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1. LHeab ocBOeHUSI AUCHHUILINHBI

HGJIB OCBOCHUA NTUCLHUIIIINHBI — OCBOCHUC O6IJ_II/IX IMPUHIIMIIOB U CPCACTB, HCO6XOI[I/IMBIX 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/IHCTPYMGHTaJIBHBIe CHUCTCMBbI
ABTOMATU3UPOBAHHOTO MAITUHOCTPOCHUS.

JIMCUMIUTUHBL U TPAKTUKH, JUISI KOTOPBIX OCBOEHUE JIaHHOM TUCIUILUIMHBI 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. Cnocoben YK-2.1. ®opmynupyer B | 3HATH:

YIPABIATH IPOEKTOM Ha paMKax IOCTABJICHHOW LIEJIU | - METOAOJOTHUECKHE OCHOBBI

BCEX JTalax ero IIPOEKTa COBOKYIIHOCTbH | YHKIIMOHUPOBAHUS, MOJECIUPOBAHMUS

KU3HEHHOTO LMKJIa 3aja4, 00ecneurBaroUINX €€ | U CHHTe3a CUCTEM aBTOMAaTHYECKOTr0
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, UCXOs U3 | IporpamMM aHajlu3a JUHAMHYECKUX
NEHCTBYIOIMX  MPABOBBIX | CUCTEM;

HOPM " UMEIOUINXCA | - KHHEMATHYECKYIO CTPYKTYPY U
pECYPCOB U OTpaHUYEHUN KOMITIOHOBKY CTaHKOB, CHUCTEMBbI
YK-2.3. BeiOupaet criocoObl | yrpaBiIeHUs! HMH;

peleHus 3a/la4M | - CPEJCTBA AJI1 KOHTPOJIS,
npogecCuoHaNIbHON WCTIBITAHUH, JUATHOCTUKH U
JEATEIBHOCTH € Y4ETOM | aJallTUBHOIO yIPaBJICHUS
HaJIW4Yus OrpaHUYeHUuN U | 000pyTOBaHUEM.

pecypcoB YMeTs:

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

- COCTaBIIAATh CTPYKTYPHBIE CXEMBI, UX
MaTeMaTHYeCKHe MOJIETH KakK
00BEKTOB yIIpaBICHHUS;

- HCII0JIb30BaTh OCHOBHBIE METO/IbI
IIOCTPOEHHS MaTEMaTHUYECKUX




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

NHaukaTopsbl 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 U IMUTAIIMOHHOTO
moaenupoBanus Mathcad, Matlab.

Bnaners:

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

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

- HaBBIKaMU O0(hopMIICHUS
pE3yJIbTaTOB UCCIEN0BAHNN U
IIPUHSATHS PELICHUMN.

OIIK-3. Cnocoben
HCIIOJIH30BaTh
COBpPEMEHHBIE
MH(POPMAIIMOHHO-
KOMMYHHUKAIlMOHHBIE
TEXHOJIOTUU, TI100aIbHbBIC
nH(OpMalMOHHBIE
pecypchl B HAy4HO-
HCCIIEI0BATEIHLCKOM
JIeITSILHOCTHU

OIIK-3.1.
COBPEMEHHBIC
HH(POPMaIMOHHO-
KOMMYHHKAITHOHHBIC
TEXHOJOTHH U IPOTPAMMHOE
o0ecrniedyeHre Mpu peuIeHUH
3amad  npodeccuoHaIbHON
NeSATSIIEHOCTH

OIIK-3.2. Ucnons3yer
JI00aTbHBIC
nH(}OPMALIMOHHBIE PECYPCHI
B HAy4HO-
HCCIIEI0BATENBCKOU
JEeSATSIIEHOCTH

Hcnonb3yer

3HaTh:

- METOJIbI M CPEJICTBA
Tr€OMETPUYECKOT0 MOJICITUPOBAHMS
TEXHUYCCKHX OOBEKTOB;

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

- o0111e TpedoBaHUs K
ABTOMATHU3WPOBAHHBIM CUCTEMAaM
MPOEKTUPOBAHNUS,

- OCHOBBI TEXHOJIOTHYECKOTO
pEryJIUpOBaHMUS.

VYmMers:

- CTPOUTh MaTEMATUYECKUE MOJEIH
00BEKTOB YIIPABIEHUS U CUCTEM
aBTOMATUYECKOTO YIPABICHUS
(LCY);

- npoBoauTh aHanu3 LICY, onenuBarh
CTaTUCTUYCSCKUE M JTUHAMUYECKHE
XapaKTEPUCTHUKU;

- pacCUMTHIBaTh OCHOBHBIC
kauecTBeHHBIC nTokaszaTenu LICY,
BBITIOJIHSITh: aHAIN3 €€ YCTOWIMBOCTH,
CHUHTE3 PEryJsiTopa;

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




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

NHaukaTopsbl 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.

Bmanerts:

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

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

OIIK-6. Crocoben
paspabatbiBaTh U
MIPUMEHSATH AJITOPUTMBI U
COBpeMeHHBIE IU(POBHIE
CHCTEMBI
aBTOMAaTU3UPOBAHHOTO
MIPOSKTUPOBAHUS
MIPOU3BOJICTBEHHO-
TEXHOJIOTHYECKON
JOKYMEHTAUU
MaITUHOCTPOUTETBHBIX
MIPOU3BO/ICTB

OIIK-6.1.
MPUMEHSTh
CHUCTEMBI
aBTOMATHU3UPOBAHHOTO
MTPOCKTHPOBAHHUSI
¢dbopmupoBaHus
KOHCTPYKTOPCKO-
TEXHOJIOTHYECKOH
JOKYMEHTAITU!
MaIIHHOCTPOUTENBHBIX
MIPOU3BOJICTB
OIIK-6.2. YMmeer
MPUMEHSTh pa3padaThIBaTh
AJITOPUTMBI JUIST
(hopMupoBaHHUS
MIPOU3BOJICTBEHHOM
JOKYMEHTAITU!
MAaIIHHOCTPOUTEIBHBIX
MIPOU3BOJICTB

OIIK-6.3. CocTaBnseT
MOJIEIIN eTaJIEd U
COOPOYHBIX ETUHUIL B
cHucTeMax
ABTOMATHU3UPOBAHHOTO
MIPOCKTHPOBAHHSI

VYmeer
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.

YMeTs:

- BBIMIOJIHATH aHAIN3
TCXHOJIOTHUYCCKUX HpOHCCCOB KakK
00BEKTOB aBTOMATH3ALIMH U
yIIpaBICHUS;

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

- HCIIOJIH30BaTh OCHOBHEIE METOIbI
MOCTPOCHUS MaTEMaTHUYECKUX
MOJIEJIEN MTPOIECCOB, CUCTEM, UX
AJIEMEHTOB M CUCTEM YIIPaBJICHHUS,

- paboTaTh ¢ KAKUM-TTHO0 U3
OCHOBHBIX THUIIOB ITPOTPAMMHBIX
CHCTEM, Hpe)IHaSHaquHBIX JJISL
MaTeMaTUYECKOT0 U UMHUTAIHUOHHOIO
moaenupoBanus Mathcad, Matlab




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

NHaukaTopsbl 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 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 MpoOIEMBbI aBTOMATHYECKOTO
yIpaBICHUS.

BOHpOCbI K 3K3aMCHY

Cp.

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

BOHpOCbI K 3K3aMCHY

IIp.

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

OTuer B 2JIEKTPOHHOM
BUJIC

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

Bormpocs! k 3k3aMmeny

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

OT4eT B 3JIEKTPOHHOM
BUJIC

Cp.

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

Bormpocs! k 3k3ameny




DopMBbI TEKYLLET0

Bun . KOHTPOJISA
Monyab . HaunMenoBanue TeM 3aHATHH Oo0nemMm,
y4eOHoi . CemecTtp Baanabl | AHTepakTuB, 4. | (HAHUMEHOBaHHUE
(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 3x3amMeny
nporuecca. YacTOTHBIE XapaKTEPUCTUKH.
IIp. 1.5.MaremaTuueckue MOJEIH. 2 2 - - OTuer B 2JIEKTPOHHOM
Jluneapuzalys MaTeMaTHYECKUX MOJIEIICH. BUIE
Cp. 1.5.MaremaTuueckue MOJEIH. 2 7 - - Bonpocsl k 5k3amMeHy
Jluneapuzalys MaTeMaTUYECKUX MOJIesIen
IIp. 1.6. OnpeneneHune 4aCTOTHBIX 2 2 - - OTuer B 2JIEKTPOHHOM
XapaKTePUCTHK IO aHAINU3Y BXOJTHOTO U BUIC
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 - - Bonpocsl k sk3amMeHy
(O YHKIHH.
IIp. 1.8. Onpenenenue nepexoaHON 4aCTOTHOMN 2 2 - - OTuer B 3JIEKTPOHHOM
XapaKTePUCTHKH. BUJIC
Cp. 1.8. Onpenenenue nepexogHON 4acTOTHOU 2 7 - - Bormpocsl k 3k3aMeny
XapPaKTEPUCTHKH.
Monyns 2. Jlex 2.1 OyHKUHUOHATIBHBIE U CTPYKTYpPHBIE 2 2 - 2 VYcerHbli onpoc
KauecTBeHHBIN 1 cxemsl. [IpaBuia npeoOpazoBaHus
KOJTMYECTBEHHBIH CTPYKTYPHBIX CXEM.
aHan3 CUCTEM | Cp, 2.1.OYHKIMOHAIIBHBIE U CTPYKTYPHBIE 2 7 - - Bonpock! K 3K3aMeHy
ABTOMaTH4ECKOro cxemsbl. [IpaBuia npeobpazoBanus
YIIpaBIeHUS.

CTPYKTYPHBIX CXEM.




DopMBbI TEKYLLET0

Bun . KOHTPOJISA
Monyab . HaunMenoBanue TeM 3aHATHH Oo0nemMm,
y4eOHoi . Cemectp Baanabl | AHTepakTuB, 4. | (HAHUMEHOBaHHUE
(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 - - Bonpocsl k sk3ameny
CTPYKTYPHBIX CXEM.

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

Cp. 2.4. IToctpoenue rogorpaga CUCTEMBI U 2 8 - - Bomnpocs! k 5k3amMeny
Jorapu(MUIECKON 4aCTOTHOM
XapaKTePUCTHKH.

IIp. 2.5.MaremaTtuueckasi OlleHKa 2 2 - - OTuer B 3JIEKTPOHHOM
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 sk3ameny

PEKUME TBUIKCHUS T10 TAPMOHHUECKOMY
3aKOHY.




DopMBbI TEKYLLET0

Bun . KOHTPOJISA
Monyab . HaunMenoBanue TeM 3aHATHH Oo0nemMm,
y4eOHoi . Cemectp Bbanabl | AHTepakTuB, 4.| (HAaHMeHOBaHHUe
(paznen) (yueoHoii padoThI) q,
padoThI OLICHOYHOI'0
cpeacTBa)
IIp. 2.7. OnpeneneHue XxapakTepUCTHUK 2 2 - - OTyer B 3JIEKTPOHHOM|
IEKTPOMEXAHUYECKOTO NTPUBOJIA. BUJIC
Cp. 2.7. Onpenenenre XapakTEPUCTHK 2 1 - - Borpocsl k ax3aMeny
AIEKTPOMEXAHUYECKOTO MPUBO/IA.
Moy 3. Jlex 3.1. KoMmiekcHas OlleHKa KauecTBa CUCTEM 2 2 - - Bonpocsl k s5k3ameny
CuHTE3 U aHAIH3 1 00BEKTOB aBTOMATHYECKOTO YIIPABJICHHUS.
CHCTEM Cp. 3.1. KoMmnekcHas OLleHKa KauecTBa CUCTEM 2 1 - - Bonpocsl k 3k3amMeny
ABTOMATHYECKOTO 1 00BEKTOB aBTOMAaTUYECKOrO YIIPABICHHUS.
VIIpaBJICHUS. Ilp. 3.2. Onpenenenne xapakrepuctuk LICY 2 2 - - OTyer B 3JIEKTPOHHOM|
IPOIOJIBEHON OIa4eH IPU TOUYCHUH. BUJIC
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 3JIEKTPOHHOM
ICY. Ouenka Tounoctu LICY. BUJIE
Cp. 3.3. O6ecnieueHue HEOOXOAMMON TOUHOCTHU 2 7 - - Bonpocsl k sk3amMeHy
IICY. Ouenka Toynoctu LICVY.
IIp. 3.4. UccnenoBanue BIMUSHUS acTaTU3Ma Ha 2 2 - - OTuer B 3JIEKTPOHHOM
kauectBo LICY. BUJC
Cp. 3.4. UccnenoBanue BIUSHUS acTaTU3Ma Ha 2 7 - - Bonpocsl k sk3amMeHy
kauectBo 1LICY.
IIp. 3.5. OCHOBBI CHHTE3a CUCTEM 2 2 - - OT4er B 2JIEKTPOHHOM
ABTOMATHUYECKOT0 YIPABJICHUS. BUJIC
Cp. 3.5. OCHOBBI CUHTE3a CUCTEM 2 9 - - Bonpocsl k 5k3aMeHy
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 sk3ameny
oOparHoi c¢Bsi3u Ha ObicTponericTeue LICY.
A 2 0,35




DopMBbI TEKYLLET0

Bun . KOHTPOJISA
Monyab . HaunMenoBanue 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. O6pa3oBaTe/ibHbIEe TEXHOJIOTHHU

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 ocobOenHocTsiM 00OyueHHs] IUCHMIUIMHE MOKHO OTHECTH MOCTOSHHOE B3aMMOJICHCTBHE
MEXy CTyJIEHTaMH U IMpernojaBaTesiaM, a TaKKe MaKCHUMaJbHYI0 MPUOIMKEHHOCTh MaTepuana K
npoeCCHOHATBPHON JEATEIBHOCTH, YTO BBIPAXKAETCS B MOJEIMPOBAHUU TPOQECcCHOHATBHBIX
CUTYaLUM.

[ToaroToBKa K 3aHATHSM 3aKIOYaeTCsl B paboTe ¢ KOHCIEKTOM JICKIMH 0 TaHHOW TeMe, B
M3YYEHUU COOTBETCTBYIOIIETO pas3iesia ydyeOHMKa WIM YyueOHO-METOJAMYECKOTro mocobus, B
IIPOCMOTpE JOMOJHUTENbHOW JuTeparypbl. IlpakTudeckass paboTa BBINOIHSAETCS B AyIAUTOPHH.
OT4er 1o BBINOJHEHHOM paboTe MOATrOTaBIMBACTCS U 3AMOJHSACTCS CTYJACHTOM CAMOCTOATEIbHO.

1. ABTOMaTH4YeCKOe YIpaBlICHHE MPOIECCAMH MEXaHHMYECKOW 00pabOTKU [DIEKTPOHHBIN
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 TEOpUIO YMpaBICHUS CHCTEMaMU C paclpeaeleHHbIMU
napaMerpamu [ DIEKTPOHHEIN pecypc] : yueb. mocodue / A. U. Eropos, JI. H. 3namenckas. - CaHKT-
[TetepOypr : Jlanp, 2017. - 292 c. : uin. - (YueOHuku ajs By3oB. CrenuansHas 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 - CuctemHbIil aHaNu3 H
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'ynse B. A. Teopust aBTOMaTH4ecKoro ynpaBJIeHUs TEXHOJIOTHUYECKUMHU IMPOILIECCaMU :
yueb.-meroa. nmocodue / B. A. I'ynses, A. O. Jlpaues, FO. B. ITerpakos ; TI'Y. - TI'Y. - Tonpartu :
TT'Y, 2008. - 60 c. : un. - budmmorp.: c. 59. - [Ipw.: c. 49-58. - 11-82.

6. VYmpaBieHue MeXaTpPOHHBIMU CHCTEMaMHU paclpeieNieHuss U COPTUPOBKM Ha 0aze
MoayipHOM yueOHoU cranuuu FESTO [OnexktpoHHBI pecypc] : 2JeKTpoH. 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. OneHOYHBIE CPEACTBA

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. KOMIUIEKT OpaKkTHYECKUX pPadoT
(HauMeHOBaHUE OYEHOUHO20 CPeICmBa)

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

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

Teopemuueckas yacmo

Hccnenyercs cucrema  aBTOMaTHueckoro  ympamineHus (puc.l.l), cocrosmas w3
LEHTPOOEKHOI0 PEryisiTopa CKOPOCTH, MOJA3YH 1 KOTOpOro CBsi3aH pblyaramMu 2 ¢ 3acCJIOHKOW 3
nojauu paboueil cMecu B TEIUIOBOM IBUTATEINb 4. PerynsTop npuBoIUTCS BO BpallleHUE OT JBUTaTes
yepe3 3youarylo rnepeaady S.

Puc.1.1. Cxema I]CY cxopocmoio epawienus ogucamens

[Ipu dyaxuuonupoBanuu LICY BpamieHune aBurarens yepe3 3y04aryro nepeaady nepenaeTcs
peryasToOpy CKOPOCTH, IMIAPUKUA KOTOPOTO MO ICUCTBUEM IIEHTPOOESKHOM CUITBI C OHOM CTOPOHBI U
CUJIBI TIPYXKUHBI C JPYroM 3aHUMAIOT HEKOTOPOE IIOJIOKEHHUE, YTO BBI3BIBAET ONPEACICHHOE
OTKPBITHE JIPOCCENS U CHCTEMa HAaXOAUTCA B paBHOBECHH. [Ipu yBEeIMUYEHHM MOMEHTa Harpy3Ku
CKOpPOCTb JBUTraTelll YMEHBIIAETCS B COOTBETCTBUHM C €r0 XapaKTEPUCTUKOM, YTO BBI3BIBAET
YMEHBIIIEHUE CKOPOCTH BpalleHHs peryisaropa. L[eHTpoOeXHble CHIIBI TaKKe YMEHBIIAITCH,
HIAPUKU OMYCKAIOTCA U YEPE3 PIYAKHYIO CUCTEMY YBEJIUYUBAKOT OTKPBITHE IPOCCENA. Y BEIIMUCHUE
nmojaund paboueld CMECH B JIBUTATENIb BBI3OBET YBEIUYCHHE €ro CKOPOCTH, PAaBHOBECHE BHOBD
BOCCTAHOBUTCS, HO YK€ Ha JIPYTOM YpPOBHE. SICHO, YTO pa3HOCTb CKOPOCTEU OIpENENsSeT KaueCTBO



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

st ananuza [ICY HE0OX0MMO COCTaBHUTh €€ MAaTEMAaTHUECKYIO MOJICNIb. 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

WHEPIHUOHHOCTHIO, MOXKET OBITh MPEICTaBICHO MU (HepeHIINATEHBIM YPaBHEHHUEM ITEPBOTO MOPSIIKA:
dw
Id—dt +A,0+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 ABMKEHHUSI 3aBUCUT OT OTKPBITUS ApOCCeis oayu pabodeit cMecu:
M, =bk,, (1.2)

rae b — ko3 duumeHT nepeaayn OTKPBITUS IPOCCElis OT MepeMEIeHHs TT0JI3YHA peryisiTopa
Yepe3 PhIYaKHYIO epeaady, Ko — KoahGUIHUeHT TPOHOPLIHOHATEHOCTH MY OTKPBITHEM IPOCCEIIs
Y MOMEHTOM JIBUTaTEelIs.

Ecnu npuHATE nepenaToyHOe OTHOIIEHUE PhlYaroB U 3yOuaTol nepenayd paBHBIM €IMHUIIE,
TO, W3 TEOMETPUYECKMX COOTHOILEHUM, MOJIYyYUM YpaBHEHHE CBSI3U, KOTOPOE OIpeeseT
3amkHyTOCTh LICY:

b—21(1— Sina). (1.3)

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

MOMOIUIbI0 KOTOPOH BBIMOJIHSIOTCS TPeOyeMble HCCIEI0BAHUS.

m MonenupoBaHKe pErynsaTOpa CKOPOCTH ABHraTens =] 3

HCXOAHBIE JAHHBIE CAY

Macca WAPHEOE, KI 025

Crina npyskuHe!, H 100

AecTrocTe

NPYAMHEL H bt I1 5
M oreHT MHEDLWM
ABWraTens, krim ID"I

.03 PRMUMEHT S3EMCHMOCTH
MOMEHTE AEWMETENA OT

OTKPEITHA ApOCCend, I4

Hrara

|4D 3‘ MareHT Harpyaku, Hr

Qcumnnorpad

MNpouecc | MpogoneHue |

Reset |

Bt | Hep |

¥rnoBan CKOpocTe W, pasjc
OTKPEITHE FRCA0HEK X, Mk

Comnnnor pad

0)

rnosan cropocts W, pagy

o o 02 03 04 05 1].]
BpestA, ©

Puc.1.2. Mooenuposanue yenmpooexcrnozo pecyniamopa cKkopocmu



3aoanue
B cootBercTBUU ¢ BapuaHTOM (Tabu.1.1) mpoBecTH Hcciea0BaHne KadyecTBa peryIupoBaHus B
3aBUCHMOCTHU OT U3MEHSEMOTO MapaMeTpa U MOCTPOUThH IParKu 3aBUCIMOCTH OBICTPOJCHCTBUS U
toudoctu LICY B yHKIIMH 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 s 000ro HIKCIEPUMEHTa U3 BHIMIOJIHEHHON cepuu, onucanue padotsl LICY, Tabnuiy
AKCIIEPUMEHTAJIbHBIX 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
MEXIYy COO0I0 JKECTOKOCTAMHM C1 U C2 M BSI3KUM TPEHUEM A/ U A2.

C, €2

m, m,

> =
A 2,
'S

Puc.2.1. /lunamuueckan cxema 08yxmaccosoii Cucmembvl

YPaBHeHI/Ie ABVIKCHUSA CHUCTEMBI COCTABJIACTCA II0 MU3BCCTHBIM IIpaBUJIaM TGOpeTquCKOﬁ

MEXaHUKH:
d?x, dx, dx j (dx dxlj

M, —t + A, —2——2 |+C, (X, —%X,)= 4| — ——2 |+ (X=X

1 dtz + 2( dt dt + 2( 1 2) Al dt dt + l( 1)

d?x dx, dx
m, dt22 +22(d—t2—d—tlj+c2(x2—xl)=0




VupolieHHas MaTeMaTn4ecKas MOJIENb:
2
m,s2x, + (A, + A, )sx, +(c, + ¢, )x, = (4, + 4, )sx +(c, + ¢, )x
M,S%X, + A,8X, +C, X, = A,5X, +C, X

rae s=d/dt — omeparop Jlarmaca.

Jlnst mpejcTaBieHrs MATeMAaTHYECKOW MOJEIM B MEPEMEHHBIX COCTOSHHS DPEINUM KaxXI0e
ypaBHEHHUE OTHOCHUTEJIBHO MEPEMEHHBIX X1 M X2, KOTOpPBIC 3allMCaHbl B CTapIIUX IPOHU3BOIHBIX
COOTBETCTBEHHO. [IpeoGpazoBaHHas TaKMM 00pa3oM MaTeMaTH4ecKas MOJIEIb MMEET BUJL:

X, =s ' [Fax +ax+st[-ax +a,x]
X, =s" [— ax, +ax, +s[-a,x, + a4x]]

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

Tenepb MOKHO 3aIIUCaTh MATEMATHYECKYIO MOJIE/b B IEPEMEHHBIX COCTOSIHUS, TO €CTh B BHJIE
cucTeMbl Tu(dHepeHInaTbHbIX YPAaBHEHHUM, PEIIEHHBIX OTHOCUTEBHO MEPBBIX IPOU3BOIHBIX:

Sy, =—ay, tax+y,
Sy, =—a,y; +a,X

SY; =—83Y; + &Y, +Y,
Sy, =—-a,Y; +a,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 (OJJHO MACCOBOM HMJIM JIBYX MacCOBOIA, 110 BBIXOJIAM X1 MJIH X2).
Tabnuya 2.1. Ucxoounsie Oanmvie

[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 npomokxona

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.

IMpakTuyeckas padora Ne 3. Ucciaenoanne ycroiiuuBoctu L{ICY nmo kpurepuio I'ypeuna

Ilenv pabomwi: Ilpuobpemenue npakmuyeckux HABbLIKO8 OYEHKU YCMOUYUBOCNU CUCHEMbL
aA8MOMAMU4ecKo20 yYnpasieHusl.

Teopemuueckaa uacmpo

C nomonisro kputepus ['ypBuna ucciegoBate Ha ycrounBocTh LICY moBoaom cymmoprta
METaJUIOPEXKYIIEro CTaHKa, CXeMa KOTOpOro MokasaHa Ha puc. 3.1, a.



+

oJ U,

A

I10C

6)

Puc.3.1. Ilpunyunuanvnan (a) u pynkuyuonanvnan (6) cxemol npusooa

[IpuBoxa coctout u3 ycunurens-peoopaszosarens (I1I1), aeurarens (/1) mocrosHHOTO TOKAa,
peaykropa (P), 3agatoero norenimometpa (311) u norenunomerpa odparuoii cesizu (I1OC).

[Ipexxne Bcero HEOOXOAMMO COCTaBUTh MaTeMaTH4ecKyr Mozenb mnoBoja. CoriacHo
MPUHIUITY pabOThI, TOBOJ MpeAcTaBisieT coooi 3aMkHyTyI0 LICY, dyHKIIMOHANBHASI CXeMa KOTOPO
npuBeneHa Ha puc.3.1, 0. IlycTh BbIIE/ICHHBIE HAa CXEME 3JIEMEHTHI OIMUCBHIBAIOTCS CIEAYIOUIMMHU
nepeIaTOYHbIMUA (DYHKITUSMU:

BI: ()= Yu(® _ . U,(s K,
"0 X Lz W, (s) = &j((s)) TTse1
T w, =g -t ’
U,(s) (T,s+1)s P: W (s) = Y _
z a(s) 7’

HOC: W/‘IO(,‘ (S) = UYO((ii) = kOC.

Ternepp MOXeT OBITH MOCTPOEHA CTPYKTYypHAs CXeMa IMOBOJAA, B KOTOpPOW (IIpU pPaBEHCTBE
KO3 PHUIMEHTOB Tepenayn 3aarollero MOTEHIMOMETpa U MOTEHIIMOMeTpa 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‘
"I Ts+1| | (Ts+Ds

Puc.3.2. Cmpykmypunas cxema npugooa

Takum oOpazom, mnepenaToyHas (QYHKLIUS 3aMKHYTOH CHCTEMbI IIOCJI€ HECIOXHBIX
anredpandeckux Mpeodpa3oBaHui MPUOOPETAET BU:
W(s)= s ,
(T,s+1)(T,s +1)s +k,

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

TO0 TMOPSIKA:

T,Tos®+ (T, + Ty) s2+ s + ko= 0.
CocraBuMm nerepMuHAHT ['ypBHIIa M HalIEM YCIOBHUSl YCTOMYUBOCTH.
T,+T, kg 0
r=T,T, 1 0l
0 T,+T, k
AHanu3 yclioBUH YCTOMYHMBOCTU MO KpuTepHio ['ypBHIla MOKa3bIBaeT, YTO €AMHCTBEHHBIM
YCIIOBHEM SIBJISICTCSI TO3UTHBHOCTH BTOPOTO JETEPMUHAHTA, IOCKOJBKY &8o=1,T9, PaBHO 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
= + = > K,. (3.1)
¥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 mo0oM ciyyae 3HAa4YeHUS BapHalUMi STHX MapaMeTPOB JOJDKHBI JIEKATh B
obnactu D, moctpoenHoit cormmacuo ycnosuio (3.1) (puc. 3.3).

obnacmo
HeyCmouyueblx

SHAYEeHUU

k01 —o° 1/Ta

obnacmo

YCMOUYUBHIX 3HAYEHUU

0 T, T,

Puc.3.3. Obnacms ycmoniuugvlx 3HaueHuil

3aoanue

1. [To MCXOAHBIM JAaHHBIM, B COOTBETCTBUHU C BapuaHTOM (Tabi.3.1), moCTpouTh 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 | [Jeuecamens | O6p.cés13b
udpa T, ¢ Ko, pao/cB Hen, Mm dpa 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 npomokona
B mnportokone mnpeacraButh cTpykrypHyto cxemy LICY, numarpammy kadectBa, TabmuIly
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. 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.

x(t) Sk, k. ) y(t)
Ts+1 (T,s+1)s “1

A 4
A 4

K le

oc

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
MOCJIEIOBATEILHO COCTMHEHHBIX 3BeHbeB [ICY:

ko =k K,k k

o “oc ‘en"

rie Ken = H/I2 77— nepenarounas GpyHKIMs BUHTOBO# mapel (H —ar BUHTOBOM 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
nepesaun), 3aluchiBas pe3ysbTaThl B TaOJHUILy, @ 3aT€M MOCTPOUTh I'pauKU SKCIEPUMEHTAIbHBIX
3aBUCUMOCTEH.

Tabnuya 4.1. Hcxoownsie Oanmbvie

1?1;1&?;; Ty Ko, pao/cB Ty, ¢ 1131?/1(()11));2}11 Hen, Mmm 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

Cooepicanue npomokona



B mporokone mnpuBectn cTpykTypHyro cxemy LICVY, cooTBeTcTByrOIIME pacyeThl
K03 duureHTa nepeaaun yCuIUTeNs-npeodpazoBaTess, TabIUIy SKCIIEPUMEHTAIbHBIX JaHHBIX,
KONHMI0 uHTepdeiica NpUKIAHOW 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,
HIUHAeI 3.

1 2

Puc.5.1. Cxema 3nekmpomexanuuecKkoil cucmemol

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

dQ

= BT .
osuz I deuz dt + M 11

(5.1)

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:

Mdsue = kz)U - k.wQ (52)

rae Ko — KOI(hUIMEHT NPONOPIHOHAILHOCTH Mexay HampsbkeHneM U W MOMEHTOM
JBIDKEHUS, Ky — KOAQ(HUIIUSHT HAKIIOHA AIIEKTPOMEXaHHUYECKOM XapaKTePUCTHKH.
PenykTop MoeT ObITh IpeCTaBIeH Oe3bIHEPLINOHHBIM 3BEHOM:

Ql = Qdeuzkpe() 1 (53)

rie {2/ — yrioBas CKOPOCTh BBIXOJHOTO BaJla peIyKTopa, Kyeo — K03 duIMeHT nepenayu.
B xoneuHOM uTOTE, ypaBHEHNE ABHUKEHUS Bajla HATPY3KHU:

do
| A+ p[Qdt - [Qdt)+ M =0, (5.4)

osue?

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

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

M, =k, (] Qdt - [Qdt) (5.5)
[To monydeHHOW MaTEeMaTHYECKOH MOJENH, KOTOpas COCTOMT u3 ypaBHeHuit (5.1-5.5),
MOCTPOEHA CTPYKTYPHAsl CXeMa 3JIEKTPOMEXaHUYECKON cucTeMsl (puc.5.2).
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Puc.5.2. Cmpykmypnasa cxema 31eKmpomexaHuiecKoi cucmemol

Ha cxeme ectb 1Ba BXoja: OJMH IO YyHpaBisiomeMmy BosneiictBuro 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 XapaKTePUCTUKU  3JIEKTPOMEXaHM4ecKoro npuBoaa. OleHKa NepexOoiHbIX
XapaKTEPUCTHK CUCTEMBI, ITPEICTABICHHOHN pa3paboTaHHON MaTeMaTHYeCKON MOJIEIBIO, TIPH PA3HBIX
3HAYEHUAX KO PHUIMEHTa [Tepejauu peAyKTopa I03BOJIET PEIIUTh TAKYIO 3ajauy.

3aoanue

1. ITo MCXOTHBIM JaHHBIM, B COOTBETCTBHUHU C BapHaHTOM (Ta0:.5.1), onpenenuTh cTaTHYecKue
XapaKTEPUCTHKHN DJIEKTPOMEXaHWYECKOTO TIOBOJA ISl PA3HBIX 3HAUYEHUH 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
ONITUMAJIBHOTO TI0 OBICTPOCHCTBHIO KO3 duIireHTa K.

Tabnuya 5.1 Ucxoousie Oannvie

[epBas ly Ko K Ky Bropas I B A

mudpa KIM? Hwm/B | Hwmc/pan mdpa Krm? 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
nBkeHus. [IprBo COCTOUT M3 THAPABINYECKOTO HMIMHPA 1, IITOK KOTOPOTO CBA3aH C CYNIIOPTOM
2 (Harpy3Koii) MEXaHHYECKOM CBA3BIO C )KECTKOCTHIO ¢. CyNIopT NepeIBUraeTcs 0 HAPaBISIONINM
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.

A Sl o 2

1 c / F

L ™ m
g e /\/\/\] _____________ &=

P1

poA |_,

Puc.6.1. I'uopomexanuueckas cucmema

JIBukeHue cynmopra MOXeT ObIThb omucaHo JuddepeHlraIbHbIM YpaBHEHHEM BTOPOTO
HOpsIIKa:
2

d
m—¥+/1—y+c(y—yl):F, (6.1)
dt dt

rae m — Macca cynmnopta; A - KoO3pQUIUEHT BA3KOT0 TPeHMs; Y — nepeMelieHne maccol; F —
HOJIe3Has! Harpys3Ka.

['mapaBiavueckuil HUIMHAP C MOJE3HOU IUIONMaAbi0 P MOpLIHS J0/DKeH OBITh MpeACTaBiIeH
JIBYMsI ypaBHEHUSIMHU, KOTOpbIE€ OTBEYAIOT KMHEMAaTUYECKOMY M CHJIOBOMY BO30ykaeHHto. [lepBoe
OTMCHIBAET JIBWKEHHUE 10 pacxoay Q Macia yepes3 HUIHHID:

V.= %dt, (6.2)
a BTOpPOC — UBMCHCHUEC NAaBJICHUS B IIOJIOCTH:
F
p, = El (6.3)

Pacxon macna yepe3 apoccenb 3aBUCUT OT OTKPBITHS JAPOCCEIMPYIOLIECH LIEIu 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 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.
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Puc.6.2. Cmpykmypnasa cxema 2udpomexanuieckoil cucmembl

v

Jpoccenb Ha BXOA€ CXEMBI NPEACTABICH JBYMS IIepEIaTOYHBIMU (QYHKIUSMH C
JIMHEApU30BaHHBIMU KO3 PHUIUCHTAMH TIepeaadn Ky — M0 yIpaBisiomeMy BO3ACHCTBUIO X U Koy —
1o Tiepenany AaBieHus. [Ipu MoaenupoBaHUH CUCTEMBI C MPUMEHEHUEM UYMCIICHHBIX aJTOPUTMOB
MOKHO HCIOJIb30BaTh IEPBUYHYI0 HEIWHEHHYI0 3aBHUCUMOCThH (6.4). IlocTosiHHBIE BpeMeHHU
TnepelaToyHol GyHKIMK HArpy3KH B cooTBeTcTBHH ¢ (6.1) paBHsrotes: T12 = m/c, T2 = A/c. 3aecs,
Kak M JUIsl DJEKTPOMEXAaHHYECKOTO IOBOJA, 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 ucX0IHBIM JaHHBIM, B COOTBETCTBUH C BapuaHTOM (Ta0:1.6.1), onpenenuTb craTH4ecKue
XapaKTEePUCTUKH IMIPOMEXAHNUECKOT0 MPHUBO/IA (3aBUCHUMOCTh CKOPOCTH paboyero opraHa OT CHUJIbI
MIOJIE3HOW HArpy3KH) ISl pa3HbIX 3HAYCHUH JaBIICHHUS MUTAHUS THAPABINYECKON CHUCTEMBI H
HOCTPOUTh  COOTBETCTBYIOIIMHA rpaduk. (Juama3oH M3MEHEHUS JaBICHHUS  OIpeneseT
IpernojaBaTesb).

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

Tabauya 6.1 Hcxoonwie oannvie

[TepBas k, Po, P, Bropas c, A, m,
udpa 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, TaOJMIBl DSKCIEPUMEHTAIBHBIX MJaHHBIX, TpadUKU CTaTHUYECKUX XapaKTePUCTHUK,
JTMHAMUYECKHE MMOKAa3aTeIN KauyeCcTBa NEPEXOAHON XapaKTEPUCTUKU THIPOMEXaHUUECKOTO MPUBO/IA.

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

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

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. [losToMy cuctema aBTOMaTHUECKOW CTaOMIM3alMU CUJIBI PE3aHUs Ha 3apaHee 33JaHHOM
YPOBHE WIH NPOrPaMMHOIO PETyJIHpPOBAaHUsA €€ MO 3aJaHHOMY 3aKOHY IO3BOJISIET IIOBBICHTH
TOYHOCTh OOPAaOOTKU M 3HAYUTENIBHO YJIYUIIUTh KAY€CTBO NOBEPXHOCTH JETaJEH.

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
K| Xl yyc,
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dt
U, U Yo @0 5 S¢ Px
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Puc.7.1. @ynkyuonanvnan cxema LICY cmabunuzayuu cunvt pezanusn
npu mouenuu

LHCY ¢yaxkunonupyer cienyrommM ooOpazoM. Ha Bxom cHCTeMBI, K CpaBHUBAIOIIEMY
YCTpOMCTBY noctynaer curaai U;, KOTOpbIii COOTBETCTBYET TpeOyeMOMY 3HAUEHHUIO CUIIBI PE3aHUs
B ompejieieHHOM MaciiTabe. Ha BTopoif BXo/1 CpaBHUBAIOIIETO yCTPOCTBA TocTymnaeT curiai U,
BbIpabaThIBaeMblil JUHaMoMeTpuyeckuM npeodpazoBareneM I u ycunutenem Y. Takum oOpazom
HanpspkeHue Uy TpOonopIuoHaIbHO pealbHOMY 3HaueHHIo cuiibl pe3anus. Ommoka oU=U,—U,.
MOCTyMaeT Ha BXoj ycuiurens-nipeodpaszoBatens YII, kotopslii BeipabareiBaeT Hampsikenue Uy



nuranua asurarens J. J{Burarens I, yepes penykrop P onpenenser BenuyuHy MpoaoIbHOM I0Ja4H
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,

v
"t

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

U,=k, U, ecmu U<

+U, =k, U, (7.1)

Puc. 7.2. Xapakmepucmuxka U,=U,,., ecu U =2U;
ycunumens-npeoopazasameis
rae Ky, Tyn — K03 PHUIHUEHT yCHICHHS U TOCTOSIHHAS BPEMEHHU YCHUITHTESI-IPeoOpa3oBarTesis;
Umax — HaIlIpspKEHUE HACHITIICHUSI.
JIBUraTens TOCTOSHHOTO TOKAa OMUCHIBaeTCS U (epeHIHaTbHBIM yYpaBHEHHEM BTOPOTO
nopsijiKa:

d’e do
TT, —+T, —*
dt dt
rae Ko, 7o, Ty - xodpduIMEHT mnepenayu, MOCTOSHHbIC BPEMEHH (IJIEKTPOMArHUTHAs WU
MEXaHUYECKasi) JIBUraTels.

PenykTop, TeH30METpHUUECKUH JMHAMOMETP M 3JEKTPOHHBIM YCHJIUTENIb ONMCHIBAIOTCA
JUHEHHBIMU  YpaBHEHUSMM, KOTOPbIE  COOTBETCTBYIOT  O€3bIHEPLIUMOHHBIM  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:

+w,=kU,, (7.2)

P = md—fx+ﬂ@+cxéx;
dt dt (7.3)
d*oy ,doy '
P=m—+A—=+cCJy;
’ dt* dt ¥

rae M —macca cynnopra; A - KodQQUIHUEHT BI3KOro TpeHus (CUila TPEeHHs IPOIOPLMOHATIbHA
CKOPOCTH); Cx, Cy — JKECTKOCTH 110 COOTBETCTBYIOIIEH KOOPIUHATE.

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

— P QY np
Pz _CDH([) S([)p\/ ’ (74)
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 = | 00R) . P=P -1g(p+n); (7.5)
Yo\ 1+tgi(p+n)
g g+n
I7I€ @ — IJIaBHBIMA yroJl B IJIAHE PE3LA, 77 — YTOJI CX0J1a CTPYKKH.
C ydyeTom npHBeIeHHBIX BbIlIe ypaBHeHHH (7.1-7.5) u cBsizel pyHKIIMOHAIBHOMN CXEMBI IO pUC.
5.30, matremarnueckyro moaenb Becerd LICY Hano JONMONHUTE ClIeTyIOIUMHU 3aBUCUMOCTSIMU:




élJ :Uj_Uoc;
S,=wk,;

dox
S =S ———; 7.6
@ 3 dt ( )
H(p:Hg_éy;
Uoc=5y-kan-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,
peryarpoBaHue [101a41 T0JIKHO IPOUCXOAUTh TaK, YTOOBI CHJIa PE3aHUs OCTaBajIach OCTOSHHON Ha
Bcell nHe 06padotku. Ho xadectBo padotsl LICY 1menmkoM 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 LIEJIBIO OTIpeJIeNIeHus KauecTBa nepexoHoi xapakrepuctuku LICY no KoMIuieKCHOMY IOKa3aTelto
(cmotpu popmyity (5.2)) u TouHOCTH 110 oKOKe OP oT cienyronux napamerpos LICY:

1) oT ko3 unmeHTa nepeaadn peayKTopa;

2) OT kecTKocTH Cx ynpyroi TOC;

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

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

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

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

2. 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: oTHOcuTENnbHOE NIEpEPETyINPOBAHNE U 3aTyXaHHUE 3a MIEPUOLL.

Brumanue! 11ockonbKy UCXO/IHbIE JaHHBIE 33JJAIOTCS CIy4YailHO, HE UCKIJIIOUAETCsl CUTYyalus,

korga LICY oka3biBaeTcsi HEYCTOMUMBOM, TO €CTh COBCEM HE NMPUTOAHOM K (DYHKIIMOHUPOBAHHUIO.
CooOuienust 06 3ToM, B TAKOM cllydae, MOSABIISETCS Ha 3KpaHe MOHUTOPA BO BPEMs MOIETUPOBAHUS.
Pexomenaruu 1J1s pereHus: Takoi npoosieMbl — 1EMCTBOBATh B CIIEAYIONIEH MOCIEI0BATEIbHOCTH:
1) wu3MeHsATh mapamerp, B QYHKIIMH KOTOPOTrO aHAIU3UpyeTcs auHamudeckoe kadectBo [[CY B
JarnasoHe, yKa3aHHOM B 3aJlaHHH;
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.

Tabauya 7.1. — Ucxoonvie dannvie
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% © kyn k,uB Tﬂ,C TM,C
0O | 200 | 30000 | 100 | 1200 | 200 30 [ 0001 | O 20 | 0.8 | 0.003 | 0.01
1 180 | 28000 | 90 | 1400 | 180 45 | 0.002 | 1 30 | 0.9 | 0,005 | 0.02
2 160 | 26000 | 70 | 1000 | 160 60 | 0.003 | 2 40 | 1.0 | 0.007 | 0.03
3 | 140 | 24000 | 60 800 140 75 | 0.004 | 3 50 | 1.1 | 0.010 | 0.04
4 | 120 | 22000 | 50 900 80 80 | 0.005 | 4 60 | 1.2 | 0.008 | 0.05
5 | 100 | 20000 | 40 600 100 45 | 0.006 | 5 70 | 1.3 | 0.009 | 0.01
6 80 23000 | 30 700 110 60 | 0.007 | 6 80 | 0.7 | 0.006 | 0.02
7 60 25000 | 55 | 1100 | 120 75 | 0.008 | 7 90 | 0.6 | 0.004 | 0.03
8 40 27000 | 65 550 90 30 [ 0.002 | 8 | 100 | 1.5 | 0.003 | 0.04
9 20 29000 | 85 750 130 45 | 0.004 | 9 | 110 | 1.8 | 0.005 | 0.05

Cooepotcanue npomoxona

B npotokose npeacraButh cTpykTypHYyIo cxemy uccienyemoi LICY ¢ ncxoaHpMu JaHHBIMU,
Konuio uHTepdeica NMpu MOACTUPOBAHUU, TaOJNMIIBI SKCIEPUMEHTANBHBIX JaHHBIX, TpauKu
COOTBETCTBYIOLIMX 3aBUCUMOCTEMN. BBIBOIBI.

IMpakTuyeckas padora Ne 8. UccienoBanue BJAMSTHUA acTaTu3Ma Ha kadecTBo LICY

Lenv pabomuwi: Ilpuobpemenue npakxmuiecKkux Ha8bIKO8 IKCNEPUMEHMATbHO20 ONpeOeieHls]
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
CUCTEMa BTOPOrO MOpSAJAKa MMEET OMMOKY, MO BEIMYHMHE KOTOPOM MOXKHO MPOBOJUTH OLIEHKY
kagectBa LICY u npouecca peryiaupoBanus. Y cTaHOBUBIIasCS omnoOka actarnueckoii LICY nepsoro
MOPsIIKA B ATOM cliydae Oy/IeT CTPEMUTHCS K OECKOHEYHOCTH.

3aoanue

B cooTtBercTBHM ¢ BapuanToM (Tab6i1.8.1) mpoBeCTH CleayIONINE UCCIIEIOBAHMS.

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 -perynstopom.

4. IlpoBecTH 3KCHEPUMEHTBHI NPU IBUKEHUHM C IOCTOSHHBIM YCKOPEHHEM M OIPEAEIUTH
TOYHOCTH PETYJIUPOBAHMUSL.

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

Tabauya 8.1. Hcxoouvie oannvle



ITepBas Yceunurenb-npeodpa3zoBaTeb Bropas JlBuraresnb

ugpa Ky T, C nudpa Ko, pad/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

Llenwv pabomui: 1lpuobpemenue npakmu4eckux Ha8bIKO8 SKCNEPUMEHMATbHO20 ONPeOeeHs]
napamempog IIH-pezynsmopa.

Ilpakmuueckaa uacmp

Ha puc.8.1 mnpencraBien uHTepdeiic NpUKIATHOW HPOrpaMMbl, C MOMOLIbIO 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
pPEryJaupOBaHKs YCTAHOBUTHh CTATHYECKUIN PEKHUM U MPOBECTU CEPUIO DKCIIEPUMEHTOB HJI1 OLEHKU
KOMILUIEKCHOTO KpuTepusi A KadecTtBa, B COOTBeTCTBHU ¢ (opmynon (5.2). H3mepenue
HKCIIEPUMEHTAIbHBIX JaHHBIX, HEOOXOAUMBIX JUIS pacueToOB, IPOBOAUTCS MO ocLmiIorpammam. [Ipu
ATOM JIJISl HCXOJJHOW CHCTEMBbl KOMIUIEKCHBIN KpUTEpUil A paccuuThiBaeTcsl oAuH pa3, a 1 LICY ¢
[T1-perynsTopoM — A BCero BBIOPAaHHOTO JAMANa3o0Ha HW3MEHEHHs] MOCTOSHHOW BpEMEHH .
Jnana3oH M3MEHEHUs] TOCTOSHHOU [, BpEMEHU OMpeNessieTcss OT 3HaueHus, npu kotopom LICY
CTaHOBMUTCS HEYCTOMYMBOM, B CTOPOHY YBEIMUYEHUS. DKCIIEPUMEHTAIBHBIE JaHHBIE 3alIMCHIBAIOT B
TabJIMIy, TPUMEpP KOTOPOU MpPe/ICTaBIeH HUXKE.

Tabnuya 8. 1. Dxcnepumenmanvrvle u paciemuvle OaHHbLE

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, BOCIIPOM3BOIMMBIN pab0OYHM OPraHOM.

HUcxonHan cHCTEMa Cucrema c MHA-perynaropom
WcxonHbie napameTps

Yeunurens-npeoSpasosaT.

Koo dmumerT 0
NEpEnaqH
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MocToaHHan In 5
BREMEHM, © -
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" NOCTOAHHAA CROPOCTE

{* NoCTOAHHOE YycKOpeHWe | &0
3anaHHDE YckopeHHe

2 pan/c2 60

40
Mpouecc
20

Resel | pren Jao | .
Help | Exit | Bpens,
a) 6)
Puc.8.1. Hccneoosanue enuanus nocmoannou epemenu INH-pezynamopa
Ha mounocmo I[CY

Bpens, ¢ Bpema, ©

[Tpy BBIMOJHEHMM 3KCIEPUMEHTOB OINpPENENsIeTCsl 3aBUCUMOCTb YCTaHOBUBLIECHCS OIIMOKU
yepe3 | ¢ mocie Hayajla MepexofHOro mporecca 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. [IpeoGpazoBannas LICY Oynet noanepxuBaTh HOCTOSHHOE
3Hau€HUE YCTaHOBUBIIEHCS OwmMOKU. ['paduku 3KCIEpUMEHTaIbHBIX 3aBHUCHUMOCTEH OIIMOKH,
KOTOpasi yCTaHOBMJIACh yepe3 lc,  KOMILIEKCHOro Kputepus kayectBa A oT T,, IOCTPOECHHBIE MO
U3JI0)KEHHOM MeToJuKe, NpejacraBieHbl Ha puc.8.2. Tam ke, nis cpaBHEHUs, NPSAMOW JIMHUEH,
napaiebHOW ocu abciuce, TOKa3aHo 3HaueHHe KOMIUIEKCHOTO KPUTEPHs U1l UCXOIHOW CUCTEMBI.
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Puc.8.2. 3asucumocmo ycmanoeusuieiica ouwiuoku (uepes Ic) u kpumepusa 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 IPOMEKYTOYHOM aTTeCTALNH

Cemectp 2

Ne

o/ Bonpocel k 3x3ameny

1 OcCHOBHBIE IOHATHS U ONIPENETICHUS

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

3 Knaccugukaius cucteM aBTOMEXaHUYECKOT0 YIPABICHUS

4 [TpyHIMIT PAa30MKHYTOTO YIIpaBJIeHUs. YTIpaBJIeHUE 110 BO3MYIIEHUIO U OTKJIOHEHUIO

5 OCHOBHBIE BU/IbI AITOPUTMOB (DYHKIIMOHMPOBAHUS

6 Knaccudukanus cuctem 1o xapaktepy nepeadn CUTHaJIOB

7 Knaccugukarus cucteM 1o OCHOBHBIM BU1aM YPaBHEHUH TMHAMMKH ITPOLIECCOB
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
pabotel anemenToB LICY. CranaapTtHas ¢popma 3anucu aupdepeHnanbHbIX YpaBHEHHH

12 | OcHoBHEBIC cBOMCTBA IpeoOpa3zoBanus Jlammaca

13 | XapakrepucTuku AuHaMU4ecKux 3BeHbeB LICY

14 | IloHaTue 0 TMHAMUYECKOM 3BEHE. XapaKTepUCTHUKN JUHAMUYECKOTO 3BE€HA, IepeAaTOUHbIE
(GyHKLMY, YaCTOTHbIE XapaKTEePUCTUKH (aMILTUTYAHbIE U (a30BbIe), JorapudmMudeckue
YaCTOTHBIE XapaKTEPUCTUKHU, BPEMEHHBIE XapaKTEPUCTUKH (IIEPEXOIHBIE U BECOBBIE)

15 | TunoBble TMHAMUYECKHUE 3BEHBS M X XapaKTEPUCTHKHI




Bonpocsl k 3k3amMeny

n/n

16 | CrpykrypHas cxema cuCTeMaTHUeCcKoro ynpasieHus. OCHOBHbIE ITpaBUiIa IIpeoOpa3oBaHus
CTPYKTYPHBIX CXEM: [10CJIEJOBATEILHOE COEIMHEHUE 3BEHBEB; NTapAIIJIEIbHOE COEAUHEHNE
3BEHBEB; 3B€HO, OXBAUEHHOE 0OPaTHOM CBS3bI0; IEPEHOC CyMMAaTopa; IepeHoc y3ia,
IIEPECTAaHOBKA y3JI0B U CYMMaTOpPOB

17 | Boruucnenue neperaToyHbIX (PYHKIMHA U YACTOTHBIX XapaKTEPUCTUK OJHOKOHTYPHOH U
MHOTOKOHTYPHOU pa3oMKHYTO# cuctemsbl. [lepenarounsie GyHKIIMK U yIIpaBIeHUE
3amkHyTOU [ICY. YacTOTHBIE XapaKTEepUCTUKH 3aMKHYTON CUCTEMBI

18 | MaTtemaTnueckoe MOJICIIMPOBAHUE U COCTABICHUE CTPYKTYPHON CXEMBI

19 | YcroituuBOCTh CUCTEM aBTOMATHUYECKOTO yrpasiieHus. [loHsaTue ycroitunBocTu
JMHEApPU30BaHHBIX cucTeM. Heobxoammoe 1 JOCTaTOYHOE YCIOBHUE YCTOWYHBOCTH

20 | AnrebGpanueckue kpuTepun yctounBoctu Payca u ['ypBuia

21 | YacToTHble KpuTepuu ycToHuuBOCTH. [IpuHnmn aprymenTa. Kpurepun ycrounBocTr
MuxaiinoBa A.B. [loctpoenue obsacteil ycroitunBoctu. [lonsitue o /I-pasdouenun

22 | Kpurepuu ycroitunBoctu HalikBucra. AHanu3 yCTOHYMBOCTH MO JOrapuPMUUECKUM
YaCTOTHBIM XapaKTEPUCTHKAM

23 | YcTOWYMBOCTh CUCTEM C 3aa3/ibIBAHUEM

24 | Metonsl orieHKH KadecTBa perymuposanus [[CY

25 | IlonsaTue o kayecTBe npouecca ynpaieHus. OlieHKa KauecTBa CUCTEM YIPABJICHUS B
yCTaHOBHUBIIMXCSA pexumMax. [locTostHHbIE OmMOKH. ACTaTHYeCKHe CUCTEMBI. TOYHOCT TIpH
rapMOHUYECKOM BO3JI€HCTBUU. Y CTAaHOBUBLIMECS OUIMOKU IpU MPOU3BOIBHOM BO3JIEICTBUH,
KOd(QUITUEHTHI OMTNOO0K

26 | OueHKH KadyecTBa Nepexo Horo npouecca. OLUEHKH KauecTBa IpoLecca Ipy BO3AEHCTBUU
CTYNEeHYaTON QYHKIUU

27 | YacToTHBIE METO/IbI OLICHKH KauecTBa peryiarpoBanus. OlleHKa KayecTBa peryJnpoBaHus 1o
aMILIUTYTHO-4aCTOTHON XapAaKTEPUCTUKHU 3aMKHYTON CHCTEMBI; 110 BEIIECTBEHHON
YaCTOTHOW XapaKTepUCTUKE 3aMKHYTOM CUCTEMBI; C IO aMIUTUTYAHO-(ha30BoOM
XapaKTEpUCTUKE PAa3OMKHYTOW CUCTEMBI; MO JIOTapU(PMUUECKUM YaCTOTHBIM
XapaKTepUCTUKAM

28 | KopHeBble OIIEHKHM KauecTBa PEryIMpOBaHUs

29 | Cunres LICY no 3agaHHBIM MIOKa3aTeNsIM 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 KOPPEKTUPYIOIUX YCTPOICTB

31 | Cuctema aBTOMATHYECKOTO YIIPABIICHHsI MTPOJOIBHOM 1Moiayeld Ipyu TOYCHUU

32 | CucteMa aBTOMAaTHYEeCKOI0 YIIPABJICHUs MTONEpeYyHON Noayueil mpu Bpe3HOM IIIH(OBAHUH

33 | Cucrema aBTOMATHYECKOTO YIPABICHHS TOBOPOTOM pabOYero oprana MpOMBIIIJICHHOTO
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 | Cuctema aBTOMATHYECKOTO YIIPABIICHHsI MPOOIBHOM 1Mo1avuell Ipy CBEPIICHUN

39 | ConeprxaHue NOHATHI: «CUCTEMa YIPaBICHUS», «OOBEKT YIPABICHUA», «YIPABIAIOMINUE U
BO3MYILAIONIME BO3JIEHCTBUSA», «YHPABISAIONINE KOOPAUHATHI

40 | Knaccudukaiysi CucTeM aBTOMEXaHHYECKOr0 YIpaBJIeHUs

41 | IlpuHIMI pa30MKHYTOrO yIpaBieHus. YIpaBJIeHHE MO BO3MYIICHUIO U OTKIOHEHHIO

42 | OCHOBHBIE BHJIBI AITOPUTMOB ()YHKIITMOHUPOBAHHSI

43 | Kinaccudukaiys cucTeM 1o XapakTepy nepeadn CUrHaJIOB




Bonpocsl Kk Jx3aMeH
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
BO3MYIIAIONIME BO3ACHCTBUSY, «YNPABISIIOIINE KOOPIUHATHD)

50 | Knaccugukauus cucteM aBTOMEXaHHUECKOTO 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

HEaAOUCTAaMHU

«YAOBJICTBOPUTCIIBHO»

MMPpaBUJIbHBIC OTBCTHI HA BOIIPOCHI
ounera C CYIICCTBCHHBIMHA
HEAOYCTAaMHU

«CHECYHOOBJICTBOPUTCIILHO»

HEIPAaBUJIbHBIC OTBETHI Ha
BOIIPOCHI IK3aMECHAIIMOHHOTO
owunera




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

8.1. O0si3aTesibHAA JIUTEPATYpPa

KoimnuecTBo B
Tun (yueOHuK, ydyeOHOE .
HAYYHOI
Ne nocodoue, yueoHo-
ABTOPpBI, COCTABUTEH 3arsaaBue (3aroJioBok) I'ox n3panus ounodanorexe /
n/n MeToIMYecKoe nocooue,
EpAKTHIYM, 1p.) HaumeHoBaHue
p y 9 p‘ BBC
1 | C. M. bparas [u ap.] ABTOMaTHUECKOE YIIpaBJIEHHUE IIpoleccaMu | Y4eOHUK 2017 9bC
MEXaHU4YEeCKOH 00paboTKH "ZNANIUM.CO
Mll
2 | A. W. Eropos, JI. H. BBeznenue B Teopuio yrpaBieHuUs YyeOHoe nmocodue 2017 OBbC "Jlanp"
3HaMeHCKas CHCTEMaMH C pacrpeaeICHHBIMH
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,
HPAKTHKYM, 1p.) HaumeHoBaHue
P YM, Ap. 3EC
1 | IO.B. Ilerpaxos, O. 1. Teopus aBTOMaTH4ECKOTr0 yIpaBiIeHUS VYuyebHoe nocobue 2009 109
JlpaueB TEXHOJIOTHIECKUMHU CHCTEMAMU
2 | B. A. T'ynses, A. O. Teopust aBTOMaTH4ECKOIO yIIPABICHUS VY4ebHO-MeToInYecKoe 2009 138
Hpaues, 0. B. [lerpakos TEXHOJOTUYECKUMH CHUCTEMAMU rocoowne




8.3. Ilepeuyennr mpodeccuoHaAJBHBIX 0a3 JAHHBIX M MH(GOPMANMOHHBIX CHPABOYHBIX
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 yUpexaeHUs, UMEIONIETO MPsSMOE OTHOIICHHE K MapKEeTUHTY — PeskuM jocTyma:
WwWw.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 OTCJICKMBAHUS LUTUPYEMOCTU 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
nocryna: http://www.webofknowledge.com.

8.4. [lepeuenb nmporpaMMHOro odecrneyeHust

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 JICUCTBHS — OECCPOUHO

Office Stdandard 2016 Russian OLP NL | noroBop Ne 757 ot 04.07.2018, cpok
AcademicEdition JICHCTBUSL — 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,
MOMeIeHUM JJI51 CAMOCTOATEIbHOM
padoThl 00yYarommxcs (HoMep ayAuTOPH)
KomnerorepHsiil kiacc. ITepeHOCHOI POEKTOP, IKPaH,
VYyeOHast ayauTopust AJis IPOBEICHUS 3aHATUH | KOMIIbIOTEpHBIE CTOJBI, CTOJ
JIEKLMOHHOI'O THUIIA. IIpenoaaBaTebCKUM, CTYIbs, 10CKa
VYyeOHnast ayauTopus AJisi IPOBEACHUA 3aHATHI | ayauTopHasi, CTOJIbl yueHUYeCKue
CEMHUHAPCKOro THUIIA. nByxmectHsle, [IK
YyeOnass  ayauTopusi Al KypCOBOTO
MIPOEKTUPOBAHMS  (BBIMOJIHEHHUSI KYPCOBBIX
1 | pabor).
VYyeOHast  ayautopust i HPOBEACHUS
IPYMIOBBIX u WHIUBUIYaIbHBIX
KOHCYJIbTALIUH.
VYyeOHast ayAuTOpUs AJIsl IPOBEICHUS 3aHATHIMA
TEKYIIEro KOHTPOJII U  IPOMEXYTOUHOMN
arrectanuu. (E-306)
YyeOunast ayautopus Ais npoBeneHus 3ausatuil | Cton npenoaaBareabckuid, CTOIBI
JIEKLMOHHOIO TUNA. YueOHasl ayAUTOpHsl IJIsl | yYEHUYECKHUE 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). YueOHast ayTuTOpHs JUISl IPOBEICHUS
IPYNIOBBIX u WHIUBUIYaIbHBIX
KOHCYNbTAllUi. Y4eOHas ayauTopust Jyist
IIPOBEJEHUS 3aHATUH TEKYLIETO KOHTPOJIA U
npomexyrouHoi arrecraimu. (E-309)
3 [Tomemenue ams caMocCTOSTENbHOU pPadboThl | CTOMBI, CTYJbSI, KOMITBIOTEPHI
crynenros (I'-401)
[Tomemienne st camocTosATenbHOM paboThl | Jlocka aynuTopHas (MenoBast), CTOJIbI
4 | obyuaromuxcst (C-508) YUYEHUYECKHUE, CTOJI ITPENOJaBaTEIbCKUM,

CTYJIbS, CTEH]IbI, MIKaQBI.
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