MMHUCTEPCTBO HAYKHU U BBICIHIEI'O OBPA30OBAHUS POCCUMCKOM ®EJEPAIIN
benepanbHOE TOCyIapCTBEHHOE 010 IKETHOE 00pa30oBaTesIbHOE YUpPEKICHUE
BBICIIET0 00pa30BaHUs
«TONBATTUHCKUN TOCYTAPCTBEHHBI YHUBEPCUTET

b1.B.17

(undexc Oucyuniumvl)

PABOYASA ITPOI'PAMMA JIUCHUIIJIMHBI

TEOPUA ABTOMATHYECKOI'O YIIPABJIEHUA

(Haumenosanue OUCYUNIUHbL)

I10 HAINPaBJICHUIO MOATOTOBKH (CHEUAIILHOCTH)

15.03.05 KOHCTPYKTOPCKO-TEXHOJIOTMUYECKOE OBECIIEYEHUE
MAIINHOCTPOUTEJIBHBIX ITPOU3BOACTB

HaIpaBJIECHHOCTH (MPOQUIIb)/CrIeIuaTu3 A

TEXHOJIOT' A MAIIIMHOCTPOEHU A

dopma o0ydeHus: OUHAs
I'ox mabopa: 2020
O6mas Tpynoemkoctsb: 4 3ET

Pacnpe)le.ﬂe}me YaC0B JUCHUIIMHBI IO CEMECTPpaM

Cemectp 6

®opma KOHTPOJIA 3a4yer Hroro
Bun 3ansaruit
Jlexuu 32 32
JlaboparopHebie 16 16
ITpakTnueckue 16 16
PykoBozcTBO: KypcoBbie paboThl (ipoekTsi) / PI'P
[TpoMexxyTouHast aTTecTanus 0,25 0,25
KonraktHas pabota 64,25 64,25
CamocrosiTenpHas pabora 79,75 79,75
KoHnTpons
Hroro 144 144




Pabouyto mporpammy coctaBui(u):
noueHt kadenpsr OnTMII, goueHT, k.1.H., ['ynsies B.A.

(OondcHocmy, yueHoe 36anue, cmenensb, Pamunus 1.0.)

(OodicHoCmb, yueHoe 36anue, cmenensb, Pamunus 1.0.)

PenenzupoBanue paboueii mporpaMMbl TUCHUTUIMHBL:

OtcyTcTBYET

Peniensent

(OoavicHOCmb, yueHoe 36anue, cmenenb, Pamunus 1.0.)

PaGouas mporpamma aucuuminHel coctaBieHa Ha ocHoBanuu @I'OC BO u yuebHOro mniaHa
HaIpaBJICHUs MOATOTOBKH (CIEIUATBLHOCTH)

15.03.05 KOHCTpYKTOPCKO-TEXHOJOTHYECKOE obecreyeHne MAalITMHOCTPOUTCIIbHBIX ITPOMU3BOACTB

Cpok aeiicTBusi padoueii mporpaMMsbl IHCHMILIMHBI 10 «_31 » aBrycra 2024 r.

YTBEPXIEHO

Ha 3acenanuu kadenps
«O060opyaoBaHUE U TEXHOJIOIMH MAIIMHOCTPOUTEIBHOTO POU3BOACTBAY

(mporokon 3acemanust Ne 1 ot «30» asrycra 2019 r.).

AOKYMEHT NoarncCAH
QNEKTPOHHOW NOAMUCLIO

Ceptndukar: 02F2A16C009FB0438A4COF2D00575EF765
Bnageneu: JlornHoe Hukonan KOpbeBud
HencteuteneH: ¢ 18.10.2023 go 28.04.2038

. J




1. Ilean ocBOEHUN TUCIUILIHHDI

]_IGJIB OCBOCHUA JUCHUIIIIMHBI — OCBOCHUC 06IJ_II/IX IMPUHIIMIIOB U CPCACTB, HCO6XO[[I/IMBIX JJIsL
yrpaBJICHUSA AWHAMHYCCKHUMH CHUCTEMaMU paSHHqHOﬁ (bPISH‘l@CKOfI IpUupoabl IMPUMCEHHUTCIIBHO K
MPONU3BOACTBCHHBIM U TCXHOJIOTUYCCKUM IIPOLICCCaAM.

2. Mecto nucuumiuabl B ctpykrype OIIOITI BO
JIMCUMIUTMHBL M TMPaKTUKA, HAa OCBOGHUU KOTOPBIX Oasupyercs HaHHas JUCIUILIMHA!
«Bpicmias matremaTukay, «OCHOBBI TEXHOJIOTHH MAIIMHOCTPOCHUSY, «MeTalTIOpeKyIIe CTAaHKNY,

Ocuosnl CAIIP».

HI/ICHI/IHHI/IHBI " IpaKTHUKU, JJI1 KOTOPBIX OCBOCHUC HaHHOﬁ JAUCHHUITIIMHBI HeO6XO,I[I/IMO Kak
MNpeaAmCCTBYIOIICC: «ABTOMaTI/IBI/IpOBaHHOC MPOCKTUPOBAHUEC TCXHOJOIMYCCKUX MPOLCCCOBY»,

«TexHonorus MAalITHHOCTPOCHUS).

3. Ilinanupyembie pe3yJibTaThl 00y4YeHUs

dopmupyemble U
KOHTpPOJIMpyeMble
KOMIeTeHIUH
(Ko ¥ HAMMEHOBAHUE)

I/IH)II/IKaTOPBI JOCTHIKCHUSA

KOMIIeTeHIH i
(Koa 1 HAMMEHOBaHUE)

[lnanupyemble pe3yJibTaThI
o0yueHust

IIK-12: cnoco6HOCTH
BBITIOJTHSATE PaOOTHI 110
IHArHOCTHUKE COCTOSIHUS
JIUHAMHKH O0BEKTOB
MAaIIMHOCTPOUTENBHBIX
MIPOU3BOJICTB C
HCIIOJIb30BaHUEM
HEOOXOIUMBIX METOMIOB U
CPEJICTB aHallu3a

3HaTh:

- METOJIbI U CIIOCOOBI IMATHOCTHKH
COCTOSIHHSI IMHAMUKU OOBEKTOB
MAaITHHOCTPOUTEIBHBIX IPOU3BOCTB
C UCTIOJIb30BaHUEM HEOOXOJMMBIX
METOJIOB U CPEIICTB aHAJIH3a;

- METOJIBI ¥ CPEJICTBA
reOMETPUYECKOT0 MOICITHPOBAHHUS
TEXHHYECKUX 00BEKTOB;

- TCHJICHIIUH PA3BUTHSI
KOMITBIOTEPHOI rpaKH, €€ poJb 1
3HAYEHHE B HHKCHEPHBIX CHCTEMaX U
MPUKJIaHBIX POrpaMMax;

- o0u1re TpedoBaHuUs K
ABTOMATH3UPOBAHHBIM CHCTEMaM
MPOEKTHPOBAHUS;

- OCHOBBI TEXHOJOTUIECKOTO
pETyIHPOBaHHSI.

YMeTh:

- HpOBOJII/ITB }II/IaFHOCTI/IKy COCTOAHUA
IUHAMHKH 00BEKTOB
MaHH/IHOCTpOI/ITeJ'H)HI)IX HpOI/ISBOJICTB
C HCIO/JIB30BaHUEM HEOOXOIUMBIX
METOJIOB M CPEJICTB aHAJIN3a;

- METOJIbI M CPEJCTBA
T€OMETPUUYECKOTO MOJICTUPOBAHHIS
TEXHUYECKUX 00HEKTOB;

- CTPOUTH MAaTEMaTUUYECKHE MOJIEITH




®opmMupyembie U
KOHTPOJIUpYeMble
KOMIIETEeHIHH
(ko1 1 HAUMEHOBAHME)

NuaukaTopsbl J0CTHXKEHUS
KOMIIeTeHIH i
(Koa 1 HAMMEHOBaHUE)

Ilnannpyemble pe3ybTaThl
o0y4eHust

00BEKTOB YIIPaBJICHUS U CUCTEM
ABTOMATUYECKOTO YIIPABIICHUS
(CAY);

- npoBoAuTh aHanu3 CAY, onieHuBaTh
CTaTUCTHYECKHE M TMHAMHYECKHUE
XapaKTePUCTHKHY;

- pacCUuTHIBaTh OCHOBHBIC
KauecTBeHHBIE oka3zaTenu CAY,
BBITIOJIHATH: aHAJIU3 €€ YCTOMYMBOCTH,
CUHTE3 PEryJsaTopa;

- pa3pabaThIBaTh AIrOPUTMBI
IEHTPATN30BAaHHOTO KOHTPOJIS
KOOPJIMHAT TEXHOJIOTHYECKOTO
00BEKTa;

- paccUUTHIBaTh OJHOKOHTYPHBIC U
MHOTOKOHTYPHBIC CHCTEMBI
ABTOMATUYECKOTO PEryIupOBaHUS
IPUMEHUTETHHO K KOHKPETHOMY
TEXHOJOTHYECKOMY OOBEKTY;

- UCIIOJIb30BaTh OCHOBHEIE
TEXHOJIOTHH Tepeayr HHPOPMAIIHH B
Cpelie JIOKaIbHBIX CeTeH, CeTH
Internet.

Bnagers:

- METOJIaMHU U cIIocoO6aMu
JAUArHOCTHUKHU COCTOAHUSA JUHAMHUKHU
00BEKTOB MAITMHOCTPOUTEIBHBIX
MIPOU3BOJICTB C UCIOIb30BaHUEM
HEOOXOIMMBIX METOJIOB U CPEJICTB
aHaM3a,

- METOJJaMU U CPEe/ICTBaMHU
Fe€OMETPUUECKOT0 MOJIETUPOBAHUS
TEXHUYECKHUX 0OBEKTOB;

- HaBbIKaMU O(OPMIICHHUSI TPOEKTHON
Y KOHCTPYKTOPCKOM JIOKyMEHTAllUu B
COOTBETCTBUU C TPeOOBaHUSAMU
ECK/I;

- HaBbIKaMHU IMOCTPOCHUS CUCTEM
aBTOMATHUYECKOTO YIPaBJICHUS
CUCTEMaMH U IIPOLECCaMH;
HaBBIKAMHU aHAJIN3a TEXHOJIOTUYECKHX
MPOLIECCOB KaK 00BEKTa YIpaBICHUS
1 BbIOOpa (DYHKIIMOHAIBHBIX CXEM UX
aBTOMaTHU3aIlluu.

[1K-18: criocobHOCTh
y4acTBOBATh B pa3paboOTKe
pOrpaMM U METOHK
KOHTPOJISL M NCTIBITAaHHSI

3HaTh:

- METOJUKH KOHTPOJISI M UCTIBITAHUS
MaIIMHOCTPOUTEIbHBIX U3/1EINH,
CPEJICTB TEXHOJIOTHYECKOTO




®opmMupyembie U

NHauKaTopbl 10CTHXKEHUS

KOHTPOJINpYyeMble KOMITeTe il Ilnannpyemble pe3ybTaThl
KOMIIeTeHIM U o0y4eHust
(Koa 1 HAMMEHOBaHUE)
(Koa 1 HAMMEHOBaHUE)
MAaIIMHOCTPOUTEIBHBIX OCHAIICHUS, TUATHOCTHKH,
U3JIEIUN, CPECTB aBTOMATHU3AIlMU U YIIPaBJICHUS;
TEXHOJIOTHYECKOT0 - METOJIUKY METPOJIOrHYECKON

OCHalll€HUA, JUarHOCTUKH,
aBTOMATHU3AIMHU U
yIIpaBJICHUS,
OCYIIECTBIIATh
METPOJIOTHYECKYIO
HIOBEPKY CPEICTB
HU3MCHCHUSA OCHOBHBIX
HOKa3aTelnel KayecTna
BBIIIYCKa€MOM ITPOYKIIHH,
B OIICHKE e¢ Opaka u
aHaJIM3e MPUIUH
BO3HHMKHOBEHHUS,
pa3paboTke MEpOnpUITUN
TI0 €T0 TPEAYIPEKICHHIO
U YCTPAHECHUIO

MOBEPKH CPEACTB U3MCHCHHUSI
OCHOBHEIX ITOKa3aTeIeH KauecTBa
BBINTyCKaeMOU TIPOAYKIIHH, B OTICHKE
e€ Opaka M aHaJIM3€e MPUYNH
BO3HUKHOBEHUS, pa3paboTKe
MEPOIIPUATHH T10 €TI0
MPEIYIPEKACHUIO U YCTPAHSHHUIO;

- METOJIOJIOTUYECKHE OCHOBBI
(YHKITMOHUPOBAHWS, MOJICTTUPOBAHUS
U CUHTE3a CUCTEM aBTOMATHYECKOTO
ympasienus (CAY);

- ocHoBHEBIEe MeToabI aHaan3a CAY Bo
BPEMECHHOMN M YaCTOTHOM 00JIaCTsIX,
crocoOsl cunresza CAY;

- TUTIOBBIC MAKEThI MPUKJIATHBIX
IporpamMm aHau3a JUHAMUYCCKUX
CHCTEM;

- KHHEMAaTUYECKYIO CTPYKTYpY U
KOMIIOHOBKY CTaHKOB, CHCTEMBI
yIpaBICHUS UMH;

- cpesicTBa JUIT KOHTPOJIS,
WCIIBITAHUH, THAarHOCTUKH H
QIAIITUBHOTO YIIPABJICHUS
000pyIOBaHUEM.

YMers:

- pa3pabarbIBaTh IPOrpaMMbl U
MCTOAWKH KOHTPOJIA U UCIIBITAHUA
MAaIlMHOCTPOUTEIBHBIX U3/IeNUH,
CPEACTB TEXHOJIOTHIECKOTO
OCHAILIEHUS], TUarHOCTHKH,
aBTOMaTHU3alluu 1 ynpaBJ'ICHI/Iﬂ;

- OCYILIECTBIIATH METPOJIOTHUECKYIO
MOBEPKY CPENICTB M3MEHEHUS
OCHOBHBIX ITOKa3aTesel KauecTBa
BBIITYCKaeMOM MTPOIYKIIMH, B OLIEHKE
e€ Opaka U aHanM3e MPUYUH
BO3HHUKHOBEHUS, pa3padboTKe
MEpPONPUATHIA MO ero
NPEAYIPEKICHUIO U YCTPAHEHUIO;
- BBITMOJIHATh aHAJN3
TEXHOJIOTHYCCKUX MMPOUCCCOB KaK
00BEKTOB aBTOMATHU3alUU U
yIIpaBIICHUS;

- COCTaBJIATh CTPYKTYPHBIE CXEMbI, UX
MaTeMaTHYeCKUEe MOAETH KaK




®opmMupyembie U
KOHTPOJIUpYeMble
KOMIIETEeHIHH
(ko1 1 HAUMEHOBAHME)

NuaukaTopsbl J0CTHXKEHUS
KOMIIeTeHIH i
(Koa 1 HAMMEHOBaHUE)

Ilnannpyemble pe3ybTaThl
o0y4eHust

00BEKTOB YIIPABJICHHUS;

- UCTOJIb30BaTh OCHOBHBIE METO/IbI
MOCTPOCHHUS MAaTEMATHYECKUX
MOJIEJIEN MPOLECCOB, CUCTEM, UX
3JIEMEHTOB M CUCTEM YIIPaBJICHUS,

- paboTaTh ¢ KAaKUM-JIH00 U3
OCHOBHBIX THUIIOB ITPOTrPAMMHBIX
CUCTCM, MMPCAHA3ZHAYCHHBIX IJIA
MaTeMaTUYeCKOT0 U UMUTALIMOHHOTO
MOJIETUPOBAHUSL.

Bnaners:

- METOJIMKaMH KOHTPOJIS U
VCIIBITaHUS MAILIMHOCTPOUTEIBHBIX
U3JIEJIUN, CPEJCTB TEXHOJIOTUYECKOTO
OCHALIICHUS, TUAarHOCTHUKH,
aBTOMATHU3ALIMU U YIIPABJICHMUS,

- METOJUKOWU METPOJIOTMYECKOU
HOBEPKH CPE/ICTB U3MEHECHUSI
OCHOBHBIX IIOKa3aTeJIel KayecTBa
BBIITYCKaeMOM MPOAYKLUH, B OLIEHKE
e€ Opaka U aHanu3e MpUYUH
BO3HUKHOBEHUS, pa3padoTKe
MEPONPUITHH IO €T0
MPENYNPEXKACHUIO U YCTPAHEHUIO;

- HaBbIKAMHU ITPUMEHEHHUS DIEMEHTOB
aHaJIM3a 3TANoB KU3HEHHOTO 1MKJIA
IPOAYKIHMH U YIIPaBJICHUS UMU;

- HaBbIKAMHU HaJaJIK1, HACTPOMKH,
pEryIMpOBKH, 00CTYKUBAHUS
TEXHUUYECKUX CPEACTB U CUCTEM
YIIPaBJICHMUS;

- HaBbIKAMU O(OPMIICHHUSI
pE3yJIbTAaTOB UCCIIEN0BAaHUN U
NIPUHATHS PEUICHUM.




4. CTpyKTYpa U cofepKaHue JUCHUILIHHBI

Monayab
(pa3nen)

Bun
y4eOHol
padoThI

HaunMenoBanue TeM 3aHATHH
(yuedoHoOl padoTHI)

Cemectp

OonemMm,

Banasl

HNHuTepakTus, 4.

DopMBbI TEKYLLET0
KOHTPOJIA
(HauMeHOBaHMe
OLICHOYHOI'0
cpeacTBa)

Monyns 1.
IbazoBbIe
XapaKTEPUCTUKH
CHCTEM
YIIpaBICHUSI.

Jlex.

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

BOHpOCbI K 3a4CTy

Cp.

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

BOHpOCbI K 3a4CTy

JIek.

1.2. OcHoBHble ycTpoiicTBa CAP u ux
KJIaccU(UKanus 1Mo Ha3HAYCHUIO.
Knaccugukanus aBToMaTn4eckoro
yrnpapiieHus. MaTeMaTrndeckas MoJeib
IIEHTPOOEKHOTO PEryasiTopa CKOPOCTH
JIBUTATEIIs.

OTuer B 2JIEKTPOHHOM
BUJIC

1.2. OcHoBHble ycTpoiicTBa CAP u ux
KJaccu(uKanus Mo Ha3HAYCHUIO.
Knaccugukamus aBToMaTn4eckoro
yrnpapyieHus. MaTeMaTrndeckasi Moeib
IIEHTPOOEKHOTO PEryasiTopa CKOPOCTH
JIBUTATEIs.

OTuer B 2JIEKTPOHHOM
BUJIE

JIa0.

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

OT4eT B 3JIEKTPOHHOM
BHUJIC

Cp.

1.3. ccnenoBanue BIHSIHUS TapAMETPOB
LEHTPOOESIKHOTO PETYIATOPAa CKOPOCTH HA
IIPOLIECC PErYITUPOBAHUS.

Bormpocs! k 3auery




DopMBbI TEKYLLET0

Bun . KOHTPOJISA
Monayab . HaunMenoBanue TeM 3aHATHH Oo0nemMm,
y4eOHoi . Cemectp banabl | AHTepakTuB, 4.| (HAHMeHOBaHUe
(pa3neu) (yueoHoOii padoThI) 4,
padoThI OLICHOYHOI'0
cpeacTBa)

Jlek. 1.4.XapakTepucTUKU EPEXOTHOTO 6 2 - - Bomnpocs! k 3auety
npouecca. YacToTHbIE XapaKTEPUCTUKH.

IIp. 1.4.XapakTepuCTHUKH MEPEXO0THOTO 6 4 - - OT4YeT B 3JIEKTPOHHOM
nporecca. YacTOTHBIE XapaKTEPUCTUKH. BU/IE

JIao. 1.5.MaremaTuuecke MOJEIH. 6 4 - - OTuer B 2JIEKTPOHHOM
Jluneapuzalys MaTeMaTHYECKUX MOJIEIICH. BU/IE

Cp. 1.5.MaTeMaTHuecKue MOIECIIH. 6 8 - - Bomnpocs! k 3auety
Jluneapuzalys MaTeMaTUYECKUX MOJIesIen

Jlek. 1.6. OnpeneneHune 4aCTOTHBIX 6 2 - - Bomnpocsl k 3auety
XapaKTePUCTHK O aHAINU3Y BXOJIHOTO U
BBIXOJHOI'O CUTHAJIa BO BPEMEHH.

Cp. 1.6. Onpenenenune 4aCTOTHBIX 6 8 - - Bormpocs! k 3auery
XapaKTePUCTHK IO aHAINU3Y BXOJHOTO U
BBIXOJIHOTO CUTHAJIa BO BPEMEHHU.

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

Cp. 1.7. TunoBsle 3BeHBS MepelaTOYHbIX 6 8 - - Bomnpocs! k 3auety
(OYHKIUH.

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

IIp. 1.8. Onpenenenue nepexoaHON 4acTOTHOU 6 4 - - OT4eT B 3JIEKTPOHHOM
XapaKTEPUCTHUKH. BUJIC

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

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

XapPaKTCPUCTHUKH.




DopMBbI TEKYLLET0

Bun . KOHTPOJISA
Monayab . HaunMenoBanue TeM 3aHATHH Oo0nemMm,
y4eOHoi . Cemectp banabl | AHTepakTuB, 4.| (HAHMeHOBaHUe
(pa3neu) (yueoHoOii padoThI) 4,
padoThI OLICHOYHOI'0
cpeacTBa)
Monyib 2. Jlek. 2.1.OyHKIUOHAJIBHBIE U CTPYKTYPHBIE 6 2 - 2 Bomnpocs! k 3auety
KauecTBeHHBIN U cxembl. [IpaBuiia mpeoOpa3oBaHus
KOJINYECTBEHHBIN CTPYKTYPHBIX CXEM.
aHan3 CUCTEM | Cp, 2.1.OyHKIMOHAILHBIE M CTPYKTYPHEIE 6 8 - - Bompocsl k 3a4eTy
ABTOMATHYCCKOTO cxembl. [IpaBuia npeobpazoBanus
YUPABIICHUA. CTPYKTYPHBIX CXEM.
Jlex 2.2. UccnenoBanue ycrounoctu CAY no 6 2 - - Bormpocs! k 3auery
kpurepuro ['ypeuna.
Cp. 2.2. UccnenoBanue ycroitunBoctu CAY 1o 6 8 - - Bomnpocsr k 3auety
kputeputo ['ypuna.
Jlex 2.3. TlpaBuna npeoOpa3oBaHUs 6 2 - - Bomnpocsr k 3auery
CTPYKTYPHBIX CXEM.
Cp. 2.3. IlpaBuna npeoOpa3oBaHus 6 8 - - Bomnpocsl k 3auery
CTPYKTYPHBIX CXEM.
JIek. 2.4. IToctpoenue rogorpada CUCTEMBI U 6 2 - - Bomnpocs! k 3auety
Jorapu(pMUUecKol 4aCTOTHOMN
XapaKTePUCTHUKH.
Cp. 2.4. Tloctpoenue rogorpada CHCTEMBI H 6 8 - - Bomnpocsr k 3auety
Jorapu(pMUUECKOi YaCTOTHOM
XapaKTePUCTHKH.
Jlek. 2.5.MaremaTudeckast OLleHKa 6 2 - - Bormpocs! k 3auery
YCTOMYHMBOCTH. 3a/1a4y¥l yCTOWYUBOCTH.
3amac yCTOH4HMBOCTH.
Cp. 2.5.Maremarmnueckas OleHKa 6 8 - - Bompocs! k 3auery

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




DopMBbI TEKYLLET0

Bun . KOHTPOJISA
Monayab . HaunMenoBanue TeM 3aHATHH Oo0nemMm,
y4eOHoit . Cemectp Baaabl | UHTepakTuB, 4. | (HAHUMEHOBaHHUE
(pa3neu) (yueoHoOii padoThI) 4,
padoThbI OLICHOYHOI'0
cpeacTBa)
Jlek. 2.6. Uccnenoanue tounoctu CAY B 6 2 - - Bomnpocs! k 3auety
pEXKHUME JBUKCHHSI 10 TAPMOHUYECKOMY
3aKOHY.
J1a6. 2.6. UcciaenoBanue Tounoctu CAY B 6 4 - - OTyer B 3JIEKTPOHHOM|
peKHUME JBUKCHHSI 10 TAPMOHUYECKOMY BU/IC
3aKOHY.
Cp. 2.6. UccnenoBanue Tounoct CAY B 6 8 - - Bomnpocsr k 3auety
pEeXHUME JBUKECHHSI 10 TAPMOHUYECKOMY
3aKOHY.
IIp. 2.7. Onpenenenre XapakTEPUCTHK 6 4 - - OT4YeT B 3JIEKTPOHHOM
ANEKTPOMEXAHUYECKOTO MPUBOIA. BUIE
Cp. 2.7. OnpeneneHue XapaKTEPUCTUK 6 8 - - Bomnpocsr k 3auety
AIEKTPOMEXAHUYECKOTO MPUBO/IA.
Monyib 3. Jlek. 3.1. KoMmekcHas OlleHKa KauecTBa CUCTEM 6 2 - - Bormpocs! k 3auery
CHHTe3 U aHAIIN3 1 00BEKTOB aBTOMAaTUYECKOTO VIIPABICHHUSI.
CHUCTEM JIek. 3.2. Onpenenenue xapakrepuctuk CAY 6 2 - - Bormpocs! k 3auery
ABTOMATHUECKOTO OPOJ0JLHON ITOoJa4Yell IpH TOUCHUH.
yIpaBJIeHHUS. Cp. 3.3. ObecneueHre HEOOXOAUMON TOUHOCTH 6 8 - - Bompockr k 3auety
CAY. Ouenka Tounoctu CAY.
Cp. 3.4. UccnenoBanue BIMSHUS acTaTH3Ma Ha 6 8 - - Bompockr k 3auety
kauectBo CAY.
JIek. 3.5. OCHOBBI CHHTE3a CHCTEM 6 2 - - Bompockr k 3auery
ABTOMATUYECKOTO YIIPABJICHUS.
Jlek. 3.6. UccnenoBanue BIUSHUS THOKON 6 2 - 2 Bomnpocsr k 3auery
oOparHoi cBs1i3u Ha ObIicTponeirictBiue CAY.
Cp. 3.6. UccnenoBanue BIUSAHUS THOKOU 6 7,715 - - Bomnpocs! k 3auery
oOparHo#i cBs1i3u Ha ObIicTponerictBiue CAY.
A 6 0,25




DopMBbI TEKYLLET0

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




5. O6pa3oBaTe/ibHbIEe TEXHOJIOTHHU

B mporecce n3ydeHus TUCIUTUTMHBI UCTIONB3YETCS TEXHOJOTUS TPAJAUIIMOHHOTO OOYYCHHUS
(JIekIuu, MpakTH4YeCKue paboThl, CAMOCTOSITEIIbHAS paboTa CTYJCHTA).
Benymeit nestenbHOCT B Mpoliecce OOydeHHUs SIBIsieTCA yueOHasi JEATEeNbHOCTh CTY/ACHTOB,
XapaKTEPU3YIOIAsCs  JICHCTBYIOIIEH CHCTEMOW IO3HABATEJIBHBIX IPOILECCOB, HAYUHAs C
BOCTIpUATUS ~ HWHPOPMAIIMM W  3aKaHYMBAas  CIOXHEUIIUMU  TBOPUYECKUMHU  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 0OCBOCHUI0 TUCHHUIIJINHBI

K ocobeHHOCTSIM OOyuYeHUsS MHUCUUIUIMHE MOXKHO OTHECTH IOCTOSHHOE B3aMMOJICHCTBHE
MEXy CTYACHTAaMHU W IPEToJIaBaTelisiM, a TaK K€ MaKCHUMAJIbHYIO MPUOIMKEHHOCTh MaTtepuaia K
po(heCCHOHANILHOM JIEATEIHbHOCTH, YTO BBIPAXKACTCS B MOJICIHPOBAHUU TPO(HECCHOHATBLHBIX
CUTYaLHM.

[ToaroToBKa K 3aHATHSM 3aKIOYaeTCsl B paboTe ¢ KOHCIEKTOM JICKIMH 0 TaHHOW TeMe, B
M3YYEHUU COOTBETCTBYIOIIETO pas3iesia ydyeOHMKa WIM YyueOHO-METOJAMYECKOTro mocobus, B
MIPOCMOTPE JOTOJHUTENBHON JuTeparyphl. lIpakTuueckas paboTa BBINOIHSAETCA B AyJUTOPUH.
OTuer 1o BBIMOJHEHHOM paboTe MOATrOTaBIMBACTCS U 3AMOJHSACTCS CTYACHTOM CAMOCTOATEIBHO.



7. OueHOYHBIE CPEACTBA

7.1. IlacnopT OLIEHOYHBIX CPEACTB

Kox koHTpOIMpYyeMoii KOMIIeTeHIM U HaumeHoBanmue
Cemectp
(WM ee 4acTH) OLIECHOYHOI'0 CPeACTBA
2 I1K-12 [TpaxTrueckue padoTsr NeNe 1-2
Bonpocs! k ak3ameny Ne 1-15
2 IK-12, T1IK-18 [TpaxTuueckue pabotsl NeNe 3-4

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

2 I1K-18 Jlaboparopubie padoTsl NoNe 3-4
Bormpocs! k sx3ameny Ne 31-50

7.2. TunoBblie 3alaHusl WJIM MHBIC MaTEepUalibl, H606X0}IHMbIe AJIA TEKYIIEr0 KOHTPOJIsA

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

IpakTnyeckass padora Nel. HccienoBanue BJIMSIHUS NApPaMeTPOB IEHTPOOEKHOTIO
PeryJisiTopa CKOpoCTH Ha Mpouecc peryJupoBaHus.

Ilenv pabomwr: [Ipuobpemenue npakmuyeckux HABbIKOE IKCNEPUMEHMATLHOU OYEHKU
npoyecca pe2yiuposanus u yCmouyusol pabomul CUCMeMbl AGMOMAMUYECKO20 YNPABGIEHUSL.

Teopemuueckaa uacmao

Uccnenyercst cucrema aBToMaTudeckoro — ympasieHus (puc.l.l), cocrosimas — u3
LEHTPOOEIKHOTO PETYIATOPAa CKOPOCTH, MON3YH 1 KOTOPOro CBsi3aH phlyaraMu 2 C 3aciIOHKOH 3
nojayu pabodeil cmMecu B TEIUIOBOM JBuratens 4. Perynarop npuBOIUTCS BO BpallleHUE OT
JIBUTATENIs yepe3 3youaTyro nepeaauy S.

Puc.1.1. Cxema CAY ckopocmuio epauienusn osuzamens

[Ipu pynkmmonupoannu CAY BpalieHue IBUTaTess yepe3 3y0uaTyro nepenady nepenaercs
PETyIATOPY CKOPOCTH, IAPUKH KOTOPOTO O] ACHCTBUEM IIEHTPOOEKHOU CHIIBI C OJTHOW CTOPOHBI
U CUJIBI MPYXHHBI C JIPYrodl 3aHUMAOT HEKOTOPOE TOJIOKEHHE, YTO BBI3BIBACT OIPEICICHHOE
OTKPBITHE JIPOCCENsi U CUCTEMa HAaXOJWUTCA B paBHOBecuH. [Ipu yBenMueHMM MOMEHTa Harpys3ku
CKOPOCTb ABHIaTelid YMCHBIIACTCA B COOTBECTCTBHUHM C €TO XapaKTepHCTHKOﬁ, YTO BBI3BIBACT
YMEHBIIIEHHE CKOPOCTH BpaleHHUs perynaropa. lLleHTpoOexHble CHIBI TaKXKe YMEHbBIIAITCS,
[IAPUKHU OTMYCKAIOTCS U YePEe3 PHIYAKHYIO CHCTEMY YBEITUYHBAIOT OTKPBITHE IPOCCEIIS. Y BETHUYCHHE
nojayn paboueil cMecH B JBUTATENh BHI30BET YBEIWYCHHE €T0 CKOPOCTH, PAaBHOBECHE BHOBH
BOCCTaHOBUTCSI, HO YK€ Ha JIPyroM ypoBHE. SICHO, YTO pa3HOCTb CKOPOCTEH OINpeesnsieT KauecTBO



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

Jns anamm3a CAY  HEOOXOAMMO COCTaBUTh €€ MaTeMaTHYeCKyl0 MOJenb. AHanmu3
MOKAa3bIBAET, YTO B CHCTEMY BXOST JBUTATElNb, JPOCCENb IMOAAYu pabouell cMecH, pblYaKHas
nepegaya u 3youaras nepejaya.

JIBukeHue JABUratess MpU OrPAaHUYEHHHM YYETOM SIBICHUN IEpBOTO IMOpAIKA, T.€. €ro
WHEPIHOHHOCTBIO, MOXET ObIThb TNpeAcTaBieHO aAuddepeHInanbHbBIM YpaBHEHHEM IIEPBOTO
nopsiKa:

Io?j—cto+/10a)+M” =M,,

1.1)

rae lo u Ay — MOMeHT uHepuuu potopa u Ko3hduiueHt Bs3koro TpeHus apurareins, M, u My
— MOMEHT COIIPOTHBJICHUS HATPY3KHW M MOMEHT JIBUTATEIISl COOTBETCTBEHHO.

MoOMEHT IBUKEHHUS 3aBUCHUT OT OTKPBITUS APOCCEIIs I0Jauu pabouel cMecu:

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

JpOCCeNsl U MOMEHTOM JIBUTaTelsl.

Ecnu npuHATH nepesaToyHOe OTHOIIEHUE PhIuaroB M 3y04aToi nepeaayu paBHbIM €IUHUIIE,
TO, U3 TE€OMETPUYECKHX COOTHOIIEHHUH, MNOJy4MM YypaBHEHHME CBS3U, KOTOpPOE OIpelenserT
3aMKHyTOCTh CAYVY:

b =2I11—Sinx).
1.3)

[Tony4yennas marematuueckas mojens (1.1)-(1.3) ucnone3yercs B mpUKIAAHON nporpamme, ¢

MOMOIUIbI0 KOTOPOH BBIMOJIHSIOTCS TPeOyeMble NCCIIEI0BAHUS.

m MonenupoBaHHe PErYNATOPa CKOPOCTH ABHIraTens =] 3

HCXOOHBE DAHHHIE CAY

Macca WAapHEDE, KT 0,25

Cuna npysune, H 100

AecTrocTe

MPYsHHEL, H/ Mt I‘I 5
tareHT HHEpLMMY
ABWraTens, krim ID"I

.08 PRMUMEHT SAEMCHMOCTH
MOMEHTE ABWMETEAA 0T

OTKPBITHA ApOCCend, I4

Hitira

|4D 3‘ MomeHT Harpysku, Hii

Ocunnnorpad

Mpouecc | ﬂpononmemdel

Reset |

OTKRBITHE SRCM0HKM X, MR

Exit |

¥INOEaA CKOpOCTE W, pagfc

04 05 0§ 07 0s if: 1

Coannnorpad

6)

rnosan cropocts W, pasy

[ (1K) 02 a3 04 05 a5
BpestA, ©

Puc.1.2. Mooenuposanue yuenmpoo6excno2o pecyaimopa cKopocmu

3aoanue



B cooTBercTBUM ¢ BapranToMm (Tab:.1.1) mpoBecTH uccie0BaHUE KauecTBa PeryaIupOBaHUs B
3aBUCUMOCTH OT MU3MEHSAEMOI0 IapaMeTpa U MOCTPOUTh IpadUKK 3aBUCUMOCTU OBICTPOAEHCTBHS U
touyHOoCcTH CAY B ()yHKIIHMH OT U3MEHIEMOTO MapaMeTpa.

Tabnuya 1.1. Ucxoomnsie oannvie

ITeps | Macca | ’Kecmxocmo | Momenm | Bro | Hauanvna| Koappgpuyuenm | Hzmenamo

as | wapux | npyd’cuHvl | uHepyuu | pas | A cuna 3aeucumocmu napamemp
uudp| o m, Cup, H/Mm | O8ucamens | uud | npyowcunst |  mMomenma om

a Ke lo, k2o/m? | pa Pup, H OMKPbIMUSL

opoccens Ko, H/mm

0 0,35 50 0,25 0 55 2 m

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

2 0,25 4,0 0,16 2 150 6 ly

3 0,20 3,5 0,10 3 200 8 Ko

4 0,15 3,0 0,06 4 130 10 Pup

3) 0,10 2,0 0,04 3) 85 9 m

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

7 0,20 1,5 0,14 7 95 3) Pup

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

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

Cooeporcanue npomokona

B mpoTokose npencTaBuTh 1eidb paboThl, HICXOHbIE JaHHBIE, 3aJJaHUE UCCIIE0BAHUS, KOIIUIO
uHTepdeiica 18 aH0O00ro 3KCIEpUMEHTa U3 BBINOJIHEHHOM cepuu, omucanue padotel CAY,
TaOJIMILY SKCIIEPUMEHTANBHBIX JaHHbIX, Ipaduku TpeOyeMbIX 3aBUcUMOcTell. BbIBOIBI.

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

Llenv pabomur: [Ipuobpemenue npakmuyeckux HABbLIKOS IKCNEPUMEHMANLHO20 ONnpedeneHUs
YACMOMHBIX XAPAKMEPUCUK.

Teopemuueckaa uacmeo

Uccnenyemoii cucteMoi SIBISETCS JByXMaccoBasi JTUHAMUYECKash CHCTEMa, CXeMa KOTOPOM
n3zoOpaxena Ha puc 2.1. CucremMa HaXOIUTCS MO IEHCTBUEM KMHEMAaTHYECKOTO BO30YXKICHUS — X,
BBIXOJHBIMH CUTHAJIAMU SABJIAIOTCA KOOPAMHATDBI X1 1 X2 NepeMEIICHUA MaccC M1 1 M2, CBA3aHHLIX
MEX1y COOOI0 KECTOKOCTSAMU C1 U C2 M BSI3KUM TPEHHUEM A/ U A2.

Cl C)

m, m,

> =
A, 2,
R

Puc.2.1. /lunamuueckan cxema 08yxmaccosoii Cucmemol

YPaBHeHI/Ie ABVIKCHUSA CHUCTEMBI COCTABJIAACTCA IIO0 MU3BCCTHBIM IIpaBUJIaM T@OpGTH‘-IGCKOfI

MEXaHUKH:
d?x, (dx1 dxj (dx dxlj
m-—2Lt4+ A —2-=224c(x,—X%X,)=4| —— =2 |+¢,(x—x
1 dt2 2 dt dt 2( 1 2) }’1 dt dt 1( 1)
d?x dx, dx
m, dt22 +/12(d_tz_d_tlJ+C2(X2_Xl):O

prOH_ICHHaSI MareMaTndcCKasa MOACIIb:



2
{mls X, + (A, + A )sx, + (¢, +¢, )%, = (4, + A, )sx +(c, +¢, )x
2
m,s“X, + 4,5X, + C,X, = A,5X; +C, X%,
rae s=d/dt — omeparop Jlamaca.
I[JISI MMpEaACTaBJICHUA MaTeMaTHYEeCKOU MOZCIN B NEPCMCHHBIX COCTOSAHUA PCIIHUM KaAXKIOC
YpaBHCHHUE OTHOCHUTCIBHO IIECPEMCHHBIX X1 U X2, KOTOPBIC 3allkMCaHbl B CTapIIMX ITPOHU3BOAHBIX

cooTBeTcTBEeHHO. [IpeobpazoBanHas TakMM 06pa3oM MaTeMaTHYeCKas MOJIEIb UMEET B
X, =sax +ax+s[-a,x +a,x]|
{xz =stax, +ax +s - a,x, +a,x]
rae koadduiuentsl Mogenu: ar = (A2+Ay/my, a2 = (C2+C1)/my, a3 = Aamy, as = Ca/my;

Tenepp MOXXHO 3amMcaTh MaTeMaTHYECKYIO MOJENb B IIEPEMEHHBIX COCTOSHHUSA, TO €CTh B
BUJIC CUCTEMBI TH(PepeHIINATbHBIX YPAaBHEHUH, PEIIEHHBIX OTHOCHTEIBHO MEPBBIX MPOU3BOIHBIX:

Sy, =—ay, +ax+y,
Sy, =—a,y; +a,X

SY; =—83Y;+a;Y; +Y,
Sy, =—a,Y; +a,X
NmenHo Takasg MOJEnb peaau30BaHa B MPUKIAJHOM Mporpamme, Mo KOTOPOM MPOBOIATCS
HCCIIEIOBAHNE YaCTOTHBIX XapaKTEPUCTHUK.
3aoanue
B coorBerctBum ¢ Bapumantom (Ta6m.2.1) mpoBecTu ucciemoBaHue u HocTpouTh ADYX
cucTeMbl (0JJHO MACCOBOM HJIM JBYX MacCOBOIA, 10 BBIXOJIAM X1 MJIH X2).
Tabnuya 2.1. Ucxoousie oannvie

[TepBas M1, KT c1, H/mMm A1, Kr/c Bropas M2, KT C2, H/mMm A2, Kr/C

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

Cooeporcanue npomokona

B npotokosne npeactaButh 1eib padoThl, HEOOXOIUMbIE TEOPETUUECKHE CBEICHNUS, NCXOIHbIE
JTaHHbIE B COOTBETCTBMM C BapHMaHTOM 33JaHuUs, KOMHMIO MHTepdelica ¢ 3amiChi0 BBITOJHEHHBIX
HKCIEPUMEHTOB U MOCTPOEHUSMHU, HEOOXOAUMBIMU JJISl OTIPEEeNIEHUS BBIXOIHBIX JaHHBIX; TAOIHIIBI
HKCIEPUMEHTAIBHBIX M pAacYeTHBIX MJaHHBIX; Trpaduku skcnepumeHTanbHbBIX ADUX cucrem.
BriBoapbl.

IMpakTuyeckas padora Ne 3. HccaenoBanue ycroituuBoctu CAY 1o KpUTepHIO
I'ypBuua

Llenv pabomui: [Ipuobpemenue npakmuyeckux HABLIKOE OYEHKU YCMOUYUBOCMU CUCHEMbL
aA8mMoMamu4ecko20 yYnpasieHus.

Teopemuueckasa yacmao

C nomoursto kputepus ['ypBuila uccienoBath Ha yctoiunBocTh CAY moBogoMm cymmopTa
METAJIJIOPEXKYIIETo CTaHKa, CXeMa KOTOpOro MokasaHa Ha puc. 3.1, a.
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Puc.3.1. Ilpunyunuanvnasn (a) u gynkuuonanvnan (6) cxemsl npugooa

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

[Ipexxne Bcero HEOOXOAMMO COCTaBUTh MaTeMaTH4ecKyr Mozenb mnoBoja. CoriacHo
NpUHIUITY paboThl, TOBOJA mpexacTaBisieT coboit 3amkHyTyio CAY, QyHKIMOHaNbHAs cxema
KoTopoil mpuBereHa Ha puc.3.1, 6. IlycTh BbIIeJIeHHBIE HAa CXEME€ JJIEMEHTBHI OIHCHIBAIOTCS
CJICAYIONIMMH TIepeaTOYHBIMU (PYHKIIUSMHU:

3H: Usn(s) =k - U (S) k7
O R T M W, ()= 35(9) “Tos 1’
; L as) k.
W =G e " Ts i Ds P WY
P a(S) p’

HOC: WnoL( ) - UY()Eii) = Roc-

Tenepp MOXKET OBITH MOCTPOEHA CTPYKTYypHas cXeMa IOBOJA, B KOTOPOH (IIpH paBEHCTBE
K03((HUIMEHTOB Iepefayn 3aJaloIero NOTCHIMOMETPa M MOTEHIMOMETpa OOpaTHOM CBSI3M) /Ba
COOTBETCTBYIOIIIMX JJEMEHTa Ha (QYHKIMOHAIBHON CXeMe 3aMEHSIOTCS OJHUM DIIEMEHTOM C
Kod¢duirieHToM nepenaun K, Ha CTpyKTypHO# cxeme (puc.3.2).

X S y Us k, |Yo K, a ) y‘
Pl Ts+1| | Ms+ns| LS

Puc.3.2. Cmpykmypnasn cxema npugooa

Takum o0pa3oM, mnepenarouyHas (QYHKIUS 3aMKHYTOH CHCTEMBbl TIOCIE€ HECIOXKHBIX
anreOpanyeckux npeoOdpazoBaHUi MproOpeTaeT BUI:

K
W (S) = 0 1
(T,s+D(T,s+Ds+k,
rae kKo — x03hUIMEHT mnepenadyd CHUCTEMbI, PaBHBIA TMPOU3BEACHUIO KOI(D(DHUIIMEHTOB

Iepeayn BCEX 3BEHBEB KaHaja IpsAMOro Aeucteus. Mrak, cUCTEMa MMEET XapaKTEPUCTUYECKOE
ypaBHEHUE 3-r0 OpsIKa:

T,Tos®+ (T, + Ty) s2+ s + ko= 0.
CocraBum nerepMuHaHT ['ypBHIIa M HaliIEM yCIIOBHUSI YCTOMYMBOCTH.
T,+T, K, 0
r=T,T, 1 0l
0 T,+T, k;
AHanu3 yclioBUH YCTOMYMBOCTU MO KpuTepuio ['ypBHIla MOKa3bIBaeT, YTO €AMHCTBEHHBIM
YCIIOBHEM SIBIISICTCSI TO3UTHUBHOCTH BTOPOTO JETEPMUHAHTA, IOCKOJBKY &8o=1,T9, pPaBHO Kak



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

[Tocie HeCIOKHBIX MPEOOPa30BaHMIA TIOTYYaeM €IMHOE YCIOBUE YCTOMYMBOCTH CUCTEMBI:

Ti +Ti > ko 3.1

P 1)
BrimonHenue 3Toro ycioBUs 00s3aTeNbHO, MOITOMY Ha MPAKTUKE Bapualuel, 1moadopoM
napamMeTpoB mpuBoaa crpemsaTcs obecreunth (3.1). Ilpu 3ToM Hambosee ya00HO H3MEHSATH
napameTpel Ko u T, — oOmuii ko3hduimMeHT nepenayd NPUBOJA M TIOCTOSHHYIO BpPEMEHHU
ycuTeNs-peoopa3opareis. B mo0OoM ciydae 3Ha4YCHUs BapHallMil 3TUX MapaMeTpOB JOJDKHBI

JexaTh B 00iactu D, moctpoeHHO# coriacHo yenowio (3.1) (puc. 3.3).

obnacmo
HeYyCmouyueblx

3HAYeHUll

k01 0 1/ T()

obnacmo
YCMOUYUBHIX 3HAYEHUL
0 T >r
vl y

Puc.3.3. Obnacms ycmouiuugvlx 3HaueHuil

3aoanue

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

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

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

Tabnuya 3.1. Ucxoousie oannvie

[lepBas | Ycunumenw | /lsucamens | Bunm.napa | Bropas | [Jeueamenv | Obp.cés3e
udpa T, ¢ Ko, pao/cB Hen, Mm udpa Ty, ¢ Koc, B/MM
0 0,003 1,6 12 0 0,050 0,20
1 0,015 2,0 10 1 0,100 0,90
2 0,020 3,2 16 2 0,150 1,10
3 0,025 2,4 8 3 0,200 1,40
4 0,006 5,2 10 4 0,030 1,00
5 0,009 3,0 14 5 0,025 1,20
6 0,004 4,0 16 6 0,120 0,40
7 0,045 3,6 18 7 0,015 0,60
8 0.050 5,6 20 8 0,040 0,15
9 0.005 4,5 14 9 0,035 0,52

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



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

IIpakTuyeckasi pa6ora Ne 4. UccaenoBanue TouHoctTu CAY B pexkume JIBUKEHUS 1O
TapMOHHMYECKOMY 3aKOHY

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

Teopemuueckasn yacmso

Uccnenyercas CAY noBoaoM, CTpyKTypHasi CXeMa KOTOpPOro IHpejcTaBieHa Ha puc.4.l.
Bunno, uro CAY oTauvaercst OT pacCCMOTPEHHOM B MpaKTHUECKoi padote NS TeM, 4TO YCHITUTENb-
npeoOpa3oBaTelib NPeCTaBICH He 0E3bIHEPIIMOHHBIM 3B€HOM, a allepHOJMYECKUM 1-T0 mopsaka.

X(t) a)|  k k y(j)

Yy 9

Ts+1 (T,s+1s
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A 4
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Puc.4.1. Cmpykmypnaa cxema uccneoyemoii CAY

Jyis TaKo# CHCTEMBI BaXKHBIM M TICPBOCTEIICHHBIM SIBJIIETCSI BOIIPOC yCTOWYUBOCTH. [1oaTOMY
nepea HadaloM JSKCIICPUMCHTAJIIBHBIX I/ICCJICIIOBaHI/Iﬁ HCO6XO[[I/IMO OIpeaACINTb MAaKCUMAJIbHO
JIonycTuMoe 3HaudeHue koddduimenta K, mepemaum ycuiauTeNns-mpeoOpa3oBatTelis, MOJIb3YACH
dopmymoit (3.1) ¢ y4eroM 3aBHCHMOCTH I ONpeleieHus obmiero koddduimenra mepemnadn
MOCIIE0BATENbHO COETUHEHHBIX 3BeHbeB CAY:

ko =k Kk K, .

y "0 Toc en

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

3aoanue

1. Ilo wucXomHBIM JaHHBIM, B COOTBETCTBMM C BapuaHTtoM (Tabm.4.1l), paccuuTath
MaKCHUMaJbHO JONMYCTHUMBIH Ko duimeHnt Ky, Tmepemadn yCHIUTENsA-peoOpazoBaTes, Hu
MOJTOTOBUTH TAOIHILY SKCIIEPUMEHTANIbHBIX TAaHHBIX.

2. Wcnonb3ys MPUKIAJHYIO TPOrpaMMy, BBIOpATh TUANA30H M IIar H3MEHEHHS YaCTOTHI
BXOJIHOTO curHana. [IpoBecTH cepuio HKCIEPUMEHTOB (A KaXXAOro 3HAYeHUS KOdPQUIeHTa
nepeIavn), 3aUChIBasi PE3YJIbTAThl B TAOJHUILY, & 3aT€M MOCTPOUTH TpadUKH IKCIIEPHUMEHTATBHBIX
3aBUCHUMOCTEM.

Tabnuya 4.1. Ucxoousie oannvie

IlepBas Ko, Bropas | Hen,

unltjbpa Tom, € pao/cB Toc um(il))pa MM Ko
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

Cooeporcanue npomokona



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

Jladoparopnasi padora Ne 1. OmnpeneieHne XapaKTePHUCTHK 3IJIEKTPOMEXaHUYeCKOro
NMPUBOAA

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

Teopemuueckasn yacmeo

Ha pwuc.5.1 mnpexacraBneHa 5>I€KTpOMEXaHMYECKAass CHCTEMa — MIPHUBOJ BpalLAOLIETO
JBUKEHHS, KOTOPBII COCTOUT U3 3JIEKTPOJIBUTATENS | MOCTOSIHHOTO TOKA, peyKTOpa 2 U Harpy3KH,
HanpuMep, [WNuHAeNs 3.

1 2

Puc.5.1. Cxema 3nekmpomexanuuecKkoil cucmemol

VYpaBHEHUS JBWKCHUS IBUTATENSl IOCTOSHHOTO TOKA NPU IPEHEOPEKEHUU SBICHUSIMH
BTOPOTO MOPSJIKA UMEET BUJL:
dQ
Mdeuzz Iaeuzﬁ-i_l\/ll; 51)(
rae Mosuz, 1 osuzy {20su- — MOMEHT JIBHXKEHMSI, MOMEHT MHEPLUU POTOpPA U YIJIOBAasi CKOPOCTH
asuratensi, M1 — MOMEHT Harpy3ku Ha Baiy jaurarens. C Apyroid CTOpPOHBI, B COOTBETCTBHH C
ANEKTPOMEXAHNYECKON XapaKTEePUCTUKON IBUTATES:
M, =kU-kQ ; (
’ 5.2)
rae Ko — x03(D(UIMEHT TPOMOPIMOHATBHOCTH MEKAy HampspkeHneM U U MOMEHTOM
NBWKEHUs, Ky — K09(DHUITMEHT HAKITOHA IEKTPOMEXaHUIECKOM XapaKTePUCTHKH.
PenykTop MoxkeT OBITH TIpe/ICTaBICH OE3bIHEPIIMOHHBIM 3BEHOM:

Q=0

osue

(
5.3)

rie {2/ — yrioBas CKOPOCTh BBIXOJHOTO BaJia peIyKTopa, Kyeo — K03 GUIMEHT nepeiayn.
B xoHeuHOM HTOTE, YypaBHEHUE ABUKEHUS Balla HATPY3KHU:

dQ
1224 20+ g([Qdt— [Qdt)+ M =0, (
! 5.4
dt :
rne M, I, (2- moine3HbIi MOMEHT, MOMEHT WHEpIMH W YIJoBas CKOPOCTb Harpysku, [ -
KpYTUJIbHAS JKECTKOCTh, A - KO3(PQHUIMEHT BSI3KOro TpeHus. TakuM oOpa3oMm, ypaBHEHHE CBS3H,
KOTOPOE ITOKAa3bIBAET, HA YTO PACXOLyETCs MOJIE3HAs YaCTh MOMEHTA IBUTATENS, UMEET B!
M, =k,.A([Qdt - [Qdt) (
pe
5.5)
[lo monmy4eHHOH MaTreMaTU4ecKOW MOJENH, KOTOpas COCTOMT u3 ypaBHeHui (5.1-5.5),
MOCTPOEHA CTPYKTYpHAsi CXeMa JIEKTPOMEXaHNYEeCKOU cuctemsl (puc.5.2).

deue " peo!
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Puc.5.2. Cmpykmypuasa cxema 31€KmpomMexanuieckoil Cucnemol

Ha cxeme ectb ABa BXOJa: OJWH MO YIpaBisiolieMy Bo3aeicTBuio U, a BTOpoil - mo
Bo3myuieHuto M. He cmotpst Ha To, 4TO MO HMCXOAHOH cxeme (cM. puc.5.1) cucrema Kaxercs
Pa30MKHYTOM, Ha caMOM JieJieé OHa 3aMKHyTa C OOpaTHbIMM IOTOKamu curHaioB. Ilo
pa3paboTaHHON MaTeMaTHYeCKOW MOJENM 3JIEKTPOMEXaHWYECKOro IOBOJAa MOXKHO IPOBOAMTH
IIPE/IBAPUTENIbHBIE HCCIEJOBAHMS C LIEJBIO ONpPEAEICHUS XapaKTEpUCTUK, OLEHKHU KadecTBa M
BbIOOpa HEKOTOPBIX €ro mapamerpoB. Takoil 3Tanm npenBapUTENbHOIO NMPOEKTUPOBAHMS BCErza
JIOJDKEH TPUCYTCTBOBATH MpPH pa3padOTKe CHUCTEM M OOBEKTOB aBTOMATHYECKOTO YIPABICHHUS U
SBJISICTCA YPE3BbIYAfHO BAXKHBIM, TaK KaK MMEHHO 37ECh OINpeNessIoTcs OOLIMe HalpaBiIeHUs
YZIOBJIETBOPEHUS TPEOOBAHUAM TEXHUUECKOTO 3aJJaHUsI U YIYULICHHUS XapaKTEPUCTUK CUCTEMBI.

Hanpumep, M3BECTHO, YTO IEpeAaTOYHOE OTHOLICHHE PEIyKTOpa CYLIECTBEHHO BIHUSET Ha
JUHAMHYECKHE XapaKTEPUCTUKU D3JIEKTPOMEXaHW4YecKoro mnpuBoaa. OlleHKa MepexoaHbIX
XapaKTepUCTUK CHUCTEMbI, MPEACTaBICHHONW pa3pabOTaHHOM MaTeMaTHYeCKOM MOJEeblo, NpHU
pa3HBIX 3HAYCHHUIX KOA((UIHECHTA ITepelaun PEAYKTOpa MO3BOJISET PEIIUTh TaKyIO 3a1a4y.

3aoanue

1. ITo ucxoIHBIM JaHHBIM, B COOTBETCTBUH C BapuaHTOM (Ta0:1.5.1), onpenenuTs craTH4ecKue
XapaKTEPUCTHKHU 3JIEKTPOMEXaHMYECKOr0 INOBOJA JJIS PAa3HBIX 3HAYEHWH HAIPSDKEHUS INUTaHUS
JBUTATENsl M TIOCTPOUTH COOTBETCTByoIME TIpaduku. (/luama3oH W3MEHEHUs HaNpsLKEHUs
OIIpEEIISAET IPENOAABATEND).

2. IIpoBectu cepuio SKCIEPUMEHTOB [0 MOJEIMPOBAHUIO NMEPEXOAHON XapaKTEPUCTUKH MPHU
pa3HbIX 3HaueHUIX Koddduimenra k, mepeaaun penykropa, BEIIOIHUTh HEOOXOAUMbIC U3MEPEHHS,
paccunMTaTh KOMIUJIEKCHBIM TOKa3aTellb A U IOCTPOUTh COOTBETCTBYIOLIMN rpaduk s
OIPEJICNICHUs] ONITUMAILHOTO MO OBICTPOICiicTBHIO KOd(duireHTa K.

Tabnuya 5.1 HUcxoomnsie Oannvie

[TepBas ly Ko K K, Bropas I yij A

muppa | krm® | Hw/B | Hwmc/pan uugpa krv? | Hw/pax | Humc/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 | 042 0.58 0.3 8 0,14 1200 0.07
9 0.022 | 0.30 0.43 0.5 9 0,16 1100 0.09

Cooeprcanue npomokona



B mporokose npencTaBUTh CTPYKTYPHYIO CXeMY 3JIEKTPOMEXaHMUECKOW CHCTEMBbI, TaOJIUIIbI
9KCHEPUMEHTAJIbHBIX JJAHHBIX, COOTBETCTBYIOIME I'PaUKN CTATUUECKUX XapaKTEPUCTHK U Ipaduk
3aBHCUMOCTH KOMIUIEKCHOTO IIOKa3aTels JAUHAMHYECKOro KadecTBa OT Kod(h(UIMeHTa mepenaqyu
pelyKTOpa, KONUIK uHTepdeiica NpUKIAJHOW MNporpaMMbl € MEPEXOJHBIM IPOLECCOM IpU
ONTUMAJILHOM IO OBICTPOJCHCTBHIO 3HAYEHNH K03 (DUITEeHTa TIepeiaun peayKTopa. BeIBOIbI.

JlaGopaTopnasi padora Ne 2. OmpenesieHHe XaApPaKTePUCTHK T'HIPOMEXaHUYECKOTO
NnpuBoJIa

Ilenv pabomwr: Ilpuobpemenue npaxkmuueckux HABbIKOE KOMNJIEKCHO2O0 UCCIe008aAHUSA
cucmem u 06vLEKMO8 A8MOMAMULECK020 YNPAGIeHUS.

Teopemuueckasa yacmpo

Ha puc.6.1 mnpeacraBieHa rugpoMexaHUyecKas CHUCTeMa — TPUBOJ IOCTYNATEIbHOTO
JABUXKCHUS. HpI/IBOI[ COCTOMT M3 THAPABIMYCCKOI'O MNUIMHIApPA 1, IOTOK KOTOPOro CBA3aH C
CYNIIOPTOM 2 (Harpy3koi) MeXaHHM4eCKOH CBS3bI0 C JKECTKOCThbIO ¢. CyNIopT mepeABUraeTcs 1o
HAMPaBJIIOMUM 3, KOTOPhIE XapaKTepU3YIOTCS KOA(PHUIMEHTOM BA3KOTO TpeHUs A, a CKOpOCTb
perynupyercsi TUApaBInyeckuM apocceieM 4. Takum o0Opa3om, cUCTeMa HMEET YIPABIISIOIIUN
BXOJ (OTKpBITHE X JAPOCCEIs) U BO3MYIIEHHWE — CHIIY MOJe3HON Harpy3ku F. Llenwio ynpaBnenus
SIBJISIETCSI TIEPEMEIIICHUE CYIOPTa ¢ 3aaHHoi ckopocThio dy/dt o koopauHare Y.
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Puc.6.1. I'uopomexanuueckasn cucmema

JIBukeHHne cynmopTa MOXeT OBbIThb omucaHo auddepeHlnaIbHbIM YpaBHEHHEM BTOPOTO
MOpsI/IKa:

d’y 1 dy _F (
mF+ EJFC(V—VJ— ) 6.1)
rae m — macca Cynmnopra, A- KOB(I)(l)I/IL[I/ICHT BS3KOI'O TPEHMS; Y — IEPEMECIICHUE MACCHI, F -
1oJIe3Hast Harpy3Ka.
FI/II[paBJII/I‘ICCKI/Iﬁ OUJIIMHAP C MOJIC3HOU Iomaabro P IMopHIHA OOJIKCH OBITh MMPEACTaBJICH
JBYMsI ypaBHEHUSIMHU, KOTOPbIE€ OTBEYAIOT KMHEMAaTUYECKOMY M CHJIOBOMY BO30ykaeHHto. [lepBoe
OMMUCBIBACT ABUKCHHUEC 11O pacxony Q Macjia 94epe3 HUIIUHAP:

_Q (
y, = JE dt, 6.2)
a BTOpPOC — UBMCHCHHUC NaBJICHUA B IIOJIOCTH:
F (
=7 6.3)

Pacxoj macia 4depe3 apoccelib 3aBHCUT OT OTKPBITHS JPOCCETUPYIOIISH IeNn U mepenana
JIABJICHUS HA HEW:

6.4)




rae 4 — ko3 UIMEHT pacxoja Yepe3 IPOCCEIHMPYIONIylo IMmielb, K — Koa(duimeHt
HPOMOPIIMOHATIBHOCTH MEXy IUIOIIAAbIO IIETH U OTKPBITHEM X JIpOCCes, Po — JaBJICHUE JIMHUH
IIUTaHUs, O — YIEIbHBIN BEC MacCIa.

K marematiueckoi Moiesii He00X0IMMO MPUOABUTh YPaBHCHUE CBS3H:

E =(y. - y)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.
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Puc.6.2. Cmpykmyphasa cxema 2uo0pomexanuiecKkoll Cucmemol

v

Hpoccens Ha BXOJ€ CXEMbl NPEICTABICH JBYMs TMepedaTOYHbIMU (QYHKIUSMU C
JIMHEApU30BaHHBIMU KOA(PPHUIUCHTAMH TIepeaadn Koy — 10 yIpaBisiomeMy BO3ACHCTBUIO X U Ky —
no nepenaay AasieHus. [Ipu MogenupoBaHUU CUCTEMBI C TPUMEHEHUEM UYHCJICHHBIX alTOPUTMOB
MOKHO HCIOJIb30BaTh IEPBUYHYIO HEJIMHEHHYI0 3aBUCUMOCTh (6.4). IlocTosiHHBIE BpemMeHH
TepeaTouHol GyHKIMH HArpy3Ku B COOTBETCTBUH ¢ (6.1) paBstorcs: T12 = m/c, T, = A/c. 3xaecs,
Kak M JUIsI DJIEKTPOMEXaHMYECKOTO IOBOJA, MOXKHO KOHCTAaTHPOBATH 3aMKHYTOCTH CHCTEMBI,
KOTOpas, TeM He MeHee, He sBisieTcst CAY.

Pa3paboranHass MaremaThueckas MOJENb IIO3BOJSIET Ha dTale MpelBapUTEIbHOTO
POEKTHUPOBAHUS MPOBOANUTE MCCIIEOBAHUS C 1IETBI0 ONPEENCHUs BIUSHUS apaMeTpOB MPUBOJIA
Ha TUIABHOCTH JIBIDKEHHS, OIICHKH KayeCcTBa YIPABJICHUS U BO3MOXHOCTH COIIPOTUBIICHUS BHEIITHEH
Harpyske M T.I. B 3aBHcHMOCTH OT jkelaeMoro Auana3oHa CKOPOCTEeH ABMKEHHs pabodyero opraHa
MOYKHO TIPaBMJIBHO BBIOpaTh COOTHOIICHHUE: JABJICHUE MUTAHHUS — TEOMETPUYECKHE TapameTphl
JpOCCesl, YTO SIBJISETCS BaXKHOM 3ajjauel, OT pelleHus: KOTOpoil OyAyT 3aBUCETh YHEPreTHUYECKUe
MOKa3aTeN! MOBOJIa B 1IEJIOM.

3aoanue

1. ITo ucx0IHBIM JaHHBIM, B COOTBETCTBHH C BapuaHTOM (Ta0:1.6.1), onpenenuTb craTH4ecKue
XapaKTEePUCTUKN THIPOMEXaHMYECKOrO MpHUBOJA (3aBUCHUMOCTb CKOPOCTH pabodero opraHa oT
CHUJTBI TIOJIE3HOW HArpy3KH) JJIsl pa3HbIX 3HAUYCHUH JTaBIICHHUS MUTAHUS THIPABIUYECKON CHCTEMBI U
IOCTPOUTHh  COOTBETCTBYIOIIMHA rpaduk. (Juama3oH W3MEHEHUS JaBICHHUS  OINpenelseT
IpernojaBaTessp).

2. OmpenenuTh JUHAMUYECKHE MOKa3aTeNd TMIPOMEXaHMYECKOro MPUBOJA: OTHOCUTEIILHOE
NepeperynupoBaHue U 3aTyXaHue 3a IepUo.

Tabnuya 6.1 Ucxoousie oanmvie

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




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

Cooepicanue npomokona

B nporokosne mnpencTtaBUTh CTPYKTYPHYIO CXEMY HCCIEAYEeMOW CHCTEMbl C HCXOIHBIMU
JaHHBIMU, TaOJMIBl DSKCIEPUMEHTAIBHBIX MJaHHBIX, TpadUKU CTaTHUYECKUX XapaKTePUCTHUK,
JUHAMHUYECKHE TI0Ka3aTelu KadyecTBa IEPEeXOJHOM XapaKTEePUCTHKU TUJIPOMEXAHUUYECKOTO
MPUBO/JIA.

JladopaTopnasi padora Ne 3. OnpenesieHue xapakrepuctuk CAY npoaoJibHoi moaaveii
NPH TOYCHUHU

Llenv pabomwr: Ilpuobpemenue npakmuueckux HABbIKOE KOMNIEKCHO20 UCCIEO08AHUSL
cucmem u 06veKMmMo8 A8MOMAMUYECKO20 YIPAGIEHUSL.

Teopemuueckasn yacmeo

Haubonee pacmpoctpaneHHbli B MeTaimiooOpadoTke Tumn 3aMkHYThIX CAY — sto CAY,
npelHa3HaYeHHbIe 7 aBTOMATHYECKOrO PEeryJupoBaHusl Mpollecca pe3aHus  3apaHee
YCTaHOBJICHHBIM 00pa3oM. Takue cucTeMBI MOTYT NMPUMEHSATHCS KaK Ul CTa0MIIM3aluH 33 JaHHbBIX
BBIXOJHBIX IapaMeTpPOB IpoOliecca pe3aHus, TaK U JJIs UX H3MEHEHHS B LUKIE OO0pabOTKH IO
orpeneneHHoMy ainroputMmy. Hambonee 1enecooOpa3HO WCIOIB30BaHUE TaKUX CHCTEM Ha
3aKJIIOUUTENbHBIX, (DMHUIIHBIX ONEPalUIX TEXHOJIOTHYECKOTO Mpoliecca.

[Tpu mexaHnueckoil 0OpabOTKe pe3aHHeM TOUYHOCTh 00paOOTKH, B OCHOBHOM, OIPENEIsIETCS
ynpyrumu aedopManusiMu TEXHOJIOTMYECKON CUCTEMbI, KOTOphIE, B CBOIO OYepelb, 3aBUCAT OT
cunbl pe3aHus. [loaromy cucrema aBTOMAaTMuYecKOd CTaOMIM3allMU CWIbl PE3aHUsl Ha 3apaHee
3aJJaHHOM YPOBHE WM IMPOTPAMMHOIO PETYJIHPOBAHHS €€ IO 33aJaHHOMY 3aKOHY IO3BOJISET
HOBBICUTH TOYHOCTh 0OPa0OTKH U 3HAUUTENIFHO YIYUIIUTh Kaue€CTBO MTOBEPXHOCTH JIETaNICH.

CAY crabunuzanuy Cwibl pe3aHus NpH TodyeHuu (puc.7.1) cMOHTHpOBaHa Ha TOKapHOM
CTaHKE€ U COCTOMT W3 IPUBOJA MOJAYM M M3MEPUTENBHOrO ycTpoicrBa. M3MmeputenbHas Lenb
pean3oBaHa ¢ MOMOILBIO JUHaAMoMeTpudyeckoro npeodpaszosarens JII, KoTopselil uepe3 ycuinTelb
Y obecneunBaer curHan obpaTtHoil cBs3u U,e, mponopHuoHanbHBIA cocTaBistomed P; cuibl
pe3anus. [IpuBoa momaun coctouT U3 ycunutens-npeodpazosarens YII, nBurarens mocTosSHHOTO
toka /[ u penykropa P.

d
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Puc.7.1. @ynkyuonanvnana cxema CAY cmaodounuzayuu cunvt pezanus
npu mouenuu

CAY ¢yukumonupyer cienymomum obpazom. Ha BXoa cucTeMbl, K CpaBHUBAIOLIEMY
YCTPOMCTBY mocTymnaeT curHai Us;, KOTOpBI COOTBETCTBYET TPeOyeMOMY 3HAYEHHIO CUJIbl pe3aHus
B onpezeraeHHoM MaciTade. Ha BTOpo#t BX0J CpaBHUBAIOIIETO YCTpoHcTBa mocTymnaeT curHai Uy,
BbIpabaTbiBaeMblil TuHaMomeTpudeckuM npeodpaszosarenem I u yecunurenem Y. Takum o6pazom
HanpsbkeHne U,e MpONOpIHOHATBHO pealbHOMY 3HaueHUIo cuiibl pe3anus. Ommbdka SU=U,—U,.



MOCTYMAeT Ha BXOJ ycuiutens-npeoOpasosarens YII, kotopslit BeipaGaThiBaeT HampspkeHue Uy
nutanus asurarens . JlBurarens I, yepe3 peaykrop P omnpenenser BeNIMYMHY HPOAOJIbHOU
MOJJa4M TaK, YTOOBI CBECTH OMNOKY K MUHUMYMY.

Kak ynpaBnsembiii 00bekT B CAY BxoauT nporiecc pe3anus IIP, KOTopslli TPOUCXOANT B
3aMKHYTOH TEXHOJIOTHYECKOI 00pabaThIBatOIIeH cUcTeMe.

Marematnueckass wmozaenbp CAY  COCTOMT M3 MAaTeMaTHYECKUX MOJEIEH 3JIEMEHTOB,
COCTAaBIIIOLINX CHCTEMY. Y CHJIHMTENb-IIpeoOpa3oBareb OmnuchiBaeTcs U depeHuanIbHbIM
YpaBHEHHUEM IIEPBOTO MOPSIJIKA,

du, (
T,—* it +U, =k, 71)

HO €ro XapakTepHCTHKAa HEIWHEHHas THuma
“nacermenus’”’ (puc. 5.34):

U,=k, U, ecmuu oU<dU,
u,=U eciu  OU =8U,;

max ?

Puc. 7.2. Xapakmepucmuka
ycunumens-npeoopazasames
rae Kyn, Tyn — KO3GOHUIUEHT YCUIICHHS U TIOCTOSHHAS BPEMEHU YCUITUTEISI-IPe00pa3oBaTes;
Umax — HanIpsDKEHUE HACHITIICHUSI.
JIBUraTenb TOCTOSHHOTO TOKa OMNMUCHIBaeTCs IU(B(EpeHIMAIbHBIM YPAaBHEHHEM BTOPOTO
MOpsIIKA:

d’w do, (
TT, dtz{) +T it +o,=kU,, 7.2)

M

rne Ko, To, Ty - KO3pPUUIMEHT mepenadd, MOCTOSIHHbIE BPEMEHH (JJICKTPOMAarHuTHAas W
MEXaHUYECKasi) JIBUraTels.

PenykTop, TeH30METpHUUECKUH JMHAMOMETP M 3JEKTPOHHBIM YCHJIMTEIb OMNMCHIBAIOTCA
JUHEHHBIMU  YpaBHEHUSMM, KOTOPbIE  COOTBETCTBYIOT  O€3bIHEPLIUOHHBIM  3BEHBSIM  C
kodhduientamu nepeaadn: Ky, Kon, Ky.

OxBuBajeHTHbIE ynpyrue cucreMbl (AYC) mo COOTBETCTBYIOIIMM OCSIM KOOpPAMHAT MOTYT
ObIThb TpencTaBieHbl AU(QepeHInanbHBIMU — ypaBHEHUSAMH BTOPOrO  MOpPSJKA, Kak JJs
OJTHOMAaCCOBBIX CHCTEM:

25X X
PX:md f ﬂd—é +C,X;
dt dt (
d?oy doy _ 7.3)
P,=m e +A—= ot +C,0Y;
rae m — wMmacca cynmopra; A - KO3(QQHUIHUEHT BS3KOrO TpeHUs (Cuia TpeHUs

IPONOPIMOHATIBHA CKOPOCTH); Cx, Cy — KECTKOCTH II0 COOTBETCTBYIOIIEH KOOPANHATE.
IMpouecc pezanust ITP MoxxeT ObITH MPEACTaBICH yPaBHEHUEM, CBA3BIBAIOLUIUM (aKTUIECKUE
BEJINYMHBI TT0/1a41 Sy M TITyOnHBI Hy, pe3anns ¢ cocTapistomei P; critel pe3aHust:

P =C HS"™, (
7.4)
rae  Cp, Xp, Yp, Np — dMIUpHUecKUe KOA(P(UIMEHT U MOKa3aTeslu CTeneHu, V — CKOpOCTb

pe3aHusi.
brnok I'C BBIONHSET ONEpalMd B COOTBETCTBHH C TECOMETPUYECKUMH COOTHONICHHSIMU

MECXKAY COCTABIAIOIMIUMU CUJIBI PE3aHHU:

(0.6P)
1+tg*(p+17)

I7ie ¢ — TJaBHBIN YO B TUTaHE Pe3lia, 77 — YTroJl CX0/a CTPYKKH.
C yderoM NpHBeIEHHBIX BbIIIEe ypaBHEHUH (7.1-7.5) u cBszel (PyHKIIMOHAIBHOW CXEMBI O
puc. 5.30, MaremaTuueckyro Mojenb Bceil CAY Hao JOMOJHUTH CIEAYIOIUMH 3aBUCUMOCTSAMMU:

(

y =

P.=P,-tg(p+n); 75)
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Takum oOpa3om, crabuIu3anUs CUJIBl pe3aHuss Ha TpeOyeMOM YypOBHE, KOTOpBI B
orpezieieHHOM MaciuTabe oTBedaeT 3ajaHHOMY HampspkeHuto U; Ha Bxoae CAY, mpoucxoauT 1o
CYET YINPABJICHMs IPONOJIBHOW monayei. IIpu TodyeHuM neranu, NPUITYCK KOTOPOM HM3MEHSETCH,
peryJivpoBaHHe MOJa4YH JIOJKHO MPOUCXOJUTH TaK, YTOOBI CUJIa PE3aHUs OCTaBalaCh MOCTOSIHHON
Ha Bcel anmuHe 00paboTku. Ho xadectBo paboTet CAY IENMKOM 3aBUCUT OT €ro mapamMeTpoB, a
TaKKe OT MapaMeTpoB TexHojormueckor obOpadareiBatomieit cucrembl (TOC) roe umeHHO U
peanusyercss mpouecc TodeHud. [loaToMy BaxkHeiIIedl 3amadeld MpyU MPOCKTHUPOBAHUU CUCTEMBI
ABIIIETCS TPABWJIBHBIA BBIOOp €€ MapaMeTpoB, a MPHU SKCITyaTalldd — OIIEHKAa KauyecTBa B
3aBucuMocTH oT napamerpoB TOC, KOTOphIE B JaHHOM Cly4ae SIBJSIOTCS BO3ZMYILEHUSMHU.

3aoanue

1. Ilo wucxogHelM JaHHBIM, B COOTBETCTBUM C BapuaHToM (Tabin.7.1), mnpoBecTH
MOJICTIMPOBAHUE C IIEJIbI0 OMNpeAeNicHUs KadecTBa mepexoaHoi xapaktepuctuku CAY 1o
KOMIUIEKCHOMY TOKa3aTelto (cMoTpu (opmyiry (5.2)) ¥ TOYHOCTH IO OmHOKe OP OT CICIYIOIINX
napamerpoB CAY:

1) oT ko3¢ ulMeHTa nepeaadn peayKTopa;

2) ot xkecTkocTH Cx ynpyroi TOC;

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

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

- IMana3oH BapbUPOBaHUs KOG GUIIMEHTA YCHIUTENs 00paTHOM cBsizn 5 < Ky <55;

- IMana3oH U3MEHEeHUs KoddduinenTa nepeaadn peaykropa (mm/pan) 0,2 <k, <0,05.

2. BpiOupas mar M3MEHEHHs 3aJaHHOTO MapameTpa, HMPOBECTU SKCIIEPUMEHTHl Ha BCEM
IUarna3oHe ero MW3MEHEHHUs, OIpeleauTb HeoOXoauMble (CM. BbINIE) JAMHAMHUYECKHE
XapaKTEePUCTHKH U 3alIUCaTh PE3YJIbTaThl B COOTBETCTBYIOLINE TAOIHUIIBI.

3. Tloctpouth rpaduku SKCIEPUMEHTAIBHBIX 3aBUCHUMOCTEH KOMILJIEKCHOTO MOKa3aTels
KayecTBa M OIIMOKM OT YyKazaHHbIX Bblmle mnapamerpoB CAY. Omnpeaenutbs JUHAMHYECKHE
nokazarenu CAY: oTHOCHTENbHOE NIEpEPEryINPOBAHNE U 3aTyXaHHUE 3a MEPUO/I.

Brumanue! 11ockonbKy UCXOIHBIE JAHHBIE 3aJAI0TCS CIy4YailHO, HE UCKJIFOYAETCSl CUTYyalus,
korna CAY oka3bpIBaeTcsi HEYCTOMUMBOM, TO €CTh COBCEM HE NMPUTOJHON K (QYHKIHOHHPOBAHUIO.
Coo01eHust 06 3TOM, B TAKOM CIIydae, MOSBISIETCS Ha SKpaHe MOHUTOPA BO BpPeMsI MOJIETTUPOBAHHUS.
Pexomenmanmu  nmisi  pemieHMs  Takod  mpoOjeMbl  —  JACHCTBOBAaTh B CICAYIONIEH
MIOCJIE0BATEIBHOCTH:

1) wu3MeHsTh mapamerp, B (YHKIIMA KOTOPOTO aHATU3UpYyeTcs auHamudeckoe kadectBo CAY B
Juana3oHe, yKa3aHHOM B 33/1aHUU;
2) ecnu B pe3ylbTare BBINMOJIHEHUS 1.1 He ymaercs obecrieunth mocTossHCTBO CAY, yMeHbIIaTh
Koa¢umeHT nepeaaun npsamoro kaHaina CAY 3a cuerT yMmeHbIIEHUS KOIPUIUMEHTa YCHIICHUS
TPaH3UCTOPHOTO (TUPHCTOpHOrO) TpeoOpazoBaTens. IllomydyeHHBIH TakuM 0O0pa3oM HOBBIN
KO3 (UIIMEHT 3aHECTH B UCXOHBIE JAHHBIE C COOTBETCTBYIOIIMM KOMMEHTAPHEM.

Tabnuya 71.1. — HUcxoouwvie oannvle
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0 200 | 30000 | 100 | 1200 | 200 30 0.001 | O 20 | 0.8 | 0.003 | 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 | 0.010 | 0.04
4 120 | 22000 | 50 900 80 80 0.005 | 4 60 1.2 | 0.008 | 0.05
5 100 | 20000 | 40 600 100 45 0.006 5 70 1.3 ] 0.009 | 0.01
6 80 23000 | 30 700 110 60 0.007 6 80 | 0.7 | 0.006 | 0.02
7 60 25000 | 55 | 1100 | 120 75 0.008 7 90 | 0.6 | 0.004 | 0.03
8 40 27000 | 65 550 90 30 0.002 | 8 100 | 1.5 | 0.003 | 0.04
9 20 29000 | 85 750 130 45 0.004 9 110 | 1.8 | 0.005 | 0.05

Cooepicanue npomokona

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

Jladoparopnasi padora Ne 4. UcciienoBanue BIUSIHUA acTaTu3Ma Ha KayecTBO CAY

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

Teopemuueckasa uacmpo

Uccnenyroress nse CAY: wucxogHas cucreMa ¢ acTaTU3MOM II€pBOTO  MOpPSKa,
npeoOpaszoBanHas (¢ [TM-perynsTopom) — cuctema ¢ acTaTu3MOM BTOPOTo nopsijika. M3BeCTHO, YTO
JUISL OLEHKM TOYHOCTHU AaCTaTMYECKHUX CHCTEM BTOPOIrO MOpPSAJKAa HCIOJB3YETCS YIpPaBIIAOIIEe
BO3JICIICTBE B BHUJE CHUTHAllA C TOCTOSHHBIM yckopeHueMm. Ilpu Takom pexume pabOTHI
acTaTUYeCKas CUCTeMa BTOPOTO MOPSIKa UMEET OLTUOKY, M0 BEJIMYMHE KOTOPOW MOKHO MTPOBOJIUTH
oreHky kauectBa CAY u mporiecca perynupoBanus. Y cTaHOBHUBIIAscs omMOKka actatiuueckoit CAY
MEPBOIO MOPSAJKA B ITOM CiIydae OyJIeT CTPEMUTHCS K OECKOHEUHOCTH.

3aoanue

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

1. YcTaHOBUTH 3KCHEPUMEHTATBHO MHHUMAIbHOE 3HAY€HUE NOCTOSHHOW Bpemenu [IM-
perymnsTopa, pu kotopoir CAY TepsieT ycTondnBOCTh. ONpeAenuTh AUama3oH U mar H3MEHCHHs
MOCTOSTHHOM BpEMEHH T, U TOJITOTOBUTH TAOIHILY SKCIIEPUMEHTAIBHBIX U PACUETHBIX TAHHBIX.

2. [IpoBecTH SKCIEPUMEHTHI TIPH CTATUYECKOM PEXUME padOTHl M PACCUMTATh KOMIUICKCHBIN
kputepuii kauectBa CAY c [IU-perynstopom.

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

4. IlpoBecTH SKCIEPUMEHTHI MPU JBUKEHHUU C TIOCTOSHHBIM YCKOPEHUEM U OIPEACIHUTH
TOYHOCTb PETYJIUPOBAHHS.

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

Tabauya 8.1. Hcxoouvie oannvle
[lepBas | VYcunurens-npeoOpazoBatens | Bropas JlBuraresnp
mu¢pa Ky | Tom, C wndpa | ky, pao/cB | Ta c




0 10 0,012 0 0,5 0,08
1 15 0,025 1 1,0 0,09
2 7 0,030 2 15 0,11
3 8 0,003 3 2,0 0,14
4 9 0,006 4 0,8 0,10
5 12 0,004 5 0,9 0,12
6 13 0,005 6 1,2 0,07
7 14 0,056 7 1,3 0,06
8 16 0,037 8 0,7 0,05
9 18 0,045 9 0,6 0,15

Cooepicanue npomokona

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

TunoBoi npuMep 3a1aHus

Jladoparopnasi padora Ne 4. UcciienoBaHue BIUSIHUA acTaTU3Ma Ha KadecTBO CAY

Llenv padomui: [Ipuobpemenue npakmuveckux HAGbIKOE IKCNEPUMEHMATLHO20 ONnpeoeeHUs
napamempog IIH-pezynsmopa.

Ilpakmuueckaa uacmp

Ha puc.8.1 mnpexacraBnen uHTepdeiic NpUKIaIHOW HPOrpamMMbl, C IMOMOLIbIO KOTOpPOH
BBIIIOJIHSIFOTCS JKCIIEpUMEHTalIbHBIE uccienoBanus. [Iporpamma «IIW perynarop» HaxomurTcs Ha
nucke. MHCTpYKIMU M MOSICHEHUS JUIsl pabOThI ¢ IPOrpaMMOi cojiepKarcs B caMoil mporpamme u
HOSIBJISIFOTCS] HA SKpaHe MOHUTOpA Mpu Hakatuu KHonku Help.

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

IIpyu wuccnegoBaHuM BIMSHUA TOCTOSSHHOM BpemeHu [IM-perynsitopa Ha KadyecTBO
pPEryJaupOBaHKs YCTAHOBUTH CTATUYECKUHN PEKUM U MPOBECTH CEPUIO DKCIEPUMEHTOB HJI OLEHKU
KOMIUIEKCHOTO KpuTepusi A KaudecTtBa, B COOTBeTCTBHU ¢ (opmynon (5.2). H3mepenue
HKCIEPUMEHTAIbHBIX JTaHHBIX, HEOOXOIMMBIX JUIsI PAcYeTOB, MPOBOJUTCA MO OCLHUIOIPaAMMaM.
[Tpu 3TOM JUIs1 UCXOAHOM CHUCTEMBI KOMIUIEKCHBIN KpUTepUil A pacCUUTHIBAETCS OJMH pa3, a JJs
CAY c IIH-peryasTopoM — JUIsl BCETO BBIOPAHHOTO AMAINa30Ha M3MEHEHHs MOCTOSHHON BpeMEHU
T.. Jlnana3oH U3MEHEHUs MOCTOSHHOM T, BpeMeHU omnpeJensieTcs OT 3HaueHus, npu kotopom CAY
CTaHOBMTCS HEYCTOMYMBOM, B CTOPOHY YBEIMYEHHUS. DKCIIEPUMEHTAIIBHBIE JaHHBIE 3allMCHIBAIOT B
TabJIMIly, TPUMEpP KOTOPOU MPeICTaBIEH HUXKE.

Tabnuya 8. 1. Dxcnepumenmanvrvle u pacuemuvle OaHHbLE

N | T e CTaTndecKuil pexnm JIBMXK. C IOCT yCKOpEHUEM
j v Omax, 2pad | 1, ¢ A oa, 2pao

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

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

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

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

5 0,4 85,30 1,40 1,99 5,2

6 0,3 90,70 1,40 2,12 4,0

7 0,2 100,40 2,05 3,43 2,6

8 0,1 123,50 30,0 61,75 2,2

9 0,05 CucreMa HEyCTOMUYNBA




3aTeM BBLIOMpaeTCs 3aKOH JBUKEHMS C TIOCTOSHHBIM yckopenueM (2 pan/c?). Ha puc.8.1 Ha
n3o0paxkeHun ocuuiiorpagoB JuHHEH 1 0003HaueH 3aKOH JABMXKEHMs, KOTOpBIA 3amaercs, a
JTuHAEH 2 — (PaKTUYECKUH 3aKOH JBM>KEHUS, BOCIIPOU3BOJUMBIN pabounM OpraHoMm.

muccnenosanue BAHAHHA ACTATH3Ma Ha KavecTso CAY [_ O[]

Cuctema c MNl-perynsropom

HcxonHan cHCTEMA Cucrema c MH-peryaaropom
Hcxoannie napamerpol

Yeunmenb-npeoSpasosar.
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Puc.8.1. Hccneoosanue enuanus nocmoannou epemenu INH-pezynamopa
Ha moynocmp CAY
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[Tpy BBIMOJHEHUM 3KCIEPUMEHTOB OIpPENENIeTCsl 3aBUCUMOCTb YCTaHOBUBLIECHCS OMIMOKU
yepe3 | ¢ mocne Hayajla MepexoJHOro mporecca OT MocTosHHoM T, Bpemenu IIM-perymsropa.
PexomeHyeTcst HAUMHATh SKCIIEPUMEHTHI ¢ MAKCUMAaJIbHOM BETUYMHBI NOCTOSHHOW BpeMenu [1M-
perymisTopa, a 3aTeM MOCTENEHHO, COIVIACHO BHIOpAaHHOMY IIary, yMEHbUIaTh €€ A0 BEJIUYHMHbI, IPU
KOTOPOM CUCTEMA TEPSIET YCTONYUBOCTD.

Ha puc.8.1, a npeacraBien uHTepdeic NPUKIATHOW MPOTrpaMMbl HPU MOAETUPOBAHUU
UCXO/IHOM cucteMsl (creBa) U cuctemsl ¢ [IM-perynsaropom, KOTOpbIi MMeeT MOCTOSHHYIO BPEMEHU
0,7 c. OmubKka NCXOMHOM CHCTEMBI, KOTOpas ycTaHOBHIAch yepes 1 ¢, pasusercs 13,4, a ommbxka
cucremsl ¢ ITH-perynaropom — 8,1°. Kpome Toro, MozenupoBaHue mo3BonseT yoeauThes, 9To s
UCXOJHOW CHUCTEMBbl OLIMOKAa C TEYEHHWEM BpEMEHHU YyBenuuuBaeTcs, To ecTb Takas CAY He
criocoOHa paboTaTh B 3a/laHHOM pekume pabotel. [Ipeobpa3zoBannas CAY Oyxner moajaepk uBath
MIOCTOSIHHOE 3HAu€HUE yCTaHOBUBIIEHCS omuOKu. ['paduku 3KCHepUMEHTAIbHBIX 3aBUCUMOCTEN
OLIMOKH, KOTOpas YCTaHOBWJIACh dYepe3 lc, M KOMIUIEKCHOTO KpHuTepus kadecTBa A oT Ty,
MIOCTPOEHHBIE MO U3JI0KEHHOW METOJMKE, MpeacTaBieHbl Ha puc.8.2. Tam xe, AJid CpaBHEHUS,
npsAMOM JHMHUEH, mapaiieabHol ocH abcuuce, MOKa3aHo 3HaYeHHE KOMIUIEKCHOTO KpUTEpHs s
VCXOJIHOM CUCTEMBI.
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Puc.8.2. 3a6ucumocmo ycmanogugwieiica owudku (uepes Ic) u kpumepua A
om nocmosannou epemenu INH-pecynamopa

VYMeHblIeHHe NOCTOSAHHOW BpeMeHu [IM-perynsitopa moJIOKUTENBHO BIUSET HAa TOYHOCTH
CHCTEMBI, HO IOCIIE€ HEKOTOPOW BEIUYMHBI NOCTOSIHHOM Bpemenu [T -perynsropa cucrema tepsier
YCTOMYMBOCTb, TO €CTh CTAHOBHTCS HE CIIOCOOHOH K (YHKIMOHUPOBaHHUIO. Takoi clirydai
3auxcupoBan Ha puc.8.1, 0, Korjga nocrossHHas Bpemenu T, < 0,1c.

7.3. OueHouHble CpeACTBa IS NMPOMEKYTOUHON ATTECTAIMM MO MTOraM OCBOEHMS
JAUCHHUILTHHBI

7.3.1. Bonnpochl K IPOMEKYTOYHOM aTTecTAlu

Cemectp 6

Ne

w/n Bomnpocsl k 3auery

1 OCHOBHBIE TIOHSTHUS M OTIPEJICICHUS

2 ConeprkaHue NOHSATHI: «CHCTEMa YIPABICHHS», OOBEKT YIIPABICHUSN), KYNPABISIIONUEC U
BO3MYIIAIOIINE BO3JCHCTBUSY, «YNPABISIONINE KOOPIHHATHI

3 Knaccudukanus cucreM aBTOMEXaHUYECKOTO YITPABICHHS

4 | [lpuHIMI Pa30MKHYTOTO yIpaBJieHUs. YTIPaBICHUE 110 BO3MYIICHHIO U OTKJIOHCHHIO

5 OCHOBHBIE BH/JIbI QJITOPUTMOB (DYHKIIMOHUPOBAHUS

6 Knaccugukanus cucrem 1o xapakrepy rnepeaadn CUrHaJIOB

7 | Knaccudukanus cucreM 1o OCHOBHBIM BUJIaM YPaBHEHUH JMHAMHKH IPOLIECCOB
yIpaBJlICHUS

8 | Maremarnueckoe ONMCaHHe JIMHEHHBIX CUCTEM

9 Maremarnueckoe MojenupoBanue anemMeHToB CAY

10 | Knaccuduxanus snementoB CAY. CraTucTHYECKHE 1 TUHAMUYECKHE XapaKTePUCTHKH
2JIEMEHTOB

11 | JIuneapu3zanusi HeIMHENHBIX AUPPEpeHInaNbHBIX YPAaBHEHUN JUHAMHUYECKUX PEKUMOB
pabotsl anemMenToB CAY. CrannapTtHas popMa 3anucu auddepeHnnanbHbIX YpaBHEHHUH

12 | OcHoBHBIE CBOliCTBA TpeoOpazoBanus Jlamaca

13 | XapakTepucTUKU AMHAMUYECKUX 3BeHbeB CAY

14 | IlonsiTHe 0 TMHAMUYECKOM 3BEHE. XapaKTepUCTUKU AUHAMUYECKOTO 3BE€HA, IepEIaTOUHbIE
(GyHKIIMHU, YaCTOTHBIE XapaKTEPUCTUKH (aMIUTUTYAHbIE U (a30BbIE), TOTapupMUIECKHe
JaCTOTHBIE XapaKTEPUCTUKH, BPEMEHHBIE XapaKTEPUCTUKH (IIEPEXO/IHBIE U BECOBBIE)

15 TumnoBesle IMHAMUYECKHE 3BEHbS U UX XapPaKTCPUCTHUKNU

16 | CtpykTypHas cxema CHCTEeMaTHIECKOTro yrpasieHus. OCHOBHBIE MTpaBHiIa MPeoOpa3oBaHuUs
CTPYKTYPHBIX CXEM: MOCIIEJI0BATEILHOE COCTMHEHUE 3BEHBEB; MapallIeIbHOE COSTUHEHNE
3BEHBEB; 3B€HO, OXBAUEHHOE 00PaTHOMN CBS3bI0; IEPEHOC CyMMATOpa; EPEeHOC y3ia,
MepecTaHOBKa y3JI0B U CYMMAaTOpPOB

17 | BoluncieHnue neperaToYHbIX (QYHKIMHA U YaCTOTHBIX XapaKTEePUCTUK OJHOKOHTYPHOU U
MHOTOKOHTYPHOM pa30MKHYTOU cuctemsl. [lepenaTounbie GyHKIUU U yIpaBlIeHHE
3aMKkHyTOM CAY. YacTOTHBIE XapaKTEPUCTUKH 3aMKHYTON CHCTEMBbI

18 | MaTtemarnveckoe MOJICITHPOBAHNE M COCTABJICHUE CTPYKTYPHON CXEMBI

19 | YcToituMBOCTb cCUCTEM aBTOMAaTHUYECKOro yrpasieHus. [lonarue ycroitunBoctu
JIMHEapr30BaHHbIX cucTeM. HeoOxonuMoe 1 JocTaTOYHOE yCIIOBUE YCTOWYUBOCTH

20 | AnreGpandeckue Kpurepun ycrounoct Payca u I'ypBuna

21 | YacrotHble KpuTepuH ycroiunBoctu. [Ipuanmn aprymenrta. Kputepuu ycroitunBoctn
Muxaitnoa A.B. [loctpoenune obnacreit ycrounocTH. [Tonsarue o J[-pazOuennn




Bonpocsl k 3auery

n/n

22 | Kputepun ycroitunBoctn HaiikBrcTa. AHaIN3 YCTOMYMBOCTH I10 JIOTAPHU(PMUIECKAM
4aCTOTHBIM XapaKTEPUCTHKAM

23 | YcToWYMBOCTh CUCTEM C 3ala3/ibIBAHUEM

24 | Metonsl o1leHKH KadecTBa perynupoanust CAY

25 | IlonsaTue o kayecTBe npolecca ynpasieHus. OlieHKa Ka4ecTBa CUCTEM YIPABJICHUS B
ycTaHoBUBLIMXCA pexxnMax. [locTossHHbIE oIIMOKU. AcTaTUYeCKHe CUCTEMBI. TOUHOCTh pU
rapMOHUYECKOM BO3J€MCTBUU. Y CTAaHOBUBLIMECS OLIMOKU IPU MPOU3BOIBHOM BO3JEHCTBUM,
KOd(QPHUIHEHTH OTHOOK

26 | OueHkH KayecTBa IepexoHoro npouecca. OLUEHKH KauecTBa Ipolecca Ipy BO3AEHCTBUU
CTyneH4YaToil pyHKIUU

27 | YacTtoTHBIE METOABI OLICHKU KauecTBa peryaupoBanusi. OIeHKa KauecTBa PEryIUPOBAaHUS 110
aMIUTUTY/IHO-4YaCTOTHOM XapaKTepUCTUKU 3aMKHYTOW CUCTEMBI; 10 BEIIECTBEHHOMN
YaCTOTHOM XapaKTEPUCTHKE 3aMKHYTOH CHCTEMBI; C [0 aMIUTUTYJHO-(ha30BOH
XapaKTepUCTUKE PA30OMKHYTOM CUCTEMBI; 110 JIOrapu(pMUIECKUM YaCTOTHBIM
XapaKTepUCTHKAM

28 | KopHeBble OIIEHKHM KauecTBa PEryJIMpOBaHUs

29 | Cunre3 CAY 1o 3aaHHBIM NIOKA3aTeJsIM KauyecTBa MpoIiecca YIpaBIeHHS

30 | IloBpllIEHHE TOYHOCTH B YCTAHOBUBLIMXCS p&KUMaX U oOecredeHne YCTOMYUBOCTH U
KauyecTBa YIPaBJICHUS CUHTE3UPYEMBIX CUCTEM 3a CUET U3MEHEHMSI IapaMETPOB CUCTEM U
IIyTeM BBEJICHUS] KOPPEKTUPYIOIIUX YCTPOHUCTB

31 | Cucrema aBTOMATHYECKOTO YIPABICHHS MTPOAOIBHON MMoiauell Ipy TOYSHUN

32 | CucreMa aBTOMAaTHYECKOI0 YIPaBJIeHUs NONepeyHol noAayei mpyu Bpe3sHOM IUIM(OBaHUH

33 | Cucrema aBTOMAaTHYECKOTO YIIPABICHHUS TOBOPOTOM pabOYero oprana MpOMBIIIIICHHOTO
pobora

34 | CucreMa aBTOMAaTHYECKOIO PEryJIMpoOBaHus pa3Mepa JeTaln Ha OeCLieHTPOBO-
UM (oBaIbHOM CTaHKE

35 | CucreMa aBTOMAaTHYECKOT0 IMCTAHIIMOHHOTO YIPaBJIEHUSI MAHUIYISITOPOM

36 | Cucrema aBTOMAaTHYECKOTO YIIPABICHHS THIPABIMYECKAM CYIIIOPTOM TOKAPHOTO CTaHKA

37 | CucreMa aBTOMAaTHYECKOI0 YIIPaBJIeHUs Mojlauell pu Gppe3epoBaHUH

38 | Cucrema aBTOMATHYECKOTO YIIPABICHHS MTPOAOIBHON MMoIavuell Py CBEPICHUHT

39 | ConepxaHue MOHATHH: «CUCTEMa yIPaBIECHU», «OOBEKT YIPaBICHUN», YIPABISIOMUE U
BO3MYIIAIONIME BO3JECHCTBUSA», «YIPABJIAIONINE KOOPAMHATHI)

40 | Kiaccudukaiys cuCTeM aBTOMEXaHUIEeCKOTO YIPaBJICHHUS

41 | IlpuHIun pa3oMKHYTOTO YIpaBjeHHUs. YTIpaBJieHHEe [0 BO3MYIICHHUIO U OTKJIOHEHHUIO

42 | OCHOBHBIE BUJIbI AITOPUTMOB (DYHKIIMOHUPOBAHUS

43 | Knaccudukaius cucTeM Mo XxapakTepy nepejadyn CUTHaJIOB

44 | Knaccugukanus cucteM Mo OCHOBHBIM BHJIaM ypaBHEHUH TMHAMUKH MTPOLIECCOB
yIIpaBJICHUs

45 | MaremaTHueckoe ONnrcaHue JIMHEHHBIX CHCTEM

46 | Maremaruueckoe MoJienupoBaHue 1eMeHToB CAY

47 | Knaccudukamus snemMeHToB CAY. CTatucTuyeckre U AMHAMHUYECKUE XapaKTePUCTUKU
JJIEMEHTOB

48 | JIuneapu3zaius HEIMHEHHBIX TU(PepeHIMaIbHbIX YPAaBHEHUN IUHAMHUECKUX PEKUMOB
pabotel anemenToB CAY. CranaaptHas Gopma 3anucH 1uddepeHanbHbIX ypaBHEHUN

49 | ConeprkaHue MOHATHI: «CHCTEMa YIIPABIECHUSN», «OOBEKT YIPABICHUA», KYNPABIAIOIINE U
BO3MYIIIAIONIME BO3JIEHCTBUSA», «YNPABISIONINE KOOPAUHATHI

50

Knaccmbmcaum{ CHUCTCM aBTOMCXaHHUYCCKOI'O YIIPABJICHU S




7.3.2. Kputepuu 4 HOPMbI OLEHKH

Cemectp

dopma
NMPoBeIeHUs
MPOMEKYTOYHOM
arTecTalnu

Kpurepuu u HopMbI OLIEHKH

3ader (yCTHO)

VICUEPITBIBAIOIINE OTBETHI HA
BOIPOCHI K 3a4€Ty U Ha
«3aUTCHOY JIOTIOJTHUTEIILHBIE BOIIPOCHI,
BBITIOJTHEHBI BCE TIPAKTHYECKUE U
nabopaTopHbIE pabOTHI

HEIPaBWIbHBIE OTBETHI HA
BOIIPOCHI K 3a4eTy; MPaKTUUYECKUe
«HE 3aYTEHO» u 1abopaTopHbIe pabOoThI
BBINOJIHEHBI HE MTOJTHOCTHIO (HE
BBIIOJIHEHD)




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

8.1. O0si3aTesibHAA JIUTEPATYpPa

Tun (yueOHuk, yueoHoe

Koaun4yecTBO B

HAY4YHOH
Ne nocooue, yueoHO-
ABTOpBI, COCTABUTEIHN 3arsnaBue (3aroJjioBoK) T'ox m3panus ouoaunortexe /
n/m MeToinYecKoe nocooue,
OpPAKTHEYM, Ap.) 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. lonotHuTEIBHAS JIATEPATYPa
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 | 1O.B. [lerpakos, O. 1. Teopus aBTOMaTH4ECKOrO yIpaBICHUS YuebHoe nocobue 2008 109
JpaueB TEXHOJIOTHIECKUMHU CHCTEMaMHU
2 | B. A.T'ynses, A. O. Teopust aBTOMaTH4ECKOrO yIPaBICHUS Y4ebHO-MeToIn4ecKoe 2008 138

Hpaues, 0. B. Ilerpakos

TEXHOJIOTHYECKUMU CUCTEMaMU

rmocobue




8.3. Ilepeuenb mpodgeccHoHATBHBIX 0a3 JaHHBIX U MH(POPMALMOHHBIX CHPABOYHBIX
cucTeM

— Google Scholar — momckoBasi cucteMa Mo Hay4yHO# JuTeparype. Brirouaer cratbu
KPYIHBIX HAYYHBIX M3AATEIbCTB, apXUBBI MPEMPUHTOB, MyONHMKAIMN Ha CaiiTax yHHUBEPCUTETOB,
HAYYHBIX OOIIECTB M JPYrUX HAYYHBIX opraHu3auuid. Mmer craTbd, B TOM YHCIIE U Ha PYCCKOM
sa3pike. UTO He MaJOBa)XHO, PACCUUTHIBAET HWHACKC IUTHPOBAHUS MYyOJIMKAlUMH U IO3BOJISIET
HaXOJUTh CTAaThH, COAEPIKAILNE CCHUIKU Ha T€, YTO yXKE€ HalJIEHBI

— Poccwiickas rocynapcrsernas oubnunoreka (PI'B), r. Mocksa — http://www. rsl.ru

— Wudopmannonnas cuctema "EnmHoe OKHO gocTyma K oOpa3oBaTelbHBIM pecypcam”
co3naHa 1o 3aka3y denepaabHOTO areHTCTBa 1Mo oOpa3zoBanuio B 2005-2006 rr. Ha manHbIN epuoa
B Db yxe coOpano 6omee 11 Thic. yueOHBIX MaTepHalioB pa3auuHbIX By30B Poccun. B OK — Gonee
30 ThIC. onmucaHuii, a Tak ke ecTh "['noccapuit" u paszmen "Cucrema HOBOCTEH'" MO Ha3BAHHOM
TEMaTUKe. DTO YHUKAJIbHBIM 00pa3oBaTelbHBI MPOEKT B pycckoszbiuHOoM WHTepHete. [lomubiid
JIOCTYI KO BCEM pecypcam, BKIIFOUYasi MOJTHOTEKCTOBbIE MaTepuasbl OMOIUOTEKH, MIPEIOCTaBIAETCS
BCEM I10JIb30BaTEIISIM B CBOOOAHOM pesknume — http://window.edu.ru

— Wurepuer-6ubnnoreka 00pa30BaTeIbHBIX W3JIaHUH, B KOTOPOH COOpaHbI JIEKTPOHHBIE
y4eOHUKH, CIIPAaBOYHbIC M y4eOHbIe MTOCOOHs. Y JOOHBIN MOKMCK MO KJIIOYEBBIM CIOBaM, OTICIbHBIM
TEeMaM M OTpacisaM 3HaHus — http://www.edulib.ru

8.4. [lepeuenb nporpaMMHOro odecrneyeHust

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

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

KOHTpakT Ne 1653 ot
14.12.2018, cpok neicTBus —

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

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

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

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

3. KOMIITAC-3D v 18 (ITpoektupoBarue | 250 KOHTpakT Ne 1198 ot
Y KOHCTPYUPOBAHUE B 18.11.2019, cpok neiicTBus —
MaIIMHOCTPOEHHH) 6eccpoyHO

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

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

5. Mirapolis Human Capital Management JIMIIEH3UOHHBIN TOoT0BOp No

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



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

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

00pa30BaTeJILHOIO MPoIecca Mo JUCIIHNIHHE

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

KoMnbroTepHslii Kiacc.

VYuebHasg  ayauTopus  AJs
3aHATUH JEKIIMOHHOTO THIIA.
VYuebHasg  ayauTopus  AJs
3aHATUNA CEMUHAPCKOIO THUIIA.
VYuyebHast  ayauropus UL
NPOCKTHPOBAHUS  (BBITIOJTHEHUS
pabor).

YuebHast  ayauTopHs
IPYNIIOBBIX U
KOHCYJIbTALUM.
VYuyebHast ayauTopuss i1 NPOBEICHHUS
3aHATUH TEKYILETO KOHTPOJIS "
npoMexyTouHoi arrectanuu. (E-306)

IIPpOBCACHUA

IIPpOBCACHUA

KYpPCOBOI'O
KYPCOBBIX

JJIA IIPOBCACHUA
WHIAUBUAYAJIIBHBIX

[TepenocHoi IpOEKTOP, IKpaH,
KOMIIBIOTEPHBIE CTOJbI, CTOJ
MPEnoIaBaTeIbCKUM, CTYJIbs, TOCKa
ayJIUTOpHAs, CTOJIb YYeHUUECKHE
nByxMmectHble, [1IK

VYyeOnass  ayautopuss JUis  IPOBEICHHS
3aHSATHA  JICKIIAOHHOTO  THIA.  YdeOHas
ayIUTOpUsl i1 TPOBEACHUS  3aHATUU
CEMUHAPCKOT0 TUIA. Y4ueOHas ayTuTOpHs IS
KYpPCOBOTO MPOEKTUPOBAHUS (BBIMOTHEHUS
KYpPCOBBIX pa0o0T). YueOHasi ayauTopusi HIJist
MIPOBECHUS TPYIMIOBBIX U MHAUBUAYAIbHBIX
KOHCYNIbTAallMi. YdueOHas ayauTopust s
MPOBEICHUS 3aHATUN TEKYLIEro KOHTPOIS U

npoMexxyTouHo# arrecranuu. (E-309)

Cron npenojaBaTeiabCKHi, CTOMbBI
YUEHUYECKHUE JIByXMECTHbIE (MOHOOJIOK) ,
CTYJbs, 10CKa ayAUTOpHast (MesloBast),
Kadenpa, IPOEKTOp, FIKpaH, MIKadbl

[Tomemienue st caMOCTOSITENBHOM pPabOTHI
crynenros (I'-401)

CTOJ'II)I, CTYJIbA, KOMIIBIOTCPhI

[Tomemenue uisi caMOCTOSITENBHON pPabOTHI
obyuaroruxcs (C-508)

JHocka aynutopHas (MeJioBas), CTOJIbI
YUYEHHUYECKHUE, CTOJ MPENoJaBaTeIbCKHM,
CTYJIbSI, CTEHJIbI, IKA(BI.
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