denepanbHOE TOCYIaPCTBEHHOE OI0PKETHOE 00pa30BaATENbHOE YUPEKICHUE

BBICIIETO 0Opa30BaHuUs
«TONBATTUHCKUI TOCYAAPCTBEHHBIA YHUBEPCUTET

b1.0.28

(wugp oucyunnunv)

PABOYAS TIPOI'PAMMA JUCHUITJINHBI
TEOPUA ABTOMATHUYECKOI'O YIIPABJIEHUSA

(HaumeHoB8aHUe OUCYUNIUHDBL)

10 HANPaBJICHUIO MOJTOTOBKHU (CIEUATIBHOCTH )

15.03.05 KOHCTPYKTOPCKO-TEXHOJIOTMYECKOE OBECIIEUEHUE
MAIIMHOCTPOUTEJIbHBIX ITPOU3BOJACTB

(K00 u HaumeHoBaHue HanNpPagIeHus N0020MoeKu, cneyuarvhocmu 8 coomseememeuu ¢ ®I'OC BO)

TEXHOJIOI' A MAIIMHOCTPOEHUMA

(HanpasnenHocmy (npoguis))
®dopma o0yueHus: 3a04Has

I'ox mabopa: 2019

PacnpenesneHue 4acoB JUCUUILJIMHBI 110 ceMeCTPAM U BUIaM 3aHATHI (110

yueOHOMY ILIaHY)

KoanuecrBo 3ET 3
Yacos no PYII 108
Buabl KOHTPOJIA HA JK3aMeHbI 3adeTnl Kypcossie Kypcosbie Konrpoasntte
Kypcax NMPOEKTHI padoTsI (Ml;af;):::mﬁ
(hopmbl 00yuenus)
4
NeNe kypca
1 4 5 6 Hroro
3ET no kypcam 4 4
Jlexkuuu 4 8
JlaGopaTopHbie 4 4
MpakTnyeckne 4 4
KonTakTHasi paboTa 16,25 16,25
Cam. pabora 128 124
Kourpoan 3,75 3,75
Hroro 144 144

ToabsarTu, 2019




Pabouas mporpamma coctasiera Ha ocHoBanuu @I'OC BI1IO/®I'OC BO u y4eOHOrO 1mjiaHa HarpaBJIeHUS
IIOATOTOBKH (cmennanbHOCTH) 15.03.05 KOHCTPYKTOPCKO-TEXHOJIOTHUYECKOE oOecnieyeHue

MAIIIMHOCTPOUTCIbHBIX ITPOU3BOJACTB
(K00 U HAUMEHOBAHUEe HANPABIIeHUs: NOO20MOsKU, cneyuarvHocmu 6 coomgemcemeuu ¢ ®I'OC BO)

PeuensnpOBaHne paﬁoqeﬁ nporpaMmmbl THCIHUIIJIMHBI

OtcyrcTBYyeT

Yyebnas (pabouast) mporpamma o00pena Ha 3acenannu kadeapsl OTMII (mpoTokoi 3acenanus
Ne 1 or «31»asrycra 2018 1.).

Penensent
(Oondicnocmo, yuerHoe 36anue, cmeneny) (noonucs) (U.0. @amunus)
« _» 20 1.

Cpoxk neiicTBusl padoueil NporpaMMsbl AMCUMILIMHBI 10 «22» nexadps 2024 r.

HNupopmanus 00 akTyaauzanuu padodeid nporpaMMsbl JUCHUIJIMHBI:

[Tporoxon 3acemanmst kapeapet Ne 1 ot « 30 » aBrycra 2019 r.
[Tporoxon 3acemanmst kapeapet No 1 ot « 31 » aBrycra 2020 r.

[Tpotokoun 3acenanus kagenpsl No 1 ot « 31 » aBrycra 2021 r.

[Tpotokoun 3acenanus kagenpsl No 1 ot « 31 » aBrycra 2022 r.

YTBEPXIAIO

3aBenyrouuii kadeapoit «O60py10BaHNE U TEXHOJIOTMH MallTHHOCTPOUTENHHOIO IPOU3BOJICTBAY
(svinyckarouyell Hanpasiexue (CReyuaibHOCmMy))

«31 » aBrycra 2018r. H.I1O. Jlorunos

JOKYMEHT NOAMNMCAH
ANEKTPOHHOW NOAMUCHIO

CepTtudukat: 01EBFOAE0042AFACBF4C85985C8EOBA090
Bnageneu: JlornHoB Hukonan KOpbesuy
[evctBuTteneH: c 03.11.2022 go 03.11.2023




AHHOTALIUA
AUCHHUILUIUHBI (Y4eOHOro Kypca)
b1.0.28 TEOPUSA ABTOMATHUYECKOI'O YIIPABJIEHUSA

(udp 1 HauMEeHOBaHUE AUCIMILUIUHEI (Y4eOHOTro Kypca))

1. Heap 1 321241 M3y4YeHH sl JUCHHUILIUHBI (Y4eOHOT0 Kypca)

IHenb — ocBoeHHE OOIMMUX MPHUHITUIIOB M CPEJACTB, HEOOXOIUMBIX IS
VOPaBICHUS JIUHAMHUYCCKAMH CHUCTEMaMHU Pa3IUYHOW (PU3MUECKOW MPUPOIBI
MIPUMEHUTENBHO K TPOU3BOJICTBEHHBIM U TEXHOJIOTHYECKUM TIPOLIeCccaMm.

3agaun:

1. 3ydyeHue oO1IUX TPUHIIUIIOB U TEHICHIINI pa3BUTHS CUCTEM yIIPaBICHUS.

2. I3yueHne cOBpEeMEHHBIX TEXHHUECKUX CPEJICTB YIIPABICHHUS.

3. H3ydenne u 0CBOEHHE METOAO0B Pa3padOTKN MaTEMaTHYECKUX MOJICIICH
OT/ICJIbHBIX MOJICUCTEM U UX KOMITBIOTEPHOM IMTPOrpaMMHON peanu3aiuu

2. Mecto nucuunjnnsl (yaedHoro kypca) B ctpykrype OIIOII BO

HNannas gucuuruinHa (y4eOHBIM Kypc) OTHOCHUTCS K JAMCLMIUIMHAM IO BBIOOPY
yueOHoro miana no ®I'OC BO 15.03.05 «KoHCTpyKTOPCKO-TEXHOJIOTHYECKOE
o0ecrnieueHre MalIMHOCTPOUTENBHBIX IPOU3BOICTBY.

JlucumniauHel, y4yeOHbIE KypChl, HA OCBOCHHHM KOTOpBIX Oa3upyercs OaHHas
aucuumimHa  (yueOHbIE  Kypc) —  Beicmias  matemaruka, — CHCTEMBI
aBTOMATHU3UPOBAHHOIO MPOEKTUPOBaHUSA, OCHOBBI TEXHOJOIMH MAIIMHOCTPOCHHUS,
Meramnopexyuue cranku, OcHoBbl CATIP.

JucuuniauHbl, yueOHble KypChl, AJI1 KOTOPBIX HEOOXOAMMBI 3HAHUS, YMEHUS,
HABBIKH, NPHOOPETaeMble B pe3yjIbTaTe W3yUEHHUs AAHHON MUCIUIUIMHBI (Y4eOHOTO
Kypca) —  ABTOMaruszals  TEXHOJOTMYECKHMX  mpoueccoB,  TexHosorus
MAaIIMHOCTPOCHHUS.

3. Ilnanupyemble pe3yJbTaTbhl O0y4YeHHs] MO JAUCHUIIMHE (yueOHOMY
KYpCy), COOTHEeCEeHHbl¢ ¢ IUIAHUPYEMBIMH  pe3yjabTaTaMH  OCBOCHUS
00pa3oBaTeIbHOI MPOrpaMMBblI

dDopmupyeMbie U
KOHTPOJINpYeMble
KOMIIETEHI[HHU
(K01 ¥ HAMMEHOBAHUE)

HNHauKaTopsl 10CTHKEHUS
KOMIIeTeHIMH
(K01 1 HANMEHOBAHUE)

IlnannpyemMble pe3ybTaThl
o0yueHust

OIIK-3. Criocoben
BHE/IPSATh U OCBaUBAaTh
HOBOE TEXHOJIOTHYECKOE
obopynoBaHue

OIIK-3.1. Mcnons3yer
HOPMAaTUBHYIO U
TEXHOJIOTHYCCKYTO
JIOKYMEHTAITUIO IS
MIPOCKTUPOBAHUS U
COTPOBOXKICHUS
MIPOMU3BOJICTBA TEXHUYECKUX
00BEKTOB, CHCTEM U

3HaTh:

- METOJO0JIOTHYCCKHE OCHOBBI

(O YHKITMOHUPOBAHWS, MOJICTUPOBAHUS
U CHHTE3a CUCTEM aBTOMATHYECKOTO
yrpasienus (CAY);

- ocHOBHEBIE MeTo bl aHam3a CAY Bo
BPEMEHHOW W YaCTOTHOM 00JIacTsX,
crioco0On! cuaTe3a CAY;,




®opmupyeMbie U
KOHTPOJINpYyeMble
KOMIEeTeHIHH
(K01 1 HAMMEHOBAHUE)

NHaukaTopsl 10CTHKEHUS
KOMIIeTeHIUi
(K01 1 HAUMEHOBAHUE)

IlnannpyemMble pe3ybTaThl
o0y4eHust

IPOLIECCOB B 001acTH
MAaIIMHOCTPOEHUS.
OIIK-3.2. Ymeer
HACTpanBaTh
TEXHOJIOTHYECKOE
00opyI0BaHKE Ha
IIPOU3BOJICTBO HOBOU
HOMEHKJIATyphl U3J1EIUHN B
YCIIOBUAX
MAaIIMHOCTPOUTEIILHOTO
IIPOU3BOJICTBA.

- TUTIOBBIC MTAKEThI TIPUKIIATHBIX
nporpamMm aHajin3a JUHAMUYICCKHUX
CHCTEM;

- KHHEMATHUYECKYIO CTPYKTYPY U
KOMITOHOBKY CTaHKOB, CUCTEMBI
YIIPaBIICHUS UMH;

- CpeacTBa Uit KOHTPOJIS,
I/ICHLITaHI/If/’I, AUArHOCTUKU U
aJIalITUBHOTO YIIPABJICHHS
000pyTIOBaHUEM.

YMeTs:

- BBIIIOJIHATH aHAJIN3
TEXHOJOTMYECKHX IPOIIECCOB KaK
00BEKTOB aBTOMATU3aLMHU U
yIIpaBJICHUS;

- COCTaBJIATh CTPYKTYPHBIE CXEMBI, UX
MaTeMaTHYECKHE MOJEIH KaK
00BEKTOB YIIpaBJICHHUS;

- UCITOJI30BaTh OCHOBHBIE METO/IbI
MIOCTPOCHUS MAaTEMATHUECKUX
MOJIEJICH MPOLIECCOB, CUCTEM, MX
JJICMEHTOB M CHCTEM YIIPaBJICHHUS,

- paboTaTh ¢ KaKUM-I100 U3
OCHOBHBIX THUIIOB ITPOTPAMMHBIX
CUCTEM, MIpeIHa3HAuYEHHBIX IS
MaTeMaTUYECKOI0 U KIMHTAIIMOHHOTO
mozenupoBarus Mathcad, Matlab.

Bnagers:

- HaBbIKAMHU ITPUMEHEHHUS YIEMEHTOB
aHaJIM3a 3TANoB KU3HEHHOTO 1MKJIA
NPOAYKIMH U yIIPaBJICHUS UMH;

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

- HaBbIKAMU O(OPMIICHHUS
PE3yJIbTaTOB MCCIEN0BAaHUN U
MIPUHATHS PEIICHUI.

OIIK-7. Cnocoben
y4acTBOBATh B pa3pabOTKe
TEXHUUECKOMN
JIOKYMEHTAINH,
CBSI3aHHOM C
npodecCuoHATBHON
JEeSITEIIEHOCTRIO

OIIK-7.1.cnons3yer
TEXHUYIECKYIO
CIPaBOYHYIO JUTEPATYPY,
HOPMATHUBHBIEC JOKYMEHTBI
IIPY BBITTOJIHEHUH
HCCIIEI0BATEIbCKON paboThI
B o0Js1acTH
MAaIIHHOCTPOCHHSI.
OIIK-7.2. Pa3pabarbiBaet
KOHCTPYKTOPCKO-
TEXHOJIOTHYECKYIO

3HaTh:

- METOJIbI M CPEJICTBA
TeOMETPUUECKOTO MOJICTHPOBAHUS
TEXHHYECKUX OOBCKTOB;

- TEHJICHIINH Pa3BUTHS
KOMITBIOTEPHOU rpaduKu, €€ poJib U
3HAUEHUE B HH)KEHEPHBIX CUCTEMAX U
MPUKIIATHBIX TTPOTrpaMMax;

- o0mue TpedoBaHUs K
ABTOMATHU3UPOBAHHBIM CHCTEMaM
MIPOCKTUPOBAHHSI,




®opmupyeMbie U
KOHTPOJINpyeMble
KOMIIETEHIIM U
(K01 1 HAMMEHOBAHUE)

NHaukaTopsl 10CTHKEHUS
KOMIIeTeHIUi
(K01 1 HAUMEHOBAHUE)

IlnannpyemMble pe3ybTaThl
o0y4eHust

JIOKYMEHTAIUIO TIPU
TEXHOJIOTUUECKOU
MOJTOTOBKE MPOW3BOJICTBA.

- OCHOBBI TEXHOJIOTHYECKOTO
peryinupoBaHusl.

VYMmeTs:

- CTPOUTH MAaTEMaTUYECKHE MOJIEITHU
00BEKTOB YIIPaBJICHUS U CUCTEM
ABTOMATHUYECKOTO YIPABJICHUS
(CAY);

- npoBoAuTh aHanu3 CAY, onieHuBaTh
CTaTUCTHYECKHE M TMHAMHYECKHUE
XapaKTePUCTHKHY;

- pacCUuTHIBaTh OCHOBHBIC
KauecTBeHHBIe moka3aTesi CAY,
BBITOJIHATH: aHANIU3 €€ YCTOMYNUBOCTH,
CUHTE3 PEeryssiTopa;

- pa3pabaThIBaTh aIrOPUTMBI
HEHTPAIM30BAHHOTO KOHTPOJIS
KOOPJIMHAT TEXHOJIOTHYECKOTO
00BEKTa;

- paccUUTHIBaTh OAHOKOHTYPHBIC U
MHOTOKOHTYPHBIE CHCTEMBI
ABTOMATUYECKOTO PEryIupOBaHUS
MPUMEHHUTEITFHO K KOHKPETHOMY
TEXHOJOTHYECKOMY OOBEKTY;

- YCIIOJIb30BAaTh OCHOBHEIC
TEXHOJIOTHH MepeIayu HHPOopMaIuu B
cpele JOKaIbHBIX CEeTeH, CETH
Internet.

Bnagers:

- HaBBIKaMU O(POPMIICHUS TPOESKTHOMN
Y KOHCTPYKTOPCKOM JIOKYMEHTAIIUU B
COOTBETCTBHUU C TPeOOBAHUSIMU
ECKI;

- HaBBIKaMU MTOCTPOEHHUS CUCTEM
ABTOMATHUYECKOTO YIPABJICHHS
CHUCTEMaMH U IMpoIeccamu;
HaBBIKAMH aHAJIN3a TEXHOJOTUYECKHUX
MPOLIECCOB KaK 00BEKTa YIPaBICHUS
1 BhIOOpa (DYHKIIMOHAJIBHBIX CXEM HUX
aBTOMaTHU3AIINH.




TemaTnueckoe cogepxanue TUCHUILINHBI (Y4eOHOT0 Kypca)

Paznea,
MOIYJb

IMoapasaen, rema

OCHOBHBIE IIOHATHA TCOPUU
ABTOMATHUYCCKOI'O YIIPaBJICHUA.

OcHoBHBIE TIOHATUSL W omnpeaeneHus. CymHOCTH TPOOIEMBI
aBTOMATHUYECKOTO yIPaBJICHUS

OcHoBuble ycTpoiicTBa CAP wu wux kiaccudpukamus 1o
HazHaueHWto. Kinaccudukanuss aBTOMaTHYECKOTO YIIPABJICHHUS.
Matemaruueckas MOJIeb HEHTPOOEKHOTO PEryisiTopa CKOPOCTH
JIBUTATENS

HccnenoBanve  BIMSHHAS ~ [apaMeTpPOB  LEHTPOOEKHOTO
peryisropa CKOPOCTH Ha IPOLIECC PEryIUpOBaHUSL.

XapaKTepI/ICTI/IKI/I MepexXoaHoro Impouecca. YacToTHbBIC

XapaKTEPUCTUKH.

Marematuueckue Mojaenu. JluHeapuzanusi MaTEeMaTHYECKHUX
mozaeneil. [lepenatounsie GyHKIUN.

Onpez[eneHI/Ie YaCTOTHBIX XaPAKTCPUCTHUK IIO0 aHAJIM3Y BXOJHOI'O
W BBIXOJHOI'O CUT'HAaJla BO BpEMCHHU

TunoBble 3BeHbs EPEIATOYHBIX (PYHKIIHA.

DKCIepUMEHTAITFHOE HCCIIEIOBAHNE XapaKTEPUCTHK 110 (pUTypam
Jluccaxy.

Onpenenenne NepexoIHON YaCTOTHOW XapaKTEPUCTUKHU.

KauecTBeHHBIN H
KOJINYECTBEHHBIN aHaIu3
CHCTEM aBTOMAaTHYECKOTr'0
YIPABIECHUS

OyHKIMOHAIBHBIE WM CTPYKTYpPHBIE  CXEMBI.
peoOpa3oBaHUs CTPYKTYPHBIX CXEM.

[IpaBuna

Uccnenoanue ycroitunBoctu CAY mo kputepuro ['ypuiia.

[IpaBuna nmpeoOpa3zoBaHus CTPYKTYPHBIX CXEM.

[loctpoenne romorpada cucTeMbl U JorapuQpMHUUECKOH
YaCTOTHOW XapaKTEPHUCTUKHU.
Maremarnueckas OIICHKA YCTOWYHBOCTH. 3anaun

YCTOﬁQHBOCTH . 3amac YCTOI‘;I‘{I/IBOCTI/I

UccnenoBanue tounoctu CAY B pexuMe [BHKEHHS IO
rapMOHHYECKOMY 3aKOHY.

OnpeneneHI/Ie XAapPaKTCPUCTHUK IJICKTPOMCXAHUYCCKOTO IIPUBOAA.




Onpenenenne XxapakTePUCTUK THAPOMEXAHUUYECKOTO MTPUBO/IA.

Cunres u aHaJInu3 CHUCTEM
ABTOMAaTHYE€CKOI'O YIIPaBJICHUA.

KommmrexcHas OLICHKa KadecTBa CUCTEM u 00BEKTOB
ABTOMAaTHUYE€CKOI'O YIIPABJICHU.

Omnpenenenue xapakrepuctuk CAY mpononbHON mojade npu
TOUYCHUHU.

ONEKTPOHHBIE  KOHCTPYKLUMOHHBIE  JJIEMEHTBHl  yIPABJICHUS
3JIEKTPONPUBOIAMU

Oo6ecrieuenne HeoOxoqumon Tounoct CAY. Oreska TOYHOCTH
CAY.

Wccnenosanue Bauguus actatu3Ma Ha kauectso CAY.

OCHOBEBI CHHTE3a CHCTEM aBTOMaTHYECKOI'O YIIpaBJICHUA

HccnenoBanmne BausHUA KO3 UIMEHTa TNepeaayn oOpaTHOU
CBA3U Ha TOUHOCTh CAY.

HccnenoBanne  BiaustHUA THOKOW  oOpaTHOW  CBsI3M  Ha
obicTpoaeiictBue CAY.

OO0mas Tpy10eMKOCTh JUCHHUILTUHBI (YueOHoro kypca) — 4 3ET.




5. CprKTypa n CoAcpRaHuEe NTUCINIIJINHBI (y‘lEﬁHOI‘O Kypca) Teopml ABTOMATHUYECCKOI'O VIIpABJICHUSA

(HanMeHOBaHNE AUCITUILTIHEI (yaeOHOTO Kypca))

Kypc n3yuenns 4
®opMbI TEKYLIETO
Monyab Bun . HaumenoBaHue TeM 3aHATHI Oo0bem, KOHTPO.IA
(pa3zen) yueOHoM (yaeBHoii padoTbI) Cemectp . banabl | UHTEepakTuB, 4.| (HAaHMEeHOBaHHe
padoTsbI OLICHOYHOI0
cpeacTsa)
Monyns 1. Jlex. 1.1. OcHOBHBbIE OHATHUS U OIIPEIEICHHUS. 4 1 - 2 Bompocs! k 3ageTy
bazoBbie CymHocTh npobiaeMbl aBTOMATHYECKOTO
XapaKTePUCTUKU yIpaBJIeHUS.
CHCTEM Cp. 1.1. OcHOBHBIEC MOHSATHS U ONPEIACIICHHUS. 4 6,4 - - Bomnpocsl k 3auery
YIPaBJICHHUA. CymHocTh npo01eMbl aBTOMAaTHYECKOTO
yIpaBIeHUS.
Cp. 1.2. OcnoBnsle yctpoiictBa CAP u nx 4 6,4 - - Bomnpocs! k 3aueTy
KJIacCU(pUKaLMs IO Ha3HAYECHHUIO.
Knaccudukaiys aBToMaTu4ecKkoro
ynpasieHusi. MaremaTuueckasi MOJEIb
LEHTPOOEIKHOTO PETYISITOPAa CKOPOCTH
JIBUTATEJIS.
JIab. 1.3. UccnenoBanue BIMSHUS TApaMETPOB 4 1,5 - - OT4er B DIIEKTPOHHOM
HEHTPOOEIKHOTO PEryisiTOpa CKOPOCTH Ha BUJIE
IIPOLIECC PETYIMPOBAHUS.
Cp. 1.3. MccnenoBanue BIMSHUS TApaMETPOB 4 5,4 - - Bompocsl k 3auery
HEHTPOOEIKHOTO PEryisiTOpa CKOPOCTH Ha
IIPOLIECC PETYIMPOBAHUS.
Cp. 1.4.XapakTepuCTUKH IEPEXOTHOTO 4 6,4 - - Bompocsl k 3auery
nporuecca. YacToTHbIE XapaKTEPUCTUKH.
Cp. 1.5.MaTteMaTH4ecKue MOJICIIH. 4 6,4 - - Bompocsr k 3aueTy
JInHeapu3aiysa MaTeMaTHISCKUX MOJIEICH
J1ab. 1.6. OnpeeneHne YaCTOTHBIX 4 1 - - OT4YeT B 2JIEKTPOHHOM
XapaKTEPUCTHUK 10 aHAIU3Y BXOJHOTO U BUJIE
BBIXOJHOT'O CUTHaJja BO BPEMEHH.




®opMbl TEKYILEro

Bun . KOHTPOJIA
Monayas . HaumeHoBaHue TeM 3aHATHIA Oo0bem,
yueOHoit N Cemectp bannel | UHTepakTuB, 4. | (HaHMEHOBaHHE
(paznen) (yueoHoli paGoThI) q,
padoThI OLIEHOYHOI'0
cpeacrsa)
Cp. 1.6. Onpenenenne 4aCTOTHBIX 4 6,4 - - Bompocsl k 3auery
XapaKTePUCTHUK MO aHAIU3Y BXOJIHOTO U
BBIXO/IHOT'O CUTHAJIa BO BPEMCHH.
Cp. 1.7. TunoBsle 3BEHbS EPEAATOUHBIX 4 6,4 - - Bompocs! k 3ageTy
hyHKIHIA.
JIa0. 1.8. Onpenenenue nepexoHON YaCTOTHON 4 15 - - OTuer B 3JIEKTPOHHOM
XapaKTePUCTHKHU. BHJIC
Cp. 1.8. Ompenenenue nepexoHON 4acTOTHOM 4 6,4 - - Bompocsr k 3auety
XapaKTEPUCTHUKHU.
Moy 2. Jlex. 2.1.®yHKIMOHANBHBIE U CTPYKTYPHbIE 4 1 - 2 Bompocs! k 3aueTy
KauecTBeHHBIN U cxemsl. [IpaBuia npeoOpa3zoBaHus
KOJTMYECTBEHHBIH CTPYKTYPHBIX CXEM.
AHAIIN3 CHCTEM | Cp, 2.1.DyHKIMOHAILHBIE U CTPYKTYPHBIE 4 7,4 - - Bormpockl k 3auery
ABTOMAaTHICCKOro cxemsl. [IpaBuna npeobpasoBanus
yIPaBJICHHA. CTPYKTYPHBIX CXEM.
JIao. 2.2. UccnenoBanue ycroitunBoct CAY 1o 4 15 - - OTyYeT B 2JIEKTPOHHOM
kputeputo ['ypBuna. BUJIC
Cp. 2.2. UccnenoBanue ycroitunBoct CAY no 4 6,4 - - Bomnpocs! k 3auery
kputeputo ['ypeuna.
Cp. 2.3. IlpaBuna npeoOpa3zoBaHUs 4 6,4 - - Bomnpocs! k 3auety
CTPYKTYPHBIX CXEM.
Cp. 2.4. Tloctpoenue roporpada CHCTEMBI 1 4 6,4 - - Bomnpocs! k 3auety
norapu(pMUUECKON YaCTOTHOU
XapaKTePUCTHUKHU.
Cp. 2.5.Maremaruyeckas OLleHKa 4 6,4 - - Bompocsr k 3auery

YCTOMYMBOCTHU. 3aJaydl YCTOMUMBOCTH.
3anac yCTOMYMBOCTH.




®opMbl TEKYILEro

Bun . KOHTPOJIA
Moayasb . HaumeHoBaHHe TeM 3aHATHH Oo0bem,
(pasnen) yueOHoit (yueGHoii paGoTsi) Cemectp u. bannel | UHTepakTuB, 4. | (HaHMEHOBaHHE
padoThI OLIEHOYHOI'0
cpeacrsa)
IIp. 2.6. UccnenoBanue Tounoctu CAY B 4 15 - - OTyYeT B 3JIEKTPOHHOM
peKHUME ABMKEHUS 110 TAPMOHUYECKOMY BUJIE
3aKOHY.
Cp. 2.6. UccinenoBanue Tounoctu CAY B 4 6,4 - - Bompocsr k 3auery
peXUMe JBUKEHUS 10 TAPMOHUYECKOMY
3aKOHY.
IIp. 2.7. OnpeneneHnue XxapakTepPUCTUK 4 1,5 - - OT4er B RJIEKTPOHHOM
AJIEKTPOMEXAHUYECKOT0 TPUBO/JIA. BUJIE
Cp. 2.7. OnpeeneHne XxapakTepUCTHK 4 6,4 - - Bompocsr k 3auery
AJIEKTPOMEXAHUYECKOT0 TPUBOJIA.
Monyisb 3. Jlex. 3.1. KoMmnnekcHas olleHKa KauecTBa CUCTEM 4 1 - - Bompocsl k 3auery
CHHTe3 U aHAIN3 1 00BEKTOB aBTOMATHYECKOI'0 VIIPABJICHHUS.
cucreM Cp. 3.1. KoMmnekcHas olleHKa KauecTBa CUCTEM 4 6,4 - - Bompocs! k 3a4ery
@BTOMATHYECKOI'O 1 00BEKTOB aBTOMATHYECKOTO YIIPAaBJICHU .
[yIPABIICHILSL. IIp. 3.2. Onpenenenue xapakrepuctuk CAY 4 1,5 - - OT4er B IIEKTPOHHOM
OPOJOJILHON ITOJa4Yel IPHU TOUYCHHUH. BHJIC
Cp. 3.3. Obecneuenne HeOOXOAMMOM TOUHOCTH 4 6,4 - - Bompocsl k 3auery
CAY. Ouenka TouHoctu CAY.
ITp. 3.4. UccnenoBanue BIMSHMS acTaTU3Ma Ha 4 1,5 - - OT4er B RJIEKTPOHHOM
kagectBo CAY. BHJIE
Cp. 3.4. UccnenoBanue BIMSHMS acTaTU3Ma Ha 4 6,4 - - Bompocsl k 3auery
kauecTBo CAY.
Cp. 3.5. OCHOBBI CUHTE3a CUCTEM 4 6,4 - - Bompocsl k 3auery
ABTOMATUYECKOTO YIIPABJICHHUS.
Jlex 3.6. UccnenoBanue BIUSHUS THOKOM 4 1 - 2 Bomnpocs! k 3aueTy
oOparHo# cBsi3u Ha OblicTponeirictBue CAY.
Cp. 3.6. UccnenoBanue BIUSHUS THOKOM 4 6,4 - - Bompocsr k 3aueTy
oOparHo# cBsi3u Ha ObIcTponeiictBue CAY.
ITA 4 0,25
Kontpoib 4 3,75
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®opMbI TEKYyLIET0

Bu . KOHTPOJIA
Monyab o . HaumeHoBaHue TeM 3aHATHI Oo0bem, P
yueOHoit N Cemectp bannel | UHTepakTuB, 4. | (HaHMEHOBaHHE
(paznen) (yueoHoli paGoThI) q,
padoThI OLIEHOYHOI'0
cpeacrsa)
Hroro: 144
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6. Kputepun 1 HOpMBbI TeKYLIEro KOHTPOJISI U POMEKYTOYHOM aTTeCTAlMHU

@DOopMBI TEKYIIIET0 KOHTPOJIS

YcnoBus JOITYCKa

Kpurtepuu 1 HOpMBbI OIIEHKH

[IpakTuueckas paborta

Brimonsenune
MPaKTUYECKUX PabOT

«3auTeHO»: padOoTa BHINOJHEHA B COOTBETCTBUU C METOINYECKUMU
yKa3aHUsIMH, 0o(popmIieHa IPaMOTHO, CTYACHT TEXHUYECKH MPABUIHLHO
(dbopMyIHpyeT OTBETHI HA PACCMATPUBAEMBIC BOIIPOCHI.

«HE 3a4TeHO» paboTa BBIMIOJIHEHA C OIMOKAaMH, CTYICHT HE HUMEET
IIPEJICTABJICHHS O pacCMaTPHUBAaEMbIX BOIIPOCAx

Pedepar

Hanucanue pedepara

«3auTeHO»: TeMa pedepara MOIHOCThIO PACKPHITa, OhopMIIeHa TPAMOTHO,
CTYJEHT TeXHUYECKH MPABHILHO POPMYIUPYET OTBETHI HA pacCMaTpUBaEMbIe
BOIIPOCHI.

«HE 3a4TeHO»: TeMa pedepaTta He pacKpbITa.

dopma IpoBeICHUSA
MPOMEXKYTOUYHOU aTTECTALINU

VYcnoBus nomycka

Kputepun 1 HOpMBI OIIEHKU

3auer

Brinonnenune
MPaKTUYECKUX padoT,
BBITIOJTHEHUE pedepaTa

«3a4TEHOY [TosHbIe ¥ TpaBUIIbHBIE OTBETHI HA BCE BOIIPOCHI.
He3naunTenbHble OMMOKH UM HEYBEPEHHOCTD B
OTBETax.
«HE 3a4TCHO» OTBeThI Ha BONPOCH! HE CHOPMYITHPOBAHBI.

12




/. KpuTepum ¥ HOPMBbI OLIEHKH KYPCOBBIX padoT (IIPOEKTOB)

Y4eOHBIM IJIAHOM M0 AAHHOW AMCIMIUIMHE KYpPCOBBIX padoT (IIPOEKTOB) HE
PETYCMOTPEHO.

8. IlpuMepHas TeMATHKA MUCbMEHHBIX padoT (KypcoBbIX, pedepaTos,
KOHTPOJILHBIX, PACYEeTHO-TPapuIecKux u Ap.)

Ne n/mt Tems! pedepaToB

1 Cucrema aBTOMATHUYECKOTO yIpaBJICHUS HOTIEPEYHBIM
CynImopToM TOKapHoro cranka ¢ UITY

2 CucreMa aBTOMaTH4YECKOTO YIPaBIEHUS MPOAO0TbHON
1ojiayeil mpu TOUYECHUU

3 Cucrema aBTOMaTH4ECKOTO YIPaBICHUS MOMEPEUHO MMogaueii mpu Bpe3HOM
nutoBaHUU

4 Cucrema aBTOMaTHYECKOTO YIIPABICHHS TIOBOPOTOM paboUuero
OpraHa IpOMBIIIIEHHOT0 poboTa

5 CucreMa aBTOMaTUYECKOr0 pEryJIMpOBaHMs pa3Mepa JIeTalu Ha OeCLIEHTPOBO-
UM (OBaTbHOM CTaHKE

6 Cucrema aBTOMaTH4ECKOTO JUCTAHIIMOHHOTO YIIPaBICHUS MAHUITYJIATOPOM

7 Cucrema aBTOMAaTUYECKOTO YIPABICHUS TUAPABIMYECKIM CYIIOPTOM TOKAPHOTO
CTaHKa

8 Cucrtema aBTOMAaTHYECKOTO YIPaBISHHS Mo1aueii pu (ppe3epoBaHuN

9 Cucrema aBTOMaTH4ECKOTO YIPaBJIEHUS MPOA0IbHON MoJjauell IpyU CBEPIICHUN

10 Cucrema aBTOMaTuuecKoro yrpanieHus: KonupoBaibHo-Ppe3epHOro cTaHKa

9. Bonpochbl Kk 3aueTty

Ne n/nn Bormpocsr

1 OCHOBHBIE MTOHATHUS U ONpEeTICHUs

2 ConepxaHue  MOHATUH:  «CHUCTeMa  yIpaBlIEHUs», «OOBEKT  YIpPaBICHUS,
«YIpPAaBISIONIME U BO3MYILAIOIINE BO3JECHCTBUS», «YIPABIAIOIINE KOOPAUHATHI

3 Krnaccudukanus cucteM aBTOMEXaHUYECKOTO YIIPABICHUS

4 [IpyHIMI Pa30OMKHYTOTO YIIPABJIECHUS. Y IPABICHHUE IO BO3MYIIECHUIO U OTKJIIOHEHHUIO

5 OCHOBHBIE BU/IbI AITOPUTMOB (DYHKIITHOHUPOBAHHUS

6 Knaccudukanus cucrem 1o xapakrepy nepeaadyu CUrHajJoB

7 Krnaccudukanus cucteM 1Mo OCHOBHBIM BHJIaM ypaBHEHUI JIWHAMUKH IPOLIECCOB
yIIpaBJICHUS

8 MatemaTHuuecKkoe OnucaHue JMHEHHBIX CUCTEM

9 MaremaTtnueckoe MoAeaInpoBaHue ieMeHToB CAY

10 Knaccudukamms 3JIEMEHTOB CAY. CratucTuueckue " IUHAMHYECKHE
XapaKTePUCTHKU 3JIEMEHTOB

11 JIuHeapu3auusi HEMUHEHHBIX U (PEepeHINaTbHBIX  YPAaBHEHHH  JUHAMUYECKHUX
pexxuMoB padoTsl aieMeHToB CAY. CrangaptHas ¢hopma 3anucu quddepeHInaabHbIX
ypaBHEHUH

12 OcHoBHBIE CBOMCTBA MpeoOpa3oBanus Jlammaca

13 XapakTepuCTUKHU TUHAMHYECKUX 3BeHbeB CAY

14 [lonsiTue o0 JWHaMHYECKOM 3BeHE. XAapaKTepPUCTUKU JIMHAMHYECKOTO 3BEHA,




nepenaTouHbie QYHKIMU, YaCTOTHBIE XapaKTEPUCTUKH (AMIUTUTYIHbIE U (pa3oBbIe),
norapu(MUYECKHe YaCTOTHBIC XapaKTCPUCTUKU, BPEMEHHBIC XapaKTEPUCTHUKH
(mepexoaHbIC U BECOBBIC)

15 Tunosble TMHAMUYECKHUE 3BEHbS U UX XAPAKTEPUCTUKU

16 CrpykTypHass cXemMa CHCTEMAaTH4YECKOro ympasieHus. (OCHOBHbIE IIpaBHJIa
npeoOpa3oBaHusl CTPYKTYPHBIX CXEM: IIOCIIEOBATEIbHOE COEJIMHEHHE 3BEHBEB;
napajielIbHOEe COeTMHEHNE 3BEHBEB; 3BEHO, OXBAYCHHOE OOPAaTHOM CBS3BIO; MEPEHOC
CYMMAaTopa; IIEPEHOC y371a, IEPECTAHOBKA Y3JI0B U CYMMaTOpPOB

17 Brruucrienue nepenaTouyHbIX GyHKIMN M YaCTOTHBIX XapaKTEPUCTUK OJHOKOHTYPHOM
U MHOTOKOHTYpPHOH Pa30MKHYTOH cuctemsl. [lepenaTounble pyHKIUN U yrpaBieHUE
3aMkHyTOM CAY. HacTOTHBIE XapaKTEPUCTUKU 3aMKHYTON CUCTEMBI

18 MatemaTnueckoe MOACINPOBAHUE U COCTABJIICHUE CTPYKTYPHON CXEMBbI

19 YCTOWYUBOCTh CUCTEM aBTOMAaTHUYECKOTo ympasieHus. IloHstue ycToWumBOCTH
JMHEapU30BaHHBIX cucTeM. Heobxoaumoe U J0CTaTOuHOE YCIOBUE YCTOHUYNBOCTH

20 Anrebpanueckue Kputepun ycroituuBoctu Payca u I'ypBuna

21 YacroTtHsle kKpuTepuu yctonunBocTy. IIpuHnun aprymenra. Kpurepun ycroitunBoctu
Muxaiinosa A.B. [Toctpoenue o6mnacreit ycroitunocTu. [lonstue o /[-pazOuenun

22 Kpurepun ycroitunoctu HaiikBucra. AHanu3 ycTOWYMBOCTH MO JIOTapU(PMUUECKUM
YaCTOTHBIM XapaKTEepPUCTUKAM

23 Y CTONYMBOCTD CHCTEM C 3ala3/bIBaHuEeM

24 Mertoapl olieHKH KauecTBa perynupoBanus CAY

25 [TonsTue o xauecTBe npouecca ynpasieHus. OLieHKa KauecTBa CUCTEM YIPABJICHUS B
ycTaHOBUBIIMXCS pexkumax. [locTossHHBIE OIIMOKH. AcTaTHUeCKue CUCTEMBI. TOUHOCTh
IIPU TAPMOHUYECKOM BO3JCHCTBUU. YCTAaHOBUBIIMECS OLIMOKU IMPH
MIPOU3BOJILHOM BO3/EHCTBHH, KO3()(PUIIUEHTHI OIIMOOK

26 OneHku KayecTBa nepexoiHoro nporecca. OeHKu KayecTBa mpouecca
IIPY BO3/IEUCTBUHU CTYIIEHYATON (QYHKIIUU

27 YacrtoTHble METOJbI OLIEHKM KayecTBa peryiaupoBaHus. OleHka KadecTBa
pEeryIupoBaHMsl IO aMILTUTYJHO-4YAaCTOTHOM XapaKTEpUCTUKH 3aMKHYTONH CHCTEMBI; IO
BEILIECTBEHHON YaCTOTHOM XapaKTEPUCTHUKE 3aMKHYTOM CHCTEMBI; C M0 AMIUIMTYAHO-
($a30BOI XapaKTepUCTUKE PA30MKHYTONH CHCTEMBI; MO JOrapu(pMHUUECKUM YaCTOTHBIM
XapaKTepUCTHKaM

28 KopHeBbIe OLIEHKH KauecTBa peryIupoOBaHUs

29 Cunre3 CAY 1o 3aJaHHBIM IIOKa3aTENIAM KaueCcTBa MPOLECCa YIIPABICHUS

30 [ToBpIlIEHNE TOYHOCTH B YCTAHOBUBLIMXCA peXUMaxX U o0ecrieueHrne YCTOMYUBOCTH U
KauyecTBa YIPaBJICHUS] CUHTE3WPYEMBIX CHCTEM 3a CUET M3MEHEHHMs MapaMeTpoB
CHCTEM U ITyTEM BBEJIEHUSI KOPPEKTUPYIOIUX YCTPONCTB

31 Cucrema aBTOMaTH4ECKOTO YIPABJIEHUS NPOAOIBHON MOJa4Yel IPU TOUEHUU

32 Cucrema aBTOMAaTHYECKOTO YIIPABIECHUS TONIEPEYHOM N01a4el IPU BPE3HOM
nutOBaHUHT

33 CrcreMa aBTOMaTHYECKOTO YIIPABIICHUS TIOBOPOTOM pabovero opraHa
MIPOMBIIIJIEHHOTO po0oTa

34 Cucrtema aBTOMaTHYECKOTO PETYIMPOBAHUS pa3Mepa JeTall Ha OECIIeHTPOBO-
UM OBAIHLHOM CTaHKE

35 Cucrema aBTOMaTH4ECKOIO JUCTAHIIMOHHOTO YIIPABIEHUS MAHUITYJIATOPOM

36 Cucrema aBTOMaTH4ECKOIO YIIPABIEHUS TUAPABINYECKUM CYIIIOPTOM TOKAPHOTO

CTaHKa
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37 Cucrema aBTOMAaTHYECKOTO YIIpaBJIEHUS MoAadeh mpu ¢ppe3epoBaHUuN

38 Cucrtema aBTOMaTUYECKOTO YIPaBIICHHUS MPOJIOIBHOM MM01aueli TPU CBEPIICHUH

39 ConepxkaHue  MOHATUH:  «CHUCTEMa  YIpaBlIEHUS», «OOBEKT  YIpPaBICHUA,
«yNPaBISIONME M BO3MYILIAIOIINE BO3AEHCTBHS», «YINPABISIIOIINE KOOPAUHATHDY

40 Knaccudukanus cucteM aBTOMEXaHUYECKOTO YIIPABICHUS

41 ITpuHIUTI Pa30MKHYTOrO yIpaBjeHUs. YIIpaBlIeHHE 10 BO3MYLIEHUIO U OTKJIIOHEHUIO

42 OCHOBHBIE BU/IbI AJITOPUTMOB (DYHKIITHOHUPOBAHHUS

43 Knaccugukanus cucrem 1o xapakrepy nepeaayd CUrHajaoB

44 Knaccugukanust cucreM 1Mo OCHOBHBIM BHAAaM YPaBHEHUH IUHAMHUKH MPOIECCOB
yIpaBiIeHUs

45 MaremaTHueckoe onucaHue JUHEHHbIX CUCTEM

46 MaremaTtruueckoe moaenupoBanue aneMeHToB CAY

47 Knaccupukanuss ~ snementoB  CAY.  Cratuctuyeckue W JMHAMHYECKUE
XapaKTePUCTUKH JIEMEHTOB

48 Jluneapu3auusi HEMUHEWHBIX UG GEpeHINATbHBIX  YPAaBHEHHHA JIMHAMHUYECKUX
pexxumoB padotsl anemenToB CAY. CrannaptHas ¢popma 3anucu nuddepeHIuanTbHbIX
ypaBHEHUH

49 ConmepxaHue  TMOHATHH:  «CHUCTEMa  YyIpaBICHHUS», «OOBEKT  YIpPaBICHUSY,
«yNPaBJIAIONME U BO3MYILAIOUIME BO3JACHCTBUSA», «YyNPaBIIAIOLINE KOOPAUHATHI

50 Knaccudukanus cucteM aBTOMEXaHUYECKOTO YIIPABICHUS

10. ®oHa OLEHOYHBIX CPeICTB ISl TNPOBEAEeHUSI TPOMEKYTOUHOM

arTrecranmun oﬁyqamumxcsl no IMCIMIIJIMHE

9.1. MacnopT ¢oHaa OLIEHOYHBIX CPEICTB

Ne
n/n

Kox
KOHTPOJIMpPYEMOi
KOMIIeTEHIUH (MU
ee 4YacTH)

HanmenoBanue
OLICHOYHOI'0 CPeCTBA

KonTtposanpyembie pa3aesibl
(TeMbl) JTUCUMIIIIMHBI

Mogynb 1. OcHOBHEIE
MOHATHS TEOPUH
aBTOMATHYECKOIO
yIpaBJieHHUS.

[TIpOTOKOJI BBITIOJTHEHUS
MPaKTUYECKOTO
3aganuga 1
«HccnenoBanue
BIIUSIHUSI ~ TTapaMETpPOB
IIEHTPOOCIKHOTO
peryiiaropa CKOpPOCTH
Ha npoiiecc
pEryJIMpOBAHUSY.
[IpoTOKOJI BBIOJHEHUS
MPaKTUYECKOTO
3agaHug 2
«Onpenenenue
YaCTOTHBIX

OIIK-3, OIIK-7

XapaKTCPUCTUK I10
dHAJIN3y BXOJHOIO0O H
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BBIXOJHOT'O CUT'HaAJIa BO
BpPEMCHMN).

Monyns 2. KauecTBeHHBIN 1
KOJIMYECTBECHHBIN aHAIN3
CHUCTEM aBTOMATHYECKOT'O
yIIpaBJICHUS.

OIIK-3, OIIK-7

[IpoToKkoJ1 BEITIOTHEHUS
MPAKTUYECKOTO
3agaHudg 3
«HccnenoBanue
ycroitunBoctu CAY mo
Kkputeputo ['ypBunay.
[IpoTOKO BHITIOJIHEHUS
MPaKTUYECKOTO
3amanud 4
«HccnenoBanne
tounoctu CAY B
peXKUME JIBHKEHUS T10
rapMOHUYECKOMY
3aKOHYY.

[TIpoTOKOA BHITIOTHEHUS
MPAKTUYECKOTO
3a1aHUs 5
«Omnpenenenue
XapaKTEePUCTHK
HIEKTPOMEXAHUYECKOTO
MIPUBOJIAY.

[TIpOTOKOJI BBITIOJTHEHUS
MPaKTUYECKOTO
3ajanus 6
«Omnpenenenue
XapaKTePUCTUK
TUAPOMEXAHUYECKOTO
MIPUBOJIAY.

Monayns 3. CuHTe3 U aHaIMu3
CHUCTEM aBTOMATHYECKOTO
yIpaBJiCHHUS.

OIIK-3, OIIK-7

[IpoTOKOJI BBITOJHEHUS
MPAKTUYECKOTO
3agaHug
«Onpenenenue
xapakrtepuctuk  CAY
MPOJIOJIBHON  MOoJa4Yen
MIpY TOUYCHUN.
[IpoTOKOJI BBIOJHEHUS
MPAKTUYECKOTO
3amanus 8
«HccnenoBanue

acTaTu3Ma Ha KA4yeCTBO
CAVY».
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9.2. TunoBble KOHTPOJIbHbIE 3aIaHUA WM UHble MAaTEePHUAJIbl, HEO0X0AUMbIe
MJIS. OLEHKHM 3HAHMH, YMEHHUil, HABBIKOB M (MJIM) ONbITA [AeATEJbHOCTH,
Xapakrepu3ywuux J3Tanbl (GopMHUpOBaHMS KOMIIETEHUUW B mpouecce
0CBOCHHUSA 00pa30BaTeIbHOM MPOrPaMMBI.

9.2.1. KomMmjiekT 3aiaHmii JJis NPAKTHYECKUX PadoT.

IIpakTnyeckas padora Nel
HccnenoBanue BJAMAHUS IapaMeTPOB LEHTPOOEKHOIO PeryisiTropa CKOpoCTH
HA Mpouecc peryJupoBaHusi

Lenv pabomui: [Ipuobpemenue npakmuieckux Hagblk08 IKCNEPUMEHMANbHOU OYeHKU npoyeccd
Pe2yIuUposanus u yCmoudugol pabomsi cucmemvbl A8MOMAMUIEcKo20 YNpaeieHus.
Teopemuueckas yacmo

Hccnenyercs cucrema aBTOMaTHYECKOTo yripasieHus (puc.l.1), cocrosmas u3 HeHTpoOeKHOTO
pEerynsTopa CKOPOCTH, TOJI3YH | KOTOPOTO CBsI3aH pbluaramMu 2 ¢ 3aCJIOHKOH 3 1mojaun paboueit
CMECH B TEIJIOBOM ABUTATEND 4. PErynsaTop NprUBOIUTCS BO BpaIllEHHE OT JBUTATEIS Yepes3
3yOuaTymo nepeaauy 5.

Puc.1.1. Cxema CAY ckopocmuio épawienusn osuzamens

[Ipu dynkmuonupoannu CAY BpaiieHue IBHUTaTess 4yepe3 3y0daTyro mepenady mnepenaetcs
PETYyJATOPY CKOPOCTH, IIAPUKHA KOTOPOTO MO AEUCTBUEM LIECHTPOOEKHON CUJIBI C OTHOM CTOPOHBI
U CHUJIBI IPYXHUHBI C IPYrod 3aHUMAIOT HEKOTOPOE MOJIOKEHUE, YTO BBI3BIBACT OMPECIICHHOE
OTKPBITHE JPOCCENIS U CUCTEMA HAXOJUTCS B paBHOBECHHU. [Ipu yBeIMYEeHNN MOMEHTa Harpy3ku
CKOPOCTh JIBUTaTelii YMEHbBILIAETCS B COOTBETCTBHM C €r0 XapaKTEPUCTHUKOM, UTO BBI3BIBAECT
YMEHBIIEHWE CKOPOCTH BpalleHHs perynsropa. LIeHTpoOexHble CHIIBI TaKKe YMEHBIIAITCH,
HIApUKHU OIMYCKAIOTCS U 4Yepe3 PHIYAKHYI0 CHUCTEMY YBEIMYMBAIOT OTKPBITHE JIPOCCEIS.
VYBenuyeHue mnopayn paboyeil cMecu B JBHUraTellb BBI3OBET YBEIMUEHHE €ro CKOpPOCTH,
paBHOBECHE BHOBb BOCCTAHOBUTCS, HO YK€ Ha JIPYyroM YpOBHE. SICHO, UTO pa3HOCTh CKOpOCTE
ONpeAesAeT KauecTBO PEryJUpOBaHUSA: YEM OHa MeHbIIe, TeM Bblle kadecTtBo CAYVY. Ilpu
ymeHbllieHnu Harpy3ku CAY pabGotaet B 00paTHOM MOPSIKE.

Jns anamuza CAY HeoOX0AMMO COCTaBUTh €€ MaTeMaTHUYECKYIO MOJeb. AHAJIN3 MOKa3bIBaeT,
YTO B CHUCTEMY BXOJST JIBUraTellb, APOCCENb Mojauu padouell cMmecH, pblyaskHas Nepenadya u
3yOuaras nepeaayva.

JIBukeHue JBuratens IOpU OrPAaHUYEHHUU YYETOM SBJIEHUM IIEpPBOrO IOpsAKa, T.€. €ro
MHEPLUOHHOCTbIO, MOET OBbITh MNpeacTaBleHO AuddepeHInanbHbBIM YPaBHEHUEM IEPBOTO
HopsiiKa:
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I d—®+Km+M =M, (1.1)

0 dt 0 H 0

rue |y u Ay — MOMEHT uHepiu poropa 1 koddduueHT Bs3koro Tpenus nsurareins, M, u M, —
MOMEHT CONPOTUBJIEHUS HArPY3KH U MOMEHT JIBUTaTelIsl COOTBETCTBEHHO.
MoOMEHT JBM)KEHUS 3aBUCHUT OT OTKPBITHS APOCCEIIS M01auu paboyei cMecH:

M, =bk,, (1.2)

riae b — ko3 puuueHT nepeaayr OTKPBITHS JPOCCENIs OT MEPEMELICHUS MOJI3YHa PeryisiTopa
yepe3 peluakHyro nepenady, Ko — koaGuuenT nponopuuoHarIbHOCTH MEXKTY OTKPHITHEM
Jpoccensi U MOMEHTOM JIBUraTedsl.
Ecnu npuHATH IepeaToyHOe OTHOILICHUE PhIUaroB M 3y0UaToi nmepenavyn paBHbIM €AMHUIE, TO,
U3 TEOMETPUUYECKUX COOTHOIIEHUH, OJYyYUM ypaBHEHHE CBS3U, KOTOPOE OINpeeNsieT
3aMKkHyTOCTh CAYVY:

b = 2I(1- Sina). (1.3)

[Tomyuyennast maTemaruueckast mojenb (1.1)-(1.3) ucnonb3yercst B IpUKJIaAHON IporpaMMme, ¢
MOMOIIbIO0 KOTOPOH BBITIOJIHSIOTCS TpeOyeMble UCCIICTOBAHMUS.

m MonenupoBaHHe perynaToOpa CKOPOCTH ABHraTens =] B3

WCXO0OHBE JNAHHBIE CAY
0.25

Macca wapukos, kK

Cuna npysttel, H 100

AecTrocTe

npYsHHEL HAr I‘I 5
I orMeHT HHEDLWK
AEMraTend, krim2 ID'1

o3 P PULMEHT SEMCHMOCTH
FOMEHT 3 AEWCSTENA OT

OTKPBITHA APOCCENR, |4

Hitira

|4D 3‘ MorerT Harpysku, Hm

Ocumnnorpadg

=
=]

Mpouecc | MpogoneHue |

Reszet |

Y¥rnoBan ckopocTe W, pasfc
OTEREITHE SACN0HKM X, hha

Exit |

04 0s 0g o7 08 ng 1
Bpems, ©

Cognnnorpad

L~

1] 6)

Wrnossn cEopocTs W, pasg

o ol 02 a3 04 (5] a5
BpesA, ©

Puc.1.2. Mooenuposanue yenmpooexcrnozo pecyaamopa cKopocmu

Ilpakmuueckaa uacmep

[IpakTrueckas paboTa BBITIOJHSIETCS C TIOMOIIBIO MPUKIIATHON TPOTrpamMMBbl, UHTEP(DEHC KOTOPOi
npencrasieH Ha puc.l.2. [Iporpamma «Perynarop ckopocTu» HaxoauTcs Ha qucke. [Ipu Haxkatum
kHonku “Help” mosiBisieTcst AOMOJHUTENBHBIA HHTEPPEC ¢ MHCTPYKUUSIMUA U TOSICHEHUSMHU K
Iporpamme.

B 3aBucumocTH OT BapuaHTa 3aJaHUs BbIOpaTh JMAaNa3oH M IIar M3MEHEHHUs IMapaMerpa, B
(GyHKIMU KOTOPOro HEOOXOAWMO MPOBOIUTH HCCIeAOBaHUSA. PekomeHayercss BBIOMpAThH
Jana3oH, OPUEHTUPYSACh Ha MAKCHUMaJIbHOEC U MUHHMAJIbHOE 3HAYCHUE YKa3aHHOIO Iapamerpa
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B TaOiuIle BapuaHTOB 3amaHuii (cMm. Tabm. 1.2). B Hawane pabGoThl MOATOTOBUTH TaOJIHINY
OKCIIEPUMEHTATIBHBIX JaHHBIX (cM. Ta0:.1.1). [Ipu BEIMOTHEHUH UCCIIEIOBAHUA B COOTBETCTBHUH
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C 3aJlaHueM He00X0IMMO, TIOCJIe aKTUBU3AIMH IPOTPaMMBbl, B OKHaX IJ1aBHOro HHTepdelcaBBecTr
UCXOJHBIE JaHHbIE COIVIACHO BAapHUAHTY 3aJaHMsI U YCTAaHOBUTH IEPBOE 3HAUEHHUE U3MEHSIEMOIO
napamerpa. Haxats knonky «Ilyck»

[Tocne BpIXOJa CHCTEMBI HAa YCTAaHOBUBUIMICS PEXHUM pabOTHl (ONMpeneisaTh BH3YalbHO IO
OTCYTCTBHIO KOJE€OaHUN OCHWIJIOTPAMMbI OTKDPBITHS 3aCIOHKH JpPOCCEIs) HaXaTb KHOIKY
«[Tay3a», onpenenuTb TOUHOE 3HAYEHUE CKOPOCTU BPAILEHUS JBUraTels U 3amucaTh B TaOIHILYy
9KCIIEPUMEHTANBHBIX JAaHHBIX. 3aTE€M YBEJIMYUTh MOMEHT Harpys3ku 10 25 HMm u HakaTh KHOIIKY
«IIponomxenuey. Ilocne Beixoma CAY Ha HOBBI YPOBEHb YCTAaHOBHUBIIETOCS PEKHUMa pabOTHI
HaxaTtb KHONKy «llay3a» M mnpoBecTM H3MEpEeHHs] HOBOI'O 3HAUYEHHUs CKOPOCTU BpAICHUS
neurarens. [lonb3ysach ocuIOrpaMMoil 3aMKCUPOBATh TaKkKe BpeMsl MKy MoJladeil ckauka
Harpy3ku W cra0uiu3anueil mporecca peryiaupoBanus. CTaOWiIM3alnuio OLEHUBATh 10
OCLMJUIOTpaMME OTKpBITHSL 3aCJOHKH Jipoccenist mojaud paboueir cmecu. I[IpoBoauthb
HEOOXOJUMBbIE HM3MEPEHMsI IO OCLMIUIOIpaMME IIpoliecca PEeryjaupoBaHuUsi, PYKOBOACTBYSCH
OCTPOEHUAMH puc.1.3.

w Ocumnnorpad s
=400 :
o d
= 80 ‘ z
§ 80 - CKOpoCHIb : ‘ 3~ cxopocms i
g 40 L0040 Obicmpadeicmesue - - el QCTE

=] B A0 R e — —— cKauKa o
5 20 T y S A LR e e A =i -
© Q
g 0 ) : : . : : 0 E
- 05 06 07 08 09 1 11 w

Bpemna, ¢

Puc.1.3. Cxema usmepenus xapaxmepucmuKk Kauecmeda npoyecca pezyiuposanus

Jannple 3amucath B Ta0Onmiy. J[s BBITOJNIHEHWS CIEIYIOIIETO JKCIIEPUMEHTa MOXKHO
BOCTIOJIb30BaThCSl KHOMKOM «Reset» W HayaTh SKCHEPUMEHT C TOW K€ MOCIEI0BATEIbHOCTHIO
JEHCTBHH, HO yXKe TIPH CJICAYIOIIEM 3HAaYeHUH H3MEHIeMOro mapameTpa. Eciu npu kakoM-1u60
skcriepuMenTe CAY CTaHOBUTCS HEYCTOMYMBOW, COOTBETCTBYIOIIEE COOOIICHHE 3amucaTth B
tabnuiy. B tabmuie 1.1 mpeacTtaBieHsl SKCEPUMEHTAIBHBIE TaHHBIC UCCIEIOBAaHUSI KauecTBa
perynupoBanust CAY ¢ HEKOTOPHIMU UCXOJHBIMU TTapaMeTpaMu B QYHKIIUHU KECTKOCTH MPY>KUHBI
perynsitopa.

Tabauya 1.1. DxcnepumenmanvHvie OanHbvie

K eCTKOCTE CkopocTs ABUTATENS, paj/c Tounocts
Nel BricTponiericteie | J1o ckauka Tocne ckauxa | PETYTHPOBAHHA,
I PYAAIHBL, CAY,c pan/c
H/Mm > MOMEHTa MOMEHTa
Harpy3Ku HArpy3KH
1 0,5 He ycroiiuuBa - - -
2 1,0 He ycroiiuusa - - -
3 1,5 1,36 81,0 77,2 3,8
4 2,0 0,33 80,2 76,2 4,0
5 2,5 0,15 79,8 73,9 5,9
6 3,0 0,09 79,6 72,8 6,8
7 3,5 0,10 78,1 71 7,1
8 4,0 0,12 77,5 69,4 8,1
9 4,5 0,14 76,8 67,7 9,1
10 50 0,16 76,0 66,0 10
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Puc.1.4. I'pagpuxu, nocmpoennsvie no oannvim maoauysr 1.1

s moctpoeHust rpadUKOB MOKHO HCIONb30BaTh maker EXell, a ams BemmonHenus xomuu
uHTepdeiica mporpaMmbl, KOTOpast T0JHKHA OBITH MPE/ICTaBICHa B OTYETE, HCIOIb30BaTh KIABHIITH
Alt - Print Screen u BcraBuTh Komuio B jokyment Word.

3aoanue
B coorBercTBHM ¢ BapuaHTOM (Ta0u.1.2) MpOBECTH HCCIICIOBAHHE KAavyeCTBa PETyJIMPOBAHUS B
3aBUCHMOCTH OT U3MCHIEMOTO TlapaMeTpa M MOCTPOUTh Tpad KK 3aBUCUMOCTH OBICTPOJCHCTBHS
u TouHocTd CAY B QyHKIMU OT U3MEHAEMOT0 TapaMeTpa.
Tabnuya 1.2. Ucxoounsie oanmvie

Ileps | Macca | ’Kecmxocms | Momenm | Bro | Hauanvna| Koagpduyuenm | Hzmenamo

ast | wapux | npyxicuHvl | uHmepyuu |pas | s cuna 3asucumocmu napamwemp
mudp| oe M, | Cup, Hmm | O6ucamens | uuQ | npyosicunst |  Momenma om

a K2 lo, ko/M? | pa Pup, H OMKpLIMUSL

opoccensi Ky, 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 lo

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

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

5 0,10 2,0 0,04 5 85 9 m

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

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

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

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

Cooeprcanue npomokona

B mpotokone mpencTaBuTh 1eib padoThl, UCXOAHBIC JaHHBIC, 3aJlaHUE WCCIICIOBAHUS, KOIHIO
uHTepdeiica a1 THOO0T0 AKCIIEPUMEHTa W3 BBIMIOJIHEHHOW cepuu, omucanue paboTsl CAY,
Ta0IHITy DKCTIEPUMEHTATIBHBIX JaHHBIX, TpaQUKu TpeOyeMbIX 3aBUCUMOCTENH. BBIBOIBI.

IIpakTnyeckas padora Ne2

OnpeneseHne YaCTOTHBIX XaPAKTEPHUCTHK N0 AaHAJINU3Y BXOJHOI'0 H BBIXOJHOI0 CHTHAJIA BO
BpEeMeHH
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Lens padomur: [Ipuobpemenue npakmuueckux Ha8blk08 IKCHEPUMEHMATbHO20 ONPeOeneHUs
YACMOMHBIX XAPAKMEPUCTIUK.

Teopemuueckasn uacmo

Hccnenyemoit cucteMoil sIBISIETCS JIByXMaccoBasi TUHaMHYeCKas CHCTeMa, CXeMa KOTOpPOH
n3o0paxxeHa Ha puc 2.1. Cuctema HaXOJUTCS MO JCHCTBUEM KHHEMAaTHUECKOTO BO30YKICHUS —
X, BBIXOJJHBIMHU CHT'HAJIAMH SIBJISFOTCS KOOPIMHATHI X1 U X2 TIEPEMELICHHsI Macc M1 U M2, CBSI3aHHBIX
MEK/1y COOO0I0 JKECTOKOCTSIMU C1 M C2 M BI3KUM TPEHUEM A1 U A2.

C1 C»

1 | 2

X X, X2

Puc.2.1. /lunamuyeckasn cxema 08yxmaccosoil cucnembl

YpaBHEeHNE TBIKCHUS CHCTEMBI COCTABIISICTCSI TT0 H3BECTHBIM TIPaBHIIaM
TEOPETUYECKON MEXAHUKH:
42y x(dx _dx \+ (- ):k(dx—dx\+ (- )
4ml—zl+ 2_1 —2| C2X1 X2 | — _1| ClX Xl
i kax el ) \dt dt)
Imp_ 2424 2= 'ltca(xe—x1)=0
| dtz  \dt dt)

prOH_[eHHaﬂ MaTeMaTH4ICCKasid MOJCIIb:
ms?x +(A +4 )sx +(c +c )x =(A +4 )sx+(c +¢ )x

% 1 1 2 1 1 2 1 1 1 2 1 2
ms2x +A SX +C X =A SX +C X

L22 2 2 22 2 1 21

rae s=d/dt — oneparop Jlamnaca.

I[J'IH MMPpEaACTaBJICHUA MaTeMaTU4eCKOll MOJENIN B MNEPpEMCHHBIX COCTOSHUA PCIIUM KaKAO0C
YPaBHCHHUE OTHOCHUTECIBHO NEPEMEHHBIX X1 U X2, KOTOPBIC 3allMCAaHblI B CTAPIIMX IPOM3BOIHBIX

COOTBCTCTBCHHO. Hpeo6pa30BaHHas[ aKUM 06pa30M MaTeMaTI/Iqe(‘j(aﬂ MOACIb UMCCT BU/.

(x=s'-ax +ax+s'[-ax +ax]
% af 11 1 71[ 21 2

X, =S —agX, +asX; +$ —a4x2+a4x]

riae ko3 durmertsr Moenu: ay = (A2+An/my, a2 = (C2+C1)/m1, a3 =AMy, as = C2/my;
Tenepp MOKHO 3anMcaTh MaTEMaTHYECKYIO MOJIENb B IEPEMEHHBIX COCTOSIHUSA, TO €CTh B BUJIE
cucTembl TU(pepeHnanbHbIX YPaBHEHUH, PEIEHHBIX OTHOCUTENIBHO MEPBLIX MPOU3BOAHbIX:
[Sy1 = —a1y1 +aX + Y2
sy =-ay,+ax
sy=-ay +ay+y
| 3 3 3 31 4
LSY4 =—a,Y; t X
VIMeHHO Takasi MOJIeIb PeaIn30BaHa B IIPUKIIAIHON IPOrpaMMe, 110 KOTOPOH IIPOBOIATCSA
MCCJIEJOBAHNE YACTOTHBIX XapaKTEPUCTHUK.

Ilpakmuueckan wacmp
Ha pwuc.2.2 npeacraBieH uHTEpdEiic NMPUKIATHON MPOTPaMMBI MPHU UCCICIOBAHUHM YaCTOTHBIX
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XapaKTEepUCTHK OJTHOMACCOBOH crcTeMbl. IHCTPYKIMM U MOSCHEHUS JUIsl paOOThI ¢ MPUKIAJHON
IPOTPaMMOi1 MOSIBIIIIOTCS HA JONOJIHUTEIBHOM HHTep(delice mpu HaxxaTuu KHONKU «Hepl».
[ToaroToBuTh TaONUIBI SKCIIEPUMEHTAIBHBIX U PACUETHBIX JAHHBIX JJIS UCCIEIOBaHUS OJHO U
IByxMaccoBoi cucreM. Ilociie akTHMBH3alMM MPOrpaMMbl BHIOpATh PEKUM HCCIIEIOBaHUS
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OJIHOMAacCOBOl CHCTEMBl UM B COOTBETCTBYIOUIMX OKHaxX HHTepdelica YCTaHOBUTH JaHHbBIE
corjlacHO BapuaHTy 3ananus (cMm. Tabi.2.2). Haxats kHOnKy «IIporeccy», a moTtoM 3aaath epBoe
3HaYeHHE YacTOTHI BO30YKIA0IEro CUrHalIa - CUCTeMa MPUXOIUT B JBUKeHHe. BriOpath mepBoe
3HaYCHHE YacTOTHl BO30YKIAIOIIEr0 CUTHANA, MOJ00paTh JKEIaeMyl CKOPOCTh IIepEeMEIICHUs
JICHTHl CAMOIIMCLIA U TPOU3BECTH 3amucCh. [Ipm 3TOM CKOpPOCTH JABMXKEHMS JIEHTBI JOJKHA
BEIOMpATHCS TaK, 4TOOBI 00ecreunBaach pacurppoBKa CUTHAIOB IIPHU WX 00paboTKe.

[Tocne 3amucu Tpebyemoro yvactka HakaThb KHONKY «CTOI» B OKHE PETHUCTpAIlMd CUTHAJIOB.
M3MeHnTh 3Hau€HUE YaCTOTHI, JOXKAATHCS OKOHYAHUS IIEPEXOJHOrO Ipolecca U IPOU3BECTH
3anuch cleayrouiero ydactka (kHomka «Ilyck» B OKHE perucrpanuy CUTHajoB). BbIMONHATH
N0J00HBIC MAHUITYJISLUY IS K&KIOTO 3alJIaHUPOBAHHOTO 3HAYEHHSI YaCTOThI BO30YKIAOIIETO
CUTHAJIA.

AHaJOrMYHO NPOBECTH SKCIIEPUMEHT U AJIs1 ABYXMAacCOBOM CUCTEMBI.

Jnss 00paboTKM HIKCHEPUMEHTAJIbHBIX JAaHHBIX HCIOJIb30BaTh IOJIyYCHHBIE B IPOIECCe
JKcrepuMenTa ocuusuiorpammbsl. Ha puc.2.2 mis wacrtotsl 300 pan/c mokazanbl HEOOXOUMBIE
NOCTPOCHHUS JUIS  ONPEACICHUS OJHOW TOYKM aMIUIMTYAHOH ¥ (a30BOH  4YaCTOTHBIX
XapakTepucTHK. M3amepenust ynoOHO mpOBOAUTH IOcie KonupoBaHus skpana (Alt Print Screen) B
penakrope Word kak pasmep aBTo (GUTypbl — COOTBETCTBYIOIICH JTHHUN HAa PUCYHKE.

mMDAEnMpDBaHME YACTOTHLIX HapakTEPHCTHMR AMHEMHHEEKDH CUCTEMBI = IDI XI

Brifepure KoAMYeCTBO Macc

[ 0aH3 MAcca e OEE MAcChl

MNapameTpul AMHaMHYECKDR
CHCTEMDBD

M acca b1, kr |2D L

Hecteocte C1, Hevr I'I 400 (\‘/’}
K.oapouuHeHT BHSKDFDI‘I EO00
TpeHWA L1, kric ) T
[
—
ey y
A T
Y SEEN v I
YacToTa BXOAHONO CHrHanNa ——
D —]
rpyso
300 pan/c E A? ? >

E TOYHD

PBFHC’TpalI.Hﬂ CHrHanose

CropocTe, c/oeneHHe

Myck |

om| PTE

=l %
Mpouece | MMaysa ) %

Exit | Help |

Puc.2.2. Hcenedosanue uacmommuwlx XapaKmepucmuk 00HOMACO80Il CUCH EMbL

Pe3ynbrarhl m3mMepeHnii He0OXOAMMO 3aTUChIBATh B COOTBETCTBYIOINIYIO Ta0IuITy (Tabm. 2.1).
Tabauya 2.1. Dxcnepumenmanvhvie u pacuemHvle OaHHbIE

Ne | Yacrora, | AMmuryaa | Ammuutyna | OrcraBan | [lepuon A [0)
pan/c BXOJ1a BBIXOJA ue rpag
1 30 0,69 0,70 0,0 0,74 1,01 0
2 100 069 0,83 0,0 0,25 1,20 0
3 150 0,69 1,09 0,05 0,35 1,58 -61
4 200 0,69 1,58 0,10 0,59 2,29 -66
5 250 0,69 2,47 0,10 0,44 3,58 -82
6 300 0,69 1,63 0,40 0,74 2,36 -120




\ 7 \ 350 \ 0,69 \ 0,79 \ 0,25 \ 0,64 \ 1,14 | -167 |
TakuMm oOpazom, 3apUKCHPOBAHBI BXOJHOW U BBIXOJHOW CUTHAJBI JUIsl 7 3HAUEHUH dacToT. J{ms
KKIOW BEIMYMHBI YacCTOTHI OINPEAENSIOTCA OJIHAa TOYKAa aMIUTUTYJHO-4acTOTHOW U (ha3oBo-

YaCTOTHOU XapaKTEPHUCTHUK 1O hopMyiam:
AP 3600 1
- 1 (p = — .

A T

[TockonbKy B pOpMyTax MPUCYTCTBYET OTHOIICHUE COOTBETCTBYIOIIMX BEJIMYHMH, TO U B TAOJUIIC
BCIOJIy IS BBIXOJHBIX JAHHBIX pa3Mepbl MPEICTABICHBI B MM, KOTOPBIE OINPEACISIOTCS 10
pasmepy aBTOGHUrypsl Ha u3o0pakenun wuHTEepdeiica B pemakrope Word. Ha pwuc.2.3
MPEJICTAaBICHA aMIUIMTYIHO-(Pa30Basi YacTOTHAS XapaKTePUCTHKA C O0O3HAUYECHHBIMH Ha HEH
AKCIEPUMEHTAIHLHBIMI TOUYKAMH, TOCTPOSHHAS 1O IaHHBIM Ta0uib! 2.1.

Im

A

Re

~
A 4

350

2 \ \{ 150
SN \ 7200

N\
NV,

250

Puc.2. 3. dxcnepumenmansvnas AOIX

Cnenyer 3aMeTHTb, YTO HEKOTOPHIE OTKJIOHEHHS AITOH XapAaKTEPUCTHKH OT TEOPETUYECKOU
00yCIIOBJICHHBIE HETOYHOCTSMH ONPEIETICHUS HICXOAHBIX IaHHBIX, B OCOOEHHOCTH OTHOCUTENBLHO
dba3sbl.
AHaJIOrMYHO 00pabaThIBalOT PE3yJabTAaThl SKCIIEPUMEHTOB U MPHU HUCCIEJOBAHUM JIBYXMAacCOBOM
CUCTEMBI.
3aoanue
B cootBercTBUUM ¢ BapuantoMm (Tab1.2.2) mpoBecTu uccienoBaHue U noctpouts AOUYX
cHCTeMbI (OJJHO MaCCOBOW HITH JIBYX MacCOBOA, 0 BBIXOJIAM X1 HITH X2).

Tabnuya 2.2. Hcxoomuvie Oannvle

ITepBas my, kr | C1, H/Mm | Ag, kr/c Bropas Mz, k& | C2, H/Mm | Ao, 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 MMPOTOKOJIC NPCACTABUTL LCIIb pa6OTLI, HCOGXOI[I/IMLIC TCOPCTUYICCKHUC CBCACHUA, HCXOAHBIC
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JAaHHBIC B COOTBCTCTBHUU C BAPUAHTOM 3aJlaHUs, KOIIUIO I/IHTCp(i)CI\/cha C 3aIIMChI0 BBINTOJTHCHHBIX
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SKCTIIEPUMEHTOB W TOCTPOCHHIMHU, HEOOXOIUMBIMH ISl ONpPEACNICHUS BBIXOIHBIX JIaHHBIX;
TaOJIUIBI AKCIIEPUMEHTATBHBIX U PACUETHBIX JAHHBIX; IpaduKu SKcrepuMeHTaTbHBIX ADUYX
cucteM. BuIBOIEIL.

IIpakTnyeckas padbora Ne3
HccaenoBanue ycroitunBoctu CAY no kpurepuro ['ypsuna

Llenw pabomowi: [Ipuobpemenue npakmuyeckux HA8bLIKOG OYEHKU YCIMOUYUBOCTNU CUCTEMbL
A8MOMAMUYECKO20 YNPAGIeHUs.

Teopemuueckana yacmp
C nomoibto kputepus ['ypBulia uccienoBaTth Ha yctoiunBocTh CAY 1oBoIOM cynmopTa
METAJJIOPEXKYIIET0 CTaHKa, CXeMa KOTOpOro nokasasa Ha puc. 3.1, a.

+

s
(

y X U3n oU Us
T —{311 v I

1=
ae)
'

VII

[noc———

VYW 1106

a) 0)
Puc.3.1. lIpunyunuanvuas (a) u gynkyuonanvnan (6) cxemvl npugooa

[TpuBox cocrout u3 ycunurens-npeodpaszonarens (I111), nuratens (/1) mocTossHHOrO TOKA,
penykropa (P), 3apatomero norenimomerpa (311) u morenunomerpa odparnoii cesazu (I1OC).
[Tpexne Bcero HEOOXOAMMO COCTaBUTh MaTEMATUYECKYIO MOJIENb TI0BOIa. COTIIaCHO IPUHITUITY
paboThl, MOBOA MpeacTaBiseT co0oii 3aMkHyTY0 CAY, hyHKIIMOHAIBHAS cXeMa KOTOPOi
npusezena Ha puc.3.1, 6. [IycTs BeIIeieHHBIC Ha CXEMe DJIEMEHTHI OTIMCHIBAIOTCS CIICAYIOIIMMU
nepeaaToOYHbIMU (PYHKIUSAMU:

U6 _ . U,(s) _ &

: (s) = =k ; LW ()= oY o K
TN m: W05 et
q: W (s) = als) _ k, . Y (s)

0 U,(s) (T,s+1)s P: Wp(S)=a—(S)=kp;

U,.(s
noc: w, (8= Gy
Y (S) oc
Tereps MOKET OBITH IOCTPOCHA CTPYKTYpPHAS CXeMa MOBOIa, B KOTOPOil (IIpy paBEHCTBE
K02 PHUIIMEHTOB TIepeIadun 3aJa0IIero OTEHIIMOMETPA U TIOTEHIIMOMETpa 00paTHOM CBS3M) JIBa
COOTBETCTBYIOIIUX dJIEMEHTA Ha (DYHKIIMOHATLHOU CXeMe 3aMEHSIFOTCSI OJTHUM DJIEMEHTOM C
ko3 dunrenTom nepenaun K, Ha CTpyKTypHO# cxeme (puc.3.2).

U y
X d ” ok, Ua= k, o L
" Ts+1 (T,s+1)s

Puc.3.2. Cmpykmypnasa cxema npugooa

Takum oOpa3zoMm, mepegatouHas (YHKIHMS 3aMKHYTOH CHCTEMBI TIOCJIE€  HECIIOKHBIX
anreOpanyeckux npeodpazoBaHuii mpuoOpeTaeT BUI:
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Ko
W (s) = (T,s+1)(T,s+1)s+ko ’

riae ko — ko3 duimeHT nepenadyn CUCTEMbI, PaBHbBIH MPOM3BEACHUIO KOAPPHUIIUEHTOB MepeIaun
BCEX 3BCHBEB KaHaJa MPsMOro JeicTBus. MTak, cucTeMa MMeeT XapaKTepUCTHIECKOS YPaBHECHHUE
3-ro mopsiaKa:

TyToS3 + (T, + Ty) s*+ s+ ko= 0.
CocrtaBuM JgeTepMUHAHT [ 'ypBHUIla U HAlJIEM YCIOBUS YCTOMYMBOCTH.
T, +T, Ko 0
r=|T,T, 1 0l
0 T,+T, Kk

AHanu3 ycloBUIl yCTOMYMBOCTM 1O Kputepuio ['ypBHIla MOKa3bIBaeT, YTO €AMHCTBEHHBIM
YCJIIOBHEM SIBIISIETCS TO3UTUBHOCTH BTOPOTO JETEPMHHAHTA, MOCKOJBKY ao=1T,Ty, paBHO Kak
u A1=a1=T,+T,, Bcerna 6onpiue Hynsd. Takum 00pa3zom, Ui yCTOMUHUBOCTH MOBOAA HEOOXOIMMO,
YTOOBI:

A= (T, + Ty) —koT, To > 0.

[Tocne HecnoKHBIX MpeoOpa3zoBaHUil T0JIydaeM €AMHOE YCIIOBUE YCTOMUUBOCTH CUCTEMBI:

1.1 Ko.- (3.1)
T, T,

BreimonHenne 3TOr0 yciuoBus 00s3aTeNbHO, TOATOMY Ha MPAKTHKE BapUalMel, Moa00poM
napaMeTpoB mpuBoma crpemsrcs obecreunts (3.1). Ilpu 3TOoM Hambosee yA0O0HO H3MEHSATH
napameTpel Ko u T, — oOmuit ko3dduIMeHT mnepenayu MpUBOJA W TOCTOSHHYIO BpPEMEHHU
ycumTeNs-peoopazoparens. B moOoMm ciydae 3HaueHUS BapHallUil STHX MMapaMeTPOB JOJKHBI
Jexats B obmactu D, moctpoenHoii coriacHo ycnosuio (3.1) (puc. 3.3).

ko A
obnacmo
HeyCmou4Ugbix

3HAYeHUll

Koz —o 1/T,
obnacmo

VYCMOUYUBLIX 3HAYECHULL
0 T, >
y y

Puc.3.3. Obracms ycmouuugwix 3HaueHuil

Ilpakmuueckan wacmep

Jnst BeIMOJIHEHHMST PabOThI WCMOJIB3YETCsl TpPHUKIAgHAs MporpamMma, HHTepdeiic KoTopoi
npeacraBiensl Ha puc.3.4. Ilpuxknagnas mnporpamma «YcTOHYMBOCTH TOYHOCTH CAVY»
HAXOJUTCS Ha ucKe. IHCTPYKIIMK U MOSCHEHUs 7151 pabOThI C MPOrpaMMOi CoJiepKaTcsi B caMoit
porpaMMe | TMOSIBIIIIOTCS Ha 3KpaHe MOHHUTOpA Mpu Hakatuu KHorku Help. [{ns BeimonHeHus
ATON MPaKTUYECKOM paboThI, MOCIE aKTUBU3ALUHU MIPOTPAMMBI Ha IIaBHOM HHTepdelice ToMKeH
ObITH BBIOpaH pexum «VccnenoBaHue yCTOHIHMBOCTH.

Ha n300pakenun ocmmmorpada 3adukcupoBan nepexoanbiii mporecc CAY npuBoioM CTaHKa,
KOTOPBI OTBEYAET MCXOAHBIM JaHHBIM, IIPE/ICTABICHHBIM B OKHaX HHTepdeiica (cneBa). BxomHoit
CHUTHAJI CTyINEeH4YaTol (HOpMbI M300paKEH JIMHUEH 2, - MepeMeIIeHne CyNnmopTa — JuHueH 1 Ha
puc.3.4. BuaHo, 4To cucteMa sIBISeTCs YCTOMYMBOM U €e TMHAMHYECKOe KaueCTBO MOXKET ObITh
OLIEHEHO TI0 KOMILJIEKCHOMY ITOKa3aTellt0, KOTOPbIM pacCUUTHIBAETCS 10 (popMyIie:

A= ymaxt ’ Ye
' 28




(3.2)
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TJC Ymax — MakKCHUMaJIbHAs BEIIMYMHA IICPEMCIICHUS CYIIIOPTA, Yc— YCTAHOBUBIICCCA IICPEMCIICHUEC
CynmopTa IOCJI€ OKOHYaHHUA IIEPEXOJHOI'0 IIpounecca, t, — BpeMs MEPCXOAHOTO mponecca.
Onpez[eneHI/Ie OTUX BCJIMYUH 110 pE3YyJIbTaTaM SKCIICPUMEHTA IIOKAa3aHO Ha pI/I034

ﬁ?‘lccnegosaﬂne YCTOHUMBOCTH M TOYHOCTH NpHECcAa MPLC = |EI|1|

¥ MocnenoBanue YoToRMMEDSTI

(ol | CCNeqoE3HHe TOYHOCTH

OEWIATENE -I

YCWMUTENE-
NFEOERASOBAT.

WMecxoaHHEe AaHHBE

Yeunurens-npeofipasoBaTens

K03 pbHUMEHT YoHNEHHA

[ocToAHHAA BREMEHH, © ID'DDS Ymax
Neurarens

K. oL MEHT |1 3 Ocuunnorpads

nepeqayu, pag/ch

MNocToAHHaA BEPEMEHM, ©

HOA0EOA BHHT

War EMHTA, Fam
ObparHan cBAsE

IS
K= depuupert lv
Help |

nepegauu, B /wr

MNepet elWeHHe CynnapTa, Mi

3343HHOE NEPEeM BLEHHE, MM

-02 -01 ] o1 02 03 0.4 05
Epema, c

Exit |

Puc.3.4. Humepgeiic npuknaonoit npozpammot

B cooTBercTBUU € 3ajaHUEM HEOOXOIMMO MTPOBECTU UCCIIETOBAHMS 3aBUCUMOCTH KOMITJIEKCHOTO
mokaszaressi KadecTBa IIEPEXOJHOr0 TMpolecca OT Kod(p(dUIMeHTa mepeaayd yCHUIUTEINs-
npeoOpaszoBarens. s omnpeneneHus Juana3oHa BO3MOXHOIO H3MEHEHMs Kod(p(uimeHra
HE00X0UMO, TOJb3YsSICh 3aBUCUMOCThIO (3.1), Ans 3amaHHBIX 3HayeHWil T, u Ty paccuuTaTh
MaKCHUMaJIbHO BO3MOXKHYIO BeHUHHY (Kyn)max. [IpH 3TOM y4nTHIBAaTH, 4TO 00N KOd(dUIMEHT
nepenaun CAY omnpenensiercs o popmyie:
H

ko =k, K K, _2:_5"_
Breibpate  mar  u3MmeHeHus — koddduimeHTa  mepenayd  yCHIUTENS-TIpeoOpa3oBaTeis
(pexomenayercs npudsaTh mar 0.2(Ky)max) ¥ TOATOTOBUTH TAOJIMIy SKCIIEPUMEHTAIBHBIX M
pacUeTHBIX JaHHBIX TaK, YTOOBI OXBATUTh MAaKCUMAaJIBHO JIOIYCTUMBINA K03 dunmeHT nepenayn,
OTpe/IeTICHHBIN 1Mo 3aBUCHUMOCTH (3.1).
B tabaune 3.1 npencrasien npumep 11t CAY ¢ HCXOIHBIMH JAHHBIMH, COOTBETCTBYIOIIIUMU PHC.
3.5. Pacuerom mo (3.1) maxomum ko=383,3. CnemoBarenbHo (Kyn)max=1158. BriOupaem mar
0,2:1158=232, cocraBnsieM TaOIUILy ¥ POBOIUM IKCIIEPUMEHTHI.
AKTHBU3UPOBATh NPUKIAAHYIO TPOrpaMMmy, 3aJaTh HCXOJHBIC JAHHBIE B COOTBETCTBUHU C
BapHaHTOM, BbIOpATh MepBoe 3HaueHUe Kod(dduiineHTa nepegayn yCuInTeNsi- mpeodpa3oBares
U BBINOJIHUTH MOJEIMPOBAHUE IepexoaHoro mnpouecca. [lo ocmuwiiorpamMmme MNpoOU3BECTH
HEOOXO/IMMBIE U3MEPEHUS U 3aIHCaTh Pe3yNIbTaThl B TaOIHIly. BBIIOTHATE SKCIIEPUMEHTHI TSI
BCEr0 BHIOPAHHOTO JAMana3oHa u3MeHeHus Koddduimenra.
PaccunTarh KOMIUIEKCHBI ITOKa3aTellb KadecTBa U KaXIOTO HSKCIEPUMEHTa M IOCTPOUTH
rpaduK 3aBUCHUMOCTH KOMILJIEKCHOTO IOKa3aTenss 4 JTUHAMUYECKOrO KadecTBa CUCTEMBI OT
ko3hunmenta nepenaun K, ycunurens-npeodpazosatens (puc.3.5). Ecnu npu kakom-mu6o
3HaueHun kodpounuenta nepegaun CAY oka3pIBaeTcsi HE yCTOMYMBOH — COOTBETCTBYIOLIEE
cooOlIeHre 3an1caTh B TAOIUILY.

Tabauya 3.1. Dxcnepumenmanvuvie u paciemHuvle OAHHbLE

Ne kyn Ymax ‘ Ye ‘ t ‘ A
1390 CAY He ycToiiunBa
2 1158 97 | 50 | 2440 | 4730
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3 926 93 50 1,10 2,05

4 694 85 50 0,53 0,90

5 462 79 50 0,34 0,54

6 230 68 50 0,24 0,33
A

2,0 ,/
/
A
ke

230 462 694 926 1158 K,

Puc.3.5. I'pagpuk 3aeucumocmu komniekcrnozo noxazamenn kavecmea CAY
om Kodgguyuenma nepedauu ycunumensa-npeoopazoeameis
(30Ha Heycmoliuueoil padbomul 3amemHena)
3aoanue

1. Ilo nucXOOHBIM JaHHBIM, B COOTBETCTBUU C BapuaHTOM (Ta0:1.3.2), MOCTPOUTH AHArPaMMy
YCTOMYMBOCTU CUCTEMbI IO KpuTeputo yctoiuuBoctu ['ypBuma (cM. puc.3.3). Ompenenutsb
MaKCHUMaJbHO BO3MOXKHOE 3Ha4eHHE KOd((UIMEHTa Mepeqadn yCHIUTeNs -ipeoOpa3oBaTeis u
HOJArOTOBUTH TAOJIUILY SKCIIEPUMEHTAIbHBIX JJAHHBIX.
2. Hcnonb3ys mNpuKIagHyI0 HOporpaMmy, HHTepdelic KOTOpol mpeiacTtaBieH Ha puc.3.4,
IPOBECTU CEPUI0 IKCIIEPUMEHTOB U PE3yJIbTaThl 3aIIMCATh B TAONIHUILY.
3. Ilo pe3ynpTataM IKCIEPUMEHTOB TOCTPOUTH IKCIEPUMEHTANBHBIA TpaduK 3aBUCHMOCTH U
IIPOBECTH €T0 aHAJIN3.

Tabnuya 3.2. Hcxoomusie oannvle

[lepBass | Ycunumens | /Jeuecamens | Bunm.napa | Bropas | [Jeucamens | Ob6p.céazv
udpa T, ¢ Ko, pao/cB Hen, Mm mudpa Ty, C Koe, B/MM
0 0,003 1,6 12 0 0,050 0,20
1 0,015 2,0 10 1 0,100 0,90
2 0,020 3,2 16 2 0,150 1,10
3 0,025 2,4 8 3 0,200 1,40
4 0,006 5,2 10 4 0,030 1,00
3) 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 mporokone mpenctaBuTh CTpyKTypHyro cxemy CAY, nuarpamMmmy KauecTBa, TaOIHILy
AKCIIEPUMEHTAJIbHO-PACUETHBIX JIaHHBIX, T'paQuK 3aBUCHMOCTH KOMIUIEKCHOTO ITOKa3aTess
JUHAMHYECKOro KadecTBa OT Kod((dUIIMEeHTa Mepelaydl YCHIHTENs-TpeoOpa3oBaTelis, KOMHIO
uHTepdeiica ¢ 3aMUChI0 MEPEXOHON XapaKTePUCTUKHU MPH KAaKOM-JTHOO0 3HaYeHUH K,;,. BEIBOIBI.

IIpakTyeckas padora Ned
Hccaenoanue Tounoctu CAY B pe:kumMe ABUKEHUS 110 TAPMOHHUYECKOMY 3aKOHY

lIeJlb paﬁombl: Hpuo6pemeHue npakmu4yeCcKux HaeblKo6 OYeHKU mOoYHoCmu cucmem
asmomamu4decKkoco ynpaesieHus npu mecmupoeaHuu no capmMoHu4eCcKomy 8x00HOMy CUcHamy.
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Teopemuueckasa yacmpo

Uccnenyercs CAY noBosioM, CTpyKTypHasi CXeMa KOTOpOro mpejicTtaBiieHa Ha puc.4.1. BunHo,
yto CAY oTiM4aercs OT pacCMOTPEHHOM B NPAKTHYECKON pabore NeS Tem, UTO yCHIUTENh-
npeoOpazoBaTeb MPEICTaBICH He O€3bIHEPIIMOHHBIM 3B€HOM, a allepuoAnYecKuM 1-ro mopsiaka.

X(t) o) Kk Kk, y(j)

Y

Ts+1 | | (T,s+1)s

k

en

A
A 4

K le

oc

Puc.4.1. Cmpykmypnas cxema uccieoyemoui CAY

Jlyiss TakOW CHUCTEMBI BKHBIM M TIEPBOCTEIICHHBIM SIBIISIETCS BOMPOC ycToWuuBOCTU. [loaTomy
nepe]; HadyaJioM SKCIIEPUMEHTAIBHBIX HCCIEAOBAHUNA HEOOXOAMMO OIPEISINTh MaKCUMAaIbHO
JonycTUMOe 3HaueHue koddduimenta K, mepenaun ycuimTens-npeoOpasoBaresis, MoJb3ysach
dopmymnoit (3.1) ¢ yueTom 3aBUCHUMOCTH AJisi onpeaencHus: obmiero kodduireHTa nepegadu
[OCJIEZI0BATENbHO COEIMHEHHBIX 3BeHbeB CAY:

ko= k kK k

oc “en"

rne Ke, = H/21 — nepenatounas GpyHKIus BUHTOBOM napbl (H —iar BHHTOBOI Taphl).

Ilpakmuueckan wacmep
st BBITIOJTHEHUsT PabOTBI HCIIOJIB3YeTCs TPHKJIANHAs MporpamMma, WHTepdeic KoTopoi
npeacraBieHsl Ha puc.4.2. llpuxknagnas mnporpamma  «YcTOMYMBOCTH TOYHOCTH CAVY»
HaXOJUTCS Ha IucKe. IHCTPYKIIMK U MOSCHEHUS JUIsl paboThI C IPOrpaMMO coiepKaTcs B caMoi
porpamMMme ¥ TOSBJISIOTCS Ha SKpaHe MOHUTOPA MpH HakaTuu kKHonku Help. Jlns BeimomHeHUs
ATON MPaKTUYECKOM pabOoThI, MOCIE aKTUBU3ALMHU [IPOTPAMMBI Ha IJIaBHOM MHTepQeiice JOKeH
ObITh BEIOpaH pexxuM «lccnenoBaHue TOYHOCTHY.
Ha wu3ob6paxenun ocuuiiorpada 3apukcupoBana peakiuss CAY moBojgoM cTaHka, KOToOpas
OTBEYaeT MUCXOAHOMY rapmMoHudeckomy curnamy 50Sin30t — nmunus 1. AMIIHTyaa W Yactora
BXOJ/IHOT'O CUTHAJIA 33JIal0TCSI B COOTBETCTBYIONIEM OKoIlike nHTepdeiica. Cynmopt orpabaThiBacT
3aJaHHbIIl 3aKOH JIBUXKEHHS B COOTBETCTBUU CO CBOMMH JMHAMHUYECKUMH CBOMCTBAMU U B
pe3ynbTare IepeMelaeTcss IO 3aKOHY, KOTOpPBIM COOTBETCTBYET JIMHUU 2, C OLIMOKOM,
n300pakeHHOH nuHKel 3. CreyeT OTMETUTD, YTO U3MEPEHHSI IKCIIEpUMEHTANIbHBIX 3HAUE€HUH Ha
ocuuuiorpade MOKHO BBINOJIHATH TOJIBKO MOCJE 3aBEPIICHUS] IEPEXOIHOTO PEXUMa pabOThI (CM.
puc.4.2).
[Tocrne ompeneneHUus MaKCUMaldbHO JOMYyCTUMOro Koddduiuenta K, mepenadd yCHIUTEIS-
npeoOpaszoBaresi, MOATOTOBUTh TAOIMIlY SKCIIEPUMEHTAIBHBIX JaHHBIX, IPUMEP KOTOPOH Iis
CAY c ucxoJHBIMH JaHHBIMU 110 prc.4.2 mpeacTapieH Hike. [Ipeanonaraercs mpoBeaeHUe Tpex
Ccepuil SKCIEPUMEHTOB MpHU CIEAYIOUIMX 3HAUYEHHUAX KOod(pUIUEHTa MepeAaud YCHINTENs -
npeodpazoBareiis: (Kyx)1=0,9(Kyn)max; (Kyn)2=0,6(Kyn)max; (Kyn)3=0,3(Kyn)max-

Tabauya 4.1. Dxcnepumenmanvhvie OanHvle

No Ky pc% o | Bmax | Ne K, p;)a’ o | Bmec | e Ky p;”a' | Onax
1 40 3 6 40 5 11 2 | 12
2 80 | 16 7 80 | 33 | 12 80 | 54
3 | 417 [ 120 | 111 | 8 | 278 | 120 | 68 | 13 | 139 | 120 | 32
4 160 | 49 9 160 | 34 | 14 160 | 26
5 200 | 32 | 10 200 | 27 | 15 200 | 24

Jlnama3oH W mar M3MEHEHUS 4YacTOT OMNPEICNIIeTCS SKCICPUMEHTAIBHO TaK, 4YTOOBI IPH
Kyn)1=0,9(Kyn)max MakcUMalIbHOE 3HAYEHHUE OMIMOKH MPUXOAWIOCH HA CPEOHEE 3HAYCHUE
y y
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YacTOTHI, a Iar MO3BOJISUT POJIEMOHCTPUPOBATH TCHICHIIMIO N3MEHECHHUS OIIMOKH B 00€ CTOPOHBI
OT MaKCHUMyMa.

[Tpu BEIOOpE aMIUTUTY Bl BXOJHOTO CHTHAJIA HEOOXOAUMO YIUTHIBATh BO3MOKHOCTD PETUCTPAITUH
BCEX CHUTHAJIOB IIPH YacTOTE, COOTBETCTBYIONIEH MaKCHMyMy OIUOKHA. PexomeHmyercs
ycranaBnuBath A=20.

ﬁlﬂccnegosaﬂue YCTOHYMBOCTH H TOUHOCTH NpHEDAa MPLC

=10 |
7 MooneqoBaHu9e YoT aluMEDCTH

f;' HCC.FIBJJ.DBGHMB TOMHOCTH

I' aprMoHHYEcKMA BXoAHOA CHIHAn _

OEWrATENR -I
-

YCUMMTENE-
MPEOEPA30BAT.

o
=

-

0 =

AMNMTYLE, M

L

Yacrora, pan/c

HMcxoaHBE ABHHHE

Yeunurens-npeoctpasoearens [TTTT]TTTTTTTTT{TTITT]

[¥]
=
=

K08 BULMEHT YCHAEHMA

24
[ —>

MNocToaHHaA EPEMEHH, & DDDB

Neurarens
Ocymnnnorpade

:

K3 pepuumeHT

nepegaud, pags/ck

MNocToAHHaA BEREMEHM, ©
Xon0BOR BHHT

=
jom]
5]

W ar BWHTa, e
OdpaTHan ceBAsb

K3 pepuumeHT

nepegauu, BAm

]

Mepem BWLEHHE CYNNORTa, M
o
33A3HHOE NEPEMELLEHHE, MM

Hbli pestcum

Mpouece | Reset |

] i 0,1 i) 03 04 05 06 07
Exit | Help | Epena, ¢

Puc.4.2. Humepdeiic npuknaonou npozpammot 011 ucciedosanus mounocmu CAY

[To pe3ynpraTam 3KCHepUMEHTOB (CM. Ta01.4.1) mocTpoeHsl rpadUKu 3aBUCUMOCTH OLUIUMOKHU OT
YacTOThl BXOJHOIO CHUTHaja Ui TpeX 3HaueHUul KoapduIMeHTa Mepesadyd yCHIUTeNs-
npeoOpazoBarens (puc.4.3).

100 / \ kyn:4‘117
[ 1\

80 / \

m ka=139 // \\

>~/ AN ——

AN NN
nyayd, I —

|

Puc.4.3. I'pagpuku 3xcnepumenmanvrovix 3a6ucumocmeit

3aoanue

1. Ilo ucxoaHBIM JaHHBIM, B COOTBETCTBUH C BapuaHTOM (Tabi.4.2), paccuutaTb MaKCUMalIbHO
JoIycTHMBIHA K03 duImeHT Ky, Tepenaun ycHanTens-npeoopa3oBatens, H HOATOTOBUTh TaOIHUILy
9KCIIEPUMEHTANBHBIX JIaHHBIX.

2. Vcnonb3ys npuKIaAHYO TIporpammy, HHTEpdeic KOTOpoi IpeIcTaBlieH Ha puc.4.2, BEIOpaTh
JUaTa30H U I1ar ©3MEHEHUs 4aCTOThl BXOAHOTO curHaia. [IpoBectu cepuio SKCIepuMEeHTOB (A5
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KaKJIOTO 3HAYCHHUST KO3 GUIIMEHTa Tepeaaydn), 3aMuchiBasi pe3ybTaThl B TAOJHILY, a 3aTeM
MIOCTPOUTH ITPaAPUKU IKCTIEPUMECHTAIBHBIX 3aBUCHMOCTEH.
Tabauya 4.2. Hcxoomuvie Oannvle

ITepBas Ko, Bropast | Hen,

uHI()bpa Toms € pao/cB To ¢ uml?pa MM Koe
0 0,003 1,6 0,050 0 12 0,20
1 0,015 2,0 0,100 1 10 0,90
2 0,020 3,2 0,150 2 16 1,10
3 0,025 2,4 0,200 3 8 1,40
4 0,006 5,2 0,030 4 10 1,00
5 0,009 3,0 0,025 5 14 1,20
6 0,004 4,0 0,120 6 16 0,40
7 0,045 3,6 0,015 7 18 0,60
8 0.050 5,6 0,040 8 20 0,15
9 0.005 4,5 0,035 9 14 0,52

Cooepotcanue npomokona

B npotokone mpuBectu cTpykTypHyI0 cxemy CAY, cCOOTBETCTBYIOIIME pacuyeThl KodpduimeHTa
nepesayd  yCHINTENsI-peoOpa3oBarelsi, TaOIMIly OKCIEPUMEHTAIbHBIX JIAHHBIX, KOITHIO
uHTepdelica TPUKIAAHOW  MPOTpaMMBl I KAKOTO-JIMOO  JKCIEpUMEHTa, TrpaduKu
AKCIEPUMEHTAIBHBIX 3aBUCUMOCTEN. BBIBOBI.

IIpakTHyeckas padora NeS
OmnpenesieHHe XapaKTePUCTUK 3JIEKTPOMEXaHUYECKOro NpuBoaa

He]lb paﬁombl: Hpu06pemeHue npaKkmu4eCKux HaeblKO6 KOMNI1EKCHO2O UCCned08aHus. cucmem u
00bEeKMo8 a8MoMamuyecko2o YnpaeieHusl.

Teopemuueckaa yacmp
Ha puc.5.1 npencraBiena sjeKTpoMexaHndecKasi CUCTEMa — MPUBOJI BPALIAIOIIETO JIBUKEHHS,
KOTOPBII COCTOMT W3 3JEKTpoABUTaTeNiss 1 MOCTOSIHHOTO TOKa, peayKkTopa 2 W Harpysku,
Harpumep, IIHHENS 3.

Puc.5.1. Cxema InekmpomexanuuecKkoii cucmembl

ypaBHCHI/ISI ABUKCHUS ABUTATCIIA ITIOCTOSAHHOT'O TOKA IPH HpeHe6pe)KeHI/II/I SAIBJICHUSAMHA BTOPOT'O
MopsiiKa UMECT BU:

M = I onfmz + M ’ (51)

oeue osue dt 1

e Mosuz, I osuey 206ue — MOMEHT JABWKCHHSI, MOMEHT WHEPIIMH POTOPA U YIIIOBask CKOPOCTh
nBurarensi, M1— MOMEHT Harpy3ku Ha Baiy asurateins. C qpyroil CTOpOHbI, B COOTBETCTBHUH C
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AJIEKTPOMEXAHUUECKOU XapaKTEPUCTUKON JIBUTaTEII:
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kU -kQ, ; (5:2)

dsue?

M

osue

rie Ko — KoappUIUeHT MPOIOPLIHOHATLHOCTH MEX Ty HanpshkeHrueM U 1 MOMEHTOM JIBHYKEHHSI,

Ky — K03 pUIIHEHT HAKIIOHA 3TIEKTPOMEXAHUIECKOM XapaKTEPUCTUKH.
Penyktop MoxeT ObITh IpECTaBIeH OE3bIHEPIIUOHHBIM 3BEHOM:

0,=Q,Kk (5.3)

Osue’ “peo!

rae (21 — yrioBas CKOPOCTh BBIXOTHOTO Bajia PEAYKTOPA, Kyeo — KO3 HUIIMEHT nepenayn.
B xoneunom uTore, CHHC 1B HHA BaJla Ha KH;
15 +KQH+M§(( Sdt=" G+ m =0, (5.4)
dt I I 1

rae M, |, € - moyne3HbIii MOMEHT, MOMEHT UHEPIIUU M YIJIOBask CKOPOCTh HArpy3KkH, 3 -
KPYTHIIbHAS KECTKOCTh, A - KOOPPHUIIMEHT BSI3KOro TpeHus. Takum 00pa3oM, ypaBHEHHE CBSI3H,
KOTOPOE MOKa3bIBAET, HA YTO PACXOIyeTCs MOJIE3HAsl YaCTh MOMEHTA JIBUTATENs, UMEET BHI:

Mﬁmm%Fﬂ% (5.5)

ITo momy4eHHOI MaTeMaTHYECKOIl MOJENH, KOTOPRS COCTOUT U3 ypaBHeHuH (5.1-5.5),
MOCTPOCHA CTPYKTYpHAs CXeMa AJIEKTPOMEXaHUYECKOU cucTeMbl (puc.5.2).

M
< —» s/
K p o,
U
™ ka lo6ueS kped — 1 Q >
T72s* +T,s +1
M
kpedB
1/s |«

Puc.5.2. Cmpykmypnas cxema 3neKmpomexanuyecKoil Cucmemol

Ha cxeme ecTb 1Ba BXOZa: OJUH MO yIpaBisiolieMy Bo3aeicTBuio U, a BTOpo#t - mo
Bo3MyIeHuto M. He cmoTpst Ha To, 4TO Mo McxoaHOHN cxeme (cM. puc.5.1) cuctema KaxeTcs
Pa30MKHYTOI1, Ha caMOM JieJie OHa 3aMKHYTa ¢ 0OpaTHbIMU MMOTOKaMH curHaios. [1o
pa3paboTaHHONH MaTeMaTUYECKOM MOJENU 3JIEKTPOMEXAaHMYECKOIo MOBOJIAa MOYHO INPOBOJIUTH
IIPEJIBAPUTEIBHBIE UCCIIEIOBAHUS C LIEIbIO ONPENEICHNs XapaKTEpUCTHK, OLEHKH KauecTBa U
BbIOOpa HEKOTOPBIX €ro napamerpoB. Takol sTam mpeaBapUTEIbHOTO MPOEKTUPOBAHUS BCETAa
JIOJDKEH MPHUCYTCTBOBATh MPHU pa3pabOTKe CHCTEM U 0OBEKTOB aBTOMAaTHUECKOTO YIpaBICHUS U
ABIISIETCS. YPE3BbIUafHO BAXKHBIM, TaK KaKk MMEHHO 3/1€Ch OMpPENENSIOTCS 00Iue HarpaBiIeHUS
yJIOBJIETBOPEHUS TPEOOBAHUAM TEXHUUYECKOTO 33aHUS U YIYUIICHUS XapaKTEPUCTUK CHCTEMBI.
Hampumep, n3BECTHO, UTO IEPEAATOYHOE OTHOIIEHUE PEIYKTOPA CYIIECTBEHHO BIUSET Ha
JUHAMUYECKHE XapaKTEPUCTHUKU DJIEKTPOMEXAaHWYECKoro mnpuBoAa. OLEHKa MepexOaHbIX
XapaKTEpUCTUK CUCTEMBI, ITPEJICTABICHHON pa3paboTaHHON MaTeMaTHUYECKON MOJIEIBIO, IPU
pa3HBIX 3HAYEHUAX Kod(ulimeHTa nepeaayn peaykTopa Mmo3BoJsieT PpelnTh TaKylo 3a/1a4dy.

Ilpakmuueckaa uacmep

Jns BeIMOJIHEHHMST PaOOThI HMCHOJIB3YeTCs TPHUKIAgHAs MporpamMma, HHTEepdeirc KOTopoi
npencTasieH Ha puc.5.3. [IpukiagHas nporpamma «QIEKTPOMEXaHUYECKAsi CHUCTEMay» HaXOAUTCS
Ha JUCKEe. SIIpoM 3TOM NpOrpaMMbl CIYKAT COCTABJIEHHAs BBIINIE MAaTeMaTH4eCKas MOJEINb.
WHCTpYKIIMU M TOSICHEHUs Ui pabOThl ¢ MPOTrpaMMOM colepKaTcs B caMOW IMporpamme
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HOSIBJISIFOTCS. HA 9KpaHe MOHHUTOpA MpU HaxkaTuu KHomku Help.
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Ha wu3o0paxxenun ocmmmiorpada (puc.5.3, a) 3aduxcupoBaH MPOIECC H3MEHEHHS YTIIOBOM
CKOPOCTH HArpy3ku (JuHMS 1) mpu pasroHe W NMpU U3MEHEHMM MOMEHTA I0JIE3HOW Harpys3ku
(muHMS 2) TI0 CTYIICHYATOMY 3aKOHY.

BoImonHAS Takue SKCIEPUMEHTH NMPU PA3HBIX 3HAUCHHSX HANpPsHKEHUS THUTAHUS JIBUTATEINA,
MO’KHO IIOCTPOUTDH CTATUYECKHE XAPAKTEPUCTUKH JIEKTPOMEXAHUYECKOIO IT0BO/A: 3aBUCUMOCTD
YIJI0BOM CKOPOCTH HAarpy3KH OT MOJIE3HOT0 MOMEHTa (puc.5.4, a).

L2 v ases wasses 1 Saerpene oatoepual 5 [= 5
MO0 AHBE RAHMHEE 220 Ocwrmmn pod
cwen (] J— j
faxtoaea e by HnE o "‘_ -! - ’
Momert dtwn 17 vl 5'_’""‘ - / \ -
Kopetvaammy notase b ic/nag 1955 ._ i \
R c— i - 0 - ==
e nepeare E 0 - aa— '
Worpana E.. 2 R 6)
Moane isesaed e vl "'_'".“_ I l -
FOn v B el Hina | 1T o3
Epraveess secrrocte Hivpns fa Denposmar pad

’ .
Hegmamse geeyrav ) N 51 &
§
MHiavent fooaswen ~ & %
T H = B
Mo Otvatums
Flun:(j Tiayas FOCRNT OO0
e EE | ua
Ew ] Hep I P fow,

rgeater pad

Puc.5.3. Humepdgheiic npuknaonoit npozpammel npu
onpeodeneHuu Cmamuyeckux XapaKmepucmux (a) u
pe3yibmamol MOOENUPOSAHUA NPU ORPEDeSIeHUU
OUHAMUYECKO020 Kauecmea:

0)—kp=01;6)-kp=0,3;2) -kp=0,8

r)
Jns omnpeneneHuss ONTHUMAJIBHOTO MO OBICTPOAECUCTBUIO KOX(pUIMEHTa Nepeadyu peayKkropa
IPOBOAMTCS CEPHs SKCIIEPUMEHTOB, MPU KOTOPBIX (PUKCUPYETCS MEePEeXOJHbIN IMpolecc (pa3roH
NPUBO/IA) MPH BCEX €ro HEM3MEHHBIX MapameTpax, HO JJs pa3HbIX 3HaYeHMH KodduuneHTa
nepeaaun peaykropa (puc.5.3, 6, B, ).
[To pe3ynbTaTaM 3KCIIEPUMEHTOB MOCTPOEHBI I'padMK 3aBUCUMOCTH JMHAMHUYECKOIO KauecTBa,
KOTOpOE OINpe/eNseTcs 10 KOMIUIEKCHOMY TMokazateinro (cMmotpu ¢opmyny 5.2), or
kodduuuenta nepeaaun penykropa (puc.5.4, 6). Ilpu BBIMOTHEHUH >KCIIEPUMEHTOB JaHHBIE
yI0OHO TpPEACTaBIATh B TaONU4yHOW (opme, a TOTOM CTPOUTH HEOOXOIUMBIM Trpadux
3aBHCHUMOCTH KOMIUIEKCHOTO MoKa3ateins A oT ko3 duimenTa nepegayn peaykropa.
Onpenenenre HeOOXOAUMBIX Ul pacueTa o gopmysie (3.2) mapaMeTpoB MMOKa3aHO Ha puc.5.3,
6. BumHo, 4TO ONTHMaNbHOE 3HAYCHHE KOX(PQHIMEHTA Mepeaadyu, mpu KoTopom A—min,
pasusiercs 0,3. [lepexoanblil mpoliece Mpyu TakoM 3Ha4eHUH KodpuiineHTa nepeaay peaykropa
MPEJCTaBIICH Ha OCHMIUIOrpamMMe puc.S.3, B.

W, paod/c A
260 | | 1,0
24 T — U=120B
. 0,8
22 — :
) . — KYL\O\
18 ~ - U=100B 08 q\ ——
14 i > 0,4 5
o — U=80B | \
10 —~b——— 02 \ A
8 T \-:/C
6 0
0 10 20 30 40 50 M., H/m o 01 02 03 04 05 06 07 08k
a) 0)
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Puc.5.4. I'pagpuku 3xcnepumenmanvHbvIX 3a6UCUMOCHElL:
a) — cmamuyecKue XxapaKkmepucmuku; 0) — OUHAMuUUecKan XapaKkmepucmuxa

3aoanue
1. Ilo MCXOAHBIM JaHHBIM, B COOTBETCTBHM C BapuaHToM (Tabi.5.1), ompenenuTsh cTaTHYecKue
XapaKTEPUCTHKH DJIEKTPOMEXaHUYECKOTO MOBOJAA JUIS Pa3HbIX 3HAUCHUH HANPSDKECHUS MTUTAHUS
JIBUTATENI W TIOCTPOUTH COOTBETCTBYIOIIME rpaduku. ([{nama3oH H3MEHEHUS HaNpPsHKECHU
OmpeJIessieT MPernoIaBaTeb).
2. IlpoBecTn cepHi0 3KCIEPUMEHTOB 10 MOJICIMPOBAHMIO TEPEXOAHONW XapaKTEPHCTHKH IIPH
pa3HBIX 3HAueHHAX Kodpduuuenra K, mepemauu peayKTopa, BBIIOJIHUTH HEOOXOIUMBIC
U3MEpPEHUs], PacCUNTaTh KOMIUIEKCHBIM MOKa3zaTellb A U MOCTPOUTH COOTBETCTBYIOUIMHA rpaduk
JUIs OTIPEZCIICHHSI OITUMAIBHOTO 0 OBICTPOACHCTBUIO KO3hdHIueHTa K.

Tabnuya 5.1 Ucxoounsie Oannvie

IlepBas lo Ko Ky Ky Bropas I B 3

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

Cooepircanue npomokona

B mpotokone mpeAcTaBUTh CTPYKTYPHYIO CXEMY DSJEKTPOMEXAHHUYECKOW CHUCTEMBI, TaOJIUIIbI
AKCMIEPUMEHTAJbHBIX JTaHHBIX, COOTBETCTBYIOIIME TpaUKH CTATUYECKUX XapaKTEPUCTUK U
rpaduk 3aBUCUMOCTH KOMIUIEKCHOTO TOKa3aTelss AMHAMHUYECKOro KayecTBa OT Kod(duuneHTa
nepesayl peryKkTopa, Komuw uHTepdeiica mpukiIagHOi TporpaMMBbl ¢ TIEPEXOIHBIM MPOIIECCOM
NPy ONTHUMAJIBHOM 110 OBICTPOJCUCTBUIO 3HAYCHHH Kod(hHIMEeHTa Tepenayud peaykropa.
BriBoapbl.

IIpakTuyeckas padora Ne6
OmnpeneneHue XapakTepUCTHK MHIPOMEXaHHYECKOr0 NPUBOAa

lleﬂb paﬁombt: Hpuo6pemez—me npakmu4yeCcKux HaeblKo6 KOMNJI€KCHO20 UCCNIE008AHUSL CUCMEM U
00bEKMOB ABMOMAMUYECKO20 ynpaejaeHusl.

Teopemuueckasa yacmao

Ha puc.6.1 npencraBiena ruipoMexaHruyecKkasi CucTemMa — MPUBOJ MOCTYIATEIbHOTO JIBUKEHUS.
[TpuBOJ COCTOMT M3 TMIAPABIMYECKOTO LMJIMHIpA |, IITOK KOTOPOrO CBSI3aH C CYNIOPTOM 2
(Harpy3Koil) MEXaHHUYeCKOM CBs3bI0 C JKECTKOCThIO c¢. CynmopT mepeaBUraercs Io
HAMPaBJISIONUM 3, KOTOPbIE XapaKTePU3YIOTCss K0I(DMUIMESHTOM BS3KOTO TPEHHS A, & CKOPOCTh
pEryIupyeTcs TUAPaBINYECKUM JpoccesieM 4. Takum 00pa3om, cucTeMa UMEET YIPaBIISTFONTUI
BXO/Jl (OTKpPBITHE X APOCCENsl) U BO3MYIIEHHE — CUITy 1osie3Hoi Harpy3ku F. Llenbio ynpaBneHus
SIBIISICTCS TIEPEMEIIIEHHIE CYIITOPTa ¢ 3aaHHO# ckopocThio dy/dt mo koopauHare Y.
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Puc.6.1. I'uopomexanuueckasn cucmema

JIBuKeHHe CynmnopTa MOKeT ObITh onucano nuddepeHInanIbHbBIM YpaBHEHHEM BTOPOTO

[nopsAaaKa:
2

m

y dy
YA —v)=F 6.1
dt2+ OIt+C(y y.)=F, (6.1)

rje M — macca cymnmnopra; A - KoaQGUIMEHT BA3KOr0 TPEHHS; Y — epeMeleHrne Macchl; F —
MOJIE3HAsl HAarpy3Ka.

MunpaBnrueckuii TUIMHID € MOJE3HOM IIIOIIA/bI0 P MOpIIHS JOJKeH ObITh MIPeICTaBIeH
IBYMsI YpaBHEHHSIMH, KOTOPbIE OTBEYAIOT KHHEMATUYECKOMY U CHJIOBOMY BO30YXICHHUIO.
[lepBoe onmchIBaeT ABMKEHUE MO pacxony Q macna yepes HMIHHAP:

Q dt,

y, = 6.2)
1 J.E

a BTOpOC — UBMCHCHUC JIABJICHUS B HOJ'IOCTI/IZF
p,= Fll (6.3)

Pacxon mMacia yepes npoccenb 3aBUCUT OT OTKPBITHS JPOCCENUPYIOIIEH IEIU U Iepenajia
JaBJIICHUS Ha HEH:

(6.4)

rie | — KodpPHUIMEHT pacxo/a 4yepe3 IpOCCelIUPYIOILYHO 1eib, K — koaddurment
PONOPLHUOHATBHOCTH MEXY TUIOIIAABIO LIS U OTKPBITUEM X IPOCCEIs, Po— JaBICHUE TUHUU
IIUTaHWs, P — YACIbHBIM BEC Macya.

K maremaTnueckoii Mojenn HeoOX0JMMO PHUOABUTH YpaBHEHHE CBS3U:

F1: (yl_ y)C (6.5)

o mony4eHHOM MaTeMaTHYECKON MOJIEIH, KOTOpasi COCTOUT U3 ypaBHeHu# (6.1-6.5), moctpoena
CTPYKTypHasi cxema THJIpOMeXaHu4ecKoi cuctemsl (puc.6.2). Ha cTpykTypHO# cxeme ecTh JiBa
BXOJIa: OJIUH TI0 YIIPABJISIONIEMY BO3JICUCTBHIO X, @ BTOPOI MO BO3MYIIEHUIO F.
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Puc.6.2. Cmpykmyphnan cxema 2uopomexanu4ecKoil cucmemol

v

Hpoccens Ha BXOAE€ CXEMbl MPEACTAaBIEH JABYMS MEPeJaTOYHbIMH  (DYHKUUAMU C
JMHEeapU30BaHHBIMU K03 duimeHTaMu nepeaadn Koy — M0 yrpaBJIstonieMy Bo3ICHCTBHIO X U Koy
— mo mepenaay naBicHus. [Ipu MOIETMPOBAHWU CHUCTEMBI C INPUMCHCHHEM YHCICHHBIX
AITOPUTMOB MOXKHO HCIIOJIb30BAaTh MEPBUYHYIO HEIHHEHHYI0 3aBUcCUMOCTD (6.4). [locTosiHHBIE
BpPEMEHH TepeaToYHO (YHKINK HAaTpy3KH B cooTBeTcTBUH ¢ (6.1) paBrsiorcs: T12 = m/c, T, =
AlC. 3mech, Kak W Ui JIEKTPOMEXAHUYECKOTO TMOBOJA, MOKHO KOHCTATHPOBATH 3aMKHYTOCTh
CHUCTEMBI, KOTOpasi, TeM He MeHee, He sBisieTcss CAY.

Pa3paborannas mareMarWdeckas MOJAENIb  IO3BOJSIET HA  JTale  MPEIBAPUTEIHHOTO
MPOEKTUPOBAHUS TPOBOJUTH HCCIEAOBAHUSA C LENbIO OINpEAeTCHHs BIMSHHS I[apaMeTPOB
NPUBOJAa HA IUIABHOCTh JBWKCHHSI, OIEHKA KadeCTBa YIPABICHUS W BO3MOXHOCTH
COTMPOTHUBIICHUS BHEIIHEH Harpy3ke H T.N. B 3aBUCMMOCTH OT KeJlaeMOoro Juarna3zoHa CKOpOCTen
JBYKCHHS pabovero opraHa MOYKHO TPABHIIBHO BBIOPATh COOTHOIICHHE: JABJICHUE MUTAHUS —
reOMEeTpUUYECKHUEe MapaMeTphl APOCCensi, YTO SBJSETCS BaXKHOM 3aladeil, OT peuieHus: KOTOpoi
OyIyT 3aBHCETh SHEPTrEeTUICCKHE ITOKA3aTEIN MIOBO/IA B IIEJIOM.

Ilpakmuueckaa wacmeo
Ha puc.6.3 mnpexacraBieH wuHTepdelc MNpUKIAAHON NpOrpamMMbl, KOTOpas MOJEIUPYET
rujpoMexaHnyeckyro cucremy. Ilpukiagnas mnporpamma «l'mapoMexaHudeckas CHUCTEMay
HaxOIUTCA Ha JUCKE. SIIpoM 5TOM IpOorpammsl SBJISETCS NPEACTaBICHHAs BBIIIC HEJIMHEWHAS
MareMaTU4ecKas: MOJeb, KOTOpas YYMTHIBACT HENMHEHHY 3aBucuMocTh (6.4) kpome
HEJIMHEHHOCTEe!, ONMCaHHbIX B TeopeTuyeckoi yacTu. KoaddumenTsl Moenu paccuuTanbl JUIst
CIeYIOMHX UCXOAHBIX AaHHbIX: 1=0.9, p=900 xr/m3. IHCTpYKIMHU U TOSCHEHHUS 1S paboOTHI C
IIPOrpaMMOi COAEPIKATCA B CAMOM IMMPOTpaMMe U MOSIBIISIOTCSA HA SKPaHE MOHUTOPA MPU HAXKaTUU
kuomku Help.

=0l ]

MCX0AHLIE NAHHBIE

r".llpaBnuuet:Kaa 4acTb I H

K.osauumeHT nepeasim ID 5
APOCCENRA, M z I
Mnowane NopwHA I—SD )

FHOPOUHAMHAPA, T2

JlaeneHue nuranua, MNa |20 |
| SIS

M exaHuyeck an yacTe u

Macca, kr |5 _I
L]
A.ectrocTe, Hévm |22DD
KeaqpuumenT Baskoro  [Tpg0 Ocunnorpad

TREHMA, Kric

OTKPEMHE ApOCCEnd, M IU'3 E

m 5

MonesHan Harpyzka, kH

Mpouecc | Feset |

; |2 2 0,05 0 0,05 01 015 02 025 03
Exit | Help | x 3
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CKopocTe, Mjc

Crna Harpyskm, kH
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Puc.6.3. Humepgeiic npukinaonoit npozpammul Mooeauposanus
2UOPOMEXAHUYECKOIL CUCHEMbL

Ha u3o0paxxenun ocmmmiorpada (puc.6.3) ckopocTh ABMKEHHsS pabodero opraHa o003HavYeHa
auHUER 1, CKOpPOCTh ABMIXKEHHS IUTOKA TMAPABIMYECKOrO IWIMHApPAa — JMHUEH 2, a JWHuA 3
COOTBETCTBYET BHEIIHEH Harpy3ke — Cuiie, KOTopas MPHUKJIAAbIBaeTCs K paboueMy Oprasy.
3aukcupoBaH NMKI YHPABICHHUSA, COCTOSAIIMHA M3 CICAYIOIIMX JTAloB: JBHXCHHUE BIIEBO
(oTpuLaTenbHasl CKOPOCTh) K JIEBOMY YIOpPY, IBHXKEHHE BIPABO 0 OKOHYAHHS MEPEXOJHOrO
npoliecca v MOTOM BHE3AITHOE MPUIIOKEHUE CUITBI HarPy3KH, TBH)KEHUE K TPABOMY YIIOPY.
AHanu3 oCUUJUIOTPaMMbl TIOKAa3bIBA€T, YTO NMPU U3MEHEHUH HAINPaBJICHUS JIBUKCHUS B CUCTEME
IPOUCXOIUT MEPEXOTHBIN MPOIIECC, KOTOPHIN COMPOBOMKAACTCS 3aTYXAIOIUMH KOJICOAaHUSIMH, KaK
CKOpPOCTH pabodvero opraHa, Tak M CKOPOCTH INTOKA TMAPABIMYECKOTO LWJIMHIPA, 3 U3MECHEHHE
CHWJIBI HATpy3Ka, KpOMe MEPEXO0IHOTO MPOIECcca, BhI3bIBAET YMEHbIICHNE (PAKTUUECKONH CKOPOCTH
JBWOKEHUST pabodero oprada (BenmuumnHa OV Ha ocumsutorpamme). IIpu yBeITHUEHHH CHITBI CBEPX
OTIpEeICICHHOW BEJIMYUHBI MOXKET MPOU3OUTU JBUKEHHE B MPOTUBOMOJIOKHOM OT KEIAeMOTO
HAIpPaBIEHUU, TO €CTh MACJIO OYAET BHITECHITHCS U3 MOJOCTUTUAPABINUECKOTO IUIMH/PA.
BoImonHsAss TakWe SKCIEPUMEHTHI TMPU PA3HBIX 3HAYCHUSAX CHIIBI CONPOTHBIICHHS, MOXKHO
MOCTPOUTH KaK TMHAMHYECKHE XapaKTEPUCTUKH 3aBHCUMOCTH MEPEPETyTUPOBAHUS, 3aTyXaHUs 3a
nepuoj OT MapaMeTpPOB CUCTEMbI, KOTOPbIE U3MEHSIOTCS, TaK M CTATHUYECKHUE XapaKTEPUCTUKU
3aBUCHMOCTHU CKOPOCTHU JIBMIKEHMSI OT CHJIBI TIOJIE3HOM HArpy3ku (puc.6.4).

V, m/c

T 4

0,8

0,6

0,4 e

0,2 g

0 C
0 2 4 6 8 1 P, kH

-0,2

-0,4

Puc.6.4. Cmamuueckasn 3a8ucumocms CKOpOCHMU OGUNCEHUS OM NOIE3HOL HAZPY3KU

3aoanue
1. [To UCXOAHBIM JIaHHBIM, B COOTBETCTBUHU C BapuaHTOM (Ta0i.6.1), ONpeneuTh CTaTHYECKHUe
XapaKTEPUCTHKH THIAPOMEXAaHHYECKOTO MPHUBOAA (3aBHCHMOCTh CKOPOCTH PabO4Yero opraHa OT
CHUIBI TTOJIC3HOM HArpy3KH) JJIs pa3HbIX 3HAYCHUU JaBJICHUS MTUTAHUS THAPABINYCCKON CHCTEMBI
U TOCTPOHUTH COOTBETCTByMOHmMK rpaduk. (/namasoH wW3MEHEHUs AaBJCHHS OIMpPEIeIsIeT
MPEToIaBaTelhb ).
2. OmpenenuTh JUHAMHYECKHE ITOKA3aTeId THAPOMEXaHHYECKOTO IMPHBOA: OTHOCHUTEIILHOE
nepeperyIMpoBaHue U 3aTyXaHUe 3a TIEPHOI.

Tabauya 6.1 Hcxoouvie oannvle

[TepBas k, Po, P, Bropas c, A, m,
uugpa MM MlIla cm? dpa H/mm 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
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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

Cooeporcanue npomokona

B npoTtokose npeacTaBuTh CTPYKTYPHYIO CXEMY UCCIIETYEMON CUCTEMbI C MCXOHBIMH JIaHHBIMH,
Ta6JII/II_[BI SKCHICPUMCHTAJIbHBIX HAHHBIX, I‘pa(i)I/IKI/I CTATUYCCKUX XAPAKTCPHUCTUK, TUHAMUYCCKHC
MOKa3aTesl KauecTBa MePEeXOqHON XapaKTePUCTUKU THAPOMEXaHUIECKOTO TIPUBOIA.

IIpakTyeckas padora Ne7
Omnpenesienue xapakrepuctuk CAY npoao/ibHoii nojgayveil npu TOYeHU N

Llenwv pabomot: [Ipuodbpemenue npakmuieckux Ha8bIKO8 KOMNIEKCHO20 UCCAe008AHUsL CUCEM U
00beKmM0o8 A8MOMAMULECKO20 YNPAGIeHUsL.

Teopemuueckasa yacmp

HaubGonee pactipoctpanenHbii B MeTamuiooopadorke Tun 3aMKHYThHIX CAY — 310 CAY,
npeHa3HaYeHHbIE JUI1 aBTOMAaTHYECKOTO PEryJIMPOBAHUS IpoLiecca pe3aHusl 3apaHee
YCTaHOBJIEHHBIM 00pa3oM. Takue CUCTEMBbI MOT'YT IPUMEHSThCS Kak JJIsl CTaOMIN3auu
3aJJaHHBIX BBIXOJHBIX IApaMETPOB IPOLecca pe3aHus, Tak U ISl UX U3MEHEHUS B LIUKJIE
00paboTKH 1O orpeneneHHoMy anroputmy. Haubosnee nenecoo0pa3Ho HCIONb30BaHHE TAaKUX
CHCTEM Ha 3aKJIHOUYUTENbHBIX, QUHULIHBIX ONEPALUsIX TEXHOJIOIMYECKOI0 Ipoliecca.

[Tpu MexaHuueckoil 0OpabOTKe pe3aHMEM TOYHOCTb OOpaOOTKH, B OCHOBHOM, OIPEAEISAETCS
yIPYTrUMH JePOpMaLUsIMU TEXHOJIOIMYECKONH CHCTEMBbI, KOTOpPbIE, B CBOIO OYepellb, 3aBUCIT OT
cunbl pe3anus. [loaTomy cuctema aBTOMaTH4eCKOW CTAOMIM3allMM CUIJIBI PE3aHUs Ha 3apaHee
3alaHHOM YpOBHE WJIM IPOrPaMMHOIO PETYJIHNPOBAHMS €€ MO 3aJaHHOMY 3aKOHY I103BOJISET
MOBBICUTh TOYHOCTh OOPaOOTKH 1 3HAYUTENIBHO YIYUIIUTh KAYECTBO MOBEPXHOCTH JIETaJIEH.
CAY crabunM3anuu cuibl pe3aHust Ipu ToueHuH (puc.7.1) CMOHTUpOBaHa Ha TOKAPHOM CTaHKE
Y COCTOMT U3 IIPUBO/IA 10141 U U3MEPUTENIBHOTO ycTpolicTBa. 3MepuTenbHas ienbpeain3oBaHa
C TIOMOIIBIO JWHAMOMETpHYecKoro mpeoOpasosarenss JII, KOTOpbIi dYepe3 YCHIHMTENb Y
oOecrieunBaeT curHan obOpaTHoi cBsa3u U,e, mponopHuoHanbHBIA cocTaBistomel P; cuibl
pe3anus. [IpuBon momauu cocTouT U3 yeunurens-peoodpasosarens YII, nBurarens mocTosHHOTO
toka Jl u penykropa P.

A

d
dS| @ <X IVC,

dt
U, SU U, Q% S3 Sy P,
il » > P [— P; >
H, H(l) 1P » TC .
Uoc Py
Up oy
y AL [« JVCy [«

Puc.7.1. @ynkyuonanvnan cxema CAY cmadbunuzayuu cunvl pe3anus
npu moyenuu

CAY (¢yHKIIMOHHpYET cHeaylommM oOpasoM. Ha Bxom cHCTeMBI, K CpaBHUBAIOIIEMY
YCTPOUCTBY MOCTynaetr curaai U;, KOTOPBI COOTBETCTBYET TPeOYyeMOMY 3HAYCHUIO CHIIBI
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pe3aHus B onpeaeieHHoM Maciitade. Ha BTOpoil BXOJ1 CpaBHUBAIOIIETO YCTPOWCTBA IMOCTYMHACT
curHan U,., BeIpabaThIBaeMblil TUHaAMOMeTpuyYeckuM mnpeodpazosatesnem Il u ycunurenem V.
Takum obOpazom HampspkeHue U,e MPOMOPIHOHAIBHO pEallbHOMY 3HAUYEHHUIO CHIIBI Pe3aHusl.
Ommbka OU=U,;-U,. mocrymaer Ha Bxoj ycuiHTens-peoopasosarens YII, KoTOpbIit
BbIpabaTbiBaeT HampsbkeHue Uy muranus nsurarens M. J[uratens I, uepe3 penyktop P
orpezeNsieT BeIMYUHY IPOAOIbHON M01a4H TaK, YTOOBI CBECTH OLIMOKY K MUHUMYMY.

Kak ympaBnsemsrii 00bekT B CAY Bxomut mnpouecc pesanus ITP, KOTOpbI NpouMCXOAUT B
3aMKHYTOH TEXHOJOTHYeCKOl 00pabaThIBaoIeii cucTeMe.

Marematnueckas wmonaeab CAY  cocTOUT M3 MareMaTHMYEeCKUX MOJIEIEH  3JIEMEHTOB,
COCTABIIIIOLINX CHCTEMY. YCHINTENb-TIpeoOpa3oBaTeslb OMUCHIBAacTCA AupdepeHnnatbHbM
YpaBHEHHUEM IIEPBOIO MOPIAKA,

du
Yo T, —2+U, =k 38U, (7.1)
U t
HO €ro XapaKTepHCTUKA HeJTMHEWHAs THIIa
> “Hacepiienus’” (puc. 5.34):
0 oUp oU U() =k oU, ecmu 08U <dU,;
yn
Puc. 7.2. Xapakmepucmuxa L U,=U_., ecmu oU >o6U o)

ycunumensa-npeoopaszasameins

rae Kyn, Tyn — KOOPPHUIMEHT YCHICHHS U TIOCTOSHHASI BDEMEHHU YCHIUTEIA-TIPe0o0pa3oBaTelis;
Umax — HaIpsDKEHUE HACHITIICHUS.

I[BI/IFaTeJ'IB INOCTOAHHOI'O TOKA OIMHUCBIBACTCA ,Z[I/I(l)(l)epeHL[I/IaJ'ILHLIM YpaBHCHHEM BTOPOT'O
nopsjaka:

TT-dw 47 do, —kU, (7.2)
e m dt2 M dt 0 o 0

rie Ko, To, Ty - K03GGHUIMEHT TIepeIauu, MOCTOSHHBIC BPEMEHH (JIEKTPOMAarHUTHAS U
MeXaHUYeCcKas) ABUTaTesl.

Penykrop, TeH30METpUUECKUI TMHAMOMETP U DJIEKTPOHHBIN YCUIINTEND OMMCHIBAIOTCS
JUHEWHBIMU YPABHEHUSIMH, KOTOPbIE COOTBETCTBYIOT O€3bIHEPIIMOHHBIM 3BEHBSIM C
k03hpunmentamu nepenadn: Ky, Kon, Ky.

OkBuBajeHTHbIE ynpyrue cuctemMsbl (Y C) 1o cOOTBETCTBYIOUIUM OCSM KOOPJAUHAT MOTYT OBITh
npezcTaBieHbl 1updepeHInalbHBIMIA YPaBHEHUSMHU BTOPOTO MOPSAKA, KaK JIJIsl OJJHOMAaCcCOBBIX
CHCTEM:

( ddx . dsx

- .
iy AT (7.3)

P =m + A +C oY;
| dt? d '

Tae M —mMmacca cynnopTa; }\, - KOB(I)(I)I/ILII/ICHT BA3KOI'O TpeHI/IH (CI/IJ’Ia TpeHI/ISI HpOl’IOpL[I/IOHaJIBHa
CKOPOCTH); Cx, Cy — JKECTKOCTH 10 COOTBETCTBYIOIIEH KOOpAMHATE.
HpOLICCC pCSaHI/ISI 1P MOXET 6LITB HpeIICTaBJ'ICH ypaBHeHI/ICM, CBA3BIBAKOIIIUM (baKTquCKHC
BEJIMYMHBI 1T0J1a4H Sy ¥ TIyOMHBI Hy pe3anus ¢ cocraBistomeit P, cuibl pe3anusi:

P=C prsyp\/np’ (7-4)

z P @ @

rre Cp, Xp, Yp, Np— dSMIHpHUecKue Ko3(hHUIMEHT U TOKA3aTeNn CTENeHH, V — CKOPOCTh pe3aHHsl.
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bnok I'C BeimonaseT onepanr B COOTBETCTBHUU C TCOMETPUUCCKHUMU COOTHOICHUAMHA MCKIY
COCTaBJIAIOIIUMUA CUJIbI PE3aHUS:

y

z . P.=P -t : 7.5
1 +1g* (o +1) =P, -tg(¢ +n) (7.5)

rzie (o — [JIABHBIA yroJl B IJIaHE Pe3lia, 1) — YroJl CX0/a CTPYKKH.
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C y4eToM NpUBEICHHBIX BhINIE ypaBHeHUH (7.1-7.5) u cBsi3el PyHKIIMOHAIBHOM CXEMBI 11O PHC.
5.30, marematudeckyro mozeinb Beeil CAY Halo TONOJHUTH CIAEAYIOUIMMHI 3aBUCUMOCTSAMU:

(8U =U -U,;
|S =0k
| “dsx
- 7.6
{S, e (7.6)

[Uoc :6y ) kon ’ ky;

TakuMm 00pa3oM, cTabMIIM3aIMsI CHIIBI pe3aHus Ha TpeOyeMOM YPOBHE, KOTOPBI B OTIPEJICIICHHOM
Maciitabe OoTBeyaeT 3aJaHHoMy HampsbkeHuto U, Ha Bxoge CAY, NpoHCXOIUT 1o cuer
yhpaBieHUs MNPOAOIbHONM monadei. [lpu TodyeHuu netanu, OPUMYCK KOTOPOH H3MEHSETCH,
PEryjJIMpoBaHucC 1mogavdu J0JIKHO IIPOUCXOANTD TAK, LITO6I)I CuJia p€3aHus OCTaBaJlaCb MMOCTOSTHHOM
Ha Bcell anmuHe 00paboTku. Ho kadectBo pabotel CAY 1enukoM 3aBUCUT OT €ro mapaMeTpoB, a
TaKKe OT MapaMeTpoB TexHoJIormueckoi obpabareiBaromieit cucremsl (TOC) rne mMeHHO U
peanusyetcs npoiecc ToueHus. [loaTomy BakHel1Iel 3a1adeil mpu MPOSKTHPOBAHUH CHCTEMBbI
ABJIIETCS NpaBWIbHBIN BHIOOp €€ MapaMeTpoB, a IpPHM 3KCIUlyaTallud — OIIEHKa KayecTBa B
3aBucUMOCTH 0T napameTpoB TOC, KOTOpbIe B JAHHOM CIly4ae SBJISIIOTCS BO3MYILIEHUSIMHU.

Ilpakmuueckan wacmp

Ha puc. 7.3, a npeacraBnen uHTepdeiic NMPUKIATHON MPOrpaMMbl B KOHIIE MOJEITHPOBAHUS
npoliecca cTabuIM3alMy CUJIbl pe3aHusl MIPU TOUYEHUH CHEelMalIbHO IMOJITOTOBICHHOM AeTanu
HEPAaBHOMEPHBIM MPUITYCKOM, KOTOPYIO MOKHO YBUJAETHh Ha dKpaHE B Hadajie MOJEIMPOBAHUS
(puc.7.3, ©). Ilpuknannas nporpamma «CAY crtaOunM3anuu_CUiIbl_pe3aHHs» HaXOIUTCS Ha
JTICKE.

SnpoM 3TOi mporpamMMbl CITYy>KUT MpeACTaBICHHAs BbIle HEMHEWHAs MaTeMaTHUeCcKasi MOJIElb,
a MHCTPYKUMHU U TOSCHEHUs JUIsl padOThl C MPOTrpaMMOM COJIEp)KaTcs B caMOM mporpamme H
HOSBIISIOTCS HA SKpaHe MOHHMTOpa NMpH HakaTuu KHomku Help B moine rmaBHoro uurepdeiica.
[Ipormiecc pe3anus OTBEUaeT CICAYIONIMM IapamerpaMm: Kod(PQOHUIIMEHT W TOKa3aTelld CTETICHH
cunoBoii 3aBucumoctu C,=3000, x,=0.9, y5,=0.75, n=- 0,1.

[Tony4yeHHbIe XapaKTEPUCTUKU HM3MEHEHHUs IMPOJOJIbHON Mojaun M cocTaBistouied P; cuibl
pe3aHMs TMO3BOJIAIOT HAWTH M OLIEHUTh BCE HEOOXOAMMBIE MapaMeTpbl KadecTBa: TOYHOCTh
peryJinpoBaHusi, ObICTPOICHCTBUE, CKIIOHHOCTD K KOJIEOaHUSM U T.II.

Ha ocuunmnnorpade unrepdetica (puc.7.3, a) 3adpukcupoBad nporecc peryiupoBanust (JTuHus 1 —
cocTapisifomas P; cuiibl pe3anusi, JTuHUS 2 — mpojosibHas momgada S). ITockoibKy mporece
HA4YMHAETCS C MOMEHTa IOJBEICHMS pe3la K 3aroTOBKE, TO 3[€Ch I0Aada JJOCTHIaeT CBOEH
MaKCHMaJbHO JOMYCTUMOW (10 XapaKTepUCTUKAM MpHUBOJA) BEJWYUHBL. Jlamee MpOouCXOIUT
aBTOMATHUYECKOE PETYJIMPOBAHHE C IIENbI0 CTAOUIN3AIMY CUIIBI PE3aHHs — IPU YBEJIIMYESHUHN CUJITBI
nojiaya yMEHbIIAeTCsl, IPU YMEHbBILIEHUH - YBEIHMUHUBAETCS.

AHanu3 Tmpouecca peryJupoBaHMS MOXKHO TIPOBECTH IO YBEJIWYEHHBIM (hparmeHTam
ocumiorpammsl (puc.7.3, B). Crabunuszainys BBIIOIHIETCS MO MEPEXOJHONW XapaKTEPUCTHKE C
napameTpamu: Bpems t, mepexoHOro mporecca, MakCUMaibHas BeTHMUMHA Pmax cocTaBistomeit

CUJIbI pC3aHuA U C HCKOTOpOﬁ omubkoi OP. ITo stum napaMeTpaM MOKHO OLCHUTHL KadCCTBO
CAY.
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Puc.7.3. Mooenupoeanue CAY cmaodunuzayuu cunvl pe3anus npu mo4eHuu:
a) — 2naenvlil unmepdpeiic, 6) — HauanbHOe NON0IHCEHUE, 8) — OUCHKA KAUecmea

3aoanue
1. [To ucxoaHbIM JaHHBIM, B COOTBETCTBUH C BapuaHTOM (Ta0.7.1), mpoBeCTH MOACIUPOBAHUE C
LEIbI0 OIpPEACNICHUs] KayecTBa IMepexoJHoM XxapaktepucTuku CAY 10 KOMIUIEKCHOMY

nokazaresio (cMotpu Gopmyity (5.2)) U TOYHOCTH 1O omKHOKe OP OT CIeIYIONMX MapaMeTPOB
CAY:

1) oT kKoadduIueHTa rnepead peaykropa;

2) OT XkKecTKocTH Cx ynpyro TOC;

3) 0T K03 (uIMeHTa Nepelaun yCUIUTENst 00paTHOM CBA3H.
Ilpumeuanue:

- nuamna3oH u3mMeHeHus xxectroctu (H/mm) 18000 < ¢, <50000;
- Mana3oH BapbUpoBaHus K03 GuireHTa ycuaurens ooparroii cesi3u 5 < ky <55;
- TMana3oH U3MEHEeHUs KodpuimenTa nepeaadn peaykropa (mm/pan) 0,2 < Kk, <0,05.
2. BpiOupass mar HM3MEHEHHUs 3aJaHHOTO IapaMeTpa, IMPOBECTH SKCIEPUMEHTHl Ha BCEM
JMara3oHe ero MW3MEHEHUs, ONpEeNeTuTh HeoOXOoauMble (CM. BBIINIE) JTUHAMUYECKHE
XapaKTEePUCTHKH U 3aIUcaTh Pe3yibTaThl B COOTBETCTBYIOIUE TAOJIUIIBI.
3. Iloctpouts rpaduku HKCHEPUMEHTANBHBIX 3aBHCHUMOCTEH KOMIUIEKCHOTO TOKa3aTels
KayecTBa M OMIMOKU OT YyKa3aHHBIX Bbimie mapameTpoB CAY. OmnpenenuTh ITUHAMUYECKHE
noka3aresn CAY: OTHOCUTENBHOE NEPEPETYIUPOBAHNE U 3aTyXaHUE 3a IEPUO.
Buumanue! TlockosbKy HNCXOOHBIE JaHHBIE 33JAIOTCS CIIYy4alHO, HE HCKIIKOYAETCS CUTYalUs,
korna CAY oka3biBaeTcsi HEyCTONYHUBOM, TO €CTh COBCEM HE MPUTOJHON K (YHKIIMOHUPOBAHHUIO.
Coo0meHust 06 3TOM, B TakOM cllyyae, MOSBISETCS Ha OSKpaHe MOHHUTOpa BO BpeMs
MOJIeTUpOBaHus. PexoMeHaau i penieHus TaKol mpoOieMbl — JEHCTBOBATh B CIICIYIOIICH
MI0CJIE0BATEIbHOCTH:
1) wu3MeHsTh mapamerp, B pyHKIIMU KOTOPOTO aHATU3UPYyeTCs TuHaMuueckoe kadectBo CAY B
JIuana3oHe, yka3aHHOM B 3aJ[aHHH;
2) ecnu B pe3yJbTaTe BHITOMHEHUS I1. 1 He ynaercs odecneunTs nocTossHeTBO CAY, yMeHbIIAaTh
ko3 duureHT nepenaun npsmoro kaHana CAY 3a cueT yMeHbIIEHUs KOAPPHUIMEHTa YCUISHUS
TPAH3UCTOPHOTO (TUPHUCTOPHOTO) mpeoOpazoBaTens. [lomydeHHBI TakuM 00pa3oM HOBBIHA
KO3(PPUIIMEHT 3aHECTH B UCXO/IHBIE JaHHBIE C COOTBETCTBYIOIIUM KOMMEHTapHEM.

Tabauya 7.1. — UcxooHvle OanHbvle
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0 200 30000 100 1200 200 30 0.001 0 20 0.8 | 0.003 | 0.01
1 180 28000 90 1400 180 45 0.002 1 30 0.9 | 0.005 | 0.02
2 160 26000 70 1000 160 60 0.003 2 40 1.0 | 0.007 | 0.03
3 140 24000 60 800 140 75 0.004 3 50 1.1 | 0.010 | 0.04
4 120 22000 50 900 80 80 0.005 4 60 1.2 | 0.008 | 0.05
5 100 20000 40 600 100 45 0.006 5 70 1.3 | 0.009 | 0.01
6 80 23000 30 700 110 60 0.007 6 80 0.7 | 0.006 | 0.02
7 60 25000 55 1100 120 75 0.008 7 90 0.6 | 0.004 | 0.03
8 40 27000 65 550 90 30 0.002 8 100 1.5 | 0.003 | 0.04
9 20 29000 85 750 130 45 0.004 9 110 1.8 | 0.005 | 0.05

Cooepotcanue npomokona

B npotoxkosne npenctaBuTh CTPYKTYpHYIO cxemy uccienyemoir CAY ¢ UCXOAHBIMU TaHHBIMH,
Konuio uHTepderica mpu MoICTUPOBAHUH, TAOIUIIBI SKCTIEPUMEHTANBHBIX JAHHBIX, TpaduKu
COOTBETCTBYIOLIMX 3aBUCUMOCTEM. BBIBOIBI.

IIpakTHyeckas padora Ne8
HccaenoBanye BJOMSAHUAA acTATH3MA Ha KauyecTBO CAY

Ilen» padomuwi: [Ipuobpemenue npakmuyeckux HAGbLIKOE IKCNEPUMEHMANbHO20 ONPEOeneHUs.
napamempog IIH-pezynsamopa.

Teopemuueckasa yacmso

Hccnenyrotest 1se CAY: ucxoaHas cucteMa ¢ acTaTU3MOM IEpBOro Mopsaka, mpeoOpa3oBaHHas
(c II1-perynsiTopoM) — cucTeMa € acTaTU3MOM BTOpOro nopsijaka. M3BeCTHO, YTO AJsl OLEHKU
TOYHOCTH aCTaTMYECKHUX CHCTEM BTOPOTO IOPsJIKA UCHOJB3YETCs YIPABIAIOIIEE BO3ACHCTBHE B
BU/JIE CUTHAJIa C TMIOCTOSSHHBIM yCKOpeHueM. [Ipu Takom pexxume paboThl acTaTMUecKas CUCTeEMa
BTOPOTO MOPSAJKAa UMEET OIMOKY, O BETMUYMHE KOTOPOH MOXHO MPOBOJIUTH OILEHKY KauecTBa
CAY wu mporecca peryaupoBaHus. Y CTaHOBHBIIasCsS ommuoOka acrtarudeckoir CAY mepBoro
HOps/IKa B 3TOM cliyyae OyJeT CTPeMHUTHCS K OECKOHEUHOCTH.

Ilpakmuueckan yacmp

Ha puc.8.1 mnpencraBieH uHTepdeiic NPUKIATHOM MNPOrpaMMbl, C TOMOIIBIO KOTOPOM
BBITOJIHAIOTCS dKCIIEPUMEHTaIbHBIE HccaenoBanus. [Iporpamma «IIM perynstop» HaxoauTcs Ha
nucke. IHCTPYKIIMK U MOSICHEHUSI [Tl paboThI ¢ MPOTrpaMMOi COJIepKaTcsi B caMoi TporpaMMe
TIOSIBJISIFOTCS. Ha OKpaHe MOHHUTOpPA NpH HakaThu kHorku Help.

ITocne aktuBm3ammu npukiagHod mnporpamMmsl  «CAY c IIW-perymsaropom»,  KoTopas
HAXOJUTCs Ha JAMCKEe, Ha IVIABHOM MHTepdeiice 3a7at0Tcsd UCXOAHbIE JJaHHbIE B COOTBETCTBUU C
BapUaHTOM (CMOTpH Tabmuiy 8.2).

ITpu uccnenoBanny BIUSHUAS NOCTOSIHHOM BpemeHH [IH-perynsaTopa Ha KauecTBO PeryJIMpPOBAHUS
YCTaHOBUTH CTATMUECKUN PEKUM U IPOBECTH CEPUIO SIKCIIEPUMEHTOB I OLIEHKH KOMILIEKCHOTO
Kputepusi A KadecTtBa, B COOTBETCTBHH ¢ ¢opmynon (5.2). M3MmepeHne sKCepUMEHTAIBHBIX
JAHHBIX, HEOOXOMUMBIX Ul PAacyeTOB, MPOBOAMUTCS MO ocumwuiorpammam. I[lpu stom s
HMCXOJHOM CHCTEMBI KOMIUIEKCHBIM KpUTepuil 4 paccuuTbiBaeTca OIuH pa3, a st CAY c [1U-
PEryJsTOPOM — JIJIsl BCEr0 BRIOPAHHOTO Jiana3oHa U3MEHEHUsI IOCTOSHHOW BpeMEHH!
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T,. Jlnama3zoH u3MeHEHUs MOCTOSIHHOW T, BpEMEHU OmpenensieTcss OT 3HAUCHUs, IPH KOTOPOM
CAY cCTaHOBUTCSI HEYCTOMYMBOH, B CTOPOHY VYBEIHWYCHHS. OKCIEPUMEHTAIbHBIC JIaHHBIC
3alUCHIBAIOT B TaOJIUILy, IPUMEP KOTOPOH MPEACTABIICH HIXKE.

Tabnuya 8.1. Dxcnepumenmanvhvie u paciemHvle OAHHbLE

CTaTuyecKkui pexum JIBMK. C TTOCT YCKOPEHUEM

Ne | Tuc Olmax, 2pao | tu, ¢ A dal, epao
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 HeycTOHUYMBA

3aTeM BBIOMpaeTCs 3aKOH IBM)KEHHS C MOCTOSHHEIM yckopenweM (2 pam/c?). Ha puc.8.1 Ha
n300pakeHnn ociuuiorpadoB nuHUEH | 0003HAYEH 3aKOH JIBUIKCHUS, KOTOPBIA 3a1aeTcs, a
auHUEeR 2 — haKTUYECKUH 3aKOH JBMKEHHsI, BOCIIPOU3BOAMMBIN pab0uuM OpraHoM.

mw:r. FEAOANHE BANRING ACTOTHIME O KanecTon CAY MmEE
[T Te—— ; O [ —— Cucvess o (l-porymaropos

OALTES 7 AOCTOWAS CrOPOSTS Opaacrpad Ocpanorped

Bpewn, ¢ Bporw, ¢

6)

Puc.8.1. Hccneoosanue enruanus nocmoannoi epemenu INH-pecynamopa
Ha mounocmos CAY

[Tpu BBINOJIHEHUHU SKCIIEPUMEHTOB OINPEAEISETCS 3aBUCUMOCTh YCTaHOBUBIIIEHCS OIMIMOKH uepe3
1 ¢ nocne Havajma mepexoJHOro Ipolecca OT mnoctosHHOW T, Bpemenu IIM-perynsrtopa.
PexomennyeTcss HAUMHATH SKCIIEPUMEHTHI C MAKCUMAJIbHOM BEJTMYMHBI IOCTOSTHHOM BpeMenu [11-
PEeryJsTOpa, a 3aTeM IMOCTETIEHHO, COrJIAaCHO BBIOpAaHHOMY Iary (cM. Tadi.6.1), yMeHbIIaTh ee 10
BEJIMYMHBI, IIPU KOTOPOH CUCTEMA TEPSET YCTONUYMBOCTD.

Ha puc.8.1, a mpeacrasneH naTepgeiic npukiaaHoi IporpaMMbl IpU MOJEITUPOBAHUH UCXOTHON
cuctemsl (cneBa) u cuctemsl ¢ [IM-perynaropom, KOTOpbIi UMeeT MocTOsiHHY0 Bpemenu 0,7 c.
OmmbKka MCXOMHOM CHCTEMBI, KOTOpas ycTaHOBHIach uepes 1 c¢, paBHserca 13,4%a ommbka
cuctemsl ¢ ITU-perynaropom — 8,1%. Kpome Toro, MoieTMpoBaHue MO3BONISAET YOEIUTCS, 9TO JUIs
UCXO/IHOM cHCTeMBbl OHIMOKa C TeueHHEeM BPEMEHHU YBeIW4MBaeTcs, To ecTb Takas CAY He
criocoOHa paboTaTh B 3aJlaHHOM pexume pabothl. [IpeobpazoBannas CAY Oynet moaaep:xuBaTh
MOCTOSIHHOE 3HAYE€HUE YCTaHOBHBILEHCS omuOKH. ['paduku sKCIepuMEHTAIbHBIX 3aBHCUMOCTEH
OHIMOKM, KOTOpas YCTaHOBMJIACh 4epe3 lc¢, W KOMILIEKCHOro Kpurepus KadectBa A oT Ty,
IIOCTPOCHHBIE IO U3JI0KEHHON METOJUKE, IIPEICTABICHBI HA
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puc.8.2. Tam xe, 11 cpaBHEHHsI, MPSIMON JIMHUEH, TTapaJIeIbHON OCH aOCITUCC, TTOKAa3aHO
3HaYEHNE KOMILUIEKCHOTO KPUTEPUs IJi1 UCXOAHON CUCTEMBI.

oa, epao

\ A 94

8 \g oo

6 \, \/ // 3
\Z/ — 2

4 j

e 1

0
00005 0T 07203

Puc.8.2. 3asucumocmo ycmanoesusuieiica ouwuoku (uepes Ic) u kpumepus A
om nocmoannou epemenu ITH-pecynamopa

VYMeHbIIeHHE TOCTOSIHHOM BpeMeHu [IM-perynsropa IONOKUTEIBHO BIMSIET HAa TOYHOCTH
CHUCTEMBI, HO ITOCJIE HEKOTOPOU BEIMYMHBI NOCTOSHHOU Bpemenu [I1-peryiaropa cucrema tepsier
YCTOHYHMBOCTh, TO €CTh CTAHOBHUTCS HE CIOCOOHOW K ()YHKIIMOHUPOBAHMIO. Takoil ciydaii
3adukcupoBaH Ha puc.8.1, 0, koraa nocrosHHas Bpemenu 1, < 0, 1c.

3aoanue
B cooTtBercTBUM ¢ BapuaHTOM (Ta0:1.8.2) MPOBECTH CIEAYIONINE UCCIICTOBAHUSI.
1. VYcraHOBUTH 3KCHEPUMEHTAJIbHO MUHUMAJIbHOE 3HAUY€HHE IOCTOSHHOW Bpemenu [IU-
perysaropa, npu kotopoit CAY Tepser ycroiiunBocTs. OnpeennTs JUana3oH U M1ar H3MEHEHUs
MOCTOSIHHOM BPEMEHHU [, ¥ MOATOTOBUTH TAOIUIYy IKCIIEPUMEHTAIbHBIX U PACUETHBIX JTAHHBIX.
2. IlpoBecTu >KCHEPUMEHTHI MPU CTATUYECKOM pEeXHMME PadOThl M PaccuUTaTh KOMIUIEKCHBIN
kputepuii kauectBa CAY c [IU-perynsaropom.
3. Yoenutbes B ycTpaHeHUH ckopocTHoU ommbku uis CAY ¢ [TU-perynstopom.
4. IlpoBecTu SKCHEPUMEHTHl NPHU ABMKEHUM C TIOCTOSHHBIM YCKOPEHHEM M ONPEIeNIUTh
TOYHOCTb PETYJIMPOBAHMUSL.
5.  OOpabotarhb  pe3ynbTaThl  JKCINEPUMEHTAIBHBIX  HMCCIEIOBAHUW W  TOCTPOUTH
COOTBETCTBYIOIINE I'padUKH.

Tabnuya 8.2. Ucxoownsie Oanmbie

[lepBas | Ycunurens-npeoOpasosarens | Bropas | JBurarens

uudpa Kyn Tyn, € uudpa | Ko, pad/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 1,5 0,11
3 8 0,003 3 2,0 0,14
4 9 0,006 4 0,8 0,10
5 12 0,004 5 0,9 0,12
6 13 0,005 6 1,2 0,07
7 14 0,056 7 1,3 0,06
8 16 0,037 8 0,7 0,05
9 18 0,045 9 0,6 0,15

Cooeprcanue npomokona
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B npoTtokone npeactaButh CTpykTypHbie cxeMbl ucxonHo CAY u cuctemsl ¢ [T1- perynstopom,
UCXOJHBIC JIaHHBIC, KOMUIO wuHTepdeiica g Kakoro-nubo pexuma paboThl, TaOIHILy
SKCIIEPUMEHTAIBHBIX W PACUETHBIX JaHHBIX; TpapUKU SKCIEPUMEHTAIBHBIX 3aBHCHUMOCTEH.
BriBoabI.

Kputepuu onenku:

- OIICHKA «3aUTEHO» BBICTABIIACTCS CTYIEHTY, €CIH MPAaBUIBLHO O(OPMIICHBIOTUETHBIC
TaOIUIIBL.

- OIICHKA «HE 3aYTEHO» BBICTABIISETCS CTYACHTY, €CJIM HEMPABUIBLHO O(QOPMIICHBIOTYCTHEIE
TaOJIULIBL.

TecTOoBBIE 3aJaHudAd:

1. U3 xakux 010K0B cocTout CAY?
- 00bEKTa yNpaBICHUS U PETYNIATOpPA
- IPUBO/IA MTOaY U IEPBUYHBIX MPEeoOpa3oBaTeIICH
- 3a/laTUMKa yIIpaBJICHUA U CPABHUBAIOIICTO 3JICMCHTA
- HpI/IBOI[a TJIAaBHOT'O IBUXKCHUA U KOpO6KI/I Hepeﬂat{

2. UTO MOHUMAIOT MO/ YIPABIIEMbIM 00bEKTOM?
mponecc pe3anurd Uiu NPUBOAHBIC MCXaHU3MbI

nepesHIo 0abKy CTaHKa

3aHIOI0 0abKy cTaHKa
CTaHHHY CTaHKa

3. Kakue BHenHUE CHITBI (BO3MYIIICHHUS ) MEIIAIOT TOCTHKCHHUIO YIPABIIIEMON
nean?

HaHpH)KeHI/Ie IIUTAHUA SHGKTPOI[BI/IFaTCJIf[ " BHCIIHAA CHUJIA COHpOTI/IBﬂeHI/IH

pacxoad Maciia U TCXHOJIOTHYECKAd Harpys3ka B THAPaBIMUCCKUX TUIIMHAPAX

KoJiebaHus, nepeaaBaeMple uepe3 PyHIaMEHT OT PSJIOM CTOSIIUX CTAHKOB

TeMIeparypa HOMEUICHUs

4. Kakue 0CHOBHBIE PUHLUIIBI YITPaBICHUS?
10 BOSMYUICHUIO U IO IMMOrpCIIHOCTHU

1o nepenade nHpopmanuu

110 YIpaBJICHHUIO MOMCHTOM
110 YIIPABJICHUIO CUJIaAMHU PE3aHUSA

5. Kakoit npuHITUI 3aJ10KEH B 3aMKHYTON CUCTEME YIIpaBJICHHUS ?

MPUHIINAI OOPAaTHOM CBSI3U

IMPUHIMIT BHCITHETO BO3)IGI>'ICTBHSI

MPUHIIUI OTKJIOHEHUH OT 3aJaHHbBIX 3HAYCHHI
MIPUHIIUAT OBICTPOTO pearupoBaHU

6.Yemy paBHa craTrueckasi MOrpemHoCcTh B actatudeckux CAY mpu
NOCTOSIHHOM BX0JiIHOM curHane: X(t) = x,u W (0) »>o0?

- 8yc1‘ = 0

o1



- SyCT:i
Xo
25 =0

300. Kakast ctpykTypHas cxema ruporpuBoa OyaeT COOTBETCTBOBATh €T0
NPUHIUTHATBHON cxeme?

s

o ] ) k\ X
Fs Is+1

301. KakoMy 3B€HY COOTBETCTBYET MaTEMAaTHYECKOE OMTMCAHUE COCTUHEHUS
30JI0THUKA C TUAPABINYECKUM MMIHHIPOM? CTPYKTypHasi cCXeMa COSTUHECHHSI
npejcTaBicHa Ha cxeme. Mcnonb3yembie 0003HaueHus: K, — KoadummeHT
3aBHCHMOCTH pacxojia MOTOKa Maciia OT OTKPBITHSI IIENIel 3010THUKA F —
TUTONIA/(b TTOPIITHS TUAPABINIECKOTO MIMHpPA 15 — MOCTOSTHHAS BpEMEHU

30JI0THHKA.
\ A ] (J | \

_./'.\0v| Fs

- pealbHOMY UHTETPUPYIOIIEMY 3BEHY
- nupdepeHupyronemMy 3BeHy

- HHEPIIMOHHOMY 3BEHY

- KoyiebaTebHOMY 3BEHY.
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302. Kakas cTpyKTypHas cxeMa THIPOTIPUBO/IA C )KECTKOW 00paTHOM CBSI3bIO
OyZeT COOTBETCTBOBATH €0 MPUHITUITHAIEHON CXeMe, MPUBEACHHON Ha
pucyHke?

X k’ o111 )
T s+1 Fs
k, el11]>
T s+1 Fs
a
Y k AR EANE

T‘S+l }_7_\ a

303. Kakas cTpykTypHas cxema TdIponpuBoia ¢ THOKOM 00paTHOM CBS3BIO
OyZIeT COOTBETCTBOBATH €T0 MPUHIIUITAAILHON CXeMe, TPUBECHHON Ha
pucyHke?




X 0 ]153 o 1 y
% T s+1 | Fs
b TS
a Ts+1 i
x 5 k, Ol 1| »
% T s+1 Fs
b
a
x k3 Q 1
% T s+1 Fs
Xog b Ts
a Ts+1
X k3 Q._ 1 ¥y
T s+1 Fs

IIpoueaypa oueHuBaHus
VYCTHBIN ONPOC W/HIIM KOMITBIOTEPHOE TECTUPOBAHKE IO IK3aMEHAITMOHHOMY
owery (0aHKY TECTOBBIX 3aJJaHU)

Kpurepuu onenku:

- OLIGHKa «OTJIUYHO» BBICTABISICTCA CTYACHTY, €CIM OH Jaj TOJHbIE U
MCYEPIIBIBAIOIINE OTBETHI HA BOMPOCKHI OUJIETa;

- OIICHKA «XOpOIIIO» BBICTABISETCA CTYJIEHTY, €CIIM OH TpH OTBETE Ha
BOIIPOCHKI OuJieTa pa3o0pasicsi B CyTH BOIIPOCOB, HO €r0 OTBET ObLI HE MOJIHBIM;

- OIIEHKA «YyJIOBJIETBOPUTEIHHOY» BBICTABIISCTCS CTYIACHTY, €CIH OH B IEJIOM
OPUEHTHPYETCA B TEMATHKE BOIIPOCOB, HO €T0 OTBETHI OBUTM HEYBEPEHHBIMU U HE
MOJTHBIMU, TIPU STOM CTYJICHT HE YETKO OTBEUAJ Ha JOMOJHUTEIBHBIE BOIIPOCHI;

- OIIEHKa «HEYOBIIETBOPUTEIHHO» BBICTABIISICTCS CTYEHTY, €CJIH OH HE CMOT
OTBETUTH HA BOMPOCHI OMIIETA, a TAaK)KE HE OTBETHJI HM HA OJHMH JOMOJHUTEIBHBIN
BOTIPOC.

MeTounqecmle PEKOMCHIAIUMA 110 U3YICHHIO TUCIHTUITIJIMHBI

TGOQI/IH ABTOMATHYECCKOI0 VIIPDABJICHUA

‘ Monyis 1 ‘ OcHOBHBIE IOHATHUSA TEOPUH aBTOMATUYECKOTO YIIPABICHUS
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Mopyns 1 [TpakTrueckoe 3anstue 1
HccnenoBanue BIMSHUS MTAPAMETPOB IIEHTPOOCIKHOTO PEryisiTopa
CKOPOCTH Ha MPOIECC PEryITMPOBaHUSI.

Monyis 1 [TpakTuyeckoe 3aHsTHe 2
OmnpeneneHne 4acTOTHBIX XaPAKTEPUCTHK IO AHAIN3Y BXOJHOTO
BBIXOZHOT'O CHTHAJIa BO BPEMCHH.

u

UccnenoBanne Ttoynoctt CAY B pexume JIBUKECHUS
rapMOHUYECKOMY 3aKOHY.

Mopyns 2 KauecTBeHHBIN U KOJMYECTBEHHBIN aHAJIN3 CUCTEM aBTOMATUYECKOTO
yIpaBJICHUS.

Monyns 2 [TpakTuyeckoe 3aHsTHE 3
Uccnenosanue ycroitunoctu CAY no kpurepuro ['ypBuiia.

Mopyns 2 [IpakTuueckoe 3anstue 4

10

Monyns 2 [TpakTrueckoe 3aHsATHE S

Onpeznenenne XapaKTePUCTUK IIEKTPOMEXaHIHUECKOTO IPUBO/IA.
Monyns 2 [TpakTyeckoe 3aHsTre 6

Onpeznenenne XapaKTePUCTUK THPOMEXAaHHYECKOTO TIPUBOJIA.
Monyib 3 CuUHTE3 1 aHAJIN3 CUCTEM aBTOMATHUYECKOTO YIIPABJICHUSI.
Monyib 3 [TpaxTrueckoe 3anstue 7

Ornpenenenne xapaktepuctuk CAY npooipHOMN mogadei npu

TOUYCHHH.
Monyns 3 [TpakTuyeckoe 3ansTue 8

HccnenoBanue acratusma Ha kauecTtBo CAY.

Moayas 1

Tema. OCHOBHBIE TOHATHS TEOPUU ABTOMATHYECKOTO YIIPABIICHUS.

ﬂe.m; " 3a/1a4Y1 U3VIYCHUA,

Heap —  1monyyeHHEe  TEOPETMYECKUX  3HAHMM IO  OCHOBHBIM
OCHOBOTOJIATalOIIMM  TMOHATUSAM B TEOPUM aABTOMATUYECKOTO  yIPAaBJIECHUSA
TEXHOJIOTUYECKUMU MPOLECCAMM.

3apaum:

1. O3HaKOMHTHCS C OCHOBHBIMU TEPMUHAMU M ONPENEICHUSIMU TEOPUU
aBTOMATHYECKOTO YITPABJICHHUS.

2. llomydyeHune  mpakTHYECKUX  HABBIKOB  TOCTPOEHHUS  YaCTOTHBIX
XapaKTEepUCTHK Ha MpuMepe paboThl perysiTopa CKOPOCTH.

N3y4uB naHHBIA MOAYJIb, CTYACHT JTOJIKEH:

UMeTh NMpeICcTaBJIeHne O BO3MOKHOM BUPTYaJIbHOM MOJEIUPOBAHUU PaOOTHI
TEXHUYECKOTO YCTPOMCTBA U MOJTyYEHUE HEOOXOAMMBIX €r0 XapaKTEPUCTHUK IS
HanOoJIee ONTUMAIILHOTO MPOEKTUPOBAHUS.

3HATh METOJIbl U CPEACTBA T€OMETPUUECKOIO MOAEIUPOBAHUS TEXHUYECKHUX
O0OBEKTOB; METOJIOJIOTHYECKUE OCHOBBI (YHKUIHOHUPOBAHUS, MOJACIUPOBAHUS U
CHUHTE3a CUCTEM aBTOMATHYECKOr0 YIPABJICHMS; OCHOBHbIE METOAbI aHanu3a CAY
BO BPEMEHHOW M YaCTOTHOU 00J1acTsAX, criocoOn! cuHTe3a CAY.

yMeThb CTPOUTH MAaTEMaTHYECKHE MOJENHU OOBEKTOB YIPABIECHUS U CUCTEM
aBTOMATHYECKOTr0  yImpasiieHus; npoBoauTh aHamu3 CAY,  oleHuBaTh
CTaTUCTUYECKME W JWHAMHUYECKHE XAPAKTEPUCTHUKH; BBIIOJHATh aHAIMU3
TEXHOJOTHUECKUX MPOIIECCOB KaK 0ObEKTOB aBTOMATU3AIMU U YIIPABICHHUS.
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BJa/ieTb  HaBbIkaMu  OQOPMIICHUS TMPOEKTHOM U  KOHCTPYKTOPCKOM
JIOKyMEeHTauu B cooTBeTcTBUU ¢ TpeboBanusimu ECKJI; HaBbikaMu mpuMeHEHuUs
AJIEMEHTOB aHAJIM3a TANOB KU3HEHHOTO IUKJIa MPOIYKIUH U YIIPABICHUS UMH.

Ilpu oceoenuu memvt He0OX00UMO:
® M3Y4YMTh yUeOHBbIH MaTepual.
¢ BBINOJHHUTH NPAKTHYECKHUE 321aHUS 110 TEMe.

Moayas 2.
Tema. KauecTBEeHHBI U KOJMYECTBEHHBIN aHAJIN3 CUCTEM aBTOMATUUYECKOTO

yIpaBJiCHHUS.

ean v 3aqa4u U3yYeHMS.

Heas — O3HakoMJIeHHWE W OBJAJICHUE METOAUMKAMU Ka4e€CTBEHHOM U
KOJINYECTBEHHOM OIICHKH CUCTEM aBTOMATHYECKOTO YIIPABJICHHUS.

3agaum:

1. W3yyenue pa3audHbIX MOJX0JI0B U METOJUK pacueTa KaueCTBEHHOU U
KoJimyecTBeHHOU orleHKU CAY.

2. IlonmydeHme TPaKTHMUECKUX HABBIKOB C IIOMOIIBIO  BBIMOJTHEHUS
MPAKTUYECKUX 3aJaHUM JIsI 3aKPEIICHUSI U3YYEHHOT0 MaTepuaia.

N3y4uB 1aHHBIA MOAYJIb, CTYACHT JTOJIKEH:

HMeTh MpeacTaBJeHne O BO3MOXKHBIX CIIOCO0axX pacyeTa KOJIMYECTBEHHOU U
KauecTBeHHOU orleHKu CAY.

3HATH TCHJICHIIUU PAa3BUTHS KOMITBIOTEPHOH TpaduKkH, €€ Pojib U 3HAUCHHE B
WHXKCHEPHBIX CHUCTeMaX W TPUKIAAHBIX IporpaMmax; THUIOBbIE TAKEThI
MPUKIAIHBIX TPOTpaMM aHalu3a JAUHAMMYECKUX CHCTEM; KHHEMAaTHYECKYIO
CTPYKTYPY U KOMIIOHOBKY CTAHKOB, CUCTEMbI YIIPABJICHUS UMH.

yMeTb pacCuuThiBaTb OCHOBHbIE KadecTBEHHble TokazaTtenu CAY,
BBITIOJTHSATH: aHAJW3 €€ YCTOMYMBOCTH, CHHTE3 pEryisaTopa; pa3pabdaThiBaTh
QITOPUTMBI  IIEHTPAJTU30BAHHOTO KOHTPOJISI  KOOPJAUHAT  TEXHOJOTMYECKOIO
O00BEKTa; COCTABJIATh CTPYKTYPHBIE CXEMBbI, UX MaTeMaTHYECKHE MOJEIH Kak
OOBEKTOB  yNpaBJEHUS, MCIOJb30BaTh OCHOBHBIE  METOJABl  MOCTPOCHUS
MaTeMaTUYECKUX MOJIeJIE TPOIIECCOB, CHUCTEM, HUX OJJIEMEHTOB M CHCTEM
yIpaBJiCHHUS.

BJIAJleTh. HAaBbBIKAMU IIOCTPOCHHUS CUCTEM aBTOMATHUYECKOTO YIIPABIICHUS
CUCTEeMaMHU U TpollecCaMH; HaBbIKAMHU HaJlaJKU, HACTPONKH, PETYIUPOBKH,
00CITy>KMBaHUSI TEXHUYECKUX CPEJICTB M CUCTEM YITPaBJICHUS.

Ilpu oceoenuu memvt He0OX00UMO:
® HM3y4YUTh y4eOHbIl MaTepuas;
¢ BBINOJHUTH MPAKTHYECKHUE 32IaHUS 110 TEMe.

Moayas 3.
Tema. CuHTE3 ¥ aHAIN3 CUCTEM aBTOMATUYECKOTO YIIPABIICHHUS.

Ieap ¥ 3a1a4u U3y4eHus.

Henb — M3y4yeHue u 0CBOCHUE BO3MOXKHOCTH IPOBEJCHUS CHUHTE3a U aHAJIN3a
CHUCTEM aBTOMATUYECKOTO YIIPABJICHHUS.

3agaum:
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1. U3yunth METOIMKY MpOBEICHUS cuHTe3a 1 aHanu3a CAY.

2. Tlomydyenwe TPAKTUYECKUX HABBIKOB C TIOMOIIBI0 BHUPTYaJIBHOTO
HKCIIEPUMEHTA MTPOBOJIUTH cUHTE3 U aHanmu3 CAY.

N3y4uB JaHHBINA MOAYJ/Ib, CTYACHT JT0JIZKEH:

HMeTh NpeICcTaBJIeHNe O TAKUX KITIOYEBBIX TOHATHIX B TEOPUU YIIPaBICHUS
Kak cuaTe3 1 aHanu3 CAY.

3HaThL  o0mmMe  TpeboBaHWS K  AaBTOMATH3WPOBAHHBIM  CHCTEMaMm
MIPOCKTUPOBAHMSI; OCHOBBI TEXHOJOTUYECKOTO PETYJIUPOBAHUS, CPEACTBA IS
KOHTPOJIS, UCTIBITAHUH, JMATHOCTUKH U aJalITUBHOTO YIIPABJICHHSI 000PYI0BAHUEM.

YMeTh pPacCUUTHIBATh OJHOKOHTYPHBIE M MHOTOKOHTYPHBIE CHCTEMBI
aBTOMAaTHYECKOTO peryJIupoBaHUs MIPUMEHUTEIBHO K KOHKPETHOMY
TEXHOJIOTHUYECKOMY OOBEKTYy; paboTaTb C KaKUM-THOO W3 OCHOBHBIX THIIOB
NPOTPaMMHBIX ~ CHUCTEM,  MpEJHA3HAYCHHBIX  JJII  MaTEMaTHYeCKOTO M
uMmuTaIronHoro moaenuposanus Mathcad, Matlab.

BJIaJleTh. HaBBIKAMU aHAJIM3a TEXHOJOTHYECKUX MPOIIECCOB Kak OOBEeKTa
VIOpaBJICHUS W BBIOOpAa (DYHKIMOHAIBHBIX CXEM HMX aBTOMATH3aIlMH; HABBIKAMU
oopMIICHUS PE3YIHTATOB UCCIICIOBAHUI U IPUHATHS PEIICHUH.

Ilpu oceoenuu memvt He0OX00UMO:
® H3y4YUTh yUeOHbIi MaTepuaJ;
¢ BBINOJHHUTH MPAKTHYECKHE PA0OTHI.

10. O6pa3oBaTe/ibHbIE TEXHOJOTHH U METOAUYECKHE YKA3aHUS 10 OCBOEHHIO
AUCHMILIUHBI (Y4e0HOI0 Kypca)

B nporecce n3ydeHusi JUCHUIUIMHBI UCTIOIB3YETCSI METOJ JUCTAHIIMOHHOTO
oOyJeHus.

[Ipr moAroToBke K OTBETaM HA TECThl MO TEMaM KypCa W BBIIIOJIHEHUIO
TUTIOBBIX 3aJJaHUN CTYJEHTY HEOOXOJMMO TIIATETbHO H3YYUTh MpeJiaraeMylo
JUTEpaTypy, HOPMaTUBHBIC MPABOBBIE aKThl, yUCOHBI MaTepHAll.

CTyneHT caMOCTOSITeIbHO paboTaeT ¢ JIOMOJHUTEILHOW U OCHOBHOM
JUTEPATYpPOr, HOPMATUBHBIMU AKTAMH, UHTEPHET-PECYPCAMH.

[Ipy wu3y4eHUH AUCIUIUIMHBI HEOOXOJMMO H3YYHUTh MAaTepUalibl TEM,
BBITIOJTHUTh COOTBETCTBYIOIIUE TecThl. [Ipu HE0OXOaUMOCTH 3a/aTh BOIPOCHI
npenojaaBaresnto B hopyme.

[Tocinie u3ydeHus Kypca BbINOJHUTh UTOTOBBIN TECT.

PazmecTuTh Ha JMYHOW CTPAHUIE Kypca BBINOJHEHHbIC 3adaHus s
MIPOBEPKU MPENOIaABATEIIEM.
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11. VY4yeOHO-MeTOOMYECKOE H

AUCHUILINHBI (Y4eOHOTr0 Kypca)

11.1. Ob6s13aTesIbHAS JINTEPATYPA

UH(pOPMAILIMOHHOE

obecreuyenue

bubnnorpaduueckoe onrcanue Tun (yueOnuk, yuebHoe | KonngyectBo
Ne nocobue, yaeOHo- B
/11 METOIUYICCKOC OnbImoTEKE
mocodue, MPaKTUKYM,
ayauo-, BU/€0-
nocoous u ap.)
ABTOMAaTH4YECKOE YIIpaBJICHUC IIpOoHeCCaMU
MexaHquCK06171 061;ag0ﬁ<ME[3neKT[p0HH3,1ﬁ 3EC
eCcypcC| . COHHUK . . aTaH |n N "
! 112/[03:1112321 :y]gygomxnﬁ yqe6HpHK : I/IHg)PA- yHeOHHK CZONI\';‘I‘..I\“UM'
M, 2017. - 228 c. - ISBN 978-5-9558-
0514-6.
EropoB A. W. Bseumenue B TeOpulO
YIIpaBJICHUSA cUCTeMaMHU c
pacipecaciICHHbIMU mapamMeTpamMu
2 [DnmexkTpoHHEIH pecype] : ydeb. mocodue / yaeGHOE TocoBHE SBC "JTams"

A. W. Eropos, JI. H. 3namenckas. - CaHkT-
[letepOypr : Jlans, 2017. - 292 c. : un. -
(Yuebuuku nns By3oB. CnernuanbHas
mutepatypa). - ISBN 978-5-8114-2554-9.

11.2. JlonosiHuTEIbHAS JIATEPATYpPa U YUYeOHbIe MaTepHAJIbI (AyaHO-,
BH/1€0TI0CO0MS U JIP.)

Ne n/nt bubnuorpaduyeckoe onrcanue Tun (yue6HuK, yueOHOE Konmnuectso B
nocobue, yueOHo- oubnmmoTexe
METOIMYECKOE mocooue,
NpPaKTUKYM, ayJI10-,
BUJICOTIOCOOUS U TIp.)

1 | Bepeuna JI. . KoHCcTpyKIMK MHAIa KA VYuyebHoe mmocobdue 9BC
TOKapHbIX  CTAaHKOB [DJIEKTPOHHBII "ZNANIUM.
pecypc] : yueb. mocobue / JI. WU. ComM"
Bepeuna, M. M. KpacHos ; moa o6mur.
pen. JI. W.

Bepeunoii. - MockBa : MHOPA-M,
2017. - 480 c.
COI'JTACOBAHO
JlupexTop Hay4YHON OMOTMOTEKH A.M. AcaeBa

» 20 T

(noonucy)

(U.0. Damunus)
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11.3. IlepeyeHb pecypcoB HH(POPMALMOHHO-TEJIEKOMMYHUKANMOHHOM
cetu '""UnTepuer"

o Elibrary[DnexTpoHHslii pecypc]| : HayuHas 3JeKTpoHHas O6ubimoreka. — Mocksa : HOB,
2000- . — Pexxum noctyma : elibrary.ru. — 3ari. ¢ skpana. — 5I3. pyc., aHrL

e SpringerLink[Dnexkrponnsiii pecype] : [0a3a mamnbix]. — Switzerland: SpringerNature,
1842— . — Pexxum nocryna : link.springer.com. — 3aru. ¢ skpaHna. — SI3. aHrL.

e ScienceDirect[DnekTpoHHBIN pecypc]| | KOMIEKIHS DJICKTPOHHBIX KHHT U3/1aTeIbCTBA
Elsevier. — Netherlands: Elsevier, 2018- . — Pexxum moctymna : sciencedirect.com. — 3arir. ¢

3KpaHa. — 3. anrn.

11.4. TlepeyeHb MPOrpaMMHOI0 o0ecTieYeHHsI

Ne HanmenoBanue I10 KosaunvecTBo | PekBU3UTHI 10roBopa (xara,
n/n JIMICH3UH HOMep, CPOK JAeHCTBHA)

1 Windows: noroop Ne 757 ot 04.07.2018,
WinPro 10 RUS Upgrd OLP NL Acdmc CpPOK JIeHCTBHS — OECCPOYHO;

KoHTpakT Ne 1653 ot
14.12.2018, cpok neicTBUs —

6eccpoyHo
2 Office Standard:
Office Stdandard 2013 Russian OLP NL KOHTpakT Ne 690 ot
AcademicEdition 19.05.2015, cpok aeicTBus —
6eccpouHO

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

CPOK JeHCTBUS — OECCPOUHO
Office Stdandard 2016 Russian OLP NL

AcademicEdition KOHTpakT Ne 727 ot
20.07.2016, cpok nericTBus —
0ecCcpovHO

3. KOMIITAC-3D v 18 (ITpoextupoBanue | 250 KOHTpakT Ne 1198 ot
A KOHCTPYHPOBAHUE B 18.11.2019, cpok aeicTBus —
MaIIMHOCTPOSHHH) 6eccpouHO

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

Subscription (25 pack) 05.06.2020, cpok aewcTBuUS —
06eccpouHO

5. Mirapolis Human Capital Management JIMIIEH3UOHHBIH ToroBOp No

42/02/22-K ot 02.02.2022,
CPOK JEUCTBUSA — A0
31.08.2022
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OCYIIECTBJICHUA 06p330BaTeJ1bHOFO nmpouoecca mo IMCUUMIJInHEe (MOIly.]'llO)

11.5. Onucanue MaTepuaJbHO-TEXHUYECKOI 0a3bl, HEOOXOAMMON AJIs1

n/n

HaumenoBanue
000py/10BaHHBIX Y4eOHBIX
Ka0HHETOB, J1adopaTopHii,

MACTEPCKHUX H JP.
00bEKTOB JIs1
NpoBeJeHUs!
NMPAKTHYECKUX H
J1a00paATOPHBIX 3aHATHH

Ilepeyenb OCHOBHOTO
o0opynoBaHus

dakTHYeCKUil agpec
y4eOHbIX KaOUHeTOB,
JiaGopartopuii,
MAaCTEePCKHUX H AP.

Maomags, m?

KouanuecTBo

MmMOCaT0YHBIX
MeCT

Aynautopus BeO-
KOH(EepEHITHIA.

YueOHast aymuTopus Ass
[POBEICHUS 3aHATUI
MEKIMOHHOTO THUIIA.
YueOHast ayquTopus ais
MPOBEICHUS 3aHATUI
CEeMHUHAPCKOTO THUIIA.
YueOHast aymuTopus ams
KypCOBOTO
MPOEKTUPOBAHUS
(BBIIOJTHEHUST KYPCOBBIX
pabot). YueOnas
QyIUTOPHS IS
[POBEICHUS TPYIIOBBIX
W MHIUBUTYaJTbHBIX
KOHCYIbTalnil YueOHast
QyIUTOPHS IS
MPOBEICHUS 3aHATUI
TEKYIETO KOHTPOJIS U
[IPOMEKYTOUHOU
arrecraiuu. (YJIK-810)

DKpaH TEJICBU3UOHHBIMH,
Iupma, mpoXKeKTop Ha
IITaTUBE. CTOJ
[IPENOAABATEIIbCKUM, CTYJI
MpernoaaBaTeNbCKUiA,
TpaHCIIapaHT-TIEPETIKKA,
CUCTEMHBIH OJIOK .

445020,

Camapckas 0011, T.
yiI.

TonbsiTTH,
benopycckas, 16 B

w
o
a1

ITomemenue s
CaMOCTOATEIILHON
pabotsl ctyneHToB (I'-
401)

CTOJIBI, CTYIIBS,
KOMITEIOTEPBI

r.TonpsaTTy,yi.

benopycckas
14

84,8

16

TTomemmenue s
CaMOCTOSITEIbHOM
PaboTHl O0YJArOIITXCS
(C-508)

Jlocka aynutopHas
(MenoBast), CTOJbI
y4€eHUYECKHUE, CTOI
MpenoaBaTeIbCKUM,
CTYJIbsI, CTEHIbI, IIKA(BI.

445020, r.
TonpsTTH,
yi1. YirakoBa, 58

34,1

10
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