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Pabouyto mporpamMmy coctaBui(u):
nouent kadeapsr OuTMII, nouenT, k.1.H., ['ynsieB B.A.

(Oomdicnocmy, yuenoe 3eanue, cmenensb, Pamunus H.0.)

(Oomdicnocmy, yuenoe 36anue, cmenensb, Pamuaus 1.0.)

Penien3upoBanue paboueil nmporpaMMbl AUCHUIIINHBL:

OtcyrcTBYyeT

Penensent

(Oondicnocmy, yuenoe 36anue, cmenensb, Pamuaus 1.0.)

Pabouas mporpamma AUCHHUIUIMHBI cocTaBiieHa Ha ocHoBaHUU @I'OCBO u yueOHOTrO miaHa
HarnpaBJIeHUs TOAroToBKH (criermansHocTi)  15.03.01 MammHocTpoeHue

Cpok aeiicTBust padoueil MporpaMMbl JMCUMIIMHBI 10 «___ » 20 I.

COI''TACOBAHO

3aBenyromuii kadeapoit «CBapka, 00paboTKa MaTEpHUAIOB JABICHUEM M POJICTBEHHBIC ITPOIIECCHI
Eaxrnos B.B.

« » 20 T.

(noonucw) (U.0. ©amunus)

YTBEPXXJIEHO

Ha 3acemanum kadenpst «OOopynoBaHHE U TEXHOJOTHH MAIIMHOCTPOUTEIHHOIO
MIPOU3BOJICTBAY

(mpoTtokomn 3acenanust Ne OT«__ » 20 T.).




1. lleqb ocBOEHMSI AUCUMIIJIMHBI

Lenb 0CBOEHUS TUCIMILIMHBI — OCBOSHHE OOIIMX MPUHIIMIIOB M CPEJACTB, HEOOXOAUMBIX JUIS
yIpaBJICHUS] TUHAMUYECKMMH CHCTEMaMH Pa3IMYHON (DU3MYECKOW MPHUPOAbI MPUMEHUTEIBHO K
IIPOU3BO/ICTBEHHBIM U TEXHOJIOTUYECKHUM IIPOLIECCAM.

2. Mecto qucumminnsbl B ctpykrype OIIOIIBO

JIMcuMIIMHBlL M NPAaKTUKH, HAa OCBOGHMU KOTOPBIX Oasupyercs MaHHAs JUCLMILIMHA!
«BpIcmas mareMatuka», «OCHOBBI TEXHOJIOIMHM MAIIMHOCTPOEHUS», «MeTaiopexylue CTaHKu,
OcHossl CAIIP».

JIMCUMIIIMHBL U TIPAKTUKY, JUISI KOTOPBIX OCBOECHUE JTAHHOM IUCIUILUIMHBI HEOOXOIMMO Kak
IpeauecTpymomee: «ABTOMATU3MPOBAHHOE IPOEKTHUPOBAHUE TEXHOJOTHYECKUX IPOLIECCOBY,

«TexHonorus MaltMHOCTPOEHUS.

3. [lnanupyembie pe3yJbTaThl 00yUYeHUs

dopmupyemMbie "
pPMHpY NHauKaTopbl 10CTHKEHU S

KOHTPOJIUpYeMbIe KOMITeTeH i [lnanupyembie pe3yJibTaThI
KOMIIETEeHIIM U 00yueHust
(Ko ¥ HaUMEHOBaHUE)
(ko1 1 HAaMMEHOBaHUE)

(TIK-12): CIIOCOOHOCTH _ 3HaTh:
pa3pabaTbiBaTh - METOJI0JIOTUIECKHE OCHOBBI
TEXHOJIOTHYECKYIO " (YHKIIMOHUPOBAHHMSI, MOJICITHPOBAHUS
MIPOU3BOJICTBEHHYIO U CHHTE3a CHCTEM aBTOMATHYECKOTO
JIOKYMEHTAIIUIO C ympasienus (CAY);
HCIIOJIb30BAHNUEM - ocHOBHBIE MeToIbl aHaimu3a CAY Bo
COBPEMCHHBIX BPEMEHHOW M YacTOTHOM 00JacTsX,
MHCTPYMCHTAJIBHBIX crioco6sl cuaTe3a CAY;
CpencTs - TUIOBBIE TIAKETHl PUKJIAIHBIX

mporpaMM aHaju3a JUHAMHYECKHX
CHCTEM;

- KWHEMAaTHYeCKYI0 CTPYKTYpy H
KOMIIOHOBKY  CTAQHKOB,  CHCTEMBI
YIpaBJICHUS UMH,
- cpencTBa
HCIIBITAHUH,
aJanTUBHOIO
000py/I0BaHUEM.

JJIA KOHTPOJIA,
ANarsoCTHKHU u
YIIpaBJICHUSA

YMeTh:

- BBITIOJIHATH aHaJn3
TEXHOJIOTMYECKUX  IPOIECCOB  Kak
00BEKTOB aBTOMAaTH3allnH u
YIIPaBIICHUS;

- COCTAaBJISITh CTPYKTYPHBIE CXEMBI, X
MaTeMaTHUYECKUe MOJEIN Kak
00BEKTOB yIIPaBJICHNUS,

- HCIOJb30BaTh OCHOBHBLIE METO/IbI
IIOCTPOEHUS MaTeMaTHUYECKUX
MOJIEJIEd IPOLECCOB, CHCTEM, MX
AJIEMEHTOB M CUCTEM YIIPABIICHHUS;




dopMupyemMbie 1
KOHTPOJIMpYyeMbIe
KOMIIeTeHIIUH
(K0T ¥ HANMEHOBAHME)

NuaukaTopbl 10CTHKEHUS
KOMIIETEeHI Ui
(ko1 1 HAUMEHOBAHUE)

I[Inanupyemble pe3yJbTaThl
00yueHus

- pabotrath ¢ KakuM-TuOO W3
OCHOBHBIX TUIIOB IMporpaMMHBIX
CHUCTEM, MMpEeaAHa3HAYCHHBIX JJIA
MAaTEMAaTU4YCCKOI0O U HUMUTAIIUOHHOT'O
moenupoBanus Mathcad, Matlab.

Buiagers:

- HaBbIKAaMHM IPUMEHEHUS AJIEMEHTOB
aHaJIM3a JSTAaloOB JKU3HEHHOTO LHKJIA
NPOJYKIIUU U YIIPaBJICHUS UMU;

- HaBbIKAMU HAaJQJKH, HACTPOMKH,
pETYJIMPOBKH, 00CITy>)KUBaHUS
TEXHUYECKUX CPEJACTB U  CHCTEM
yIpaBJICHUS;

- HaBBIKAMH opopMIIeHUS
pe3yIbTaTOB HCCIIeIOBAaHUIN 51
IIPUHSTHS pELICHUM.




4. CTpyKTYypa U coepKaHue TUCHUIIMHBI

®opMbI TEKy1LET0

Bun . KOHTPOJIs
Moayab . HanMeHoOBaHHe TeM 3aHATHH OobeMm,
(pasnen) y4eOHoi (yaeGHoi paGoTs:) Cemectp .. banabl | UHTEepakTUB, 4.| (HAaUMEHOBaHUE
padoThI OLICHOYHOI 0
cpeacrsa)
Monyns 1. Jlek. 1.1. OcHOBHBIE IOHATHS U OIIPECIICHNUS. 4 1 - 2 Bomnpocs! k 3a4ety
ba3oBbie CyiHoCTh Ipo06aeMbl aBTOMATUYECKOTO
XapaKTEePUCTUKU yIpaBiIeHUS.
CUCTEM Cp. 1.1. OcHOBHBIE TIOHSTHS U OTIPECIICHHUS. 2 6,4 - - Bompocsr k 3adety
YIPaBJICHUA. CymHoCcTh IPo0IEMBl aBTOMATHYECKOTO
yIpaBiIeHUS.
Cp. 1.2. OcuoBueie yctpoiictBa CAP n nx 2 6,4 - - Bompocsr k 3auety
KJ1acCU(pUKaIus 0 Ha3HAYEHUIO.
Knaccudukanus aBroMmaTH4€CKOTO
ynpaBJieHHus. MaremaTuueckasi MOJelb
LEHTPOOEIKHOTO PEryisaTopa CKOPOCTH
JIBUTATEIIS.
Jlab. 1.3. MccnenoBanue BIMSHUS TapaMETPOB 4 1 - - OTyer B 2JIEKTPOHHOM|
LEHTPOOEKHOTO PEryNsITOpa CKOPOCTH Ha BUJIC
MIPOLIECC PETYTUPOBAHUSI.
Cp. 1.3. MccnenoBanue BIUSHUS TapaMETPOB 2 6,4 - - Bomnpocsl k 3auety
LEHTPOOEIKHOTO PEryIsITOpa CKOPOCTH Ha
MIPOLIECC PETYTHUPOBAHUSI.
IIp. 1.3. UccnenoBanue BIUSIHUS TapaMETPOB 4 1 - - OT4eT B ANIEKTPOHHOM|
LEHTPOOEIKHOTO PEryIsiTOpa CKOPOCTH Ha BHJIC
IIPOLIECC PETYIMPOBAHUS.
Cp. 1.4.XapakTeprCTUKH NEPEXOTHOIO 4 6,4 - - Bompocksl k 3auery
npouecca. YacToTHbIE XapaKTEPUCTUKH.
Cp. 1.5.MareMaTu4eckre MOJEIN. 4 6,4 - - Bompocksl k 3auery

HI/IHeapI/ISaI_[I/IH MaTeMaTHYECKUX MOAETIeH




®opMbI TEKYy1LEr0

Bun . KOHTPOJIs
Moayab . HanMeHoOBaHHe TeM 3aHATHH OobeMm,
y4eOHoi . Cemectp banabl | UHTEepakTuB, 4.| (HAaUMEHOBaHUE
(pa3nen) (yueoHoii pa6oThI) .
padoTbI OII€HOYHOT 0
cpeacrsa)
JIao. 1.6. OnpeneneHue 4acTOTHBIX 4 1 - - OTuer B 2JIEKTPOHHOM|
XapaKTEPUCTHK IO aHAIU3Y BXOJHOTO U BH/IC
BBIXOJIHOTO CHUTHAJa BO BPEMEHH.
Cp. 1.6. Onpenenenue 4acTOTHBIX 4 6,4 - - Bompocsl k 3auery
XapaKTEPUCTHK IO aHAIU3Y BXOJHOTO U
BBIXOJIHOTO CUTHaJIa BO BPEMEHH.
Cp. 1.7. TunoBele 3BE€Hbs EPEIATOUYHBIX 4 6,4 - - Bomnpocs! k 3adety
GyHKIHIA.
Jlab. 1.8. Ompenenenue nepexoIHON YaCTOTHOM 4 1 - - OT4YeT B DIIEKTPOHHOM|
XapaKTEPUCTHUKH. BUJIE
Cp. 1.8. Omnpenenenue nepexoHON YaCTOTHOM 4 6,4 - - Bompocsr k 3adety
XapaKTEPUCTHUKH.
Monyns 2. Jlek. 2.1 . OyHKIUOHAIIBHBIE H CTPYKTYpPHBIE 4 1 - 2 Bompocsr k 3adety
KauecTBeHHBIN 1 cxembl. [IpaBuna mpeoOpa3zoBaHus
KOJIMYECTBEHHBIH CTPYKTYPHBIX CXEM.
aHajan3 CUCTEM | Cp, 2.1.DYHKIMOHAIBHBIE U CTPYKTYPHBIE 4 6,4 - - Bonpockl K 3auery
ABTOMATHYECKOTO cxemsbl. [IpaBuna npeo6pasoBanus
YHPABJICHUA. CTPYKTYPHBIX CXEM.
JIa6. 2.2. UccnenoBanue ycroiunBoctu CAY no 4 1 - - OTyer B 2JIEKTPOHHOM|
kputeputo ['ypBuna. BHJIC
Cp. 2.2. UccnenoBanue ycroiunBoctu CAY no 4 6,4 - - Bomnpocsl k 3auety
kputeputo ['ypBuna.
Cp. 2.3. IlpaBuna npeobpazoBaHus 4 6,4 - - Bompocsr k 3auety
CTPYKTYPHBIX CXEM.
Cp. 2.4. Iloctpoenue rogorpada CUCTEMBI U 4 6,4 - - Bomnpocsl k 3auety

norapu(pMUIECcKOil YaCTOTHOM
XapaKTEPUCTUKHU.




®opMbI TEKYy1LEr0

Bun . KOHTPOJIs
Moayab . HanMeHoOBaHHe TeM 3aHATHH OobeMm,
y4eOHoi . Cemectp banabl | UHTEepakTuB, 4.| (HAaUMEHOBaHUE
(pa3nen) (yueoHoii pa6oThI) .
padoThI OLICHOYHOI 0
cpeacTBa)
Cp. 2.5.Maremaruyeckasi OLIEHKa 4 6,4 - - Bormpocsl k 3auery
YCTOWYMBOCTU. 3aJaudl yCTONYHMBOCTH.
3anac ycTOWYHMBOCTH.
JIao. 2.6. UccnenoBanue TouHoctu CAY B 4 1 - - OTuer B 2JIEKTPOHHOM|
pexuMe TBUKEHUS M0 TAPMOHUYECKOMY BHJIC
3aKOHY.
Cp. 2.6. UccnenoBanue Tounoctn CAY B 4 6,4 - - Bomnpocs! k 3agety
peXKUME TBIKEHUS 10 TAPMOHUIECKOMY
3aKOHY.
IIp. 2.6. UccnenoBanue Tounoctu CAY B 4 1 - - OT4YeT B DIIEKTPOHHOM|
peXHUMe BHKEHUS 110 TAPMOHUYECKOMY BUJIE
3aKOHY.
Jlab. 2.7. OnpeneneHne XapakTEPUCTHK 4 1 - - OT4YeT B DIIEKTPOHHOM|
IIEKTPOMEXAHUYECKOTO MMPUBOIA. BUJIC
Cp. 2.7. OnpepeneHne XapakTEPUCTHK 4 6,4 - - Bompocsr k 3adety
AIEKTPOMEXAHUYECKOTO MPUBOJIA.
Moyib 3. Jlek. 3.1. KomrekcHasi OlleHKa KauecTBa CUCTEM 4 1 - - Bomnpocsl k 3auety
CuHTe3 U aHau3 1 00BEKTOB aBTOMAaTUYECKOIO YVIIPABICHHUS.
CUCTEM Cp. 3.1. KoMmnekcHas olieHKa KauecTBa CUCTEM 4 6,4 - - Bompocsr k 3auety
ABTOMATHYECKOTO 1 00BEKTOB aBTOMAaTUYECKOTO YITPABICHHUSI.
YTIPaBJICHHS. JIab. 3.2. Onpenenenue xapakrepuctuk CAY 4 1 - - OT4eT B ANIEKTPOHHOM|
IIPOJIOJILHOM MoAaueit Ipyu TOYSHUH. BHJIC
Cp. 3.3. Ob6ecneuenue HeOOXOAUMOI TOYHOCTH 4 6,4 - - Bompocsr k 3auety
CAY. Ouenka TouHoctu CAY.
JIab. 3.4. UccnenoBaHue BIMSHUS acTaTU3Ma Ha 4 1 - - OT4eT B ANIEKTPOHHOM|
kauectBo CAY. BHJIC
Cp. 3.4. UccnenoBaHue BIMSHUS acTaTU3Ma Ha 4 6,4 - - Bomnpocsl k 3auety

kauectBo CAY.




®opMbI TEKYy1LEr0
Moayab Bux . HaunmeHoBaHMe TeM 3aHATHI Oo0bem, KOHTPOJIH
y4eOHoi . Cemectp banabl | UHTEepakTuB, 4.| (HAaUMEHOBaHUE
(pazuen) (yueoHoli paGoThI) q,
padoThI OLICHOYHOI 0
cpeacrsa)
Cp. 3.5. OCHOBBI CHHTE3a CUCTEM 4 6,4 - - Bormpocsl k 3auery
aBTOMAaTUYECKOT0 YIPABJIECHUS.
Jlek. 3.6. MccnenoBanue BAUSHUS THOKOM 4 1 - 2 Bompocsl k 3auery
oOpaTHo# cBsi3u Ha ObicTpoaericTBue CAY.
Cp. 3.6. MccnenoBanue BAUSHUS THOKOM 4 6,4 - - Bompocsl k 3auery
oOparHo# cBsi3u Ha ObicTpoaericTBue CAY.
A 4 0,25
KoHTpoas 4 3,75
Hroro; 144




5. O0pa3oBaTesibHbIE TEXHOJIOTHH

[Ipy w3yyeHMHM JAUCUUIUIMHBI ~ HUCIOJB3YIOTCS — JUCTAHIIMOHHBIE  0Opa3oBaTesbHbIC
TEXHOJIOTHH

CereBast TexHOJIOTHUS - U3ydyeHHE Kypca (y4yeOHOH IUCHMIUIMHBI) TOCPEICTBOM
ANIEKTPOHHBIX y4€OHO-METOAMYECKUX MAaTEepHajoB, pPa3MEIICHHBIX B oOywaromeil cpeme ¢
WCIIOJIb30BAHNEM KOMIIBIOTEPA, MOAKIIOYEHHOTO K ceTH VHTepHeT.

[Ipu moAroTOBKE K OTBETaM HA TECTHI IO TEMaM Kypca W BBIIMOJIHEHUIO THIIOBBIX 3aJlaHHA
CTYZIEHTY HEOOXOMMO TIIATEIHHO M3YUUTh MpeIaraeMyro JTUTepaTypy, HOPMATUBHBIE IPABOBBIC
aKThl, yueOHBIN MaTepual.

CTyaeHT CcaMOCTOSITENbHO pPAabOTaeT ¢ JOMOJHHUTEIBHOW M OCHOBHOH JIUTEPATYpOH,
HOPMaTHBHBIMH aKTaMH, HHTEPHET-PECYPCAMH.

6. MeToanueckue YKa3aHusd 1Mo OCBOCHHI0 JUHCHUIIJIUHBI

[Ipy wu3y4YeHHH JAUCUUIUIMHBI HEOOXOJAMMO W3YYUTh MaTepuaabl TEM, BBINOJIHUTD
COOTBETCTBYIOIIUE TeCThIl. [Ipr HE0OOXOAUMOCTH 33/1aTh BOIIPOCHI IIPENOJaBaTeio B hopyme.

[Tocne n3ydenus Kypca BbIIIOJHUTH UTOTOBBIH TECT.

Pasmectuth Ha JMYHOW CTpaHMIIE Kypca BBINOJHEHHbIE 3aJaHUS Uil TPOBEPKHU
IIPEIo/IaBaTeNeM.



7. OneHo4HbIe CpeAcTBA

7.1. IlacopT O1LIeHOYHBIX CPEACTB

Koa koHTpOJIMpyemMoil KOMIIETeHUMH HaumenoBanue
Cemectp
(14 ee yacTH) OIIEHOYHOI0 CpPe/ICTBA
4 IK-12 Jlaboparopubie padoTel NeNe 1-3
Bomnpocs! k 3x3ameny Ne 1-15
4 IK-12 Jlaboparopubie padoTel NeNe 4-6
Bompocsl k 3x3ameny Ne 16-30
4 IK-12 Jlaboparopubie padoTel NeNe 7-8
Bomnpocs! k ax3ameny Ne 31-50

7.2. TunoBblie 3a/laHUA UM UHBIEC MaTEpUuaJbl, H606XOI[I/IMLIC AJISl TEKYIIET0 KOHTPOJIsA

7.2.1. KoMIuiekT j1abopaTopHBIX paboT

(HauMmeHoBaHUE OYEHOUHO20 CPedCmea)

JlabopaTtopnass paGora Nel. HcciegoBaHue BJMSHHMSA NapaMeTPOB LEHTPOOEKHOIO
peryJsiTopa CKOpoCTH HA NpoLecc peryJiupoBaHusl.

Ilenv padomwi: Ilpuobpemenue npaxmuyeckux HABLIKOE IKCNEPUMEHMANbHOU OYEeHKU
npoyecca pe2yiupo8anus U yCmouyueou pabomul cucmemsbl a8MoMamuyecKo2o YnpasieHusl.

Teopemuueckasa yacmeo

Uccnenyercs cuctema  aBTOMATHYecKOro  ympamieHuss  (puc.l.1), coctosimas u3
IIEHTPOOEIKHOTO PETYISITOpa CKOPOCTH, MOJ3YH | KOTOPOTO CBsi3aH phluaramMu 2 C 3acJIOHKOM 3
nmojgaun paboueld cCMecH B TEIUIOBOW JBuTaTeNb 4. Perymarop mpuBOAMTCS BO BpallieHHE OT
JBUTATENS yepes3 3y0uaryro nepenaqy S.

Puc.1.1. Cxema CAY cxopocmbuio epauienusn oguzamens

[Ipu dynxmonupoBanun CAY BpaleHue ABUrareis yepes 3y0uaryro nepeaady nepenaercs
PETYIATOPY CKOPOCTH, HIAPUKUA KOTOPOTO MOJ JACUCTBHUEM IIEHTPOOEKHOU CHIIBI C OJTHOM CTOPOHBI
U CHUJIBI NPYXHHBI C JPYrod 3aHMMAOT HEKOTOPOE MOJOKEHHE, YTO BBI3BIBAET OIPEICICHHOE
OTKPBITUE JPOCCENsT U CUCTEMA HaXOIUTCA B paBHOBecwM. [Ipu yBenMueHUM MOMEHTA Harpy3ku
CKOpPOCTh JBUTaTeNsl YMEHBIIAETCS B COOTBETCTBUHU C €r0 XapaKTEPUCTHUKOM, YTO BBI3bIBAET
YMEHbIIIEHHE CKOpPOCTHU BpalleHus perynastopa. LleHTpoOexxHble CHIIbI Takke YMEHBIIAIOTCH,
HIAPUKU OMYCKAIOTCS U Yepe3 PhIYAKHYIO CUCTEMY YBEIMUMBAIOT OTKPBITHE JIpOCCENsl. Y BETNUEHUE
nojayu pabodeld cMecH B JIBUTaTellb BBI30OBET YBEIUYEHHE €r0 CKOPOCTH, PAaBHOBECHE BHOBH
BOCCTAHOBUTCS, HO Y>K€ Ha APYrOM YpOBHE. SICHO, UTO Pa3HOCTh CKOPOCTEH OINpEIENsieT KaueCTBO



perylupoBaHus: 4YeM OHA MeHblle, TeM Bhllie kauecTBo CAY. Ilpu ymenbiienun Harpy3ku CAY
paboTaeT B 00OpaTHOM MOPSIIKE.

Hus anamm3a CAY  HeEoOXOJMMO COCTaBUTh €€ MaTEeMaTHYeCKYyl0 MOJenb. AHaIHU3
II0Ka3bIBAET, YTO B CHUCTEMY BXOJAT JBUraTelb, IPOCCENb IOAAYU paboyeil cMecH, pblua)kHas
nepeaaya u 3yoyaras nepeaayva.

JIBukeHue ABUraresss IpU OrPaHUYEHMHM YYE€TOM SIBJIGHUH IE€pBOro MOpSAIKa, T.€. €ro
WHEPIMOHHOCTBIO, MOXET OBITh MPEACTaBICHO U(QPEepeHINATBHBIM YPaBHEHUEM IE€PBOTO
MOpsIIKA:

Iad—w+}tda)+ M, =M,
dt 1.1)

rae |y u Ay — MOMEHT HHepIMHu poTopa u KOd((UIMEHT BSI3KOro TpeHus asurarens, M, u M,
— MOMEHT COINIPOTUBJICHUS] HATPY3KH U MOMEHT JIBUTATENISl COOTBETCTBEHHO.

MoMeHT JBUXKEHHSI 3aBUCUT OT OTKPBITUS JPOCCeis Mo1auu paboueil cMecu:

M, =Dbk,,
1.2)
rae b — ko dunmeHT nepeaadn OTKPBITUS IPOCCENs OT MEePEMEIEHHs TTOJI3yHA PEryisTopa
4yepe3 phlUaXKHY Tnepenady, Ky — K03(DOHUIMEHT NpONMOPIMOHATIBHOCTH MEXKIY OTKPBITHEM

JpOocCcensi © MOMEHTOM JIBUraTerIsl.

Ecnu npuHsTH epelaTOYHOE OTHOIIEHHWE PhIYaroB M 3yO4aToi mepeaayu paBHbIM €IUHUIIE,
TO, U3 TEOMETPUYECKHMX COOTHOIIEHUHN, TMOJIYyYHUM YpaBHEHHE CBSI3U, KOTOpPOE OINpeienseT
3aMKHYTOCTh CAY':

b=2I1-Sina).
1.3)

[Tonmyuennas matematuueckas mojeins (1.1)-(1.3) ucnonb3yercs B NpUKIaAHON TPOrpaMMe, ¢

MTOMOIIBI0 KOTOPOW BBINIOJHSIOTCS TpeOyeMble HCCIIeI0BaHUSI.

m MonenupoBaHHe perynAToOpa CKOPOCTH ABHraTens =1

MCXOAHBE OAHHBIE CAY

Macca WAPHEDE, KI 025

Cuna npyskute, H 100

AecTtrocTs

NPYHEL H bt I1 5
MoMEHT HHEDLWM
AEMraTens, kriml ID"I

K3 PPULMEHT SAEMCHMOCTH
MOMEHT 3 QB ETENA OT

OTEPEMTHA Apoccend, I4

Héara

|4D 3‘ MoreHt Harpyaku, Hr

Ocunnnorpad

Mpouecc | MpogonkeHue |

Reset |

OTKPEITHE FRCA0HEK X, Mk

Bt |

¥rNoBan CKOpocTe W, pasfc

Commnnorpad

0)

MWrnonan cropocn: W, pasy

o o4 02 0.2 04 05 af.]
Bpesa, ¢

Puc.1.2. Mooenuposanue yenmpooexicnozo pecynamopa cKopocmu

3aoanue



B cooTBercTBUU ¢ BapuanToMm (Tab:m.1.1) mpoBecTH nccineq0BaHne KauecTBa PEryaIupOBaHUs B
3aBHCUMOCTH OT M3MEHSEMOTO MapaMeTpa 1 MOCTPOUTh rpaduKy 3aBUCUMOCTU OBICTPOICHCTBHS U
TouHOCTH CAY B QYHKIIUHU OT H3MEHAEMOTO MapameTpa.

Tabnuya 1.1. Hcxoouwle dannvle

[lepB | Macca | ’Kecmxocms | Momenm | Bro | Hauanvna| Kosgpguyuenm | Hzmensmo

ast | wapux | npyxcuHvl | unmepyuu | pas | s cuna 3asucumocmu napamemp
mudp | 06 Mxe | Cnp, Hmm | 0sucamens | mud | npysrcunst |  momenma om

a Iy, Ke/m® pa Puy, H OMKpLIMUSL

opoccens Ky, H/mm

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

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

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

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

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

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

6 0,15 1,0 0,12 6 70 7 (&5

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

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

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

Cooeprcanue npomoxona

B npoTokose npenctaBuTh 1iesb paboThl, UCXOIHbIE JaHHbIE, 3a/JaHUE UCCIIEOBaHUs, KOTIHIO
uHTepdeiica Ui AH0O00ro HSKCIEpUMEHTa U3 BBIOJHEHHOW cepuu, omucanue padbotel CAY,
Ta0JIMIly SKCIIEPUMEHTANBHBIX JaHHBIX, T'pauKu TpeOyeMbIX 3aBUCUMOCTEN. BBIBOIBI.

JladopaTopHasi paGora Ne 2. XapakTepUCTHKH NepPeXoqHOro mnpoiecca. YacToTHble
XapaKTepPUCTUKH.

Llenv pabomwr: [Ipuobpemenue npaxmuyeckux Hagblko8 IKCNEPUMEHMATbHO2O ONpedeleHUs.
YACMOMHBIX XAPAKMEPUCUK.

Teopemuueckaa uacmeo

HccnenyeMoil cuctemMoil SIBISIETCS ByXMaccoBas IUHAMUYECKasi CUCTEMA, CXeMa KOTOPOM
n3o0pakeHa Ha puc 2.1. Cucrema HaxOAUTCS O ISHCTBHEM KHHEMATHYECKOTO BO30YKICHHS — X,
BBIXOJIHBIMH CHUTHAJIaMH SIBIITFOTCS KOOPJAMHATHI X1 U X2 MEPEMEIISHUsT MacC M; U My, CBSI3aHHBIX
MEXKTy CO000 )KECTOKOCTSIMH C1 M C2 ¥ BI3KUM TPEHUEM A; U A

C, C2

m, m,

L%
112
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Puc.2.1. /lunamuueckan cxema 08yxmaccogoil cucnemol

ypaBHeHI/Ie ABHUIKCHUSA CHUCTEMBbI COCTABJEICTCS II0 HM3BCCTHBIM IIpaBUJIaM TeOpeTquCKOﬁ

MEXaHUKH:
d?x, dx, dx) (dx dxlj
M, ——t+ Ay —2——2 |+C,) (X, — X, )= 4| — ——= |+C(Xx—x
S 2 B D, )= A - B v x-x)
d?x dx, dx
m, dt22 +2’2( d'[z - dtlj+C2(X2—Xl):0

prOH_[eHHaH MaTreéMaThnidcCKas MOJCJIIb:



2
{mls X, + (A, + A )sx, +(c, +¢, )% = (4, + A, )sx + (¢, +¢, )x
2
m,S“X, + A,SX, +C,X, = A,SX, +C, X,

rae s=d/dt — omeparop Jlamaca.

I[Hﬂ MNpCACTaBJICHUA MaTEMATUYECKOU MOZACIIN B INCPEMCHHLIX COCTOSAHHA PCIIMM KaXJI0€
YPaBHCHHUC OTHOCUTCIBHO INCPEMCHHBIX X1 A Xo, KOTOPLIC 3allMCaHbl B CTApIIHUX IMPOU3BOAHBIX
COOTBETCTBEHHO. [IpeobpasoBanHas TaKUM 00pa3oM MaTeEMATUUECKas MOJIEIb UMEET BUL:

x, =s-ax +ax+st[-a,x +a,x|
X, =5 - a,x, +ax +s[-a,x, +a,x]]

rae KOB(i)(bI/IIII/IeHTI)I MOJEIIH: a1 = (12+21)/m1, ar = (Cz+C1)/m1, az = AyMy, au = Co/my;

TeHepL MOKHO 3alurcaTb MaTreMaTHU4YCCKyH0 MOJCIIb B INCPEMCHHBIX COCTOSHHA, TO €CTh B
BUJIe cHCTeMbI (D (epeHInaIbHBIX YPABHEHHA, PEIICHHBIX OTHOCUTEIILHO MEPBIX MPOU3BOTHBIX:

Sy, =—a )y, tax+y,
Sy, =—ay; +a,X

SY; =—a3y;+ay; tY,
SYs =—q, Y3 +a,X
NmenHO Takasg MoOJenb peann30BaHa B NMPUKIAJHOW MPOrpaMMme, MO KOTOPOWM MPOBOMSTCS
HCCe0BaHNE YACTOTHBIX XapaKTEPUCTHK.
3aoanue
B cootBerctBun ¢ BapuantoM (Ta0:1.2.1) mpoBectu uccienoBaHue M moctpouts AOUX
crcTeMBbI (0JTHO MacCOBOM HITH IBYX MAaCCOBOM, IO BBIXOJaM X1 HJIH X7).
Tabnuya 2.1. Hcxoownsie Oannbvie

[TepBas M1, KT C1, H/™MMm A1, KT/C Bropas my, KT Cy, HMMm Ao, KT/C

undpa uugpa
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

Cooepotcanue npomoxona

B npoTtokose npeacTaButh 1eib paboThl, HEOOXOIUMbIE TEOPETUUECKHIE CBEICHUS, UCXOHbBIE
JTAHHBIE B COOTBETCTBUHM C BapHaHTOM 3a/laHusl, KOMHUIO0 HHTEpdeiica ¢ 3aluChi0 BBHIMOJTHEHHBIX
HKCIEPUMEHTOB U IOCTPOCHUAMU, HEOOXOAUMBIMH JJIS1 OTIPECTICHUS BBIXOIHBIX JAHHBIX; TAOIHUIIbI
SKCMEPUMEHTAJIbHBIX M PACUYETHBIX HaHHBIX; rpauku sKcrepuMeHTanbHbIX ADUX cucrem.
BriBobI.

JlaGopatopnas padora Ne 3. UccaenoBanue ycroiiunoctu CAY no kpurepuio I'ypBuna

Ilenv padomui: Ilpuobpemenue npakmuyeckux HAGbLIKOS OYEHKU YCHMOUYUBOCTU CUCTHEMbl
asmomamu4ecKoco ynpaeileHusl.

Teopemuueckas uacmao

C nomompro kputepus ['ypBuna uccnenosats Ha ycroiunocTs CAY moBomom cynmopra
METAJUIOPEXKYILEr0 CTaHKa, CXeMa KOTOPOTO MoKa3aHa Ha puc. 3.1, a.
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Puc.3.1. IIpunyunuansuas (a) u ynkyuonanvuas (6) cxemovt npugooa

[IpuBon cocrour uz ycunurens-npeoOpazosatens (I1I1), nurarens (/1) mocrossHHOTO TOKAa,
penykropa (P), 3agatomiero noreniinomerpa (3I1) u norennmomerpa odpatHoii cBsizu (I1OC).

[Ipexxne Bcero HEOOXOAMMO COCTaBUTh MaTeMaTH4ecKylo Mojenb noBoga. CoriacHo
NpPUHIUIY paboThl, NOBOJ MpejacTaBisieT coboit 3aMkHYTYIOCAY, QyHKUMOHANbHAs cXxeMa
KoTopoil mpuBeneHa Ha puc.3.1, 6. IlycTh BBbIFCTIEHHBIE HA CXEME D3JIEMEHTHI OTHUCHIBAIOTCS
CIIEYIOIIMMHU MepeIaTOUYHBIMU (DYHKIUSMU:

31T: _U.06) . U.(s k
R TO N HILW,, (s) = &j((s)) T+l
Tow (s)=- 26 kK . Y (o) Y
U,(5)  (Ts+Ds P w0 - T8
(S

HOC:w,, (s) = Yols) K-
Y(s)
Temepp MOkeT OBITH MOCTPOEHA CTPYKTYpPHAs cXeMma ITOBOJA, B KOTOpOW (TIpU paBEHCTBE
K03 puImeHToB mepenayn 3aJaroniero MmoTeHIMOMETpa U MOTEHIIMOMETpa 0OpaTHOM CBsI3U) JiBa
COOTBETCTBYIOIIMX OJJIEMEHTa Ha (DYHKIIMOHAIBHOW CXEMe 3aMEHSIOTCS OJHUM DIIEMEHTOM C
ko3 dunrenTom nepenaunk, Ha CTPyKTypHO# cxeme (puc.3.2).

u
o A L X B A Y
o T+t (T,5+Ds

Puc.3.2. Cmpykmyphnas cxema npueooa

Takum o0pazoMm, mnepeaarouHas GYHKIHMS 3aMKHYTOM CHUCTEMBbl TIOCIE HECIOXKHBIX
anredpanvecKkux mpeoodpa3oBaHUil MPHOOPETAET BUL:

k
W (S) = 9 1
(T,s+D)(T,s+Ds+k,
raeko — KodhOHUIMEHT mepemadyd CHCTEMBI, DPaBHBIM IPOU3BEACHUIO KO3(PUIIHECHTOB

nepcaadn BCCX 3BCHLBCB KaHalla IIPAMOIO I[efICTBHH. I/ITaK, CUCTCMAa HMMCCT XAPAKTCPUCTUYCCKOC
YpaBHCHHC 3-ro IopsaKa:
T, 1,88+ (T, + Ty) s+ s + ko= 0.
CocTaBuUM ACTCPMHUHAHT prBHua u Haﬁ,[[eM YCJIOBHUA yCTOﬁqHBOCTH.
T,+T, K, 0
=TT, 1 0
0 T,+T, Kk,
Ananus yCJ'IOBI/Iﬁ yCTOP'I‘lPIBOCTH 0 KpUTECPHUIO prBHua IIOKAa3bIBACT, 4YTO C€ANHCTBCHHBIM
YCJIOBUCM SBJCTCA TIO3UTUBHOCTH BTOPOTro JACTCPMHUHAHTA, HOCKOJIBKyao:TyTa, paBHO Kak



u A;=a;=T,+T,, Bcerna Oomnbie Hyns. Takum oOpa3zoM, s yCTONUMBOCTH MOBOAA HEOOXOIUMO,
YTOOBI:
A= (Ty+ Ty) — koTyTa> 0.

[Tocne HecnoKHBIX MPe0Opa30OBaHHMA MOTYYaeM eIMHOE YCIOBUE YCTOWYMBOCTH CUCTEMBI:

Tl +Tl > ko 3.1

y 0 ' )
Boinosinenue 3toro ycnoBusi 00s3aTelNbHO, MOSTOMY Ha MPAKTUKE Bapualuei, moadopom
napaMeTpoB ImpuBoja crtpemsarca obecneunts (3.1). Ilpu 3Tom Haumbonee ynoOHO H3MEHATH
napametpbiKg uT, — 00w KO3pPUIMEHT nepeaayn MPUBOIA U MIOCTOSHHYIO BPEMEHH YCHIIUTEIIS -
npeobOpazoBarens. B mro0om cirydae 3Ha4YeHWs BapualMii 3TUX TAapaMeTpPOB JOJDKHBI JIEKATh B

obnactu D, nmocTpoeHHO# corjaacHo KCJ'IOBI/IIO (3.1) (puc. 3.3).

obaacmy
HeyCmouyueblx

3HAYeHull

k01 —° l/Ta

obnacmo

VCMOUYUBHIX 3HAYECHULL

0 T, T,

Puc.3.3. Obnacms ycmouuugvix 3HaueHuil

3aoanue

1. ITo UCXOOHBIM JaHHBIM, B COOTBETCTBUH C BapwaHTOM (Ta0:.3.1), HOCTpOUTH AUarpaMmy
YCTOMYMBOCTH CHCTEMBI TO KpuTepuro ycrohumBoctd ['ypBuma (cm. puc.3.3). Onpenenuthb
MaKCUMaJbHO BO3MOXXHO€ 3HaueHHE KOIPUIIMEHTA TMepeAadd YCHIHTEII-TpeoOpa3oBarens u
MOATOTOBUTH TaOJIHILy SKCIIEPUMEHTAIbHBIX JAHHBIX.

2. Vcnonp3ys NpUKIAAHYIO MPOrpaMMy, NMPOBECTH CEPHUIO SKCIIEPUMEHTOB U PE3YIbTATh
3amucaTh B TaOJIHILY.

3. Ilo pe3ynpTaTam 3KCIIEPUMEHTOB MOCTPOUTH IKCIIEPUMEHTAIBHBINA TpaduK 3aBUCUMOCTU U
[IPOBECTHU €0 aHaJIu3.

Tabnuya 3.1. Hcxoouvle Oannvle

IlepBas | Ycunumens | [eueamenv | Bunm.napa | Bropas | /[eueamens | Oop.csazw
udpa T, c Ko, pao/cB H,,, mm udpa T, C Ko, B/MM
0 0,003 1,6 12 0 0,050 0,20
1 0,015 2,0 10 1 0,100 0,90
2 0,020 3,2 16 2 0,150 1,10
3 0,025 2,4 8 3 0,200 1,40
4 0,006 5,2 10 4 0,030 1,00
5 0,009 3,0 14 5 0,025 1,20
6 0,004 4,0 16 6 0,120 0,40
7 0,045 3,6 18 7 0,015 0,60
8 0.050 5,6 20 8 0,040 0,15
9 0.005 4,5 14 9 0,035 0,52

Cooepircanue npomokona
B mporokosne mpencraButh CTpykTypHyro cxemy CAY, auarpamMmmy KadecTBa, TaOJIHIly
HKCIEPUMEHTAIbHO-PACUETHBIX  JAHHBIX, TIpa(uK 3aBUCUMOCTH KOMIUIEKCHOTO IIOKa3aTess



JMHAMHYECKOTO KadecTBa OT Kod(h(UIMEeHTa Mepeaayd YCWIHTEIS-TIpeoOpa3oBaressi, KOIHUIO
uHTepdelica ¢ 3aHChI0 IEPEXOAHON XapaKTePHCTHKH IPH KaKOM-JIN00 3Ha4eHHnH Kj,. BEIBOBI.

JladopaTopnas paGora Ne 4. UcciaenoBanue tounoctu CAY B pe:kuMe JBHKEHHS 110
rapMOHUYECKOMY 3aKOHY

Ilenv pabomwi: [lpuobpemenue npakmuueckux HABLIKOE OYEHKU MOYHOCMU CUCTEM
A8MOMAMUYECKO20 YNPAasieHus npu mecmuposanuy o 2ApMOHUYECKOMY 6X00OHOM) CUSHATY.

Teopemuueckas uacmeo

Uccnenyercs CAY noBoJOM, CTPYKTypHasi CXeMa KOTOPOIo IpejcTaBieHa Ha puc.4.l.
Bupano, uto CAY oTiauvaercst 0oTpacCMOTPEHHOM B MpaKTUUECKOU pabote Ne5 TeM, 4yTO YCHIIUTEIb-
npeoOpa3oBaTenb MPEACTaBICH He OE3bIHEPIIMOHHBIM 3B€HOM, a allepHOMYECKIM 1 -TO mopsaKa.

x(t) Al  k K y(j)

Y 0

Ts+1 (T,s+1)s

k

en

A 4

A 4

K le

oc

Puc.4.1. Cmpykmypnas cxema ucciedyemoiuCAY

JInst Takol cHUCTEMBI BaXKHBIM M ITEPBOCTENIEHHBIM SIBIISIETCA BONIPOC YCTOMUMBOCTH. [loaTomy
nepesl HayaloM OHKCIEPHUMEHTAIbHBIX HCCIEOBAaHUI HEOOXOJUMO ONIPENSIUTh MaKCUMalIbHO
JOIyCTUMOE 3HaueHue Kodpduunmenta K, mepeqaun yCHINTENA-IPeoOpa3oBaTens, IOIb3YsCh
dopmymoit (3.1) ¢ yd4eToM 3aBUCHUMOCTH ISl ONpenesieHus o0mero koddduimenta mepegadn
OCJIEe0BATEILHO COEMUHEHHLIX 3BeHLeB CAY:

k, =k k k_k

y 0 ‘oc ‘en"

rae Ky, = H/27 — nepenatounas ¢yHkius BUHTOBOM mapsl (H —1ar BUHTOBOM mapsl).

3aoanue

1. Tlo wWCcXOmHBIM JaHHBIM, B COOTBETCTBHHM ¢ BapuaHtoM (Tabm.4.1l), paccuuTarh
MaKCHMaJIbHO JIOIyCTUMBIH Kodhduunent K, mnepemaunm ycwiamTens-npeoOpa3oBatens, WU
MOATOTOBUTH TaOIHILy SKCIIEPUMEHTAIbHBIX JAHHBIX.

2. Vcnonb3yd NpUKIAAHYIO IPOrpaMMmy, BbIOpaTh JuManma3oH M IMIar U3MEHEHHUS 4acTOThI
BXoJHOro curHaia. IIpoBectu cepuio sKCEpUMEHTOB (U1 KaXXIOro 3HAYEHHUS KOIPQHUIMEHTa
nepeiaun), 3aruchiBasi pe3ysibTaThl B TA0NHUILy, @ 3aT€M MOCTPOUTH rpaduKu IKCIEPUMEHTATbHBIX
3aBUCUMOCTEH.

Tabnuya 4.1. Hcxoouvle oannvle

ITepBas Ky, Bropas | Hg,

uI/II()I)pa T € pad/cB To ¢ I_[I/Iq?pa MM Koe
0 0,003 1,6 0,050 0 12 0,20
1 0,015 2,0 0,100 1 10 0,90
2 0,020 3,2 0,150 2 16 1,10
3 0,025 2,4 0,200 3 8 1,40
4 0,006 5,2 0,030 4 10 1,00
5 0,009 3,0 0,025 5 14 1,20
6 0,004 4,0 0,120 6 16 0,40
7 0,045 3,6 0,015 7 18 0,60
8 0.050 5,6 0,040 8 20 0,15
9 0.005 4,5 0,035 9 14 0,52

Cooepotcanue npomoxona



B nmnportokone mnpuBectu CcTpykTypHyto cxemy CAY, COOTBETCTBYIOIIME pPAaCUETHI
Kod(hduUIMeHTa Mepeaayn yCHIHTENs-IpeoOpa3oBatTesi, TaOIuIly SKCIEPHUMEHTATbHBIX TaHHBIX,
Komuioo uHTepdelica NPUKIATHOW MPOrpaMMbI Uil KAKOTO-THOO OSKCIEPUMEHTa, Tpaduku
SKCIEPUMEHTAIBHBIX 3aBUCUMOCTEN. BBIBOIBI.

JlaGopaTopnas padora Ne 5. OmnpejeseHne XapaKTePHUCTHK 3JIEKTPOMEXaHHYeCKOro
NpUBOJA

Llenv pabomwi: Ilpuobpemenue npaxmuyeckux HABbIKO8 KOMNIEKCHO2O UCCI008ANUs
cucmem u 06veKMoO8 a8MOMaAMU4ECKO20 YNPasieHus..

Teopemuueckas wacmo

Ha puc.5.1 mnpexncraBieHa 3iIeKTpOMEXaHHUYECKass CHCTEMa — IIPUBOJ BPAIIAOIIETO
JBYKEHUS, KOTOPBIA COCTOUT U3 DIIEKTPOABHTaTeNs 1 MOCTOSIHHOTO TOKA, PEAYKTOpa 2 M Harpy3KH,
HampuMmep, MNUHAENS 3.

1 2

Puc.5.1. Cxema InekmpomexanuuecKkoil cucmemol

ypaBHeHI/ISI ABMOKCHUA JBUTaTClIA IIOCTOSAHHOI'O TOKa IIPpHU npeHe6pe>KeHHH SABJICHUSIMHA
BTOPOTIO MOpAAKA UMECT BU:

dQ()sue . (
oguzT+M1’ 5.1)

e Mosuz 1 oeuzy €296y — MOMEHT JIBUKEHHUSI, MOMEHT MHEPLMHU POTOPA U YIJIOBasi CKOPOCTh
nsurarens, Mi — MOMEHT Harpy3kud Ha Baiy aurarens. C apyroil CTOpOHBI, B COOTBETCTBUU C
AIIEKTPOMEXAHUYECKOM XapaKTePUCTUKOM IBUTATEIS:

M, =1

ogue

M osue = k()U - kMQz)(;ue’ (
5.2)
rae k() — KOS(b(bI/II_[I/IeHT MMpONOPHUOHAIIBHOCTH MG)K,Z[y HaHpSDI(eHI/IeM U U MOMCHTOM
JABUIXKCHUA, kM— KOS(b(bI/II_[I/IeHT HaKJIOHa SHCKTPOMexaHI/IquKOﬁ XapaKTepI/ICTI/IKI/I.
PeL[yKTOp MOXET 6I)ITI) Hpe,I[CTaBJIeH 66351HepHI/IOHHBIM 3BCHOM:
Ql = stuz kpet) 4 (
5.3)

rae {2, — yriioBasi CKOPOCTb BBIXOHOTO Bajla PEAYKTOPA, Kpyey — KOIDPUIIMEHT nepeaun.
B xoHeuHOM uTOTE, ypaBHEHHE JBUKCHUS Balla HATPY3KH:

dQ
1224 20+ ([ Qdt - [Qdt)+ M =0, (
dt 5.4)
rne M, I, (2- nosne3Hbli MOMEHT, MOMEHT MHEPLMU U YIJIOBas CKOpPOCTb HArpys3ku, /-
KPYTHJIbHAS JKECTKOCTb, A - KOAX(QQHUIMEHT BSA3KOTo TpeHHs. Takum oOpa3oM, ypaBHEHHE CBS3H,
KOTOPOE IOKA3bIBAET, HA YTO PACXOAyeTCs MOJIe3Hast 4aCTh MOMEHTA JIBUraTeNsl, UMEET BUJL:
M, =k, A(] Qdt - [Qdt) (
pe
5.5)
[To momy4eHHOW MaTeMaTH4YeCKOW MOJeNu, KoTopas COCTOMT W3 ypaBHeHuil (5.1-5.5),
MIOCTPOEHA CTPYKTYpPHAsl CXeMa JIEeKTPOMEXaHNYECKOM cucTeMsl (puc.S.2).
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Puc.5.2. Cmpykmypnaa cxema 31eKmpomMexanuyeckoil cucmemol

Ha cxeme ecTh 1Ba BXOJAa: OJUH IO yIpaBisionieMy BoszaelctBuio U, a BTOpoil - 1o
Bo3MmyiieHuto M. He cMoTps Ha To, 4ro mo HMcXogHOM cxeme (cM. puc.5.1) cuctema Kaxkercs
pPa3OMKHYTOH, Ha caMOM JeJieé OHa 3aMKHyTa ¢ OOpaTHbIMH MOTOKaMmu curHaios. Ilo
pa3paboTaHHOW MAaTeMaTH4YEeCKOW MOJENTH 3JIEKTPOMEXaHMYECKOrO0 IOBOJA MOKHO IIPOBOJUTH
MIpEe/IBAPUTEIIbHBIE HCCIIEIOBAHUS C II€JIbI0 ONPEAETCHUs] XapaKTePUCTHK, OLEHKUM KadyecTBa M
BbIOOpa HEKOTOPBIX €ro mapaMmerpoB. Takoil 3Tam mpeaBapUTEIbHOTO MPOEKTHPOBAHUS BCEra
JOJIKEH TPUCYTCTBOBATh MpPH pa3pabOTKe CHUCTEM U OOBEKTOB aBTOMATHUECKOIO YIPaBICHUS MU
SBJIIETCS YPE3BBIYAITHO Ba)KHBIM, TaK KaK HWMEHHO 3/IECh OIPEAENSIOTCS OoOlLIue HarnpaBiIeHUS
YIOBJIETBOPEHUS TPEOOBAHUSIM TEXHUUECKOTO 3aJJaHUS U YITYUIIEHUS XapaKTePUCTHK CUCTEMBI.

Hanpumep, M3BecTHO, UTO NMEpPEIaTOYHOE OTHOILIEHUE PEIYKTOpa CYIIECTBEHHO BIUSET Ha
JUHAMHYECKHE XapaKTEpPUCTUKH  JJIEKTpoMexaHmdeckoro mnpuBoja. OIlleHKa MNepexoHbIX
XapaKTEPUCTHK CHCTEMbI, TPEICTABICHHON pa3pabOTaHHOM MaTEeMaTUYeCKOW MOJIEIbIo, TpH
Pa3HbIX 3HaYEHUIX KodhduIMeHTa nepeaayu peyKropa mo3BojseT peluTh TaKyto 3a7aqy.

3aoanue

1. Ilo ucxXoAHBIM JaHHBIM, B COOTBETCTBHH C BapuaHTOM (Tabi1.5.1), OonpenenuTh CTaTUIeCKue
XapaKTePUCTUKHU DJIEKTPOMEXaHMUYECKOTO MOBOJA JAJS Pa3HBbIX 3HAYCHUN HAMpPsDKEHUS MUTaHHUS
JBUTATENsl M TOCTPOUTH COOTBETCTBYIOIIME Trpapuku. (JnanmazoH H3MEHEHHS HampsKEHUs
oTpeiesIsieT MPETo1aBaTeb).

2. IIpoBectu cepuio 3KCIEPUMEHTOB 10 MOJICIUPOBAHUIO MEPEXOTHOM XapaKTEPUCTUKH MPU
pa3HbBIX 3HAUCHUX K03 dunnenTa K, nepesaun peaykropa, BEIIOJIHATH HEOOXOANMBIC H3MEPEHHS,
paccuuTaTh KOMIUJIGKCHBIM TOKa3aTelb A U IOCTPOUTH COOTBETCTBYIOUIUN Trpauk s
ompeJieIeHHs ONTHMAIBHOTO 10 ObIcTpoaeiicTBrIO KodhdunnenTa K,.

Tabnuya 5.1 Hcxoouvle dannble

IepBas Iy ky K, K, Bropas I Vij y)

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

Cooepircanue npomokona



B npoTokoie npencTaBUTh CTPYKTYPHYIO CXEMY JIEKTPOMEXAHUYECKONW CHCTEMBI, TaOJINLIbI
HKCTIIEPUMEHTAIBHBIX JAHHBIX, COOTBETCTBYIOIINE TPAPHUKH CTATUIECKUX XapaKTEPUCTUK U rpaduk
3aBHCUMOCTH KOMIUIEKCHOTO IMOKa3aTelsl TUHAMHYECKOTO KadecTBa OT Kod(h(uIMeHTa mnepenadn
penyKTopa, KOmuio HHTepdeiica NPUKIaTHOW MPOrpaMMbl € IEPEXOJHBIM IPOLECCOM MpU
ONITUMAJILHOM MO OBICTPOJCHCTBUIO 3HAUEHUH KO PHUIIMEHTa MTepeadu peayKkTopa. BoIBoIbI.

JlabopaTopuasi padora Ne 6. OmnpeaesleHHe XapaKTePHUCTHK THAPOMEXaHUYECKOTO
npuBoOJAA

Ilenv pabomwi: Ilpuobpemenue npakmuyeckux HABLIKO8 KOMNIEKCHO20 UCCIe008aHUs
cucmem u 06vEKMO8 ABMOMAMUYECKO20 YNPABTIEHUS.

Teopemuueckasa wacmpo

Ha puc.6.1 npencraBieHa ruapoMexaHuyeckass CHCTEMa — IPUBOJ IOCTYHNATEIbHOIO
nBukeHus. [IpuBoA COCTOMT M3 TUAPABIMYECKOrOo LWIMHApa 1, INTOK KOTOPOrO CBS3aH C
CYIIIOPTOM 2 (Harpy3koil) MEXaHMUYECKOH CBS3bIO0 C YKECTKOCThIO ¢. CyNmopT mepeaBUraercs 1o
HaIpaBJIAIOMKUM 3, KOTOPbIE XapaKTepU3ylTCs KOd3()(UIHMEHTOM BS3KOTO TpeHHs! A, a CKOPOCTb
perynupyercs THapaBiIndeckuM npocceneMm 4. Takum o0Opa3zom, cucTeMa HMMEET YHPaBISIOLIUN
BX0J (OTKPBITHE X APOCCENsl) U BO3MYIIEHUE — CUIIY TMoJie3Hou Harpy3ku F. Llenwio ymnpaBneHus
SIBIIICTCS TTEPEMEIIIEHUE CYIIOpTa ¢ 3aaHHO# ckopocThio dy/dt mo koopauHaTe Y.

A (P 2

1 c F

P1
= D4 -

poA |_,

Puc.6.1. I'uopomexanuueckasa cucmema

JIBuKeHHe CcymnmopTa MOXKeT ObIThb OmHMcaHo Aud@epeHIuaNIbHBIM ypaBHEHHEM BTOPOTO
MOPSIIIKA:

m

d’y dy (
m2+la€+qy—%)_F, 6.1)
rae M — macca cynmnopTa; A - Ko3QGUIUEHT BA3KOTO TPEHHS; Y — MepeMelieHue Maccol;, F —
MoJIe3Has Harpy3Ka.
I'uapaBavuecKuil TWIMHIP C TOJIC3HOW TUIOMIAAbI0 P MOpHIHS MOJDKEH OBITh MPEICTaBIICH
JIBYMsI ypaBHEHHUSIMHU, KOTOPhIC OTBEUAIOT KMHEMaTHUYECKOMY U CHJIOBOMY BO30yxaeHuto. [lepBoe
OIKCBIBACT JIBUKCHHE TI0 pacxoay Q Maciia yepes [MUIHHIP:

_(Q (
y, = IE dt, 6.2)
a BTOPOC — UBMCHCHUEC NAaBJICHUA B IIOJIOCTH:
F (
P, = E 6.3)

Pacxon macna qepe3 OpocCCeyib 3aBUCUT OT OTKPBITUA I[pOCCCJ'II/Ipy}OH_Ieﬁ e 1 nepernaga
JIaBJICHUS Ha HEH:

6.4)




rae (4 — KO3(pOHUIMEHT pacxoja depe3 APOCCeNUpYIONIyIo Iieiab, K — koadduimeHt
MMPONMOPHUOHAIIBHOCTU MCKAY INUIOIIAAbIO IS U OTKPBITHUEM X Apocceliid, pO — JaBJICHUC JIMHUU
IIATaHUs, O — yJEIbHBIN BEC MacJa.

K MaTemarnueckoit Moaenn He00X0AUMO MPUOABUTh YPaBHEHUE CBSI3U:

F =(y, - y)c. (
= (- y)e 65)

[To monmy4eHHOW MaTeMaTHYeCKOW MOJENU, KOTopas COCTOMT W3 ypaBHeHuit (6.1-6.5),
MOCTPOCHA CTPYKTYpHAasl cxeMa THJIpoMeXaHuuecKou cucrembl (puc.6.2). Ha crpykrypHO#l cxeme
€CTb JIBAa BX0J1a: OJIMH 10 YIPaBJISIIOLUIEMY BO3JIEHCTBUIO X, @ BTOPOH 110 BO3MYLIEHUIO F.

X F
—> kax Q

1/c y
T2s*+T,5+1

1/sP c

Kox
r c/P 4—®<

Puc.6.2. Cmpykmypnasa cxema 2u0pomexanuyecKoil cucmemul

v

JIlpoccens Ha BXOJE CXEMbI TPEIACTABICH JBYMS TIEPEIATOYHBIMA (PYHKIUSIMH C
JMHEapH30BaHHBIMH KO3 (GUIMEHTaMU TIepeiadn Ky, — 10 YIpaBIIsIoeMy BO3AeHCTBHIO X U Ky, —
o mepenaay naaBiaeHus. [Ipu MonennpoBaHUM CHCTEMBI ¢ IPUMEHEHUEM YHCIIEHHBIX aJlTOPUTMOB
MOXXHO HCII0JIb30BAaTh TEPBUYHYIO HENUHEHHYI0 3aBUCHUMOCTh (6.4). IlocTostHHBIE BpeMeHU
nepeaaTouyHo (PyHKIIMKM HATPY3KH B COOTBETCTBUU ¢ (6.1) paBHSAIOTCS: T.% = mlc, T, = Alc. 3aecs,
KaK M JUId DJIEKTPOMEXAaHWYECKOI'O0 MOBOJA, MOYKHO KOHCTATHPOBATH 3aMKHYTOCTb CHCTEMBI,
KOTOpasi, TeM HE MeHee, He siBiisieTcss CAY.

Pa3pabotannas MaremaTHyeckas MOJENb TO3BOJISIET Ha JTale MpeaBapUTEIbHOTO
MIPOEKTUPOBAHUS IPOBOJUTH UCCIIEIOBAHUS C LIEJIbIO ONPEACICHUS BIUSHUS [TapaMeTpPOB MPUBOJIA
Ha IUTABHOCTH JIBM)KECHMS, OLICHKU KaueCTBA YIIPABJICHUS U BO3MOXHOCTH CONPOTHUBIIEHUS BHEIIHEN
Harpy3ke u T.I. B 3aBHCHUMOCTH OT ’keflaeMoro Juana3oHa CKOpOCTeH JABMKEHUs pabouero opraHa
MO>XHO TPaBUJIBHO BBIOpAaTh COOTHOLICHHE: JaBJICHHE MUTAHUS — FEOMETPUYECKHE IapaMeTphl
JpOCceis, YTO SABISIETCS BaXXHOW 3ajadei, OT pelieHus KOTOpoil OyayT 3aBUCETh SHEPTeTUUYECKUE
MOKa3aTeNH MOBOJA B LIEJIOM.

3aoanue

1. I1o ucXOIHBIM TaHHBIM, B COOTBETCTBUH C BapUAHTOM (Ta0:.6.1), onmpenenuTs cTaTHuecKue
XapaKTePUCTUKN THAPOMEXAaHUYECKOTO0 MpHUBOJA (3aBUCUMOCTh CKOPOCTH pabodero opraHa ot
CHWJIBI TIOJIE3HOW HArpy3KH) AJIsl pa3HbIX 3HAYCHUI JaBJICHUS MUTAHUS THIPABIMYECKON CHCTEMBI U
MOCTPOUTh  COOTBETCTBYIOUIUI rpaduk. (/luama3oH W3MEHEHHUS JaBJICHUS  OMpeAeNnseT
MIperoaBaTelb).

2. Onpenenutb AMHAMUYECKHE MOKA3aTeNN T'MIPOMEXaHUYECKOrO0 MPHUBOJA: OTHOCUTEIBLHOE
NepepEryIMpoOBaHNE U 3aTyXaHHUE 3a MIEPUO/I.

Tabnuya 6.1 Hcxoouvle dannble

[MepBas k, Po, P, Bropas c, A, m,
uugpa MM Mlla M mudpa 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
5 0.45 1.5 180 5 1250 1500 30




6 0.30 3.0 200 6 4500 1800 35
7 0.20 3.5 80 7 5250 1450 40
8 0.40 4.0 150 8 3500 1300 45
9 0.14 4.5 170 9 4000 1600 20

Cooepocanue npomokona

B nporokone npencTaBUTh CTPYKTYPHYIO CXEMY HCCIEAYEMOW CHCTEMBI C HCXOJHBIMH
TaHHBIMH, TaOJMIBI OSKCIIEPUMEHTAIBHBIX JaHHBIX, T'paUKd CTAaTHYECKUX XapaKTEPHUCTHK,
JUHAMHAYECKHE II0KAa3aTelau KadecTBa IEPEXOJHOM XapaKTEPUCTUKU THIPOMEXAHHYECKOTO
IIPUBOJIA.

JladbopaTopHnas padora Ne 7. Onpenesienue xapakrepuctuk CAY npoaosbHo#i nogayvei
Npu TOYEHU U

Ilenv pabomwr: Ilpuobpemenue npakmuyeckux HABLIKOS KOMNJIEKCHO20 UCCIe008aHUs
cucmem u 06vLEKMO8 A8MOMAMULECKO20 YNPABIEeHUS.

Teopemuueckasa yacmeo

Haubonee pacnpoctpaneHHsid B MeTamiooOpabotke Tumn 3aMKHYTHIXCAY — sto CAY,
MpelHa3HAaYeHHBIC JIIT  aBTOMATHYECKOTO  PEryJIHpPOBAaHUS TIpoIlecca pe3aHus  3apaHee
YCTaHOBJICHHBIM 00Opa3oM. Takue cucTeMbl MOTYT MPUMEHATHCS Kak JUTSl CTAOMIIM3AINK 33 TaHHBIX
BBIXOJIHBIX ITapaMeTpPOB MpOIlecca Pe3aHMsl, TaK M JUISI UX WU3MEHEHHUS B IHMKJIe 0OpabOTKH IO
ompejeiecHHOMY anroputMmy. Hawbonee 1emecooOpa3HO WCMIOJIb30BAaHUE TaKWX CHCTEM Ha
3aKJTFOUNTENBHBIX, (DUHUTITHBIX ONIEPANASIX TEXHOJOTHIECKOTO MpoIiecca.

[Tpu mexanudeckoir 00paboTKe pe3aHUEM TOYHOCTh 0OpaOOTKH, B OCHOBHOM, OIPEICIISCTCS
yIpyruMu JiepopMarusiMi TEXHOJIOTHYECKON CHUCTEMBI, KOTOpbIE, B CBOIO OYepe/b, 3aBHCAT OT
cunbl pe3aHus. I[losTomy cuctema aBTOMATHYECKON CTaOWIM3allMU CUJIBI PE3aHUS] Ha 3apaHee
3aJJaHHOM YpPOBHE WJIM MPOTPAMMHOIO PErylIHpOBaHHS €€ MO 3aJaHHOMY 3aKOHY I03BOJISIET
MOBBICUTH TOYHOCTh 00PAOOTKU U 3HAYUTEIHHO YAYUYIIUTh KaUeCTBO MOBEPXHOCTH JIeTaIeH.

CAY crabunuzanuu CWiIbl pe3aHus NMpu TodeHWu (puc.7.1) CMOHTHpOBaHa Ha TOKAapHOM
CTaHKE M COCTOMT W3 IMPHUBOJA MOJAYM U H3MEPUTENBHOTO ycTpoicTBa. M3MeputenbHas uemnb
peann3oBaHa ¢ TOMOINBID JUHAMoMmeTpuueckoro mnpeodpaszoBarens JII, kotopwii uepes
ycuIHuTeNnbY olecrednBaeT CUrHain oOpaTHOU cBsi3u U,., TPONOPIMOHANIBHBIN COCTaBIsOmen P;
cwibl pesanuda. llpuBon momauum coctouT w3 ycuiutens-npeoOpazoBarenss YII, nBurarens
nocrosHHoro Toka/l u pexykropa P.
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Puc.7.1. @yukyuonanvnan cxema CAY cmabunuzayuu cunvl pezanus
npu mouenuu

CAY ¢dynkuuoHupyer cienyrouMm obpazom. Ha BXoa cucTeMBl, K CpaBHUBAIOLIEMY
YCTPOHCTBY nocTymnaeT curian U, KOTOpbIii COOTBETCTBYET TpeOyeMOMY 3HAUCHHIO CHUJIbI pe3aHUs
B onpezeneHHoM MaciuTabe. Ha BTOpoii BX0J1 cpaBHUBAIOLIETO YCTpOHCTBa noctynaet curHain U,
BbIpabaThIBaeMbli TUHaAMoMeTpuueckuM npeodpazosatenem Il u ycunutenem Y. Takum obpazom
HanpsbkeHne U, MpONOPIHMOHAIBHO pPEAbHOMY 3HAYeHMIO CHibl pe3aHusa. Ommubka oU=U,—-



U, mocTymnaer Ha BXoJ ycuiures-npeoopazoBatens YII, kotopslii BeipabaTeiBaeT Hanpspkenue Uy
nutanua asurarens Jl. Jsurarens [, udepe3 penykrop P ompenenser BeauuuHy HPOAOJIBHOM
M0JIa4X TaK, YTOOBI CBECTH OMINOKY K MUHUMYMY.

Kakynpasnsembritoobekt B CAYBxomutnpoueccpezanuslIP,  kotopslifipoucxoaut B
3aMKHYTOHTEXHOJIOrnYeckoroOpadaTbIBaromeicucTemMe.

MaremaTtuueckas  Moaeidb — CAYcocToMTH3MaTeMaTHYECKUX  MOJECIEH  DJIEMEHTOB,

COCTABJIAOIINX CI/ICTeMy. yCI/IJII/ITeJII)-
npeoOpazoBarenbonuchiBacTesandGepeHnaIbHBIMYyPaBHEHHEMIICPBOTOIIOPSIIKA,
du (
0 —
T, ” +U, = kynéU, 71)

HOETO XapaKTEPUCTHKA HEJIMHEHWHAs TuIa
“paceimenust’” (puc. 5.34):

U,=k, U, ecmu U<
Uu,=U eciu  OU =d0U,;

max !

Puc. 7.2. Xapakmepucmuxa
ycunumensa-npeoodpazaeamens
raeky,, Ty, — KodQOUIMEHTYCHIEHHS M IOCTOSHHASBPEMEHNYCHINTENS-IPe0Opa3oBaTes;
Umax — HanpsDKEHUEHACHITIICHUS.
JIBUTaTEBIIOCTOSTHHOTOTOKAOTUChIBaeTCA I D PepeHIInaTbHBIMYPaBHEHUEMBTOPOTOTIOPSIIKA:

d’w dw
Te-r,w dtza +Tw : + a)d = k()Ud’ 72) (
raeky, T,, T, - xodbdHIMEeHTHEpeaaYH, MTOCTOSHHBICBPEMEHH (JJIEKTPOMArHUTHAsS U
MEXaHU4eCKas ) IBUTATEJIS.
Penykrop, TEH30METPUUYECKU I JIMHAMOMETP u

AIIEKTPOHHBINYCUIIATEIbOTTMCHIBAIOTCSIINHEHHBIMU yPABHEHUSMH,
KOTOPBIECOOTBETCTBYIOTOE3BIHEPIIMOHHBIM3BEHBSM ¢ Kod(dunnentamunepenaun: Ky, Ko K.

OxBuBaieHTHBICYTIpyTHecucTeMbl  (AYC) 10  COOTBETCTBYIOIIMM  OCSIM  KOOPJIWHAT
MOTYTOBITBIIPEICTaBICHBI I G EepEeHITHATEHBIMAYPAaBHEHUIMUBTOPOTOMIOPSIKA, KaK JUTS
OJIHOMACCOBBIX CHCTEM:

2
P=m d 52)( +/1@+cx5x;
d} dt (
d’sy - doy 7.3)
P=m +A +C, oV,
! dt? dt ¥
raem — Maccacymnropra; A - K02 PUITUEHTBI3KOTOTPEHUS (cmma

TPEHUSNPONOPLUOHAIBHACKOPOCTH); Cy,Cy — AKECTKOCTH MO0 COOTBETCTBYIOIIEHKOOPIMHATE.

[Ipoueccpezanus[IPMoxeTOBIThIIPpEACTaBICHYpABHEHUEM,
CBSI3BIBAIOINM(PAKTUYECKHUEBEIUYMHBINONAUUS u riyounslHgpezanus c
cocCTaBIIsAOLIEH P, cribIpe3anus:

P, =C,HrS™™, (
p’ e T
7.4)
rueCp, Xp, Yp, Np — IMIUPUYECKUEKOIPPUIUEHT U TOKA3aTEIUCTENEHH, V — CKOPOCTbPE3aHMsL.
biok I CBLIHOJ'IHSIGTOHepaL[I/II/I B COOTBCTCTBHUUA C
FCOMeTpI/I‘-ICCKI/IMI/ICOOTHOI_HCHI/I}IMI/IMG)K)I}/'COCTaBJ'ISIIOIJ_II/IMI/ICI/IJ'IHpe?»aHI/I}II
(0.6P)* (
y 2 : ! Px:Py‘tg(go—I_n)v 75)
1+t9°(p+7) :

I7ie® — IIaBHBIMYTOJI B TUIaHEepe3La, 77 — yroJcXoa CTPYKKH.
C yuyeroMnpuBeJeHHBIXBBIIEYpaBHEeHUH (7.1-7.5) 1 cBsA3el(pyHKIMOHATIBHOWCXEMBI IO PHC.
5.30, matemaTuyeckyto Mojienb BceilCAYHan010MOTHUTHCIEIYIOIMMH3aBUCUMOCTSIMU:



8 =U U :
S, =k ;

dokx (
S =3, =0 7.6)
qu = H3 _éj};
Uoc :@.kdn .ky;

Takum o0pa3om, crabuiau3amusi CWIBl pe3aHus Ha TpeOyeMOoM YpOBHE, KOTOPHIH B
ompeieJICHHOM MaciiTabe oTBeuaeT 3ajaHHoMy HampstkeHuto U, Ha Bxoge CAY, mpoucxoauT 1o
CYeT YIPABICHUs NPOJOJBHONW mojadeil. IIpu TodyeHMM aertanu, NMPUITYCK KOTOPOM H3MEHSETCH,
peryinupoBaHue MOJAaYu J0KHO MPOUCXOUTh Tak, YTOObI CHUJla pe3aHHs OCTaBallach MOCTOSIHHOM
Ha Bced anmuHe oOpabotku. Ho xadyectBo pabGotel CAY 1ETMKOM 3aBUCHUT OT €ro mapameTpoB, a
TaKkKe OT NapaMeTpoB TeXHoJorudeckoi ooOpadateiBatomieit cucrembl (TOC) rae umMeHHO U
peanusyercs mpouecc ToyeHusd. [losToMy BakHeWIIeW 3agadedl Mpu NPOEKTUPOBAHUU CUCTEMBbI
SBIISIETCS TNPABUJIbHBIA BBHIOOpP €€ MapaMeTpoB, a NpPU OKCIUTyaTallMd — OIEHKAa KauecTBa B
3aBUcUMOCTH OT napameTpoB TOC, KOTOpbIE B JAHHOM CIIy4dae SIBJSIOTCS BO3MYILICHUSIMHU.

3aoanue

1. Ilo wucXomHBIM JaHHBIM, B COOTBETCTBUM C BapuaHToM (Ta0xa.7.1), mnpoBectH
MOJIEIMPOBAHWE C LENbI0 OIpPEAENICHNs KadecTBa IepexonHor xapakrepuctukn CAY 1no
KOMIUIEKCHOMY TOKa3aTento (cMoTpu dopmyiry (5.2)) 1 TOUHOCTH TO OMUOKE OP OT CIEIYIONIUX
napameTpoB CAYVY:

1) oT ko3 uIMeHTa Iepeadu peayKTopa,

2) OT KeCTKOCTH Cx ynpyroit TOC;

3) OT K03 dUIIMEHTA TIepeaun YCHIIUTENsT 0OpaTHOM CBS3H.
Ilpumeuanue:

- nuama3oH u3MeHnenus xxectkoctu (H/Mm) 18000 <c,<50000;

- Anarna3oH BapbUpOBaHUs Kod(uienTa ycuiantens oopaTHoi cBsi3u 5 <K,<55;

- Inana3oH U3MEHeHus kodddunuenTa nepenaun pexykropa (mm/pan) 0,2 <k,<0,05.

2. BeiOupas mar W3MEHEHHI3aJIaHHOTO TIapaMeTpa, MPOBECTH OSKCIIEPUMEHTHl Ha
BCEM/IMANa30HEETOM3MEHECHHS,  ONPEACTUThHEOOX0MMbIE  (CM.  BBIIE)  JUHAMUYECKHE
XapaKTePUCTUKH U 3alHCAThPE3YJIbTaThl B COOTBETCTBYIOIIUETAOHIIBI.

3. Tloctpouth TpaduKu SKCIEPUMEHTAIBHBIX 3aBHCUMOCTEH KOMILIEKCHOTO ITOKa3aTels
KayecTBa M OMIMOKKM OT YyKazaHHBIX Bbimie mnapamerpoB CAY. Omnpenenuth JIHMHAMUYECKHE
noka3atent CAY: OTHOCHUTEIIBHOE TIEpEperyJIMpOBaHUe U 3aTyXaHUE 3a TIEPHOL.

Brumanue! TTockonbKy UCXOHBIE JaHHBIC 3a/IAIOTCS CIYYaiHO, HE UCKIIFOYACTCS CUTYAIHS,
korga CAY oxa3bIBaeTcsi HEYCTOMYMBOW, TO €CTh COBCEM HE MPUTOJHOW K (PYHKIIMOHHPOBAHUIO.
Coo01eHust 00 3TOM, B TAKOM CiIydae, MOSBIISICTCS Ha IKpaHe MOHUTOPA BO BPEMS MOJICITMPOBAHUSI.
PexomeHnnmanu  Juis  pelIeHUsT TakoW ~ mpoOJieMbl  —  JIEHCTBOBaTh B CIICAYIOIICH
MOCIIEIOBATEIIbHOCTH
1) wu3MeHATH HapaMeTp, B GYHKIIMH KOTOPOTO aHAIM3UpYyeTCs auHaMuveckoe kadectBo CAY B
JMara3oHe, yKa3aHHOM B 3aJIaHHH;

2) ecnu B pe3yibTare BBIMOJHEHUS 1.1 He ymaercs obecreuuth moctosHcTBo CAY, yMeHbIIATh
koa¢umeHT nepegaun npsmoro kanaiga CAY 3a cueT yMeHbIeHUS KOdPPHUIMEHTa YCUICHUS
TPaH3UCTOPHOTO (TUPHUCTOPHOrO) TmpeoOpazoBarens. I[lodydeHHBII TakuM 00pa3oM HOBBIM
KO3 (GUIIMEHT 3aHECTH B UCXOIHBIE JAHHBIE C COOTBETCTBYIOIIUM KOMMEHTAPHEM.

Tabnuyal.l. — Ucxoouvieoanmvie
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% & © Kyn | Kus | Toy € | Ty, €
200 | 30000 | 100 | 1200 | 200 | 30 | 0.001 20 | 0.8 | 0.003 | 0.01

180 | 28000 | 90 | 1400 | 180 | 45 | 0.002 30 | 0.9 |0.005] 0.02

160 | 26000 | 70 | 1000 | 160 | 60 | 0.003 40 | 1.0 | 0.007 | 0.03

140 | 24000 | 60 | 800 | 140 | 75 | 0.004 50 | 1.1 0010 ] 0.04

120 | 22000 | 50 | 900 80 80 | 0.005 60 | 1.2 | 0.008 | 0.05

100 | 20000 | 40 | 600 | 100 | 45 | 0.006 70 | 1.3 | 0.009 | 0.01

80 | 23000 | 30 | 700 | 110 | 60 | 0.007 80 | 0.7 | 0.006 | 0.02

60 | 25000 | 55 | 1100 | 120 | 75 | 0.008 90 | 0.6 | 0.004 | 0.03

40 | 27000 | 65 | 550 90 30 | 0.002 100 | 1.5 | 0.003 | 0.04

©o|o|N|o|a|s|w|N|—|o|  Tlepas nudpa mmdpa

©o|lo|~N|o|o|s|w|N|—|o|  Bropas nudpa mmdpa

20 | 29000 | 85 | 750 | 130 | 45 | 0.004 110 | 1.8 | 0.005 | 0.05

Cooeprcanue npomoxona

B npoTtokose npeacTaBuTh CTpyKTypHYI0 cxeMy uccienyeMoit CAY ¢ HCXOHBIMH TaHHBIMU,
KOMHUI0 uHTep(delrica Mpu MOJCIUPOBAHMM, TAOIMIIBI 3KCIEPUMEHTAIBHBIX JaHHBIX, TpapuKu
COOTBETCTBYIOIIMX 3aBUCUMOCTEN. BBIBOIBI.

JladopaTopHas pa6ora Ne 8. UcciienoBaHue BJIMSIHUS acTaTU3Ma Ha KadecTBo CAY

Ilenwv pabomui: Ilpuobpemenue npakmuieckux HAGbIKOE IKCNEPUMEHMATILHO20 ONpedeNeHUs
napamemposg I1H-pecynamopa.

Teopemuueckasa uacmp

Uccnenyrorcs nBe CAY: wucxomHas cuCTEMa C acTaTU3MOM TMEPBOTO  TMOPSKa,
npeoOpaszoBannas (¢ [IN-perynsTopom) — cucrema ¢ acTaTu3MOM BTOPOro nopsiika. M3BecTHO, 4To
JUISL OLIEHKM TOYHOCTH AaCTAaTHMYECKHX CHUCTEM BTOPOTO MOPSAKA HCIOJIB3YETCS YIPaBISIOLIEEe
BO3JICHICTBUE B BHJE CUTHAJla C IIOCTOSHHBIM YycKopeHueMm. [Ipu Takom pexume paboThI
acTaTU4yecKasi CUCTeMa BTOPOTO MOPsAKa UMEET OMIMOKY, 10 BETUYMHE KOTOPOH MOXHO IMPOBOIUTH
oneHKy kadectBa CAY u mporiecca peryiaiupoBaHus. Y CTaHOBUBIIAsACS ommOka actarnueckoir CAY
MIEPBOTO MOPSJIKA B 3TOM CiIydae OyJIeT CTPEMUTHCS K OECKOHEUHOCTH.

3aoanue

B cootBercTBUU ¢ BapuaHTOM (Tabi.8.1) mpoBeCcTH CeIyIOIINE UCCIIeIOBAHUSL.

1. YcraHOBUTH 3KCHEPUMEHTAIBHO MHHHMAIbHOE 3HAUYE€HHE NOCTOSHHOW Bpemenu [IU-
perynsTopa, npu kotopoit CAY Ttepser ycrolunBocTh. ONpenesuTh AUana3oH U War U3MEHEHUs
MIOCTOSIHHOM BpeMeHU T, ¥ MOATOTOBUTH TAOIHILY SKCTIEPUMEHTAIBHBIX U PACUETHBIX JIAHHBIX.

2. [IpoBecTy 3KCTIEPUMEHTHI NIPU CTATUYECKOM PEXHME PadOThl U PaCCUMTATh KOMILIEKCHBII
kputepuit kauectBa CAY c [IU-perynaropom.

3. YOeautncs B ycrpaHeHuu ckopoctHoi oummOku st CAY ¢ ITU-peryastopom.

4. TlpoBecTu SKCIEPUMEHTHI MPU JIBUKEHHU C TOCTOSHHBIM YCKOPEHHUEM M OINPEAETUTH
TOYHOCTb PEryJIUPOBAHUSI.

5. OOpabotaTe  pe3ylbTaThl  OKCIEPUMEHTAIBHBIX  HWCCIENOBAHUM U  TMOCTPOUTH
COOTBETCTBYIOIINE TPadUKHU.

Tabnuya8.1. Hcxoouvleoanmnvie
IlepBas | VYcwiurens-npeoOpaszoBatens | Bropas JIBurarens
uudpa Ky | Ty € wndpa | ky, pad/cB | Ty c




0 10 0,012 0 0,5 0,08
1 15 0,025 1 1,0 0,09
2 7 0,030 2 15 0,11
3 8 0,003 3 2,0 0,14
4 9 0,006 4 0,8 0,10
5 12 0,004 5 0,9 0,12
6 13 0,005 6 1,2 0,07
7 14 0,056 7 1,3 0,06
8 16 0,037 8 0,7 0,05
9 18 0,045 9 0,6 0,15

Cooepocanue npomokona

B mporokonie mpencraBuTh CTpYKTypHble cxembl ucxoaHoi CAY wu cuctemsr c¢ [IU-
PErynaTopoM, UCXOJHbIE JaHHbIE, KOIIUIO HHTepdelica Uid KaKkoro-mmbo peskxuMa padboTsl, TabIUILy
SKCHEPUMEHTAJIbHBIX W PACUETHBIX JaHHBIX; TIpaUKU SKCIEPUMEHTAIbHBIX 3aBUCHMOCTEH.
BriBOBI.

Tunosoi npumep 3a1aHus

JlaGopaTopHasi padora Ne 8. McciienoBanue BIMsIHUS acTaTu3Ma Ha kadyecTtBo CAY

Ilenwv pabomui: Ilpuobpemenue npakmuieckux HAGbIKO8 IKCHEPUMEHMATILHO20 ONpedeneHUs
napamempog I1H-pecynsamopa.

Ilpakmuueckas wacmep

Ha puc.8.1 npencraBnen unTepdelic NpUKIATHON NPOrpaMMbl, C TOMOIIBIO KOTOPOM
BBITIOJIHAIOTCS AKCIEpUMEHTalbHble uccaenoBanus. [Iporpamma «[1W perymstop» HaxoauTcs Ha
mucke. MHCTpYKIIMK 1 TIOSICHEHUS ISl pabOThI ¢ IPOrpaMMO COZIep)KaTcsl B CaMOM MpoTrpaMMe U
MOSIBJISIIOTCS. HA 3KpaHe MOHUTOpA IpU HaxkaTuu kHonku Help.

[Tocne aktuBM3ammu mnpukiaagHod nporpamMmmbl  «CAY c ITHU-perymstopom», KoTopas
HaxXOJHUTCS Ha JWCKe, Ha TJIaBHOM HHTepdeiice 3aqatoTcsi UCXOAHbIE JAHHBIE B COOTBETCTBUU C
BApUAHTOM.

I[Ipu wuccnenoBanum BIMSHUS TOCTOSIHHOM BpeMenu [IM-perynsitopa Ha KadecTBO
PEryIUpOBaHUsl YCTAHOBUTHh CTaTUYECKUM PEXHUM U MPOBECTU CEPUIO0 HKCIIEPUMEHTOB JJISl OLICHKH
KOMIUIEKCHOTO KpuTepusd KadecTBa, B COOTBETCTBUU ¢ dopmynoi (5.2). H3mepenue
AKCIEPUMEHTAJbHBIX JaHHBIX, HEOOXOIUMBIX [UIsI PacueToB, MPOBOIUTCS IO OCIHIIIOPaMMaM.
[Ipu 5TOM TSI UCXOTHOW CUCTEMBI KOMIUIEKCHBIH KpPUTEpUA pacCUUTHIBACTCS OIHMH pa3, a Jyid
CAY c [Ih-perynsatopoM — ajisi BCETO BBIOPAHHOT'O AHWArnia3oHa WU3MEHEHUs IMOCTOSHHOW BpEeMEHU
T,. JInana3oHn u3MeHeHUs IOCTOSIHHOW T, BpEMEHHU ONpenessieTcss OT 3Ha4eHUs, Tpu KoTopom CAY
CTAaHOBUTCS HEYCTONYMBOMN, B CTOPOHY yBEJIUYEHUS. DKCIIEPUMEHTAIIbHbIE JaHHbIE 3allMCHIBAIOT B
TabIuIly, IPUMEP KOTOPOI MpeACTaBICH HIKE.

Tabauya8. 1. dxcnepumenmanbHvle U paciemuvleOanHbvle

CraTuueckuii peKum JIBYMK. C TIOCT YCKOPEHHEM
Ne | T,c
Ofmax, 2pa0 t, c A oa, 2paod

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 HEeyCTOMYMBA
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3areMm BeIOMpaeTCs 3aKOH JABWKCHUS C MOCTOSIHHBIM yckopeHueM (2 pan/c”). Ha puc.8.1 Ha
n300paxeHun ocwuiorpadgoB nuHME | 0003HAYEH 3aKOH JBW)KCHHS, KOTOPBIA 3agactcs, a
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[Ipy BBIIOJIHEHHH SKCIIEPUMEHTOB OIPEAEACTCS 3aBUCHUMOCTh YCTAaHOBUBIIECHCS OIIMOKH
yepe3 1 ¢ mocie Havalia MepexoJHOTro mporecca OT moctosiHHoW T, Bpemenu [IU-perymsropa.
PexomenayeTcst HaUMHATH SKCIIEPUMEHTHI C MAKCUMaJIbHOW BEJIMYMHBI MOCTOSHHOW Bpemenu [1U-
perynaropa, a 3aTeM MOCTENEHHO, COTJIACHO BHIOPAaHHOMY IlIary, yMEHbIIATh €€ J0 BeIMYUHbI, TPU
KOTOpPOM CHUCTEMa TePSIET YCTOMYUBOCTbD.

Ha puc.8.1, a mpencraBiaeH uHTepdelc NPUKIATHON TPOrpaMMbl TPH MOJIECTUPOBAHUHI
HCXOJIHOM cHUCTeMHI (ciieBa) B cucTeMbl ¢ [T -perynstopom, KOTOPBIM UMEET TIOCTOSIHHYIO BpEMEHH
0,7 c. OmunbKa UCXOTHON CHCTEMBI, KOTOpasi yCTAaHOBHJIACh 4Yepe3 1 ¢, paBHsAETCS 13,4°, a ommGka
cuctemsl ¢ [IU-perymsitopom — 8,1°. Kpome Toro, MmoaenupoBanue Mo3BOISAET YOSIUTHCS, YTO TS
HCXOJHOW CHUCTEMBl OIIMOKAa C TEYEHHWEM BPEMEHU yBenuuuBaercs, TO ecTb Takai CAY He
crocoOHa paboTaTh B 3alaHHOM pexkuMe paboTel. [IpeoOpa3zoBannas CAY Oyner moauepKuBaTh
MOCTOSIHHOE 3HAYEHHUE YCTaHOBUBIIEHCS OIMOKU. ['padmku SKCIepUMEHTAIbHBIX 3aBHCHUMOCTEM
OIIMOKHU, KOTOpasi YCTaHOBMJACh d4epe3 lc, M KOMIUIEKCHOrO KpuTepusi kadectBa A ot T,
MIOCTPOCHHBIE MO HW3JIOKEHHOM METOJuKe, MpeacTaBieHbl Ha puc.8.2. Tam xe, A cpaBHEHUS,
MpsMON JIMHUEH, MapalljieIbHON OCH abcuuce, MOKa3aHO 3HAYeHHE KOMIUIEKCHOTO KpUTepus st
HCXOJHOM CUCTEMBI.
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Puc.8.2. 3aeucumocmo ycmanosusuwienica omuoxku (uepes Ic) u kpumepus A
om nocmoanunou epemenu ITH-pecynamopa

YMeHblIeHHe NOCTOSIHHOW BpeMeHu IIM-perymnstopa NOJOXKUTEIBHO BIHSET HA TOYHOCTh
CUCTEMBI, HO IIOCJIE HEKOTOPOW BEIMYMHBI NIOCTOSSHHOM BpeMeHHu [IM-perynsropa cucrema tepser
YCTOMYMBOCTh, TO €CTh CTAaHOBUTCS HE CIOCOOHOW K (YHKIMOHUPOBaHUIO. Takoil ciydaii
3aukcupoBaH Ha puc.8.1, 0, korga nmocrosiHHast Bpemenu 1,<0, /c.

7.3. OueHovHble CpeacTBa VIS MPOMEKYTOUYHON ATTeCTAIlMM MO HUTOraM OCBOEHMS
AUCHMILINHBI

7.3.1. Bonnpochbl K IPOMEKYTOYHOM aTTeCTAIIUH

Cemectp4

Ne

i Bonpocs! k 3auerty

1 OcCHOBHbIE IOHATHS U ONPEIEICHHUSI

2 CopepxaHue IOHATHI: «CUCTEMa YIPABICHUS», «OOBEKT YIPABICHUNY, «YIPABIAIONINE U
BO3MYILAIOIIME BO3JAECHCTBUSA», «YNPABISIONIME KOOPAUHATHI)

3 Knaccudukanus cucteM aBTOMEXaHUYECKOTO YIPaBIECHUS

4 [TpuHIIMT pa30MKHYTOTO YIIPaBJIE€HUs. Y IPAaBJIEHUE M0 BO3MYIIEHUIO U OTKIIOHEHHUIO

S) OcHOBHBIE BUJIbl AITOPUTMOB (PYHKIIMOHUPOBAHUS

6 Krnaccudukanus cuctem 1o xapakTepy nepeaadu CUTHajJoOB

7 Knaccugukanus cuctem o 0CHOBHBIM BUJAM YpaBHEHUN IMHAMUKH ITPOLIECCOB
yIIpaBJICHUS

8 MaTemaTHuecKoe ONUCAHUE JIMHEHHBIX CUCTEM

9 MaremaTrnueckoe MoaenupoBaHue 3meMeHToB CAY

10 | Knaccudukamms smementoB CAY. CratucTuueckre U JMHAMHYECKHE XapaKTePUCTUKH
AIIEMEHTOB

11 | JIuneapuzamnus HeMMHEHHBIX MU GEPEHITNATHHBIX YPABHCHUH TUHAMHUYECKUX PEKUMOB
pabotsl anemenToB CAY. CrannaptHas dhopma 3anucu qudepeHnanbHbIX ypaBHEHUN

12 | OcHoBHBIE CBOMCTBa MpeoOpazoBanus Jlamiaca

13 | XapaktepucTuku AMHAMUYECKUX 3BeHbeB CAY

14 | TloHsTHE O TMHAMUYECKOM 3BEHE. XapaKTEPUCTHKH JHHAMUYECKOTO 3BEHA, TIepeIaTOUHbIC
(hYHKIIMH, YaCTOTHBIC XapaKTEPUCTHKHU (aMILTUTYIHBIE U (a30BbIe), JIoTapupMudecKue
YaCTOTHBIC XapaKTePUCTUKU, BPEMEHHbBIC XapaKTEPUCTUKH (TIEPEXOIHBIC H BECOBBIC)

15 Tunosble AMHAMUYECKHUE 3BEHbBS M UX XaPaKTCPUCTUKHU

16 CTPYKTypHaH CXEeMa CUCTCMATHYCCKOI'O YIIPABJICHUA. OcHOBHEBIE ImpaBujia Hp606p330BaHI/I$I
CTPYKTYPHBIX CXCM: ITOCIICAOBATCIIBHOC COCAUHCHUC 3BCHLCB, ITAPAJUICIIbBHOC COCAUHCHUC
3BCHBCB, 3BCHO, OXBAYCHHOC O6paTHOI>'I CBA3bIO, IICPECHOC CyMMaATopa, NMepeHOC y3Jia,
IICPpCCTaHOBKA y3JI0OB 1 CYMMATOPOB

17 | BoluucieHnue nepefaToyHbIX (PYHKIMN U YACTOTHBIX XapaKTEPUCTUK OJHOKOHTYPHOH U
MHOTOKOHTYPHOH pa3oMKHYTOH cuctemsl. [lepenaTounsie pyHKINU U ypaBieHUe
3aMKkHYTON CAY. YacTOTHBIE XapaKTEPUCTUKH 3aMKHYTON CUCTEMBI

18 | MaTtematuueckoe MOJEIMPOBAHNE U COCTABJICHUE CTPYKTYPHOM CXEMBbI

19 YCTOMYHMBOCTh CHCTEM aBTOMATHYECKOTO YIIpaBJICHU. [lonsTue YCTOﬁqHBOCTH
JIMHCAPU30BAHHBIX CUCTCM. HeO6XOI[I/IMOe 1 TO0CTATOYHOC YCIIOBUC YCTOI\/’I‘II/IBOCTI/I

20 | AnreGpanueckue kpurepuu yctounoct Payca u I'ypsuna

21 | YacroTHble kpuTepuu ycroiuuBoctu. [Ipunuun aprymenta. Kputepuu yctoiunBocT!
MuxaiinoBa A.B. Iloctpoenue obuacteii yctounBoctu. [lonsrue o Jl-pazbuenun




BOHPOCLI K 3a49€Ty

n/n

22 | Kpurepun ycroitunBoctn HailikBucra. AHanu3 yCTOWYMBOCTH MO JOTApHU(PMHUUYECKIM
YaCTOTHBIM XapaKTEPUCTUKAM

23 | YcTOMYMBOCT CUCTEM C 3ama3ibIBAHHEM

24 | MeToel OlIeHKH KadecTBa peryaupopanmst CAY

25 | IlonsTHe 0 KauecTBe mporecca ynpasieHus. OeHKa KauecTBa CUCTEM YIIPABJICHUS B
ycTaHOBUBIIUXCA pekuMax. [locTosHHble omMOKU. AcTaTuyecKue cCUcTeMbl. TOYHOCTh Npu
rapMOHUYECKOM BO3/JEHCTBUU. Y CTAHOBUBILINECS OLIMOKH MPU IPOU3BOJIBHOM BO3JEUCTBUM,
K03 (HUIIUEHTHI OIIHOOK

26 | Ouenku KayecTBa MepexoaHoro mnporecca. OueHKH KauecTBa MpoLecca Mpyu BO3ACHCTBUH
CTYNEHYATON QYHKIIH

27 | YacToTHBIE METO/IBI OLIEHKH KauecTBa peryianpoBanus. OleHKa KauecTBa pPeryJupoBaHus 1Mo
aAMILIUTYTHO-9YaCTOTHOM XapaKTEPUCTUKH 3aMKHYTON CUCTEMBI; 10 BEIIECTBEHHOMN
YaCTOTHOM XapaKTEpPUCTHUKE 3aMKHYTON CUCTEMBI; C 110 aMILUIUTYIHO-(a30BOM
XapaKTEPUCTUKE PA3OMKHYTOW CUCTEMBI; IO JIOTapU(PMHUUECKUM YaCTOTHBIM
XapaKTepUCTUKaM

28 | KopHeBble OIIEHKH KaueCTBa PETYITHPOBAHUS

29 | Cunre3 CAY 1o 3aaHHBIM NOKA3aTeJsIM KauyecTBa poIiecca YIpaBIeHUs

30 | IloBbImeHHe TOYHOCTH B YCTAHOBHUBIIHMXCS PEKAMaX M 00ecIieueHne YCTOMUYNBOCTH U
KauyecTBa YIPaBJICEHUS CUHTE3UPYEMBIX CHCTEM 3a CUET U3MEHEHHS MMapaMeTpOB CUCTEM U
ITyTeM BBEJICHUS] KOPPEKTUPYIOMIUX YCTPOUCTB

31 | Cucrema aBTOMaTHYECKOTO YIPABICHHS MTPOJOJIBHON 1Mogadeld mpyu TOYCHUN

32 | CucteMa aBTOMaTHUYECKOTO YITPABIICHHS ITOTIEPEYHON TIOJaueil MPH BPE3HOM IIITH(POBAHUH

33 | CucreMa aBTOMAaTHYECKOTO YIIPABJICHHUS TOBOPOTOM pabodero opraHa nmpoMbIIIJICHHOTO
poboTa

34 | CucremMa aBTOMAaTHYECKOTO PETyJIUPOBaHUs pa3Mepa JeTaau Ha OeCIeHTPOBO-
nuIOBaTLHOM CTaHKE

35 | Cucrema aBTOMaTHYECKOrO AUCTAaHIIMOHHOTO YIIPAaBJICHUS] MAHUIYJIATOPOM

36 | Cucrema aBTOMaTHYECKOIO YIPABJICHUs I'MIPABIMYECKIM CYNIIOPTOM TOKAPHOI'O CTaHKa

37 | Cucrtema aBTOMaTHYECKOIO YIPABJICHHMs IT01aueil pu (ppe3epoBaHUU

38 | Cucrema aBTOMaTHUYECKOIO YIIPABICHMSI TPOJOJIBHOM Mo1auell IpU CBEPIIEHUH

39 | ConepxaHue NOHATHI: «CUCTEMA YIIPABIICHUS», «OOBEKT YIPABICHUSN», «yNPABIAIOLINE U
BO3MYUIAIONIUE BO3ACHCTBUSY, «YNPABISIONNE KOOPIMHATHD)

40 | Knaccugukanus CUCTEM aBTOMEXaHUYECKOT'0 YIPaBJICHUs

41 | IlpuHuun pa3oMKHYTOTO YIPaBJIeHUs. YTIpaBJIE€HUE 10 BOZMYIIEHHUIO U OTKJIOHEHUIO

42 | OcHOBHBIE BUJIBI AITOPUTMOB (DYHKITMOHUPOBAHUS

43 | Knaccudukanus CUCTEM 10 XapakTepy nepejauyd CUTHAJIOB

44 | Knaccudukanus CUCTEM [0 OCHOBHBIM BHUIaM YpPaBHEHUH TUHAMUKH IIPOIIECCOB
yIIpaBJICHUS

45 | MaremaTtuyecKkoe Ol1ucaHHe JIMHEHHbBIX CHCTEM

46 | Maremaruueckoe MoJesiupoBaHue aneMeHToB CAY

47 | Knaccuduxkanus snementoB CAY. CraTucTuyeckue U JMHaAMUUECKUE XapaKTepUCTUKH
JIEMEHTOB

48 | JIuneapu3zaius HeJIMHEHHBIX TU(QepeHInanbHbIX YPABHEHUH THHAMUYECKIX PEeKUMOB
paboTsl snemenToB CAY. CrangaptHas dopma 3anucu auddepeHnnanbHbIX ypaBHEHUH

49 | ConeprkaHue MOHATUH: «CHCTEMA YIPABIECHUNY, KOOBEKT YIPABICHUD», «YIPABISIONIUE U
BO3MYIIAIONIME BO3ACUCTBUSNY), «YNPABJISIOIINE KOOPIUHATHI

50

KJ'IaCCI/I(I)I/IKaI_[I/IH CUCTCM aBTOMCXAHNYCCKOI'O YIIPABJICHUSA




7.3.2. Kputepuu U HOPMbI OLIEHKH

Cemectp

dopma
NpoBeIeHUs
NPOMEKYTOYHOM
arTecTaluu

KpuTtepuu u HOpMbI OLlEeHKH

[IpoBepka

3aJIaHUN u

MIPOXOKJICHHE
UTOrOBOTO TECTA

«3a4YTCHO»

40 u 6osee dauIOB

«HEC 3a4TCHO»

MmeHee 40 0amoB




8. YueOHO-MeTOAMUYECKOE M HH(POPMALMOHHOE 00ecTeyeHue JUCIUIIMHBI

8.1. O6s13aTesibHAs TUTEpPATypa

Tun (yueOHuk, yuedHoe

KoaunuyecTtBo B

HAY4YHOI
Ne nocooue, yueoHo-
ABTOpPBI, COCTABUTEH 3arsiaBue (3aroJioBoK) Tox n3nanus onodauoTexe /
n/n MeToAnYecKoe nocooue,
HaumeHoBanue
NPAaKTUKYM, JP.) 3EC
1 | C. M. bparan [u ap.] ABTOMaTHYECKOE YIIpaBJIeHUE IpolieccaMi | Y4eOHUK 2017 9BC
MeXaHU4YecKoil 00paboTKH "ZNANIUM.CO
Mll
2 | A. U. Eropos, JI. H. BBeienne B TEOpPUIO yIIpaBJICHUS Y4ebOHOe mocobue 2017 OBbC "Jlanp"
3HaMeHCKas CHUCTEMaMH C pacrpeaeiieHHbIMA
rapaMeTpamMu
8.2. lonoiHMTE/IbHAS JIUTEPATypPa
Ko €CTBO
Tun (yueOHUK, ydeOHOe JHHIECTBO B
HAY4HOI
Ne nocooue, yuae0Ho-
ABTOpBI, COCTABUTEIHN 3arsaaBue (3aroJi0BOK) I'ox n3panusn ouoaunortexe /
n/n MeToanYecKoe nmocoomue,
HpPAKTHKYM, Ap.) HanmenoBanme
p » AP 3BC
1 | JI. K. Bepeuna KoHcTpyKIny 1 Hajaaka TOKapHBIX CTAHKOB | Y4ueOHOe mocooue 2017 ZNANIUM.CO

Mll




8.3. Ilepeuennb npogecCHOHAIBLHBIX 0a3 JAHHBIX M HH()POPMANMOHHBIX CHPABOYHBIX
cHCTEM

— WebofScience [DneKkTpoHHBIH pecypc]| :MynbTUAMCHMILIHHApHAS pedepaTnBHas 0Oa3a
naunbix. — Philadelphia: ClarivateAnalitics, 2016— . — Pexwum nocrtyna :apps.webofknowledge.com.
— 3arn. ¢ ’kpana. — 3. pyc., aHIJIL.

— Scopus [DnekrponHbIi pecypc] : pedepatuBHas 6a3a mannbix. — Netherlands: Elsevier,

2004— . — PexxuM goctyma :scopus.com. — 3aril. ¢ 9Kkpana. — S3. pyc., aHTJL.

— Elibrary [DnexTpoHHBII pecypc| : HaydHast 3neKTpoHHas Oubmuoreka. — Mocksa :HOBb,
2000— . — PexxuMm nocryma :elibrary.ru. — 3ari. ¢ akpana. — SI3. pyc., aHri.

— SpringerLink [DnekTponHsiii pecype] : [0a3a nmanubix]. — Switzerland: SpringerNature,
1842— . — Pexxum poctyna :link.springer.com. — 3ari. ¢ skpaHa. — SI3.aHIII.

— ScienceDirect [DnmekTpoHHBIH  pecypc] :  KOJUICKIHS  DJEKTPOHHBIX  KHHT
usnarenanpcTa Elsevier. — Netherlands: Elsevier, 2018— . — Pexwum goctyna :sciencedirect.com. —

3ari. ¢ ’kpana. — SI3.aHrIIL

8.4. Ilepeuenb NnporpaMMHOro odecrnevyeHust

No Hanvenopanne IO PexBU3UTEI HOFOB?pa
n/n (nata, HOMep, CPOK JAelCTBHS)
1 | Windows Horoeop Ne 690 ot 19.05.2015r., cpok
JeNCTBHS - OECCPOUHO
2 | OfficeStandart JHorosop Ne 727 ot 20.07.2016r., cpox
JeNCTBHS - OECCPOUHO
3 | Kommac 3D Horoop Ne 652/2014 ot 07.07.2014
beccpounas
4 | MathCAD Axt 1/ ot 21.07.09 (I'oc. Konrpakr 487
ot 28.05.09) beccpounas




8.5. Onucanme MaTepI/IaJ'IbHO-TEXHI/I‘leCKOﬁ 633[)1, H606XOL[HM0171 AJIsT OCYIIECTBJICHUA
06p330BaTeJIbHOFO npouecca mo JMCuUIlJIMHE

n/n

HanmeHnoBanune 000py10BAHHBIX Y4eOHBIX
Ka0UHEeTOB, JJa00paTOPHii, MACTEPCKHUX H
Ap. 00bEKTOB ISl IPOBEEeHUS
NPAKTUYECKUX U JIA00PATOPHBIX 3aHATHH,
noMeIleHil JJIs1 CaMOCTOATEIbHOI
paboThl o0yuaonmxcs (HoMep ayAuTOPUN)

IlepeyeHb OCHOBHOIO 000PYA0BAHUS

Aynuropus BeOKOH(pEpEeHIINH.

VYuebHass  aymauTopus IS TPOBEACHUS
3aHATHUH  JIGKIMOHHOTO  TUMNA.  YdeOHas
ayIUTOPHS TSt MIPOBEICHUS3AHATHIA
CEMHHApPCKOro THMa. Yd4eOHas ayauTopus
JUIIKYPCOBOTO TPOEKTUPOBAHUS( BHITIOTHEHUS
KypCOBBIXpaboT). VYueOHas ayauTOpUsIIIs
MIPOBEACHUS TPYIIOBBIXH
WH/IMBUYAIbHBIXKOHCYIbTAIMNA.  YdeOHas
ayoUTOpHs  JUIS  TIPOBEACHUS  3aHSITHH
TEKyIIer0 KOHTPOJS ¥  IPOMEKYTOYHOH
arrecraimu (YJIK-810)

OKpaH
IIPOKEKTOPBI
CTOJIITPENOAABATEIIbCKHI,
CTYJIIPENOAABATENbCKUN, TPAHCIIAPAHT -
NepEeTsKKA,CUCTEMHBIN OJIOK

TEJIEBU3UOHHBIN, IIUPMA,
HAIITaTUBE,

[Tomemnienue a1 caMOCTOSTENLHOM pabOTHI
crynenroB (I'-401)

Cronsl
YYEHHUYECKHUE,
HNHTepHeT

YYEHUYECKHUE, CTYJIbS
IIK ¢ BBIXOZJOM B CEThb




