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AHHOTAIUA
AUCHUILINHBI (Y4eOHOr0 Kypca)
b1.B./IB.06.01 Teopusi aBTOMATH4€CKOI0 yYIIPABJICHHS

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

[lens — ocBOeHME OONIUX MPUHIIUIIOB U CPEJCTB, HEOOXOIUMBIX JJIs yIpaBie-
HUS TUHAMHYECKUMHU CHUCTEMaMH PAa3IMIHON (PU3HUECKONU MPUPOIBI MPUMEHUTEITHLHO
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 MAaTeMAaTHUYECKUX 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 «JlucuuminHbl
(Momynu)» (BapuaTUBHAS 4acTh).

JucuuniauHel, ydeOHble KypChl, HA OCBOCHHU KOTOPBIX Oaszupyercs JaHHas
muciumiinHa (yueOHblil Kypce) — Briciias maTtemaTnka, OCHOBBI TEXHOJIOTMHM Mallld-
HOocTpoeHus, MeTtamnopexymue ctanku, OcaHoBel CAIIP.

JucuuniauHel, y4eOHble KypChl, A1 KOTOPbIX HEOOXOAUMBI 3HAHUS, YMEHUS,
HaBbIKHU, MIPHOOpETaeMble B pe3yjIbTaTe M3yUeHHUs AAHHON TUCIUILIMHBI (Y4eOHOro
Kypca) — ABTOMaTHU3UPOBAHHOE MPOEKTUPOBAHUE TEXHOJOIMYECKUX MPOLIECCOB,
TexHOI0rus MallMHOCTPOEHUSI.

3. Ilnanupyemble pe3yJabTaThl 00yUeHHs MO JUCHUIINHE (Y4eOHOMY KYp-
Cy), COOTHECEHHbIE C IVIAHMPYEMBbIMHU pe3y/JabTAaTAMU OCBOCHHHA 00pa30oBaTe/Ib-
HOM MPOrpaMMbl

dopMupyembie 1 Ilnanupyembie pe3ybTaThl 00y4eHUs
KOHTPOJIUPYyeMbIe
KOMIIETEHIIUN

CITOCOOHOCTH  BBINOJI- | 3HATH:

HATH pabOTHl IO JHa- | - METOAOJOTHYECKHE OCHOBBI (DYHKITMOHMPOBAHUS, MOJC-
THOCTUKE  COCTOSIHHS | JINPOBAHUS W CHHTE3a CUCTEM aBTOMATHYECKOTO yIpaBJie-
nuHaMukun  oObekToB | HUA (CAY);

MaIlTUHOCTPOUTEIBHBIX | - OCHOBHBIC MeTOobl aHaim3a CAY BO BpeMEHHOW W 4Ya-
MIPOU3BOJICTB C UCIIOJIb- | CTOTHOM 001acTsX, criocoObl cuHTe3a CAY;

30BaHMEM  HEOOXOJIH- | - TUTIOBBIC MMAKEThI MPUKIAAHBIX IMPOTPaMM aHau3a JUHAa-
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 AHAJIM3 TEXHOJOTHYECKHX ITPOIECCOB Kak
00BEKTOB aBTOMATH3AIIMU U YIIPABICHHUS;

- 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-JIMOO 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 HAJNAJIK¥, HACTPONKHU, PETYIHPOBKH, OOCIy-
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
npou3BoicTB ([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 aBTOMATH3UPOBAHHBIM CHCTEMaM
MPOCKTUPOBAHHS,

- OCHOBBI TEXHOJIOTHUECKOTO PEryJTUPOBAHMS.

YMeTs:

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

- npoBoauTh aHanu3 CAY, oneHunBaTh CTaTUCTUYECKUE U
JUHAMUAYECKHUE XapaKTEPUCTUKU;

- paccUUThHIBaTh OCHOBHBIE KA4E€CTBEHHBIE I10KA3ATEIH
CAY, BBINOJIHATH: aHAJIU3 €€ YCTOMYMBOCTH, CUHTE3 PETy-
JATOPA;

- pa3palaThIBaTh AJITOPUTMBI IEHTPATU3OBAHHOIO KOH-
TPOJISt KOOPAUHAT TEXHOJIOTUYECKOTO 00BEKTA,

- paccUMTHIBaTh OJHOKOHTYPHBbIE U MHOTOKOHTYpPHBIE CH-
CTEMbl aBTOMATUYECKOTO PEryJUpOBaHUSI MPUMEHHUTEIHLHO
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 coaep:kaHue TUCUUILIHHBI (Y4e0HOT0 Kypca)

Pasnea,

IHoapa3aea, rema
MOIYJIb Apasiet,

OcHoBHble MOHATUS U onpezaeneHuss. CynHocTh IpoOIeMbl aB-
TOMAaTHYECKOT0 YIPaBICHUS

OcHoBublie ycrporictBa CAP u ux knaccudukanus 1no Ha3Have-
Huto. Kiaccudukanus aBTomatudeckoro ympasieHus. Marema-
TUYECKasi MOJIENIb LIEHTPOOEIKHOTO PEryisiTOpa CKOPOCTU JABUTa-
TeJst

HccnenoBanue BIUSHUS MTapaMETPOB HEHTPOOSIKHOTO PETYIISITO-
pa CKOPOCTH Ha IIPOLIECC PEryIupOBaHUsL.

OCHOBHBIE TTOHATHS TEOpHUU aB- XapaKTepI/ICTI/IKI/I MNEPEXOJHOro Impounecca. YacToTHEIC XapaKTe-
TOMATHUYCCKOI'O yIIpaBJICHUS. PUCTUKU.

Maremarnueckue monenu. JInHeapusanus MaTeEMaTUYECKUX MO-
nenei. Ilepenatounsie GyHKIUY.

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

TunoBble 3BeHbS MEePeIaTOUYHBIX (QYHKITUH.

DKCIEepUMEHTATBFHOE UCCIIEIOBAHNE XapaKTEPUCTHK 10 hUrypam
Jluccaxy.

OmnpeneneHne NepexoaHol YaCTOTHON XapaKTEPUCTUKH.

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

Hccnenosanue ycroiunBoctu CAY no kpureputo 'ypuia.

ITpaBuia npeoOpa3oBaHusl CTPYKTYPHBIX CXEM.

[TocTpoenue rogorpada CUCTEMBI U JIOTApU(PMUIECKON YaCTOT-

KauecTBeHHBII U KOJIHMYCCTBEH- .«
HOU XapaKTCPUCTHUKHU.

HBII aHajn3 CHCTEM aBTOMATH-

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

CTH. 3anac yCTOWYMBOCTH

Uccnenosanne tounoctd CAY B pexxume IBUKEHHUS MO rapMo-
HUYECKOMY 3aKOHY.

OnpeneneHue XapaKTEPUCTUK NIEKTPOMEXaHUYECKOTO IPUBOJIA.

Omnpenenenre XxapakTepUCTHK THIPOMEXaHUYECKOr0 MPUBOJA.

KommekcHast olieHKa KauecTBa CHCTEM U OOBEKTOB aBTOMATH-
CuHTE3 M aHaIU3 CUCTEM aBTO- | YECKOIO yNpPaBJICHUS.

MaTHYECKOIO yIPABIECHUS. Omnpenenenne xapakrepuctuk CAY nponosnbHON mojgaden npu
TOYEHUHU.




ONEeKTPOHHBbIE KOHCTPYKIIMOHHBIE 3JIEMEHTHI YNpPaBICHUS dJICK-
TPONPUBOJIAMHU

Oo0ecrieuenne HeoOxoanuMoil ToyHocTd CAY. OreHKa TOYHOCTH
CAY.

Uccnenosanue Baugausg actatusMa Ha kauectso CAY.

OCHOBBI CUHTE3a CUCTEM aBTOMATHYCCKOTO YIIPaBJICHUA

Hccnenopanue BiausHUSA Kod(pduiMeHTa nepenadud oOpaTHOM
cBs13u Ha TouHOCTE CAY.

UccnenoBanue BausiHUS THOKOM OOpaTHOM CBSI3M Ha OBICTPOJICH-
ctBue CAY.

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




4. CTpyKTYypa U coiep:KaHue TUCHUIINHBI (Y4eOHOro Kypca)

CemecTtp uzyueHus
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Teopusi aBTOMATHYECKOI'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 pecypcnbl (HanmeHo-
g J1a60pPaTOPHBIX, MPAKTHYECKHUX €CaMOCTOATEJIbHOM BaHHE OLle-
E E Py 3aHATHIL, METOABI 00y4eHus, % padoThbI HOYHOI0
)E 3 g g E peanu3youme NnpuMeHseMy o § cpeacTBa)
g 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 M OIpe- CIIeKTa JICKITUH U cpencraa KOHCTIEKTa
THS TEOpUU | JEJCHUS. Cymu- 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  Ha3HA4YEHHIO. 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-
LECC 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 mognenu. 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. TunoBsle 3Be- Uzyuenne kon- KOMIBIOTEPHBII OTYET B 1,2,3
HbsI NIEpEeIaTOUHBIX 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
MepexoJHOH  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. [IpaBuia 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 xpurepuro PEKOMEHI0BaHHOM JIeKIUHI
I'ypBuna. JINTEPATYypBI
2.3. IlpaBmia mpe- Wzyuenne koH- KOMIBIOTEPHBII OTHYeT B 1,2,3
obpazoBaHus CreKTa JISKIUH 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 JIeK-
MBIl U JIOTapU(pMu- 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. Ormpenenenue 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. Ompenenenue 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- | OICHKa KadyecTBa 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 KOdPPH- TOYHBIM MaTepHa- KJtacc JNIeK-
[MeHTa T[epeiayuu 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 COOTBETCTBHH C METOJUYECKUMH YKa3aHH -
MU, 0o(hopMIIeHA TPAMOTHO, CTYJICHT TEXHUYECKH MPABIIBHO (GOPMYITUPYET
OTBETHI HA PaCCMaTPUBAEMbIE BOIIPOCHI.

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

Pedepar

Hamucanue pedepara

«3a4TeHO»: TeMa pedepaTa MOIHOCTHIO pacKpbiTa, 0hopMIIeHa IPAMOTHO, CTY-
JICHT TEXHUYECKH MPAaBUIILHO (POPMYJIHPYET OTBETHI HA pacCMaTpUBaEMbIC BO-
TPOCHI.

«HE 3aUTEHOY»: TeMa pedepara He pacKphITA.

dopma npoBencHUA
IPOMEKYTOUYHOM aTTeCTalluu

YcnoBus nomycka

Kpurepun u HOpMBI OLICHKH

3auer BeImosiHeHHE — TTpaKTHYe- «3a4TEHO» [TonHbIE M TPaBUIIBHBIE OTBETHI HA BCE BOIIPOCHI.
CKHX pabor, He3nauuTenbHble OIIMOKH UM HEYBEPEHHOCTD B
OTBETaX.
BBITIOJIHEHUE pedepaTa
«HE 3a4TEHO» OTBeTHI Ha BONIPOCHI HE CHOPMYITHPOBAHBI.
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6. Kputepun u HOPMbI OLIEHKU KYPCOBBIX padoT (IPOEKTOB)

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

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

Ne n/mt Temsbl pedepaToB

1 CucremMa aBTOMATUYECKOTO YIPABJICHUS IONEPEYHBIM CYMIOP-
TOM TOKapHoro cranka ¢ YIIY

2 CucreMa aBTOMaTUYECKOT0 YIIPaBIECHUS IPOAOIBHON Moj1a-
Yyel MpU TOYECHUH

3 Cucrema aBTOMaTHYECKOTO yIIPABIICHHS MTOTIEPEUHON MoJaueii Mpu Bpe3HOM HUTU(O-
BaHUU

4 Cucrtema aBTOMaTHYECKOTO YIPaBJIECHUS IOBOPOTOM paboyero opra-
Ha MPOMBIIUIEHHOTO poboTa

5 CucreMa aBTOMaTUYECKOTO PEryJIMPOBaHUS pa3Mepa JIeTalu Ha OeClieHTPOBO-
UM OBATHHOM CTAaHKE

6 CucremMa aBTOMaTHYECKOTO JUCTAHIIMOHHOTO YIPABJICHHUS MAaHHUITYJIITOPOM

7 CucreMa aBTOMAaTUYECKOTO YIIPABICHUS THIPABIUYECKUM CYIIIIOPTOM TOKAPHOTO
CTaHKa

8 CucreMa aBTOMAaTUYECKOT0 YIPaBIIEHUs NoJIaueid pH ppe3epoBaHUH

9 CucreMa aBTOMaTUYECKOTO YIPaBIEHUS MPOAOIbHON NoJaueld TP CBEPICHUH

10 Cucrema aBTomMaTndeckoro ynpasienus KonupoBaabHo-hpe3epHOro cTaHka

8. Bonpocwl Kk 3auerty

Ne n/mt Bonpocsl

1 OCHOBHbIE TIOHSITHS U OTIPEJICIICHUS

2 ConeprxaHue TOHITHN: «CHCTEMa YIPABICHHS», «OOBEKT YIPABICHHS, «yIPABIISIO-
M€ W BO3MYIIAIOIIAE BO3JCHCTBUSN), «YIPABISIONIME KOOPIWHATHI

3 Knaccudukanus cucreM aBTOMEXaHHYECKOTO YITPABICHUS

4 ITpuHIIMT pa30MKHYTOTO YIpaBieHHs. YTIpaBJeHUEe 10 BO3MYIIEHHIO U OTKJIOHEHHUIO

5 OCHOBHBIE BU/Ibl AJITOPUTMOB (D)YHKIIMOHUPOBAHUS

6 Knaccugukanus cucrem 1o xapakrepy rnepeadn CUTHAJIOB

7 Knaccudukanus cucreM 1Mo OCHOBHBIM BHAAM YpPaBHEHHWH IMHAMHKH IPOIECCOB
yIIpaBJICHUs

8 MareMaTHuecKoe ONMCaHNe JTHHEHHBIX CHCTEM

9 MatemaTuueckoe MOAeInpoBaHue eMeHToB CAY

10 Knaccudukanus snementoB CAY. CratucTudeckue U JUHAMUYECKHE XapaKTepUCTHU-
KH DJIEMEHTOB

11 JIuHeapu3anuss HEMUHEWHBIX TU(G(GEPEHIINATBEHBIX YPABHEHHI TUHAMUYECKHX PEXKH-
MOB paboTel aneMeHToB CAY. CrangaptHas ¢opma 3anucu aud@epeHnnanbHbIX
YpaBHEHUI

12 OcHoBHBIE CBOMCTBa IpeoOpa3zoBanus Jlammaca

13 XapaKTepUCTUKU AUHAMHUYECKUX 3BeHbeB CAY

14 [loHATHE O MUHAMHWYECKOM 3BeHE. XapaKTePUCTHKH IHMHAMHUYECKOTO 3BEHA, Iepeja-




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

BECOBBIC)

15 TunoBsle IMHAMHUYECKUE 3BEHbsI U MX XapPAKTEPUCTUKU

16 CTpykTypHas cxema CHCTeMaTH4ecKoro ynpasieHus. OCHOBHbIE MpaBUIIa Mpeodpa3o-
BaHUS CTPYKTYPHBIX CXEM: IOCIEI0BAaTEIbHOE COEAMHEHUE 3BEHBEB; NapalljielIbHOE
COEIMHEHUE 3BEHBEB; 3BEHO, OXBAUCHHOE OOPAaTHON CBA3bIO; IEPEHOC CyMMaTopa; Ie-
PEHOC y371a, IEPECTaHOBKA Y3JI0B U CYMMaTOpOB

17 Beruuciienue nepenaTouHbIX (QYHKIMM M 4aCTOTHBIX XapaKTEPUCTUK OJHOKOHTYPHOH
U MHOTOKOHTYPHOM pa3oMkHyTOH cucteMsl. [lepenaTouynble (pyHKIMU U yIpaBiIeHUE
3aMkHyTOM CAY. YacToTHBIE XapaKTEPUCTUKH 3aMKHYTOM CHCTEMBI

18 MaTemaTuyecKkoe MOJEINPOBAHUE U COCTABICHUE CTPYKTYPHOMN CXEMBI

19 VY CcTONYNMBOCTh CHCTEM aBTOMATHYECKOro yrpasieHus. [loHATHEe yCTOWYMBOCTH JIMHE-
apu30BaHHbIX cucteM. Heo0XoauMoe U JOCTaTOuyHOE YCIOBUE YCTOHUYHUBOCTH

20 Anrebpanueckue Kputepuu ycroitunoctu Payca u I'ypeuna

21 YacrorHble kpuTepun ycrorunBocTd. [IpuHnmn aprymenrta. Kpurepun ycromunBocTu
MuxaiinoBa A.B. Iloctpoenne obnacteit ycroiunoctu. [lonsarue o Jl-pazOuenuu

22 Kputepun ycroitunBoctn HalikBucta. AHanu3 yCTOHYMBOCTH MO JIOTapuUPMUYECKUM
YAaCTOTHBIM XapaKTePUCTHKAM

23 Y CTOWYUBOCTD CUCTEM C 3ama3AblBaHUEM

24 Mertoapl orieHKH KauecTBa perynupoBanus CAY

25 [Tonsatue o kauecTBe mpouecca ynpasiaeHus. OLiEHKa KauecTBa CUCTEM YIIPABJICHUS B
ycTaHOBUBLIMXCS pekumax. IloctosHHble ommOku. AcTaTHueckue cucrteMbl. Tou-
HOCTb IIPY TaPMOHMUYECKOM BO3JICHCTBUU. Y CTAHOBHUBILUECS OLIMOKU MPH IPOU3BOJIb-
HOM BO3JIEUCTBUHU, KOPPHUIIMEHTHI OITNOOK

26 OreHkM KayecTBa nepexoaHoro nporecca. ONeHKH KayecTBa mpolecca
IIPU BO3ACUCTBUM CTYNEHYATON GYHKIIUN

27 YacTtoTHbIE METO/IbI OLIEHKH KauecTBa perynrpoBanus. OlieHKa KauecTBa peryinupoBa-
HUS 10 AMIUTUTYJHO-4aCTOTHOM XapaKTEepUCTUKH 3aMKHYTOW CHCTEMBbI; MO Bellle-
CTBEHHOM YaCTOTHOM XapaKTepUCTHUKE 3aMKHYTOM CHCTEMBI; C 10 aMIUIUTYIHO-
($a30BOI XapaKTEepUCTUKE PA3OMKHYTOM CHUCTEMBI; MO JIOTapu(PMUUECKUM YaCTOTHBIM
XapaKTepUCTUKAM

28 KopHeBbI€ OLIEHKHM KauecTBa PEryJINPOBAHUS

29 Cunre3 CAY 1o 3a1aHHBIM ITOKa3aTesiM KayecTBa Mpoliecca ynpaBIeHUs

30 [ToBbllIeHNEe TOYHOCTH B YCTAaHOBMBILUXCS peXHUMax M oOecrieyeHre YCTOMYUBOCTH U
KauecTBa YIPABJICHUS CUHTE3UPYEMBIX CHUCTEM 3a CUET M3MEHEHMS [1apaMETPOB CH-
CTEM U ITyTEM BBEJICHUSI KOPPEKTUPYIOLUX YCTPONCTB

31 Cucrema aBTOMaTH4ECKOr0 YIPABIEHUS IPOAOIbHON T01a4el IPU TOUEHUH

32 Cucrema aBTOMaTHYECKOTO YIPaBJIEHUS MONEPEUHOM nofgaueil Ipyu Bpe3HOM HUTH(O-
BaHUU

33 Cucrema aBTOMaTHYECKOTO YIPaBIEHUS TOBOPOTOM pabovyero opraHa MpoOMbILIUIEHHO-
ro pobora

34 Cucrema aBTOMaTHYECKOTO PETYJIMPOBAHUSI pa3Mepa JleTalu Ha OeCclieHTPOBO-
UM (oBaIbHOM CTaHKE

35 Cucrema aBTOMaTH4YE€CKOTO TUCTAHIIMOHHOTO YIPABJIEHUSI MAaHUITYJISITOPOM

36 Cucrema aBTOMaTH4YECKOTO YIPABIEHUS THAPABINYECKUM CYIIIOPTOM TOKAPHOTO

CTaHKa
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37

CucremMa aBTOMaTH4YECKOT0 yIpaBleHUs ojauel npu GppesepoBaHun

38 CucTtemMa aBTOMaTHYECKOTO YIIPaBJICHHsI IPOJIOIBHOM 1o1auel Ipy CBEpICHUN

39 Copep:xaHue MOHATUH: «CHCTEMa YIPABIECHUS», «OOBEKT YIPABICHUA», «yIPABIsAIO-
e ¥ BO3MYIIAIOIIME BO3JCHCTBUSA», «YHPABISIONINE KOOPAUHATHI

40 Krnaccudukanus cucteM aBTOMEXaHUYECKOTO YIIPaBJICHUS

41 [TpyHIMI Pa30MKHYTOTO yIIpaBlIeHUs. Y IPABJIECHUE N0 BO3MYILIEHUIO U OTKJIIOHEHUIO

42 OCHOBHBIE BU/IbI AITOPUTMOB (DYHKIIMOHUPOBAHUS

43 Knaccugukanus cuctem 1o xapakrepy rnepeadu CUTHaJIOB

44 Krnaccudukanus cucteM MO OCHOBHBIM BHAAM YPAaBHEHHUH TUHAMHUKU MPOLECCOB
yIIpaBJICHUS

45 MaTtemaTnyeckoe OnucaHue JMHEHHBIX CHCTEM

46 Maremaruueckoe MozenpoBanue anemMeHToB CAY

47 Knaccudukanms snmementoB CAY. CTaTUCTHYECKUE U TUHAMUYECKHE XapaKTePUCTH-
KU 3JIEMEHTOB

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

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

50 Krnaccudukanus cucteM aBTOMEXaHUYECKOTO YITPaBICHUS

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-
MO# KOMIIeTeHUMH
(nJIM ee 4acTH)

HanmenoBanune
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 aHATIU3 CU-
CTEM aBTOMAaTUYECKOTO
yIpaBJICHHUS.

TIK-12, TIK-18

[IpoTOKON BBHIMOJIHEHUS
NPAaKTUYECKOrO  3aja-
Hus 3

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

«HccnenoBanne TOYHO-
ctu CAY B pexume
JIBWXKEHUSI 1O TapMO-
HUYECKOMY 3aKOHY».
[IpoTOKON BBINOJIHEHUS
MPAaKTUYECKOTO  3aja-
HUS S

«Onpenenenue xapak-
TEPUCTUK  BJIEKTPOME-
XaHUYECKOr0  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 mpo-
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
JJIl OLIEHKU 3HAHWI, YMEHUIl, HABBIKOB U (MJIHM) ONBITA JEeATEJIbHOCTH, Xa-
PaKTEePU3YOIIMX 3TaNbl (JOPMHUPOBAHNS KOMIIETEHIIUI B MPoLiecce 0CBOEHMS

o0pa3oBaTe/IbHOH MPOTrPAMMBI.

15




9.2.1. KoMmieKT 3aiaHuii AJ1 IPAKTUYECKUX padoT.

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

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

Hccnenyercs cucrema aBTomaTuyeckoro ympasieHus (puc.l.1), cocrosimas u3 eHTpoOeKHOTO
pEerynsaTopa CKOPOCTH, TOJI3YH | KOTOPOTO CBsI3aH pbluaramMu 2 ¢ 3aCIOHKOH 3 1mojaun paboueit
CMECH B TEIJIOBOM ABUTATEIND 4. PErynsaTop NpuBOAUTCS BO BpallleHHE OT JABUTaTels Yepes
3yO4aryro nepeaaqy S.

Puc.1.1. Cxema CAY ckopocmpwio epawienusn oguzamens

[Tpu ¢ynkunonuposanuu CAY BpaiieHue aBuraress depe3 3y0daryro mepepady Iepenaercs
pPEeryasTOpy CKOPOCTH, IIAPUKU KOTOPOTO TMOJ JEHCTBUEM IIEHTPOOESKHOM CHIIBI C OJHOU
CTOPOHBI M CHWJIBl NPYXHHBl C JIPYrod 3aHMMAIOT HEKOTOPOE IIOJIO)KEHHE, YTO BBI3BIBACT
OTpEe/IeNIEHHOE OTKPBITHUE IPOCCENs W CHUCTEMa HaxoOuTcs B paBHoBecuu. [Ipu yBennueHuun
MOMEHTa Harpy3KH CKOPOCTb JABUIATENsl YMEHBIIAETCS B COOTBETCTBUU C €0 XapaKTEPUCTUKOM,
YTO BBI3bIBACT YMEHBIIEHHE CKOPOCTH BpalleHUs peryisTopa. LleHTpoOexHble CHIIbI Takke
YMEHBIIAKOTCA, IIAPUKHA OIYCKAIOTCS U 4epe3 PBIYaKHYI0 CHUCTEMY YBEINYMBAIOT OTKPBITHE
Ipoccenid. YBeIMYeHHue IMojayu paboyeil cMecHu B JABHUraTelb BBI3OBET YBEIMUEHHUE €ro
CKOPOCTH, PaBHOBECHE BHOBb BOCCTAHOBMTCS, HO YK€ Ha JPYroM ypoBHE. SICHO, 4TO pa3HOCTh
CKOPOCTEH ompeessieT Ka4YeCTBO PETyJIMPOBAHMS: YeM OHA MEHbIIEe, TeM BhIlie kauecTBo CAY.
[Tpu ymensinenun Harpy3ku CAY paGotaeT B 00paTHOM MOpSAKE.

Jnsa ananuza CAY HeoOXOAMMO COCTAaBUTh €€ MaTeMaTUYECKyI0 MOJENb. AHAJINU3 MOKa3bIBAET,
4TO B CHUCTEMY BXOJAT JBUTATEl]b, JIPOCCENb MOjAaYu paboueil cMecH, pblua)kHas mepeaaya u
3yOuartas nepeaayva.

JIBukeHue JBuratens NpU OTpaHUYEHUH YYETOM SBJICHHM MepBOro IMopsjka, T.e. €ro
MHEPIMOHHOCTBIO, MOXeET OBITh MpeJCcTaBleHO Iu(epeHHaTbHBIM ypaBHEHHEM IE€PBOTr0O
nopsiKa:

do
l,—+4,0+M, =M, (1.1)
dt
rae lo u Ao — MOMEHT nHepuHuH poTopa U KOIPPUIIMEHT BSI3KOTo TpeHus apurarens, M, u My —
MOMEHT CONPOTHUBIICHUS HAIPy3KHW U MOMEHT JIBUTaTeNsl COOTBETCTBEHHO.

MowmeHnT ABWIKCHUA 3aBUCUT OT OTKPBITHA APOCCCIIA IMMOJaun pa6oqel71 CMECCH:
M, =bk,, (1.2)
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rae b — koaddunmeHT nepegaun OTKPBITUS IPOCCENs OT MEPEMEIICHHUS TOA3YHA PEryisaTopa
4yepes phluakHyo nepenaqy, Ky — koaGuireHT nponopunoHaIbHOCTH MKy OTKPBITHEM
JpOCCEIIi U MOMEHTOM JIBUTaTEIs.
Ecnu npuHSTH epe1aTouHoe OTHOLIEHUE PhIYaroB U 3y04aTol nepeaadyu paBHbIM €AHHHUIIE, TO,
13 T€OMETPUUYECKUX COOTHOIIECHUM, TOJIYYMM YPaBHEHHE CBSI3U, KOTOPOE OMpEIEsieT
3aMKHYTOCTh CAY:

b=2I(1-Sina). (1.3)
[Tomyuyennast MaTemaruueckast mojensb (1.1)-(1.3) ucnonb3yercst B IpUKIaAHON IporpaMMme, ¢
MOMOIIbI0 KOTOPOU BBHIMOJIHSIOTCS TpeOyeMble HCCiIeI0BaHusl.

m MonenupoBaHue peryaaTopa cKOPOCTH ABMraTens =1

HCXOOHBE NAHHHIE CAY

Macca WAPHKEOE, KI 0.25

100

Crna npystiHel, H
AecTrocTs

MPYsHHEL HAr I‘I 5
MorMeHT WHEDLMK

ABMraTend, krim2 IU'1

.03 B BUUMEHT 3EBHCUMOCTH
MOMEHT 3 ABMCSTENA OT

OTKPEITHA ApOCCens, I4

Hteirt

|4D 3‘ MoreHT Harpyski, Hii

Ocumnnorpadgs

-
o
=

MNpouece | Mpogonskeque |

Reset |

¥rnoBan ckopocTe W, paalc
OTKRBITHE SACAOHKK X, Rihd

Exit |

04 05 0g o7 08 02 1
Bpems, ©

30 6)

0 T TR IR R R L L |
111

rnosan cropochs W, pasl

o 0 02 03 04 o5 (111
Bpesin, ©

Puc.1.2. Mooenuposanue uenmpooescnozo pecyiamopa cKopocmu

Ilpakmuueckaa uwacmp

[TpakTuueckas paboTa BBITIOJHAETCS C ITOMOIIBIO MPUKIIATHON MPOrpaMMbl, UHTEphErc KOTOpOor
npezcrasieH Ha puc.l.2. IIporpamma «Perynstop ckopocTu» HaxonuTcst Ha aucke. [lpu Haxa-
TUH KHOTIKK “Help” mosiBisieTcst TOMOMTHUTENbHBIN HHTEPPENC C MHCTPYKIUSIMU U TTOSICHEHUSMH
K IIporpamme.

B 3aBucumocTM OT BapuaHTa 3aJaHHs BBIOpaTh AMANa30H U Iar MU3MEHEHMs MapameTpa, B
(GYHKLIUU KOTOPOTro HEOOXOAMMO NMPOBOAUTH HCCieloBaHUs. PexoMenayeTcs BbIOMpaTh Auama-
30H, OPUEHTHUPYSICh Ha MaKCUMaJlbHOE U MUHUMAaJIbHOE 3HAUE€HUE YKa3aHHOTO MapaMmeTpa B Tab-
JUIe BapUaHTOB 3afaHuii (cM. Tabxa. 1.2). B Hayane paboThl HOATOTOBUTH TAOIMILY IKCIIEPUMEH-
TaJIbHBIX JaHHBIX (cM. Tab6m.1.1). Ilpu BBIMOTHEHNUHU HCCIIEOBaHUI B COOTBETCTBHHM C 3aJJaHHEM
HE00X0IUMO, TOCII€ aKTUBU3ALUU MPOrPaMMBbl, B OKHAX TJaBHOro MHTepdeiica BBECTU UCXO-
HbI€ JIaHHBIE COTJIACHO BapUaHTY 3a/laHUsl U YCTAaHOBUTH IEPBOE 3HAUEHUE M3MEHSEMOro Iapa-
meTpa. Haxxate kHonky «Ilyck»

[Tocne BhIXOJa CHCTEMBl Ha YCTAHOBUBIIMKCS PEXKUM pabOThI (ONpeAensTh BU3YAIbHO MO OT-
CYTCTBHIO KOJIEOAHUI OCHMJIJIOTPaMMBbI OTKPBITHS 3aCJIOHKH Jpoccelis) HaxaTh KHoOnky «llay-
3a», ONpPENEIUTh TOYHOE 3HAYCHHE CKOPOCTHU BpAIEHUS JBUTATENs U 3alKcaTh B TaOJIUILy JKC-
NEPUMEHTAIBHBIX JaHHBIX. 3aTE€M YBEIUYATh MOMEHT Harpy3kd g0 25 HMm u HaxaTbh KHOIKY

17



«[Ipogomxenue». [locne Beixona CAY Ha HOBBIN ypOBEHb YCTAaHOBUBIIETOCS PEXUMa pabOTHI
Ha)kaTb KHONKY «[lay3a» M mpoBeCTH M3MEPEHUS HOBOI'O 3HAYECHMSI CKOPOCTH BpAIICHUS JBUTa-
tenda. Ilonp3ysack ocImiorpaMmoi 3aUKCHUpOBATh TaKkKe BpeMs MEXIy MoJadell CKauka
Harpy3ku M crabuinzanueil npouecca perynupobanus. CTaOMIM3aMi0 OLEHUBATh 110 OCLUIIIO-
rpaMMe OTKPBITHS 3aCIIOHKH Jpoccelis mojgadn padoueit cmecu. [IpoBoauts HeoOXOAMMBIE HU3-
MEPEHHs IO OCHMJUIOIpaMMeE IIpOLEcCa PEryJINPOBAHUS, PYKOBOICTBYSICH IOCTPOCHUAMH
puc.1.3.

o Ocumnnorpad =
= 400 -
o
= 80 : ekt mcinlcito i kit ekt de =
R - |cropocmb : ; TR - cxopocms Bl
g‘ do nociue 5
o 40§ Froeeee. . 20 L
& | CKayKa cKauka o
T 20 : 10 £
[1h] C
Q

s 0 4 y v ‘ 0 F
= 05 06 0,7 08 09 1 11

Bpens, ¢

Puc.1.3. Cxema usmepenus xapaxmepucmuKk Kayecmea npouecca pezyiuposanus

Jannplie 3anucarh B Tabnuily. JlJis BRIMOTHEHUS CIEAYIOMIETO YKCIIEPUMEHTA MOKHO BOCITOJIb-
30BaThCsl KHOMKOM «ReSet» u HayaTh HKCIEPUMEHT C TOH K€ MOCIeI0BaTeIbHOCThIO ICHCTBUH,
HO YK€ IIPH CJIEAYIOLIEM 3HAaYeHUH W3MEHsieMoro napaMerpa. Eciu npu kakom-mnbo skcrepu-
MeHTe CAY CTaHOBUTCS HEYCTOWYHMBOM, COOTBETCTBYIOIEE COOOIICHHE 3anmucaTh B Tabnuily. B
tabnuie 1.1 mpencraBiieHbl SKCIIEPUMEHTAIBHBIC JaHHBIC UCCIICIOBAHUS KaueCTBa PEeryiIrpoBa-
Hust CAY ¢ HEKOTOPBIMU UCXOAHBIMU MapaMeTpamMH B (PYHKIIMH KECTKOCTU MPYKUHBI PErys-
Topa.

Tabnuya 1.1. Dxcnepumenmanvhvie Oanmbvie

K eCTKOCTD CkopocTb aBuratens, pajil/c Tounocrs pe-
Ne o BBICTPONICHCTBHE | 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 oannwvim maoauyst 1.1

Jlnis moctpoeHust rpaUKOB MOKHO HCIOb30BaTh maker EXell, a amsa BeimonHeHus xornuu wH-
Tepdeiica mporpaMmbl, KOTOpast J0JKHA ObITh MPEACTABICHA B OTYETE, UCIIOIb30BaTh KIIABHUIIH
Alt - Print Screen u BctaBuTh Konuio B qokymert Word.

3aoanue
B cootBeTcTBHM ¢ BapuaHTOM (Tab0i.1.2) MpOBECTH HCCIICOBAHUE KaYecTBa PETyJIUPOBAHHS B
3aBUCHMOCTH OT U3MEHSIEMOTO TTapaMeTpa U MOCTPOUTH rPa@uKu 3aBUCHMOCTH OBICTPOICHCTBUS
1 TouHocTH CAY B QyHKIIUH OT U3MEHSIEMOTO MapaMeTpa.
Tabauya 1.2. Hcxoouvie oannvle

[lep- | Macca | Kecmxocms | Momenm | Bro | Hauano- | Kosgguyuenm | Uzmensmo
Bas | wapu- | npyscuHvl | uHepyuu | pas | HASA CUIA | 3A8UCUMOCMU MO- | napamemp
uug- | ko6 M, | Cup, H/Mm | Osucamens | tud | npyocunst | Mmenma om om-
pa Ke lo, k2/m? | pa Puwp, H | kxpuimus opoccens
Ko, H/Mmm
0 0,35 5,0 0,25 0 55 2 m
1 0,30 4,5 0,20 1 100 4 Crp
2 0,25 4,0 0,16 2 150 6 ly
3 0,20 3,5 0,10 3 200 8 Ko
4 0,15 3,0 0,06 4 130 10 Pup
5 0,10 2,0 0,04 3) 85 9 m
6 0,15 1,0 0,12 6 70 7 Crp
7 0,20 1,5 0,14 7 95 5 Pup
8 0,25 2,5 0,31 8 170 3 lo
9 0,30 3,5 0,38 9 135 11 Ko

Cooeporcanue npomokona

B IMPOTOKOJIC MPEACTABUTHh LECJIb pa6OTBI, HCXOOHBIE HAaHHBIC, 3alaHUEC HCCIICAOBAaHHNs, KOIIMIO
uHTepdeiica g THOO0T0 SKCIIEPUMEHTa W3 BBINONHEHHOW cepuu, omucaHue padotel CAY,
Ta0JIMIlY SKCTIEPUMEHTANIBHBIX JAHHBIX, IpaduKu TpeOyeMbIX 3aBUCUMOCTEN. BBIBOIBI.

IIpakTuyeckas padora Ne2

OnpeneseHne 4aCTOTHBIX XaPAKTEPUCTHK M0 AHAJHM3Y BXOJHOI0 M BBIXOJHOI'0 CHTHAJIA BO
BpEeMEHH
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Ilens padomui: Ilpuodbpemenue npakmuyeckux HA8blKO8 IKCNEPUMEHMATLHO20 ONpeoeieHUs
YACMOMMBIX XAPAKMEPUCTIUK.

Teopemuueckas uacmeo

HccnenyemMoit cuCTEMOH SIBJISIETCS JIByXMaccoBas TWHAMHYECKas CHUCTEMa, CXeMa KOTOPOH
n3o0paxena Ha puc 2.1. Cucrema HaXOUTCS O] ICHCTBUEM KHHEMATUYECKOTO BO30YKICHHS —
X, BBIXOJHBIMH CHUTHAaJaMHU SIBIITIOTCS KOOPAMHATBI X1 M X2 TMEPEMEIICHUsT Macc Mi u My,
CBSI3aHHBIX MEX/1y COOOIO JKECTOKOCTAMU C1 U C2 U BSI3KUM TpEHUEM A/ U A2.

C, C2

JV\/_

m, m,

L%
AT A
Sy

Puc.2.1. /lunamuueckasn cxema 08yxmaccoeoii cucmemul

VYpaBHEHNE ABUKEHUSA CUCTEMbBI COCTABIISIETCS 110 U3BECTHBIM MPABUIIAM
TEOPETUYECKON MEXaHUKH:

2
m d < +ﬁz(dX1 _dﬁj"'cz(xl_xz):ﬂi(dx - Xmj—'_Cl(x_Xl)

L dt? dt dt dt dt
d?x dx, dx
m, dt22 +ﬂvz(d_t2_d_tl)+cz(xz_x1):0

VipouieHHast MaTeMaTHYecKas MOJIEb:
2
My X + (2, + 4 )% + (G +€ )% = (A + A, Jox + (¢ + ¢, )x
M,S°X, + A,8X, +C,X, = A,SX, +C,X,
rae s=d/dt — omeparop Jlarmaca.
JIyist TIpEICTABIIEHNS] MATEMATHYECKOH MOJIEIN B TIEPEMEHHBIX COCTOSHHUS PEIIUM KaXK0€ ypaB-
HCHUC OTHOCUTCJIIBHO MEPEMCHHBIX X1 U X2, KOTOPBIC 3allMCAHbI B CTAPIIHUX IMPOU3BOAHBIX COOT-
BETCTBEHHO. [IpeoOpasoBaHHas TAKMM 00pPa30M MaTeMATHYECKask MOJIENb HMEET BHL:
X, =s " [-ax +ax+s[-ax +a,x]
X, =s - a.x, +ax +st[-a,x, +a,x]
rae koadduitueHTs Mogenu: ar = (A2+Ay/my, a2 = (C2+C1)/my, a3 = AaMz, as = Ca/my;
Tenepb MOXHO 3alKUCaTh MATEMATHIECKYIO MOJIENb B IEPEMEHHBIX COCTOSIHUSI, TO €CTh B BUJIE
CHUCTEMBI I[I/Iq)(bepeHHI/IaHBHBIX ypaBHeHI/H\/’I, PEIICHHBIX OTHOCUTCIIBHO IICPBBIX MPOU3BOAHBIX!
SYy; =-ay, taXx+y,
SY, = —a, ¥, + X

SYs=—&Y; +aY, + Y,

Y, =—8,Y3 +a,X
NmenHo Takas MozeNnb peain30BaHa B MPUKIAAHON TPOorpaMmMe, o KOTOPOM MPOBOIATCS
HCCIIEIOBAHUE YACTOTHBIX XapaKTEPUCTHUK.

Ilpakmuueckan wacmp

Ha puc.2.2 npencrasien naTepderic TpUKIaTHON TPOrpaMMBbl TIPH UCCIETOBAHUN YaCTOTHBIX
XapaKTePUCTUK OJHOMACCOBOM CUCTeMBbl. NHCTPYKIIMK U TTOSICHEHHSI 111 paObOThI ¢ MPUKIIATHON
IPOTPaMMOii MOSIBIISIFOTCS Ha JOMOJHUTEIbHOM HHTEpdetice mpu HaxxaTuu KHOKu «Heply.
[ToAroToBUTH TAaOMUIBI SKCIIEPUMEHTAILHBIX U PACYETHBIX JAHHBIX ISl HCCIEIOBAHUS OIHO U
JIByXMaccoBoM cucteM. [lociie akTUBU3auy MporpaMMbl BBIOpaTh PEKUM UCCIIEIOBAHUS OHO-
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MAacCOBOW CHCTEMBbI U B COOTBETCTBYIOIIMX OKHAX HHTepdeiica yCTaHOBUTH JAHHBIC COTJIACHO
BapuaHTy 3amaHus (cMm. Ta6i.2.2). Haxate kHOTIKY «[Iporecc», a moToM 3a1aTh mepBoe 3Hade-
HUE YacTOTHl BO30YXKIAIOIIET0 CHTHAlIa - CHCTEMa MPHUXOAWT B JBIKEHHE. BriOpaTth mepBoe
3HaYEHHE YacTOThl BO30YXKIAIOIIETO CUTHAJA, NMOA00paTh KEeIaeMyl CKOPOCTh MEpeMEelICHH
JICHTBI CAMOMHUCIIA U MPOU3BECTH 3aMKCh. [Ipr 3TOM CKOPOCTh JBUKCHHSI JICHTHI JTOJKHA BBHIOW-
paThCs Tak, 4ToOBI oOecrieunBaIach pacimuppoBKa CUTHAIOB IPU UX 00paboTKe.

[Tocne 3amucu TpeOyeMoro ydyactka HakaTh KHONKY «CTOm» B OKHE PETHCTpAIlMU CHTHAJIOB.
W3MeHUTh 3HaUY€HHE YaCTOTHI, 10KIAThCSI OKOHUYAHUS MIEPEXOAHOr0 Mpoliecca U MPOU3BECTH 3a-
MUCh Clenyromero ydactka (kHomka «I[lyck» B OKHE perMCTpaldy CUTHAJIOB). BBIMONHATH mMO-
NOOHBIE MaHUIYJSALUU U1 KaKIOTO 3aIlUIaHWPOBAHHOTO 3HAYEHMsI YAaCTOThI BO30YXKIAIOILIETO
CUTHAJIA.

AHaJOTMYHO MPOBECTH SKCIIEPUMEHT U IS TBYXMACCOBOU CHUCTEMBI.

Jlist 06pabOTKH AKCIIEPUMEHTATBHBIX JAHHBIX MCIIOIH30BaTh MOTYyYEHHBIC B TIPOIECCE IKCTICPH-
MeHTa ocumtorpammbl. Ha puc.2.2 ms gactotel 300 pan/c moka3aHbl HEOOXOIMMBIE TTOCTPOE-
HUS JUISL OTIPe/IeTICHUs. OJTHOW TOYKH aMIUIMTYIHOW M (pa30BOM YAaCTOTHBIX XapaKTepUCTHUK. M3-
MepeHus yI100HO MPOBOIUTH MOcie KonupoBaHus 3kpana (Alt Print Screen) B pegaktope 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 XapaKmepucmuk 00HOMACO80Il CUCHIeMbl

Pe3ynbrathl m3MepeHuii HEOOXOIMMO 3aMKUCHIBATh B COOTBETCTBYIONTYIO TaOuiy (Tabm. 2.1).
Tabnuya 2.1. Dxcnepumenmanvrvle u pacienmnvle 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 o0pazom, 3aUKCUPOBAHBI BXOJHOW M BBIXOJHOW CHTHANBI JJIs 7 3HA4YEeHUH dacToT. J{s
KKJIOM BETUYMHBI YAaCTOTHI OMPEACISAIOTCS OJIHA TOYKA aMILIUTYIHO-4acTOTHOH W (ha30BoO-
YaCTOTHOU XapaKTePUCTHK 10 (hOpMyJiaM:

A, . 360° -7
A=—=, p=—"T—.
A T
[Tockonbky B hopMyliax MpUCYTCTBYET OTHOILIEHUE COOTBETCTBYIOIIUX BEJIMYUH, TO U B Ta0JIHIIE
BCIOJIY JUJISL BBIXOJIHBIX JTAHHBIX pa3Mephl MPEACTaBICHbl B MM, KOTOPBIE OMPEACIISIIOTCS 0 pa3-
Mepy aBTO(GUTypHhl Ha n300pakeHnu uarepderica B penakrope Word. Ha puc.2.3 npeacrasieHa
aMIUTUTYIHO-(a30Basi YaCTOTHASI XapaKTEPUCTUKA ¢ 0003HAYCHHBIMU HA HEW SKCIIEPUMEHTAIb-

HBEHITOHK&MH,HOCTpOGHHaHIK)ﬂaHHBm&Ta6HHHbI21.

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

Puc.2. 3. Ixkcnepumenmanvnas ADIX

Crnenyer 3aMeTUTh, YTO HEKOTOPbIC OTKJIOHEHHUS 3TOW XapaKTEPUCTUKU OT TEOPETHUYECKON 00Y-
CJIOBJICHHBIE HETOYHOCTSMHU OIPENEIECHUs] UCXOIHBIX JTaHHBIX, B OCOOEHHOCTH OTHOCHTENIBHO
dba3sbl.
AHanoruyHo oOpalaThIBalOT pe3yiabTaThl IKCIEPUMEHTOB U IIPU MCCIEI0BAHUU JIByXMacCOBOM
CHCTEMBI.
3aoanue
B cootBerctBuu ¢ Bapuantom (Tabi.2.2) mpoBectu uccienoBanue u nocrpouts AOUX cucre-
MBI (OZIHO MacCOBOM MJIM IBYX MacCOBOM, IO BBIXOJAM X1 HIIH X2).

Tabnuya 2.2. Ucxoownsie oanmbie

ITepBas M1, KT C1, H/MMm A1, Kr/c Bropas M2, KT C2, H/MMm A2, 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 TEOPETUUYECKHE CBEICHUS, NCXOTHBIC
JIAHHBIE B COOTBETCTBUHU C BapUAHTOM 3aJlaHUs, KOMHUIO UHTEp(deiica ¢ 3aIMChI0 BHITIOJHEHHBIX
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OKCIIEPUMEHTOB U TOCTPOCHHUSIMH, HEOOXOAMMBIMHU I OIPEIEICHHS] BBIXOMHBIX JTaHHBIX;
TaOIHIBI IKCIIEPUMEHTATBHBIX M PACUYECTHBIX JaHHBIX; Tpaduku 3KcrepuMeHTanbHbIX ADUX
cucteM. BBIBOABI.

IIpakTnyeckas padora Ne3
HccaenoBanue ycroitunBoctu CAY no kputepuio I'ypsuna

Llenwv pabomur: [Ipuobpemenue npakmuyeckux HA8bIKO OYEHKU YCIMOUYUBOCTU CUCEMbl
a8mMomMamu4eckKo20 yYnpasieHusl.

Teopemuueckasa yacmp
C nomompto kputepus ['ypBuna uccnenoBarh Ha yctounBocTh CAY 1MOBOJIOM cynmopTa
METAJIJIOPEXKYIIETO CTaHKA, CXEMa KOTOPOTro MoKa3aHa Ha puc. 3.1, a.

+

s
{

y X u,, oJ U,
T —{311 VI > T
- ET—

v R
)
 /

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 norenimomerpa (3I1) u norenuromerpa obpatnoii cesizu (I10C).
[Ipexxne Bcero HEOOXOAUMO COCTAaBUTh MATEMATUYECKYIO MOJIENb 1OBo1a. COrJacHO MPUHIIUITY
paboThl, MOBOJ IpeacTaBiseT co0oil 3amMkHyTyI0 CAY, hyHKIIMOHANBHAS cCXeMa KOTOPO
npuBeneHa Ha puc.3.1, 6. [IycTb BbIJieIeHHbIE HAa CXeME SJIEMEHTHI OMUCHIBAIOTCS CIEAYIOITUMU
nepeaTOYHbIMA (QYHKITUSIMU:

U K
3ME: W, (s)= T(:)) =k,; I: W, (s)= U‘; ((?) Rl
. _als) k. Y ’
v BT T wss o WES aﬁii o

U,(s
moc: w,_(s)=2=® _y
Y (s)
Tenepb MokeT OBITH MOCTPOEHA CTPYKTYpHAs cXeMa MOBOJIa, B KOTOPOil (IIpH paBEHCTBE
K02 PHUIIMEHTOB TIepeIavn 3a/1a0IIero OTEHIIMOMETPA U TIOTEHIIMOMETpa 00paTHOM CBS3M) /1Ba
COOTBETCTBYIOIIUX JIEMEHTA Ha (DYHKIIMOHATLHOU CXeMe 3aMEHSIFOTCSI OJTHUM DJIEMEHTOM C
ko3 dunrenTom nepenaun K, Ha CTpykTypHO# cxeme (puc.3.2).

X S ” Us ky U, K, a ) y‘
"l Ts+l (T,s+Ds

Puc.3.2. Cmpykmypunas cxema npugooa

Takum oOpa3zoMm, TmiepegaTouyHas (YHKIHUS 3aMKHYTOW CHCTEMbI TIOCJIE€  HECIIOKHBIX
anredpandeckux Mpeodpa3oBaHui MPUOOPETAET BU:
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W(s) - s ,
(T,s+D(T,s+s+k,

rae Ko — ko3 UIMeHT nepeaun CHCTEMBI, PaBHBIN MPOU3BEACHHIO KOAPPHUIIMEHTOB Iepeaadun
BCEX 3BEHBEB KaHaJa MPsSMOTro JeicTBUA. Tak, cucTeMa uMeeT XapaKTepUCTUIECKOe ypaBHEHUE
3-ro nopsaka:

T,Tos3+ (T, + Ty) s>+ s+ ko= 0.
CoctaBuM neTepMuHaHT ['ypBULIa U HAJIEM YCIOBUSA YCTOMYUBOCTH.
T, +Ty K, 0
= T,T, 1 0]
0 T,+T, k

AHanu3 yciIoBHM YCTOMYMBOCTM IO KpuTepuio ['ypBuIla IOKa3bIBAa€T, YTO €IUHCTBEHHBIM
YCIOBUEM SIBJISIETCSl TO3UTUBHOCTh BTOPOIO JIETEPMHHAHTA, MOCKOJBKY a0=1,Ts, paBHO Kak
u A;=a1=T,+Ty, Bcerma Oonbme Hyns. Takum o00pa3oMm, s YCTOWYMBOCTH TOBOJIA
HEOO0XOIMMO, YTOOBI:

A2= (T, + Ty) — koT, Ty > 0.

ITocne HEeCIOXKHBIX Hp606p330BaHHﬁ nojiyqyacm € IMHOC YCIIOBUC YCTOI‘/‘I‘II/IBOCTI/I CHUCTCMBI:.

1 1 K

—+—>K,. (3.1)

y 0
BeimonHeHne 3TOro ycioBus 00s3aTeNbHO, MOITOMY Ha MPAKTUKE BapHaluel, moadopom
napameTpoB mnpuBojia crpemstcs obdecneunth (3.1). [Ipu sTom Hambonee ymoOHO HU3MEHATH
napameTpel ko U T, — oOmmii ko3pUIHEHT mepenayu MPUBOJA M TMOCTOSHHYIO BpPEMEHH
ycunuTess-peodpasoparens. B mro0om cirydae 3HaUYCHHS BapUaIMi ATUX apaMeTPOB JTOJKHBI
nexats B obnactu D, moctpoenHoit cornacHo ycnosuto (3.1) (puc. 3.3).

ko‘

obnacmo
HeyCmouuusblx

3HAYeHUll

Kot 1/T,

obnacmo
YCMOUYUBHIX 3HAUCHULL
0 T >T
vl y

Puc.3.3. Obaacms ycmoiniuuevix 3HavyeHuil

Ilpakmuueckaa uwacmep

Jnst BbimosiHeHHWsT PaOOTBI HMCMOJB3YeTCS MPUKIAAHAs Tporpamma, HHTEpdehc KoTopoun
npencraBieHsl Ha puc.3.4. IlpuknanHas nporpamma  «YcToiunBocTh TOYHOCTE CAVY»
HAXOAUTCS Ha aucke. VHCTPYKIMU W TOSICHEHUS sl pabOThI C MPOTPaMMON COJEpIKaTCs B
camMoii TporpamMme U TMOSBISIOTCS Ha JKpaHe MOHUTOpa MpH Haxkartuu kHomkw Help. [lns
BBITTOJIHEHHUSI ATOW TIPAKTHYECKOW palOoThl, TOCIE aKTHUBU3AIMH MPOTPaMMBI Ha TJIaBHOM
uHTepdeiice 1omKeH ObITh BBIOpaH pexxuM «VccrnenoBanue yCcTOHUUBOCTI.

Ha n300paxxennu ocumsmiorpada 3ahukcupoBad nepexoausiii mpouece CAY nmpuBogIOM CTaHKa,
KOTOPBIIl OTBEYaeT HMCXOJHBIM JIaHHBIM, MpPEJCTAaBICHHBIM B OKHax uHTepdeiica (ciesa).
BxonHo#l curnan cryneHyatoi (opMbl M300pa’keH JHMHHUEH 2, - NepeMelleHHe CynmnopTra —
muHued 1 Ha puc.3.4. BuaHo, 4to cuctema sBIseTCs YCTOMUMBOM U ee TMHAMHYECKOe KaueCTBO
MOJKET OBITh OLIEHEHO 10 KOMIJIEKCHOMY MOKa3aTet0, KOTOPbII pacCUUTHIBAECTCS 110 popMyIie:

ymax
A=Tmaxy 3.2
Ye (32)

24



rac ymax — MaKCHUMaJIbHasA BCIIMYMHA TNCPCMCIICHHUA CYIIIOpTa, yc — YCTaHOBHUBIICCCH
NepeMeIleHre CYMIopTa Mociie OKOHYAHUS MEePEeXOJHOro mporecca, t, — Bpems MepexoJHOro

npotiecca. Onpesenenne 3TUX BEIUYUH 10 Pe3ysibTaTaM 3KCIEePUMEHTa IT0Ka3aHo Ha puc.3.4.
mlﬂccnegosaﬂne ¥CTOHYMBOCTH M TOYHOCTH NpHEoaa MPC = |EI|5|

' MocnenosaHue YoToiuMBOCTH

(‘ WMccnegogaHue TOUHOCTH

JEMMATENE :I

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

Puc.3.4. Humepgeiic npuxkinaonoii npozpammaol

B cooTBercTBUM € 3ajaHMEM HEOOXOAUMO ITPOBECTH UCCIIEAOBAHUS 3aBUCUMOCTH KOMILIEKCHOT'O
moKaszaressi KadecTBa IEepPEeXOJHOro mporecca OT KodpduuueHTa mnepeaaydl yCHINTEIs-
npeoOpaszoBaresia. s ompeneneHus Avana3oHa BO3MOYKHOIO H3MEHEHHs Ko3(pduiueHra
HE00X0UMO, MOJIb3YysICh 3aBUCUMOCTBIO (3.1), mns 3amaHHbBIX 3HaueHud T, u Ty paccuurarb
MaKCHUMaJIbHO BO3MOXKHYIO BeTHYHHY (Kyn)max. [Ipy 3TOM yuuThIBaTh, 4TO 00IIMIT KO dUIHEHT
nepempaun CAY onpenensiercs o Gpopmyiie:

Hz;n
kO = kynkdkocg'

Breibpate  mar  u3MeHeHuss — KOO(QUIMEHTa  Mepefaud  yCHIUTeNs-npeoOpa3oBaTens
(pexomenayercss npuHATh mar 0.2(Ky)max) ¥ TOATOTOBUTH TAOIMIy SKCIEPUMEHTATbHBIX H
pacueTHBIX JTAHHBIX TaK, YTOOBI OXBATUTh MaKCUMAIbHO JTOMYCTUMBIA KOOPPUIMEHT TepeaayH,
OTIpeIeTICHHBIN MO0 3aBUCUMOCTH (3.1).
B tabnune 3.1 npeacraBnen npumep anst CAY ¢ UCXOTHBIMHU JaHHBIMH, COOTBETCTBYIOIIUMU
puc. 3.5. Pacuerom o (3.1) naxomum ko=383,3. CnenoBarensHo (Kyn)max=1158. Beibupaem mar
0,2-1158=232, cocTaBisieM TaOIHILy ¥ IPOBOIUM IKCIIEPUMEHTHI.
AKTHBHU3UPOBATh MPUKIAJAHYIO MPOTpamMMmy, 3aJaTh HCXOJHBIE JAaHHBIE B COOTBETCTBUU C
BapHaHTOM, BbIOpATh MEpPBOE 3HaUEHHE KOAPPUIIMEHTa epejaul yCUIUTeNs- npeoOpa3oBaTens
U BBINOJHUTH MOJEITHPOBAHHME NEpeXOoAHOro mpouecca. [lo ocmuwiorpamMme NPOU3BECTH
HEOOXOMMBIE U3MEPEHUS M 3alHCaTh PE3yabTaThl B TaOJMIy. BBIMOIHATE SKCTIEPUMEHTHI IS
BCEro BEIOpaHHOTO JUarna3oHa U3MEeHEeHUs KoduilneHTa.
PaccunTarh KOMIUIEKCHBIA IOKa3aTelb KadecTBa IS KaXJIOTO JKCIIEPHMEHTa M TIOCTPOUTH
rpaduk 3aBUCUMOCTH KOMILJIEKCHOTO TMOKazarenss 4 JWHAMHUYECKOTO0 KayecTBa CHUCTEMBI OT
ko3h¢unmenta nepeaaun Ky, ycumutesns-npeodpasosarens (puc.3.5). Ecium npu xakoM-mu0o
3HayeHuu kKoddpduuuenta nepenaun CAY okasplBaeTcsi HE YCTOWYMBONW — COOTBETCTBYIOLIEE
COOOIIIEHUE 3aM1CcaTh B TAOIUILY.

Tabnuya 3.1. Dxcnepumenmanvrvle u pacienmuvle OaHHbLE

Ne Kyn Ymax ‘ Ye ‘ tn ’ A
1390 CAY He ycToiiunBa
2 1158 97 \ 50 | 2440 | 47,30
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3 926 93 50 1,10 2,05

4 694 85 50 0,53 0,90

5 462 79 50 0,34 0,54

6 230 68 50 0,24 0,33
A

2,0 /
/
T
K

230 462 694 926 1158 Kk,

Puc.3.5. I'pagpuk 3a6ucumocmu Komniekcrnozo nokazamensn kayecmea CAY
om Ko3gpgpuyuenma nepedauu ycunumensa-npeoopazoeamesn
(30na Heycmoiuueoil padomel 3amemHena)
3aoanue
1. Ilo UCXOMHBIM JAaHHBIM, B COOTBETCTBUHU C BapuaHTOM (Ta0:;.3.2), MOCTPOUTH AUATPAMMY
YCTOMYMBOCTU CUCTEMBI TIO KpUTeputo ycronuuBoctu ['ypBuia (cm. puc.3.3). Onpeaenurb Mak-
CHUMAaJIbHO BO3MOXKHOE 3HAUeHHE KOdPPUIMEHTa TIepeaul yCUITUTENsA-IIpeoOpa3oBaTes U Moj-
TOTOBHUTH TAOJIUILY SKCIIEPUMEHTATBHBIX JaHHBIX.
2. Hcnonw3ys NpHUKIAJHYIO MporpaMmy, HHTepdeiic KOoTopoil mpencraBieH Ha puc.3.4,
MIPOBECTH CEPUIO IKCIIEPUMEHTOB U PE3YJbTAThI 3aMIUCATh B TAOJIHILY.
3. Ilo pe3ynbTaraM 3KCIIEPUMEHTOB MOCTPOUTH IKCIEPUMEHTAIBHBIN TpaduK 3aBUCUMOCTH U
MIPOBECTH €0 aHAIH3.
Tabnuya 3.2. Ucxoomnsie oannvie

[lepBas | Ycunumenw | Jeucamens | Bunm.napa | Brtopas | [Jeueamenv | Obp.ces3e
udpa T, ¢ Ko, pao/cB Hen, Mm dpa Ty, ¢ Koc, 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 npomoxona

B mporokone mnpencraButh cTpykTypHyto cxemy CAY, nuarpammy KauyecTBa, TaOJUIly
HKCIEPUMEHTAIbHO-PACUETHBIX JIaHHBIX, TIpadUK 3aBUCUMOCTH KOMILJIEKCHOTO IOKa3aTems
JUHAMHYECKOro KadecTBa OT KOd(pUIMEHTa Nepeadyd yCHUIUTENs-peoOpa3oBarensi, KOMUIO
uHTepdeiica ¢ 3aMMChI0 MEPEXOTHON XapaKTEPUCTHKH MTPU KaKOM-JIN00 3HaYeHUH Ky, BEIBOIBL.

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

lleﬂb paﬂombl: Hpu05pemeHue npakmu4yeCcKux HaeblKo6 OYEeHKU mo4YHoCmu cucmem
asmomamu4decKkoco ynpaesjiernust npu mecmuposanu no capmMorRu4ecKomy 6X06HOMy CUcHAY.
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Teopemuueckasn yacmso

Uccnenyercs CAY moBogoM, CTpYKTypHasi cXxemMa KOTOpOTro IpejactasieHa Ha puc.4.1. Buano,
yto CAY oTiHM4Yaercs OT pacCMOTPEHHOH B NMpaKTHYECKo pabdore No5 Tem, YTO yCHIIUTENb-
npeoOpazoBaTeNb MPEACTABICH He OE3bIHEPIIMOHHBIM 3BEHOM, a allepUOAMYECKUM |-T0 mopsika.

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

y

0
Ts+1 (T,s+1)s

k

en

A 4

A 4

K  le

oc

Puc.4.1. Cmpykmypnasn cxema uccieoyemoit CAY

Jlnst TakoW CHCTEMBbI BaXHBIM U MEPBOCTEIICHHBIM SBJISCTCS BOIPOC YCTOMYMBOCTH. [loaTomy
nepe] Ha4daJlOM OSKCIICPHUMCHTAJIbHBIX I/ICCJIeI[OBaHI/Iﬁ HeO6XOI[I/IMO ONpCaACINTL MaKCUMAJIbHO
JONyCTHMOE 3Ha4YeHue Kod(hduimenta K, mepenadd yCcHINTEIs-IPeoOpa3oBaress, MoJab3ysich
dopmymoit (3.1) ¢ ydeToM 3aBHUCHMOCTH JUISl ONpeneicHHs 00mero Ko3ppuienTa nepeaaan
MIOCJIEIOBATEIbHO COSIMHEHHBIX 3BeHbeB CAY:

kO = kykdkocksn '

rie Ken = H/I2 7— nepenatounas GpyHKIMs BUHTOBO# mapsl (H —1iar BAHTOBOM maphl).

Ilpakmuueckas wacmp
Jis  BeIMosHEHHWsT pabOThl MCIIONB3YEeTCs NpUKIaAHAs HporpaMma, HHTepdeic KoTopoi
npencraBieHsl Ha puc.4.2. Ilpuknaagnas nporpamma  «YcToWuuBOCTH TOYHOCTH CAVY»
HaxoauTcs Ha jaucke. MHCTpYKUMU W MOSICHEHUs A paboThl C MPOrpaMMoON cojaepikaTcs B
caMOil mporpaMMe W TOSBIISIOTCS Ha DKpaHEe MOHHMTOpa Npu Haxatuu KHomku Help. Jlns
BBINOJIHEHUS] 3TOW NPAKTUYECKOM paloThl, MOCie aKTUBU3ALMM IPOrpaMMbl Ha TJIaBHOM
uHTepdelice 1omKeH ObITh BEIOpaH pexxuM «lccienoBanne TOUHOCTHY.
Ha wuso0paxenun ocuwiorpada 3apukcupoBana peakuus CAY HOBOJOM cTaHKa, KOTOpas
OTBEYAeT UCXOJHOMY rapMoHuueckomy curnamny 50Sin30t — nuaus 1. AMIuMTyaa M 4actorta
BXOJHOIO CHTHajla 3aJaloTCsi B COOTBETCTBYIOLIEM OKoOIIKe uHTepdeiica. Cynmopt
OoTpabaThIBAaeT 3aJaHHBI 3aKOH JBM)KEHUS B COOTBETCTBUM CO CBOMMH JIMHAMHUYECKUMU
CBOMCTBAMM M B pE€3YJIbTATE MEPEMELIAETCS IO 3aKOHY, KOTOPBI COOTBETCTBYET JUHHUM 2, C
omnoKoi, n3oopakeHHoi nuHueil 3. CneayeT OTMETUTh, YTO U3MEPEHHUS IKCIIEPUMEHTAIBHBIX
3HaYeHUH Ha OocHMIuIOrpade MOMKHO BBINOJHATH TOJBKO MOCJHE 3aBEPIIEHUS MEePEXOIHOTO
pexuma paboTsl (cM. puc.4.2).
[Tocne ompeneneHUs MaKCHMaJbHO JAOMYyCTHMOro Koddouuuenta K, mepemauun ycumuTens-
npeoOpaszoBaresi, HOATOTOBUTh TAOJIMIly AKCIEPUMEHTAIbHBIX JAHHBIX, IPUMEpP KOTOPOU s
CAY c ucxonHbIMH JaHHBIMU IO puc.4.2 mpexncrasineH Huxke. [Ipeamonaraercs mposeneHue
TpeX Cepuil SKCHEPHUMEHTOB IPH CIEAYIOIIMX 3HAYCHUSIX KO3QPUIIMEHTa Niepeadyn yCUInuTeNs-
npeodpazoBareis: (Kyx)1=0,9(Kyn)max; (Kyn)2=0,6(Kyn)max; (Kyn)3=0,3(Kyn)max-

Tabnuya 4.1. Dxcnepumenmanvhvie OaHHble

Ne K pao/c Omax Ne K pao/c Omax 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 ONPEICNAeTCS JKCIEPUMEHTAIBHO TaK, YTOOBI MpU
(Kyn)1=0,9(Kyn)max MakcHMallbHOE 3HAYCHHWE ONIMOKW TNPHXOJUIOCh HA CpeJHee 3HAYCHUE
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YacTOThl, a IIar TMO3BOJISJI MPOJEMOHCTPUPOBATh TEHICHIIMIO HM3MEHEHHUs OIIMOKH B 00e
CTOPOHBI OT MaKCHMYyMa.

[Ipu BBIOOpE aMIUIMTYOBl BXOJHOTO CHTHAJ]Aa HEOOXOIUMO YYHUTHIBATH BO3MOXKHOCTh
pPETHCTpallii BCEX CHUTHAJIOB MPU YAacTOTE, COOTBETCTBYIOIICH MaKCHMyMy OIIMOKH.
Pexomennyercs ycranasnuBars A=20.

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

7 MecnsqoBaHHe YoTaliHEDCTH

(:. HccnegoBaHKe TOUHOCTH
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Puc.4.2. Humepdgheiic npuknaonoit npocpammeul 011 ucciedoganus mounocmu CAY

[To pe3ynbraTtam SKCIEPUMEHTOB (CM. Tabi.4.1) MOCTpoeHbI TpadUKU 3aBUCUMOCTH OIIHOKU OT
YacTOThl BXOJHOTO CHTHAJIAa Ui TpeX 3HaueHUH Kod(pPUIMeHTa Tepenadnd yCUIUTEIs-
npeoOpazoBarens (puc.4.3).

&nax

100 K, =417

80 / K
60 R / /\ \ k=278
ﬁ/ _

40

40 80 120 160 ®, padlc

Puc.4.3. I'pagpuku 3xcnepumenmanvHvix 3a6ucumocmeit

3aoanue

1. o ucXOHBIM JTaHHBIM, B COOTBETCTBUU C BapuaHTOM (Tabin.4.2), paccuutaTh MaKCUMaIbHO
JONYCTUMBINA KO3 PuIMeHT Ky, mepenaun yCuimTens-npeoopa3oBareis, 1 MOJArOTOBUTh TaOJH-
Iy 3KCIIEPUMEHTAIBHBIX JAHHBIX.

2. Ucnonb3ys NpUKIaIHYIO IpOrpamMmy, HHTepdeiic KOTopo MpeacTaBieH Ha puc.4.2, BEIOpaTh
JUana3oH U 1iar M3MEHEHHUs YacTOThl BXOJIHOTo curHana. [IpoBectu cepuio sKkCriepuMeHTOB (IU1s
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KaXJI0r0 3HaYeHHs Kod(duuueHTa mepemayd), 3amuchbiBas pe3yabTaThl B TaOMUILy, a 3aTeM
HOCTPOUTH I'PaMKH IKCIIEPUMEHTAIBHBIX 3aBUCHMOCTEH.
Tabnuya 4.2. Hcxoouvie oanmvle

IlepBas ko, Bropas | Han,

unr()bpa Tom, € pao/cB Toc un(ll))pa MM Ko
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 pacdeThl KO duIineHTa
nepeaud  YCHIUTENS-Ipeo0pa3oBarens, TaOJNHIy SKCICPUMEHTAIBHBIX JTaHHBIX, KOIIHIO
uHTepdelica TPUKIAAHOW  HporpaMMbl  JUIsl  KaKOro-JTMOO  AKCIIEpUMEHTa, Tpaduku
AKCIEPUMEHTAIBHBIX 3aBUCUMOCTEN. BBIBOBI.

IIpakTyeckas padora Ne5
OnpeaeneHue XapaKkTepUCTHK JIEKTPOMeXaHNYeCKOro pUBOa

lleflb paﬁombt: Hpuo6pemeHue NPpAKmMuU4YeCKUXx HaeblKO6 KOMNJIEKCHO20 UCCNIE008AHUSL CUCTNEM U
00bEeKMOo8 A8MoOMAMUYECKO20 ynpaeieHusl.

Teopemuueckasa uacmpo
Ha puc.5.1 npencrasiieHa 31€KTpOMEXaHUYECKAs CHUCTEMA — MPUBOJ BPALIAIOLIETO ABM)KECHHUS,
KOTOPBIM COCTOMT M3 AJIEKTPOJABHUratesss 1 IOCTOSHHOTO TOKa, PEeayKTopa 2 W Harpyskw,
HanpuMep, INUHAEN 3.

Puc.5.1. Cxema 31eKmpomexanuyecKoil cucmemol

YPaBHeHI/ISI ABWXKCHUS ABUTATCIIA ITOCTOSAHHOT'O TOKa IPH npeHe6pe>1<eHI/H/I SABJICHUSAMH BTOPOT'O
nopsaKka UMCCT BUA:

— I deeue + M

osue osue d t 17

(5.1)

e Mosue, I o6ue, {296u- — MOMEHT JBUKEHUSI, MOMEHT WHEPIIUU POTOPA U YIII0Basi CKOPOCTh
aBurarensi, M1 — MOMEHT Harpy3ku Ha Baily asurateis. C Apyroil CTOpoHbl, B COOTBETCTBHUH C
AIEKTPOMEXAHUYECKON XapaKTEPUCTUKOMN JIBUTATEIS:
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M ogue = k()U - kMQ (52)
rac k() — KO:)(b(i)I/IHHeHT IPONMOPHUOHATIBHOCTH MEXIY HAIIPSKCHUEM U 1 MOMCEHTOM JBUXKCHUA,

Ky — KOO PHUIHMEHT HAKIIOHA AJIEKTPOMEXaHUYECKON XapaKTePUCTUKH.
PenykTop MOKeT OBITh MPEACTaBICH OC3bIHEPIIOHHBIM 3BEHOM:

Q=0 k (5.3)

osuz’ " ped!

oeue

rie £2; — yriioBasi CKOPOCTh BBIXOJHOTO BaJia peayKTopa, Kpeo — K03 UIMEHT nepenadn.
B xoHeuHoM utore, ypaBHEHUE ABUKEHUS BaJla HATPY3KHU:

dQ
| A p([adt-[odt)+ M=o, (5.4)
rae M, I, €2 - none3Hblii MOMEHT, MOMEHT WHEPIIUHU U YIJIOBasi CKOPOCTh HArPY3KH, [3 -
KpYTUJIbHAS KECTKOCTh, A - KO3 GUIIUEHT BSI3KOro TpeHus. Takum oOpa3oM, ypaBHEHUE CBSI3U,

KOTOPOC MOKAa3bIBACT, HA UTO PACXOAYCTC IMOJIC3HAA YaCTh MOMCHTA JABUTATCIIA, UMCCT BU!
M, =k, B[ Qdt - [Qdt) (5.5)

[To mony4eHHOM MaTEeMaTHYECKOM MOJIEIIH, KOTOpasi COCTOUT U3 ypaBHeHHi (5.1-5.5),
MIOCTPOCHA CTPYKTYPHAsi CXeMa 3JICKTPOMEXaHUYECKON CHUCTEMBI (pHC.5.2).

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

Puc.5.2. Cmpykmyphas cxema 31eKmpomMexanuieckoil cucmemol

Ha cxeme ecth naBa BXOma: OJIMH IO YympapisiouieMy BoszaeWcTtBuio U, a BTOpod - 1o
Bo3myuieHnto M. He cmoTpst Ha To, 4TO MO MCXOAHOM cxeme (cM. puc.5.1) cucrema Kaxercs
pPa3OMKHYTOM, Ha caMOM JejJ€ OHa 3aMKHyTa ¢ OOpaTHbIMM IOTOKamH curHauos. Ilo
pa3paboTaHHON MaTeMaTHYeCKOW MOJENU 3JIEKTPOMEXAaHMUECKOro MOBOJAa MOXKHO NPOBOAMTH
Ipe/IBapUTENIbHbIE UCCIIEI0BAHUS C IIEJIbI0 ONPENEICHNUs XapaKTEepUCTUK, OLICHKH KadyecTBa U
BbIOOpa HEKOTOPBIX €ro mapameTpoB. Takol 3Tam MpeABapUTEIbHOIO MPOSKTHUPOBAHUS BCETia
JIOJIKEH MPHUCYTCTBOBATh MPHU pa3pabOTKe CUCTEM U OOBEKTOB aBTOMATHYECKOI'O YIpPaBJICHUS U
SBJISICTCS YPE3BBIYAHO BaXKHBIM, TaK KaK MMEHHO 3/IeCh OIpENeIsIIoTcs OOIue HalpaBiIeHUS
YAOBJICTBOPCHUA Tpe6OBaHI/I$[M TEXHUYCCKOTO 3aJaHUA U YIIYUIICHUA XapaKTCPUCTHK CUCTEMBI.
Hanpumep, HM3BECTHO, YTO MNEPENAaTOUYHOE OTHOUIEHHE PENYKTOpa CYLIECTBEHHO BIMSET Ha
JUHAMHUYCCKUC XAPAKTCPHUCTHUKU OJICKTPOMECXAHUYCCKOTO IMPHUBO/JA. OHeHKa MNEPEXOAHBIX
XapaKTEePUCTHK CHCTEMbI, MPEACTaBICHHOW pa3pabOTaHHONH MaTeMaTHMYecKOW MOJIeNbo, MpU
pa3HbIX 3HaYEHUSIX KOd(pdUIIMEHTa epeadu peyKTopa MO3BOJISET PEIIUTh TaKylo 3a1a4y.

Ilpakmuueckasn uacmp

Jns  BeImosHeHHWsT pabOThl MCIONB3YeTCs TNpUKIAAHAs MporpaMma, HHTephelc KoTopoii
npenacrabied  Ha puc.5.3. IlpuknagHas mnporpamma «IJEKTPOMEXaHUYECKask CHUCTEMay
HaXOJUTCS Ha AUCKE. SIIpOM 3TOM IpOrpaMMBbl CIIY>)KUT COCTaBJIEHHAs BBILLIE MaTEMaTHYECKas
Mojieb. IHCTpYKIIMM U OSICHEHUS TSl pabOThI ¢ TPOrpaMMOil cofiepaTcsi B caMoil iporpamme
U TOSBJISIIOTCS Ha 9KpaHe MOHUTOpA MpH HakaTuu kHonku Help.
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Ha wuzobpaxxenun ocuwiiorpaga (puc.5.3, a) 3adukcupoBaH HpolecC M3MEHEHHs YIIIOBOU
CKOPOCTH Harpy3ku (MTMHMA 1) mpu pasroHe M NpH M3MEHEHWH MOMEHTA IIOJIE3HOW HAarpy3Ku
(JiuHMS 2) IO CTYNEHYaTOMY 3aKOHY.

BeImonHss Takue SKCIEPUMEHTHI NMPH Pa3HBIX 3HAUCHHAX HANpPSDKEHHUS THUTAHUS JBUTATEN,
MOYKHO MTOCTPOUTH CTATUYECKUE XaPAKTEPUCTUKU FIEKTPOMEXaHUYECKOTO TIOBO/IA: 3aBUCHUMOCTD

YIII0BOM CKOPOCTH HArpy3KH OT IIOJIE3HOT0 MOMeEHTa (puc.5.4, a).
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Puc.5.3. Humepdgheiic npuknaonoit npozpammeul npu
onpeodeneHuu cmamudeckux xapakmepucmuk (a) u pe-
3YIbMamupl MOOEIUPOCAHUS NPU OnpedeneHuU OUHA-
MUYECK020 Kauecmaea:

0)—kp=01;6)-kp=103;2) -kp=0,8

r)

Jns omnpeneneHus ONTUMAJIbHOTO MO OBICTPOJEHCTBUIO KO3(DHIMEHTa Mepenayn peryKTopa
MIPOBOJUTCS CEpHUsl IKCTIEPUMEHTOB, MTPH KOTOPBIX (PMKCUPYETCs EPEXOAHBIN Tporece (pa3roH
NPUBO/IA) MPH BCEX €ro HEM3MEHHBIX MapaMeTpax, HO JUIsl pa3HbIX 3HAa4eHUH Kod(pduimeHrta
nepeaauu peaykropa (puc.5.3, 6, B, I).

[To pe3ynpTaTaM 5KCIIEPUMEHTOB MOCTPOEHBI TpapUK 3aBUCUMOCTH JUHAMUYECKOTO KadecTBa,
KOTOpOE Ompenensercd M0 KOMIUIEKCHOMY Iokazarento (cmotpu Qopmyny 5.2), oT
kodduurenTa nepeaaun penykropa (puc.5.4, 6). Ilpu BBIIOTHEHUH 3KCIIEPUMEHTOB JaHHbIE
yIOOHO TpPEACTaBIATh B TabiW4yHOW ¢dopMe, a TOTOM CTPOUTh HEOOXOAMMBIN Trpadux
3aBHCUMOCTH KOMIUIEKCHOTO MoKa3aTelns A oT Ko dHuIMeHTa rnepeadyn peayKkropa.
Ornpenenenne HEOOXOIUMBIX JJi pacuera o Gopmyse (3.2) mapameTpoB MokazaHo Ha puc.5.3,
0. BugHo, 4TO onTHMaNbHOE 3HAYCHHUE KOI(PQUIMEHTa mMepenadu, mpu Kotopom A—min,
paBusiercst 0,3. Ilepexomnblii mpoliecc MpuU TakoM 3HaYeHUW Kod(PuIMEeHTa TMepeaadn
peyKTopa NpeCTaBiIeH Ha OCIIuIorpaMMe puc.5.3, B.
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Puc.5.4. I'pagpuxu 3xkcnepumenmanbHbvIX 3a6UCUMOCHIEIL:
a) — cmamuyecKue XapaKmepucmuku; 6) — OUHamMuyecKas XapaKmepucmuKka

3aoanue
1. Ilo ucxogHbIM JaHHBIM, B COOTBETCTBUU C BapuaHTOM (Tabi.5.1), onpenenuTb cTaTUYECKue
XapaKTEPUCTUKH 3JIEKTPOMEXAaHUYECKOIO MOBOJAA Ul pa3sHbIX 3HAYCHUH HaNpsIKEHUS MUTAHUS
JIBUTATENII U TIOCTPOHUTH COOTBETCTBYyoIMe rpaduku. ([nanazoH W3MEHEHUs HaNpPsOHKCHUS
olpeeNseT NpenojaBaresb).
2. IlpoBecTH cepuI0 3KCIEPUMEHTOB IO MOJECIMPOBAHUIO MEPEXOAHON XapaKTEPUCTUKU IPU
pasHBIX 3HAa4YeHHSX Kodhduuuenta K, mepemadd peayKTopa, BBIIOJHUTH HEOOXOIUMbIC
U3MEpPEHUs], PacCUNTaTh KOMIUIEKCHBIM MOKa3aTellb A U MOCTPOUTHh COOTBETCTBYIOIIMN rpaduk
IS OTIPEZICIICHHSI ONTUMAIBHOTO 10 OBICTPOACHCTBHIO KO duireHTa K.

Tabauya 5.1 Ucxoouwle oannvle

[epBas ly Ko Ko Ky Bropas I Yij A

nudpa Krm2 Hwm/B | Hwmc/pan uudpa KIM? Hwm/pan | Hmc/pan
0 0.004 0.50 0.63 0.1 0 0,20 1000 0.15
1 0.006 0.48 0.70 0.2 1 0,30 500 0.17
2 0.008 0.35 0.52 0.3 2 0,05 740 0.09
3 0.010 0.25 0.45 0.4 3 0,08 600 0.11
4 0.012 0.55 0.85 0.5 4 0,10 520 0.19
5 0.014 0.52 0.91 0.3 5 0,12 860 0.12
6 0.016 0.32 0.65 0.1 6 0,18 960 0.14
7 0.018 0.28 0.54 0.2 7 0,22 640 0.13
8 0.020 0.42 0.58 0.3 8 0,14 1200 0.07
9 0.022 0.30 0.43 0.5 9 0,16 1100 0.09

Cooepicanue npomokona

B mporokosne mpenctaBUTh CTPYKTYPHYIO CXEMY JJIEKTPOMEXAHWYECKOW CHUCTEMBbI, TaOJIUIIBI
DKCMIEPUMEHTAJbHBIX JaHHBIX, COOTBETCTBYIOUIUE TpadUKH CTATUYECKUX XapPAKTEPUCTUK U
rpaguK 3aBUCUMOCTH KOMILJIEKCHOTO TTOKa3aTelss JUHAMHUYECKOTO KadecTBa OT K03 ullreHTa
nepesay peyKTopa, Komnuw uHTepdeiica mpukiIagHOW IporpaMMBbl C MIEPEXOAHBIM MPOIECCOM
MpU ONTUMAJIBHOM I10 OBICTPOJCUCTBHUIO 3HAUYCHUHM KOIPPUIIMEHTA TMepefadyn peayKTopa.
BriBoapbl.

IIpakTyeckas padora Ne6
OmnpeneneHue XapakTepUCTHK IMIPOMEXaHHYECKOr0 NPUBOAa

HeJlb paﬁombl: Hpuoépemeﬁue npakmu4eCcKux HaeblK06 KOMNJIE€KCHO20 UCCNIE008AHUS CUCTNEM U
00bEeKMOo8 A8MoMaAmMuUYecKo20 ynpasierusl.

Teopemuueckasa uacmpo

Ha puc.6.1 npencraBnena rujpoMexaHnyeckas CUCTEMa — MPUBO/T MOCTYMATEIbHOTO IBUKEHHUS.
[IpuBOA COCTOUT M3 TUAPABIMYECKOTO HUIUHApPA |, IITOK KOTOPOTO CBSI3aH C CYHNIOPTOM 2
(Harpy3koW) MEXaHMYECKOW CBS3BIO C IKECTKOCThIO c¢. CymmopT mnepeaBuraercs 1o
HATPABISAIONIUM 3, KOTOPBIE XapaKTepU3YIOTCs KOd(D(PHUIIMEHTOM BSI3KOTO TpeHHS A, a CKOPOCTh
perynupyercs ruapaBindeckuM apocceneM 4. Takum oOpa3om, cucTeMa UMEET YIMPaBIISIOMINN
BXOJ1 (OTKPBITHE X IPOCCENIsI) U BO3MYIICHUE — CHITY MOJie3HON Harpy3ku F. [lensio ympaBieHus
SIBIISICTCS TIEPEMEIIIEHHE CYIOpTa ¢ 3aaHHOM ckopocThio dy/dt o koopauHare Y.
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Puc.6.1. I'uopomexanuueckas cucmema

JIBI>KeHHe CymnmopTa MOXKeT ObITh onrcaHo AuddepeHnnanbHbBIM ypaBHEHHEM BTOPOTO
HOpsIKa:
2

d
3/+/1—y+c(y—yl):F, (6.1)
dt dt
rae M — Macca cynmnopra; A - ko3h(UIHUEHT BA3KOro TPeHHsl; Y — mepeMelieHne Maccol; F —
IMOJIC3HAs HArpyska.
['upaBnuyeckuil MWIMHAP € MOJIE3HOM MI01aAbto P mopiiHs A0KEH ObITh IPEACTaBIIEH
ABYMS YPABHCHUSAMU, KOTOPBIC OTBEYAOT KHHEMATUYCCKOMY U CHUJIOBOMY B036Y)K,I[6HI/IIO.
[TepBoe ommchIBaeT NBIKEHUE 110 pacxoay Q Macia yepes MIIHHIP:

m

Y, =] %dt, (6.2)
a BTOpPOC — UIBMCHCHHUEC NaBJICHHUA B IIOJIOCTH!
I:1
-1 (6.3)
P, P

Pacxon mMacina yepe3 Ipoccenb 3aBUCHT OT OTKPBITHSI JPOCCETUPYIOLICH IIENU U TIepernaa
JIABJICHUS HA HEW:

Q = ukx

rae (1 — ko3 UIHEHT pacxo/a Yepe3 APOCCETUPYIOIYIO Melb, K — K03 durmeHTt

(6.4)

IPONOPUHMOHAIIBHOCTH MEKAY IJIOIAJABIO IIECIIA M OTKPBITUEM X IPOCCEIIs, po — JAaBJICHUC JINHUHN

[MUTaHuA, O — yI[eJ'ILHLIﬁ BCC Macijia.
K matemarnueckoi MOACIN HeO6XOI[I/IMO HpI/I6aBI/ITB YPaBHCHHEC CBA3U:

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

[To momyuyeHHOH MaTeMaTHYeCKOW MOJENN, KOTOpas COCTOMT U3 ypaBHeHud (6.1-6.5),
MOCTPOCHA CTPYKTYpHas cxeMa THUIpOMEXaHHuecKoil cuctembl (puc.6.2). Ha crpykrypHOit
CXEMe eCTh JIBa BXOJIa: OJIMH IO YIPABIISIONIEMY BO3JICHCTBHUIO X, @ BTOPOU IO BO3MYIICHHIO F.
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Puc.6.2. Cmpykmyphnasn cxema 2uo0pomexanudecKkoll Cucmemol

v

A

Hpoccenp Ha BXOA€ CXEMbl IMpEACTaBICH JBYMS [EPEAATOYHBIMH  (DYHKIHUSIMH C
JMHEapu30BaHHBIMU K03 duimeHTaMu nepenauu Koy — 1o ynpasisitonieMy Bo3aeicTBHIO X U Kop
— mo mepenaay aAasieHusa. [Ipu MojenupoBaHMM CHUCTEMBI C MPUMEHEHHEM YHUCIIEHHBIX
ITOPUTMOB MOKHO HCII0JIb30BaTh IEPBUYHYIO HEJIMHEHHYIO 3aBUCUMOCTH (6.4). IlocTossHHbBIE
BpPEMEHH TIepeIaTOuHON (QYHKIMH HArpy3Kd B cOOTBeTCTBHH ¢ (6.1) paHstoTes: T12 = m/c, T2 =
Alc. 3nech, Kak M ISl AJIEKTPOMEXaHUYECKOTO MOBOJIa, MOYXKHO KOHCTATHPOBATh 3aMKHYTOCTb
CUCTEMBI, KOTOpasi, TEM He MeHee, He sBiseTcs CAY.

Pazpaborannass maremMaTHueckas MOJeNb MO3BOJSET Ha JTalne  MNpeIBapUTEeILHOTO
MPOEKTUPOBAHUS TPOBOAUTH HCCICNOBAHUS C LETbI0 ONpEJCNICHUs BIUSHUS I[MapaMEeTPOB
NpUBO/Ia Ha IUJIABHOCTh JBM)KCHHUS, OICHKH KauecTBa YIPAaBICHUS ¥  BO3MOXKHOCTH
COTPOTUBIICHUS BHEIIHEH Harpy3ke u T.N. B 3aBHCHUMOCTH OT jkeJlaeMoro Juara3oHa CKOpocTei
JBWDKEHUSI paboyero opraHa MOXKHO NPaBHIIBHO BBIOPATh COOTHOIICHHUE: JABICHHE IMUTAHUS —
reOMEeTpPUUECKHUEe MapaMeTphl APOCCessi, YTO SBJSIETCS BaXXHOW 3aqadeld, OT pelieHHsl KOTOpPOu
OyAyT 3aBHCETh SHEPrETHUECKUE ITOKA3aTENN TIOBOJIA B LIETIOM.

Ilpakmuueckan wacmp
Ha puc.6.3 mnpexacraBnen uHTepdeic NPUKIATHOW MpOrpaMMmbl, KOTOpas MOJAEIUPYET
ruipoMexaHudeckyro cucremy. Ilpuxmagnas mnporpamma «['HapoMexaHHuYecKas CUCTEMay
HaXOJWUTCS Ha JUCKE. SIApoM 3TOi MporpaMMsbl sBJISETCS MPEICTABJICHHAs BBILIE HEJIWHEHHas
MaTeMaThyeckass MOJelb, KOTOpas YYWUTHIBA€T HEJIMHEHHYI0 3aBUCUMOCTH (6.4) Kpome
HEJIMHEHHOCTEeH!, OMMCAaHHBIX B TeopeTndeckoi yacTu. Ko puumuenTsl Moaenu paccunTaHbl s
ceayromumX ueXoaHbIX AaHHbX: £=0.9, p~900 kr/m®. UHCTpYKIMY ¥ MOSCHEHHUS s PabOTHI ¢
IpOrpaMMoOil cojiepaTcsi B caMOW MpOorpaMMe U MOSBJSIOTCS Ha SKpaHe MOHHUTOpa IpHU
Ha)kaTuu kHonku Help.
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Puc.6.3. Humepdgheiic npukiaonoit npozpammot Mooeauposanus
2UOPOMEXAHUYECKOTL CUCHEeMbL

Ha wn3o6paxxkenun ocummiorpaga (puc.6.3) cKOpocTh ABIKEHHs pabodyero opraHa o0o3Ha4YeHA
JUHHUEN 1, CKOpOCTh JBUKEHUS IITOKA TMAPABIMYECKOIO IUIMHJIpA — JMHHEH 2, a JUHHUS 3
COOTBETCTBYET BHCIIHEH Harpy3ke — cuiie, KOTopas MPHKIAJbIBacTCI K pabodyemy oprasy.
3aduKkcupoBaH IMKJI YOpPABIEHUS, COCTOALIUN M3 CIEAYIOLUIUX JTAroB: JBUKEHHE BIIEBO
(oTpunaTenbHasi CKOPOCThb) K JIEBOMY YIIOPY, JBMIXKEHHE BIPABO JI0 OKOHYAHHS MEPEXOIHOTO
mpolecca 1 MOTOM BHE3AIHOE MPUJI0KEHUE CUITbI HATPy3KH, ABHKEHUE K ITPAaBOMY YIIOPY.
AHanM3 OCHUIUIOTPaMMbI TIOKA3bIBACT, YTO MPU U3MEHCHHH HAIPABIICHUS JIBIKEHUS B CHCTEME
MPOUCXOIUT HEPEXOIHBIA MPOIECC, KOTOPBI COMPOBOXKIACTCA 3aTyXalOUIMMHU KOJIeOaHUSIMU,
KaK CKOpPOCTH pabouero opraHa, TaKk U CKOPOCTH IITOKA THUIPABIMYECKOTO MHIWHApA, a
U3MEHEHHE CWJIbl Harpy3ka, KpOMe TEepeXxOJHOr0 TpOIecca, BbI3bIBAET YMEHbILICHUE
(aKkTUYECKOW CKOPOCTH ABMKEHHS pabouero oprana (BenmumHa oV Ha ociunmiorpamme). [Ipu
YBEJIMYEHUH CHJIBI CBEpPX OINPEACNCHHOW BEIMYMHBI MOXET MPOUZONTH JBUIXKEHHE B
MIPOTUBOIIOJIOKHOM OT >KE€JIAEMOT'0 HaIlPaBJIEHUHU, TO €CTh MAacJIO OyJIeT BHITECHATHCS U3 MOJIOCTH
TUPABIMYECKOTO IIMIUHIPA.

BoITioNHSAsST TakWe SKCIEPUMEHTHI IMPU Pa3HBIX 3HAYCHUSX CHIIBI COINPOTUBIICHUS, MOXHO
MOCTPOUTH KaK JWHAMUYECKHE XapaKTePUCTUKH 3aBHUCUMOCTH NEpeperyIrupOBaHUsl, 3aTyXaHUs
3a TIEPHOJI OT APAMETPOB CUCTEMbI, KOTOPbIE U3MEHSIOTCS, TAaK U CTATHUYECKUE XapaAKTEPUCTUKH
3aBHCHUMOCTH CKOPOCTHU ABMXKEHUS OT CUJIBI MTOJIE3HOM Harpy3ku (puc.6.4).
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Puc.6.4. Cmamuueckasn 3a6ucumocmey cCKOPOCIU O8UNCEHUSA OM NOJIE3HO HAZPY3KU

3aoanue
1. ITo ucxogHbIM JaHHBIM, B COOTBETCTBUHU C BapuaHTOM (Tabi.6.1), onmpenenuTb cTaTUYECKue
XapaKTEPUCTUKU TMJIPOMEXAaHHMUECKOro MPUBOJA (3aBUCUMOCTh CKOPOCTH pabodero opraHa ot
CHWJIBI TIOJIE3HOM Harpy3Ku) AJis pa3HbIX 3HAUEHUH JaBJICHUS MUTAHUS TUAPABINYECKON CUCTEMBI
U TIOCTPOUTH COOTBETCTBYIOLIMHA rpaduk. ([InanazoH u3MeHEHUs AaBJICHHs ONpeessieT Ipeno-
JlaBaTellb).
2. Onpenennuts AUHAMUYECKUE IIOKA3aTEIM T'MAPOMEXAHWYECKOIO IPHUBOJA: OTHOCUTEIBHOE
NepeperynupoBaHue U 3aTyXaHue 3a IepUo.

Tabnuya 6.1 HUcxoouvie oanmvie

[NepBas k, Po, P, Bropas c, A, m,
ugpa MM MlIla cm? 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 nportokone mnpeacTaBUTh CTPYKTYPHYIO CXEMY HCCIEIyeMONH CHCTEMbl C HMCXOJHBIMU
JaHHBIMU, TaOIHIBI SKCIEPUMEHTANBHBIX JAaHHBIX, TPaQHUKU CTATUYECKHX XapPaKTEPHUCTUK,
JTUHAMHYECKHE I[I0Ka3aTeld KadecTBa IEPEeXOJHOM XapaKTepUCTHUKU THIPOMEXaHHYECKOTO

IIPUBOAA.

IIpakTyeckas padora Ne7
Onpenenenune xapakrepuctuk CAY npomosibHO nogayeii mpu TOYeHUH

lleflb pa60mbt: Hpuo6pemeHue npakmu4ecKux HaeblkO06 KOMNJIEKCHO20 UCCNIe008AHUA CUCTNEM U
00bEeKMo8 A8MoMAMUYECKO20 ynpaeieHusl.

Teopemultecmm yacmo

Haubonee pacnpoctpaneHHbIN B MeTaiooopadoTke Tum 3aMKHYTBIX CAY — 310 CAY,
IpeHa3HaYeHHbIE JJI1 aBTOMATUYECKOT0 PEryJIMpOBaHUs Mpoliecca pe3aHus 3apaHee

YCTaHOBJIEHHBIM 00pa3oM. Takue CUCTeMbl MOT'YT IPUMEHSATHCS KaK 7Sl CTa0MIH3aIiH
3a/laHHBIX BBIXOJ/HBIX IAPaMETPOB MIPOLIECCa PE3aHMSI, TaK U JJI UX U3MEHEHHUS B LIUKJIE
00paboTKu 1o onpeseneHHoMy anroputmy. Hanbonee nenecooOpa3zHo UCIONb30BAaHHE TAKUX
CUCTEM Ha 3aKJIIOUUTENbHBIX, (PUHUIITHBIX ONEPALUIX TEXHOJIOTHYECKOTO Mpoliecca.
[Tpu mexanuuyeckoil 0O6paboTke pe3aHueM TOYHOCTh OOpabOTKH, B OCHOBHOM, OIpElesieTcs
YIPYTUMH Je(POPMALUIMU TEXHOJIOTHYECKOH CHCTEMBI, KOTOpPBIE, B CBOIO OUYEpPEllb, 3aBHCAT OT
cunbl pezanus. [loaTomy cuctema aBTOMaTH4eCKOW CTaOWMIM3allMU CHUIIBI Pe3aHUsl Ha 3apaHee
3a/laHHOM YpOBHE WJIM MIPOrPaMMHOTO PETYJIMPOBAHUS €€ 10 33JaHHOMY 3aKOHY MO3BOJISET MO-
BBICUTh TOYHOCTb OOPa0OTKU M 3HAYUTEIBHO YIYUIIUTh KAYeCTBO MOBEPXHOCTH JIeTalIeH.
CAY craOunuszanuu cuibl pe3aHus Npu ToYeHUHU (puc.7.1) CMOHTHPOBAaHA Ha TOKAPHOM CTaHKE
Y COCTOUT M3 MPUBOJA MOJaYM U U3MEPUTEIBHOIO ycTpoiicTBa. M3MepuTenbHas 1iens peannso-
BaHa C TMOMOUIBI0 TUHaAMoMeTpudeckoro mpeoodpazosatens I, koToperit yepes ycwiurens Y
oOecrieunBaeT curHain oopatHoit cBsa3u Uy, mponopuroHanbHbIi cocTaistomeit P, cuibl pesa-
Hus. I[lpuBox momaum coctouT u3 ycuiurens-npeoOpazosatens YII, aBurarens mocTOSIHHOTO
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Puc.7.1. @ynxkyuonanvuan cxema CAY cmabunusayuu cunvl pe3anus

npu modenuu

CAY ¢dyskmmonupyet cienyronmMm obpazoM. Ha BX0oJ CHUCTEMBI, K CpaBHUBAIOIIEMY YCTPOM-
CTBY moctymnaer curHai U,, KOTOpPbIii COOTBETCTBYET TpeOyeMOMY 3HAYCHHIO CHJIBI PE3aHUs B
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omnpeneneHHoM MacmTabe. Ha BTOpoii BXoa cpaBHHBAIOLIETO yCTpoicTBa moctymnaer curHai Uoe,
BbIpabaThIBaeMbIi THHaMOMeTpuiYeckuM npeodpazosatenem Il u ycunurenem Y. Takum o6pa-
30M HanpsbkeHue U,e MpONOpLUOHAIBHO pealbHOMY 3HAUEHUIO0 CHiIbl pe3aHus. OmunOka
oU=U,-U,. nmoctymaer Ha BXoj ycmiutes-ipeoOpazoBarens YII, KoTopbiii BbIpabaThIBacT
Hanpspkenue Uy nuranus nsurarens . [Isurarens /1, uepes penykrop P onpenenser BenuuunHy
MPOJOIBHOM MO/IaYM TaK, YTOOBI CBECTH OIMOKY K MUHUMYMY.

Kak ynpansiembiii 00bekT B CAY Bxoaut mpouecc pezanusi IIP, KOTOpbIii MPOUCXOAUT B 3a-
MKHYTOH TEXHOJOTUYECKOH 00pabaThIBaIOIIEH CUCTEME.

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

TV)’I d Uo
Todt

HO €ro XapaKTepPHCTUKa HeITMHCWHAs THIIA
“nacermenus’” (puc. 5.34):

U,=k, U, e <

+U, =k, J, (7.1)

Puc. 1.2. Xapaxmepucmuka ycunu- U,=U_., e =g
mena-npeodpazagamens
rae Kyn, Tyn — KOOGUIMEHT yCHIICHHS M TIOCTOSHHASE BPEMEHH yCHIINTENA-TIPeoOpa3oBaTes;
Umax — HanIpsDKEHUE HACHITIICHUSI.
JIBuraTesb MOCTOSHHOTO TOKa ONUChIBaeTcs JuddepeHnnaIbHbIM ypaBHEHHEM BTOPOTO HOPAa-
Ka:
2
TT, ddtajo +T, ddat’g +o,=kU,, (7.2)

rae Ko, Ty, Ty - kK03 DULUCHT Iepeiaun, IOCTOSHHBIC BPEMEHHU (JISKTPOMArHUTHAS U MEXaHHU-
YyecKasi) JIBUraTes.

Penykrop, TeH30METPUYECKUI TUHAMOMETP U 3JIEKTPOHHBIN YCHIINTEb ONUCBHIBAOTCS JIU-
HEHHBIMU YPAaBHEHUSIMHU, KOTOPbIE COOTBETCTBYIOT O€3bIHEPLIMOHHBIM 3BEHbSIM € KO3 PUIEH-
tamu riepeaadn: Ky, Kon, K;.

OxBuBajeHTHbIE ypyrue cuctemsl (Y C) o coOTBETCTBYIOUIMM OCSIM KOOPAMHAT MOTYT OBIThH
npezcTaBieHbl TuddepeHnaTbHbIMU YPaBHEHUSIMU BTOPOTO MOPSAKA, KaK JUIs OJTHOMAaCCOBBIX
CUCTEM:

2
P :md 5X+/1d5x+05x;

" dZt2 dt  ~

d oy +A doy +C, 0y,
dt’ dad '’

rae M— macca cynmnopra; A - KoapGUIUEHT BSI3KOro TpeHus (Cuila TPEHUs MPONOPLUUOHAIIbHA

CKOPOCTH); Cx, Cy — JKECTKOCTH 110 COOTBETCTBYIOIIEH KOOPIUHATE.

[pouecc pezanust ITP MoxeT ObITh IPECTABIEH YPaBHEHUEM, CBSI3bIBAOIUM (DaKTHUECKHE Be-

JMYWHBI TOAa4H Sy 1 TTyOuHBI Hy pe3anus ¢ coctasmstoniet P; cuisl pe3anus:

_ P QY np
P=C,H/S;V", (7.4)
rae Cp, Xp, Yp, Np — dMIUpHUecKre KodPPUIIMEHT U MTOKA3aTENH CTENEHH, V — CKOPOCTh PE3aHUs.
BHOK FC BBIITOJIHACT OHepaHI/II/I B COOTBETCTBHUU C reOMeTpI/IquKI/IMI/I COOTHOULICHUAMU Me)KHy
COCTAaBJIAKOIIIUMU CHUJIBI pe3aHI/I$I:
2
(0.6P))

P = , P =Pt ; 75
y 1+tg2(¢+77) X y g(¢+77) ( )

I7Ie @ — IJIaBHBIA yroJl B IJIaHE pe3lia, 77 — YIoJl CX0/1a CTPYKKH.

(7.3)

Py:m
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C yueTom npuBeeHHBIX BbIlIe ypaBHeHUH (7.1-7.5) u cBs3el GyHKIMOHATIBLHON CXEMBI 110 PUC.
5.30, maTemaTr4eckyro Mozaenb Becert CAY Hago0 IOMOIHUTH CIEAYIOMMMHU 3aBUCUMOCTSIMM:

oU=U -U_;
S,}:a)okp;
dox
1§ =S ———: 7.6
[/ 3 dt ( )
\Uac:cSy-k(m-ky;

Takum oOpazom, craOWiau3alyst CHIBl pe3aHus Ha TpeOyeMOM YpOBHE, KOTOpPBIH B
OIpe/IelIEeHHOM Maclitabe OTBedaeT 3aJaHHOMY HamnpsbkeHuto U; Ha Bxone CAY, mpoucxoaur
[I0 CYET YNPABJICHHUS NPOJOJBbHOM noxaded. lIpum ToueHmm peranu, NPUIYCK KOTOPOH
U3MEHSETCs, PperyJupoBaHUE I[0Ja4d JOJDKHO HPOMCXOIUTh TakK, 4TOOBl CHJIa pe3aHus
OCTaBaJlaCh TOCTOSSHHOW Ha Bced anmuHe o0paboTku. Ho kasectBo paboter CAY nenukom
3aBUCUT OT €ro IapaMeTpoB, a TaKXKe OT MapaMeTpPOB TEXHOJOIMUEcKoW oOpalaThIBaromien
cuctemsl (TOC) rae umeHHO U peanusyercs npouecc ToueHud. [loatomy BakHelel 3anaueit
OpU NPOEKTHUPOBAHUU CHUCTEMbI SIBISETCS IpaBWIbHBIA BbIOOp €€ mapaMeTpoB, a Ipu
JKCIUTyaTallMM — OLIEHKa KayecTBa B 3aBUCUMOCTH OT napamerpoB TOC, KoTopble B JaHHOM
ClIydae sIBJIAIOTCS BO3MYIICHUSAMM.

Ilpakmuueckas uwacmp

Ha puc. 7.3, a npexacrarieH uHTEepdElc MPUKIAJTHON MPOTrpaMMBI B KOHIIE MOJCITUPOBAHUS
npolecca cTabuiM3aluy CUIbl Pe3aHus MPU TOUYCHUM CIIELUAIbHO MOATOTOBJIEHHOW JeTalu ¢
HEPaBHOMEPHBIM IPHUITYCKOM, KOTOPYIO MOKHO YBHJEThb Ha DKpaHE B Hadalleé MOJCIMPOBAHUS
(puc.7.3, ©). Ilpuknannas nporpamMma «CAY craOuin3anuu_CWIbl Pe3aHus» HAXOAUTCA Ha
JIVICKE.

SnpoM 3TO# mporpaMMsel CIYXKHT MpeJICTaBlICHHAas! BBIIIE HEIMHEHHas MaTeMaTHyecKkasi MOJIeb,
a MHCTPYKIIMHU U TOSICHEHUS [T pabOTHI ¢ MMPOrpaMMOM COJIEpIKATCsl B CaMOi TIporpaMMe U To-
SBJISIIOTCS] HA 9KpaHe MOHHUTOpa MpU Haxatuu kHonku Help B mose riaBHoro unrepdeiica. I1po-
I[IECC PE3aHusl OTBEYAET CIEAYIOIIMM TapameTrpaMm: KOd(pGHUIIMESHT U MOKa3aTeIl CTENeHN CHIIO-
Boif 3aBucumoctu C,=3000, x,=0.9, y,=0.75, n=-0,1.

[TonydeHHbIE XapaKTEPUCTUKNA W3MEHEHHs TPOJOJIBHON MOJA4Yd W COCTABISIOMEH P; CHITBI
pe3aHMs IO3BOJIAIOT HAalWTH M OLEHUTh BCe HEOOXOIMMBbIE MapaMeTpbl KayecTBa: TOYHOCTh
perynupoBaHus, OBICTPOICHCTBHE, CKIIOHHOCTD K KOJICOAHUSM H T.II.

Ha ocuumnnorpacge untepdeiica (puc.7.3, a) 3apuxkcupoBa nporecc peryiupoanust (muuus 1 —
cocraBisitomasi P; cuibl pezanusi, TMHHA 2 — MpoJOJibHas mojada S). ITockombky mporecc
HAuMHAeTCs ¢ MOMEHTa IO/BEJCHMs pe3lla K 3aroTOBKE, TO 3[eCh Iojaya JAOCTHraeT cBOeH
MaKCHUMaJIbHO JOMyCTUMON (TI0 XapakTepUCTHKaM MPHUBOJAA) BENIWYHMHBI. Jlamee mpowmcxoaut
ABTOMATHUYECKOE PEryJMpOBaHUE C IENbI0 CTAOMIM3AIMM CHJIBI pe3aHUsl — MpPHU YBEIMYCHUU
CHUTBI TT0JIa4a YMEHBIIIAETCSI, TPU YMEHBIIICHUH - YBEITMUNBACTCS.

AHanu3 Tmporecca peryjiMpoBaHUS MOXHO TMPOBECTH IO YBEJIWYEHHBIM (parmMeHTam
ocrutorpaMmbl (puc.7.3, B). Ctabunuzamus BBITOJHIETCS 0 MEPEXOTHON XapaKTEPUCTUKE C
napameTpamu: Bpems t, mepexoJHOro mporecca, MakCUMaibHasi BETMYMHA Pmax 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

3aoanue

1. ITo UCXOMHBIM JJAHHBIM, B COOTBETCTBUH C BapraHTOM (Ta0i1.7.1), IpOBECTH MOJICIIUPOBAHUE C
LEJIBI0 ONPECIICHHs] KaueCcTBa MepexoaHou xapaktepucTuku CAY 1Mo KOMIUIEKCHOMY IOKa3a-
tento (cMoTpu hopmyiy (5.2)) u TouHocTH 110 orbOke OP oT crneayromux napametpoB CAY:

1) oT ko3¢ unmeHTa nepeaadn peayKTopa;

2) OT XecTKocTH Cx ynpyroi TOC;

3) oT ko3 unmenHTa nepeaadn yCuauTels OOpaTHON CBS3H.
IHpumeuanue:

- muana3oH m3MeHeHus xectroctr (H/mm) 18000 < ¢x <50000;
- IMana30H BapbUPOBaHUs KOG PUIIMEHTA YCHIUTENs 00paTHOM cBsizn 5 < Ky <55;
- IMana3oH u3MeHeHus koddduimenra nepenayun peaykropa (mm/pan) 0,2 < kj <0,05.
2. BeiOupas mar u3aMeHeHHsl 3alaHHOT0 ITapaMeTpa, MPOBECTH 3KCIIEPUMEHTHI Ha BCEM JlManas3o-
HE €ro U3MEHEHUs, ONpeAeUTh HE0OX0AUMbIe (CM. BBILIE) JUHAMHYECKUE XapaKTEPUCTUKU U
3anucaTh pe3yiabTaThl B COOTBETCTBYIOILINE TaOIHUIIBI.
3. IloctpouTh TrpapuKyd 5SKCHEPUMEHTANbHBIX 3aBUCHUMOCTEH KOMIIJIEKCHOTO IOKa3aTess
KayecTBa M OMMOKM OT yKa3aHHBIX Bbime mnapameTpoB CAY. OnpenenuTh AMHAMHUYECKUE
nokazarenu CAY: oTHOCHUTENbHOE IIEpeperyIMpoBaHNE U 3aTyXaHHUE 3a MEPUO/I.
Brumanue! IlockonpKy MCXOAHBIE JAaHHBIE 3a/alOTCS CIy4alHO, HE MCKJIKOYAETCS CHUTYyalMs,
korna CAY oka3biBaeTcsi HEyCTOMUMBOM, TO €CTh COBCEM HE MPUTOAHOMN K (DYHKIIMOHUPOBAHUIO.
CoobmeHust 06 3TOM, B TakOM ciydae, MOSBISIETCS Ha DJKpaHE MOHMTOpAa BO BpeMs
MoJIeIMpoBaHusl. PexoMeHnanuu A peleHus: Takoil mpoOiaemMsl — 1eHCTBOBATh B CIEAYIOIIEN
MOCJIE0BATEIBHOCTH:
1) wu3MeHsTh mapamerp, B QyHKIIMU KOTOPOTO aHATM3UPYETCs TuHaMuueckoe kadectso CAY B
JMana3oHe, yKa3aHHOM B 331aHUH;
2) ecnH B pe3yJbTaTe BBIMOJHEHHS I1.1 He yaaercs obecrneunTs mocTostHeTBO CAY, yMeHbIIATh
ko3 duureHT nepenaun npsmoro kaHama CAY 3a cueT yMeHblLIEHUs KO UIIMEHTA YCUICHUS
TPAH3UCTOPHOTO (TUPUCTOPHOTO) TIpeoOpazoBarens. [lomydeHHBIH TakuM 00pa3oM HOBBIM KO-
3 GUIMEHT 3aHECTH B UCXOHbIE JJAHHBIE 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 15 | 0.003 | 0.04
9 20 29000 85 750 130 45 0.004 9 110 1.8 | 0.005 | 0.05

Cooepotcanue npomokxona

B npotoxkosne npenctaBuTh CTPYKTYypHYIO cxemy uccienyemoir CAY ¢ UCXOAHBIMU JTaHHBIMH,
Konuio uHTepderica mpu MoICTUPOBAHUH, TAOIUIIBI SKCTIEPUMEHTANIBHBIX JAHHBIX, TpaduKu
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

Uccnenyrotes ase CAY: rcxoaHas cucTeMa ¢ acTaTU3MOM MEPBOTo Mopsiika, mpeoOpa3zoBaHHas
(c [IN-perynsiTopoM) — cuUCTEMa C aCTaTU3MOM BTOPOTO Mopsiaka. M3BeCTHO, YTO IJis OLICHKHU
TOYHOCTH aCTaTHYECKUX CUCTEM BTOPOIO MOPSAJIKA UCIIOIB3YETCs YIPABISIOIIEE BO3JICHUCTBUE B
BHJIC CUTHAJIa C TIOCTOSIHHBIM ycKopeHueM. [Ipu TakoM pexxkume paboThl acTaTHYecKas CUCTEMa
BTOPOTO TMOPSKAa UMEET OIMMOKY, 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 KOTOPOH
BBITIOJIHAIOTCS AKCHEPUMEHTANIbHBIE ucchnenoBanus. [Iporpamma «IIW perynarop» HaxoguTcs
Ha Aucke. MHCTpYKIIMM M TOSICHEHUS [Js PabOThl C TPOrpaMMOM coaepKaTcsi B CaMoOW
mporpamMMme U TOSIBJISIOTCS Ha SKpaHe MOHUTOpPA MPU HaXkaTuu KHonku Help.

[Tocne akTuBu3anuu npukiaanon nporpammel «CAY ¢ [IHU-perynstopom», KOTOpas HaXOIUT-
Cs Ha JINCKE, Ha TJIaBHOM MHTepdeiice 3a1al0Tcsi UCXOAHbIC JaHHBIE B COOTBETCTBUM C BapHaH-
TOM (CMOTpH TabIHIy 8.2).

IIpn mccnenoBaHUM BIWSHUS NOCTOSHHOM BpeMeHM [IM-perynsTopa Ha Ka4yecTBO PEryiIMpOBa-
HUSI YCTAHOBUTH CTAaTUYECKUN PEKHUM U IPOBECTU CEPUI0 DKCIEPUMEHTOB JUISl OLIEHKH KOM-
MJIEKCHOTO KpUTepHusi A KadyecTBa, B COOTBETCTBUU C popmynoit (5.2). MI3Mepenune sKcriepuMeH-
TaJbHBIX JAHHBIX, HEOOXOJUMBIX JJIS pacueToB, MPOBOAMUTCS MO ociuuiorpammam. [Ipu satom
JUIS UCXOJHOU CHUCTEMBI KOMITJIEKCHBIA KPUTEPHl 4 pacCUUThIBaeTCs OauH pa3, a 1 CAY ¢
[TH-perynsTopoM — Al BCErO BHIOPAHHOTO TUAna3oHa M3MEHEHHS MOCTOSSHHOW BpPEMEHH T .
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Jlnana3oH u3MeHEeHUs MOCTOSIHHOM T, BpeMeHU omnpenensercs oT 3HaueHus, npu koropom CAY
CTAaHOBUTCS HEYCTOMUUBOMN, B CTOPOHY YBEIUYEHUS. DKCIEPUMEHTAIbHbIE 1aHHBIC 3aIIUCHIBAIOT
B Ta0IMIly, IpUMEpP KOTOPOH MPEACTABICH HIDKE.

Tabauya 8. 1. Dxcnepumenmanvusvie u paciemHvle OAHHbIE

N | T ¢ CraTuyeckuil pexxum JIBIMOK. C MOCT YCKOPEHUEM
} v Omax, 2pad | tn, ¢ A oa, 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

3aTeM BBIOMpaeTCs 3aKOH JBMKEHHS C IIOCTOSHHBIM yckopeHmeM (2 pan/c®). Ha puc.8.1 Ha
n300pakeHnn ocruuiorpados auHUEH | 0003HAYEH 3aKOH JBM)KECHUS, KOTOPBIN 3a/1aeTcs, a Ju-

Huel 2 — pakTHueckuii 3aKOH JBUKECHUSI, BOCIIPOM3BOAUMBINA pPaOOUYNM OPraHOM.
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Puc.8.1. Hccneoosanue enuanus nocmoannou epemenu INH-pezynamopa
Ha mounocmo CAY

[Tpy BBHIMONTHEHUH SKCIIEPUMEHTOB ONPEAEIAeTCs 3aBUCUMOCTh YCTaHOBUBIIEHCS OMMOKN Yepe3
1 ¢ mocne Hayana mepexogHOro mpoiecca oT nocrostHHou T, Bpemenu [IM-perynsropa. Peko-
MEHAYETCSl HaYMHATh SKCIEPUMEHTHl ¢ MAaKCHUMAJIbHOM BEJIWYMHBI NOCTOSIHHOW Bpemenu [1M-
perynaropa, a 3aTeM MOCTENEeHHO, COTJIACHO BbIOpaHHOMY miary (cM. Tab6in.6.1), ymeHbIIaTh ee
JI0 BEJIMYMHBI, IPU KOTOPOH CUCTEMA TEPSIET YCTONYUBOCTb.

Ha puc.8.1, a npencraBnen uHTEpdEiic MPUKIAAHOW TPOTPaMMBbl MPU MOJEITUPOBAHUH HCXO]I-
HOU cucteMsbl (cieBa) u cuctemsl ¢ [IM-perynstopom, KOTOpBIE UMEET MOCTOSHHYIO BPEMEHU
0,7 c. OmmbKa HCXOHOH CHCTEMBI, KOTOpas yCTaHOBHIACh depes 1 ¢, paprsercs 13,4%, a omm6-
Kxa cuctemsl ¢ ITH-perynsaropom — 8,1°. Kpome Toro, MoaennpoBanue Mo3BOIAET yOSTUTLCS, 4TO
JUIST UICXOJTHOM CHCTEMBI OIIMOKA C TEUCHHEM BPEMEHH yBEIIMUMBAETCs, TO ecTh Takas CAY He
criocoOHa paboTath B 3aJJaHHOM pexxuMe paboThl. [IpeobpazoBannas CAY Oyzaer noaaepxuBaTh
MOCTOSTHHOE 3HauU€Hue ycTaHOBUBLIeHCs omnOku. ['paduku skcreprMeHTaIbHBIX 3aBUCUMOCTEN
OLIMOKH, KOTOpasi yCTaHOBUJIACh uepe3 1c¢, M KOMIUIEKCHOro Kputepus kadectBa A ot Ty, mo-
CTPOEHHBIE MO M3JIOKEHHOW METOJUKE, MpelcTaBieHbl Ha puc.8.2. Tam ke, mig cpaBHEHUS,
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pSAMOM TMHUEH, apayieTbHOH OCH a0CcIMCC, TTOKAa3aHO 3HAYeHHEe KOMIUIEKCHOTO KPUTEpHUs JUIs
HCXOJHOU CUCTEMEL.

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

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

YMeHbIIeHHEe NOCTOSIHHOW BpeMeHH [IM-perynsTtopa IOJIOKHUTENBHO BIUSAET HAa TOYHOCTH
CHUCTEMBbI, HO IOCJE€ HEKOTOPOl BEIMYMHBI NMOCTOSIHHOM Bpemenu [IM-perynstopa cucrema
TepsIeT YCTOMYUBOCTh, TO €CTh CTAHOBHUTCS HE CIIOCOOHOM K (DyHKIIMOHHUPOBaHUIO. Takoh ciaydai
3adukcupoBaH Ha puc.8.1, 0, Koraa nmocrositHHas BpemeHu 1, < 0,1c.

3aoanue
B cooTrBercTBHM ¢ BapuaHToM (Ta61.8.2) IPOBECTH CIEAYIOIINE UCCIICTOBAHMS.
l. YcraHOBUTH 3KCHEPUMEHTAIBHO MHUHHMMAJIBHOE 3HAYE€HHE IOCTOSSHHON Bpemenu I[IU-
perynsitopa, ipu kotoport CAY tepsier ycTolunBocTh. ONpeAeuTh Uana3oH U mar i3MEHEHUS
MOCTOSTHHOM BpeMeHH T, U TOJATOTOBUTH Ta0JIHIlY SKCIIEPUMEHTAIbHBIX U PACUETHBIX TAHHBIX.
2. TlpoBecTr SKCIEPUMEHTHI MPU CTATUYECKOM PEKHUME pabOThl U PACCUUTATh KOMILUIEKCHBIN
kputepuii kauectBa CAY c [IU-perynstopom.
3. Yoenuthcs B ycTpaHeHuu ckopoctHoi ommoku anst CAY c [T -peryastopom.
4. TlpoBecTr HKCIIEPUMEHTHI MPU ABMKCHUU C TOCTOSHHBIM YCKOPEHUEM M OMpPENEIUTh TOY-
HOCTH PETyJIUPOBAHUS.
5. O6paboTraTh pe3yibTaThl dKCIEPUMEHTANBHBIX HCCIEIOBAaHUI U MOCTPOUTH COOTBETCTBYIO-
mue rpaduxu.

Tabnuya 8.2. Ucxoomusie oanmvie

IlepBas | Ycunurens-npeobpasoBarens | Bropas | JIBurarens

uugpa Kyn Ty, C uudpa | k), pao/cB | Ty, ¢
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 cucremsr c [IM-
PETYJIATOPOM, HCXOJHBIC MaHHBIE, KOMHI0 WHTepdeica s Kakoro-mmbo pexuma paboThl,
TaOJIMIly OSKCIEPUMEHTAIBHBIX W  PACUETHBIX JIAHHBIX; TpadUKH SKCIEPUMEHTAIBHBIX
3aBUCUMOCTEN. BBIBOIEI.

Kpurepuu oueHku:

- OLIEHKa «3a4YTEHO» BBICTABIISIETCS CTYJIEHTY, €CJIM MPAaBUIBbHO O(GOPMIIEHBI OT-
YEeTHbIC TAOJIULIBI.

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

TecToBbBIE 3aJaHuA.

1. U3 xakux 010K0B coctout CAVY?
- O6’L€KTa YIIpABJICHUA U PETyJIATOPA
- IPUBO/1a 110J1a4 U NIEPBUYHBIX [IpeoOpa3oBareseit
- 3aaT4YMKa YIpaBJICHUA U CPAaBHUBAIOIICTO 3JICMCHTA
- IpUBO/Ja INIaBHOI'O ABMXKCHUS U KOpO6KI/I nepcaad

2. UTo MOHUMAIOT MOJ YIIPABIAEMBIM 00BEKTOM?
- IPOIIECC PE3aHuUs HIIK MPUBOTHBIC MEXaHH3MbI
- IepeiHIo 6a0Ky cTaHKa
- 3a/1HI010 0a0Ky cTaHKa
- CTAHWHY CTaHKa

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

- HAIIPSPKCHUEC ITUTAHUA DJICKTPOABUTATCIIA U BHCIIHSAA CHUJIa COIIPOTUBJICHU A

- pacxo/ Macia U TeXHOJIOTMYecKas Harpy3Ka B THAPaBIMYECKUX [IIMHIPAX

- KoJie0aHus, TIepeiaBaeMble uepe3 PyHIaMEHT OT PSJIOM CTOSIIIIMX CTAaHKOB

- TCMIICPATypa HOMCHICHUS

4. Kakue OCHOBHBIE MPUHLMUIIBI YIIPABICHUS?
- 10 BOBMYIICHUIO U T10 TOTPCHIHOCTU
- 110 nepeaaye uHpopMaIu
- IO YIIPABIICHUIO MOMEHTOM
- IO YIIPABIICHUIO CHJIAMHA PE3aHUs

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

6.Uemy paBHa cTaTudecKkas MorpentHocTs B actatuaeckux CAY npu mocTosiH-
HOM BxoaHoM curhane: X(t) =X,u W (0) - o0?

B 5yCT = 0
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300. Kakast ctpykTypHasi cxeMa ruiponpuBojia 0y/1IeT COOTBETCTBOBATh €r0
HpHHuHHI/IaHLHOﬁ cxeme?

0 | ) k‘ R
Fs I's+1

301. KakoMy 3BeHYy COOTBETCTBYET MaTEMaTUYECKOE OMMCAHUE COCTUHEHUS
30JI0THHKA C TUAPABIHNYCCKUM ITMIHHAPOM? CTPYKTYpHas CXeMa COCTUHCHUS
npecTaBieHa Ha cxeMe. Mcnosb3yemble 0003HaueHUS: K; — Ko hUIueHT 3a-
BHCHMOCTH pacxojia MOTOKa Macjia OT OTKPBITHUS IIelieit 3omoTHrKa F — mio-
1a/1b MIOPIITHS THAPABIHYECKOTO MWJINHAPA 1, — MOCTOSTHHASI BPEMEHH 30J10T-
HUKA.

\ A (J | )

] ,..“ + 1 Iy

- pealbHOMY UHTETPUPYIOLIEMY 3BEHY
- mupepeHupyromeMy 3BeHy

- THEPIIMOHHOMY 3BEHY

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

OyZIeT COOTBETCTBOBATDH €r0 MPUHIUIIUAIILHON cXeMe, IPUBECHHON Ha pUCYH-

p—
-

a
X k, AREEar
T s+l Fs| |a
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303. Kakast ctpykTypHasi cxeMa THAPOIPHUBO/Ia C THOKOM 0OpaTHOM CBA3BIO

OyJeT COOTBETCTBOBATH €r0 MPUHLUIIUAIILHON cXeMe, IPUBEIEHHON Ha pUCYH-

Ke?

3

.#3..-.-.2?_;,_.. - Eﬂd
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X 5 k, @) 1] v
% T s+1 | Fs
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a Ts+1
x ) k, 11| v»
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b
| a
x 0 k; 0 _ 1
%’ T s+1 J Fs
Xos| | b TS
;-1 Ts+1
x k; Q; 1 y
Ts+1| |Fs
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IIpoueaypa oueHuBaHUSs
YCTHBIN OMPOC W/MIIM KOMIBIOTEPHOE TECTHPOBAHHE MO IK3aMEHAIIMOHHOMY
ownety (0aHKY TECTOBBIX 3a/IaHUH)

Kpurepuu oneHku:

- OLICHKA «OTJIMYHOY» BBICTABIISIETCS] CTYICHTY, €CJIU OH JIajl MOJIHbIE U HUcUep-
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 CTYIACHTY, €CJIM OH B IICJIOM
OPHUEHTHUPYETCS B TEMAaTHKE BOTIPOCOB, HO €r0 OTBETHI OBLIIM HEYBEPECHHBIMU 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 JIOMOJIHUTEIbHBIH
BOIPOC.

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

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

Ha 0a3e, moiay4yeHHBIX Ha JIEKIUSAX TEOPETHUYECKUX 3HAHWW, P MPOBEAE-
HUU TPAKTUYECKUX 3aHSATUN BBISBISIIOTCS M INPUMEHSIOTCS HEOOXOIUMBIE CBA3U
MEXKy TEOPETUYECKUMHU 3HAHUSAMH U KOHKPETHBIMM HAaBBIKAMH ITPUMEHEHUS ITHX
3HAHUM Ha MPAKTHUKE.

MeToauueckune PEKOMECHIAINH 110 UBYICHUIO JTUCHHUIIJIMHBI

TeODl/Iﬂ ABTOMAaTHYCCKOI'0 YIIPABJCHUSA

Mopyns | OCHOBHbIE IOHATHS TEOPUU aBTOMATUYECKOTO YIIPaBICHUS

Monyis 1 ITpakTnueckoe 3anstue 1

CKOPOCTH Ha ITPOLIECC PETYIUPOBAHUSI.

HccnenoBanue BIUSHUSA MHapaMeTPOB IIEHTPOOEKHOTO pEryssaTopa

Monyis 1 ITpakTnueckoe 3ansaTue 2

BBIXOJHOI'O CUT'HaJIa BO BPCMCHU.

OmnpeneneHre 4acTOTHBIX XApaKTEPUCTUK IO aHAJIM3Y BXOJHOIO M

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

Monayins 2 [IpakTnueckoe 3anarue 3
Hccnenoanue ycronunBoctu CAY no kpureputo I'ypsuna.

Monayins 2 [IpakTuueckoe 3ansTue 4

CKOMY 3aKOHY.

HccnegoBanne TOUHOCTH CAY B PCKUME IABUIKCHUSA 11O IFAapMOHHUYC-

Monyisb 2 [TpakTryeckoe 3aHsTHE S
OrnpezesieHne XapakTepUCTHK AJIEKTPOMEXAHHUUECKOTO MPHUBOJIA.
Monyisb 2 [TpakTudeckoe 3aHsTue 6

OrnpesiesieHne XapaKTePUCTHK THAPOMEXaHUIECKOTO TPUBOJIA.
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Monynb 3 CHHTE3 U aHAJIM3 CHCTEM aBTOMATUYECKOTO YIPABJICHHUS.

Monyis 3 IIpakTnueckoe 3anstue 7
Onpenenenne xapaktepucTuk CAY nmpoaoiapHON nojaden npu Toue-
HUU.

Monayns 3 [TpakTrueckoe 3ansTue 8
HccnenoBanue 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. O3HaKOMUTBCSI ¢ OCHOBHBIMU TEPMUHAMU U OTPECICHUSIMH TEOPUHU aBTO-
MAaTHYECKOTO YIIPABJICHUS.

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

N3y4uB 1aHHBIH MOAYJIb, CTYACHT A0JIZKEeH:

UMeTh TpeACTABJIEHHE O BO3MOKHOM BUPTYaJIbHOM MOJCIHPOBAHUU PAOOTHI
TEXHUYECKOTO YCTPOMCTBA U TOJy4YEHHE HEOOXOIMMBIX €ro XapaKTEpUCTHK IS
HanboJiee ONTUMAIILHOTO MPOSKTUPOBAHMUS.

3HATh METOJBl U CPEACTBA '€OMETPUUYECKOTO MOJCIMPOBAHUS TEXHUYECKUX
OOBEKTOB; METOJIOJIOTMYECKUE 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 YMPAaBICHHUS; MPOBOAUTh aHan3 CAY, OlleHMBaTh CTaTUCTHYE-
CKME M JUHAMUYECKUE XAPAKTEPUCTUKH; BBIMOIHATH AHAIN3 TEXHOJIOTUYECKHUX
MPOLIECCOB KaK 00bEKTOB aBTOMATHU3AIIUU U YIIPABJICHUS.

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

Ilpu oceoenuu memot Heo6X00UMO:
® HM3yYUThb YUYeOHBbIN MaTepHaJl.
e BbINOJHUTH MPAKTHYECKHE 3aIaHUS 110 TeMe.

MoayJsb 2.
Tema. KaueCTBEHHBIN U KOJUYECTBEHHBINM aHAJIN3 CUCTEM aBTOMATUUYECKOTO

yIpaBJICHHUS.
Heab 1 3a7a4M U3yYeHUs.
Henab — O3HaKOMJIEHUE U OBJIAJICHUE METOJUKAMU KAaUYE€CTBEHHOW M KOJIHMYE-
CTBEHHOW OLIEHKH CHCTEM aBTOMAaTHUYECKOT'O YIIPaBJICHUS.
3apaum:
1. 3ydeHne pa3inyHbIX NOAXON0B U METOJUK pacyeTa KayeCTBEHHOM U KO-
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nrdecTBeHHOM 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 KOJIMUYECTBEHHON U
KayecTBeHHOU oneHKku CAY.

3HATH TCHJCHIIMU PAa3BUTHUS KOMIIBIOTEPHON Tpaduku, €e pojib U 3HAaYEHHE B
WHXEHEPHBIX CUCTeMaxX M MPUKIIAIHBIX MpOorpaMMax; TUMOBBIE MaKEThl MPUKJIIA-
HBIX MPOrpaMM aHajIu3a JTUHAMUYECKUX CHUCTEM; KMHEMAaTUYECKYI CTPYKTYpYy U
KOMIIOHOBKY CTAHKOB, CUCTEMBbI YIIPABJICHUS UMHU.

YMeThb PacCUuThIBaTh OCHOBHBIE KauecTBeHHbIE mokazarenun CAY, BbINoJ-
HSTH: aHAJIU3 €€ YCTOMYMBOCTH, CHHTE3 PETYJISATOPa; pa3padaThiBaTh aJTOPUTMBI
LEHTPAJIU30BaHHOTO KOHTPOJISI KOOPJMHAT TEXHOJIOTUYECKOTr0 OOBEKTa; COCTaB-
JSATh CTPYKTYPHBIE CXEMBbI, UX MaTeMaTHUYECKHE MOJCIH Kak OOBEKTOB ympaBJe-
HUS; MCIOJIB30BAaTh OCHOBHBIE METOJIbl MOCTPOCHUS MATEMAaTHUYECKUX MOJeeh
MIPOIIECCOB, CUCTEM, UX AJIEMEHTOB U CUCTEM YIIPABJICHUSI.

BJIAJIETh: HABBIKAMH ITOCTPOCHUS CUCTEM aBTOMATHYECKOTO YIPaBJICHUS CH-
CTEMaMH M TIpollecCaMi; HaBbIKAMHM HaJaJKW, HaCTPOWKH, PEryJIUPOBKH, 0OCITY-
’KUBAHMSI TEXHUYECKUX CPEJICTB U CUCTEM YIIPABJICHHUS.

Ilpu oceoenuu memot Heo6X00UMO:
® M3Yy4YUThb YUEOHBIN MaTepHaJl;
® BBINOJHUTH NPAKTHYECKHE 32IaHUS 110 TEMe.

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

e 4 32124 U3y4eHUS.

Hean — M3yueHne u 0CBOEHHE BO3MOXXKHOCTH MPOBEJAEHUS 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 aHann3 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 ISl KOHTPOJIS, UCIIbI-
TaHUM, TUATHOCTUKYU U aJalTUBHOTO YIPaBJIECHUS 000y I0BaHUEM.

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

HpeﬂHaSHaquHBIX 1A MATEMATHUUYCCKOT'O WU HUMUTAIIMOHHOTIO MOJIGJII/IpOBaHI/IH
Mathcad, Matlab.
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BJIa/IeTh. HABBIKAMHM aHAJIM3a TEXHOJIOTMYECKUX TMPOIECCOB Kak OOBEKTa
yOpaBJeHUs] U BbIOOpa (YHKIMOHAJIBHBIX CXEM HMX aBTOMATH3allMM;, HAaBBIKAMU
oopMIIEHUS PE3yJIbTATOB UCCIEAOBAHUIN U MPUHATUS PEIICHUH.

Ilpu oceoenuu memot Heo6Xx00UMO:
® M3Y4YMTh YUeOHBbI MaTepual;
¢ BBINOJHUTH NPAKTHYECKHE PAOOTHI.
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11. YueOHO-MeTOoaM4Yeckoe U MHGOPMALMOHHOE oO0ecmeYyeHHEe 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

! K/IOZII:Bgl Iy];IySOBCKI/Iﬁ yqe6HpHK : I/[IHCg)P]A- yuebmmk CZONI\'AA:.I\”UM'

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

0514-6.

Eropos A. . BBenenue B TeOpuio yrpas-

JeHUS CHCTEMaMH C paclpeieleHHBIMU

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

meHckass. - Cankrt-IlerepOypr Jlans,

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

30B. CrnenuanbHas nuteparypa). - ISBN

978-5-8114-2554-9.

ABTOMAaTHYECKOE YIIPABIICHHUE MPOLIECCAMU

MexaHHLIGCKogI O6})360TKI/I [DnexkTpoHHbII SBC

ecypc] : yueonuk / C. M. Bparan [u 1p.]. - "

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. 1O
Hanpasienuto 220100 - CucreMHbIi
ananu3 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 yIIPaBICHUS
TEXHOJIOTUYECKUMH 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, 10. B. Iletpakos ; TT'Y. -

YyebHO-MeTOI. HOCOOME

138

COT'JIACOBAHO

JlupexTop Hay4dHOU OMOINOTEKH

« » 20 T
MII

A.M. AcaeBa

(noonucy)

(U.0. Pamunus)
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11.3. Ilepeyenb pecypcoB HHGOPMANMOHHO-TEJEKOMMYHHKAIMOHHOM
cetu ""UnTepHeT"

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

2. Undopmanunonnas cucrema "EnuHOoe OKHO JocTyma K 00pa3oBaTelbHBIM pecypcam”
co3naHa o 3aka3zy denepaibHOro areHTCTBa Mo odpaszoBanuio B 2005-2006 rr. Ha nanHbIi 11e-
puon B Ob yxe cobpano 6omnee 11 Thic. ydeOHBIX MaTepHalIOB pa3auYHbBIX By30B Poccun. B DK
— Oonee 30 ThIC. omucaHU, a Tak ke ecTh "[occapuii" u pasgen "Cucrema HOBOCcTel'" MO
Ha3BaHHOW TeMaTHKe. DTO YHUKAJIbHBIH 00pa30BaTENbHBIN MPOEKT B PyCCKOA3bIYHOM MHTEpHE-
te. [lomHbI JOCTYNm KO BCeM pecypcam, BKIIIOUas MOJIHOTEKCTOBbIE MaTepuasbl OMOIHOTEKH,
IIPEIOCTABIISAETCS BCEM I0JIb30BATENSM B CBOOOJHOM peknuMe — http://window.edu.ru.

3. Unrepuer-6ubaroTreka 0Opa3oBaTeNbHBIX H3JaHHI, B KOTOPOM COOpaHbI 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 NPOrPaMMHOI0 OOecIeYeHHs

Ne HaumenoBanmue I1O KosnyectBo PekBU3MUTHI 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 MPOoLecca Mo AUCHHUILIMHE (MOTYJII0)

HaumenoBanue 060pyno-

BAHHBIX YYeOHBIX Ka0uHe- . = e X
N DaxkTHYeCKU agpec - 2 3
TOB, JIa0opaTopHuii, Ma- 2 5=
Ne IlepeyeHb 0OCHOBHOIO 000- | y4eOHBIX KAOMHETOB, = S,
CTEPCKHUX U JIP. 00bEKTOB . T ey
n/n pyA0BaHUA Jabopatopmii, Ma- g = 5s
JJIs IpOBeAeHUsI MPaKTH- S = 5
CTEPCKHX H Ap. = 3 8
YeCKHUX M J1adopaTopHBIX = 2z =
3aHATHH
KomnerotepHsiii kiacc. | IlepenocHoit npoekrop, | 445020, Camap- 52,9 15
Y4ebHast ayauTOpUs IS | OKPaH, KOMIIBIOTEPHBI CTON, | craa oGiL.. T. TOJE-
NPOBENCHUS 3aHATHH JIEK- | CTOI  NPENoAaBaTeNbCKHI, ’
ATTH, yi1. benopyc-
IIMOHHOTO THMAa. Yd4eOHas | CTyl, J[OCKa ayAuTOpHasd,
ayIuTOpHs /IS TPOBEJICHUs | CTON  ydeHumueckuit asyx- | CKad, 16B
3aHATHIA CEMUHApCKOro TH- | MecTHbIH, [TK no3unug 1o 111
na. YueOHast ayiuTOpHs AJIs Ne9,
MpOBEEHUs J1abOpaTOPHBIX 3 srax, (E-306)
pabot. YuebHas ayauropus ’
1 JUI1 KypCOBOTO MPOEKTUPO-
BaHMsA (BBIIOJIHEHUS KypCO-
BEIX paboT). YueOHas aymu-
TOpusl UId  IPOBEIECHHS
TPYNNOBBIX W HWHAUBUAY-
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
MPOBEICHNUS 3aHATUH JIEK- | CTONBI YYCHHYCCKUE [BYX- | craq oGiL. I. TONb-
UOHHOTO THMA. Yd4eOHas | MEeCTHbIC (MOHOOJIOK) , CTYIL, ’
ATTH, yi. bemopyc-
ayAMTOPHS /IS IPOBEICHUS | JOCKa ayIuTopHas (Meno-
3aHATHH CeMMHapckoro Tu- | Bas), kadeapa, npoekrtop, | CKad, 16B
na. Y4ueOHas ayIuTOpHs Ui | SKpaH, IMPOIECCcop nounuss  mo  TII
KYpPCOBOTO IIPOEKTUPOBAHUS Ne20,
2 (BBIMOJTHEHNUS KypCOBBIX 3 stax, (E-309)
pa6or). YuebHas ayauropus ’
JUTS IPOBEICHHS IPYIIIOBBIX
U WHAWBHUIYAIbHBIX KOH-
cynpTanuii. YueOHas aynu-
TOpHUS Ul TPOBENCHUS 3a-
HATUHA TEKYLIEro KOHTPOJIS
U IPOMEKYTOUHOU aTTecTa-
. (E-309)
Cron yueHmueckwii, ctyn, | 445020 Camapckas 84,8 16

KoMnbroTepHslii Kiacc.
[Tomermmenue ans camo-
CTOATENIbHOU paboTHI.
VYuebHast ~ ayauTopus
JUTST TIPOBEJICHUS 3aHsI-
TUH CEMHUHApPCKOTO TH-
na. YdeOHas ayauTo-
pust Ui KypCOBOTO
POEKTUPOBAHUS  (BBI-
MOJHEHUS  KYPCOBBIX
pabot). YueOHas ayau-
TOpHS ISl IPOBEACHUS
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, JJa0opaTopuii, Ma-
CTEPCKHX H JIp. 00beKTOB
IJISl MPOBeAeHNUs] MPAKTH-
YeCKHUX M J1adopaTopHBIX
3aHATHI

IlepeyeHb 0OCHOBHOIO 000-
pyAoOBaHMsA

dakTuvecknii agpec
yueOHbIX KaOHHeTOB,
Jabopartopmii, Ma-
CTepPCKHX M Ap.

Miaowanp, M?

KoanuyecTBo

MOCa0OYHbIX
MeCT

IyadbHBIX KOHCYIIbTa-
nui. Y4yeOHas ayauTo-
pusi IS TIPOBEICHUS

3aHATHI TEKYILETOo
KOHTPOJIE U TPOMEXKY-
TOYHON  aTTecTaluu.
(I'-401)
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