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Pabouas nporpamma coctasiena Ha ocHoBaHuu ®I'OC BIIO/OT'OC BO u yuebHoro
TJIaHa HaMpaBJICHUS TOATOTOBKH (cneruanbHocT)  15.03.05 KOHCTPYKTOPCKO-
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(KOO u HauMeHO8aHUe HANPABIeHUs NOO20MOBKY, cheyuarbHocmu 8 coomeememesuu ¢ @TOC BO)

PeunensupoBanue padoueii mporpaMMbl JUCUMILIUHbI:

OtcyTcTBYET
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(mpotokon 3acenanus Ne 9 or« 30 »  wmapra  2017rT1.).
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mazucmpog — 2 2004, 0isi NPOSPaAMM CREYUATUCTIO8 — 5 Jiem.

HNudopmanus 00 akryanusanuu padodei mporpaMmbl I CHUILIHHBI:

[IpoTokon 3acenanus kadeapn Ne OT « » 20

[TpoTtokoun 3acemanust kKagenpsl No  OoT «__ » 20 1.
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3aBenyromuii kadeapoit «O60pya0BAHHUE U TEXHOJIOTUM MAITMHOCTPOUTEILHOTO
IIPOU3BOJICTBAY

(8vinyckarowell HanpagieHue (CneyuaibHOCb))

« » 20 T H.1O. JlornuoB




AHHOTAIUA
AUCHUILINHBI (Y4eOHOr0 Kypca)
b1.B./IB.06.01 Teopusi aBTOMATHY€CKOI0 yIIPABJICHUS

(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 PAa3IuYHON (PU3NUECKON MPUPOJIBI TPUMEHUTETHHO
K IPOU3BOJICTBEHHBIM U TEXHOJIOTUYECKUM MPOLIECCAM.

3agaun:

1. M3ydenne oOIMMX MPUHITAIIOB U TCHACHIIMK Pa3BUTHUS CUCTEM YIIPABICHHUS.

2. 3yuenne COBpeMEHHBIX TEXHHUECKUX CPEICTB YIIPaBICHUS.

3. M3ydyenue u 0CBOEHHE METOMIOB Pa3pabOTKH MaTeMAaTHUECKHX MOJENEH OT-
JIETBHBIX TIOJICUCTEM U UX KOMIIBIOTEPHOM MPOTPaMMHON pea3aIiuu

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

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

JcuuniauHel, y4yeOHble KypChbl, HA OCBOCHHUU KOTOPBIX OaszupyeTrcsl laHHas
muciuminHa (yueOHblll Kypce) — Briciias maTtemaTtnka, OCHOBBI TEXHOJIOIMHM Malllu-
HOocTpoeHus, MeTtamnopexymue ctanku, OcaHoBel CAIIP.

JucuuniauHel, y4eOHble KypChl, A1 KOTOPbIX HEOOXOAUMBI 3HAHUS, YMEHUS,
HaBbIKHU, MIPHOOpETaeMble B pe3yjIbTaTe U3yUeHHUs AAHHON TUCHUILIMHBI (Y4eOHOro
Kypca) — ABTOMaTHU3UPOBAHHOE MPOEKTUPOBAHUE TEXHOJOIMYECKUX MPOLIECCOB,
TexHOI0rus MallMHOCTPOEHUSI.

3. Ilnanupyemble pe3yJabTaThl 00yUeHHs MO JUCHUIINHE (Y4eOHOMY KYp-
Cy), COOTHECEHHbIE ¢ IVIAHMPYEMBbIMHU pe3y/JabTATaMH OCBOCHHS 00pa30BaTe/Ib-
HOM MPOrpaMMbl

dopMupyembie 1 Ilnanupyembie pe3ybTaThl 00y4eHUs
KOHTPOJIUPYyeMbIe
KOMIIETEHIIUN

CITOCOOHOCTH  BBINOJI- | 3HATH:

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

MaITUHOCTPOUTEIBHBIX | - OCHOBHBIC MeTObI aHaim3a CAY BO BpeMEHHOW W 4a-
MIPOU3BOJICTB C UCIIOJIb- | CTOTHOM 001acTsX, criocoObl cuHTe3a CAY;

30BaHMEM  HEOOXOJIH- | - TUTIOBBIC MMAKEThI MPUKIAAHBIX MPOrpaMM aHaIu3a JUHa-
MBIX METO/IOB U | MUYECKHX CHCTEM;

cpenctB ananm3a (IIK- | - kuHeMaTWyeckyro CTPYKTYpy M KOMIIOHOBKY CTaHKOB,
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CHUCTCMbI YIIPABJIICHUA UMU;
- CpcactBa I KOHTPOJIA, I/ICHI)ITaHI/II\/'I, AUArHoCTUKHU H
AJJalITUBHOI'O YIIPABJICHUA O60py,Z[OBaHI/IeM.

YMeTh:

- BBINOJIHATh AHAIN3 TEXHOJOTHYECKHX ITPOLIECCOB Kak
00BEKTOB aBTOMATH3AIUU U YIIPABJICHNU;

- 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-JIHOO M3 OCHOBHBIX THIIOB 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 HAJNAJIKU, HACTPOWKH, PETYyIMPOBKH, OOCIYy-
YKUBAHUS TEXHUYECKUX CPEJICTB U CUCTEM YIPABIICHHUS;

- HaBBIKAMU O(QOpPMJIEHUS PE3YJIbTATOB HCCIEAOBAHUI U
IIPUHATHS PEIICHUM.

CIIOCOOHOCTh  y4acTBO-
BaTh B pa3paboTKe Ma-
TEMaTUYECKUX U (Pu3u-
YECKUX MOJICJIEH Mpo-
IIECCOB U  OOBEKTOB
MaITUHOCTPOUTEIHHBIX
npou3BocTB ([TK-18)

3HaThb:

- METOJIbI U CPEACTBAa T'€OMETPHUYECKOTO MOACIHPOBAHUS
TEXHUYECKUX O0OBEKTOB;

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

- o0mue TpeOoBaHWS K aBTOMATH3WPOBAHHBIM CHCTEMaM
MPOCKTUPOBAHUS,

- OCHOBBI TEXHOJIOTHUECKOTO PEryJTUPOBAHMS.

YMeTs:

- CTPOUTh MaTEMATUYECKUE MOJIETN OOBEKTOB YIPABICHHUS
U CUCTEM aBToMaTudeckoro ynpasienus (CAY);

- npoBoauTh aHanu3 CAY, oneHunBaTh CTaTUCTUYECKUE U
JUHAMUAYECKHUE XapaKTEPUCTUKU;

- paccUUTBHIBaTh OCHOBHBIE KAuE€CTBEHHBIE I10KA3ATEIH
CAY, BBINOJIHATH: aHAJIU3 €€ YCTOMYMBOCTH, CUHTE3 PETy-
JATOPA;

- pa3palaThiBaTh AJITOPUTMBI IIEHTPAIM30BAHHOTO KOH-
TPOJISt KOOPAUHAT TEXHOJIIOTUYECKOTO 00BEKTA;

- paccUMTHIBaTh OJHOKOHTYPHBIE U MHOTOKOHTYpPHBIE CH-
CTEMbl aBTOMAaTUYECKOTO PEryJIMpPOBaHUSI MPUMEHUTEIHHO
K KOHKPETHOMY TE€XHOJIOTUYECKOMY OOBEKTY;

- UCIOJIb30BaTh OCHOBHBIE TE€XHOJOTWU Mepenayu uHdop-
MalllM B Cpejie JIOKAIbHBIX ceTei, cetu Internet.




Bnanets:

- HaBbIKaMU O(DOPMJICHUS TIPOCKTHON U KOHCTPYKTOPCKOM
JIOKYMEHTAIMU 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 copepkaHue TUCHUUILIUHBI (Y4e0HOT0 Kypca)

Paznea,

IHoapa3aea, rema
MOYJIb ApAAEL,

OcHoBHble MOHATUS U onpezaeneHuss. CynHoCTh NpoOIeMbl aB-
TOMATHYECKOT0 YIpPaBICHUS

Ocnosable ycrpoiictBa CAP u ux xnaccudukanus mo Ha3Hade-
Huto. Kiaccudukanus aBToMarnyeckoro yrpasieHus. Marema-
TUYECKasi MOJIENIb LIEHTPOOEIKHOTO PEryisITOpa CKOPOCTU ABUTa-
TeJs

HccnenoBanue BIUSHUS MTapaMETPOB HEHTPOOESIKHOTO PETYIISITO-
pa CKOPOCTH Ha IIPOLIECC PEryIUPOBaHUSL.

OCHOBHBIE TTOHATHS TECOpHUU aB- XapaKTepI/ICTI/IKI/I MNEPEXOJHOro Ipounecca. YacToTHEIC XapaKTe-
TOMATUYCCKOI'O YIIpaBJICHUA. PUCTUKU.

Maremarnueckue moaenu. JInHeapusanus MaTeMaTHYECKUX MO-
nenei. Ilepenatounsie QyHKIUY.

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

TunoBble 3BeHbS MEePeIaTOUYHBIX QYHKITUH.

DKCIEepUMEHTATBLHOE HUCCIIEIOBAHNE XapaKTEPUCTHK 0 (hUrypam
Jluccaxy.

OmnpeneneHne NepexoaHol YaCTOTHON XapaKTEPUCTUKH.

@OyHKIMOHANBHBIE U CTPYKTYpHBIE cXeMbl. [IpaBuiia npeobpa3zo-
BaHUS CTPYKTYPHBIX CXEM.

Uccnenosanue ycroitunBoctu CAY no kputeputo ['ypBuia.

ITpaBuia mpeoOpa3oBaHusl CTPYKTYPHBIX CXEM.

[TocTpoenue rogorpada CUCTEMBI U JIOTApU(PMHUIECKON 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 JBUKEHHUS N0 TapMo-
HUYECKOMY 3aKOHY.

OnpeneneHue XapakKTEPUCTUK NIEKTPOMEXaHUYECKOT O IPUBOJIA.

Omnpenenenne XxapakTepUCTHK THIPOMEXaHUYECKOro MPUBOJA.

KommekcHast olieHKa KauecTBa CHCTEM U OOBEKTOB aBTOMAaTH-
CuHTE3 M aHaJIU3 CUCTEM aBTO- | YECKOTO yNpPaBJICHUS.

MaTHUYECKOIO yIPaBICHUS. Omnpenenenne xapakrepuctuk CAY nponosnbHON nojgaded npu
TOYEHUHU.




ONEeKTPOHHBbIE KOHCTPYKLIIMOHHBIE 3JIEMEHTHI YIpPaBJICHUS 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.

UccnenoBanue BaussHUS THOKOM 0OpaTHOM CBSI3M Ha OBICTPOJICH-
ctBue CAY.

OO01mas TpyA0eMKOCTb IMCHUILTUHBI (yueOHoro kypca) — 6 3ET.




4. CTpyKTYypa " coliepkaHue TUCHUUILIUHBI (Y4e0HOT0 Kypca)

CemecTtp uzyueHus
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Teopusi aABTOMAaTHYECKOI'0 YIIPABJIEHHUS

(HanMeHOBaHME AUCIUILTNHEI (Y4eOHOTO Kypca))

Pazpneu, Moapasnen, Tema Buabl yuedHo#i padoTsl Heo0xoaumble Dopmbl Pexomenny-
MoOAyJIb KonrakTHas padora CamMocrosiTesbHasi padoTa MaTepHaJabHO- TeKylero eMas JIuTe-
(B yacax) TeXHUYECKHe KOHTPOJIs parypa (Ne)
BCEro H DopMbl IPOBeIeHUs KLU, ¢opMbI opranuzanuu pecypchbl (HanmeHo-
g J1a60pPaTOPHBIX, MPAKTHYECKHUX €CaMOCTOATEJIbHOM BaHHE OLle-
E E a5 3aHATHIL, METOAbI 00yueHus, % padoThI HOYHOro
)E 3 g g E peanu3yomue npuMeHsieMyo § cpecTBa)
) é_ E = % 00pa30BaTeJbHYI0 TEXHOJIOTHIO 2
g g é
Monayne 1. Oc- | 1.1. OcHoBHple | 1 2 4 Uzyuenne kon- MYJIbTHMEIHHBIC Iposepka | 1,2,3
HOBHBIE IIOHfA- | MOHATHS W OIpe- CIIeKTa JICKITUH U cpencraa 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 OTYeT B 1,23
ycrpoiictBa CAP u CIIEKTAa JICKLIUI U KJIacC 371K~
uX Kiaccupuranus PEKOMEH/I0BAaHHOM TPOHHOM
[0  Ha3HAYCHHIO. JITEpaTyphl BUJIE
Knaccudukarus
aBTOMAaTHYECKOTO
ynpasiieHusi. Ma-
TeMaTHu4ecKas Mo-
JIeNlb  IICHTPOOeK-
HOrO  peryJsropa
CKOpPOCTH JIBUraTe-
T,
1.3. HccnenoBanue 2 3aHATHE C TPUMEHEHUEM 3 pabota c pa3na- KOMITbIOTEPHBIN OTHYeT B 1,23
BITUSTHUSL TIapaMeT- KOMIBIOTEPHON TEXHUKHU TOYHBIM MaTepHa- KJ1acc 3JIeK-
POB LIEHTPOOEIKHO- JIOM TPOHHOM
ro perynsaropa BUJIE
CKOpPOCTH Ha Tpo-
LIECC PperyJIMpoBa-
HUSL.
1.4. Xapakrepuctuk | 2 3 pabora ¢ pa3na- KOMIIBIOTEPHBII OTYET B 1,23
51 MIEPEXOTHOTO TOYHBIM MaTepua- KJ1acc 3JIeK-
npouecca. Yacrtot- JIOM TPOHHOM
Hble  XapakTepu- BHJIC
CTHKH.




1.5.MaTtemMaTHuecK pabota ¢ pasaa- KOMIIBIOTEPHBII oruerB | 1,2,3
ne moznenu. Jlune- TOYHBIM MaTepHa- KJacc JJIeK-
apu3anus MaTeMa- JI0M TPOHHOM
THYECKHX  MOjie- BUjIC
neit.  Ilepenatou-
Hble (DYHKIHH.
1.6. Omnpenenenue 3aHATHE C IPUMEHEHUEM pabora c pa3na- KOMIIBIOTEPHBII OTYeT B 1,23
YaCTOTHBIX Xapax- KOMITBIOTEPHOH TEXHUKH TOYHBIM MaTepHa- KJ1acc JJIeK-
TEpUCTUK TI0 aHa- JI0M TPOHHOM
JHM3y BXOTHOTO H BUjIC
BBIXO/IHOTO CHTHa-
J1a BO BPEMEHH.
1.7. Tunossle 3Be- Uzyuenne kon- KOMIBIOTEPHBII OTYET B 1,2,3
HbsI MEpEeIaTOUHBIX CIEKTa JICKINH U KJ1acc JJIeK-
(hyHKIHH. PEKOMEHA0BaHHOM TPOHHOM
JIUTEPaTypHl BUIC
1.8.OxcneprumenTa pabota c pa3na- KOMIBIOTEPHBIH oruerB | 1,2,3
JBHOE HCCIeI0Ba- TOYHBIM MaTepHa- KJ1acc JJIeK-
HHE  XapakTepu- J0M TPOHHOM
cTHK 1o ¢urypam BUIE
Jluccaxy.
1.9. Omnpenenenue pabora ¢ pa3na- KOMITbIOTEPHBIN OTYeT B 1,23
NepexoJHOi  Ya- TOYHBIM MaTepHa- KJ1acc JJIeK-
CTOTHOM Xapakre- JI0M TPOHHOM
PHCTHKH. BUjIE
Moayne 2. Ka- | 2.1.®yHKUHOHAIBH N3yuenue koH- MYJIbTUMEUITHBIE osepka | 1,2,3
YECTBEHHBI U | ble M CTPYKTYypHBIE CHeKTa JISKINH 1 cpezncTBa 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
YCTOMYUBOCTH KOMIIBIOTEPHON TEXHUKH CIIEKTA JICKLIUI U CpencTBa KOHCIIEKTa
CAY 1no kputepuro PEKOMEHI0BaHHOM JIeKIUHI
I'ypBuna. JINTEPATYypBI
2.3. IlpaBmia mpe- Wzyuenne koH- KOMIBIOTEPHBII OTHYeT B 1,2,3
obpazoBaHus CrieKTa JIeKIUH 1 KJ1acc JJIeK-
CTPYKTYPHBIX PEKOMEHI0BaHHON TPOHHOM
CXEM. JUTEPaTyphl BHUjIE
2.4. Tloctpoenue pabora c pa3na- KOMIIBIOTEPHBII OTYET B 1,23
rogorpada cucre- TOYHBIM MaTepHa- KJ1acc JJIeK-
MBIl M Jiorapudpmu- J0M TPOHHOM




YEeCKOM 4YaCTOTHOM BUJIE
XapaKTEPUCTHKH.
2.5.Matemarudeck pabota c pa3na- KOMIBIOTEPHBII OTHYeT B 1,2,3
asi OICHKa YCTOH- TOYHBIM MaTepHa- KJacc JJIeK-
YUBOCTH.  3ajayu JI0M TPOHHOM
YCTOWYHBOCTH. BUjIC
3amac ycTOWYHBO-
CTH.
2.6. Uccnenosanue 3aHATHE C IPUMEHEHUEM pabora ¢ pa3na- KOMIIbIOTEPHBII OTYeT B 1,2,3
toynoctt CAY B KOMITBIOTEPHOH TEXHUKHU TOYHBIM MaTepHa- KJ1acc JJIeK-
pPEeKHME JBHKEHUS JI0M TPOHHOM
M0 TapMOHHUYECKO- BUIE
MY 3aKOHY.
2.7. Ompenenenue 3aHITHE C IPIMEHEHUEM pabora ¢ pa3na- KOMITBIOTEPHBIN oruerB | 1,2,3
XapaKTEePUCTHK KOMITBIOTEPHOH TEXHUKHU TOYHBIM MaTepHa- KJ1acc JJIeK-
JJEKTPOMEXaHHIe- JI0M TPOHHOM
CKOT'O TIPHBOJIA. BUIC
2.8. Ormpenenenue 3aHATHE C IPIMEHEHUEM pabora ¢ pa3na- KOMITBIOTEPHBIN oruerB | 1,2,3
XapaKTepUCTUK KOMITBIOTEPHOH TEXHUKH TOYHBIM MaTepHa- KJ1acc JJIeK-
THIpOMEXaHH4e- J0M TPOHHOM
CKOT'0 TIPHBOJIA. BHUjIC
Monynb 3. | 3.1. KommnnekcHas W3y4enue koH- MYJIbTUMEIUHHBIC yerueiii | 1,2,3, (1,2)
CuHTe3 M aHa- | OIEHKa KayecTBa CreKTa JISKIUH U1 cpeacTBa orpoc
JIM3 CHCTEM aB- | CHCTEM U OOBEKTOB PEKOMEHI0BaHHON
TOMaTHYECKOr0 | aBTOMaTHYEeCKOTO JUTEPATyPHI
yIpaBJeHNUSI. yIIpaBJICHUSL.
3.2. Omnpenencaue 3aHATHE C TPUMECHEHUEM pabota c pa3na- KOMTBIOTEPHBII OTYET B 1,2,3(1,2)
XapaKTEePUCTHK KOMITBIOTEPHOH TEXHUKHU TOYHBIM MaTepHa- KJ1acc JJIeK-
CAY npoponbHOU JIOM TPOHHOM
nojayed mpH  ToO- BHUjIE
YEeHUH.
3.3. OO6ecneueHue pabota c pa3na- KOMIBIOTEPHBII OTYET B 1,2,3(1,2)
HE00X0IMMOit TOYHBIM MaTepHa- KJ1acc JJIeK-
touHoctn ~ CAYVY. JIoM TPOHHOM
O1eHKa TOYHOCTH BUJIE
CAY.
3.4. UccnenoBanne 3aHATHE C TPUMEHEHUEM pabota c pa3na- KOMIBIOTEPHBII OTHYeT B 1,2,3(1,2)
BIIMSIHUSL ~ aCTaTHU3- KOMITBIOTEPHOW TEXHUKHU TOYHBIM MaTepHa- KJ1acc JJIeK-
Ma Ha KayecTBO J0M TPOHHOM
CAY. BUJIE
3.5. OCHOBBI CHH- pabora ¢ pa3na- KOMIIBIOTEPHBII OTYET B 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 pabora ¢ pasna- KOMITBIOTEPHBII OTYET B 1,2,3(1,2)
BIHAHUSA KO3 Pu- TOYHBIM MaTepHa- KJtacc JNIeK-
[UeHTa Teperayn J0M TPOHHOM
o0paTHO#i CBS3M Ha BHJIE
TouHOCTh CAY.
3.7. UccnenoBanue | 2 4 pabora c pa3na- KOMITBIOTEPHBIN oruerB | 1,2,3(1,2)
BIUSHHUS ~ THOKOMN TOYHBIM MaTepua- KJacce JITeK-
o0paTHO#i CBS3M Ha JIOM TPOHHOM
ObIcTponeiicTBUE BUjIC
CAY.
Hroro: 32 | 16 | 16 80

216
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S. Kpurepuy 1 HOPpMBI TEKyLero KOHTPOJIA ¥ POMEKYTOYHOM aTTeCTalNH

@OpMBI TEKYIIETO KOHTPOJIS

YcnoBus nomycka

Kputepnn 1 HOpMBI OLIEHKH

[IpakTruueckas paborta

BreimonHeHne — mpakTHye-
CKHX paboT

«3a4TeHOo»: paboTa BBIIIOJIHEHA B COOTBETCTBUH C METOJUYECKUMH YKa3aHU -
MU, 0(hopMIIeHA TPAMOTHO, CTYJICHT TEXHUYECKH MPABIIBHO GOPMYITUPYET
OTBETHI HA PACCMaTPUBAEMbIE BOIIPOCHI.

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

Pedepar

Hamucanue pedepara

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

«HE 3aUTeHOY»: TeMa pedepara He pacKpHITA.

dopma npoBeacHUs
IPOMEKYTOUHOM aTTeCTalluu

YcnoBus nomycka

Kpurepuu u HOpMBI OLICHKH

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

Ne n/mt Temsbl pedepaToB

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

2 Cucrema aBTOMaTUYECKOTO YIPaBIECHUS IPOAOILHON Moj1a-
Yyel MpU TOYECHUH

3 Cucrema aBTOMaTHYECKOTO yIPABIICHHS MTOTNIEPEUHON MoJaueii pu Bpe3HOM Ut o-
BaHHUH

4 Cucrema aBTOMaTH4ECKOr0 YIpaBJIeHUS IOBOPOTOM pabodero opra-
Ha MPOMBIIUIEHHOTO poboTa

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

6 CucremMa aBTOMaTHYECKOTO AUCTAHIIMOHHOTO YIPABJICHUS MAaHHUITYJISI TOPOM

7 CucreMa aBTOMaTUYECKOTO YIPABICHUS THIPABINYECKUM CYITIOPTOM TOKAPHOTO
CTaHKa

8 CucreMa aBTOMaTUYECKOT0 YIPaBIECHUS Nolaueid mpH Gppe3epoBaHUH

9 CucreMa aBTOMaTHYECKOTO YIPaBIEHUS MPOAOIbHON NoJaueld TP CBEPICHUH

10 Cucrema aBTomMarndeckoro ynpasienus KonupoBanbHo-hpe3epHOro cTaHka

8. Bonpocwl Kk 3auerty

Ne n/mt Bonpocsl

1 OCHOBHBIE NOHATHUS U ONIPEIETICHHUSI

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

3 Krnaccudukanuys cucteM aBTOMEXaHUYECKOTO YIIPaBJIeHUS

4 IIpyHIMI pa30MKHYTOTO YIIpaBJICHUs. Y IPABIEHUE 110 BO3MYIIEHUIO U OTKIIOHEHHIO

5 OCHOBHBIE BU/Ibl AJITOPUTMOB (DYHKIIMOHUPOBAHUS

6 Krnaccudukanys cuctem 1o xapakrepy nepeadu CUTHajIOB

7 Krnaccudukanus cucteM MO OCHOBHBIM BHJaM YpPaBHEHMH IUHAMUKU IPOLECCOB
yIIpaBJICHUs

8 MaTemaTnyeckoe OnucaHue JMHEHHBIX CHCTEM

9 MatemaTnueckoe MOAEINpoBaHue 1eMeHTOB CAY

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

11 Jluneapuzauus HENMHEWHBIX AU(PQPEpeHInaTbHbIX YpaBHEHUN TUHAMHUYECKHX DPEXHU-
MOB paboTel aneMeHToB CAY. CranmaptHas ¢opma 3anucu aud@epeHnnanbHbIX
YpaBHEHUI

12 OcHoBHBIE CBOMCTBA IpeoOpa3zoBanus Jlammaca

13 XapakTepUCTUKH TMHAMUYECKHX 3BeHbeB CAY

14 [lonsiTe 0 TMHAMUYECKOM 3BeHE. XapaKTepUCTHKH TWHAMHUYECKOro 3BEHa, Nepeja-




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

BECOBBIC)

15 Tunosble TMHAMUYECKUE 3BEHbS U MX XaPAKTEPUCTHKHU

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

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

18 MaTemaTuyecKkoe MOJEINPOBAHUE U COCTABIEHUE CTPYKTYPHOM CXEMBI

19 Y CTOWYUBOCT CUCTEM aBTOMATHYECKOTO ynpasieHus. [IoHsATHE yCTONYMBOCTH JIMHE-
apu30BaHHbIX cucteM. Heo0XxoauMoe 1 J0CTaToOuHOE YCIOBUE YCTOHUYHBOCTH

20 Anrebpanueckue Kputepuu ycroitunoctu Payca u I'ypuna

21 YacrorHble kpuTepun ycroruuBocTu. [IpuHnmn aprymenrta. Kpurepun yctoM4nBoCcTH
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 Mertoap! orieHKH KadecTBa perynupoBanus CAY

25 [Tonsatue o kadecTBe mpouecca ynpasiaeHus. OLiEHKa KauecTBa CUCTEM YNPABICHUS B
ycTaHOBUBLIMXCS pekumax. IlocTtosHHble ommOku. AcTaTHueckue cucTteMbl. Tou-
HOCTb IIPY TaPMOHMYECKOM BO3JICHCTBUU. Y CTAHOBHUBILHUECS OLIMOKH MPH IPOU3BOJIb-
HOM BO3JIEHCTBUHU, KOOPPUIIMEHTHI OLTNOOK

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

27 YacTtoTHbIE METO/IbI OLIEHKH KauecTBa peryirpoBanus. OlieHKa KauecTBa peryinupoBa-
HUS 10 aMIUTUTYJHO-4aCTOTHOM XapaKTEepUCTUKM 3aMKHYTOM CHUCTEMbI; 1O Bellle-
CTBEHHOM YaCTOTHOM XapaKTepUCTHUKE 3aMKHYTOM CHUCTEMBI; C [0 aMIUIUTYIHO-
($a30BOI XapaKTEPUCTUKE PA3OMKHYTOM CHUCTEMBI; MO JIOrapu(MUUECKUM YaCTOTHBIM
XapaKTepUCTHKaM

28 KopHeBbI€ OLIEHKHM KaueCcTBa PEryJINPOBAHUS

29 Cunre3 CAY 1o 3a1aHHBIM ITOKa3aTeNsIM KayecTBa Mpoliecca ynpaBIeHUs

30 [ToBbllIeHNEe TOYHOCTH B YCTAaHOBMBILUXCS pEXHUMax M o0ecrieyeHue YCTOMYUBOCTH U
KAauecTBa YIPABJICHUS CUHTE3UPYEMBIX CHUCTEM 3a CUET M3MEHEHMs IapaMeTpOB CH-
CTEM U ITyTEM BBEJICHUSI KOPPEKTUPYIOLUX YCTPONCTB

31 Cucrema aBTOMaTH4ECKOr0 YIPABJIEHUS IPOAOIbHON T01aYel IPU TOUEHUH

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

33 Cucrema aBTOMaTH4ECKOTO YIPaBIEHUS TOBOPOTOM pabovyero opraHa MpoOMbBIIUIEHHO-
ro pobora

34 Cucrema aBTOMaTH4YECKOTO PETYJIMPOBAHUSI pa3Mepa JIeTalu Ha OeCclieHTPOBO-
UM (oBaIbHOM CTaHKE

35 Cucrema aBTOMaTH4YE€CKOT0 TUCTAHIIMOHHOTO YIPABIEHUSI MAaHUITYJISITOPOM

36 Cucrema aBTOMaTH4YECKOTO YIPaBIEHUS THAPABINYECKUM CYIIIOPTOM TOKAPHOTO

CTaHKa
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37

Cucrema aBTOMaTHUECKOT0 ypaBiIeHHs nojadel npu GpezepoBaHuu

38 CucTtemMa aBTOMaTHYECKOTO YIIPaBJIECHHsI TPOJOIBHOM 1o1aueld Ipu CBEpICHUN

39 Copep:xaHue MOHATUN: «CHCTEMa YIPABICHUSA», «OOBEKT YIPABICHUSN», «yIPaBIsIO-
e ¥ BO3MYIIAIOIIME BO3JCHCTBUSA», «YNPABISIONINE KOOPAUHATHI

40 Krnaccudukanus cucteM aBTOMEXaHUYECKOTO YITPaBJICHUS

41 IIpyHIMI Pa30MKHYTOTO YIIpaBIeHUs. Y IPAaBJIEHUE 110 BO3MYILEHUIO U OTKJIIOHEHHIO

42 OCHOBHBIE BU/IbI AITOPUTMOB (DYHKIIMOHUPOBAHUS

43 Knaccugukanus cuctem 1o xapakrepy rnepeaadu CUrHaJIOB

44 Knaccudukanus cucteM MO OCHOBHBIM BHAAaM YPaBHEHHUN TUHAMHKH IPOLIECCOB
yIIpaBJICHUS

45 MaTtemaTnyeckoe OnucaHue JMHEHHBIX CHCTEM

46 Maremaruueckoe MozenpoBanue anemMeHToB CAY

47 Knaccudukanus snmementoB CAY. CTaTHCTHYECKUE U TUHAMUYECKHE XapaKTCPUCTH-
KU 3JIEMEHTOB

48 Jluneapuzanys HEMMHEWHBIX AU(EpeHInaTbHbIX YPAaBHEHUN TUHAMUYECKHX PEXKHU-
MOB paboTel aneMeHToB CAY. CranmaptHas ¢opma 3anucu auddepeHnnanbHbIX
ypaBHEHUH

49 CopepxaHue MOHATUN: «CHCTEMa YIPABICHUSA», «OOBEKT YIPABICHUN», «yIPABISAIO-
e ¥ BO3MYIIAIOIIME BO3JCHCTBUSA», «YIPABISIONINE KOOPAUHATHI

50 Krnaccudukanus cucteM aBTOMEXaHMYECKOTO YITPaBJICHUS

9. q)OHIl OLCHOYHBIX CPEACTB IJdA NMPOBECIACHUA l'[pOMe)KyTO‘{HOﬁ aTTe-

cranmmu oﬁyqamnmxcn o JuCHMIIJIMHE

9.1. ITacnopT (poHIAa OLIEHOYHBIX CPEICTB

Ne
n/n

Kon xonTposupye-
MOii KOMIIeTeHI[UH
(M1 ee YacTH)

HanmenoBanue
OLIEHOYHOI'0 CPeACTBA

KonTposmpyembie pa3aesibl
(TeMBbl) TUCHUTIITUHBI

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

[IpoTokos BeIIOTHEHUS
MPAKTUYECKOro  3aja-
Hus 1

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

«Ornpenenenue 4acToT-
HBIX XapaKTEPUCTHUK TIO0
aHaliu3y BXOJHOTO U
BBIXOJITHOTO CHUTHaja BO
BPEMEHI.
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Monayns 2. KauecTBeHHBIN U
KOJIMYECTBEHHBIN aHAJIN3 CU-
CTEM aBTOMAaTUYECKOTO
yIpaBJICHHUS.

TIK-12, TIK-18

[IpoTOKON BBHIMOJIHEHUS
NPAaKTUYECKOIO  3aja-
HUd 3

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

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

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

[IpoTokoJ1 BEITOTHEHHUS
MPaKTUYECKOTO  3ajia-
HUS 6

«Ornpenenenne xapak-
TEPUCTUK THUAPOMEXa-
HUYECKOT0 IPUBOJAY.

Moayns 3. CuHTe3 U aHaIu3
CHUCTEM aBTOMAaTHUYECKOIO
yIIpaBJICHUSI.

[1K-12, T1K-18

[IpoTOKOJI BBITIOJIHEHUS
MPaKTUYECKOTO  3aja-
HUS 7

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

[IpoTokos BeIIOTHEHUS
MPaKTUYECKOTO  3ajia-
HHUSA 8

«HccnenoBanue acra-
TA3Ma Ha KayecTBO

CAV».

9.2. TunoBble KOHTPOJIbHbIE 32IaHUA WM HUHbIe MATEPHUAJIbI, HE00X0AUMbIe
JJISl OLIEHKU 3HAHWI, YMEHUIl, HABBIKOB U (MJIHM) ONBITA [1eATEJbHOCTH, Xa-
PaKTEePU3YOIIMX 3TaNbl (JOPMHUPOBAHNS KOMIIETEHIIUI B MPoLiecce 0CBOEHMS

o0pa3oBaTe/IbHOH MPOTrPAMMBI.
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9.2.1. KoMmieKT 3aiaHuii AJ1 IPAKTUYECKUX padoT.

IIpakTnyeckas padora Nel
HccnenoBanue BIUSIHUA IAPAMeTPOB LHEHTPOOEKHOT0 PEryJ/asiropa CKOpoOCTH
HA Npouecc peryJupoBaHus

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

Hccnenyercs cucrema apTomatudeckoro ynpasieHus (puc.l.1), cocrosimas u3 HeHTpoOEeKHOTO
pEerynsaTopa CKOPOCTH, TOJI3YH | KOTOPOTo CBsI3aH pbluaramMu 2 ¢ 3aCIOHKOH 3 1mojaun padbouei
CMECH B TEIJIOBOM ABUTATEIND 4. PErynsaTop NpuBOAUTCS BO BpallleHHE OT ABUTaTeNs Yepes3
3yO4aryro nepeaaqy S.

Puc.1.1. Cxema CAY cxkopocmpwio epanienus oguzamens

[Tpu ¢ynxkunonupoanuu CAY BpalieHue ABUTaTens yepe3 3yOuaTyro nepeaady nepeaaercs
pPEerynsiTOpy CKOPOCTH, IIAPUKU KOTOPOTO TMOJ JEHCTBUEM IIEHTPOOESKHOW CHIIBI C OJHOU
CTOPOHBI M CHWJIBl HPYXHHBI C JIPYrOoM 3aHMMAIOT HEKOTOPOE IIOJIOKEHUE, 4YTO BBI3BIBAET
OTpe/IeIEHHOE OTKPBITHUE IPOCCENs W CHUCTEMa HaxoOuTcs B paBHoBecuu. IIpu yBennueHuun
MOMEHTA Harpy3KH CKOPOCTb JBUIATENsl YMEHBIIAETCSI B COOTBETCTBUHU C €T0 XapaKTEPUCTUKOM,
YTO BBI3bIBACT YMEHBIIEHHE CKOPOCTH BpalleHHUs peryisatopa. LleHTpoOexHble CHUIIbI Takke
YMEHBIIAIOTCA, IIAPUKHA OIYCKAIOTCS U 4epe3 PBIYAKHYK0 CHUCTEMY YBEIWYHMBAKOT OTKPBITHE
Ipoccenid. YBeIMYeHue IMojayu paboyeil cMecHu B JBHUraTelb BBI3OBET YBEIMUEHHUE €ro
CKOPOCTH, PaBHOBECHE BHOBb BOCCTAHOBMTCS, HO YK€ Ha JPYroM ypoBHE. SICHO, 4TO pa3HOCTh
CKOPOCTEH OmpeessieT KaYeCTBO PETYJIMPOBAHMS: YeM OHA MEHbIIEe, TeM BhIlIe kKauectBo CAY.
[Tpu ymensinenun Harpy3ku CAY paGotaeT B 00paTHOM MOpPSAKE.

Jnsa ananuza CAY HeoOXOAMMO COCTAaBUTh €€ MaTeMaTUYECKyI0 MOeNb. AHAJIU3 MOKa3bIBAET,
4YTO B CHUCTEMY BXOJAT JBUTATElb, JIPOCCENb MOAaYM paboyeil cMecH, pbluakHas nepepaya u
3yOuartas nepeaayva.

JIBukeHue JBUraTens NpU OrpaHUYEHUH YYETOM SBJICHMHM MEpBOro MOpsAJKa, T.€. €ro
UHEPIMOHHOCTbIO, MOXET OBITh MpeJcTaBleHO IudepeHNaTbHBIM ypaBHEHHEM [E€PBOT0O
nopsiKa:

I()(jj—at)+/10a)+M”:Mo, (1.1)
rae lyu 4y — MOMEHT nHepuHuH poTopa U KO3IPPHUIMEHT BI3KOro TpeHus aspuratens, M, u M, —
MOMEHT CONPOTHUBIICHUS HArPy3KHU U MOMEHT JBUTaTeNsl COOTBETCTBEHHO.

MoMEHT JIBUKEHUS 3aBUCHUT OT OTKPBITHUS JIpOccenis oJauu paboueit cMecu:

M, = bk, (1.2)
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rae b — koaddunmenT nepenaun OTKPBITUS IPOCCENs OT MEPEMEIICHHUS TOI3yHA PErysaTopa
4yepes phluakHyo nepenaqy, Ky — koaGuimeHT nponopunoHaTbHOCTH MKy OTKPBITHEM
Jpoccensi U MOMEHTOM JIBUTATEIISI.
Ecnu npuHSTH Nepe1aTouHOe OTHOLICHHE PhIYaroB U 3y04aTol nepesadyn paBHbIM €HHHUIIE, TO,
U3 T€OMETPUUECKUX COOTHOIICHUM, MTOJIYYHM YPAaBHEHHE CBSI3H, KOTOPOE OMpPEIesieT
3aMKHYTOCTh CAY:

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

MMonenuposaHue PEryYAATOPa CKOPOCTH ABHIaTens =l B3

HCXOOHBE NAHHHIE CAY
025

Macca wapukos, kr

Cuna npystmHel, H 100

AecTrocTs

NPY#HHEL, H I1 5
tareHT HHEPLMIK
ABWraTENA, Kriv2 ID"I

.08 PRHUMEHT SAEMCHMOCTH
MOMEHT 3 ABMMATENA OT

OTKPBITHA APOCCEena, I4

Herara

|4D 5‘ MoreHT Harpuskd, Hr

Qcumnnorpad

Mpouecc | MNpogon#eqqe |

Reset |

¥rnogad ckopocTe W, paajc
OTKREITHE SSCA0HKK X Mn

Bit |

07
Bpema, c

L~

-]
= -1

o 0)

T
a 9

o o 0z 03 04 o5 a5
BpesA, ©

St nosan ckopocms W, palc
=

Puc.1.2. Mooenuposanue yeHmpooexicnozo pezyiamopa ckopocmu

Ilpakmuueckaa uwacmp

[TpakTuueckas paboTa BBITOJHAETCS C IIOMOIIBIO MPUKIIATHON MPOrpaMMbl, HHTEphENc KOTOPO
npezcrasieH Ha puc.l.2. IIporpamma «Perynstop ckopocTu» HaxonuTcs Ha aucke. ITpu Haxa-
TUH KHOTIKK “Help” mosiBisieTcst TOMOMTHUTENBbHBIN HHTEPPENC C MHCTPYKIHSIMHU U MOSICHSHUSMHE
K IIporpamme.

B 3aBucuMocTH OT BapuaHTa 3aJjaHHs BBIOpaTh AMAMa30H U IIar MU3MEHEHMs Mapamerpa, B
(GYHKLIUU KOTOPOTro HEOOXOAMMO MPOBOAUTH HCCiel0oBaHUs. PexoMenayeTcs BbIOMpaTh quarna-
30H, OPUEHTHUPYSICh Ha MaKCUMaJlbHOE U MUHUMAaJIbHOE 3HaUE€HUE YKa3aHHOTO MapaMmeTpa B Tad-
JUIe BapUaHTOB 3afaHuii (cM. Tabxa. 1.2). B Hayane paGoThl HOArOTOBUTH TaOIHILY SKCIIEPUMEH-
TaJIBHBIX JaHHBIX (cM. Tabi.1.1). Ilpu BBINOIHEHUHU HCCIIEOBaHUIM B COOTBETCTBHHU C 3a/laHUEM
HE00XO0UMO, TOC/I€ aKTUBU3ALUU MPOrPaMMBbl, B OKHAX TJIaBHOro MHTepdeiica BBECTU UCXO-
HbI€ JIaHHBIE COTJIACHO BapUaHTY 3a/laHUs MU YCTAaHOBUTH IEPBOE 3HAUEHUE M3MEHSEMOro IMapa-
metpa. Haxxate kHonky «Ilyck»

[Tocne BpIXOJa cCHCTEMBl Ha YCTAHOBUBIIMICS PEXUM pabOTHI (OMpEensiTh BU3YaJbHO MO OT-
CYTCTBHIO KOJIEOAHUI OCHMJIJIOTPaMMBbI OTKPBITHS 3aCJIOHKH Jpoccelis) HaxaTh KHonky «llay-
3a», ONPEAEIUTh TOYHOE 3HAYCHHE CKOPOCTHU BpAILEHUS JBUTATENS U 3alKcaTh B TaOJIUILy KC-
NEPUMEHTAIBHBIX JIaHHBIX. 3aTE€M YBEIUYUTh MOMEHT Harpy3ku 10 25 HM M HakaTh KHOIKY
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«[Ipogomxenue». Ilocne Beixona CAY Ha HOBBIH ypOBEHb YCTAaHOBUBIIETOCS PEXUMa pabOTHI
Ha)kaTb KHONKY «llay3a» M mpoBeCTH M3MEPEHUS HOBOTO 3HAYCHMsI CKOPOCTH BpAICHUs JABUTa-
tena. Ilonp3ysack ocHmiorpaMmoi 3aUKCHUpOBATh TaKkKe BpeMs MEXIy MoJadell ckauka
Harpy3ku M crabuin3anueil npouecca perynupopanus. CTaOUIM3alMi0 OLEHUBATh 110 OCLUILIO-
rpaMMe OTKPBITHS 3aCIIOHKH Jpoccenis mojgaun padoueit cmecu. [IpoBoauts HeoOXOAMMBIE HU3-
MEPEHHs II0 OCHMJUIOIpaMMeE IIPOLECCa PEryJINPOBAHUS, PYKOBOICTBYSICH IIOCTPOCHUSIMH
puc.1.3.

U Ocumnnorpad
= 400
(w
= 80
R - - - |cxopocmb , : IS , 30 &
g 00 5
£ 40 ] -
& CKAYKa B
E 20 ' r 5
O L
c 0 ‘ ; . ‘ 0 F
= 05 06 0,7 08 09 1 11

Bpens, ¢

Puc.1.3. Cxema uzmepenus xapaxmepucmuKk Kayecmea npouecca pezyiupoeanus

Jlannbple 3anucath B TaOMUILy. I BBITIONHEHUS CIICIYIOIIETO SKCIICPUMEHTA MOYKHO BOCITOJIb-
30BaThCsl KHOMKOM «RESet» u HayaTh HKCIEPUMEHT C TOH K€ MOCIeI0BaTeIbHOCThIO IEHCTBUH,
HO YK€ IIPH CJIEAYIOLIEM 3HAYEHUU M3MEHseMoro napamerpa. Eciu npu kakoM-mnbo skcrepu-
MeHTe CAY CTaHOBUTCS HEYCTOWYHMBOM, COOTBETCTBYIOIIEE COOOIICHNE 3anucaTh B Tabmuiry. B
tabnuie 1.1 mpencraBiieHbl SKCIIEPUMEHTANIBHBIC JAHHBIC UCCIICIOBAHUS KaueCTBa PEryIHpoBa-
Hust CAY ¢ HEKOTOPBIMU MCXOAHBIMU MapaMeTpaMu B (PYHKIIMU KECTKOCTU MPYKHUHBI PETys-
Topa.

Tabnuya 1.1. Dxcnepumenmanvhvie Oanmbvie

K eCTKOCTD CkopocTtb aBuratens, pajil/c Tounocrs pe-
Ne o BBICTPOSICHCTBHE | TTo cKauka Mo- Tocine ckauka | |~ HPOBaHHA,
I PYIHHEL, CAY,c pan/c
H/vm ) MEHTA Harpy3Kd | 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 45 0,14 76,8 67,7 9,1

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

Jliis moctpoeHust rpadUKOB MOKHO HCIOb30BaTh maket EXell, a mamsa BeimonHeHus konuu uH-
Tepdeiica mporpaMmbl, KOTOpast J0JKHA ObITh MPEICTABICHA B OTYETE, UCIIOIb30BaTh KIABUIIN
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 TouHocTu CAY B QyHKIIUU OT U3MEHSEMOT0 MapameTpa.
Tabauya 1.2. Hcxoouvie oannvle

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

Cooeporcanue npomokona

B IMPOTOKOJIE MPEACTAaBUTh LECJIb pa6OTI)I, HUCXOOAHBIEC JAaHHBIC, 3alaHUEC HCCIICAOBAaHUNs, KOIIMIO
uHTepdeiica g TFOO0TO AKCIIEPUMEHTa W3 BBINIONHEHHOW cepuu, omucaHue padotel CAY,
TabJIMIy SKCTIEPUMEHTANIbHBIX JaHHBIX, TpaduKu TpeOyeMbIX 3aBUCUMOCTEN. BBIBOIBI.

IIpakTuyeckas padora Ne2

OnpeneseHne YaCTOTHBIX XaPAKTEPUCTHK 10 AHAJHM3Y BXOJHOI'0 M BBIXOJHOI0 CHTHAJIA BO
BpEeMEHH
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Llenwv pabomot: [Ipuobpemenue npakmuueckux HA8bIKO IKCNEPUMEHMATLHO20 ONpeOeleHUs]
YACMOMHBIX XAPAKMEPUCTUK.

Teopemuueckasn wacmeo

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

C, C2

JV\/_

m, m,

L%
AT 4,
S ey

Puc.2.1. /lunamuueckasn cxema 08yxmaccoeoii cucmemul

VYpaBHEHNE ABUKEHUSA CUCTEMbBI COCTABIISIETCS 110 U3BECTHBIM MPABUIIAM
TEOPETUYECKON MEXaHUKH:

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

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

YHpOHleHHaﬂ MareMaTnu4dcCkKasa MOICJIb.
ms’x, + €, +4 Sx,+ &, +c, X, = € +1, SX+ € +C, X
M,S°X, + A,8X, +CyX, = A,SX, +C,X,
rae s=d/dt — omeparop Jlamaca.
I[J'IH MMpEACTaBJICHUA MaTeMaTU4eCKOMI MOZCIIN B ICPECMECHHBIX COCTOAHUA PCIINM KaKI0€ ypaB-
HCHHUC OTHOCHUTCIBHO HCpeMeHHLIX X1 " X2, KOTOpI)Ie 3aIIMCaHbI B CTapIHI/IX HpOI/ISBO,[[HI)IX COO0T-
BC€TCTBCHHO. HpeoGpa3OBaHHa}1 TaKuM 06pa30M MaTeMaTu4dyccKasa MQIICJ'IL HUMECT BU.
-1 -1 -
X, =sttax +ax+stfa,x +ax_ _
X, =5 dax, +ax +st ta,x, +a,x_
rae kodddunmentsr Moaemu: a; = (Ax+Ay/my, a2 = (C2+C1)/my, @z = AyMy, as = Co/my;
Ter[epL MOJKHO 3alIiCaTb MAaTCMATHYCCKYO MOACIIb B ICPEMCHHBIX COCTOSAHUS, TO €CTh B BUAC
CUCTCMbI )]I/I(i)(l)epeHHI/IaHBHBIX ypaBHCHI/II\/’I, peHIeHHI)IX OTHOCUTCIBbHO HepBBIX HpOI/ISBOI[HBIX:
Sy, =—ay; taxX+y,
SY, = —a,Y; +a,X

SYs =—&Y; tazy +Y,

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

Ilpakmuueckan wacmp

Ha puc.2.2 npencrasien uaTepderic MpUKIaHON TPOrpaMMbl TIPH UCCIEIOBAHUN YaCTOTHBIX
XapaKTePUCTUK OJHOMACCOBOM CUCTEMBbl. UHCTPYKIMK ¥ TTOSICHEHHSI Il paOOThI ¢ MPUKIIATHON
IPOTPaMMOii MOSIBIISIFOTCS Ha JOMOJHUTEIbHOM HHTepdetice mpu HaxxaTuu KHOKd «Heply.
[ToAroToBUTH TaOMUIBI SKCIIEPUMEHTAIBHBIX U PACYETHBIX JAaHHBIX JUISI UCCIIEIOBAHUS OIHO U
JIByXMaccoBou cucteM. [lociie akTuBU3amuu nMporpaMMbl BBIOpaTh PEKUM HCCIICIOBAHUS OHO-
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MAacCOBOW CHCTEMBI U B COOTBETCTBYIOIIMX OKHAX MHTepdeiica yCTaHOBUThH JAHHBIC COTJIACHO
BapuaHTy 3amaHus (cM. Tadi.2.2). Haxats kHOomKy «IIporecc», a moToM 3a1aTh mepBoe 3HaUe-
HUE YacTOTHl BO30YXKIAIOIIETr0 CHTHAJa - CHCTeMa MPHUXOAWT B JBIIKEHHE. BriOparh mepBoe
3HaYEHHE YacCTOThl BO30YXKIAIOIIETO CUTHAJA, MOA00paTh KelaeMyl CKOpPOCTb MepeMel|eHus
JICHTBI CAMOTIHUCIIA U MPOU3BECTH 3aMKCh. [Ipr ’TOM CKOPOCTh ABUKCHHSI JICHTHI JJOJKHA BHIOW-
paThCs Tak, 4ToObI 0OecrieuynBagach pacimmpoBKa CUTHAIOB IPH UX 00paboTKe.

[Tocne 3amucu TpeOyeMoro ydyactka HakaTh KHONKY «CTOm» B OKHE PErHCTpAIliU CHTHAJIOB.
V3MeHUTh 3HaUY€HHE YaCTOTHI, I0KIAThCSI OKOHUAHUS MIEPEXO0JHOr0 Mpoliecca U MPOU3BECTH 3a-
MUCH Clenyromero ydactka (kHomka «I[lyck» B OKHE perucTpanuy CUTHAJIOB). BBIMONHATH mMO-
NOOHBIE MaHUIYJSALUU U1 KaKIOTO 3aIlUIaHWPOBAHHOTO 3HAYEHMsI YAaCTOThI BO30YXKIAIOLIETO
CUTHAJIA.

AHaJOTMYHO MPOBECTH SKCIIEPUMEHT U JUISI IBYXMACCOBOU CUCTEMBI.

Jliist 06pabOTKH AKCIIEPUMEHTATBHBIX JAHHBIX MCIIOIH30BaTh MOTYYEHHBIC B TPOIECCE IKCIICPH-
MeHTa ocutorpamMmbl. Ha puc.2.2 ms gactotel 300 pan/c moka3aHbl HEOOXOIMMBIE TTOCTPOE-
HUS JUISL OTIpe/IeTICHHUs. OJTHOW TOYKH aMIUIMTYIHOW M (pa30BOM YAaCTOTHBIX XapaKTepUCTUK. M3-
MepeHUs yI00HO MPOBOIUTH MOcie KonupoBaHus 3kpana (Alt Print Screen) B penaktope Word
KaK pasMep aBTO (PUTYPBI — COOTBETCTBYIOIICH JIMHUU HA PUCYHKE.

mMDAEnMpDBaHHE YACTOTHbIK HaPaKTEPMCTHK JWHAMMUECKOH CMCTEMBI i [

Brifepure KoAHYECTBD Macc

[ 0aHa MAcca o OEE MAcChl

MNapameTpul AHHAMHYECK DR
CHCTEMB

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

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

™~

il
o T [
|

»

YacToTa BAOAHOMND CHrHanNa
rpydo
300 paag/c E

E TOMHDO

Perumpauuﬂ CHMrHanoB

CropocTe, c/aeneHue

Myck |

om| FTH

Mpouece | {Taysa -

Esit | Help |

Puc.2.2. Hccnedosanue yacmomuuix XapaKmepucmuKk 00HOMACO80Il CUCHIeMbl

Pe3ynbrarhl m3MepeHnii HEOOX0IUMO 3aIMCHIBATh B COOTBETCTBYIONTYIO Tabmuiry (Tadm. 2.1).
Tabnuya 2.1. Dxcnepumenmanvrvle u pacienmuvle OaHHble

Ne | Yacrora, | AMmnryaa | Ammiuryna | OrcraBa- | Ilepuoa A o)
pan/c BXOJ1a BBIXOZA HUE rpaj
1 30 0,69 0,70 0,0 0,74 1,01 0
2 100 069 0,83 0,0 0,25 1,20 0
3 150 0,69 1,09 0,05 0,35 1,58 -61
4 200 0,69 1,58 0,10 0,59 2,29 -66
5 250 0,69 2,47 0,10 0,44 3,58 -82
6 300 0,69 1,63 0,40 0,74 2,36 -120
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| 7] 3 | 069 | 079 | 025 | o064 | 1,14 | -167
TakuMm 00pazom, 3aUKCUPOBAHBI BXOJHOW M BBIXOAHOW CHTHAIBI JUIsl 7 3HaUYeHUH dacTtot. Jlis
KKJIOM BETUYMHBI YACTOTHl OMPEACISAIOTCS OJIHA TOYKA aMILIUTYIHO-4acTOTHOH W (ha30BoO-
YaCTOTHOU XapaKTePUCTHK 10 (hOpMyJiaM:

A, . 360°- 7
A= Q=- .
T
[Tockonbky B hopMyliax MpUCYTCTBYET OTHOILLIEHUE COOTBETCTBYIOLIUX BEJIMYUH, TO U B Ta0JHI1IE
BCIOJIY JUJISL BBIXOJIHBIX JTAHHBIX pa3Mephl MPEJCTaBICHbl B MM, KOTOPBIE ONPEACIISIIOTCS 10 pas3-
Mepy aBTO(GUTyphl Ha n300pakeHnn uaTepderica B penakrope Word. Ha puc.2.3 npeacrasieHa
aMIUTUTYIHO-(a30Basi YaCTOTHASI XapaKTEPUCTHUKA ¢ 0003HAYCHHBIMU HA HEW SKCIIEPUMEHTAIb-
HBIMH TOYKaMH, TOCTPOCHHAS MO JTaHHBIM Ta0auIel 2.1.

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

Puc.2. 3. Ixkcnepumenmanvnas ADIX

Crnenyer 3aMeTUTh, YTO HEKOTOPbIE OTKJIIOHEHUS 3TOW XapaKTEPUCTUKU OT TEOPETHUYECKON 00Y-
CJIOBJICHHBIE HETOYHOCTSMHU OIPENEICHUsS] UCXOIHBIX JAHHBIX, B OCOOEHHOCTH OTHOCHTEIIBHO
dba3sbl.
AHajoruyHo o0palaThIBalOT pe3yibTaThl SKCIEPUMEHTOB U IPU UCCIEI0BAHUU 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 oanmbie

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

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

Cooeprcanue npomokona
B mporokone mpeacTaBuTh 1enb paboThl, HEOOXOAUMBIE TEOPETUYECKHE CBEICHHS, UCXOTHBIC
JIAHHBIE B COOTBETCTBUU C BapUAHTOM 3aJIaHUsI, KOTHIO HUHTEep(elica ¢ 3aUChI0 BHIMIOJTHEHHBIX
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OKCIIEPUMEHTOB U TOCTPOCHHSIMH, HEOOXOAMMBIMHU IJIi OIPENEICHHS] BBIXOMHBIX JTaHHBIX;
TaOMHIBI IKCIIEPUMEHTATIBHBIX M PACUYECTHBIX JAHHBIX; Tpaduku 3KcrepuMeHTaTbHBIX ADUX
cucteM. BbIBOABI.

IIpakTnyeckas padora Ne3
HccaenoBanue ycroituuBoctu CAY no kpurepuio 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 KOTOpPOro Mokas3aHa Ha puc. 3.1, a.

+

s
{

y X u,, oJU U,
T —{311 VI > T
- ET—

v R
)
v

VIIT

A

[10C

a) 6)

Puc.3.1. IIpunyunuansnaa (a) u gynkyuonanvuasn (6) cxemuvl npugooa

[TpuBon cocrout u3 ycunurens-npeoopaszosarens (I111), nuratens (/1) moctossHHOTO TOKA,
penykropa (P), 3agatomero norenunomerpa (3I1) u morenunomerpa odpatnoii cesizu (I10C).
[Ipexxae Bcero HEOOXOAUMO COCTAaBUTh MATEMATUYECKYIO MOJIEINb 1OBo1a. COrjacHO MPUHIIMUITY
paboThl, MOBOJ MpeAcTaBisieT co0oil 3amMkHyTyI0 CAY, hyHKIIMOHANBHAS cXeMa KOTOPOH
npuBeneHa Ha puc.3.1, 6. [IycTh BbIIeIEHHBIE HA CXEME 3JIEMEHTHI ONUCHIBAIOTCS CIEAYIOIUMU
nepeaTOYHbIMA (QYHKITUSIMU:

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

ST R UEETS P W ok

U,.(s
moc: w,_(s)= e _y
Y (s)
Tenepb MokeT OBITH MOCTPOEHA CTPYKTYPHAs CXeMa MOBOa, B KOTOPO (IIpH paBEHCTBE
K02 PHUIIMEHTOB TIepeIavn 3aJa0IIero OTEHIIMOMETPA U TIOTEHIIMOMETpa 00paTHOM CBS3M) J1Ba
COOTBETCTBYIOIIUX dJIEMEHTA Ha ()YHKIIMOHATHLHOM CXeMe 3aMEHSIFOTCS] OJTHUM dJIEMEHTOM C
ko3 dunrenTom nepenaun K, Ha CTpyKkTypHO# cxeme (puc.3.2).

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

Puc.3.2. Cmpykmypunas cxema npugooa

Takum oOpa3zoMm, TmepegaTouyHas (YHKIHMS 3aMKHYTOW CHCTEMBbI TIOCJIE€  HECIIOKHBIX
anredpandeckux Mpeodpa3oBaHui MPUOOPETAET BUI:
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k
W (S) — 0 1
(T,s+1)(T,s+1)s+k,
rie Ko — koahduImeHT nepegadn CUCTEMbI, PaBHBIN TPOU3BEACHUIO KOI(PPHUIIUEHTOB Tepe1adn

BCEX 3BEHBEB KaHaJa MPsSMOTro JIeicTBUsA. Tak, cucTreMa uMeeT XapaKTepuCTUIECKOe ypaBHEHUE
3-ro nopsaka:

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

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

A= (Ty'l' Ta) — koTyT@ > 0.

[Tocne HECOKHBIX MTPe0Opa30BaHUI MOTy4aeM eIMHOE YCIOBUE YCTOMYUBOCTH CHCTEMBI:

1 1

— + T >K,. (3.1)

¥y 0
BeimonHeHne 3TOro ycioBus 00s3aTeNbHO, MOITOMY Ha MPAaKTUKE BapHaluel, moadopom
napameTpoB mpuBoaa crtpemstcs obecneuntsh (3.1). Ilpum sTom Hambosiee ymoOHO H3MEHATH
napameTpel Ko u T, — oOmmii ko3pUIKEHT mepenadyn MPUBOJA M MOCTOSHHYIO BpPEMEHH
ycumTeNs-peodpazoparens. B q1ro6om cirydae 3HaUCHHS BapUaIMi ATUX apaMeTPOB JTOJIKHBI
nexats B o6nactu D, moctpoenHoit cornacHo ycnosuto (3.1) (puc. 3.3).

kOA

obnacmo
HeyCmouyueblx

3HAYeHUll

Kot 1/T,

obnacmo
VYCMOUYUBHIX 3HAYECHULL
0 T >T
vl y

Puc.3.3. Obracms ycmoinuugvix 3HayeHuil

Ilpakmuueckaa uwacmep

Jnst BeImosiHeHHWsT PaOOThI HMCMOJB3yeTCs TMPUKIAAHAs TporpamMma, HHTEpQEehHc KOoTopoun
npenctaBiensl Ha puc.3.4. Ilpuknaagnas mnporpamma «YcCTOWYHUBOCTH TOYHOCTH CAV»
HAXOAUTCS Ha aucke. MHCTPYKIMU W TOSICHEHUs sl pabOThI C MPOTrpaMMON COAepKaTcs B
camMoii TporpamMMme U TMOSBISIOTCS Ha JKpaHe MOHUTOpa MpH Haxkatuu kHomkw Help. [lns
BBITTOJIHEHHUSI ATOW TIPAKTHYECKOW pabOoThl, TOCIE aKTHUBU3AIMH MPOTPaMMBI Ha TJIaBHOM
uHTepdeiice 1oKeH ObITh BBIOpaH pexxuM «VccnenoBaHue yCTOMUUBOCTI.

Ha n300paxxennu ocumsmiorpada 3ahukcupoBad nepexoausiii mpouece CAY nmpuBogIOM CTaHKa,
KOTOPBIIl OTBEYaeT MCXOJHBIM JIaHHBIM, NPEICTABICHHBIM B OKHaxX HUHTepdeiica (ciea).
BxonHo# curHan crymeH4atoi (GopMbel M300pakeH JTHUHHEH 2, - MepeMelleHHe CymmopTa —
nuHuel 1 Ha puc.3.4. BugHo, 4to cucrema sBIsieTCs YCTOMUMBOM U ee IMHAMHYeCKOe KaueCTBO
MOJKET OBITh OLIEHEHO 10 KOMIJIEKCHOMY MOKa3aTet0, KOTOPbII pacCUUTHIBAETCS 10 popMyIie:

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

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. Humepeiic npuxknaonoit npozpammeol

B cooTBeTcTBHHU ¢ 3a1aHKEM HEOOXOMMO MMPOBECTH UCCIICIOBAHMS 3aBUCUMOCTH KOMILIEKCHOTO
MOKa3areisi KadecTBa IMEPEXOIHOro Imporecca OT KodpQuiuenTa mnepenadd yCHUITHTEIs -
npeoOpa3oBarens. J[ns ompeneneHus auamna3oHa BO3MOXKHOTO HW3MEHEHHS Kod(duimeHTa
HEOOXOJMMO, NOJIB3YSICh 3aBHCUMOCTBIO (3.1), mid 3amaHHBIX 3HadeHuWd T, m T, paccuuTaTh
MaKCHMaJbHO BO3MOXKHYIO BeINYUHY (K )max. IIpH 9TOM y4nTHIBaTh, 4TO 0OLIMIT KOA(DHIIEHT
nepempaun CAY onpenensiercs o Gopmyiie:

H
k, =k, kk —".
0 yn'ro Noc 272_

Beibpate  mar  u3MeHeHuss — KOdpUIMEHTa  Mepefadyd  yCHIUTENs-npeoOpa3oBaTens
(pexomennyercst nmpuHATh mar 0.2(K,,)max) ¥ TOATOTOBHTH TAOIMIy SKCIIEPHMEHTATBHBIX U
pacueTHBIX JTAHHBIX TaK, YTOOBI OXBATUTh MAaKCUMAIBHO JIOMYCTUMBIA KOIPPUIIMEHT TIepeaay,
OTIpEeIeTICHHBIN MO0 3aBUCUMOCTH (3.1).
B tabnune 3.1 npeacrasned mpumep ansi CAY ¢ UCXOTHBIMU JTaHHBIMH, COOTBETCTBYIOIIUMU
puc. 3.5. Pacuerom no (3.1) mHaxogum ko=383,3. CnenoBarenbro (Kj,)max=1158. Beibupaem mar
0,2-:1158=232, cocTaBisieM TaOIUILy ¥ IPOBOIUM IKCIIEPUMEHTHI.
AKTHBHU3UPOBATh MPUKIAJAHYIO MPOTpamMMmy, 3aJaTh HUCXOJHBbIE JaHHbIE B COOTBETCTBUU C
BapHaHTOM, BbIOpATh MEpBOE 3HaUeHHE KO PUIIMEHTa epejaul yCUIUTeNsA- mpeoOpa3oBaTens
¥ BBINIOJHUTH MOJICTMPOBAHUE TEPEeXOMHOro Tporecca. [lo ocmuorpaMMe MpPOU3BECTH
HEO0OXOIUMbIC MU3MEPEHUS U 3alucaTh Pe3yJIbTaThl B TAOIUIY. BEIOIHATE SKCIIEPUMEHTHI JIJIS
BCEro BLIOpaHHOTO JUana3oHa U3MEeHEeHUs KodduiimeHTa.
Paccuntarh KOMILJICKCHBIM TOKa3aTellb KauecTBa JUIS Ka)JOTO SKCIIEPHUMEHTAa M IOCTPOUTH
rpaduk 3aBUCUMOCTH KOMILJIEKCHOTO TMOKazarenst 4 JWHAMHUYECKOrO0 KayecTBa CUCTEMBI OT
kodddunmenra nepenaun K, ycmmmrens-npeobpaszosatens (puc.3.5). Ecmu mpu kakom-nmmuoo
3HaueHuu Kodd¢uimenta nepegaun CAY oxasbiBaeTcs HE yCTOMYMBON — COOTBETCTBYIOIIIEE
COOOIIIEHUE 3aM1CcaTh B TAOIUILY.

Tabnuya 3.1. Dxcnepumenmanvrvle u paciemuvle OaHHbLE

Ne Ky Ymax ‘ Ye ‘ t, ’ A
1390 CAY He ycroiiunBa
2 1158 97 \ 50 | 2440 | 47,30

25



3 926 93 50 1,10 2,05

4 694 85 50 0,53 0,90

5 462 79 50 0,34 0,54

6 230 68 50 0,24 0,33
A

2,0 /
15 /
N
ke

230 462 694 926 1158 k

yn

Puc.3.5. I'pagpuk 3aeucumocmu Komniekcrnozo nokazamensn kavecmea CAY
om Ko3gppuyuenma nepedauu ycunumensa-npeodpazoeamens
(30na Heycmoiuueoil padomel 3amemHena)
3aoanue
1. 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-
CUMAaJIbHO BO3MOXKHOE 3HAaYeHHE KOA(PUIMEHTa Nepeaun YCUIUTEN-TIpeoOpa3oBaTesis U Mo-
TOTOBHUTH TAOJIUILY SKCIIEPUMEHTATBHBIX JaHHBIX.
2. Hcnonw3ys MNpHUKIAJHYIO MporpaMmy, HHTepdeiic KOTopoil mpencraBieH Ha puc.3.4,
MIPOBECTHU CEPHUIO IKCIICPUMEHTOB U PE3y/IbTAThI 3aITUCATh B TA0JIHILY.
3. Ilo pe3ynbTaraM SKCIEPUMEHTOB MOCTPOUTH IKCIEPUMEHTAIBHBIN rpaduK 3aBUCUMOCTH U
MIPOBECTH €0 aHAJIH3.
Tabnuya 3.2. Ucxoomnsie oannvie

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

Cooeporcanue npomokona

B mporokone mnpeacraButh cTpykTypHyto cxemy CAY, nuarpammy KauyecTBa, TaOJUIly
HKCIEPUMEHTAIbHO-PACUCTHBIX JIaHHBIX, TpadUK 3aBUCUMOCTH KOMILJIEKCHOTO IOKa3aTess
JUHAMHYECKOro KadecTBa OT KOd(pUIMEHTa Nepeadyd yCHUIUTENs-peoOpa3oBaresi, KOMUIO
uHTepdelica ¢ 3aInChI0 EPEXOIHON XapaKTEPUCTUKH IIPU KaKoM-J1n00 3HaueHuH K,,. BeiBozpl.

IIpakTyeckas padora Ned
HccaenoBanue tounoctu CAY B pexxume ABUKEHHS 110 TAPMOHUYECKOMY 3aKOHY

lleﬂb paﬂombl: Hpu05pemeHue npakmu4yeCcKux HaeblKo6 OYEeHKU mo4YHoCmu cucmem
asmomamu4ecKkoco ynpaesjienust npu mecmuposanu no capmMonu4ecKomy 6X06HOMy CUcHAY.
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Teopemuueckasn yacmso

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

x(t) o[k, K, ) y(t)
Ts+1 (T,s+1)s “1

A 4

A 4

K  le

oc

Puc.4.1. Cmpykmypnas cxema uccinedyemoit CAY

Jlnst TakoW CHCTEMBbI BaXKHBIM U MEPBOCTEIIEHHBIM SIBJISICTCS BOMPOC YCTOHYMBOCTH. [loaTomy
nepe Ha4dajlOM SKCIICPUMCHTAJIbHBIX HCCHCI[OBaHI/Iﬁ H€O6XOZ[I/IMO ONpeaACInTL MaKCUMAJIbHO
JOIyCTUMOE 3HadeHHe Kod(duuuenta K, mepemadu ycuiIuTess-ipeoOpa3oBarels, MONb3Ysch
dopmymoit (3.1) ¢ ydeToM 3aBHUCHMOCTH JUIS ONpeneicHus 00mero ko3 puienTa nepeaaan
MOCJICIOBATEILHO COCTMHEHHBIX 3BeHbeB CAY:

Ko =k KK K.

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

Ilpakmuueckas wacmp
Jis  BbIMosHEHWsT pabOThl MCIIONB3YETCs NpUKIa[HAs HporpaMma, HHTepdeic KoTopon
npencraBieHsl Ha puc.4.2. Ilpuknaanas nporpamma  «YcTOWYHMBOCTH TOYHOCTH CAY)»
HaxoauTcsl Ha jaucke. MHCTpyKUMM M MOSICHEHUs A paboThl C MPOrpaMMoOl cojaepikaTcs B
caMOil mporpaMMe W TOSBIISIOTCS Ha DKpaHEe MOHHMTOpa Npu Haxatuu kHomku Help. Jlns
BBINOJIHEHUS] 3TOW NPAKTUUECKOM paloThl, IOCIE aKTUBU3ALMM HPOrpaMMbl Ha TJIaBHOM
uHTepdeiice 1omKeH ObITH BEIOpaH pexxuM «lccrnenoBanne TOUHOCTHY.
Ha wuso0paxenun ocuwiorpada 3apukcupoBaHa peakuus CAY HOBOJOM cTaHKa, KOTOpas
OTBEYAeT MCXOJHOMY rapmMoHuueckomy curnamny 50Sin30t — nuaus 1. AMIuMTyaa u 4actorta
BXOJHOIO CHTHajla 3aJaloTcsi B COOTBETCTBYIOLIEM OKOIIKe 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 dKCIIEPUMEHTAIBHBIX
3HaYeHUH Ha ocHMIUIOrpad)e MOMKHO BBINOJHATH TOJBKO IOCIE 3aBEPIIEHHs IEePEXOTHOrO
pexuma paboTsl (cM. puc.4.2).
[Tocne ompeneneHus MaKCHMAaIbHO AOMYCTUMOro Koddduimenta K, mepemaum ycuiutens-
npeoOpaszoBaresi, HOArOTOBUTh TAaOJUIly IKCIEPUMEHTAIbHBIX JIaHHBIX, IPUMEpP KOTOPOU AJis
CAY c ucxonHbIMH JaHHBIMU IO puc.4.2 mpexncrasineH Huxke. [Ipeamonaraercs mposeneHue
TpeX Cepuil SKCHEPUMEHTOB IPH CIEAYIOIIMX 3HAYCHUIX KO3PPUIMEHTa Tepeadyn yCUInuTeNs-
npeobpazoBarens: (Ky,)1=0,9(Kyn)max; (Kyn)2=0,6(Kyn)max; (Kyn)3=0,3(Kyn)max-

Tabnuya 4.1. Dxcnepumenmanvhvie OaHHble

o, o, o,

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

Jluamna3oH W mIar M3MEHEHHWS 4YacTOT OMpPEICNsAeTCS JKCIEPUMEHTAIBHO TaK, YTOOBI MpU
(Ky1)1=0,9(Kyn)max MakcHManmbHOE 3HAUCHHE OIIMOKM MNPHXOAMIOCH HAa CpeAHee 3HAYCHHUE
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YacTOThl, a IIar TMO3BOJISJI MPOJEMOHCTPUPOBATh TEHICHIIMIO HM3MEHEHHUs OIIMOKH B 00e
CTOPOHBI OT MaKCHMyMa.

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

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

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
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Neurarens
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nepeqayud, pai/cB = =
MocToAHHEA B 0.02 = =
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I E El
W ar BuHTA, M 8 % o
DdpaTHan cBA3bL z %
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Puc.4.2. Humepdgheiic npuknaonoit npocpammel 011 ucciedosanus mounocmu CAY

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

d‘nax

100 K, =417

80 / K
60 R / /\ \ k=278
ﬁ/ _

40

40 80 120 160 o, padlc

Puc.4.3. I'pagpuku 3xcnepumenmanvHvix 3a6ucumocmeit

3aoanue

1. o ucXOIHBIM JTaHHBIM, B COOTBETCTBUU C BapuaHTOM (Tabin.4.2), paccuutaTh MaKCUMaIbHO
JOIyCTUMBIN K03 uUImeHT K, mepenaun ycunurens-npeodpasoBarens, U MOArOTOBUTH Tabnu-
Iy SKCIIEPUMEHTAIBHBIX JaHHBIX.

2. Ucnonb3ys NpUKIaIHYIO IpOrpamMmy, HHTepdeiic KOTopol MpeacTaBieH Ha puc.4.2, BRIOpaTh
JUana3oH U 1iar M3MEHEHHUs YacTOThl BXOJIHOTo curHana. [IpoBectu cepuio sKkCriepuMeHTOB (JU1s
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KaXJI0r0 3HaYeHHs Kod(pQHIMeHTa Nepefayd), 3aluchiBas pe3ylbTaThl B TaONUIly, a 3aTeM
HOCTPOUTH I'paVIKH IKCIIEPUMEHTAIBHBIX 3aBUCHMOCTEH.
Tabnuya 4.2. Hcxoouvie oanmvle

IlepBas Ky, Bropas | Hg,,

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

Cooeporcanue npomokona

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

IIpakTyeckas padora Ne5
OnpeneneHue XapakTepUCTHK JIEKTPOMeXaHHYeCKOIro PUBOJA

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

Teopemuueckasa uacmpo
Ha puc.5.1 npencrasiieHa 31€KTpOMEXAaHUYECKAs CUCTEMA — MPUBOJ BPALIAOLIETO ABM)KECHHUS,
KOTOpBI COCTOMT M3 AJIEKTPOJABHUraresss 1 IOCTOSHHOIO TOKa, pEAyKTopa 2 W Harpyskw,
HanpuMep, INUHAEN 3.

Puc.5.1. Cxema 31eKmpomexanuyeckoil cucmemol

YPaBHeHI/ISI ABWXKCHUS ABUTATCIIA ITOCTOSAHHOT'O TOKa IMPH HpeHe6pe>1<eHI/H/1 SABJICHUSAMH BTOPOT'O
nopsaKka UMCCT BUA:

dQ()eue + M

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

JaBurarensi, M1 — MOMEHT Harpy3ku Ha Baiy asurateis. C Apyroil CTOpoHbl, B COOTBETCTBHHU C
ANEKTPOMEXAHUUYECKON XapaKTEPUCTUKOMN JIBUTATEIIS:

M =1 (5.1)

osue
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M osue

rie Ky — KO3 GpHUIMEHT MPONOPIUOHATLHOCTH MKy HampsbkeHHeM U 1 MOMEHTOM JIBHYKEHHS,
Ky — KOO PHUIMEHT HAKIIOHA AJICKTPOMEXaHUUECKON XapaKTePUCTUKH.
Penyktop MoxkeT ObITh IpE/ICTaBIeH OE3bIHEPIIUOHHBIM 3BEHOM:

Q=0 K (5.3)

dsue " peo!

=kU -k Q, ; (5.2)

osue?

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

IE+/LQ+ﬂdet—f§21dt+M=0, (5.4)
rae M, I, £2- none3Hblii MOMEHT, MOMEHT WHEPIIUHU U YIJIOBasi CKOPOCTh HArpy3KH, [3 -
KpYTUJIbHAS KECTKOCTh, A - KO3 GUIUEHT BSI3KOro TpeHus. Takum oOpa3oM, ypaBHEHUE CBSI3U,
KOTOPOC MOKAa3bIBACT, HA UTO PACXOAYCTCS IMOJIC3HAA YaCThb MOMCHTA ABUTATCIIA, UMCCT BU!

M, =k,.5 fQdt—[Qdt. (5.5)

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

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

Puc.5.2. Cmpykmyphas cxema 31eKmpomexanuieckoii Cucmemol

Ha cxeme ectp naBa BXOAa: OJMH MO YyIpapisiouieMy BosjaeWcTtBuo U, a BTOpod - 1o
Bo3myuieHnto M. He cmoTpst Ha To, 4TO MO MCXOAHOHN 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/IBapUTENIbHBIE UCCIIEIOBAHUS C IIEJIbI0 ONPEIEICHHS] XapaKTEepUCTUK, OLIEHKH KadyecTBa U
BbIOOpa HEKOTOPBIX €ro mapameTpoB. Takol 3Tam MpeaBapUTEIbHOIO MPOSKTHUPOBAHUS BCEra
JIOJIKEH MPHUCYTCTBOBATh MPHU pa3pabOTKe CUCTEM U OOBEKTOB aBTOMATHYECKOI'O YIPaBJICHUS U
SBJISIETCSA YPE3BBIYAHO BaXKHBIM, TaK KaK MMEHHO 3/IeCh ONpPENENSIOTCS OOIue HalpaBiIeHUS
YAOBJICTBOPCHUA Tpe6OBaHI/I$IM TCXHUYCCKOTO 3aJaHNA U YIIYUIICHUA XapaKTCPUCTHK CUCTEMBI.
Hanpumep, HM3BECTHO, YTO MNEPENAaTOUYHOE OTHOLIEHME PENYKTOpa CYLIECTBEHHO BIMSET Ha
JUHAMHUYCCKUC XAPAKTCPHUCTHUKU OJICKTPOMECXAHUYCCKOTO IMPHUBO/JA. OHeHKa IEPEXOAHBIX
XapaKTEePUCTHK CHCTEMBI, MPEACTaBICHHOW pa3paOOTaHHON MaTeMaTHYecKOoW MOJIENbIo, MpU
pa3HbIX 3HaYCHUSIX KOApPUIIMEHTA NTepeayl peayKTopa MO3BOJISIET PEIIUTh TaKyIo 3a7auy.

Ilpakmuueckasn uacmp

Jis  BeIMOJHEHHWST pabOThl MCIONB3YyeTCs NpPUKIAAHAs MporpaMma, HHTepdeic KOoTopoil
npenacraied  Ha puc.5.3. IlpuknagHas mnporpamma «OJIEKTPOMEXaHUYECKas CUCTEMay
HaXOJUTCS Ha AUCKE. SIIpOM 3TOM IpOrpaMMbl CIIY>)KUT COCTaBJIEHHAs BBILLE MaTeMaTHYECKas
Mojieb. IHCTPYKIIMM U OSICHEHUS sl pabOThI ¢ TPOrpaMMOil cofiepKaTcsl B caMoil iporpamme
U MOSIBJISIIOTCS Ha 9KpaHe MOHUTOpA MpH HakxaTuu kHonku Help.
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Ha wuzobpaxxenun ocuwiiorpaga (puc.5.3, a) 3adukcupoBaH HpolecC M3MEHEHHs YIIIOBOU
CKOPOCTH Harpy3ku (MTMHHA 1) mpu pasroHe M NpU M3MEHEHWH MOMEHTA ITOJIE3HOW HAarpy3Kd
(JiuHMS 2) IO CTYNIEHYaTOMY 3aKOHY.

BeImonHss Takue SKCIEPUMEHTHI NMPH Pa3HBIX 3HAUCHMSAX HANPSDKCHUS MUTAHUS JBUTATEN,
MOYKHO MTOCTPOUTH CTATHUECKUE XaPAKTEPUCTUKU FNEKTPOMEXaHNIECKOTO TIOBO/IA: 3aBUCHUMOCTD

YIJI0BOM CKOPOCTH HAarpy3KH OT MOJIE3HOr0 MoMeHTa (puc.5.4, a).
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Puc.5.3. Humepdgheiic npuknaonoit npozpammel npu
onpeodeneHuu cmamudeckux xapakmepucmuk (a) u pe-
3YIbMamupl MOOEIUPOCAHUS NPU OnpedeneHuU OUHA-
MUYECK020 Kauecmaea:

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

r)
Jns ompeneneHus ONTUMAJIbHOTO MO OBICTPOJEHCTBUIO KO3(DHIMEHTa Mepenadnl peryKTopa
MIPOBOJUTCS CEPUsl IKCTIEPUMEHTOB, TIPH KOTOPBIX (PUKCUPYETCsl IEPEXOAHBIN Tporece (pa3roH
NPUBO/IA) MPH BCEX €ro HEM3MEHHBIX MapaMeTpax, HO JUIs pa3HbIX 3HA4eHUM Kod(pduimeHra
nepeaaun peaykropa (puc.5.3, 6, B, I).
[To pe3ynpTaTaM 5KCIEPUMEHTOB IMOCTPOEHBI TpapUK 3aBUCUMOCTH JUHAMUYECKOTO KadyecTBa,
KOTOpOE Ompenensercs M0 KOMIUIEKCHOMY Iokazarento (cMmotpu Gopmyny 5.2), oT
kodduurenTa nepeaaun penykropa (puc.5.4, 6). Ilpu BBINOIHEHUH SKCIIEPUMEHTOB JaHHBIE
yIOOHO TpPEACTaBIATh B TaOIW4yHOW ¢opMe, a TOTOM CTPOUTh HEOOXOAMMBIN Trpadux
3aBHCUMOCTH KOMIUIEKCHOTO MOKa3aTess A oT Ko pHIMeHTa repeadn peaykropa.
Ornpenenenre HEOOXOAUMBIX JJi pacuera o Gopmyse (3.2) mapaMmeTpoB MokazaHo Ha puc.5.3,
0. BugHo, uTO onTHMaNbHOE 3HAYCHUE KOX(PQUIMEHTa Mepenadu, mpu Kotopom A—min,
paBusiercss  0,3. Ilepexomnblii mpoliecc MpU TaKOM 3HaYeHUW Kod(pduimeHta rmnepeaadn
peyKTopa npeCTaBiIeH Ha OCIUUIoOrpaMMe puc.5.3, B.
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Puc.5.4. I'pagpuxu 3xkcnepumeHmanpbHbIX 3a6UCUMOCHIEIL:
a) — cmamuyecKue XapaKmepucmuku; 6) — OUHamMuyecKas XapaKmepucmuKka

3aoanue
1. Ilo ucxogHbIM JaHHBIM, B COOTBETCTBUU C BapuaHTOM (Tabi.5.1), onpenenuTb CTaTUYECKUE
XapaKTEPUCTUKH 3JIEKTPOMEXaHUYECKOIO MOBOJAA Ul pa3HbIX 3HAUCHUM HANPSKEHUS MUTaHUS
JIBUTATENI U TIOCTPOUTH COOTBETCTBYoIIME rpaduku. (nama3oH W3MEHEHHs HaNpsOKCHUS
olpeeNseT NpenojaBaresb).
2. IlpoBecTH cepuI0 3KCIEPUMEHTOB IO MOJECIUPOBAHMIO MEPEXOJHON XapaKTEPUCTHKHU IPU
pasHbIX 3Ha4YeHHsAX KodpduimeHta K, nepenaunm peayKkTopa, BBHIIOJHUTH HEOOXOIMMBIC
U3MEpPEHUs], PacCUNTaTh KOMIUIEKCHBIM MOKa3aTelb A U MOCTPOUTHh COOTBETCTBYIOMIMN rpaduk
IJIsL ONpeIeIeHHs] ONITHMAIBHOTO 110 ObIcTpoAeiicTBIIO Kodddunmenta K.

Tabauya 5.1 Ucxoouwle oannvle

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

nudpa KIM> Hwm/B | Hwmc/pan uudpa KrM2 Hwm/pan | Hmc/pan
0 0.004 0.50 0.63 0.1 0 0,20 1000 0.15
1 0.006 0.48 0.70 0.2 1 0,30 500 0.17
2 0.008 0.35 0.52 0.3 2 0,05 740 0.09
3 0.010 0.25 0.45 0.4 3 0,08 600 0.11
4 0.012 0.55 0.85 0.5 4 0,10 520 0.19
5 0.014 0.52 0.91 0.3 5 0,12 860 0.12
6 0.016 0.32 0.65 0.1 6 0,18 960 0.14
7 0.018 0.28 0.54 0.2 7 0,22 640 0.13
8 0.020 0.42 0.58 0.3 8 0,14 1200 0.07
9 0.022 0.30 0.43 0.5 9 0,16 1100 0.09

Cooepicanue npomokona

B mporokosne mpenctaBUTh CTPYKTYPHYIO CXEMY JJIEKTPOMEXAHWYECKOW CHUCTEMBI, TaOJUIIbI
OKCIIEPUMEHTATbHBIX JaHHBIX, COOTBETCTBYIOIINE TpadUKH CTATUYECKUX XapPaKTEPUCTUK H
rpaguK 3aBUCUMOCTH KOMILJIEKCHOTO TTOKa3aTels JUHAMHUYECKOTO KadyecTBa OT KO3 ullMeHTa
nepesayd peyKkTopa, Komnuwo uHTepdeiica mpukiagHol IporpaMMBbl C MIEPEXOAHBIM MPOIECCOM
MpU ONTUMAJIBHOM II0 OBICTPOJICUCTBUIO 3HAUYCHUM KOIPPUIIMEHTA TMepedadn peayKTopa.
BriBoapbl.

IIpakTyeckas padora Ne6
OmnpeneneHue XapakTepUCTHK IMIPOMEXaHHYECKOr0 NPUBOAa

HeJlb paﬁombl: Hpuoépemeﬁue npakmu4eCcKux HaeblK06 KOMNJIE€KCHO20 UCCNIE008AHUS CUCTNEM U
00bEeKMo8 A8MoMaAmuyecKo20 ynpasieHus.

Teopemuueckasa uacmpo

Ha puc.6.1 npencrasnena rujpomexaHnyecKkas CUCTEMA — IMPUBO/T MOCTYMATENBHOTO IBUKEHHUS.
[IpuBOA COCTOUT M3 THUAPABIMYECKOTO HUIUHApPA |, IITOK KOTOPOTO CBSI3aH C CYHIOPTOM 2
(Harpy3koW) MEXaHMYECKOW CBSI3BI0O C IKECTKOCThIO c¢. CymmopT TmepeaBuraercs o
HATPABISAIONIUM 3, KOTOPbIE XapaKTepU3YIOTCS KOd(D(PHUIIMEHTOM BSI3KOTO TpeHHs A, a CKOPOCTh
perynupyercs ruapaBindeckuM npocceneM 4. Takum oOpa3om, cucTeMa UMEET YIPaBIISIOMINN
BXOJ1 (OTKPBITHE X IPOCCENIsI) U BO3MYIICHUE — CHITY MOJie3HON Harpy3ku F. [lensio ympaBieHus
SIBIISICTCS TIEPEMEIIIEHHE CYIOpTa ¢ 3aaHHOM ckopocThio dy/dt mo koopauHare Y.
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Puc.6.1. I'uopomexanuueckas cucmema

JIBI>KeHHe CymnopTa MOXKeT ObITh onrucaHo AuddepeHnnanbHbBIM ypaBHEHHEM BTOPOTO
HOpsIKa:
2

d d

2’+l—y+c(y—yl):F, (6.1)
dt dt
rae M — Macca cynmnopra; A - Ko3h(UIHUEHT BA3KOro TPeHHsI; Y — mepeMelieHne Maccol; F —
IMOJIC3HAs HArpyska.
['unpaBnuyeckuil MWIMHAP € MOJIE3HOM MI01aAbto P mopiiHs A0KEH ObITh IPEACTaBIEH
ABYMS YPABHCHUAMU, KOTOPBIC OTBEYAOT KWHEMATUYCCKOMY U CUJIOBOMY BOS6y>K)ICHI/IIO.
[TepBoe ommchIBaeT NBIKEHUE 110 pacxoay Q Macia yepes MIIHHID:

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

Pacxon macna dyepes Apocceiib 3aBUCUT OT OTKPBITHS JPOCCEIUPYIONIEH IIEIN U TIepenaia
JaBJICHHUS HA HEW.

Q = JKX

rae i — koddduImeHT pacxoia yepes IApOCCeNUpPYOLIYIO ek, K — koaddurmeHt

(6.4)

IPONOPUMOHAIIBHOCTH MEKAY IJIOIAJABIO IIECIIA U OTKPBITUEM X IPOCCEIIs, po — JAaBJICHUC JINHUHN

IMUTaHusd, O — yI[eJ'ILHLIﬁ BCC Macijia.
K matemarnueckoit MOACIN HeO6XOI[I/IMO HpI/I6aBI/ITB 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 10 BO3MYIIICHHIO F.
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Puc.6.2. Cmpykmyphnasn cxema 2u0pomMexanudecKoll Cucmemol

v

A

Hpoccenp Ha BXOA€ CXEMbl TMpEACTaBICH JBYMS [EPEAATOUYHBIMM  (DYHKIHUSIMH C
NMHEapH30BaHHBIMU Kod(dunueHTamu nepenaun Ky, — o ynpasistomeMy Bo3aeicTBHIO X U Ky,
— mo mepenaay aAasieHusa. [Ipu MojenupoBaHMM CHUCTEMBI C NPUMEHEHHEM YHUCIIEHHBIX
ITOPUTMOB MOKHO HCIIOJIb30BaTh MEPBUYHYIO HEJIMHEHHYIO 3aBUCUMOCTH (6.4). IlocTosHHbBIE
BPEMEHHU MepPeAaTOYHON (YHKIIUU HATPY3KU B COOTBETCTBUU C (6.1) paBHsAIOTCA: T2=mlc, T, =
Alc. 3aech, Kak U A AIIEKTPOMEXaHHUUYECKOTO MOBOJIA, MOXHO KOHCTATHPOBATh 3aMKHYTOCTb
CUCTEMBI, KOTOpasi, TeM He MeHee, He sBisieTcs CAY.

Paspaborannass maremMaTHueckas MOJENb MO3BOJSET HAa JTalne  MNpPeIBapUTENILHOTO
MPOEKTUPOBAHUS TPOBOAUTH HCCIECNOBAHUS C LETbI0 OMpECNICHUs BIUSHHUS IapaMeTpOB
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: JABIICHUE MHUTAHUS —
reOMEeTpPUUYECKHUEe MapaMeTphl APOCCessi, YTO SBJSIETCS BaXXHOW 3ajadeild, OT pelIeHHus KOTOpOu
OyAyT 3aBHCETh SHEPTETHUECKUE ITOKA3ATENN TIOBOJIA B LIETIOM.

Ilpakmuueckan wacmp
Ha puc.6.3 mnpexacraBneH uHTepdeic NPUKIATHOW MpOrpaMMbl, KOTOpas MOJEIUPYET
ruipomMexaHudeckyro cucremy. llpuxmagnHas mnporpamma «['mapoMexaHHuecKas CHUCTEMay
HaXOJWUTCS Ha JUCKE. SIApoM 3TOil MporpaMMsbl sBJIAETCS MPEICTABJICHHAs BBIIE HEJIWHEHHAs
MaTeMaThyeckass MOJellb, KOTOpas YUYWMTHIBA€T HEIMHEHHYI0 3aBHCUMOCTH (6.4) Kpome
HEJIMHEHHOCTEH!, ONMCAaHHBIX B TeopeTHdeckoi yacTu. KoapuumuenTsl Mogenu paccunTaHbl 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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rmpaBnuwecKaa 44cTb

K. P OHUMEHT NEpEL a4 ID'S
APOCCENS, MM I
M nowage nopwHA ISD )

TMOPOUHAKHAPE, G2

N aeneHune nuTaHuA, MMa |2,D ﬂ %
o)

Mexanuyeckan yacTb u
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Puc.6.3. Humepdgheiic npukiaonoit npozpammot Mooeaupoeanus
2UOPOMEXAHUYECKOTL CUCHEeMbL

Ha wn3o6paxxkenun ocummiorpaga (puc.6.3) cKOpocTh ABIKEHHs pabodyero opraHa o0O3Ha4YeHA
JMHHUEN 1, CKOpOCTh NBUXEHUS INITOKA TMAPABIMYECKOIO IUIMHIpA — JIMHHEH 2, a JuHHUS 3
COOTBETCTBYET BHCIIHEH Harpy3ke — cuiie, KOTopas MPHKIAJbIBacTCI K pabodyemy oprasy.
3aduKCUpOBaH MK YIPaBICHUS, COCTOSAMIMNA W3 CICAYIOIIMX OTAloB: IBHXKEHHE BIIEBO
(oTpunaTenbHasi CKOPOCTh) K JIEBOMY YIIOPY, ABMXKEHHE BIPABO JI0 OKOHYAHHS MEPEXOIHOTO
rpolriecca v MOTOM BHE3AIMHOE MPUIIOKEHNE CUJTbI HAarPY3KH, IBHKECHUE K TTPAaBOMY YIIOPY.
AHaNM3 OCHUJUIOrPaMMbI TTOKA3bIBACT, YTO MPU U3MEHEHUM HAIPABIICHUS ABUKEHUS B CUCTEME
MIPOMCXOAUT TEPEXOTHBIM MPOIECC, KOTOPBIH COMPOBOXKIACTCS 3aTyXaIOIIMMH KOJEOaHUSIMH,
KaK CKOpPOCTH pabouero opraHa, TaKk W CKOPOCTH IITOKA TUAPABIUYECKOTO IMHIUHApA, a
W3MEHEHUE CHJIBI Harpys3ka, KpoOMe€ IIepEeXOJHOr0 IIPOIecca, BBI3BIBACT YMEHBIICHUE
(aKkTUYECKOW CKOPOCTH ABMXKEHHUS pabouero oprana (BenmunmHa oV Ha ociuuiorpamme). [Ipu
VBEJIMYEHUH CHJIBI CBEpPX OMNPEACNICHHOW BEIMYUHBI MOXET MPOUZOWTH JIBKEHHE B
MIPOTUBOIIOJIOKHOM OT >KE€JIAa€MOT'0 HaIlPaBJIEHUU, TO €CTh MAacJIO OYJIET BHITECHATHCS U3 MOJIOCTH
TUAPABIMYECKOTO IMJIMH]IPA.

BreimonHsss Takue SKCHEPUMEHTHI TMPU PaA3HBIX 3HAYCHUSX CHJIBI CONPOTHUBIIEHUS, MOYXHO
MOCTPOUTH KaK JWHAMUYECKHE XapaKTePUCTUKH 3aBUCUMOCTH IEpeperyiupoBaHusl, 3aTyXaHuUs
3a TIEPHOJI OT APAMETPOB CHUCTEMbI, KOTOPbIE U3MEHSIOTCS, TAaK U CTATUYECKUE XapPaKTEPUCTUKH
3aBHCHUMOCTH CKOPOCTHU ABM)KEHHUS OT CUJIbI MTOJIE3HOM HAarpy3ku (puc.6.4).
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Puc.6.4. Cmamuueckasn 3a6ucumocmey cCKOPOCIU O8UNCEHUSA OM NOJIE3HOU HAZPY3KU

3aoanue
1. ITo ucXoaHBIM AaHHBIM, B COOTBETCTBUHU C BapuaHTOM (Ta0:i.6.1), onpenenuTs cTaTUYECKUe
XapaKTePUCTUKU TUAPOMEXAHUYECKOTO MPHUBOJA (3aBUCHMOCTh CKOPOCTH paboyero opraH€a oOT
CHJIBI TIOJIE3HOW HArpy3KH) JUIsl pa3HbIX 3HAYEHUN JaBJIEHUS MUTAaHUS THAPABINYECKON CUCTEMBI
U TIOCTPOUTH COOTBETCTBYIOWIMH Tpaduk. ([nanazoH u3MeHeHHs NaBICHUS OMpeIesieT Mperno-
JaBaTellb).
2. Onpenenutb JUHAMHUYECKHE IOKA3aTENM THUAPOMEXAHMYECKOIO MPHUBOJAA: OTHOCHTEIIBHOE
MepeperyIMpoBaHre U 3aTyXaHHUe 3a IEPHO/I.

Tabnuya 6.1 HUcxoouvie oanmvie

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

Cooepotcanue npomokona

B mporokone mnpencTaBUTh CTPYKTYPHYIO CXEMY HMCCIEIyeMOi CHCTEMBbI C WCXOJIHBIMU
JAHHBIMH, TaOJUIBl SKCIEPUMEHTAJIBHBIX JaHHBIX, TPaQUKH CTAaTUYECKUX XaAPAKTEPUCTUK,
JMHAMUYECKHE TI0Ka3aTeId KavyeCcTBA IEePEXOJHONW XapaKTePUCTUKU THUAPOMEXaHUYECKOTO
HpHUBOJA.

IIpakTyeckas padora Ne7
Onpenenenune xapakrepuctuk CAY npomosibHO nogayeii mpu TOYeHUH

lleflb pa60mbt: Hpuo6pemeHue npaKkmu4eCcKux HaeblkO06 KOMNJIEKCHO20 UCCNIEO0BAHUA CUCTNEM U
00bEeKMo8 A8MoMAMUYECcK020 ynpaeieHusl.

Teopemuueckasa yacmpo

Haubonee pacpoctpaneHHbIN B MeTaiioo0padoTke Tum 3aMKHYTBIX CAY — 310 CAY,
IpeHa3HaYeHHbIE JJI1 aBTOMATUYECKOr0 PEryJIMpOBaHUs Mpoliecca pe3aHus 3apaHee
YCTaHOBJIEHHBIM 00pa3oM. Takue CUCTeMbl MOTYT IPUMEHSATHCA KaK JJIsl CTa0UIH3aIiH
3a/laHHBIX BBIXOJ/HBIX IAPaMETPOB MIPOLIECCa PE3AHMSI, TAK U JJI UX U3MEHEHHUS B LIUKJIE
00paboTKku 1o onpeseneHHoMy anroputmy. Hanbonee nenecooOpa3zHo HCIONb30BAHUE TAKUX
CHCTEM Ha 3aKJIIOYUTEIbHBIX, QMHUIIHBIX ONEPALHUIX TEXHOIOTHIECKOTO MPOoIecca.

[Tpu mexanuyeckoil 0O6paboTke pe3aHueM TOYHOCTh OOpabOTKH, B OCHOBHOM, OIpEleisieTcs
YIPYTUMH Je(POPMALUIMU TEXHOJIOTHYECKOH CHCTEMBI, KOTOpPBIE, B CBOIO OUYEpPEllb, 3aBHCAT OT
cunbl pe3anus. [loaTomy cuctema aBTOMaTHYeCKOW CTaOWIM3alMU CUIIBI PEe3aHUsl Ha 3apaHee
3a/laHHOM YpOBHE WJIM MPOrPaMMHOTO PETYJIUPOBAHUS €€ 10 3aJlaHHOMY 3aKOHY MO3BOJISET I10-
BBICUTh TOYHOCTb OOPAa0OTKU M 3HAYUTEIBHO YIYUIIUTh KAYECTBO MOBEPXHOCTH JeTaleH.

CAY craOunuszanuu cuibl pe3aHus Npu TOYeHUHU (puc.7.1) CMOHTHPOBAaHA Ha TOKAPHOM CTaHKE
U COCTOUT M3 MPUBOJA MTOJaYM U U3MEPUTEIBHOIO ycTpoiicTBa. M3MepuTensHas nens peannso-
BaHa C TMOMOUIBI0 TUHaAMoMeTpudeckoro mpeoopazosatens I, koToperit yepes ycwiurens Y
oOecrieunBaeT curHain oopatHoil cBsa3u U,., mponopunoHanbHbIi cocTaBistomeit P, cuibl pesa-
Hus. I[lpuBox momaum coctouT u3 ycunurens-npeoOpazosatens YII, aBurarens mocTOSHHOTO
toka /[ u penykropa P.

d
S| L x| 3y,

A

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

Puc.7.1. @ynxkyuonanvuan cxema CAY cmabunusayuu cunvl pe3anus
npu movenuu

CAY ¢dyukmmonupyer cienyromuMm obpazoM. Ha BX0oJ CHCTEMBI, K CpaBHHUBAIOIIEMY YCTPOM-
CTBY moctymnaet curHai U,, KOTOpBIii COOTBETCTBYET TpeOyeMOMY 3HAUCHHIO CHIIBI pe3aHus B
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omnpeneneHHoM MacmTabe. Ha BTOpoit BX0 CpaBHUBAIOLIETO YCTPOMCTBaA mmocTynaeT curHai Uy,
BbIpabaThIBaeMbIi THHaMOMeTpuYecKkuM mnpeoopazosatenem Il u ycunurenem Y. Takum o6pa-
30M HanpsbkeHue U,. NpoNopLHOHAIBHO pealbHOMY 3HAUEHUIO0 CHiIbl pe3aHus. OmunOka
oU=U,-U,. nocrynaer Ha BxojJ ycumutens-ipeoopazoparenss YII, koTopsiii BbIpabaThiBaeT
Hanpspkenue U, nuranus nsurarens . [Isurarens /1, uepes penykrop P onpenenser Benuuuny
MPOJOIBHON MOIaYM TaK, YTOOBI CBECTH OIMOKY K MUHUMYMY.

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

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

)

yn

+U, =k U, (7.1)

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

U,=k, U, e <&

Puc. 7.2. Xapakmepucmuka ycunu- U,=U_,. e &=
mena-npeobpazasamens
rae Kyn, T, — KOOGUIMEHT yCHIICHHS M TIOCTOSIHHASL BPEMEHH YCHIINTEINSA-IpeoOpa3oBaTes;
Umax — HaNpspKeHNE HACHIIIECHHUS.
JlBuraress OCTOSITHHOTO TOKa OIHCHIBaeTCs An(hepeHInaNbHBIM YPaBHEHHEM BTOPOTO TTOPSI-
Ka:
2
tg%?+Ti%+%=g%, (7.2)

M

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

Penykrop, TeH30METpUYECKUI TUHAMOMETP U 3JIEKTPOHHBIN YCHIINTENb ONUCBHIBAOTCS JINHEN-
HBIMU YPaBHEHUSIMHU, KOTOPbIE COOTBETCTBYIOT O€3bIHEPLINOHHBIM 3BEHBSM € KOAPPUIIMEHTAMU
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
x=md fx+;td5X+CX5x;
d’y ., doy . '
P,=m e + A ot +C,d;

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

[Tponecc pezanus IIP MoxeT ObITh PEACTABICH YpaBHEHHEM, CBSI3bIBAIOLIUM (PaKTUUYECKHE Be-
JUYMHBI TOJa49u Sy 1 T1yOuHbI Hy, pe3anus ¢ cocraBistomei P, cunbl pezaHus:

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

baok I'C BrimonaseT ornepanru B COOTBETCTBUHN C TCOMETPUICCKUMHU COOTHOIICHUAMHA MCKIY
COCTaBJIAIOIIUMUA CUJIBI PE3aHUA:

(0.6F’Z)2
1+tg°(p+7)

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

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

y =
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C yueTom npuBeeHHBIX BbIlIe ypaBHeHUH (7.1-7.5) u cBs3el GyHKIMOHATBLHON CXEMBI 110 PUC.
5.30, matemaTndeckyro Mozaenb Beeit CAY Hago NONOJHUTH CIEAYIOMMMU 3aBUCUMOCTSIMH:

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

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

Takum o0pazom, crabuiau3alust CHIbl pe3aHus Ha TpeOyeMOM YpOBHE, KOTOpBIH B
OIpe/Ie]IEeHHOM Maclitabe OTBedaeT 3aJaHHoMY HampsbkeHuto U, Ha Bxone CAY, mpoucxoaur
[I0 CYET YIPABJICHHUS NPOJOJBHOM moxadeu. Ilpm ToueHMM neranu, MNPUIYCK KOTOPOU
U3MEHSETCs, PperyJupoBaHUE I[0Jaud JOJDKHO IPOMCXOJIUTh TakK, 4TOOBl CHJIA pe3aHus
OcTaBajlach IOCTOSSHHOM Ha Bceil mymHe o0paboTku. Ho kauectBo paborbl CAY nenukom
3aBUCUT OT €ro IapaMeTpoB, a TaKXKe OT IMapaMeTpPOB TEXHOJOIMUecKo oOpabaTbiBaromien
cuctemsl (TOC) rae umeHHO U peanusyercs npoiecc ToueHus. [loaTtomy BakHelel 3anaueit
OpU NPOEKTHUPOBAHUU CHUCTEMbI SIBJIETCS IpaBWIBHBIA BbIOOp €€ mapaMeTpoB, a Ipu
JKCIUTyaTallMM — OLIEHKa KadecTBa B 3aBUCUMOCTH OT napamerpoB TOC, KoTOpble B JaHHOM
ClIydae SIBJIAIOTCA BO3MYIICHUAMM.

Ilpakmuueckas uwacmp

Ha puc. 7.3, a npexacrarieH uHTEep(dElc MPUKIAJTHON MPOTrpaMMBI B KOHIIE MOJCITUPOBAHUS
npolecca cTabuiM3aluy CUIbl Pe3aHus MPU TOUYCHUM CIIEUUAIbHO MOATOTOBJIEHHON JleTalu ¢
HEPaBHOMEPHBIM IPUITYCKOM, KOTOPYIO MOKHO YBUIETHh Ha DKpaHE B Hayalle MOJEIUPOBAHUS
(puc.7.3, ©). Ilpuknannas nporpamma «CAY craOuIu3anuy_CHJIBL pe3aHUs» HAXOAMUTCS Ha
JIVICKE.

SnpoM 3Toi mporpaMMsel CIYXKHT MpeJICTaBICHHAs! BBIIIE HEIMHEHHas MaTeMaTHyeckasl MOJeb,
a MHCTPYKIIMHU U TIOSICHEHUS [T pabOTHI ¢ MMPOrpaMMOI CO/IEPIKaTCsl B CaMOil porpaMMe U To-
SBJISIIOTCSI HA 9KpaHe MOHHUTOpa MpU Haxkatuu kHonku Help B mose riaBHoro untepdeiica. I1po-
[IECC PE3aHusl OTBEYAET CIEAYIOIIMM TapameTrpam: KOd(QGHUIIMEHT U MOKa3aTeIN CTENeHN CHIIO-
Boii 3aBucumoctu C,=3000, x,=0.9, y,=0.75, n=-0,1.

[TonydeHHbIE XapaKTEPUCTUKW W3MEHEHHs IPOJOJIBHON MOJA4Yd W COCTaBISIOmEH P, CHitbl
pe3aHMs IMO3BOJIAIOT HAalWTH M OLEHUTh BCEe HEOOXOIMMBbIE MapaMeTpbl KadecTBa: TOYHOCTh
perynupoBaHus, OBICTPOJICHCTBHE, CKIIOHHOCTD K KOJICOAHUSM H T.II.

Ha ocuumnnorpacge untepdeiica (puc.7.3, a) 3apuxcupoBaH nporecc peryiupoanust (uHus 1 —
cocraBisiromasi P, cuibl pezanusi, TMHHA 2 — MpoJoJibHas mojada S). ITockombky mporecc
HAuMHAeTCs ¢ MOMEHTa IO/BEJCHMs pe3lla K 3aroTOBKE, TO 3/[eCh Iojaya JAOCTHraeT CcBOei
MaKCHUMaJIbHO JOMyCTUMON (TI0 XapakTepUCTHKaM MPHUBOJAA) BEIMYHMHEL. Jlamee mpomcxoauT
ABTOMATHUYECKOE PEryJIMpOBaHUE C IENbI0 CTAOMIM3AIMM CHJIbl pe3aHUsl — MpPHU YBEIMYCHUU
CHUTBI 1T0JIa4a YMEHBIIIAETCSI, TPU YMEHBIIICHUH - YBEITHMUNBACTCS.

AHanu3 Tmporecca peryjiMpoBaHUS MOXHO TMPOBECTH IO YBEIWYEHHBIM (parmMeHTam
ocrutorpamMmbl (puc.7.3, B). CtaOunuzamus BBITIOJHSIETCS MO MEPEXOJHOM XapaKTEPUCTUKE C
napameTpamu: Bpems t, mepexoJHOro mpoiecca, MakCUMaibHasi BeMMYMHA Prax cOCTaBIsIONIECH
CWJIBI pe3aHusl U ¢ HeKOTOpol omubkoil oP. Ilo 3TumM mapamerpamM MOKHO OIIEHHTHb Kaue€CTBO
CAY.
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Puc.7.3. Mooenuposanue CAY cmaodounuzayuu cunvl pe3anus npu mo4eHuu:
a) — 2naeHwvlil unmepgeiic, 6) — HaUAILHOE NOJI0IHCEHUE, 8) — OUCHKA KAYeCmeda

| Ppoecs i

n.\-.-l

3aoanue

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

1) oT ko3¢ unmeHTa nepeaadu peayKTopa,

2) oT kecTKocTH Cx ynpyroi TOC;

3) oT ko3 (unmenHTa nepeaadn yCUIUTeNs OOPaTHOM CBSI3H.
IHpumeuanue:

- muana3oH m3MeHeHwus xectroctr (H/mm) 18000 < ¢ <50000;
- IMana3oH BapbUPOBaHMA Kod(HIleHTa ycuianTens oopaTtHoit cesi3u - 5 < ky <55;
- TMana30H H3MeHeHus koddduimenTa nepenaun peaykropa (mm/pan) 0,2 < k, <0,05.
2. BeiOupas mar u3MeHeHHsl 3a/IaHHOTO [apaMeTpa, MPOBECTH KCIIEPUMEHTHI Ha BCEM JIMana3o-
HE €ro U3MEHEHHs, ONpeAeUTh HE0OX0AUMbIe (CM. BBILIE) JUHAMHYECKUE XapaKTEPUCTUKU U
3anucaTh pe3yiabTaThl B COOTBETCTBYIOLINE TAOIHIIBI.
3. IloctpouTh rpapuKyd 5SKCHEPUMEHTAIbHBIX 3aBHUCHUMOCTEH KOMIIJIEKCHOTO IOKAa3aTems
KayecTBa M OMMOKM OT yKa3aHHBIX Bbime mnapameTpoB CAY. OnpenenuTh AMHAMHUYECKUE
nokazarenu CAY: oTHOCHTENbHOE IIEpeperyInpOBaHNE U 3aTyXaHHUE 3a MEPUO/I.
Brumanue! IlockonpKy MCXOAHBIE NAaHHBIE 3aalOTCS CIy4allHO, HE MCKJIKOYAETCS CHUTYyalMs,
korna CAY oka3biBaeTcsi HEyCTOMUNBOM, TO €CTh COBCEM HE MPUTOAHOMN K (PYHKIIMOHUPOBAHUIO.
Coobmenust 06 3TOM, B TakOM ciydae, MOSBISIETCS Ha DJKpaHE MOHMTOpAa BO BpeMs
MoJIeIMpoBaHusl. PexoMeHnanuu A pelieHus: Takoil mpoOiaemMsl — 1eHCTBOBATh B ClEAYOIIEN
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 duuneHT nepenaun npsmoro kanama CAY 3a cueT yMeHblIeHUs KO PUIIMEHTA YCUICHUS
TPAH3UCTOPHOTO (TUPUCTOPHOTO) TIpeoOpa3oBaress. [lomydeHHBIH TakKuM 00pa3oM HOBBIM KO-
3 GUIMEHT 3aHECTH B UCXOAHbIE JAHHBIE C COOTBETCTBYIOIIMM KOMMEHTAPHEM.

Tabnuya 71.1. — Hcxoonwvie oanmvle
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0 200 30000 100 1200 | 200 30 0.001 0 |20 0.8 | 0.003 | 0.01
1 180 28000 90 1400 180 45 0.002 1 30 0.9 | 0.005 | 0.02
2 160 26000 70 1000 | 160 60 0.003 2 |40 1.0 | 0.007 | 0.03
3 140 24000 60 800 140 75 0.004 3 50 1.1 | 0.010 | 0.04
4 120 22000 50 900 80 80 0.005 4 |60 1.2 | 0.008 | 0.05
5 100 20000 40 600 100 45 0.006 5 70 1.3 | 0.009 | 0.01
6 80 23000 30 700 110 60 0.007 6 80 0.7 | 0.006 | 0.02
7 60 25000 55 1100 120 75 0.008 7 90 0.6 | 0.004 | 0.03
8 40 27000 65 550 90 30 0.002 8 100 1.5 | 0.003 | 0.04
9 20 29000 85 750 130 45 0.004 9 110 1.8 | 0.005 | 0.05

Cooepotcanue npomokxona

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

IIpakTnyeckas padora Ne8
HccaenoBanne BJOHSAHUASA acTaTH3Ma Ha KadecTBo CAY

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

Teopemuueckasa uacmp

Uccnenyrotest ase CAY: rcxonHas cucTeMa ¢ acTaTU3MOM MEPBOTO MOpsiiKa, mpeoOpa3oBaHHas
(c [IN-perynsiTopoM) — cuUCTEMa C aCTaTH3MOM BTOPOTO Mopsiaka. M3BeCTHO, YTO IJisi OLIEHKHU
TOYHOCTH aCTaTUYECKUX CUCTEM BTOPOIO MOPSAJKA UCIIOIB3YETCs YIPABISIONIEE BO3JICHCTBUE B
BHJIC CUTHAJIa C TIOCTOSIHHBIM ycKopeHueM. [Ipu TakoMm pexxume paboThl acTaTUYecKas CUCTEMa
BTOPOTO MOPSJKAa UMEET OIMIMOKY, MO BETUYMHE KOTOPOH MOKHO MPOBOAMUTH OIEHKY KadecTBa
CAY wu mporecca peryaupoBaHus. YcTaHOBUBIIAsca omuOka actatudeckoit CAY mepBoro
MOPsIKA B ATOM ClIy4ae OyJIeT CTPEMUTHCS K OECKOHEYHOCTH.

Ilpakmuueckaa uacmp

Ha puc.8.1 mpencraBien wuHTepdeiic NpUKIATHOW MPOTPaMMBbl, C TOMOIIBIO KOTOPOM
BBITIOJIHAIOTCA AKCHEpUMEHTANIbHBIE ucchaenoBanus. [Iporpamma «IIW perynsarop» HaxoguTcs
Ha fAucke. MHCTpYKIIMM M TOSICHEHUS I pabOThl C TPOrpaMMOM coaepKaTcsi B CaMoOW
mporpamMMme U TOSIBJISIOTCS. Ha SKpaHe MOHUTOpPA MPU HaXKaTuu KHonku Help.

[Tocne akTuBu3anuu npukiaaHon nporpammel «CAY ¢ [IHU-perynstopom», KOTOpas HaXOIUT-
Cs Ha JINCKE, Ha TJIaBHOM MHTepdeiice 3a7al0Tcsi UCXOAHbIC JaHHBIE B COOTBETCTBUU C BapHaH-
TOM (CMOTpH TabmuIly 8.2).

IIpu mccnenoBaHUM BIWSHUS NOCTOSHHOM BpeMeHM [IM-perynstopa Ha Ka4yecTBO peryinvpoBa-
HUSI YCTAHOBUTH CTAaTUYECKUM PEXKUM U IPOBECTU CEPUI0 DKCHEPUMEHTOB JUISl OLEHKH KOM-
MJIEKCHOTO KpUTepHsi A KadyecTBa, B COOTBETCTBUU C (hopmynoit (5.2). I3Mepenune sKcriepuMeH-
TaJIbHBIX JAHHBIX, HEOOXOAUMBIX JJISi PacueToB, MPOBOAUTCA MO ociuuiorpammam. I[lpu stom
JUIS UICXOJHOU CHUCTEMBI KOMILJIEKCHBIA KPUTEPHl A paccuuThIBaeTCs ofauH pas, a st CAY ¢
[TH-perynsTopoM — Al BCErO BHIOPAHHOTO IUAana3oHa M3MEHEHHS MOCTOSHHOW BpeMEHH T,
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Jnana3oH U3MEHEHHs MMOCTOSIHHOM T, BpeMeHU orpeaensercs OT 3HaueHus], mpu koropom CAY
CTAHOBUTCS HEYCTOMYHMBOM, B CTOPOHY YBEIWUYEHUS. DKCIIEPUMEHTAIILHBIE JAHHBIC 3aITUCHIBAIOT
B TaOJUILy, IPUMEP KOTOPOU MPEICTABICH HIKE.

Tabauya 8. 1. Dxcnepumenmanvusvie u paciemHvle OAHHbIE

N | T ¢ CraTuyeckuil pexxum JIBMOK. C MOCT YCKOPEHUEM
S Qmax, 2pa0 | tu, € A da, 2pao

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

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

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

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

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

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

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

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

9 0,05 Cucrema HEYCTOWYNBA

2
3areM BBIOMpaeTCs 3aKOH IBUKEHHSI C MOCTOSHHBIM ycKopeHuem (2 paxn/c”). Ha puc.8.1 Ha
n300pakeHnn ocruuiorpados auHUEH | 0003HAYEH 3aKOH JBM)KECHUS, KOTOPBIN 3a/1aeTcs, a JIu-
Huel 2 — pakTruueckuii 3aKOH JBUKECHUSI, BOCIIPOM3BOANMBINA paOOUYNM OPraHOM.

=
Wy Mccsenonanue paustug scraTuoma ha kasecton CAY

Cuovems v [l-poryamropos

Henoaman ruoroms Cx 0 W -pecgmaropos

Ocuennorpad

Ocymnnorpod Oogeanor pad

6)

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

[Tpy BBHIMONIHEHUH SKCIIEPUMEHTOB ONpEAEIAeTCs 3aBUCUMOCTh YCTaHOBUBIIEHCS OIMOKY Yepe3
1 ¢ mocne Havana mepexogHOro mpoiecca oT nocrosiHHou T, Bpemenu [IM-perynsropa. Peko-
MEHAYETCSl HAYMHATh DKCIEPUMEHTBHl ¢ MAaKCHUMAJIbHOM BEJIWYMHBI NOCTOSIHHOW Bpemenu [1M-
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 nmpencraBnen uHTEpdEiic MPUKIATHON MPOrPaMMbl MPU MOJETUPOBAHUH HCXO]I-
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 cucrtemsl ¢ [TM-perynstopom — 8,1°. Kpowme Toro, MozenrpoBaHue MO3BOJISIET yOeIUThCs, YTO
JUIS UICXOJTHOM CHCTEMBI OIIMOKA C TEUCHHEM BPEMEHHU yBEIMUYMBACTCs, TO ecTh Takas CAY He
criocoOHa paboTath B 3aJJaHHOM pexxuMe paboThl. [IpeobpazoBannas CAY Oyzaer noaiepxuBaTh
MOCTOSTHHOE 3HaueHue ycTaHoBUBIHIeHcs omuOku. ['paduku sKkcriepuMeHTalIbHBIX 3aBUCUMOCTEMN
OLIMOKH, KOTOpasl yCTaHOBMJIACh uepe3 1c¢, M KOMIUIEKCHOro KpuTepus kayectBa A ot T,, mo-
CTPOEHHBIE MO HM3JIOKEHHOW METOJUKE, MpelcTaBieHbl Ha puc.8.2. Tam ke, mig cpaBHEHUA,
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IpSAMO TMHUEH, apayiebHOW OCH a0CIMCC, TTOKAa3aHO 3HAUY€HHEe KOMIUIEKCHOTO KPUTEpHUs JUIs
HCXOJHOU CUCTEMEL.

oa, epao A
\ A
8 = 4
\S oa
" |

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

VYMeHbIlIeHHE TOCTOSIHHOW BpeMeHu [IM-perynsaTopa IOJIOKHUTENBHO BIUSAET HAa 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 cootBercTBHU ¢ BapraHTOM (Ta0J1.8.2) MPOBECTH CIICIYIOIINE UCCIICIOBAHUS.
l. VYcraHoBUTH 3KCHEPUMEHTAIBHO MHMHHMMAJIbHOE 3HAYE€HHE IOCTOSSHHON Bpemenu I[IU-
perynsitopa, ipu kotopoit CAY tepsier yctolunBoCTh. ONpeAeuTh TUara3oH U mar U3MEHEHUS
MOCTOSTHHOM BpeMeHH T, U OJATOTOBUTH TaOJIHIlY SKCIIEPUMEHTAIBHBIX U PACYETHBIX TAHHBIX.
2. TlpoBecTr SKCHEPUMEHTHI MPU CTATUYECKOM PEKUME pabOThl U PaCCUUTATh KOMILUIEKCHBIN
kputepuii kauectBa CAY c [IU-perynstopom.
3. Yoenuthcs B ycTpaHeHUH ckopocTHoi ommoku anst CAY c [T -peryastopom.
4. IlpoBecTH 3KCHEPUMEHTHI MPU JBUKEHUU C MOCTOSIHHBIM YCKOPEHUEM U ONpPENeNuTh TOY-
HOCTh PETyJIMPOBAHUS.
5. O6paboTraTh pe3yibTaThl SKCIEPUMEHTAIBHBIX HCCIEIOBAHUN U MOCTPOUTH COOTBETCTBYIO-
mue rpaduxu.

Tabnuya 8.2. Ucxoomusie oanmvie

[lepBass | Ycwiurens-npeoOpasoBarens | Bropas | /IBurarens

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

Cooeprcanue npomokona
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B nmnportokone mnpeacraButh CTpyKTypHble cxeMbl ucxonHoii CAY wu cucremer ¢ [IU-
PETYJIATOPOM, HCXOJHBIC MaHHBIE, KOMHI0 WHTepdeica s Kakoro-mmbo pexuma paboThl,
TaONIMIly OSKCICPUMEHTAIBHBIX W PACUYCTHBIX JIaHHBIX; TpaduKu SKCIEPUMEHTAIBHBIX
3aBUCUMOCTEN. BBIBOIEI.

Kpurepuu oueHku:

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

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

TecToBbIE 3aJaHUA

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

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

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

- HAIIPSPKCHUEC TTUTAHUA JJICKTPOABUTATCIIA U BHCIIHSAA CHUJIa COIIPOTUBJICHU A

- pacxo/1 Macia U TeXHOJIOTMYecKas Harpy3Ka B THAPABIMYECKUX LIIMHIPAX

- Kosie0aHus, TIepeiaBaeMble uepe3 PyHIaMEHT OT PSJIOM CTOSIIIIMX CTAaHKOB

- TCMIICPATypa NHOMCHICHUS

4. Kakue OCHOBHBIE MPUHLMUIIBI YIIPABICHUS?
- 10 BOBMYIICHUIO U I10 TOTPCHIHOCTH
- 110 nepeaaye uHpopMaIu
- IO YIIPABIEHUIO MOMEHTOM
- IO YIIPABIICHUIO CHJIAMHA PE3aHUs

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

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

-8, =0
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301. KakoMy 3BeHYy COOTBETCTBYET MaTEMaTUYECKOE OMMCAHUE COCTUHEHUS
30JI0THHKA C TUAPABIHNYCCKUM ITMIHHAPOM? CTPYKTYpHas CXeMa COCTUHCHUS
npecTaBieHa Ha cxeMe. Mcnosb3yemble 0003HaueHUs: K, — Ko huueHT 3a-
BHCHMOCTH pacxojia MOTOKa Macjia OT OTKPBITHUS IIelieit 3omoTHrKa F — mio-
a/1b MIOPIITHS THAPABIHYECKOTO MWJINHIAPA 1, — TOCTOSTHHASI BPEMEHH 30JI0T-
HUKA.

\ K ) | )

_./'I\+| Fy

- pealbHOMY UHTETPUPYIOLIEMY 3BEHY
- mupepeHupyromeMy 3BeHy

- THEPIIUOHHOMY 3BEHY

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

OyZIeT COOTBETCTBOBATDH €r0 MPUHIUIIUAIILHON cXeMe, IPUBECHHON Ha pUCYH-

Ke?

Y é k‘ Q | \
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T'S +1 Fs
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303. Kakast cTpykTypHasi cxeMa THAPONPHUBO/Ia C THOKOM 0OpaTHOM CBSI3bIO
OyZeT COOTBETCTBOBATh €T0 MPUHITUITHAILHON CXeMe, MPUBEACHHON Ha PUCYH-

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

Kpurepuu oneHku:

- OLICHKA «OTJIMYHOY» 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 «YyJIOBJICTBOPUTEIILHO» BBICTABISIETCS CTYIEHTY, €CJIM OH B IICJIOM
OPHUEHTHUPYETCS B TEMATHKE BOTIPOCOB, HO €r0 OTBETHI OBLIN HEYBEPCHHBIMU U HE
TIOJTHBIMH, TIPH 9TOM CTYIEHT HE Y€TKO OTBEYAI HA JOTIOJHUTEIIBHBIC BOITPOCHI;

- OIICHKA «HEYIOBJICTBOPUTEIHLHOY» BBICTABIIACTCS CTYJCHTY, €CJIM OH HE CMOT
OTBETUTH Ha BOIIPOCHI OMJIETA, a TaK K€ HE OTBETHJI HM Ha OJIUH JIOMOJIHUTEIbHBIN
BOIPOC.

10. O0pa3oBaTe/ibHbIEe TEXHOJOTMUA M METOIMYECKHE YKA3AHUS 10 OCBOCHHIO
TUCHMILIAHBI (Y4e0HOT0 Kypca)

OcHOBHOM 00pa30BaTEIbHON TEXHOJIOTUEN MPU U3YUYEHUU JAUCLUIUIMHBI SIB-
JSI€TCS IPUMEHEHUE TEXHOJIOTUU TPAIULUOHHOTO OOyUEHHUS .

Ha 0a3ze, moay4eHHbIX Ha JIEKIUSAX TEOPETHYECKUX 3HAHWW, TP MPOBEE-
HUU TPAKTUYECKUX 3aHSATUN BBISBISIIOTCS M INPUMEHSIOTCS HEOOXOIUMBIE CBA3U
MEXKy TEOPETUYECKUMHU 3HAHUSAMH U KOHKPETHBIMM HAaBBIKAMH ITPUMEHEHUS ITHX
3HAHUM Ha MPAKTHUKE.

MeToauueckune PEKOMCHIAIMA 110 U3YICHUTIO JTUCHHUILIMHDI

TeODl/Iﬂ ABTOMAaTHYCCKOI'0 YIIPABJCHUSA

Mopyns | OCHOBHbIE IOHATHS TEOPUU aBTOMATUYECKOTO YIIPaBICHUS

Monyis 1 [TpakTnueckoe 3anstue 1

CKOPOCTH Ha MPOLECC pCTyJINpPOBAHU.

HccnenoBanue BIUSHUSA NHapaMeTpOB IIEHTPOOEKHOTO pPEryssaTopa

Monyis 1 ITpakTnueckoe 3ansaTue 2

BBIXOJHOI'O CUT'HaJIa BO BPCMCHU.

OmnpeneneHre 4acTOTHBIX XApaKTEPUCTUK IO aHAJIM3Y BXOJHOIO M

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

Monayins 2 [IpakTuueckoe 3anarue 3
Nccnenoanue ycronunBoctd CAY no kpureputo I'ypsuna.

Monayins 2 [IpakTuueckoe 3ansTue 4

CKOMY 3aKOHY.

HccnenoBanne TOUHOCTH CAY B PCKUME IBUKCHUSA 11O TApMOHHUYC-

Monyisb 2 [TpakTryeckoe 3aHsTHE S
OrnpezesieHne XapakTepUCTHK AJIEKTPOMEXAHUUECKOTO MPUBOJIA.
Monyisb 2 [TpakTuyeckoe 3aHsTue 6

OrnpeziesieHne XapaKTePUCTHK THAPOMEXaHUIECKOTO TPUBO/IA.
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Monynb 3 CHHTE3 U aHAJIM3 CUCTEM aBTOMATUYECKOTO YIPABJICHUS.

Monyis 3 IIpakTnueckoe 3anstue 7
Onpenenenne xapaktepucTuk CAY mpoaoiapHOM mojaaden npu Toue-
HUU.

Monayns 3 [TpakTrueckoe 3ansaTue 8
Hccnenoanue acratuzMa Ha kauectBo CAY.

Moayas 1

Tema. OcHOBHbBIE TIOHATHUS TEOPUU ABTOMATUYECKOTO YIPABICHUS.

Ileab ¥ 32124 U3YYEHUS.

Leap — nonaydeHHe TEOPETUUECKUX 3HAHUM IO OCHOBHBIM OCHOBOIIOJIAraro-
IIUM MOHSTHUSIM B TEOPUHA aBTOMATHUUYECKOTO YIIPABIICHUS TEXHOJIOTUYECKUMU MPO-
LECCAMMU.

3axayu:

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

2. IlomydyeHne MPaKTHYECKUX HABBIKOB TOCTPOCHHS YAaCTOTHBIX XapaKTEpPH-
CTHK Ha IPUMEPE padOThI PETYJIATOPa CKOPOCTH.

N3y4uB 1aHHBIH MOAYJIb, CTYACHT A0JIZKEeH:

UMeTh MpeACTABJIIEHHE O BO3MOKHOM BUPTYaIbHOM MOJEIMPOBAHUN PAOOTHI
TEXHUYECKOTO YCTPOMCTBA U TOJy4YEHHE HEOOXOIMMBIX €ro XapaKTEpUCTHK IS
HanboJiee ONTUMAIILHOTO MPOSKTUPOBAHMUS.

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

yMeTb CTPOUTh MAaTEeMaTUYECKHUE MOJENH OOBEKTOB YIPAaBJICHUS U CHUCTEM
aBTOMATHUYECKOT0 YMPaBICHUS; MPOBOAUTh aHAN3 CAY, OlleHUBaTh CTaTUCTHYE-
CKME M JUHAMUYECKUE XAPAKTEPUCTUKH; BBIMOIHATh AHAIN3 TEXHOJIOTUYECKUX
MPOLIECCOB KaK 00bEKTOB aBTOMATHU3AIIUU U YIIPABJICHUS.

BJIaJleTh HaBbIKaMU O(DOPMIICHHUS MPOECKTHON U KOHCTPYKTOPCKOU JTOKYMEH-
Tauuu B cooTBeTCTBUU ¢ TpeboBanusiMu ECK]/I; HaBbIkaMu MpUMEHEHUS 3JIEMEH-
TOB aHAJIW3a HTAINOB KU3HEHHOIO LIMKJIA TPOIYKIIMHU U YIPABICHUS UMH.

Ilpu oceoenuu memot Heo6X00UMO:
¢ HM3YyYUThb YUYeOHBbIN MaTepHaJl.
¢ BbINOJHUTH PAKTHYECKHE 3aIaHUS 110 TeMe.

MoayJsb 2.
Tema. KaueCTBEHHBIN U KOJUYECTBEHHBINM aHAIU3 CUCTEM aBTOMATUUYECKOTO

yIpaBJICHHUS.
Heab 1 3a7a4M U3yYeHUs.
Henab — O3HaKOMJIEHUE U OBJIAJICHUE METOJUKAMU KAaUYECTBEHHOW M KOJIHMYE-
CTBEHHOW OLIEHKH CHCTEM aBTOMAaTHUYECKOT'O YIIPaBJICHUS.
3apaum:
1. 3ydeHne pa3inyHbIX NOAXON0B U METOJUK pacyeTa KayeCTBEHHOM U KO-
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nrdecTBeHHOoM oneHkn CAY.

2. TlonyyeHre nMpakTUYECKUX HABBIKOB C MOMOIIBIO BBITTOJTHEHUS MpPaKTHYe-
CKMX 3aJIaHUM JJIs1 3aKPETUICHUS] U3YYEHHOTO MaTepuaa.

N3y4uB JaHHBIA MO1YJIb, CTYAEHT J0JIKEH:

HMeTh MpecTaBJeHHe 0 BO3MOXKHBIX CIIOCO0axX pacyeTa KOJIMUYECTBEHHOU U
KayecTBeHHOU oneHku CAY.

3HATH TCHJCHIIMU PAa3BUTHUS KOMITBIOTEPHOH rpaduku, ee pojb U 3HAYCHUE B
WHXEHEPHBIX CUCTeMaxX M MPUKIIAIHBIX MpOorpaMMax; TUIOBBIE MAKEThl MPUKJIIAJ-
HBIX MPOrpaMM aHajIu3a JTUHAMUYECKUX CHUCTEM; KMHEMAaTUYECKYI CTPYKTYpYy U
KOMIIOHOBKY CTAHKOB, CUCTEMBbI YIIPABJICHUS UMHU.

YMeThb PacCUuThIBaTh OCHOBHBIE KauecTBeHHbIe mokazatenun CAY, BbImo-
HSTH: aHAJIU3 €€ YCTOMYMBOCTH, CHHTE3 PETYJISATOPa; pa3padaThiBaTh aJTOPUTMBI
LEHTPAJIU30BaHHOTO KOHTPOJISI KOOPJMHAT TEXHOJIOTUYECKOTr0 OOBEKTa; COCTaB-
JSATh CTPYKTYPHBIE CXEMBbI, UX MaTeMaTHUYECKHE MOJCIH KaK OOBEKTOB yIpaBJe-
HUS; MWCIOJIB30BAaTh OCHOBHBIE METOJIbl MOCTPOCHHUS MATEMAaTHYECKUX MOJee
MIPOIIECCOB, CUCTEM, UX AJIEMEHTOB U CUCTEM YIIPABJICHUSI.

BJIAJIETh: HABBIKAMU MOCTPOCHMSI CUCTEM aBTOMATHUYECKOTO YIIPABJICHUS CH-
CTEMaMH M TIpollecCaMi; HaBbIKAMH HaJaJKW, HaCTPOWKH, PETYIUPOBKH, 0OCITY-
’KUBAHMSI TEXHUYECKUX CPEJICTB U CUCTEM YIIPABJICHHUS.

Ilpu oceoenuu memot Heo6X00UMO:
¢ M3YyYUThb YUCOHBIN MaTepHall;
¢ BBINOJHUTH NPAKTHYECKHE 32IaHUS 110 TEMe.

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

e 4 32124 U3y4eHUS.

Heab — M3yueHne u 0CBOEHHE BO3MOXXKHOCTH MPOBEIAECHUS CUHTE3a U aHAJIU3a
CHUCTEM aBTOMATHYECKOT'O YIIPABIICHUS.

3anayu:

1. 3yunth METOIUKY IPOBEIECHUs cuHTe3a U aHanu3a CAY.

2. [lomyuenne MpakTHUECKUX HABBIKOB C IMOMOIIBI0 BUPTYaIbHOTO JKCIIEPH-
MEHTAa NPOBOJAUTH CUHTE3 1 aHan3 CAY.

N3y4uB 1aHHBIM MOAYJb, CTYACHT J0JI2KEeH:

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

3HaTh 00IIKe TpeOOBaHMS K aBTOMATHU3WPOBAHHBIM CHCTEMaM MPOEKTUPOBA-
HUS; OCHOBBI TEXHOJIOTHYECKOTO PErYJIUPOBAHMS; CPEICTBA IJIs1 KOHTPOJIS, UCIIbI-
TaHUM, TUATHOCTUKYU U aJalTUBHOTO YIPaBJIECHUS 000y I0BaHUEM.

yMeTb PacCUUTHIBATh OJJHOKOHTYPHBIE U MHOITOKOHTYPHBIE CUCTEMBI aBTOMa-
TUYECKOTO PEryJUPOBaHUS MPUMEHUTEIBHO K KOHKPETHOMY TEXHOJIOTMYECKOMY
00BeKTy; paboTaTh ¢ KaKUM-JIMOO M3 OCHOBHBIX THUIIOB MPOTPAMMHBIX CHUCTEM,

HpeJIHaSHa‘ICHHBIX 1A MATEMATHUUYCCKOT'O WU HUMUTAIIMOHHOTIO MOJIGJII/IpOBaHI/ISI
Mathcad, Matlab.
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BJIa/IeTh. HABBIKAMHM aHAJIM3a TEXHOJIOTMYECKUX TMPOIECCOB Kak OOBEKTa
yIOpaBJieHUs] U BbIOOpa (YHKIMOHAJIBHBIX CXEM HMX aBTOMATH3allMM;, HAaBBIKAMU
oopMIIEHUS PE3yJIbTATOB UCCIEAOBAHUI U PUHATUS PEIICHUH.

Ilpu oceoenuu memot Heo6Xx00UMO:
® M3Y4YHMTh YUeOHBbI MaTepual;
¢ BBINOJHUTH NPAKTHYECKHE PAOOTHI.
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11. YueOHO-MeTOoaM4Yeckoe U MHGOPMALMOHHOE oO0ecmevyeHHEe TUCHH-
IJIMHBI (Y4e0HOr0o Kypca)

11.1. O0s13aTesbHAsI JIUTEPATYypPa

bubnuorpaduueckoe onucanue Tun (yueOHuk, yueonoe | KoauuectBo
Ne nocobue, yueOHo- B O1OIMO-
/T METOIMYECKOE MOCO- TEKe
Ooue, IpaKTUKyM,
ayJino-, BUACO- TI0CO-
ous u ap.)
ABTOMAaTHYECKOE YIIPABICHHUE MPOLIECCAMU
MEXaHHYECKON 00paboTKU [DIEeKTPOHHBIN SEC
ecypc] : yueonuk / C. M. Bparas [u op.]. - o

! E/IOZII:Bgl :y];1y301301<1/11?1 yqe61fm< : I/[IH<1£)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"

meHckass. - Cankrt-IlerepOypr JlaHs,

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

30B. CrnenuanbHas nuteparypa). - ISBN

978-5-8114-2554-9.

ABTOMAaTHYECKOE YIIPABICHHE MPOLIECCAMU

MexaHHLIGCKogI O6})360TKI/I [DnexkTpoHHbII SBC

ecypc] : yueonuk / C. M. bparan [u np.]. - o

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- TIOCOOUS U JIP.)

e (oun HayuHoit oubamorexku TI'Y:

Ne | bubmuorpaduueckoe onucanue Ha3nauenwue (yueOnuk, | KommuectBo
/1 yaeOHoe ocobue, yuedb- | B Oubimo-
HO-METOJIUYECKOE MOCO- TEKe
Oue, MPakTUKYM, Jp.)
1 | Ierpaxos 1O. B. Y4eOHoe mocobue 109

Teopust aBTOMaTHYECKOTO yIIPaBICHUS
TEXHOJIOTHYECKUMHU CUCTEMaMH : y4eO.
rmocoOue st CTYZIEHTOB BY30B, 00YY. 110
HanpasisieHuto 220100 - CuctemHbIit
a”anu3 u ynpasinenue / FO. B. Ilerpa-
koB, O. W. Jlpaues. - I'pud YMO. -
Mocksa : Mammnoctpoenue, 2008. -

o1




336 c. : un. + CD. - ([1ns1 By30B). - bu6-
morp.: c. 336. - ISBN 978-5-217-
03391-1

2 | I'ynses B. A.

Teopust aBTOMaTHYECKOTO yIIPABIICHUS
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 HaydHOU OMOINOTEKU

« » 20 T
MII

A.M. AcaeBa

(noonucy)

(U.0. Pamunus)
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11.3. Ilepeuenns pecypcoB MHGOPMANMOHHO-TEJIEKOMMYHHKAIIMOHHOI
cetu ""UnTepHeT"

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

2. Nndopmanuonnas cuctema "EnumHoe OkHO moctyma K oOpa3oBaTelbHBIM pecypcam”
co3naHa o 3aka3zy denepasbHOr0 areHTcTBa Mo odpazoBanuio 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 YHUKAIbHBIA 00pa30BaTEIbHBIA MPOEKT B pyCCKOsI3bIuHOM MHTEpHE-
te. IlonmHbI JOCTYN KO BCeM pecypcam, BKIIIOUas MOJHOTEKCTOBbIE MaTepuasbl OMOIHOTEKH,
NPEJOCTABIISETCS] BCEM MOJIH30BATENSIM B CBOOOTHOM pexxumMe — http://window.edu.ru.

3. Unrepuer-6ubnanoreka oOpa3oBaTeNbHBIX H3JaHHM, B KOTOPO COOpaHbl 3JIEKTPOH-
HbIC YU4COHWKH, CIIPABOYHBIC U y4eOHBIE MOCOOUs. Y TOOHBIN MOUCK MO KIFOYEBBIM CJIIOBaM, OT-
JIETIbHBIM TE€MaM U OTpacisiM 3HaHus — http://www.edulib.ru

11.4. IlepeyeHb NPOrpPaMMHOIO OOecneYeHust

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 ot 20.07.2016r.,
CpPOK JIEHCTBHUS - OECCPOYHO

3 Kommac 3D 250 Horosop Ne 652/2014 ot 07.07.2014
Bbeccpounas

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

487 ot 28.05.09) beccpounas
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http://window.edu.ru/
http://www.edulib.ru/

11.5. Onucanue MaTepuaJIbHO-TEXHUYECKO 0a3bl, HEOOXOAUMOM ISt
OCyILIeCTBJIEHHSI 00Pa30BaTEILHOI0 MPOLEcca Mo AUCHHUIINHE (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 pylOBaHMSs J1abopaTopuii, Ma- = =3
AJISl IPOBEACHHS NPAKTH- CTepeKHX M P, g =S
YeCKHUX M J1adopaTopHBIX = 2 =
3aHATHH
KomnerotepHsiii kiacc. | IlepenocHoit npoekrop, | 445020, Camap- 52,9 15
Y4ebHast ayIuTOpUs IS | OKPaH, KOMIIBIOTCPHBI CTON, | ~peaq 061, T. Tosb-
MIPOBEJICHUS] 3aHATUH JIEK- | CTOJI  NPENOJaBaTEIbCKUH,
MUOHHOTO THUMA. Y4eOHas | CTyd, JOCKa ayIuTOpHAs, ATTH, Y11 Eeﬂopyc-
ayIuTOpMs /IS TIPOBEJICHHUs | CTON  ydeHumueckuit asyx- | CKad, 16B
3aHATHIA CEMUHApCKOro TH- | MecTHbIH, [TK no3unug 1o 111
na. YueOHast ayiuTOpHs AJIs Ne9,
NpOBEICHUsT Tab0paTOPHBIX 3 srax, (E-306)
pabot. YueOHas ayauTopus
1 JUI1 KypCOBOTO MPOEKTUPO-
BaHMs (BBIIOJIHEHUS KypCO-
BEIX paboT). YueOHas aymu-
TOpUsl. UId  IPOBEJICHHS
TPYNNOBBIX W WHAWUBULY-
aJbHBIX KOHCYJIbTalU/
YuebHas ayauTopus UL
MpOBEJACHUS 3aHATHUIl  Te-
KyIIero KOHTpOJIA M Ipo-
MEXYTOUYHOM  aTTECTALUHU.
(E306)
Vuebuast ayauropus s | Cron  mpenopasatensekuid, | 445020, Camap- | 71,5 066
MPOBEACHUA 3aHATHH JeK- | CTONBI Y4CHWMECKHE JBYX- | cpag oG, 1. TONB-
UOHHOTO THMA. Y4eOHas | MEeCTHbIe (MOHOOJIOK) , CTYIL,
ATTH, yiI. bemopyc-
ayAMTOPHS /IS IPOBEICHUS | JOCKa ayIuTopHas (Meno-
3aHATHH ceMMHapckoro Tu- | Bas), kadenapa, npoekrtop, | CKad, 16B
na. Y4ueOHas ayIuTOpHs Ui | SKpaH, IMPOIECCcop nosunuss  mo  TII
KYpPCOBOTO IIPOEKTUPOBAHUS Ne20,
2 (BBIMOJTHEHNUS KypCOBBIX 3 stax, (E-309)
pabot). YueOHast ayAUTOPHS
JUTS IPOBEICHHS IPYIIIOBBIX
U WHAWBHUIYAIbHBIX KOH-
cynpTanuii. YueOHas ayau-
TOpHS Ul TPOBENCHUS 3a-
HATUA TEKYyILEro KOHTPOJI
U IPOMEKYTOUHOU aTTecTa-
. (E-309)
Cron yueHmueckwii, ctyn, | 445020 Camapckas 84,8 16

KoMnbroTepHslii Kiacc.
[Tomermmenue ans camo-
CTOATEIbHOU pabOoTHI.
VYuebHast ~ ayauTopus
JUTST TIPOBEJICHUS 3aHsI-
TUI CEMHUHApPCKOTO TH-
na. YdeOHas ayauTo-
pust Ui KypCOBOTO
MPOEKTUPOBAHUS  (BBI-
MOJHEHUS  KYPCOBBIX
pabot). YueOHas ayau-
TOpUS ISl IPOBEICHUS
TPYNIIOBBIX W WHIWBH-

IIK ¢ BBIXOIOM B CETh HH-
TEpHET

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

HaunmenoBanue 060pyno-
BAHHBIX YYeOHBIX KaOuHe-
TOB, JabopaTopuii, Ma-
CTEPCKHX H JIp. 00beKTOB
IJISl MPOBeAeHNUs] MPAKTH-
YeCKHUX M J1adopaTopHBIX
3aHATHI

IlepeyeHb 0OCHOBHOIO 000-
pyAoOBaHMsA

dakTuvecknii 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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