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

b1.0.28

(uHOexc OucyuniuHot)

PABOYASA ITPOI'PAMMA JIUCHUIIJIMHBI

TEOPUA ABTOMATHYECKOI'O YIIPABJIEHUA

(Haumenosanue OUCYUNIUHbL)

110 HAIIpaBJICHUTIO ITOATOTOBKHU

15.03.05 KOHCTPYKTOPCKO-TEXHOJIOTMUECKOE 00ECIIeYeHHE MAILITMHOCTPOUTEILHBIX IPOU3BOJICTB

HaIpaBICHHOCTH (TIPodHIIb)

TexHonorus MAaIllTMHOCTPOCHUA

®opma o0ydeHUs: 3a09HAsT
I'ox mabopa: 2020
O6mmas Tpynoemkocts: 4 3E

Pacnpeue.ﬂeﬂue YaC0B JUCHHUIIMHBI IO CEMECTPpaM

Cemectp 8

dopma KOHTPOJIsA 3a4er Hroro
Bun 3ansiTuit
Jlextum 8 8
JlaGopaTopHble 4 4
[TpakTnueckue 4 4
PykoBOJICTBO: KypcoBbie paboThI (ipoekTsi) / PI'P
[TpoMexxyTouHast aTTeCcTalus 0,25 0,25
KonraktHas pabota 16,25 16,25
CamocrosTenbHas paboTta 124 124
Kontposb 3,75 3,75
Hroro 144 144




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

(OondxcHocmy, yuernoe 36anue, cmenensb, Pamunus 1.0.)

(Oondicnocmy, yueroe 36anue, cmenetsb, @amunus U.0.)

PenenzupoBanue paboueii mporpaMMbl TUCHUTUIMHBL:

OtcyTcTBYET

Peniensent

(Oondicnocmy, yueroe 36anue, cmenetsb, Qamunus U.0.)

PaGouas mporpamma aucuumiinHel coctaBieHa Ha ocHoBaHuu ®I'OC BO u yyeOHoro miana
HaIpaBJICHUs TOATOTOBKU
15.03.05 KoHCTPYKTOPCKO-TEXHOJOTHYECKOE 00eCcIIeUeHE MAIIMHOCTPOUTENLHEIX IPOU3BOJICTB

Cpok neiicTBUs padoueii mMporpaMMsbl AUCHHUILIMHBI 10 «21» nexadops 2025 r.

YTBEPXIEHO

Ha 3acepanuu kadenpsi
«O0opynoBaHue U TEXHOJIOTUU MAIIMHOCTPOUTEIHLHOTO MMPOU3BOICTBA»

(mpotokomn 3acenanus 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 paanquﬁ (bHSH“IGCKOfI Ipupoabl IMPUMCHHUTCIBHO K
MPONU3BOACTBCHHBIM U TCXHOJIOTUYCCKUM IIPOLICCCaAM.

2. Mecto nucuumiuabl B ctpykrype OIIOITI BO

HI/ICHI/IHHI/IHBI U IpaKTUKH, Ha OCBOCHHH KOTOPBIX 6a3preTC}I JaHHass AUCHUIIIIMHA:
«BrIcmias MareéMaTuka», «OCHOBBI TEXHOJIOTUH MAalIMHOCTPOCHUS», ((MeTaJIJIOPG)KYH_II/Ie CTaHKN,

Ocuosnl CAIIP».

HI/ICHI/IHHI/IHBI " IpaKTHUKU, JJI1 KOTOPBIX OCBOCHUC HaHHOﬁ JAUCHHUITIIMHBI H606XO,I[I/IMO Kak
MpCaACCTBYIOIICC: «ABTOMaTI/ISI/IpOBaHHOC MPOCKTUPOBAHUEC TCXHOJOIMYCCKUX MPOLCCCOBY»,
«TexHonorus MAalITHHOCTPOCHUS).

3. Il.nanupyembie pe3yJibTaThl 00y4eHUs

dopmupyemble U

I/IH)II/IKaTopr JOCTHIKCHUSA

KOHTpPOJIUpYyeMble . I[Inanupyemble pe3yJbTaThl
Kowll)nengiyunu KOMITET eHiHH pyoﬁyqe}?m{y
(Koa 1 HAMMEHOBaHUE)
(Ko ¥ HAMMEHOBAHUE)

OIIK-3. Cnocoben OIIK-3.1. Hcnonb3yeT | 3HATh:

BHE/IPSTh U OCBaWBAaTh HOPMATHUBHYIO U | - METO/I0JIOTMYECKHE OCHOBBI

HOBOE TEXHOJIOTHYECKOE TEXHOJOTHYECKYIO (YHKITMOHUPOBAHMUS, MOJICTTUPOBAHUS

o0opyoBaHue JIOKYMEHTAIUIO JUISL | M CUHTE€3a CUCTEM aBTOMAaTH4YECKOIO
MIPOCKTUPOBAHUSA u | ynpasnenus (CAY);
COTIPOBOXKICHUS - ocHOBHBIE MeTo bl aHanm3a CAY Bo
MIPOU3BO/ICTBA TEXHUYECKUX | BPEMEHHOM U 4acTOTHOW 00MacTsX,
00BEKTOB, CHCTEM u | cnocoObl cuaTe3a CAY,
IpoIeccCOB B OOJACTH | - TUIOBBIE AKEThI MPUKIATHBIX
MaIIMHOCTPOEHHUS. MporpamMM aHajin3a JUHAMHYECKUX
OIIK-3.2. Ymeer CHUCTEM;
HACTpauBaTh - KHHEMAaTU4YECKYIO CTPYKTYpY U
TEXHOJIOTHYECKOe KOMIIOHOBKY CTaHKOB, CHCTEMBI

o0opynoBaHue HA
MPOU3BOJCTBO HOBOM
HOMEHKJIaTypbl U3/IETTUN B
YCIOBUSIX
MaIIMHOCTPOUTEIHLHOTO
MIPOM3BO/ICTBA.

yIIpaBJICHUS] HMU;
- CpejIcTBa Il KOHTPOJIS,
UCTIBITAHUMN, TUATHOCTUKHU U
AIalITUBHOI'O YIIPaBJICHUA
000py/IOBaHUEM.

YMeTs:

- BBINIOJTHATE aHAJIN3
TEXHOJOTHYECKHUX MPOIIECCOB KaK
00BEKTOB aBTOMATHU3ALUN U
yIIpaBICHHUS;

- COCTaBJIATh CTPYKTYPHBIE CXEMBI, UX
MaTeMaTUYeCKUe MOJICIU KaK
00BEKTOB YIIPaBJICHHUS;

- UCIIOJIb30BaTh 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 YIIPaBJICHHUS,

- 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
IPOAYKIHMH U yIIPaBJICHUS UMH;

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

- HaBbIKAMU O(OPMIICHHUSI
pE3yJIbTaTOB UCCIIENOBAaHUN U
IIPUHATUS PELICHUM.

OIIK-7. Cnocoben
y4acTBOBaTh B pa3pabOTKe
TEXHUYECKOM
JIOKYMEHTAIINH,
CBSI3aHHOM C
npoQeCcCHOHAIBHON
JIeSITeIbHOCTHIO

OIIK-7.1.Mcnons3yer
TEXHUYECKYIO "
CIPAaBOYHYIO  JIUTEpATypy,
HOPMATHUBHBIE JOKYMEHTHI
npu BBINIOJIHEHUN
HCCIIEIOBATEIBLCKONW PabOTHI
B oOnactu
MAaIIMHOCTPOESHHS.
OIIK-7.2. Pa3pabatbiBaet
KOHCTPYKTOPCKO-
TEXHOJIOTUYECKYIO
TOKYMEHTAIHIO TIPH
TEXHOJIOTUYECKOM
MOJITOTOBKE MTPOM3BOJICTBA.

3HaTh:

- METOJIBI M CPEJICTBA
FCOMETPHYECKOI0 MOJICTTHPOBAHUS
TEXHHYECKUX OOBEKTOB;

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

- o0u1re TpeOoBaHuUs K
ABTOMATHU3MPOBAHHBIM CHCTEMaM
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
TEXHOJIOTUH TIepeadu 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 . CemecTtp Baanbl | UHTepakTuB, 4. | (HAHUMEHOBaHHUE
(pa3neu) (yueoHoOii padoThI) 4,
padoThI OLICHOYHOI'0
cpeacTBa)
Monyib 1. Jlek. 1.1. OcHOBHBIE TOHATHS U ONPEICIICHHUSI. 8 1 - 2 Bomnpocs! k 3auety
bazoBbie CymHOCTh MpoOIeMBbI aBTOMATHYECKOTO
XapaKTePUCTUKU yIpaBICHUS.
CUCTEM Cp. 1.1. OcHOBHBIE TOHATHS U ONPEICIICHHUSI. 8 5,4 - - Bormpocs! k 3auery
YIIPaBJICHUS. CymHOCTh mpoOJIEeMBbI aBTOMATHYECKOTO
yIpaBICHUS.
Cp. 1.2. Ocunognsie yctpoiictBa CAP u nx 8 5,4 - - Bormpocs! k 3auery
KiaccuuKalus 1Mo Ha3HAYEHUIO.
Krnaccudukanus aBToMaTHIecKOro
ynpaieHus. MatemaTuueckasi MOAeNb
LIEHTPOOEIKHOTO PETYISITOPA CKOPOCTH
JIBUTATEIS.
Jlab. 1.3. VccnenoBanue BIUSIHUS TTapaMETPOB 8 15 - - OT4YeT B 3JIEKTPOHHOM|
IIEHTPOOEIKHOTO PEryIsITOpa CKOPOCTH Ha BUIE
MPOIIECC PEryIUPOBAHUS.
Cp. 1.3. VccnenoBanue BIUSIHUS TTapaMETPOB 8 5,4 - - Bormpocs! k 3auery
IIEHTPOOEIKHOTO PEryIsITOpa CKOPOCTH Ha
MPOIIECC PEryIUPOBAHUS.
Cp. 1.4.XapakTepuCTUKN EPEXOTHOTO 8 5,4 - - Bomnpocs! k 3auety
npoiiecca. YacTOTHbIE XapaKTEPUCTUKH.
Cp. 1.5.MaremaTn4eckre MOJEIN. 8 6,4 - - Bomnpocsl k 3auery
JIMHeapu3ams MaTeMaTHIYeCKUX MoJeneH
JIao. 1.6. Ompenenenne 4aCTOTHBIX 8 1,5 - - OT4er B 3JIEKTPOHHOM

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. Onpenenenre 4aCTOTHBIX 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 15 - - 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 mpeobpasoBaHust
yTIpaBICHIA. CTPYKTYPHBIX CXEM.
JIab. 2.2. UccnenoBanue ycrotunoctu CAY no 8 1,5 - - 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 banabl | UHTepakTUB, 4. | (HAHMeHOBaHUe
(pa3neu) (yueoHoOii padoThI) 4,
padoThI OLICHOYHOI'0
cpeacTBa)
IIp. 2.6. Uccinenosanue tounoctu CAY B 8 1,5 - - OT4YeT B 3JIEKTPOHHOM|
pEeXUME IBMKEHUS TI0 TAPMOHHYECKOMY BUJIC
3aKOHY.
Cp. 2.6. UcciaenoBanue Tounoctu CAY B 8 6,4 - - Bormpocs! k 3auery
pEeXUME TBMKEHUS 110 TAPMOHHUYECKOMY
3aKOHY.
IIp. 2.7. Onpenenenre XapakTEPUCTHK 8 15 - - OT4YeT B 3JIEKTPOHHOM|
IEKTPOMEXAHUYECKOTO ITPUBO/IA. BUJIC
Cp. 2.7. OnpeneneHue XapakTEPUCTUK 8 6,4 - - Bompock! k 3aueTy
JIEKTPOMEXAHUIECKOTO ITPUBOJIA.
Monyib 3. Jlex 3.1. KoMmekcHas OlieHKa KauecTBa CUCTEM 8 1 - - Bomnpocsl k 3auety
CuHTe3 U aHaIIN3 ¥ 00BEKTOB aBTOMATUYECKOT'O YIIPABJICHUSI.
CHCTEM Cp. 3.1. KommiekcHast OlleHKa Ka4ecTBa CHCTEM 8 6,4 - - Bompocsr k 3auety
ABTOMATHYECKOTO U 00BEKTOB aBTOMATHYECKOT0 YIPABICHHUS.
YIPaBJICHHL. IIp. 3.2. Onpenenenue xapakrepuctuk CAY 8 15 - - OT4YeT B 3JIEKTPOHHOM|
IIPOIOJIbHOM No1auel PU TOUYEHUH. BUJIE
Cp. 3.3. ObecnieueHre HEOOXOAUMOM TOUHOCTH 8 6,4 - - Bomnpocsl k 3auery
CAY. Onenka TouyHoctu CAY.
IIp. 3.4. UccnenoBanue BIUSHUS acTaTU3Ma Ha 8 1,5 - - OTuer B 2JIEKTPOHHOM
kauyectBo CAY. BUC
Cp. 3.4. UccnenoBanue BIMSHUS acTaTH3Ma Ha 8 6,4 - - Bompockr k 3auety
kauectBo CAY.
Cp. 3.5. OCHOBBI CHHTE3a CHCTEM 8 6,4 - - Bompockr k 3auery
aBTOMAaTHYECKOI'0 YIIPABJICHHUSL.
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.

IIpy moaroToBKe K OTBETaM Ha TECTHI 110 TEMAaM Kypca U BBIIOJHEHHWIO TUIIOBBIX 3aJaHUN
CTYACHTY HEOOXOAMMO TIIATEIBHO U3YYUTh MpEAsIaraeMylo JIUTEpaTypy, HOPMATUBHBIEC TIPABOBBIE
aKThl, ydeOHBIN MaTepHall.

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

6. Meronuyeckue yKa3aHus M0 OCBOECHHIO U CIUTIIHHbBI

IIpy wu3ydyeHHMH JUCLMIUIMHBI HEOOXOOUMO H3YYHUTh MaTepuajbl TEM, BBINOJIHUTh
COOTBETCTBYIOLIME TeCThI. [Ipr HEOOXOANMOCTH 3a1aTh BOIPOCHI IIPEMOAABATENIO B HOpyME.

ITocne n3ydeHns Kypca BBIIIOJIHUTh HTOTOBBIN TECT.

Pasmectutp Ha JIMYHON CTpaHMIIE Kypca BBIIOJHEHHBIE 3aJaHUs Ul IPOBEPKHU
IIpenoaaBaTeiieM.



7. OueHOYHBIE CPEACTBA

7.1. IlacnopT OLIEHOYHBIX CPEACTB

Kox koHTpOIMpYyeMoii KOMIIeTeHIM U HaumeHoBanmue
Cemectp
(MM ee 4aCTH) OLICHOYHOI'0 CPEeACTBA
8 OIIK-3 JlabopaTtopHubie paboTer NeNe 1-2
Bonpocs! k ak3ameny Ne 1-15
8 OIIK-3, OIIK-7 JlabopaTtopubie paboTer NoNe 3-4

[Tpaktuyeckue pabotsr NeNe 1-2
Bormpocs! k sx3ameny Ne 16-30

8 OIIK-7 [Tpaktuyeckue padotsr NeNe 3-4
Bormpocs! k sx3ameny Ne 31-50

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

7.2.1. KoMIuiekT 1a00paTopHBIX padoT

(HaumeHoBaHUEe OYEeHOUHO20 cpedcmsa)

Jlaboparopnasi padora Nel. HccienoBaHue BJIMSIHUSI NApPaMeTPOB LEHTPOOEKHOTO
PeryJisiTopa CKOpoCTH Ha Mpouecc peryJupoBaHus.

Ilenv pabomwr: [Ipuobpemenue npakmuyeckux HABbIKOE OIKCHEPUMEHMATLHOU OYEeHKU
npoyecca pe2yiuposanus u yCmouyusol pabomul cucmembvl agmMomMamuiecko20 ynpasieHusl.

Teopemuueckaa uacmao

Uccnenyercst cucrema aBToMaTudeckoro — ympasieHus (puc.l.l), cocrosimas — u3
LEHTPOOEIKHOTO PETYJIATOPAa CKOPOCTH, MOJI3YH 1 KOTOPOro CBsi3aH pblyaraMu 2 ¢ 3aCJIOHKOM 3
nojgaun pabodell cMecH B TEIJIOBOM aBuratens 4. Perymarop mpuBOOUTCS BO BpalleHHE OT
JIBUTATENIs yepe3 3youaTyro nepeaauy S.

Puc.1.1. Cxema CAY ckopocmuio epauienusn osuzamens

[Ipu pynkmmonupoanuu CAY BpareHue IBHUTaTess yepe3 3y0uaTyro nepeaady nepenaercs
PETYIATOPY CKOPOCTH, IIAPUKUA KOTOPOTO MOJ ACUCTBUEM IEHTPOOEKHOM CHIIBI C OJHON CTOPOHBI
W CUJIBI MPYXHHBI C JIPYrod 3aHUMAOT HEKOTOPOE TOJIOKEHHE, YTO BBI3BIBACT OIPEICICHHOE
OTKPBITHE JIPOCCENIsi U CUCTEMa HAaXOJWUTCA B paBHOBecHH. [Ipu yBeIMUYEHMHM MOMEHTa Harpy3Kd
CKOPOCTb ABHIaTelid YMCHBIIACTCA B COOTBCTCTBHHM C €TO XapaKTepHCTHKOﬁ, YTO BBI3BIBACT
YMEHBIIIEHHE CKOPOCTH BpalleHUs perynaropa. lLleHTpoOexHble CHIBI TaKXKe YMEHbBIIAITCS,
[IAPUKHW OTMYCKAIOTCS U YePe3 PHIYKHYIO CUCTEMY YBEIUYUBAIOT OTKPBITUE APOCCENS. Y BEIMUCHUE
nojayn paboueil cMecH B JBUTATENh BHI30BET YBEIWYCHHE €r0 CKOPOCTH, PAaBHOBECHE BHOBb
BOCCTaHOBUTCS, HO YK€ Ha JIpyroM ypoBHE. SICHO, YTO pa3HOCTb CKOPOCTEH OINpesesnsieT KauecTBO



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

Jns anamm3a CAY  HEOOXOAMMO COCTaBUTh €€ MaTEeMaTHYeCKYyl MoOJenb. AHamu3
IIOKa3bIBAa€T, YTO B CHUCTEMY BXOJAT ABHUraTellb, JpOcCeib IoJauyu pabodel cMmecu, pbhlYakHas
nepegaya u 3youaras nepejaya.

JIBr>keHue nBUratesis NpU OrPaHUYEHUM YYETOM SBJICHUM NEpBOrO MOpPsIKa, T.€. €ro
MHEPIHOHHOCTBIO, MOXET ObITh NpeACTaBICHO AU(QPepeHINATbHBIM YpPaBHEHUEM MEPBOTO
HopsijiKa:

Iod—a)+ﬂoa)+ M, =M,,
dt 1.1)

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

MoOMEHT IBUKEHUS 3aBUCHUT OT OTKPBITHUS IPOCCENs oJauu pabouel cMecu:

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

JpOCCeNsl U MOMEHTOM JIBUTaTelsl.

Ecnu npuHATH nepenaToYHOe OTHOIICHUE PHIYaroB M 3yOUaTOH Iepenadyd paBHBIM €IUHUIIC,
TO, U3 TE€OMETPUYECKHX COOTHOIIEHHUH, MNOJy4MM YypaBHEHHME CBS3U, KOTOpPOE OIpelenserT
3aMKHyTOCTh CAYVY:

b =211— Sinx).
1.3)

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

MOMOIUIbIO0 KOTOPOH BBINOIHSIOTCS TpeOyeMble HCCIIEI0BAaHUSI.

m MonenupoBaHHe PEryaaToOpa CKOPOCTH ABMraTens H=] &3

WCX0AHLIE NAHHBLIE CAY

Macca W3APHKOE, K 025

100

Cuna npyskuner, H
AecTrocTe

MPYsHHEL, H/ Mt I‘I 5

b omeHT HHEpLM

ABWraTens, krima ID"I

.08 PRUUMEHT SABWCHMOCTH
MOMEHTE ABMIETENA OT

OTKPEITHA APOCCENS, I4

Hitira

|4D 3‘ MomeHT Harpysku, Hia

Qcumnnorpad

Mpouecc | MNpogoneHue |

Reset |

¥rNoBas CKOpocTe W, pasfc
OTKPBITHE S3CM0HKM X, hna

Eit |

04 05 06 07 08 09 1
Bpema, ©

\ Commnngs pads
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BpesA, ©

Puc.1.2. Mooenuposanue yuenmpoo6excno2o pecyaimopa cKopocmu

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

Uccnenyemoid cucTeMor SIBIETCS JByXMaccoBasi JMHAMHUYECKas CHUCTEMA, CXemMa 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 COOOI0 KECTOKOCTSMHU C1 M C2 U BA3KUM TpEeHUEM A U Az

C, €2

JV\/_

m, m,

2L
2“12
Flan ar

Puc.2.1. lunamuueckasn cxema 08yxmaccoeoii cucnemol

ypaBHCHI/IC ABWIKCHUS CHUCTCMBI COCTABJIAICTCA 110 U3BCCTHBIM IIPpaBUJIaM TeOpeTquCKOﬁ

MEXaHUKU:
d?x dx, dx dx d
ml?zl"'ﬂ'z(_xl__zj"'cz(xl - X2)= ﬂq(a_d_?j"'cl(x_ Xl)

2
X X
m, d_zz T, (d_z _Ox
dt dt dt
prOH_ICHHaﬂ MaremMaTnuceckasa MOACJIb.

J+C2(X2 ~-%)=0



2
{mls X, + (A, + A )s%, +(C, +¢, )%, = (4, + 4, )sx+(c, +¢, )x
2
m,S“X, + A4,8X, +C,X, = A,SX, +C,X;

rae S=d/dt — oneparop Jlartaca.

I[J'IH HpeI[CTaBJ'IeHI/IH MaTeMaTH‘ICCKOﬁ MOJACIN B ICPEMCHHBIX COCTOAHUA PCHINM Kaxaoe
ypaBHeHHe OTHOCUTCJIBHO HepeMeHHBIX X1 U X2, KOTOpBIe 3alIMCaHbl B CTapH_II/IX HpOI/I3BO[[HBIX
COOTBCTCTBCHHO. HpeO6paSOBaHHaﬂ TaKUM o6pa30M MareMarTnuyeckKasa MoACJab UMECT BU:

X, = s‘l[— ax +ax+s[-a,x + azx]]
x, =s - ayx, +a,x +s[~a,x, +a,x]|

rae koadduimentsl Mogenu: ar = (A2+A1/my, a2 = (C2+C1)/my, a3 = AoaMy, as = Ca/my;

Tenepb MOXHO 3aIliucartb MaTeMaTI/IquKYIO MOJACJIb B HepeMeHHBIX COCTOAHUA, TO CCTh B
BUJIC CUCTEMBI U PepeHIINATbHBIX YPAaBHEHUHN, PEIIEHHBIX OTHOCHTEIBHO MEPBBIX MPOU3BOIHBIX:

Sy, =—a )y, taX+Y,
Sy, =—a,y; +a,X

SYs =—&Y; a3y, + Y,
SYy =—8,Y3 +,X
NmenHo Takasg MOAenb peajr30BaHa B NPUKIAIHOW MpOrpaMMe, MO KOTOPOM MPOBOIATCS
MCCJIEI0BAHUE YACTOTHBIX XapaKTEPUCTHK.
3aoanue
B coorBerctBum ¢ BapumanTtom (Ta6m.2.1) mpoBecTu ucciemnoBanue u HocTpouTh ADYX
crcTeMbl (OJJHO MACCOBOM HMJIM JBYX MacCOBOIA, 110 BBIXOJIAM X1 MJIH X2).
Tabnuya 2.1. Ucxoousie oannvie

[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 npomokona

B npotoxkosne npeactaButh 1e1b padoThl, HEOOXOUMBbIE TEOPETUUECKHE CBEJIEHUS, UICXOIHbIE
JTaHHbIE B COOTBETCTBUM C BapUaHTOM 33JaHHUs, KOMHMIO MHTepdelica ¢ 3aMUChi0 BBITOJHEHHBIX
HKCIEPUMEHTOB U MIOCTPOEHUSMHU, HEOOXOAUMBIMU JJIs1 OTIPEENIEHUS BBIXOIHBIX JaHHBIX; TAOIHIIBI
HKCIEPUMEHTAIBHBIX M pAacYeTHBIX MaHHBIX; Trpaduku skcnepumeHTanbHbBIX ADUX cucrem.
BriBoapbl.

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

Ilenv pabomwi: Ilpuodbpemenue npakmuyeckux HAGbLIKOS OYEHKU YCMOUYUBOCU CUCHEMb]
ABMOMAmMuU4ecKo2o ynpaeieHus.

Teopemuueckas uacmeo

C nomonipro Kputepus ['ypBuila ucciaenoBath Ha yctorunBocTh CAY moBOIOM cymmopTa
METAJIJIOPEKYIIETO CTaHKA, CXEMa KOTOpPOro MokKas3aHa Ha puc. 3.1, a.
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Puc.3.1. Ilpunyunuanvnan (a) u gynkuyuonanvnan (6) cxemsl npugooa

[IpuBoxa coctout u3 ycunurens-tpeoopasosarens (I1I1), aurarens (/1) mocrosHHOTO TOKAa,
peaykropa (P), 3agarouiero norenimometpa (311) u morenuunomerpa odparnoii cesizu (I1OC).

[Ipexxne Bcero HEOOXOAMMO COCTaBUTh MaTeMaTH4yecKyl Mozenb mnoBoja. CoriacHo
OpUHIUITY paboThl, MOBOJX mpenacTaBisieT coboii 3amkHyTyro CAY, ¢dyHKIHMOHaNBHAsS cxema
KoTopoil mpuBereHa Ha puc.3.1, 6. IlycTe BbAENEHHBIE HAa CXEME SJEMEHTHI OINHCHIBAIOTCS
CJICAYIONIMMH NIepeIaTOYHBIMU (PYHKIIUSMHU:

311: W _ u,,(s) —k : U (S) k
TN M W, () =35 () T s11
H: W() (S) — a(s) — ko ; u
U, (s) (T()S +1s P: W _(s) = % =Kk ;
P (s P

IMOC: W, (s) = U,.(s) =K .
’ Y (s)
Tenepb MOXeT ObITh MOCTPOEHA CTPYKTYypHas cXeMa IOBOJAA, B KOTOpPOW (IpU paBeHCTBE
K03 PHUIMEHTOB Tepenavyn 3aaroliero MOTEHIMOMETpa W MOTEHIMOMeTpa 0OpaTHOM CBS3M) JBa
COOTBETCTBYIOLIMX 3JEMEHTa Ha (PYHKUMOHAIBHOM CXeMe 3aMEHSIOTCA OJHUM JIIEMEHTOM C
ko3¢ duirieHToM nepenaun K, Ha CTpyKTypHO# cxeme (puc.3.2).

X S - Us k, |Yo K, a y y‘
i I (T,s+Ds

Puc.3.2. Cmpykmypunas cxema npugooa

Takum oOpazom, mnepenaToyHas (QYHKLIHS 3aMKHYTOM CHCTEMbI TIOCJIE HECIO0XKHBIX
anredpandyeckux Mpeodpa3oBaHuil MPUOOPETAET BU:

K
W (S) = 0 ’
(T,s+D)(T,s+Ds+k,
rae Ko — kod(h¢uIMEeHT nepenadyd CUCTEMBI, PaBHBIA TNPOU3BEACHUIO KO3()(UIIMEHTOB

nepeaayn BCCX 3BCHBLEB KaHajla IMPSAMOIoO ﬂeﬁCTBHﬂ. I/ITaK, CUCTEMA MMECT XapaKTCPUCTHYCCKOC
YpaBHCHUEC 3-F0 nopsaaka:
T, Tos®+ (T, + Ty) s>+ s + ko= 0.
CocraBum nerepMHHAHT ['ypBHIla U HAlJEM YCIIOBUSL YCTOMYHUBOCTH.
T,+T, K, 0
r=T1T, 1 0|
0 T,+T, k
Anammnz yC.IIOBHfI yCTOfI‘-IHBOCTPI 0 KPpUTCPHUIO prBI/II_Ia IIOKa3bIBACT, 4YTO €AHMHCTBCHHBIM
YCJIOBUEM SABJIACTCA IO3UTHBHOCTH BTOPOTO ACTECPMHHAHTA, ITOCKOJIBKY ao=TyTa, 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:

L + 1 > K,. 31

y 0 . )
BrimonHeHue 3Toro ycinoBusi 00s3aTeabHO, MOITOMY Ha NpPAaKTHKE Bapuanued, 1moadopom
napaMeTpoB TpuBoga crTpemsrcs obOecrmeuuth (3.1). Ilpu sTom Hambonee ymoOHO H3MEHSTH
napametpel Ko u T, — oOmuii ko3hdUIMEHT mepenayd NPUBOJA M TOCTOSHHYIO BpPEMEHH
ycunurtens-peodpasoparens. B mo0oM ciydae 3HAaYeHHs BapHalUi 3TUX MapaMeTPOB JOJDKHBI

nexath B obmactu D, moctpoeHHo# coritacHo ycnoButo (3.1) (puc. 3.3).

ko A
obnacme
HeyCmoudusblx
3HAYeHUll
Ko1 —o 1/T()
__________ obnacmy
VCMOUYUBHIX 3HAYECHUL >
0 T, T,

Puc.3.3. Obnacms ycmouiuugvlx 3HaueHuil

3aoanue

1. [To MCXOAHBIM JAHHBIM, B COOTBETCTBUHU C BapuaHTOM (Tabi.3.1l), MOCTpOUTH quarpammy
YCTOMYMBOCTU CHUCTEMBI IO KpHUTepuio ycroduuBoctu ['ypBuma (cM. puc.3.3). Omnpenenutsb
MaKCHUMaJIbHO BO3MOXHOE 3HaueHHe Ko3(dduimeHTa mnepenayn ycuIMTEIsS-NpeodOpazoBaTes U
MOJITOTOBUTH TAOIIUITy SKCTIEPUMEHTAIBHBIX TaHHBIX.

2. Wcnonp3ys MPUKIAAHYIO TPOrpaMMy, MPOBECTU CEPUI0 IKCIIEPUMEHTOB U PE3yIbTaThl
3amucaTh B TaOJIHILY.

3. ITo pe3ynbraTam SKCIIEPUMEHTOB MOCTPOUTH IKCIIEPUMEHTATBHBINA Tpa@uK 3aBUCUMOCTH U
MIPOBECTHU €T0 aHAIIN3.

Tabnuya 3.1. Ucxoousie oannvie

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

Cooeprcanue npomokona
B mpotokone mpeactaButh CTpykTypHyto cxemy CAY, amarpaMmy KauecTBa, TaOIHILy
AKCIIEPUMEHTAIbHO-PACUETHBIX JAHHBIX, TpapuK 3aBUCUMOCTH KOMILIEKCHOTO TIOKa3aTels



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(t) aMl  k k y(j)

Yy 0

Ts+1 (T,s+1)s

k

6n

\ 4
A\ 4

K, e

oc

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 OIpeaAcCIinTb MAaKCUMAJIbHO
JonycTuMoe 3HaudeHue koddduimenta K, mepemaum ycuiauTeNns-mpeoOpa3oBatelns, MOJIb3YACH
dopmymoit (3.1) ¢ y4eromM 3aBHCHMOCTH I ONpeleieHus obmiero koddduimenra mepemnadn
MOCIIe0BATENbHO COETUHEHHBIX 3BeHbeB CAY:

k, =k k

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

k, k

oc “en'

0

3aoanue

1. Ilo wucXomHBIM JaHHBIM, B COOTBETCTBMM C BapuaHTtoMm (Tabm.4.1l), paccuuTath
MaKCHUMaJbHO JONMYCTHUMBIH KO3 duimeHnt Ky, Tmepemadn yCHIUTENsA-peoOpazoBarens, Hu
MOJATOTOBUTH TAOIHILY SKCIIEPUMEHTANIbHBIX TAHHBIX.

2. Wcmonb3ys MPUKIAJHYIO TPOrpaMMy, BBIOpATh TUANA30H M IIar H3MEHEHHSI YacCTOTHI
BXOJIHOTO curHana. [IpoBecTH cepuio HKCIEPUMEHTOB (A KaXXAOro 3HAYeHUS KOdPQUIleHTa
niepeIavn ), 3aIUChIBasi PE3YJIbTAThl B TAOJUILY, & 3aT€M MOCTPOUTH TpadUKH IKCIIEPUMEHTATBLHBIX
3aBUCHUMOCTEM.

Tabnuya 4.1. Hcxoownsie oanmbvie

IlepBas Ko, Bropas | Han,

unltjbpa Tom, € pao/cB Toc umf))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
koa(dduimenTa nepenavn yCHWIMTENA-IpeoOpa3oBaresis, TaONHIy SKCIICPUMEHTAIBHBIX JTaHHBIX,
KONHMI0O uHTepdeiica NpUKIAIHOW NpPOrpaMMbl I KaKOro-TMOO SKCHepuMeHTa, rpaduku
IKCIEPUMEHTAIBHBIX 3aBUCUMOCTEH. BBIBOIBI.

IIpakTuyeckass padora Ne 1. OmnpeneeHne XapaKTePUCTHK JJIEKTPOMEXaHUYECKOT0
NMPUBOAA

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

Teopemuueckasn yacmeo

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 InekmpomexanuuecKkoil cucmemol

YPaBHeHI/IH JABHIKCHHUA IOBUIATCIIA IIOCTOAHHOI'O TOKa IIpU HpCHe6pC)KeHI/II/I SABJICHUAMU
BTOPOT'O IMMOpAAKa UMCCT BU:

th)suz . (
M dsue I osue dt + M 1 51)

e Mosue, I osuz, £206u> — MOMEHT JIBUJKEHHUSI, MOMEHT MHEPLUHU POTOpPA U YIJIOBasi CKOPOCTh
nBurarensi, M1 — MOMEHT Harpy3ku Ha Baiy jasurarens. C Ipyroid CTOPOHBI, B COOTBETCTBHU C
AIIEKTPOMEXAHNYECKON XapaKTEPUCTUKON IBUTATEIIS:

M _=kU-kQ (
0 M= Toeue? 52)

rae Ko — k03D (GUIMEHT TPONOPIHOHATBHOCTH MEXAy HampspkeHneM U ¥ MOMEHTOM
IBHKEHHS, Ky — KO3 OHUIIUESHT HAKIIOHA IIEKTPOMEXAaHUIECKON XapaKTePUCTHKH.

PenykTop MoxeT ObITh NpeacTaBieH 0e3bIHEPIIMOHHBIM 3BEHOM:

Q=0 _k

osuz

(
5.3)

rae {2/ — yriioBasi CKOPOCTh BBIXOJJHOTO Bajia PeAyKTOpa, Kyeo — KO3 GHUIUEHT nepeaaym.
B koHeuHOM uTOre, ypaBHEHHE JBUKEHUS Bajla HATPY3KHU:

dQ
1224 40+ ([ Qdt - [Q,dt)+ M =0, (
1 5.4
dt :
rae M, I, (2- mone3Hpld MOMEHT, MOMEHT HWHEPIIMH M YIJIOBas CKOPOCTh Harpysku, [ -
KpYTUJIbHAS JKECTKOCTh, A - KO3(PQHUIMEHT BSI3KOro TpeHus. TakuM oOpa3oMm, ypaBHEHHE CBS3H,
KOTOpOE MTOKAa3bIBAET, HA YTO PACXOyeTCs I0JIe3HAas YacTh MOMEHTA JIBUTATENsl, UMEET BUJL:
M, =k, (] Qdt - [Qdt) (
peo 1
5.5)
[To monydeHHOW MaTeMaTHYECKOH MOJENH, KOTOpas COCTOMT u3 ypaBHeHuit (5.1-5.5),
IIOCTPOEHA CTPYKTYpHAs CXEMa IEKTPOMEXaHNYECKOU cucTemsl (puc.5.2).

dsue” " peo!
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Puc.5.2. Cmpykmypnasa cxema 31eKmpomexaHuiecKoi cucmemol

Ha cxeme ecTh ABa BXxoja: OJWH MO YyIpaBisionieMmy BosnedctBuio U, a BTopoi - mo
Bo3myuieHuto M. He cmoTpst Ha TO, yTOo MmO HMCXOoAHOW cxeme (cM. puc.5.l1) cucrema Kaxercs
pPa30OMKHYTOH, Ha caMOM Jelie OHa 3aMKHyTa ¢ OOpaTHBIMH MOTOKaMu curHaioB. [lo
pa3paboTaHHOW MAaTeMaTU4YECKOW MOJENN 3JIEKTPOMEXaHUYECKOT0 IOBOJA MOYKHO IPOBOAMTH
[IpeABapUTEIIbHBIE HCCIEIOBAHUS C LEIbI0 OMNPENEICHUS XApaKTEPUCTUK, OLEHKH KadyecTBa U
BbIOOpAa HEKOTOpBIX €ro mapaMerpoB. Takoil 3Tanm IpeaBapUTEIbHOrO NPOEKTUPOBAHUS BCEra
JOJKEH MPUCYTCTBOBATH MPHU Pa3pabOTKEe CHCTEM U OOBEKTOB aBTOMATHUYECKOIO YIpPAaBIEHUS U
ABJIIETCS YPE3BBIYAITHO Ba)KHBIM, TaK KaK MMEHHO 3J/IeChb OINPEIEIsAIOTCS OO0IIMEe HaIlpaBlICHUs
YIOBJIETBOPEHUS TPEOOBAHUAM TEXHUUECKOTO 3aJaHUsI U YIYUIICHHUS XapaKTePUCTUK CUCTEMBI.

Hampumep, u3BecTHO, UTO MEPEAATOUHOE OTHOIIEHHUE PENYKTOpa CYLIECTBEHHO BIIMSAET Ha
JUHAMHUYECKHE XapaKTePUCTUKH DJIEKTPOMEXaHUYEeCKOro mnpuBoaa. OLeHKa NepexoaHbIX
XapaKTEPUCTHK CHCTEMBI, NPEICTABICHHON pa3pab0TaHHOW MaTeMaTH4YEeCKOH MOJENbIo, TpU
pa3HbIX 3HaYCHUIX KOAPUIIMEHTa Nepeiadll peAyKTOpa MO3BOJISIET PEIIUTh TaKyIO 331a4y.

3aoanue

1. ITo ucxoHBIM JAaHHBIM, B COOTBETCTBUH C BapuaHTOM (Ta0:1.5.1), onpenenuTb cTaTH4ecKue
XapaKTEPUCTUKU DJIEKTPOMEXAHUYECKOr0 IMOBOJA JJI1 Pa3HbIX 3HAYEHUM HANpsKeHWs] MUTaHUS
JBUTATENsl M TIOCTPOUTH COOTBETCTBYIOIME TIpaduku. (/lMama3oH W3MEHEHHUs HaNpsLKEHUs
OIpEAEIISAET IPENOAABATEND).

2. IIpoBecTu ceprio 3KCIEPUMEHTOB 110 MOJECIUPOBAHUIO MEPEXOJHON XapaKTEPUCTUKH MPU
pa3HbIX 3HaueHUIX Koddduimenta K, mepeaadn penykropa, BEIIOIHUTh HEOOXOAUMbIC U3MEPEHHS,
paccunTaTh KOMIUJIEKCHBIM TOKa3aTellb A U IOCTPOUTH COOTBETCTBYIOLIMN rpaduk s
OIPE/ICNICHUs] ONITUMAILHOTO MO OBICTPOACHCTBIIO KO duIreHTa K.

Tabnuya 5.1 HUcxoomnsie Oarnmbvie

[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

Cooepotcanue npomoxona



B mporokose npencTaBUTh CTPYKTYPHYIO CXeMY 3JIEKTPOMEXaHMUECKOW CHCTEMBbI, TaOJIUIIbI
9KCIIEPUMEHTAIBHBIX JaHHBIX, COOTBETCTBYIOLIUE IPA(PUKU CTATUUECKUX XapaKTEPUCTHK U rpauk
3aBHCUMOCTH KOMIUIEKCHOTO IOKa3aTelsl JTWHAMUYECKOrO KadecTBa OT KOd(p(UIMEeHTa mepenadn
penykTopa, KOmWi0 uHTep(delica NPUKIAAHOW MpPOrpaMmbl C MEPEXOIHBIM MPOLECCOM MpHU
ONTUMAJILHOM IO OBICTPOJCHCTBHIO 3HAYEHNH K03 (DUITEeHTa TIepeiaun peayKTopa. BeIBOIbI.

IIpakTnyeckass padora Ne 2. OmpeaeneHue XapaKTePUCTHK THAPOMEXaHUYECKOIo
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 THUAPABIMYECKOTO MHMIMHIApAa |, INTOK KOTOPOTO CBs3aH C
CyHIopToM 2 (Harpy3Koi) MEXaHH4eCKOW CBS3BIO C JKECTKOCThIO ¢. CymmopT mepeaBHraercs Mo
HAMpaBJIAIONUM 3, KOTOPBIE XapaKTepU3YIOTCd KOA(PPHUIMEHTOM BS3KOTO TpeHUs A, a CKOpOCTb
perynupyercsi ruapaBindeckuMm apoccenem 4. Takum oOpazoM, cucremMa MMEET YIPaBIISIOIIUHA
BXOJ (OTKpBITHE X JAPOCCEIs) U BO3MYIIEHHWE — CHIIY Moje3HoN Harpy3ku F. Llenwio ynpaBnenus
SIBJISICTCS TIEPEMEILICHHE CYNIIOPTa ¢ 3aaHHoi ckopocThio dy/dt mo koopauHare Y.
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Puc.6.1. I'uopomexanuueckas cucmema

JIBukeHue cynmopTa MOXET ObIThb onucaHo Jud@epeHlIHaIbHbIM YpPaBHEHHEM BTOPOTO
HOpsIIKa:
2

y , ,dy _ (
dtz +ﬂa+C(y—yl)—F, 6.1)

Tae M — Macca CYHHOpTa; /1 - KOB(l)(i)PILII/IGHT BS3KOI'O TpeHI/I}I; y — HepeMemeHI/Ie MacCcChI, F —
[10JIE3HAs HATPY3Ka.

FI/II[paBJ'II/I‘ICCKI/Iﬁ I_II/IJ'II/IH,I[p C HOJIC3HOI>'I IJ10Ia A0 P l'IOpIJ_IHSI JOJI?KCH 6BITL Hpe,Z[CTaBJ'IeH
JByMsI ypaBHEHUSIMHU, KOTOpbIE€ OTBEYAIOT KMHEMAaTUYECKOMY M CHJIOBOMY B030ykieHHto. [lepoe
OIINUCBIBACT ABUXXCHUC 110 pacxoz[y Q Maciia qepe3 I_II/IJII/IHI[pI

_(Q (
.= J.E dt, 6.2)
a BTOpPOC — UBMCHCHUCEC NaBJICHU B IIOJIOCTH!
3 (
=7 6.3)

Pacxon macina yepe3 apoccenb 3aBUCUT OT OTKPBITHUS JAPOCCEIMPYIOLIEH IIeIr U Iepernaja
aBJIICHUS Ha HEH:

6.4)




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

K mMarematiueckoi Moiesin He00X0AMMO MPHOABUTh YPABHCHUE CBS3H:

F =(y. — V). (
=(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 2u0pomexanuiecKkoll Cucmemol

v

Hpoccens Ha BXOJ€ CXEMbl NPEICTaBICH JBYMs TMepedaTOYHbIMU (QYHKIUSMU C
JIMHEApU30BaHHBIMU KOA(PPHUIMEHTAMH TIepeaun Kox — 10 yIpaBisioleMy BO3JACHCTBUIO X U Ky —
no nepenaay AasieHus. [Ipu MogenupoBaHUU CUCTEMBI C TPUMEHEHUEM UYHCJICHHBIX alTOPUTMOB
MOKHO HCIOJIb30BaTh IEPBUYHYIO HEJIMHEHHYI0 3aBUCUMOCTh (6.4). IlocTosiHHBIE BpemMeHU
TepeaTouHol GyHKIMH HAarpy3Ku B COOTBETCTBUH ¢ (6.1) paBustorcs: T12 = m/c, T, = A/c. 3necs,
Kak M JUIsI DJIEKTPOMEXAaHHYECKOTO IOBOJA, MOXXHO KOHCTATHPOBATH 3aMKHYTOCTh CHCTEMBI,
KOTOpasi, TeM He MeHee, He sBisieTcst CAY.

Pa3paboranHass MaremaTuueckas MOJENb IIO3BOJSIET Ha JTale MpeBapUTEbHOTO
POEKTHUPOBAHUS MPOBOANUTH MCCIEIOBAHUS C IENIBIO ONpPEeNICHHs BIUSIHUS MapaMeTpoOB MPUBOJIA
Ha TUIABHOCTH JIBIDKEHHSI, OIICHKH KayecTBa YIPABJICHUS U BO3MOXXHOCTH COTIPOTHUBIICHUS BHEIIHEH
Harpyske M T.I. B 3aBHcHMOCTH OT ’kelaeMoro Auarna3oHa CKOPOCTeH ABMKEHHs pabodyero opraHa
MOYKHO TIPaBMJIBHO BBIOpATh COOTHOIICHHUE: JABJICHUE MUTAHUSA — TEOMETPUYECKHE TapameTphl
JpOCCesl, YTO SIBJISETCS BaXHOM 3ajauel, OT pelieHuss KOTopoil OyayT 3aBUCETh SHEPreTUYECKHe
MOKa3aTeN! MOBOJIa B LIEJIOM.

3aoanue

1. ITo ucX0IHBIM JaHHBIM, B COOTBETCTBHU C BapuaHTOM (Ta0:1.6.1), onpenenuTb craTH4ecKue
XapaKTEePUCTUKH THIPOMEXaHMUYECKOI0 IMPHUBOJA (3aBUCHMOCTh CKOPOCTH pabodero opraHa oT
CHUJTBI TIOJIE3HOW HArpy3KH) JJIsl pa3HbIX 3HAUYCHUH TaBIICHHS MUTAHUS THIPABIUYECKON CHCTEMBI U
HOCTPOUTHh  COOTBETCTBYIOIIMHA rpaduk. (Juama3oH W3MEHEHUs JaBICHHUS  OIpeneseT
IpernojaBaTessb).

2. OmpenenuTh JUHAMUYECKUE MOKa3aTeId THIPOMEXaHMYECKOrO MPHUBOJA: OTHOCUTEIILHOE
nepeperynupoBaHue U 3aTyXaHue 3a IepUo.

Tabnuya 6.1 Ucxoousie oanmvie

[TepBas Kk, Po, P, Bropas c, A, m,
mdpa MM MIlIa cm? mudpa 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 nporokone mnpencraBUTh CTPYKTYPHYIO CXEMY HCCIEIYEMOM CHUCTEMBI C HCXOJIHBIMHU
JaHHBIMU, TaOJHIBl DSKCHEPUMEHTAIBHBIX MJaHHBIX, TpadUKU CTaTHYECKUX XapaKTePUCTHK,
JUHAMHUYECKHE TI0Ka3aTelu KadyecTBa IEPEeXOJHOM XapaKTEePUCTHKU TUJIPOMEXAHUUYECKOTO
MPUBO/JIA.

IIpakTuyeckasi padora Ne 3. Onpenesienue xapaktepuctuk CAY npoaobHoM mogavei
NPH TOYCHUHU

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

Teopemuueckasn yacmeo

Haubonee pacmpoctpaneHHbii B MeTamiooOpadoTke Tun 3amkHyThix CAY — sto CAY,
npelHa3HauYeHHbIe [ aBTOMAaTHMYECKOrO pEryJupoBaHUs Tpollecca pe3aHus  3apaHee
YCTaHOBJICHHBIM 00pa3oM. Takue cucTeMBl MOTYT MPUMEHSTHCS KaK Ul CTa0MIIM3aluH 33 JaHHBIX
BBIXOJHBIX IapaMeTpoOB Ipollecca pe3aHus, TaK M Ui UX H3MEHEHHs B LUKIE OOpabOTKH IO
onpezaeneHHoMy anroputMmy. HaumbGonee nenecooOpasHO HCHOIb30BaHUE TaKUX CUCTEM Ha
3aKJIIOUUTENbHBIX, (DMHUIIHBIX ONEPalUIX TEXHOJIOTHYECKOTO Mpoliecca.

[Tpu mexaHuueckoir 00pabOTKe pe3aHHMEM TOYHOCTb 0OpabOTKH, B OCHOBHOM, OIPEAEIAETCS
ynpyrumu aeopManusMu TEXHOJIOTUYECKOW CHUCTEMBbI, KOTOpBIE, B CBOIO OYEpEeb, 3aBHUCSIT OT
cunbl pe3aHus. [loaromy cucrema aBTOMAaTMuYecKOd CTaOMIM3allMU CWIbl PE3aHUsl Ha 3apaHee
3aJJaHHOM YPOBHE WM IMPOTPAMMHOIO PETYJIHPOBAHHS €€ IO 33aJaHHOMY 3aKOHY IO3BOJISET
MOBBICUTH TOYHOCTh 00PAOOTKHU M 3HAUUTEIBHO yIYUYIIUTh KAUe€CTBO MOBEPXHOCTH JICTANICH.

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 AMHaMoMeTpudeckoro npeoodpaszoaresns JII, KoTopelil yepe3 yCcuiInTeNlb
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 cmaobunuzayuu cunvt pe3anus
npu mouenuu

CAY ¢ynkuuonupyer creayrommMm oOpazom. Ha BXxom cuCTeMBI, K CpaBHUBAIOIIEMY
YCTPOMCTBY mocTymaeT curHail Us;, KOTOPBI COOTBETCTBYET TPeOyeMOMY 3HAYCHHIO CHJIBI PE3aHUS
B olpenielieHHOM MaciiTabe. Ha BTopoii BXOJ CpaBHHUBAIOIIETO YCTPOHCTBA mocTynaeT curaai Uy,
BbIpabaTbiBaeMblil 1uHaMomeTpudeckuM npeodpaszosarenem AN 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 ynpasnsembiii 00bekT B CAY Bxoaut nporiecc pezanusi IIP, KoTopslli POUCXOANT B
3aMKHYTOH TEXHOJIOTHYECKOI 00pabaThIBatOIIeH cUcTeMe.

Marematnueckas wmonaenb CAY  COCTOMT M3 MAaTeMaTHMYECKUX MOJEIEH 3JIEMEHTOB,
COCTAaBIIIOLINX CHCTEMY. Y CHJIHMTENb-IIpeoOpa3oBareb OmnuchiBaeTcs U depeHuanIbHbIM
YpaBHEHHUEM IIEPBOTO MOPSIJIKA,

du,

_ (
+U, =k U, 71)

HO €ro XapakTEepPHCTHKA HEIWHEHHas THIa
“naceimenus’” (puc. 5.34):

U,=k,0U, ecmuu oU<dU

T

yn

Puc. 7.2. Xapakmepucmuka U,=U . ecuu U =28
ycunumensa-npeoopazasamens

rae Ky, Tyn — K03 PHUIHUEHT yCHICHHS U TOCTOSIHHAS BPEMEHHU YCHUITHTEISI-IPeoOpa3oBarTesis;
Umax — HanpsKEHUE HACHIIICHHUS.

JIBUraTens TOCTOSHHOTO TOKAa OMHUCHIBAaeTCA U (EpeHINaTbHBIM ypaBHEHHEM BTOPOTO
nopsiKa:

d’w do
TeTw dtzd +Tw dte + a)o = kOUd’ 72) (

rae Ko, To, Ty - k03pUIMEHT mepenadn, MOCTOSIHHbIE BPEMEHH (JJIEKTPOMArHUTHAs M
MEXaHUYECKasi) JIBUraTeIs.

Penykrop, TeH30MeTpHYECKHl JMHAMOMETP M DJIEKTPOHHBIN YCHUIIUTENb OIUCHIBAIOTCS
JUHEHHBIMU  YpPaBHEHUSIMHM, KOTOPbIE  COOTBETCTBYIOT  O€3bIHEPLMOHHBIM  3BEHBAM C
k03 durenTamu nepeadn: Ky, Kon, Ky.

OxBuBajeHTHbIE ynpyrue cucreMbl (AYC) Mo COOTBETCTBYIOIIMM OCSIM KOOpPAMHAT MOTYT
ObITh TIpencTaBieHbl AuQGEepeHInaTIbHIMA  yPaBHEHUSMU BTOPOTO TOpSAKa, Kak s
0JIHOMAaCCOBBIX CUCTEM:

2
P=m d 52x +/1@+CX§X;
dzt dt (
d’sy , doy 7.3)
P=m—-+A1—=+cCJy,
’ dt’ dt l
rae m — Macca cymmopra; A - KOIPOUIMEHT BSI3KOrOo TpeHHsl (Cuila TpEeHHs

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

[Tpouecc pezanus IIP mMoxeT ObITH MpeICTaBIEH YpaBHEHHUEM, CBSA3bIBAIOIIUM (PaKTUUECKUE
BEJIMYMHBI TO1a4YM Sy ¥ IITyOuHBI Hy pezanus ¢ cocrasistoneii P, cuibl pe3anus:

— P Q YP\/ NP (
P =C,HIS/V™, .

rae  Cp, Xp, Yp, Np — smmupudeckue KodQPUIIMEHT U TMOKa3aTeNn CTeeHu, V — CKOPOCTh
pe3aHusl.

brnox I'C BbINONHSET omepaud B COOTBETCTBHUM C T'€OMETPUYECKUMHU COOTHOLIECHUSMU
MEX/1y COCTaBIISIFOIIIMMHU CUJIbI PE3aHMUS:

(0.6P)
1+t9°(p+1)

I7ie ¢ — TTaBHBIN YTOJ B TUTaHE Pe3lia, 77 — yroJl CX0/a CTPYKKH.
C yderoM INpHBeIEHHBIX BbIIIEe ypaBHEHUH (7.1-7.5) u cBs3el (PyHKIIMOHAIBHOW CXEMBbI O
puc. 5.30, marematuueckyro mojenb Beced CAY Hag0 JOTOMHUTE CIAEAYIOMUME 3aBUCUMOCTSIMH:

(

y =



oJ=U -U_;
S,=wk,;
dox (
H,=H,-&;
Uoc :@l.kz)n .ky;

Takum oOpa3om, crabuIu3anusl CUJIBl pe3aHuss Ha TpeOyeMOM YypOBHE, KOTOpBIH B
orpezieieHHOM MaciuTabe oTBedaeT 3aJlaHHOMY HanpspkeHuto U; Ha Bxoae CAY, nmpoucxomuT 1o
CYET YINPABJICHUs IPONOJIBHOW monayeid. IIpu TodyeHuM neranu, NPUITYCK KOTOPOM HM3MEHSETCH,
peryJivpoBaHHe MOJAaYH JOJKHO MPOUCXOJUTH TaK, YTOOBI CUJIa pPE3aHUs OCTaBajlach MOCTOSHHON
Ha Bcel anmuHe 00pabotku. Ho xadectBo paboTel CAY IENMKOM 3aBUCUT OT €ro mapameTpoB, a
TaKke OT TMapaMeTPOB TEXHOJIOTHYECKOW oOpabateiBaromieii cucreMbl (TOC) roe MMEHHO H
peanusyercss mpouecc TodeHud. [loaroMy BakHeulned 3amadeld Mpu MPOEKTHPOBAHUU CHUCTEMBI
ABIIIETCS TPABWJIBHBIA BHIOOp €€ MapaMeTpoB, a MPHU JKCIIyaTallud — OIIEHKa KayecTBa B
3aBucuMocTH oT napamerpoB TOC, KOTOpbIE B JAHHOM CJly4ae SIBJSIOTCS BO3ZMYILEHUSMHU.

3aoanue

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

1) oT ko3¢ uMeHTa nepeaadn peayKTopa;

2) ot xkecTkocTH Cx ynpyroi TOC;

3) oT ko3¢ ulMeHTa nepeaadn yCUIUTeNs: 0OpaTHOM CBS3U.
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 MapamMeTpa, HMPOBECTU SKCIIEPUMEHTHl Ha BCEM
IUana3oHe ero U3MEHEHHUs, OIpeleauTb HeoOXoauMble (CM. BbIIIE) JAMHAMHUYECKHE
XapaKTEePUCTHKH U 3alUCaTh PE3YJIbTaThl B COOTBETCTBYIOLINE TAOIHUIIBI.

3. Ioctpouth TrpapuKu SKCHEPUMEHTAIBHBIX 3aBUCUMOCTEH KOMIUIEKCHOTO IOKa3aTess
KayecTBa M OMIMOKM OT YyKa3aHHBIX Bbllle mnapamerpoB CAY. OmnpenenuTs AMHAMHYECKHE
nokazarenu CAY: OTHOCHTENBHOE NIEPEPETYINPOBAHNE U 3aTyXaHUE 3a MIEPUOLL.

Brumanue! 11ockonbKy UCXO/IHbIE JAHHBIE 33JJAIOTCS CIy4YailHO, HE UCKIJIIOUAETCsl CUTYyalus,
korga CAY oka3bIBaeTcsl HEYCTOHUMBOM, TO €CTh COBCEM HE NMPHUTOJHON K ()YHKIMOHHPOBAHUIO.
CooOuienust 006 3ToM, B TAKOM cllydae, OSABIISETCS Ha 3KpaHe MOHUTOPA BO BPEMS MO/IETUPOBAHUS.
Pexomenmaumuu  Juis  pemieHUss Takod  mpoOiembl  —  JeicTBoBaTh B ClEAYyIOLIEH
N0CJIEI0BATEIBHOCTH:

1) wu3MeHsATH mapameTp, B (QYHKIIMHM KOTOPOTO aHAIM3MpyeTcs AuHamudeckoe kadectBo CAY B
Juana3oHe, yKa3aHHOM B 33/1aHUU;
2) ecnu B pe3ylbTare BBINOJIHEHUS 1.1 He ymaercs obecrieunth mocTossHCTBO CAY, yMeHbIIaTh
koa¢¢umeHT nepeaaun npsamoro kaHaina CAY 3a cuerT yMmeHbIIEHUS KO3(PUIUEHTa YCHICHUS
TPaH3UCTOPHOTO (TUPHCTOpHOrO) TpeoOpa3oBatens. IllomydyeHHBIH TakuM 00pa3oM HOBBIN
KO?((UIIMEHT 3aHECTH B UCXOHBIE JAHHBIE C COOTBETCTBYIOIIMM KOMMEHTAPHEM.

Tabnuya 71.1. — HUcxoouwvie oannvle
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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.

IIpakTnyeckas padora Ne 4. UccienoBanue BAMAHHUA acTaTu3Ma Ha kadecTBo CAY

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

Teopemuueckasa uacmpo

Uccnenyroress nse CAY: wucxogHas cucreMa ¢ acTaTU3MOM II€pBOTO  MOpPSKa,
npeoOpaszoBanHas (¢ [IM-perynaropom) — cuctema ¢ acTaTU3MOM BTOPOTo nopsijaka. M3BecTHo, 4yTo
JUISL OLEHKM TOYHOCTHU AaCTaTMYECKHUX CHCTEM BTOPOIrO MOpPSAJKAa HCIOJB3YETCS YIpPaBIIAOIIEe
BO3/JICUCTBHE B BHJIE€ CUTHala C IIOCTOSHHBIM YycKopeHueM. Ilpum Takom pexume paboThI
acTaTUyecKas CUCTeMa BTOPOrO MOPSAKAa UMEET OIIMOKY, IO BETMYMHE KOTOPOH MOKHO MPOBOJIUTH
onieHKy kauectBa CAY u mpoliecca peryaupoBaHus. Y cTaHOBHUBIIAsCs omunoOka actatuueckoid 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. IIpoBecTH KCIIEPUMEHTHI NIPU CTATUYECKOM peXHMe padOThl U PacCUUTATh KOMILIEKCHBIN
kputepuii kauectBa CAY c [IU-perynstopom.

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

4. IlpoBecTH SKCHEPUMEHTHI NPU JIBUKEHHHM C IOCTOSIHHBIM YCKOPEHHUEM U OIPEAEIUTH
TOYHOCTH PETYJIUPOBAHMUSL.

5. OGOpabortaTb pe3yibTaThl AKCIEPUMEHTAIBHBIX  HCCIEAOBAaHMM U  MOCTPOUTH
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

IIpakTuyeckasi padora Ne 4. McciienoBanue BJAMSIHUS acTaTu3Ma Ha kadyectBo 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 OpraHoMm.

[ Mconenosatie BAMAHKMA ACTATHIMA 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.
Pexomenayercs HauMHATh YKCIIEPUMEHTHI C MAKCHUMAJIBHOM BEJIUYMHBI ITOCTOSIHHOW BpeMenu [111-
peryssTopa, a 3aTeM MOCTENeHHO, COIJIaCHO BEIOPAaHHOMY IlIary, YMEHBIIATh €€ 10 BEIUYUHbI, IpU
KOTOpOM cucrema TepsieT yCTOWYUBOCTb.

Ha puc.8.1, a mpencraBieH uHTepdeic NPUKIAAHON MporpaMmbl HpU MOJETUPOBAHUU
UCXOJHOMN cucTtemsl (cieBa) u cucteMsl ¢ [IM-perynsTopoM, KOTOPBI HMEET OCTOSTHHYIO BPEMEHU
0,7 c. OmmbKa HCXOIHOH CHCTEMBI, KOTOpasi ycTaHOBHIach yepes 1 ¢, papusercs 13,4°, a ommbka
cucremsl ¢ [TU-perynatopom — 8,1°. Kpome TOro, MosieTMpoBaHue MO3BOISET YOSTUTHCS, UTO IS
UCXO/IHOM CHCTEeMBbl OLIMOKAa C TEYeHHWEM BpEeMEHM yBenuuuBaeTcs, To ecTb Takas CAY He
crocobHa paboTarh B 3a/laHHOM peknMe paboTel. [IpeoOpazoBanHas CAY Oyner moanep:kKuBarh
MOCTOSIHHOE 3HAY€HHE yCTaHOBMBIIEHcCS ommOKu. I'paduku sKcrepuMeHTaIbHBIX 3aBUCHUMOCTEN
OIIMOKH, KOTOpas YCTaHOBMJIACh 4epe3 lc, M KOMIUIEKCHOIO KpuTepusi kauectBa A oT Ty,
IIOCTPOEHHBIE 0 M3JI0KEHHOW METOIMKE, NMpeacTaBieHbl Ha puc.8.2. Tam ke, A1 CpaBHEHUS,
NpSIMOM JIMHUEH, TapaylIeIbHOW OCH a0CIMCC, TOKa3aHO 3HAYE€HHWE KOMILIEKCHOTO KPUTEPHUs IS
UCXOJHON CUCTEMBI.
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om nocmosannou epemenu IH-pecynamopa

YMeHbIlIeHHE NMOCTOSIHHOW BpeMeHu [IM-perynstopa MONOXKUTEIBHO BIMAET HA TOYHOCTh
CHUCTEMBI, HO IIOCJIE HEKOTOPOM BEJIMYMHBI OCTOAHHOW BpeMeHu [IM-perynaropa cucrema tepsiet
YCTOHYHMBOCTh, TO €CTh CTAaHOBHTCS HE CIIOCOOHOW K (yHKIMOHUpOBaHWIO. Takoil ciydait
3aukcupoBaH Ha puc.8.1, 0, Koraa nmocrosiHHas BpeMeHu 1, < 0,1c.

7.3. OueHo4Hble CpeACcTBA IJISA NMPOMEKYTOYHOH ATTECTAUMM IO HUTOraM OCBOEHHS
AUCHHUIJIMHBI

7.3.1. Bonpochl K NpOMeKYTOYHOI aTTecTaluu

Cemectp 8

Ne

w/n Bonpocsl k 3a4eTy

1 OCHOBHBIE TIOHSITHS M ONIPEACIICHUS

2 ConeprkaHue NOHATHUI: «cUCTEMa YIPABIECHUN», «OOBEKT YIPABICHUA», «YIPABISAIOIINE U
BO3MYIIAIOIIME BO3JECHCTBUSA», «YIPABJIAIOIINE KOOPAUHATHI)

3 Krnaccugukanus cucteM aBTOMEXaHUYECKOr0 YIIPABJICHUS

4 [TpuHIMT pa30MKHYTOI'O YIpaBieHUs. YTIpaBJIeHUE 10 BOZMYIIEHUIO U OTKJIOHEHHUIO

S) OcCHOBHbIE BUIbl AJITOPUTMOB (DYHKIIMOHUPOBAHUS

6 Knaccugukanus cucrem 1o xapakrepy rnepejadyu CUrHajloB

7 Krnaccugukanys cuctem 1o 0CHOBHbIM BUJIaM YPaBHEHHH TMHAMUKHU IPOLECCOB
yIIpaBJICHUs

8 MaTemaTuyecKkoe ONMcaHue JMHEHHBIX CUCTEM

9 Maremarnueckoe MoaeupoBanue anemMeHToB CAY

10 | Knaccuduxanus snementoB CAY. CraTucTHYECKHE U TUHAMUYECKHE XapaKTePUCTUKH
JIEMEHTOB

11 | JIuneapusauus HelMHEHHbBIX AU} depeHInanbHbIX YpaBHEHUH TUHAMUYECKUX PEKUMOB
pabotsl anemenToB CAY. CtanaaptHas Gpopma 3anucH 1uddepeHanabHbIX ypaBHEHUN

12 | OcHoBHbIe cBOiicTBa peoOpa3oBanus Jlammaca

13 | XapakTepucCTHKH JHHAMHYCCKUX 3BeHbeB CAY

14 | TlonsTHe 0 AMHAMUYECKOM 3BeHE. XapaKTepUCTUKH JUHAMUYECKOTO 3BE€Ha, IIepeIaTOuHbIe
(YHKIIMH, YaCTOTHBIE XapaKTEPUCTUKH (aMIUTUTYAHbIE U (a30BbI€), JOrapuPMUIECKHE
YaCTOTHBIE XaPaKTEPUCTUKH, BpEMEHHbIE XapAKTEPUCTUKHU (TI€PEXOIHBIE U BECOBBIE)

15 | TunoBble TMHAMUYECKUE 3BEHbS U UX XapaKTEPUCTUKU

16 | CtpykTypHas cxema CUCTEeMaTHUECKOro yrpasieHus. OCHOBHBIC ITpaBHiia MPeoOpa3oBaHuUs
CTPYKTYPHBIX CXEM: TIOCIIC/IOBATEILHOE COSTUHEHUE 3BEHBEB; MApAILICIbHOE COSTMHCHUE
3BEHBEB; 3BEHO, OXBAUEHHOE 00PAaTHOM CBS3bI0; IEPEHOC CyMMATOpa; EPEHOC y3ia,
MePECTAaHOBKA Y3JI0B M CYMMAaTOPOB

17 | Beruucienue neperaTouyHbIX GYHKIUN U YaCTOTHBIX XapaKTEPUCTUK OAHOKOHTYPHOU U
MHOTOKOHTYPHOH pa3oMKkHYTOH cuctemsl. [lepenaTounsie QyHKIMM U yIpaBiIeHHe
3aMKHyTOM CAY. HacTOTHBIE XapaKTEPUCTUKH 3aMKHYTOM CHCTEMBI

18 | MaTtemaTuueckoe MOJICTMPOBAHNE M COCTABJICHUE CTPYKTYPHOU CXEMBI

19 | YcTOoHYMBOCTh CHCTEM aBTOMATHUYECKOTO yrpaBiieHus. [loHsTHE ycTOIUMBOCTH
JIMHEApU30BaHHBIX cucTeM. Heobxo1mmoe 1 T0CTaTOYHOE YCIIOBHE YCTOWYMBOCTH

20 | AnreGpanveckne kpurepun ycrounocTr Payca u I'ypeuina

21 | YacrotHble KpuTepuH ycroitunBoctu. [Ipunuun aprymenrta. Kputepuu ycroitunBoctu
MuxaiinoBa A.B. Iloctpoenne obnacrteit ycroiunBoctu. [lonarue o Jl-pazOuenuun

22 | Kpurepun ycroitunoctu HaiikBucra. AHaIN3 yCTOWYMBOCTH MO JTOTapHU(PMUYECKHM




Bonpocsl k 3auery

n/n
YaCTOTHBIM XapaKTepUCTHKAM

23 | YcTOWYMBOCTh CUCTEM C 3ala3/IbIBAHUEM

24 | MeTonbl OLIeHKHU KadecTBa perynupoBanus CAY

25 | IlonsaTHe o kayecTBe mporecca ynpasieHus. OneHka Ka4ecTBa CUCTEM YIIPABJICHUS B
ycTaHOBUBIIUXCA pexumax. [locrosiHHbIe ommOKK. AcTatndyeckue cucteMbl. TOUHOCTB IpU
rapMOHUYECKOM BO3JICHCTBUHU. Y CTAHOBUBIINECS OIMIMOKY MPU MPOU3BOIBHOM BO3ICHCTBUH,
K02 PUIMEeHTHI OIIMO0K

26 | OueHku KayecTBa epexoHoro nporuecca. OUEHKH KauecTBa Mpoiecca Ipy BO3ACHCTBIH
CTyneH4yaTol pyHKIUU

27 | YacTtoTHbIe METO/BI OLICHKU KauecTBa peryiaupoBanus. OeHKa KauecTBa PeryJIupoBaHus 110
AMIUIUTYJHO-4aCTOTHOM XapaKTEPUCTUKHU 3aMKHYTON CUCTEMBI; 10 BEIIECTBEHHOU
YaCTOTHOM XapaKTEpUCTUKE 3aMKHYTOH CUCTEMBI; C 10 aMIUIUTYJHO-(a30BOH
XapaKTePUCTHKE PA3OMKHYTOH CUCTEMBI; 110 JIOTapu(MUIECKUM YaCTOTHBIM
XapaKTepUCTHKAM

28 | KopHeBble OIIEHKHM KauecTBa PEryJIHMpPOBAHUS

29 | Cunre3 CAY 1o 3aaHHBIM OKa3aTessIM KayecTBa Ipoliecca ynpaBIeHUs

30 | IloBbIeHHE TOYHOCTH B YCTAHOBUBIIMXCS PEKUMaX U 00ECTIEYeHNE YCTOMYUBOCTH U
KayecTBa YIPaBJICHUsI CHHTE3UPYEMBIX CUCTEM 3a CUET U3MEHEHUS TapaMeTPOB CUCTEM U
ITyTEM BBEJICHUS] KOPPEKTUPYIOMINX YCTPOUCTB

31 | CucreMa aBTOMAaTHYeCKOI0 YIIPABICHHsI IPOAOJIBbHOM Mojiauell Ipu TOYEHUU

32 | CucteMa aBTOMAaTHYECKOTO YIPABJICHHS MONEPEYHON oAaYei Mpyu BPpe3HOM NUIH(OBAHUH

33 | CucreMa aBTOMAaTHYECKOIO YIIPABICHUS TOBOPOTOM pabOYero opraHa MpOMBIIIIJIEHHOTO
pobota

34 | CucreMa aBTOMAaTHYECKOTO PEryJIMpOBaHUs pa3Mepa JeTaiu Ha OeClieHTPOBO-
1M OBAILHOM CTAHKE

35 | Cucrema aBTOMAaTHYECKOTO IUCTAHIIMOHHOTO YIIPABICHUS MAHUTYIISITOPOM

36 | CucreMa aBTOMAaTHYECKOI0 YIIPABICHMS I'MJIPABIMYECKUM CYNIIOPTOM TOKAPHOTO CTaHKa

37 | CucteMa aBTOMAaTHYECKOTO YIIPABICHHS T0J1aueil pu pe3epoBaHUH

38 | CucreMa aBTOMAaTHYECKOI0 YIIPABICHMs IPOAOJIBHOM Mojlaueil Ipu CBEpIICeHUU

39 | ConepxaHne TOHSATHIA: «CUCTEMa yIIPABICHU», «OOBEKT YIIPABICHUN», «YIPABISIOMINE U
BO3MYUIAIONIME BO3ACUCTBUSY, «YNPABISIOIINE KOOPIUHATHI

40 | Knaccudukaius cucTeM aBTOMEXaHU4YEeCKOT0 YIpaBJIeHUs

41 | IlpuHIMI pa30MKHYTOTO YIPaBJIeHUs. YTIpaBJIEHUE IO BOZMYIICHHIO U OTKJIOHEHHUIO

42 | OCHOBHBIE BU/Ibl AJITOPUTMOB (D)YHKIIMOHUPOBAHUS

43 | Kinaccudukaiys CUCTeM Mo XapakTepy Mepejadyn CUTHAJIOB

44 | Knaccudukanys cuCcTeM [0 OCHOBHBIM BHJIaM YPaBHEHUH TUHAMUKH MPOIIECCOB
yIpaBJIeHUs

45 | MaremaTtuyeckoe OMCaHNE JIMHEHHBIX CHCTEM

46 | MaremaTrdeckoe MoJieipoBanue 3aeMeHToB CAY

47 | Knaccugukanus snementoB CAY. CraTucTueckrue U JMHAMUYECKUE XapaKTePUCTUKH
HJIEMEHTOB

48 | JIuneapuzaius HEJIMHEHHBIX TU(PEepEeHIATBHBIX YPAaBHEHUN TUHAMHYECKUX PEKIMOB
pabotsl a1emenToB CAY. CrangaptHas popma 3anucu auddepeHnnaibHbIX YpaBHEHUH

49 | ConmeprkaHHe IOHATHI: «CHCTEMA YIIPABICHUSN», «OOBEKT YIPABICHU», KYIPABISAIONIAE H
BO3MYUIAIONIME BO3ACUCTBUSLY, «YNPABISIOIINE KOOPIUHATHI

50

Krnaccudukanus cucteM aBTOMEXaHUYECKOTO YIIPaBIICHUS




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 Hanmenosanue IO PexkBU3UTHI uoroni)pa
n/n (1aTa, HOMep, CPOK JAeHCTBUS)
1 | Windows Jloroop Ne 690 ot 19.05.2015r., cpok gelicTBUs - 6€CCPOIHO
2 | Office Standart Jorosop Ne 727 ot 20.07.2016r., cpok neicTBHs - 0ECCPOYHO
3 | Kommac-3D Jorosop 652/2014 ot 07.07.2014, cpok neiicTBus - 6eCCPOIHO
4 | MathCAD Akt m/m or 21.07.09 (I'oc. Konrpakt 487 ot 28.05.09)
beccpounas




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

HanmeHnoBanune 000py10BaAHHBIX YUeOHBIX
Ka0OMHETOB, JIa00PATOPHUIi, MACTEPCKUX U

Ne Ap. 00bEeKTOB /15 IPOBeIeHUs!
N IlepeyeHb OCHOBHOIO 000PY10BAHMS
n/n | NPaKTU4YeCKUX U JJa00OPaATOPHBIX 3aHATHH,
NMOMELUEeHUH I CAMOCTOATEIbLHOMI

padoThl o0yyarommxcst (HoMep ayAuTOPUM)

Aynutopust BeOKOH(pepeHIINH. OKpaH TEJICBU3UOHHBIN, mupma,

YueOnast  ayautopus i HPOBEACHUS | MPOKEKTOPHI Ha LITaTUBE, CTOJI

3aHSATUN  JICKIMOHHOTO  THMA. Y4eOHas | mpernojiaBaTesibCKui, CTyN

ayIUTOpUsl U1 MPOBEACHHUS  3aHATHU | IPENOJaBaTeIbCKHIA, TpaHCIapaHT-

CEeMHMHAPCKOTo THIA. Y4yeOHas ayAUTOPUS ISl | IEPETIKKA, CHCTEMHBIH OJIOK
1 | KypcoBOro mnpoeKTHUPOBAaHUS (BBIIOJHEHUS

KypCcOBbIX paboT). YueOHas ayautopus Uis

MIPOBEICHUS TPYIIOBBIX U MUHAUBUIYAJIbHBIX

KOHCYJIbTallMi. YdeOHas ayauTopust s

MIPOBEICHUS 3aHATUH TEKYILIEro KOHTPOJS U

npomexxyrouHoi arrecraimu (YJIK-810)

[Tomemenue isi caMOCTOATENbHON padoThl | CTOMBI YUYEHHUYECKHE, CTYJIbA
2 | crynenTos (I'-401) yuennueckue, [IK ¢ Beixomom B cerb

Wurepuer




