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15.04.05 KOHCTPYKTOPCKO-TEXHOJIOTHYECKOE 00ecneYeHe MAIIMHOCTPOUTENbHBIX TPOU3BOJICTB

Cpoxk nelictBus pabodei mporpaMMBbl JUCIUTUIMHBL 10 «__ 30 » _ WIOHA 2023__r.

YTBEPXIEHO

Ha 3acepanuu kadenpsi
«O06opynoBaHue ¥ TEXHOJIOTUU MAIIMHOCTPOUTEIHLHOTO MTPOU3BOJICTBAY

(npotoxoi 3acemanmst No 1 ot «31 » amrycra 2020T.).



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 OIIOII BO

JIMCUMIUTMHBL M TMPaKTUKA, HAa OCBOGHUU KOTOPBIX Oasupyercs HaHHas JUCIUILIMHA!
((I/IHHOBaI_II/IOHHBIC TEXHOJIOTNU B MAallIMHOCTPOCHUW, «I/IHCTPYMGHTaJIBHBIe CHUCTCMBbI

ABTOMATHU3HUPOBAHHOI'O MAIIMHOCTPOCHU .

HI/ICHI/IHHI/IHBI " IpaKTHUKU, JJI1 KOTOPBIX OCBOCHUC HaHHOﬁ JAUCHHUITIIMHBI HeO6XO,I[I/IMO KakK

NpeaAMCCTBYIOMICC: MOATOTOBKA U 3alllUTa MaFHCTepCKOﬁ JAUcCCepTaiuu.

3. Iliianupyemblie pe3yJibTaThl 00y4eHUs1

dopmMupyemsbie U
KOHTPOJIUpYeMble
KOMIETEeHIHH
(Koa 1 HAMMEHOBaHUE)

NHaukaTopbl JOCTHKEHUAS
KOMIIEeTeHIN I
(Ko ¥ HAMMEHOBAHUE)

IInanupyemble pe3ybTaThl
o0yueHust

VK-2. Crnocoben
YIPaBJIATH POCKTOM Ha
BCEX JTalmax ero
JKM3HEHHOTO I[UKJIa

VYK-2.1. ®opmynupyer B
paMKax MOCTaBJICHHOW LieNn
MIPOEKTa COBOKYITHOCTb
3aja4, 00ecreuyrnBaroLINX ee
JOCTUKEHHE

YK-2.2. IIpoektupyer
pelieHue KOHKPETHOU
3ajaud IpPOEKTa, BbIOMpas
ONTUMAIBHBIA  CcIocob ee
pelieHus, UCXoas u3
JNEHCTBYIOIIUX IIPABOBBIX 15
HOPM u HUMEIOIIUXCS
PECYPCOB U OTPAaHUYECHUN
YK-2.3. Omnpenensier
noTpeOHOCTH B pecypcax
TUISI pelieHus 3a1a4
npodeccnoHanbHOM
JeSITeIbHOCTH

3HaTh:

- METOA0JIOTUYECKUE OCHOBBI

(O YHKITMOHUPOBAHWS, MOJICTTUPOBAHUS
Y CUHTE3a CUCTEM aBTOMAaTHUYECKOTO
ynpasienus (LICY);

- OCHOBHBIE MeToibl aHanu3a LICY Bo
BPEMEHHOMW W 4YaCTOTHOM 00JIacTsX,
crioco0n! cuaTe3a LICVY;

- TUTIOBBIE TTAKETHI TPUKIIATHBIX
porpamMm aHain3a JUHAMUYECKUX
CHUCTEM;

- KHHEMAaTUYECKYIO CTPYKTYpPY U
KOMIIOHOBKY CTaHKOB, CHUCTEMBI
YIPABJICHUS UMU;

- CpEICTBa JUIsl KOHTPOJI,
HUCTIBITAaHUHN, TUAaTHOCTUKHU U
aJanTUBHOIO YIIPABIICHUS
000pyTOBaHUEM.

YMeTs:

- BBITOJIHSAThH aHAJIU3
TEXHOJIOTHYCCKUX MMPOUCCCOB KaK
00BEKTOB aBTOMATH3AIINU U
yIPaBJICHHUS;

- COCTaBIISITh CTPYKTYPHBIE CXEMBI, UX
MaTEMATHYCCKHUEC MOJCIN KaK
00BEKTOB YIIPABJICHHUS,

- ICTIOJIb30BaTh OCHOBHBIE METOIbI
MOCTPOEHUSI MAaTEMaTHYECKUX
MOJIEJIEN MPOIECCOB, CUCTEM, UX




®opmMupyembie U
KOHTPOJIUpYeMble
KOMIIETEeHIHH
(ko1 1 HAUMEHOBAHME)

NuaukaTopsbl J0CTHXKEHUS
KOMITeTeHIUI
(Koa 1 HAMMEHOBaHUE)

Ilnannpyemble pe3yabTaThl
o0yueHust

3JIEMEHTOB M CUCTEM YIIPaBIICHHUS;
- paboTaTh ¢ KAaKUM-JIHOO U3
OCHOBHBIX THITOB ITPOTPAMMHBIX
CHCTEM, MPEIHA3HAYCHHBIX IS
MaTEeMaTHYECKOr0 ¥ HMHUTAIIMOHHOTO
moenupoBanus Mathcad, Matlab.

Bnaners:

- HaBBIKAMU TTPAUMEHEHHUS YJIEMEHTOB
aHaJIM3a TANoB KU3HEHHOTO 1UKJIA
MPOIYKIINH U YIIPABICHUS UMH,

- HaBbIKAMU HaJaJIK1, HACTPOIKH,
PETYJIIHPOBKHU, OOCTY)KHBAHUS
TEXHUUYECKUX CPEICTB U CUCTEM
yIIPaBIICHHUS;

- HaBbIKaMU O(OPMIICHHUS
pe3yJIbTaTOB UCCIEIOBAHUIN U
NPUHSTUS PEIICHUM.

OIIK-3. Cnocoben
UCIOJIb30BATh
COBPEMECHHEIC
nH(pOpMaIMOHHO-
KOMMYHHKAIIHOHHBIC
TEXHOJIOTHH, IJI00aTbHbIC
MH(pOpPMalLMOHHbIE
pecypchl B HAyYHO-
HCCIIEI0BATEIBCKON
JESITEIbHOCTH

OIIK-3.1.
COBpEMEHHBIE
UH(POPMAIMOHHO-
KOMMYHHKAI[UOHHBIE
TEXHOJIOTHH u
MporpaMMHOe oOecreueHue
npu peleHnn 3a1a4q
npodeccnoHanbHOM
NEeSATSIIEHOCTH

OIIK-3.2. Ucnons3yer
JI00aTbHBIC
nH(}OPMAaLIMOHHBIE PECYPCHI
B HAy4HO-
HCCIIEI0BATENBCKOU
NEeSATSIIEHOCTH

Ucnonb3yer

3HaTh:

- METOJIbI ¥ CPEIICTBA
TEOMETPHUYECKOTO MOJICITHPOBAHMS
TEXHUYECKUX OOBEKTOB;

- TCHICHUIWHU Pa3BUTHUS
KOMITBIOTEPHOH rpaduku, ee posib u
3HAYCHHEC B MHKCHCPHBIX CUCTEMAX U
MPUKIIATHBIX TPOTpaMmMax;

- obmrue TpeGoBaHUs K
ABTOMATHU3HPOBAHHBIM CUCTEMaM
IIPOEKTUPOBAHU,

- OCHOBBI TEXHOJIOTHYECKOTO
pETyJIHPOBAHMUS.

YMeTs:

- CTPOUTH MAaTEMaTUYECKHE MOJIEITH
00BEKTOB YIPABJICHUS U CUCTEM
ABTOMATHUYECKOTO YIIPABJICHUS
ey

- npoBouTh aHanu3 LICVY, ouenuBartp
CTATUCTUYECKUE U TUHAMUYECKHE
XapaKTEPUCTHUKU;

- pacCUUTHIBaTh OCHOBHbIE
KauecTBeHHBIE TTokazaTenu LICY,
BBITIOJIHSATh: aHAIN3 €€ YCTOMYUBOCTH,
CUHTE3 PeryssiTopa;

- pazpabaTbIBaTh aNTOPUTMBI
[IEHTPATM30BAaHHOTO KOHTPOJIS
KOOPJAMHAT TEXHOJIOTMYECKOTO
00BEeKTa;

- paccUUTHIBaTh OJTHOKOHTYPHbBIE U
MHOTOKOHTYPHBIE CHCTEMBI




®opmMupyembie U
KOHTPOJIUpYeMble
KOMIIETEeHIHH
(ko1 1 HAUMEHOBAHME)

NuaukaTopsbl J0CTHXKEHUS
KOMITeTeHIUI
(Koa 1 HAMMEHOBaHUE)

Ilnannpyemble pe3yabTaThl
o0yueHust

ABTOMATUYECKOTO PETYIUPOBAHUS
NPHUMCHUTCIIbHO K KOHKPETHOMY
TEXHOJOTHYECKOMY OOBEKTY;

- UCIIOJIb30BaTh OCHOBHBIE
TEXHOJIOTHH Nepeayul HHPOopMaIuu B
Cpele JIOKaJIbHBIX CETEN, CETU
Internet.

Bnagers:

- HaBbIKaMU 0(pOPMIICHUS TPOEKTHOMN
U KOHCTPYKTOPCKOH TOKyMEHTAallUU B
COOTBETCTBUH C TPEOOBAHUAMHU
ECKI;

- HaBbIKAMU [IOCTPOCHMSI CUCTEM
aBTOMATHUYECKOTO YIIPABJICHUS
CHCTEMaMH U MPOLecCaMH;
HaBbIKaMH aHAJIN3a TEXHOJIOTUYECKUX
IPOILIECCOB KaK 0ObEKTa YIPABICHUS
¥ BbIOOpa QYHKIIMOHAJIBHBIX CXEM HX
aBTOMaTH3allHH.

OIIK-6. Cniocoben
paspabaTbIBaTh U
MPUMEHSATH aJITOPUTMBI U
COBpPEMEHHBIC IIU(PPOBHIC
CHUCTEMBI
ABTOMAaTU3UPOBAHHOTO
MIPOCKTUPOBAHUS
MIPOU3BOJICTBEHHO-
TEXHOJIOTHYECKOM
JIOKyMEHTAuU
MaITuHOCTPOUTEIBHBIX
MIPOU3BOJCTB

OIIK-6.1.
MPUMEHSITh
CHCTEMBI
ABTOMATH3UPOBAHHOTO
MIPOCKTHPOBAHHSI
(dbopmHupoBaHUs
KOHCTPYKTOPCKO-
TEXHOJIOTHYECKOH
JOKYMEHTAITU!
MalIMHOCTPOUTENBHBIX
MIPOU3BOJICTB
OIIK-6.2. YMeer
MPUMEHSITh pa3padaThIBaTh
AJITOPUTMBI JUIST
(hopMupoBaHUS
MIPOU3BOJICTBEHHOM
JOKYMEHTAITU!
MalIMHOCTPOUTENBHBIX
MIPOU3BOJICTB

OIIK-6.3. CocTaBnseT
MOJIENIN eTaJIEd U
COOPOYHBIX ETUHUIL B
cHucTeMax
ABTOMATHU3UPOBAHHOTO
MTPOCKTHPOBAHHS

VYmeer
COBPEMCHHBIC

JJIA

3HATh:

- ocHoBHBIE MeToabI aHanu3a LICY Bo
BPEMECHHOMN M YaCTOTHOM 00JIacTsIX,
crtoco0n! cuaTe3a L[CVY;

- TUIIOBBIE MTAKEThI TPUKJIATHBIX
porpamMm aHain3a JUHAMUYECKUX
CHCTEM;

- KHHEMAaTUYECKYIO CTPYKTYpPY U
KOMITOHOBKY CTaHKOB, CUCTEMBI
YIPaBJICHUS UMU.

YMmeTs:

- BBIIIOJIHATH aHAJIU3
TEXHOJIOTHYCCKUX MPOICCCOB KaK
00BEKTOB aBTOMATHU3ALIMH 1
yIIPaBJICHHUS;

- COCTaBIIATh CTPYKTYPHBIE CXEMBI, UX
MAaTEMATUYCCKHUEC MOACIIN KaK
00BEKTOB YIIPABJICHNUS;

- HCIOJIb30BaTh OCHOBHBIE METOIBI
MMOCTPOCHHSI MAaTEMATHIECKHIX
MOJIETIEN MPOILECCOB, CUCTEM, UX
AJIEMEHTOB M CUCTEM YIIPaBJICHUS,

- paboTath ¢ KaKUM-JTH00 U3
OCHOBHBIX THUIIOB MPOTPAMMHBIX
CHUCTEM, NPEAHA3ZHAYECHHBIX 15
MAaTeMaTUYECKOI0 U MMHUTAIIHOHHOTO
moenupoBanus Mathcad, Matlab

Bnaners:
- HaBbIKaMHU HpI/IMeHeHI/ISI 3JICMCHTOB




®opmMupyembie U
KOHTPOJIUpYeMble
KOMIIETeHI[HH
(ko1 1 HAUMEHOBAHME)

NuaukaTopsbl J0CTHXKEHUS
KOMITeTeHIUI
(Koa 1 HAMMEHOBaHUE)

Ilnannpyemble pe3yabTaThl
o0yueHust

aHaJIN3a 3TaINoB XU3HECHHOTO [UKJIA
MPOIYKIINH U YIIPABICHUS UMH,

- HaBBIKAMHU HAJIJIKH, HACTPOUKH,
PETYIUPOBKHU, OOCTY)KHBAHUS
TEXHUYECKUX CPEIICTB U CHCTEM
yIpaBICHUSI.




4. CTpyKTYpa M coJiepKaHue IUCHUIINHbI

Monayab
(pa3nen)

Bun
y4eOHol
padoThI

HaunMenoBanue TeM 3aHATHH
(yuedoHoOl padoTHI)

Cemectp

OonemMm,

Banasl

HNHurepakrus, 4.

DopMBbI TEKYLLET0
KOHTPOJIA
(HauMeHOBaHMe
OLICHOYHOI'0
cpeacTBa)

Monyib 1.
IbazoBbIe
XapaKTEPUCTUKH
CHCTEM
YIIpaBICHUSI.

Jlek.

1.1. OcHOBHBIE TOHATHS U ONPEICIICHHUSI.
CymHOCTh mpoOIEeMBI aBTOMATHYECKOTO
yIpaBICHUS.

Bonpocs! k 5k3ameHy

Cp.

1.1. OcHOBHBIE TOHATHS U ONPEICIICHHUSI.
CymHOCTh MpoOIeMBbI aBTOMATHYECKOTO
yIpaBICHUS.

BOHpOCbI K 3K3aMCHY

IIp.

1.2. OcHoBHble ycTpoiicTBa CAP u ux
KJIaccU(UKanus 1Mo Ha3HAYCHUIO.
Knaccugukanus aBToMaTn4eckoro
yrmpasieHus. Maremarudeckasi MOJeb
IIEHTPOOEKHOTO PEryasiTopa CKOPOCTH
JIBUTATEIIs.

OTuer B 2JIEKTPOHHOM
BUJIC

1.2. OcHoBHble ycTpoiicTBa CAP u ux
KJaccu(uKanus Mo Ha3HAYCHUIO.
Knaccugukamus aBToMaTn4eckoro
yrpaByieHUs. MaTeMaTudeckasi Mofielb
IIEHTPOOEKHOTO PEryasiTopa CKOPOCTH
JIBUTATEIIs.

Bormpocs! k 3x3aMeny

1.3. UccnenoBanue BIUSHUS TApaMETPOB
[EHTPOOESIKHOTO PETYISITOPA CKOPOCTH HA
IpoIeCcC PEryIUMPOBAHUSI.

OT4eT B 3JIEKTPOHHOM|
BHUJIC

Cp.

1.3. ccnenoBanue BIMSIHUS TapaMETPOB
LEHTPOOESIKHOTO PETYIATOPAa CKOPOCTH HA
IIPOLIECC PErYITUPOBAHUS.

Bormpocs! k 3k3ameny




DopMBbI TEKYLLET0

Bun . KOHTPOJISA
Monayab . HaunMenoBanue TeM 3aHATHH Oo0nemMm,
y4eOHoi . CemecTtp Baaabl | UHTepakTuB, 4. | (HAHUMEHOBaHHUE
(pa3neu) (yueoHoOii padoThI) 4,
padoThI OLICHOYHOI'0
cpeacTBa)
IIp. 1.4.XapakTepucTUKU EPEXOTHOTO 2 2 - - OTyer B 3JIEKTPOHHOM|
npoiiecca. YacTOTHbIE XapaKTEPUCTUKH. BUIC
Cp. 1.4.XapakTepuCTUKH MEPEXOTHOTO 2 9 - - Borpocsl k ak3aMeny
nporecca. YacTOTHBIE XapaKTEPUCTUKH.
IIp. 1.5.MaremaTuuecke MOJEIH. 2 2 - - OTuer B 2JIEKTPOHHOM
Jluneapuzalys MaTeMaTHYECKUX MOJIEIICH. BU/IE
Cp. 1.5.MaTeMaTHuecKue MOIECIIH. 2 9 - - Bomnpock! k sk3ameny
Jluneapuzalys MaTeMaTUYECKUX MOJIesIen
IIp. 1.6. OnpeneneHune 4aCTOTHBIX 2 2 - - OTuer B 2JIEKTPOHHOM
XapaKTePUCTHK O aHAINU3Y BXOTHOTO U BUIC
BBIXOJIHOTO CUTHAJIa BO BPEMEHHU.
Cp. 1.6. OnpeneneHnre 4aCTOTHBIX 2 9 - - Bormpocs! k 3k3ameny
XapaKTEPUCTHUK 10 aHAIU3Y BXOTHOTO U
BBIXOJIHOT'O CUTHAJIa BO BpEMEHH.
IIp. 1.7. TunoBbIe 3BEHbsI MEPEAATOUHBIX 2 2 - - OT4er B 2NIEKTPOHHOM
(O YHKIHH. BHJIC
Cp. 1.7. TunoBbIe 3BEHbsI MEPEAATOUHBIX 2 9 - - Bonpocs! k sk3ameHy
(OYHKIUH.
IIp. 1.8. Onpenenenue nepexoaHON 4aCTOTHOM 2 2 - - OTuer B 3JIEKTPOHHOM
XapaKTePUCTHKH. BUIE
Cp. 1.8. Onpenenenue nepexogHON 4acTOTHOU 2 9 - - Bonpocsl k sk3amMeHy
XapaKTePUCTHKH.
Monyns 2. Jlex 2.1 OyHKUHUOHATIBHBIE U CTPYKTYPHBIE 2 2 - 2 YcrHblii onpoc
KauecTBeHHBIN 1 cxemsl. [IpaBuna npeoOpazoBaHus
KOJTMYECTBEHHBIH CTPYKTYPHBIX CXEM.
AHAN3 CHCTEM | Cp, 2.1.OYHKIMOHAIIBHBIE U CTPYKTYPHBIE 2 9 - - Bonpock! K 3K3aMeHy
ABTOMATHICCKOTO cxemsbl. [IpaBuia npeobpasoBanus
YIIpaBIEHUSI.

CTPYKTYPHBIX CXEM.




DopMBbI TEKYLLET0

Bun . KOHTPOJISA
Monayab . HaunMenoBanue TeM 3aHATHH Oo0nemMm,
y4eOHoit . Cemectp Baaabl | UHTepakTuB, 4. | (HAHUMEHOBaHHUE
(pa3neu) (yueoHoOii padoThI) 4,
padoThbI OLICHOYHOI'0
Cpe/cTBa)

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

Cp. 2.2. UccnenoBanue ycrouuboctu LICY no 2 9 - - Bomnpochl k 3x3aMeny
kputeputo [ ypeuia.

IIp. 2.3. IlpaBuna npeoOpa3oBaHUs 2 2 - - OT4eT B 3JIEKTPOHHOM|
CTPYKTYPHBIX CXEM. BU/IS

Cp. 2.3. IlpaBuia npeoOpa3oBaHuUs 2 9 - - Bonpocsl k sk3ameny
CTPYKTYPHBIX CXEM.

IIp. 2.4. Tloctpoenue rogorpada CHCTEMBI | 2 2 - - OT4YeT B 3JIEKTPOHHOM|
norapuMUUECKOl 4aCTOTHOMN BUIC
XapaKTePUCTHKH.

Cp. 2.4. IToctpoenue rogorpada CUCTEMbI U 2 10 - - Bonpocsl k s5k3ameny
Jorapu(MUIECKON 4aCTOTHOM
XapaKTePUCTHUKH.

IIp. 2.5.MaremaTtuueckasi OlleHKa 2 2 - - OTuer B 2JIEKTPOHHOM
YCTOMYMBOCTU. 3a/1a4ll YCTOMYUBOCTH. BUIE
3anac yCcTOHYMBOCTH.

Cp. 2.5.MaremaTudeckast OLlEHKa 2 10 - - Bonpocsl k 3k3amMeny
YCTOMYMBOCTU. 3aJauu yCTOMYHMBOCTH.
3amac yCTOWYHBOCTH.

IIp. 2.6. UccnenoBanne Tounoctu LICY B 2 2 - - OT4YeT B 2JIEKTPOHHOM|
peXHUME JBUKCHHSI 10 TADMOHUYECKOMY BUIE
3aKOHY.

Cp. 2.6. UccnenoBanue Tounoct LICY B 2 10 - - Bompock! k sk3ameny

PEKUME TBUIKCHUS 10 TAPMOHHUECKOMY
3aKOHY.




DopMBbI TEKYLLET0

Bun . KOHTPOJISA
Monayab . HaunMenoBanue TeM 3aHATHH Oo0nemMm,
y4eOHoit . Cemectp banabl | UHTepakTUB, 4. | (HAHMeHOBaHUe
(pa3neu) (yueoHoOii padoThI) 4,
padoThI OLICHOYHOI'0
cpeacTBa)
IIp. 2.7. OnpeneseHue xapakTepUCTHUK 2 2 - - OTyer B 3JIEKTPOHHOM|
JIEKTPOMEXAHUYECKOTO MMPUBOJIA. BUJIC
Cp. 2.7. OnpeneneHre XxapakTePUCTHK 2 1 - - Borpocsl k ak3aMeny
AIEKTPOMEXAHUYECKOTO MPUBO/IA.
Monyib 3. Jlex 3.1. KoMmnekcHas OlleHKa KauecTBa CUCTEM 2 2 - - Bonpocsl k sk3ameny
CuHTE3 1 aHAIIN3 1 00BEKTOB aBTOMATUYECKOTO YIIPABJICHHUS.
CHCTEM Cp. 3.1. KoMInekcHas OLleHKa KauecTBa CUCTEM 2 1 - - Bonpocsl k 3k3amMeny
ABTOMATHYECKOTO 1 00BbEKTOB aBTOMATUYECKOTO YIPABJICHUSI.
YIIpaBICHUS. Ilp. 3.2. Onpenenenue xapakrepuctuk LHCY 2 2 - - OTyer B 3JIEKTPOHHOM|
IPOIOJIBLHON OIaueH PU TOUYCHUH. BUJIC
Cp. 3.2. Onpenencuue xapakrepuctuk LICY 2 9 - - Bonpocsr k sk3amMeHy
[IPOJIOJBLHOM MO/IaYeil MPU TOYCHHH.
IIp. 3.3. OGecnieueHue HEOOXOAUMON TOUHOCTH 2 2 - - OTuer B 2JIEKTPOHHOM
ICY. Ouenka Trounoctu LICY. BUIE
Cp. 3.3. ObecnieueHre HEOOXOAUMON TOUHOCTH 2 9 - - Bompock! k sk3ameny
IICY. Ouenka Toynoctu LICY.
IIp. 3.4. UccnenoBanue BIUSHUS acTaTU3Ma Ha 2 2 - - OTuer B 2JIEKTPOHHOM
kauectBo LICY. BUJIC
Cp. 3.4. UccnenoBanue BIUSHUS acTaTU3Ma Ha 2 9 - - Bonpocsl k sk3amMeHy
kauectBo 1LICY.
IIp. 3.5. OCHOBBI CHHTE3a CUCTEM 2 2 - - OT4er B 2JIEKTPOHHOM
ABTOMATHYECKOTO YITPABIICHHUSL. BUJIC
Cp. 3.5. OCHOBBI CHHTE3a CUCTEM 2 9 - - Bonpocsl k 3k3aMeHy
ABTOMATHYECKOTO YITPABIICHHUSL.
Jlek. 3.6. UccnenoBanue BIUAHUS THOKON 2 2 - 2 YcTHBIN onpoc
oOparHoi cBs13u Ha ObicTpogericTteue LICY.
Cp. 3.6. UccnenoBanue BIUAHUS THOKON 2 9 - - Bomnpocs! k sk3ameny
oOparHoi c¢Bs13u Ha ObicTponericTteue LICY.
A 2 0,35




DopMBbI TEKYLLET0

Bun . KOHTPOJISA
Monayab . HaunMenoBanue TeM 3aHATHH Oo0nemMm,
yueOHOI N CemecTtp banabl | UHTepakTuB, 4.| (HAaUMEHOBaHHeE
(pa3neu) (yueoHoOii padoThI) 4,
padoThI OLICHOYHOI'0
cpeacTBa)
Kontposnb 2 35,65
Hroro: 288




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,
XapaKTEpU3YIOIIAsCsl JIEHCTBYIONICH CHCTEMOW TMO3HABATENBHBIX MPOIECCOB, HAYMHAS C
BOCTIpUATUS  HWHPOPMAIIMM W  3aKaHYMBAs  CJIIOXHEUIIUMHU  TBOPUYECKMMH  IPOIECCAMU,
CHOCOOHOCTSIMH  OOIIET0 M YacTHOTO XapakTepa, 3MOIMOHAIBHBIMU SIBICHHSIMH, KOTOPBIC
MOTHBHUPYIOT MHOTHE CUCTEMBI YU€OHBIX JICHCTBUH, a TaK e OOIIMMH U YaCTHBIMH MOTHBAIUSMHU.

6. MeToauuyecKue YKa3aHUusA 110 0OCBOCHUIO JUCHUIIIMHBI

K ocobOenHocTsiM 00OyueHHs] IUCHMIUIMHE MOKHO OTHECTH MOCTOSHHOE B3aMMOJICHCTBHE
MEXy CTyIEHTaMH U IMpernojaBaTesiaM, a TaKKe MaKCHUMaJbHYI0 NMPHUOIMKEHHOCTh MaTepuaia K
npoeCCHOHATIBHON JIEATENIbHOCTH, YTO BBIPAXKAETCS B MOJCIMPOBAHUHM TMPO(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 YIpaBIICHHE MPOIECCAMH MEXaHMYECKOW 00pabOTKU [DIEKTPOHHBIN
pecypc] : yueOnuk / C. M. bparan [u 1p.]. - Mocksa : By3oBckuii yuebnuk : UHOPA-M, 2017. -
228 c. - ISBN 978-5-9558-0514-6.

2. Eropo A. U. BBeneHue B TEOpUIO YMpaBICHUS CHCTEMaMU C paclpeaeleHHbIMU
napaMmerpamu [ DIIEKTPOHHEIN pecypc] : yueb. mocodue / A. . Eropos, JI. H. 3namenckas. - CaHKT-
[TetepOypr : Jlanp, 2017. - 292 c. : uin. - (YueOHuku ajs By3oB. CrenuansHas aureparypa). - ISBN
978-5-8114-2554-9.

3. ABTOMaTHuYECKOE YIpaBJICHHE IMPOLIECCAMU MEXaHHYeCKOH o0paboTKH [DIeKTPOHHBIN
pecypc] : yuebnuk / C. M. bparan [u np.]. - Mocksa : By3zoBckuii yuebnuk : UH®PA-M, 2017. -
228 c. - ISBN 978-5-9558-0514-6.

4. Ilerpaxos 0. B. Teopust aBTOMaTH4ECKOIO YIPaBIEHUS TEXHOJIOTUYECKUMU CUCTEMAMM :
yueb. mocobue Iisi CTYJEHTOB BY30B, 00yd4. mo HampasieHuto 220100 - CuctemHbId aHaNu3 |
ynpasnenue / FO. B. Ilerpakos, O. U. Jlpaues. - I'pup YMO. - Mocksa : Mamunoctpoenue, 2008.
- 336 c. : nn. + CD. - ([Ina By30B). - bubnuorp.: 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
/JTeBamikun, [I. T'., Cenuanos, A. C., Mansiies, C. A. TT'V, 2016. — 63 c. : ui. — bubmuorp.: ¢. 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 KOMIIeTeH UM HaumenoBanue
Cemectp
(MM ee 4aCTH) OLICHOYHOI'0 CPEeACTBA
2 YK-2, OIIK-3, OITK-6 [Tpaxtrueckue padotTsr NeNe 1-3
Bonpocs! k ak3ameny Ne 1-15
2 YK-2, OIIK-3, OITK-6 [TpaxTrueckue padoTsr NoNe 4-6
Bomnpocs k sx3ameny Ne 16-30
2 YK-2, OIIK-3, OITK-6 [TpaxTrueckue padotTsr NeNe 7-8
Bomnpocs k sx3ameny Ne 31-50

7.2. TunoBble 3aJaHUSA WJIN MHbIE MATEPHAJIbI, HEO0OXOAUMBbIE JJIfl TEKYIEro KOHTPOJIs

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 yacmo

Hccnenyercs cucrema  aBTOMaTHueckoro  ympamineHus (puc.l.l), cocrosmas w3
LEHTPOOEKHOI0 PEryisiTopa CKOPOCTH, MOJA3YH 1 KOTOpOro CBsi3aH pblyaramMu 2 ¢ 3acCJIOHKOW 3
nogayn paboueil cMecu B TEIUIOBOH aBuraresns 4. Perynsarop npuBOIUTCS BO BpamleHHE OT
JIBUTATENS Yepe3 3y0uaTyro nepenaqy 5.

Puc.1.1. Cxema IICY cxopocmoio epawienus oguzamens

[Ipu ¢pynkumonupoBanuu LICY Bpamienue asurarens yepes 3y0uaTyro nepeaady nepegaercs
PEryysiTOpy CKOPOCTH, IIAPUKHA KOTOPOTO MO ACHCTBUEM IIEHTPOOEKHOM CUJIBI C OAHON CTOPOHBI
U CUJBl NPYXUHBI C IPYrOM 3aHUMAIOT HEKOTOPOE IIOJIOKEHUE, YTO BBI3BIBACT OIPEICICHHOE
OTKPBITHE JIPOCCEII U CUCTEMAa HAaXOJIWUTCA B paBHOBecHM. [IpyM yBeIMYEeHMM MOMEHTA HArpy3KH
CKOpPOCTb JBUIaTelIsd YMEHBIIACTCS B COOTBETCTBUM C €r0 XapaKTEPUCTUKOHM, 4YTO BBI3BIBACT
YMEHbIIIEHUE CKOPOCTH BpalleHHUs peryniaropa. lLleHTpoOexHble CHUIIBI TakXe YMEHbIIAITCH,
LIAPUKU OIYCKAIOTCS U YEPE3 PhIYaKHYI0 CUCTEMY YBEIUYUBAIOT OTKPBITUE APOCCENS. Y BEJIMUYECHUE
nojayn pabouyell cMecu B JBUTATENb BHI30BET YBEIMYEHHE €ro CKOPOCTH, PAaBHOBECHE BHOBb
BOCCTAHOBUTCS, HO YK€ Ha APYrOM ypOBHE. SICHO, UTO pa3HOCTb CKOPOCTEH OIpEAECIAeT KaueCTBO



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

Hns ananmmza LICY HEOOXOIMMO COCTaBUTh €€ MaTeMaTHYECKYI0 MOJeib. AHaINU3
IIOKa3bIBAa€T, YTO B CHUCTEMY BXOJAT ABHUraTellb, JpOcCeib IoJauyu pabodel cMmecu, pbhlYakHas
nepegaya u 3youaras nepejaya.

JIBr>keHue nBUratesis NpU OrPaHUYEHUM YYETOM SBJICHUM NEpBOrO MOpPsIKa, T.€. €ro
MHEPIOHHOCTBIO, MOXET ObITh NpeAcTaBiIeHO Au(QepeHInaIbHBIM ypaBHEHUEM [EPBOTO
HopsijiKa:

I(,d—a)+ﬁoa)+ M, =M,,
dt 1.1)

rae lo u Ay — MOMeHT uHepuuu potopa u Ko3hduiueHt Bs3koro TpeHus apurareins, M, u My
— MOMEHT COIIPOTHUBJIEHUS HArPy3KHU U MOMEHT JIBUraTeNIsl COOTBETCTBEHHO.

MoOMEHT IBUKEHUS 3aBUCHUT OT OTKPBITHUS IPOCCENs oJau pabodel cMecu:

M, =Dbk,,
1.2)
rae b — koahdunneHT nepeaayn OTKPHITUS IPOCCEs OT MepeMEIeHHs TOJI3YHA PEerysiTopa
4yepe3 phlUaXHyH nepenady, Ko — KOI(DOUIMEHT NpPONOPIMOHATBHOCTH MEXKIY OTKPBITHEM

Jpoccensi © MOMEHTOM JIBUTATEIIs.

Ecnu npuHATH nepenaToYHOe OTHOIICHUE PHIYaroB M 3yOUaTOl Iepenavyd paBHBIM €IUHUIIEC,
TO, W3 TEOMETPUYECKUX COOTHOIICHHW, IOJYyYHM YpaBHEHHE CBS3M, KOTOPOE OIpeesseT
3amkHyTOoCTh LICVY:

b =211— Sinx).
1.3)

[NTonyuennas maremarndeckast moneins (1.1)-(1.3) ucronp3yercs B NpUKIaIHON TporpaMme, ¢

MIOMOIIBIO0 KOTOPO# BBITIOIHSAIOTCS TPEOYeMbIe HCCIIEIOBAHUSI.

m MonenupoBaHHe pPEryaaToOpa CKOPOCTH ABHI aTens =] B3

WCX0AHLIE NAHHBLIE CAY

Macca WAPHEOE, KI 025

Cuna npysiHer, H 100

AecTrocTe

MPYs#HHEL, H/ vt I‘I 5
MoreHT MHEDLWM
AEMraTens, krim ID"I

K03 PPMUMEHT SEMCHMOCTH
MOMEHTE AEWMETENA OT

OTKPETHA QPOCCEns, |4

Hirra

|4D 3‘ MomeHT Harpysku, Hii

Ocumnnorpad

Mpouecc | ﬂpononmemdel

Fieset |

OTEREITHE SRCA0HKK X, Mk

Bt |

¥rnoBan cKopocTe W, pasjc

i Comnnnorpad

6)

S nossA CEopocTs W, pagh

BpesA, ©

Puc.1.2. Mooenuposanue yenmpooexcrnozo pecyniamopa cKkoOpocmu



3aoanue
B cootBercTBUM ¢ BapuanToM (Tadi1.1.1) mpoBecTH uccienoBaHne KauecTBa PETryJIUPOBAHUS B
3aBUCHUMOCTH OT U3MEHSIEMOTO MapameTpa U MOCTPOUTh rpadrKu 3aBUCIMOCTH OBICTPOICHUCTBUS H
toudoctd LICY B yHKIMH OT U3MEHIEMOTO TTapaMeTpa.
Tabauya 1.1. Hcxoouwle oantvle

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

asi | wapux | npysjcuHvl | uHepyuu | pas | s cuia 3asucumocmu napamvemp
uadp | o8 M, | Cup, HMm | 0sucamens | tud | npysicunvt |  MomMeHma 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 a8 THOO0r0 SKCIEpUMEHTa U3 BBIMOJIHEHHON cepuu, omnucanue padorel LICY,
Ta0JINIY SKCIIEPUMEHTAIILHBIX JaHHBIX, Tpa(UKH TPEOYeMBIX 3aBUCUMOCTEH. BBIBOIBI.

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

Ilenv pabomui: 1lpuobpemenue npakmuieckux HAGbIKOE IKCNEPUMEHMATLHO20 ONpeoeietUs]
UacmoOmHbIX XAPAKMEPUCNUK.

Teopemuueckasa yacmso

Hccnenyemoit cucteMoit sIBJIsIETCS ABYXMAaccoBas JUHAMUYECKas CHUCTEMa, cXeMa KOTOpOH
n3o0paxkeHa Ha puc 2.1. Cucrtema HaXOAUTCS MO/ AICUCTBUEM KHHEMATHYECKOTO BO30OYXKICHUS — X,
BBIXOJIHBIMU CUTHAJIAMU SIBJISIOTCS KOOPAMHATHI X1 M X2 MEpeMEeleHUss MacC M1 U M2, CBSI3aHHBIX
MEXIYy COO0I0 JKECTOKOCTAMHM C1 U C2 M BSI3KUM TPEHUEM A/ U A2.

C, C2

JV\/_

m, m,

> =
A 2,
'S

Puc.2.1. /lunamuueckan cxema 08yxmaccoeoii Cucmemol

YPaBHeHI/Ie ABVIKCHUSA CHUCTEMBI COCTABJIACTCA II0 MU3BCCTHBIM IIpaBUJIaM TGOpeTquCKOﬁ

MCXAaHUKU:
d?x dx, dx dx d
ml?zl+’12[_X1__2j+C2(X1_X2):Ai(a_d_?j"'cl(x_xl)
d2x2+&2[dx2 d_xlj

dt? dt dt (%, —%)=0

m,



prOH_[eHHaﬂ MaremMaTnudycCkKasa MOICJIb:
2
{mls X, + (A, + A )sx, + (¢, +¢, )% = (4, + A, )sx + (¢, +¢, )x
2 _
m,S“X, + A4,SX, +C,X, = 4,5X; + C,X,

rae s=d/dt — omeparop Jlarmaca.

I[J’ISI HpeI[CTaB.HeHI/IH MaTeMaTH‘IeCKOﬁ MOJCIN B HepeMeHHBIX COCTOsIHUA peHH/IM KaXX10¢€
YpaBHCHHUC OTHOCHUTCIIBHO HepeMeHHBIX X1 U X2, KOTOpBIe 3aIlIMCaHbl B CTAapIIHUX ITPOHU3BOAHBIX
cooTBeTcTBeHHO. [IpeobpazoBanHas TakuM 00pa3oM MaTeMaTHIeCKast MOACIb UMEET BHI:

X, = s’l[— a,x +a,x+s[-a,x +a2x]]
X, =s [~ 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 3aIlucarb MaTeMaTI/IquKYIO MOJICJIb B HepeMeHHBIX COCTOAHUA, TO €CTh B
BUIOC CUCTEMBI ,I[I/I(b(bepeHHI/IaHI)HBIX ypaBHCHHﬁ, peI_HeHHBIX OTHOCHUTCIIBHO HepBBIX IMPOU3BOJIHBIX

Sy, =—-ay, +ax+y,
Sy, =—a,¥; +a,X

SY; =—83Y;+ a3y, +Y,
SYs =~ Y3 +a,X
NmenHo Takasg MOJENb peanu30BaHa B MPHUKIAJHOM Mporpamme, MO KOTOPOM MPOBOIATCS
HCCIIEIOBAHNE YAaCTOTHBIX XapaKTEPUCTHUK.
3aoanue
B coorBerctBum ¢ BapumanTtom (Ta6m.2.1) mpoBecTu uccienoBaHue u HocTpouTh ADYX
crcTeMbl (OJJHO MACCOBOM HMJIM JIBYX MacCOBOIA, 110 BBIXOJIAM X1 MJIH X2).
Tabnuya 2.1. Ucxoounsie Oanmvie

[TepBas 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 npomokxona

B npotoxkorne npeactaButh 1e1b paboThl, HEOOXOIUMBIE TEOPETUUECKHE CBEJIEHUS, UICXOAHbIE
JTaHHbIE B COOTBETCTBMM C BapHMaHTOM 33JaHHUs, KOMHMIO MHTepdelica ¢ 3amiChi0 BBITOJHEHHBIX
HKCIIEPUMEHTOB U TIOCTPOEHUSMHU, HEOOXOAUMBIMU JJIs1 ONPEIEIIEHUS BBIXOAHBIX TaHHBIX; TaOIUIIbI
HKCIEPUMEHTAIBHBIX M pAacYeTHBIX MAaHHBIX; Trpaduku skcnepumeHTanbHBIX ADUX cucrem.
BriBoapbl.

IMpakTuyeckas padora Ne 3. HccaenoBanume ycroiiumBoctu LICY mno kpurepuio
I'ypBuua

Ilenv pabomwi: [Ipuobpemenue npakmuueckux HABLIKOE OYEHKU YCMOUYUBOCMU CUCHEMbI
aA8mMoMamu4ecko20 yYnpasieHus.

Teopemuueckasa yacmso

C nomoursto kputepusa ['ypBuina uccienoBath Ha ycroruuBocTh LICY moBomom cymmopra
METAJIJIOPEXKYIIETo CTaHKa, CXeMa KOTOpOro MokasaHa Ha puc. 3.1, a.




+

oJ U,

A

I10C

6)

Puc.3.1. Ilpunyunuanvnasn (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 MaTeMaTH4yeckyl Mozenb mnoBoja. CoriacHo
OpUHIUITY paboThl, TOBOJA mpexacTaBiseT coboit 3amkuyryro LICY, dyHKnmoHampHas cxema
KoTopoil mpuBereHa Ha puc.3.1, 6. IlycTh BbIIeJIeHHBIE HAa CXEME€ JJIEMEHTBHI OIHCHIBAIOTCS
CJICAYIONIMMH TIepeaTOYHBIMU (PYHKIIUSMHU:

M w0 =5 -k o w (s)= 2o _ K
" U(s) Ts+1
J: a(s) Kk, ] y
W= 6 T ' : Y
° ° +1)S P. wW (S) _ (S) —
» a(s) 77

HOC: W}“IOC (S) = UYO((;i) = kOC.

Ternepp MOXeT OBITH MOCTPOEHA CTPYKTYypHAs CXeMa IMOBOJAA, B KOTOpPOW (IIpU pPaBEHCTBE
KO3 PHUIMEHTOB Tepenayn 3aarollero MOTEHIMOMETpa U MOTEHIIMOMeTpa OOpaTHOM CBS3M) IBa
COOTBETCTBYIOIIIMX 3JEMEHTa Ha (YHKIMOHAIBHON CXEME 3aMCHSIOTCS OJHUM JIIEMEHTOM C
ko3 dunrenTom nepenaun K, Ha CTpykTypHOU cxeme (puc.3.2).

X S ” Us K, U, K, a > y‘
Pl Ts+1| | (Ts+Ds

Puc.3.2. Cmpykmypunas cxema npugooa

Takum oOpazom, mnepenaToyHas (QYHKLIUS 3aMKHYTOH CHCTEMbI IIOCJI€ HECIOXHBIX
anredpandeckux Mpeodpa3oBaHui MPUOOPETAET BU:

k
W (S) = 2 )
(T,s+)(T,s+Ds+Kk,
rae kKo — x03dUIMEHT mnepenadyd CHUCTEMbI, PaBHBIA TMPOU3BEACHUIO KOI(D(DHUIIMEHTOB

Iepelaun BCEX 3BEHBEB KaHaja IpsaMoro acucrsus. Mrak, cucrema uMeeT XapaKTEpUCTHUYECKOE
ypaBHEeHUE 3-Tr0 nopsaKa:

T,Tos®+ (T, + Ty) s2+ s + ko= 0.
CocraBuMm nerepMuHAHT ['ypBHIIa M HalIEM YCIOBHUSl YCTOMYUBOCTH.
T,+T,  k 0
I=|T,T, 1 0l
0 T,+T, Kk
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, To > 0.

[Tocie HeCIOKHBIX MPEOOPa30BaHMIA TIOTYYaeM €IMHOE YCIOBUE YCTOMYMBOCTH CUCTEMBI:

Ti+Ti> o 3.1

v 1)
BeimoHeHre 3TOro ycioBusi 00s3aTeNbHO, TOTOMY Ha MpPAaKTUKE Bapualkel, 1moadopoM
napaMeTpoB TpuBoga cTpemsrcs obOecrmeuuth (3.1). Ilpu sTomM Hambosiee ymOOHO H3MEHSTH
napametpel Ko u T, — oOmuii k03hdUIMEHT Tmepenayd NPUBOJA M TIOCTOSHHYIO BpPEMEHH
yCHIIUTENS-TIpeoOpa3oBarens. B mo0oM ciydae 3HAYEHUS BapHalMid 3TUX MapaMETPOB TOJIKHBI

nexath B obmactu D, moctpoeHHo# coritacHo ycnmoButo (3.1) (puc. 3.3).
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Puc.3.3. Obnacms ycmoniuugvlx 3HaueHuil

3aoanue

1. [To MCXOAHBIM TAHHBIM, B COOTBETCTBUHU C BapuaHTOM (Tabi.3.1), MOCTpOHUTH quarpammy
YCTOMYMBOCTA CHCTEMBI MO KpuTepuro ycronuuBoctu ['ypBuma (cm. puc.3.3). Onpenenutsb
MaKCHMaJbHO BO3MOXXHOE 3HaueHHe Kod(p(UIMEeHTa Mepefayu YCUIHTENs-ipeodpazoBaTens u
MOJITOTOBUTH TAOJHITY 3KCIIEPUMEHTAIBHBIX JTAHHBIX.

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

3. Ilo pe3ynbraTam SKCIIEPUMEHTOB MOCTPOUTH SKCIIEPUMEHTANBHBINA TpaduK 3aBUCUMOCTH U
MIPOBECTH €T0 AHAJINU3.

Tabnuya 3.1. Ucxoousie oannvie

[lepBas | Ycunumenw | /lsucamens | Bunm.napa | Bropas | [Jeueamenv | Obp.ces3e
udpa T, ¢ Ko, pao/cB Hen, Mm udpa Ty, ¢ Koc, B/MM
0 0,003 1,6 12 0 0,050 0,20
1 0,015 2,0 10 1 0,100 0,90
2 0,020 3,2 16 2 0,150 1,10
3 0,025 2,4 8 3 0,200 1,40
4 0,006 5,2 10 4 0,030 1,00
5 0,009 3,0 14 5 0,025 1,20
6 0,004 4,0 16 6 0,120 0,40
7 0,045 3,6 18 7 0,015 0,60
8 0.050 5,6 20 8 0,040 0,15
9 0.005 4,5 14 9 0,035 0,52

Cooeporcanue npomokona
B mnportokone mnpeacraButh cTpykrypHyto cxemy LICY, numarpammy kadectBa, TabmuIly
HKCIEPUMEHTAIbHO-PACUETHBIX JaHHbBIX, TpapuK 3aBUCHMOCTH KOMIUIEKCHOTO IIOKa3aTels



JUHAMUYECKOTO KauecTBa OT Kod((duUIMEeHTa Mepenaun YyCHIHUTENA-IpeoOpa3oBares, KOIHUIO
uHTepdeiica ¢ 3aMUChI0 EPEXOTHON XapaKTePUCTUKH TP KAKOM-JIH00 3HaYeHUH Ky, BHIBOIBL.

IIpakTuyeckasi pa6ora Ne 4. Uccaenoanue TouHoctu LICY B pexxume IBUKEHUS 1O
TapMOHHMYECKOMY 3aKOHY

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

Teopemuueckasn yacmso

Uccnenyerca LICY mnoBomoM, CTpyKTypHasi CXeMa KOTOPOTO IHpeicTaBieHa Ha puc.4.l.
Bunno, uro LICVY oTauvaercst OT pacCMOTPEHHOM B MpaKTHUECKoM padote NeS TeM, 4TO YCHITUTENb-
npeoOpa3oBaTelib NPeCTaBICH He 0E3bIHEPIIMOHHBIM 3B€HOM, a allepHOJMYECKUM 1-T0 mopsaka.
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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
MOCJIEIOBATEILHO COCTMHEHHBIX 3BeHbeB [ICY:

k, =k kk_k

y 0 toc “en”

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

3aoanue

1. Ilo wucXomHBIM JaHHBIM, B COOTBETCTBMM C BapuaHTtoM (Tabm.4.1l), paccuuTath
MaKCHUMaJbHO JONMYCTHUMBIH KO3 duimeHnt Ky, Tmepemadn yCHIUTENsS-peodOpazoBatens, Hu
MOJTOTOBUTH TaOJIHILY SKCIIEPUMEHTATbHBIX TaHHBIX.

2. Hcmonb3ys MPUKIAJHYIO TPOrpaMMy, BBIOpATh IUANA30H M IIar H3MEHEHHSI YaCTOTHI
BXOJIHOTO curHaia. [IpoBecTH cepuio HKCIEPUMEHTOB (IS KaXIOoro 3HadeHus koddduimenrta
nepeIavn), 3aUChIBasi PE3YJIbTAThl B TAOJHUILY, & 3aT€M MOCTPOUTH TpadUKH IKCIIEPHUMEHTATBHBIX
3aBUCHUMOCTEM.

Tabnuya 4.1. Hcxoownsie oanmbvie

1?1;1&?;; T, 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
koa(duimenTa nepenavnd yCHWIHTEN-IpeoOpa3oBaresis, TaONHIy SKCIICPUMEHTAIBHBIX JTaHHBIX,
KONHMI0 uHTepdeiica NPUKIAIHOW NPOrpaMMbl I KaKOro-TMOO SKCHEpUMEHTa, Trpaduku
9KCHEPUMEHTAIbHBIX 3aBUCUMOCTEN. BBIBOBI.

IIpakTuyeckass padora Ne 5. OmnpenesieHne XapaKTePUCTHK JJIEKTPOMEXaHUYECKOT0
NPHUBOJAA

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

Teopemuueckasn yacmso

Ha pwuc.5.1 mnpexacraBneHa 5>I€KTpOMEXaHMYECKAass CHCTEMa — MPHUBOJ BpaILAOLIETO
JBUKEHHSI, KOTOPBII COCTOUT U3 3JIEKTPOJBUTATENS | TOCTOSIHHOTO TOKA, peAyKTOpa 2 U Harpy3KH,
HanpuMep, [WNuHAeNs 3.

1 2

Puc.5.1. Cxema 3nekmpomexanuuecKkoil cucmemol

VYpaBHEHUS] IBUKECHHS ABUTATENsl IMOCTOSHHOTO TOKa TMpU MPEHEOPEKEHUH SBICHUSIMU

BTOPOTO MOPSAJIKA UMEET BUJL:
dQ
M()suz = I{)suz d:(mz + Ml’ 51) (

e Mosus, 1 osuey {296ue — MOMEHT JIBHDKEHHSI, MOMEHT MHEPIIMU POTOpA U YIJIOBasi CKOPOCTh
asurarens, M1 — MOMEHT Harpy3ku Ha Bany asurarens. C Ipyroid CTOPOHBI, B COOTBETCTBHH C
AIIEKTPOMEXAHNYECKON XapaKTEPUCTUKOM BUTATEIIS:

M = kdU - k.wQaeuz; (
5.2)

rae Ko — k03D (UIMEHT TPONOPIMOHATBHOCTH MEXAy HampspbkeHneM U ¥ MOMEHTOM
IBHXKEHHS, Ky — KO3 OHUIIMEHT HAKIIOHA IICKTPOMEXAHUIECKON XapaKTePUCTHKH.

PenykTop MoxeT ObITh NpeacTaBieH 0e3bIHEPIIMOHHBIM 3BEHOM:

Q=0 Kk

ogue

(
5.3)

rae {2/ — yriioBasi CKOPOCTh BBIXOJJHOTO Bajia PeAyKTOpa, Kyeo — KOIDGHUIUEHT epeaaym.
B koHeuHOM uTOre, ypaBHEHHE JBUKEHHSI Bajla HArpy3Ku:

dQ
1224 10+ g[Qdt - [Q,dt)+ M =0, (
1 5.4
dt :
rae M, I, (2- mone3Hbpld MOMEHT, MOMEHT HWHEPIMH M YIJIOBas CKOPOCTh Harpys3ku, [ -
KpYTUJIbHAS JKECTKOCTh, A - KO3(PQHUIMEHT BSI3KOro TpeHus. TakuM oOpa3oMm, ypaBHEHHE CBS3H,
KOTOpOE ITOKAa3bIBAET, HA YTO PACXOyeTCs MI0JIE3HAs YaCTh MOMEHTA JIBUraTelIsl, UMEET BUI:
M, =k, B(] dt - [Qdt) (
5.5)
[To monydeHHOW MaTEeMaTHYECKOH MOJENH, KOTOpas COCTOMT u3 ypaBHeHuit (5.1-5.5),
IIOCTPOEHA CTPYKTYpHAs CXEMa IEKTPOMEXaHNYECKOU cucTeMsl (puc.5.2).
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Puc.5.2. Cmpykmypnasa cxema 31eKmpomexaHuiecKoi cucmemol

Ha cxeme ecTh 1Ba BXona: OJMH MO YyIpaBisitonieMmy BosuedctBuio U, a BTopoi - mo
Bo3mymieHuto M. He cmoTpst Ha TO, yTO 1O HMCXOAHOW cxeme (cM. puc.5.1) cucrema Kaxercs
pPa30OMKHYTOH, Ha caMOM Jelie OHa 3aMKHyTa ¢ OOpaTHBIMH MOTOKaMmu curHainoB. [lo
pa3paboTaHHOW MAaTEMaTU4YECKOW MOJENN 3JIEKTPOMEXaHMUYECKOTO IOBOJA MOKHO IPOBOAMTH
MpeBapUTelbHbIE HCCIEIOBAHMS C IIENbI0 ONMpEAENICHUS XapaKTepUCTHK, OLEHKU KadecTBa M
BbIOOpAa HEKOTOpBIX €ro mapaMerpoB. Takoil 3Tanm HpeaBapUTEIbHOrO NPOEKTUPOBAHUS BCerja
JOJKEH TPUCYTCTBOBATH MPHU Pa3pabOTKE CHUCTEM M OOBEKTOB aBTOMATHYECKOTO YIPABICHUS U
ABJIIETCS YPE3BBIYAIIHO Ba)KHBIM, TaK KaK MMEHHO 3J/IeCh OINpPEAEIsAIoTCS OO0IIKEe HaIlpaBlICHUsS
YIOBJIETBOPEHUS TPEOOBAHUAM TEXHUUECKOTO 3aJJaHUsI U YIYUIICHHUS XapaKTePUCTUK CUCTEMBI.

Hampumep, u3BecTHO, UTO MEpPEAATOYHOE OTHOIICHHE PEAYKTOpa CYILECTBEHHO BIIMSIET Ha
TUHAMHYECKHE XapaKTePUCTUKH dJeKTpoMexaHudeckoro mpuBoja. OlleHKa MepexOaHbIX
XapaKTEPUCTHK CHCTEMBI, NPEICTABICHHON pa3pabOoTaHHOW MaTeMaTH4YECKOH MOJENblo, pu
pa3HbIX 3HaYCHUIX KOdpdUIIMEHTa Mepeiayll peayKTopa MO3BOJISIET PEIIUTh TAaKylO 3a1a4y.

3aoanue

1. ITo ucxoHBIM JaHHBIM, B COOTBETCTBHH C BapuaHTOM (Ta0:1.5.1), onpenenuTb cTaTHYecKue
XapaKTEPUCTUKU DJIEKTPOMEXAHUYECKOrO IMOBOJA JJI1 Pa3HbIX 3HAYEHUM HANpsKeHWs] MUTaHUS
JIBUTATeNs M TOCTPOUTh COOTBETCTBYIOIIME Tpauku. (/nanmazoH W3MEHEHHs HaNpsKEHUS
oTpeIeNsieT MPEroIaBaTensb).

2. IIpoBecTu ceprr0 dKCIIEPUMEHTOB 10 MOJIEINPOBAHUIO NEPEXOAHON XapaKTEPUCTUKH MTPU
pa3HbIX 3HaUeHHUX Koddduimenta K, mepenauu peaykTopa, BBIMOIHUTE HEOOXOAUMBbIC H3MEPEHUS,
paccuMTaTh KOMIUIEKCHBIM TMOKa3aTeab A M TOCTPOMTh COOTBETCTBYIOIIMH Tpaduk uis
OIPEJICTICHUS] ONTUMAIIBHOTO 0 OBICTPOACHCTBHIO KOdhduineHTa Kp.

Tabnuya 5.1 Ucxoousie Oannvie

[epBas ly Ko K Ky Bropas I B A

uudpa KIM? Hwm/B Hwmc/pan udpa Krm? Hwm/pan | Hwmc/pan
0 0.004 0.50 0.63 0.1 0 0,20 1000 0.15
1 0.006 0.48 0.70 0.2 1 0,30 500 0.17
2 0.008 0.35 0.52 0.3 2 0,05 740 0.09
3 0.010 0.25 0.45 0.4 3 0,08 600 0.11
4 0.012 0.55 0.85 0.5 4 0,10 520 0.19
5 0.014 0.52 0.91 0.3 5 0,12 860 0.12
6 0.016 0.32 0.65 0.1 6 0,18 960 0.14
7 0.018 0.28 0.54 0.2 7 0,22 640 0.13
8 0.020 0.42 0.58 0.3 8 0,14 1200 0.07
9 0.022 0.30 0.43 0.5 9 0,16 1100 0.09

Cooeporcanue npomokona




B mporokose npencTaBUTh CTPYKTYPHYIO CXeMY 3JIEKTPOMEXaHMUECKOW CHCTEMBbI, TaOJIUIIbI
9KCIIEPUMEHTANBHBIX JaHHBIX, COOTBETCTBYIOLIUE IPapUKN CTATHUECKUX XapaKTEPUCTHK U Tpaduk
3aBHCUMOCTH KOMIUIEKCHOTO IOKa3aTelsl IWHAMHYECKOT0 KayecTBa OT KO3 (UIMEeHTa Mepenadn
penykTopa, KOmWi0 uHTep(delica NPUKIAAHOW MpPOrpaMmbl C MEPEXOIHBIM MPOLECCOM MpHU
ONTUMAJILHOM IO OBICTPOJCHCTBHIO 3HAYEHNH K03 (DUITEeHTa TIepeiaun peayKTopa. BeIBOIbI.

IIpakTnyeckass padora Ne 6. OmnpeleneHue XapaKTepUCTHK THIPOMeXaHUYECKOI0
NMpUBOAA

Ilenv pabomwr: Ilpuobpemenue npaxkmuueckux HABbIKOE KOMNJIEKCHO2O0 UCCIe008aAHUSA
cucmem u 06veKMO8 A8MOMAMUYECKO20 YRPABIEHUSL.

Teopemuueckas uacmeo

Ha puc.6.1 mpencraBieHa TuApOMEXaHWYECKas CHUCTEMa — MPUBOJ MOCTYHATEIHEHOTO
nBwkeHus. [IpuBOA COCTOMT W3 TUAPABIMYECKOTO MMIMHIApAa |, INITOK KOTOPOrO CBSI3aH C
CyHIopToM 2 (Harpy3Koi) MEXaHH4eCKOW CBS3BIO C JKECTKOCThIO ¢. CymmopT mepeaBHraercs Mo
HANpaBJIIOMUM 3, KOTOPhIE XapaKTepU3YIOTCd KOA(PPHUIMEHTOM BS3KOTO TpeHUs A, a CKOpOCTb
perynupyercsi ruapaBindeckuM apoccenem 4. Takum oOpa3oM, cucTeMa MMEET YIPaBIISIOLIHNA
BXOJ (OTKpBITHE X JAPOCCEIs) U BO3MYIIEHHWE — CHIIY Moje3HoN Harpy3ku F. Llenwio ynpaBnenus
SIBJISICTCS TIEPEMEILICHHE CYNIIOPTa ¢ 3a1aHHoi 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:
2

d’y . dy (
mF+ia+c(y—yl)_F, 6.1)
rae m — Macca cynnopra; A - KoO3pQUIUEHT BA3KOT0 TPeHUs; Y — nepeMelnieHne maccol; F —
HOJIe3Has! Harpys3Ka.
['mapaBiavueckuil HUIMHAP C MOJE3HOU IUIONMaAbi0 P MOpLIHS J0/DKeH OBITh MpeACTaBiIeH
JByMsI ypaBHEHUSIMHU, KOTOpbIE€ OTBEYAIOT KMHEMAaTUYECKOMY M CHJIOBOMY B030ykieHHto. [lepoe
OTMCHIBAET JIBWKEHHUE 10 pacxoay Q Macia yepes3 HUIHHID:

_Q (
V1= J'E dt, 6.2)
a BTOpPOC — UBMCHCHUEC NAaBJICHUS B IIOJIOCTH:
3 (
=" 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
HPOMOPIIMOHATIBHOCTH MEX/y TUIOIIABIO IIETH U OTKPBITHEM X JpOCCeisi, Po — JaBJICHUE JIMHUH
IIUTaHUs, O — YIEIbHBIN BEC MacCIa.

K marematiueckoi Moiesii He00X0IMMO MPUOABUTh YPaBHCHUE CBS3H:

F=(v —V)C (
=(Y,—y)c 65)

[To monydeHHOW MaTEeMaTHYECKONH MOJENM, KOTOpas COCTOMT U3 ypaBHeHHit (6.1-6.5),
MIOCTPOCHA CTPYKTYpHAsl cXeMa THIpPOMEXaHHYeCKoi cuctembl (puc.6.2). Ha cTpykTypHO# cxeme
€CTh JIBa BXOJIa: OJIMH TI0 YIPABJISAIONIEMY BO3JCHCTBHIO X, 2 BTOPOH MO BO3MYyIeHHIO F.

X F
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Puc.6.2. Cmpykmypnasa cxema 2udpomexanuieckoil Cucmembl

v

Jpoccenb Ha BXOA€ CXEMBI NPEACTABICH JBYMs IIepEIaTOYHBIMH (QYHKIUSMH C
JIMHEAPU30BAHHBIMU KO3 PHUIMEHTAMH TIepeaadn Ko — 10 yIpaBisioieMy BO3ACHCTBUIO X U Ky —
1o Tepenany AaBieHus. [Ipu MoaenupoBaHUH CUCTEMBI C MPUMEHEHUEM UYMCIICHHBIX aJTOPUTMOB
MOKHO HCIOJIb30BaTh IEPBUYHYIO HEIUWHEHHYI0 3aBHUCUMOCThH (6.4). IlocTosiHHBIE BpeMeHHU
TnepelaToyHol GyHKIMK HArpy3KH B cooTBeTcTBHH ¢ (6.1) paBHsrorcs: T12 = m/c, T2 = A/c. 3aecs,
Kak M JUIsl DJEKTPOMEXAaHMYECKOTO IOBOJA, MOXXHO KOHCTATHPOBATH 3aMKHYTOCTh CHCTEMBI,
KOTOpasi, TeM He MeHee, He sBisercs LICY.

Pazpaborannass MaremaTtWyeckass MOJEIbh TIO3BOJIIET HA JTarne NpeaBapUTEIHLHOTO
NPOEKTHUPOBAHUS MPOBOANUTH MCCIEIOBAHUS C IIENIBIO ONPEesICHHs BIUSIHUS MapaMeTpoOB MPUBOJIA
Ha TUIABHOCTH JIBIDKEHHSI, OIICHKH KayeCcTBa YIPABJICHUS U BO3MOXXHOCTH COTIPOTHUBIICHUS BHEIIHEH
Harpyske ¥ T.I. B 3aBHcHMOCTH OT jkelaeMoro Auana3oHa CKOPOCTEeH ABMKEHHs pabodyero opraHa
MOYKHO TIPaBWJIBHO BBIOpATh COOTHOIICHHUE: JABJICHUE MUTAHUSA — TEOMETPUYECKHE TapameTphl
JpOCCesl, YTO SIBJISETCS BaXKHOM 3a/auel, OT pelieHuss KOTopoil OyayT 3aBUCETh SHEPreTUUYECKHe
MOKa3aTeNH MOBOJIa B 1EJIOM.

3aoanue

1. ITo ucX0IHBIM JaHHBIM, B COOTBETCTBHU C BapuaHTOM (Ta0:1.6.1), onpenenuTb craTH4ecKue
XapaKTEePUCTUKN THIPOMEXaHMYECKOI'0 MPHUBOJA (3aBUCHMOCTh CKOPOCTH pabodero opraHa oT
CHUJTBI TIOJIE3HOW HArpy3KH) JJIsl pa3HbIX 3HAUYCHUH TaBIICHHS MTUTAHUS THIPABIUYECKON CHCTEMBI U
HOCTPOUTh  COOTBETCTBYIOIIMHA rpaduk. (Juama3oH M3MEHEHUS JaBIEHHUS  OIpeneseT
IpernojaBaTessp).

2. OmpenenuTh JUHAMUYECKUE MOKa3aTey THIPOMEXaHMYECKOro MPHUBOJA: OTHOCUTEIILHOE
nepeperynupoBaHue U 3aTyXaHue 3a IepUo.

Tabnuya 6.1 Ucxoousie oanmvie

[TepBas Kk, 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, TaOJHIBl DSKCHEPUMEHTAIBHBIX MJaHHBIX, TpadUKU CTaTHYECKUX XapaKTePUCTHK,
JUHAMHUYECKHE TI0Ka3aTelu KadyecTBa IEPEeXOJHOM XapaKTEePUCTHKU TUJIPOMEXAHUUYECKOTO
MPUBO/JIA.

IIpakTuyeckasi padora Ne 7. Onpenesenue xapakrepuctuk LHHCY npononbHoii mogayeid
NPH TOYCHUHU

Ilenv pabomwr: Ilpuobpemenue npaKmuueckux HABbIKOG KOMNJIEKCHO20 UCCIe008AHUS
cucmem u 06veKmMo8 a8MOMAMUYecKo20 YnpasieHusl.

Teopemuueckas uacmo

HaubGonee pacnpocrpanenHblii B MmeramuiooOpaboTke Tun 3aMkHyTeIXx LICY — sto LCY,
IpeHa3HAaYeHHblE JJI  AaBTOMATHUECKOrOo PpEryJMpoBaHUs Mpolecca pe3aHus 3apaHee
YCTaHOBJICHHBIM 00pa3oM. Takue cucTeMBl MOTYT MPUMEHSTHCS KaK Ul CTa0MIIM3aluH 33 JaHHBIX
BBIXOJIHBIX IapaMETpPOB Ipollecca pe3aHus, TaKk U A MX HM3MEHEHHs B LMKJIEe 0OpaboTKH 0
onpezaeneHHoMy anroputMmy. HaumbGonee nenecooOpasHO MCHOIb30BAaHUE TaKUX CUCTEM Ha
3aKJIIOYUTENIbHBIX, QUHUIIHBIX ONEPALUAX TEXHOJOTHUECKOTro Mpolecca.

[Tpu mexaHuueckoir 00pabOTKe pe3aHHMEM TOYHOCTb 0OpabOTKH, B OCHOBHOM, OIPEAEIAETCS
ynpyrumu jiepopMalusiMi TEXHOJIOTMYECKOH CUCTEMBI, KOTOpbIE, B CBOIO OY€pe]b, 3aBUCAT OT
cunbl pe3aHus. [loaromy cucrema aBTOMAaTMuYecKOd CTaOMIM3allMU CWIbl PE3aHUsl Ha 3apaHee
3aJJaHHOM YPOBHE WJIM IPOIPAaMMHOIO PEryJIMpOBAaHUs €€ 10 3aJaHHOMY 3aKOHY I103BOJIET
HOBBICUTH TOYHOCTh 00Pa0OTKH U 3HAUUTENILHO YIYUIIUTh Kaue€CTBO IOBEPXHOCTHU JeTaleH.

LICY crabunuzauuu Cwibl pe3aHus NpU TouyeHuu (puc.7.1) cMOHTHpOBaHA Ha TOKapHOM
CTaHKE€ U COCTOMT W3 IPUBOJA MOJAYM M M3MEPUTENBHOrO ycTpoicrBa. M3MmeputenbHas Lenb
pean3oBaHa ¢ MOMOILBIO AMHaMoMeTpudeckoro npeoodpaszoaresns JII, KoTopelil yepe3 ycuiInTelb
Y obecneunBaer curHan obpatHoil cBs3u U,e, mponopuuoHanbHBIA cocTaBistomen P; cuibl
pe3anus. [IpuBoa momaun cocTouT U3 ycunutens-npeoopazosarens YII, nBurarens mocToOSHHOTO
toka /[ u penykropa P.
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Puc.7.1. @yukyuonanvnas cxema L{CY cmabunuzayuu cunvt pesanus
npu mouenuu

LCY ¢dynkuuonupyer cuneayrommm oOpazom. Ha BXom cuCTEMBI, K CpaBHUBAIOIIEMY
YCTPOMCTBY mocTymaeT curHail Us;, KOTOPBI COOTBETCTBYET TPeOyeMOMY 3HAYCHHIO CHJIBI PE3aHUS
B olpenielieHHOM MaciiTabe. Ha BTopoii BXOJ CpaBHHUBAIOIIETO YCTPOHCTBA mocTynaeT curaai Uy,
BbIpabaTbIBaeMblil TuHaMomeTpudeckuM npeodpaszosarenem I u yecunurenem Y. Takum o6pazom
HanpspkeHne Uy TpOnopIoHanbHO pealbHOMY 3HaueHUIo cuiibl pe3anus. Ommboka oU=U,—U,.




MOCTYMAeT Ha BXOJ ycuiutens-npeoOpasosarens YII, kotopslit BeipaGaThiBaeT HampspkeHue Uy
nutanus asurarens . Jlsurarens I, yepe3 peayktop P ompenenser BeIMYMHY TPOAOJIBHOU
MOJJa4M TaK, YTOOBI CBECTH OMNOKY K MUHUMYMY.

Kax ynpaBnsembiii 06bekT B LICY Bxoaut nponecc pezanus IIP, KOTOpbIli MPOUCXOAWT B
3aMKHYTOH TEXHOJIOTHYECKOI 00pabaThIBatOIIeH cUcTeMe.

Marematnueckas wmozens LCY coctour HM3 MareMaTHyeCKMX MOJIEIEH 3IIEMEHTOB,
COCTAaBIIIOLINX CHCTEMY. Y CHJIHMTENb-IIpeoOpa3oBareb OmnuchiBaeTcs U depeHuanIbHbIM
YpaBHEHHUEM IIEPBOTO MOPSIJIKA,

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

HO €ro XapakTEepPHCTHKAa HEJIWHEHHas THuIa
“naceimenus’” (puc. 5.34):

0 oo ouU U,=k,J, ecmu U<,
u,=uU eciu  OU =0U,

o

Puc. 7.2. Xapakmepucmuka
ycunumens-npeoopazasames
rae Kyn, Tyn — KO3GOHUIUEHT YCUIICHHS U TIOCTOSHHAS BPEMEHU YCUITUTEISI-IPe00pa3oBaTes;
Umax — HanIpsDKEHUE HACHITIICHUSI.
JIBUraTenb TOCTOSIHHOTO TOKAa OMUCHIBaeTCs IU(B(EpeHIMAIbHBIM YPAaBHEHHEM BTOPOTO
MOPsIIKA:

max !

T, dd“j T, d;t’g +o,=kU,, 12"

rne Ko, To, Ty - KO3pPUUIMEHT mnepenadu, MOCTOSIHHbIC BPEMEHH (JJICKTPOMArHuTHAs W
MEXaHHUYECKasi) JIBUTATEIIs.

PenykTop, TEH30METpUYECKUIl IUHAMOMETP U O3JCKTPOHHBIA YCHUJIMTENb OIUCHIBAKOTCS
JUHEWHBIMA  YPaBHEHHSIMH, KOTOPbIE  COOTBETCTBYIOT  O€3BIHCPLUOHHBIM  3BCHBSIM  C
k03 durentamu nepenadn: Ky, Kon, Ky.

OkBuBaneHTHBIe ynpyrue cucteMbl (JYC) Mo COOTBETCTBYIOIIMM OCSM KOOPAMHAT MOTYT
ObITh TIpencTaBieHbl AU(B(GEpeHINATPHBIME ~ YPABHEHHSIMH BTOPOTO  IMOPS/IKA, Kak ISt
OJTHOMACCOBBIX CHCTEM:

20X X
P :md f ﬂdi +C,X;
dt dt (
d 7.3)
P,=m dfy+/1 dgty+cy§y;
rae m — wMmacca cynmopra; A - KO3(QQHUIMEHT BS3KOrO TpeHus (Cuia TpeHUs

IPONOPLHUOHATIBHA CKOPOCTH); Cx, Cy — KECTKOCTH IO COOTBETCTBYIOLIEH KOOpAUHATE.

[Tpouecc pezanus IIP mMoxeT ObITH MpeNCTaBIEH YpaBHEHHEM, CBS3bIBAIOIIUM (PAaKTUUYECKUE
BEJIMYMHBI TO1a4YM Sy ¥ IITyOuHBI Hy pezanus ¢ cocrasstoneil P; cuibl pe3anus:

P,=CHJSSN™, (
7.4)

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

brnox I'C BbINONHSET omepanud B COOTBETCTBHUM C T'€OMETPUYECKUMHU COOTHOLIECHUSMU
MEXy COCTaBIISIFOIIMMHU CUJIBI PE3aHMSL:

(0.6P)’
_ z . _ . .
1+tg°(p+1)
I7ie ¢ — TJaBHBIN YO B TUTaHE Pe3lia, 77 — yroJl CX0/a CTPYKKH.
C yderoM INpHBeIEHHBIX BbIIIEe ypaBHeHUH (7.1-7.5) u cBszel (QPyHKIIMOHAIBHOW CXEMBbI O
puc. 5.30, MaremaTuueckyro Mojenb Beeil LICY Hago AOMOMHUTH CIeAYIONMMA 3aBUCUMOCTSMM:

(
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Takum oOpa3om, crabuIM3anUs CUJIBl pe3aHus Ha TpeOyeMOM YypOBHE, KOTOpBIH B
orpezeieHHOM MaciuTabe oTBedaeT 3ajaHHOMY HanpspkeHuto U; Ha Bxozae LICY, mpoucxomut no
CYET YINPAaBJICHMs IPONOJIBHOW monayei. IIpu TodyeHuM nertanu, NPUITYCK KOTOPOM HM3MEHSETCH,
peryJivpoBaHHe MOJa4YM JIOJKHO MPOUCXOJUTH TaK, YTOOBI CUJIa PE3aHUs OCTaBajach MOCTOSIHHON
Ha Bcel anmuHe 00paboTku. Ho xadectBo paboter LICY menukom 3aBUCHUT OT €ro mapameTpoB, a
TaKkKe OT TMapaMeTPOB TEXHOJIOTHYEeCKOW oOpabateiBaromieii cucrembl (TOC) roe MMEHHO H
peanusyercss mpouecc TodeHud. [loaToMy BaxkHeiIiedl 3amadeld MpU MPOCKTUPOBAHUU CUCTEMBI
ABIIIETCS TPABWJIBHBIA BHIOOp €€ MapaMeTpoB, a MPHU JKCIUIyaTallud — OIIEHKa KauyecTBa B
3aBucuMocTH oT napamerpoB TOC, KOTOpbIE B JaHHOM CJly4ae SIBJSIOTCS BO3ZMYILEHUSMHU.

3aoanue

1. Ilo wucxogHelM JaHHBIM, B COOTBETCTBUM C BapuaHToM (Tabin.7.1), mnpoBecTH
MOJICJIMPOBAHUE C IIEJIbIO OINpeAeNieHUs] KadecTBa mepexofHoi xapakrepuctuku LCY mno
KOMIUIEKCHOMY TIOKa3aTelto (cMoTpu (opmyiry (5.2)) ¥ TOYHOCTH IO ommuOKe OP OT CICIYIOIINX
napamerpos LICVY:

1) oT ko3¢ dulMeHTa nepeaadu peayKTopa;

2) ot xkecTkocTH Cx ynpyroi TOC;

3) oT ko3¢ ulMeHTa nepeaadn yCUIUTeNss OOpaTHOM CBSI3H.
Ilpumeuanue:

- muara3oH m3MeHenus xxectkoctu (H/mMm) 18000 < ¢, <50000;

- IMana30H BapbUPOBaHUs KOG GUIIMEHTA YCHIUTENs 00paTHOM cBsizn 5 < Ky <55;

- IMana30H U3MEHEeHUs KoddduinenTa nepeaadn peaykropa (mm/pan) 0,2 <k, <0,05.

2. BpiOupas mar M3MeHEHHs 3aJaHHOTO IapaMeTpa, IMPOBECTH 3KCIIEPUMEHTHl Ha BCEM
IUarna3oHe ero MW3MEHEHHUs, OIpeleauTb HeoOXoauMble (CM. BbIIIE) JAMHAMHUYECKHE
XapaKTEPUCTHKH U 3aIIUCATh PE3YJIbTaThl B COOTBETCTBYIOIINE TaOIHIIBI.

3. Tloctpouth rpaduku SKCIEPUMEHTAIBHBIX 3aBUCHUMOCTEH KOMILJIEKCHOTO MOKa3aTels
KayecTBa M OIIMOKM OT YyKazaHHbIX Bblmie napamerpoB L[CY. Ompenenuts auHaAMHYECKUE
nokazarenu L{CVY: oTHOcuTeNnbHOE TIepeperyInpoBaHre U 3aTyXaHHUe 3a MEPUO/I.

Brumanue! 11ockonbKy UCXOIHBIE JAHHBIE 3aJAI0TCS CIy4YailHO, HE UCKJIFOYAETCSl CUTYyalus,
korna L{CVY oka3piBaeTcsi HEYCTOMUMBOM, TO €CTh COBCEM HE MPUTOJHOM K (PYHKIIMOHUPOBAHUIO.
Coo01eHust 06 3TOM, B TAKOM CJIydae, MOSBISIETCS Ha SKpaHe MOHUTOPA BO BpPeMsI MOJIETTUPOBAHHUS.
Pexomenparuu g pemieHMss  Tako — mpoOiieMbl  —  MEWCTBOBATh B CIEAYIOIICH
MIOCJIE0BATEIBHOCTH:

1) wu3MeHsATh mapamerp, B (QYHKIIMH KOTOPOTO aHATU3UpyeTcs auHamudeckoe kadectBo [[CY B
JMana3oHe, yKa3aHHOM B 331aHUH;

2) ecnu B pe3yibTare BhIMONHEHHS 1.1 He ymaercst obecrneunTts moctossHCTBO LICY, ymMeHbmaTh
kodpduuueHt nepenaun npsmoro kaxana LICY 3a cyer ymeHblneHUs Kod(p(UIIMEHTa YCHICHUS
TPAH3UCTOPHOTO (TUPHUCTOPHOTO) TipeoOpa3zoBarens. [lomydeHHBII TakuM 00pa30oM HOBBIM
KO3(PPUIIMEHT 3aHECTH B UCXO/HBIE JAHHBIE C COOTBETCTBYIOIIMM KOMMEHTaPHUEM.

Tabauya 7.1. — Ucxoonvie dannvie
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% @) kyn kLLB Tﬂ,C TM’C
0 200 30000 | 100 | 1200 | 200 30 0.001 | O 20 | 0.8 | 0003 | 0.01
1 180 28000 | 90 | 1400 | 180 45 0.002 1 30 | 0.9 | 0005 | 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 | 0010 | 0.04
4 120 22000 | 50 900 80 80 0.005 | 4 60 | 1.2 | 0008 | 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 | 0006 | 0.02
7 60 25000 | 55 | 1100 | 120 75 0.008 | 7 90 | 0.6 | 0.004 | 0.03
8 40 27000 | 65 550 90 30 0.002 | 8 100 | 1.5 | 0.003 | 0.04
9 20 29000 | 85 750 130 45 0.004 | 9 110 | 1.8 | 0.005 | 0.05

Cooepicanue npomokona

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

IIpakTuyeckas padora Ne 8. UccienoBanue BJAMSHHUA acTaTu3Ma Ha kadecTBo LICY

Llenv pabomui: 1Ipuobpemenue npakmuiecKkux Ha8bIKO8 IKCNEPUMEHMATbHO20 ONpeOeieHls]
napamempog [ IH-pezynsamopa.

Teopemuueckaa uacmeo

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/JCHCTBHE B BHJIE CUTHala C IIOCTOSHHBIM YyckopeHueM. [Ipu TakoM pexume paboThI
acTaTUyecKas CUCTeMa BTOPOro MOPsAKAa UMEET OMMOKY, 110 BEIMYMHE KOTOPOH MOKHO MPOBOJIUTH
oueHky kauectBa LICY u npouecca perynupoBanus. Y cTaHOBHUBIIasics omunoOka actatnyeckot LICY
MEPBOrO MOPSAJIKA B ITOM ciIydae Oy/1eT CTPEMUTHCS K OECKOHEUHOCTH.

3aoanue

B cooTtBercTBHM ¢ BapuanToM (Tab6s1.8.1) mpoBeCTH CIEeayIONINE UCCIIETOBAHMUS.

1. YcTaHOBHUTH SKCIEPUMEHTAIbHO MHUHUMAJIbHOE 3HA4€HHE IOCTOSHHOM BpeMeHu I[IM-
perymnsitopa, npu kotopoit LICY Tepsier ycroitunBocTh. OnpeAenuTh AUana3oH U mar H3MEHEHHS
MOCTOSIHHOM BpeMeHU T, U MOATOTOBUTH TaOJIHILy SKCTIEPUMEHTAIBHBIX U PACUETHBIX JTAHHBIX.

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

3. Y6eautncs B ycrpanennu ckopoctHou omuoku st 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 Ycunurenb-npeodpa3zoBaTelib Bropas JBurarenn

udpa Kyn Ty, udpa Ko, pao/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
5) 12 0,004 5) 0,9 0,12
6 13 0,005 6 1,2 0,07
7 14 0,056 7 1,3 0,06
8 16 0,037 8 0,7 0,05
9 18 0,045 9 0,6 0,15

Cooeprcanue npomokona

B mporokone 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 npakmuyeckux HAGbIKOE IKCNEPUMEHMANLHO20 ONpeoeneHUs
napamempog IIH-pezynsmopa.

Ilpakmuueckaa uacmp

Ha puc.8.1 mnpencraBien uHTepdeiic NpUKIATHOW HPOrpaMMbl, C MOMOLIbIO KOTOPOH
BBIIIOJIHSIFOTCSL DKCIIEpUMEHTalIbHbIE uccienoBanus. [Iporpamma «IIM perynsarop» Haxonures Ha
nucke. MHCTpYKIIMU M MOSICHEHUS JUIsl pabOThI ¢ IPOrpaMMOi cojieparcs B caMoil mporpamme u
HOSIBJISIFOTCS] HA SKpaHe MOHUTOpA Mpu Hakatuu kHonku Help.

ITocne aktuBu3anuu mnpukiaaaHoil nporpammel «LCY c IIW-perynstopom», KoTopas
HaXOJUTCS HAa JUCKE, Ha TJIaBHOM MHTepdeiice 3aJaroTcsi UCXOAHbIE JAHHBIE B COOTBETCTBUU C
BapHaHTOM.

IIpyu wuccnegoBaHuM BIUSHUA TOCTOSSHHOM BpemeHu [IM-perynsitopa Ha KadyecTBO
pEryJaupoBaHKs YCTAHOBUTh CTATHYECKUN PEKHUM U IPOBECTU CEPUI0 IKCIIEPUMEHTOB ISl OLIEHKHU
KOMILUIEKCHOTO KpuTepusi A KadecTtBa, B COOTBeTCTBHU ¢ (opmynon (5.2). H3mepenue
HKCIEPUMEHTAIbHBIX JITaHHBIX, HEOOXOIMMBIX JUIsI PAcyeTOB, MPOBOJUTCA MO OCLHUIOIPaMMaM.
[Tpu 3TOM JUIs1 UCXOAHOM CHUCTEMBI KOMIUIEKCHBIN KpUTepuil A pacCUUTHIBAETCS OJMH pa3, a A
LICY c ITh-peryasTopoM — JUIsl BCETO BBIOPAHHOTO AMAINla30Ha M3MEHEHHs MOCTOSHHON BpeMEHU
T.. JlnanazoH U3MEHEHUs MOCTOSHHOM T, BpeMeHU omnpeJensieTcs OT 3HaueHus, npu kotopom LICY
CTaHOBMTCS HEYCTOMYMBOM, B CTOPOHY YBEIMUYEHUsS. DKCIIEPUMEHTAJILHBIE JAaHHBIEC 3alIMCHIBAIOT B
TabJIMIy, TPUMEpP KOTOPOU MpPe/ICTaBIeH HUXKE.

Tabnuya 8. 1. Dxcnepumenmanvrvle u paciemuvle OaHHbLE

No T ¢ CTaTndecKuil pexnm JIBMK. C IOCT yCKOpEHUEM
j v Omax, 2P0 th, 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 Cucrtema HeycTOUMBa

3ateM BHIOMPAETCs 3aKOH JBUKEHHS C MOCTOSHHBIM yckopenueM (2 pam/c?). Ha puc.8.1 Ha
n300paxkeHnn ocumwiorpagoB JauHHEH 1 0003HAUYeH 3aKOH JBIKCHHS, KOTOPBIA 3amaercs, a

nuHuen 2 — GaKTUIECKU 3aKOH IBYXKCHHS, BOCIIPOU3BOIUMBINA PaO0OYMM OPraHOM.
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Puc.8.1. Hccneoosanue enuanus nocmoannou epemenu INH-pezynamopa
Ha mounocms I[CY

[Tpy BBIMOJHEHMM 3KCIEPUMEHTOB OINpPENENsIeTCsl 3aBUCUMOCTb YCTaHOBUBLIECHCS OIIMOKU
yepe3 | ¢ mocne Hayajla MepexoHOro mporecca OT MocTosHHOM T, Bpemenu IIM-perymsropa.
PexomeHyeTcst HAUMHATh SKCIIEPUMEHTHI ¢ MAKCUMAaJIbHOM BETUYMHBI OCTOSsHHOW BpeMenu [1M1-
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
UCXOJHON CHCTEMBbl OLIMOKa C TEYEeHMEM BpEeMEeHHU YyBenuuuBaercs, To ecThb Takas LICY nHe
criocoOHa paboTaTh B 3aJlaHHOM pekume pabotsl. [Ipeobpazosannas LICY Oyner moanepxuBaTh
MIOCTOSIHHOE 3HAuY€HUE yCTaHOBUBIIEHCS omuOKu. ['padukn 3KCHEepUMEHTAIbHBIX 3aBUCUMOCTEH
OLIMOKH, KOTOpas YCTaHOBWJIACh d4epe3 lc, M KOMIUIEKCHOTO KpHuTepus kadecTBa A oT Ty,
IIOCTPOEHHBIE O U3JI0KEHHOW METOJMKE, MpejacTaBieHbl Ha puc.8.2. Tam xe, AJid CpaBHEHUS,
npsAMOM JHMHUEH, mapaiieabHOl ocH abcuuce, MOKa3aHo 3HAaYeHHE KOMIUIEKCHOTO KpUTEpHs s
VCXOJIHOM CUCTEMBI.
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Puc.8.2. 3asucumocmo ycmanoeusuieiica ouwiuoku (uepes Ic) u kpumepusa A
om nocmosannou epemenu IH-pecynamopa

VYMeHblIeHHe NMOCTOSIHHOW BpeMeHH [IM-perynstopa IMONOXKWUTEIBHO 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
AUCHHUILIHHBI

7.3.1. Bonpochl K IPOMEKYTOYHOM aTTeCTALNH

Cemectp 2

Ne

u/n Bomnpocs! k 3x3aMeny

1 OCHOBHBIE NOHSTHS U ONPEACIICHUS

2 CopepxaHrie MOHATHI: «CUCTEMa YIPABICHUS», «OOBEKT YIPABICHUS», KYTIPABISIONINE U
BO3MYIIAIOIINE BO3JCHCTBUAY, «YIPABISIIONINE KOOPIUHATHI

3 Krnaccudukanus cucteM aBTOMEXaHUYECKOTO YIIPaBICHUS

4 [TpuHIMIT pa30MKHYTOTO YIIpaBJICHHS. Y TPABJICHUE MO BO3MYIIECHHUIO U OTKJIOHEHUIO

5 OcHOBHBIE BUJBI AITOPUTMOB (PYHKIIMOHUPOBAHUS

6 Kinaccudukanms cuctem no xapakrepy nepejaadyu CUrHaIOB

7 Knaccudukanus cuctem 1o OCHOBHBIM BUJIaM YPaBHEHHH TUHAMHUKHU MPOIECCOB
YIPaBJICHUS

8 MareMaTH4eCKOe ONMMCAHNE JUHEUHBIX CUCTEM

9 Matematuueckoe MoenupoBanue aneMeHToB LICY

10 | Knaccuduxamnus snementoB LICY. CraTucTudeckne u TUHAMAYECKHE XapaKTEePUCTHKH
JJIEMEHTOB

11 | JIuneapu3zanusi HeIMHEHHBIX AU PEepeHInaNbHBIX YPaBHEHUN JUHAMUUYECKUX PEKHMOB
pa6otsl anemenToB LICY. CrangaptHas popma 3anucu auddepeHnalbHbIX YpaBHEHUH

12 | OcHoBHBIE CBOICTBA TpeoOpazoBanus Jlamaca

13 | XapakrepucTuku AMHaMUYecKuX 3BeHbeB LICY

14 | IlonsiTHe 0 TMHAMUYECKOM 3BEHE. XapaKTepUCTHUKU AUHAMUYECKOTO 3BE€HA, IepEAaTOUHbIE
(yHKIIMHU, YaCTOTHBIE XapaKTEPUCTHKH (aMIUTUTYAHbIE U (a30BbIE), TOTapuPMUUECKIE
YaCTOTHBIE XapaKTEPUCTUKH, BpEMEHHbIE XapaKTEPUCTUKH (IIEPEXOIHbIE U BECOBBIE)

15 TumnoBsle ITMHAMUYECKHE 3BEHbS U UX XaAPaKTCPUCTHUKU




Bonpocsl k 3k3ameny

n/n

16 | CtpykTypHas cxema CUCTEeMaTH4eCcKOro ynpanieHus. OCHOBHbIE ITpaBUiIa IpeoOpa3oBaHus
CTPYKTYPHBIX CXEM: IIOCJIEJIOBATEILHOE COEIMHEHUE 3BEHBEB; MTapAJIIEIIbHOE COETUHEHNE
3BEHbBEB; 3B€HO, OXBAUEHHOE OOPAaTHOM CBS3bI0; IEPEHOC CyMMATOPa; NEPEHOC y3ia,
IIEpECTaHOBKA y3JI0B U CYMMAaTOpOB

17 | Boluucienue neperaTouHbIX QYHKIMHA U YACTOTHBIX XapaKTEPUCTUK OJHOKOHTYPHOH U
MHOTOKOHTYPHOH pa3oMKHYTO# cuctemsl. [lepenaTounsie QyHKIMM U yIpaBiIeHHUE
3amkHyTOU [ICY. YacTOTHBIE XapaKTEepUCTUKH 3aMKHYTON CUCTEMBI

18 | MaTemaruieckoe MOJICITHPOBAHNE M COCTABICHUE CTPYKTYPHON CXEMBI

19 | YcroituuBOCTb cUCTEM aBTOMaTHUeCKOro ynpasiieHus. [lonsarue ycroitunBoctu
JIMHEAPU30BaHHBIX cucTeM. Heobxommmoe 1 T0CTaTOYHOE YCIIOBHE YCTOWYMBOCTH

20 | Anrebpandeckue Kkputepun ycroitunBoct Payca u ['ypBuma

21 | YactorHble KpuTepuu ycTouuBocTH. [Ipuniun aprymenTa. Kpurepun ycroiunBoctu
Muxaitnoa A.B. Iloctpoenune obnacreii ycrounBocTH. [lonsarue o J{-pazouennn

22 | Kpurepuu yctoitunBoct HaiikBucra. AHanu3 yCTOHYMBOCTH IO JIOrapu(PMUYECKUM
YaCTOTHBIM XapaKTEPUCTHKAM

23 | YcTOoWYMBOCTh CUCTEM C 3ala3/ibIBAHUEM

24 | Metons! orieHKH KadecTBa perynuposanus [ICY

25 | IlonsTue o kayecTBe npolecca ynpasieHus. OleHka KauecTBa CUCTEM YIPABJICHUS B
YCTaHOBUBIIUXCS pexxuMax. [locTosiHHbIE OIIMOKH. ACTaTHUYECKUE CUCTEMBL. TOYHOCTD IIpU
rapMOHUYECKOM BO3JICHCTBUHU. Y CTaHOBUBLINECS OLIMOKY MPU MPOU3BOIBHOM BO3JEHCTBUM,
KOd(QPHUIHEHTH OMTHOOK

26 | OueHkH KayecTBa NepexoHoro npouecca. OLUEHKH KauecTBa Mpolecca Ipy Bo3AeHCTBIM
CTyneH4YaToil QyHKIUU

27 | HacTtoTHbBIE METO/BI OLICHKHU KauecTBa peryaupoBanus. OeHKa KauecTBa PeryJIupoBaHus 110
aAMIUIUTYIHO-4aCTOTHOM XapaKTEPUCTUKHU 3aMKHYTON CUCTEMBI; 10 BEIIECTBEHHOU
YaCTOTHOM XapaKTEpUCTHKE 3aMKHYTOH CUCTEMBI; C 10 aMIUIUTYJHO-(a30BOH
XapaKTePUCTHKE Pa30MKHYTON CUCTEMBI; IO JOTapU(PMHUUECKUM YaCTOTHBIM
XapaKTepUCTHKAM

28 | KopHeBble OIIEHKHM KauecTBa PEryIMpOBaHUs

29 | Cunres LHCY mno 3agaHHBIM TIOKa3aTeNsIM KauyecTBa poIiecca YIpaBIeHHS

30 | IloBblIEHHE TOYHOCTH B YCTAHOBUBLIMXCS P&KHUMaX U oOecredeHne YCTOMYUBOCTH U
KayecTBa YIPaBJICHUS CUHTE3UPYEMBIX CUCTEM 3a CUET U3MEHEHMsI TapaMeTPOB CUCTEM U
IIyTEM BBEJICHUSI KOPPEKTUPYIOIUX YCTPONCTB

31 | Cucrema aBTOMATHYECKOTO YIPABICHHS MTPOAOIBHON MMoiauell Ipyu TOYSHUH

32 | CucreMa aBTOMAaTHYECKOI0 YIPaBJIeHUs NoNepeyHol noAgayei mpyu Bpe3sHOM NUIH(OBaHUH

33 | Cucrema aBTOMAaTHYECKOTO YIIPABICHHUS TOBOPOTOM pabOYero oprana MpOMBIIIIICHHOTO
poboTta

34 | CucreMa aBTOMAaTHYECKOTO PEryJIMPOBaHUS pa3Mepa JIeTaiy Ha OeCIieHTPOBO-
1M OBaJIHLHOM CTAaHKE

35 | CucreMa aBTOMAaTHYECKOT0 IMCTAHIIMOHHOTO YIPABJICHUSI MAHUITYJISITOPOM

36 | CucreMa aBTOMATHYECKOTO YITPABICHHS THIPABINYECKAM CYIIIOPTOM TOKAPHOTO CTaHKA

37 | CucreMa aBTOMAaTHYECKOT0 YIIPaBJIeHUs MoJlaueil pu Gppe3epoBaHUH

38 | Cucrema aBTOMATHYECKOTO YIPABICHHS MTPOAOIBHON Mmolavuel py CBEPICHUHN

39 | ConepxaHue MOHATHH: «CUCTEMa yIPaBIECHUS», «OOBEKT YIPaBICHUN», «YIPABISIOMUE U
BO3MYIIAIONINE BO3JEHCTBUSA», «YIPABISAIONINE KOOPAMHATHI)

40 | Knaccudukaius cucTeM aBTOMEXaHU4YeCKOT0 YIpPaBJICHHUs

41 | IlpuHIMn pa30MKHYTOTO YIpaBJeHUs. YTIpaBJieHHE [0 BOZMYIICHHUIO U OTKJIOHEHHUIO

42 | OCHOBHBIE BUJIbI AITOPUTMOB (DYHKIIMOHUPOBAHUS

43 | Knaccudukaius cucTeM 1o XxapakTepy Mepejadyu CUrHaJIOB




Bonpocsl K dK3aMeH
n/n p y

44 | Knaccudukanus cucteM Mo OCHOBHBIM BHJIaM ypaBHEHUH IWHAMUKH ITPOLIECCOB
yIIPaBJICHUS

45 MareMaTHdecKkoe ONMMCaHue JUHESHHBIX CHCTEM

46 | MaremaTtndeckoe MojenrpoBanue daemeHToB L[CY

47 | Knaccuduxkanus snementoB LICY. CtaTucTuveckre U JMHAMUYCCKHE XapaKTePUCTUKH
2JIEMEHTOB

48 | Jluneapu3anus HEJIMHEHHBIX MU PEePeHIINATBHBIX YPAaBHCHUH THHAMHUUECKUX PEKUMOB
pabotsl anemenToB LICY. CrangaptHas popma 3anucu auddepeHnnaibHbIX YpaBHEHUH

49 | ConeprkaHue MOHATHI: «CHCTEMA YIIPABICHUSN», KOOBEKT YIPABICHU», YIPABISAIONINE
BO3MYUIAIOIIME BO3ACHCTBUSY, «YHPABISIOIINE KOOPIUHATHI

50 | Knaccugukanus cucteM aBTOMEXaHHUECKOTO YIIPABJICHHS




7.3.2. Kputepuu 4 HOPMbI OLEHKH

Cemectp

dopma
NMPoBeIeHUs
MPOMEKYTOYHOM
arTecTalnu

Kpurepuu u HopMbI OLIEHKH

DK3aMeH (YCTHO)

HNCYCPIBIBAIOIIME OTBCTHI HA
BOIIPOCHI 5K3aMCHAIIMOHHOI'O

«OTIIMYHO
Ousera u Ha JONOJHUTENIbHbIE
BOIIPOCHI
IpaBUJIbHBIE OTBETHl HAa BOIIPOCHI
«XOpOILO» Ounera ¢  HE3HAYUTEIHbHBIMU

HEOOo4YCTaMH

«KYHOOBJICTBOPUTEIIBHO»

NMpaBHUJILHBIC OTBCTHI HA BOIIPOCHI
ouiera C CYIICCTBCHHBIMUA
HEOO04YCTaMHU

«HCYHOOBJICTBOPUTCIILHO»

HEIPaBUIbHBIC OTBETHI Ha
BOTIPOCHI DK3aMEHAIIMOHHOTO
ouiera




8. YueOHo-MeTOoAMYecKOe U MH(OPMAITMOHHOE O0ecTieYeHHe TUCIIUITHHBI

8.1. O0si3aTesibHAA JIUTEPATYpPa

Tun (yueOHuk, yuedHoe

Koaun4yecTBO B

HAY4YHOH
Ne nocooue, yueoHO-
ABTOpBI, COCTABUTEIHN 3arsnaBue (3aroJjioBoK) I'ox n3nanus oudamMoTeke /
n/m MeToinYecKoe nocooue,
OPAKTHKYM, 1p.) HaumeHoBanue
P > AP 9BC
1 | C. M. bparas [u 1p.] ABTOMaTHUYECKOE YIIpaBJIEHHUE IIpoLeccaMu | Y4eOHUK 2017 9BbC
MEXaHUYECKON 00paboTKH "ZNANIUM.CO
MII
2 | A. U. Eropos, JI. H. BBenenue B TeOpuI0 ynpaBieHUs Y4eOHoe nmocodue 2017 OBC "Jlansp"
3HaMeHCKast CHCTEMaMH C pacupeaeICHHBIMU
napaMeTpamu
8.2. JlonosiHuTEIbHAS JIMTEPATypPa
KonnuectBo B
Tun (yueOHuk, yaeoHoe .
HAY4YHOM’
Ne nocooue, yueoHo-
ABTOpBI, COCTABUTEIH 3ariaBue (3aroJ10BOK) I'ox u3panus onobmorexe /
n/n MeTOoAnYEecCKoe mocoomne,
NpAKTREYM, Jp.) HanmeHnoBanue
P » AP BC
1 | 1O0.B. [lerpakos, O. 1. Teopus aBTOMaTH4ECKOrO yIpaBICHUS YuebHoe nocobue 2009 109
JpaueB TEXHOJIOTHYECKUMHU CHCTEMaMHU
2 | B. A.T'ynses, A. O. Teopust aBTOMaTH4ECKOTrO yIpaBICHUS Y4ebHO-MeToIn4ecKoe 2009 138

Hpaues, 0. B. Ilerpakos

TEXHOJIOTHYECKUMU CUCTEMaMU

rmocobue




8.3. Ilepeuennr nmpodeccHoHAJBHBIX 0a3 JAHHBIX M MH(OPMAIMOHHBIX 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 Poccum Hay4HOro yd4pexkIeHHs, WMEIOMIETO NpPsIMOE OTHONICHHE K MapKeTHHTy — Pexum
nocTymna: WWw.vniki.ru.

— Elibrary [DnexrponHslii pecypc] : HaydHas 3eKkTpoHHas 6ubamoreka. — Mocksa : HOb, 2000. —
Pexxum nocryma: http://www.elibrary.ru .

- Scopus [DnekTpoHHBI pecypc] Oubmuorpaduueckas u pedepaTuBHas Oa3a JaHHBIX U
WHCTPYMEHT JJI OTCJIEKUBAHUS IIUTUPYEMOCTH CTaTel, OMmyOJUKOBAaHHBIX B HAYYHBIX M3AAHUSX. -
Pexxwum noctyna: http://www.scopus.com;

- Web of Science [DnexkTpoHHBI pecypc] HOUCKOBask HMHTEPHET-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 PexBu3UTHI noron?pa
n/n (naTa, HOMep, CPOK JAeCTBUS)
1 | Windows HoroBop Ne 690 or 19.05.2015r., cpok
JeiicTBuUs - 6eCCPOUHO
2 | Office Standart JHorosop Ne 727 ot 20.07.2016r., cpok
JeiicTBuUs - OeCCPOUHO
3 | Kommac 3D Horosop Ne 652/2014 ot 07.07.2014
beccpounas
4 | MathCAD Axt 1/m ot 21.07.09 (I'oc. Kontpakr 487
ot 28.05.09) beccpounas
5 | SAnnexc.bpaysep cB00OAHO pactpocTpansemoe 10
OTEYECTBEHHOT'O MPOU3BOCTBA
6 | Mupanonmc Horosop Ne 292/07/20, ot 08.07.2020 r.
Cpok nericteus - 04.09.2021 .



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/

8.5. Onucanne MarepHaJbHO-TEXHHMYECKON 0a3bl, HEOOXOAMMOM ISl OCYLIECTBJICHUSI
o0pa3oBaTeIbHOIO Mpouecca 1o JMCUUIINHE

n/n

HanmeHnoBanune 000py10BaAHHBIX YUeOHBIX
Ka0OMHETOB, JIa00PATOPHUIi, MACTEPCKUX U
ApP. 00bEKTOB /ISl IPOBEAEeHUS
NMPAKTHYECKHUX U JIAa00PATOPHbIX 3aHATHIA,
MOMeIEeHHU 1JIs1 CAMOCTOATEIbHOMI
padoThl o0yyarommxcst (HoMep ayAuTOPUM)

IlepeyeHb OCHOBHOT0 000PY10BAHMS

Kommnbrotepnslii kiacc. YdyeOHast ayauTOpHs
JUTSL IPOBEACHUSI 3aHATUHN JICKIIMOHHOTO TUTIA.
YyeOHass ayautopust JUIss  TPOBEICHHS
3aHATHH  CEMHHAPCKOTO THIA. YdeOHas
ayIUTOpUs JUISL TIPOBENEHHs J1ab0OpaTOPHBIX
paboT. YuebHast ayautopusi Ajsi KypCOBOTO
MPOSKTUPOBAHUS  (BBITIOJTHCHHSI  KYPCOBBIX
pabot). YuebHast ay1uTopusi JUisl TPOBEICHUS
TPYIIIOBBIX u WHIMBUTyJIbHBIX
KOHCyJbTallMii YueOHas aynutopus Ui
MPOBEJCHUS 3aHATUN TEKYIIEr0 KOHTPOJIS H
npoMexyTouHoit arrectaruu. (E306)

[TepenocHoit MIPOEKTOP, JKpaH,
KOMITBFOTEPHBIN CTOJI, CTONI
MPEIOIaBaTENbCKUM, CTYIL, JTOCKa
ayJIUTOpHas, CTOJI YYCHHUYECKUIT

JIByxMecTHbIN, [TK

YyeOHass ayautopust JUIS  TPOBEICHHS
3aHATHH  JIGKIIMOHHOTO  THIA.  Y4eOHas
aymTUTOpUsS  JUIL  TIPOBEICHUS  3aHATHA
CEMHUHApPCKOro Tumna. YueOHas ayIuTopus Uis
KypCOBOTO TPOCKTHPOBAHUS (BBIMOTHCHUS
KYpCOBBIX paboT). YueOHasi ayauTopus Ui
MPOBEJICHUS TPYIIIOBBIX M WHIWBHUIYATbHBIX
KOHCYyJbTallMi. Yd4eOHas aynuTopus Ui
MPOBEJICHUS 3aHATUN TEKYIIEr0 KOHTPOJIS H
npoMexxyTouHoi arrecranuu. (E-309)

Cron MPENO/1aBaTeIIbCKUH, CTOJIBI
YU4EHUYECKUE JBYXMECTHbIE (MOHOOIOK) ,
CTyN, JOCKa ayauTopHas (MenoBas),
Kadenpa, MpoeKTOp, IKpaH, IMPOLECCOP

[Tomemienue uisi caMOCTOSITENBHON pPabOTHI
crynenros (I'-401)

Croubl Y4EHHUYECKHE, CTYJIbsA
yuenndeckue, IIK ¢ BeIxomom B ceThb
WNHuTtepHer




