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1. Ilean ocBOEHUN TUCIUILIHHDI

HGJIB OCBOCHUA JUCHUIIIIMHBI — OCBOCHUC 06H_[I/IX IMPUHIIMIIOB U CPCACTB, HCO6XOI[I/IMLIX JJIA
yrpaBJICHUSA AWHAMHYCCKHUMH CHUCTEMaMU paSHHqHOﬁ (l)HSH‘*IGCKOfI IpUupoabl IMPUMCEHHUTCIIBHO K
MPONU3BOACTBCHHBIM U TCXHOJIOTUYCCKUM IIPOLICCCaAM.

2. Mecto nucuumiuabl B ctpykrype OIIOITI BO

JIMCUMIUTMHBL M TMPaKTUKA, HAa OCBOGHUU KOTOPBIX Oasupyercs HaHHas JUCIUILIMHA!
«Bpicmas maremaruka», «OCHOBBI TEXHOJIOTHH MAaIIMHOCTPOEHHUS», CUCTEMBI MPOECKTHUPOBAHMUS.
CAD-CAM cucremsbi.

JIMCUMIUTUHBL U TPAKTUKH, JUISI KOTOPBIX OCBOEHUE JIaHHOM TUCIUILUIMHBI HEOOXOIMMO Kak

MNpeaAmCCTBYIOIICC: «ABTOMaTI/ISI/IpOBaHHOG MPOCKTUPOBAHUEC TCXHOJOIMYCCKUX MPOLCCCOBY»,
«TexHomoruyeckoe O60py,HOBaHI/Ie THOKHX ABTOMATH3UPOBAHHBIX IIPOU3BOIACTB».

3. Ilinanupyembie pe3yJibTaThl 00y4YeHUs

dopMmupyembie u
pMupy HNHauKaTopbl 10CTHIKEHUS

KOHTPOJIUpYeMble KOMITETeH I IInanupyemsle pe3yJbTaThl
KOMIIeTeHIHH 00y4eHus
(Kol ¥ HAMEHOBAHUE)
(Ko ¥ HAMMEHOBAHUE)
OIIK-8. Cniocoben OIIK-8.1. CriocobeH | 3HaTh:
MIPOBOJIUTH aHAJIN3 3aTPAT | BBHIMOJIHATh SKOHOMHUYECKHE | - METOJUKY YKOHOMHUYECKUX PAcYeTOB
Ha obecrieueHue pacyeTsl MO COJEPKAHUIO U | 110 COAEPIKAHUIO U
JeSTeTbHOCTH (YHKIIMOHUPOBAHUIO (GYHKIIMOHUPOBAHUIO
MIPOU3BO/ICTBEHHBIX IPOM3BOJICTBEHHBIX MIPOM3BOJICTBEHHBIX TTOMEIIECHHIA;
MOAPA3ACIICHAN ITOMEIICHU I - METOAUKY aHAJIN3a
OIIK-8.2. CnocoOeH k (bYHKIIMOHUPOBAHUS
KPUTHYECKOMY aHAIIU3Y MaIIHHOCTPOUTEITHHOTO
(bYHKIIMOHUPOBAHUS MIPOM3BOJICTBA;
MaIIMHOCTPOUTEITHHOTO - METOOJIOTHYECKHE OCHOBBI
HPOM3BOJICTBA (bYHKIIMOHUPOBAHUS, MOJIETTMPOBAHUS
U CUHTE3a CUCTEM aBTOMaTHYECKOTO

yIpaBJICHUS;
- OCHOBHBIE METO/IbI aHAJIN3a BO
BPEMEHHOM U 4aCTOTHOM 00JacTsX,
CIIOCOOBI CUHTE3a;

- TUTIOBBIE MTAKETHI MIPUKITATHBIX
porpaMM aHaju3a JHHAMHYECKIX
CHCTEM;

- KHHEMaTHYECKYIO CTPYKTYPY U
KOMITOHOBKY CTaHKOB, CHCTEMBI
yIpaBJICHUS] UMU;

- CpeACTBa Ik KOHTPOJIS,
UCTIBITAHUM, TUATHOCTUKHU U
aIalTHBHOTO YIIPABJICHHUS
000py/IOBaHUEM.

YMeTs:




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

NHaukaTopsbl J0CTHXKEHUS
KOMIIEeTeHIINI
(K01 1 HAUMEHOBAHUE)

IlnannpyemMble pe3y/ibTaThl
o0y4eHust

- I10JIb30BAThCSI METOIUKON
HKOHOMHUYECKUX PACUYETOB I10
COJIep’KaHUI0 U (QYHKIIMOHUPOBAHUIO
MIPOM3BOJICTBEHHBIX TIOMEILICHHIA;

- [10JIb30BAThCSI METO/IMKON aHAIIn3a
(byHKIIMOHUPOBAHUS
MaIIMHOCTPOUTEILHOTO
MIPOU3BOJICTBA;

- BBINIOJIHSATH aHAJIN3
TEXHOJIOTUYECKUX MPOIIECCOB KaK
00BEKTOB aBTOMATU3AIINH U
yIIpaBJICHUS;

- COCTaBIIATh CTPYKTYPHBIE CXEMBI, UX
MaTeMaTHYECKUE MOJICITH KaK
00BEKTOB yIIpaBJICHHUS,

- UCTIOJIH30BAaTh OCHOBHBIE METO/IbI
MOCTPOCHUS MaTEMaTHUECKUX
MOJIEJIEN MTPOLECCOB, CUCTEM, UX
AIIEMEHTOB M CUCTEM YIIPaBJICHHUS,

- paboTarh ¢ KAKUM-TTMOO U3
OCHOBHBIX THUIIOB IIPOTPAMMHBIX
CHCTEM, NpeTHA3HAYCHHBIX JUIS
MaTeMaTHYeCKOro U UMUTAIMOHHOTO
MOJICIIUPOBAHMSL.

Bnaners:

- METOJUKON SKOHOMHUYECKHUX
pacyeToB IO COIEPKAHUIO U

(G YHKIIMOHUPOBAHUIO
MIPOU3BOJICTBEHHBIX TOMEIICHUH;

- METOJIMKOW aHAJIN3a
(GYHKITMOHUPOBAHUS
MalTuHOCTPOUTEITHLHOTO
MIPOU3BOJICTBA;

- HaBBIKAMU TTPUMEHEHUS SJIEMEHTOB
aHaJIM3a TANoB )KM3HEHHOTO IIUKJIA
MPOYKIIUK U YIIPABJICHUS UMU;

- HaBBIKaMU HaJaJIK1, HACTPOUKH,
PETYIUPOBKH, OOCTY>KUBAHUS
TEXHUYECKUX CPEJICTB U CUCTEM
yIpaBiIeHUS;

- HaBBIKaMU 0(OPMIICHUS
pe3yJbTaTOB UCCIEAOBAHUIN U
MIPUHSATHS PEHICHUM.

OIIK-14. Cnocoben
pa3pabarbIBaTh
ITOPUTMBI U
KOMIIBIOTEpHBIE

OIlK-14.1. IIpumenser
METO/IbI CO3/1aHHUs
QITOPUTMOB TPU PELICHUH

3HATB:

- METOJIbI CO3/IaHUSI AITOPUTMOB TIPU
perieHnu 3aaa4 npodeccuoHaIbHON
JIeSITENLHOCTH,




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

NHaukaTopsbl J0CTHXKEHUS
KOMIIEeTeHIINI
(K01 1 HAUMEHOBAHUE)

IlnannpyemMble pe3y/ibTaThl
o0y4eHust

IIporpamMmsal, IIPUIOJHBIC
AT IPAKTHYECKOIO
IIPUMECHECHUA

3a1a4  MpodecCHOHANTBHOM
JESITEIIBHOCTH

OIIK-14.2. Pa3pabarbiBaer
MPOrpaMMbl aBTOMATU3AIIAN
3aJa4 B CHCTEMax
ABTOMATHU3UPOBAHHOTO
MPOCKTHUPOBAHUS

- MPOTpaMMBbI aBTOMAaTHU3AIMH 3a/1a4 B
CHUCTEMaxX aBTOMATU3UPOBAHHOTO
MIPOCKTUPOBAHUS;

- METOJIbI M CPEJICTBA
T€OMETPUUYECKOTO MOJICITUPOBAHMS
TEXHUYCCKHX O0OBEKTOB;

- TCHJICHIIMH Pa3BUTHS
KOMITBIOTEPHOU TpaduKH, ee poJib U
3HAYCHHE B MH)KCHEPHBIX CUCTEMax U
MPHUKJIAIHBIX TIPOrpamMMax;

- o0mme TpedoBaHUs K
ABTOMATHU3MPOBAHHBIM CUCTEMAM
MIPOCKTUPOBAHUS;

- OCHOBBI TEXHOJIOTMYECKOTO
pEryJIUpOBaHMUS.

YMeTs:

- II0JI30BaThCI METOJaMU CO3JaHM
QJIITOPUTMOB TIPU PEIICHUH 3a/1a4
po¢eCCHOHAIBHON JEATEIHHOCTH;
- pa3zpabaTbIBaTh POrpamMmbl
aBTOMATH3allMH 3a/1a4 B CHCTEMAaX
ABTOMATHU3HPOBAHHOTO
MPOEKTUPOBAHNUS,

- CTPOUTH MATEMATHYECKUE MOJICITH
00BEKTOB YIPABJICHUS U CUCTEM
ABTOMATHYECKOTO YIPABIICHUS
(CAY);

- npoBoaAuTh aHaim3 CAY, o1leHuBaTh
CTAaTHCTUYCCKHUE U JUHAMHYECKHUE
XapaKTePUCTUKU;

- paccUMTHIBAaTh OCHOBHbBIE
KauecTBeHHBIE oKa3zaTend CAY,
BBITIOJHSATH: aHAIIU3 €€ YCTOMYNBOCTH,
CUHTE3 PETyJIsITOpa;

- pa3pabaThiBaTh aNTOPUTMbI
[IEHTPATU30BAHHOTO KOHTPOJIS
KOOpPJMHAT TeXHOJOTHYECKOTO
00BEKTa;

- pacCUUTHIBATh OJHOKOHTYPHBIC U
MHOTOKOHTYPHBIE CHCTEMBI
aBTOMATHUYECKOTO PETYITHPOBAHUS
MPUMEHHUTEIHHO K KOHKPETHOMY
TEXHOJIOTHYECKOMY OOBEKTY;

- HCII0JIb30BaTh OCHOBHEIE
TEXHOJIOTUH Tepeaauu nHPOopMaIuu B
cpelie JIOKATbHBIX CETCH, CETH
Internet.

Bnaners:




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

NHaukaTopsbl J0CTHXKEHUS
KOMIIEeTeHIINI
(K01 1 HAUMEHOBAHUE)

IlnannpyemMble pe3y/ibTaThl
o0y4eHust

- METOJIaMH CO3JJaHHUS aJITOPUTMOB
IPU PEIICHUH 3a/1a4
npodeccHoHaIbHON AEATEILHOCTH,

- HaBBIKAMH Pa3pabOTKH MPOrpamMM
aBTOMATH3allMH 33]1a4 B CUCTEMax
ABTOMAaTU3HUPOBAHHOI'O
IPOEKTUPOBAHUS;

- HaBBIKaMU O(hOpMIICHUSI TPOCKTHOM
¥ KOHCTPYKTOPCKOM JJOKyMEHTAINH B
COOTBETCTBUH C TPEOOBAHUSIMHU
ECK/;

- HaBbIKaMHU IMOCTPOCHUSA CUCTEM
aBTOMATHYECKOTO YIIPaBJICHHS
CHCTEMaMH U IPOIIeCcCaMH;

HaBBIKAMH aHAJIN3a TEXHOJIOTHYECKUX
MIPOIIECCOB KaK 00BbEKTa YIPaBICHHUS
¥ BbIOOpa (DYHKIMOHAIBHBIX CXEM HX
aBTOMaTHu3aluu.




4. CTpyKTYpa U cofepKaHue JUCHUILIHHBI

Monyab
(paszaen)

Bun
y4eOHoi
padoThI

HauMenoBanue TeM 3aHATHH
(yuedoHoOl padoThI)

Cemectp

Oo0nemMm,

Banasl

HNHTepakTus, 4.

DopMBbI TEKYLLET0
KOHTPOJIA
(HauMeHOBaHMe
OLICHOYHOI 0
cpeacTBa)

Monyns 1.
bazoBbie
XapaKTEPUCTUKHI
CHCTEM
YIIPABIICHHUS.

Jlex.

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

0,5

BOHpOCbI K 3a4CTy

Cp.

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

BOHpOCbI K 3a4CTy

JIek.

1.2. OcuoBnsle yctpoiictBa CAP u nx
KJIacCcU(UKaLus 10 Ha3HAYCHUIO.
Knaccugukanus aBToMaTn4eckoro
yrnpapiieHusl. MaTeMaTnueckas Mofeib
IIEHTPOOEKHOTO PEryasiTopa CKOPOCTH
JIBUTATEIIs.

0,5

OTuer B 2JIEKTPOHHOM
BUJIC

1.2. OcHoBHble ycTpoiicTBa CAP u ux
KJaccu(uKanus N0 Ha3HAYCHHIO.
Knaccugukamus aBToMaTn4eckoro
yrnpaiieHus. MaTeMaTnueckas MoJeib
IIEHTPOOEKHOTO PEryasiTopa CKOPOCTH
JIBUTATEIs.

OT4er B 3JIEKTPOHHOM
BUJIE

JIa0.

1.3. UccnenoBanue BIUSHUS TApaMETPOB
[EHTPOOESIKHOTO PETYISITOPAa CKOPOCTH HA
MpoIeCcC PEryJIMPOBAHUSI.

OT4eT B 3JIEKTPOHHOM
BUJIC

Cp.

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

Bormpocs! k 3agery




DopMBbI TEKYLLET0

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

Jlek. 1.4.XapakTepuCTUKU NTEPEXOTHOTO 6 1 - - Bomnpocs! k 3auety
nporecca. YacToTHBIE XapaKTEPUCTUKH.

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

JIa6. 1.5.MaTeMaTH4ecKue MOJIEIIH. 6 4 - - OTuer B AJIEKTPOHHOM
Jluneapuzalys MaTeMaTHYECKUX MOJIEIICH. BUIE

Cp. 1.5.MaTeMaTHuecKue MOJIECIIH. 6 6 - - Bomnpocsr k 3auety
Jluneapuzalys MaTeMaTUYECKUX MOJIesIen

Jlek. 1.6. OnpeneneHune 4aCTOTHBIX 6 1 - - Bomnpocsl k 3auety
XapaKTePUCTHK IO aHAINU3Y BXOJTHOTO U
BBIXOJIHOTO CUTHAJIa BO BPEMEHHU.

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

Jlek. 1.7. Tunossle 3BEHbsI IEPENATOUHBIX 6 1 - - Bormpocs! k 3auery
byHKIMH.

Cp. 1.7. TunoBsle 3BeHBS MepelaTOYHBIX 6 8 - - Bomnpocs! k 3auety
(O YHKIHH.

JIek. 1.8. Onpenenenue nmepexoHONW YaCTOTHOU 6 1 - - Bompocsr k 3auety
XapaKTePUCTHUKH.

IIp. 1.8. Onpenenenue nepexogHON 4acTOTHOU 6 8 - - OT4eT B 3JIEKTPOHHOM
XapaKTEPUCTHKH. BUJIC

JIab. 1.8. Onpenenenue nepexogHON 4acTOTHOU 6 4 - - OT4eT B 3JIEKTPOHHOM
XapaKTePUCTHKH. BUJIC

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

XapPaKTCPUCTHUKH.




DopMBbI TEKYLLET0

Bun . KOHTPOJISA
Monyab . HaunMenoBanue TeM 3aHATHH Oo0nemMm,
y4eOHoit . Cemectp Bbanabl | AHTepakTuB, 4.| (HAaHMeHOBaHHUe
(paznen) (yueoHoii padoThI) q,
padoThI OLICHOYHOI'0
cpeacTBa)
Moayib 2. Jlek. 2.1.OyHKIMOHAJIBHBIE U CTPYKTYPHBIE 6 1 - 2 Bomnpocs! k 3auety
KauecTBeHHBIN 1 cxembl. [IpaBuiia mpeoOpa3oBaHus
KOJINYECTBEHHBII CTPYKTYPHBIX CXEM.
aHajns CUCTEM | Cp, 2.1.OYHKIMOHAIBHBIE M CTPYKTYPHbIE 6 8 - - Bompocsl k 3a4eTy
ABTOMaTH4ECKOro cxembl. [IpaBuia npeobpazoBaHus
YUPABJICHHA. CTPYKTYPHBIX CXEM.
Jlex 2.2. UccnenoBanue ycrotunoctu CAY no 6 1 - - Bormpocs! k 3auery
kpurepuro ['ypeuna.
Cp. 2.2. UccnenoBanue ycroitunBoctu CAY 1o 6 8 - - Bomnpocsr k 3auety
kputeputo ['ypuna.
Jlex 2.3. TlpaBuna npeoOpa3oBaHUs 6 2 - - Bomnpocsr k 3auery
CTPYKTYPHBIX CXEM.
Cp. 2.3. IIpaBuna nmpeobpa3oBaHus 6 8 - - Bomnpocsl k 3auety
CTPYKTYPHBIX CXEM.
Jlek. 2.4. Iloctpoenue ronorpada cucTeMsl U 6 1 - - Bomnpocsl k 3auety
Jorapu(pMUUecKol 4aCTOTHOMN
XapaKTePUCTHUKH.
Cp. 2.4. Tloctpoenue rogorpada CHCTEMBI H 6 8 - - Bomnpocsr k 3auety
Jorapu(pMUUECKOi YaCTOTHOM
XapaKTePUCTHKH.
Jlek. 2.5.MaremaTudeckast OLleHKa 6 1 - - Bormpocs! k 3auery
YCTOMYHMBOCTH. 3a/adul yCTOWYUBOCTH.
3arac yCTOH4HMBOCTH.
Cp. 2.5.Maremarmnueckas oleHKa 6 8 - - Bompocs! k 3auery

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




DopMBbI TEKYLLET0

Bun . KOHTPOJISA
Monyab . HaunMenoBanue TeM 3aHATHH Oo0nemMm,
yueoHoii . Cemectp Baanabl | AHTepakTuB, 4. | (HAHUMEHOBaHHUE
(paznen) (yueoHoii padoThI) q,
padoThI OLICHOYHOI'0
cpeacTBa)
Jlek. 2.6. Uccnenoanue tounoctu CAY B 6 1 - - Bomnpocs! k 3auety
pEKHUME JBUKCHHSI 10 TAPMOHUYECKOMY
3aKOHY.
J1a6. 2.6. UcciaenoBanue Tounoctu CAY B 6 4 - - OTyer B 3JIEKTPOHHOM|
peKHUME JBUKCHHSI 10 TAPMOHUYECKOMY BUIC
3aKOHY.
Cp. 2.6. UccnenoBanue TouHoct CAY B 6 8 - - Bomnpocsr k 3auety
pEeXHUME JBUKECHHSI 10 TAPMOHUYECKOMY
3aKOHY.
IIp. 2.7. OnpeneneHue XapaKTEPUCTUK 6 8 - - OT4er B 2JIEKTPOHHOM
ANEKTPOMEXAHUYECKOTO MPUBOIA. BUIE
Cp. 2.7. OnpeneneHue XapaKTEPUCTUK 6 8 - - Bomnpocsr k 3auery
AIEKTPOMEXAHUYECKOTO MPUBO/IA.
Moy 3. Jlek. 3.1. KoMmekcHas olleHKa KauecTBa CUCTEM 6 1 - - Bomnpocs! k 3auety
CuHTe3 U aHAIN3 1 00BEKTOB aBTOMAaTHYECKOTO VIIPABICHHUSI.
CUCTEM JIek. 3.2. Onpenenenue xapakrepuctuk CAY 6 1 - - Bormpocs! k 3auery
ABTOMATHUECKOTO OPOJ0JLHON ITOoJa4Yell IpH TOUCHUH.
yHpaBJIeHHS. Cp. 3.3. ObecnieueHre HEOOXOAUMON TOUHOCTH 6 8 - - Bompocsr k 3auety
CAY. Ouenka Tounoctu CAY.
Cp. 3.4. UccnenoBanue BIHMSHUS acTaTH3Ma Ha 6 8 - - Bompockr k 3auety
kauectBo CAY.
Jlek. 3.5. OCHOBBI CHHTE3a CUCTEM 6 1 - - Bormpocs! k 3agery
ABTOMATUYECKOTO YIIPABJICHUS.
Jlek. 3.6. UccnenoBanue BIUSHUS THOKON 6 1 - 2 Bomnpocsr k 3auery
oOparHo#i cBs13u Ha ObIicTponerictBiue CAY.
Cp. 3.6. UccnenoBanue BIUSHUS THOKON 6 7,715 - - Bomnpocsr k 3auery
oOparHo# cBs13u Ha ObIicTponericTBiue CAY.
A 6 0,25




DopMBbI TEKYLLET0

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




5. O6pa3oBaTe/ibHbIEe TEXHOJIOTHHU

B mpomecce n3ydeHus TUCIUTUITMHBI UCTIONB3YETCS TEXHOJOTUSI TPATUITMOHHOTO O0ydeHUs
(JIekIuu, MpakTH4YeCKue paboThl, CAMOCTOSITEIIbHAS paboTa CTYJCHTA).
Benymeii nesTenbHOCTH B Tpoliecce OOYyYeHHs SIBIsieTCS ydeOHas JeSATENbHOCTh CTYICHTOB,
XapaKTEPU3YIOIIAsCS IEHCTBYIOIICH CUCTEMOH MMO3HABATEIBHBIX MPOIIECCOB, HAYMHAS C BOCTIPHSITHS
uH(GOpMAIIMK 1 3aKaHYUBAsI CIOKHEHIIIMMH TBOPYECKUMHU MPOIIECCAMH, CIIOCOOHOCTSMHU OOIIETO U
YaCcTHOTO XapakTepa, AMOIMOHAIBHBIMU SIBJICHUSIMH, KOTOPbIE MOTHUBUPYIOT MHOTHE CHCTEMBI
yueOHBIX JICWCTBUM, a TAK)KE OOITUMH M YaCTHBIMU MOTHBAIIUSIMHU.

6. MeToauuyecKue YKa3aHUusA 110 0OCBOCHUIO JUCHUIIIMHBI

K ocobeHHOCTSIM OOyuYeHUsS MHUCUUIUIMHE MOXKHO OTHECTH IOCTOSHHOE B3aMMOJICHCTBHE
MEXIYy CTYJICHTaMH W TPENoJAaBaTeNIsiM, a TAKXKE MAKCUMAaJIbHYIO MPUOIMKEHHOCTh MaTrepuana K
po(heCCHOHANILHOM JIEATEIHbHOCTH, YTO BBIPAXKACTCS B MOJICIHPOBAHUU TPO(HECCHOHATBLHBIX
CUTYaLUM.

[ToaroToBKa K 3aHATHSM 3aKIOYaeTCsl B paboTe ¢ KOHCIEKTOM JICKIMH 0 TaHHOW TeMe, B
M3YYEHUU COOTBETCTBYIOIIETO pas3fesia ydyeOHUWKa WM 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. IlacniopT OLIeHOYHBIX CPEACTB

Koa koHTpOIMpYyeMoOii KOMIIeTeHIM U HanmenoBanme
Cemectp
(WJIK ee 4acTH) OLIEHOYHOI'0 CPeACTBA
6 OIIK-8 [IpakTraeckue padboTer NoNe 1-2
Bonpocsl k 3auery Ne 1-15
6 OIIK-8, OIIK-14 [TpakTrueckue padotsr NeNe 3-4

JlaboparopHubie paboThr NeNo 1-2
Bompocsr k 3auety No 16-30
6 OIIK-14 Jlaboparopubie padoTsr NeNe 3-4
Bormpocsr k 3agety Ne 31-50

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

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

IIpakTuyeckas paGora Nel. HccienoBaHue BJIMSIHUSA NAapaMeTPOB LEHTPOOEKHOIO
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 — u3
LEHTPOOESIKHOTO PETYJIATOPAa CKOPOCTH, MOJI3YH 1 KOTOPOTo CBsi3aH pbhlyaraMu 2 ¢ 3aCJIOHKOM 3
nosiayu paboueit cMecH B TETIJIOBOM JIBUTATENb 4. Perynarop npuBoAUTCs BO BpalLllEHUE OT ABUraTels
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 HAaXOJWUTCA B paBHOBecHH. [Ipu yBeIMUYEHHMHM MOMEHTAa HArpy3Kd
CKOPOCTb ABHIaTelid YMCHBIIACTCA B COOTBECTCTBHUHM C €TO XapaKTepHCTHKOﬁ, YTO BBI3BIBACT
YMEHBIIIEHHE CKOPOCTH BpalleHHUs perynaropa. LleHTpoOexHble CHUIBI TaKkKe YMEHbBIIAITCS,
[IAPUKHW OTMYCKAIOTCS U YePe3 PHIYKHYIO CHCTEMY YBEIUUYUBAIOT OTKPBITUE APOCCENS. Y BEIMUCHUE
nojayn paboueil cMecH B JBUTATENh BHI30BET YBEIWYCHHE €T0 CKOPOCTH, PAaBHOBECHE BHOBH
BOCCTaHOBUTCSI, HO YK€ Ha JIpyroM ypoBHE. SICHO, 4TO pa3HOCTb CKOPOCTEH ompezesnseT KauecTBO



pEryJINpOBaHUS: YeM OHAa MeHble, TeM Bbllle kKadecTBo CAY. Ilpu ymenbuienun Harpy3ku CAY
paboTaer B 00paTHOM TOPSIJIKE.
st ananmuza CAY HEOOXOIUMO COCTaBHTh €€ MAaTEMATHUECKYIO MO, AHATN3 MOKA3bIBACT,
YTO B CHUCTEMY BXOJAT JBUraTellb, JPOCCENb IOJaud pabodell cMmecu, phlyakHas Iepenada U
3yOuaras nepeayva.
JIBr>keHue nBUratesis NpU OrPaHUYEHUM YYETOM SBJICHUM NEpBOrO MOpPsIKa, T.€. €ro
MHEPIHOHHOCTBIO, MOXKET OBITh MpeIcTaBlIeHO MU PepeHINaTFHBIM YPAaBHEHHEM IIEPBOT0 MOPSIKA:
I,,%—Cto+}t(,a)+MH=M(,, (1,1)
rze lo u Ao — MOMeHT uHepIuH potopa u ko3 duuuent Bs3koro Tpenus asuratens, M, u My —
MOMEHT CONPOTUBIICHUS HArpy3KU U MOMEHT JBUraTelsl COOTBETCTBEHHO.
MoOMEHT IBUKEHHUS 3aBUCHT OT OTKPBITUS APOCCEIIS I0Jauu pabouel cMecu:
M, =bk,, (1.2)
rae b — ko3 duumeHT nepeaayn OTKPBITUS IPOCCelis OT MepeMeIeHHs TTOJI3YHA peryisiTopa
Yepe3 PhIYaKHYIO nepeaady, Ko — KoahGUIUeHT TPOHOPLIHOHATEHOCTH MKy OTKPBITHEM IPOCCEIIs
¥ MOMEHTOM J[BUTATEJIS.
Ecnu npuHATE nepenaToyHOe OTHOIIEHUE PhlYaroB U 3yOuaTol mepejadyd paBHbIM €AMHUILE,
TO, W3 TEOMETPUYECKMX COOTHOILIEHUM, MOJIYyYUM YpaBHEHHE CBSI3U, KOTOPOE OIpeeseT
3aMKHYTOCTh CAY:
b =211 — Sina). (1.3)
[Tony4yennas marematuueckas mojaens (1.1)-(1.3) ucnone3yercs B mpUKIIQAHON nporpamme, ¢
MOMOIUIbIO0 KOTOPOH BBIMOIHSIOTCS TpeOyeMble NCCIIEI0BAHUS.

m M onenupoBaHKe peErynsaTopa CKOPOCTH ABHraTens =] 3

WCXOOHBE DAHHHE CAY

Macca WApKEDE, kI 0.25

Cuna npyskHer, H 100
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MPYsHHEL, H/ Mt I‘I 5
MoreHT MHEDLWM
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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 IpadUKHU 3aBUCUMOCTH OBICTPOAECUCTBUS U
touyHOCTH CAY B ()yHKIMH OT U3MEHIEMOTO MapaMeTpa.



Tabauya 1.1. Hcxoouwle oanmvle

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

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

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

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.

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

ILlenwv pabomui: 1lpuobpemenue npakmu4eckux Ha8bIKO8 SKCNEPUMEHMATbHO20 ONPeOeeHs]
YaCcmoOmHblX XapaKkmepucmuk.

Teopemuueckasa yacmpo

Hccnenyemoit cucteMoit sIBJIsIETCS ABYXMAaccoBas JUHAMUYECKas CHUCTEMa, cXeMa KOTOpOH
n3o0paxkeHa Ha puc 2.1. Cucrtema HaXOAUTCS MO/ ICUCTBUEM KHHEMATHYECKOTO BO30OYXKIAEHUS — X,
BBIXOJIHBIMU CUTHAJIAMU SIBJISIOTCS KOOPAMHATBI X1 M X2 MEpeMEeleHUss MacC M1 U My, CBSI3aHHBIX
MEXIy COO0I0 JKECTOKOCTAMHM C1 U C2 M BSI3KUM TPEHUEM A/ U A2.

C, C2

JV\/_

m, m,

L%
AT A
Flen e

Puc.2.1. /lunamuueckasn cxema 08yxmaccogoii cucnemol

ypaBHCHI/IC ABWIKCHUS CHUCTCMBI COCTABJIAICTCA 110 U3BCCTHBIM IIPpaBUJIaM TeOpeTquCKOﬁ

MCXaHUKH:
2
m, 9% +/12(d_X1_%j+C2(X1_X2)=Al(%_d_)(lj+cl(x_xl)

dt? dt dt dt dt
d?x dx, dx
m, dtz2 +’12(d_t2_d_tlj+cz(xz_xl)zo

VipoleHHas MaTeMaTudecKas MOJIEb:
m,s?x, + (A, + A4 )sx, + (¢, +¢, )%, = (4 + 4, )sx + (¢, + ¢, )x
{mzszx2 + A,8X, +CyX, = A,8X, +C, %,
rae S=d/dt — omepatop Jlamaca.



Jlnst mpesCTaBlIeHHs MAaTeMaTUYeCKOH MOJEIM B HEPEMEHHBIX COCTOSHMS PElIUM KaxkIoe
ypaBHEHHE OTHOCUTEIHHO MEPEMEHHBIX X1 M X2, KOTOpHIE 3aMMCAHBl B CTAPIINX IPOU3BOIHBIX
COOTBETCTBEHHO. [IpeobpazoBaHHas TAKUM 00pa3oM MaTeMaTHyecKas MOJeIb UMeeT BUI:

-1 -1
X, =S [— ax, +a,x+s[—a,x +a2x]]
x, =s - a,x, +a,x, +st[~a,x, +a,x]]

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

Temneps MOXKHO 3aMHCATh MATEMATHUYECKYIO MOJIENb B IIEPEMEHHBIX COCTOSIHHS, TO €CTh B BUJIE
cucteMbl Au(depeHINaTbHBIX YPABHEHHI, pElIeHHBIX OTHOCUTEILHO IIEPBBIX MTPOM3BOIHBIX:

Sy, =—a )y, +tax+y,
Sy, =—a,Yy; +a,X

SYs =—a3¥; +aY, Y,
SY, =—8,Y3 +a,Xx
NmenHo Takasg MOZenb peaavu30BaHa B MPUKIAJHOM Mporpamme, Mo KOTOPOM MPOBOIATCS
HCCJIEI0BAHUE YACTOTHBIX XapaKTEPUCTHK.
3aoanue
B coorBerctBum ¢ Bapumantom (Ta6m.2.1) mpoBecTu ucciemoBaHue u HoCcTpouTh ADYX
crcTeMbl (OJJHO MACCOBOM HMJIM JBYX MacCOBOIA, 110 BBIXOJIAM X1 MJIH X2).
Tabnuya 2.1. Ucxoousie oannvie

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

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

Cooeporcanue npomokona

B npotokosne npeactaButh 1eib padoThl, HEOOXOIUMbIE TEOPETUUECKUE CBEICHNUS, NCXOIHbIE
JTaHHbIE B COOTBETCTBMM C BapHMaHTOM 33JaHHUs, KOMHMIO MHTepdelica ¢ 3amuChi0 BBITOJHEHHbIX
HKCIEPUMEHTOB U IIOCTPOEHUSIMHU, HEOOXOAUMBIMU JJIs1 ONIPEENIEHUS BBIXOIHBIX JaHHBIX; TAOIHIIBI
HKCIEPUMEHTAIBHBIX M pAacYeTHBIX MJAaHHBIX; rpaduku skcnepumeHTanbHbBIX ADUX cucrem.
BriBoanl.

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

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

Teopemuueckas uacmso

C nomonipro kputepus ['ypBuila ucciaenoBath Ha yctolunBocTh CAY moBOIOM cymnmopTa
METaJUIOPEXKYIIEro CTaHKa, CXeMa KOTOpOro roka3aHa Ha puc. 3.1, a.
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Puc.3.1. Ilpunyunuanvuas (a) u yukyuonanvuasn (6) cxemwvt npugooa

[TpuBon coctout u3 ycunurens-ipeoopasosarens (III1), asurarens (/) mocTosHHOrO TOKa,
penyktopa (P), 3agaromero norenimometpa (311) u morennmomerpa odparroii cesizu (ITOC).

[Ipexne Bcero HEOOXOIMMO COCTaBUTh MaTEMaTHYECKyl0 Mojenb mnoBoaa. CoriacHo
MPUHLIKITY PabOTHI, TOBOJ MpECTaBIIAET co00i 3aMKkHYTYI0 CAY, QyHKIIMOHATbHAS CXeMa KOTOPOH
npuBezena Ha puc.3.1, 0. [IycTb BbIZeNneHHBIE HA CXEME DJIEMEHTHI OMUCBHIBAIOTCS CIIEIYIOIIUMHU
Hepe,I[aTO‘IHLIMI/I byHKIUSAMU:

w,, () = &) mmw (s =26 __ K
1: ég) K " () Ts+1’
. (2 0 .
Wol®) =3 ) " s +Ds’ P: Wp(s):%: K
o (S

IMOC: W, (s)= U,.(s) (3) »
Y (s)

Tenepp MOXeT ObITH MOCTPOCHA CTPYKTYpHAsl CXeMa IMOBOJAA, B KOTOPOW (TpU paBEHCTBE
KOX((UIMEHTOB MEepelayrl 3aJal0IIEero MOTEHIMOMETPa U TIOTCHIIMOMETpa OOpaTHOW CBS3HM) JBa
COOTBETCTBYIOIIUX JJIEMEHTAa Ha (YHKIMOHATBHOW CXEME 3aMEHSIOTCS OJHUM JJIEMEHTOM C
ko3 dunrenTom nepenaun K, Ha CTpykTypHO# cxeme (puc.3.2).

X S y Us K, U, K, a ) y‘
"l Ts+1| | @s+ds | LE

Puc.3.2. Cmpykmypnas cxema npugooa

Takum oOpazom, mnepenaToyHas (QYHKLIUS 3aMKHYTOM CHCTEMbI IIOCJIE HECIOXHBIX
anredpandyeckux Mpeodpa3oBaHui MPUOOPETAET BU:
k
0

W (s) = ,
(T,s+D)(T,s+Ds+Kk,

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

T,Tos®+ (T, + Ty) s>+ s + ko= 0.
CocraBum nerepMHHAHT ['ypBUIla U HalZIEM YCIIOBHS YCTONYUBOCTH.
T,+T, K, 0
r=T1, 1 o
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 Oomnpie Hyas. Takum oOpa3zom, UIs YCTOHYMBOCTU MOBOJA HEOOXOAUMO,
YTOOBI:
A2= (T, + Ty) — koT,To> 0.

[Tocie HeCIOKHBIX MPEOOPa30BaHMIA TIOTYYaeM €IMHOE YCIOBUE YCTOMYMBOCTH CUCTEMBI:
. + . >k
T, 0 (3.1)
BrinonHeHue 3TOTO YCIIOBUSL 00s3aTeNbHO, MOATOMY Ha MPAKTHKE BapualueH, 1moadopom
napamMeTpoB mpuBoaa crpemsaTcs obecreunth (3.1). Ilpu 3TOoM Hambosee ya00HO H3MEHSATH
napametpsl Ko u T, — o01muii k03 HUIMEHT TIepeiadn TPUBOIA U MOCTOSHHYIO BPEMEHU YCHUITUTEIIS -
npeoOpaszoBareisi. B mo0oM ciiydae 3HA4YeHUs BapHalUd ATHX I[MapaMETPOB JOJDKHBI JICKATh B
obsactu D, mocTpoeHHOit coriiacHo ZCJIOBI/HO (3.1) (puc. 3.3).

obaacmu
HeyCmoutuyueblx

SHAYEeHUU

k01 1 1/Ta

obnacmo

YCMOUYUBHIX 3HAYEHUU

0 T, T,

Puc.3.3. Obnacms ycmouiuugvlx 3HaueHuil

3aoanue

1. [To MCXOAHBIM JAaHHBIM, B COOTBETCTBUHU C BapuaHTOM (Tabi.3.1), mOCTpouTh auarpammy
YCTOMYMBOCTU CHUCTEMBI IO KpuTepuio ycroiuuBoctu ['ypBuma (cMm. puc.3.3). Omnpenenuthb
MaKCHUMaJbHO BO3MOXHOE 3HaYeHHe KOod(pQUIMeHTa mnepeAayd yCUIUTEs-IpeodpazoBaTess U
MOJTOTOBUTH TAOJIUITy SKCTIEPUMEHTAIBHBIX TaHHBIX.

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

3. Ilo pe3ynbraTam SKCIIEPUMEHTOB MOCTPOUTH SKCIIEPUMEHTANIBHBINA TpaduK 3aBUCUMOCTH U
MIPOBECTHU €T0 AHAIIN3.

Tabnuya 3.1. Ucxoousie oannvie

[lepBas | Ycunumenw | Jeucamens | Bunm.napa | Brtopas | [Jeucamens | O6p.cés13b
udpa T, ¢ Ko, pao/cB Hen, Mm mdpa To, 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 S) 0,025 1,20
6 0,004 4,0 16 6 0,120 0,40
7 0,045 3,6 18 7 0,015 0,60
8 0.050 5,6 20 8 0,040 0,15
9 0.005 4,5 14 9 0,035 0,52

Cooeporcanue npomokxona
B mnporokone mnpeacraButh cTpykrypHylo cxemy CAY, nuarpaMMy KayecTBa, TaOJIMILy
HKCIEPUMEHTAIbHO-PACUETHBIX JaHHBIX, TpaQuK 3aBUCUMOCTH KOMIUIEKCHOTO ITOKa3aTelns



JUHAMUYECKOTO KauecTBa OT Kod((UIMEeHTa Mepenaun YyCHIHUTENA-IIpeoOpa3oBares, KOIHUIO
UHTepdelica ¢ 3aIHChI0 EPEXOIHON XapaKTEPUCTUKH MPH KaKOM-ITH00 3Ha4eHHH Ky,. BbIBOIBI.

IIpakTuyeckasi pa6ora Ne 4. UccaenoBanue TouHoctTu CAY B pexkume JIBUKEHUS 1O
rapMOHHY€eCKOMY 3aKOHY

Llenv pabomowi: [Ipuobpemenue npakmuyeckux HABLIKOE OYEHKU MOYHOCMU CUCTNEM
A8MOMamMU4ecKo20 YNpasieHus npu mecmuposanuy no 2apMOHUYECKOMY 6XOOHOMY 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 OE3bIHEPIIMOHHBIM 3BEHOM, a allepUOAMYECKUM |-T0 mopsiika.
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Puc.4.1. Cmpykmypnas cxema uccieoyemoii CAY

JI1s1 TakoW CUCTEMBI BaXKHBIM U IIEPBOCTEIIEHHBIM SIBJIIETCSI BOIIPOC YCTOMYMBOCTH. [loaTOMY
nepes HayaloM SKCIEPUMEHTAIbHBIX HCCIEIOBAaHUN HEOOXOIUMO OMpEeIeNuTh MaKCUMAIbHO
JnonycTuMoe 3HaudeHue Kodddunmenta K, mepemaum ycunmurens-npeoOpa3zoBatelis, MOJIb3YICH
dopmymnoit (3.1) ¢ yderom 3aBHCHUMOCTH AJisi OmpeneneHus obuiero koddduimenta mnepenayn
[OCJIEZI0BATENbHO COEIMHEHHBIX 3BeHbeB CAY:

ko =k kK, K

o “oc ‘en"

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

3aoanue

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

2. Vcnonb3ys NpPUKIAJHYIO MporpamMMmy, BBIOpAaTh AMANa3oH W IIar M3MEHEHUS YacTOThI
BXOJIHOTO curHaia. IIpoBecTu cepuio SKCIEPUMEHTOB (A KaXAOro 3HAYeHUs KO3PQUIMEeHTa
nepeaayn), 3anKchiBas pe3yabTaThl B TaOJMILy, @ 3aTEM MOCTPOUTH IPauKU IKCIEPUMEHTAIBHBIX
3aBUCUMOCTEN.

Tabnuya 4.1. Ucxoousie oannvie

IlepBas ko, Bropas | Han,

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

Cooepotcanue npomoxona



B nporokone mpuBectH cTpyKTypHylo cxemy CAY, COOTBETCTBYIOLIHE pPACUETHI
K03 uIMeHTa mepesaynl yCuInTeNns-npeoOpa3oBareis, TadIuIy SKCIEPHUMEHTAIbHBIX TaHHBIX,
KONHMI0O uHTepdeiica NpUKIagHOW NPOTrpaMMbl ISl KaKOro-aubo AKCIEepUMEHTa, Trpaduku
9KCIIEPUMEHTAIBHBIX 3aBUCMOCTEH. BBIBOIBI.

Jladoparopnasi padora Ne 1. OmnpeneieHne XapaKTePHUCTHK 3IJIEKTPOMEXaHUYeCKOro
NMPUBOAA

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

Teopemuueckasn yacmso

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

1 2

Puc.5.1. Cxema 3nekmpomexanuuecKkoil cucmemol

YPaBHeHI/IH JABHIXCHHUA IOBUTATCIIA IIOCTOAHHOI'O TOKa IIpH HpeHe6pe)KeHI/II/I SABJICHUAMU
BTOPOT'O IMOpAJAKa UMCCT BU:

dQ

— Jsue .
osuz Iz)eue dt + I\/Il’

(5.1)

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

M()sue = koU - k,uQ (5.2)
rae Ko — x03(D(UIMEHT TPOMOPIMOHATBHOCTH MEKAy HampsbkeHneM U W MOMEHTOM
IBIKEHHUSA, Ky— KOO GHUIIMEHT HAKIIOHA DJIEKTPOMEXaHUYECKON XapaKTEPUCTHKH.
PenykTop MOKET OBITh MTPEACTaBICH OC3bIHEPIIMOHHBIM 3BEHOM:

Q=Q, k., (5.3)

rae {2/ — yriioBasi CKOPOCTh BBIXOJJHOTO Bajia PeAyKTOpa, Kyeo — KO3 GHUIUEHT epeaaym.
B xoHeuHOM nTOrE, ypaBHEHUE IBUKEHUS BaJla HATPy3KHU:

do
" 2+ p[Qdt - [adt)r M =0 (5.4)

osue!

oeue

rae M, I, 2- mone3Hpli MOMEHT, MOMEHT HWHEPIMH M YIJIOBask CKOPOCTh HAarpysku, [ -
KpYTUJIbHAS JKECTKOCTh, A - KO3(PQHUIMEHT BSI3KOro TpeHus. TakuM oOpa3oMm, ypaBHEHHE CBS3H,
KOTOpOE MTOKAa3bIBAET, HA YTO PACXOyeTCs M0JIe3HAas YacTh MOMEHTA JIBUTATENsl, UMEET BUJL!

M, =k, B([Qdt—[Qdt) (5.5)

[lo monmy4eHHOH MaTreMaTU4eCKOW MOJENH, KOTOpas COCTOMT u3 ypaBHeHui (5.1-5.5),
MOCTPOEHA CTPYKTYPHAsI CXeMa JIEKTPOMEXaHUUIECKON CUCTEMBI (puc.5.2).
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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.

JlaGopaTtopnas pabGora Ne 2. OmpeleneHue XapaKTepPHUCTHK TI'MIPOMEXaHHYECKOIr0
NMpUBOAA

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

Teopemuueckasn yacmo

Ha puc.6.1 mpencraBieHa TuApOMEXaHHYECKas CHUCTEMa — MPUBOJ MOCTYHATEIHEHOTO
nBkeHus. [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 YIPABISIFOIINHA BXOJ] (OTKPBITHE X
Jpoccens) W BO3MYILIEHHME — CWIy THone3Hoi Harpysku F. llenbio ympaBnenust sBisercs
HepeMelieH e CyIIopTa ¢ 3aanHoi ckopocThio dy/dt mo koopauHare Y.

A R 2

P1

X _'961/4

Po

A

Puc.6.1. I'uopomexanuueckasn cucmema

JIBIkeHue cymnmopra MOXET ObIThb omucaHo JudQepeHIHanbHbBIM ypaBHEHHEM BTOPOTO
Hopsi/IKa:
2
d 2’+ﬂﬂ+c(y—yl)=F, (6.1)

dt dt

rae m — Macca cynnopra; A - Ko3pQGUIUEHT BA3KOT0 TPeHUs; Y — IepeMelieHne maccol; F —
noJie3Hast Harpyska.

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

m

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

p, = Fl (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
HPOMOPIMOHATBHOCTH MEX/y IUIONIAABIO IIEIH U OTKPBITHEM X JIpocces, Po — JaBJICHHUE JIMHUH
IIUTaHUs, O — YIEIbHBIN BEC MacCIa.

K marematiueckoi Moiesii He00X0IMMO MPHUOABUTh YPaBHCHUE CBS3H:

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

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

X F
—> k()x Q
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Puc.6.2. Cmpykmypnasa cxema 2udpomexanuieckoil Cucmembl

1/c y
T2 +T,s+1

v

Jpoccenb Ha BXOAE CXEMBI NPEACTABICH JBYMs IIepEIaTOYHBIMH (QYHKIUSMH C
JIMHEAPU30BaHHBIMU KO3 PHUIUCHTAMH TIepeaadn Ky — M0 yIpaBisioeMy BO3ACHCTBUIO X U Koy —
1o Tepenaay AaBieHus. [Ipu MoaenupoBaHUH CUCTEMBI ¢ TPUMEHEHHEM YHCIICHHBIX alrOPUTMOB
MOKHO HCIOJIb30BaTh IEPBUYHYIO HEIWHEHHYI0 3aBUCUMOCThH (6.4). IlocTosiHHBIE BpeMeHH
TepeIaToyHol GyHKIMK HArpy3KH B cooTBeTcTBHH ¢ (6.1) paBHsrorcs: T12 = m/c, T2 = A/c. 3aecs,
KaKk W JUIsl DJIEKTPOMEXAHUYECKOr0 TMOBOJAA, MOXHO KOHCTaTUPOBAaTh 3aMKHYTOCTh CHUCTEMBI,
KOTOpasi, TeM He MeHee, He siBisgeTcs CAY.

Paspaborannass MaTemaTuueckas MOJENb IO3BOJSIET HA JTafe MpeIBapUTebHOTO
MPOEKTHPOBAHUS TIPOBOANTE MCCIIEOBAHUS C IETBI0 ONMpPECNICHHsI BIUSHHAS TapaMeTpOB MPUBOIA
Ha TUTABHOCTH JBUKCHUS, OIICHKH KauecTBa yIPaBICHUS U BO3MOXKHOCTU COMPOTHBIICHUS BHEIIIHEH
Harpy3ke ¥ T.II. B 3aBHCHMOCTH OT jKeJaeMoro Amuarna3oHa CKOPOCTEH ABIMKEHHs pabodyero opraHa
MOKHO TPaBUJIILHO BHIOpaTh COOTHOIICHHE: JAaBICHHE MUTAHHS — TE€OMETPUUYECKHE MapaMeTphbl
JIpOCCelis, YTO SIBISETCS BaXHOW 3aJadyeild, OT pelIeHHs KOTOpOil OynyT 3aBUCETh SHEPreTUUYECKUE
MOKAa3aTeNH MOBOJIA B IEJIOM.

3aoanue

1. ITo ucXoIHBIM JaHHBIM, B COOTBETCTBHH C BapHaHTOM (Ta0:1.6.1), onpenenuTh cTaTHYeCKIe
XapaKTEPUCTHKH THIPOMEXaHNYECKOTO MPUBO/IA (3aBHCUMOCTh CKOPOCTH pabouero oprana OT CHIIBI
MOJIE3HON HAarpy3KH) A pa3HbIX 3HAYCHUH MaBICHUS TUTAHUS THAPABIMYECKON CHUCTEMBI U
MOCTPOUTHh  COOTBETCTBYIOIMKA rpaduk. ([mama3oH W3MEHEHUS JaBICHHUS  OIpPEIeIsieT
MpernoaBaTens).

2. OmpenenuTh JHHAMUYECKHE MOKAa3aTeN THAPOMEXaHHYECKOTO MPHUBOA: OTHOCUTEIFHOE
nepeperyjMpoBaHue U 3aTyXaHHe 3a IepUo/I.

Tabnuya 6.1 Ucxoousie Oanmvie

[TepBas k, Po, P, Bropas c, A, m,
nudpa MM MlIla cM? nudpa H/mMm Kr/c KT
0 0.50 1.0 80 0 1800 1750 5
1 0.25 1.5 100 1 5000 2000 10
2 0.08 2.0 120 2 2500 1250 15
3 0.12 2.5 140 3 2000 1360 20
4 0.35 1.0 160 4 3250 2500 25
5 0.45 1.5 180 5 1250 1500 30




6 0.30 3.0 200 6 4500 1800 35
7 0.20 3.5 80 7 5250 1450 40
8 0.40 4.0 150 8 3500 1300 45
9 0.14 4.5 170 9 4000 1600 20

Cooepicanue npomokona

B nporokosne mnpencTtaBUTh CTPYKTYPHYIO CXEMY HCCIEAYEeMOW CHCTEMbl C HCXOIHBIMU
JaHHBIMU, TaOJMIBl DSKCIEPUMEHTAIBHBIX MJaHHBIX, TpadUKU CTaTHUYECKUX XapaKTePUCTHUK,
JUHAMHUYECKHE IMOKAa3aTeIN KauyeCcTBa NEPEXOAHON XapaKTEPUCTUKU THIPOMEXaHUUECKOTO MPUBO/IA.

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

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

Teopemuueckas uwacmo

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

[Tpu mexanndeckoit 00paboTKe pe3aHHeM TOYHOCTh 0OpabOTKH, B OCHOBHOM, ONpeAesseTcs
yIpyruMu AeopMaIisiMi TEXHOJIOTHYECKON CHUCTEMBI, KOTOPBIE, B CBOIO OUEPElb, 3aBUCST OT CHUJIIBI
pe3anus. [losToMy cuctema aBTOMaTHUECKOW CTaOMIM3alMU CUJIBI PE3aHUs Ha 3apaHee 33JaHHOM
YpPOBHE WJIHM MPOTPAMMHOIO PETYJIUPOBAHUSA €€ IO 33JaHHOMY 3aKOHY IIO3BOJIIET IOBBICUTH
TOYHOCTh OOPAOOTKHU U 3HAYUTEJIBHO YJIYUIIUTh KAUeCTBO OBEPXHOCTHU JAETaleH.

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

d
K| T Xl yyc,

A

dt
u, _oJ Us (2% S Sy P,
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Puc.7.1. @ynkyuonanvnan cxema CAY cmadbunuzayuu cunvt pezanus
npu mouenuu

CAY ¢yakumoHupyer cienyronmM ooOpa3zoM. Ha BXom cHCTeMBI, K CpaBHUBAIOIIEMY
YCTpPOMCTBY noctynaer curaai U,, KOTOpbIii COOTBETCTBYET TpeOyeMOMY 3HAUEHHUIO CUIIBI PE3aHUs
B ompejieieHHOM MaciiTabe. Ha BTopoil BXxoa CpaBHUBAIONIETO YCTpOHCTBA TocTymnaeT curaain U,
BbIpabaThIBaeMblil TuHaMoMeTpudeckuM npeodpaszoBarenem I u ycunurtenem Y. Takum o6pazom
HanpsokeHue Uy NpONopLHOHANBbHO pealbHOMY 3HaueHuio cuibl pe3aHus. Ommbka SU=U,-
U,cmocTymaer Ha BXol yeuuTensi-ipeoopazosatens Y11, kotopsiii BeipabaTeiBaeT HanpsikeHue Uy



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

Kak ynpasnsemsblii 00bekT B CAY BxoauT npornecc pe3anus IIP, koTopblil mpoucxoaut B
3aMKHYTOM TEXHOJIOTHYECKON 00pabaThIBAIOIICH CUCTEME.

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

du
T,—>+U, =k oJ, (7.1)
dt :
HO €ro XapaKTepUCTHKa HEJWHEWHas TuIa
“naceimienus’” (puc. 5.34):
0 oo SU U,=k,0U, eciu U <o
Puc. 7.2. Xapakmepucmuxka U,=U, ecu =2,

ycunumensn-npeoopazasameis
rae Ky, Tyn — K03 PHUIHUEHT yCHICHHS U TOCTOSIHHAS BPEMEHHU YCHUITHTESI-IPeoOpa3oBaresis;
Umax — HaIlIpsDKEHUE HACHIIIICHUSI.
JlBurarens TOCTOSHHOTO TOKa OMHUCHIBaeTCs IuepeHIInaIbHBIM ypaBHEHUEM BTOPOTO
nopsijiKa:
do,

2
T 0T,

dt

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

PenykTop, TEeH30METpHUUECKUH JMHAMOMETP M 3JCKTPOHHBIM YCHJIMTENIb OMNMCHIBAIOTCA
JUHEHHBIMU  YpaBHEHUSMM, KOTOPbIE  COOTBETCTBYIOT  O€3bIHEPLMOHHBIM  3BEHBSIM  C
kodhduienTamu nepenadn: Ky, Kon, K.

OxBuBajeHTHbIE ynpyrue cucreMbl (AYC) mo COOTBETCTBYIOIIMM OCSIM KOOpPAMHAT MOTYT
ObITh MpencTaBieHbl AU(QepeHInanbHBIME  ypaBHEHUSAMH BTOPOrO  TMOpPSJKA, Kak s
OJIHOMAaCCOBBIX CHCTEM:

+w,=kU,, (7.2)

2
P=m ddtfx + /1% +C,0X;
7.3)
diy, dy (
P,=m +A—=+C0y;

dt? dt
rae m—mMacca cynnopta; A - K03 GHLUUEHT BI3KOro TPEHHUs (CUIla TPEHUS IPONOPLUOHAIIbHA
CKOPOCTH); Cx,Cy — AKECTKOCTH IO COOTBETCTBYIOILEH KOOPAUHATE.
Ipouecc pezanust ITP mMoxeT ObITh MPEACTaBIEH YPAaBHEHUEM, CBA3BIBAIOLINM (haKTHUECKHE
BEJINYMHBI 1T0/1a41 Sy ¥ IITyOnHBI Hy, pe3anus ¢ coctapisitomeit P; cuitel pe3aHust:
X n
P =C,HYSAV™, (7.4)
rae  Cp, Xp, Yp, Np — dMnupHuUecKue Ko3(Q(UIMEHT U MOKa3aTesln CTeneHu, V — CKOpOCTb
pe3aHus.
bnok I'C BbIONHSET ONepanuy B COOTBETCTBUH ¢ T€OMETPUYECKMMHU COOTHOILIEHUSIMUA MEXITY
COCTaBJIIOIUMHY CUJIBI PE3aHUS:
P = (06R) . P =P -tg(p+n), (7.5)
it T |
IZie ¢ — TIaBHBIM YTOJI B IUIAHE PE3La, 77 — Yol CX0Ja CTPYKKH.
C ydyeTom npHBeIeHHBIX BblllIe ypaBHeHHH (7.1-7.5) u cBsizel pyHKIIMOHAIBHOM CXEMBI IO pHC.
5.30, maTemaTudeckyto Mozens Bced CAY Hag0 JONOIHUTH CIEAYIONIMMHU 3aBUCUMOCTSIMHU:




U =U -U_;
S,=wk ;

dox
S =S ——; 7.6
' 3 dt ( )
qu:Hs_é:V;
Uoczéy'kt)n.ky;

Takum oOpa3om, crabuIu3anUs CUJIBl pe3aHuss Ha TpeOyeMOM YypOBHE, KOTOpBI B
OIpe/ielIeHHOM MaciuTabe oTBevaeT 3aJaHHOMY HanpsbkeHuto U, Ha Bxoxe CAY, nmpoucxoaur no
CYET YINPABJICHMs IPONOJIBHOW monayei. IIpu TodyeHuM neranu, NPUITYCK KOTOPOM HM3MEHSETCH,
peryarpoBaHue [101a41 0JIKHO IPOUCXOAUTh TaK, YTOOBI CHJIa PE3aHUs OCTaBajIach OCTOSHHON Ha
Bcell nmHe 06padotku. Ho xadecTBo padotsl CAY 1ENMKOM 3aBUCHT OT €T0 IMapaMeTpoB, a TAKKe
0T IapaMeTpoB TeXHOJIOrn4eckoil oopadateiBatomieit cuctemsl (TOC) rae UMEHHO U peanu3yeTcs
npouecc TodeHus. [lodromy BakHeHIIEH 3amadel NpU IPOCKTUPOBAHMM CHCTEMBI SIBISETCA
IPaBUIbHBIM BBIOOp €€ MapaMeTpoB, a MPHU IKCIUTyaTallMM — OL[EHKa KauyecTBa B 3aBUCUMOCTH OT
napamerpoB TOC, KOTOpbIE B JAHHOM CIIy4ae SBJISIOTCSI BOSMYILICHUSIMH.

3aoanue

1. ITo MCXOTHBIM JaHHBIM, B COOTBETCTBHH C BapHaHTOM (Tabi1.7.1), MpoBECTH MOJICITMPOBAHIE
C LIEJIBIO OTIpEeJIeNIEHUs KauecTBa epexoHoi xapakrepucTuku CAY 1o KOMIUIEKCHOMY [TOKa3aTelto
(cMmoTpu hopmyity (5.2)) ¥ TOYHOCTH 110 omHOKe OP OT ciienyromux mapameTpoB CAY:

1) oT ko3¢ unmeHTa nepeaadn peayKTopa;

2) OT kecTKocTH Cx ynpyroi TOC;

3) oT Kod(punmeHTa nepeaadn yCUIUTels OOpaTHOM CBSI3H.
IHpumeuanue:

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

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

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

2. BpiOupas mar uM3MEHEHHUs 3aJaHHOIO MapaMeTpa, MPOBECTH ASKCIEPUMEHTHI Ha BCEM
JIana3oHe ero U3MEHEHUs, ONPeIEIUTh HE0OX0IUMbIE (CM. BbIIIE) JUHAMUYECKHUE XapaKTEPUCTUKU
Y 3aIlUCaTh Pe3ysIbTaThl B COOTBETCTBYIOIIME TAOJIUIIBI.

3. Ioctpouth TrpapuKy SKCHEPUMEHTANBHBIX 3aBHUCUMOCTEH KOMIUIEKCHOTO IOKa3aTess
KadecTBa M OMMOKM OT YyKazaHHBIX Bblie napamerpoB CAY. Omnpenenuts TUHAMUYECKHE
nokaszaren CAY: OTHOCUTENIbHOE NIEpePEeryIUpOBaHUE U 3aTyXaHUE 3a MEPHO/.

Brumanue! 11ockonbKy UCXO/IHbIE JaHHBIE 33JJAIOTCS CIy4YailHO, HE UCKIJIIOUAETCs] CUTYyalus,
korga CAY oka3bIBaeTcsl HEYCTOMUMBOM, TO €CTh COBCEM HE NMPHUrOJHONW K ()YHKIIHMOHMPOBAHUIO.
CooOuienust 006 3ToM, B TAKOM cllydae, OSABIISETCS Ha 3KpaHe MOHUTOPA BO BPEMS MO/IETUPOBAHUS.
Pexomenatu 1J1s pereHus Takoi npoosieMbl — 1EeMCTBOBATh B CIIEAYIONIEH MOCIEeI0BATEIbHOCTH:
1) wu3MeHsTh mapamerp, B (YHKIIMHA KOTOPOTO aHATU3UpYyeTcs auHamudeckoe kadectBo CAY B
JarnasoHe, yKa3aHHOM B 3aJlaHHH;

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

Tabnuya 7.1. — HUcxoouwvie oannvle
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200 | 30000 | 100 | 1200 | 200 | 30 | 0.001 20 | 0.8 | 0.003 | 0.01
180 | 28000 | 90 | 1400 | 180 | 45 | 0.002 30 | 0.9 0005 | 0.02

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

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

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

Jladoparopnasi padora Ne 4. UcciienoBanue BIUSIHUA acTaTu3Ma Ha KayecTBO CAY

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

Teopemuueckasa uacmpo

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
BO3/ICIICTBHE B BHJIE CUTHAJIA C TIOCTOSIHHBIM yckopeHueM. [Ipu TakoM pesxxrMe paboThl acTaTudecKas
CHUCTEMa BTOPOTrO MOpPSIKAa MMEET OIIMOKY, MO BETWYMHE KOTOPOHW MOXKHO IMPOBOJUTH OIEHKY
kauectBa CAY u npoliecca perynupoBanus. Y CTaHOBUBIIAsCS ommrOka actatuyeckoit CAY nepBoro
MOPsIIKa B ATOM cliydae Oy/IeT CTPEMUTHCS K OECKOHEUHOCTH.

3aoanue

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

1. YcTaHOBUTH SKCIEPHUMEHTAIbHO MHUHUMAIbHOE 3HA4YCHHE MOCTOSHHOW Bpemenu I[IM-
perymnsTopa, pu kotopoir CAY TepsieT ycTondnBOCTh. ONpeAenuTh AUama3oH U mar H3MEHCHHs
MOCTOSTHHOM BpEMEHH T, U TOJITOTOBUTH TAOIHILY SKCIIEPUMEHTAIBHBIX U PACUETHBIX TAHHBIX.

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

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

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

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

Tabauya 8.1. Hcxoouvie oannvle
[lepBas | 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

Cooepicanue npomokona

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

TunoBoi npuMep 3a1aHus

Jladoparopnasi padora Ne 4. UcciienoBaHue BIUSIHUA acTaTU3Ma Ha KadecTBO CAY

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

Ilpakmuueckaa uacmp

Ha puc.8.1 mpencraBien unTepdeiic MNPUKIAAHON MPOrpamMmbl, C TMOMOIIBIO KOTOPOI
BBIIIOJIHSIFOTCS JKCIIEpUMEHTalIbHBIE uccienoBanus. [Iporpamma «IIW perynarop» HaxomurTcs Ha
mucke. MHCTpYKIIMKM U MOsICHEHUsI JUIsl paOOThI ¢ IPOrpaMMoOi cojiepkaTcs B caMoOM MmporpaMme u
HOSIBJISIFOTCS] HA SKpaHe MOHUTOpA Mpu Hakatuu KHonku Help.

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

IIpyu wuccnegoBaHuM BIMSHUA TOCTOSSHHOM BpemeHu [IM-perynsitopa Ha KadyecTBO
pPEryJaupOBaHKs YCTAHOBUTH CTATUYECKUHN PEKUM U MPOBECTH CEPUIO DKCIEPUMEHTOB HJI OLEHKU
KOMIUIEKCHOTO KpuTepusi A KaudecTtBa, B COOTBeTCTBHU ¢ (opmynon (5.2). H3mepenue
HKCIEPUMEHTAIbHBIX JaHHBIX, HEOOXOAUMBIX JUIS pacueTOB, IPOBOAUTCS MO ocLmiIorpammam. [Ipu
9TOM JUJISl HCXOJHOW CHCTEMBbl KOMIUIEKCHBIN KpUTEpU A paccuuThIBaeTCs OAUH pa3, a g CAY ¢
[T1-perynsTopoM — A BCero BBIOPAaHHOTO JAMANa3o0Ha HW3MEHEHHs] MOCTOSHHOW BpEMEHU .
Junamna3oH W3MEHEHUs MOCTOSHHOW [, BpEMEHM OmpenemsieTcs OT 3HadeHus, nmpu koropom CAY
CTaHOBMTCS HEYCTOMYMBOM, B CTOPOHY YBEIMYEHHUS. DKCIIEPUMEHTAIIBHBIE JaHHBIE 3allMCHIBAIOT B
TabJIMIly, TPUMEpP KOTOPOU MPeICTaBIEH HUXKE.

Tabnuya 8. 1. Dxcnepumenmanvrvle u pacuemuvle OaHHbLE

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

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

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

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

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

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

2 — (hakTUYEeCKU 3aKOH JBM)KEHUS, BOCIIPOU3BOUMEBII pab0ouuM OpraHoMm.
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Puc.8.1. Hccneoosanue enuanus nocmoannoi epemenu INH-pezynamopa
Ha mounocmos CAY

[Ipy BBINOJHEHUM SKCIIEPUMEHTOB ONPEIENAETCS 3aBUCHMOCTb YCTAaHOBUBILEHCS OLIMOKHU
yepe3 1 ¢ mocne Hayana MepexoAHOro mpoiecca OT MOcTosHHOM T, Bpemenu I[IM-perymsropa.
Pexomenayercs HauMHATh YKCIIEPUMEHTHI C MAKCHUMAJIBHOM BEJIUYMHBI ITOCTOSHHOW BpeMenu [111-
perynaropa, a 3aTeM MOCTENEeHHO, COrNIACHO BRIOPAaHHOMY IlIary, YMEHBIIATh €€ A0 BEITUYHHBI, IPU
KOTOPOM CUCTEMA TEPSIET YCTOMYMBOCTb.

Ha puc.8.1, a mpencraBieH uHTepdeic NPUKIAAHON MporpaMmbl HpU MOJETUPOBAHUU
UCXOJHOMN cucTtemsl (creBa) U cucteMsl ¢ [IM-perynstopoM, KOTOPBI HMEET OCTOSTHHYIO BPEMEHU
0,7 c. OmmbKa UCXOIHOH CHCTEMBI, KOTOpasi ycTaHOBHIach yepes 1 ¢, papusercs 13,4°, a ommbka
cucremsl ¢ [TU-perynatopom — 8,1%. Kpome TOro, MosieTMpoBaHue MO3BOISET YOSTUTHCS, UTO IS
UCXO/IHOM cHcTeMBbl OIIMOKa C TeYUEHHEM BPEMEHH YBEJIMYUBAETCs, TO ecTh Takasi CAY He criocoOHa
pabortath B 3ajaHHOM pekume paboTel. [IpeobpazoBannas CAY OyneT noaaepKuBaTh MOCTOSHHOE
3HaYeHHWE YCTAHOBMBILEHCS OIIMOKH. I'paduku 3KCIEpUMEHTAIBHBIX 3aBUCUMOCTEH OLIMOKH,
KOTOpasi yCTaHOBWJIACh yepe3 1¢, M KOMIUIEKCHOTO KpuTepus kadectBa A OoT T,, MOCTPOEHHBIE IO
W3JI0)KEHHOW METOJuKe, NpeacrasieHbl Ha puc.8.2. Tam ke, nisd cpaBHEHUs, NPSMOW JIMHHUEH,
napajuleJIbHOM ocH abciucce, MOKa3aHo 3HaYeHNe KOMIUIEKCHOTO KPUTEPHS ISl HCXOJTHOM CUCTEMBI.
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Puc.8.2. 3asucumocmo ycmanoeuguieiica ouwuoku (uepes Ic) u kpumepus A
om nocmosannou epemenu IH-pecynamopa



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

7.3. OueHouHble CpeACTBa IS NMPOMEKYTOUHON ATTECTAIMM MO HMTOraM OCBOEHMS
JUCHHUILIHHBI

7.3.1. Bonnpochl K IPOMEKYTOYHOM aTTecTalu

Cemectp 6
Ne B
ONMpoChI K 3a4eT
n/n p y
1 Kakne OCHOBHbIC MOHSTHUS U ONPEACICHUS COAEPKUT TEOPHUsS aBTOMATHYECKOTO
ynapaBiaeHus?

2 | Kakoe comep)kaHue BKIAJBbIBACTCS B TOHATHSA: «CHCTEMa YIPABICHUS», «OOBEKT
YIIPaBICHHUS», «YMPABISIONINE W BO3MYIIAIOUINE BO3ICUCTBUSY, «YIPaBISIOLINE
KOOPJWHATBD»?

3 | Ha kakue tumsl kiaccuduimpyotcs CAY?

4 B yem 3akimroyaeTcss IPUHIIMIT PAa30MKHYTOTO YIIPABJICHHS M MPUHITUIT YIIPABICHUS T10
BO3MYIIICHHUIO ¥ OTKIIOHCHHIO?

S | Kakue BuabBI anropuTMOB (yHKIIMOHUPOBAHHS TTOJOKEHBI B OCHOBY Pa0OTBI CHCTEM
ABTOMATHYECKOI'0 YIpaBJICHUS?

6 | Kakum oOpa3om kinaccuduimpyrores CAY mo xapakTepy nepeadd CUrHAJIOB?

7 Kakum o6pazom kmaccuduimpytorcs CAY 1m0 OCHOBHBIM BHUJAM ypaBHEHUU
JIMHAMUKH TIPOIIECCOB yIPABICHUS ?

8 Kak MmaTeMaTnuecku ONHUCHIBAIOTCS JIMHEHHBIC CUCTEMBI?

9 | Kakum 00pa3oM NpOU3BOJAUTCS MAaTEMAaTHIECKOE MOJICIIMPOBaHUE 3JieMeHTOB CAY?

10 | Ha xakume tunel kiaccudumupyrorcs diemeHTel CAY? UYeM oTiMyaroTCs
CTaTUCTUYECKUE U TUHAMUYECKUE XapAKTEPUCTUKHU PJIEMEHTOB JIPYT OT Jpyra?

11 | Kak mnpoBomuTCs JWHEapu3alus HEIUHCHHBIX AU(QPEpEHITMATBHBIX YPaBHCHUN
TUHAMUYECKUX PexXUMOB paboThl snemeHToB CAY? Kak BBIMISAUT CTaHIApTHAS
dbopwma 3anucu quddepeHnuanbHbIX YpaBHEHUN ?

12 | Yro oTpakaroT OCHOBHBIE CBOMCTBA IpeoOpa3oBanus Jlammaca?

13 | YUewm xapakrepu3yrTcs qTUHAMUYCCKUE 3BeHbsT CAY?

14 Kakwne njaeMeHTHI BKIIIOYaEeT B ceOs IMTOHSITHE O JUHaAMHU4YCCKOM 3BeHE?

15 | Yem xapakTepu3yIOTCs THIIOBBIC THHAMUYCCKHE 3BEHBS] H UX XaPAKTEPHCTUKH ?

16 | Yrto oTpaxkaet CTpYKTypHasi CXeMa CHCTEMATHYECKOTO YIIPABICHHS ?

17 | Kak mpoBOAMTCS BBIUMCIICHHE TIEPEATOYHBIX (PYHKIIMH U 9aCTOTHBIX XapaKTEPUCTUK
OJTHOKOHTYPHOW M MHOTOKOHTYPHOH pPa30MKHYTON CHCTEMBI?

18 | Kak BBIMJISAWT ajdrOpUTM I MATEMAaTHYECKOTO MOJCIHPOBAHUS W COCTaBICHHE
CTPYKTYPHOU CXEMBbI?

19 | YUro HeoOX0IMMO MOHUMATH TI0JT yCTOHYNBOCThIO CAY?

20 | Kakoe nNpUHIMITHAIBHOE OTJIMYHE CYIISCCTBYET MEXTY aJIreOpanvdecKuMU KPUTEPUSIMHU
ycroiunBoctH Payca u I'ypsuna?

21 | Kakme OCOOCHHOCTH WMEIOT 4YacTOTHBIE KPHUTEPUU YyCTOMYMBOCTH? B  dem
3aKIII0YaeTCs MPUHIUI apryMeHTa?




Bonpocsl k 3auery

n/n

22 | K kakoMy THITy KPHTEPHEB YCTOMYMUBOCTH OTHOCHTCS KPUTEPHUH YCTOHYUBOCTH
HaiikBucra?

23 | Kakume O0COOCHHOCTH CYIIECTBYIOT TIPH aHAJIM3€ YCTOHYUBOCTH CHCTEM C
3aras/ibIBaHueM?

24 | Kakue CymniecTBYIOT METOIbI OLIEHKH KadecTBa peryaupoBanus CAY?

25 | Kakue ucnionb3yroTcs xapakTepuctuku CAY Ui pacKpbhITHS MOHATHS O Ka4eCTBE
npolecca yrnpaBJaeHus ?

26 | Kak mpou3BOIUTCS OIIEHKAa KadyecTBa IMEpexXOoaHOro mporecca? Kak mpous3BoguTCs
OIIEHKa KayecTBa MpoIecca MPH BO3JICHCTBUH CTYNIEHYATON QPyHKIMN?

27 | B 4eM 0cOOCHHOCTH YaCTOTHBIX METOJIOB OIICHKH KaueCTBa PETYJIHMPOBAHUS?

28 | KakumM 00pa3oM MpOU3BOISTCS] KOPHEBBIC OLIEHKU KAUeCTBa PErYITHPOBAHUS?

29 | Kak ocymectBusiercss cuaTe3 CAY 10 3aJJaHHBIM MOKA3aTesIM KavyecTBa Iporiecca
yIpaBJICHUS?

30 | Kak moBBICUTH TOYHOCTH B YCTAHOBHUBIIUXCS PEKUMAaX M 00CCIICYUTh YCTOMUUBOCTD U
KayecTBO YIPABJICHUS CHHTE3UPYEMBIX CHCTEM 3a CUET M3MEHEHHs MapaMmeTpoB
CUCTEM M ITyTEM BBEJCHUSI KOPPEKTUPYIOIINX YCTPOUCTB?

31 | Kaxos npunnun pa6otsl CAY nponosnbHO# nogaueil npu ToueHuu?

32 | Kaxos npunnun pabotsl CAY nonepeyHoii noaayeit npu Bpe3HOM NUTM(OBAHUH ?

33 | KakoB nmpuntun padotst CAY moBopoToM pabodero oprasa npoMBIILIEHHOT0 podoTa?

34 | Kaxos npunnun pabotsl CAP pa3mepa aerann Ha 6eclieHTpOBO-IUTH(OBATHHOM CTaHKE?

35 | KakoB npunanun padotst CAJIY manumynstopom?

36 | KakoB npunuun padotel CAY rujipaBindeckuM CynnopToM TOKAPHOTO CTaHKa?

37 | Kako npunanun pabotsl CAY nopaveii npu ¢ppe3epoBaHUN?

38 | Kakos npuanun pabotsl CAY npooiapHO# mogadei npu CBEpICHNAN ?

39 |Yem ommMyarTCs Jpyr OT JApyra XapaKTepUCTHKU JUHAMHYECKOTO 3BEHA!
nepelaTouHble (PYHKITMU M YaCTOTHBIE XapaKTEPUCTUKHU (aMIUTUTYAHBIC U (a30BbIe)?

40 | Kakuwe CyIIeCTBYIOT OCHOBHBIE MpaBWiIa IPEOOpPa30BaHUS CTPYKTYPHBIX CXEM:
NIOCJIEZIOBATENIBHOE COEIMHEHUE 3BEHBEB; NapAJUIEIbHOE COEJUHEHUE 3BEHBEB; 3BEHO,
OXBAaY€HHOE OOpaTHOM CBs3bI0; MEPEHOC CYyMMAaTopa; MEPEeHOC Yy3I1a, MepecTaHOBKa
y3JI0B U CyMMaTOPOB?

41 | Kak mpoBOJMTCS BBIYUCIICHUE TIEPEAATOUYHBIX QYHKIMIA i 3aMKHyTOoM CAY?

42 | Yrto npeacTaByisroT c000# 4aCTOTHBIC XaPAKTEPUCTHKU 3aMKHYTON CHCTEMBI?

43 | Kakoe MOHATHE COOTBETCTBYET YCTOMYMBOCTH JIMHEAPU30BAHHBIX cUCTeM? B dem
3aKJII0YaeTCs He0OX0IMMOE U JIOCTATOYHOE YCIOBUE YCTOWYUBOCTH?

44 | Korna npuMeHsieTcs Kputepuid yctolunBoct Muxaiinosa A.B?

45 | lns dvero HEoOXOAMMO TOCTpoeHHE obnacteld ycroiumBoctn? Kakas 3amaga
YCTOWYMBOCTH periaercs ¢ momoiisto J[-pazonennn?

46 | Kak mpoBOJIUTCS OIICHKA KaueCTBa CUCTEM YIPABJICHUS B YCTAHOBUBIIUXCS PEKUMAX ?
I'ie y9uThIBaIOTCS MOCTOSIHHBIC OITMOKHN?

47 | B dyem o0cCOOEHHOCTH acTaTWdyeckux cucreM? Kak J0oCTHYh TOYHOCTH TpU
TapMOHUYECKOM BO3JEHCTBUU? Ha dYTO BIUSAIOT yCTAaHOBUBIIWECS OIIMOKH TIPH
IPOU3BOJILHOM BO3ACHCTBUH, KOIDPHUIIMEHTHI OIINOOK?

48 | Jlns 4yero MpOBOJUTCS aHAIM3 YCTOMYUBOCTH IO JIOTapU(YMUYCCKHMM YaCTOTHBIM
XapaKTepUCTUKAM ?

49 | Kak mpoW3BOAMTCS OICHKA KAuecTBa PETYJIHPOBAHUS 10 aMILIMUTYAHO-YaCTOTHOW

XAPaAKTCPUCTUKU 3aMKHYTOﬁ CHUCTCMBI; 110 BEIIIECTBEHHOM YaCTOTHOM XAPAKTCPUCTUKE




Bomnpocsl k 3auer
n/n p y

3aMKHYTOM CHCTEMBI; IO aMIUIUTYJHO-(Pa30BOM XapaKTEepUCTHKE pPa3OMKHYTOU
CUCTEMBI; 0 JIOTapU(MUYECKUM YACTOTHBIM XapaKTEPUCTUKAM ?

50 | Yem oTauyamTCcs JAPYyr OT Jpyra XapaKTePUCTHKH JTUHAMHYSCKOTO 3BCHA:
Jorapu()MUYECKHE YACTOTHBIC XapaKTEPUCTUKH W BPEMEHHBIC XapaKTEPUCTHUKU
(mepexoaHbIC U BECOBBIEC)?

7.3.2. Kputepuu 4 HOPMbI OLlEHKH

dopma
NpoBeIeHUs
Cemectp . Kputepun u HOpMBI OLIEHKH
MPOMEKYTOYHOMI
aTTecTanuu
6 3auet (YCTHO) O61ee KonuyecTBO OaNIOB 55 1

«3a4YTEHO»
OoJtee

OO0111e€e KOJIMYECTBO 0AIOB

«HE 3a4YTEHO»
MmeHee 55




8. YueOHo-MeTOoMYecKOe U MH(OPMAIIMOHHOE o0ecriedeHHne AUCIUNIHHbI

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. Teopust 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. Ilepeuenns mpodeccHOHAIBLHBIX 0a3 TAHHBIX M MH(POPMAIHOHHBIX CHPABOYHBIX
cucTeM

— Google Scholar — mouckoBast cuctema 1o Hay4HOM JUTEpaType. Brirouaer cTaTbu KpyImHBIX
HAyYHBIX W3/IaTENIbCTB, apXUBbI MPENPUHTOB, MyOIUKALUKA Ha CalTaX YHHUBEPCUTETOB, HAyYHBIX
OO0IIECTB M APYTrUX HAYYHBIX Opranu3anuii. Mimer craTby, B TOM YUCIIe U HA PyCCKOM s3bIke. UTo He
MaJIOBaXXHO, PACCUUTHIBAET MHAEKC LIMTUPOBAHUSA MYOJIMKAUMN M TO3BOJSET HAaXOOUTh CTaThH,
CoOJIeprKalllie CChUIKM Ha TE, YTO YK€ HallIeHbI

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

—WNudopmarnmonnas cucrema "EawmHOe OKHO nocTyma K 00pa3oBaTelnbHBIM 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. onmcaHuil, a Tak ke ecTh "['noccapuit" u pazgen "Cucrema HOBOCTEH" MO Ha3BAHHOU
TEMaTUKe. DTO YHUKAJIbHBIM 00pa3oBaTelbHBI MPOEKT B pycckoszbiuHOoM WHTepHete. [lomubiid
JIOCTYI KO BCEM pecypcam, BKIIFOUYasi MOJTHOTEKCTOBbIE MaTepuasbl OMOIUOTEKH, MIPEIOCTaBIAETCS
BCEM I10JIb30BaTEIISIM B CBOOOAHOM pesknume — http://window.edu.ru

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

8.4. [lepeuenb nporpaMMHOro odecrneyeHust

Ne Hanvenosanue MO PexBu3UTHI zlorosi)pa
n/n (naTa, HOMep, CPOK JAelCTBUS)
1 Windows: noroop Ne 757 ot 04.07.2018, cpok
WinPro 10 RUS Upgrd OLP NL Acdmc JecTBUS — OECCPOUHO;

KOHTpakT Ne 1653 ot 14.12.2018, cpok
JeicTBUSL — 6ECCPOUHO

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



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

00pa30BaTeIbHOIO MPoIecca Mo THCIUTIINHE

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

n/n

HanmeHnoBaHue 000py10BAHHBIX YUeOHBIX
Ka0MHETOB, JIa00paTOPHii, MACTEPCKHUX H
Ap. 00bEKTOB ISl IPOBEACHUS
NMPAKTHYECKHUX M JIA00PATOPHBIX 3aHATHIA,
MOMeIeHUM JJI51 CAMOCTOATEIbHOM
padoThl 00yYarommxcs (HoMep ayAuTOPH)

IlepeyeHb OCHOBHOIO 000PY/10BAHUS

KomnbroTepHsliit knacc. YdyeOHast ayauTOpHs
IUIsl IPOBECHUS 3aHATUH JIEKLIMOHHOTO THIIA.
VYueOHas ayAuTOpUS 1JIs IPOBEACHUS 3aHITUI
CEMHUHApPCKOro THUma. YueOHas ayAuTOpUs I
MIPOBE/ICHUS JTa0OPaTOPHBIX PaboT. YueOHas
ayauTOpuUs JUIsl KypCOBOI'O INPOEKTUPOBAHMS
(BBITIOJIHEHUST KYPCOBBIX paboT). YueOHas
ayauTopusl Uil IPOBEACHUS TIPYNIOBBIX U
UHIUBUAYAJIBHBIX KOHCYJNbTaLUNW YueOHas
ayauTopusi  JUId  INPOBEACHUS  3aHATHUH
TEKYIIET0 KOHTPOJS MW MPOMEKYTOUYHOU
arrectaruu. (E306)

[TepenocHoi
KOMIIBIOTEPHBIHN
MPEIOJABATEIbCKHM,
ayJIuTOpHas, CTOJ
JIByxMecTHbIN, [TK

MIPOEKTOP, 9KpaH,
CTOII, CTOJI
CTYII, JI0CKa

YYCHUYECKUI

YyeOHast ayAUTOPHS IS IPOBEICHUS 3aHATHMA
JICKIIMOHHOTO THIA. YueOHas ayJuTOpus JUIs
MIPOBEJICHUST 3aHATHA CEMHHAPCKOTO THIIA.
YyeOnass  ayauTopusi Al KypCOBOTO
MPOSKTUPOBAHMS  (BBITIOJTHEHHSI  KYPCOBBIX
pabot). YuebHast ayuTOopus sl IPOBEICHUS
IPYTIOBBIX u WHIMBUTYaTbHBIX
KOHCynbTallMil. YueOHas ayautopus JUis
MIPOBEJICHUS 3aHATHH TEKYIIETO KOHTPOJIS H
npomexyrounoii arrecrarmu. (E-309)

Cron MPEnoIaBaTeIbCKUN, CTOJIBbI
YUEHUYECKUE ABYXMECTHBIE (MOHOOIOK) ,
CTyJN, JIOCKa ayauTopHas (MenoBas),
Kagenpa, IpoeKTop, IKpaH, IPOLECCOP

Kommnberorepnenii  kmacc. Ilomemenue mis
CaMOCTOSITEIILHOU paboThI. VYuebHas
ayaUTOpUsl  JUIA  TIPOBEACHUS  3aHATUH
CEeMHUHApPCKOro TUMa. Y4yeOHas ayAuTOpHs JUIs
KypCOBOTO TPOEKTUPOBAHHS  (BBITOJTHEHUS
KypCOBBIX paboT). YueOHas ayauTopus ajs
MIPOBE/ICHUS] TPYNIIOBBIX W WHAWBUIYATBHBIX
KOHCYJbTallMi. YueOHas ayauTopus i
MIPOBE/ICHUS 3aHATHH TEKYIIEro KOHTPOIS U
npomexxyrounoii arrecraruu. (I'-401)

Cron yuenmueckuii, crtyn, I[IK c¢
BBIXOJIOM B CETh MHTEPHET

[Tomerienne aisi CaMOCTOSITEIBHOW PaOOTHI
obyuaromuxcs (C-508)

Hocka aynuropHas (MenoBast), CTOJIBI
YYEHHUECKHUE, CTOJ IPETOJaBaATEIbCKUA,
CTYJIbS, CTEH]IbI, IKaQBI.




		2023-10-09T10:55:21+0400
	ФГБОУ ВО "ТОЛЬЯТТИНСКИЙ ГОСУДАРСТВЕННЫЙ УНИВЕРСИТЕТ", ТОЛЬЯТТИНСКИЙ ГОСУДАРСТВЕННЫЙ УНИВЕРСИТЕТ, ТГУ




