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Pabouas mporpamma coctaBieHa Ha ocHoBaHuun PI'OC BO u ydeOHOro mijaHa HampaBiIeHHUS
noarotoBku  (cnenuanbHocTH)  15.03.05  KOHCTPYKTOPCKO-TEXHOJIOTHYECKOe obecnedeHue

MAaIMUHOCTPOUTCIBbHBIX ITPOU3BOJACTB
(KOO U HAUMEHOBAHUEe HANPABILEHUS NOO20MOBKU, cneyuanvhocmu 6 coomeememeuu ¢ PIOC BO)

PeuensupoBanue padoueii nporpaMMbl AU CHHUILIMHbBI:

|X OtcyrcTByeT

VYyebnast (pabouas) mporpamMma oJ0OpeHa Ha 3acelaHud  Kadeapbl
|X "O6opynoBaHuEe M TEXHOJOTUU MAIIMHOCTPOMUTEIBHOIO MPOU3BOJCTBA" (MPOTOKOI
3acemanust Ne 5 ot «20» deBpans 2018 r.).

|: Penensent
(OonaicHocms, yuenoe 38anue, Cmenets) (noonucw) (U.0. Pamunus)
« » 20 T.
Cpoxk aeiicTBusi pado4eil NporpaMMbl TUCHUILIMHBL 10 € » 20 r.

HNudopmanms 00 akryaausaunu padodeid NporpaMmbl TUCHUIIJIMHBI:

[IpoToxkou 3acenanus kadeapor Ne OT «__» 20 r.

[IpoToxkou 3acenanus kadeaps Ne OT «__ » 20 r.

[IpoToxkoi 3acenanus kadeapor Ne OT «__ » 20 r.

[IpoToxkou 3acenanus kapeapor Ne OT «__ » 20 r.
YTBEPXIAIO

3aBenyrouuii kadeapoit

«O6ODVI[OBaHI/Ie U TCXHOJOTHWH MAITMHOCTPOHUTCIBHOT'O IIPOM3BOACTBA»
(8vinycraiowell HanpagieHue (CneyuaibHoOCmy))

« » 20 T H.IO. Jlornnos
(noonucy) (M.0. Pamunus)




AHHOTALIUA
AUCUMILNIUHBI (Y4e0HOI 0 Kypca)
b1.B.1B.06.01 TEOPUSA ABTOMATHUYECKOI'O YIIPABJIEHUSA

(mmdp v HaUMEHOBaHKE JUCUUILIMHBI (Y4eOHOro Kypca))
1. Ilesap W 3a1a4M U3yYeHHUsI JUCHHUIIMHBI (Y4e0HOr0 Kypca)

Lenp — ocBoeHwe OOLIMX NPUHIMIOB W CPEACTB, HEOOXOIUMBIX MJIS
yIpaBJI€HUA JUHAMHUYECKUMHU CHUCTEMaMHM pPAa3IMYHON (U3MYECKON TPHUPOABI
OPUMEHUTENBHO K NIPOU3BOACTBEHHBIM M TEXHOJIOIMYECKUM MPOLIECCAM.

3amaun:

1. U3yueHnue oOIIUX NPUHITUIIOB U TCHICHIINI Pa3BUTHS CUCTEM YIIPABIICHUS.

2. I3ydeHne COBPEMEHHBIX TEXHUYECKUX CPEJCTB yIIPaBICHUS.

3. U3yueHue u OCBOCHHE METOJOB pPa3padOTKM MaTEMaTUUYECKUX MOjeiei
OTJICJIbHBIX TIOJICUCTEM U UX KOMITBIOTEPHOU MPOTPaMMHOM pealin3aliuu

2. MecTo nucuumiinibl (yueOHoro kypca) B crpykrype OITIOITI BO

Jannas nucruruinHa (yueOHbIN Kypc) OTHOCHUTCS K JIUCIMIUIMHAM IO BBIOOPY
yueOHoro mimaHa mo PI'OC BO 15.03.05 «KoHCTpYKTOpCKO-TEXHOJOTHYECKOE
oOecrieuyeHne MalTMHOCTPOUTENbHBIX IIPOU3BOJICTBY.

JuciuiuinHel, yyeOHble KypChl, HA OCBOEGHHUU KOTOPBIX OazupyeTcsl JaHHas
muciuiuinHa  (yaeOHbIi  kypc) —  Boicimas ~— matemaTtuka,  CHUCTEMbI
ABTOMATU3WPOBAHHOTO TMPOEKTUPOBaHUS, OCHOBBI TEXHOJOTMU MAIIMHOCTPOCHUS,
Merannopesxyiue cranku, OcHoBbl Cad.

Jucturuinael, y4eOHbIe KYpPChI, Il KOTOPBIX HEOOXOAMMBI 3HAHUS, YMEHHUS,
HaBBIKU, MPUOOpPETaeMble B pe3yJbTaTe M3Y4YCHHs TaHHOW NUCHUIUIUHBI (Y4eOHOTO
Kypca) —  ABTOMaru3amms  TEXHOJIOTHYECKMX  TpoleccoB,  TexHosorus
MAaITUHOCTPOCHHS.

3. Ilnanupyemble pe3yabTaTbl 00y4eHHMsl MO JAUCHHUILIMHE (Yy4eOHOMY
KYpPCY), COOTHECEHHbIe ¢ IUIAHUPYEMbIMHM  pe3yJbTaTaAMH  OCBOCHHS
o0pa3oBaTe/IbHOI MPOrPaMMBbl

dopmupyembie U Ilnannpyembie pe3yabTaThl 00y4eHH s
KOHTPOJIUPYyeMbIe
KOMIIETEHINH

CIIOCOOHOCTH 3HaTh:
BBIMIOJIHATH pabOThl MO | -  METOJOJOTMYECKHE  OCHOBBI  (PYHKIIMOHHUPOBAHMUS,
JMArHOCTHKE MOJEIUPOBAHUS W CHUHTE3a CHUCTEM AaBTOMATHYECKOIO
cocTostHus  auHaMuKku | yrpasienus (CAY);
00BEKTOB - OCHOBHbIe MeToabl aHanuza CAY BO BpPEMEHHON U
MaIlIMHOCTPOUTENBHBIX | YACTOTHOU 00s1acTsaX, criocoObl cuHte3a CAY;
MIPOU3BOJICTB C |- TUNOBBIE NAKEThl MPUKIAJHBIX NPOrpaMM aHaIu3a
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HUCIOJIL30BAaHUEM
HEOOXOIUMBIX METOJIOB

JUHAMHYECKUX CUCTEM;
- KMHEMAaTU4YECKYK) CTPYKTYpyY M KOMIIOHOBKY CTaHKOB,

U CpPEICTB  aHajau3a | CHCTEMbI YIIPABJICHUS UMH;
(IIK-12) - cpencTtBa Iyl KOHTPOJS, WCIBITAHWUM, AUArHOCTUKUA U
aJIalITUBHOTO YINPaBJICHUS] 000PYT0BAHUEM.
YMeTs:
- BBINOJIHATh aHAJM3 TEXHOJOTMYECKUX TMPOIECCOB Kak
00bEKTOB aBTOMATH3ALIUH U YIIPABIICHHUS;
- COCTaBJISATh CTPYKTYPHBIE CXEMBbI, UX MaTeMaTHYECKUE
MOJIEIN KaK OOBEKTOB yIPABJICHUS;
- UCIOJB30BaTh  OCHOBHBIE  METOJBl  MOCTPOEHUS
MaTeMaTHYeCKUX MOJeJIed MpOIEeCcCOB, CHUCTEM, HX
AJIEMEHTOB U CUCTEM YTPABJICHUS;
- pabotaTh ¢ KakuM-TuOO U3 OCHOBHBIX THIIOB
IPOrpaMMHBIX CHCTEM, npeHa3HAYCHHBIX ISt
MaTeMaTH4YeCKOTO M HMMHUTAIMOHHOTO MOJICTIUPOBAHUS
Mathcad, Matlab.
Bnaners:
- HaBBIKAMU TPUMEHEHMs] DJIEMEHTOB aHajn3a »JTaroB
YKU3HEHHOTO ITUKJIa IPOIYKIIMHU U YIIPABICHUS UMH;
-  HaBBIKAMU  HAJAJIKU, HACTPOWKH, PETYIHUPOBKH,
0o0CITy’)KUBaHHSI ~ TEXHUUYECKUX  CpPEJCTB U  CHCTEM
yIpaBJIeHUS,
- HaBbIKaMH O(GOPMIICHHS PE3YJIHTATOB HCCIEIOBAHUU H
IPUHSATHS PEIICHUH.
CIIOCOOHOCTD 3HaTh:
y4acTBOBATH B | - METOJBl M CPEJCTBA TCOMETPUYECKOTO MOICITUPOBAHUS
pa3paboTke TEXHUYECKUX 00BEKTOB;
MaTEeMaTHYECKUX U | - TSHJICHIINH Pa3BUTHUS KOMITBIOTEPHOU rpa)uKH, €€ PoJib U
bu3uYecKuX MojeNiel | 3HaUeHWe B HWHXKEHEPHBIX CHCTeMaX U IPHUKIATHBIX

MPOIECCOB U OOBEKTOB
MAaIIHHOCTPOUTEILHBIX
npou3sBoacTs (I1K-18)

IporpaMMmax;
- obmue TpeOOBaHUS K aBTOMATH3WPOBAHHBIM CHCTEMaM
IPOCKTUPOBAHHSI;

- OCHOBBI TEXHOJIOTHYECKOT'O PETyJIMPOBAHUS.

VYMeTh:

- CTPOHUTH MAaTEeMAaTHYCCKHUE MOJICTH O0OBEKTOB YIIPaBICHUS
U cucteM aBTomMaTudeckoro yrnpasienus (CAY);

- npoBoauTh aHanmu3z CAY, oleHuBaTh CTaTUCTHYECKUE U
JTUHAMUAYECKHE XapaKTePUCTHKH;

- pacCyuThIBaTh OCHOBHBIE Ka4eCTBEHHBIC TOKa3aTeIn

CAY, BBINIONHATH: aHaluW3 €€ YCTOWYMBOCTH, CHHTE3
peryisTopa;
- pa3pabaThiBaTb  QJITOPUTMBl  LIEHTPAIU30BAHHOIO

KOHTPOJISI KOOPpAHUHAT TCXHOJIOTHYCCKOI'O 06T>CKTa;
- paCcCUUTbIBAThL OJHOKOHTYPHBIC W MHOI'OKOHTYPHBEIC
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CUCTEMBI ABTOMAaTHUYECKOTO pEryIMpOBaHUs
OPUMEHUTEIBHO K KOHKPETHOMY TEXHOJIOTMYECKOMY
00BEKTY;

- HCNOJb30BaThb OCHOBHBIE TEXHOJOTMU MEpeAaydu
uH(OopMaIMK B CpeJie JOKAIbHBIX ceTel, ceTu Internet.

Bnaners:

- HaBbIKAaMU O(QOPMJIICHUSI MPOEKTHONM U KOHCTPYKTOPCKOM
JIOKYMEHTAaIU B COOTBETCTBUM ¢ TpeboBanusimu ECKJI;

- HaBbIKAMU TMOCTPOEHHUS CHUCTEM aBTOMATHUYECKOTO
YIPaBIICHUSI CUCTEMAMU U MPOLIECCAMU;

HaBbIKAMM aHajM3a TEXHOJOTMYECKUX TMPOLECCOB KaK
00bEKTa yIpaBeHUs U BbIOOpa PYHKIIMOHAIBHBIX CXEM UX
aBTOMAaTH3AIIUH.

TemaTuueckoe cogepkaHue IMCHUILIUHBI (Y4€OHOI0 Kypca)

Pa3znen,

IMoapasaena, Tema
MOIYJIb APAAET,

OCHOBHBIE TIOHATHS U OIIPpCACIICHUA. CYH_IHOCTB
HpO6JI€MBI ABTOMATHUYCCKOI'O YIIPaBJIICHHA

OcHoBuble ycTpoiictBa CAP u ux kimaccudukamnus mo
HazHaueHuto.  Kiaccudukamuss ~ aBTOMaTHYECKOTO
yIpaBIICHHUS. Marematuyeckas MOJIEIb
IIEHTPOOEKHOTO PETyJSITOpa CKOPOCTH JIBUTATENS

HccnenoBanue BIMSHHUS TApaMeTPOB IEHTPOOEHKHOTO
peryasTopa CKOPOCTH Ha MPOLIECC PETYIUPOBAHUS.

OcHOBHBIC TIOHATHS TeOpPUHU | XapPAKTEPUCTUKHU IEPEXOJHOrO Ipouecca. YacrtorHsie
ABTOMAaTHUYECKOTO XapaKTEPUCTUKH.

YIIPABJICHUS. Maremarnueckue MO/JIEJIH. Jlnneapuzanus
MaTeMaTHIecCKuX Mojenei. IlepenaTounsie GyHKIIHH.

OrnpeneneHue 4aCTOTHBIX XApaKTEPUCTUK IO aHAIU3Y
BXOJHOT'O Y BBIXOJIHOT'O CUTHAJa BO BDEMEHHU

TunoBbie 3BEHbS NMEPEIATOYHBIX (DYHKITHIA.

DKCTIEepUMEHTAIBHOE MCCIIEIOBAHNE XapaKTEPUCTUK T10
dburypam Jluccaxy.

Onpenenenue MEePEXOTHON 4aCTOTHOM
XapaKTEPUCTHUKH.

OyHKIMOHAIIBHBIE W CTPYKTypHble cxembl. [IpaBuna

KauecTBeHHBIN u
peoOpa3oBaHUs CTPYKTYPHBIX CXEM.

KOJIMYECTBEHHBIU aHaim3

UccnenoBanne ycrounBoctn CAY 10 KpUTEpHIO
CUCTEM  aBTOMATHUYECKOTO

['ypBuna.

yIIpaBIICHUS
[TpaBuiia npeoOpa3zoBaHusi CTPYKTYPHBIX CXEM.




[TocTpoenue rogorpada cucTeMbl U JOrapuPpMUIECKON
YaCTOTHOU XapaKTEPUCTUKHU.

MaremaTtnueckass OLEHKA YCTOWYMBOCTH. 3agauun
YCTOMYHMBOCTH. 3amac yCTOWYNBOCTH

UccnenoBanne Tounoctu CAY B pexxuMe IBUKEHUS 110
rapMOHUYECKOMY 3aKOHY.

OnpeneneHne XapaKTEPUCTUK 3JIEKTPOMEXAHHUYECKOTO
pUBOJA.

OnpeneneHne XapaKTepUCTUK T'HAPOMEXAHHUYECKOTO
IPHUBO/IA.

CuHTE3 M aHaau3 CUCTEM
aBTOMAaTHYECKOTO
yIpaBIEHUS.

Komnnekcuas OLOCHKa Kadc€CTBa CHCTCM H 00BEKTOB
dABTOMATHYCCKOT'O YIIPABJICHUA.

Onpenenenue xapakrepuctuk CAY  npoaonbHOU
nojaye Mpu TOUYCHUU.

3J'I€KTpOHHBI€ KOHCTPYKIMOHHBIC 3JICMCHTHI
YHOPABJICHUS SJICKTPOIIPUBOAAMU

Oo0Oecnieuenne HeoOxomumoii Toynoctu CAY. OrneHka
tou”Hoctu CAY.

HccnenoBanue BausiHUA acTaTu3Ma Ha kadectBo CAY.

OCHOBBI CUHTE3a CUCTEM aBTOMAaTUYECKOTO
yIpaBlIeHUS

UccnenoBanue BaussHUS Kod(dduimeHta mnepeaadu
obpatHO# cBsi3u Ha TOUHOCTh CAY.

HccnenoBanne BIUSHUS THOKOM OOpaTHOM CBsI3U Ha
osicTponeiicteue CAY.

OO0masi Tpy10eMKOCTh JUCHUIIMHBI (YueOHoro kypca) — 6 3ET.




4. CTpyKTYypa M cofepkaHue TUCHUILIMHBI (Y4eOHOoro Kypca) Teopusi aBTOMATHYECKOI0 VIIPABJICHUS

(HanMeHOBaHME TUCIUITLIMHEI (yaeOHOro Kypca))

Kypc u3yuenus 4
Paznen, Tloapasnes, Tema Bujbl yueOHoii padoThl Heo6xoxumble DopMmbI Pexomennye
MOAYJIb KonrakTHas padora CamocTosiTe/ibHasi padoTa MaTepHAIBHO- TEKYIero Mast
(B yacax) TeXHHYeCcKHe KOHTPOJIs JIMTepaTypa
BCEro g DopMbI POBeIeHHs JTeKIHii, (opMbI OpraHu3anuu pecypcnl (HanMeHoBa (Ne)
5 g J1a60PaTOPHBIX, MPAKTHYECKUX CaMOCTOSITeNbHOI Hue
£ E ] 3aHSATHI{, METOABI 00yUYeHUs, 5 padoTwl OLIEHOYHOT0
,E 3 g % g peanusyloniue NpuMeHsieMyI0 § cpeacTBa)
§ l;.. E = %_ 00pa30BaTeJIbHYI0 TEXHOJIOTHIO =
: | B
=
Monynb 1. | 1.1. OcHOBHEIE 1 Nzydenue MYJIbTUMETUINHbBIE ITporepka | 1,2,3
OCHOBHEBIE TTOHSTHUS u KOHCIICKTa JICKIIUH cpencTBa KOHCITEKTa
TTOHSITHUS oTIpeieTICHUSI. u JICKITUI
Teopuu CymHocTh PEKOMEHT0BaHHOM
ABTOMATHYECKO | MPOOJIEMBI JUTEPATYPHI
rO yIpaBJeHUs. | aBTOMATHYECKOTO
YIpaBJIEHUSL.
1.2. OCHOBHBIE U3zydenue KOMITBIOTEPHBIN OTYET B 1,2,3
ycrpoiictea CAP u KOHCIIEKTA JISKITHA KJ1acc ANEKTPOH
UX Kiaccudukanms u HOM BHUJIC
10  HAa3HAYCHHIO. PEKOMEHIOBaHHOM
Knaccudukanms JIUTEPATYPhI
aBTOMAaTHYECKOI'O
YIpaBJIEHUSL.
MaremaTuyeckas
MOJIeIb
LEHTPOOEKHOTO
perynaropa
CKOPOCTH
JIBUTATEJIA.
1.3. UccnenoBanme 3aHATHE C IPUMEHEHIEM pabora ¢ KOMITBIOTEPHBIH OTYET B 1,2,3
BIIHSTHHS KOMITBIOTEPHOU TEXHUKH pa3IaTOYHbIM KJ1acc 3JEKTPOH
napameTpoB MaTepuaioM HOM BHJIC
LIEHTPOOESIKHOTO
perynaropa
CKOPOCTH Ha
nporecce
pEryInupOBaHUsL.
1.4. XapaxrepucTuk pabora ¢ KOMIIBIOTEPHBIN OTYET B 1,23
u MEPEXOIHOT O pa3IaTOYHbIM KJIacc JIEKTPOH




Tiporecca. MaTepHaIoM HOM BHJIE
YacToTHbIE
XapaKTEPUCTUKH.
1.5.Maremarugeck pabora ¢ KOMIIBIOTEPHBIN OTYET B 1,2,3
ne MOJICTTH. pa3naTouHBIM KJacc JIIEKTPOH
Jluneapuzanyst MaTepHaIoM HOM BHJIE
MaTEeMaTH4eCKUX
Mozienei.
[lepenatounsie
(GyHKIMM.
1.6. Ompenenenue 3aHATHE C IPUMEHEHHEM pabora ¢ KOMIIbIOTEPHBIN OTYET B 1,2,3
YaCTOTHBIX KOMITBIOTEPHON TEXHUKHU pa3naTouHBIM KJacc DIIEKTPOH
XapaKTepPUCTUK 10 MaTepHaIoM HOM BHJIE
aHaJKM3y BXOIHOTO
n BBIXOJHOI'O
CHUTrHAJa BO
BpPEMEHH.
1.7. Tunoskie Wzyuenue KOMIIBIOTEPHBIN OTYET B 1,2,3
3BEHBS KOHCIIEKTa JISKIINH KJacc AIIEKTPOH
NepeaaTOYHbIX u HOM BHJIC
GyHKIMHA. PEKOMEH/I0BaHHOM
JHUTEPATYPH
1.8.OkcnepumMenra pabora ¢ KOMITBIOTEPHBIN oruerB | 1,2,3
JIbHOE pa3IaTO4YHBIM KJ1acc 3NIEKTPOH
HCCIIeIOBaHUE MaTepHaIoM HOM BHJIE
XapaKTePUCTUK II0
¢durypam Jluccaxy.
1.9. Ompenenenue pabora ¢ KOMITBIOTEPHBIN OTYET B 1,2,3
HepeX OIHOH pa3IaTO4YHBIM KJ1acc 3NIEKTPOH
YaCTOTHOH MaTepHaIoM HOM BHIIE
XapaKTePUCTUKH.
Monynb 2. | 2.1.®yHKUIHOHATHEH N3yuenne MYJIbTAMEIUHHBIC IMosepka | 1,2,3
KauecTBeHHBINl | BIE U CTPYKTYpHBIE KOHCIEKTA JIEKLIUH cpelcTBa KOHCIIEKTa
u cxembl. IlpaBuia u JIeKUnn
KOJIMYECTBEHHBI | IpeoOpa3oBaHUs PEKOMEHIOBaHHON
i aHAIU3 | CTPYKTYPHBIX JUTEPATYPHI
CHCTEM CXEM.
apromatndecko | 2.2. Hccinemosanue 3aHATHE C TPUMEHEHHEM Uzyuenune MYJIbTAMEIUHHBIC IMosepka | 1,2,3
TO YNIPABICHUA. | YCTOWYMBOCTH KOMITBIOTEPHOH TEXHUKU KOHCIIEKTA JICKIIHH cpencraa KOHCIIEKTa
CAY 10 KpuTepHuro " hI(S11211
I'ypBuna. PEKOMEHIOBaHHOU

JUTEPaTypHl




2.3. IIpaBuna 3 N3yuenne KOMIIBIOTEPHBIN OTYET B 1,2,3
IpeoOpa3oBaHus KOHCIIEKTa JICKIINH KJacc SIIEKTPOH
CTPYKTYPHBIX u HOM BHIIE
CXEM. PEKOMEHI0BaHHOM
JIUTEPaTyphl
2.4. Tloctpoenue 3 pabora ¢ KOMITBIOTEPHBIN OTYET B 1,2,3
rozporpaga pa3naTouHBIM KJacc JIIEKTPOH
CHCTEMEI u MaTepHaIoM HOM BH/IE
JorapuhMUIECKON
YaCTOTHOM
XapaKTEePUCTUKH.
2.5.Marematudeck 14 pabora ¢ KOMIIbIOTEPHBIN OTYET B 1,2,3
ast OlICHKA pa3naTouHBIM KJacc DIIEKTPOH
YCTOWYHUBOCTH. MaTepHaIoM HOM BH/JIE
3anaun
YCTOWYUBOCTH.
3amac
YCTOWYUBOCTH.
2.6. UccnenoBanue 3aHATHE C IPUMEHEHUEM 3 pabora ¢ KOMITbIOTEPHBIN OTYET B 1,2,3
tounoctu CAY B KOMITBIOTEPHON TEXHUKHU pa3gaToOYHBIM KJ1acc 3JIEKTPOH
pexHUMe BIKEHHSA MaTepHaIoM HOM BHJIE
o
TapMOHHYECKOMY
3aKOHY.
2.7. Ompenenenue 3aHATHE C IPUMEHEHHEM 13 pabora ¢ KOMITBIOTEPHBIN oruerB | 1,2,3
XapaKTePUCTUK KOMITBIOTEPHOH TEXHUKH pa3IaTOYHBIM KJ1acc 3NEKTPOH
JJIEKTPOMEXaHUYEC MaTepHaIoM HOM BHIIE
KOT'0 IPUBOA.
2.8. Ompenenenue 3aHATHE C IPUMEHEHHEM 3 pabora ¢ KOMITBIOTEPHBIN oruerB | 1,2,3
XapaKTePUCTUK KOMITBIOTEPHOH TEXHUKH pa3IaTOYHBIM KJ1acc 3NEKTPOH
THAPOMEXaHUYECK MaTepHaIoM HOM BHIIE
Oro NPHUBOJIA.
Monyib 3. | 3.1. KomriuiekcHas 4 Uzyuenune MYJIBTUME/UHHbIE YCTHBIH 1,2,3,(1,2)
CuHtes U | OLEHKAa KayecTBa KOHCIIEKTA JICKIIIH cpencrTaa onpoc
aHaINU3 CHCTEM | CHCTEM M OOBEKTOB "
aBTOMAaTHYECKO | aBTOMAaTHYECKOTO PEKOMEHIOBaHHON
TO YIpPaBJICHUS. | yIpaBJICHUS. JMTEPATYPHI
3.2. Ompenenenue 3aHATHE C TPUMEHEHHEM 3 pabora ¢ KOMITBIOTEPHBIN oruer8 | 1,2,3(1,2)
XapaKTEPUCTUK KOMIBIOTEPHOU TEXHUKU pa3IaTOYHBIM KJ1acc 3NEKTPOH
CAY mpomomsHO#H MaTepraIOM HOM BHIIE
nojgaden npu
TOYCHHH.




3.3. ObecrieueHue 13 pabora ¢ KOMITBIOTEPHBIN oruerB | 1,2,3(1,2)
HEo0X0ANMOit pa3naTouHBIM KJacc SIIEKTPOH
TOYHOCTH CAY. MaTepHUAIOM HOM BHJIE
OneHka TOYHOCTH
CAY.
3.4. UccnenoBanue 3aHATHE C IPUMEHEHHEM 3 pabora ¢ KOMITBIOTEPHBIN OTYET B 1,23 (1,2)
BIIHSHUSI KOMIIBIOTEPHON TEXHUKH pa3naTouHBIM KJacc JIIEKTPOH
acraTuzMa Ha MaTepHaIoM HOM BHIIC
kxauectBo CAY.
3.5. OCHOBHI 14 pabora ¢ KOMITBIOTEPHBIN oruerB | 1,2,3(1,2)
CHHTE3a  CHCTEM pa3naTouHBIM KJacc DIIEKTPOH
ABTOMAaTHUYECKOTO MaTepHaIoM HOM BHJIE
yIIpaBJICHUsL.
3.6. UccnenoBanue 3 pabora ¢ KOMITBIOTEPHBIN oruerB | 1,2,3(1,2)
BITHSTHUSI pa3naTouHbIM KJacc AIIEKTPOH
ko3 dunmeHTa MaTepuaioMm HOM BUJIE
nepeaayn
00paTHOM CBSI3U Ha
toyHocTh CAY.
3.7. UccnenoBanue 4 pabora ¢ KOMITBIOTEPHBIN oruerB | 1,2,3(1,2)
BIMSHUSL ~ THOKOM pa3IaTO4YHBIM KJ1acc 3NIEKTPOH
o0paTHOW CBA3M Ha MaTepHaIoM HOM BHJIE
ObIcTpoeiicTBIE
CAY.
Hroro: 128

12
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5. Kpurepuu 1 HOPpMBI TEKYIIET0 KOHTPOJISI M POMEKYTOYHOM aTTeCTAlMU

@DOopMBbI TEKYIIETO KOHTPOJIS

Ycii0Bus J0IIycKa

Kpureprn 1 HOpMbI OLICHKH

[Ipaktuueckas pabora

Beinosinenue
NPAKTUYECKUX padboT

«3a4TEHO»: paboTa BBHIIIOJIHEHA B COOTBETCTBUU C METOAMYECKUMU
yKa3aHUsAMHU, 0popMJIeHa TPAMOTHO, CTYJIEHT TEXHUYECKH
PaBWIBHO (DOPMYIUPYET OTBETHI HA PACCMATPUBAEMBIE BOIIPOCHI.

«HEC 3a4YTCHO» pa60Ta BBITIOJIHCHA C OHII/I6K3.MI/I, CTYACHT HC UMCCT
MPCACTABJICHUA O PACCMATPHUBACMBIX BOIIPOCAX

Pedepar

Hanucanue pedepara

«3adTCHO» . TCMA pe(bepaTa MMOJIHOCTBIO PACKPHBITA, O(I)OpMJICHa
T'pPaMOTHO, CTYACHT TCXHUYCCKHU IIPABUIIBHO (I)OpMy.]'II/IpyeT OTBCTbI
Ha paCcCMaTpHUBACMBIC BOIIPOCHI.

«HE€ 3a4YTCHO». TEMa pe@epaTa HC paCKphbITa.

dopma mpoBeieHUs
IPOMEXKYTOYHOM aTTeCTalluU

YcnoBus AOITyCKa

Kputepun 1 HOpMBbI OIIEHKH

3auer Bremonnenne «3aUTEHOY [TonHble W TpaBHIBHBICE OTBETHI Ha BCE
NPaKTHYECKUX pador, BOTIPOCHI.
BBHITIOJIHEHUE pedheparta HesnauurenbHbie OIHUOKHU W
HEYBEPEHHOCTh B OTBETAX.
«HE 3a4TECHO» OTBeTHI Ha BOIIPOCHI HE
c(hOpMYJIUPOBAHBI.
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6. Kpurepnu 1 HOpMBbI OLIEHKU KYPCOBBIX padoT (IPOEKTOB)

VY4eOHbIM MJIAHOM IO JTaHHOM JUCHUIUIMHE KYPCOBBIX padOT (MPOEKTOB) HE

MIPETYCMOTPEHO.

/. IlpuMepHasi TeMATHKA NMUCbMEHHBIX padoT (KypcoBbIX, pedepaTos,

KOHTPOJIbHBIX, PACYeTHO-TPapuIecKuX U ap.)

Ne Temsl pedepaToB

11/T1

1 Cuctema aBTOMATHYECKOTO YIMPABJICHUS TOMNEPEUHBIM
CYNIIOPTOM TOKapHOTO cTaHka ¢ YIIY

2 Cuctema aBTOMaTHYE€CKOTO YIIPaBIEHUS MPOI0IHHOM
nojiaueu mpu TOYCHUHU

3 Cucrtema aBTOMaTHYE€CKOTO YIIpaBJIeHUsI MOTIEPEUHON Moadueii Ipu BPEe3HOM
I oBaHUH

4 Cucrtema aBTOMaTHYE€CKOTO YIIpaBJIeHUs TOBOPOTOM pabouero
opraHa MpoOMBIIICHHOTO po0oTa

5 CucTtema aBTOMaTHYE€CKOTO PETyJIMPOBAaHUS pa3Mepa JIeTaau Ha
OeCIIEHTPOBO-NILTH(OBAILHOM CTaHKE

6 Cucrtema aBTOMaTHYE€CKOTO JTUCTAHIIMOHHOTO YIPABJICHUS MAHUITYJISITOPOM

7 Cucrema aBTOMaTHUYECKOTO YIIPABJICHUS TUAPABINYECKAM CYIIIOPTOM
TOKAPHOT'O CTaHKA

8 CucTtema aBTOMaTHYECKOTO yIIpaBieHUs Mogade npu GppesepoBaHnuu

9 Cucrema aBTOMaTHUYECKOTO YIPABJIEHUS TPOAOJIbHON TToAavYel npu
CBEpJICHUU

10 | CucreMa aBToMaTH4eCcKoro yrpaniieHus KornupoBaabHO-ppe3epHOro cTaHKa
8. Bompochl Kk 3aueTy

Ne Bomnpocsr

/11

1 OCHOBHBIE TTOHSTHUS U ONPEICICHUS

2 | Comepxanue TOHSATHI: «CUCTEMa YIPABICHUS», «OOBEKT YIPABICHUSY,
«YNpaBIAKOIIME W  BO3MYUIAIOIIME  BO3ACHCTBHS»,  «YNPABISIOLINE
KOOPJIMHATBD»

3 | Knmaccudukamms cucteM aBTOMEXaHHYECKOTO YITPaBICHUS

4 | [IpyHOMIT Pa3OMKHYTOTO YIPABJIECHHUS. YIPABJICHUE MO BO3MYIIECHHUI H
OTKJIOHEHUIO

5 | OcHOBHBIC BUJIBI AITOPUTMOB (DYHKITMOHUPOBAHUS

6 | Knaccudukarms cuctem no xapakTepy nepeaadn CUTHAJIOB

7 | Knaccudpukamuss cucteM TI0O OCHOBHBIM BHJAM YpaBHEHUW JTUHAMUKH
MIPOIIECCOB YIPABICHUS

8 | MaTremaTndeckoe OnmrMcaHue JHHEHHBIX CUCTEM

9 | MaremaTtndeckoe MojienupoBanue aneMeHToB CAY

10 | Kmaccubukanus odiaementoB CAY. CrarucTHyeckne ¥ JIUHAMHYECKHE




XapPaKTCPUCTHUKH 3JICMCHTOB

11

JInneapuzanus HEJIMHENHBIX nu(pepeHInanbHbIX YPaBHEHUM
JTUHAMHYECKUX PeKUMOB paboTel sneMeHToB CAY. CranmaptHas dopma
3anucu TudpepeHIraTIbHbIX YPABHEHUI

12

OcHoBHBIE CBOMCTBA MpeoOpazoBanus Jlammaca

13

XapaKTEpUCTUKH THHAMUYECKHUX 3BeHbeB CAY

14

[lonaTHe O AMHAMHUYECKOM 3BEHE. XapaKTEPUCTUKU ITUHAMUYECKOTO 3BEHA,
nepenaToyHble (YHKIUH, YACTOTHBIE XapaKTEPUCTHKU (aMIUTUTYIHBIC U
(azoBbie), Jorapu(pMHUUECKHE YACTOTHBIE XapaKTEPUCTUKH, BpPEMEHHbBIE
XapaKTEepPUCTUKH (TIEPEXOTHBIC U BECOBBIC)

15

Tumnossle JUHAMHUYCCKUC 3BCHBA U UX XAPAKTCPUCTUKHU

16

CTpykTypHas cxeMa CUCTeMaTH4ecKoro yrpasieHus. OCHOBHbIE MpaBUiia
npeoOpa3oBaHUsl CTPYKTYPHBIX CXEM: IIOCIEAOBAaTENIbHOE COEIMHEHUE
3BEHbEB; MApPAJIEIbHOE COECIMHEHUE 3BEHBEB; 3B€HO, 0XBAUCHHOE 0OpaTHOM
CBSI3bI0; IIEPEHOC CYMMAaropa; IEpEeHOC Y3Ja, IEpecTaHOBKA Y3JI0B H
CYMMAaTOpOB

17

Boruncnenne nepenatodyHblXx (QYHKIMHA M YaCTOTHBIX XapaKTEPHUCTHK
OJTHOKOHTYPHOM M MHOTOKOHTYPHOH pa3oOMKHYTOM cucteMmsl. [lepenaTounsie
¢ynkuun u ynpasinenue 3aMkHyTod CAY. YacToTHblE XapaKTEepUCTHKU
3aMKHYTOH CUCTEMBI

18

Maremaruueckoe MOACIIMPOBAHNUC 1 COCTABJICHUC CTpYKTypHOﬁ CXCMbI

19

YCTOMYMBOCTh  CHUCTEM  aBTOMAaTW4yeckoro  ympamieHus.  [lonstue
YCTOWYMBOCTH JIMHEApU30BaHHBIX cucTteM. Heobxoaumoe M IOCTATOYHOE
yCIIOBUE YCTOWYUBOCTH

20

Anrebpanueckue Kpurepun ycronunBoctu Payca u I'ypBuia

21

YactotHple KpuTepuu yctouuuBocTU. IlpuHumn aprymenTta. Kpurepumn
ycTounBocTd Muxaitnoa A.B. IlocTtpoenme o6nacTell yCTOMYHMBOCTH.
ITonsitue o J{-pazbuenun

22

Kputepun  ycroitumBoct  HaiikBucta. AHamu3  YCTOMYMBOCTA MO
Jorapu(pMUYECKUM YaCTOTHBIM XapaKTepUCTUKAM

23

Y CTOMYMBOCTE CUCTEM C 3alia3bIBaHUEM

24

Mertozbl OLIeHKH KadecTBa peryaupoBanus CAY

25

IlonsiTue o kauvecTtBe mpouecca ympaBieHus. OIlEHKa KadyecTBa CHUCTEM
yIOpaBlIeHUs B YCTAHOBHUBIIMXCA peXuMmax. [locTosHHBIE — OIIMOKH.
Acratnyeckue cuctembl. TOYHOCTh INPU TapMOHHUYECKOM BO3JIEUCTBUM.
YcraHoBuBIIMECH OIINOKHU npu IIPOU3BOJIBHOM BO3JCHUCTBUH,
K02(DPHUITHEHTHI OIITMOOK

26

OrneHKH KauyecTBa MepPexoJHOro mporecca. OLEeHKH KauyecTBa mpoliecca
IIPH BO3JICUCTBUY CTYIIEHYATOW PYHKITUU

27

YacToTHbIE METOABI OIEHKH KadecTBa peryiaupoBaHusa. OlEeHKa KayecTBa
pPEryJIMPOBAaHUS MO AMIUIMTYAHO-YACTOTHOW XapaKTEPUCTUKHA 3aMKHYTON
CHUCTEMBI; MO BEIIECTBEHHOW YaCTOTHOW XapaKTEPUCTUKE 3aMKHYTOU
CUCTEMbl; C TI0 AaMIUIUTYAHO-(Aa30BOM XapaKTEPUCTUKE PA30OMKHYTOM
CUCTEMBI; 0 JOoTrapu(MUUYECKUM YaCTOTHBIM XapaKTepPUCTUKAM
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28

KopHeBbI€ OLIEHKM KauecTBa PETyJIUPOBAHUs

29 | Cunre3 CAY 1o 3aaHHBIM [TOKa3aTeNIM KaueCTBa IPOLECcca YIPaBICHUS

30 | [ToBbiieHHE TOYHOCTH B YCTAHOBHUBIIMXCS pEXUMaX U OOCCICUCHHUE
YCTOWYMBOCTH ¥ KadecTBa YIPABJICHUS CHHTE3UPYEMBIX CHCTEM 3a CYET
U3MCHCHHS IapaMETPOB CHCTEM U IIyTeM BBEICHUS KOPPEKTHPYIOMIUX
YCTPOKWCTB

31 | CucremMa aBTOMaTHYECKOTO YIPABJICHUS TPOOJIBHON Mo1aueii IpH TOYCHHUH

32 | CucremMa aBTOMaTHYECKOTO YIPABIICHUS ITOMIEPEYHON 01aueii IPH BPE3HOM
I oBaHUH

33 | CucreMa aBTOMaTHYECKOTO YIIPABJICHUS IIOBOPOTOM paboYero opraHa
IIPOMBIIIICHHOTO po0oTa

34 | CucremMa aBTOMaTHYECKOTO PETYIMPOBAHUS pa3Mepa JIeTaau Ha
OeCIEeHTPOBO-NIIN(POBATHLHOM CTAHKE

35 | CucremMa aBTOMaTHYECKOTO JUCTAHITMOHHOTO YIIPABJICHHSI MAaHUTTYJISTOPOM

36 | CucremMa aBTOMaTHYECKOTO YIPABJICHUS THIPABIHYESCKUM CYIIIIOPTOM
TOKapPHOT'0 CTaHKa

37 | CucremMa aBTOMaTHYECKOTO YIIPABJICHUS MMOa4ueii mpu hpe3epoBaHUU

38 | CucremMa aBTOMaTHYECKOTO YIIPABJICHHS MPOAOILHON IMOJa4YeH mpu
CBEPJICHHH

39 | ConmepxkaHue TOHSTUH: «CHCTEMa YIPaBICHUs», «OOBEKT YIPABICHUSY,
«YTpaBJSIONIME U BO3MYIIAIOIIME  BO3JEUCTBHS»,  «YIPABISIONINE
KOOPJIUHATHI»

40 | Knaccudukanus cucteM aBTOMEXaHMYEeCKOTO yIPaBJICHUS

41 | IIpyHOMII Pa3sOMKHYTOTO YIIPABJIECHHUs. YIIPABICHUE IO BO3MYIICHUI U
OTKJIOHEHHUIO

42 | OcHOBHBIE BUBI AJITOPUTMOB (PYHKITMOHUPOBAHUS

43 | Knaccudukamms cucteM 1Mo XapakTepy nepeaadu CUrHaJIOB

44 | Knaccudukaiuss CHUCTEM II0 OCHOBHBIM BHJIaM YypPaBHEHHH JIUHAMUKH
IIPOIIECCOB yIPABICHUS

45 | MaTtemaTnyecKkoe ONMCaHKe JIMHEHHBIX CUCTEM

46 | Marematnueckoe MoienupoBanue 3neMeHToB CAY

47 | Knaccudukarmss smementoB CAY. CraTucTH4ecKHe | JIHHAMUYECKHE
XapaKTePUCTUKH DJIEMEHTOB

48 | Jluneapuzanus HEJIMHEUHBIX nudpepeHnnanbHbIX ypaBHEHUM
TUHAMUYECKUX pexUMOB pabotel snemeHToB CAY. CranmgaptHas (opma
3anucu 1udpepeHIaIbHbIX YPaBHEHUH

49 | ComepkaHne TOHATUN: «CHUCTEMa YIPABICHHUSN», «OOBEKT YMpaBICHUSY,
(YTPaBISIIONIME W BO3MYIIAIONINE  BO3JCUCTBHS»,  «YIPABISIONINE
KOOPJUHATHI»

50 | Knaccuduxamusi CHCTEM aBTOMEXaHUYECKOTO YIPaBICHUS
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arrecranuu oﬁyqalomnxca o AMCIOUIIJINHE

9.1. ITacnopT ¢oHIa OLIEHOYHBIX CPEACTB

9. @oHI OLECHOYHBIX CPEACTB /Js IMPOBEACHUS MPOMEKYTOYHOM

/o

KonTposmmpyembie pa3aeibl
(TeMBbI) TUCIUTIITAHBI

Kon
KOHTPOJIUPYeMOii
KOMIIeTeHIMH (MJIH
ee YacTH)

HaumenoBanue
OLICHOYHOI'0 CpeacTBa

Moaynb 1. OcHOBHBIE
MIOHSITUS TEOPUHU
aBTOMAaTHYECKOTO
yIpaBJICHUS.

[1K-12, [1K-18

[TpoTOKO BBINIOTHEHUSA
MPaAKTUYECKOTO
3agaHug 1
«HccaenoBanue
BIIUSIHUSL ~ MapaMeTPOB
IEHTPOOEIKHOTO
perynsitopa CKOPOCTH
Ha npo1ece
PETYITUPOBAHUSY.
[IpoTOKOJI BBITOJTHEHUS
MPaAKTUYECKOTO
3agaHus 2
«Onpenenenue
YaCTOTHBIX
XapaKTEePUCTUK T10
aHallu3y BXOJAHOTO W
BBIXOJIHOI'O CHTHAaJIa BO
BPEMEHU.

Monayns 2. KauecTBeHHBIHN U
KOJINYECTBEHHBIN aHAJIN3
CHCTEM aBTOMAaTHYECKOTO
yIpaBJICHUS.

[1K-12, T1K-18

[IpoTOKO BBINTOTHEHUSA
MPAKTUYECKOTO
3a1aHus 3
«HccnenoBanue
yctoitunBoctn CAY 1o
Kputepuro ['ypuna».
[IpoTOKO BBITOTHEHUSA
MMPAKTHYECKOTO
3aganus 4
«HccnenoBanue
touHoctu CAY B
pPEKUME JBHKEHHS TIO
FapMOHUYECKOMY
3aKOHY.

[TpoTOKOI BBINTOTHEHUS
MPAKTUYECKOTO
3aJaHus 5
«OnpeneneHue
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XapaKTEPUCTUK
AIEKTPOMEXAHUYECKOTO
MIPUBOJIAY.

[TIpoTOKO BBINIOTHEHUSA
MPAKTUYECKOTO
3amaHus 6
«Omnpenenenue
XapaKTEPUCTUK
TUAPOMEXAHUYECKOTO
IIPUBOAAY.

Mopyne 3. CuHTE3 M aHAIN3
CUCTEM aBTOMaTHYECKOTO
yIpaBJICHUS.

MK-12, TIK-18

[IpoTOKOJI BBHIMOTHEHUS
MPaAKTUYECKOTO
3ananus 7
«Onpenenenue
xapaktepuctuk  CAY
MPOJOJIBHON  moAayeu
MIPU TOUCHU .
[IpoTOKOJI BBHIMTOTHEHUS
MPaAKTUYECKOTO
3aaHus &
«Hccnenoanue
acTaTu3Ma Ha KayecTBO
CAVY».

9.2. TunoBbie KOHTPOJIbHbIE 32/IaHNSI UJIM MHbIE MAaTePHaJIbl, HEO0OXOAUMbIE
IS OUEHKHM 3HAHUMN, YMEHUN, HABBIKOB W (MJIM) ONbITA eATEJbHOCTH,
XapaKkTepu3ylouux 3Tanbl (GOopMHUHPOBAHUSA KOMIIETEHUMH B mpouecce
0CBOEHHUS 00pa30BaTeJbHOI MPOrPAMMBI.

9.2.1. KoMIIeKT 3aIaHUii ISl TPAKTHYECKHUX PadoT.

IIpakTnueckas padora Nel

HccaenoBanne BJIUSIHUS NAPAMETPOB LEHTPOOEKHOI0 PeryjasiTopa CKOpPOCTH

HA MPOoIecC PeryJnpoBaHus

Lenv pabomuwi: [Ipuobpemenue npakmuyeckux Hagblko8 IKCNEPUMEHMATIbHOLL
OYeHKU npoyecca pe2yIuposanusl U yCmoudugol pabomaol CUCmeMbl

aABmMoMamuyecKo2o yYnpasieHus.
Teopemuueckaa wacmo

Uccnenyetcs cuctema aBromaTuueckoro ynpasieHus (puc.l.1), cocrosimas u3
LEHTPOOEKHOTO PETYISTOPA CKOPOCTH, MOJ3YH | KOTOPOro CBsi3aH pblyaraMu 2 ¢
3acioHKOM 3 mogauun paboyel cMecH B TEIUIOBOM JiBUrarens 4. Perynsatop
MIPUBOJIMTCS BO BpaIlleHWE OT JABUTATENS Yyepe3 3y0uaryro nepeaaqy S.
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Puc.1.1. Cxema CAY ckopocmbio epawienusn oguzame.isn

[TIpu ¢ynkunonupoBannu CAY BpalleHue ABUTATENS uepe3 3y0daTyro mepenady
nepefaeTcss Peryjaaropy CKOPOCTH, IIAPUKH KOTOPOro TOA  JICHCTBHUEM
IEHTPOOEIKHOM CHJIBI C OJIHOW CTOPOHBI M CHJIBI TIPY>KUHBI C JIPYrod 3aHUMAOT
HEKOTOPOE TIOJIOKEHHUE, YTO BBI3bIBACT ONPEACIICHHOE OTKPBITHE IPOCCENs U
CHUCTEMa HaXOJUTCs B paBHOBecHH. [Ipy yBeTMYEeHUN MOMEHTA HArPY3KU CKOPOCTH
JIBUTATEJIsl YMEHBIIIACTCS B COOTBETCTBUHU C €TI0 XapaKTEPUCTUKOM, UYTO BHI3HIBACT
YMEHBIIIEHHE CKOPOCTH BpamieHusi perynstopa. LleHTpoOexHble CHIIBI Takxke
YMEHBIIIAIOTCS, MAPUKU OIMYyCKAIOTCS M Yepe3 PhIYAXKHYI0 CUCTEMY YBEIHUHUBAIOT
OTKPBITHE JIpOCCelid. YBEJIMYEeHHE MoJadu padoueid CMeCH B JIBUTaTelb BBHI3OBET
YBEJIMUEHUE €r0 CKOPOCTH, PAaBHOBECHE BHOBb BOCCTAHOBHUTCS, HO YK€ Ha JIPYTOM
ypoBHE. SICHO, YTO Pa3HOCTh CKOPOCTEH OIpejeNsieT KauyeCTBO PEeryIupOBaHUS:
4yeM OHa MeHbIle, TeM Bhilie kadyecTBo CAY. Ilpu ymenbiienuu Harpy3ku CAY
paboTaeT B 00paTHOM IOPSIKE.
s ananuza CAY HEoOXOAMMO COCTaBUTH €€ MaTeMaTHYECKYI0 MOJEb. AHAIU3
MOKAa3bIBAET, YTO B CUCTEMY BXOJST JIBUTaTelb, IPOCCENb Mojgaun paboyeit cmecH,
phIUaXKHas Tiepenaya u 3youaTas nepeaava.
JIBuKeHUe ABUTATENs MPU OTPAHUYCHUU YUE€TOM SIBIICHUI MEPBOTO MOPSIKA, T.€.
€ro HMHEPIMOHHOCTHhIO, MOXKET OBITh TpenacTaBieHo AuddepeHITnaTbHBIM
YpaBHEHHEM NEPBOTO MOPSIKA:

do

|0E+%0)+MH=M01 (1.1)
rae lp u Ay — MOMEHT HHEpIIUU POTOpa U KOIDPUITUEHT BAZKOTO TPECHHUS
nsuratens, M, 1 My — MOMEHT CONIPOTUBJICHUS HATPY3KH M MOMEHT JIBUTATEIISI
COOTBETCTBEHHO.

MOMEHT NBMKEHHS 3aBUCUT OT OTKPBITHS APOCCENS TOau pabodeld CMecH:

M, =bk,, (1.2)
riae b — ko3 puiueHT nepenayn OTKPBITHS APOCCEIs OT IEPEMEIICHUS TOI3yHa
peryisTopa yepes prldakHyIo nepenaay, Ky — koaddumment
MPOTIOPIIMOHATIEHOCTH MEXKTY OTKPBITHEM JPOCCENST U MOMEHTOM JIBUTATEIIS.
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Ecnu npuHATh epeaToyHOE OTHOLIEHUE PHIYAroB U 3y0UaTol nepeaadyn paBHbIM
€ANHUIIE, TO, U3 TEOMETPUUECKUX COOTHOLLIEHUM, MTOJIyYHM YpaBHEHUE CBSI3H,
KOTOPOE OIpeAensieT 3aMKHYTOCTh CAY:

b=2I(1-Sina). (1.3)
[Tonyuennas matemaruueckas mojeinb (1.1)-(1.3) ucnonaszyercst B IpuKIaIHON
MpOrpamMme, ¢ MOMOIIbIO KOTOPOM BBIMOJHSAIOTCS TpeOyeMble UCCIeOBaHUS.

m MonenupoBaHHe peErynaTOpa CKOPOCTH ABHraTens =] B3

WCXOJOHLIE AAHHBIE CAY
Macca wapukos, k- 0.25 J
Cuna npystitel, H 100
AecTrooTe
MpYsHEL HAr I‘I i
M oMeHT HHEDLWK
OEMraTend, krim2 ID"I
K3 P PULUMEHT SEEMCHMOCTH
MOMEHTS ABWraTENA oT )
OTKPLTMA APOCCENS, |4 a
Hitira
|4D 5‘ toreHT Harpysku, Hm
ﬁ_ Qcunnorpad =
0 50 =
= 3
Mpouecc | ﬂpmonmewel = 40 =
0 fu
g 0 g
[=1 o
[=] 20 o
L o
= 10 £
i g
£ o g
= o
Bpewma, ©
] \ Cognnnorpads

St nonaA CEopocs W, pag

Puc.1.2. Moodenuposanue yeHmpooexcnozo pecyniamopa ckopocmu

Ilpakmuueckan yacmso

[IpakTryeckass paboTa BBINOJHSAETCS C MOMONIBIO MPHUKIATHONW IPOrpaMMBl,
uHTEpPeiic KoTopoil mpeactasieH Ha puc.l.2. [Iporpamma «PerynsTop cKOpocTH»
HaxXoauTCsA Ha aucke. Ilpu HaxkaThu KHONKH ““Help” mosBiseTcss JOMOIHUTSIbHBIN
UHTEPPENC C HHCTPYKIUSIMH U TMOSCHEHUSMH K TIPOTPaMMe.

B 3aBucuMoOCTH OT BapuaHTa 3aJaHusi BbIOpaTh MANa30H M IIar WU3MEHEHUs
napamMeTpa, B (QYHKIIMH KOTOPOTO HEOOXOJAMMO TIPOBOJUTH HCCIEIOBAHUS.
Pexomennyercss BbIOMpaTh JUana3oH, OPUEHTUPYSICh HA MaKCHUMalbHOE U
MHUHHMAaJIbHOE 3HAYCHHE YKa3aHHOTO MapaMmeTpa B TaOJuWlle BapUaHTOB 3aJaHUM
(cMm. Tabm. 1.2). B magame paGoThl MOATOTOBUTH TAOJWIly SKCIEPUMEHTATBHBIX
naHHbIX (cMm. Tabn.1.1). Ilpu BBINOTHEHHH HCCIEIOBAHUM B COOTBETCTBUU C
3aJlaHUEM HEO0OXOAMMO, TMOCJE AaKTUBU3ALMHM NPOrpaMMbl, B OKHaxX TJIABHOTO
uHTepdeiica BBECTH UCXOAHBIEC JaHHBIE COTJIACHO BApUAHTY 3aJ]aHUS U YCTAHOBUTH
NepBoe 3HaUeHUE u3MeHsieMoro napamerpa. Haxare knonky «Ilyck»

[locne BbIXOma CUCTEMbl Ha YCTAHOBUBIIMHCSA PEXUM pPadbOThl (ONpPEAesITh
BU3YaJIbHO MO OTCYTCTBHIO KOJEOAHUM OCHUIUIOrPAaMMBbl OTKPBITUSI 3aCIOHKHU
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apoccens) HaxaTh KHoOmKy «llay3a», ompenenuTs TOYHOE 3HAYEHUE CKOPOCTH
BpAIICHUs JBUTATEINSI U 3aMMCATh B TAOJIUIYy SKCIEPUMEHTAIBHBIX JaHHBIX. 3aTEM
YBEIIMYUTh MOMEHT Harpy3ku 1o 25 Hm m Haxate kHONKy «lIpomoimkenue.
Ilocne Bbixoga CAY Ha HOBBI YpOBEHb YCTAHOBMBIIETOCS PEXHMa pabOThHI
HaxaTh KHONKY «llay3a» M mpoBeCTHM H3MEpEHHs HOBOTO 3HAYEHUsS CKOPOCTH
Bpaienus asuratens. [lonb3ysack ocuuiorpaMmmon 3aMKCUpPOBATh TAKKE BPEMsI
MeXy NoJadel ckauka Harpy3skd M cTaOMiIM3alueil mpouecca peryaupOoBaHUs.
Crabunu3anuio OLIEHMBATh MO OCLMIIOIPAMME OTKPBITUS 3aCIIOHKH JIPOCCEIS
nogauyn  paboueir  cmecu. IlpoBoauTh  HEOOXOAMMBIE  U3MEPEHHUS IO
OCLWJUIOTPAMME  IIpOLlECCa PETYJIMPOBAHUSA, PYKOBOACTBYSACH IIOCTPOCHUSMMU
puc.1.3.

'E'r Qcumnnorpad =
o =
[w x'
z =
= CKOpOCHIL 5
] 0 ]
=) 0 s
B | cKauka o
2 F 5 =
m o
i) el
g 0 f ¥ Y Y Y ) 0 E
= 0,5 0,5 07 08 0,9 1 1,1 =
Bpems, ¢
Puc.1.3. Cxema usmepenus xapaxmepucmuk Kaiecmea npouecca
pecynuposanus

JlanHble 3amucaTh B Tabnuiry. [ BBITTOMHEHUS CIEIYIONMIETO JKCIIEpUMEHTA
MOXHO BOCIIOJIb30BaThCsl KHONKOW «ReSet» um Hadarh SKCIEPUMEHT C TOM Ke
MOCJICIOBATENIPHOCTRIO  JICUCTBUM, HO YK€ TIpH  CIEAYIOIIeM 3HAa4YeHUU
u3MeHsieMoro napamerpa. Eciu npu kakom-nn6o skcnepumente CAY craHOBHTCS
HEYCTOWYHMBOM, COOTBETCTBYIOIIEE COOOIIEHHE 3amucaTh B Tabmuiy. B Tabmmie
1.1 mpencraBiaeHbl OSKCIIEPUMEHTANIBHBIC JAHHBIE HCCIICIOBAHUS KauyecTBa
perynupoBanusi CAY ¢ HEKOTOPBIMH HCXOJHBIMH TlapamMeTpaMu B (YHKIUU
KECTKOCTH MPYKUHBI PETYIISATOPA.

Tabauya 1.1. DxcnepumenmainvHivie OaHHbLe

Cxopocts asurarens, pag/c|  TOYHOCTH
Ne Kectocts beicTponeiicTBue Ho craika Tocne peryip OlBaHHH’
| TPY/KHUHBL, CAVY, ¢ MOMEHTAa CKayKa pan/c
H/mm Harpy3ku MOMEHTA
Harpy3Ku
1 0,5 He ycroitunBa - - -
2 1,0 He ycroitunBa - - -
3 15 1,36 81,0 77,2 3,8
4 2,0 0,33 80,2 76,2 4,0
5 2,5 0,15 79,8 73,9 59
6 3,0 0,09 79,6 72,8 6,8
7 3,5 0,10 78,1 71 7,1
8 4,0 0,12 77,5 69,4 8,1
9 4,5 0,14 76,8 67,7 9,1
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Puc.1.4. I'pagpuxu, nocmpoennwvie no oannvim maodauywt 1.1

Jlnst moctpoeHust rpadMKOB MOXKHO HMCIONIb30BaTh maket EXell, a s BeimonHeHus
Konuu umHTepderica mporpaMMbl, KOTOpas J0HKHA ObITH MPEACTaBICHA B OTYETE,
ucnosib3oBaTh kiasuim Alt - Print Screen u BcraButh konuto B fokyment Word.

3aoanue
B coorBercTBHMM ¢ BapuaHTOM (Ta0i.1.2) mpoBecTH HCCICAOBaHHME KadecTBa
PETYIMPOBAaHHUS B 3aBUCUMOCTH OT HW3MEHIEMOro IlapamMeTpa W IOCTPOHUTH
rpaduKyd  3aBUCUMOCTH ObICTpoaeicTBUS W TouHOCTH CAY B (QyHKOMH OT
U3MEHSIEMOT0 TapaMeTpa.
Tabauya 1.2. Hcxoounwvie oanmbie

Ilep | Macc | ’Kecmkoc | Momenm | Bto | Hauanv | Koagppuyuenm | Mamensameo
Bas a mb uHepyuu | pasi | Has 3aeucumocmu | napamemp
ud | wapu | npyscunvl |0sueamen |1ud | cuna MOMeHma om

pa |koé M, | Cup, Hmm |51y, k2/M?| pa |npyorcun| omxpoimus

K2 ol Py, H| 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 Ko

4 | 0,15 3,0 0,06 4 130 10 Py

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

6 | 0,15 1,0 0,12 6 70 7 Cup

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

8 | 0,25 2,5 0,31 8 170 3 P

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

Cooeporcanue npomokona
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B mpotokonie mpeAcTaBUTH 1€Nib pabOThl, WCXOJHBIE JlaHHBIC, 3aJIaHHE
HCCIIeIOBaHUsI, KOMUI0 UHTepdeiica s I1000Tr0 IKCIEPUMEHTA U3 BHITIOJIHEHHOMN
cepuu, onucanue padorsl CAY, Tabiuily SKCIEPUMEHTAIbHBIX JaHHBIX, rpaduKu
TpeOyeMbIX 3aBUCUMOCTEU. BBIBOIBI.

IIpakTnueckas padora Ne2
OmnpegejieHdue YaCTOTHBIX XAapPaKTEPUCTHK IO AaHAJIMU3Y BXOJHOIO M
BBIXO/IHOTO0 CUTHAJIA BO BpeMeHH

Ilenwv pabomur: [Ipuobopemenue npakmuiecKux HA8bIKOE IKCNEPUMEHMATLHOZO
onpeoenenus YaCMOMHbIX XapaKmepucmux.
Teopemuueckasa wacmao
Hccnenyemont cucrteMoi sIBISETCA JBYXMAacCOBas TMHAMHUYECKAsl CUCTEMA, CXEMa
KoTopoii wu300paxkeHa Ha puc 2.1. Cucrema HaxoauTcss TOA JCHCTBUEM
KMHEMATUYECKOTO BO3OYXJEHUSI — X, BBIXOJHBIMH CHUTHAJIaMU  SIBISIOTCS
KOOPJIMHATBI X1 M X2 MEpPEeMEIICHUST MacC Mi M My, CBA3AHHBIX MEXIY COOOIO
KECTOKOCTSAMHU C1 M Cp U BI3KUM TPEHUEM A; U A>.

C, ¥
m m,

L%
112
sy

Puc.2.1. lunamuueckasn cxema 08yxXmaccoeoii cucmembl

YpaBHEHHE NBUKEHUSI CUCTEMBI COCTABIISIECTCS 110 U3BECTHBIM IIPAaBUIIAM
TEOPETUYECKON MEXAHUKU:

m d2X1 "sz(%_%]"'cz(xl_Xz):ﬂl(%_d_)(l}"'cl(x_xl)

L dt? dt dt dt dt
d?x dx, d
m, dt22 +Az( dtz _d_);lj+cz(x2 _X1)=O

YrpoleHHas MaTeMaTHYECKas MOJICIb:
m152X1 + (ﬂ'z + Al)sxl + (Cz + Cl)xl = (ﬂl + ZQ)SX + (Cl +C, )X
{mzszx2 + 4,8, +C,X, = A,SX, +C, X%
rae s=d/dt — omeparop Jlarutaca.
JInst mpeacTaBACHUsS MaTEMaTHYeCKOM MOJICITH B MEPEMEHHBIX COCTOSIHUS PEIIUM
Ka)/I0¢ ypaBHCHHE OTHOCHUTEIHLHO MEPEMEHHBIX X1 U Xz, KOTOpPbIC 3allMCaHbI B
CTapIIuX TPOM3BOIHBIX COOTBETCTBEHHO. [IpeoOpa3zoBaHHas TakuM 00pa3oM
MaTeMaTHYECKash MOJIC]Ib KMEET BHI:
X, =s[-ax +ax+s [-a,x +a,x]
{xz =stax, +ax +s [-a,x, +a,x]]
rae kodpoumuenTsl Moxenu: a1 = (Ax+A/my, a; = (C2+cC1)/my, az = Aymy, as =
Co/my;
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Tenepp MOKHO 3alMCaTh MATEMATUYECKYIO MOJEIb B IIEPEMEHHBIX COCTOSIHUSA, TO
€CThb B BUJIe cUCTeMBI AU PepeHIIuaTbHbIX YPaBHEHUH, PEIIEHHBIX OTHOCUTEIHHO
MIEPBBIX MTPOU3BOIHBIX:

Sy, =—a Y, +taXx+y,

SY, =&Y, +8,X

Y =—aYzt &y, +Y,

SY, =—8,Y; +a,Xx
NmeHnHo Takast MOJIENIb peaan30BaHa B IPUKIIAJHOM MPOrpaMMe, IO KOTOPOU
IIPOBOJISITCS UCCIIENOBAHNE YACTOTHBIX XaPAKTEPUCTHK.

Ilpakmuueckas wacmo

Ha puc.2.2 npencrapien nnrepdeiic npukiagHoON NporpaMMbl IPU UCCIIEIOBAHUN
YaCTOTHBIX XapaKTEPUCTUK OJHOMACCOBOM CHCTEMBbI. MHCTPYKIIUM W TOSCHEHUS
JUIsi paboThl C TPUKIATHON MPOrpaMMOM TMOSBISIIOTCSA Ha JIOMOJTHUTEIBHOM
uHTepderice npu Haxkatuu KHomku «Hepl».

[ToaroroButh TAOMUIBI AKCIEPUMEHTAIBHBIX M PACUYETHBIX JAHHBIX IS
UCCJIEJIOBAaHUS OJTHO W JIByxXxMaccoBoi cucteM. [locie akTuBU3aIuu MPOTPaMMBI
BBIOpATh PEXHUM HCCIEOBAHUS OJIHOMACCOBOM CHUCTEMBI U B COOTBETCTBYIOIIUX
OKHax wuHTepdeiica yCTaHOBUTH JIaHHBIE COTJIACHO BapUaHTy 3aJaHus (CM.
Ta611.2.2). Haxats kHomiky «IIpotecc», a moToM 3a7aTh NEpBOE 3HAYEHUE YACTOTHI
BO30YKJIAIOIIEr0 CUTHAJIa - CHCTeMa IMPUXOIUT B JIBMKeHUE. BriOpaTh mepBoe
3HaUYEHHE YacTOThl BO30YKIAIOIIEro CUTHaNA, MOA00paTh >KEIAaeMyK CKOPOCTh
NEepEMEIEHNS JIEHTBl CaMONMCLAa W TPOU3BECTH 3amuch. [Ipu 3TOM CKOpPOCTh
JIBUKEHUS JICHTHI TOJKHA BHIOMPATHCS Tak, 4TOObI oOecreunBaiachk pacimuppoBKa
CUTHAJIOB MpH UX 00paboTKe.

[Tocne 3amucu TpeOyeMOro yyacTka Hakath KHOMKY «CTOI» B OKHE PETUCTPALUH
curHaioB. V3MEHWUTh 3HAYEHHE YaCTOThI, JOKIAThCS OKOHYAHUS IEPEXOJIHOIO
npolecca U MPOU3BECTH 3alUCh clenyrollero ydacrka (kHomka «Ilyck» B OKHe
pPETHCTpAllMU CHUTHAJIOB). BBIMOMHATH MOAOOHBIE MAHMITYISIIIUM IS KaXJIOTO
3aIIaHUPOBAHHOTO 3HAYCHUS YaCTOTHI BO30YKIAIOIIETO CUTHAIA.

AHaNOrM4YHO MPOBECTU IKCIIEPUMEHT U JIJIS1 IBYXMACCOBOU CHCTEMBI.

st o0paboTKM SKCIEPUMEHTAIBHBIX JIAHHBIX MCIOJIb30BaTh IOJYYCHHBIE B
mpoliecce dKcrepuMenTa ocuuiuiorpammbl. Ha puc.2.2 mns gacroter 300 pan/c
MOKa3aHbl HEOOXOJWMBIE TIOCTPOCHHUS ISl  OMPEJCICHHS OJHOW  TOYKH
aMIUTUTYJHOM W (a30BOM YAaCTOTHBIX XapaKTepUCTUK. M3mepeHus ymao0HO
MPOBOJUTH TOCe KomupoBanus dkpaHa (Alt Print Screen) B pemaktope Word kak
pa3mep aBTO (PUTYpHI — COOTBETCTBYIOILIEH JIMHUM HA PUCYHKE.

22



mMDAEHHpDBaHME YACTOTHBIX HAPAKTEPHC THK AHHAMWYECKOH CHCTEMBL -0 x|
Bu6epuTe KOAMMECTBO Macc
(% ogHaracca § aBe mMacchl
MNapamMeTps AMHAMHYECKOR
CMCTEML
Macca M1, kr |2D {) —
Aectrocte C1, Hevr I-I4E|E| (\
K.oe dhcbupieHT BHSKDFDI‘I 500
TReHHa L1, kric ) T
[ =
—
‘\\\ A
A T
[AY T SHIN 1
YacTora EXOQHOND CHrHana )
rpyto
300 pan/c E A, fe— >
E TOMHO
Pervcrpaumn cHrHanoe
Myck | CropocTs, c/aeneHue
IEI,EI‘I
Cron | E
=] =]
Mpouece | {Taysa |
Bl | Heln

Puc.2.2. Hccneoosanue uacmomusix Xapakmepucmux 00HOMACOB80U CUCHI eMbl

Pesynbrarel m3mMepeHnii HEOOXOIUMO 3aMKCHIBAaTh B COOTBETCTBYIOIIYIO TaAOIHILY
(Tabm. 2.1).

Tabnuya 2.1. Dxcnepumenmanvhsle U pacuemHvle OaHHbLE

Ne | Hacror | Ammunty | Ammuty | OtctaBa | [lepuon A o)
a, pag/c | aa BXoja na HHE rpaj
BBIXO/a
1 30 0,69 0,70 0,0 0,74 1,01 0
2 100 069 0,83 0,0 0,25 1,20 0
3 150 0,69 1,09 0,05 0,35 1,58 -61
4 200 0,69 1,58 0,10 0,59 2,29 -66
5 250 0,69 2,47 0,10 0,44 3,58 -82
6 300 0,69 1,63 0,40 0,74 2,36 -120
7 350 0,69 0,79 0,25 0,64 1,14 -167

Taxum 00pa3om, 3a)MKCUPOBAHBI BXOIHOM M BBIXOJIHOW CUTHANIBI U 7 3HAYCHHUI
4acToT. [[71s Kaxk10i BeTWYUHBI YaCTOTHI OTIPEACSISIOTCA OJ1HA TOYKA aMIUTUTYTHO-
9aCTOTHOM M (pa30BO-4ACTOTHOM XapaKTEPUCTHUK MO (HOpMyIam:

At o 360%7
A T
[Tockonbky B (hopmynax NPUCYTCTBYET OTHOIIEHHWE COOTBETCTBYIOIIUX BEJIUYUH,
TO W B TaOJMIle BCIOAY JUJIsi BBIXOAHBIX JTAHHBIX Pa3Mepbl MPEJICTABICHBI B MM,
KOTOPbIE OMPENEIAI0TCS 0 pa3Mepy aBTOPUTYphI Ha U300pakeHUU UHTepdeiica B

penakrope Word. Ha pwuc.2.3 mnpencraBiieHa aMIUIUTYyAHO-(a3oBasi 4acTOTHAs
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XapaKTepUCTUKa C OOO3HAYEHHBIMU HA HEW SKCIEPUMEHTAIBHBIMU TOYKAMU,
MIOCTPOCHHAS MO JaHHBIM TabuIb! 2.1,
Im

A

Re

\ 4

350 100

-1 150

300 ) 200

250

Puc.2. 3. Ixcnepumenmanvnas AQIX

Cnenyer 3aMeTHTh, YTO HEKOTOPbIE OTKJIOHEHHUS OTOH XapaKTePUCTUKH OT

TEOPETHYECKON 00YCIOBIECHHBIE HETOYHOCTSIMU OMPEACICHUSI UCXOIHBIX JTaHHBIX,

B 0COOCHHOCTH OTHOCUTEIIBHO (Da3kbl.

AHanoru4Ho 00pabaThIBalOT PE3yJIbTaThl SKCIEPUMEHTOB W TPH HMCCIICIOBAaHUU

JIBYXMaCCOBOW CHCTEMBI.

3aoanue

B coorBercTBun ¢ BapuantoMm (Ta6:1.2.2) mpoBECTH HCCIEAOBAaHWE U MOCTPOUTH

ADUX cucteMbl (0HO MacCOBOM HIIM ABYX MAacCOBOM, ITO BBIXOaM X1 HIIH X2).
Tabnuya 2.2. Mcxoounwvie oanmbie

IlepBast | my, kT C1, A1, kr/c | Btopas | my, kr Co, Ao, KT/C

dpa H/vm dpa H/Mm
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

Cooepircanue npomokona

B mpoTokore npeacTaBuTh 1eib padboThl, HEOOXOIUMbBIE TEOPETUUECKHUE CBEACHMUS,
WCXOJIHBIC JTaHHBIC B COOTBETCTBUM C BapHMAHTOM 3aJ[aHUS, KOMHIO MHTEpderica ¢
3aMUCHI0 BBITIOJIHEHHBIX JKCIEPUMEHTOB M MOCTPOCHUSIMU, HEOOXOAMMBIMH IS
ONpEe/IeNICHNs] BBIXOAHBIX JAHHBIX; TAOJUIBI SKCIEPUMEHTAIbHBIX M PACUETHBIX
NaHHbIX; Tpaduku s3xcniepuMenTanbHbix ADUX cucrtem. BeiBOsbI.
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IIpakTuyeckas padora Ne3
HccaenoBanne ycroitunBoctu CAY no kpurepuro I'ypBuuna

Ilenv pabomui: [Ipuobpemenue npakmuyeckux Ha8blKO8 OYEeHKU YCMOU4U80Cmu
cucmembl ABMOMAMULECKO20 YNPABIEHUS.

Teopemuueckaa wacmao

C nomomnisto kputepus ['ypBunia ucciegoBarb Ha yctonunBocth CAY noBogom
CyNIOpTa METALIOPEKYILEr0 CTAHKA, CXeMa KOTOPOro Ioka3zaHa Ha puc. 3.1, a.
+

X oU U, o y
311 ﬂt VIIF A PP
{ TOC [*
0)

Puc.3.1. Ilpunyunuanvnasn (a) u hynkuyuonanvnan (6) cxemovt npugooa

[TpuBoa cocTout u3 ycunutensa-npeoodpazonarens (I111), neurarens (1)
MOCTOSIHHOTO TOKa, peaykropa (P), 3agatomiero norenurometpa (3I1) u
noteHimomerpa obparnoit ceszu (I10C).

[Ipexe Bcero HEOOXOUMO COCTABUTH MAaTEMAaTHUYECKYI0 MOJIETh TTOBO/IA.
CornacHo npuHIMITY PabOThI, MOBOJ MPEACTaBIsET co00it 3aMkHYTYI0 CAY,
dbyHKIIMOHAIbHAS cXeMa KOTOpo# mpuBezieHa Ha puc.3.1, 6. [lycTs BbaeeHHbIE
Ha CXEME€ AJIEMEHThI OMUCHIBAIOTCS CICAYIOMUMHU MEePEAaTOYHBIMU () YHKIIHSIMU:

. _an(S) _ . U (S) k .
3L W, (s) =—22 =k ; : _U06) K
1 (8) X(s) II: w,(s) 6 Tl
. _ Ol(S) _ ko . Y
A RO e T T Pt W@k

noc: W, (s)- UYTS) k.

Tenepb MoOxKeT OBITH IOCTPOCHA CTPYKTYPHAsI CXeMa MOBOa, B KOTOPO (TIpu
paBeHCTBE KOA(DPUITMEHTOB Mepelauu 3aJa0IEro MOTCHIIMOMETPa U
MOTEHIIMOMETPa 0OOpPaTHOU CBSI3U) BA COOTBETCTBYIONIMX DJIEMEHTA Ha
(GYHKITMOHAIBHON CXeMe 3aMEHSIOTCS OJTHUM DJIEMEHTOM C K03 puiimeHToM
nepenaun K, Ha CTpykTypHO# cxeme (puc.3.2).

U y
) d k i ky U()‘ k0 “

"l | Tse1| | Ms+Ds !

Puc.3.2. Cmpykmypuas cxema npusooa



Takum oOpasomMm, nepenaTounas GyHKIHUS 3aMKHYTOW CHCTEMBI MTOCIIE HECIOKHBIX
anreOpanyeckux npeoodpazoBaHuii mpruoOpeTaeT BU:

K
W(S)= 0 ’
(T,s+1)(T,s+1)s+k,
rie Ko — Kko3hduIMEHT Tmepeaayd CHCTEMbI, paBHBIA  IPOU3BEICHHUIO

K03 (PUIIMEHTOB TMepeayr BCEX 3BEHbEB KaHaia mpsaMmoro nedcreus. Urak,
CUCTEMA UMEET XapaKTEPUCTUYECKOE YPaBHEHUE 3-TO NOpsAIKA:
T,Tos*+ (T, + To) s*+ s+ ko= 0.
CocraBum aeTepMuHaHT [ ypBUIa M HAlIEM YCIOBUS YCTOMYMBOCTH.
T,+T, K, 0
r=|T,T, 1 0|
0 T,+T, k

AHanu3 ycIOBHM YCTOMYMBOCTH TO KpuTeputo ['ypBulla IOKa3bIBaeT, YTO
€AMHCTBEHHBIM YCIIOBHEM SBIISETCS IO3UTHUBHOCTH BTOPOro JETEPMHUHAHTA,
HOCKONbKY ao=T,Ty, paBHO Kak u A;=1=T,+T,, Bcerna Oomnpiie Hyms. Takum
o0pa3oMm, AJi1 YCTOWYUBOCTH MOBOJIa HEOOXOAUMO, YTOOBI:

Ar= (Ty + T()) — koTyT() > Q.

[Tocne HecaoKHBIX MPeoOpa30BaHUil MOTyYaeM €JUHOE YCIOBUE YCTOMUMBOCTH
CUCTEMBI:
1 1
7T,
y 0
BrimosiHeHHe 3TOro yCJiaoBHS 00s13aTe€IbHO, MO3TOMY Ha MpaKTUKE BapHUaluei,
noa0OpoM MapaMeTpoB TMpuBoja ctpemsitcs ooOecrneuntb (3.1). Ilpu sTom
HarOoJiee yI00HO U3MEHSTh mapamMeTphl Ko u T, — o0muii K03 GHUIHEHT mepeaadn
NPUBOJIA M TIOCTOSIHHYIO BPEMEHH YCHIMTEINA-ipeoOpa3zoBarens. B moboMm ciydae
3HAUEHHWs BapuallMi JTHX TApaMeTpoOB JOJDKHBI JexaTb B obOmactu D,
MOCTPOEHHOM corjacHo ycioBuio (3.1) (puc. 3.3).

> K. (3.1)

Ko A

obnacms
HeyCmouyusblx

3HAYEeHUll

k01 — l/ Ta

obnacmo
VYCMOUYUBHIX 3HAYECHULL
0 T >T
yi y

Puc.3.3. Oonacme ycmoiiuugvlx 3Ha4eHUIl

Ilpakmuueckaa uacmeo

JInst BbIMOJIHEHUST PaOOThI MCIHOJIB3YETCA MPUKIAAHAs Mporpamma, HHTEpdeiic
KOTOpOH MPEICTaBIICHbI Ha puc.3.4. [Tpuknagnas IporpaMmma
«YcronunBocth TOYHOCTb CAY)» Haxomurcs Ha jaucke. HWHCTpykumu u
MOSICHEHUST JIIi pabOThl C MPOrpamMMoOM cojJepkaTcs B CaMOl MHporpamMme U
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MOSIBJISIIOTCA HAa SKpaHE MOHUTOpPA MpU Haxkatuu KHonku Help. Jlns BbimosnHeHHs
ATOW NPAKTUYECKON padoThl, MOCIE AaKTUBM3ALMU MPOrpaMMbl Ha TIJIABHOM
uHTepdeiice N10mKeH ObITh BIOpaH pexxuM «HccnenoBanue yCTOMUMBOCTHY.

Ha wuzoOpaxenun ocuumiorpada 3adukcupoBaH mnepexoansiii mporecc CAY
MPUBOJIOM CTAaHKAa, KOTOPbIA OTBEYAET HCXOAHBIM JaHHBIM, IPEICTABICHHBIM B
okHax uHTepdeiica (crneBa). Bxoguolt cur"an cryneHdaToil (GopMbl H300pakeH
JVHUEH 2, - mepeMelleHne cynmnopra — auHueit 1 Ha puc.3.4. Buano, 4ro cucrema
ABJIAETCS YCTOMYMBOM U €€ JUHAMUYECKOE KAaYeCTBO MOXKET OBITh OLIEHEHO IO
KOMILJIEKCHOMY MOKa3aTesto, KOTOPbII pacCunuThIBAETCS 1O popMyIie:

ym aX
A=Tmaxt (3.2)
Ye
rac ymaX — MaKCHUMaJIbHas BCIIMUHMHA HepeMeH_IeHI/ISI CYHHOpTa, yC —

YCTAaHOBUBHICCCA TICPCMCIICHHUC CYIIIIOpPpTAa TIIOCJIC OKOHYAHUA TICPCXOAHOIO
mponecca, t, — BpCMs MMCPCXOJHOTO IMPpOomecca. Onpez[eﬂeHI/Ie 9THUX BCJINMYHUH I10

pe3yJibTaTaM 3KCIEPUMEHTa ToKa3aHo Ha puc.3.4.
-ioix
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MNacroaHHan & n.0z = =
PEMEHH, C & I
= =
Xonoeod BUHT o T
I E El
War BuHTA, Mp 8 5 T
O6parnan ceasb @ :Ji
F.oa prnHeHT Iu'z & C
nepegaqu, B g §
I
: 1 g
] Reset = I
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Puc.3.4. Humepdheiic npuxknaonoii npozpammol

B cooTBeTcTBUU ¢ 3amaHreM HEOOXOJUMO MPOBECTH HUCCIEAOBAHMS 3aBUCUMOCTH
KOMITJIEKCHOTO TOKa3aTelsl KadecTBa MEPEeXOJHOro Mpolecca oT KodpduimeHTa
nepemaun  ycwimrtens-npeoOpaszoBarens.  [lns ompeneneHus — auamaszoHa
BO3MOXHOTO M3MEHEHUsT Kod(huimeHta HeoOX0aUMO, TIOTB3YACh 3aBHCHMOCTHIO
(3.1), nnsa 3amaHHBIX 3HaYeHWl T, U T, paccuMTarh MaKCUMaJIbHO BO3MOXKHYIO
BelMIUHY (Kyn)max. [Ipm 3TOM yuuTBIBaTH, 4TO OOMIMK KOA(POUIMEHT IMepenaqn
CAY omnpenensercs o popmyie:
Ko = K, K K, R,
2r

BoiOpaTh mar usmenenust koagpuipenTa nepenadynd yCcuauTes-npeoopa3zoBarTens
(pexomenayercst  npuHATh mar  0.2(K,)max) ¥ TOATOTOBUTH  TaOIUILY
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AKCMIEPUMEHTANBHBIX U PACUETHBIX JAaHHBIX TaK, YTOOBI OXBAaTHUTh MAKCHUMAIIbHO
JOIYCTUMBIN KO3(PUIMEHT nepenadn, onpeieIeHHbIN 1o 3aBucuMoctu (3.1).

B Tabmuue 3.1 npeacrtaBnen npumep g CAY ¢ HCXOIHBIMU JIaHHBIMU,
cooTBeTCTBytomuMHU puc. 3.5. Pacuetom mno (3.1) mnaxommm Ko=383,3.
CnenoBarenbHo  (Kyn)max=1158. Beioupaem mar 0,2-1158=232, cocraBisem
Ta0JIMIY ¥ TPOBOJAUM SKCIIEPUMEHTHI.

AKTHBU3UpOBaTh NPUKIAAHYIO TPOrpaMMmy, 3a4aThb MHCXOAHBIE JIaHHBIE B
COOTBETCTBHM C BapHUaHTOM, BbIOpATh MEpBOE 3HAUCHHE KO3 PUIMEHTa Nepeaadn
yCUJIUTENS- TpeoOpa3oBaTeisi W BBINOJIHUTH MOJEIMPOBAHUE MEPEXOAHOTO
npouecca. [lo ocuuorpamme Npou3BeCTH HEOOXOAMMBIE U3MEPEHUS U 3aMHUCATh
pe3ynbTathl B TaOauIly. BBIMOIHATH 3KCIEPUMEHTHI Il BCEro BBIOPAHHOIO
Juana3zoHa U3MEeHEeHHs K03 uimueHTa.

PaccunTtaTh KOMIUIEKCHBIM IMOKa3aTeslb KauyecTBa JUJIS KaXKJIOTO SKCIEPUMEHTa U
NOCTPOUTH I'pa@UK 3aBUCUMOCTH KOMILJIEKCHOIO ToOKazarenss 4 JAMHAMHYECKOTO
KauecTBa CUCTEMBI OT Kod(duumenta nepenaun K, ycuImTes-npeoOpazoBaTes
(puc.3.5). Ecnu mpu kakoM-nubo 3HaueHuu Kodpduuuenta mnepegaun CAY

OKa3bIBACTCS HE YCTOWYMBOM — COOTBETCTBYIOIIECE COOOINCHHWE 3amucaTh B
Ta0IUILy.
Tabnuya 3.1. Dxcnepumenmanvhvle u paciemmuvie OAHHbLE

No kyn Ymax | Ye ‘ t, ‘ A

1 1390 CAY He ycroiiunBa

2 1158 97 50 24,40 47,30

3 926 93 50 1,10 2,05

4 694 85 50 0,53 0,90

5 462 79 50 0,34 0,54

6 230 68 50 0,24 0,33

4

2,0 ,/
15 /
1,0
05 ‘c/
Sl

230 462 694 926 1158 ky,

Puc.3.5. I'pagpuk 3aeucumocmu Kkomniekcnozo nokazamens kauecmea CAY
om KoI(pguyuenma nepedauu ycuiumensa-npeoopazosamens
(30Ha Heycmouuugoii padbomul 3amemHena)

3aoanue

1. Tlo ucxoaHbIM aHHBIM, B COOTBETCTBUM C BapuaHTOM (Ta0i.3.2), MOCTPOUTH
MarpaMMy yCTOWYHMBOCTH CUCTEMBI MO KpuUTepuro yctorunBocTu ['ypBuia (cwm.
puc.3.3). OmnpenenuTb MaKCUMaJbHO BO3MOXHOE 3HadyeHue KoddduimenTa
nepeaayn yCUJIUTENS -1 peoOpa3oBaTes u MOATOTOBUTD TabIuIy
AKCHEPUMEHTATbHBIX IAHHBIX.
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2. Vcnonp3yss NpUKIAAHYIO OpOrpamMmy, HHTEepelc KOTOpOW MpEeACTaBIECH Ha
puc.3.4, IpOBECTU CEPUIO IKCIIEPUMEHTOB U PE3yJIbTaThl 3alIUCATh B TAOJIUILY.
3. Ilo pe3yapTraTaM 53KCHEPUMEHTOB IOCTPOUTH SKCHEPUMEHTAIBHBIA TIpadux
3aBUCUMOCTH U MIPOBECTH €0 aHAJIN3.

Tabnuya 3.2. Ucxoouwvie oannvle

IlepBas | Ycurumenw | /{euecamensv | Bunm.napa | Bropas | [eueamens | Obp.cea3v
udpa T, c Ko, pao/cB | Hg,, mm | nmdpa Ty, Koe, B/MM
0 0,003 1,6 12 0 0,050 0,20
1 0,015 2,0 10 1 0,100 0,90
2 0,020 3,2 16 2 0,150 1,10
3 0,025 2,4 8 3 0,200 1,40
4 0,006 5,2 10 4 0,030 1,00
5 0,009 3,0 14 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

Cooepoircanue npomokona

B mportokone mpenctaBuTh CTpyKTypHyro cxemy CAY, aumarpamMmy KadecTBa,
TaOJIUIy  SKCIEPUMEHTAJIbHO-PACUETHBIX  JaHHBIX, TpauK  3aBUCUMOCTHU
KOMIUIEKCHOTO TTOKa3aTels IMHAMUYECKOT0 KauyecTBa OT KoaddullMeHTa nepegadu
yCUJIUTENS-TIpeoOpa3oBaTesi, KOMUI0 UHTepdeica ¢ 3amuchio  MEePexoIHON
XapaKTEPUCTHKH TIPU KAaKOM-ITHOO0 3Ha4eHUH Ky,. BBIBOBI.

IIpakTuyeckas padora Ned
HccaenoBanne tounoctu CAY B pe:kume ABHKEHUS MO TAaPMOHHUYECKOMY
3aKOHY

Ilenw pabomui: [Ipuobopemenue npakmuieckux HABbIKOE OYEHKU MOYHOCMU
cucmem agmMoMamuyecko20 YnpaeieHus npu mecmuposaruu no 2apMOoHU4ecKomy
8XOOHOMY CUSHATLY.

Teopemuueckaa uacmso

Uccnenyercs CAY mnoBoAOM, CTPYKTypHasi cXe€Ma KOTOPOro MpeACTaBlieHa Ha
puc.4.1. Bugno, yto CAY oTiauyaeTrcs OT pacCCMOTPEHHOM B MPAKTUYECKOU padoTe
Ne5 tem, uto ycunmrenb-mpeoOpa3zoBaTeah MPEACTABICH HE OE3BIHEPIIMOHHBIM
3BE€HOM, a allepUOJIUYECKUM |-T0 mopska.

X(0) Al k k

Yy

0
Ts+1 (T,s+1s

y(j)

A\ 4

en

K  le

oc

Puc.4.1. Cmpykmypnasn cxema uccieoyemou CAY
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JIns  Tako CHUCTEMBbl BaXXHbIM M  TEPBOCTENCHHBIM  SIBISIETCS  BOIPOC
ycronunuBocTd. [loaTomMy mnepen HadyaaoM DKCIIEPUMEHTAIBHBIX HCCIENOBAHUN
HEOOXOIMMO OIPENIEIUTh MAKCHMAJIbHO JOMYCTHMOE 3HaueHne kodddunuenta K,
nepeayn  yCWIMTeNs-npeoopa3oBaresnis, Mnoiab3ysick dopmynoi (3.1) ¢ yuetom
3aBUCUMOCTH Il ompeneneHuss — oOumero  kosd@uimeHta  nepenadu
MOCJIEIOBATENLHO COEIMHEHHBIX 3B€HbeB CAY:

ko =k KK k,..

0 “oc en

rie K, = HI2 77— nepenarounas yHKIus BUHTOBOM napbl (H —1rar BUHTOBOM
napbl).

Ilpakmuueckas wacmo

Jlist BBITIOJIHEHUST PabOThl MCMOJIB3YETCS MPHUKIaAHAsl Mporpamma, uHTepdeiic
KOTOpOI Mpe/ICTaBIICHBI Ha puc.4.2. [Tpuxnannas nporpamma
«YcroiunBocTh_TOUYHOCTb CAY» Haxomutcs Ha aucke. HWHCTpykuun #
NOsICHEHUsT JyIsi paboThl C MpOrpamMMoOi cojepkKaTcsi B camMoOil NporpaMme U
HOSIBJISIIOTCS. HAa 9KpaHe MOHUTOpPA Mpu Hakatuu kHonku Help. Jlns BbimosnHenus
ATOW TPAKTUYECKON paboThl, MOCJe AaKTUBHM3ALMK MPOrpaMMbl Ha TIJIABHOM
uHTepdeiice nomKeH ObITh BBIOpaH pexuM «VccrienoBanne TOUHOCTHY.

Ha uzo0paxenun ociuiorpada 3adukcuponana peakuus CAY nmoBoJoM cTaHKa,
KOTOpasi OTBEUaeT HMCXOJHOMY rapmonudeckomy curramy 50Sin30t — nuuus 1.
AMIUTUTYIa 1 YacTOTa BXOJHOTO CUTHANA 3a/Ial0TCSI B COOTBETCTBYIOIIEM OKOIIKE
unTepdeiica. Cynnopt orpabarbiBaeT 3aJaHHBIN 3aKOH JIBM)KCHHSI B COOTBETCTBHUH
CO CBOMMH JMHAMHUYECKMMHU CBOWCTBAMHM U B pe3yjibTaTe MepeMellaeTcs Io
3aKOHY, KOTOPBIM COOTBETCTBYET JIMHUM 2, C OITHOKON, N300paKeHHON JTUHUEH 3.
Cnegyer OTMETUTH, YTO U3MEPEHHS OKCIEPUMEHTAJIBHBIX 3HAYCHUH Ha
ocuwuiorpage MOXKHO BBIMOJHATH TOJIBKO TIOCNIE€ 3aBEPIICHHS MEPEXOTHOrO
pexuMa paboThl (cM. puc.4.2).

[Tocne ompeneneHus MaKCUMalbHO IONYCTHMOTo Kod(duuuenta K, mepemadu
yCUIIUTENSA-TIpeo0pa3oBaTeisi, MOATOTOBUTh  TaOMHIly  AKCHEPUMEHTAIBHBIX
NaHHbIX, Tpumep Kkotopod mna CAY ¢ UCXOOHBIMH JaHHBIMU 1O puc.4.2
npencrasiieH Hwke. [Ipeanonaraercs mpoBeleHHWE TPEX CEPUN SKCIEPUMEHTOB
Opu  CIEAYIOUMX  3HA4eHHAX  Kod(dduuueHTa  mepenadu  yCHUIIUTENS-
npeobpazoateis: (Ky,)1=0,9(Kyn)max; (Kyn)2=0,6(Kyn)max; (Kyn)3=0,3(Kyn)max-

Tabnuya 4.1. DxcnepumenmanvHvie OaHHble

Ne % paod/c Omax | No % paod/c Omax | Ne % paod/c Gnax
1 40 3 6 40 5 11 40 12
2 80 16 7 80 33 12 80 54
3 417 | 120 | 111 8 278 | 120 | 68 13 | 139 | 120 | 32
4 160 | 49 9 160 | 34 14 160 | 26
5 200 | 32 10 200 | 27 15 200 | 24

Jluaras3oH W 1ar U3MEHEHHUsS 4acTOT ONPEAeseTCs SKCIICPUMEHTATLHO TaK, YTOOBI
pu (Ky,)1=0,9(Kyn)max MaKCHMaIbHOE 3HAYEHUE OIMUOKH MPUXOIUIOCH HA CpeIHEe
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3HAYEHHUE YaCTOTHI, a IIar O3B0 MPOAEMOHCTPUPOBATH TEHICHLUIO U3MEHEHHUS
OLIMOKH B 00€ CTOPOHBI OT MAKCUMYyMa.

[Ipu BbBIOOpPE AaMIUVIMTYAbl BXOAHOTO CHUTHAJla HEOOXOAMMO  YYHUTHIBATH
BO3MOXHOCTh PETUCTPALlMM BCEX CUTHAJOB MPU YacTOTE, COOTBETCTBYIOIIEH
MakcumMyMy omnOku. Pexomennyercs yctanasnuBath A=20.

@Hccnegoaaﬂne ¥CTOHYHBEOCTH M TOUHOCTH NpMBoAa MPLC = |EI|5|

' WecnegoeaHWe YoT oRYMBOCTH

(:. HCCHE&DBGHME TOYHOCTH

FapmormseckuR soanod curnan | NN

JEWMTATENE :I

YCWMUTENE-
MPEDEPA3OBAT.

j
=
4

ArANnUTYaE, ria

Yacrora, pag/c

HMcxonHue naHHue

Yeunurens-npeofpasosarens
K03 P@HUMEHT YCHNEHHA |2DD

MocToAHHEA BREMEHM, ©
Neurarens
F.oaddmupeHt 1.3 Ocuyunnorpad
nepenaqm, pags/cB
MocToAHHEA BREMEHH, ©
AON0B0A BHHT
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E sit | Help | Bpema,

Puc.4.2. Humepdgheiic npuxknaonoii npozpammul 07151 UCCA€008AHUA MOYHOCHU
CAY

ITo pesynbraTam skcmepuMeHTOB (cM. Tabn.4.1) mocTtpoeHsl Tpaduku
3aBUCUMOCTH OINMOKMA OT 4YacTOThl BXOJHOIO CHUTHala [JIsi TPeX 3HA4YCHUM
kod(puIMeHTa repeaun yCuIuTens-peoopazonatens (puc.4.3).

dnax

[
100 / K,,=417

[ 1N\
80 / K
/ \

60 IR / \ ky,=278
S TN N
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40 80 120 160 ®, padlc

Puc.4.3. I'pagpuku sxkcnepumenmanvHvix 3a6ucumocmeit

3aoanue
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1. Ilo UCXOAHBIM JTaHHBIM, B COOTBETCTBUM C BapuaHTOM (Tabi.4.2), paccuuTaTh
MaKCUMaJlbHO  JIOMYCTHMBIH  KodpduuueHt K, nepemayn  yCHIUTENS-
npeoOpazoBaTesi, U MOATOTOBUTH TaOIUILY SKCIIEPUMEHTAIbHBIX JaHHBIX.
2. Vcnonp3ys NMpUKIAIHYIO MporpamMmy, HHTep(deic KOTOpOW MpeicTaBieH Ha
puc.4.2, BbIOpaTh JWaNa3oH W IMar W3MEHEHUs] YacTOThl BXOJHOIO CHUTHAja.
[IpoBecTn cepui0 SKCIEPUMEHTOB (I KaXAOro 3HayeHus Kod(duuueHrta
nepejayu), 3amnuchbiBas pe3ysibTaThl B TaOMMIly, a 3aT€M MOCTPOUTH TpaduKu
AKCTIEPUMEHTATIBHBIX 3aBUCUMOCTEH.

Tabnuya 4.2. Ucxoouwvie oannvie

[lepBas Ky, Bropas | H.,,

unr()bpa Tom € pao/cB Toc uan)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| 45 | 0,035 9 14 | 0,52

Cooepicanue npomoxona

B mportokone npuBectu cTpykTypHyto cxemy CAY, COOTBETCTBYIOUIME PACUETHI
koddurmenrta nepeaaun YCUIUTENSA-TIpe0oOpa3oBaTers, TaOIHITy
HKCIIEPUMEHTATBHBIX JTAHHBIX, KOMHIO0 MHTepdeiica MpUKIaaHOW MPOrpaMMBbl ISt
KaKoro-mmb0o HJKCHepUMeHTa, TpadUuKu HKCIEPUMEHTAIBHBIX 3aBUCHMOCTEH.
BriBoaml.

IIpakTuyeckas padora Ne5
OmnpeneneHue XapaKTePUCTUK 3JIEKTPOMEXaHUY€eCKOro MpuBoAa

Ienv pabomwi: [lpuobpemenue npakmuueckux HABLIKOE  KOMNAEKCHO2O
UCC1e008anUs cucmem u 00beKmos AMoMamuiecKko2o ynpasieHus.

Teopemuueckasn uacmep

Ha puc.5.1 npencrasneHa 351eKTpOMEXaHUYECKasl CUCTEMA — ITPUBO/I BPAILAFOIIErO
NBH)KEHUSI, KOTOPBIA COCTOMT M3 JJEKTPOJABUraTeNs | MOCTOAHHOIO TOKA,
peNyKTOpa 2 U Harpy3KH, HAIPUMED, IIMUHIEIA 3.
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Puc.5.1. Cxema InekmpomexanudecKkoii cucmemaul

YPaBHeHI/IH ABUIKCHUS IBUTATCIIA ITOCTOSAHHOT'O TOKA IIPpU HpeHe6pe)KeHI/II/I
SABJICHUAMHA BTOPOI'O IOPAAKA UMECT BUI:
dQ
M = Ideuz oets + Ml’
dt

t1€ Mosuo 1 ocuer €061 — MOMEHT JBMIKECHHSI, MOMEHT UHEPLIMU POTOPA U yIIIOBas
CKOpOCTh ABUratess, Mi — MOMEHT Harpy3Ku Ha Bany asuratens. C apyroi
CTOPOHBI, B COOTBCTCTBUU C SHCKTpOMexaHHHeCKOﬁ XapaKTepHCTI/IKOﬁ JABUTATCIIA.

M,...= koU - kMQoguz; (5.2)
rae Ky — ko3 HIMEHT NPONOPLUOHANIBLHOCTH MKy HanpsxkeHueM U u
MOMCHTOM JBHKCHMUA, kM — KOB(b(bI/IHI/IeHT HaKJIOHA SHGKTPOMexaHquCKOﬁ
XAPaKTCPUCTHUKMU.

PG,ZIYKTOp MOYXET OBITH MMpCaAcCTaBJICH 6€3I>IHeleI/IOHHI>IM 3BCHOM:
Q=Q, kK (5.3)

dsue “peo’!

(5.1)

osue

rae {2; — yriioBasi CKOPOCTh BBIXOJHOTO Baja PeayKTOpa, Kye) — K03 durmeHT
niepeadn.
B koHEYHOM UTOTE, ypaBHEHHE ABM)KCHHUS Bajla HATPY3KH:

192, 20+ ([ Qdt - [Qdt)+ M =0, (5.4)
dt
rae M, I, 2 - nonae3Hblil MOMEHT, MOMEHT MHEPIIUU U YTJI0Basi CKOPOCTh Harpy3KH,
[ - KpyTHIIbHAS )KEeCTKOCTh, A - KO3 (GUIIUEHT BSI3KOTO TpeHus. Takum obpazom,
ypaBHEHHE CBSI3H, KOTOPOE MOKA3bIBACT, HA YTO PACXOAYETCs MOJIe3HAs YacTh

MOMEHTA JIBUTATENsl, UMEET BUI:

M, =k (] Qdt - [Qdt) (5.5)
ITo momy4eHHOM MaTeMaTHYECKOM MOJIeNH, KOTOpasi COCTOUT M3 ypaBHEeHUH (5.1-
5.5), MOCTpOEHA CTPYKTYpHas CXeMa dJIEKTPOMEXaHUUECKON CUCTEeMBI (puc.5.2).
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Puc.5.2. Cmpykmypnas cxema 31eKmpoMexXanuydecKoii Cucmembl

Ha cxeme ectb 1Ba BXOJa: OAMH 110 YIpaBisiolleMy Bo3zaelcTsuo U, a BTopoil -
no Bo3mymeHutro M. He cmorps Ha TO, 4yTO 1o MCXOAHOH cxeMe (cM. puc.5.1)
CHUCTEMa Ka)XXETCS Pa30MKHYTOM, Ha caMOM J€Ji€ OHa 3aMKHyTa C OOpaTHBIMU
norokamu  curHaioB. Ilo  pa3paGoTaHHO  MareMaTU4YecKOW  MOJEH
ANEKTPOMEXAHUYECKOTO  TMOBOJA  MOYKHO  NPOBOJAUTH  IPEABAPUTEIBHBIE
UCCIICZIOBAHHUS C 1IEJIbIO ONPEIEIEHHs XapaKTEPUCTHK, OLIEHKN KauecTBa U BbIOOpa
HEKOTOPBIX €ro mnapaMmeTrpoB. Takod 3Tam NpeaBapUTENBHOTO MNPOEKTUPOBAHUS
BCEr/la JIOJDKEH NPHUCYTCTBOBATH TMpU pa3paboTKe CHUCTEeM U OOBEKTOB
aBTOMAaTUYECKOTO YIPABICHUS M SBISECTCA YPE3BBIYAHO BaXXHBIM, TaK Kak
MMEHHO 3]1€Ch ONPEIEIAIOTCS 001Me HapaBlIeHHsl YAOBIECTBOPEHUS TpeOOBAHUAM
TEXHUYECKOI0 3aJJaHuUs U YIyYIICHUS XapaKTEPUCTHK CUCTEMBI.

Hanpumep, HM3BECTHO, YTO NEPENATOYHOE OTHOLIEHUE PEIYKTOPa CYIIECTBEHHO
BIMSET HA JUHAMHUYECKHE XAPaKTEPUCTHKH >3JIEKTPOMEXAHMUYECKOrO IPUBOAA.
OreHka MepexoHbIX XapaKTEPUCTUK CHUCTEMBI, IPEJCTABICHHON pa3paboTaHHOM
MaTeMaTUYeCKOW MOJEeNbl0, MPU Pa3HbIX 3HAUYEHUAX KOd(p(UIMEHTa Iepenayu
pEAYKTOpa MO3BOJIAET PEIINTH TAKYIO 3a1ady.

Ilpakmuueckan yacmeo

Jlnst BBITIOJIHEHHUST PA0OTHI HMCMOJIB3YETCS MPHUKIAJAHAs MporpamMma, UHTepdeiic
KOTOpOH [IPEICTaBICH Ha puc.5.3. [Ipuknagnas IporpaMmma
«INEKTpOMEXaHNYECKasi CUCTEMay HaXOJUTCS Ha AUCKE. SIapoM 3TOl mporpaMmsl
CIIY’KUT COCTaBJIEHHAs BbIIIE MaTeMaTH4ecKasi MoJeiab. IHCTPYKUMU U MOSCHEHUS
JUIsE pabOTHI C MPOTPAMMOM CoJlepKaTcsi B caMOW MPOrpaMMe M TOSBISIOTCS Ha
AKpaHe MOHHUTOpPA MpU HakaTuu KHomku Help.

Ha u3o6paxxenun ocumsuiorpada (puc.5.3, a) 3adukcupoBaH mporecc N3MEHECHUS
YIJIOBOM CKOPOCTU HArpy3ku (MHUsA 1) mpu pa3roHe W Mpu U3MEHEHUH MOMEHTA
MOJIE3HOM HArpy3KH (JIMHUS 2) IO CTYNEHYaTOMY 3aKOHY.

BolinonHsAst Takue 3KCIEPUMEHTHI MPU Pa3HBIX 3HAYEHUSAX HAMPSIKEHUS MUTAHUS
JBUTATEJIS, MOHO MOCTPOUTH CTaTUYECKUE XapaKTEePUCTUKHU
AIEKTPOMEXAaHUYECKOTO TMOBOJAA: 3aBUCUMOCTH YIJIOBOM CKOPOCTH HArpy3Kd OT
MOJIe3HOTO MOMeEHTa (puc.5.4, a).

34



mMccneABame KauecTBa 3INeKTPOMEXaHHYECKorD NPHB0Aa Y ] 9

1]
MCX0OHBIE DAHHBIE cyumnorpag

10

Heurarens E 5 =
l— = =
FK.oadapumrent nepegaqd ka, Hw/B 045 ] e 5 é_
B =1 &
MomMEHT UHEpUMM, K 12 0.004 = ] . 5
5 =
Kemdpiumert nepeaaum ke, Hie/pag, ] -_ I é &
2 z
= ] 5 =
Peaverop =T T B 5,
oz repmmed ID,3 E __— o1 0.2 04 05
it PEN; e Bpema, ©
—————————
Harpyska = 2 B 6)
MomeHT UHEpLMM, K 12 Al I l ==
KoadeuumeHT saskaora TpeHua, Hrc/pag) 015
|
KpyrineHaa sectkocte, Hrm/pag
[ i Ocyvnnorpads Ocupnnorpad
200
HanpameHue aeurarena, B 00 =
MarmenT nonesHo 50
-
HarpyskM, Hrd
MakcumansHan
[ — | YrAOEaA CKOpOCTE
30
I 3 . 02 -0 0 0,1 02 03 04
it | Hep | pan/e ‘ ‘ 03 i i ‘ B, ¢
Bpems, C

a) B)

Ocumnnorpady

Puc.5.3. Humepgheiic npuxknaounoii npozpammaol
npu onpeoeneHuu Cmamui4ecKux
Xapakmepucmuk (a) u pezyibmantvl
Mooenuposanusn npu onpeoeyieHuu
OUHAMUUECKO20 Kauecmea:

6)—kp=01; 6 -kp=03;2) - kp=0,8 r)
JIJist orpeiesieHns: ONTUMAIBHOTO 1O OBICTPOACHCTBHIO KO3 (PUIMECHTA Mepeaadn
peAyKTOpa TPOBOAMUTCS CEPHUSl IKCIEPUMEHTOB, MPHU KOTOPBHIX (UKCUPYETCS
NEPEXOIHBIN TIpoliecc (Pa3roH MPUBOAA) MPU BCEX €ro HEM3MEHHBIX MapaMeTpax,
HO JIJIs1 pa3HBIX 3HaYeHUH Kod(duireHTa nepeaayu peaykropa (puc.5.3, 0, B, ).
[lo  pe3ymbraraM  3KCHEPUMEHTOB  MOCTPOEHBI  TpadUK  3aBUCUMOCTH
JTUHAMUYECKOTO KauecTBa, KOTOPOE OMpeAeIeTcs M0 KOMIJIEKCHOMY MOKa3aTelto
(cmotpu dhopmyiy 5.2), oT ko3¢ dunueHTa nepenadn peaykropa (puc.5.4, 6). Ipu
BBITIOJTHEHUHU SKCTIEPUMEHTOB JIaHHbIE YAO0OHO MPEACTaBIATh B TAOIUYHOM (opme,
a MOTOM CTPOUTH HEOOXOJUMBIN rpadK 3aBUCUMOCTH KOMILIEKCHOTO MTOKa3aTels
A ot koadduImeHTa repeaavn peayKTopa.
OnpeneneHue HEOOXOMMMBIX Mg pacdera 1o Qopmyne (3.2) mapameTpoB
nmokazano Ha pwuc.5.3, 0. BugHo, 4to omTtumanbHOe 3HadYeHHE Kod(dduimeHTa
nepenaun, npu kKotopoM A—min, paBusercs 0,3. IlepexomHsiid mporecc mpu
TAaKOM 3HaueHWHW Kod(hduImeHTa mepenadyn peaykropa MpeAcTaBiIeH Ha
ocluIorpaMmme puc.5.3, B.
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Puc.5.4. I'pagpuxu 3xcnepumenmanvHwviX 3a6UCUMOCHECIL:
a) — cmamuyecKue XapaKkmepucmuKku; 0) — OuHamMuuecKkan XapaKkmepucmuKa

3aoanue
1. ITo UCXOHBIM NaHHBIM, B COOTBETCTBUU C BapuaHTOM (Tabi.5.1), onpenenurb
CTaTUYECKHE XAPAKTEPUCTUKHU IJICKTPOMEXaHUYECKOr0 TOBOAA JUISl Pa3HbBIX
3HAYCHUIN HaIpsOKEHHUS TUTAaHWS JBUTATENE W TOCTPOUTH COOTBETCTBYIOIIUE
rpaduki. ([uamazon usMeHeHus HAPsHKEHUS ONpeesseT MpenoaaBaTesb).
2. [TlpoBectn cepur0 DJKCIEPUMEHTOB IO MOJEIUPOBAHUIO TMEPEXOIHOMN
XapaKTepUCTUKK TIPU Pa3HbIX 3HaueHUsIX kodhdunmenrta K, nepenaun penykropa,
BBITIOJIHUTH HEOOXOIUMbIC U3MEPEHUSI, PACCUUTATh KOMIUIEKCHBIN MoOKa3zaTeNnb A 1
MOCTPOUTHh COOTBETCTBYIOIIMN TrpaduKk Uisi ONpeNesieHus] ONTUMAJIBHOTO 0
obicTpojeiicTBUIO KO3 duimeHTa K.

Tabnuya 5.1 Hcxoownvie oanmbie

[TepBas Iy Ky K, Ky Bropas | B A
muppa | krm? | Hw/B | Hmc/pa uudpa | xkrm? | Hwm/pa | Hmc/pa
A A A
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

Cooeporcanue npomokona

B nporokoiie npenacTaBuTh CTPYKTYPHYIO CXEMY JJIEKTPOMEXaHUYECKOU CUCTEMBI,
TaOJIUIIBI SKCTIEPUMEHTANIBHBIX IAHHBIX, COOTBETCTBYIOMINUE TPAUKN CTATUIECKUX
XapaKTepUCTUK W rpaduK  3aBHCHMOCTH  KOMIUIEKCHOTO  IOKa3aTels
JTUHAMUYECKOTO KadecTBa OT Kod(dduimeHnta mnepeaadd peaykTopa, KOIHUIO
uHTepdeiica TNPUKIATHON MPOTpaMMBI C  TEPEXOJHBIM  TMPOIECCOM  TpHU
ONTUMAJILHOM 1O OBICTPOACHCTBUIO 3HaueHUW Kod(uimeHta mnepegadn
penykropa. BeiBoabI.

IIpakTuueckas padora Ne6
Omnpenenenue XapaKTePUCTHK THAPOMEXAHMYECKOr0 MPUBOJIA

lle./'lb pt160mbl.' Hpu06pemeﬂue npakmudecKux HaeblKO6 KOMNJIEKCHO2O
UCCe008aHUs. cucmem U 00bEeKmMos8 asmoMamuieckozo YnpaejeHusl.

Teopemuqecmm uacmos
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Ha pwuc.6.1 npexacraBieHa TUApOMEXaHMYECKAss CUCTEMA —  IPUBOJ
MOCTYMAaTEeNBbHOTO IBKEHUS. [IpUBOI COCTOUT M3 THAPABIMYECKOTO HUIUHApa 1,
IITOK KOTOPOTO CBSI3aH C CYHNHOPTOM 2 (Harpy3koi) MEXaHWYeCKOW CBS3BIO C
KecTKoCThi0 c¢. CynmopT TMepeiBHraeTcs IO HANpaBSIIOMKUM 3, KOTOpbBIE
XapaKTepu3yroTcs: KodOUIIMEHTOM BSI3KOTO TpeHUs A, a CKOPOCTh PETyIUpPYEeTCs
rupaBindeckuM apocceneMm 4. Takum oOpazom, cucTeMa MMEET yNpaBiIsIOMIHMA
BXOJ] (OTKPBITHE X APOCCENs) U BO3MYIIEHUE — CHITY MoJIe3HON Harpy3ku F. Llensio
yIIpaBIICHUsI SIBISIETCS TEpEMEIEHHE CYIIopTa ¢ 3aJaHHON ckopocthio dy/dt mo

KOOpJMHATE Y.
A eoF 2

Puc.6.1. I'uopomexanuueckasa cucmema

JIBuKEeHHUE CYNIopTa MOXKET ObITh OMHCcaHO U PepeHIINaTBEHBIM YpaBHEHUEM

BTOPOTO IMOopAAKa:
2

y ,dy
+A=—=+c(y-vy,)=F, 6.1

rje M — macca cynmnopra; A - K03 HUITMEHT BSI3KOT0 TPEHUS; Y — MepeMeIeHre
Macchl; F — nosie3Hast Harpyska.

[M'uapaBnudecKkuid MUJIUHIP C TTOJIE3HOH TII0IIaAbi0 P mopimHs 1oKeH ObITh
MPEJICTABJICH JBYMS YPaBHEHUSIMH, KOTOPbIE OTBEYAIOT KHUHEMATUUYECKOMY U
CHUJIOBOMY BO30Y kaeHHI0. [lepBoe onuchiBaeT ABMXKEHUE M0 pacxoay Q macia
yepes3 HWINH/IP:

m

m:j%dt (6.2)
d BTOPOC — UIBMCHCHHC IABJICHUS B IIOJIOCTH:
F
m=§= (6.3)

Pacxon macna depe3 1poccesnb 3aBUCHT OT OTKPBITHUS IPOCCETUPYIONIEN IIEIU U
nepenaja JaBJieHUs Ha HE:

Q = 1kx po_pl’ (6.4)

rae 41— Kod(DPHUIMEHT pacxo/ia Yepe3 APOCCEeIUPYOIIYIO meib, K — koadduiment
MPONOPITMOHAIBHOCTH MEXKTY TUIOIAIbIO IIEJIN M OTKPBITHEM X IpOoccenis, Po —
JaBJICHUE JIMHUM ITUTaHUs, O — yIACIbHBIA BEC Macla.
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K maTematuueckoit Mmosenu HeOOX0IUMO MPUOABUTH YPaBHEHHE CBS3U:

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

[lo nony4yeHHON MaTeMaTUYeCKOM MOJENIH, KOTOpas COCTOMT U3 ypaBHeHui (6.1-
6.5), mocTpoeHa CTPYKTypHasi cXeMa TruapoMexaHndeckor cuctemsl (puc.6.2). Ha
CTPYKTYpHOH CXEM€ €CTh JIBa BXOJa: OJIUH IO YIPABIAIOLIEMY BO3IEHCTBUIO X, A
BTOpPOH 1O BO3MYyIEHHUIO F.

X F
—> kax Q

1/c y
T’s* +T,5+1

1/sP C
I—’ kc)x
c/P <

Puc.6.2. Cmpykmypnasa cxema 2uopomexanuydecKoi cucmemaol

v

Jlpoccenlb Ha BXOJI€ CXEMbI MPEJCTABICH ABYMS TMEPEIaTOYHBIMU (DYHKITUSIMHU C
JUHEApU30BaHHBIMU KO3 duumeHTaMu nepenaun Ky — IO  yIpaBISIOIIEMY
BO3JEHCTBUIO X U Ky — 1o mepenany naeieHus. [Ipu MoaenMpoBaHHM CHCTEMBI C
OPUMEHEHHEM YHCJIEHHBIX aJrOPUTMOB MOXHO HCHOJB30BaTh IEPBUYHYIO
HEJIMHEWHYI0 3aBUCUMOCTD (6.4). [locTossHHBIE BpeMeHH TNepeaTouHol (yHKIUU
Harpy3ku B cootBercTBuu ¢ (6.1) paBusrorcs: T2 = m/c, T, = Alc. 3nech, Kak u
VISl DJIIEKTPOMEXAHUYECKOIO TIOBOJA, MOYXHO KOHCTaTHUPOBAaThb 3aMKHYTOCTh
CUCTEMBI, KOTOpasi, TEM He MeHee, He sBisieTca CAY.

Pa3zpaboTtannas maTemaTuyeckas MOJEiIb MO3BOJISIET Ha ATAre MpPeBapUTEIHLHOTO
IPOEKTUPOBAHUSI MPOBOJHUTH HCCIEAOBAHUS C LEIbI0 ONPEACIICHUS BIHSHUS
napaMeTpoB MPUBOJIA HA TUIABHOCTH JIBUKEHHUS, OLEHKU KauecTBa YIPABICHUS U
BO3MOKHOCTHU COIPOTUBIICHHUS] BHEIIHEW Harpy3ke W T.0. B 3aBHCMMOCTH OT
KEJIaeMOoro Auana3oHa CKOpOCTel JABMKEHUS paboyero opraHa MOXHO MPaBUIBHO
BBIOpAaTh COOTHOIICHHUE: JaBJICHUE IMUTAHUS — TCOMETPUUYECKUE TMapaMeTphl
Jpoccesi, YTO SIBISICTCS] BKHOM 3a/iauei, OT PelIeHUus KOTOPO OyIyT 3aBHCETh
SHEPreTUYECKUE MOKA3aTeNI MMOBOJIA B IIEJIOM.

Ilpakmuueckan ywacmeo

Ha pwuc.6.3 mnpencraBnen wuHTepdeiic MNPUKIAAHOW MPOTPAMMBI, KOTOpAs
MOJCJIUPYET  TUAPOMEXAHUUYECKYyr0  cucteMy. lIpuximangnas  mporpamma
«I'napoMexaHnyeckas CHUCTEMAa» HAXOIMTCS HA JUCKE. SapoM 3TOM MpOrpamMsbl
SBJISICTCS TPEACTABIICHHAS BBIIIC HEJIIMHEHHAs MaTeMaTU4yecKas MOJIENb, KOTOpas
YUYUTHIBAET HEIMHEIHYIO 3aBUCUMOCTS (6.4) KpoMe HENMHEHHOCTEN, ONMMCAHHBIX B
Teoperndeckoit dactu. KonddummeHTsl Momenu pacCuuTaHbl ISl CIETYIOIINX
ucxomublx AaHHbIX: £=0.9, =900 kr/m°. MHCTPYKIUM ¥ TIOACHEHHS IS PabOTHI C
MPOrPAMMOM COJIEPKATCS B CAMOU MPOrpaMME U MOSBISIOTCSA Ha IKPaHE MOHUTOpPA
npu Haxxatuu kHomku Help.
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CHna HarpyskH, kH

Puc.6.3. Humepdgheiic npukinaonoii npozpammuvl Mooeauposanus
2UOPOMEXAHUYUECKOT cUCHeMbl

Ha u3ob6paxkennn ocmmuiorpada (puc.6.3) cKOpocTh ABMKEHUsI pabouyero opraHa
o0o3HaYeHa JMHUEH 1, CKOPOCTh JABUKEHUS IITOKA THAPABIMYECKOTO ITUIMHApPA —
JUHUEH 2, a JuHUA 3 COOTBETCTBYET BHEIIHEW Harpy3ke — cuie, KoTopas
npuKIagsiBaeTcss K paboueMy oprany. 3aduKCHUpOBaH IIUKJI YIIpaBIICHUS,
COCTOSIIIIMM U3 CJIEIYIONIUX ATAIlOB: JIBUKEHUE BICBO (OTpHUIIATENIbHAS CKOPOCTH) K
JIEBOMY YIIOPY, ABHKEHHE BIIPABO JI0 OKOHYAHUS MEPEXOIHOTO MpOoIlecca U MOTOM
BHE3AITHOE MIPUIIOKECHHE CUIIBI Harpy3KH, IBHKEHUE K IIPABOMY YIIOPY.

AHanmu3 OCHWJUIOTpaMMBl MOKa3bIBaeT, YTO TIPU HW3MEHCHHHM HaIpaBJICHHUS
JIBIDKCHHSI B CHUCTEME TPOUCXOAUT  TEPEXOJHBIA  MpOIecC, KOTOPHIN
COTIPOBOXKJIACTCS 3aTyXaIOUMMH KOJIeOaHUSIMHU, KaK CKOPOCTH pabodero opraHa,
TaK ¥ CKOPOCTH IITOKA THPABINYECKOTO IUIINHIPA, & U3MEHECHHE CHUJIbI HArpy3Ka,
KpOMe TIEPEXOJHOTO IMPOIlecca, BHI3BIBACT yMEHBIICHHE (HAaKTUUSCKOW CKOPOCTH
JBIDKCHHS pabodero oprana (BeiaumuuHa oV Ha ocumiuiorpamme). [lpu yBeandeHun
CUJIBI CBEpPX OIpPEICICHHON BEIWYMHBI MOXKET TMPOU30MTU JBH)KCHUE B
MIPOTHBOIIOJIOKHOM OT JKEJIaeMOTO HAMpaBJICHUH, TO €CTh Maclo Oyner
BBITECHSITHCS U3 TTOJIOCTH THAPABINYECKOTO IIUJIUHIPA.

BreinosiHsas Takue SKCIEPUMEHTHI MPU Pa3HBIX 3HAYCHUSX CHJIBI CONPOTUBIICHUS,
MOXXHO  TIOCTPOUTh KaK JHHAMHUYECKHE  XapaKTEPUCTUKU  3aBUCHMOCTHU
MepeperyIupoBaHusl, 3aTyXaHUs 3a IMEPHOJ OT IMapaMeTPOB CHUCTEMBI, KOTOpHIS
W3MEHSIOTCSI, TaK W CTaTMYECKHE XapaKTEPUCTUKH 3aBUCUMOCTH CKOPOCTHU
JBVO)KEHHUS OT CHJIBI TOJIE3HOM HArpy3ku (puc.6.4).
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Puc.6.4. Cmamuueckasn 3a6ucumocms CKOPOCHU O8UNHCEHUS OM NOSIE3HOU
Hazpy3Ku

3aoanue
1. TTo ucXoIHBIM JAaHHBIM, B COOTBETCTBUHU C BapuaHTOM (Tabi.6.1), onpenenuTs
CTaTHYECKUE XApPAKTEPUCTUKH THAPOMEXAHUYECKOTO TMPUBOJA (3aBUCHUMOCTH
CKOpOCTH paboyero opraHa OT CUJIbI MOJIE3HON HArpy3Ku) JJiS pa3HbIX 3HAYCHUH
JaBJICHUS THUTAHUS TUIPABIMYECKOW CHUCTEMBI M MOCTPOUTH COOTBETCTBYIOIIMIM
rpaduk. (J{uamna3on usmMeHeHus: JaBjIeHUs ONPELISIeT MPEroJaBaTeb).
2. OmpenenuTh IUHAMHYECKHE I[I0KA3aTENM THIPOMEXaHUYECKOrOo MPHUBOJA:
OTHOCHUTEJIbHOE NEPEPETYIUPOBAHUE U 3aTyXaHUE 3a IEPUO/I.

Tabnuya 6.1 Hcxoownsie oanmbie

[TepBast k, Po, P, Bropas c, A, m,
udpa MM MIIa cm? muppa | 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

Cooepircanue npomokona

B mnporokone mnpeAacTaBUTh CTPYKTYPHYIO CXEMYy HMCCIEIYeMOW CHCTEMBI C
HMCXOJHBIMM  JaHHBIMH, TaOJUIBI AKCIECPUMEHTAIbHBIX JaHHBIX, Trpaduku
CTATHYCCKUX XapaKTECPUCTHK, JUHAMHUYECKHE IMOKa3aTelIM KadyecTBa IEePEXOTHOM
XapaKTEPUCTHUKHU THAPOMEXaHUUESCKOTO IIPUBO/IA.

IpakTuyeckas padora Ne7
Onpenesienue xapakrepuctTuk CAY npoaojJbHOM nogave Npyu TOYEHUN
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Ilenwv pabomui: [Ipuodbpemenue npakmuueckux Ha8blIKO8 KOMNIEKCHO20
UCCcne008anusl cucmem U 00beKmos8 agmoMamuiecKko2o ynpasieHusl.

Teopemuueckaa wacmap

HaubGonee pacnpocTpaneHHbli B MeTaioo0padoTke Tum 3aMKHYThIX CAY — 370
CAY, npenHa3zHadyeHHBIE I aBTOMATUUYECKOTO PETYJIUPOBAHUS IIPOLIECCA
pe3aHus 3apaHee YCTaHOBJIEHHBIM 00pa3oM. Takue cucTeMbl MOTYT IPUMEHSITHCS
KaK Ui CTa0MIM3alMu 33JIaHHBIX BBIXOJHBIX MTApaMEeTPOB IMpoliecca pe3aHus, TaK
U JUISl UX U3MEHEHUS B IIUKJIE 00pa0OTKHU MO OMPEACICHHOMY aJTOPUTMY.
Haubonee nenecoodbpa3Ho UCMONB30BAHUE TAKUX CUCTEM Ha 3aKITHOYUTENbHBIX,
(PUMHUIITHBIX ONEepalUsIX TEXHOJIOTHYECKOTo Mpoliecca.

[Ipu Mexanuyeckoil 00pabOTKe pe3aHUEM TOYHOCTh OOpabOTKH, B OCHOBHOM,
onpezensieTcs: yupyrumu aeopmManusiMyu TEXHOJIOTMUECKOW CUCTEMBI, KOTOPHIE, B
CBOIO OYepellb, 3aBUCAT OT CUJbl pe3aHus. [loaromy cucrema aBTOMaTHYECKON
CTaOMJIM3alMK CUJIBl PE3aHUs Ha 3apaHee 3aJaHHOM YPOBHE WJIM MPOTPAMMHOIO
pPEryIMpOBaHUsS €€ M0 3aJaHHOMY 3aKOHY II03BOJISIET TMOBBICUTH TOYHOCTH
00pabOTKH U 3HAUUTETLHO YIYUYIIUTh Kaue€CTBO MOBEPXHOCTH JIETAJICH.

CAY crabunuzanuu CWiibl pe3aHus Nnpu TodeHuu (puc.7.1) cMOHTHpOBaHa Ha
TOKapHOM CTaHKE U COCTOUT M3 MPHUBOA MOJAYH U U3MEPUTEIHLHOTO yCTPOMCTBA.
W3meputenbHas LeNb peajln30BaHa C  TOMOIIBI0  JTUHAMOMETPUYECKOTO
npeobpazoBatens JAII, koropsiii uepe3 ycuwiutenb Y o0ecreunBaeT CHUTHAM
oOpatHoii cBsizu U,., MPOMOPIMOHANBHBIN cocTaBistonen P, cumbl pe3anus.
[IpuBon momaun cocToUT U3 ycuiurens-npeoOpazosarens YII, nasurarens
noctostHHOro Toka [l u peaykropa P.

A

d
S| L & 3yyc,

dt
u, U Us @y S3 Sy P,
YO [ O |» P - P, >
H, H(j) 1P » IC R
Uoc Py
Up %
YV [« AIT |« 3yCy <

Puc.7.1. @ynxkyuonanvnasn cxema CAY cmaounuzayuu cuivl pezanus
npu moueHuu

CAY ¢yskumonmpyer craeayromuMm obpasom. Ha BXxoxg cucrembl, K
CpPaBHHUBAIOLIEMY YCTPONCTBY mnocrtymnaer curHan U, KOTOpbId COOTBETCTBYET
TpeOyeMOMY 3HAUCHHUIO CHIIBI pe3aHusi B ompeaereHHOM Maciutabe. Ha Bropoit
BXOJI CpaBHHMBAIONIEr0 ycTpoicTBa mnoctynaetr curHan U, BblpaOaThiBaeMbIi
nuHaMmoMeTpuueckuM mpeodOpaszoBareneM Il u ycunutenem Y. Takum oOpazom
Hanpsbkenne U,. NpONnoplUHOHANbHO pealbHOMY 3HAYCHUIO CHUJIbBI pe3aHusl.
Ommbka oU=U,-U,. mnocrymaer Ha Bxoj ycuiautens-ipeodpazoBarens YII,
KOTOpBIN BbIpaOaTbiBaeT Hampsbkenue U, mutanms nuratens . JBuratens [,
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yepe3 peayktop P onpeznenser BenuunHy NpoAOJdbHOMN MMOAa4Yu Tak, YTOObI CBECTH
OLINOKY K MUHUMYMY.

Kak ynpasngemsiii 00bexkT B CAY Bxonut mnpouecc pesanus IIP, xotopslid
MIPOUCXOJIUT B 3aMKHYTOM TEXHOJIOTMYECKOW 00padaThIBarolEell CUCTEME.
Maremaruueckas Mmoaeiib CAY cOCTOUT U3 MaTeMaTHUYECKUX MOJCIICH PJIEMEHTOB,

COCTaBJISIOIINX CUCTEMY. Ycunurenb-npeodpa3oBareib OMKCHIBACTCS
g depeHnranbHbIM YpaBHEHUEM MIEPBOTO MOPSIAKA,
A d U
U, T ¢+U, =k U, (7.1)
yn dt yn
Umax """"

HO €r0 XapaKTEePUCTUKA HeJTMHEHHAs TUTIa
“Haceimenus’” (puc. 5.34):

0 Mo o U,=k,J, ecmu U<

Puc. 7.2. Xapakmepucmuxka U=U_, em M=,
ycunumeins-npeoopasasames
rae Kyn, Tyn — K03 QUIHEHT yCUIICHUS M IOCTOSTHHASL BPEMEHU YCUITUTEIIS -
npeobpazoBaTenis; Umnax — HAPSHYKEHUE HACKIILICHMUS.
JIBUTaTENb MOCTOSSHHOTO TOKA OMHCHIBACTCS U] PEepeHITNaNTBHBIM YpaBHCHHEM
BTOPOTO TOPSIIKA:

2
TT, ddt”jd +T dd“t’ff +o =kU,, (7.2)

M

rie Koy, Ty, Ty - KO3DGUIMEHT nepeiadyn, TOCTOSHHBIC BPEMEHH
(9MeKTpOMarHuTHas U MEXaHUYECKasl) IBUTATEIS.

PenyxTop, TeH30METpUUECKUN AUHAMOMETP U AJEKTPOHHBIN YCUITUTEIND
OIMCHIBAIOTCS JIMHEWMHBIMU YPaBHEHUSIMU, KOTOPBIE COOTBETCTBYIOT
Oe3bIHEePLIMOHHBIM 3BeHbsIM ¢ Ko duimentamu nepenadn: Ky, Ko, Ki.
OkBUBaNeHTHbIE ynipyrue cucteMbl (Y C) Mo COOTBETCTBYIOMIUM OCSIM
KOOpJMHAT MOTYT OBITh Mpe/IcTaBICHbI U] depeHIINAIbHBIMU YPaBHEHUSIMU
BTOPOTO MOPSJIKA, KaK JIJIST OJTHOMACCOBBIX CUCTEM:

2
P=m ddtfx +A ddix +C OX;
7.3)
P=m +1 +C OV,
y dt? dt y5y

rae M — macca cynmnopra; A - KoahPUIMEeHT BA3KOro TpeHus (Cuja TpeHus
IPONOPLHUOHAIIBHA CKOPOCTH); Cx, Cy — KECTKOCTH 10 COOTBETCTBYIOIIEH
KOOpAMHATE.

[Tponecc pe3anus ITP moxkeT ObITh NpeCTaBIEH YPABHEHUEM, CBSA3bIBAIOIINM
(paxTHUECKHE BETUUMHBI oJaun Sy 1 rimyOouHsl Hy pe3anus ¢ coctasiustomiei P;
CHUJIBI PE3aHHUS:

P,=CHS/NV™, (7.4)

rae Cp, Xp, Yp, Np — 3MIIUpUUEcKUe KO3P(ULUEHT U TOKA3aTeNn CTENeHu, V —
CKOPOCTb PE3aHMs.

biiok I'C BeITONHAET onepau B COOTBETCTBUU C TEOMETPUUECCKUMU
COOTHOILIEHUSIMU MEX]1y COCTABIISIOIIMMH CHJIbI PE3aHU:
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(06R)° . .
P, = “——; B =P, tg(p+n); 7.5
y 1+tg2((0+77) X y g((D 77) ( )

I7I€ ¢ — IJIaBHBIA YO B IUIaHE PE3La, 77 — Yroj CX04a CTPYKKH.

C ydeTroM npuUBEACHHBIX BbIlIe ypaBHeHUH (7.1-7.5) u cBs3el pyHKIMOHATBHON
cxeMbl 110 puc. 5.30, maTemaTuyeckyto Moielb Bceit CAY Hallo NOMOJHUTH
CJIEIYIOIIMMU 3aBUCUMOCTSMM:

élJ :U3 _Uoc;
S,=wk,;
dox
S, =S, ———; 7.6
b 3 dt ( )
H,=H, -
U()c zw'k()n ky’

Taxkum oOGpa3zoM, cTaOMIM3aNMs CHUIIBI PE3aHUsl Ha TPeOyeMOM YpOBHE, KOTOPHIN B
OTIpEeJICTICHHOM MaciliTtabe oTBedaeT 3aaHHoMy HampsikeHuio U, Ha Bxome CAY,
MPOUCXOJUT IO CUET YMPaBJICHUS MNPOAOJIbHON nojaueil. [Ipu ToueHuu neranu,
MPUITYCK KOTOPOW M3MEHSIETCS, PETyJUpPOBAHUE MOAAYU JIOJKHO IPOUCXOJUTH
Tak, 4TOOBI CHUJIa pe3aHusl OCTaBaJlach MOCTOSIHHOM Ha Bced nnuHe oOpabotku. Ho
kayecTBO paboTel CAY LETUKOM 3aBUCUT OT €ro MapaMeTpoB, a TakXe OT
napaMmeTpoB TeXHoJorndeckon obpabateiBatomieit cuctemsl (TOC) rae uMeHHO U
peanuszyeTcsa  mpouecc ToyeHus. [loaTomy  BakHEWIIeW — 3amadyerd  Ipu
IPOEKTUPOBAHUU CUCTEMBI SIBIISETCS MPABUIBHBIN BHIOOpP €€ MapaMeTpoB, a MpH
AKCIUTyaTalluy — OLIEHKAa KauecTBa B 3aBUCUMOCTH OT napameTpoB TOC, KoTopsie B
JAHHOM CITy4dae SIBJISIFOTCS BO3MYILICHUSIMU.

Ilpakmuueckan yacmao

Ha puc. 7.3, a npexncraBineH wuHTepdeHC NPHUKIATHON MPOrpaMMbl B KOHIIC
MOJIETUPOBAHMS  Tpollecca CTAa0WIM3AlMM CHJIBI  pPE3aHHsl TPU  TOUYCHHUH
CIICIMAJIbHO TOATOTOBIICHHOM JAETalyd C HEPAaBHOMEPHBIM IPUITYCKOM, KOTOPYIO
MOXHO YBHJIETh Ha JKpaHEe B Hauaje mojenupoBanus (puc.7.3, 0). [Ipuxnamgnas
nporpamma «CAY crabunm3anuu_CUiIbl pe3aHus» HaXOAUTCS Ha JIMCKE.

SAnpom 3TOM mporpaMMmbl  CIYKUT IIPEACTABJICHHAs BBIIIC HEJIMHEWHAsA
MaTeMaTu4eckas MOJIelb, a4 MHCTPYKIIMH U TOSACHEHHSI JUTsl pabOThI ¢ MpOTrpaMMoit
colepKarcsi B caMoOll MporpaMMe M TOSIBIAIOTCS HA JKpaHE MOHUTOpA IMpHU
HaxxaTuu kHomku Help B mone rmaBHoro maTepdetica. [Iporecc pesanus orBeyaet
CIEeNYIONMM TapaMeTrpaM: Kod(Q(PUIIMEHT MW TOoKa3aTelW CTEIEeHH CUJIOBON
3asucumoctu C,=3000, x,=0.9, y,=0.75, n=- 0,1.

[Tony4yeHHbBIE XapaKTEPUCTUKH U3MEHECHUS MPOJIOIBHOM MOJAa4Yd U COCTABIISIOLIEH
P, cunbl pe3aHusi MO3BOJISIIOT HAWTU U OLICHUTh BCE€ HEOOXOAMMBIE MapaMeTpbl
KauecTBa: TOYHOCTh PETYIUPOBaHUs, OBICTPOICICTBIE, CKIOHHOCTh K KOJIEOAHUSIM
U T.II.

Ha ocmumiorpage wuntepdeiica (puc.7.3, a) 3adukcupoBaH mporece
perynupoBanusi (Jiunusi 1 — cocraBnistomiass P; cuibl pe3aHusi, JuHUsS 2 —
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npoaoabpHas mogada S). [lockonbKy mpoliecc HAYMHAETCS C MOMEHTA TOABEACHUS
pesiia K 3aroTOBKe, TO 3[1€Ch MojAayda JOCTHTaeT CBOCH MaKCHMAalbHO JAOMYCTHUMOMN
(Mo xapakTepHCTHKaM MPUBOJA) BEIMUYUHBI. Jlajgee MpOMCXOIUT aBTOMAaTHUECKOE
pEeryIupOBaHNEe C IENbI0 CTAOMIM3AIMK CHIIBI PEe3aHUs — MPH YBEITUYCHUU CHIIBI
noJilada yMEHbBIIIAeTCsl, P YMEHBIICHUH - YBEITHUNBACTCSI.

Ananmu3 Tporecca peryjaupoBaHUS MOXXHO TIPOBECTH TIO YBEIHMYECHHBIM
dparmentaMm ocmwuiorpammel  (puc.7.3, B). Crabwinzanusi BBITIOJTHSIETCS IO
[IEPEXOJHON XapaKTEPUCTUKE C MapaMeTrpaMmu: BpeMms [, mepexomHoro mporecca,
MaKCUMajbHasl BEJIMYMHA Pmax COCTaBISIONMIEH CHJIBI pe3aHUs U C HEKOTOPOH
omnbkoi OP. [1o 3TM mapamerpam MOKHO OLICHUTH KauecTBO CAY.

Mo Ae n4poBaHIE CHCTEMBI ABTOMATHUECKOA CTABUA3ALIMA CUMlbl PESAHMA NP N [=]E5|

T0C

faon |
-
o
=

50
260
Duamerp getan, mm 50
45
a0

YCUAWTENE.

T naerisifi yron pesua l—
B NAaHe, rpan
CopocTt PE3aHmA, M/MkH

Koa $pULMEHT W NOKaZaTEM
CTENEHH CUNOBOR SABHCHMOCTH

Cp = [3000 x= [oa
y=[07 n= [0

Mapamerpu CAY
DuHarorieTp ka, B/H = (0,000

Yeunirens kn= |35

Uouniane- k= [a0

npeotpasosaTent
Trn, e = [0003

Oewrarens  ka,pan/cB = 1.2
Te,c= [0005
T, c= [008 & ! ! 044 046 048
P
e T 1 ||TE
/ U3.B

a) B)

Puc.7.3. Mooenuposanue CAY cmabdbunuzayuu cuivt pe3anus npu moveHuu:
a) — 2naeuvlil unmepdpeiic, 6) — HauaIbLHOE NOI0ICCHUE, 8) — OUEHKA KaYecmea

MpoAoneHan NoAaus 5, MMjab
NEHAA N0AZYE S, MM fob

Flesat | Help | Esit

3aoanue

1. I[lo ucXogHBIM JTaHHBIM, B COOTBETCTBHHM C BapuaHTOM (Tabj.7.1), mpoBecTu
MOJICTUPOBAHKUE C IICJIBI0 OMpPENENICHUsI KauecTBa MEPEXOJHON XapaKTePUCTUKH
CAY 1no xomIuiekcHOMY TokaszaTento (cMoTpu dopmyrny (5.2)) ¥ TOYHOCTH TIO
ommbke OP ot ciexyromux mapameTpoB CAVY:

1) oT K03 HHIMEHTA TTepeIauu PeayKTOpa;

2)  oT xkecTKocTH Cx yrpyroit TOC;

3) oT kod(puIMeHTa Iepeiavu YyCUIUTENsI OOpaTHON CBSA3H.

Ipumeuanue:

- mrama3oH u3MeHeHus xxectkoctu (H/mMm) 18000 < ¢ <50000;

- Mamna3oH BapbHpOBaHHS Kod((uIMeHTa ycunutens odpatHoi cBszu 5 < K,
<55;

- JManazoH W3MeHeHUus kod(pduimenta nepeaadn peaykropa (mm/pan) 0,2 < K,
<0,05.

2. BeiOupas mar u3MeHEHHUs 3aJaHHOTO TapaMmeTpa, MPOBECTH IKCIEPUMEHTHI HA
BCEM JIMaNa30HE €ro W3MEHEHMS, OINpeJeIuTh HE0O0XOAUMBbIE (CM. BBIIIE)
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JUHAMUYECKUE XAPAKTEPUCTUKU M 3alucaTh pe3yJbTaThl B COOTBETCTBYIOIIHUE
TaOJINLIBI.
3. Iloctpouth rpaduKu SKCIEPUMEHTAIBHBIX 3aBUCUMOCTEH KOMILIEKCHOTO
MOKa3aresss KayecTBa M OIIMOKM OT YKa3aHHbIX Bbimie mnapamerpoB CAY.
Onpenenuts JUHAMHUYECKUE NoKa3aTen CAY: OTHOCHUTEJIBHOE
NepeperyaupoBaHue U 3aTyXaHue 3a Mepuo.
Buumanue! 110cKoJIbKY HCXOAHBIE JAHHBIE 33/IAIOTCS CIIy4allHO, HE UCKIIFOYAETCS
cutyaus, korga CAY oka3plBaeTcsi HEYCTOMYMBOW, TO €CTh COBCEM HE
npurogHod k ¢yHkuuoHupoaHuto. CooOmieHus o0 3TOM, B TaKOM Ciydyae,
HOSIBJISIETCSl HA AKpaHE MOHUTOpA BO BpeMsl MOJIeTUpOoBaHus. Pexomenaanuu ass
pelIeHHs TaKo MpoOIeMbl — IEUCTBOBATD B CIEAYIOIIEH MOCIEe10BATEIbHOCTH:
1) u3MeHsATh mapameTp, B (DYHKIMH KOTOPOTO aHATM3UPYETCS JIUHAMHUYECKOE
kadecTtBo CAY B quana3oHe, yKa3aHHOM B 33/1aHUU,
2) ecnu B pe3ysbTaTe BBIMOMHCHHS I.1 He yhaercs 00ECHEeYUTh MOCTOSIHCTBO
CAY, ymenbmath kodp¢uuueHt mnepeaaun mnpsmoro kanama CAY 3a cuer
YMEHBIICHUS]  Kod(DpuimeHTa yCUJIEHUsS TPaH3UCTOPHOTO  (TUPUCTOPHOTO)
npeobpazoBatesnd. [loaydyeHHbI TakuM 00pa30oM HOBBIM KOI(DPUIIMEHT 3aHECTH B
UCXOJHBIEC JAHHBIE C COOTBETCTBYIOIIMM KOMMEHTAPUEM.

Tabnuya 71.1. — Hcxoouwvie oannvie

an)
S
A = =
2z | 2 = |5 |3 g, 5
Tz - % = = | g >§ 3
5l | 9 A = | &4 =/ 5] £ 8
< | 5 ©) = S =M 2 | s | & & /[surarens
&8 | & | 8 2 |24 52 & 58
. ¥ H o O
= | X = | ER| A >3 ao| E| &G
=l e | 5 |S|E7e |5ERz2 |58
5|2 | £ |5/ 2z|8 |24o8 8 H
2| 3 3 S| EEl & | 282 €S| 2| Kn |Kw| To | T
S E | 8- 2| 8E g EFEE | (o
E |l | KOS |2 80> 8% 5| m c | ¢
0 |200 | 30000 | 10 | 1200 {200 {30 |0.001| O {20 |0.8|0.00]|0.01
0 3
1 180 | 28000 |90 | 1400 | 180 |45 |0.002| 1 |30 |0.9/0.00|0.02
5
2 |160 | 26000 |70 | 1000 |160 |60 [0.003| 2 |40 |1.0/0.00]0.03
7
3 140 | 24000 |60 | 800 |[140 |75 |0.004| 3 |50 |1.1]0.01|0.04
0
4 | 120 | 22000 |50 | 900 |80 (80 |0.005| 4 |60 |1.2|0.00|0.05
8
5 1100 | 20000 |40 | 600 |[100 {45 |0.006| 5 |70 |1.3]0.00]|0.01
9
6 (80 | 23000 |30 | 700 110 {60 |0.007| 6 {80 |0.7]0.00]0.02
6
7 |60 |25000 |55 |1100 [120 |75 |0.008| 7 |90 |0.6|0.00]|0.03
4
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8 |40 | 27000 |65 | 550 |90 |30 |0.002| 8 |100 |1.5|0.00|0.04
3

9 |20 | 29000 |85 | 750 |130 |45 |0.004| 9 |110 [1.8|0.000.05
S

Cooepirrcanue npomokoaa

B nportokone npeacTaBuTh CTpyKTYpHYIO cxeMy ucciaenyemoit CAY ¢ ucxoaHemMu
JaHHBIMM, KOTIHIO HHTEp(elica MPU MOIETUPOBAHUH, TAOIUIIbI
HKCIIEPUMEHTATBHBIX JAaHHBIX, IPa)UKH COOTBETCTBYIOLUIUX 3aBUCUMOCTEH.
BriBOIBL.

IIpakTuyeckas padora Ne8
HccaenoBanue BIUSHUA acTAaTH3MA HA KauecTBO CAY

Ilenv pabomwi: [lpuobpemenue npaxmuueckux HABLIKOE IKCNEPUMEHMANbHO20
onpeoenenus napamempog IIH-pezyniamopa.

Teopemuueckasa uacmao

Uccnenyrorcss nse CAY: ucxomHas cucremMa € acTaTU3MOM NIE€PBOrO MOPsJIKa,
npeobpazoBanHas (¢ IIM-perynsitopoM) — cuctemMa C acTaTU3MOM BTOPOTO
nopsiika. M3BecTHO, YTO ISl OLEHKM TOYHOCTH ACTATHYECKHUX CHCTEM BTOPOIO
NOpSIIKA UCIOJNB3YETCS  YIPaBISIOIIEE BO3JCHCTBUE B BHJIE CHTHaJAa C
MOCTOSIHHBIM ycKopeHueM. [lpu Takom pexume paboThl acTaTUdeckass cUCTeMa
BTOPOTO TMOpsIKA MMEET OIIMOKY, MO BEIWYMHE KOTOPOM MOXKHO MPOBOAUTH
onleHky kauectBa CAY u mpoliecca peryiupoBaHUs. Y CTaHOBUBIIAACS OIIMOKa
actatuueckoit CAY mepBoro mopsiika B 3TOM ciy4yae OyHeT CTPEMHUTbCS K
OECKOHEUYHOCTH.

Ilpakmuueckan yacmso

Ha pwuc.8.1 mpencraBimen wuHTepdeiic NpUKIATHONW IPOrpaMMBI, C ITOMOIIBIO
KOTOpPOW  BBINOJHAIOTCA  JKCIEPUMEHTAJIbHbIE HccienoBanus. [Iporpamma
«II_perynstop» HaXoauTCs Ha AucKe. MHCTpYKIUU M TOSICHEHUS IS pabOTHI C
MIPOrPAMMOU COJIEPIKATCS B CAMOM IPOrpaMME U MOSABJISIOTCS Ha 9KPaHE MOHUTOPA
npu HakaTtuu KHomku Help.

Ilocne aktuBM3auuu npukiIagHoit mnporpammbel «CAY c¢ IIU-peryastopomy»,
KOTOpasi HaXOJUTCS Ha JUCKE, Ha TJaBHOM HHTepdelrce 3amaloTcs HCXOIHBIC
JTAHHBIE B COOTBETCTBHUM C BapUAHTOM (CMOTpPH TaOIuILy 8.2).

IIpn uccnenoBanuy BAUSHUSA NOCTOSSHHOW BpemeHu [IM-perynstopa Ha KadecTBO
pPEryJIMPOBaHMUSl  YCTAHOBUTH CTAaTUYECKUM PEXKUM U TNPOBECTH  CEPHUIO
OKCIIEPUMEHTOB Ui OLEHKM KOMIUIEKCHOIO KpuTepuss A KadecTBa, B
cootBeTcTBUH € opmynon (5.2). N3mepeHue >SKCEpUMEHTAIBHBIX JaHHBIX,
HEOOXOJUMBIX JJISI PAcyeTOB, MPOBOJUTCA MO ocumuiorpammam. llpu stom s
HWCXOAHOW CUCTEMbI KOMIUIEKCHBIM KPUTEPUNA A PACCUUTHIBAECTCSA OJUH pa3, a AJIs
CAY ¢ IIU-perynstopoM — Jid BCEro BBIOPAHHOTO JHMAaNa3oHa HW3MEHEHUS
MOCTOSSHHOW BpeMeHu [, Jlmama3oH W3MEHEHHS TOCTOSHHOW T, BpEeMEHH
ompeaensiercss OT 3HaueHus, npu KotopoM CAY CTaHOBUTCA HEYCTOMYMBOU, B
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CTOPOHY YBEIMYCHHs. OKCIICPUMEHTAJIbHBIC JaHHBIC 3alUCHIBAIOT B TaOJIHILY,
MpUMEpP KOTOPOU MPEACTABICH HIKE.
Tabnuya 8.1. DxcnepumenmanvHvle U pacuemmuvle OaHHbLE

Cratnueckuid pexum JIBrK. v IIOCT
YCKOPEHHEM

Ne | T Otmaxs ty, A oa, epao
2pao

1 108 76,28 2,61 3,32 8,3

2 10,7 77,63 2,34 | 3,03 8,1

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

4 105 81,80 1,72 2,34 6,1

5 |04 8530 1,40 1,99 5,2

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

/7 |02 100,40 2,05 3,43 2,6

8 |01 123,50 30,0 61,75 2,2

9 10,05 |Cucrema HeycroitunBa

3aTreM BBIOMpAETCS 3aKOH JIBUKEHHUs C MOCTOSHHBIM yckopeHueM (2 pan/c?). Ha
puc.8.1 Ha nzoOpaxenuu ocrusuiorpados JuHUEH 1 0003HAYEH 3aKOH JBHXKCHHUS,
KOTOpBIA 3amaercs, a JuHued 2 — (DaKTUYECKHl 3aKOH JIBIDKCHHS,
BOCITPOM3BOIUMBINA PaOOYUM OpPTaHOM.

m HccaenoBaiqe BAWAHKA AcTaTH3Ma Ha kavecteo CAY [_ O] =]
Cucrema c MNl-perynaropom
Hcxoanan cHeTema Cucrema c MH-perynaropom

Wcxoanbie napamerps
Yeunmene-npeotpasosar.

K3 qpepliHeHT i

NEPELaqM

Noctosnbaa — [o,03

EDEMEHH, ©

Jevrarent

Keappuument [

NEepeqaq -

MNocTosHHas (0,05

HYEPEMEHH, &

MH-perynaTop
Mocrosmmas  [pg
BPENEH, C -
3aKoHB ABHXEHHA
= " cTaTMueckMil peskiam = Deyunnorpads
l:u,mmorpad) (‘ NOCTOAHAAA CKOPOCTE cunnnorpadl
% NOCTOAHHOE YCKOPEHKE
3anaHHoE YoKOPEHHE
2 pan/c2

Mpouscc | E

Reset | Hron a0 I

Bpena, ©
Epetia, © Help | Exit | Epems, © pEg,

Puc.8.1. Hccneoosanue enuanua nocmoannou epemenu IIH-pezynamopa
Ha mounocmo CAY

[Ipy BBINOJIHEHUH SKCIIEPUMEHTOB OINPEAENSETCS 3aBUCUMOCTh YCTAHOBUBILIEUCS
omunOku dvepe3 | ¢ mocie Hadanma MEPEXOAHOr0 MpOoIlecca OT IMOCTOSTHHOU T,
Bpemenun [I-perymaropa. PekomeHnyercs HayuMHATH  DKCIEPUMEHTBHI €
MAaKCHUMaJbHOW BEJIWYMHBI MOCTOSHHOM BpemeHu I[IM-perymsaropa, a 3arem
MOCTENEHHO, COIJIAaCHO BbIOpaHHOMY mmary (cM. Ta0mn.6.1), ymeHblIaTh €€ 110
BEJIMYMHBI, TP KOTOPOM CUCTEMA TEPSIET YCTOMYNBOCTb.
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Ha puc.8.1, a mnpexncraBieH wuHTEpPENC NPUKIATHON MPOrpaMMbl IpPH
MOJICJIMPOBAHUM HMCXOAHOW cucteMmbl (cieBa) u cucreMbl ¢ [IM-perynstopom,
KOTOpBIM HMeeT MNOoCcTOsiHHYI0 BpeMeHu 0,7 c¢. Omubka HCXOIHOW CHUCTEMBI,
KOTOpasi ycTaHOBHMJach uepe3 1 ¢, pasusgerca 13,4% a ommbka cucremsr ¢ I1H-
perynstopom — 8,1°. KpoMe Toro, MoenpoBaHue No3BONSET YOEAUTLCS, UTO IS
MCXOJHOM CHCTEMBbI OIHMOKA C TEYEHUEM BPEMEHH YBEIMYMBAETCS, TO €CTh TaKas
CAY wne cnocobOHa paboTaTh B 3aJaHHOM pexume padbotel. [IpeoOpazoBanHas
CAY Oyner moanep>KvuBaTh TMOCTOSIHHOE 3HAUYEHUE YCTAaHOBUBIIEHUCS OIIMOKH.
I'paduixku sKCTIEpUMEHTANBHBIX 3aBUCUMOCTEH OIIMOKH, KOTOpas YyCTaHOBHJIACH
yepe3 1c, U KOMIUIEKCHOTO Kputepusi kayectBa A oT T,, MOCTPOEHHBIE IO
U3JI0)KEHHOM METOAMKE, MpeICTaBlIeHbl Ha puc.8.2. Tam ke, I CpaBHEHWS,
OpsIMOM TMHUEH, MapajuieIbHON OcH a0CUUCC, OKa3aHO 3HAaYE€HUE KOMIUIEKCHOTO
KPUTEPHUS 1151 UCXOHOM CUCTEMBI.

oa, epao A
\ A
8 =T "
\S oo
A\ \1/ L~ 3
=" ]

L

O 00501 02 03 04 05 06 07 Tuc

Puc.8.2. 3asucumocmov ycmanosuguieiica outuoxku (uepes Ic) u kpumepusa A
om nocmoannou epemenu ITH-pecynamopa

YMeHblIeHue nocTOssHHOM BpeMeHu [IM-perynstopa IMOJ0XKUTEIBHO BIMSET HA
TOYHOCTh CHCTEMBbI, HO IOCJIE HEKOTOPOM BEJIWYHUHBI MOCTOSIHHOW Bpemenu I1M-
pEryisiTopa CucTeMa TepsieT YCTOWYMBOCTh, TO €CTh CTAHOBUTCS HE CIOCOOHOMN K
dbyHKIIMOHUpOBaHMIO. TakoW ciy4ail 3adukcupoBaH Ha puc.8.1, 0, korga
nmocTostHHas Bpemenu T, < 0,/c.

3aoanue

B cootBeTcTBUU ¢ BapraHTOM (Tabi1.8.2) TpoOBECTH CIAEAYIOMINE UCCIEIOBAHNS.

1. YCTaHOBUTH 3KCIEPUMEHTAILHO MUHUMAJIBHOE 3HAYCHUE TTOCTOSTHHON BPEMEHHU
[T1-perynsaropa, nmpu kotopoit CAY TepsieT ycTonunBoCcTh. OnpeenuTh Juana3oH
M IIar W3MEHEHHs IIOCTOSHHOHM BpPEeMEHM [, ¥ TOJATOTOBHTH TaOIUIY
AKCIIEPUMEHTAJbHBIX U PACUETHBIX TaHHBIX.

2. IIpoBecTH 3KCNIEPUMEHTHI MPU CTATUYECKOM peKHUME pabOThl U PACCUUTATH
KOMIUIEKCHBIN Kputepuid kadectBa CAY c¢ [ -perynsitopom.

3. YOenutbcs B ycTpaHeHUU ckopocTHOM omnoku qist CAY ¢ [N -perynsatopom.
4. TlpoBecTH HSKCIEPUMEHTHI MPU JBUKEHUM C TMOCTOSHHBIM YCKOPEHHEM U
OMPENIeIUTh TOYHOCTh PETYIUPOBAHUSI.
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5. OOpaboTaTh pe3yabTaThl SKCIEPUMEHTANBHBIX HCCICIOBAHUI U TOCTPOUTH
COOTBETCTBYIOLIUE I'PaUKH.
Tabnuya 8.2. Ucxoouwvie oannvie

IlepBas | Ycunurens- Bropas | /IBurarens
mudpa | npeobpazoBaTelb nudpa

Kyn Ty Ko, To,

pao/cB

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

Cooepircanue npomokona

B mpotokonie mpencraBuTh CTpyKTypHbIe cxeMbl HUcXxonHOW CAY U CUCTEMBI C
[IN-perynsTopoM, HMCXOIHBIE JaHHbIE, KOMHIO HHTepdeiica sl KaKoro-imodo
pexkuma paboThl, TAOIHIYy SKCIEPUMEHTAIBHBIX U PACUETHBIX AaHHBIX; Tpaduku
HKCIIEPUMEHTATBHBIX 3aBUCUMOCTEH. BBIBOIBI.

KpuTtepun oueHku:
- OIICHKA «3a4YTCHO» BBICTABISICTCS CTYJCHTY, €CJIM IPAaBHIBHO O()OPMIICHBI
OTYETHBIE TaOJIUIIBL.
- OIICHKA «HE 3aYTCHO» BBICTABIISACTCS CTYJICHTY, €CIIU HEIPAaBHIBHO O()OPMIICHBI
OTYETHBIE TAOIUILIBI.

IIpuMepHbIi NepeYyeHb TeCTOBbIX 3a1AHUM

1. U3 kakux 610k0B coctoutr CAY?
- 00BEKTa YIIPaBICHHS U PETYISITOpA
- MPYBO/IA TTOJa4 ¥ TICPBUIHBIX MpeoOpa3oBareei
- 3aJ]aTYMKA YIIPABJICHHS M CPABHUBAIOIIETO AJIEMEHTA
- MPYUBO/IA TJIABHOTO JIBHYKCHUS U KOPOOKHM mepenad

2. UTo NOHMMAIOT MO/ YHPABISIEMBIM 00BEKTOM?
- POLECC PE3aHUS WU IPUBOAHBIE MEXAHU3MBI
- IepeJIHI0I0 0a0Ky CTaHKa
- 33J]HIOI0 0a0Ky CTaHKa
- CTAHMHY CTaHKa
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3. Kakue BHenIHUE CUIIBI (BO3MYIIIEHHUS ) MEIIAIOT JOCTHXKEHUIO YIIPABIISIEMOM
neau?

- HaMpsDKEHUE MTUTAHUSI DJIEKTPOJIBUTATEIIS M BHEITHSISI CHJIA COTIPOTUBIICHUS

- pacxoJl Macyia ¥ TeXHOJOTUYecKasi Harpy3ka B THAPABIMUYECKUX ITUITUHIpAX

- KoJieOaHus1, iepeiaBaeMble uepe3 PyHIaMEeHT OT PSJIOM CTOSIIIUX CTAaHKOB

- TeMIepaTypa moMenieHus

4. Kakue OCHOBHBIE TPUHLUIIBI YIIPABICHUS?
- 110 BO3MYILIEHUIO U 10 MOIPEIIHOCTH
- 110 nepeiaye nHGoOpMaIIH
- 110 YIPABIEHUIO MOMEHTOM
- 110 YIIPABJICHUIO CUJIAMU PE3aHUs

5. Kakoli npuHIMN 3aJ7105KE€H B 3AMKHYTOM CUCTEME YIIPaBICHUS ?
- IPUHIUI OOpPaTHOM CBSI3U
- IPUHLIMI BHEIIHETO BO3ECUCTBUS
- IPUHLIAN OTKJIOHEHUH OT 3aJJaHHBIX 3HaYCHUI
- IPUHIUI OBICTPOTO pearupoOBAHUS

6.YUemy paBHa cTaTHYeCKas MOTPEIIHOCTD B actatndeckux CAY npu
HOCTOSIHHOM BXxoAHoM curHane: X(t) = X,u W(0) »> «?

- 5yCT :0
- 0, =1
1
- 5yCT =
X0
- =00,
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301. Kakomy 3B€HY COOTBETCTBYET MAaTEMATHYECKOE OMMCAHUE COCTUHEHUS
30JI0THUKA C TUJPABIMYECKUM IIMIIUHIpOM? CTPYKTYpHasi CXeMa COeIMHEHUs
npejcTaBicHa Ha cxeme. Mcnonb3yembie 0003HaYeHus: K; — koadummeHT
3aBUCUMOCTH Pacxo/ia MOTOKa Maciia OT OTKPBITUS 1IeJiel 3010THUKa F —
TUIONIA/Ib MOPIIHS TUAPABIMYECKOTO WINHpa 75 — MOCTOSIHHAs BpEMEHU
30JI0THHUKA.

x k ol 1 y

3 =

Ts+1 Fs

- pealbHOMY UHTETPHUPYIOIIEMY 3BEHY
- tuddhepeHIHpyIoIIeMy 3BEHY

- UHEPIIMOHHOMY 3BEHY

- KoJ1e0aTeIbHOMY 3BEHY.

302. Kakas cTpyKTypHasi cxema THAPOIIPHUBOJIA C )KECTKON 00paTHOM CBS3bIO
OyZeT COOTBETCTBOBATH €r0 MPUHIIUITHATBHON cXeMe, TPUBEICHHON Ha
pUCYHKE?
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303. Kakasi cTpyKTypHasi cxema THAPOIPUBOJIa ¢ THOKOM 00paTHOM CBA3BIO
OyJeT COOTBETCTBOBAThH €r0 MPUHIUMITUATBHON cXeMe, TPUBEJICHHON Ha
pucyHke?
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IIpouenypa ouneHuBanus
YCTHBIN ONPOC W/HIN KOMITBIOTEPHOE TECTUPOBAHUE MO SK3aMEHAIIHOHHOMY
owety (0aHKY TECTOBBIX 3aJIaHH)

Kpurtepuu ouenku:

- OIIEHKa «OTJIMYHO» BBICTABIACTCSA CTYACHTY, €CIM OH Jaj TOJHBIE W
MCYEPIBIBAIOIINE OTBETHI HA BOIIPOCHI OMIIeTa;

- OIIEHKa «XOPOIIO» BBICTABISACTCS CTYACHTY, €CIM OH TpU OTBETE Ha
BOIIPOCHI OujieTa pa3o0paicsi B CyTH BOIIPOCOB, HO €r0 OTBET ObLIT HE MOJTHBIM;

- OLIEHKa «yJIOBJIETBOPHUTEIHHOY» BBICTABISCTCS CTYACHTY, €CIIHM OH B IEJIOM
OPUEHTHPYETCS B TEMATHKE BOIIPOCOB, HO €r0 OTBETH OBUIM HEYBEPEHHBIMU U HE
MOJTHBIMU, TIPY ATOM CTYICHT HE YeTKO OTBEYaJ Ha JOTOJTHUTEIHHBIE BOTIPOCHI;

- OIIEHKAa «HEYIOBIETBOPUTEIIHHO» BBICTABISIETCS CTYACHTY, €CJIA OH HE CMOT
OTBETUTH HA BOMPOCHI OWJIETa, a TaK )K€ HE OTBETWJI HM HA OJUH JOTMOIHUTEIbHBIN
BOIIPOC.

10. O6pa3oBaTebHbIC TEXHOJIOTHH W METOAUYECKHE YKA3aHUS 110 OCBOCHHUIO
AUCHMILVIAHBI (Y4e0HOT0 Kypca)

OcHoBHOU 00pa3oBaTeIbHON TEXHOJOTUEH NPU HM3YYCHUHM AUCIUILUIUHBI
ABJISIETCS] IPUMEHEHHUE TEXHOJIOTUU TPAJUIIMOHHOTO 00yUYEeHHUS.

Ha 06aze, mnomyuyeHHBIX Ha JIEKIMSIX TEOPETUUYECKUX 3HAHWUW, IpH
NPOBEACHUN MPAKTUYECKUX 3aHATUN BBIABISIIOTCS U MIPUMEHSIOTCS HEOOXOAUMBIE
CBA3U MEXKAY TEOPETHYECKMMH 3HAHUAMHM U KOHKPETHBIMU  HAaBBIKAMMU
IIPUMEHEHHMS 3TUX 3HAHUU Ha IIPAKTHUKE.

MeToaudeckue PEKOMECHIANHUH 110 H3YYCHUIO NTUCIHTUILJIUHBI

Teopusi ABTOMATHYECKOI'0 YIIPABJICHHUS

Mopynsb 1 OCHOBHbIE MTOHATHS TEOPUH ABTOMATUYECKOTO yIPaBICHUS

Mogyns 1 [IpakTueckoe 3anstue 1

perynsTopa CKOPOCTH Ha MPOLIECC PETYIUPOBAHUS.

HccnenoBanue BIUSHUA MapaMETPOB  IEHTPOOEKHOTO

Mogyns 1 [IpakTueckoe 3ansTue 2

BXOJHOI'O M BBIXOJHOI'O CUT'HAJIa BO BPDCMCHH.

OnpeneneHue YacTOTHBIX XapaKTEPUCTUK IO aHAIU3Y

Monynb 2 KauecTBeHHBIM ¥ KOJHMYECTBEHHBIM AaHAJIN3 CHCTEM
ABTOMATHUYECKOI0 YNPABJICHHUS.

Monayns 2 [IpakTrueckoe 3ansatue 3
UccnenoBanue ycroduuBoctu CAY 1o  KpuTepuio
['ypBuna.

Monayns 2 [IpakTueckoe 3ansitue 4

FapMOHHUYECKOMY 3aKOHY.

UccnenoBanne tounoctn CAY B pexume NBUKECHUS IO
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Monyns 2 [IpakTruyeckoe 3aHsITHE D
OmnpeneneHue  XapakTEpUCTHK  BJIEKTPOMEXaHMUYECKOTO

PUBOJIA.
Monyns 2 [Ipaktuueckoe 3anstue 6
OmnpeneneHne  XapakTEPUCTUK  THAPOMEXaHUYECKOTO
IPUBOJIA.
Monyns 3 CuHHTE3 ¥ aHAJIN3 CUCTEM aBTOMATHYECKOTO YIIPABICHHUS.
Mopyns 3 [IpakTrueckoe 3ausaTue 7

Onpenenenue xapakrepuctuk CAY mpomosibHON momadeit
IPU TOUYCHUH.

Monayns 3 [TpakTyeckoe 3ansitue 8
NccnenoBanne actatu3ma Ha kadectBo CAY.

Monyas 1

Tema. OCHOBHBIE TOHATHS TEOPUU ABTOMATUYECKOTO YIIPABIICHUS.

Ileab W 321a4M U3VYEHUS.

deabp —  modaydYeHUE  TEOPETUUECKUMX  3HAHUM MO  OCHOBHBIM
OCHOBOIIOJIAralOIIMM TOHATHSIM B TEOPUM aBTOMATHUYECKOTO  yIpPaBJICHUS
TE€XHOJIOTUYECKHMU TTPOLIECCAMH.

3apaum:

1. O3HaKOMUTBCSI C OCHOBHBIMHU TEPMHUHAMH W OIPEIECICHUSIMH TEOPUU
aBTOMAaTUYECKOT0 yIPABICHUS.

2. IlomyyeHne  TOpaKTHYECKUX  HABBIKOB  IMOCTPOEHUS  YAaCTOTHBIX
XapaKTepUCTUK Ha MpuMepe paboThl PETryIsiTOpa CKOPOCTH.

HN3yuynB 1aHHBIA MOYJIb, CTYACHT J0JI2KEH:

UMeTh TpeACTABIeHUe O BO3MOKHOM BUPTYaJTbHOM MOJETHUPOBAHUU PAOOTHI
TEXHUYECKOTO YCTPOWCTBA W TOJIyY€HHE HEOOXOAUMBIX €ro XapaKTepUCTHUK s
HanOoJiee ONTUMATBHOTO MPOSKTUPOBAHUSI.

3HATh METOJIbl U CPEJICTBA T'€OMETPUUYECKOr0 MOJIEIUPOBAHUSA TEXHUUYECKUX
00BEKTOB; METOJIOJIOTHUYECKUE OCHOBBI (DYHKITMOHHPOBAHUS, MOJEIUPOBAHUSA U
CUHTE3a CHCTEM aBTOMATUYECKOTO YIPaBIIECHHs; OCHOBHbIE MeTOAbI aHanu3a CAY
BO BPEMEHHOM U YaCTOTHOM 00J1acTAX, crmocoObl cuHTe3a CAY.

yMeTb CTPOUTh MAaTeMAaTHUYECKHE MOJENN OOBEKTOB YMPABICHUS M CUCTEM
aBTOMAaTHYECKOTrO  ympaBieHus; npoBoauTh aHamu3 CAY, olueHuBarb
CTaTUCTUYECKUE W JUHAMUYECKUE XApPAaKTEPUCTHUKHU; BBINOJHATh AHAJIN3
TEXHOJIOTHYECKUX TPOIECCOB KaK 0OBEKTOB aBTOMATHU3AINH U YITPABICHHUS.

BJa/leTh HaBbIKaMU OQOPMIICHUS TPOCKTHOW W  KOHCTPYKTOPCKOH
JOKYMEHTalMU B cOOTBEeTCTBUU ¢ TpeboBanusimu ECK/I; HaBbIKaMy TPUMEHEHHS
3JIEMEHTOB aHAJIN3Aa 3TANOB KU3HEHHOTO LIMKJIA MPOIYKIMHU U YIIPABICHUS UMH.

Ilpu oceoenuu memot Heo6x00umo:
® HU3YYUTh yU4eOHBbIIl MaTepuaJ.
¢ BbINOJHUTH IPAKTHYECKHE 3aJaHUS 110 TeMe.
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MonyJus 2.
Tema. KaueCcTBEHHBIN U KOJUYECTBEHHBINM aHAIN3 CUCTEM aBTOMATHYECKOTO

YIIPaBJICHUA.

Iesap ¥ 3a1a4M U3YYEeHUS.

Heap — O3HakOMIICHME U OBJIAJACHUE METOAUKAMH KAuyE€CTBEHHOM U
KOJINYECTBEHHOM OLIEHKM CUCTEM aBTOMAaTUYECKOI'0 yIIPaBIICHUS.

3agauu:

1. N3ydyeHue pa3nuuHbIX MOAXOJOB M METOAUK pacyeTa KaueCTBEHHOW M
KOJINU€CTBEHHOU o1leHKn CAY.

2. llonydyeHue mnOpakTHYECKUX HABBIKOB C TOMOIIBIO  BBIOJIHEHHUS
MPAKTUYECKUX 3aIaHUI [T 3aKPEIJICHUS] U3YUYEHHOTO MaTepuaa.

N3y4yuB faHHBIA MO1YJIb, CTYIEHT JO0JIKEH:

HMeTh MpecTaBJIeHHe O BO3MOXHBIX CIIOCO0aX pacuyeTa KOJUUYECTBEHHOUN U
KaduecTBeHHOU onleHKku CAY.

3HATh TCHJICHIIMU Pa3BUTHs KOMITBIOTEPHOU rpaduku, ee pojiab U 3HAaYCHUE B
WH)KCHEPHBIX CHUCTEMaxX U MPUKIAJHBIX MPOrpaMmax; THUIIOBbIE MAKEThI
NPUKIAJAHBIX MpPOrpaMM aHalnu3a JUHAMHYECKUX CHUCTEM; KHUHEMAaTHYECKYIO
CTPYKTYPY U KOMIIOHOBKY CTaHKOB, CUCTEMBbI YIIPABJICHUS UMH.

yMeTh pPAacCUUTHIBATh OCHOBHBIE KaueCTBeHHble mokazarenmu CAY,
BBITIOJIHSITh: aHAJIM3 €€ YCTOWYMBOCTH, CHHTE3 pEryjsTopa; pa3padaThIBaTh
AJTOPUTMBI  LEHTPAIM30BAHHOIO  KOHTPOJISI  KOOPAMHAT TEXHOJOTMYECKOTO
00BEKTa; COCTaBISATh CTPYKTYPHBIE CXEMbI, MX MaTeMaTHUYECKHE MOJENH Kak
OOBEKTOB  yNpaBIICHUS; HCIOJIb30BaThb OCHOBHBIE  METOJIBI  MOCTPOCHHS
MaTeMaTUYECKUX MOJEJIEH MPOLECCOB, CHUCTEM, HUX DJJIEMEHTOB U CHUCTEM
yIIPaBJICHUS.

BJIaJleTh: HAaBBIKAMHM IIOCTPOCHHUSI CHUCTEM aBTOMATHYECKOIO YIIPABIICHUSA
CACTEMaMM M TPOLECCAMM; HABBIKAMM HalaJKd, HACTPOUKH, PETrYIUPOBKH,
00CTTy>KUBaHMS TEXHUYECKUX CPEJICTB U CUCTEM YIPABIICHUS .

Ilpu oceoenuu memot HeOOXO0UMO:
® WU3Yy4YUTh yUeOHBIH MaTepuaJ;
¢ BbINOJHUTH NPAKTHYECKHE 3aJaHUS 110 TeMe.

MonyJus 3.
Tema. CuHTE3 ¥ aHAJIU3 CUCTEM aBTOMATUYECKOI'O yIpPaBICHHUS.

Iesapb 1 3a1a4M U3yYeHUSI.

Ieap — M3yueHne u 0CBOEHHE BO3MOKHOCTH MPOBEACHUSI CUHTE3a U aHAJIN3a
CUCTEM aBTOMATHYECKOTO YIPABIICHHUS.

3anaum:

1. U3yunTth METOIUKY MpOBeAeHUS cuHTe3a 1 aHanuza CAY.

2. IllonyueHwe NPAKTUYECKUX HABBIKOB C IOMOUIBIO BUPTYaJIbHOTO
AKCIIEpPUMEHTA NMPOBOJUTH CUHTE3 U aHanu3 CAY.

N3yunB naHHBIH MOAYJb, CTYAEHT H0JIKEH:

HMeTh MpeacTaBJIeHHe O TaKUX KIIOYEBBIX MOHSATUAX B TEOPUH YIPABICHUS
Kak cuHTe3 U aHam3 CAY.
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3HAThb O6I]_II/IG Tp€6OBaHI/ISI K ABTOMATHU3UPOBAHHBIM CUCTCMaM
IMPOCKTHUPOBAHUA; OCHOBBI TCXHOJOIMYCCKOI'0O pCryjimpoBaHusda; CpPCACTBa IJIA

KOHTPOJISI,  WCHBITAHWW,  JWAarHOCTHKA M aJanTUBHOTO  YIPaBJICHUS
000py1I0BaHHUEM.

yMeThb pPAaCCUHUTHIBATH OJHOKOHTYPHBIE W MHOTOKOHTYPHBIE CHCTEMBI
ABTOMATHUYECKOTO  PETYJIUPOBAHHMS  MPUMEHUTEIBHO K  KOHKPETHOMY

TEXHOJIOTUYECKOMY OOBEKTYy; paboTaTh ¢ KaKUM-IUOO W3 OCHOBHBIX THUIIOB
MpOrpaMMHBIX ~ CHCTEM,  MpeJHAa3HAYCHHBIX  JJISI  MaTeMaTH4eCKOro |
UMUTaIMOHHOr0 MozenupoBanus Mathcad, Matlab.

BJIQ/IeTh. HABBIKAMU aHAlU3a TEXHOJOTMYECKUX IMPOIECCOB Kak OO0BEeKTa
yhOpaBjieHUuss U BbIOOpa (YHKIIMOHAIBHBIX CXEM WX aBTOMATHU3allMM;, HaBbIKAMHU
oopMIICHUS PE3YJILTATOB UCCIEOBAHUNM U TPUHSITHUS PEIICHUM.

Ilpu oceoenuu memot HeOOXO0UMO:
® W3YyYUTh YUeOHBIH MaTepua;
¢ BBINOJHUTH MPAKTHYECKHE PAOOTHI.
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11. VYuyeOHO-MeTOAMYECKOE U

JAUCUUILUTUHBI (Y4e0HOr0 Kypca)

11.1. O0s3aTesibHAsA JIUTEPATYpa

HH(pOpMaALIMOHHOE

o0ecrieuenue

o/

bubnuorpaduyeckoe onucanue

Tun (yueOHUK,
yueOHoe nocobue,
y4eOHO-METOUYECKOE
nocodue, NpakTUKYM,
ayauno-, BUIEO-
nocoOust u Ap.)

KomnnuecTBO
B
OudInoTEKE

ABTOMaTHYECKOEC yTpaBlieHue
rporeccamu MEXaHUYECKOU
00paboTku [DNEKTPOHHBIN pecypc] :
yueOnuk / C. M. bparan [u np.]. -
Mocksa By3oBckuit  yueOHUK
NH®PA-M, 2017. - 228 ¢. - ISBN
978-5-9558-0514-6.

y4eOHUK

9bC
"ZNANIUM.
COM"

Eropos A. WM. BBeaenue B Teopuro
yIpaBlIeHUS CUCTEMaMHU C
pacnpeeeHHbIMU napamMeTpaMu
[DnexkTpoHHBIN  pecypc] yueo.
nocoobue / A. W. Eropos, JI. H.
3nameHnckas. - Cankr-IletepOypr :
Jlanp, 2017. - 292 c. I, -
(YueOHuku 17151 By30B. CrienipaibHast
muteparypa). - ISBN 978-5-8114-
2554-9.

ydaeOHoe rmocobue

ObC "Jlanp"

11.2. JonoJgHHUTeJbHASI JUTEPATYpPa U ydeOHbIe MaTepuaabl (ayauo-,
BH/1€0ONIOCO0OUS U JP.)

Ne bubnmuorpaduyeckoe onucanne | Tun (yueObnuk, yueoHoe | KomnyecTBo
n/m nocobue, yueOHo- B
METOANYECKOE OnoOIHMoTEKE
nocoOue, MPakTUKYM,
ayJIno-, BUJICOMTOCOOHS
u ap.)
1 | Bepeuna JI. . KoncTpykiuu u Y4eOHoe mocooue ObC
HaJIaJKa  TOKAPHBIX  CTaHKOB "ZNANIUM.
[DmekTpoHHBIH pecypc] : yueO. comMm”

nocodue / JI. Y. Bepeuna, M. M.
Kpacnos ; mon o6ur. pen. JI. W.
Bepennoii. - Mocksa : UTHOPA-
M, 2017. - 480 c.
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e J1pyrue pOHJbIL:

Ne | bubnuorpadpuyeckoe onucanre | Tum (yueOHUK, yueOHOE Mecto
n/n nocobue, yueOHo- XpaHEeHUs
METOJIMYECcKOe rmocodue, | (METoauYecK
PaKTUKYM, ay1O0-, uii KaOuHeT
BUJIEONIOCOOUS U Ap.) Kadenapsl,
TOpOJICKHE
OuOIMOTEKH
u ap.)
COI'JTACOBAHO
HupexTop Hay4yHON OMOIUOTEKH A.M. AcaeBa
(noonucy) (U.0. @amunus)
«_» 20 T
MIT

11.3. Ilepeuennb pecypcoB HMH(OPMALMOHHO-TEJEKOMMYHUKAIMOHHOM

cetu "UnTepuer"

Web of Science [DaexkTpoHHBIH pecypc] : MYJIbTHIUCIMILIHHAPHAS
pedepartuBhas 6a3za mauueix. — Philadelphia: ClarivateAnalitics, 2016— . —
Pexxum nocryna : apps.webofknowledge.com. — 3arn. ¢ akpana. — 3. pyc.,
aHTII.

Scopus [DnekTpoHHbIi pecypc] : pedepatuBHas 0aza JaHHBIX. —
Netherlands: Elsevier, 2004— . — Pesxum mocTyma : scopus.com. — 3ari. ¢
3KpaHa. — 3. pyc., aHII.

Elibrary [DnexTpoHHBII pecypc] : Hay4dHas HJIEKTpOHHAs OMONIMOTEKa. —
Mocksa : H3b, 2000- . — Pexxum noctyma : elibrary.ru. — 3aru. ¢ skpaHa. —
3. pyc., aHrL

Springer  Link  [DnektponHslii pecypc] : [6a3a  maHHBIX]. —
Switzerland: SpringerNature, 1842— . — Pexxum goctyma : link.springer.com.
— 3aru. ¢ ’KpaHa. — 3. aHrI.

Science Direct [DneKTpoHHBIN pecypc| : KOJUICKIHS SJCKTPOHHBIX KHUT
u3natenscTBa Elsevier. — Netherlands: Elsevier, 2018— . — Pexxum nmoctyna :
sciencedirect.com. — 3ari. ¢ 3kpaHa. — SI3. aHIJL
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11.4. IlepeyeHb NPOrpaMMHOI0 odecriedeHn st

Ne HaumeHoBaHue KoanuecTBO PexBu3urtsl 1orosopa (aara,

n/n 11O JIMLICH3U I HOMeEP, CPOK JeiiCTBHA)

1 Windows 1398 Horosop Ne 690 or 19.05.2015r.,
CPOK JIeHCTBHUSA - OECCPOUHO

2 Office Standart 1398 HoroBop Ne 690 ot 19.05.2015r.,
CpOK  jaeiictBus -  O€CCpOYHO;
Horosop Ne 727 ot 20.07.2016r.,
CPOK JIeHCTBUSA - OECCPOUHO

3 Kommnac 3D 250 HoroBop Ne 652/2014 ot 07.07.2014
beccpounas

4 MathCAD 15 Axt n/m ot 21.07.09 (I'oc. Kontpakr

487 ot 28.05.09) beccpounas
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OCyLIeCTBJIeHHSI 00Pa30BaTEJIbLHOIO MPOLEcCa M0 AUCHUILINHE (MOAYJII0)

11.5. Onucanue mMaTrepuaJbHO-TEXHUYECKOM 0a3bl, HEOOXOAUMOH I

n/n

HaumenoBaHue
000py10BAaHHBIX
y4eOHBbIX
Ka0HMHETOB,
Jaboparopui,
MaCTEepPCKHUX U
Ap. 00bEKTOB
JJIS IPOBEACHUS
NPAKTUYECKUX U
J1a0OpaTOPHBIX
3aHATHI

Ilepeyenn
OCHOBHOIO
o0opynoBaHust

DakTHYEeCKHU
aJapec yueOHbIX
Ka0HUHETOB,
Jaboparopui,
MACTEPCKHUX M AP.

IL1omanb, M2

KoaunuecTBo
MOCAA0YHBIX MECT

KomrmbrorepHslii
Kinacc. YueOHas
ayIuTopust IS
IIPOBEICHUS
3aHITUU
JIEKIIHOHHOI'O
THIa.  YueOHas
aynuTopus IS
IPOBEACHUS
3aHITHU
CEMHUHAPCKOTO
THIa.  YueOHas
ayIuToOpus IS
IIPOBEACHUS
1a00paTOPHBIX
pabot. YueOHas
ayIATOpUS  JUIA
KYpPCOBOI'O
IIPOCKTUPOBAHHUS
(BBITIOJIHEHHU ST
KyPCOBBIX pabor).
VYuebOnasg
ayJIATOPHS
IPOBEACHUS
IPYIIIIOBBIX u
WHIUBHTYaTbHBIX
KOHCYJIbTaIlHi
VueOHas
ayJIATOPHS
MIPOBEACHUS
3aHITHU

JJIsA

JJIsA

[lepenocHou
MPOEKTOp,  DKpaH,
KOMIIBIOTEPHBIN
CTOI, CTOJI
MpenoaaBaTeIbCKUH,
CTYyII, JI0CKa
ayAUTOpHasi,  CTOJI
YYEHUYECKU N
nByxmecTHbIH, [1IK

445020, Camapckas
00n., . TonpsarTH,
yin. benopycckas,
16B

TTO3UIIHS
Ne9,

3 stax, (E-306)

nmo TII

52,9

15

61




n/n

HaumenoBaHue
000py10BaHHBIX
y4eOHBbIX
Ka0HMHETOB,
Jadoparopmui,
MAaCTEePCKHUX U
JAp. 00bEKTOB
JJIS IPOBEACHUS
NPaKTUYECKUX U
JIa0OpaTOPHBIX
3aHATHI

Ilepeyenn
OCHOBHOI'0
o0opynoBaHust

DaKTHYECKHIT
aJapec yueOHbIX
Ka0HUHETOB,
Jadoparopmui,
MACTEePCKHUX M JAP.

IL1omanb, M2

KoaunuecTBo
NMOCAA0YHBIX MECT

TEKYILETO
KOHTPOJIS U
IIPOMEKYTOYHOMU
aTTECTALUU.

(E306)

VuebHas
aymuTopus IS
IPOBEACHUS
3aHITUU
JIEKIIHOHHOI'O
THIa.  YueOHas
aynuTopus IS
IPOBEACHUS
3aHITUU
CEMHUHAPCKOTO
THIa.  YueOHas
ayIuTOpUs IS
KypPCOBOTO
IIPOCKTUPOBAHHUS
(BBITIOJIHEHHU ST
KYPCOBBIX pador).
VYuebOnasg
ayIATOpUS  JUIS
MPOBEICHUS
I'PYIITOBBIX u
WHIUBHTYaTbHBIX
KOHCYJIbTAIlHM.
VYuebOnasg
ayIATOpUS  JUIS
MPOBEICHUS
3aHITHU
TEKYIIETo
KOHTPOJIS U
MIPOMEKYTOUYHOU

Cron
MpenoaaBaTeIbCKUH,
CTOJIBI YYCHUUYECKHUE
JIBYXMECTHBIE
(MOHOOJIOK) , CTYy,
JIOCKa  ayJIuTOpHAs
(menoBas), kadenpa,
MPOEKTOpP,  DKpaH,
poleccop

445020, Camapckas
00s., T. TonpsarTH,
yin.  benopycckas,
16B

nosurusgs no  TII
Ne20,

3 srax, (E-309)

71,5

66

62




n/n

HaumenoBaHue
000py10BaHHBIX
y4eOHBbIX
Ka0HMHETOB,
Jaboparopui,
MAaCTEePCKHUX U
JAp. 00bEKTOB
JJIS IPOBEACHUS
NPaKTUYECKUX U
JIa0OpaTOPHBIX
3aHATHI

Ilepeyenn
OCHOBHOI'0
o0opynoBaHust

DaKTHYECKHIT
aJapec yueOHbIX
Ka0HUHETOB,
Jaboparopui,
MACTEePCKHUX M JAP.

IL1omanb, M2

KoaunuecTBo
NMOCAA0YHBIX MECT

arrecraruu.  (E-

309)

KomnreroTepHslii
KJ1acc.
Ilomemenue nis
CaMOCTOSTEIbHOU
paboTel. YueOHas
ayauToOpUs IS
MIPOBEICHUS
3aHATUN
CEMHUHApPCKOTO
Tuna.  YueOHas
ayauTopus IS
KypCOBOI'O
MIPOEKTUPOBAHUS
(BBITIOJIHEHUS
KYPCOBBIX padoT).
VYyeOnas
ayAuTOpUs
MIPOBEICHUS
rPYMIOBBIX u
WHJIUBUYaTbHBIX
KOHCYJIbTAIlHM.
VYyebOnas
ayuTOpUs
MIPOBEICHUS
3aHSITUN
TEKYIIEeTO
KOHTPOJIS u
MIPOMEKYTOUHOU

arrectauuu. (-
401)

TS

TS

Cron
YYEHUUYECKUM, CTYII,
IIK ¢ BBIXOZOM B
CETb UHTEPHET

445020 Camapckas
0071aCTh, T.
Tonpsatru,
yin.benopycckas, 14,
no3unust mo TII Ne
48,

4 srax, (I'-401)

4,8

63
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