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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 (bHSPI“IGCKOfI MMpUpOAbl IIPUMCHUTCIIbHO K
MPONU3BOACTBCHHBIM U TCXHOJIOTUYCCKUM IIPOLICCCaAM.

2. Mecto nucuumiuabl B ctpykrype OIIOITI BO

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

JIMCUMIUTUHBL U TPAKTUKH, JUISI KOTOPBIX OCBOEHUE JIaHHOM TUCIUILUIMHBI HEOOXOIMMO Kak

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

3. Ilinanupyembie pe3yJibTaThl 00y4YeHUs

dopmupyemble U
NHaukaTopbl 10CTHXKEHUST
KOHTpPOJIUpYyeMble . I[Inanupyemble pe3yJbTaThl
KOMIEeTEeHIHH KOMIIETEHIIH o0yJeHuUs
(Koa 1 HAMMEHOBaHUE)
(Ko ¥ HAMMEHOBAHUE)
OIIK-3. Cnocoben OIIK-3.1. Hcnonb3yeT | 3HATh:
BHEJIPATH U OCBAMBATh HOPMAaTUBHYIO U | - METOJ/IOJIOTHYECKUE OCHOBBI
HOBOE TEXHOJIOTHYECKOE TEXHOJOTHYECKYIO (YHKITMOHUPOBAHMUS, MOJICTTUPOBAHUS
obopyoBanue JOKYMEHTAITUIO JUTSL | ¥ CHHTE@3a CUCTEM aBTOMAaTHYECKOTO
MIPOEKTUPOBAHHUS u | ynpasienus (CAY);
COTIPOBOXKICHUS - ocHOBHbIE MeTo bl aHanm3a CAY Bo
MPOU3BOJICTBA TEXHUUECKUX | BPDEMEHHON M YaCTOTHOM 00NacTsX,
00BEKTOB, CHCTEM u | criocoObl cuaTe3a CAY;
MpoLecCOB B 0O0JIACTH | - TUIIOBBIE MAKEThI MPUKIIATHBIX
MAaIIHHOCTPOCHHUSI. MPOrpaMM aHAJIH3a THHAMUYICCKIX
OIIK-3.2. Ymeer CHUCTEM;
HACTpauBaTh - KHHEMAaTU4YECKYIO CTPYKTYpY U
TEXHOJOTHYECKOE KOMITOHOBKY CTaHKOB, CHCTEMBI
o0opynoBaHue HA yIpaBICHUS UMH;
MIPOU3BOJICTBO HOBOI - cpesicTBa JUIT KOHTPOJIS,
HOMEHKJIATyphl U3eTUH B UCTIBITAHUH, TUaTHOCTUKU U
YCIIOBUSAX QIAIITUBHOTO YITPABJICHUS
MAaIIHHOCTPOUTEIBHOTO 000py/IOBaHUEM.
TPOU3BOJCTBA. VYMeTs:
- BBITIOJTHATH aHAIH3
TEXHOJOTHYECKHUX MPOIECCOB KaK
00BEKTOB aBTOMATHU3ALUN U
yIIpaBICHHUS;
- COCTaBJIATh CTPYKTYPHBIE CXEMBI, UX
MaTeMaTHYeCKHe MOJICTH KaK
00BEKTOB YIIPaBJICHHUS;
- HCIIOJIB30BAaTh OCHOBHBIE METO/IbI
MTOCTPOCHHSI MATEMATHICCKHIX




®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-JIL0O K3
OCHOBHBIX THIIOB IIPOTPAMMHBIX
CHCTEM, MpeTHA3HAYCHHBIX IS
MaTEeMaTHYeCKOT0 U UMUTAIIHOHHOTO
moaenuposanus Mathcad, Matlab.

Bnagers:

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

- HaBbIKAMHU HaJaJIK1, HACTPOMKH,
pEryarpOBKH, 00CTYKUBAHUS
TEXHUUYECKUX CPEICTB U CUCTEM
YIIPaBJICHMUS;

- HaBbIKAMU O(OPMIICHHUSI
pE3yJIbTaTOB UCCIIENOBAaHUN U
IIPUHATUS PELICHUM.

OIIK-7. Cnocoben
y4acTBOBaTh B pa3pabOTKe
TEXHUYECKOM
JIOKYMEHTAIINH,
CBSI3aHHOM C
npoQeCcCHOHAIBHON
JIeSITeIbHOCTHIO

OIIK-7.1. Hcnoneiyet
TEXHUYECKYIO "
CIIPaBOYHYIO  JIUTEpaTypy,
HOPMATHUBHBIE JOKYMEHTHI
npu BBITIOJTHEHUH
HCCIIEIOBATEIBLCKONW PabOTHI
B oOnactu
MAaIIMHOCTPOESHHS.
OIIK-7.2. Pa3pabatbiBaet
KOHCTPYKTOPCKO-
TEXHOJIOTUYECKYIO
TOKYMEHTAIHIO TIPH
TEXHOJIOTUYECKOM
MOJITOTOBKE MTPOM3BOJICTBA.

3HaTh:

- METOJIBI M CPEJICTBA
FCOMETPHYECKOI0 MOJICTTHPOBAHUS
TEXHHYECKUX OOBEKTOB;

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

- o0u1re TpeOoBaHuUs K
ABTOMATHU3MPOBAHHBIM CUCTEMAM
MPOEKTUPOBAHHS,

- OCHOBBI TEXHOJIOTHYECKOTO
pEryJIMpOBaHUsI.

YMeTs:

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

- npoBoauTh aHanu3 CAY, oneHuBarh
CTATUCTUYECKUE U TUHAMUYECKHE
XapaKTePUCTHKHU;

- pacCUUTHIBATH OCHOBHBIC
KauecTBeHHBIEe nokazarenu CAY,
BBITIOJTHSATE: aHAIN3 €€ YCTOWYNBOCTH,
CUHTE3 PEeryysiTopa;

- pa3pabaThIBaTh aITOPUTMBI
LEHTPAIN30BaHHOT'O 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 JOKaJIbHbIX CETEeH, CEeTH
Internet.

Bnaners:

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

- HaBBIKAMH MTOCTPOCHHSI CUCTEM
aBTOMATHUYECKOTO yIPaBJICHUS
CHCTEMaMH U TPOIIECCaMH;
HaBBIKAMU aHAJIM3a TEXHOJIOTHYECKUX
IPOLIECCOB KaK 0O0BEKTa YIIpaBJICHUS
¥ BBIOOPA (DYHKIIMOHAJIBHBIX CXEM HX
aBTOMATH3AIIHH.




4. CTpyKTYpa M coJiepKaHue IUCHUIINHbI

Monayab
(pa3nen)

Bun
y4eOHol
padoThI

HaunMenoBanue TeM 3aHATHH
(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.
Knaccudukanus 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
yrnpayieHus. MaTeMaTudeckast Mozielb
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 BIHMSIHUS TapaMETPOB
LEHTPOOESIKHOTO PETYIATOPAa CKOPOCTH HA
IIPOLIECC PErYITUPOBAHUS.

Bormpocs! k 3agery




DopMBbI TEKYLLET0

Bun . KOHTPOJISA
Monayab . HaunMenoBanue TeM 3aHATHH Oo0nemMm,
y4eOHoi . Cemectp banabl | UHTepakTuB, 4.| (HAaUMEHOBaHHeE
(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
BBIXOJIHOT'O CUTHAJIa BO BPEMEHU.

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

Cp. 1.7. Tunossle 3BEHbsI IEPENATOUHBIX 6 8 - - Bompocs! k 3auery
(OYHKIUH.

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

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

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

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

XapPaKTCPUCTHUKH.




DopMBbI TEKYLLET0

Bun . KOHTPOJISA
Monayab . HaunMenoBanue TeM 3aHATHH 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
KOJINYECTBEHHBIN CTPYKTYPHBIX CXEM.
aHan3 CUCTEM | Cp, 2.1.OyHKIMOHAILHBIE M CTPYKTYPHEIE 6 8 - - Bompocsl k 3a4eTy
ABTOMATHYCCKOTO cxembl. [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
kputeputo ['ypuna.
Jlex 2.3. TlpaBumna 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. TToctpoenue rogorpada CUCTEMBI U 6 8 - - Bompockr k 3auety
norapuMHUECKON 4aCTOTHOM
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 . HaunMenoBanue TeM 3aHATHH 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 XxapaKTePUCTUK 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 aBTOMAaTUYECKOTO VIIPABICHHUSI.
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 - - Bompocsr 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
oOparHoi cBs13u Ha ObIicTpoaeiicTBue CAY.
A 6 0,25




DopMBbI TEKYLLET0

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




5. O6pa3oBaTesibHbIE TEXHOJIOTHH

B mpomecce n3ydeHus TUCIUTUITMHBI UCTIONB3YETCS TEXHOJOTUSI TPATUITMOHHOTO O0ydeHUs
(JIekIuu, MpakTH4YeCKue paboThl, CAMOCTOSITEIIbHAS paboTa CTYJCHTA).
Benyimeii nesTenbHOCTH B Ipoliecce OOyYeHUs SIBISCTCS ydeOHash IesATENBHOCTh CTYICHTOB,
XapaKTEPU3YIOIAsCs  JICHCTBYIOIIEH CHCTEMOW IO3HABATEJIBHBIX IPOILECCOB, HAYUHAs C
BOCTIpUATUS  HWHPOPMAIIMM W  3aKaHYMBAs  CJIIOXHEUIIUMHU  TBOPUYECKMMH  IPOIECCAMU,
CHOCOOHOCTSIMH  OOIIET0 M YacTHOTO XapaKkTepa, AMOIMOHAIBHBIMH SIBICHUSMH, KOTOPBIC
MOTHBHUPYIOT MHOTHE CUCTEMBI YU€OHBIX JICHCTBUH, a TaK e OOIIMMH U YaCTHBIMH MOTHBAIUSMHU.

6. MeToauuyecKue YKa3aHUusA 110 0OCBOCHUIO JUCHUIIIMHBI

K ocobeHHOCTSIM OOyuYeHUsS MHUCUUIUIMHE MOXKHO OTHECTH IOCTOSHHOE B3aMMOJICHCTBHE
MEXy CTYJACHTaAMHU W TPEToIaBaTelsIM, a TaK K€ MaKCHUMAJIbHYIO MPUOIMKEHHOCTh MaTepuasa K
po(heCCHOHANILHOM JIEATEIHHOCTH, YTO BBHIPAXKACTCS B MOJCIHPOBAHUU MPO(HECCHOHATBLHBIX
CUTYaLUM.

[ToaroToBKa K 3aHATHSM 3aKIOYaeTCsl B paboTe ¢ KOHCIEKTOM JICKIMH 0 TaHHOW TeMe, B
M3YYEHUU COOTBETCTBYIOIIETO pazfena ydyeOHMKa WiIM Yy4eOHO-METOJAMYECKOTro mocobus, B
MIPOCMOTPE JOTOJHUTENBHON JuTeparyphl. lIpakTuueckas paboTa BBINOIHSAETCA B AyJUTOPUH.
OT4er 1o BBINOJHEHHOM paboTe MOATrOTaBIMBACTCS U 3AMOJHSACTCS CTYJACHTOM CAMOCTOATEIbHO.



7. OueHOYHBIE CPEACTBA

7.1. IlacnopT OLIEHOYHBIX CPEACTB

Kox koHTpOIMpYyeMoii KOMIIeTeHIM U HaumeHoBanmue
Cemectp
(MM ee 4aCTH) OLICHOYHOI'0 CPEeACTBA
4 OIIK-3 [TpaxTrueckue padoTsr NeNe 1-2
Bonpocs! k ak3ameny Ne 1-15
4 OIIK-3, OIIK-7 [TpaxTuueckue pabotsl NeNe 3-4

Jlaboparopubie paboTel NeNe 1-2
Bormpocs! k sx3ameny Ne 16-30

4 OIIK-7 Jlaboparopubie padoTsl NoNe 3-4
Bormpocs! k sx3ameny 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.

Lenv pabomwr: Ilpuobpemenue npaxmuuecKkux HABLIKOE IKCNEPUMEHMANbHOU OYEeHKU
npoyecca pe2yiuposanus U yCmouuusol pabomsl CUCmembl d8MOMamuiecKko20 YnpaeieHus.

Teopemuueckasn uacmp

Uccnenyercst cucrema aBToMaTudeckoro — ympasieHus (puc.l.l), cocrosimas — u3
HEHTPOOEKHOTO PEryisiTopa CKOPOCTH, MOM3YH 1 KOTOpPOro CBsi3aH pblyaraMu 2 ¢ 3acJIOHKOW 3
nomayn pabodeil CMecHM B TEIUIOBOM nBHTaTellb 4. Perynsarop MpPUBOIUTCS BO BpalICHHE OT
JIBUTATENIs uepe3 3youaTyro nepeaauy S.

Puc.1.1. Cxema CAY ckopocmuio epauienusn osuzamens

[Ipu pynkmmonupoannu CAY BpalieHue IBHUTaTeNs yepe3 3y0uaTyro nepeaady nepenaercs
PETYIATOPY CKOPOCTH, IIAPUKU KOTOPOTO MOJI ACUCTBUEM IIEHTPOOEKHOU CHIIBI C OJTHONH CTOPOHBI
U CUJIBI MPYXHHBI C JIPYrodl 3aHUMAOT HEKOTOPOE TOJIOKEHHE, YTO BBI3BIBACT OIPEICICHHOE
OTKPBITHE JIPOCCENIsi U CUCTEMa HAaXOJWUTCA B paBHOBecHH. [Ipu yBeIMUYEHHMHM MOMEHTAa HArpy3Kd
CKOPOCTb ABHIaTelid YMCHBIIACTCA B COOTBECTCTBHUHM C €TO XapaKTepHCTHKOﬁ, YTO BBI3BIBACT
YMEHBIIIEHHE CKOPOCTH BpaleHHUs perynaropa. lLleHTpoOexHble CHIBI TaKXKe YMEHbBIIAITCS,
[IAPUKHW OTMYCKAIOTCS U YePe3 PHIYKHYIO CHCTEMY YBEIUUYUBAIOT OTKPBITUE APOCCENS. Y BEIMUCHUE
nojayn paboueil cMecH B JBUTATENh BHI30BET YBEIWYCHHE €T0 CKOPOCTH, PAaBHOBECHE BHOBH
BOCCTAHOBUTCS, HO YK€ Ha JIpyroM ypoBHE. SICHO, YTO pa3HOCTh CKOPOCTEH ONpeesnsieT KauecTBO



pEryJINpOBaHUS: YeM OHAa MeHble, TeM Bbllle kKadecTBo CAY. Ilpu ymenbuienun Harpy3ku CAY
paboTaeT B 00paTHOM TOPSIJIKE.

Jns anamm3a CAY HEOOXOAMMO COCTaBUTh €€ MaTEeMaTHYeCKYyl MoJenb. AHaIu3
MOKAa3bIBAET, YTO B CHCTEMY BXOST JBUTATElNb, JPOCCENb IMOAAYu pabouell cMecH, pblYaKHas
nepegaya u 3youaras nepejaya.

JIBukeHue ABHUratess MpU OrPAaHUYCHUHM YYETOM SBJIGHUH IEepBOro MOpsIKa, T.€. €ro
MHEPIOHHOCTBIO, MOXET OBbITh NpeAcTaBiIeHO Au(QepeHInanbHbBIM YpaBHEHUEM IE€PBOTO
nopsiKa:

do

I, —+ A M =M ,,
ogr T ML= Mo 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 phlUaXHyH nepenady, Ko — KOI(DOUIMEHT NpPONOPIMOHATBHOCTH MEXKIY OTKPBITHEM

JpOCCeNsl U MOMEHTOM JIBUTaTelsl.

Ecnu npuHATH nepeJaTOYHOE OTHOIIEHUE PhYaroB M 3yO4yaToi mepefauu paBHbIM €AMHHUIIE,
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 HCCIE10BAaHUS.

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
touHOCTH CAY B (yHKIIMU 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 | 06 Mxe| Cup, H/Mm | 0sucamena | tud | npyoicunvl |  MomeHma om

a lo, k2o/m? | pa Pup, H OMKPLIMUSL

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 5 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 SKCIIEPUMEHTANIBHBIX TaHHBIX, TpauKH TpeOyeMbIX 3aBUCUMOCTEl. BBIBOIBI.

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

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

Teopemuueckas uacmso

Uccnenyemoii cucteMoi SIBISETCS JByXMaccoBasi JTUHAMUYECKash CHCTEMa, CXeMa KOTOPOM
n3o0pakeHa Ha puc 2.1. Cucrema HaxOQUTCA MO JeHCTBUEM KHHEMATHYECKOTO BO3OYKICHUS — X,
BBIXOJHBIMH CUTHAJIAMU SABJIAIOTCA KOOPAMHATDBI X1 1 X2 NepeMEIICHUA MaccC M1 1 M2, CBA3aHHBLIX
MEXy COO0I0 KECTOKOCTSIMH C1 M C2 U BA3KUM TpEeHUEM A7 U Az

Cl C)

m, m,

> =
A, 2,
R

Puc.2.1. /lunamuueckan cxema 08yxmaccosoii Cucmembvl

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,s?%, + (A, + A4 )sx, + (¢, +¢, )%, = (4, + 4, )sx +(c, +¢, )x
{mzszx2 + A,8%, +CyX, = A,8%, +C,X,

rae S=d/dt — oneparop Jlartaca.

Jlns mpencTaBiIeHHs MaTEMAaTHYECKOM MOJIENM B MEPEMEHHBIX COCTOSHHUS PEIIUM KaxI0e
ypaBHeHI/Ie OTHOCUTCJIBHO HepeMeHHBIX X1 U XZ, KOTOpBIe 3allMCaHbl B CTapH_H/IX HpOI/I3BO[[HBIX
COOTBETCTBEHHO. [IpeobpazoBaHHas TaKMM 00pPa30M MaTeMaTHYeCKas MOJENb MMEET BUJL:

X, = s‘l[— ax, +a,x+s [—a,x + azx]]
{xz =s-a,x, +ax +st[-a,x, +a,x]

rae koadduiuentsl Mogenu: ar = (A2+A1/my, a2 = (C2+C1)/my, a3 = AoaMy, as = Ca/my;

TeHepB MOKHO 3aIlucarb MaTeMaTI/IquKYIO MOJICJIb B HepeMeHHBIX COCTOAHUA, TO €CTh B
BUJIE CUCTEMBI TU(PEPEHIINATLHBIX YPABHEHUH, PEIIECHHBIX OTHOCUTENBHO IIEPBIX MPOU3BOHBIX

Sy, =—a,y, +aXx+y,
Sy, =—a,y; +a,X

SYs =—8;¥; + &y, Y,
Sy, =—-a,¥; +a,X
NmenHo Takasg MOAenb peaju30BaHa B MPUKIAJHOM Mporpamme, MO KOTOPOM MPOBOIATCS
MCCJIEI0BAHUE YACTOTHBIX XapaKTEPUCTHK.
3aoanue
B coorBerctBum ¢ Bapumantom (Ta6m.2.1) mpoBecTu ucciemoBaHue u HocTpouTh ADYX
crcTeMbl (OJHO MACCOBOM HJIM JBYX MacCOBOIA, 110 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, 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

Cooeporcanue npomokona

B npotoxkosne npeactaButh 1e1b paboThl, HEOOXOIUMBIE TEOPETUUECKHE CBEJIEHUS, UICXOIHbIE
JTaHHbIE B COOTBETCTBMM C BapHMaHTOM 33JaHUs, KOMHMIO MHTepdelica ¢ 3amiChio BBITOJHEHHBIX
HKCIEPUMEHTOB U IIOCTPOEHUSIMHU, HEOOXOANMBIMU JJIs1 ONIPEENIEHUS BBIXOIHBIX JaHHBIX; TAOIHIIBI
HKCIEPUMEHTAIBHBIX M pAacUeTHBIX MAaHHBIX; Trpaduku skcnepumeHTanbHbBIX ADUX cucrem.
BriBoapbl.

IMpakTuuyeckas padora Ne 3. HccaenoBanue ycroituuBoctu CAY 1o KpuUTepHIO
I'ypBuua

Ilenv pabomwi: [Ipuobpemenue npakmuueckux HABLIKOE OYEHKU YCMOUYUBOCMU CUCHEMbI
a8mMoMamu4ecko20 yYnpasieHusl.

Teopemuueckasa yacmao

C nomoursto kputepus ['ypBuiia uccienoBath Ha yctoiunBocth CAY moBogoMm cymmopTa
METAJIJIOPEXKYIIEro CTaHKa, CXeMa KOTOpOro MokasaHa Ha puc. 3.1, a.




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

Puc.3.1. Ilpunyunuanvuas (a) u yukyuonanvuasn (6) cxemovt npugooa

[TpuBox coctout u3 ycunurens-npeoopasosarens (III1), asurarens (/) mocTosHHOrO TOKa,
penyktopa (P), 3agaromero norenimometpa (311) u morennuomerpa odpatroii cBsizu (I1OC).

[Ipexne Bcero HEOOXOIMMO COCTaBUTh MAaTEMaTHYECKyl0 Mojenb noBoaa. CoriacHo
npuHIMIy paboThl, MOBOA MpenacTaBiser coboil 3amkHyTyro CAY, (yHKIMOHANbHAas cXema
KoTopoi mnpuBeneHa Ha puc.3.1, 0. IlycTh BbIFCICHHBIE HA CXEME D3JIEMEHTHI OMHUCHIBAIOTCA
CIEYIOIUMU NIEPEeaTOYHBIMU (PYHKUIHAMU:

3H:W3n (s)= m =K,; I w (S) _ Ua(s) _ ky .
o T TS )  Ts+l
I[:W() (s) = a(s) _ 2 ; P: Y (s)
U()(S) (T()S+1)S * Wp(s):m:kp,

HOC:WnM (s) = U, (s) _ koc'
‘ Y (s)

Tenepp MOXeT ObITH MOCTPOCHA CTPYKTYpHAsl CXeMa MOBOJAA, B KOTOPOH (NMPU paBEHCTBE
KOX((UITMEHTOB Mepelayr 3aIal0IIero MOTEHIMOMETPa U TOTEHIIMOMETpa OOpaTHOM CBsI3W) 1Ba
COOTBETCTBYIOIIUX JJIEMEHTAa Ha (YHKIMOHAIBHOW CXEME 3aMEHSIOTCS OJHUM JJIEMEHTOM C
ko3 dunrenTom nepenaun K, Ha CTpykTypHO# cxeme (puc.3.2).

X S ” Us K, U, K, o y y‘
i I Y (T,s+1)s !

Puc.3.2. Cmpykmypunas cxema npugooa

Takum oOpazom, mnepenaToyHas (QYHKLIUS 3aMKHYTOH CHCTEMBI IIOCJIE HECIO0XKHBIX
anredpandyeckux Mpeodpa3oBaHui MPUOOPETAET BU:

k
W (S) = 0 y
(T,s+D)(T,s+Ds+k,
rae Ko — kod(h(uIMEeHT nepenadyd CUCTEMBI, PaBHBIA TNPOU3BEACHUIO KO3()(HUIIMEHTOB

nepeaayn BCCX 3BCHBLEB KaHajla IMPSAMOIoO ﬂeﬁCTBHﬂ. I/ITaK, CUCTEMA MMECT XapaKTCPUCTHYCCKOC
YpaBHCHUEC 3-ro nopsaaka:
T,Tos®+ (T, + Ty) s>+ s + ko= 0.
CocraBum nerepMHHAHT ['ypBUIla U HalZIEM YCIIOBUSL YCTOMYHUBOCTH.
T,+T, Ko 0
r=|T,T, 1 of
0 T,+T, k
AHanu3 ycloBUH YCTOMYMBOCTU MO KpuTepuio ['ypBHIla MOKa3bIBaeT, YTO €AMHCTBEHHBIM
YCIIOBUCM SABJIICTCA MNO3UTHBHOCTL BTOPOIO ACTCPMHUHAHTA, ITOCKOJIBKY aOZTyTa, paBHO Kak



u A=a1=T,+T,, Bcerna Oomnbiue Hyas. Takum oOpa3om, /Uil yCTOHUMBOCTH MOBOJA HEOOXOIUMO,
YTOOBI:
A2= (T, + Ty) — koT,To> 0.

[Tocie HeCIOKHBIX MPEOOPa30BaHMIA TIOTYYaeM €IMHOE YCIOBUE YCTOMYMBOCTH CUCTEMBI:

Ti +Ti > ko 3.1

P 1)
BrimonHenne 3TOro ycioBus 00s3aTelIbHO, MOSTOMY Ha IMPAKTHKE Bapualuei, moadopom
napamMeTpoB mpuBoaa crpemsatcs obecreuuth (3.1). Ilpu 3TOoM Hambonee yaoOHO H3MEHATH
napameTpel Ko u T, — oOmuii ko3dduimMeHT nepenayv NPUBOJA M TIOCTOSHHYIO BpPEMEHHU
ycuTeNs-peoopa3opareis. B mo0OoM ciydae 3Ha4YCHUs BapHallMil 3TUX MapaMeTpOB JOJDKHBI

nexats B obnactu D, moctpoenHoit cornacuo ycnosuto (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 IO KpuTepuio ycrodumBoctd ['ypBuma (cM. puc.3.3). Onpenenutb
MaKCHUMaJIbHO BO3MOXHOE 3HaueHHe Ko3(dduimeHTa mnepenadn ycuIMTEIsS-IpeodpazoBaTess U
MOJTOTOBUTH TAOJIUITy SKCTIEPUMEHTAIBHBIX TaHHBIX.

2. Ucnonp3ys MPUKIAAHYIO TPOrpaMMy, MPOBECTU CEPUI0 IKCIIEPUMEHTOB M PE3YNbTaThI
3amucaTh B TaOJIHILY.

3. Ilo pe3ynbraTamM SKCIIEPUMEHTOB MOCTPOUTH SKCIIEPUMEHTATBHBINA TpapuK 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 MPU KAaKOM-JIN0O0 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) CUSHATLY.

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 O€3bIHEPIIMOHHBIM 3BEHOM, a allepHOAMYECKUM 1-T0 mopsiaKa.

O S0 K ) ()

b4 0

Ts+1 (T,s+1s

K

6n

A\ 4
A\ 4

K le

oc

Puc.4.1. Cmpykmypnas cxema uccieoyemoii CAY

JI1s1 TakoW CUCTEMBI BaXKHBIM U IIEPBOCTEIIEHHBIM SIBJIIETCSI BOIIPOC YCTOMYMBOCTH. [loaTOMY
nepe] HayaloM SKCIEPUMEHTANbHBIX HCCIEIOBAHUM HEOOXOIMMO ONpEIeNIUTh MaKCUMAIbHO
JnonycTuMoe 3HaudeHue Kodddunmenta K, mepemaum ycunmurens-npeoOpa3zoBatelis, MOJIb3YICH
dopmymnoit (3.1) ¢ yderoM 3aBHCUMOCTH MJisi OIpeneseHus odimiero koddduimenta mnepenadyu
[OCJIEZI0BATENbHO COEIMHEHHBIX 3BeHbeB CAY:

k, =k kk k .

y 0 oc ‘en

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

3aoanue

1. Ilo wucxomHBIM JaHHBIM, B COOTBETCTBMM C BapuaHTtoMm (Tabdn.4.1), paccuuTarhb
MaKCUMaIbHO JONYCTUMBIA Koddduiment Ky, mnepemaun ycuiaurtens-peodpasoBarens, U
MOJATOTOBUTH TAOIHILY SKCIIEPUMEHTAIbHBIX IaHHBIX.

2. Wcnonb3ys NpUKIAAHYIO MporpamMMmy, BBIOpAaTh AMANa30H W IIar M3MEHEHUS YacTOThI
BXOJIHOTO curHaia. IIpoBecTH cepuio AKCIEpPUMEHTOB (JJIS KaXKI0ro 3HadeHusl koddduimeHrta
nepeaayn), 3anKchiBas pe3yabTaThl B TaOJMILy, @ 3aTEM MOCTPOUTH IPauKU IKCIEPUMEHTAIBHBIX
3aBUCUMOCTEHN.

Tabnuya 4.1. Ucxoousie oannvie

IlepBas ko, Bropas | Hen,

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

Cooepotcanue npomoxona



B nporokone mpuBectH cTpyKTypHylo cxemy CAY, COOTBETCTBYIOLIHE pPACUETHI
koa(dduimenTa nepenavnd yCHWIMTEN-IpeoOpazoBaresis, TaONHIy SKCIICPUMEHTAIBHBIX JTaHHBIX,
KONHMI0 uHTepdeiica NPUKIAIHOW NPOrpaMMbl I KaKOro-TMOO SKCHEpUMEHTa, Trpaduku
IKCIEPUMEHTAIBHBIX 3aBUCUMOCTEH. BBIBOIBI.

Jladoparopnasi padora Ne 1. OmnpeaeeHne XapaKTePHUCTHK 3IJIEKTPOMEXaHUYeCKOro
NMPUBOAA

Llenv pabomwr: Ilpuobpemenue npakmuueckux HABbIKOE KOMNIEKCHO20 UCCIEO08AHUSL
cucmem u 06veKMo8 A6MOMAMULECKO20 YNPAGIEHUSL.

Teopemuueckasn yacmso

Ha pwuc.5.1 mnpexacraBneHa 5>I€KTpOMEXaHMYECKAass CHCTEMa — MPHUBOJ BpaILAOLIETO
JBUKEHHSI, KOTOPBII COCTOUT U3 3JIEKTPOJBUTATENS | 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 (

— - ~osue. .
Mdsuz - Idsuz dt + Ml’ 51)

e Mosuz, 1 osuey {2osu- — MOMEHT JIBHDKCHHSI, MOMEHT MHEPIIMUA POTOpPA M YTIJIOBasi CKOPOCTh
asurarens, M1 — MOMEHT Harpy3ku Ha Bany asurarens. C Ipyroid CTOPOHBI, B COOTBETCTBHH C
AEKTPOMEXAHUUECKON XapaKTEPUCTUKOMN JABUTATEIS:

M _=kU-kQ (
osue 0 = Tosue? 52)
rac k() — KO3(I)(1)I/H_[I/ICHT IMPOMOPHUOHAIBHOCTH MCKAY HAIPSIXKCHUEM U u MoMeHTOM
JABUXXCHUA, kM— KOB(l)(bI/IIII/IeHT HAKJIOHAa 3J'ICKTpOMeX3HI/IquKOI\/JI XapPaKTCPUCTHUKHU.
PCI[YKTOp MOET OBITh IMPEACTaBJICH 6e3LIHepL[I/IOHHI)IM 3BCHOM.:
Ql = ngug kpea’ (
5.3)

rie {2/ — yrioBasi CKOPOCTh BBIXOJHOTO BaJla peIyKTopa, Kyeo — K03 duIMeHT nepenayu.
B xoneuHOM uTOTE, ypaBHEHUE ABUKEHUS Bajla HATPY3KHU:

dQ
1524 20+ g Qdt - [Q,dt)+ M =0, (
! 5.4
dt :
rne M, I, (2- mojne3HbIi MOMEHT, MOMEHT WHEpIMH U YIJoBas CKOPOCTb Harpysku, /[ -
KPYTHJIbHAS JKECTKOCTh, A - KOAX(QQHUIMEHT BSI3KOro TpeHus. Takum oOpa3oM, ypaBHEHHE CBS3H,
KOTOPO€ MTOKAa3bIBAET, HA YTO PACXOLYETCs MOJIE3HAs YaCTh MOMEHTA IBUTATEIISA, UMEET BHI:
M, =k, A([Qdt - [Qdt) (
pe
5.5)
[lo monmy4eHHON MaTeMaTHYeCKOW MOJIENH, KOTOpas COCTOMT u3 ypaBHeHud (5.1-5.5),
MOCTPOEHA CTPYKTYpHAsi CXeMa JIEKTPOMEXaHNYEeCKOU cuctemsl (puc.5.2).
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Puc.5.2. Cmpykmypuasa cxema 31€KmpomMexanuieckoil Cucnemol

Ha cxeme ectp aBa BXOAa: OJWH IO yHpasisiolleMmMy Boszaeicteuio U, a BTOpol - 1o
Bo3myuieHnto M. He cmotpst Ha To, uTO Mo HUCXOAHOH cxeme (cM. puc.5.1) cucrema Kaxercs
pPa30MKHYTOM, Ha caMOM JieJieé OHa 3aMKHyTa C OOpaTHBIMH TIOTOKaMHu cUTHaIoOB. I[lo
pa3paboTaHHON MaTeMaTHYeCKOW MOJENH 3JIEKTPOMEXaHWYECKOro MOBOAA MOXKHO IPOBOAMTH
IIPE/IBAPUTENbHBIE HCCIEJOBAaHMS C LIEJBI0 ONpPEAEICHUS XapaKTEpUCTHK, OLEHKU KadecTBa M
BbIOOpa HEKOTOPBIX €ro mapamerpoB. Takoil 3Tanm npenBapUTENbHOIO NMPOEKTUPOBAHMS BCErza
JIOJDKEH TPUCYTCTBOBATH MpPU pa3pabOTKE CHCTEM M OOBEKTOB aBTOMATHYECKOTO YIPABICHHS W
SBJISICTCA YPE3BbIYAfHO BAXKHBIM, TaK KaK MMEHHO 37ECh OINpeNessIoTcs OOLIMe HalpaBiIeHUs
YZIOBJIETBOPEHUS TPEOOBAHUAM TEXHUUECKOTO 3aJJaHUsI U YIYULICHHUS XapaKTEPUCTUK CUCTEMBI.

Hanpumep, u3BECTHO, YTO NEPEAATOYHOE OTHOILIEHHE PEeIyKTOpa CYLIECTBEHHO BIIMAET Ha
JUHAMUYECKHE XapaKTEPUCTUKH  3JEKTpoMeXaHudeckoro mpuBojga. OlleHKa MepexOoHbIX
XapaKTepUCTUK CHUCTEMbI, MPEACTaBICHHONW pa3pabOTaHHOM MaTeMaTHYeCKOM MOJEeblo, NpHU
pa3HBIX 3HAYCHHUIX KOA((UIHECHTA ITepelaun PEAYKTOpa MO3BOJISET PEIIUTh TaKyIO 3a1a4y.

3aoanue

1. ITo uCXOOHBIM TaHHBIM, B COOTBETCTBUH C BapHaHTOM (Tabi.5.1), onpeaenuTs cTaTHIeCKue
XapaKTEPUCTHKHU 3JIEKTPOMEXaHMYECKOr0 MOBOJA JJIS PAa3HBIX 3HAYEHWH HAIPSDKEHUS INUTaHUSA
JBUTATENsl M TIOCTPOUTH COOTBETCTByoIME TIpaduku. (/luama3oH W3MEHEHUs HaNpsLKEHUs
OIpEeEIISAET 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 OBICTpOIeiiCTBHIO KOd(duIieHTa K.

Tabnuya 5.1 HUcxoomnsie Oannvie

[TepBas ly Ko K K, Bropas I yij 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
9KCIIEPUMEHTAIBHBIX JaHHBIX, COOTBETCTBYIOLIUE IPA(PUKU CTATUUECKUX XapaKTEPUCTHK U rpauk
3aBHCUMOCTH KOMIUIEKCHOTO IOKa3aTelsl JTWHAMUYECKOTO KadyecTBa OT KOd(pQUIMEHTa Iepenaqyn
penykTopa, KOmWi0 uHTep(delica NPUKIAAHOW MpPOrpaMmbl C MEPEXOIHBIM MPOLECCOM MpHU
ONTUMAJILHOM IO OBICTPOJCHCTBHIO 3HAYEHNH K03 (DUITEeHTa TIepeiaun peayKTopa. BeIBOIbI.

JlaGopaTtopnas padora Ne 2. OmpeaeneHue XapaKTePHCTHK T'HMIPOMEXaHHYECKOIro
NMpUBOAA

Ilenv pabomwr: Ilpuobpemenue npaKmuueckux HABbIKOE KOMNJIEKCHO20 UCCIe008AHUSA
cucmem u 06veKMO8 A8MOMAMUYECKO20 YRPABIEHUSL.

Teopemuueckas uacmeo

Ha puc.6.1 mpencraBieHa TuApOMEXaHHYECKas CHUCTEMa — MPUBOJ MOCTYHATEIHEHOTO
nBwkeHus. [IpuBOA COCTOMT M3 TUAPABIMYECKOrO NMIMHIApa |, IITOK KOTOPOrO CBSI3aH C
CyHIopToM 2 (Harpy3Koi) MEXaHH4eCKOW CBS3BIO C JKECTKOCThIO ¢. CymmopT mepeaBHraercs Mo
HAMpaBJIAIONUM 3, KOTOPBIE XapaKTepU3YIOTCd KOA(PPHUIMEHTOM BS3KOTO TpeHUs A, a CKOpOCTb
perynupyercsi ruapaBindeckuM apoccenemM 4. Takum o0pa3oM, cucTeMa MMEET YIPaBISIOIIUA
BXOJ (OTKpBITHE X JAPOCCEIs) U BO3MYIIEHHWE — CHIIY Moje3HoN Harpy3ku F. Llenwio ynpaBnenus
SIBJISICTCS TIEPEMEILICHHE CYNIIOPTa ¢ 3aaHHoi ckopocThio dy/dt mo koopauHare Y.

A l‘___'Fl 2

P1

Po

A

Puc.6.1. I'uopomexanuueckasn cucmema

JIBukeHre cynmopTa MOXeT ObIThb omucaHo JuddepeHlnnaIbHbIM YpaBHEHHEM BTOPOTO
MOpsI/IKa:

d’y . dy (
m prE +la+c(y—yl)_F, 6.1)
rae m — Macca cynnopra; A - Ko3pQGUIUEHT BA3KOT0 TPeHUs; Y — nepeMelnieHne maccol; F —
noJie3Hast Harpyska.
['unpaBnuyeckuil MWIMHAP C MOJE3HOW IUiouaabio P mopiuHs moikeH ObITh MpeAcTaBiieH
JIByMsl YPaBHEHHUSIMHU, KOTOpPbIE OTBEYAIOT KHHEMAaTHUYECKOMY M CHJIOBOMY B030YyxaeHHto. [lepoe
OTIHCBIBACT JIBIKEHUE TI0 pacxoay Q Maciia uepes muIHH/Ip:

_Q (
Y= _[E dt, 6.2)
a BTOpPOC — UIBMCHCHHUE JaBJICHHUA B IIOJOCTH:
3 (
=" 6.3)

Pacxon macina yepe3 apoccenb 3aBUCUT OT OTKPBITHUS APOCCEIUPYIOLIECH ILIEI U Iepernaja
aBJIICHUS Ha HEH:

6.4)



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

K marematiueckoi Moiesii He00X0IMMO NPHOABUTh YPaBHCHUE CBS3H:

E =(y - V)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 TIO YIPABJISAIONIEMY BO3JICHCTBUIO X, 2 BTOPOH MO BO3MYyIIeHHUIO F.

X F
—P> kbx Q

1/c y
T2s® +T,s+1

1/sP C

Kox
r : c/P <

Puc.6.2. Cmpykmyphasa cxema 2uopomexanuyecKoil 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 TPUMEHEHHUEM YHCIIEHHBIX alrOpUTMOB
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 JJISl DJIEKTPOMEXAaHHYECKOTO IOBOJA, MOXKHO KOHCTAaTHPOBATH 3aMKHYTOCTh CHCTEMBI,
KOTOpasi, TeM He MeHee, He sBisieTcst CAY.

Pa3paboranHass MaremaThueckas MOJENb IIO3BOJSIET Ha dTale MpelBapUTEIbHOTO
POEKTHUPOBAHUS MPOBOANUTH MCCIIEOBAHUS C LIEJbI0 ONMpPEENCHHs BIMSHUSA TapaMeTpoB 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 MUTAHUSA — 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 THIPOMEXaHMUYECKOro INpHUBOJA (3aBUCHUMOCTb CKOPOCTH pabo4yero opraHa oT
CHUJTBI TIOJIE3HOW HArpy3KH) JJIsl pa3HbIX 3HAUYCHUH JTaBIICHHUS MUTAHUS THIPABIUYECKON CHCTEMBI U
HOCTPOUTHh  COOTBETCTBYIOIIMHA rpaduk. (Juama3oH W3MEHEHUS JaBICHHUS  OIpeneseT
IpernojaBaTessb).

2. OmpenenuTh JUHAMUYECKUE MOKa3aTeNd THIPOMEXaHMUYECKOro MPHUBOJA: OTHOCUTEIFHOE
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

Cooeprcanue 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.

Jladoparopnasi padora Ne 3. OnpenesieHue xapaktepuctuk CAY npoaosibHoi moaaveit
NMPHU TOYEHUHU

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

Teopemuueckasn yacmeo

Haubonee pacrnpocTpaneHHBIH B MeTtauiooOpaboTke tum 3aMkHYTEIX CAY — 3to CAY,
npelHa3HaYeHHbIe 7 aBTOMATHYECKOrO PEeryJupoBaHusl Mpollecca pe3aHus  3apaHee
YCTaHOBJICHHBIM 00pa3oM. Takue cucTeMBl MOTYT MPUMEHSTHCS KaK Ul CTa0MIIM3aluH 33 JaHHBIX
BBIXOJHBIX IapaMeTpoB Ipoliecca pe3aHus, TaK M JUIsl UX HM3MEHEHHUS B LIUKIE OOpabOTKH IO
orpeneneHHoMy ainroputMmy. Hambonee 1enecooOpa3HO WCIOIB30BaHUE TaKUX CHCTEM Ha
3aKJIIOUUTENbHBIX, (DMHUIIHBIX ONEPalUIX TEXHOJIOTHYECKOTO Mpoliecca.

[Tpu mexaHuueckoir 00pabOTKe pe3aHHMEM TOYHOCTb 0OpabOTKH, B OCHOBHOM, OIPEAEIAETCS
ynpyrumu aedopManusiMi TEXHOJIOTMUYECKOM CUCTEMBbI, KOTOpPbIE, B CBOIO OYepelb, 3aBHCIT OT
cunbl pe3aHus. [loaromy cucrema aBTOMAaTMuYecKOd CTaOMIM3allMU CWIbl PE3aHUsl Ha 3apaHee
3aJJaHHOM YPOBHE WM IMPOTPAMMHOIO PETYJIHPOBAHHS €€ IO 33aJaHHOMY 3aKOHY IO3BOJISET
MOBBICUTH TOYHOCTh 00PaOOTKU U 3HAUUTEIHHO YIYUIIUTh Ka4eCTBO MOBEPXHOCTH JIETaNICH.

CAY crabunuzauuy Cwibl pe3aHus NpU TodyeHuu (puc.7.1) cMOHTHpOBaHa Ha TOKapHOM
CTaHKE M COCTOMT W3 MPHUBOJA MOJAYM U H3MEPUTENBHOIO YCTpoicTBa. M3MeputenbHas Lemb
pean30BaHa ¢ MOMOILBIO AMHaMoMeTpuyeckoro npeodpaszosarens JAII, KoTopelil uepe3 ycuiInTelb
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. @ynkyuonanvuan cxema CAY cmaobunuzayuu cuivt pezanus
npu mouenuu

CAY ¢yukumonupyer cienymomum obpazom. Ha BXoa cucTeMbl, K CpaBHUBAIOLIEMY
YCTPOMCTBY mocTymnaeT curHai Us;, KOTOpBI COOTBETCTBYET TPeOyeMOMY 3HAYEHHIO CUJIbl pe3aHus
B onpezeraeHHoM MaciTade. Ha BTOpoil BX0J] CpaBHUBAIOIIETO YCTpoKCTBa nmocTymnaeT curHai Uy,
BbIpabaTbiBaeMblil TuHaMomeTpudeckuM npeodpaszosarenem I u yecunurenem Y. Takum o6pazom
HanpsbkeHne U,c TpOMOpLUOHATIBHO pealbHOMY 3HAa4YeHHI0 CHilbl pe3aHusa. Ommbka oU=U,—



U,ciocTynaer Ha BXoa ycunutens-npeoopaszoBatens YII, koTopslii BelpabaTeiBaeT Hanpsikenue Uy
nutanus asurarens . JIsurarens I, yepe3 peayktop P ompenenser BeIMYMHY TPOAOIBHOU
MOJJa4M TaK, YTOOBI CBECTH OMNOKY K MUHUMYMY.

Kak ynpasnsembiii 00bekT B CAY Bxoaut nporiecc pezanusi IIP, KoTopslli POUCXOANT B
3aMKHYTOH TEXHOJIOTMYECKOH 00pabaThIBAOIIECH CUCTEME.

Marematnueckass wmozaenbp CAY  COCTOMT M3 MAaTeMaTHYECKUX MOJEIEH 3JIEMEHTOB,
COCTAaBIIIOLINX CHCTEMY. Y CHJIHMTENb-IIpeoOpa3oBareb OmnuchiBaeTcs U depeHuanIbHbIM
ypaBHEHHUEM MIEPBOTO MOPAJIKA,

du, (
" gt +U, =k, 71)

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

U,=k,U, ecmu U <dU,
Uu,=U eciu  oU =0U,

o

Puc. 7.2. Xapakmepucmuka max 1
ycunumens-npeoopazasames
rae Kyn, Tyn — KO3GOHUIUEHT YCUIICHHS U TIOCTOSHHAS BPEMEHU YCUITUTEISI-IPe00pa3oBaTes;
Umax — HanIpsDKEHUE HACHITIICHUSI.
JIBUraTenb TOCTOSHHOTO TOKa OMHUCHIBacTCS IU(P(GEpEeHIMATBLHBIM YPAaBHEHHEM BTOPOTO
MOpsIIKA:
d’w, de (

TT dt? Tw dtg tw,= koUo’ 7.2)

rae Ko, T, Ty - KOIpQUIHMEHT mepenauu, MOCTOSHHBbIC BPEMEHH (JCKTPOMArHUTHAs MU
MEXaHUYECKasi) JIBUraTels.

PenykTop, TeH30METpHUYECKUH IMHAMOMETP M 3JEKTPOHHBIM YCHJIUTENb ONMCHIBAIOTCA
JUHEHHBIMU  YpPaBHEHUSIMHM, KOTOPbIE  COOTBETCTBYIOT  O€3bIHEPLIMOHHBIM  3BEHBSM  C
k03 durenTamu nepeaadn: Ky, Kon,K;.

OxBuBajeHTHbIE ynpyrue cucreMbl (AYC) Mo COOTBETCTBYIOIIMM OCSIM KOOpPAMHAT MOTYT
ObITh MpenacTaBieHbl AU(QepeHInanbHBIME  ypaBHEHUSAMH BTOPOrO  MOpPSJKA, Kak JJs
0JIHOMAaCCOBBIX CUCTEM:

2
P.=m d52x i@ +C,X;
dt dt (
d? é‘y doy _ 7.3)
P =m re +A— ot +C,dy;
rae m — Macca cynmopra; A - KOIPOUIMEHT BSI3KOrO0 TpeHHsl (Cuia TpeHHs

PONOPLHUOHATIBHA CKOPOCTH); Cx,Cy — AKECTKOCTH MO0 COOTBETCTBYIOIIEH KOOpIMHATE.

[Tpouecc pezanus IIP mMoxeT ObITH MpeICTaBIEH YpaBHEHUEM, CBS3bIBAIOIIUM (PAaKTUUECKUE
BEJIMYMHBI T01a4M Sy ¥ IITyOuHBI Hy pezanus ¢ cocrasstoneil P; cuibl pe3anus:

P=C,H’SN™, (
7.4)

rae  Cp, Xp, Yp, Np — smmupudeckue KodQPUIIMEHT U TOKa3aTen CTeTeHH, V — CKOPOCTh
pe3aHusl.

brnox I'C BbINONHSET omepaud B COOTBETCTBHUM C T'€OMETPUYECKUMHU COOTHOLIECHUSMU
MEXy COCTaBIISIFOIIMMHU CUJIbI PE3aHMSL:

(0.6P)’
1+tg°(p+7)’

I7le ¢ — IJaBHBIM YOIl B IUIaHE Pe3lia, 77 — yIroJl CX0Ja CTPYXKKH.
C ydeToM NpuBEACHHBIX BbILIE ypaBHeHUU (7.1-7.5) u cBsA3el QyHKIIMOHATIBHON CXEMBI 10
puc. 5.30, MaTemaTHueckyro Mozenb Bceil CAY Hazlo 1ONOJHUTH CAEAYIOIUMH 3aBUCUMOCTSIMM:

(

y =



&J :U3 _Uoc’
S,=wk,;

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

Uoc :5y'k0n ) ky;

Takum oOpa3om, crabuau3anus CUJIbl pe3aHuss Ha TpeOyeMoM YpOBHE, KOTOpBIA B
orpezeieHHOM MaciuTabe oTBedaeT 3ajlaHHOMY HanpspkeHuto U; Ha Bxoae CAY, mpoucxoauT 1o
CYET YINPABJICHMs IPONOJIBHOW monayei. IIpu TodyeHuM neranu, NPUITYCK KOTOPOM HM3MEHSETCH,
peryJivpoBaHHe MOJAa4YH JOJKHO MPOUCXOJUTH TaK, YTOOBI CHUJIAa PE3aHMs OCTaBaJIach MOCTOSHHOM
Ha Bcel anmuHe 00paboTku. Ho xadectBo paboTel CAY IIENMKOM 3aBUCUT OT €ro mapamMeTpoB, a
TaKkKe OT TMapaMeTPOB TEXHOJIOTHYEeCKo oOpabateiBaromieii cucrembl (TOC) roe MMEHHO H
peanusyercs npouecc TodeHud. [loaroMy BakHeWliedl 3amadeld MpU MPOSKTUPOBAHUM CHCTEMBI
ABIIIETCS TPABWIBHBIA BHIOOp €€ MapaMeTpoB, a MPHU JKCIIyaTallud — OIIEHKa KayecTBa B
3aBucuMocTH oT napamerpoB TOC, KOTOphIE B JaHHOM Cly4ae SIBJSIOTCS BO3ZMYILEHUSMHU.

3aoanue

1. Ilo wucxogHbIM JaHHBIM, B COOTBETCTBUUM C BapuaHToM (Tabn.7.1), mnpoBecTu
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¢ dulMeHTa nepeaadu peayKTopa;

2) oT xkecTkocTH Cx ynpyroi TOC;

3) oT ko3¢ urenHTa nepeaadn yCUInTens oOpaTHOM CBS3H.
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
XapaKTEPUCTHKH U 3aIIUCATh PE3YJIbTaThl B COOTBETCTBYIOIINE TaOIHIIBI.

3. Tloctpouth rpaduKu SKCIEPUMEHTAIBHBIX 3aBUCUMOCTEH KOMILUIEKCHOTO IOKa3aTems
KayecTBa M OIIMOKM OT YyKazaHHbIX Bblmle mnapamerpoB CAY. Omnpeaenutbs JUHAMHYECKHE
nokazarenu CAY: oTHOCHTENbHOE NIEpEPEryINPOBAHNE U 3aTyXaHHUE 3a MEPUO/I.

Brumanue! 11ockonbKy UCXOIHBIE JAHHBIE 3aJaI0TCS CIy4YailiHO, HE UCKIIIOUAETCS CUTYyallHs,
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
MOCJIE0BATEIBHOCTH!

1) wu3MeHsTh mapameTp, B QYHKIIMHA KOTOPOTO aHATM3HpYyeTcs auHamudeckoe kadectBo CAY B
Juana3oHe, yKa3aHHOM B 33/1aHUU;
2) ecnu B pe3ylbTare BBINMOJIHEHUS 1.1 He ymaercs obecrieunth mocTossHCTBO CAY, yMeHbIIaTh
koa¢¢uimeHT nepeaaun npamoro kaHaina CAY 3a cueT yMeHbLIEHUS KO3PPUIUEHTAa YyCHIICHUS
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 BIUMSIHUA 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 CUTHAlla C TOCTOSHHBIM YycKopeHHeM. llpu Takom pexume pabOThI
acTaTUYeCcKas CHCTeMa BTOPOTO MOPsIKA UMEET OMIMOKY, M0 BEJIMYUHE KOTOPO MOKHO MPOBOIUTH
oreHKy kauectBa CAY u mporiecca perynupoBanus. Y CTaHOBHUBIIAscs omMOka actatiuueckoit CAY
MEPBOrO MOPSAJIKA B ITOM ciIydae Oy/1eT CTPEMUTHCS K OECKOHEUHOCTH.

3aoanue

B cootBercTBHU ¢ BapraHTOM (Ta0i1.8.1) MpoBeCTH CIIEIYIOIINE UCCIICIOBAHUS.

1. YcTaHOBUTH SKCIEPHUMEHTAIbHO MHUHUMAIbHOE 3HAa4YeHHE MOCTOSHHOW Bpemenu I[IM-
perynsitopa, pu koTopoit CAY Tepsier ycTtolunBOoCTh. ONpenenuTsh AUana3oH W MIar U3MEHEHUs
MOCTOSTHHOM BpeMEHH T, U TIOJITOTOBUTH TaOJIUIlY SKCTIEPUMEHTAIBHBIX U PACYCTHBIX JTAHHBIX.

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

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

4. TIpoBecTH JKCHEPUMEHTHI MPU JBUKEHUH C TOCTOSIHHBIM YCKOPEHHUEM U OIMpeAeNUTh
TOYHOCTb PETYJIUPOBAHHS.

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

Tabauya 8.1. Hcxoouvie oannvle
[lepBas | VYcumurens-peoOpazoBatens | Bropas JBurarenn
udpa Ky \ 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

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 PACUYETHBIX JAaHHBIX; Tpa(UKH SKCIEPUMEHTAIBHBIX 3aBUCHMOCTEH.
BriBoasl.

TunoBoi npuMep 3aaHus

Jladoparopnasi padora Ne 4. UcciienoBaHue BIUSIHUA acTaTH3Ma Ha KayecTBO CAY

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

Ilpakmuueckaa uacmp

Ha puc.8.1 mnpencraBien uHTepdeiic NpUKIAJHON HPOrpamMMbl, C IMOMOLIbIO KOTOpPOH
BBIIIOJIHSIFOTCS DKCIIEpUMEHTalIbHbIE uccienoBanus. [Iporpamma «IIM perynsarop» Haxonures Ha
nucke. MHCTpYKIMU M MOSICHEHUS JUIsl pabOThI ¢ IPOrpaMMOi cojiepKarcs B caMoil mporpamme u
HOSBIISIIOTCS] Ha DKpaHe MOHUTOpA Npu HakaTuu KHonku Help.

ITocne aktuBu3anuu npukinagHo mnporpammel «CAY ¢ IIW-perynstopom», KoTopas
HaXOJUTCS HAa JUCKE, Ha TJIaBHOM MHTepdeiice 3aJaroTcsi UCXOAHbIE JAHHBIE B COOTBETCTBUU C
BapHaHTOM.

IIpyu wuccnegoBaHuM BIMSHUA TOCTOSSHHOM BpemeHu [IM-perynsitopa Ha KadyecTBO
pPEryJaupOBaHKs YCTAHOBUTH CTATUYECKUN PEKUM U IIPOBECTH CEPUIO SKCIEPUMEHTOB JJI OLEHKU
KOMIUIEKCHOTO KpuTepusi A KaudecTtBa, B COOTBeTCTBHU ¢ (opmynon (5.2). H3mepenue
HKCIEPUMEHTAIbHBIX JTaHHBIX, HEOOXOIMMBIX JUIsI PAcYeTOB, MPOBOJUTCA MO OCLHUIOIPaAMMaM.
[Tpu 3TOM ISt UCXOAHOM CHUCTEMBI KOMIUIEKCHBI KpUTEpU A pacCUUTHIBAETCS OJMH pa3, a A
CAY c IIH-peryasTopoM — JUIsl BCETO BBIOPAHHOTO AMAINla30Ha M3MEHEHHs MOCTOSHHON BpeMEHU
T.. Jlnana3oH U3MEHEHUs MOCTOSHHOM T, BpeMeHU omnpeJensieTcs OT 3HaueHus, npu kotopom CAY
CTaHOBMTCS HEYCTOMYMBOM, B CTOPOHY YBEIMYEHHUs. DKCIIEPUMEHTAJIBHBIE JaHHBIC 3allMCHIBAIOT B
TabJIMIly, TPUMEP 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 yckopeHueM (2 pan/c?). Ha puc.8.1 Ha
n300pakeHUn ocuuuiorpadgoB JuHHEeH 1 0003HAaYeH 3aKOH NBWIKCHMs, KOTOPBIA 3amaeTcs, a
JTuHAEH 2 — (PaKTUYECKUH 3aKOH JBM>KEHUS, BOCIIPOU3BOJUMBII pabounM OpraHoMm.
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Puc.8.1. Hccneoosanue enuanus nocmoannoi epemenu INH-pezynamopa
Ha mounocmp CAY

[Ipy BBINOJHEHUM SKCIIEPUMEHTOB ONPEIENAETCS 3aBUCHMOCTb YCTAaHOBUBILEHCS OLIMOKHU
yepe3 | ¢ mocie Hayana MEpeXOAHOro Iporecca OoT mocTosHHOW T, Bpemenu IIM-perymstopa.
Pexomenayercs HauMHATh YKCIEPUMEHTHl C MAKCHUMAJIBHOM BEJIUYMHBI ITOCTOSIHHON BpemeHnu 111-
peryssaTopa, a 3aTeM MOCTEIeHHO, COIJIaCHO BBIOPAHHOMY IlIary, YMEHBIIATh €€ 10 BeIUYUHbI, IpU
KOTOpOM cucrema TepsieT yCTOWYUBOCTb.

Ha puc.8.1, a mpencraBieH uHTepdelic NPUKIAIHOW MporpamMmbl IPU MOIETUPOBAHUU
UCXOJHOMN cucTtemsl (creBa) U cucteMsl ¢ [IM-perynstopoM, KOTOPBI HMEET OCTOSTHHYIO BPEMEHU
0,7 c. OmmbKa UCXOIHOH CHCTEMBI, KOTOpasi ycTaHOBHIach yepes 1 ¢, papusercs 13,4°, a ommbka
cucremsl ¢ [TU-perynatopom — 8,1%. Kpome TOro, MosieTMpoBaHue MO3BOISET YOSTUTHCS, UTO IS
UCXOJIHOM CHCTEeMBbl OLIMOKa C TEYEeHHWEM BpEeMEHHM yBeluuuBaercs, To ecTb Takas CAY He
crocobHa paboTarh B 3a/laHHOM peknMe paboTel. [IpeoOpazoBanHas CAY Oyner moanep:kuBarh
MOCTOSIHHOE 3HAY€HHME YCTAaHOBMBILEHCS omuOKu. I'paduku sKcrepUMEHTaIbHBIX 3aBHCHUMOCTEH
OIIMOKH, KOTOpas YCTaHOBMJIACh 4epe3 lc, M KOMIUIEKCHOro KpuTepusi kadectBa A or Ty,
IIOCTPOEHHBIE 0 M3JI0KEHHOW METOJMKE, NMpeAcTaBieHbl Ha puc.8.2. Tam ke, A1 CpaBHEHUS,
IpsIMOM JIMHUEH, MapajulebHOM ocu abcuuce, MOKa3aHO 3HAYeHHE KOMIUIEKCHOTO KPUTEpHS IS
UCXOJHON CUCTEMBI.
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om nocmosannou epemenu IH-pecynamopa

YMeHbIlIeHHE NMOCTOSIHHOW BpeMeHu [IM-perynstopa MONOXKUTEIBHO BIMAET HA TOYHOCTh
CHUCTEMBI, HO IIOCJIE HEKOTOPOU BEJIMYMHBI OCTOAHHOW BpeMeHHu [IM-perynaropa cucrema tepsiet
YCTOHYMBOCTh, TO €CTh CTAaHOBHUTCS HE CIOCOOHOW K (YHKIIMOHWpOBaHWIO. Takoi cirydai
3adukcupoBaH Ha puc.8.1, 0, Koraa mocrostHHas BpemeHu 1,< 0, /c.

7.3. OneHo4Hble CpeaCTBAa IJsS NMPOMEXKYTOYHOH AaTTECTAMH MO MTOraM OCBOEHHS
AUCHHUIJIMHBI

7.3.1. Bonpochl K NpOMeKYTOYHOI aTTecTaluu

Cemectpb

Ne

w/n Bonpocsl k 3a4eTy

1 OCHOBHBIE TIOHSITHS M ONIPEACIICHUS

2 ConeprkaHue NOHATHUI: «cUCTEMa YIPABIECHUN», «OOBEKT YIPABICHUA», «YIPABISAIOIINE U
BO3MYIIAIONIME BO3JECHCTBUS», «YIPABISAIONINE KOOPAUHATHI)

3 Krnaccugukanus cucteM aBTOMEXaHUYECKOr0 YIIPABJICHUS

4 [TpuHIMT pa30MKHYTOI'O YIpaBieHUs. YTIpaBJIeHUE 10 BOZMYIIEHUIO U OTKJIOHEHHUIO

S) OcCHOBHbIE BUIbl AJITOPUTMOB (DYHKIIMOHUPOBAHUS

6 Knaccugukanus cuctem 1o xapakrepy nepejadu CUrHajJoB

7 Krnaccugukanys cuctem 1o 0CHOBHbIM BUJIaM YPaBHEHHH TMHAMUKHU IPOLECCOB
yIIpaBJICHUs

8 MaTemaTuyecKkoe ONMcaHue JMHEHHBIX CUCTEM

9 Maremarnueckoe MoaeupoBanue anemMeHToB CAY

10 | Knaccuduxanus snementoB CAY. CraTucTHuecKkrue U JUHAMUYECKHE XapaKTePUCTUKU
JIEMEHTOB

11 | JIuneapusauus HelMHEHHbBIX AU} depeHInanbHbIX YpaBHEHUH TUHAMUYECKUX PEKUMOB
pabotsl anemenToB CAY. CtanaaptHas Gopma 3anucH 1uddepeHaiabHbIX ypaBHEHUN

12 | OcHoBHbIe cBOiicTBa peoOpa3oBanus Jlammaca

13 | XapakTepucCTHKN JHHAMHYCCKUX 3BeHbeB CAY

14 | TlonsTHe 0 AMHAMUYECKOM 3BeHE. XapaKTepUCTUKH JUHAMUYECKOTO 3BE€Ha, IIepeIaTOuHbIe
(YHKIIMH, YaCTOTHBIE XapaKTEPUCTUKHU (aMIUTUTYAHbIE U (a30BbIE), TOTapUPMUIECKHE
YaCTOTHBIE XaPaKTEPUCTUKH, BpEMEHHbIE XapAKTEPUCTUKHU (TI€PEXOIHBIE U BECOBBIE)

15 | TunoBble TMHAMUYECKUE 3BEHbS U UX XapaKTEPUCTUKHU

16 | CtpykTypHas cxema CUCTEeMaTH4eCKOro yrpasieHus. OCHOBHbIE MPaBHIIa MPeoOpa3oBaHUs
CTPYKTYPHBIX CXEM: TIOCIIC/IOBATEILHOE COSTUHEHUE 3BEHBEB; MApAILICIbHOE COSTMHCHUE
3BEHBEB; 3BEHO, OXBAYEHHOE 00PAaTHOM CBS3bI0; IEPEHOC CyMMAaTopa; NepeHoc y3a,
MePECTAaHOBKA Y3JI0B M CYMMAaTOPOB

17 | Beruucienue nepeiaTouHbIX GYHKIUN U YACTOTHBIX XapaKTEPUCTHK OJJHOKOHTYPHOU U
MHOTOKOHTYPHOH pa3oMKkHYTOH cuctemsl. [lepenaTounsie QyHKIMM U yIpaBiIeHHe
3aMKHyTOM CAY. HacTOTHBIE XapaKTEPUCTUKH 3aMKHYTON CUCTEMBI

18 | MaTtemaTuueckoe MOJICTMPOBAHNE M COCTABJICHUE CTPYKTYPHOU CXEMBI

19 | YcTOHYMBOCTh CHCTEM aBTOMATHUYECKOTO yrpaBieHus. [loHsTHEe yCcTOHYNBOCTH
JIMHEApU30BaHHBIX cucTeM. Heobxo1mmoe 1 T0CTaTOYHOE YCIIOBHE YCTOWYMBOCTH

20 | AnreGpanveckne kpurepun ycrounocTr Payca u ['ypBura

21 | YacrotHble KpuTepuH ycroitunBoctu. [Ipunuun aprymenrta. Kputepuu ycroitunBoctu
MuxaiinoBa A.B. Iloctpoenne obnacteit ycroiunsoctu. [lonarue o /I-pazOuenun

22 | Kpurepun ycroitunoctu HaiikBucra. AHaIN3 yCTOWYMBOCTH MO JTOTapHU(PMUYECKHM




Bonpocsl k 3auery

n/n
YaCTOTHBIM XapaKTepUCTHKAM

23 | YcTOWYMBOCTh CUCTEM C 3ala3/IbIBAHUEM

24 | MeTonbl OLIeHKHU KadecTBa perynupoBanus CAY

25 | IlonsaTue o kayecTBe mporecca ynpasieHus. OleHka Ka4yecTBa CUCTEM YIPABJICHUS B
ycTaHOBUBIIUXCA pexumMax. [locrosiHHbIe omMOKH. AcTaTudeckue cucTeMbl. TOUHOCTh MpU
rapMOHUYECKOM BO3JICHCTBUHU. Y CTAHOBUBIINECS OIMIMOKY MPU MPOU3BOIBHOM BO3ICHCTBUH,
K02 PUIMEeHTHI OIIMO0K

26 | OueHku KayecTBa IMepexoHoro mporecca. OUEeHKH KauecTBa Mpolecca Ipy BO3ACHCTBUH
CTyneH4yaTol pyHKIUU

27 | HacToTHbIE METO/bI OLIEHKU KauecTBa peryaupoBaHus. OlleHKa KauecTBa PEeryJIupoBaHus 110
AMIUIUTYJHO-4aCTOTHOM XapaKTEPUCTUKHU 3aMKHYTON CUCTEMBI; 10 BEIIECTBEHHOU
YaCTOTHOM XapaKTEPUCTUKE 3aMKHYTOH CUCTEMBI; C [10 aMIUIUTYJHO-(a30BOH
XapaKTePUCTHKE PA3OMKHYTOH CUCTEMBI; 110 JIOTapu(MUIECKUM YaCTOTHBIM
XapaKTepUCTHKAM

28 | KopHeBble OIIEHKHM KauecTBa PEryJIHMpPOBAHUS

29 | Cunre3 CAY 1o 3aaHHBIM OKa3aTessIM KayecTBa Ipoliecca ynpaBIeHUs

30 | IloBbIIeHHE TOYHOCTH B yCTAHOBUBIIMXCS PEKUMaX U 00ECTIEYCHNE YCTOMYUBOCTH U
KayecTBa yIPaBJICHHUs CHHTE3UPYEMBIX CHCTEM 3a CUET U3MEHEHUs IapaMeTPOB CUCTEM U
ITyTEM BBEJICHUS] KOPPEKTUPYIOMINX YCTPOUCTB

31 | CucreMa aBTOMAaTHYECKOI0 YIPaBJICHUs IPOAOJIBHOM ITojauel Ipu TOUEHUHU

32 | CucteMa aBTOMAaTHYECKOTO YIPABJICHHS MONEPEYHON oAaYei Mpyu BPpe3HOM NUIH(OBAHUH

33 | CucreMa aBTOMAaTUYECKOI0 YIPaBIEHUs IOBOPOTOM pabovero opraHa MpoMbIIUIEHHOTO
pobota

34 | CucreMa aBTOMAaTHYECKOTO PEryJIMpOBaHUs pa3Mepa JeTaiu Ha OeClieHTPOBO-
1M OBAIBLHOM CTAaHKE

35 | Cucrema aBTOMAaTHYECKOTO IUCTAHIIMOHHOTO YIIPABICHUS MAHUTYIISITOPOM

36 | CucreMa aBTOMAaTHYECKOI0 YIPABICHUS I'MJIPABINUYECKUM CYNIIOPTOM TOKApHOTO CTaHKa

37 | CucteMa aBTOMAaTHYECKOTO YIIPABICHHS T0J1aueil pu pe3epoBaHUH

38 | CucreMa aBTOMAaTHYECKOI0 YIIPABICHMsI TPOJOIbHOM Mojiaueld Ipu CBepJIeHUU

39 | ConepxaHne TOHSATHIA: «CUCTEMa yIIPABICHU», «OOBEKT YIIPABICHUN», «YIPABISIOMINE U
BO3MYUIAIONIME BO3ACUCTBUSY, «YNPABISIOIINE KOOPIUHATHI

40 | Knaccudukaius cucTeM aBTOMEXaHU4YEeCKOT0 YIpaBJIeHUs

41 | IlpuHIMI pa30MKHYTOTO YIpaBJIeHHs. YTIpaBJICHUE 110 BOSMYIIECHHIO H OTKJIIOHEHUIO

42 | OCHOBHBIE BU/Ibl AJITOPUTMOB (D)YHKIIMOHUPOBAHUS

43 | Kinaccudukaiys CUCTeM M0 XapakTepy Mepeadn CUTHAJIOB

44 | Knaccudukanys cuCcTeM [0 OCHOBHBIM BHJIaM YPaBHEHUH TUHAMUKH MPOIIECCOB
yIpaBJIeHUs

45 | MaremaTtuyecKkoe OIMcaHHe JIMHEHHBIX CUCTEM

46 | MaremaTrdeckoe MoJieipoBanue 3aeMeHToB CAY

47 | Knaccugukanus snementoB CAY. CraTucTueckrue U JMHAMUYECKUE XapaKTEPUCTUKU
HJIEMEHTOB

48 | JIuneapuzaius HEJIMHEHHBIX TU(PEepEeHIATBHBIX YPAaBHEHUN TUHAMHYECKUX PEKIMOB
pabotsl a1emenToB CAY. CrangaptHas popma 3anucu auddepeHnnanbHbIX YpaBHEHUH

49 | ConmeprkaHue IOHATHI: «CHCTEMA YIIPABICHUN», «OOBEKT YIPABICHUS», KYIPABISIONIAE U
BO3MYUIAIONIME BO3ACUCTBUSLY, «YNPABISIOIINE KOOPIUHATHI
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7.3.2. Kputepuu 4 HOPMbI OLEHKH

Cemectp

dopma
NMPoBeIeHUs
MPOMEKYTOYHOM
arTecTalnu

Kpurepuu u HopMbI OLIEHKH

3ader (yCTHO)

VICUEPITBIBAIOIINE OTBETHI HA
BOIPOCHI K 3a4eTy U Ha
«3aUTCHOY JIOTIOJTHUTEIILHBIE BOIIPOCHI,
BBITIOJTHEHBI BCE TIPAKTHYECKUE U
nabopaTopHbIE pabOTHI

HEIPaBWIbHBIE OTBETHI HA
BOIIPOCHI K 3a4eTy; PaKTHUYECKUe
«HE 3aYTEHO» u 1abopaTopHbIe pabOoThI
BBIIIOJIHEHBI HE TOJHOCTHIO (HE
BBIIOJIHEHD)




8. YueOHo-MeTOoAMYecKOe U MH(OPMAITMOHHOE O0ecTieYeHHe TUCIIUITHHBI

8.1. O0si3aTesibHAA JIUTEPATYpPa

Tun (yueOHuk, yueoHoe

KoauuecTBO B
HAY4YHOH

Ne nocooue, yueoHO-
ABTOpBI, COCTABUTEIHN 3arsiaBue (3aroJioBoK) I'ox n3nanus oudamMoTeke /
n/n MeToinYecKoe nocooue,
OPAKTHKYM, 1p.) HaumeHoBanue
P ’ 9BC
1 T. C. AGbGacoBa, D. M. Teopust aBTOMaTHIECKOTO YIIPABICHUS Y4ebHoe mocobue 2020 OBC "Jlanp""
A00GacoB ; o1 peaaKIuen
T. C. A6GacoBoii
2 A. A. IlepBo3BaHCKUI Kypc Teopun aBTOMaTudeckoro ynpasieHus | YdyeOHoe nmocodue 2022 OBC "Jlanp"
3 A. B. Edanos, B. A. fIpomr | Teopust aBTOMaTHYECKOTO YIIPABICHUS YuebHuk 2023 ObC "Jlann
8.2. JlonosiHuTEIbHAS JIUTEPATypPa
Tun (yueOHuk, yueoHoe Konnqecnio i
HAYYHOI
Ne nocooue, yueOHo-
ABTOpBI, COCTABUTEIH 3ariaBue (3aroJ10BOK) I'ox u3panus onobmorexe /
n/n MeToinYecKoe nocooue,
NpPAKTHEYM, Op.) HaumeHoBanue
P ’ 9BC
1 | C. M. bparas [u 1p.] ABTOMaTHYECKOE yIIpaBJIeHHE IpolieccaMu | YUeOHUK 2017 9BC
MEXaHUYECKOM 00paboTKH "ZNANIUM.CO
MII
2 | A.U. Eropos, JI. H. BBenenue B TEOpHIO yIIpaBIECHUS VYuebHoe nocobue 2017 OBbC "Jlanp"

3HaMeHcKasg

CUCTEMaMH C paclpeaeIeHHbIMU
napameTpamu




8.3. Ilepeuennr mpodeccHOHATBLHBIX 0a3 JAHHBIX M HMH(POPMAIMOHHBIX CHPABOYHBIX
cucTeM

— Google Scholar — momckoBasi cucteMa Mo Hay4yHO# JuTeparype. Brirouaer cratbu
KPYIHBIX HAYYHBIX M3JATEIbCTB, ApXHUBBI MPENPUHTOB, MYOIUKAIIMM HA CaTaX YHUBEPCHUTETOB,
HAyYHBIX OOINECTB M APYTrUX HAYYHBIX OpraHu3anuid. MImer craThd, B TOM YHCIE U Ha PYCCKOM
a3pike. UTO HE MaJOBaXHO, PACCUMTHIBAET HWHACKC IUTHPOBAHUS MYOJMKAlUMHA U IO3BOJISIET
HaXOJUTh CTAaThH, COAEPIKAILNE CCHUIKU Ha T€, YTO YK€ HallJICHbI

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

—Wudopmanmonnass cucrema "EaumHOe OKHO nocTyma K oOpa3oBaTelnbHBIM pecypcam”
co3naHa 1o 3aka3y denepaabHOTO areHTCTBa 1Mo oOpa3zoBanuio B 2005-2006 rr. Ha manHbIN epuoa
B Db yxe coOpano 6omee 11 Thic. yueOHBIX MaTepHalioB pa3auuHbIX By30B Poccun. B OK — Gonee
30 ThIC. ommucaHuii, a Tak ke ecTh "['noccapuit" u pazaen "Cuctema HOBOCTEH'" MO Ha3BaHHOMU
TEMaTUKe. DTO YHUKAJIbHBIM 00pa3oBaTelbHBI MPOEKT B pycckoszbiuHOoM WHTepHete. [lomubiid
JIOCTYI KO BCEM pecypcam, BKIIFOUYasi MOJTHOTEKCTOBbIE MaTepuasbl OMOIUOTEKH, MIPEIOCTaBIAETCS
BCEM I10JIb30BaTEIIsIM B CBOOOIHOM peskume — http://window.edu.ru

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

8.4. [lepeuenb nporpaMMHOro odecrneyeHust

Ne HanmenoBanue I10 KounvectBo | PekBU3UTHI 10roBopa (1ara,
n/n JIMLeH3UI HOMep, CPOK JAeHCTBHA)

1 Windows: noroBop Ne 757 ot 04.07.2018,
WinPro 10 RUS Upgrd OLP NL Acdmc CPOK JIEHCTBHS — O€CCPOYHO;

KOHTpakT Ne 1653 ot
14.12.2018, cpok aeiicTBus —

06eccpovHO
2 Office Standard:
Office Stdandard 2013 Russian OLP NL KOHTpakT Ne 690 ot
AcademicEdition 19.05.2015, cpok neicTBust —
06eccpodHo

Office Stdandard 2016 Russian OLP NL
AcademicEdition noroBop Ne 757 ot 04.07.2018,

CpOK I[GﬁCTBI/IH — 6eCCpO‘IHO
Office Stdandard 2016 Russian OLP NL

AcademicEdition KOHTpakT Ne 727 ot
20.07.2016, cpok nmercTBHsS —
6eccpouHO

3. KOMIITAC-3D v 18 (ITpoextupoBanne | 250 KOHTpakT Ne 1198 ot
1 KOHCTPYHPOBAHUE B 18.11.2019, cpok neicTBuUs —
MaIIMHOCTPOEHHH) 6eccpoyHO

4. Mathcad Education - University Edition | 25 KOHTpakT Ne 469 ot

Subscription (25 pack) 05.06.2020, cpok aeicTBuUS —
6eccpouHO

5. Mirapolis Human Capital Management JIMIIEH3UOHHBIN TOoT0BOp No

42/02/22-K ot 02.02.2022,
CPOK JIEUCTBUS — JI0
31.08.2022



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

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

00pa30BaTeIbHOIO MpoIecca Mo THCIUTIINHE

HanmeHnoBanune 000py10BaAHHBIX YUeOHBIX
Ka0OMHETOB, JIa00PATOPHUIi, MACTEPCKUX U

Ne Ap. 00bEeKTOB /15 IPOBeIeHUs!
N IlepeyeHb OCHOBHOIO 000PY10BAHMS
n/n | NPpaKTU4YeCKUX U JJa00OpaATOPHBIX 3aHATHH,
NMOMELUEeHUH I CAMOCTOATEIbLHOMI
padoThl o0yyarommxcst (HoMep ayAuTOPUM)
KomneroTepHslil kitacce. [TepenocHoi IpOEKTOP, IKpaH,
VuebHasg  ayauTopus AN IpOBeNEHUs | KoMibroTepHble CTOJIBI, CTOJ
3aHATUH JEKIMOHHOI'O THIIA. MIpEeNnoJaBaTeNIbCKUM, CTYJIbs, 10CKa
VuebHasg  ayxuTopus Ais8  IpoBeneHus | ayautopHas, CTOJbl yueHHYECKue
3aHATUN CEMUHAPCKOTO THIIA. nByxmectHsle, [IK
VYuebHas  ayautopuss  Uld  KypCOBOIO
IPOEKTUPOBAHUS  (BBIMOJIHEHHUS] KYPCOBBIX
1 | paGor).
VYuebHast ayauTopusi IS MPOBEACHUS
IPYNIIOBBIX U VH/IUBUAYaJIbHBIX
KOHCYJIbTALUM.
VYuebHasg  ayauTopus  Ais  IPOBEIEHUS
3aHITHH TEKYIIEro  KOHTpPOJIsi U
npoMexyTouHoi arrectanuu. (E-306)
VYuebHasgs  aymutopuss ans npoBeneHus | Ctona npenopaBatesbekuit, CTOMNbI
3aHATUH  JIGKIIMOHHOTO THUMNAa. Y4eOHas | yYeHHYECKHE JBYXMECTHBIC (MOHOOJIOK) ,
ayquTopus  JUId  TNPOBEICHUS  3aHATUH | CTYJbs, IOCKa aylUTOpHAs (MeIoBas),
CEMHUHApPCKOro Tuna. YuebHas ayauropus Uil | kKadeapa, IpoeKTop, 3KpaH, IpoLeccop,
KypCOBOTO MPOEKTHUPOBaHUS (BBIMOJHEHUS | MIKa(bI
2 | KypcoBBIX paboT). YueOHas ayAuTOpHUS LIS
IIPOBEJEHUS TPYNIOBBIX U WHIAWBUAYAJIBHBIX
KOHCYJbTallMi. YdueOHas ayauTopust s
IIPOBEJEHUS 3aHATUN TEKYLIET0 KOHTPOJIS U
npoMexxyTouHo# arrecranuu. (E-309)
3 [Tomemienue st caMocTosATENbHOM paboThl | CTOJBI, CTYJIbS, KOMIIBIOTEPHI
crynenros (I'-401)
[Tomemienue [ist caMoCTOSATENbHOM paboThl | Jlocka ayauTopHas (MenoBast), CTOJbI
4 | obyuaromuxcs (C-508) YUEHUYECKHUE, CTOJI IPENOAABATEIbCKUMN,

CTYJIbsI, CTEH/Ibl, IKA(BI.




		2023-02-21T10:03:35+0400
	ФГБОУ ВО "ТОЛЬЯТТИНСКИЙ ГОСУДАРСТВЕННЫЙ УНИВЕРСИТЕТ", ТОЛЬЯТТИНСКИЙ ГОСУДАРСТВЕННЫЙ УНИВЕРСИТЕТ, ТГУ




