MMHUCTEPCTBO HAYKHU U BBICHIEI'O OBPA30OBAHM S POCCUMCKOM ®EJEPAITN
deneparbHOE TOCYAAPCTBEHHOE 00 PKETHOE 00pa30BaTEIbHOE YUPEIKICHNUE
BBICIIET0 00pa30BaHUs
«TONBATTUHCKUHN TOCYIapCTBEHHBI YHUBEPCUTET

b1.B.17

(uHOexc OucyuniuHot)

PABOYASA ITPOI'PAMMA JTUCHUIIJIMHBI

TEOPUA ABTOMATHYECKOI'O YIIPABJIEHUA

(Haumenosanue OUCYUNIUHbL)

110 HalIpaBJICHUIO IOATOTOBKHU

15.03.05 KOHCTPYKTOPCKO-TEXHOJIOTMUYECKOE OBECIIEYEHUE
MAIINHOCTPOUTEJIBHBIX ITPOU3BOACTB

HaIpaBJIEHHOCTH (TIPOdUIIB)

TEXHOJIOT' A MAIIIMHOCTPOEHU A

®opma o0ydeHUs: 3a09Has
I'ox mab6opa: 2020
Oo6mas TpynoemkocTth: 4 3E

Pacnpe)le.ﬂe}me YaC0B JUCHUIIMHBI IO CEMECTPpaM

Cemectp 8

®opma KOHTPOJIA 3a4yer Hroro
Bun 3ansaruit
Jlexuun 8 8
JlaGopaTopHbie 4 4
IIpakTHueckue
PykoBOJICTBO: KypcoBbie paboThI (ipoekTsi) / PI'P
[TpomMexxyTouHast aTTecTanus 0,25 0,25
KonraktHas pabota 12,25 12,25
CamocTosTenbHas pabora 128 128
KonTtpons 3,75 3,75
Hroro 144 144
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noueHt kadenpsr OnTMII, goneHT, k.1.H., ['ynses B.A.
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Pabouas nmporpamma qucuMIUIMHbI coctaBieHa Ha ocHoBaHuu @I'OC BO u yyeOHoro niaHa
HampasjieHus: NoAroToBku  (crenuanbHocTH)  15.03.05  KOHCTPYKTOPCKO-TEXHOJOTUYECKOE
o0ecrieueHre MaIMHOCTPOUTENILHBIX TPOU3BOJICTB

Cpok neiicTBus padoueil NporpaMMsbl AMCUMIIMHBI 10 «21» nexadps 2025 r.

YTBEPXIEHO

Ha 3acepanuu kadenpsi
«O06opynoBaHue ¥ TEXHOJIOTUU MAIIMHOCTPOUTEIHLHOTO MTPOU3BOJICTBAY

(mporokon 3acemanus Ne 1 ot «30» aBrycra 2019 r.).



1. Ilean ocBOEHUN TUCIUILIHHDI

HGJIB OCBOCHUA JUCHUIIIIMHBI — OCBOCHUC 06H_II/IX IMPUHIIMIIOB U CPCACTB, HCO6XOI[I/IMBIX JJIsL
yipaBJICHUA AWHAMHYECKHUMH CHUCTEMaMU pa3HI/I‘IHOI>'I (bHSI/I‘ICCKOﬁ Ipupodbl IMPUMEHUTCIIBHO K
MPONU3BOACTBCHHBIM U TCXHOJIOTUYCCKUM IIPOLICCCaAM.

2. Mecto nucuumiuabl B ctpykrype OIIOITI BO

JIMCUMIUTMHBL M TMPaKTUKA, HAa OCBOGHUU KOTOPBIX Oasupyercs HaHHas JUCIUILIMHA!
«Bpicmias matremaTuka», «OCHOBBI TEXHOJIOTMH MAIIMHOCTPOCHUSY, «MeTalTIOpeKyIIe CTAaHKNY,
Ocnossl CAIIP».

JIMCUMIUTUHBL U TPAKTUKH, JUISI KOTOPBIX OCBOEHUE JIaHHOM TUCIUILUIMHBI HEOOXOIMMO Kak

MpCaACCTBYIOIICC: «ABTOMaTI/BI/IpOBaHHOC MPOCKTUPOBAHUEC TCXHOJOIMYCCKUX MPOLCCCOBY»,
«TexHonorus MAalITHHOCTPOCHUS).

3. Ilinanupyemblie pe3yJibTAThbI 00y4YeHUs

dopMmupyembie u
pMupy NHaukaTopbl 10CTHIKEHU S

KOHTPOJIMpYyeMbIe N IInanupyemMble pe3yabTaThbl
Kowll)nengiyunu KOMIICTCHIHH pyoﬁyqe}?nﬂy
(Koa 1 HAMMEHOBaHUE)
(Ko ¥ HAMMEHOBAHUE)

IIK-12: cnoco6HOCTH 3HaTh:
BBITIOJTHSATE PaOOTHI 110 - METO0JIOTHYECKHE OCHOBBI
IHArHOCTHUKE COCTOSIHUS (YHKITMOHUPOBAHMUS, MOJICTTUPOBAHUS
JUHAMUKH 00BEKTOB U CUHTE3a CUCTEM aBTOMATHYECKOTO
MAaIIMHOCTPOUTENBHBIX ympasienus (CAY);
IIPOU3BO/JICTB C - ocHOBHbIE MeToAbl aHasn3a CAY Bo
HCIIOJIb30BaHHEM BPEMEHHOM M YaCTOTHOI 00NacTsX,
HEOOXOJIMMEIX METOJIOB U crmocoObI cuaTe3a CAY,
CPEJICTB aHallu3a - TUTIOBBIE MAKEThI MPUKIIATHBIX

MPOrpaMM aHAJIH3a THHAMUYICCKIX

CHUCTEM,;
- KHHEMaTHUYECKYIO CTPYKTYPY H
KOMITOHOBKY CTaHKOB, CHCTEMBI
yIIpaBJICHUS] HMU;

- cpesicTBa JUIT KOHTPOJIS,
UCTIBITAHUMN, TUATHOCTUKHU U
QIAIITUBHOTO YIIPABJICHUS
000py/IOBaHUEM.

YMeTs:

- BBITIOJTHATH aHAIH3
TEXHOJOTHYECKHUX MPOIIECCOB KaK
00BEKTOB aBTOMATHU3ALUN U
yIpaBJICHUS;

- COCTaBJIATh CTPYKTYPHBIE CXEMBI, UX
MaTeMaTHYeCKHe MOJICTH KaK
00BEKTOB YIIPaBJICHHUS;

- HCIIOJIB30BAaTh OCHOBHBIE METO/IbI
MTOCTPOCHHSI MATEMATHICCKHIX




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

NuaukaTopsbl J0CTHXKEHUS
KOMITeTeHIUI
(Koa 1 HAMMEHOBaHUE)

Ilnannpyemble pe3yabTaThl
o0yueHust

MOJIeIIeH MPOIIECCOB, CUCTEM, UX
JJIEMEHTOB M CHCTEM YIIPABJICHUS,

- paboTath ¢ KAKUM-JIH00 U3
OCHOBHBIX THIIOB IIPOTPAMMHBIX
CHCTEM, MpeTHA3HAYCHHBIX IS
MaTEeMaTHYeCKOT0 U UMUTAIIHOHHOTO
moaenuposanus Mathcad, Matlab.

Bnagers:

- HaBbIKAMHU ITPUMEHEHHUS DJIEMEHTOB
aHaJIM3a 3TANoB KU3HEHHOT'O 1IMKJIA
IPOAYKLHMH U YIIPABJICHUS UMU;

- HaBbIKAMU HaJIaJIK1, HACTPOMKH,
pEryarpOBKH, 00CTYKUBAHUS
TEXHUUYECKUX CPEICTB U CUCTEM
YIIPaBJICHMUS;

- HaBbIKAMU O(OPMIICHHUSI
pE3yJIbTaTOB UCCIIENOBAaHUN U
IIPUHATUS PELICHUM.

[TK-18: cioco6HOCTH
y4acTBOBaTh B pa3pabOTKe
IporpaMM U METOJIUK
KOHTPOJISI ¥ UCTIBITAHUS
MAaIlIMHOCTPOUTEIbHBIX
W3ENUI, CPEACTB
TEXHOJIOTUYECKOTO
OCHAIIIEHUS, TUarHOCTHKH,
aBTOMaTH3alMU U
yIIpaBJICHUS,
OCYILECTBIISATh
METPOJIOTHYECKYIO
MIOBEPKY CPEICTB
U3MEHEHHS OCHOBHBIX
nokasaresel KkayecTBa
BBIITYCKaeMOH MPOIYKIINH,
B OLIEHKE e€ Opaka U
aHaJIN3e TPUINH
BO3HUKHOBEHUS,
pa3palboTke MeponpusTUit
0 €ro MpenyNpeKICHUI0
U YCTPaHECHUIO

3HaTh:

- METOJIBI M CPEJICTBA
FCOMETPHYECKOI0 MOJICTTHPOBAHUS
TEXHHYECKUX OOBEKTOB;

- TCHJCHIIMM Pa3BUTHUS
KOMIBIOTEPHOU TpaduKH, €€ poiib U
3HaUEHUE B MH)KEHEPHBIX CUCTEMAX U
MIPUKJIAIHBIX TIpOrpaMMax;

- o0u1re TpeOoBaHuUs K
ABTOMATHU3MPOBAHHBIM CUCTEMAM
MPOEKTUPOBAHHUS,

- OCHOBBI TEXHOJIOTHYECKOTO
pEryJIMpOBaHUsI.

YMeTs:

- CTPOUTh MAaTEMaTUYECKHE MOJEITH
00BEKTOB YIIPaBJIEHUS U CUCTEM
ABTOMATHUYECKOTO YIIPABIICHUS
(CAY);

- npoBoAuTh aHanu3 CAY, oneHuBaTh
CTATUCTUYECKUE U TUHAMUYECKHE
XapaKTePUCTHKHU;

- pacCUUTHIBATH OCHOBHBIC
KauecTBeHHbIE MokazaTenu CAY,
BBITIOJTHSATE: aHAIN3 €€ YCTOWYNBOCTH,
CUHTE3 PEeryysiTopa;

- pa3pabaThIBaTh AITOPUTMBI
LEHTPAIN30BaHHOT'O KOHTPOJIS
KOOPJMHAT TEXHOJIOTHYECKOTO
00BEKTa,

- pacCYUTHIBATh OJTHOKOHTYPHBIC U




®opmMupyembie U
KOHTPOJIUpYeMble
KOMIIETEeHIHH
(ko1 1 HAUMEHOBAHME)

NuaukaTopsbl J0CTHXKEHUS
KOMITeTeHIUI
(Koa 1 HAMMEHOBaHUE)

Ilnannpyemble pe3yabTaThl
o0yueHust

MHOT'OKOHTYpPHBIE CUCTEMBI
ABTOMATUYECKOT'O PEryJIupOBaHUs
IPUMEHHUTENBHO K KOHKPETHOMY
TEXHOJIOTMYECKOMY OOBEKTY;

- HCIOJIb30BATh OCHOBHBIE
TEXHOJIOTHH TIepeauu HHpOpMaIum B
cpeze JOKaJIbHbIX CETEeH, CEeTH
Internet.

Bnaners:

- HaBBIKaMU 0(pOPMIICHUS IPOCKTHOM
Y KOHCTPYKTOPCKOM JIOKyMEHTAllUu B
COOTBETCTBUU C TPeOOBAaHUAMU
ECK/;

- HaBBIKAMH MTOCTPOCHHSI CUCTEM
aBTOMATHUYECKOTO yIPaBJICHUS
CHCTEMaMH U TPOIIECCaMH;
HaBBIKAMU aHAJIM3a TEXHOJIOTHYECKUX
IPOLIECCOB KaK 0O0BEKTa YIIpaBJICHUS
¥ BBIOOPA (DYHKIIMOHAJIBHBIX CXEM HX
aBTOMATH3AIIHH.




4. CTpyKTYpa M coJiepKaHue IUCHUIINHbI

DopMBbI TEKYLLET0

Bun . KOHTPOJISA
Monayab . HaunMenoBanue TeM 3aHATHH OonemMm,
yueOHOI . Cemectp Baanbl | UHTepakTuB, 4. | (HAHUMEHOBaHHUE
(pa3neu) (yueoHoOii padoThI) 4,
padoThI OLICHOYHOI'0
cpeacTBa)
Monyib 1. Jlek. 1.1. OcHOBHBIE TOHATHS U ONIPEACICHUS. 8 1 - 2 Bomnpocs! k 3auety
bazoBbie CymHOCTh MpoOIeMBbI aBTOMATHYECKOTO
XapaKTePUCTUKU yIpaBICHUS.
CUCTEM Cp. 1.1. OcHOBHBIE TOHATHS U ONPEICIICHHUSI. 8 6,4 - - Bormpocs! k 3auery
YIIPaBJICHUS. CymHOCTh MpoOIeMBbI aBTOMATHYECKOTO
yIpaBICHUS.
Cp. 1.2. Ocunognsie yctpoiictBa CAP u nx 8 6,4 - - Bormpocs! k 3auery
KiaccuuKalus 1Mo Ha3HAuUCHHUIO.
Krnaccudukanus aBToMaTHIecKOro
ynpaieHus. MatemaTuueckasi MOAeNb
IIEHTPOOEIKHOTO PETryIsITOpa CKOPOCTH
JIBUTATEIS.
JIab. 1.3. UccnenoBanue BIHSIHKS TAPAMETPOB 8 0,5 - - OT4er B 2JIEKTPOHHOM|
IIEHTPOOEIKHOTO PEryIsITOpa CKOPOCTH Ha BUIE
MPOIIECC PEryIUPOBAHUS.
Cp. 1.3. VccnenoBanue BIUSIHUS TTapaMETPOB 8 6,4 - - Bormpocs! k 3auery
IIEHTPOOEIKHOTO PEryIsITOpa CKOPOCTH Ha
MPOIIECC PEryIUPOBAHUS.
Cp. 1.4.XapakTepuCTHKH MTEPEXOTHOTO 8 6,4 - - Bormpocs! k 3adety
npoiiecca. YacTOTHBIE XapaKTEPUCTUKH.
Cp. 1.5.MaremaTn4eckre MOJEIN. 8 6,4 - - Bomnpocsl k 3auery
JIMHeapu3ams MaTeMaTHIYeCKUX MoJeneH
JIa6. 1.6. Onpenenenne 9acTOTHBIX 8 0,5 - - OTueT B AIIEKTPOHHOM

XAPAKTCPUCTHUK I10 aHAJIM3Y BXOAHOTO U
BBIXOJHOI'O CMI'Hajia BO BpEMCHU.

BUIC




DopMBbI TEKYLLET0

Bun . KOHTPOJISA
Monayab . HaunMenoBanue TeM 3aHATHH Oo0nemMm,
yueoHoii . Cemectp Baaabl | UHTepakTuB, 4. | (HAHUMEHOBaHHUE
(pa3neu) (yueoHoOii padoThI) 4,
padoThI OLICHOYHOI'0
cpeacTBa)
Cp. 1.6. OnpeneneHne 49acTOTHBIX 8 6,4 - - Bormpocs! k 3auery
XapaKTePUCTHK 10 aHAIHU3Y BXOHOTO H
BBIXOJHOI'O CUTHAJIa BO BPEMEHH.
Cp. 1.7. TunoBsIe 3BEHbsI MEPEAATOUHBIX 8 6,4 - - Bomnpocsr k 3auety
O YHKIIHH.
JIa6. 1.8. Onpenenenrie nepexoHON YaCTOTHON 8 0,5 - - OTyer B 3JIEKTPOHHOM|
XapaKTEPUCTUKU. BHUIC
Cp. 1.8. Onpenenenue nepexogHON 4acTOTHOU 8 6,4 - - Bormpocs! k 3auery
XapaKTePUCTHKH.
Monyib 2. Jlex 2.1.DyHKUMOHAJIBHBIE U CTPYKTYpPHBIE 8 1 - 2 Bormpocs! k 3auery
KauecTBeHHBIN U cxemsl. [IpaBuna npeoOpazoBaHus
KOJTMYCCTBECHHBIN CTPYKTYPHBIX CXEM.
AHai3 CUCTEM | Cp, 2.1.OYHKIMOHAIIBHBIE U CTPYKTYPHBIE 8 6,4 - - Bonpock! K 3a4eTy
ABTOMATHHCCKOTO cxemsl. [IpaBuia npeoOpasoBaHust
yTIpaBICHIA. CTPYKTYPHBIX CXEM.
JIab. 2.2. UccnenoBanue ycrotunoctu CAY no 8 0,5 - - OT4er B 2JIEKTPOHHOM
kputeputo [ ypBuia. 153401 (S
Cp. 2.2. UccnenoBanue ycrotunoctu CAY no 8 6,4 - - Bormpocs! k 3auery
kputeputo [ ypBuia.
Cp. 2.3. TlpaBuia npeoOpa3oBaHUs 8 6,4 - - Bomnpocsr k 3auery
CTPYKTYPHBIX CXEM.
Cp. 2.4. Tloctpoenue roporpada CUCTEMBI U 8 6,4 - - Bormpocs! k 3auery
Jorapu(PMUIECKON YaCTOTHOU
XapaKTePUCTHKH.
Cp. 2.5.Maremaruueckas Ol[eHKa 8 6,4 - - Bompocsr k 3auery

YCTOMYMBOCTH. 3a/1a4Ml YCTOMYUBOCTH.
3amnac yCcTONYMBOCTH.




DopMBbI TEKYLLET0

Bun . KOHTPOJISA
Monayab . HaunMenoBanue TeM 3aHATHH Oo0nemMm,
y4eOHoit . Cemectp Bannel | UuTepakTB, 4.| (HaHMeHOBaHHe
(pa3neu) (yueoHoOii padoThI) 4,
padoThI OLICHOYHOI'0
cpeacTBa)
JIa0. 2.6. Uccinenosanue tounoctu CAY B 8 0,5 - - OT4YeT B 2JIEKTPOHHOM|
PEeKMME IBUYKEHHSI [0 TAPMOHUYECKOMY BUJIC
3aKOHY.
Cp. 2.6. UcciaenoBanue Tounoctu CAY B 8 6,4 - - Bormpocs! k 3auery
pEeKMME IBUYKEHHSI [0 TAPMOHUYECKOMY
3aKOHY.
JIab. 2.7. OnpeneneHue XapaKTEPUCTUK 8 0,5 - - OT4er B 2JIEKTPOHHOM|
IEKTPOMEXAHUYECKOTO ITPUBO/IA. BUJIC
Cp. 2.7. OnpezeneHue XapaKTePUCTHK 8 6,4 - - Bompock! k 3aueTy
JIEKTPOMEXAHUIECKOTO ITPUBOJIA.
Monyib 3. Jlek. 3.1. KoMmekcHas OlieHKa KauecTBa CUCTEM 8 1 - - Bomnpocsl k 3auety
CuUHTE3 1 aHAIIN3 ¥ 00BEKTOB aBTOMATUYECKOT'O YIIPABJICHUSI.
CHCTEM Cp. 3.1. KommiekcHas OIjeHKa KauyecTBa CUCTEM 8 6,4 - - Bompocsr k 3auety
ABTOMATHYECKOTO 1 00BEKTOB aBTOMaTHYECKOTO YITPABIICHUSI.
YTPABIEHHS. JIab. 3.2. Onpenencuaue xapakrepuctuk CAY 8 0,5 - - OT4er B 2JIEKTPOHHOM|
POJIOIBHOM NOIa4yeid IPU TOYCHHUH. BUJIC
Cp. 3.3. ObecnieueHre HEOOXOAUMOM TOUHOCTH 8 6,4 - - Bomnpocsl k 3auery
CAY. Onenka TouyHoctu CAY.
JIa6. 3.4. UccnenoBanue BIMSHUS acTaTH3Ma Ha 8 0,5 - - OTuer B AIIEKTPOHHOM
kauyectBo CAY. BUC
Cp. 3.4. UccnenoBanue BIMSHUS acTaTH3Ma Ha 8 6,4 - - Bompockr k 3auety
kauectBo CAY.
Cp. 3.5. OCHOBBI CHHTE3a CUCTEM 8 6,4 - - Bompockr k 3auery
ABTOMATHYECKOTO YITPaBJICHHS.
Jlek. 3.6. UccnenoBanue BIUSHUS THOKON 8 1 - 2 Bomnpocs! k 3auery
oOparHo#i cBs1i3u Ha ObIicTponerictBiue CAY.
Cp. 3.6. UccnenoBanue BIUSAHUS THOKOU 8 6,4 - - Bomnpocsr k 3auery

oOparHo#i cBs13u Ha ObIicTpoaerictBue CAY.




DopMBbI TEKYLLET0

Monayab B . HaumeHoBaHue TeM 3aHATHI Oo0nbem, KOHTPOIA
yueOHOI . CemecTtp banabl | UHTepakTuB, 4.| (HAaUMEHOBaHHeE
(pa3neu) (yueoHoOii padoThI) 4,
padoThI OLICHOYHOI'0
cpeacTBa)
ITA 8 0,25
Kontponn 8 3,75
Hroro:; 144




5. O6pa3oBaTesibHbIE TEXHOJIOTHH

B mponecce N3y4CHUA JUCHUIIMHBI UCIIOJIB3YCTCA METOA JUCTAHIITMOHHOT'O 06yquI/151.

IIpn moaroTroBke K OTBETaM HA TECTHI 110 TEMaM Kypca WU BBIIIOJHEHUIO TUIIOBBIX 3aJaHUN
CTYACHTY HEOOXOAMMO TIIATEILHO U3YYUTh MpEAaraeMylo JIMTepaTypy, HOPMaTHBHBIC PABOBbIC
aKThl, ydeOHBIN MaTepHall.

CryaeHT caMOCTOATENbHO paboTaeT ¢ JOMOTHUTEIBHON U OCHOBHOMN JIUTEPAaTypOi, HOPMAaTHBHBIMHU
aKTaMU, MHTEPHET-PECYpPCaMH.

6. MeToauyeckue yKa3aHusl 10 OCBOCHHUIO THCIHILITHHBI

IIpy wu3y4eHHMH JUCLMIUIMHBI HEOOXOJMMO HW3YyYUTb MaTe€pHajbl TEM, BBIIOJIHUTD
COOTBETCTBYIOLIME TeCThI. [Ipr HEOOXOANMOCTH 3a1aTh BOIPOCHI IIPEMOAABATENIO B HOpyME.

ITocne n3ydeHns Kypca BBIIIOJIHUTh HTOTOBBIN TECT.

Pasmectutp Ha JIMYHOWH CTpaHMIIE Kypca BBIIOJHEHHBIE 3aJaHus [UIsl IPOBEPKHU
IIpenoaaBaTeiieM.



7. OueHOYHBIE CPEACTBA

7.1. IlacnopT OLIEHOYHBIX CPEACTB

Koa koHTpO/IMpyemMoii KOMIIeTeH UM HaumenoBanue
Cemectp
(MM ee 4aCTH) OLICHOYHOI'0 CPEeACTBA
8 I1K-12 JlabopaTtopubie paboThr NeNe 1-3
Bonpocs! k ak3ameny Ne 1-15
8 IK-12, T1IK-18 JlaGopaTtopubie paboThr NeNe 4-6
Bomnpocs k sx3ameny Ne 16-30
8 I1K-18 JlabopaTtopubie paboTsr NeNe 7-8
Bomnpocs k sx3ameny Ne 31-50

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

7.2.1. KoMIuiekT j1a00paTopHBIX paboT
(HauMeHOBaHUE OYEHOUHO20 CPeICmBa)

JlabopaTtopnass padora Nel. HccienoBaHue BJIMSAHHSI NAapaMeTPOB LEHTPOOEKHOTO
PeryJsiTopa CKOPOCTH Ha MPOIece PeryJIMpoBaHMs.

Ilenv pabomwi: Ilpuobpemenue NPAKMUYECKUX HABLIKOS OKCHEPUMEHMAILHOU OYEHKU
npoyecca pecyiupoearnus MyCWlOlZ’H/lBOIZ pa60mbz cucmembsvl asmomamudecKoco ynpaeilerusl.

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 TEIUIOBOHM aBurarens 4. Perymarop mpuBOOWTCS BO BpalleHUE OT
JIBUTATENS Yepe3 3y0uaTyro nepenaqy 5.

Puc.1.1. Cxema CAY cxkopocmuio epauienusn oguzamensn

[Ipu ¢pynkumonupoBanuu CAY BpalieHHe JBUTATENS yepe3 3y0uaTyro mepeaady nepeaaercs
PErymsiTOpy CKOPOCTH, IIAPUKHU KOTOPOTO MO ACHCTBUEM LEHTPOOEKHOM CHIIBI C OJHON CTOPOHBI
U CUJBl NPYXUHBI C IPYrOM 3aHUMAIOT HEKOTOPOE ITOJIOKEHHUE, YTO BBI3BIBACT OIPEICICHHOE
OTKPBITHE JIPOCCENI U CUCTEMa HAaXOJIWUTCsS B paBHOBecHH. lIpn yBenuueHMM MOMEHTa Harpys3ku
CKOpPOCTb JBUIaTeNId YMEHBIIAECTCS B COOTBETCTBHUM C €r0 XapaKTEpUCTUKOW, UYTO BBI3BIBAET
YMEHbILIEHUE CKOPOCTH BpalleHHUsl peryniaropa. lLleHTpoOexHble CHUIIBI TakXe YMEHbIIAITCH,
LIAPUKU OIYCKAKOTCS U YEPEe3 PhIYaKHYI0 CUCTEMY YBEIUUYUBAIOT OTKPBITUE APOCCENs. Y BEJIMUYCHUE
nojayu paboyeil cMecu B JBUTATElb BHI30BET YBEJIMYEHHE €r0 CKOPOCTH, PAaBHOBECHE BHOBb
BOCCTAHOBUTCS, HO YK€ Ha APYrOM ypOBHE. SICHO, UTO pa3HOCTb CKOPOCTEM OIpEACIAeT KaueCTBO



pEryJINPOBaHUS: Y€M OHAa MeHble, TeM Bbllle kKadyecTBo CAY. Ilpu ymenbuienun Harpy3ku CAY
paboTaeT B 00paTHOM TOPSIJIKE.

Hns anamm3a CAY  HEOOXOAMMO COCTaBUTh €€ MaTeMaTHYeCKYyK MOJenb. AHanmmu3
IIOKa3bIBAa€T, YTO B CHUCTEMY BXOJAT ABHUraTellb, JpOcCeib IoJauyu pabodel cMmecu, pbhlYakHas
nepegaya u 3youaras nepejaya.

JIBro>keHue fBUrateis NpU OTPAaHUYEHUH Y4YETOM SBJICHUH MEpBOTrO MOpPsAKA, T.€. €ro
WHEPIHOHHOCTBIO, MOXET ObIThb TNpeAcTaBieHO aAuddepeHInanbHbBIM YpaBHEHHEM IIEPBOTO
HopsijiKa:

Ia(:j—c;)+/10a)+MH =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, =Dbk,,
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=211—Sin).
1.3)

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

MOMOIUIbIO0 KOTOPOH BBIMOIHSIOTCS TpeOyeMble NCCIIEI0BAHUS.

m MonenupoBaHHe PErynATOpPa CKOPOCTH ABHraTensa =] 3

MCXOOHBE DAHHHE CAY

Macca WApKEDE, KI 0.25

Cuna npyskuHer, H 100

AectrocTe l—
MPYs#MHEL, H vt 15
MoMEHT MHEDLWM

OEWraTens, krim ID'1

K3 PPULMEHT SAEMCHMOCTI
MOMEHT & AEWMETENA OT

OTKPBTHA APOCTEns, |4

Heram

|4D 3‘ MomeHT Harpysku, Hii

Ocuunnorpad

Mpouecc | ﬂpononmewel

Reset |

OTEREITHE SRCA0HKK H| Mk

Eit |

¥rnoBan CKopocTe W, pasjc

\ Comnnnorpad

0)

rnosan cropocns W, pagy

o (1K) 02 03 04 (28] 05
BpeetA, ©

Puc.1.2. Mooenuposanue yenmpooexcrnozo pecyiamopa cKkopocmu

3aoanue



B cooTBercTBUM ¢ BapranToMm (Tab:.1.1) mpoBecTH uccie0BaHUE KauecTBa PeryaIupOBaHUs B
3aBUCUMOCTH OT MU3MEHSAEMOI0 NapaMeTpa U MOCTPOUTH rpadUKK 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 | npyscunst |  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 padorel CAY,
TaOJIMILY SKCIIEPUMEHTANBHBIX JaHHbIX, Ipaduku TpeOyeMbIX 3aBUcUMOcTell. BbIBOIBI.

JlabopaTopnasi padora Ne 2. XapakTepHCTHKH NepexXoAHOro mnpouecca. YacToTHble
XapaKTepPUCTUKH.

Llenv pabomur: [Ipuobpemenue npakmuyeckux HAGbLIKO8 IKCNEPUMEHMANLHO20 ONpedeneHUs
YACMOMHbBIX XAPAKMEPUCTUK.

Teopemuueckaa uacmp

Uccnenyemoii cucTeMor SIBIETCS JBYXMaccoBasi THUHAMUYECKasi CHUCTEMA, CXeMa KOTOpPOH
n3zoOpaxena Ha puc 2.1. CucremMa HaXOIUTCS MO EHCTBUEM KMHEMAaTHYECKOTO BO30YKICHUS — X,
BBIXOJHBIMH CUTHAJIAMU SABJIAIOTCA KOOPAMHATDBI X1 U X2 NepeMEIICHUA MaccC M1 1 M2, CBA3aHHLIX
MEXy COO0I0 KECTOKOCTSIMH C1 M C2 U BA3KUM TpEeHUEM A7 U Az

Cl C)

m, m,

L
AT A
Far ar

Puc.2.1. /lunamuueckasn cxema 08yxmaccosoii cucmemol

ypaBHCHI/IC ABWIKCHUS CHUCTCMBI COCTABJISICTCA 110 U3BCCTHBIM IIPpaBUJIaM TeOpeTquCKOﬁ

MCXaHUKU.
d?x d dx dx d

d?x dx, d
m, dtzz +/12(d_t2_d_)f[1j+cz(xz _X1)=O

YHpOHIeHHaSI MareMaTH4deCKasa MOJACIIb:



m,s2x, + (A, + 4, )sx, +(c, + ¢, )x, = (4 + 4, )sx +(c, + ¢, )x
M,S%X, + A,8X, +C,X, = A,8X, +C,%,
rae s=d/dt — omeparop Jlamaca.
I[J_ISI MNpEaACTaBJICHUA MaTeMaTUYECKOMI MOZCIM B NEPCMCHHBIX COCTOSAHUA PCIIHUM KaAXKIOC
YpaBHCHHUE OTHOCHUTCIBHO IIECPEMCHHBIX X1 U X2, KOTOPBIC 3allkMCaHbl B CTapIIMX ITPOHU3BOAHBIX
cooTBeTcTBeHHO. [IpeoOpa3zoBanHas TakMM 00pa30M MaTeMaTHYECKast MOJICNIb UIMEET BHI:

X, =s-ax +ax+s[-a,x +a,x]|
X, =5 [~ a,x, +ax +s[-a,x, +a,x]]
rae ko3¢ uuenTs! Moaenu: ai = (A2+Ay/my, a2 = (C2+C1)/m1, az = AzMz, as = C2/mz;
Tenepb MOKHO 3alUCATh MAaTEMaTHYECKYI0 MOJENb B MEPEMEHHBIX COCTOSHHS, TO €CTh B
BHJIE CHCTEMBbI T PEPEHIMATbHBIX YPABHEHHH, PEIICHHBIX OTHOCHTENBHO MEPBBIX IIPOU3BOIHBIX:
Y, =—a& Y taX+y,
SY, =&Y, +aX

SYs =—;¥;+ &Y, Y,
Sy, =—-a,Y; +a,X
NmenHo Takasg MOJenb peaqu30BaHa B MPUKIAJHOM Mporpamme, MO KOTOPOM MPOBOIATCS
HCCJIEI0BAHUE YACTOTHBIX XapaKTEPUCTHK.
3aoanue
B coorBerctBum ¢ Bapumantom (Ta6m.2.1) mpoBecTu ucciemoBaHue u HocTpouTh ADYX
crcTeMbl (OJJHO MACCOBOM HMJIM JIBYX MacCOBOIA, 110 BBIXOJIAM X1 MJIH X2).
Tabnuya 2.1. Ucxoounsie oanmvie

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

uudpa 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 npomoxona

B npotoxkosne npeactaButh 1ei1b padoThl, HEOOXOIUMBIE TEOPETUUECKHE CBEJIEHUS, UICXOAHbIE
JTaHHbIE B COOTBETCTBMM C BapHMaHTOM 33JaHHUs, KOMHMIO MHTepdelica ¢ 3amiChi0 BBITOJHEHHBIX
HKCIEPUMEHTOB U IIOCTPOEHUSMHU, HEOOXOAUMBIMU JJIs1 ONIPEAENIEHUS BBIXOIHBIX JaHHBIX; TAOIHIIbI
HKCIEPUMEHTAIBHBIX M pAacYeTHBIX MaHHBIX; Trpaduku skcnepumeHTanbHbBIX ADUX cucrem.
BriBopbl.

JlaGopaTopHnas padora Ne 3. UcciienoBanue ycroituuBoctu CAY no kpurepuio I'ypBuna

Ilenv pabomwi: Ilpuobpemenue npakmuyeckux HAGbLIKOS OYEHKU YCMOUYUBOCU CUCHIEMb]
ABMOMAmMu4ecKo2o ynpaeieHusl.

Teopemuueckas uacmeo

C nomonipro Kputepus ['ypBuila ucciaenoBath Ha yctorunBocTh CAY moBOIOM cymnmopTa
METAJIJIOPEKYIIETO CTaHKA, CXEMa KOTOpPOro MokKa3aHa Ha puc. 3.1, a.
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Puc.3.1. Ilpunyunuanvnasn (a) u gynkuyuonanvnan (6) cxemsl npugooa

[IpuBoxa coctout u3 ycunurens-peoopasosarens (I1I1), aeurarens (/1) mocrosHHOTO TOKAa,
peaykropa (P), 3agatoiero norenimometpa (311) u morenuunomerpa odparnoii cesizu (I10OC).

[Ipexxne Bcero HEOOXOAMMO COCTaBUTh MaTeMaTH4yeckyr Mozenb mnoBoja. CoriacHo
OPUHIUITY paboThl, TMOBOJX mpeacTaBiseT coboii 3amkHyTyro CAY, ¢dyHKIHMOHaNBHAS cxema
KoTopoil mpuBereHa Ha puc.3.1, 6. IlycTe BbAENEHHBIE Ha CXEME SJEMEHTHI OINMCHIBAIOTCS
CJICAYIONIMMU TIePEaTOYHBIMU (PYHKIIUSMHU:

=Ko T M W, ()= 30 " Tsat
I[: WO(S) — a(s) — k() ; Y
U,(s)  (T,s+Ds P W (s):_YES; —k,;
P als P

HOC: . (9=2 = k...

Tenepp MOXKET OBITH MOCTPOEHA CTPYKTYypHas cXeMa IMOBOJAA, B KOTOpPOW (IIpU paBEHCTBE
K03()(UIMEHTOB Iepefayn 3aJaroIIero MOTEHIMOMETpa U MOTEHIMOMEeTpa OOpaTHOM CBS3M) ABa
COOTBETCTBYIOIIIMX 3JEMEHTa Ha (YHKIMOHAIBHOM CXeMe 3aMEHSIOTCS OJHUM JIIEMEHTOM C
Kod¢duirieHToM nepenaun K, Ha CTpyKTypHO# cxeme (puc.3.2).

X S - Us k, |UYo K, a ) y‘
"l ] Ts+1 (T,s+1)s

Puc.3.2. Cmpykmypnasn cxema npugooa

Takum o0pa3oM, mnepenarouyHas (QYHKIUS 3aMKHYTOM CHUCTEMBI IOCJI€ HECIOMKHBIX
anreOpanyeckux npeoOdpazoBaHUi MproOpeTaeT BUI:

k
W (S) = g ’
(T,s+1)(T,s +Ds+k,
rae Ko — kod(h¢uIMEeHT nepenadyd CUCTEMBI, PaBHBIA TNPOU3BEACHUIO KO3()(UIIMEHTOB

nepeaayn BCCX 3BCHBLEB KaHajla IMPSAMOIo HGIZCTBPISI. I/ITaK, CUCTEMA MMECT XapaKTCPUCTHYCCKOC
YpaBHCHUC 3-ro nopsaaka:

T,Tos®+ (T, + Tp) s>+ s + ko= 0.
CocraBum nerepMHHAHT ['ypBHIla ¥ HalIEM YCIIOBUSL YyCTOMYHUBOCTH.
T, +T, K, 0
r=TT, 1 0|
0 T,+T, k
AHanu3 yclioBUH YCTOMYMBOCTU MO KpuTepuio ['ypBHIla MOKa3bIBaeT, YTO €AMHCTBEHHBIM
YCIIOBUCM SABJICTCA NMO3UTHBHOCTL BTOPOIO ACTCPMHUHAHTA, ITOCKOJIBKY aOZTyTa, paBHO Kak



u A=a1=T,+Ty, Bcerna Oomnpiie Hyas. Takum 0Opa3zoMm, UIs YCTOHYMBOCTH MOBOJA HEOOXOIUMO,
YTOOBI:
A2= (T, + Ty) —koT, To > 0.

[Tocne HeCOKHBIX MTPe0Opa30BaHU MOTyYaeM eIMHOE YCIOBUE YCTOMUYUBOCTH CUCTEMBI:

1 + 1 >K,. 31

y 0 ' )
BrimonHenue 3TOro ycioBus 00s3aTENbHO, MOTOMY Ha IMpPaKTHKE Bapualuei, moadopom
napamMeTpoB mpuBoaa crpemsaTcs obecreuuth (3.1). Ilpu 3TOM Hambonee yaoOHO H3MEHATH
napameTpel Ko u T, — oOmuii ko3hduIMeHT nepenayd NPUBOJA M TIOCTOSHHYIO BpPEMEHHU
yeunuTens-peodpasoparensi. B moboM ciydae 3HaueHUs BapualUil 3TUX MapaMeTpPOB JIOJKHBI

nexath B obnactu D, moctpoenHoi cornacHo ycnoButo (3.1) (puc. 3.3).

kOA

obnacmo
HeyCmoudusblx

3HAYeHUl

ko1 f—o 1T,

obnacmow
VCMOUYUBHIX 3HAYEHUL
0 T >r
vl y

Puc.3.3. Obnacms ycmouiuugvlx 3HaueHuil

3aoanue

1. [To MCXOMHBIM TAHHBIM, B COOTBETCTBUHU C BapuaHTOM (Tabi.3.1), MOCTpOHUTH quarpammy
YCTOMYMBOCTU CHUCTEMBI [0 KpHUTepuio ycroduuBoctd ['ypBuma (cM. puc.3.3). Omnpenenutsb
MaKCHUMaJIbHO BO3MOXHOE 3HaueHHe Kod(dduimeHTa mnepenadn ycuiIMTeIs-peodOpazoBaTess U
MOJITOTOBUTH TAOIIUITy SKCTIEPUMEHTAIBHBIX TaHHBIX.

2. Wcnonb3ys MPUKIAAHYIO TPOrpaMMy, MPOBECTU CEPUI0 IKCIIEPUMEHTOB U PE3YIbTaThl
3amucaTh B TaOJIHILY.

3. Ilo pe3ynbraTtam 3KCIIEPUMEHTOB MMOCTPOUTH IKCIIEPUMEHTATBHBINA Tpa@uK 3aBUCUMOCTH U
MIPOBECTHU €T0 aHAIIN3.

Tabnuya 3.1. Ucxoousie oannvie

[lepBas | Ycunumens | /leucamens | Bunm.napa | Bropas | [Jeucamens | Oop.ceazv
udpa T, ¢ Ko, pao/cB Hen, mm udpa To, ¢ 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, TpapuK 3aBUCUMOCTH KOMIUIEKCHOTO IIOKa3aTels



JUHAMUYECKOTO KauecTBa OT Kod((duUIMEeHTa Mepenaun YyCHIHUTENA-IpeoOpa3oBares, KOIHUIO
uHTepdeiica ¢ 3aMUChI0 EPEXOTHON XapaKTEPUCTHKH MTPU KAaKOM-JIHOO0 3HaYeHUH Ky, BHIBOIBL.

Jladoparopunasi padora Ne 4. UcciaenoBanne TouHocTu CAY B pexume ABHKEHHsS IO
TapMOHHMYECKOMY 3aKOHY

Llenv pabomowi: [Ipuobpemenue npakmuyeckux HABLIKOE OYEHKU MOYHOCMU CUCTNEM
aA8mMoMamu4ecKo20 YnpasieHus npu mecmuposanuu o 2ApMOHUYECKOMY 6XOOHOM) CUSHATLY.

Teopemuueckasn yacmso

Uccnenyercas CAY noBoaoM, CTpyKTypHasi CXeMa KOTOpOro IHpeicTaBieHa Ha puc.4.l.
Bunno, uro CAY oTaudaercst OT pacCCMOTPEHHOM B IMpaKTHUECKoi padote NS TeM, 4TO YCHITUTENb-
npeoOpa3oBaTelib NPeACTaBICH He O€3bIHEPIIMOHHBIM 3BEHOM, a allepHOAMYECKUM 1-T0 mopsiaKa.

X Wk, k, y()

Ts+1 (T,s+Ds

k

6en

A 4
\ 4

K  le

oc

Puc.4.1. Cmpykmypnas cxema uccieoyemoii CAY

JI1s1 TakoW CUCTEMBI BaXKHBIM U IIEPBOCTEIIEHHBIM SIBJIIETCSI BOIIPOC YCTOMYMBOCTH. [1loaTOMY
nepes HayaloM HSKCIEPUMEHTANbHBIX HCCIEIOBAaHUN HEO0OXOIUMO OMNpeIeNuTh MaKCUMAIbHO
JnonycTuMoe 3HadeHue Kodddunmenta K, mepemaum ycuimutens-npeoOpa3zoBatelis, MOJIb3YICH
dopmymnoit (3.1) ¢ yderom 3aBHCHUMOCTH AJisi OmpeneneHus obuiero koddduimenta mnepenayn
[OCJIEZI0BATENbHO COEIMHEHHBIX 3BeHbeB CAY:

k, =k kk K.

0 “oc “en

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

3aoanue

1. Tlo WCXOAHBIM JaHHBIM, B COOTBETCTBMHM ¢ BapuaHtoM (Tabm.4.l), paccuurTaTh
MaKCUMaIbHO JONYCTUMBIH Koddduiment Ky, mnepemaun ycuamurtens-peodpasoBarens, U
MOJATOTOBUTH TAOIMILY SKCIIEPUMEHTAIbHBIX JTaHHBIX.

2. Hcnonb3ys NpPUKIAJAHYIO MporpamMMmy, BBIOpAaTh AMANa3oH W IIar M3MEHEHUS YacTOTHI
BXOJIHOTO curHaia. IIpoBecTu cepuio SKCIEPUMEHTOB (I Ka)XA0ro 3HaYeHUs KodPQHIreHTa
nepeaayn), 3anKchiBas pe3yabTaThl B TaOJMILy, @ 3aTEM MOCTPOUTH IPaMKU IKCIIEPUMEHTAIBHBIX
3aBUCUMOCTEHN.

Tabnuya 4.1. Ucxoousie oannvie

IlepBas Ko, Bropas | Han,

uHI()ppa Tom paod/cB To.c un(ll))pa MM Koc
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
koa(dduimenTa nepenavn yCHWIMTENA-IpeoOpa3oBaresis, TaONHIy SKCIICPUMEHTAIBHBIX JTaHHBIX,
KONHI0 uHTepdeiica NPUKIAIHOW NPOrpaMMbl I KaKOro-THOO SKCHEpUMeEHTa, rpaduku
IKCIEPUMEHTAIBHBIX 3aBUCUMOCTEH. BBIBOIBI.

Jladoparopnasi padora Ne 5. OmnpeaesieHne XapaKTePHUCTHK 3IJIEKTPOMEXaHUYeCKOro
NMPUBOAA

Llenv pabomwr: Ilpuobpemenue npakmuueckux HABbIKOE KOMNIEKCHO20 UCCIEO08AHUSL
cucmem u 06veKMmMo8 A6MOMAMULECKO20 YNPAGIEHUS.

Teopemuueckasn yacmso

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

1 2

Puc.5.1. Cxema rn1eKmpomexanuyuecKkoil cucmemul

YPaBHeHI/ISI ABVOKCHUS JABUTATCIISI IMOCTOAHHOI'O TOKa IIpU Hp€H€6pe)KeHI/II/I SABJICHUAMUA
BTOPOTI'O IIOPAAKAa UMCCT BU:

dQ (
_ 0812 .
Mdeuz - Idguz dt + Ml’ 51)
rac Mogug, I osuzy .Q()guz — MOMCHT JBHWKCHH, MOMCHT MHCPLUNU POTOpA U YIjiOBasgs CKOPOCTH
JABUTI'aTCIIA, Ml — MOMCHT HAarpy3ku Ha BaJly JABUTATCIIA. C I[perﬁ CTOPOHBI, B COOTBETCTBUU C

AEKTPOMEXAHUUECKON XapaKTEPUCTUKOMN JABUTATEIISA:

M ogue = k()U - kMQ()«uz’ (
5.2)
rac k() — KO3(I)(1)I/H_H/ICHT HpOHOpHHOHaﬂBHOCTI/I MG)K,Z[y HaprDKeHI/IeM U n MOMCHTOM
JBUXXCHUA, kM — KOB(b(l)I/IHI/IeHT HaKJIOHA 3HeKTp0MexaHquCKOﬁ XapaKTepI/ICTI/IKI/I.
PeI[y'KTOp MOXET 6BITB Hpe,Z[CTaBJ'IeH 663LIHepLII/IOHHBIM 3BCHOM:
Ql = Q()suz kpe()’ (
5.3)

rie {2/ — yrioBas CKOPOCTh BBIXOJHOTO BaJla peIyKTopa, Kyeo — K03 duIMeHT nepenayu.
B xoHeuHOM HTOTE, YypaBHEHUE ABUKEHUS Bajla HATPY3KHU:

dQ
1 =24 20+ ([ Qdt - [Qdt)+ M =0, (
dt 5.4)
rne M, I, (2- moine3Hbli MOMEHT, MOMEHT WHEpIMH U YIJoBas CKOPOCTb Harpysku, [ -
KpYTUJIbHAS JKECTKOCTh, A - KO3(PQHUIMEHT BSI3KOro TpeHus. TakuM oOpa3oMm, ypaBHEHHE CBS3H,
KOTOpPOE MTOKAa3bIBAET, HA YTO PACXOYETCs MOJIE3HAs YaCTh MOMEHTA JIBUraTessl, UMEET BUL:
M, =k, (] Qdt - [Qdt) (
peo 1
5.5)
[lo monmy4eHHOH MaTreMaTU4ecKOW MOJENH, KOTOpas COCTOMT u3 ypaBHeHui (5.1-5.5),
MOCTPOEHA CTPYKTYpHAsi CXeMa JIEKTPOMEXaHUYECKOU cuctemsl (puc.5.2).
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Puc.5.2. Cmpykmypnasa cxema 31eKmpomexaHuiecKoi cucmemol

Ha cxeme ectp 1Ba BXoja: OJMH IO YyHpaBisiomeMmMy BosneiictBuro U, a BTOpoi - 1o
Bo3mymieHuto M. He cmoTpst Ha TO, yTO 1O HMCXOAHOW cxeme (cM. puc.5.1) cucrema Kaxercs
Pa30MKHYTOM, Ha caMOM JieJieé OHa 3aMKHyTa C OOpaTHbIMM IOTOKamMu curHaioB. Ilo
pa3paboTaHHON MaTeMaTHYeCKOW MOJENIM 3JIEKTPOMEXaHWYECKOro IOBOAAa MOXKHO IPOBOAMTH
IIPE/IBAPUTENIbHBIE HCCIEJOBAaHMS C IIEJbIO ONpPEAEICHUS! XapaKTEpUCTUK, OLEHKH KadecTBa M
BbIOOpa HEKOTOPBIX €ro mapamerpoB. Takoil 3Tanm npenBapUTENbHOIO NPOEKTUPOBAHMS BCErna
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 IEepeAaTOYHOE OTHOLICHHE PEIyKTOpa CYLIECTBEHHO BIUSET Ha
JUHAMHYECKHE XapaKTEPUCTHKU D3JIEKTPOMEXaHW4YecKoro mnpuBoaa. OlleHKa IepexoaHbIX
XapaKTEepUCTUK CHUCTEMbI, MPEACTaBICHHONW pa3pabOTaHHOM MaTeMaTHYeCKOW MOJEeblo, NpHU
pa3HBIX 3HAYCHHUAX KOA(UIHECHTA ITepelaun PEAYKTOpa MO3BOJISIET PEIIUTh TaKyIO 3a71auy.

3aoanue

1. ITo ucX0IHBIM JaHHBIM, B COOTBETCTBUM C BapuaHTOM (Ta0:1.5.1), onpenenuTsb craTH4ecKue
XapaKTEePUCTUKH 3JIEKTPOMEXaHUYECKOTO IOBOJA JUIsl pa3HbIX 3HAUCHWH HaNpsOKEHUs HUTAHUS
JBUTATENII M TOCTPOUTH COOTBETCTBYIOIME Tpaduku. (/namazoH W3MEHEHHs HaNpsHKCHUS
ofpeieNseT NpenoaBaresb).

2. IIpoBecTu cepuio SKCIEPUMEHTOB M0 MOJEJIMPOBAHUIO NMEPEXOAHON XapaKTEPUCTUKH MPHU
pa3HBIX 3HaueHUIX Koddduimenta k, mepeaaun penykropa, BEIIOIHUTh HEOOXOAUMbIC U3MEPEHHS,
paccunTaTth KOMIUIEKCHBIA TOKa3aTellb A W TIOCTPOUTH COOTBETCTBYIOIMIMUA TpaduK JUIs
OIPE/ICNICHUs] ONITUMAILHOTO MO OBICTPOICiCTBHIO KOd(duireHTa K.

Tabnuya 5.1 HUcxoomnsie oarnnvie

[epBas ly Ko K Ky Bropas I Yij A

muppa | krm?> | Hw/B | Hmc/pan udpa krv® | Hw/pax | Hme/pax
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
9KCIIEPUMEHTAIBHBIX JaHHBIX, COOTBETCTBYIOLIUE IPA(PUKU CTATUUECKUX XapaKTEPUCTHK U rpauk
3aBHCUMOCTH KOMIUIEKCHOTO IIOKa3aTels JAUHAMHYECKOro KadecTBa OT Kod(h(UIMeHTa mepenaqyu
penykTopa, KOmWi0 uHTep(delica NPUKIAAHOW MpPOrpaMmbl C MEPEXOIHBIM MPOLECCOM MpHU
ONTUMAJILHOM IO OBICTPOJCHCTBHIO 3HAYEHNH K03 (DUITEeHTa TIepeiaun peayKTopa. BeIBOIbI.

JlaGopaTtopnas padora Ne 6. OmpeaeneHue XapaKTepHUCTHK T'MIPOMEXaHHYECKOIro
NMpUBOAA

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

Teopemuueckas uacmeo

Ha puc.6.1 mpencraBieHa TuApOMEXaHHYECKas CHUCTEMa — MPUBOJ MOCTYHATEIHEHOTO
nBwkeHus. [IpuBOA COCTOMT W3 TUAPABIMYECKOTO MMIMHIApAa |, INITOK KOTOPOrO CBSI3aH C
CyHIopToM 2 (Harpy3Koi) MEXaHH4eCKOW CBS3BIO C JKECTKOCThIO ¢. CymmopT mepeaBHraercs Mo
HAMpaBJIIONUM 3, KOTOPhIE XapaKTepU3YIOTCS KOA(p(HUIMEHTOM BA3KOTO 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
SIBJIICTCS TIEPEMEILICHHE CYTITIOPTa ¢ 3aaHHOi ckopocThio dy/dt mo koopauHare Y.
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Puc.6.1. I'uopomexanuueckas cucmema

JIBukeHue cynmopra MOXeT ObIThb omucaHo Aud¢epeHlraIbHbIM YpaBHEHHEM BTOPOTO
HOpsIIKa:
2

m

y ., ,dy _ (
dt? +/’LE+C(y_y1)—F’ 6.1)

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

[MuapaBnyuyeckuii MUJIMHAP C TMOJE3HON TUIONIaAbl0 P mopiiHsa M0bKeH OBITh MpefcTaBiIeH
JIByMsl YPaBHEHHUSIMHU, KOTOpPbIE OTBEYAIOT KHHEMAaTHUYECKOMY M CHJIOBOMY B030YyxaeHHto. [lepoe
OIHCHIBACT JIBIKEHHE TI0 pacxoay Q Maciia uepes mUIHHIp:

_Q (
Y= J.E dt, 6.2)
a BTOpPOC — UIBMCHCHHUE JaBJICHHUA B IIOJOCTH:
R (
=7 6.3)

Pacxoj macia 4depe3 apoccelib 3aBHCUT OT OTKPBITHS JPOCCETUPYIOIICH e U mepenana
JIABJICHUS HA HEW:

6.4)




rae 4 — ko3 UIMEHT pacxoja Yepe3 IPOCCEIHMPYIONIylo IMmielb, K — Koa(duimeHt
HPOMOPIMOHATIBHOCTH MEXy TUIOIIAABIO MIETH U OTKPBHITHEM X JpOCcesi, Po — JaBJICHUE JIMHUH
IIUTaHUs, O — YIEIbHBIN BEC MacCIa.

K marematiueckoi Moiesii He00X0IMMO MPUOABUTh YPaBHCHUE CBS3H:

F =(y —y)c. (
= (- y)e 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
—> kax Q

1/c y
T2s? +T,s+1

1/sP C
r k()x
c/P <

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 Tiepenany AaBieHus. [Ipu MoaenupoBaHUM CUCTEMBI C MPUMEHEHHEM UYHCIIEHHBIX aJTOPUTMOB
MOKHO HCIOJIb30BaTh IEPBUYHYIO HEIWHEHHYI0 3aBHUCUMOCThH (6.4). IlocTosiHHBIE BpeMeHHU
TepeIaToyHol GyHKIMK HArpy3KH B cooTBeTcTBHH ¢ (6.1) paBHsrorcs: T12 = m/c, T2 = A/c. 3aecs,
KaKk W JUIsl 3JIEKTPOMEXAHUYECKOr0 TMOBOJAA, MOXHO KOHCTaTUPOBAaTh 3aMKHYTOCTh CHUCTEMBI,
KOTOpasi, TeM He MeHee, He siBisgeTcs CAY.

Paspaborannass MaTemaTuueckas MOJENb IIO3BOJSIET Ha JTale MpeIBapUTeNbHOTO
MPOEKTHPOBAHUS TIPOBOANTE MCCIIEOBAHUS C IENBI0 ONMpPEENICHUs BIUSHUAS TTapaMeTPOB MPUBOJIA
Ha TUTABHOCTH JBUKCHUS, OIICHKH KauecTBa yIPaBICHUS U BO3MOXKHOCTU COMPOTHBIICHUS BHEIIIHEH
Harpy3ke ¥ T.II. B 3aBHCHMOCTH OT jKeJaeMoro Juara3oHa CKOPOCTEH ABMKEHHs pabodyero opraHa
MOKHO TPaBUJIILHO BHIOpaTh COOTHOIICHHE: JAaBICHHE MUTAHUS — TE€OMETPUUYECKHE TMapaMeTphbl
JpOCceis, YTO SIBJSETCS BaXXHOW 3aJadyeld, OT pelIeHHs KOTOpOil OynyT 3aBUCETh SHEPreTUUYECKUE
MOKAa3aTeNH MOBO/IA B IEJIOM.

3aoanue

1. ITo ucXoIHBIM JaHHBIM, B COOTBETCTBHH C BapuaHTOM (Ta0:1.6.1), onpenenuTh cTaTHYeCKIe
XapaKTEPUCTHKH THIPOMEXAaHHUYECKOTO TNPHUBOJA (3aBUCHMOCTH CKOPOCTH pabodero opraHa oOT
CHWJIBI TTOJIE3HOW HArpy3KH) Ui pa3HbIX 3HAUCHUI MaBJICHHS MUTAHUS THUAPABIMYECKON CHCTEMBI U
MOCTPOUTHh  COOTBETCTBYIOIMKA rpaduk. ([mama3oH W3MEHEHUS JaBICHHS  OINpPEIeIsieT
IpernoiaBaTenb).

2. OmpenenuTh TUHAMUYECKHE MOKA3aTeNd THAPOMEXaHHYECKOTO MPUBOJA: OTHOCHUTEIIEHOE
nepeperyIMpoBaHue U 3aTyXaHHe 3a epuo/Il.

Tabnuya 6.1 HUcxoomnsie oanmbvie

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




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

Cooepicanue npomokona

B nporokosne mnpencTtaBUTh CTPYKTYPHYIO CXEMY HCCIEAYEeMOW CHCTEMbl C HCXOIHBIMU
JaHHBIMU, TaOJHIBl DSKCHEPUMEHTAIBHBIX MJaHHBIX, TpadUKU CTaTHYECKUX XapaKTePUCTHK,
JUHAMHUYECKHE TI0Ka3aTelu KadyecTBa IEPEeXOJHOM XapaKTEePUCTHKU TUJIPOMEXAHUUYECKOTO
MPUBO/JIA.

Jladoparopnasi padora Ne 7. OnpenesieHue xapaktepuctuk CAY npoaosibHoi moaaveit
NPH TOYCHUHU

Llenv pabomwr: Ilpuobpemenue npakmuueckux HABbIKOE KOMNIEKCHO20 UCCIEO08AHUSL
cucmem u 06veKMo8 A8MOMAMULECKO20 YNPAGIEHUS.

Teopemuueckasn yacmeo

Haubonee pacrnpocrpaneHHbIi B MeTauiooOpaboTke tum 3aMkHYTEIX CAY — 3to CAY,
npelHa3HaYeHHbIe 7 aBTOMATHYECKOrO PEeryJupoBaHusl Mpollecca pe3aHus  3apaHee
YCTaHOBJICHHBIM 00pa3oM. Takue cucTeMBl MOTYT MPUMEHSTHCS KaK Ul CTa0MIIM3aluH 33 JaHHBIX
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
MOBBICUTH TOYHOCTh 00Pa0OTKU U 3HAUUTEIHHO YIYUYIIUTh Ka4eCTBO MOBEPXHOCTH JIETaJICH.

CAY crabunuzauuy Cwibl pe3aHus NpU 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 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. @ynkyuonanvnana cxema CAY cmabunuzayuu cunvt pezanus
npu mouenuu

CAY ¢ynkuuonupyer creayrommMm oOpazom. Ha BXxom cuCTeMBI, K CpaBHUBAIOIIEMY
YCTPOMCTBY mocTymaeT curHayl Us;, KOTOPBI COOTBETCTBYET TPeOyeMOMY 3HAYCHHIO CHJIBI PE3aHUS
B olpesielieHHOM MaciiTabe. Ha BTOpoli BXOJ CpaBHHUBAIOIIETO yCTpOoiCcTBa mocTymnaeT curaain Uy,
BbIpabaTbiBaeMblil TuHaMomeTpudeckuM npeodpaszosarenem I u yecunurenem Y. Takum o6pazom
HanpspkeHne U, TpOmopIoHanbHO pealbHOMY 3HaueHUIo cuiibl pe3anus. Ommboka oU=U,—U,.



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

Kak ynpaBnsembiii 00bekT B CAY Bxoaut nporiecc pe3anusi IIP, KoTopblli POUCXOANT 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,

_ (
+U, =k oU, 71)

HO €ro XapakTEepHCTUKAa HEITWHEHHas THuma
“nacermenus’” (puc. 5.34):

U,=k, U, ecmuu U <dU
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Puc. 7.2. Xapakmepucmuka U,=U ., e =5
ycunumensa-npeoopaszasameins
rae Ky, Tyn — K03 PHUIHUEHT yCHICHHS U TOCTOSIHHAS BPEMEHHU YCUITMTESI-IPeoOpa3oBarTesis;
Umax — HanpsKEHUE HACHIIIICHHUS.
JlBurarenb MOCTOSHHOTO TOKa OMUCHIBaeTcsa ud@epeHnanibHbIM ypaBHEHUEM BTOPOTO
MOpsIIKA:

d’w do
dtzo +T dte +o,=kU,, (

TeT,’IJ M

7.2)

rne Ko, To, Ty - KO3pPUIMEHT mnepenadd, MOCTOSIHHbIE BPEMEHH (JJICKTPOMAarHuTHAs W
MEXaHHUYeCKasi) JIBUTATEIIs.

PenykTop, TEH30METPUYECKUII IUHAMOMETP U O3JCKTPOHHBIH YCHJIMTENb OIKMCBHIBAIOTCS
JUHEWHBIMA  YPaBHEHHSIMH, KOTOPbIE  COOTBETCTBYIOT  OC€3BIHCPLHMOHHBIM  3BCHBSIM  C
k03 durenTamu nepenadn: Ky, Kon, Ky.

OkBuBaneHTHBIe ynpyrue cucteMbl (DY C) Mo COOTBETCTBYIOIIUM OCSM KOODJHHAT MOTYT
ObITh TIpencTaBieHbl AU(B(GEpeHINATPHBIME ~ YPABHEHHSIMH BTOPOTO  MOPS/IKA, Kak  JUIst
OJTHOMACCOBBIX CHCTEM:

2
P :md 5X+ﬁ,@+c OX;

" d2'[2 d (
d d 7.3
Py:m—52y+ﬂﬂ+cy5y; )
dt dt
rae m — wmacca cynmopra; A - KO3(QQHUIHUEHT BS3KOrO TpeHUs (Cuia TpeHUs

IPONOPLMOHATIBHA CKOPOCTH); Cx, Cy — AKECTKOCTH 110 COOTBETCTBYIOLIEH KOOPAUHATE.

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

— P QYP\/ NP (
P =CH’S™™ .

rae  Cp, Xp, Yp, Np — dMmupudeckue KodQQPUIUEHT U MOKa3aTeNu cTeneHu, V — CKOpoCTb
pe3aHusl.

bnok I'C BeIIOMHSET omepalMd B COOTBETCTBHUHM C TIE€OMETPUYECKMMHU COOTHOLICHHSAMHU
MEXy COCTABJIIOLIMMHU CUJIbI PE3aHMS:

(0.6P)°
_ z . _ .
Py_ 2 ' PX_Py.tg(q)-i_n)’ 75)
1+1g°(p+n) -
I7I€ @ — IJIaBHBIMA yroJl B IJIAHE PE3La, 77 — YTOJI CX0J1a CTPYKKH.
C y4eToM NpuBEAECHHBIX BbILIE ypaBHeHUU (7.1-7.5) u cBsA3ell QyHKIIMOHAIBHON CXEMBI 10
puc. 5.30, MaTemaTHueckyro Mozenb Bceil CAY Hazlo NONOJHUTH CAEAYIOIUMH 3aBUCUMOCTSMMU:

(




&J :U3 _Uoc;
S,=wk,;

dox (
S =5, ~ 7.6)
Uoc :@'kbn ky’

Takum oOpa3om, craOuIM3anUs CUJIBl pe3aHuss Ha TpeOyeMOM YypOBHE, KOTOpHI B
orpezeieHHOM MaciuTabe oTBedaeT 3ajaHHOMY HampspkeHuto U; Ha Bxoae CAY, nmpoucxoauT 1o
CYET YNPABJICHMs IPONOJIBHOW monayeid. IIpum TodyeHuM neranu, NPUITYCK KOTOPOM HM3MEHSETCH,
peryJivpoBaHue MOJa4YM JIOJKHO MPOUCXOJUTH TaK, YTOOBI CHJIa PE3aHUs OCTaBaJach MOCTOSIHHON
Ha Bcel anmuHe 00paboTku. Ho xadectBo paboTet CAY IENMKOM 3aBUCUT OT €ro mapameTpoB, a
TaKke OT TMapaMeTPOB TEXHOJIOTHYEeCKOW oOpabateiBaromieii cucreMbl (TOC) roe MMEHHO H
peanusyercss mpouecc TodeHud. [loaToMy BaxkHeiIiedl 3amadeld MpuU MPOCKTHUPOBAHUU CUCTEMBI
ABIIIETCS TIPaBWJIBHBIA BHIOOp €€ MapaMeTpoB, a MPHU SKCITyaTalldd — OIIEHKAa KauyecTBa B
3aBucuMocTH oT napamerpoB TOC, KOTOpbIE B JAHHOM CIy4ae SIBJSIOTCS BO3ZMYILEHUSMU.

3aoanue

1. Ilo wucxogHelM JaHHBIM, B COOTBETCTBUUM C BapuaHToM (Tabin.7.1), mnpoBecTH
MOJICJIMPOBAHUE C IIEJIbIO OMNpeAeNieHUs] KadecTBa mepexoaHoil xapaktepuctuku CAY mo
KOMIUIEKCHOMY TOKa3aTelto (cMoTpu (opmyiry (5.2)) ¥ TOYHOCTH IO OmIHOKEe OP OT CICHYIOIINX
napamerpoB CAY:

1) oT ko3¢ ulMeHTa nepeaadn peaykTopa;

2) oT xkecTkocTH Cx ynpyroi TOC;

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

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

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

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

2. BpiOupas mar M3MEHEHHUs 3aJaHHOTO MapameTpa, HMPOBECTU SKCIIEPUMEHThl Ha BCEM
IUarna3oHe ero U3MEHEHHUs, OIpeleauTb HeoOXoauMble (CM. BbIIIE) JAMHAMHUYECKHE
XapaKTEePUCTHKH U 3alUCaTh PE3YJIbTaThl B COOTBETCTBYIOLINE TAOIHUIIBI.

3. TloctpouTh rpadukKu SKCIEPUMEHTAIBHBIX 3aBUCHUMOCTEH KOMILJIEKCHOTO MOKa3aTels
KayecTBa M OIIMOKM OT YyKazaHHbBIX Bblmle napamerpoB CAY. Omnpenenuts JUHAMUYECKHE
nokazarenu CAY: oTHOCHTENbHOE NIEpEPEryIMPOBAHNE U 3aTyXaHHUE 3a MEPUO/I.

Brumanue! 11ockonbKy UCXOIHBIE JAHHBIE 3aJAI0TCS CIy4YailHO, HE UCKJIFOYAETCSl CUTYyalus,
korna CAY oka3bpIBaeTcsi HEYCTOMUMBOM, TO €CTh COBCEM HE MPUTOJHOW K (DYHKIHOHHUPOBAHUIO.
Coo01eHus 06 3TOM, B TAKOM CIIydae, MOSBISIETCS Ha SKpaHe MOHUTOPA BO BpPeMsI MOJIETTUPOBAHHUS.
Pexomenparuu g pemieHMs  Takol  mpoOiieMbl  —  MEHWCTBOBAaTh B CIEAYIOIICH
MOCJIE0BATEIBHOCTH!

1) wu3MeHsTh mapamerp, B (YHKIIMHA KOTOPOTO aHATU3UpyeTcs auHamudeckoe kadectBo CAY B
JMana3oHe, yKa3aHHOM B 331aHUH;
2) ecnu B pe3yibTaTe BBIMOJHEHMS 1.1 He ymaeTcst obecrnednTh mocTossHCTBO CAY, yMeHbIIATh
kodpduumeHT nepenauu npsmoro kaxHana CAY 3a cyer yMmeHbIIeHUs K0d()(UIUEHTa yCUICHUS
TPAH3UCTOPHOTO (TUPHUCTOPHOTO) TpeoOpa3oBarens. [lomydeHHBII TakuM 00pa30M HOBBIM
KO3(PUIIMEHT 3aHECTH B UCXO/IHBIE JAHHBIE C COOTBETCTBYIOIIMM KOMMEHTaPHUEM.

Tabnuya 71.1. — Hcxoouwvie oanmvle
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% @) kyn kﬂB Tﬂ,C TM,C
0 200 | 30000 | 100 | 1200 | 200 30 | 0001 | O 20 | 0.8 | 0.003 | 0.01
1 180 | 28000 | 90 | 1400 | 180 45 0.002 1 30 | 0.9 0.005 | 0.02
2 160 | 26000 | 70 | 1000 | 160 60 0.003 | 2 40 | 1.0 | 0.007 | 0.03
3 140 | 24000 | 60 800 140 75 0.004 | 3 50 | 1.1 | 0.010 | 0.04
4 120 | 22000 | 50 900 80 80 0.005 | 4 60 | 1.2 | 0.008 | 0.05
5 100 | 20000 | 40 600 100 45 0.006 | 5 70 | 1.3 | 0.009 | 0.01
6 80 23000 | 30 700 110 60 0.007 | 6 80 | 0.7 | 0.006 | 0.02
7 60 25000 | 55 | 1100 | 120 75 | 0.008 | 7 90 | 0.6 | 0.004 | 0.03
8 40 27000 | 65 550 90 30 | 0.002 | 8 100 | 1.5 | 0.003 | 0.04
9 20 29000 | 85 750 130 45 0.004 | 9 110 | 1.8 | 0.005 | 0.05

Cooepicanue npomokona

B npotokose npeacTaBuTh CTpyKTypHYIO cxemy uccienyemoit CAY ¢ HCXOHBIMU JJaHHBIMU,
Konuio uHTepdeica NMpu MOACTUPOBAHUU, TaONHIIBI SKCIEPUMEHTANBHBIX JaHHBIX, TpauKu
COOTBETCTBYIOLIMX 3aBUCUMOCTEMN. BBIBOIBI.

JlaGopaTopHnasi pa6ora Ne 8. UcciieqoBanne BIAUSIHAS acTaTu3Ma Ha KadyecTBo CAY

Llenv pabomui: 1Ipuobpemenue npakmuiecKkux 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
BO3JICIICTBIE B BHUJE CHUTHAllA C TOCTOSHHBIM yckopeHuem. [lpu Takom pexume pabOTHI
acTaTUYeCKas CUCTeMa BTOPOTO MOPSIKa UMEET OLTUOKY, M0 BEJIMYMHE KOTOPOW MOKHO MTPOBOJIUTH
oreHKy kauectBa CAY u mporiecca perynupoBanus. Y CTaHOBHUBIIAscs omMOka actatiuueckoit CAY
MEPBOIO MOPSAJKA B ITOM CiIydae OyJIeT CTPEMUTHCS K OECKOHEUHOCTH.

3aoanue

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

l. YcTraHOBHUTH 3KCHEPUMEHTAIbHO MHHUMAIbHOE 3HAY€HUE NOCTOSAHHOW Bpemenu [IM-
perynsitopa, pu koTopoit CAY Tepsier ycTtolunBOoCTh. ONpenenuTsh AUana3oH W MIar U3MEHEHUs
MOCTOSTHHOM BpEeMEHH T, U TOJITOTOBUTH TA0IHILY SKCTIEPUMEHTAIBHBIX U PACUCTHBIX 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 ¢ [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 | VYcumurens-peoOpazoBatens | Bropas JBurarenn
udpa Kyn \ Ty, mudpa | Ky, pao/cB \ To, ¢




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 PACUYETHBIX JAaHHBIX; Tpa(UKH SKCIEPUMEHTAIBHBIX 3aBUCHMOCTEH.
BriBoasl.

TunoBoi npuMep 3a1aHus

Jladoparopnasi padora Ne 8. UcciienoBaHue BIMSIHUA acTaTu3Ma Ha KadecTBO CAY

Llen» padomui: [Ipuobpemenue npakmuyeckux HAGbIKOE IKCNEPUMEHMATLHO20 ONpeoeneHUs
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
HOSBIISIIOTCS] Ha DKpaHe MOHUTOpA Npu HakaTuu KHonku Help.

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

IIpyu wuccnegoBaHuM BIMSHUA TOCTOSSHHOM BpemeHu [IM-perynsitopa Ha KadyecTBO
pPEryJaupOBaHKs YCTAHOBUTHh CTATUYECKHUI PEKUM U IIPOBECTH CEPUIO DKCIEPUMEHTOB JIs OLEHKH
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. Ixcnepumenmanvhvle u pacuemmuvle OaHHbLE

N | T e CraTndecKkuil 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 HEyCcTOMUYMBA




3aTeM BBLIOMpaeTCs 3aKOH JBUKEHMS C TIOCTOSHHBIM yckopenueM (2 pan/c?). Ha puc.8.1 Ha
n300pakeHUn ocuuuiorpadgoB JuHHEeH 1 0003HAaYeH 3aKOH NBWIKCHMs, KOTOPBIA 3amaeTcs, a
JTuHAEH 2 — (PaKTUYECKUH 3aKOH JBM>KEHUS, BOCIIPOU3BOJUMBIN pabounM OpraHom.

[ Mconenosatue EAMAHUA ACTATH3MA Ha KavecTEo CAY [_ O[]
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Puc.8.1. Hccneoosanue enuanus nocmoannoi epemenu INH-pezynamopa
Ha mounocmos CAY

[Ipy BBINOJHEHUM SKCIIEPUMEHTOB ONPEIENAETCS 3aBUCHMOCTb YCTAaHOBUBILEHCS OLIMOKHU
yepe3 | ¢ mocie Hayana MEpeXOAHOro Iporecca OoT mocTosHHOW T, Bpemenu IIM-perymstopa.
PexomeHyeTcst HAUMHATh SKCIEPUMEHTHI ¢ MAKCUMAaJIbHOM BEJTUYMHBI NOCTOSHHOW BpeMenu [1M1-
perymisTopa, a 3aTeM MOCTENEHHO, COIVIACHO BHIOpAaHHOMY IIary, yMEHbUIaTh €€ A0 BEJIUYHMHbI, IPU
KOTOPOH cucTeMa TepsieT yCTOHUNBOCTb.

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 nocmoannoii épemenu IIH-pezynamopa

VYMeHblIeHHEe NOCTOSHHOW BpeMeHu [IM-perynsTopa 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 8

Ne

w/n Bomnpocs! k 3a4ery

1 OCHOBHBIE TOHSTUS U OTIPEJICTICHUS

2 ConeprxaHue MOHATUM: «CUCTEMA YIPABICHUS», «OOBEKT YIPABICHUN», «yIPABIISIONIUE U
BO3MYIIAIOIINE BO3JEHUCTBUSY», «YIPaBJISIOLINE KOOPIUHATHDY

3 Knaccudukanms cuctem aBTOMEXaHUUECKOTO YIIpaBICHUS

4 [TpuHIMIT pa30MKHYTOTO YIIpaBJICHHS. Y IPABJICHHUE IO BO3MYIIECHHUIO U OTKJIOHEHUIO

5 OcHOBHBIE BUIbl AITOPUTMOB (DYHKIIMOHUPOBAHUS

6 Kiaccudukanms cuctem no xapakrepy nepejaadud CUrHajioB

7 Knaccudukanus cuctem 1o OCHOBHBIM BUJIaM YPaBHEHHM TUHAMUKHU MPOIECCOB
YIIPaBJICHUS

8 MareMaTHdeckoe OIMMCcaHue JUHEHHBIX CHCTEM

9 Maremarnueckoe MojenupoBanue anemMeHToB CAY

10 | Knaccuduxanus snementoB CAY. CraTucTHYECKHAE M 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 CUCTEeMaTHYECKOro yrpasieHusi. OCHOBHBIE MTpaBHiIa MPeoOpa3oBaHus
CTPYKTYPHBIX CX€M: IOCIIe0BAaTEIbHOE COEAMHEHNE 3BEHbEB; AapaIeIbHOE COSMHEHNE
3BEHBEB; 3BEHO, OXBAYEHHOE 00PATHOMN CBSI3BI0; IEPEHOC CyMMATOPa; IIEPEHOC Y3714,
NIEPECTaHOBKA y3JI0B U CYMMAaTOPOB

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

18 | MaTtemarnveckoe MOJICITHPOBAHNE M COCTABJICHUE CTPYKTYPHON CXEMBI

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

20 | AnreGpanyeckue Kpurepun ycrounoct Payca u I'ypBuna

21 | YacrotHble KpuTepuH ycroiunBoctu. [Ipuanmn aprymenrta. Kputepuu ycroitunBoctn
MuxaitnoBa A.B. [loctpoenue obnacteit ycrounocTH. I[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 | Metons! o1ieHKH KadecTBa perynupoBanust 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 CUCTEMBI; C [0 aMILUIUTYJHO-(a30BOH
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 JeTajld 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
BO3MYIIAIONINE BO3JEHCTBUSA», «YIPABISIONINE KOOPAMHATHI)

40 | Kiaccudukaiys cuCTeM aBTOMEXaHUIEeCKOTO YIPaBJICHHUS

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

42 | OCHOBHBIE BUJIbI AITOPUTMOB (DYHKIIMOHUPOBAHUS

43 | Knaccugukaius cucTeM Mo XxapakTepy nepejadyn CUTHaJIOB

44 | Knaccugukanus cucTeM o OCHOBHBIM BHJIaM YpaBHEHUH IMHAMUKH [TPOLIECCOB
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

[IpoBepka

3aJIaHUN "

IIPOXOKIACHUC
HUTOT'OBOI'O TECTA

«3a4YTCHO»

40 u Oosiee 6aJUIOB

«HE 3a4YTCHO»

meHee 40 daiuioB




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/n 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 .
HAYYHOI
Ne nocooue, yueoHo-
ABTOpBI, COCTABUTEIH 3ariaBue (3aroJ10BOK) I'ox u3panus onobmorexe /
n/n MeTOoAnYEecCKoe mocoomne,
NpAKTREYM, Jp.) HanmeHnoBanue
P » AP BC
1 | JI. U. Bepeuna KoHcTpykinu 1 Hanajka TOKapHbIX CTaHKOB | YueGHoe nmocobue 2017 ZNANIUM.CO

Mll




8.3. Ilepeuenb npodeccHOHAIBHBIX 0a3 TaHHBIX M HHPOPMAIMOHHBIX CHPABOYHBIX
cucTeM

— Web of Science [DnekTpoHHBINH pecypc]| : MyJIbTHAUCIUIUIMHAPHAS pedepaTuBHas 0aza
JTAHHBIX. — Philadelphia: ClarivateAnalitics, 2016- ) — Pexum JOCTYyIa
apps.webofknowledge.com. — 3aru. ¢ skpana. — S3. pyc., aHrd1.

— Scopus [DnekTpoHHbIii pecype] : pebepatuBHas 6a3a manHbix. — Netherlands: Elsevier,

2004— . — PexxumM jocTyma : scopus.com. — 3ariL. ¢ 3kpana. — S13. pyc., aHri.

— Elibrary [2nexTpoHHbIi pecypc]| : HaydHas 3JeKTpoHHas OuOimoreka. — Mocksa : HOB,
2000~ . — Pexxum moctymna : elibrary.ru. — 3arm. ¢ skpana. — 3. pyc., aHrIL

— Springer Link [Dnextponnsiii pecype] : [0a3a mannbix]. — Switzerland: SpringerNature,
1842— . — Pexxum noctyna : link.springer.com. — 3aru. ¢ skpana. — 53. aHri.

— Science Direct [DnekTpoHHBIM pecypc] : KOJUICKIUS DJIEKTPOHHBIX  KHHT
usnarenabcTBa Elsevier. — Netherlands: Elsevier, 2018— . — Pexxum moctyna : sciencedirect.com. —

3ari. ¢ sKpana. — 3. aHri.

8.4. [lepeuenb nporpaMMHOro odecrneyeHust

Ne Hanmenosanme IO PexkBU3HUTHI norongpa
n/n (1ata, HOMep, CPOK JAeHCTBUS)
1 | Windows Horosop Ne 690 ot 19.05.2015 1.,
CPOK JICUCTBUS — 0€CCPOYHO
2 | Office Standard Jorosop Ne 727 ot 20.07.2016 t.,
CPOK JICUCTBHUS — 0€CCPOYHO
3 | Kommac-3D Horosop 652/2014 ot 07.07.2014r., cpox
JEUCTBUS - OECCPOUHO
4 | MathCAD Akt 1/m ot 21.07.09 (I'oc. Kontpakr 487
ot 28.05.09) beccpounas




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

HanmeHnoBanune 000py10BaAHHBIX YUeOHBIX
Ka0OMHETOB, J1a00PATOPHUIi, MACTEPCKHUX H

Ne ApP. 00bEKTOB /ISl IPOBEAEeHUS
N IlepeyeHb OCHOBHOIO 000PY10BAHMS
n/n | NPaKTU4YeCKUX U JJa00OPaATOPHBIX 3aHATHH,
MOMeIEeHHU 1JIs1 CAMOCTOATEIbHOMI

padoThl o0yyarommxcst (HoMep ayAuTOPUM)

Aynuropus BeOKOH(pEpECHIIHUH. DKpaH TEJICBU3UOHHBIN, IUPMBI,

YueOHast ayautopus AJ1  TPOBEACHUS | MPOXKEKTOP Ha LITaTUBE. CTOJI

3aHIATHIA ~ JICKIIMOHHOTO  TWMAa. YueOHas | MpernoaaBaTeIbCKui, CTYJbs

ayIUTOpUsl I TNPOBEACHUS  3aHATHUH | IPENoJaBaTEIbCKUE. , Tpancnapant-

CEMHUHAPCKOTO TUTIA. YUueOHast ayIUuTOpHUs IS | IEPETSHKKA, CHCTEMHBIH OJIOK .
1 | KYPCOBOTO  MPOEKTHPOBAHUS (BBITIOJIHEHUS

KypCOBBbIX paboT). YueOHas ayautopus JUis

MIPOBEICHUS TPYIIOBBIX U MHAUBUAYAIbHBIX

KOHCYJIbTallMil ~ Y4eOHass ayauTopusi s

MIPOBEICHUS 3aHATUN TEKYIIEro KOHTPOJIS U

npomexxyrouHoi arrecrarmu. (YJIK-807)

[Tomemenue st caMocTosTENbHON paboThl | CTONBI Y4EHHUYECKHUE, CTYJIbs
2 crynerros (I'-401) yuenundeckue, [IK ¢ Beixomom B ceThb

WNHuTtepHer




