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Pabouas nporpamma coctasiieHa Ha ocHoBaHuu @I'OC BITO/®I'OC BO u yyeOHoro miana
HarpaBJieHus MoATroToBKH (crenuanbHocTH)  15.03.05 KOoHCTPYKTOPCKO-TEXHOIOTHYECKOE

obecreuenue MAIIMHOCTPOUTCIBbHBIX IPOU3BOJACTB
(KOO U HAUMEHOBAHUE HANPABTLEHUS NOO20MOBKY, cneyuarbHocmu 8 coomsememsuu ¢ @T'OC BIIO! @I'OC BO)

PeIIeH3I/Ip0BaHI/Ie paﬁoqeifl nporpaMmmbl ITUCHUIIJIMHBI:

OtcyrcTBYyeT

VYyeOHnas (pabouast) mporpamma onodpeHa Ha 3acemanuu kadgeaper OTMII (mpoto-
koi 3acemanus Ne 7 ot « 1 » despans 2016 r.).

Pentensenr
(OoadcHoCcmb, yueHoe 386aHue, cnmeneHy) (noonucs) (U.0. Damunus)
« _» 20 1.
Cpoxk aeiicTBusi padoyeii mporpaMMsbl JHCHUIIMHBI 10 « » 20 r.

Cpox Oeticmasus ymeepoicoennou PIIJ: ons npoepamm bakanaspos — 4 eooa, 011 npoepamm
Mmazucmpos — 2 200a, 0Jisi NPOSPAMM CHEYUATUCTO8 — 5 JIem.

Nudopmanus 06 akryanuzanuu padoyeil nporpaMmMbl JMCHHUIIIHHbBI:

[TpoTtokoun 3acemanus kapenpsl No 0T « » 20 1.

[Iporokon 3acenanus kabeapbl No  oT «__ » 20 T

ITpoTokomn 3acenanus kagenpsl No 0T «_ » 20 T

[Tpotokon 3acenanus kabeapsl Ne  oT «_ » 20 T
COT'JIACOBAHO

HavanpHuK yueOHO-METOINYECKOTO YIPABICHUS

« _» 20 T JI.P. Xamunaysnosa
(noonucsw) (H.0. @Pamunus)




AHHOTAIUA
AUCHUILINHBI (Y4eOHOr0 Kypca)
b1.B./1B.06.01 TEOPUSA ABTOMATHYECKOI'O YIIPABJIEHUSA

(umdp 1 HaMMEHOBaHKE AUCIUTLIHHBI (Y4eOHOTO Kypca))
1. He.]'lb 1 3aJa494 U3y4YCHUA TUCHUIIIMHBI (yqeﬁnoro Kypca)

[lens — ocBOeHME OONIUX MPUHIIUIIOB U CPEJCTB, HEOOXOIUMBIX JJIs yIpaBie-
HUS JUHAMUYECKUMH CUCTEMaMU Pa3IMYHON (hPU3NYECKOM MPUPOJIbI MPUMEHUTEIHHO
K IPOU3BOJICTBEHHBIM U TEXHOJIOTUYECKUM MPOLIECCAM.

3agaun:

1. M3ydenne oOIMMX MPUHITAIIOB U TCHACHIIMK Pa3BUTHUS CUCTEM YIIPABICHHUS.

2. 3yuenne COBpeMEHHBIX TEXHHUECKUX CPEICTB YIIPaBICHUS.

3. M3yduenue u 0CBOEHHE METOMIOB Pa3pabOTKH MAaTeMAaTHUYECKHX MOJENEH OT-
JIETBHBIX TIOJICUCTEM U UX KOMIIBIOTEPHOM MPOTPaMMHON pea3aIiuu

2. MecTto nucuuiuiaabl (yueOHoro kypcea) B crpykrype OIIOII BO

HNannas aucuuiuinHa (y4eOHbI Kypc) OTHOCUTCS K JAMCHMIUIMHAM IO BBIOOPY
yueOHoro miana no ®I'OC BO 15.03.05 «KoHCTpyKTOpPCKO-TEXHOJIOTHYECKOE 0Oec-
NEYEHHUE MAIIMHOCTPOUTENBHBIX IPOU3BOCTB.

JlucuuniauHel, y4eOHble KypChbl, HA OCBOEGHUHU KOTOPBIX Oa3zupyercsl aHHas
auciumivHa (y4eOHbI Kypc) — Boiciiag MatemaTuka, CUCTEMbl aBTOMATHU3UPOBAH-
HOT0 IPOEKTUpOoBaHUs, OCHOBBI TEXHOJOIMH MAIIMHOCTPOeHMs, MeTaopexyiye
ctanku, OcHoBbl Cad.

JlucuunauHbl, y9eOHbIe KypChI, M1 KOTOPBIX HEOOXOAUMBI 3HAHUS, YMEHHUS,
HaBBIKH, TPUOOpETaEMbIe B PE3YJIbTATE M3YUYEHUS JAHHOW AUCLUIUIMHBI (Y4€OHOIO
Kypca) — ABTOMATH3aUsl TEXHOJOTHMYECKHUX MPOIeccOB, TEeXHOJIOrHs MaIIMHOCTPO-
EHUSL.

3. Ilnanupyemble pe3yJabTaThl 00yUYeHHs 10 JUCHUIINHE (Y4eOHOMY KYp-
Cy), COOTHECEHHbIC C IUVIAHMPYEMBbIMH Pe3yJbTATAMH OCBOCHUSI 00pa3oBaTe/ib-
HOM MPOrpamMmbl

dopmupyemble H Ilnanupyembie pe3yabTaThl 00y4YeHUSs
KOHTPOJIMpYyeMble
KOMIIETEeHIIUH

CIIOCOOHOCTbH ~ BBINOJI- | 3HATE:

HATH pabOTHl IO JHWa- | - METOAOJOTHUYECKHE OCHOBBI (DYHKITMOHMPOBAHUS, MOJC-
THOCTUKE  COCTOSIHHS | JINPOBAHUS W CHHTE3a CUCTEM aBTOMATHYECKOTO yIIpaBJie-
nuHaMukn  oObekToB | HUA (CAY);

MaITUHOCTPOUTEIBHBIX | - OCHOBHBIC MeTOobI aHaym3a CAY BO BpeMEHHOW W 4Ya-
MPOU3BOJICTB C MCTOJb- | CTOTHOM 00JacTsiX, criocoObl cuaTe3a CAY;

30BaHMEM  HEOOXOJIU- | - TUTIOBBIC MAKEThI MPUKIAAHBIX MPOTPAMM aHaJIN3a JUHA-

3




MBIX METOOOB 141

cpeactB anammza (I1K-
12)

MUYECKUX CUCTEM;

- KMHEMaTUYECKYyI0 CTPYKTYpy U KOMIIOHOBKY CTaHKOB,
CUCTEMBI YIIpaBJICHUS UMU;

- CpeacTBa JUIsl KOHTPOJIA, HCHBITAHWUW, JIUarHOCTUKUA H
aJIalTUBHOTO YIPaBJIEHUsI 000PY/I0BAHUEM.

YMeTh:

- BBINOJHATH aHAIW3 TEXHOJOTHYECKUX IIPOIECCOB Kak
00BEKTOB aBTOMATH3AIINU U YIIPABJICHNUS;

- COCTaBISATh CTPYKTYPHBIE CXEMBI, X MaTEMaTHYECKHE
MOJIEJIA KaK OOBEKTOB YIIPaBJICHHUS;

- KCIIO0JIb30BaTh OCHOBHBIC METOJBI IOCTPOCHHS MareMma-
THYECKUX MOJENIEH MPOIECCOB, CUCTEM, HX DJIEMEHTOB M
CHUCTEM YIIPaBIICHUS;

- paboTaTh ¢ KAKUM-IHOO M3 OCHOBHBIX THIIOB IPOrPaMM-
HBIX CHCTEM, IPeIHA3HAYCHHBIX JII MaTeMaTHYECKOro U
uMuTaIoHHOro Mozenuposanus Mathcad, Matlab.

Bianers:

- HaBbIKaMH MPUMEHEHUS 3JEMEHTOB aHAJIN3a 3TAIOB JKU3-
HEHHOTO IIUKJIAa IPOIYKIMHU U YIIPABIECHUS UMU;

- HaBBIKAMHU HAJNAJIK¥, HACTPONKHU, PETYIHPOBKH, OOCIYy-
YKUBAHUS TEXHUYECKUX CPEJICTB U CUCTEM YIPABIICHHUS;

- HaBBIKAMU O(QOpPMJIEHUS PE3YJIbTATOB HCCIEAOBAHUN U
IIPUHATHS PELICHUM.

CIIOCOOHOCTh  Y4acCTBO-
BaTh B pa3pabOTKe Ma-
TEMaTUYECKUX U (Pu3u-
YECKUX MOJICJIEH Mpo-
ECCOB U  OOBEKTOB
MaITHHOCTPOUTEIBHBIX
npousBoacTB (ITK-18)

3HAaTh:

- METOJIbI U CPEACTBAa T'€OMETPHYECKOTO MOACIMPOBAHUS
TEXHUYECKUX OOBHEKTOB;

- TCHACHIIMN Pa3BUTHUSI KOMITBIOTEPHOM Tpaduku, ee poib 1
3HAYCHUE B MHXKEHEPHBIX CHUCTEMaX M MPHKJIATHBIX MPO-
rpaMmax;

- o0mue TpeboBaHUS K aBTOMATHU3UPOBAHHBIM CHUCTEMam
MPOCKTUPOBAHUS,

- OCHOBBI TEXHOJIOTHUECKOTO PEryJTUPOBAHMS.

YMers:

- CTPOUTH MaTEMaTUYECKUE MOJICNIU OOBEKTOB YIPABICHUS
U cucTeM aBTomMaTudeckoro ympasienus (CAY);

- npoBoauTh aHanu3 CAY, olleHUBaTh CTaTUCTUYECKUE U
JTMHAMUYECKHUE XapaKTePUCTUKH;

- paccuuThIBaTh OCHOBHBIE Kau€CTBEHHBIE ITOKA3aTeIu
CAY, BBINOJIHATH: aHAJIU3 €€ YCTOMYMBOCTH, CUHTE3 PETy-
JSATOpA;

- pa3pabaTbiBaTh AJITOPUTMBI IIEHTPATU30BAHHOTO KOH-
TPOJISI KOOPJIMHAT TEXHOJOTHUYECKOTO 00BEKTA;

- paccUUTHIBaTh OJIHOKOHTYPHBIE U MHOTOKOHTYpPHBIE CH-
CTEMBI aBTOMATUYECKOTO PEryJUpOBaHUS MPUMEHUTEILHO
K KOHKPETHOMY TE€XHOJIOTHYECKOMY OOBEKTY;




- WCIIOJIb30BaTh OCHOBHBIE TEXHOJIOTUU Tiepeaaqyr WHQOP-
MalliM B Cpejie JIOKAIbHBIX ceTe, cetu Internet.

Bnanetn:

- HaBBIKAMHU O(OPMJICHUS TIPOCKTHON U KOHCTPYKTOPCKOM
JIOKYMEHTAIUU B COOTBETCTBUU ¢ TpeboBanusmu ECKJI;

- HaBBIKAMH MMOCTPOCHUSI CUCTEM aBTOMATUUYECKOTO yIIPaB-
JICHHUSI CHCTEMAMHU U IIPOLIECCAMU;

HaBBIKAMHU aHAJIM3a TEXHOJIOTHYECKHUX MPOILIECCOB KaK 00b-
€KTa yIpaBJICHHS U BbIOOpa QYHKIIMOHATBHBIX CXEM MX aB-
TOMAaTH3aII1H.

TemaTnueckoe coaepkaHue JUCHUILIMHBI (Y4e0HOT0 Kypca)

Paznea,

IHoapasaea, rema
MOIYJIb Apasiet,

OcHoBHble MOHATUS U onpezaeneHuss. CynHoCTh NpoOIeMbl aB-
TOMATHYECKOT0 YIPaBICHUS

Ocnosable ycrpoiictBa CAP u ux xnaccudukamnus mo Ha3Hade-
Huto. Kiaccudukanus aBTomatndeckoro yrpasieHus. Marema-
TUYECKasi MOJIENIb LIEHTPOOEIKHOTO PEryisITOpa CKOPOCTU JABUTa-
TeJs

HccnenoBanue BIMSHUS ApaMETPOB HEHTPOOEKHOTO PETYIsTO-
pa CKOPOCTH Ha IPOLECC PEryIHPOBAHHSI.

OCHOBHBIC TIOHATHS TECOPUHU aB- | XapaKTEPUCTUKHU IEPEXOAHOro mpouecca. YacTOTHBIE XapakTe-
TOMAaTUYECKOT0 YIPaBICHHU. PUCTHKHU.

Maremarnueckue monenu. JInHeapuzanus MaTeMaTHYECKUX MO-
nenei. Ilepenatounsie QyHKIUY.

OnpeneHeHHe YaCTOTHBIX XapaKTCPUCTUK 10 aHAJIN3Y BXOJAHOI'O
M BBIXOOHOI'O CMT'HaJla BO BPpEMCHU

TunoBble 3BeHbS MEePeIaTOUYHBIX QYHKITUH.

DKCIEepUMEHTATBLHOE UCCIIEIOBAHNE XapaKTEPUCTHK 0 hUrypam
Jluccaxy.

OmnpeneneHne NepexoaHol YaCTOTHON XapaKTEPUCTUKH.

@OyHKIMOHANBHBIE U CTPYKTypHBIE cxeMbl. [IpaBuna npeobpazo-
BaHUs CTPYKTYPHBIX CXEM.

Uccnenosanue ycroitunBoct CAY no kputepuio ['ypBuiia.

ITpaBuia npeoOpa3oBaHusi CTPYKTYPHBIX CXEM.

[TocTpoenue romorpada CUCTEMBI U JIOTApU(PMHUIECKON YaCTOT-

KauecTBEeHHBIIT M KOJMYECTBEH- .
HOW XapaKTEPUCTUKHU.

HBIII aHaJU3 CHUCTEM aBTOMAaTHU-

MareMaTnyeckas OLEHKa YCTOMYMBOCTH. 3aJadyd YCTOMYHMBO-
YECKOI'O YIPABJICHUS

CTH. 3anac yCTOW4MBOCTH

Uccnenoanue Tounoctu CAY B pexume JBUKEHHUS MO rapMo-
HUYECKOMY 3aKOHY.

OHpeIICJ'ICHI/IC XAPAKTCPUCTHUK DJICKTPOMEXAaHUYCCKOI'0 IMTPpHUBOI4A.

Omnpenenenne XxapakTepUCTHK THIPOMEXaHUYECKOro MPUBOJA.

CuHTe3 M aHanu3 cucTeM aBTO- | KoMIIIeKCHas OlleHKa KayecTBa CUCTEM M OOBEKTOB aBTOMATH-
MaTHYECKOT0 YIpaBICHUS. YECKOr'0 YIPABJICHUSI.




Onpenenenne xapakrepuctuk CAY mpomoiabHOW momaded mpu
TOUYCHUU.

DJIEKTPOHHBIE KOHCTPYKLIIMOHHBIE 3JIEMEHTBI YIPABJICHUS JJICK-
TPOIPUBOIAMHU

Oo0ecrieuenne HeoOxonnMoil ToyHocTd CAY. OlleHKa TOYHOCTH
CAY.

Uccnenosanue BaugHusg actaTusMa Ha kauectso CAY.

OCHOBBI CMHTE3a CUCTEM aBTOMATHYCCKOTO YIIPAaBJICHUA

HccnenoBanue BiausHUSA Kod(pduIMEHTa Tepenadyn oOpaTHOM
cBs13u Ha TouHOCTh CAY.

HccnenoBanue BIUSHUS THOKONH 00paTHOM CBA3HM HA OBICTPOICH-
ctBue CAY.

OO6masi TPy10eMKOCTh THCHMILIMHBI (Y4eOHOTro Kypca) — 6 3ET.

Pa3padoTyuk nmporpaMmei:
JIOLICHT, K.T.H.

(I1OIKHOCTB, YYEHOE 3BaHKE, CTEIICHB)

B.A. I'yiges

(moanuce) (U.0.Damunus)




4. CTpyKTYypa ¥ coepkaHue TUCHUUILIUHBI (Y4e0HOT0 Kypca)

Teopusi aABTOMAaTHYECKOI'0 YIIPABJIEHHUS

(HanMeHOBaHME AUCIUILTNHEI (Y4eOHOTO Kypca))

Kypc uzyuennss 4
Paznea, Hoapasaen, Tema Buabl yuedHo#i padoTsl Heobxoaumbie Dopmbl Pexomenny-
MOAYJIb AynuTopHbIe 3aHATHA CamocrosiTeJibHas padoTa MaTepHaJIbHO- TEKYLIero eMasi JiuTe-
(B yacax) TeXHHYeCKue KOHTPOJIs parypa (Ne)
BCero ’E @opMbl IPOBEACHUS JICKIUH, (hopmbl opranusauun pecypcbl
8 J1200pPATOPHBIX, NPAKTHYECKHX CaMOCTOSITeILHOI
E E g o 3aHATHIL, METOABI 00y4eHus, ] padoThI
T 3 g £a peaju3yiouine NpuMeHsieMy o §
g ) E E € | 06pa3oBaTeabHYI0 TEXHOJIOTHIO @
]
Monayne 1. | Tema 1.1. BBenenue. 2 Bebunap Ha OHTalH- 10 | Uzyuenme BHOCONCK- KOMIIBIOTEp JTHO0 Tect 1,2, 3
OCHOBHEIC OO6mrue cBeaeHus 00 IJIOLIA/IKE, TUCKYCCHS B LMK [0 UTOTaM BEOH- IIAHIIET JIH0O0
TIOHATHS aBTOMAaTHICCKOM yate BeOWHapa Hapa, TeCThl JJIs ca- cMapThoH
Teopuu yIpaBlIeHUU METaJIOP- MOKOHTPOJIS
aBTOMaTH- | €XKYIIUM 000pyI0OBa-
YEeCKOTo HHEM
yropasJe- 3ananue, mpoBepsieMoe 0,5 Brimonuenue npaktuyeckux | 10 | CamocrostenbHOe LMS-cucrema Ha Tect 1,2, 3
HUs BpyuHyto 1 MHccneno- 3a/IaHUI C KOHCYJIbTAllUEH BBIIIOJIHEHUE  IIPaK- ocHoBe Moodle, Pacuernas
BaHUE BIMSHHUA Tapa- mpernoaBaTess Ha popyme THYECKMX  3aJaHuid, KOMIIBIOTEP JTHO0 pabota 1
METpPOB IIEHTPOOEKHO- U 4epe3 KOMMEHTApUU B KOHTpPOJIb CMEHBbI [P- IUTaHIIET JIHO0 u?2
ro peryisropa CKOpo- 3aJaHHUIX aJpecoB, aHallU3 Te- cMapThOoH
CTH Ha MpolecC pery- Kylle#l ycreBaeMocTH
JIUPOBAHUS npu nomout BPC-
perTuHra
Tema 1.2. Maremaru- 1 Aynno-/Buneo- JeKIHu 10 CamocTosTenbpHoe LMS-cucrema Ha Tect 1,2,3

YECKHEC MOACIIN

SIIEKTPOHHOTO yIeOHHKA C
KOHCYJIBTAIMEH TIpeToIaBa-
Tess Ha popyme

H3y4YeHHE MaTepHa-
JIOB 3JIEKTPOHHOTO
yueOHHKa C pa3zene-
HUEM Ha JIEKIIUHU U C
TECTaMH JUIsI CaMo-
KOHTPOJISI IO KaXKA0U
JIEKIMH, aHAJIH3 T10-
BeJIeHUsS 00yJaro-
LIUXCS IPU TOMOIIU
LRS-cucremsr u
Experience API, ana-
JIU3 TeKyILEeH ycrepa-
€MOCTH IPH MOMOILHU
BPC-peiitunra

ocHoBe Moodle,
KOMIIBIOTEp JTHOO
IUTaHIIET JIHO0
cMmapThoH




3amanue, MPOBEPSIECMOE 0,5 Beinosnrenue npakrudeckux | 10 | CamocrosTenbHOE LMS-cucrema na Tect 1,2, 3
BpyuHyto 2 Ormpenene- 3alaHui C KOHCYJIbTaneit BEIMIOJTHEHNE  TIPaK- ocHose Moodle, Pacuernas
HHE YaCTOTHBIX Xapak- mpernogaBaTess Ha popyme TUYECKUX  3aJaHUH, KOMIIBIOTEP JTHOO paborta 1
TEPUCTUK MO aHAJIHU3Y U yepe3 KOMMEHTApHH B KOHTpPOJIb CMeHBI [P- TUTAHIIET JINOO n?2
BXOJIHOTO U BBIXOJTHOTO 3aaHuAX a/[pecoB, aHaIU3 Te- cMapThoH
CHTHaJa BO BpEMEHHU KYyILIEeH ycrieBaeMOCTH
npu nomoum BPC-
peiTUHra
Monyns 2. | Tema 2.1. Xapakrepu- Bebunap Ha oHnalH- 10 | Uzyuenwue Buaeonex- KOMITBIOTEp JTOO0 Tect 1,23
Kaue- CTHKHU CHCTEM H 00beK- IUTOIIAIKE, IUCKYCCHS B LIMH TI0 UTOT'aM BeOH- TUTAHIIET JINOO
CTBEHHBII U | TOB aBTOMATHYECKOTO yare BeOnHapa Hapa, TECTHI JUIS ca- cMapThoH
KoJI4e- yTIpaBICHUS MOKOHTPOJIS
CTBEHHBII
aHaIH3
cucTeM
aBTOMAaTH- | JaJaHue, IpoBepseMoe 1 Bemmonnenue npakrnyeckux | 10 | CamocrositenbHoe LMS-cucrema Ha Tect 1,23
YEeCKOro BpyuHyto 3 MHccneno- 3a/laHUH C KOHCYJIbTanuei BBINOJIHCHUE  IIpaK- ocHoBe Moodle, Pacuernas
yIpaBIie- BaHWE  YCTOWYHMBOCTH npenonaBartens Ha popyme THYECKUX  3aJlaHHH, KOMITBIOTED JTHOO0 pabora 1
s CAY 1o xpurepuro U yepe3 KOMMEHTapuu B KOHTpPOJb CMeHBI [P- TUTAaHIIET JIH00 u2
I'ypBuma 3aTaHUAX aJ[pecoB, aHAIN3 Te- cMapThoH
3agaHue, NpoBepseMoe KyIIEeH ycIieBaeMOCTH
BpyuHyto 4 Wccneno- npu nomout BPC-
BaHue TouHoctu CAY B peiTuHra
pEeXKHME JIBIXKSHHUS T10
rapMOHHUYECKOMY 3aKO-
Hy
Tema 2.2. Tunossle Aynno-/Buzeo- JeKIuu 10 CaMocCTOsTENbHOE LMS-cucrema Ha Tect 1,2, 3

JTMHAMUYECKHE 3BEHbS
1 X UACHTUDUKATIIHS

3NIEKTPOHHOTO y4eOHHKa C
KOHCYJIbTal[U€H IpenojaBa-
Tenst Ha opyme

H3y4eHHe MaTepHua-
JIOB AJIEKTPOHHOTO
yueOHHKa C pa3zene-
HHUEM Ha JISKIIUH U C
TECTaMH IS CaMO-
KOHTPOJIS 110 KaXKIOU
JIEKIMH, aHAJIHA3 T10-
BeJICHUsS 00y4Yaro-
IIUXCS TP TTOMOTITH
LRS-cucremsr u
Experience API, ana-
JIU3 TeKYIEeH ycreBa-
€MOCTH TIPH ITOMOIIN
BPC-peiitunra

ocHoBe Moodle,
KOMIIBIOTEP JIHO0
IUTAHIIET MO0
cMapThoH




3amanue, MPOBEPSIECMOE 1 Beinosnrenue npakrudeckux | 10 | CamocrosTenbHOE LMS-cucrema Ha Tecr 1,23
BpyuHyto 5 Ompenerne- 3alaHui C KOHCYJIbTaneit BEIMIOJTHEHNE  TIPaK- ocHose Moodle, Pacuernas
HHE XapaKTepUCTHK mpernogaBaTess Ha popyme TUYECKUX  3aJaHUH, KOMIIBIOTEP JTHOO pabota 3
INEKTPOMEXaHUIECKOTO U yepe3 KOMMEHTApHH B KOHTpPOJIb CMeHBI [P- TUTAHIIET JINOO n4
NpUBOZA 3aaHuAX a/[pecoB, aHaIU3 Te- cMapThoH
3ajaHue, NpoBepsieMoe KYyILIEeH ycrieBaeMOCTH
BpyuHyto 6 Ompenene- npu nomoum BPC-
HHE XapaKTepUCTUK pelTHHra
THPOMEXaHHUYECKOTO
pUBOAA
Momyns 3. Tema 3.1. Onenka ka- Aynno-/Buneo- JeKIuu 10 CamocTosTenbpHoe LMS-cucrema Ha Tect 1,2, 3
CunTtes u YeCcTBa CHCTEM H 00B- AIEKTPOHHOTO YIeOHHKa C H3ydeHHe MaTepHua- ocHoBe Moodle,
aHaJH3 €KTOB aBTOMaTH4ECKO- KOHCYJbTaIMel penoaaBa- JIOB 3JIEKTPOHHOTO KOMITBIOTEp JTHO0
cucTeM TO YIpaBIICHUSA Tess Ha popyme ydeOHHKa ¢ paserne- IUTAHIIET JIN0O
aBTOMATH- HHUEM Ha JICKIUU H C cMapThoH
4eCKOTro TecTaMH JIJIsL CaMo-
yIpasJe- KOHTPOJIS 10 KaXKJ0M
HUS JICKIIUHW, aHAJIU3 I10-
BeJICHUS 00y4Yaro-
UXcs Mmpyu NoMouun
LRS-cucrems! u
Experience API, ana-
JM3 TeKyIuel ycriena-
€MOCTH TIPH OMOIIN
BPC-peiitunra.
3amaHue, TpoBepseMoe 0,5 Brmonnaenue nmpakrudecknx | 10 | CamocrositenbHOE LMS-cucrema Ha Tect 1,2,3
BpyuHyto 7 Omnpenene- 3aJlaHui ¢ KOHCYJIbTaluen BBINIOJIHEHUE  TIpaK- ocHoBe Moodle, Pacuernas
HHE XapaKTePUCTHK npenojaBarens Ha popyme THYECKHX  3aJIaHHH, KOMITBIOTEp MO0 pabora 5
CAY mpomonbHOH TO- U 4epe3 KOMMEHTApUU B KOHTpPOJIb CMEHBbI [P- IUTaHIIET JIHO0 uoé

Jlayel Ipu TOYEHUU

3aJaHUAX

aZpecoB, aHAJIU3 Te-
KylIel ycreBaeMOoCTH
npu mnomomu BPC-
peiThHra

cMmapthoH




Tema 3.2. OCHOBEBI CHH-
Te3a CUCTEM

Aynano-/Bujeo- JeKIHH

AIEKTPOHHOTO YIeOHHKA C
KOHCYJIbTallMEN MpenogaBa-

Tens Ha Gpopyme

10

CaMmocTosTenpHOe
W3ydeHIe MaTepHua-
JIOB AIIEKTPOHHOTO
yueOHHKa ¢ pa3nele-
HHUEM Ha JICKIUH U C
TECTaMU ISl CaMO-
KOHTPOJIS 110 KaXK0H
JICKIMH, aHAJIA3 T10-
BeJICHUS 00y4Yaro-
IIUXCS TIPH TTOMOIITH
LRS-cucremsr u
Experience API, ana-
T3 TEKyIIeH ycrnesa-
€MOCTH TIPH ITOMOIIN
BPC-peiitunra

LMS-cucrema Ha
ocHoBe Moodle,
KOMIIBIOTEP JTHOO
ILIAHIIET JIHOO
cMapThoH

Tect

1,23

3ananue, mpoBepsieMoe
BpyuHyto 8 MHccneno-
BaHME acTaTH3Ma Ha
kauectBo CAY

0,5

Brmmosnnenue MPpaKTUYCCKUX
3a/IaHUI C KOHCYJIbTallUEH
mpernoaBaTess Ha popyme

U Yepe3 KOMMEHTapHH B

3aJaHUAX

18

CaMOCTOSATENbHOE
BBITIOJTHEHHE  TIpaK-
TUYECKUX  3aJlaHuM,
KOHTpOJIb cMeHbI [P-
aZipecoB, aHaIU3 Te-
Kyllel yclieBaeMOCTH
npu nomout BPC-
perTHHra

LMS-cuctema Ha
ocHoBe Moodle,
KOMIIBIOTEP 100
IJIaHIIeT JIU0Oo
cMapThoH

Tect
Pacuetnas
pabota 7
ul

1,2,3

Kontpons

CaMocTosTelbHOE
TECTHPOBaHUE o
0aHKYy TECTOBBIX 3a-
mannii He Menee 600
BOTIPOCOB, aHaJIn3
MOBEJICHUS TECTUPY-
IOIIMXCSI TP [TOMO-
mu LRS-cuctemMel u
Experience API, kon-
Tpoib cMmeHbl [P-
aJpecoB, yIaleHHAs
ayTeHTH(UKAUS [IPH
MMOMOIIM  pacIo3Ha-
BaHUS JIMI[, aHallh3
TEKyIIeH ycreBaeMo-
CTH TMpPH TOMOIIH
BPC-peiitunra

LMS-cucrema Ha
ocHoBe Moodle,
KOMIIBIOTEp JTHO0
IJIaHIIET 1100
cMapThOoH

Hroroserit
TECT

Hroro:

128

144

10




S. Kpurepuy 1 HOPpMBI TEKYLIEro KOHTPOJISA M MIPOMEKYTOYHOM aTTeCTalMu

@OpMBI TEKYIIETO KOHTPOJIS

YcnoBus nomycka

Kputepnn 1 HOpMBI OLIEHKH

[IpakTruueckas paborta

BreimonHeHne — mpakTHye-
CKHX paboT

«3auTeHO»: paboTa BBIIIOJHEHA B COOTBETCTBUM C METOJANYECKHUMHU yKa3aHMsI-
MU, 0OpMIIEHAa TPAMOTHO, CTYICHT TE€XHUYECKH MPAaBUIBHO GOPMYIHUPYET
OTBEThI HA paCCMaTPUBAEMbIE BOIIPOCHI.

«HC 3a4TCHO» pa60Ta BBIIIOJIHCHA C OLHI/IGKaMI/I, CTYACHT HC UMCECT MPCACTAB-
JICHUA O paCCMaTpUBACMBbIX BOIIpOCax

Pedepar

Hamucanue pedepara

«3a4TeHO»: TeMa pedepaTa MOIHOCTHIO pacKphiTa, 0hopMIIeHa IPaMOTHO, CTY-
JICHT TEXHUYECKH MPABUIILHO (POPMYJIHPYET OTBETHI HA pPacCMaTpUBaEMBbIE BO-
TPOCHI.

«HE 3aUTeHOY»: TeMa pedepara He pacKpHITA.

dopma npoBencHUA
IPOMEKYTOUHOM aTTeCTalluu

YcnoBus nomycka

Kpurepuu u HOpMBI OLICHKH

3auer BeImosiHeHHE — TTpaKTHYe- «324TEHO» [TonHbIE M TPaBUIIBHBIE OTBETHI HA BCE BOIIPOCHI.
CKHX pabor, He3nauuTenbHble OIIMOKU WM HEYBEPEHHOCTD B
OTBETaX.
BBITIOJIHEHUE pedepaTa
«HE 3a4TEHO» OTBeTHI Ha BONPOCHI HE CHOPMYITHPOBAHBI.

11




6. Kputepumu 1 HOPMBbI OLIEHKH KYPCOBBIX padoT (IIPOEKTOB)

Y4eOHBIM MJIAHOM TIO JTaHHOW JHUCUHUIUIMHE KYypCOBBIX paboT (IPOEKTOB) HE
IIPEAYCMOTPEHO.

/. IlpuMepHasi TeMAaTHKa MUCbMEHHBIX PadoT (KypcoBbIX, pedeparToB,
KOHTPOJILHBIX, pACYeTHO-TPpa(hueCKux u ap.)

Ne n/mt Temsbl pedepaToB

1 Cucrema aBTOMATUYECKOTO YIPABJICHUS IONEPEYHBIM CYMIIOP-
TOM TOKapHoro cranka ¢ YITY

2 CucreMa aBTOMAaTUYECKOTO YIIPABIECHUS IPOAOIBHON Moj1a-
Yyel MpU TOYECHUH

3 Cucrema aBTOMaTHYECKOTO yIIPABIICHHS MTOTNIEPEUHON MoJaueii Mpu Bpe3HOM HITU(O-
BaHHUH

4 Cucrema aBTOMaTH4ECKOr0 YIpaBJIeHUS IOBOPOTOM pabodero opra-
Ha MPOMBIIUIEHHOTO poboTa

5 CucreMa aBTOMaTUYECKOTO PETYJIUPOBAHUS pa3Mepa JeTai Ha OeCIIeHTPOBO-
UM OBATHHOM CTAHKE

6 Cucrema aBTOMaTHYECKOTO AUCTAHIIMOHHOTO YIPABJICHUS MAaHHUITYJISITOPOM

7 CucreMa aBTOMaTUYECKOTO YIPABICHUS THIPABINYECKUM CYITIOPTOM TOKAPHOTO
CTaHKa

8 CucreMa aBTOMaTHYECKOTO yIpaBleHUs nojgadel npu GppesepoBaHUH

9 CucreMa aBTOMaTHYECKOTO YIPaBIEHUS MPOAOIbHON NoJaueld TP CBEPICHUH

10 Cucrema aBTomMarndeckoro ynpasienus KonnpoBaabHo-hpe3epHOro cTaHka

8. Bonpocwl Kk 3auerty

Ne n/mt Bonpocsl

1 OCHOBHBIE NOHATHUS U ONIPEIETICHHUSI

2 CopepxaHue MOHATUN: «CHCTEMa YIIPABJICHUS», «OOBEKT YIPaBICHUS», «yIPABIISIO-
1€ ¥ BO3MYIIAIOIIME BO3JECHCTBUS», «YNPABIAIONLINE KOOPAUHATHI

3 Krnaccudukaiys cucteM aBTOMEXaHUYECKOT0 YIPaBJIEHUS

4 IIpyHIMI pa30MKHYTOTO YIIpaBJICHUs. Y IPABIEHUE 110 BO3MYIIEHUIO U OTKIIOHEHHIO

5 OCHOBHBIE BU/Ibl AITOPUTMOB (D)YHKIIMOHUPOBAHUS

6 Krnaccudukanys cuctem 1o xapakrepy nepeadu CUTHajIOB

7 Krnaccudukanus cucteM MO OCHOBHBIM BHJAAM YPAaBHEHMHM JUHAMHUKU MPOLECCOB
yIIpaBJICHUs

8 MaTemaTnyeckoe OnucaHue JMHEHHBIX CHCTEM

9 MatemaTnueckoe MOAEINpoBaHue 1eMeHTOB CAY

10 Knaccudukanus snementoB CAY. CratucTudeckre U JUHAMHUYECKHE XapaKTepUCTU-
KU 3JIEMEHTOB

11 Jluneapuzauus HENMHEWHBIX AU(PQEpeHInanbHbIX YPaBHEHUM JUHAMHUYECKUX PEXKU-
MOB paboTel aneMeHToB CAY. CranmaptHas ¢opma 3anucu aud@epeHnnanbHbIX
YpaBHEHUI

12 OcHoOBHBIE CBOMCTBA IpeoOpa3zoBanust Jlammaca

13 XapakTepUCTUKH TMHAMUYECKHX 3BeHbeB CAY

14 [lonsiTie 0 TMHAMUYECKOM 3BeHE. XapaKTepUCTHKU TWHAMHYECKOro 3BEHa, Mepesa-




TOYHBIC (YHKIIUH, YaCTOTHBIC XapaKTEPUCTHKHU (aMIUTUTYAHBIC U (ha30BBIC), TOTApH (-
MHUYECKHE YaCTOTHBIC XapaKTEPUCTHKH, BPEMECHHBIC XapaKTEPUCTUKHU (TIEPEXOTHBIC U

BECOBBIC)

15 Tunosble TMHAMUYECKUE 3BEHbS U MX XaPAKTEPUCTHKHU

16 CTpyKkTypHas cxema CHCTeMaTH4ecKoro yrnpasieHus. OCHOBHBIE MpaBuiia mpeodpaso-
BaHUs CTPYKTYPHBIX CXEM: IOCJIECIOBATEIBHOE COCIUHEHUE 3BCHBEB; MapAJUICIBHOE
COEIMHEHUE 3BEHBEB; 3BEHO, OXBAaU€HHOE 0OPATHON CBA3BIO; IEPEHOC CyMMaTropa; Ie-
PEHOC y3I1a, NEPECTaHOBKA y3JI0B U CYMMAaTOpPOB

17 Beruuciienue nepenaToyHbIX (QYHKIMHA U 4aCTOTHBIX XapaKTEPUCTUK OJHOKOHTYPHOH
U MHOTOKOHTYPHOM pa3oMkHyTOH cucteMsl. [lepenaTounblie pyHKIMU U yIpaBiIeHHUE
3aMkHYTOM CAY. YacToTHBIE XapaKTEPUCTUKH 3aMKHYTON CUCTEMBI

18 MaTemaTuyecKkoe MOJEINPOBAHUE U COCTABIEHUE CTPYKTYPHOM CXEMBI

19 Y CTOWYUBOCT CUCTEM aBTOMATHYECKOTO ynpasieHus. [IoHsATHE yCTONYMBOCTH JIMHE-
apu30BaHHbIX cucteM. HeoOXxoauMoe U JOCTaTOuHOE YCIOBUE YCTOMYUBOCTH

20 Anrebpanueckue Kputepuu ycroitunoctu Payca u I'ypuna

21 YacrorHble kpuTepun ycroruuBocTy. [IpuHnmn aprymenTta. Kpurepun ycTon4nBOCTH
MuxaiinoBa A.B. Ilocrpoenne obnacreit ycroiunoctu. [lonsarue o Jl-pazOuenuu

22 Kputepuu ycroitunoctu HaiikBucrta. AHanu3 ycTOHMUMBOCTH MO JOrapupMUUECKUM
YaCTOTHBIM XapaKTEPUCTHKAM

23 Y CTOWYUBOCTD CUCTEM C 3al1a3/1bIBAHUEM

24 Mertoapl o1ieHKH KadecTBa perynupoBanus CAY

25 [Tonsatue o kadecTBe mpouecca ynpasiaeHus. OLiEHKa KauecTBa CUCTEM YNPABICHUS B
ycTaHOBUBLIMXCS pekumax. IlocrosiHHble ommOKu. AcTaTudeckue cucTteMbl. Tou-
HOCTb IIPY TaPMOHMYECKOM BO3JICHCTBUU. Y CTAHOBHUBILHUECS OLIMOKH MPH IPOU3BOJIb-
HOM BO3/IEHCTBUHU, KO3PPUIIMEHTHI OITMOOK

26 OreHkm KayecTBa mepexoaHoro nporecca. OIeHKH KayecTBa mpolecca
IIPU BO3AECUCTBUM CTYNEHYATON (GYHKIIUN

27 YacTtoTHbIE METO/IbI OLIEHKH KauecTBa peryirpoBanus. OlieHKa KauecTBa peryinupoBa-
HUS 10 AMIUTUTYJHO-4aCTOTHOM XapaKTEepPUCTUKU 3aMKHYTOW CHCTEMBI; IO Belle-
CTBEHHOM YaCTOTHOM XapaKTepUCTHUKE 3aMKHYTOM CHUCTEMBI; C [0 aMIUIUTYIHO-
(ha30BOI XapaKTEPUCTUKE PA3OMKHYTOM CHUCTEMBI; O JOTapU(PMHUUECKHM YaCTOTHBIM
XapaKTepUCTHKaM

28 KopHeBbI€ OLIEHKHM KaueCcTBa PEryJINPOBAHUS

29 Cunre3 CAY 1o 3a1aHHBIM NTOKa3aTessiM KayecTBa Mpoliecca yrpaBiIeHUs]

30 [ToBbllIeHNEe TOYHOCTH B YCTAaHOBMBILUXCS pEXHUMax M o0ecrieyeHue YCTOMYUBOCTH U
KauecTBa YIPABJICHUS CUHTE3UPYEMBIX CHUCTEM 3a CUET MU3MEHEHMs IapaMETPOB CH-
CTEM U ITyTEM BBEJICHUSI KOPPEKTUPYIOLUX YCTPONCTB

31 Cucrema aBTOMaTH4YECKOr0 YIPAaBIEHUS POAOIbHON OaYel IPU TOUEHUH

32 Cucrema aBTOMaTH4YECKOTO YIPaBIEHUS MONEPEUHOM nogaueit Ipyu Bpe3HOM LUTH(O-
BaHUU

33 Cucrema aBTOMaTHYECKOTO YIPaBIEHUS TOBOPOTOM paboyero opraHa MpoMbIIUIEHHO-
ro pobora

34 Cucrema aBTOMaTHYECKOTO PETYJIMPOBAHUSI pa3Mepa JieTald Ha OeCLieHTPOBO-
UM (oBaIbHOM CTaHKE

35 Cucrema aBTOMaTH4YE€CKOT0 TUCTAHIIMOHHOTO YIPABIEHUSI MAaHUITYJISITOPOM

36 Cucrema aBTOMaTH4YECKOTO YIPABIEHUS THIPABINYECKUM CYITIIOPTOM TOKAPHOTO

CTaHKa
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37 CucremMa aBTOMAaTHYECKOTO YIIpaBJIEHUs Moaade mpu hpe3epoBaHun

38 CucTtemMa aBTOMaTHYECKOTO YIIPaBJIECHHsI TPOJOIBHOM 1o1aueld Ipu CBEpICHUN

39 CopepxaHue MOHATUN: «CHCTEMa YIPABICHUS», «OOBEKT YIPaBICHUS», «yIPaBIIIO-
e ¥ BO3MYIIAIOIIME BO3JCHCTBUSA», «YNPABISIONINE KOOPAUHATHI

40 Krnaccudukanus cucteM aBTOMEXaHUYECKOTO YIIPaBIICHUS

41 IIpyHIMI Pa30MKHYTOTO YIIpaBIeHUs. Y IPAaBJIEHUE 110 BO3MYILEHUIO U OTKJIIOHEHHIO

42 OCHOBHBIE BU/IbI AITOPUTMOB (DYHKIIMOHUPOBAHUS

43 Knaccugukanus cuctem 1o xapakrepy rnepeaadu CUrHaJIOB

44 Krnaccudukanus cucteM MO OCHOBHBIM BHAAM YPAaBHEHUH TUHAMHUKU MPOLECCOB
yIIpaBJICHUS

45 MaTtemaTnyeckoe OnucaHue JMHEHHBIX CHCTEM

46 Maremaruueckoe MozenpoBanue anemMeHToB CAY

47 Knaccudukanms snmemertoB CAY. CTaTUCTUYECKHE U TUHAMUYECKHE XapaKTEPUCTH-

KH 3JICMCHTOB

48 Jluneapuzanys HEMMHEWHBIX AU(EpeHInaTbHbIX YPAaBHEHUNM TUHAMHUYECKUX PEXKHU-
MOB paboTel aneMeHToB CAY. CranmaptHas ¢opma 3anucu auddepeHnnanbHbIX

ypaBHEHUH

49 ConeprxaHue MOHATUN: «CUCTEMa YIPABICHHS», «OOBEKT YNpPaBICHUS», «yIPaBISIO-
M€ M BO3MYLIAIOIINE BO3JEHCTBUSN», «YIPABISIONIME KOOPIUHATHI

50 Knaccugukanus cucreM aBTOMEXaHUYECKOT'O YIIPABICHHUS

9. ®oH/ OLIEHOYHBIX CpEaACTB 1Jisd NMPOBCACHUS l'[pOMe)KyTO‘{HOﬁ aTTe-
cranmmu oﬁyqamnmxca o JuCHMIIJIMHE

9.1. ITacnopT (poHIa OLEHOYHBIX CPEICTB

Kon xonTposupye-
MO# KOMIIeTeHUMH
(nJIM ee 4acTH)

HanmenoBanue
OLIEHOYHOI'0 CPeACTBA

Ne KonTposmpyembie pa3aesibl
n/n (TemMbl) TUCUMILITHHBI

[IpoTokos BeIIOTHEHUS
MPAKTUYECKOro  3aja-
Hus 1

«ccnenoBanue BiIUA-
HUSI TIapaMeTpOB 1ICH-
TPOOEKHOTO PEryJIsATO-
pa CKOpPOCTM Ha Mpo-
1[ECC PEryJIUPOBAHUSY.
[IpoTOKOJI BBITIOJIHEHUS
MPAKTUYECKOTO  3aja-
HHUS 2

«Ornpenenenue 4acToT-
HBIX XapaKTEPUCTHUK TIO0
aHaliu3y BXOJHOTO U
BBIXOJITHOTO CHUTHaja BO
BPEMEHI.

Moayns 1. OCHOBHBIE TTOHS-
THSI TEOPUU aBTOMAaTHYECKOTO [1K-12, TIK-18
yIpaBJICHHUS.
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Monayns 2. KauecTBeHHBIN U
KOJIMYECTBEHHBIN aHAJIN3 CU-
CTEM aBTOMAaTUYECKOTO
yIpaBJICHHUS.

TIK-12, TIK-18

[IpoTOKON BBHIMOJIHEHUS
NPAaKTUYECKOrO  3aja-
HUd 3

«HccnemoBanne ycTou-
yuoctu CAY 1o kpu-
Teputo ['ypBunay.
[IpoTokoJ1 BEITOTHEHHUS
NPaKTUYECKOTO  3ajia-
Hus 4

«HccnenoBanne TOYHO-
ctu CAY B pexume
JIBIKEHUSI 10 TapMoO-
HUYECKOMY 3aKOHY».
[IpoTOKON BBINOJIHEHUS
MPAaKTUYECKOTO  3aja-
HUS S

«Onpenenenue xapak-
TEPUCTUK  BJIEKTPOME-
XaHUYECKOTO  IPHUBO-
ay.

[IpoTokoJ1 BEITOTHEHHUS
MPaKTUYECKOTO  3ajia-
HUS 6

«Ornpenenenne xapak-
TEPUCTUK THUAPOMEXa-
HUYECKOT0 IPUBOJAY.

Moayns 3. CuHTe3 U aHaIu3
CHUCTEM aBTOMAaTHUYECKOIO
yIIpaBJICHUSI.

[1K-12, T1K-18

[IpoTOKOJI BBITIOJIHEHUS
MPaKTUYECKOTO  3aja-
HUS 7

«Onpenenenue xapak-
tepuctuk CAY npo-
JOJIBHOW TOAa4eu Ipu
TOYCHUN.

[IpoTokos BeIIOTHEHUS
MPaKTUYECKOTO  3ajia-
HHUSA 8

«HccnenoBanue acra-
TH3Ma Ha KayecTBO

CAV».

9.2. TunoBble KOHTPOJIbHbIE 32IaHUA WM UHbIe MATEPUAJIbI, HE00X0AUMbIe
JJIS OLEHKU 3HAHMHA, YMEHUH, HABBIKOB M (WJIH) ONbITA AeATEJIHLHOCTH, Xa-
PaKTEePU3YOIIMX 3TANbI (JOPMHUPOBAHNS KOMIIETEHIIUI B MPoLecce 0CBOEHMS

o0pa3oBaTe/IbHOH MPOTrPAMMBI.
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9.2.1. KomnJieKT 3a1aHuii 1J151 IPAKTUYECKUX padoT.

IpakTnyeckas padora Nel
HccnenoBanue BIUSIHUA IAPAMETPOB LHEHTPOOEKHOT0 PEryJ/jasiropa CKOpoCTH
HA Npouecc peryJupoBaHusi

Lenv pabomui: [Ipuobpemenue npakmuieckux Ha8blK08 IKCNEPUMEHMANLHOU OYeHKU Npoyecca
PpecyIuposanus u yCmouuueol pabomul CUCMeMbl AGMOMAMUYECKO20 YRPAGIEHUSL.
Teopemuueckasa uacmeo

Hccnenyercs cucrema apTomatudeckoro ynpasieHus (puc.1.1), cocrosimas 13 HeHTpoOeKHOTO
pEerynsaTopa CKOPOCTH, TOJI3YH | KOTOPOTO CBsI3aH pbluaramMu 2 ¢ 3aCJIOHKOH 3 1mojaun pabouei
CMECH B TEIJIOBOM ABUTATEND 4. PerynsaTop npuBOIUTCS BO BpallleHHE OT JBUTATENs Yepes3
3yO4aryro nepeaaqy S.

Puc.1.1. Cxema CAY cxkopocmpwio epauienusn oguzamens

[Tpu ¢ynkumonupoBanuu CAY BpalieHue ABUTATENS Yepe3 3yOuaTyro mepenady HepeaacTcs
pPEerynsiTOpy CKOPOCTH, IIApPUKH KOTOPOTO TOJ JEHCTBUEM IIEHTPOOEKHOM CHIJIBI C OIHOU
CTOPOHBI W CHJIBI TPYXXUHBI C JPYrol 3aHUMAlOT HEKOTOPOE IOJIOKEHUE, YTO BBI3BIBAET
OTpe/IeIEHHOE OTKPBITHE IPOCCENs W CHUCTEMa HaxoOuTcs B paBHoBecud. IIpu yBennueHumn
MOMEHTA HAarpy3KHU CKOPOCTb JIBUTATENSI YMEHBIIAETCS B COOTBETCTBUM C €r0 XapaKTEPUCTUKOM,
YTO BBI3BIBAET YMEHBIIICHHE CKOPOCTH BpalieHusi peryistopa. L[eHTpoOexHble CHIIBI Takke
YMEHBLIAIOTCS, LAPUKA OMYCKAIOTCS M 4Yepe3 PBhIUAXKHYI0 CHUCTEMY YBEIMYMBAIOT OTKPBITHE
Ipoccenid. YBeIMYeHHe IMojayu pabouyell cMecHM B JABHUIaTelb BBI3OBET YBEIUYEHHUE €r0
CKOpPOCTH, paBHOBECHE BHOBb BOCCTAHOBUTCS, HO YK€ Ha JPYyroM ypoBHE. SICHO, YTO pa3HOCTh
CKOpPOCTEH omnpezesnseT KaueCTBO PETYJIMPOBAHUSA: YEM OHA MEHbIIIE, TeM Bbllle kauecTBo CAY.
[Tpu ymensiienuu Harpy3ku CAY paboTaeT B 00paTHOM MOPSIKE.

Hns anammza CAY HEOOXOIMMO COCTaBUThH €€ MaTEMaTHYECKYI0 MOJENb. AHAJIN3 TTOKa3bIBACT,
YTO B CHCTEMY BXOJST JBUTATENb, JIPOCCENb MOAAYU paboueil cMecu, pbluakHas mepenada u
3yOuJarasi mepeaaya.

JIBr>keHue JBUraTedss NPU OrPaHUYEHUH YYETOM SIBJICHUM NEpBOro NOpsA/Ka, T.€. €ro
WHEPIIMOHHOCTBIO, MOXET OBITh MpejacTaBieHo AuddepeHInaTbHbBIM YpaBHEHUEM TIEPBOTO
MopsI/IKa:

IO%Jr/loa)JrMH:M(,, (1.1)
rae |y u 4p — MOMEHT nHepuHuH poTopa U KO3PPUIMEHT BI3KOro TpeHus asuratens, M, u M, —
MOMEHT COTPOTHUBIICHUS HarPY3KHU U MOMEHT JIBUTATEIIS COOTBETCTBEHHO.

MOMEHT JBUKEHHS 3aBUCUT OT OTKPBITUS JPOCCENs MoIauu pabodeit cMecu:
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M, =bk,, (1.2)
rae b — koaddunmenT nepegaun OTKPBHITUS IPOCCENS OT MEPEMEIICHHUS TOI3yHa PEryyisTopa
4yepes phluaxkHyo nepenady, Ky — koahGuieHT mponopiuoHaTbHOCTH MEXKTY OTKPBITHEM
Jpoccensi U MOMEHTOM JIBUTATEIISI.

Ecnu npuHSTH NepeiaTouHOe OTHOLICHHE PhIYaroB U 3y04aTol nepesadyu paBHbIM €AHHHUIIE, TO,
U3 T€OMETPUUYECKUX COOTHOILICHUM, TOJIYYHM YPAaBHEHHE CBSI3H, KOTOPOE OMpPEIEsieT
3aMKHYTOCTh CAY:

b=2I(1-Sinz). (1.3)
[Tomyyennast MaTemaruueckast mojienb (1.1)-(1.3) ucnonb3yercst B NpUKIaAHON IIporpaMMme, ¢
MOMOIIbIO0 KOTOPOU BBHIMOJIHSIOTCS TpeOyeMble NCCIeI0BaHUS.
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Puc.1.2. Mooenuposanue yeHmpooexicnozo pezyiamopa ckopocmu

Ilpakmuueckaa uwacmep

[TpakTuueckas paboTa BBITOJHIETCS C TOMOIIBIO MPUKIIATHON TPOrpaMMbl, UHTEp(hEc KOTOpon
npezcrasieH Ha puc.l.2. IIporpamma «Perynsatop ckopocTu» HaxonuTcst Ha aucke. Ilpu Haxa-
TUH KHOTIKK “Help” mosiBisieTcst MOMOMTHUTENBHBIN HHTEPPENC C MHCTPYKIHSIMHU U MOSICHSHUSMHE
K IIporpamme.

B 3aBucuMoOcCTM OT BapuaHTa 3aJaHUsl BBIOpAaTh JUANa30H W IIar U3MEHEHHs MapameTpa, B
(GYHKLIUU KOTOPOTro HEOOXOAMMO MPOBOAUTH HCCiel0oBaHUs. PexoMenayeTcs BbIOMpaTh Auamna-
30H, OPUEHTHUPYSICh Ha MaKCUMaJlbHOE U MUHUMAaJIbHOE 3HaUE€HUE YKa3aHHOTO MapaMmeTpa B Tad-
JUIe BapUaHTOB 3afaHuii (cM. Tabxa. 1.2). B Hayane paboThl MOATOTOBUTH TaOIHILy SKCIIEPUMEH-
TaJIbHBIX JaHHBIX (cM. Tabm.1.1). Ilpu BBIMOTHEHHHU HCCIEOBAaHUI B COOTBETCTBHHM C 33JJaHHEM
HE00XO0UMO, TOC/I€ aKTUBU3ALUU MPOrPaMMBbl, B OKHaX TJIaBHOro MHTepdeiica BBECTU UCXO-
HbI€ JIaHHBIE COTJIACHO BapHaHTY 3a/laHUsl U YCTAaHOBHUTH MEPBOE 3HAYCHHE M3MEHIEMOTro Iapa-
Mmetpa. Haxxate kHonky «Ilyck»

[Tocne BhIXOJa CHCTEMBl Ha YCTAaHOBUBIIMICS PEXKUM pabOTHI (ONpeAensTh BU3YyalbHO 1O OT-
CYTCTBHIO KOJIEOAHUI OCHMJIJIOTPaMMBbI OTKPBITHS 3aCJIOHKH Jpoccelis) HaxaTh KHonky «llay-
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3a», ONPEAEIUTh TOYHOE 3HAYCHHE CKOPOCTU BpAICHUs JBUTraTessl U 3alHicaTh B TaOJUIy SKC-
MePUMEHTAIBHBIX JaHHBIX. 3aT€M YBEJIWYUTh MOMEHT Harpy3ku A0 25 HM u HaxkaTh KHOIKY
«[Ipogomxenue». Ilocne Beixona CAY Ha HOBBIN ypOBEHb YCTAaHOBUBIIETOCS PEXUMa pabOTHI
Ha)kaTb KHONKY «[lay3a» M mpoBeCTH M3MEPEHHUS HOBOTO 3HAYEHUSI CKOPOCTU BPALCHUS JBUTa-
tena. Ilonp3ysace ocHmiorpaMmoi 3aUKCHUpOBATh TaKkKe BpeMs MEXIy Mojadell ckauka
Harpy3ku M crabuinzanueil npouecca perynupopanus. CTaOUIM3aluio OUEeHUBATh 110 OCLUILIO-
rpaMMe OTKPBITHS 3aCIIOHKH Jpoccenis mojgadn padoueit cmecu. IIpoBoauTh HEOOXOUMBIE H3-
MEPEHHs II0 OCHWUIOIpaMMeE IIpOLEcCa PETyJINPOBAHUS, PYKOBOICTBYSICH IIOCTPOCHUSIMH
puc.1.3.
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Puc.1.3. Cxema usmepenus xapaxmepucmuKk Kayecmea npoyecca pecyiupoeanus

Jlannble 3anucath B TaOMUIy. I BBITIONHEHUS CIIEAYIOMIETO KCIEPUMEHTa MOKHO BOCIIONb-
30BaThCsl KHOMKOM «ReSety u HayaTh HKCIEPUMEHT C TOH K€ MOCIeI0BaTeIbHOCThIO IEHCTBUH,
HO YK€ IIPU CJIEAYIOLIEM 3HAUEHUU M3MEHseMoro napamerpa. Eciu npu kakoM-mubo sKkcrepu-
MeHTe CAY CTaHOBUTCS HEYCTOWYHBOM, COOTBETCTBYIOIIEE COOOIIEHHE 3amucaTh B Tabnuily. B
tabnuie 1.1 mpencraBiieHbl SKCIIEPUMEHTAIBHBIC JaHHBIC UCCIICIOBAHUS KaueCTBa PEryIHpoBa-
Hust CAY ¢ HEKOTOPBIMU UCXOAHBIMU MapaMeTpaMu B (PYHKIHU KECTKOCTU MPYKUHBI PErys-
Topa.

Tabnuya 1.1. Dxcnepumenmanvhvie Oanmbvie

T ECTROCTE CkopocTb aBuratens, pajil/c Tounocrs pe-
Ne - beicTponelicTBue | JTo ckauka Mo- ITocne ckauka TY/MPOBAHHA,
o PY>KHHBI, CAY. o pan/c
H/vm ) MEHTa Harpy3KH | MOMEHTa Harpys-
KH

1 0,5 He ycroiiunBa - - -

2 1,0 He ycroiiunBa - - -

3 15 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 5,0 0,16 76,0 66,0 10
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Puc.1.4. I'pagpuxu, nocmpoennsvie no oannvim maodauyst 1.1

Jliis moctpoeHust rpadUKOB MOKHO HCIONB30BaTh maker EXxell, a ams BeimonHeHus konuu wH-
Tepdeiica mporpaMmbl, KOTOpast J0JKHA ObITh MPEACTABICHA B OTYETE, UCIIOJIb30BaTh KIABHIIH
Alt - Print Screen u BctaBuTh Konuio B qokymeHt Word.

3aoanue
B coorBeTcTBHM ¢ BapuaHTOM (Ta0i.1.2) MpOBECTH HCCIICIOBAHME KAuecTBa PEryJIMPOBAaHUS B
3aBHUCHMOCTH OT U3MEHSIEMOTO TTapaMeTpa U MOCTPOUTH rpa UKy 3aBUCHMOCTH OBICTPOICHCTBUS
u TouHocTu CAY B QyHKIIUU OT U3MEHSEMOTO MapameTpa.
Tabauya 1.2. Hcxoouvie oannvle

[lep- | Macca | ’Kecmxocms | Momenm | Bro | Hauano- |  Kosgguyuenm | Uzmensmo
Bas | wapu- | npyscuHvl | uHepyuu | pas | HASA CUIA | 3A8UCUMOCMU MO- | napamemp
uud- | koé M, | Cpp, H/um | Osucamens | ntud | npysrcunvt | menma om om-
pa K2 P} Ke/m? pa P, H | kpoimus opoccena
Ky, H/Mmm
0 0,35 5,0 0,25 0 55 2 m
1 0,30 4,5 0,20 1 100 4 Cup
2 0,25 4,0 0,16 2 150 6 Iy
3 0,20 3,5 0,10 3 200 8 K,
4 0,15 3,0 0,06 4 130 10 P
5 0,10 2,0 0,04 3) 85 9 m
6 0,15 1,0 0,12 6 70 7 Cup
7 0,20 1,5 0,14 7 95 5 Py
8 0,25 2,5 0,31 8 170 3 Iy
9 0,30 3,5 0,38 9 135 11 K,

Cooeporcanue npomokona

B IMPOTOKOJIE MPEACTAaBUTh LECJIb pa6OTI)I, HUCXOOAHBIE JaHHBIC, 3aJaHHUC UCCJICIOBAHUA, KOIINIO
uHTepdeiica g TFOO0TO AKCIIEPUMEHTa W3 BBINIONHEHHOW cepuu, omucaHue padotel CAY,
TaOJIMIlY SKCTIEPUMEHTANIBHBIX JAHHBIX, TpaduKku TpeOyeMbIX 3aBUCUMOCTEN. BBIBOIBI.

IIpakTuyeckas padora Ne2

OnpenesneHne 4acCTOTHBIX XaPAKTEPUCTHK 10 AHAJM3Y BXOJAHOI0 M BBIXOJHOI'0 CUTHAJIA BO
BpEeMEHH
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Llenwv pabomot: [Ipuobpemenue npakmuueckux HA8bIKO IKCNEPUMEHMATLHO20 ONpeOeleHUs]
YACMOMHBIX XAPAKMEPUCTUK.

Teopemuueckasn wacmeo

HccnenyemMoit cuCTEMOM SIBJISIETCSl JIByXMaccoBas WHAMHYECKas CHUCTEMa, CXeMa KOTOPOH
n3o0paxena Ha puc 2.1. Cucrema HaxOUTCS O] ACUCTBHEM KHHEMATUYECKOTO BO30YKICHHS —
X, BBIXOJHBIMH CHUTHAaJaMHU SIBIITIOTCS KOOPAMHATBI X; M Xz MEPEMEIICHUS Macc Mp U My,
CBSI3aHHBIX MEXKIY COOOI0 )KECTOKOCTSMH C1 M Cy ¥ BI3KUM TPEHUEM A; U Ao

C, C2

JV\/_

m, m,

L%
AT 4,
Sy

Puc.2.1. /lunamuueckan cxema 08yxmaccoeoii Cucmemul

VYpaBHEHNE ABUKEHUSA CUCTEMbBI COCTABIISIETCS 110 U3BECTHBIM MPABUIIAM
TEOPETUYECKON MEXaHUKH:

2
m, & X1+22[%—dxzj+c2 £ X, = %[%—%}r‘% X,

L dt? dt dt dt  dt
d?x dx, dx -
mszzer 2[d_t2_d_t1]+cz % -x =0

YHpOHleHHaﬂ MareMaTnu4dcCkKasa MOICJIb.
ms’x, + €, +4 Sx,+ &, +c, X, = € +1, SX+ € +C, X
M,S°X, + A,8X, +CyX, = A,SX, +C,X,
rae s=d/dt — omeparop Jlamaca.
I[J'IH MMpEACTaBJICHUA MaTeMaTH4eCKON MOZCIIN B IEPECMEHHBIX COCTOAHHA PCIINM KaXKI0€ ypaB-
HCHHUC OTHOCHUTCIBHO HCpeMeHHLIX X1 " X2, KOTOpI)Ie 3aIIMCaHbI B CTapIHI/IX HpOI/I3BOI[HI)IX COOT-
BC€TCTBCHHO. HpeoGpa3OBaHHa}1 TaKuM 06pa30M MaTeMaTu4dyccKasa MQIICJ'IL HUMECT BU.
-1 -1 -
X, =sttax +ax+stfa,x +ax_ _
X, =5 dax, +ax +st ta,x, +a,x_
rae kodddunuenTsr Mmogenn: a; = (Ax+Ay/my, a2 = (C2+C1)/my, @z = AyMy, as = Co/my;
Ter[epL MOJKHO 3alIiCaTb MAaTCMATHYCCKYO MOACIIb B ICPEMCHHBIX COCTOAHUA, TO €CTh B BUAC
CUCTCMbI )]I/I(i)(l)epeHHI/IaHBHBIX ypaBHCHI/II\/’I, peHIeHHI)IX OTHOCUTCIBbHO HepBBIX HpOI/ISBOI[HBIX:
Sy, =—ay; taxX+y,
SY, = —a,Y; +a,X

SYs =—&Y; tazy +Y,

Y, =—8,Y; +a,X
NmenHo Takas MoeNb peain30BaHa B MPUKIAAHON TporpaMmMe, o KOTOPOH MPOBOISATCS
HCCIIEIOBAHUE YACTOTHBIX XapaKTEPUCTHUK.

Ilpakmuueckan wacmp

Ha puc.2.2 npencrasien uaTepderic MpUKIaHON TPOrpaMMbl TIPH UCCIEIOBAHUN YaCTOTHBIX
XapaKTePUCTUK OJHOMACCOBOM CHUCTEMBl. IHCTPYKIIUH U MOSICHEHHSI AJIs1 paObOThI ¢ MPUKIIATHON
IPOTPaMMOii MOSIBIISIFOTCS Ha JOMOJHUTEIbHOM HHTepdetice mpu HaxxaTuu KHOKd «Heply.
[ToAroToBUTH TaOMUIBI SKCIIEPUMEHTAIBHBIX U PACYETHBIX JAHHBIX ISl HCCIEIOBAHUS OIHO U
JIByXMaccoBou cucteM. [lociie akTuBU3amuu mporpaMMbl BBIOpaTh PEKUM HCCIEAOBAHUS OTHO-
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MAacCOBOW CHCTEMBI U B COOTBETCTBYIOIIMX OKHAX MHTepdeiica yCTaHOBUThH JAHHBIC COTJIACHO
BapuaHTy 3amaHus (cMm. Tabi.2.2). Haxare kHOonKy «IIporecc», a moTom 3a1aTh mepBoOe 3HaUe-
HUE YacTOTHl BO30YXKIAIOIIETO CUTHAJA - CHCTeMa MPUXOAWT B JBIMKEHHE. BBIOpaTh mepBoe
3HaYEHHE YacTOThl BO30YXKIAIOIIETO CUTHAJA, MOA00paTh KeIaeMyl CKOPOCTh MEpeMEelICHHs
JICHTBI CAMOTIHUCIIA U MPOU3BECTH 3aMKCh. [Ipu 3TOM CKOPOCTH ABMKEHUS JICHTHI JOKHA BHIOH-
paThCs Tak, 4ToObI 0OecrieuynBagach pacimmpoBKa CUTHAIOB IPH UX 00paboTKe.

[Tocne 3amucu TpeOyeMoro ydactka HakaTh KHONKY «CTOm» B OKHE PETHCTpPAIlliU CHTHAJIOB.
V3MeHUTh 3HaUY€HHE YaCTOTHI, I0KIAThCSI OKOHUAHUS MIEPEXOAHOI0 MPoLiecca U MPOU3BECTH 3a-
MUCH Clenyromero ydactka (kHomka «I[lyck» B OKHE perucTpanuy CUTHAJIOB). BBIMONHATH mMO-
MOOHBIE MaHUIYJSALUU JUIS KaKJIOTO 3aIUIAHUPOBAHHOIO 3HAYEHHS YaCTOTHI BO30YKIIAOIIEro
CUTHAJIA.

AHaJOTMYHO MPOBECTH SKCIIEPUMEHT U JUISI IBYXMACCOBOU CUCTEMBI.

Jliist 06pabOTKH AKCIIEPUMEHTATBHBIX JAHHBIX MCIIOIH30BaTh MOTYYEHHBIC B TPOIECCE IKCIICPH-
MeHTa ocumtorpammbl. Ha puc.2.2 ms gactotel 300 paja/c moka3zaHbl HEOOXOIUMBIE ITOCTPOE-
HUS JUISL OTIpe/IeTICHHUs. OJTHOW TOYKH aMIUIMTYIHOW M (pa30BOM YAaCTOTHBIX XapaKTepUCTUK. M3-
MepeHus yI00HO MPOBOIUTH Mocie KonupoBaHus 3kpana (Alt Print Screen) B penaktope Word
KaK pasMep aBTO (PUTYPBI — COOTBETCTBYIOIICH JIMHUU HA PUCYHKE.

mMDAEnMpDBaHHE YACTOTHbIK HaPaKTEPMCTHK JWHAMMUECKOH CMCTEMBI i [

Brifepure KoAHYECTBD Macc

[ 0aHa MAcca o OEE MAcChl

MNapameTpul AHHAMHYECK DR
CHCTEMB

bl acca b1, ke I2IJ -
Aectrocte C1, Hevim I'I 400 (\\

K. e MeHT BﬂSKDI’DI‘] B0
TpeHWA L1, kric

™~

il
o T [
|

»

YacToTa BAOAHOMND CHrHanNa
rpydo
300 paag/c E

E TOMHDO

Perumpauuﬂ CHMrHanoB

CropocTe, c/aeneHue

Myck |

om| FTH

Mpouece | {Taysa -

Esit | Help |

Puc.2.2. Hccnedosanue yacmomuuix XapaKmepucmuKk 00HOMACO80Il CUCHIeMbl

Pe3ynbrarhl m3MepeHnii HEOOXO0MMO 3aMMChIBATh B COOTBETCTBYIONIYIO Tabmuiry (Tadm. 2.1).
Tabnuya 2.1. Dxcnepumenmanvrvle u pacienmuvle OaHHble

Ne | Yacrora, | AMmuryaa | Ammiuryna | OrcraBa- | Ilepuoa A o)
pan/c BXOJ1a BBIXOZA HUE rpaj
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
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| 7] 3 | 069 | 079 | 025 | o064 | 1,14 | -167
TakxuMm o0pazom, 3aUKCUPOBAHBI BXOJHOW M BBIXOJHOW CHTHANBI JJIsl 7 3HA4YEeHUH dacToT. J{ms
KKJIOM BETUYMHBI YACTOTHl OMPEACISAIOTCS OJIHA TOYKA aMILIUTYIHO-4acTOTHOH W (ha30BoO-
YaCTOTHOU XapaKTePUCTHK 10 (hOpMyJiaM:

A, . 360°- 7
A= Q=- .
T
[Tockonbky B hopMyliax MpUCYTCTBYET OTHOILLIEHUE COOTBETCTBYIOLIUX BEJIMYUH, TO U B Ta0JHI1IE
BCIOJIY JUJISL BBIXOJIHBIX JTAHHBIX pa3Mephl MPEACTaBICHBI B MM, KOTOPBIE OMPEACIISIOTCS MO pa3-
Mepy aBTO(UTypHI Ha n300pakeHnu nutepderica B penakrope Word. Ha puc.2.3 npencrapiena
aMIUTUTYIHO-(a30Basi YaCTOTHASI XapaKTEPUCTHUKA ¢ 0003HAYCHHBIMU HA HEW SKCIIEPUMEHTAIb-
HBIMH TOYKAMH, TOCTPOCHHAs MO JaHHBIM Tabmuips! 2.1.

Im
A
1 1 |2 |Re
350 100
-1 150
300 -2 200
250

Puc.2. 3. Ixkcnepumenmanvnas ADIX

Crnenyer 3aMeTUTh, YTO HEKOTOPbIC OTKJIIOHEHUS 3TOW XapaKTEPUCTUKH OT TEOPETHUECKOH 00y-
CJIOBJICHHBIE HETOYHOCTSMHU OIPENEICHUsS] UCXOIHBIX JAHHBIX, B OCOOEHHOCTH OTHOCHTEIIBHO
dba3sbl.
AHajoruyHo oOpalaThIBalOT pe3yibTaThl SKCIEPUMEHTOB U MPU UCCIEIOBAHUU JIByXMacCOBOM
CHCTEMBI.
3aoanue
B cootBercTBuu ¢ Bapuantom (Tabin.2.2) mpoBectu uccienoBaHue u nocrpouts A®YX cucre-
MBI (OZIHO MacCOBOM MJIM IBYX MacCOBOM, MO BBIXOJAM X1 HIIH X2).

Tabnuya 2.2. Ucxoownsie oanmbie

ITepBas M1, KT C1, H/MMm A1, KT/C Bropas My, KT Co, H/MMm Ao, KT/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

Cooeprcanue npomokona
B mporokone mpeacTaBuTh 1enb paboThl, HEOOXOAUMBIE TEOPETUYECKHE CBEICHHS, UCXOTHBIC
JIAHHBIE B COOTBETCTBUU C BapUAHTOM 3aJlaHUs, KOMHIO WHTepdelica ¢ 3aMUChi0 BBIMTOTHEHHBIX
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OKCIIEPUMEHTOB U TOCTPOCHHSIMH, HEOOXOAMMBIMHU IJIi OIPENEICHHS] BBIXOMHBIX JTaHHBIX;
TaOMIBI AKCIIEPUMEHTATIBHBIX M PACUYETHBIX JAHHBIX; Tpaduku 3KcrepuMeHTaTbHBIX ADUX
cucteM. BbIBOABI.

IIpakTnyeckas padora Ne3
HccaenoBanue ycroitunBoct CAY no kpurepuio I'ypsuna

Llenwv pabomur: [Ipuobpemenue npakmuyeckux HA8bIKO OYEHKU YCIMOUYUBOCTU CUCEMbl
a8mMoMamu4eckKo20 yYnpasieHusl.

Teopemuueckasa yacmp
C nomompto kputepus ['ypBuia uccinenoBarbh Ha yectounuBocTh CAY 1oBoJIOM cynmopTa
METAJIJIOPEXKYIIETO CTaHKA, CXEMa KOTOpPOro Mokas3aHa Ha puc. 3.1, a.

+

s
{

y X u,, oJU U,
T —{311 VI > T
- ET—

v R
)
v

VIIT

A

[10C

a) 6)

Puc.3.1. IIpunyunuansvnas (a) u ynkyuonansnasn (6) cxemsl npusooa

[TpuBon cocrout u3 ycunurens-npeoopaszosarens (I111), nuratens (/1) moctossHHOTO TOKA,
penykropa (P), 3agatomero norenimometpa (311) u morenunomerpa obpatnoii cesizu (I10C).
[Ipexxne Bcero HEOOXOAMMO COCTAaBUTh MATEMATUYECKYIO MOJIEINb MOoBo1a. COrjaacHO MPHUHIIUITY
paboThl, MOBOJ MpeAcTaBisieT co0oil 3amMkHyTyI0 CAY, hyHKIIMOHANBHAS cXeMa KOTOPOH
npuBeneHa Ha puc.3.1, 6. [IycTh BbIIeIeHHBIE Ha CXeME JIEMEHTHI OMUCHIBAIOTCS CIEAYIOUTUMHU
nepeaTOYHbIMA (QYHKITUSIMU:

) _U.6() . U,s) k,
3MI: W, (s)=—22 =k ; : _8) &
e T WO =@ T
. _a(S)_ ko . Y

ST R UEETS P W ok

U,.(s
moc: w,_(s)= e _y
Y (s)
Tenepb MokeT OBITH MOCTPOEHA CTPYKTYPHAs CXeMa MOBOA, B KOTOPOH (ITpH paBEHCTBE
K02 PHUIIMEHTOB NIepeIadn 3aJar0IIero MOTEHIIMOMETPa U IIOTCHIIMOMETPa 00paTHOM CBS3M) /IBa
COOTBETCTBYIOIIUX dJIEMEHTA Ha ()YHKIIMOHATHLHOM CXeMe 3aMEHSIFOTCS] OJTHUM dJIEMEHTOM C
ko3 dunrenTom nepenaun K, Ha CTpykTypHO# cxeme (puc.3.2).

U
X o ’ i k, U, K, o ) y=
" Ts+1 (T,s+1)s

Puc.3.2. Cmpykmypunas cxema npugooa

Takum oOpa3zoMm, mnepenaTouHas (YHKIOUS 3aMKHYTOM CHCTEMBbl TIOCIE€  HECIOXKHBIX
anredpandeckux Mpeodpa3oBaHui MPUOOPETAET BUI:
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k
W (S) — 0 1
(T,s+1)(T,s+1)s+k,
rie Ko — koahduimeHT nepeaadn CUCTEMbI, PaBHBIH MPOU3BEICHUIO KOAP(UIIMEHTOB Mepeadn

BCEX 3BEHBEB KaHaJa MPSMOTo JeHCcTBUA. Tak, cucTeMa uMeeT XapakTepUCTUIECKOE YpaBHEHUE
3-ro nopsaka:

T,To8°+ (T, + Ty) s+ s + ko= 0.
CoctaBuM nerepMuHaHT ['ypBULIa U HAJEM YCIOBUS YCTOMYUBOCTH.
T, +T, K, 0
=] T,T, 1 0l
0 T,+T, k

AHanu3 yciIoBUM YCTOMUMBOCTH 1O KpuTeputo ['ypBuIla IOKa3bIBa€T, YTO €IUHCTBEHHBIM
YCIOBUEM SBIIETCA IO3UTHBHOCTH BTOPOrO AETEPMHHAHTA, IOCKOJIBKY do=1,T), paBHO Kak
u A;=a;=T,+T,, Bcerma Oospmie Hynd. Takum o00pa3oM, I YCTOMYMBOCTH IIOBOJA
HEOO0XOIMMO, YTOOBI:

A= (Ty'l' Ta) — koTyT@ > 0.

[Tocne HECOKHBIX MTPe0Opa30BaHUI MOTy4aeM eIMHOE YCIOBUE YCTOMYUBOCTH CHCTEMBI:

1 1

— + T >K,. (3.1)

y 0
BeimonHeHne 3TOro ycioBus 00s3aTeNbHO, MOITOMY Ha MPAaKTUKE BapHaluel, moadopom
napaMeTpoB mnpuBojaa crpemsarcs obecrieunth (3.1). IIpu 3ToM Hambosiee ynoOHO H3MEHSTH
napameTpel Ko u T, — oOmmii ko3QUIMEHT mepeqayr MPHUBOAA U IMOCTOSHHYIO BPEMEHH
ycumTeNs-peodpazoparens. B q1ro6om cirydae 3HaUCHHS BapUaIMi ATUX apaMeTPOB JTOJIKHBI
nexatsb B o6nactu D, moctpoenHoit cornacHo ycnosuto (3.1) (puc. 3.3).

kOA

obnacmo
HeyCmouyueblx

3HAYeHUll

Kot 1/T,

obnacmo
VYCMOUYUBHIX 3HAYECHULL
0 T >T
vl y

Puc.3.3. Obracms ycmoinuugvix 3HayeHuil

Ilpakmuueckaa uwacmep

Jnst BbimosiHeHHsT PaOOThI HMCHOJIB3YeTCS MPUKIAJHAs Tporpamma, HUHTepdenc KOoTopoun
npenctaBiensl Ha puc.3.4. Ilpuknagnas mporpamMma «YcCTOWYMBOCTH TOYHOCTH CAYVY)»
HAXOAUTCS Ha aucke. MHCTPYKIMU W TOSICHEHUs sl pabOThI C MPOTrpaMMON COAepKaTcs B
camMoii TporpamMMme U TMOSBISIOTCS Ha JKpaHe MOHUTOpa mpu Haxatuu KHomku Help. Jlns
BBITTOJIHEHHUSI ATOW TIPAKTHYECKOW pabOoThl, TOCIE aKTHUBU3AIMH MPOTPaMMBI Ha TJIaBHOM
uHTepdeiice n1omKeH ObITh BBIOpaH pexxuM «lccnenoBaHue ycTOMUUBOCTI.

Ha n300paxxennu ocumsmiorpada 3ahukcupoBad nepexoausiii mpouece CAY nmpuBogIOM CTaHKa,
KOTOPBIIl OTBEYaeT MCXOJHBIM JIaHHBIM, NPEICTABICHHBIM B OKHax HHTepdeiica (ciea).
BxonHo#l curnan cryneHyatoil (opMbl M300pa’keH JHMHUEH 2, - NEepeMelleHHe CymnmnopTra —
nuHuel 1 Ha puc.3.4. BugHo, 4to cucrema sBIsieTCs YCTOMUMBOM U ee IMHAMHYeCKOe KaueCTBO
MOJKET OBITh OLIEHEHO 110 KOMIJIEKCHOMY ITOKAa3aTeNi0, KOTOPhIN pacCUUTHIBACTCS 110 popMyIie:

A= yr”—""Xt,,, (3.2)
Ye
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rac ymax — MaKCHUMaJIbHasA BCIIMYMHA TNCPCMCIICHUA CYHNIIOpTa, yc — YCTaHOBHUBIICCCH
nepeMeIleHre CYIMIopTa Mociie OKOHYAHUS TEePEeXOJHOro mporecca, t, — Bpems MepexoJHOro

npoiiecca. Onpeesnenne 3TUX BETUYUH 10 pe3yybTaTaM 3KCIEepUMEHTa NTOKa3aHo Ha puc.3.4.
mlﬂccnegosaﬂne ¥CTOHYMBOCTH M TOYHOCTH NpHEoaa MPC = |EI|5|

' MocnenosaHue YoToiuMBOCTH

(‘ WMccnegogaHue TOUHOCTH

JEMMATENE :I

HMcxoaHue naHHHe
Ycuaurens-npeobpasosarent EITTERS [TTTTTTTTTITITTITITITI T T
Koo i 300 '
ST MPEDEPA30BAT
[MOCTOAHHERA BOEMEHM, C ID'DD3 ymaX
Newrarens
F.oa pduumerT |'|,3 Ocyvnnorpady
nepenaud, pad/cB = =
MocToAHHaA B 0.02 = =
PEMEHH, G = -
=4 =
Xof0BOA BUHT o T
I E El
W ar BqHTa, PR 8 5 T
Od6parnan ceasb @ :@
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I
| g g
i Reset 2 =
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Exit | Help | Bpems, ¢

Puc.3.4. Humepgeiic npuxknaounoit npozpammeol

B cooTBeTcTBHHU ¢ 3a1aHKEM HEOOXOMMO MMPOBECTH UCCIICIOBAHMS 3aBUCUMOCTH KOMILIEKCHOTO
MoKazaTesisi KauyecTBa MEPEeXOAHOro Tpoiecca OT KOIp(PUIMEHTa Tepenadyd yCHIUTEIs-
npeoOpa3oBarens. [[nsg ompeneneHus auama3oHa BO3MOXKHOIO HM3MEHEHHS KoddduimeHTa
HEOOXOJMMO, NOJIB3YSICh 3aBHCUMOCTBIO (3.1), mid 3amaHHBIX 3HadeHuWd T, m T, paccuuTaTh
MaKCHMaJbHO BO3MOXKHYIO BeINYUHY (Kyy)max. IIpH 9TOM y4uTHIBaTh, 4TO OOLIMIT KOd(DHIIEeHT
nepempaun CAY onpenensiercs o Gopmyiie:

H
k, =k, kk —".
0 yn'ro Noc 272_

Beibpate  mar  u3MeHeHuss — KOOQUIMEHTa  Tepefayd  yCUIUTENs-npeoOpa3oBaTens
(pexomennyercst nmpuHATh mar 0.2(K,,)max) ¥ TOATOTOBHTH TAOIMIy SKCIIEPHMEHTATBHBIX U
pacueTHBIX JTAHHBIX TaK, YTOOBI OXBATUTh MAaKCUMAIBHO JIOMYCTUMBIA KOIPPUIIMEHT TIepeaay,
OTIpEeIeTICHHBIN MO0 3aBUCUMOCTH (3.1).
B tabnune 3.1 npeacrasnen mpumep aias CAY ¢ UCXOJHBIMU JTaHHBIMH, COOTBETCTBYIOIIUMU
puc. 3.5. Pacuerom no (3.1) mHaxogum ko=383,3. CnenoBarenbro (Kj,)max=1158. Beibupaem mar
0,2-:1158=232, cocTaBisieM TaOIUILy ¥ IPOBOIUM IKCIIEPUMEHTHI.
AKTHBHU3UPOBATh MPUKIAJAHYIO MPOTpamMMy, 3aJaTh HCXOJHBIE HaHHBIE B COOTBETCTBHH C
BapHaHTOM, BbIOpATh MEpBOE 3HaUeHHE KO PUIIMEHTa epejaul yCUIUTeNsA- mpeoOpa3oBaTens
¥ BBINIOJHUTH MOJICTUPOBAHUE TMEPEXOMHOr0o Tmporecca. [lo ocimmorpaMMe MPOU3BECTH
HEO0OXOIUMbIC MU3MEPEHUS U 3allicaTh Pe3yNIbTaThl B TAOIUITY. BBITOTHATE SKCIICPUMEHTHI JIIS
BCEro BLIOpaHHOTO JUana3oHa U3MEeHEeHUs KodduiimeHTa.
Paccuntarh KOMILUIEKCHBIM TOKa3aTellb KadecTBa JUISI KaXJIOro JKCIEpPUMEHTa W IOCTPOHTH
rpaduk 3aBUCUMOCTH KOMILJIEKCHOTO TMOKazarenst 4 JWHAMHUYECKOrO0 KayecTBa CUCTEMBI OT
kodddunmenra nepenaun K, ycmmmrens-npeobpaszosatens (puc.3.5). Ecmu mpu kakom-nmmuoo
3HaueHuu Kodd¢uimenta nepegaun CAY okxasbiBaeTcs HE yCTOMYMBON — COOTBETCTBYIOIIIEE
COOOIIIEHUE 3aM1CcaTh B TAOIUILY.

Tabnuya 3.1. Dxcnepumenmanvrvle u paciemuvle OaHHbLE

Ne Ky Ymax ‘ Ye ‘ t, ’ A
1390 CAY He ycToiiunBa
2 1158 97 \ 50 | 2440 | 47,30
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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 /
15 /
N
ke

230 462 694 926 1158 k

yn

Puc.3.5. I'pagpuk 3aeucumocmu Komniekcrnozo nokazamensn kavecmea CAY
om Ko3gppuyuenma nepedauu ycunumensa-npeodpazoeamens
(30na Heycmoiuueoil padomel 3amemHena)
3aoanue
1. Tlo UCXOMHBIM JAaHHBIM, B COOTBETCTBUU C BapuaHTOM (Ta0:a.3.2), MOCTPOUTH AHArpamMmy
YCTOMYMBOCTU CHUCTEMBI IO KpUTEpHIO ycToHuuBocTu ['ypBuna (cMm. puc.3.3). Onpenenurs Mak-
CHUMAaJIbHO BO3MOXKHOE 3HAUeHHE KO3 PUIMEHTA epefaun YCHIUTEI-TIpeoOpa3oBaTes U Mo-
TOTOBHUTH TAOJIUILY SKCIIEPUMEHTATBHBIX JaHHBIX.
2. Hcnonw3ys MNpHUKIAJHYIO MpOrpaMMmy, HHTepdeiic KOTopoil mpeincTaBieH Ha puc.3.4,
MIPOBECTHU CEPHUIO IKCIICPUMEHTOB U PE3y/IbTAThI 3aITUCATh B TA0JIHILY.
3. Ilo pe3ynbTataM SKCIIEPUMEHTOB MOCTPOUTH SKCIEPUMEHTAIBHBIN rpaduK 3aBUCUMOCTH U
MIPOBECTH €0 aHAJIH3.
Tabnuya 3.2. Ucxoomnsie oannvie

[lepBas | Ycunumenw | Jeucamens | Bunm.napa | Brtopas | [Jeueamenv | Obp.ces3e
udpa T, c Ky, pao/cB H,,, mm dpa 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
S) 0,009 3,0 14 S) 0,025 1,20
6 0,004 4,0 16 6 0,120 0,40
7 0,045 3,6 18 7 0,015 0,60
8 0.050 5,6 20 8 0,040 0,15
9 0.005 4,5 14 9 0,035 0,52

Cooeporcanue npomokona

B mporokone mnpeacraButh cTpykTypHyto cxemy CAY, nuarpammy KauyecTBa, TaOJUIly
HKCIEPUMEHTAIbHO-PACUETHBIX JIaHHBIX, Tpa(UK 3aBUCUMOCTH KOMIUIEKCHOTO ITOKa3aTess
JUHAMHYECKOro KadecTBa OT KOd(pUIMEHTa Nepeadyd yCHUIUTENs-peoOpa3oBaresi, KOMUIO
uHTep(deiica ¢ 3aNnChI0 EPEXOTHON XapaKTEPUCTUKH IPU KaKoM-JIn00 3HaueHuH K,,. BeiBozpl.

IIpakTyeckas padora Ned
HccnenoBanue Tounoctu CAY B pe:xnMe ABUHKEHUSI 10 TAPMOHHYECKOMY 3aKOHY

lleﬂb paﬂombl: Hpu05pemeHue npakmu4yeCcKux HaeblKo6 OYEeHKU mo4YHoCmu cucmem
asmomamu4ecKoco ynpaesjiernust npu mecmuposanu no capmMorRu4ecKomy 6XO0HOMy CUCHALY.
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Teopemuueckasn yacmso

Uccnenyercs CAY moBogoM, CTpYKTypHasi cxema KOTOpOTro IpejacTaBieHa Ha puc.4.1. Buano,
yto CAY oTiHM4Yaercs OT PacCMOTPEHHOH B NMpakTHUeCKo padore No5 Tem, 4TO yCHIIUTENb-
npeoOpa3oBaTesb MPEACTABICH HE 0€3bIHEPIIMOHHBIM 3BEHOM, a allepUOANYECKUM 1-TO mopsika.

X(t) o)  k k y@

Y 0

Ts+1 (T,s+1Ds

k

en

A 4

A 4

K  le

oc

Puc.4.1. Cmpykmypnas cxema ucciedyemoit CAY

Jlnst TakoW CHCTEMBbI BaXKHBIM U MEPBOCTEIIEHHBIM SIBJISICTCS BOMPOC YCTOHYMBOCTH. [loaTomy
nepe] Ha4daJloOM OSKCIICPHUMCHTAJIbHBIX I/ICCJICI[OBaHI/Iﬁ HCOGXOI[I/IMO OIpeaACInTL MaKCUMAJILHO
JOIyCTUMOE 3HadeHHe Kod(duuuenta K, mepemadu ycuiuTens-peoOpa3oBarelis, MOIb3Ysich
dopmymoit (3.1) ¢ ydeToM 3aBHUCHMOCTH JUIS ONpeneicHus 00mero ko3 puienTa nepeaaan
MIOCJIEIOBATEIbHO COSTIMHEHHBIX 3BeHbeB CAY:

Ko =k KK K.

rae Ky, = H/I2 7— nepenatounas GpyHKIMs BAHTOBO# mapsl (H —1iar BAHTOBOM maphl).

Ilpakmuueckas wacmpo
Jis  BbIMosHEHWsT pabOThl MCIIONB3YETCs NpUKIa[HAs HporpaMma, HHTepdeic KoTopon
npencraBieHsl Ha puc.4.2. Ilpuknaagnas nporpamma  «YcToWuuBOCTH TOUHOCTH CAY»
HaxoauTcsl Ha jaucke. MHCTpyKUMM M MOSICHEHUs A paboThl C MPOrpaMMoOl cojaepikaTcs B
caMOi mporpamMme M IMOSBJSIOTCS Ha 3KpaHe MOHUTOpa Ipu Haxaruun kHomku Help. s
BBINOJIHEHUS] 3TOW NPAKTUUECKOM paloThl, IOCIE aKTUBU3ALMM HPOrpaMMbl Ha TJIaBHOM
uHTepdelice omKeH ObITH BEIOpaH pexxuM «lccnenoBaHnne TOUHOCTHY.
Ha wuso0paxenun ocuwiiorpada 3apukcupoBana peakuus CAY moBogoM cTaHKa, KOTOpas
OTBEYAeT MCXOJHOMY rapmMoHuueckomy curnamny 50Sin30t — nuaus 1. AMIuMTyaa u 4actorta
BXOJHOIO CHTHajla 3aJaloTcsi B COOTBETCTBYIOLIEM OKolike uHTepdeiica. Cynnopt
OTpabaThIBAaeT 3aJaHHBI 3aKOH JBI)KEHUS B COOTBETCTBUU CO CBOMMH JIMHAMHUYECKUMH
CBOICTBAMM M B PE€3Y/IbTATE NMEPEMELIAETCS IO 3aKOHY, KOTOPBIH COOTBETCTBYET JUHHUM 2, C
omnoKoi, n3oopakeHHoi nuHueil 3. Cinexyer OTMETUTh, YTO U3MEPEHUs HKCIIEPUMEHTAIbHBIX
3HaYeHUH Ha ocHMIUIOrpad)e MOMKHO BBINOJHATH TOJBKO IOCIE 3aBEPIIEHHs IEePEXOTHOrO
pexuma paboTsl (cM. puc.4.2).
[Tocie ompeneneHus MaKCHMAaIbHO AOMYCTUMOro Koddduimenta K, mepemaum ycuiutens-
npeoOpaszoBarensi, HOArOTOBUTh TAOJUIly IKCIEPUMEHTAIbHBIX JAaHHBIX, IPUMEpP KOTOPOU s
CAY c ucxonHbIMH JaHHBIMU IO puc.4.2 mpexncrasineH Huxke. [Ipeamonaraercs mposeneHue
TpeX Cepuil SKCHEPUMEHTOB IPH CIEAYIOIIMX 3HAYCHUIX KO3PPUIMEHTa Tepeadyn yCUInuTeNs-
npeobpazoBarens: (Ky,)1=0,9(Kyn)max; (Kyn)2=0,6(Kyn)max; (Kyn)3=0,3(Kyn)max-

Tabnuya 4.1. Dxcnepumenmanvhvie OaHHble

o, o, o,

Ne K pao/c Onax | Ne K pao/c Onax | Ne K pao/c Omax
1 40 3 6 40 5 11 40 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

Jluamna3oH W mIar M3MEHEHHWS 4YacTOT OMpPEICNsAeTCS JKCIEPUMEHTAIBHO TaK, YTOOBI MpU
(Ky1)1=0,9(Kyn)max MakcHManmbHOE 3HAUCHHE OIIMOKM MNPHXOAMIOCH HAa CpeAHee 3HAYCHHUE
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YacTOThl, a IIar IO3BOJISJI IPOJEMOHCTPUPOBATh TEHIACHIMIO HM3MEHEHHUS OIIMOKH B 00e
CTOPOHBI OT MaKCHMyMa.

[Ipu BBIOOpE aMIUIMTYABl BXOJHOTO CHTHAJ]Aa HEOOXOIUMO YYHUTHIBATh BO3MOXKHOCTh
pPEerHCTpallii BCEX CHUTHAJIOB MPUM YacTOTE, COOTBETCTBYIONIEH MAaKCHUMyMy OIIMOKH.
Pexomennyercs ycranasnuarb A=20.

mlﬂccnenosaﬂue YCTOAYMBOCTH M TOYHOCTH NpWBoAa MPLC - |EI|5|
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Puc.4.2. Humepdgheiic npuknaonoit npocpammul 011 ucciedoseanus mounocmu CAY

[To pe3ynbraTam SKCHEPUMEHTOB (CM. Tabi.4.1) MOCTPOEHBI TPAPUKU 3aBUCUMOCTH OIIMOKU OT
YacTOThl BXOJHOTO CHTHAJIAa Ui TpeX 3HaueHWH Kod(pPUIHMeHTa Tepeaadnd yCUIUTENsI-
npeoOpazoBarens (puc.4.3).

d‘nax

100 K, =417

80 / K
60 R / /\ \ k=278
ﬁ/ _

40

40 80 120 160 o, padlc

Puc.4.3. I'pagpuku 3xcnepumenmanvHvix 3a6ucumocmeit

3aoanue

1. o ucXOIHBIM JTaHHBIM, B COOTBETCTBUU C BapuaHTOM (Tabin.4.2), paccuutaTh MaKCUMaIbHO
JOIYCTUMBIN K03 uUIMeHT K, mepenaun ycunurens-npeodpasoBarens, U MOArOTOBUTh Tablu-
Iy SKCIIEPUMEHTAIBHBIX JaHHBIX.

2. Ucnonb3ys NpUKIaIHYIO IporpamMmy, HHTepdeiic KoTopoi mpecTaBieH Ha puc.4.2, BEIOpaTh
JUana3oH U 1iar M3MEHEHHUs YacTOThl BXOJIHOTo curHana. [IpoBectu cepuio sKkCriepuMeHTOB (JU1s
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KaXJI0r0 3HaYeHHs Kod(pduuueHTa mnepeaauu), 3aluchiBas pe3ylbTaThl B TaONUIly, a 3aTeM
HOCTPOUTH I'PaMIKH IKCIIEPUMEHTAIBHBIX 3aBUCHMOCTEH.
Tabnuya 4.2. Hcxoouvie oanmvle

IlepBas Ky, Bropas | Hg,,

unr()bpa Tom € pao/cB Toc un(ll))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

Cooeporcanue npomokona

B npotokone npuBectu cTpykTypHyto cxemy CAY, COOTBETCTBYIOIINE pacdyeThl KO huIineHTa
nepeayd  YCHIUTENS-Ipeo0pa3oBareis, TaOJUIy SKCICPUMEHTAIBHBIX JAHHBIX, KOIIHIO
uHTepdelica TPUKIAAHOW  HporpaMMbl  JUIsl  KaKOro-JTMOO  AKCIIEpUMEHTa, Tpaduku
AKCIEPUMEHTAIBHBIX 3aBUCUMOCTEN. BBIBOBI.

IIpakTyeckas padora Ne5
OnpeneneHue XapakTepUCTHK JIEKTPOMeXaHHYeCKOI0 IPUBOIA

lleflb paﬁombt: Hpuo6pemeHue NPpAKmMuU4YeCKUXx HaeblKO6 KOMNJIEKCHO20 UCCNIE008AHUSL CUCTNEM U
00bEeKMo8 A8MoMAMUYEcKo20 ynpaeieHusl.

Teopemuueckasa uacmpo
Ha puc.5.1 npencrasiieHa 31€KTpOMEXaHUUYECKAss CUCTEMA — MPUBOJ BPALIAIOLIETO ABM)KCHHUS,
KOTOpBI COCTOUT M3 AJIEKTpOJABHratens | IOCTOSHHOrO TOKa, PEAyKTopa 2 W Harpyskw,
HanpuMep, INUHAEN 3.

Puc.5.1. Cxema 31eKmpomexanuyeckoil cucmemol

YPaBHeHI/ISI ABWXKCHUS ABUTATCIIA ITOCTOAHHOI'O TOKA IIpH npeHe6pe>I<eH1/m ABJICHUSAMHA BTOPOI'O
nopsaKka UMCCT BUA:

dQ()eue + M

deue dt 17
e Mysuz, 1 o6uzy €296y — MOMEHT JBUIKEHUSI, MOMEHT WHEPIIUU POTOPA U YIII0Basi CKOPOCTh

aBurarensi, M1 — MOMEHT Harpy3ku Ha Baily nsurateis. C Jpyroil CTOpOHBL, B COOTBETCTBUU C
ANEKTPOMEXAHUUYECKON XapaKTEPUCTUKOMN JIBUTATEIIS:

M =1 (5.1)

osue
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M osue

rie Ky — KO3 GpHUIMEHT MPONOPIUOHATLHOCTH MKy HampsbkeHHeM U 1 MOMEHTOM JIBHYKEHHS,
Ky — KOO PHUIMEHT HAKIIOHA AJICKTPOMEXaHUUECKON XapaKTePUCTUKH.
Penyktop MoxkeT ObITh IpeicTaBIeH Oe3bIHEPLIUOHHBIM 3BEHOM:

Q=0 K (5.3)

dsue " peo!

=kU -k Q, ; (5.2)

osue?

rae £2; — yriioBasi CKOPOCTb BBIXOIHOTO BaJla PEAYKTOPA, Kpey — KOIDDUIMEHT Iepeaaun.
B xoHeuHoM utTore, ypaBHEHHE JBUKEHHUS Bajla HATPY3KHU:

IE+/LQ+ﬂdet—f§21dt+M=0, (5.4)
rae M, I, £2- none3Hblii MOMEHT, MOMEHT WHEPIIUHU U YIJIOBasi CKOPOCTh HArPy3KH, [3 -
KpYTUJIbHAS KECTKOCTh, A - KOA(PGUIUEHT BSI3KOro TpeHus. Takum oOpa3oM, ypaBHEHUE CBSI3H,
KOTOPOE MOKAa3bIBACT, HA YTO PACXOJIYETCs MOJIe3HAsl YaCTh MOMEHTA JIBUTATeNsl, UMEET BU/I;

M, =k,.5 fQdt—[Qdt. (5.5)

[To mony4eHHOM MaTEeMaTHIECKOM MOJIEIH, KOTOpasi COCTOUT U3 ypaBHeHHi (5.1-5.5),
MIOCTPOCHA CTPYKTYPHAsi CXeMa JICKTPOMEXaHUYECKON CHCTEMBI (pHC.5.2).

M
< — s/
K, |e B o,
U 0
—> k() Iaeues > kped 1 >
T2s? +T,s+1
M, A 1/s
kpedﬂ
15 |e

Puc.5.2. Cmpykmyphas cxema 31eKmpomexanuieckoii Cucmemol

Ha cxeme ectp nBa BXOAa: OJMH IO ympasisiollemMy Bo3zzaeictBuio U, a BTOpod - 1o
Bo3MmyuieHnto M. He cmoTpst Ha To, 4TO MO MCXOAHOM cxeme (cM. puc.5.1) cucrema Kaxercs
Pa30MKHYTOM, Ha caMOM Jejieé OHa 3aMKHyTa C OOpaTHbIMH NIOTOKaMu curHaios. Ilo
pa3paboTaHHON MaTeMaTHYeCKOW MOJENU 3JIEKTPOMEXAHMYECKOro MOBOJIA MOXHO HPOBOJIUTH
Ipe/IBapUTENbHbIE UCCIEIOBAHUS C II€JIbI0 ONPEJCIICHUS XapaKTEpUCTHK, OLEHKU KauecTBa U
BbIOOpa HEKOTOPBIX €ro mapameTpoB. Takol 3Tam MpeaBapUTEIbHOIO MPOSKTHUPOBAHUS BCEra
JIOJIKEH MPHUCYTCTBOBATh MPH pa3pabOTKe CUCTEM U OOBEKTOB aBTOMATHUYECKOIO YNpPaBJICHUS U
SBJISIETCSA YPE3BBIYAHO BaXKHBIM, TaK KaK MMEHHO 3/IeCh OIPENeIAIOTCs OOlLUe HalpaBieHUs
YAOBJICTBOPCHUA Tpe6OBaHI/I$IM TCXHUYCCKOTO 3aJaHNA U YIIYUIICHUA XapaKTCPUCTHK CUCTEMBI.
Hanpumep, HM3BECTHO, YTO MEPENATOYHOE OTHOLIEHME DPENYKTOpa CYILIECTBEHHO BIIMSAET Ha
JUHAMHUYCCKUC XAPAKTCPHUCTHUKU OJICKTPOMECXAHUYCCKOTO IMPHUBO/JA. OHeHKa MEPEXOAHBIX
XapaKTEePUCTHK CHCTEMBI, MPEACTaBICHHOW pa3paOOTaHHON MaTeMaTHYecKOoW MOJIENbIo, MpU
pa3HbIX 3HaYCHUSIX KOApPUIIMEHTA NTepeayl peayKTopa MO3BOJISIET PEIIUTh TaKyIo 3a7auy.

Ilpakmuueckan yacmp

Jns  BeIoNHEHUsT pabOTBHl HWCHONB3YETCsl TPUKIAgHAs Tporpamma, HHTEpheEic KOTopoi
npenacraied  Ha puc.5.3. IlpuknagHas mnporpamma «OJIEKTPOMEXaHUYECKas CUCTEMay
HaxXOJIUTCA Ha JIUCKE. SIIpoM 3TOM MmporpamMMmbl CIYKUT COCTaBJIEHHAs BBIIIE MaTeMaTH4yecKas
Mozenb. UHCTPYKIIUY 1 TTOSICHEHUSI 17151 pabOThI C MPOTpaMMOM COICPIKATCS B CaMOM MporpaMMme
U TIOSIBIIIIOTCS HA DKpaHe MOHUTOpPA MPHU Ha)KaTUU KHOMKU Help.

30



Ha wuzobpaxxenun ocuwiiorpaga (puc.5.3, a) 3adukcupoBaH HpolecC M3MEHEHHs YIIIOBOU
CKOPOCTH Harpy3ku (MTUHHA 1) mpu pasroHe M NpU M3MEHEHMHM MOMEHTa IOJIE3HOW Harpy3KH
(JiuHMS 2) IO CTYNIEHYaTOMY 3aKOHY.

BrImonHss Takue SKCIEPUMEHTHI NMPHU Pa3HBIX 3HAUCHMSAX HANPSDKCHUS MUTAHUS JBUTATENS,
MOYKHO MTOCTPOUTH CTATHUECKUE XaPAKTEPUCTUKU FNEKTPOMEXaHNIECKOTO TIOBO/IA: 3aBUCHUMOCTD

YIJI0BOM CKOPOCTH HArpy3KH OT IOJIE3HOTO MOMEHTa (puc.5.4, a).
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Puc.5.3. Humepdgheiic npuknaonoit npozpammel npu
onpeodeneHuu cmamudeckux xapakmepucmuk (a) u pe-
3YIbMamupl MOOEIUPOCAHUS NPU OnpedeneHuU OUHA-
MUYECK020 Kauecmaea:

0)-kp=01;6) -kp=03;2)-kp=108

r)
Jns ompeneneHus ONTUMAJIbHOTO MO OBICTPOJEHCTBUIO KO3(DHIMEHTa Mepenadnl peryKTopa
MIPOBOJUTCS CEPUsl IKCTIEPUMEHTOB, TIPH KOTOPBIX (PUKCUPYETCsl IEPEXOAHBIN Tporece (pa3roH
NPUBO/IA) MPH BCEX €ro HEM3MEHHBIX MapaMmeTpax, HO JUIsl pa3HbIX 3HadeHUH Kod(dduimenrta
nepeaaun peaykropa (puc.5.3, 6, B, I).
[To pe3ynpTaTaM 5KCIEPUMEHTOB IMOCTPOEHBI TpapUK 3aBUCUMOCTH JUHAMUYECKOTO KadyecTBa,
KOTOpOE Ompenensercs M0 KOMIUIEKCHOMY Iokazarento (cMmotpu Gopmyny 5.2), oT
kodduurenTa nepenayn penykropa (puc.5.4, 6). Ilpu BBHINOIHEHUH SKCIEPUMEHTOB JIaHHBIE
yIOOHO TpPEACTaBIATh B TaOIW4yHOW ¢opMe, a TOTOM CTPOUTh HEOOXOAMMBIN Trpadux
3aBHCUMOCTH KOMIUIEKCHOTO MOKa3aTess A oT Ko pHIMeHTa repeadn peaykropa.
Ornpenenenre HEOOXOIUMBIX JJiA pacdera 1o Gopmyse (3.2) mapaMeTpoB MOKa3aHO Ha puc.S.3,
0. BuaHo, 4TO onTHMalbHOE 3HAYCHUE KOI(PdUIMEHTa Mepenadu, Mpu KoTtopom A—min,
paBusiercss  0,3. Ilepexomnblii mpoliecc MpU TaKOM 3HaYeHUW Kod(pduimeHta rmnepeaadn
pelyKTopa npecTaBieH Ha oCIiiuIorpaMme puc.5.3, B.
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Puc.5.4. I'pagpuku 3xkcnepumenmanbHvlX 3a6UCUMOCHIENL:
a) — cmamuyecKue XapaKmepucmuku; 6) — OUHamMuyecKas XapaKmepucmuKka

3aoanue
1. Ilo ucxogHbIM JaHHBIM, B COOTBETCTBUU C BapuaHTOM (Tabi.5.1), onpenenuTb CTaTUYECKUE
XapaKTEePUCTUKH 3JIEKTPOMEXAaHUYECKOI'O MOBOJAA Ul pa3HbIX 3HAYCHWH HANPSKEHUs MUTAHUA
JIBUTATENI U TIOCTPOUTH COOTBETCTBYoIIME rpaduku. (nama3oH W3MEHEHHs HaNpsOKCHUS
olpeeNseT NpenojaBaresb).
2. IlpoBecTH cepur0 3KCIEPUMEHTOB IO MOJEIMPOBAHUIO MEPEXOAHON XapaKTEPUCTHUKHU IpU
pasHbIX 3Ha4YeHHMsAX Kodpduruenta K, mepenaum pemyKkTopa, BBIIOJIHUTH HEOOXOIHUMBIC
U3MEpPEHUs], PacCUNTaTh KOMIUIEKCHBIM MOKa3aTelb A U MOCTPOUTHh COOTBETCTBYIOMIMN rpaduk
IJIsL ONpeIeIeHHs] ONITHMAIBHOTO 110 ObIcTpoAeiicTBIIO Kodddunmenta K.

Tabauya 5.1 Ucxoouwle oannvle

[TepBas Iy Ky K, K, Bropas I B A

nudpa KIM> Hwm/B | Hwmc/pan uudpa KrM2 Hwm/pan | 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 0.5 9 0,16 1100 0.09

Cooepicanue npomokona

B mporokosne mpencTaBuUTh CTPYKTYPHYIO CXEMY JJIEKTPOMEXAHWYECKOW CHUCTEMBbI, TaOJIUIIBI
OKCIIEPUMEHTAJbHBIX JaHHBIX, COOTBETCTBYIOIIME TpadUKH CTATUYECKUX XapPaKTEPUCTUK H
rpaguK 3aBUCUMOCTH KOMILJIEKCHOTO TTOKa3aTels JUHAMHUYECKOTO KadyecTBa OT KO3 ullMeHTa
nepesayd peyKTopa, KOmuio uHTepdeiica mpuKkIagHoi TPOrpaMMBbl ¢ MEPEXOJHBIM MPOIECCOM
MpU ONTHUMAJIBHOM 110 OBICTPOJECUCTBUIO 3HAUYCHUM KOIPPUIIMEHTa Tepefadyu peayKTopa.
BriBoapbl.

IIpakTyeckas padora Ne6
OmnpeneneHue XapakTepUCTHK IMIPOMEXaHHYECKOr0 NPUBOAa

HeJlb paﬁombl: Hpuoépemeﬁue npakmu4eCcKux HaeblKO8 KOMNJIEKCHO20 UCCNIEO0BAHUS CUCTNEM U
00bEeKMo8 A8MoMaAmuyecKo20 ynpaesiernusl.

Teopemuueckasa uacmpo

Ha puc.6.1 npencrasnena rujpomexaHnyecKkas CUCTEMA — IMPUBO/T MOCTYMATENBHOTO IBUKEHHUS.
[IpuBOoa COCTOUT M3 TUAPABIMYECKOTO HUUIMHApPA |, MITOK KOTOPOIO CBSI3aH C CyHImopTOM 2
(Harpy3koW) MEXaHHYECKOW CBSI3BI0O C IKECTKOCThIO c¢. CymnmopT mepeaBuraercs o
HATPABISAIONIUM 3, KOTOPbIE XapaKTepU3YIOTCS KOd(D(PHUIIMEHTOM BSI3KOTO TpeHHs A, a CKOPOCTh
perynupyercs ruapaBindeckuM npocceneM 4. Takum oOpa3om, cucTeMa UMEET YIPaBIISIOMINN
BXOJ1 (OTKPBITHE X IPOCCENIsI) U BO3MYIIICHUE — CHITY MoJie3HON Harpy3ku F. [ensio ympaBieHus
SIBIISICTCS TIEPEMEIIIEHHE CYIOpTa ¢ 3aaHHOM ckopocThio dy/dt mo koopauHare Y.
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Puc.6.1. I'uopomexanuueckas cucmema

JIBI>KeHHe CymnIopTa MOXKET ObITh onrcaHo AuddepeHnrnanbHbIM ypaBHEHHEM BTOPOTO
HOpsIKa:
2

d d

2’+l—y+c(y—yl):F, (6.1)
dt dt
rae M — Macca cynmnopra; A - Ko3h(UIHUEHT BA3KOro TPeHHsI; Y — mepeMelieHne Maccol; F —
IMOJIC3HAs HArpyska.
['unpaBnuyeckuil MWIMHAP € MOJIE3HOM MI01aAbto P mopiiHs A0KEH ObITh IPEACTaBIEH
ABYMS YPABHCHUSAMU, KOTOPBIC OTBECYAOT KHHEMATUYCCKOMY U CUJIOBOMY B036Y)K,I[6HI/IIO.
[TepBoe ommchIBaET NBIKEHUE 110 pacxoay Q Macia yepes MIIHHIP:

M=I9dt 6.2)
P
a BTOpPOC — UIBMCHCHHUEC NaBJICHHUA B IIOJIOCTH:
F
p, = Fl (6.3)

Pacxon mMacina yepe3 Ipocceb 3aBUCHT OT OTKPBITHUS JPOCCETUPYIOLICH IIeNIN U Tiepernaa
JIABJICHUS HA HEW:

Q = JKX

rae (1 — ko3 UIHEHT pacxo/a Yepe3 APOCCETUPYIONIYIO Melb, K — K03 durmeHTt
MPOMOPIIMOHAIIBHOCTH MEXIY TIIOMIA IBIO MU U OTKPBITUEM X IPOCCensi, Po — AABJICHHUE JIUHUU
MUTaHU, O — YACIbHBIN Bec Macia.

K MaTemaTnueckoit Mojenn HeoOX0IMMO MPUOABUTH YPaBHEHUE CBS3H:

F=(y,-y)c. (6.5)

(6.4)

[To momyyeHHOH MaTeMaTHYeCKOW MOJENH, KOTOpas COCTOMT U3 ypaBHeHumid (6.1-6.5),
MOCTPOCHA CTPYKTYpHas cxeMa THUIpOMEeXaHHueckoi cuctembl (puc.6.2). Ha crpykrypHOU
CXEMe eCTh JIBa BX0JIa: OJIMH IO YIPABIISAIONIEMY BO3JICHCTBHUIO X, @ BTOPOU IO BO3MYIIICHHIO F.
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Puc.6.2. Cmpykmyphnasn cxema 2u0pomMexanudecKoll Cucmemol

v

A

Hpoccens Ha BXOA€ CXEMbl TMPEACTaBICH JBYMsS IEPEAATOUYHBIMH  (DYHKUUSIMH C
NMHEeapH30BaHHBIMU Kod(dunueHTamu nepenaun Ky, — mo ynpasistomemy Bo3aeicTBuio X u Ky,
— mo mepenaay aAasieHusa. [Ipu MojenupoBaHMM CHUCTEMBI C NPUMEHEHHEM YHUCIIEHHBIX
ITOPUTMOB MOKHO HCIIOJIb30BaTh MEPBUYHYIO HEJIMHEHHYIO 3aBUCUMOCTH (6.4). IlocTosHHbBIE
BPEMEHHU MePEeAaTOYHON (DYHKIIUU HATPY3KU B COOTBETCTBUU C (6.1) paBHAIOTCA: T2=mlc, T, =
Alc. 3aech, Kak U A AIIEKTPOMEXaHHUUYECKOTO MOBOJIA, MOXHO KOHCTATHPOBATh 3aMKHYTOCTb
CUCTEMBI, KOTOpasi, TeM He MeHee, He sBisieTcs CAY.

Pazpaborannass mareMaTHueckass MOJeNb  MO3BOJSET HA JOTale  IPEIBapUTEIBHOTO
MPOEKTUPOBAHUS TPOBOAUTH HCCIECNIOBAHUS C LEJIbI0 ONPEAENCHUS BIUSHUS [apaMeTpOB
NpUBO/Ia Ha IUJIABHOCTh JBW)KCHHUS, OICHKH KauyecTBa YIPaBICHUS H  BO3MOXKHOCTH
COTMPOTHBIICHUS BHEIIHEH Harpy3ke H T.N. B 3aBUCHMOCTH OT >KeJIaeMOro Juarna3oHa CKOpoCTen
JBIDKEHUST paboyero opraHa MOYKHO NPaBHIIBHO BBIOPATh COOTHOIICHUE: JABICHHE MMUTAHHS —
reOMEeTpPUUYECKHUEe MapaMeTphl APOCCessi, YTO SBJSIETCS BaXXHOW 3ajadeild, OT pelIeHHus KOTOpOu
OyAyT 3aBHCETh SHEPTETHUECKUE ITOKA3ATENN TIOBOJIA B LIETIOM.

Ilpakmuueckan wacmp
Ha puc.6.3 mnpexacraBieH uHTepdelC NPUKIAIHOW MporpaMMmbl, KOTOpas MOJAEIUPYET
ruipomMexaHudeckyro cucremy. llpuximagHas mnporpamma «['mapoMexaHHueckas CHUCTEMay
HaXOJWUTCS Ha JUCKE. SIApoM 3TOil MporpaMMsbl sBJIAETCS MPEICTABJICHHAs BBIIE HEJIWHEHHAs
MaTreMaThyeckass MOJellb, KOTOpas YYMUTHIBACT HEIWHEWHYI0 3aBUCUMOCTH (6.4) Kpome
HEJIMHEHHOCTEH!, ONMCaHHBIX B TeopeTndeckoi yacTu. KoaduunenTsl Moenu paccunTaHbl A7
CIIEAYIONIMX UCXOAHBIX maHHbIX: £~0.9, p~900 K/, WHCTpyKIMU U OsICHEHUS JUIsl paboThI ©
IpOrpaMMoOil cojiepaTcsi B caMOW IMporpaMMe U MOSBJISIOTCS Ha HJKpaHe MOHUTOpa Ipu
Ha)kaTuu kHonku Help.

=1olx|

HCXONHBE NAHHBIE

rmpaBnuwecKaa 44cTb

K. P OHUMEHT NEpEL a4 ID'S
APOCCENS, MM I
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Puc.6.3. Humepdgheiic npukiaonoit npozpammot Mooeaupoeanus
2UOPOMEXAHUYECKOTL CUCHEeMbL

Ha wn3o6paxxkenun ocummiorpaga (puc.6.3) cKOpocTh ABIKEHHs pabodyero opraHa o0O3Ha4YeHA
JMHHUEN 1, CKOpOCTh JBUKEHMS IITOKA THAPABIMYECKOIO IUJIMHJIpA — JIMHUEH 2, a JuHHS 3
COOTBETCTBYET BHCIIHEH Harpy3ke — Cuiie, KOTopas MPHKIAJbIBacTCI K pabodyemy oprasy.
3aduKCUpOBaH MK YIPaBICHUS, COCTOSAMIMNA W3 CICAYIOIIMX OTAloB: IBHXKEHHE BIIEBO
(oTpunaTenbHasi CKOPOCTh) K JIEBOMY YIOPY, IBHXKEHHE BIPABO 0 OKOHYAHUS MEPEXOIHOTO
mpoliecca v MOTOM BHE3AIMTHOE MPUIIOKEHNE CUJIbI HArPY3KH, IBHYKCHUE K TTPABOMY YIIOPY.
AHaNM3 OCHUJUIOrPaMMbI TTOKA3bIBACT, YTO MPU U3MEHEHUM HAIPABIICHUS ABUKEHUS B CUCTEME
MIPOMCXOAUT TEPEXOTHBIA MPOIIECC, KOTOPBIH COMPOBOXKIACTCS 3aTyXAIOIIMMHU KOJICOAaHUSIMH,
KaK CKOpPOCTH pabouero opraHa, TaK W CKOPOCTH IITOKA TUAPABIUYECKOTO MHIWHApA, a
W3MEHEHUE CHJIBI Harpys3ka, KpoOMe€ IIepEeXOJHOr0 IIPOIecca, BBI3BIBACT YMEHBIICHUE
(haKTUYECKOW CKOPOCTH ABWKEHHS pabouero oprana (BenwmuumHa OV Ha ocruuiorpamme). [lpu
YBEJIMYEHUH CHJIBI CBEpPX OMNPEACNCHHOM BEIMYMHBI MOXET MPOU3ONTH JBUKCHHE B
MIPOTUBOIIOJIOKHOM OT >KE€JIAa€MOT'0 HaIlPaBJIEHUU, TO €CTh MAacJIO OYJIET BHITECHATHCS U3 MOJIOCTH
TUAPABIMYECKOTO IMJIMH]IPA.

BreimonHsiss Takue SKCHEPUMEHTHI TMPU Pa3HbIX 3HAYCHHUSX CHIIBI COMPOTHBIICHUS, MOXHO
MOCTPOUTH KaK JTUHAMUYECKHE XapaKTEPUCTUKH 3aBUCHMOCTH TEpPEperylupOBaHUs, 3aTyXaHHUs
3a TIEPHOJI OT APAMETPOB CHUCTEMbI, KOTOPbIE U3MEHSIOTCS, TAaK U CTATUYECKUE XapPaKTEPUCTUKH
3aBHCHUMOCTH CKOPOCTHU ABM)KEHHUS OT CUJIbI MTOJIE3HOM HAarpy3ku (puc.6.4).
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Puc.6.4. Cmamuueckasn 3a6ucumocmey cCKOPOCIU O8UIHCEHUA OM NOJIE3HOU HAZPY3KU

3aoanue
1. ITo ucXoaHBIM AaHHBIM, B COOTBETCTBUHU C BapuaHTOM (Ta0:i.6.1), onpenenuTs cTaTUYECKUe
XapaKTePUCTUKU TUAPOMEXAHUYECKOTO MPHUBOJA (3aBHCHMOCTh CKOPOCTH paboyero opraHa ot
CHJIBI TIOJIE3HOW HArpY3KHU) JUISl Pa3HbIX 3HAUYECHUN JTaBJICHUS MUTaHUS THAPABINUECKONW CUCTEMBI
U TIOCTPOUTH COOTBETCTBYIOWIMH Tpaduk. ([nanazoH u3MeHeHHs NaBICHUS OMpeIesieT Mperno-
JaBaTellb).
2. Onpenenutb JUHAMUYECKHE IOKA3aTENM THAPOMEXAHUYECKOTO MPHUBOJA: OTHOCUTEIBHOE
MepeperyIMpoBaHre U 3aTyXaHHUe 3a IEPHO/I.

Tabnuya 6.1 HUcxoouvie oanmvie

[TepBas Kk, Po, P, Bropas c, A, m,
ugpa MM MlIla oM uudpa H/mm KI/C KT
0 0.50 1.0 80 0 1800 1750 5
1 0.25 1.5 100 1 5000 2000 10
2 0.08 2.0 120 2 2500 1250 15
3 0.12 2.5 140 3 2000 1360 20
4 0.35 1.0 160 4 3250 2500 25
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5 0.45 15 180 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

Cooepotcanue npomokona

B mporokone mnpencTaBUTh CTPYKTYPHYIO CXEMY HCCIEIyeMOW CHCTEMBbl C HCXOJIHBIMU
JAHHBIMH, TaOJMIBl SKCIEPUMEHTAIBHBIX JAaHHBIX, TPaQUKH CTATUYECKUX XaAPAKTEPUCTHK,
JMHAMUYECKHE TI0Ka3aTeId KavyeCcTBA IEePEXOJHONW XapaKTePUCTUKU THUAPOMEXaHUYECKOTO
HpHUBOJA.

IIpakTyeckas padora Ne7
Onpenenenune xapakrepuctuk CAY npoaosibHOM nojgaveil Mpu TOYeHU U

lleflb pa60mbt: Hpuo6pemeHue npakmu4ecKux HaeblKkO6 KOMNJIEKCHO20 UCCNIE008AHUA CUCTNEM U
00bEeKMo8 A8MoMAMUYECcK020 ynpaeieHusl.

Teopemuueckasa yacmpo

Haubonee pacnpoctpaneHHbIN B MeTaiioo0padoTke Tum 3aMKHYTBIX CAY — 310 CAY,
IpelHa3HaYeHHbIE JJI1 aBTOMATUYECKOT0 PEryJIMpOBaHUs Mpoliecca pe3aHus 3apaHee
YCTaHOBJIEHHBIM 00pa3oM. Takue CUCTeMbl MOTYT IPUMEHSATHCA KaK JJIsl CTa0UIH3aIiH
3a/laHHBIX BBIXOJ/HBIX IAPaMETPOB MIPOLIECCa PE3AHMSI, TAK U JJI UX U3MEHEHHUS B LIUKJIE
00paboTKu 1o omnpeeieHHoMY anroputmy. Haunbosee 1enecoobpazHo UCTIONb30BaHUE TAKHX
CHCTEM Ha 3aKIIIOYUTEIbHBIX, QMHHUIIHBIX ONEPALUIX TEXHOIOTHIECKOTO MPOoIecca.

[Tpu mexanuyeckoil 0O6paboTke pe3aHueM TOYHOCTh OOpabOTKH, B OCHOBHOM, OIpEleisieTcs
YIPYTUMH Je(POPMALUIMU TEXHOJIOTHYECKON CHCTEMBI, KOTOpPbIE, B CBOIO OYEPE/lb, 3aBUCST OT
cuibl pe3anus. [oaTomy cuctema aBTOMaTHUECKOW CTaOWIM3AIlMKM CUJIBI PE3aHMs Ha 3apaHee
3a/laHHOM YpOBHE WJIM MPOrPaMMHOTO PETYJIUPOBAHUS €€ 10 3aJlaHHOMY 3aKOHY MO3BOJISET I10-
BBICUTh TOYHOCTb OOPAa0OTKU M 3HAYUTEIBHO YIYUIIUTh KAY€CTBO ITOBEPXHOCTH JIETAJICH.

CAY crabunuszanuu cuiibl pe3aHus Npu To4eHuu (puc.7.1) cMOHTHpOBaHA HAa TOKAPHOM CTaHKE
U COCTOUT M3 MPUBOJA MTOJaYM U U3MEPUTEIBHOIO ycTpoiicTBa. M3MepuTensHas nens peannso-
BaHa C TOMOUIBI0 TUHaAMoMeTpudeckoro mpeoopazosatens JII, koToperit yepes ycuwiurens Y
oOecrieunBaeT curHain oopatHoil cBsa3u U,., mponopunoHanbHbIi cocTaBisomeil P, cuibl pesa-
Hus. I[lpuBox momaum coctouT u3 ycunurens-npeoOpazosatens YII, aBurarens mocTOSHHOTO
toka /[ u penykropa P.

d
S| L x| 3y,

A

dt
U, oJ U @o S3 qu Py
vyl > 1 > P — P, >
H, H(ﬁ 1P » [TC R
Uoc Py
Up %
V e A e IVC, |+

Puc.7.1. @ynxkyuonanvuan cxema CAY cmadbunuzayuu cunvl pezanus
npu movenuu

CAY ¢dyskmmmonupyet cienyronmM odpazoM. Ha BXOJ CHCTEMBI, K CPaBHUBAIOIIEMY YCTPOM-
CTBY moctymnaetr curHai U,, KOTOpPBIii COOTBETCTBYET TpeOyeMOMY 3HAUCHHIO CHIIBI pe3aHus B
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omnpeneneHHoM MacmTade. Ha BTOpoii BXoa CpaBHUBAIOLIETO YCTPOMCTBA mocTynaeT curHai Uy,
BbIpabaThIBaeMbIi THHaMoOMeTpuiYecKkuM mpeoodpazoBatenem JII u ycunurenem Y. Takum o6pa-
30M HanpsbkeHue U,. NpoNopLHOHAIBHO pealbHOMY 3HAUEHUIO0 CHiIbl pe3aHus. OmunOka
oU=U,-U,. nocrynaer Ha BXoJ ycuiuTens-npeodpazoparenst YII, xoTopsiii BbIpaOaThIBaeT
Hanpspkenue U, nuranus nsurarens . [Isurarens [1, uepes penykrop P onpenenser Benuuuny
MPOJOIBHON MOIaYM TaK, YTOOBI CBECTH OIMOKY K MUHUMYMY.

Kak ynpasnsiembrii 00bekT B CAY Bxomut mnpouecc pezanusi IIP, KoTopelii MpOUCXOAUT B 3a-
MKHYTOH TEXHOJIOTHUYECKOH 00pabaThIBaroIIei CUCTEME.

MaremaTtnueckasg Monenb CAY COCTOUT M3 MaTEMaTHYECKHUX MOJECIEH 3J1€MEHTOB, COCTABIISIO-
HIMX CHCTEMY. YCHIHTEIb-TipeoOpa3oBaTelib onuchiBaeTcs AuddepeHIanbHbIM ypaBHEHUEM
IIEPBOIO MOPAIKA,

)

yn

+U, =k U, (7.1)

HO €ro XapaKTEepUCTUKA HEJMHEHAs TUIa “‘Hachl-
meHus” (puc. 5.34):

U,=k, U, e <&

Puc. 7.2. Xapakmepucmuka ycunu- U,=U_,. e &=
mena-npeobpazasamens
rae Kyn, T, — KOOGUIMEHT yCHIICHHS M TIOCTOSIHHASL BPEMEHH YCHIINTEINSA-IpeoOpa3oBaTes;
Umax — HaNpspKeHNE HACHIIIECHHS.
JlBurartens OCTOSIHHOTO TOKA OIHCHIBaeTCs Au(hepeHInaNbHBIM YPaBHEHUEM BTOPOT'O MOPSi -
Ka:
2
tg%?+Ti%+%=g%, (7.2)

M

rae Ky, T,, T, - k03 HULUECHT nepeaun, IOCTOSHHbIC BPEMEHH (JICKTPOMArHUTHAS U MEXaHH-
YyecKasi) JIBUraTels.

Penykrop, TeH30METpUYECKUI TUHAMOMETP U DJIEKTPOHHBIN YCUJIMTENb ONUCHIBAKOTCS JINHEH-
HBIMU YPaBHEHUSIMHU, KOTOPbIE COOTBETCTBYIOT O€3bIHEPLIMOHHBIM 3BEHBAM € KOOPPUIIUEHTAMU
nepenaqn: K,, Ko, K;.

OxBuBaieHTHbIE ypyrue cuctemsl (Y C) o cooTBETCTBYIOIIMM OCSIM KOOPAMHAT MOTYT OBIThH
npezcTaBieHbl TuddepeHnaTbHbIMU YPAaBHEHUSIMHI BTOPOTO MOPSIKA, KaK JUIs 0JTHOMACCOBBIX
CUCTEM:

2
x=md fx+;td5X+CX5x;
d’y ., doy . '
P,=m e + A ot +C,d;

rae M —macca cynnopra; A - K03hGUIUEeHT BA3KOro TpeHus (CHiia TpeHHUs TPONOpLMOHATIbHA
CKOPOCTH); Cy, C; — JKECTKOCTH 110 COOTBETCTBYIOLIEH KOOPAHHATE.

[Tponecc pezanus IIP MoxeT ObITh PEACTABICH YpaBHEHHEM, CBSI3bIBAIOLIUM (PaKTUUYECKHE Be-
JUYUHBI TOJa49u Sy 1 T1yOuHbl Hy, pe3anus ¢ cocraBistome P, cunbl pezaHus:

_ QY np
P =C,H/S V™, (7.4)
rac Cp, Xp, yp, np — 3MHI/IpI/IquKI/Ie KOB(I)(I)I/IHI/ICHT U I10Ka3aTC/Iu CTCIICHU, V — CKOpOCTB pCSaHI/Iﬂ.

baok I'C BrimonaseT ornepanruu B COOTBETCTBUHN C TCOMETPUICCKUMU COOTHOIICHUAMU MEKIAY
COCTaBJIAIOIIUMUA CUJIBI PE3aHUA:

(0.6F’Z)2
1+tg°(p+7)

I/ @ — TJIaBHBIA yroJl B IJIaHE pe3lia, 77— YIoJl CX0/1a CTPYKKH.

P =P, -tg(p+n); (7.5)

y =
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C yuyeTom npuBeeHHBIX BbIlIe ypaBHeHUH (7.1-7.5) u cBs3el GyHKIMOHATIBLHON CXEMBI 110 PUC.
5.30, matemaTndeckyro Mozaenb Beeit CAY Hafo0 TOMOIHUTD CIAEIYIOIUMEU 3aBUCUMOCTSIMHU:

oU=U -U_;
S, =0k,

dox
S =S ——; 7.6
@ 3 dt ( )
H(f): Hz_g,y;
Um,=5y-kan-ky;

Takum o0pazom, crabuiau3alust CHIbl pe3aHus Ha TpeOyeMOM YpOBHE, KOTOpBIH B
OIpe/Ie]IEeHHOM Maclitabe OTBedaeT 3aJaHHOMY HanpsbkeHuro U, Ha Bxone CAY, mpoucxoaur
[0 CYET YIPABJICHHUS NPOJOJBHOM moaaded. IIpu ToueHum pertanu, HOPUIYCK KOTOPOH
U3MEHSETCs, PperyJupoBaHUE I[0Jaud JOJDKHO IPOMCXOJIUTh TakK, 4TOOBl CHJIA pe3aHus
OcTaBajlaCh IMOCTOSHHOM Ha Bceil anuHe o00paboTku. Ho kauectBo paborel CAY wnenukom
3aBUCUT OT €ro IapaMeTpoB, a TaKXKe OT [apaMeTpPOB TEXHOJOIMUecKoW oOpabaTbiBarollei
cuctemsl (TOC) rae umeHHO U peanusyercs npoiecc ToueHus. [loaTtomy BakHelel 3anaueit
OpU NPOEKTHUPOBAHUU CHUCTEMbI SIBJIETCS IpaBWIBHBIA BbIOOp €€ mapaMeTpoB, a Ipu
JKCIUTyaTallMM — OLIEHKa KadecTBa B 3aBUCUMOCTH OT napamerpoB TOC, KoTOpble B JaHHOM
ClIydae SIBJIAIOTCA BO3MYIICHUAMM.

Ilpakmuueckas uwacmp

Ha puc. 7.3, a npexacrarieH uHTEep(dElc MPUKIAJTHON MPOTrpaMMBI B KOHIIE MOJCITUPOBAHUS
npolecca cTabuiIM3aluy CUIIbl Pe3aHus MPU TOYCHUH CIIEUUalIbHO MOJATrOTOBJICHHON JAeTalu ¢
HEPaBHOMEPHBIM IPHUITYCKOM, KOTOPYIO MOKHO YBHJETh Ha DKpaHE B Hayalle MOJEIUPOBAHUS
(puc.7.3, ©). Ilpuknannas nporpamma «CAY craOuIu3anuy_CHJIBL pe3aHUs» HAXOAMUTCS Ha
JIVICKE.

SnpoM 3TO# mporpaMMsbl CIYXKHT MpeJICTaBICHHAs! BBIIIE HEIUHEHHas MaTeMaTHyeckasi MOJIeb,
a MHCTPYKIIMHU U TIOSICHEHUS [T paboTHI ¢ MMPOrpaMMOI CoJiepyKaTcs B CaMO MpOrpamMMe | T10-
SBJISIIOTCSI HA 9KpaHe MOHHUTOpa MpU Haxkatuu kHonku Help B mose riaBHoro untepdeiica. I1po-
[IECC PE3aHUsI OTBEYAET CIEAYIOIIMM TapameTrpam: KOd(pGHUIIMEHT U MOKa3aTeIN CTENEHH CHIIO-
Boii 3aBucumoctu C,=3000, x,=0.9, y,=0.75, n=-0,1.

[TonydeHHbIE XapaKTEPUCTUKW W3MEHEHHs IPOJOJIBHON MOJaud W COCTaBISIOmEN P, CHitbl
pe3aHMs IMO3BOJIAIOT HAalWTH M OLEHUTh BCEe HEOOXOIMMBbIE MapaMeTpbl KadecTBa: TOYHOCTh
peryIupoBaHusi, OBICTPOJICHCTBHE, CKIIOHHOCTD K KOJICOaHHUSM U T.I1.

Ha ocuumnnorpacge untepdeiica (puc.7.3, a) 3apuxcupoBan nporecc peryinpoBanus (iuHus 1 —
cocraBisiromasi P, cuibl pezanusi, TMHHA 2 — MpoJoJibHas mojada S). ITockombky mporecc
HAuMHAeTCs ¢ MOMEHTa IOJBEJCHMs pe3lla K 3aroTOBKe, TO 3[eCh IoJaya JOCTUTaeT CBOEH
MaKCHUMaJbHO JOMyCTUMON (TI0 XapaKTepUCTHKaM MPHUBOJA) BEIWYMHEL Jlamee NMpouCXOauT
ABTOMATHUYECKOE PEryJIMpOBaHUE C IENbI0 CTAOMIM3AIMM CHJIbl pe3aHUsl — MpPHU YBEIMYCHUU
CHUTBI 1T0JIa4a YMEHBIIIAETCSI, TPU YMEHBIIICHUH - YBEITHMUNBACTCS.

AHanu3 Tmporecca peryjiMpoBaHHMS MOXKHO IPOBECTH 10 YBEJIWYEHHbIM (pparmMeHTam
ocrmutorpamMmbl (puc.7.3, B). CtaOunu3amus BBITIOJHSIETCS MO TMEPEXOTHOM XapaKTEPUCTUKE C
napameTpamu: Bpems t, mepexoJHOro mpoiecca, MakCUMaibHasi BeMMYMHA Prax cOCTaBIsIONIECH
CWJIBI pe3aHusl U ¢ HeKOoTOopol omubkoil oP. Ilo sTuM mapamerpam MOKHO OIIEHHTb Kaue€CTBO
CAY.
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Puc.7.3. Mooenuposanue CAY cmaodounuzayuu cunvl pe3anus npu mo4eHuu:
a) — 2naeHwvlil unmepgeiic, 6) — HaUAILHOE NOJI0IHCEHUE, 8) — OUCHKA KAYeCmeda

| Ppoecs i

n.\-.-l

3aoanue

1. ITo UCXOMHBIM JJAHHBIM, B COOTBETCTBUH C BapHaHTOM (Ta0i1.7.1), IpOBECTH MOJICIIMPOBAHUE C
LEJIBI0 ONPECIICHHs] KaueCcTBa MepexoaHo xapakTepucTuku CAY 1Mo KOMIUIEKCHOMY IOKa3a-
Tento (cMoTpu popmyity (5.2)) u TouHocTH 110 omrbke OP oT crneayromux napametpoB CAY:

1) oT ko3¢ unmeHTa nepeaadu peayKTopa;

2) oT kecTKocTH Cx ynpyroi TOC;

3) oT ko3¢ (punmeHTa nepeaadn yCUIUTeNsl OOPaTHOM CBSI3H.
IHpumeuanue:

- muana3oH m3MeHeHwus xectroctr (H/mm) 18000 < ¢ <50000;
- IMana3oH BapbUPOBaHMA Kod(HIleHTa ycuianTens oopaTtHoit cesi3u - 5 < ky <55;
- TMara30H H3MeHeHus koddduimenta nepenaun peaykropa (mm/pan) 0,2 <k, <0,05.
2. BeiOupas mar u3MeHeHHsl 3a/IaHHOTO [apaMeTpa, MPOBECTH KCIIEPUMEHTHI Ha BCEM JIMana3o-
HE €ro U3MEHEHHs, ONpeAeUTh HE0OX0AUMbIe (CM. BBILIE) JUHAMHYECKUE XapaKTEPUCTUKU U
3anucaTh pe3yabTaThl B COOTBETCTBYIOLINE TAOIHUIIBI.
3. IloctpouTh rpapuKud SKCHEPUMEHTAIBHBIX 3aBHUCHUMOCTEH KOMIUIEKCHOTO IOKa3aTels
KayecTBa M OMMOKM OT yKa3aHHBIX Bbime mnapameTpoB CAY. OnpenenuTh AMHAMHUYECKUE
nokazarenu CAY: oTHOCHTENbHOE NIEPEPETYINPOBAHNE U 3aTyXaHUE 3a EPUO.
Brumanue! IlockonpKy MCXOAHBIE JAaHHBIE 3aJaIOTCS CIy4alHO, HE MCKIIIOYAETCA CUTYyalHus,
korna CAY oka3biBaeTcsi HEyCTOMUNBOM, TO €CTh COBCEM HE MPUTOAHOMN K (PYHKIIMOHUPOBAHUIO.
Coobmenust 06 3TOM, B TakOM ciydae, MOSBISIETCS Ha DJKpaHE MOHMTOpAa BO BpeMs
MoJIeIMpoBaHusl. PexoMeHnanuu i pelieHus: Takoil mpoOiaembl — 1eHCTBOBaTh B ClEAYIOIIEN
MOCJIE0BATEIBHOCTH:
1) wu3MeHsTh mapamerp, B QyHKIIMH KOTOPOTO aHATM3UPYETCs TuHaMuueckoe kadectso CAY B
JMana3oHe, yKa3aHHOM B 331aHUH;
2) ecnu B pe3yabTare BBIMOJHEHHS I1.1 He yaaercs obecrnednTh mocTosHCTBO CAY, yMeHbIIaTh
ko duuueHT nepenaun npsmoro kanaga CAY 3a cuer yMeHbIIeHUS KO3pPHUIIMEHTa YCHUIICHUS
TPAH3UCTOPHOTO (TUPUCTOPHOTO) TIpeoOpa3oBaress. [lomydeHHBIH TakKuM 00pa3oM HOBBIM KO-
3 GUIMEHT 3aHECTH B UCXOAHbIE JAHHBIE C COOTBETCTBYIOIIMM KOMMEHTAPHEM.

Tabnuya 71.1. — Hcxoonvie oanmvle
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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 npomokxona

B npotoxkoune npenctaBuTh CTPYKTYpHYIO cxemy uccienyemoil CAY ¢ HCXOAHBIMU JTaHHBIMH,
KOIHIO HHTep(elica IpU MOJECIUPOBAHUH, TAOIHILIBI SKCIIEPUMEHTAIbHBIX JAHHBIX, IpaduKu
COOTBETCTBYIOLIMX 3aBUCUMOCTEMN. BBIBOIBI.

IIpakTHyeckas padora Ne8
HccaenoBanne BJOHSAHUASA acTaTH3Ma Ha KadecTBo CAY

Llenv pabomor: I[Ipuobpemenue npaxmuyeckux HABbLIKOG IKCNEPUMEHMATLHO20 ONpeoeleHus]
napamempog I IH-pezynsamopa.

Teopemuueckasa uacmp

Hccnenytotest e CAY: ucxoqHas cucTemMa ¢ acTaTU3MOM MEPBOro MopsiiKa, Mpeodpa3zoBaHHAs
(c II1-perynsTopoM) — cucTtemMa ¢ acTaTU3MOM BTOPOro mnopsijaka. M3BecTHO, 4TO JUIsl OLIEHKU
TOYHOCTH aCTaTUYECKUX CHUCTEM BTOPOTO IOPsAJKA UCIIOIB3YETCS YIPABIIAIOLICE BO3ICHCTBUE B
BUJIE CUTHAJIa C TMIOCTOSIHHBIM ycKopeHueM. [Ipu TakoM pexume paboThl acTaTUdecKasl cucremMa
BTOPOTO MOpsAKa UMEET OLIMOKY, MO BEIUYMHE KOTOPOW MOKHO NMPOBOJAUTH OLIEHKY KauecTBa
CAY wu mporecca peryaupoBaHus. YcTaHOBUBIIAsca omuOka actatudeckoit CAY mepBoro
HOpsi/IKa B 9TOM ciiyyae OyJeT CTPEMUTHCS K OECKOHEYHOCTH.

Ilpakmuueckaa uacmp

Ha puc.8.1 mpencraBien wunTepdeiic NpUKIAAHOW MPOTpamMMbl, C TIOMOIIBIO KOTOPOI
BBITIOJIHAIOTCA AKCHEpUMEHTANIbHBIE ucchaenoBanus. [Iporpamma «IIW perynsarop» HaxoguTcs
Ha Jucke. VHCTPYKIMM M TOSCHEHUs Ui pabOThl € MpOrpaMMoi cojepxarcs B caMou
IporpaMMe M MOSBISIOTCSA Ha DKpaHe MOHHUTOpa MpH HaxkaTuu kHorku Help.

[Tocne akTuBu3anuu npukiaaHon nporpammel «CAY ¢ [IHU-perynstopom», KOTOpas HaXOIUT-
Csl Ha JUCKE, Ha TJIABHOM HMHTepdelice 3a1at0TCsl HCXOHbIE JaHHbIE B COOTBETCTBUU C BapUaH-
TOM (CMOTpH TabmuILy 8.2).

IIpu mccnenoBaHUM BIWSHUS NOCTOSHHOM BpeMeHM [IM-perynsTopa Ha KayecTBO peryiIMpoOBa-
HUs YCTaHOBUTH CTAaTUYECKUN PEXUM U IIPOBECTH CEPUI0 DKCIEPUMEHTOB Ul OLCHKH KOM-
IJIEKCHOTO KpUTepus A KayecTBa, B COOTBETCTBUH ¢ dopMmynoit (5.2). VIzmepeHue sKkcriepruMeH-
TalTbHBIX JAHHBIX, HEOOXOJUMBIX JJISi PacueTOB, MPOBOAMUTCA MO ociuuiorpammam. [lpu stom
JUIS UICXOJHOU CHUCTEMBI KOMILJIEKCHBIA KPUTEPHl A paccuuThIBaeTCs ofauH pas, a st CAY ¢
[TH-perynsTopoM — Al BCErO BHIOPAHHOTO IUAana3oHa M3MEHEHHS MOCTOSHHOW BpeMEHH T,
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Jnana3oH U3MEHEHHs MMOCTOSIHHOM T, BpeMeHU omnpeaensercs oT 3HaueHust, npu koropom CAY
CTAHOBUTCS HEYCTOMYMBOM, B CTOPOHY YBEIWUYEHHUS. DKCIIEPUMEHTABHBIE JAHHBIC 3aHCHIBAIOT
B TaOJUILy, IPUMEP KOTOPOU MPEICTABICH HIKE.

Tabauya 8. 1. Dxcnepumenmanvusvie u paciemHvle OAHHbIE

N | T ¢ CraTuyeckuil pexxum JIBMOK. C MOCT YCKOPEHUEM
S Qmax, 2pad |, ¢ A da, 2pao

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

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

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

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

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

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

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

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

9 0,05 Cucrema HEYCTOMYNBA

2
3areM BBIOMpaeTCs 3aKOH IBUKEHHSI C MOCTOSHHBIM ycKopeHuem (2 paxn/c”). Ha puc.8.1 Ha
n300pakeHnn ocruuiorpados auHUEH | 0003HAYEH 3aKOH JBM)KECHUS, KOTOPBIN 3a/1aeTcs, a JIu-
Huel 2 — pakTuueckuii 3aKOH JBUKECHHUSI, BOCIIPOM3BOAUMBINA PA0OUNM OPraHOM.

=
Wy Mccsenonanue paustug scraTuoma ha kasecton CAY

Henoaman ruoroms Cx 0 W -pecgmaropos

Cuovems v [l-poryamropos

Ocuennorpad

Ocymnnorpod Oogeanor pad

6)

Puc.8.1. Hccneoosanue enuanus nocmoannou epemenu INH-pezynamopa
Ha mounocmo CAY

[Tpu BBINONHEHUN SKCIIEPUMEHTOB OMPEIENSIETCS 3aBUCUMOCTh YCTAHOBHBIIIECHCS OMIMOKH Yepe3
1 ¢ mocnie Hadana MepexoHOTO Mpolecca OT moctosHHou T, Bpemenu [IU-perynaropa. Peko-
MEH/IyeTCsl HauMHAaTh 3KCIEPUMEHTHl C MaKCUMAaJIbHOW BEJIMYMHBI MOCTOSSHHOM Bpemenu [1U-
perymisTopa, a 3aTeM IMOCTENEHHO, COTJacHO BbIOpaHHOMY Imary (cMm. Ta0s.6.1), yMeHbIIATh ee
JI0 BEJIMYUHBI, IPU KOTOPOU CUCTEMA TEPSET YCTOUUUBOCTD.

Ha puc.8.1, a npeacraBnen untepdeiic npukiaaHON MporpaMMbl IpU MOJEIUPOBAHUU HCXOJ-
HOH cuctembl (cneBa) u cucrtembl ¢ [IM-perynsTopoM, KOTOpBII UMEET MOCTOSHHYIO BPEMEHU
0,7 ¢. OmmbKka UCXOAHOU CHCTEMBI, KOTOpasl yCTAaHOBHIIACh uepes3 1 ¢, paBHAETCS 13,40, a oImmo-
ka cucremsl ¢ [I11-perynsaropom — 8,1°. Kpome Toro, MmoaenupoBanue mo3BoisieT yOeauThCs, 4To
JUIS UICXOJTHOM CHCTEMBI OIIMOKA C TEUCHHEM BPEMEHHU yBEIMUYMBACTCs, TO ecTh Takas CAY He
criocobHa paboTaTh B 3a7jaHHOM pekumMe padboTsl. [IpeobpazoBannas CAY OyneT moaaepKuBaTh
MOCTOSTHHOE 3HAYCHUE YCTAHOBHBINEHCS ommOKH. ['paduku SKCIIepuMEHTaIbHBIX 3aBUCHUMOCTEN
OIIMOKHU, KOTOpasi YCTaHOBHJIACH yepe3 lc, M KOMIUIEKCHOTO KpuTepus kadectBa A oT T,, mo-
CTPOEHHBIE MO M3JIOKEHHOW METOJUKE, MpenacraBieHbl Ha puc.8.2. Tam ke, mjisi cpaBHEHUs,
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OpSAMOi TMHUEH, apaliebHONH OCH a0CLKCC, TOKAa3aHO 3HAYCHUE KOMIUIEKCHOTO KPUTEPHS IS
HCXOJHOU CUCTEMEL.
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8 = 4
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2

Puc.8.2. 3asucumocmov ycmanosusuwieiica ouwiuoxku (uepes Ic) u kpumepus A
om nocmoannoii épemenu IIH-pecynamopa

VYMeHbIlIeHHE TOCTOSIHHOW BpeMeHu [IM-perynsaTtopa NOJIOKHUTENBHO BIMSAET HAa TOYHOCTH
CHUCTEMBbI, HO IOCJE€ HEKOTOpPOH BeJIMYMHBI MOCTOSIHHOW Bpemenu IIM-perynstopa cucrema
TepsIeT YCTOWYMBOCTh, TO €CTh CTAHOBUTCS HE CIIOCOOHOM K (YHKIIMOHUPOBaHUIO. Tako# cirydait
3adukcupoBaH Ha puc.8.1, 0, Koraa nmocrosHHas Bpemenu 1, < 0,/c.

3aoanue
B cootBercTBHU ¢ BapraHTOM (Ta0J1.8.2) MPOBECTH CIICIYIOIINE UCCIICIOBAHUS.
l. VYcraHoBUTH 3KCHEPUMEHTAIBHO MHMHHMMAJIbHOE 3HAYE€HHE IOCTOSSHHON Bpemenu I[IU-
perynsitopa, ipu kotopoit CAY tepser ycToiunBocTh. ONpeaeuTh 1Uarna3oH v mar H3MEeHEHUS
MOCTOSTHHOM BpeMeHH T, U TOJATOTOBUTH TA0JIHIlY SKCIIEPUMEHTAIBHBIX U PACYETHBIX TAHHBIX.
2. TlpoBecTr SKCHEPUMEHTHI MPU CTATUYECKOM PEKUME pabOThl U PaCCUUTATh KOMILUIEKCHBIN
kputepuii kauectBa CAY c [IU-perynstopom.
3. Yoenuthcs B ycTpaHeHUu ckopocTHoi ommoku anst CAY c [T -peryastopom.
4. IlpoBecTH 3KCHEPUMEHTHI MPU JBUKEHUU C MOCTOSIHHBIM YCKOPEHUEM U ONpPENeNuTh TOY-
HOCTh PETyJIMPOBAHUS.
5. O6paboTraTh pe3yibTaThl SKCIEPUMEHTAIBHBIX HCCIEIOBAHUN U MOCTPOUTH COOTBETCTBYIO-
mue rpaduxu.

Tabnuya 8.2. Ucxoomusie oanmvie

[lepBass | Ycwiurens-npeoOpasoBarens | Bropas | /IBurarens

uugpa Kyn Ty uudpa |k, pao/cB | T, ¢
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 nmnportokone mnpeacraButh CTpyKTypHble cxeMbl ucxonHoii CAY wu cucremer ¢ [IU-
PETYJISATOPOM, HMCXOJHBIC NaHHBIE, KOMHI0 WHTepdeica s Kakoro-mubo pexuma paboThl,
TaOJIMIly OSKCIEPUMEHTAIBHBIX W PACYETHBIX JIAHHBIX; TpadUKH SKCIEPUMEHTATBHBIX
3aBUCUMOCTEN. BBIBOIEI.

Kpurepuu oueHku:

- OLIEHKa «3a4TEHO» BBICTABJISETCS CTYJIEHTY, €CIIM MPAaBUIBLHO OGOPMIIEHBI OT-
YEeTHbIC TAOJIULIBI.

- OIICHKA «HE 3aUYTE€HO» BBICTABIISIETCS CTYACHTY, €CJIU HEMPaBUIBLHO O(OPMIICHBI
OTYETHBIEC TAOJIMIIBI.

TecToBbBIE 3aJaHuA.

1. 3 xakux 010K0B coctout CAVY?
- O6’L€KTa YIIpABJICHUA U PETYJIATOPA
- IpUBO/1a 110J1a4 U NIEPBUYHBIX [TpeoOpa3oBareieit
- 3aaT4YMKa yIpaBJICHUA U CPAaBHUBAIOMICTO 3JICMCHTA
- IpUBO/Ja INIaBHOI'O ABMIKCHUA U KOpO6KI/I nepcaad

2. UTo MOHUMAIOT MOJ YIIPABIAEMBIM 00BEKTOM?
- IPOIIECC PE3aHuUs I MPUBOTHBIC MEXaHU3MbI
- IepeiHIo 6a0Ky cTaHKa
- 3a/1HI010 0a0Ky cTaHKa
- CTAHUHY CTaHKa

3. Kakue BHemHUE CHITBI (BO3MYILICHHS ) MEIIAIOT TIOCTHKESHUIO YIIPABIIEMON
nean?

- HAIIPSPKCHUEC ITUTAHUA DJICKTPOABUTATCIIAL U BHCIIHAA CHUJIa COITPOTUBJICHU A

- pacxoa Maciia U TCXHOJOTMYCCKaA Harpy3ka B riIpaBJINYCCKUX HUIIMHAPaxX

- Kosie0aHus, TIepeiaBaeMble uepe3 PyHIaMEHT OT PSJIOM CTOSIIIIMX CTAaHKOB

- TCMIICPATypa NHOMCHICHUS

4. Kakue OCHOBHBIE MPUHLMUIIBI YIIPABICHUS?
- 10 BOBMYIICHUIO U ITO NOTPCHIHOCTH
- 110 nepeaaye uHpopMaIu
- IO YIIPABIICHUIO MOMEHTOM
- IO YIIPABIICHUIO CHJIAMHA PE3aHUs

5. Kakoil nprHIHAI 3aJI0KEH B 3aMKHYTOW CUCTEME YIPaBIICHUSA?
- IPUHIIUIT 0OpaTHOMN CBS3H
- IPUHIMIT BHCUIIHCTO BO3,I[CI>'ICTBI/I$I
- IPUHIUIT OTKJIOHECHHUH OT 3aJJaHHBbIX 3HAUCHUH
- IPUHIUN OBICTPOTO pearupoBaHUs

6.Yemy paBHa cTaTndeckas MOTPEIIHOCTh B acTatndeckux CAY mpu mocTosH-
HOM BXxoaHOM curHaine: X(t) =X, u W (0) - o0?

-8, =0
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301. KakoMy 3BeHYy COOTBETCTBYET MaTEMaTUYECKOE OMMCAHUE COCTUHEHUS
30JI0THHUKA C TUAPABIHNYCCKUM ITUIHHAPOM? CTpyKTypHas CXeMa COCTMHCHHSI
npecTaBieHa Ha cxeMe. Mcnosb3yemble o0o3HaueHus: K, — ko huimeHT 3a-
BHCHMOCTH pacxojia MOTOKa Macjia OT OTKPBITHUS IIelieit 3omoTHrKa F — mio-
a/1b MIOPIITHS THAPABIHYECKOTO MWJINHIAPA 1, — TOCTOSTHHASI BPEMEHH 30JI0T-
HUKA.

\ K ) | )

_./'I\+| Fy

- pealbHOMY UHTETPUPYIOLIEMY 3BEHY
- mupepeHupyromeMy 3BeHy

- THEPIIUOHHOMY 3BEHY

- KoJiebaTeTbHOMY 3BEHY.
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302. Kakast cTpyKTypHasi cxeMa rHApONpHUBOJIa C 5KECTKOM 00paTHON CBSI3bIO

OyZIeT COOTBETCTBOBATDH €r0 MPUHIUIIUAIILHON cXeMe, IPUBECHHON Ha pUCYH-

Ke?

Y é k‘ Q | \
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303. Kakast ctpykTypHasi cxeMa THAPOIPHUBO/Ia C THOKOM 0OpaTHOM CBA3BIO
OyZeT COOTBETCTBOBATh €T0 MPUHITUITHAILHON CXeMe, MPUBEACHHON Ha PUCYH-

Ke?
3 i,

a—*—b

F

! t D 4 ;

X 5 k, @) 1] v
T s+1 1rs| |
b TS
a
x ) k, 11| v»
% T s+1 Fs
x ) k, Q RN R
T s+1 F's
Xog TS

Ts+1

AA
w

Q| o

o |

Y

Ts+1| |Fs

46



IIpoueaypa oueHuBaHUSs
YCTHBIN OMPOC W/MIIM KOMIBIOTEPHOE TECTHPOBAHHE MO IK3aMEHAIIMOHHOMY
ownety (0aHKY TECTOBBIX 3a/IaHHH)

Kpurepuu oneHku:

- OLICHKA «OTJIMYHOY» BBICTABIISIETCS] CTYICHTY, €CJIM OH Jiajl MOJIHbIE U HcUep-
NBIBAIOIIIME OTBETHI HAa BOIIPOCHI OMIIETA;

- OIICHKA «XOPOIIIO» BBICTABIISETCS CTYIACHTY, €CJIM OH TIPU OTBETE HA BOMPO-
Chl OmsieTa pa3oOpascsi B CyTH BOIIPOCOB, HO €r0 OTBET ObLI HE MOJHBIM;

- OIICHKA «YyJIOBJIETBOPUTEIIBHO» BBICTABIISCTCA CTYJEHTY, €CIH OH B IICJIIOM
OPHUEHTHUPYETCS B TEMATHKE BOTIPOCOB, HO €r0 OTBETHI OBLIN HEYBEPCHHBIMU U HE
TIOJTHBIMH, TIPH 9TOM CTYIEHT HE Y€TKO OTBEYAI HA JOTIOJHUTEIIBHBIC BOITPOCHI;

- OIICHKA «HEYIOBJICTBOPUTEIHLHOY» BBICTABIISICTCS CTY/ICHTY, €CJIM OH HE CMOT
OTBETUTH Ha BOIIPOCHI OMJIETA, a TaK K€ HE OTBETHJI HU HA OJIMH JIOMIOJIHUTEIbHBIH
BOIPOC.

MeToanueckune PEKOMECHIAIUA 110 U3YICHUTIO JTUCHHUILINHDI

Teopusi aBTOMATHYECKOI'0 YIIPABJIEHHUS

MO,I[YJ'IB 1 OCHOBHBIC TTOHATHUSI TCOPHUUN aBTOMATHUYCCKOI'O YIIPABJICHUA

Mopyns 1 [TpakTnueckoe 3anstue 1
HccnenoBaHue BIMAHUS MapaMETPOB LIEHTPOOEKHOIO peryisropa
CKOPOCTH Ha IPOLIECC PEryIUPOBAHUSL.

Mopyns 1 [IpakTrueckoe 3anHsTue 2
OrnpeziesieHre YaCTOTHBIX XapaKTEPUCTHK MO aHAIM3y BXOIHOTO U
BBIXOJIHOTO CUTHAJIa BO BPEMEHU.

Monyis 2 KavecTBeHHBIN U KOJIMYECTBEHHBI aHAIN3 CUCTEM aBTOMATUYECKOTO
yYIpaBJICHUS.

Mopyns 2 [IpakTuueckoe 3anstue 3
Hccnenosanue ycronunBoctu CAY no kpureputo ['ypsuna.

Mopyns 2 [IpakTuueckoe 3anstue 4

Hccnenoanne TouHoct CAY B pexume IBHKEHHUS 110 TapMOHHMYE-
CKOMY 3aKOHY.

Monynsb 2 [TpakTrueckoe 3aHsATHE O
OnpeneneHne XxapakTEpUCTHK JIEKTPOMEXaHMYECKOTI0 IPUBOJA.
Monyns 2 [TpakTudeckoe 3aHsTHE 6
OnpeneneHne XapakTEpUCTHK THAPOMEXaHUYECKOT0 IPUBOJIA.
Monyns 3 CHHTE3 M aHAJIN3 CUCTEM aBTOMAaTUYECKOIO YIPABJIECHUS.
Monyis 3 IIpakTnueckoe 3anstue 7
Onpenenenne xapaktepucTuk CAY mpomoasHON mojaaden npu Toye-
HUU.
Monyib 3 [TpakTHdeckoe 3ausATHe 8

Hccnenosanue acratu3zMa Ha kadectBo CAY.

Moayas 1

Tema. OCHOBHBIE TOHATHUSI TEOPUU ABTOMATUYECKOTO YIIPABJICHUS.
Heab v 3a1a4y U3YYECHUS.
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Heap — monaydeHne TEOPETUYECKUX 3HAHUM 10 OCHOBHBIM OCHOBOIIOJIAraro-
IIUM [TOHATUSM B TEOPUHM aBTOMATHYECKOTO YIPABJICHUS TEXHOJIOTHYECKUMHU IIPO-
LIECCaMH.

3apaum:

1. O3HaKOMHUTBCS C OCHOBHBIMU TEPMUHAMH U ONPEICICHUSIMU TEOPUN ABTO-
MaTHUYECKOTO YIIPABJICHHUS.

2. IlomyueHue NpakTUYECKUX HABBIKOB MOCTPOEHUS YACTOTHBIX XapaKTepu-
CTHK Ha puMepe paboThl peryasiTopa CKOPOCTH.

HN3y4uB JaHHBIA MOAYJ/Ib, CTYJICHT J0JIKEH:

HMeTh MpeACTaBJIeHHe O BO3MOXHOM BUPTYAIbHOM MOJEIUPOBAHUU PaOOTHI
TEXHUYECKOI'O YCTPOMCTBA U MOITYYEHHUE HEOOXOAUMBIX €ro XapaKTEpPUCTHK JUIS
Han0oJIee ONTUMAIIBHOTO POEKTUPOBAHHS.

3HATh METOJBI M CPEICTBAa I'€OMETPUYECKOTO MOJEIUPOBAHUS TEXHUYECKUX
OOBEKTOB; METOJOJOTUYECKUE OCHOBBI (PYHKIIMOHUPOBAHUS, MOJEIHPOBAHUS U
CHUHTE3a CUCTEM aBTOMATHYECKOI'O YNPABIICHHs; OCHOBHBIE MeTOAbl aHan3a CAY
BO BPEMEHHOM 1 yacTOTHOM 00aacTsX, ciocoObl cuHte3a CAY.

yMeTh CTPOUTH MATEMaTHYECKHE MOJEIHU OOBEKTOB YIPABIECHUS U CUCTEM
aBTOMATHUYECKOT0 YIIPABIICHUS; MPOBOANUTh aHanu3 CAY, oueHnBaTh CTaTUCTHYE-
CKH€ WM JIMHAMHMYECKHE XAPAKTEPUCTHUKH; BBIIOJHATH AHAIN3 TEXHOJOTHYECKHX
IPOLECCOB KaK OOBEKTOB aBTOMATU3aLMU U YIIPABIICHUS.

BJIa/IeTh HAaBBIKAMHU O(POPMIIEHUS] TPOEKTHOM U KOHCTPYKTOPCKOU TOKYMEH-
Tauuu B cooTBeTCTBUU ¢ TpeOoBaHusamMu ECK]/I; HaBbIkaMu NpUMEHEHHs 3JIEMEH-
TOB aHAJIA3a HTAIIOB KU3HEHHOIO IMKJIA IPOIYKIIUU U YIIPABICHUS UMH.

Ilpu oceoenuu memot Heo6X00UMO:
¢ M3YyYUThb YUeOHBIN MaTepHaJl.
¢ BBINOJHHUTH NPAKTHYECKHE 3aJaHHS 10 TEMe.

MonayJsb 2.
Tema. KaueCTBEHHBIN U KOJMYECTBEHHBIN aHAJIN3 CUCTEM aBTOMATHYECKOIO

yIpaBJiCHHUS.

esab 1 3a1auM U3y4eHUS.

Heab — O3HaKOMJICHHE U OBJIAJICHUE METOJAUMKAMU Ka4Y€CTBEHHOM M KOJIHUYE-
CTBEHHOM OLICHKW CUCTEM aBTOMATHUUECKOTO yIIPaBJICHUS.

3anauu:

1. M3yueHne pa3aMvHBIX MOJAXOJ0B U METOIMK pacuera KaueCTBEHHOU U KO-
nndecTBeHHOM oneHkn CAY.

2. lonyyeHnne MpakTUYECKUX HABBIKOB C TTOMOIIBIO BBIMIOJHEHUS MPAKTHYC-
CKHX 3aJjaHuM ISl 3aKpETUIeHUsI N3yUYEHHOT0 MaTepuana.

N3y4uB 1aHHBIA MOAYJb, CTYACHT J0JI2KEeH:

HMeTh MpecTaBjeHue 0 BO3MOXKHBIX CIIOCO0axX pacyeTa KOJIMYCCTBEHHON H
KauecTBeHHOM oneHku CAY.

3HATH TCHJCHIIMU PA3BUTHUSI KOMIIBIOTEPHON rpaduku, €e pojb U 3HAYEHHE B
WH)XEHEPHBIX CHCTeMaxX M MPUKIAIHBIX MPOTpaMMax; THUIIOBbIE MAKEThl MPUKIIAJI-
HBIX MPOrpaMM aHajdu3a JUHAMUYECKUX CHUCTEM; KMHEMAaTUYECKYH CTPYKTYpYy U
KOMIIOHOBKY CTAHKOB, CUCTEMBbI YIIPABJICHUS UMHU.
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YMeThb PacCUuThIBaThb OCHOBHBIE KauecTBeHHbIe mokazatenun CAY, BbImoi-
HSTh: aHAJIU3 €€ YCTOMYMBOCTH, CUHTE3 PEryysiTopa; pa3padbaTbiBaTh ajlrOpUTMbI
HEHTPAIU30BAHHOTO KOHTPOJISI KOOPJAMHAT TEXHOJOTUYECKOTO0 OOBEKTa; COCTaB-
JSITh CTPYKTYPHBIE CXEMBI, UX MaTeMaTUYeCKHe MOJENId KaKk 0OBbEKTOB yMpaBiie-
HUS;, MCIOJb30BaTh OCHOBHBIE METO/bI MOCTPOEHUS MAaTeMaTHUYEeCKUX MO/Iesei
MPOLIECCOB, CUCTEM, UX DJIEMEHTOB U CUCTEM YIIPABIICHUS.

BJIa/IeTh. HABbIKAMH TMOCTPOCHHS CUCTEM aBTOMATHUYECKOTO YIIPABJIEHUS CU-
CTeMaMH U TIPOIeCCaMM; HAaBBIKAMHU HAIAJIKH, HACTPONKHU, PETYIUPOBKH, OOCITY-
YKUBaHUSI TEXHUYECKUX CPEJICTB U CUCTEM YIIPABIICHHUS.

Ilpu oceoenuu memot Heo6X00UMO:
® HM3YyYUTh YUeOHBI MaTepuaJ;
¢ BbBINOJHHUTH NPAKTHYECKHUE 3aJaHUS 10 TeMe.

MoayJus 3.
Tema. CuHTE3 M aHAJIM3 CUCTEM aBTOMATUYECKOI0 yIpaBJICHHUS.

Heab 1 3a712a4M U3yYeHUsI.

Ieanb — M3yueHne U 0CBOCHHE BO3MOKHOCTH MIPOBEACHUS CUHTE3a U aHAIIN3a
CHUCTEM aBTOMATHUYECKOTO YIPABJICHUS.

3agaum:

1. U3yunth METOIUKY IPOBEICHUS cUHTe3a U aHaim3a CAY.

2. [TonyyeHnne MpaKTUIECKUX HABBIKOB C MTOMOIIBIO BUPTYaAJLHOTO JKCIICPH-
MEHTA MPOBOJUTH CUHTE3 U aHannu3 CAY.

HN3y4uB JaHHBIA MOAYJIb, CTYICHT J0JIKEH:

HMeTh MpeIcTaBJIeHHe O TAKNX KIFOUEBBIX MOHATHUIX B TEOPUH YIIPABICHUS
Kak cuHTe3 U aHanu3 CAY.

3HaTh 00IIMe TpeOOBaHUS K aBTOMATH3UPOBAHHBIM CHCTEMaM MPOCKTUPOBa-
HUSI; OCHOBBI TEXHOJIOTUYECKOTO PETyJIUPOBAHUS; CPEICTBA IJI1 KOHTPOJIS, UCIIBI-
TaHWUN, JUATHOCTUKH U aJJaITUBHOTO yIPABJICHUS] 000PYT0BAHUEM.

YMeTh PacCUUTHIBATh OJJHOKOHTYPHBIE U MHOTOKOHTYPHBIE CUCTEMbI aBTOMa-
TUYECKOTO PEryJUpOBaHUS MPUMEHUTEILHO K KOHKPETHOMY TEXHOJIOTHYECKOMY
00BbeKTYy; paboTaTh C KaKUM-TMOO M3 OCHOBHBIX THUIIOB NMPOTPAMMHBIX CHUCTEM,
MpeAHa3HAYeHHBIX JUIi MATeMaTH4YeCKOTO0 W HMHTAIMOHHOTO MOACIHPOBAHUS
Mathcad, Matlab.

BJIAJleTh. HaBbIKAMU aHAJIU3a TEXHOJIOTMYECKHX IMPOIECCOB KakK OO0BEeKTa
yIOpaBJIeHUs] U BbIOOpa (DYHKIIMOHAJIBHBIX CXEM HMX aBTOMATH3aIMH;, HaBBIKAMU
oopMIIEHUS PE3yJIbTATOB UCCIACAOBAHUMN U PUHSATHS PEIICHUI.

Ilpu oceoenuu memot HeoOX00UMO:
¢ HM3YyYUTh YUeOHBIN MaTepuaJ;
¢ BBINOJHUTH NPAKTHYECKHE PAOOTHI.

49



10. O6pa3oBaTesibHbIE TEXHOJOTHM U METOAUYECKHE YKA3aHUS MO 0CBOEHHIO
TUCHUILINHBI (Y4eOHOr0 Kypca)

B mporiecce u3yueHus] TUCIUTUTMHBI HCIIOIB3YeTCsS METOJ AUCTAHIIMOHHOTO
oOyJeHus.

[Tpu moAroTOBKE K OTBETAM Ha TECTHI MO TeMaM Kypca W BBIMIOJTHCHUIO TH-
TIOBBIX 33JJaHUH CTYEHTY HEOOXOIMMO TIIATEIBHO U3YYHTh NPEIaraeMyro JTHTe-
paTypy, HOpMaTUBHBIE TIPABOBBIC aKThI, y4SOHBIN MaTepral.

CTyZIeHT caMOCTOSITENbHO paboTaeT C JTOMOJHUTEIBHON U OCHOBHOW JIUTE-
paTypoil, HOpMaTUBHBIMHU aKTaMU, HHTEPHET-PECYPCAMH.

[Ipyn w3ydyeHWH AWCIUIUIMHBI HEOOXOIWMO HM3YyYUTh MaTE€pHaIbl TEM, BBI-
MOJITHUTHh COOTBETCTBYIONIHE TECTHI. [Ipr HEoOXoaAMMOCTH 33a/1aTh BOTIPOCHI MIPETIO-
JaBatento B popyme.

[Tocne u3yuenus Kypca BbIIOJHUTH UTOTOBBIM TECT.

Pa3mecTuTh Ha TUYHOW CTpaHMIIE Kypca BBIMOJIHEHHBIC 3aJlaHUs JUIsSl MPO-
BEPKHU IPEIOIaBaTEIIEM.
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11. YueOHO-MeTOoaM4Yeckoe U MHGOPMALMOHHOE oO0ecmevyeHHEe TUCHH-
IJIMHBI (Y4e0HOr0o Kypca)

11.1. O0s13aTesbHAsI JIUTEPATYypPa

bubnuorpaduueckoe onucanue Tun (yueOHuk, yueonoe | KoauuectBo
Ne nocobue, yueoHo- B OuOIIMO-
/T METOIMYECKOE MOCO- TEKe
Oue, MpaKkTUKYyM,
ayauo-, BUAEO- MOCo-
oust u 11p.)

ABTOMAaTHYECKOE YIIPABICHHUE MPOLIECCAMU
MEXaHHYECKON 00paboTKU [DIEeKTPOHHBIN
pecypc] : yuebnuk / C. M. bparan [u ap.]. -
Mocksa : By3osckuii yueObnuk : UHOPA-
M, 2017. - 228 c. - ISBN 978-5-9558-
0514-6.

OBC
y4eOHUK "ZNANIUM.
COoM"

Eropos A. . BBenenue B T€OpuiO yrpas-
JEHUs CHCTEMaMHU C paclpeeleHHbIMU
napameTpamMu [DJEKTPOHHBIM pecypc]
yueb. mocobue / A. U. Eropos, JI. H. 3na-
meHckasd. - Cankt-IlerepOypr : Jlans,
2017. - 292 c. : nn. - (YueOHUKH U BY-
30B. CrnenuanbHas nuteparypa). - ISBN
978-5-8114-2554-9.

yuebHoe rocodue OBC "Jlanp"

ABTOMaTHYECKOE YIpaBIECHUE MPoLeccaMu
MEXaHUYECKON 00pabOTKH [DIEKTPOHHBIM
3 pecypc] : yuebnuk / C. M. bparan [u ap.]. -
Mocksa : By3osckuit yueonuk : MHOPA-
M, 2017. - 228 c. - ISBN 978-5-9558-
0514-6.

OBbC
yu4eOHUK "ZNANIUM.
COoM"

COT'JIACOBAHO

JupexTop Hay4dHOU OMOIMOTEKN A.M. AcaeBa
(noonucw) (H.0. Pamunus)

« » 20 T
MIT
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11.2. JlonmosHMTeJbHAs JUTEpaTypa U y4deOHbIe MaTepHaabl (ayamo-,
BH/1€0- NTOCOOUS U JIP.)

e (¢onx HayyHoU Oubmmotexku TI'Y:

Ne | bubnuorpaduueckoe onucanue Hasnauenue (yueonuk, | KomamdyectBo
n/m ydueOHoe nmocobue, yuedb- | B OubIHO-
HO-METOJJUYECKOE MOCO- TeKe
Oue, IpaKTUKyM, JIp.)
1 | Ilerpaxor 0. B. Teopus aBromarHue- Y4eOHoe nocodue 109

CKOTO yIIPaBJICHUS TEXHOJIOTUYECKIUMHU
cucreMamu : yue0. mocobue is CTy-
JICHTOB BY30B, 00y4. 110 HAIIPaBJICHUIO
220100 - CuctemHBIH aHATTU3 U yIIPaB-
nenwue / 0. B. [lerpakos, O. U. [Ipaues.
- I'pud YMO. - Mocksa : MammHo-
ctpoenue, 2008. - 336 c. : un. + CD. -
(s By30B). - bubmuorp.: c. 336. -
ISBN 978-5-217-03391-1

2 | I'ynsaes B. A. Teopust aBTOMaTH4ECKOTO VY4ebHo-MeTo1. mocobue 138
yIPaBJICHUS TEXHOIOTUYECKIUMHU TPO-
reccami : yue0.-mero. nmocodue / B. A.
I'ynses, A. O. lpaues, 1O. B. Iletpakos
; TIY. -TI'Y. - Toaesartu : TT'Y, 2008.
- 60 c. : un. - bubnuorp.: c. 59. - Ilpun.:
c. 49-58. - 11-82.
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11.3. Ilepeuenns pecypcoB MHGOPMANMOHHO-TEJIEKOMMYHHKAIIMOHHOI
cetu ""UnTepHeT"

Elibrary[ DnexTpoHHBIi pecypc]| : HaydHas dJeKTpoHHas OmOimorteka. — Mocksa : HOB,

2000- . — Pexxum noctyma : elibrary.ru. — 3ari. ¢ skpana. — 3. pyc., aHrI.
SpringerLink[Dnektponnsiii pecype] : [6a3a mannbix]. — Switzerland: SpringerNature,
1842— . — Pexxum nocrtyna : link.springer.com. — 3ari. ¢ skpana. — f3. aHri.

ScienceDirect[ DnexkTpoHHBII pecypc]|

KOJUICKOUA OSJICKTPOHHBIX KHHI' H3JaTCIIb-

ctBa Elsevier. — Netherlands: Elsevier, 2018— . — Pexxum goctyna : sciencedirect.com. —

3ary. ¢ skpana. — f3. aHri.

11.4. IlepeyeHb NPOrpPaMMHOI0 OOecneYeHust

Ne HanmenoBanue 110 KosnvecTBo | PekBU3UTHI 10roBopa (1ara,

n/n JIMLeH3UI HOMep, CPOK JAeHCTBHA)

1 Windows 1398 JHorosop Ne 690 ot 19.05.2015r.,
CPOK JIEUCTBHS - OECCPOYHO

2 Office Standart 1398 Horosop Ne 690 or 19.05.2015r.,
Cpok meHicTBusa - Oeccpouno; [loro-
Bop Ne 727 ot 20.07.2016r., cpok
JICHCTBHS - OECCPOYHO

3 Kommac 3D 250 Torosop Ne 652/2014 ot 07.07.2014
beccpounas

4 MathCAD 15 Akt n/m ot 21.07.09 (Toc. Konrpakr

487 ot 28.05.09) beccpounas
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11.5. Onucanue MaTepHaIbLHO-TEXHU4YECKOH 0a3bl, HEOOXOAMMON Jisi

n/n

HaumenoBanue o00py-
JOBAHHBIX Y4eOHBIX Ka-
OuHeTOB, JJa0opaTOpuii,
MAaCTepPCKHUX M Jp. 00b-
€KTOB /1J1sl IPOBe/IeHusl
NPaKTHYECKHUX U J1a00-
PAaTOPHBIX 3aHATUH

IlepeyeHb OCHOB-
HOT'0 000pyI0Ba-
HUA

daxkTHUYECKHUIl aj-

pec y4eOHbIX KaOu-
HETOB, J1adopaTo-

puii, MacTepCKuX U

Ap.

2

IInomaanb, M

Koaun4decTBoO
MOCAAOYHBIX MECT)

Aynutopust  BeOKOH(]e-
PEHIIMIA.

VYyebnas ayauropusi ajs
MIPOBEACHUS 3aHATUN
JEKIUOHHOIO TUIIA.
VYyeOnasi ayautopusi AJis
IIPOBEACHUS 3aHATHH Ce-
MHUHApCKOro Tumna. Y4eo-
Hasg ayauTopus s Kyp-
COBOI0 IPOEKTUPOBAHUS
(BBIMOJTHEHUST  KYPCOBBIX
pabot). YueOHast aynuro-
pus Uil TPOBEICHUSA
IPYIIIOBBIX M UHIAUBUIY-
QIBHBIX  KOHCYJIbTAIUH.
YyeOHast ayquTopusi Ams
MPOBEICHUS 3aHATHI Te-
KYLIEro KOHTPOJS U Ipo-
MEKYTOYHON aTTeCTaluu

(VJIK-810)

DKpaH TeJIeBU3UOH-
HBI{, IIMpMa, MPO-
JKEKTOPBI Ha IITATH-
BE€, CTOJI MPENOJaBa-
TEJIbCKHUI, CTyN
MIPENO01aBaTeNIbCKUN,
TpaHCIapaHT-
MEPETSIHKKA, CUCTEM-
HBII OJIOK

445020, Camapckas
0011., . TonpsaTTH,

yi1. benopycckas,
16 B

17,9

[EEN
1

KommnerorepHslii  kitacc.
ITomemenue g camo-
CTOATEIbHOU paboThL.
VYuebHas ayauropus Ais
MIPOBEACHUS 3aHATHHI Ce-
MHUHApCKOro TUma. Yueo-
Hasi ayiuTopus Uil Kyp-
COBOI'O IPOEKTHUPOBAHUS
(BBIMIOJIHEHUS KYPCOBBIX
pabot). YueOHast aynuTo-
pus s NPOBENEHUs
IPYNIOBBIX U WUHIUBUIY-
QIbHBIX  KOHCYJIbTALUH.
VYuebHasg ayauropus A
MIPOBEACHUS 3aHATUN Te-
KYIIEro KOHTPOJIS U MpO-
MEKYTOYHOM aTTECTallUH.

(T-401)

Cromnbl ydeHuye-
CKHE, CTYJIbsl YUYCHHU-
yeckue, IIK ¢ BeIxo-
oM B cerb MHTeEp-
HET

r.TompsarTy,
yi.benopycckas 14

84,8

16
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