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OneHoyHbIE MaTepUAIbl — 3TO COBOKYIMHOCTh Y4EOHO-METOJUYECKUX MaTepHalioB
(KOHTPONBHBIX 3aJaHUM, omucaHuil (opM U TpoUeayp), MPETHA3HAYCHHBIX ISl OLICHKH
KayecTBa OCBOGHMS OOyYalOIIMMHUCA JaHHOM  JUCUUIUIMHBI KaK 4YacTU OCHOBHOM
0o0pa3oBaTeabHON MPOrPaMMBI.

lerr — OIEHHUTH COOTBETCTBHE 3HAHWUN, YMEHUH U YPOBHS MPHUOOPETEHHBIX
KOMIIETEHIINH, 00yJaromuxcs 1esiiM U TpeOOBaHUSM OCHOBHOM 00pa30BaTeIbHON MPOrpaMMBbl B
XO0JI€ TPOBEICHMS TEKYILIETO KOHTPOJISI M MPOMEXYTOUYHOM aTTECTALIMH.

OcHoBHas 3a/a4a — 00€CIeYnTh OIEHKY YPOBHS C(HOPMHUPOBAHHOCTH OOIIEKYIbTYPHBIX
1 IpoecCHOHABHBIX KOMITETEHIIUHN, IIPHOOPETAEMBIX 00YJaIOIIUMHUCS B COOTBETCTBUHU C STUMH
TpeOOBAHUSIMHU.

Kontpone 3Hanmii mpoBoautcs B (opMe TEKYIIETO KOHTPOJIS M IMPOMEKYTOYHON
aTTecTaluu.

Texkymmii KOHTPOJb YCHEBAEMOCTH NPOBOJUTCA C LEIbIO OINPEICICHHUS CTEINEHU
YCBOGHHUSI y4eOHOro MaTepuana, CBOCBPEMEHHOTO BBISIBICHUS W YCTPaHEHUS HEJOCTAaTKOB B
MOJTOTOBKE O0YYAIOIINXCS U TPUHATHS HEOOXOIUMBIX MEp MO COBEPIIEHCTBOBAHUIO METOINUKH
Mpeno/iaBaHusl y4eOHOW MUCHMIUIMHBI (MOIYJISI), OpraHu3auu paboThl 00YyJaroUUXCcs B X0/
yueOHBIX 3aHATHI U OKa3aHUS UM UHAUBUAYATLHOW TOMOIIH.

K KOHTpOIIO TEKyIel ycreBaeMOCTH OTHOCSITCS MPOBEpKA 3HAHUM, YMEHUN U HaBBIKOB,
NPUOOPETEHHBIX OOYJYaAIOMMUMHUCS Ha MPAKTUYECKUX 3aHATHUSIX, JA0OpaTOPHBIX paboTax u
BBIMIOJTHEHUH KypcoBO# pa®oThl. [1pu BeimonHeHnn 1abopaTopHbIX paboT MpUMEHSETCsl CUcTeMa
OLIEHKH «3a4T€HO — He 3auTeHo». KommdecTBO 1a00paTOpHBIX paboOT MO JUCIHILIMHE
orpeneneHo rpaduKoM, YTBEPKIEHHBIM 3aBEAYIOIINM Kaheapoil.

Ha npakTtuyecknx 3aHATUAX JOMYCKAETCS UCIONb30BaHUE OO0 CUCTEMBI «3aUTEHO — HE
3a4TEHO», TUOO PEHTHHIOBOM CUCTEMBI OLIEHKH, IPH KOTOPOH, HalpUMep, IPABUIILHO PEIICHHAS
3a/laya OLIEHMBAETCS OMNPENEJIICHHbIM KoyinyecTBoM OamioB. Ilpu mosTamHOM BBINOJIHEHUHU
yuyeOHoro miaHa Oamibl cyMMUpPYIOTCA. [1OMOXUTETbHBIM WTOTOM BBINOJIHEHUS MPOrPaMMBbI
SIBJISIETCS ONIPEACTICHHOE KOJIMYECTBO HAOpaHHBIX OaJIOB.

[IpoMexyTOUHBII KOHTPOJIb IO AUCUUIIIIMHE OCYIIECTBISETCS IPOBEIECHUEM dK3aMeHa U
3adera. Popma MpPOBEACHUS HK3aMEHA — YCTHBIM OTBET MO YTBEP>KJIECHHBIM 3K3aMEHALlMOHHBIM
OowieraM, CHOPMYJIUPOBAHHBIM C YYETOM COJEpKaHUS y4eOHOW IMCIUIUIMHBI, JTHOO claada
9K3aMeHa B (hopMe OTBETOB Ha TECTOBbIE 3aJaHMsl. B sKk3aMeHalmOHHbIN OMJIET BKIIIOUAETCs JBa
TEOPETHUYECKUX BOIpoca. B mponecce MOArOTOBKA K YCTHOMY OTBETY 3K3aAMEHYEMBI MOXET
COCTaBUTh B MUCHMEHHOM BHUJE IUJIaH OTBETA, BKIIOYAIONINI B ce0s OMpeneneHUs, BBIBOJBI
¢dbopmyn, pucyHku u T.11. Dopma craun 3auéra aHamoruuHa GopMe MpOBEACHHS SK3aMeHa.

HaCIIOI)T OIICHOYHbBIX MaTCPHUAJIOB 110 TUCIUIIJINHE

Moayas 1
Ne KounTtpoaupyemsie pa3iensl (TeMbl) JUCHUAIIIHHBI Kon Bun, meton,
n/n KOHTpOJIMpYe ¢dopma
Moii OLEHOYHOT'0
KOMIIeTeHIIU U MeponpusiTust
(nyim eé yacTun)

1 2 3 4
OOme cBeIeHWS O CHUCTeMaxX YIPaBICHUS | OIIK-3.1-3 3auét
TEXHUYECKHUX CPEJICTBAX OIIK-3.1-Y

11 OIIK-3.1-B 3amanue s
cam. paboThI




1.2 | Dnementel CAY. TpeGoBaHUs K dJIEMEHTaM OIIK-7.2-3 3auér
OIIK-7.2-Y
OIK-7.2-B 3aganue A
cam. paboThI
1.3 | daruuku u npeoOpazoBaTenu OIIK-7.1-3 3auér
OIK-7.1-Y 3amganue it
OIK-7.1-B caM. pa0oTBbI
OIIK-7.2-3
OIIK-7.2-Y
OIIK-7.2-B
1.4 | ACuHXpOHHbIE MAILIMHBI OIIK-7.2-3 3auér
OIIK-7.2-Y
OITK-7.2-B 3aganue a1d
cam. paboTbI
1.5 | /IpuraTenu mMOCTOSHHOTO TOKa OIIK-7.1-3 3auét
OIIK-7.1-y 3agaHue Iid
OIK-7.1-B cam. paboThI
OIIK-7.2-3
OIIK-7.2-Y
OIIK-7.2-B
1.6 | CuaXpOHHBIC MAITMHBI OIIK-7.2-3 3auér
OlIK-7.2-y 3agaHue aad
OIIK-7.2-B caM. paboTbI
Moayab 2
Ne KonTpoaupyemblie pa3aesibl (TeMbl) U CHULIAHBI Kon Bun, meton,
n/n KOHTPOJIHpYe ¢opma
Moii OLIEHOYHOT'0
KOMIIEeTEeHIIN MEPONPUATHH
u (nm eé
YaCTH)
1 2 3 4
Beenenue. CocraB texHuueckux cpeacts cucrem | OIIK-3.1-3 DK3aMeH
51 yrpasneHus. ['ocynapcTBennas cucrtema npubopos | OIMK-3.1-Y
| (rem OMK-3.1-B | 3aAaunue
cam. PaGotel
OIIK-6.2-3
OIIK-6.2-V Brinonaenue
OIIK-6.2-B KypC. IPpOCKTa
2.2 | 3mepurenbHbBIE IPe0Opa3oBaTEH OIIK-7.2-3 DK3aMeH
OIIK-7.2-Y
OIK-7.2-B 3amganue it

cam. paboThI

Brinonuenue

Kypc. IpOoeKTa




2.3 | BriOop THMA HCIOTHUTENBHOTO YCTPOICTBA OIIK-7.2-3 DK3aMeH
OIK-7.2-¥ Brimonnenue
OIlK-7.2-B KypC. IPOEKTa
OIIK-7.1-3 3ananue s
OlK-7.1-Y cam. paboThI
OIIK-7.1-B
2.4 | IlpuHIMIBI TOCTPOEHUS! COBpEMEHHBIX aHanoroBsix | OITK-3.1-3 OK3aMeH
MPOMBIIIJICHHBIX PEryIsITOPOB 81&}12-:3; ) 1-]33/ BAILOHCHIe
el KypC. IPOEKTa
OIlK-3.2-3 3ananue s
OIIK-3.2-¥ caM. paboThI
OIIK-3.2-B
2.5 | BeiOop THIa peryasTopa U pacueT ero HaCTPOUKH OIIK-4.1-3 OK3aMeH
OINK-4.1-y Brimonnenue
OIIK-4.1-B
KypC. IPOEKTa
OIlK-4.2-3 3agaHue mis
OIIK-4.2-y caM. paboThI
OIIK-4.2-B
2.6 | ITHeBMaTH4eCKHE PETYISATOPHI OIIK-7.2-3 DK3aMeH
OIIK-7.2-y 3aganue a1d
OlIK-7.2-B caM. paboTbI

Kpurepuu onieHuBaHUSsI KOMIIETEHIU (Pe3yJIbTATOB)

1) YpoBeHs ycBOCHHS MaTepualia, IpeayCMOTPEHHOTO MPOrPaMMOH.

2) YMeHue aHaIu3upoBaTh MaTepual, yCTaHaBIUBaTh TPUUNHHO-CIIE/ICTBEHHBIE CBSI3H.

3) KagectBo oTBeTa Ha BOINPOCHI: MOJHOTA, APTYMEHTHPOBAHHOCTh, YOEKICHHOCTH,
JIOTUYHOCTb.

4) ConepxarenbHas CTOpOHAa M KadecTBO MaTepHaliOB, IPHUBEAECHHBIX B OTYETax
CTyJeHTa MO JIa0OpaTOPHBIM paldoTaM, MPAKTUYECKUM 3aHSATUSM M BBHIMOJHEHHH KYpPCOBOM
paboTHL.

5) Hcnonb3oBaHue TOMOIHUTEIBHON JIUTEPATYPhl IPH MOATOTOBKE OTBETOB.

YpoBeHb OCBOECHHSI CPOPMHUPOBAHHOCTH 3HAHHM, YMEHHH U HABBIKOB MO TUCIUILIMHE
olLleHHBaeTcs B popme OabHON OLEHKH:

«OTJINYHO» 3aCITy’)KUBAET CTYJEHT, OOHAPYKUBIIHI BCECTOPOHHEE, CUCTEMAaTUYECKOE U
ri1yOoKoe 3HaHUE Y4eOHO-POrpaMMHOI0 MaTepuaia, yMEeHHE CBOOOJHO BBINOJIHATH 3aJlaHUS,
MPEyCMOTPEHHBIE MPOrpaMMOM, W3YUYMBIIMNA OCHOBHYIO, UM 3HAKOMBIA C JOMNOJHHUTEIBHOU
JUTEPaTypOr, peKOMEHIOBAHHOM TTporpamMmoii. Kak npaBuiio, OLleHKa «OTJIUYHO» BBICTABIISIETCS
CTYJIEHTaM, YCBOMBIIMM B3aMMOCBSI3b OCHOBHBIX IMOHSTUM NHUCUMIUIMHBI B UX 3HAYEHUU IS
npuodpeTaeMoii mpodeccru, MPOSBUBIIUM TBOPUECKHUE CIOCOOHOCTH B TOHUMAHUU, U3II0KEHUT
1 UCHOJIb30BaHUH Y4eOHO-IPOrpaMMHOI'0 MaTepuraia.

«Xopomio» 3acmy)KUBaeT CTYIEHT, OOHApYKUBIIMKA TOJTHOE 3HAHHE Yy4eOHO-
MIPOrPaMMHOI0 MaTepUasa, YCIEUIHO BBIIOIHSIIOMNN IPETYCMOTPEHHBIE B IPOrPaMME 3aJaHusl,
YCBOMBIIMN OCHOBHYIO JINTEPATypy, PEKOMEHIOBAHHYIO B IporpamMe. Kak npaBuito, oneHka
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«XOpOUIO» BBICTABJISAETCS CTYAEHTaM, IOKAa3aBIIMM CHCTEMAaTUYECKUU XapakTep 3HAHWM 110
JTUCIHUIUIMHE U CIIOCOOHBIM K HMX CaMOCTOSTEIbHOMY TOMOJHEHHUIO U OOHOBIIEHHIO B XOE
nanbHele yueOHoi paboThl U MpoQecCHOHANBHOM e TETbHOCTH.

«Y/10BJIETBOPUTEJIbHO» 3aCITY)KHBACT CTYJEHT, OOHAPYXUBIIWWA 3HAHUS OCHOBHOTO
y4eOHO-IPOrpaMMHOI0 MaTepuana B o0beMe, HEOOXOIMMOM s JalbHelIne y4eObl u
npeAcTosed padoThl MO CHEHHAIBHOCTH, CHPABISIONMNACA C BBIIOJHEHUEM 3aJaHUH,
MPEyCMOTPEHHBIX MPOrpaMMOM, 3HAKOMBIA C OCHOBHOHM JIMTEPATypOW, PEKOMEHIOBAaHHON
nporpammoii. Kak mpaBuio, OIEHKAa «yJIOBJIETBOPUTEIBHO» BBICTABISAETCS CTYACHTaM,
JIOMTYCTUBILIMM TOTPEUIHOCTA B OTBETE HAa SK3aMEHE U IPHU BBHINOIHEHUU HK3aMEHAI[MOHHBIX
3a/laHui, HO O0JIaIAlOIIUM HEOOXOIUMBIMU 3HAHUSAMH JI1 UX YCTPAHEHHS IMOJ PYKOBOJCTBOM
MPEnoIaBaTelIs.

«HeynoB/1eTBOPUTEIBHO» BBICTABISETCS CTYACHTY, OOHapyXHUBIIEMY MpOOenbl B
3HAHHUSIX OCHOBHOIO YYE€OHO-NPOTPAaMMHOI0 MaTepHalia, IOMYCTUBIIEMY HPHHIIMITHAILHBIC
OIMOKM B BBIMOJHEHUU MPEIyCMOTPEHHBIX MporpaMMoil 3amanuii. Kak mnpaBumio, oueHka
«HEYIOBJIETBOPUTEIHHO» CTAaBUTCS CTYIACHTaM, KOTOPhIE HE MOTYT MPOJIOIKUTh O0yYCHHE WU
MPUCTYNHUTH K MPOPECCUOHATILHON JESITEIbHOCTH MO OKOHYAHUHU By3a 0€3 JOMOJHUTEIHHBIX
3aHATUHI IO COOTBETCTBYIOLIECH NUCHUILIAHE.

Ouenka  «324TEHO)» BBICTABJSACTCH  CTYACHTY, KOTOPbIH  HPOYHO  YCBOWJI
MPEAYyCMOTPEHHBIA MPOrPaMMHBIM MaTepuai; MPaBWIbHO, apryMEHTHPOBAHO OTBETUJI Ha BCE
BONPOCHI, C TPUBEICHHEM IPUMEPOB; MOKa3zajl TIyOOKHEe CHCTEMaTU3UPOBAHHBIE 3HAHUS,
BJIQJICET IPUEMAMHU PACCYKICHHUS U COMOCTABIISIET MaTepHall U3 PAa3HbIX UCTOYHUKOB: TEOPUIO
CBSI3BIBACT C MPAKTUKOHN, IPYTUMH TEMaMH JAHHOTO Kypca, IPYruX U3ydaeMbIX MPEIMETOB; 03
OIIMOOK BBHITTOIHUII TPAKTUUYECKOE 3a]aHue.

OO0s13aTeNIbHBIM YCIOBHEM BBHICTABICHHOMN OLIEHKH SIBIISIETCS MIPaBUJIbHASI peUb B OBICTPOM
WM yMEPEHHOM TeMIie. JlOTMOMHUTENbHBIM YCIOBUEM TMOJNYYEHHS] OLIEHKH «3a4T€HO0» MOTYT
CTaTh XOPOIIWE YCIIEXW IPHU BBIOJIHEHUH CaMOCTOSITEIIbHOW paboThl, a TaKKe YBEpeHHas
3amuTa JadopaTopHBIX padoT.

Ouenka «He 3a4YTeHO» BBICTABISIETCS CTYAEHTY, KOTOpbli He chpasmicst ¢ 50%
BOIIPOCOB M 33JlaHW OUJieTa, B OTBETAX Ha JIPYryue BOIPOCHI IOMYCTUII CYIIECTBEHHBIE OIIMOKH.
He Moxer oTBETUTh Ha [JOMOJHUTENBHBIE BOIPOCHI, NPEATIOKEHHBIE IPENOJABATEIIEM.
enocTHOoro mpencraBieHuss 00 W3y4aeMoOl MAWCHMIUIMHE Yy cTyaeHTa HeT. OueHuBaercs
KaueCcTBO YCTHOM pe4YM M M3J0KEHHWE MHUCbMEHHOTO MaTepualia, KaKk U TPH BBICTABICHHUH
MTOJIOKHUTEIBHON OLIEHKH.

TunoBbie KOHTPOJIBHBIC 3aJaHUA UJIUM MHBIEC MaTCPHAJIbI

Moayas 1

Bonpocsl k 3a4éTy
1. Mepapxuueckas cTpykTypa pacnpeaeneHus cpeacts ynpasiuenus ['CII.

. CocTaB JIOKaJbHBIX CUCTEM YIPaBJICHUSI.

. Cratnueckue XapakTepucTuku 3jeMeHToB CAY.

. Cratuyeckuie XapaKTepUCTUKU PETICHHBIX 3JIEMEHTOB.

. Kimaccudukanust naTaukoB.

. KoHcTpykius 1 mapameTpsl MOTEHIIMOMETPUUECKUX TATIYMKOB.

. OCHOBHBIE UCTOYHMKH MOIPEHIHOCTEN MOTEHIIMOMETPUUECKUX ITpeodpa3oBareneil.
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. OCHOBHEIE CBOHCTBA EMKOCTHEIX YYBCTBUTCIIbHBIX 3JICMCHTOB.



9. IIpocreiiiire cxeMbl EMKOCTHBIX JATYUKOB.

10. KoHCTpyKIMs ¥ NPUHIUI GYHKIIMOHUPOBAHUS WHAYKTUBHBIX JATUHUKOB.
11. Tepmornapsl, Kak JaTYUKU TEMIIEPATYPHI.

12. Mertamnueckue TEpMOMETPBI CONPOTHUBIICHUS.

13. IlonynpoBOAHUKOBBIE TEPMOMETPBI CONPOTUBIICHUS.

14. IludpoBbie TAXOMETPHI.

15. Knaccudukanus ycuiauTeneid MOITHOCTH.

16. [lInpOoTHO-NMITYJIBCHOE YIIPABIEHUE ABUTATEIEM IIOCTOSIHHOTO TOKA.

17. Pacuét MOCTOBOW CXEMbI YCUIIUTENS MOILIHOCTH.

18. Pacuér MOLIHOCTH, pacCEMBAEMON Ha CHJIOBOM TPAH3UCTOPE B MOCTOBON CXEME YCUIIUTEIS
MOUIHOCTH.

19. KoHCTpyYKIUSI aCHHXPOHHBIX JIBUTaTENeH.

20. ITpunuun paboThl aCHHXPOHHOT'O JIBUTATEIs.

21. JIBurarenbHbIN peXUM aCHHXPOHHON MAalllUHBI.

22. MexaHn4ecKre XapaKTepUCTUKN aCUHXPOHHOI'O JIBUTaTeENs.

23. PaGoune xapakTepUCTUKH aCHHXPOHHOI'O IBUTATEIsL.

24. Crioco0bl perympoBaHusi CKOPOCTH ACUHXPOHHOI'O IBUTATEIIsL.

25. OngHodazHble ACHHXPOHHBIE MUKPOJIBUTATEIH.

26. Ilyck ogHO(ha3HbIX aCHHXPOHHBIX MUKPOJBUTaTEEH.

27. OgHoga3HbIi KOHEHCATOPHBINA aCUHXPOHHBIM MUKPOJIBUTATEb.

28. cnionHUTENbHbIE ACHHXPOHHBIE MUKPOJABUTATENH.

29. OnpenienieHue nepeaaTouHon (PyHKIIMM aCHHXPOHHOT'O MUKPO/IBUTATEIS.
30. OcHOBHBIE TPUHLUIIBI (PYHKIIMOHUPOBAHUS MAIIMH TOCTOSHHOTO TOKA.

31. KoHCTpyKIIMs MalllMH MTOCTOSIHHOTO TOKA.

32. YpaBHEHNE MEXaHUYECKOM XapaKTEPUCTUKH JIBUTaTENs OCTOSHHOIO TOKA.
33. Cnoco0b! mUTaHUsI OOMOTKH BO30YKAEHMSI IBUTATENs IOCTOSIHHOIO TOKA.
34. Pexxumsbl pabotel AI1T ¢ He3aBUCHUMBIM BO30YXKICHUEM.

35. Xapakrepuctuku ucronHutenbHsix JIIT.

36. Onpenenenue nepeaarounbix Gpynkuuii AT ¢ He3aBUCHMBIM BO30YKICHUEM.
37. Yopasnenue HIIT. Cucrema yrnpaiisieMblii TeHEpaTOp-ABUTaTEb.

38. Ynpasnenue JIIT. Cucrema 35eKTpOMaIIMHHBIA YCUIIMTEINb-IBUTATEb.

39. OcHOBHBbIE CBEIEHUSI O CHHXPOHHBIX MaIlIMHAX.



40. ITpuHIMI pabOThl CHHXPOHHBIX TEHEPATOPOB.
41. MexaHu3M B3aUMOZECHCTBUS MEKAY CTATOPOM U POTOPOM B CUHXPOHHBIX MallIMHAaX.
42. CtpykrypHas cxema kosiekropaoro JIIT.

43. beCKOHTaKTHBIE IBUTATENN MTOCTOSIHHOT'O TOKA.
44. Onpenenennie mapaMeTpoB MepenaTouHon (HYHKITMN KOJUIEKTOPHOTO JABUTATEIIS
MOCTOSIHHOT'O TOKA 110 NAaCMOPTHHIM JaHHBIM.

45. VlcionHUTENbHBIE YCTPOUCTBA € 3JIEKTPOMArHUTHBIMU [TOPOLIKOBBIMU My(pTaMHu.
46. lnarpamMma Harpy3Ku JBUTaTENs.
47. Onpenenennie 00J1acTU pacmoiiaraeéMbiXx MOMEHTOB 1 ckopocteit JIT1T.

48. BI)I60p OJICKTPOABUTATCIISA IMPU M3BCCTHBIX MAKCUMAJIBHBIX 3HAYCHHUAX CKOPOCTH U
YCKOPCHUS NBUKCHHUA HAI'PY3KHU.

49. OnpeneneHI/Ie OINTUMAJIBHOI'O IEPpEAATOYHOrO0 OTHOWICHHUA PCAYKTOpa H3 YCIOBUA
IMOJIYYCHHA MAaKCUMAJIbHOI'O YCKOPCHHA B HAIrpy3Ke.

Tunosble 3a1aHUs AJI1 CAMOCTOSATEIbHONH PadOThI

1. OnTH4ecKue 3JIeMEHTHI TaTYUKOB.

2. ITo3uuroHHbIEC NaTYMKH. JlaTYMKHU pacCTOSTHUA.

3. Xapakrepuctuku u pexumsl 11T npu nocnenoBatenbHOM BO30YKISHUH.

4. PerynupoBanue yrioBoit ckopoctu JAI1T.

5. PerynupoBaHue YIrJioBOM CKOPOCTH B CHUCTEME «YMPABISIEMbIH BBITPSIMHUTEIb-IBUTATEIIb
MOCTOSIHHOI'O TOKA HE3aBUCUMOTI'0 BO30YKICHUS».

6. TpéxdasHbie aCHHXPOHHBIC ABUTATEITH.

7. PeBepc ¥ TOPMO3HBIE PEKUMBI ACHHXPOHHOT'O IBUTATEIIS.

8. XapaKTepuCTUKN aCUHXPOHHON MAIIMHBI B IEPEXOIHBIX PEKUMAX, CBA3AHHBIX C U3MEHEHUEM
CKOPOCTH.

9. YpaBHeHHE BpallalolMX MOMEHTOB aCHHXPOHHON MAIlMHbI U €70 aHAJIU3.

10. XapakTeprCTUKH CHHXPOHHOI'O T€HEpaTopa.

11. MOImHOCTB U 37EKTPOMarHUTHBIN MOMEHT CUHXPOHHOM MAaIlIWHBI.

12. Marematndeckass MOJENb SBHOIOMIOCHOTO CHHXPOHHOTO JIBUTATENs C JeMIQepHOn
OOMOTKOM.

Moays 2
Bomnpocsl k 3k3amMeny

—_—

. l'ocynapcrBennas cucrema npudopos I'CII. Haznauenue. Ctpykrypa I'CII.
. YcIi10BuUS ONTHMaNbHOM HACTPOUKH PEryIsiTOPOB B OJHOKOHTYpHOU CAY.

. JlaTuuku Temmeparypsl.

. ITHEBMO- 1 3JIEKTPOCHUIIOBBIE ITPE0OPA30OBATEINH.

. Kimaccugukanust mpoMBIIIIEHHBIX PETYISTOPOB.

. JIByXIIO3ULIMOHHBIE PETYIATOPHI.

. ABTOMaTHUYECKHNE MOCTHIL.
. 'padoananutrueckuii METOJ pacyeTa ONTUMaIbHOM HacTpoiiku U-perynsaropa.

co~N O o1 B~ WO
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9. CTpyKTypHBIE CXEMBI PETYJISTOPOB C TMHEHHBIMH 3aKOHAMH PETYIHPOBAHUS.
10. I'padoananuTHUeckuii MeTONI pacueTa onTUManbHOK HacTpoiiku [11-perymnstopa.

11. zmepuTenbHBIC TpeoOpazoBaTeIu TEMIIEPATyphl B YHU(PUITUPOBAHHBIA CUTHAJ.
12. T'padoananmuTHUECKH METOJ] pacueTa onTUManbHOU HacTpoiku [T ][-perymsTopa.

13. M3mepuTenbHbIe peoOpa3oBaTesy JaBICHUS B YHU(DUITUPOBAHHBIA CUTHAIL.
14. OntumanbsHas Hactpoiika [IM-perynsropa npu orpaHU4YE€HUH Ha CTENEHb KOJle0aTeIbHOCTH
3aMkHyTOM CAP.

15. [TyckaTenu IeKTpUIECKUX UCTIOTHUTEIBHBIX MEXaHU3MOB.

16. Mcnionb3oBanue metoaa pacumpeHHbx ADX mpu pacyere HACTPOHKHU PEryisaTOpOB.
17. UMnynbcHBIE PETYNIATOPBI C UCIIOJHUTEIBHBIMU MEXaHU3MAMHU ITOCTOSSHHOW CKOPOCTH.
18. YcnoBue ontumanbHON HacTpoiku M-perymnsTopa.

19. Perynupyrommii 610k uMIysbcHOro tuta PBI.

20. OnTuUManbHBI 3aKOH pEryIHpPOBAaHUS PETYAATOpa B CHUCTEMaxX BBICOKOW IpENENbHOM
TOYHOCTH PETYJIUPOBAHUS.

21. OcHOBHBIE OCOOEHHOCTH THEBMATHYECKHUX PETyIsSTOPOB.

22. OntumanesHas Hactpoiika [IW ] -perynsaropa B onHokoHTypHON CAP.

23. Dnementsl Y COIIIIA (npoccenb, eMKOCTh, 3JIEMEHT CPaBHEHHS).

24. OcHOBHBIE IOJOXKEHUS CHHTE3a perynaropos u3 ycnosuss MUH. CKO.

25. Dnementsl YCOIIITA (ycumuTenas MOITHOCTH, TTOBTOPUTETh CUTHAJIOB).

26. OnrrumanbHast Hactpoiika [1-perynsropa ¢ ucmnonb3oBanueM pacumpeHHbIx ADX.

27. [IpoccenbHbIi cyMMaTOp.
28. OnrrumanbHast HacTpoiika [1M-perynstopa mpu pabore ¢ 0THOEMKOCTHBIMHA O0BEKTaMHU.

29. MeMOpaHHBII CyMMaTOp.

30. Crenenn 3aTyxaHus, CTEMEHb KojiebaTenpbHOCTH 3aMKHYTON CAP.

31. Unepumonnoe 3BeHO Ha dnemeHTax Y COIIIIA. [TaeBMouHTErpaTOp.

32. Tlokazarens konebaTensHOCTH JuHEHONH CAP.

33. [IponopumonansHeit perynsrop [1P2.8.

34. OntumanbTHas HacTpoiika M-perynsTopa nmpu padoTe ¢ 01HOEMKOCTHBIMH OOBEKTaMH.
35. [TneBmarnueckuii [TU-perynstop [1P3.31.

36. YcnoBus oNTUMaIbHON HACTPOWKH PETyJIATOPOB B OMHOKOHTYpHOU CAP.
37. laTumku pacxojia *KUJIKOCTH, Ta3a.

38. JlaTunky ypOBHS KUJAKOCTH.

39. [TaeBmaTnueckwii peryssitop [1P3.35.

40. Peanu3anysi THEBMAaTUYECKOI'0 YCUIIUTEINSI MOIIIHOCTH.

TecToBBIE 3aJaHi K 9K3aMCHY
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Pa3paboTano HECKOJIBKO BapHAHTOB TECTOB, KaXKJIbIH M3 KOTOPBIX COAEPKUT 1O 36
BONpocoB. OIMH U3 BapUAHTOB MPUBEIEH HUXKE.

1. Kakyro u3 BeTBeW He gknrouaem B CBOM COCTaB IOCYJApPCTBEHHAs CHCTEMa IPOMBIIUICHHBIX
npubopoB u cpencts apromaruzauuu (I'CII):

a) AIIEKTPUUYECKYIO; 0) MEXaHHUYECKYIO;
B) ITHEBMATHYECKYIO; T') THAPABINYECKYIO;

2. Kakoit u3 munosuvix 3aKonos pe2yiuposanus noka3aH Ha PUCYHKE?

dX/dt
X
-3 e
. 0 8
Xm
a) peJIeHHBIN MOCTOSHHOM CKOPOCTH; 0) peneilHpli JBYXIO3ULIMOHHBIN;
B) MIPOMOPIIMOHATBHBIH; ') UHTETPAIbHBIM.

3. Ha pucyHke moka3aHa nepexooHas xapakxmepucmuxa

h(t)

a) [I-perynsropa; 0) U-perynsitopa;
B) [IU-perymnsTopa; r) [1/I-perynsitopa.

4. Onpenenure onmumanbHyro epeJaTouHyo (QYHKIUIO peryasTopa, UCX0Isd U3 KpuTepus
MHHHMYMa CpeIHEH KBaJpaTHIECKON OIUOKH:

W) (p) P
a) Wponm(p) - W : 6) Wp-onm(p) = m ;
- 1
W, o (D) = —2— Woomn (P) =——5—
B P pPWy'(p) ° noP 7o W (p)

0
rae \N0 (p)- yacTh MepeAaTodyHoll (yHKuuM oObekTa 0Oe3 yuera 3amas3ibiBaHus, 7, -

3ara3abIBaHUuC B 00BEKTE.

5. CreneHp KonebaTeIbHOCTH ONPEAEAeTCs KakK:



1) a 2 a+w

IJIC ¢ - BEICCTBCHHAA YaCcTh JOMUHUPYIOMMX IIOJKOCOB, a () - MHHUMAas 4acCTh.

6. Onpenenute gusuyeckuti cmvici CTETIEHU KonebaTenbHOCTH M.

a) MOKa3bIBACT, KaK BO3pACTACT aMILTUTY/a KolIeOaHH 3a OJUH MIEPUOJI;

0) MOKa3bIBaeT, KaKk BO3PACTAaeT aMILTUTY/A 3a BpeMs PEryIUpOBaHUS;

B) IOKa3bIBAET, KAK 3aTyXaeT aMIUIUTY/Ia 3a OAUH IIEepUOI;

I') IOKa3bIBAET, KaK 3aTyXaeT aMIUINTY/ia 32 BPEMsl peryJIupOoBaHMsL.

1. Iloxazamens konebamenonocmu M 3amxnymoii cucmemul onpenensiercs:
a) 110 NMePEXOAHON XapaKTEePUCTUKE 3aMKHYTON CHCTEMBI;

6) mo @YX 3aMKHYTOI CUCTEMBI;

B) 110 KOPHEBOMY Troforpady 3aMKHYTOMH CUCTEMBI;

r) no AUX 3aMKHYTON CHCTEMBI.

8. lnst ciydas, moka3aHHOTO Ha PUCYHKE, MOKa3aTeNb Koie0aTeIbHOCTH 3aMKHYTON CHCTEMBI
OIpENENAETCS KaK

U HEIH

ayM=M__,; 6) M >M,,;

B) M <M, ; r) M =1.

9. Pacupernnas ADX royuaercs 3aMeHOM B IepeaTOYHON (yHKLUM
a) p— jo; 6) p—>(j+Mo;

B) P—>(j—-mMo; r) p— jom.

10. OntumansHoi Hactpoiike I[IM- perynstopa no kpumepuio MaxcumanbHo2o NOOAGNEHUs
HusKouacmomuwlx osmyuenuti coorsercrayer snauenne C; = K b IT,

a) C]_:mln 5 6) C]_:l; B) C1=10, F) C1=maX .

11. Oonoémrxocmnori 0OBEKT OIMUCHIBAETCS
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a) nuddepeHaTbHBIM YpaBHEHUEM TIEPBOTO TOPS/IKA,

0) nuddhepeHnaTEHBIM YPaBHEHUEM BTOPOTO MOPSIKA,;

B) muddepeHIaIbHbIM YpaBHEHHEM HE BBIIIIE BTOPOrO MOPSIIKa,
r) anredpanyeckuM ypaBHEHUEM.

12. Ha pucyHke nipeqicTaBlieHa CTPYKTypHasi CXeMa

£ + 1 X
ky > >
Tone P
Koc <
a) peanwHoro [1-perynsaropa; 0) peasibHOTO U-perymnsaropa;
B) peanbHoro [IHU-perynsTopa; r) peanbHoro [11/[-perynsropa.

13. Onpenenure nepexogHyI0 XapaKTepUcTuky peanvroco 1IN ]I-perynsropa:

h A
3
1
k
2
0 t
a) l; 0) 2; B) 3; ') Ha pUCYHKE HE MOKa3aHa.

14. Ha pucyHke TmoKa3zaHa CXeMa peledHO-UMIYJIbCHOTO peryisTopa,
peann3yomero

npUOINKEHHO



£ o U x
L LT e
UDC
a) [1-3akoH perynupoBaHus; 0) [11- 3ak0H peryaupoBaHus;
B) [1/]- 3aKkoH perynupoBaHus; r) [IN]1- 3ak0H perynupoBaHus.

15. Kakoii 13 TepMOMETPOB He OmHOCUMCs K TEPMOMETPaM pacuiupeHus?
a) JKUJKOCTHBIE CTEKIISTHHBIC; 0) AUIaTOMETPUYECKHE;

B) MAaHOMETPHUYECKHE; ') TEPMODJIEKTPUUECKHE.

16. IToaynpOBOAHUKOBBIE TEPMOCOIPOTUBICHUS UMEIOT

a) nonoxurenbHbii TKC; 0) orpunatrensubiii TKC;

B) Hynesoi TKC; r) HeHopmupyembiii TKC.

17. B cucreme CU 3a enquHuIly TaBJICHUS IPUHST

a) HBIOTOH; 0) mackasb,

B) KYJIOH; r) Kre/m>,

18. ManomeTpuueckas mpyXuHa IpeIHa3HaueHa s U3MEPEHUS

a) TeMIIepaTyphl; 0) pacxo/ia BEIIECTBA;

B) JABJICHUS; T') BIQKHOCTH BO3IyXa.

19. Kakoit u3 mpubopoB He omHocumcs K pacxomomepam?

a) TypOMHHBIN pacxo1oMep; 0) MHIYKIMOHHBIN pacxoaoMep;

B) YABTPa3ByKOBOW PacxoomMep; T') 3JIEKTPOHHBIN pacxoiomMep.

20. Ha pucyHke noka3aHa cxema
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Bropuunslii
npubop
| [
HUIIC
a) U1 U3MEPEHHUS pacxo/ia rasa; 0) razoaHaau3aTopa;
B) JUUIsl U3MEPEHUS TEMIIEPATypPhI Ta3a; T) A1 U3MEpPEHHsI JaBJICHUS ras3a.
21. Ha pucyHke 1okasaHa cxema
: |
3aCJIOHKa
A
COILIO
Iy

ANGEOIN
U o % ‘PBHX

cuIIb(QOH

<«

a) pacxoJIoMepa; 0) razoaHanmM3aTopa;

B) ITHCBMOCHJIOBOI'O npeo6pa30BaTen>1; 1") IMHECBMATHYCCKOI'O YCHUIIUTCIIA.
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22. Onpenenute npuodOp, KOTOPBIN He omHocumcs K BTOPUYHBIM IpUOOpaM:
a) aBTOMaTHYECKUI MOTEHLIUOMETP; 0) aBTOMaTHYECKUI MOCT;

B) aBTOMAaTU4ECKUI PETYIIATOp;
r) mpubop ¢ tuddepeHnnanIbHo — TpaHC(HOPMATOPHOM CXEMOM CpaBHEHUS.

23. Kako#t 3akxon pezynuposanus peanmuszyer Omok PBM cucremsr AKOCP coBmectHO ¢
WCTIOTHUTEIBHBIM MEXaHH3MOM ITOCTOSIHHOIN CKOPOCTH:

a) I1; 6) I1U; B) I1/1; r) [I1.

24. Pacindpyiite abopesuarypy AKOCP:

a) aBTOMaTHYECKUI KOMIUIEKC 3JIEKTPOHHBIX CHCTEM PETyIHPOBAHUS;
0) aBTOMaTUYECKHI KOMIUIEKC 3JIEKTPOHHBIX CPEACTB PETYIHMPOBAHUS;

B) aBTOHOMHBII1 KOMIUIEKC 3JIEKTPUUYECKUX CPEICTB PErYIHPOBAHUS;
I') arperaTHbIi KOMILJIEKC JIEKTPUUYECKUX CPEJICTB PETYINPOBAHNUS .

25. BwiGepute Ha3zBaHHE, KOTOPOEC He s6lsgemcs Ha3BaHWEM alapaTHO-TEXHUYECKHUX
KOMILJIEKCOB CPEJICTB aBTOMATU3aI1H, BbITycKaeMbIX B PD:

a) AKOCP; 0) KoHrakr; B) Kackan; r) Kontyp.

26. B nneemamuueckux perynatropax B KauyecTBE MCTOYHHMKA PHEPTUU U HOCHUTENSl CUTHAJIOB
BBICTYIIAET:

a) DJIEKTPUUYECKUH TOK; 0) DIIeKTpUYECKOe HATIPSKEHUE;

B) CXKaTbIi BO3YX; I') MacisiHasi CMECh.
27. Ha pucyHKe 1oka3aHa cxema

KADWUIIIAR RopIyc
=3 Prax
- |
Ty
Ty ILIEoR
a) MOCTOSTHHOT'O APOCCES; 0) IepEeMEeHHOT O JIPOCCes;
B) THEBMATHUYECKOTO YCHUITHTEIIS; T') THEBMATHICCKOT'0 PETYIIATOPA.

28. Kakoii anieMeHT n300pakeH Ha pucyHke?
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B OV

V/ CHMJIBDOH
/

a) IEpPEMEHHBIN APOCCeb; 0) nepeMeHHast THEBMOEMKOCT;

B) MHEBMATHYECKHUI YCUITUTENb; I') THEBMAaTUYECKHUU PErysiTop.

29. JlaHHBII MTHEBMATUYECKUH 2JIEMEHT MPEACTaBISAET COOOM

PHH"[‘
T R Cy
B +
— 1 B
——— PEJJI}(
B -—
A [ C,
v Qo
a) MOBTOPUTEIIb; 0) yCHITUTEIIb;
B) CyMMAarop; T') BBIYUTATENbD.
30. Ha pucyHke moka3aHa cxema:
Bryvmnra
Fax r
MeMBpan — armochepa
BIoK 1 /“]—jB >
‘lT
B - BEIX
AeCTEaA Meperopolka
Prur | — C OTEEpPCTHEM
— A
o o
fon “s

CedeHMe I[IPYHEMHEL

a) YETBIPEXKAMEPHOI'0 IOBTOPUTEIIS 0) "4eThIpEXKaMepHOr0 CyMMaTOpa;
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B) UYETHIPEXKAMEPHOT'O PEryisTOpa; I') 4eThIpEXKAMEPHOr0 YCHIIUTENSI MOIIHOCTH.
31. [IpuBeaEHHBIIN 3JIEMEHT peallu3yeT:

—
P 1 HH P BBIX
O = >

a) arlepruoIMIECKOE 3BEHO MEPBOT0 MOPSI/IKA;
0) arepuoAMIecKoe 3B€HO BTOPOTO TTOPSIKA;

B) MHTETPUPYIOILIEE 3BEHO;
T') KoJie0aTeIbHOE 3BEHO.

32. Ha pucyHke npuBezieHa cxema:

° = ®
Pl (0 P3
0 B
P2 P
° ~ s
(04
a) JpOCCEIILHOT0 CyMMAaTopa; 0) APOCCENBHOTO YCUIIUTEIS,

B) APOCCCIbHOIo ACIUTCIIA OaBJICHUA, F) APOCCCIILHOIO peryisiropa.

33. Ilepeoamounoe omuouierue pedykmopa OnpenenseTcs KaK:

Jn, et i Loy A
HEHrarene ¥ ;' ;' HF‘E:.E.HHTDp i ;' T' | Harpyszka
b, k1
i = “n j =1 i = M_ﬂ = My
) “H 6 A n M, n o M

34. Momenm nazpy3sxu, TPUBEACHHBIN K OCU ABUTATEINs, ONPEAEIseTcs Kak:

v M,
— X HIT —~ .

a)MHH—UX'XMﬂ; 6) nxli.
M

. MH]]: H

B)MHH:UXIXMH; r) nxi

35. Momenm osuecamens, IPUBEACHHBIN K OCH Harpy3KH, OMpeeseTcs Kak:
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a)MﬂH:nxixMH; 6)MﬂH:77xixMﬂ;
M M,

B) nxt. r) nxt,

36. Ha pucyHke npejcraBiieHa:

o
T J—
mﬁ'@
mwmm-:

a) MEXaHMYEeCKasl XapaKTepPUCTUKA IBUTATElIs MOCTOSHHOTO TOKa;
0) MexaHHWYeCcKasi XapaKTepUCTUKA ACHHXPOHHOIO JIBUTATEIIs;
B) MarpaMMa Harpy3Ku JBUraTels;

r) BCKTOpHAA IuarpaMma aCHHXpPOHHOI'O ABHUTATCIIA.
Tunosble 3a1aHUS JJI51 CAMOCTOSITEIbHON PadoTHI

. Hopmupytoiue uamepurenbHbie Tpeodpa3oBaTei.

. KunkoctHbie mpuOOpbl AaBICHUSI.

. [IpuGopsI 1151 KOHTPOJIS pacxoja.

. Pacxonmomepsl cepun MetpaH.

. [Ipubops! 11st KOHTPOJIS pa3peKEHUS.

. UcnosiHUTENBHBIE YCTPOUCTBA AJISI peAIM3alNKU YIPABJISIONIMX BO3ICHCTBUI.
. CoctaB 1 0COOEHHOCTH peryaupyrolleil anmapatrypsl cepun «Kackamy.

. Perynupyromue 6moxku AKDCP.

. IlycKkOBBI€ yCTPOICTBA JIEKTPUUECKUX JIBUTATEIICH.

10. VYcimoBuss onNTUMaabHOW HACTPOMKH PETYJSATOPOB B  OJHOKOHTYPHBIX  CHCTEMAX
pPErylnupOBaHHUS.

11. ITaeBMaTHYECKHE PETYIATOPBI.

MeToan4yeckue ykazaHus K J1a00paTopHbIM padoram

O 0 1N DN KW —

JlaGopaTopHbie padoTb Ne 1, 2
MAIIUHHBIA PACYET TAPAMETPOB HACTPOMKH PETYJISAITOPOB
B ABTOMATHYECKHUX CUCTEMAX PEI'YJIMPOBAHUA (ACP)
(8 gacon)

Henpto mabGoparopHbix paboT sBiISETCd HW3Y4YeHHE METOAOB MapaMeTpUUEeCcKOn
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ontumuzauuu ACP, a Takxke NpHOOpEeTEeHHE OMNbITa MPAKTUYECKOrO MCIIONb30BAaHUS I1aKeTa
porpamm RR s pacyera mapameTpoB HACTPOMKM TUIOBBIX JIMHEHHBIX PETYISTOPOB B

OJHOKOHTYPHBIX CUCTCMAX PEryjIrupoOBaHHA.

Meroauueckre yKkazaHus K BBITOTHEHUIO Ja00opaTopHBIX pabot ¢ momorbko nakera RR

[Taker mporpammel RR mo3BomsieT ympocTUTh pacueT ONTUMAIbHBIX MapaMeTpoOB
HAaCTPOWKU PEryiasiTopa C MOMOIIbI0 Ipad0aHaTUTHYECKOTO METOAAa M METO/a pacIIupeHHON
KOMIUIEKCHOM YacTOTHOM XapakrepucTUku. C ee TMOMOIIbI0 MOXKHO IOCTPOUTH CIEAYIOIIHNE
3aBHUCHUMOCTH:

- aMIUTMTYIHO-()a30BYIO XapaKTEpPUCTHKY pa3oMKHYTO# cuctembl W(jm);
- aMIUIMTYIHO-YACTOTHYIO XapaKT€PUCTUKY 3aMKHYTOU CHCTEMBI

. W(jo)|
Do) =—-"—;
‘ G )‘ ‘1+W(ja))‘

nepexoaHyro xapakrepuctuky h(t) 3aMKHYTO# cuCTEeMBI:

- 3aBucuMocTh Ci1(Co) mmu Co(Cz) mapamerpa perymstopa JUisi METOIa PaCIIUPEHHOM
KOMIUJIEKCHOM YaCTOTHOM XapaKTePUCTUKU.

B nporpamme umeroTcs BO3MOKHOCTH M3MEHEHHs MAclITaboB MOCTPOEHHs IpaduKoB, B
npeziesiax KOTOPBIX CTPOUTCS TOT win uHOW rpaduk. [lepemarounas ¢ynkuus oowvekra Wo(p)
OIMCBIBAETCS] YPABHEHHEM BTOPOI'O MOPSIIKA U MOXKET BKIIFOYATh 3BEHO 3aa3/bIBAaHUSA:

a,
W, (p) = ° exp(—tp);
(P =gy, PP

1

ko exp(_TOf p)
d,p’+d,p>+d,p+d,

WOf (p):

[Tepenarounas GyHKIIUS perysiTopa 3alMChIBAE€TCSA B OOIIEM BUE KaK

K
Wp(p):kp(kl+T : +Tnp)

us

13 Hee MOryT OBITH MOIYYCHBI pa3iM4YHbIC THUIIOBBIC PEryiasTopbl. st TOro, 4roObl
nonyuutb I1- perymsropbl, HeoOxomumo monoxuth — ki=1, ko= Tn=0, kp#0, Tw#0. Ecimn
tpebyercs BBectu [IM]I- perymsarop, To HeoOxomumo BBectd Ki=ko=1 u Ky#0, Tu#0, Tnz0.
AHaJIOrMYHO MOYKHO TOJTYYUTh BBIPAXKEHUE U VIS IPYTHX THUIIOBBIX PETYIISTOPOB.

IIpy mocTpoeHUM TOM MM MHOM 3aBUCHMOCTH CJIEIYET BHAYalle BBECTU HCXOJIHBIC
JAHHBIE O TapaMmeTpax OObeKTa U PeryiasTopa U IapaMeTpe, 3aJalolleM OrpaHHuYeHHE Ha
Kose0arebHOCTh NEPEXOJHON XapaKTepUCTUKU JJIsi BBIOpaHHOro MeTosa pacuera. Kpome Toro,
HEOOXOIMMO BBECTH JHAma3oH 4acToT (mo,mn) moctpoenue rpadpukoB ADX, AUX, Ci(Co) u
Co(C2) nnu BpemenHo# yuactok (0,tk) Ha koTopoM OyzeT cTpouthest Tpaduk h(t).

[Tpu 3TOM crieAyeT UMETh B BH]LY, UTO JUIsl aCTATUYECKUX CUCTeM MpH noctpoeHnn ADPX
clieqyeT BBIOpaTh HadanbHy0 dYacTory >0, T.K. mpu wo=0 ADX Oymer HAYMHATHCS B
Oeckoneunoctr. [Ipu Hamwuuu 3ama3asiBaHus B 00bekre Xxapakrepuctuku ADX C1(Co), Co(Cy)
OyAyT IpeACTaBlIEHbI CIIUPATICBUIHBIME KpUBBIMU. Ha mipakTrke ObIBaeT JOCTATOYHO HAOMIOAATh
HU3KOYACTOTHYIO YaCTh ITHX XapaKTepUCTUK. VIcxomst U3 3TOro cooOpakeHus CIeyeT BRIOMPATh
KOHEYHYIO YacTOTY MOCTPOCHHUsI rpaduka n.
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B nmporpamme peann3oBaHa nepapxuveckas CTPYKTypa MEHIO, MO3BOJISIONIAs 3a/1aBaTh
pa3MyuHbIe PeXUMBbI PabOThI porpaMMebl. [ BEIOOpa HY)KHOTO pekuMa padoThl MPOrpaMMBbl
HE0oOXOMMO BBIOpaTh COOTBETCTBYIOIee MeHIo. [Ipu 3ToM mepeMelnieHne B TMOJMEHIO
“HU31Iero” ypoOBHS OCYILECTBISETCS Ha)KaTHEM YyKa3aHHOM (yHKIMOHAIbHOM KiaBuiu Fi, A
JUTsI BO3BpaTa B TIOJMEHIO “BBICIIEr0” ypOBHS CleayeT ucnoiab3obars “ESC”.

[Tpu BBO/IE YMCIIOBBIX 3HAYCHHUI OTACITHHBIX MMapaMEeTPOB MOTYT UCIIOIb30BaTh KIABUIIIH
0,1,2,3,4,5,6,7,8,9,.,—,+, E,e. UcnpaBiieHne HelpaBUIBHO BBEJICHHOI'O CHMBOJIA OCYIIECTBIISACTCS
kiaBumreii “BackSpace”. Tlocie oxkoHYaHHs BBOJAa BCEX CHMBOJIOB HakaTh KiaBuimy “Enter”.
Jyist BBIOOpa BBOAMMOTO TIapaMeTpa (B TeX CIIydasix, KOT/ia B OTHO MEHIO BBOIUTCS Ooiiee OTHOTO
rapameTpa) MOKHO TTOJIb30BaThCsl KITaBUITICH “”.

Jis u3menenus Macmraba moctpoeHusi rpaduka HeoOXOAMMO BBIOpATh IMOIMEHIO
“macmTab” W BBEeCTH KOA(QQGUIIMEHT OTHOCUTEIBHOTO u3MepeHus MaciTada Kyae. Ecmu
HEoOX0MMO CKaTh rpaduK Ha 3KpaHe, TO CIEAYET BBOAUTH 3HAYCHUS Kyae < 1. 17151 yBendeHus
Maciirada rpaduka ciaeayer BBeCTH Kyaxe > 1.

[Topsimok BbIMOTHEHUS
1. Jlna yxasaHHBIX IPENOJABaTeIcM BAPUAHTOB 3aJaHUsA PACCUMTATH IApaMETPhI
peryisTopa MerogoM paciuupennoi KUX.

1.1. 3anyctute mporpammy Ir.exe. Beectu mnapamerpsr Wo(p), Wof(p) u 3HaueHme
CTEIeHH Koe0aTeabHOCTH M.

1.2. Paccuurare TpaHUIly OONACTH BBIONHEHUS OrPAHUYEHHH 1O CTENeHU
KOJ1€0aTeIbHOCTH M U OMPEACTUTh ONTUMAIIBHEIE TAPAMETPHI HACTPOUKH PEryIsTopa.

1.3. IlocTpouth nEpexXOAHBIE XAPAKTEPUCTHKU 3aMKHYTOM CHCTEMBI MO 33JaHUI0 H
BO3MYIIEHUIO /IS HaiiIeHHbIX B 1.1.2 onTuManbHbIX mapameTpoB HacTpoilku Wo(p). OreHuTh
KaueCTBO MOITYYEHHOW MEPEXOAHON XapaKTePUCTUKH C TOYKU 3PEHUS MepeperyanpoBanus c,%,
BPEMEHU perynupoBanus fp u m.

1.4. Tlpocneauths xapakTep M3MEHEHHs MEPEXOAHBIX XapaKTEPUCTHUK ISl HECKOIBKHX
BapI/IaHTOB HaCTPOﬁKH permeTopa HpI/I JOBUXXCHHNU BOOJIb FpaHI/IIII)I 3aJaHHOI'O 3HAYCHHUA CTCIICHU
KOJIE0aTeIbHOCTHA M.

2. Paccunrars mapameTpsl peryastopa rpagoaHauTHYECKUM METOJIOM.

2.1. 3anyctuth nporpammy I1. Exe. Bectu napamerpst Wo(p), Wor(p), Wp(p) 1 3HaueHue
HoKa3aresst KonedarembHOCTH M.

2.2. PaccuuTtaTh TpaHUIly OONACTH BBHIMOTHEHHS OrPAaHUYEHHH MO TOKa3aTemro
K0J1€0aTeIbHOCTH M U ONpeeuTh ONTUMAIIBHEIC TApAMETPhl HACTPOUKH PEryIsTOpa.

2.3. TlocTpouTh NepexogHbIE XapaKTEPUCTUKH 3aMKHYTOM CHCTEMBI IJI1 HAWJIEHHBIX
ONTUMAJIbHBIX 3HAYEHUH TapaMeTpoB perynsaropa. ONeHUTh Ka4eCTBO MOMTYYEHHBIX MEePEXOAHBIX
XapaKTEPUCTUK C TOYKH 3peHus ¢,%, tp u m.

2.4. TToctpouts AUX 3aMKHYTOW CUCTEMBI C UCIIOIB30BAHMEM HAMACHHBIX ONTUMAJIbHBIX
3HaueHui mnapameTpoB Wp(pP) ¥ onpenenuTh 3HAYCHUE IOKas3aress KojedaTeabHoCcTH M.
CpaBHHUTH NONYyYEHHOE 3HaUeHUEe M ¢ 3a/IaHHbBIM.

BapuanTtsl 3a1anuii st BBIMOJTHEHUS 11. |

Ne ao To bo b1 b Kos do d1 d» ds Tos m Tun
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Bap per.
1 1 5 0 100 | 1 0,1 0 0 | 100 | 1 15 | 0,3 | TN
2 |2000| 3 0 5 1 10 0 0 5 1 4 1035 | A
3 1025| 20 0 800 | 1 2,2 0 0 | 800 | 1 30 | 04 | IV
4 5 0,1 0 0,2 1 0,5 0 0 0,2 1 11 | 045 | 1IN
5 20 8 | 200 |20 1 2 0 | 200 | 20 1 5 05 | IINA
6 10 | 0,2 4 2 1 1 0 4 2 1 |05 |055 |11
7 1012 | 05 8 20 1 1,1 0 8 20 1 |03 ] 06 |IINA
8 | 650 | 40 | 1500 | 70 1 6,5 0 | 450 | 70 1 4 10,65 | IN]
9 | 320 | 4 55 1 1 2 0 55 1 1 2 0,7 | 11X
10 | 45 1 4 1 0 4 0 4 1 0 5 10,75 | IJ
11 | 0,65 | 3 60 1 0 |005] O 60 1 0 1 0,8 | 1A
12 |4200| 0,2 | 0,8 1 0 2 0 0,8 1 0 2 1085 | I

BapuaHTbl 3a1aHHi [UTs BHITIOTHEHHS 11. 2

Ne ao To bo b1 b, Kos do d1 d> ds Tos m Tun

Bap per.
1 11 | 50 |4000| 100 | 1 1 0 |2000| 100 | 1 50 | 1,1 | IUAO
2 | 250 | 1 20 5 1 25 0 20 5 1 1 | 1,15 |\ 1O
3 4 5 | 320 | 22 1 2 0 | 120 | 22 1 5 1,2 | TINJ
4 1000 | 2 28 | 12 1 100 | O 28 12 1 2 | 1,25 | TIN]
5 15 | 05 0 4 1 1 0 0 2 1 105 | 13 | A
6 | 980 | 2 0 30 1 2 0 0 10 1 2 | 135 In
7 10,08 | 50 0O (420 1 |005| O 0 20 1 50 | 14 | TI1
8 0,5 3 0 65 1 0,5 0 0 25 1 3 | 145 | 1IN
9 1 2 12 1 0 | 04 0 12 1 0 2 15 | I
10 | 10 | 10 | 88 1 0 1 0 88 1 0 10 | 155 | 111
11 | 55 | 30 | 700 | 1 0 5 0 | 500 1 0 30 | 16 | TIO
12 | 110 | 1 6 1 0 2 0 6 1 0 1 |165 | 1A

VUMITYJIbCHBIN PETYJIATOP C UCITIOJTHUTEJbHBIM MEXAHU3MOM

JladopaTopnasi padora Ne 3

MOCTOSIHHOM CKOPOCTHU
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(4 gaca)

Henpr paborpl: u3zyueHue nOpUHOMNA (QYHKIMOHUPOBAHUS HMITYJIBCHOIO pEryiasTopa ¢
WCTIOJIHUTEJIbHBIM MEXaHU3MOM MOCTOSIHHOW CKOPOCTH, a TAK)K€ CPaBHUTENBHBIN aHaIU3 paboThI
3aMKHYTOM CHCTEMBI aBTOMAaTHMYECKOTO PETYIMPOBAHMS Ul CIIy4acB HCIIOJIB30BAHHUS B HEU
HMITYJIbCHOTO PETYIATOPAa C UCIHOJHUTEIBHBIM MEXaHU3MOM IIOCTOSHHOM CKOPOCTH U
aHAJIOTOBOT'O PEryNATOpa.

Omnucanue cXeMbl Hccne):[yeMoﬁ Ha MOJCIIN CUCTEMBI

Cxema uccieyeMoil MOJIENIM CUCTEMBI NIPEJCTaBIE€HA HAa pUCYHKE. B cucreMy Bxonsr
JIBA HE3aBHCHMBIX 3aMKHYTBIX KOHTYypa peryivpoBaHus. BepxHUil KOHTYp mpeacTaBiser
CUCTEMY PETyJIUpOBaHMs ¢ UMIYIbCHBIM [IM- perynsatopom. HuxHuii KOHTYp BKIIUaeT B ceOst
a”anoroBbiii [IM- perynarop u naH Uil cpaBHEHHUs pabOTBhl CHUCTEM C YKa3aHHBIMH THUIIaMHU
PETYIATOPOB. TIPU OJIMHAKOBOM MX HACTPOWKE W OJMHAKOBOM 00BekTe perymupoBanus (OP). B
kauectBe OP B34TO0 anepuoau4ecKoe 3B€HO NMEPBOTo MOPAIKA C 3a11a3/(bIBAHUEM.

NmMinynbCHBINA perynsTop BKIIOYAET B cebs peneriHoe ycrpoiictBo (PY), peanusyromee
peneiiHylo XapakTepucTuky (puc.l), oXxBauyeHHOE OTpULATEIbHOM MECTHOM 0OpaTHOH CBS3bIO,
poib KOTOpOM BbIMonHsIeT ycrporcTtBo YMOC, B AMHAMUYECKOM OTHOILEHUU pealln3yloliee
¢ynkuuto wunTerpupyroumeir RC-menouku ¢ pa3genéHHbIMM LEMSAMHM  3apsga M paspsza
KOHJIEHCAaTOpa. B MMITYNbCHBIM PErysATOp BXOAWUT TAKXKE HCHOJHUTENBHBIM MexaHusm MM
IIOCTOSIHHI CKOPOCTH, IPEICTABJIEHHBIM WHTETPUPYIOIIMM 3BEHOM, Ha BXOJ KOTOPOrO MOTYT
M0J1aBaThCs JIUIIb OAUH U3 JIBYX YpOBHEH HanpsbkeHuit: Hoiub win U, . B uccnenyemoii mogenu

BbIlIEYKa3aHHas wuHTerpupyoomas RC-nemnouka peanu3oBaHa B BHJE HHTErpatopa ¢
koddduimenTom nepeaaun K, 0XxBaueHHOr0 €IMHUYHON OTPHUIIATEIILHON 00paTHOM CBS3BIO, YTO
B 1eioM oOpa3yeT amepuoJuyeckoe 3BEHO C CAMHUYHBIM KOd(DPHUIIMEHTOM Tepenayud u
MOCTOSIHHOW BpeMmeHu, paBHod 1/ K . Benmumna K ¢ ydérom pabGoThl mepekirodaTens B LU
00paTHOM CBSA3M, YIPABISIEMOTr0 BBIXOJHBIM HANPSKEHUEM PEJIEHHOr0 yCTPOWCTBA, IPUHUMAET
sHaueHne K2 npu cpabarteiBanuu PY perynstopa m 3Hauenue Kl,ecnm pene perynstopa
HaxOAMTCA B OTIYIIEHHOM COCTOSIHMHM. B oTHomenun k wuHTerpupymoomeid RC-nemouke c

pa3IeNnéHHBIMU LEMsAMU 3apafa M paspsjga KOHAeHcaTopa 5To o3Hadaer, uro T % =1/K2, a
TP =1/K1.



22

glojeiBau| Lanpolg

I9W3L1MI MOWSATBLIIM BWSXD "I IU(

Ligjag

tn.am_.._m._._. cUD 4 13)5Url |

L+50L1

=

L

+ *

il
i
|
1
|
I
I
I
i
I
|

et

w
-

103EsBagu) ¥NPOId

=

I

o

X

BUIES

Ladoag

1
"to.“_m:m;._. ua 4 185Uy )

1 L+=0L
fitiRal] =

1

1

1
1
1
1
1
| - L gel & o
e :
1 Zioyelfiagu
1 LUIESD
i Jo
“ A /
A R I JOWG ;
; A ¥ 1 T
m m Lojeibagu) +lg |__..“__.Iul
1 1 z
iﬂ_ um_" T ol 7 hE|aY -
1
do__ 1| oA e Lo
L_o_gwes | o A ]
ity

dag

i1

Amnaioronas 3aMKHYTad CHCTCMaA, BKIIOUEHHAsT B MOJCHbL I CPaBHCHHUA XapaKTCPUCTUK

00BEKT

CHUCTEM pEryJUpOBaHUsA, COACPKUT B KOHTYpE

(v

AQHAJIOrOBOM M  MMITYJIbCHOM



23

pEryJIMpOBaHUSA M PETYISATOp, peanu3yroluid crangapTHeiii 3akoH [IM- perynupoBanHwus,
OIMCBIBAEMBIH Tepe1aTOYHON PyHKIUEH
T,;8+1

W= T s
us

Ha puc.1 nocrossHHas BpeMeHH U304poMa Tu3 0603HaYeHa KaK | .

HcxonHpie JaHHEIE HccnenyeMoﬁ MOACIN

S=24 C - ckopoCTh M3MEHEHHS PETYIHPYIOIIEr0 BO3JICHCTBUS HA OOBEKT B HMITYJIbCHOM
CUCTEME PETYINPOBAHUS;

A 5, =0,001, A ¢ =0,0005, U y =24 — napameTpbl peneiHON XapaKTepUCTUKY;

0.=0,1; Ky =0,01.

KO =1, TO =1 C_l- napameTpbl 00bEKTa peryIupOBaHNUS;

T - 3ana3aplBaHUE B O6I>CKT€, YCTaHABJIMBAEMOC B 3aBUCUMOCTU OT 3aJaHHOI'0 OTHOLICHUA
(t/Tg)=0,1 mm 0,3;

K3=1 nns 3aMKkHyTOM UMITYIbCHOM cucTeMbl U K3=0 1715 pa30MKHYTONH UMITYJIbCHOM CUCTEMBI.

OnTumanbHBIC 3HAYCHUS Kp u TUS’ OIIPECACIIAIOTCA C  HUCIIOJb30BAHUCM HpI/IBe,Z[éHHOﬁ

tabnuibl, a 3HaueHus K1 u K2 B niemrn YMOC Moneny BEIYUCIISIOTCS TI0 BBIPAKCHUSAM

K1=1/T K2=S/(KpOLUu).

us>
BenuunHy BXOJHOro CKauka peKOMEHyeTcs B3sTh paBHOi 0,1.
ITopsinok BBINTOMHEHUS

1. O3HAaKOMHTBHECSI C OIHMCAHHEM U CXEMOH MOJICIIN peﬂeﬁHO'HMHYHBCHOFO peryisaropa €
HUCIIOJIHUTEILHBIM MEXaHHU3MOM ITOCTOSHHOM CKOpPOCTH.

2. Jlns 3HaveHUs ’E/ T 0 =O,3 u \Y=1,0...0,95 onpenesuTs 3HAYECHUS IAPaMETPOB
HacTpoiiku IIM- perynstopa, HCHoOnb3ys NPUBEIEHHYIO B OINUCAHUU TaOIULy U
BoIpaxxeHus 1id K1 uK2. Beectn 3HaueHus mapamMeTpoB HACTPOMKK B MOJAENb PEIICHHO-
HMMITYJIbCHOTO PEryJisiTOpa U B MOJENb aHAJIOroBOro peryisropa. CHATH Nepexo/HbIe
IIPOLIECCH  3aMKHYTBIX CHCTEM PETYJIMPOBAHMS U OLEHUTb CTENEHb WX Ppas3JIM4usi.

OHpe)ICJ'II/ITI) 3HAYCHUA KPUTCPHCB J JJIA o0enx CHCTEM U OLICHUTH II0 MNEPCXOIHBIM
mpoueccaM CTCIICHDb 3aTyXaHusl \V

3. TloBroputsh myHKT 2, monoxus \Jf =0,85...0,75.
[ToBTOPUTH MYHKTHI 2 U 3 /17151 3HAYECHHUS ’C/ T, 0= O,l.

5. Pa3oMKHYTH I1aBHYIO OOpaTHYIO CBSI3b CHCTEMBI C PENEHHO- UMIYJIbCHBIM PETYISITOPOM
1, HCIIONB3YS HHIUKATOP SCOPEl, mpocieauTs paboTy peryssiTopa Mpu BXOJHOM CHUTHAEe

S(t) =O,1*1(t). 3adukcupoBarh rpaduku S(t), 0,1U(t), x(t) u y(t). OOBICHUTH
MOBEJICHHE KPUBBIX Ha rpa)uKax.
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6. UccnemoBare BimusiHume K1, K2, AH Ag Ha 3HA4YCHUS I1apaMeTPOB HACTPOUKH
2

peryssTopa, onpeenss ux mno rpadukam x(t) mpu cTyneH4aToM H3MEHEHUH S(t).

JlabopaTopnasi padora Ne 4
NCIOJb30BAHUE MAKETA SIMULINK DESIGN OPTIMIZATION / MATLAB
AJIA OITUMU3AIIUU ITAPAMETPOB PEI'YJIATOPOB

(4 gaca)

Leab paGoThl: 3HAKOMCTBO C OCHOBHBIMU BO3MOXKHOCTsIMH makeTa Simulink Design
Optimization u moay4eHrne HaABBIKOB paOOTHI ¢ HUM IPH HACTPOMKE MapaMETPOB PETYIISATOPOB.

IHopsigoxk BHINOJHEHUS

1. Ontumuszauus napamerpos [IU/I-peryasTopa.
1.1. 3anycrute cucremy Matlab u maker Simulink.
Colepute cxemy MOeNH, IPEICTaBICHHYIO Ha pHC. |

4 @
:I
Scope1

o P eV e I =

PID Controller Saturation Rate Limiter Transfer Fon Scope

PID(s)

Step

]

Constant Display =

[—) C_

Constant1 Display1 Check Step Response

Characteristics

Constant2 Display2 nm

Puc. 1

1.2. YcraHoBuTe nepenaTouHyr0 (QYHKIUIO 00OBbEKTa ympaBieHus B Omoke Transfer Fcn B
BUJIC

12
): 3 2 1
20,48s° + f2s“ + fls+1

W (s

rae f1 u f2 —HeonmpeaeneHHbIE TapaAMETPHI.

1.3. B o6moke PID Controller ycranoBute ONTHMHU3MPYEMBbIC MapaMEeTPhl PEryisaTOpa,
obo3HaunB uX kp, ki, kd, COOTBETCTBEHHO JUIS IPOIMOPIHUOHAILHOW, WHTETPAIbHONH U

mudpepeHInaTbHON COCTABIISIONTUX.

1.4. B 6noke Saturation ycraHOBUTE BEpXHHUI YPOBEHb OrpaHHUCHHUS Upper limit
= 3 W HWKHUI ypoBeHb orpaHuucHus Lower limit = -3, a B Onoke Rate Limiter 3anmaiite
OrpaHHYEHHE CKOPOCTH HapacTtaHus Rising slew rate = 1 u orpaHudeHHe CKOPOCTH Craja
Falling slew rate = -1.
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JlaHHble HENMMHEWHble OJOKM IMpeIHa3HaueHbl JUIs OIPAaHUYEHUsS MO0 YPOBHIO M CKOPOCTH
YIIPABIISIOLIETO BO3ACHCTBHS HA OOBEKT yIpaBieHUs. Y CTaHOBJICHHBIC 3HAUECHUS [TapaMEeTPOB B
paccMaTpuBaeMOM CUCTEME YIIPABJICHUS SIBIIOTCA HEXECTKMMHM OIDaHUYCHMSIMM Ha CUTHAI
YIpaBIECHUS.

1.5. YcraHnoBuTe BBIXOIHOW curHain Ojoka Step B BUIE €IMHUYHOIO CKauyka C HYJIEBOM
3agepikkoi (Step time = 0). ITocrme aToro  3agaiiTe BpeMs OKOHYAHHS MOJAEIHpOBaHUs StOp
time = 100 c.

1.6. JsoiinbiM memykoM Ha Omoke Check Step Response Characteristics orkpoiite OkHO
HACTPOEK 3TOro 0J10Ka. YCTAaHOBUTE OrPaHUYCHHs Ha MEPEXOAHYIO XapaKTEPUCTUKY CHCTEMBI B
COOTBETCTBHH C BapHaHTOM 3ajaHust. YUWCIEHHBbIC 3HAYEHHs MepEeperylupoBaHus o;, %,

BpEMEHHM HapacTaHWs ty;, C, U BPEMEHHM PEryIUpPOBaHUS tp;, C, MPHUBEACHBI B TaONHIIE.

VYCTaHOBUTE YPOBHH OIpEACIICHUS BPEMEHHM HapacTaHHs U BPEMEHH PEryIUpOBaHUS
cootBeTcTBeHHO % Rise=90 u % Settling=5, a Taxxe % Undershoot=1. ITocie 3Toro Haxxmure
kHorky Apply.

1.7. B pexume komanaHoi crpoku MATLAB 3agaiite HOMUHaNbHBIE 3HAUYECHUS
HEOIIpE/IEIECHHBIX 1apaMETPOB

f1=23 2=4186.

1.8. PaccunraiiTe HayajgbHbIC 3HAYEHUS ONTHUMHU3UPYEMBIX MapaMeTpPOB IMA-
perynaropa no MeToJly 4acTOTHBIX xapakrepucTuk Llurnepa-Huxonca cinenyromum obpaszom. B
KoMaHgHoOM oOkHe Matlab ycraHoBuTte kp=1, ki=0, kd=0. 3amycTure Mpolecc

MOJICIUPOBaHMs (He onTUMHU3anuu!) U HaboIaliTe 3a MEePeXOqHON XapaKTepUCTUKON B Oi0Ke
Scope. VYBenunuuBas mapamerp kp M BHOBB 3allycKas IpPOLIECC MOJEIHUPOBAHUS, OINpPENEINUTe

3Ha4YeHue kp, MpH KOTOPOM CHUCTEMa HAXOJUTCS Ha IpaHule ycTouuBocTH. OO03HAUUM Takoe
3HaYeHue Kak k,. Jus 3Toro ciydas ompeaenure mnepuoa koinebanuilt R,, C. Mckomsble

napaMeTphbl pEeryiiaTopa B COOTBETCTBUHU C METOAOM L[Hrnepa - Hukonca OIIPECACIIAOTCA KaK

= By R
5 5R, 40
1.9. B pexuMe KOMaHIHOW CTPOKHM BBEAWUTE pPACCUMTAHHBIC 3HAYCHHS IapaMeTPOB
peryasTopa B pabouyio obnacts Matlab.

1.10. Benute 3HaueHHs ONTUMH3MPYEMBIX MapamMeTpoB B MOaysb Response Optimization.
Hns storo B otkpeiToM okHe Sink Block Parameters: Check Step Response Characteristics
ménkauTe 1Mo KHomke Response Optimization.

B orkpeiBmemcs okae Ha Bkiuagke RESPONSE  OPTIMIZATION mis  BBOma
ONTHMHU3UPYEMBIX MapaMeTpoB miénkuute B none Design Variables Set: u BriOepure kKomanmy
New... B orkpeiBmemcs oxue Create Design Variables Set mocnemoBatensHO BbIICHANTE
onTUMM3MpyeMble nepeMmeHHble Kp,Ki,kd u, ménkas mo crpenke no0aBigiiTe X B JIEBYIO

Tabnuiy. [1ocKoNbKy MCKOMBIE MapaMeTphbl PETyIsaTopa He MOTYT MPUHUMATh OTPUIATENIbHBIE
3HAYEHMsI, YCTAHOBUTE MUHHMAJIbHBIC 3HAYEHUS HTUX MapaMEeTPOB PaBHBIMU HYJIO B CTOJOIE
Minimum. Tlocse 3aianus MOCACIHEr0 3HAYCHUS, METKHUTE HA 000N U3 MPEIBIAYIIUX CTPOK,
1 TOJIbKO moToM Haxkmute OK.
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1.11. BBeauTe 3HaueHUs] HEOMPEACIEHHBIX MapaMeTpoB B MOAyIb Response Optimization.
Hiénkuure B mone Uncertain Variables Set: u Beioepute komanmy New... B oTkpeiBIIeMcs OkHe
Create Uncertain Variables Set mocnenoBarenbHO BbIICNANTE HEONMpeAeIEHHbIC TapaMeTpsl 1

n f2.3arem, ménkas no crpenake 700aBsgiTe UX B JIeBYIO Tabnuily. OcTaBbTe yCTaHOBIEHHBIMU

110 YMOJYaHUIO rpaHuIlbl HeonpeaenéHHocTH (10% oT HoMmuHaIBHBIX 3HadeHui ). Haxxmurte OK.

1.12. lllgnkuute B noe Data to Plot: na Bknanke RESPONSE OPTIMIZATION u BeiOEpHTE
DesignVars. 3arem naxxmute kaonky Add Plot u Beibepute rpaduk ¢ HazBanuewm lteration plot.
B pesynbrate B rpaduueckoM OKHE ¢ TAaKUM Ha3BaHHEM MOXXHO OyJeT HaOII01aTh YHCICHHBIC
3HAYCHUsI ONTHMU3UPYEMbIX MMapaMeTpOB Ha Kaxjaoi urepauuu. [locie storo meperaure Ha
BKJIaAKy Time plotl, rae ycTaHOBJICHBI OrpaHHYCHUS HA TIEPEXOAHYIO XapaKTEPUCTHUKY.

1.13. Ilénxkaure mno kuHonke Evaluate Requirements u nHaGmromaiite mEpeXOaHYIO
XapaKTEePUCTUKY MTPU HAYATbHBIX 3HAYCHHUSAX ONTHMHU3UPYEMbIX TAPAMETPOB.

1.14. Beibepure Meton ontumuzanuu. s storo ménkaure mo kuHomke Options, u B
oTKphIBIIEMCs OKHE Response Optimization Options na Bknaake Optimization Options BeiGepute
Method: Gradient descent, Algorithm: Sequential Quadratic Programming. Haxmute OK.

1.15. 3anyctuTte mpouecc onTHUMM3AalMU W HaOmojgaiTe e€ X0 B rpapMueckoM OKHE Ha
Bkiaagke RESPONSE OPTIMIZATION, a takxe B oTkpbiBimemcs okHe Optimization Progress
Report. DTo MOXeET 3aHATh HEKOTOPOE BPEMSI.

[To 3aBepmieHun onTuMusanuu ImEnkHUTe 1o KHomke Plot Model Response, uToOwbI
O0TOOPa3UTh TOJIHKO KOHEYHYIO TEPEXOJHYI0 XapaKTEPUCTHKY. 3aUKCHpYHTE ONTHMaIbHBIC
3HAYCHUs mapaMeTpoB: kp =,ki=,kd =, KoTopbie oToOpaxxeHsl B ogokne MATLAB Workspace.

B rpadguueckoM okHE MOMyJIsi ONTHMHU3ALMU OTKpoiiTe BKiIaaky Iteration plotl, rae orobpaxén
MPOLECC HACTPOUKH MapaMeTpoB. Pe3yabTaTel COXpaHuTe.

1.16. Ortkpoiite Onok-cxemy wmojaenu. C moMOIIbIO KHONKM RUN 3amycTtuTte mporecc
MojenupoBanus. Habmogailite 3a pe3ynbraTaMu MojenupoBaHus B 6jokax Scope u Scopel. C
MTOMOIIBIO TTAHEIH MHCTPYMEHTOB OKHA SCOPEl BBIIENNTE HAYaJIbHBIN YU4AaCTOK XapaKTEPHCTHUK.
[NosicuuTe MoTy4eHHBIE pe3yIbTaThl. Pe3yapTaThl ONTUMHU3AIMN 1 MOACTHPOBAHUS COXPAHUTE.

2. Ontumuszaunuss mnapamerpoB I[IU-peryasitopa aisi o0bekTa YynpaBJjieHHS C
3anas3/ibIBaHUEM.

2.1. CoGepure cxemy MOJIENH, MIPEICTaBICHHYIO Ha puc. 4.7.

T lolzrm A

s+1

Step > B f Transfer Fen Transport Scope
Delay

Gain1  Integrator
Limited

. EI
Constant Display > :’ — |

ki

Check Step Response
Constant1 Display1 Characteristics nm

Puc. 2

VYcranoButre B Onoke Transfer Fcn mepemarounyro QyHKIHMIO 0OBEKTa YNpaBICHHUS B
CIIeTyIOIIEeM BHUIE:
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1

wWE)=—— -,
(s) 2,25s% + fs +1

rae f — HeonpeneneHHbIH mapameTp.

B Onoke Integrator Limited 3amaiite BepXxHUE M HIWKHHMUA YpOBHM orpanumueHus: Upper
saturation limit = 2, Lower saturation limit = -2. Ilapametrp 7 (BpeMsi 3ama3IbIBaHMS)
BbIOMpaeTcst U3 TabnuIbl 1 B COOTBETCTBUHM C HOMEPOM BapHaHTa M 3a/aeTcs B O1oke Transport
Delay B mose Time delay.

2.2. YcranoBute B Oinokax Gain u Gainl ontumMu3npyembie mapaMeTpbl -
perymsaropa, 0003Ha4MB X KP ¥ Ki COOTBETCTBEHHO UIsl MPOMOPILHMOHATIBHON M MHTETPATbHON

COCTaBJIATOIINX.

2.3. YcraHOBHUTE BBIXOJHOW CUTHaJI Onoka Step B BHjE €JMHUYHOrO CKavyka C HYJIEBOU
3anepkkoi (Step time = 0). [Tocne sToro 3agaiiTe BpeMs OKOHYAHHsI MOCIUpOBaHUsS StOp
time =50 c.

2.4. JIsoitubiM memakoM Ha Omoke Check Step Response Characteristics orkpoiite OKHO
HACTPOEK 3TOro 0JIoKa. YCTaHOBHUTE OIPaHMUYCHHS Ha MEPEXOAHYIO XapaKTEPUCTHKY CHCTEMBI B
COOTBETCTBUM C BapHaHTOM 3aJaHusA. UHCIEHHBbIE 3HAYEHUs MepeperyaupoBaHus o,, %,

BpeMeHU HapacTaHus t,,, ¢, U BPEMEHHM pEryaupoBaHus tp,, €, NPUBEAEHBI B TaOJUIE.

YcraHoBUTE YPOBHH ONpEACICHHUS BPEMEHH HapacTaHWs W BPEMEHH PEryJIHPOBaHUS
cootBercTBeHHO % Rise=90 u % Settling=5, a Taxxxe % Undershoot=1. [Tocne 3TOoro Haxxmure
kHorky Apply.

2.5. B pexume xomaHmHoi crtpoku MATLAB 3apaiite HOMUHQJIbHOE 3Ha4YeHHE
HeomnpeneneHHoro mapamerpa f =15, a Takke HayaubHbICe 3HAYCHUS ONTUMH3UPYEMbIX

mapameTpoB, Hanpumep, kp=1, ki=0,2.

Braumanue. I[J'ISI BAapHUaHTOB 3aJaHud C OOJIBIIMMU 3HAYCHUSIMHU BpCMCHH 3alla3JibIBaHUud, C
LEJIBIO MOJTYYCHHA IMTPUECMIIEMOIO HAYAJIbHOI'O OTKJIIMKA, HGO6XOI[I/IMO YMCHBIIATE 3HAYCHHUC kp

2.6. BeeauTe 3HavYeHHs ONTHMH3HMPYEMBIX IMapaMeTpoB B Moxayib Response Optimization.
Hns storo B otkpeiToM okHe Sink Block Parameters: Check Step Response Characteristics
wénkHuTe 1o KHomke Response Optimization. IlpoBepbTe NpPaBHIBHOCTD YCTaHOBJICHHBIX
orpannueHuil B rpaduyeckom okHe. Ecnu B OKHE COXpaHEHBI OrpaHUYCHHUS JUIS TpPEAbLIyIIei
ONTUMH3AIMHU, TO 3aKpoiiTe Moxyinb Response Optimization 6e3 coxpaHeHHs yCTaHOBIICHHBIX B
HEM orpanuyeHuil. ITocie 3Toro 3amycTure MOAy/Ib ONTUMHU3ALUNA 3aHOBO.

B orkpeiBmiemcs okHe Ha Bkiaake RESPONSE  OPTIMIZATION nns  BBOaa
ONTUMH3HPYEMBIX TapaMeTpoB mENKHUTE B moje Design Variables Set: u BeiGepute KomMaHIy
New... B orkpeiBmemcs okne Create Design Variables Set mocnemoBaTenbHO BbIIemsiiTe
ONTUMH3HpYEeMbIe TiepeMeHHbIe KP um Ki, u, ménkas mo cTpenke A00aBIAHTE UX B JIEBYIO
tabnuiy. [10CKOIBKY MCKOMBIC MapaMeTphbl PEryisTopa He MOIYT MPUHUMATh OTPHIIATEIbHbIC
3HAYCHUs, YCTAHOBUTE MUHUMAJIbHBIC 3HAYCHHS 3TUX IApaMETPOB PAaBHBIMHU HYIIO B CTOJIOIE
Minimum. TTocie 3amanus MOCIEIHEr0 3HAYCHUSI, METKHUTE HA TPEABIIYINEH CTPOKE, U TOIBKO
norom Haxkmute OK.

2.7. BBemute 3HAauYCHUS HEONPEACIEHHOro mapamerpa B Momayib Response Optimization.
Iénkuure B mose Uncertain Variables Set: u Beioepure komany New... B oTkpbIBIIEMCs OKHE
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Create Uncertain Variables Set Boimenure HeompemenéHHbld mapamerp | U, MEIKHYB 1O

CTpenke 100aBbTe €ro B JieByro Tadbmuiy. OcTaBbTe yCTAHOBICHHBIMU 110 YMOIYAHUIO TPaHUIIbI
neonpeaenéaHoct (10% ot HomuHanpHOTO 3HaYeHus1). Haxxmute OK.

2.8. Illénkuure B moe Data to Plot: na Bknagke RESPONSE OPTIMIZATION wu BeiGepuTe
DesignVars. 3atem maxmute kHonky Add Plot u BeiGepute rpaduk ¢ HazBanuem lteration plot.
B pesynbrare B rpaguecKkoM OKHE ¢ TaKMM Ha3BaHHEM MOXHO Oy/eT HaOJI0J1aTh YUCIICHHBIC
3HAYCHUs ONTHMHU3UPYEMBIX MMapaMETPOB Ha Kaxjoi urepaunuu. [locie sToro meperaure Ha
Bkaaaky Time plotl, rae ycraHoOBII€HBI OrpaHUYEHHUS Ha IEPEXOAHYIO XapaKTEPUCTHKY.

2.9. Ulénxkuute mno kHomke Evaluate Requirements wu wHabmromaiiTe IEPEXOAHYIO
XapaKTEPUCTHUKY IPU HaYAJIbHBIX 3HAYECHUAX ONTUMHU3UPYEMBIX IIapaAMETPOB.

2.10. Boeibepure Meton omrtumusanuu. s storo ménkaure mo kHomke Options, u B
oTKpbIBIIeMcsi okHe Response Optimization Options Ha Briaake Optimization Options BeiOepuTe
Method: Gradient descent, Algorithm: Sequential Quadratic Programming. Haxvute OK.

2.11. 3anyctuTe mporecc ONTUMHU3AIMK W HaOMomaiTe €€ Xoa B rpaduyecKoM OKHE Ha
Bkiagke RESPONSE OPTIMIZATION, a takke B oTkpbiBieMcs: okae Optimization Progress
Report. 9To MOXeT 3aHITh HEKOTOPOE BPEMSI.

ITo 3aBepmienun onrtuMu3anuu ménkauTe mo kuHomke Plot Model Response, uTto6sI
0TOOpa3uTh TONBKO KOHEYHYIO IMEPEXOAHYIO0 XapaKTePUCTUKY. 3adUKCHPYHTE ONTHUMAIIbHBIC
3Ha4YeHus mapameTrpoB: Kp=,Ki= , xoropsie orobpakensl B momokae MATLAB Workspace. B
rpadu4ecKoOM OKHE MO/ ONTHMHU3AIlMU OTKpoiTe BKIaaky lteration plotl, raoe orobpaxén
IIpOLIECC HACTPOMKHU ITapaMeTpoB. Pe3ysbTaTsl COXpaHHUTE.

2.12. Ortkpoiite Onok-cxemy Mozend. C MOMOILIBI0 KHONKM RuUN 3amycTture mporecce
MozenupoBanus. HaOmomaiite 3a pesynbraraMu MOJICIMPOBAaHUS B Onokax Scope u Scopel.
Pe3ynpTaThl MOIETMPOBAHUS COXPAHUTE.

BapuanTtbl 3a1aHui

Ne 1 2 3 4 5 6

ol % 25 20 18 15 17 30
th.c 8 9 10 15 12 9
tpy.c 30 30 35 35 40 40
T.c 07 1 15 2 25 3
oy % 14 15 12 15 14 12
t.c 7 8 8 10 10 9
toy.c 15 18 25 20 20 22

TunoBble 3aJaHNs K KYPCOBOMY MPOEKTY
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KypcoBoii mpoekT mo MaHHON JUCHMIUIMHE MOCBSIIIEH CHUHTE3Y JIOKAIBHOM CHUCTEMBI
peryIMpoBaHUs TEXHOJOIMUYECKOro IapaMerpa oO0beKTa, BKIOUaromed B cebs BbIOOp
HEOOXOIMMOI'0 3aKOHA PETYIUPOBAHMS PErylaTropa M pa3pabOTKy CHUCTEMbI B IIeJIOM Ha 0asze
nipudopos I'CII.

B kauectBe 0OBEKTa aBTOMATH3alMM MpPEUIOKEH MapoBoi OapabaHHBIM KoOTed,
BbIpabaThIBalONIM  map s TypOuHBI  TermaoBoM  snektpuueckoil cranmuu  (TDC),
OTJIMYAIOLIUICS MHOIOO0pa3HeM PEeryIupyeMbIX TEXHOIOTMYECKUX TapaMeTPOB, YTO MO3BOJIAIIO
coderaTb B 3a/JlaHUM DPA3JIMYHbIE IO XapakTepy pPEryIupyeMOW BEIMYMHBI aBTOMAaTHUYECKHUE
CHCTEMBI C €JUHBIM OOBEKTOM aBTOMAaTH3alIHH.

Omnucanue 00bEKTa aBTOMaTH3aLMH
IMap ans TypOMH TEIUIOBBIX JJIEKTPHUUECKUX CTAHLUN BbIpaOaThIBACTCS MapOBBHIMH
KOTJIaMH, KOTOpbIE MOJApa3JesAloT Ha OapabaHHble M HpsIMOTOYHBIE. PaccmoTpum mporiecc
MPOU3BOICTBA Napa B OapabaHHBIX KOTJIaX.

F: D. Denp

[IpunuunuaneHast cxema O0apaOaHHOIO KOTJIAa U €ro OCHOBHBIE TEXHOJIOTMYECKHE
apaMeTpsbl:

1 — tonka; 2 — omyckHbIe TPYOBI; 3 — MOABEMHBIE TPYOBI HUPKYASIUOHHOTO
KoHTypa; 4 - Oapaban; 5,7 — mapomneperpeBareiu; 8 — TJaBHAas MNapoBas
3aBWKKA; 9 — BOIIHOW HKOHOMai3ep; 10 — perynmpoBOYHBINA MHUTATETHHBIN
knanad; 11 — nyrbeBoil BeHTUIIATOp; 12 — apiMococ; 13 — BO3yX0mnoorpeBaressb;

Br, Qp — pacxon tomnmmea u Bo3myxa; an, Denp’ D,e - pacxox Boas! Ha
IPOAYBKY U BIpbICK, mutarenshoi Bogsl; H 5, Py, Dg — yposenn, nasnenne u
pacxon napa Ha 6apa6ane; Ppn, Dpn, thn - maBnenme, pacxon u Temneparypa
neperperoro mnapa; Qy — komumuecTBo yxomsmmx rasos; QT — TeruioBas
narpyska; O9 — conmeprkanue KuCIOpOa B yXOMSAIIMX ra3ax; ST — pa3sperkeHHe
B BEpXHEH 4acTH TOIKHU.



30

TexHomornyeckas cxema OapabaHHOrO KOTJia MMOKa3aHa Ha pucyHke. [lap B KoTiax,
WCTIONB3YEMbIN ISl BpalICHUsS TYpOWUH SJIEKTPUYCCKHX TE€HEPAaTOPOB, IMOIYYaeTcsl 3a CueT
neperayu TEIIOThl OT CKMTaeMOro TOIUIMBA pabodyeMy Tely — BOJE, B PE3yJbTaTe 4ero oHa
HarpeBacTCsa 4O KUIICHHUA U UCIIAapPACTCA. 3arem IMPOUCXOAUT IICPETPEB IMapa 10 YCTAHOBJICHHBIX
TEXHOJOTHUECKUX TTapaMeTPOB. DTH CTAUU TIPe0oOpa30BaHUsI BOABI B IEPETPETHIN Tap MPOXOJIAT
B MOBCPXHOCTAX HArpe€Ba, KOTOPBLIC MOAPA3ACIIAOT Ha MOAOIPCBATCIIBHBIC, UCIAPUTCIIBHBIC U
neperpeBaTesbHbIC.

Cuctema moabeMHBIX 3 M OMYCKHBIX 2 TpyO ¢ OapabaHoM 4 M KoJuIeKTOpamMH oOpasyeT
IUPKYISAIAOHHBIA KOHTYp. bapaban 4 KoTIa SBISIETCS 3JIEMEHTOM KOHTYpa, TJI€ COBEpPIIACTCS
napooOpa3zoBaHue.

TommmBo M BO3MyX TOCTYMAaOT B KaMmepbl CropaHus depe3 ocoOble TOPEJIOYHBIE YCTPOMCTBA,
KOHCTPYKIUSI KOTOPBIX 3aBUCUT OT BUJA C)KUTAEMOr0 TOIIMBA. Teriora OT ropsiuux ra3oB yepes
CHUCTEeMY MHOTOYHCIEHHBIX TEMJIOOOMEHHUKOB OTOMpaeTcs MHUTATeIbHOW BOAOH U HAET Ha
nmapooOpa3oBaHME€ W HArpeB mapa /0 3aJaHHBIX NapamerpoB. Jlajmee rassl Mo raszoxonuam
HaMpaBJIAIOTCS K IbIMococy 12 u BeIOpackIBatoTcs B aTMochepy.

B razoxomax ycraHaBIMBaIOT TEIJIOOOMEHHUKH: TaporeperpeBarenu 5 u 7, sKoHOMaizepsl 9
JUTs TIOJIOTPEBA MTUTATEIBLHOM BOJBI M Bo3ayxononorpearenu 13. Takum oOpa3om, BO3pacTaroT
MPOLIEHT UCIOIb30BAHMS TEIIOTHl OPraHUYECKOT 0 TOILJIMBA, & CJI€0BATEIbHO, U KIIJ KOTJIA.

JInst mpaBUIIbHOM OLIEHKH CBOWCTB KOTJIOB KaK OOBEKTOB YIIPABJICHHUS pACCMOTPUM OCOOCHHOCTH
ux palboThI.

B OapaGanHOM KOTJIE OTKJIOHEHHE TMapaMeTpPOB OT 3aJaHHBIX MOXET IPOUCXOAMUTH IPHU
W3MEHEHUU Harpy3Kd KOTJa 32 CYET M3MEHEHHUS MOJa4yM Mapa Ha TypOMHBI T€HEpPaToOpoOB, TaK U
M0J] BO3JICHCTBUEM JIpYTHX (aKTOPOB

VYBenuueHue Harpy3kd KOTjia TPUBOJUT K CHIDKEHHUIO JaBieHHs B Oapabane 4 u
napornpoBoaax. J[is BoccTaHOBJICHUS NABJIEHUS HEOOXOIMMO YBEJIWYHTH IOAA4Yy TOIUIMBA, a
3HAYMT, ¥ BO3/yXa, T.C. MOAJEPKUBATh ONTHMAIBHOE COOTHOIICHHE TOIUIMBO — BO3IMyX. [lpm
9TOM U3MEHSETCS TEIIOBOM PEKUM KaK IO Ta30BO3AYIIHOMY TPAKTY, TaK H 1O HapOBOISHOMY.
Takum oOpa3om, mojIep>)KaHUE HArpy3Kd CBS3aHO C PEryJIMpOBaHHEM JaBJICHUS Mapa, TIe
PETYIUPYIOIUM BO3JICHCTBHEM SBIISIETCS M3MEHEHHE TOAa4YH TOruiuBa. KoTen JomKeH MMeTh
pEerynarop TerjaoBod Harpy3ku. /s obecrnieueHuss MUHUMyMa MOTEPh MPU CKUTAHUU TOILIHMBA
HEOOXOIUM TaKXKe pPEryasTop HSKOHOMHYHOCTH TOPEHHS, IOAJCPKHUBAIOIIUN 3aJaHHOE
COOTHOIICHHE TOIUIMBO — BO3AYX H3MEHEHHEM IOTOKa BO3AyXa OT JYThEBOTO BEHTHIISATOPA.
[lomaya nuTatenbHOW BOJBI JOJDKHA COOTBETCTBOBATh PACXOJy BbIpabaThIBAEMOro Mmapa.
[TpomexyTOUHBIM 3BEHOM MEXJly TapOM M BOJIOW CIYXKHUT O6apabOaH. 3aaHHBI YpOBEHb BOJBI B
OapabaHe KOTJIa ONpenenseT He TOIBKO 3TO COOTBETCTBHE, HO ero Oe3aBapuiiHyI0 padoTy,
M03TOMY ypoBeHb Hg ciemyeT perynupoBaTh, BO3AEHCTBYS Ha PEryJIHPOBOYHBIA MUTATEIbHBIN
knanas. [IpoayKTel cropanusi B BUjie TOMOYHBIX Fa30B BBIBOAATCS B JBIMOBYIO TPYOy, MpU 3TOM
B KOTJIE JIOJDKHA TOJAEPKUBATBHCS OIpENENIEHHasl CTENEHb pa3pekeHUs S; B BEpXHEH yacTu
TOIIKH, YTO TMPEAOXpaHsSeT OT BbIOpOCA MPOJYKTOB CrOpaHus B IMOMelleHHe. TomouHble ra3bl
oTcachIBaroTcs ApiMococamu. OcraBiimecs mocjie napoodpa3zoBaHus COIM BBIBOAAT U3 OapabaHa
HENPEPHIBHOW MPOAYBKOW 4Yepe3 MpPOAYBOUHBIM KiamaH. [ NOBBIMIEHUS HAJICKHOCTH H
JIOJITOBEYHOCTH TYPOUH, 0OeCTICYeHHSI SKOHOMHUYHOM pabOThl TEIJIOBOM YCTaHOBKH HEOOXOIUMO
TaKXKe MoJAep KaHre B 3aJJaHHBIX MpeJiesiaX TeMIIepPaTyphl eperpeToro napa.

B pamkax emuHOro oOBEKTa aBTOMATH3AIMK HAa TPOSKTUPOBAHUE TIPEIJIaraeTcs
CIIeyIOIINe MATh 3aJaHUN.

3anpanue 1. Cuctema perynupoBaHus 1aBleHUs Napa nepes TypOuHOM.

3ananue 2. Cuctema peryiupoBaHus YpOBHS BOIbI B OapabaHe.
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3aganue 3. Cucrema peryJupoBaHus TEMIIEpaTyphl Mapa.
3ananue 4. CucreMa peryaupoBaHus M01a4d BO3/lyXa B TOIKY.
3ananue 5. Cuctema peryinupoBaHus pa3peKeHUsl B ILIMOXOJIE.

Omnwncanue Ka)KHOfI CUCTCMBbI PETYIUPOBAHHA W YHUCJICHHBIC 3HAYCHHA MCXOAHBIX JaHHBIX
INPpUBCACHBI B COOTBETCTBYIOIIUX METOJAUYCCKHUX YKA3aHUAX.

HeoOxomumo pa3paborath OIHY W3 MATH BBILIEIPUBEACHHBIX JIOKAIbHBIX CHCTEM,
HCIIONIB3YEMBIX Ul IONNCP)KaHHWA HAa 3aJaHHOM YPOBHE OCHOBHBIX IIapaMETPOB I1apOBOIO
6apabanHoro komia. Homep npoekTupyemoil cucTeMbl 1 HOMEp BapuaHTa MCXOIHBIX JAHHBIX K
HEH 3aJar0TCs NIPENOJaBaTENIEM.

O6mue TpeboBaHUs

1. Perynupyemblii mnapaMerp JOJDKEH MOJACPKUBATHCS Ha 3aJaHHOM YpPOBHE C
JIOITYCTUMBIM OTKJIOHEHHEM, HE MPEBBIIIAIONIMM 3HAYE€HUs], YKa3aHHOTO B OIUCAHUU CUCTEMBI.

2. Ilpm mnpoBeneHUM COOTBETCTBYIOIMX pAacue€TOB CUYUTaTb, 4YTO BO3MYLICHMS,
JICHCTBYIOIME HA O0BEKT, HOCAT HU3KOUACTOTHBIN XapakTep u U3MEHsAoTCs B npeaenax £ 50%
OT UX HOMHUHAJILHOT'O a0COIOTHOI'O 3HAUCHHUSL.

3. Iloka3zatenp koneOaTeIbHOCTH 3aMKHYTOM CHCTEMBbl DEryJIUPOBAHHUS HE JOIKEH
npesbimarthk 3Hauenus M, ykasamnHoro B mcxomHbIX gaHHbIX. CTeneHb KoIeOaTelbHOCTH
3aMKHYTOM CHUCTEMBI JOKHA OBbITh HE MeHee 3HaueHus M, ykazaHHOro Tam xe. B pacuerax
WCIIOJIb30BaTh OFPAaHUYEHHUE Ha TOT apaMeTp, KOTOPbIM yKa3aH B BApUAHTE 3a/1aHUS.

4. CnpOoeKTHPOBAaHHBIN PETyasSTOp NOHKEH O0ecrednBaTh MAaKCHMAallbHOE MOJABJICHHE
HU3KOYaCTOTHBIX BO3MYIIIEHUH, IEHCTBYIOIIMX HA OOBEKT PETyIUPOBAHHUS.

5. Ilpu pa3paboTke anmapaTypHbIX CpPEICTB JIOKAJBHOW CHUCTEMBI PEryIHpPOBAHUS
WCIIONB30BaTh THUIIOBbIE YHU(MUIHUPOBAHHBIE Y3JIbI M MPHUOOPHI, CEPUHHO BBHIMYCKAaEMbIe
OTE4YECTBEHHON IPOMBILUIEHHOCTBIO. IIperycMOoTpeTh BO3MOXKHOCTh PYYHOI'O JUCTAHIIMOHHOIO
YIPABJIEHUS PETYINPYEMBIM MapaMETPOM OOBEKTA, a TAK)KE BO3MOKHOCTBIO JHUCTAaHI[MOHHOTO
BU3YaJIbHOI'O KOHTPOJII M 3allMCH W3MEHEHUH PEryJHpyeMOro InapaMerpa Ha JIuarpaMMHOU
nente. CunTaTh, 4YTO OOBEKT YIpaBIICHUs YAalleH OT MyHKTA YyIpaBJCHHs, TJe COCPeIOTOYCHA
KOHTPOJIbHO- U3MEPUTENbHAS U PETYINpYIOILas anmnaparypa, Ha paccrosHue 500 M.

CopeprkaHue U MOCIe10BaTENbHOCTh BBIMOIHEHUS 3a1aHHS
Pexomenayercs crnenyromuii NOpsAA0K BHIITIOJHEHUS 3aaHUsL.

1. BpiOparh I CHCTEMBI PETYJIUPOBAHHMS THIIOBOW JAaTYMK W HOPMHUPYIOIIHI
W3MEpUTENbHBIN MpeobpazoBarenb. Eciu HMHEPIUMOHHOCTh JAaTYMKa 3HAYUTEIHHO MEHBIIE
MHEPIUOHHOCTH 0OBEKTa PEryIHpPOBaHUsA, TO €10 B JAIbHEHIINX pacyeTaX MOXXHO MpeHeOpeyb.
B npotuBHOM cilydae AaTyuK ClEIyeT OTHECTU K OOBEKTY pEryaupOoBaHus, T.€. PEryaupyeMoi
BEJIMUMHON 00bEeKTa ylnoOHEee CUMTaTh BBIXOJHOW mMapameTp Aarduka. OTMETHTh OCOOCHHOCTH
WCIIONTb30BAHUS TATYMKA U CIIOCO0 €r0 MOIKITIOYCHHS K O0BEKTY.

2. OnpenenuTh ONTUMAJIbHBIA 3aKOH PETYJIMPOBAHUS PETYISITOpa B OAHOKOHTYPHOMU
CUCTeMe, BKIIIOUAIONIEil B ce0sl TONBKO OOBEKT U PEryJsaTOp, UCXOMA U3 KPUTEpUs MUHHUMYMa
CpeIHEKBaIpaTHUECKOM omuOKku B cucreme. [locTpouTh mepexojHble MpOLEcChl CUCTEMBI 10
YIOPABISIIONIEMY W BO3MYLIAIOLIEMY BO3JACUCTBUAM I CiIydas MCHOJIB30BAaHUSA TAaKOIO
peryxasTopa.

3. IlpuHsAB 3a OCHOBY BHJ 3aKOHA PETYIMPOBAHUS, IOITYYEHHBIM B MYHKTE 2,
ONPENETUTh ONTUMANbHBIE 3HAYEHUS [1apaMETPOB HACTPOWKH pEryjsiTopa W3  YCIOBUSA
MaKCUMaJbHOI'O0 TOJABJICHUS HHU3KOYACTOTHBIX BO3MYILEHUN, NEHCTBYIOIIUX  Ha OOBEKT
peryJaupoBaHusi, NOpU  HAJIMYMM  OTPAHUYEHUH  HA  TapaMmeTp,  XapaKTepU3YIOLIUl
KOJIe0aTEeIbHOCTh TIEPEXOAHOrO MpoIiecca B CHCTEME.
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4. Jlns HaWJIEHHBIX ONTHMAJIBHBIX 3HAYCHHHM MapaMeTpOB HACTPOMKH pEryisiTopa
MOCTPOUThH TEPEXOJHbIE MPOLECCHl 3aMKHYTOW CHCTEMBI PEryJupOBaHUsl MO YIPABICHUIO U
BO3MYILEHUIO, CPABHUTHh UX C MEPEXOAHBIMH XapaKTEPUCTUKAMHU, IIOJYyUYEHHBIMU B IYHKTE 2, U
c/ienaTh OKOHYATEIbHBINA BBIBOJ O YUCIIEHHBIX 3HAYEHUSAX [1apaMEeTPOB HACTPONKHU PETyISATOPOB.

5. Onpenenuth TpebyemMyro MepenaTouHyl0 (PYHKIHMIO YyCTPOWCTBAa BBOAA BO3MYILECHHUS B
KOMIICHCUPYIOIUN KaHal. IIpy HENOJHOM KOMIIEHCAalUM OLEHUTh IIEPEXOAHBIA IPOLECC
CUCTEMBI 110 BO3MYILEHUIO.

6. C yuetom TpeOyemMOro 3akoHa peryiupoBaHUs PETyIATOpa U BUJA €ro anmnapaTypHon
peanuzanuu (MEKTPUUYECKUN pEryasTop, MHEBMAaTHYECKUH MM LU(POBON) BHIOpaTh THIIOBOM
YHU(UIIUPOBAHHBIA TPOMBIIUICHHBIH PEryIsATOp Ul BapUaHTa aHAJIOrOBOTO HCIIONHEHUS WA
pa3palboTaTh CTPYKTYpY M CXE€My ajrOpUTMa YIpaBJICHHs PEryisaTopa Ha 0a3e BBITYCKaeMBbIX
MPOMBIIIJICHHOCTBIO MHUKPOIPOLIECCOPHBIX YCTPONCTB JJIsl BapHaHTa IHU(PPOBOrO HMCHOITHEHUS.
[IpuBecTu cxemy peryastopa U 1aTh ONKUCAHUE €T0 padOTHI.

7. llpu WuUCHONB30BAHUM JJIEKTPUUYECKOIO PETryasTOpa BHIOpATh HCIOIHUTEIbHBIN
MEXaHU3M U CXEMY YIpaBJIEHUS UM C Y4ETOM CIeAYIOIIUX ycioBuil. TpeOyemblit KpyTsiuit
momenT paBeH N [krc m], rae N uncnenHo paBHO HOMEDPY BBIIOJIHIEMOrO BApHAHTA 3aIaHUS.
Bpemsi momHOro xoma HMCHOJHUTEIBRHOTO MexaHu3Mma He Oomee 25 c. [lomHbni Xxom Bama
HCIIOJIHUTENIBHOI0 MexaHu3ma — 90 yriioBbIX rpajycoB.

[Ipn wucnonb30BaHMM IMHEBMATUYECKOI'O PETYNISITOpa BbIOpaTh ITHEBMATHUECKUN
WCIIOTHUTENIbHBI MEXaHW3M M3 YCIOBHsS OOECHeYeHHs IEePEeCTaHOBOYHOIO YCWIMS Ha
perynupyromuii oprad 50 Krc npy MojJHOM XOJI€ IITOKA, PABHOM 2CM.

8. Pa3paboTarh cxeMy JUCTaHIIMOHHOT'O PYYHOT'0 yIIPaBICHUS 00BbEKTOM.

9. BriOparh BTOPWUYHBIA NPUOOP I KOHTPOJS U PETUCTPAIMUA PETYIUPYEMOTO
napamerpa o0beKTa yIpaBJeHHUs.

10. Jlatp onncanue oOIIel CXeMbl CHCTEMBI PETYIHPOBAHUS.

11. Cnenate KpaTkue BBIBOJBI OTHOCHUTEJIBHO ITOJIYYEHHOIO pPE3yJIbTaTa BBITOJIHEHUS
3ananus. [IpuBectu 6ubnrorpadudecKuii CucoK.

Meronnueckue ykazaHus

Ilepen Tem, Kak NPUCTYNUTh K BBHINOJIHEHUIO 3aJaHHsA, HEOOXOAMMO TIIATEIHHO
O3HAKOMHUTECSI C OCOOEHHOCTSIMU OOBEKTa aBTOMaTU3allil WU HCXOAHBIMU HJAaHHBIMHU CBOECTO
BapHaHTa 3aJaHusl.

Hauvatp BBIONHEHME 3amaHus CIeAyeT C BbIOOpa Juis pa3pabaThIBaeMON CHCTEMBI
pEryjinpoBaHus THUIIOBOT'O JaTyuKka, a TaKXeE HOPMUPYIOLICT O HU3MEPHUTCIIBHOI'O
npeoOpazoBarens. JIis HEKOTOPBIX THUIOB JaTYUKOB  (TIEPBUYHBIX M3MEPHUTENbHBIX
npeodpaszoBareieii) 1 HOpPMUPYIOIIUX Mpeodpa3zoBaTeNel, NIMPOKO HCIONh3YEMbIX Ha TEIIOBBIX
OJICKTPUYCCKUX CTAHOUAX, MHJAHHBLIC TPHUBCACHBI B TMPUIOKCHHHU MCETOAUYCCKUX YKaBaHI/II\/JI
OCHOBHBIMHU OMpEIENAIOINIUMIA TapaMeTpaMu TMpPU BBIOOpPE JaTuuKa SBISIOTCS HM3MEPSEMBIii
JIaa30H OTKJIIOHEHHS PeryaupyeMoi BeJIMYUHbI U JOMYCTUMAs MOTPEIIHOCTh U3MEPEHUS.

W3mepenune pacxoma >KUAKHX WIH Ta3000pa3HBIX BEIIECTB YI00OHO OCYIIECTBISTH C
nomomplo  auddepeHmaIbHbIX MaHOMETPOB, H3MEPSIONIUX Pa3HOCTh JaBJICHUUN (meperas
JTABJICHUS) Ha CTICLIUATILHOM CYXKAIOIIEM YCTPOHCTBE TPYyOOmpoBoIa.

Knacc  ToyHocTm  garuMka M M3MEPUTENBHOrO  mpeoOpas3oBartenss  JAOJDKEH
COOTBETCTBOBATh JOMYCTHUMOW MOTPEIIHOCTH CTAa0WIM3AalMK PEryIUpyeMOil BEIMYMHBI B
YCTaHOBUBIIEMCSI pEKHIME.

I[To nm. 2 3agaHuWsl ONTUMAIBHYIO TIEPEJATOYHYIO (YHKIIMIO PETYISITOPA MOYKHO
OTIPENIEUTH TI0 TPUOIMKEHHON (hopMmyTie:
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perynupyroiieMy KaHainy 0e3 yuera 3anas[plBaHus. BelpakeHue MOydeHO B MPEarooKEeHUH,
YTO CHCTEMA MMEET BBICOKYIO IPEAEIbHYI0 TOYHOCTh peryiaupoBaHus. [locienHee BO3MOXHO
IIPU MAJIOM 3aIa3/IbIBAHUH B 00BEKTE U MPU MEUIEHHO MEHSIOIIUXCS BO3MYIIICHUSX.

OmnpeneneHne ONTUMAIBHBIX 3HAYEHUN IapaMETPOB HACTPOWKH peryimsaropa B
COOTBETCTBUHM C .3 3aJaHusl BKJIIOYAaeT B ceOs IMOCTPOCHHWE B MPOCTPAHCTBE IMapaMeTPOB
HAaCTpOMKM OOJIaCTH, BHYTPU KOTOpPOW BBINOJIHSAETCS OTPaHWYEHHWE Ha  IOKa3aTelb
K0J1e0aTeIbHOCTH M (crenenr koneGarensnocty IM). 3areM B HaliaeHHONH oONaCTH
ONpeaeNnsieTcss TOYKa, COOTBETCTBYIOIIAs MAKCUMyMY IIOJABJICHMS ~ HU3KOYACTOTHBIX
BO3MYILIEHUN CUCTEMOM. JlaHHAas TOYKa ONpEAeIAeT ONTUMAIbHYIO HACTPOMKY peryisropa. ns
HU(POBBIX PETYISITOPOB B YHCIO MapaMETPOB HACTPOMKU BXOIUT TaKKe MEPUOJ KBAaHTOBAHUS
M0 BPEMEHH, KOTOPBIH BBIOMpAETCs U3 yCIOBHS “MalloCcTH’ MyJIbCAllUi B CUCTEME, BHI3BAHHBIX
BPEMEHHOI IMCKpEeTU3aliell CUTHaa.

I[To m. 5 3amanusa mnepemaroyHas GYHKIMS JTOMOJHUTEIHLHOTO YCTPOKMCTBAa BBOJA
BO3MYILEHUSI Ha BXOJ PEryasiTopa MOKET ObITh HaiifieHa U3 YCIOBHUS IMOJHOM KOMIEHCAIMH
BIIMSIHUSI JAHHOT'O BO3MYILEHUS HA PETYIUPYEMYIO BEIMUNHY.
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