dbenepanbHOE TOCYAAPCTBEHHOE OI0JPKETHOE 00pa30BaTEIbHOE YUPEIKICHHE
BBICILIETO 00pa30BaHUs
«TOJNBATTUHCKUI TOCYIAPCTBEHHBIN YHUBEPCUTET»

b1.B./1B.06.01

(wugp oucyuniumwvt)

PABOYASA ITPOI'PAMMA JUCHHUII/IMHBI
TEOPUSA ABTOMATHUYECKOI'O YIIPABJIEHUSA

(Haumero8aHue OUCYUNIUHDBL)

10 HAITPAaBJICHUIO ITOATOTOBKH (CHGHI/IaHBHOCTH)

15.03.05 KOHCTPYKTOPCKO-TEXHOJIOI'MYECKOE OBECITEHEHUE
MAIINHOCTPOUTEJIBHBIX ITPON3BO/ACTB

(KOO u HaumeHoBanue HanpasieHus N0020mogKu, cneyuanshocmu ¢ coomsemcmeuu ¢ I'OC BO)

I[TPOEKTNPOBAHUME TEXHOJIOI'MYECKUX ITPOLIECCOB

(nanpaeaennocms (npoguiv))
(DopMa O6y‘I€HI/IH: 3a04YHad
I'on Habopa: 2017

Pacnpenesnenne 4acoB JUCHMIJIMHBI 10 ceMeCTPaM U BHIAM 3aHATHI (10
yueOHOMY ILIaHY)

Koauuecrso 3ET 4
Yacos no PYII 144
Buabl KOHTpoOJIS Ha IK3aMeHbI 3ayernl Kypcosbie Kypcosbie K"“Tl%"“b““e
Kypcax IPOEKThI padoThI (ﬂﬂ[:,a3;;:;0ﬁ
¢opMbI 00yueHns)
4
NeNe kypca
1 2 3 4 5 6 Hroro
3ET no kypcam 4 4
Jlexkuun 8 8
JlaGopaTopHbie 4 4
IIpakTHyeckue
KonTakTHast pabora 12 12
Cam. pabora 128 128
KonTtpoan 4 4
Hroro 144 144

ToabsiTTH, 2017




Pabouas mporpamma cocraBieHa Ha ocHoBaHun ®I'OC BO u yuyeOHOro ImiaHa HampaBiICHUS
noarotoBku  (creruanbHOCTH)  15.03.05  KOHCTPYKTOPCKO-TEXHOJOTHYeckoe obecneveHue

MAaIMMUHOCTPOUTCIbHBIX ITPOU3BOJACTB
(K00 U HauMeHO8aHUe HANPAaBIeHUs: NOO20MOBKU, cneyuarbHocmu 6 coomgemcemeuu ¢ @I'OC BO)

PeuensupoBanue padoueil nporpaMMsbl AUCHHUIIIMHbBI:

@ OtcyrcTByeT

Vyebnast (pabouas) mporpamma ojo0peHa Ha 3acelaHud  Kadeapsl
@ "O60pyAOBaHHME U TEXHOJIOTHH MAIIMHOCTPOUTENIBHOTO MPOU3BOACTBA" (ITPOTOKOI

3acemanust Ne  oT «__ » 20 T1).
D Penensent
(OondrcHocmsb, yuenoe 36anue, cmenets) (noonucw) (U.0. Pamunus)
« » 20 .
Cpok aeiicTBHusi padoueii mporpaMMbl JMCUUILIMHBI 10 «___» 20 1.

HNudopmanms 006 akryaausauuu padodeid NporpaMmbl TUCHUIIJIMHBI:

[TpoToxkon 3acenanus kadeapor No OT «__» 20 r.

[TpoTokon 3acenanus kadeapor No OT «__» 20 r.

[TpoToxkon 3acenanus kadeapor No OT «__» 20 T

[Ipotokoun 3acenanus kadenpnl Ne OT «__» 20 1.
YTBEPXIAIO

3aBenyrouuii kadeapoit

«O6ODVI[OB3.HI/IC U TCXHOJOTHMH MAIITMHOCTPOUTCIBHOI'O ITPOU3BOJACTBA»
(8vinycraiowel HanpagieHue (CneyuaibHOCmy))

«_ » 20 1 H.}O. Jlornnos
(noonucy) M.0. Damunus)




AHHOTALIUA
AUCUMILNIUHBI (Y4e0HOI0 Kypca)
b1.B./IB.06.01 TEOPHUSA ABTOMATHYECKOI'O YIIPABJIEHUA

(ump 1 HaMMeHOBaHKUE TUCLIUILIMHEI (YueOHOTo Kypca))
1. Heab u 321241 U3yYeHUs1 TUCHMILIUHBI (Y4eOHOro Kypca)

lenp — ocBoeHWe OOIMX NTPUHIUIOB U CPEIACTB, HEOOXOAMMBIX IS
yIpaBi€HUS JUHAMMUYECKUMHU CHUCTEMaMM Pa3IMYyHOM (U3MYECKOM MpUpOIbI
IPUMEHUTEIBHO K MPOU3BOACTBEHHBIM U TEXHOJOTHYECKUM MTPOLECCAM.

3amaun:

1. Bydenue oOMIUX MPUHIIUIIOB U TCHICHIIUN Pa3BUTHSI CUCTEM YIIPABIICHHUS.

2. VI3ydyeHue COBPEMEHHBIX TEXHUYECKUX CPEJICTB YIIPABIICHHUS.

3. MBydeHue u ocBOEHUE METO0B Pa3pabOTKU MaTEMAaTUYECKUX MOJIeNen
OTJICJIbHBIX TOJICUCTEM U UX KOMITBIOTEPHOHN MPOrpaMMHON peaau3aiiuu

2. Mecto nucuMiuiaibl (yaedHoro kypca) B crpykrype OIIOITI BO

Jannas nucruiuinHa (yuyeOHbIN Kypc) OTHOCUTCS! K JMCIUIIMHAM 10 BBIOOPY
yueOHoro miana mo ®I'OC BO 15.03.05 «KoHCTpYKTOPCKO-TEXHOJIOTHYECKOE
oOecrieyeHnue MaIMHOCTPOUTENBHBIX TPOU3BOICTB.

Juciuiuinael, yyeOHble KYpChl, HA OCBOCHHH KOTOPBIX Oasupyercs daHHas
muciuiuinHa  (yaeOHbIli  kypc) —  Boicimas ~— martematuka,  CUCTEMbI
ABTOMATU3WPOBAHHOTO MPOEKTUPOBaHUs, OCHOBBI TEXHOJIOTMH MAaIlIMHOCTPOEHUS,
Merannopesxyiue cranku, OcHoBbl Cad.

Jucturuiiael, y4eOHbIE KYpChI, Il KOTOPBIX HEOOXOAMMBI 3HAHMS, YMEHUS,
HaBBIKU, MPUOOpETaeMble B pe3yJabTaTe M3YUYCHHs JTaHHOW NUCHUILIUHBI (Y4eOHOTO
Kypca) —  ABTOMaru3amms  TEXHOJIOTHYECKMX  TpolieccoB,  TexHosuorus
MAaITUHOCTPOCHHS.

3. Ilnmanmpyemble pe3ybTaTbl O0y4YeHHs] MO AUCHUIIMHE (Y4eOHOMY
KYpPCY), COOTHECEHHbIe ¢ IUIAHUPYEMbIMH  Ppe3yJabTAaTAMH  OCBOCHHS
o0pa3oBaTe/IbHOH NMPOrPaMMbI

dopmupyembie U Ilnannpyembie pe3yabTaThl 00y4eHHsI
KOHTPOJINpyeMble
KOMIIETEHINH

CIIOCOOHOCTH 3HaTh:
BBINIOJIHATH PA0OTHI IO | -  METOAOJOTMYECKHE  OCHOBBI  (DYHKIIMOHMPOBAHUS,
JMArHOCTHKE MOJEIMPOBAHUS M CHUHTE3a CHUCTEM aBTOMATHYECKOIO
coctossaust  guHamuku | yrpasienus (CAY);
00BEKTOB - OCHOBHbIE MeToabl aHanu3za CAY BO BpeMEHHOU H
MAaIIHHOCTPOUTEIIBHBIX | YACTOTHOM 00nacTsX, crocoObl cuHTe3a CAY;
MIPOU3BO/JICTB C | - TUIOBBIE MAKETHI MPUKIAAHBIX MPOTPAMM aHaM3a




HUCHOJIL30BAHUEM
HEOOXOIUMBIX METOIOB

JUHAMHYECKUX CUCTEM;
- KHHEMATHYECKYIO CTPYKTYPY U KOMIIOHOBKY CTAaHKOB,

U CpPEICTB  aHaju3a | CHCTEMbI YIIPABJICHUS UMH;
(IIK-12) - CPEACTBA 11 KOHTPOJISI, UCTIBITAHUM, TUATHOCTUKU U
aJJalITUBHOTO YTMPABJICHUS 000PYIOBaAHUEM.
YMeTs:
- BBITIOJIHATh aHAJIN3 TEXHOJIOTHYECKHUX MPOIECCOB KaK
00bEKTOB aBTOMATHU3AIIUK U YIIPABIICHHUS;
- COCTaBJIITh CTPYKTYPHBIE CXEMBI, UX MaTEMaTUUECKUE
MOJIENIN KaK OOBEKTOB yIPaBICHUS;
- HUCIOJB30BaTh  OCHOBHBIE  METOJBl  TMOCTPOCHUS
MaTeMaTHYEeCKUX MOJIeJIel  MPOIECCOB, CHUCTEM, HX
AJIEMEHTOB U CUCTEM YTPABJICHUS;
- pabotaTh ¢ KakuM-TMOO U3 OCHOBHBIX THWIIOB
IPOrpaMMHBIX CHCTEM, npeaHa3HAYCHHBIX IS
MaTeMaTH4YEeCKOTO U HMMHUTAIMOHHOTO MOJICIUPOBAHUS
Mathcad, Matlab.
Bnangers:
- HaBBIKAMU TIPUMEHEHMsI DJEMEHTOB aHajii3a JTaroB
YKU3HEHHOTO IUKJIa MPOYKIIMHM U YIIPABICHUS UMH,
-  HaBBIKAMU  HAJIAJIKU, HACTPOUKH, PETYJIUPOBKH,
00CIIy’)KUBaHHSI ~ TEXHMYECKHX CpPEJICTB W  CHUCTEM
yIpaBJIeHUS,
- HaBBIKaM# O(hOpMIIEHUS pe3yJIbTaTOB UCCAEIOBAHUN U
MPUHSATHS PEIISHUM.
CIIOCOOHOCTD 3HaTh:
y4acTBOBATH B | - METOJIbI M CPEJICTBA TEOMETPHUECKOTO MOISTUPOBAHUS
pa3paboTke TEXHUYECKUX 00BEKTOB;
MaTEeMaTHYECKUX U | - TSHJSHIIUHA PAa3BUTHUS KOMITBIOTEPHOU Tpaduku, ee poib U
bu3MYeCKUX MoJelNel | 3HaUueHWe B HWHXKEHEPHBIX CHCTeMaxX W IPHUKIATHBIX

MIPOIIECCOB U OOBEKTOB
MAaIIHHOCTPOUTEILHBIX
npou3sBoacTs ([1K-18)

IporpaMmax;
- 00mue TpeboBaHMs K aBTOMATHU3UPOBAaHHBIM CHCTEMAaM
MPOCKTUPOBAHUS;

- OCHOBBI TEXHOJIOTHYECKOT'O PETYIHPOBAHUSI.

VYMeTh:

- CTPOUTh MaTEeMaTHYCCKHUE MOJICIIH O0OBEKTOB YIPABICHUS
U cucteM aBTomatuyeckoro yrnpasienus (CAY);

- mpoBoauTh aHan3 CAY, olleHUBaTh CTATUCTUUYECKUE U
JTUHAMUAYECKHE XapaKTePUCTHKH;

- pacCYuThIBaTh OCHOBHBICE KA4Y€CTBEHHBIE TOKa3aTelu

CAY, BBIIONHATH: aHadU3 €€ YCTOWYMBOCTH, CHHTE3
peryJsiTopa;
- pa3pabaThiBaTb  aJITOPUTMBI  LIEHTPAIHU30BAHHOIO

KOHTPOJISI KOOPpAWHAT TCXHOJIOTHYCCKOI'O O6’beKTa;
- pacCUuTbiBaThb OJHOKOHTYPHBIC W MHOI'OKOHTYPHBIC
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CHUCTEMBI aBTOMAaTHUYECKOTO pEryJIMpOBaHUSA
IPUMEHHATEIIBHO K KOHKPETHOMY  TEXHOJIOTHYECKOMY
00BEKTY;

- HUCIIOJIB30BAaTh  OCHOBHBIE TEXHOJOTHHM NEpeAadu
uH(pOopMaIK B CpeJie JOKAIbHBIX ceTel, ceTu Internet.

Bnaners:

- HaBBIKAaMHU O(OPMIIEHUS IPOEKTHONU U KOHCTPYKTOPCKOM
JIOKYMEHTAIIMK B COOTBETCTBUM ¢ TpeOoBanusimu ECK/I;

- HaBbIKAMU TIOCTPOEHUSI CHUCTEM AaBTOMATHYECKOTO
YIPaBJICHUSI CUCTEMAMU U MPOLIECCAMU;

HaBbIKAMM aHaliM3a TEXHOJOTHMYECKUX TMPOLIECCOB Kak
00beKTa yIpaBJeHUs U BbIOOpA (PYHKIIMOHAIBHBIX CXEM UX
aBTOMAaTH3AIIMH.

TemaTuueckoe cogepkaHue IMCHUILIHHBI (Y4€0OHOT0 Kypca)

Pa3ned,

IMoapasaena, Tema
MOYJIb APAAET,

OCHOBHBIE TIOHSTUS U OIIpCACIICHUA. CYHIHOCTL
HpO6JI€MBI ABTOMATHUYCCKOI'O YIIpAaBJICHHA

OcHoBuble ycTpoiictBa CAP u ux kimaccudukaius 1o
Ha3HaueHuto.  Krnaccudukamuss ~ aBTOMaTHYECKOTO
yIpaBIICHUS. MatemaTuueckas MOJIeTh
HEHTPOOEKHOTO PETYISATOPAa CKOPOCTH JIBUTATEIS

HccnenoBanre BIUSHMS TapaMeTPOB IIEHTPOOESIKHOTO
pErynsTopa CKOPOCTH Ha MPOILECC PETYIUPOBAHUA.

OCHOBHBIE TIOHATHUS TCOPUM | XaPAKTEPUCTUKU MEPEXOIHOrO Ipouecca. YacrtoTHbie
ABTOMAaTUYECKOTO XapaKTEPUCTUKHU.

YIIPABJICHUS. Marematnueckue MOJIEJIN. JInneapuzanus
MaTeMaTHIeCKuX Mozeneil. [lepegaTounsie GyHKITUH.

Ornpenenenue 4aCTOTHBIX XapaKTEPUCTUK MO aHATU3Y
BXOJHOT'O U BBIXOJIHOTO CUTHAJIA BO BPEMEHU

TunoBble 3BEHbS MEPEIATOUYHBIX ()YHKITHA.

DKCTIEPUMEHTAILHOE UCCIIEIOBAHNE XapAKTEPUCTUK TIO
durypam Jluccaxy.

Onpenenenue MEPEXOTHON YaCTOTHOM
XapaKTEPUCTHUKH.

OyHKIIMOHAJIBHBIE U CTPYKTYpHBIE cXeMbl. [IpaBuia

KauecTBeHHBIN u
npeoOpa3oBaHus CTPYKTYPHBIX CXEM.

KOJIMYECTBCHHBIN aHaJIn3

UccnenoBanne ycrtounBoctt CAY 10 KpUTEPHIO
CUCTEM  aBTOMATHUYECKOTO

['ypBuna.

YIIpaBIICHUS

[IpaBuiia nmpeoOpa3zoBaHUsi CTPYKTYPHBIX CXEM.




[locTpoenue rogorpaga cucteMbl U JOrapupMUIECKON
YaCTOTHOU XapaKTEPUCTUKHU.

MaremaTtnueckass OL€EHKA YCTOMYMBOCTH. 3agauu
YCTOMYHMBOCTH. 3anac yCTOMYNBOCTH

HccnenoBanne Tounoctu CAY B pexuMe IBUKEHUS 110
rapMOHUYECKOMY 3aKOHY.

Omnpenenenne XapakKTEPUCTUK 3JIEKTPOMEXAHUUYECKOTO
npuBoOAa.

OnpeneneHne XapakTEPUCTUK T'HAPOMEXaHUYECKOIO
pUBO/JIA.

CuHTE3 M aHAIIN3 CUCTEM
aBTOMAaTHYECKOT 0
yIpaBIEHUS.

Komnnekcuas OLCHKa Ka4yceCTBa CUCTCEM U 00BEKTOB
ABTOMATHYCCKOI'O YIIPABJICHU.

Onpenenenue  xapakrepuctuk CAY  npoaonbHOU
nojayein npu TOYCHUHU.

3J'I€KTpOHHBI€ KOHCTPYKINOHHBIC 3JICMCHTHI
YHOPABJICHUS JICKTPOIIPUBOAAMHU

O0Oecnieuenne HeooxoauMoii Tounoctd CAY. Orenka
tou”Hoctu CAY.

HccnenoBanue BausHHSA acTaTu3Ma Ha kauecTBo CAY.

OCHOBBI CUHTE3a CUCTEM aBTOMATHYECKOI0
yIpaBlIeHUS

UccnenoBanne BaustHUS Kod(dduimeHTa mnepeaadu
oOpatHoO# cBsi3u Ha TOUYHOCTH CAY.

HccnenoBanue BIusHUAS THOKOM 0OpaTHOM CBA3U Ha
osicTpoaeiicTBue CAY.

OO0mas Tpy10eMKOCTh JUCHMILVINHBI (YueOHoro kypca) — 6 3ET.




4. CTpyKTypa U cojiepkaHue TUCUMILIUHBI (ydeOHoro kypca)_ Teopus aBTOMaTH4Y€CKOI0 YIIPABJIEHHUS

(HanMeHOBaHME TUCUIMITLINHEI (yaeOHOro Kypca))

Kypc uzyuenus 4
Paszneu, IMoapasnae, Tema Bujabl yue6Hoii padoThl Heo0xonumble ®opmbl Pexomenaye
Moayib KonrakTnas padora CamocTosiTesibHasi paoTa MaTepHalbHO- TeKylero Masi
(B yacax) TeXHHYeCcKHe KOHTPOJIs JIATepaTypa
BCEro 2 ®opMbI IPOBeIeHUS JEKIUH, (hopmb1 oprannsanuu pecypceel (nammenoBa (Ne)
5 g J1a60PaTOPHBIX, MPAKTHYECKUX CaMOCTOSITEIbHOM HHe
2 E P 3aHSATHI{, METOAbI 00yYeHMS, % padoThbI OLEHOYHOro
,E §. g i E peanu3syloniue NpuMeHsieMYI0 § cpeacTBa)
§ l;.. E = %_ 00pa30BaTeJIbHYI0 TEXHOJIOTHIO =
g g 3
=
Monynb 1. | 1.1 OcHOBHBIE 1 Wzyuenue MyJIbTUMEAUNHBIC [Mposepka | 1,2,3
OCHOBHEBIE TTOHSATHS u KOHCIICKTa JICKIIUH cpencTBa KOHCIICKTa
MOHSATHUS ONPEAEIICHUS. u JIeKIMH
Teopuu CymHocTh pPEKOMEHT0BaHHOM
ABTOMATHYECKO | MPOOJIEMBI JUTEPATYPHI
IO YIPaBJIEHUA. | aBTOMATUYCCKOIO
yOpaBJIEHUS.
1.2. OcHOBHbIE Usyuenue KOMIIBIOTEPHBIH oruerB | 1,2,3
ycrpoiictBa CAP u KOHCIIEKTA JISKITHIA KJ1acc ANEKTPOH
UX KiaccupuKaus u HOM BHUJIC
0  Ha3HAYCHHUIO. PEKOMEHIOBAHHOM
Knaccudukanms JIUTEPATYpPHI
aBTOMAaTHYECKOI'O
YIpaBJIEHUSL.
MaremaTtuyeckas
MOJIEIIb
LIEHTPOOEKHOTO
perynaropa
CKOPOCTH
JIBUTATEJIS.
1.3. Uccnenosanue 3aHATHE C TPUMEHEHHEM pabora ¢ KOMITBIOTEPHBIN OTYET B 1,2,3
BITUSTHHS KOMITBIOTEPHOU TEXHUKH pa3naTouHbIM KJ1acc 3JEKTPOH
napameTpoB MaTepuaioMm HOM BHJIC
LIEHTPOOESIKHOTO
perynsaropa
CKOPOCTH Ha
nporecc
pEerynupoBaHusl.
1.4. XapaxrepucTuk pabora ¢ KOMIIBIOTEPHBIN OTYEeT B 1,23
u MEPEXOIHOT O pa3IaTOYHbIM KJ1acc 3JEKTPOH




Tiporecca. MaTepHaioM HOM BHJIE
YacToTHbIE
XapaKTEPUCTUKH.
1.5.Maremarugeck pabora ¢ KOMITBIOTEPHBIN OTYET B 1,23
ne MOJIENH. Pa3IaTOYHBIM KJacc SIIEKTPOH
Jluneapuzanust MaTepHaioM HOM BHJIE
MaTeMaTHIeCKHUX
Moziene.
IlepenaTounsie
GbyHKIMY.
1.6. Omnpenenenue 3aHATHE C IPUMEHEHHEM pabora ¢ KOMITbIOTEPHBIN OTYET B 1,23
YaCTOTHBIX KOMITBIOTEPHON TEXHUKH Pa3IaToOYHBIM KJacc DIIEKTPOH
XapaKTEePUCTHUK 110 MaTepHaioM HOM BH/JIE
aHaJIM3y BXOJHOI'O
n BBIXOJHOI'O
CHUTHaJja BO
BpPEMEHH.
1.7. TuroBsie Wzyuenue KOMIIBIOTEPHBIN OTYET B 1,2,3
3BEHBS KOHCIIEKTA JISKIMI KJacc 3JIEKTPOH
HepeaToOYHbIX u HOM BHJE
(bYHKLMIA. PEKOMEH/I0BaHHOM
JIUTEPATyphl
1.8.OkcnepumMenra pabora ¢ KOMITBIOTEPHBIN oruerB | 1,2,3
JIBHOE pa3IaTOYHBIM Kjacc 3JIEKTPOH
HCCIeJ0BaHNE MaTepHaIoM HOM BH/JE
XapaKTEPUCTHUK 110
¢durypam Jluccaxy.
1.9. Onpenenenue pabora ¢ KOMITBIOTEPHBIN oruerB | 1,2,3
MIepeX OJJHON pa3IaTOYHBIM KJacc JIEKTPOH
JaCTOTHOH MaTepHaIoM HOM BHJE
XapaKTEPUCTUKH.
Monynb 2. | 2.1.dyHKIMOHATBH Uzyuenune MYJIBTUMEANHHBIC IToBepka | 1,2,3
KauecTBeHHBI | BI€ U CTPYKTYpHBIE KOHCIIEKTA JIEKLIMH CpelcTBa KOHCIIEKTa
u cxembl. IlpaBuna u JEKIHN
KOJIMYECTBEHHBI | MPeoOpa3oBaHus PEKOMEHIOBaHHOM
i AHAIM3 | CTPYKTYPHBIX JUTEpPaTyphI
cucTeM CXEM.
aBTOMaTH4ecKko | 2.2. MccimenoBanue 3aHATHE C IPUMEHEHUEM Nzyuenue MYJIbTUMEIUIHbBIE IMosepka | 1,2,3
TO YIPABIEHHA. | YCTOWYMBOCTH KOMITBIOTEPHOH TEXHUKU KOHCIIEKTa JICKIINH CpencTBa KOHCTIEKTa
CAY 1no xputepuro 51 JIeKUnn
I'ypBuna. PEKOMEHI0BaHHOM

JIUTEPaTyphl




2.3. IIpaBuna 3 N3yuenne KOMIIBIOTEPHBIN OT4YET B 1,2,3
peoOpa3oBaHus KOHCIIEKTa JICKIINH KJacc SIIEKTPOH
CTPYKTYPHBIX u HOM BHIIC
CXEM. PEKOMEHI0BaHHOM
JIUTEPaTyphl
2.4. TloctpoeHue 3 pabora ¢ KOMITBFOTEPHBIH OTYEeT B 1,2,3
roxorpacda Pa3IaTOYHBIM KJacc ANEKTPOH
CHCTEMEI u MaTepHanoM HOM BHIIC
JorapuhMUIECKON
YaCTOTHOM
XapaKTEePUCTUKH.
2.5.Marematudeck 14 pabora ¢ KOMITbIOTEPHBIN OTYET B 1,2,3
ast OLIeHKa pa3IaTOYHBIM KJacc DIIEKTPOH
yCTOﬁ‘-IPIBOCTH. MaTcpuaiom HOM BHJIC
3anaqn
YCTOMUYUBOCTH.
3amac
YCTOMYUBOCTH.
2.6. VccnenoBanue 3aHATHE C IPUMEHEHHEM 3 pabota ¢ KOMITBIOTEPHBIN OTYET B 1,2,3
touHocTH CAY B KOMIIBIOTEPHON TEXHUKH pa3IaTOYHBIM KJ1acc 3NEKTPOH
peXHUME ABIKEHUS MaTepHaIoM HOM BHJIE
o
rapMOHHYECKOMY
3aKOHY.
2.7. Onpenenenue 3aHATHE C IPUMEHEHHEM 13 pabora ¢ KOMITBIOTEPHBIN oruerB | 1,2,3
XapaKTEePUCTUK KOMITBIOTEPHOI TEXHUKH Pa3gaTOYHBIM KJ1acc 3NIEKTPOH
JJIEKTPOMEXaHUYEC MaTepraIoM HOM BHIIE
KOT'0 IIPUBOA.
2.8. Onpenenenue 3aHATHE C IPUMEHEHHEM 3 pabora ¢ KOMITBIOTEPHBIN oruerB | 1,2,3
XapaKTEPHUCTUK KOMIBIOTEPHON TEXHUKH Pa3gaTOYHBIM KJ1acc 3NIEKTPOH
THAPOMEXaHUYECK MaTepHaIoM HOM BHIIE
Oro NPUBOJIA.
Monyib 3. | 3.1. KommekcHas 4 Wzyuenne MYJIBTHMEINHHBIE yeraeit | 1,2,3, (1,2)
CuHtes U | OLGHKAa KayecTBa KOHCIIEKTA JICKIIHH cpencraa onpoc
aHAJIN3 CUCTEM | CHCTEM M OOBEKTOB "
ABTOMATHUYECKO | aBTOMATHYECKOTO PEKOMEHIOBaHHON
IO yIpaBlIeHUs. | YIPABJICHHS. JHUTEPATYPHI
3.2. Onpenenenue 3aHATHE C TPUMEHEHHEM 3 pabora ¢ KOMITBIOTEPHBIN oruerB | 1,2,3(1,2)
XapaKTEPHUCTUK KOMIBIOTEPHOU TEXHUKH Pa3zaTOYHBIM Ki1acc 3NIEKTPOH
CAY npononpHOI MAaTepHUAIIOM HOM BHJIE
nomadyen pu
TOYCHHH.




3.3. OGecnieuenne 13 pabora ¢ KOMITBIOTEPHBIN oruerB | 1,2,3(1,2)
HEO00XO0UMOH pa3IaTOYHBIM KJ1acc 3NEKTPOH
TOYHOCTH CAY. MaTepUaAIOM HOM BHJIE
OrneHka TOYHOCTH
CAY.
3.4. ccnenoBanue 3aHATHE C IPUMCHEHHEM 3 pabora ¢ KOMITBFOTEPHBIH OTYET B 1,2,3(1,2)
BITHSTHUSI KOMITBIOTEPHOU TEXHUKH Pa3aIaTOYHBIM KJ1acc ANEKTPOH
acraTtusma Ha MaTepHaIoM HOM BHIIC
kayectBo CAY.
3.5. OcHOBBI 14 pabora ¢ KOMITBIOTEPHBIN oruerB | 1,2,3(1,2)
CHHTE3a  CHCTEM Pa3IaTOYHBIM KJacc DIIEKTPOH
ABTOMATHYECKOTO MaTepHaIoM HOM BHIIC
yIpaBIICHUS.
3.6. UccnenoBanue 3 pabora ¢ KOMITBIOTEPHBIN oruerB | 1,2,3(1,2)
BIIMSTHUS Ppa3IaTOYHBIM KJ1acc AIIEKTPOH
ko3 dunmeHra MaTepHuaiom HOM BUJIE
nepenavu
00paTHOM CBSI3U Ha
toyHocTh CAY.
3.7. UccnenoBanue 4 pabota ¢ KOMITBIOTEPHBIN oruerB | 1,2,3(1,2)
BIMSHHUSA  TUOKOI pa3IaTOYHBIM KJacc SIIEKTPOH
o0paTHOl CBSI3M Ha MaTepHaioM HOM BH/JIE
ObIcTpoeiicTBIE
CAYVY.
Hroro: 128

12
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5. Kputepun u HOpMbI TEKYLIer0o KOHTPOJISI U MIPOMEKYTOYHOM aTTeCTALNH

DopMBbI TEKYIETO KOHTPOJIA

YcioBus 10IycKa

Kpureprn 1 HOpMbI OLICHKH

[Ipaktuueckas pabora

Beinosinenue
NPAKTUYECKUX paboT

«3a4TEHO»: padOoTa BBHIIIOJIHEHA B COOTBETCTBUU C METOJAMYECKUMU
yKa3aHUsIMU, opopMiIeHa TPaMOTHO, CTYJI€HT TEXHUYECKH
IPaBWIBHO (POPMYIUPYET OTBETHI HA PACCMATPUBAEMBIE BOIIPOCHI.

«HEC 3a4YTCHO» pa60Ta BBITIOJIHCHA C OHII/I6KaMI/I, CTYACHT HC UMCCT
MPCACTABJIICHHUA O PACCMATPHUBACMBIX BOIIPpOCAX

Pedepar

Hanucanue pedepara

«3a4TCHO» . TCMA pe(bepaTa MMOJIHOCTBIO PACKPHBITA, O(I)OpMJICHa
IrpaMOTHO, CTYACHT TCXHUYCCKU IMPABUIIBHO (bopMyJIpreT OTBCThbI
Ha paCCMAaTpUBACMBbIC BOIIPOCHI.

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

dopma mpoBeieHUs
IPOMEXYTOYHOM aTTeCTalluu

YcnoBus AOITyCKa

Kputepun 1 HOpMBbI OLIEHKH

3auer

Brinmonnenue
MPaKTUYECKUX paboT,
BBHITIOJIHEHUE pedepara

«3aYTCHO [MonHbIC ¥ TPABUIIBHBIC OTBETHI HA BCE
BOIIPOCHI.
He3HauuTenbHbIe ONIMOKH WITH
HCYBEPEHHOCTh B OTBETAX.
«HE 3a4TCHO» OTBeTHI Ha BOTIPOCHI HE
chOpMyITHPOBAHBI.
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6. Kputepun 1 HOpMBbI OLIEHKH KYPCOBBIX padoT (IIPOEKTOB)

VY4eOHbBIM IIaHOM [0 JAHHOW JUCHUIUIMHE KYPCOBBIX paboT (IPOEKTOB) HE

MIPETYCMOTPEHO.

/. IlppuMepHasi TeMATHKA MUCbMEHHBIX padoT (KypcoBbIX, pedepaTos,

KOHTPOJIbHBIX, PACYETHO-TPAGUICCKUX U IP.)

Ne Temsl pedepaToB
/11
1 Cuctema aBTOMATHYECKOTO YMPABJICHUS TOMEPEUHBIM
CYHNIIOPTOM TOKApHOTO cTaHka ¢ UIIY
2 CucreMa aBTOMaTHYECKOTO YIPABJICHNUS POJOIBHOM
nojaveu mpu TOYCHUU
3 Cucrtema aBTOMaTHYE€CKOTO YIIpaBJIeHUs MOTNEPEUHON Mojjaueil Py Bpe3HOM
I oBaHUH
4 Cucrtema aBTOMaTHYE€CKOTO YIIPaBJIEeHUS TOBOPOTOM pabouero
opraHa MpPOMBIIICHHOTO po0oTa
5 CucTtema aBTOMaTHYE€CKOTO PETyJIMPOBAHUS pa3Mepa JIeTaau Ha
OeCIIEHTPOBO-NILIH(OBAILHOM CTaHKE
6 Cuctema aBTOMaTHYE€CKOTO JTUCTAHIIMOHHOTO YIIPAaBIECHUS MaHUITYJISITOPOM
7 Cucrema aBTOMaTHYECKOTO YIIPABJICHUS TUAPABINYECKAM CYyIIIOPTOM
TOKAPHOT'O CTaHKA
8 CucTtema aBTOMaTHYE€CKOTO yIIpaBiieHUs Moade nmpu ppe3epoBaHuu
9 Cucrema aBTOMaTHUYECKOTO YIPABJICHUS TPOAOJIBHON TToAavYel npu
CBEpJICHUU
10 | Cucrema aBToMaTH4eckoro yrnpasieHus KonupoBaabHO-(ppe3epHOro cTaHKa
8. Bonpochl K 3a4eTy
Ne Bomnpocsr
/T
1 OCHOBHBIE TIOHSTHUS U ONPEACICHUS
2 | ComepxaHue MOHITHI: «CHUCTEMa YIPABICHUS», «OOBEKT YIPABICHUS»,
«YNpaBIAKOLNIME W  BO3MYUIAIONIME  BO3ACHCTBUS»,  «YHPaBJISIONIUE
KOOPJIMHATBI»
3 | Knmaccuduxamus cucteM aBTOMEXaHHMYECKOTO YITPaBICHUS
4 | [IpyHOMIT Pa30MKHYTOrO YIIPABJICHUA. Y IPABICHUE 110 BO3MYLICHUIO U
OTKJIOHEHUIO
5 | OcHOBHBIC BUIBI AITOPUTMOB (DYHKITMOHUPOBAHUS
6 | Knaccudukarms cuctem mo xapakTepy nepeaadn CUTHAIOB
7 | Knaccudukaruss cucteM TI0O OCHOBHBIM BHJIaM YpaBHEHUW JUHAMUKA
MPOIIECCOB YIPABICHUS
8 | MaTemaTn4eckoe OnmucaHue JTHHEHHBIX CUCTEM
9 | MaremaTtudeckoe MojenupoBanue meMeHToB CAY
10 | Knaccudpukanuss osimemerntoB CAY. CraTHCTHYECKHME U JUHAMHUYCCKUE




XapaKTCPUCTHUKH 3JICMCHTOB

11

JInneapuzanus HEJIMHENHBIX U depeHnrnanbHbIX yYpaBHEHUU
JTUHAMHYECKUX PeKUMOB paboThl anemeHToB CAY. Cranaapthas ¢popma
3anucH TudpepeHraTIbHbIX YpaBHEHUN

12

OcHoBHBIE CBOMCTBA MpeodpazoBanus Jlamiaca

13

XapaKTEepUCTUKH TUHAMUYECKHUX 3B€HbeB CAY

14

[lonaTHEe O AMHAMHUYECKOM 3BEHE. XapaKTEPUCTHKU TUHAMHUYECKOTO 3BEHA,
nepenaToyHple (YHKIMH, YaCTOTHBIC XapaKTePUCTHKH (aMIUTUTYIHBIE |
(azoBble), TorapupMUYECKUE YACTOTHBIE XapaKTEPUCTUKH, BPEMEHHbIE
XapaKTEePUCTUKH (TIEPEXOTHBIC U BECOBHIC)

15

Tumnossle AUHAMHUYCCKUC 3BCHBA U UX XAPAKTCPUCTUKHU

16

CtpykTypHas cxeMa cucTeMaTH4eckoro ympasiieHus. OCHOBHbIE MpaBHIIa
npeoOpa3oBaHUsl CTPYKTYPHBIX CXEM: IIOCJIEI0BATEIbHOE COEIUHEHHE
3BEHbEB; MApaAJUIEIIbHOE COEIMHEHUE 3BEHBEB; 3BEHO, OXBAaUYECHHOE OOpaTHOMN
CBSI3bI0; MIEPEHOC CYMMATOPA; IEPEHOC y3J1a, IEPECTAHOBKA y3JI0B U
CYMMAaTOpOB

17

Boruncnenne nepenarouHblXx (QYHKIMA W YACTOTHBIX XapaKTEPUCTHUK
OTHOKOHTYPHOM M MHOTOKOHTYPHOHM pa3oOMKHYTOM cucteMsbl. llepenaTounsie
¢byHkiuu u ynpasienue 3aMKkHyToi CAY. YacToTHBIE XapaKTepUCTUKH
3aMKHYTON CUCTEMBI

18

Maremartuueckoe MOACIMPOBAHHUC U COCTABJICHUC CTpYKTypHOﬁ CXCMbI

19

YcToMuMBOCTh  CHCTEM  aBTOMAaTU4YecKoro  ympasieHusi.  [lonstue
YCTOWYMBOCTH JIMHEAPU30BAHHBIX cucTeM. HeoOxoaumoe u 10cTaTouHOe
yCIIOBUE YCTOMYUBOCTH

20

AnrebGpandeckue kputepun ycrounBoctu Payca u ['ypBuia

21

YactotHpie Kputepun ycToMyuBOCTH. [IpwHumn aprymenta. Kpurepuun
ycTorunBocTd Muxaitioba A.B. IlocTtpoenme oOmacteld yCTOWYHMBOCTH.
[Tonsitue o [{-pazbuenun

22

Kputepun  ycroitunmBoct  HaiikBucta. AHanmu3  yCTOMUMBOCTH 1O
Jorapu(pMUYECKUM YACTOTHBIM XapaKTEePUCTHUKAM

23

Y CTOMYMBOCTE CUCTEM C 3alia3bIBaHUEM

24

Mertozs! oLieHKH KadecTBa peryiaupoBanus CAY

25

[lonsiTue o kawyecTBe mpouecca ymnparieHud. OlleHKa KadecTBa CHUCTEM
yIpaBlIeHUs B YCTAHOBHUBIIMXCA pexXumax. [locTosHHBIE — OMIMOKH.
Acrtatuyeckne cuctembl. TOYHOCTP NpPU TaPMOHHUYECKOM BO3JIEUCTBUMU.
VYcraHoBUBIIMECS OIIMOKH MPU MPOU3BOJILHOM BO3JEHCTBHH,

KO3 PHUITUESHTHI OIITHOOK

26

OrneHKH KauyecTBa MEpPexoJHOro mpoiecca. OLeHKH KauyecTBa mpoliecca
IIPH BO3JICUCTBUU CTYIIEHYATON (PYHKITUU

27

YacToTHbIE METOABI OLIEHKH KadecTBa perynupoBaHus. OleHKa KadyecTBa
pPEryJIMPOBaHMS MO aMIUIMTYJAHO-YaCTOTHOM XAPAKTEPUCTUKU 3aMKHYTOU
CHUCTEMBI; MO BEIIECTBEHHOM YAaCTOTHOM XapaKTEPUCTUKE 3aMKHYTOU
CUCTEMBI; C [0 aMIUTUTYAHO-(a30BOM XapaKTEPUCTUKE PAa30OMKHYTOMN
CUCTEMBI; 110 JOrapu(pMUYECKUM YaCTOTHBIM XapaKTePUCTHKAM
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28

KopHeBbIe OLIEHKM KauecTBa PEryJIupOBaHUs

29 | Cunre3 CAY 1o 3agaHHBIM [TOKa3aTeNIM KauecTBa Mpolecca ypaBIeHUs

30 | IloBbImieHWE TOYHOCTH B YCTAHOBUBIIHUXCS PEKHMaxX U 0OecleueHue
YCTOWYMBOCTH M KadecTBa YIPABJICHUS CHHTE3UPYEMBIX CHCTEM 3a CYET
MU3MCHCHHSI TApaMETPOB CHCTEM M ITyTEM BBEICHHS KOPPEKTUPYIOIINX
YCTPOKUCTB

31 | Cucrema aBTOMaTHYECKOTO YIPABJICHHSI MPOAOIBHON MOJa4ueH Py TOYCHUH

32 | CucremMa aBTOMaTHYECKOTO YIIPABIICHUS ITOMIEPEYHON 01aueii IPH BPE3HOM
nuipoBaHUU

33 | CucremMa aBTOMaTHYECKOTO YIIPABJICHHS IIOBOPOTOM paboOYero opraHa
IPOMBIIIEHHOTO poOoTa

34 | Cuctema aBTOMaTHYECKOTO PEryIUpOBaHUs pa3Mepa JeTaal Ha
6eclieHTpOBO-NIITN(OBATLHOM CTAHKE

35 | CucremMa aBTOMaTHYECKOTO JUCTAHITMOHHOTO YIIPABJICHHS MAaHUITYJIITOPOM

36 | CucremMa aBTOMaTH4YECKOTO YIPABJICHUS THIPABIHMUCCKUM CYIIIOPTOM
TOKApHOT'O CTaHKa

37 | CucremMa aBTOMaTHYECKOTO YIPABJICHUS MMOa4ueHi mpu ppe3epoBaHUU

38 | CucremMa aBTOMaTHYECKOTO YIIPABJICHUS MPOAOIBLHOM IMOJa4YeH Mpu
CBEPJICHHH

39 | ConmepxkaHue TOHSATHUH: «CHUCTEMa YIPABICHUS», «OOBEKT YIPABICHUS»,
CYTpaBJSIONIME U BO3MYINAIOIIME  BO3JICUCTBUS»,  «YMPaBIAOLINE
KOOPJUHATHI»

40 | Knaccuduxkanus cucteM aBTOMEXaHHUUECKOTO YIIpaBIeHUS

41 | IIpyHUMI Pa30MKHYTOrO YIIPABJICHUs. Y IPABJICHUE 10 BO3MYILIECHUIO U
OTKJIOHEHHUIO

42 | OcHOBHBIE BUBI AJITOPUTMOB (PYHKITMOHUPOBAHUS

43 | Knaccudukamms cucTteM 1o XapakTepy nepeaadyn CUTHAJIOB

44 | Knaccudukanmsi CHCTEM TI0 OCHOBHBIM BHJIaM YPaBHCHHH JTMHAMUKH
IIPOIIECCOB YIPABICHUS

45 | MaTtemaTn4yeckoe OMMCaHKue JIMHEHHBIX CUCTEM

46 | Marematnueckoe MoJieupoBaHue 3eMeHToB CAY

47 | Knaccudukamms snemenroB CAY. CraTucThyeckue W JUHAMHAYECKHE
XapaKTePUCTUKH SJIEMEHTOB

48 | Jluneapuzanus HEJIMHEHUHBIX nud epeHnraTbHBIX YpaBHEHHUI
TUHAMUYECKUX PEKUMOB paboThl snemeHToB CAY. CrangaptHas gopma
3anucu nudpepeHIaTbHbIX YpaBHEHUH

49 | ComepkaHne TOHSATUN: «CUCTEMa YIPAaBICHUSN», «OOBEKT YIpaBICHUSNY,
(YTPaBISIIONIME W BO3MYIIAIOIIME  BO3JICUCTBUS»,  «YMPABIAIONINE
KOOPJUHATHD)

50 | Knaccudukammsi cucTeM aBTOMEXaHHYECKOTO YITPaBICHUS
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9. ®oHI OLEHOYHBIX CpPeICTB /JJIsi TNPOBeJeHUs] MPOMEKYTOYHOI
arrecTaluy 00y4YarOIMXCH 10 AMCUHUILIHHE

9.1. ITacmopT (poHIa OLEHOYHBIX CPEICTB

n/n

KonTposmmpyembie pa3aeibl
(TeMBbl) AUCIUTIITAHBI

Koxn
KOHTPOJIUPYeMOH
KOMIIeTeHIIUH (MJIH
ee YacTH)

HaumenoBanue
OLICHOYHOI'0 CpeacTBa

Moaynb 1. OcHOBHBIE
MOHSTUSL TEOPUHU
aBTOMAaTHYECKOTO
yIpaBJICHUS.

[1K-12, I1K-18

[TIpoTOKOI BBIIOTHEHUS
MPaAKTUYECKOTO
3ajmanus 1
«HccaengoBanue
BIIMSHUS  TapaMeTPOB
HEHTPOOEIKHOTO
peryisiTopa  CKOPOCTH
Ha polecc
PETYJTUPOBAHUSY.
[IpoTOKOJI BBITTOTHEHUS
MPaAKTUYECKOTO
3agaHus 2
«Onpenenenue
YaCTOTHBIX
XapaKTEePUCTUK 1o
aHallu3y BXOJHOTO U
BBIXOJIHOI'O CUTHAJIa BO
BPEMEHU.

Monayns 2. KauecTBeHHBIN U
KOJINYECTBEHHBIN aHAJIN3
CHCTEM aBTOMATHYECKOTO
yIpaBJICHUS.

[K-12, T1K-18

[IpoTOKOI BBIIOJTHEHUSA
MPAKTUUYECKOTO
3aaHusa 3
«HccaenoBanne
yctoitunBocT CAY 110
Kputepuro ['ypuna».
[TpoTOKOI BBIOJTHEHUSA
MMPAKTUYECKOTO
3agaHus 4
«HccnenoBanue
tounoctu CAY B
pPEKUME ABHKEHHUS T10
FapMOHUYECKOMY
3aKOHY.

[TpoTOKOI BBIMOJTHEHUS
MPAKTUYECKOTO
3a7a”Husa 5
«OnpeneneHue
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XapaKTEPUCTUK
HIIEKTPOMEXAHUYECKOTO
MIPUBOJIAY.

[TpoTOKOI BBIOTHEHUSA
MPAKTUYECKOTO
3ajianus 6
«Onpenenenne
XapaKTEPUCTUK
TUAPOMEXAHUYECKOTO
IIPUBOJAAY.

Moaynes 3. CuHTe3 U aHAINU3 [TpOTOKOJI BHIMOJHEHUS
CHCTEM ABTOMaTHYECKOT'O MPaAKTUYECKOTO
yIpaBJICHUS. 3ajmaHus [
«Onpenenenue
xapakrepuctuk ~ CAY
MPOJOJIBHON  TOJAa4Yen
[1K-12, I1IK-18 | mpu ToueHUNY.
[IpoTOKOJI BBITTOTHEHUS
MPaAKTUYECKOTO
3ajaHus 8
«HMccnenoBanne
acTaTu3Ma Ha KauyecCTBO
CAVY».

9.2. TunoBbie KOHTPOJIbHbIE 3aJJaHNsI UM UHbIe MaTepHa/bl, HEO0X0IUMbIE
IJISE OUEHKM 3HAHUW, YMEHUH, HABBIKOB W (HJIM) ONbITA [AeATEJbHOCTH,
XapaKTepU3yKIIUX IJTanbl (POPMHUPOBAHMS KOMIETEHIMA B Hmpoluecce
0CBOEHHUS 00pa30BaTeJIbHOI MPOrPpaMMBbl.

9.2.1. KommiekT 3aaHuii 115 NPAKTUYECKUX PadoT.

IIpakTuueckas padora Nel
HccaenoBanne BJIUSIHUS APAMETPOB LEHTPOOEKHOI0 PeryasiTopa CKOpPOCTH
HA NMPoLeCC peryJaupoOBaHNs

Lenv pabomuwi: [Ipuobpemenue npakmuyueckux Hagblko8 IKCNEPUMEHMATIbHOLL
OYEeHKU Npoyecca pe2yiuposaHus U yCmoudusou pabomsl CUCmeMbl
aA8MoMamuyecKo20 ynpaeieHus.

Teopemuueckasa uacmeo

Uccnenyercs cuctema aBromaTuueckoro ynpasieHus (puc.l.1), cocrosimas u3
LEHTPOOEKHOTO PETYISITOPA CKOPOCTH, MOJ3YH 1 KOTOPOro CBsI3aH pbluaraMu 2 ¢
3acioHKOM 3 mogauun paboyel cMecH B TEIUIOBOM JiBUrarens 4. Perynsatop
MIPUBOJIMTCS BO BpaIllEHHE OT JABUTATEIIS Yepe3 3y0uaTyro rnepeaaqy 5.
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Puc.1.1. Cxema CAY cxkopocmbwio épauienusn oguzames

[TIpu ¢ynxkumonupoBanuu CAY BpalieHue ABUTATENsT Yepe3 3yOuaTyro nepeaady
nepefacTcss Pperyaiaropy CKOPOCTH, IIApUKH KOTOPOTO TMOJ  JeHWCTBHEM
IEHTPOOEIKHOU CHJIBI C OJHOM CTOPOHBI M CHJIBI MPYXXHUHBI C JIPYroil 3aHUMAIOT
HEKOTOPOE TIOJIOKEHHE, YTO BBI3BIBACT OMNPEACICHHOE OTKPBITHE JPOCCENS H
CHUCTEeMa HaXOJUTCS B paBHOBecuU. [Ipu yBelInueHUM MOMEHTA Harpy3Ku CKOPOCTh
JIBUTATEJIS YMEHBIIIAETCS B COOTBETCTBUU C €TI0 XapaKTEPUCTUKOM, YTO BBHI3HIBACT
YMEHBIIEHHE CKOPOCTH BpallleHus peryistopa. LleHTpoOexxHble CHIIBI Takke
YMEHBIIAIOTCS, MAPUKU OMYCKAIOTCS U Yepe3 PhIUaXHYI0 CUCTEMY YBEIUYHMBAIOT
OTKpBITUE JIpoccelid. YBeJIMYeHHe Mmojaaun pabodeil cMecu B JABUTATENb BBI3OBET
YBEJIMUEHHUE €r0 CKOPOCTH, PABHOBECHE BHOBb BOCCTAHOBHUTCS, HO YK€ Ha JIPYroM
ypoBHE. SICHO, YTO Pa3HOCTh CKOPOCTEHl OmpenessieT KaueCTBO PEeryJupOBaHUS:
yeM OHa MeHbIe, TeM Bbinie kadecTBo CAY. Ilpu ymenwsiienuun Harpy3ku CAY
paboTaeT B 00paTHOM IOPSIKE.
s ananmza CAY HeoOXOAMMO COCTaBUTh €€ MaTeMaTHYECKYI0 MOJeIb. AHAIN3
MOKAa3bIBAET, YTO B CUCTEMY BXOJIAT JABUTATENb, IPOCCENH Mojaun paboyeit cmecH,
phIUaXKHas Tiepenaya u 3youaTas mepeaava.
JIBuKeHUe ABUTATENS MPU OTPAHUYCHUU YUYETOM SBIICHHM MEPBOrO MOpPSIKa, T.€.
€ro HMHEPIMOHHOCTHhIO, MOXKET OBITh TpenacTaBieHo AuddepeHITnaTbHBIM
YpaBHEHHEM NEPBOTO MOPSIKA:

|0d_w+ﬂ,a)+|\/| =|\/|, (11)

dt 0 H 0 '

riue ly 1 1o — MOMEHT HHepIH PoTopa U KOIPPUITMCHT BI3KOTO TPESHUS
nsurartens, M, u My — MOMEHT CONPOTUBIIEHUS HATPY3KU U MOMEHT JIBUTATEIIS
COOTBETCTBEHHO.
MOMEHT BH>KEHUS 3aBUCUT OT OTKPBITHUS JpOCCeisl Mo1aun pabodeii cMecu:

M, = bk, (1.2)
riae b — ko3 puImeHT nepenadr OTKPBITHS APOCCEIs OT IEPEeMEeIISHHS ITOJI3yHa
perysTopa yepes prldakHyIo nepenaay, Ky — koaddumment
MPONOPIUOHATIEHOCTU MEXK1Y OTKPBITUEM JIPOCCENSI | MOMEHTOM JIBUTATEIS.
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Ecnu npuHsATh nepeaaToyHOE OTHOILIEHHUE PhIYAroB U 3y0UaTol nepeaadyu paBHbIM
€AMHUIIE, TO, U3 TEOMETPUUECKUX COOTHOUIEHUH, IOJyYUM YpaBHEHUE CBS3H,
KOTOPOE OIpeAensieT 3aMKHYTOCTh CAY:

b=2I(1 - Sina). (1.3)
[Tonyuennas matemaruueckas mojeib (1.1)-(1.3) ucnonaszyercst B MpUKIIAIHON

MpOrpamMme, ¢ MOMOIIbIO KOTOPOIl BRIMOTHAIOTCS TPEOyEeMbI€ UCCIIEI0BAHMUS.

WCXO0OHBIE JAHHBIE CAY
Macca wapukos, kr 0.25 J
Cuna npyskrnsl, H 100
KecTrocTe
npY#MHE!L, HAvm 15
Momert uHepumm
asuratens, kr/m2 0.1
Koo dduumuenT sasucHMocTy
MOMENTA ABUraTes oT )
OTEPBTHA APOCCENA, 4 a
Hérar
I4D ﬂv MoreHT Harpysku, Hr

= Ocunnnorpadg

100

a

Npouece I Mpoaonkerie I x 80

o

o 60

o

5 40

= 20

i

E 0

> 04 05 06 07 08 09 1

Bpema, ¢
- Coamnnpad
a 100 \

oA CRIpoCTE Y,

[ o) oz 0,3 om 0% (11
Bpema, C

Puc.1.2. Mooenuposanue yenmpooexcnozo pecyaamopa ckopocmu

Ilpakmuueckan yacmso

[IpakTrueckass paboTa BBINOJHSAETCS C MOMOIIBIO TMPUKIAAHON MPOTPaMMBbI,
uHTepPeiic KoTopoil mpencrasieH Ha puc.1.2. [Iporpamma «PeryisTop cKOpocTH»
HaxoauTcs Ha aucke. [Ipu Haxkatun kHonku “Help” mosiBiasieTcss JOMOTHUTEIBHBIN
UHTEPPENC C HHCTPYKIUSIMH U TMOSCHEHUSMH K TIPOTPaMMe.

B 3aBucumocTH OT BapwaHTa 3amaHus BBIOpaTh JMANA30H W IIar W3MEHECHUS
napameTpa, B (GYHKIUH KOTOPOTO HEOOXOAMMO TMPOBOIUTH MCCIEIOBAHUS.
Pexomenayercss BbIOMpaTh JHMANa30H, OPUEHTUPYSICh HA MAaKCUMaJbHOE W
MHUHHMMAaJIbHOE 3HAUYEHHE YKAa3aHHOI'O MapameTpa B TaOJulle BapUaHTOB 3aJaHUM
(cm. Tabn. 1.2). B nayane paGoThl MOATOTOBUTH TAOJIUIY SKCHEPUMEHTAIBHBIX
naHHbiX (cMm. Tabn.1.1). Tlpu BBINOJIHEHWM HCCIEAOBAaHUNH B COOTBETCTBUU C
3aJlaHUEM HEOoOXOAMMO, TMOCJIE€ AaKTUBHU3ALMKM MPOrpaMMbl, B OKHaX TIJIABHOTO
uHTepgeiica BBECTH UCXOAHBIEC JaHHBIE COTJIACHO BApUAHTY 3aJ]aHUS U YCTAHOBUTH
nepBoe 3HaUeHUE u3MeHsieMoro napamerpa. Haxate kHonky «Ilyck»

[locne BbIXxOAa cHUCTEMBl HA YCTAHOBHBIIMHCA pPEXUM palbOThl (OMpenensiTh
BHU3YaJIbHO MO OTCYTCTBUIO KOJE€OAHUN OCHUIIOTPAMMBI OTKPBITHS 3aCJIOHKH
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apoccens) HaxaTh KHONKY «llay3a», ompenenuTs TOYHOE 3HAYEHHE CKOPOCTH
BpAIllCHUs JBUTATENSI U 3alKicaTh B TAOJUIly SKCIIEPUMEHTAIbHBIX JaHHBIX. 3aTEM
YBEIIMYUTh MOMEHT Harpy3ku a0 25 Hm u Haxkare kHOnky «lIpomomxenuer.
Ilocne Bbixoma CAY Ha HOBBIM ypOBEHb YCTAaHOBUBLIEIOCA pexuMa padOThI
HaxaTh KHONKYy «llay3a» M mpoBecTH H3MEpEHMS HOBOI'O 3HAYEHHUS CKOPOCTH
Bpaienus asuratesns. [lonb3ysace ocuumiorpaMmmoi 3apuKCUpOBaTh TAKXKE BpeMsI
MeXy NoJadel ckauka Harpy3ku M CTaOMIM3alueil mpouecca peryaupoBaHUs.
Crabunu3anuioo OLIEHMBATH IO OCLMJUIOIPAMME OTKPBITUS 3aCJIOHKU JIpOCCENs
nogaun  paboueit  cmecu. IIpoBoguTh  HEOOXOaUMBbIE  HU3MEPEHHUS IO
OCLWJUIOTPAMME IIpOLlECCa PETYIMPOBAHUS, PYKOBOACTBYSCH IIOCTPOCHHUSIMU
puc.1.3.

u Qcumnnorpad =
=400 50 =
) 3
= a0 40 -
P &0 CcKOpoCmb ' CKOpOCmb &y §
[m] y s/ 72 o
§ a0 00 nocie g
= | CKa4Ka CKAauKa .
= 20 ! ! 10 ":r':
i) el
2 0 ! v v v ’ ' 0o ¢
ES 05 05 07 08 09 1 11 ©
Epena, ¢
Puc.1.3. Cxema uzmepenus xapaxmepucmuk Kauecmaea npoyecca
pezyauposanusn

JlanHble 3amucaTh B TaOimiy. [[7s BBIOTHEHUS CIIEIYIONMIETO AKCIIEPUMEHTA
MO>KHO BOCIIOJIb30BaThCsl KHOMKOW «Reset» W HadaTh DKCIEPUMEHT C TOM IKe
MOCJICIOBATEIPHOCTBIO  JICHCTBUN, HO YK€ TIpU CIEAyIOIIeM 3HAYeHUU
U3MEHsIeMoro nmapameTpa. Ecim pu kakoM-6o sxcriepuMerte CAY cTaHOBUTCS
HEYCTOWYHMBOM, COOTBETCTBYIOIIIEE COOOIICHUE 3anucaTh B Tabauily. B tabmuiie
1.1 mpexncrtaBiaeHbl HSKCIIEpPUMEHTANIbHBIE JAHHBIC KCCIICJIOBAaHUS KadecTBa
perynupoBanusi CAY ¢ HEKOTOPBIMH HCXOAHBIMH TMapamMeTpaMyd B (YHKIIUU
KECTKOCTH MPYKUHBI PETYIATOPA.

Tabauya 1.1. DxcnepumenmainbHhvie OaHHbLE

CkopocTh aurarens, pag/c|  TOYHOCTH
No XKecTkocTb BhictpoeiicTaue Jlo ckauxa Iocite pGFYJ'II/Ip()/BaHI/IH,
o | TPY’KHHBL CAY, ¢ MOMEHTA CKaykKa pan/c
H/mm HArpy3Ku MOMEHTAa
Harpy3Ku
1 0,5 He ycroitunBa - - -
2 1,0 He ycroitunBa - - -
3 1,5 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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10| 50 | 0,16 | 760 | 660 | 10 |
- Y
12 bvicmpooeticmsue 12
1,0 \‘/ / 10
0,8 ‘ 1/‘ 8
\ /
0,6 ‘ 6
\ — T |
0’4 \/ mo4YHoCmb 14
) R
0

05 10 1,5 20 25 30 35 40 cuw Hmu

Puc.1.4. I'paguxu, nocmpoennwvie no oannvim madauywt 1.1

Jlnst moctpoeHust rpadyMKOB MOYKHO HUCTIOJIb30BaTh naket Exell, a aiist BeIOTHEHUS
Koy uHTepdeiica mporpaMMbl, KOTOpasi JOJDKHA OBITH MPEACTaBiIeHA B OTYETE,
UCIIONIK30BaTh KiaBuiu Alt - Print Screen u BcTaBUTh Konuto B JokymeHT Word.

3aoanue
B coorBercTBMM ¢ BapuaHTOM (Ta0;.1.2) MPOBECTH HCCIEIOBAaHUE KadyecTBa
PETYIMPOBAaHHUS B 3aBHCHMOCTH OT HM3MEHSICMOro IapaMerpa W  IOCTPOHTH
rpadukyd 3aBUCUMOCTH ObIcTpoaciicTBUs M TouHOCTH CAY B (QyHKIIMU OT
U3MEHSIEMOT0 TapaMeTpa.
Tabnuya 1.2. Hcxoounvie oanmvie

Ilep | Macc | ’Kecmkoc | Momenm | Bro | Hauans | Koagpgpuyuenm | Uzmensmo
Bas a mb uHepyuu | pas Has 3a8ucumMocmu | napamemp
mad | wapu | npyscunvt |0sueamen |\1ud | cuna MOMeHma om
pa |koem, | Cu, H/mm |5 Ly, k2/M?|pa | npyoicur| omxpoimus
Ke vl Py, H|  Opoccens k,,
H/mm

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

1 | 0,30 4,5 0,20 1 100 4 Crp

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

3 | 0,20 3,5 0,10 3 200 8 Ko

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

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

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

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

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

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

Cooeporcanue npomokona
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B mpotokone mpenctaBuTh 1eib pabOThl, UCXOJHBIE JaHHbBIC, 3aJaHUE
HCCNIeIOBaHUsI, KOMUI0 UHTepdelica sl J1000ro SKCIEPUMEHTa U3 BBIMOIHEHHON
cepuu, onucanue padorsl CAY, Tabiuily SKCIIEpUMEHTANIbHBIX JaHHBIX, IpaduKu
TpeOyeMbIX 3aBUCUMOCTEH. BBIBOMBL.

IIpakTnueckas padora Ne2
OnpegejieHHe YaCTOTHBIX XApaKTEePHCTHK MO0 AHAJMU3Y BXOJAHOIO0 U
BBIXO/IHOT'O0 CUTHAJIA BO BPeMeHHU

Ilenwv pabomui: [Ipuobpemenue npakmuuecKux HABbIKOE IKCNEPUMEHMAILHO20
onpeoenenust YaCMOmMHbIX XAPAKMEPUCTUK.
Teopemuueckasa wacmao
Hccnenyemont cucteMon sIBISIETCSA ABYXMAacCOBasl AUHAMUYECKAs CUCTEMA, CXEMa
KoTOpoii wu300paxkeHa Ha puc 2.1. Cucrema HaxoAWTCS TOJ JEHCTBHEM
KMHEMATUYECKOTO BO3OYXKIEHUSI — X, BBIXOJAHBIMH CHUTHAJaMU SIBJISTFOTCS
KOOPJMHATBI X1 M X2 TEPEMEIICHUsT MacC Mp; U My, CBA3AHHBIX MEXAY COO0O0I0
KECTOKOCTSIMH C1 U C2 ¥ BI3KUM TPEHHUEM A; U A2,

C1 Cy

m 1 2

= /=

& Aj—y A 4l>
X X, X2
Puc.2.1. lunamuueckasn cxema 08yxmaccosoii cucmemaol

YPaBHeHI/Ie ABHIKCHHUA CUCTCMBI COCTABJIICTCS IO N3BCCTHBIM IIPAaBUJIAM

TEOPETUYECKOU ngaHI/IKH dx \+ ( ~ )_ ( dx—dx\+ _ )
m | C, X X, _ﬂ - _1 | g(
‘g’ﬁ ({g;( & A \dt dt)
m27+/12 —2-_ 1 |+C2(X2_X1 =0

[ d2  Udt dt)
V1poleHHas MaTeMaTHYeCcKas MOJIENb:
[msx+(/1+/1)sx+(c+c)x (/I+/I)sx+(c )
1rﬁszx1 LA FeXk =A skt Ex

2 2 2 2 22 2 1 21
riae S=d/dt — oneparop Jlamnaca.
JIJIs IpeicTaBIeHUS] MAaTEMAaTHICCKOW MOJICIH B TIGPEMEHHBIX COCTOSIHUS PEIIUM
KaXJI0€ YpaBHCHHE OTHOCHUTEIIBHO MEPEMEHHBIX X1 U X2, KOTOpPBIC 3allMCaHbl B

CTapIIUX MPOU3BOIHBIX COOTBETCTBEHHO. [IpeoOpazoBanHast TakuM o0Opa3zom
MareMaTH4ecKasi MOJIe]Ib UMEET BUJL:

(x=s*-ax+ax+si[-ax+ax]]
% af 11 1 ar 2t

(X, =S —agX, +8zX;+S —a X+ a4x]]
rae ko3 duimentsl Mogenu: a1 = (A2+Ay/my, az = (C2+C1)/my, a3 = Aamy, a1 =
Co/my;
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Teneps MOXKHO 3aMIUCaTh MATEMATHYECKYIO MOJIEIb B IIEPEMEHHBIX COCTOSIHUS, TO
€CTh B BUJIE CUCTEMBI TU(DPPEepeHIIMATBHBIX YPABHEHUH, PEIIEHHBIX OTHOCUTEIBHO

MIEPBBIX TPOU3BOTHBIX:
[Sy1=—a1y1 +aiX + Y2

{8y, =-a,y, +ax
sy'=—ay+ay+y
| 3 33 31 4
tsyzi =—a,¥; +a,X
NmeHnHo Takast MOJENp peain30BaHa B IPUKIIAIHON MPOrpaMmMme, 1o KOTOpO
MPOBOJATCS UCCIEN0OBAHNE YACTOTHBIX XaPAKTEPUCTHK.

Ilpakmuueckas wacmo

Ha puc.2.2 npencrapien unrepdeiic npukiagHoi MporpaMmsbl MPU UCCIEI0BAaHUN
YaCTOTHBIX XapaKTEPUCTUK OJTHOMACCOBOM cUCTEeMbl. IHCTPYKIIMU U TOSICHEHUS
Uit paboThl C MPHUKIAIHOW MPOrpaMMOMN TMOSBISIIOTCS Ha JIOMOJHUTEIHLHOM
uHTepdeiice npu Haxxathuu KHONku «Heply.

[TogroroButTh TAOMUIBI HAKCIEPUMEHTAIBHBIX M PACUETHBIX JIAHHBIX IS
UCCJICJIOBAaHUS OJTHO W JIByXMaccoBoi cucteM. [locine akTUBHU3alUM TPOTPaMMBbI
BBIOpATh PEXKHUM HCCIEOBAHUS OJIHOMACCOBOM CHUCTEMBI U B COOTBETCTBYIOIIUX
OKHax wuHTepdeiica yCTaHOBUTh [IaHHBIC COIJIACHO BapUaHTy 3alaHus (CM.
Ta611.2.2). Haxats kHOmKy «IIpotiecc», a moToM 3a/1aTh MepBOE 3HAUCHHUE YACTOThHI
BO30YKJAIOIIET0 CHUTHANIA - CUCTEMa MPUXOIUT B ABMKEeHHE. BwiOpaTh mepBoe
3HaUEHHE YacTOThl BO30YKIAIOIIET0 CHTHaja, MOJ00paTh KEIaeMyH CKOPOCTh
NepeMeIlleHns] JIEHThl CaMONUCIa M IMPOU3BECTH 3amuch. [Ipu 3TOM CKOPOCTH
JIBUKEHUS JICHTHI JI0OJKHA BBIOMpAThCs Tak, 4TOObI oOecreunBaiach paciu@poBka
CUTHAJIOB MpH UX 00paboTKe.

[Tocne 3amucu TpeOyeMOro yyacTka Haxarh KHOMKY «CTOIm» B OKHE pPETUCTPAIU
cUrHasioB. M3MEHUTh 3HAYE€HHE YaCTOTHI, JOXKIATHCS OKOHYAHHS MEPEXOIHOTO
npolecca M MPOM3BECTH 3amlKCh cienyromero yyactka (kHomka «Ilyck» B okHe
pPETHCTPAIlMU CHUTHAJIOB). BBIMONHATH MOAOOHBIE MAHUIYISIHUH JUISI KaKIIOTO
3aITAaHUPOBAHHOTO 3HAYEHHS YaCTOTHI BO30YKIAIOIIETO CUTHAIA.

AHaOTMYHO MPOBECTU FKCIIEPUMEHT U JJIs IBYXMACCOBOU CHCTEMBI.

st 0OpaboOTKM HKCIIEPUMEHTANBHBIX JAaHHBIX HCIONB30BATh TOJYyYEHHBIE B
mpoliecce dKCIepuMeHTa ocuuiuiorpammbl. Ha puc.2.2 mna gactoter 300 pan/c
MOKa3aHbl HEOOXOJAWMBIC TOCTPOSHUS [JIl  OMPENSTCHHUS OJHOM  TOYKHU
aMIUTUTYIHOM W (a30BOM YACTOTHBIX XapaKTepucTuk. W3mepeHuss ymaoOHO
MPOBOJUTH TOCTE KomupoBanus dkpaHa (Alt Print Screen) B pemakTope Word kak
pa3mep aBTO (PUTYpbI — COOTBETCTBYIOIIEH JINHUM HA PUCYHKE.
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ol
BuiGepHTE KOAWMECTED Macc
{* ogHaracca O gBe mMaccel
MNapameTpy AMHAMUYECKOR
CHCTEML
Macca M1, kr |2D () .
Hectrocte C1, Hevara I-I 400 (\
K.oo dhcbupieHT BHSKDFDI‘I [=1n)
TpeHua L1, kric ) -
[ =
—
‘\ A
A T
L g T !
<> \ 4
YacTora EXOQHOND CHrHana )
E rpyto 5: —
300 pan/c A? Lt
E TOMHO
Pervcrpaumun cHrHanos
Myck | CropocTs, c/aeneHue
IEI,EI‘I
Cron | E
=] =
Mpouece | { Maysa |
Bl | Heln

Puc.2.2. Hceneoosanue uacmomuuix Xapakmepucmuxk 00HOMACOB80U CUCHIEMbL

Pesynbrarel n3amMepeHuit HEOOXOAMMO 3aMUCHIBATH B COOTBETCTBYIOIIYIO TaOIHUITY
(Tabm. 2.1).

Tabnuya 2.1. Dxcnepumenmanvhsle u pacuemHvle OaHHbLE

Ne | YHacror | Ammuty | Ammmury | OrctaBa | [lepuon A o)
a, pag/c | aa BXoja na HHUE rpajn
BBIXOJa
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

Taxkum 06pa3oM, 3apUKCUPOBAHBI BXOTHON M BBIXOJHOW CUTHANBI JJIS 7 3HAYCHUI
yacToT. s KaKA0M BEJIUYMHBI YaCTOTHI ONMPEACIAIOTCS OJIHA TOYKA aMIUIUTYIHO -

9aCTOTHOM M (pa30BO-4ACTOTHOM XapaKTEPUCTHUK MO hopMysam:

A, 360° -7
A= ] Q=- .

A, T
[TockonbKy B opMyiax MPUCYTCTBYET OTHONIICHHE COOTBETCTBYIOIIMX BEIIMYMH,
TO W B TaOJuIle BCIOAY JUJISi BBIXOJHBIX JTaHHBIX pPa3MeEpPbl MPECTABICHBI B MM,
KOTOpbIE OMPEEIAIOTCS MO pa3Mepy aBTOPUTYphl Ha U300pakeHun UHTepdeiica B
penakrope Word. Ha puc.2.3 npeacraBieHa aMIUIMTYJHO-(hDa30Bast 4aCTOTHAS
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XapaKTEepUCTHUKA C 0003HAYCHHBIMU HA HEW SKCMEPUMEHTAIbHBIMU TOYKAMU,
MIOCTPOCHHAS MO JaHHBIM Ta0uIb! 2.1,

Im
A

350

2 \ % 150
300\ 2 \ ]200

N\

N

250

Puc.2. 3. Ixcnepumenmanvuas ADIX

Crnemyer 3aMeTHTh, YTO HEKOTOPbIE OTKJIOHEHHUS OTOH XapaKTePUCTUKU OT

TEOPETHYECKON O00YCIOBICHHBIE HETOUHOCTSIMU ONPEICIICHUS UCXOHBIX JTaHHBIX,

B 0COOCHHOCTH OTHOCUTEIIBHO (Da3kbl.

AHanoru4Ho 00pabaThIBAIOT PE3yJIbTaThl IKCIEPUMEHTOB U TIPU HCCIIEAOBAHUU

JIBYXMaCCOBOW CHCTEMBI.

3aoanue

B cootBerctBuu ¢ BapuanTom (Tab1.2.2) mpoBecTH uccie0BaHUe U TIOCTPOUTD

ADUX cucteMbl (0JIHO MaCCOBOM HIIH ABYX MAacCOBOM, 110 BBIXOaM X1 HIIH X2).
Tabnuya 2.2. Hcxoounwvie oanmbie

IlepBast | my, kT C1, A1, kr/c | Bropas | mgy, xr Ca, A2, Kr/C

udpa H/mm rdpa 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

Cooeprrcanue npomokona

B mpoTokore npeacTaBuTh 1einb paboThl, HEOOXOAUMBIE TEOPETUICCKUE CBEIICHNUS,
WCXOJIHBIC JTAaHHBIC B COOTBETCTBHM C BapHMAHTOM 3aJaHus, KOMUio mHTepdeiica ¢
3aMUCHI0 BBITTOJTHEHHBIX IKCIEPUMEHTOB M MOCTPOCHUSIMU, HEOOXOAUMBIMU JIJIsi
OMpENICNICHNUs] BBIXOJHBIX JAHHBIX; TAOJMI[Bl SKCIEPUMEHTAIbHBIX M PACUETHBIX
NaHHBIX; Tpaduku s3xcnepuMenTanbHbix ADUX cucrem. BeiBoapbl.
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IIpakTuyeckas padora Ne3
HccaenoBanue ycroitunBoctu CAY no kpurepuro I'ypsuna

Ilenv pabomui: [Ipuobpemenue npakmuyueckux Hagblko8 OYEeHKU YCMOUdU80Cmu
cucmembl A8MOMAMULECKO20 YNPABIEHUS.

Teopemuueckaa uacmao

C nomomisto kputepus ['ypBunia ucciegoBarb Ha yctonunBocth CAY nmoBogom

CyNIOpTa METAIIOPEKYILETO CTAaHKA, CXeMa KOTOPOTo MoKa3aHa Ha puc. 3.1, a.
+

/ (L_W\/\/_(L [1OC
a) 0)
Puc.3.1. IIpunyunuanvnan (a) u pynkyuonanvuas (6) cxemovt npugooa

X Yy X U3n oU Uy o y
3<<H T —1311 VI AP P
VII| nopm Use
{ I1OC

[TpuBoxa coctouTt u3 ycunutens-peodpazonarens (I11T), neurarens (1)
MIOCTOSTHHOTO TOKa, penykropa (P), 3amaromero norennuometpa (311) u
noTteHmomMmerpa oobparnout cesizu (ITOC).

[Ipexe Bcero HEOOXOUMO COCTABUTH MAaTEMAaTHUYECKYI0 MOJIETh TTOBO/IA.
CornacHo npuHIUITY paOOTHI, MOBOJ MPEACTABIsIET co00it 3aMKkHYyTyI0 CAY,
byHKIIMOHAIbHAS CXeMa KOTOpo# mpuBezeHa Ha puc.3.1, 6. [lycTs BbAeeHHbIE
Ha CXEMe€ AJIEMEHTHI OMUCHIBAIOTCS CICAYIOMNME MEePeaTOYHBIMU () YHKIIUSIMHU:

3 we) =i, me w -2 %
. X(¢s) o oU(s) Ts+1
. _as) ko _ Y(s) .
RO o T BN e

noc: w (s)="=®_y
Y -
Tenepb MOkeT OBITH IOCTPOCHA CTPYKTYPHAS CXeMa MOBOJIa, B KOTOPOH (TIpH
paBeHCTBE KOA(DPUITMEHTOB MepeIauu 3aJa0IEro MOTCHIIMOMETPa U
MOTEHIIMOMETPa OOPaTHOW CBSI3U) BA COOTBETCTBYIOMIMX JIEMEHTA Ha
(GYHKITMOHAIBHON CXeMe 3aMEHSIOTCS OJTHUM DJIEMEHTOM C K03 puiimeHToM
nepenaun K, Ha CTpykTypHO# cxeme (puc.3.2).
X o Us| Uo k @ y
k . ! k
i Ts+1 (T;s+1)s

v

Puc.3.2. Cmpykmypnasn cxema npugooa



Takum o6pazom, mepeaarodHas GyHKINS 3aMKHYTOW CHCTEMBI TIOCIIE HECTIOKHBIX
anreOpanyeckux npeoodpazoBaHuii IpruoOpeTaeT BU:

k
W (S) = 0 ]
(Tys +1)(T,s +1)s + k,
rme ko -— Koaq)cpmmeHT nepegadyd  CHUCTEMbl, PAaBHBIM  IPOU3BEICHUIO

K03 (PUIIMEHTOB TMepeaud BCEX 3BEHbEB KaHajga mpsMmoro neuctus. Wrak,
CUCTEMA UMEET XAPAKTEPUCTUUYECKOE YPAaBHEHHE 3-T0 MOPSIKA:
T,Tos*+ (T, + Ty) >+ s+ ko = 0.
CocraBum aeTepMuHaHT [ ypBUIa M HalIEM YCIOBUS YCTOMYMBOCTH.
T,+T, Ko 0
r=[T, 1 o
0 T,+T, Ko
AHanu3 yclOBHM YCTOMYMBOCTM 10 KpuTeputo ['ypBulla MOKa3bIBaeT, 4TO
€AMHCTBEHHBIM YCIIOBUEM SIBJIIETCS IO3UTUBHOCTH BTOPOrO JETEPMHUHAHTA,
HOCKONbKY a0=T,Ts, paBHO Kak u A;=a;=T,+T,, Bcerga Oosbiie Hyusd. Takum
o0pa3oMm, AJi1 yCTOWYUBOCTH MOBOJIa HEOOXOAUMO, YTOOBI:
Ar= (Ty + T()) — koTyTa > 0.

[Tocne HecaoXKHBIX TPeoOpa30BaHUil MOTyYaeM €UHOE YCIOBUE YCTOMUMBOCTH
CUCTEMBI:

1 + 1_> k

y 0
BeimonHeHne 3TOro ycnmoBHsS 00s3aTeNbHO, TMOATOMY Ha TPAKTHKE BapHaIlHeH,
noa00pOM MapaMeTpoB TmpuBoga crpemstcs obecneunts (3.1). Tlpu stom
HarOoJiee ya00HO U3MEHSTh mapameTphl Ko u T, — 00muii koahGuiueHT nepeaadn
NPUBOJIA W TIOCTOSIHHYIO BPEMEHH YCUJIUTEIsI-TIpeoOpazoBateis. B mrobom cirydae
3HAYCHWsI BapHallMii JITHX TapaMeTpoB JOJDKHBI JiekaTh B oOmactu D,
OCTPOEHHOM coriacHo yciaosuio (3.1) (puc. 3.3).

ko A
obnacme
HeyCmou4UBbIX
3HAYEHU
Ko1 —o 1/T,
obnacme
5 VCMOUYUBLIX 3HAYUCHUU >
T, T,

Puc.3.3. Oonacme ycmoiiuugvlx 3HaueHul

Ilpakmuueckaa uacmeo

J171s1 BBITIOJIHEHUST pabOThI UCTIONB3YETC MPUKIIagHas MporpaMma, HHTepderc
KOTOpOH IIPEJICTABIIEHBI Ha puc.3.4. [Ipuknagnas IporpaMmma
«YcronunBocth TOYHOCTH CAY)» HaxomuTcss Ha aucke. HWHCTpykumu u
MOSICHEHUST I pabOThl C MPOTpaMMOM CoJepKarcsi B caMOMl MporpaMme u
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MOSIBJISIIOTCA HAa SKpaHE MOHUTOpA Mpu HaxkaTuu kHonku Help. [[ns BeimonHeHus
ATOW NPAKTUYECKON padoThl, MOCIE€ AKTHUBU3ALMUHU MPOTrpaMMbl Ha TJIaBHOM
uHTepPeiice 10mKeH ObITh BIOpaH pexuM «lccnenoBaHue yCTOMYUBOCTHY.

Ha wuzoOpaxenun ocuunnorpada 3adukcupoBan mnepexoansiii mporecc CAY
MPUBOJIOM CTAaHKA, KOTOPbIA OTBEYAET UCXOAHBIM JaHHBIM, MPEICTABICHHBIM B
okHax uHTepdeiica (cieBa). BxomHol curHan cryneHuatod ¢Gopmbl U300paxeH
JUHUEH 2, - IepeMellleHre cynnopTta — Jinauen 1 Ha puc.3.4. BuaHo, 4ro cucrtema
ABJIAETCS. YCTOMYMBOM U €€ JUHAMUYECKOE KAaueCTBO MOKET OBITh OLEHEHO IO
KOMIIJIEKCHOMY MOKa3aTeNto, KOTOPbII pacCUnThIBAETCS MO popMylie:

A — ymaxt
" 3.2
v (32)
rac Ymax — MaKCHUMaAJIbHAs BCJIMYHNHA NMEePCMCUICHU A cynmopra, yc —

YCTAHOBMBILIEECS TEpPEMEUIEHUE CYNNOopTa IIOCe€ OKOHYaHUS MEPEXOJHOI0
nporuecca, t, — Bpems nepexoaHoro mpouecca. OnpeneiaeHrue 3TUX BEIMYUH 10
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B

% MocnenoBatve YoTORMMEDSTH

(" MECcneqoeaHue TOUHOCTH

NBHIATENE :I

YCWMUTENG-
MFEOEPASOBAT.

WMcxoaHeie paHHbe

Yeunurens-npeobpasoBaTens [TTTTTTTTTTTTTTITTITIT]

K3 SPHUMEHT YoHASHKA I3EIE|
MNacTaaHHan BpeteHy, © IU'DD3

Heurarens

Ymax

K o3 pepriumeHT 1.3 OcuyMnnorpady

nepegauk, pag/cB

MNocToAHHas BpEMEHM, © 0.0z
HON0E0A BHHT

War ExHTA, FM I8

OdparHan ceAsk

K. epuumenT ID'Q

nepenaun, B /rir

MepeMEwEHHE CYNNOpTa, MM
S343HHOE MEPEM EILEHHE, MM

i 02 0 i 01 02 03 0,4 05
Exit | Help | Bpena,

Puc.3.4. Hnmepdpeiic npuxknaonoi npozpammol

B cooTBeTcTBUU ¢ 3agaHreM HEOOXOJIMMO MPOBECTH HCCIIEIOBAHUS 3aBUCHMOCTHU
KOMITJIEKCHOTO TOKa3aTessl KadecTBa MEPEXOAHOro mpolecca oT koddduimenta
neperaund  ycuiMrens-npeoOpaszoBarens.  Jlns  ompenmeneHus — uarna3oHa
BO3MOXHOTO M3MEHEHUsI KO3 (PUIIMEHTa HEOOXOIUMO, TOJIB3YSICh 3aBUCUMOCTHIO
(3.1), g 3amaHHbBIX 3HayeHUd T, U Ty paccyuTaTh MAKCUMAIbHO BO3MOXHYIO
BelMIUHY (Kyn)max. [Ipm 9TOM y4duTHIBaTH, 4TO OOIIMH KOA(PQUIMEHT Iepenaqu
CAY onpenensiercs o popmysie:

H
kO= kyn k()kac 2;;!_

Bri6paTh mar nuameHenus ko3 duirenTa nepeaun yeCuinTens-nmpeoopa3oBaTes
(pexomenayercst mpuHATh mar  0.2(Ky)ma) W MOATOTOBHTH  TaOIUILY
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AKCMIEPUMEHTANBHBIX U PACUETHBIX JAaHHBIX TaK, YTOObI OXBAaTHTh MaKCHMaJbHO
JOIYCTUMBIN K03 PUUIMEHT Nepeaayuu, onpeaeaeHHbIN 1Mo 3aBucuMoctu (3.1).

B tabmune 3.1 mnpeacraBinen npumep s CAY ¢ UCXOAHBIMH JTaHHBIMH,
cooTBeTCTBytomuMu puc. 3.5. Pacuetom mno (3.1) maxomum Kko=383,3.
CnenoBarenbHO  (Kyu)max=1158. Beioupaem mar 0,2-1158=232, cocraBnsiem
Ta0JIMIY ¥ TPOBOJAUM SKCIEPUMEHTHI.

AKTHBU3MpOBaTh MPUKIAAHYIO MpOrpaMMmy, 3aJaTb HCXOAHBIE JIaHHBIE B
COOTBETCTBHM C BapUAHTOM, BbIOpATh MEpBOE 3HAUEHHE KO3(PPULIMEHTa epeiadu
yCUJIUTENSA- MpeoOpa3oBaTeisi M BBIIOJHUTh MOJEIMPOBAHUE TMEPEXOIHOIO
nporecca. [lo ocuumorpamMMe mpousBecTd HEOOXOIUMbIE U3MEPEHUS U 3aIIUCaTh
pe3ynbTaThl B TaONMUIly. BBIMOIHATH AKCIEPUMEHTHI [JIsi BCEro BBIOPAHHOIO
auana3zoHa U3MEeHEeHHs K03 duieHTa.

PaccuuTtaTh KOMIUIEKCHBIA MOKa3aTedb KadyecTBa JJI Ka)XJO0ro >KCIEpUMEHTa U
NOCTPOUTH I'padUK 3aBUCUMOCTH KOMIUIEKCHOTO MOKa3aTeiass A JUHAMUYECKOIo
KauecTBa CUCTEMBI OT Kod(duuueHTa nepeaaun K, ycuiamurens-npeodpazoBaTess
(puc.3.5). Eciu mpu kakoM-nubo 3HaueHun koddduimenta nepenaun CAY

OKa3bIBACTCS HE YCTOWYHMBOH — COOTBETCTBYIOIIEE COOOIICHHWE 3amucaTh B
Ta0IHILy.
Tabnuya 3.1. Dxcnepumenmanvhvie u paciemuvie OAHHbLE

No kyn Ymax | Ye ‘ t, ‘ A

1 1390 CAY He ycToiiunBa

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 /
/

1,0

0,5 -

Nl

230 462 694 926 1158 k.

Puc.3.5. I'pagpuk 3aeucumocmu Kkomniekcnozo nokazamens kauecmea CAY
om KoIpguyuenma nepedauu ycunumensa-npeoopazoeamens
(30Ha Heycmouuugoil padomel 3amemHena)

3aoanue

1. Tlo UCXOHBIM JTaHHBIM, B COOTBETCTBUU C BapuaHTOM (Ta0i.3.2), HOCTPOUTH
yarpaMMy yCTOMYHMBOCTH CHUCTEMBI MO KpPUTEpHIO ycTroiuuBocTu ['ypBuiia (cM.
puc.3.3). OmnpenenuTh MaKCHUMaJbHO BO3MOXHOE 3HadyeHHe KoddduimenTa
nepeaayn yCUIIUTENs-ipeoOpa3oBaTes u MOATOTOBUTD TadIuny
AKCHEPUMEHTAIBHBIX JIAHHBIX.
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2. HMcnonp3ys nNpUKIaAHYIO POrpaMMy, HHTEpPENC KOTOPOil MpeACcTaBiIeH Ha
puc.3.4, IpOBECTU CEPUIO IKCIIEPUMEHTOB U PE3yJIbTaThl 3alIUCATh B TAOIUILY.
3. Ilo pe3ynbTaTam 3KCHEPUMEHTOB MOCTPOUTH SIKCIEPUMEHTAIbHBIN Tpaduk
3aBUCUMOCTH U MTPOBECTH €0 aHAIH3.

Tabnuya 3.2. Ucxoouwvie oannvle

IlepBas | Ycunumens | /{eueamensv | Bunm.napa | Bropas | [Jeueamens | Oop.cea3v
udpa T, c Ko, pao/cB | Hgy mm | nudpa 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
9) 0,009 3,0 14 5 0,025 1,20
6 0,004 4,0 16 6 0,120 0,40
7 0,045 3,6 18 7 0,015 0,60
8 0.050 5,6 20 8 0,040 0,15
9 0.005 4,5 14 9 0,035 0,52

Cooepircanue npomokona

B mporokone mpenctaBuTh CTpyKTypHyto cxemy CAY, amarpamMmy KadecTBa,
TaOJIUIy  SKCIEPUMEHTAJIbHO-PACUETHBIX  JaHHBIX, TIpa@uK  3aBUCHUMOCTHU
KOMIUIEKCHOTO MOKa3aTelsd TMHAMHYECKOr0 KayecTBa OT KO3 (ULIUEeHTa Mepeadun
yCUJIUTENS-TIpeoOpa3oBaTesi, KOMUI0 UHTepdelca ¢ 3amuchlo  MEPEeXOaHOU
XapaKTEPUCTHKU TIPU KAaKOM-ITHOO0 3Ha4eHUH Ky,. BEIBOBI.

IIpakTuyeckas padora Ned
HccaenoBanne Tounoctu CAY B pexxuMe IBHKEHHUS 110 TAPMOHHYECKOMY
3aKOHY

Ilenw pabomui: [Ipuobopemenue npakmuieckux HA8bIKOE OYEHKU MOYHOCMU
cucmem agmMoMamuyecko20 ynpaeieHus npu mecmuposanuu no 2apMoHU4ecKkomy
8XOOHOMY CUSHATL).

Teopemuueckaa uacmao

Uccnenyercs CAY moBoaoMm, CTpyKTypHas cxema KOTOpOro MpecTaBieHa Ha
puc.4.1. Bugno, uto CAY oTimdaercs OT pacCMOTPEHHON B MPAKTHUECKOU paboTe
Ne5 tem, uTo ycunuTenb-ipeoOdpa3oBaTeNb MpeCTaBIeH He O€3bIHEPIIMOHHBIM
3BE€HOM, a allepUOJIUYECKUM |-TO mopska.
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Puc.4.1. Cmpykmypnasn cxema uccieoyemou CAY
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Jlns  Takol CcUCTeMbl BaXHBIM U  TMEPBOCTEIEHHBIM  SIBISIETCS  BOIPOC
ycronunBocTu. [loaTOoMy mepen HayaaoM SKCIIEPUMEHTAIBHBIX HCCIIEAOBAHUN
HEOOXOIUMO OTIPEICIUTh MAaKCUMAIbHO JONYCTHMOE 3HaueHue Koddummenta K,
nepeayn  yCUIHUTeNns-npeodpaszoBatesisi, noib3ysich Gopmynoi (3.1) ¢ ydetom
3aBUCUMOCTH  JJi1  OmpenaesieHuss — obmero  kodpduuMeHta  nepenadyu
MOCJIEIOBATENLHO COEIMHEHHBIX 3B€HbeB CAY:

ko= k kK, K

oc “en"
riae Ke, = H/2 71— nmepenarounas QyHKIus BUHTOBOW mapbl (H —Iar BAHTOBOM
napbl).

Ilpakmuueckas wacmo

Jlist BBITIOJIHEHUSI PabOThI MCHOJB3YETCS TMpUKIAgHAs NporpaMmma, HUHTEpdeinc
KOTOpOil npeacTaBieHbl Ha puc.4.2. [lpuknannas nporpamma
«YcroitunBocTh_TOUYHOCTb CAY» Haxoautcs Ha aucke. HWHcTpykuuu U
NOSICHEHUsST JyIsi paboThl € MpOrpaMMoOi cojepkKaTcsi B caMoil mporpamMme U
NOSIBJISIIOTCS. HAa 9KpaHe MOHUTOpA Mpu Haxkatuu KHomku Help. Jlns BeimonHeHus
ATOW TPAKTUYECKON paboThl, MOCiEe aKTHUBU3AlMM MPOrpaMMbl Ha TJIaBHOM
uHTepdeiice nomkeH ObITh BEIOpaH pexum «lccienoBanue TOYHOCTHY.

Ha uzo0paxenuu ocummiorpada 3adukcuponana peakuus CAY moBogoM CTaHKa,
KOTOpass OTBEUAeT HMCXOJHOMY rapMmonuuyeckomy curnaiay 50Sin30t — nuuus 1.
AMIUTUTYIa ¥ YacTOTa BXOJHOTO CUTHAJA 33/I1al0TCSl B COOTBETCTBYIOIIEM OKOIIIKE
unTepdeiica. Cynmopt orpabaTbiBaeT 3aJaHHBIN 3aKOH JBUKEHUS B COOTBETCTBUU
CO CBOMMH JIWHAMUYECKHMU CBOMCTBAMHU M B pe3yJibTaTe IEPEMEIIAeTCsl I10
3aKOHY, KOTOPBIH COOTBETCTBYET JIMHUH 2, C OMMUOKOW, N300pakKeHHON JUHUEH 3.
Cnegyer OTMETUTh, YTO M3MEPEHHUS OSKCIEPUMEHTAJIbHBIX 3HAYCHUH Ha
ocuwyuiorpage MOXKHO BBIMOJHATH TOJBKO IIOCJE 3aBEPIICHUS IEPEXOHOTO
pexuMa paboTsl (cM. puc.4.2).

[Tocne ompeneneHuss MaKCUMalbHO JOMYCTHMOro kKoddduuueHra K, mepenaun
yCUIIUTENS-TIpeo0pa3oBaTesi, MOATOTOBUTh  TAaOJUILy  AKCIIEPUMEHTAIbHBIX
JNaHHbIX, mpuMep KoTopod mia CAY ¢ HCXOAHBIMM JaHHBIMM 1O puc.4.2
npencrasiieH HWke. [Ipeamnonaraercsi mpoBElEHHE TPEX CEPUl 3KCIEPUMEHTOB
Opu  CIEAYIOIUX  3HAYeHWsIX  Kod(pQuimeHta  mnepefayd  yCHIUTEINA-
npeobpazoareis: (Ky,)1=0,9(Kyn)max; (Kyn)2=0,6(Kyn)max; (Kyn)3=0,3(Kyn)max-

Tabnuya 4.1. dxcnepumenmanbHvle OaHHbIE

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

Jluarmas3oH 1 1ar U3MEHEHHUS YacTOT ONPEACIAETCS IKCICPUMEHTAIBHO TaK, YTOOBI
pu (K,,)1=0,9(K,n)max MaKcHMaabHOE 3HAYCHHE OMIUOKH MPUXOIMIIOCH HA CpETHEe
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3HAQ4YEHHUE YaCTOTHI, a IIar MO3BOJISII IPOJAEMOHCTPUPOBATh TEHACHIUIO U3MEHEHUS
OLIMOKH B 00€ CTOPOHBI OT MaKCUMyMa.

[Ipu BbBIOOpPE AaMIUVIMTYAbl BXOAHOTO CHUTHAJla HEOOXOAMMO  YYHUTHIBATH
BO3MOKHOCTh PETHCTPALIMM BCEX CHUTHAJIOB IIPU YacTOTE, COOTBETCTBYIOUIEH
MakcuMyMy omnOku. Pekomennyercs ycranaBnuaTh A=20.

Elﬂccne}mﬁaﬂue YCTOAYMBOCTH M TOUHOCTH NprBoAa MPLC = |E||ﬂ

' MecneaosaHue YoT oiuMBoCTH

(:. HCC.FIEJJ.DBGHME TOMHOCTH

I' apMoHKYECKMA BXOAHOA CHrHAN _
AMAAMTYAE, M 5 = OBMIATENE :I
T —

Yacrora, pagsc

HMexooHuE naHHHE

Yeounurens-npeotpasoEaTent
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MNocToaHHanA BPEMEHHK, & IDDD3

Newratens

YCUMMTENE-
MPEOEPAS0BAT.

24
[ —>

K. pepriumeHT |1 3 Ocumnnorpads
nepeqayiu, paa/ce
MNocToAHHEA BEREMEHH, © 0.0z
XonoBoA BUHT
War BuHTa, titd I8
OdpaTHan ceAskb
K.oa peuunent IU 5
nepegaqu, B
Feset |
Help |

MNepemelLeHte CyNNopTa, Mi
:

[lepexoonwiil pexcum

Z34aHHOE NEpEMELLEHHE, MM

Mpouece |

] 01 02 03 04 05 05 or
Epema, c

Exit |

Puc.4.2. Humepdheiic npuxknaonoii npozpammsl 07131 UCCA€008AHUA MOYHOCHU
CAY

Ilo pesynbraram SkcnepuMeHTOB (cM. Tabm.4.1) mocTtpoeHsl rpaduKu
3aBUCUMOCTH OIIMOKM OT 4YacTOThl BXOJHOIO CHUTHalla [JIsl TpeX 3HA4YeHUM
Kod(pUIMeHTa Mepeiadn yCuauTems-peoopasonarens (puc.4.3).
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Puc.4.3. I'pagpuku skcnepumenmanvHvlx 3a6ucumocmeit
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1. Tlo ucxonHBIM JAHHBIM, B COOTBETCTBUM C BapuaHTOM (Tabi.4.2), paccuuTaTh
MaKCUMallbHO  JIONYCTHMbIH  ko3(pdurnment Kk, mepemaum  ycumurens-
npeoOpa3zoBaTesl, U MOArOTOBUTH TaOIUIY IKCIIEPUMEHTAIBHBIX TAHHbBIX.
2. Vcnonw3ys NpUKIAAHYI0 NPOrpaMMmy, MHTEpQeic KOTOpOM MNpencTaBlIeH Ha
puc.4.2, BbIOpaTh OMANa30H M LAl WU3MEHEHWs YacTOThl BXOJHOIO CHUTHAJA.
[IpoBecTn cepui0 SKCIEPUMEHTOB (IS KaXJOro 3HadeHus Kodpduimenta
nepenayun), 3amuchiBasi pe3ysbTaTbl B TaOJHMIly, a 3aTeM IOCTPOUTH TIpapuKu
HKCIIEPUMEHTATBHBIX 3aBUCUMOCTEN.

Tabnuya 4.2. Hcxoouvie oannvie

[lepBas Ky, Bropas | H.,,

uH}()bpa Tom € pao/cB Toc unq?pa MM Koc
0 0,003 | 1,6 0,050 0 12 0,20
1 0,015 | 2,0 0,100 1 10 0,90
2 0,020 | 3,2 0,150 2 16 1,10
3 0,025 | 24 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 mpotokone npuBectH cTpykTypHyto cxemy CAY, COOTBETCTBYIOIIHME pPacUeThl
kod(durmenTta nepeaadn YCUIIMTEIISI-TIpeoOpa3oBaTes, Ta0JIUITY
AKCIIEPUMEHTATBHBIX JTAHHBIX, KOMHUI0 MHTepdeiica MPUKIATHON MPOrpaMMbl s
KaKoro-mmb0o HJKCIEepUMeHTa, TpaduKu HKCIEPUMEHTATBHBIX 3aBUCHMOCTEH.
BriBoaml.

IIpakTuyeckasi padora Ne5
OmnpeneneHue XapaKTePUCTUK IJIEKTPOMEXaHNYECKOro NpUBOAa

Ienv pabomwi: [lpuobpemenue npaxmuyeckux HABbIKO8  KOMNJIEKCHO20
UCc1e008anus cucmem u 00beKmos8 agmomamuyeckKo2o ynpasieHus.

Teopemuueckasn uacmeo

Ha puc.5.1 npencrasnena 351eKTpoOMEXaHUYECKask CUCTEMA — MPUBO/I BPAILLIAFOIIETO
NBH)KEHUS, KOTOPBIM COCTOMT M3 OJJEKTpOoJABUraTenas | MOCTOSIHHOIO TOKa,
peNyKTOpa 2 U Harpy3KH, HAIPUMED, IIMUHIEIA 3.
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Puc.5.1. Cxema Inekmpomexanudeckoii cucmemasl

YPaBH€HI/I$I ABWIXKCHUS IBUTATCIIA ITOCTOSAHHOT'O TOKA IIPpU HpeHe6pe)KeHI/II/I

SABJICHUAMHA BTOPOT'O ITOPAAKA UMECT BUI:
dQ

_ dsuz .
M()sue B I()b’ue T-I_ M ! (5.1)
r1€ Mosue, I osuzr £206ue — MOMEHT JIBUIKEHHUS, MOMEHT HHEPLIUU POTOPA U YIJIOBasI
CKOpOCTb JBHrateis, M1 — MOMEHT Harpy3ku Ha Baiy asuraress. C apyroi
CTOPOHBI, B COOTBCTCTBUU C 3HeKTpOMexaHquCKOﬁ XapaKTepI/ICTI/IKOﬁ ABUTATCIIA:
M,.=kU-kQ,.; (5.2)
rae Ky — ko3 HIMEHT NPONOPLUOHANIBLHOCTH MKy HanpsxkeHueM U u
MOMCHTOM JBHKCHMHA, kM — KOB(I)(I)I/IHI/I@HT HaKJIOHA C‘)HGKTpOMexaHI/IquKOﬁ
XApaKTCPUCTHUKH.
PeIIYKTop MOXET OBITh MpCaACTaBJICH 6C3BIHepHI/IOHHBIM 3BCHOM:

Ql = Qdeuzkped ! (5. 3)

rae (2; — yriaoBasi CKOPOCTh BBIXOJIHOTO BaJia peAyKTOPa, Kyco — KoadduimeHt
nepeIavH.
B koHEYHOM UTOTE, ypaBHEHHE ABM)KCHHUS Bajla HATPY3KH:

192 a0, Y;; (det - |o dt)+ M =0, (5.4)

dt
rae M, I, {2 - mone3Hblii MOMEHT, MOMEHT HHEPIIUH U YTII0Basi CKOPOCTh HAIPY3KH,
[ - KpyTHIIbHASI )KECTKOCTbh, A - KOAPQUITUEHT BSI3KOTO TpeHUs. Takum o0pazom,
ypaBHEHHUE CBSA3M, KOTOPOE MOKA3BIBAET, HA YTO PACXOYETCS MOJIC3HAs YaCTh
MOMEHTA ABUTATENSA, UMEET BHI:

M =k eoﬂ? Q. _det)' (55)

[To nonyuyeHHON MaTeMaTUYECKOM MOJIEIHU, KOTOpasi COCTOUT U3 ypaBHeHUH (5.1-
5.5), mocTpoeHa CTpYKTypHas cXxema 3JeKTPOMEXaHUUeCKOM CUCTeMBI (puc.5.2).

ogue

p
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Puc.5.2. Cmpykmypnas cxema 31eKmpoMexanuyecKoii Cucnmembl

Ha cxeme ecTh 1Ba BXOAa: OJUH MO yNpaBistolieMy Bo3aeicteuio U, a BTopoit -
no Bo3myiuenuto M. He cmotps Ha TO, uTo Mo ucxomHoit cxeme (cMm. puc.5.1)
CUCTEMa Ka)XXETCS Pa30MKHYTOM, Ha caMOM Jejie OHAa 3aMKHyTa ¢ OOpaTHBIMHU
norokamu  curHaioB. [lo  pa3paboTaHHONl  MareMaTH4yecKo  MoAeNu
AIEKTPOMEXAHUYECKOTO  [MOBOJA  MOXXHO  IPOBOJWUTH  IPEABAPUTEIBbHbBIC
UCCIICZIOBAHHUS C 1IEJIBIO OIPENETICHHs XapaKTEPUCTHK, OLIEHKH KauecTBa U BbIOOpa
HEKOTOPBIX €ro mapameTpoB. TakoW 3Tall MNpeaBapUTEIBHOTO MPOEKTUPOBAHUS
BCEr/la JIOJDKEH TMPHUCYTCTBOBATh MpPU  pa3padOTKE CHUCTEeM U  OOBEKTOB
aBTOMAaTUYECKOIO0 YIPABICHHUS M SBISIETCS YPE3BBIYAHO BAaKHBIM, TaK Kak
MMEHHO 3]1€Ch ONpPEAEIAI0TCS 001Me HalpaBIeHUs! YAOBIETBOPEHUS TPeOOBaHUIM
TEXHUYECKOTO 3aJaHus U YIy4lICHUS] XapaKTEPUCTUK CUCTEMBI.

Hanpumep, HM3BECTHO, YTO INEPEAATOYHOE OTHOLIECHHE PENyKTOpa CYIIECTBEHHO
BIMSET HAa JUHAMHUYECKHE XAPAKTEPUCTHKU SJIEKTPOMEXAHUYECKOro IPUBOJA.
OreHka MepexoHbIX XapaKTEPUCTUK CUCTEMBI, MPEICTaBICHHON pa3paboTaHHOMN
MaTeMaTUYeCKOW MOJENblo, MPHU DPa3HbIX 3HAYCHUSIX Kod(dduuMeHTa nepenadu
pEAYKTOpa MO3BOJIIET PEUIUTh TAKYIO 3a/1a4y.

Ilpakmuueckan yacmao

Jlist BBITIOJIHEHHST PaOOTHl MCTONB3yeTCA MpUKIAgHAs TporpaMmma, HHTEpdernc
KOTOpOM mpejcTaBieH Ha puc.5.3. [Ipuknaanas nporpamma
«INEeKTpOMEXaHNYEeCKasi CUCTEMa» HaXOJIUTCS Ha JUCKE. S IpoM 3Toil mporpaMMbl
CIIY’KUT COCTaBJIEHHAs BBIIIE MaTeMaTU4yecKasi MoJielb. IHCTPYKIIMU U OSICHEHHS
JUIsi pabOTHI C MPOTPAMMOM CoOJIepKaTcsl B CaMOM MporpamMMme U TOSBISIOTCS Ha
AKpaHe MOHHUTOpPA MpU HakaTuu KHomku Help.

Ha u3o6paxkennn ocumsuiorpada (puc.5.3, a) 3apukcupoBaH MpoIecc M3MEHEHUS
YIJIOBOM CKOPOCTU HArpy3ku (uHUsS 1) mpu pa3roHe W Nnpu U3MEHEHUH MOMEHTA
MOJIE3HOM HArpy3KH (JIMHUS 2) N0 CTYNEHYaTOMY 3aKOHY.

BoinonHss Takue 3KCIEPUMEHTHI MPU Pa3HbIX 3HAYEHUSX HANPSHKEHUS MUTaHUS
JBUTATEJI, MOXHO MOCTPOUTD CTaTUYECKHE XapaKTEPUCTUKHU
AIEKTPOMEXAHUYECKOTO MOBOJA: 3aBUCHUMOCTh YIJIOBOM CKOPOCTH HAarpy3Kud OT
MOJIe3HOTO MOMeEHTa (puc.5.4, a).
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Puc.5.3. Humepdpeiic npuxknaounoii npozpammaol
npu onpeoeneHuu Cmamu4ecKux
Xapaxmepucmuk (a) u pezyiomamol
Mooenuposanusn npu onpeoesieHuu
OUHAMUUECKO20 Kauecmea:
6)—kp=0,1;6)-kp=0,3;2) -kp=0,8 r)
JIiist onpeiesieHrs: ONTUMAIBHOTO 10 OBICTPOJICHCTBHIO KOA(P(MUIIMCHTA MTepeaadn
peAyKTOpa TPOBOAMUTCS CEpHUSl OKCIEPUMEHTOB, INPU KOTOPBIX (UKCUpPYETCs
NEPEeXOIHbIN Tpoliece (pa3roH MPUBOJAA) MPU BCEX €ro HEM3MEHHBIX MapaMeTpax,
HO JIJIS1 pa3HBIX 3HaUeHUM KoddduireHTa nepegadn peaykropa (puc.5.3, 6, B, ).
[lo  pe3ymbraraM  3KCHEPUMEHTOB  MOCTPOEHBI  TpadUK  3aBUCUMOCTH
JTUHAMUYECKOTO KauecTBa, KOTOPOE OMpeIesaeTcs M0 KOMIJIEKCHOMY MOKa3aTelto
(cmotpu dhopmyiy 5.2), oT ko3¢ dunueHTa nepenadn peaykropa (puc.5.4, 6). Ipu
BBITIOJTHEHUHU SKCTIIEPUMEHTOB JIaHHbIE YAOOHO MPEACTaBIATh B TaOIHM4YHON (popme,
a MOTOM CTPOUTH HEOOXOJUMBIN rpadK 3aBUCUMOCTH KOMILIEKCHOTO MTOKa3aTels
A ot ko3¢ duIeHTa TTIepeauu peayKTopa.
Omnpeneneaue HEOOXOAMMBIX Mg pacdeta 1o Qopmyne (3.2) mapameTpoB
nmokazaHo Ha pwuc.5.3, 0. BugHo, 4To onTumManbHOE 3Ha4YeHHE KOd(QuineHrta
nepenaun, npu kKotopoM A—min, pasasercs 0,3. Ilepexomsblii mporecc mpu
TAaKOM 3HAUYe€HHWU Kod(pduimeHTa mepemadyn peaykropa MpeACTaBiIeH Ha
ocluuiorpamme puc.5.3, B.
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Puc.5.4. I'pagpuxu 3xcnepumenmanbHbviX 3a6UCUMOCHIEIL:
a) — cmamuyecKue XapaKkmepucmuku; 6) — OuHamMuuecKas XapaKkmepucmuKka

3aoanue
1. Tlo UCXOTHBIM JTaHHBIM, B COOTBETCTBUU C BapuaHTOM (Tabi.5.1), ompenenutsb
CTaTUYECKHE XAPAKTEPUCTUKH IJICKTPOMEXAaHWUYECKOrO TOBOJA [IJIsi pa3HBIX
3HAYCHUN HaNpsDKCHUS] TUTAaHWS JBUTATENE M TOCTPOUTH COOTBETCTBYIOILIWE
rpaduki. ([uamazon usmMeHeHus HaAPsHKEHUS OINpeesseT MpenoaaBaTeb).
2. IlpoBectn cepur0 DJKCIEPUMEHTOB IO MOJEIUPOBAHUIO  TEPEXOTHOU
XapaKTePUCTUKK TIPU Pa3HbIX 3HaueHUsIX Kodddunumenra k, nmepenaun peaykropa,
BBITIOJIHUTH HEOOXOIUMbIE U3MEPEHUSI, PACCUMTATh KOMIUIEKCHBINA TTOKa3aTenb A U
MOCTPOUTHh COOTBETCTBYIOIIUN Tpaduk [Js ONpeNesieHus ONTUMAJIBHOTO IO
obicTpojeiicTBUIO KO3 unmenTa K.

Tabnuya 5.1 Hcxoownvie Oanmbie

[TepBas Iy Ko Ky k, | Bropas | Yii )
mudpa | krm? | HM/B | Hmc/pa mudpa | krm? Hwm/pa | Hwmc/pa
A il 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 JIEKTPOMEXAHUYECKON CUCTEMBI,
TaOJIUIIBI SKCTIEPUMEHTAIBHBIX JTAHHBIX, COOTBETCTBYIOMINE TPA(QUKN CTATUYECKUX
XapaKTepUCTUK W rpadUK  3aBUCUMOCTH  KOMILIEKCHOTO  TIOKa3aTens
JUHAMUYECKOTO KadecTBa OT KOdPUIIMEHTa Tepenayd peayKTopa, KOMHUIo
uHTepdeiica TNPUKIATHON MPOTpaMMbl C  TEPEXOJHBIM  TPOIECCOM  TpHU
ONTUMAJIBHOM 1O OBICTPOACHCTBUIO 3HAUYCHWU KOIPUIIMEHTa Tepenadu
penykropa. BeiBoabI.

IIpakTuueckas padora Ne6
Omnpenenenue XapaKTePUCTHK THAPOMEXAHMYECKOr0 MPUBOIA

lle./'lb pt160mbl.' Hpu06pemeﬂue npakmudecKux HaeblKO6 KOMNJIEKCHO2O
UCCIe008aHUsl cucmem u 00beKmMos8 AsMoMamuyecKo2o YnpaesjeHU-l.

Teopemuqecmm uacmos
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Ha pwuc.6.1 mpencraBneHa TUAPOMEXaHUYECKas CUCTEMa —  IPUBOJ
MOCTYMAaTeNbHOTO NBIKEHHS. [[pUBOI COCTOUT M3 THAPABIMYECKOTrO IMIHHIpA 1,
IITOK KOTOPOTO CBSI3aH C CYIIOPTOM 2 (HArpy3KOi) MEXaHUYECKOH CBS3bIO C
&KecTkocThio ¢. CymnmopT mepeABUraeTcs IO HANpaBISIOUIMM 3, KOTOpHIC
XapaKkTepu3yrTcs Kod(QPHUIIMEHTOM BSI3KOTO TPEHHUS A, a CKOPOCTh PEryaupyeTcs
rupaBiIndeckuM apocceneM 4. Takum oOpa3oM, cUCTeMa MMEET YIPaBISIOMINN
BXO/] (OTKPBITHE X IpOCCENs) U BO3MYIIEHUE — CHITY Mosie3HOU Harpy3ku F. Llenbro
yIIpaBIICHUsI SBISICTCS TIEPEMEIEHUE CYNIopTa ¢ 3aJaHHON ckopocThio dy/dt 1o
KOOpAHMHATE Y.

A

) h\\\?i\\\\‘i A
1

- 4 — «—l 5 3
=D ” ;

Po A 1]

Puc.6.1. I'uopomexanuueckasa cucmema

JIBI>KEeHME CYMIOpPTa MOXKET OBITh onucaHo AudepeHInanbHbIM YpaBHEHUEM
BTOPOTO MOPSIAKA:

md_2/+/1y+c(y_y1):|:, 6.1)

dt dt

rJIe M — Macca cymmopTta; A - Ko3QGUIUEHT BI3KOTO TPCHUS; Y — IICpEMEILICHUE
Macchl; F — nmosie3Hast Harpyska.
[M'uapaBnudecKkuii MUJIUHIP C TTOJIE3HOH TIIONIaabi0 P mopimHs goKeH ObITh
MIPEJICTABJICH JIBYMSI YPaBHEHUSAMU, KOTOPbIE OTBEYAIOT KUHEMATUUYECKOMY U
CUJIOBOMY BO30Y kaeHHI0. [lepBoe onuchiBaeT ABMXKeHHUE 110 pacxoay Q macia

yepes3 HWINH/IP:

4
e at, (6.2)
tlp
a BTOpOC — UBMCHCHHUC 1AaBJICHUA B IIOJIOCTH:
I_
p=_" 6.3
= 63

Pacxon macna depes 1poccesnb 3aBUCHT OT OTKPBITHUS IPOCCETUPYIONIEN IIEIU U
nepenajga JaBJieHUs Ha HE:

yo,
rie { — Kod(pGUIMEHT pacxo/ia 4epe3 IPOCCETUPYIONIYIO meib, K — koaddummeHT
MIPONOPIHUOHATILHOCTY MEXKY TIOIIAJIbIO SN U OTKPBITUEM X IPOCCEIs, Po —
JaBJICHUE JIMHUW TTUTAHWsA, O — yIEeTbHBIN BEC Maca.
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K maTematuueckoit Mmoienu HEOOXOIUMO MPUOABUTH YPABHEHUE CBSI3U:

F.=(y,—y)c. (6.5)

[lo momy4yeHHON MaTeMaTHUYeCKOW MOJENH, KOTOpas COCTOUT M3 ypaBHeHHi (6.1 -
6.5), TOCTpOEHa CTPYKTypHasi cXeMa THApoMexaHudeckoi cuctemsl (puc.6.2). Ha
CTPYKTYpHOH CXE€M€ €CTh JBa BXOJA: OJWH IO YIPABISIOIIEMY BO3IEHCTBUIO X, &
BTOpPOH 1O BO3MYyIEHHUIO F.

—> k@x Q

1/c y
T2s? +T,s+1

1/sP C
|—> kdx
c/P <

Puc.6.2. Cmpykmypnasa cxema 2uOpomexanuydecKoil Cucmemul

v

I[pOCCCJII) Ha BXOAC CXCMBbI IPCACTABIICH ABYMA ICPCAATOYHBIMU (1)YHKIII/I$IMI/I C
JIMHCAPU30BAHHBIMHU KOG)(l)(l)I/IHI/IeHTaMI/I nepcaaduun kdx — IO YIHOPaBOIICMY
BOS}ICI‘/JICTBI/IIO Xu k()p — IO Ieperaay AaBJICHHA. HpI/I MOACIMPOBAHUN CUCTEMBI C
IMPUMCHCHUCM YHUCJICHHBIX aJITOPUTMOB MOKHO HCIIOJIB30BAThH IICPBUYHYIO

R A A Iy ESBC}?;?}%’%‘SE%B{%M%?@,‘ ?epefa:“?ﬂc‘?.‘)?ﬂ%’ b, KaK 1
U1l DJIIEKTPOMEXAHUYECKOIO IOBOJIAa, MOYKHO KOHCTATHUPOBAaTh 3aMKHYTOCTH
CUCTEMBI, KOTOpasi, TEM He MeHee, He sBisieTca CAY.

Pa3paboTtanHas MareMaTtuyeckas MOJIeTb MO3BOJISIET HAa ATare MpeaBapUTeIbHOTO
IPOEKTUPOBAHUS TPOBOJMTH HCCIEIOBAHUS C LEJIbI0 ONPEACICHUS BIMSIHUSA
napaMeTpoB MPHUBOJA HA IUIABHOCTh JABUKEHHS, OLEHKU KAayeCTBa YIPABJIECHUS U
BO3MOKHOCTHU COINPOTHUBIICHHUS] BHEIIHEW Harpy3ke W T.I. B 3aBUCMMOCTH OT
KEJIaeMOoro Jauana3oHa CKOpOCTeH ABMKEHHUS pabouero opraHa MOKHO MPaBHIBHO
BHIOpAaTh COOTHOIICHHWE: JaBICHUE NUTAHUS — TEOMETPUYECKUE IapaMeTphl
JpOCcensi, YTO SIBISICTCS] BKHOM 3a/iauei, OT pelIeHus KOTOpoi OynyT 3aBUCETh
SHEPreTUYECKUE MOKA3aTEIN OBOAA B LIEJIOM.

Ilpakmuueckaa uacmeo

Ha pwuc.6.3 mpexncraBinen wuHTepdeiic MNPUKIAAHONW MPOrpaMMBbI, KOTOpas
MOJICIIUPYET THAPOMEXaHUUECKYIO cucteMy. [Ipuknannas nporpamma
«I'napoMexaHnyeckas CHUCTEMa» HAXOJIMTCS HA JUCKE. SIpoM 3TOM MpOorpaMmbl
SBJISIETCS MIPEACTABICHHAS BbILIE HEJIMHEHHAss MaTeMaTU4YecKash MOJeNb, KOTopas
YUYUTHIBAET HEIIMHEIHYIO 3aBUCUMOCTD (6.4) KpoMe HEIMHEHHOCTEH, OMMCAHHBIX B
Teoperndeckoit dactu. KoaddummeHTsl MOIeNnu pacCUMTaHbl ISl CIICTYFOIINX
ucxoaHeix manubix: £=0.9, p=900 Kr/MS. HNHCTpyKIMKM U TTOSCHEHUS 1711 pabOTHI C
MPOrPAMMOM COJIEPKATCS B CAMOM MPOTrpaMMe U MOSIBIISIOTCS HA SKpaHEe MOHUTOpPA
npu Haxkatuu kHonku Help.
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mlﬂccnegosam«e THAPOMEXAHHIECKOT O NPHEDAS -0l =l

HCAOOHBE NAHHHE

IMopaBAMYECcKan YacTb
K. POUUMEHT NEpELa4M ID'S
APOCCENd, MM
Mnowagk NopwHa I
THIPOUMAMHIPA, SHM2 80
JTaeneque nuraHua, MMa |2,D

MexaHuyeckan yacte
Macca, kr |5
Aectrocte, Hitm |22DD
Ko papuMeHT BASKOrD |1 050
TPEHWA, Kric

OTKpbITHE AROCCENRA, M ID'3 E

m =

MonesHaA Harpyaka, kH

Mpouecc | Fieset |

B 005 0 005 01 045 02 0289 03
ExitlHeIplz' / - - . . 530,

Bpems, ©

CKOpOCTE, M/C

CHna HarpyskH, kH

Puc.6.3. Humepdgheiic npukinaonoii npozpammuvl Mooeauposanus
2UOPOMEXAHUYUECKOT CUCmeMbl

Ha u3ob6paxkennn ocmmniorpada (puc.6.3) CKOpocTh IBMKEHHUS pabodero opraHa
o0o3HaveHa JMHUEH 1, CKOPOCTh ABMIKEHHMS IITOKA THAPABIMYCCKOTO ITUIUHApPA —
JUHUEH 2, a JuHUA 3 COOTBETCTBYET BHEIHEW Harpy3ske — cujie, KOoTopas
npUKIagbBaeTcs K paboueMy oprany. 3adukcupoBaH LMK —YIPaBJICHUS,
COCTOSIIIIMK U3 CJIICIYIOIINX TAINOB: ABMKEHHUE BIEBO (OTpUIIATEIbHAS CKOPOCTh) K
JIEBOMY YIIOPY, ABMYKEHUE BIPABO JO OKOHYAHUS MEPEXOTHOTO Ipoliecca U MOTOM
BHE3AITHOE MIPUIIOKECHHE CUIIBI Harpy3KH, IBHKECHUE K TIPABOMY YIIOPY.

AHanmu3 OCHWJUIOTpaMMBl MOKa3bIBaeT, YTO IIPH H3MEHCHHHM HAIPABJICHUS
JIBIDKCHHSI B CHUCTEME  IIPOUCXOAUT  IEPEXOJHBIA  Tpolecc, KOTOPBIH
COTIPOBOYKJIACTCS 3aTyXalOMUMH KOJeOaHUsAMH, KaK CKOPOCTH pabodero opraxa,
TaK ¥ CKOPOCTH IITOKA TUIPABINYECKOTO ITUJIMH/PA, & U3MEHEHHUE CHUJIbI HAarpy3Ka,
KpOME TIEPEXOHOTO TIPOIlecca, BBI3BIBACT YMEHBIICHHE (PAKTHUUECKOW CKOpPOCTH
JBUKCHHUS pabodero oprana (BenuunHa oV Ha ociuiorpamme). [lpu yBeaudeHu#
CUJIBI CBEpPX OINpPEJCICHHON BEJIUYMHBI MOXET TMPOU30NUTH JBM)KEHUE B
MIPOTHBOIIOJIOKHOM OT KEJIaeMOT0 HampaBJICHUH, TO €CTh Maclio Oyner
BBITECHSITHCS U3 TTOJIOCTH THAPABINYECKOTO IIUIUHIPA.

BoeinosiHsgsa Takue 3KCIEPUMEHTHI MPU PAa3HBIX 3HAYEHUSIX CHJIBI COMPOTHUBIICHUS,
MOXXHO  TIOCTPOUTh KaK JUHAMHUYECKHE  XapaKTEPUCTHUKU  3aBHUCUMOCTH
MepeperyIupoBaHusl, 3aTyXaHUsd 3a IMEPHOJ OT MapaMeTpOB CHUCTEMbI, KOTOPbHIC
W3MEHSIIOTCSI, TaK W CTaTMYECKHE XapaKTEPUCTUKHW 3aBUCUMOCTH CKOPOCTH
JBYDKEHUS OT CHJIBI TOJIE3HOM HArpy3ku (puc.6.4).
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Puc.6.4. Cmamuueckasn 3a6ucumocms CKOPOCHU O8UNHCEHUA OM NOJE3HOI
Hazpy3Ku

3adanue
1. Tlo UCXOMHBIM NaHHBIM, B COOTBETCTBUU C BapuaHTOM (Tabi.6.1), onpenenuTsb
CTaTUYECKHE XapPaKTCPUCTUKU THAPOMEXaHWYECKOrO TMPHBOJA (3aBUCUMOCTH
CKOPOCTH pabouero opraHa OT CHJIbI TIOJIC3HON HAarpy3Ku) Uil pa3HbIX 3HAYCHUU
JABJICHUS] MHUTAHUS THUIPABIUYECKOW CHUCTEMBI M TMOCTPOUTH COOTBETCTBYIOIIHMA
rpaduk. (Jluamna3on usmMeHeHus: JaBjIeHUs ONPEEIsieT IPEno aBaTeb).
2. OmnpenenuTh JIUHAMHYECKHE TIOKa3aTeIM THAPOMEXaHWYECKOro IPUBOJIA:
OTHOCHUTEJIPHOE TIEPEePEeTyINPOBAHUE U 3aTyXaHUe 3a MePUOI.

Tabnuya 6.1 Hcxoounvie oanmbie

I[lepBas k, Po , P, Bropas c, A, m,
mudpa MM Mlla cm? mudpa | 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 mnpeAcTaBHTh CTPYKTYPHYIO CXEMYy HMCCIEIYyeMOH CHCTEMBI C
HMCXOJHBIMM  JaHHBIMH, TaOJUIBI AKCICPUMEHTAIBHBIX JAHHBIX, TpadHKu
CTATHYCCKUX XAPAaKTEPUCTHK, TUHAMHYCCKHEC ITOKA3aTeIM KadyecTBa MEPEXOIHOMN
XapaKTEPUCTHUKHU THAPOMEXaHUIESCKOTO ITPUBO/IA.

IpakTuyeckas padora Ne7
Onpenesienue xapakrepuctTuk CAY npoaojJbHOM Mogave Npyu TOYEHUN
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Llenwv pabomui: [Ipuodbpemenue npakmuiueckux Ha8bIKO8 KOMNIEKCHO20
Uccne008anus cucmem u 00beKmos8 asmomamuyeckKo20 YnpasieHus.

Teopemuueckaa uacmao

HaubGonee pacnpocTpaneHHbl B MeTaioo0padoTke Tum 3aMKHYThIX CAY — 3T0
CAY, npenHa3zHayeHHbIE JUIs1 aBTOMAaTHYECKOTO PETYJINPOBAHUS TIpoLiecca
pe3aHus 3apaHee YCTaHOBJICHHBIM 00pa3oM. Takue cucteMbl MOTYT IPUMEHSITHCS
KaK JJI CTa0MIM3allMu 33aJIaHHBIX BBIXOHBIX MTApaMeTPOB Ipoliecca pe3aHus, TaK
U JUISl UX U3MEHEHUS B IIUKJIE 00pa0OTKHU MO OMPEACICHHOMY aJTOPUTMY.
Haubonee nenecoodpa3Ho UCMONB30BAHUE TAKUX CUCTEM Ha 3aKJIIOUUTEIbHBIX,
(PUMHUIIHBIX ONepalUsiIX TEXHOJIOTUYECKOro Mpoliecca.

[Ipu mexannyeckod oOpabOTKE pe3aHHEeM TOYHOCTh OOPaOOTKH, B OCHOBHOM,
onpejensieTcs: yupyrumu aeopmManusiMyu TEXHOJIOTMYECKON CUCTEMBI, KOTOpPbIE, B
CBOIO OYepellb, 3aBUCAT OT cuiibl pe3anus. [loaToMy cucremMa aBTOMaTHYECKOM
CTaOMIIM3aIlMKM CWJIbI pe3aHusl Ha 3apaHee 3aJaHHOM YpOBHE WJIM MPOTrPaMMHOTO
pPEryIMpOBaHUS €€ M0 3a/JlaHHOMY 3aKOHY TII03BOJISIET TOBBICUTH TOYHOCTH
00pabOTKH U 3HAUUTEIbHO YIYUYIIUTh Ka4e€CTBO TOBEPXHOCTH JI€TAJICH.

CAY crabunuzanuu cuiibl pe3aHus npu TodeHuu (puc.7.1) cMOHTHpOBaHa Ha
TOKapHOM CTaHKE M COCTOMT W3 MPHUBOJA MOJIAaYU U U3MEPHUTEIILHOIO YCTPONCTBA.
W3meputenbHas 1enb peaju3oBaHa C  MOMOIIbIO  JUHAMOMETPUYECKOTO
npeoopazoBatens JIl, xoTopwlii uepe3 ycuiauTelnb Y O00ECleYrMBaeT CUTHAI
oOpaTtHOi cBsizu U,., NMPOMOPIMOHANIBHBIN CcOCTaBisAtoNel P; cuibl pe3aHus.
[IpuBon momaun cOCTOMT U3 YycuiauTens-npeoopazosatens YII, nBurartens
noctostHHOoro Toka [l u peaykropa P.

S d | ’
) AV |
u, SU U o S3 Sy P,
YII — 1 » P — P >
H, qu ImpP » TC R
Uoc Py
Up oy
y - JAIL [« JYVCy |«

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

CAY ¢ysxkumonmpyer craeaymommMm oOpazom. Ha Bxom cucremsl, K
CpPaBHHUBAIOLIEMY YCTPOMCTBY mocTynaer curHaid U, KOTOpbIH COOTBETCTBYET
TpeOyeMOMY 3HAUEHHUIO CWJIbl pe3aHusi B ompenaelieHHoOM Maciutade. Ha BTopoit
BXOJI CpPaBHMBAIONIET0 ycTpoicTBa mnoctymnaer curHain U,., BbIpabaThIBaeMblil
nuHaMmoMeTpuueckum mnpeodOpaszoBatenem I u ycunurenem Y. Takum oOpazom
Hanpsbkenne U,. NponopuuoHAIbHO pEaJbHOMY 3HAYEHUIO CHJIBI PE3aHMsl.
Ommbka AMJ=U,-U,. moctymaer Ha BXxoja ycwimTenas-nipeodpasosatens YII,
KOTOpBIN BeIpabaThiBaeT HanpsbkeHue U, nmutanus asurarens . JIsuratens [,
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yepe3 peayktop P onpeznenser BenuuuHy NpoAOJbHOM MOAA4YM Tak, 4TOObI CBECTH
OLINOKY K MUHUMYMY.

Kak ynpasngemsiii 00bekT B CAY Bxoautr mnponecc pesanus I[P, koTopslii
MIPOUCXOJIUT B 3aMKHYTOM TEXHOJIOTMYECKON 00pabdaThIBaroLIell CUCTEME.
Marematuueckast Mmoaelib CAY cOCTOMT U3 MaTeMaTHYECKUX MOJCIICH JIEMEHTOB,

COCTaBJISIOIINX CUCTEMY. Ycunurens-npeoOpa3zoBaTeib OIHCHIBAETCS
¢ depeHnraIbHbIM YpaBHEHUEM [IEPBOTO MOPSJIKa,
du,

Tyn dt + U (): k ;&nJ ! (71)
HO €r0 XapaKTEePUCTHKA HEJIMHECIHAS THIIa
“Haceiienus’ (puc. 5.34):

U)=k N, ecmu 5U<5U0;

Puc. 7.2. Xapakmepucmuka U,=U,., em N>,
ycunumens-npeoopazasamens
rae Ky, Tyn — KOO(QOUINEHT YCUIICHHS ¥ TOCTOSTHHASI BDEMEHH YCHITHTEIISI-
npeodpazoBateiis; Umax — HaNpsKEHUE HACBIILICHUS.
JIBuraTeinp MOCTOSTHHOTO TOKA ONMUCKIBAETCS qu(dPepeHIINaTbHBIM YpaBHEHUEM
BTOPOTO MOPSIIKA:
d‘w dw
eT,w dtzo +TM dt6+ a)o: K LoJ o
rae Ko, Ty, Ty - KO3DGUIMEHT mepeiadyn, TOCTOSHHBIC BPEMEHH
(97eKTpOMarHuTHAs U MEXaHUYeCKasi) TBUTATEIIS.
Penykrop, TeH30METpUUIECKUIT TUHAMOMETP U 3JIEKTPOHHBIA YCUIUTEIb
OIMCHIBAIOTCS JINHEHHBIMH YPAaBHEHUSIMHU, KOTOPBIE COOTBETCTBYIOT
Oe3bIHEePIIMOHHBIM 3BeHbsIM ¢ Koddduimentamu nepenadn: Ky, Ko, Ki.
DOkBUBaNeHTHbIE ynipyrue cucteMbl (Y C) Mo COOTBETCTBYIOMIUM OCSIM
KOOPJHMHAT MOTYT OBITh TIPECTaBICHBI T PepeHITNATEHBIMEA YPaBHCHUSMHA
BTOPOTO MOPSIJIKA, KaK JIJIsi OTHOMACCOBBIX CHCTEM:

l d?ox  dok
Jszm o+ A +C,0X;
| ddz%y ﬁl (73)
P=m——+A4 " +cdy,

L7 dr dt ¥
rie M —Macca cynnopta; A - Ko3QQUIMEeHT BA3KOro TPeHUS (Crila TPSHHUSI
IPONOPLHUOHAIIBHA CKOPOCTH); Cx, Cy — KECTKOCTHU 10 COOTBETCTBYIOILEH
KOOpAMHATE.
[Tponecc pe3anus ITP MmokeT ObITh peACTaBIEH YPABHEHUEM, CBA3bIBAIOIINM
(axTHUECKHE BEIMUUHBI IOJauu Sy 1 rimyOouHsl Hy pe3anus ¢ coctasistomiei P,
CHUJIBI PE3aHUS:

(7.2)

PZ :CDH;"SX’V " (7.4)

rae Cp, Xp, Yp, Np — dMIupuyeckue Ko3(pPUIMEHT U MOKa3aTeNn cTenenu, V —
CKOPOCTb PE3aHHUs.

biiok I'C BeIIONHAET onepaluv B COOTBETCTBUU C TEOMETPUUECCKUMU
COOTHOILIEHUSIMH MEX]1y COCTaBIISFOILIMMU CHIIBI PE3aHU:
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(06P)

1+1g°(p+7).
I7I€ (@ — TJIABHBIN YroJl B IUIaHE pe3lia, 77 — IOl CX0/Aa CTPYKKH.

C yderoM npuBeACHHBIX BbllIe ypaBHeHUH (7.1-7.5) u cBs3el pyHKIMOHATBHON
cxeMbl 110 puc. 5.30, maTemaTuyecKyto Moielb Becert CAY Hazio 1OMOTHUTD
CJIEIYIOIIMMU 3aBUCUMOCTSMM:

[U=U-U

S=wk;

P =

y

P =P - t9(p+n); (7.5)

o

i 6 8

)
U..

(7.6)

|
I
U, =8k, ki

Taxkum oGpa3zoM, cTaOuIM3aNKs CUIIBI Pe3aHus Ha TpeOyeMOM ypOBHE, KOTOPBIM B
OTIpEJICTICHHOM MacilTade oTBedaeT 3ajaHHoMy HampsikeHuto U, Ha Bxome CAY,
MPOUCXOAUT IO CUET YNPABICHMS MPOAOJIbHON mojaudeit. [Ipu ToueHuum neranu,
MPUITYCK KOTOPOM M3MEHSETCS, PETryJMpOBaHUE MOAAYU JOKHO MPOUCXOIUTH
Tak, 4TOOBI CHJIa pe3aHusl OCTaBajlach MOCTOSHHOM Ha Bce aynHe oOpaborku. Ho
kayecTBO paboTel CAY LETUMKOM 3aBUCHUT OT €ro IapaMeTpoB, a TaKke OT
napaMeTpoB TexHoJoruyeckoi obpabateiBatomieit cuctemsl (TOC) rne UMEHHO U
peanm3yeTca  mpouecc TodyeHus. [loaToMy — BaKHEHIIEW — 3amaded  Opu
IPOEKTUPOBAHUU CUCTEMBI SIBIIAECTCS MPaBUIBHBIN BBHIOOp €€ MmapaMeTpoB, a MpH
AKCIUTyaTallly — OLIEHKA KauyecTBa B 3aBUCUMOCTH OT napameTpoB TOC, koTopkie B
JAHHOM CITy4ae SIBJISIFOTCS BO3MYILICHUSIMU.

Ilpakmuueckan yacmao

Ha puc. 7.3, a mpexacraBieH wuHTepdelc NPUKIATHON NporpaMMbl B KOHIIE
MOJICTUPOBAHMS  TIpollecca CTAOWIM3AIMU  CHJIBI  pEe3aHusl TPU  TOYCHHUH
CHEUUATIBHO MOJIOTOBJIEHHON JI€Tali C HEPAaBHOMEPHBIM MPHUITYCKOM, KOTOPYIO
MOXHO YBHJETh Ha dKpaHE B Haudaje mojeiaupoBanus (puc.7.3, 0). I[Ipuknamnas
nporpamma «CAY crabunmzanuu_CUJIbl_pe3aHus» HaAXOAUTCS Ha JTUCKE.

SAnpom 3TOM mporpaMMbl  CIYKUT IPEACTABICHHAs  BbIIIE HEJIWHEHHAS
MaTeMaTudecKas MOJIeIb, a MHCTPYKIIMH U TIOSICHEHHS JIJIsi pabOThI ¢ IPOTpaMMOi
colepKarcsi B CaMOM MporpaMMe M TMOSBISIOTCA Ha HKpaHE MOHHUTOpA MpHU
HaxxaTuu kHomku Help B mone rimaBHoro uaTepdeiica. [Ipomnecc pesanus oTBeuaet
CIEeNYIONIMM TIapaMeTpaM: Kod(DPUIIMEHT ¥ TOKa3aTelau CTEeNeHH CHIOBOM
3apucumoctu C,=3000, x,=0.9, y,=0.75, n=-0,1.

[Tony4yeHHbIE XapaKTEPUCTUKA U3MEHEHHS MTPOAOJIBHOM MOJAYM U COCTABJISIONIEH
P, cunbl pe3aHusi MO3BOJISIIOT HAWTU U OLIEHUTh BCE HEOOXOAMMBIE MapaMeTpbl
KauecTBa: TOYHOCTh PETYIUPOBaHUA, ObICTPOJIEUCTBUE, CKIIOHHOCTD K KOJIEOAHUSIM
U T.II.

Ha ocuwuiorpage wunTepdeiica (puc.7.3, a) 3apuKCUpoOBaH  MPOIECC
perynupoBanus (uHUs 1 — cocraBnsromas P; cunbel pe3aHus, TuHUS 2 —
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npojoJibHasg nogayva S). ITockonbKy Mmpoliecc HAYMHAETCS ¢ MOMEHTA MOJBEICHUS
pe3la K 3aroToBKE, TO 3€Ch [10Jaya JOCTUTaeT CBOCH MAaKCHUMAaIbHO JOIIYCTUMOM
(Mo xapakTepUCTHUKaM IPHUBOJIAa) BEJIUYUHBI. Jlasee MpOUCXOIUT aBTOMATUYECKOE
PETrYyIMPOBAaHUE C LETBI0 CTAOMIM3ALMHA CUJIbl PE3aHUSI — MPU YBEITUYEHUHU CHUJIBI
roJia4a YMEHBIIAETCS, IPU YMEHBIIEHUH - YBEJIMYUBACTCA.

AHanu3 mpouecca pEryJupoBaHHs MOYKHO THPOBECTH IO  YBEIUYEHHBIM
dparmentam ociuiorpammel  (puc.7.3, B). Crabwinzaiiys BBITIOJHIETCS IO
[IEPEXOHON XapaKTEPUCTHUKE C MapamMeTrpamu: Bpems 1, mepexomHoro Impolecca,
MaKCHUMaJlbHasl BEJIIMYMHA Pmax COCTaBIAIOMIEH CHJIBI PE3aHUS U C HEKOTOPOU
omuokoii OP. I1o 3TuM mapamerpam MOXKHO OIIEHUTh kKadecTBo CAY.

/Mo A€ NWpOBaHHE CHCT @bl ABTOMATUNECKON CTABHNM3ALIHM CUlbI PESaHAS NP —1olx|

Toc

45000
YCHAMTE b

TWatETD AETAMM, M 50
Fnaeeii yron pesua l—
B NiaHe, rpad 5
Cropocts peaan, v |1

Ko dduument u nokasarenn
CTENEHU CUADBOR 3aBUCHMOCTH
Cp = [3000 x= [o

¥= |07 n= |01

Napamerpm CAY

Yeunirens kn= |35

£l
03

°
=) g
H ]
urattomeTp ka, 8/H = [0,0001 ; 36 =
3 g 8
2
Sonmmens: kn= [ g 52 &
npeofipasoBaTank & 3 E
Tnn, c= |00 g §
2 5
Hewrarens  ka,paa/cB = [1.2 g 0% §
Te.c= (0005 024 2
Trc= |0.08 Bper, ¢ ; 044 046
TRe, €
Pegycrop  kp.mmdpan = {01 | [ENEREY oG Resst | Help | B )

Puc.7.3. Moodenuposanue CAY cmabdbunuzayuu cuivt pe3anus npu moveHuu:
a) — 2naeuwvlilt unmepdheiic, 6) — HauaIbLHOE NOI0ICEHUE, 8) — OUEHKA KAYecmea

3aoanue

1. Tlo ucxomHBIM JAaHHBIM, B COOTBETCTBHM C BapuaHTOM (Tabi.7.1), mpoBecTu
MOJIETUPOBAHKUE C IIEJIBIO OIpECNICeHNs KadyecTBa MEPEXOAHOU XapaKTePUCTUKHU
CAY 1o KOMIUIEKCHOMY ToOKa3zaTento (cMoTpu ¢opMyny (5.2)) U TOYHOCTH TIO
omunoke OP ot cienyromux mapamerpoB CAY:

1) oT K03 dHIMEHTA ITepeIauu PEAyKTOPa;

2) OT XKeCTKOCTH Cx ynpyroii TOC;

3) oT ko3 puIeHTa nepenavn yCUInuTeNst OOpaTHON CBS3H.

Ipumeuanue:

- nTrana3oH n3MeHeHus xectkoctu (H/mm) 18000 < ¢ <50000;

- Mana3oH BapbUpOBaHUS KOG PUIIMEHTa yCHIuTenss oOpaTHO# cBsizm 5 < Ky
<55;

- Mara3oH m3MeHeHus koddduumenta nepenaun peaykropa (mm/pan) 0,2 < K,
<0,05.

2. BwiOupas mar n3aMeHeHus 3aJJaHHOTO TTapaMeTpa, MPOBECTH IKCIIEPUMEHTHI Ha
BCEM JIMAala30HE €ro MW3MEHEHMSs, OIpeaeuTh HE0OXOAUMbIe (CM. BBIIIE)
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JUHAMUYECKUE XapaKTePUCTUKH U 3alHcaTh pe3ylbTaTbl B COOTBETCTBYIOLIKE
TaOJINLIBI.
3. Iloctpouts rpaduKu >SKCHEPUMEHTAIBHBIX 3aBUCHUMOCTEH KOMIUIEKCHOTO
MOKa3zareiss KayecTBa W OMIMOKM OT YKa3aHHbIX Bbime mnapamerpoB CAY.
Onpenenuts JUHAMHUYECKUE NOKa3aTeIn CAY: OTHOCHUTEIIBHOE
nepeperyaupoBaHue U 3aTyXaHue 3a MEPHUO/I.
Buumanue! 110cKoJIBKY HCXOHBIE TaHHBIEC 3aJAKOTCS CIYyYalHO, HE UCKIIOYAETCS
cutyaius, korga CAY oOka3plBaeTcsi HEYyCTOMYMBOM, TO €CTb COBCEM HE
npurogHo Kk QyHkuuonupoBanuio. CooOmieHus 00 3TOM, B TakoM cllyyae,
NOSIBJISIETCSl HA SKpaHEe MOHUTOpPA BO BpEMsl MOJENMpOBaHMs. PekoMeHaanuu s
pelIeHHs TaKoi MpoOeMbl — IEHCTBOBATh B CIEAYIONIEH MOCIE0BATEILHOCTH
1) u3MeHsATH mapaMeTp, B (QYHKIMH KOTOPOTO aHAIM3UPYETCs JIUHAMHUYECKOE
kadecTtBOo CAY B quamna3oHe, yKa3aHHOM B 3aJ1aHUU;
2) ecnu B pe3yibTaTe BBIMOJHEHHS I.1 HE ymaeTcs 00eCHeduTh MOCTOSHCTBO
CAY, ymenbmath kod@dunuent mnepeaaun mnpsmMoro kanama CAY 3a cuer
yMEHbIICHUs] KO3(PUIIMEHTa YCUJIEHUS TPaH3UCTOPHOTO  (THUPUCTOPHOIO)
npeobpazoBatend. [lomyueHHbI TakuM 00pa3oM HOBBIA KOI(PPUIIMEHT 3aHECTH B
UCXOJHbIEC JAHHBIE C COOTBETCTBYIOIIMM KOMMEHTAPUEM.

Tabnuya 7.1. — Mcxoouwvie oannvie

=
S
A = =
=% | 2 = |8 | & 5| _f
3| 5 | U 2 T | & s/ 8] Z8
< | = ©) = S =W 5 | =| &g /surarens
,.g 5 = g o.m) w e = B -& S 8
= = W) . ~ (oB >~ o ] = S @
= g < ) Q O o 9
alEn= 9 = | E = | EHRZ|F| &
Sle | 8 |s|2gl 8 |Ed o2 8lEsE
2| = 5 S| & B & ng S s| &k k T T
58 | 8.8 58 g |85 || ]
E 1 | KOS |2 80> g% 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 1120 | 22000 |50 | 900 (80 (80 |0.005| 4 |60 |1.2|0.00]0.05
8
5 |100 | 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|0.00|0.05
S

Cooepirrcanue npomokoaa

B nportokone npeacTaBuTh CTpyKTYpHYIO cxeMy ucciaeayemoit CAY ¢ ucxoaHbemMu
JaHHBIMM, KOMIUIO HHTEp(elica MPU MOIETUPOBAHUH, TAOIUIIbI
AKCIIEPUMEHTATBHBIX JAaHHBIX, IPa)UKH COOTBETCTBYIOLUIUX 3aBUCUMOCTEH.
BriBOIBL.

IIpakTuyeckas padora Ne§
HccaenoBanue BIUSHUA acTATH3MA HA KauecTBO CAY

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

Teopemuueckasn uacmao

Uccnenyrorcss nse CAY: ucxoaHas CUCTEMa C acTaTU3MOM II€PBOTO TMOPAJKA,
npeobOpazoannas (¢ IIM-perymsitopoM) — cuctemMa ¢ acTtaTusMOM BTOPOTO
nopsiika. M3BecTHO, YTO sl OLEHKHM TOYHOCTH ACTaTUYECKHX CHUCTEM BTOPOTO
NOpSIIKA UCIIONB3YETCS  YIpaBISAIONIEE BO3JECUCTBME B BHJE CHTHala C
MOCTOSIHHBIM ycKopeHueM. [lpu Takom pexxume paboOThl actaTUdeckas cuUcTeMa
BTOPOTO TMOpsIKa MMEET OIIMOKY, MO BEJIWYMHE KOTOPOM MOXKHO MPOBOAUTH
onleHky kadectBa CAY u mpoiiecca peryivpoBaHus. YCTaHOBHBIIASCS OIIMOKa
actatuueckoit CAY mepBoro mopsiika B 3TOM ciydae OyAeT CTPEeMHTBCS K
OECKOHEUYHOCTH.

Ilpakmuueckasn wacmo

Ha pwuc.8.1 mpexacraBiaen uHTepdeic NPHKIATHON MPOrpamMMbl, C TOMOIIBIO
KOTOPOU BBITIOJIHAIOTCS SKCIIEPUMEHTAIIbHbIE HccienoBanus. [IporpamMmma
«IIW_perynstop» HaXoAUTCs Ha aucke. MHCTPpYKIIMK U TIOSICHEHUS ISl pabOTHI C
MIPOTPAMMOU COJIEPKATCS B CAMOM MPOrpaMME U MOSABISIOTCSA Ha SKpaHEe MOHUTOPA
npu HakaTtuu KHotku Help.

Ilocne aktuBuM3auuu npukiagHod mnporpammbl «CAY c IIH-perynaropomy,
KOTOpasi HaXOJUTCS Ha JMCKe, Ha TJIaBHOM HHTepdelice 3aMaloTcs HCXOJHBIC
JAaHHBIC B COOTBETCTBUH C BapHAHTOM (CMOTpH Tabymiy 8.2).

[Ipn uccnenoBanuu BaUAHUS NMOCTOAHHOM BpeMeHM [IM-perynstopa Ha kadecTBO
pEryJIMpOBaHMsl  YCTAHOBUTHh CTAaTUYECKUM PEXUM UM IPOBECTH  CEPHUIO
OKCIIEPUMEHTOB i1 OLUEHKH KOMIUIEKCHOIrO Kputepuss A4 KayecTrBa, B
cooTBeTcTBUH C (opmynoi (5.2). M3MepeHuwe HKCHepUMEHTAIbHBIX JIaHHBIX,
HEOOXOJUMBIX JJISI pacdyeTOB, MPOBOAMUTCS MO ocuuuiorpammam. Ilpu sTom as
HMCXOAHOW CUCTEMbI KOMIUIEKCHBIN KPUTEPUU A PAaCCUMTBIBAETCA OJUH pa3, a JJjs
CAY c¢ IIH-perynstopoM — [Jisg BCEr0 BBIOPAHHOTO JHMaNa30Ha W3MEHEHUS
MOCTOSSHHOW BpeMeHu [,. Jluama3oH UW3MEHEHUs IIOCTOSAHHOW [, BpeMeHHU
onpeAenseTcs OT 3HaueHus, npu KOTopom CAY CTaHOBUTCS HEYCTOMYMBOW, B
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CTOPOHY yBEIWYEHUS. ODKCHEPUMEHTAJIbHbIC JaHHBIC 3alMCHIBAIOT B TaOJUILy,
puMep KOTOPOU MPe/ICTaBICH HUXKE.
Tabnuya 8.1. DxcnepumenmanvHvle U pacuemmusle OaHHbLE

Cratnyeckuid pexum JBrxK. c IIOCT
YCKOPEHHEM

Ne i T c Olmax, t, ¢ A oa, 2pad
2pao

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

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

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

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

5 |04 85,30 1,40 1,99 5,2

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

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

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

9 10,05 | Cucrema neycroitunBa

3aTreM BBIOMpAETCs 3aKOH JIBMKEHHS C IOCTOSHHBIM yckopeHnuem (2 pan/c?). Ha
puc.8.1 Ha u3obpaxkennn ocumiorpado uHue 1 06003HaUEH 3aKOH JBUKEHUSI,
KOTOpBI 3ajaercs, a JuHued 2 — (QaKkTUUeCKUW 3aKOH JIBHKEHWS,
BOCITPOM3BOIUMBINA PAaOOYUM OpPTaHOM.

mhr:t:nennnauuﬁ BAHAHHA ACTaTH3Ma Ha KavecTeo CAY

Cucrema c lNl-perysaropom

Hcxoanan cuctema [  [MU-perynstopom
Hcxoanbe napamerps

Yennurens-npeofipasosar,
Koapapuument
nepeaad 10
Mocroantas 0,03
BpEMEHM,
Dewrarens
Ko puument l_
nepegas 08
Moctosndas (0,05
& MBPEMEHM, €

MU-perynaTop
MocToaHan
BREMEHW, C© 05

JaKoHb ABWEEHUA

™ CTETHYECKIR PEXI Ocyunnorpady

Ocyunnorpads Ocymnnorpad

' MOCTORHHARA CROPOCTE

80
¥ MOCTOAHHOE YcKOpeHUe

Janarroe ycropenke
2 pan/c2

Mpouece
B, ¢ | Heo | Ea | — Bos, ¢
a) 0)
Puc.8.1. Hccneoosanue enuanua nocmoannou epemenu IIH-pezynamopa
Ha mounocmo CAY

2z 2

B0

40
40

20

[Ipy BBIMOJIHEHWH 3KCIEPUMEHTOB ONPEAEIAETCS 3aBUCHUMOCTh YCTAaHOBHUBILEHCS
ommnOku dYepe3 | c mocie Havanma MEepexoAHOro Mpolecca OT TOCTOSHHOW T,
Bpemenu [IU-perymsaropa. PexkomeHayercss HayuMHAaTh  OKCIEPUMEHTBHI  C
MAaKCHUMaJbHOW BEJIWYMHBI MOCTOAHHOM BpemeHu [IM-perynstopa, a 3arem
MOCTENEHHO, COTJIaCHO BbIOpaHHOMY mmiary (cMm. Tabin.6.1), ymeHblIaTh ee A0
BEJIMYMHBI, TPU KOTOPOU CHUCTEMA TEPSIET YCTOMUYNUBOCTb.
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Ha puc.8.1, a mnpexncraBieH wuHTeppeldc MNPUKIAAHOW MNpPOrpamMMbl  MpU
MOJICJIMPOBAaHUM HMCXOAHOW cucteMbl (cieBa) u cucrembl ¢ [IHU-perymstopom,
KOTOpBIM HMeeT mnocTosiHHyto BpemeHu 0,7 c. OmulOka HCXOAHOW CHUCTEMBI,
KOTOpas ycTaHoBHJIAach uepes 1 ¢, pasusgercsa 13,4° a ommoOka cucremsr ¢ ITH-
perynstopom — 8,1°. KpoMe Toro, MoenpoBaHue Mo3BoyseT yOeAUThCA, YTO s
HCXOJHOM CUCTEMBI OIIMOKA C TEYECHHUEM BPEMEHH YBEIMYMBAETCS, TO €CTh TaKas
CAY wne cnocoOHa paboTaTh B 3aJlaHHOM pexkume paboThl. [IpeoOGpazoBanHas
CAY Oyner moajaepXuBaTh IMOCTOSHHOE 3HAYEHHE YCTAHOBUBILIEHUCS OIIUOKH.
['paduiku sKCIEpUMEHTAIbHBIX 3aBUCUMOCTEN OIIMOKH, KOTOpas YCTaHOBUJIACh
yepe3 lc, U KOMIUIEKCHOTO Kputepus kadectBa A oT T, NOCTPOECHHBIE IO
U3JI0)KEHHOM METOAMKE, MpeACTaBlieHbl Ha puc.8.2. Tam ke, nnsd cpaBHEHWS,
OpsIMOM TMHUEH, MapajulesIbHOM OocH abCIuUCC, MOKa3aHO 3HAYEHUE KOMIUIEKCHOTO
KPUTEPHUS 1151 UCXOHON CUCTEMBI.

oa, 2pao
\ | A _
4

\S oa /

. =
\z// ,
4,_’(/
0

00 00501 02 03 04 05 06 07 Tuc

1

Puc.8.2. 3asucumocmo ycmanosugwieiica ouuoku (uepes Ic) u kpumepusa A
om nocmoannou epemenu ITH-pecynamopa

YMeHblIeHue NOoCTOSSHHOU BpeMeHu [IM-perynsaropa moJIOKHUTENBHO BIUAET Ha
TOYHOCTh CHCTEMBbI, HO TOCJIE HEKOTOPOM BEIWYMHBI MOCTOSSHHOM Bpemenu [1M-
peryisTopa cucTeMa TepsieT YCTOWYUBOCTh, TO €CTh CTAHOBUTCS HE CIIOCOOHOW K
dbyHkimoHupoBanuio. Takod ciy4ail 3adukcupoBaH Ha puc.8.1, 0, Korma
MocTosiHHAs Bpemenu 1, <0, 1c.

3aoanue

B cootBeTcTBUU ¢ BapraHTOM (Tab6i1.8.2) TPOBECTH CIEAYIOMINE UCCIEIOBAHUS.

1. YcTaHOBUTH 3KCIIEPUMEHTATBHO MUHUMAIbHOE 3HAYEHUE MMOCTOSHHOW BPEMEHHU
[I1-perynsaropa, npu koropoit CAY Tepsier yctoiuuocts. Onpenenuts Auana3oH
M Iar W3MEHEHUS TMOCTOSIHHOW BPEMEHH [, U TOATOTOBUTH TaOIUILy
AKCHEPUMEHTAIBHBIX U PACUETHBIX JAaHHBIX.

2. TIpoBecTH SKCMEPUMEHTHI MPHU CTATHYECKOM pexXuMe pabOThl W PacCUUTATh
KOMIUIEKCHBIN Kputepuid kadectBa CAY c [IU-perymaropom.

3. Yoenauthcs B yctpaneHuu ckopoctHoi ommOku 11t CAY ¢ [TU-perymsitopom.

4. TlpoBecTu HKCIEPUMEHTHI TMPU JBUKEHUU C TMOCTOSIHHBIM YCKOPEHHEM U
ONPEeNIeIUTh TOYHOCTh PETYITUPOBAHUS.
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5. O6paboTtath pe3yabTaThl SKCIEPUMEHTATBHBIX UCCIEOBAHUN U TIOCTPOUTH
COOTBETCTBYIOLIUE FPAPUKH.
Tabnuya 8.2. Ucxoouwvie oannvle

IlepBas | Ycunurens- Bropas | /IBuratesnb
mudpa | npeodpazoBaTeib nudpa

kyn Tyn, C ka, T(), C

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
9) 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 mporokoisie mpenctaBuTh CTPYKTYpHBIE cxembl ucxomaHod CAY u cuctembl ¢
[IN-perynsTopoM, HMCXOJIHBIE JaHHBIE, KOMHIO HHTepdeiica s Kakoro-indo
pexkuma paboThl, TAOIHILYy IKCIEPUMEHTATIBHBIX M PACUETHBIX NAHHBIX; IpaQuKu
AKCIIEPUMEHTATBHBIX 3aBUCUMOCTEH. BBIBOIBI.

KpuTtepun oueHku:

- OIICHKA «3aYTCHOY» BBICTABJISCTCS CTYJCHTY, €CIIA MPaBUIHLHO 0(OPMIICHBI
OTYETHBIE TAOIULIBI.

- OIICHKA «HE 3aYTCHOY» BBICTABJISICTCS CTYJCHTY, €CIIU HEIPABMIBHO O(OPMIICHBI
OTYETHBIE TAOIUIIBI.

IIpuMepHbIi IepeYyeHb TeCTOBbIX 3aJaHUI:

1. U3 xakux 010koB coctout CAY?
- 00BEKTa YIPaBICHUS U PETYIIATOPA
- MPUBOJIA 1T0JIa4 ¥ TIEPBUYHBIX IIpeoOpazoBaTeneit
- 33JIJaTYMKA YIIPABICHUS U CPAaBHHUBAIOIIETO JJIEMEHTA
- IIPUBO/IA TJIABHOT'O JIBMYKCHUS M KOPOOKH Tiepeay

2. UTO MOHUMAIOT TIOJT YIPABISIEMBIM 00BEKTOM?
- IPOLIECC pe3aHus UM MPUBOJHBIE MEXaHU3MbI
- mepeaHio 0a0Ky cTaHKa
- 33]IHI00 0a0Ky CTaHKa
- CTAHUHY CTaHKa
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3. Kakue BHelIHue cuiibl (BO3MYILIEHUS) MEIIAIOT IOCTUKEHUIO YIIPABIIIEMOM
uenu?

- HaIpsDKEHUE MUTAHUS AJIEKTPOIBUTATEIN S M BHEIIIHSISI CUJIa COMTPOTUBIICHUS

- pacxoj mMacia ¥ TeXHOJOTUYeCKask Harpy3ka B TUAPABINYECKUX ITUITUHIpAX

- kosieOaHus, iepeaBaeMbie uepe3 PyHIaMEHT OT PSAIOM CTOSIIIIUX CTAHKOB

- TeMIepaTypa MoMEeIICHUS

4. Kakue OCHOBHBIE MPUHLIUIIBI YIPABICHUS ?
110 BO3MYLIEHHUIO U IO IOTPEIIHOCTH

1o nepejavye MHPopMaluu

10 yIIipaBJICHUIO MOMCHTOM

1O YIIPABJICHUIO CUJIaMU PC3aHUA

5. Kaxoil npuHITUTT 3aJI05KEH B 3aMKHYTOM CHUCTEME YIIPaBICHUS ?

PUHIIUIT OOPAaTHOM CBA3U

IMPUHIMIT BHCHIHCTO BOBHGﬁCTBHH

IMPUHIIHAII OTKJIOHECHUH OT 3aJaHHBbIX 3HAYCHUM

INPUHIINI OBICTPOTO pearupoBaHuUs

6.Uemy paBHa cTaTHueCcKas MOTPEIIHOCTh B actatudeckux CAY mpu
IIOCTOSIHHOM BXOJHOM curHaine: X(t) =x,u W (0) > ?

- §yCT =0
- §yCT =1
- 5yCT _i
Xo
_5 —

300. Kakast cTpykTypHas cxema THApOIpUBo/ia OyIeT COOTBETCTBOBATH €TO
MPUHIMIIHAIBHON cxeme?

I F L b
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301. Kakomy 3Be€HY COOTBETCTBYET MAaTEMAaTHUYECKOE OMTMCAHNUE COSTUHECHHUS

Ts+1

3OHOTHHKa(3FHHpaBHHQCCKHNIHHHHHﬂpONﬂ)CTPYKTypHaHCXGM&COCHHHCHHH

npejcTaBicHa Ha cxeMe. Mcmonb3yembie 0003HaYeHus: K; — koadummeHT
3aBHCHMOCTH pacxo/a MOTOKa Macja OT OTKPBITUS I11eJiel 30J10THUKa F —
IUIOIIA/Ib MOPIIHS THAPABIMYECKOTO WIMHpa 15 — MOCTOsIHHAS BPEMEHU

30JIOTHHKA.

X /C
3

ol1

Ts+1

Fs

- peaIbHOMY UHTETPUPYIOLIEMY 3BCHY
- mudHepeHIUPYIONIEMY 3BEHY
- HHEPIIMOHHOMY 3BEHY

- KoJIeOaTeIbHOMY 3BEHY.

302. Kakas cTpyKTypHasi cxeMa ruJpolpHuBO/Ia C )KECTKON 00paTHOM CBSI3bIO
OyZeT COOTBETCTBOBATH €r0 MPUHIIUITHATBHON cXeMe, TPUBEICHHON Ha
pUCYHKE?

0
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303. Kakas cTpykTypHasi cxeMa raJjpornpuBo/ia ¢ THOKOM 00paTHOM CBSA3BIO
OyJleT COOTBETCTBOBATh €r0 MPUHIIMITHATLHON CXeMe, TPUBEICHHON Ha
pucyHke?

a-pie—b




IIpouenypa ouneHuBanus
YCTHBIN ONpOC W/WIN KOMIBIOTEPHOE TECTUPOBAHME IO IK3aMEHAIMOHHOMY
owety (0aHKY TECTOBBIX 3aJIaHHI)

Kpurtepuu ouenku:

- OLIEHKAa «OTIMYHO» BBICTABJSETCS CTYACHTY, €CIM OH Jall TOJIHBIE |
MCYEPIBIBAIOIINE OTBETHI Ha BOIIPOCHI OMJIETa;

- OLIEHKa «XOPOIIO» BBICTABIACTCS CTYIEHTY, €CIM OH NpU OTBETe Ha
BOITPOCHI OujieTa pa3oopaicsi B CyTH BOIIPOCOB, HO €r0 OTBET ObLI HE MOJIHBIM;

- OILIEHKa «YIOBJECTBOPUTEIHHO» BBICTABISICTCS] CTYACHTY, €CIHM OH B IEJIOM
OPUEHTHPYETCS B TEMATHKE BOIIPOCOB, HO €r0 OTBETHI OBUIM HEYBEPEHHBIMU U HE
MOJTHBIMU, TIPY ATOM CTYJCHT HE YeTKO OTBEYaJ Ha JOMOJHUTEIbHBIC BOIIPOCHI;

- OLIEHKa «HEY/JOBJIIETBOPUTEIHHOY» BHICTABIISCTCS CTYJICHTY, €CJIM OH HE CMOT
OTBETUTH HA BONPOCHI OMJIETa, a TaK kK€ HE OTBETHJI HU HA OJUH JOMOJTHUTEIIbHBIHI
BOIIPOC.

10. O0pa3oBaTebHbIE TEXHOJOTMU H METOAHYECKHE YKA3AHUA M0 OCBOEHH IO
AUCHMILUIAHBI (Y4e0HOr 0 Kypca)

OcHoBHOM 00pa3oBaTeIbHON TEXHOJOTUEH NPU HM3YYEHUHU JAUCIMILIUHBI
ABJISIETCS] IPUMEHEHNE TEXHOJIOTUHU TPAAUIIMOHHOTO 00YUYEeHHUS.

Ha O6aze, nomyuyeHHBIX Ha JEKIUSAX TEOPETHUYECKUX 3HAHUM, pu
IPOBEACHUN MPAKTUUECKUX 3aHATUI BBIABIAIOTCS U NIPUMEHSAIOTCS HEOOXOIUMBIE
CBA3U MEXKAY TEOPETHYECKMMH 3HAHUAMHM U KOHKPETHBIMU  HAaBBIKAMMU
IIPUMEHEHHUs 3TUX 3HAHUW HA IPAKTUKE.

MeToaudeckue PEKOMECHIANHUH 110 H3YYCHUIO NTUCIHTUILJIUHBI

TGOQI/IH ABTOMATHUYECCKOI'O VIIDABJICHWSA

Mogyns 1 OCHOBHbIE MTOHATHS TEOPUH ABTOMATUYECKOTO yIPaBICHUS

Mogynsb 1 [IpakTnueckoe 3anstue 1
HccnenoBanue BIUSHUSA [apaMETPOB  IEHTPOOEKHOTO
pEerynsTopa CKOPOCTH Ha MPOIECC PErYIUPOBAHUS.

Mogynsb 1 [IpakTueckoe 3ansTue 2

BXOOHOI'O M BBIXOJHOI'O CUI'HAJId BO BDCMCHHM.

OnpeneneHne 4YacTOTHBIX XApAaKTEPUCTUK IO aHAIU3Y

Monyns 2 KauecTBeHHBIN W KOJMYECTBEHHBIM AaHAJIN3 CHCTEM
ABTOMATHUYECKOI0 YIIPABJICHHUS.

Monayns 2 [IpakTueckoe 3ansarue 3
UccnenoBanue  yctoitumBoctd CAY 1O  KpUTEpHIO
['ypBuna.

Monayns 2 [IpakTrueckoe 3ansarue 4

UccnenoBanne Tounoctu CAY B pexxuMe IBUKEHHUS 10
TapMOHHUYECKOMY 3aKOHY.
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Monayns 2 [IpaxkTuueckoe 3ansatue 5
Omnpenenenne  XapakTEPUCTUK  AIEKTPOMEXAHMYECKOTO

IpHUBOJIA.
Monayns 2 [IpakTrueckoe 3anarue 6
OnpeneneHne  XapakTEPUCTHUK  THAPOMEXaHHMYECKOTO
IpUBOJIA.
Monynsb 3 CuHTE3 M aHAJIN3 CUCTEM ABTOMATHYECKOrO yIPABICHUS.
Monyns 3 [IpakTrueckoe 3ausaTue 7

Onpenenenue xapaktepuctuk CAY npo10apHOM nogaveit
IPU TOUCHUH.

Monayns 3 [IpakTrueckoe 3anHsTue 8
NccnenoBanne actatuzma Ha kadectBo CAY.

Monayasb 1

Tema. OCHOBHBIE TOHATHUS TEOPUU ABTOMATUYECKOTO YIIPABIICHUS.

[eapb W 32/1a9M MU3YYECHUS.

eabp —  ModydYeHHWE  TEOPETUYECKUMX  3HAHMM MO  OCHOBHBIM
OCHOBOIIOJIAralOIIUM TOHATUSIM B TEOPUU aABTOMATHYECKOTO  YIIpaBJICHUSA
TE€XHOJIOTUYECKHMU ITPOLIECCAMU.

3apaum:

1. O3HaKOMHUTBCSI C OCHOBHBIMU TEPMUHAMU U ONPEICICHUSIMU TEOPHUU
aBTOMAaTHYECKOTO YIIPABJICHHUS.

2. llonydyeHue  MpaKTUYECKUX  HABBIKOB  IMOCTPOEHUS  YAaCTOTHBIX
XapaKTepUCTUK Ha MpUMepe padOThl PETyIsiTOpa CKOPOCTH.

HN3yunB 1aHHBIA MOYJIb, CTYACHT JO0JI2KEH:

UMeTh MpeacTaBIeHue O BO3MOXKHOM BHUPTYaJIbHOM MOJICTMPOBAHUM PaOOTHI
TEXHUYECKOTO YCTPOMCTBA M TOMYyYCHHE HEOOXOIMMBIX €r0 XapaKTEPUCTHK IS
HanOoJee ONTUMAIILHOTO MTPOEKTUPOBAHUSL.

3HATh METOJbl U CPEACTBA F'€OMETPUUYECKOTO MOJEIUPOBAHUS TEXHUYECKUX
00BEKTOB; METOJOJIOTHUYECKUE OCHOBBI (DYHKIIMOHHPOBAHUS, MOJCIUPOBAHUSA H
CHUHTE3a CHCTEM aBTOMATHUUYECKOTO YIPAaBJICHUS; OCHOBHbIE MEeTO/ bl aHanu3a CAY
BO BPEMEHHOM U YaCTOTHOM 00JacTsX, crmocoosl cuuTeza CAY.

yMeTb CTPOUTh MAaTeMaTHUYECKHE MOJENN OOBEKTOB YIPABICHUS M CUCTEM
aBTOMAaTUYECKOro  ympaBieHus; npoBoauTh aHanu3 CAY,  olleHUBaTh
CTaTUCTUYECKUE W JUHAMUYECKUE XapaKTEPHUCTUKHU; BBINNOJHATH  AHAJINA3
TE€XHOJIOTMYECKHUX MPOIECCOB KaK 00BEKTOB aBTOMATU3AIMU U YIPABICHUS.

BJaJieTh HaBbIKAMU  OQOPMIICHUS TPOCKTHOW U  KOHCTPYKTOPCKOM
JOKYMEHTaIn# B coOTBEeTCTBUM C TpeOoBanusmu ECK]/I; HaBpIkamMy pUMEHEHUS
3JIEMEHTOB aHAJIN3a 3TANOB KU3HEHHOTO LIUKJIA MPOAYKIMU U YIIPABICHUS UMHU.

Ilpu oceoenuu memot Heob6xo00umo:
® H3YYHUTH YU4eOHBbIIl MaTepuaJ.
¢ BBINOJHUTH NPAKTHYECKHE 32IaHUS 110 TeMe.
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MonyJusb 2.
Tema. KauecTBEHHBIN U KOJIUUYECTBEHHBIN aHAIN3 CUCTEM aBTOMATUUYECKOTO

yIIpaBJICHUS.

Ieap ¥ 3a1a4M U3YYEeHUS.

Heap — O3HakOMJIEHHWE W OBJAJCHUE METOAMKAMU KA4YECTBEHHOM U
KOJINYECTBEHHOM OLIEHKM CUCTEM aBTOMATUYECKOI'O YIIPABJICHHUS.

3agauu:

1. W3yyenue pa3iuyHbIX MOJIXOJA0B U METOJIUK pacyeTa KaueCTBEHHON U
KOJINYeCTBEHHOU oneHkn CAY.

2. TlonmydyeHue TPAKTUUYECKUX HABBIKOB C TIOMOIIBIO  BBITMOJHEHUS
MPAKTUYECKUX 3aJaHUN I 3aKPEIJICHUS] U3yUYeHHOTO MaTepuaa.

N3y4yuB faHHBIA MO1YJIb, CTYIEHT JO0JI5KEH:

HMeTh MpeCcTaBJIeHHe O BO3MOXHBIX CIIOCO0axX pacyeTa KOJIUUECTBEHHON U
KauecTBeHHOU oneHku CAY.

3HATh TCHJICHIIMU Pa3BUTHs KOMIIBIOTEPHOU rpaduku, ee pojb U 3HAYCHUE B
WH)KEHEPHBIX CHUCTEMAaX W MPUKIAJHBIX MpOrpaMMax; THUIIOBbIE MAKEThI
NPUKIQJAHBIX MPOTrpaMM aHalW3a JUHAMHYECKHX CHUCTEM; KHUHEMATHYECKYIO
CTPYKTYPY U KOMIIOHOBKY CTAaHKOB, CUCTEMbI YIIPABJICHUS UMHU.

YyMeThb pPACCUUTHIBATH OCHOBHBIE KauecTBeHHble Tokazatenun CAY,
BHITIOJIHSITh: aHAIM3 €€ YCTOWYMBOCTH, CHHTE3 peryysTopa; pa3padaThiBaTh
AJTOPUTMBl  LEHTPAIM30BAHHOIO  KOHTPOJISI  KOOPAMHAT TEXHOJOIMYECKOTO
00BEKTa; COCTaBISATh CTPYKTYPHBIE CXEMbI, UX MAaTeMaTHUYECKHE MOJENU Kak
OOBEKTOB  yMNpaBIEHUS; HCIOIb30BaTh OCHOBHBIE  METOJbI  MOCTPOCHUS
MAaTeMaTUYECKUX MOJEIEH IPOLECCOB, CHUCTEM, HX OJJIEMEHTOB M CHUCTEM
yIIPaBJICHUS.

BJIaJleTh: HAaBBIKAMHM IIOCTPOECHUS CHUCTEM aBTOMATHYECKOTO YIIPABIICHUS
CUCTEMaMM W TPOLECCAMM; HABBIKAMM HaJNaJKH, HACTPOWKH, PErYyIUPOBKHU,
00CTy>KUBaHMSI TEXHUYECKUX CPEJICTB U CUCTEM YIIPABICHHUS.

Ilpu oceoenuu memot He0OX00UMO:
® H3YYHTh Y4eOHBbI MaTepHaJ;
¢ BBINOJHUTH NPAKTHYECKHE 3aIaHHS 110 TeMe.

Monyasn 3.
Tema. CuHTE3 ¥ aHAJIU3 CUCTEM aBTOMATUYECKOI'O yIpaBICHHUS.

Iesapb 1 3a1a4M U3yYEeHUS.

Ieapb — M3yuyenue n 0CBOEHNE BO3MOKHOCTH ITPOBEJICHUS CUHTE3a U aHAJIN3a
CUCTEM aBTOMATHUYECKOr'O YIPABICHHUS.

Zanaum:

1. I3yunths MeTOANKY IIpOBeAeHUs cuHTe3a U aHanu3a CAY.

2. TlomydyeHwe TIPaKTUYECKUX HABBIKOB C TOMOIIBIO BHPTYAIHHOTO
AKCIIEpPUMEHTA MPOBOJNUTH CUHTE3 U aHanu3 CAY.

N3yunB naHHBIH MOAYJb, CTYAEHT H0JIKEH:

HMeTh NpeACTABIIEHNEe O TAKUX KIIFOYEBBIX MOHITUAX B TEOPUU YIIPABICHUS
Kak cuHTe3 U aHam3 CAY.
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3HATb O6I]_II/IG Tp€6OBaHI/IH K ABTOMATHU3UPOBAHHBIM CUCTCMaM
IMPOCKTHUPOBAHUA;, OCHOBBI TCXHOJIOTHUYCCKOI'O PpCryjiMpoOBaHusd; CpCACTBa A

KOHTPOJISI,  WCHBITAHWW,  JUAarHOCTHKA W aJalTUBHOTO  YIpaBICHUS
000py1I0BaHHEM.

yMeTb pPacCUMTHIBATH OJHOKOHTYPHBIE W MHOTOKOHTYPHBIC CHCTEMBI
aBTOMATHYECKOTO  PETYJIMPOBAHUS IPUMECHUTEIIBHO K  KOHKPETHOMY

TEXHOJIOTUYECKOMY OOBEKTYy; paboTaTh C KakKUM-JIHMOO U3 OCHOBHBIX THIIOB
MpOrpaMMHBIX ~ CHUCTEM,  MpPEIHA3HAYEHHBIX  JJII  MAaTEMaTUYeCKoro
MMUTAIIMOHHOTO MoAenupoBanus Mathcad, Matlab.

BJIQ/leTh. HABBIKAMHU aHAllU3a TEXHOJOTMYECKUX IMPOIECCOB Kak O0BEeKTa
yrOpaBjieHUuss U BbIOOpa (YHKIIMOHAJIBHBIX CXEM WX aBTOMATHU3allMM;, HABbIKAMU
o opMIICHHS PE3YJILTATOB UCCICIOBAHUM U IPUHSTHUS PEIICHUN.

Ilpu oceoenuu memot HeOOXO0UMO:
® U3YYHUTh YUYeOHBI MaTepHa;
¢ BBINOJHHUTH NPAKTHYECKHE PAOOTHI.
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11. YuyedHo-MeToANYECKOE H

AUCUMILVIUHBI (Y4e0HOI 0 Kypca)

11.1. Ob6s13aTesibHAA JTUTEPATYPA

HHGOpPMAILUOHHOE

obdecreuyeHue

bubnuorpaduyeckoe onucanue Tun (yueOHUK, KonunuectBo
Ne yueOHoe nocobue, B
n/n y4eOHO-MeToAnYeCKOe | OMOIMOTEeKe
nocodue, NpPakTUKYM,
ayJmo-, BUJI€O0-
nocoOus u ap.)
ABTOMAaTHYECKOE yIpaBiieHUE
rporeccamu MEXaHUYeCKOU
00paboTKH [DNEeKTpOHHBIN pecypc] : 9bC
1 | yue6nuk / C. M. bparan [u ap.]. - y4eOHUK "ZNANIUM.
MockBa : By3oBckuili yueOHUK COM"
NHO®PA-M, 2017. - 228 c. - ISBN
978-5-9558-0514-6.
Eropos A. . Beenenue B Teoputo
yIpaBJIeHUs CUCTEMaMHU C
pacrnpeieieHHBIMH  [apamMeTpaMu
[OnekTpoHHBIT pecypc] :  yueO.
2 nocobue / A. . Eropos, J.. H. yaeOHoe rmocobue OBC "Jlans"

3nameHnckas. - Cankr-IletepOypr :
Jlanp, 2017. - 292 c¢. : wm -
(YueOHuku 15 By30B. CrienpaibHas
mateparypa). - ISBN 978-5-8114-
2554-9.

11.2. JlonmosiHUTeIbHAS JUTEPATYpPa U YueOHble MaTepuajbl (aya1o-,
BH/1€0NIOCOOHS H JIP.)

Ne bubnuorpagpuyeckoe onucanue | Tun (yueOHUK, yaeOHOoe | KommuectBo
n/m nocobue, yueoHO- B
METOANYECKOE OnoOIHMoTEKE
nocoOue, MPakTUKYM,
ayJauo-, BUIEOMOCOOus
U JIp.)
1 Bepeuna JI. Y. Konctpykiuu u Y4eOHoe mocooue ObC
HaJIaJKa  TOKAPHBIX  CTaHKOB "ZNANIUM.
[OmekTpoHHBIH pecypc] : yueO. comMm”

nocodue / JI. Y. Bepeuna, M. M.
Kpacnos ; mox oOm. pen. JI. W.
Bepennoii. - Mocksa : UHOPA-
M, 2017. - 480 c.
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e Jpyrue GOH/bIL:

Ne | bubnunorpadpuueckoe onucanue | Tum (yueOHuUK, yueOHOE Mecto
n/n nocobue, yueOHo- XpaHEeHUs
METOJIMYECKOe mocodue, | (METOAUYECK
NPaKTUKYM, ay10-, uii KabuHeT
BUJICOTIOCOOUS U . ) Kadenapsl,
TOpOJICKHE
OuOIMOTEKN
u ap.)
COI'JTACOBAHO
JupexTop HayuHOI OUOIMOTEKH A.M. Acaesa
(noonucw) (U.0. Damunus)
« 20 1
MIT

11.3. IlepeuyeHb pecypcoB HH(POPMAIMOHHO-TEJIEKOMMYHUKALIMOHHOM

cetu "Unrepuer"

Web of Science [DnexTpoHHBIM pecypc| : MyJIbTUAUCHHUIUIMHAPHAS
pedeparuBHas 0a3a manaeix. — Philadelphia: ClarivateAnalitics, 2016— . —
Pesxxum moctyna : apps.webofknowledge.com. — 3arn. ¢ skpana. — SI3. pyc.,
aHTJI.

Scopus [DnextponHblii pecypc] : pedeparuBHas 0Oa3za JaHHBIX. —
Netherlands: Elsevier, 2004— . — Pexxum goctyma : scopus.com. — 3ariL. ¢
3KpaHa. — 3. pyc., aHriL.

Elibrary [OnexTpoHHBII pecypc]| : Hay4dyHas SJEKTpOHHAas OWOIMOTEeKa. —

Mocksa : HOb, 2000- . — Pexxum noctymna : elibrary.ru. — 3ari. ¢ skpana. —
S3. pyc., aHr.
Springer Link [DnextponHblii pecypc] :  [6aza  gaHHBIX]. @ —

Switzerland: SpringerNature, 1842— . — Pexxum noctyma : link.springer.com.
— 3ari. ¢ skpaHa. — f3. aHrIL.

Science Direct [DnekTpoHHBIN pecypc| : KOMIEKIHS AJIEKTPOHHBIX KHUT
n3natenbceTBa Elsevier. — Netherlands: Elsevier, 2018— . — Pexxum goctyna :
sciencedirect.com. — 3aru. ¢ 3kpaHa. — SI3. aHr.
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11.4. IlepeyeHb NPOrPaMMHOI0 odecreyeHHs

Ne HaumeHoBaHue KoaunuectBO PexBu3urtsl 1orosopa (aara,

n/n 11O JIMLICH3U I HOMep, CPOK AeiiCTBUA)

1 Windows 1398 Horosop Ne 690 ot 19.05.2015r.,
CPOK JIEHCTBUS - OECCPOUHO

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

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

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

487 ot 28.05.09) beccpounas
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OCyLIeCTBJICHHUS 00pa30BaTeJILHOI0 NMPOLECcca M0 AUCHHUIINHE (MOTYJIIO)

11.5. Onucanue MaTepuaIbHO-TeXHUYECKOH 0a3bl, HEOOXOAUMOM IS

n/n

HaumenoBaHue
000py/1I0BAHHBIX
y4eOHBbIX
Ka0MHETOB,
Jaboparopui,
MAaCTEePCKHUX U
Ap. 00bEKTOB
JJIS IPOBEACHUS
NPaKTUYECKUX U
J1a00paTOPHBIX
3aHATHI

Ilepeyenn
OCHOBHOI'0
o0opynoBaHus

DakTHYEeCKHU
aJapec yueOHbIX
Ka0HMHETOB,
Jaboparopui,
MACTEPCKHUX M JP.

ILiomanb, M2

KoaunuecTBo
MOCAA0YHBIX MECT

KomrbrorepHslii
Knacc. YueOHas
ayIuTopus IS
IIPOBEICHUS
3aHITUU
JIEKIIHOHHOI'O
thna.  YueOHas
ayIuTOpUs ISt
IPOBEACHUS
3aHITUU
CEMHUHAPCKOTO
Thna.  YueOHas
aynuTopus A
IIPOBEACHUS
1a00paTOPHBIX
pabot. YueOHas
ayIATOpus IS
KYpCOBOI'O
IIPOCKTUPOBAHHUS
(BBITIOJIHEHHU ST
KYPCOBBIX pador).
VYuebOnag
ayJIATOPHS
IIPOBEACHUS
I'PYIITOBBIX 51
WHIMBHTYaTbHBIX
KOHCYJIbTallUi
VueOHas
ayJIATOPHUS
HPOBEICHUS
3aHITHU

JJIIsL

JUIS

[lepenocnou
MPOEKTOp,  DKpaH,
KOMIIBIOTEPHBIN
CTOI, CTOJI
NPENoAaBaTENbCKUH,
CTyII, JIOCKa
ayauTOpHas,  CTOJ
YYEHUYECKUMN
nByxmecTHbIH, [IK

445020, Camapckas
00s., T. TonpsarTH,
yIL
16B
TIO3UITUS
Ne9,

3 stax, (E-306)

benopycckas,

no TII

52,9

15

61




n/n

HaumenoBaHue
000py/10BAHHBIX
y4eOHBbIX
KAa0HMHETOB,
Jadoparopmui,
MAaCTEePCKHUX U
JAp. 00bEKTOB
JJIS IPOBEACHUS
NPaKTUYECKUX U
J1a0OpaTOPHBIX
3aHATHI

Ilepeyenn
OCHOBHOIO
o0opynoBaHus

DaKTHYECKHI
aJapec yueOHbIX
Ka0HMHETOB,
Jadoparopui,
MACTEePCKHUX M JP.

IL1omanb, M2

KoaunuecTBo
NMOCAA0OYHBIX MECT

TEKYILETO
KOHTPOJIS 51
IIPOMEKYTOYHOHU
aTTECTALUU.

(E306)

VuebHas
ayIUTOpHs
IPOBEACHUS
3aHITUU
JIEKIIHOHHOI'O
thna.  YueOHas
ayIuTOpUs ISt
IPOBEACHUS
3aHITUU
CEMHUHAPCKOTO
Thna.  YueOHas
aynuTopus IS
KypPCOBOTO
IIPOCKTUPOBAHHUS
(BBITIOJIHEHHUST
KYPCOBBIX pador).
VYuebOnasg
ayJIUTOPHS
MPOBEICHUS
I'PYIITOBBIX 51
WHIUBHTYaTbHBIX
KOHCYJIbTAIlAM.
VYuebOnasg
ayJIATOPHS
MIPOBEICHUS
3aHITHU
TEKYIIEeTO
KOHTPOJIS U
MIPOMEKYTOUYHOMU

JJIA

JJIIsL

I

Cron

NpENoAaBaTENbCKUH,
CTOJIbl YYEHUYECKHE

JIBYyXMECTHBIC
(MOHOOJIOK) , CTYI,
JOCKa

IPOEKTOD,
porLeccop

ayIuTOpHAas
(menoBas), kadenapa,
dKpaH,

445020, Camapckas
00s., T. TonpsaTTH,
yin.  benopycckas,
16B
MO3ULIMS
Ne20,

3 srax, (E-309)

no TII

71,5

66

62




n/n

HaumenoBaHue
000py/10BAHHBIX
y4eOHBbIX
KAa0HMHETOB,
Jaboparopui,
MAaCTEePCKHUX U
JAp. 00bEKTOB
JJIS IPOBEACHUS
NPaKTUYECKUX U
J1a0OpaTOPHBIX
3aHATHI

Ilepeyenn
OCHOBHOIO
o0opynoBaHus

DaKTHYECKHI
aJapec yueOHbIX
Ka0HMHETOB,
Jaboparopui,
MACTEePCKHUX M JP.

IL1omanb, M2

KoaunuecTBo
NMOCAA0OYHBIX MECT

arrectanuu. (E-

309)

KomnbrorepHslii
KJ1acc.
Ilomemenue st
CaMOCTOATEIBHOMN
paboThl. YueOHas
ayIuToOpus s
IPOBEACHUS
3aHATUN
CEMHUHAPCKOTO
Tuna.  YueOHas
aynuTopus s
KypCOBOTO
IPOEKTUPOBAHUS
(BBIMIOJTHEHUSI
KYPCOBBIX padoT).
VYyeOnas
ayIUTOpUs
POBEACHUS
IPYIIOBBIX u
WHJMBU1YaJIbHBIX
KOHCYJIbTallAM.
VYyebOnas
ayIuTOpus
POBEACHUS
3aHATHI
TEKYILEro
KOHTPOJIS u
MIPOMEKYTOUHON

arrectauuu. (I'-
401)

JUIST

JUIST

Cron
YYEHUYECKHUM, CTYII,
IIK ¢ BBIXOZOM B
CETb UHTEPHET

445020 Camapckas

0071aCTh, T.

Tonpsatru,
yin.benopycckas, 14,
no3uius mo TII Ne
48,

4 srax, (I'-401)

4,8

63
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