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1. Ilean ocBOEHUN TUCIUILIHHDI

HGJIB OCBOCHUA JUCHUIIIIMHBI — OCBOCHUC 06H_II/IX IMPUHIIMIIOB U CPCACTB, HCO6XOI[I/IMBIX JJIsL
yrpaBJICHUSA AWHAMHYCCKHUMH CHUCTEMaMU paSHHqHOﬁ (l)I/IBPI‘leCKOI;'I IpUupoabl IMPUMCEHHUTCIIBHO K
MPONU3BOACTBCHHBIM U TCXHOJIOTUYCCKUM IIPOLICCCaAM.

2. Mecto nucuumiuabl B ctpykrype OIIOITI BO

JIMCUMIUTMHBL M TMPaKTUKA, HAa OCBOGHUU KOTOPBIX Oasupyercs HaHHas JUCIUILIMHA!
«Bpicmias matremaTukay, «OCHOBBI TEXHOJIOTMH MAIIMHOCTPOCHUSY, «MeTalTIOpeKyIIHe CTAaHKNY,
Ocnossl CAIIP».

JIMCUMIUTUHBL U TPAKTUKH, JUISI KOTOPBIX OCBOEHUE JIaHHOM MUCIUILUIMHBI HEOOXOIMMO Kak

MNpeaAmCCTBYIOIICC: «ABTOMaTI/IBI/IpOBaHHOC MPOCKTUPOBAHUEC TCXHOJOIMYCCKUX MPOLCCCOBY»,
«TexHonorus MAalIUHOCTPOCHU D).

3. Ilinanupyembie pe3yJibTaThl 00y4YeHUs

dopmupyemble U
NHIuKaTOpPbI J0CTHKEHUS
KOHTpPOJIUpYyeMble . I[Inanupyemble pe3yJbTaThl
KOMIIeTeHIIUH KOMITET eHiHH o0y4eHHUs
(Koa 1 HAMMEHOBaHUE)
(K0 1 HAUMEHOBaHME)
OIIK-3. Cnocoben OIIK-3.1. Hcnonb3yeT | 3HATh:
BHE/IPSITh U OCBaWBaTh HOPMAaTUBHYIO U | - METO/I0JIOTMYECKHE OCHOBBI
HOBOE TEXHOJIOIMYECKOE TE€XHOJIOTHYECKYIO (yHKIIMOHMPOBAHUS, MOJIETUPOBAHUS
o0opyoBaHue JIOKYMEHTAIUIO JUISL | M CHHTE€3a CUCTEM aBTOMAaTH4YECKOI0
MIPOEKTUPOBAHHUS u | ynpasienus (CAY);
COTIPOBOKACHHUS - ocHOBHbIE MeToAbl aHasn3a CAY Bo
MIPOU3BO/ICTBA TEXHUYECKUX | BPEMEHHOM U 4acTOTHOW 00MacTsX,
00BEKTOB, CHCTEM u | criocoObl cuaTe3a CAY;
IpoIeccOB B OOJACTH | - TUIOBBIE MAKEThI MPUKIATHBIX
MaIIMHOCTPOEHHUS. MPOrpaMM aHaINU3a IMHAMUYECKUX
OIIK-3.2. Ymeer CHCTEM;
HacTpauBaTh - KHHEMaTHUYECKYIO CTPYKTYpPY H
TEXHOJIOTHYECKOe KOMITOHOBKY CTaHKOB, CUCTEMBI
o0opyJ0BaHUE Ha yTIpaBJICHUS] UMU;
MIPOU3BOJICTBO HOBOI - cpencTBa Ui KOHTPOJI,
HOMEHKJIATYphI U3JIeIUHA B | UCIIBITAHUM, AMATHOCTUKH U
YCIIOBUSAX a/IalITUBHOTO YIIPaBJICHUS
MaIIMHOCTPOUTEIBHOTO 000pYyJIOBaHUEM.
TPOU3BOJCTBA. VYMeTs:
- BBIMIOJIHAThH AHAJIN3
TEXHOJOTMYECKHUX IPOLIECCOB KAK
00BEKTOB aBTOMATU3ALINU U
yIIpaBJICHUS;
- COCTaBJIATh CTPYKTYPHBIE CXEMBI, UX
MaTeMaTHYeCKUEe MOJEITH Kak
00BEKTOB YITpaBIICHUS;
- HCII0JIb30BaTh OCHOBHBIE METO/IbI
MIOCTPOCHHSI MAaTEMaTHYECKUX




®opmMupyembie U
KOHTPOJIUpYeMble
KOMIIETEeHIHH
(ko1 1 HAUMEHOBAHME)

NuaukaTopsl J0CTHXKEHUS
KOMIIeTeHIH i
(Koa 1 HAMMEHOBaHUE)

Ilnannpyemble pe3ybTaThl
o0y4eHust

MOJIEIICH MPOIIECCOB, CUCTEM, UX
JJIEMEHTOB M CHCTEM YIIPABJICHUS,

- paboTath ¢ KAKUM-JIH00 U3
OCHOBHBIX THIIOB IIPOTPAMMHBIX
CHCTEM, MpeTHA3HAYCHHBIX IS
MaTEeMaTHYeCKOT0 U UMUTAIIHOHHOTO
moaenuposanus Mathcad, Matlab.

Bnagers:

- HaBbIKaMHU IIPUMEHEHHUS JJIEMEHTOB
aHaJIM3a 3TANoB KU3HEHHOTO IUKJIa
IPOAYKIHH U YIIPABJICHUS UMU;

- HaBbIKAMU HaJIaJIK1, HACTPOMKH,
pEryarpOBKH, 00CTYKUBAHUS
TEXHUUYECKUX CPEICTB U CUCTEM
YIIPaBJICHMUS;

- HaBbIKAMU O(OPMIICHHUSI
pE3yJIbTaTOB UCCIIENOBAaHUN U
IIPUHATUS PELICHUM.

OIIK-7. Cnocoben
y4acTBOBaTh B pa3paboOTKe
TEXHUYECKOM
JIOKYMEHTAIINH,
CBSI3aHHOM C
npodecCHOHATIbHON
JIeSITeIbHOCTHIO

OIIK-7.1. Hcnoneiyet
TEXHUYIECKYIO "
CIPAaBOYHYIO  JIUTEpATypy,
HOPMATHUBHBIE JOKYMEHTHI
npu BBITTOJIHEHUN
HCCIIEIOBATENbCKON pabOThI
B oOnactu
MAaIIMHOCTPOESHHS.
OIIK-7.2. Pa3pabatbiBaet
KOHCTPYKTOPCKO-
TEXHOJIOTUYECKYIO
TOKYMEHTAIHIO TIPH
TEXHOJIOTUYECKOM
MOJITOTOBKE MTPOM3BOJICTBA.

3HaTh:

- METOJIBI M CPEJICTBA
TE€OMETPUUECKOTO MOJICTUPOBAHUS
TEXHUYECKUX 00BHEKTOB;

- TEHJICHIINH Pa3BUTHUS
KOMITBIOTEPHOU TpauKH, ee poJib U
3HaUEHUE B MH)KEHEPHBIX CUCTEMAX U
MIPUKJIAIHBIX TIpOrpaMMax;

- o0u1re TpedoBaHuUs K
ABTOMATHU3MPOBAHHBIM CUCTEMAM
MPOEKTUPOBAHHUS,

- OCHOBBI TEXHOJIOTHYECKOTO
pErynupOBaHMUSI.

YMmeTs:

- CTPOUTh MAaTEMAaTUYECKHE MOJEITH
00BEKTOB YIIPaBJIEHUS U CUCTEM
ABTOMATHUYECKOTO YIPABJICHUS
(CAY);

- npoBoauTh aHanu3 CAY, oneHuBarh
CTaTUCTHYECKHE U JTUHAMUYECKHE
XapaKTePUCTHKHU;

- pacCUUTHIBATH OCHOBHBIC
KauecTBeHHBIEe nokazarenu CAY,
BBITIOJTHATE: aHAIU3 €€ YCTOWYMBOCTH,
CUHTE3 PEryysiTopa;

- pa3pabaThIBaTh aITOPUTMBI
LIEHTPAIN30BaHHOT'O KOHTPOJIS
KOOPJMHAT TEXHOJIOTHYECKOTO
00BEKTa;

- pacCUUTHIBATh OJTHOKOHTYPHBIC U




®opmMupyembie U
KOHTPOJIUpYeMble
KOMIIETEeHIHH
(ko1 1 HAUMEHOBAHME)

NuaukaTopsl J0CTHXKEHUS
KOMIIeTeHIH i
(Koa 1 HAMMEHOBaHUE)

Ilnannpyemble pe3ybTaThl
o0y4eHust

MHOT'OKOHTYpPHBIE CUCTEMBI
ABTOMATUYECKOT'O PEryJIupOBaHUs
IPUMEHHUTENBHO K KOHKPETHOMY
TEXHOJIOTMYECKOMY OOBEKTY;

- HCIOJIb30BATh OCHOBHBIE
TEXHOJIOTUH TIepeadu HHpopMaIum B
cpeze JOKaJIbHbIX CETEeH, CEeTH
Internet.

Bnaners:

- HaBbIKaMU O(OPMIICHHUS TPOEKTHOMN
Y KOHCTPYKTOPCKOM JIOKyMEHTallUu B
COOTBETCTBUU C TPeOOBAaHUAMU
ECK/;

- HaBbIKAMHU [TIOCTPOEHHUSI CUCTEM
aBTOMATHUYECKOTO yIPaBJICHUS
CUCTEMaMHU U IIPOLIECCaMH;
HaBBIKAMU aHAJIM3a TEXHOJIOTHYECKUX
IPOLIECCOB KaK 0O0BEKTa YIIpaBJICHUS
¥ BBIOOPA (DYHKIIMOHAJIBHBIX CXEM HX
aBTOMATH3alNH.




4. CTpyKTYpa M coJiepKaHue IUCHUIINHbI

Monayab
(pasznen)

Bun
y4eOHol
padoThI

HanMeHoBanue TeM 3aHATHH
(yuedoHoOl padoTHI)

Cemectp

OonemMm,

Baniabl

HNHuTepakTus, 4.

DopMBbI TEKYLLET0
KOHTPOJIA
(HauMeHOBaHMe
OLICHOYHOI'0
cpeacTBa)

Monyns 1.
IbazoBbIe
XapaKTEPUCTUKH
CHCTEM
YIIpaBICHUSI.

Jlex.

1.1. OcHOBHBIE IOHATHS U ONPEICIICHHUSI.
CymHOCTh MpoOIeMBbI aBTOMATHYECKOTO
yIpaBICHUS.

BOHpOCH K 3a4CTy

Cp.

1.1. OcHOBHBIE TOHATHS U ONIPEACIICHUS.
CymHOCTh MpoOIeMBbI aBTOMATHYECKOTO
yIpaBICHUS.

BOHpOCH K 3a4CTy

JIek.

1.2. OcHoBHble ycTpoiicTBa CAP u ux
KJIaccU(UKanus 1Mo Ha3HAYCHUIO.
Knaccugukarus aBToMaTn4eckoro
yrnpapiieHus. MaTeMaTrndeckas MoJeib
IIEHTPOOEKHOTO PEryasiTopa CKOPOCTH
JIBUTATEIIs.

OTuer B 3JIEKTPOHHOM
BUJIC

1.2. OcHoBHble ycTpoiicTBa CAP u ux
KJaccu(uKanus Mo Ha3HAYCHUIO.
Knaccugukamus aBToMaTn4eckoro
yrnpapyieHus. MaTeMaTrndeckasi Moeib
IIEHTPOOEKHOTO PEryasiTopa CKOPOCTH
JIBUTATEIs.

OT4er B 2JIEKTPOHHOM
BUJIE

JIa0.

1.3. UccnenoBanue BIUSHUS TApaMETPOB
[EHTPOOESIKHOTO PETYISITOPA CKOPOCTH HA
IpoIeCcC PEryIUMPOBAHUSI.

OT4YeT B 3JIEKTPOHHOM
BHUIE

Cp.

1.3. ccnenoBanue BIHSIHUS TapAMETPOB
LEHTPOOESIKHOTO PETYIATOPAa CKOPOCTH HA
IIPOLIECC PErYITUPOBAHUS.

Bormpocs! k 3agety




DopMBbI TEKYLLET0

Bun . KOHTPOJISA
Monayab . HanMeHoBanue TeM 3aHATHH Oo0nemMm,
y4eOHoi . Cemectp banabl | AHTepakTUB, 4. | (HAHMeHOBaHHUe
(pa3nen) (yueoHoOii padoThI) q,
padoThI OLICHOYHOI'0
cpeacTBa)

Jlek. 1.4.XapakTepucTUKU EPEXOTHOTO 6 2 - - Bomnpocs! k 3auety
npouecca. YacToTHbIE XapaKTEPUCTUKH.

IIp. 1.4.XapakTepuCTHUKH MEPEXO0THOTO 6 4 - - OT4eT B 3JIEKTPOHHOM
nporecca. YacTOTHBIE XapaKTEPUCTUKH. BU/IE

JIao. 1.5.MaremaTuuecke MOJEIH. 6 4 - - OTuer B 3JIEKTPOHHOM
Jluneapuzalys MaTeMaTHYECKUX MOJIEIICH. BU/IE

Cp. 1.5.MaTeMaTHuecKue MOIECIIH. 6 8 - - Bomnpock! k 3auety
Jluneapuzalys MaTeMaTUYECKUX MOJIesIen

Jlek. 1.6. OnpeneneHune 4aCTOTHBIX 6 2 - - Bomnpocsl k 3auety
XapaKTePUCTHK O aHAINU3Y BXOTHOTO U
BBIXOJHOI'O CUTHAJIa BO BPEMEHH.

Cp. 1.6. Onpenenenune 4aCTOTHBIX 6 8 - - Bormpocs! k 3agery
XapaKTePUCTHK IO aHAINU3Y BXOJHOTO U
BBIXOJIHOTO CUTHAJIa BO BPEMEHHU.

Jlek. 1.7. Tunossle 3BEHbsI IEPENATOUHBIX 6 2 - - Bormpocs! k 3agery
GyHKIMIH.

Cp. 1.7. TunoBsle 3BeHBS MepelaTOYHbIX 6 8 - - Bomnpocs! k 3auety
(OYHKIUH.

JIek. 1.8. Onpenenenne nepexo HON YaCTOTHOM 6 2 - - Bompockr k 3auety
XapaKTePUCTHUKH.

IIp. 1.8. Onpenenenue nepexoaHON 4acTOTHOU 6 4 - - OT4YeT B 3JIEKTPOHHOM
XapaKTEPUCTHKH. BUJIC

JIab. 1.8. Onpenenenue nepexogHON 4acTOTHOU 6 4 - - OT4YeT B 3JIEKTPOHHOM
XapaKTePUCTHKH. BUJIC

Cp. 1.8. OnpeencHue MepexoHON YaCTOTHOM 6 8 - - Bompocsr k 3auery

XapPaKTCPUCTHUKH.




DopMBbI TEKYLLET0

Bun . KOHTPOJISA
Monayab . HanMeHoBanue TeM 3aHATHH Oo0nemMm,
y4eOHoi . Cemectp banabl | AHTepakTUB, 4. | (HAHMeHOBaHHUe
(pa3nen) (yueoHoOii padoThI) q,
padoThI OLICHOYHOI'0
cpeacTBa)
Monyib 2. Jlek. 2.1.OyHKIUOHAJIBHBIE U CTPYKTYPHBIE 6 2 - 2 Bomnpocs! k 3auety
KauecTBeHHBIN U cxembl. [IpaBuiia mpeoOpa3oBaHus
KOJINYECTBEHHBIN CTPYKTYPHBIX CXEM.
aHan3 CUCTEM | Cp, 2.1.OyHKIMOHAILHBIE M CTPYKTYPHEIE 6 8 - - Bompocsl k 3a4eTy
ABTOMATHYCCKOTO cxembl. [IpaBuia npeobpazoBanus
YUPABIICHUA. CTPYKTYPHBIX CXEM.
Jlex 2.2. UccnenoBanue ycroitunBoctu CAY no 6 2 - - Bormpocs! k 3ayery
kpurepuro ['ypeuna.
Cp. 2.2. UccnenoBanue ycroitunBoctd CAY 1o 6 8 - - Bomnpocs! k 3auety
kputeputo ['ypuna.
Jlex 2.3. TlpaBuia npeoOpa3oBaHUs 6 2 - - Bompocsr k 3auery
CTPYKTYPHBIX CXEM.
Cp. 2.3. IlpaBuna npeoOpa3oBaHus 6 8 - - Bomnpocsl k 3auery
CTPYKTYPHBIX CXEM.
JIek. 2.4. IToctpoenue rogorpada CUCTEMBI U 6 2 - - Bomnpocs! k 3auety
Jorapu(pMUUecKol 4aCTOTHOMN
XapaKTePUCTHUKH.
Cp. 2.4. Tloctpoenue rogorpada CHCTEMBI H 6 8 - - Bompocsr k 3auery
Jorapu(pMUUECKOi YaCTOTHOM
XapaKTePUCTHKH.
Jlek. 2.5.MaremaTudeckast OLleHKa 6 2 - - Bormpocs! k 3auery
YCTOMYHMBOCTH. 3a/1a4y¥l yCTOWYUBOCTH.
3amac yCTOH4HMBOCTH.
Cp. 2.5.Maremarmnueckas OleHKa 6 8 - - Bompocs! k 3auery

YCTOMYMBOCTH. 3a/1a4ll YCTOMYUBOCTH.
3amnac yCcTONYMBOCTH.




DopMBbI TEKYLLET0

Bun . KOHTPOJISA
Monayab . HanMeHoBanue TeM 3aHATHH Oo0nemMm,
yueoHoii . Cemectp Baanel | UHTepakTuB, 4. | (HAHUMEHOBaHUE
(pa3nen) (yueoHoOii padoThI) q,
padoThI OLICHOYHOI'0
cpeacTBa)
Jlek. 2.6. Uccnenoanue tounoctu CAY B 6 2 - - Bomnpocs! k 3auety
pEXKHUME JBUKCHHSI 10 TAPMOHUYECKOMY
3aKOHY.
J1a6. 2.6. UcciaenoBanue Tounoctu CAY B 6 4 - - OTyer B 3JIEKTPOHHOM|
peKHUME JBUKCHHSI 10 TAPMOHUYECKOMY BUIC
3aKOHY.
Cp. 2.6. UccnenoBanue TouHoct CAY B 6 8 - - Bomnpocs! k 3auety
pEeXHUME JBUKECHHSI 10 TAPMOHUYECKOMY
3aKOHY.
IIp. 2.7. Onpenenenre XapakTEPUCTHK 6 4 - - OT4YeT B 3JIEKTPOHHOM
ANEKTPOMEXAHUYECKOTO MPUBOIA. BUIE
Cp. 2.7. OnpeneneHue XapaKTEPUCTUK 6 8 - - Bompocsr k 3auery
AIEKTPOMEXAHUYECKOTO MPUBO/IA.
Monyib 3. Jlek. 3.1. KoMmekcHas OlleHKa KauecTBa CUCTEM 6 2 - - Bormpocs! k 3agety
CHHTe3 U aHAIIN3 1 00BEKTOB aBTOMAaTUYECKOTO VIIPABICHHUSI.
CHUCTEM JIek. 3.2. Onpenenenue xapakrepuctuk CAY 6 2 - - Bormpocs! k 3adety
ABTOMATHUECKOTO OPOJ0JLHON ITOoJa4Yell IpH TOUCHUH.
yIpaBJIeHHUS. Cp. 3.3. ObecneueHre HEOOXOAUMON TOUHOCTH 6 8 - - Bompockr k 3auety
CAY. Ouenka Tounoctu CAY.
Cp. 3.4. UccnenoBanue BIMSHUS acTaTH3Ma Ha 6 8 - - Bompockr k 3auety
kauectBo CAY.
JIek. 3.5. OCHOBBI CHHTE3a CHCTEM 6 2 - - Bompockr k 3auety
ABTOMATUYECKOTO YIIPABJICHUS.
Jlek. 3.6. UccnenoBanue BIUSHUS THOKON 6 2 - 2 Bonpocsr k 3auery
oOparHoii cBs1i3u Ha ObIicTponeirictBiue CAY.
Cp. 3.6. UccnenoBanue BIUSAHUS THOKOU 6 7,715 - - Bomnpocsr k 3auery
oOparHo#i cBs1i3u Ha ObIicTpoaerictBue CAY.
A 6 0,25




DopMBbI TEKYLLET0

Bun . KOHTPOJISA
Monayab . HanMeHoBanue TeM 3aHATHH Oo0nemMm,
yueOHOI N CemecTtp banabl | UHTepakTuB, 4.| (HAaUMEHOBaHHeE
(pa3nein) (yuedoHO¥ padoTHI) u.
padoThI OLICHOYHOI'0
cpeacTBa)
Hroro: 144




5. O6pa3oBaTesibHbIE TEXHOJIOTHH

[Ipy wW3ydeHWH IUCHUIUIMHBI WUCIONB3YeTCS TEXHOJIOTHS JUCTAHIIMOHHOTO OO0y4YeHHUS,
TEXHOJIOTHSl TPAJUIMOHHOTO OOyueHus (JEKUMOHHbIE 3aHATHUS, J1a0OpaTOpHbIE pPadOTHI,
NPAaKTUYCCKHUE 3aHATHS, CAMOCTOsTEe/IbHAS paboTa).

Benymeit gestenbHOCTh B Ipolecce OOyueHUsl sBIsETCS yueOHas AEsITeNbHOCTh CTYACHTOB,
XapaKTEPU3YIOLIAsCAd JCHUCTBYIOIIEM CHUCTEMOM TMO3HABATENbHBIX IMPOLIECCOB, HAYMHAsA C
BOCIpUATUA HMHPOpPMAIIMM U  3aKaH4YMBas  CIOKHEMIIMMHU  TBOPYECKMMH  IPOIIECCaMU,
CIIOCOOHOCTSIMU  OOINETO M YacCTHOTO XapakTepa, SMOIMOHATBHBIMU SIBJICHUSIMH, KOTODPHIE
MOTHUBHUPYIOT MHOTHE CUCTEMbI YUeOHBIX IEUCTBUH, a TaK e OOIIUMHU U YaCTHBIMH MOTUBALIUSIMHU.

6. Meronuyeckue yKa3aHus M0 OCBOEHHUIO U CIUTIIHHbBI

K ocobenHoctsiM oOyuyeHUS AUCLUMUIUIMHE MOKHO OTHECTH IOCTOSHHOE B3aMMOJICHCTBHE
MEXYy CTYACHTaMHU U IMPENoJIaBaTelisiM, a TaK K€ MaKCUMAaJbHYIO MPUOIMKEHHOCTh MaTepuana K
npohecCHOHANBHOM IeATEIbHOCTH, 4YTO BBIPAXKACTCS B MOJEIHPOBAHUHU MpOo(deccHoHaTbHBIX
CUTYaLH.

[ToaroroBka K 3aHATHUSM 3aKIO4yaeTcss B paboTe ¢ KOHCHEKTOM JICKIHI MO JaHHOU Teme, B
U3y4eHHH COOTBETCTBYIOIETO pasjena y4YeOHMKAa WM Yy4eOHO-METOAWYECKOrO TOCOOHs, B
MPOCMOTpE JOMOJTHUTENIbHOU JuTeparypbl. [lpakTuueckas pa®oTa BBIMOIHSIETCS B ayAUTOPHH.
OTyeT Mo BHIOJIHEHHOW paboTe MOATrOTaBIMBACTCS U 3aOIHAETCSA CTYJACHTOM CaMOCTOSITEIBHO.



7. OueHOYHBIE CPEACTBA

7.1. IlacnopT OLIEHOYHBIX CPEACTB

Kox koHTpOIMpYyeMoii KOMIIeTeHIM U HaumeHoBanmue
Cemectp
(WM ee 4acTH) OLICHOYHOI'0 CPeACTBA
4 OIIK-3 [TpaxTrueckue padoTsr NeNe 1-2
Bonpocs! k ak3ameny Ne 1-15
4 OIIK-3, OIIK-7 [TpaxTuueckue pabotsl NeNe 3-4

Jlaboparopubie paboTel NeNe 1-2
Bormpocs! k sx3ameny Ne 16-30

4 OIIK-7 Jlaboparopubie padoTsl NoNe 3-4
Bomnpocs! k 3k3ameny Ne 31-50

7.2. TunoBblie 3alaHusl WM UHBIC MaTepUaJibl, l-[eOﬁXO)]l/lMl)le AJISI TEKYHIEro KOHTPOJIsA

7.2.1. KOMIUIEKT MMPaKTUYECKHUX U JIA0OPATOPHBIX PaboT
(HaumeHoBaHUE OYEeHOUHO20 CpedCmBa)

IpakTnyeckass padora Nel. HccienoBanue BJIMSIHUS NApPaMeTPOB IEHTPOOEKHOTIO
PeryJisiTopa CKOpoCTH Ha Ipouecc peryJMpoBaHus.

Ilenv pabomwr: [Ipuobpemenue npakmuyeckux HABbIKOE OIKCHEPUMEHMATLHOU OYEeHKU
npoyecca pe2yiuposanus U yCmouuusol pabomul Cucmemsl a6moMamuyecko20 ynpaeieHus.

Teopemuueckas uwacmpo

Uccnenyercst cucrema aBToMaTudeckoro ympasieHus (puc.l.l), cocrosimas —wu3
LEHTPOOESIKHOTO PETYJIATOPAa CKOPOCTH, MOJI3YH 1 KOTOPOTo CBsi3aH pbhlyaraMu 2 ¢ 3aCJIOHKOM 3
nojayu pabodeil cmMecu B TEIUIOBOM JBuratens 4. Perynarop npuBOIUTCS BO BpallleHUE OT
JIBUTATENIs uepe3 3y0uatyro nepeaauy S.

Puc.1.1. Cxema CAY ckopocmuio epauienusn osuzamens

[Ipu pynkmmonupoannu CAY BpalieHue IBHUTaTeNs yepe3 3y0uaTyro nepeaady nepenaercs
PETyIATOPY CKOPOCTH, IAPUKH KOTOPOTO O] ACHCTBUEM IIEHTPOOEKHOU CHIIBI C OJTHOW CTOPOHBI
U CWIbl MPYKUHBI C JIPYrold 3aHUMAalOT HEKOTOpPOE IOJIOKEHHE, YTO BBI3bIBACT OMNpPEEICHHOE
OTKPBITUC OPOCCCIIA U CUCTEMA HAXOAUTCA B PAaBHOBCCHUMH. HpI/I YBCIMYCHHUU MOMCHTA Harpys3Ku
CKOPOCTb JBHUTATENsl YMEHBIIAETCSI B COOTBETCTBUU C €ro XapaKTEPUCTHKOM, YTO BBI3BIBAET
YMEHBIICHWE CKOPOCTH BpallleHUs perynstopa. LleHTpoOexHble CHIIBI TaKKe YMEHbIIAOTCH,
HIAPUKU OIMYCKAIOTCS U Yepe3 PhIYaKHYIO0 CUCTEMY YBEJIMYMBAIOT OTKPBITHE JpOCCelisi. Y BeIUYeHUE
nogadyu pa60qei’1 CMCCHU B IABUIaTCJib BBI3OBCT YBCIIMYCHUC €0 CKOPOCTH, PAaBHOBCCUC BHOBbL
BOCCTaHOBHUTCSI, HO YK€ Ha JIpyroM ypoBHE. SICHO, YTO Pa3HOCTb CKOPOCTEH ONpeesnsieT KauecTBO



pEryJINpOBaHUS: YeM OHAa MeHble, TeM Bbllle kKadecTBo CAY. Ilpu ymenbuienun Harpy3ku CAY
paboTaer B 00paTHOM TOPSIJIKE.

Jns anamm3a CAY  HEOOXOAMMO COCTaBUTh €€ MaTeMaTHYeCKyl0 MOJenb. AHanmu3
MOKA3bIBAET, YTO B CHCTEMY BXOJST JIBUraTellb, JpPOCCeib IMOAAaYu pabouell CMecH, pbluaKHas
nepegaya u 3youaras nepejaya.

JIBukeHue ABHUratess MpU OrPAaHUYCHUHM YYETOM SBJIGHUH IEepBOro MOpsIKa, T.€. €ro
WHEPIHOHHOCTBIO, MOXET ObIThb TNpeAcTaBieHO aAuddepeHInanbHbBIM YpaBHEHHEM IIEPBOTO
nopsiKa:

Idcil—(to+laa)+MH =M,,

1.1)

rae lo u Ay — MOMeHT uHepuuu potopa u Ko3hduiueHt Bs3koro TpeHus apurareins, M, u My
— MOMEHT COIIPOTHBJICHUS HATPY3KHW M MOMEHT JIBUTATEIISl COOTBETCTBEHHO.

MoOMEHT IBUKEHHUS 3aBUCHUT OT OTKPBITHS APOCCEIIS I0Jauu pabodel cMecu:

M, =Dbk,,
1.2)
rae b — koahdunneHT nepeaayn OTKPHITUS IPOCCEs OT MepeMEIeHHs TOJI3YHA PEerysiTopa
4yepe3 phlUaXHyH nepenady, Ko — KOI(DOUIMEHT NpPONOPIMOHATBHOCTH MEXKIY OTKPBITHEM

JpOCCeNsl U MOMEHTOM JIBUTaTelsl.

Eciu npuHATH nepeaTOYHOE OTHOIIEHUE PhYaroB M 3yO4yaToi mepefadyr paBHbIM €AMHMIIE,
TO, U3 TE€OMETPUYECKHX COOTHOIIEHHUH, MNOJy4MM YypaBHEHHME CBS3U, KOTOpPOE OIpelenserT
3aMKHyTOCTh CAYVY:

b =211—Sinx).
1.3)

[Tony4yennas marematuueckas mojens (1.1)-(1.3) ucnone3yercs B MpUKIQAHON porpaMmme, ¢

MOMOIIbI0 KOTOPOH BBIMOJIHSIOTCS TpeOyeMble NCCIIeI0BaHUS.

m MogenupoBanue perynaTopa CKOPOCTH ABHratena [_[O] =]
HCXOOHBE DAHHHIE CAY
Macea wapwkos, kr 0.25 J
Cuna npysune, H 100
A.ecTrocTh l—
MPYsHHEL, H/ Mt 1.5
[ oreHT MHEDLWM
OBWraTens, krim ID"I
F.08 PRUUMEHT S3EMCHMOCTH
MOMEHTE ABHMATENA OT
OTKPLTHA APOCCENA, |4 a’)
Hitira
|4D 3‘ MareHT Harpyzku, Hra
= Qcumnnorpad =
3100 =
(=18 x‘
Mpouecc | MpogoneHue | = 0 =
2 5
o c
Reset | g 5
ese g v
z 3
[}
Eat | g g
= 04 05 06 07 08 04 1 ©
Bpema, ©

Cxgnnngr pads

0)

YFNaBeEn CROpoCT: W, pasy

Puc.1.2. Mooenuposanue yenmpoo6excno2o pecyiimopa cKopocmu

3aoanue



B cooTBercTBUM ¢ BapranToMm (Tab:.1.1) mpoBecTH uccie0BaHUE KauecTBa PeryaIupOBaHUs B
3aBUCUMOCTH OT MU3MEHSAEMOI0 IapaMeTpa U MOCTPOUTh IpadUKK 3aBUCUMOCTU OBICTPOAEHCTBHS U
touyHOoCcTH CAY B ()yHKIIHMH OT U3MEHIEMOTO MapaMeTpa.

Tabnuya 1.1. Ucxoomnsie oannvie

ITeps | Macca | ’Kecmxocmo | Momenm | Bro | Hauanvna| Koappgpuyuenm | Hzmenamo

as | wapux | npyd’cuHvl | uHepyuu | pas | A cuna 3aeucumocmu napamemp
uudp | 06 Mxe| Cup, H/Mm | 0sucamens | tud | npyoicunvl |  MomeHma om

a lo, k2o/m? | pa Pup, H OMKPLIMUSL

opoccens Ko, H/mm

0 0,35 50 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

3) 0,10 2,0 0,04 5 85 9 m

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

7 0,20 1,5 0,14 7 95 3) Pup

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

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

Cooeporcanue npomokona

B mpoTokose npencTaBuTh 1eidb paboThl, HICXOHbIE JaHHBIE, 3aJJaHUE UCCIIE0BAHUS, KOIIUIO
uHTepdeiica 18 aH0O00ro 3KCIEpUMEHTa U3 BBINOJIHEHHOM cepuu, omucanue padotel CAY,
TaOJIMILY SKCTIEPUMEHTANBHBIX JaHHBIX, Ipa(uku TpeOyeMbIX 3aBUcUMOCTell. BBIBOIBI.

IIpakTnyeckasi padora Ne 2. XapaKTepuMCTHKHM IepexoJHOro mnpouecca. YactorHbie
XapaKTepPUCTUKH.

Llenv pabomur: [Ipuobpemenue npakmuyeckux HABbLIKOS IKCNEPUMEHMANLHO20 ONnpedeneHUs
YACMOMHBIX XAPAKMEPUCUK.

Teopemuueckaa uacmeo

Uccnenyemoii cucteMoi SIBISETCS JByXMaccoBasi JTUHAMUYECKash CHCTEMa, CXeMa KOTOPOM
n3o0pakeHa Ha puc 2.1. Cucrema HaxOQUTCA MO JeHCTBUEM KHHEMATHYECKOTO BO3OYKICHUS — X,
BBIXOJHBIMH CUTHAJIAMU SABJIAIOTCA KOOPAMHATDBI X1 1 X2 NepeMEIICHUA MaccC M1 1 M2, CBA3aHHLIX
MEXy COOOI0 KECTOKOCTSAMH C1 M C2 U BA3KUM TpEeHUEM A7 U Az

Cl C)

m, m,

> =
A, 2,
R

Puc.2.1. /lunamuueckan cxema 08yxmaccosoii Cucmemol

YPaBHeHI/Ie ABVIKCHUSA CHUCTEMBI COCTABJIAACTCA IIO0 MU3BCCTHBIM IIpaBUJIaM T@OpGTH‘-IGCKOfI

MCXAHHUKHN:
d?x dx, dx dx d
m, dtzl+ﬁ'2( Xl_ 2j+C2(X1_X2):%(E‘T?)*‘Q(X_Xl)

d?x dx, d

m, ——%+1,| —2 X
dt dt dt

prOH.[eHHafI MaremMaTnudycCckKasa MOICJIb:

+C2(X2 - Xl): 0



m152X1 + (}‘2 + Z’.L)SX:I. + (Cz + Cl)xl = (}'1 + ]Q)SX + (Cl +C, )X
M,S$°X, + A,SX, +C,X, = A,SX, +C,X,

rae S=d/dt — oneparop Jlartaca.

Jlns mpencTaBiIeHHs MaTEMAaTHYECKOM MOJIENM B MEPEMEHHBIX COCTOSHHUS PEIIUM KaxI0e
yYpPaBHEHUE OTHOCUTEIBHO MEPEMEHHBIX X1 M X2, KOTOPBIE 3alMCaHbl B CTapIIUX POM3BOIHBIX
COOTBETCTBEHHO. [IpeobpazoBaHHas TaKMM 00pPa30M MaTeMaTHYeCcKas MOJENb UMEET BU/L:

X, = s‘l[— ax +a,x+s[—a,x + azx]]
X, =5 [— aX, +a,x, +s [—a,x, + a4x]]

rae koadduimentsl Mogenu: ar = (A2+Ay/my, a2 = (C2+C1)/my, a3 = AaMy, as = Ca/my;

Teneps MOXHO 3amucaTbh MaTeMAaTHYECKYK MOJENIL B MEPEMEHHBIX COCTOSHHMSA, TO €CTh B
BUJIE CUCTEMBI TU(PEPEHIINATLHBIX YPABHEHUH, PEIIECHHBIX OTHOCUTENBHO IIEPBIX MPOU3BOHBIX

Sy, =—-ay, taX+Yy,
Sy, =—a,¥; ta,X

SYys =—aY;taY, +Y,
Sy, =—-a,Y; +a,X
NmenHo Takasg MOZEnb peaju30BaHa B MPUKIAJHOM Mporpamme, MO KOTOPOM MPOBOIATCS
MCCJIEI0BAHUE YACTOTHBIX XapaKTEPUCTHK.
3aoanue
B coorBerctBum ¢ Bapumantom (Ta6m.2.1) mpoBecTu ucciemoBaHue ¥ HocTpouTh ADYX
crcTeMbl (OJHO MACCOBOM HJIM JBYX MacCOBOIA, 110 BBIXOJIAM X1 MJIH X2).
Tabnuya 2.1. Ucxoousie oannvie

[IepBas M1, KT c1, H/'mm A1, Kr/c Bropas My, KT C2, H/mMm A2, KT/C

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

Cooeporcanue npomokxona

B nporoxosie mpencTaBuTh 1esb paboThl, HEOOXOJUMbIE TEOPETUUECKHUE CBEICHUS, UCXOHbIE
JTaHHbIE B COOTBETCTBHM C BapHMaHTOM 33JaHuUs, KOMHMIO MHTepdelica ¢ 3amiChi0 BBITOJHEHHBIX
HKCIEPUMEHTOB U MIOCTPOEHUSMHU, HEOOXOAUMBIMU JJIS1 OTIPEEeNIEHUS BBIXOIHBIX JaHHBIX; TAOIHIIBI
HKCIEPUMEHTAIBHBIX M pAacUeTHBIX MAaHHBIX; Trpaduku skcnepumeHTanbHbBIX ADUX cucrem.
BriBoapbl.

IMpakTuyeckas padora Ne 3. HccaenoBanue ycroituuBoctu CAY 1o KpuUTepHIO
I'ypBuua

Ilenv padomuwi: Ilpuobpemenue npakmuueckux HAGbLIKO8 OYEHKU YCMOUYUBOCMU CUCHEMbL
aA6MoMamu4ecko20 YnpasieHusl.

Teopemuueckas uwacmpo

C nomoupto kputepus ['ypBuna uccnenoBath Ha ycroiunocth CAY moBomom cynmnopra
METAJUIOPEXKYILEro CTaHKa, CXeMa KOTOpPOro Mokas3aHa Ha puc. 3.1, a.




X oJ Uy a y
gy vnpf gpfe
{ [oC |*
a) 0)

Puc.3.1. Ilpunyunuanvuas (a) u yukyuonanvuasn (6) cxemwvt npugooa

[TpuBon coctout u3 ycunurens-npeodpasosarens (I1I1), asurarens (/) mocTossHHOrO TOKa,
penykropa (P), 3apatomero norenimometpa (311) u morenumomerpa ooparnoii cesizu (IIOC).

[Ipexne Bcero HEOOXOIMMO COCTaBUTh MaTEMaTHYECKyl0 Mojenb mnoBoaa. CoriacHo
npuHIMIy paboThl, MOBOA MpenacTaBiser coboil 3amkHyTyro CAY, QyHKIMOHANbHAs cxema
KoTopoi mnpuBeneHa Ha puc.3.1, 0. IlycTh BbIJICICHHBIE HAa CXEME 3JIEMEHTHI OMHUCHIBAIOTCA
CIEYIOIUMU NIEPEeaTOYHBIMU (PYHKUIHAMU:

3H:W3n (S) = m = kn; HH'W (S) _ Uo(s) _ k}’ .
X) ‘ T U(s) Ts+l
I[:Wa (s) = a(s) _ 0 ; . Y ()
U,(s) (T,s+1s P: W, (s) = e —k,;

HOC:w, (s) = Yols) Ko
' Y (s)
Tenepb MOXeT ObITH MOCTPOCHA CTPYKTYpHAsl CXeMa MOBOJAA, B KOTOPOM (NMPU paBEHCTBE
KOO PHUIIMEHTOB Tepeayn 3aarollero MOTEHIMOMETpa W MOTEHIIMOMETpa OOpaTHOMW CBS3M) IBa
COOTBETCTBYIOIIUX JJIEMEHTAa Ha (YHKIMOHATBHOW CXEME 3aMEHSIOTCS OJHUM JJIEMEHTOM C
ko3 dunrenTom nepenaun K, Ha CTpykTypHO# cxeme (puc.3.2).

X s—Yq k |U, 3 a y

k | — k, >
2] Ts+1 (T, +Ds

Puc.3.2. Cmpykmypunas cxema npugooa

Takum oOpazom, mnepenaTtoyHas (QYHKLIUS 3aMKHYTOH CHCTEMbI TIOCJIE HECIOXHBIX
anredpandeckux Mpeoodpa3oBaHuil MPUOOpPETAET BU:

k
W(S): 0 ’
(T,s+D(T,s+Ds+Kk,
rae Ko — kod(h(uIMEeHT nepenadyd CUCTEMBI, PaBHBIA TNPOU3BEACHUIO KO3()(HUIIMEHTOB

nepeaayn BCCX 3BCHBLEB KaHajla IMPSAMOIoO ﬂeﬁCTBHﬂ. I/ITaK, CUCTEMA MMECT XapaKTCPUCTHYCCKOC
ypaBHeHUE 3-T0 MopsKa:
T,Tos®+ (T, + Ty) s>+ s + ko= 0.
CocraBum nerepMuHaHT ['ypBHIla U HaliIeM YCIOBHS YCTOMYMBOCTH.
T0+Ty K, 0
r=|TT, 1 0l
0 T,+T, Kk
AHanu3 yclIOBUH YCTOMYHMBOCTH MO KpUTEpHIO ['ypBHIlAa MOKAa3bIBAET, YTO €AMHCTBEHHBIM
YCIOBUEM SIBJIAETCS MO3UTHUBHOCTH BTOPOrO JETEPMUHAHTA, IOCKOJIBKY ao=1,Ty, pPaBHO Kak



u A=a1=T,+Ty, Bcerna Oomnpiie Hyas. Takum 0Opa3zoMm, UIs YCTOHYMBOCTH MOBOJA HEOOXOIUMO,
YTOOBI:
A2= (T, + Ty) — koT,To> 0.

[Tocie HeCIOKHBIX MPEOOPa30BaHMIA TIOTYYaeM €IMHOE YCIOBUE YCTOMYMBOCTH CUCTEMBI:

Ti +Ti > ko 3.1

v T 1)
BrimonHenue 3Toro ycioBUs 00s3aTeNbHO, MOITOMY Ha MPAKTUKE Bapualuel, 1moadopoM
napamMeTpoB mpuBoaa crpemsatcs obecreuuth (3.1). Ilpu 3TOoM Hambonee yaoOHO H3MEHATH
napameTpel Ko u T, — oOmuii ko3hduimMeHT nepenayd NPUBOJA M TIOCTOSHHYIO BpPEMEHHU
ycumTeNs-peoopasoBareis. B moOoM ciydae 3Ha4YCHHsT BapHallMi 3THUX MapaMeTPOB JOJDKHBI

nexats B obmactu D, moctpoeHHoi cornacHo ycnosuio (3.1) (puc. 3.3).

kOA

obnacmo
HeyCmouyueblx

3HAYEeHUll

k01 o 1/ Ta

obnacmo
VCMOUHUBHIX 3HAYCHULL
0 T >r
vl y

Puc.3.3. Obnacms ycmouiuugvlx 3HaueHuil

3aoanue

1. [To UCXOAHBIM JAaHHBIM, B COOTBETCTBHH C BapuaHTOM (Tab6in.3.1l), MOCTpOUTh AUarpaMmy
YCTOMYMBOCTU CHUCTEMBI IO KpuTepuio ycroiuuBoctu ['ypBuma (cMm. puc.3.3). Omnpenenuthb
MaKCHUMaJIbHO BO3MOXHOE 3HaueHHe Ko3(dduimeHTa mnepenadn ycuIMTEIsS-IpeodpazoBaTess U
MOJTOTOBUTH TAOJIUITy SKCTIEPUMEHTAIBHBIX TaHHBIX.

2. Ucnonp3ys NMPUKIAAHYIO TPOrpaMMy, MPOBECTU CEPUI0 IKCIIEPUMEHTOB U PE3YNIbTAThI
3amucaTh B TaOJIHILY.

3. ITo pe3ynbraTam SKCIIEPUMEHTOB MMOCTPOUTH IKCIIEPUMEHTATBHBINA Tpa@uK 3aBUCUMOCTH U
MIPOBECTHU €T0 AHAIIN3.

Tabnuya 3.1. Ucxoousie oannvie

[lepBas | Ycunumenw | /Jesucamens | Bunm.napa | Bropas | [Jeueamenv | Obp.ces3b
udpa T), c Ko, pao/cB Hen, mm udpa Ty, c 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
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

Cooeporcanue npomokona
B mnportokone mpencraButh CTpyKTypHyr0 cxemy CAY, amarpamMmy KadecTBa, TaOJIWIly
SKCHICPUMCHTAJIbHO-PACYCTHBIX  JTAHHBIX, rpa(bm( 3aBUCUMOCTH KOMIINIECKCHOI'O I1IOKa3aTecisd



JUHAMUYECKOTO KauecTBa OT Kod((UIMEeHTa Mepenaun YyCHIHUTENA-IIpeoOpa3oBares, KOIHUIO
UHTepdelica ¢ 3aIHChI0 EPEXOAHON XapaKTEPUCTUKH IPH KaKoM-JIn00 3Ha4eHHH Ky,. BbIBOIBI.

IIpakTuyeckasi pa6ora Ne 4. UccaenoBanue TouHoctTu CAY B pexkume JIBUKEHUS 1O
TapMOHHMYECKOMY 3aKOHY

Llenv pabomowi: [Ipuobpemenue npakmuyeckux HABLIKOE OYEHKU MOYHOCMU CUCTNEM
aA8mMoMamu4ecKo20 YnpasieHus npu mecmuposanuu o 2ApMOHUYECKOMY 6XOOHOM) CUSHAITLY.

Teopemuueckasn yacmso

Uccnenyercas CAY noBoaoM, CTpyKTypHasi CXeMa KOTOpPOro IHpejcTaBieHa Ha puc.4.l.
Bunno, uro CAY oTauvaercst OT pacCCMOTPEHHOM B MpaKTHUECKoi padote NS TeM, 4TO YCHITUTENb-
npeoOpa3oBaTelib NPeACTaBICH He O3bIHEPIIMOHHBIM 3BEHOM, a allepHOANYEcKUM 1-To mopsaka.

O S0 K ‘ ()

y

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

A\ 4
A\ 4

K le

oc

Puc.4.1. Cmpykmypnas cxema uccieoyemoii CAY

JI1s1 TakoW CUCTEMBI BaXKHBIM U IIEPBOCTEIIEHHBIM SIBJIIETCSI BOIIPOC YCTOMYMBOCTH. [loaTOMY
nepes HayaloM SKCIEPUMEHTAIbHBIX HCCIEIOBAaHUN HEOOXOIUMO OMpEeIeNuTh MaKCUMAIbHO
JnonycTuMoe 3HaudeHue Kodddunmenta K, mepemaum ycunmurens-npeoOpa3zoBatelis, MOJIb3YICH
dopmymnoit (3.1) ¢ yderom 3aBHCHUMOCTH AJisi OmpeneneHus obuiero koddduimenta mnepenayn
MOCJIEI0BATENbHO COETMHEHHBIX 3BeHbeB CAY:

k, =k kk k .

y 0 ‘oc “en

rne Ken = H/I2 77— nepenatounas GpyHKIMsS BUHTOBO# mapel (H —ar BAHTOBOM maphl).

3aoanue

1. Ilo wucxomHBIM JaHHBIM, B COOTBETCTBMM C BapuaHTtoMm (Tabdn.4.1), paccuuTarhb
MaKCUMaJlbHO JONYCTUMBIH Koddduiment Ky, mnepemaun ycuaurtens-peodpasoBarens, U
MOJATOTOBUTH TAOIMILY SKCIIEPUMEHTANIbHBIX JTaHHBIX.

2. Vcnonb3ys NpPUKIAJHYIO MporpamMMmy, BBIOpAaTh AMANa3oH W IIar M3MEHEHUS YacTOThI
BXOJIHOTO curHaia. IIpoBecTu cepuio SKCIEPUMEHTOB (A KaXAOro 3HAYeHUs KO3PQUIMEeHTa
nepeaayn), 3anKchiBas pe3yabTaThl B TaOJIHILy, @ 3aTeM MOCTPOUTH IPaMKU IKCIIEPUMEHTAIBHBIX
3aBHCHMOCTEM.

Tabnuya 4.1. Ucxoousie oannvie

IlepBas ko, Bropas | He,

unl()i)pa Tom € paod/cB To.c uH(Il;)pa MM Koc
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 nporokone mpuBectH cTpyKTypHylo cxemy CAY, COOTBETCTBYIOLIHE pPACUETHI
k03¢ duIMeHTa mnepesadnl yCuInTens-peoOpazoBarens, TaOIuIy SKCIEPHUMEHTAIbHBIX IaHHBIX,
KONHMI0O uHTepdeiica NpUKIAIHOW NpPOrpaMMbl I KaKOro-TMOO SKCHepuMeHTa, rpaduku
9KCIIEPUMEHTAIBHBIX 3aBUCMOCTEH. BBIBOIBI.

Jladoparopnasi padora Ne 1. OmnpeneieHne XapaKTePHUCTHK 3IJIEKTPOMEXaHUYeCKOro
NMPUBOAA

Llenv pabomwr: Ilpuobpemenue npakmuueckux HABbIKOE KOMNIEKCHO20 UCCIEO08AHUSL
cucmem u 06veKMo8 A6MOMAMULECKO20 YNPAGIEHUSL.

Teopemuueckasn yacmeo

Ha pwuc.5.1 mnpexacraBneHa 5>I€KTpOMEXaHMYECKAass CHCTEMa — MIPHUBOJ BpalLAOLIETO
JBUKEHHS, KOTOPBII COCTOUT U3 3JIEKTPOJIBUTATENS | MOCTOSIHHOTO TOKA, peyKTOpa 2 U Harpy3KH,
HanpuMep, INuHAeNs 3.

1 2

Puc.5.1. Cxema InekmpomexanuuecKkoil cucmemol

YPaBHeHI/ISI ABWIKCHUS JABUTATCIIA IIOCTOSIHHOI'O TOKa IIpU npeHeremeHI/m SABJICHUAMU
BTOPOTO MMOpAJAKAa UMCCT BU:

dQ (

— e .
M()(fuz - I()(fue dt + Ml’ 5.1)

e Mosuz, 1 osuey {296ue — MOMEHT JIBHDKEHHSI, MOMEHT MHEPIIMU POTOpA U YIJIOBasi CKOPOCTh
asurarens, M1 — MOMEHT Harpy3ku Ha Bany asurarens. C Ipyroid CTOPOHBI, B COOTBETCTBHH C
AEKTPOMEXAHUUECKON XapaKTEPUCTUKOMN JABUTATEIS:

M _=kU-kQ (
osue 0 M= Toeue 5 2)
rac k() — KO3(I)(I)I/IHI/ICHT OpONMOPHUOHATIBHOCTU MCKAY HANPAKCHUCM Uu MOMCHTOM
JABUXXCHUA, kM* K03(1)(1)I/IHI/I6HT HAKJIOHA SHCKTpOMexaHquCKOﬁ XapaKTCPHUCTHKHU.
PCI[YKTOp MOKET 6BITB npeaACTaBJICH 6C3LIHepLII/IOHHBIM 3BCHOM:
Ql = Qoguzkpeo’ (
5.3)

rie {2/ — yrioBas CKOPOCTh BBIXOJHOTO BaJia peIyKTopa, Kyeo — K03 GUIMEHT nepeiayn.
B xoHeuHOM uTOTE, ypaBHEHUE ABUKEHUS Bajla HATPY3KH:

dQ
1224 20+ p([Qdt— [Qdt)+ M =0, (
dt 5.4)
rne M, I, (2- moine3HbIi MOMEHT, MOMEHT WHEpIMH W YIJoBas CKOPOCTb Harpysku, [ -
KPYTHJIbHAS JKECTKOCTh, A - KOX(QQHUIMEHT BSI3KOro TpeHusa. Takum oOpa3oM, ypaBHEHHE CBS3H,
KOTOPOE MOKAa3bIBAET, HA YTO PACXOJlyeTCs MOJIe3Has YaCTh MOMEHTA JIBUraTessl, UMEeT BUJI:
M, =k, ([ Qdt - [Qdt) (
pe:
5.5)
[lo monay4eHHOH MareMaTU4ecKOW MOJENH, KOTOpas COCTOMT u3 ypaBHeHui (5.1-5.5),
MOCTPOEHA CTPYKTYPHAsl CXeMa JICKTPOMEXaHWUYECKON CUCTEMBI (puc.5.2).
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Puc.5.2. Cmpykmypuasa cxema 31€KmpomMexanuieckoil Cucnemol

Ha cxeme ecth nBa BXOAa: OJUH IO ylpasisiouieMy Bo3zaelcTtBuio U, a BTOpol - 1o
Bo3myuieHuto M. He cmotpst Ha To, 4TO MO HMCXOAHOH cxeme (cM. puc.5.1) cucrema Kaxercs
Pa30MKHYTOM, Ha caMOM JieJieé OHa 3aMKHyTa C OOpaTHbIMM IOTOKamu curHaioB. Ilo
pa3paboTaHHON MaTeMaTHYeCKOW MOJENM 3JIEKTPOMEXaHWYECKOro IOBOJAa MOXKHO IPOBOAMTH
IIPE/IBAPUTENIbHBIE HCCIEJOBAHMS C LIEJBIO ONpPEAEICHUS XapaKTEpUCTUK, OLEHKHU KadecTBa M
BbIOOpa HEKOTOPBIX €ro mapamerpoB. Takoil 3Tanm npenBapUTENbHOIO NMPOEKTUPOBAHMS BCErza
JIOJDKEH TPUCYTCTBOBATH MpPH pa3padOTKe CHUCTEM M OOBEKTOB aBTOMATHYECKOTO YIPABICHHUS U
SBJISICTCA YPE3BbIYAfHO BAXKHBIM, TaK KaK MMEHHO 37ECh OINpeNessIoTcs OOLIMe HalpaBiIeHUs
YZIOBJIETBOPEHUS TPEOOBAHUAM TEXHUUECKOTO 3aJJaHUsI U YIYULICHHUS XapaKTEPUCTUK CUCTEMBI.

Hanpumep, M3BECTHO, YTO IEpeAaTOYHOE OTHOLICHHE PEIyKTOpa CYLIECTBEHHO BIHUSET Ha
JUHAMHYECKHE XapaKTEPUCTUKU 3JIEKTpoMeXaHuyeckoro mnpuBojaa. OlleHKa MepexoaHbIX
XapaKTEepUCTHK CHCTEMBbl, NpPEICTAaBICHHOM pa3pab0TaHHOW MaTeMaTH4YeCKON MOJenbio, Ipu
Pa3HbIX 3HaYEHUSAX Kod(d(dulLIMeHTa nepeaadn peIyKTopa Mo3BOJsSEeT PElIUTh TaKylo 3a1a4y.

3aoanue

1. ITo ucxoIHBIM JaHHBIM, B COOTBETCTBUH C BapuaHTOM (Ta0:1.5.1), onpenenuTs craTH4ecKue
XapaKTEPUCTHKU DIIEKTPOMEXAHUYECKOrO IOBOJA U1 Pa3HbIX 3HAYEHUM HANpPSOIKEHWS NMHUTAaHUSA
JBUTATENsl M TIOCTPOUTH COOTBETCTByoIME TIpaduku. (/luama3oH W3MEHEHUs HaNpsLKEHUs
OIIpEEIISAET IPENOAABATEND).

2. IIpoBectu cepuio SKCIEPUMEHTOB [0 MOJEIMPOBAHUIO NMEPEXOAHON XapaKTEPUCTUKH MPHU
pa3HbIX 3HaueHUIX Koddduimenra k, mepeaaun penykropa, BEIIOIHUTh HEOOXOAUMbIC U3MEPEHHS,
paccunMTaTh KOMIUJIEKCHBIM TOKa3aTellb A U IOCTPOUTh COOTBETCTBYIOLIMN rpaduk s
OIpeIeTICHUs] ONTUMAIILHOTO 10 OBICTPOACHCTBHIO Kod(pdunmeHTa Kp.

Tabnuya 5.1 Ucxoomusie oannvie

IepBas ly Ko K Ky Bropas | Yij A

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

Cooeprcanue npomokona



B mporokose npencTaBUTh CTPYKTYPHYIO CXeMY 3JIEKTPOMEXaHMUECKOW CHCTEMBbI, TaOJIUIIbI
9KCHEPUMEHTAJIbHBIX JJAHHBIX, COOTBETCTBYIOIME I'PaUKN CTATUUECKUX XapaKTEPUCTHK U Ipaduk
3aBHCUMOCTH KOMIUIEKCHOTO IIOKa3aTels JAUHAMHYECKOro KadecTBa OT Kod(h(UIMeHTa mepenaqyu
pelyKTOpa, KONUIK uHTepdeiica NpUKIAJHOW MNporpaMMbl € MEPEXOJHBIM IPOLECCOM IpU
ONTUMAJILHOM IO OBICTPOJCHCTBHIO 3HAYEHNH K03 (DUITEeHTa TIepeiaun peayKTopa. BeIBOIbI.

JlaGopaTopnasi padora Ne 2. OmpenesieHHe XaApPaKTePUCTHK T'HIPOMEXaHUYECKOTO
NnpuBoJIa

Ilenv pabomwr: Ilpuobpemenue npaxkmuueckux HABbIKOE KOMNJIEKCHO2O0 UCCIe008aAHUSA
cucmem u 06vLEKMO8 A8MOMAMULECK020 YNPAGIeHUS.

Teopemuueckasa yacmpo

Ha puc.6.1 mnpeacraBieHa rugpoMexaHUyecKas CHUCTeMa — TPUBOJ IOCTYNATEIbHOTO
JABHUXKCHUS. HpI/IBOII COCTOMT M3 THAPABIMYCCKOr0 MNUIMHApPA 1, IOTOK KOTOPOro CBA3aH C
CYNIOPTOM 2 (Harpy3koi) MeXaHHM4eCKOH CBS3bI0 C JKECTKOCThIO ¢. CyNMopT MepeaBUraeTcs 1o
HAMPaBJIIOMUM 3, KOTOPhIE XapaKTepU3YIOTCS KOA(PHUIMEHTOM BA3KOTO TpeHUs A, a CKOpOCTb
perynupyercsi TUApaBInyeckuM apocceieM 4. Takum o0Opa3om, cUCTeMa HMEET YIPABIISIOIIUN
BXOJ (OTKpBITHE X JAPOCCEIs) U BO3MYIIEHHWE — CHIIY MOJe3HON Harpy3ku F. Llenwio ynpaBnenus
SIBJISIETCSI TIEPEMEIIICHUE CYIOPTa ¢ 3aaHHoi ckopocThio dy/dt o koopauHare Y.

A l‘___'Fl 2

P1

Po

A

Puc.6.1. I'uopomexanuueckasn cucmema

JIBukeHre cynmopTa MOXeT ObIThb omucaHo JuddepeHlnnaIbHbIM YpaBHEHHEM BTOPOTO
MOpsI/IKa:

mdy (

pres Fie(y-y,)=F, 6.1)
rae m — Macca cynmnopta; A - Ko3pGUIUEHT BA3KOT0 TPeHUs; Y — IepeMelrieHne maccol; F —
noJie3Hast HarpysKa.
[MuapaBnuyeckuii MUJIMHAP C TOJE3HON TUIONaAbl0 P MOpIHS 10DKeH OBITH MpeicTaBiIeH
JIByMsl YPAaBHEHHUSIMHU, KOTOpPbIE OTBEYAIOT KHHEMAaTHUYECKOMY M CUJIOBOMY B030YyxaeHuto. [lepoe
OIIMCHIBAET JIBIDKEHHE 0 pacxoay Q macia depes HUIMHID:

Q (
=J5 6.2)

a BTOpOE€ — U3MEHEHHUE JIABJICHUS B MOJOCTHU:
. (
1T p 6.3)
Pacxon macna depe3 apoccenb 3aBHCUT OT OTKPBITHSL JAPOCCENMPYIOUIEH IIeTu U Mepernana
ABJIEHUS HA HEWU:

6.4)



rae 4 — ko3 UIMEHT pacxoja Yepe3 IPOCCEIHMPYIONIylo IMmielb, K — Koa(duimeHt
HPOMOPIMOHATIBHOCTH MEXy IUIOIIAABI0 MIETH U OTKPBHITHEM X JPOCCesi, Po — JaBJICHUE JIMHUH
IIUTaHUs, O — YIEIbHBIN BEC MacCIa.

K marematiueckoi Moiesii He00X0IMMO MPUOABUTh YPaBHCHUE CBS3H:

E =(y. - y)C. (
=(y,—y)c 65)

[To monydeHHOW MaTEeMaTHYECKONH MOJENM, KOTOpas COCTOMT U3 ypaBHeHHit (6.1-6.5),
MIOCTPOCHA CTPYKTYpHAsl cXeMa THIpPOMEXaHHYeCKoi cuctembl (puc.6.2). Ha cTpykTypHO# cxeme
€CTh JIBa BXOJIa: OJIMH TI0 YIPABJISAIONIEMY BO3JCHCTBHIO X, 2 BTOPOH MO BO3MYyIeHHIO F.

X F
—P> k()x Q

1/c y
T2 +T,s+1

1/sP C

Kox
r : c/P <

Puc.6.2. Cmpykmyphasa cxema 2uo0pomexanuiecKkoll Cucmemol

v

Hpoccenb Ha BXOA€ CXEMbl HpPEICTAaBICH JBYMs IIepelaTOYHBIMU (QYHKLUUSAMH C
JIMHEAPU30BaHHBIMU KOA(PPHUIMEHTAMH TIepeaun Koy — 10 yIpaBisioleMy BO3ACHCTBUIO X U Ky —
1o mnepenaay aasiaeHus. [Ipu MoaenupoBaHUM CUCTEMBI C MPUMEHEHHEM UYHCIIEHHBIX aJTOpPUTMOB
MOKHO HCIOJIb30BaTh IEPBUYHYIO HEIMHEHHYI0 3aBUCUMOCTh (6.4). IlocTosiHHBIE BpemMeHH
TepenaTouHoM GYHKIMM HATPy3KH B cooTBeTcTBUH ¢ (6.1) paBHstorcs: T12 = m/c, T, = A/c. 3necs,
Kak M JUIsl DJIEKTPOMEXaHHYECKOTO IOBOJA, MOXKHO KOHCTAaTHPOBATh 3aMKHYTOCTh CHCTEMBI,
KOTOpas, TeM He MeHee, He sBisieTcst CAY.

Pa3paboranHass MaremaThueckas MOJENb IIO3BOJSIET Ha dTale MpelBapUTEIbHOTO
POEKTHUPOBAHUS MPOBOANUTE MCCIIEOBAHUS C 1IETBI0 ONPEENCHUs BIUSHUS apaMeTpOB MPUBOJIA
Ha TUIABHOCTH JIBIDKEHHS, OIICHKH KayeCcTBa YIPABJICHUS U BO3MOXHOCTH COIIPOTUBIICHUS BHEIITHEH
Harpyske M T.I. B 3aBHcHMOCTH OT jkelaeMoro Auana3oHa CKOPOCTEeH ABMKEHHs pabodyero opraHa
MOYKHO TIPaBMJIBHO BBIOpaTh COOTHOIICHHUE: JABJICHUE MUTAHHUS — TEOMETPUYECKHE TapameTphl
JpOCCesl, YTO SIBJISETCS BaXKHOM 3ajjauel, OT pelleHus: KOTOpoil OyAyT 3aBUCETh YHEPreTHUYECKUe
NOKa3aTesy MOBOJA B LIEJIOM.

3aoanue

1. ITo uCXOIHBIM JaHHBIM, B COOTBETCTBHH C BapHaHTOM (Ta0:1.6.1), onpenenuTb cTaTHYecKue
XapaKTEePUCTUKH THUIPOMEXaHMUYECKOrO MPHUBOJA (3aBUCHUMOCTb CKOPOCTH pabodero opraHa oOT
CHUITBI TIOJIE3HOW HArpy3KH) JJIsl pa3HbIX 3HAUYCHUH JTaBIICHHS MTUTAHUS THIPABIUYECKON CHCTEMBI
IOCTPOUTHh  COOTBETCTBYIOIIMHA rpaduk. (Juama3oH W3MEHEHUS JaBICHHUS  OINpenelseT
IpernojaBaTessp).

2. OmpenenuTh JUHAMUYECKHE MOKa3aTeNd TMIPOMEXaHMYECKOro MPUBOJA: OTHOCUTEIILHOE
NepeperynupoBaHue U 3aTyXaHue 3a IepUo.

Tabnuya 6.1 Ucxoousie oanmvie

[NepBas k, Po, P, Bropas c, A, m,
nudpa MM MlIla cM? uudpa H/mm Kr/c KT
0 0.50 1.0 80 0 1800 1750 5
1 0.25 1.5 100 1 5000 2000 10
2 0.08 2.0 120 2 2500 1250 15
3 0.12 2.5 140 3 2000 1360 20
4 0.35 1.0 160 4 3250 2500 25
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

Cooepicanue npomokona

B nporokosne mnpencTtaBUTh CTPYKTYPHYIO CXEMY HCCIEAYEeMOW CHCTEMbl C HCXOIHBIMU
JaHHBIMU, TaOJHIBl DSKCHEPUMEHTAIBHBIX MJaHHBIX, TpadUKU CTaTHYECKUX XapaKTePUCTHK,
JUHAMHUYECKHE TI0Ka3aTelu KadyecTBa IEPEeXOJHOM XapaKTEePUCTHKU TUJIPOMEXAHUUYECKOTO
MPUBO/JIA.

JladopaTopnasi padora Ne 3. OnpenesieHue xapakrepuctuk CAY npoaoJibHoi moaaveii
NPH TOYECHUHU

Lenv pabomwr: I[lpuobpemenue npakmuueckux HABbIKOE KOMNIEKCHO20 UCCAEO08AHUS
cucmem u 06veKMmMo8 A8MOMAMUYECKO20 YIPAGIEHUSL.

Teopemuueckasn yacmeo

Haubonee pacmpoctpaneHHbli B MeTaimiooOpadoTke Tumn 3aMkHYThIX CAY — sto CAY,
npelHa3HaYeHHbIe 7 aBTOMATHYECKOrO PEeryJupoBaHusl Mpollecca pe3aHus  3apaHee
YCTaHOBJICHHBIM 00pa3oM. Takue cucTeMBl MOTYT MPUMEHSTHCS KaK Ul CTa0MIIM3aluH 33 JaHHBIX
BBIXOJHBIX IapaMeTpPOB IpoOliecca pe3aHus, TaK U JJIs UX H3MEHEHHS B LUKIE OO0pabOTKH IO
orpeneneHHoMy ainroputMmy. Hambonee 1enecooOpa3HO WCIOIB30BaHUE TaKUX CHCTEM Ha
3aKJIIOUUTENbHBIX, (DMHUIIHBIX ONEPalUIX TEXHOJIOTHYECKOTO Mpoliecca.

[Tpu mexaHnueckoil 0OpabOTKe pe3aHHeM TOUYHOCTh 00paOOTKH, B OCHOBHOM, OIPENEIsIETCS
yIpyrumMu JiepopMalMsIMU TEXHOJIOTUYECKOH CHCTEMBI, KOTOpBIE, B CBOI OuY€pelb, 3aBUCIT OT
cunbl pe3aHus. [loaromy cucrema aBTOMaTMYecKOd CTaOMIM3allMK CUJIbl PE3aHUsl Ha 3apaHee
3alaHHOM YPOBHE WM IPOrPAaMMHOIO PEryJIMpOBaHUS €€ IO 3aJlaHHOMY 3aKOHY IIO3BOJIAET
HOBBICUTH TOYHOCTh 0OPa0OTKH U 3HAUUTENIFHO YIYUIIUTh Kaue€CTBO MTOBEPXHOCTH JIETaNICH.

CAY crabunuzanuy Cwibl pe3aHus NpH TodyeHuu (puc.7.1) cMOHTHpOBaHa Ha TOKapHOM
CTaHKE€ U COCTOMT W3 IPUBOJA MOJAYM M M3MEPUTENBHOrO ycTpoicrBa. M3MmeputenbHas Lenb
pean3oBaHa ¢ MOMOILBIO JUHaAMoMeTpudyeckoro npeodpaszosarens JII, KoTopselil uepe3 ycuinTelb
Y obecneunBaer curHan obpaTtHoil cBs3u U,e, mponopHuoHanbHBIA cocTaBistomed P; cuibl
pe3anus. [IpuBoa momaun coctouT U3 ycunutens-npeodpazosarens YII, nBurarens mocTosSHHOTO
toka /[ u penykropa P.

A

d
Bl T ] 3yc,

dt
u, U, o) S3 S P,
yH > Z[ > P —p| I:)Z >
H3 Hd’ I1pP » I'C R
Uoc Py
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Puc.7.1. @ynkyuonanvnana cxema CAY cmaodounuzayuu cunvt pezanus
npu mouenuu

CAY ¢ynkuuonupyer creayrommMm oOpazom. Ha BXom cuCTEMBI, K CpaBHUBAIOMIEMY
YCTPOMCTBY mocTymnaeT curHai U;, KOTOpBI COOTBETCTBYET TpeOyeMOMY 3HAYEHHIO CHJIbl pE3aHus
B onpezaereHHoM MaciTade. Ha BTOpoit BX0J CpaBHUBAIOIIETO YCTPOKCTBA mocTymnaeT curHai Uy,
BbIpabaThIBaeMbIii TuHaMoMeTpruiYeckuM mnpeoodpazosatenem JII u ycunurenem Y. Takum o6pazom
HanpsbkeHne U,c IPOMOpLUOHATIBHO pealbHOMY 3HAa4YeHHI0 CHilbl pe3aHusa. Ommbka oU=U,—



U,ciocTynaer Ha BXoa ycunutens-npeoopaszoBatens YII, koTopslii BelpabaTeiBaeT Hanpsikenue Uy
nutanus asurarens . JlBurarens I, yepe3 peaykrop P omnpenenser BeNIMYMHY HPOAOJIbHOU
MOJJa4M TaK, YTOOBI CBECTH OMNOKY K MUHUMYMY.

Kak ynpaBnsembiii 00bekT B CAY BxoauT nporiecc pe3anus IIP, KOTopslli TPOUCXOANT B
3aMKHYTOH TEXHOJIOTHYECKOI 00pabaThIBatOIIeH cUcTeMe.

Marematnueckass wmozaenbp CAY  COCTOMT M3 MAaTeMaTHYECKUX MOJEIEH 3JIEMEHTOB,
COCTAaBIIIOLINX CHCTEMY. Y CHJIHMTENb-IIpeoOpa3oBareb OmnuchiBaeTcs U depeHuanIbHbIM
YpaBHEHHUEM IIEPBOTO MOPSIJIKA,

du B (
T, dt@+U k oU, 71)

HO €ro XapakTepHCTHKAa HEIWHEHHas THuma
“nacermenus’ (puc. 5.34):

U,=k,oU, ecmu oU<dU,
u,=U_., ecmuu U=dU,

Puc. 7.2. Xapakmepucmuka
ycunumensa-npeoodpazasames
riae Kyn, Tyn — KOO OUIMEHT YCHIICHHS U TIOCTOSHHAS BPEMEHH YCHIIUTEIS-IPeo0pa3oBaTeis;
Umax — HanIpsDKEHUE HACHITIICHUSI.

JIBUraTenb MOCTOSHHOIO TOKa OINUCBIBaeTCs U (depeHIUalbHbIM YpaBHEHHUEM BTOPOTO

Hopsi/IKa:
2
TT. ddt"z’d +T, d;t)e +a,=kU, 72) (

rae Ko, T,, Ty - KOIpQUIMEHT mepenauu, MOCTOSIHHBbIC BPeMEHH (JICKTPOMArHUTHAs W
MEXaHUYEeCKasi) JIBUraTels.

PenykTop, TEeH30METpHUECKUH JMHAMOMETP M 3JEKTPOHHBIM YCHJIMTENIb ONMCHIBAIOTCA
JMHEWHBIMH  ypaBHEHHUSMH, KOTOPBIE  COOTBETCTBYIOT  O€3BIHEPIIMOHHBIM  3BEHBSIM  C
k03 purmenTamu nepeaadn: Ky, Kon,K;.

OxBuBajeHTHbIE ynpyrue cucreMbl (AYC) Mo COOTBETCTBYIOIIMM OCSIM KOOPAMHAT MOTYT
ObITh MpenacTaBieHbl AU(QepeHInanbHBIME  ypaBHEHUSAMH BTOPOrO  MOpPSJKA, Kak JJs
OJTHOMACCOBBIX CHCTEM:

2
P.=m dfx 1@ +C,0X;
dt dt (
d?dy ., doy , 7.3)
P,=m re +A—= it +C,0y;
rae m — Macca cymmopra; A - KO3QOUIMEHT BSI3KOro TpeHHsl (Cuia TpeHHs

MPOTMOPILHUOHAIIEHA CKOPOCTH); Cx, Cy — JKECTKOCTH 10 COOTBETCTBYIOIIEH KOOPAUHATE.
[Iponecc pezanus IIP MoxeT OBITH MPEACTABICH YPaBHEHUEM, CBSI3BIBAIOIINM (PaKTUUECKHE
BEJIMUMHBI OAauu Sy v TyouHsl Hy, pe3anus ¢ cocrapmstomieit P, cuibl pe3anus:
P=CHrs™™, (
7.4)
rae  Cp, Xp, Yp, Np — smmupudeckue KodQPUIIMEHT U TMOKa3aTeNn CTeTeHH, V — CKOPOCTh
pe3aHusl.
brmox I'C BeIMONHSET OMEpaliii B COOTBETCTBHH C TEOMETPHYECKUMHU COOTHOIICHUSIMH
MEXIY COCTaBJISIOIIUMHU CHIIBI PE3aHUS:
2
P, = (O'ZGPZ) . PB.=PR tg(p+n), 75
1+1g°(p +7) )
I7Ie @ — rJIaBHBIA yroJl B IJIaHE pe3lia, 77 — YTl CX0/1a CTPYKKH.
C ydeToMm NpHUBENICHHBIX BbINIe ypaBHeHHH (7.1-7.5) 1 cBszeil (QyHKIMOHATBLHON CXEMBI 1O
puc. 5.30, Mmarematuueckyro mojienb Beceid CAY HaZ0 JOMOJHUTE CAEAYIOIMUMH 3aBUCUMOCTSMMU:

(




&J :U3 _Uoc;
S,=wk,;

B dox (
% =5, dt 7.6)
H(p = H3 _éj/;
Uoc :@l kt)n ) ky’

Takum oOpa3om, crabuIu3anUs CUJIBl pe3aHuss Ha TpeOyeMOM YypOBHE, KOTOpBI B
orpezieieHHOM MaciuTabe oTBedaeT 3ajaHHOMY HampspkeHuto U; Ha Bxoae CAY, mpoucxoauT 1o
CYET YINPABJICHMs IPONOJIBHOW monayei. IIpu TodyeHuM neranu, NPUITYCK KOTOPOM HM3MEHSETCH,
peryJIvpoBaHHe MOJa4YH JTOJKHO MPOUCXOJUTH TaK, YTOOBI CHJIa PE3aHUs OCTaBalaCh MOCTOSIHHON
Ha Bcel jmuHe 00pabotku. Ho xadectBo paboTel CAY IENMKOM 3aBHUCUT OT €ro ImapaMeTpoB, a
TaKKe OT MapaMeTpoB TexHojormueckor obOpadareiBatomieit cucrembl (TOC) roe umeHHO U
peanusyercss mpouecc TodeHud. [loaToMy BaxkHeiIIedl 3amadeld MpyU MPOCKTHUPOBAHUU CUCTEMBI
ABIIIETCS TPABWJIBHBIA BBIOOp €€ MapaMeTpoB, a MPHU SKCITyaTalldd — OIIEHKAa KauyecTBa B
3aBucuMocTH oT napamerpoB TOC, KOTOphIE B JaHHOM Cly4ae SIBJSIOTCS BO3ZMYILEHUSMHU.

3aoanue

1. Ilo wucxogHelM JaHHBIM, B COOTBETCTBUM C BapuaHToM (Tabin.7.1), mnpoBecTH
MOJICJIMPOBAHUE C IIEJIbIO OMNpeAeNieHUs] KadecTBa mepexonHoil xapakrtepuctuku CAY 1o
KOMIUIEKCHOMY TOKa3aTelto (cMoTpu (opmyiry (5.2)) ¥ TOYHOCTH IO OmHOKe OP OT CICIYIOIINX
napamerpoB CAY:

1) oT ko3¢ ulMeHTa nepeaadu peayKTopa;

2) oT xecTkocTH Cx ynpyroi TOC;

3) 0T K03 puLmeHTa nepeaayn yCuIuTens: 0OpaTHOM CBSI3H.
Ilpumeuanue:

- muara3oH m3MeHenus xxectkoctu (H/mMm) 18000 < ¢, <50000;

- IMana3oH BapbUPOBaHUs KOG GUIIMEHTA YCHIUTENs 00paTHOM cBsizn 5 < Ky <55;

- IMana3oH U3MEHEeHUs KoddduinenTa nepeaadn peaykropa (mm/pan) 0,2 <k, <0,05.

2. BpiOupas mar M3MeHEHHs 3aJaHHOTO MapaMeTpa, HMPOBECTH SKCIIEPUMEHThl Ha BCEM
IUarna3oHe ero MW3MEHEHHUs, OIpeleauTb HeoOXoauMble (CM. BbINIE) JAMHAMHUYECKHE
XapaKTEPUCTHKH U 3aIIUCATh PE3YJIbTaThl B COOTBETCTBYIOIINE TaOIHIIBI.

3. Tloctpouth rpaduku SKCIEPUMEHTAIBHBIX 3aBUCHUMOCTEH KOMILJIEKCHOTO MOKa3aTels
KayecTBa M OIIMOKM OT YyKazaHHBIX Bblle mnapamerpoB CAY. Omnpenenutbs JUHAMHYECKHE
noka3arenn CAY: OTHOCUTENBHOE IEPEPETYIUPOBAHNE U 3aTyXaHUE 32 TIEPUO.

Brumanue! 11ockonbKy UCXOIHBIE JAHHBIE 33JAI0TCS CIy4YailHO, HE MCKIJIIOYAETCsl CUTYyalus,
korna CAY oka3bpIBaeTcsi HEYCTOMUMBOM, TO €CTh COBCEM HE MPUTOJHOW K (DYHKUIHOHHUPOBAHUIO.
Coo01eHust 06 3TOM, B TAKOM CIIydae, MOSBISIETCS Ha SKpaHe MOHUTOPA BO BpPeMsI MOJIETTUPOBAHHUS.
Pexomenmanmu  nmisi  pemieHMs  Takod  mpoOjeMbl  —  JACHCTBOBAaTh B CICAYIONIEH
MIOCJIE0BATEIBHOCTH:

1) wu3MeHsTh mapamerp, B (YHKIIMA KOTOPOTO aHATU3UpYyeTcs auHamudeckoe kadectBo CAY B
Juana3oHe, yKa3aHHOM B 33/1aHUU;
2) ecnu B pe3ylbTare BBINMOJIHEHUS 1.1 He ymaercs obecrieunth mocTossHCTBO CAY, yMeHbIIaTh
Koa¢umeHT nepeaaun npsamoro kaHaina CAY 3a cuerT yMmeHbIIEHUS KOIPUIUMEHTa YCHIICHUS
TPaH3UCTOPHOTO (TUPHCTOPHOrO) TpeoOpazoBatens. llomydyeHHBI TakuM 00pa3oM HOBBIN
KO3(DQULIMEHT 3aHECTH B UCXO/HBIE JAHHBIE C COOTBETCTBYIOIIMM KOMMEHTaPHUEM.

Tabauya 7.1. — Ucxoonvie Oannvie
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0 200 | 30000 | 100 | 1200 | 200 30 0.001 | O 20 | 0.8 | 0.003 | 0.01
1 180 | 28000 | 90 | 1400 | 180 45 0.002 1 30 | 0.9 0005 | 0.02
2 160 | 26000 | 70 | 1000 | 160 60 0.003 2 40 1.0 | 0.007 | 0.03
3 140 | 24000 | 60 800 140 75 0.004 | 3 50 | 1.1 | 0.010 | 0.04
4 120 | 22000 | 50 900 80 80 0.005 | 4 60 1.2 | 0.008 | 0.05
5 100 | 20000 | 40 600 100 45 0.006 5 70 1.3 ] 0.009 | 0.01
6 80 23000 | 30 700 110 60 0.007 6 80 | 0.7 | 0.006 | 0.02
7 60 25000 | 55 | 1100 | 120 75 0.008 7 90 | 0.6 | 0.004 | 0.03
8 40 27000 | 65 550 90 30 0.002 | 8 100 | 1.5 | 0.003 | 0.04
9 20 29000 | 85 750 130 45 0.004 9 110 | 1.8 | 0.005 | 0.05

Cooepotcanue npomokxona

B nporokoe npencraBuTh CTPYKTypHYIO cxemy uccneayemond CAY ¢ HCXOIHBIMU TaHHBIMU,
Konuio MHTepdeiica Mpu MOACTUPOBAHUU, TAONHIIBI SKCIEPUMEHTANBHBIX JaHHBIX, TpauKu
COOTBETCTBYIOLIMX 3aBUCUMOCTEMN. BBIBOIBI.

Jladoparopnasi padora Ne 4. UcciienoBanue BIUSIHUA acTaTu3Ma Ha KayecTBO CAY

Lenv pabomuwi: Ilpuobpemenue npakxmuiecKkux Ha8bIKO8 IKCNEPUMEHMATbHO20 ONpeOeieHls]
napamempog [ IH-pezynsamopa.

Teopemuueckasa uacmpo

Uccnenyroress nse CAY: wucxogHas cucreMa ¢ acTaTU3MOM II€pBOTO  MOpPSKa,
npeoOpaszoBanHas (¢ [IM-perynsTopom) — cuctema ¢ acTaTu3MOM BTOPOTo nopsijika. M3BeCTHO, 4TO
JUISL OIICHKM TOYHOCTH AaCTAaTUYECKUX CHUCTEM BTOPOTO TOPSIKA HCIOJIB3YETCs YIPaBIISIOINIEe
BO3JICIICTBIE B BHUJE CUTHAlla C TOCTOSHHBIM YycKopeHHeM. llpu Takom pexume pabOThI
acTaTUYECKas CHCTeMa BTOPOTO MOPSIKA UMEET OMUOKY, IO BETMYMHE KOTOPO MOKHO MPOBOJIUTH
oreHky kauectBa CAY u mporiecca perynupoBanus. Y CTaHOBHUBIIAsCs omMOKa actatiuueckoir CAY
MEPBOro MOPSAJIKA B ITOM ciIydae Oy/IeT CTPEMUTHCS K OECKOHEUHOCTH.

3aoanue

B cootBeTcTBUM ¢ BapuaHTOM (Tab1.8.1) mpoBecTH claeayromue necaea0BaHusl.

1. YcTaHOBUTH SKCIEPHUMEHTAIbHO MHUHUMAIbHOE 3HA4YCHHE MOCTOSHHOW Bpemenu I[IM-
perymnsTopa, pu kotopoir CAY Tepsier ycTondnBoCTh. ONpeAenuTh AUana3oH U mar H3MEHEHHS
MOCTOSTHHOM BpEMEHH T, U TOJITOTOBUTH TAOIHILY SKCIIEPUMEHTAIBHBIX U PACUETHBIX TAHHBIX.

2. [IpoBecTH SKCIEPUMEHTHI TIPH CTATUYECKOM PEXUME padOTHl M PACCUMTATh KOMIUICKCHBIN
kputepuii kauectBa CAY c [IU-perynstopom.

3. Yoenuthcs B ycTpaHeHuu ckopoctHoi ommoku anst CAY c [TU-peryasitopom.

4. IlpoBecTH SKCIIEPUMEHTHI MPHU JBUKEHUU C TOCTOSHHBIM YCKOPEHUEM U OIpPEACIHUTD
TOYHOCTb PETYJIUPOBAHMUSL.

5. OO0paboraTh  pe3yJabTaThl  JKCHEPUMEHTAIBHBIX  HWCCIECNOBAaHWMH U  TMOCTPOHTH
COOTBETCTBYIOIIHE TpadUKH.

Tabauya 8.1. Hcxoouwie oanmvle
[lepBas | VYcunurens-peoOpazoBatens | Bropas JlBuraresnb
uuppa Kyn | Ty, C mubpa | 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

Cooepicanue npomokona

B mporokone mnpeacraBuTh CTpyKTypHble cxembl ucxoaHod CAY wu cucremsl ¢ [IU-
PEryasTOpoM, HCXOJHbIE JaHHbIE, KOMMIO UHTepdeiica s KaKoro-mmdo pexuma padoThl, TaOIUIy
OKCIEPUMEHTAIBHBIX W PAaCYETHBIX JaHHBIX; Tpa(UKH SKCIEPUMEHTAIBHBIX 3aBUCHMOCTEH.
BriBoasl.

TunoBoi npuMep 3a1aHus

JlabopaTopnasi padora Ne 4. UcciiefoBanue BIAUSIHUS acTaTu3Ma Ha KadyecTBo CAY

Llenv padomui: [Ipuobpemenue npakmuveckux HAGbIKOE IKCNEPUMEHMATLHO20 ONnpeoeeHUs
napamempog IIH-pezynsmopa.

Ilpakmuueckan wacmeo

Ha puc.8.1 mnpeacraBnen uHTepdeic NpUKIAIHOW NPOTpamMMbl, C TMOMOULIbIO KOTOpPOH
BBIIIOJIHSIFOTCS DKCIIEpUMEHTalIbHbIE uccienoBanus. [Iporpamma «IIM perynarop» HaxomuTcs Ha
nucke. MHCTpYKIIMU M MOSICHEHUS JUIsl pabOThI ¢ IPOrpaMMOii cojieparcs B caMoil mporpamme u
HOSIBJISIFOTCS] HA SKpaHe MOHUTOpA Mpu Hakatuu KHonku Help.

[Tocne aktuBuzanuu npuknagHod mnporpammsl «CAY c [IM-perymaropom», KoTopas
HaXOJUTCS HAa JUCKE, Ha TJABHOM MHTepdeiice 3aJaroTcsi UCXOAHbIE JAHHBIE B COOTBETCTBUH C
BAPUAHTOM.

IIpn wccnenoBaHMM BIUSHHAA TIOCTOSHHOM BpeMeHn [IM-perymsaropa Ha kadecTBO
pPEryJaupOBaHKs YCTAHOBUTHh CTATUYECKHUI PEKUM U IIPOBECTH CEPUIO DKCIEPUMEHTOB JIs OLEHKH
KOMIUIEKCHOTO KpuTepusi A KaudecTtBa, B COOTBeTCTBHU ¢ (opmynon (5.2). H3mepenue
HKCIEPUMEHTAIbHBIX JTaHHBIX, HEOOXOIMMBIX JUIsI PAcYeTOB, MPOBOJUTCA MO OCLHUIOIPaAMMaM.
[Tpu 3TOM JUIs1 UCXOAHOM CHUCTEMBI KOMIUIEKCHBIN KpUTepUil A pacCcUUTHIBAETCS OJUH pa3, a JJs
CAY c IIH-peryasTopoM — JUIsl BCETO BBIOPAHHOTO JAMAINa30Ha M3MEHEHHs MOCTOSHHON BpeMEHU
T.. JlnamnazoH u3MeHeHus MOCTOSHHOM T, BpeMeHU omnpejensieTcs OT 3HaueHus, npu kotopom CAY
CTaHOBMTCS HEYCTOMYMBOM, B CTOPOHY YBEIMYEHHUS. DKCIIEPUMEHTAIIBHBIE JaHHBIC 3allMCHIBAIOT B
TabJIMIy, TPUMEpP KOTOPOU MpeICTaBIeH HUXKE.

Tabauya 8.1. Oxcnepumenmanvhvie u paciemuvie OaHHbIE

N | T e CTaTndecKuil pexnm JIBMXK. C IOCT yCKOpEHUEM
j v Omax, 2pad | 1, ¢ 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 HEYCTOHYMBA




3aTeM BBLIOMpaeTCs 3aKOH JBUKEHMS C TIOCTOSHHBIM yckopenueM (2 pan/c?). Ha puc.8.1 Ha
n3o0paxkeHun ocuuiiorpagoB JuHHEH 1 0003HaueH 3aKOH JABMXKEHMs, KOTOpBIA 3amaercs, a
JTuHAEH 2 — (PaKTUYECKUH 3aKOH JBM>KEHUS, BOCIIPOU3BOJUMBIN pabounM OpraHoMm.
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Puc.8.1. Hccneoosanue enuanus nocmoannoi epemenu INH-pezynamopa
Ha mounocmos CAY

[Ipy BBINOJHEHUM SKCIIEPUMEHTOB ONPEIENAETCS 3aBUCHMOCTb YCTAaHOBUBILEHCS OLIMOKHU
yepe3 | ¢ mocie Hayana MEpeXOAHOro mporecca OoT mocTosHHOW T, Bpemenu IIM-perymstopa.
Pexomenayercs HauMHATh YKCIIEPUMEHTHI C MAKCHUMAJIBHON BEJIMYMHBI ITOCTOSTHHOW BpeMenu [111-
peryssaTopa, a 3aTeM MOCTENeHHO, COIJIaCHO BEIOPAHHOMY IlIary, YMEHBIIATh €€ J0 BeIHYUHBI, IpU
KOTOPOM CUCTEMA TEPSIET YCTOMYMBOCTb.

Ha puc.8.1, a mpencraBieH uHTepdeic NPUKIAAHON MporpaMmbl HpU MOJETUPOBAHUU
UCXOJHOMN cucTtemsl (creBa) U cucteMsl ¢ [IM-perynstopoM, KOTOPBI HMEET OCTOSTHHYIO BPEMEHU
0,7 c. OmmbKa UCXOIHOH CHCTEMBI, KOTOpasi ycTaHOBHIach yepes 1 ¢, papusercs 13,4°, a ommbka
cucremsl ¢ [TU-perynatopom — 8,1%. Kpome TOro, MosieTMpoBaHue MO3BOISET YOSTUTHCS, UTO IS
UCXO/IHOM CHCTEeMBbl OLIMOKAa C TEYEeHHWEM BpEeMEHM yBenuuuBaeTcs, To ecTb Takas CAY He
crocobHa paboTarh B 3a/laHHOM peknMe paboTel. [IpeoOpazoBanHas CAY Oyner moanep:kuBarh
MOCTOSIHHOE 3HAYeHHME yCTaHOBMBIUIEHCS ommOKu. I'paduku sKcrepuMeHTalbHBIX 3aBUCHUMOCTEN
OIMOKH, KOTOpas YCTaHOBHMJACh 4epe3 lc, M KOMIUIEKCHOIO KpuTepusi KauectBa A oT Ty,
IIOCTPOEHHBIE 0 M3JI0KEHHOW METOJMKE, MpeAcTaBiIeHbl Ha puc.8.2. Tam xe, Ajid CpaBHEHUS,
psIMOM JIMHUEH, MapajiebHOM ocH abcuucce, MOKa3aHO 3HAYeHHE KOMIUIEKCHOTO KpUTepus s
UCXOJHON CUCTEMBI.
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om nocmosannou epemenu IH-pecynamopa

YMeHbIlIeHHE NMOCTOSIHHOW BpeMeHu [IM-perynsrtopa IMONOKUTEIBHO BIMAET HA TOYHOCTh
CHUCTEMBI, HO IIOCJIE HEKOTOPOM BEJIMYMHBI OCTOAHHOW BpeMeHu [IM-perynaropa cucrema tepsiet
YCTOHYHMBOCTh, TO €CTh CTAaHOBHTCS HE CIIOCOOHOW K (yHKIMOHUpOBaHWIO. Takoil ciydait
3adukcupoBaH Ha puc.8.1, 0, Koraa mocrostHHas BpemeHu 1,< 0, /c.

7.3. OueHo4Hble CpeACcTBA IJISA NMPOMEKYTOYHOH ATTECTAUMM IO HUTOraM OCBOEHHS
AUCHHUIJIMHBI

7.3.1. Bonpochl K NpOMeKYTOYHOI aTTecTaluu

Cemectpb

Ne

w/n Bonpocsl k 3a4ery

1 OCHOBHBIE TIOHSITHS M ONIPEACIICHUS

2 CopepxaHuie MOHATHI: «CUCTEMa YIPABICHUS», «OOBEKT YIPABICHUSN», KYTIPABISAIONINE U
BO3MYIIAIONINE BO3ACUCTBUSY), «YNPABISIONIAE KOOPIUHATHI

3 Knaccudukanus cucteM aBTOMEXaHUYECKOTO YITPABICHHS

4 [TpuHIMI Pa30MKHYTOTO YIpaBieHUs. Y IPAaBIECHUE MO0 BO3MYIIEHUIO U OTKIIOHECHHUIO

5 OCHOBHBIE BUJIBI AJITOPUTMOB (DYHKIIMOHUPOBAHUS

6 Krnaccudukanus cuctem 1o xapakrepy nepefady CUTHaJIOB

7 Knaccudukanus cucteM 1o OCHOBHBIM BUIaM YPaBHEHUH JWHAMHKH ITPOIIECCOB
yIpaBICHUS

8 MareMaTHuecKoe ONMCaHNe JMHEHHBIX CHCTEM

9 MaremaTuueckoe MOAeINpoBaHue eMeHToB CAY

10 | Knaccuduxanus snementoB CAY. CraTucTHYECKHE U TUHAMUYECKHE XapaKTePUCTHKH
JIEMEHTOB

11 | JIuneapusauus HelMHEHHbBIX AU} depeHInanbHbIX YpaBHEHUH TUHAMUYECKUX PEKUMOB
pabotsl anemenToB CAY. CtanaaptHas Gpopma 3anucH 1uddepeHanabHbIX ypaBHEHUN

12 | OcHoBHbIe cBOiicTBa peoOpa3oBanus Jlammaca

13 | XapakTepucCTHKN JHHAMHYCCKUX 3BeHbeB CAY

14 | TlonsTHe 0 AMHAMUYECKOM 3BeHE. XapaKTepUCTUKH JUHAMUYECKOTO 3BE€Ha, IIepeIaTOuHbIe
(GYHKIIMH, YaCTOTHBIE XapaKTEPUCTUKH (aMIUTUTYAHbIE U (a30BbIe), TOorapuPMUUECKHEe
YaCTOTHBIE XaPaKTEPUCTUKH, BpEMEHHbIE XapAKTEPUCTUKH (TI€PEXOTHBIE U BECOBHIE)

15 | TunoBble TMHaMUYECKHUE 3BEHbS U UX XapaKTEPUCTHKU

16 | CtpykTypHas cxema CUCTEeMaTHUECKOro yrpanieHus. OCHOBHBIC ITpaBHiia MPeoOpa3oBaHuUs
CTPYKTYPHBIX CXEM: TIOCIIC/IOBATEIbHOE COSTUHEHUE 3BEHBEB; MAapAIICIbHOE COSTMHCHUE
3BCHBEB; 3BEHO, OXBAUEHHOE 00OPAaTHOM CBS3bI0; IEPEHOC CyMMATOPa; IEPEHOC y3Ia,
MePECTAaHOBKA Y3JI0B M CYMMAaTOPOB

17 | Beruucienue neperaTouyHbIX GYHKIUN U YaCTOTHBIX XapaKTEPUCTUK OAHOKOHTYPHOU U
MHOTOKOHTYPHOH pa3oMKkHYTOH cuctemsl. [lepenaTounsie QyHKIMM U yIpaBiIeHHe
3aMKHyTOM CAY. HacTOTHBIE XapaKTEPUCTUKH 3aMKHYTOM CUCTEMBI

18 | MaTtemaTuueckoe MOJICTMPOBAHNE M COCTABJICHUE CTPYKTYPHON CXEMBI

19 | YcTroiumBOCTh CUCTEM aBTOMATHYECKOTO yrpaBiieHus. [loHSITHE YCTOMYMBOCTH
JIMHCAPU30BAHHBIX CUCTCM. HGOGXOI[I/IMOG N J0CTAaTOYHOC YCJIOBHC yCTOfI‘-IPIBOCTPI

20 | Anrebpandeckue KpuTepun ycroiunBoct Payca u ['ypBuia

21 | YacrotHble KpuTepuH ycroitunBoctu. [Ipunuun aprymenrta. Kputepuu ycroitunBoctu
MuxaiinoBa A.B. Iloctpoenue obnacteit ycroitunBocTH. [lonsitue o JI-pazouenun

22 | Kpurepun ycroitunBoctu HaiikBucra. AHaIN3 yCTOWYMBOCTH MO JTOTapH(PMUYECKIM




BOHPOCLI K 3a49€Ty

n/n
YaCTOTHBIM XapaKTepUCTHKAM

23 | YcTOWYMBOCTh CUCTEM C 3ala3/IbIBAHUEM

24 | MeTonbl OLIeHKHU KadecTBa perynupoBanus CAY

25 | IlonsaTHe o kayecTBe mporecca ynpasieHus. OneHka Ka4ecTBa CUCTEM YIIPABJICHUS B
ycTaHOBUBIIUXCA pexumax. [locrosiHHbIe ommOKK. AcTatndyeckue cucteMbl. TOUHOCTB IpU
rapMOHUYECKOM BO3JICHCTBUHU. Y CTAHOBUBIINECS OIMIMOKY MPU MPOU3BOIBHOM BO3ICHCTBUH,
K02 PUIMEeHTHI OIIMO0K

26 | OueHku KayecTBa epexoHoro nporuecca. OUEHKH KauecTBa Mpoiecca Ipy BO3ACHCTBIH
CTyneH4yaTol pyHKIUU

27 | YacTtoTHbIe METO/BI OLICHKU KauecTBa peryiaupoBanus. OeHKa KauecTBa PeryJIupoBaHus 110
aAMIUIUTYIHO-4aCTOTHOM XapaKTEPUCTUKHU 3aMKHYTOM CUCTEMBI; 10 BEIIECTBEHHOU
YaCTOTHOM XapaKTepUCTUKE 3aMKHYTOH CUCTEMBI; C 10 aMIUIUTYJHO-(a30BOH
XapaKTePUCTHKE PA3OMKHYTOH CHCTEMBI; 110 JIOTapU(MUIECKAM YaCTOTHBIM
XapaKTepUCTHKAM

28 | KopHeBble OIIEHKHM KauecTBa PEryJIHMpPOBAHUS

29 | Cunre3 CAY 1o 3aaHHBIM OKa3aTessIM KayecTBa Ipoliecca ynpaBIeHUs

30 | IloBbIeHHE TOYHOCTH B YCTAHOBUBIIMXCS PEKUMaX U 00ECTIEYeHNE YCTOMYUBOCTH U
KayecTBa YIPaBJICHUsI CHHTE3UPYEMBIX CUCTEM 3a CUET U3MEHEHUS TapaMeTPOB CUCTEM U
ITyTEM BBEJICHUS] KOPPEKTUPYIOMINX YCTPOUCTB

31 | CucreMa aBTOMAaTHYeCKOI0 YIIPABICHHsI IPOAOJIBbHOM Mojiauell Ipu TOYEHUU

32 | CucteMa aBTOMAaTHYECKOTO YIPABJICHHS MONEPEYHON oAaYei Mpyu BPpe3HOM NUIH(OBAHUH

33 | CucreMa aBTOMAaTHYECKOI0 YIIPaBICHHUS TOBOPOTOM pabOYero opraHa MpOMBIIIIJIEHHOTO
pobora

34 | Cucrema aBTOMAaTHYECKOTO PEryJIMPOBaHUS pa3Mepa JeTaiu Ha OeCIieHTPOBO-
1M OBATILHOM CTAaHKE

35 | Cucrema aBTOMAaTHYECKOTO IUCTAHIIMOHHOTO YIIPABICHUS MAHUTYIISITOPOM

36 | CucreMa aBTOMAaTHYECKOI0 YIIPABICHMS I'MJIPABIMYECKUM CYNIIOPTOM TOKAPHOTO CTaHKa

37 | CucteMa aBTOMAaTHYECKOTO YIIPABICHHS T0J1aueil pu pe3epoBaHUH

38 | CucreMa aBTOMAaTHYECKOI0 YIIPABICHMs IPOAOJIBHOM Mojlaueil Ipu CBEpIICeHUU

39 | ConepxaHne TOHSATHIA: «CUCTEMa yIIPABICHU», «OOBEKT YIIPABICHUN», «YIPABISIOMINE U
BO3MYUIAIONIME BO3ACUCTBUSY», «YNPABISIOIINE KOOPIUHATHI

40 | Knaccudukaius cucTeM aBTOMEXaHUYeCKOT0 YIpaBJICHUs

41 | IlpuHIMI pa30MKHYTOTO YIPaBJICHUs. YTIpaBIIEHHE MO BOZMYIICHHIO W OTKJIOHEHHUIO

42 | OCHOBHbBIE BU/Ibl AJITOPUTMOB (DYHKIIMOHUPOBAHUS

43 | Kiraccudukanmsi CHCTEM 110 XapaKkTepy Nepeiad CUTHAIOB

44 | Knaccugukanus cuCTeM [0 OCHOBHBIM BHJIaM YPaBHEHUH TUHAMUKH MIPOIIECCOB
yIpaBlIeHUs

45 | MaremaTuyecKkoe OIMCaHHue JIMHEHHBIX CUCTEM

46 | MaremaTrdeckoe MoJieipoBanue 3aeMeHToB CAY

47 | Knaccudukanus snementoB CAY. CraTucTueckrue U IMHaAMUYECKUE XapaKTePUCTUKH
HJIEMEHTOB

48 | JIuneapuzaius HEJIMHEHHBIX TU(PEepEeHIATBHBIX YPAaBHEHUN TUHAMHYECKUX PEKIMOB
pabotsl anemenToB CAY. CrangaptHas popma 3anucu auddepeHnnanbHbIX YpaBHEHUH

49 | ConeprkaHue NOHATHUI: «CUCTEMa YIPABIECHUSN», «OOBEKT YIPABICHUA», «YIPABIAIOIINE H
BO3MYIIAIONIME BO3ACHCTBUSNY, «YIPABISIOMINE KOOPIUHATHI
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7.3.2. Kputepuu 4 HOPMbI OLEHKH

Cemectp

dopma
NMPoBeIeHUs
MPOMEKYTOYHOM
arTecTalnu

Kpurepuu u HopMbI OLIEHKH

3ader (yCTHO)

«3a4YTCHO»

VICUEPITBIBAIOIINE OTBETHI HA
BOIPOCHI K 3a4€Ty U Ha
JIOTIOJTHUTEIILHBIE BOIIPOCHI,
BBITIOJTHEHBI BCE TIPAKTHYECKUE U
nabopaTopHbIE pabOTHI

«HEC 3a4YTCHO»

HEIPaBWIbHBIE OTBETHI HA
BOMPOCHI K 3aUeTy; MPAKTUUYECKHE
1 1abopaTopHbie paboThHI
BBITMIOJIHEHBI HE MOJHOCTHIO (HE
BBIIOJIHEHD)




8. YueOHo-MeTOoAMYecKOe U MH(OPMAITMOHHOE O0ecTieYeHHe TUCIIUITHHBI

8.1. O0si3aTesibHAA JIUTEPATYpPa

Tun (yueOHuk, yueoHoe

KoanuecTBO B

HAY4YHOH
Ne nocooue, yueoHO-
ABTOpBI, COCTABUTEIHN 3arsnaBue (3aroJjioBoK) T'ox m3panus ouoaunortexe /
n/m MeToinYecKoe nocooue,
OpPAKTHEYM, Ap.) HaumenoBanue
P > AP 9BC
1 | C. M. bparas [u 1p.] ABTOMaTHUYECKOE YIIpaBJIEHUE IIpoLeccaMu | Y4eOHUK 2017 9BbC
MEXaHUYECKON 00paObOTKH "ZNANIUM.CO
MII
2 | A. U. Eropos, JI. H. BBeznenue B Teopuio ynpaBieHUs Y4eOHoe nmocodue 2017 9BC "Jlanp"
3HaMeHCKast CHCTEMaMH C pacupeaeIeHHBIMU
napaMeTpamu
8.2. lonotHuTEIBHAS JIATEPATYPa
KonunuyectBo B
Tun (yueOHuk, yaeoHoe .
HAY4YHOM
Ne nocooue, yueoHo-
ABTOpBI, COCTABUTEIH 3ariaBue (3aroJ10BOK) I'ox u3panus onodamorexe /
n/n MeTOoAnYEecCKoe mocoomne,
NpAKTREYM, Jp.) HaunmeHoBanue
P » AP 3BC
1 | 1O.B. [lerpakos, O. 1. Teopust aBTOMaTU4ECKOrO yIpaBICHUS YuebHoe nocobue 2008 109
JpaueB TEXHOJIOTHYECKUMHU CHCTEMaMHU
2 | B. A.T'ynses, A. O. Teopust aBTOMaTH4ECKOTO yIpaBICHUS Y4ebHO-MeToIn4ecKoe 2008 138

Hpaues, 0. B. Ilerpakos

TEXHOJIOTHYECKUMHU CUCTEMaMHU

rmocobue




8.3. Ilepeuennr mpodeccHOHATBLHBIX 0a3 JAHHBIX M HMH(POPMAIMOHHBIX CHPABOYHBIX
cucTeM

— Google Scholar — momckoBasi cucteMa Mo Hay4yHO# JuTeparype. Brirouaer cratbu
KPYIHBIX HAYYHBIX M3AATEIbCTB, apXUBBI MPEMPUHTOB, MyONHMKAIMN Ha CaiiTax yHHUBEPCUTETOB,
HAyYHBIX OOINECTB M APYTrUX HAYYHBIX OpraHu3anuid. MImer craThd, B TOM YHCIE U Ha PYCCKOM
sa3pike. UTO He MaJOBa)XHO, PACCUUTHIBAET HWHACKC IUTHPOBAHUS MYyOJIMKAlUMH U IO3BOJISIET
HAXOJUTh CTAaThH, COJEPIKAIINE CChUIKU HA T€, YTO YK€ HalIeHbI

—Poccuiickas rocymapcrBenas ouoanoreka (PI'B), r. Mocksa — http://www. rsl.ru

—WNudopmarnmonnas cucrema "EawmHOe OKHO nocTyma K oOpa3oBarelnbHBIM pecypcam”
co3naHa 1o 3aka3y denepaabHOTO areHTCTBa 1Mo oOpa3zoBanuio B 2005-2006 rr. Ha manHbIN epuoa
B Db yxe coOpano 6omnee 11 Thic. yueOHBIX MaTepHaloB pa3anuHbIX By30B Poccun. B DK — Gonee
30 ThIC. onmucaHuii, a Tak ke ecTh "['noccapuit" m paszmen "Cucrema HOBOCTEH'" MO Ha3BAHHOM
TEMaTUKe. DTO YHUKAIBHBIH 00pa30oBaTelbHBIN MPOEKT B pycckosizbiuHoM WHTepHete. [lomHbiid
JIOCTYI KO BCEM pecypcam, BKIFOUYasi MOJTHOTEKCTOBbIE MaTepuaibl OMOIUOTEKH, MIPEIOCTABIAETCS
BCEM I10JIb30BaTEIISIM B CBOOOAHOM peskume — http://window.edu.ru

—HuTepHeT-6ubnnoTexka 00pa3oBaTENbHBIX HM3AHUM, B KOTOPOW COOpaHbI 3JIEKTPOHHBIC
y4eOHUKH, CIIPAaBOYHbIC M y4eOHbIe MTOCOOHs. Y JOOHBIN MOKMCK MO KJIIOYEBBIM CIOBaM, OTICIbHBIM
TEeMaM M OTpacisaM 3HaHus — http://www.edulib.ru

8.4. [lepeuenb nporpaMMHOro odecrneyeHust

Ne HanmenoBanue I10 KosnvecTBo | PekBU3UTHI 10roBopa (1ara,

n/n JIMLeH3UI HOMep, CPOK JAeHCTBHA)

1 Windows: noroBop Ne 757 ot 04.07.2018,
WinPro 10 RUS Upgrd OLP NL Acdmc CPOK JICUCTBHS — OECCPOUHO;

KOHTpakT Ne 1653 ot
14.12.2018, cpok neicTBus —

06eccpovHO
2 Office Standard:
Office Stdandard 2013 Russian OLP NL KOHTpakT Ne 690 ot
AcademicEdition 19.05.2015, cpok neicTBust —
06eccpodHo

Office Stdandard 2016 Russian OLP NL
AcademicEdition noroBop Ne 757 ot 04.07.2018,

CpOK I[CflCTBI/IH — 6eccpqu0
Office Stdandard 2016 Russian OLP NL

AcademicEdition KOHTpakT Ne 727 ot
20.07.2016, cpok nercTBus —
6eccpouHO

3. KOMIITAC-3D v 18 (ITpoektupoBarue | 250 KOHTpakT Ne 1198 ot
Y KOHCTPYUPOBAHUE B 18.11.2019, cpok neiicTBus —
MaIIMHOCTPOEHHH) 6eccpoyHO

4. Mathcad Education - University Edition | 25 KOHTpakT Ne 469 ot

Subscription (25 pack) 05.06.2020, cpok aeicTBuUS —
6eccpouHO

5. Mirapolis Human Capital Management JMIIEH3UOHHBIH 10roBOp Ne

42/02/22-K ot 02.02.2022,
CPOK JICUCTBUS — JI0
31.08.2022



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

8.5. Onucanne MarepHaJbHO-TEXHHMYECKON 0a3bl, HEOOXOAMMOM ISl OCYLIECTBJICHUSI

00pa30BaTeJILHOIO MPoIecca Mo JUCIIHNIHHE

n/n

HanmeHnoBanune 000py10BaAHHBIX YUeOHBIX
Ka0OMHETOB, JIa00PATOPHUIi, MACTEPCKUX U
ApP. 00bEKTOB /ISl IPOBEAEeHUS
NMPAKTHYECKHUX U JIAa00OPATOPHBIX 3aHATHH,
MOMeIEeHHU 1JIs1 CAMOCTOATEIbHOMI
padoThl o0yyarommxcst (HoMep ayAuTOPUM)

IlepeyeHb OCHOBHOT0 000PY10BAHMS

KoMnbroTepHslii Kiacc.

VYuebHasg  ayauTopus  AJs
3aHATUH JEKIIMOHHOTO THIIA.
VYuyebHast  ayauTopus  AIA
3aHATUN CEMUHAPCKOIO THIIA.
VYuyebHast  ayauropus UL
NPOCKTHPOBAHUS  (BBITIOJTHEHUS
pabor).

YuebHast  ayauTopHs
IPYNIIOBBIX U
KOHCYJIbTALUM.
VYuyebHass  ayauTopus IIPOBEACHUS
3aHATUH TEKYIIETO  KOHTPOJS  H
npoMexyTouHoi arrectanuu. (E-306)

IIPpOBCACHUA

IIPpOBCACHUA

KYpPCOBOI'O
KYPCOBBIX

JJIA IIPOBCACHUA
WHIAUBUAYAJIIBHBIX

JJIA

[TepenocHOI IPOEKTOP, IKpaH,
KoMIbloTepHbIe CTOJBI, CTOJ
MPEnoIaBaTeIbCKUM, CTYJIbs, TOCKa
aynutopHasi, CTosbl yUeHHUECKUE
nByxMmectHble, [IK

VYuyebHast  ayauTopus AN MPOBEACHUS
3aHATHH  JIEKIUOHHOTO  Tuma. YueOHas
ayoquTopus  JUIl  TNPOBEINEHUS  3aHATUH
CEMHUHApPCKOro Tuna. YueOHas ayuTopus Jis
KypCOBOTO MPOEKTHUPOBaHMS  (BBIMOJIHEHUS
KYpPCOBBIX pa0o0T). YueOHasi ayauTopusi HIJist
IIPOBEJEHUS TPYNIOBBIX U WHIAWBUAYAJIBHBIX
KOHCyJbTallMi. VY4eOHas aynutopus Uid
IIPOBEJEHUS 3aHATUN TEKYLIET0 KOHTPOJIS U

npoMexxyTouHo# arrecranuu. (E-309)

Croun npenogaBatenbckuid, CTOIIbI
YUEHUYECKHUE JIByXMECTHbIE (MOHOOJIOK) ,
CTYJbs, 10CKa ayAUTOpHast (MesloBast),
kadenpa, MpoeKkTop, 3KpaH, MpoLeccop,
mKagwl

[Tomemenue st caMOCTOSITENBHON pPabOTHI
crynentos (I'-401)

CTOJIBI, CTYJIbS, KOMITBIOTEPHI

[Tomemenue st caMOCTOSITENBHON pPabOTHI
oOyuaroruxcst (C-508)

Jocka aynutopHas (MesioBasi), CTOJIbI
YUEHUYECKHUE, CTOJI IPETIOAABATEIbCKUM,
CTYJIbSI, CTEHJIbI, IKA(BI.
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