.2. UccnenoBanue ycroitunBoctu CAY 1o 9 6,4 - - Bompockr k 3auety
Kkputepuio ['ypBuna.
Cp. 2.3. TlpaBuna npeoOpa3oBaHUs 9 6,4 - - Bomnpocsr k 3auery
CTPYKTYPHBIX CXEM.
Cp. 2.4. Tloctpoenue rogorpada CHCTEMBI | 9 6,4 - - Bompocsr k 3auery
norapu(pMHUUECKON YaCTOTHOM
XapaKTePUCTHKH.
Cp. 2.5.MaremaTuueckast OLleHKa 9 6,4 - - Bomnpocsl k 3auery

YCTOMYMBOCTU. 3aJaud yCTONYHMBOCTH.
3anac yCTOMYMBOCTH.




®opMbI TEKYLIETO

Bun . KOHTPOJIs
Monyab . HaunMenoBanue TeM 3aHATHH Oo0nemMm,
(pasnen) yueOHoi (yaebHoii paboTsI) Cemectp u. banabl | UHTEepakTuB, 4. | (HAaHUMEHOBaHUeE
padoThI OLICHOYHOI' 0
cpeacTna)
[Ip. 2.6. Uccinenosanue tounoctu CAY B 9 15 - - OT4eT B 3JIEKTPOHHOM
peKUME IBHKEHUS 110 TApMOHUYECKOMY BUJIE
3aKOHY.
Cp. 2.6. UcciaenoBanue Tounoctu CAY B 9 6,4 - - Bormpocs! k 3auery
pEeXUME TBUKEHUS TI0 TAPMOHHYECKOMY
3aKOHY.
IIp. 2.7. OnpeneneHue XxapakTepUCTUK 9 1,5 - - OTuer B 2JIEKTPOHHOM
JIEKTPOMEXaHUYECKOT0 ITPUBOJIA. BUJIE
Cp. 2.7. OnpezneneHue XapakTepUCTUK 9 6,4 - - Bomnpocs! k 3auety
JIEKTPOMEXAHUIECKOTO MPUBOJIA.
Monyis 3. JIek. 3.1. KommekcHast OlleHKa KayecTBa CUCTEM 9 1 - - Bomnpocs! k 3auety
CuHTE3 1 aHAIN3 1 00BEKTOB aBTOMAaTUYECKOTr0 YIIPABICHMUSI.
CUCTEM Cp. 3.1. KoMmnekcHas OlleHKa KauecTBa CUCTEM 9 6,4 - - Bomnpocsl k 3auery
ABTOMAaTHIECKOTO 1 00BEKTOB aBTOMAaTUYECKOTrO YIIPABICHMUSI.
Y IPABICHI. Ip. 3.2. Onpenenenue xapakrepuctuk CAY 9 1,5 - - OTYeT B 2JIEKTPOHHOM
MPOAOJIBHOM MOIa4ei MPHU TOYECHHH. BUJIE
Cp. 3.3. ObecneueHre HEOOXOAUMOM TOUHOCTH 9 6,4 - - Bomnpocs! k 3auety
CAY. Onenka TouyHoctu CAY.
Ip. 3.4. UccnenoBaHue BIMSHUSA acTaTU3Ma Ha 9 1,5 - - OTuet B 3JIEKTPOHHOM
kagectso CAY. BUJE
Cp. 3.4. UccnenoBanue BIMAHUS acTaTU3Ma Ha 9 6,4 - - Bomnpocs! k 3auety
kauectBo CAY.
Cp. 3.5. OCHOBBI CHHTE3a CHCTEM 9 6,4 - - Bompockr k 3auety
aBTOMAaTHYECKOI'0 YIPABIICHHUSL.
Jlek. 3.6. UccnenoBanue BIUSHUS THOKOU 9 1 - 2 Bomnpocsr k 3auery
oOpaTtHo# cBsi3u Ha ObicTpoaeiicTBue CAY.
Cp. 3.6. UccnenoBanue BIUSAHUS THOKOU 9 6,4 - - Bomnpocsr k 3auery

oOpaTtHo# cBsi3u Ha ObicTpoaeiicTBue CAY.




®opMbI TEKYLIETO

Bun . KOHTPOJIs
Monyab . HaunMenoBanue TeM 3aHATHH Oo0nemMm,
yueOHoi N Cemectp banabl | UHTEepakTuB, 4. | (HAaHUMEHOBaHUeE
(paznen) (yueoHoii padoThI) q,
padoThI OLICHOYHOI' 0
cpeacTna)
ITIA 9 0,25
Kontposnb 9 3,75
Hroro: 144




5. O6pa3oBaTe/ibHbIEe TEXHOJIOTHHU

B mponecce N3y4CHUA AUCHUIUIMHBI UCIIOJIB3YCTCA METOA JUCTAHIITMOHHOTI'O O6y‘-ICHI/ISI.

IIpy moaroToBKe K OTBETaM Ha TECTHI 110 TEMAaM Kypca U BBIIOJHEHHWIO TUIIOBBIX 3aJaHUN
CTYACHTY HEOOXOAMMO TIIATEILHO U3YYUTh MpEAaraeMylo JIMTepaTypy, HOPMaTHBHBIC PABOBbIC
aKThl, ydeOHBIN MaTepHall.

CTyaeHT caMOCTOATENbHO paboTaeT ¢ JONOTHUTEIBHON U OCHOBHON JIUTEPAaTypOi, HOPMAaTUBHBIMHU
aKTaMU, MHTEPHET-PECYpPCaMH.

6. Meronuyeckue yKa3aHus M0 OCBOECHHIO U CIUTIIHHbBI

IIpy wu3y4eHHMH JUCLMIUIMHBI HEOOXOJMMO HW3YyYUTb MaTe€pHajbl TEM, BBIIOJIHUTD
COOTBETCTBYMOIIME TeCcTh. [Ipr HEOOXOAMMOCTH 3a7aTh BOIPOCHI PENOAABATENIO B (hOpyMe.

ITocne n3ydeHns Kypca BBIIIOJIHUTh HTOTOBBIN TECT.

Pasmectutp Ha JIMYHOM CTpaHMIIE Kypca BBIIOJHEHHbIE 3aJaHUs Ul  IPOBEPKHU
IIpenoaaBaTeiieM.



7. OueHOYHBIE CPEACTBA

7.1. IlacnopT OLIEHOYHBIX CPEACTB

Koxa koHTpoO/IMpyemMoil KOMIIETeH MU HaumeHoBanue
Cemectp
(WJIK ee 4acTH) OLIEHOYHOI'0 CPeACTBA
9 OIIK-3 JlaGopaTtopHubie paboTher NoNe 1-2
Bonpocs k 3k3ameny Ne 1-15
9 OIIK-3, OIIK-10 JlaGopaTtopHbie paboTsl NeNe 3-4

[Ipaktuyeckue padotsr NeNe 1-2
Bompocsr k 3x3ameny Ne 16-30
9 OIIK-10 [Ipaktuueckue padotsl NeNe 3-4
Bompocsr k 3x3ameny Ne 31-50

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

7.2.1. KoMIuiekT 1a00paTopHBIX padoT

(HaumeHoBaHUE OYEeHOUHO20 CpedCmBa)

Jlaboparopnasi padora Nel. HccienoBaHue BJIMSIHUSI NApPaMeTPOB LEHTPOOEKHOTO
peryJisiTopa CKOpOCTH Ha Mpouece peryaupoBaHus.

Henv pabomor: [Ipuobpemenue npaKmudeckux HABLIKOS IKCNEPUMEHMANbHOU OYeHKU
npoyecca pe2yiuposanus u yCmouyusol pabomul CUCMeMbl AGMOMAMUYECKO20 YNPABGIEHUSL.

Teopemuueckas uacmo

Uccnenyercst cucrema  aBToMaTudeckoro — ympasieHus (puc.l.l), cocrosimas — wu3
LEHTPOOESIKHOTO PETYJIATOPAa CKOPOCTH, MOJI3YH 1 KOTOPOTo CBsi3aH pbhlyaraMu 2 ¢ 3aCJIOHKOM 3
nosiayu paboueit cMecH B TEMJIOBOM BUTATENb 4. Perynarop npuBoAUTCs BO BpallleHUE OT IBUTATENS
yepes 3y0uaryro nepeaauy 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
CUJIBI TIPYXHUHBI C JPYrol 3aHUMAIOT HEKOTOPOE IOJIOKEHWE, 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
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 CUCTEMY BXOJSAT JBUTATENb, JApocceib Mogauu pabodeil cMecu, pbluakHas mepenada u
3yOuaras nepeayva.

JIBukeHue ABUrateNs NpU OrPaHUYCHHHM YYETOM SIBJICHUN IEpBOro MOpsAIKa, T.€. €ro

WHEPIHOHHOCTHIO, MOXKET OBITh MTPeICTaBICHO MU hepeHINATFHBIM YPaBHEHUEM MIEPBOTO MOPSAKA!
dw

I0E+/1(,a)+MH=M(,, (1.1)
rze lo u Ao — MOMeHT uHepIu# potopa u ko3 duuuent Bs3koro TpeHus asuratens, M, u My —
MOMEHT COTPOTUBIICHUS HArPy3KU U MOMEHT JBUTaTelsi COOTBETCTBEHHO.
MoMeHT JBM)KEHUS 3aBUCUT OT OTKPBITHUS JIpOCCels noAayun padboueil cMecu:
M, =bk,, (1.2)
rae b — ko3 duumeHT nepeaayn OTKPBITUS IPOCCElis OT MepeMEIeHHs TTOJI3YHA peryisiTopa
Yepe3 PhIYaKHYIO repeaady, Ko — koadGUIHeHT TPOHOPLIHOHATEHOCTH MY OTKPBITHEM JIPOCCEIIS
¥ MOMEHTOM J[BUTATEIIS.
Ecnu npuHATH nepenaToyHOe OTHOIIEHUE PbIYaroB M 3yOuaToil nepesauu paBHbIM €IUHMIIE,
TO, W3 TEOMETPHYECKMX COOTHOIICHHUH, MOJYyYHMM YypaBHEHHE CBS3U, KOTOpPOE OIpeNesieT
3aMKHYTOCTh CAY:
b = 21— Sin). (1.3)
[Tony4yennas marematuueckas mojaens (1.1)-(1.3) ucnone3yercs B mpUKIIQAHON nporpamme, ¢
MIOMOIIBIO0 KOTOPO#! BBITIOIHAIOTCS TPEOYEMbIE HCCIIEJOBAHUSI.

m MonenupoBaHHe perynaToOpa CKOPOCTH ABHraTens =] 3

MCXONHBE DAHHHE CAY

Macca WApKEOE, KI 0.25

Cuna npysHe:, H 100

AecTrocTe

MPYs#MHEL HA vt I‘I 5
MoMEHT MHERWHMH l—
AEMraTens, kriml o1

K3 PPUUMEHT SAEMCHMOCTH
MOMEHTE AEWIETENA OT

OTEPEMTHA ApacCcend, I4

Heram

|4D 5‘ MomeHT Harpysku, Hii

Ocunnnorpad

Mpouecc | MpononkeHue |

Reset |

N | Help |

¥rnogas CKOpocTe W, paajc
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06 07
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Puc.1.2. Mooenuposanue yenmpoo6excno2o pecyaimopa cKopocmu

3aoanue

B cooTBercTBUM ¢ BapranToMm (Tab:.1.1) mpoBecTH uccie0BaHUE KauecTBa PeryaIupoBaHus B
3aBHCHUMOCTH OT U3MEHSEMOro mapaMerpa U MOCTPOUTh IpadUKH 3aBUCUMOCTH OBICTPOAECUCTBUS U
touyHOoCcTH CAY B (yHKIHHU 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
uadp | 06 M, | Cup, HMmm | 0sucamens | tud | npysicunvt |  MomeHma om

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

opoccenst 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 Cnp

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.

JlaGopaTopunasi padora Ne 2. XapakTepHCTHKH NepPeXOAHOro mpouecca. YacTtoTHble
XapaKTePUCTHKH.

Llenv pabomui: [Ipuobpemenue npakmuyeckux HABbLIKO8 IKCNEPUMEHMATLHO20 ONpedeseHUs
YaCcmoOmHblX XapaKkmepucmuk.

Teopemuueckas uacmeo

Hccnenyemoit cucTeMoit sIBIsieTCSl AByXMaccoBas TUHAMHUYECKas CHCTEMa, CXeMa KOTOpOi
n3o0paxkeHa Ha puc 2.1. Cucrtema HaXOAUTCS MO/ ICUCTBUEM KHHEMATHYECKOTO BO30OYXKIAEHUS — X,
BBIXOJHBIMU CUTHAJIaMH SIBJISIFOTCS KOOPJMHATHI X1 M X2 MEpPEMEIIeHUs MacC My U My, CBSA3aHHBIX
MEXIy COO0I0 JKECTOKOCTAMHM C1 U C2 M BSI3KUM TPEHUEM A/ U A2.

Cl (&)

JV\/_

m, m

L
/112
Flen e

Puc.2.1. /lunamuueckasn cxema 08yxmaccosoii cucmembl

2

ypaBHCHI/IC ABWIKCHUS CHUCTCMBI COCTABJIAICTCA 110 U3BCCTHBIM IIPpaBUJIaM TeOpeTquCKOﬁ

MCXaHUKH:
2
m, d A +/12(d_X1_%j+Cz(X1_Xz):ji(%_d_)(lj"'cl(x_xl)

dt? dt dt dt dt
d?x dx, d
m, dt22 +ﬂ'2( dt2 - d);lj+cz(xz_xl):0

prOH_[CHHaH MaremMaTnuceckasa MOACJIb.
2
m,s?x, + (4, + 4, )sx, +(c, + ¢, )% = (4, + 4, )sx +(c, +¢, )x
M,S%X, + 4,8, +C, X, = A,8X, +C, X,
rae s=d/dt — omeparop Jlammaca.



Jns mpeacTtaBieHUss MaTeMaTHYECKOM MOJENIN B MEPEMEHHBIX COCTOSHUS PEIIUM KaxKI0e
ypaBHEHHE OTHOCHUTEIBHO MEPEMEHHBIX X1 U X2, KOTOpbIE 3alMCaHbl B CTAPIIUX MPOU3BOJHBIX
cooTBeTcTBeHHO. [IpeobpazoBanHast TaKUM 00pa30M MaTeMaTHUECKasi MOAEIb UMEET BH/I:

x, =sax +ax+s[-a,x +a,x]
X, =5 [~ a.x, +a,x, +s [~ a,x, +a,]
rae ko3¢ uimenTs! Moaenu: ai = (A2+Ay/my, a2 = (C2+C1)/m1, az = AzMz2, as = C2/m;

Teneps MOXKHO 3aMKMcaTh MAaTEMATUYECKYIO MOJIEb B IEPEMEHHBIX COCTOSIHUSA, TO €CTh B BUJIE
cuctembl TU(QQepeHInanbHbIX YPAaBHEHUM, PEIICHHBIX OTHOCUTEIHHO MEPBBIX MPOU3BOIHBIX:

Sy, =—a )y, taX+Yy,
Sy, =—a,Yy; +a,X

SYs =—83Y;+ a3y, + Y,
Sy, =—a,Y; +a,Xx
NMeHHO Takas MOJeibh peai30BaHa B MPHUKIATHOW MpOrpaMme, MO KOTOPOH IMPOBOASTCS
MCCJIEIOBAHUE YaCTOTHBIX XapaKTEPUCTHK.
3aoanue
B cootBerctBum ¢ Bapuantom (Tab61m.2.1) mpoBectu ucciaepoBanue u moctpout ADUX
crcTeMbl (OJJHO MACCOBOM HJIHM JBYX MacCOBOIA, 10 BBIXOJAM X1 HJIH X2).
Tabauya 2.1. Ucxoouwle oantvle

[TepBas M1, KT C1, H/MMm A1, Kr/C Bropas My, KT C2, H/MMm A2, KT/C

uudpa 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

Cooepotcanue npomokona

B mportoxkosie mpencTaBuTh 1eNb paboThl, HEOOXOUMBIE TEOPETHUECKHIE CBEICHUS, ICXOIHbBIE
JIaHHBIE B COOTBETCTBHHM C BapUAHTOM 3aJaHusl, KOMHIO MHTEp(eiica ¢ 3amuchio BBIMOJHEHHBIX
HKCMIEPUMEHTOB U TIOCTPOSHUSMHU, HEOOXOAUMBIMU JJISl OTPEeNIEHUS] BBIXOIHBIX JAaHHBIX; TAOIHIIBI
OKCIIEPUMEHTAJIBHBIX M PACUETHBIX JaHHBIX; Tpaduku sKcnepuMeHTAIbHBIX ADUYX cucrem.
BriBoabl.

JlaGopaTopnas padora Ne 3. UcciienoBanue ycroituuoctu CAY no kpurepuio I'ypsuna

Leny pabomuir: Ilpuobpemenue npaxmuueckux HAGbIKOE OYEHKU YCHMOUYUBOCMU CUCTIEMbl
aA6MoMamu4ecko20 YnpasieHusl.

Teopemuueckas uwacmpo

C nomompto kputepusa ['ypBuna uccnenoBats Ha ycrounBocts CAY moBomom cynmopra
METaJUIOPEXKYILEro CTaHKa, cCXeMa KOTOpOro Mokas3aHa Ha puc. 3.1, a.
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Puc.3.1. Ilpunyunuanvuas (a) u ynkyuonanvuasn (6) cxemwvt npugooa

[TpuBon coctout u3 ycunurens-npeoopasosarens (III1), asurarens (/) mocTosHHOrO TOKa,
peayktopa (P), 3agaroriero norenimometpa (311) u morennmomerpa ooparnoui cesizu (ITOC).

[Ipexne Bcero HEOOXOIMMO COCTaBUTh MaTEMaTHYECKyl0 Mojenb mnoBoaa. CoriacHo
MPUHLIKITY PabOThI, TOBOJ MpeCTaBIIAeT coOol 3aMkHyTYI0 CAY, QyHKIIMOHATbHAS CXeMa KOTOPOr
npuBerena Ha puc.3.1, 0. [IycTb BbIIeneHHBIE Ha CXEME DJIEMEHTHI ONMHCHIBAIOTCS CIIEAYIOIIUMHU
nepesaToOYHbIMU (QYHKIUSMU:

2= T I W, (s) = &j((s)) -
J: W, (s) — a(s) _ Kk, : )
U,(s) (T,s+Ds P: W (S)=Y§S;=k :
z a (s »

IIOC: W, (s)= U,.(s) =k, .
Y (s)

Tenepp MOXeT ObITH MOCTPOCHA CTPYKTYpHAsl CXeMa MOBOJAA, B KOTOPOH (NMPU paBEHCTBE
KOX((UIIMEHTOB TMepeIadnl 3aal0MIero MOTEHIIMOMETpa U MOTCHIIMOMETpa OOpPaTHOM CBsI3M) NBa
COOTBETCTBYIOIIUX JJIEMEHTAa Ha (YHKIMOHATBHOW CXEME 3aMEHSIOTCS OJHUM JJIEMEHTOM C
ko3 dunrenTom nepenaun K, Ha CTpykTypHO# cxeme (puc.3.2).

X s—Ys Kk |U, K, o y

K s > k, >
"l Ts+1 (T,s+1)s

Puc.3.2. Cmpykmypunas cxema npugooa

Takum oOpazom, mnepenaToyHas (QYHKLUUS 3aMKHYTOH CHCTEMbl IIOCIE€ HECIOXHBIX
anredpandyeckux Mpeodpa3oBaHui MPUOOPETAET BU:
W(s)= s ,
(T,s+1)(T,s+Ds+k,

rie Ko — ko punmeHT nepenaun CHCTEMBbI, PaBHBIH TPOU3BEICHNIO KO3 QUIIMEHTOB iepeiaun
BCEX 3BEHBEB KaHAJIA MPSIMOTO JehcTBUA. MTak, cucTeMa nMeeT XapakKTepUCTUYECKOE YpaBHEHUE 3-
ro HopsijiKa:

T,Tos®+ (T, + Ty) s>+ s + ko= 0.
CocraBum nerepMHHAHT ['ypBHIla U HalEM YCIIOBUS YCTOMYHUBOCTH.
T,+T, K, 0
r=/TT, 1 0|
0 T,+T, Kk,
AHanu3 ycloBUH YCTOMYMBOCTU MO KpuTepuio ['ypBHIla MOKa3bIBaeT, YTO €AMHCTBEHHBIM
YCIIOBUCM SABJIICTCA MNO3UTHBHOCTL BTOPOIO ACTCPMHUHAHTA, ITOCKOJIBKY ao:TyTa, paBHO Kak



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

ITocne HeCIIOKHBIX HpeO6p330BaHHI>'I moJjiydya€Mm €IMHOE€ YCIIOBUC YCTOI‘/IILII/IBOCTI/I CHUCTCMBI:

1 1
Tt Ko- (3.1)
v /]

BrimonHenue 3TOro yciioBUsi 00s3aTeNbHO, TOPTOMY HA IMPAKTUKE BapHalHel, Moa00poM
napamMeTpoB mpuBoaa crpemsatcs obecreunth (3.1). Ilpu 3TOoM Hambonee yaoOHO H3MEHATH
napametpsl Ko u T, — o01muii k03 HUIMEHT TIepeiadn TPUBOIA U MOCTOSHHYIO BPEMCHU YCHUITUTEIIS -
npeoOpa3zoBarenss. B mo0oM ciydae 3HA4YeHWs BapHalUdid dTHX [apamMeTpOB JOJDKHBI JIEKATh B
obsactu D, mocTpoeHHOit coriacHo ZCJIOBI/HO (3.1) (puc. 3.3).

obnacmo
HeyCmouyusblx

3HaueHull

ko]_ —o 1/T0

obnacmo
VCMOUYUUBHIX 3HAYEHULL
o T >
vl y

Puc.3.3. Odracmp ycmouuugvlx 3HaueHul

3aoanue

1. [lo uCXOAHBIM JAHHBIM, B COOTBETCTBHM C BapuaHTOM (Tabi.3.1), mOCTpouTh AuarpaMmy
YCTOMUMBOCTH CHCTEMBI O KpuTeputo yctoWumBoctu ['ypBuma (cm. puc.3.3). Omnpenenutsb
MaKCUMaJIbHO BO3MOXKHOE 3HaueHHE Kod(PUIMEeHTa Tepeaaud YCHWIHTENI-TpeoOopa3oBaTess H
MOJATOTOBUTH TAOIHILY SKCIIEPUMEHTANTbHBIX TAaHHBIX.

2. Vcnonmp3ysl MPUKIAAHYIO MPOTpaMMy, TPOBECTH CEPHI0 IKCIEPUMEHTOB U PE3YJIbTaThl
3anucarhb B TaOJIMILY.

3. Tlo pe3ynbraTaM 3KCIIEPUMEHTOB MOCTPOUTH IKCIIEPUMEHTAIBHBINA rpapuK 3aBUCUMOCTU U
IPOBECTHU €T0 aHANIN3.

Tabnuya 3.1. Hcxoownsie Oanmbie

IlepBass | Ycunumens | /leuecamensv | Bunm.napa | Bropas | [Jeucamens | Ob6p.céa3v
udpa T, c Ko, pao/cB Hen, mm udpa To, c Koe, 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 npomokona
B mnporokone mnpeacraButh cTpykrypHylo cxemy CAY, nuarpaMMy KayecTBa, TaOJIHILy
HKCIEPUMEHTAIbHO-PACUETHBIX JaHHBIX, TpaQuK 3aBUCUMOCTH KOMIUIEKCHOTO ITOKa3aTens



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

Jladoparopunasi padora Ne 4. UcciaenoBanne TouHocTu CAY B pexume ABHKEHHS IO
rapMOHHY€eCKOMY 3aKOHY

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

Teopemuueckasn yacmso

Uccnenyercs CAY noBoaom, CTpyKTypHasi cxema KOTOporo npejicTanieHa Ha puc.4.1. Bunno,
yto CAY oTiauyaeTcss OT pPacCMOTPEHHON B NpakTHYecKoi padore No5 TeM, 4TO YCHUIIUTENb-
npeoOpazoBaTeNb MPEACTABICH HE OS3bIHEPIIMOHHBIM 3BEHOM, a allepUOAMYECKUM |-T0 mopsiika.

K0 X0k ) Y0

Y 0

Ts+1 (T,s+1)s
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6en
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Puc.4.1. Cmpykmypnasa cxema uccneoyemoii CAY

Jis 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-npeoOpa3oBateins, MOJIb3YACH
dopmymoit (3.1) ¢ y4eromM 3aBHCHMOCTH Uil ONpEIeNieHHus oOimero koddduimenta mnepenadyu
MOCIIE0BATENbHO COETUHEHHBIX 3BeHbeB CAY:

k, =k k k_k

y 0 Yoc “en"

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

3aoanue

1. ITo UCXOHBIM JaHHBIM, B COOTBETCTBUU C BapuaHTOM (Tabi.4.1), paccuutaTb MaKCUMaIbHO
JOnyCTUMBINA KoddduimenT Ky, nepenaun ycunurens-npeoOpa3oBares, U MOArOTOBUTh TaOIHILy
HKCIEPUMEHTAIbHBIX JaHHBIX.

2. Ucnonb3ys NpUKIAJHYI0 IpOrpaMMmy, BbBIOpAaTh JUAna3oH M IIAar M3MEHEHMs] 4acTOTbI
BXOJHOro curHaia. IlpoBecTu cepuio 3KCIEpUMEHTOB (A7 KaKIOro 3HaueHus Kod(puimeHra
nepesaun), 3auChiBas pe3ysbTaThl B TaOJHUILy, @ 3aT€M MOCTPOUTH I'pauKU IKCIEPUMEHTAIbHBIX
3aBUCUMOCTEH.

Tabnuya 4.1. Hcxoownsie oanmbvie

IlepBas Ko, Bropas | Hen,

uI/II()bpa Tom, € pao/cB Toc uﬂql)jpa 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 45 0,035 9 14 0,52

Cooepicanue npomokona



B nporokone mpuBectH cTpyKTypHylo cxemy CAY, COOTBETCTBYIOLIHE pPACUETHI
K03 uIMeHTa mepesaynl yCuInTeNns-npeoOpa3oBareis, TadIuIy SKCIEPHUMEHTAIbHBIX TaHHBIX,
KONHMI0 uHTepdeiica NPUKIAAHOW NPOrpaMMbl I KaKOTO-THOO SKCHepUMeHTa, Trpaduku
9KCIIEPUMEHTAIBHBIX 3aBUCMOCTEH. BBIBOIBI.

IIpakTuyeckass padora Ne 1. OmnpeneeHne XapaKTePUCTHK JJIEKTPOMEXaHUYECKOT0
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,
HIUHAeI 3.

1 2

Puc.5.1. Cxema 3nekmpomexanuyuecKkoii cucmemol

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

dQ()eue + M

osue dt 1

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
AJIEKTPOMEXAHUUECKON XapaKTEPUCTUKOMN JABUTATEIIS:

M, =kU-kQ (5.2)
rne ko — xoapduIueHT MTPONOPIHOHATBFHOCTH MEXKIy HampspkeHnemM U W MOMEHTOM

IBHXKEHHS, Ky — KO3(OHUIUESHT HAKIIOHA IIEKTPOMEXaHUIECKON XapaKTePUCTHKH.
PenykTop MoxeT ObITh NpeacTaBiIeH 0e3bIHEPIIMOHHBIM 3BEHOM:

Ql = Qague kpe() ' (53)

rae {2/ — yriioBasi CKOPOCTh BBIXOJJHOTO Bajia PeAyKTOpa, Kyeo — KO3 GHUIUEHT nepeaaym.
B koHeuHOM uTOre, ypaBHEHHE JBUKEHUS Bajla HATPY3KHU:

dQ

|+ A Qdt - [Qdt)+ M =0, (5.4)
rae M, I, (2- mone3Hpld MOMEHT, MOMEHT HWHEPIIMH M YIJIOBask CKOPOCTh Harpys3ku, [ -

KpYTUJIbHAS JKECTKOCTh, A - KOI(PPHUIMEHT BI3KOrO TpeHus. TakuMm oOpa3oMm, ypaBHEHHE CBS3H,

KOTOPOE MOKA3bIBAET, HA UTO PACXOAYETC MOJIE3HAsA YaCTh MOMEHTA JIBUTATENs], UMEET BUJL:

M, =k, A([Qdt—[Qdt) (5.5)

[To monydeHHOW MaTeMaTHYECKOH MOJENH, KOTOpas COCTOMT u3 ypaBHeHuit (5.1-5.5),
MOCTPOCHA CTPYKTYpHAsl CXeMa AJIEKTPOMEXaHUYECKOU CUCTEMBI (puc.5.2).

M =1 (5.1)

osue

osue osue’
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Puc.5.2. Cmpykmypuasa cxema 31€KmpomMexanuieckoil Cucnemol

Ha cxeme ectp nBa BXOAa: OJWH IO ylpasisiouieMy Bo3aelctBuio 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 D3JIEKTPOMEXaHW4YecKoro mnpuBoaa. OlleHKa MepexoaHbIX
XapaKTePUCTUK CUCTEMBI, IPECTABICHHOM pa3pab0oTaHHONW MaTeMaTHYECKON MOJIEIIbIO, ITPH PA3HBIX
3HaYCHUAX KOA(PPUIMECHTA Mepeladun PeAyKTOpa MO3BOJISIET PEIINTh TAKYIO 3a1aqy.

3aoanue

1. ITo ucxoIHBIM JaHHBIM, B COOTBETCTBUH C BapuaHTOM (Ta0:1.5.1), onpenenuTs craTH4ecKue
XapaKTEePUCTUKH 3JIEKTPOMEXaHUYECKOTO IOBOJA JUIsl pa3HbIX 3HAUCHWH HaNps KEHUsS HUTAHUS
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
ONTHMAIIBHOTO 10 ObICTpOACHCTBIIO KO3 dHnueHTa Kp.

Tabnuya 5.1 Hcxoomnsie oanmvie

[TepBas ly Ko K K, Bropas I 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.

IIpakTnyeckass padora Ne 2. OmpeaeneHue XapaKTePUCTHK THAPOMEXaHUYECKOIo
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. [IprBo COCTOUT M3 THAPABIMYECKOTO IMIMHPA 1, IITOK KOTOPOTO CBSI3aH C CYMIOPTOM
2 (Harpy3Koii) MEXaHHYECKOM CBA3BIO C )KECTKOCTHIO ¢. CyNIopT NepeIBUraeTcs 0 HAPaBISIONINM
3, KOTOpbIe XapakTepHu3yTCs KOI(D(UIMEHTOM BSI3KOTO TPeHHS A, a CKOPOCTh PETYIHPYETCs
THIpaBInYecKuM japocceneM 4. Takum oOpa3oM, cUCTeMa UMEET YNPaBIISIONIHA BXO (OTKPBITHE X
Jpoccens) W BO3MYILIEHHME — CWIy THone3Hoi Harpysku F. llenbio ympaBnenust sBisercs
HiepeMelieH e CYIIopTa ¢ 3alaHHoi ckopocThio dy/dt mo koopauHare Y.

A @R 2

P1

Po

A

Puc.6.1. I'uopomexanuueckasn cucmema

JIBIkeHue cymnmopra MOXKeT ObIThb omucaHo AudQepeHInanbHbBIM ypaBHEHHEM BTOPOTO

Hopsi/IKa:
VY cy-y)-F (6.1)
g VT |

rae m — Macca cynmnopra; A - Ko3pQUIUEHT BA3KOT0 TPeHUs; Y — nepeMelieHne maccbl; F —
ToJIe3Hast Harpy3Ka.

['mapaBiavueckuil HUIMHAP C MOJE3HOW IUTOMaAbi0 P MOpIIHS J0/DKeH OBITh MpeACTaBiIeH
JIBYMsI ypaBHEHUSIMHU, KOTOpbIE€ OTBEYAIOT KMHEMAaTHYECKOMY M CHJIOBOMY BO30ykaeHHto. [lepBoe
OTMCHIBAET JIBWKEHHUE 10 pacxoay Q Macia yepes3 HUIHHID:

y, =] Qa, 6.2)
=
a BTOpoe — U3MCHCHUC NAaBJICHUA B ITOJIOCTU:
F
P, = El (6.3)

Pacxon macna yepe3 apoccenb 3aBUCUT OT OTKPBITHS JAPOCCEIMPYIOLIECH eI U Iepernaja
JaBJIICHUS Ha HEH:

(6.4)




rae 4 — ko3 UIMEHT pacxoja Yepe3 IPOCCEIHMPYIONIylo IMmielb, K — Koa(duimeHt
HPOMOPIMOHATBHOCTH MEX/y IUIONIAABIO IIEIH U OTKPBITHEM X JIpocces, Po — JaBJICHHUE JIMHUH
IIUTaHUs, O — YIEIbHBIN BEC MacCIa.

K marematiueckoi Moiesii He00X0IMMO MPUOABUTh 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 PHUIUCHTAMH TIepeaadn Ky — M0 yIpaBisioeMy BO3ACHCTBUIO X U Koy —
1o Tepenany AaBieHus. [Ipu MoaenupoBaHUH CUCTEMBI C IPUMEHEHUEM UYHCIICHHBIX aJTOPUTMOB
MOKHO HCIOJIb30BaTh IEPBUYHYIO HEIWHEHHYI0 3aBUCUMOCThH (6.4). IlocTosiHHBIE BpeMeHHU
TepeIaToyHol GyHKIMK HArpy3KH B cooTBeTcTBHH ¢ (6.1) paBHsrorcs: T12 = m/c, T2 = A/c. 3aecs,
Kak M JUIsl DJIEKTPOMEXAaHMYECKOTO IOBOJA, MOXXHO KOHCTATHPOBATH 3aMKHYTOCTh CHCTEMBI,
KOTOpasi, TeM He MeHee, He sBisieTcst CAY.

Pazpaborannass MarematWueckas MOJETbh TIO3BOJIIET HA JTarne NpeaBapUTEIHLHOTO
NPOEKTHUPOBAHUS MPOBOAUTH MCCIEIOBAHUS C IIENIBIO ONpPEeNICHHs BIUSIHUS MapaMeTpoB MPUBOJIA
Ha TUIABHOCTH JIBIDKEHHSI, OIICHKH KayecTBa YIPABJICHUS U BO3MOXXHOCTH COTIPOTHUBIICHUS BHEIIHEH
Harpyske M T.I. B 3aBHcHMOCTH OT jkelaeMoro Auana3oHa CKOPOCTEeH ABHMKEHHs pabodyero opraHa
MOYKHO TIPaBMWJIBHO BBIOpaTh COOTHOIICHHUE: JABJICHUE MUTAHUSA — TEOMETPUYECKHE TapameTphl
JpOCCesl, YTO SIBJISETCS BaXHOM 3ajauel, OT pelleHuss KOTopoil OyayT 3aBUCETh SHEPreTUYECKHe
MOKa3aTeN! MOBOJIa B LIEJIOM.

3aoanue

1. ITo ucxoIHBIM JaHHBIM, B COOTBETCTBUU C BapuaHTOM (Ta0:1.6.1), onpenenuTb cTaTH4ecKue
XapaKTEePUCTUKH MMIPOMEXaHNUECKOT0 MPHUBO/IA (3aBUCHMOCTh CKOPOCTH paboyero opraHa OT CHUJIbI
MOJIE3HOW HArpy3KH) ISl pa3HbIX 3HAYCHUH JaBIICHHUS MUTAHUS THAPABINYECKON CHUCTEMBI H
HOCTPOUTHh  COOTBETCTBYIOIIMHA rpaduk. (Juama3oH W3MEHEHUS JaBICHHUS  OIpeneseT
IpernojaBaTessp).

2. OmpenenuTh JUHAMUYECKUE MOKa3aTeN THAPOMEXaHMYECKOro MPHUBOJA: OTHOCUTEIILHOE
nepeperyInpoBaHue U 3aTyXaHHe 3a TIEPUO/I.

Tabnuya 6.1 Ucxoomusie Oanmvie

[TepBas k, Po, P, Bropas c, A, m,
udpa 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 nporokone mnpencraBUTh CTPYKTYPHYIO CXEMY HCCIEIYEMOM CHUCTEMBI C HCXOJIHBIMHU
JaHHBIMU, TaOJMIBl DSKCIEPUMEHTAIBHBIX MJaHHBIX, TpadUKU CTaTHUYECKUX XapaKTePUCTHUK,
JTMHAMUYECKHE MMOKAa3aTeIN KauyeCcTBa NEPEXOAHON XapaKTEPUCTUKU THIPOMEXaHUUECKOTO MPUBO/IA.

IIpakTnyeckas padora Ne 3. Onpenenenue xapakrepuctuk CAY npoaosbHoii nogpavei
NIPY TOYCHUH

Llen» pabomui: 1Ipuobpemenue npakmuuecKux Ha6blK08 KOMNIEKCHO20 UCCIe008AHUS CUCTNEM
U 00bEKmMo8 a8MoOMaAmMu4ecKo20 YnpaeieHusl.

Teopemuueckasa uacmso

HauOonee pacnpoctpaHeHHbli B MeTaiiooOpabotke Tun 3aMkHYTIX CAY — sto CAY,
IpEJHA3HAYCHHbIE JJI  aBTOMAaTHUYECKOrO  PEryJMpOBaHUs Ipolecca pe3aHus  3apaHee
YCTaHOBJICHHBIM 00pa3oM. Takue cucTteMbl MOTYT MPUMEHATHCS KaK Ul CTa0MIIM3aluK 3aJaHHbIX
BBIXOJHBIX IApaMETPOB IPOLIECCAa PE3aHUs, TaK M JUISI UX M3MEHEHHs B LUKIE OOpabOTKH IO
onpeneneHHoMy airopurMmy. HawmbGosnee 1enecooOpa3HO HCIOJNB30BaHUE TaKUX CHUCTEM Ha
3aKIIFOYUTEIBHBIX, QUHHUIIHBIX ONEPALUAX TEXHOJIOTHIECKOTO MPOoIecca.

[Tpu mexanndeckoit 00paboTKe pe3aHHeM TOYHOCTh 0OpabOTKH, B OCHOBHOM, ONpeAesseTcs
yIpYyruMu AeGopMaIisiMi TEXHOJIOTHYECKON CHUCTEMBI, KOTOPBIE, B CBOIO OY€PE/Ib, 3aBUCST OT CHIIBI
pe3anus. [losToMy cuctema aBTOMaTHUECKOW CTaOMIM3alMU CUJIBI PE3aHUs Ha 3apaHee 33JaHHOM
YpPOBHE WJIHM MPOTPAMMHOIO PETYJIUPOBAHUSA €€ IO 33JaHHOMY 3aKOHY IIO3BOJIIET IOBBICUTH
TOYHOCTh OOPAaOOTKHU M 3HAYUTENIBHO YJIYUIIUTh KAY€CTBO MOBEPXHOCTH JETaJICH.

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 TIOMOINBIO JUHaMoMmeTpuueckoro mpeoOpaszoBatens JII, koropwlii dyepe3 ycunutenb 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.
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Puc.7.1. @ynxyuonanvrnan cxema CAY cmabdbunuszayuu cunvt pezanus
npu mouenuu

CAY ¢yakumoHupyer cienyrommM oOpa3oM. Ha BXom cHCTeMBI, K CpaBHUBAIOIIEMY
YCTpOMCTBY noctynaer curaai U;, KOTOpbIii COOTBETCTBYET TpeOyeMOMY 3HAUEHHUIO CUIIBI PE3aHUs
B ompeseieHHoM MaciiTabe. Ha BTopoif BXo/1 CpaBHUBAIOIIETO YCTPOHUCTBA MOCTymaeT curaai U,
BbIpabaThIBaeMblil JUHaMoMeTpuyeckuM npeodpazoBareneM I u ycunutenem Y. Takum oOpazom
HanpspkeHue Uy IponopuoHaIbHO pealbHOMY 3HaueHUIo cuiibl pe3anus. Ommoka oU=U,—U,.
MOCTyMaeT Ha BXoj ycuiurens-nipeodpaszoBatens YII, kotopslii BeipabareiBaeT HampsikeHue Uy



nuranud asurarens . J{Burarens I, yepes penykrop P onpenernser BenuyuHy MNpoaoiabHON I0Ja4H
TakK, YTOOBI CBECTU OLIMOKY K MUHUMYMY.

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

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

du,

T

yn

+U, =k U, (7.1)

HO €ro XapakTepUCTHKa HeJIWHEHHas Tumna
“naceimienus’” (puc. 5.34):

0 oUo oJ U0=kynéU, eciu  OU <dU,;

Puc. 7.2. Xapakmepucmuka U,=U.,, ecu &J=28U,
ycunumensn-npeoopazasameis
rae Ky, Tyn — K03 PHUIHUEHT yCHICHHS U TOCTOSIHHAS BPEMEHHU YCHUITHTESI-IPeoOpa3oBaresis;
Umax — HaIlIpsDKEHUE HACHIIIICHUSI.
JlBurarens TOCTOSHHOTO TOKa OMUCHIBaeTCs IuddepeHalbHBIM ypaBHEHUEM BTOPOTO
nopsijiKa:

do,

2
ey

dt

rae Ko, To, Tyw - x03duumeHT mnepenayn, MOCTOSHHBIC BPEMEHH (JICKTPOMArHUTHAS U
MEXaHUYEeCKasi) JIBUTaTels.

PenykTop, TEH30METpUYECKH AMHAMOMETP M JJIEKTPOHHBIA YCHUJIUTENb OIHCHIBAIOTCS
JUHEHHBIMU  YpaBHEHUSMH, KOTOPbIE COOTBETCTBYIOT  O€3bIHEPIIMOHHBIM  3BEHBSIM  C
ko3 durmentamu nepenadn: Ky, Kon, Ky.

OkBHUBaJIeHTHbIE ynpyrue cucteMbl (JYC) 1Mo COOTBETCTBYIOIIUM OCSIM KOOPAMHAT MOTYT
ObITh TpencTaBi€Hbl AUPQGEpeHLInaTIbHbIMA ypaBHEHUSMU BTOPOrO TMOpsAAKa, Kak s
OJIHOMAaCCOBBIX CUCTEM:

+w,=kU,, (7.2)

P =m0I 52X+/1@+cx5x;

d*oy  ,doy '
P =m A c,dy;
’ at dt+y§y

rae m—macca cynnopra; A - KodQQUIHUEHT BI3KOro TpeHus (CUila TPEHHs IPOIOPLMOHAIbHA
CKOPOCTH); Cx, Cy — JKECTKOCTH 110 COOTBETCTBYIOIIEH KOOPIUHATE.

Ipouecc pezanust ITP mMoxeT ObITH MPEACTaBIEH YPAaBHEHUEM, CBA3BIBAIOLINM (haKTHUECKHE
BEJINYMHBI TT0/1a41 Sy ¥ TITyOnHBI Hy, pe3anns ¢ cocTapistomei P; critel pe3aHust:

— pQYP\/ NP
P=CHySN, (7.4)
rne  Cp, Xp, Yp, Np — dMIUpHUecKue KOA(P(UIMEHT U MOKa3aTeslu CTeneHu, V — CKOpOCTb
pe3anusl.

baok I'C BemonHseT ornepanu B COOTBETCTBUU C TCOMETPUUCCKUMU COOTHOMICHUAMU MCKIAY
COCTaBJIAIOMIMMUA CUJIBI PE3aHUA:

0.6P)?
p, = | (00R) . P =P t9(p+n) (7.5)
Y \1+tgi(e+n) 0
g \p+n
I7ie ¢ — TTaBHBIN YTOJ B TUTAHE Pe3lia, 77 — YToJl CX0/Ia CTPYIKKH.
C yueToM IpUBECHHBIX BbIlle ypaBHeHUH (7.1-7.5) 1 cBsA3ei pyHKIIMOHAIBHON CXeMBbI 10 PHC.
5.30, matematnueckyro mozensb Beeii CAY Haz0 TOTOTHUTD CIASAYIOMUME 3aBUCUMOCTSMU:




éLJ :U3_U0c;
S,=ok,;

doX
S, =S, —; 7.6
@ 3 dt ( )
Hgl):Hs’_é.‘y;
Uoc:5y.k0n.ky;

Takum oOpa3om, crabuIM3anUs CUJIBl pe3aHus Ha TpeOyeMOM YypOBHE, KOTOpBIH B
oIpe/ielIeHHOM MaciuTabe oTBevaeT 3aJaHHOMY HampsbkeHuto U, Ha Bxoae CAY, nmpoucxoaur no
CYET YINPAaBJICHMs IPONOJIBHOW monayei. IIpu TodyeHuM nertanu, NPUITYCK KOTOPOM HM3MEHSETCH,
peryarpoBaHue [101a41 T0JIKHO IPOUCXOAUTh TaK, YTOOBI CHJIa PE3aHUs OCTaBajIach OCTOSHHON Ha
Bcell nmHe 00padotku. Ho xadectBo padotsl CAY 1ENMKOM 3aBUCHT OT €T0 NMapaMeTpoB, a TAKKE
OT IapaMeTpoB TeXHOJIOrn4eckoil oopadateiBatomieit cuctemsl (TOC) rae UMEHHO U peanu3yeTcs
npouecc TodeHus. [lodromy BakHeWIIEH 3amadell NpHU IPOECKTUPOBAHMM CHCTEMBI SBISETCA
IPaBUIbHBIM BBIOOp €€ MapaMeTpoB, a MPHU IKCIUTyaTalliM — OL[EHKa KauyecTBa B 3aBUCUMOCTH OT
napamerpoB TOC, KOTOpbIE B JAHHOM CIIy4ae SBJISIOTCS] BOSMYILICHUSIMH.

3aoanue

1. ITo MCXOTHBIM JaHHBIM, B COOTBETCTBHH C BapHAHTOM (Tabi1.7.1), MpOBECTH MOJICITMPOBAHKE
C LIEJIBIO OTIpEeJIeNIEHUs KauecTBa epexoiHoi xapakrepucTuku CAY 1o KOMIUIEKCHOMY IT0Ka3aTellto
(cmoTpu hopmyity (5.2)) ¥ TOYHOCTH 110 omHOKe OP OT ciieayromux mapameTpoB CAY:

1) oT ko3 unmeHTa nepeaadn peayKTopa;

2) OT kecTKocTH Cx ynpyroi TOC;

3) oT Kod(unmeHTa nepeaadn yCUIUTelNs OOpaTHOMN CBSI3H.
IHpumeuanue:

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

- IMana3oH BapbupoBaHus Kod(duirenTa ycunutens oopatHoii cesizun 5 < Ky <55;

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

2. BwiOmpas mar uW3MEHEHHs 3aJaHHOTO MapaMeTpa, NMPOBECTH SKCIIEPHUMEHTHl Ha BCEM
JIara3oHe ero U3MEHEHUs, ONPeIeINTh HEOOXOIUMBbIE (CM. BBIIIE) AMHAMUYECKUE XapaKTePUCTUKU
Y 3aIlUCaTh Pe3yJIbTaThl B COOTBETCTBYIOIIME TAOJIUIIBI.

3. Ioctpouth TrpapuKy SKCHEPUMEHTANBHBIX 3aBHUCUMOCTEH KOMIUIEKCHOTO IOKa3aTess
KadecTBa M OMMOKM OT YyKazaHHBIX Bblie mnapamerpoB CAY. Omnpenenuts IUHAMHYECKHE
noka3zarenn CAY: OTHOCUTENIbHOE NIEpePEeryINpOBaHUe U 3aTyXaHUe 3a MEPHO/.

Brumanue! 11ockonbKy UCXO/IHbIE JaHHBIE 33JJAIOTCS CIy4YailHO, HE UCKIJIIOUAETCsl CUTYyalus,
korga CAY oka3bIBaeTcsl HEYCTOMUMBOM, TO €CTh COBCEM HE NMPHUrOJHONW K (YHKIIHMOHMPOBAHUIO.
CooOuienust 06 3ToM, B TAKOM cllydae, MOSABIISETCS Ha 3KpaHe MOHUTOPA BO BPEMs MOIETUPOBAHUS.
Pexomenaruu 1J1s pereHus: Takoi npoosieMbl — 1EMCTBOBATh B CIIEAYIONIEH MOCIEI0BATEIbHOCTH:
1) wu3MeHsTh mapamerp, B QYHKIIMA KOTOPOTO aHATU3UpYyeTcs JAuHamudeckoe kadectBo CAY B
JarnasoHe, yKa3aHHOM B 3aJlaHHH;

2) ecnu B pe3yibTaTe BBIMOJHEHMS 1.1 He ymaeTcst obecrnednTh mocTossHCTBO CAY, yMeHbIIATh
koo duuueHT nepenaun npsmoro kaxHama CAY 3a cyer yMmeHblIeHUs K0d()(UIMEHTa yCUICHUS
TPAH3UCTOPHOTO (TUPHUCTOPHOTO) TpeoOpa3oBarens. [lomydeHHBII TakuM 00pa30M HOBBIM
KO3(PUIIMEHT 3aHECTH B UCXO/IHBIE JAHHBIE C COOTBETCTBYIOIIMM KOMMEHTaPHUEM.

Tabnuya 71.1. — Hcxoonwvie oanmvle
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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

©olo|~N|o|o|slw|n|— ol Tlepas nudpa mmdpa

©o|lo|~N|o|o|sw|N|— ol Bropas nudpa mmdpa

Cooepotcanue npomokxona

B npotokose npeacTaBuTh CTpyKTypHYIO cxemy uccienyemoil CAY ¢ UCXOIHBIMU TaHHBIMU,
Konuio uHTepdeica NMpu MOACTUPOBAHUU, TaOJNMIIBI SKCIEPUMEHTANBHBIX JaHHBIX, TpauKu
COOTBETCTBYIOLIMX 3aBUCUMOCTEMN. BBIBOIBI.

IIpakTuyeckas padora Ne 4. UccienoBanue BJAMAHHUA acTaTu3Ma Ha kadecTBo CAY

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

Teopemuueckasa uacmpo

Uccnenyroress nse CAY: wucxogHas cucreMa ¢ acTaTU3MOM II€pBOTO  MOpPSKa,
npeoOpaszoBanHas (¢ [IM-perynaropom) — cuctema ¢ acTaTU3MOM BTOPOTo nopsjka. M3BecTHo, 4yTO
JUISL OLEHKM TOYHOCTHU AaCTaTMYECKHUX CHCTEM BTOPOIrO MOpPSAJKAa HCIOJB3YETCS YIpPaBIIAOIIEe
BO3/ICIICTBHE B BUJIE CUTHAJIA C TIOCTOSIHHBIM ycKopeHueM. [Ipu TakoMm pexxumMe paboThl acTaTudeckas
CHUCTEMa BTOPOIO MOpSAAKa MMEET OMMOKY, MO BEIMYHMHE KOTOPOH MOKHO INPOBOJUTH OLEHKY
kauectBa CAY u npoliecca perynupoBanus. Y CTaHOBUBIIAsCS ommrOka actatuyeckoit CAY nepBoro
MOPsIIKA B ATOM cliydae Oy/IeT CTPEMUTHCS K OECKOHEYHOCTH.

3aoanue

B cooTBetcTBUU ¢ BapraHTOM (Ta0I1.8.1) IPOBECTH CIIEAYIONIME UCCIICTOBAHHUS.

1. YcTaHOBUTH 3KCHEPUMEHTATBHO MHHUMAIbHOE 3HAY€HUE NOCTOSHHOW Bpemenu [IM-
perymnsTopa, pu kotopoir CAY TepsieT ycTondnBOCTh. ONpeAenuTh AUama3oH U mar H3MEHCHHs
MOCTOSTHHOM BpeMEHH T, U IOJITOTOBUTH TaOJIHIlY SKCTIEPUMEHTAIBHBIX U PACYETHBIX JTAHHBIX.

2. IIpoBecTH KCIIEPUMEHTHI NIPU CTATUYECKOM peXHMe padOThl U PacCUUTATh KOMILIEKCHBIN
kputepuii kauectBa CAY c [IU-perynstopom.

3. Yoenuthcs B ycTpaHeHuu ckopoctHoi ommoku anst CAY c [TH-peryasitopom.

4. IlpoBecTH 3KCHEPUMEHTHI NPU IBUKEHUHM C IOCTOSHHBIM YCKOPEHHEM M ONPEAEIINTH
TOYHOCTH PETYJIUPOBAHMUSL.

5. OGOpabortaTb pe3yibTaThl AKCIEPUMEHTAIBHBIX  HCCIEAOBAaHMM U  MOCTPOUTH
COOTBETCTBYIOIIKE I'padUKH.

Tabauya 8.1. Hcxoouvie oannvle
[lepBas | VYcunurens-peoOpazoBatens | Bropas J{Buraresnp
uudpa Ky | Ty, C uudpa | ky, pad/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

Cooeprcanue 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 PAaCYETHBIX JaHHBIX; Tpa(UKH SKCIEPUMEHTAIBHBIX 3aBUCHMOCTEH.
BriBoasl.

TunoBoi npuMep 3aaHus

IIpakTuyeckasi padora Ne 4. MccienoBanue BJIAMSIHUS acTaTu3Ma Ha kauyecTtBo CAY

Llenwv pabomui: 1lpuobpemenue npakmu4eckux Ha8bIKO8 IKCNEPUMEHMANbHO20 ONPeOeeHs]
napamempog IIH-pezynsmopa.

Ilpakmuueckaa uacmp

Ha puc.8.1 mpencraBien unTepdeiic NPUKIAAHON NPOrpamMmbl, C TMOMOIIBIO KOTOPOIl
BBIIIOJIHSIFOTCS DKCIIEpUMEHTalIbHbIE uccienoBanus. [Iporpamma «IIM perynsarop» Haxonures Ha
mucke. MHCTpYKIIMKM U MOsICHEHUsI JUIsl paOOThI ¢ IPOrpaMMoOi cojiepkaTcs B caMoOM MmporpaMme u
TIOSIBJISIFOTCS. HA 9KpaHe MOHUTOPA MpH HakaThu KHorku Help.

[Tocne aktuBu3auuu npukinagHo mnporpammel «CAY c IIW-perynstopom», KoTtopas
HaXOJUTCS HAa JUCKE, Ha TJABHOM MHTepdeiice 3aJaroTcsi UCXOAHbIE JAHHBIE B COOTBETCTBUH C
BapHaHTOM.

IIpyu wuccnegoBaHuM BIMSHUA TOCTOSSHHOM BpemeHu [IM-perynsitopa Ha KadyecTBO
pPEryJaupOBaHKs YCTAHOBUTH CTATHYECKUIN PEKUM U IIPOBECTH CEPUIO DKCIEPUMEHTOB JJIs OLEHKU
KOMIUIEKCHOTO KpuTepusi A KaudecTtBa, B COOTBeTCTBHU ¢ (opmynon (5.2). H3mepenue
HKCIEPUMEHTAIbHBIX JaHHBIX, HEOOXOAUMBIX JUIS pacueTOB, IPOBOAUTCS MO ocLmiIorpammam. [Ipu
9TOM JUJISl HCXOJHOW CHCTEMbI KOMIUIEKCHBINH KpUTEpUl A paccuuThIBaeTCs OAUH pa3, a g CAY ¢
[T1-perynsTopoM — aisi BCero BBIOPAHHOTO JMANa3oHa HW3MEHEHHs] MOCTOSHHOW BpEMEHU .
Junamna3oH W3MEHEHUs MOCTOSHHOW [, BpEMEHM OmpenemsieTcs OT 3HadeHus, nmpu koropom CAY
CTaHOBMTCS HEYCTOMYMBOM, B CTOPOHY YBEIMUYEHHUs. DKCIIEPUMEHTAIIBHBIE JaHHBIC 3allUCHIBAIOT B
TabJIMIly, TPUMEP 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 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 HeycTOWUYMBA




3aTeM BHIOMpaeTCs 3aKOH JBUKEHMS C IIOCTOSHHBIM yckopeHueM (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, BOCIIPOU3BOUMEBII pab0ouuM OpraHoMm.
T

Hcxonnana cucTeEmMa Cucrema ¢ [MU-peryaaropom
Hcxoanne napameTpo
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Puc.8.1. Hccneoosanue enuanus nocmoannou epemenu INH-pezynamopa
Ha moynocmp CAY

Bpema, ©

[Tpy BBIMOJHEHUM 3KCIEPUMEHTOB OIpPENENIeTCsl 3aBUCUMOCTb YCTaHOBUBLIECHCS OMIMOKU
yepe3 | ¢ mocne Hayajla MepexoJHOro mporecca OT MocTosHHoM T, Bpemenu IIM-perymsropa.
PexomeHyeTcst HAUMHATh SKCIIEPUMEHTHI ¢ MAKCUMAaJIbHOM BETUYMHBI NOCTOSHHOW BpeMenu [1M-
perymisTopa, a 3aTeM MOCTENEHHO, COIVIACHO BHIOpAaHHOMY IIary, yMEHbUIaTh €€ A0 BEJIUYHMHbI, IPU
KOTOPOM CUCTEMA TEPSIET YCTONYUBOCTD.

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
MCXOJHON CHCTEMBbI OIIMOKA C TEUEHUEM BPEMEHU YBEIMUMBAETCs, TO ecTh Takas CAY He ciocoOHa
paboTaTh B 3aJJaHHOM pexume padoTsl. [IpeobpazoBannas CAY OyneT nojaepxuBaTh HOCTOSHHOE
3Hau€HUE YCTaHOBUBIIEHCS omMOKU. ['paduku 3KCEpUMEHTaIbHBIX 3aBHUCHUMOCTEH OIIMOKH,
KOTOpasi yCTaHOBMJIACh yepe3 lc,  KOMILIEKCHOrO Kputepus kayectBa A oT T,, IOCTPOECHHBIE MO
U3JI0)KEHHOM MeToJuKe, MpejacraBieHbl Ha puc.8.2. Tam ke, nis cpaBHEHUs, NPSMOW JIMHUEH,
napanielbHOW ocu abciuce, TOKa3aHo 3HaueHHe KOMIUIEKCHOTO KPUTEPHs JUIsl UCXOIHOW CUCTEMBI.
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om nocmosannou epemenu IH-pecynamopa

YMeHbIlIeHHE NMOCTOSIHHOW BpeMeHu [IM-perynsrtopa IMONOKUTEIBHO BIMAET HA TOYHOCTh

CUCTEMBI, HO TIOCJIE HEKOTOPON BEIMUYMHBI MMOCTOSAHHOM BpeMenu [1-perynstopa cucrema Tepser
YCTOHYHMBOCTh, TO €CTh CTAaHOBHTCS HE CIIOCOOHOW K (yHKIMOHUpOBaHWIO. Takoil ciydait
3aukcupoBaH Ha puc.8.1, 0, Koraa nmocrosiHHas BpeMeHu 1, < 0,1c.

7.3. OueHo4Hble CpeACcTBA IJISA NMPOMEKYTOYHOH ATTECTAUMM IO HUTOraM OCBOEHHS

AUCHUILIMHBI

7.3.1. Bonpochl K NpOMeKYTOYHOI aTTecTaluu

Cemectp 5

Ne

w/n Bonpocsl k 3auery

1 OCHOBHBIE TIOHSTHS U OTIPECIICHUS

2 CopneprxaHue NOHATUH: «CHCTEMa YIPABJICHUA», «OOBEKT YIPABICHUS», «YIPABIAIONINE U
BO3MYIIAIONINE BO3ACHCTBUSY, «YNPABISIFOIINE KOOPIMHATHD)

3 Knaccugukaius cucteM aBTOMEXaHUYECKOTO YIIPABICHHS

4 [TpuHIMI Pa30MKHYTOT'O YIpPaBJI€HUs. YTIpaBJIe€HUE 110 BOZMYIEHHUIO U OTKJIOHEHUIO

3) OCHOBHBIE BUJIbI AITOPUTMOB (DYHKIIMOHUPOBAHUS

6 Knaccugukaius cuctem 1o xapakrepy nepejadu CUrHajoB

7 Knaccugukarus cuctem 1o OCHOBHBIM BHIaM YPaBHEHUH TWHAMHKH MTPOIECCOB
yIpaBJIEHUs

8 MaTemaTHuecKkoe ONMCaHue JIMHEHHBIX CUCTEM

9 MaremaTtnueckoe MOAeInpoBaHue MeMeHTOB CAY

10 | Knaccuduxanus snementoB CAY. CraTucTHYeCKHE U JUHAMUYECKUE XapaKTEePUCTUKH
HJIEMEHTOB

11 | Jluneapusauus HeMUHEHHBIX AU depeHInaTbHBIX YpaBHEHUH TUHAMUYECKUX PEXXUMOB
pabotel anemenToB CAY. CrangaptHas ¢popma 3anucu aud@epeHnanbHbIX ypaBHEHUN

12 | OcHoBHBbIe cBO¥icTBa npeobpazoBanust Jlammaca

13 | XapaktepucTUKN AMHAMUYECKUX 3BeHbeB CAY

14 | IloHsTHE O AMHAMHYECKOM 3BEHE. XapaKTepUCTUKU JUHAMHUYECKOT0 3BEHA, Iiepe1aTOuHbIe
(GYHKIIMH, YaCTOTHBIE XapaKTEPUCTUKH (aMIUIUTYAHbIE U (a30BbI€), TOTapU(PMUIECKIE
YaCTOTHBIE XapAKTEPUCTUKH, BPEMEHHbIE XapaKTEPUCTHKU (IIEPEXOHBIE U BECOBBIE)

15 | TunoBble TMHAMUYECKHE 3BEHBS M UX XapaKTEPUCTHKH

16 | CrpykTypHas cxema cUCTeMaTHUeCKOoro yrpasieHus. OCHOBHbIE ITpaBUiIa IpeoOpa3oBaHus
CTPYKTYPHBIX CX€M: I1OCJIEZI0BATENIbHOE COEAMHEHUE 3BEHbEB; IapaIEIbHOE COEJUHEHNE
3BEHbEB; 3BE€HO, 0XBAaUEHHOE 00PATHON CBA3bI0; IEPEHOC CYMMATOPa; MEPEHOC y3I1a,
NIEPECTAHOBKA Y3JIOB U CYMMAaTOpOB

17 | Beruncnenue nepenaToYHbIX (DYHKIMKA U YaCTOTHBIX XapaKTEPUCTHK OJTHOKOHTYPHOU H
MHOTOKOHTYPHOM pa3oMKHYTO# cuctemsl. [lepenarounsie GyHKIIMU U yIpaBIeHUE
3amMkHyTOM CAY. YacTOoTHBIE XapaKTEPUCTUKH 3aMKHYTOM CHCTEMBI

18 | MaTtemaTnueckoe MOJICTMPOBAHUE U COCTABICHUE CTPYKTYPHOH CXEMBI

19 | YcToiuMBOCTh CHCTEM aBTOMATHUYECKOTO yrpaBiieHus. [loHsTHE yCTOHYMBOCTH
JMHEapU30BaHHBIX cucTeM. Heobxoammoe 1 JOCTaTOYHOE YCIOBHUE YCTOWYHBOCTH

20 | Anrebpandeckue kpurepun yctoiunBoctr Payca u ['ypuria

21 | YacrotHble kpuTepuu ycroiunBoctu. [Ipunnun aprymenta. Kputepun ycroitunoctu
MuxaiinoBa A.B. [Toctpoenue obnacreii ycroitunoctu. [lonstue o JI-pazouenun




Bonpocsl k 3auery

n/n

22 | Kpurepun ycroitunBoctn HaiikBrcTa. AHAIN3 YCTOMYMBOCTH I10 JIOTaPHU(PMUUECKUM
YaCTOTHBIM XapaKTePUCTHKAM

23 | YcTOWYMBOCTh CUCTEM C 3ala3/ibIBAHHEM

24 | MeTonbl OTICHKH KadecTBa perynupoBanus CAY

25 | IlonaTue o kayecTBe npouecca ynpasieHus. OlieHKa KauecTBa CUCTEM YIPABJICHUS B
yCTaHOBUBIIMXCSA pexnmMax. [TocTostHHbIE OmIMOKH. ACTaTHYeCKUEe CUCTEMBI. TOUYHOCTh TpU
rapMOHUYECKOM BO3J€HCTBUU. Y CTaHOBUBLIMECS OLIMOKU IPU MPOU3BOIBHOM BO3JI€ICTBUH,
KOd(UITUEHTHI OITNOOK

26 | OueHkH KadyecTBa NepexoHoro npouecca. OLUEHKH KauecTBa IpoLecca IpyU BO3ACHCTBUU
CTYHEeHYaTON QYHKIUHU

27 | YacToTHBIE METO/IBI OIICHKH KauecTBa peryianpoBanus. OIeHKa KauyecTBa peryIupoBaHus 1Mo
aMIUTUTYAHO-4YaCTOTHOM XapaKTePUCTUKU 3aMKHYTOH CUCTEMBI; 10 BELIECTBEHHON
YaCTOTHOM XapaKTEPUCTHKE 3aMKHYTON CHCTEMBI; C 110 aMIUTUTYTHO-()a30BOM
XapaKTEPUCTHKE PA30OMKHYTOH CUCTEMBI; 110 JIOrapu(PMUUECKUM YaCTOTHBIM
XapaKTepUCTUKAM

28 | KopHeBble OIIeHKHM KauecTBa PEryIMpOBaHUs

29 | Cunre3 CAY 1o 3a1aHHBIM TIOKA3aTeNsIM Ka4yecTBa MpoIiecca yIpaBIeHUs

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

31 | Cucrema aBTOMATHYECKOTO YIPABICHHSI MPOJOIBHON Moiayeld Ipyu TOYCHUU

32 | CucteMa aBTOMAaTHYECKOI0 YIIPAaBJICHUs TONIEpeYyHON Noayueil pu Bpe3HOM IIIHM(OBAHUU

33 | CucreMa aBTOMATUYECKOTO YIPABICHHS TIOBOPOTOM PabOYero Oprana MpOMBIIIJICHHOTO
pobota

34 | CucteMa aBTOMaTUYECKOI'O PErYIMPOBAaHUS pa3Mepa AeTalnu Ha OEClleHTPOBO-
UM (OBATBHOM CTaHKE

35 | CucrteMa aBTOMAaTHYECKOI'0 AUCTAaHIIMOHHOT'O YIPABJICHUs MAHUITYJISITOPOM

36 | CucreMa aBTOMATHYECKOTO YIPABICHHSI THIPABINIECKAM CYITIOPTOM TOKAPHOTO CTaHKa

37 | CucteMa aBTOMaTHYECKOI0 YIIPaBJISHMsI IToj1auell pu Gppe3epoBaHUM

38 | Cuctema aBTOMATHYECKOTO YIIPABICHHSI TPOJOIBHOM MMo1auel Ipy CBEpIICHUN

39 | ConeprxaHue NOHATHI: «CUCTEMa YIPaBIEHUS», «OOBEKT YIPABICHUAY», «YNPABIAIOIINE U
BO3MYILAIOIIME BO3JIEHCTBUSA», «YHPABISIONIME KOOPAUHATHI

40 | Kmaccudukarysi CHCTEM aBTOMEXaHUYECKOTO YIIPaBJICHUS

41 | IlpuHIMI pa30MKHYTOrO yIpaBieHus. YIIpaBJIeHHe 0 BO3MYIICHUIO U OTKJIOHEHHIO

42 | OCHOBHBIE BHJIbI AITOPUTMOB ()YHKIIMOHUPOBAHHUSI

43 | Knaccudukaiys cucTeM 1o XapakTepy Nepeadyu CUrHaJIoB

44 | Knaccudukanus CUCTEM 110 OCHOBHBIM BHUJIaM YpaBHEHHUI TMHAMUKHU IIPOLIECCOB
yIpaBJIeHUS

45 | MaTemaTnueckoe ONnMcaHue JMHEHHBIX CUCTEM

46 | MaremaTtuyeckoe MojieTupoBaHue ieMeHToB CAY

47 | Knaccuduxkamus snemeHToB CAY. CraTucTUYeCKHE U TMHAMUYECKHE XapaKTePUCTHUKI
3JIEMEHTOB

48 | Jluneapu3zaiys HeMMHEHHBIX U PepeHIMaNbHBIX YPABHEHUH TMHAMUYECKIX PEKUMOB
pabotsl anemMentoB CAY. CrannapTtHas popma 3anucu quddepeHaabHbIX ypaBHEHUN

49 | ConeprkaHMe MOHATHI: «CUCTEMa YIIPaBIECHUSN», «OOBEKT YIPABICHU», «YIPABISAIOMINE U
BO3MYILAIONIME BO3JIEHCTBUSA», «YHPABISIONIME KOOPAUHATHI)

50

K.]'IaCCI/I(bI/IKaI_II/IH CHUCTCM aBTOMCXAaHWYCCKOI'0 YIIPABJICHUA




7.3.2. Kputepuu 4 HOPMbI OLEHKH

Cemectp

dopma
NMPoBeIeHUs
MPOMEKYTOYHOM
arTecTalnu

Kpurepun u HOpMbI OLIEHKHU

Brinonnenue

3aJIaHUN "

IIPOXOKIACHUC
HUTOT'OBOI'O TECTA

«3a4YTCHO»

55 u Gosee OamIoB

«HE 3a4TCHO»

MeHee 55 daiuioB




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

8.1. O0si3aTesibHAA JIUTEPATYpPa

Kosmn4yecTBo B
Tun (yueOHuK, ydeOHOE

HAYYHOU
Ne nocodoue, yueoHo-
ABTOPpBI, COCTABUTEH 3arsaaBue (3aroJioBok) I'ox n3panus ounodanorexe /
n/n METOANYECKOe Iocodue,
HaunMeHoBaHHne
NPaKTHKYM, JP.) 3EC
1 | Kyaunos, 1O. U. Teopust aBTOMaTHYECKOTO YIIpaBIeHUS (C Y4eOHoe mocodue 2021 OBC "Jlanp"
ncnoap3zosanneM MATLAB —
SIMULINK) : yue6. moco6ue / 0. U.
Kynunos, @. ®. [Tamenko. - U3na. 4-e, ucnp.
u joi. - Cankt-IlerepOypr : Jlans, 2021. -
304 c.
2 | Konogaiios, b. 1. Teopus aBTOMaTH4YECKOTO YIIPABICHUS : Y4eOHoe mocodue 2022 OBC "Jlanp"

yueb. mocobue / b. M. Konoainos, 0. M.
Jlebenes. - U3n. 6-¢, crep. - CaHKT-
ITetepOypr : Jlanp, 2022. - 224 c.

3 | es3nep, JI. . Teopus aBTOMaTHYECKOTO YIIPABICHUS : Y4eOHoe mocodue 2022 OBC "Jlanp"
3ajauu 1 pemeHus : yueo. nocodue / JI. 1.
[TeB3uep. - Cankt-IlerepOypr : Jlanb, 2022.

- 604 c.
4 | O.B.Hoc Teopust aBTOMaTHYECKOTO YIIPABICHHUS. Y4eOHoe mocodue 2019 OBC
Teopus ynpaBneHHust 0COOBIMH JTMHEHHBIMU "ZNANIUM.CO
Y HEJIMHENHBIMU HENPEPBIBHBIMU M"
cHCTeMaMH
5 | E. D. Crpamunus, A. J1. Teopust aBTOMaTH4ECKOIO yIIPaBICHUS VY4ebHuk 2019 9bC
SaxomsamuH, C. I1. "ZNANIUM.CO
Tpodumos, A. A. FOpioBa M"

8.2. lonotHuTEIBHAS JIATEPATypPa




Tun (yueOHUK, ydeOHOE

KoanuyecTBO B

HAYYHOU
Ne nocodoue, yueoHo-
ABTOPBI, COCTABUTEIH 3arsaaBue (3aroJioBoK) I'ox n3panus ounoanorexe /
n/n MeToIMYecKoe nocooue,
HaumeHoBaHue
NPAaKTHKYM, JP.) 3EC
1 | FO.B. Ilerpakog, O. U. Teopust aBTOMaTH4ECKOTO YIIPABICHHS Y4eOHoe mocodue 2009 OBC "Jlanp"
JlpaueB TEXHOJIOTHYECKUMHU CHCTEMaMHU
2 | C. M. bparas [u np.] ABTOMaTHUECKOE YIIpaBJIEHHUE IIpoleccaMu | Y4eOHUK 2017 9bC
MEXaHU4YECKOH 00pabOTKu "ZNANIUM.CO
Mll
3 | A. U. Eropos, JI. H. BBeznenue B Teopuio yrpaieHuUs YyeOHoe nmocodue 2017 OBbC "Jlanp"
3HaMeHCKas CHCTEMaMH C pacrpeaeIeHHBIMH
napamMeTpamu
4 | B. A. T'ynses, A. O. Teopus aBTOMaTH4ECKOTr0 yIpaBiIeHUs VY4ebHOo-MeToinYecKoe 2008 138

Hpaues, 10. B. Ilerpakos

TEXHOJIOTHYECKUMHU CUCTEMaMU

rmocooue




8.3. Ilepeyenb npodecCHOHAIBHBIX 0a3 JAHHBIX W HH(OPMANHOHHBIX CHPABOYHBIX
cucTeM

— Web of Science [DnekTpoHHBINH pecypc]| : MyJIbTHAUCIUIUIMHAPHAS pedepaTuBHas 0aza
nannbix. — Philadelphia: ClarivateAnalitics, 2016— . — Pexxum goctyna : apps.webofknowledge.com.
— 3ar. ¢ ’kpana. — 3. pyc., aHIIL.

— Scopus [DnekTponHbIi pecype] : pebeparuBHas 6a3a manubix. — Netherlands: Elsevier,

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

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

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

— Science Direct [DnekTpoHHBIM pecypc] KOJUICKIUA  DJICKTPOHHBIX  KHUT

uznarenabcTBa Elsevier. — Netherlands: Elsevier, 2018— . — Pexxum moctyna : sciencedirect.com. —
3ari. ¢ sKpana. — 3. aHri.

8.4. [lepeuenb nporpaMMHOro odecrneyeHust

WinPro 10 RUS Upgrd OLP NL Acdmc

Ne Hanmenosanme IO PexkBU3HTHI )loronf)pa
n/n (naTa, HOMep, CPOK JAeHCTBUA)
1 Windows: noroop Ne 757 ot 04.07.2018, cpok

JeUCTBHSA — OECCPOYHO;
KoHTpakT Ne 1653 ot 14.12.2018, cpok
JeUCTBHS — OECCPOYHO

Subscription (25 pack)

2 Office Standard: norosop Ne 690 ot 19.05.2015, cpok
Office Stdandard 2013 Russian OLP NL JeHCTBUS — OECCPOUHO
AcademicEdition

3 Mirapolis Human Capital Management JIMIIEH3UOHHBIH qoroBop Ne 234/10/21-K

ot 19.10.2021, cpok aeiicTBus — 10
01.03.2022

4 KOMIITAC-3D v 18 (IlpoextupoBanue u koHTpakT Ne 1198 ot 18.11.2019, cpox
KOHCTPYHUPOBAHKE B MAIIMHOCTPOCHHH) JEeUCTBHS — OECCPOYHO

5 Mathcad Education - University Edition koHTpakT Ne 469 ot 05.06.2020, cpok

JeicTBUSL — 6ECCPOUHO




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

HanmeHnoBaHue 000py10BAHHBIX YUeOHBIX
Ka0MHETOB, JIa00paTOPHii, MACTEPCKHUX H

Ne Ap. 00bEKTOB /1JIsl IPOBE/ICHUs!
N IlepeyeHb 0OCHOBHOIO 000PY10BAHMS
n/m | NPakTUYeCKUX U Ja00paTOPHbIX 3aHATHIM,
MOMeIeHUM JJI51 CAMOCTOATEIbHOM

padoThl 00yYarommxcs (HoMep ayAuTOPH)

Aynutopust BeOKOH(pepeHIni. OkpaH TEJIEBU3UOHHBIH, HIMpMa,

VYyeOHast ayaAuTopus AJisl IPOBEICHUS 3aHATHH | MPOXKEKTOPHI Ha LITaTUBE, CTOJ

JIEKIIMOHHOTO THMA. YueOHas ayJuTOpus Uil | IPErno1aBaTeIbCKuil, CTYIN

MPOBEACHUS 3aHATUA CEMUHAPCKOIO THIA. | IPENOJaBATEIbCKUM, TpaHCIIapaHT-

VYuebHas  ayauTopusi UL KYpPCOBOTO | EPETSHKKA, CHCTEMHBIHN OJI0K

1 | ompoektupoBaHusi (BBIMOJIHEHHS] KYPCOBBIX
pabot). YueOHast ayTuTOpHs sl IPOBEICHUS
IPYIIIOBBIX u VH]JIMBU1yaJIbHBIX
KOHCYNbTAllMi. Y4eOHast ayauTopust IJis
MPOBEACHUS 3aHATUN TEKYIIEro KOHTPOJS M
npomexyrounoii arrecrarmu (YJIK-810)

2 [Tomemienue st caMocToATeNbHOW paboThl | CTONBI yUeHUYECKHE, CTYIIbS YYCHHUECKUE,
cryaentos (I'-401) ITK ¢ BeIxo0M B ceTb HTEpHET
[Tomemienue st caMocTosATeNbHOM paboThl | Jlocka aymuTopHas (MeaoBast), CTOJIbI

3 | obyuarommuxcs (C-508)

YYEHHUECKHUE, CTOJ IPETO1aBaTeIbCKUM,
CTYJIbsl, CTEHIbI, IKA(BI.
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