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1. LHeab ocBOeHUSI AUCHHUILINHBI

HGHB OCBOCHUA NTUCLHUIIIINHBI — OCBOCHUC 06H_II/IX IMPUHIIMIIOB U CPCACTB, HCO6XOI[I/IMLIX JJIS
yIpaBiIeHUS JTUHAMUYECKUMHU CHCTEMaMHU Pa3IMYHON (U3UYECKON NPUPOABI MPUMEHUTENBHO K
MPONU3BOACTBCHHBIM U TCXHOJIOTUYCCKUM IIPOLICCCaAM.

2. Mecto nucuumiuabl B ctpykrype OIIOITI BO

JIMCUMIUTMHBL ¥ TPAaKTUKU, HAa OCBOEGHUU KOTOPBIX OasupyeTcss NaHHas JUCIUILIMHA!
((I/IHHOBaI_II/IOHHBIC TEXHOJIOTNU B MAallIMHOCTPOCHUW, <<I/IHCTPYM€HT8,JIBHBIC CHUCTCMBbI
ABTOMATU3UPOBAHHOTO MAITUHOCTPOCHUS.

JIMCUMIUTUHBL U TPAKTUKH, JUISI KOTOPBIX OCBOEHUE JIaHHOM MUCIUILUIMHBI HEOOXOIMMO Kak

MNpeaACCTBYIOMCC: MOATOTOBKA M 3alllUTa MaFI/ICTepCKOﬁ JAUCCEepTaluu.

3. Iliianupyemblie pe3yJibTaThl 00y4eHUs1

dopmMupyemMblie U
pMHpY HNHaukaTopbl JOCTHKEHUS

KOHTPOJINpyeMble . IInanupyemble pe3yJibTaThl
POTHPY KOMIIeTeHIUit Py pesy
KOMIIeTeHIINH o0yueHust
(Ko ¥ HAMMEHOBAHUE)
(Ko 1 HAMMEHOBaHUE)

YK-2. Cnnocoben YK-2.1. ®opmynupyer B | 3HATH:

YIOPABISATH NPOEKTOM Ha paMKax MOCTABJIEHHOW LIEJIU | - METOAOJIOTUUECKHE OCHOBBI

BCEX JTalax ero IIPOEKTa COBOKYITHOCTbH | (YHKIIMOHUPOBAHUS, MOJEIUPOBAHUS

KU3HEHHOTO LMKJIa 3aja4, 00ecreurBaroINX €€ | U CHHTe3a CUCTEM aBTOMAaTHYECKOTI0
JOCTH)KCHHUE ynpasierus (LICY);
YK-2.2. ITpoextupyer | - ocHOBHBIE MeTOBI aHau3a LICY Bo
peuieHne KOHKPETHOW | BPEMEHHOM U YaCTOTHOW 00JIACTSX,

3aJaud MpoekTa, BbIOMpas | crocoObl cuHTe3a LICY;
ONTHUMAJBHBIA CHOCOO €€ | - TUIIOBBIE MAaKEThl MPUKIAIHBIX
pelieHus, ucxons U3 | IporpamMM aHajlu3a JUHAMHYECKUX
JEUCTBYIOIIUX  TPABOBBIX | CUCTEM;

HOpM u UMEIOIUXCS | - KHHEMAaTHYECKYIO CTPYKTYpPY U
pECYpPCOB U OTpaHUYEHUN KOMITIOHOBKY CTaHKOB, CUCTEMBbI
VYK-2.3. BeiOupaet criocoObl | yIpaBIeHUS] IMH;

pelieHus 3aJauu | - CPEACTBA Il KOHTPOJIS,
npodecCuoHATBHON WCTIBITAHUH, JUATHOCTUKH U
NeSITeAbHOCTH € Y4ETOM | aJalTUBHOTO YIPaBJICHUS
HaJIW4Yus OrpaHUYeHUuN U | 000pyTOBaHUEM.

pecypcoB YMeTs:

- BBIMOJIHATH aHATIHN3
TEXHOJIOTUYECKHX MPOLECCOB KaK
00BEKTOB aBTOMATH3AIMU U
yIpaBJIECHUS;

- COCTaBJIATh CTPYKTYPHBIE CXEMBbI, UX
MaTeMaTHYeCKUE MOJEIH KaK
00BEKTOB yIPABICHHUS;

- HCTOJIb30BATh OCHOBHBIE METO/IbI
MOCTPOCHHSI MATEMAaTHYECKUX




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

NuaukaTopsbl J0CTHXKEHUS
KOMIIeTeHIUi
(Koa 1 HAaMMEHOBaHUE)

IlnannpyemMble pe3y/ibTaThl
o0y4eHust

MOJIEJICH TPOIIECCOB, CHCTEM, UX
AJICMEHTOB M CHCTEM YIIPaBJICHHUS,

- paboTaTh ¢ KAKUM-TTHOO U3
OCHOBHBIX THIIOB TIPOTPAMMHBIX
CHCTEM, MPeTHA3HAYCHHBIX IS
MaTEMaTHYECKOT0 ¥ IMUTAIIHOHHOTO
moaenupoBanus Mathcad, Matlab.

Bnaners:

- HaBbIKaMU IIPUMEHEHUS DJIEMEHTOB
aHaJIM3a TANoB KU3HEHHOTO 1IMKJIa
IIPOAYKIMH U YIIPaBJICHUS UMH;

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

- HaBBIKaMU o(opMIIeHHUs
pE3yJIbTaTOB UCCIEN0BAHNN U
IIPUHSATHS PELICHUMN.

OIIK-3. Cnocoben
HCIIOIL30BaTh
COBPEMEHHBIE
MH(}OPMALIMOHHO-
KOMMYHHUKAIlMOHHBIE
TEXHOJIOTUU, TI100aIbHbBIC
nH(OpMalMOHHBIE
pecypchl B HAy4HO-
HCCIIeI0BaTEIbCKOM
JIeITSILHOCTHU

OIIK-3.1.
COBpPEMEHHBIC
UH(pOpPMAaIMOHHO-
KOMMYHHUKAI[IOHHBIE
TEXHOJIOTUH U IPOrPaMMHOE
o0ecrniedyeHre Mpu peuIeHUH
3aga4  MpodeccHoHaNbHOM
TSI TeTbHOCTH

OIIK-3.2. Ucnons3yer
rJ100aIbHbIE
HMH(OPMAaIMOHHbIE PECYPCHI
B HAY4HO-
HCCIIEN0BATEIBCKOU

TSI TeTbHOCTH

Hcnonb3yer

3HaTh:

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

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

- o0111e TpedoBaHUs K
ABTOMATHU3WPOBAHHBIM CUCTEMAaM
MPOEKTUPOBAHNUS,

- OCHOBBI TEXHOJIOTHYECKOTO
pEryJIUpPOBaHMUS.

Ymerts:

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

- npoBoauTh aHanu3 LICY, onenuBarh
CTaTUCTUYCSCKUE M JTUHAMUYECKHE
XapaKTEPUCTHUKU;

- pacCUMTHIBaTh OCHOBHBIC
kauecTBeHHBIC nTokaszaTenu LICY,
BBINOJIHATH: aHAJIU3 €€ YCTOMYUBOCTH,
CHUHTE3 PEryJsiTopa;

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




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

NuaukaTopsbl J0CTHXKEHUS
KOMIIeTeHIUi
(Koa 1 HAaMMEHOBaHUE)

IlnannpyemMble pe3y/ibTaThl
o0y4eHust

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

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

Bnaners:

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

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

OIIK-6. Criocoben
paspabatbiBaTh U
MIPUMEHSATH AJITOPUTMBI U
COBpeMeHHBIE IU(POBHIE
CHCTEMBI
aBTOMAaTU3UPOBAHHOTO
MIPOSKTUPOBAHUS
MIPOU3BOJICTBEHHO-
TEXHOJIOTHYECKON
JIOKYMEHTAIUU
MaITHHOCTPOUTETBHBIX
MIPOU3BOJICTB

OIIK-6.1.
MPUMEHSTh
CHUCTEMBI
ABTOMATH3UPOBAHHOTO
MIPOCKTUPOBAHHUS
¢dbopmupoBaHus
KOHCTPYKTOPCKO-
TEXHOJIOTHYECKOH
JOKYMEHTAITU!
MAaIIMnHOCTPOUTEIBHBIX
MIPOU3BOJICTB
OIIK-6.2. Vmeer
MPUMEHATh pa3pabaThiBaTh
AJITOPUTMBI JUIST
(hopMupoBaHHUS
MIPOU3BOJICTBEHHOM
JOKYMEHTAITU!
MAaIIMHOCTPOUTEIBHBIX
MIPOU3BOJICTB

OIIK-6.3. CocraBiser
MOJIEIIN eTaJIEd U
COOPOYHBIX ETUHUIL B
cucTemMax
aBTOMATH3HUPOBAHHOTO
MIPOCKTHPOBAHHSI

VYwmeer
COBPEMEHHBIE

JJIA

3HaTh:

- OCHOBHBIE MeTobI aHanu3a [ICY Bo
BPEMEHHOM U 4aCTOTHOM 00JacTsX,
criocoOnl cunTesa LICVY;

- TUTIOBBIE TIAKETHI TPUKIIATHBIX
MporpamMM aHajan3a JUHAMUYECKUX
CHUCTEM;

- KHHEMAaTUYEeCKYIO CTPYKTYpPY U
KOMITOHOBKY CTaHKOB, CUCTEMBI
YIpaBJICHUS UMU.

VYMmeTs:

- BBITIOJHATH aHATIN3
TCXHOJIOTUYCCKUX HpOHeCCOB KakK
00BEKTOB aBTOMATHU3ALIUU U
yIIpaBICHUS;

- COCTaBIISATh CTPYKTYPHBIE CXEMBI, UX
MAaTEMATUYCCKNE MOACIN KaK
00BEKTOB yIIPaBJICHHUS,

- HCIIOJIH30BaTh OCHOBHEIE METOIbI
MOCTPOCHUS MaTEMaTHUYECKUX
MOJIEJIEN MTPOIECCOB, CUCTEM, UX
3JICMCHTOB U CUCTEM YHpaBJ'IeHI/ISI;

- paboTaTh ¢ KAKUM-TTHOO U3
OCHOBHBIX THUITIOB HpOI‘paMMHBIX
CHUCTEM, TIpeTHA3HAYCHHBIX IS
MATEMATHUYCCKOI'O U UMUTAIITMOHHOTO
moaenupoBanus Mathcad, Matlab




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

NuaukaTopsbl J0CTHXKEHUS
KOMIIeTeHIUi
(Koa 1 HAaMMEHOBaHUE)

IlnannpyemMble pe3y/ibTaThl
o0y4eHust

Bnaners:

- HaBBIKAMU MTPUMEHEHHUS 3JIEMEHTOB
aHaJlM3a TANoB KU3HEHHOTO 1IMKJIa
MPOJYKLIUU U YIPABJICHUS UMU;

- HaBbIKaMU HaJlaJIKU, HACTPOMKH,
PEryJIupoBKH, 00CTY>KUBaHUS
TEXHUYECKUX CPEACTB U CUCTEM
yIpaBJICHUS.




4. CTpyKTYpa M coJiepKaHue IUCHUIINHbI

Monyab
(pasznen)

Bun
y4eOHoi
padoThI

HanMeHoBanue TeM 3aHATHH
(yuedoHoOl padoThI)

Cemectp

Oo0nemMm,

Banasl

HNHTepakTus, 4.

DopMBbI TEKYLIET0
KOHTPOJIA
(HauMeHOBaHMe
OLICHOYHOI 0
cpeacTBa)

Monyns 1.
bazoBbie
XapaKTEPUCTUKHI
CHCTEM
YIIPABIICHHUS.

Jlex.

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

BOHpOCH K 3K3aMCHY

Cp.

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

BOHpOCH K 3K3aMCHY

IIp.

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

OTuer B 3JIEKTPOHHOM
BUJIC

1.2. OcHoBHble ycTpoiicTBa CAP u ux
KJaccu(uKanus Mo Ha3HAYCHUIO.
Knaccugukamus aBToMaTn4eckoro
yrpapiieHUs. MaTeMaTudeckas MoJielb
IIEHTPOOEKHOTO PEryasiTopa CKOPOCTH
JIBUTATEIs.

Bormpocs! k 3x3aMeny

1.3. UccnenoBanue BIUSHUS TApaMETPOB
[EHTPOOESIKHOTO PETYISITOPAa CKOPOCTH HA
MpOIeCcC PEryIUMPOBAHUSI.

OT4YeT B 3JIEKTPOHHOM
BUJE

Cp.

1.3. ccnenoBanue BIMSIHUS TapaMETPOB
LEHTPOOESIKHOTO PETYISATOPAa CKOPOCTH HA
IIPOLIECC PErYIUPOBAHUS.

Bormpocs! k 3x3ameny




DopMBbI TEKYLLET0

Bun . KOHTPOJISA
Monyab . HanMeHoBanue TeM 3aHATHH Oo0nemMm,
y4eOHoi . CemecTtp Baanbl | AHTepakTuB, 4. | (HAHUMEHOBaHUE
(paznen) (yueoHoii padoThI) q,
padoThI OLICHOYHOI'0
cpeacTBa)
IIp. 1.4.XapakTepuCTUKU NTEPEXOTHOTO 2 2 - - OTyer B 3JIEKTPOHHOM|
npouecca. YacToTHbIE XapaKTEPUCTUKH. BUJIE
Cp. 1.4.XapakTepuCTUKH MEPEXOTHOTO 2 7 - - Bomnpocs! k 3x3aMeny
nporuecca. YacTOTHBIE XapaKTEPUCTUKH.
IIp. 1.5.MaremaTuueckue MOJEIH. 2 2 - - OTuer B 3JIEKTPOHHOM
Jluneapuzalys MaTeMaTHYECKUX MOJIEIICH. BUJIE
Cp. 1.5.MaremaTuueckue MOJEIH. 2 7 - - Bonpocsl k sk3ameHy
Jluneapuzalys MaTeMaTUYECKUX MOJIesIen
IIp. 1.6. OnpeneneHune 4aCTOTHBIX 2 2 - - OTuer B 3JIEKTPOHHOM
XapaKTePUCTHK IO aHAINU3Y BXOJTHOTO U BUIE
BBIXOJIHOTO CUTHAJIa BO BPEMEHHU.
Cp. 1.6. Onpenenenune 4aCTOTHBIX 2 7 - - Bormpocsl k ok3aMeny
XapaKTePUCTHK IO aHAINU3Y BXOJHOTO U
BBIXOJIHOT'O CUTHAJIa BO BpEMEHH.
IIp. 1.7. TunoBbIe 3BEHbsI MEPEAATOUHBIX 2 2 - - OT4er B 2NIEKTPOHHOM
(O YHKIHH. BHUJIC
Cp. 1.7. TunoBsle 3BE€HbA NEPEAATOUYHBIX 2 7 - - Bonpocsr k sk3amenHy
(O YHKIHH.
IIp. 1.8. Onpenenenue nepexoaHON 4aCTOTHOMN 2 2 - - OT4er B 2JIEKTPOHHOM
XapaKTePUCTHKH. BU/JIE
Cp. 1.8. Onpenenenue nepexogHON 4acTOTHOU 2 7 - - Bormpocsl k 3k3ameny
XapPaKTEPUCTHKH.
Monyns 2. Jlex 2.1 OyHKUHUOHATIBHBIE U CTPYKTYpPHBIE 2 2 - 2 VYcerHblii onpoc
KauecTBeHHBIN 1 cxemsl. [IpaBuia npeoOpazoBaHus
KOJTMYECTBEHHBIH CTPYKTYPHBIX CXEM.
aHan3 CUCTEM | Cp, 2.1.OYHKIMOHAIIBHBIE U CTPYKTYPHBIE 2 7 - - Bonpock! K 5K3aMeHy
ABTOMaTH4ECKOro cxemsbl. [IpaBuia npeobpazoBanus
YIIpaBIeHUS.

CTPYKTYPHBIX CXEM.




DopMBbI TEKYLLET0

Bun . KOHTPOJISA
Monyab . HanMeHoBanue TeM 3aHATHH Oo0nemMm,
y4eOHoi . Cemectp Baanbl | AHTepakTuB, 4. | (HAHUMEHOBaHUE
(paznen) (yueoHoii padoThI) q,
padoThI OLICHOYHOI 0
Cpe/cTBa)

IIp. 2.2. UccnenoBanue ycrouuboctu LICY no 2 2 - - OTyer B 3JIEKTPOHHOM|
kputeputo [ ypBuna. BUJIC

Cp. 2.2. UccnenoBanue ycrotunsoctu LICY no 2 7 - - Bormpocsl k ok3aMeny
kputeputo [ ypeuia.

IIp. 2.3. IlpaBuna npeoOpa3oBaHUs 2 2 - - OT4eT B 3JIEKTPOHHOM
CTPYKTYPHBIX CXEM. BUJIC

Cp. 2.3. IlpaBuna npeoOpa3oBaHUs 2 7 - - Bonpocsr k sk3ameHy
CTPYKTYPHBIX CXEM.

IIp. 2.4. Tloctpoenue rogorpada CHCTEMBI | 2 2 - - OT4eT B 3JIEKTPOHHOM
norapuMUUECKON 4aCTOTHOMN BUIE
XapaKTEPUCTHUKHU.

Cp. 2.4. IToctpoenue rogorpaga CUCTEMBI U 2 8 - - Bomnpocs! k 5k3ameny
Jorapu(MUIECKON 4aCTOTHOM
XapaKTePUCTHKH.

IIp. 2.5.MaremaTtuueckasi OlleHKa 2 2 - - OT4er B 2JIEKTPOHHOM
YCTOMYMBOCTH. 3aJaudl yCTOWYMBOCTH. BUJIE
3anac yCTONYMBOCTH.

Cp. 2.5.MaremaTudeckast OLlEHKa 2 8 - - Bormpocsl k ok3aMeny
YCTOMYMBOCTU. 3aJauul yCTONYHMBOCTH.
3amnac yCTOMYMBOCTH.

IIp. 2.6. UccnenoBanne Tounoctu LICY B 2 2 - - OT4YeT B 2JIEKTPOHHOM|
peKUME TBUKEHUS 110 TAPMOHHUYECKOMY BUJIE
3aKOHY.

Cp. 2.6. UccnenoBanue Tounoct LICY B 2 8 - - Bompock! k 9k3amMeny

PEKUME TBUIKCHUS T10 TAPMOHHUECKOMY
3aKOHY.




DopMBbI TEKYLLET0

Bun . KOHTPOJISA
Monyab . HanMeHoBanue TeM 3aHATHH Oo0nemMm,
y4eOHoi . Cemectp Baanbl | AHTepakTuB, 4. | (HAHUMEHOBaHUE
(paznen) (yueoHoii padoThI) q,
padoThI OLICHOYHOI 0
Cpe/cTBa)
IIp. 2.7. OnpeneneHue XxapakTepUCTHUK 2 2 - - OTyer B 3JIEKTPOHHOM|
IEKTPOMEXAHUYECKOTO NTPUBOJIA. BUJIC
Cp. 2.7. Onpenenenre XapakTEPUCTHK 2 1 - - Bormpocsl k ax3aMeny
AIEKTPOMEXAHUYECKOTO MPUBO/IA.
Moy 3. Jlex 3.1. KoMmiekcHas OlleHKa KauecTBa CUCTEM 2 2 - - Bonpocsl k sk3ameHy
CuHTE3 U aHAIH3 1 00BEKTOB aBTOMATHYECKOTO YIIPABJICHHUS.
CHCTEM Cp. 3.1. KoMmnekcHas OLleHKa KauecTBa CUCTEM 2 1 - - Bonpocel k 3k3ameny
ABTOMATHYECKOTO 1 00BEKTOB aBTOMAaTUYECKOrO YIIPABICHHUS.
VIIpaBJICHUS. Ilp. 3.2. Onpenenenne xapakrepuctuk LICY 2 2 - - OTyer B 3JIEKTPOHHOM|
IPOIOJIBEHON OIa4eH IPU TOUYCHUH. BHIC
Cp. 3.2. Onpenenenue xapakrepuctuk L[CY 2 7 - - Bormpocs! k ax3aMeny
MIPOJOJIbHOW MOIaY€l IPU TOYEHHUH.
IIp. 3.3. OGecnieueHue HEOOXOAMMON TOUHOCTH 2 2 - - OT4er B 2JIEKTPOHHOM
ICY. Ouenka Tounoctu LICY. BUIE
Cp. 3.3. O6ecnieueHue HEOOXOAMMON TOUHOCTHU 2 7 - - Bonpocs! k 5k3ameny
IICY. Ouenka Toynoctu LICVY.
IIp. 3.4. UccnenoBanue BIMUSHUS acTaTU3Ma Ha 2 2 - - OT4er B 2JIEKTPOHHOM
kauectBo LICY. BUIE
Cp. 3.4. UccnenoBanue BIUSHUS acTaTU3Ma Ha 2 7 - - Bonpocs! k 5k3ameny
kauectBo 1LICY.
IIp. 3.5. OCHOBBI CHHTE3a CUCTEM 2 2 - - OT4er B 2JIEKTPOHHOM
ABTOMATHUYECKOT0 YIPABJICHUS. BUJIC
Cp. 3.5. OCHOBBI CUHTE3a CUCTEM 2 9 - - Bonpocel k 5k3ameny
ABTOMATHUYECKOT0 YIPABJICHUS.
Jlek. 3.6. UccnenoBanue BIUAHUS THOKON 2 2 - 2 YcTHBIN onpoc
oOparHoi cBs13u Ha ObicTpoericTue LICY.
Cp. 3.6. UccnenoBanue BIUAHUS THOKON 2 9 - - Bomnpocs! k 5k3ameny
oOparHoi c¢Bsi3u Ha ObicTponericTeue LICY.
A 2 0,35




DopMBbI TEKYLLET0

Bun . KOHTPOJISA
Monyab . HanMeHoBanue TeM 3aHATHH Oo0nemMm,
yueOHOI N CemecTtp banabl | UHTepakTuB, 4.| (HAaUMEHOBaHHeE
(paznen) (yueoHoii padoThI) q,
padoThI OLICHOYHOI'0
cpeacTBa)
Kontposnb 2 35,65
Hroro:y 252




5. O6pa3oBaTesibHbIE TEXHOJIOTHH

B mpomecce n3ydeHus: TUCHUTUIMHBI UCTIONB3YETCSI TEXHOJIOTHS TPAIUIIMOHHOTO O0ydeHUs
(JIekIuu, MpakTH4YeCKue paboThl, CAMOCTOSITEIIbHAS paboTa CTYJCHTA).
Benymeit nestenbHOCT B Mpoliecce OOydeHHUs SIBIsieTCA yueOHasi JEATEeNbHOCTh CTY/ACHTOB,
XapaKTEPU3YIOIIAsCS IEHCTBYIOIIEH CUCTEMOM MTO3HABATEIBHBIX MPOIIECCOB, HAYMHAS C BOCTIPHUSITHS
uH(GOpMAIIMK 1 3aKaHYUBAsI CIOKHEHIIIMMH TBOPYECKUMHU MPOIIECCAMH, CIIOCOOHOCTSMHU OOIIETO U
YaCcTHOTO XapakTepa, AMOIMOHAIBHBIMU SIBICHUSMH, KOTOPhIE MOTHBHPYIOT MHOTHE CHCTEMBI
yueOHBIX JICUCTBUH, a TaK K€ OOIIMMH U YACTHBIMH MOTHBAIUSMHU.

6. MeToauuyecKue YKa3aHUusA 110 0OCBOCHUIO JUCHUIIIMHBI

K ocobGenHocTsiIM 00ydeHHs] IUCHUIUIMHE MOKHO OTHECTH MOCTOSHHOE B3aWMOJICHCTBHE
MEXJy CTyIEHTaMH U IMPEnojaBaTesiaM, a TaKKe MaKCUMaJbHYIO MPHUOIMKEHHOCTh MaTepuaia K
npoeCCHOHATBHON JIEATEIIbHOCTH, YTO BBIPAXKAETCS B MOJCIMPOBAHUN TPO(PECCHOHATBHBIX
CUTYaLUM.

[ToaroToBKa K 3aHATHSM 3aKIOYaeTCsl B paboTe ¢ KOHCIEKTOM JICKIMH 0 TaHHOW TeMe, B
M3YYEHUU COOTBETCTBYIOIIETO pas3fjesia ydyeOHMKa WIM Yy4eOHO-METOJAMYECKOTro mocobus, B
IIPOCMOTpE JOMOJHUTENbHOW JuTeparypbl. IlpakTudeckass paboTa BBINOIHSAETCS B AyIAUTOPHH.
OT4er 1o BBINOJHEHHOM paboTe MOATrOTaBIMBACTCS U 3AMOJHSACTCS CTYJACHTOM CAMOCTOATEIbHO.

1. ABTOMaTH4YECKOE YIIPaBJICHHE TPOIECCAMH MEXAHHUYECKOW 00pabOoTKH [DIIEKTPOHHBII
pecypc] : yaue6nuk / C. M. bpatas [u 1p.]. - Mocksa : By3oBckuit yueOnuk : UTHOPA-M, 2017. - 228
c. - ISBN 978-5-9558-0514-6.

2. Eropo A. U. BBeneHue B TEOpPUIO YMpaBIEHUS CHCTEMaMU C paclpeaeleHHbIMU
napameTpamu [ DIeKTpoHHbBIN pecypc] : yueb. mocooue / A. 1. Eropos, JI. H. 3namenckas. - CaHkT-
[TetepOypr : Jlanp, 2017. - 292 c. : un. - (YueOHuku a1 By3oB. CnenpansHas aureparypa). - ISBN
978-5-8114-2554-9.

3. ABTOMaTHuYECKOE YIpaBJCHHE MPOIECCAMU MEXaHHYeCKOH 00paboTKH [DIEKTPOHHBIN
pecypc] : yaeonuk / C. M. Bparan [u np.]. - Mocksa : By3osckuii yaeOunuk : UTHOPA-M, 2017. - 228
c. - ISBN 978-5-9558-0514-6.

4. Ilerpaxos 0. B. Teopust aBTOMaTH4ECKOIO YIPaBIEHUS TEXHOJIOTUYECKUMU CUCTEMAMM :
yueb. mocobue sl CTYJEHTOB BY30B, 00yd4. mo HampasieHuto 220100 - CuctemHbIi aHaNu3 |
ynpasnenue / 0. B. [lerpaxos, O. 1. [Ipaues. - I'pud YMO. - Mocksa : Mammnoctpoenue, 2008. -
336 c. : mi. + CD. - ([ns By30B). - bubmuorp.: c. 336. - ISBN 978-5-217-03391-1.

5. I'ynseB B. A. Teopust aBTOMaTH4eCKOro yNpaBJICHUs] TEXHOJIOTUYECKHMH MPOLECCAMU :
yueb.-meroa. nmocodue / B. A. I'ynsies, A. O. Jlpaues, FO. B. ITerpakos ; TI'Y. - TT'Y. - Tonpartu :
TI'Y, 2008. - 60 c. : ui. - budmmorp.: ¢. 59. - [Ipw.: c. 49-58. - 11-82.

6. VYmpaBieHne MeXaTpPOHHBIMU CHCTEMaMHU paclpeielieHuss U COPTUPOBKM Ha 0aze
MoayipHON yueOHOU cranmmu FESTO [OnexkTpoHHBIN pecypc] : 2JIeKTpoH. y4eb. mocobue
[JNleamkuH, [1. I'., Cenuanos, A. C., Manbues, C. A. TT'Y, 2016. — 63 c. : un. — bubnuorp.: c. 55.
— ISBN 978-5-8259-0947-9.


http://dspace.tltsu.ru/browse?type=author&value=%D0%9B%D0%B5%D0%B2%D0%B0%D1%88%D0%BA%D0%B8%D0%BD%2C+%D0%94.+%D0%93.
http://dspace.tltsu.ru/browse?type=author&value=%D0%A1%D0%B5%D0%BB%D0%B8%D0%B2%D0%B0%D0%BD%D0%BE%D0%B2%2C+%D0%90.+%D0%A1.
http://dspace.tltsu.ru/browse?type=author&value=%D0%9C%D0%B0%D0%BB%D1%8C%D1%86%D0%B5%D0%B2%2C+%D0%A1.+%D0%90.

7. OuleHOYHbIE CpeIcTBa

7.1. IlacnopT OLIEHOYHBIX CPEACTB

Koa koHTpo/IMpyemMoii KOMIIETeHIIUH HaumeHoBanue
Cemectp
(WJIK ee 4acTH) OLIEHOYHOI'0 CPeACTBA
2 YK-2, OIIK-3, OIIK-6 [Ipaktraeckue padoTsr NoNe 1-3
Bonpocs k 3k3ameny Ne 1-15
2 YK-2, OIIK-3, OIIK-6 [Tpaktrueckue paboTsr NeNe 4-6
Bomnpocs! k sk3ameny Ne 16-30
2 YK-2, OIIK-3, OIIK-6 [TpakTrueckue padotsr NeNe 7-8
Bomnpocs! k sk3ameny Ne 31-50

7.2. TunoBble 3aJaHUs] M1 HHbIE MAaTePUAJIbl, HEO0XOIMMBbIe VISl TEKYIero KOHTPOJIsI

7.2.1. KOMILIEKT MPaKTUYSCKUX paboT
(HauUMeHOBaHUE OYEHOUHO20 CPeICmEa)

IIpakTnyeckass padora Nel. HccienoBanue BJIUSIHMSA NAapaMeTPOB IEHTPOOEKHOTO
PeryJsiTopa CKOPOCTH Ha MPOIece PeryJIMpoBaHMs.

Ilenv pabomwi: Ilpuobpemenue NPAKMUYECKUX HABLIKOS OKCHEPUMEHMAILHOU OYEHKU
npoyecca pecyiupoeanus MyCWlOlZHMGOﬁ pa60mbl cucmembsvl asmomamuiecKoco ynpaeileHusl.

Teopemuueckas uacmo

Hccnenyercs cucremMa  aBTOMaTHueckoro  ympasieHus (puc.l.l), cocrosmas u3
LEHTPOOEIKHOTO PEryisiTopa CKOPOCTH, MOJM3YH 1 KOTOpOro CBsi3aH pblyaramMu 2 ¢ 3acJIOHKOW 3
nojauu paboueil cMecu B TEIUIOBOM 1BUTaTeNb 4. PerynsaTop NpuBOANTCS BO BpallleHUE OT IBUTATEIIs
yepe3 3youarylo rnepeaady S.

Puc.1.1. Cxema I]CY cxopocmoio epawienus ogucamens

[Ipu dyaxuuonupoBanuu LICY BpamieHune aBurarens yepe3 3y04aryro nepeaady nepenaeTcs
PeryasTOpy CKOPOCTH, MIAPUKHA KOTOPOTO IO ICUCTBUEM IIEHTPOOEIKHOM CHIIBI C OJTHON CTOPOHBI U
CUJIBI TIPYXKUHBI C JPYroM 3aHUMAIOT HEKOTOPOE IIOJIOKEHHUE, YTO BBI3BIBAET ONPEACICHHOE
OTKpPBITHE JIPOCCENI U CUCTEMa HAaXOJIWUTCA B paBHOBecHM. [IpyM yBeIMUYEHMM MOMEHTA HArpy3Kd
CKOpPOCTb JBUTaTell yMEHBIIAETCS B COOTBETCTBUU C €0 XapaKTEPUCTUKOM, YTO BbI3bIBACT
YMEHbILIEHUE CKOPOCTH BpalleHHUs peryniaropa. lleHTpoOexHble CHUIIBI TakXKe YMEHbIIAITCH,
IAPUKU OMYCKAIOTCA U YEPE3 PHIYAKHYIO CUCTEMY YBEJIUYUBAKOT OTKPBITHE IPOCCEN. Y BEIIMUCHUE
nojayn pabouyell cMecH B JBUTATENb BBI30BET YBEIMYEHHE €r0 CKOPOCTH, PaBHOBECHE BHOBb
BOCCTAHOBUTCS, HO YK€ Ha JIPYTOM YPOBHE. SICHO, YTO pa3HOCTb CKOPOCTEU OIpPENENSAET KaueCTBO



pEryJIMpOBaHUs: YeM OHa MeHblle, TeM Bbile kadecTBo LICY. [Ipu ymenbmenun narpysku LICY
paboTaer B 00paTHOM TOPSIJIKE.

st ananuza [ICY HE0OX0IMMO COCTaBHUTh €€ MAaTEMAaTHUECKYIO MOJIENb. AHAIIN3 TTOKA3bIBACT,
YTO B CUCTEMY BXOJSAT JBUTATENb, JApocceib Mogauu pabodeil cMecu, pbluakHas mepenada u
3yOuaras nepeayva.

JBrxeHue paBurareiis IpU OTPAHUYEHUM YYETOM SIBJIIEHUW NEpPBOro MOpsAKa, T.e. €ro

WHEPIHOHHOCTHIO, MOXKET OBITh MTPeICTaBICHO MU (HepeHITNAIBHBIM yPaBHEHHUEM ITEPBOTO MOPSIKA!
dw
, o @M, =M, (1.1)
rae lo u g — MOMEHT MHepIHH poTopa U KO3 UIIMEHT BA3KOro TpeHus asuratens, M, u My —
MOMEHT COTPOTHBJICHUS HATPY3KHW U MOMEHT JIBUTATENsI COOTBETCTBEHHO.
MOMEHT JBU)KEHUS 3aBUCHT OT OTKPBITHUS IPOCCENs TTOAaul pabovel cMecH:
M, =bk,, (1.2)

rae b — ko3 duumeHT nepeaadn OTKPBITUS IPOCCENis OT MepeMEIeHHs TTOJI3YHA perysiTopa
Yepe3 PhIYaKHYIO epeaady, Ko — KoahGUIHUeHT TPOHOPLIHOHATEHOCTH MY OTKPBITHEM IPOCCEIIs
Y MOMEHTOM JIBUTaTEelIs.

Ecnyu npuHATE neperaToyHOe OTHOIIEHUE PblYaroB M 3yOuaTol mepelauyd paBHBIM €UHUIIE,
TO, W3 TEOMETPUYECKMX COOTHOILEHUM, MOJIYyYUM YpaBHEHHE CBSI3U, KOTOPOE OIpeeseT
3amkHyTOCTh LICY:

b — 21— Sina). (1.3)

[Tony4yennas marematuueckas mojaens (1.1)-(1.3) ucnone3yercs B mpUKIIQAHON nporpamme, ¢

MOMOIUIbI0 KOTOPOH BBIMOIHSIOTCS TPEOYyEMbIE HCCIIEI0BAHUS.

m MonenupoBaHHe peErynaToOpa CKOPOCTH ABHraTens =] 3
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Cuna npyskiuHer, H 100
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M nosan cropocn: W, pasy

Puc.1.2. Mooenuposanue ueHmpoo6excrnozo pecyiamopa cKkopocmu



3aoanue
B cootBercTBUU ¢ BapuaHTOM (Tabu.1.1) mpoBecTH Hcciea0BaHne KadyecTBa peryIupoBaHus B
3aBUCHUMOCTH OT U3MEHSIEMOTO MapameTpa U MOCTPOUTh rpadrKu 3aBUCIMOCTH OBICTPOICHUCTBUS H
toudoctd LICY B yHKIMH OT U3MEHIEMOTO TTapaMeTpa.
Tabauya 1.1. Hcxoouwle oannvle

[lepB | Macca | ’Kecmxocms | Momenm | Bro | Hauanvna| Kosgpguyuenm | Hzmensme

asi | wapux | npysjcuHvl | uHepyuu | pas | s cuia 3asucumocmu napamemp
uadp | o6 M, | Cup, HMm | Osucamens | ud | npysicunvl |  MOMeHmMa om

a K2 o, K2/m? pa Pup, H OMKPbIMUSL

opoccens Ko, H/mm

0 0,35 5,0 0,25 0 55 2 m

1 0,30 4,5 0,20 1 100 4 Cip

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 Py

5 0,10 2,0 0,04 5 85 9 m

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

7 0,20 1,5 0,14 7 95 5 Py

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

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

Cooepicanue npomokona

B npoTokoe npeacTaBuTh 1eNb padOThl, HCXOIHBIC TaHHBIC, 3a/IaHUE UCCIICIOBAHUS, KOITHIO
uHTepdeiica Ans MH0O0r0 IKCIEPUMEHTA U3 BHIMIOJIHEHHON cepuu, onucanue padbotsl LICY, Tabnuiy
AKCIIEPUMEHTANIbHBIX JIAHHBIX, TPAaQUKU TPEOYEeMbIX 3aBUCUMOCTEN. BBHIBOIBI.

IMpakTnyeckass padora Ne 2. XapaKTepuCTHKH IeEpPeXOJHOro mnpouecca. YacToTHbie
XapaKTePUCTUKH.

ILlenv pabomui: 1lpuobpemenue npakmuieckux HAGbIKO8 IKCNEPUMEHMATbHO20 ONpedeietUs]
UacmoOmHbIX XAPAKMEPUCNUK.

Teopemuueckasa yacmso

Hccnenyemoit cucteMoit sIBJIsIETCS ABYXMAaccoBas JUHAMUYECKas CHUCTEMa, cXeMa KOTOpOH
n3o0paxkeHa Ha puc 2.1. Cucrtema HaXOAUTCS MO/ AIEUCTBUEM KHHEMATHYECKOTO BO30OYXKIACHUS — X,
BBIXOJIHBIMU CUTHAJIAMU SIBJISIOTCS KOOPAMHATBI X1 M X2 MEpeMEeleHUss MacC M1 U M2, CBSI3aHHBIX
MEXIy COO0I0 JKECTOKOCTSAMH C1 U C2 M BSI3KUM TPEHUEM A/ U A2.

C, C2

JV\/_

m, m,

> =
A 2,
'S

Puc.2.1. /lunamuueckan cxema 08yxmaccosoii Cucmembvl

YPaBHeHI/Ie ABVKCHUSA CHUCTEMBI COCTaBJIAACTCA IIO0 HU3BCCTHBIM IIpaBUJIaM TGOpCTPI‘IeCKOfI

MECXaHUKHU:
d?x, dx, dxj (dx dxlj
m A, =2 — =2 |+, (X% =X, )= A4 ———2 |+c(x—x
1 dtz 2( dt dt 2( 1 2) /11 dt dt l( 1)

d?x dx, dx
szzz—F/lz(d—tz—Ej-Fcz(Xz —Xl)ZO




prOH.[eHHaSI MaremMaTnudycCkKasa MOICJIb:
2
ms2x, + (4, + A4, )sx, +(c, +¢, )% = (4, + 4, )sx+(c, +¢, )x
M,S°X, + A,5X, +C,X, = 1,8% +C,X,

rae s=d/dt — omeparop Jlarmaca.

I[J’ISI HpeI[CTaBHeHI/IH MaTeMaTI/I‘IeCKOf/’I MOJCIN B HepeMeHHBIX COCTOsIHUA peHH/IM KaXX10¢€
YpaBHCHHUC OTHOCHUTCIIBHO HepeMeHHBIX X1 U X2, KOTOpBIe 3aIllMCaHbl B CTAapIIHUX ITPOU3BOAHBIX
cooTBeTcTBeHHO. [IpeobpazoBanHas TakuM 00Opa3oM MaTeMaTHIeCKast MOACIb UMEET BHI:

X =s [— a,x +a,x+s [-ayx + azx]]
X, = s’l[— ax, +a,x, +s*[-a,x, +a,x]

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

TeHepL MOKHO 3aI1iucaThb MaTeMaTI/I'-IeCKYIO MOJICJIb B HepeMeHHBIX COCTOsAHUA, TO €CTh B BUJIC
CHUCTCMBI ,[[I/I(l)(bepeHHI/IaHBHLIX ypaBHeHHﬁ, PCHICHHBIX OTHOCUTCIIbHO IICPBLIX IIPOU3BOAHbIX:

Sy, =—ay, +taX+Yy,
Sy, =—a,y; +a,X

SYs =—a3Y; +&Y, tY,
SYq=—8,Y5 +8,X
NmenHo Takasg MOJENb peanu30BaHa B MPHUKIAJHOM Mporpamme, MO KOTOPOM MPOBOIATCS
HCCIIEIOBAHNE YAaCTOTHBIX XapaKTEPUCTHUK.
3aoanue
B coorBerctBum ¢ BapumanTtom (Ta6m.2.1) mpoBecTu uccienoBaHue W HocTpouTh ADYX
crcTeMbl (0JJHO MACCOBOM HJIM JIBYX MacCOBOIA, IO BBIXOJIAM X1 MJIH X2).
Tabnuya 2.1. Ucxoousie oanmvie

ITepBas M1, KT c1, H/MMm A1, Kr/c Bropas M2, KT C2, H/MMm A2, KT/C

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

Cooeporcanue npomokona

B nporoxkosie mpencTaBuTh 1eNb padoThl, HEOOXOUMBbIE TEOPETHUECKHE CBEJICHUS, HICXOIHbIE
JTaHHbIE B COOTBETCTBHM C BapHMaHTOM 33JaHUs, KOMHMIO MHTepdelica ¢ 3amUChi0 BBITOJHEHHBIX
HKCIIEPUMEHTOB U TIOCTPOEHUSMHU, HEOOXOAUMBIMU JJIs1 ONPEIEIIEHUS BBIXOAHBIX TaHHBIX; TaOIUIIbI
HKCIEPUMEHTAIBHBIX M pAacYeTHBIX MAaHHBIX; Trpaduku skcnepumeHTanbHBIX ADUX cucrem.
BriBoapbl.

IIpakTuyeckasi padora Ne 3. UccienoBanue ycroitunBoctu LICY no kputepuro I'ypBuna

Ilenv pabomwi: Ilpuobpemenue npakmuyeckux HABbLIKO8 OYEHKU YCMOUYUBOCNU CUCHEMbL
aA8MoMamu4ecKo20 ynpasieHus.

Teopemuueckaa yacmpo

C nomomnisto kputepus ['ypBuna ucciegoBath Ha ycroiunBocTh LICY moBoaom cymmoprta
METaJUIOPEXKYIIEro CTaHKa, CXeMa KOTOpOro rokazaHa Ha puc. 3.1, a.
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Puc.3.1. Ilpunyunuanvnan (a) u pynkuyuonanvnan (6) cxemol npusooa

[TpuBon coctout u3 ycunutens-nipeoopazosarens (I1I1), asurarens (/) mocTosHHOTO TOKa,
penykropa (P), 3agatomero norenimometpa (311) u morenunomerpa odparnoii cesizu (I10C).

[Ipexxne Bcero HEOOXOAMMO COCTaBUTh MaTeMaTH4ecKyr Mozenb mnoBoja. CoriacHo
MPUHIUITY pabOThI, TOBOJ MpeAcTaBisieT coooi 3aMkHyTYyI0 LICY, dyHKIIMOHANBHASI cCXeMa KOTOPOit
npuBeneHa Ha puc.3.1, 0. IlycTh BbIIE/ICHHBIE HAa CXEME 3JIEMEHTHI OIMUCBHIBAIOTCS CIEAYIOUIMMHU
nepeIaTOYHbIMUA (DYHKITUSMU:

3M: _U,06) . U.(s k
"0 X nm: W, (s) = élj((s)) s+t
I[: Wa (S) _ a(S) _ k() : y
U,(s) (T,s+1)s P: W (s) = Y(s) _
P GZ(S) p’

noc: (- Ul

Tenepp MOXeT OBITH MOCTPOCHA CTPYKTYpHasl CXeMa MOBOJAA, B KOTOpPOH (MpU paBEHCTBE
KOO PHUIIMEHTOB Tepeayn 3aarollero MOTEHIMOMETpa W MOTEHIIMOMEeTpa OOpaTHOM CBS3M) IBa
COOTBETCTBYIOIIUX JJIEMEHTAa Ha (YHKIMOHATBHOW CXEME 3aMEHSIOTCS OJHUM DJIEMEHTOM C
ko3 dunrenTom nepenaun K, Ha CTpykTypHOU cxeme (puc.3.2).

X S y Us K, U, K, a y y‘
Ul Tsel| | (Ms+Ds

Puc.3.2. Cmpykmypunas cxema npugooa

Takum o0Opa3oM, mnepemarodHas QGYHKIUS 3aMKHYTOH CHCTEMBI TIOCIE HECIOXKHBIX
anre0panvecKkux mpeoopa3oBaHU MPHOOPETACT BU:
k
W (S) = 0 1
(T,s+D)(T,s+Ds+k,

rie Ko — ko3 punmeHT nepeiaun CHCTEMBbI, PaBHBIH TPOU3BEICHIUIO KO3()QUIIMEHTOB niepeadun
BCEX 3BEHBEB KaHaJla MpsAMOTro AelcTBus. MTak, cuctema UMeeT XapaKTepUCTHUECKOE YpaBHEHHE 3-
ro MopsJIKa:

T, Tos*+ (Ty+ Ty) s>+ s + ko= 0.
CocraBuMm nerepMuHAHT ['ypBHIIa M HalIEM YCIOBHUSl YCTOMYUBOCTH.
T,+T,  k 0
=TT, 1 0l
0 T, +T, Kk

AHanu3 yclIOBUH YCTOMYHMBOCTH MO KpUTEpHIO ['ypBHIlAa MOKa3bIBAET, YTO €AMHCTBEHHBIM
YCIOBUEM SIBJIAETCS MO3UTHUBHOCTH BTOPOrO JETEPMHUHAHTA, IOCKOJIBKY ao0=1,Ty, pPaBHO Kak



u A=a1=T,+T,, Bcerna Oomnpie Hyas. Takum oOpa3zom, UIs YCTOHYMBOCTU MOBOJA HEOOXOAUMO,
YTOOBI:
A2= (T, + Ty) —koT, Ty > 0.

[Tocne HeCOKHBIX MTPe0Opa30BaHU MOTyYaeM eIMHOE YCIOBUE YCTOMUYUBOCTH CUCTEMBI:
1 1
T_ + T— > kO' (31)
y 0
BrimonHeHne 3Toro ycioBusi 00s3aTeabHO, MOITOMY Ha NpPAaKTHKE Bapualnued, 1moadopom
napaMeTpoB TpuBoia cTpemsrcs obOecrmeuuth (3.1). Ilpu sTomM Hambosiee ymOOHO H3MEHSTH
napameTpsl Ko 1 T, — 001munit ko3 uIpeHT nepeaayn NpUBOAA M MOCTOSHHYIO BPEMEHH YCHITUTEIISI -
npeoOpaszoBarens. B moboM cioydae 3HAU€HUS BapualMii 3TUX MapaMeTpPoOB JOJDKHBI JIEKaTh B
obnactu D, moctpoenHoii cornacuo ycnosuio (3.1) (puc. 3.3).

obracmu
HeyCmouyueblx

SHAYEeHUU

k01 — l/T()

obnacme

YCMOUYUUBHIX 3HAYECHULL

0 T, T,

Puc.3.3. Obnacms ycmoniuugvlx 3HaueHuil

3aoanue

1. [To UCXOAHBIM JAaHHBIM, B COOTBETCTBHH C BapuaHTOM (Tab6in.3.1l), MOCTpOUThH AuarpaMmy
YCTOMYMBOCTU CHUCTEMBI MO KpuTepuio ycroiuuBoctu ['ypBuma (cMm. puc.3.3). Omnpenenuthb
MaKCHUMaJIbHO BO3MOXHOE 3HaYeHHe Kod(pQuIMeHTa mnepeAayd yCUIUTENs-IpeodpazoBaTess U
MOJTOTOBUTH TAOJIUITy SKCTIEPUMEHTAIBHBIX TaHHBIX.

2. Ucnonp3ys MPUKIAAHYIO TpOrpaMMy, MPOBECTU CEPUI0 IKCIIEPUMEHTOB U PE3YNIbTaThI
3amucaTh B TaOJIHILY.

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

Tabnuya 3.1. Ucxoousie oannvie

[lepBas | Ycunumenw | Jeucamens | Bunm.napa | Brtopas | [Jeucamenv | O6p.cés13b
udpa T, c Ko, pao/cB Hen, mm nudpa Ty, ¢ Koc, B/MM
0 0,003 1,6 12 0 0,050 0,20
1 0,015 2,0 10 1 0,100 0,90
2 0,020 3,2 16 2 0,150 1,10
3 0,025 2,4 8 3 0,200 1,40
4 0,006 5,2 10 4 0,030 1,00
5 0,009 3,0 14 S) 0,025 1,20
6 0,004 4,0 16 6 0,120 0,40
7 0,045 3,6 18 7 0,015 0,60
8 0.050 5,6 20 8 0,040 0,15
9 0.005 4,5 14 9 0,035 0,52

Cooeporcanue npomokona
B mnporokone mpencraButh CTpykTypHyro cxemy LICY, nuarpammy kadecTBa, TaOIHILy
SKCHICPUMCHTAJIbHO-PACYCTHBIX  JTAHHBIX, rpa(bm( 3aBUCUMOCTHU KOMIINIECKCHOI'O 1I0Ka3aTecisd



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

IIpakTuyeckasi pa6ora Ne 4. Uccaenoanue TouHoctu LICY B pexxume IBUKEHUS 1O
rapMOHHY€eCKOMY 3aKOHY

Llenv pabomowi: [Ipuobpemenue npakmuyeckux HABLIKOE OYEHKU MOYHOCMU CUCTNEM
A8MOMamMU4ecKo20 YNpasieHus npu mecmuposanuy no 2apMOHUYECKOMY 6XOOHOMY CUSHATLY.

Teopemuueckasn yacmso

Uccnenyerca LICY noBogom, CTpyKTypHasi cxema KOTOpOro npejicTasieHa Ha puc.4.1. Bunno,
yto [ICY otrnuyaeTcss OT pacCMOTPEHHON B MpakTHYecKoi padore No5 TeM, 4TO YCHUIIUTENb-
npeoOpazoBaTeNb MPEACTABICH He OE3bIHEPIIMOHHBIM 3BEHOM, a allepUOAMYECKUM |-T0 mopsiika.
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Puc.4.1. Cmpykmypuasa cxema uccneoyemou LICY

J1is TaKko# CHCTEMBI BaXKHBIM M TICPBOCTEIICHHBIM SIBJIIETCSI BOIIPOC yCTOWYUBOCTH. [1oaTOMY
nepea HadaloM JSKCIICPUMCHTAJIIBHBIX I/ICCJICIIOBaHI/Iﬁ HCO6XO[[I/IMO OnpeaACIiuTb MAaKCHUMAJIbHO
JonycTuMoe 3HaudeHue koddduimenta K, mepemaum ycuiauTeNns-mpeoOpa3oBaTelis, MOJIb3YACH
dopmymoit (3.1) ¢ y4eroM 3aBHCHMOCTH ISl ONpEIeNieHUus oOimero koddduimenta mnepenadyu
MOCIeI0BaTENbHO COeTMHEHHBIX 3BeHbeB LICY:

ko =k kK, k

y 0 toc “en”

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

3aoanue

1. ITo UCXOHBIM JAHHBIM, B COOTBETCTBUU € BapuaHTOM (Ta0:1.4.1), paccuutaTh MaKCUMaIbHO
JonyCTUMBINA KoddduimenT Ky, nepenaun ycunurens-npeoOpa3oBaress, U MOArOTOBUTh TaOIHILY
HKCIEPUMEHTAIbHBIX JAHHBIX.

2. Ucnonb3ys NpUKIAJHYI0 IpOrpamMMmy, BBIOpAaTh IUAna3oH M I[Iar MU3MEHEHMs] 4acTOTbI
BXOJHOro curHaia. IIpoBecTu cepuio SKCIEpHUMEHTOB (I KaKIOro 3HadyeHus kod(pduimeHrta
nepesayn), 3amuchiBasi pe3ysibTaThl B TaOJIMIly, @ 3aT€M MOCTPOUTH I'padUKH SKCIIEPUMEHTAIBHBIX
3aBUCUMOCTEH.

Tabnuya 4.1. Hcxoownsie oanmvie

1311?11&?;; Ty Ko, pao/cB To, ¢ 1131?/1(()1}));; Hen, 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

Cooeprcanue npomokona



B mporokone mnpuBectn cTpykTypHyro cxemy LICVY, cooTBeTcTByrOIIME pacyeThl
Ko3(duureHTa nepeaaud ycuiIuTens-npeodpazoBaTess, TaOIUIy 3KCIEPUMEHTAIbHBIX JIaHHbIX,
KONHMI0 uHTepdeiica NPUKIAIHOW NPOrpaMMbl I KaKOro-TMOO SKCHEpUMEHTa, Trpaduku
9KCHEPUMEHTAIbHBIX 3aBUCUMOCTEN. BBIBOBI.

IIpakTuyeckass padora Ne 5. OmnpenesieHne XapaKTePUCTHK JJIEKTPOMEXaHUYECKOT0
NPHUBOJAA

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 3IEKTPOJABUTATENs | MOCTOSIHHOTO TOKa, PeIyKTopa 2 U Harpy3KH, Halpumep,
HIUHACIA 3.

1 2

Puc.5.1. Cxema InekmpomexanuuecKkoil cucmemol

YPaBHeHI/ISI ABWIKCHUS JABUTATCIISI TIOCTOAHHOI'O TOKa IIpU HpeHe6pe)KeHI/II/I SABJICHUAMUA
BTOPOTO MMOpAJAKAa UMCCT BU:

deeue + M

osuz dt 17

e Mosus, 1 osuey {296u- — MOMEHT JIBHDKEHHSI, MOMEHT MHEPIIMU POTOpA U YIJIOBasi CKOPOCTh
aBuratensi, M1 — MOMEHT Harpy3ku Ha Baily jaurarens. C Apyroid CTOpPOHBI, B COOTBETCTBHH C
AIEKTPOMEXAHUYECKON XapaKTEPUCTUKOW IBUTATEIS:

M osue = kz)U - k.wQ (52)

rae Ky — k03 (UIHMEHT TPONOPIHOHATBHOCTH MEXAy HampsbkeHueM U ¥ MOMEHTOM
JBIDKeHUS, Ky — KOAQUITUSHT HAKIIOHA IICKTPOMEXaHHUYECKOM XapaKTePUCTHKH.
PenykTop MoxeT ObITh NpescTaBleH 0e3bIHEPIIMOHHBIM 3BEHOM:

Ql = stue kpez) ! (53)

rie {2/ — yrioBas CKOPOCTh BBIXOJHOTO BaJia peIyKTopa, Kyeo — K03 GUIMEHT nepenayn.
B xoneuHOM uTOTE, ypaBHEHNE ABHUKEHUS Bajla HATPY3KHU:

do
IE+/1Q+ﬂ([th—ledt)+ M =0, (5.4)

rae M, I, 2- mone3Hbpld MOMEHT, MOMEHT HWHEPIIMH M YIJIOBask CKOPOCTh Harpysku, [ -

KpyTHJIbHAA XCCTKOCTD, A- KOE)(b(I)I/ILII/ICHT BA3KOI'0O TPCHUA. Takum 06pa30M, YPaBHCHUC CBA3U,
KOTOPOC MOKAa3bIBACT, HA UTO PACXOAYCTCA IMOJIC3HAA YaCThb MOMCHTA JABUTATCIIA, UMCCT BU !

M, =k,,,B(] ©,dt - [Qadt) (5.5)
[To monydeHHOW MaTEeMaTHYECKOH MOJENH, KOTOpas COCTOMT u3 ypaBHeHuit (5.1-5.5),
IIOCTPOEHA CTPYKTYpHAsl CXEMa AIEKTPOMEXaHNYECKOU cucTemsl (puc.5.2).

M =1 (5.1)

ouz

osue !
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Puc.5.2. Cmpykmypnasa cxema 31eKmpomexaHuiecKoi cucmemol

Ha cxeme ectb 1Ba BXoja: OJMH IO YHpaBismomeMy BozieiictBuio U, a BTOpoi - 1o
BosMyieHuto M. He cmotps Ha TO, 4To 1o ucxogHou cxeme (cM. puc.5.1) cucrema KaxkeTcs
Pa30MKHYTOI1, Ha caMOM JieJie OHa 3aMKHYTa ¢ 0OpaTHBIMH [TOTOKaMU cUrHajioB. [1o pazpaboranHoH
MaTeMaTHYECKOW MOJEIH 3JICKTPOMEXaHWYECKOTO MOBOAA MOKHO INPOBOJAUTH IpEABAPUTEIHHBIC
UCCJICIOBaHMS C LEJIbIO0 ONPEENICHHUs XapaKTepUCTUK, OLIEHKH KaueCcTBa U BbIOOPAa HEKOTOPBIX €ro
napameTpoB. Takoi 3Tan mpeaBapuTeIIbHOTO MPOSKTHPOBAHNUS BCET/IA JIOJDKEH MTPUCYTCTBOBATH TIPU
pa3paboTKe CUCTEM U 0OBEKTOB aBTOMATUYECKOI'O YIPABJICHUS U ABISAETCS YPE3BBIYANHO Ba)KHBIM,
TaK KaK HMMEHHO 3JIeCh OIPENENAIOTCS OOIIMe HaNpaBiICHUs YAOBJIETBOPEHUS TpeOOBaHUAM
TEXHUYECKOT'0 3a/1aHUs U yIyUIIEHUS XapaKTePUCTUK CUCTEMBI.

Hanpuwmep, M3BeCTHO, YTO MEPEIATOYHOE OTHOIICHWE PEAYKTOpa CYIIECTBEHHO BIMSET Ha
JUHAMUYECKHE XapaKTePUCTHUKU  3JIEKTPOMEXaHM4ecKoro mnpuBoaa. OleHKa MNepexOoHbIX
XapaKTEPUCTHK CUCTEMBI, ITPEICTABICHHOHN pa3paboTaHHON MaTeMaTHYeCKONH MOJIENBIO, TIPH PAa3HBIX
3HaYeHUAX KO3 PUIMEHTA NepeJaun peAyKTopa MO3BOJIET PEIIUTh TaKyIo 3ajauy.

3aoanue

1. ITo MCXOTHBIM JaHHBIM, B COOTBETCTBHUHU C BapHaHTOM (Ta0:.5.1), onpenenuTh cTaTHYecKue
XapaKTEPUCTHKHN DJIEKTPOMEXaHWYECKOTO TIOBOJA ISl PA3HBIX 3HAYEHUH HANpPSOKEHHS MUTAHUS
JIBUTATeNs M TOCTPOUTh COOTBETCTBYIOIIME Tpauku. (/nanmazoH W3MEHEHHs HaNpsKEHUS
oTpeIeNsieT MPEroIaBaTensb).

2. IlpoBecTu cepuio 3KCIEPUMEHTOB MO0 MOJICIUPOBAHUIO MEPEXOTHON XapaKTEPUCTUKU TpU
pa3HbIX 3HaUeHHUX Koddduimenta K, mepenauu peaykTopa, BBIMOIHUTE HEOOXOAUMBbIC H3MEPEHUS,
paccuMTaTh KOMIUIEKCHBIN MOKa3aTesb A U MOCTPOUTh COOTBETCTBYIOIMH IrpaduK A onpeaeIeHus
ONTHUMAJIBHOTO TI0 OBICTPOACHCTBHIO KO3 durreHTa K.

Tabnuya 5.1 Ucxoousie oanmvie

[MepBas ly Ko K, Ky Bropas I B A

mudpa KIM? Hwm/B | Hwmc/pan uudpa KIM? Hwm/pan | Hmc/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

Cooeporcanue npomokona



B mporokose npencTaBUTh CTPYKTYPHYIO CXeMY 3JIEKTPOMEXaHMUECKOW CHCTEMBbI, TaOJIUIIbI
9KCHEPUMEHTAJIbHbBIX JJAHHBIX, COOTBETCTBYIOIME I'PaUKN CTATUYECKUX XapaKTEPUCTHK U rpaduk
3aBHCUMOCTH KOMIUIEKCHOTO IOKa3aTelsl IWHAMHYECKOT0 KayecTBa OT KO3 (UIMEeHTa Mepenadn
pelyKTOpa, KONUIK uHTepdeiica NpUKIAJHOW MNporpaMMbl € MEPEXOJHBIM IPOLECCOM IpU
ONTUMAJILHOM IO OBICTPOJCHCTBHIO 3HAYEHNH K03 (DUITEeHTa TIepeiaun peayKTopa. BeIBOIbI.

IIpakTnyeckass padora Ne 6. OmnpeleneHue XapaKTepUCTHK THIPOMeXaHUYECKOI0
NMpUBOAA

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

Teopemuueckasn yacmo

Ha puc.6.1 mpencraBieHa TuApOMEXaHHYECKas CHUCTEMa — MPUBOJ MOCTYHATEIEHOTO
nBrkeHus. [IprBo COCTOUT M3 THAPABIMYECKOTO HUIMHPA 1, IITOK KOTOPOTO CBSI3aH C CYMITOPTOM
2 (Harpy3Koii) MeXaHH4eCKOH CBA3bIO C )KECTKOCThIO ¢. CyNmopT NepeABUraeTcs o HapapsoIIUM
3, KOTOpbIe XapakTepHu3yITCs KOI(D(UIMEHTOM BSI3KOTO TpeHUS A, a CKOPOCTh PETYIHPYeTCs
THIpaBInYecKuM japocceneM 4. Takum oOpa3oM, cUCTeMa UMEET YNPaBIISIONIHA BXO (OTKPBITHE X
Jpoccens) W BO3MYILIEHHME — CWIy THone3Hoi Harpysku F. llenbio ympaBnenust sBisercs
HiepeMelieH e CyIIopTa ¢ 3aaHHoi ckopocThio dy/dt mo koopauHare Y.
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Puc.6.1. I'uopomexanuueckas cucmema

JIBukeHue cynmopra MOXeT ObIThb omucaHo JuddepeHlraIbHbIM YpaBHEHHEM BTOPOTO
HOpsIIKa:

d 2
m—¥+ﬁﬂ+c(y—yl):F, (6.1)
dt dt

rae m — Macca cynmnopta; A - Ko3pGUIUEHT BI3KOT0 TPeHUs; Y — IepeMelnieHne maccol; F —
THOJIe3Has! Harpy3Ka.

['mapaBiavueckuil HWIMHAP C MOJE3HOW IUIOMaAbi0 P MopuIHs J0/bKeH OBITh MpeACTaBiIeH
JIBYMsI ypaBHEHUSIMHU, KOTOpbIE€ OTBEYAIOT KMHEMAaTUYECKOMY M CHJIOBOMY BO30ykaeHHto. [lepBoe
OTMCHIBAET JIBWKEHHUE 10 pacxoay Q Macia yepes3 HUIHHID:

Y, =I9dt, 6.2)
P
a BTOpOC — U3MCHCHHUEC JAaBJICHUA B IIOJIOCTHU:
F
= 6.3)

Pacxon macna depe3 apoccenb 3aBHCUT OT OTKPBITHSL JAPOCCENMPYIOUIEH IIeTu U IMepernaja
NABJIEHUS HA HEWU:

(6.4)




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

K marematiueckoi Moiesii He00X0IMMO MPUOABUTh YPaBHCHUE CBS3H:

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

[To monydeHHOW MaTEMaTHYECKOH MOJEIH, KOTOpas COCTOMT U3 ypaBHeHHil (6.1-6.5),
MOCTPOEHA CTPYKTYpHAasi cXeMa TuJpoMexaHnueckoil cuctemsl (puc.6.2). Ha ctpykrypHOo#l cxeme
€CTh JIBa BX0J1a: OJIMH M0 YNPaBJISIOIEMY BO3JCHCTBHIO X, @ BTOPOH MO BO3MyIleHuIo F.

F
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Puc.6.2. Cmpykmypnasa cxema 2udpomexanuieckoil cucmembl

v

Jpoccenb Ha BXOA€ CXEMBI NPEACTABICH JBYMS IIepEIaTOYHBIMU (QYHKIUSMH C
JIMHEAPU30BaHHBIMU KO3 PHUIIMEHTAMH TIepeaadn Koy — 10 yIpaBisioieMy BO3ACHCTBUIO X U Ky —
1o Tiepenany AaBieHus. [Ipu MoaenupoBaHUH CUCTEMBI C MPUMEHEHUEM UYMCIICHHBIX aJTOPUTMOB
MOXKHO HCIOJIb30BaTh IEPBUUHYIO HEIMHENHHYI0 3aBUCHUMOCTb (6.4). IlocTosiHHBIE BpeMeHU
TepeIaToyHol GyHKIMN HArpy3KH B cooTBeTcTBHH ¢ (6.1) paBHsroTes: T12 = m/c, T2 = A/c. 3xaecs,
Kak M JUIsI DJIEKTPOMEXAaHMUYECKOTO ITOBOJA, MOXXHO KOHCTATHPOBATH 3aMKHYTOCTh CHCTEMBI,
KOTOpas, TeM He MeHee, He sBisieTcs LICY.

Pazpaborannass MaremaTWyeckass MOJETbh TIO3BOJIIET HA JTarne NpeaBapUTEIHLHOTO
NPOEKTHUPOBAHUS MPOBOAUTH MCCIEIOBAHUS C IENIBIO ONpPEesICHHs BIUSIHUS MapaMeTpoOB MPUBOJIA
Ha TUIABHOCTH JIBIDKEHHSI, OIICHKH KayeCcTBa YIPABJICHUS U BO3MOXXHOCTH COTIPOTHUBIICHUS BHEIIHEH
Harpyske M T.I. B 3aBucHMOCTH OT ’kelaeMoro Auarna3oHa CKOPOCTEeH ABMKEHHs pabodyero opraHa
MOYKHO TIPaBMWJIBHO BBIOpaTh COOTHOIICHHUE: JABJICHUE MUTAHUSA — T€OMETPUYECKHE TapameTphl
JpOCCesl, YTO SIBJISETCS BaKHOM 3a/auel, OT pelleHuss KOTopoil OyayT 3aBUCETh SHEPreTUYECKHe
MOKa3aTeN! MOBOJIa B 1IEJIOM.

3aoanue

1. ITo ucXOIHBIM JaHHBIM, B COOTBETCTBHH C BapuaHTOM (Ta0:1.6.1), onpenenuTb cTaTHYecKue
XapaKTEPUCTHKH FMIPOMEXaHNUECKOTO MPHUBO/IA (3aBUCUMOCTh CKOPOCTH paboyero opraHa OT CHUJIbI
MOJIC3HOW HAarpy3KH) Uil pa3HbIX 3HAUYCHUH JaBIICHHWS] MUTAHUS THAPABINYECKON CHUCTEMBI |
IOCTPOUTHh  COOTBETCTBYIOIIMKA rpaduk. (Auama3oH W3MEHEHUS JaBICHHUS  OINpeneseT
IpernojaBaTesb).

2. OmpenenuTh JUHAMUYECKHE MOKa3aTey THIPOMEXaHMYECKOrO MPHUBOJA: OTHOCUTEIILHOE
nepeperyIMpoBaHNe U 3aTyXaHHe 3a TIEPUO/IT.

Tabauya 6.1 Hcxoonwie oannvie

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




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

Cooepicanue npomokona

B nporokone mnpencraBUTh CTPYKTYPHYIO CXEMY HCCIEIYEMOM CHUCTEMBI C HCXOJIHBIMHU
JaHHBIMU, TaOJHIBl DSKCHEPUMEHTAIBHBIX MJaHHBIX, TpadUKU CTaTHYECKUX XapaKTePUCTHK,
JTMHAMUYECKHE MMOKAa3aTeIN KauyeCcTBa NEPEXOAHON XapaKTEPUCTUKU THIPOMEXaHUUECKOTO MPUBO/IA.

IIpakTyeckas padora Ne 7. Onpenenenue xapakrepuctuk HHCY nponosbHoil mogayeit
NIPY TOYCHUH

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

Teopemuueckaa uacmp

Haubonee pacmpoctpaHeHHbIi B MeTamiooOpadorke Tunm 3aMkHYThIX LICY — sto LCY,
IIPEHA3HAYEHHbIE U1  aBTOMATUYECKOTO  PETYJIMPOBAaHMs IpOLECCa pe3aHusl 3apaHee
YCTaHOBJICHHBIM 00pa3oM. Takue cucTteMbl MOTYT MPUMEHATHCS KaK Ul CTa0MIIM3aluK 3aJaHHbIX
BBIXOJHBIX IApaMETPOB IPOLIECCAa PE3aHUs, TaK M JUISI UX M3MEHEHHs B LUKIE OOpabOTKH IO
onpeneneHHoMy ainroputMmy. HawubGosee 1nenecooOpa3HO HCIONB30BaHUE TAaKMX CUCTEM Ha
3aKIIFOYUTEIBHBIX, QUHHUIIHBIX ONEPALUAX TEXHOJIOTHIECKOTO MPOoIecca.

[Tpu mexanndeckoit 00paboTKe pe3aHHeM TOYHOCTh 0OpabOTKH, B OCHOBHOM, ONpeAesseTcs
yIpyruMu AeopMaIisiMi TEXHOJIOTHYECKON CHUCTEMBI, KOTOPBIE, B CBOIO 0Y€PE/Ib, 3aBUCST OT CHIIBI
pe3anus. [loaToMy cuctema aBTOMaTHUECKOW CTaOMIM3alMU CUJIBI PE3aHUs Ha 3apaHee 33JaHHOM
YPOBHE WJIH NPOrPaMMHOIO PETyJIMpOBaHUs €€ IO 33aJaHHOMY 3aKOHY II03BOJIIET IOBBICHUTH
TOYHOCTh OOPAaOOTKH M 3HAYUTENBHO YIYUIIUTh KA4eCTBO MOBEPXHOCTH JETaJIeH.

LICY crabuin3anuy CUIIbl pe3aHus IpU TOUeHUH (puc.7.1) CMOHTHpPOBaHA HAa TOKAPHOM CTaHKE
Y COCTOMT U3 MPHUBOJIA MMOJA4YM U U3MEPUTEIIBHOIO YCTpOoUcTBa. M3MepuTenbHas nens peaatn3oBaHa
C TIOMOINBI0 JUHaMoMmeTpuueckoro mnpeoOpaszoBatens JII, koropwlii dyepe3 ycunurenb Y
oOecnieunBaeT curHan oopatHoil cBsa3u U,e, MpONOpHMOHANBHBIN cOCTaBistoIe P; cuiibl pe3anust.
[TpuBoa mojaun cocTouT U3 ycunutens-npeodpaszosatens YII, apurarens nocrosHHoOro Toka /I u
penykropa P.

d
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Puc.7.1. @ynkyuonanvnan cxema LICY cmabunuzayuu cunvt pezanusn
npu mouenuu

LCY dyaxkunonupyer cienyrommM ooOpa3zoM. Ha Bxom cHCTeMBI, K CpaBHUBAIOIIEMY
YCTpPOMCTBY noctynaer curaai U,, KOTOpbIii COOTBETCTBYET TpeOyeMOMY 3HAUEHUIO CHIIBI PE3aHUs
B ompeseieHHOM MaciiTabe. Ha BTopoif BXoa CpaBHUBAIOIIETO yCTpOHCTBA TocTymnaeT curiai U,
BbIpabaThIBaeMblil JUHaMoMeTpuyeckuM npeodpazosareneM I u ycunutenem Y. Takum oOpazom
HamnpsikeHue Uye MpOmopIMoOHANIbHO pealbHOMY 3Ha4yeHHIO cuibl pe3anus. Ommoka oU=U,—U,.
MOCTyMaeT Ha BXoj ycuiurens-nipeodpaszoBatens YII, kotopslii BeipabareiBaeT Hampsikenue Uy



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

Kak ynpasnsemsblii 00bektT B LICY Bxomut npouecc pesanust IIP, KoTopblii mpoucXoauT B
3aMKHYTOM TEXHOJIOTHYECKON 00pabaThIBAIOIICH CUCTEME.

Maremaruueckas mozenb LICY cocrouT u3 MaremMaTH4ecKuX MOJENEH 3JIEMEHTOB,
COCTAaBJIAIOLIMX CHCTEMY. Y CHUIMTENb-IIpeoOpa3oBareib ONUChIBaeTCs U (depeHInalbHbIM
YPaBHEHUEM IIEPBOTO MOPSIJIKA,

du,

T

yn

+U, =k, (7.1)

HO €ro XapakTepUCTHKa HeJIWHEWHas Tuma
“nacermenus’”’ (puc. 5.34):

U,=k, U, eciu <

Puc. 7.2. Xapaxmepucmuxa U,=U ., ecm =2
ycunumens-npeoopazasameis
rae Ky, Tyn — K03 PHUIHUEHT yCHICHHS U TOCTOSIHHAS BPEMEHHU YCHUITHTESI-IPeoOpa3oBarTesis;
Umax — HaIlIpspKEHUE HACHITIICHUSI.
JlBurarens TOCTOSHHOTO TOKa OMHUCHIBaeTCs IuepeHIInaIbHBIM ypaBHEHUEM BTOPOTO
nopsijiKa:

do,

d2
TT, —2 47,

dt

rae Ko, 7o, Ty - xodpduIMEHT mnepenayu, MOCTOSHHbIC BPEMEHH (IJIEKTPOMArHUTHAs WU
MEXaHUYeCKasi) JIBUraTels.

Penykrop, TEH30METpHUYECKMM JAMHAMOMETP M DJIEKTPOHHBIN YCHUIIUTENb OINHCHIBAKOTCS
JUHEHHBIMU ~ YpaBHEHUSMM, KOTOPbIE  COOTBETCTBYIOT  O€3bIHEPLIUOHHBIM  3BEHBSIM  C
kodhduientamu nepeaadn: Ky, Kon, Ky.

OxBuBajeHTHbIE ynpyrue cucreMbl (AYC) No COOTBETCTBYIOMIMM OCSIM KOOpPAMHAT MOTYT
ObITh MpenacTaBieHbl AU(QepeHInanbHBIME  ypaBHEHUSAMH BTOPOrO  MOpPSJKA, Kak  JJs
OJIHOMAaCCOBBIX CHCTEM:

+o,=kU,, (7.2)

2
P = md—éz‘x+/1@+cx5x;
dt dt

d’oy  ,doy
P=m——+A—=+cCJy;
=M g POV

rje M— macca cynnopra; A - Ko3pQUIHEeHT BA3KOro TpeHus (Cuiia TPeHUsI MPONOpLHOHAIbHA
CKOPOCTH); Cx, Cy — ’KECTKOCTHU T10 COOTBETCTBYIOLIEH KOOPAUHATE.

Ipouecc pezanust ITP MoxeT ObITH MPEACTaBICH yPaBHEHUEM, CBSA3BIBAIOLUINM (aKTUIECKUE
BEJINYMHBI TT0/1a41 Sy M TITyOnHBI Hy, pe3anns ¢ cocTaBistomei P; critel pe3aHust:

— QY np
P,=CHSN™, (7.4)
rae  Cp, Xp, Yp, Np — dMOHpudeckue KOdPPHUIMEHT U MOKazaTelau cTerneHu, V — cKopocTh
pe3aHusl.

bnox I'C BeImonHseT ornepanru B COOTBETCTBHUU C TCOMETPUUCCKMMU COOTHOMICHUAMU MEXKIY
COCTaBJIAIOIMIMMUA CUJIBI PE3aHUA:

(0.6P)° . .
P, 1+tgz((p+77)’ P =P, t9(p+mn), (7.5)
I7I€ @ — IJIaBHBIMA yroJl B IUIaHE PE3La, 77 — YIOJI CX0J1a CTPYKKH.
C yueToM puBECHHBIX BhIlE ypaBHeHUH (7.1-7.5) 1 cBsi3eit GyHKIIMOHATBHOM CXEMBI 110 PHC.
5.30, matremarnueckyro moaenb Becer LICY Hano JOMONHUTE CleyIOIUMHU 3aBUCUMOCTSIMU:

(7.3)




U =U -U_:
S,=wk,;

dox
S, =S, ——; 7.6
@ 3 dt ( )
H,=H, -,
ch:@/.kdn‘ky;

Takum oOpa3om, crabuIM3anUs CUJIBl pe3aHus Ha TpeOyeMOM YypOBHE, KOTOpBIH B
olpe/ielIeHHOM MaciuTabe oTBevaeT 3aJjaHHOMY HanpsbkeHuto U, Ha Bxoze LICY, npoucxoaut no
CYET YINPAaBJICHMs IPONOJIBHOW monayei. IIpu TodyeHuM nertanu, NPUITYCK KOTOPOM HM3MEHSETCH,
peryaupoBaHue [101a41 JI0JKHO IPOUCXOAUTh TaK, YTOOBI CHJla Pe3aHUs OCTaBajach MOCTOSHHON Ha
Bceill nmmHe 00padotku. Ho xadectBo padotsl LICY menmkoM 3aBUCHT OT €ro MapaMeTpoB, a TAKKe
OT IapaMeTpoB TeXHOJIOrn4eckoil oopadateiBatomieit cuctemsl (TOC) rae UMEHHO U peanu3yeTcs
npouecc TodeHus. [lodromy BakHeWIIEH 3amadell NpHU IPOECKTUPOBAHMM CHCTEMBI SBISETCA
IPaBUIbHBIM BBIOOp €€ MapaMeTpoB, a MPHU IKCIUTyaTalliM — OL[EHKa KauyecTBa B 3aBUCUMOCTH OT
napameTpoB TOC, KOTOpbIE B JAHHOM CJTy4ae SIBJISIFOTCSI BO3MYIIICHUSIMH.

3aoanue

1. ITo MCXOTHBIM JaHHBIM, B COOTBETCTBHH C BapHAHTOM (Tabi1.7.1), MpOBECTH MOJICITMPOBAHKE
C LIETIBIO OIIPENIEICHM S KaueCcTBa epexoaHoN xapakTepucTiku LICY 1o KOMIUIEKCHOMY ITOKa3aTelto
(cmotpu popmyity (5.2)) u TouHOCTH 110 oKOKe OP oT cienyronux napamerpos LICY:

1) oT ko3 unmeHTa nepeaadn peayKTopa;

2) 0T XeCTKOCTH Cx ynpyroi TOC;

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

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

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

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

2. BpiOupas mar uM3MEHEHHUs 33JaHHOTO IMapaMeTpa, MPOBECTH SKCIEPUMEHTHl Ha BCEM
JIara3oHe ero U3MEHEHUs, ONPeIeINTh HEOOXOIUMBbIE (CM. BBIIIE) AMHAMUYECKUE XapaKTePUCTUKU
Y 3aIlUCaTh Pe3yJIbTaThl B COOTBETCTBYIOIIME TAOJIUIIBI.

3. Ioctpouth TrpapuKy SKCHEPUMEHTANBHBIX 3aBHUCUMOCTEH KOMIUIEKCHOTO IOKa3aTess
KayecTBa M OHIMOKM OT YyKa3aHHbBIX Bblmie napamerpoB LICY. Omnpenenuts auHaMHUYecKue
nokazarenu LICY: oTHOocuTeNnbHOE NIEpEPEryINPOBAHNE U 3aTyXaHUE 3a MIEPUOLI.

Buumanue! 110ckonbKy UCXOAHBIE JAHHBIE 33JJaI0TCS CIIYYalHO, HE MUCKITFOYAETCS CUTYAIlus,

korga LICY okasbiBaeTcsl HEYCTOMUMBOM, TO €CTh COBCEM HE NMPHUTOJHON K (YHKIIMOHHPOBAHUIO.
CooOmuienust 06 3ToM, B TAKOM cllydae, MOSABIISETCS Ha 3KpaHe MOHUTOPA BO BPEMS MOIEITUPOBAHUS.
Pexomenaruu 11s pereHus Takoi npoosieMbl — 1EHCTBOBATh B CIEAYIOLIEH MOCIIeI0BATEIbHOCTH:
1) wu3MeHsATh mapamerp, B QYHKIIMH KOTOPOTrO aHAIU3UpyeTcs auHamudeckoe kadectBo [[CY B
JMana3oHe, yKa3aHHOM B 331aHUH;
2) ecnu B pe3yibTare BhIMONHEHHS 1.1 He ymaercst obecrneunts moctossHCTBO LICY, ymMeHbmaTh
kodpduuueHt nepenaun npsmoro kaxana LICY 3a cyer ymeHbIneHUS KOd(p(UIMEHTa YCHICHUS
TPAH3UCTOPHOTO (TUPHUCTOPHOTO) TipeoOpa3oBarens. [lomydeHHBIE TakuM 00pa30oM HOBBIM
KO3(PUIIMEHT 3aHECTH B UCXO/IHBIE JAHHBIE C COOTBETCTBYIOIIMM KOMMEHTaPHUEM.

Tabnuya 71.1. — HUcxooHvle Oanmubie
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0O | 200 | 30000 | 100 | 1200 | 200 | 30 | 0.001 | 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 nporoxkone npencraButh CTpyKTypHYyto cxemy uccieayemoi LICY ¢ ncxonHbIMu TaHHBIMH,
Konuio MHTepdeiica Mpu MOACTUPOBAHUU, TAONHIIBI SKCIEPUMEHTANBHBIX JaHHBIX, TpauKu
COOTBETCTBYIOLIMX 3aBUCUMOCTEMN. BBIBOIBI.

IIpakTnyeckas padora Ne 8. UcciienoBanue BJMSIHUSA acTaTu3Ma Ha kadyectBo LICY

Ilenv pabomur: [Ipuobpemenue npakmuyeckux HABbLIKO8 IKCNEPUMEHMATLHO20 ONnpedeneHUs
napamempog [ IH-pezynsamopa.

Teopemuueckasa uacmpo

Uccnenyroress nse LICY: wucxomgHas cucreMa ¢ acTaTU3MOM II€pBOrO  MOpPSAKa,
npeoOpaszoBanHas (¢ [IM-perynaropom) — cuctema ¢ acTaTU3MOM BTOPOTo nopsijaka. M3BecTHo, 4yTo
JUISL OLEHKM TOYHOCTHU AaCTaTMYECKHUX CHCTEM BTOPOIrO MOpPSAJKAa HCIOJB3YETCS YIpPaBIIAOIIEe
BO3/ICHCTBHE B BUJIE CUTHAJIA C IOCTOSIHHBIM ycKopeHueM. [Ipu Takom pexxumMe paboThl acTaTHUECKast
CHUCTEMa BTOPOrO MOpsAAKa MMEET OMMOKY, MO BEIMYMHE KOTOPOM MOXKHO MPOBOJUTH OLIEHKY
kadgectBa LICY u npouecca peryiaupoBaHus. Y cTaHOBUBIIasiCS ommnoOka actarnueckoii LICY nepsoro
MOpSAJIKa B 3TOM ClIydae OyJIeT CTPEMUTHCS K OECKOHEYHOCTH.

3aoanue

B cootBeTcTBUM ¢ BapuaHTOM (Tab11.8.1) mpoBecTH CAeAYIOMNE UCCIEOBAHNUS.

1. YcTaHOBHUTH SKCIEPUMEHTAIbHO MHUHUMAJIbHOE 3HAa4€HHE IOCTOSHHOM BpeMeHu I[IM-
perynaropa, npu kotopoit LICY tepsier ycroitunBocth. OnpenenuTs AUAna3oH W MIar W3MEHEHUs
MOCTOSIHHOM BpeMeHU T, U OATOTOBUTH TaOJIHILy SKCIIEPUMEHTAIBHBIX U PACUETHBIX TAaHHBIX.

2. [IpoBecTH AKCTIEPUMEHTHI TIPH CTATHYECKOM PEKUME PaOOTHI M PACCUNATATh KOMITJICKCHBIN
kputepuit kauecta LICY ¢ [TU-perynstopom.

3. Y6eautncs B ycrpanennu ckopoctHou omuoku 1yist LICY ¢ T[T -perynstopom.

4. IlpoBecTH 3KCHEPUMEHTHI NpPU IBUKEHUM C IOCTOSHHBIM YCKOPEHHEM M OIPEAEIUTH
TOYHOCTb PETYJIHPOBAHMUS.

5. OGpabortaTb pe3yibTaThl AKCIEPHUMEHTAIBHBIX  HCCIEAOBAaHMH W  MOCTPOUTH
COOTBETCTBYIOIIHE TpadUKH.

Tabauya 8.1. Hcxoouvie oannvle



ITepBas Yceunurenb-npeodpa3zoBaTeb Bropas JlBuraresnb

ugpa Ky T, C nudpa Ko, paod/cB Ty, ¢
0 10 0,012 0 0,5 0,08
1 15 0,025 1 1,0 0,09
2 7 0,030 2 1,5 0,11
3 8 0,003 3 2,0 0,14
4 9 0,006 4 0,8 0,10
S) 12 0,004 3) 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

Cooepotcanue npomoxona

B mporokone mnpencraButh CTpyKTypHble cxembl ucxoaHod LICY u cucremsr ¢ I1U-
PEryasTOpoM, HCXOHbIE JaHHbIE, KOMUIO UHTepdeiica 11 KaKoro-mmdo pexuma padoThl, TaOIUIy
OKCIEPUMEHTAIBHBIX W PAaCYETHBIX JaHHBIX; Tpa(UKH SKCIEPUMEHTAIBHBIX 3aBUCHMOCTEH.
BriBoapl.

TunoBoi npuMep 3aaHus

IIpakTuyeckas padora Ne 8. UccienoBanue BJAMAHUA acTaTu3Ma Ha kadecTBo LICY

Llenv padomui: [Ipuobpemenue npakmuieckux HAGbIKOE IKCNEPUMEHMATLHO20 ONnpeoeneHUs
napamempog IIH-pezynamopa.

Ilpakmuueckaa uacmp

Ha puc.8.1 mnpencraBnen wuHTepdeiic NpUKIATHOW HPOrpaMMbl, C TOMOIIbIO KOTOPOH
BBIIIOJIHSIFOTCSL DKCIIEpUMEHTalbHbIE uccienoBanus. [Iporpamma «IIM perynsarop» HaxoauTes Ha
nucke. MHCTpYKIIMU M MOSICHEHUS JUIsl pabOThI ¢ IPOrpaMMOi cojieparcs B caMoil mporpamme u
HOSIBJISIFOTCS] HA SKpaHe MOHUTOpA Mpu Hakatuu kHonku Help.

ITocne aktuBuzanuu mnpukiaaaHoil nporpammel «LCY c IIM-perynstopom», KoTopas
HaXOJUTCsS HAa JUCKE, Ha TJaBHOM MHTepdeiice 3aJaroTcsi UCXOAHbIE JAHHBIE B COOTBETCTBUH C
BapHaHTOM.

IIpn wccnenoBaHuM BIUSHHAA TIOCTOSHHOM BpeMeHu [IM-perymsaropa Ha KadecTBO
pEryJaupoBaHKs YCTAHOBUTh CTATHYECKUN PEKHUM U IPOBECTU CEPUI0 IKCIIEPUMEHTOB ISl OLIEHKHU
KOMIUIEKCHOTO KpuTepusi A KadecTBa, B COOTBeTCTBHU ¢ (opmynon (5.2). H3mepenue
HKCIIEPUMEHTAIBHBIX JaHHBIX, HEOOXOAUMBIX JUIS pacueTOB, IPOBOAUTCS MO ocLmiuiorpammam. [lpu
3TOM JIJISl HCXOJHOU CHCTEMbl KOMIUIEKCHBIN KpUTepUil A paccuuThiBaeTcsl oAuH pa3, a A LICY ¢
[T1-perynsTopoM — Al BCero BHIOPAHHOTO JAMANa3oHa HW3MEHEHHs! TOCTOSHHOW BpEMEHH .
Jnana3oH M3MEHEHUsI TOCTOSHHOW [, BpPEMEHHU OMpenessieTcss OT 3HadeHus, npu koropom L[CY
CTaHOBMUTCS HEYCTOMYMBOM, B CTOPOHY YBEIMUYEHUS. DKCIIEPUMEHTAIBHBIE JaHHBIE 3alIMCHIBAIOT B
TabJIMIy, TPUMEpP KOTOPOU MpPe/ICTaBIeH HUXKE.

Tabauya 8.1. OxcnepumenmanvHvie u paciemuvie OaHHbIE

No T ¢ CTaTndecKuil pexnm JIBMK. C IOCT yCKOpEHUEM
B " Otmax, 2paod ty, C 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 12350 | 300 | 61,75 | 2,2
9 0,05 Cucrema HEYCTOWYNBA

3aTeM BHIOMPAETCs 3aKOH JBUKEHHS C MOCTOSHHBIM yckopenueM (2 pam/c?). Ha puc.8.1 Ha
n300paxeHnn ocumuiorpadoB muHueH 1 0003HaueH 3aKOH JIBHYKEHUS, KOTOPBIN 331aeTCsl, a THHUEH

2 — aKTUYECKUI 3aKOH JIBH)KCHHSI, BOCIIPOM3BOIUMBIN pab0OYrM OPraHOM.

HcxonHan cHeTema Cuctema c MH-perynaropom
Wcxoanne napamerpsl

YHeunrens-NpectpasosaT.
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Puc.8.1. Hccneoosanue enuanus nocmoannou epemenu INH-pezynamopa
Ha mounocmo IJCY

&0

40

Bpema, ©

[Tpy BBIMOJHEHMH SKCIEPUMEHTOB OIpPENENsIeTCsl 3aBUCUMOCTb YCTaHOBUBLIECHCS OIIMOKU
yepe3 | ¢ mocne Hayajla MepexoJHOro mpolecca OT MocTosHHOM T, Bpemenu IIM-perymsropa.
PexoMenayeTcss HaUMHATh SKCIEPUMEHTBI C MAKCUMAJIBHON BEJIMYMHBI IIOCTOSIHHON BpemeHu [1H1-
perynsTopa, a 3aTeM MOCTENEHHO, COIVIACHO BbIOpAaHHOMY IIary, yMEHbIIaTh €€ A0 BEIUYHUHBI, IPU
KOTOPOM CUCTEMA TEPSIET YCTONYUBOCTD.

Ha puc.8.1, a npeacraBien unHTepdeic NPUKIATHOW MPOTrpaMMbl HPU MOAETUPOBAHUU
UCXO/IHOM cucteMsl (creBa) U cucteMsl ¢ [IM-perynsaropom, KOTOpbIi MMeeT MOCTOSHHYIO BPEMEHU
0,7 c. OmubKka NCXOMHOM CHCTEMBI, KOTOpas ycTaHOBMIAch yepes 1 ¢, pasusercs 13,4, a ommbka
cucremsl ¢ ITH-perynaropom — 8,1°. Kpome Toro, MozenupoBaHue 1mo3BonseT yoeauThes, 9To s
MCXOJHON CHCTEMBI OIIMOKa ¢ TEUEHUEM BPEMEHHU yBeInuuBaercs, To ecTh Takast LICY He cnocoOHa
paboTaTh B 3aJlaHHOM pexume paboTsl. [IpeodpazoBannas LICY OyneT moanepxuBaTh HOCTOSHHOE
3HaYeHHe YycTaHOBUBIIEHCS omuOku. ['padmku sKCHIEpPUMEHTANbHBIX 3aBHUCHUMOCTEH OIIMOKH,
KOTOpasi yCTaHOBMJIAch yepe3 lc, M KOMIIEKCHOrO Kputepus kayectBa A oT T,, IOCTPOECHHBIE MO
W3JI0KEHHOM METOAMKE, MpeacTaBiaeHbl Ha puc.8.2. Tam ke, Il CpaBHEHMs, NMPSAMOM JIMHHEH,
napaiebHOW ocu abciuce, TOKa3aHo 3HaueHHe KOMIUIEKCHOTO KPUTEPHs U1l UCXOIHOW CUCTEMBI.
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Puc.8.2. 3asucumocmo ycmanoguguieiica owuoxu (uepes Ic) u kpumepus A
om nocmosannou epemenu IH-pecynamopa

VYMeHbllIeHHe NMOCTOSIHHOW BpeMeHH [IM-perynstopa MONOKUTEIBHO BIMAET HA TOYHOCTh

CHUCTEMBI, HO IIOCJIE HEKOTOPOM BENMYMHBI NOCTOAHHOW BpeMeHu [IM-perynaropa cucrema tepsiet
YCTOMYMBOCTb, TO €CTh CTAHOBHUTCS HE CIOCOOHOM K (YHKIMOHUPOBaHHUIO. Takoil ciydaid
3auKkcHpoBaH Ha puc.8.1, 0, Koraa mocrositHHas BpeMeHu 1, < 0, /c.

7.3. OueHo4Hble cpeaCcTBA IS NMPOMEKYTOUHON ATTECTAIMM MO MTOraM OCBOEHMS

JAUCHHUILIHHBI

7.3.1. Bonpochl K NPOMeKYTOYHOM aTTecTaluu

Cemectp 2

Ne

o/ Bomnpocel k 3k3amMeny

1 OcCHOBHBIE IOHATHS U ONIPENETICHUS

2 CopneprxaHue MOHATUH: «CHCTEMa YIPABICHUA», «OOBEKT YIPABICHUS», «YIPABIAIONINE U
BO3MYILAIOIIME BO3JIEHCTBUS», «YHPABISAIONLINE KOOPAUHATHI

3 Knaccugukaius cucteM aBTOMEXaHUYECKOT0 YIPABICHUS

4 [TpuHIMIT Pa30MKHYTOTO YIIpaBJIeHUs. YIpaBJIeHUE 110 BO3MYIIEHUIO U OTKJIIOHEHUIO

5 OCHOBHBIE BU/IbI AJITOPUTMOB (DYHKIIMOHUPOBAHUS

6 Knaccudukanus cuctem 1o xapakrepy nepeadn CUTHaJIOB

7 Knaccugukaius cucteM 1o OCHOBHBIM BU1aM YPaBHEHUH TMHAMMKH MTPOIIECCOB
yIpaBJICHUs

8 MaTemaTHuecKOe ONMCAaHUE JIMHENHBIX CUCTEM

9 MaremaTtnueckoe MoaenupoBanue 31eMeHToB LICY

10 | Knaccuduxanus snementos LICY. CtaTucTuueckne U JUHAMUYIECKHAE XapaKTEePUCTHKH
DJIEMEHTOB

11 | JIuneapuszanus HelMMHEHHBIX AU} epeHnaNIbHbIX YPAaBHEHUH JUHAMUYECKUX PEKUMOB
pabotsl anemenToB LICY. CrangapTtHas ¢popma 3anucu aupdepeHnanbHbIX YpaBHEHHH

12 | OcHoBHbIC CcBOMCTBA NpeobpazoBanus Jlamiaca

13 | XapaktepucTuku AMHAMUYECKuX 3BeHbeB LICY

14 | IlonsTHEe O AMHAMHYECKOM 3BEHE. XapaKTepUCTUKH JUHAMUYECKOT0 3BEHA, IIepe1aTOuHbIe
(yHKLIMH, YaCTOTHbIE XapaKTEePUCTUKH (aMILTUTYAHbIE U (a30BbIe), lorapudmudeckue
YACTOTHBIE XapaKTEPUCTUKH, BDEMEHHBIE XapAKTEPUCTUKHU (TIEPEXOIHBIEC U BECOBBIC)

15 | TunoBble TMHAMUYECKHUE 3BEHbS U UX XaPAKTEPUCTUKHU




BOHpOCLI K 3K3aMEHY

n/n

16 | CtpykTypHas cxema cucTeMaTH4ecKoro ynpanieHus. OCHOBHBIE ITpaBHiia IpeoOpa3oBaHus
CTPYKTYPHBIX CXEM: [10CJIEJOBATEILHOE COEIMHEHUE 3BEHBEB; NTapAIIJIEIbHOE COEAUHEHNE
3BEHbEB; 3BEHO, OXBaUCHHOE 00paTHOMU CBSA3BIO; IEPEHOC CyMMaTOpa; MepeHoc y3ia,
IIEPECTAaHOBKA y3JI0B U CYMMaTOpPOB

17 | Beluucnenue nepenaToyHbIX (YHKIUI U YACTOTHBIX XapaKTEPUCTUK OJTHOKOHTYPHOU U
MHOTOKOHTYPHOU pa3oMKHYTO# cuctemsbl. [lepenarounsie GyHKIIMK U yIIpaBIeHUE
3amkHyTOU [ICY. YacTOTHBIE XapaKTEepUCTUKH 3aMKHYTON CUCTEMBI

18 | MaTtemaTnueckoe MOJICIIMPOBAHUE U COCTABICHUE CTPYKTYPHON CXEMBI

19 | YcroitunBocTh CUCTEM aBTOMAaTHUECKOro yrpasieHus. [lonsTie yctoiunBocTu
JMHEApPU30BaHHBIX cucTeM. Heobxoammoe 1 JOCTaTOuHOE YCIOBHUE YCTOWYHBOCTH

20 | Anrebpandeckue kpurepun yctonunBoctu Payca u ['ypBuna

21 | YactotHble kputepun yctonuuBoctu. [Ipunnun aprymenrta. Kpurepuu ycToiunBoCcTH
MuxaiinoBa A.B. [loctpoenue obsacteil ycroitunBoctu. [lonsitue o /I-pasdouenun

22 | Kputepuu ycroitunBocty HaiikBrcTa. AHamu3 yCTOMYUBOCTH MO JIOrapu(MUIECKUM
YaCTOTHBIM XapaKTEPUCTHKAM

23 | YCTOWYMBOCTb CUCTEM C 3ala3/IbIBAaHUEM

24 | Metonsl orieHKH KadecTBa perymuposanus [[CY

25 | [lonstue o kauecTBe mpolecca ynpasieHus. OIeHKa KauecTBa CUCTEM YIIPABICHUS B
yCTaHOBHUBIIMXCSA pexumMax. [locTostHHbIE OmMOKH. ACTaTHYeCKHe CUCTEMBI. TOYHOCT TIpH
rapMOHHYECKOM BO3JCHCTBUH. Y CTAHOBHUBIIKECS OLIUOKHU MPU MPOU3BOJIHLHOM BO3EHCTBHH,
KOd(QUITUEHTHI OMTNOO0K

26 | OueHkH KayecTBa NepexoHoro npouecca. OLEHKH KauecTBa Mpolecca Ipy BO3AeHCTBUH
CTyneH4YaTol QyHKIUU

27 | YacToTHBIE METO/IbI OLICHKH KauecTBa peryiaupoBanus. OlleHKa KayecTBa peryJInpoBaHus 1o
aMILIUTYTHO-4aCTOTHON XapAaKTEPUCTUKHU 3aMKHYTON CHCTEMBI; 110 BEIIECTBEHHON
4aCTOTHOW XapaKTepUCTUKE 3aMKHYTOH CUCTEMBI; C [0 aMILUIUTYIHO-(ha30BOH
XapaKTEpUCTUKE PAa3OMKHYTOW CUCTEMBI; MO JIOTapU(PMUUECKUM YaCTOTHBIM
XapaKTepUCTUKAM

28 | KopHeBble OIIEHKHM KauecTBa PEryIMpOBaHUs

29 | Cunres LICY no 3agaHHBIM IOKa3aTeNsiM KadecTBa MpoIlecca YIpaBIeHUs

30 | IloBbllIeHHE TOYHOCTH B YCTAHOBUBIIMXCS peXXUMax U o0ecriedyeHne yCTOWIMBOCTH U
KayecTBa YIPABJICHUS CUHTE3UPYEMBIX CUCTEM 3a CUET U3MEHEHHMSI TApaMEeTPOB CUCTEM U
IIyTEM BBEJICHUSI KOPPEKTUPYIOLUX YCTPOICTB

31 | Cuctema aBTOMATHYECKOTO YIPABIICHHsI MTPOJOIBHOM 1Mo1ayeld Ipyu TOYCHUHU

32 | CucteMa aBTOMAaTUYECKOI0 YIIPaBICHHs MTONEpeyHON nojaueil mpu Bpe3HOM IIITM(POBAHUT

33 | CucreMa aBTOMATHYECKOTO YIIPABICHHS TOBOPOTOM PabOYero opraHa MpOMBIIIIICHHOTO
pobora

34 | CucteMa aBTOMAaTHYECKOTO PETYIIMPOBAaHUS pa3Mepa AeTainu Ha OECIIEHTPOBO-
HUTM(OBATHHOM CTAaHKE

35 | CucreMa aBTOMaTUYEeCKOr0 AUCTAHIIMOHHOTO YIPABJICHUSI MAHUITYISITOPOM

36 | CucreMa aBTOMATHYECKOTO YITPABICHHS THIPABINIECKAM CYITIOPTOM TOKAPHOTO CTaHKA

37 | CucteMa aBTOMAaTUYECKOI0 YIIPaBICHHs Mo1auell mpu Gppe3epoBaHUM

38 | Cucrema aBTOMAaTUYECKOTO YIIPaBJICHUS MTPOIOIHHOM MOa4eH MPU CBEPIICHUHT

39 | ConepxaHue NOHATHI: «CUCTEMa YIPaBICHUS», KOOBEKT YIPABICHUAY», «YIPABISAIOMINE U
BO3MYLIAIOIIME BO3JACHCTBHSY, «YHPABISIOINE KOOPIUHATHI)

40 | Knnaccudukarysi CuCTEM aBTOMEXaHUYECKOT0 YIPaBJICHUS

41 | [lpyHIMO pa30MKHYTOT'O yIIpaBJiI€HUs. Y IPAaBJIEHUE IO BOZMYILIEHUIO U OTKJIOHEHHUIO

42 | OcHOBHBIC BUBI AJITOPUTMOB (O YHKIIMOHUPOBAHUS

43 | Kinaccudukaiys cucTeM 1o XapakTepy nepeadn CUrHaJIOB




Bonpocsl K 3K3aMeH
n/n P y

44 | Knaccudukanus CUCTEM 110 OCHOBHBIM BUJIaM YpaBHEHUI TMHAMUKU IPOIECCOB
YIPaBJICHUS

45 MartemMaTHdeckoe ONMcaHnue JUHEHHBIX CHCTEM

46 | Martemarmueckoe MojaenupoBanue 31eMeHToB LICY

47 | Knaccuduxanus snemenToB LICY. CtaTucTiudeckue U JMHAMHUYECKHUE XapaKTEPUCTUKH
9JIEMEHTOB

48 | Jluneapu3zanus HEIMHEHHBIX TU(QepeHINATbHBIX YPaBHEHUH JUHAMHYECKUX PEKIMOB
pabotel amemenToB LICY. CrangapTtaas ¢opma 3anucu auddepeHnanbHbIX YpaBHEHHHA

49 | ConeprxkaHue MOHATHI: «CHCTEMA YIIPABICHUSN», «OOBEKT YIPABICHU», YIPABISIONINE
BO3MYIIAIONIUE BO3ACHCTBUSY, «YNPABISIIOIINE KOOPIHMHATHD)

50 | Knaccudukauus cucteM aBTOMEXaHMUECKOTO YIPABIICHHS




7.3.2. Kputepuu 4 HOPMbI OLEHKH

Cemectp

dopma
NMPoBeIeHUs
MPOMEKYTOYHOM
arTecTalnu

Kpurepun u HOpMbI OLIEHKHU

DK3aMeH (YCTHO)

HCUYCPIIBIBAOIIUE OTBETHI HA
BOITPOCHI 9K3aMCHAIITMOHHOT'O

«OTIIUYHOY
Ousera M Ha JOIOJIHUTEIIbHBIE
BOIIPOCHI
IIPaBUJIbHBIE OTBETHI HA BOIPOCHI
«XOpOLLIO» Ounera ¢  HE3HAYUTEILHBIMU

HEO04YCTaMU

«YAOBJICTBOPUTCIIBHO»

MMPpaBUJIbHBIC OTBECTHI HA BOIIPOCHI
ounera C CYIICCTBCHHBIMHA
HEAOYCTAaMHU

«CHECYHOOBJICTBOPUTCIILHO»

HEIPAaBUJIbHBIC OTBETHI Ha
BOIIPOCHI IK3aMECHAIIMOHHOTO
owunera




8. YueOHo-MeTOoAMYecKOe U MH(OPMAITMOHHOE O0ecTieYeHHe TUCIIUITHHBI

8.1. O0si3aTesibHAA JIUTEPATYpPa

KosmnuecTBo B
Tun (yueOHuK, ydyeOHOE .
HAYYHOI
Ne nocooue, yueoHo-
ABTOPpBI, COCTABUTEH 3arsaaBue (3aroJioBok) I'ox n3panus ounoamnorexe /
n/n MeTOoHYeCKoe Mmocodue,
MPAKTHKYM, Ip.) HaumenoBanue
P > AP- 3BC
1 | C. M. bparau [u ap.] ABTOMAaTHYECKOE YIIPABJICHHUE MpoleccaMu | YUeOHUK 2017 9BC
MEXaHU4YECKOH 00pabOTKU "ZNANIUM.CO
Mll
2 | A. W. Eropos, JI. H. BBeznenue B Teopuio yrpaBieHuUs YyeOHoe nmocodue 2017 OBbC "Jlanp"
3HaMeHCKas CUCTEMaMH C pacIpeieIcHHBIMU
napameTpamu

8.2. lonotHuTEIBHAS JIATEPATYPa

KosanuectBo B
Tun (yueOHuMK, ydeOHOE .
HAY4YHOH
Ne nocooue, yueoHo-
ABTOpBI, COCTABUTEIH 3arsiaBue (3aroJioBOK) I'op u3panus Ondamorexe /
n/n MeTOoAnYecKoe mocoome,
HaumeHnoBanue
NMPaKTHKYM, AP.) 3EC
1 | IO.B. Ilerpaxos, O. 1. Teopus aBTOMaTH4ECKOIO yIIPaBICHUS VYuyebHoe nocobue 2009 109
JlpaueB TEXHOJIOTHIECKUMU CHUCTEMaMHU
2 | B. A. T'ynses, A. O. Teopust aBTOMaTH4ECKOIO yIIPaBICHUS VY4ebHO-MeToInYecKoe 2009 138
Hpaues, 0. B. Ilerpakos TEXHOJOTMYECKUMU CUCTEMAMU rnocooue




8.3. Ilepeuennr nmpodeccuoHaJBHBIX 0a3 JAHHBIX M MH(GOPMAIMOHHBIX CIPABOYHBIX
cucTeM

— Poccuiickass rocymapctBeHHas OuoOimoreka (PI'b), r. MockBa — Pexum npocryna:
http://www.pnb.rsl.ru;

— Poccwmiickas rocymapctBeHHas OuOnmoreka. r. MockBa. Jluccepranum — Pexum gocryna:
http://www.diss.rsl.ru;

— Poccuiickas nammonanehnas Oubnumoreka (PHB), r. Canxr-IlerepOypr — Pexum pocryna:
http://www.nlr.ru;

— OrtkpeiTass  pycckas ojekTponHas Oubamoreka PI'B  (OREL) - Pexum gocryma:
http://www.orel.rsl.ru;

— Caiit Beepoccuiickoro Hay4HO-HCCIEA0BATENBCKOTO KOHBIOHKTYPHOTO UHCTUTYTA - CTapEHIIero
B Poccun HaydHOTO yUpexIeHHs, UMEIONIETO MPSMOE OTHOIICHHE K MapKEeTUHTY — PeskuM jocTyma:
WWw.vniKi.ru.

— Elibrary [OnexTpoHHbIii pecypc] : HaydHas eKTpoHHas 6ubiamoreka. — Mocksa : HOb, 2000. —
Pexxum nocryma: http://www.elibrary.ru .

- SCopus [DnekTpoHHBIN pecypc]| oubmmorpadudeckas u pedeparuBHas 6a3a JaHHBIX U HHCTPYMEHT
JUISL OTCJICKMBAaHUS LIUTUPYEMOCTU CTaTei, ONMyOJMKOBAHHBIX B HAyUHBIX H3JaHUSAX. - Pexum
nocryna: http://www.scopus.com;

- Web of Science [DnexkTpoHHBI pecypc] HOUCKOBas HHTEPHET-IUIATGOpPMA, OOBEAMHSIONIAN
pedepaTuBHbIe 0a3bl TaHHBIX MYyOJUKAIIMH B HAYYHBIX KYypHalaxX MOATEHTOB, B TOM 4YHCIIEe 0a3bl,
YUUTHIBAIOIINE B3aMMHOE IIUTHpoBaHUe mybnukanuid. Web of Science oxBaTbIBaeT MaTrepHalbl 10
€CTCCTBCHHBIM, TEXHHYECKHM, OOIIECTBEHHBIM, T'YMaHUTAapPHBIM HayKaM M HCKYCCTBY. - Pexum
nocryma: http://www.webofknowledge.com.

8.4. IlepeyeHb NPOrpaMMHOro odecnevyeHus

Ne Hanvenosanue MO PexBu3nTHI A0roBopa
n/n (nata, HOMep, CPOK JAeCTBUS)
1 Windows: noroop Ne 757 ot 04.07.2018, cpok
WinPro 10 RUS Upgrd OLP NL Acdmc JIeHCTBUSL — OECCPOYHO;

koHTpakT Ne 1653 or 14.12.2018, cpok
JeiicTBUsL — 6ECCPOUHO

2 Office Standard:
Office Stdandard 2013 Russian OLP NL | kortpakt Ne 690 ot 19.05.2015, cpok
AcademicEdition JCUCTBHS — OECCPOUHO

Office Stdandard 2016 Russian OLP NL | noroBop Ne 757 ot 04.07.2018, cpok
AcademicEdition JEeNCTBUS — OECCPOUHO

Office Stdandard 2016 Russian OLP NL | kontpakr Ne 727 or 20.07.2016, cpok
AcademicEdition JCUCTBHS — OECCPOUHO

3 KOMITIAC-3D v 18 (IIpoektupoBanne wu | koHTpakT Ne 1198 or 18.11.2019, cpox
KOHCTPYHUPOBAHHE B MAIIMHOCTPOCHHH) JercTBUs — 6eCCPOUHO



http://www.pnb.rsl.ru/
http://www.diss.rsl.ru/
http://www.nlr.ru/
http://www.orel.rsl.ru/
http://www.vniki.ru/
http://www.elibrary.ru/
http://www.scopus.com/
https://ru.wikipedia.org/wiki/%D0%9F%D0%BE%D0%B8%D1%81%D0%BA%D0%BE%D0%B2%D0%B0%D1%8F_%D1%81%D0%B8%D1%81%D1%82%D0%B5%D0%BC%D0%B0
https://ru.wikipedia.org/wiki/%D0%9D%D0%B0%D1%83%D1%87%D0%BD%D1%8B%D0%B9_%D0%B6%D1%83%D1%80%D0%BD%D0%B0%D0%BB
https://ru.wikipedia.org/wiki/%D0%9F%D0%B0%D1%82%D0%B5%D0%BD%D1%82
http://www.webofknowledge.com/

00pa30BaTeIbHOIO MPoIecca Mo THCIUTIINHE

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

HanmeHnoBaHue 000py10BAHHBIX YUeOHBIX
Ka0MHETOB, JIa00paTOPHii, MACTEPCKHUX H

Ne Ap. 00bEKTOB /1JIsl IPOBE/ICHUs!
N IlepeyeHb 0OCHOBHOIO 000PY10BAHMS
n/n | NPakTUYeCcKUX U Ja0OpaTOPHBIX 3aHATHH,
NMOMELIEeHUH VI CAMOCTOATEILHOMN
padoThl 00yYarommxcs (HoMep ayAuTOPH)
KomnerorepHsiil kiacc. ITepeHOCHOI POEKTOP, IKPaH,
VYuebHas ayauTopus Ui IPOBEJACHUS 3aHATUI | KOMIIbloTepHble CTOJIBI, CTOI
JIEKLMOHHOI'O THUIIA. IIpenoaaBaTebCKUM, CTYIbs, 10CKa
VYuebHas ayaAuTOpus Ui IPOBEACHUS 3aHATUH | ayauTopHast, CTOJbl yueHUUECKUe
CEMHMHApPCKOIo TUIIA. nByxmectHsle, [IK
VYuebHasgs  ayauropuss  UIi  KypCOBOTO
MIPOEKTUPOBAHMS  (BBIMOJIHEHHUSI KYPCOBBIX
1 | pabor).
VYyeOHast  ayautopust i HPOBEACHUS
IPYIIOBBIX U WH/IUBUYaJIbHBIX
KOHCYJIbTALIUH.
VYuebHas ayaAuTOpUs 1Jis IPOBEACHUS 3aHITUI
TEKYIIEro KOHTPOJII U  IPOMEXYTOUHOMN
arrectanuu. (E-306)
VYuebHas ayautopus s nposeeHus 3ausatuil | Cton npenoaasarenbekuid, CTONbI
JIEKIMOHHOIO TUMNA. YueOHasi ayAUTOpHs IJs | yYeHUYECKHE IBYXMECTHbIE (MOHOOJIOK) ,
MIPOBE/ICHUS] 3aHATHUH CEMUHApCKOTO THIIA. | CTYJIbA, I0CKa ayIUTOpHas (MenoBas),
VYyeOnast  ayauTopuss A8 KypcoBoro | kadeapa, IpoeKTop, 3KpaH, Ipoieccop,
MPOEKTUPOBAHUS  (BBIIOJIHEHUS KYPCOBBIX | IIKa(]bI
2 | pabot). YuyeOHas ayquTOpus TS TIPOBEICHHSI
IPYNIOBBIX U WH/IMBUYaJIbHBIX
KOHCyJbTallMil. YueOHas ayautopust JUIst
IIPOBEJEHUS 3aHATUH TEKYLIETO KOHTPOJIA U
npomexyrouHoi arrecraimu. (E-309)
3 [Tomemenne st camocTosATenbHOU paboThl | CTOMBI, CTYJIbS, KOMIIBIOTEPHI
cryaentos (I'-401)
[Tomemenne st camocTosATenbHOU paboThl | Jlocka aynuTopHas (MenoBasi), CTOJIBI
4 | obyuaromuxcs (C-508) YUYEHUYECKHUE, CTOJI TPENOJaBaTENbCKUM,

CTYJIbS, CTEH]IbI, MIKaQBI.
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