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Pabouas nporpamma coctasiena Ha ocHoBaHur OI'OC BITO/®I'OC BO u yuebnoro
TJIaHa HaMpaBJICHUS OATOTOBKH (crneruaibHocT)  15.03.05 KOHCTPYKTOPCKO-
TEXHOJIOTUYECKOe 00ecTieueHne MaITHHOCTPOUTENbHBIX IPOU3BOJICTB

(KOO u HauMeHO8aHUe HANPABIeHUs NOO20MOBKY, cheyuarbHocmu 8 coomeememesuu ¢ @TOC BO)

PeunensupoBanue padoueii mporpaMMbl JUCUMILIUHbI:

OtcyTcTBYET

VYyebnas (pabouast) mporpamma ojgo0OpeHa Ha 3aceaHuu Kadeapbl OTMII
(mpotoxon 3acenanust Ne 1 ot «31 » asrycra 2018 r.).

Penienzent
(OondrcHocmb, yuernoe 36anue, cmenenb) (noonucs) (U.0. @amunus)
« _» 20 1.
Cpoxk aeiicTBusi pado4eil NpOorpaMMbl JUCHHUILIMHBI 10 « » 20 T.

Cpox oeticmsus ymeepoicoennou PII]: ons npoepamm bakanaspos — 4 2oda, 01 npozpamm
mazucmpog — 2 2004, 0isi NPOSPaAMM CREYUATUCTIO8 — 5 Jiem.

Nudopmanus 06 akryanu3annu padoye NporpaMmMbl JMCHHILIHHbI:

ITpoTokomn 3acenanus kapenpsl No 0T « » 20 T

[Iporokoin 3acenanus kageapbl No 0T «_ » 20 1.

[Iporokoin 3acenanus kageapbl No 0T «_ » 20 1.

ITpoTokomn 3acenanus kagenpsl No 0T «_ » 20 T
YTBEPX/AIO

3aBenyromuii kadeapoir «OO0pYI0BaHKE U TEXHOJIOTUH MAITUHOCTPOUTEIHHOTO
IIPOU3BOJICTBAY

(8vinyckarowell HanpagieHue (CneyuaibHOCb))

« » 20 T H.1O. JlornuoB




AHHOTAIIUA
AUCHHUILINHBI (Y4eOHOr0 Kypca)
b1.B.JIB.06.01 Teopusi aBTOMaTH4Y€CKOIr0 YIIpaBJIeHUs

(MHAEKC ¥ HAaMMEHOBaHUE AUCUMILUIMHBI (y4eOHOTO Kypca))
1. He.]'lb 1 3aJa494 U3y4YCHUA TUCHUIIIMHBI (yqeﬁnoro Kypca)

[lens — ocBOeHME OONIUX MPUHIIUIIOB U CPEJCTB, HEOOXOIUMBIX JJIs yIpaBie-
HUS TUHAMHYECKIMU CHUCTEMaMH Pa3INIHON (PU3NYECKON MPUPOIBI TPUMEHUTEITHHO
K IPOU3BOJICTBEHHBIM U TEXHOJIOTUYECKUM MPOLIECCAM.

3agaun:

1. 3yueHnne oOITUX TPUHITAIIOB U TCHACHITUN Pa3BUTHUS CUCTEM YIIPABIICHUS.

2. 3yuenune COBpEeMEHHBIX TEXHHUECKUX CPEICTB YIIPABICHUS.

3. M3ydyenue u 0CBOEHHE METOMIOB Pa3pabOTKH MAaTeMAaTHUYECKUX MOJENICH OT-
JIETLHBIX MOJICUCTEM U UX KOMITBIOTEPHON TPOrpaMMHOM peanu3aiuu

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

Hannas qucuuiuiiHa (y4eOHbIM Kypc) oTHOcUTCs K bnoky 1 «lucuuminHbl
(Momynu)» (BapuaTUBHAS 4acTh).

JucuuniauHel, ydeOHble KypChl, HA OCBOCHHMU KOTOPBIX Oa3zupyercs JaHHas
nucruiuinHa (yueOHbIl Kypce) — Boicias mateMatuka, OCHOBBI TEXHOJIOTHU Malllu-
HOocTpoeHus, MeTtamiopexymue ctanku, OcHoBel CAIIP.

JucuuniauHel, y4eOHble KypChl, A1 KOTOPbIX HEOOXOAUMBI 3HAHUS, YMEHUS,
HaBbIKHU, MIPHOOpETaeMble B pe3yibTaTe M3yUYEHHUs AAHHON TUCHUIUIMHBI (Y4eOHOro
Kypca) — ABTOMaTHU3UPOBAHHOE MPOEKTUPOBAHUE TEXHOJOIMYECKUX MPOLIECCOB,
TexHOI0rus MalluHOCTPOEHUS.

3. Ilnanupyemble pe3yJabTaThl 00yUeHHs MO JUCHUIINHE (Y4eOHOMY KYp-
Cy), COOTHECEHHbIE C IVIAHMPYEMBbIMHU pe3y/JabTAaTAMU OCBOCHUs 00pa3oBaTe/Ib-
HOH NMPOrpamMmsl

dopmupyemble H Ilnanupyembie pe3yabTaThl 00y4YeHUSs
KOHTPOJIMpYyeMble
KOMIIETEHIIUH

CIIOCOOHOCTh  BBITIOJ- | 3HATH:

HATH pabOTHI IO JWa- | - METOAOJOTHYECKHE OCHOBBI (DYHKITMOHMPOBAHUS, MOJC-
THOCTUKE  COCTOSIHHS | JINPOBAHUS W CHHTE3a CUCTEM aBTOMATHYECKOTO yIIpaBJie-
nuHaMukn  oObekToB | HUA (CAY);

MAaIIMHOCTPOUTEIBHBIX | - OCHOBHBIE MeToAbl aHanmm3a CAY Bo BpeMeHHOW U 4Ya-
MIPOM3BOJICTB C HMCIIOJIb- | CTOTHOM 00JacTsX, criocoosl cuaTe3a CAY;

30BaHHEM  HEOOXOMHM- | - TUTIOBBIE IMAKEThl MPUKIAAHBIX TPOTpaMM aHAJIM3a JUHA-
MBIX METOJIOB U | MUYECKUX CHCTEM;

cpenctB ananm3a (IIK- | - kuHEeMaTWyecKyr0 CTPYKTYpy M KOMIIOHOBKY CTaHKOB,
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CHUCTCMbI YIIPABJIICHUA UMU;
- CpcacCTtBa I KOHTPOJIA, I/ICHI)ITaHI/If/'I, AUAarHoCTUKHU H
AJJalITUBHOI'O YIIPABJICHUA O60py,Z[OBaHI/IeM.

YMeTh:

- BBINOJIHATh AHAJIM3 TEXHOJOTHYECKHX ITPOIECCOB Kak
00BEKTOB aBTOMATH3AIIMU U YIIPABICHHS;

- COCTaBISATh CTPYKTYPHBIE CXEMBbI, UX MaT€MaTHUYECKHE
MOJIEJIA KaK OOBEKTOB YIIPaBJICHHUS;

- KCII0JIb30BaTh OCHOBHBIC METOJBI IOCTPOCHUS MaTeMa-
THYECKHUX MOJEICH MPOIECCOB, CHCTEM, MX JJIEMCHTOB H
CHCTEM YIIPaBICHHS;

- paboTaTh ¢ KAKUM-IHOO M3 OCHOBHBIX THUIIOB IPOrPaMM-
HBIX CHCTEM, IPEIHA3HAYCHHBIX JII MaTeMaTHYECKOro U
uMuTaIoHHOro Mozenuposanus Mathcad, Matlab.

Buaners:

- HaBbIKaMH IPUMEHEHMS JIEMEHTOB aHAIM3a JTaIlOB KU 3-
HEHHOTO [IMKJIA IPOAYKIMH U YIIPABIICHUS UMU;

- HaBbIKAMHU HAJNAJIK¥, HACTPONKHU, PETYyJIHPOBKH, OOCIYy-
YKUBAHUS TEXHUYECKUX CPEJICTB U CUCTEM YIPABIICHHUS;

- HaBBIKAMU O(QOpPMJIEHUS PE3YJIbTATOB HCCIEAOBAHUI U
IIPUHATHS PELICHUM.

CIIOCOOHOCTh  Y4acTBO-
BaTh B pa3paboOTKe Ma-
TEMaTUYECKUX U (PU3u-
YECKUX MOJICJIEH Mpo-
ECCOB U  OOBEKTOB
MaITUHOCTPOUTEIHHBIX
npou3BocTB ([TK-18)

3HaThb:

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

- TCHACHIIMN Pa3BUTHUS KOMITBIOTEPHOU Tpaduku, ee poiab 1
3HAYCHUE B MHKEHEPHBIX CHUCTEMaX M MPHKJIATHBIX MPO-
rpaMmax;

- o0mue TpeOoBaHWS K aBTOMATH3UPOBAHHBIM CHCTEMaM
MPOCKTUPOBAHUS,

- OCHOBBI TEXHOJIOTHUECKOTO PEryJTUPOBAHMS.

YMeTh:

- CTPOUTH MaTEMATUYECKUE MOJIETN OOBEKTOB YIIPABJICHHUS
U cucteM aBroMatuueckoro ynpasienus (CAY);

- npoBoauTh aHanu3 CAY, oueHunBaTh CTaTUCTUYECKUE U
JVHAMUYECKHE XapaKTEPUCTUKH;

- paccuMTBIBATL OCHOBHBIE KAYECTBEHHBIC I10KA3aTENn
CAY, BBINOJIHATH: aHAJIU3 €€ YCTOMYMBOCTH, CUHTE3 PETy-
JATOpA;

- pa3palaThiBaTh AJITOPUTMBI IIEHTPAIM30BAHHOTO KOH-
TPOJIL KOOPJIMHAT TEXHOJOTUYECKOIO 0OBEKTA;

- pacCUUTHIBATH OJHOKOHTYPHBIE U MHOTIOKOHTYPHBIE CH-
CTEMBl ABTOMAaTUYECKOI0 PEryJIMPOBAHUA IPUMEHUTEIIBHO
K KOHKPETHOMY TEXHOJIOTUYECKOMY OOBEKTY;

- UCNOJIb30BaTh OCHOBHBIE TEXHOJIOTUU Nepeaadu uHpop-
MalllM B Cpejie JIOKAIbHBIX ceTe, cetu Internet.




Bnanets:

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

- HaBBIKAMHU MOCTPOCHUSI CUCTEM aBTOMATHYECKOTO yIIpaB-
JICHHUSI CHCTEMAMHU U MIPOLIECCaMU;

HaBBIKAMU aHaJIM3a TEXHOJIOTHYECKHUX ITPOIIECCOB KaK 00b-
€KTa yIpaBJICHHS U BbIOOpa GYHKIIMOHATHHBIX CXEM HX aB-
TOMAaTH3aII1H.

TemaTn4yeckoe coaep:kanue TUCUUILIHHBI (Y4e0HOT0 Kypca)

Paznea,

IHoapa3aea, rema
MOYJIb ApAAEL,

OcHoBHble MOHATUS U onpezeneHuss. CynHoCTh NpoOaeMbl aB-
TOMATHYECKOT0 YIpPaBICHUS

Ocnosable ycrpoiictBa CAP u ux knaccudukanus mo Ha3Hade-
Huto. Knaccudukanus aBTomatudyeckoro yrpasieHus. Marema-
TUYECKasi MOJIENIb LIEHTPOOEIKHOTO PEryisITOpa CKOPOCTU JABUTa-
Tens

HccnenoBanue BIUSHUS [1apaMEeTPOB LIEHTPOOEIKHOTO PEryIIsiTO-
pa CKOPOCTH Ha IIPOLIECC PEryIUPOBAHUS.

OCHOBHBIC ITOHSTHUS TCOpHUU aB- XapaKTepI/ICTI/IKI/I IEpEXOAHOro Ipornecca. YacroTHEIC XapakTe-
TOMATHUYCCKOI'0 YIIpaBJICHUA. PUCTHUKHU.

Maremarnueckue monenu. JInneapusanus MaTeEMaTHYECKUX MO-
nenei. Ilepenatounsie QyHKIUY.

OnpeneHeHHe YaCTOTHBIX XapaKTCPUCTUK 10 aHAJIN3Y BXOJHOI'O
M BBIXOOHOI'O CMT'HAaJIa BO BPpEMCHU

TunoBble 3BeHbS MEePeIaTOUYHBIX (QYHKITUH.

DKCIEepUMEHTATBLHOE UCCIIEIOBAHNE XapaKTEPUCTHK O hUrypam
Jluccaxy.

OrnpezeneHne nepexoHON YaCTOTHOM XapaKTEPUCTHKH.

@OyHKIIMOHANBHBIE U CTPYKTYpHBIE cXeMbl. [IpaBuiia npeobpazo-
BaHUS CTPYKTYPHBIX CXEM.

UccnenoBanue ycroitunBoct CAY no kputepuio [ 'ypBuiia.

[TpaBuia mpeoOpa3oBaHusl CTPYKTYPHBIX CXEM.

[TocTpoenue rogorpada CUCTEMBI U JIOTApU(PMUIECKON YaCTOT-

KauecTBeHHBII U KOJIMYCCTBEH- .«
HOU XapaKTCPUCTHUKH.

HBII aHajn3 CHCTEM aBTOMATH-

MaremaTnueckasi OIleHKa YCTOWYMBOCTH. 3aJayd yCTOMYHMBO-
YECKOT'0 yIPABJIEHUSA

CTH. 3anac yCTOW4MBOCTH

Nccnenoanue Tounoctu CAY B pexume IBUKEHHUS MO rapMo-
HUYECKOMY 3aKOHY.

Omnpenenenne XxapakTepUCTHK SJIEKTPOMEXaHHMUECKOT0 MPUBO/JIA.

Omnpenenenne XxapakTepUCTHK THIPOMEXaHUYECKOr0 MPUBOJA.

KommiexcHas OII€HKa Ka4dc€CTBa CHCTEM H 00BEKTOB aBTOMATH-
CuHTE3 M aHaln3 CHCTEM aBTO- | YECKOTO YIIpaBJICHUA.

MaTHUYECKOIO YIIPABJICHHUS. Omnpenenenne xapakrepuctuk CAY npononbHON nojgadei npu
TOUYEHHH.




ONEeKTPOHHBIE KOHCTPYKLIIMOHHBIE 3JIEMEHTHI YNpPaBJICHUS dJICK-
TPONPUBOJIAMHU

Oo0ecrieuenne HeoOxoanuMoil ToyHocTd CAY. OreHKa TOYHOCTH
CAY.

Uccnenosanue Baugausg actatusMa Ha kauectso CAY.

OCHOBBI CUHTE3a CUCTEM aBTOMATHYCCKOTO YIIPAaBJICHUA

HccnenoBanue BiausHUSA Kod(pdHIMEHTa Tepenadyd oOpaTHOM
cBs13u Ha TouHOCTh CAY.

WccnenoBanue BausiHUs THOKOM 0OpaTHOM CBSI3M Ha OBICTPOJICH-
ctBue CAY.

OO6masi Tpy10eMKOCTh TUCHMILIMHBI (Y4eOHOTro Kypca) — 6 3ET.




4. CTpyKTYypa " colepkaHue TUCUUILIUHBI (Y4e0HOT0 Kypca)

CemecTtp uzyueHus
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Teopusi ABTOMAaTHYECKOI'0 YIIPABJIEHHUS

(HanMeHOBaHME AUCIUILTNHEI (Y4eOHOTO Kypca))

Pazpneu, Moapasnen, Tema Buabl yuedHo#i padoTsl Heo0xoaumpble Dopmbl Pexomenny-
MOAYyJIb KonrakTnas pa6ora CamocrosiTeabHast pagora MaTepHaIbLHO- TeKyIuero emasi Jaure-
(B yacax) TeXHUYECKHE KOHTPOJIs parypa (Ne)
BCEro H DopMbl IPOBeIeHUs KLU, ¢opMbI opranuzanuu pecypcnl (HanmeHo-
g J1260pPaTOPHBIX, MPAKTHYECKHX €CaMOCTOATEJIbHOM BaHHE OLle-
E E P 3aHATHIL, METOABI 00y4eHHUs, % padoThbI HOYHOI0
El 2 g ZE peaansyionue NpuMeHseMyIo -] cpencTBa)
S %- é P g 00pa30BaTeIbHYI0 TEXHOJIOTHIO :
=
Monayne 1. Oc- | 1.1. OcHoBHple | 1 2 4 Uzyuenne koH- MyJIbTHMEIHHBIC Iposepka | 1,2,3
HOBHBIE IIOHfA- | MOHATHS M OIpe- CIIeKTa JICKITUH U cpencTaa KOHCTIEKTa
THS TEOpUU | JEJICHUS. Cy- PEKOMEH0BaHHOM JIEKLIUI
aBTOMaTHue- HOCTh  MPOOJIEMBI JIUTEpaTyphl
CKOro YyIIpaBjie- | aBTOMAaTHYECKOro
HUSL. YIpaBJIEHUSI.
1.2. OcHoBHble | 1 2 3 Wzyuenne koH- KOMITbIOTEPHBIN oruerB | 1,2,3
ycrpoiictBa CAP u CIIEKTAa JICKLIUI U KJIacC 3JIeK-
uX Kiaccupuranus PEKOMEH1I0BaHHOM TPOHHOM
[0  Ha3HAYCHHIO. JITEpaTyphl BHJIE
Knaccudukarus
aBTOMAaTHYECKOTO
ynpasiieHusi. Ma-
TeMaTHu4ecKas Mo-
JIeNlb  IICHTPOOeK-
HOrO  peryJsropa
CKOpPOCTH JIBUraTe-
T,
1.3. UccnenoBanue 2 3aHATHE C TPUMEHEHUEM 3 pabota c pa3na- KOMITBIOTEPHBIH oruerB | 1,2,3
BITUSTHUST TIapaMeT- KOMIBIOTEPHOUN TEXHUKHU TOYHBIM MaTepua- KJ1acc 3JIeK-
POB IIEHTPOOEIKHO- JIOM TPOHHOM
ro perynaropa BUJIE
CKOpPOCTH Ha Tpo-
LIECC PperyJIMpoBa-
HUSL.
1.4. Xapakrepuctuk | 2 3 pabora ¢ pa3na- KOMIIBIOTEPHBII oruerB | 1,2,3
51 MIEPEXOTHOTO TOYHBIM MaTepua- KJ1acc 3JIeK-
npouecca. Yacrtot- JIOM TPOHHOM
Hble  XapakTepu- BHJIE
CTHKH.




1.5.MaTtemMaTHuecK pabora ¢ pasaa- KOMIIBIOTEPHBII oruerB | 1,2,3
ne moznenu. Jlune- TOYHBIM MaTepHa- KJacc K-
apu3anus MaTeMa- JI0M TPOHHOM
THYECKHX  MOjie- BUIE
neit.  Ilepenatou-
Hble (DYHKIHH.
1.6. Omnpenenenue 3aHATHE C IPUMEHEHUEM pabora c pa3na- KOMITbIOTEPHBIN oruerB | 1,2,3
YaCTOTHBIX Xapax- KOMITBIOTEPHOH TEXHUKH TOYHBIM MaTepHa- KJ1acc JJIeK-
TEpUCTUK TI0 aHa- JI0M TPOHHOM
JHM3y BXOTHOTO H BUIE
BBIXO/IHOTO CHTHa-
J1a BO BpPEMEHH.
1.7. TunoBsle 3Be- Uzyuenne koH- KOMIBIOTEPHBII OTYET B 1,2,3
HbsI NEpEIaTOYHBIX CIEKTa JICKINH U KJacc JJICK-
(hyHKIHH. PEKOMEHA0BaHHOM TPOHHOM
JIUTEPaTypHl BUzIE
1.8.OxcneprumenTa pabota c pa3zna- KOMIBIOTEPHBIH oruerB | 1,2,3
JBHOE HCCIeI0Ba- TOYHBIM MaTepHa- KJacc JJIeK-
HHE  XapakTepu- J0M TPOHHOM
cTHK 1o ¢urypam BUIC
Jluccaxy.
1.9. Omnpenenenue pabota c pa3na- KOMITbIOTEPHBIN oruerB | 1,2,3
NepexoJHoi  ya- TOYHBIM MaTepHa- KJ1acc JJIeK-
CTOTHOM Xapakre- JI0M TPOHHOM
PHCTHKH. BUzIE
Moayne 2. Ka- | 2.1.®yHKUHOHAIBH N3yuenue koH- MYJIbTUMEUITHBIE Iosepka | 1,2,3
YECTBEHHBI U | ble M CTPYKTYypHBIE CHeKTa JISKINH 1 cpeacTBa KOHCIEKTa
KOJINYECTBEH- cxembl. [IpaBmia PEKOMEHIOBaHHON JeKuuit
HBIN aHamM3 | mpeoOpa3oBaHMs JUTEpaTyphl
CHCTEM aBTOMa- | CTPYKTYPHBIX
THYECKOTO CXEM.
yIpaBJIeHUS. 2.2. UccnenoBanue 3aHATHE C TPUMEHEHUEM W3yuenne KoH- MYJIbTHMEIUHHBIC IoBepka | 1,2,3
YCTOWYUBOCTH KOMIIBIOTEPHON TEXHUKH CIIEKTA JIEKLIUH U CpencTBa KOHCIIEKTa
CAY 1no kpurepuro PEKOMEHI0BaHHOM JIeKIUHI
I'ypBuna. JINTEPATYypBI
2.3. IlpaBmia mpe- Wzyuenne koH- KOMITBIOTEPHBIH oruerB | 1,2,3
obpazoBaHus CreKTa JISKIHUH 1 KJ1acc JJIeK-
CTPYKTYPHBIX PEKOMEHI0BaHHON TPOHHOM
CXEM. JUTEPaTyphl BUjIE
2.4. Tloctpoenue pabora ¢ pa3na- KOMIIBIOTEPHBII oruerB | 1,2,3
rogorpada cucre- TOYHBIM MaTepHa- KJacc JJIeK-
MBIl M Jiorapudpmu- J0M TPOHHOM




YEeCKOM 4YaCTOTHOM BUJIE
XapaKTEPUCTHKH.
2.5.Matemarudeck pabota c pa3na- KOMIBIOTEPHBII oruerB | 1,2,3
asi OICHKa YCTOH- TOYHBIM MaTepHa- KJacc K-
YUBOCTH.  3ajayu JI0M TPOHHOM
YCTOWYHBOCTH. BUIE
3amac ycTOWYHBO-
CTH.
2.6. Uccnenosanue 3aHATHE C IPUMEHEHUEM pabora c pa3na- KOMITbIOTEPHBIN oruerB | 1,2,3
toynoctt CAY B KOMITBIOTEPHOH TEXHUKHU TOYHBIM MaTepHa- KJacc JJIeK-
pPEeKHME JBHKEHUS JI0M TPOHHOM
0 TapMOHHYECKO- BUzIE
MY 3aKOHY.
2.7. Ompenenenue 3aHATHE C IPIMEHEHUEM pabora ¢ pa3na- KOMITBIOTEPHBIN oruerB | 1,2,3
XapaKTEePUCTHK KOMITBIOTEPHOH TEXHUKHU TOYHBIM MaTepHa- KJacc JJICK-
JJEKTPOMEXaHHIe- JI0M TPOHHOM
CKOT'O TIPHBOJIA. BUzIE
2.8. Ormpenenenue 3aHATHE C IPIMEHEHUEM pabora ¢ pa3na- KOMITBIOTEPHBIN oruerB | 1,2,3
XapaKTepUCTUK KOMITBIOTEPHOH TEXHUKHU TOYHBIM MaTepHa- KJacc JJIeK-
THIpOMEXaHH4e- J0M TPOHHOM
CKOT'0 TIPHBOJIA. BUzIE
Monyinb 3. | 3.1. KommnekcHas W3y4enue koH- MYJIbTUMEIMHHBIC yeraeii | 1,2,3, (1,2)
CuHTe3 M aHa- | OIGHKa KadyecTBa CreKTa JISKIUH 1 cpezacTBa orpoc
JIM3 CHCTEM aB- | CHCTEM U OOBEKTOB PEKOMEHI0BaHHON
TOMaTHYECKOr0 | aBTOMaTHYEeCKOTO JUTEPATyPHI
yIpaBJeHNUSI. yIIpaBJICHUSL.
3.2. Omnpenencaue 3aHATHE C IPUMECHEHUEM pabota c pa3na- KOMIBIOTEPHBII OTYET B 1,2,3(1,2)
XapaKTEePUCTHK KOMITBIOTEPHOH TEXHUKH TOYHBIM MaTepHa- KJacc JJIeK-
CAY npoponbHOU JIOM TPOHHOM
nojayed mpH  ToO- BUzIE
YEeHUH.
3.3. OO6ecneueHue pabota c pa3na- KOMIBIOTEPHBII OTYET B 1,2,3(1,2)
HE00X0IUMOit TOYHBIM MaTepHa- KJ1acc JJIeK-
touHoctn ~ CAYVY. JIoM TPOHHOM
O1eHKa TOYHOCTH BUJIE
CAY.
3.4. UccnenoBanne 3aHATHE C TPUMEHEHUEM pabota c pa3na- KOMITBIOTEPHBIH oruer B8 | 1,2,3(1,2)
BIIMSIHUSL ~ aCTaTHU3- KOMITBIOTEPHOW TEXHUKH TOYHBIM MaTepHa- KJ1acc JJIeK-
Ma Ha KayecTBO J0M TPOHHOM
CAY. BUJIE
3.5. OCHOBBI CHH- pabora ¢ pa3na- KOMIIBIOTEPHBII oruerB | 1,2,3(1,2)
TE3a CHUCTEM aBTO- TOYHBIM MaTepHa- KJ1acc JJIeK-
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MAaTHIECKOTO JoM TPOHHOM
yIIPaBJICHUSL BHJIC
3.6. UccnenoBanue | 2 2 3 pabota ¢ pasna- KOMITBIOTEPHBII OT4YET B 1,2,3(1,2)
BIHAHUSA KO3 Pu- TOYHBIM MaTepHa- KJacc JNIeK-
[UeHTa Tepeiayn J0M TPOHHOM
00paTHOU CBSI3U Ha BUJE
TouHOCTh CAY.
3.7. UccnenoBanue | 2 4 pabora c pa3na- KOMITBIOTEPHBIN oruerB | 1,2,3(1,2)
BIUSHHUS ~ THOKOMN TOYHBIM MaTepHa- KJ1acc 3ITeK-
o0paTHO#i CBS3M Ha J0M TPOHHOM
ObIcTponeiicTBUE BUIE
CAY.
Hroro: 32 | 16 | 16 80

216
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5. KpMTepl/II/I H HOPMBI TEKYIIET0 KOHTPOJISI U HpOMe)I(yTO‘lHOﬁ arTrecranmmu

@OpMBI TEKYIIETO KOHTPOJIS

YcnoBus nonycka

Kputepnn 1 HOpMBI OLIEHKH

[IpakTruueckas paborta

BeimonHeHne  mpakThye-
CKHX paboT

«3auTeHOY»: paboTa BHINOJHEHA B COOTBETCTBUU C METOAMYECKUMHU YKA3aHU -
MU, 0o(hopMIIeHA TPAMOTHO, CTYJICHT TEXHUYECKH MPABIIBHO (OPMYITUPYET
OTBETHI HA PaCCMaTPUBAEMbIE BOIIPOCHI.

«HEC 3a4TCHO» pa60Ta BBIIIOJIHCHA C OH_II/IGKaMI/I, CTYACHT HC UMCCT MPCACTAB-
JICHUA O paCCMaTpUBaCMbIX BOIIpOCax

Pedepar

Hanucanue pedepara

«3a4TEHOX»: TeMa pedepara MOJTHOCTHIO PACKPHITA, 0OPMIIEHA TPAMOTHO, CTY-
JICHT TEXHUYECKH MPABUIILHO (POPMYJIHPYET OTBETHI HA pacCMaTpUBaEMBbIE BO-
HPOCHI.

«HE 3aYTEHOX»: TeMa pedepaTra He pacKphbITa.

dopma npoBeacHUs
IPOMEKYTOUHOM aTTeCTallu1

YcnoBus nomycka

Kpurepuu u HOpMBI OLICHKH

3auer BeimosHeHHe — mpakTHYe- «3a4TEHO» [TonHbIE M TPaBUIIBHBIC OTBETHI HA BCE BOIIPOCHI.
CKHX pabor, He3nauurenbHble OMNMOKK WM HEYBEPEHHOCTD B
OTBETax.
BBHITIOJIHEHUE pedepaTa
«HE 3a4TEHO» OTBeTHI Ha BONIPOCHI HE C(HOPMYITHPOBAHBI.
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6. Kputepumu 1 HOPMBbI OLIEHKH KYPCOBBIX padoT (IIPOEKTOB)

Y4eOHBIM MJIAHOM TIO JTaHHOW JMCUHUIUIMHE KYypCOBBIX paboT (MPOEKTOB) HE
IIPEyCMOTPEHO.

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

Ne n/mt Temsbl pedepaToB

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

2 CucreMa aBTOMAaTUYECKOTO YIIPaBICHUS IPOAOIBHON Moj1a-
Yyel pu TOYEHUHU

3 Cucrema aBTOMaTHYECKOTO YIPABIICHHS ITOTIEPEUHON MoJaueii MpH BPEe3HOM HITH(O-
BaHHUH

4 Cucrema aBTOMaTH4ECKOr0 YIpaBJIeHUS IOBOPOTOM pabodero opra-
Ha MPOMBIIUIEHHOTO poboTa

5 CucreMa aBTOMaTUYECKOTO PETYJIMPOBAHUS pa3Mepa JIeTalu Ha OeClIeHTPOBO-
UM OBATHHOM CTAHKE

6 Cucrema aBTOMaTHYECKOTO AUCTAHIIMOHHOTO YIPABJICHUS MAaHHUITYJISITOPOM

7 CucreMa aBTOMAaTUYECKOTO YIIPABICHUS THIPABIUYECKUM CYIIIIOPTOM TOKAPHOTO
CTaHKa

8 Cucrema aBTOMaTHYECKOTO yIIpaBJIeHUs 1oadel npu (ppe3epoBaHun

9 Cucrtema aBTOMaTHYECKOTO YIIpaBJIEHUs! MPOJOIBHOM 1o1auell Ipy CBEPICHUU

10 Cucrema aBTomMaTndeckoro ynpasienus KonnpoBaabHo-hpe3epHOro cTaHka

8. Bonpocwl Kk 3auerty

Ne n/mt Bonpocsl

1 OCHOBHbBIE TIOHSTHS U OTIPEJICIICHUS

2 CopepxaHue MOHATUN: «CHCTEMa YIPABIECHUSN», «OOBEKT YIPABICHUSN», «yHPaBIsAIO-
1€ ¥ BO3MYIIAIOIIME BO3JECHCTBUS», «YNPABIAIONLINE KOOPAUHATHI

3 Krnaccudukanus cucteM aBTOMEXaHMUECKOTO YITPaBJIECHUS

4 ITpuHIIMT pa30MKHYTOTO YIIpaBiIeHHs. YTIpaBIE€HUE 110 BOSMYIIEHHIO U OTKJIOHEHHUIO

5 OCHOBHbBIE BH/Ibl AITOPUTMOB (DYHKIIMOHUPOBAHUS

6 Krnaccudukanus cuctem 1o xapakrepy nepeadu CUTHaJIOB

7 Knaccudukanus cucreM MO OCHOBHBIM BHAAM YpPaBHEHHWH IHHAMUKH ITPOIECCOB
yIIpaBJICHUS

8 MaTemaTnyeckoe OnucaHue JMHEHHBIX CHCTEM

9 MatemaTnueckoe MOAEINpoBaHue 1eMeHTOB CAY

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

11 JIuneapu3auuss HEMUHEHHBIX IU((QEepEeHINATbHBIX YPAaBHEHUNH AMHAMUYECKUX PEXH-
MOB pabotel 3nemeHToB CAY. CranmaptHas ¢opma 3amucu auddepeHnaIbHbIX
YpaBHEHUU

12 OcHoBHBIE CBOMCTBa IpeoOpa3zoBanus Jlammaca

13 XapakTepUCTUKH TUHAMUYECKHUX 3BeHbeB CAY

14 IloHATHE O TUHAMHUYECKOM 3BeHE. XapaKTEepUCTHKH AMHAMUYECKOro 3BEHa, Iepena-




TOYHBIC (YHKIIUH, YaCTOTHBIC XapaKTEPUCTHKHU (aMIUTUTYAHBIC U (ha30BBIC), TOTApH (-
MHUYECKHE YaCTOTHBIC XapaKTEPUCTHKH, BPEMECHHBIC XapaKTEPUCTHKH (IIEPEXOIHBIC H

BECOBBIC)

15 Tunosble TMHAMUYECKUE 3BEHbS U MX XaPAKTEPUCTHKHU

16 CTpyKkTypHas cxema CHCTeMaTH4ecKoro yrnpanieHus. OCHOBHbIE MpaBUIIa Mpeodpazo-
BaHUs CTPYKTYPHBIX CXEM: IOCJIECIOBATEIBHOE COCIUHEHUE 3BCHBEB; MapAJUICIBHOE
COEIMHEHUE 3BEHBEB; 3BEHO, OXBAUCHHOE OOPAaTHON CBA3bIO; IEPEHOC CyMMaTopa; Ie-
PEHOC y3I1a, NEPECTaHOBKA y3JI0B U CYMMAaTOpPOB

17 Beruuciienue nepenaToyHbIX (QYHKIMM M 9aCTOTHBIX XapaKTEPUCTUK OJHOKOHTYPHOH
U MHOTOKOHTYPHOM pa3oMkHyTOH cucteMsl. [lepenaTounblie pyHKIMU U yIpaBiIeHHUE
3aMkHYyTOM CAY. YacToTHBIE XapaKTEPUCTUKH 3aMKHYTOI CUCTEMBI

18 MaTemaTuyeckoe MOJEIMPOBAHUE U COCTABIEHHE CTPYKTYPHOIN CXEMBI

19 Y CTOWYUBOCTD CUCTEM aBTOMATHUYECKOTO yrpasiieHus. [loHATHE yCTONYMBOCTH JIMHE-
apu30BaHHbIX cucteM. Heo0XxoauMoe 1 J0CTaToOuHOE YCIOBUE YCTOHUYHBOCTH

20 Anrebpanueckue Kputepuu ycroitunoctu Payca u I'ypuna

21 YacrorHble kpuTepun ycroruuBocTu. [IpuHnmn aprymenrta. Kpurepun ycrolumuBocTtu
MuxaiinoBa A.B. Ilocrpoenne obnacreit ycroiunoctu. [lonsarue o Jl-pazOuenuu

22 Kpurepuu ycroitunoctu HaiikBucra. AHanu3 ycTOMYMBOCTH IO JIOrapu(pMUUECKUM
YaCTOTHBIM XapaKTEPUCTHKAM

23 Y CTOWYUBOCTD CUCTEM C 3al1a3/1bIBAHUEM

24 Mertoapl orieHKH KadecTBa perynupoBanus CAY

25 [TonsaTtue o kadecTBe mpouecca ynpasiaeHus. OLlEHKa KauecTBa CHUCTEM YNPABICHUS B
ycTaHOBUBLIMXCS pekumax. I[locTosHHble omuMOKH. AcTaTHuecKue cucTeMbl. Tou-
HOCTB IIPU TaPMOHMYECKOM BO3JICHCTBUU. Y CTAHOBHUBILUECS OUIMOKH MPH IPOU3BOJIb-
HOM BO3JIEHCTBUU, KO3(PUIIMEHTHI OUTMOOK

26 OreHkm KayecTBa mepexoaHoro nporecca. OIeHKH KayecTBa mpolecca
IIPU BO3ACUCTBUM CTYNEHYATON (GYHKIIUU

27 YacTtoTHbIE METO/IbI OLIEHKH KauecTBa perynrpoBanus. OlieHKa KauecTBa peryinupoBa-
HUS 10 AMIUTUTYJHO-4aCTOTHOM XapaKTEepPUCTUKU 3aMKHYTOW CHCTEMBbI; IO Bellle-
CTBEHHOM YaCTOTHOM XapaKTepUCTHUKE 3aMKHYTOM CHUCTEMBI; C [0 aMIUIMTYJIHO-
(a30BOi XapaKTEPUCTUKE PA3OMKHYTOM CHUCTEMBI; MO JIOTapu(MUUECKUM YaCTOTHBIM
XapaKTepUCTHKAM

28 KopHeBbI€ OLIEHKHM KaueCcTBa PEryJINPOBAHUS

29 Cunre3 CAY 1o 3a/1aHHBIM NIOKa3aTelsIM KayecTBa IpoLecca yIpaBiIeHUs

30 [ToBbllIeHNEe TOYHOCTH B YCTAaHOBMBILIHUXCS peXKHUMax M 00ecrieyeHne YCTOMYUBOCTH U
KauecTBa YIPABJICHUS CUHTE3UPYEMBIX CHUCTEM 3a CUET M3MEHEHMs I1apaMeTpOB CH-
CTEM U ITyTEM BBEJICHUSI KOPPEKTUPYIOLUX YCTPONCTB

31 Cucrema aBTOMaTH4YECKOr0 YIPAaBIEHUS POAOIbHON MTO1aYell IPU TOUEHUH

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

33 Cucrtema aBTOMaTHYECKOTO YIIPABIEHHs TOBOPOTOM PabOUYero opraHa npOoMBbIIIJIEHHO-
ro podora

34 Cucrtema aBTOMaTHYECKOTO PETYIMPOBAHUS pa3Mepa JeTalnu Ha OeCLIEHTPOBO-
1M (OBATLHOM CTAHKE

35 Cucrema aBTOMaTH4E€CKOr0 JUCTAHIIMOHHOTIO YIPABICHUSI MAHUITYJIATOPOM

36 Cucrema aBTOMaTH4ECKOTO yIPaBICHUS THAPABINYECKUM CYIIIIOPTOM TOKAPHOIO

CTaHKa
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37

Cucrema aBTOMaTHYECKOTO yIpaBleHUs ojavel npu GppesepoBaHun

38 CucrtemMa aBTOMaTHYECKOTO YIIPABIICHHsI IPOJIOIBHOM 1Mo1ayel Ipy CBEPICHUN

39 CopneprkaHue MOHATUH: «CUCTEMa YIPABICHUS», «OOBEKT YIPABICHUS», «yIpaBIIAIO-
IIMe M BO3MYLIAIOIINE BO3JIEHCTBUSA», «YIPABISIONINE KOOPIUHATHI

40 Knaccugukanus cucreM aBTOMEXaHUYECKOTO YIIPABICHHUSI

41 [TpuHIIMT Pa30MKHYTOTO YIIpaBiIeHH. YTIPABICHUE 110 BOSMYIIEHHIO U OTKJIIOHEHUIO

42 OCHOBHBIE BU/IbI AITOPUTMOB (DYHKIIMOHUPOBAHUS

43 Knaccugukanus cuctem 1o xapakrepy rnepeaadu CUrHaJIOB

44 Knaccugukanus cucreM 10 OCHOBHBIM BHAAM YypaBHEHHUH JMHAMHUKU IPOLIECCOB
yIIpaBJICHUS

45 MareMaTHueCKO€e ONMCaHNE JIUHEHHBIX CUCTEM

46 Maremaruueckoe MojesnpoBanue anemMeHToB CAY

47 Knaccudukanus snementoB CAY. CraTucTudyeckue U AMHAMUUYECKUE XapaKTepPUCTH-
KU 3JIEMEHTOB

48 JIuHeapu3auuss HEMTUHEWHBIX IU((epeHINaTbHbIX YPAaBHEHUNH AMHAMUYECKUX PEKU-
MOB pabotrel 3nemeHToB CAY. CranpaptHas ¢opma 3anucu JuddepeHIuanbHbIX
ypaBHEHUH

49 ConeprxaHue MOHATUN: «CUCTEMa YIPABICHUS», «OOBEKT YIPABICHUS», «yIpaBIIsito-
M€ M BO3MYLIAIOIINE BO3JEHCTBUSN», «YIPABISIONIME KOOPIUHATHI

50 Knaccugukanus cucreM aBTOMEXaHUYECKOI'0 yIIPaBJICHUS

9. ®oHI OLCHOYHBIX CPEACTB U NMPOBEJICHHUS NMPOMEXKYTOYHOM aTTe-

cranmmu oﬁyqamnmxcsl no JIMCHMIIJIMHE

9.1. ITacnopT (poHIAa OLEHOYHBIX CPEICTB

Ne
n/n

Kon xonTposupye-
MO KOMIIeTeHUHHU
(nJIM ee 4acTH)

HanmenoBanue
OLICHOYHOI'0 CpeACTBA

KonTposmpyembie pa3aesibl
(TeMBbl) TUCHUTIITUHBI

Moayns 1. OCHOBHBIE MTOHS-
THSI TEOPUU aBTOMAaTHYECKOTO [1K-12, TIK-18
yIpaBJICHHUS.

[IpOTOKOJI BBIMOJIHEHUS
MPAaKTUYECKOTO  3aja-
Hus 1

«ccnenoBanne BiIUA-
HUS MapaMeTpoB IIEH-
TPOOEKHOTO PETYIATO-
pa CKOpOCTM Ha THpo-
1[ECC PEryIUPOBAHUS.
[TpOTOKOJT BBITIOJITHEHUS
MPaKTUYECKOTO  3ajia-
HUS 2

«Onpenenenue 4acToT-
HBIX XapaKTEPUCTHUK IO
aHalm3y BXOOHOTO U
BBIXOJIHOTO CHUTHAaJla BO
BPEMEHMY.
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Monayns 2. KauecTBeHHBIN U
KOJIMYECTBEHHBIN aHAJIN3 CH-
CTEM aBTOMATHYECKOI'O
yIIpaBJICHUSI.

TIK-12, TIK-18

[IpOoTOKON BBINOJHEHUS
MPAaKTUYECKOTO  3aja-
Hus 3

«HccnemoBanne ycTrou-
yuBoctu CAY 1o kpu-
Teputo ['ypBunay.
[IpoTokon BEITTOTHEHUS
MIPAKTUYECKOrO  3aja-
Hus 4

«HccrnenoBanne TOYHO-
ctru CAY B pexume
JIBIKEHUSI 1O TapMoO-
HUYECKOMY 3aKOHY».
[TpoTOKON BBINOJIHEHUS
MPAaKTUYECKOIO  3aja-
HUS S

«Onpenenenue xapak-
TEPUCTUK  BJIEKTPOME-
XaHUYECKOT0  IPHUBO-
a.

[IpOTOKOJI BBIMOJIHEHUS
MPAKTUYECKOTO  3aja-
HUs 6

«OrnpeniesieHne  xapak-
TEPUCTUK THUAPOMEXa-
HUYECKOT0 TPUBOJAY.

Moayns 3. CuHTe3 U aHaIu3
CHUCTEM aBTOMAaTHUYECKOIO
yIIpaBJICHUSI.

TK-12, [TK-18

[IpoTOKOJI BBITIOJIHEHUS
IIPAKTUYECKOTrO0  3aja-
HUS 7

«Onpenenenue xapak-
tepuctuk CAY mpo-
JNOJBHOU TIOJA4Yer NpHu
TOYCHUWN.

[TpOoTOKOJ BBINTOJTHEHUS
MPAKTUYECKOTO  3aja-
HHUSA 8

«HccneqoBanue acra-
TA3Ma Ha KayecTBO

CAVY».

9.2. TunoBble KOHTPOJbHbIC 3aJaAHUA MM MHbIE MAaTEPHAJIbI, HEOOXOAUMbIE
JMJIS OLUEHKU 3HAHMHA, YMEHUI, HABBIKOB M (WJIH) ONbITA AeATEJIbHOCTH, Xa-
PaKTepU3yIIMX ITaNbl (()OPMHUPOBAHUS KOMIIETEHIMH B MPOLEcce 0CBOEHMS

00pa3oBaTe/IbHOI MPOrPAMMBI.
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9.2.1. KoMmieKT 3aiaHuii AJ1 IPAKTUYECKUX padoT.

IIpakTnyeckas padora Nel
HccnenoBanue BIUSIHUA IAPAMeTPOB LHEHTPOOEKHOT0 PEryJ/asiropa CKOpoOCTH
Ha npouecc peryJiMpoBaHusi

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

Hccnenyercs cucrema apTomaTudeckoro ynpasieHus (puc.1.1), cocrosimas 13 HeHTpoOeKHOTO
pEerynsaTopa CKOPOCTH, TOJI3YH | KOTOPOTo CBsI3aH pbluaramMu 2 ¢ 3aCIOHKOH 3 1mojaun padbouei
CMECH B TEIJIOBOM JABUTaTCIIb 4. PGFYHSITOP IMPUBOJUTCA BO BpallICHUC OT ABUTATCIIA YCPE3
3y0uaTyro nepenaqy S.

Puc.1.1. Cxema CAY cxkopocmpwio epauienusn oguzamens

[Tpu ¢ynkumonupoBanuu CAY BpalieHue ABUTATENs Yepe3 3yOuaTyro mepenady HepeaaceTcs
pPEerynsiTOpy CKOPOCTH, IIAPUKU KOTOPOTO TMOJ JEHCTBUEM IIEHTPOOESKHOW CHIIBI C OJHOU
CTOPOHBI W CHJIBI TPYXXUHBI C JPYrol 3aHUMAlOT HEKOTOPOE IOJIOKEHUE, YTO BBI3BIBAET
OTIPENIETIEHHOE OTKPBITHUE JPOCCENsI U CHCTeMa HaXOAUTCs B paBHOBecuu. [Ipu yBenmmueHuu
MOMEHTA HAarpy3KU CKOPOCTb JIBUTATENSI YMEHBILIAETCS B COOTBETCTBUU C €TI0 XapaKTEPUCTUKOM,
YTO BBI3BIBAET YMEHBIIICHHE CKOPOCTH BpalleHusi peryistopa. L[eHTpoOexHble CHIIBI Takke
YMEHBLIAIOTCS, MIAPUKKA OMYCKAIOTCS M 4Yepe3 PhIUAXHYI0 CHUCTEMY YBEJIMYMBAIOT OTKPBITHE
JIpoccensi. YBeNWueHuWe IMojavyu padodeil CMecH B JIBUTATENb BBI3OBET YBEIUYCHHE €ro
CKOPOCTH, PAaBHOBECHE BHOBb BOCCTAHOBUTCS, HO YK€ Ha JPYyroM ypoBHE. SICHO, YTO pa3HOCTh
CKOpPOCTEW OMpeAesieT KaYeCTBO PETYJIUPOBAHMS: YEM OHA MEHbBIIE, TEM BblIlIe kauecTBO CAY.
[Tpu ymensienun Harpy3ku CAY paboTtaet B 00paTHOM MOPSIIKE.

Hns anammza CAY HE0OO0XOIMMO COCTaBUThH €€ MaTEMaTHUYECKYIO MOJENb. AHAIN3 TTOKA3bIBAET,
YTO B CHCTEMY BXOJST JBUTATENb, JIPOCCENb MOAAYM paboueil cMecH, phlYaKHas TMepenadya u
3yOuaras mepesaya.

JIBixkeHue JnBUTATENS TPU OTPAHUYCHHH YYETOM SIBJICHUH TIEPBOTO TOpsANKa, T.€. €ro
WHEPIUOHHOCTBI0, MOXET OBITh MpeacTaBieHo IuddepeHInalIbHbBIM ypaBHEHHEM IEPBOTO
MOpsI/IKA:

Io(jj—at)+}tda)+MH:M(,, (1.2
rae ly u Ay — MOMEHT WHepIuU poTopa U Ko3(PPUIMEHT BI3KOTro TpeHus asuratens, M, u M, —
MOMEHT CONMPOTUBJICHUS HATPY3KHU U MOMEHT JIBUTATENsl COOTBETCTBEHHO.

MOMEHT IBUKEHHS 3aBUCUT OT OTKPBITUS JPOCCEIIS MoIa4 pabodeit cMecH:
M, =Dbk,, (1.2)
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rae b — koaddunmeHT nepegaun OTKPBITUS IPOCCENs OT MEPEMELICHHUS TOJI3YHA PEryisTopa
4yepes phluakHyo nepenaqy, Ky — koahhuireHT nponopunoHaIbHOCTH MKy OTKPBITHEM
Jpoccensi U MOMEHTOM JIBUTATEIISI.
Ecnu npuHSTH Nepe1aTouHOe OTHOLICHHE PhIYaroB U 3y04aTol nepesadyn paBHbIM €HHHUIIE, TO,
13 T€OMETPUUYECKUX COOTHOIICHUM, TTOJIYYHM YPAaBHEHHE CBSI3H, KOTOPOE ONpEIEsieT
3aMKHYTOCTh CAY:

b=2I(1-Sin). (1.3)
[Tomyuyennast MaTemaruueckast mojensb (1.1)-(1.3) ucnonb3yercst B IpUKIaAHON IIporpaMMme, ¢
MOMOIIbIO0 KOTOPOU BBHIMOJIHSIOTCS TpeOyeMble NCCIeI0BaHUS.

m MonenupoBaHue peryaaTopa cKOpOCTH ABMraTens =l

HCXOOHBE NAHHHE CAY

Macca WapHKOE, KT 0.25

100

Crina npystansl, H
AectrocTe l—
npYsHHEL HArr 1.5

M oMEHT WHEDLMK

ABWraTens, krima ID"I

.03 PEHLWEHT 3EBHCUMOCTH
MOMEHT A AEMMATENA 0T

OTKPBITHA APOCCes, |4

Hteirt

|4D 3‘ MoreHT HarpyskM, H

Ocunnnorpad

o
=]

MNpouece | Mpogomterue |

Reset |

¥rNoBaA CKOpoCTE W, paajc
OTEREITHE SACN0HKM X, M

Exxit |

04 05 05 o7 08 04 1
Bpema, ©

6)

MWrnoman cropocTs W, pasy

o (LR a2 1] L) o5 g
BpEsa, ¢

Puc.1.2. Mooenuposanue yeHmpooexicnozo pezyiamopa ckopocmu

Ilpakmuueckan wacmp

[TpakTrueckas paboTa BBITIOJHIETCS C IIOMOIIBIO MPUKIIATHON POrpaMMbl, HHTEphErc KOTOPO
npencrasieH Ha puc.l.2. IIporpamma «Perynstop ckopocTn» HaxoauTcs Ha aucke. Ilpu Haxa-
TUH KHOTKK “Help” mosiBisieTcst TOMOMHUTENBHBIN HHTEPPENC C MHCTPYKIHSIMHU U MOSICHSHUSMH
K [IPOrpaMMe.

B 3aBucuMocTH OT BapuaHTa 3aJjaHHs BBIOpaTh AMAMa30H U IIar MU3MEHEHMs Mapamerpa, B
(GYHKLIUU KOTOPOTro HEOOXOAMMO NMPOBOAUTH HCCiel0oBaHUs. PexoMenayeTcs BbIOMpaTh Auamna-
30H, OPUEHTHUPYSICh Ha MaKCUMaJlbHOE U MUHUMAaJIbHOE 3HaUE€HUE YKa3aHHOTO MapaMeTpa B Tab-
JUIe BapUaHTOB 3afaHuii (cM. Tabxa. 1.2). B Havyane paGoThl HOArOTOBUTH TaOIHILY IKCIIEPUMEH-
TaJIbHBIX JaHHBIX (cM. Tabm.1.1). Ilpu BBIMOTHEHNHU HCCIIEOBAaHUI B COOTBETCTBHHM C 33JJaHHEM
HE00XO0UMO, TOCJIEe aKTUBU3ALUU MPOrPaMMbl, B OKHAX TJaBHOro MHTepdeiica BBECTH UCXO-
HbI€ JJaHHBIE COIVIACHO BapUaHTy 3a/laHusl U yCTAaHOBUTH IEPBOE 3HAUEHHUE U3MEHSAEMOIo mapa-
Metpa. Haxxats kHonky «Ilyck»

[Tocne BbIXOJa CHCTEMBl Ha YCTAHOBHUBIIMICS PEKUM pabOTHI (ONpeAensTh BU3YyalbHO MO OT-
CYTCTBHIO KOJIEOAHUI OCHHJIJIOTPaMMBbI OTKPBITHS 3aCJIOHKH Jpoccelis) HaxaTh KHonky «llay-
3a», ONPEAEIUTh TOYHOE 3HAYCHHE CKOPOCTHU BpAICHUS JBUTATENS U 3alHMCaTh B TaOJIUILy KC-
MePUMEHTAIBHBIX JaHHBIX. 3aT€M YBEJIWYUTh MOMEHT Harpy3ku A0 25 HM u HaxkaTh KHONKY
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«[Ipogomxenue». [locne Beixona CAY Ha HOBBIN ypOBEHb YCTAaHOBUBIIETOCS PEXUMa pabOTHI
Ha)kaTb KHONKY «[lay3a» M mpoBecTH M3MEpPEHHUs HOBOI'O 3HAYECHMSI CKOPOCTH BpAICHUS JABUTa-
tena. Ilonp3ysack ocHmiorpaMmoi 3aUKCHUpOBATh TaKkKe BpeMs MEXIy MoJadell ckauka
Harpy3ku M crabuiuzanueil npouecca peryiauponanus. CTaOMIN3aMI0 OLEHUBATh 110 OCLUIIIO-
rpaMMe OTKPBITHS 3aCIIOHKH Jpoccelis mojgadn padoueit cmecu. [IpoBoauts HeoOXOAMMBIE HU3-
MEPEHHs II0 OCHMJUIOIpaMMeE IIPOLECCa PEryJINPOBAHUS, PYKOBOICTBYSICH IIOCTPOCHUSIMH
puc.1.3.

o Qcyunnorpa =
=1 L pad z
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= =
= =
= cKOpoCb 5
g o
2 90 E
& | crauka u
T » % =
mn s}
g el
s 0 f ¥ Y ) ' ) o F
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Bpena,

Puc.1.3. Cxema usmepenus xapaxmepucmuKk Kayecmea npouecca pecyiuposanus

JlanHble 3anucath B TaOMUILy. J[si BRIOJTHEHUS CIEAYIOMIETO SKCIEPUMEHTa MOKHO BOCIIONb-
30BaThCs KHOMKOM «RESet» n HauaTh HKCHEPUMEHT C TOU )K€ MOCIIE0BATEIbHOCTBIO JIEHCTBHIH,
HO YK€ IIPH CIEAYIOEM 3HAaY€HUH W3MEHSAEMOro mnapamerpa. Eciau npu kakoM-1nbo 3Kcrepu-
meHTe CAY CTaHOBHUTCS HEyCTOWYMBOM, COOTBETCTBYIOILEE COOOIIECHHE 3anKcaTh B Tabnuiy. B
tabuuue 1.1 npenacraBiieHbl SKCIIEPUMEHTAIbHbIE JAHHBIE UCCIEA0BAHNS KaueCTBA PEryaIupoBa-
HUs1 CAY ¢ HEKOTOPBIMU MCXOJHBIMH MapaMeTpaMu B (QYHKLUHU >KECTKOCTU MPYXKHUHbBI peryiis-
TOpa.

Tabnuya 1.1. Dxcnepumenmanvrvle OanHble

T ECTOCTE CkopocTb aBuratens, pajil/c Tounocrs pe-
Ne - beicTponelicTBue | JTo ckauka Mo- [Tocne ckauka TY/MPOBAHHA,
o PY>KHHBI, CAY ¢ pan/c
H/vm ) MEHTa Harpy3KH | MOMEHTa Harpys-
KU

1 0,5 He ycroiiunBa - - -

2 1,0 He ycroiiunBa - - -

3 15 1,36 81,0 77,2 3,8

4 2,0 0,33 80,2 76,2 4,0

5 2,5 0,15 79,8 73,9 5,9

6 3,0 0,09 79,6 72,8 6,8

7 3,5 0,10 78,1 71 7,1

8 4,0 0,12 77,5 69,4 8,1

9 4,5 0,14 76,8 67,7 9,1

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

Jliis moctpoeHust rpadKOB MOKHO HCIOb30BaTh maket EXell, a mams BeimonHeHus xonuu wH-
Tepdeiica mporpaMmbl, KOTOpast J0JKHA ObITh MPEACTABICHA B OTYETE, UCIIOJIb30BaTh KIABHIIH
Alt - Print Screen u BctaBuTh Konuio B qokymeHt Word.

3aoanue
B coorBercTBHM ¢ BapuaHTOM (Ta0i.1.2) MpOBECTH HMCCIICIOBAHUE KAuyeCTBa PETYIMPOBAHUS B
3aBHUCHMOCTH OT U3MEHSIEMOTO TTapaMeTpa U MOCTPOUTH rpa UKy 3aBUCHMOCTH OBICTPOICHCTBUS
u TouyHocTH CAY B QyHKIIUU OT U3MEHSEMOTO0 MapaMeTpa.
Tabnuya 1.2. Ucxoownsie oanmbie

[lep- | Macca | )Kecmxocmv | Momenm | Bro | Hauano- | Koagpgpuyuenm | Hzmenamo
Bas | wapu- | NpydcuHvl | uHepyuu | pasl | HAsA Culd | 3A8UCUMOCMU MO- | napamemp
uud- | koe M, | Cpp, H/um | Osucamens | tud | npyscunvt | menma om om-
pa K2 P} Ke/m? pa P, H | kpoimus opoccena
Ky, H/Mmm
0 0,35 5,0 0,25 0 55 2 m
1 0,30 4,5 0,20 1 100 4 Cup
2 0,25 4,0 0,16 2 150 6 Iy
3 0,20 3,5 0,10 3 200 8 K,
4 0,15 3,0 0,06 4 130 10 P
5 0,10 2,0 0,04 5 85 9 m
6 0,15 1,0 0,12 6 70 7 S
7 0,20 1,5 0,14 7 95 5 Py
8 0,25 2,5 0,31 8 170 3 l)
9 0,30 3,5 0,38 9 135 11 K,

Cooeporcanue npomokona

B IMPOTOKOJIE MPEACTAaBUTh LECJIb pa6OTI)I, HUCXOAHBIC JAaHHBIC, 3aJaHUC MCCICOOBAaHHsA, KOIIHMIO
uHTepdeiica g TFOO0TO AKCIIEPUMEHTa W3 BBINIONHEHHOW cepuu, omucaHue padotel CAY,
TaOJIMIY SKCTIEPUMEHTANIBHBIX JAHHBIX, TpadUKH TpeOyeMbIX 3aBUCUMOCTEN. BBIBOIBI.

IpakTnyeckas padbora Ne2

OmnpenesieHHe YaCTOTHBIX XapaKTePUCTUK MO aHAJIU3Y BXOJHOT0 M BBIXOJHOI0 CUTHAJIA BO
BpeMeHHt
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Ilens padomui: Ilpuodbpemenue npakmuyeckux HA8blKO8 IKCNEPUMEHMATLHO20 ONpeoeieHUs
YACMOMHBIX XAPAKMEPUCTUK.

Teopemuueckas uacmeo

HccnenyemMoit cuCTEMOM SIBJISIETCSl JIByXMaccoBas WHAMHYECKas CHUCTEMa, CXeMa KOTOPOH
n3o0paxena Ha puc 2.1. CucreMa HaxXOAUTCS O] JEHCTBUEM KHHEMATUYECKOT0 BO30YKICHUS —
X, BBIXOJIHBIMH CHUTHAaJaMHU SIBIISTIOTCS KOOPAMHATBI X; M Xz MEPEMEIICHUs Macc Mp U My,
CBSI3aHHBIX MEXKIY COOOI0 )KECTOKOCTSMH C1 M Cy ¥ BI3KUM TPEHUEM A; U Ao.

C, C2

JV\/_

m, m,

L%
AT A
Sy

Puc.2.1. /lunamuueckasn cxema 08yxmaccoeoii cucmemul

VYpaBHEHNE ABUKEHUSA CUCTEMbBI COCTABIISIETCS 110 U3BECTHBIM MPABUIIAM
TEOPETUYECKON MEXaHUKH:

2
m d o +/12(d_X1_%J+C2 ‘(1_)(2:: A’l[%_d_)(lj-i_cl‘(_xl:

b dt? dt dt dt dt
d?x dx, dx, ~
m, dtzz +/12(d_t2_aj+cz ‘(2 X = 0

prOHleHHaSI MareMaTndcCKas MOJCIIb:

~

m132X1+ ('12 +/?1:SX1+ ‘:2 +C1§(1 = ﬂf"ﬂ’z :SX"' ¢1+Cz/x
M,S*X, + A,SX, +C,X, = A,8% +C,X,

rae s=d/dt — omeparop Jlamaca.

Jlnst mpeicTaBlICHUs MAaTEMAaTHUYECKOM MOJIEH B IEPEMEHHBIX COCTOSIHUS PEIIUM KaXI0€ ypaB-

HCHHEC OTHOCHUTECIIBHO IEPEMCHHBIX X1 U X2, KOTOPBIC 3allMCaHbl B CTAPIIMX IIPOU3BOAHBIX COOT-
BCTCTBCHHO. Hpeo6pa3OBaHHa;1 TaKHUM O6p330M MareMaTndcCKkasa MOJCJIIb UMCCT BU:

x =s™ Jax +ax+s? fax +ax_
X, =s" Fax, +ax +s* fax, +a,x_
rae ko3¢ ouuenTs! Moaenu: a; = (Aa+A1/my, @z = (C2+C1)/my, az = AyMy, a4 = Co/my;

Teneps MOKHO 3alKMcaTh MATEMATUYECKYIO MOJIEIIb B IEPEMEHHBIX COCTOSIHUSA, TO €CTh B BUJIE
cucTembl TUPpepeHnanbHbIX YPAaBHEHHUH, PEIIEHHBIX OTHOCUTEIBHO MEPBBIX MPOU3BOIHBIX:

SY, =-a Y, taX+y,
SY, = —a,Y; +a,X

SYs =—a3Y;+ay; tY,
SY, =—a,Y3 + X

NmenHo Takas MozeNb peain30BaHa B MPUKIAAHON IPorpaMMe, o KOTOPOH MPOBOISATCS
HCCIIEIOBAHUE YACTOTHBIX XapaKTEPUCTHUK.

Ilpakmuueckan wacmp

Ha puc.2.2 npencrasien naTepderic TpuKIaHON TPOrpaMMbl IPU UCCIETOBAHUN YaCTOTHBIX
XapaKTEPUCTHK OJJTHOMACCOBOM cucTeMbl. MHCTPYKIIMK U MOSICHEHUs U1 pabOThI ¢ IPUKIIAIHOM
pOrpaMMOil MOSIBIISIFOTCS HA JIOTIOJIHUTEIbHOM HHTep(eiice mpu HakaTun KHONKU «Heply.
HOIIFOTOBI/ITI: TaGJII/II_U:I SKCIICPUMCHTAJIbHBIX W PACUCTHBIX HAHHBIX IJI MUCCICAOBAHHA OJHO U
JIByxMaccoBoi cucteM. [locie akTuBH3aIuM MPOrpaMMBbl BHIOPATh PEXKUM HUCCIEIOBAaHUS OJHO-
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MacCOBOW CHCTEMBI U B COOTBETCTBYIOIMX OKHAaX HMHTep¢eiica yCTaHOBUTH JaHHBIE COTJIACHO
BapHaHTy 3afanus (cM. Tab61n.2.2). Haxarte kHomnky «lIpoiecc», a moToM 3agaTh mepBoe 3Haue-
HHUE YacTOTHl BO30Y)KIAIOIIEro CUTHala - CHCTeMa NPUXOAMT B JBIKeHHE. BriOparh mepsoe
3HaYEHHE YacTOThl BO30YXKIAIOIIETO CUTHAJA, MOA00paTh KeIaeMyl CKOPOCTh MEpeMEelICHHs
JICHTHI CAaMONKCIIA M TPOU3BECTU 3aKCh. [IpH 3TOM CKOPOCTH JBM)KEHUS JICHTHI JI0JDKHA BHIOU-
paThCs Tak, 4ToObI 0OecrieuynBagach pacimmpoBKa CUTHAIOB IPH UX 00paboTKe.

[Tocne 3amucu TpeOyeMoro ydacTka HaxaTb KHONKY «CTOI» B OKHE PErHCTPallid CHUTHAJIOB.
W3MeHUTh 3HaUY€HHE YaCTOTHI, T0KIAThCSI OKOHUAHUS MIEPEXOAHOI0 MpoLiecca U MPOU3BECTH 3a-
NHUCh clenymoomero yyactka (kaHomnka «Ilyck» B OKHE perucTpanuu CHUTHajIOB). BBIMONHATE mO-
NOOHBIE MaHUIYJSALUU U1 KaKIOTO 3aIlUIaHWPOBAHHOTO 3HAYEHMsI YAaCTOThI BO30YXKIAIOLIETO
CHUTHAJIa.

AHaJOTMYHO MPOBECTH SKCIIEPUMEHT U JUISI IBYXMACCOBOU CUCTEMBI.

Jiist 06pabOTKH SKCIIEPUMEHTAIBHBIX JaHHBIX UCIIOJIB30BATh MOJIYYEHHBIC B IPOLIECCE IKCIIEPH-
MeHTa ocimiorpaMmMbl. Ha puc.2.2 mst wactotsl 300 pan/c moka3zanbl HEOOXOIUMBIE TTOCTPOE-
HUS JUTSL OTIPECTICHHUs OJTHOW TOYKH aMIUIMTYIHOW M (a30BOM YAaCTOTHBIX XapaKTepUCTHK. M3-
MepeHUs yI00HO MPOBOIUTH MOcie KonupoBaHus skpana (Alt Print Screen) B pegaktope Word
KaK pa3Mep aBTO (QHUTypbl — COOTBETCTBYIOIIEH JIMHUH HA PUCYHKE.

mMDAEnMpDBaHHE YACTOTHbIK HaPaKTEPMCTHK JWHAMMUECKOH CMCTEMBI i [

Brifepure KoAHYECTBD Macc

[ 0aHa MAcca o OEE MAcChl

MNapameTpul AHHAMHYECK DR
CHCTEMB

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

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

il
o T [
|

»

YacToTa BAOAHOMND CHrHanNa
rpydo
300 paag/c E

E TOMHDO

Perumpauuﬂ CHMrHanoB

CropocTe, c/aeneHue

Myck |

om| FTH

Mpouece | {Taysa -

Esit | Help |

Puc.2.2. Hccneoosanue uacmomuuix XapaKkmepucmuk 00HOMACOBOI CUCH eMbl

Pe3ynbrarhl m3MepeHuii HEOOXO0IUMO 3aMMChIBATh B COOTBETCTBYIONTYIO TaOwmiy (Tabm. 2.1).
Tabnuya 2.1. Dxcnepumenmanvrvle u pacienmuvle OaHHble

Ne | Yacrora, | AMmnryaa | Ammiurtyna | OrcraBa- | Ilepuon A ¢
pan/c BXOJ1a BBIXOZA HUE rpaj
1 30 0,69 0,70 0,0 0,74 1,01 0
2 100 069 0,83 0,0 0,25 1,20 0
3 150 0,69 1,09 0,05 0,35 1,58 -61
4 200 0,69 1,58 0,10 0,59 2,29 -66
5 250 0,69 2,47 0,10 0,44 3,58 -82
6 300 0,69 1,63 0,40 0,74 2,36 -120
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| 7] 3 | 069 | 079 | 025 | o064 | 1,14 | -167
TakuMm o0pazom, 3aUKCUPOBAHBI BXOJHOW M BBIXOJHOW CHTHANBI JJIsl 7 3HA4YEeHUH dacToT. J{s
KaKIOW BEJTMYMHBI YaCTOTHI OIpPEAENSIOTCS OJIHA TOYKa aMIUIMTYAHO-4acCTOTHOM U (a3oBo-
YaCTOTHOW XapaKTEPUCTHK 1O Gopmyiam:

A, 360° -7

A=—=;, p=—-—.
A T
[Tockonbky B hopMyliax MpUCYTCTBYET OTHOILIEHUE COOTBETCTBYIOLIUX BEJIMYUH, TO U B Ta0JHI1IE
BCIOJly Ul BBIXOAHBIX JaHHBIX pa3Mephbl MPEJCTABICHBI B MM, KOTOPbIE OIIPENEISIIOTCS 110 pas-
Mepy aBTO(GUTyphl Ha n300pakeHnn uaTepderica B penakrope Word. Ha puc.2.3 npeacrasieHa
aMIUTUTYAHO-(a30Basi YaCTOTHAs XapaKTEPUCTHKA C 0003HAYCHHBIMUA HA HEW HKCIEPUMEHTAIb-
HBIMH TOYKAMH, TOCTPOCHHAs MO JaHHBIM Tabmuips! 2.1.

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

Puc.2. 3. Ixcnepumenmanvnas ADIX

Crnenyer 3aMeTUTh, YTO HEKOTOPHIE OTKJIIOHEHUS 3TOW XapaKTEPUCTUKU OT TEOPETHUYECKON 00Y-
CJIOBJICHHBIE HETOYHOCTSMHU OIPENEICHUsS] UCXOIHBIX JAHHBIX, B OCOOEHHOCTH OTHOCHTEIIBHO
dba3sbl.
AHajoruyHo oOpalaThIBalOT pe3yibTaThl IKCIEPUMEHTOB U IIPHU MCCIEI0BAHUU JIByXMacCOBOM
CHCTEMBI.
3aoanue
B cootBercTBuu ¢ Bapuantom (Tabin.2.2) mpoBectu uccienoBanue u nocrpouts AOUX cucre-
MBI (OZIHO MacCOBOM MJIM IBYX MacCOBOM, MO BBIXOJAM X1 HIIH X2).

Tabnuya 2.2. Ucxoownsie oanmbvie

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

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

Cooeprcanue npomokona
B mporokorne mpeacTaBuTh 1enb paboThl, HEOOXOAUMBIE TEOPETUYECKHUE CBEICHHS, MCXOTHBIC
JaHHbIE B COOTBETCTBUU C BapUaHTOM 3a/laHus, KOMHUIO HUHTepdeiica ¢ 3aMuCchi0 BBIMOJIHEHHbIX
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OKCIIEPUMEHTOB U TOCTPOCHHSIMH, HEOOXOAMMBIMHU IJIi OIPENEICHHS] BBIXOMHBIX JTaHHBIX;
TaOIMITBI AKCIIEPUMEHTAIBHBIX M PACUYETHBIX JIaHHBIX; Tpaduky 3KcrepuMeHTaTbHBIX ADPUX
cucteM. BeIBOJEI.

IIpakTnyeckas padora Ne3
HccaenoBanue ycroitunBoctu CAY no kputepuio I'ypsuna

Llenwv pabomur: [Ipuobpemenue npakmuyeckux HA8bIKO OYEHKU YCIMOUYUBOCTU CUCEMbl
a8mMoMamu4ecKo20 yYnpasieHusl.

Teopemuueckasa yacmp
C nomompto kputepus ['ypBuia uccinenoBarbh Ha yectounuBocTh CAY 1oBoJIOM cynmopTa
METAJIJIOPEXKYIIETO CTaHKa, CXeMa KOTOPOro Mnokas3aHa Ha puc. 3.1, a.

+

s
{

y X U,, oU U,
T —{311 VI > T
- ET—

v R
)
 /

VIIT

A

[10C

a) 0)
Puc.3.1. Ilpunyunuansnaa (a) u gynkyuonanvuasn (6) cxemovl npugooa

[TpuBoa coctout u3 yecunutens-npeodpaszoatens (I1I1), auratens (/) mocrostHHOTO TOKA,
penykropa (P), 3agatomero norenimometpa (3I1) u norennmomerpa obpatnoii cesizu (I10C).
[Tpexne Bcero HEOOXOAMMO COCTaBUTh MaTEMAaTUYECKYIO MOJIeNIb T0Boa. COrIacHO MPUHLIUITY
paboThl, MOBOJ MpeAcTaBisieT co0oil 3amMkHyTyI0 CAY, hyHKIIMOHANBHAS cXeMa KOTOPOH
npuBezieHa Ha puc.3.1, 6. [IycTe Belje/IeHHbIE Ha CXEMe 3JIEMEHThI ONMUCHIBAIOTCS CIEAYIOIIMMU
nepeJaToOYHbIMU QYHKIUSMU:

: _U06) . u,ss) k,
31_[. W ———k, M = 9 = B4
AT M W )= 06) ~Ts+1'
, Cas) .k, . y

U, (s
moc: W, (s)="2e8 _y
Y(s)
Teneps MOKET OBITH MOCTPOCHA CTPYKTYpHAsI CXeMa MO0BO/Ia, B KOTOPOH (TIpH paBEHCTBE
K02 GHITMEHTOB Nepeayn 33/1a0NIero MOTEHIMOMETpa U ITOTEHIIMOMETpa 0OpaTHOW CBS3M) JBa
COOTBETCTBYIOLIMX JJIEMEHTA Ha (PYHKIIHOHATIBHOW CXEME 3aMEHSIOTCS OJTHIM DJIEMEHTOM C
k03 durrenTom nepenaun K, Ha CTpykTypHOit cxeme (puc.3.2).

U
) d k i ky Y, K, ‘ k y:
"~ Ts+1 (Tys+Ds

Puc.3.2. Cmpykmyphnas cxema npugooa

Takum oOpa3zoMm, mepenatouyHass (YHKIHMS 3aMKHYTOW CHCTEMBbI TIOCJIE€  HECIIOKHBIX
anreOpanvecKux mpeoOdpa3oBaHU TPHOOPETACT BU:
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kO
(T,s+D)(T,s+D)s+k,

riae Ko — koo UIMeHT nepeaun CHCTEMBI, PaBHBIN MPOU3BEACHUIO KOAPPHUIIMEHTOB Iepeaayun
BCEX 3BEHBEB KaHaJa MPsSMOTro JIeicTBUsA. Tak, cucTreMa uMeeT XapaKTepuCTUIECKOe ypaBHEHUE
3-ro nopsaka:

W(s) =

T,T58°+ (T, + Ty) s+ s + ko= 0.
CoctaBuM nerepMuHaHT ['ypBULIa U HAJEM YCIOBUS YCTOMYUBOCTH.
T, +T, K, 0
=] T,T, 1 0|
0 T,+T, k

AHanu3 yciIoBUM YCTOMUMBOCTH 1O KpuTeputo ['ypBuIla IOKa3bIBa€T, YTO €IUHCTBEHHBIM
YCIOBUEM SBIJII€TCA IHO3UTHBHOCTH BTOPOrO JAETEPMMHAHTA, MOCKONIBKY do=1,T,, paBHO Kak
u A;=a;=T,+Ty, Bcerma Oospmie Hynd. Takum o00pa3oM, I YCTOMYMBOCTH II0OBOJA
HEOO0XOIMMO, YTOOBI:

A= (Ty'l' T@) — koTyT@ > 0.

[Tocne HECOKHBIX MTPe0Opa30BaHUI MOTy4aeM eIMHOE YCIOBUE YCTOMYUBOCTH CHCTEMBI:
L + L >k (3.1)
T, T, ° '
BeimonHeHne 3TOro ycioBus 00s3aTeNbHO, MOITOMY Ha MPAaKTUKE BapHaluel, moadopom
napaMeTpoB mpuBojga crpemsarcs obecrieunth (3.1). Ilpu 3TOM Hambonee ymoOHO H3MEHSTH
napameTpel Kg u T, — oOmmii ko3pUIHEHT Tmepenadyn MPUBOJA M TMOCTOSHHYIO BpPEMEHH
YCHIIUTEIS-TIpeoOpa3oBarens. B mo0oM ciryuae 3HaA4YCHUS BapHAlUK 3TUX MapaMeTPOB JOKHBI
nexats B o6mactu D, moctpoenHoit cornacHo yenosuto (3.1) (puc. 3.3).
Ko A
obnacmo
HeyCMOoUuYUBbIX

3HAYeHUl

k01 — 1/T0

obnacmo

VYCMOUYUBHIX 3HAYECHULL

0 T, T,

Puc.3.3. Obaacms ycmounuugvix 3HayeHuil

Ilpakmuueckan wacmp

Jns BeImosiHeHHsT PaOOTBI  HMCTOJB3yeTCS TPUKIAAHAs TporpamMma, HWHTEpQehHc KOoTopoun
npeacraBiensl Ha puc.3.4. Ilpuknagnas mnporpamma «YcCTOWYUBOCTH TOYHOCTH CAYVY»
HaXOAUTCs Ha Aucke. HCTpYKIUMU W MOSICHEHUs UIs paboThl C MPOrpaMMOil conepikarcs B
camMoii TporpamMMme U TMOSBISIOTCS Ha JKpaHe MOHUTOpa MpH Haxkatuu kHomkw Help. [lns
BBIMIOJTHEHUS] 3TOM MpakTU4Yecko padoThl, TOCIEe AaKTHUBU3ALMU MPOrpaMMbl Ha TJIABHOM
uHTepdeiice 1omKeH ObITh BBIOpaH pesxuM «VccreqoBanue yCcTOHUUBOCTI.

Ha n300paxxennu ocumsmiorpada 3ahukcupoBan nepexoausiid mpouece CAY nmpuBogIOM CTaHKa,
KOTOPBIA OTBEYAET HCXOJHBIM JaHHBIM, TPEJCTABICHHBIM B OKHAX uHTepdeiica (cresa).
BxogHoii curHan cryneHdatoil (Gopmbl M300pakeH JIMHHEHW 2, - MEpeMENIeHHE CYIIopTa —
nuHuen 1 Ha puc.3.4. BugHo, uTo cucTeMa SIBISIETCS YCTOMUMBOM U €€ TMHAMUYECKOE Ka4eCTBO
MOJKET OBITh OLIEHEHO 10 KOMIJIEKCHOMY MOKa3aTet0, KOTOPbII pacCUUTHIBAETCS 10 popMyIie:

A= Ymax t,, (3.2)
Ye
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A€ VYmax — MaKCHMajlbHasA BCIMYMHA MNCPEMCINCHHA CYIIIOPTA, Yc — YCTaHOBHUBIICCCH
NEPEMCIICHUC CYIIIOpTa ITOCJIIC OKOHYAHMS IIEPEXOAHOrO IIpoIecca, tn — BpEMs MIEPEXOJHOI'O

npotiecca. Onpeenenne 3TUX BETUYUH 10 Pe3ysibTaTaM 3KCIEPUMEHTA NTOKa3aHo Ha puc.3.4.
mlﬂccnegosaﬂne ¥CTOHYMBOCTH M TOYHOCTH NpHEoaa MPC = |EI|5|

' MocnenosaHue YoToiuMBOCTH

(‘ WMccnegogaHue TOUHOCTH

JEMMATENE :I

HMcxoaHue naHHHe
Ycuaurens-npeobpasosarent EITTERS [TTTTTTTTTITITTITITITI T T
Koo i 300 '
ST MPEDEPA30BAT
[MOCTOAHHERA BOEMEHM, C ID'DD3 ymaX
Newrarens
F.oa pduumerT |'|,3 Ocyvnnorpady
nepenaud, pad/cB = =
MocToAHHaA B 0.02 = =
PEMEHH, G = -
=4 =
Xof0BOA BUHT o T
I E El
W ar BqHTa, PR 8 5 T
Od6parnan ceasb @ :@
KoadumeHT In‘g & g
nepegaqH, B gi:l §
I
| g g
i Reset 2 =
. -0z -0,1 1] 01 02 0,3 04 05
Exit | Help | Bpems, ¢

Puc.3.4. Humepgeiic npuxknaonoit npozpammaol

B cooTBeTcTBUU C 337aHKEM HEOOXOIMMO MPOBECTH UCCIIEIOBAHUS 3aBUCUMOCTH KOMITJIEKCHOTO
MoKa3arensi KadecTBa IEepeXOJHOro Ipolecca OT Kod(p@uiueHTta mneperayd yCUIUTENs-
npeoOpaszoBarens. Jlns ompeneneHus auana3oHa BO3MOXKHOTO HW3MEHEHHUs Kkoddduimenta
HEOOXOJMMO, MOJb3YACh 3aBUCUMOCTBIO (3.1), Mg 3amaHHBIX 3HadeHWd T, m T, paccuuTaTh
MaKCUMAJIbHO BO3MOXKHYIO BeUUHHY (K,,)max. IIpH 5TOM yduThIBaTH, 4TO 00IIMIT KO3 PUIIEHT
nepempaun CAY onpenensiercs o Gopmyiie:

kO = kyn kdkoc H

on
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BeiOpare  mar  u3MmeHeHuss — koddduuumeHTa  mepegaud  yCHWIMTENA-TipeoOpasoBaTelis
(pexomennyercst nmpuHATh mar 0.2(K,,)max) ¥ TOATOTOBHTH TAOIMIy SKCIIEPHMEHTATBHBIX U
pacyeTHBIX JaHHBIX TaK, YTOOBI OXBATUTh MAaKCUMAIILHO JOMYCTUMBIN K03 dunmeHT nepenauu,
OTIpeIeTICHHBIN 10 3aBUCUMOCTH (3.1).

B tabmuue 3.1 npencrasnen npumep aiasi CAY ¢ UCXOAHBIMM JIaHHBIMH, COOTBETCTBYIOIIUMHU
puc. 3.5. Pacuerom mo (3.1) maxognm kg=383,3. CnenoBarenbHo (Ky,)max=1158. Bribupaem mrar
0,2-1158=232, cocraBisieM TabIHUILy ¥ TPOBOAUM IKCIIEPUMEHTHI.

AKTHUBH3HMPOBATh MNPUKIAJHYIO MPOTrpaMMy, 3a/aTh HCXOJAHBIE JaHHbBIE B COOTBETCTBHH C
BapHaHTOM, BbIOpaTh MepBOE 3HaUeHHE KOApUIIMEHTa epejaul yCUIUTeNs - mpeoOpa3oBaTens
U BBINOJIHUTH MOJEIHPOBAHUE NEpeXoAHOro mpouecca. [lo ocmuwiorpamMmme NPOU3BECTH
HEOOXOMMBIE U3MEPEHUS U 3alHCaTh PE3yAbTAThl B TaOJIHUILy. BBIMOIHATE SKCIIEPUMEHTHI IS
BCET0 BHIOPAHHOT'O JIMana30Ha U3MEHEeHUs Kod(duiuenTa.

PaccunTarh KOMIUIEKCHBIN ITOKa3aTellb KadecTBa IS KaXKIOTO JKCIIEPUMEHTa M TOCTPOHTH
rpaduK 3aBUCUMOCTH KOMIUIEKCHOTO TMoOKa3aTenst 4 JUHAMUYECKOTO KayecTBa CHUCTEMbI OT
koddunmenta nepenaun K, ycunmrens-npeodpaszosatens (puc.3.5). Ecmu mpu kakom-nmuoo
3HayeHun Koddduuuenta nepenaun CAY okasbIBaeTcsi HE YCTOWYMBOW — COOTBETCTBYIOIIEE
COOOIIIEHUE 3aMUCaTh B TAOUILY.

Tabauya 3.1. DxcnepumenmanvHule U paciemuvle OaHHble

Ne Ky Ymax ‘ Ye ‘ t, ‘ A
1390 CAY He ycroitunBa
2 1158 97 \ 50 | 2440 | 47,30
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3 926 93 50 1,10 2,05

4 694 85 50 0,53 0,90

5 462 79 50 0,34 0,54

6 230 68 50 0,24 0,33
A

2,0 /
15 /
T
ke

230 462 694 926 1158 k,,

Puc.3.5. I'pagpuk 3aeucumocmu Komniekcrnozo nokazamensn kavecmea CAY
om Ko3gppuyuenma nepedauu ycunumensa-npeodpazoeamens
(30na Heycmoiuueoil padomel 3amemHena)
3aoanue
1. Ilo UCXOMHBIM JAaHHBIM, B COOTBETCTBUHU C BapuaHTOM (Ta0:m.3.2), MOCTPOUTH IUArPAMMy
YCTOMYMBOCTU CHUCTEMBI IO KpUTEpHIO ycToHuuBocTu ['ypBuna (cMm. puc.3.3). Onpenenurs Mak-
CHUMAaJIbHO BO3MOXKHOE 3HAUeHHE KOdPPUIMEHTA Tepefadyn yCUIUTENs-IIpeoOpa3oBaTes U Mo-
TOTOBHUTH TAOJIUILY SKCIIEPUMEHTATBHBIX JaHHBIX.
2. Hcnonw3ys MNpHUKIAJHYIO MporpaMMmy, HHTepdeiic KOoTopoil mpencrtaBieH Ha puc.3.4,
MIPOBECTH CEPUIO IKCIIEPUMEHTOB U PE3YJIbTATHI 3aIUCATh B TAOUILY.
3. Ilo pe3ynbTaraM SKCIIEPUMEHTOB MOCTPOUTH IKCIEPUMEHTAIBHBIN TpaduK 3aBUCUMOCTH U
MIPOBECTH €0 aHAIH3.
Tabnuya 3.2. Ucxoounsie oanmvie

[lepBas | Ycunumenw | Jeucamens | Bunm.napa | Brtopas | [Jeueamenv | Obp.ces3e
udpa T, c Ky, pao/cB H,,, mm dpa Ty C Koe, B/MM
0 0,003 1,6 12 0 0,050 0,20
1 0,015 2,0 10 1 0,100 0,90
2 0,020 3,2 16 2 0,150 1,10
3 0,025 2,4 8 3 0,200 1,40
4 0,006 5,2 10 4 0,030 1,00
5 0,009 3,0 14 S) 0,025 1,20
6 0,004 4,0 16 6 0,120 0,40
7 0,045 3,6 18 7 0,015 0,60
8 0.050 5,6 20 8 0,040 0,15
9 0.005 4,5 14 9 0,035 0,52

Cooeporcanue npomoxona

B mporokone mnpeacraButh cTpykTypHyto cxemy CAY, nuarpammy KauyecTBa, TaOJUIly
HKCIEPUMEHTAIbHO-PACUETHBIX JIaHHBIX, TI'padUK 3aBUCUMOCTH KOMILJIEKCHOTO ITOKa3aTess
JUHAMHYECKOro KadecTBa OT KOd(pUIMEHTa Nepeadyd yCHUIUTENs-peoOpa3oBaresi, KOMUIO
uHTep(delica ¢ 3aInChI0 EPEXOIHON XapaKTEPUCTUKH IPH KakoM-JIn00 3HaueHuH K,,. BeiBozpL

IIpakTyeckas padora Ned
HccaenoBanue Tounoctu CAY B pekuMe IBUKEHUS 110 TAPMOHNUYECKOMY 3aKOHY

IIeJlb pa6ombl: Hpuo6pemeﬂue npakmu4yeCcKux HaeblKo6 OYEeHKU mo4YHoCcCmu cucmem
asmomamu4ecKkoco ynpasjienust npu mecmuposanuu no capmMorudecKomy 6XO0HOMy CUCHALY.
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Teopemuueckasn yacmeo

Uccnenyercs CAY moBogoM, CTpYKTypHasi cXxeMa KOTOpOTro IpejactaBieHa Ha puc.4.1. Buano,
yto CAY oTiHM4Yaercs OT PacCMOTPEHHOH B NMpakTHYeCKo padore No5 Tem, 4TO yCHIIUTENb-
npeoOpazoBaTeNb MPEACTABICH He OE3bIHEPIIMOHHBIM 3BEHOM, a allepUOAMYECKUM |-To mopsiika.

X(t) a)|  k K y(j)

Yy 2]

Ts+1 (T,s+1)s

K

6n

A 4

A 4

K le

oc

Puc.4.1. Cmpykmypnas cxema uccinedyemoit CAY

Jlnst TakoW CHCTEMBI BaXKHBIM U MEPBOCTEIICHHBIM SIBJISIETCS BOMPOC YCTOHYMBOCTH. [loaTomy
nepea Ha4dajloM OSKCIICPHUMCHTAJIbHBIX I/ICCJ'ICIIOBaHI/H\/JI HCO6XOI[I/IMO OMNpeCaACINTb MaKCUMAJIbHO
JOIyCTUMOE 3HadeHHe Kod(duuuenta K, mepemadu ycuiIuTess-ipeoOpa3oBarels, MONb3Ysch
dopmymoit (3.1) ¢ ydeToM 3aBHUCHMOCTH JUIS ONpeneicHus 00mero ko3 puienTa nepeaaan
MIOCJIEIOBATEIbHO COSTIMHEHHBIX 3BeHbeB CAY:

kO = kyk() kockm )

rae Ky, = H/I277— nepenatounas GpyHKIMs BUHTOBO# mapsl (H —1iar BAHTOBOM maphl).

Ilpakmuueckas wacmp
Jns  BeIMosHEHHWsT pabOThl MCIONB3YyeTCs NpUKIaAHAs NporpaMma, HHTepdeic KoTopon
npenctaBieHsl Ha puc.4.2. Ilpuknaanas nporpamma  «YcToWuuBOCTH TOYHOCTH CAVY»
HaXoauTCs Ha jaucke. MHCTpYKUMU W MOSICHEHUs A paboThl C MPOrpaMMoOl cojaepikaTcs B
caMOil mporpamMme U IMOSBJSIOTCS Ha 3KpaHe MOHUTOpa INpu Haxartuu kHomku Help. [lns
BBITTOJIHEHUS] 3TOW MPAKTUYECKOW paloThl, MOCie aKTUBU3ALMM MNPOrpaMMbl Ha TJIaBHOM
uHTepdelice 1oMmKeH ObITh BEIOpaH pexxuM «lccinenoBanne TOUHOCTHY.
Ha wuso0paxenun ocuwiorpada 3apukcupoBaHa peakuus CAY HOBOJOM cTaHKa, KOTOpas
OTBEYAeT MCXOJHOMY rapmMoHuueckomy curnamny 50Sin30t — nuaus 1. AMIuMTyaa u 4actorta
BXOJHOTO CHTHajla 3aJaloTcsi B COOTBETCTBYIOLIEM OKowke uHTepdeiica. Cynmopt
OTpabaThIBAaeT 3aJaHHBI 3aKOH JBI)KEHUS B COOTBETCTBUU CO CBOMMH JIMHAMHUYECKUMH
CBOMCTBAMM M B PE€3YJIbTATE MEPEMEIIAETCS MO 3aKOHY, KOTOPBIA COOTBETCTBYET JHHHUH 2, C
omunoKoi, n3oopakeHHoi nuHueil 3. CneayeT OTMETUTh, YTO U3MEPEHHUS IKCIIEPUMEHTAIIbHbIX
3HaYeHUH Ha ocHMuIorpade MOXKHO BBINOJHATH TOJBKO IOCIE 3aBEPIIEHHS IEePEXOTHOrO
pexuma paboTsI (cM. puc.4.2).
[Tocne ompeneneHus MaKCHMalbHO AOMYCTUMOro kodbduiuenta K, mepemaun ycunutens-
npeoOpa3zoBaressi, HOATOTOBUTh TAaOJUIly IKCIEPUMEHTAIbHBIX NAaHHBIX, IPUMEpP KOTOPOU AJist
CAY c ucxonHbIMH JaHHBIMU 10 puc.4.2 mpexncrasineH Huxke. [Ipeamonaraercs mposeneHue
TpeX cepuil SKCIEPUMEHTOB IPH CIEAYIOMIMX 3HAYCHUSIX KOdPPUIMEeHTa Tepeadyn yCuInuTens-
npeobpazoBatens: (Ky,)1=0,9(Kyn)max; (Kyn)2=0,6(Kyn)max; (Kyn)3=0,3(Kyn)max-

Tabnuya 4.1. Dxcnepumenmanvhvie OaHHble

Ne g pao/c Onax | Ne K pao/c Onax | Ne K pao/c Omax
1 40 3 6 40 5 11 40 12
2 80 16 7 80 33 12 80 54
3 417 120 111 8 278 120 68 13 139 120 32
4 160 49 9 160 34 14 160 26
5 200 32 10 200 27 15 200 24

I[I/IaHaBOH n mar WMU3MCHCHHA 4YacCTOT OHpeHeHHeTCH BKCHepI/IMeHTaHBHO Tak, I-ITOGI:I HpI/I
(Kyn)1=0,9(Kyn)max MakcHManbHOE 3HAUCHWE OIIMOKM NPUXOAMIOCH HAa CpeAHee 3HAYCHUE
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YacTOThl, a IIar TMO3BOJISJI MPOJEMOHCTPUPOBATh TEHICHIIMIO HM3MEHEHHUs OIIMOKH B 00e
CTOPOHBI OT MaKCUMyMa.

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

mlﬂccnenosaﬂue YCTOAYMBOCTH M TOYHOCTH NpWBoAa MPLC - |EI|5|

7 MecnsqoBaHHe YoTaliHEDCTH

(:. HccnegoBaHKe TOUHOCTH

Fapmonusecku xonnod curnan | NN

NBEHMMATENE :I

[=1]
=]
ﬂ

AMMAMTYAE, M

3%}
[}
A

Yacrora, pagsc

WMexonHeie naHHbe

Yeunurens-npeotipasoBarens [TTTT{TTTTTTTTIT{TITTI T
" =00 YCUNMTENL-
03 PPULMEHT YCHIEHKA MPEQEPA30BAT. 2A
NacTaaHHaA BPEMEHM, & IU'DDS l———»
Neurarens
o3 popuumeHT |1 3 Ocuvinnorpad
nepeqayud, pai/cB = =
MocToAHHEA B 0.02 = =
PEMEHM, C =S 5
X000EOR BHHT '51 %
I E El
W ar BuHTA, M 8 % o
DdpaTHan cBA3bL z %
K.oa pemumeHT IU'E i g
nepedauu, B g %
] [lepexoonulil pescunt g
#  Tlpouecc | Reset | 2 - =
. 1] 01 0z 03 04 05 05 o7
Exit | Help | Bpema, ©

Puc.4.2. Humepgeiic npuxnadnoit npozpammul ona ucciedosanun mounocmu CAY

[To pe3ynbraTam 3KcriepuMeHTOB (cM. Tabx.4.1) MOCTPOSHBI rpaKH 3aBUCHMOCTH OIIHOKH OT
YaCTOTHl BXOJHOTO CHUTHaja JJis TpeX 3HaYeHW KodPUIIMEeHTa Tepeaadyd YCHUIHTEIs-
npeoOpasosarens (puc.4.3).

&nax

100 K, =417

80 / K
60 R / /\ \ k=278
ﬁ/ _

40

40 80 120 160 o, padlc

Puc.4.3. I'pagpuku 3xcnepumenmanvHvlx 3a6ucumocmeit

3aoanue

1. ITo McXOMHBIM JaHHBIM, B COOTBETCTBHH C BapuaHTOM (Tabm.4.2), pacCuuTaTh MaKCHMAJIbHO
JOIyCTUMBIN K03 uUIMeHT K, mepenaun ycunurens-npeodpa3oBaress, U MOArOTOBUTh Tabnu-
Iy SKCIIEpUMEHTANIbHBIX 1aHHBIX.

2. Ucnonp3ys NpUKIaTHYIO IpOrpaMmy, HHTepdeiic KOTopoi MmpeacTaBieH Ha puc.4.2, BEIOpaTh
JIMara3oH M 1I1ar U3MEHEHUs 4aCTOThl BXOAHOT0 curHaia. [IpoBectu cepuio s3KkCriepuMEHTOB (JU1s
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KaXJI0r0 3HaYeHHs Kod(pQHIMeHTa Nepefayd), 3aluchiBas pe3ylbTaThl B TaONUIly, a 3aTeM
HOCTPOUTH I'PaMIKH IKCIIEPUMEHTAIBHBIX 3aBUCHMOCTEH.
Tabnuya 4.2. Hcxoouvie oannvle

IlepBas Ky, Bropas | Hg,,

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

Cooeporcanue npomokona

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

IIpakTyeckas padora Ne5
OnpeneneHue XapakTepUCTHK JIEKTPOMeXaHUYeCKOro NPpUBoia

lle.flb pt160Mbl.’ Hpuo6pemeﬂue npakmu4ecCKux Had6blKO8 KOMNIEeKCHO20 UCCNIe0068AHUSL CUCTNEM U
00bEeKMo8 aA8MoMaAmMUYecKo20 ynpaeieHusl.

Teopemuueckasa uacmpo
Ha puc.5.1 npencrasiieHa 31€KTpOMEXAaHUYECKAs CUCTEMA — MPUBOJ BPALIAOLIETO ABM)KECHHUS,
KOTOpBI COCTOMT M3 AJIEKTPOJABMratenss | IOCTOSHHOTO TOKa, pEAyKTopa 2 U Harpyskw,
HanpuMep, INUHAEN 3.

Puc.5.1. Cxema 31eKmpomexanuyeckoil cucmemol

YPaBHeHI/ISI ABWXKCHUS ABUTATCIIA ITOCTOSAHHOT'O TOKa IMPH HpeHe6pe)KeHI/II/I SABJICHUSAMH BTOPOT'O
nopsiika UMCCT BUA:

dQ
ogue = Ibeue oo + Ml’
‘ - dt

(5.1)

e Mogyuz, 1 osuzr £296u- — MOMEHT JBUKEHUSI, MOMEHT MHEPIIMU POTOPA U YIJIOBasi CKOPOCTh
aBurarensi, M1 — MOMEHT Harpy3ku Ha Baiy asurateins. C Apyroil CTOpoHsbl, B COOTBETCTBHHU C
AIIEKTPOMEXAHUYECKOM XapaKTEPUCTUKOMN ABUTATENIS:
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M, =kU-kQ : (5.2)

osuz !
rac k@ — Koa(b(l)I/IHI/IeHT IIPOMOPUHUOHAIBHOCTH MCKIY HAIIPSXKCHUCM U U MOMCHTOM JIBH)XKXCHUS,
kM — KOE)(b(I)I/ILII/IeHT HaKJIOHa BHGKTpOMexaHI/IquKOf/'I XapPaKTCPHUCTHUKU.
Pe,I[yKTOp MOXKET 6BITB IpeaAcTaBJICH 6e3BIHepHI/IOHHBIM 3BCHOM.:

Ql = stuz kped’ (53)

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

dO ~
| ==+ Q0+ p€adt— [Qdt +M =0, (5.4)
dt e
rae M, I, £2- none3Hblii MOMEHT, MOMEHT WHEPIIUHU U YIJIOBasi CKOPOCTh HArPy3KH, [3 -
KPYTHJIbHAS )KECTKOCTh, A - KO3(PPHUIIUEHT BI3KOro TpeHus. Takum o0pa3om, ypaBHEHHUE CBSI3H,

KOTOPOC MOKAa3bIBACT, HA UTO PACXOAYCTCA IMOJIC3HAA YaCThb MOMCHTA ABUTATECIIA, UMCCT BU!
M, =k, ,B4Qadt- [Qdt . (5.5)

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

M
< — s/
K, | B o,
U Q0
—> k() Iaeues > kped 1 >
T2’ +T,5+1
M, A 1/s
kpedﬂ
15 |e

Puc.5.2. Cmpykmyphas cxema 31eKmpomexanuieckoii Cucmemol

Ha cxeme ectp naBa BXOAa: OJMH MO YyIpapisiouieMy BosjaeWcTtBuo U, a BTOpod - 1o
Bo3myuieHnto M. He cmoTpst Ha To, 4TO MO MCXOAHOM cxeme (cM. puc.5.1) cucrema Kaxercs
Pa30MKHYTOM, Ha caMOM Jejieé OHa 3aMKHyTa C OOpaTHbIMH NIOTOKaMu curHaios. Ilo
pa3paboTaHHON MaTeMaTHYeCKOH MOJENU 3JIEKTPOMEXAaHHMUECKOro MOBOJA MOXKHO NMPOBOAMTH
Ipe/BapUTeNIbHbIE HCCIIEIOBAaHUS C IIEJIbI0 ONPEEICHNUs XapaKTEPUCTUK, OLICHKH KauyecTBa U
BbIOOpa HEKOTOPBIX €ro mapameTpoB. Takoi 3Tam MpeABapUTEIHHOIO MPOSKTHUPOBAHUS BCETa
JIOJIKEH MPHUCYTCTBOBATh MPHU pa3pabOTKe CUCTEM U OOBEKTOB aBTOMATHYECKOI'O YIpaBJICHUS U
SBIISIETCS UPE3BBIYAHO BaXKHBIM, TaK KaK MMEHHO 3/IeCh OIPENeNIAIoTCs OOIIMe HarpaBlIeHUS
YAOBJICTBOPCHHUA Tpe6OBaHI/I${M TEXHUYCCKOT'O 3aJaHNA U YIIYUIICHUA XapaKTCPUCTHK CUCTEMBIL.
Hampumep, W3BECTHO, YTO INEPENATOYHOE OTHOLIEHHE PENYKTOpAa CYLIECTBEHHO BIMSET Ha
JUHAMHUYCCKUC XAPAKTCPHUCTHUKU OJICKTPOMECXAHUYCCKOTO IMPHUBO/JA. OHeHKa MEPEXOIHBIX
XapaKTEePUCTHK CHCTEMBI, MPEACTaBICHHOW pa3paOOTaHHON MaTeMaTHYecKOoW MOJIENbIo, MpU
pa3HbIX 3HaYCHUSIX KOApPUIIMEHTA NTepeayl peayKTopa MO3BOJISIET PEIIUTh TaKyIo 3a7auy.

Ilpakmuueckasn uacmp

Jns  BeIMoMHEHHWsT pabOThl MCIONB3YeTCs NpPUKIAAHAsS TNporpaMma, HHTepdeic KoTopon
npenacrabied  Ha puc.5.3. IlpuknagHas mnporpamma «IJEKTPOMEXaHUYECKasi CHUCTEMa
HaXOJUTCS Ha AMCKE. SIIpOM 3TOM IpOrpaMMbl CIY>)KUT COCTaBJIEHHAs BBILLE MaTeMaTHYeCKas
Mozenb. UHCTPYKIIUY U TTOSICHEHUS 17151 pabOThI C MPOTPaMMOM COJIEPKATCSI B CaMOM ITporpamme
Y TIOSIBIIIFOTCSI HA DKPaHe MOHUTOpA MPHU HaKaTUU KHOMKHU Help.
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Ha wuzobpaxxenun ocuwiiorpaga (puc.5.3, a) 3adukcupoBaH HpolecC M3MEHEHHs YIIIOBOU
CKOPOCTH Harpy3ku (JIMHHA 1) mpu pasroHe M NpU M3MEHEHWH MOMEHTA ITOJIE3HOW HAarpy3Ku
(JiuHMS 2) IO CTYNIEHYaTOMY 3aKOHY.

BeImonHss Takue SKCIIEPUMEHTH NPH Pa3HBIX 3HAUCHHAX HANpPSDKEHHWS THTAHUS JIBUTATEN,
MOYKHO MTOCTPOUTH CTATHUECKUE XaPAKTEPUCTUKU FNEKTPOMEXaHNIECKOTO TIOBO/IA: 3aBUCHUMOCTD
YIJIOBOHM CKOPOCTH Harpy3KH OT IOJIE3HOro MOMeHTa (puc.5.4, a).
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Puc.5.3. Humepdgheiic npuknaonoit npozpammel npu
onpeodeneHuu cmamudeckux xapakmepucmuk (a) u pe-
3ybmamol MOOEAUPOBAHUS NPU ONPedeIeHUN OUHA-
MUUeCcKo20 Kauecmea:

MM EHT Harpyske, Ho

03 04 05

6) - kp = 0)1; 3) - kp = 0,3,’ 2) - kp = 0’8 ' " Bpens,

r)
s ompeneneHus ONTUMAIBHOTO MO OBICTpoJEHCTBHIO KO3 duIMeHTa nepeaayn peaykropa
MIPOBOJUTCS CEPUsl IKCTIEPUMEHTOB, TIPH KOTOPBIX (PUKCUPYETCsl IEPEXOAHBIN Tporece (pa3roH
NPUBO/IA) MPH BCEX €ro HEM3MEHHBIX MapaMeTpax, HO JUIs pa3HbIX 3HA4eHUM Kod(pduimeHra
nepeaauu peaykropa (puc.5.3, 6, B, ).
[To pe3ynpTaTaM 5KCIEPUMEHTOB IMOCTPOEHBI TpapUK 3aBUCUMOCTH JUHAMUYECKOTO KadyecTBa,
KOTOpOE Ompenensercs M0 KOMIUIEKCHOMY Iokazarento (cMmotpu Gopmyny 5.2), oT
kod(duurenTa nepenayn penykropa (puc.5.4, 6). Ilpu BBHINOIHEHUH SKCIEPUMEHTOB JIaHHBIE
yIOOHO TPEACTaBIATh B TaOIW4yHOW (opMe, a TMOTOM CTPOUTh HEOOXOAMMBINH Tpadpuk
3aBHCUMOCTH KOMIUIEKCHOTO MOKa3aTesis A oT Ko pHUIMeHTa repesadn peayKkropa.
Onpenenenne HEOOXOIUMBIX JJi pacdera o Gopmyse (3.2) mapameTpoB MokazaHo Ha puc.5.3,
0. BumHo, 4TO onTMManbHOE 3Ha4YeHHEe KoddduimeHTa mepenauu, mpu KotopoM A-—min,
paBusiercss 0,3. Ilepexoanblii mpoumecc MNpu TakoM 3Ha4YeHUHM KodduuueHTa nepegadn
peyKTopa npeACcTaBjIeH Ha OCIHUIoOrpaMMe puc.5.3, B.
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Puc.5.4. I'pagpuxu 3xkcnepumenmanpbHbIX 3a6UCUMOCHIEIL:
a) — cmamuyecKue XapaKkmepucmuku; 6) — OUHAMUYecKas XapaKmepucmuka

3aoanue
1. Ilo ucxogHbIM JaHHBIM, B COOTBETCTBUU C BapuaHTOM (Tabi.5.1), onpenenuTb CTaTUYECKUE
XapaKTEPUCTUKH 3JIEKTPOMEXAaHUYECKOI'O MOBOJAA Ul pa3HbIX 3HAYCHWUH HANpsSKEHUs MUTAHUA
JIBUTATENI M TIOCTPOHUTH COOTBETCTBYoLIME rpaduku. (namasoH W3MEHEHHs HaNpsOHKCHUS
olpeenser NpenojaBaresb).
2. IlpoBecTH cepuI0 3KCIEPUMEHTOB IO MOJECIUPOBAHMIO MEPEXOJHON XapaKTEPUCTHKHU IPU
pasHbIX 3Ha4YeHHsAX KodpduimeHta K, nepenaunm peayKkTopa, BBIIOIHUTE HEOOXOJUMbIC
U3MEpPEHUs], PacCUNTaTh KOMIUIEKCHBIM MOKa3aTelb A U MOCTPOUTHh COOTBETCTBYIOMIMN rpaduk
IJUIsL ONpeIeIeHHs] ONITHMAIBHOTO 110 ObIcTpozeiicTBIIO Kodddunmenta K.

Tabauya 5.1 Ucxoouwle oannvle

[epBas Iy Ky K., K, Bropas | Yij A

nudpa KIM> Hwm/B | Hwmc/pan uudpa KrM? 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

Cooepircanue npomoxona

B npotokone mnpeacTaBUTh CTPYKTYPHYIO CXEMY 3JIEKTPOMEXaHMUECKOH CHCTEMBbI, TaOIHIIbI
HKCIEPUMEHTAIbHBIX JaHHBIX, COOTBETCTBYIOLIUE TIpaUKH CTAaTUYECKUX XapaKTEPUCTUK U
rpaduk 3aBUCHUMOCTH KOMIUIEKCHOTO MOKa3aTelsi JMHAMUYECKOro KadyecTBa OT KoddduuueHnrta
nepeaayn peayKkropa, Konuio uHTepdelica MpukIagHON IporpaMMbl ¢ MEPEXOTHBIM MPOLECCOM
IpU ONTHUMAIbHOM 10 OBICTPOJEHCTBUIO 3HAUYEHUU KOIPPUIMEHTa Meperaud peayKTopa.
BriBoapbl.

IIpakTHyeckas padora Ne6
OmnpeneneHue XapakTePUCTHK IMIPOMEXaHHYECKOr0 MPUBOAa

lleﬂb paﬂombl: Hpu05pemeHue npakmu4eCcKux HaeblK06 KOMNJIEKCHO20 UCCNIE00BAHUS CUCTNEM U
00bEKMOB ABMOMAMUYECKO20 ynpaeieHusl.

Teopemuueckasa uacmpo

Ha puc.6.1 npencrasnena rujpomexaHnyecKkas CUCTEMA — IMPUBO/T MOCTYMATENBHOTO IBUKEHHUS.
[IprBOA COCTOMT M3 THUAPABIMYECKOTO LWJIMHApPA |, MTOK KOTOPOTO CBS3aH C CYNIIOPTOM 2
(Harpy3koW) MEXaHHYECKOW CBSI3BI0O C IKECTKOCThIO c¢. CymnmopT mepeaBuraercs o
HaMpaBJIIOMUM 3, KOTOPbIE XapaKTepU3yIOTCs KOA((UIIMEHTOM BS3KOTO TPEHUs A, a CKOPOCTh
peryaupyercst TuapaBiInueckuM japocceneM 4. Takum oOpa3om, cucTemMa UMEET YIpPaBISIOMINUN
BXOJ (OTKPBITHE X IPOCCENIsI) U BO3MYIICHUE — CHITY MOJie3HON Harpy3ku F. [lensio ympaBieHus
SIBJISIETCSI IEPEMEIICHUE CYITIOPTa ¢ 331aHHOM ckopocThio dy/dt mo koopauHare Y.
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Puc.6.1. I'uopomexanuueckas cucmema

JIBr>keHue cymnmopTa MOXKeT ObITh onrcaHo AuddepeHnnanbHbBIM ypaBHEHHEM BTOPOTO
[nopsAaaKa:

d? d
—2/+/1—y+c(y—y1):F, (6.1)
dt dt

rjae M — Macca cynmnopra; A - ko3h(UIHUEHT BA3KOro TPeHHsI; Y — mepeMelieHne Macchl; F —
IMOJIC3HAs HArpyska.

['unpaBnuyeckuil MWIMHAP € MOJIE3HOM MI01aAbto P mopiiHs A0KEH ObITh IPEACTaBIEH
ABYMS YPABHCHUAMU, KOTOPBIC OTBEYAOT KWHEMATUYCCKOMY U CUJIOBOMY B036Y)K)ICHI/IIO.
[TepBoe ommchIBaeT NBIKEHUE TI0 pacxoay Q Macia yepes MIIHHIP:

m

Y: = J%dt, (6.2)
a BTOpPOC — UIBMCHCHHUEC NAaBJICHUA B IIOJOCTH:
F
p, = Fl (6.3)

Pacxon mMacina uepe3 Ipoccenb 3aBUCHT OT OTKPBITHSI JPOCCETUPYIOLICH IIENU U Tiepernaa
JIABJICHUS HA HEW:

(6.4)

rae 1 — ko3 duireHT pacxo/a yepes APOCCETUPYIONIYIO Ieib, K — KOdQPHUIreHT

IIPONOPUHMOHAIIBHOCTH MEXKAY IJIOIAJBIO IIEJIA M OTKPBITUEM X APOCCEIIs, po — JAaBJICHUC JIMHUHN

IMUTaHusd, p— y'I[eJ'ILHHﬁ BCC MaciJia.
K maremarnueckoi MOACIIN HCO6XOI[I/IMO HpI/I6aBI/ITL YpaBHCHUC CBA3U:

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

[To momyyeHHOH MaTeMaTHYeCKOW MOJENH, KOTOpas COCTOMT U3 ypaBHeHumid (6.1-6.5),
MOCTPOCHA CTPYKTYpHas cxeMmMa THUIpPOMEXaHHuecKoil cuctembl (puc.6.2). Ha cTpykTypHOit
CXEMe eCTh JIBa BX0JIa: OJIMH IO YIIPABIISAIONIEMY BO3JICHCTBHUIO X, @ BTOPOU IO BO3MYIICHHIO F.
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Puc.6.2. Cmpykmyphnasn cxema 2u0pomMexanuiecKkoll Cucmemol

v

A

Hpoccenp Ha BXOA€ CXEMbl TMpEACTaBICH JBYMS [EPEAATOUYHBIMM  (DYHKIHUSIMH C
NMHEapH30BaHHBIMU Kod(dunueHTamu nepenaun Ky, — o ynpasmistomemMy Bo3aeicTBrIo X u Ky,
— mo mepenaay aAaBineHusa. [Ipy MoaenupoBaHMM CHUCTEMBI C MPUMEHEHHEM YHUCIEHHBIX
ITOPUTMOB MOKHO HCIIOJIb30BaTh MEPBUYHYIO HEJIMHEHHYI0 3aBUCUMOCTH (6.4). IlocTosHHbBIE
BPEMEHHU MepPeAaTOYHON (YHKIIUU HATPY3KU B COOTBETCTBUU C (6.1) paBHsAIOTCA: T2=mlc, T, =
Alc. 3aech, Kak ¥ A AIIEKTPOMEXaHUUYECKOTO MOBOJIA, MOXXHO KOHCTATHPOBATh 3aMKHYTOCTb
CUCTEMBI, KOTOpasi, TeM He MeHee, He sBisieTcs CAY.

Paspaborannass maremMaTHueckas MOJENb MO3BOJSET HAa JTalne  MNpPeIBapUTENILHOTO
MPOEKTUPOBAHUS TPOBOAUTH HCCIECNOBAHUS C LETbI0 ONpEAeNiCHUs BIUSHHUS MapaMEeTpOB
NpUBO/Ia Ha IUJIABHOCTh JBW)KCHHUS, OICHKH KauyecTBa YIPaBICHUS H  BO3MOXKHOCTH
COTMPOTHUBIICHUS BHEIIHEH HArpys3ke u T.N. B 3aBUCHUMOCTH OT jkeJlaeMoro Juara3oHa CKOpoCTei
JBWDKEHUST paboyero opraHa MOYKHO NMPaBHIIBHO BBIOPATh COOTHOIICHUE: JABICHHE MMUTAHHUS —
reOMEeTPUUECKHEe MapaMeTphl APOCCessi, YTO SBJSIETCS BaXXHOW 3ajadeild, OT pelIeHHus KOTOpOu
OyAyT 3aBHCETh SHEPTETHUECKUE ITOKA3aTEIN TIOBOJIA B IIETIOM.

Ilpakmuueckan wacmp
Ha puc.6.3 mnpexncraBineH uHTepdeiic NPUKIATHOW MpOrpaMMbl, KOTOpas MOJAEIUPYET
ruipoMexaHudeckyro cucremy. Ilpuxmagnas mnporpamma «['MIpoMexaHUYecKasl CUCTEMay
HaXOJWUTCS Ha JUCKE. SIApoM 3TOil MporpaMMsbl sBJIAETCS MPEICTABJICHHAs BBIIE HEJIWHEHHAs
MaTeMaThyeckass MOJellb, KOTOpas YUYWMTHIBA€T HEIMHEHHYI0 3aBHCUMOCTH (6.4) Kpome
HEJIMHEHHOCTEH!, ONMCAaHHBIX B TeopeTndeckoi yacTi. KoadduumenTsl Moaenu paccuuTaHbl s
CIIEAYIONIMX UCXOAHBIX maHHbiX: £~=0.9, p=900 K/, WHCTpyKIMU U OsICHEHUS JUIsl paboThI ©
IpOrpaMMoOil cojiepaTcsi B caMOd MporpaMMe U MOSBJSIOTCS Ha 3KpaHe MOHHUTOpa IpHU
Ha)kaTuu kHonku Help.

=1olx|
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Puc.6.3. Humepgeiic npukinaonoit npozpammol Mooeauposanus
2UOPOMEXAHUYECKOTL CUCHEeMbL

Ha wn3o6paxxkenun ocummiorpaga (puc.6.3) cKOpocTh ABIKEHHs pabodyero opraHa o0O3Ha4YeHA
JuHUEN 1, CKOpPOCTh NIBMXKEHMS IITOKA I'MAPABIMYECKOrO LMWJIMHIpA — JMHUEH 2, a JuHUA 3
COOTBETCTBYET BHEIIHEH Harpyske — CHile, KOTOpas MPHKIAIBIBACTCA K pabodeMy Opray.
3aukcupoBaH LMK YOPABICHUS, COCTOSIUMH M3 CIEOYIOUIMX 3TaloB: ABH)KEHHE BJIEBO
(oTpuuarenbHasl CKOPOCTb) K JIEBOMY YIOpPY, ABMKEHHME BIPABO J0 OKOHUYAHUS IEPEXOJHOTO
npoliecca 1 NOTOM BHE3AIHOE IPUIIOKEHHUE CHIIbl HArpy3KH, ABHKEHHE K IIPaBOMY YIIOpY.
AHaJIN3 OCUMIIOTPaMMBbI TIOKA3bIBAET, YTO MPU U3MEHEHUH HAIPABJICHUS IBUKCHUS B CHCTEME
IPOMCXOIUT MEPEXOAHBINA IPOLECcC, KOTOPBI COMPOBOXKIAECTCS 3aTyXalOIIMMU KOJIeOaHUSAMH,
KaK CKOpPOCTH pabouero opraHa, Tak U CKOPOCTH IITOKAa THUIPABIMYECKOrO LMIMHApA, a
U3MEHEHHE CHJIbl Harpys3ka, KpOMe€ MEepeXOJHOro Ipolecca, BbI3bIBAET YMEHBIICHUE
(aKTHUECKOW CKOPOCTH JABIKEHHs pabodero oprana (BenumuumHa oV Ha ocumiuiorpamme). Ilpu
YBEJIMYEHUU CHJIBI CBEpPX ONPEJENCHHONM BEIMYMHBI MOXET IPOU30HTH JIBUKEHHE B
IIPOTUBOIOJIOKHOM OT ’K€JIa€MOI'0 HaIlPAaBJIEHUH, TO €CTh Macyio Oy/eT BBITECHATHCS U3 OJIOCTU
THJIPABINYECKOr0 LIUIMHAPA.

BrImonHAS Takue SKCHEPUMEHTHI MPH PA3HBIX 3HAYEHUSX CHIBI CONMPOTHBICHHS, MOXHO
HOCTPOUTh KaK JUHAMUYECKHUE XapaKTEPUCTHKH 3aBUCHUMOCTH INE€peperyinpoBaHus, 3aTyXaHUs
3a Mepuo/i OT NapaMeTPOB CUCTEMBI, KOTOPBbIE U3MEHSIOTCS, TAK U CTATUUECKUE XapaKTEPUCTUKU
3aBUCUMOCTH CKOPOCTH JABHMKEHHSI OT CHJIBI ITOJIE3HOM HArpy3ku (puc.6.4).

V, mlc
0,8

0,6

—

0.2 \

0 \
0 2 | a 6 8 1 12 J\ P kH

02 ‘f

.04

Puc.6.4. Cmamuueckasn 3a6ucumocmey cCKOPOCIU O8UIHCEHUA OM NOJIE3HO HAZPY3KU

3aoanue
1. ITo ucxogHbIM JaHHBIM, B COOTBETCTBUHU C BapuaHTOM (Tabi.6.1), onpenenuTbh CTaTUYECKUe
XapaKTEPUCTUKU THIPOMEXaHHMUYECKOro MPUBOJA (3aBUCUMOCTh CKOPOCTH pabovyero opraHa ot
CHWJIBI TIOJIE3HOM HAarpy3Ku) AJIs pa3HbIX 3HAUEHUH JaBJICHUS MUTAHUS THAPABINYECKON CHCTEMBI
U TIOCTPOUTH COOTBETCTBYIONIMHA rpaduk. ([lnanazoH u3MeHeHUs AABICHHS OINpeNessieT Ipemno-
JaBaTellb).
2. Onpenennuts NUHAMUYECKUE IOKA3aTEIM T'MAPOMEXAHMYECKOIO NPHUBOJA: OTHOCUTEIBHOE
NepeperynupoBaHue U 3aTyXaHue 3a IepUo.

Tabnuya 6.1 HUcxoouvie oanmvie

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

Cooepircanue npomoxona

B nmpotokose mnpencTaBUTh CTPYKTYPHYIO CXE€MY MCCIEIYEMOM CHCTEMBI C HUCXOJIHBIMHU
JAHHBIMH, TaOJMUIBl SKCIEPUMEHTAIBHBIX JAaHHBIX, TPAaQUKH CTATUYECKUX XaAPAKTEPUCTHUK,
JUHAMHUYECKHE TI0KA3aTelu KauecTBa MEPEXOJHON XapaKTEPUCTHUKUA TUAPOMEXAHUYECKOIO
IPUBOJIA.

IIpakTHyeckas padora Ne7
Omnpenesienune xapaktepuctuk CAY npoaoJsibHoOM nogaveil Npu TOYCHUH

lleflb pa60mbt: Hpuo6pemeHue npakmu4ecKux HaeoblkO6 KOMNJIEKCHO20 UCCNIe008AHUA CUCTNEM U
00bEeKMo8 A8MoMAMUYECcK020 ynpaeieHusl.

Teopemuueckasa yacmpo

Haubonee pacpoctpaneHHbIN B MeTaiioo0padoTke Tum 3aMKHYTBIX CAY — 310 CAY,
IpelHa3HaYeHHbIE JJI1 aBTOMATUYECKOT0 PEryJIMpOBaHUs Mpoliecca pe3aHus 3apaHee
YCTaHOBJIEHHBIM 00pa3oM. Takue CUCTeMbI MOTYT IPUMEHSAThCS KaK JJIsl CTa0UIH3aIiK
3a/laHHBIX BBIXOJ/HBIX IAPaMETPOB MIPOLIECCa PE3AHMSI, TAK U JJI UX U3MEHEHHUS B LIUKJIE
00paboTKH 1O ompeeneHHoMy anroputmy. Haubonee nenecoo6pa3Ho HCIONb30BaHUE TAaKUX
CUCTEM Ha 3aKJIIOUUTENbHbBIX, (PUHUIITHBIX ONEPALNIX TEXHOJIOTHYECKOTO Mpoliecca.

[Tpu mexaHuuyeckoil 0OpabOTKe pe3aHHeM TOYHOCTh OOpaOOTKH, B OCHOBHOM, OIpeNeNsercs
ynpyrumu JaedopManusiMiu TEXHOJIOTMUYECKON CHCTEMBI, KOTOpPBIE, B CBOIO OYEpE/b, 3aBUCIT OT
cuiibl pe3anus. [loaToMy cucTemMa aBTOMAaTHYECKOM CTaOMIM3allMM CHJIBI PE3aHUs Ha 3apaHee
3a/laHHOM YpOBHE WJIM MPOrPaMMHOTO PETYJIUPOBAHUS €€ 10 3a/laHHOMY 3aKOHY MO3BOJISET I10-
BBICUTh TOYHOCTb OOPa0OTKU M 3HAYMTEIBHO YIYUIIUTh KAYECTBO MOBEPXHOCTH JeTaleH.

CAY craOunuszanuu cuibl pe3aHus Npu ToYeHUU (puc.7.1) CMOHTHPOBAaHA Ha TOKAPHOM CTaHKE
Y COCTOUT M3 MPUBOJA MOJaYM U U3MEPUTEIBHOIO ycTpoiicTBa. M3MepurensHas nens peannso-
BaHa C TMOMOUIBI0 TUHaAMoMeTpudeckoro mpeoopazosatens AII, koToperit yepes ycwiurens Y
oOecrieunBaeT curHain oopatHoil cBsa3u U,., mponopurnoHanbHbIi cocTaBistomeit P, cuibl pesa-
Hus. I[lpuBon momaum coctouT u3 ycuiurens-npeoOpazosatens YII, aBurarens mocTOSHHOTO
toka /[ u penykropa P.

d
Bl L L& 3yyc,

A

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

Puc.7.1. @ynxkyuonanvuaa cxema CAY cmabunusayuu cuivl pe3anus
npu movenuu

CAY ¢dyskmmmonupyer cienyronmMm odpa3oM. Ha BXol CHCTEMBI, K CpaBHHUBAIOLIEMY YCTPOM-
CTBY nocrtynaer curtai U,, KOTOpbIil COOTBETCTBYET TpeOyeMOMY 3HAUYEHHUIO CHUJIBI PEe3aHHs B
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omnpeneneHHoM MacmuTabe. Ha BTOpoit BX0a CpaBHUBAIOLIETO YCTPOMCTBaA mmocTynaeT curHai Uy,
BbIpabaThIBaeMbIii TUHaMOMeTpu4YecKuM mpeodpazoBatenem JII u ycunurenem Y. Takum o6pa-
30M HanpsbkeHue U,. NpoNopuHOHAIBHO pealbHOMY 3HAUEHUIO0 CHiIbl pe3aHus. OmunOka
oU=U.,-U,. mocrtymaer Ha BXoj ycmiutes-ipeoOpazoBarens YII, KoTopbiii BbIpabaThIBacT
Hanpspkenue U, nuranus nsurarens . [Isurarens /1, uepes penykrop P onpenenser Benuuuny
MPOJOIBHON MOIaYM TaK, YTOOBI CBECTH OIMOKY K MUHUMYMY.

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

MaremaTtnueckasg Monenb CAY COCTOUT M3 MaTeEMaTHYECKUX MoJeJIell 2JIEMEHTOB, COCTaBIISIO-
HIMX CHCTEMY. YCHIHTEIb-TipeoOpa3oBaTelib onuchiBaeTcs AuddepeHIanbHbIM ypaBHEHUEM
IIEPBOIO MOPAIKA,

du,

yn

+U, =k U, (7.1)

HO €ro XapaKTEepUCTHUKa HEeJIMHETHAs TUIa ‘“HacChl-
meHus” (puc. 5.34):

U,=k,oU, e <

Puc. 1.2. Xapakmepucmuxa ycuu- Uo =U max) | €CAU oU > 5U0;
mensa-npeoopazasamens
rae Kyn, T, — KOOGUIMEHT yCHIICHHS M TIOCTOSIHHASL BPEMEHH YCHIINTEINSA-IpeoOpa3oBaTes;
Unax — HalIpsDKEHUE HACHITIICHHMS.
JIBUraTens MOCTOSHHOTO TOKA OMUCHIBACTCS MU GEpEHIMATLHBIM YPAaBHEHUEM BTOPOTO MOPSI/I-
Ka:
2
TT, ddt“jo +T d;t’« +o,=kU,, (7.2)

M

rae Ky, T,, T, - k03 HULHEeHT nepeayun, TOCTOSTHHbIC BPEMEHH (JISKTPOMArHUTHAS U MEXaHH-
YyecKasi) JIBUraTels.

Penykrop, TeH30METpUYECKUI TUHAMOMETP U 3JIEKTPOHHBIN YCHIINTENb ONUCBHIBAOTCS JINHEN-
HbIMU YPaBHEHUSMHU, KOTOPbIE COOTBETCTBYIOT O€3bIHEPLIMOHHBIM 3BEHBSIM € KO UILIMEHTaMU
nepenaqn: K,, Ko, K;.

OxBuBaieHTHbIE ypyrue cuctemsl (Y C) o cooTBETCTBYIOIIMM OCSIM KOOPAMHAT MOTYT OBIThH
npezcTaBieHbl U depeHHaTbHBIMU YPaBHEHUSIMH BTOPOTO MOPSAKA, KaK JUIs OJTHOMACCOBBIX
CUCTEM:

2
P=m ddtfx +1 ddﬁtx +C,0X;
2
P, :mOI fy+/ld5y+cy§y;
dt dt
rze M — Macca cynmnopra; A - Ko3hGUIueHT BA3KOro TpeHus (CHiia TpEHHUs TPONOPIMOHATbHA
CKOPOCTH); Cy, C; — JKECTKOCTH 110 COOTBETCTBYIOLIEH KOOPAHHATE.
[Tponecc pezanus IIP MoxeT ObITh PEACTABICH YpaBHEHHEM, CBSI3bIBAIOLIUM (PaKTUUYECKHE Be-
JUYMHBI TOJa49u Sy 1 1yOuHbl Hy, pe3anus ¢ cocraBistonei P, cunbl pezaHus:

— xp QYP\/ np
IDZ - CpH(]) S(]) V ! (74)
rac Cp, Xp, yp, np — OMIIUPUYICCKHUC KOB(I)(I)HHHCHT U I10Ka3aTC/Iu CTCIICHU, V- CKOpPOCTb pC3aHUsl.

bnok I'C BrimonaseT ornepanruu B COOTBETCTBUHN C TCOMETPUICCKUMHU COOTHOIICHUAMU MEXKIAY
COCTAaBJIAIOIIMMUA CUJIBI PE3aHUA:

(0.6P)
1+t9°(p+n)’

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

(7.3)

P.=PF -tg(p+n) (7.5)

y =
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C yueTom npuBeeHHBIX BbIlIe ypaBHeHUH (7.1-7.5) u cBs3el GyHKIMOHATBLHON CXEMBI 110 PUC.
5.30, maTemaTu4eckyro Mozenb Beceit CAY Hag0 MOMOIHUTD CIEAYIOMMMHU 3aBUCUMOCTSIMM:

(&Jzus_uoc;
S,=wk,;

dox
S =S ——; 7.6
IR AT (7.6)
H,=H, -
\Uoczgy.kdn.ky;

Takum o0pazom, crabuiau3alust CHIbl pe3aHus Ha TpeOyeMOM YpOBHE, KOTOpBIH B
OIpe/ielIeHHOM MacIiitabe oTBedaeT 3aJaHHoMYy HanpsbkeHuto U; Ha Bxone CAY, mpoucxoaur
II0 CYET YNPABICHMUS NPOJOJBbHOM noxader. lIpu ToyeHmm neranu, NPUIYCK KOTOPOH
U3MEHSETCs, PperyJupoBaHUE I[0JIaud JOJDKHO HPOMCXOJIUTh TakK, YTOOBl CHJIA pe3aHus
OcTaBajlach IOCTOSSHHOM Ha Bceil mymHe o0paboTku. Ho kauectBo paborbl CAY nenukom
3aBUCUT OT €ro IapaMeTpoB, a TaKXKe OT IMapaMeTpPOB TEXHOJOIMUYecKoW oOpadarbiBaroiien
cuctemsl (TOC) rae umeHHO U peanusyercs npoiecc ToueHus. [loaTtomy BakHelel 3anaueit
OpU NPOEKTHUPOBAHUU CHUCTEMbI SIBJIETCS IpaBWIBHBIA BbIOOp €€ mapaMeTpoB, a Ipu
JKCIUTyaTallMM — OLIEHKa KadecTBa B 3aBUCUMOCTH OT napamerpoB TOC, KoTOpble B JaHHOM
ClIydae SIBJIAIOTCS BO3MYIICHUSAMM.

Ilpakmuueckan wacmp

Ha puc. 7.3, a npexacrasieH untrepdeiic MpUKIaAHOW MpOrpaMMbl B KOHIIE MOJAEIHPOBAHUS
npoliecca cTabWiIM3aluy CUIbl Pe3aHus MPU TOUYSHHM CIEUUAbHO MOATOTOBJIEHHON JeTalu ¢
HEPAaBHOMEPHBIM NPUITYCKOM, KOTOPYIO MOXKHO YBHMJIETh HA 3KpaHE B Haydaje MOJEIUpPOBaHUS
(puc.7.3, 6). Ilpuxkmagunas mporpamMmma «CAY cTaOuian3anuyl_CUJIbl pe3aHUs» HAXOIUTCS Ha
JTICKE.

Sapom 3Toi mporpaMMBbI CITY>KUT MIPEICTABICHHAS BBILIE HEIMHEHHAs MaTeMaTH4ecKasi MOJIeb,
a UHCTPYKLMHU U TOSICHEHHUS JJIsl pabOThl C IPOrpaMMOi coliep:kaTcsl B caMOi MporpaMMe U Io-
ABIISIOTCS HA 9KpaHe MOHUTOpa Mpu HaxaTnu KHonku Help B mone rmaBHoro untepdeiica. [1po-
LIECC pe3aHusl OTBEUYaEeT CIEAYIOIUM IapaMerpaMm: Kod()PUIMEHT U MOoKa3aTenu CTETEHU CUIIO-
Boii 3aBucumoctu C,=3000, x,=0.9, y,=0.75, n=-0,1.

[TosryueHHBbIE XapaKTEPUCTUKH W3MEHEHUS MPOJOJBbHOM MoJauM M cocTaBisioulel P; cuibl
pe3aHMs TO3BOJIAIOT HAaWTH M OLEHUTh BCEe HEOOXOIMMBbIE MapaMeTpbl KadecTBa: TOYHOCTh
peryinpoBaHus, ObICTPOJEICTBHIE, CKIIOHHOCTh K KOJIEOaHUSIM U T.I1.

Ha ocunnnorpade nnrtepdeiica (puc.7.3, a) 3apKCHpOBaH MPOLECC PEryIUpoBaHus (JTUHUSA 1 —
cocrapistomas P, cuibl pe3aHus, JTUHUS 2 — mpojosibHas mogada S). [TockosbKy mporecc
HA4YMHAETCS C MOMEHTAa IOJBEACHMs pe3lla K 3aroTOBKE, TO 3/I€Ch MOJayda JIOCTHTaeT CBOEH
MaKCHMaJbHO JOMYCTUMOW (IO XapakTepUCTUKaM IPHUBOJA) BelIWuUuHBL [lanee mpoucxoaut
ABTOMATUYECKOE PETYIHMPOBAHHUE C IENbI0 CTAOWIM3AIMKU CHJIBI Pe3aHUs — MPU YBETHYCHUU
CHWJIBI I0JJa4a YMEHbILAETCS, P YMEHBIICHUH - YBETNYUBACTCS.

AHanu3 Tpoliecca peryqupoOBaHUs MOXHO TMPOBECTH IO yBEIWYEHHBIM (parMeHTam
ocrmutorpaMmbl (puc.7.3, B). CtaOunu3aius BBITOJHIETCS 0 MEPEXOTHON XapaKTEPUCTUKE C
napaMeTpamu: Bpems t, mepexogHoro mporecca, MakcuMasabHas BenudruHa Pmay cocTaBisromei
CHJIBI pe3aHusl M C HeKoTopoi omubkoi OP. [lo 3TuM mapameTpaM MOKHO OLICHHTHh KauyeCTBO
CAY.
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[l MoaenvpoBatie CACTEMBI ABTOMATMHECKOA CTABUAMZALIMA CHAIbI PE3aHKA P o [ [E5
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Puc.7.3. Mooenuposanue CAY cmaodounuzayuu cunvl pe3anus npu mo4eHuu:
a) — 2naeHwvlil unmepgeiic, 6) — HaUAILHOE NOJI0IHCEHUE, 8) — OUCHKA KAYeCmea

3aoanue

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

1) oT ko3¢ umeHTa nmepeaadu peayKTopa,

2) OT kecTKocTH Cyx ynpyroi TOC;

3) OT K03 (UIIUEHTA MTepeJauy YCUITUTENSI OOpaTHOM CBSI3HU.
Ilpumeuanue:

- muana3oH m3MeHeHus xectroctr (H/mm) 18000 < ¢, <50000;
- IMana3oH BapbUPOBaHMA KO3 HIeHTa yCHanTeNns oopaTHoi cBsi3u 5 < Kk, <55;
- IMaNa30H H3MeHeHus koddduimenTa nepenaun peaykropa (mm/pan) 0,2 < k,<0,05.
2. BeiOupas mar u3MeHeHHsl 3a/laHHOTO [apaMeTpa, MPOBECTH SKCIIEPUMEHTHI Ha BCEM JIMana3o-
HE €ro U3MEHEHHs, ONpeAeUTh HE0OX0AUMbIe (CM. BBILIE) JUHAMHYECKUE XapaKTEPUCTUKU U
3anucaTh pe3yiabTaThl B COOTBETCTBYIOLINE TAOIHIIBI.
3. IloctpouTh rpapuKyd 5SKCHEPUMEHTAIbHBIX 3aBUCHUMOCTEH KOMIIJIEKCHOTO IOKa3aTess
KayecTBa M OIMMOKM OT yKa3aHHBIX Bblme napameTpoB CAY. OnpenenuTh AMHAMHUYECKUE
nokazarenn CAY: OTHOCUTENBHOE IEPEPETYIUPOBAHNE U 3aTyXaHUE 3a TIEPUO.
Brumanue! IlockonpKy MCXOAHBIE JAaHHBIE 3a/al0TCS CIy4allHO, HE MCKJIKOYAETCS CUTYallMs,
korna CAY oka3bIBaeTcsi HEyCTOMUMBOM, TO €CTh COBCEM HE MPUTOAHOMN K (DYHKIIMOHUPOBAHHUIO.
Coobmenust 06 3TOM, B TakOM ciydae, IOSBISIETCS Ha DJKpaHE MOHMTOpAa BO BpeMs
MOJIeTUpOBaHUsA. PexomMeHaamm i penieHus: Takod mpoOJeMbl — JIeHCTBOBATh B CIIENYIOIIEH
MOCJIE0BATEIBHOCTH!
1) wu3MeHsTh mapamerp, B QyHKIIMH KOTOPOTO aHATM3UPYETCs TuHaMuueckoe kadectso CAY B
JMana3oHe, yKa3aHHOM B 331aHUH;
2) ecnH B pe3yJbTare BBIMOJHEHHS I1. 1 He yaaercs obecrednts mocTostHeTBO CAY, yMEHbIIATH
ko3 duureHT nepenaun npsmoro kanama CAY 3a cuer yMeHblIeHUs KOIPPUIIMEHTA YCUICHUS
TPAH3UCTOPHOTO (TUPUCTOPHOTO) TpeoOpa3oBareis. [lomydeHHBIH TaKUM 00pa3oM HOBBIM KO-
3 PUIMEHT 3aHECTH B UCXOAHBIEC JAHHBIE C COOTBETCTBYIOIIMM KOMMEHTAPHEM.

Tabnuya 71.1. — Hcxoouwvie oannvle
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0 200 30000 100 1200 | 200 30 0.001 0 |20 0.8 | 0.003 | 0.01
1 180 28000 90 1400 180 45 0.002 1 30 0.9 | 0.005 | 0.02
2 160 26000 70 1000 | 160 60 0.003 2 |40 1.0 | 0.007 | 0.03
3 140 24000 60 800 140 75 0.004 3 50 1.1 | 0.010 | 0.04
4 120 22000 50 900 80 80 0.005 4 60 1.2 | 0.008 | 0.05
5 100 20000 40 600 100 45 0.006 5 70 1.3 | 0.009 | 0.01
6 80 23000 30 700 110 60 0.007 6 80 0.7 | 0.006 | 0.02
7 60 25000 55 1100 120 75 0.008 7 90 0.6 | 0.004 | 0.03
8 40 27000 65 550 90 30 0.002 8 100 15 | 0.003 | 0.04
9 20 29000 85 750 130 45 0.004 9 110 1.8 | 0.005 | 0.05

Cooepotcanue npomokxona

B npotoxkoune npenctaBuTh CTPYKTYpHYIO cxemy uccienyemoil CAY ¢ HCXOAHBIMU JTaHHBIMH,
KONHIO HHTep(elica Mpu MOJASIUPOBAHUH, TAOIHIIBI SKCIEPUMEHTAIbHBIX JaHHBIX, IPadUKU
COOTBETCTBYIOLIMX 3aBUCUMOCTEMN. BBIBOIBI.

IIpakTHyeckas padora Ne8
HccaenoBanye BJOUSTHASA acTaTH3Ma Ha KadecTBo CAY

Lenv pabomor: [Ipuobpemenue npakmuyeckux HABbLIKOE IKCNEPUMEHMANbHO20 OnpedeseHUs
napamempog I IH-pezynsamopa.

Teopemuueckasa uacmp

Uccnenyrotest nse CAY: rcxonHas cucTteMa ¢ acTaTU3MOM MEPBOTO MOpsiiKa, mpeoOpa3zoBaHHas
(c [IN-perynsiTopoM) — cUCTEMa C aCTaTH3MOM BTOPOTO Mopsiaka. M3BeCTHO, YTO Jis OLIEHKHU
TOYHOCTH aCTaTUYECKUX CHCTEM BTOPOTO MOPSJIKA UCIIOIB3YETCSl YIPABIIAIONIEE BO3IECHCTBHE B
BHJIC CUTHAJIA C TIOCTOSIHHBIM ycKOopeHueM. [Ipu TakoM pexxume paboThl acTaTHYecKas CUCTEMa
BTOPOTO TOPSJKAa UMEET OIMIMOKY, MO BETUYMHE KOTOPOH MOXKHO MPOBOAMUTH OIEHKY KadecTBa
CAY wu mporecca peryaupoBaHus. YcTaHOBUBIIAsca omuOka actatudeckoit CAY mepBoro
MOPsIIKA B ATOM ClIy4ae OyJeT CTPEMUTHCS K OECKOHEYHOCTH.

Ilpakmuueckan wacmep

Ha puc.8.1 mnpeacraBneH uHTepdeilc MPHUKIATHON MTPOrpaMMbI, C TOMOIIBI0 KOTOPOU
BBITIOJIHAIOTCA AKCHEpUMEHTANIbHBIE ucchaenoBanus. [Iporpamma «IIW perynsarop» HaxoguTcs
Ha fAucke. MHCTpYKIIMM M TOSICHEHUS I pabOThl C TPOrpaMMOM coaepKaTcsi B CaMoOW
mporpamMme M TOSIBJISIOTCS Ha SKpaHe MOHUTOPA MPHU HaxxaTuu KHonku Help.

[Tocne akTuBu3anuu npukiaanon nporpammel «CAY ¢ [IHU-perynstopom», KOTOpass HaXOIUT-
Cs Ha JINCKE, Ha TJIaBHOM MHTepdeice 3a1al0Tcsi UCXOAHbIC JaHHBIE B COOTBETCTBUU C BapHaH-
TOM (CMOTpH TabmuILy 8.2).

[Ipu uccnegoBaHuM BIWSAHUS NOCTOSIHHON BpemeHu [IM-perynstopa Ha KayecTBO peryiaupoBa-
HUS YCTaHOBUTHb CTAaTUYECKUN PEXKUM M MPOBECTH CEPHUIO0 SKCHEPUMEHTOB ISl OLICHKH KOM-
MJIEKCHOTO KpUTepHsi A KadyecTBa, B COOTBETCTBUU ¢ (hopmynoit (5.2). I3MepeHune 3KcriepuMeH-
TaJTbHBIX JAHHBIX, HEOOXOJUMBIX JJIsi PacueToB, MPOBOAMUTCS MO ocimuiorpammam. [Ipu satom
JUUISL UICXOHOM CHUCTEMBbI KOMIUIEKCHBIM KpPUTEpUH A paccuuThiBaeTCs OIMH pa3, a mid CAY ¢
[TU-perynsiTopoM — i BCETO BBHIOPAHHOTO JMAana3oHa U3MEHEHHs MOCTOSHHOW BpEeMEHH T,,.
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Jnana3oH U3MEHEHHs MMOCTOSIHHOM T, BpeMeHU omnpeaensercs oT 3HaueHus:, npu koropom CAY
CTAHOBHUTCS HEYCTOMYHMBOM, B CTOPOHY YBEIWYEHUS. DKCIIEPUMEHTAIIbHBIE JaHHBIC 3aITUCHIBAIOT
B TaOJUILy, IPUMEP KOTOPOU MPEICTABICH HIKE.

Tabnuya 8. 1. Dxcnepumenmanvhvie u paciemHvle OAHHbIE

N | T ¢ CraTuyeckuil pexxum JIBMOK. C MOCT YCKOPEHUEM
B v Qmax, 2pad | tu, A da, 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 HEYCTOWYNBA

3aTeM BBIGMpACTCS 3aKOH JBIXKEHHS C MOCTOSHHBIM yckopenueM (2 pam/c’). Ha puc.8.1 Ha
n300pakeHnn ocrmuiorpados auHUEH | 0003HAYEH 3aKOH JBM)KEHUS, KOTOPBINA 3a/1aeTCs, a JTu-

Huel 2 — QaKTUYECKUIi 3aKOH IBHKEHMSI, BOCIIPOU3BOAMMBIH paGOYUM OpraHOM.
[ Mconenopatue BEAMAHUA ACTATHEMA Ha KavecTeo CAY [_ (O] =]

HcxonHan cHcTema Cucrema c MH-perynaropom
HMcxonHbie napaMeTpol
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Puc.8.1. Hccneoosanue enuanua nocmoannoit epemenu INH-pecyniamopa
Ha mounocmo CAY

[Tpy BBIMOIHEHUH SKCIIEPUMEHTOB ONPEAEIAETCS 3aBUCUMOCTh YCTAaHOBUBIIEHCS OIIMOKY Yepe3
1 ¢ mocnie Hadanma MepexoHOTO IMpolecca oT moctosHHOU T, Bpemenu [IU-perynsaropa. Peko-
MEHAYETCS HauMHATh JKCIEPHUMEHTHl ¢ MAaKCHUMAaJIbHOM BEIWYMHBI NOCTOSIHHOW Bpemenu [IM-
perynaropa, a 3aTeM MOCTENEeHHO, COIIACHO BbIOpaHHOMY miary (cM. Tab6in.6.1), ymeHbIIaTh ee
JI0 BEJIMYMHBI, IPY KOTOPOM CUCTEMA TEPSIET YCTOMYUBOCTb.

Ha puc.8.1, a npeacrasnen untepdeiic npukiagHON MPOrpaMMbl IPU MOJEIUPOBAHUU HCXOJ-
HOU cucteMsbl (cieBa) u cuctemsl ¢ [IM-perynstopoM, KOTOpBIE UMEET NMOCTOSHHYK) BPEMEHU
0,7 c. OmunbKka uCXOJHON CUCTEMBI, KOTOpasi yCTaHOBHIIACh yepe3 1 ¢, paBHseTcA 13,4° a omm6-
Ka cucremsi ¢ [TA-perymstopom — 8,1°. Kpome TOro, MoJeTHpOBaHHE MO3BONSET YOSTUTHCS, UTO
JUIST UICXOJTHOM CHCTEMBI OIIMOKA C TEUCHHEM BPEMEHHU yBEJIMYMBACTCS, TO ecTh Takas CAY He
criocoOHa paboTath B 3aJJaHHOM pexxnuMe paboThl. [IpeobpazoBannas CAY Oyzaer noaaepKuBaTh
IOCTOSIHHOE 3HaY€HHE yCTaHOBUBIIEHCs OmMOKH. ['paduky 3KCIepMMEHTaIbHBIX 3aBUCUMOCTEN
OLIMOKH, KOTOpasi yCTaHOBUJIACh uepe3 1c¢, M KOMIUIEKCHOro Kputepus kayectBa A ot T,, mo-
CTPOEHHBIE MO HM3JIOKEHHOW METOJUKE, MpelcTaBieHbl Ha puc.8.2. Tam ke, mig cpaBHEHUS,
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pSAMOM TMHUEH, apayieTbHOH OcH abCIMcC, TTOKAa3aHO 3HAaUYeHHEe KOMIUIEKCHOTO KPUTEpHUs JUIs
UCXOJHOU CUCTEMBI.

oa, 2pao A
\ A
8 = 4
\S oo
" |

L

0
Og 00501 02 03 04 05 06 07 Tuc

2

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

YMeHbIIeHHEe NOCTOSIHHOW BpeMeHH [IM-perynsTtopa IOJIOKUTENBHO BIMSAET Ha TOYHOCTH
CHUCTEMBbI, HO IOCJE€ HEKOTOpPOH BeJIMYMHBI MOCTOSIHHOW Bpemenu IIM-perynstopa cucrema
TepsIeT YCTOWYMBOCTh, TO €CTh CTAHOBUTCS HE CIIOCOOHOM K (YHKIIMOHUPOBaHUIO. Takoi ciydait
3adukcupoBaH Ha puc.8.1, 0, Koraa nmocrosHHas Bpemenu 1, < 0,/c.

3aoanue
B cooTtBercTBHM ¢ BapuaHTOM (Tab11.8.2) IPOBECTH CIEAYIOIINE UCCIETOBAHMS.
l. YcraHOBUTH 3KCHEPUMEHTAIBHO MHMHHMMAJIbHOE 3HAUYE€HHE TMOCTOSSHHON Bpemenu I[IU-
perynsitopa, pu kotoport CAY tepsier yctolunBoCcTh. ONpeAeuTh TUara3oH U mar i3MEeHEeHUS
MOCTOSTHHOM BpeMeHH T, ¥ TOJATOTOBUTH TaOJIHILY SKCIIEPUMEHTAIBHBIX U PACYETHBIX TAHHBIX.
2. TlpoBecTr SKCHEPUMEHTHI MPU CTATUYECKOM PEKUME pabOThl U PaCCUUTATh KOMILUIEKCHBIN
kputepuii kauectBa CAY c [IU-perynstopom.
3. Yoenuthcs B ycTpaHeHUu ckopocTHoi ommoku anst CAY c [T -peryastopom.
4. IlpoBecTH 3KCHEPUMEHTHI MPU JBUKEHUU C MOCTOSIHHBIM YCKOPEHUEM U ONpPENeNIUTh TOY-
HOCTh PETyJIMPOBAHUS.
5. O6paboTraTh pe3yibTaThl SKCIEPUMEHTAIBHBIX HCCIEIOBAHUN U MOCTPOUTH COOTBETCTBYIO-
nue rpaduxu.

Tabnuya 8.2. Ucxoomusie Oanmvie

[lepBas | Ycwiurens-npeoOpa3oBarens | Bropas | /IBurarens

ugpa Kyn Ty € uudpa | k,, pao/cB | T,, ¢
0 10 0,012 0 0,5 0,08
1 15 0,025 1 1,0 0,09
2 7 0,030 2 1,5 0,11
3 8 0,003 3 2,0 0,14
4 9 0,006 4 0,8 0,10
5 12 0,004 5 0,9 0,12
6 13 0,005 6 1,2 0,07
7 14 0,056 7 1,3 0,06
8 16 0,037 8 0,7 0,05
9 18 0,045 9 0,6 0,15

Cooeprcanue npomokona
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B nmnportokone mnpeacraButh CTpyKTypHble cxeMbl ucxonHoii CAY wu cucremer ¢ [IU-
pEryJasTOpoM, HCXOJHBbIE JaHHbIE, KONHUI HMHTepdeiica i Kakoro-iubo pexuma paloTsl,
TaOJMUIly OSKCIEPUMEHTANbHBIX W  PACUYeTHBIX JaHHBIX; TpauKH HSKCIEPUMEHTAIBHBIX
3aBUCUMOCTEN. BBIBOIEI.

Kpurepuu oueHku:

- OLIEHKa «3a4TEHO» BBICTABIISETCS CTYJEHTY, €CIIM MPABUIBLHO O(GOPMIIEHBI OT-
YEeTHbIC TAOJIULIBI.

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

TecToBBIC 3aaHUA:

1. U3 xakux 6;10K0B coctout CAVY?
- O6’L€KTa YIIpABJICHUA U PETYJIATOPA
- IpUBO/1a 110J1a4 U NIEPBUYHBIX [TpeoOpa3oBareieit
- 3aaT4YMKa yIpaBJICHUA U CPAaBHUBAIOMICTO 3JICMCHTA
- IpUBO/Ja INIaBHOI'O ABMXKCHUS U KOpO6KI/I nepcaad

2. UTo MOHUMAIOT MOJ YIIPABIAEMBIM 00BEKTOM?
- IPOLIECC PE3aHUs WU IIPUBOJHBIE MEXaHU3MBbI
- epeHIo 0abKy CTaHKa
- 3aJJHI0I0 0a0Ky CTaHKa
- CTaHUHY CTaHKa

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

- HAIIPSPKCHUEC TTUTAHUA JJICKTPOABUTATCIIA U BHCIIHSAA CHUJIa COIIPOTUBJICHU A

- pacxo/ Macja U TEXHOJIOTMUYecKas Harpy3Ka B THAPABIMYECKUX LIIIMHIPAX

- Kosie0aHus, TIepeiaBaeMble uepe3 PyHIaMEHT OT PSJIOM CTOSIIIIMX CTAaHKOB

- TCMIICPATypa NHOMCHICHUS

4. Kakve OCHOBHBIEC PUHLMUIIBI YIIPABICHUS?
- 10 BOBMYIICHHUIO U IO NOTPCHIHOCTH
- 110 Tiepeaaye nHpopMaIu
- IO YIIPABIIEHUIO MOMEHTOM
- IO YIIPABIICHUIO CHJIAMHA PE3aHUS

5. Kakoil nprHIHAI 3aJI0KEH B 3aMKHYTOW CUCTEME YIPaBIICHUSA?
- IPUHIIUIT 0OpaTHOMN CBS3H
- IPUHIUI BHEUTHETO BO3ACUCTBUSA
- IPUHUMIT OTKJIOHEHUH OT 3aJJaHHbIX 3HAYCHU U
- IPUHIUI OBICTPOTO pearupoBaHUs

6.YeMy paBHa cTaTHUECKas MOTPEITHOCTH B actatudeckux CAY mpu MOCTOSH-
HOM BxoaHoM curHane: X(t) =X,u W(0) - o0?

B 5yCT =0
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1
_5YCT:—
X0
-5 =0

300. Kakast ctpykTypHasi cxeMa ruiponpuBojia Oy/1IeT COOTBETCTBOBATh €r0
MPUHITUITHATBHON cxeme?

Ts+1 Fs
X J k, o |1
Ts+1 Fs
x P k, 011
Ts+1 Fs

Q 1 Yy k X

Fs Ts+1

301. KakoMy 3BeHYy COOTBETCTBYET MaTEMaTUYECKOE OTMMCAHUE COCTUHEHUS

30JI0THUKA C TUPABINYECKUM HUIMHIPOM? CTpyKTypHas cXema COeIMHEHUS
npezcTaBiieHa Ha cxeMe. Vcronb3yembie 0003HadeHus: K, — K03 uIreHT 3a-
BHCHUMOCTH pacxo/ia OTOKa Macjia OT OTKPBITHUS 111eJieil 30J0THUKa F — mo-

11aJb MOPIIHS THIPABINYECKOTO UUIUHApa 1, — MOCTOSAHHAs BPEMEHHM 30JI0T-

HUKAa.

x k ol 1

3 =

s+l |Fs

- pealbHOMY UHTETPHUPYIOIEMY 3BEHY
- mudepeHIupyromeMy 3BeHy

- UHEPIIMOHHOMY 3BEHY
- KoJebaTeTbHOMY 3BEHY.
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302. Kakas cTpyKTypHas cxema TuJIpolpHBo/Ia C )KECTKONH 00paTHON CBS3BIO
OyZeT COOTBETCTBOBATh €T0 MPUHITUITHAILHON CXeMe, TPUBEACHHON Ha PUCYH-

X k'3 (0] 1 )
|\7s+1| |Fs
X J k, o | 1| v
Ts+1 Fs
Xog b B

Q |

x ks 0 1y |p]=x
T-3S+1 Fs E
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303. Kakast ctpykTypHasi cxeMa THAPOIPHUBO/Ia C THOKOM 0OpaTHOM CBA3BIO
OyZeT COOTBETCTBOBATh €TO MPUHITUITHAILHON CXeMe, IPUBEACHHON Ha PUCYH-

X é k3 0 . 1| »
T3s+1 Fs
Xos b TS
a Ts+1

Y

Ts+1| |Fs
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IIpoueaypa oueHuBaHUSs
YCTHBIN OMPOC W/WIIM KOMIBIOTEPHOE TECTHPOBAHKE MO IK3aMEHAIIMOHHOMY
ownety (0aHKYy TECTOBBIX 3a/IaHUH)

Kpurepuu oneHku:

- OLICHKA «OTJIMYHO)» BBICTABIISIETCS] CTY/ICHTY, €CJIU OH JIajl MOJIHbIE U UCUep-
NBIBAIOIIIME OTBETHI HAa BOIIPOCHI OMIIETA;

- OIICHKA «XOPOIIIO» BBICTABIISETCS CTYIACHTY, €CJIM OH TIPU OTBETE HA BOMPO-
CBI OmjIeTa pa3odpasics B CyTH BOTIPOCOB, HO €r0 OTBET OB HE MOJTHBIM;

- OIICHKA «YyJIOBJIETBOPUTEIILHO» BBICTABISIETCS CTYICHTY, €CJIM OH B IICJIOM
OPHUEHTHUPYETCS B TEMATHKE BOTIPOCOB, HO €r0 OTBETHI OBLIN HEYBEPCHHBIMU U HE
TIOJTHBIMH, TIPH 3TOM CTYIEHT HE Y€TKO OTBEYAI HA JOTIOJHUTEIIBHBIC BOITPOCHI;

- OIICHKA «HEYIOBJICTBOPUTEIHLHOY» BBICTABIIACTCS CTYJACHTY, €CII OH HE CMOT
OTBETUTH Ha BOIIPOCHI OMJIETA, a TaK K€ HE OTBETHJI HU HAa OJIUH JIOMIOJIHUTEIBHBIN
BOIPOC.

10. O0pa3oBaTe/ibHbIEe TEXHOJOTMUA M METOJAMYECKHE YKA3AHUS 10 0CBOECHHIO
TUCHMILIAHBI (Y4e0HOT0 Kypca)

OcHOBHOM 00pa30BaTEIbHON TEXHOJIOTUEN MPU U3YUYEHUU JAUCLUIUIMHBI SIB-
JSI€TCSL MPUMEHEHUE TEXHOJIOTUU TPATULUOHHOTO OOYUYEHHS.

Ha 0a3e, mony4yeHHbIX Ha JIEKIUSAX TEOPETHUYECKUX 3HAHWM, P MpOBEe-
HUU TPAKTUYECKHUX 3aHSATUN BBIBISIOTCS M MPUMEHSIOTCS HEOOXOIUMBIE CBS3H
ME¥XKy TEOPETUYECKUMHU 3HAHUSAMU U KOHKPETHBIMH HAaBBIKAMU ITPUMEHEHUS 3THX
3HAHUM Ha MPAKTHUKE.

MeToauueckune PEKOMEHIAIUM 110 UBYICHUIO JTUCIHHUIIJIMHBI

TeODl/Iﬂ ABTOMAaTHYCCKOI'0 YIIPABJCHUSA

Monyns 1 OCHOBHBIE IOHSTHUS TEOPUH ABTOMATUYECKOTO YIIPABJICHUS

Monyis 1 ITpakTnueckoe 3anstue 1

CKOPOCTH Ha MPOLECCC pCTyJINPOBAHU.

HccnenoBanue BIUSHUS MHapaMeTpOB IIEHTPOOEKHOTO pPEryysaTopa

Monyis 1 ITpakTnueckoe 3ansatue 2

BBIXOJHOI'O CUT'HaJIa BO BPCMCHU.

OHpC}IGHeHI/Ie YaCTOTHBIX XapaKTCPUCTUK II0 aHAJIMW3y BXOAHOI'O H

Monyib 2 KauecTBeHHLIN U KOJIMYECTBEHHEIN aHAJIN3 CUCTEM aBTOMATHUECKOI'O
yIpaBJICHUS.

Monayins 2 [IpakTuueckoe 3anarue 3
Hccnenoanue ycronunBoctu CAY no kpureputo I'ypeuna.

Monayns 2 [IpakTuueckoe 3ansTue 4

CKOMY 3aKOHY.

Hccnenoanue tounoctd CAY B pexume IBHKEHHUS 110 TapMOHUYE-

Monyisb 2 [TpakTHueckoe 3aHATHE O
OnpezneneHue XapakKTEPUCTUK NIEKTPOMEXaHUYECKOT0 MPUBOJA.
Monyisb 2 [TpakTryeckoe 3aHsTue 6

Omnpenenenne XxapakTepUCTHK THIPOMEXaHUYECKOT0 MPUBOJIA.
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Monynb 3 CHHTE3 U aHAJIM3 CUCTEM aBTOMATUYECKOTO YIPABJICHUS.

Monyns 3 [IpakTrueckoe 3anstue 7
Onpenenenne xapaktepucTuk CAY nmpoaoiapHOM mojaaden npu Toue-
HUU.

Monayns 3 [TpakTrueckoe 3ansaTue 8
HccnenoBanue acratuzMa Ha kauectso CAY.

Moayas 1

Tema. OcHOBHbBIE TIOHATHUS TEOPUU ABTOMATUYECKOTO YIPABICHUS.

Ileab ¥ 32124 U3YYEHUS.

Ieap — nonydyeHUe TEOPETUYECKUX 3HAHUU IO OCHOBHBIM OCHOBOIIOJIATAIO-
IIUM MOHSTHUSIM B TEOPUHA aBTOMATHUYECKOTO YIIPABIICHHUS TEXHOJIOTUYECKUMU MPO-
LIECCAMH.

3axaun:

1. O3HaKOMUTBHCSI C OCHOBHBIMU TEPMUHAMU U OTPEIACICHUSIMHU TEOPUHU aBTO-
MAaTHYECKOTO YIIPABJICHUS.

2. IlomydyeHne MPaKTHYECKUX HABBIKOB TOCTPOCHHS YAaCTOTHBIX XapaKTEpPH-
CTUK Ha MpuUMepe pabOThI PETYISITOpPA CKOPOCTH.

N3y4uB 1aHHBIH MOAYJIb, CTYACHT A0JIZKEeH:

UMeTh TpeACTABJIEHHE O BO3MOXKHOM BUPTYaIbHOM MOJEIMPOBAHUN PAOOTHI
TEXHUYECKOTO YCTPOMCTBA U TOJyYEHHE HEOOXOIMMBIX €ro XapaKTepUCTHK IS
HanboJiee ONTUMAIILHOTO POSKTUPOBAHMUS.

3HATh METOJBl U CPEACTBA T'€OMETPUUYECKOTO MOJEIIMPOBAHUS TEXHUYECKUX
O00BEKTOB; METOJIOJIOTHYECKUE OCHOBBI (DYHKIIMOHUPOBAHUS, MOJICIUPOBAHUS U
CUHTE3a CHCTEM aBTOMAaTUYECKOTO YIPAaBJICHUS; OCHOBHbIE MeTOIbl aHanu3a CAY
BO BPEMEHHOM M YaCTOTHOU 00J1acTAX, criocoOb! cuuTe3a CAY.

YMeTh CTPOUTh MAaTeMaTHYECKHE MOJEIN OOBEKTOB YINPABJICHUS U CUCTEM
aBTOMATHUYECKOI0 YMpaBJICHHUS; NPOBOAUTh aHau3 CAY, OlleHUBaTh CTaTUCTHYE-
CKME M JUHAMUYECKUE XAPAKTEPUCTUKH; BBIMOIHATh AHAIN3 TEXHOJIOTUYECKUX
MPOIIECCOB KaK 0OHEKTOB aBTOMATU3AIUU U YIIPABJICHUS.

BJIaJleTh HaBbIKaMU O(DOPMIICHUS MPOCKTHON U KOHCTPYKTOPCKOM JTOKYMEH-
Taluu B cooTBeTCTBUU ¢ TpeboBaHusmu ECK]I; HaBpIkaMu NMpUMEHEHUS dJIEMEH-
TOB aHAJIW3a HTAINOB KU3HEHHOIO IMKJIA TPOIYKIIMHU U YIPABICHUS UMH.

Ilpu oceoenuu memot Heo6X00UMO:
® HM3YyYUThb YUeOHBII MaTepuaJl.
¢ BBINOJHUTH NPAKTHYECKHE 32IaHUS 110 TEMe.

MoayJsb 2.
Tema. KaueCTBEHHBIN U KOJUYECTBEHHBIN aHAJIN3 CUCTEM aBTOMATUUYECKOTO

YIPABJICHUS.

Heab ¥ 3a7a4M U3yYeHUsl.

Heab — O3HaKOMJIEHUE U OBJIAJICHUE METOJUKAMU KAaUYE€CTBEHHON M KOJIHYE-
CTBEHHOW OLIEHKH CHCTEM aBTOMAaTHYECKOTO YIIPaBJIEHUS.

3apaum:

1. 3ydeHne pa3inyHbIX NOAXOJ0B U METOJUK pacyeTa KayeCTBEHHOH U KO-
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nuyecTBeHHOM onieHku CAY.

2. IlonyyeHue MpakTUYECKUX HABBIKOB C MOMOIIBIO BBIMOJHEHUS MPAKTUYe-
CKHX 3aJaHul JUIs 3aKPETUICHUSI M3YYEHHOr0 MaTepuaia.

N3y4uB JaHHBIA MO1YJIb, CTYAEHT J0JIKEH:

UMeTh NpeacTaBjJIeHne 0 BO3MOKHBIX CIIOCO0aX pacyeTa KOJTUYECTBEHHON U
KayecTBeHHOU oneHKku CAY.

3HATh TEHACHIIMHU Pa3BUTHUS KOMIBIOTEPHOUN rpaduKu, ee poJib U 3HAaUCHHE B
WHXEHEPHBIX CUCTeMaxX M MPUKIIAIHBIX MpOorpaMMax; TUIOBBIE MAKEThl MPUKJIIAJ-
HBIX MPOrpaMM aHajIu3a JTUHAMUYECKUX CHUCTEM; KMHEMAaTUYECKYI CTPYKTYpYy U
KOMIIOHOBKY CTAHKOB, CUCTEMBbI YIIPABJICHUS UMHU.

YMeTb PacCUMTBHIBATh OCHOBHBIE KaueCTBeHHbIE mnokaszarenmn CAY, BbIoJ-
HATH: aHAJIU3 €€ YCTOMYMBOCTH, CUHTE3 PEryJsaTopa; pa3padaThiBaTh aJrOPUTMBbI
[EHTPAJTU30BaHHOTO KOHTPOJISI KOOPJMHAT TEXHOJIOTUYECKOTr0 OOBEKTa; COCTaB-
JSITh CTPYKTYPHBIE CXEMBI, UX MaTeMaTUYeCKHe MOJENId KaKk 0OBEeKTOB yIpaBie-
HUS; UCIOJb30BaTh OCHOBHBIE METONBlI IMOCTPOEHUS MATEMATHYECKHUX MOJEIEH
MPOIIECCOB, CUCTEM, X 3JIEMEHTOB U CUCTEM YIPABJICHUSA.

BJIAJIeTh. HABBIKAMU MOCTPOEHUS CHCTEM aBTOMATHYECKOI'O YIIPABIICHHS CHU-
CTeMaMHU U TPOIIECCaMU; HABbIKAMU HaJAJIKH, HACTPONKHU, PETYIUPOBKH, OOCITY-
YKMBaHUS TEXHUYECKUX CPEJICTB U CUCTEM YIIPABIICHHUS.

Ilpu oceoenuu memot Heo6X00UMO:
® M3YyYUThb YUeOHBIN MaTepHaJl;
¢ BBINOJHUTH NPAKTHYECKHE 32IaHUS 110 TEME.

MoayJsb 3.
Tema. CuHTE3 M aHAJIM3 CUCTEM aBTOMATUYECKOIO YIpaBJICHHUS.

e 4 32124 U3y4eHUS.

Heab — M3yueHne u 0CBOEHHE BO3MOXHOCTH MPOBEJAEHUS CUHTE3a U aHAJIN3a
CHUCTEM aBTOMATHYECKOT'O YIIPABIICHUS.

3anayu:

1. 3yunth METOIUKY IpOBeIeHUs cuHTe3a U aHanu3a CAY.

2. [lonyyeHnue mpakTUYECKHUX HABBIKOB C MOMOIIbIO BUPTYAIbHOTO IKCIIEPHU-
MEHTAa MPOBOJAUTH CUHTE3 1 aHann3 CAY.

N3yunB 1aHHBIA MO1YJIb, CTYJAEHT I0JI2KEH:

UMeTh NpeJCTaBJIeHNe O TaKUX KIIOYEBBIX MOHATHUIX B TEOPUU YIPaBICHUS
Kak cuHTe3 U aHanu3 CAY.

3HaTh 00IIKe TpeOOBaHMS K aBTOMATHU3WPOBAHHBIM CHCTEMaM MPOEKTUPOBA-
HUS; OCHOBBI TEXHOJIOTHYECKOTO PErYJIUPOBAHMS; CPEICTBA ISl KOHTPOJIS, UCIIbI-
TaHUM, TUAaTHOCTUKYU U aJalTUBHOTO YIPaBIECHUS 000y I0BaHUEM.

yMeTb PacCUUTHIBATh OJJHOKOHTYPHBIE U MHOITOKOHTYPHBIE CUCTEMBI aBTOMa-
TUYECKOT'O PEryJUpPOBaHUsl MPUMEHUTEIBHO K KOHKPETHOMY TE€XHOJIOTMYECKOMY
00BeKTy; paboTaTh C KaKMM-THOO W3 OCHOBHBIX THUIIOB MPOTPAMMHBIX CHCTEM,

Hpe,IIHaSHaquHBIX A MAaTEMATHUUYCCKOT'O W HMUTAIIMOHHOI'O MOIleJII/IpOBaHI/IH
Mathcad, Matlab.
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BJIa/IeTh. HABBIKAMHM aHAJIM3a TEXHOJIOTMYECKUX TMPOIECCOB Kak OOBEKTa
yIOpaBJIeHUs] U BbIOOpa (YHKIMOHAJIBHBIX CXEM HMX aBTOMATH3allMM;, HaBBIKAMU
oopMIIEHUS PE3yJIbTATOB UCCIEAOBAHUIN U MPUHATUS PEIICHUH.

Ilpu oceoenuu memot Heo6Xx00UMO:
® M3Y4YMTh YUeOHBbI MaTepual;
¢ BBINOJHHUTH NPAKTHYECKHE PAOOTHI.

50



11. YueOHoO-MeTOoaM4Yeckoe U MHGPOPMALMOHHOE oO0ecleYyeHHEe TUCHH-
IJIMHBI (Y4€0HOr0 Kypca)

11.1. O0s13aTesbHAsI JIUTEPATYypPa

bubnuorpaduueckoe onvcanue Tun (yueOHuk, yueonoe | KoauuectBo
Ne nocobue, yueOHo- B O1OIMO-
n/m METOIMYECKOE MOCO- TEKe
Ooue, IpaKTUKyM,
ayJino-, BUACO- TT0CO-
oust u 11p.)
ABTOMAaTHYECKOE YIIPABJICHHUE MPOLIECCAMU
MexaHquCKO(P;I 061[;a60TK14 [D5eKTpOHHBIH SEC
ecypc]| : yueouuk / C. M. bparau [u op.]. - "

! E/IOZII:Bgl :yl;Iy3OBCKHﬁ yqe6}fm< : I/[IHCIE)P]A- yuebmmk CZONI\'AA:.I\”UM'

M, 2017. - 228 c. - ISBN 978-5-9558-

0514-6.

Eropos A. . BBenenue B T€OpuIO yIpas-

JeHUs CHCTEMaMH C paclpeieleHHBIMU

napameTpamMu [DJEKTPOHHBIM pecypc]
5 yue6. mocobue / A. U. Eropos, JI. H. 3na- yaeBHOE MocobHe SEC "Jans"

meHckas. - Cankr-IlerepOypr Jlans,

2017. - 292 c. : un. - (YueOHUKH U BY-

30B. CneuumanbHas nuteparypa). - ISBN

978-5-8114-2554-9.

ABTOMAaTHYECKOE YIIPABICHHUE MPOLIECCAMU

MexaHHLIGCKogI O6})360TKI/I [DnexkTpoHHbII SBC

ecypc] : yueonuk / C. M. Bparan [u np.]. - "

3 i/IoZII()le :y];1y3013c1<1/1171 yqe6}?m< : I/[IHCIE)P]A- yuebmuk CZONI\'AA:.I\”UM'

M, 2017. - 228 c. - ISBN 978-5-9558-
0514-6.

11.2. [JonoqHMTEeNbHAS JUTEPATYPA U Y4eOHble MaTepHaJbl (ayauo-,
BH/1€0- TIOCOOHUS U JIP.)

e (oun Hayunoit oudamoreku TI'Y:

Ne |  bubmuorpaduueckoe onucanue Hasnauenwne (yueOnuk, | KommuectBo
/1 yaeOHoe ocobue, yuedb- | B Oubimo-
HO-METOJIUYECKOE MOCO- TEKe
Oue, MPakTUKYM, Jp.)
1 | Ierpaxos 1O. B. Y4eOHoe mocobue 109

Teopust aBTOMaTHYECKOTO yIIPaBICHHSI
TEXHOJIOTHIECKUMHU CHCTEMaMHU : y4eO.
rmocoOue JIsi CTYZICHTOB BY30B, 00YY. 110
Hanpasienuto 220100 - CucreMHbIi
ananu3 u ynpasinenue / FO. B. Ilerpa-
koB, O. W. Jlpaues. - I'pup YMO. -
Mocksa : Mamunoctpoenue, 2008. -
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336 c. : un. + CD. - ([1ns1 By30B). - bu6-
auorp.: ¢. 336. - ISBN 978-5-217-
03391-1

2 | I'ynses B. A.

Teopust aBTOMaTHYECKOTO yIIPABICHUS
TEXHOJIOTUYECKUMU TIPOIIECCAMH :
yue0.-meroa. nmocodue / B. A. I'ynses,

TI'Y. - Toapstru : TT'Y, 2008. - 60 c. :
ui. - bubnuorp.: c. 59. - [Ipun.: c. 49-
58.-11-82.

A. O. [paues, 1O. B. Iletpakos ; TT'Y. -

YyebHO-MeTOI. HOCOOME

138

COT'JIACOBAHO

JlupexTop Hay4dHOU OMOJIMOTEKU

« » 20 T
MII

A.M. AcaeBa

(noonucy)

(U.0. Pamunus)
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11.3. Ilepeyens pecypcoB HMH(OPMANMOHHO-TEJIEKOMMYHHKAIIMOHHOI
cetu ""UnTepHeT"

1. Poccwuiickas rocyaapcrsernas oubiamnoreka (PI'B), r. Mocksa — http://www. rsl.ru.

2. Nndopmanuonnas cuctema "EnumHoe OkHO moctyma K oOpa3oBaTelbHBIM pecypcam”
co3nana o 3aka3zy denepaibHOro areHTCTBa Mo oOpaszoBanuio B 2005-2006 rr. Ha nanHbIi 11e-
puon B Ob yxe cobpano 6omnee 11 Thic. ydeOHBIX MaTepHalIOB pa3audHbIX By30B Poccun. B OK
— Oonee 30 ThIC. omucaHWi, a Tak ke ecTh "[occapuii" u pasgen "Cucrema HOBOCTEH'" MO
HA3BaHHOM T€MaTHKE. DTO YHUKAJIbHBIA 00pa30BaTEIbHbIA MPOEKT B PyCCKOsI3bIYHOM MHTEpHE-
te. IlonmHbI JOCTYN KO BCeM pecypcam, BKIIIOUas MOJHOTEKCTOBbIE MaTepuasbl OMOIHOTEKH,
NPEJOCTABIISETCS] BCEM MOJIH30BATENSIM B CBOOOTHOM pexxumMe — http://window.edu.ru.

3. Unrepuer-6ubaroreka 0O0pa3oBaTeNbHBIX H3JaHHM, B KOTOPOM COOpaHbl 3JIEKTPOH-
Hbl€ y4YE€OHUKH, CIIPAaBOYHbIE U y4eOHbIE 10cOOUs. Y 10OHBIN MOUCK MO KIIOYEBBIM CIOBaM, OT-
JIETIbHBIM TE€MaM U OTpacisiM 3HaHus — http://www.edulib.ru

11.4. IlepeyeHb NPOrPaMMHOI0 O0ecHeYeHUs

Ne HaumenoBanmue I1O KosnyectBo PekBU3UTHI 10roBopa (xara,

n/n JINLeH3Ui HOMeEp, CPOK J1eiCTBUA)

1 Windows 1398 Jorosop Ne 690 or 19.05.2015r.,
CPOK JeHCTBHA - OeCCpOUHO

2 Office Standart 1398 JHorosop Ne 727 or 20.07.2016r.,
CpPOK JIEHCTBHUS - OECCPOYHO

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

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

487 ot 28.05.09) beccpounas

53


http://window.edu.ru/
http://www.edulib.ru/

11.5. Onucanue MaTepuaJIbHO-TEXHUYECKON 0a3bl, HEOOXOAUMOM ISt
OCYIIEeCTBJICHHSI 00Pa30BaTEILHOTO MPOIECCa MO JUCHHILIHHE (MOIYJII0)

HaumenoBanue 060pyno-

BAHHBIX YYeOHBIX Ka0uHe- daxTnueckuii axpec N% 2 E
TOB, JIa0opaTopHuii, Ma- A =
Ne IlepeyeHb 0OCHOBHOIO 000- | y4eOHBIX KAOMHETOB, = S,
CTEPCKHX H JIP. 00bEKTOB . s e
n/n pyAoOBaHMs J1abopaTopuii, Ma- = = 32
A5 IPOBe/IeHUs MPaKTH- cTepeiux m p. g =g
YeCKHUX M J1adopaTopHBIX = <z =
3aHATHH
KomnerotepHsiii kiacc. | IlepenocHoit npoekrop, | 445020, Camap- 52,9 15
YueOHas ay[UTOpHS  JUIS | OKpaH, KOMITBIOTEPHBIN CTOIL | cras 06L., T. TONb-
NPOBEICHUS 3aHATHH JIEK- | CTON  MPEToAaBaTeIbCKUi,
IIMOHHOTO THMa. Y4eOHas | CTyl, [0cKa ayAuTOpHasd, ATTH, ya. benopyc-
ayUTOpHs /IS POBEJIEHHUs | CToN  ydeHumueckuit asyx- | CKad, 16B
3aHATHI CEMUHAPCKOro THU- | MecTHbIH, ITK no3unug 1o 111
na. Y4yeOHast ayAuTOPHsI TSI Ne9,
NpOBEICHUsT Tab0paTOPHBIX 3 srax, (E-306)
pabot. YueOHas ayauTopus
1 JUI1 KypCOBOTO MPOEKTUPO-
BaHMs (BBIIOJIHEHUS KypCO-
BEIX paboT). YueOHas aymu-
TOpus I IIPOBEICHUS
TPYINOBBIX W HWHAWUBHUIY-
QJIBHBIX KOHCYJIbTaINi
YuebHas ayauTopus UL
MpOBEJACHUS 3aHATHUIl  Te-
KyIIEero KOHTpPOJIi H Ipo-
MEXYTOUHOH  aTTECTALMHU.
(E306)
Vuebuast aynuropus s | Cron  mpenopasatesnsekui, | 445020, Camap- 71,5 66
MPOBENCHUA 3AHATHH JeK- | CTONBI Y4CHWMECKHE JBYX- | cpag oG, 1. TONB-
UOHHOTO THMA. Y4eOHas | MEeCTHbIC (MOHOOJIOK) , CTYIL,
ATTH, yiI. bemopyc-
AyAMTOPHS IS IPOBEICHUS | TOCKa ayauTopHas (Meno-
3aHATHH ceMMHapckoro Tu- | Bas), kadenapa, npoekrtop, | CKad, 16B
na. Y4ueOHas ayIuTOpHs Ui | SKpaH, IMPOIECccop nounuss  mo  TII
KYpPCOBOTO IIPOEKTUPOBAHUS Ne20,
2 (BBIMOJTHEHNUS KypPCOBBIX 3 srax, (E-309)
pabot). YueOHast ayAUTOPHS
JUTS IPOBEICHHS IPYIIIOBBIX
W WHAWBHIYAJIbHBIX KOH-
cynpTanuii. YueOHas aymau-
TOpHUS U TIPOBENCHHS 3a-
HATUA TEKYLIEro KOHTPOJIA
U IPOMEKYTOUHOU aTTecTa-
. (E-309)
Cron yuenunueckuit, ctyn, | 445020 Camapckas 84,8 16

KoMnbroTepHslii Kiacc.
[Tomermmenue ans camo-
CTOATEIbHOU pabOoTHI.
YyeOHass  ayauTopus
JUTST TIPOBEJICHUS 3aHsI-
TUH CEMHUHAPCKOTO TH-
na. YdeOHas ayauTo-
pus s KypcOBOTO
MIPOCKTUPOBaHMS  (BBI-
IIOJTHCHUA KYpPCOBBIX
pabor). YueOHas ayau-
TOpUS U IPOBEACHUS
TPYNNOBBIX U HMHJWBH-

TIK ¢ BBIXOZOM B CETH WH-
TEpHET

obunacts, . TonbsaTTH,
yin.benopycckas, 14,
no3unus o TIT Ne 48,
4 yrax, (I'-401)
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Ne
n/n

HaunmenoBanue 060pyno-
BaHHBIX YU4eOHbIX KaOuHe-
TOB, JabopaTopuii, Ma-
CTEPCKHX H JIp. 00beKTOB
AJI5 IPOBe/IeHUs MPaKTH-
YeCKHUX M J1adopaTopHBIX
3aHATHH

IlepeyeHb 0OCHOBHOIO 000-
pyAoOBaHMs

daxkTHyecKuii agpec
yueOHbIX KaOHHeTOB,
Jabopartopuii, Ma-
CTepPCKHX M Ap.

ILnomanp, M

KoanuectBo

MOCAT0OYHBIX

MecT

IyadbHBIX KOHCYIIbTa-
nui. Y4yeOHas ayauTo-
pusi IS TIPOBEICHUS

3aHATUIA TEKYILEero
KOHTPOJIE U TPOMEXKY-
TOYHOM  aTTecTaluu.
(I'-401)
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