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E OtcyTcTBYET

VYuyeOHas (pabouast) mporpamma onoOpeHa Ha 3acemnanuu kKadenpsl "O0opyaoBaHUEe U
% TEXHOJIOTHH MallIHHOCTPOUTENHHOr0 MPou3BoIcTBa" (IpoToKon 3aceqanus Ne 5 ot «20»
(derpans 2018 1)

|:| Penienzent
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(noonucy) (U.0. Pamunusa)




AHHOTALIUA
AUCUMILNIUHBI (Y4e0HOI0 Kypca)
b1.B.1B.06.01 TEOPUSA ABTOMATHYECKOI'O YIIPABJIEHUA

(mdp 1 HaMMeHOBaHKEe AUCIUILTHHEI (YaeOHOr0 Kypca))

1. Heab u 321241 U3yYeHUs1 TUCUMILIUHBI (Y4eOHOro Kypca)

[lenb — ocBOEHME OONIIUX MPUHIIUIIOB U CPEJICTB, HEOOXOAUMBIX ISl YIIpaBiie-
HUS JUHAMHYECKUMU CUCTEMaMU Pa3IMUYHON (HU3NUYECKOU MPUPOIbI MPUMEHUTETHHO
K MPOU3BOJICTBEHHBIM U TEXHOJOTHUYECKUM IMPOIIECCaM.

3amaun:

1. 3yueHnue oOIIUX NPUHITUIIOB U TEHICHIINI Pa3BUTHS CUCTEM YIIPaBICHUS.

2. 3ydeHne COBpEeMEHHBIX TEXHUUYECKUX CPEJICTB YIIPaBICHUS.

3. BydeHune u ocBOEHUE METO0B Pa3pabOTKU MaTEMaTUYECKUX MOJIeNIel OT-
JIEIBHBIX MOJCUCTEM M MX KOMIIBIOTEPHOU MPOrPaMMHOMN peasin3aliuu

2. Mecto nucuuminHbl (yuedHoro kypca) B ctpykrype OIIOII BO

JanHas nucruruinHa (yuyeOHbIN Kypc) OTHOCUTCSI K JMCIUIIINHAM I10 BBIOOPY
yueoHoro miana nmo ®I'OC BO 15.03.05 «KoHCTpyKTOpCKO-TEXHOJIOTHYECKOE 00ec-
NEYEeHHE MAIIUHOCTPOUTEIHHBIX TPOU3BOICTBY.

Juciuiuinael, y4yeOHble KypChl, HA OCBOCHHMHM KOTOPBIX Oa3upyeTrcs daHHas
muciuIuinHa (yaeOHbIN Kypc) — Bricias maremaruka, CHCTEMbl aBTOMATH3UPOBAH-
HOT'O MPOEKTUpOoBaHUs, OCHOBBI TEXHOJOTUU MAIIMHOCTPOEHHUs, MeTamiopexyiine
ctanku, OcHoBel Cad.

Juctumuinael, ydeOHble KypChl, I KOTOPBIX HEOOXOAUMBI 3HAHHS, YMEHUS,
HaBBIKK, IpUOOpETaeMble B pe3yJibTaTe M3Y4YeHHUsS JAHHOW JUCIUIUIMHBI (Y4eOHOTO
Kypca) — ABTOMAaTH3aIMs TEXHOJIOTUYECKHUX MpolieccoB, TeXHOIOTHs MalTuHOCTPO-
CHUSL.

3. [lnanupyembie pe3yjbTaThl 00y4eHHs MO IUCUMUILINHE (Y4eOHOMY KYyp-
Cy), COOTHECEHHbIEe C IJIAHUPYEMBbIMH Pe3yJIbTATAMHM OCBOEHHMsI 00pa3oBaTeJb-
HOM NPOrpamMMmbl

dopmupyembie H [lnanupyemble pe3yJbTaThl 00y4eHMsI
KOHTPOJIUpYeMbIe
KOMIIeTeHIINH
CIIOCOOHOCTH  BBIIOJI- | 3HATh:
HATH PabOTHI MO AMa- | - METOJOJOIMYECKUE OCHOBBI (PYHKIIMOHUPOBAHUS, MOJIE-

FHOCTHKE  COCTOSIHHS | JIAPOBAHMS W CHMHTE3a CUCTEM aBTOMATHYECKOTO YIIpaBlIe-
auHaMukn  00bekToB | HUS (CAY);

MaIlIMHOCTPOUTEIBHBIX | - OCHOBHBIE MeTOnAbl aHamn3a CAY BO BpeMEHHOW M Ha-
IIPOU3BOACTB C UCIOJb- | CTOTHOM 001acTsIX, ciocoObl cuHTe3a CAY;
30BaHUEM HEOOXOU- - TUIMOBBIC MAKETHI IPUKIIAHBIX POrPAMM aHajlu3a JAUHa-
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MBIX  METOJIOB U
cpeactB ananmuza (I1K-
12)

MHYECKUX CUCTEM;

- KMHEMAaTHYECKYIO CTPYKTYPY U KOMIIOHOBKY CTaHKOB,
CHUCTEMBI yIIPABJICHUS UMU;

- CpencTBa I KOHTPOJIS], UCIIBITAHUM, JTUATHOCTUKH U
aJanTHUBHOTO YIIpaBJIeHUsI 000PYTOBAaHUEM.

YMeTs:

- BBINOJIHATh aHAJIH3 TEXHOJIOTMYECKHX IIPOIIECCOB Kak
00BEKTOB aBTOMATH3AIIUU M YIIPABJICHNUS;

- COCTaBJATh CTPYKTYpPHBIE CXEMBI, X MATEMAaTHYECKUE
MOJICITH KaK 00BEKTOB yIIPaBIICHHUS,

- WCIIOJIb30BaTh OCHOBHBIE METOJBI IIOCTPOCHHMS Marema-
THYECKUX MOJEJIEH IMPOIECCOB, CHCTEM, MX DJIEMEHTOB H
CHCTEM YIPaBJICHHS;

- paboTaTh ¢ KaKMM-IM0OO U3 OCHOBHBIX THIIOB IIPOrPaMM-
HBIX CHCTEM, NpPEIHAa3HAYECHHBIX IS MaT€MaTHYECKOro U
UMHUTAIMOHHOr0 MojeaupoBanus Mathcad, Matlab.

Bnangers:

- HaBbIKAMU MPUMEHEHUS PJIEMEHTOB aHAIN3a ITAIOB JKU3-
HEHHOT'O LUKJIA MPOAYKIIMU U YIIPABJICHUS UMU;

- HaBBIKaMH HaJaJIK{, HACTPONKH, PETyJIUPOBKH, 00CITY-
YKUBAHUS TEXHUUYECKUX CPEJICTB U CUCTEM YIIPABIICHUS,

- HaBbIKaMH O(OPMIICHHS PE3yJIbTATOB UCCISIOBAHUM U
MIPUHSTHUS PEIICHUM.

CIOCOOHOCTh  y4acTBO-
BaTh B pa3pabOTKe Ma-
TEMaTHUYECKUX U HU3H-
YECKHUX MOJEIIEH Ipo-
IIECCOB U OOBEKTOB
MaITHOCTPOUTEIHHBIX
npousBoacts (ITK-18)

3HaTh:

- METOJbl M CPEICTBA T'€OMETPUUYECKOTO MOJEIUPOBAHUS
TEXHUYECKUX OOBEKTOB;

- TeHJICHIIUW Pa3BUTHs KOMIIBIOTEPHOU Tpaduku, ee posib U
3HAUEHHWE B WH)XCHEPHBIX CHUCTEMaxX M MPUKIAIHBIX TPO-
rpaMmax;

- o0mme TpeOOBaHUS K aBTOMATH3UPOBAHHBIM CHCTEMaM
POCKTUPOBAHUS,

- OCHOBBI TEXHOJIOTUYECKOTO PETYJIUPOBAHHUS.

YMeTs:

- CTPOUTH MaTEMaTUYECKUE MOJICIN OOBEKTOB YITPaBICHHUS
U cucteM aBTomatuyeckoro ynpasienus (CAY);

- npoBoauTh aHanmu3d CAY, olleHMBaTh CTAaTUCTUYECKUE U
JTUHAMUYECKHE XapaKTEPUCTUKHU;

- pacCUuThIBaTh OCHOBHBIC KA4YECTBEHHBIE MOKA3ATEIN
CAY, BBITIOJHATE: aHAJIN3 €€ YCTOWYHUBOCTH, CHHTE3 PEry-
JATOPA;

- pa3pabaTbiBaTh aJTOPUTMBI IEHTPAITM30BAHHOTO KOH-
TPOJISI KOOPAWHAT TEXHOJIOTHUYECKOTO O0OBEKTA;

- pPacCUMTBHIBATh OJJHOKOHTYPHBIE U MHOTOKOHTYPHBIE CH-
CT€Mbl aBTOMATHUYECKOI'0 PETryJHMPOBAHUS MPUMEHUTEIBHO
K KOHKPETHOMY T€XHOJOTMYECKOMY OOBEKTY;




- HCTI0JIb30BaTh OCHOBHBIE TEXHOJOTUH NEepegaur HHPOp-
Malluy B CPEJIe JIOKAJIBHBIX ceTel, ceTu Internet.

Bnanets:

- HaBBIKAaMU O(POPMJIEHUSI TPOEKTHOM U KOHCTPYKTOPCKOM

JIOKYMEHTAIIMK B COOTBETCTBUM ¢ TpeOoBanusimu ECK/I;

- HaBBIKaAMU MOCTPOCHUSI CUCTEM aBTOMAaTUYECKOTO yIIpaB-
JIEHUSI CUCTEMAMU U IIPOLIECCAMMU;

HaBBIKAMU aHaJIN3a TEXHOJOTMYECKUX MPOIIECCOB KaKk 00b-
€KTa YIpaBJIeHUs U BbIOOpa (PYHKIIMOHATBHBIX CXEM UX aB-
TOMAaTHU3AIINH.

TemaTuueckoe coaepkaHue IMCIHUILIUHBI (Y4eOHOT0 Kypca)

Pa3znean,

IMoapasaena, Tema
MOIYJTb Apasaes,

OcHoBHbI€ OHATHS U onpeeieHus. CyIHOCTh TpoOIeMbl aB-
TOMAaTUYECKOTO YIIPABIICHUS

OcHoBnble ycrpoiictBa CAP u ux kinaccuduxaius no HazHaue-
Huto. Knaccuduxanus aBromaruyeckoro ympasieHus. Marema-
THUYECKasi MOJIEJb LIEHTPOOEKHOIO PEryJIATOpa CKOPOCTH JIBUTA-
TEJs

HccnenoBanue BIMSHUS TApAMETPOB LIEHTPOOESIKHOTO PETYIISATO-
pa CKOPOCTH Ha MPOILECC PErYINPOBAHHUS.

OCHOBHBIE IOHSATUS TEOPUH aB- | XapPaKTEPUCTUKH MEPEXOTHOIO mpoliiecca. HacToTHBIE XapaKTe-
TOMAaTHYECKOTO YIPAaBJICHHUS. PUCTHKH.

Maremaruueckue Moaenu. JInHeapuzaius MaTeMaTHIECKUX MO-
neneit. [lepenaTounsie GQyHKINUH.

Onpez[eneHI/Ie YAaCTOTHBIX XaPAKTCPHUCTUK 1O AHAJIN3Y BXOJHOI'O
H BBIXOAHOI'O CUI'HAJIa BO BpEMCHU

Tunosble 3BeHbs MEPeIaTOUHBIX (HYHKIIHIHA.

DKcIepUMEHTAIbHOE UCCIIeI0BaHUE XapaKTEPUCTUK IO (urypam
Jluccaxy.

Omnpenenenre NepexoHON YaCTOTHOW XapaKTePUCTHKH.

OyHKIMOHAIBHBIE U CTPYKTYpHBIE cxeMbl. [IpaBuna nmpeoOpaso-
BaHUS CTPYKTYPHBIX CXEM.

Uccnenoanue ycroitunoctu CAY no kpurteputo ['ypBuna.

[IpaBuia npeoOpa3oBaHUs CTPYKTYPHBIX CXEM.

IToctpoenue rogorpada cucteMsl 1 JOrapupMHUUECKON 4acTOT-

KauecTBeHHBIH M KOJIWYECTBECH- o
HOH XapaKTCPUCTUKH.

HBI aHalIM3 CHCTEM aBTOMAaTH-

MaremaTuyeckas OIEHKa YCTOIZHHBOCTH. 38.,[[3.‘-11/1 YCTOI\/’I‘II/IBO'
YCCKOT'0 yIIpaBJICHUS

CTH. 3anac yCTOHYMBOCTH

HccnegoBanue TOUHOCTH CAVY B PEKUME IBUIKCHUS 10 T'apMO-
HUYCCKOMY 3aKOHY.

Onpe,ueneHI/Ie XapPAKTCPUCTUK IJICKTPOMCXAHUYCCKOTO IMTPUBOJA.

OHpeI{eHCHI/IC XapPAKTCPUCTUK THAPOMCXAHUYCCKOTO ITPUBOJA.

CuHTE3 M aHAIIN3 CUCTEM aBTO- KommnnekcHas OIICHKAa Ka4y€CTBa CUCTEM U 00BEKTOB aBTOMATH -
MAaTHUYCCKOTIO YIIPAaBJICHUS. YCCKOI'0 YIIpaBJICHUA.




Onpenenenue xapaktepucTuk CAY npo10JibHON ToAgauen npu
TOUYCHHUU.

DNEKTPOHHBIE KOHCTPYKLIMOHHBIE JIEMEHTBI YIIPaBICHUS JICK-
TPOIIPUBOIAMH

Oo6ecrieueHue HeoOxoaumon Tounoctd CAY. OueHka TOYHOCTH
CAY.

Hccnenosanue BiusgHus acratu3Ma Ha kauectso CAY.

OCHOBBI CHHTE3a CHCTEM aBTOMATHYECKOTO YIIPABJICHUA

UccnenoBanue BnusiHUS KOAQPHUIIMEHTA IEpeaadr 00paTHOM
cBsA3M Ha TouHOCTh CAY.

UccnenoBanue BiausiHUsI THOKOW 0OpaTHOM CBSI3U Ha ObICTPOIEH -
ctBue CAY.

O6mast Tpy10eMKOCTh JUCUUIIMHBI (YdeOHOro kypca) — 6 3ET.

Pa3pa0doT4yuK nporpaMmai:
JIOLIEHT, K.T.H. B.A. I'yvises

(IOIDKHOCTD, y4EHOE 3BaHUE, CTEIEHb) (moamuce) (N.0.Damunus)




4. CTpyKTypa M cofepKaHue JMCUMILVINHBI (Y4e0HOro Kypca)

Teopusi aBTOMATHYECKOI0 VIIPABJICHUS

(HanMeHOBaHME TUCIMITLINHEI (yaeOHOro Kypca))

Kypc nzyuenus 4
Paznean, IMoapasnae, Tema Bujabl yue6Hoii padoThl Heo6xoaumele ®opmbI Pexomennay-
MOAyJb Ay}ll/lTOprIe 3aHATHSA CamocronaTeJbHas pa60Ta MaTepHaJIbHO- TEeKylero eMasi JIMTe-
(B yacax) TeXHHYECKHe KOHTPOJIst patypa (Ne)
BCEro ’E ®opMbI IPOBeIeHUS JEKIUI, ¢opmbI oprannzanun pecypcel
: HaﬁOpaTOleﬂX, NMpPaKTHYECKHUX CaMOCTOSITEIbHOM
E E E o 3aHATHIA, MeTOAbI 00yUeHusl, % paboTbI
T 5 g g3 peaju3yioue npuMeHsieMyio g
g l;.. E E < 00pa3oBaTeILHYI0 TEXHOJIOTHIO 2
= e o
= E :
Monyne 1. | Tema 1.1. Beenenue. 2 BeOuHap Ha OHJIAMH- 10 | U3yduenue Buneonex- KOMIIBIOTEP JTHOO Tecr 1,2,3
OCHOBHEBIE OO1ue ceenenust 00 TUTOLIA/IKe, TUCKYCCHS B LMY 10 UTOraM BeOu- [UIAHIIET JIMOO
TTOHSTHS ABTOMAaTHYECKOM yate BeOMHapa Hapa, TeCThI IS ca- cMapThoH
TEOpUH yIIpaBJICHUH METaJIIIOp- MOKOHTPOJISI
aBTOMATH- | €XYIIUM 000pyaoBa-
YECKOr0 HUEM
yIpaBJie- 3aganue, mpoBepseMoe 0,5 Brimonuenne npaktidecknx | 10 | CamocrostensHoe LMS-cucrema na Tect 1,2,3
HUS Bpyunyto 1 HWccaeno- 3aJaHUN ¢ KOHCYJIbTaluen BBIIIOJIHEHUE  IIpaK- ocHose Moodle, PacueTnas
BaHHE BIUSIHUS Tapa- npernozxaBatens Ha Gopyme TUYECKHX  3a/IaHHH, KOMITbIOTEp JIH00 pabora 1
METPOB LIEHTPOOEKHO- U 4uepe3 KOMMEHTapHuu B KOHTPOJb CMeHBI [P- IUTAHIIIET JIHOO u?2
TO peryasTopa CKOpO- 3a7aHHSIX aJIpecoB, aHaJIM3 Te- cMmapTdoH
CTH Ha MpOILECC pery- KyIeil ycreBaeMoCTH
JTUPOBAHUSA npu nomoru BPC-
pelTHHra
Tema 1.2. Maremaru- 1 Aynno-/Bumeo- KA 10 CaMOCTOSATENBHOE LMS-cucrema Ha Tecr 1,2,3

YECKHE MOICIN

3IEKTPOHHOTO y4eOHMKa C
KOHCYJIbTallMeN NpenojaBa-
TeIst Ha popyme

n3ydeHue MaTepua-
JIOB 3JIEKTPOHHOT'O
yueOHHKa ¢ pa3jene-
HHEM Ha JISKIUH U C
TECTaMH JJIsI CaMo-
KOHTPOJIA 110 KaX10i
JIEKIINH, aHaJIN3 To-
BeZICHUS 00yJaro-
MIMXCS TIPH TIOMOIIIN
LRS-cucremsl u
Experience API, ana-
JIM3 TEKyIeH ycreBa-
€MOCTH TIPH OMOIIH
BPC-peiitunra

ocHoBe Moodle,
KOMITBIOTEp JH00
IJIAHIIET JIHOO
cMapThoH




3agaHue, NpoBepsEMOe 0,5 Bemmonuenue npaktuueckux | 10 | CamoctositensHoe LMS-cucrema Ha Tect 1,2, 3
BpyuHyto 2 Omnpenene- 3a/laHUil ¢ KOHCYNbTaluen BBIIIOJIHEHUE  IIpaK- ocHoBe Moodle, PacueTnas
HHE YaCTOTHBIX Xapax- npenogaBaTeis Ha Gopyme THUECKHX  3a/IaHHH, KOMITBIOTEp JIHO0 pabora 1
TEPUCTUK 110 aHAIU3y U yepe3 KOMMEHTapHU B KOHTPOJb CMeHBI [P- TUIAHIIET JIN0O u?2
BXOJ/IHOT'O ¥ BBIXOIHOT'O 3aJlaHusX a/IpecoB, aHaIIN3 Te- cMmapTdoH
CHTHaJa BO BpEMEHU KyLIel yCIeBaeMOCTH
npu nomou BPC-
peiitunra
Monyns 2. | Tema 2.1. Xapakrepu- BebOunap Ha oHnaiin- 10 | UsydeHue BUmCONEK- KOMITBIOTEP MO0 Tecr 1,23
Kaye- CTHKH CHCTEM M 00bEeK- TUTONIAJIKE, AUCKYCCHS B IIMX TI0 UTOraM BeOu- TUIAHIIET JINOO
CTBEHHBIH U | TOB aBTOMAaTHYECKOT'O yare BeOMHapa Hapa, TeCThI JUIsl ca- cmapTdoH
KoJTHye- yIIpaBJICHUS MOKOHTPOJISI
CTBEHHBIH
aHam3
cucTeM
aBTOMaTH- | 3aJaHue, TpoBepsieMoe 1 Brinonnenue npaktrnyeckux | 10 | CamocrosTenbHOe LMS-cucrema Ha Tecr 1,23
4ecKOro BpyuHyto 3 Hccneno- 3a/laHUM ¢ KOHCYNbTalluen BBIMIOJIHEHHE  IIpak- ocHoBe Moodle, PacueTHas
yIpasite- BaHHE  YCTOWYMBOCTH npernonasarens Ha Gopyme TUYECKHX  3a/IaHHH, KOMITBIOTEp JIH00 padora 1
HUS CAY 1o Kputepurio Y yepe3 KOMMEHTAapHUU B KOHTPOJIb CMeHbI [P- TUIAHIIET JINOO u?2
I'ypBuna 3aJlaHuAX aJIpecoB, aHaJIN3 Te- cMapThoH
3anaHue, HpoBepseMoe KyIIeH yCreBaeMOCTH
BpyuHyto 4 Hccneno- npu oMo bPC-
BaHue TouHocTH CAY B pelTuHra
pEeKUME JBIXKEHHS TI0
TrapMOHHYECKOMY 3aK0-
HYy
Tema 2.2. Tunossle Aynno-/Bumeo- JTeKIHA 10 CaMOCTOSATENBHOE LMS-cucrema Ha Tecr 1,2,3

JUHAMHUYCCKHUEC 3BCHbBA
n ux I/IZleHTI/I(I)I/IKaHI/IH

3JIEKTPOHHOT0 y4eOHMKa C
KOHCY/IbTalMe! Mpenojana-
TeIst Ha popyme

U3ydeHUe MaTepua-
JIOB 3JIEKTPOHHOTO
yueOHHKa ¢ pazfene-
HHEM Ha JISKIUH U C
TECTaMH JJIsI CaMo-
KOHTPOJIA 10 KaX10i
JIEKIIUH, aHaJIN3 To-
BeZICHUS 00yJaro-
MIMXCS TIPH TIOMOIIIN
LRS-cucremsl u
Experience API, ana-
JIM3 TEKYILEH ycreBa-
€MOCTH TIPH OMOIIH
BPC-peiitunra

ocHose Moodle,
KOMITBIOTEp MO0
IJIAHIIET JIHOO
cMapThoH




3agaHue, NpoBepsEMOe 1 Bemmonuenue npaktuueckux | 10 | CamoctositensHoe LMS-cucrema Ha Tect 1,2, 3
BpyuHyto 5 Omnpenene- 3a/laHUil ¢ KOHCYNbTaluen BBIIIOJIHEHUE  IIpaK- ocHoBe Moodle, PacueTnas
HHE XapaKTEPUCTUK npenogaBaTeis Ha Gopyme THUECKHX  3a/IaHHH, KOMITBIOTEp JIHO0 pabora 3
AIIEKTPOMEXAaHUIECKOT'0 U yepe3 KOMMEHTapHU B KOHTPOJb CMeHBI [P- TUIAHIIET JIN0O u4
NIpUBOAA 3aJlaHusX a/IpecoB, aHaIIN3 Te- cMmapTdoH
3ananue, NpoBeEpseMOe KyIllell ycrieBaeMoCTH
BpyuHylo 6 Ompenene- npu nomou BPC-
HHUE XapaKTEePUCTHK peiTnHra
TUJIPOMEXaHUYECKOTO
TIpUBOAA
Monynbs 3. | Tema 3.1. Omenka ka- Aynuo-/Buieo- JEKIHU 10 CaMocCTOosTENBHOE LMS-cucrema Ha Tecr 1,2,3
CuHres u YecTBa CHCTEM U 00b- AJIEKTPOHHOr O yueOHHKa C n3y4eHue MaTepua- ocHoBe Moodle,
aHaJm3 €KTOB aBTOMaTHYECKO- KOHCYIIbTallMeH npernoiana- JIOB 3JIEKTPOHHOT'O KOMITBIOTEp JIHO0
cucTeM T'O YIpaBiIeHUS Tens Ha popyme yueOHHKa ¢ pa3zene- TUIAHIIET JINOO
aBTOMAaTH- HUEM Ha JIEKIIUH U C cmapTdoH
YECKOro TECTaMH JIJIsl CaMo-
yIpaBJe- KOHTPOJISI IO KaXK10#
HUS JIKLINH, aHaJIH3 o~
BeZICHUS 00y4aro-
IIUXCA TIPH TIOMOILIH
LRS-cucrems! n
Experience API, ana-
JIM3 TEKyILEeH yclieBa-
€MOCTH TIPH TIOMOIIH
BPC-peiitunra.
3aganue, MpoBepseMoe 0,5 Bemonaenne npaktugeckux | 10 | CamoctostenpHoe LMS-cucrema na Tecr 1,2,3
BpyuHyto 7 Ompeneie- 3aJaHUN ¢ KOHCYJIbTaluel BBIIIOJITHEHUE  IIpaK- ocHoBe Moodle, PacuertHas
HUE XapaKTEePUCTUK npernonaBarens Ha Gopyme TUYECKHX  3a/IaHH, KOMITBIOTEp MO0 pabora 5
CAY 1npononpHOH TmO- U 4epe3 KOMMEHTapuu B KOHTPOJb CMeHBI [P- IUTaHIIET JIH00 uob

Jaueld pu TOUEHUU

3aJaHuAX

aJIpecoB, aHAJIN3 Te-
KYILIEH yCIIeBa€MOCTH
npu omoru bPC-
peiThHra

cMapThoH




Tema 3.2. OCHOBEI CHH-
Te€3a CUCTEM

Aynuo-/Buzieo- JTeKIHA
JJIEKTPOHHOT0 YueOHHKa C
KOHCYNbTalMe# mpernoaBa-
Tels Ha popyme

10

CaMocrodaTensHoe
U3y4CHUE MaTepHa-
JIOB AJICKTPOHHOTO
yueOHHKa ¢ pa3zene-
HHEM Ha JISKIIMH U C
TECTaMH JIIsI CaMo-
KOHTPOJIS MO KaXKI0M
JIEKLIH, aHaJIH3 T0-
BEJICHUS 00y4Jaro-
MIUXCS TIPH TIOMOIIH
LRS-cucremsr u
Experience API, aHa-
JIM3 TeKyIeH ycrieBa-
€MOCTH IIPpU TOMOIIH
BPC-peiitunra

LMS-cucrema Ha
ocHoBe Moodle,
KOMIIBIOTEP JTHOO
IIaHIIET 00
cMmapTdoH

Tect

1,2,3

3aganue, MPOBEPSEMOE
BpyuHyto 8§ MHccueno-
BaHME acTaTH3Ma Ha
kauectBo CAY

0,5

Brimonnenue MPpaKTUYCCKUX
3aJJaHUH C KOHCYJIbTaluen
npernonasarens Ha popyme

U Yepe3 KOMMEHTapHH B
3aJaHuAX

18

CamocTtosiTenbHOe
BBIIIOJIHEHUEC Tpak-
THYECKUX  3aJIaHHH,
KOHTPOJIb CMeHbI [P-
aJIpecoB, aHaJIM3 Te-
KyLIEeH yCrieBaeMOCTH
npu nomontun bPC-
peiTuHra

LMS-cucrema Ha
ocHoBe Moodle,
KOMIIBIOTEP JIHOO
IUTAHIIIET JIHOO
cMmapTdon

Tect
Pacyetnas
pabora 7

u8

1,2,3

Kontpomns

CamocTosTenpHoe
TECTHPOBaHHE o
0aHKy TECTOBBIX 3a-
nanuii He menee 600
BOIIPOCOB, aHAJIN3
HOBEICHUS TeCTUPY-
FOIMXCS TIPU TTIOMO-
i LRS-cucremsr u
Experience AP, xoH-
Tpomb  cMmeHbl  IP-
aJIpecoB, ylaleHHas
ayTeHTH(OUKAIS TIPH
NOMOLIM  pacIo3Ha-
BaHUS JIMLI, aHAITN3
TEKYIIEH ycneBaeMo-
CTH TpHd  TOMOIIH
BPC-peiitunra

LMS-cucrema Ha
ocHose Moodle,
KOMITBIOTEp MO0
IIAHIIET TH00
cMmapTdoH

Hrorossiit
TECT

Hroro:

128

144

10




5. Kputepuu n HOpMBbI TeKyl1ero KOHTPOJIS U MPOMEKYTOYHOM aTTecTauuu

DopMBbI TEKYIETO KOHTPOJIA

YcioBus 10IycKa

Kpurepru 1 HOpMbI OLICHKH

[Ipaktuueckas pabora

Brimonnenue  mpaxkrtuye-
CKUX palboT

«3auTeHOo»: padoTa BBIIIOJIHEHA B COOTBETCTBUU C METOIMYECKUMH YKa3aHUs -
MU, 0(OpMIIEHA TPAMOTHO, CTYIEHT TEXHUYECKH MTPABHIBHO (HOPMYIHPYET
OTBETHI HA paCCMaTPUBAEMBIE BOIIPOCHI.

«HEC 3a4TCHO» pa60Ta BBITIOJIHEHA C OIHI/I6KaMI/I, CTYACHT HC UMECT MPECACTaB-
JICHUA O pacCMaTprUBACMbIX BOIIpOCax

Pedepar

Hanucanue pedepara

«3auTeHOo»: TeMa pedepara MOITHOCTHIO PACKPHITA, OPOpPMIIEHAa TPAMOTHO, CTY-
JIEHT TEXHUYECKU MPaBMWIbHO (OPMYIUPYET OTBETHI HA pacCMaTpUBaeMbl€ BO-
IPOCHI.

«HE 3a4TeHOX»: TeMa pedepaTa HE PacKPhITA.

dopma NpoBeaeHUs
IPOMEXYTOYHOM aTTeCcTalluu

VYcoBus nomycka

Kpunrepun 1 HOpMBI OLIEHKH

3auer

BeimonHenne — mpakTade-
CKHX paboT,
BBHITIOJIHEHUE pedepara

«3aUTEHO» [TonHbIe U paBUIbHBIE OTBETHI HA BCE BOMPOCHI.
HesnauntenbHble OMIMOKYU WM HEYBEPEHHOCTD B
OTBETaXx.
«HE 3a4TEHO» OTBeThI Ha BOMPOCHI HE CPOPMYITUPOBAHBI.
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6. Kpurepru 1 HOPpMBbI OLIEHKH KYPCOBBIX padoT (IIPOEKTOB)

VY4eOHbBIM IIaHOM [0 JAHHOW JUCHUIUIMHE KYPCOBBIX paboT (IPOEKTOB) HE
IIPEyCMOTPEHO.

/. IlpumMepHasi TeMAaTHKa MUCbMEHHBIX PadoT (KypPcOBbIX, pedepaTos,
KOHTPOJIbHBIX, pac4eTHO-TpaguYecKux M Jap.)

Ne /it Tems! pedepaToB

1 CucrtemMa aBTOMaTHYECKOTO YIIPABIICHUS MTOTIEPEUYHBIM CYITIOP-
TOM TOKapHOro cranka ¢ UITY

2 Cucrema aBTOMaTHYECKOTO YIPaBIECHUS MPOA0TIBHOM Mo/~
4ell pyu TOYCHUHU

3 CucrteMa aBTOMaTHYECKOTO YIIPABIICHUS ITOTIEPEYHON M01auelt pu Bpe3HOM HITH(O-
BaHUU

4 Cucrema aBTOMAaTUYECKOTO YIPaBJIE€HUSI TOBOPOTOM paboyero opra-
Ha IPOMBIIIIEHHOTO poboTa

5 CucrtemMa aBTOMaTHYECKOTO PETYITHMPOBAHUS pa3Mepa JeTal Ha OECIICHTPOBO-
UM (OBaILHOM CTAHKE

6 CucrtemMa aBTOMaTHYECKOTO TUCTAHIIMOHHOTO YIPABJICHUS MAaHHUITYISITOPOM

7 CucrtemMa aBTOMaTHYECKOTO YITPABICHHS THAPABINIECKUM CYIIIOPTOM TOKapHOTO
CTaHKa

8 Cucrema aBTOMAaTUYECKOTO YIpaBleHUs nogauel npu ppesepoBaHun

9 CucreMa aBTOMaTHYECKOTO YIPaBJICHHS MPOAOJbHOM Mo1aued Mpy CBEPJICHUU

10 Cucrema aBTOMaTHYECKOTO yrpasiieHus KonupoBansHO-()pe3epHOTro cTaHKa

8. Bonpochl Kk 3aueTy

Ne /i Bomnpocsr

1 OCHOBHBIE IOHATHUS U OTIPENICIICHUS

2 CopneprkaHue MOHATUH: «cHCTEMa YIPABICHUN, KOOBEKT YIPABICHUA», «YIPABISIO-
II1€ U BO3MYILIAIOIINE BO3AECHCTBUS, «yIPABISAIOLINE KOOPAUHATHD)

3 Knaccugukanus cucteM aBTOMEXaHUYECKOTO YIIPABICHUS

4 [IpuHLMI pa30MKHYTOI'O YIpaBieHUs. YTIPaBIE€HUE 110 BOZMYLICHUIO U OTKJIOHEHUIO

5 OCHOBHBIE BUIbI AITOPUTMOB (DYHKIIMOHUPOBAHUS

6 Knaccugukanus cuctem 1o xapakrepy rnepejiaud CUrHajIoB

7 Knaccugukamnus cuctem 1o 0CHOBHbIM BUIaM YPaBHEHUH TMHAMMKH [IPOLIECCOB
yIIpaBJICHUS

8 MaremaTHueckoe OnucaHue JMHEHHBIX CUCTEM

9 MaremaTtnueckoe MoaeInpoBanue 31eMeHToB CAY

10 Knaccugukanus snementoB CAY. Cratuctuyeckue U JMHAMUYECKUE XapaKTepPUCTH-
KU DJIEMEHTOB

11 JIuHeapu3auus HeMUHEHHBIX MU PepeHINATbHBIX YPAaBHEHUH JUHAMUYECKUX PEKU -
MOB paboTsl 31eMeHToB CAY. CranaaptHas ¢popma 3anucu auddepeHnanbHbIX
ypaBHEHUH

12 OcHoBHBIE CBOCTBA NpeoOpa3oBanus Jlamnaca

13 XapakTepUCTHKU TUHAMHUYECKUX 3BeHbeB CAY

14 [TonsiTne 0 AMHAMHYECKOM 3BeHE. XapaKTepUCTUKU AUHAMHUYECKOTO 3BEHa, Iepe/a-




TOYHBIC (PYHKIMH, YACTOTHBIC XapaKTEPUCTUKU (aMILTUTYIHBIE U (a30BbIe), Jorapud-
MHUYECKUE YaCTOTHBIE XapAKTEPUCTUKHU, BDEMEHHBIE XapAKTEPUCTUKHU (LIEPEXOIHBIE U

BECOBBIC)

15 TuIoBble TMHAMUYECKUE 3BEHBS U UX XaPAKTEPUCTUKU

16 CrpykTypHas cxeMa CUCTeMaTH4ecKoro yrpasieHus. OCHOBHbIE IpaBuiIa Ipeodpazo-
BAaHUS CTPYKTYPHBIX CXEM: IOCIEJ0BATEIbHOE COCJMHEHUE 3BEHBEB; IMapajljIelIbHOE
COEJIMHEHUE 3BEHBEB; 3BEHO, OXBAUEHHOE 00PATHOM CBSI3bI0; IEPEHOC CyMMAaTOpa; Ie-
pPEHOC y3J1a, IEPECTaHOBKA y3JI0B U CYMMAaTOpPOB

17 Boruncnenue nepeaaroyHbIx GyHKIUN 1 YACTOTHBIX XapaKTEPUCTUK OJHOKOHTYPHOU
U MHOTOKOHTYPHOM pa3oMKHYTO# cuctemsl. [lepenarounsie GpyHKIIMM U yIpaBieHHE
3aMkHyTOM CAY. YacToTHBIE XapaKTEePUCTUKN 3aMKHYTON CHCTEMBbI

18 MatemaTuueckoe MOJEIMPOBAHUE U COCTABIICHUE CTPYKTYPHOI CXEMBI

19 Y CTONYMBOCTH CUCTEM aBTOMATHYECKOTO yIpaBieHus. [IoHsATHE yCTOWYNBOCTH JIMHE-
apu30BaHHBIX cucTeM. HeobxonumMoe 1 10CTaTouHOE YCIIOBUE YCTOMUYHUBOCTH

20 AnreOpandeckue Kputepun ycroitunoctu Payca u ['ypBuna

21 YacTtoTHble KpuTepun ycToMunBoCTH. [IprHImn aprymenra. Kpurepun ycroiumBoctr
MuxaiinoBa A.B. [loctpoenue obnacteit ycroitunBoctu. [lonsitue o [{-pazouenun

22 Kputepunu ycroitunBoctu HalikBrucra. AHanmu3 ycTOHYUBOCTH MO JorapuGMUYECKUM
YaCTOTHBIM XapaKTepUCTUKAM

23 VCTONYUBOCTE CHCTEM C 3alla3IbIBaHIEM

24 Mertomp! orieHKH KadecTBa peryaupoBanus CAY

25 ITonsTe 0 KadecTBe mpouecca ynpasiaeHus. OLeHKa KauecTBa CUCTEM YIPABICHUS B
YCTaHOBUBINUXCS pexuMax. [locrossHHbIE OmMOKH. ACTaTHYECKHE CHCTEMBI. Tod-
HOCTb IIPY TAPMOHMYECKOM BO3AECHCTBUH. Y CTAHOBHUBIINECS OIIMOKH MTPHU MPOU3BOJIb-
HOM BO3JICHCTBHUH, KOIPPHUITUEHTHI OITHO0K

26 Onenku kayecTBa nepexoaHoro mnpouecca. OLeHKN KadecTBa Ipolecca
IIPU BO3ACHUCTBUY CTYNIEHUATON (QyHKLIUU

27 YacToTHBIE METO/IBI OLICHKH Ka4yecTBa peryinpoBanus. OneHKa KayecTBa peryiaupoBa-
HUS 10 aMIUIMTYJHO-4aCTOTHOM XapaKTEPUCTUKH 3aMKHYTOW CHCTEMBI; IO Belle-
CTBEHHOM 4YaCTOTHOM XapaKTEPUCTUKE 3aMKHYTOM CHCTEMBI; € IO aMIUIMTYIHO-
($a30BOM XapaKTEPUCTUKE PA3OMKHYTOM CUCTEMBI; 110 JIOrapU(PMHUUECKUM YaCTOTHBIM
XapaKTepUCTHKaM

28 KopHeBbIe O1ICHKN KauecTBa PETyJIUPOBAHUS

29 Cunre3 CAY 110 3a1aHHBIM NOKA3aTesIM KauyecTBa MpoLecca yIpaBJICHUs

30 [ToBblIIEHHE TOYHOCTH B YCTAHOBUBILUXCS PEXKUMAX U 00eCrieyeHHe yCTOMUYMBOCTU U
KaueCcTBa YIPABJICHUS CUHTE3UPYEMBIX CUCTEM 3a CYET U3MEHEHMS [1apaMETPOB CH -
CTEM M ITyTEM BBEJICHUS KOPPEKTUPYIOUINX YCTPOMCTB

31 Cucrema aBTOMAaTHYECKOrO YIPABIEHUS IPOAOJIBHON NOJa4el TPU TOUEHNUU

32 CucrtemMa aBTOMaTHYECKOTO YIIpaBJIEHHUs MONEPEYHOM nogayel mpu Bpe3HoM nutngo-
BaHUHU

33 CucrtemMa aBTOMaTHYECKOTO YIpaBJIEHHUs IOBOPOTOM pabOUyero opraHa mpoOMBIIIIICHHO -
ro po6ora

34 CucrtemMa aBTOMaTHYECKOTO PETYIMPOBAHUS pa3Mepa JeTalu Ha OECIIeHTPOBO-
nuM(OBaTLHOM CTaHKE

35 Cucrema aBTOMAaTHUYECKOIO IUCTAHIIMOHHOTO YIIPABJIEHUSI MAHUITYJISITOPOM

36 Cucrema aBTOMAaTHYECKOTO YIPABIEHUS THAPABINYECKUM CYIIIOPTOM TOKapHOTO

CTaHKa
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37

Cucrtema aBTOMaTHYECKOTO YIIPaBJICHUS 10a4ed pu (ppe3epoBaHUuN

38 Cucrema aBTOMAaTUYECKOTO YIPABJIEHUS MIPOJOJIBHOM [101a4Y€il IpU CBEPIECHUU

39 Coneprxanue MOHATUH: «CHCTEMA YIPABJICHUNY, KOOBEKT YIPABICHUS, «YIPABISIO-
M€ ¥ BO3MYIIAIOIINE BO3ACHCTBHS, «yIPABISAIONINE KOOPIAUHATHD)

40 Knaccugukanus cucteM aBTOMEXaHHYECKOTO YIIPABICHHS

41 [IpuHIMT pa30MKHYTOTO yIpaBieHUs. YIpaBI€HHUE IO BOZMYILEHUIO U OTKIOHEHUIO

42 OcHOBHBIE BUJIbl AITOPUTMOB (PYHKLIIHOHUPOBAHUS

43 Krnaccudukarus cucTeM 1o xapakTepy rnepeaadd CUTHAJIOB

44 Knaccugukamus cuctem 1o 0CHOBHBIM BUaM YPaBHEHUI THWHAMHKH MTPOIIECCOB
yIpaBICHUS

45 MaremaTuuecKkoe OnucaHue JMHSHHBIX CHCTEM

46 Maremaruueckoe MoienupoBanue 3aeMeHToB CAY

47 Knaccugukanus snementoB CAY. Cratuctudyeckue U TMHaAMUYECKUE XapaKTepUCTH -
KU 3JIEMEHTOB

48 JInHeapu3anus HEMUHEHHBIX MU GEepEeHIINATBHBIX YPAaBHEHUI JTHHAMUYECKUX PEKH -
MOB paboTsl 3emeHToB CAY. CrangaptHas ¢popma 3anucu nuddepeHranbHbIX
YpaBHEHUU

49 CopepxaHue MOHATHI: «CUCTEMa YIPABICHUS», «OOBEKT YIPaBIECHUSY, «YIPABIISIO-
1I1€ ¥ BO3MYILAIOLINE BO3ACUCTBUS, «YIPABISIOUINE KOOPINHATHD

50 Krnaccudukanus cucteM aBTOMEXaHUYECKOTO YIPaBIICHUS

9. ®oHJ OLEHOYHBIX CPEJICTB VISl IPOBEAeHN s POMEKYTOUHOI aTTe-

cTanmu OﬁyanOIIII/IXCﬂ mo JTMCHMIIIMHE

9.1. IacnopT (poH/Ia OLIEHOYHBIX CPEACTB

Ne
n/n

Koa xonTposmpye-
MO KOMIIETeHIMHU
(MJIM ee YaCTH)

HaumenoBanue
OILIEHOYHOI0 CpeACTBA

KonTposmpyembie pa3aesibl
(TeMbl) AUCIHUIIUHBI

Moayns 1. OCHOBHBIE TTOHS-
THSI TEOPUU ABTOMATHYECKOI'O [1K-12, IIK-18
yIpaBICHUSI.

[IpoTOKOJ BBITOJTHEHUS

Hug 1

TPOOEKHOTO PETyJIsATO-

[TpoTOKO BBITOJTHEHUS

HUS 2
«OmnpeneneHne 4acToT-

aHaJIM3y BXOAHOI'O U

BPEMEHM.

14

IMPAaKTUYCCKOI'0O 3aaa-

«UccnenoBanue BIUs-
HHUS TIapaMeTpOB LIECH-

pa CKOpPOCTHM Ha IIpo-
LECC PEryJIUPOBaAHUM.

IMPAaKTUICCKOI'0O 3aaa-

HBIX XapaKTEPUCTHK IO

BBIXOAHOI'0O CuUrhuajaa BO




Monayns 2. KauecTBeHHBIN U
KOJIMUYECTBCHHBIA aHAINU3 CH-
CTEM aBTOMATHYECKOTO
yIpaBJICHUS.

TK-12, TIK-18

ITpOTOKO BBITOJIHEHUS
IIPaKTUYECKOTO  3aJa-
Hus 3

«HccnenoBanue ycrou-
yuBoctd CAY mo kpu-
Tepuro I'ypBunar.
IIpOTOKOI BBITOJIHEHUS
MPaKTUYECKOTO  3a1a-
Hus 4

«HMccnenoBanue TOYHO-
ctu CAY B pexume
JBW)KEHUSI TI0 TapMoO-
HUYECKOMY 3aKOHY».
[TpoTOKOJ BBIOJIHEHHUS
MPaKTUYECKOTO  3aJa-
HHUS S

«OmnpeneneHne Xxapak-
TEPUCTUK  DJIEKTPOME-
XaHUYECKOTO0  MPUBO-
Jay.

[IpOoTOKOJI BBINOJHEHUS
MPaKTUYECKOTO  3aja-
Husa 6

«OmnpeneneHne Xxapak-
TEPUCTUK THUJIpOMEXa-
HUYECKOTO IIPUBOAAY.

Moaynes 3. CuHTE3 U aHaAIu3
CUCTEM aBTOMAaTHYECKOTO
yIpaBJICHUS.

[1K-12, T1K-18

[IpOTOKOJ BBITOJTHEHUS
MPaKTUYECKOTO  3aja-
HUS 7

«OmnpeneneHne Xxapak-
tepuctuk CAY 1mpo-
JIOJIBHOM TOoAAa4Yed NIpHU
TOYEHUU.

[TpoTOKO BBITOJTHEHUS
MIPAKTUYECKOTO  3aja-
HHUS 8

«HccnenoBanue acra-
TA3Ma HAa  KayecTBO

CAVY».

9.2. TunoBbie KOHTPOJIbHbIE 32IaHUSI UM MHbIEe MaTEePHAJIbI, HEOOXOTUMbIEe
AJIsl OIleHKU 3HAHMI, yMeHHii, HABHIKOB U (WJIHM) ONbITA JeATEJbHOCTH, Xa-
PAKTEepPU3YIOIIMX 3TAanbl (POPMUPOBAHNS KOMIIETEeHIIMI B Mpolecce OCBOEHUsI

o0pa3oBaTe/IbHOM MPOTrPaMMBblI.
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9.2.1. KoMmmuieKT 3ajaHuil AJ1sl IPAKTHYECKUX padoT.

IIpakTnueckas padora Nel
HccaenoBanne BINAHUSA IAPAMETPOB LIECHTPOOEKHOIO PEryJIsiropa CKOPOCTH
Ha NpoLece peryJupoBaHus

Lens pabomur: Ilpuodbpemenue npakmuyeckux Ha8bIKO8 IKCNEPUMEHMAILHOU OYEeHKU npoyecca
Pe2yIUposanus u yCmouuusol pabomul Cucmemsbl A8MOMAMUYecKko20 YNpaeieHus.
Teopemuueckas uacmeo

Hccnenyercs cuctema aBTOMaTudeckoro ynpasieHus (puc.l.1), cocrosimias u3 HeHTpoOeKHOTOo
perymasiTopa CKOpOCTH, MOJ3YH 1 KOTOPOTo CBSI3aH phlyaraMu 2 C 3aCJIOHKOM 3 moaauu paboueit
CMECH B TETIJIOBOH JABUT'aTCJIb 4. PerynﬂTop MMPHUBOJUTCA BO BpallICHUC OT ABUTATCIIA YCPE3
3yOuaryro nepenaqy S.

Puc.1.1. Cxema CAY cxopocmuio epawienusn oguzamens

[Tpu ¢ynxumonupoBanun CAY BpamieHue JBHTrateNs 4epes3 3yOdarylo Nepenady rneperaeTcs
PErynATOopy CKOPOCTH, IIAPUKH KOTOPOTO IOJ JEHCTBHEM IEHTPOOEKHOW CHIIBI C OJHOH
CTOPOHBI W CHJIBI HPYXHHBI C JPYroil 3aHUMAOT HEKOTOPOE TIIOJIOKEHHE, YTO BBI3BIBACT
OTIPEJICTICHHOE OTKPBITUE JPOCCENsl W CHCTEMa HAXOOUTCS B paBHOBecuH. lIpm yBenndeHUu
MOMEHTA Harpy3KH CKOPOCTb JIBUTATENs] YMEHBIIAETCS B COOTBETCTBHH C €r0 XapaKTepUCTUKOM,
YTO BBI3BIBACT YMCHBIIEHHE CKOPOCTH BpalleHUsl perynsatopa. LIeHTpoOexHbIEe CHIIBI TaKkKe
YMEHBIIAIOTCS, [IAPUKH OIYCKAIOTCS M Yepe3 PHIYaKHYI0 CHCTEMY YBEIMYHBAIOT OTKPBITHE
apoccens. YBeNMYeHHE NOAa4d padodyell CMeCH B JBHIaTelb BBI3OBET YBEJIUYEHHE €ro
CKOPOCTH, paBHOBECHE BHOBb BOCCTAHOBHUTCS, HO Y)K€ Ha JIPyroM YpOBHE. SICHO, 4TO pa3HOCTh
CKOPOCTEH OTIpeJieNsieT KaueCTBO PEryJIHMpOBaHUs: YeM OHA MEHbIIE, TeM Bble kauecTBo CAY.
[Tpu ymensmiennu Harpy3ku CAY pabotaet B 00paTHOM HOPSIKE.
Jlns ananmuza CAY HeoOXOIMMO COCTAaBHTH €€ MaTeMaTHYECKYI0 MOJENb. AHAJIN3 MOKa3bIBaLT,
YTO B CHUCTEMY BXOJAT JIBUTATENb, JPOCCENb MojAaYu paboueil cMecH, pbluakHas Iepeaadya u
3yOuaras nepeaayva.
JIBI>KEHUE JBUraTellss INpU OTPaHWYCHHWU YYeTOM SIBJICHHUH MepBOro NOpsjaKa, T.e. €ro
MHEPLUOHHOCTBIO, MOET OBbITh MNpencTaBlieHO au((epeHIMaTIbHbIM YpaBHEHHEM I1E€PBOTO
nopsiJIKa:

1,82 4 20+ M, =M, (L.1)

dt

rze lo u Ay — MOMEHT uHepuuu poTopa U KO3(GGHUIMEHT BA3KOro TpeHus apurarens, M, u My —
MOMEHT COIPOTUBIICHUS HArPY3KU U MOMEHT JIBUTATEIsi COOTBETCTBEHHO.
MOMEHT JIBMKEHUS 3aBUCHUT OT OTKPBITHUS JIpOCcens oJauu pabouel cMecu:
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M, =Dbk,, (1.2)
rie b — ko3 PUIMeHT nepeaadn OTKPBITHS APOCCENs OT MEPEMENICHUS MOI3yHa PEryisaTopa
Yyepe3 phluaXHyo rnepeaady, Ko — ko3 duimeHT nponopiuruoHaIbHOCTH MEXKTY OTKPHITHEM
JpOCCEIIi U MOMEHTOM JIBUTaTEI.

Ecnu npuHSTH epe1aTouHOe OTHOMIEHUE PhIYaroB 1 3y04aToi nepenayu paBHbIM SAWHHMIIC, TO,
13 F€OMETPUYECKUX COOTHOLIEHH, OJIyYUM ypaBHEHHUE CBSI3U, KOTOPOE ONPEAEISAET
3aMKHyTOCTH CAY:

b= 2I(1- Sing. (1.3)
[Tonyyennas maremaruueckast moaenb (1.1)-(1.3) ucnonb3yeTcs: B IPUKIAIHOM pOTpaMMme, ¢
ITOMOIIBI0 KOTOPOW BBINIOJHAOTCS TPeOyeMble HCCIIEI0BAHUS.

m M openupoBaHKHe perynaTopa CKOPOCTH ABHraTens =l

WCXOOHBE NAHHHE CAY
025

Macca wapukos, kr

Cuna npystiHel, H 100

AecTrocTs

NpYHHEL, H I1 5
tareHT MHEPLMIK
AEWTaTENA, KIiM2 ID"I

.08 PRHUMEHT SAEMCHMOCTH
MOMEHT 3 ABMMATENA 0T

OTKPBITHA ApOCCena, I4

Herara

|4D 5‘ MoreHT Harpysku, Hr

Ocunnnorpad

Mpouecc | ﬂpoﬂ.onmewel

Reset |

Bit |

¥rnogana ckopocTe W, paafc
OTKREITHE SACA0HKK X Wk

04 0,5 06 07 08 04 1
Bpema, ©

) \ Cognnnarpads

6)

Mrnonsna cropocs W, pel

Puc.1.2. Mooenuposanue yenmpooeicrnozo pecynamopa cKkoOpocmu

Ilpakmuueckas wacmep

[IpakTryeckas paboTa BBIIOIHSAETCS C MOMOIIBIO TPUKIATHON MporpaMmbl, HHTEpGEiic KOTOpon
npenctanieH Ha puc.l.2. [Iporpamma «Perymnstop ckopoctu» Haxonutcs Ha aucke. [Ipu Haxa-
U kHOTKK “Help” mosBisieTcss TonoIHUTENbHBIA HHTEPp(Ec ¢ UHCTPYKUUSAMU U MOSICHEHUSIMHU
K IIpOrpamMMme.

B 3aBucumoctu OT BapuaHTa 3a/JaHus BeIOpaTh NMama3oH M IIar W3MEHEHHUs MapaMmerpa, B
(GYHKIIMH KOTOPOTO HEOOXOIMMO MPOBOAUTH UCCIeNOBaHUs. PexomeHyercs BhIOMpaTh quama-
30H, OPUEHTUPYICh HA MAaKCUMaIbHOE U MUHUMAIIbHOE 3HAaYCHHE yKa3aHHOTO MapaMerpa B Tad-
TUIE BapUaHTOB 3aqaHuil (cM. Tabmn. 1.2). B Hauane paboThl MOATOTOBUTH TAOIUIy SKCTIEPUMEH -
TaNbHBIX JaHHBIX (cM. Tabn.1.1). [Ipu BhIMOTHEHUH UCCIIEIOBAaHUI B COOTBETCTBHUH C 3aJJaHHEM
HE00X0IMMO, TIOCJIe aKTUBM3AIMK MPOTrpaMMbl, B OKHaX TJIaBHOTO HHTepdeiica BBECTH MCXOI-
HbI€ JIaHHBIC COTJIACHO BAapHAHTY 3aJaHUS U YCTAHOBHUTH MEPBOE 3HAUCHUE M3MEHSEMOTO Iapa-
Merpa. Haxate kHONIKY «Ilyck»

ITocne BbIXO/A CUCTEMbI Ha YCTAHOBUBIIMICSA peXUM pabOTHl (ONMpEAensaTh BU3YalbHO IO OT-
CYTCTBHIO KOJI€OaHUN OCIMIIOTPaMMBI OTKPBITHUS 3aCIIOHKH JPOCCENs) HaXkaTh KHOTIKY «llay-
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3ay», OTPEACIUTh TOYHOE 3HAUYCHHE CKOPOCTH BPAIEHUS JIBUTATENS W 3alKCaTh B TAOIUILY JKC-
NIEPUMEHTAJIBHBIX JAHHBIX. 3aTEM YBEIMUUTh MOMEHT Harpy3ku A0 25 HM 1 HaxkaTh KHOIIKY
«[Iponomxenue». Ilocne Beixona CAY Ha HOBBIA ypOBEHb YCTAaHOBHMBILIETOCS peXHUMa PaOOTHI
HaxaTb KHOIIKY «llay3a» u mpoBecTu U3MEpEeHUs: HOBOTO 3HAUYEHUSI CKOPOCTH BpAalllEHUs JIBUra-
tens. [lonp3ysick ocummorpaMmoi 3aUKCHpPOBATh TaKKe BpeMsl MEXAy IMoJadyeld CKadka
Harpy3kd M crabuimsanueit mporecca peryinupoBanus. CTaOMIN3aIUI0 OIIEHUBATH MO OCIUILIO-
rpaMMe OTKPBITUSL 3aCIIOHKU Jpoccelis nojadu padoueir cmecu. [IpoBoauTh HEOOXOAUMbBIE U3-
MEpEHMsI 10 OCLWUIOrpaMME IIpolLiecca PEeryJlupoBaHUs, PYKOBOACTBYSCh IOCTPOECHUSMU
puc.1.3.

U Ocumnnorpad
=100 :
o
z 80 s
£ &0- «cropocnib ] T cxopocms
2 o I nocne
& | cKauKa cKauka
w
2 0 : ‘ 0 F
= 05 06 07 08 04 1 1.1
Bpema, ¢

Puc.1.3. Cxema uzmepenus xapakmepucmuK Kauecmea npouecca pecyiupoeanus

JlanHbie 3amucath B TaOmuiy. st BHIOJHEHHS! CICAYIOMIETO SKCIIEPUMEHTa MOKHO BOCIIOJb-
30BaThCsl KHOMKOM «Reset» u HayaTh AKCIEPUMEHT C TOW K€ MOCIEA0BATEIbHOCTHIO JICHCTBU,
HO yXe TIpU CJEeAYIONEeM 3HAaYeHHH U3MEHSIeMoro mapamerpa. Ecium nmpu kakom-mubo dKcrepu-
MeHTe CAY CTaHOBUTCS HEYCTOMUYMBOW, COOTBETCTBYIOIIEE COOOIIEHUE 3amucaTh B Ta0auiy. B
tabnuue 1.1 mpencTaBieHbl SKCIIEPUMEHTANIbHBIE JAHHBIE UCCIIEI0OBAHUS KaueCcTBa PeryaupoBa-
Husg CAY ¢ HEKOTOPBIMU UCXOJHBIMU MapameTpamMu B (YHKIIMH JKECTKOCTH MPYKUHBI Peryis-
TOpAa.

Tabauya 1.1. DxcnepumenmanvHvie OaHHble

CKOpOCTb JIBUTaTeNs, paj/c Tounocts pe-
S KectkocTh . FyIHpOBaH
e TIPY/KUHBI, brIcTposieeTBIE | 1o crauka Mo- |  Tlocie cKauka P
f H/Mm CAY,c MEHTa Harpy3KH | MOMEHTa Harpys- pale
KM
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 59
6 3,0 0,09 79,6 72,8 6,8
7 3,5 0,10 78,1 71 7,1
8 4,0 0,12 77,5 69,4 8,1
9 4,5 0,14 76,8 67,7 9,1
10 50 0,16 76,0 66,0 10
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tc s
1,2 \ poicl| podeiic sue 117‘2")/0
1,0 \\/ = 0
08 | 71 s
\ /
" \\ i / 6
! / O {HOC|Ib
0,4 .
0,2 ,
R —
0

05 10 1,5 20 25 30 35 40 cup, Hmum

Puc.1.4. I'pagpuxu, nocmpoennsie no oannvim maoauust 1.1

Jlnst mocTpoeHus rpaduKOB MOKHO MCIOJIb30BaTh makeT Exell, a it BBITIOJTHEHUST KOTIUA WH-
Tepdetica mporpaMMbl, KOTOpasi TOJDKHA OBITH TIPEJICTAaBlIEHa B OTYETE, UCTIOJIb30BaTh KIABUIITH
Alt - Print Screen 1 BCcTaBUTh KOO B JoKyMeHT Word.

3aoanue
B cootBercTBUM ¢ BapuanTtoMm (Tabum.1.2) mpoBecTH MCCIEIOBaHHUE KadyecTBa PETYIMPOBAHHS B
3aBUCHUMOCTH OT U3MEHSIEMOT'0 MapaMeTpa U MOCTPOUTh rpapuKu 3aBUCUMOCTH ObICTPOAEHCTBUS
u TouHoctd CAY B QyHKIIUU OT U3MEHSIEMOTO ImapamMeTpa.
Tabnuya 1.2. Ucxoomnsie oannvie

Ilep- | Macca | ’Kecmxkocme | Momenm | Bro | Hauano- | Koagpgpuyuenm | Uzmensamo
Bas | wapu- | npyscUHbl uHepyuu | pas | Has cuna | 3a8UCUMOCHU MO- | napamemp
uud- | ko m, | Cnp, Hmm | 0sucamens | uud | npyoscunvl |  menma om om-

pa Ke lo, ke/m? | pa Puw, H | kpuimus opoccens

ko, H/mm

0 0,35 5,0 0,25 0 55 2 m

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

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

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

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

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

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

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

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

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

Cooeporcanue npomoxona

B mportokoisie mpeacTaBuTh 1edb pabOThl, UCXOAHBIE NaHHBIC, 33JaHUE UCCIIEIOBAHUS, KOMHUIO
uHTepdeiica g MOOOT0 SKCIEpUMEHTa U3 BBIMOJHEHHOW cepuu, omucanue paboTsl CAY,
TabJIUIly SKCTIEPUMEHTANBHBIX JaHHBIX, TpaduKu TpeOyeMbIX 3aBUCUMOCTEN. BBIBOIBI.

IIpakTnueckas padora Ne2

Onpenenenue 4aCTOTHBIX XaPAKTEPHCTHK 110 AHAJIU3Y BXOJHOI0 M BBIXOJHOI0 CHTHAJIA BO
BpeMeHH
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Iens pabomui: Ilpuodbpemenue npakmuyeckux HA8bIKO8 IKCNEPUMEHMATLHO20 ONpedeieHUs
YACMOMHBIX XAPAKMEPUCTNUK.

Teopemuueckas uacmeo

HccnemyemMoll cUCTEMOW SIBIISIETCS JABYXMAcCOBas TUHAMHUYECKAs CHCTEMa, CXeMa KOTOpOU
n3o0paxena Ha puc 2.1. Cucrema HaXOIUTCS MO JCHUCTBHEM KHHEMATHIECKOTO BO30OYKICHUS —
X, BBIXOAHBIMU CHUTHAJIAMU SIBJISAIOTCS KOOpAWHATBI X1 1 X2 NnepeMCIICHUus Macc mi u My,
CBSI3aHHBIX MEXIY COOO0I0 )KECTOKOCTSIMU C1 M C2 U BA3KUM TPEHUEM U; Ao

Cl C»

m m,

——
As
Xz

Puc.2.1. lunamuueckan cxema 08yxmaccogoil cucmembl

=
Ay
X X,

YPaBHeHI/Ie ABUIKCHUA CUCTCMBI COCTABJIICTCS IO U3BCCTHBIM IIPAaBUJIaM
TCOpCTI/IHGCKOﬁ MCXaHHUKMH:

d? dx, dx - dx dx -
m172)§+42 R R A A e B O S
dg dt dt - dt dt -
dx dx —
dt dt dt -
VYrpoineHHas MaTEMaTHUECKAs MOJIEb!
ms=X SX cC - _ - X
1 1T ﬂ'2+‘2"1_‘ 1T 92"' 1 X~ ﬂ'NLA-Z SX+ & +C, ~
2 .
M,S"X, +A4,SX, +C X, = A, SX1+C, X,
rae s=d/dt — oneparop Jlamnaca.
Jliist IpeicTaBIICHUS] MAaTEMAaTHYECKON MOJIENIM B IICPEMEHHBIX COCTOSHUS PEIIUM KaXJI0€ ypaB-
HEHHE OTHOCHTEIILHO IIEPEMEHHBIX X1 U X2, KOTOPBIC 3allMCaHbl B CTApIIUX [IPOU3BOIHBIX COOT-

BCTCTBCHHO. HpeO6pa3OBaHHa§I TaKUM 06p330M MaTeMaTU4YeCKas MOACJIb UMECT BU.
st lax ,ax,s'jax ,ax-

X = L 11t L 21t
_S a X ax | S a X ax-~
X, = 32T 311 42T 4 .

rae koadduimentsl Mmogenu: ar = (A+ #/ma, a2 = (C2+C1)/my, az = 2/tih2, as = C2/my;
Terneps MOXKHO 3aIKCaTh MATEMATUIECKYIO MOJIEIb B IEPEMEHHBIX COCTOSHHMS, TO €CTh B BHJIC
cucteMbl quddepeHIranbHbIX YPaBHEH A, PEIIEHHBIX OTHOCUTEIBLHO MEPBBIX MPOU3BOIHBIX:
SY1=—a YrtaXx+y,
Sy, = -, ¥ + X
SYs =—A3Yz+aA3Y1 T Y,
_Sy4 = Y3 + 44X
VIMeHHO Takasi MOJIeTh peain30BaHa B MPHKIIAJAHON MPOrpaMMe, 1Mo KOTOPO TPOBOIATCS
HCCIIEIOBAHUE YaCTOTHBIX XapaKTEPUCTHK.

Ilpakmuueckaa wacmo

Ha puc.2.2 npencrasinen uHTepdeiic NpUKIaJHON MPOrpaMMbl MPH UCCIEIOBAaHUHM YaCTOTHBIX
XapaKTepUCTUK OJTHOMACCOBOM crcTeMbl. NTHCTPYKIIMHU U MOSICHEHUS Uil pabOThI ¢ MPUKIIAAHOM
IPOrpaMMOil MOSBIIAIOTCS Ha JIOMIOJHUTEIHLHOM HHTepdeiice mpu Haxxatun KHOnKu «Hepl».
[ToaroToBUTH TaOMUIIBI SKCIIEPUMEHTAIBHBIX U PACYETHBIX JAHHBIX JUISl MCCIEIOBAaHUSA OJHO U
IByXMaccoBoii cucteM. [locne akTUBHU3alMU POrpaMMBbl BEIOPATh PEXXUM UCCIIE0OBAHUS OJHO-

20



MacCcOBO# CHCTEMBI M B COOTBETCTBYIOIIMX OKHaX MHTepdelica yCcTaHOBHTH JaHHBIE COTJIACHO
BapuaHTy 3ajaHus (cM. Tabmn.2.2). Haxarte kHomnky «IIpoiecc», a moToMm 3agath nepBoe 3HaYeE-
HUE YaCTOThl BO30Y)KJAIOIIEr0 CHUTHAJA - CHCTEMa NMPHUXOIUT B JABIKeHHE. BbiOparh mepBoe
3HAYeHHE YacCTOTHl BO30YXKIAIOWIETO CHTHAja, MOJ00paTh JKEIaeMyl CKOPOCTb HEepeMEICHHS
JICHTBI CaMOIUCIIA ¥ MTPOU3BECTH 3amUCh. [Ipy 3TOM CKOpPOCTh IBMXKEHUS JICHTHI JOJKHA BBHIOU-
partbes Tak, 4TOOBI 0OeceurnBaIach pacuum(poBKa CUTHAIOB IPU X 00paboTKe.

[Tocne 3ammcu TpeOyeMOTo ydacTKa HaxaTbh KHOMKY «CTOI» B OKHE PETHUCTPAIlMH CUTHAJIOB.
W3MeHuTh 3HaU€HHUE YacCTOThI, 0K/1aThCs OKOHYAHUS MEPEXO0JHOr0 Ipolecca U IPOU3BECTH 3a-
MUCH ClleAyromero yyactka (kHomka «Ilyck» B OKHE perucTpanuy CUTHAJIOB). BBIOTHATH 1MO-
NOOHBIE MAHUMYISIIHAN JUI KaXJIOTO 3aIUIAaHMPOBAHHOTO 3HAYEHHS YacTOTHI BO30YXKIAIOIIETO
CUTHAJA.

AHaJIOTMYHO MPOBECTH SKCIIEPUMEHT U JJIs1 IByXMACCOBOM CHUCTEMBI.

Jiig 0OpabOTKHU SKCIIEPUMEHTAIBHBIX JAHHBIX MCIOJIb30BaTh NOJYyYEHHBIE B MIPOLIECCE IKCIIEPH -
MeHTa ocumiutorpamMbl. Ha puc.2.2 ansg wacrotsl 300 paj/c nmokasaHsl HEOOXOAUMBIE MOCTpOE-
HUS JUI ONPEJEJIeHNs OJHOM TOYKM aMIUIMTYIHOM M (pa30BOM YaCTOTHBIX XapakTepucTuk. W3-
MepeHHus yI0OHO MPOBOJAUTH MOCie KomupoBaHus dkpana (Alt Print Screen) B penakrope Word
KaK pa3Mep aBTO (pUrypbl — COOTBETCTBYIOLIEH JINHUU HA PUCYHKE.

@Mugennposanne YACTOTHEIK XHAPAKTEPMCTHK AWHAMWUECKOH CHCTEMEI i ]

Bufepyre KOAMYECTBO Macc

% ogHamacca (O gEE Macchl

MNapameTpnl AMHAMHYECKOA
CHCTEMDBI

tacca M1, ke |2D -
AKectrocte C1, Hivam I'I 400 (\\

K. e MeHT BFISKDI'DI‘] B0
TpeHWA L1, kric

ia
ANV Y

2>

X

> AV

YacToTa BXOAHONO CHrHana
rpyto
300 pag/c E

E TOMHO

Perucrpanua cHrHanos

CKOpOCTE, CA0EneHHE

Muyek |

ow| PTE

Mpouece | ! Tlaysa

Esit | Help |

Puc.2.2. Hecneoosanue ywacmomuwlx XapaKkmepucmuk 00HOMACO80Il CUCH eMbl

Pe3ynpTaThl H3MepeHHii He00X0IMMO 3aIUCBHIBATh B COOTBETCTBYIONLYIO Tabnuiy (Tadm. 2.1).
Tabauya 2. 1. Dxcnepumenmanvhsie u pacuiemHuvle OaHHbIE

Ne | Yacrora, | AMmuntyna | Ammuryga | Orcrasa- ITepuon A [0)
pan/c BXOoJa BBIX0JIa HHE rpan
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] 30 | 069 | 079 | 025 | 064 | 114 | -167
Taxkum 00pa3oM, 3apUKCHPOBaHBI BXOAHON M BBIXOJAHOM CUTHANBI JUis 7 3HA4YeHUH yactoT. J{is
KaX/I0M BENTUYMHBI YaCTOTHI OMPEACISIOTCA OJHA TOYKA aMIUIUTYIHO-YaCTOTHOW U (ha3oBo-
YaCTOTHOM XapaKTEPUCTHUK 10 Gpopmyiam:

A_2: q,:_BGOO'T_
. T
[Tockonbky B (hopMyJiax MpUCYTCTBYET OTHOIIEHHUE COOTBETCTBYIOLMX BEJIMYMH, TO U B TaOIHIIE
BCIOJly Ul BBIXOJHBIX JTAHHBIX pa3MeEphl MPEICTaBICHbl B MM, KOTOPbIE ONPEAEISIOTCS 1O pa3-
Mepy aBToHTypsl Ha H300pakeHuu uHTEpdeiica B penakrope Word. Ha puc.2.3 npencraBieHa
aMIUTUTYAHO-(a30Bass YaCTOTHAsI XapaKTEPUCTHUKA ¢ 0003HAYCHHBIMH Ha HEW SKCIEPUMEHTAIh-
HBIMH TOYKaMH, TOCTPOEHHAS M0 JaHHBIM Ta0auIp 2.1.

Im

Re

1
A 4

250

Puc.2. 3. Ixcnepumenmanvnaas AOIX

Crnenyet 3aMeTUTb, YTO HEKOTOPbIE OTKIOHEHUS 3TOM XapaKTEPUCTUKH OT TEOPETUUYECKOi 00y-
CIIOBJICHHBIE HETOYHOCTSMU OIpPENEICHUS MCXOJHBIX NaHHBIX, B OCOOCHHOCTH OTHOCHTEIHHO
(hazbl.
AnHanornyHo o0OpadaThIBaIOT PE3y/bTaThl IKCIEPUMEHTOB U MPH HCCIEAOBAaHUH JIBYXMacCOBOI
CUCTEMBI.
3aoanue
B cootBercTBuM ¢ BapuantoM (Tab1.2.2) nmpoBectu uccinenoBanue u noctpout AOUYX cucre-
MBI (0JIHO MAcCOBO# MJIM IByX MacCOBOM, IO BBIXOAaM X1 HIIU X2).

Tabnuya 2.2. Hcxoouvle dannble

[TepBas M1, KT c1, H/MMm A1, Kr/c Bropas My, KT C2, H/MMm A2, KT/C

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

Cooeporcanue npomoxona
B npotoxkose mpencTaBuTh 1elb paboThl, HEOOXOUMbIE TEOPETUIECKHUE CBEJICHUS, HCXOIHBIC
JTAHHBIE B COOTBETCTBUM C BAPUAHTOM 3aJjaHHs, KOMUIO HHTepdelica ¢ 3aUChIO BBITIOJHEHHBIX
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IKCIIEPUMEHTOB M TIOCTPOCHUSMHU, HEOOXOIAMMBIMHU JUIS OIPEACICHHS BBIXOJHBIX JaHHBIX;
TAOMUIBI IKCTICPUMEHTAIBHBIX M PACUETHBIX JAHHBIX, TpaduKu dKcIepuMeHTATbHBIX ADUYX
cucteM. BeIBOOEbI.

IIpakTnueckas padora Ne3
Hccnenoanue ycroitunsoctu CAY no kpurepuro I'ypsuna

l[eﬂb paﬁombl: Hpuo6pemeﬁue npakmu4yeCcKux HaeblKo6 OYEHKU ycmoﬁtmeocmu cucmemul
aemomamudecKoco ynpaeileHusl.

Teopemuueckas uacmpo
C nomousto kputepus ['ypBuia nccienoBats Ha ycroiunBocTs CAY moBoJOM cymopTa
METAJUIOPEXKYILEro CTaHKa, CXxeMa KOTOpOro Mokas3aHa Ha puc. 3.1, a.

+

X y X U,, U U y
1< T —>311 VI 1P T
VII| nopm Uoe
{ I1OC [*

a) 0)
Puc.3.1. Ilpunyunuanvnan (a) u hynkyuonanvnan (6) cxemvl npugooa

[TpuBox cocrout u3 ycrurens-npeoopazosatens (I11T), apurarens (/) moctossHHOTO TOKA,
penyktopa (P), 3agatomiero norenimomerpa (3I1) u morenumomerpa odparroii cBszu (I1OC).
[Tpex e Bcero HEOOXOAMMO COCTABUTh MATEMATHUYECKYIO MOJIENb 1MoBoa. COTIacHO MPHHITUITY
paboTHI, TOBOJI IPEACTABISIET cO00M 3aMkHYTYI0 CAY, pyHKIIMOHANIBHAS CXeMa KOTOPOM
npuBeneHa Ha puc.3.1, 6. [IycTh BeIeICHHBIE HA CXEME IIEMEHTBI ONMCBHIBAIOTCS CICIYIOIIUMHU
nepeaaTOYHbIMA (DYHKIIUSMU:

. U,,(s) U,s) _ k.
310; = =K,; : = 0V=_
W (s) = e = Im: W, (s) J0(s) T+l
) _als) K, ) Y
AW =G e T s ys B W= aES; "

moc: W, (s) = UYTS) k..
Tenepb MOKET OBITH HOCTPOEHA CTPYKTYPHAs CXeMa II0BOIA, B KOTOPOii (IIpH paBEHCTBE
K03} (PUIMEHTOB TIepe/Iauy 3a/1al0IIero NOTEHIIMOMETPA U OTEHIIMOMETpa 0OpaTHOM CBsI3H) J1Ba
COOTBeTCTByIOH_II/IX 2JICMCHTA Ha (I)YHKHHOHaHLHOfI CXEMC€ 3aMCHAKOTCA OJHUM JJIEMCHTOM C
ko duienTom nepenaun k, Ha CTpyKTypHOIi cxeme (puc.3.2).

X S y U:‘ K, U()' K, o y y=
" Tys +1 (T,s +1)s

Puc.3.2. Cmpykmypnasa cxema npugooa

Takum oOpaszom, mepenatoyHas (yHKIMS 3aMKHYTOM CHUCTEMbI TIOCJE€  HECIOXKHBIX
anreOpandyeckux npeoodpazoBaHUii mproOpeTaeT BU:
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W(s) = S ,
(T,s+1)(T,s +1)s+k,

rie Ko — ko3 GuiueHT nepenayu CUCTEMbI, PaBHBIN MPOU3BEICHUIO KOAPPUIIMEHTOB TIepeaadn
BCEX 3BEHbEB KaHaJa NPAMOTO JieiicTBus. MTak, cucteMa MMeeT XapaKTepUCTHUECKOE YpaBHEHHE
3-ro mopsiaKa:

T,Tos® + (T, + Ty) s+ s + ko = 0.
CocraBum nerepMHHaHT ['ypBULIa U HAlIEM YCIIOBUSI YCTOWYUBOCTH.

T, +T, Ko 0

= T,T, 1 0l

0 T,+T, kK
AHanu3 yCJIOBUH YCTOMYHMBOCTH MO KPUTEpHIO ['ypBHIla ITOKAa3bIBAa€T, YTO €IMHCTBEHHBIM
YCIIOBUEM SIBIISIETCS MO3UTUBHOCTh BTOPOTO JIETEPMUHAHTA, IMOCKOJBKY ao=1,Ty, paBHO Kak
u A=T,+Ty, Bcerga Oomnpine Hyas. Takum o00pa3oMm, s yYCTOWYMBOCTH  TOBOJA

HEO0XO0 MO, YTOOKI:
A= (Ty + Tp) —koT, Ty > 0.

[Tocne HecmoKHBIX Pe0Opa3OBaHMA MOTYIaeM eIMHOE YCIOBUE YCTOWIHMBOCTH CUCTEMBI:

1 1

T +T

¥y 0
BeimostHeHHEe 3TOTO YCJIOBHS 0053aTeIbHO, IMMO3TOMY HA TPAKTHKE BapHalHel, Mmoa00poM
nmapamMeTpoB mpuBojaa crpemarcs obecneunth (3.1). Ilpu sTom Hambosee ymoOHO H3MEHSTH
napameTpsl Ko u T, — oOmuii KodpPHIHEHT mepeaayr MPHUBOAA M TOCTOSHHYIO BPEMCHH
ycunuTens-npeoOpa3oBatens. B mo0OomM ciiydae 3HadeHHs] BapUaliil STUX MapaMeTpOB JOJKHBI
nexathb B obsactu D, moctpoenHoit cormmacuo yenosuio (3.1) (puc. 3.3).

>k (3.1)

ko A
obnacmo
HeyCmouyuebix
3HAYEeHU
ko1 —o 1T,
obnacmo
5 VCIMOUYUBLIX 3HAYCHUU >
T, T,

Puc.3.3. Oonacme ycmouuugvlx 3HaueHull

Ilpakmuueckas uacmeo

Jlns  BbIMOJIHEHHWsT pabOThl MCIOJIB3YEeTCS NpUKIaaHas IMporpaMma, HHTepdenc KoTopoii
npencraBieHsl Ha puc.3.4. Ilpuknagnas mnporpamma  «YCTOWYMBOCTH TOYHOCTH CAY»
HaxoauTcsl Ha aucke. MHCTpYKUMU W MOSICHEHUs s paboThl ¢ MpOTrpaMMoOil cojepikarcsi B
caMOil mporpaMMe M MOSBIAIOTCS Ha SKpaHe MOHMTOpa Mpu Haxaruun kHomku Help. Jlns
BBIMIOJIHEHUS] 3TOW NPAaKTUYECKOM paboThl, IMOCie AaKTUBMU3ALMU IMPOrpaMMbl Ha TJIABHOM
uHTepdeiice noKeH ObITh BBIOpaH pexxuM «VccnenoBanue ycTounBOCTI.

Ha n3o6paxenun ocumiorpada 3adukcupoBad nepexoanslid npouecc CAY mpHuBoAOM CTaHKa,
KOTOPBI OTBEYaeT HCXOJHBIM JaHHBIM, IPEJICTABICHHBIM B OKHax HHTepdeiica (cnesa).
BxonHo#t curnan cryneH4atoil (Gopmbl M300pakeH JHMHUEH 2, - mepeMelleHHe CynmnopTra —
nuHuel 1 Ha puc.3.4. BunHo, 4To cuctema sIBISETCSl yCTOMYMBOW U €€ JUHAMHUYECKOE KauyeCTBO
MOJKET OBITh OLIEHEHO 110 KOMILJIEKCHOMY ITOKa3aTet0, KOTOPbIH pacCUMThIBAeTCs N0 (hopMyie:

Y
A=mext 3.2
Ve (3.2)
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rae ymax — MaKCHuMaJibHagd BCJIWYMHA TMCPCMCHICHUA CYIIIIOpTa, yc — YCTAaHOBHBUIICCCH
NepeMEeIICHUE CYNIOPTa MOCIe OKOHYAHHS MEPEXOJHOro Imporecca, i, — BpeMs MepexoaHOro

npoitiecca. OnpeeneHue 3TUX BEIUYUH M0 pe3ysibTaTaM 3KCIEepUMEHTa OKa3aHo Ha puc.3.4.
mhccnemmaﬂne ¥CTOAYMBOCTH M TOYHOCTH NpHBoaa MPC = |EI|£|

¥ MocnenosaHue YoToiuMB0CTH

[ WecnenogaHue TouHOCTH

JBHIATENE 'I
WUcxoaHue AGHHBE
Yeunurens-npeobpasoBaTenb EITTERS [TTTTTTTTTTITTITTITITTITT
00 )
Ko pBULUMEHT YoHASHHA NPEDERASOBAT
NacTaAHHEA BREMEHH, & I'lDDB ymax
Neurarens
KoapuumeHT I'I A3 Ocuymnnorpady
nepegaud, pad/cB = =
MocToAHHaA & 0.02 = =
PEMEHM, C = o
=4 =
X000B0H BUHT 2 I
C
=
W ar grHTE, B IB 5 T
O6ipaTHan cEA3b o :’%
KioappuumeHT Ig‘z & £
nepenasi, B § §
| z g
Reset & K
- 02 0 i 0. 02 03 04 05
Exit | Help | Bpema, ¢

Puc.3.4. Hnmepdgheiic npuknaonoit npozpammot

B cootBetcTBHHM € 3a1aHEM HEOOXOAUMO MTPOBECTU UCCIIEIOBAHMS 3aBUCUMOCTH KOMIUIEKCHOTO
MoKaszaressi KadecTBa IIEPEXOJHOTO Tpolecca OT KOdIpHUIMEHTa TMepefadyd yCUIUTels-
npeobOpaszoBarensa. s omnpenesneHus auanasoHa BO3MOXKHOTO HW3MEHEHHUs KO3 HUIIMeHTa
HE00X0IMMO, MOJb3YACh 3aBUCUMOCTBIO (3.1), Ans 3amaHHBIX 3HaYeHUM T, u T, paccuuTarhb
MaKCHMAJIbHO BO3MOXHYIO BEUYUHY (Kyn)max. TIpH 3TOM y4HTBIBATh, YTO OO KOIPPUITUCHT
nepengaun CAY onpenensercs mo ¢popMmyiie:
ky =k

yn

k, k i
0 Noc 272'
BeiOpare  mar  u3MeHeHHs ~ KOX(QQHIMEHTa  Tepelavyd  YCHIIHTENS-IPeoOpa3oBaTes
(pexomennyercsi npuHATh mar 0.2(Kys)max) ¥ MOATOTOBHTH TAONHUIY 3KCIECPUMEHTAIBHBIX H
pacUEeTHBIX JTAaHHBIX TaK, YTOOBI OXBATHTh MAaKCHMAIBHO JOIYCTUMBIA KOA(PPHUIIMEHT Mepeaayu,
OTpeIeJICHHBIN 1Mo 3aBUCUMOCTH (3.1).
B tabmune 3.1 npencraBnen npumep mist CAY ¢ UCXOJHBIMH JTaHHBIMH, COOTBETCTBYIOIIMMU
puc. 3.5. Pacuerom 1o (3.1) naxomum Ko=383,3. CnemoBarensHo (Kyn)max=1158. Boibupaem mar
0,2-1158=232, cocraBisieM TaOJIUIly U TPOBOJUM SKCIIEPUMEHTHI.
AKTHBU3UPOBaTh NPUKIAJHYIO TPOTPAMMy, 3a/laTh HCXOJHBIC JaHHBIE B COOTBETCTBHH C
BapHaHTOM, BBIOpaTh NepBOE 3HaUeHUE Kod(pduimeHTa nepenaun yCHIMTeNs- MpeoOpa3oBaTes
Y BBINOJIHUTH MOJICIIMPOBAHUE TEPEXOJHOr0 Tmporecca. [lo ocruuiorpaMMe MPOU3BECTH
HE0OX0IMMbIe U3MEPEHUsI U 3alucaTh Pe3ylIbTaThl B TaONUIly. BBIMONHATE SKCIIEPUMEHTHI ISt
BCEr0 BHIOPAHHOTO JUana3oHa U3MEHEHHs KO hUIueHTa.
Paccuntath KOMIUIEKCHBIM TOKa3aTeNlb KadyecTBa JUIsl KaXJAOrO JKCIEPUMEHTAa U TOCTPOUTH
rpaduk 3aBUCUMOCTH KOMILIEKCHOTO TMOKa3zaTrenss A AMHAMHYECKOTO KauecTBa CHCTEMbI OT
ko3 duienTa nepenaun Ky, ycunutens-npeodpaszosarens (puc.3.5). Ecnu npu xakom-mu6o
3HaueHuu koddduimenta nepeqaun CAY okxa3bIBaeTcsi HE YCTOMYMBOW — COOTBETCTBYIOIIEE
COOOIIeHNE 3aIKCcaTh B TAOIUILY.

Tabnauya 3. 1. DxcnepumenmanvHuvle u pacuemmuvie OAHHbIE

Ne Kyn Ymax | Ye ‘ t ‘ A
1 1390 CAY He ycroiiunBa
2 1158 97 | 50 \ 24,40 \ 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 ,/
/
N
ks

230 462 694 926 1158 k.

Puc.3.5. I'pagpuk 3as6ucumocmu komniekchozo nokazamens kavecmea CAY
om KoIppuyuenma nepedauu ycunumena-npeoopazoeamens
(3ona neycmoiiuugoit padbomol 3amemHena)
3aoanue
1. Tlo WCXOIHBIM JaHHBIM, B COOTBETCTBUM C BapuaHTOM (Tabi.3.2), MOCTPOUTH AMATPAMMY
YCTOWYMBOCTH CHCTEMBI IO KpUTeputo yctoiunBoctu ['ypeuna (cm. puc.3.3). Onpeaenuts Makx-
CUMaJIbHO BO3MOXHO€ 3Ha4eHHE KOAPPHUIMEHTa Mepeadn yCUIUTEN-IpeoOpa3oBaress U mo/1-
TOTOBUTH TaOJIHILY SKCTIEPUMEHTAIbHBIX JAHHBIX.
2. Hcnonws3ys mpukiIagHyro mporpammy, WHTepdelc KOTOpOoW TpeacTaBlieH Ha puc.3.4,
MIPOBECTHU CEPUIO SKCTIEPUMEHTOB U PE3YNIbTAThl 3aIIUCATh B TAOIHILY.
3. Ilo pe3ynbpTaraM 3KCIIEPUMEHTOB MOCTPOUTH IKCHEPUMEHTANIbHBINA I'paUK 3aBUCUMOCTH H
MIPOBECTHU €r0 aHAIIU3.
Tabnuya 3.2. Ucxoomnwvie oannvie

IlepBas | YVcunumenw | [Jeuecamenv | Bunm.napa | Btopas | /[eueamens | Oop.csa3v
udpa T,, ¢ Ko, pao/cB Hen, MM udpa To, € 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
5 0,009 3,0 14 5 0,025 1,20
6 0,004 4,0 16 6 0,120 0,40
7 0,045 3,6 18 7 0,015 0,60
8 0.050 5,6 20 8 0,040 0,15
9 0.005 4,5 14 9 0,035 0,52

Cooepircanue npomokona

B npotokosne mnpeacraBuTh CTpykTypHyto cxemy CAY, nuarpaMMmy KadecTBa, TaOJIuUIly
HKCMEPUMEHTAIbHO-PACUETHBIX JIaHHBIX, TpagUK 3aBHCHMOCTH KOMIUIEKCHOTO TIOKa3aTels
JMHAMUYECKOTO KayecTBa OT KO3 UIMEHTa INMepefad yCWIMTENsS-NpeoOpazoBaTensi, KOIMIO
uHTepdelica ¢ 3aMIChI0 EPEXOAHON XapaKTEPUCTUKH MPU KaKOM-JTH00 3HaYeHHH K,,. BEIBOIBI.

IIpakTnueckas padora Ne4
Hccnenopanne Tounoctu CAY B pe:xxnMe ABHKEHHUSI 10 TADMOHHYECKOMY 3aKOHY

Iens pabomui: Ilpuodbpemenue npakmuyeckux HA8bIKO8 OYEHKU MOYHOCMU CUCTIEM
aA8MOMAmMuUYecKko20 ynpagieHus npu mecCmuposanu no 2apMOHUYECKOMY 8XOOHOMY CUCHATY.
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Teopemuueckas uacmep

Uccnenyercas CAY 1noBoaoM, CTpyKTypHasl cxema KOTOpOro mnpejcTaBieHa Ha puc.4.1. Buano,
yto CAY oTan4aercss OT pacCMOTPEHHOM B MpaKTHYecKkoil padoTe Ne5S Tem, 4TO YCHIUTEINb-
npeoOpa3oBarenb MpeACcTaBlieH He OE3bIHEPIIMOHHBIM 3BEHOM, a allepUOAMYECKUM | -TO mopsiaka.

X0 0 K ) ()

Yy ) k
Ts+1 (T,s+1)s -

h 4

Y

K  le

oc

Puc.4.1. Cmpykmypnas cxema ucciedyemoit CAY

Jlnst TakoMl CUCTEMBI BaKHBIM M IIEPBOCTENEHHBIM SIBJISIETCSI BOIIPOC ycToWdnMBOCTU. [lo3TOMY
nepesl HayaJloM 3KCIEpHUMEHTAIbHBIX HCCIEAOBaHUNA HEOOXOAMMO OIpPENeINTh MaKCHMajIbHO
JonmycTuMoe 3HaueHue kodd¢uimenta K, mepemadu ycMIMTENs-peoOpa3oBaTess, MOJb3YysICh
dbopmyroit (3.1) ¢ yueToM 3aBUCUMOCTH JJIsi OmpeneieHus: oo0mero xkodpduimenTa nepenadn
OCJIEI0BATENbHO COSTMHEHHEIX 3BeHLeB CAY:

ke =k kk K,

rie Ke, = H/2 7 nepenatounas GyHKius BUHTOBOM mapel (H —ar BUHTOBO# mapsi).

Ilpakmuueckas wacmeo

Jlnst  BeITIOJTHEHHMsST PabOThI MCHOJIB3YeTCs TPUKIAJHAs Tporpamma, HWHTephenc KOTOpou
npenacraBieHsl  Ha puc.4.2. IlpukimagHas nporpamMma  «YCTOWYMBOCTh TOYHOCTH CAVY»
HaxoauTcs Ha Aucke. MHCTpyKIUU W MOSCHEHUs JUisi paboThl ¢ MPOTpaMMON coaepxaTcs B
caMOW MpoTrpaMMe W TOSBISIOTCS Ha SKpaHe MOHHMTOpa Npu Haxkatuu kHomku Help. s
BBITIOJIHEHUSI 3TOM MPaKTUYECKO paboThl, IMOC/e aKTUBHM3AIMM MpPOrpaMMbl Ha TJAaBHOM
uHTepderice T0JDKEeH OBITh BRIOpaH pexuM «lcciienoBanne TOYHOCTIY.

Ha wu3o06paxenun ocummiorpada 3adukcupoBaHa peakuus CAY HOBOJOM cTaHKa, KOTopas
OTBEYaeT MCXOTHOMY rapmMonmdeckomy curHamy 50Sin30t — muams 1. AMmouTyma ¥ gactoTa
BXOJIHOTO CHUTHaja 3aJal0TCsi B COOTBETCTBYIOIIEM OKomike uHTepdeiica. Cynmopt
oTpabaTbIBaeT 3aJaHHBIA 3aKOH JBIKEHHS B COOTBETCTBUU CO CBOUMH JWHAMUYECKUMU
CBOMCTBaMHM M B pe3yJIbTaTe MEPEMELIACTCs MO 3aKOHY, KOTOPBI COOTBETCTBYET JHMHHUH 2, C
omuOKoM, n3o0paxkeHHou uHKUEH 3. Clenyer OTMETUTh, YTO U3MEPEHHS IKCIIEPUMEHTATIbHBIX
3HauUeHUN Ha ocuuuiorpade MOMXKHO BBINOJHATH TOJBKO TMOCIE 3aBEpIICHUS IEPEXOJIHOTO
pexuma paboTsl (cM. puc.4.2).

[Tocne ompeaeneHus: MakCUMAaJIbHO JOMYCTUMOro Koddduimenta K, mepemadd yCHIUTEIs-
npeoOpaszoBarensi, MOArOTOBUTH TAOIHILy SKCIIEPUMEHTAIBHBIX JAaHHBIX, MPUMEP KOTOPOH s
CAY c ucxoaHbIMU JaHHBIMU 1O puc.4.2 mpeactaBieH Huxke. IIpeanonaraercs mpoBeaeHue
TpeX Cepuil IKCIEPUMEHTOB MPHU CIEAYIOUIUX 3HaUCHUAX KOd(h(dUIIMeHTa nepeaayu yCUIUTeNs -
npeobpazosareist: (Kyn)1=0,9(Kyn)max; (Kyn)2=0,6(Kyn)max; (Kyn)3=0,3(Kyn)max.

Tabruya 4. 1. xcnepumenmanvhvle OanHvle

Ng ky p 5)01 / c 5max NQ ky p (f)a' / c 5max NQ ky p Cfg / c 5max
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

Jluana3oH W IIar WU3MEHCHHs YacTOT OIPEACIACTCS ASKCIEPUMEHTAIBHO TaK, 4TOOBI TPH
(Kyn)1=0,9(Kyn)max MakcHManbHOE 3HAUYEHHE OMIMOKKM MPHUXOJUIOCH HA CpEIHEEe 3HAUCHHE
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YacTOThI, a IIar TMO3BOJIAJ IPOJAEMOHCTPUPOBATh TEHICHIIMIO HM3MEHEHHUs OmuOku B 00e
CTOPOHBI OT MaKCUMyMa.

IIpu BbIOOpE AaMIUIUTYABl BXOJHOTO CHUTHala HEOOXOJMMO YYHUTHIBATH BO3MO>KHOCTH
perucCTpalii BCEX CHUTHAJIOB MPH YacTOTE, COOTBETCTBYIOIIEH MAaKCHMYMY OLIHOKH.
Pexomennyercs ycranaBnuatb A=20.

mwccnegosaﬂme YCTOAYMBOCTH M TOUHOCTH NpYBDA,a MPLC

=1ol]

7 Mocneqasatme yoTaiuMEaCTH

(: WceneqoBaHWe TOYHOCTH

Fapmonuseckud sxonnod curnan| NN

NBWIATENE :I

[51]
=]
ﬂ

AMNAMTYAE, M

0l
fn]
4

Yacrora, pag/c

HMcoxonHue naHHue
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Puc.4.2. Humepdgeiic npuxinaonoii npozpammeul 01a ucciedosanus mouynocmu CAY

ITo pe3ynbraTraM SKCIIEpUMEHTOB (CM. Tabm.4.1) mocTpoeHbl rpaduKu 3aBUCUMOCTH OIIHOKH OT
YacTOTHl BXOJHOTO CHTHajla Ui TpeX 3HAYeHWH KOd(pQHUIMEHTa TMepeaaydl yCHIINTEIs-
npeobpazoareins (puc.4.3).

Omax
100 / I\ km:4|17
[ |\~
80 / \

60: = / \ k=278
/4 N N ——
wl_ /1 /N NN

“'--...._____\..___Q

40 80 120 160 @, pao/c

Puc.4.3. I'pagpuku 3xcnepumenmanbHvlx 3a6UcumMocmeii

3aoanue

1. ITo uCXOMHBIM NaHHBIM, B COOTBETCTBUU C BapuaHTOM (Tabn.4.2), paccunTaTh MaKCUMaIbHO
JOMYCTUMBIN KO3 GUIHEHT K, mepenaun yCUIuTeNs-mpeoopa3oBaress, U MOJArOTOBUTH Ta0JH-
Iy SKCIIEPUMEHTAIbHBIX TaHHBIX.

2. Vcnionp3ys NpUKIAIHYIO pOTpamMMmy, HHTepdeiic KoTopoii npeacTaBieH Ha puc.4.2, BEIOpaTh
JIMAMa30H U IIar U3MEHEHUS 4YacTOThI BXOJHOTO curHana. [IpoBecTtu cepuro SKCIEpUMEHTOB (IS
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KaX/I0TO 3HaUCHHs KOd(pPHUIMEHTA [Tepeaun ), 3alUChIBasi Pe3yJbTaThl B TAOIUILY, a 3aTEM
MOCTPOUTH I'Pa(hMKU IKCTIEPUMEHTAIBHBIX 3aBUCHMOCTEH.
Tabnuya 4.2. Hcxoouvle danmble

IlepBas Ko, Bropast | Hoen,

unr(i)pa T € pao/cB To ¢ un(i}))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 npotoxone mpusectu cTpykTypHyto cxeMy CAY, cOOTBETCTBYIOIINE pacueThl KOdPPUIEHTa
nepenaud  ycuiauTens-npeoOpa3oBaTenis, TaONMIy SKCHEPUMEHTANbHBIX JaHHBIX, KOIHIO
uHTepdeiica MNPUKIAAHOW  MOporpamMmbl s Kakoro-iubo  AKCHEpUMEHTa, rpaduxu
JKCIIEPUMEHTAIIBHBIX 3aBUCUMOCTEN. BBIBOIBI.

IIpakTHyeckas padora NeS
OnpeneneHue XapakTepUCTHK JIEKTPOMEXaHHYECKOI0 PUBOJA

He]lb pt150Mbl: Hpuo6pemeﬂue npakmu4eCcKux HaeblKO6 KOMNJ1EeKCHO2O0 UCCNIE00B8AHUSA CUCTNEM U
00bEKMO8 ABMOMAMUYECKO20 ynpaeieHusl.

Teopemuueckasa yacmeo
Ha puc.5.1 npencraBiena 3IeKTpoMeXxaHUYEeCcKasi CUCTeMa — MPUBOJ] BPAILlAIOLIETr0 JBUKEHHUS,
KOTOPBI COCTOUT W3 BJEKTpoABUTareiss | MOCTOSHHOTO TOKa, PEIyKTopa 2 W Harpysku,
HampuMep, MIUHAEs 3.

Puc.5.1. Cxema 3nekmpomexanuuecKkoil cucmemol

ypaBHeHI/IH ABWIKCHUS ABUTATCIIA MOCTOAHHOTO TOKA ITPH HpeHe6pe)KeHI/II/I SABJICHUSAMHA BTOPOTO
nopsitaAKka UMECT BU/:

= | OI&+ M,; (5.1)

dsue odsuz dt

A€ Mosuz, I oeusy £Xeus — MOMEHT JIBUKEHHS, MOMEHT HHEPLUU POTOPA U YII0Basi CKOPOCTh
nBuratens, M1 — MOMEHT Harpy3ku Ha Baiy aApuratess. C Apyroi CTOpOHBI, B COOTBETCTBUHU C
ANEKTPOMEXAHUYECKOW XapaKTEePUCTUKOMN ABUTATENS:
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M Jsue

rie Ko — KO3 QUIUMEHT MPONOPUUOHAIEHOCTH MKy HanpsbkeHrneM U 1 MOMEHTOM JIBUIKCHHS,
Ky — K03 GHUIHEHT HAKIIOHA JIEKTPOMEXaHIMUSCKON XapaKTePUCTHKH.
PenykTop MoXxeT ObITh NpecTaBieH OE3bIHEPIIMOHHBIM 3BEHOM:

Q=0 k (5.3)

dsue ped’!

=kU -k Q,, . (5.2)

deu2?

rie {2; — yriioBas CKOPOCTb BBIXOJHOTO BaJsia peyKTopa, Kyeo — koadduiuenT nepeayn.
B xoHeuHOM uTOre, ypaBHEHUE JBUKECHUS Bajla HArpy3KH:

|‘2—?+m+ﬁj9dt—jgldt +M =0, (5.4)

rae M, |, £2- none3Hslii MOMEHT, MOMEHT HHEPLUH U YIIIOBasi CKOPOCTb Harpy3kH, f3 -

KpYTUJIbHAS )KECTKOCTh, A - KO3 (UIUEHT BA3KOro TpeHus. TakuM oOpa3oM, ypaBHEHUE CBS3H,
KOTOpO€ MOKa3bIBAET, HA YTO PACXOJIyeTCs MOJIe3Has YaCcTh MOMEHTA JABUraTelsl, UMEeT BU:

M, =K., 3 fQdt - [Qdt . (5.5)

I[To mosmy4eHHO MaTeMaTUYeCKON MOIEIH, KOTOPask COCTOUT U3 ypaBHeHwHi (5.1-5.5),
MOCTPOEHA CTPYKTYpPHAsl CXeMa AJIEKTPOMEXaHNYeCcKoU cucteMsl (puc.5.2).

M
o —> S/
U 2
— ko 6125 kped > L >
T2’ +T,s+1
M, A 1/s
kpedﬁ
o1s |«

Puc.5.2. Cmpykmypnasa cxema In1eKmpomexanuieckoi cucmemaol

Ha cxeme ecTh ABa BX0/a: OJMH 1O YIIpaBIIIONIeMy Bo3aecTBrto U, a BTOpoii - o
Bo3mymieHnto M. He cMoTps Ha To, 94TO MO MCXOMHOHU cxeme (cM. puc.5.1) cuctema Kakercs
Pa30MKHYTOM, HA CAMOM JieJie OHa 3aMKHYTa C 0OpaTHBIMHU MIOTOKaMH CUTHAJIOB. [1o
pa3paboTaHHOW MaTEeMaTHYECKOW MOJIEIH 3JIEKTPOMEXaHHYECKOTO TTOBO/Ia MOKHO IMPOBOJANTH
MpeABapUTEIIbHBIC UCCIICIOBAHUS C IIEJIbIO ONPECIICHHS XapaKTePUCTUK, OICHKH KaueCcTBa U
BBIOOPA HEKOTOPBIX €0 mapaMeTpoB. Takol ATan mpeaBapuTeILHOTO IPOSKTHPOBAHKS BCET 1A
JOJI’KEH MPUCYTCTBOBATH MPHU pa3padOTKe CUCTEM U 0OBEKTOB aBTOMATUYECKOTO YIPABICHUS U
SIBJISICTCS] YPE3BBIYAHO BaKHBIM, TaK KaK UMEHHO 371€Ch OMPEIEISIOTCS 00IIHNE HAIIPaBICHUS
yIIOBJIETBOPEHUS TPEOOBAHUAM TEXHUYECKOTO 3a/IaHUs U YIYUIIEHUSI XapaKTEPUCTUK CUCTEMBI.
Hampumep, n3BecTHO, YTO NepeaTOYHOE OTHOIIICHHE PEIYKTOpa CYIIECTBEHHO BIIMSET Ha
JTUHAMUYECKHE XapaKTePUCTUKH JJIEKTPOMEXaHW4Yeckoro mnpuBojaa. OIeHKa MepeXxoIHbIX
XapaKTePUCTUK CHCTEMBI, MPEACTaBICHHON pa3pabOTaHHON MaTeMaTHYeCKOi MOIENbIO, MTPU
pa3HbIX 3HAYEHUSIX KOdGPUIIMEHTA epeayl peyKTopa MO3BOJISET PEIIUTh TaKyIO 3a/1auy.

Ilpakmuueckaa wacmo

Jlns  BBIMOJIHEHHWsT pabOThl MCIOJIB3YETCS NpUKIaaHas IMporpamMMa, HHTepdelc KOoTopoii
npencrasieH  Ha puc.5.3. IlpuknanHas mnporpamma «OJIEKTPOMEXaHMYECKAs CHUCTEMA
HaxOJUTCA Ha JUCKE. fInpoM 3TOM NpOrpaMMBbl CIYKUT COCTaBJICHHAs BBIIIE MaTEMaTHYeCKas
Mojienb. MTHCTpYKIIMU U MOSICHEHUS 17151 pabOThI C TPOrpaMMOI COJIep KaTcsi B CaMO Iporpamme
U TIOSIBJISIIOTCSI HA KpaHe MOHUTOpA MpH HaxaTuu kHonku Help.
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Ha wm3obpaxenun ocmwmiorpada (puc.5.3, a) 3aduKkcHpoBaH MPOLECC W3MEHEHHsS YTIIOBOM
CKOPOCTH Harpy3ku (IMHMS 1) Npu pasroHe W IpuU M3MEHEHUH MOMEHTA IOJIE3HOM Harpys3ku
(MHUSA 2) IO CTYNEHYaTOMY 3aKOHY.

BbInonHAS Takue SKCIEPUMEHTHI MPH Pa3HBIX 3HAYCHUSAX HANPSKEHHsS MUTAHUS JBHUTATENs,
MOJKHO TIOCTPOUTH CTATUYECKHE XapaKTEPUCTHKH 3JIEKTPOMEXaHUYECKOTO MTOBOJIA: 3aBUCHMOCTb
YTJI0BOM CKOPOCTH HAarpy3kH OT IOJIE3HOTO MOMEHTa (puc.5.4, a).

(L1 ven asve xatsex 10 Saex pemen: oatoepebas =1
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Puc.5.3. Humepdgheiic npuknaonoii npozpammel npu 2
onpeodenenuu cmamu4ecKux XapaKmepucmuk (a) u pe- |
3yJIbmamasl MOOEAUPOBAHUS NPU ONPedeleHUU OUHA-
MUYECKO20 Kauecmea:
0)—kp=20,1;6)-kp=203;2 -kp=038
r)
Jlnst ompeneneHrs ONTHUMAIBHOTO TIO0 OBICTPOACUCTBHUIO KOd(duImeHTa mepenayn peaykropa
MIPOBOJUTCS CEPUS IKCIIEPUMEHTOB, MPU KOTOPBIX (PUKCHpYyeTCs MepexoHbIi mpolecc (pa3roH
MPHUBOJIA) MPU BCEX €ro HEM3MEHHBIX MapaMmeTpax, HO JUIsl pa3HbIX 3HaueHui Koddduimenrta
nepeaaun peaykropa (puc.5.3, 6, B, ).
[To pe3ynpTaTam SKCIEPUMEHTOB MOCTPOEHBI IpadUK 3aBUCUMOCTH JIWHAMUYECKOIO KayecTBa,
KOTOpOE oOmpenensercs IO KOMIUIEKCHOMY TMokazatento (cmotpu dopmyny 5.2), ot
ko3 durmenta nepeaaun peaykropa (puc.5.4, 6). Ilpu BBHIMOTHEHUH SKCIEPUMEHTOB JIaHHBIC
yIOOHO TPEACTaBIATh B TaOMWYHOW ¢opMe, a IOTOM CTPOUTh HEOOXOAMMBIA Trpaduk
3aBHUCHUMOCTH KOMILIEKCHOTO Toka3zaTelns A oT ko duilneHTa nepeiadu peaykropa.
Omnpenenenrne HEOOXOOUMBIX JUTs pacueTa 1o gopmyne (3.2) mapameTpoB MOKa3aHO Ha puc.5.3,
6. BuaHo, 4TO ONTHMaNbHOE 3HaueHHe KOod(DdHUIMEeHTa mepeaayu, Mpu KOTopoM A-min,
paBusiercs 0,3. Ilepexomuplii mpoliecc HpU TakoM 3HadeHHH Kod(hduiueHTa nepenadu
peAyKTOpa MpeAcTaBjIeH Ha ocuuuIorpamme puc.5.3, B.
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Puc.5.4. I'pagpuxu IxKcnepumeHmanvHvlX 3a6UCUMOCHENL:
a) — cmamuyecKue XapaKmepucmuKku; 0) — OuHaAMUYecKan XapaKmepucmuKka

3aoanue
1. ITo uCXOOHBIM TaHHBIM, B COOTBETCTBHU C BapuaHTOM (Tabi.S5.1), ompenenuTh CTaTUYecKue
XapaKTEPUCTUKU SJIEKTPOMEXaHHMUECKOTO MOBOJAA JJIsl Pa3HBIX 3HAUCHHUI HAIPSKEHUS MMATAHUS
JBUTATENST W TOCTPOWTH COOTBETCTBYIOIHME rpaduku. (Jlnama3oH W3MEHEHUs HaNpPsDKCHUS
OTIpeIeIIsieT MPETO1aBaTeNb).
2. TlpoBecTu cepHio SKCICPUMEHTOB TI0 MOJICITMPOBAHHIO MEPEXOJTHON XapaKTePUCTHKHU IPU
pasHbIX 3HaueHHSX Kod(puimenta K, mepemaun peayKTOpa, BBIMOJHUTH HEOOXOIMMBIC
M3MEpEHUsI, PACCUYMTATh KOMIUICKCHBIN TMOKa3areinb A W MOCTPOHUTH COOTBETCTBYIOIIUI Tpaduk
JUISL ONIPEICIICHUsI ONITUMAJIBHOTO TI0 OBICTpOIeiicTBHIO K03 durmenTa K.

Tabnuya 5.1 HUcxoowsie oarnbvie

[epBas P Ko K Ky Bropas I yii A

mndpa | xkrm? | Hm/B | Hwmc/pan uudpa KIM? 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

Cooeprcanue npomoxona

B npoTokone mpencTaBUTh CTPYKTYPHYIO CXEMY JJIEKTPOMEXaHMYECKOW CHUCTEMBI, TaOJIUILIbI
AKCIEPUMEHTAJIbHBIX JAHHBIX, COOTBETCTBYIOUINE TpadUKH CTATUYECKUX XaAPAKTEPUCTUK U
rpaduk 3aBUCHUMOCTH KOMIUIEKCHOTO TOKa3aTelsisd IMHAMUYECKOro KadecTBa OT KO3 QHIEeHTa
nepenay peaykTopa, KOMHio UHTepdeiica MPUKIaJHON MPOrpaMMBbl € MEPEXOAHBIM MPOILIECCOM
IpU ONTUMAIBHOM IO OBICTPOACHCTBHIO 3HAUEHUU KOAPUIMEHTa Meperayd peayKTopa.
BriBoagl.

IIpakTHueckas padora Ne6
OmnpenesieHne XapaKTePUCTUK TMAPOMEXaHUYeCKOro NPUBoAa

Ilenw pabomour: [Ipuodbpemenue npakmuueckux HA8bIKO8 KOMNIEKCHO20 UCCTIe008AHUS CUCTEM U
00beKmM0o8 A8MOMAMUYECKO20 YAPAGIeHUsL.

Teopemuueckaa yacmpo

Ha puc.6.1 npencrasieHa ruipoMexaHuuecKas CHCTEMa — IPUBOJ, MIOCTYNATENIBHOTO JIBHKEHUS.
[IpyBO COCTOMUT M3 TMAPABINYECKOTO IUIMHApPA |, IITOK KOTOPOrO CBSI3aH C CYNIOPTOM 2
(Harpy3koil) MeXaHMYECKOM CBSI3bI0 C JKECTKOCThIO c¢. Cymmopr mepeaBuraercs o
HaNpaBJSIOMUM 3, KOTOpPBIE XapaKTepU3yroTcs KO3((UIIMEHTOM BS3KOTO TPEHUsA, a CKOPOCTh
peryaupyercsi TuapaBIndeckuM apocceneM 4. Takum o0pazoM, cucTeMa UMEET YIPaBJISIOLINA
BXO/] (OTKPBITHE X JIpOCCeNsl) M BO3MYILEHHE — CHTY NoJie3Hoi Harpy3ku F. Llenbto ynmpaBneHus
SIBIISIETCS TIEPEMEILISHNE CYITIOPTa ¢ 3alaHHoi ckopocThio dy/dt mo koopauHaTe Y.
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Puc.6.1. I'uopomexanuueckasn cucmema

JIBUKEeHHE CYNIopTa MOXKET ObITh ONKCcaHO U (epeHIIMaTbHBIM YPaBHEHUEM BTOPOTO

MopsAKa:
2

y d

A +/1—y+c(y—y1)=F, (6.1)
dt dt

rae M —Macca cynnopra; A - KoahUIUEHT BA3KOro TPeHHUsI; Y — IepeMelleHne Macchl; F —

MOJIe3HAs Harpy3Ka.

[MuapaBnuyueckuii MIIMHIP C MOJE3HON TIIONIAAbI0 P MopIiHs 10KeH ObITh MpeICTaBIeH

IBYMSI YPaBHEHHSIMH, KOTOPBIE OTBEYAOT KHHEMAaTHUYECKOMY M CHIIOBOMY BO30YXK/ICHUIO.

[TepBoe omuchIBaeT ABMKEHHE N0 pacxoay Q Macia depes3 HUIHH/D:

Y, =] %dt, (6.2)
a BTOpPOC€ — UBMCHCHHUEC OaBJICHUA B IIOJIOCTH:

p__" (6.3)
TP
Pacxox macna yepe3 apoccenb 3aBUCHT OT OTKPBITHS JPOCCETUPYIOLIEH TSN | Iepernaja
aBJICHUS HA HEWU:

m

Q = pikx [P P (6.4)
P

rae 4 — KodpduImeHT pacxoaa yepes JpOCCeNUpyIYIo elb, K — koadduuneHt

MPOMOPUHMOHATBHOCTU MEXAY TIOIAABIO IICTIM U OTKPBITHEM X APOCCEIIA, Po — AABJICHUEC JINHUU

[UTaHus, O — y,[[eJ'ILHBIﬁ BCC Macja.
K maremaTnueckoi MOACIHN HCO6XO,I[I/IMO HpI/I6aBI/ITL YPaBHCHUC CBA3U:

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

[To moJyYeHHOW MaTeMaTHYEeCKOM MOJENH, KOTOpas COCTOMT U3 ypaBHeHuit (6.1-6.5),
MOCTPOCHA CTPYKTYpHas cXeMma THApOMeXaHH4ecKod cuctemsl (puc.6.2). Ha crpykrypHOi
CXeMe €CTh JIBa BX0JIa: OJIUH MO YIPaBJISIONIEMY BO3JIEHCTBHUIO X, @ BTOPOM 1O BO3MYIIIEHUIO F.
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Puc.6.2. Cmpykmypnasa cxema 2u0pomexanuyecKoil cucmemul

v

Hpoccenp Ha BXOJ€ CXEMbl MpPEACTaBI€H JBYMs [EpEJaTOYHBIMU  (PYHKUIUAMU C
JMHEApU30BaHHBIMH KO GHUIIMEHTaMU TTepeaadn Ky, — 1o yrpaBJsiFonieMy BO3ICHCTBHIO X 1 Koy
— 10 nepenany AasieHus. [Ipy MoaenupoBaHun CUCTEMBI C TPUMEHEHUEM YHCIIEHHBIX
AITOPUTMOB MOKHO HCIIOJIb30BaTh MEPBUYHYIO HEITMHEHHYIO 3aBUCHMOCTH (6.4). [TocTosiHHBIC
BpPEMEHH TIepeIaTOuHOM (DYHKIUM HArpy3Ku B cooTBeTcTBHH ¢ (6.1) paBHstorcs: T 12 =m/c, T, =
Alc. 3aech, Kak u Al AIEKTPOMEXaHHMYECKOTO MOBOJA, MOXHO KOHCTAaTHPOBATh 3aMKHYTOCTh

CHUCTEMBI, KOTOpasi, TEM HE MeHee, He siBgeTcs CAY.

Pa3pabotanHas mMaremaruyeckass MoOJEIb IO3BOJISIET HA  JTalne  MNpPeaBAapUTEIHLHOTO
MIPOEKTUPOBAHUS TMPOBOJUTH MCCIEAOBAHUS C IEJbI0 ONpPENCICHUs BIUSHUS TapaMeTpoB
MpUBOJIa HA IUIABHOCTh JBW)KEHMS, OIICHKM KadecTBa YIPABIEHUS U BO3MOXHOCTHU
COMPOTHBIICHHUS BHEIIHEH Harpy3ke U T.1. B 3aBUCMMOCTH OT Ke€1aeMoro auarna3zoHa CKOpoCTei
JBUKEHHST pabovyero opraHa MOXHO MPaBUIBHO BBIOpaTh COOTHOIIEHHE: JaBJI€HHUE MUTAHUS —
FeOMETPUUYECKUE TTapaMeTphbl APOCCEIIs, YTO SBJSAETCS BAXKHOW 3aJauveid, OT pelIeHUs KOTOPOil
OyIyT 3aBHCETh SHEPreTHUECKHE MOKA3aTeNIN MTOBO/IA B LIEJIOM.

Ilpakmuueckasn wacmo

Ha pwuc.6.3 mnpencraBneH wuHTEpdEHC NPUKIATHON TPOrpaMMBbl, KOTOpas MOACIHUPYET
THAPOMEXaHUYEeCKyl0 cucrteMy. Ilpuknagnas mporpamma «[ HapoMexaHWUYecKas CHCTEMay
HaxoJIUTCA Ha JUCKe. SIIpoM 3TOW MporpamMMmbl SBISETCS MPEJACTaBICHHAs BBIINIC HETHMHEHHAS
MareMaThdeckas MoJellb, KOTOpas YYHTHIBACT HEJIMHEHHYI0 3aBUCHUMOCTH (6.4) Kpome
HEJTMHEHHOCTEH, OMMMCAaHHBIX B TeopeTndeckoil yactu. KoaphumeHTs MOJeIN pacCUYuTaHbl IS
CIIEQYIOINX HCXOAHBbIX AaHHbIX: #0.9, 900 Kr/M°. NHCTpyKIIMK M TOSICHEHUS ISl pabOTHI C
MpOrpaMMOM COAEpIKATCSd B CaMOM IporpaMme W TMOSBISAIOTCS Ha SKpaHE MOHHUTOpa NpH

Ha)katuu KHotku Help.
L=

WCX0NHBE NAHHHIE
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Puc.6.3. Humepcgheiic npuknaonoii npozpammul Mooeaupoeanus
2UOPOMEXAHUYECKOU CUCH EeMbl

Ha n3o6paxenun ocummiorpada (puc.6.3) cKopocTb ABIKEHHS pabodyero opraHa o0o3Ha4YeHA
TuHUEH 1, CKOpOCTh JBMXKEHUS INTOKA THUAPABIMYECKOTO IMIIMHApA — JUHUEH 2, a JUHUS 3
COOTBETCTBYET BHEIIHEH Harpy3ke — cujle, KOTopas NpHUKIaIbIBaeTcs K pabouemy Oprasy.
3adukcupoBaH IMKI YOpPABICHHS, COCTOSIIMHA M3 CJIEIYIONIMX 93TaloB: JBWKEHUE BIIEBO
(oTpunaTenbHas CKOPOCTh) K JICBOMY YIIOPY, IBM)KCHHE BIPABO J0 OKOHYAHUS TEPEXOHOTO
mporiecca ¥ MOTOM BHE3AITHOE MPHUIIOKEHNE CHIIBI HATPY3KH, IBHKEHHUE K TIPAaBOMY YIIOPY.
AHanM3 oCHMIUIOrPaMMBbl TIOKA3bIBAET, YTO NPU M3MEHEHUH HAIPABJICHUS JBIKCHHUS B CHCTEME
MIPOUCXOTUT TEPEXOJHBIA TPOIECC, KOTOPBIA COMPOBOXKAACTCS 3aTyXaIOUIMMHU KOJICOaHHUSIMHU,
KaKk CKOpOCTH palOouero opraHa, Tak M CKOPOCTH INTOKAa THAPABIMYECKOTO NWIMHAPA, a
W3MEHEHHE CWJIBI Harpy3ka, KpoMe TIepeXOJHOTO IPOIecca, BBI3BIBAET YMEHBIICHHE
(akTH4YecKO CKOpOCTH JBHXKEHUS pabouero oprana (BemuuuHa d/ Ha ocmuiorpamme). [lpu
YBEIIMYCHUU CHJIBI CBEPX OIpPENEIIEHHOW BEIMYMHBI MOKET MPOM30WTH JBIDKEHHE B
MIPOTHBOIIOJIOKHOM OT JKEJIAeMOTO HAIIPABICHUH, TO €CTh MAcJIO OyJeT BHITECHATHCS M3 TIOJIOCTH
THJIPABINIECKOTO IMIHHIPA.

BeIMoONHAS Takue SKCHEPUMEHTHI TPH Pa3HBIX 3HAYEHUSX CHIIBI COMPOTHBIICHUS, MOXKHO
MOCTPOUTHh KaK JUHAMHYECKHE XapaKTEPUCTUKU 3aBHCHMOCTHU IEPEPETyTHPOBAHHS, 3aTyXaHHS
3a MEepPHUOJ OT IMAPaMETPOB CUCTEMBI, KOTOPBIE M3MEHSFOTCS, TAK M CTATUIECKUE XapaKTEPUCTUKA
3aBHCUMOCTH CKOPOCTH JBMKEHUS OT CHJIBI TIOJIE3HOH HArpy3ku (puc.6.4).

V, m/c
0,8

0,6

0,4

0,2

0

0 2 4 6 8 10 12 4 P, kH
-0,2

-0,4

Puc.6.4. Cmamuueckasn 3a6ucumocmes CKOPOCmMU 0BUNHCEHUS OM NOJIE3HOU HAZPY3KU

3aoanue
1. ITo MCXOOHBIM JaHHBIM, B COOTBETCTBHM C BapuaHTOM (Ta0i.6.1), ompeneuTh CTaTHYECKHE
XapaKTePUCTHKH THAPOMEXaHUYECKOr0 MPHUBOJA (3aBUCUMOCTb CKOPOCTH padodvero opraHa oT
CHJIBI TTOJIC3HOM HArpy3KH) JUIsSl pa3HbIX 3HAYCHUH JIaBJICHUS MMUTAHHS THAPABINYCCKON CHCTEMBI
U TIOCTPOHUTH COOTBETCTBYIOLIHMK rpaduk. ([[nama3on u3MEHEHUsS NaBJICHUS ONPEIEIISET MPETo-
JaBaTeb).
2. Onpenenuts AMHAMHYECKHE TOKa3aTeNd TUAPOMEXAaHMYECKOTO MPHBOJA: OTHOCHUTEIHHOE
MepeperynmpoBaHue U 3aTyXaHue 3a MEePHO.

Tabnuya 6.1 Hcxoouvle dannble

[MepBas k, Po , P, Bropas c, A, m,
uuppa MM MIla cm? mudpa H/Mm Kr/c KT
0 0.50 1.0 80 0 1800 1750 5
1 0.25 15 100 1 5000 2000 10
2 0.08 2.0 120 2 2500 1250 15
3 0.12 2.5 140 3 2000 1360 20
4 0.35 1.0 160 4 3250 2500 25
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5 0.45 1.5 180 5 1250 1500 30
6 0.30 3.0 200 6 4500 1800 35
7 0.20 3.5 80 7 5250 1450 40
8 0.40 4.0 150 8 3500 1300 45
9 0.14 4.5 170 9 4000 1600 20

Cooepircanue npomokona

B nporokosie mnpenacTaBuTh CTPYKTYPHYHO CXEMY HCCIEAYEMOM CHUCTEMBl C HMCXOIAHBIMH
JAHHBIMHU, TaOJIMLBI SKCIEPUMEHTAJIBHBIX JaHHBIX, T'paUKU CTaTMUECKUX XapaKTEPHUCTUK,
JUHAMHAYECKHE TI0Ka3aTely KadecTBa IEPEXOAHOM XapaKTEPUCTUKH THIPOMEXAaHUYECKOIO

IIPUBO/JIA.

IIpakTnueckas padora Ne7

Onpenesienue xapakrepuctuk CAY npoaobHoi mogayei npu To4eHUn

l[eﬂb pa60l’l’lbl.' Hpuo6pemelme npakmu4yeCcKux HaeblK06 KOMNJIEKCHO2O UCCNIE00B8AHUSL CUCMEM U

00bEKMO8 ABMOMAMUYECKO20 ynpaejieHusl.

Teopem uueckasa uacmo

Haubonee pacripoctpaneHHbIl B MeTaioo0padoTke Tum 3aMKHYTHIX CAY — 310 CAY,
MpeIHa3HaYeHHBIE IS aBTOMAaTHYECKOTO PETYIHMPOBAHUS MIPOIIecca pe3aHus 3apaHee
YCTAaHOBJICHHBIM O6p330M. Takne cucTeMbl MOT'YT IIPUMCEHATHCA KaK 1A CTa6I/I.]'H/ISaHI/II/I
3aIaHHBIX BBIXOAHBIX MAapaMETPOB MMPoLIecca p€3aHusd, TaK U IJId UX U3MCHCHUS B IIUKIIC

00paboTKH 1O ompeaesieHHOMY anroputMy. Hambosee 1ienecoo6pa3Ho UCTIOIB30BaHUE TAKUX
CHCTEM Ha 3aKJIFOYUTENbHBIX, ((MHUIIHBIX OMEpalriX TEXHOJIOTUYECKOTO Mpoliecca.
[Ipn mexanudeckoil 00pabOTKE pe3aHWeM TOYHOCTh OOpabOTKH, B OCHOBHOM, OTIPEICISETCS
yapyruMu JaedopManusMi TEXHOJIOTHUECKON CHUCTEMBbI, KOTOPbIE, B CBOIO OYEpE/b, 3aBUCAT OT
cuibl pe3anus. [loaTomy cucrema aBTOMaTHYeCKOW CTaOWIM3allMU CUIJIBI PE3aHUs Ha 3apaHee
3aJJaHHOM YpOBHE WJIM MPOrPAMMHOTO PEryJIUPOBaHUS €€ M0 33JaHHOMY 3aKOHY MO3BOJISIET O~
BBICUTh TOYHOCTh 00OpaOOTKH 1 3HAUUTENIBHO YIYUIIUTh KAYECTBO MOBEPXHOCTHU JeTaJCHl.
CAY crabwim3anuu CUibl pe3aHus npu To4eHuH (puc.7.1) CMOHTHpOBaHA Ha TOKAPHOM CTAHKE
U COCTOWT U3 MPHUBOJA MOJAYu ¥ U3MEPUTENIBHOTO YCTpolcTBa. M3mMepurenbHas Lenb peaan3o-
BaHa C MOMOIIBI0 AMHaMoMeTpuueckoro npeoOpaszosatens HAII, xotopslii uepe3 ycuwiurenb Y
obOecnieunBaeT curHai oopatHoi cBA3U Uy, IpONOPIUOHATIBHBINA cocTaBistomnieit P, cuibl pe3a-
nus. [IpuBon momauum cocrout u3z ycunurens-npeodpazoBarens YII, nBurarens mocTossHHOTO

toka /[ u pegykropa P.
U, U Us Wy
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Puc.7.1. @yukyuonanvuan cxema CAY cmadunusayuu cunvt peanus

npu moienuu

CAY ¢dyHkmoHupyer cieayromum oopazoM. Ha BXoJ cucTeMbl, K CpaBHUBAIOLIEMY YCTPOMA-
CTBY noctynaet cursan U,, KOTOpbI COOTBETCTBYET TpeOyeMOMY 3HAUEHHUIO CUJIbI PE3aHHUs B
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ompeneneHHoM MaciTabe. Ha BTOpoli BX01 CpaBHUBAIOIIETO YCTpoiicTBa mocTynaeT curHan U,
BbIpabaTeIBaeMblil TuHaMoMeTprueckuM npeoopazoBatenem Il u yeunurenem Y. Takum obOpa-
30M HanpspkeHne Uy MPONopIHOHAIBHO PEeaIbHOMY 3HAYE€HUIO critbl pe3anus. Ommbka U=U,—
Woe moctymaet Ha BxoJ ycunurtens-npeoopaszonateins YII, KOTopblil BeIpaOaThIBaeT HAMPSDKEHHE
U, nutanua asurarens . Jsurarens [, uepe3 peaykrop P onpenenser BenuuHy npoaobHON
[I01aYH TaK, YTOOBI CBECTU OLINOKY K MUHUMYMY.

Kak ynpaBnsemsiii 00bekT B CAY Bxoaut npouecc pezanus IIP, xotopblii mpoucxoaur B 3a-
MKHYTOM TEXHOJIOrH4ecKOoi 0OpadaThIBatoOIIEe CUCTEME.

Martematuueckas mojenb CAY COCTOUT U3 MAaTEMaTHYECKUX MOJEIEH 3JIEMEHTOB, COCTABIISIO-
[IUX CHUCTEMY. YCHIUTENIb-TIpeoOpa3oBaTeslb ONHChIBaeTcs aAupepeHIuaTIbHbIM YpaBHEHUEM
IIEPBOTO MOPSJIKA,

T%+

yn

U,=k,8, (7.1)

HO €r0 XapaKTepHUCTUKA HEJIMHEWHAs TUMa “‘HaChl-
mienust” (puc. 5.34):

U=k, ecm M <dU;

Puc. 7.2. Xapaxmepucmuka ycunu- U,=U_,, ecmu oUz2 5UO;
mensa-npeoopazasamensn
e Kyn, Tyn — K03 HUIIHEHT yCHUITEHUS M TIOCTOSHHAS BPEMEHHU YCHIHTES-IPEOOpa3oBaTeIs;
Umax — HanpsDKEHUE HACHITIICHUSI.
JIBuTaTens MOCTOSIHHOTO TOKa OMUCHIBACTCS AU PepeHITHATBHBIM YPAaBHCHHEM BTOPOTO TTOPSI/I-
Ka:

2
[} [}

R 72
rae Ko, To, Ty - KOO PHUIIUEHT TIepeaayn, IIOCTOSHHBIE BPEMEHH (DJIEKTPOMArHUTHAS M MEXaHU -
YyecKast) JBUTATEIS.

PeyKTop, TEH30METPUYECKHM JUHAMOMETD U DJIEKTPOHHBIA YCHIMTEIb OMUCHIBAKOTCS JTHHEN -
HBIMHU YPaBHEHHUSIMHU, KOTOPBIE COOTBETCTBYIOT O€3bIHEPLIMOHHBIM 3BEHBAM € KOO PHUIUECHTAME
nepenaun: Ky, Kon, Ky.

DkBuBaseHTHbIE ypyrue cucteMbl (Y C) 10 COOTBETCTBYIOIIMM 0CAM KOOPAUHAT MOI'YT ObITH
IpeACTaBIeHbI U PepeHIHaIbHEIME YPABHEHUIMHI BTOPOTO HOPSIIKA, KaK Ul 0JHOMACCOBBIX

CUCTEM: )
ds¢  dgx
Px = m—d'[z—'l'/l—t'l' Cx&;
d’sy dd 5 (7.3)
P=m +A +c, ¥,
y dt? dat
rje M —wmacca cynnopTa; A - K03 UIHUEHT BA3KOro TpeHHs! (CUIa TPEHHsI MPOIOPLHUOHAIbHA
CKOpOCTI/I); Cx, Cy — JKCCTKOCTH I10 COOTBCTCTByTOH_Ieﬁ KOOpAUHATE.
Hpouecc pe3aHuAa IIP Mmoxer 6LITL MMpEACTaBJICH YPABHCHUCM, CBA3BIBAOIIIUM (I)aKTI/I‘{eCKI/Ie BC-
JMYUHBI OJauu Sy U rimyOunsl Hy pe3anus ¢ cocrapistomeit P; cuiibl pe3aHust:
= xp G YP\/ np (7.4)
P,=C,HSFV™,
rne Cp, Xp, Yp, Np — dSMIHMpHUEcKue KOI(PUIMEHT U MOKa3aTean cTeneHH, V — CKOPOCTb pe3aHHsl.
Biok FC BBINIOJIHACT OIl€pallhu B COOTBETCTBUHU C TCOMETPUICCKUMU COOTHOIICHUAMU MEKIAY
COCTaBJIAIOIIUMUA CUJIBI PE3aHUA:
(0.6P)°
P = P _P.19(p4p) (7.5)
y 2 Xy q) 77
1+t9° (@ +n)

rac ¢@— TJIaBHBII YroJi B IJIaH€ pe31a, 77 — yroJ ¢xoJa CTPYKKHU.
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C y4eTroMm mpuBeIEHHBIX BbIIIE YpaBHEHUH (7.1-7.5) u cBsA3el GyHKIMOHATIBHON CXEMBI 110 PUC.
5.30, maTemaTHueckyto Mozienb Bceil CAY Hafo JONONIHUTH CIEAYIOIIMMHU 3aBUCUMOCTSIMU:

oJU=U -U,;

nga)dkp;d

J s_0; (7.6)
v dt

H, =H, -,

Uoc’:[)yk()n .ky;

Takum o0pazoMm, crabwin3anus CHIBI pe3aHusi Ha TpeOyeMOM YpOBHE, KOTOPBIH B
OTpeJIeIEHHOM Maciutabe oTBevyaeT 3aJaHHOMY HanpsbkeHuto U, Ha Bxone CAY, mpoucxoaut
[0 CYET YOpaBJICHUS MpOAOJIbHONM moxaded. [Ipm TodeHMM neranu, NPUIYCK KOTOPOU
U3MEHSIETCS, PEryJupOBaHHUE I[OJAaYu JOJDKHO MPOUCXOAMTH TaK, YTOOBl CHUJIa pPE3aHUs
ocTaBaJlach IOCTOSIHHOM Ha Bcell JuinHe 00paboTku. Ho kadectBo paGotel CAY nemukom
3aBHCUT OT €ro MapaMeTpoB, a TAaKKe OT IapaMeTPOB TEXHOJIOTMYECKOW oOpalaThIBaromien
cucrembl (TOC) rae umeHHo U peanusyercs nporecc ToueHus. [losTomy BakHeiel 3anaueit
P TPOEKTUPOBAHUU CHUCTEMbl SIBIISIETCS TPAaBUJIBHBIA BHIOOp €€ MapaMeTpoB, a Ipu
JKCIUTyaTallud — OLIEHKA KadecTBa B 3aBUCHUMOCTH OT napamerpoB TOC, KoTopble B JaHHOM
cllydae SIBJISIFOTCS BO3MYILIEHUSMHU.

Ilpakmuueckas uacmep

Ha puc. 7.3, a npexacraieH uHTEepdElic MPUKIAAHOW TPOrpaMMbl B KOHIIE MOJEITUPOBAHUS
mporecca CTaOMIM3aIMK CHJIBI PE3aHMsl IPU TOYCHHH CIEIUAIBHO MOATOTOBICHHOW JeTallu ¢
HEPaBHOMEPHBIM IPHITYCKOM, KOTOPYIO MOXXHO YBHJIIETh Ha SKpaHE B Hadayie MOJCITHPOBAHUS
(puc.7.3, 6). Ilpuxmamnas nporpamma «CAY crabwimM3anuy CUJIbl pPEe3aHus» HaxXOJIUTCS Ha
TIACKE.

SImpoM 3TOM MpOTrpaMMBbI CITYXKHUT TPEACTaBICHHAs BBIIIE HETMHEWHAs MaTeMaTHUECKasi MO/JIEIb,
a UHCTPYKIMU U TOSICHEHUs Ul Pa0OTHI C IIPOTPaMMOid COAEPIKATCS B CaMOM MPOTrpaMMe U T10-
SIBIISIEOTCSL HA DKpaHe MOHUTOpA NP HakaThuu KHOMKH Help B moste rmaBHoro nnTepdeiica. [Ipo-
[[ECC pe3aHMsi OTBEUYACT CICAYIONIMM MapaMeTpaM: Ko3()dUIIMEHT 1 moKa3aTen CTeNEeHH CUIIO-
Boi 3aBucumoctu C,=3000, x,=0.9, y,=0.75, n=-0,1.

[TomydeHHBIE XapaKTEPUCTUKUA W3MEHEHHS TPOJIOJILHOW IMOJa4d W COCTaBJsIomed P; cuiibl
pe3aHusi TIO3BOJISIFOT HAWTH W OIICHUTh BCE HEOOXOJMMBIC IMapaMeTpbl KavyecTBa: TOYHOCTh
peryaupoBaHus, ObICTPOICHCTBUE, CKIIOHHOCTh K KOJICOAHUSM H T.II.

Ha ocuumnorpade untepdeiica (puc.7.3, a) 3apuKCupoBaH mpoiiecc peryiupoBanus (muHus 1 —
cocrapisipomasi P, cuiel pe3anus, nuHuMS 2 — mpojoJibHas mojaava S). Ilockosibky mporiecce
HAYMHACTCS C MOMEHTA TOJBEICHHS pe3lla K 3aroTOBKE, TO 3/€Ch IM0jaya JOCTUTACT CBOCH
MaKCUMAaJIbHO JIOMYCTUMOW (TI0 XapaKTepUCTHKAaM IPHUBOJA) BEIMUYMHBI. Jlanmee MmpoucXoIuT
ABTOMATHYECKOE PEryJIMPOBAHUE C LENBbI CTAOMIIM3AlMU CWIbI PE3aHUs — TPU YBEIHUCHHUH
CHJIBI TI0JJa4a YMEHBIIAETCS, IPU YMEHBIIICHUH - YBETUIHUBACTCS.

AHanu3 Tmpolecca peryaupoBaHUS MOXXHO TPOBECTH IO YBENUYEHHBIM (hparMeHTam
ocriorpamMel (puc.7.3, B). CtaOunm3aius BHIMOIHIETCS MO MEPEXOJHON XapaKTepUCTUKE C
napameTrpamu: Bpems {, mepexogHoro mpoiiecca, MaKCUMallbHas BeTUYUHA Prax cocTaBmstomeit
CWJIBI pe3aHus U C HEKOTOpoil ommobkoi #. [lo 3TuM mapameTrpaM MOXHO OIIEHHTh KayeCTBO
CAY.
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Puc.7.3. Moodenuposanue CAY cmadunuzayuu cuivt pe3anus npu movyeHuu:
a) — 2naeuwvlit unmepdpeiic, 6) — HauaIbHOE NOTI0IHCEHUE, 8) — OUEHKA KaYecmea

3aoanue

1. ITo ucXoMHBIM JJAHHBIM, B COOTBETCTBUH C BapuaHTOM (Tabm.7.1), mpoBecTH MOJCIUPOBAHUE C
LIEJIBIO OMPENIENICHNs] Ka4ecTBa MepexoaHou xapakrepuctuku CAY mo KOMIUJIEKCHOMY TMOKa3a-
Temto (cMoTpu Gopmyay (5.2)) u TouHocTH 10 omoOke B oT cienyromux napametrpoB CAY:

1) oT K03 GUIIHEHTA TTepeaadn peayKTopa;

2) OT eCTKOCTH Cx ympyroit TOC;

3 0T K03 dUIIMEHTA TTepeaaun YCHIUTEIsI OOpaTHON CBSI3H.
Ilpumeuanue:

- nuamna3oH u3MeHnenus kectkoctu (H/mMm) 18000 < cx $50000;
- IMana3oH BapbHpOBaHus K0IQGHUIIMEHTa YCHIUTeNs 00paTtHoii cBsizu 5 < Ky 55;
- IMana3oH U3MEHeHus Koddduiinenta nepeaadn peaykropa (mm/pan) 0,2 < ky, <0,05.
2. BeiOupas mar m3MeHeHHs 331aHHOTO MapaMeTpa, IPOBECTH IKCIICPUMEHTHI Ha BCEM JTHAIa3o-
HE €ro M3MEHEHUS, ONpPEIeIIUTh HEOOXOMUMbIC (CM. BBIIIC) TUHAMHUYCCKHE XapaKTEPUCTUKU H
3amucarh pe3yybTaThl B COOTBETCTBYIONINE TAOIHIIBI.
3. Tloctpouth rpaduku SKCIEPUMEHTAIBHBIX 33aBUCUMOCTEH KOMILICKCHOTO IOKa3aTems
KayecTBa M OMIMOKM OT yKa3aHHBIX Bbilie mapametrpoB CAY. OmnpenenuTh IMHAMUYECKUE
noka3zates CAY: OTHOCUTEIIBHOE TIEpEPeryJIMPOBaHUE U 3aTYXaHUE 3a MIEPHO/I.
Buumanue! TIockonbKy MCXOJIHBIC JTaHHBIC 33JAOTCS CIIy4allHO, HE WCKIIIOYACTCS CHUTYyalus,
korna CAY okaspIBacTCs HEYCTOWYMBOM, TO €CTh COBCEM HE TPUTOJIHON K PYHKIITHOHUPOBAHHIO.
CooOmieHust 00 3TOM, B TaKOM Clly4ae, IOSBISICTCS Ha OKpPaHE MOHHTOpa BO BpeMs
MOJIeTUpOBaHus. PeKkoMeHmauu Ui pelieHus Takoi mpoOaeMbl — JICHCTBOBATh B CIICIYIOLICH
MOCJIEIOBATEILHOCTH
1) wu3MeHsATH mapaMeTp, B GYHKIIMHA KOTOPOTO aHATU3UpPyeTCsl AuHamudeckoe kadectBo CAY B
nMamna3oHe, yka3aHHOM B 3aJ[aHHH;
2) ecnu B pe3yabTaTe BBINONHEHHS 1.1 He ymaeTcs obecnednTh mocTossHecTBO CAY, yMeHbIAaTh
koa¢uimeHT nepeaayn npsmoro kanaiga CAY 3a cueT yMeHbleHUs Kod(pduirenta ycuneHus
TPaH3UCTOPHOTO (TUPUCTOPHOTO) TpeoOpazoBarens. [lomydeHHBIH TakuM 00pa3oM HOBBIHA KO-
3G GUIUEHT 3aHECTH B UCXOIHBIE JAHHBIE C COOTBETCTBYIOIIUM KOMMEHTapHUEM.

Tabauya 7.1. — HUcxoonvie Oannvie
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53 § 3 2 8 © e = = 2 K S = &
= == B > Z E |l O>| Bl 2 = aa] kyn kﬂB Ta,c| Tu, ©
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

Cooepocanue npomokona

B npotoxosne npeacTaBuTh CTPYKTYpHYIO cxemy nccinenyeMod CAY ¢ HCXOAHBIMY JTaHHBIMU,
KOIHUIO nHTEpdeiica mpu MOAECTUPOBAHNH, TAOIHIIBI SKCTIEPUMEHTAIbHBIX JAHHBIX, T'paduKu
COOTBETCTBYIOIIMX 3aBUCUMOCTEN. BBIBOIBI.

IIpakTuyeckas padora Ne§
HccaenoBanue BJUMSIHUA acTaTu3Ma Ha KayecTBo CAY

Ilenwv pabomui: [Ipuodopemenue npakmuyeckux HA8bIKO8 IKCNEPUMEHMATILHO20 ONpedeneHUs
napamempog I1H-pecynsamopa.

Teopemuueckasa yacmeo

Uccnenyrorest nse CAY: ucxonHas cucteMa ¢ acTaTU3MOM IEPBOTO MOPsJIKa, MpeoOpa3oBaHHAs
(c I[IU-perynsTopoM) — CUCTEMa C acTaTU3MOM BTOpOro mopsiaka. M3BeCTHO, YTO AJS OLEHKU
TOYHOCTH aCTaTUYECKUX CHCTEM BTOPOTO MOPSAKA MCIOJB3YeTCs YIpaBIIsiollee BO3ICHCTBUE B
BUJIE CUTHaJa C MOCTOSIHHBIM YCKOpeHueM. Ilpu takoM pexume paboThl acTaTHUecKas CUCTeMa
BTOPOTO MOPSIIKA UMEET OMHMOKY, 0 BEIUYUHE KOTOPOW MOKHO MPOBOJIUTH OLIEHKY KayecTBa
CAY wu mporecca peryndpoBaHus. YcTaHoOBuBIIascs omuOka actatuueckoir CAY mnepBoro
MOPSIJIKA B 9TOM CiIydae OyJeT CTPEMUTHCS K OECKOHEYHOCTH.

Ilpakmuueckas wacmep

Ha pwuc.8.1 mnpencraBmeH wuHTepdelc NPHKIAAHONW MPOrpaMMbl, C TIOMOIIBI KOTOPOM
BBITIOJIHSAIOTCS JKCIIEpUMEHTaNbHbIe ucchneaoBanus. [Iporpamma «IIM perynstop» Haxoautcs
Ha gucke. WHCTpyKIuMM W TMOSICHEHHS Aisi paboThl ¢ MporpaMMoi cojaepikKarcs B camou
porpaMMe U MOSIBIIAIOTCS Ha SKpaHe MOHUTOPA MPH HaxkaTuu KHoTku Help.

[Tocne akrtuBu3anuu npukiagHoil nporpaMmbel «CAY ¢ IIM-perynstopom», KOTOpasi HaXOIUT-
csl Ha JTUCKE, Ha TJIaBHOM UHTepdelice 3a1at0Tcs UCXOHbIE JaHHbIE B COOTBETCTBUH C BapHaH-
TOM (cMOTpHU Tabnuiy 8.2).

[Ipu uccnenoBanum BIUSIHUS MOCTOSIHHOM Bpemenu [IM-perynsitopa Ha KauecTBO peryaupoBa-
HUSI YCTAaHOBHUTH CTATUYECKUM PEXUM U MPOBECTU CEPUI0 AKCIIEPUMEHTOB JIA OLICHKU KOM-
TUIEKCHOTO KpUTepHs 4 KauecTBa, B COOTBETCTBUU ¢ popmyioil (5.2). MU3mepeHue 3kcrepuMeH-
TaJbHBIX JaHHBIX, HEOOXOJAUMBIX JJISi PACUYETOB, MPOBOJUTCS MO ocHIorpaMMaM. [Ipu sTom
JUISI UCXOJTHOM CUCTEMBbI KOMILJIEKCHBIM KpUTEpHUl A paccuuThiBaeTcs oauH pa3, a s CAY c
[MN-perynsTopoM — s BCEro BEIOPAHHOTO JUana3oHa U3MEHEHHUs TOCTOSTHHOW BpEMEHH T .
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JlnanazoH M3MEHEHHs MMOCTOSIHHOM T, BpeMeHU ompeaensercs OT 3HaueHus, mpu kotopom CAY
CTAaHOBHUTCS HEYCTOWYMBOM, B CTOPOHY yBEIMYCHHS. DKCIICPUMEHTAIBHBIC JAHHBIC 3alMCHIBAIOT
B Ta0JIMILy, IPUMEP KOTOPO MPEICTABICH HUXKE.

Tabauya 8. 1. Dxcnepumenmanvhvie u pacuemHuvle OAHHbIE

N | T ¢ CraTudeckuil pexum JIBMIK. ¢ IOCT YCKOPEHUEM
] v amax, 2pad | b, ¢ A Sat, 2pad

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 HEYCTOWUYNBA

3ateM BHIOMpAeTCs 3aKOH JIBMKEHMS C TIOCTOSIHHBIM ycKopeHueM (2 pam/c?). Ha puc.8.1 Ha
n300paxeHnu ocuusuiorpadoB auHUEH 1 0003HaUeH 3aKOH JBWKEHUS, KOTOPBIN 3a/1aeTcs, a JIu-

HUel 2 — pakTHYeCKuii 3aKOH ABMKEHUSI, BOCTIPOM3BOIUMBIA PAaO0OYNUM OpraHOM.
M e
Wenowas cucToms C 0 NW-pecgamropos Cuavems o fl-parymaropon

= ~
Ly Moo senonanue pansnug scTaTuoma ha kasecton CAY

Ocupanorpad

Ooyunnocpod

Bponm, ¢

6)

Puc.8.1. Hccneoosanue enuanus nocmoanunou epemenu ITH-pezynamopa
Ha mounocmb CAY

[Ipy BBINOJIHEHUH SKCIEPUMEHTOB OIPENENIAETCs] 3aBUCUMOCTh YCTAHOBUBIIECHCS OIIMOKU uepes
1 ¢ mocne Hayana nepexoJHOro mpoiecca oT noctostHHOM T, Bpemenu IIM-perymsropa. Peko-
MEH/1yeTCsl HauMHaTh SKCHEPUMEHThl ¢ MaKCUMaJIbHOM BEJIMYMHBI MOCTOSIHHOM Bpemenu I1M-
peryasTopa, a 3aTeM IMOCTENEeHHO, COTJacHO BhIOpaHHOMY mIary (cM. Tabu.6.1), ymeHbIIaTh ee
710 BEJIMYUHBI, P KOTOPOM CHCTEMA TEPSAET YCTONUNBOCTD.

Ha puc.8.1, a npexncraBieH untepdeiic NpuKiIagHON IporpaMMbl IMpU MOJICIUPOBAHUM MCXO/-
HOM cucrtemsl (cieBa) u cuctemsl ¢ [TH-perynsaTopom, KOTOpBIH UMEET MOCTOSHHYIO BpPEMEHH
0,7 c. OmmbKa HCXOHOM CHCTEMBI, KOTOpas yCTaHOBHMJIACh yepes 1 ¢, pasHsiercs 13,4°, a omu6-
Kxa cucteMsl ¢ [TU-perynaropom — 8,1°. Kpome Toro, MoenupoBaHue mo3BoseT yoeauThes, YTo
JUISL UICXOJTHOM CUCTEMBI OIIMOKA C TEYCHHEM BpPEMEHHU yBelIW4yHMBaeTcs, To ecTh Takas CAY He
ciocoOHa paboTaTh B 3alaHHOM pexume padoTel. [IpeodpasoBannas CAY Oyner nomiepKuBaThb
MIOCTOSIHHOE 3Hau€HHe ycTaHOBHBIIEHCS omnOku. ['padmku sKCIepUMEHTAIBHBIX 3aBUCUMOCTEH
OLIMOKH, KOTOpasi yCTaHOBMJIAch uepe3 lc, U KOMIUIEKCHOro Kputepus kadectBa A ot T,, mo-
CTPOEHHBIE 10 M3JI0KEHHOW METOAMKE, MpeicTaBiieHbl Ha puc.8.2. Tam ke, uid cpaBHEHuS,
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NPSIMOH JIMHUEH, MapajuIeIbHOM OCH a0CLUCC, MOKa3aHO 3HAYeHNE KOMIUIEKCHOTO KPUTEPHS IS
HCXOJIHOU CUCTEMBI.

Sap 2pao

\\/5"
\

6 \.Z
4 j
2 (F'—’:/ 1

0
0 00001 02 03 04 005 0 0/ Tuc

Puc.8.2. 3aeucumocmo ycmanosusuieiica ouuoku (uepes Ic) u kpumepus A
om nocmosannoiu epemenu ITH-pezynamopa

YMeHblIeHHEe MOCTOSTHHOM BpeMeHH [IM-perynstopa IOJNOXKWTENBHO BIMAET HAa TOYHOCTh
CUCTEMBI, HO TOCJIE€ HEKOTOpPON BEIWYMHBI NMOCTOSIHHOM Bpemenu [IM-perymsaropa cucrema
TepsieT YCTOMYHUBOCTD, TO €CTh CTAHOBHUTCS HE CIOCOOHOM K (DYHKIIMOHUPOBAHUIO. Takou ciydai
3adukcupoBaH Ha puc.8.1, 6, koraa nmocrosiHHas BpeMenu T, < 0, 1c.

3aoanue
B cooTtBercTBHM ¢ BapuaHTOM (Tab11.8.2) MpoBECTH CIASAYIOMINE UCCIEIOBAHUS.
1. VYcraHOBHTH 3KCHEPUMEHTAIHPHO MHHHMAJIbHOE 3HA4YCHHE TOCTOSHHOW Bpemenu [1H-
perynstopa, npu kotopoid CAY Tepsaer ycToMunBocTh. OnpenenuTsh AMana3oH U mar i3MeHEHUs
MIOCTOSIHHOM BpeMeHH T, ¥ MOATOTOBUTH TaOIHILy SKCIIEPUMEHTAIbHBIX U PACUETHBIX JaHHBIX.
2. IlpoBecTH 3KCIEPUMEHTHI IPU CTATHYECKOM pEKUME pabOThl U PACCUUTATh KOMIUIEKCHBIN
kputepuit kauectBa CAY ¢ [I1-perynstopom.
3. Yoenuthcs B ycTpaHeHHH cKopocTHOH ommOku st CAY ¢ [TU-perynsTopom.
4. TIpoBecTH SKCIEPUMEHTHI MPH JIBKEHUHU C MOCTOSHHBIM YCKOPEHHEM U ONPEAeNUTh TOY-
HOCTb PEeryJIMpOBaHHUSL.
5. O6paboTtath pe3yabTaThl AKCHEPUMEHTATIbHBIX MCCIEI0BAHUNA U MOCTPOUTH COOTBETCTBYIO-
nue rpaduky.

Tabnuya 8.2. Hcxoouvle dannble

[leppast | Ycuurens-npeodpasosatens | Bropas | JlBurarens

mdpa Ky Ty C uudpa | ks, pao/cB | Ty, c
0 10 0,012 0 0,5 0,08
1 15 0,025 1 1,0 0,09
2 7 0,030 2 15 0,11
3 8 0,003 3 2,0 0,14
4 9 0,006 4 0,8 0,10
5 12 0,004 5 0,9 0,12
6 13 0,005 6 1,2 0,07
7 14 0,056 7 1,3 0,06
8 16 0,037 8 0,7 0,05
9 18 0,045 9 0,6 0,15

Cooeporcanue npomoxona
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B nporokone mnpencraButh CTpyKTypHble cxeMbl ucxonHoit CAY wu cucremsr c IIU-
PeryasTopoM, HMCXOJIHBIE JaHHBIE, KOMUI0 HHTepdelica g Kakoro-imbo pexuma padoThl,
TaONMIy OSKCIEPUMEHTANBHBIX W pPAaCUYETHBIX [JaHHBIX; TpauKU HKCHEPUMEHTAIBHBIX
3aBUCUMOCTEH. BBIBOABIL.

Kpurtepuu ouenku:

- OIICHKA «3a4TE€HO» BBICTABIISIETCS CTYACHTY, €CJIM MPABWIHLHO 0()OPMIICHBI OT-
YeTHBIC TaOJIMIIEI.

- OIIEHKA «HE 3aYTEHOY» BBICTABJISETCS CTYJICHTY, €CIIU HEMPABUIBHO 0()OPMIICHBI
OTYETHEIE TaOIUIIEL.

TecToBBIC 3a1aHUA:

1. U3 xakux 6510k0B coctout CAY?
- 00bEKTa yrpaBJeHUs U peryiaropa
- IPUBO/Ia M0/1a4 U MEPBUYHBIX TpeoOpazoBareeit
- 3aJ[aTYMKa YIPaBJICHHUS U CPABHUBAIOIIIETO JIEMEHTA
- IpHUBO/Jia I'NTaBHOT'O ABHUXXCHUA U KOpO6KI/I nepeaayd

2. YTO NOHUMAIOT TOJT YIPABIAEMBIM 00OBEKTOM?
- POLIECC PE3aHUs NN IIPUBOJIHBIE MEXAHU3MBbI
- mepeHIo 620Ky cTaHKa
- 3a1HIOI0 0a0Ky CTaHKa
- CTAHUHY CTaHKa

3. Kakue BHemHue critbl (BO3MYIIEHHS ) MEIAIOT JOCTHKEHUIO YIPaBISIEMON
neiun?

- HAIIPSDKCHUEC ITUTAHUSA SJICKTPOABUTATEIISA U BHEIIHAA CUJIa COITPOTUBIICHUSA

- pacxoa Macjia 1 TEXHOJIOTMYECKasd Harpy3ka B THApaBJIMYCCKUX HUIHHApPax

- KOJ'Ie6aHI/I5[, nepcaaBacMbIC UCPC3 (bYH,I[aMCHT OT PAAOM CTOAININX CTAHKOB

- TEMIIEpaTypa NOMEIICHUA

4. Kakue OCHOBHbIE TPUHIIUIIBI YIIPABICHUA?
- 110 BOBMYIICHHUIO U 110 INOTPpCIIHOCTH
- 1o nepeaade HHPOpMaIHu
- 110 YIIpaBJICHUIO MOMCHTOM
- 110 YIIPAaBJICHUIO CUJIAMU PE3aHUA

5. Kakoil npuHIMI 3aJI0KEH B 3aMKHYTOW CUCTEME yIpaBIeHUs ?
- IPUHLIUI 0OpaTHOM CBSI3U
- IPUHIOUII BHCIIHETO BOS,Z[eI\/'ICTBI/IH
- IPpUHIOUAIL OTKJIOHEHHI OT 3aJJaHHBIX 3HaAUCHUIN
- IPUHLIUI OBICTPOTO pearupoBaHuUs

6.Uemy paBHa cTaTHYeCKasi MOTPENTHOCTD B actratndeckux CAY mpu mocTosiH-
HOM BxoaHOM curHaine: X(t) = x,u W (0) — o0 ?

- 0,,, =0
43



300. Kakas cTpykTypHasi cxema ruJiponpuBoia OyJaeT COOTBETCTBOBATh €ro
NPUHUUITHAIBHON cxeMe?

ey
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I s+1

301. KakoMy 3BeHY COOTBETCTBYET MAaTEMAaTUYECKOE OTMCAHUE COSTUHEHUS
30JI0THUKA C TUJPABINYECKUM IMIHHIpOM? CTPYKTYpHAsi CXeMa COeTUHEHUS
npeJcTaBiIeHa Ha cxeme. Mcmonbp3yeMble 00o3HadeHus: K; — koadummeHT 3a-
BHCHMOCTH Pacxo/ia MOTOKa Macja OT OTKPBITHUS Iesiel 30J0THuka F — mio-
1a/1b TIOPIITHS TUAPABIMYECKOTO IUIUHAPA 15 — TOCTOSTHHASI BPEMEHH 30J10T-

HHKa.
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I s+
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- pealIbHOMY UHTETPUPYIOIIEMY 3BEHY
- muddepeHInpYoIeMy 3BeHY

- UHEPIIMOHHOMY 3BEHY

- KoNiebaTeIpHOMY 3BEHY.
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302. Kakas cTpykTypHasi cxema THUIPONPHUBO/IA C )KECTKOW 0OpaTHON CBSI3bIO

OyZeT COOTBETCTBOBATH €r0 MPUHUUIIMATBHON cXeMe, TPUBEACHHONW HA PUCYH-
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303. Kakas cTpykTypHasi cxeMa ruJjpornpuBoia ¢ THOKOM 0OpaTHOM CBSA3BIO
OyJieT COOTBETCTBOBATh €r0 MPUHIIMITUATIBLHON CXeMe, TPUBEICHHOM Ha PUCYH -
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IIpouenypa oneHuBanus
YCTHBIN OMPOC W/WIH KOMITBIOTEPHOE TECTUPOBAHKE 0 SK3aMEHAIIMOHHOMY
owety (0aHKY TECTOBBIX 3aJIaHHI)

Kpurtepuu ouenku:

- OIICHKA «OTJIMYHOY» BBICTABIIACTCS CTYJCHTY, €CIM OH JIajl MOJIHBIE U HCUep-
MIBIBAIOIIE OTBETHI HA BOIIPOCKHI OMJICTA;

- OIICHKA «XOPOIII0» BBICTABJISACTCS CTYACHTY, €CJIM OH IIPH OTBETE HA BOIPO-
Chl OmiieTa pa3o0pajscsi B CyTH BOIIPOCOB, HO €r0 OTBET ObLI HE MOJIHBIM;

- OLIEHKa «yJIOBJIETBOPUTEIHHOY» BBICTABISACTCS CTYACHTY, €CIH OH B IEJIOM
OPUEHTUPYETCS B TEMATHKE BOIPOCOB, HO €r0 OTBETHI OBLIM HEYBCPECHHBIMHU U HE
TIOJTHBIMH, TIPY 3TOM CTYACHT HE YETKO OTBEYAJ HA JOIOJTHUTEIIbHBIC BOITPOCHI;

- OIIEHKa «HEY/JOBJICTBOPUTEIHHO)» BBICTABISETCS CTYJCHTY, €CJIH OH HE CMOT
OTBETHTh Ha BOIIPOCHI OMJIETA, a TaK K€ HE OTBETHJI HM HA OJWH JOMOJHUTEITHLHBINA

BOTIPOC.

MeTOIII/I‘leCKI/Ie PEKOMECHIANHUH 110 H3YYCHUIO NTHUCITUIIJIUHBI

TGOQI/IH ABTOMATHUYECCKOI'O VIIDABJICHWSA

Monayns 1 OCHOBHBIE TOHATHS TEOPUH ABTOMATHYECKOTO YIIPABICHUS
Monayns 1 [IpakTyeckoe 3austue 1
HccnenoBanue BIMSHUS TAPAMETPOB LIEHTPOOESIKHOTO PEryasTopa
CKOPOCTH Ha MPOIECC PETYITUPOBAHUSL.
Monayns 1 [IpakTnueckoe 3anstue 2
OrnpeneneHre 4aCTOTHBIX XapaKTEPUCTHUK 110 aHAJIU3Y BXOJIHOTO U
BBIXOJIHOTO CUT'HAJIa BO BPEMEHHU.
Monyns 2 KauecTBeHHBIN U KOJMYECTBEHHBII aHAIN3 CUCTEM aBTOMATHYECKOTO
YIPABJICHHUS.
Moy 2 [IpakTyeckoe 3ausTue 3
Uccnenosanue ycroitunBoctu CAY no kputeputo ['ypBuna.
Monynb 2 [IpakTuueckoe 3anstue 4
UccnenoBanue Tounoctu CAY B pexuMe JBUKEHUS 110 TApMOHUYE-
CKOMY 3aKOHY.
Monyns 2 IIpaktueckoe 3austue 5
OrnpezeneHne XapakTEPUCTUK IEKTPOMEXAHUUECKOTO IPUBO/IA.
Monyns 2 [IpakTuueckoe 3anstue 6
OrnpezneneHre XapakTEPUCTUK THAPOMEXAHUYECKOTO TPUBO/IA.
Mogyns 3 CuHTEe3 U aHaIM3 CUCTEM aBTOMATUYECKOTO YIIPABIICHUS.
Monyis 3 IIpakTrueckoe 3ansatue 7
Onpenenenue xapakrtepucTuk CAY npoobHON oJaden mpu Toue-
HUU.
Monyis 3 [IpakTnueckoe 3anarue 8
UccnenoBanue actatuzma Ha kauectBo CAY.
Monyvas 1

Tema. OCHOBHBIE TOHATHS TEOPUU ABTOMATUYECKOT'O YIIPABIICHMUS.

ﬂe.]'lb H 3a1a9y N3VIYCHUSA,
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Henab — noiayyeHne TEOPETUUECKUX 3HAHMI MO OCHOBHBIM OCHOBOIIOJAraro-
IIUM TMOHATUSAM B TEOPUH aBTOMATHYECKOTO YIPABICHHS TEXHOJOTHYECKUMHU MPO-
L[ECCAMHU.

3agaun:

1. O3HaKOMUTBCS C OCHOBHBIMH TEPMUHAMHU U ONPEJIEICHUSIMU TEOPUU aBTO-
MaTHUYECKOTO yNPaBICHUS.

2. Ilony4yeHue NpakTUUYECKUX HABBIKOB MOCTPOCHUS YaCTOTHBIX XapaKTepH-
CTHK Ha IpUMepe paboThl PErysiTopa CKOPOCTH.

MN3y4yuB JaHHBIA MO1YJIb, CTYJEHT J0JIKEH:

UMeTh NpeacTaBJIeHre O BO3MOXXHOM BHUPTYaIbHOM MOJIETMPOBAHUM PAOOTHI
TEXHUUYECKOr0 YCTPOMCTBA M TOIy4YE€HUE HEOOXOAMMBIX €ro XapaKTEePUCTHK JUIs
HanOoJiee ONTUMAIBHOTO MPOEKTUPOBAHUSI.

3HATBh METOJIbl U CPEJICTBA T€OMETPUUYECKOr0 MOJCIHPOBAHUS TEXHUUYECKHUX
00BEKTOB; METOJ0JIOTMYECKHUE OCHOBBI (PYHKIMOHUPOBAHUS, MOJEITUPOBAHUS U
CUHTE3a CUCTEM aBTOMATUYECKOI'O yNpaBlIeHUs; OCHOBHbIE MeTo/bl aHaiu3a CAY
BO BPEMEHHOW M 4YaCTOTHOM 00JacTsX, cnocoosl cuHTeza CAY.

yMeTb CTPOUTh MaTeMaTHYeCKHEe MOJENN OOBEKTOB YIPABICHUS U CUCTEM
aBTOMATHUYECKOTO YIpaBJieHus; MpoBoauTh aHanu3 CAY, olleHUBaTh CTaTUCTHYE-
CKH€ M JMHAMHYECKHE XapaKTEPUCTHKH; BBITIOJHATH aHAIU3 TEXHOJOTUYECKHUX
IPOIECCOB Kak OOBEKTOB aBTOMATHU3AIUHU U YIIPABICHUS.

BJaJeTh HaBbIKaMU O(QOPMIIEHHSI POEKTHOW U KOHCTPYKTOPCKON JOKYMEH-
Taluu B cooTBeTcTBUU ¢ TpeboBanusmu ECKJ]I; HaBbIkaMM NpUMEHEHUs dJIEMEH-
TOB aHaJIM3a 3TAINOB )KU3HEHHOT'O IIUKJIAa MPOIYKIIMU U YIPABICHUSI UMHU.

Ilpu oceoenuu memovt HeOOX00UMO:
¢ W3Y4YMThb y4eOHBbI MaTepHaJl.
® BBINOJHUTH NPAKTHYECKHe 3aaHUsl 110 TeMe.

Monyasn 2.
Tema. KauecTBEHHEIN U KOJMUECTBEHHBIN aHAIN3 CUCTEM aBTOMATUUECKOTO

yIpaBIECHUS.

Iesapb 1 3a1a4M U3yYEeHUS.

Heab — O3HaKOMIIEHHE U OBJIaJICHHE METOAUKAMH Kau€CTBEHHOM U KOJINYe-
CTBEHHOW OLIEHKU CUCTEM aBTOMATUUYECKOTO yIpaBICHUSI.

3anaum:

1. N3ydeHune pa3nuuHbIX MOAXOJ0B U METOJUK pacueTa KaYeCTBEHHOU U KO-
nuyecTBeHHOU ouieHku CAY.

2. IMomyyeHune MpakTUIECKUX HABBIKOB C TIOMOIIIBIO BBHITIOJIHCHHSI TIPAKTHYC-
CKHX 3aJlaHUM ISl 3aKPEIUIeHUs] M3yYEHHOr 0 MaTepuasa.

HN3y4uB JaHHBIN MOIYJIb, CTYACHT J0JI5KEH:

HMeTh MpeacTaBJIeHHe O BO3MOXKHBIX CII0CO0ax pacuera KOJIUYECTBEHHOU U
KayeCcTBEHHOM olleHKH CAY.

3HATH TCHJICHIIMU PAa3BUTHS KOMIIbIOTEPHOU rpaduku, ee poiib U 3HAUYCHUE B
MHXXEHEPHBIX CUCTEMAaX M MPUKIAIHBIX MPOTpaMmax; THUIIOBbIEC MAKEThl MPUKIIAL-
HBIX MPOrpaMM aHajdu3a JIMHAMUYECKHX CHUCTEM; KMHEMAaTHYECKYIO0 CTPYKTYpy M
KOMIIOHOBKY CTaHKOB, CUCTEMBI yIPABJICHUS UMH.
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yMeTb PAacCUUTHIBATh OCHOBHBIE KauecTBeHHbIE mokazarenu CAY, Bwimol-
HATH: aHAJIN3 €€ YCTOMUMBOCTH, CUHTE3 PEryjsiTopa; pa3padaTbiBaTh aITOPUTMBI
LHEHTPAJIM30BAHHOTO KOHTPOJISI KOOPAMHAT TEXHOJOTMYECKOr0 OOBEKTa; COCTaB-
JSATh CTPYKTYPHBIE CXEMbI, UX MaTEMaTUUYECKUE MOJEIN KaK OOBEKTOB yIpaBiie-
HUS, UCIIOJB30BaTh OCHOBHBIC METOJbl MOCTPOCHUS MaTEMaTHYECKUX MOJenen
MPOLIECCOB, CUCTEM, UX AIIEMEHTOB U CUCTEM YIIpaBJICHUS.

BJIQ/1eTh: HABBIKAMU MOCTPOEHUSI CUCTEM aBTOMATHUYECKOI'O YIPABICHUS CH-
CTEMaMH U TIpoIllecCaMU; HaBbIKAMHU HaJaJKU, HACTPOWKH, PETYIUPOBKH, OOCIY-
KUBAHUS TEXHUYECKUX CPEJICTB U CUCTEM yIIPaBJICHUS.

Ilpu oceoenuu memot HeOOXO0UMO:
¢ M3YYUTHh y4eOHBbIIl MaTepuas;
¢ BBLINOJHUTH MPAKTUHYECKHUE 3aJaHUS M0 TeMe.

MonyJus 3.
Tema. CunTe3 1 aHAIN3 CUCTEM aBTOMATUYECKOTO YIPABJICHHUS.

eap u 32124y U3yYeHUS.

eab — M3ydyeHue 1 0CBOCHUE BO3MOKHOCTH MPOBE/ICHUSI CUHTE3a U aHAJIN3a
CHCTEM aBTOMATHUUYECKOTO YIPABJICHUS.

3amaum:

1. I3yuuTh MeTOAUKY NMPOBEAEHUS CUHTE3a U aHanu3a CAY.

2. Tlony4yeHue mpakTUUECKHUX HABBIKOB C TIOMOIIBIO BUPTYAIBHOTO IKCIIEPH -
MEHTa POBOAUTH cUHTE3 U aHan3 CAY.

HN3yuynB 1aHHBIA MOYJIb, CTYACHT JOJI2KEH:

HMETh NMPeACTABJIEHHE O TAKUX KJIIOUYEBBIX MOHSATUIX B TEOPUM YNPABICHUS
Kak cuHTe3 U aHanu3 CAY.

3HATh O0IIMe TPpeOOBaHUS K aBTOMATH3UPOBAHHBIM CHCTEMaM MPOEKTHUPOBA-
HUSI; OCHOBBI TEXHOJIOTHYECKOTO PETYIUPOBAHUS; CPEACTBA ISl KOHTPOJIS, UCIIbI-
TaHWH, TUArHOCTUKH M aIAalITUBHOTO YIIPABJICHUS 000PYy10BaHUEM.

YMeTb PacCUMTHIBATH OJHOKOHTYPHBIE U MHOTOKOHTYpPHBIE CHCTEMBI aBTOMA-
TUYECKOTO PETYJMPOBAHUSI MPUMEHUTEIBHO K KOHKPETHOMY TE€XHOJOTHYECKOMY
00BeKTy; paboTaTh C KaKUM-TUOO W3 OCHOBHBIX THIOB MPOTPAMMHBIX CHCTEM,
MpEeAHA3HAYCHHBIX IS MATEMAaTHYECKOIO W HMHUTAIMOHHOTO MOZECIUPOBAHUS
Mathcad, Matlab.

BJIa/IeTh. HABBHIKAMH aHAlM3a TEXHOJIOTMYECKUX TMPOIECCOB KakK OO0BEKTa
yopaBieHUsS W BbIOOpa (YHKIIMOHAIBHBIX CXEM WX aBTOMATH3allMH; HaBBIKAMU
odopMIIeHUS PE3yTBTATOB UCCIICIOBAHUN U IPUHSATHUS PEIICHUIA.

Ilpu oceoenuu memot Heo6x00umo:
® H3y4YHUTh y4eOHBIH MaTepua;
¢ BBINOJHUTH NPAKTHYECKHE PAOOTHI.
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10. O0pa3oBaTe/ibHbIE TEXHOJIOTHMH U METOAUYECKHE YKA3AHUS 110 OCBOCHHIO
AUCUMILVIUHBI (Y4e0HOI 0 Kypca)

B mporiecce n3ydeHus TUCIUTIIMHBI UCIIOIB3YETCSI METOJ] AUCTAHIIMOHHOTO
oOy4eHusl.

[Tpu mOATOTOBKE K OTBETaM Ha TECTHI IO TeMaM Kypca U BBITIOJHEHHUIO TH-
MOBBIX 3aJaHUH CTYACHTY HEOOXOIMMO TIIATEIHHO W3YYUTh MpEJIaraeMyto JINTE-
paTypy, HOpMaTHBHBIC PABOBHIC aKThI, YICOHBI MaTEpHAIL.

CTyneHT caMOCTOSITEIbHO paboTaeT C JOMOJHUTEIBHON U OCHOBHOM JHTe-
paTypoi, HOpMaTHBHBIMH aKTaMU, HHTEPHET-PECYPCAMH.

[Tpy W3ydeHWH AUCIMIUIMHBI HEOOXOJIUMO HM3YYHUTh MaTEpPHaIbl TEM, BbI-
MOJIHUTh COOTBETCTBYIOMINE TECTHI. [Ipn HEOOXO0MMMOCTH 3a71aTh BOMPOCHI MIPETIO-
JaBaTelnio B hopyme.

[Tocie n3yueHus Kypca BIMIOJIHUTH UTOTOBBIH TECT.

Pa3mecTuTh Ha JTMYHOW CTPAaHMIIC Kypca BBIMOJHEHHBIC 3aaHUs JUIS MPO-
BEPKH MPETIOIaBATEIICM.
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11. YueGHo-MeTOaMUYECKOE U MH(OPMAIUOHHOE OOecTieYeHne JUCIH-
IVIMHBI (Y4eOHOro Kypca)

11.1. Obs13aTes1bHAs JINTEPATypa

bubnuorpaduyeckoe onucanue Tun (yuebnuk, yuebHoe | KonnuectBo
Ne nocobue, yaeoHo- B Oulmo-
n/m METOJIMYECKOE MOCO- TEKE
oue, MPaKTUKYM,
ayJiio-, BUJE0- T0CO-
oust u z1p.)
ABTOMaTHYECKOE YIPABICHUE MPOIIECCAMU
MexaHHqGCKogI 06};agon<n [D5eKTpOHHBII 3EC
ecypc] : yueonuk / C. M. bparas [u ap.]. - "
. i/IOZEBgl :YSWOBCKI/HZ yqe6§m< : I/[IHCIE)P]A- yHeOHHK CZON'\,/DI:!\IIUM.
M, 2017. - 228 c. - ISBN 978-5-9558-
0514-6.
Eropos A. . BBeaeHnue B T€OpHIo yrpas-
JICHUS CHUCTEMaMH C pacCIpee/iCHHBIMU
napaMmerpamMu [DIeKTpoHHBIN pecypc]
2 yue6. mocodue / A. W. Eropos, JI. H. 3na- yaeHOe TocoGHe SEC "ams"
MeHckasi. - Cankt-IletepOypr : Jlans,
2017. - 292 c. : un. - (Y4eOHUKHU IS BY-
30B. CnenuaneHas nuteparypa). - ISBN

978-5-8114-2554-9.

11.2. JlonoJiHMTEIbHAS JIUTEPATYPA U YUueOHbIe MaTepHuaJIbl (ayauo0-,
BH/1€0NIOCOOUS U JIP.)

Ne /it bubnuorpaduueckoe onvcanue Tun (yuebnuk, yue6Hoe no- | KonudectBo B
cobwue, yaeOHO- OonbamoTeke
METOIUYECKOe Mocodue,
MPAKTHKYM, ayJ10-, BU-
JIe0TI0CO0us 1 Ap.)
1 | Bepeuna JI. U. Konctpykiuu u Hanau- VYueGHOE TocoOue 9BbC
Ka TOKapHBIX CTAHKOB [DJIEKTPOHHBII "ZNANIUM.
pecypc] : yue6. nmocobue / JI. U. Bepe- coM"
nHa, M. M. KpacHoB ; mox oOmi. pe.
JI. . Bepeunoii. - Mocksa : UHOPA-
M, 2017. - 480 c.
COI''TACOBAHO
JupexTop HaydyHOI OMOINOTEKH A.M. AcaeBa
(noonucyv) (U.0. Pamunusa)

«

» 20 T

MII
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11.3. Ilepeuennb pecypcoB HHGPOPMANUOHHO-TEJEKOMMYHUKALMOHHOM
cetn "UnTepuer"

Elibrary[ OnexTpoHHBIil pecypc] : HaydHast aneKTpoHHas oubnmoreka. — Mocksa : HOB,

2000— . — Pexxum nocryma : elibrary.ru. — 3ari. ¢ akpana. — SI3. pyc., aHrI.
SpringerLink[Dnextponnsiii pecype] : [0a3a manubix]|. — Switzerland: SpringerNature,
1842— . — Pexxum noctyna : link.springer.com. — 3ari. ¢ 3kpaHa. — f13. aHrIL.

ScienceDirect[ DiekTpoHHBIN pecypc]

KOJUICKIUA OJICKTPOHHBIX KHUI' H3OaTCJIb-

crBa Elsevier. — Netherlands: Elsevier, 2018— . — Pexwum goctymna : sciencedirect.com. —

3ari. ¢ ’kpana. — S3. aHri.

11.4. TlepeyeHb NPOrpaMMHOr0 odecrnedeHn st

Ne HaumenoBanue 11O KounuyecTBo | PexkBu3MTHI 10r0BOpa (1aTa,

n/n JIMLICH3UH HOMep, CPOK JAeHCTBUA)

1 Windows 1398 Horosop Ne 690 ot 19.05.2015r.,
CPOK JIeHCTBHS - OECCPOUHO

2 Office Standart 1398 Horosop Ne 690 ot 19.05.2015r.,
CpOK JieiicTBus - beccpouno; [loro-
Bop Ne 727 ot 20.07.2016r., cpok
JICUCTBHS - OECCPOUHO

3 Kowmmac 3D 250 Horoeop Ne 652/2014 ot 07.07.2014
beccpounas

4 MathCAD 15 Axt /m ot 21.07.09 (Toc. Kontpakr

487 ot 28.05.09) beccpounas
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11.5. Onmucanue MaTepuaJIbHO-TEXHUYECKON 0a3bl, HEOOXOAUMOM A1
OCyIIeCTBJIeHHSI 00PA30BaTEJIBLHOI0 NMPOLECCa MO JMCHUILIUHE (MOYJII0)

n/n

HanmenoBanue o6opy-
AOBAHHBIX y4eOHbIX Ka-
OuHeToOB, J1a0opaTopmii,
MACTePCKUX U ApP. 00b-
€KTOB /JI1 NPOBeIeHHs
NPaKTHYeCKHUX M J1a0o-
PATOPHBIX 3aHATHI

Ilepeyenb 0CHOB-
HOT'0 000py/aA0Ba-
HUS

dakTuueckuii aa-
pec yueOHbIX KaOu-
HETOB, J1a00paTo-
pHii, MACTEPCKUX H

Ap.

Iaomans, m>

KoauuecTBo
MOCATOYHBIX MECT
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