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BBEJIEHUE

CopepxaHue MPaKTUYECKUX U JIAOOPATOPHBIX pabOT HAMPABICHO Ha peau3allii0 MUHUMAIbHBIX
TpeOOBaHUIl K pe3yIbTaTaM OCBOSHHSI OCHOBHBIX BHJIOB JICATEIILHOCTH 00pa30BaTEeIbHON MPOrpaMMBbl 110
MexaucuuiimHapaomy  kypey MK  01.01  «OcymecTBienne ananm3a pemieHuid s BbiOopa
MIPOrpaMMHOTO oOecredeHus B LEeIsIX pa3pabOTKU M TECTUPOBAHMSI MOJEIHU DJIEMEHTOB CHCTEM
aBTOMATH3allMd Ha OCHOBE TEXHUYECKOrOo 3ajaHus» [Uig craeunuansHocty 1o TOII-50 15.02.14
«OcHalieHue cpeicTBaMU aBTOMAaTU3aI[MM TEXHOJIOTMYECKUX IIPOLIECCOB U IPOU3BOJCTB (110 OTPACIISAM)».

Benymieit augakTHYecKOW 1LENbI0 NPAKTUYECKUX W JTAOOPATOPHBIX 3aHATUN  SBISETCS
(dbopMupoBanue MpodeccHOHATBHBIX MPAKTHYECKUX YMEHUN, HEOOXOAMMBIX B IMOCIEAYyIOIIed ydeOHOU
JEeSITeIbHOCTH 10 MPOPECCUOHATBHBIM MOTYJISIM.

B coorBercTBUM ¢ paboueil mporpamMMoil MEXIUCHMIUIMHAPHOTO Kypca «OcCyliecTBICHUE
aHaJM3a PEeIICHHIA IJIsl BRIOOpa MPOTPaMMHOTO 00ECTICYSHHS B LIENAX Pa3padOTKU U TECTHPOBAHUS MOACIIH
3JIEMEHTOB CHCTEM aBTOMATH3allMd HAa OCHOBE TEXHUYECKOTO 3aJaHus» IPEIyCMOTPEHO IPOBEICHHE
MPAKTUYECKHUX U TAOOPATOPHBIX 3aHATHIA.

B pe3ynbrare ux BbIIOJHEHMS], 00ydarOlIUics JOHKEH YMETh:

-aHAIM3UPOBATh TEXHUUYECKHE MPOCKTHl M IPYTYI0 TEXHHYECKYI0 JOKYMEHTAIMIO Ui BbIOOpa
IIPOrpaMMHOT0 0OecreueHus JUIsl CO3/1aHUsI MOJIEIIH 3JIEMEHTOB CUCTEM aBTOMaTHU3alllu.

CoznepxaHue MPaKTUUECKUX U JIA0OpaTOpHBIX pabOT OPUEHTHPOBAHO HA MOJTOTOBKY CTYIIEHTOB K
OCBOEHHIO TPO(eCCHOHAIBHOTO MOAYJISI OCHOBHOW Npo(ecCHOHAIbHONW 00pa30BaTelIbHOM IMpOrpamMMbl 10
CIELMAILHOCTY U OBJIA/IEHUIO TPOPECCHOHATBHBIMA KOMIIETECHIIUSIMU:

1K 1.1. OcyuiecTBasTh aHAIN3 UMEIOIINXCSl pellieHHH /1 BbIOOpa MpOrpaMMHOr0 o0ecredeHus
JUI CO3JJaHUSl U TECTHUPOBAHUS MOJENM DJIEMEHTOB CHCTEM aBTOMATHU3allMM HAa OCHOBE TEXHUYECKOIO
3a/1aHUS.

[1IK 1.2. Pa3pabareiBaTh BHPTYaIbHYIO MOJENH DJIEMEHTOB CHCTEM aBTOMATH3allMM Ha OCHOBE
BBIOPAHHOTO MTPOrPAMMHOTO 00€CTIeYeHUs] U TEXHUYECKOTO 3a/IaHUsl.

[1K 1.3. IIpoBoauTh BHUPTyaJIbHOE TECTHPOBAaHUE pa3pabOTaHHOW MOJIENU SJIEMEHTOB CHUCTEM
aBTOMATHU3ALMU JUIS OLIEHKU (PYHKIIMOHATBHOCTH KOMIIOHEHTOB.

I[IK 1.4. ®opmMupoBaTh MakeT TEXHUYECKOW JOKYMEHTAIlMM Ha pa3pabOTaHHYIO MOJEIb
3JIEMEHTOB CHCTEM aBTOMAaTH3aLlHH.

A Taxoke GOpMHUPOBAHUIO OOIMIMX KOMIETEHIUI:

OK1. BeiOupats crioco0bl pemieHus 3a1a4 npohecCuOHaTbHON 1eATEIbHOCTH, TPUMEHUTENBHO K
Pa3IMYHBIM KOHTEKCTaM.

OK2. OcymiecTBisTh TOWCK, aHaJW3 W HWHTEPHpPETAHi0 HHPOPMAIMKH, HEOOXOIUMOW s
BBITOJIHEHUS 3a/1a4 TPO(PECCUOHATILHON JAEATEIbHOCTH.

OK3. IInanupoBath 1 peaan30BbIBaTh COOCTBEHHOE NMPO(HEeCCHOHAIBHOE ¥ TMYHOCTHOE Pa3BUTHE.
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OK4. PaGoraTh B KOJJIEKTHBE M KOMaHjae, 3(PQPEKTUBHO B3aUMOJEHCTBOBATH C KOJUIETAMH,
PYKOBOJCTBOM, KITUEHTAMH.

OKS. OcymiecTBisiTh YCTHYIO U MHUCHbMEHHYIO KOMMYHHKAIIMIO HA TOCYJAapCTBEHHOM S3bIKE C
y4ETOM OCOOCHHOCTEW COLMANIBHOTO U KYJIBTYPHOTO KOHTEKCTA.

OK6. IlposBiATh TpakJaHCKO-NATPUOTUYECKYIO IIO3ULHUIO, JIEMOHCTPUPOBATH OCO3HAHHOE
MOBE/ICHHE HA OCHOBE TPAJAUIIMOHHBIX OOIIEUYEIOBEYECKIX [IEHHOCTEH.

OK?7. CopeiicTBOBaTh COXpaHEHUIO OKPYIKAIOIICH Cpenbl, pecypcocOepekennro, 3hPpeKTuBHO
JICICTBOBATh B UPE3BbIYANHBIX CUTyaLUsX.

OKO9. Hcnonp30BaTs MHPOPMAITMOHHBIE TEXHOJIOTHH B TIPOPECCUOHATBHOM NESTETLHOCTH.

OK10. ITonas3oBatbcs mpodecCHOHANTBHOM JOKyMEHTAIIMEH Ha TOCYJapCTBEHHOM U MHOCTPAHHOM
SI3BIKAX.

OK11. [InaaupoBats NpeANPHHUMATEIBCKYIO IEITETLHOCTh B MPO(ECCHOHATBLHOU cdepe.

BrImosnHeHne CTyAEHTaMH NMPAKTHUYECKUX M JIAOOPATOPHBIX PabOT MO MEXIUCIUILTHHAPHOMY
kypcy MJIK 01.01 «OcyiecTBienue ananusa penieHuit 1 BbI0opa mporpaMMHOI0 0OecrieueHus B LeJsIX
pa3paboTKU U TECTUPOBAHUS MOJENU DJIEMEHTOB CHCTEM AaBTOMATH3alldd Ha OCHOBE TEXHHUYECKOTO
3aJlaHuUs HAIlPaBJICHO Ha:

— aHaJ M3 UMEIOIIUXCSA PEIIeHUH sl BBIOOpa MPOTrpaMMHOIO oOecneueHus AJisi CO3/IaHus U
TECTUPOBAHUS MOJIEH 3JIEMEHTOB CUCTEM aBTOMAaTH3allMi Ha OCHOBE TEXHUYECKOTO 3aaHMUS;

— pa3paboTKy BUPTYaJIbHOW MOJIENH FIEMEHTOB CUCTEM aBTOMATH3allMM HA OCHOBE BHIOPAHHOTO
MIPOrpPaMMHOT0 OOECTIeUeHNUsI U TEXHUYECKOTO 3a/1aHusl;

— NpOBEIEHHE BHUPTYAJbHOTO TECTHUPOBAHUS pa3pabOTaHHOW MOJENHU DIIEMEHTOB CHUCTEM
aBTOMATH3ALMU JUIS OLIEHKU (QYHKIIMOHAIbHOCTH KOMIIOHEHTOB;

— (opMHpOBaHUE MAKETOB TEXHUUECKOM TOKYMEHTALMU Ha pa3pabOTaHHYIO MOJIEIb HJIEMEHTOB
CHCTEM aBTOMaTH3aI1H.

Kpurtepuu olieHKH BBIOJHEHHSI TPAKTUYECKON U 1a00paTOpHOil paboThI:

Ne Kpurepum oueHku Onenka

1 | Crynent BBITIOJTHUJT paboty ITOJIHOCTBIO, nposiBuia | OTIM4YHO
CaMOCTOSITENIbHOCTb, aKTUBHOCTb, P 3alIUTEe padOThl OTBETHII Ha
BCE BOMPOCHI

2 | CtyneHt BBITIOJTHUJT paboty ITOJIHOCTBIO, posiBUA | XOPOIIO
CaMOCTOSITENIbHOCTh, aKTUBHOCTb, IIPH 3alllUTE OTBETHJI HE HA BCE
BOIIPOCHI

3 | CTyaeHT BBITOJHII pabOTy MOJHOCTBIO, P BHITIOJIHEHUH PabOThl | Y TOBIETBOPUTEIHHO
MPOSBWJI  HEJOCTATOUHYI0 CaMOCTOSITENIBHOCTb,  I10JIb30BAJICS
MOMOIIBIO TIPENoaBaTes, MPU 3aIuTe paboThl OTBETUII HE HA BCE
BOIIPOCHI

4 | CTyIeHT He 3aKOHYMJI BBIMOJHEHUE pabOThl, CAMOCTOATEIbHOCTH | HeymoBneTBOpuTensHO
IIPU BBIIIOJHEHUU paOOTHI HE MPOSIBUII, HA BOIPOCHI IIPHU 3aILUTE HE
OTBETHII




INPAKTUYECKASA PABOTA

ITocTpoenune u onucanue cTpykTypHoi cxembl ACP 00bekTa aBTOMATH3ALNH

1 HEJIb PABOTHBI

1. M3yuuTh npaBuia BbIIOJIHEHUS CTPYKTYPHBIX CXEM aBTOMATHU3aLUU

2. HayuuTbCcsi IPOEKTUPOBATH CTPYKTYPHBIE CXEMbl aBTOMATHUYECKHX CHUCTEM PEryJIHpOBAHUS
00BEKTOB aBTOMAaTU3ALIUN

3. HayuuThcst ONUCHIBATh CTPYKTYPHBIE CXEMBI aBTOMATUYECKUX CUCTEM PETyJIUPOBAHHS

2 MOPAJOK BBIIIOJIHEHUS PABOTDI

1. Pa3paboTats coriacHo BapuaHTy (Tabnuua 1) CTpyKTYpHYIO CXeMy aBTOMAaTHUECKON CUCTEMBI
peryIupoBaHHs.

2. Omnucath CTPYKTYPHYIO CXEMY aBTOMATHUECKOW CUCTEMBI PETYIHPOBAHUS.

3. IlocTpouTh CTPYKTYpHYIO CXEMY aBTOMAaTHYECKOH CHCTEMBI PETYJIHMPOBAHHS B MPOTPaMMe
KOMIIAC.

4. OpopMHTH IPAKTUIECKYIO paboTYy.

5. OTBETUTH Ha KOHTPOJIbHBIE BOIIPOCHI.

3 METOANYECKHUE YKA3ZAHUSA

JIro0o¥ mpoeKkT mo aBTOMATHU3allMM TEXHOJOTMYECKHX MPOIIECCOB HAUYMHAETCS C pa3paboTKu
CTPYKTYPHOM CXEMBI.

CTpyKTypHas cxema perylupoBaHUs MPEICTaBIsieT co00i HAOOp OTIENbHBIX (HYHKIIMOHATBHBIX
AJIEMEHTOB, BBIMOJIHEHHBIX B BUJE MPSIMOYTOJBHHUKOB. BHYTpH mHpsIMOyroiibHHKa H300pakaeTcs ero
(YHKITMOHATBHBINA TTPU3HAK.

CTpyKTypy CHCTEMBI MOXKHO IPEJICTaBUThH IO PA3TMYHBIM NPH3HAKAM ITOCTPOCHHSI, TIOITOMY
pa3IMYaloT TPH BHUJIA CTPYKTYPHBIX CXEM: alropuTMudeckasi, QyHKIIMOHATbHAS U KOHCTPYKTUBHASI.

ANTOPUTMUYECKON HA3BIBAIOT CXEMy, I/Ie KaXK[as 4acTh MpeJAHa3HaueHa JJIs BBITOJIHEHUS
OTIpeIeNIEHHOTO aJrOpUTMa IPeoOpa3oBaHusl €€ BXOAHON BEIHMUNHBL.

OYHKIMOHATBHON HA3BIBAIOT CXEMY, IJI€ KXKIBIN 3JIEMEHT BBITIONHACET ONPEICIICHHYIO (DYHKITHIO
(monmyuenne wuHpOpMaIuU, ee TnepepadoTka, (OpMUpPOBAHWE 3aKOHA PETYJIHMPOBAHUS, YCHIICHUE,
npeoOpa3oBaHue U T.J.).

KoHCTpyKkTHBHOI Ha3bIBaeTCs cXeMa, B KOTOPOW KaK[ash 4YacThb TNPEICTaBIsAEeT COOOM
CaMOCTOSITENIbHOE KOHCTPYKTUBHOE II€JI0€.

Ha cTpykTypHOii cxeme B 00II[eM ClTydal YCIOBHO MOKa3bIBAIOT:

- TEXHOJIOTHYECKHE MOIpa3ielieHnss 00bEKTa YIPaBICHHUS,

- (DyHKIIMM ¥ TEXHUYECKHE CPEICTBA UX PeaTH3aliH;
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- B3aHMOCBSI3M MEX/y 3JIEeMEHTaMU CXEMBI.

[Tpu pazpaboTke CTPYKTYpHOI CXeMbl aBTOMAaTHYECKOI'O PETYJIMPOBAHUSI PEIIAIOTCS CIAEAYIONIUE
BOIIPOCHI:

- BBIOOp croco0a peryaMpoBaHus, IPU 3TOM BBIOMpAETCS peryjupyeMasi BeJIHMYUHA M YeM 3Ta
BEJIMYMHA OYJET PETyIHPOBATHCS (PETyINPYIOIIee BO3ACHCTBHE);

- BBIOOD 33/1aI0IIMX U KOPPEKTUPYIOMINUX BO3ACHCTBUMN Ui JAHHON CUCTEMbI PEryIMpOBaHUS;

- BBIOOp KOMITJIEKCA TEXHUUYECKUX CPEJICTB, Ha 6a3e KOTOporo OyAeT peann3oBaHa 1aHHas CUCTEMa
peryiIupoBaHus;

- BBIOOp HEOOXOAMMBIX CpPEICTB JUIsl MPeoOpa3oBaHUs HU3MEPUTEIBHBIX, 3aJIAOIIUX,
KOPPEKTUPYIOIIUX U YIPABISIOIIUX CUTHAIIOB.

B xauecTBe MpuMEpa Ha PUCYHKE 1 moka3zaHa HpOCTeﬁmaﬂ CHUCTEMaA PECTYJIUPOBAHU.

0 1
Anp Qcm
oP N
g
8 | 6
7 ol
g9 = P A
b M [P Al
Pucynok 1 — ABTOMaTHueCKasi CUCTEMA PETYIMPOBAHUS
Ha pucynke 1 undpamu 0603Hau€eHBbI:
1 - OOwexT perynupoBaHus — arperar, MaillkHa, B KOTOPOM JOJDKHA IOJAJIEPKUBATHCA

perynupyemas BennunHa X. s oGecriedeHus: TEXHOJIOIMYECKOro peXHMa B 00bEKT MOJAeTCsl SHEPTUst
Qnp — nputok sHeprun. 13 o6bekTa oTBOAUTCS S3HEPTHst QCT — CTOK YHEPTUH.

2 - M3meputenbHOE YCTPOWCTBO (MATYMK) — BOCIPHHHUMAIOIIECE PETYIUPYEMYIO BEIUYHHY U
npeoOpasyroniee €e B CHUTHAJ, MPONOPIHOHANBHBINA JEHCTBUTENBHOMY (TEKYIIEMy) 3Hau€HHUIO
peryiupyeMon BeIUYuHbl — XII.

3 - [TokazpIBaromuit (perucTpupyromuit) mpuoop.

4 - 3anaroiee YCTPOMCTBO (3aaTYMK) — BBIJAIOIIEE CUTHAJ, COOTBETCTBYIONIUHN 3aJaHHOMY
3HAYEHUIO PETYIUPYEMOI BETUUNHBI — X3.

5 - Perymupyromee yCTpoMCTBO (peryisarop) — YCTPOMCTBO, KOTOpPOE BOCHPHUHUMAET

JeWCTBUTENBFHOE U 3aJJaHHOE 3HAYEHUE PETYIUPYEMO BETUUHNHBI, CPABHUBACT UX MEXKYy COOOH, BBISIBIISICT
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paccornmacoBanne AX (g), yCHJIMBaeT €ro M BBIPa0ATBIBACT YINPABISIONIEE BO3JICHCTBUE «y» II0
OIpeJIeIECHHOMY 3aKOHY BO BpeMeHH. B 00111eM citydae peryssiTop COCTOUT U3 CYMMHUPYIOIIET0 yCTPOHCTBa
"CVY", ycunurens "Y" u yctporictBa oopatHoi cBszu "OC".

CyMMupYyOIIlee YCTPOUCTBO BBIABISAET paccoriacoBanue AX (€), yCHIHMTENb €ro yCHIMBACT JI0
BEJIMYMHBI, HEOOXOAUMOMN i MEepeMEelIeHUs] PEryJupYyIOLIEro opraHa, yCTpOMCTBO OOpaTHOM CBS3H
(dbopMuUpyeT 3aKOH PEeryJIupOoBaHUs BO BpPEMEHHU, T.€. yIpasistomiee Bozaeiictaue: Y=f (AX, t).

6 - brok pydHoro ympaBieHHs — pabOTaeT B JBYX peXHMax: «A» - aBTOMAaTHYeCcKOe
perynupoBaHue u «P» - pydHoe ynpaBiieHUE.

7 - Knoniku «b-M» («0Oonbliie-MeHbIIe») IJIs1 PYYHOTO YIPaBIICHHUS.

8 - Ilyckarens — npeoOpa3yeT ynpapisiolee BO3ACHCTBUE «y» J0 BEIHMUYMUHBI, HEOOXOIUMOM ISt
MIPUBOJIa UCIIOJIHUTEIBHOIO MEXaHU3Ma.

9 - HcnonmHUTENBHBI MeXaHW3M, KOTOPBIM TNpeoOpa3yeT yIpaBIsiollee BO3JICHCTBHE B
MEXaHHYECKOEe MepeMeIICHHUE.

10 - Perynupyromuii opraH, KOTOpPbIA HEMOCPEACTBEHHO BO3JEHCTBYET Ha TEXHOJOTHYECKHIA
IIPOLIECC IIyTEM M3MEHEHUs [10/1aYyl WK OTBOJA S3HEPIUU. Perynupyromii opran MeXxaHU4eCcKr COUJIEHEH

C UCIIOJTHUTCIBbHBIM MEXaHU3MOM.

4 THAUBUAYAJBHOE 3ATAHUE

Tabnuia 1 - BapuanTsl mpakTHuecKoi paboThl

Ne
BAPHAHTA 3ananue

1 2

1 [Toctpouts u omucath CTpyKTypHyio cxemy ACP pacxona rasa, mojaBaeMoro Ha
METOANYECKYIO II€Yb

2 [Toctpouts U onucath CTPYKTypHYIO cxeMy ACP BIa)KHOCTH IyThsl HA JOMEHHOM Meuun

3 [Toctpouts u onmcarb CTpykTypHyto cxemy ACP TemmepaTypsl B 30HE METOAMYECKOMN
ey

4 [Toctponte w omnmcate CTpykTypHyro cxeMy ACP  Temmeparypel  Kymnona
BO3JlyXOHAarpeBaTest

5 [TocTtponts u ommcare CTpyKTypHyr cxemy ACP TemmepaTypbl TOpHa 3aKMTaHUs
arJoMepalMoOHHON MallliHBI

6 [TocTponts m ommcars cTpykrypHyro cxemy ACP temmeparypsl ropsaero nyTes Ha
JOMEHHOM I1e4u

7 [TocTpouts u omucath CTpykTypHyt0 cxemy ACP naBnenus B paboueM MPOCTPAaHCTBE
KaMEpHOU I1eYu

8 [ToctpouTs n onucath CTpYKTypHYI0 cxemy ACP naBieHuns raza Ha KOJOITHUKE TOMEHHOU
ey

9 [Toctpouth u onucath CTpyKTypHyI0 cxemy ACP naBneHus rasa Ha CTOPOHY KOKCOBOM
Oarapeu

10 [ToctpouTk 1 onucath CTPYKTypHYI0 cxemy ACP TemnepaTypbl B CEKIIMOHHOM NTEYn




[Tponomxkenne Tadbaubl 1

1 2

11 IToctpouts M onucarh CTpyKTypHyro cxemy ACP TemmepaTypbl neperperoro napa B
IaporeHepaTope

12 IToctpouts u ommcarb CTpykTypHyro cxemy ACP ypoBHs Bomel B 0Oapabane
naporeseparopa

13 IToctpouts U omnmcate cTpykTypHyro cxemy ACP Temmeparypbl HarpeBaTeiabHOIO
KoJIoALA

14 [Toctpoute u onucarb CTpyKTypHyro cxeMy ACP gjaBieHuss B POJIMKOBOU
MOJIOTPEBATEIBHON €YU

15 ITocTpouts 1 onucark CTpyKTypHyto cxemy ACP pacxona rasza B Tpy0onpoBoje

16 [Toctpouts 1 onucatb CTpyKTypHYI0 cxeMy ACP temneparypsbl B 30HE I1e4H

17 [Toctpouts 1 onucath CTPYKTypHYI0 cxeMy ACP TemnepaTypsl B HarpeBaTelbHOU eUn

18 IToctpouts n omucatrs cTpykTypHyto cxemy ACP pacxonma kuciopojia Ha HpPOAYBKY
KHCJIOpOJia KOHBEpTEpa

19 [TocTpouTs U onucarh CTPYKTYpHYI0 cxemy ACP TemiiepaTypsl B TEpMHUUECKON Neun

20 [TocTpouTts 1 onucarh CTpyKTypHYIO cxemy ACP pacxona nyTes B QypMy TOMEHHOM IEYH

21 ITocTpouTts U onucarh CTpyKTYpHYI0 cxemy ACP Temneparypsl Bojibl mocie Ooiinepa

22 [loctpouts u ommcarh CTpykTypHyto cxemy ACP TemmepaTypsl neperperoro mnapa B
naporeHepaTope

23 ITocTpouTts 1 onucarh CTpyKTYpHYI0 cxeMy ACP Temneparypsl B HarpeBarenbHOM neuu

24 [loctpoutb u omnmcarb CTpyKTypHyto cxemy ACP cooTHomeHuss ra3oB Ha
ra30CMECUTENbHOM CTaHLIUU

25 [Toctpouts u omnmcarh CTpyKTypHyto cxemy ACP naBineHus B paboueM NpOCTPAHCTBE

HaneBaTCHBHOﬁ IIC4YHn

Ipumeuanue: Ne BapraHTa COOTBETCTBYET MOPSIIKOBOMY HOMEPY B JKypHaJIe.

5 KOHTPOJIBHBIE BOITPOCHI
1. Ha3naueHue CTpyKTypHOU CXEMBI.
2. Bunbl CTpyKTYpHBIX CXEM.

3. IlpaBuia noCcTpOeHUs CTPYKTYPHBIX CXEM.




INPAKTUYECKASA PABOTA

MMocTpoenne JIAUX, @®UX ¥ nepexoHOro npouecca ujaeajbHbIX 3BeHbEB

1 IIEJIb PABOTbI
Hayuutbcs omnpenensaTs mepefaToyHyl0 (YHKLUMIO 3BEHa, CTPOMTH Jiorapudmuyeckue
xapakrepuctuku JIAUX, ®UYX wu nepexoaHbli IpoOLECC HACaIbHBIX 3BEHbBEB aBTOMATHYECKOTO

YIIPABJICHUS.

2 NOPAAOK BBIIIOJIHEHUSA PABOTbBI

1. [To 3amanHbiM mapaMerpam (tabmumbl 1, 2, 3) cBoero BapuaHTa ONPEICIUTH
muddepeHranbHOe YpaBHEHHE U TIepeIaTOuHYI0 ()yHKIIHIO 3BEHA.

2. ITocTpoutk norapupmudeckue xapakrepuctuku JIAUX u ®UX 3BeHa.

3. IlocTpouth mepexoaHbIi Mpolecc 3BeHa.

4. OdopMUTh TPAKTHUECKYIO PaboTy.

5. OTBETUTH Ha KOHTPOJIbHBIE BOIIPOCHI.

3METOIUYECKHUE YKA3ZAHUS

JIto0yr0 aBTOMATHUYECKYI0 CHCTEMY MOXXHO TPEACTaBUTh B BHUAEC COCIUHEHUS MPOCTEUIINX
JMHAMUYECKUX 3BEHBEB, KOTOPHIEC HA3bIBAIOTCS THUIIOBLIMM JUHAMUYECKUMHU 3BEHbSIMM.

Bce TunoBsie TMHAMUYECKUE 3BEHbS ACJSATCSA HA UJICAJIbHBIE U PEATIbHBIE.

HNneanbHbIE 3BEHbA:

- IPOIOPLUUOHAIBHOE;

- HJICATbHO UHTETPUPYIOIICE;

- uneanbHO nuddepeHupyronee;

- 3BEHO «UMCTOT'O» 3ama3/IbIBaHM.

OTHo1eHNEe N300paKEHMS BRIXOAHON BEIMYMHBI DJIEMEHTA CUCTEMBI (3BeHA) K H300pasKeHUIO €ro
BXOJITHOM BEJIMYMHBI ITPU HYJIEBBIX HAYAJIbHBIX YCIOBUSIX HA3bIBACTCS NMePeAaTOYHO pyHKIueil djieMeHTa

cucteMsbl (3BeHa) u obo3Hagaetrcst W(p):

JlorapugpmMmnyeckue 4acTOTHbIE XapaAKTEPUCTHKH.

Jls mpakTUYeCKUX pacdyeToB OCOOCHHO HMIMPOKO HCIIONB3YIOTCS YaCTOTHBIE XapaKTEPUCTUKH,
MTOCTPOEHHBIE B JIOTApU(PMUUECKOM MacITade.

Jlorapugmuueckoi eTUHULEH YCUICHHUS I 0CabJIeHUs MOIIIHOCTH CUTHAJIA TIPU TPOX0XKICHUH
ero yepe3 Kakoe-11u00 yCTPOWCTBO B TEXHUKE MPUHAT Oell.

I'padpuxu AUX n1 ®UX cposT B MPSIMOYTOIBHON CHCTEME KOOPAUHAT.
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Pucynok 2 — Ocu koopaunat st nocrpoenus JIAUX

[Ipuuem, g yno0cTBa pacueToB BelnuuuHbl ® U K OTKIIapIBalOT MO OCSM B JIOTapUPMUUECKOM
MmacuTale.

Enununeii nusmepenus BeauuuHsl Igo spnsercs nekana. Jlekana —3To uHTepBai, kpatHblit 10. s
M3MEPEHUsl BEITMYMHBI 10 MCIONMB3YIOT BEMYMHY JIOT (JIT) — €AMHUIA U3MEPEHUs, XapaKTepU3yomas
CTETIeHb YCHJICHUS WM OCIabJIeHNs aMILUTUTY 6! curHana B 10 pas.

Ha rpaduke opHOM J1exage W OJHOMY JIOTY COOTBETCTBYeT 25 MM Macmrabbl
Mo=ML=25Mmm/neK).

BenuuuHy ¢ OTKIaABIBAIOT B paBHOMepHOM MacmTabe — 90° cooTseTcTByeT 45MM rpaduka.
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Pucynok 3 — Ocu koopauHat asst noctpoenus GUX

Kpome 0603HadueHUsT BEIMUMH, OTKJIAIBIBAEMBIX IO OCSM, IEJI€CO00pa3HO HAHECTH Ha Tpaduk
KOOPJMHATHYIO CETKY, KaK 3TO IMOKa3aHO Ha pPUCYHKax 2 H 3.
B tabnune npuBeneHsl NpuMepsl onpeaeiaeHus qudQepeHnanbHbIX ypaBHEHUH, Tepe1aTOYHbIX

¢byHkuui, a Taxxe nocrpoerust JJAUX, ®UX u nepexoqHOro mporecca 11ealbHbIX 3BEHBEB.
11



JAunddepennuanbHoe IlepenaTounas
Tun 3BeHa JAUX OYX Ilepexoanniii mpouecc
ypaBHeHHe ynkuus
IMpomnopioHambHOE Xpox () = K = x5, (2) Wp) = X (P) K h
3BCHO Xoux (@) = K * x5 (p) Xox (P) [7[7 [g@ .
K - xoaddunuent o R
p N [
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= ' s A
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77 i 1 . ik at 7 17w i
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[ : : N :
X (P) = TP * Xy () S : : o :
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BPEMEHHU : : ok .
B D
[Ipy nomaue Ha BxOn . R )
leggto oA
3BEHA BO3JIEHUCTBUS T
[
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: k) = - 22Oy T e | ¥
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biIX(p) = Tp ' xBX(p) l - . . . I,'.||"-'.' .
R L
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i Tot 7 - @ S
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S
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3BeHo «YHUCTOI0»

3ana3gbIBaHusA

bilX(t) = xBX(t - T)
biIX(p) =e7PT- xBX(p)

T - BpeMs 3ana3/ibIBaHuA
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= e P7

Xgpix (p)

Xy (D)

I
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l
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ar Z i 22
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_______ -fﬁ_“_ll'_____'::
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4 THIUBUIYAJBLHOE 3ATAHUE

Tabmuma 1 - Bapuantsl npakTudeckoil padotsl s noctpoeHus JIAUX, @YX u nmepexomHoro mporuecca

IIPOIIOPLIMOHAIBHOTO 3BEHA

Bap 3BEHO Bap 3BEHO Bap 3BEHO
1 W(p) =2 10 W(p)=1,6 19 W(p) =4

2 W(p) =0,2 11 W(p) =0,5 20 W(p) =3,6

3 W(p) =25 12 W(p) =0,9 21 W(p) = 0,15
4 W) =1 13 W(p)=1,2 22 W(p) =21

5 W(p)=0/4 14 W(p) =23 23 W(p) =28

6 W(p) =1,75 15 W(p) =0,75 24 W(p) = 3,2

7 W(p) = 2,7 16 W(p)=19 25 W(p) = 0,45
8 W(p) =35 17 W(p) =2,2 26 W(p) = 2,25
9 W(p) =0,8 18 W(p) =3 27 W(p) = 3,3

Tabmuua 2 - BapuanTs! npakTiueckoid padoTsl i noctpoenus JIAUX, ®UX u nepexomHoro mpouecca

HACAIBHO HHTCTPUPYIOLICTO 3BCHA

Bap 3BEHO Bap 3BEHO Bap 3BEHO
L we) = & 01w = %p Y we) = ﬁ
lowee T e | P W -1
S we = igp 2w = igp L we) = 4—1p
Y we = %p B we) = LSP 21 we) = %
Cowwe M v | P W
51w = % B we) = %p 2 we) = ﬁ
v | e g | P W -
8 1 17 1 26 1
9 W(p) = ? . W(p) = ? _ W(p) = ?
W(p) = 15p W(p) = 25p W(p) = 2.9p




Tabmuua 3 - BapuanTs! npaktiueckoil paboTsl i noctpoenus JIAUX, ®UX u nepexonHoro mpoiecca

uaeanbHo nudQepeHIpyomero 3BeHa

Bap 3BEHO Bap 3BEHO Bap 3BeHO

1 [W(p)=1,65p 10 [W(p)=0,7p 19 [W(p)=3p

2 |[W({p)=1.2p 11 [ W(p) =0,75p 20 [W({p)=p

3 |[W(p)=1,5p 12 |W(p)=1,9p 21 [W(p)=1,1p
4 [W(p)=09p 13 |W(p) =1,55p 22 |W(p)=2,5p
5 [W(p)=0,2p 14 |W(p)=09p 23 |[W(p)=2,7p
6 |W(p)=13p 15 |W(p)=2,2p 24 |W(p)=0,5p
7 |W(p)=0,8p 16 | W(p) =0,3p 25 |W(p) =4p

8 W(p) = 1,4p 17 | W(p) =1,8p 26 | W(p) =3.2p
9 |W(p)=2,7p 18 | W(p)=0,3p 27 |W(p)=1,7p

HpnMeanne: Ne BapHaHTa COOTBETCTBYCT IMOPSAJAKOBOMY HOMCDPY CTYACHTA B XKXYpPHAJIC.

5 KOHTPOJIBHBIE BOITPOCHI

1. DrneMeHTapHOE AMHAMHUYECKOE 3BECHO.
2. JuddepennunansHoe ypaBHEHHUE 3BEHA.
3. Omeparop Jlamaca.

4. WneanbHble TMHAMHYECKHE 3BEHBS.

5

. IIpaBuna noctpoenus JIAUYX, ®UX u nepexoaHoro npouecca.
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INPAKTUYECKASA PABOTA

IMocTpoenne JIAUX, ®UX u nepexoHOro npouecca peajbHbIX 3BeHbEB

1 HEJIb PABOTBI
Hayuntbcs onpenensT nepefaToyHyr0 (QYHKLIUIO 3BEHA, CTPOUTH JIOTapu(pMHUUYECKHe

xapaktepuctuku JJAUX, ®YUX u nepexoHbIi NpoLecC pealbHbIX 3B€HbEB aBTOMATHYECKOI0 YIIPaBJICHHUS.

2 NOPAAOK BBIIIOJITHEHUSA PABOTbI

1. [lo 3amaHHBIM MapaMeTpaM cBoero BapuaHta (Tabmuuer 1, 2, 3, 4) omnpeneauTh
muddepeHnanbHOe ypaBHEHNE U MepeAaTOUHyI0 (DYHKIMIO 3BEHA.

2. IToctpouts JIAUX n ®UX 3BeHa.

3. TlocTpouTh MEpeXoaHBIH MPOIECcC 3BEHA.

4. OpopMHTH IPAKTUIECKYIO paboTYy.

5. OtBeTHTh HA KOHTPOJIbHBIC BOIIPOCHI.

3 METOAUYECKHUE YKA3AHUSA

JIto0yr0 aBTOMATHUYECKYI0 CHCTEMY MOXXHO TIPEACTaBHTh B BHUAC COCIUHEHUS IPOCTEUIIHX
JUHAMUYECKUX 3BEHBEB, KOTOPHIC HA3bIBAIOTCS THIOBLIMM JUHAMUYECKMMHU 3BEHbSIMH.

Bce Tunossie ITUHAMUYECKUE 3BEHBS JICISITCSA HA UICAJIbHBIE U pEAJIbHBIE.

PeajibHbl€ 3B€HbA:

aTriepUOIMIECKOE;

- peanbHO AuddepeHInpyoIIee;

- peanbHO opcupymolee;

- U30JPOMHOE;

- KojebartenbHOE.

OTHo1eHNe N300paKEHMS BRIXOAHON BEIMYMHBI DJIEMEHTA CUCTEMBI (3BeHA) K H300pasKeHUIO €ro
BXOJIHOM BEJIMYUHBI PU HYJIEBBIX HAYAIbHBIX YCIOBUAX HA3bIBACTCS NMepeaaTouHol pyHKIuel d1eMeHTa

cucteMsbl (3BeHa) u obo3Hagaetcss W(p):

JlorapudgmMmnyeckne 4acTOTHbIE XaPAKTEPUCTUKH.
YacToTHBIE XapaKTEPUCTUKU CTPOSITCS B JIOTapu(PMUIECKOM MacIiTade.
B Tabnuie npuBeneHbl IpUMeps! onpeaesneHus TuddepeHnaabHbIX ypaBHEHHH, Tepe1aTOYHbIX

¢dbyuknmii, a Takke nmocrpoenus JJAUX, ®UX u nmepexoaHOro mpoIecca peaibHbIX 3BEHBEB.
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4 THIUBUIYAJBLHOE 3ATAHUE

Tabmuma 1 - Bapuantsl npakTudeckoil padotsl s noctpoeHus JIAUX, @YX u nmepexomHoro mporuecca

arepuoanvICCKOro 3B€Ha

Bap 3BEHO Bap 3BEHO Bap 3BeHO

: W(p) = —0’221 N P we = 2201 P we - %
2 W(p) = 2,1p1+ 1 . Wp) = O,9pz+ 1 ? wip) = 2p+1
3 W(p) = 1’3p3+ 7 12 W(p) = 2’2p2+ 7 4l W(p) = ﬁ

4 W)= 0,6t7+ 1 Y wes 1,7p1 +1 i Wip) = 1+61

> W (p) = 1’221 n 1 W(p) = Lgpl 1 2 W(p) = —0’8; 1
’ Wip) = 2,5p2+ 1 P e 0,411+ 1 “ Wip) = 2pl'+5- 1
7 W) = 0,325+ 1 C o we= ﬁ ® o ww- 05p +1
’ (p) = 2,2p1 +1 i Wp) = % B Wip) = 0,72%
9 )= 1,2p2+ 1 Y e Lap +1 T we- 0,95p + 1

Tabmuna 2 - BapuanTsl npakTiueckoil padoTsl i noctpoernus JIAUX, ®UX u nepexomHoro mpoiecca

peanbHO nudepeHIpyIoIIero 3BeHa

Bap 3BEHO Bap 3BEHO Bap 3BEHO
1 2 3 4 5 6

ol w0 o [P e =
2 W) =1 Sip+ 1 v - 0,55 +1 i W) =3 Zi 1
’ wip) = 1,3?1))p+ 1 N Wp) = 3(;?1 ” Wp) = p2 ip1
) Wip) = 1,6;) i W) p1 ip1 i w) = ZpBE 1
5 =2 M wer =2 [P we -
6 wp) = 1,5123p+ 1 " W) pz-li 1 “ W) = 23?1




[Tponomxenue TabIUIIBI 2

1 2 3 4 5 6
T w) = % Pl we = 4?)’?1 | we = 3;_? -
’ Wip) = 1,??;’)75: 1 Y we = 1,;)1'365: 1 » wip) = 23?1
9 wp) = 1,5f)p+ 1 P we = 0,31’)72 1 i W) =g i 1

Tabmuua 3 - BapuanTsl npaktrueckoid padboTsl i noctpoenus JIAUX, ®UX u nepexonHoro mpouecca

peanbHO (hOPCHPYIOIIETro 3BeHA

Bap 3BEHO Bap 3BEHO Bap 3BEHO

1 W(p) = 2(1+2p) 10 W(p) = 0,8(1+2,5p) | 19 W(p) = 0,8(1+p)

2 W(p) =1,7(1+1,2p) |11 W(p) = 0,2(1+0,8p) | 20 W(p) = 3,1(1+0,7p)
3 W(p) =2,1(1+0,95p) | 12 W(p) =2,1(1+0,9p) | 21 W(p) =2(1+1,9p)
4 W(p) = 1,7(1+0,2p) |13 W(p) = 0,8(1+1,3p) | 22 W(p) = 1,9(1+2,6p)
5 W(p) = 0,8(1+2p) 14 W(p) = 3(1+2,5p) 23 W(p) = 2(1+1,7p)
6 W(p) = 2,3(1+0,75p) | 15 W(p) = 4(1+2p) 24 W(p) = 3(1+2,4p)
7 W(p) =0,7(1+1,5p) |16 W(p) =2(1+2,2p) 25 W(p) = 1,6(1+0,2p)
8 W(p) = 0,8(1+2p) 17 W(p) = 3(1+2p) 26 W(p) =2,7(1+p)

9 W(p) = (1+3,2p) 18 W(p) =2,7(1+1,5p) |27 W(p) = (1+2,4p)

Tabnuua 4 - BapuanTsl npaktruueckoi padbots 1yt noctpoenus JIAUX, ®UX u nepexonHoro mpouecca

HU30JpOMHOI'0O 3BCHA

Bap 3BEHO Bap 3BEHO Bap 3BEHO

1 2 3 4 3 6
Pl wer =2 0 we =2 1wy =R
lwe - (Mt w0 we =
Pl w2 [P we = T wy =
Yo we-ie2 P e -2 B we =
S we =2 M e = B wey =T
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[Tponomxenue TadbauIsl 4

1 2 3 4 3 6
B I R e B R e
w2 P e =2 P we =
Pl w2 T we =T P wey =
9 W(p) = 11-1—5?)p 18 W(p) = 1 3’5?1’3713 27 W(p) = 1 +412),5p

IIpumeuanue: Ne BapraHTa COOTBETCTBYET MOPSIIKOBOMY HOMEPY CTYACHTA B )KypHAJIE.

5 KOHTPOJIBHBIE BOITPOCHI

1. IuddepennnanbHoe ypaBHEHUE 3BEHA.

2. TlepenatouyHasi pyHKITHS 3BEHA.

3. PeanbHrle JMHaAMHWYCCKUC 3BCHbA.

4. TlpaBuna noctpoenus JIAUX, @YX u nmepexoTHOro mpoiiecca.
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INPAKTUYECKASA PABOTA

IMocTpoenne JIAUX u @UX nociie10BaTeIbHOT0 COeIMHEHN S 3BEHbEB

1 HEJIb PABOTbI

Hayuutbes onpenensaTh nepefaTovyHyr (YHKLHUIO MOCIIEIOBAaTEIbHOTO COEJAMHEHHS 3BEHbLEB,
cTpouth Jorapugmuueckue xapakrepuctuku JIAUX, ®UX, cTpouTh CyMMHUPYIOUIHE aMIUIUTYIHBIE U
¢a3oBble yacToTHBIE XapakTepucTuku U Ha [IK mpoBepuTh MpaBMIIBHOCTH MOCTPOSHHSI CYMMHUPYIOIIUX

XapaKTepPUCTHUK.

2 MOPAIOK BBINTOJIHEHUS PABOTHBI

1. Ilo 3amaHHBIM TIApaMeTpaM CBOEr0 BapHaHTa OIPEACIUTh MEPEAATOYHYI0 (PYHKIIUIO
MOCJIEI0BATEILHOTO COSMHEHMS 3BEHbBEB.

2. IToctpouth JIAUX n ®UX kakI0ro NHMHAMHYECKOTO 3BEHA, a TaKXKE IOCIIEI0BATEIHLHOTO
COCMHEHHUS 3BEHBEB.

3. OpopMHTH TIPAKTUIECKYIO paboTYy.

4. OTBETUTHh Ha KOHTPOJIbHBIE BOIPOCHI.

3 METOJANYECKHUE YKA3AHUSA
IHocnenoBaTebHBIM HA3bIBAECTCS TAKOE COEAUHEHUE, KOI1a BBIXOHAS BEIMYNHA IIPEABIAYIIErO

3BEHA SIBJISIETCSA BXOJAHOM BEJIMUMHOMN TTOCIIETYIOIIETO.

X i i y: : ’
—=W1(p) Wa(p) = . Wa(p)

¥

PI/ICyHOK 1- CTp}IKTypHaH cxXeMa 1mocCjacaoBaTCJIbHOIo COCAMHCHHUA 3BCHLCB

Hp606p330BaHHe CXEMbI: OCIIOYKY M3 MOCICA0BATCIIBHO COCAMHCHHBIX 3B€HBEB MOKHO 3aMCHUTDH

OJHHUM 3BCHOM:

X, X, X, ] X, X,
— W, W, P— W, > — W

Torna, nepenarounast GyHKIHA:
W(p) = Wi(p) - W(p) - Wa(p)
Takum oOpazoM, mepegaToyHasi (PYHKIUSI CHCTEMbI M3 MOCJ€I0BATEJIbHO COeIMHEHHBIX
3BeHbEeB PaBHA NIPOU3BEICHUIO NEPEIATOYHBIX (PYHKIMI OTAEJIbHBIX 3BEHbEB.
JlorapudmMunyeckue 4acTOTHbIE XapaAKTEPUCTHKH.
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YacToTHBIE XapaKTEPUCTUKU CTPOSITCA B JIorapu(pMudeckoM mMaciiraoe.

[Tpumep nmocTpoeHus: pe3yIbTUPYIOUINX YaCTOTHBIX XapaKTEPUCTHK MPEJICTABICH Ha PUCYHKE 2.

7.

& i N\ N
I .
I )
101" N
L N
!.9'{;-'"‘

Pucynoxk 2 - IIpumep noctpoeHust pe3yIbTUPYIOINX YACTOTHBIX XapaKTEPUCTUK

4KOHTPOJIBHBIE BOITPOCHI
. [lepenarounas GpyHKIHs 3BeHa (CHCTEMBI).
. [TocnenoBaTenbHOE COCMHEHHUE 3BEHBEB.

. Kak ONPCACIICTCA ICPEaAaTOYHAA (1)YHKI_II/I}I IIpU MOCJICAOBATCIIBHOM COCAMHCHNUN 3BCHBLEB?

1
2
3
4. AMIUTUTYTHO-9aCTOTHAs XapaKTEePUCTHKA.
5. ®a30-yacTOTHas XapaKTEePHUCTHKA.

6

. Kaxk crposrcs norapudmMudeckne 4aCTOTHbIE XapaKTEPUCTUKU?
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ITPAKTUYECKAS PABOTA

HocTpoenne JIAUX nu @YX napanjieJibHOro coelMHEHHS 3BEHbEB

1 HEJIb PABOTbI
Hayuntbcs ompenenstb mnepenaTouHyr0 (QYHKLIHIO CHCTEMBI, CTPOUTH JIOTapH(pMHUUYECKHE

AMINIMTY AHBIC U (1)330BBI€ YaCTOTHEIC XapaKTCPUCTUKH.

2 MOPAJOK BbBIITIOJIHEHUSA PABOTBI

1. [lo 3agaHHBIM MapaMeTpaM CBOETO BapHaHTa ONPEACIUTH MEPEeIATOYHYI0 (DYHKIHIO
MapajuieJIbHOTO COEIMHEHUS 3BEHBEB.

2. IToctpouth JIAUX n ®UX coenuHeHus.

3. OpopMHTH IPAKTUIECKYIO paboTYy.

4. OTBETUTH Ha KOHTPOJIbHBIE BOIPOCHI.

3 METOJAUYECKHUE YKA3ZAHUSA

ITapanseJbHBIM HA3bIBACTCS TAKOE COCIMHEHHE 3BEHBEB, IIPYU KOTOPOM OJIMH U TOT K€ BXOJHOU
CUTHAJl IIOJACTCA HA BXOJ BCEX 3BEHBEB, 4 BBIXOJHAs BEIWYMHA paBHA CyMME BBIXOJHBIX BEIUYUH
OT/IENIbHBIX 3BEHBEB.

[TpeoOpa3oBaHue cxXembl: LEMNOYKY W3 MapajuleIbHO COEAMHEHHBIX 3BEHHEB MOXKHO 3aMEHUTh

OJHUM 3BCHOM:

Aj

- “rl(p}

Y2 A y
Wa(p) >‘(<)—>

Yu

=W.(p)

Pucynoxk 1 - CtpykTypHas cxeMa napauieJIbHOrO COEAMHEHNS 3BEHBEB

[IpeoOpazoBanre CXeMbI: IIEMOYKY W3 TMapaliebHO COCIMHEHHBIX 3BEHHEB MOXKHO 3aMEHUTH

OJHHUM 3BCHOM:
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L

Torma, nepenaTouHast GyHKIUS:
W(p) = Wi(p) + Wz (p) + Wy(p)
Takum oOpazom, mnepeaaTouyHasi (YHKOHMSA CHCTeMbl, COCTOsIIIell M3 MNapajleIbHO
COeIMHEHHBIX 3BeHbEB, PABHA CYMMe NMepelaTOYHbIX (PYHKIUI OT/IeIbHBIX 3BEeHbEB.
JlorapupMuveckre 4aCTOTHbIE XaPAKTEPUCTHKH.
YacToTHBIE XapaKTEPUCTUKH CTPOSITCA B JIoTapu(pMUIeckoM mMacrade.

[Ipumep noctpoeHus pe3yJbTUPYIOLIUX YACTOTHBIX XapaKTEPUCTUK MIPEICTABIEH Ha PUCYHKE 2.

Pucynoxk 2 - IIpumep noctpoeHus pe3ybTUPYIOIUX YaCTOTHBIX XapaKTEPUCTUK
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[Ipu mapamienbHOM COEIUHEHUU 3BEHBEB PE3YJIbTUPYIONIME XaPAKTEPUCTUKU MOJTYyHaArOTCs
CJIEIYIOIIUM 00pa3oM:

1. crposrca JIAUX u ®UX kaxnoro kanana — L1(w), L2(®), ¢1(®), ¢2(w);

2. cymmupyromas JIJAUX coBnanaer ¢ JIAUX Toro 3BeHa, y KOTOPOTO OOJIbIIE MOJTYJIb;

3. cymmupyrorias @YX BeIOUpaeTcsi B COOTBETCTBUHM ¢ TIoiyueHHoM JIAUX.

[Tpu mocTpoeHNH CyMMHUPYIOUINX XapaKTePUCTHK BBOJIUTCS MOHITHE YaCTOTHI Cpe3a.

Yacrora cpe3a — 3T0 4acToTa, Ha KOTOPOoil Moyab AUX npsiMOro KaHajia COBIagaeT ¢ MOAYJIEM

AYX oOpaTHOTO KaHama: Mcp.

4 KOHTPOJIbHBIE BOITPOCHI

[lepenaTounoii pyHKIMS 3BE€HA (CUCTEMBI).

[TapannenpsHOE COEAUHEHUE 3BEHBEB.

Kak omnpenensercs nepenarodnas GyHKIUS MIPH MapaJUICTbHOM COSTMHCHUN 3BCHBEB?
AMIUTUTYTHO-4aCTOTHAS XapaKTEPUCTHKA.

®a30-4acToTHas XapaKTEPUCTHKA.

Kak crposites pesynprupyromue JIAUX u @YX npu napauiebHOM COSAMHEHUN 3BEHbEB?

N o g s~ wDd e

Yacrota cpesa.
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INPAKTUYECKASA PABOTA

IMocTpoenne JIAUX u @UX BcTpeyHO-NIAPALIICIBHOIO COeTUHEHUS 3BEHbEB

1 HEJIb PABOTbI
Hayuntbcs ompenenstb mnepenaTouHyr0 (QYHKLIHIO CHCTEMBI, CTPOUTH JIOTapH(pMHUUYECKHE

AMINIMTY AHBIC U (1)a3OBBIe YaCTOTHEBIC XapaKTCPHUCTUKH.

2 MOPAJOK BBIITIOJIHEHUS PABOTDI

1. Tlo 3amaHHBIM TapaMeTpPaM CBOETO BapHaHTa ONMPEACIUTh NEPEeIaTOYHYI0 (PYHKIIMIO CHCTEMBI.
2. IToctpouts JIAUX n ®UX coenuHeHus.

3. OdopMuUTh MpaKTHIECKYIO paboTy.

4. OTBETUTHh Ha KOHTPOJIbHBIE BOIPOCHI.

3 METOAUYECKHUE YKA3ZAHUSA
BerpeyHo-nmapasieIbHBIM COCIMHEHHEM 3BeHbEB HA3bIBACTCA TaKOE, KOIJa Ha BXOJ 3BEHA
OJIHOBPEMEHHO C BXOJHOW BEJIIMYMHOM ITOAACTCS €€ BBIXOJHAS BEJIMYWHA, IIPOLIEIIEE 4Yepe3 3BEHO

o0OpaTHO¥ CBsI3M ¢ TiepenaroyHoi pyHkueit Woc(p).

Xz Xoz 1 Xoux *bux
Wi (o)

Xo.0 Xfuz
Wac(P)

Pucynok 1 — CtpykTypHas cxema BCTpEUHO-NTapaJIJIEIbHOTO COEJUHEHMSI 3BEHBEB

[lepenaTounas GyHKIUS COEAUHEHHSI C OTPULIATENILHON 00paTHOM CBSI3bIO:

Xgx X6z 1 Xoux Xfux
- W(p)
X
—) Sfw e
X x’ e
- Waclp) i
Wi (p)
W(p) = -

1+ Wi(p) - Woc(p)

[lepenarounas GyHKIMS COETMHEHUS C OTPUIATEIbHON 0OpaTHOM CBSA3bIO0 paBHA OTHOIICHUIO: B
YHUCIUTENE — NepeaTodtas (GyHKIHMs COeIMHEHHS, KOTOPOE 0XBAaYeHO OOpaTHOM CBS3bIO, B 3HAMEHATEINE
— 1 + Ta )xe nepenaTouHas GyHKIMSA, YMHOKEHHAs Ha MEePeIaTOuHyI0 (DYHKIMIO 3B€Ha 0OpaTHOM CBSI3U.
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Ecimu >xe oOpaTHas CBs3b TOJOKUTENbHAS, TO TepeaaToyHas (YHKIUS ONPEEeNsieTcs I10
dhopmyre:

_ Wi (p)
W) =T ) Woe)

JlorapudgmMmnyeckne 4acTOTHbIE XaPaKTEPUCTUKH.
YacToTHbIE XapaKTEPUCTUKU CTPOSATCS B JIOrapu(pMUIECKOM MacIiTade.

[Tpumep nmocTpoeHus: pe3yIbTUPYIOUINX YaCTOTHBIX XapaKTEPUCTHK IMPEICTABICH HA PUCYHKE 2.

PI/ICYHOK 2- HpI/IMep MOCTPOCHUS PE3YILTUPYIOINX YACTOTHBIX XapaAKTCPUCTUK
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[Ipu BcTpeuHO-TIApAIUIETPHOM COCIMHEHHH 3BEHBEB PE3YJbTUPYIOLUIUE XapaKTEPUCTUKU
MOJTy4aroTCs CeTYIONINM 00pazoM:

1. crposrcs JIAUX u ®UX npsimoro kanana: L1(w), L2(w), ¢1(®) u ¢2(®);

2. ctpost oopatabie JIAUX n @YX kanana o6patHoii cBsi3u: -Loc(w) u -goc(m);

3. cymmupyromas JIAUX coBnanaet ¢ JIAUX Toro 3BeHa, y KOTOPOTO MEHBIIIE MO/IYJIb;

4. cymmupyromias ®UX npupaBHUBaeTCs K cOOTBeTCTBYOIICH DUX 3BeHBEB, ONPEACIIeMbIX 110
MHHUMaJIbHOMY MoayJto JIAUX.

[Ipu nocTpoeHUU CyMMUPYIOIIHUX XapaKTEPUCTUK BBOJUTCS MTOHSATUE YaCTOTHI Cpe3a.

YacToTa cpe3a — 3TO 4acTOTa, HA KOTOpoi Motysib AUX npsiMOro kaHaja COBIAJAaeT ¢ MOJyJIEM

AYX oOpaTHOro KaHaja: Mcp.

4 KOHTPOJIBHBIE BOITPOCHI

1. [Mepenatounas GpyHkius 38eHa (CUCTEMBI).

2. BcrpeuHo-napaniesibHOe COeJUHEHNE 3BEHBEB.

3. Kak ompenensercs mnepepatoyHas (yHKUUS NpPU BCTPEUHO-NAPATIICIBHOM COEIMHEHUU
3BEHbEB?

4. AMIUIMTYAHO-4aCTOTHAsI XapaKTEPUCTHUKA.

5. da30-yacTOTHAs XapaKTEPUCTHKA.

6. Kak ctpositcs pesynptupyromue JIAUX n @YX npu BeTpeyHO-NapayljieIbHOM COeTUHEHUN
3BEHbEB?

7. Yacrota cpe3a.
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INPAKTUYECKASA PABOTA

OnpenesieHne nepeaaTo4HbIX PYHKIUN CJI0KHBIX MHOTOKOHTYPHBIX CHCTEM

1 IEJb PABOTbBI
Hayuntbcs onpenensaTs neperaToyHyio (yHKIIMIO MHOTOKOHTYPHOW CHCTEMbI aBTOMATHYECKOTO

PEryJIUpOBaHUS U YIPABICHUS.

2 HOPSAJOK BBIIIOJIHEHUS PABOTbBI

1. IIpeoGpa3oBaTh MHOTOKOHTYPHYIO CHUCTEMY B OJHOKOHTYPHYIO METOAOM SKBHBAJICHTHOTO
peoOpa30BaHUs CTPYKTYPHBIX CXEM.

2. OmnpenenuTs NepelaToYHyI0 (GYHKIHNI0 MHOTOKOHTYPHOM CUCTEMBI.

3. OpopMHTH IPAKTUIECKYIO paboTYy.

4. OTBETUTHh Ha KOHTPOJIbHBIE BOIPOCHI.

3 METOANYECKHUE YKA3ZAHUA

CucreMsl, B KOTOPbIX UMEETCSI HE TOJIBKO TJIaBHAsi 0OpaTHasl CBSI3b, HO U JIONIOJHUTENIbHBIE CBSI3U
(npsiMble ¥ 0OpaTHBIE) HA3BIBAIOTCSI MHOTOKOHTYPHBIMH.

VYcnoxnenne coBpeMeHHbIX ACP mpou3BOAMTCS IyTeM MpeoOpa3oBaHUs OJHOKOHTYPHBIX
CHCTEM B MHOTOKOHTYPHBIE C IOMOIIBIO MOJIKIFOUEHUS TOTOJTHUTENIBHBIX TaTYNKOB, BHEITHMX OOPaTHBIX

CBA3EH, KOPPEKTUPYIOIINX CUTHAJIOB.

X
W, w, —| w, <%

4

W, |«

Pucynok 1 — CtpykTypHas cxeMa MHOTOKOHTYPHOM CHCTEMBI

Jlig mosydeHus IepelaTouyHol (YHKIMH TaKOW CIOXKHOW CHUCTEMbl HEOOXOJUMO BBIACIUTH
[JIaBHBI KOHTYp, a TOTOM CX€MY YIPOCTUTh IO HNpaBHJIaM JIKBHBAJEHTHOIO IpeodOpa3oBaHHA
CTPYKTYpHBbIX cXxeM. CyThb Takoro mnpeoOpa3oBaHHs COCTOMT B 3aMEHE OTIENIbHBIX TPy 3BEHHEB
SKBHUBAJIEHTHBIM 3BEHOM, IIPEBAPUTEIHHO MOJICYUTAB €ro MeperaTouHyto GyHKIHo0. B koHedyHOM HuTOTe
MHOTOKOHTYpPHasl CHcTeMa IIpeodpa3yercsi B OAHOKOHTYPHYIO.

B nporecce npeoOGpa3oBaHys yCTaHABIMBAETCS TaK)Ke 00Iasi BXOJIHAS U BBIXO/IHAS BEJTUYHHBI.

B uTore nomyyaem 0THOKOHTYPHYIO CUCTEMY C IepelaTOYHON (yHKIUEH:

Ws1(p) = Wi(p) - Wy (p) - W3(p)
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Ws1(p)
1+ Wy (p) - Wa(p)

Wiy (p) =

4 KOHTPOJIBHBIE BOITPOCHI
1. Crpykrypnas cxema ACP
OIHOKOHTYpHBIE CXEMBbI
Mmuorokontypusie ACP

[lepenaTounast GyHKIUS CUCTEMBI

a &~ D

[IpaBuia HKBUBaJIEHTHOTO MPEOOPA30BAHUS CTPYKTYPHBIX CXEM
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JIABOPATOPHASA PABOTA

CHsiTHe KPMBO# pa3roHa 00beKTa YNpaBJIeHHSA U ONpefeieHHe OCHOBHBIX IapaMeTPOB

1 HOEJIb PABOTBI
Hayuutbcs 3xcriepuMeHTaIbHbIM IIyTEM CHUMATh KPUBYIO Pa3roHa U 110 JaHHOM XapaKTEPUCTUKE

OTIPEICIISATH OCHOBHBIC MapaMeTphl: KOAOUIIMEHT 00BEKTA, 3ama3IbIBaHNE, IIOCTOSTHHOE BPEMS.

2 MOPSIJOK BBINIOJIHEHUS PABOTbBI

1. I3y4uTh METOANKY SKCIIEPUMEHTATBLHOTO OMPECIICHUS] KPUBBIX pa3roHa 00BEKTa YIIPABICHUS
Y OTIPEACTUTh KPUBBIC Pa3TOHA IO KaHAIAM PETYJIMPOBAHMS U BOZMYIICHHUS IS CUCTEMBI OTOTUICHHUS.

2. OmnpenenuTh MO KPUBOHM pa3roHa METOJOM rpaguuecKoro MoCTPOSHHsI OCHOBHBIE ITapaMeTphl:
KO3 PUIMEHT 00bEKTA, 3aa3[bIBAHUE, TOCTOSITHHOE BPEMS.

3. Odopmuts 1abopaTopHyo paboTy

4. OTBETUTHh Ha KOHTPOJIbHbBIE BOIIPOCHI

2 METOAUYECKHUE YKA3ZAHUA
H3yyaemblii 00beKT

JlaGopaTopHbIii CTEeH « ABTOMATHU3AIMS CUCTEMBI OTOTIIICHUS.

Pucynok 1 — Texnonoruaeckoe 060pynoBaHKe 1a0OPaTOPHOTO CTEH A

KoHcTpykuus cTenia mo3BoisieT MMUTHPOBATh BECh TEXHOJIOTHYECKHHA MPOIecC padOThl CUCTEMBI
OTOIUICHHUS M O0ECIeYMBAET BHIMIOJHEHUE PEXKHUMOB pPa0OTHI CPEICTB aBTOMATHU3AIMH W TMPOIECCOB
KOHTPOJISI W PETyJUPOBAHUS TEXHOJOTHYECKUX TMapaMeTPOB TaKWX, KaK TeMIeparypa, JIaBlIeHUE
TEIJIOHOCHUTEIS, a TAK)Ke TeMIIepaTypa OKpY>Karollel Cpeibl.

CucreMbl aBTOMATH3AIUH BKIIOYAIOT 000PY/I0OBaHHE:
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1 — naTuuk naBIEHMS TEIJIOHOCUTENS;

2 — IaTYMK TEMIEPaTypbl TENJIOHOCUTEIIS;

3 — IaTYUK TEMIIEPATypPbl OKPYKAIOLIEH Cpelbl;

4 —TIN]] — perynsrop OBEH TPM 210;

S — IepCOHAIbHBIA KOMIIBIOTED.

Hcnonb3ytoTcsi COBPEMEHHBIE CPEICTBA KOHTPOJSI TEXHOJIOIMYECKMX MapaMeTpoB MOTOKAMU
TEIUIOHOCHUTEIIS, CPECTBA COOpa MHPOPMALIMU U YIPABJIECHUS IPOLIECCOM.

[N -perynstop OBEH TPM 210 npeana3HadeH mjis TOYHOTO TOJIEPKAHMUS 3aJaHHBIX
[IapaMeTPOB B Pa3IMYHBIX TEXHOJIOIMUECKUX ITpoueccax. M3mepurens-perynstop OBEH TPM 210 crenna
uMeeT uHTepdeiic CBA3U C IePCOHATBHBIM KOMITBIOTEPOM.

C nomopio KOMIbIOTEpHON nporpaMMel Owen Process Manager ympasieHus U CUCTEMbI cOopa,
00paboTKM TEepBUYHON WH(GOpPMAIMH, TO3BOJISIET ONEPATUBHO KOHTPOJIMPOBATH M 00pabaThIBaTh BCE
MPOTEKAIOIINE TPOLIECCHI, JIENIaTh AaHAIU3 U BHOCUTh HEOOXOMMBIE KOPPEKTHPOBKHU B pabOTy CTEHAA.

5

2 O
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ga\(,‘ °
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1 - manomertp; 2 — TepMOMETp; 3 — IaTUYUK TEMIEpPaTypbl OKpYKarollel cpeapl; 4 — N3MepUTeb-
perymsitop OBEH TPM 210; 5-IIK ¢ nporpammubsiM obecriederrnem Owen Process Manager

PucyHok 2 — CucteMbl KOHTPOJIS M PETYJIMPOBAHUS CUCTEMBI OTOIUIEHUS

KpuBas pa3rona — 370 rpaduK U3MEHEHHS PETYJIMPYEMOM BEIMYMHBI BO BPEMEHH IPHU MOAa4YH
Ha BXOJI 00BbEKTa CKAaYKOOOPa3HOTO BO3MYIIEHUS, paBHOTO enunHmIe (1% Xo/1a peryIupyromero oprana).

Takum 00pa3oM, OCHOBHBIMH IMapaMeTpaMu OOBEKTOB PETYIUPOBAHHS, KOTOPHIE UCIIOJIBb3YIOTCS
IpU pacyeTax HeOOXOIMMOTO 3aKOHA PETYJIUPOBAHUS W MapaMeTPOB HACTPOWKH PETyJsTOpa SBISIOTCS:
kodpuuuent nepenaun Kp, nocrosunas Bpemenu ToO 1 Bpems 3ama3/ibIBaHus T.

ITocTpoeHne KPUBOM Pa3roHa MO KAHAJIY peryJMpoBaHHs

1. 3amaem cTyneH4yaroe u3MeHeHHEe Xper, JKIEM, KOTIa 00beKT cTabumusupyercst (Xeux(t)=CONSt).
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2. OT MOMeEHTa 33/1aHuUs BO3MYILEHHS 10 MOMEHTA CTA0MIIN3aLMH [0 BBIXOAHOMY KaHaTy CTPOUM

KPHUBYIO Pa3roHa.

KpHBaH pa3rona ¢ 0003HAYEHUAMHU mapamMeTrpon KpHBOﬁ

X

y i i X (00)

Kob

Ay
t,c X -
st (0) <T Tob te
t0 to -
Pucynok 1la — I'paduk ckaukoobpazHoro Pucynok 16 — I'paduk usMeHeHus peryiupyemMoit
€IMHUYHOI0 BO3MYILCHUS BEJIMYMHBI [10]] IEUCTBUEM BO3MYLICHUS

Pucynox 1 — KpuBas pasrona s cTaTu4ecKux 00beKTOB

Ha pucynke 1 mpexacraieHa tumoBas (opMa KpUBOH pa3roHa Ui CTaTUYECKUX OOBEKTOB U
MoKa3aHa METOJIMKA ONpPEICICHHS apaMeTPOB 00BEKTa PETyINPOBAHHUSL.

[Tocne mocTpoeHus Mo KPUBOM pa3roHa HEOOXOAUMO HANUTH:

- 100 (C) — BpeMs 3ama3/IbIBaHus — OTPE30K BPEMEHU OT MOMEHTa BBEJIeHMs Bo3myIeHus t0 10
TOYKH TIEPECEUCHUs] KAcaTeNbHOH C JIMHWEH HavalbHOTO YCTAHOBHBILIETOCS 3HAYEHUS PETyIUPyeMOi
BEJIMYHHBI;

- ToO (c) — mocTosiHHAs BpEMEHU — OTPE30K BPEMEHHU, OTCEKAeMbIi KacaTeJIbHONH OT Ha4aJIbHOIO
710 KOHEYHOTO YCTAaHOBUBIIIETOCS 3HAUEHUS PETYIINPYEMOI BETMIHUHEI,

- Kob6 — koadunmenT nepenaun o0beKTa — BEJIMYMHA OTKIOHEHUS PEryIMpyeMOl BETUYHHBI B
npolecce CaMOBBIPABHUBAHUS MPU BO3MYILEHUH, paBHOM efauHuLE (1% Xo1a peryupyomiero oprata);

- 106/ To0 — cTeneHb MHEPLIMOHHOCTH.

4 KOHTPOJIbHBIE BOITPOCHI

1. KpuBas pasrona.

2. Jlunamuyeckue XapakTepUCTUKU OOBEKTa YIpPaBICHMS: 3ala3/IbIBaHUE, CAMOBBIpAaBHUBAHHE,
€MKOCTh, HHEPIIMOHHOCTb.

3. OcHOBHBIE MTapaMeTpbl: KOAPPUIMEHT 00BEKTA, 3ama3AbIBaHHE, IIOCTOSTHHOE BPEMsI, CTETICHb

HWHCPIUOHHOCTHU.
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ITPAKTUYECKAS PABOTA

IIpaBu/a 3KBHBAJIEeHTHOT0 IPe0OPA30BAHMSA CJIOKHBIX CHCTEM YNPaBJIEHUS

1 IEJb PABOTbBI
Hayuntbcs onpenensaTs neperaToyHyio (yHKIIMIO MHOTOKOHTYPHOW CHCTEMbI aBTOMATHYECKOTO

PEryJIUpOBaHUS U YIPABICHUS.

2 HOPSAJOK BBIIIOJIHEHUSA PABOTbBI

1. IIpeoGpa3oBaTh MHOTOKOHTYPHYIO CHUCTEMY B OJHOKOHTYPHYIO METOAOM SKBHBAJICHTHOTO
peoOpa30BaHUs CTPYKTYPHBIX CXEM.

2. OnpenenuTh NepeaaToOYHy o (PyHKIIMIO MHOTOKOHTYPHOH CHCTEMBI.

3. OpopMHTH IPAKTUIECKYIO paboTYy.

4. OTBETUTHh Ha KOHTPOJIbHBIE BOIPOCHI.

3 METOAUYECKHUE YKA3AHUSA

OQHOKOHTYPHBIMH Ha3bIBAIOTCS TAKUE CUCTEMBI, B KOTOPBHIX 3BEHbSI COEIUHEHBI MEXYy CO00I
CBA3SIMM, OOpa3yroIIMMU TOJIbKO OAMH KOHTYp. OHM HMMEIOT TOJBKO OJHY TIJIaBHYIO OTPULATEIIbHYIO
00paTHYIO CBS3b.

B Takux cuctemax cUrHall IpOXOAMT YE€PE3 BCE 3BEHbsI M BO3BPALIAECTCA B Ty K€ TOUKY 10 OJTHOMY
MyTH. DTO MPOCTEHUILINE CUCTEMBI JUIsl PErYJIUPOBAaHUS OJHOTO MapaMeTpa, TaK Ha3bIBaeMbl€ JIOKAJIbHBIE
CUCTEMBI.

Cuctemsbl, B KOTOPBIX UMEETCSl HE TOJIBKO IJIaBHAsi 0OpaTHast CBSA3b, HO U JIOTIOJHUTEINIbHBIE CBSI3U
(mpsimble ¥ 0OpaTHbIE) Ha3bIBAIOTCSI MHOTOKOHTYPHBIMH.

VYcnoxnenne coBpeMeHHbIX ACP mpousBomutcss mytem mnpeoOpa3oBaHUS OJHOKOHTYPHBIX
CHUCTEM B MHOTOKOHTYPHBIE C IOMOIIBIO MOAKIIOUEHUS JOTIOTHUTEIbHBIX TaTYMKOB, BHEIIHUX OOPaTHBIX

CBHSCﬁ, KOPPCKTUPYIOMIUX CUTHAJIOB.

X
w, " W, 4

=X
A 4

W, I€

Pucynok 1 — CtpykrypHas cxema MHOTOKOHTYPHOM CUCTEMBI

Jlyis moyydeHus TMepelnaTodyHol (YHKIMM TaKOW CIOXHOW CHUCTEMBI HEOOXOTUMO BBIJACIUTH

IJIaBHBI KOHTYp, a IOTOM CX€My YIPOCTUTh IO NpaBHJIaM JIKBHBAJEHTHOIO0 IpeoOpa3oBaHHA
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CTPYKTYpHBIX cxeM. CyThb Takoro mnpeoOpa3oBaHHs COCTOMT B 3aMEHE OTICNIBHBIX TPYII 3BCHHEB

SKBHUBAJIEHTHBIM 3BEHOM, IIPEIBAPUTEIHHO MOJCUUTAB €ro MepenaTouHyo GpyHkuuoo. B koHeyHOM HTOTE

MHOTOKOHTYpHasl cucTeMa peodpa3yeTcsi B OJHOKOHTYPHYIO.

B nporecce npeoOpa3oBaHysl yCTaHABIMBACTCS TaK)Ke 0OIasi BXOIHAS U BBIXO/IHAS BETUYHHBI.

B uTore momyyaem 0THOKOHTYPHYIO CUCTEMY C TepelaTOYHON (PyHKIMEH:

W51 (p) = Wi (p) - Wa(p) - Ws(p)

Ws1(p)
1+ Ws(p) - Wa(p)

Wy, (p) =

4 KOHTPOJIBHBIE BOITPOCHI

1.

Crpyxkrypnas cxema ACP

2. OJTHOKOHTYPHBIE CXEMBI
3. Muorokontypusie ACP
4.
5

[lepenarounast GyHKINSI CHCTEMBI

. [IpaBuia >KBUBaJICHTHOTO MPE0OPa30BaHUs CTPYKTYPHBIX CXEM
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INPAKTUYECKASA PABOTA

HNuTepdeiic 1 NPpUHUMIIBI MOCTPOEHUS MOJeJieil B MIPOrpaMMHOM KoMIuiekce «MBTY»

1 HEJIb PABOTBI
3HaKOMCTBO C TMpPHHLOUIAMH TOCTpoeHHus wmoxenei, ¢ wuntepdetricom IIK «MBTVY» u

HpI/IO6peTeHI/IC OJIEMCHTAPHBIX HABBIKOB pa6OTBI C HUM.

2 MOPAJOK BBIIIOJIHEHUS PABOTbI

1. O3HaKOMUTBCSI C OCHOBHOM IAHEJIBIO IPOTPAMMBI.

2. VI3yunTh OCHOBHBIE 3JIEMEHTHI, [I03BOJIAIOLINE CO3/1aBaTh MOJEIb U YIIPABIIATH €10.
3. Co3path U uccie0BaTh NPOCTEHIINE BUPTYaJIbHbIE MOJIEIH.

4. OpopMHTH IPAKTUIECKYIO paboTYy.
5

. OTBETUTb Ha KOHTPOJIbHBIE BOIIPOCHI.

3 METOANYECKHUE YKA3ZAHUA

3.1 Hpunuunst mogeaupoBanus B [IK «MBTY»

[Tpunuun monenuposanus B [IK "MBTVY" cocTouT B co31aHuu U MCCI€A0BaHUN BUPTYaJbHOTO
aHaJora peajibHol cucTeMbl — Moieu. Mojienb QyHKIIMOHUPYET B COOTBETCTBUHU C TEMH K€ ypPaBHEHUSMU,
4TO U MoJienupyemas cucteMa. [lpu MozenupoBanuu He 0053aTeNbHO 3aUChIBATh 3T YPAaBHEHUS B SIBHOM
BUJE, 00 3TOM 1M03ab0TUTCS mporpamma. Mojieiab COCTaBiII€TCs MOJIb30BAaTEIEM B CHEIUAIBHOM OKHE
IIPOrpaMMbl COETMHEHUEM OT/EIbHBIX BUPTYaJbHBIX OJIOKOB, COOTBETCTBYIOUIMX 3JIEMEHTAM pPEaJbHOU
CHUCTEMBI.

BuptyanbHble 010KH YCIIOBHO BHEILIHE MPEACTABIAIOTCA Ha pabodyeM NMPOCTPAHCTBE OKHA MOJIENTH
MPSIMOYTOJIbHUKAMHU, T.€. OHU BUJAMMBI UCCIIEIOBATEII0, UMEIOT BXO/IbI ¥ (MJIN) BBIXOJIbI U PYHKIIMOHUPYIOT
B COOTBETCTBHHU C OIIPEICTICHHBIMU YPAaBHEHUSMHU, aJITOPUTM PELICHHUS KOTOPBIX peannu3yercs B HIUPPOBOM
Buje. [lox pyHKIIMOHMpPOBaHMEM BUPTYAJIbHOTO OJI0Ka TIOHUMAETCS TO, UTO OH PearnupyeT Ha BUPTyaJIbHbIE
BO37CUCTBUS ((YHKLIMU BpPEMEHH), IOJaBaeMble IPYyrMMH OJOKAMH Ha €ro BXOJ, OMNpeeNeHHBIM
M3MEHEHHUEM BEJIMUYMHBI BBIXOJHOTO CUTHANIA.

BsaumopeiictBue Mexay OJIokaMu YCIOBHO OTOOpaxkaeTcss Ha paboueM MpOCTPAHCTBE OKHA
MOJIENIM B BUJE COeNUHUTENLHBIX THHUN. Coequunrensuble TMHUH B ITK « MBTVY ), Kak v OJI0KH, SIBJISIOTCS
OJIHOHAINPABJICHHBIMH, MEPEJAIOT BUPTyaJIbHbIE BO3IECHCTBHS TOJBKO B OJHOM HampasiieHuu. pyrumu
CJIOBaMH, OCTeTyIoIIue OJOKH U 3BE€HbsI HE BIUSIOT Ha paboTy mpeablayuX. s Moienu 3JeKTpuIecKoi
L[eNY, HampuMep, 3TO O3HAYaeT, YTO BBIXOJHOE CONPOTUBIEHHE MPEbIIyIIero OJoKa 3HAYUTEIbHO

MEHBIIIE BXOJIHOTO COMPOTHUBIIEHUS Tochenyroniero 0goka. CUrHambl, TEHCTBYIOIMIME B MOJICIH MOXKHO
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HAONlO/IaTh W PETUCTPUPOBATh BUPTYAIBHBIMH HWHAWKAaTopamu. J[list 3TOro mporpamMma co3gaer
creluaibHble OKHA C BPEMEHHBIMH, YaCTOTHBIMU I'padrkamu, (ha30BbIMU HOPTPETAMH U JIp.

[TapameTpsl U XapaKTEPUCTUKH OJIOKOB, KaK U CTPYKTYPY CXEMbI MOJIEIIH, UCCIIEOBATENb MOKET
n3MeHATh. IIporpamma npegocTaBiasieT BO3MOXKHOCTb BBIUHMCITH PA3JUYHBIE XapPAKTEPUCTHKH
MMOCTPOCHHBIX MOJENICH, B YaCTHOCTH aMILIUTYHO-4aCTOTHBIC, aHAIU3UPYS KOTOPBIE MOXKHO TITyOOKO
M3Y4YUTh CBOMCTBA MOJEIH, &, CIIEI0BATEIbHO, U MOJAEIUPYEMOM PEATbHONU CUCTEMBI.

Moguens [TIK «k MBTVY» MokeT ObITh COXpaHEHa B BUJIE OTACIBHOTO daiiiia u, Tpu HeOOXOAMMOCTH,
OTKpPBITA BHOBb.

3.2 Unrepdeiic IIK «MBTY»

HuTepdeiic mporpaMMbl 3T0 COBOKYITHOCTH CPECTB, MO3BOJISIOLINX YEIIOBEKY OOIIATHCS C HEM:

- BBOJUTH U NOJIy4YaTh JAHHbIE,

- TI0JaBaTh YNPABIIAIONINE BO3ACHCTBUSA U HAOIIOAATh PEAKIIMIO HA HUX ITPOTPAMMBI,

- KOHTPOJIUPOBATH XO/JI €€ BBIIIOJHECHUS U T.II.

[Iporpammusbiii  komruiekc «MBTVY» wucnonws3dyer pas3BuToil rpadudeckuii  uHTepdeiic,
MO3BOJISIIOIIMA OCHOBHYIO 4YacTh CO3/aHMSI MOJEIM BBINOJHUTH C TOMOULIBIO MBIIIM, a IapaMeTpbl
3JIeMEHTOB BBecTH ¢ kiaBuarypbl. MaTepdeiic [IK «MBTY» cocTouT M3 OCHOBHOW maHenu (TJIaBHOTO
OKHA), MMCIOUIEH MEHI0O U PsAJl KHOIMOK YMPAaBIICHUS, BOCIPUHUMAIOIIUX IIETYKA KOIMOK MBIIIH, U
COBOKYITHOCTH OKOH, B KOTOPBIX CTPOUTCSI MOZIENb U HAOIIOJAI0TCS pe3yIbTaThl €€ paboThl.

OcHOBHas naHeb — IJ1aBHOE OKHO MPOrpaMMBbl, MOSBIIAIONIEECS B BEPXHEH YaCTH SKpaHa Mociie

3amycka [IK «MBTVY» (pucynok 1).

=% MBETY - MopenMpoBaHHe B TEXHWYECKHX yocTpodcTEax [Jrpanwyennan) [ - |Of =] |
FPaiin Onuvd  CTvne  Mopenupoeadye  OoTukmzaumdA AHands  Cudrmes  OkHa 7

| P || %% B EF 2 Ee S 2 B
EHCTD”HHKHEIlQaHHblel Dnenauwul BEKTDDHI:IEI CyacTRYETYDE I I HenHHeHHblel Knh:u'-lul J'Iu:urmecll_’l

ok o EH OH KO K R

Brigenens! kHomnka [lyck (IIpomomkuth pacueT) u Tpu BaxkHbIX BkiIagaku [lanuTpel ¢ Habopamu

DIIEMEHTOB (BUPTYAIbHBIX OJIOKOB), KOTOpbIE OYAYT HCIONH30BATHCS MPH MOJCIHPOBAHUU:
Hcrounnku curHanoB (Te€HEpaTopbl) — BKJIaJKa OTKpbITa, JlaHHBIe (MHANKATOPBI W
peructparopsl) 1 JAnHamudeckue 6J10Ku (AIEMEHTHI TUHEHHBIX CUCTEM U CHCTEM B I1€JIOM)

Pucynok 1 - OcnoBnas nanens [IK «MBTVY»

BepxHss yacTh TJIaBHOTO OKHa — MaHeNlb ympaBieHus. OHa COAEPNKUT MEHI0 U KHONKHU
yIpaBjeHus1 U HacTpoiiku. HrokHsis 9acTh TiiaBHOTO OKHA - 3T0 IlaguTpa 6510K0B — CTPYKTypHUpPOBAaHHBIN
HabOp BKJIAJIOK, COAEPKAIIUX 00pa3Ibl MOJIENEH Pa3IMYHBIX JIEMEHTOB, KOTOPbIE MOTYT OBITH BEIHECEHBI

B OKHO Mojenu (cxeMHoe OKHO). [Ipu HeoOXoammMocTH majuTpa OJIOKOB MOXET OBITh NMEPEHECeHa Ha
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Jpyroe MECTO WM BOBCE y/JajieHa C IKpaHa JJIsl OCBOOOKICHUS MECTa JJIsi CXEeMbl MOJICNH, UHANKATOPOB
u 1p. Ha pucynke 1 BbleneHbl TpU BaKHBIX Ha0Opa 3JIeMEHTapHBIX OJIOKOB: FreHepaTOpbl, UHIUKATOPHI U
MOJIETIN JINHEHHBIX 3JIEMEHTOB, KOTOPbIE MO3BOJISIIOT CTPOUTH MOJENN JUHEWHBIX CUCTEM M OOBEKTOB U
OyayT monpoOHee paccMOTPEHbI HIbKe. KHONMKM B mMpaBoil BEepXHEW YACTU MAIUTPHl MO3BOJSIOT
MPOCMaTPpUBAaTh W JPYTHE BKJIAIKH, ¢ HAOOpaMuU COOTBETCTBYIOIIMX OJIOKOB, B YAaCTHOCTH, BKJIAQJKY
AHUMaNus.

3.3 OcHOBHBIE YJIeMEHThI MOJEIHN

I'enepamopul cucnanos

['eHepaTOphl CUTHAJIOB pa3MeIleHbl Ha BKJIaJKe MICTOUHMKU OCHOBHOM MaHe I (PUCYHOK 2):

MeTaunukm | Datreie | Onepaw | Bextoprse | Cutictoykrypsr | Ounarimeckue | Hemvneiree | Eoow | J'Il:uquecLI_’I
1 I

DE < @ "T| | EI Bnpaeo

= CTuneneral

PI/ICYHOK 2 - Yactb Ha60pa BUPTYAJIbHBIX I'CHCPATOPOB, UMCIOIIUXCA HA BKIIAAKE HceTouHuknm.
BaxXHBIMH MCTOYHHMKAMM CHUTHAJIOB SIBIISIOTCS re’HepaTropnl CTYIICHYATOro U CHMHYCOUOAJIBHOI'O

curHasnoB. KHomnka co crpenkoit BripaBo no3BosisieT NOCMOTPETh U APYIMe HCTOYHUKH CUTHAJIOB

Dnemenmul TUHEUHbIX cucmem
brnoku, Momenupyroiue SJIEMEHTHl JTUHEHHBIX CHUCTEM H OOBEKTOB PA3IUYHOU CIOKHOCTH

MOMEIIEHbI Ha BKJIajike JlmHaMudeckue (pUCYHOK 3):

HCTEI'-IHHKHI .ﬂaHHbIEI Elnel:uau.uul BEKTEIDHI:-IEI CyfcTpukTypkl  AMHEMUYECKHE | HEJ’IHHEI:'IHI:-IEI Knn:u'-ml ﬂnruuetﬂ_"l
{ =Tl ‘=m+BL
[% =0l =Cac+0y

PI/ICYHOK 3 - Ha BKJIaIKE IlI/IHaMI/I'—IECKI/Ie OJI0KU INOMCIICHBI 06pa3u51 MOJEIeH SIEMEHTOB

Y] K [ K k3 Tis+1 '
L= T-5+1 [TE5E+ 2Bl TS+ 1 Tes+ 1

JTUHEWHBIX cucTeM. Jlyis Havanma, oOpaTMM BHUMAaHHME Ha HWHTErPaToOp, arnepuogUYecKoe U

KoJieOaTeIbHOE 3BEHDBSA

Huoukamopul u pecucmpamopwi

| Elnepau.HHI BEKTEIDHI:-IEI EqﬁCTDHKTLIDbII .ﬂHHaMH'-IEDKHEI HEJ‘IHHEFiHbIEI Knh:ul-lwl J'I-:urw-aecll_"l

ool | [0 EE|

HOM rpadr,

Pucynok 4 - Baxxublit peructpatop — BUpTyaibHbIH ociiuiuiorpad (6ox Bpemennoit rpaduk)

[Ipumeuanue: mporpaMma TO3BOJSET CO3/JaBaTh W COOCTBEHHBIE BapUAHTHI WHIUKATOPOB C
MOMOIIBIO HHCTPYMEHTOB, PACIO0KEHHBIX Ha BKIaaKe AHMMAaNus (B npaBoii yactu [aaurpsi).
Coedunumenvuvie TUHUU
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CoenvHUTENbHBIC JIMHUU TIO3BOJSIIOT OTOOpPa3WTh B3aMMOACHCTBHE MEXKIy OTICITHHBIMU
sneMeHTamu peanbHO cuctembl. B IIK «MBTVY» coeaumHuTeNbHbIE JTUHUUA OJHOHAMNPABJICHHBIC: OHHU
MepearoT BUPTYyaIbHbIE CUTHAJIBI C BBIXOJIOB OJIOKOB HA WX BXOJbl. DTO 03HAYAET, YTO B MOJACIIUPYEMBIX
CUCTEeMaXx MOCIEAYIoNUe OJIOKH HE JOJKHBI BIUATH HA paboTy mpeapaynmx 010koB. Takoe TpeboBaHue
CJIEyeT BBIMIOJHUTH MPH COCTABICHUHM (PYHKIIMOHATHHONW CXEMBI MOJCITHUPYEMOW CHCTEMBI, TOJIKHBIM
oOpazoM BbLIEIAS €€ (YHKIIMOHAJIbHBIC 3JEMEHTHI. JIMHUM MPOBOAATCS OT OJHOTO OJIOKa MOJETH K
JPYroMy C TIOMOIIbI0 MbImHU. [IpuMep coeaMHUTENBHBIX JUHUNH MOXHO BHJIETh B JICBOM HM)KHEM OKHE
MOJIEJIH PUCYHOK O.

3.4 IIpocTas Moeb

Ha pucynke 5 nmoka3ana npocTast MOJIeJIb, COCTOSIIAs BCETO U3 OJTHOTO OJI0Ka — alepruoIMYECKOTro
3B€Ha M PE3yJbTaThl €ro HCCIENIOBAaHUS, COCTOSIBIIETO B ONPEICICHMM pEaKlUd STOr0 3BEHa Ha

CTyIIeHUYaTOE BO3JICHCTBHE, TaK HA3bIBAEMOW MEPEXOIHON (YHKIIUH.

¥ METY - Monen4poEaHHE B TEXHHYECKHX YCTpoAcTeax [OrpaduuenHan) -
Paiin Onuvd  CIvne  MopeaupoEadue  OordruzaumA AHanws  Cudres  OkHa 7

njeee | f | %% %Y BN [ B F
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Pucynok 5 - Onpenenenue nepexoqHol (QpyHKIMK aneproJudecKkoro 3BeHa. Ha nmeBoe HibkHee
OKHO MOJIENIM BBIHECEHbl TE€HEpPaTop CTYNEHYaTOro CHUrHajga, amnepuoJUYEcKOe 3BEHO,
ocrmutorpad u coenuHeHs! ApyT ¢ aApyrom. [lpu 3amycke Mozaenu, HaxxaTueM Ha KHOMKY Ilyck
(TIpomomxute pacuer CTRL+ F9) - Gerymmii uenoBeuek, Ha ocIpuiorpade mossisieTcst rpaduk

pCaKknuu 3B€HA Ha CTYIICHYATOC BO3JCUCTBUE — €TI0 NEepexoJHasA (I)YHKLII/IH

BuptyaneHblil reHEpAaTOp B HYJEBOM MOMEHT BPEMEHHM ITOAAET HA BXOJ all€PHOJNYECKOIO 3BEHA
CTYIIEHYAaTOE €AWHWYHOE BO3JCHCTBHE, HA KOTOPOE 3BEHO OTKIMKAETCS BCE 3aMEUIAIOIIMMCA POCTOM
BBIXOJIHOTO CHUTHaja. BUpTyanbHbIi ocruniorpad mo3BojsieT YBUAECTh U3MEHEHHE BBIXOJHOTO CHTHANA

3BCHA C TCYCHUCM BPpCMCHU U ITPOAHAJIU3UPOBATH CTO.
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3.5. [osicHAOLINE HAANUCH.

ConpoBosk/ieHne MOJENU MOSCHSIOIMIMMH HAIAMUCSIMH IMO3BOJISIET OOJErYuTh €€ BOCHPUSITHE U
paboty ¢ Hel. B mosicHeHNM HY>KHO yKa3aTh KTO, KOTJa U Kakyto Mozenb co3aain. B ITK «MBTVY» moxHo
CO3/1aBaTh TOSCHEHHUsS JBYX BHUIOB: 3aMETKy, TEKCT KOTOpOH BHJIEH BMecTe ¢ OJIoKaMu MOJETH U
KOMMEHTApUid, TEKCT KOTOPOTO OTKPHIBACTCS B OTICIHHOM OKHE, NpU JBYKPATHOM MICTYKE IO
KBaJpaTHOMY OJIOKY CO 3HaKOM Bompoca. bioku 3ameTku (6e3 0003HaueHUs) 1 KOMMEHTapus (KBaapar co

3HAKOM BOITPOCA) «3aTEePSUTHCh)» B paBoi yacTu BKiIaaAku CyOCTpYKTYphI (PUCYHOK 6):

HCTD'-IHHKHI .[I.aHHt.lel Elnel:uau.HHI BerTopHee  COCTDYRTYPEI | .ﬂHHaMH'—IECKHEI HEJ‘IHHEI:IHI:-IEI Knn:u'-ml J'Iu:urHuecLI_’I
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Pucynok 6 - Biiokn 3amMeTka 1 KOMMEHTapuil BEIHOCSATCS Ha pabodee MPOCTPAHCTBO OKHA

Mozenu ¢ Bkiiaaku CyOocTpykTypsl. BHH3y moka3aHO OKHO MPOCMOTPA U PEAaKTUPOBAHUS

KOMMCHTAapus

4 UHAUBUAYAJIBHOE 3AIAHUE

4.1. 3anyck nporpaMmsl

3amycTuTh nporpaMMHsbIi KoMiieke « MBTY)» 1BOMHBIM I1eTYKOM IO MKOHKE Ha paboueM cTole,

niu Ilyck — Ilporpammer — MBTY 3.0 — MBTYVY 3.0. B BepxHeil yacTu 3KpaHa MOSIBUTCS OCHOBHOE OKHO

IMIK "MBTYVY" (pucyHok 1).
4.2 UccaenoBanue anepuoanveckoro 3peHa

HccnenoBathb arepuoanuvICCKOC 3BCHO, ITOCTPOUB MOJCIIb PUCYHOK 5. I[J'ISI 9TOI0:

1) Coz0amo HosbILL npoexkm:

Bri6patrs B rmaBHoM meHto @aiia -> Co3aaTh WK HIEIKHYTHh 10 COOTBETCTBYIOIICH MKOHKE
OCHOBHOM MmaHeNu (PUCYHOK 7).
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% MBETY - MopenMpoBaHKHe B TEXHHYECKMX YcTpoRcTBax [Drpanwuednasn)
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Pucynok 7 - OkHO MoOzenu HOBOTO MPOEKTa, 3allycKkaeMoro KHOmkou HoBbIN, ¥ BbIHECEHUE

reHepaTopa CTYNEHYATOr0 CUTHAIA Ha pabouee MPOCTPAHCTBO OKHA

2) ITocmpoumsv mooens

[Tomectuts Ha paboudee MPOCTPAHCTBO OKHA MOJIENIN OJIOKM IFeHepaTopa CTyIeH4YaToro CUrHaia ¢
BKJIaJku McTOUYHMKH, anieproANYecKoro 3BeHa ¢ BkiIaaku Junamuyeckue, ociiorpada (Bpemennoit
rpaduk) ¢ Bkaaaku Janusie. {71 noMerieHus 610ka cieayeT HIeTKHYTh 10 €ro 0003Ha4eHHUI0 Ha BKIIAJIKe
HAJIUTPBI, IEPEHECTH Kypcop Ha HYKHOE MECTO pabovero NpocTpaHCTBAa OKHA MOJIENIM U BHOBb IIEIKHYTh
JIEBOM KHOIIKOH.

BoeipoBHATH pacnonoxeHue O010koB U coenuHuTh uX. CoenuHeHwe OJIOKOB Tpedyer
OIpeJIeIEeHHONW CHOPOBKM M HaBbIKA. [l COeAMHEHUS HY KHO ILIEJIKaTh Ha BBIXOZE OJHOTO 0JI0Ka, Kypcop
IIPUHMMAET BUJ NPUIIENA, U NIPU OTHMYLIEHHOH KHOIIKE MBIIIN MEPEMEIIaTh Kypcop K BXOAY JIpPYyroro
0J10Ka, TJIe BHOBB IIENKATh JI€BOM KHOMKOU (pucyHoK 8). Ecnu coenuuuTenbHas TUHUS HE yJanack, TO €€

MOKHO YJQJIUTh, IIETKHYB MO HEll MpaBoil KiIaBHILIEH U BHIOpaB MyHKT MEHIO ¥YAAJUTH JUHUIO B CBSA3H.
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S MBTY - MoaeaMpOEaHHE B TEXHWYECKHX YoTpofAcTEax [OrpaHyuenHan)
Palin Onudk  Crune  Mogenupoeadke  OoTueuzauda AHanws  Cuemes  Okeda
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Pucynok 8 - Pa3memienue OJIOKOB B OKHE MOJAEIU W COenuHEHWE MX. JlJIT MPHUOCTaHOBKH
aHUMAIMH CJIeAyeT MENKHYTh 1o KHomke Ctonm Opaysepa, a JJIss MPOJIOJDKEHHUS — TI0 KHOIKE

OOHOBUTH

JBak bl WENKHYTH 10 670Ky ocumimorpada (I'paduk), ero mosiBuBIIeeCs OKHO IEPEMECTUTH HA

CBOOO/IHOE MECTO BIIPABO ¥ MOIPABHSATH Pa3Mephl U PaCIoOKEeHUEe OKOH (PUCYHOK 9).

“SMBTY - MonenupoEaHMe B TEXHMYECKMY YcTpoficTeax [OrpaHueHHan] =oj =] |
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Pucynok 9 - Pazmenienne okHa BUPTYyaIbHOTO OCITMILTOTpada
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3) 3aoanue ceoticms b6r0Ka anepuoOuuecKo2o 36eHa

Hanomuum, 4to nepenatoynasi pyHKIMs anepuoJu4ecKoro 3BeHa UMeeT BU/:

k
W) = Tp+1

rae K — koaddunuent ycuaeHus 3BeHa;
T — mocrositHHAs BpeMEHU 3BEHA.
[enxkHyTh MpaBoO KJIABUIIEH 1O aepUOAUYECKOMY 3BEHY B OKHE MOJIEIH, B TOSABUBIIEMCS
MeHIo BEIOpaTh CBoliCTBa. B mosiBUBIIEMCst OKHE BBECTH 3HaUCHUE KO3 PUITMeHTa ycriieHus 2.3 u

3Ha4YCHHUE MOCTOSIHHON BpeMeHu 3BeHa 0.9 cex (pucynok 10).

8% C:\Program Files\MBTY 3.0%Proj... =N E3
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=
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CEOMCTEa OFBEKTOR

[
T-5 +1
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Pucynox 10 - 3amanme koodduumeHTa yCHICHHS W TIOCTOSHHOW BPEMEHH HCCIIETyeMOTO

anepuoaANYECKOT0 3BEHA

[I{enxknyTs 110 KkHOMKE [a.

4) 3anyck npoepammvl Ha cuem.

[lenkayts 1o kHOmke Ilyck (Ilpomomxute pacuer Ctrl+F9) ¢ um3oOpaxkeHuem Oeryiiero
YeJI0BeYKa Ha OCHOBHOM MaHenu (pucyHok 9). MonenupoBaHue 3ayIeHo.

Ha Bxon anepuoanueckoro 3BeHa OyAeT MOoJaH CTYNEeHYaThId BUPTYyaJIbHBIN CUTHAJ, HA KOTOPBIH
OJIOK OTpearupyeT IIOCTENEHHbIM, Bce 0oyiee MeEIJICHHBIM BO3pAacTaHUEM CHUTHajla [0 €ro
yCTaHaBJIMBAOIIErocs 3HaueHus. OTMETUM, YTO MOSBUTCS OKHO C MyTAIOIIUM MPEAYNPEXKICHHUEM O TOM,

YTO 3aJJaHHAas TOYHOCTh He obecneunBaeTcs. Ho 3To npenynpexaeHre OTHOCUTCS TOJIBKO K IEPBOMY ILIary
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UHTETPUPOBAHUS, ITIOATOMY €r0 OKHO CIEAYEeT MPOCTO 3aKPbITh M MOKHO aHAJIM3UPOBAThH MOIYUYEHHYIO
MEPEXOAHYIO XapaKTEPUCTUKY (PHCYHOK 5).
5) Uccreoosanue ceoticms anepuoouuecko2o 36eHa
[lepexoanas GyHKIMS alepUOJUUECKOTO 3BE€HA UMEET BHL:
h(t) = k(1 —e /1)

OOpatuM BHHMaHUE, 4TO MepexojHas GyHKIUS anepruoJAUYecKOro 3BeHa ¢ TEUEHUEM BPEMEHU
CTPEMUTCS K 3HAUCHHUIO ero Ko3(puIrenTa ycuaeHus, a KacareabHasi, IpOBe/IeHHAs! B HYJIEBOH MOMEHT
BPEMEHM K KpHUBOW IEPEXOJHOrO IPOLIECCa, MEPECEKAET YPOBEHb CTAOMIM3alMU CUTHAlIa B MOMEHT
BPEMEHMU, PABHBIN IOCTOSHHON BPEMEHH 3BEHA. JTO NIO3BOJISIET ONIPEIEIISITh HapaMeTPhbl AlIEPUOIUIECKOTO
3BEHA 10 er0 U3BECTHOU MEPEXOTHON XapaKTEPUCTHKE.

[TpoBepbTe 3TO yTBEpXk)ACHHUE, MEHsA KOI(DPHUIMEHT yCHIIEHUS U MOCTOSHHYIO BPEMEHH 3BEHA.
Pe3synpTaThl IpoBepKu CrpynnupynTe B TaOIuIIe.

Ecnu y Bac eme octanoch BpeMs, LIEIKHUTE IPABOM KHOMKOW 1O rpauKy, B BbIIABIIEM MEHIO
BbIOepeTe CBOMCTBAa M TMOIKCIEPUMEHTHPYHTE ¢ HUMHU: JalTe CoOJep)KaTelibHOE Ha3BaHUE TpaduKy:
IlepexonHasi XxapakTepUCTHUKA, U3MEHUTE I[BET U TOJIIMHY JMHUU rpaduka, Ha3BaHUE TIEPEMEHHOM 10
OCH OpJMHAT 3aMEHUTE Ha Ooiiee cofepkarenbHoe: BoIxogHol curnaJ (Mexay ciioBaMu HaxkaTth Enter).

lenkauTe mMpaBod KHOMKOW MO OJOKY ocumiuiorpada B OKHE MOJENH, B BBIIABIIEM MEHIO
BblOepere CBoiicTBa, B MOSBUBIIEMCS] OKHE nepeiauTe Ha Bkianaky OOmue u 3agaiiTe B HUKHEM OKHE
3aroJoBOK (Ha3zBaHue) 61oka: Ocuniorpad, KOTOpbIH MOSBUTCS MO/ OJI0KOM IpPH IETYKe Mo KHomke Jla.

4.3 CoxpaHeHuHe NPOEKTa

B mento daiia BeiOpath COXpaHUTH KaK, B NOSIBUBIIEMCS OKHE yKa3aTh MyTh K CBOEH JIMYHON
narke u, Ha3BaB Mpoekt Perech_Ap_Zv.mrj, coxpaHuTh ero.

Kpome cobcTBEHHO poeKTa MOJIE3HO COXPAHATh U CHUMKH 9KpaHa, C TeM, YTOObI PUKIAIbIBATh
ux K ordery. Jlyig moiydeHHs] CHUMKa cieayeT Haxarh KiaBuily Print Screen kiaBuaTypsbl, 3alyCTHTb
nporpammy Paint (ITyck — Ilporpammer — Cranmaptaeie - Paint) u B mento [IpaBka BeiOpath BeraButh.

[TomyyeHHBI CHUMOK ClIeyeT aKKypaTHO 00pe3aTh U COXPAaHUTh B JTMYHOH IaIlKe.

5 KOHTPOJIBHBIE BOITPOCHI

[Tosicante npunmn nocrpoenust Mmoaenu B [IK «MBTVY».

HazoBute ocHOBHBIE 251eMeHTHI I1aBHOTO OKkHa [TK «MBTVY».

Hazosure ocnoBHble Bkiaaku [Tamutpsl 610koB [TK «MBTVY».

Kak 3anmyctuts HOBBIN IpOeKT? Kak OTKpPBITh CO3AaHHYIO pPAHEE MOJEINb?
Kax BbiHecTH 6510k Ha paboyee IpOCTPaHCTBO OKHA MOJIETTH ?

Kak coequHUTH BBIXOJ OJHOTO OJIOKA U BXOJ Ipyroro?

N o a s~ wDh e

Kakas nepegarounast pyHKIUS y allepuOJHMUECKOTO 3BeHa?
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INPAKTUYECKASA PABOTA

MOI[CJII/IPOBZIHHC MEPEXOAHBIX MMPOUECCOB IJIEMEHTOB CUCTEM AaBTOMATHU3ALINU

1 IEJb PABOTbBI

Hayuntbcs cTpouTh nepexoaHble IPOLECCH] AIEMEHTOB CUCTEM aBTOMATHU3ALUH.

2 NIOPAJOK BbBIIIOJIHEHUA PABOTBI

1. V3yunTe BO3MOYXHOCTH MOJEIMPOBAHUS C IOMOLIbI0 IporpamMmmHoro kommiekca (IIK)
«MBTVY».

2. OcBouTb NpoLEypbl POPMUPOBAHUS CTPYKTYPHON CXEMbI MOJICIMPOBAHUS, BEIOOpa METOA U
[apaMeTpoB HHTETPUPOBAHUSA, BBOJA IapaMeTpoB OJOKOB, BBIBOJA JAHHBIX pacueTa (Ha NpuUMepe

MOACIMPOBAHUS NEPEXOAHBIX TPOUCCCOB TUITOBLIX 3BCHLCB U 3BCHA O6HI€FO BI/IIIa).

3 METOAUYECKHUE YKA3ZAHUSA
Jis  BeIMONHEHUsT paOOThl HEOOXOAMMO M3YUMTh IOHATHS CTPYKTYPHBIX CXEM, THUIOBBIX

BO3JICHCTBUI, IEPEXOIHBIX XapaKTEPUCTHUK, TUIIOBBIX (3JIEMEHTAPHBIX) 3BEHBEB U HX.

4 COOEP)KAHUE U MTOPAJOK BBIIIOJTHEHUSA PABOTHBI

1. Ha mpocrTeiiiem 1eMOHCTPallMOHHOM IPUMePE MOJIEIMPOBAHUS TUIIOBOT'O 3B€HA OCBAUBAIOTCS
U IpUOOpeTaroTCs HaBBIKK caMocTosATeNbHON paboThl B cpeze [IK « MBTVY »;

2. Kaxnaplit CTy/IeHT 1Sl 3aIaHHBIX BAPHAHTOB CAMOCTOSITEIIHHO TOTOBUT MCXOHBIE TAHHBIE JUIS
MOJIETTUPOBaHUsl THIOBOTO 3BeHa (Tabmuua 1) m 3BeHa oOmiero Buja (Tabnuia 2) W BBINONHSET Ha
KOMIIBIOTEpE BCE MPOLEAYPbl, HEOOXOAMMBIE TPU MOJECIMPOBAHHUH, 10 AHATOTMU C JEMOHCTPAIIMOHHBIM
IPUMEPOM.

JleMOHCTpalMOHHBII TpUMeEp MOCTPOEH MPUMEHUTEIHFHO K TUIIOBOMY KOJIe0aTeIhbHOMY 3BEHY,

nepeaaTouHad (IJYHKI_[I/ISI KOTOpOro

_Y®) _ K
W (p) = X(p) T2p2+2bTp+1’

rae X(p), Y(p) — cooTBeTcTBeHHO M300pakeHus no Jlamnacy BXOJHOM U BEIXOAHOW BETHYWH MPU
HYJIEBBIX HAYalIbHBIX yCIOBUSIX;

K, T, b —cooTBeTcTBeHHO KO3 GHIMEHT Tepeaadu, MOCTOSHHAS BPEMEHU U KOA(DPHUIHUEHT

saryxanus (k=1, T=1, b=0,5).

CrpykTypHasi cxema Koyie0aTelbHOTO 3BE€HA, COOTBETCTBYIOIIAS €ro IMEepeaaTovyHor (QyHKIuH,

MOKa3aHa Ha PUCYHKeE 1.
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Wip)

x(p) yp) X k y
— W(p) —>» —_— | —p
T p*+2bTp+I

a 7]

Pucynok 1 - CtpykrypHas cxema 3BeHa: a — B 00111eM BH/JIE; O — C paCKpBITHEM IIepeaTOuYHON

(GYHKIIUU ¥ 0OTOOpaKEHUEM BXOAHOW U BBIXOIHOM BETMYHH X U Y

3ajaya MOJENMPOBAaHUS 3BEHA 3aKJIIOYAeTCs B IOJNY4YEHUM IpaduKka MNEpexoAHOro Ipolecca
BBIXOIHOM BeJIMUMHBI Y (t) pU HyJIEBBIX HAYAIBHBIX YCIOBHSX U CTYIICHYATOM BXOJAHOM BO3JICHCTBUH, TO
€CTbh MOJIYYCHHH €TO0 MEePEXOAHON QYHKINHU (KPUBOW pa3roHa).

HcxonHble 1aHHbIE U1 AEMOHCTPALMOHHOTO IpUMeEpa MOATOTOBIIEHBI B BUJIE CTPYKTYPHOM CXEMBI
MO/JICJIMPOBAHUS (PUCYHOK 2) U CIEeIyIOIUX [TapaMeTpOB UHTETPUPOBAHUS:

- MaKCUMAaJIbHBIN LIar UHTEPUPOBAHUS (Ha MOPSIOK MEHblIe ocTosiHHOM Bpemenu T = Ic) 0,1

- MUHHMMAaJIbHBIM IIar MHTErpUpOBaHUA (HA OJMH-/BA MOPSAJKAa MEHBIIE MAKCHUMAaJIbHOIO LIara
unterpuposanus) 0,001 c;

- BpeMsl HHTETpUpOBaHUs (Ha OJMH-Ba MopsiaKa Oosblie nocTostHHOM Bpemenu T =1 ¢) 15 ¢;

- TouHOCTh UHTerpupoBanus 0,001;

- mar BeIBoJa pe3yabTraTos 0,01;

- METOJ UHTETPUPOBAHUS PUHAT AaNTUBHBIN 1.

WAs)
T N s
W T +2b75 + 1 i
ongnoc Konebarenstoe I'paduxk
BO3ICHCTBME 3BCHO

Pucynox 2 - CtpykTypHas cxeMa MOJEIHMPOBAaHMs KOJeOaTeNIbHOIO 3BEHA, M300pa’KeHHas ¢

ucnoiibzoBanmeM 0s10koB onommorek [IK «MBTVY»

IlocsenoBaTeIbHOCTH MCIIOJIB30BAHUSA MOATOTOBJIECHHBIX HCXOAHBIX JAHHbBIX:
. 3anmonnenne «Cxemuoro OkHa» He0OXOIUMBIMHU TUIIOBBLIMHA OJIOKaMH.
. IIpoBeneHue JIMHNN CBSA3U HA CTPYKTYPHOM CXEME.

. BBO mapamMeTpoB CTPYKTYpPHOU CXEMBI.

1
2
3
4. YcTaHOBKaA IMTApaMETPOB UHTETPUPOBAHUSI.
5. OdopmieHne NOSICHIIOMUX HAAITHCEH.

6

. Otkpeitue «I'paduueckoro OKHa» U U3MEHEHUE €TO Pa3MEPOB.
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S UHAUBUAYAJIBHOE 3ATAHUE

Jlns1 3a1aHHOTO TUTTOBOTO 3ieMeHTa (Tabnuia 9) u 3BeHa odmiero Bua (tadiauma 10) moarotoBsTe
WCXOJIHBIE JIaHHbIE U MPOBEAUTE MOJCIUPOBAHUE NIEPEXOTHOTO MpoLiecca MPU €AUHUYHOM CTYyIeHYaTOM
BXOJHOM BO3/ICCTBUU B CJIEIYIOIIEH MTOCIIEI0BATEIbHOCTH:

- TMOJTOTOBBTE YEPTEK CTPYKTYPHOM CXEMbl MOJCIMPOBaHUS, HUCMOIb3ys OumOmmuoreky IIK
«MBTVY»;

- UCXOJIsl U3 YUCIIOBBIX 3HAYEHUI MapaMeTpoB NepenaTOuHOW (PyHKIIMU 3JIEMEHTa, ONpeleInTe
rnapamMeTpbl HMHTETpUpOBaHUs (METOJA, TOYHOCThH, IIAr, BpeMs MHTETPUPOBAHUS M IIar BBIBOJA
pe3yIbTaTOB);

- BBEJIUTE UCXO/HbIEC IaHHBIEC U BHIMOJIHUTE MOJICTUPOBAHUE 10 AHAJIIOTUU C pUCYHKaMu 1 u 2;

- CHUMHUTE C DKpaHa MOHHUTOpa JaHHbIC pacyeTa W MOCTPOUTE MO HUM IpadUKu MEepexOoIHBIX

MIPOIIECCOB MITH M300pakeHne rpaduka CKOMUPYHTe Ha HOCUTENh HH(OPMAITHH.

Tabnuma 1
Bapuant Haumenoanue [TpuHuunuanpHas [lepenaTounas GpyHKIUSA
aJIeMeHTa (BXOAHAas cxema
BEJIMYMHA, BBIXOIHAS
BEJIMYMHA)
1 2 3 4
1 TepMoaeKTpuUecKuii f——— W(p) = Ex() _ _ km . TIe
npeoOpaszoBareb, E 6  Tm(+1
MTOMEILICHHBIN B
3aIIUTHBIA KOXKYX =0 Kin — KO3 GunIMEHT TIepenayn;
(Temrieparypa B Tt — mocrosiHHAas BpeMeH!
o0bekTe n3MepeHus O, TEPMOSIIEKTPUIECKOTO
O/C na saxumax npeoOpa3oBarers;
TEPMOAIEKTPUYECKOTO \/*_ K. = 0.0005:0.001 B / °C-
npeoOpasoBarest ET) e T ’
Tm=3+10c¢
0
2 Tepmobasnon TP W(p) = Ps(p) _ _ ks
’ p) = = , TIe
(Temmieparypa B ()  Tp(p)+1
00BeKTE N3MepeHust O,
JABIICHHE B P ks — kOaurreHT nepenauu;
TepMoGatone Pr) T — MOCTOAHHAS! BPEMEHU;
ks = 0,001+0,01 MITa / °C;
T =0,001+0,002 ¢
3 Tpy6Oxa bypaona ans W(p) = S _ ks . IIe
WU3MEPEHHUS 1aBJICHT U T P(p) Tp(p)+1
(1aByenne B 0OBEKTE ks — koo unmeHT nepeaayu;
m3Mepenus P, Is Tp— mmocTOSIHHAs! BPEMEHU;
nepeMEIICHHE ks = 0,5+1,0 mm / MITa;
¢BOOOIHOTO KOHIIA TF Tp = 0,005:0,001 ¢
TpyOku Bypmona S)
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[Ipogomxenne Taduuibl 1

1 2 3 4
4 Tepmomerp W(p) = AR(p) _ k¢
p) = = , TIe
COIPOTHUBIICHUS o AR g 6(p)  Trc(p)+1
Temneparypa ©
](303 nyg 1/131/1%1) rasa BW/ gzl | Kre — koaddunuent nepepayn;
5 @3. —| }-
M3MEPEHHE 0 Trc— nocTOSIHHAS BpEMEHH;
COINPOTHUBIICHUS krc = 1+10 Om / °C;
TepMOMETpa Trc=3+10¢
comporusieHus AR)
5 Tenzomerpuueckuit P, l;?:;gmp W(p) = AR(p) _ P
JATYHUK JTaBJICHUSA ” Pg(p)
naBsieHue Pg, S
I(/ISMGHGHI/IC Kt — ko3 duimenT nepenaumn;
COIPOTUBJIEHUS a kt = 20+100 Om / MIla
TeHzopesuctopa AR)
6 LeHnTpoOeKHbII -0 W(p) = S(p) _ K
p) = = , T1e
TaxoMmeTp (4acTora Q)  T?p?+2bTp+1
BpaleHus €,
nIe)pglMemeHHﬂ S— K — koo dunmenT nepenayu;
Taxomerpa S) T — mocTosiHHAsI BpEMEHHU;
b — ko3 dunneHT 3aTyxaHus
k = 0,05+0,1 mc / pax;
T=3+10c¢;
b=0,1+0,8
7 IM'mapoycunurens ) W(p) = Jex® _ k o
(mepemerieHne )W) Xoe)  pI2p242bTpt1)
30J10THHUKA XBX,
NepeMeleH e OPLIHS K — ko3¢ punnent nepenaun (ycuieHus);
XBBIX) T — mocrosHHas BpeMeHH;
b — kosddunneHT 3aTyxaHus
k =5+10; T = 0,01 ¢; b=0,2+0,5
Xppix (P) k
OOWp) =—===- T=0
YW Xp®)  p’ PN
8 MarsuuTHbII ' W (p) = Ix(P) _  kmy
p) = = , TIIEe
ycunurens (UBX, Upx(P)  Tuyp+1)
UBbIX)
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Kvy — KO3 duLmeHT ycuieHus
MarHUTHOTO YCHIJIUTEIIS,

Twy — TOCTOSIHHAS] BpEMEHH OOMOTKH
YIpaBJICHUS] MATHUTHOTO YCHITUTEIIS,
Kyvy =10+50;

Twy =0,01+0,1 ¢




[Ipogomxenne Tadauibl 1

1 2 3 4
9 YnpasnseMblid a) Jnsa anmamuza CAP ¢ wmanbim
TUPUCTOPHBIN OBICTPOICHCTBHEM
npeoGpasoBareb W(p) =22 = ko rre
3IEKTPOABUTATENS Uy(p)
OCTOSHHOIO TOKA Kr1 — KO3 HUIHEHT yCHITICHHS
(HATIPSDKCHHE HA BXOZE TUPHUCTOPHOTO IpeoOpazoBaTes;
B CHCTEMY UMITYJIbCHO-
(a3oBoOro ymnpasiaeHuUs 0) [l ananuza CAP c Gonbium
Uy, cuna TIOI§a OBICTpO/ICHiCTBUEM
Harpysku lg In(p) -
W(p) =—==kpe P, rue
(P) =gy = kne™ 12
T— BpeMs 3ara3/IbIBaHus B LIETIH
YIpaBJICHUSI THPHUCTOPOB,
ki =5+10 A/B;
1 =0,009+0,015 ¢
10 I'eHepatop W(p) =20 - k.

IMOCTOSIHHOTO TOKA C
HE3aBUCUMBIM
BO30YKICHHEM
(HampsKeHHe Ha
00MOTKE BO30YX IACHUS

Ur(p)  Trp+1’

kr — ko3 ¢unumeHT nepenaumu;,
Tr— nocrosiHHas BpEMEHU T€HEPATOPA;
b — ko3 dunneHT 3aTyxaHus

(HampsKeHue Ha

T», Tm — COOTBETCTBEHHO

Ug, HanpspKeHue Ha kr = 2+5:
3aXHMax reHeparopa R Tr = 0,050,8 ¢
Ur)

11 DNEeKTpOIBUTATENb Uy W(p) = L) _ kn e
MOCTOSIHHOI'O TOKA C L. Ua(p)  TaTmP2+TyP+1
HE3aBUCUMBIM
BO30yXKIEHHEM Kn — koaddunuenT nepenaun;

3akuMax sikopst Uy,
4acToTa BpalICHUS
Basia iBuraTens ()

AIIEKTPOMArHUTHAs U
AIIEKTPOMEXaHUYECKas TOCTOSTHHBIE
BpPEMEHH,

kﬂ =5+10;

T> = 0,002+0,005 c;

Tm =0,015+0,02 ¢

12 ITneBMaTnyeckuii
HACITOTHUTETLHBINA
AJIEMEHT (J1aBJICHUE B
MeMOpaHHOI Kamepe
P, nepemenienue tsaru

Sn)

Y

S k
W(p) — u(p) _

= rie
P(p)  TyP2+2bTuP+1’ 2

ki — ko3¢ dunmeHT nepenayu;
Tu —TocTOsIHHAS BpEMEHH;

b — xoapPunmenT 3aTyxans;
ki = 0,5+1,0 mm/MI]a;
Tu = 0,005+0,01 c;
b=0,1+0,4¢




[Ipogomxenne Taduuibl 1

1 2 4

13 DNEKTPOMArHuT } W(p) = S _ k3 e
(97K TPOMArHUTHBIH Us(p)  (TaaP+1)(TazP+1)
VICTIOJIHATEIIbHBIN
MeXaHH3M) — k> — ko3¢ duirenT nepenayn;
(HanpsiKeHue, T51 —3JEKTpOMAarHUTHAS MTOCTOSTHHAS
nojaBacMoe Ha BPEMEHHU 3JICKTPOMArHHTa,;
anexkTpomaraut Us, T»2 —MexaHn4eckas MOCTOSTHHAS
TNICPEMCIICHHC SKOPA BPEMEHH DJIEKTPOMArHUTA;
ANIEKTPOMArHura S) ko = 0,05-0,1 mm/B:

T»1 = 0,001+0,0015 c;
T»2 = 0,005+0,01 ¢

14 Kamepa cmemuBanus I—EE:‘Ej W(p) = Oc®) _ L’ e
TOPSYEro U XOJOJHOTO = ’—}L ¢  Tcp+1
BO3ayXa (yroin 3 "o
MIOBOPOTA 3aCJIOHKH (P, ;ﬁf !;C — K09 PUIHEHT IIepeaayn;
TeMIIepaTypa Bo3ayxa C— MOCTOSIHHAS BPEMEHH KaMephbl
B KaMepe CMEIIMBaHUS CMCIIIUBAHMSI,

Oc) ke = 50+100 °C/pan;
Tc=0,01+0,03 ¢

15 DJIEKTPOABUTATEIbHBIN W(p) = () _ ﬁ’ e
VCTIOJTHATEIIbHBIN - Up) P
MEXaHU3M ¢
(HAIIPSDKEHUE HA U- k> — koadduireHT nepenaun;
CTaTOPHOU 0OMOTKE ko = 2+8 pan/c, onpenensiercst
anekTpoasurarens U, nepeaaTouYHbIM YHCIOM PEAYyKTOpa
yTOJI TIOBOPOTA () Baja
pEAYKTOpA)

16 [TopmneBoi e -:L X (p) = X)) _ ﬁ’ e
TUIPABINYECKUN s i — QP P
A, | Kr — koaddurmenT nepenayu;
MexaHu3M (pacxon Q g | I peaadn;
XKHIKOCTH (Macia), =2 [ kr = 0,003+:0,008 c/cm?
T0/IaBAEMOM B | lf—

TUAPOIMIUHD, H
nepeMenieHue X

IITOKA

THJIPOIMIIMHIPA)

17 [[THexoBBII W(p) = Q) _ e, e
(TpaHCTIOPTEPHBIN) Q1(p)
e — ¢ - OCHOBAaHHUE HATYPAIILHOTO

MEXaHHU3M-IIUTATENb
(pacxon chlmy4ero
Mmarepuala Ha BXOJIe
nraeka Q1, pacxo
CBIIIyYero MaTepuaia
Ha BbIXOjI¢ ImHeKa Q2)

TPAHCTIOpTED

l,-""" T PP
b=

51

2

norapudma;

T - BpeMsl 3amas3/IbIBaHusl, C;

T= l/ v, THe

| — nrHa mHEeKa (TpaHcnopTepa), M;

V — CKOpPOCTb IIEpEMEILCHUA MaTepraa,
Mm/c;

T=2+8¢




[Tponomxenne Tadbaubl 1

1 2 3 4
18 ITporsxeHnbIi W(p) = @® _ e"™ e
BOJIONPOBOJ (pacxon Q1(p)
BOJIbL 13 € - OCHOBAaHHUE HATYPAIIbHOTO
BOJIOHAIOPHOM OantHu norapudma;
Q1, pacxo/ BOJIbI Ha T - BpeMsi 3ana3/ibIBaHusl, C;
BBIXO/IE BOJOIPOBOJIA r=1 /. T
Q2) | — nrHA BOOTIPOBOIA, M;
V — CKOPOCTh JIBUXKCHHUS BOJIbI, M/C;
t=1+3¢
Tabnuua 2
Bapuant [epenarounas GpyHKIUs 3HaYCHUS TApaMETPOB MEPEAATOUHBIX
byHKIUH
1 Wip) = bsp3 + b,p? + byp + by ap, = 1; a; = 5¢; a, = 1,2¢%;
p)= a,p* + aspd + ayp? + ap + aq az = 0,9¢% a, = 0,5¢%;
bo = 1, b1 = 3C, b2 = 0,8C2;
b3 = 0,3C3
2 W) = b,p% + bip + b, ap, = 1; a; = 5¢; a, = 1,2¢%;
p)= azp3 + ap? + a;p + a, az = 09¢* by = 1; by = 3c;
b2 == 0,8C2
3 byp + by a, =1; a; = 5¢; a, = 1,2¢%;
W(p) — . 0 ) 1 ~ 2
a,p* +ap + ag b, =1; by = 3c
4 b ap, = 1; a; = 5¢; a, = 1,2¢%;
W(p) =— 3 2 _ 3 _ 4
asp* + azp3 + a,p? + a;p + q as; =0,9c®; a, = 0,5¢%
b =10
5 b a, =1; a, = 5¢; a, = 1,2¢%;
W(p) = 3 2 ° _ 3. ‘
azp® +ap= +a.p +ag a; =09c® b=10
6 W) = bsp® + b,p? + bip + b, a, = 1c; ay = 1,2¢?; az = 0,9¢3;
P} = a,p* + asp® + a,p? + a;p a, = 0,5¢* by =1; by = 3¢;
b2 = 0,8C2; b3 = 0,3C3
7 Top +1 To =2c¢; T, =4c; T, = 1,1c;
sp° +Typc+Tip+1 T3 =09c
8 W( )_ T0p+1 TOZZC,' T2:4C; T2:1,1C;
p Tip* + Tip3 + T2p2 +p T, = 0,9¢
9 k k=10; T; = 4c; T, = 1,1c;
Gp>+Tp-+Tip+1 T3 =0,9¢
10 k k=10; T, = 4c; T; = 1,1¢;
W(p) == 4 3.3 2.2 = : ’
Tjp*+T3p°> + TSp>+p T, =09c
11 W) = Top +1 Ty = 0,7¢; T, = 3¢; T, = 1,2¢;
P TopS + Tip* + T3p3 + T2p2 + Typ+ 1 | T3 = 0,9¢; T, = 0,8¢; Ts = 0,5¢
12 k k=10; T, =3c; T, = 1,2¢;
w(p) = ' :

TopS + Tip* + TSp3 + T2p2 + Typ + 1

T; =09c; T, = 0,8c; Ts = 0,5c
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6 KOHTPOJIBHBIE BOITPOCHI

1. Yro Takoe cTrpykrypHas cxema siaementa CAP?

2. Kaxue BUIBI TUTIOBBIX BO3JICHCTBUI UCTIONIB3YIOTCS B aBTOMATHKE?
3. Uro takoe nepexoaHast GpyHKIMs (KprBast pasroHa)?
4

. Kaxk BbIOupatorcs mapaMeTpbl HHTETPUPOBAHUS?
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IMPAKTUYECKASA PABOTA
Onpenenenue ycToO4YMBOCTH CUCTEMbI ABTOMATHYECKOT0 YIIPABJIEHUS U PeryJIHPOBAHUSA METOI0M

anredopanyecknx kpurepues I'ypsuna u Payca

1 HEJIb PABOTbI

Hcnonw3ys anredpandeckue kpurepuu ['ypeuna u Payca, onpeneianTsb yCTOWYMBOCTb CUCTEMBI.

2 MOPAJOK BbBIITIOJIHEHUA PABOTbBI

1. Ucnonw3ys anredpanueckue kputepun ['ypsuna u Payca, mo 3agaHHbIM apaMeTpaM CBOETO
BapuaHTa (Tabnuia 1) mo XxapakTepucTU4YeCKOMY YPaBHEHHIO, OTPEICIUTh YCTOHUYHUBOCTh CUCTEMBI.

2. OdopMUThH NIPAKTUYECKYIO PadOTY.

3. OTBEeTUTH Ha KOHTPOJIBHBIE BOIIPOCHI.

3 METOAUYECKHUE YKA3AHUSA

Auredpanyeckuil kputepuii ycroitunBoctu I'ypBuna.

Kputepuii I'ypBuna unraercsi: ;s TOro 4ro0bl cucTeMa Oblla YCTOMYHMBOW, HEOOXOIUMO,
9T00BI BCE KOA(P(UIMEHTHI XapaKTEPUCTUUYCCKOTO YpaBHEHUS W BCe ompenenurend ['ypuma ObutH
MOJIOKUTEITLHBIMHU.

AHanu3 ycTOMYHMBOCTH BEIETCS B CIIEAYIOIIEM MOPSIKeE:

1) CocraBnseTcst XapaKTEpUCTHUECKOE YPaBHEHUE CHCTEMBI:

a,p" +a,p"" +..+a, p+a, =0.

2) CocraBisieTcs TJIaBHBIH onpeaeauTesb [ ypBua:

- IIO I'JIJaBHOM AWAaroHajM BEIIIMCHIBAIOTCS BCE KOB(I)q)I/IL[I/IeHTBI YpaBHCHU:, HAUMHAA C «a; » 0
TMMOCJIEOHETO «a,» B NOPAAKE BO3pACTAHUSA NHIACKCOB;

- CTOJNOLBI JOTOJHSIOTCS BBEPX OT JUATOHAIM, IIyTEM BIHCHIBAasS KOIPPUIIMEHTOB C
MOCJIeI0BATEILHO BO3PACTAIOIIUM HHIEKCOM;

- BHM3 OT JWAaroHaJW CTOJIOLBI  JIOMIOJIHSIFOTCS ~ BIIMCHIBAHUEM  KOX(DPHUIIMEHTOB C
MOCIIE0BATEIHHO yOBIBAIOIINM HHIEKCOM;

- Ha MECTO KOB(I)(I)I/IL[I/IGHTOB, HUMCIOIINX HHIACKCHI OOJIbIlIE ¥ MEHBIIIE HYJIA, TOACTABJIAIOTCA

HYJIH.
a, a, as 0
a, a, a, 0
A, =10 a a 0
0 a,
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3) Ha ocHoBanuWHM TJIaBHOTO OMPCACIIUTCIIA NOACYUTHIBAIOTCA BCC OCTAJIBHBIC OHNPCACITIUTCIIN

I'ypBuna.
a, a, a
1 3 5
a, a,
A =a,; A,= y Ay=la, a, a, U T.[I.
a, a,
0 a a,

Anredpanyeckunii kputepuii ycroiuuBoctu Payca.
Y CTOMYHMBOCTE CHCTEM OMpCACIIICTCA MMYTEM 3aIllOJIHCHUA Ta6JII/II_IBI Payca, KOTOpasa SABJIACTCA
YIPOILIEHHON cXeMOU onpeaenuTeneit I'yppuna.

Tabnuma - Tabmuuer Payca

Homep Howmep cronbma
3HaueHue A
CTpPOKH 1 2 3
1 ) Cn =4 €y = dy Cy =4y
2 - Cp =4q Cp =d; Cyp =ds
3 Z—a—o ¢, =a, —A.a ¢, =a,—Aa C, =a, —Aa
s T 13 = dy —Ad, 23 = 4y — Mds 3 = g — A3,
1
4 1 a,
T Cy =y = 440y Cy =5 = AyCyy Cy =y = AyCy
13
5 P Cps
5T €15 = Cp3 — AsCyy Cys = Cy3 — AsCyy Cy5 = Cg3 —AsCy
14

Tab6nuia Payca 3anonHsercs B CleAyIONIEM MOPsIKE:

1) mepBast cTpoKa 3aMoJHSAETCS BIHChIBAHUEM KOI()(MHUIIMEHTOB ¢ YSTHHIMH HHJICKCAMHU.
2) BTOpast CTPOKA 3aTOJIHACTCS BIMChIBAHHEM KO3 GHIIMECHTOB ¢ HEYETHBIMH HHICKCAMH.
3) MOACYNTHIBAIOTCS BCIIOMOTATEIbHBIE BETUUHNHBI «AY.

4) MOACYUTHIBAIOTCSA KO(DPHUIIUEHTHI BCEX OCTAIBHBIX CTPOK U CTOJIOIOB.

JIro0oit koaddunment tadnuiel Payca onpenensiercs mo ¢popmysie:

CK,i = CK+1,[—2 - ﬂ’iCK+1,i—l ,e0e

K —HOMEp CTOJ011a;
i — HOMEp CTPOKH.
Dopmynuposka kpumepus Payca:
Jns Toro 4TtoOBl cHcTeMa ObUla yCTOMYMBOM, HEOOXOAWMO M JIOCTaTOYHO, YTOOBI BCE
KOd((HUIIMEHTHl XapaKTePUCTHUUECKOTO YPaBHEHUS M BCE BEJIMYMHBI MEPBOro crosida Tabnuisl Payca

OBLIH IOJIOKUTEIHLHBIMU.
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4 THIUBUIYAJBLHOE 3ATAHUE

Tabnuma 1 - BapuanTsl mpakTHuecKon padoThI

Bapuant | XapakTepHcTHUYeckoe ypasnenne| Bapuant | XapakTepHCTHYECKOE ypaBHeHHe
1 6p*+3p3+2p>+4p+1=0 17 5p*+2p*+5p+1=0
2 3p*+5p?+3p+1=0 18 Tp*+4p>+4p+1=0
3 Tp*+3p*+2p>+dp+1=0 19 2p*5p3+6p>H2p+1=0
4 Tp*+2p*+5p+1=0 20 9p3+5p?+4p+1=0
5 3p*+4p>+4p+1=0 21 2p*+5p*+4p>+2p+1=0
6 2p*+5p3+6p>+2p+1=0 22 4p*+Tp*+5p+1=0
7 2p3+5p*+2p+1=0 23 6p3+6p+4p+1=0
8 2p*+3p*+4p?+4p+1=0 24 3pi+dp?+2p+1=0
9 3p*+4p?+2p+1=0 25 2p*+6p*+3p>+4p+1=0
10 Tp*+4p*+4p+1=0 26 4p*3p*+9p>+2p+1=0
11 2p*2p*+3p?+5p+1=0 27 5p*+5p>+6p+1=0
12 2p*+4p*+2p+1=0 28 5p*+4p*+3p+6p+1=0
13 5p*+5p>+7p*+6p+1=0 29 Tp*+p*+3p*+2p+1=0
14 9p*+2p*+7p+1=0 30 6p>+4p*+4p+1=0
15 5p*+Tp*+2p*+4p+1=0 31 3p*+4p*+2p+1=0
16 3p*+7p*+3p+1=0 32 6p>+2p*+4p+1=0

IIpumeuanue: Ne BapraHTa COOTBETCTBYET MOPSIIKOBOMY HOMEPY CTYACHTA B KypHAJIE.

5 KOHTPOJIBHBIE BOITPOCBI:

. Kakyto cucremy Ha3bIBalOT yCTONYHUBOMN?

. Kak unraercs kpurepuii ['ypsuna?

. B xakom nopsiike BeaeTca aHain3 yctonuuBoctd ['ypBumna?

. Kax unraercs kpurepuii Payca?

1
2
3
4. Kaxk cocTaBisieTcs TJIaBHBIA oripeaenurtens ['ypBuia?
5
6

. Kak 3anonnsercs rabnuna Payca?

56




INPAKTUYECKAS PABOTA
Onpenenenue ycToOiYMBOCTH CUCTEMbI ABTOMATHYECKOT0 YIIPABJIEHUS U PeryJTUPOBaAHUA

10 BHY PacloJio:KeHusi BekTopa roporpaga MuxaiijioBa

1 HEJIb PABOTHBI
Ucnonb3ys rpaduueckuii kputepudi MmuxaijioBa, IO XapaKTEPUCTHYECKOMY YpaBHEHHIO

OIpECaACIINTDh YCTOﬁqHBOCTb CHUCTCMBI.

2 MOPAJOK BBINIOJIHEHUS PABOTBI

1. ITo xapaKTEepUCTHYECKOMY yYpaBHEHHUIO CBOEro BapuaHTa (Tabiuia 1) mocTpouTh romorpad
MuxaiinoBa B KOMILIEKCHOM IJIOCKOCTH MIPU U3MEHEHUH 4acTOThI OT () 110 oo.

2. Ilo Buny rogorpada onpeaenuTb YCTOHIUBOCTb CHCTEMBI.

3. OpopMHTH IPAKTUIECKYIO paboTYy.

4. OtBeTHTH HA KOHTPOJIbHBIC BOIIPOCHI.

3METOANYECKHUE YKA3AHUSA

Kputepuii MuxaiiioBa OTHOCUTCS K TpYyIIIE€ YaCTOTHBIX KpUTEpHEB. AHaIN3 yCTONYMBOCTHU
CBOJIUTCSL K MOCTPOEHUIO Tofiorpada B KOMIUJIEKCHOW MJIOCKOCTU MPU W3MEHEHHUH 4acTOThl OT 070 oo.
I'omorpad crpoutcs Ha 0a3ze XapaKTepUCTUYECKOTO YPABHEHUS 3aMKHYTOW CUCTEMBI.

AHanIM3 yCTOMYNBOCTH OCYIIECTBIIAETCS B CIELYIOLIEM MTOPSJIKE:

1. Haxonart xapakTepuCTUUECKOE YpaBHEHHE 3aMKHYTON CHCTEMBI:

a,p" +a,p" +..+a,_p+a, =0=M(jo).

2. B xapakTepuCcTHUYE€CKOM ypaBHEHHH ITPOU3BOJAT 3aMEHY p = j@ '

M(jo)=a,(jo)" +a,(jo)"" +..+a, _ jo+a,.

3. 3 ypaBHeHUS M (j@)BBIICHSAIOT BEUIECTBEHHYIO M MHUMYIO dYacTH U(w) U V(w),
YUYHTBIBAsI, YTO ]Z\/——l j2 =-1, j3 =—7, j4 =+1; (jCO)2 =—602, (]CO)3 =—j603, (ja))4 :a)4I/IT.I[.,
T.C. YCTHBIC CTENICHU ( j@) — BCIISCTBCHHBI, @ HCUCTHBIC CTCIICHU — MHUMBI.

Uw)=a,—a, 0 +a, 0" ..
Vioy=a,0-a, 0 +a,_o —..
4. 3agaBasch ONPEAEICHHBIMU 3HAYEHUSMHU YaCTOTHl ¢ OT 0 10+ oo, MOACYMTHIBACTCS IS

Ka)KJIOT'0 3HAUEHHUs 4acTOThl U(w) U V(w) . Pe3ynbraThl oACUETOB MOKHO CBECTH B TaONIUILY:

@ 0 @, @, W, e
U(w) uo) | Uw) U ()
V(w) V(0) Vi) V()
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5. Ilo nanHBIM TaOIMIBI HA KOMIUIEKCHOW IJIOCKOCTH B KOOpAMHATax U(w)U V(w)HAHOCAT

KOOpJIMHATHl TOUYEK B BEIIECTBEHHOM M MHMMOH 4acTu. Uepe3 MojydyeHHbIE TOUYKU MPOBOJAT IJIAaBHYIO

KPHUBYIO, TI0 BUJY KOTOPOU CyAST 00 yCTOWYHMBOCTH CUCTEMBI.

Kpurepuii ycroitunBocTy MuxaiisioBa popmyaupyercs:

Jl1st TOrO 4TOOBI CHCTEMA 5 — 20 TOPSIIKA ObLIA YCTOWYMBOM, HEOOXOAMMO U JOCTATOYHO, YTOOBI

BeKkTOp rojorpada MuxaiimoBa mpu U3MEHEHWH YacTOThl OT O 10 + oo, HA4YaB CBOE JBUIKCHHE C

MMOJIOKUTEIBHOM BeHleCTBeHHOﬁ IIOJIyOCH, BpallasaACh IIPOTHUB JacoBOM CTPCJIKK 1 HUI'IC HE 06pa1ua;1<:b B

HYJIb, 00XOAMJI IOCJIE0BATEIBHO ;; — IJIOCKOCTEN KOMIIJIEKCHOM IUNIOCKOCTH, T.€. [IOBEPHYBILIUCH HA YIoJI,

. TT
paBHbII/IE -n,TIE 7 — CTEIIEHb XapaKTEPUCTUYECKOTO YPABHEHUS.

4 THAUBUAYAJBHOE 3ATAHUE

Tabnuma 1 - BapuanTsl mpakTHYecKon padoThI

BapHaHT XapaKTepI/ICTI/l'leCKoe YpaBHEHUE BapHaHT XapaKTepHCTI/I‘leCKoe YpaBHECHHE
1 6p*+3p3+2p?+4p+1=0 17 5p*+2p>+5p+1=0
2 3p3+5p?+3p+1=0 18 Tp3+4p*+4p+1=0
3 Tp*+3p3+2p*+4p+1=0 19 2p*+-5p3+6p3+2p+1=0
4 Tp*+2p*+5p+1=0 20 9p*+5p>+4p+1=0
5 3p*+4p*dp+1=0 21 2p*+5p3+4p?+2p+1=0
6 2p*+5p3+6p>+2p+1=0 22 4p*+Tp*+5p+1=0
7 2p*+5p*+2p+1=0 23 6p>+6p>+4p+1=0
8 2p*+3p*+4p*+dp+1=0 24 3p3+4p?+2p+1=0
9 3p*+4p*+2p+1=0 25 2p*+6p*+3p>+4p+1=0
10 Tp*+4p>+4p+1=0 26 4p*+3p*+9p>+2p+1=0
11 2p*+2p*+3p*+5p+1=0 27 5p3+5p?+6p+1=0
12 2p*+4p?+2p+1=0 28 5p*+4p?+3p+6p+1=0
13 5p*+5p*+7p*+6p+1=0 29 Tp*+p*+3p*+2p+1=0
14 9p>+2p*+7p+1=0 30 6p>+4p>+4p+1=0
15 5p*+7p3+2p*+4p+1=0 31 3p*+4p*+2p+1=0
16 3p*+7p*+3p+1=0 32 6p>+2p>+4p+1=0

IIpumeuanue: Ne BapuaHTa COOTBETCTBYET MOPSIIKOBOMY HOMEPY CTYACHTA B KypHAJIE.
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5 KOHTPOJIBHBIE BOITPOCBHI
1. Kakyro cucteMy Ha3bIBaAIOT YCTONYHBOM?
2. Kak ynraercs kputepuil ycrounBocTr MuxaiiioBa?

3. Kak crpourcs rogorpad Muxaitnosa?
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INPAKTUYECKAS PABOTA
Onpenenenue ycToiYMBOCTH CUCTEM aBTOMATHYECKOI0 PeryJIMpoOBaHuUs

no kpurepuio HalikBucra

1 HEJIb PABOTHBI
Ucnonb3yst rpaduueckuii kputepuii HailikBucra, 10 XapaKTEpUCTUUYECKOMY YpPaBHEHHIO

OIpECaACIINTDh YCTOﬁqHBOCTB CHUCTCMBI.

2 HOPSAJOK BBIIIOJIHEHUS PABOTbBI

1. Mo xapakTepHCTHUECKOMY YpaBHEHHUIO CBOEro BapuaHTa (Tabmumna 1) moctpouts ronorpad B
KOMITJIEKCHOW TNIOCKOCTH ITPH U3MEHEHHH 4acTOThI 0T () 10 0.

2. o Buny rogorpada onpeaenuTs yCTOHUYMBOCTh CHCTEMBI.

3. OpopMHTH TIPAKTUIECKYIO pabOTYy.

4. OTBETUTHh Ha KOHTPOJIbHBIE BOIPOCHI.

3METOANYECKHUE YKA3ZAHUA

Kputepuii HailikBructa mo3BosisieT CyauTh 00 YCTOMUYUBOCTH CUCTEMBI MO aMILTUTYIHO-(Pa30BOM
XapaKTEPUCTUKE PA30MKHYTOTO KOHTYpa CUCTEMBI. B 3TOM 3aKiIr04aeTcsl CyIECTBEHHOE IPEUMYILECTBO
KpUTEpUsI, TaK KaK IOCTPOCHHE aMIUIMTYIHO-()a30BOM XapaKTEPUCTUKH PA3OMKHYTOrO KOHTypa IUif
OOJNBIIMHCTBA pEANbHBIX CHCTEM OKas3bIBaeTCs Mpolle, 4YeM IocTpoeHue rojporpada Muxaitnosa.
OcCo6eHHO yNpouIaeTcs: 3TO MOCTPOEHUE JJIsi OHOKOHTYPHBIX CHCTEM, COCTOSIIMX U3 TUIIOBBIX 3BEHBEB.
A B Tex ciaydasx, KOIJa HEW3BECTHO MaTEeMaTH4YECKOE ONUCAHWE OJHOTO WM HECKOJIbKHUX
KOHCTPYKTHUBHBIX ~JJIEMEHTOB CHCTEMbl M OILIEHKa UX CBOMCTB BO3MOXXHAa TOJBKO IyTEM
9KCIIEPUMEHTAIBLHOTO ONPEIEIICHNs 4YacTOTHBIX XapaKTEpUCTUK, Kputepuil HaiikBucra sBisercs
€IMHCTBEHHO IPUTOJHBIM.

Kputepuit HaiikBucra sBnsercs wactoTHO-TpaduueckuM KputepueM. OH ompezenser
YCTOMYHMBOCTh CHUCTEMBI B 3aMKHYTOM COCTOSHMM IIO DPAcCHOJIO)KEHHK) B KOMIUIEKCHOW IUIOCKOCTH
aMIUTUTYAHO-(Pa30BOM XapaKTEPUCTHKH PA30OMKHYTON CHCTEMBI.

Kpurepuii HaiikBucra umeer cieayomyr (popMyIHpPOBKY:

ABTOMaTHUYECKas CCTEMa YIIPaBJIEHUs] YCTOWYMBA, €CIIM aMITUTY/JHO-(pa30Basi XapakTepUCTUKa
Pa30MKHYTOT'O KOHTYpa HE OXBaThIBAET TOUKY ¢ KoopauHatamu (-1, 10). Ita hopMyaupoBKa cripaBeinBa
JUIL CHUCTEM, KOTOPbIE B PAa30OMKHYTOM COCTOSIHUM YCTOWYMBBI. TakOBBIMU SBISIOTCS OOJIBIIMHCTBO

PCAIBbHBIX CUCTCM, COCTOAUX U3 YCTOPJI‘{PIBLIX QJICMCHTOB.
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AV

U

Ha PHUCYHKEC, a XapaKTCPUCTUKU 1 u4 COOTBETCTBYHOT YCTOI>'I‘{I/IBLIM CUCTCMaM, XapaKTCPHUCTHUKA 3 -

HEYCTOMYMBOM, a XapaKTEPUCTUKA 2 — HAXOXKJIECHUIO CUCTEMbI HA TPAHUIIE YCTOMUYHNBOCTH

4 UHAMBUIY AJILHOE 3AJJAHUE

Tabnuma 1 - BapuanTsl mpakTHYeCKOHW padOoThI

BapI/IaHT XapaKTepl/ICTI/I'{eCKoe YpaBHEHUE BapHaHT XapaKTepncaneclcoe YpaBHECHHE
1 8p3+5p?+5p+1=0 17 4p*+6p*+3p?+p+1=0
2 6p>+4p>+2p+1=0 18 5P3+5p?+4p+1=0
3 9P*+5p*+6p>+p+1=0 19 4p*+2p*+3p?+p+1=0
4 7p3+9p*+9p+1=0 20 Tp3+6p*+5p+1=0
5 2p*+5p3+4pHp+1=0 21 3p>+4p>+3p+1=0
6 4p>+7p*+6p+1=0 22 2p*+5p*+6p?+p+1=0
7 6p>+5p>+7p+1=0 23 12p*+5p?+2p+1=0
8 2p*+4p?+6p+1=0 24 2p*+2p3+3p*+7p+1=0
9 Tp*+6p>+7p*+4p+1=0 25 3p*+5p*+2p+1=0

10 4p*+3p*+8p*+2p+1=0 26 Tp>+4p>+p+1=0
11 9p>+p>+6p+1=0 27 2p*+3p*+3p?+5p+1=0
12 5p*+4p?+3p+5p+1=0 28 4p*+3p>+2p+1=0
13 Tp*+4p*+3p*+2p+1=0 29 3p*+5p3+5p*+6p+1=0
14 6p>+4p*+4p+1=0 30 9p*+2p*+7p+1=0
15 3p>+p+8p+1=0 31 3p*+7p3+2p*+4p+1=0
16 6p°+2p>+4p+1=0 32 8p3+7p*3p+1=0

IIpumeuanue: Ne BapuaHTa COOTBETCTBYET MOPSIIKOBOMY HOMEPY CTYACHTA B KypHAJIE.
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5 KOHTPOJIBHBIE BOITPOCBI

1. Kakyro cucteMy Ha3bIBaAIOT YCTONYHBOM?

2. Kaxk ynraercs kputepuit ycroitunBoctr HaiikBucra?
3. Kak crpoutcs rogorpad?

4. Kak uuraercs kpurepuil ycroiiunBoctu HalikBucra?
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INPAKTUYECKASA PABOTA

NHCTpyMEHTHI YaCTOTHOTO aHaJM3a CUCTEM YIIPABJICHUS B MPOrpaMMHOM Komiuiekce « MBTY»

1 HEJIb PABOTbI
OcBouTb NOPSAJOK IOCTPOECHUS YAaCTOTHBIX XapaKTEPUCTUK CHCTEMbl aBTOMAaTHUYECKOIO

perynupoBanus (CAP) u ux kpaTkuii aHau3.

2 HOPSAJOK BBIIIOJIHEHUSA PABOTbBI

1. Hoctpouts Moxens CAP TpeTbero mopsaka v MOoAroTOBUTH €€ IJIsi MIPOBEICHUS YaCTOTHOTO
aHam3a.

2. ITocTpouts romorpad Muxaiinona.

3. Iloctpouts rogorpad Haiiksucra.

4. OpopMHTH IPAKTUIECKYIO paboTYy.

5. OtBeTHTh HA KOHTPOJIbHBIC BOIIPOCHI.

3METOANYECKUE YKA3ZAHUA

YactoTHble XapakTepucTuku JuHeiiHONH CAP 1o3BossIIOT KOCBEHHO CYJUTh O €€ kKauecTBe. boiee
TOT0, 3TH XaPaKTEPUCTUKH IO3BOJISIOT ONTUMU3HPOBATh MapameTpel U cTpykrypy CAP st nomydenus
TpeOyeMBbIX ee CBOMCTB. HaCTOTHBIE XapaKTEPUCTHKH MPEICTABIIAIOT B TOM WM MHOH (hopMe 3aBUCUMOCTD
K03 (dULIMEeHTa YCUIIEHHUSI CHCTEMOM CHHYCOMIaJIbHOTO CUTHAJIa OT YaCTOThI 3TOT0 CUTHAJA. AHAU3UPYSI
YaCTOTHBIE XapaKTEPUCTUKU CUCTEMbI MOKHO YCTAaHOBUTH CTEIIEHb €€ YCTOWYMUBOCTU U ONPEAEIUTH MEPHI
Uis ee crabuiu3alMu. AHAIM3 YacTOTHBIX XapaKTEPUCTHK IPOBOAUTCA C TOMOIIbIO KPUTEpUEB
ycroiunBoctd Muxainosa u HalikBucra.

Huxe npoBenieHo paccMOTpeHne crioco00B MOCTPOSHUS YACTOTHBIX XapaKTEPUCTHUK U UX aHATN3a
Ha npumepe CAP Tperbero mopsnka, Hanbosnee npoctoil u3 CAP, crmocoOHBIX TEpsATh YCTOWYMBOCT.
[TockonbKy 1enb paboThl MpeXkIe BCEro COCTOUT B ocBoeHHMHM HMHCTpyMeHTOB IIK «MBTVY», npumep
BbIOpaH Tak, 4TOOBI OOJBIIMHCTBO HACTPOEK COXPAHSIIOCh MO YMOJYAHHUIO, C T€M, YTOOBI Jierde ObLIO
yXBaTUTh OOLIYI0 WK paboThl C HMHCTPYMEHTAMU M co37aTh 0a3y [UIsl W3Y4YeHHs] HIOAHCOB H
OIPOOHOCTEH.

3.1. IlopsaAoK OCTPOEHUS MO/IETH

B kagectBe mpumepa BbIOEpEM OY€Hb MPOCTYIO OJHOKOHTYPHYIO CXEMYy CHCTEMBI

ABTOMATUYCCKOT'O PCTYJIUPOBAHUA YaCTOTHI BpallICHUA BaJla ABUTATECIISA ITIOCTOSIHHOTI'O TOKa (pI/ICYHOK 1)
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Pucynok 1 - Mogens CAP uvactoTsl BpamieHus Bajia gBuraresns nocrossHaoro toka (JIIT). I1-
pEeryssaTOp M THPUCTOPHBIA IMpeoOpa3oBaTeinb MOACIHPYIOTCS alepuoJUYeCKUM 3BEHOM, a

JABUIaTCIIb — Koyie0aTeIbHBIM 3BEHOM

Hasnauenue paccmarpuBaemoii CAP — mojnepxaHue 4acTOThl BpallleHMs Baja ABUTaTelsl B
COOTBETCTBHUH C BETMUYUHOM 3aJaI0LIET0 BO3JEHCTBY S, IOCTYMAIOIIEr0 HA YCTPONUCTBO CPaBHEHUS CUCTEMBI
perynupoBanus. i uzydyenus xapakrepuctuk CAP, Ha Hee B JaHHOM Cllydae MOJAETCsl CPaBHUTEIBHO
CJIOKHBIHA 111 BOCHIPUATHS, ObICTPO MEHSIOUIMICSA B HYJEBOW MOMEHT BPEMEHHM CTYIEHYaThld CHUTHAJ.
MO’KHO cUnTaTh, UTO €CJIM CUCTEMA YJIOBIETBOPUTEIBHO OTCIEIUT 3TOT OBICTPBIN CUTHAJ, TO IpU paboTe
B peabHBIX YCIOBHSX, KOTJa OOJBIIYIO0 YaCTh BPEMEHH Ha Hee MOCTYIAIOT MJIaBHBIE CUTHAJIBI, KAYeCTBO
CIIeXKEHU, T.€. MOIepKaHUs TPeOyeMOro 3HaueHHs YaCTOThI BpallleHus, OyIeT el JIy4lle.

Kontyp monenupyemoii CAP Bkmtouaer B ce0s I1-perynsarop, THpUCTOpHBIN ITpeobpa3oBartenb U
JIBUTATeIb MOCTOSIHHOTO TOKa. J[is ympouleHust Mojienu B JaHHOM ciydae II-perynstop oObennHeH c
TUPHUCTOPHBIM IpeoOpa3zoBaTesieM, TaK, YTO OHU COBOKYITHO MOJEIUPYIOTCS anepuoJUYecKuM 3BEHOM C
KOA(Q(QHUIUEHTOM YCWIEHHUS, PaBHBIM MPOM3BEACHUI0 HUX KO3(POUIMEHTOB ycuieHHs. JlBuraresb
nocrostHHOro Toka (/II1T) Monenupyercs konebaTeabHBIM 3B€HOM, BIMSIHUE BO3MYILeHUH Ha pabdoTy JAIIT
B JJaHHOM Yy4eOHOM MpHuMepe He paccmarpuBaercs. B oOpatHoit cBsizu peanbHoii CAP ycranoBieH
TaxoreHepaTop - JaT4YUK YacTOThl BpaLICHHs Baja. JTO OE3MHEPIUOHHOE MPOIMOPLHOHAIBHOE 3BEHO,
koTopoe Mbl oTHeceM K JIIT, ckoppekTupoBaB ero KOd(QQHUIMEHT YCUJIEHHUS, C TeM, YTOObI CIeslaTh
00paTHYIO CBSI3b €MHUYHON. ATIEpHOMUECKOE 3BEHO MOXKHO paccMaTpuBaTh Kak 00OOIIEHHYIO MOJENb
perymnsTopa, a KojaebareIbHOe 3B€HO — KaK 0OBEKT yIpaBICHUSI.

IlocTpoenne moaen.

[Topsimok BbiHEceHHs] OJOKOB B OKHO MOJENM M MX COEIMHEHHS BaM H3BECTEH M3 IEepBOU

nabopaTtopHoii paboTsl. [IpH >xenanum Mo>kHO yOpaTh oOpamiieHre 6JI0KOB, BEIOpaB B riaBHOM MeHIo [1K
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«MBTVY» Onuuu — Hactpoiiku, yOpaB rajouky B myHKTe PucoBaTh o0paMiieHue U IIEIKHYB 110 KHOIIKE
Ja.

B nononnenue k Tem 6;10Kam, KOTOPBIE YKE pacCMaTPUBAIKCH B PAaKTUYECKOi padore 9, B cxeme
pucyHka 1 ycraHnosineH 610k cpaBHeHus (CpaBHUBaIIee ycTpoiicTBO) ¢ Bkiagku Onepanun [Tamutper
0J10KOB. DTOT OJIOK BBIYMCIIAET CUTHAJ OIIMOKH, T.€. pa3HOCTh MEK/Y CUTHAJIOM 3aJIaHHsl, TOCTYTAIOLIIM
CIIeBa, U BBIXOJHBIM CHUTHAJIOM KO0JIEOATEIbHOTO 3BEHA, MPOIOPLHMOHAIBHBIM YacTOTE BpAIlCHHs Baya
JBUTATEIIS.

Ha cxeme pucynka | nosiBuics eie oiMH HOBBIN 3JIEMEHT — BeTBJeHue. [locie Toro, kak BbIXO
KoJ1e0aTeIbHOT0 3BeHA MOAKIIIOUYECH K BXO1y ocumiuiorpada, OT 3TOH JIMHUY CIIeyeT CAeNaTh OTBETBICHUE
K HIDKHEMY BXOJly CPaBHUBAIOIIETO YCTPOMCTBA. DTO TpeOyeT oIpeieIeHHON CHOPOBKY U HaBbIKa. OauH
U3 IMPOCTHIX CIIOCOOOB MPOBEIEHUS JIMHUU COCTOUT B cleayromeM. HeoOxomumo, Bce BpeMs yaep:KuBas
Haxator kiaumy Ctrl menkHyTh MO JIMHUM MPaBOM KHOMKOM MbImH. Ha JHMHWM TOSBUTCS TOYKA.
[Tpomomxas yaepxusath Ctrl, eaKHyTh 110 TOYKE JICBOK KHOMKOM MbIH. Kypcop mpuMeT BUI pHIea.
[Iponomxas ynepkuBath knaBuiny Ctrl, mepememars Kypcop K TOUYKaM MOBOPOTA JIMHUM, TJI€ HIEIKATh
neBoit knasuie. [Ipogomkare neiCTBUS BIUIOTH O MOAKIIOUEHHUS JTUHUHM K BXOIy OJOKa, IMOCie 4ero
ormyctuth kKnasumy Ctrl. C TedeHnemM BpeMeHu 3To ornepanus He OyeT BCTpevarh 3aTpyJHEHHUH, HO Ha
IIEPBOM JTaIle, €CJIA JIMHUSA MOJYYUTCSA HEYTAYHOM, €€ MOKHO yIAJINTh, IEIKHYB 110 HEW IPaBOM KJIaBUILIEH

Y BbIOpaB B BBINABIIEM MEHIO ¥YAAJUTh JUHUIO B cBsi3H (Ctrl+Del).
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Pucynok 2 - [lopsok co3iaHusi BETBIEHUS U NMPOBEJCHUS JIMHUM CBsA3U. Ha BceM mpoTshkeHun
orepanuu ciaenyeT yaepkupath Haxaroil knaBumry Ctrl. o nucxogHol nuHuuM ciaeayeT cHavana
LISJIKHYTh MPAaBOW KHOINKOM, MO BO3HMKIIEH TOYKE M B YIVIaX MOBOPOTA CO31aBAEMOW JIMHUU
CJIEIyeT ILIEIKATh JIEBOM KHONKOW MBIIIM. AHUMAIMI0 MOXHO OCTAHOBMTH IIETYKOM IO KHOIIKE

Cron B BepxHeil yactu 6pay3epa, a 3allyCTUTh BHOBb — IEITYKOM MO0 KHONKE OOHOBUTH
Hanee cnenyer 3a1aTh 3Hau4eHUs KO3(P(PUIMEHTOB yCUIeHUsT OJIOKOB pPEryJisiTopa M JBUTaTelsl.

I[Ba)K,Z[BI IOCJIKHYB IO aliCpuoaAnvYCCKOMY 3BCHY, BBCJIACM B IIOSABUBIICMCA OKHC KOB(I)(I)I/II_II/ICHT YCUIICHU

2.1 v menkHem Jla (pucyHok 3).
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CeoicTEa 0fbekTOE

I

Tz +1
k.03 e MUMEHT YCHAEHKA =
[ocToAHHAR BREMEHI [c] 1 |

BekTop HaYankHER YUCA0EHIA 1]
i

MapareTpe IB:-:D.u.bll Ebl:-:n:u:l.bll I:Iﬁu.luel

CEOMCTEa OTBEETOE

M
TEgt+2hlE+1

K o3 AL HEHT YSHIEHA i j

uy

MocToAHHaA BpErEHN [C] 1
K03 PPUUMEHT OEHNEHPOEAHHA 1
H ayaneHee yonoeda 00" [0] on
Jud |
MapatdeTpel I E:-:I:u:l.bll Ebl:-:l:u:l.bll I:Iliu.lHel
.,/ Ha | x Her | ? ﬂDMDLI.lbl " TpureHiTE

Pucynok 3 - JluanoroBble OKHA /I YCTAaHOBKM 3HAYCHHN TapaMETPOB arllepUOJIMYECKOTO H

KO0JIe0ATEIBHOTO 3BEHBEB

AHaJOTHMYHYIO OIEpalyio MpojaelaeM ¢ KoyeOaTelbHbBIM 3BE€HOM, YyOeaumcs, YTO €ro
kod(ppurment ycuienus pase 1 u Haxxmem Jla.

Cxema noctpoeHa, napaMmeTpsl BBeieHbl. OcTaercs IBax bl LIEIKHYTh [0 0J0KYy ocuuiuiorpada
B OKHE MOJEINH, IEPEeMECTUTh MOSBUBIIIEECS] OKHO rpaduka B MpaByr YacThb dKpaHa U MOAPABHATH €ro
pa3Mepsl Tak, Kak MOKa3aHo Ha PUCYHKe 4.

3anmyCcTHTh MOJIEINb, MeT4YKoM 1o KHotke [Tyck (IIpoao/kuTh pacyeT) — Gerynuii 4eioBeyeK.

o [ Vo Y| Va s || B[S 2 0 || [ 8@ 2 B

=

Morourukn | danmeie  Onepauiu I Berropeie | Cutictpyerypet | Ounaraseckue | Henveinee | Koo | ﬂoruqenll_'l

@I @& G

CpagHMEatow e YoTpoHcTED

I patuk - MNepexoanan ¢y, METEY
Tepexoman dymxinst
;I Yacrora eana
AEHratena
[eHeparop
CTYNEHYATOrD
cMrHana Anepuoguyect.oe
3BEHO
—H b L
—> (@ i e
FonetareneHoe Ocuunnorpadg
ZEEHO
Kl 1 _>I—I :
| 523:388  [Mokansho | v BpemA

Pucynok 4 - Ucxonnas cxema CAP u rpaduk ee nepexoaHoil GpyHKIuu
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Kak BuHO Ha pucyHKe 4, 3aJaHHbIC 3HaYeHUS KO3 (HUIIMEHTOB YCUIICHUS U JPYTUX apaMeTpoB,
OCTaBJICHHBIX MO YMOJIYaHUIO, MIPUBENIN K YCTOWYHBOU CHUCTEME, HO TepexoHas GyHKIUS CTPEMHUTCS K
CTallMOHAPHOMY 3HAUEHUIO CO 3HAUUTEIbHBIM IepeKoIeOaHueM.

i® Mpapuk - Nepexogran ¢y... EEES

Hepexoman dymxuma
k=42

Yacrora eana
AEMraTenA

Bpemna

Pucynok 5 - [1o mepe yBennueHus: ko3duumenTa ycuneHus anepuoanyeckoro 3BeHa, a 3HaUuT
U BCEro KOHTYPA, epexoHas QyHKLHU CTAHOBUTCS Bce Oosiee KonebaTeabHO! U B UTOTE CUCTEMA
TEpSET yCTOMYMBOCTH: Pa3Max CBOOOJHBIX KOJeOaHWI NMpPH HEM3MEHHOM BXOJHOM CHTHAJe

CTaHOBHTCS Bce OOJIBIIIE C TCUCHUEM BpEMCHU

VBenuueHue KOB(I)(i)I/ILII/ICHTa YCWIICHUA NPHUBOAUT K YXYAUICHUIO YCTOﬁqHBOCTH CHUCTCMBI U
OAHOBPEMCHHO YJIYUIIACT KaUCCTBO €€ B YCTAHOBUBIICMCS PEKMNME. 33}121‘13 MMPOCKTUPOBIIHNKA HaWTH 37IeCh

Pa3yMHBIN KOMIIPOMHUCC.

3.2. IToaroroBka MojieJi K NPOBEIEHUIO €€ YACTOTHOI0 aHAJIN3a

Jlns mpoBedeHMs] YAacTOTHOIO aHajdW3a MOJENN HY)XHO YyKas3aTb, Kakue €€ 3BeHbi OyayT
MOJIBEPrHYThl TakoMy aHanu3y. Jljig 3TOro cienyer OTMETUTh YCIOBHBIM BXOJ aHAIU3HUPYEMOIO
(¢parmMeHTa cXeMbl U €ro YCIOBHBIN BbIXOJ. B nmaHHOM ciyuae ycioBHBIM BxojoM Oynet Bxox CAP, a
YCIIOBHBIM BBIXOZIOM — €€ BBIXOJ.

B mporpamMuom kommiiekce «MBTVY» ycnoBHBI BXOJ M YCIOBHBIM BBIXOJ 0003HAuYalT C
nomoIipio 610ka B maMsATh, pacrnonokeHHOM Ha BKIaake CyocTpyKkTypbl (pUCYHOK 6). JIBa Takux O0Ka
ClIeyeT BBIHECTU HAa OKHO MOJEIN U IPUCOEAMHUTDH K BXOAY U K BbIxoqy CAP. J[BOWHBIM LIEITYKOM IO
610Ky, mpucoequHeHHOMY KO BXxony CAP BbI3BaTh OKHO 3a/laHUsI Ha3BaHUM MEPEMEHHBIX U M3MEHUTh
Ha3Banue Y1 Ha Oonee comepkarensHoe: Bxoa. [lepemennyto Y2 HazBaTh BbIX0 aHATIOTHYHBIM 00pa30M.
Jlis yKpanieHusi cXeMbl BBEJEM MOSICHSIOIINE HAAMUCH K 3TUM Oiokam. Illemyxkom mpaBoil KHOMKH IO
JeBOMY OJIOKY BBI30BEM MeHIO, BbiOepeM CBoiicTBa 1 Ha BKiIajke O0mme BBeIeM MOSCHSIONIYIO HAJITHCh

sin(wt), YTO HAIOMHUT O TOM, YTO YAaCTOTHBIA aHAJIN3 MPOBOIUTCS C UCIOJIH30BAHUEM FAPMOHUYECKOTO
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CWTHaJIa, YacTOTa KOTOPOTO M3MEHSETCS B HEKOTOPBHIX Mpeaeiiax. AHAJIOTMYHO, Ul MPaBoOro OJioka
3anuireM A*sin(wt+fi), 4to mosicHsAET TO, YTO TUHEHHAS CHCTEMa H3MEHSIET aMILUTUTY/Iy U HadaJdbHYIO a3y
CHHYCOHMJIAJILHOTO CHTHAJIA, Ha Hee [M0JaBaeMOT0 M 9TH U3MCHEHHS 3aBUCST OT YaCTOTHI.
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Pucynok 6 - VYkazaHue ycIOBHBIX BXOJa M BBIXOJa aHAIM3HPYEMOro (pparMeHTra CXembl C
nomouiplo AByx OnokoB B mamsare ¢ Bkiagku CyOcTpyktypbl. OOpaTHas CBSI3b, YCIOBHO
MOKa3aHHas KEJITHIM [BETOM, M300pakeHa Ha cXeMe, HO (DAKTUYECKU OTCYTCTBYET, MOCKOJIBKY
BECOBOM KOA((UIMEHT TIO0 HUXHEMY BXOJy YCTPOKMCTBA CpaBHEHUS 3aJaH PaBHBIM HYJIIO
(pucyHok 7), T.e. koutyp CAP pazomknyT. [lepexoanas dpynkuus pasomkaytoii CAP MoHOTOHHO
Y aCUMIITOTHYECKH CTPEMHUTCS K CBOoeMy Makcumymy. ClieoBaTelnbHO, Pa30MKHYTBIM KOHTYP

YCTONYUB.

OTMeTHM, 9TO B COOTBETCTBHH C KPUTEPUSIMHU YCTONYUBOCTH YACTOTHOMY aHAINU3Y JAOJKHA OBITh
noaseprayta pazomkHyTas CAP. Ocob6ennocts [IK « MBTVY» B ToM, 4TO OH MPOBEPSIET, BCE JIH BXOJbI U
BBIXO/bI COEIMHEHBI U €CJIA 3TO HE TaK, TO HE MO3BOJISECT MPOBOJNUTH MOieupoBanue. [loaTomy He Bcerna
MOXHO Pa30pBaTh OOPATHYIO CBA3b YIATICHUEM COSIUHUTEIHHOM JTMHIHU. B JaHHOM ciTydae MOYKHO MPOCTO
YCTaHOBUTH KOA(D(PHUIIMEHT Beca CPaBHHUBAIOIIETO yCTPOMCTBA MO HIKHEMY BXOJy PaBHBIM HYIO. Jlnis
3TOr0 CIEAYET ABAXKJbI LIEIKHYTH 10 YCTPOMCTBY CPaBHEHHUS B OKHE MOJIEIIA U B MOSIBUBLIEMCS OKHE

3aMEHUTh BTOPOM BECOBOI MHOXHTEID C -1 Ha O (PUCYHOK 7).
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Pucynok 7 - Jlna pa3MblkaHus KOHTypa IEpBBbI BECOBOW MHOYKHUTENb YCTPOWCTBA CPAaBHEHUS

OCTaBJIEH PAaBHBIM 1, a BTOpOI 3aJ1aH paBHBIM HYJIIO
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Ipumeuyanue: [ HArISIHOTO U300paKEHUS pa3MBIKaHUS U 3aMBbIKaHUsI 00PATHOM CBSI3U MOXKET

npuMeHeH 0510k Kirou ynpaiasiemslii ¢ Bkiagaku [Tamutpsr 6;1okoB Koroum (pucyHok 7.1).
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Pucynok 7.1 - YipapnsieMblil K104 O3BOJISIET BUAETh €T0 COCTOSIHUE M MEHATh €ro Ha 0OpaTHOe
JBOMHBIM IieT4KkoM Mo Osoky. Kak BuaHo, nepexoansie xapaktepuctuku CAP B 3aMKHYyTOM U

PA3OMKHYTOM COCTOSHHUU CYIICCTBCHHO OTIINYAIOTCA

3.3. Onenka ycToifYuBOCTH pa30MKHYTOro KoHtypa CAP no kpurepuio Muxaijiosa

Ha pucynke 6 no rpaduxy nepexonHoil GyHKIMU XOpOILIO BHJIHO, YTO PA30MKHYTHIH KOHTYP
ycroitumB. [103TOMY ITpoBepKa €ero ycToM4MBOCTH IO KpUTEPHIO MHUXalioBa IPOBOJUTCS 3/1€Ch TOJIBKO C
METOINYECKON LIEIBbI0 N3YUEHHUS MOPsIKA IPOBENEHUS ITOro nccnenosanus B «MBTVY». Otmerum, uTto B
MaJIOBEPOSITHOM ClIy4ae, KOI/la HEBO3MOXKHO IOJYYUTh HEMOCPEIACTBEHHO MEPEeXOAHYI0 (DYHKIUIO
Pa30MKHYTOIO KOHTYypa, HEOOXOAMMOCTb OOECHeueHUsi €ro YyCTOWYMBOCTH MOXKET MOTpeboBaTh
MIPUMEHEHUsI UMEHHO KpuTepust Muxaitnoa. HeoOXxoauMocCTh ke MPOBEPKU YCTOHIMBOCTH PA30MKHYTOTO
KOHTypa IUKTYETCS YCJIOBHMEM IIPAKTHUYECKOro NpUMEHEHHUs Kpurtepus HalikBucra, KOTOpBIH B CBOIO
ouepesb HEOOXOAUM JJisi OLEHKHM YCTOWYMBOCTH 3aMKHYTOI'O KOHTYypa M BBIpaOOTKHM Mep IO €ero
CTaOMJIN3alINH.

B rnaBHom Mmenio «MBTVY» Amnaamu3 BbiOpath YacrorHblii anaam3. IlosBisercs okHO
[TapameTpsl 4aCTOTHOTO aHAJIN3a, B KOTOPOM CIIEYET IIEIKHYTh 0 KHonke Co3aars okHO I'omorpados.

310 100aBUT B OKHO HIDKHIOIO YacTh (PUCYHOK 8):

69



[MapareTpel YACTOTHOMD aHANKMEA
HavaneHaa vactota [ oot

' La

x OTreHa

K.oHeuHaA YacToTa 3

Hucno Touek, ERIEOLA |2EIEI 3,

Mpupawedye onA Akobkiada

Co3pnarb OKHOD

OTHOCHTENEHDE 01 AAPEKTERUCTHK

ABCONOTHDE 1E-B Noporpagos

?: 1' | @ | e.}. Pacuer || [oporpad Mixainosa

FapakTEpHCTHES

PI/ICYHOK 8 - Oxkno 3a/laHuA IIapaMCTPOB YaCTOTHOI'O aHain3a IJIs1 ITIOCTPOCHUSA ronorpacba

Muxaiinosa (rogorpaga xapakTepuCTHIECKOTo MmoJuHOMa pa3oMKHyToi CAP)

Metonom npod u omuOOK B OKHE PUCYHKa 8 moaOupaeTcs 3HaUeHHE KOHEYHOW YacTOTHI Tak,
9TOOBI Ha rpaduKe MOKHO ObLIIO ObI BUJETh KaKHe KBAaIPAHTHI, 1 B KAKOM MOPSAKE MPOXOIUT roforpad.
OcTajibHbIE 3HAYEHUS YCTAaHOBUTHb TaAKMMH, KAKHEC ITOKa3aHbl HAa PUCYHKC 8

[llenknyte 10 kHONke I'omorpad MmuxaisioBa B okHe IlapaMerpbl 4aCcTOTHOIO aHaJIU3a.

HemenneHHO MOSIBASETCS OKHO C l"OI[Ol"pa(bOMI

i [115:142Mpapu... EEEX
Togorpad Muxaiinoea

I

0 e

-5

1]
-10

-15

—25-20-15-10-5 0 &
Fe

Pucynok 9 - T'ogorpad xapakrepucTuueckoro nojimHoma pasoMknytoit CAP TpeThero nmopsiika

IIPOXOJMT TP KBAJIPAHTA B MTOJIOKUTEILHOM HanpasieHnu. Pazomknyras CAP ycroliunsa

B nammem ciydae ygauHoe 3a/1aHre 3HaYeHHUS KOHEUHOM YacTOTHI B 3 pajl/CeK MO3BOJSET YBUACTD,
910 roaorpad HauyMHAETCS Ha JeHCTBUTENbHONH ocu B Touke (1, 0j) u mpu yBeIHMUEHUU YACTOTHI
MOCJIEIOBATEILHO MPOXOIUT MPOTHUB YACOBOM CTPEIKU TPH KBaJpaHTA. Y BEIMUEHWE KOHEUYHOW YacTOTHI
HE BBIBOJIUT rojiorpad u3 Tperbero kBajapanta. B coorBercTBuu ¢ kputepueM MuxaiioBa Takas cucreMa

yCTOMYMBA, YTO BIPOUEM, MBI U TaK 3HAEM U3 PUCYHKE 6.
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OxHO pucyHKa 9 MoxeT moTpeboBaTh moabOpa ero mapaMeTpoB M LBeTa JuHUH. g 3TOro
ClIeyeT IEIKHYTh MPaBoi KHOMKOW MO OKHY M MPUMEHUTh ABTOMacuITal, eciau rpaduk He BUACH, WU
BbIOpaTh CBOMCTBA U 32/1aTh TaKKHE 3HAUEHUS KOHIIOB OCEH KOOPAUHAT U YUCIIO JAeJIEHUH, YTOObI MaCIITa0bI
ocell cranu onuHaKoBbIMH. KpoMme Toro, 3/1ech ke 3a/1aeTcst Ha3BaHue rojaorpada u 1BeT JINHUH.

HerpynHo nokasars, 4To 1OCI€A0BATEIBHOE COEAMHEHNE KOHEUHOTO YMCIIa YCTOMUMBBIX 3BEHBEB
ycroiunBo. [lockonbky pazomknyTass CAP coCTOUT M3 ABYX yCTOMYMBBIX 3BEHBEB, TO OHA CTPYKTYPHO
yCcTOHYMBa. DTO 3HAUUT, YTO MPH JIIOOOM COYETAHHH MAapaMETPOB ANepUOJAUYECKOTO U KOJIeOaTEIbHOTIO
3BEHbEB Trojiorpad) XapaKTepHCTUYECKOTO MOJMHOMa OyAeT HAaYMHATHCS Ha JCHCTBUTEIBHOW OCH M
IIOCJIEZI0BATEIBHO MPOXOAUThH IIPOTUB YAaCOBOM CTPEIKU TPU KBajpaHTa. TeM He MeHee, CYLIECTBYIOT U
HEYCTONYMBBIE CUCTEMBI TPETHETO MOpsaKa, Harpumep, 3aMmkHyTasi CAP pucyHok 4 npu kosddunmente
ycuneHusi koHTypa 8.4 (pucyHok 5). B aToM ciywae, rojorpad xapakTepHUCTHUYECKOrO IOJIMHOMA
3amkHyTOl CAP (rogmorpad MuxaitioBa) HauMHAeTCS HA EHCTBUTENBHON OCH, M3 MEPBOTO KBaapaHTa
cpa3y IepexXOUT B YSTBEPTHIii, @ IOTOM B TPETHii KBaapaHT (pucyHok 10):

i® Ipague - Noporpae Muxa... EE ES

T'omorpad Miaxafinoea
samrayToil CAP, x=8.4

Irm
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0.5 0 -

all T T
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Pucynok 10 - I'onorpad xapakrepuctuyeckoro noiaunoma neycrounsoit CAP. Coctosinue CAP
0JIM3KO K IpaHUIIe YCTOWYMBOTO U HEYCTOMYHMBOIO PEXKUMOB pabOThI: Togorpad npoxoauT BOIU3U

Haydajla KoopaAruHaT

Kak BugHO Ha pucynke 5 u pucynke 10, npu koadduurente ycuneHus KOHTypa, paBHOM 8.4,
3amkHyTass CAP HeycToiunBa, 1 HaXOAUTCS OJIM3KO K IPaHULIE YCTOMYMBOIO U HEYCTOMYMBOTO PEKUMOB
paboTHI.

HTtak, ecnu yka3aH (pparMeHT CXEMbI, JUIsl KOTOPOTO CleAyeT MOCTPOuTh rogorpad Muxaiinosa,

TO BCS MpoOIeAypa MOCTPOEHHUS CBOJIUTCA K YETHIPEM IIEIYKAM JIEBOM KHONKOW MBIIIM: AHAJIU3 —
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Yacrorublii ananu3 — Co3gatb okHo I'onorpados - I'ogorpad MuxaiinoBa. Ilpu HeoOxogumocTu

MOHO T0OaBUTH ABTOMACIITAOD, IICJIKHYB MPAaBOW KHOMKOM 10 rpaduky.

3.4. Ouenka ycroituuBoctu 3aMkHyTOii CAP no kpurepuio HaiikBucra

[Tonesnyto paboty BeimonHseT 3amkHyTass CAP, ona-To u nomkHa ObITh ycTOWYMBOM. ["omorpad
KOMILIEKCHOTO Kod(ddurmenTa nepeaaun pazomknyToid CAP mo3BossieT ¢ moMornisio Kputepus HalikBucra
CyIIUTh HE TOJIbKO O (hakTe, HO, KOCBEHHO, U O cTeneHu ycroiumBoctH 3aMkHyTOW CAP. Ilo sTomy
rogorpady MOXKHO OIpENeNUTh KOCBEHHBIE MapamMeTpbl KadecTBa: 3amackl ycroitumBoctu CAP mo
aMIUTUTYAE U 10 dasze.

Yo6enutecsh, uto ooparHas cBsi3b CAP B cxeMe puc. 6 pa3oMKHYyTa: BTOPOM BeCOBOM KO puIimeHT
yCTpOMCTBa cpaBHEHUS (IO HUKHEMY BXOJy) AobkeH ObiTh paBeH 0 (pucynok 7). IlpoBeppTe u mpu
HEOOXOIMMOCTH YCTaHOBUTE HCXOJHOE 3Ha4deHHE Kod((dUIMeHTa yCHIICHHUS arnepruoAM4YecKoro 3BeHa
paBHoe 2.1. CnuenaiiTe KOHTPOJIBHBIN 3aITyCK MOJAEIH, C T€M, 4TOOBI mepexoaHas QyHKIHMS UMena BHJ,
MMOKa3aHHBII Ha PUCYHKE 6.

Bri6epere Anaan3 — YacToTHbIH aHAIU3 — TOSBUTCS OKHO [lapamMeTphbl 4acTOTHOr0 aHA/IU3A,
B KOTOPOM cieayeT BeIOpaTh MyHKT Co3nath okHO I'omorpadoB. IlosiBsitcs okHO romorpadoB, KOTOPOE
BPEMEHHO HY)XHO yOpaTh Ha 3aJHHMI IUIaH, a Ha NepeqHuil BbI3BaTh OKHO IlapaMeTrpbl 4acTOTHOrO
aHaJu3a, pucyHok 8. B HeMm cienyer BbiOpaTh moctpoeHue rojorpada HaiikBucra. [[jis 3TOro Hy>XHO
LIEJIKHYTh B okHe IlapamMeTpbl 4aCcTOTHOI0 aHAJIM3Aa 10 KHOIIKE C KPACHBIM IUTFOCOM +, B PE3YJIBTATE YETO
B HI)KHEM I10JI€ MOSIBUTCS HyMEpOBaHHas cTpoka ¢ HomepoM 1. lllenkHyTh 1o cunel rpade Bxoaswl u B
MOSIBUBLIEMCSI OKHE BbIOpaTh IepeMeHHYI0 Bxojn, BBeleHHYI0 Hamu paHee B Oinoke B mamsTth,
oIpeJieNIMBIIeM Hayao (parMeHTa aHaJM3UpyeMoi cxeMbl (pUcyHOk 6). B cnenytomeit rpade Boixoabt
aHAJIOTHYHBIM CIIOCOOOM BBIOpaTh nepeMeHHyo Bbixoa. B mocnenneil rpade BoiOpats HaiikBucTa

(pucynok 11).

NaparmeTpel YACTOTHOrO aHAMMSa

HavankHaa vacToTa 0.0m
] o a

K.oHe4HaA HacToTa 3
XK Otrena

Yucno Tavek seiEaga 200 —

Cosnare okHO
Mpupawerue gna AkotuaHa

OTHOCHTENEHDE 01 HApaKTEPHCTHK

AGCoNTHOE 1EE [ogorpagos

=E R | O | 9'9 Pacyer || logorpad Mu:-:alimosal

HApAKTEPUCTHES
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HalikemcTa
Monoea
[-paztiueHue

Pucynoxk 11 - 3agaHue BXOAHOHM M BBIXOJHON MEPEMEHHBIX, ONPEACISIOMUX (PparMeHT CXEMB,
JUIs1 KOTOPOTO OyieT mocTpoeH rojgorpad u Beioop tumna rogorpada — rogorpad Haiiksucra

72



Ocraercs menkHyTh 1Mo kHomke Pacuer B okHe IlapamMeTpbl 4acTOTHOIO aHAJIM3a U 4Yepe3
KopoTKoe Bpems rogorpad Oynet nmoctpoeH. [Ipu koHeuHoit yacrote 3 pan/cex (pucyHok 11) romorpad
ClJIerKa He JIOIIeIN J0 Havayia KOOpJIWHAT, TI09TOMY U3MEHUM 3HaYeHHEe KOHEYHOH yacToThl Ha 100 1 BHOBB
mienkaeM 1o kHomke Pacder. OdopMuM BHENIHWIA BHJII OKHA, B YaCTHOCTH CJENaeM OJIMHAKOBBIMH

MmacmTalbl oceld. PesynbTar Ha pucyHke 12.

i INpagpue - Noporpag Hadkeucta [_ o] =]
T'oporpad Hafxemncera
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Pucynok 12 - 'ogorpad komruiekcHoro koaduiueHTa nepegaun pasoMkHyToro koutypa CAP ¢
JIOTIOJTHUTEIILHON TPOpUCOBKOM. Brinenena touka (-1, 0j). Eciau romorpad He oxBaThIBaeT 3Ty
TOYKY, KaK B JIJAHHOM cllydae, 3aMKHyTasl cucreMa ycroiumBa. OTMETUM, YTO JUISl TPABUILHOU

OIIEHKHM 3amaca 1o (a3ze, MacmTabbl OCeil IOJKHBI OBITh OJMHAKOBBIMU

Touka A Ha pucyHKe 12 COOTBETCTBYET 3HAUEHHUIO KOMIUIEKCHOrO Kod(duiueHTa nepenadu
W(jo) Ha gactoTe on. YacToTa, Ha KOTOPOU MOTyJIh KO PUITMeHTa Iepeadyn paBeH eIUHUIIEC Ha3bIBAETCS
4acTOTOM Cpe3a mcep.

Kak BunHo Ha pucyske 12, anammsupyemas CAP umeer xopomme 3amachl YCTOMYHMBOCTH IO
ammmutyae 1/0A=1/0.25= 4 pa3za = 12 n1b u no ¢daze y= 720. D10 CBUAETEILCTBYET O TOM, YTO B
nepexoiHoM pexume kauecTBo CAP Oyner BrosiHE y0BIETBOPUTENBHBIM. B TO ke Bpemsi, KoapduueHT
ycuieHus: KoHTypa paBeH k = 2.1= 6 nb, 4TO KOCBEHHO TOBOPHUT O HHU3KOM KauecTBe pPabOTHI
Mozenupyemoir CAP B ycTaHOBHBIIEMCSI peXUME. DTa BEIMUYMHA JOJKHA COCTABIIATh JUISl CTATUYECKOU
cucremsl 20 + 40 nb. Otcrona cnenyer, 4to /Ui oOecriedeHnsl yIOBIETBOPUTEIBHOTO KauecTBa paboThl
CUCTEMBI HEOOXoAMMa CTPYKTypHasi Koppekuusi ucxogHoir CAP, koropass MokeT ObITh OCYIIECTBJICHA

BBezeHueM [ IN-perynsaTopa B KOHTYp ypaBiIeHUS.
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4 UHANBUAYAJIBHOE 3AJIAHUE

4.1. 3amyck mporpamMmmbl

3anmycTuTh mporpaMmmMHbIi kKoMruieke «MBTY» 1BOHHBIM MIETYKOM IO HKOHKE Ha paboveM CToJIe,
niu Ilyck — Ilporpammer — MBTY 3.0 — MBTYVY 3.0. B BepxHeil yacTu 3kpaHa MOSIBUTCS OCHOBHOE OKHO
I[IK "MBTYV" (pucyHok 1).

4.2 IlocTpoenue Mmoaeun

ITocTpoiite monens 3amkHyTOM CAP 4acTOThl BpalleHUs Bajla JBUratTejsl MOCTOSIHHOIO TOKa
PUCYHOK 1, ompenenure ee nepexoHyr (GpyHKIHNI0, COOTHECHTE ¢ pucyHKa 4. J[omoaHUTEe CXeMy U OKHO
ocumiuiorpada cojepxaTellbHBIMU Hagnucsmu. OOpamiieHne OJIOKOB, MPH JKEJIAHWU, MOXHO yOpaTh,
BbIOpaB B TiaBHOM MeHI0O «MBTY» Omnumum — Hacrtpoiiku, yOpaB rajgouky B myHKTe PucoBath
oOpamiieHue U LIENKHYB 10 KHomke Jla.

[TpoBephTe, Kak BIUACT U3MEHEHHE KOAP(DHUIIMEHTA YCHUIICHHS allepUOINISCKOro 3B€HA Ha BHUJT
MEePEXOTHON PYHKIIMH 3aMKHYTOH CHCTEMBI.

B kadecTBe IOMOJHUTENBHOTO 3a/laHUs, MO BBIMOJHEHUH OCHOBHOW YacTu pabOThl, MOXKHO
MIPOBEPUTH, KaK BIUSIET U3MEHEHHE KOd((UIIMEHTa YCUJICHHUS KOHTypa Ha YCTaHOBUBILIEECS 3HAUYCHHE
OIMOKHU peryaupoBaHus. i1 3T0ro MOKeT OBITh UCITOJIB30BAH JINOO €IIe OJUH OCIILIorpad, KOTOphIi
CJIeyeT MOJIKIIFOUUTE K BBIXOIY YCTPOHCTBA CPAaBHEHUS, JTMOO B MMEIOIIEMCSI MOYKHO JTOOABHUTH €IIIe OIHH
Bx0JI. M3 3TOrO HCccnenoBaHus MOXKHO ClIeiaTh BBIBOJ O TOM, UTO yBeIWYeHHE KOIPPHUIHEHTA YCUICHUS
KOHTypa TPUBOJUT K YMEHBIIEHUIO YCTAHOBUBIIETOCS 3HAYEHHsI OLIMOKH, HO BpEMS YCTaHOBICHHS
YBEITUYMBACTCS BBUY MOBBIIICHUS KOJI€0aTeTbHOCTH TIEPEXOAHOTO MpoIlecca.

Crenaiite BbIBOJBL.

Bepuute ncxonnoe 3HaueHne kod(hduiieHTa yCUIeHUs anepuoAnuecKoro 3BeHa, pasHoe 2.1 u
JUTSL KOHTPOJIS €11e pa3 3alyCTUTE MOJIENb Ha CUET.

CrenaiiTe CHUMKHU KpaHa, COXpaHUTE MIPOEKT B JIMYHOM narnke ¢ Ha3BaHueM Frq Char.mrj

5 KOHTPOJIBHBIE BOITPOCHI

1. Yro Takoe yacTOTHbIE XapaKTEPUCTHKH TMHEUHONU CHCTEMBbI?

2. C xakoit menpto B [IK «MBTVY» yka3bIBaloTCS BXOJHAs M BBIXOJHAs TMEPEMEHHBIC IPH
gacToTHOM aHannsze CAP?

3. Kak npoBecTH COeIMHUTENBHYIO JTHHUIO MEKIY OJoKaMu?

4. Kak co3/1aTh BETBJICHHUE COEAUHUTENLHON JIMHUH?

5. Kak B IIK «MBTVY» nocrpouts rogorpad Muxaiinosa /it TMHEHHON CUCTEMBI?

6. Kax B [IK «MBTVY» moctpouts romorpad HaiikBucra st TuHEHHON crCTEMBI?
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INPAKTUYECKASA PABOTA

MopaesupoBaHue u HcciieIOBaHHE Ka4ecTBAa KOHTYPa aBTOMATHYECKOT0 PeryJinpoBaHust

1 HEJb PABOTbI
HccnenoBaTh TWHAMHYECKHE W CTaTUYECKHE TMPOLECCHI B 3aMKHYTOH CcHUCTEME C
nponoprmoHanbHeiM  (I1), uaTerpanpaeiM (M), npomnopuuonansHo-uHTErpaibHbIM ([1M) 3akoHamm

peryIupoBaHusl.

2 MOPAJOK BBINIOJIHEHUS PABOTBI

1. I3yunTh BO3MOXXHOCTH MOJEIMPOBAHUS C MOMOIIBI0 MporpaMMmHoro kommiekca (I1K)
«MBTVY».

2. OcBouThb IPOIEAYPHI POPMUPOBAHUS CTPYKTYPHOU CXEMbI MOJICTHPOBAHUS, BEIOOpPA METO/IA U
MapaMeTpoB HHTEIPUPOBAHHUS, BBOJIA TAPAMETPOB OJIOKOB, BHIBO/IA JAHHBIX pacyera.

3. OdopMuUTh MpaKTHIECKYIO paboTy.

4. OTBeTHTH HA KOHTPOJIbHBIC BOITIPOCHI.

3METOANYECKHUE YKA3AHUA

[Tpunuun monenuposanus B [IK "MBTVY" cocTouT B co3nanuu u MCClIeIOBaHUN BUPTYaJIbHOTO
aHaJyiora peajlbHOM CUCTeMbI — MoJienn. Moens GyHKIMOHUPYET B COOTBETCTBUU C TEMH K€ YPaBHEHHSIMH,
YTO U MOoJieNpyemMas cuctema. [Ipu MoenrpoBannn He 00s3aTEeNIbHO 3aMMChIBATh 9TU YPABHEHUS B SBHOM
BHJIe, 00 ATOM 1M03a00TUTCA TIporpamMma. MoJieih COCTaBIISIETCS MOJIB30BaTENIeM B CIIEIIUATEHOM OKHE
MPOrPaMMBbl COETMHEHUEM OTAETIbHBIX BUPTYaTbHBIX OJIOKOB, COOTBETCTBYIOIIMX DJIEMEHTAM pPeabHOM
CHUCTEMBI.

Buptyansubie 610KH YCIOBHO BHEITHE MPECTABISIOTCS Ha paboveM MPOCTPAHCTBE OKHA MOJIETTH
MPSIMOYTOJIbHUKAMH, T.€. OHU BHIUMBI UCCIIEOBATEII0, UMEIOT BXO/IbI M (MJIN) BBIXOJIBI M (DYHKITMOHUPYIOT
B COOTBETCTBHH C OMPEICTICHHBIMI YPABHEHUSMH, aITOPUTM PELICHHUS KOTOPBIX pean3yeTcs B UPPOBOM
Buje. [lon pyHKIIMOHMpPOBAaHUEM BUPTYaIbHOTO OJ0Ka TOHUMAETCS TO, UTO OH pearupyer Ha BUPTyalbHbIE
BO3/eUCTBUS ((PYHKIIMUM BpEMEHH), TOJIaBaeMble APYTMMH OJOKaMH Ha €ro BXOJ, OMpeJeSICHHBIM

U3MCHCHHUEM BCIIMYNHBI BBIXOJHOT'O CUT'HAJIA.

4 UTHIAUBUIYAJTBHOE 3AIAHUE
33}13HI/IC 1. I[J'ISI MOCJICAOBATCIILBHOTO COCAWHCHUA 3aJaHHOIO alCpuOJUYCCKOTO 3BCHA U
YCI/IJ'II/ITeJ'IBHOFO 3B€HaA IIOATOTOBBTC HUCXOAHBIC MHAHHBIC U HpOBe)II/ITe MOJIeHHpOBaHHe HepeXO}IHOFO

mnmponecca npu e IHHUIHOM CTYIICHYIATOM BXOAHOM BO3/IeliCTBHH B cnezxyromeﬁ IOCJICA0OBATCIBbHOCTHU
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1) moAroTOBBTE UYEPTEXK CTPYKTYPHOH CXEMBI MOJCIMPOBAHUS, UCHOJB3ys Oubmmoreky ITK
«MBTY» no aHanmoruu ¢ puCyHKOM 4; CKOMUPYHTE YePTEXK B OTUET MPAKTUUECKON PabOTHI,

2) UCXO/Isl U3 YMCIIOBBIX 3HAUCHHI MapaMeTPOB MEPEAATOYHBIX (DYHKIIMU SJIIEMEHTOB, OTPEICITUTE
rnapamMeTpbl HMHTETpUpOBaHUs (METOJA, TOYHOCTh, IIAr, BpeMs MHTETPUPOBAHUS M IIar BBHIBOJIA
PE3YJIBTATOB); BHECUTE PACUCTHBIC MTAPAMETPhI HHTETPUPOBAHUS B OTYET MPO(HECCHOHATLHOTO 3a/1aHHUS;

3) BBeMTE MCXOIHBIC IAHHBIC U BBITIOJIHUTE MOICITUPOBAHHE;

4)  cxomupyiite U300pakeHHe UCXOAHOro (10 3aJaHHBIM TTapaMeTpam) rpaduka mepexoHOro
IpoIecca B OTYET MPAKTUICCKON PabOTEHI.

3ananmue 2.

1 HcciaenoBanme AMHAMHMYECKHMX H CTATHYECKHX IPOIECCOB B 3aMKHYTOIl cHucTeMe €
NPONOPUMOHATBHBIM 3aKOHOM PeryJMpoOBaHHsA IIPOU3BOAUTCS B CIECIYIOLIEM OPSJIKE:

- TpeABapUTEIBHO YCTAHOBUTH 3aJlaHue B (OpPME TMOCTOSIHHOTO BXOJHOTO BO3JCHCTBHUS -
KOHCTaHTa (3HaueHWe CUTHaNa 1) ¥ MOAKIIIOYNTH BHEIIHIO OOpaTHYIO CBSI3b, YCTAHOBHB KOX(PPHUIIMEHT
obpatHoii cBsi3u k = 1;

- HCCIe[OBaTh IEPEXOAHbIC XApaKTePUCTHKU MPH Pa3IMYHBIX 3HaYeHHsX koddduumenra k
MIPOTIOPIMOHAIIBHOTO PEryisTopa (TPM BapMAaHTa MePeXOAHBIX NMPOLECCOB) C YCIOBUEM BBHITIOJHEHHS
rapaMeTpOB MHTETPUPOBAHUS U 33JaHHOTO 3HAYEHHUS cUrHana 1;

- Uil BBIOpaHHBIX 3HadeHW k perynsTopa 3aduKCHpPOBATh MEPEXOJHBIE XapaKTEPUCTHKHU,
chOopMyIUPOBATh U 3aMUCATh BHIBOIBI.

2 HccaenoBaHue AUHAMHYECKHX W CTATUYECKMX CBOWCTB 3aMKHYTOH CHCTEMBI €
HHTErPaAJbHBIM PeryJsiTOPoOM BBITIOHIETCS B CIIEAYIOIIEH MOCIIeI0BaTeIbHOCTH:

- TpeIBapUTENIbHO BMECTO MPOMOPLHOHATBHOIO PEryJsATOpa YCTAHOBUTh WHTETPAIbHBIN
perymnsTop ¢ nepeaaTouHout pynkuueit k/s;

- YCTaHOBHTH 3aJIaHi€ B (POpME MOCTOSTHHOTO BXOHOTO BO3JICUCTBUS U MOJKIIOUYUTh BHEUTHIOIO
0o0paTHYIO CBSA3b, YCTAaHOBUB KO3 uiieHT oopatHoii cBsizu k = 1;

- HCCIEAOBaTh IMEPEXOAHbIE XapaKTePUCTHKU TPH pPA3IWYHBIX 3HadeHHsX kodddummenra k
WHTETPAIIBHOTO peryisiTopa (TPM BAPHAHTA NEPeXOJHbIX NMPOLECCOB) C YCIOBHUEM BBIIOJHEHUS
rapaMeTpOB MHTETPUPOBAHUS U 33JJaHHOTO 3HAYEHHUS CUTHaNA 1;

- I BBIOpAaHHBIX 3HAa4YeHUW Kk perynaropa 3adUKCUPOBATh MEPEXOIHBIE XaPaKTEPUCTHUKH,
chopMyITUpOBaTh M 3aMTUCATh BHIBOJIHI.

3 MHccaenoBanme IHUHAMHYECKHX M CTAaTHYECKHX CBOWCTB 3aMKHYTOH CHCTEMBI €
NPONOPUMOHATBHO - HHTErPAJbHBIM PEryJasiTOPOM BBHINIOJIHIETCS AHAJIOTMYHO BBIIIEYKa3aHHBIM
MTyHKTaM.

OdopmuTte otuer.
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Coaepxxanmne ordera. OTUeT NOJDKEH cOAEpXKaTh CTPYKTYpPHBIE CXEMBI MOJEINPOBAHUS
HCCIEAYEMBIX KOHTYPOB pPEryJIUPOBaHUS U rpaduku MepexoAHbIX IMPOIECCOB, MOCTPOEHHBIE IO
pe3ysbTaTaM MOJEIUPOBAHMS, a TAKXKE BHIBOABI IO padoTe.

JeMOHCTPaLMOHHBIA IpUMep
JIeMOHCTpallMOHHBIN NIPUMEP IMOCTPOCH NPHUMEHUTENIBHO K IIOCIEI0BATEIBHOMY COCIUHEHUIO

arepuoanuecKoro 38eHa | mopsaka (Tabnuma 1) u ycunmuTenbHOTo 3BeHa (Tabnuma 2).

Ta6J11/1ua 1- I/ICXOI[HBIC JaHHBIC TUIIOBOI'O JMHAMHW4YCCKOI'O 3BCHA

Haumentosauste | IMpuwrmpneansmas | Teperaroanag Gy

aaevments ( Bxoanas caena
pourssm. Buxoamns
BETKYHAR)
T:pucnapa, no —0 EAp) ki
MCTHEN MY R - E Wip)=—t—zm— -
y np) Tpp+l
WIHTH A KOXyX
!'lcu.“:;\al.r“. I‘ICAHI - KO -:h»’.‘llll-.L‘LT
B OUBHLKTS HINCEC '1_\‘2‘&'--““5-
H1A O, ™m MOCTOSHHAX BpC
FAC ma saxumax MCRHTCOMONAPA, _
Are = 0,0005<0,001 B/ 'C

repsoaaon £y) i
‘TN 3 10¢

_Y(®) _ Krn
W (p) - X(p) _TTnp+1’

rae X(p), Y(p) — COOTBETCTBEHHO M300pakeHus 110 Jlamiacy BXOIHOM U BBIXOJHOW BETUYUH MPU
HYJIEBBIX HAYalIbHBIX YCIOBUSIX;

K, T — coorBeTcTBeHHO K03 duLMeHT epenayn, mocrosiHaas spemenn (k=0,001, T=10c).

CtpyKkTypHas cxema arnepuoJuYecKOro 3B€Ha, COOTBETCTBYIOINIASl €r0 MEePeaaTouyHON (yHKIINH,

MoKa3aHa Ha pucyHke 1.

E:p

—

bp Krn

Tronp + 1

Pucynoxk 1 - CtpykTypHas cxema 3B€Ha ¢ pacKpbITHEM NepeJaTOUYHON QYHKIIMU U 0TOOpakKeHUEM

BXOJHOH ¥ BBIXOJHOH BEINYNH

Hcxognble JaHHBIE YCUIUTEJIBbHOTO 3B€HA

_Y® _ Ky
W (p) = X(p) TyP+1'

77



rae X(p), Y(p) — cooTBeTCTBEeHHO M300pakeHus 1o Jlarmiacy BXOAHOHN ¥ BRIXOJHOW BETUYHH MIPH
HYJICBBIX HAYaJIbHBIX YCIOBUSIX;

K, T — cooTBeTcTBEHHO KO3 GHIMEHT repeaaun, mocrosiaaas Bpemenn  (k=50, T=0,1c¢).

CTpykTypHas cxema YCHIIUTEIBHOTO 3BEHA, COOTBETCTBYIOIAs €ro IepenaTouHoil (yHKuuu,

MOKa3aHa Ha PUCYHKeE 2.

Unx(p} Ky Uma{P)

-

Typ +1

Pucynok 2 - CTpykTypHasi cxema 3B€Ha ¢ paCKpbITHEM NepeaTOYHON (YHKIIUU U 0TOOpakeHUEM

BXOJIHOM M BBIXOJIHOM BEJIMYUH

Bp ETP K}’ Uah[x{p}

Krn _
Trnp + 1 Typ+1

Pucynoxk 3 - CTpykTypHas cxema ocjiei0BaTeIbHOr0 COeIMHEHNUS 3BEHbEB

3amaua MOJETUPOBAHMS 3BEHA 3aKJIIOYAeTCsl B IMOJyuYeHHM rpaduKka MepexoHOro mpolecca
BBIXOIHOM BeM4HHBI Y (1) MpH HYJIEBBIX HAYAJIbHBIX YCIOBHSAX M MOCTOSHHOM BXOJHOM BO3JCHCTBHH, TO
€CTbh MOJYYEHHH €ro NepexXoIHON PyHKINU (KPUBOW pa3roHa).

[TapameTpbl nepenaToyHbIx GpyHKIuUi (Tadbaua 1) HCXOMHOM CTPYKTYpHOU cXeMbl (pHCYHOK 1)
cnenyromue: Ttn =10 ¢; k., =0.01; Ty=0,1 c; Ky=50.

PykoBOACTBYsSICb METOJMKOW MOJATOTOBKM HCXOJHBIX JaHHBIX, BbIOEpEM METOJ M 3aJaJuM
napaMeTpbl UHTETPUPOBAHUS:

- Meroa uHterpuposanus «PyHre-Kyrra kiaccnuecknii 45»;

- MCXO0/s U3 HauOobIIeH MocTOSHHON BpeMeHHu T = 10 ¢, mpuHUMaeM nepBoOHavYaIbHOE BpeMsi
MHTETPUPOBaHUS (Ha OAMH-/BA MOpsAKa OoJbIle moctossHHON Bpemenu) 100 c;

- HUCXOJAs M3 HauMeHblleW mocTossHHOM BpemeHu Tmy= 0,1 c, mpuHMMaeM NepBOHAYaIbHOE
3HAYEHUS I1ara MHTETPUPOBAHUS: MAaKCUMAIbHOIO (Ha MOPSAOK MeHblIe noctositHHoN Bpemenu) 0,01 c,
MUHHMAJIBHOTO (Ha OJIMH-]IBA MOPSAKA MEHbIIIE MaKCUMaIbHOTO 1mara uaTerpupoBanus) 0,001 c;

- uHTepBai Beiiauu AanHbx 0,01 c;

- To4yHOCTh uHTerpupoBanus 0,001.
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Pucynok 4 - CrpykTypHasi cxemMa MOJEIUPOBAHUSA COCIUHEHHs] 3BEHBEB, M300pa)K€HHAsl C

ucnoab3zoBanueM 0110koB ouodimorexk [IK «MBTVY»

I'padms
¥
0.04
0.03
0.02
0.01
o 20 40 &0 80 100

tc

Pucynok 5 - IlepexoaHoi mpoiiecc ¢ Ha4YaIbHBIMH YCIOBUSIMU (BpeMsi unterpupoBanus 100)

I'padux

0.00015

0.0001

5E-5

0 0.02 0.04 0.06 0.08 0.1 0.12
t.c

Pucynox 6 - [lepexo/HO# npoliecc ¢ HavyalbHBIMU YCIOBUAMU (Bpemst unTerpupoBanus 0.1)

EI_.F@_.F .'T-g+1 .FT-;{+1 Fm

Pucynok 7 - CtpykTypHas cxema mojenupoBanus ¢ [I-perynsropom
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I'padux

t.c

Pucynox 8 - IlepexoaHoi mpouecc KoHTypa peryiaupoBanus ¢ [I-perynstopom Kn=10

I'padmx
¥
0.8
0.6
0.4
0.2
0 2 4 & 8 10

Pucynoxk 9 - Ilepexoanoii nportecc KoHTypa peryiauposanus ¢ [I-perynastopom Kn=600

I'padur
¥
0.8
0.6
0.4
0.2
4] 2 4 & 8 10

tc

Pucynok 10 - TlepexoHoii iporiecc KOHTypa perympoBanus ¢ [1-perymsropom Kn=800
BoiBon  otHocuTeqbHo  II-peryasitopa:  OOGocHOBaHME  ONTHUMAJbHBIX  IapaMeTpoB

peryaupoBaHus
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Pucynok 11 - CtpykrypHas cxema MojenupoBanus ¢ M-perynsaropom

I'padux

¥

1
0.8
0.6
0.4
0.2

o 20 40 &0 80 100

t.c

Pucynok 12 - IlepexoaHoii mpouecc KoHTypa perynupoBanus ¢ U-perynstopom Ku=0,1

I'padux

¥
1.2

1
0.8
0.6
0.4
0.2

o 20 40 80 80 100

t.c

Pucynok 13 - TlepexoHoii iporiecc KOHTypa perysimpoBanus ¢ U-perymstopom Ku=5
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I'padmx

I
[¥]

=]
(58]

=]
=3

t.c
Pucynoxk 14 - IlepexonHoii npouecc KoHTypa perynupoBanus ¢ M-perynaropom Ku=10
BbiBog  orHOcuTeabHO U-peryastopa: OOOCHOBaHME  ONTHUMAJIbHBIX  HApaMETPOB

peryjimpoBaHus.

_..4|_’

=P

Pucynok 15 - CtpykTypHas cxema mozenupoBanus ¢ [I1-peryastopom

I'padux

SR}

-

[ e [ s I e Y o Y o N o R e T s |
R s

0 10 20 30 40 50 €0 70 80 SO 100

tc

Pucynox 16 - [lepexoanoii nporecc koHTypa perymupoBanus ¢ [IU-perymstopom Kn=50, Ku=10
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I'padmx

L -

[ T e R s R e I Y s o R e B e |
L I RN L R -}

0 10 20 30 40 50 &0 7O 80 80 100

t.c

Pucynox 17 - Ilepexonnoii mpouecc kKoHTypa peryaupopanus ¢ [I1-perynaropom Kn=90, Ku=10

I'padmux

2 10 20 30 40 50 60 70 20 80 100

tc
Pucynoxk 18 - Ilepexoanoii nporecc koHTypa perynuposanus ¢ [IU-perynsatopom Kn=90, Ku=50
BbiBon otHocutenbHo IIU-peryasitopa: OOocHOBaHME ONTHUMAJIBHBIX  IapaMeTPOB
peryIupoBaHus

BoiBoabl: JlocTOMHCTBA U HEJOCTATKU PETYIATOPOB, PEKOMEHAALMH K UX UCIIOJIb30BAHUIO
5 KOHTPOJIBHBIE BOITPOCHI

1. JMaiire onpenenenue [1-, U-, [I1-perynsaropa.

2. Jlaiite onpenenenue nepenaToyHoi GpyHKueH 3BeHa (cuctemsl)?
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HNPAKTUYECKASA PABOTA
HN3y4eHue ycTpoiicTBa, padoThl, OPraHOB HACTPOMKH U NMPABUJI MOAKJIIOYEHUS

NMHeBMaTHYeCKHX peryasaTopoB komiuiekca CTAPT-2

1 HEJIb PABOTHBI

1. Y3yuuTh yCTpOICTBO, pabOTy MHEBMATHYECKUX peryisaTopoB komruiekca CTAPT-2.
2. W3yuuth mpaBuiia NOJIKIIOYEHHUS THEBMATHUECKUX PEryJIsTOpa.

3. OpopMHTH TPAKTUYECKYIO pabOTYy.

4. OTBETUTHh Ha KOHTPOJIbHBIE BOIPOCHI.

2 MIOPAJOK ITPOBEJAEHUA PABOTBI

1. PaccMoTpuTE MPUHIIMIIHAIBHBIE CXEMBI ITHEBMAaTHUECKUX peryisiTopoB kommiekca CTAPT-2.
2. O3HaKOMbTECH C IPUHIUIIOM JEHCTBUS THEBMaTHUecKoro peryistopa [1P3.31-M1.

3. Beigenute nocTonHcTBa M HeocTaTku perynisartopa [1P3.31-M1.

4. 3yunte cxembl U IpaBUiIa MOJKIOYCHNS THEBMATUYECKUX PETYIIATOPOB.

4. Cnenaiite BBIBOJI 00 M3yUYEHHOM MaTepHae.

3 METOAUYECKHE YKA3AHUSA

[TaneBMaTuueckue mpubopbl u perynstopsl cuctembl «CTAPTY» mocTpoeHsl Ha OmpeaeieHHOM
COUeTaHUM HEeCKOJIbKUX emMeHToB Y COIIITA.

Bce npubops! cuctembl «CTAPT) BbINONIHEHBI 110 0JHOMY ITpuHLHUIY. DneMeHTsl Y COIIIIA, u3
KOTOPBIX KOMITJIEKTYIOTCSI BCE IPUOOPHI, YCTAHOBJICHBI HA HOXKKaX (COeIMHUTENBHBIX TPyOKax) Ha IjaTe
(ocHOBaHMM) W3 OpraHMYecKoro crekia. CBsi3b MEXAY DJIEMEHTAMHU OCYIIECTBISIETCS uepe3 KaHaibl B
HOKKax M BHYTpH IaThl. [1naTa, B CBOIO ouepeib, HMEET COCMHEHNE CO MITyIepaMi BHEITHUX JTUHUN
THOKMMHU PEe3MHOBBIMH ITUTaHTaMu. Paboumit quana3oH BXOIHBIX U BIXOAHBIX curHaios 0,02 — 0,1 MIla.
[Tutanue npuOOPOB OCYIIECTBISETCS CYXHM, OUUIIEHHBIM OT TBLIM U Maclia Bo3ayxoM nasienuem 0,14
MIla. [JlanpHOCTH mepegaud MHEBMAaTHYEeCKUX CcurHaioB A0 300 M mnpu BHYTPEHHEM JAHAMETpE
TpyOompoBoa 6 MM. YCIOBHS SKCIUTyaTalldu: TeMIeparypa okpyskarwmiero Bozayxa 5 — 50 °C mpu
OTHOCHUTENIbHOM BiakHOCTH He 6oiiee 80%.

Bce anemenTtsl cuctemsl «CTAPT» nmoctpoeHbl Ha 6a3e MHEBMATUYECKOTO MHOTOMEMOPAHHOTO
pene. KoHCTpYKTUBHO 0a30BBIid 3JIEMEHT (ITHEBMATUUYECKOE TpeXxMeMOpaHHOE pelie) MPeICTaBIsIeT Co00M
Ha0Op W3 YeThIpeX MPSMOYTOJbHBIX M0, pa3/eNeHHbIX TpeMs MeMmOpaHamu (PEe3MHOTKAHEBBIMH),
CTSHYTBIX 1O TIEPUMETPY BHHTaAMH. MeMOpaHbl COCTMHEHBI OOIIMM IIITOKOM, TOPIIBI KOTOPOTO CITyXKaT
3aCJIOHKaMH COIJI, PacloJIOKEHHBIX B BEpXHEM M HIDKHEW Kpblkax. K BepxHemy comily OObIY-HO

noaBoauTcs nasnenue nuranus 0,14 Mlla, a HuXHEe COTIIo, Kak MPaBHIIO, CBSA3aHO C aTMOC(HEPOH.
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Peryaupyromee ycrpoiicrso I1P3.31-M1.

YCTpolCTBO perysMpyroliee MHEBMATHYECKOE MPONOpIUOHAIbHO—MHTerpansHoe [1P3.31-M1
npumensiercss B ACY TII Ha omacHBIX MPOU3BOJICTBEHHBIX 00BEKTaX HePTErazoBoil, HePTEXUMHIECKOM,
HedTenepepabaThIBAIONICH, XUMIUYECKOH, MUIIEBON U JPYTUX OTPACISX MPOMBIILIEHHOCTH.

Perynsarop MoxeT OBITh HCHONB30BaH Ui pabOThl C JaTYMKaMu, MpUOOpaMH KOHTPOJIA,
3alaTYNKaMH WIK APYTUMH YCTPOUCTBAMU CO CTaHAAPTHBIMU THEBMAaTUYECKUMU CUTHAJIaMU Ha BBIXOJIE U
BXOJI€.

JleiicTBue perynsaTopa OCHOBaHO Ha NPHUHILIMIIE KOMIIEHCALUU CUJI, IPY KOTOPOM MEXAHUYECKUE
NepeMEIeHUs] YyBCTBUTEIBHBIX 3JEMEHTOB OJHM3KM K HyN0. BcrencTBue 3TOro perysisrop obiamaeT

BBICOKOH YYBCTBUTCIIbHOCTBIO.

v 1 —
ob ' - 2
el
Pn =
c - ,
P, —
E
L " b
\% .

Pucynok 1 — [IpuHnunuansHas cxema nmHeBMaTuueckoro peryisropa [1P3.31-M1

CurHansl, MOCTYMAIOLINE OT 3aJaTYUKA U OT U3MEPUTEIBHOT0 IPUOOpPa B BUE AABJICHUS CKATOTO
BO3/IyXa, IEUCTBYIOT HA MEMOpaHBI dJIEMEHTA CPAaBHEHUS.

Cunbl, pa3BuBaeMble JAEMCTBHEM Pa3HOCTH CUTHAJIOB PETyJIMPYEMOHl BENWYMHBI M 3a/laHus Ha
YCTPOMCTBA CPAaBHEHUS, YPABHOBEIIMBAIOTCA CUJIAMM, Pa3BUBAEMBIMU JIEHCTBUEM CUTHAJIOB €AVWHUYHOU
OTPULIATEIILHON U PETyJIMPYyEMOH MOJI0KUTEIbHOM 00paTHOM CBS3H.

[IponopuyoHanbHas  COCTABJISIFOLIAS  PETYJISATOpAa BBOJAWUTCA IIyT€M  BO3ICHCTBHA  HA
OTpHUIATENIbHYI0 OOPAaTHYIO CBS3b, HHTErpaibHAsl COCTABIIAIOIIAsE BBOAUTCS MOCPEICTBOM BO3/IEUCTBUS Ha
MOJIOKUTENIbHYI0 00paTHyt0 cBs3b. Kaxmas u3 o0OpaTHBIX CBsI3€il BHOCHT COOTBETCTBYIOIIYIO

COCTaBJISIONIYIO B 00IIee peryaupyromiee BO3ACHCTBIE PErysTopa.
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CreneHb BO3JIEHCTBUS ITHUX COCTABIIAIOIINMX BCTPAWBAETCS PETYIUPYEMBIMHU CONPOTHUBIICHUSAMU
30HBI IPOMOPLUOHAIIBHOCTH U BPEMEHH UHTETPUPOBAHUS.

JIMHEHOCTh CTATHYECKUX XapaKTEPUCTUK JOCTUTaeTcs 3a CU€T BBEICHUS BYX CyMMaTOpPOB B
IPSIMOI KaHaJ U B JIMHUIO OOPAaTHOM CBSI3M ONEPAIIHOHHOTO YCHIIUTEIIS.

Perynsarop cocTOMT B OCHOBHOM M3 DJIEMEHTOB AHAJIOrOBOM TEXHUKHU: MSATUMEMOPAHHOTO H
TPEXMEMOpPAHHOTO 3JEMEHTOB CpPaBHEHHUS, IMOBTOPUTEIS—YCHUJIUTEISI MOIIHOCTH, MOBTOPHUTEIS,
PEryIUpPYEMbIX U HEPETYJIUPYEMbIX ITHEBMOCOIPOTUBIICHUH, EMKOCTH. KpoMe Toro, B peryisitop BXOAST

AUCKPCTHLBIC 3JICMCHTHI — [IBA KJIallaHa.

4 KOHTPOJIBHBIE BOITPOCHI

1. K mpubopam kakoii cuctembl oTHOCUTCS perynstop [1P3.31-M17?
2. Haznauenwue perymsropa [1P3.31-M1.

3. Kaxoii 3akoH perynupoBanus peanusyer peryisirop [1P3.31-M17?

4. IlosicHuTe Ha3HAYEHUE U IPUHIUN ACUCTBUS KaXKI0r0 351eMeHTa B peryistope [1P3.31-M1.
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INPAKTUYECKAS PABOTA
H3ydyeHne KOHCTPYKIMH U CXeM MOAKJIIOYEeHHs THAPABINYECKUX U

3J1eKTPOTHAPABINYECKHX PEryJ/siTopoB

1 HEJIb PABOTHBI

1. U3y4uTh yCTPOICTBO, padOTy rHAPABINYECKUX PETYIISITOPOB.

2. V3y4nTh npaBuiIa MOAKIIOYCHHS THAPABIMYCCKUX U 3JICKTPOTHIPABINYECKUAX PEryIsITOpa.
3. OpopMHTH TPAKTUIECKYIO paboOTYy.

4. OTBETUTHh Ha KOHTPOJIbHBIE BOIPOCHI.

2 ITOPAAOK INPOBEJIEHUSA PABOTHBI

1. PaccmorpuTe CTpYKTypHYIO CX€MYy THIpPAaBIMYECKOW aBTOMAaTUYECKOW  CHCTEMOM
perynupoBanus (ACP).

2. O3HaKOMbBTECH C MPUHIIMIIOM JeHCTBUS ruapaBindeckoit ACP.

3. Beigenure 10CTOMHCTBA M HEAOCTATKHU THIPABIMYECKUX PErYJIATOPOB.

4. O3HaKOMbTECH C MPUHIIUIIOM JEHCTBUS SJEKTPOTUIPABINYECKUM peryisitopom POT.

5. N3yunTe cxembl MOAKIIOUEHUS THAPABIMUECKUX PETYIISITOPOB.

4. Cnenaiite BbIBOJ 00 U3YYEHHOM MaTepHale.

3METOANYECKUE YKA3ZAHUA
8 7

Hnp s dcm
Lbé o or -

/_PH

~£/‘ Els

| —t

Pr g

Pucynoxk 1 - CTpykTypHas cxeMa IruJIpaBIndeCcKOil aBTOMaTHYECKON CUCTEMOM PEryJIupOBaHuUs

Ha pucynke 1 n300paxeHbl 3JIEMEHTHI:

1- oOBeKT perynupoBaHus
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2- MaT4YuK PEryIupyeMOi BEeTUIHHBI

3- 3a/1aTYMK PETyJIUPyEMOM BEIIMUHNHBI

4- TUAPABIMYCCKUIN PETYIISTOD

5- KpaH JUCTAaHIIMOHHOTO YIIPABIEHUS UCIIOTHUTEIbHBIM MEXaHU3MOM

6- mepekIroyaroIiee yCTPOMUCTBO I OTKITFOYCHUS KOMAH/IHBIX [IETel OT BHEITHUX CUTHAIOB

7- TIOPIIIHEBOW HCITOTHUTEIIbHBIA MEXaHU3M

8- perymupyromumii opran

K peryssatopy noaBoauTcs ABe TPyOHBIX juHuM: Py — Hanop (Pu=6-12 xrC/cm?) u Pc — cius B
MacCJIsHbBII OakK.

O- npoccenb Uil YCTAaHOBKM JABJICHHWsS] TUTaHUA Pryr, OT Hero OyIeT 3aBHUCETh MOIIHOCTh
HCTOJIHUTEJILHOTO MEXaHU3Ma U CKOPOCTh €ro MepeMeIieHus

10- oOpatHBIi Ki1anaxn

11- macnonamopHas yCTaHOBKa

b- macngHoi Oak

®- puabTp

M- MacaoHaHOC

J- nBUraTens Wiv MpuBOJ Hacoca

Ipunyun pabomoi:

[Ipu 3a7aHHOM 3HAYEHUU PETYIUPYEMOM BEIMYMHBI HA BBIXOJIE PETYJSATOpA JBa OJUHAKOBBIX
naBneHuss P1 m Pp. Ycwnms Ha mopiieHb HCIOTHUTENBHOTO MEXaHu3Ma OyIyT OJMHAKOBBIE U
HCIIOJIHUTEILHBIA MEXaHU3M HEIOIBIDKEH.

[Ipu n3mMeHeHnn nmapaMeTpa Ha BBIXOJE PETYJISITOpa CO3/1al0TCs pa3HbIe JaBJIEHUs, T.€. Pa3HOCTh
nasnenuit AP= P1- P2. Ilox pneiicTBueM 3TOM pa3HOCTHM MCHOJHUTEIbHBI MEXaHHU3M IMEePEeMENIaeT
PEryJIupyIOIIUi Oprad U NPUBOJUT NapaMeTp K 3aJaHHOMY 3HAUYEHHIO.

Tuopasnuueckue pecynamopsi TPUMEHSIOTCS TaMm, T/A€ s TEepeMelleHHs] 3aTBopa
PEryIUPYIOIIETO OpraHa HEOOXOIUMBI OOJBIINNE MEePEeCTaHOBOYHBIC yCHIHS. B HUX 11 mepeMermeHust
3aTBOpa PETYIHMPYIOMIETO OpraHa HCIOIb3YeTCs HEC)KMMaeMas >XUIKOCTh MO/ JaBlieHHeM, OOBIYHO
TpaHchopmaTopHoe Macio. B 3aBHCHMOCTH OT YIpPaBISIOMIUX 3JIEMEHTOB, BXOISIIUX B KOHCTPYKIIMIO
TUAPABINYECKUX PETYISATOPOB, OHU MOJAPA3AEISAIOTCA Ha 30JJOTHUKOBBIE, IPOCCENbHBIE U CTPYHHBIE.

['mppaBnuyeckue  peryiasiTopbl  MPUMEHSAIOTCS B METaUTypTMUECKOM,  XHMHUYECKOH,
SHEPTETUYECKOW W JIPYTUX OTPACISIX MPOMBINUICHHOCTU. [IprMeHeHne TUIPaBIMYECKUX PETYIISTOPOB
OTIpEETISETCS TEM, YTO OHH MO3BOJISTFOT 00ECTICUUTh:

— HaJEeKHYIO padOTy B IOMEUICHHIX C BHICOKOH BIKHOCTBIO M TEMIIEPATYPOii;

— HEC3aBHUCHUMOCTH pa60TBI ABTOMATUKHU OT BHCHIHCTO UCTOYHHKA SHCPIUHU,
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— JOCTHXKEHHE JI000M HEOOXOAMMOW CKOPOCTH MEpPEeMEIICHUs] PETyIHUPYIOIIero opraHa u
CO3/IaHUS MOBBIIIEHHBIX YCUIIHNA JUISI 00ECTICYEHUS €T0 TePMETUYHOCTH MPHU 3aKPHITHH;

— UCIIOJIB30BAaHUE PETYIUPYIONIMX KJAMaHOB yCIOBHbIM auamerpom oT 50 go 1000 MM mpu
OJTHOTHITHOM KOMILIEKTE PETYIUPYIOMUX MPHUOOPOB;

— H3MEHEHHE NPU HaJlaJKe U IKCIUTyaTal[il CKOPOCTH MepEeMEILIEHUs peryIHpyIouiero oprata (B
OTJIMYUE OT UCTIOTHUTEIBHBIX YCTPOMCTB C DJIEKTPONPUBOAAMH, UMEIOITUMHU MTOCTOSIHHYIO CKOPOCTB ).

Peryasitop POI’

B nannom perynsitope ansi GopMUPOBaHUS CUTHAJIOB O TEKYIIMX 3aJJaHHOM U JI€HCTBUTEIHHOM
3HAUEHUSX PEryJIUPYyeMOro rmapamerpa W Juisi (GOPMHUPOBAHUS 3aKOHA PETYIHPOBAHHS HUCIOIB3YETCS

QJICKTPHUYCCKAasd SHEPrud, a JJIid NEPpEMCIICHUSA UCITOJTHUTCIBHOI0O MCXaHU3Ma — I'MAPaBJIMUCCKasA SOHCPIrusa

nasienus Macia 812 krC/cm?.

U= (é‘(’U ':(Jf, (/oc)ky

[ |

Pucynok 2 — Dnekrporuapasiandeckuii perynsarop POIT

Perynsarop POI" cocTout u3 51€eMeHTOB:

I'CY — runpaBnuueckuii CTpyHBIA yCUIIUTEIND

Bxonnas snekTpudeckas cxema peryisitopa COAEpPKHUT JABAa MOCTA: MU3MEPUTEIbHBII M MOCT
oOpaTHOH cBsi3u. MOCTBI MUTAIOTCS HaIpshKEHHEM niepeMeHHoro Toka. C notenuuomMerpa R3a cHumaercs
curHan Us, IpoONOpLUOHAIBHBIM 33aJaHHOMY TEKYLIEMY 3HA4€HMIO peryaupyemoro mnapamerpa. C
noTeHIoMeTpa Ru3M, BCTPOCHHOro B MPUOOP M HM3MEPSIOIIETO TEKyIlee 3HaueHHe PEryJIHpyeMOoro
rnapameTrpa, cHuMaercs curHan U, NpOonoOpUUOHANIBHBIA JEUCTBUTEIBHOMY TEKYIIEMY 3HAYEHHIO
peryaupyemoro napamerpa. Ha conporusnennu R3 popmupyercs curnan paccoriacoBaHus €(T), paBHBbIi

pasnoctu curHanoB Un u U3, T.e. &(t)=U3(t) - Un(t).
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Moct 00paTHOIl CBSI3M COAEPXKUT J1Ba paBHBIX corpoTusieHus R1 u R2 (it dopmupoBanus
CpeAHel TOUKM HAIPSDKEHMs IMUTaHUS MOCTa) M CONpPOTHBIEHHE Roc, IBMKOK KOTOPOTO0 MEXaHUYECKH
cBsi3aH ¢ BasoM asurarens J[. Ha Beixone mocta dpopmupyercst HanpsbkeHue ooOparHoit ceszu Uoc, 4acTb
koroporo Kpl-Uoc cpaBHuBaercs ¢ HampspbkeHueMm paccoriacoBanust €(t). Ilpu cpeanem mnonoxxeHuu
nBuxkka Roc 3nHauenne Uoc paBHO HYIIIO.

Ha Bxoj anexrponnoro ycunurens nogaercs curHan AU=Ky-(g(t) — Kpl-Uoc). Conportusienue
Ry ompenenser 3nauenne macmradHoro kodhdunuenrta Ky, 3amaronero 4yBCTBUTEILHOCTD PETYIISITOPA.

ITpu nHanumuuu curHana AU OH ycHIMBaeTcsl A0 BEJIWYMHBI, JOCTATOYHOW ISl NEPEMELICHUS
KOHJICHCATOpHOrO asurarens /I, BKIIOYEHHOro Ha BeIXone ycwinrens Y. J[Burarens [l npu BpauieHUH
[IOBOpAaYMBaeT MpO(QUIMPOBAHHOE JEKalo, BO3ICHCTBYIOIIEE Ha IEpEeMEIIeHUue CTPYHHOU TpyOKu
rupaBiInueckoro crpyiHoro ycuwiurens — ['CY u nepememiaer B COOTBETCTBYIOIIEM HAIlpaBICHUU
IBIKOK peoctara oOpatHoi cBs3u Koc. [Ipu cMemeHun ABMKKA CO CPEIHEro MOJOXKECHUS IMOSBIISCTCS
curHai oopatHoit cBsizu Uoc.

HanpaBnenue BpaimieHust JBurarens BbIOpaHO TakuMm oOpa3oM, uTtoObl cur"an Kpl[lUoc
KOMIICHCHPOBAJI CUTHAJI paccoriiacoBaHus £(T) U B MOMEHT paBeHcTBa curHana AU = 0 Ha BXOJie yCHIIUTeIs
JBUTATEh OCTAaHABJIMBACTCS, T.€. obecreunBaeTcs ycinosue £(t) = Kpl-Uoc.

OnHOBpEeMEHHO JieKaIo (MpOQMINPOBAHHBIN KyJIa4oOK), TOBOPAYMBASICh, OTKJIOHSET CTPYHHYIO
Tpyoky I'CY 0T cpeaHero nojoxeHus Ha BETMUUHY, TPONOPLUOHATIBHYIO pACCOTTIaCOBAaHUIO £(T).

ITpu otknonenuu ctpyitHoit TpyOoku I'CY oT cpenHero noyioxeHus TuApaBIndeCKUi NOPIIHEBON
KPUBOIIMITHBII NCTIOJHUTEIBHBIM MEXaHN3M HAUNHAET NEPEMELIATHCS CO CKOPOCTHI0, TPONOPLUOHATIBHON
OTKJIOHEHHIO CTPYHHOM TpyOKH, a 3HAYUT U BEIHUUHE &(T).

[Tpu oTKIIOHEHUH CTPYHHOU TPYOKH OT CpEJHEro MOJIOKEHHsI 00pa3yeTcsl pa3HOCTh J1aBJICHUH B
comnoBbIx oTBepcThax I'CY n MMHMAX K UCIIOTHUTENbHOMY MexaHn3my VM.

McnomHUTENBHBIT MEXaHU3M HayMHAeT IEPEMEIAThC CO CKOPOCTHIO, IMPONOPLHOHAIBHON
BEJIMYMHE PA3HOCTHU JABJIEHUH, T.€. OTKJIIOHEHUIO TPYOKH OT CPEIHETO MOJIOKEHUS.

[To mepe aBmxenus UM BennumnHa €(T) HaYMHAET yMEHbIIAThCA, T.€. 3HaueHne AU MeHseT cBoil
3HaK, u3MeHeHue ¢as3pl curHana AU Ha BXOA€ yCHIMTENs 3acTaBUT JBurarenb [l mepemeriarscsi B
00paTHOM HalpaBJIeHUH, U IO Mepe 1ocThxkeHus BearnunHon Un 3nauenus U3, cTpyiiHas TpyOKa U JBHKOK
peocrata Roc cHOBa BepHYTCsSl B HCXOJHOE CpeJlHEee MOJoKeHue. [IBurarens ocTaHaBIMBAETCS, IIPOLECC

peryaupoBaHus 3aKOHYEH.

4 KOHTPOJIBHBIE BOIIPOCHI
1. ITpuntun aeiicTBus ruapaauyeckon ACP.
2. Haznauenwue perynsaropa POI'.

3. IlosicHuTe Ha3HAYEHUE U IPUHIHI JEHCTBUS KaXI0T0 dJieMeHTa B perynsrope POI.
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JIABOPATOPHASA PABOTA
Hccneqopanne TMHAMHYECKHX XaPAKTEPUCTHK TENJIOBOI0 00bEKTA

U HacTpoiika peryasitopa PII4-Y

1 HEJIb PABOTbBI

1. O3HaKOMUTBCS C YCTPOHCTBOM CHCTEMBI aBTOMATHYECKOTO PETYIMPOBAHHS TEMIICpaTyphl Ha
0a3e perymstopa PI14-V.

2. HayuuThCsi Ha IpaKTUKE ONPEEIATh TMHAMUYECKIE CBOMCTBA OOBEKTOB.

3. [Nomyuuts HaBBIKK HacTpoiiku [11-perymnstopa.

2 NIOPAJOK BbBIITIOJIHEHUA PABOTBI

1. O3HaKOMUTHCS C KOHCTPYKLMEN 1a00paTOPHOTO CTEHA.

2. IlpoBenute mccnenoBanuss (PyHKIIMOHUPOBAHHUS aBTOMATHYECKOH CHCTEMBI pPEryJHpOBaHUS
TEMIIEPATYPBI.

3. Beimonuute HacTpoliky perynstopa PI14-V.

4. OdopmuTe MPaKTHIECKYIO padoTy;

5. OTBeThTE Ha KOHTPOJIbHBIE BOIIPOCHI.

3 METOJJNYECKHUE YKA3ZAHUA

3.1 O0mme cBegenus o padore

OaHMM M3 METO/IOB 3KCIEPHUMEHTAIBHOIO OIpENeieHHs] TUHAMHUYECKHX CBOWCTB OOBEKTOB
yIpaBJICHUS SBISIETCS CHATHE MEPEXOJHOM XapaKTepUCTUKU oObeKTa (KpuBOMl pasrona). [[ns storo Ha
BXOJ] 00BEKTa MpH OTKIIOYEHHOH CHUCTeME aBTOMATMYECKOI'O PEryJHpoBaHUS (B PEXHME PYUYHOTO
yIpaBlieHUs) MOJAIOT BO3AEHCTBHUE B (pOpME €AMHUYHOMN CTYNEHYaTON QYHKIMH U, QUKCUPYS U3MEHEHHE
BO BPEMEHM BBIXOJHOW BEJTUYMHBI OOBEKTA, MOIy4aroT KpUBYIO pasroHa. Ilo gaHHON KpUBOM MOXKHO
OTIPEJICNIUTh XapAaKTEPUCTUKH OOBEKTa YNpPABICHUS NMPH €ro MpUOIMKEHUU THUIMYHON IepenaTodHOM
(GyHKIMH, 10 KOTOPBIM, B CBOIO OYepe/Ib ONPEAEISIOTCS TapaMeTpbl HACTPOUKU PETYJIIATOPA.

3.2 Onucanue J1aDOPATOPHOIO CTEHA

OOBEKTOM HCCIEIOBaHUS B JaHHOW padoTe SBISIETCS TEIUIOBOM OOBEKT, COCTOSIIUN U3
HarpeBaTeIbHOIO AJIEMEHTa U TEPMOIJIEKTPUUECKOT0 IpeodpazoBatens, BenuyrHa Tepmo-2J[C koToporo
NpEJCTaBIseT COOOM BBIXOJHYIO BEIMYMHY. BXOJHON BeIMYMHON SBISETCS HANpsDKEHUE Ha
HarpeBaTelbHOM JJIEMEHTE, KOTOpPO€ W3MEHSIETCd CHHXPOHHO C BEIMYMHOM yrjda IOBOpOTa
0JIHOOOOPOTHOT'O UCIIOJIHUTENBHOTO MexaHu3Ma MO0 1 MOXKeT 3a71aBaThCsl KaK BPYUHYI0, TaK M CUCTEMOMN
ABTOMATHUYECKOTr'0 PEryJIMPOBaHus, BEIOJTHEHHON Ha OCHOBE peryiiatopa PI14-Y. Kontposnb Temmneparypsl

OCyIIECTBIsICTCS MpU oMoty npudopa Auck-250.
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OO6uwmii Bua 1a60paTOPHOTO CTEHAA MPUBE/ICH HA pUCYHKE 1.

JlaGopaTopHbIf CTEHJ BKIIOYAET CIeayrolee
obopynoBaHue:

- 00BEKT ynpaBieHUs (HarpeBaTeIbHbINA JIEMEHT);
- JaTYUK TeMIlepaTypbl (TepMODIECKTPUUECKHIA
npeoOpazoBareb);

- MOKa3bIBAIONINI U PETUCTPUPYIOIUN MPHOOPHI
A-543 u Jluck-250;

- peryssarop PII4-V;

- 3amatunk P3/]-22;

- 0ok ynpasnenust bPY-32;

- nyckareins [IBP-2M;

- UCIIOJTHUTEIILHBIN MeXaHu3M MOO;

- peryJmpyromas 3acJIOHKa.

Pucynok 1 - OOmmii Bua naboparopHoro

CTEHIAa

OOBeKT ympaBlIeHHUSI COCTOMT W3 HarpeBaTeIbHOrO0 JJIEMEHTa MU TEPMODJIEKTPHUUECKOTO
npeoOpaszoBarens. Ha oObekTe yIpaBieHHs YCTaHOBJEHA 3aclIOHKA, KOTOpash MO3BOJIAET W3MEHATH
YCIIOBUSI TEINIOOOMEHA M TeM CaMbIM BHOCHUTH BO3MYIIEHHS B ero pabory. CurHan JeiCTBHUTETHHOTO
3HAYEHHs TeMIlepaTypbl noctymnaer Ha peryistop PI14-VY, paGoraronuit mo [1U-3akony perynupoBanus,
I/l CpaBHMUBAETCA C 33JaHHEM, BEIMUYMHA KOTOPOro ycraHaBiauBaeTcs 3anatdukom P31-22. B ycrnoBusix
ABTOMATUYECKOTO PETYIHPOBAHUS (PEKUM padOTHI YCTAaHABIMBACTCS MEPEKIIIOYATEIeM Ha OJI0KE PyYHOTO
ynpasneHus bPY-32) ynpasnstoriee Bo3ieiicTBre, BEIpadaThiBa€MO€E PETYISITOPOM uepe3 0eCKOHTaKTHBIH
peBepcuBHBIN yckatesab [IBP-2M Bo3nelicTByeT Ha HCIOJHUTEIbHBIN MexaHnu3M MDQO. Jjist KOHTpoJIs 3a
MoJIOKeHHEM Bajia Mexanu3zmMa MO0 ucrnonb3yercsl ykazareib M0J0KEHUs, BCTPOSHHBIN B OJIOK PyYHOTO
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yrpasieHust bPY-32, mikana koroporo oTrpagyrpoBaHa B MPOLEHTaX OT MaKCUMalbHOTo oBopoTa M20.
Jlnst yripaBieHUsT YCTAaHOBKOM B PEXKHUME PYyYHOro ympamieHus Ha Onoke BPY-32 umerorcs xkHOmkm
«OOJIbIIE» U «MEHBIIIEY.

CrpykTypHas cxema J1abopaTOpHOTO CTeH/a IPUBE/ICHA Ha PHCYHKE 2.

yrpaB-ve Bosmuene
.""""""I" R
t |
Todewe : | Bewod
. Heroaw | ! 1
! -4 i) rex-a -T-I—:-- Olvexy t——ad LigTem
i
i
: fM-peayrarog : . Céeert yrpabagnna
|
; 1
Pucynok 2 - CtpykrypHas cxema 1a00paTOpHOTO CTEH/Ia
3.3 ®ynkuuoHaJbHas cxema peryasropa PII4-Y-M1.
Oucranum-
OMKAaN O™ p—d
r'l;uaﬂm:{ -
.
o 5 T Beixoa *M*
Bxosma °"‘ LE Buixon+24
O— Buxon” B*
] i
.

Buixon
O=5mA p c 3

= 0-05% +5%

Bxomu
0=10V

o Cems 20V
50 Hz

0

1 — BxomHoil cymmarop; 2 — aemndep; 3 — ONEpalMOHHBIA YCHUIUTEIb-CymMMarop; 4 —
TPEXTMO3UIIMOHHBIA HYJIb-OPTaH; 5 — HHEPIIMOHHOE 3BEHO OTPHUIATEIHHOM OOpaTHOM CBS3U; 6 —
MCTOYHUK MUTaHUS; [ — 3aJaTUUK

Pucynok 3 — @ynknuoHanbpHas cxema peryistopa PI14-Y

Cxema paboTaeT CiaeayonmM o0pa3om:
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Curnainsl peryJmpyeMoro napaMeTpa U 3aJaHus MOCTYMAOT Ha BXOAbI CymMMaropa 1, B KoTopom
IIPOUCXOJUT UX alredpanyeckoe CyMMHUpPOBaHHME U (OpMUpPYETCsl CUTHal paccornacoBaHus €. Curaan
paccoriacoBaHMs IocTynaer Ha jgemidep 2, npeacraBisiiomiui coboir mHepumonHoe RC-3BeHO ¢
perynupyemoii moctosiHHON BpeMenu T¢. C Brixoaa nemmdepa 2 cUrHall paccoriiacoBaHus MOCTYIAET Ha
BXOJl OIEPAllMOHHOTO YCWJIMTEIS-CyMMaTopa 3, C BbIXOJa KOTOpPOrO IIOCTyHaeT Ha BXOA
TPEXIIO3UIIMOHHOTO0 HYJIb-OpraHa 4, WMEIOILIEr0 PEeryjJupyeMyro 30Hy HeuyBcTBUTeNbHOCTH "A". Ilpm
CUTHAJIE PACCOIJIaCOBaHUs, MPEBBIIIAIONIEM MOPOr CpabaThIBAHUS YCTPOMICTBA PETYJIMPYIOIIETro, HYJIb-
opraH cpa0aThIBaeT U CKAUYKOM IOJIACT CUTHAJ B IIE€TIb OTPULIATENILHON 0OpaTHOM CBS3H, MPEICTABIAIONICH
aKTUBHOE HHepLMOHHOE RC-3B€HO 5, ¥ Ha BBIXOJHBIE KIIFOUH, KOMMYTUPYIOLIUE LIENU BHEIIHEH Harpy3KH.
IIpu cpabGaThiBaHUM HOJOXKHUTEIBHON WM OTPULATEIbHOM MOJSPHOCTU CUTHAJAa PAcCOIacOBaHUS Ha
BBIXOJIE COOTBETCTBYIOLIETO KJIKOYa MOSABISAETCS HanpspkeHue. [Ipy OTKIIIOUEeHHON Lenu OTpULATEIbHOU
00paTHOMU CBSI3M yCTPOHCTBO MPEJCTABISET COOOW TPEXMO3UIIMOHHBIN HYIb-OpraH ¢ rucrepesucom. [pu
BKJIFOYCHHOM LIETTM OTPULIATEIFHONW OOpaTHOW CBS3M U CPaOOTAaHHOM COCTOSIHUM HYJb-OpraHa 4 curHai
OTPULIATEIIbHOW OOpaTHOH CBSA3M HA BBIXOJE MHEPLMOHHOI'O 3B€HA 5 HAUMHACT IUIABHO YBEIMYUBATHCA U
KOMIIEHCUPOBAaTh CUTHAJ paccoIIacOBaHUS Ha BXOJE ONEPAlMOHHOIO ycuiauTess-cymmaropa 3. Curnan
Ha BXOJIe¢ HyJb-OpraHa 4 IUIaBHO YMEHBILIAETCS N0 Iopora OTIYCKaHUs, IOCJE€ YEero HyJib-OpraH
OTKJTIOYAETCs, CUTHAJIBI Ha BBIXOJIE YCTPOWCTBA M HA BXOJE OTPUIATEIHHON OOpaTHOW CBSI3U CKAYKOM
yMeHbIIaloTCs 10 Hysd. CuUrHan oTpuIaTte’abHON oOpaTHOM CBA3M Ha BBIXOJE MHEPIMOHHOIO 3BEHa 5
HAuMHAaeT [UIaBHO YMEHbIIAThCS, @ CUTHAJ Ha BXOJIE HyJIb-OpraHa 4 Bo3pacTaTh J10 opora cpabaTbIBaHUS
oCp, TOCJIe Yero Hyjlb-OpraH cpalaThlBaeT, BKJIIOYAET BBIXOJHbBIE KJIOYM M IOJAeT CUTHAJI B LIEMb
OTpHULaTeNIbHOM 00paTHOM cBsi3u. [Ipy coxpaHeHNU CUTHAJIA paccorIacOBaHUs IUKJI MOBTOpsieTcs. Takum
obpazom, peryisarop PII4 ¢opmupyer Ha cBOeM BBIXOJE HMIIYJbChI, YEpeayOIIUecs Iay3aMu.
WHTerpupoBaHne 3TUX HUMITYJICOB IPU IOMOIIM HMCIIOJHUTEIBHOIO MEXaHMU3Ma IOCTOSSHHOW CKOPOCTH
ITO3BOJISIET MTOJIYYUTh IPOIIOPLMOHAIBHO-UHTErpaibHbIi [11-3ak0H perynupoBanus.

B cxeme ycTpoiicTBa NpenyCMOTpEHa JIHWCTAHIMOHHAs JWCKPETHass B TPHU CTYNIEHH WIH
aHaJIOroBas MOACTPOoiiKa Ko pHUIMEeHTa epeiaun U OCTOSHHOW BpeMeHH HHTerpupoBanus. JluckperHas
MIOACTPOMKA OCYLIECTBIAETCS IyTeM 3akopaurBaHus BXo10B Il u III ctynenel BHEIIHMMHU KOHTaKTaMU C
UX 00IIMM BXOJOM. AHAJIOTOBasi — MyTeM MOJIa4M Ha BXO/IbI OJICTPOEK Xl 1 Xt U CUTHaJIa TOCTOSTHHOTO
toka (0-10) B. Kontpons cpabaTbiBaHUsSI YCTPOMCTB IO HAIpaBICHUSM PaOOTHl OCYIIECTBISACTCS TPH
MOMOIIY CBETOBBIX HHAMKATOpOB "M" u "B".

Jnist KOHTpOJIst pabOTHI YCTPOWCTBA CIyKaT KOHTpoJbHbIE THe31a "0" - "Y' 3",

[TuTanne cxembl OCYIIECTBIIAETCSA OT UCTOUHUKA TUTaHUS 6.

3.4 Opransl HacTpoiKHU peryasaTopa PII4-Y

Oprasbl HACTPOIKHU peryyiaropa pacroiokeHbl Ha ero OOKOBOM MAaHEIM BBIIBUKHOIO IIACCH U

IIOKa3aHbl HA PUCYHKE 4.
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PesucTop Gananc upoBKK HYNA
yeunutens oSparHon cBAsK
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Pucynoxk 4 - Opransl HacTpoiiku perysstopa PI14-Y

Ha nanenu ynpaBieHus yCTaHOBIEHBI CIEIYIOIINE OPTaHbl:

-"al ", 02", "03" — mug MacmTaOMpOBaHKS BXOIHBIX CUTHAJIOB;

- "3AJJAHUE" — 151 niiaBHOM yCTaHOBKM CUTHaIa BHYTPEHHEIO 33/1aTUHKa,
- "T¢" — st yCTaHOBKHM MOCTOSTHHON BpeMEHH JeMIT(pupOBaHus;

- "am " — a5g ycTaHOBKH KO3 (UllMeHTa nepeaayu;

- "t " — 171 yCTAaHOBKHU MOCTOSIHHOW BPEMEHU UHTETPUPOBAHMS;

-" A" — s ycTaHOBKH TpeOyeMOro 3Ha4eHUs 30HbI HEUYBCTBUTEIHHOCTH;
- "tu " — UIs1 yCTAaHOBKH JUIMTEIbHOCTH MHTETPAJIbHBIX UMITYJIbCOB;

- "Y1" — rHe310 A KOHTPOJI pabOThl BXOJHOM CXEMBI;

- "Y2" — rHe310 JUIst KOHTPOJIS pabOThl YCHIIUTENS PETYIUPYIOLIEH CXEMBI;
- "Y3" — rHe3/10 1 KOHTPOJIs pPabOThl MHTErpaTopa oOpaTHOMW CBS3H,

- "0" — rue3mo obuIee;

- "M", "B" — HHAMKATOPBI JUI1 KOHTPOJIS pabOThl YCTPOMCTB IO HANPABJICHUSIM.

4 UHANBUAYAJIBHOE 3AJIAHUE

4.1 CHATB 3KCNIEpUMEHTAIbHbIE TaHHbIE U TOCTPOUTH KPUBYIO pa3roOHa.

4.2 TIpoBeputh HacTpOMKY U paboTocrnocoOHOCTh peryisTopa PI14-Y, npoussens B yka3aHHOM
HIKE TOCJIEI0BATEIBHOCTH CIIEYIOIINE JEHCTBUS:

— OTKIIOUNTh muTaHue ~220B, oOecreumBas >THUM HYJIEBbIE 3HAYEHUS CHUTHAJIOB Ha BXOJE
perymsitopa PI14-Y;

— BbIABUHYTH accu PII4-Y, um ycTaHOBUTH cileayloliMe 3HAYEHUs MapaMeTpOB HACTPOMKHU
perymsropa: 3aganue = 0 (o0e pyuku «3aJjaHue» M pydKa BHEIIHETO 3aJaTurKa B MOJNIoKeHuu «0»), o =
5¢/%, tu= 100c, To= 0, al=a2=03=0X =1, ty = 0,1c, A = 0,4%;

—noaaTh nutanue ~220B Ha cTeH1, MPOBEPUTH COCTOSTHUE MHAUKATOPOB M 1 b, pacnoioxeHHbIX

Ha JIMLEBOM NIaHEJIH PEryJIsAiTOpa, OHU HE JNOJKHBI TOPETH;
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— BpalleHHEM pYYKHM BHEUIHErO 3a/JaTYhKa B COOTBETCTBYIOIEM HANpPAaBICHUU TOOUTHCA
cpabaThIBaHUs PETYIATOPA IO HAMPaBIEHUIO «M»;

— BpALlCHUEM pPYYKH BHEIIHEro 3aJaTYMKa B IPOTUBOIOJIOXKHOM HAalpaBlIEHUH IOOUTHCS
cpabaThIBaHUs PETYIATOPA IO HampaBieHuio «by;

— BbIXOJIHBIC HanpspKeHus «M» u «b» nomkHb! ObITh B mipeaenax 21,6- 26,4B. Ocuumtorpadom
MOKHO IpoBepUTh (hopMy curHaaoB «M» u «b» - CUTHambl JOJKHBI UMETh BHJ IPSIMOYIOJIBHBIX
UMILYJIbCOB;

— YCTAHOBUTb CUTHAJI BHELIHETO 331aTYMKA PABHBIM «0».

4.3 TIpoBeputb ¢ omoiipio 610ka BPY-32 paboTocrnocoOHOCTh HCTIONHUTEIHLHOTO MEXaHU3Ma U
IIEPEMECTUTh PETrYJIMPYIOLIYI0 3aciIOHKAa B 3aKpbITOE IOJIOKEHHE: YCTAaHOBUTb PEXHUM PYYHOIO
ylpaBJIeHUs, HaXaTh KHONKY M M, yJaepXkuBas ee B 3TOM I10JIO)KEHHH, 3aKPBITh 3aCJIOHKY MPHUBOJOM
HCIIOJIHUTEJIBHOTO MeXaHu3Ma (KHONKY M ynep:kuBath 0 oTKIr04eHUs UM KOHEUHBIM BBIKIIIOUATEIIEM).

5 KOHTPOJIBHBIE BOITPOCHI

1. Ha3zHaueHue U cocTaB 3JI€MEHTOB CTEHJIA.

2. Ha3oBuTe OCHOBHBIE 3JIeMEHTHI peryisitopa PI14-V.

3. TlapameTpsl 1 OopraHbl HACTPOUKH perynsitopa PI14-VY.
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INPAKTHYECKAS PABOTA
IIpoexTHpoBaHHe cXeM MOAKJIIOYECHHS BXOJAHBIX U BHIXOJAHBIX CHTHAJIOB

MHUKponpoueccopHoro peryasitopa PIIS-M1

1 HEJIb PABOTHBI
HayuuThcsi NpOEKTUPOBATH AIIEKTPUYECKYIO MNPUHIUIHAIBHYI0 CXEMYy THUIIOBOM CHCTEMbI
perynupoBaHusi Ha Oasze perymsatopa PII5S-M1 B mporpamme KOMIIAC, ucnonb3ys NpUKIaTHBIC

OUOJIUOTEKMU.

2 ITIOPAAOK BBIITIOJIHEHUSA PABOTbI

1. V3yuuTh QyHKIIMOHATIBHYIO CXEMY MUKpOMpOIlecCOpHOro peryistopa PI15-M1.

2. V3yunTh NOJKIIOUEHHE MUKPOIIpoIieccopHoro peryistopa PI15-MI.

3. Pa3zpaboraTh NpUHIMNHAIEHYIO CXEMY THIIOBOH CHCTEMBI PETYJIMPOBAHUS Ha 0a3e peryisTopa
PIIS-M1.

3. CnpoekTupoBarh NpUHIUNHUAIBHYIO cxemy B iporpamme KOMITAC, ucnonb3ys npukiaaHble

OUOJIUOTEKMU.

3 METOAUYECKHE YKA3AHUSA

Perynstop npeacrapnsieT co00i KOMMAKTHBIA OJHOKAHAIBHBIN KOHTPOJUIED, MpeIHa3HAYeHHbBIN
JUISL TIOCTPOEHMSI CHCTEM KOHTPOJISI M PETyJIMPOBAaHUs TEXHOJOTMUYECKHMX IporeccoB. IIpumensercs B
ANEKTPOTEXHUYECKOW, HePTEeXMMHUECKOM, METAJIypruuecKkoil, NHIIEBOM U JIpYrMX OTpacisax
MIPOMBIIUIEHHOCTH.

Perynstop moxer 3eKTUBHO pemiaTh pa3ludHbIe 3a/1a4l yIpaBIeHUs 00beKTaMu, GopMupys
COBMECTHO C 3JICKTPUYECKUM HCIOJHUTEIbHBIM MEXaHU3MOM nocTtostHHOM ckopoctH I1, TN, ITN/I, nByx
U TPEXMO3UIMOHHBINA 3aKOHBI peryaupoBanus. Hampumep, s U3MEpEHHs U peryJIMpOBaHUs J1aBICHMUS,
pacxojia, pa3pexeHus, ypoBHs, TEMIIEPATyPbl, MOIITHOCTH, CKOPOCTHU IIEPEMELLEHUS U IPYTUX [TapaMETPOB,
KOTOpBIE MOTYT OBITh MPEOOPA30BAHBI B CUTHAIBI TOCTOSTHHOTO TOKA M HATIPSKCHHUS.

PerynsTop ocHaieH cpeacTBaMH OINEPaTHUBHOTO YIIPABJICHHUS, KOTOpbIE NMPEACTaBISAIOT COOOM
HabOp KHOIOK, HU(POBBIX U €AMHUYHBIX HMHAWKATOPOB. DTH CPEICTBA MO3BOJIAIOT U3MEHATH PEKUMBI
paboThl, ycTaHABIMBATh 3aJjaHKe, BPYYHYIO YIIPABIISTh UCIIOJHUTEIBHBIM YCTPOHCTBOM, KOHTPOJIUPOBATH
CUTHAJIBl U MHIUIIUPOBAThH OIINOKH.

Perynsarop - mnporpammupyeMoe ycTponcTBo. IIporpammupoBaHue CBOAUTCS K IIPOCTOU
MpoLeaype KOHPUTYpPUPOBAHUS aHATIOTOBBIX BXOJ/IOB M YCTaHOBKE MapaMeTPOB HACTPOMKH.

DYyHKIUOHAIBHAA cXeMa

@yHKIMOHAIbHAS CXEMa PETYJISITOpa IPUBEACHA HAa PUCYHKE 1.
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Pucynok 1 — ®@ynknuonanbsHas cxema peryistopa PI15-M1

YacTe 251eMeHTOB (PYHKIIMOHATBHON CTPYKTYPhI pealii30BaHa anmnapaTHo, YacTh - MPOrPaMMHO.

Perynstop paccunTtaH Ha IpHeM aHAJOTOBBIX M AUCKPETHBIX CUTHAJIOB U BbIAAUy AUCKPETHBIX U
UMITYyJIbCHOTO CHUTHAJIOB. DOpMUpOBaHWE WMITYJILCHOTO CHUTHAJa THMA «OOJBIIe» - «MCHBIIEY
BBIITOJHACTCA NPOTpaMMHO, 3TU CUTHAJIbI MOCTYIAIOT HA IMTYCKATCJIb UCIIOJIHUTCIIBHOTO MEXaHHU3Ma Y€pE3
TPaH3UCTOPHBIE KITFOUH.

Amnmaparypa BBoma (Bxomueie YCO), mpencraBisiomias coOod BXOAHBIE YCWIMTETH Ha
aHaJIOTOBBIX BXoaax | m 3, mpeoOpa3oBaTeN «HANPSHKEHUE — YacTOTay UIS KaXKIOH Mapbl aHAIOTOBBIX
BXOJIOB, TaJlbBAaHMYECKHE PA3JICIUTEIIH AaHAJIOTOBBIX U JWCKPETHBIX CHUTHAJIOB W YIPaBISEMBIi
MIPOLIECCOPOM KOMMYTATOp mpeoOpa3yeT BXOAHBbIE CUTHAIBI B HU(poBy0 GopMy. Anmaparypa BHIBOJAA
(Beixogubie YCO) hopmupyeT ynpaBistomire BbIxoaHble curHansl Qb 1 QM Ha UMITYTbCHOM BBIXOJE U
JUCKpeTHBbIE cuTHAIBI Q+e . Q-€.

Perynsatop umeer ucroyiHeHUe ¢ KaHAJIOM HHTepdeiicHOl cBsa3u RS-485.

Kaaccudukanus BXo10B 1 BHIX0/0B:

1) AHaJIOTOBBIE BXOJIBI
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Perynsrop umeer ueTbipe aHAJIOTOBBIX BX0Aa. Y HU(UIMpoBaHHbIe curHaisl 0-5 MA, 0-20 MA, 4-
20 MA MoryT OBITh MOJAHBI Ha BCE YeThIpe BXoda. [[ns Apyrux BUIIOB CUTHAJIOB €CTh HEKOTOpPHIC
OrpaHUYECHUS:

- CUTHAJIbI HAIIPsDKEHHSI TOCTOSTHHOTO Toka 0-50 MB MoryT ObITh oians! Ha BXos! | u 3;

- CHUTHAQJIBI OT TepMOIap MOTYT ObITh MOJAHBI HAa BXOAbI 1, 3, ogHaKO HpU 3TOM KO BXonay 4
HeoOXoauMo MOAKIIYNTE UM 50M 111 KOMIIEHCAITUH 3.]1.C. «XOJIOJAHBIX CIIA€B» TEPMOMAPHI, MPUYEM
OJIMH Ha 2 BXoja. B nanHoM ciy4ae perynstop OyaeT UMETh TPU BXOJHBIX CUTHAJIA;

- CUTHAJIBI OT TepMONpeoOpa3oBaTesieil COMPOTUBICHNUS MOTYT ObITh MOJIaHBI Ha BXOJBI 2 U 4.

Bce ananoroBeie BXO/ABI PEryysiTopa B MCXOJHOM COCTOSHHUHM HE «IPUBS3aHBD» K KaKUM-JHOO
byHKIuAM perynsropa. Takas NpuBsi3Ka, a TakKe ONMpPEeIeHHe BUIa BXOJAHOTO CHUTHANIA JUISl KaXKIO0ro
BX0/1a, OCYILIECTBIIAETCS MOJIb30BATENIEM U PEAIU3YETCS B IIPOLIECCE TPOrPaMMHUPOBAHUSI.

2) IucKkpeTHbIE BXOIbI

B perynsrope npeaycMoTpeHo 3 IUCKPETHBIX BXO/A, KOTOPBIE UMEIOT CIIEIYyIOIIee Ha3HAUCHHE:

- BXOJ1 IMCKPETHBIN 1 — JIJ1s IEPEKIIFOUEHHUS PETYIIATOPA HA JUCTAHLIMOHHBIN PEXXUM YIIPABICHUS
(AY);

- BXOJ1 JUCKPETHBIH (5 , BXOJ IUCKPETHBIA M - JIJ1s YIIPABJICHUS UCIIOJHUTEIBHBIM MEXaHU3MOM
B CTOPOHY «OOJIBIIIE» U B CTOPOHY «MEHBIIIE» COOTBETCTBEHHO B pexume J1VY.

3) UMnysbCHBIN BBIXO. JIMCKPETHBIE BHIXOIHI.

OnuH TPeXMO3UIMOHHBIN UMIYJIbCHBIM BBIXOJ TUIA «OOJBIIE» - «MEHBIIE» MpeIHa3HAueH IS
YIpaBJIEHUS! UCIOJHUTEIbHBIM MEXaHU3MOM U IpencTaBiser coboi ympasisemsle [IIMM - curnanom
TPaH3UCTOPHBIE KIIOYM C Harpy3ouHoil crocoOHocThio 0,2A mnpu HampsbkeHuu 24B oT BHEUIHEro
UCTOYHUKA. J[MMTENbHOCTh YHPABIAIOIIET0 MMITyJIbCa MOCTOSIHHA. JIJIMTENBHOCTh Iepuojaa OoOpaTHO
IIPONOPLIMOHAJIBHA BEJIMYMHE CUTHAJA PaccoriacoBaHMs. MHUHMMalbHas UIMTEIbHOCTH YIPABIISIOIIETO
HMITyJIbCa 3a7jaeTcs B KOJIbIIE MapaMeTpoB HAacTpoMKH. JlMckpeTHble BbIXoabl Q+e u Q-€ - CBsA3aHBI C
OpOroM cpabaTbIBaHUs HyJIb - OpraHa, KOHTPOJIMPYIOIIETO BETMUYNHY CUT'HAJIa PACCOTTIACOBAHUS «&€». DTH
JUCKPETHBIE BBIXOJbl AKTUBHU3MPYIOTCS IPHU MPEBBIILIEHUM CUTHAJIOM pacCOIIacOBaHUS IOPOIOB
cpabaTbIBaHUS HYJIb - OpraHa.

4) NaTepdeiicHbIil BXO-BBIXO]I

WutepdeiicHblii BXOA-BBIXO MpeIHA3HAUEH [Tl CBA3HM PETYJATOpa ¢ BHEIIHUM YIIPaBIISIOLINM
yCTpOICTBOM B (hopMe ToceioBaTenbHOro koga RS-485.

Oco0eHHOCTH OPraHu3alMu BBOa-BbIBOIA

BBuny Toro, yTo aHaJIOTOBBIE BXO/IbI PETYJIATOPA YHUBEPCAIbHBI, T.€. K HUM MOYHO MOJIKJIFOUUTh
pa3NUYHbIC aHAJIOTOBBIE CUTHAJBI, CX€Ma BHEIIHUX COCIUHEHUH >KeCTKO He (pukcupoBaHa. B kaxmom

CJIydac OHa 3aBUCHUT OT KOHKPCTHOI'O Ha6opa BXOAHBIX U BBIXOAHBIX CUTHAJIOB.
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Bce BHemnHme LCIHU MOAKIIIOYAIOTCA K PETYJIATOPY C MIOMOIIBIO YCTBIPECX KIICMMHBIX KOJIOJOK «II0J

BUHT» X1-X4 B COOTBETCTBHH C PUCYHKOM 2.

M “
Avanozobie bxods 1 2], el (O] Mnyncis buod
Quckpemiisie Bxod O | Duckpemiwe Buomd
— lom o7 )
h¥] 13
Aranoznbee Brods 3, 4[qy [ 1| Mumasue Z208, 507y
. ) _Ei.muue peaenfroe 248
Wrmepaelica Bxod-Buod | - - | Bueod 308, 0SA
~ o 0f =
Bl

X1-X4 - kj1eMMHBIE KOJIOIKHU

Pucynox 2 - Opranusaiust BXOJJOB U BBIXOZIOB

IToaxarovyeHue BXOAHBIX AHAJOTOBBIX CUTHAJIOB

B perynsrope obecrnieunBaeTcsi BO3MOKHOCTD MOAKIIOUEHUS aHAJIOTOBBIX CUTHAJIOB B PA3JIMYHOM

coueTanuu. Ha PUCYHKC 3 IMPUBCACHBI BApUAHTBI UX IMOAKIIOYCHU.
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a) - moAKIoueHne curHaioB 0 — 5 MA;
0) - moakmroueHue curaanoB 0 — 20, 4 — 20 MA;
B) - moJKJIroueHue curuaiaoB 0 — 50 mB

PI/ICYHOK 3 - CxeMbl IIOJAKJIOYCHUA TOKOBBIX BXOJAHBIX CUT'HAJIOB

3nech m jpanee 3amuch «Bxomer 1, 3» (wnmm «Bxomer 2, 4») o3HayaeT, yTro BXOHbI 1, 2

IMOIKJII0YAIOTCS K KIEMMHOM Konoake X1, Bxoas! 3, 4 MOAKIIOYAIOTCA K KIEMMHOM Konoake X2.
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a) - TOJKITIOYCHUE TePMOIIPEOOpa30BaTesIei CONPOTUBICHHUS ISl BXOJOB 2, 4;
0) - moAKIIOYEHUE TepMOTIap i BXoA0B 1, 3

Pucynok 4 - Cxembl NOJKITIOUEHHS TEpMONpeoOpazoBaTeseil CONpoTUBICHUS U TepMOnap

Jlist ciydasi OAKITIOYCHHST TepMorap K Bxojgam 1, 3 HeoOXoauMo KO BXOAYy 4 IMOAKIIOYHTH

AJIEMEHT 4YyBCTBUTENbHBIMH Menublii (OUM 50M), KOMIEHCHPYIOIIMH 73.1.C. «XOJOJHBIX CIaeB»

TEPMOTIapHI.
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PI/IC}/HOK 5 - Cxembl IMOAKIIOYCHHA aHAJIOT'OBBIX CUTHAJIOB B pa3JIMYHOM COYCTAHUU
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IToakaovyeHne BXOAHbBIX AUCKPETHBIX CUTHAJIOB

3 On
& Ow
1 Og

l K2
g 0w, { K3
[o] & !

o

o)

K1

K1, K2, K3 - KOHTaKTbhl BHEIIHUX YIPABJIAIOUIUX YCTPOUCTB

PI/IC}/HOK 6 - Cxema IMOAKIIFOYCHHUA JUCKPETHBIX CUT'HAJIOB JTUCTAHIMOHHOI'O YIIPABJIICHHUA

Ioakar0yeHne UMIYJIbCHOTO BBIX01a

HIMIyIbCHBINM BBIXOJ TUIIA «OOJIBIIIE) - «MEHBIIIE)» BBIIOJIHEH B BU/I€ TACCUBHBIX TPAH3UCTOPHBIX
KIIFOUeH, MOATOMY JAJisi KOMMYTAllMd Harpy3kud TpeOyeTcs BHEUIHUI HecTaOWIM3HPOBAHHBIA HMCTOYHUK
MUTaHUS OCTOSTHHOTO ToKa. KoMMyTanonHas cnocoOHOCTh BEIXOAHBIX KiItouel — 24 B mpu Toke 10 0,2A.

3aHlI/ITa BBIXOJHBIX KJIFOUeif OT NEPCHANPSKCHUA IPU KOMMYTallu OCYHICCTBIIACTCA OTPaHUYINTCIIbHBIMUA

AUOogaMU.
| X
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X4 - k1eMMHas KOJIOJKA;

E - BHEIIHMIT HCTOYHUK MMOCTOSSHHOTO TOKA;
E=24B,Iu<0,2 A;

Z1, Z2 - BHEWIHSAS HATpy3Ka

PI/ICYHOK 7 - Cxema MOAKIIFOYCHHA UMITYJIBCHOI'O BBIXOAa

Hoakyaw4yeHue IMCKPETHBIX BBIXOA0B
Huckpernbie Beixoabl Q+e m Q-& MPENCTaBIAIOT COOOW MACCHUBHBIE TPAH3UCTOPHBIE KITIOYH,

IMO3TOMY IJI1 KOMMYTalliU HArpy3kKu HeO6XOI[I/IMO HMETh BHEINTHUHA UCTOYHHUK HAaIMpsKCHUA ITOCTOSAHHOI'O

TOKa.
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KoMMyTanmonHasi CnocOOHOCTh AUCKPETHBIX BBIX0A0B — 24B mpu Toke 10 0,2A B COOTBETCTBHH

C pucyHKoM 8.
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Pucynok 8 - CxeMbl NOJKIIOYEHHSI TUCKPETHBIX BHIXOJIOB

Ecnu cymmapHbIit TOK Harpy3kH JBYX JTUCKPETHBIX BBIXOJIOB (MJIM OJTHOTO JUCKPETHOTO BHIXO/A)
He npesbimaet 0,05A, To X MO>KHO 3alIUTaTh OT BHYTPEHHETO UCTOYHUKA HAIIPSKEHUS IOCTOSIHHOT'O TOKA.

JIMCKpeTHBIE BBIXOJIBI, MOJIKIIOYCHHBIC 110 CXeMe PHCYHKa 8B, OyAyT rabBaHHUYECKH CBS3aHBI
MEXIy COOOM.

Opranunszanus neneil NUTAHUS

OCHOBHBIM MMUTAHUEM JIJIsl PETYJIIATOPA SIBJIIETCS TPOMBIIIIEHHAs 0JJHO(a3HAs CeTh IEPEMEHHOTO
Toka 220B, 50T'n. Ecnm x perynsaTopy MOAKIIOYEHO U pe3epBHOE NMUTaHUe 24B MOCTOSHHOrO TOKa, TO B

Clly4asix TIepepbiBa MM OTKIIIOUEHHUS TPOMBIIUIEHHON CeTH MUTAaHUE PEryyisaTopa aBTOMATHUYECKH
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NEPEeXOAUT Ha pE3EepPBHOE C BO3MOXKHOCTHIO OOpaTHOTO aBTOMATHYECKOTo Iepexoja  Iocle
BOCCTAHOBJICHHSI IIPOMBIIIIEHHOM CETH B COOTBETCTBUH C PUCYHKOM 9.

B perynarope umeercs BHYTpeHHUM HMCTOYHUK HanpspkeHus (30£3 B mocTosHHOTO TOKa ¢
Harpy304Ho# cmocoOHOCThIO 0,05A /715t TUTaHUS, TPH HEOOXOIMMOCTH, BHEIITHHUX IICTICH.

st noKITIoueHH s 1eneil MUTaHusl UCIIOJIb3YeTCs KJIeMMHask Kojioaka X3.

o

:[ - Cems 2208507y

H———— _ Mpufopsios [pesepbuas) cems 248

Brxod 308, Iw= 0,054
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Pucynok 9 - Opranuzanus memnei TUTaHUs
I[oak/aroueHune peryjasitropa K BHelIHEMY a00HEHTY
| X2
7 O
sO——— L

of

L — xabenb, SKpaHUpOBaHHAs BUTAs Mapa;

X2 — kJIeMMHas KOJIO/IKa

Pucynox 10 - IlogxmroueHne peryisTopa Kk KaHary natepgdeiicaoi cs3u RS-485
Hoakaouenue peryasitopa k 6;1okam bPY, BOP u I16P

[Tonxrouenue perynstopa k 6;okam bPY, BOP u I1BP npuseneno Ha pucynkax 11,12,

PI15-M1 bPY-32, BPY-33 BPY-42 ITEP-2M, I1EP-3
X4 A
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Pucynok 11 - Cxema coenunenuii peryistopa PIIS-M1 ¢ 610kamu pydnoro ympasinenust bBPY u

myckarensiMu 0eckoHTakTHbIMH [1BP
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Pucynok 12 - Cxema coenunenuii peryistopa PII5S-M1 ¢ 61okamu pydnoro ympasinenust bBPY u
6s1okamu onropene bOP

Cxema noakiaouyenunii peryiasropa PIIS-M1

PM5-M1
X1 X3 CCHOBHOR MHTAHAE
EAEIETHRE B F 1 Cers 220 B, 50 Fu
Bxom 1 0 -5 ma T T =
=2 =] 0-20 (4-20) i [ B
= 3 | — Praspamos neTanme
:E"""" 4 4—H uB
0 —1 — -
q i Kl Buiiog BHYTP. MCTOYHKKA
[ MCKPETHEE BA0k =l & [ = (20-30) B, 1y = 0,05 &
OWCTAHLHOHHOMD 9s 7 —|_+[ o
yrpaBmEHRA T
Ofwmi —
LM 5
TC 10
o-Swh__I7 | L ay
BxoA 2 0-20 (4-20) wA [0 1 FGcr | Buixon perynsropa
Murauwe TCZ [/ 2 —
13 — Qg
DA H‘_ i
4
Ixz ?E_ Bueixog ﬂlll'Hﬂl'lHJll.lH_H_
G
TM, 0-50 mB 1 _E_
& 3 0-5ma ? _'.I'_
L] 0-20 (4-20) mA |
OGumn —
= 4
TC 10
0-5mhA F
Bxog 4 0-20 (4-20) mA E
Muranwmwa TC2 E
OBwHE E
T
MHTepheRcHLIR n
BEGO-BbIXOO T
|

Pucynok 13 - Cxema noakmtouenuit perymnstopa PII5-M1
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4 THAUBUAYAJBHOE 3ATAHUE

1. Pa3paboTaTh NpUHIMITHAIBHYIO CXEMY THIIOBOM CHCTEMBI PEryJIMpOBaHus Ha 0a3e peryasTopa
PII5-M1.

2. CnpoeKkTHpoBaTh MPUHIMITHANBHYIO cxeMy B nporpamme KOMITAC, ucnonb3ys NpuKiIaHbIe

OUOJIUOTEKMU.

5 KOHTPOJIBHBIE BOITPOCHI
1. Ha3oBuTe OCHOBHBIE DJJIEMEHTHI (YHKIIMOHATBHOW CXEMBI MHKPOIPOIECCOPHOTO

perynsitopa PIIS-M1.
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INPAKTUYECKASA PABOTA

IIpoekTHpOBaHHUE cXeM MOJAKJIIOUYeHHsI 3aaaTunkoB Tuna P3/[-12, P3/1-22

1 HEJIb PABOTHBI
HayuuTbcst MpoeKTHPOBATh CXEMBI TIOJIKIIFOUEHUS 3a1atonmx ycTpoicT tuna P3/[-12 u P3/1-22

B nporpamme KOMITAC, ucnions3ys npuKIiIagHbie OnOIMOTEKH.

2 MOPAJOK BBIIIOJIHEHUS PABOTBI

1. IBy4uTh CXEeMBI AJIEKTPUUYECKUE TPUHLIUITHAIBHBIC 33/Ial0IHX YCTPOICTB.

2. 3yunTh noakroueHue 3anaimux ycrpoicts tuna P3/1-12 u P3/1-22.

3. Pa3paborarh NpUHIMNHAIBHYIO CXEMY MOJIKIIOYCHH 3afarolux ycrporictB tuna P3J[-12 u
P3/1-22 k anexTpuyecKoMy perysropy.

3. CopoekTtupoBaTh NPUHIMIIMAIBHYIO CXEMY TIOAKIIOYCHHS 3aJalolIMX YCTPOHCTB K

aneKkTpudeckomy peryistopy B nmporpamme KOMITAC, ucnonb3ys npukiaaHbie OUOIUOTEKH.

3SMETOANYECKUE YKA3AHUS

3anatuuku pyuHsle P3/] oTHOcATCA K u3genusM ['ocyaapcTBEHHOM CHUCTEMBI MPOMBIIIIEHHBIX
npubopoB u cpeacts apromatusanuu (I'CII) u paccuntanbl Ha MpUMEHEHHE B aBTOMATH3WPOBAHHBIX
cUCTeMax ympaBieHHus TexHonornueckumu mnpoueccamu (ACYTII) u npeqHazHadeHbl 1Ji BBITOIHEHUS
onepaunuid:

- P3/I-12 — pyuyHas ycTaHOBKa 3aJaHHs JUIS CTAOWIM3HPYIOIMIUX PETYISITOPOB U PETyIIsSTOPOB
COOTHOIIICHUS;

- P3]I-22 — pyuHas ycTaHOBKa CHUTHAJIOB 3aJlaHUsl ISl CTaOWIIM3UPYIOUIUX PEryJIsTOPOB U
PEryJsiTOpOB COOTHOIICHUS, MPEO0Opa30oBaHNEe OJHOTO BUJA YHU(DHIIMPOBAHHOTO CUTHAJIA TTOCTOSHHOTO
TOKA WM HATIPSKEHUS B JPYTOM.

3agatuuk P3/1-12.

DTO py4yHOH MOTEHIIMOMETPUUECKUH 3a/1aTUuK ¢ conpoTuBiaeHueM 10 mnu 2,2 kOM B 3aBUCUMOCTH

OT MCIIOJIHCHMUA.

F.oxm Lens

B 1 | Zatom-ux

L | 3adamqux cp k)

Sndam-ue

o ]

Pucynoxk 1 — Cxema snekTpruyeckas NpuHIUNHAATIbHAS 3aaaTauka P3J[-12
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3apaTuuk P3/1-22.

Ha mepenneii manenu 3agaTdyuka pacnoiokeHa pydka YCTAaHOBKH 3a/IaHHS C BU3UPOM, IIKaja Ha
50 neneHui, Tabnwyka Ui HaHECeHHWs Haanuced. Pyuka HacakeHa Ha OCh IIOTCHIIMOMETPA,
3aKperuieHHoro Ha nanenu. K mepenHeil maHenu KpemsiTcs TakkKe MOACTPOCUHBIC PE3UCTOPHBI, TOCTYN K
KOTOPBIM OCYILECTBIISIETCS YEPe3 OTBEPCTHUE C COOTBETCTBYIOIIMMH HAAMHUCIMHU, HAXOMSIIMMUCS TOJ
TabamuKoil. OcTanbHBIE 3JIEMEHTBI CXEMbI PACIIOJIOKEHBI Ha IEYaTHOHM IUIaTe, KOTOpas KPEHmUTCS K
OOKOBHMHAM C IOMOIILI0 BUHTOB.

CoenuHeHue 3a/laTYMKa C BHEIIHMMM LEMSIMH OCYIIECTBIISIETCS TMPU TOMOINM pa3beMa,
pacIoNoKEHHOI0 Ha 3a/iHel naHenu. Ha 3aaHel nanenn uMeeTcs BUHT JUIs 3a3€MJICHUS 3a/1aTYHKA.

Cxema nsiekTpuueckas NpuHUMNMANbHAA 3anatuuka P3J/[-22 mnpencrtaBiieHa Ha pUCYHKE 2.
3a1aT4UK COCTOUT U3 PETYIHPYEMOro ACTUTENS HAPSHKEHUS, YCUIIUTENS MOCTOSIHHOTO TOKA M ICTOYHUKA
nutanus. B cocTaB ycunuTesns MOCTOSSHHOTO TOKa BXOJST ONEPAIMOHHBIM YCHJIMTENIb A M YCHUJIHUTEIb,
coOpaunHbIit Ha TpaH3uctope V10.

B ocHOBY pa0oThI 3a1aTUMKA MOJIOKEHO YIIPABJICHHUE BBIXOAHBIM HAMPSKEHUEM ONEPALMOHHOTO
YCHIIUTENs, COOPaHHOTO Ha HHTETPAIbHOM MHKPOCXEME, C MOMOUIbI0 PEryIupyeMoro AemuTelNs
HaIpsDKEHUS HAa OJTHOM W3 BXOJIOB ONEPAIIMOHHOTO YCUJIUTENs. JlenmuTens HampsiKEHUsT COCTOUT U3
MOTEHIIMOMETPAa M Habopa pE3UCTOPOB, KOTOpPHIE MOTYT TMOJKIIOYATHCS MapajUIeIbHO — HIIA
MOCJIEIOBATEbHO K IMOTEHUMOMETPY B 3aBUCHUMOCTHM OT JAMana3oHa HM3MEHEHHsS BXOJHOIO CHUTHAJA.
Ycunurenb MOCTOSHHOTO TOKAa OXBAau€H OTPHIATETIbHOM OOpaTHOM cBsi3pio. CUTHAN OOpaTHOW CBS3H
CHUMAETCA C HW3MEPHUTEIBHOTO PE3UCTOpa, BKIIOYAEMOIO IIOCIEAOBATEIbHO C Harpy3koil. OTum
o0OecrieunBaeTcsi MPOMOPIUOHATBHOCTh W3MEHEHHUS BBIXOAHOTO TOKAa TPAH3UCTOpPA BXOJHOMY
HaMPsHKEHUIO YCUIIUTEINSI IIOCTOSTHHOTO ToKa. VICTOUHUK MUTaHUSI COCTOUT U3 TpaHcopmatopa T ¢ ABymMs
BTOPUYHBIMU OOMOTKaMH, HANpsHKEHHE BTOPUYHBIX OOMOTOK KOTOPOTO BBHIIPSAMIISETCS TUOIHBIMU
Moctamu V6, V8 u crnaxuBaercsa konaeHcatopamu C3 u C4 coorBercTBeHHO. [IMTanue onepannoHHOTO
YCUJIUTEIS 3a/laTYuKa OCYIIECTBIISETCS OT CTaOWiM3aTopa TOKA, BBHIMIOJHEHHOTO Ha TpaH3ucTrope V3,
crabunutpone V5 u pesuctopax R10, R11. B pexxume 3agaTunka HanpspKeHUE HA JEUTENb MOCTYIAET CO

crabmintpoHa V4.
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Pucynok 2 - Cxema anekTpuydeckasi IpuHIMNUanbHas 3aaaruuka P3/(-22

Cxembl noakitoueHust Harpy3ku P3J[-22 1 BBIXOJHBIX CUTHAJIOB 3aJaHUsI TIPEICTABIICHBI HA

pucyHkax 3, 4, 5:

X
Lens Kosm.
Ry> 2 k5?2
OBwu A =
+Yu 5
Ny lo-00v | 8

Pucynok 3 - Cxembl nogxmoueHust Harpy3ku P3/1-22 nns Beixoanoro curnana (0-10) B
X

Liens KoHm

Ru< 25 k§2
Yi(05imh | 7

Pucynoxk 4 - Cxemsl nogxirouenus Harpy3ku P3/1-22 mis Berxognoro curaana (0-5) MA
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Lens KoHm

+1o

i

=Yz (0-200&-20ma | B

Pucynok 5 - CxemsI oaxmoueHust Harpy3ku P3J[-22 mis Beixoaubix curaanos (0-20), (4-20) MA

4 UHANBUAYAJIBHOE 3AJIAHUE

1. Pa3paboTaTh NPUHIMIHAIBHYIO CXEMY MOAKIIOYCHHS 3aalomux ycTpoiictB thna P3/(-12 u
P3/1-22 K »€KTpUUECKOMY PETYIATOPY.

2. CipoekTUpoBaTh NPUHLIUIIKUATIBHYIO cxeMy B porpamme KOMIIAC, ucnonb3yst IpuUKIIagHbie

OUOJIUOTEKMU.

5 KOHTPOJIBHBIE BOITPOCBHI
1. Haznauenue 3anatomux ycrpoiicts P3/1-12 u P3/1-22.

2. HazoBuTE OCHOBHBIC AJIEMEHTHI 3a1atomuX ycTpoiicTs tuma P3/1-12 u P3/]-22.
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INPAKTUYECKASA PABOTA

IIpoexTHpoBaHMe cXeM NMOAKIYEHUS 0J10KOB ynpaBJieHnust bPY

1 HEJIb PABOTHBI
HayuuTbcst mpoeKTUPOBaTh CXEMBI OJKIIOUEHUS OJ0KOB yrpasienus tTuna bPY-22, bBPY-32 u

bPVY-42 8 mporpamme KOMIITAC, ucnonb3ys npuKiIagHbie OMOIMOTEKH.

2 MOPAJOK BbBIITIOJIHEHUSA PABOTBI

1. UByunth cxembl 3JEKTpUUECKUEe MPUHIUITHAIBHBIE 0JI0KOB yripasieHus tuna bPY-22, BPY-
32 u BPVY-42.

2. M3yunts noakiaroueHue 010koB ynpasieHus tuna bPY-22, bPY-32 u bPY-42.

3. Pa3zpaboraTh NpUHIMIHAIBHBIC CXEMBI TIOJIKIIF0UeHUS 010k0B THIa bPY-22, BPY-32 u BPVY-
42 B cxemMax aBTOMAaTHYECKOTO YIIPABICHHS U PETYIUPOBAHUSI.

3. CnpoekTupoBaTh NpuHIMNHAIbHbIE cXeMbl B porpamme KOMITAC, ucnonb3ys npukiagHbe

OUOJINOTEKU.

3METOANYECKUE YKA3ZAHUA

bnokun pyunoro ymnpasineHuss koMmiuiekca AKOCP paccuurtanbl Ha TpUMEHEHHUE B
aBTOMAaTU3MPOBAHHBIX CHCTEMax yIpaBleHUs TexHoiormyeckumu mnponeccamu (ACY TII) u
MpeHa3HaueHbl Ul TMEPEKII0YeHUs] U WHIUKALUU PEKUMOB IeNei yHpaBlieHUS HCIOJHUTEIbHBIMU
yCTpOiiCTBaMH, OTOOPaKEHUS TIOJI0KEHUHN PEryIUPYIOLINX OPraHOB UCIOJHUTENIBHBIX YCTPOUCTB.

BeinyckaroTcs Tpex THUIOB:

1) BPY-22

2) bPY-32

3) bPY-42

Ta6J'II/II_[a - (DYHKLII/IOHaJIBHBIe BO3MOXKHOCTHU OJIOKOB

YcaoBHoe Beinonnsemblie pyHKUMU
o0o3HaYeHHne

BPV-22 Py4yHoe wiM TUCTAaHIIMOHHOE MEPEKITIOYEHUE IENel yIpaBiIeHHUs Ha JBA MOJOKEHUS,
CBETOBAas  MHIWKAIMS  TOJOKEHUS  UENeW; yIOpaBlIeHHE  HMCHOJHUTEIbHBIMU
MEXaHU3MaMH.

bPY-32 PydHoe nepexmoueHre ¢ aBTOMaTHYECKOTI0 peKUMa yIpaBJIeHUs Ha py4HOIl 1 0OpaTHo,
KHOIIOYHOE YIPABJIEHUE MHTETPUPYIOLIMMHU HCIOJHUTENBHBIMU  MEXAHU3MAMH,
CBETOBAasI MHAMKALMS BBIXOIHOTO CUTHAJIA PETYIUPYIOLIET0 YCTPOMCTBA ¢ UMITYJIbCHBIM
BBIXOJHBIM CHUTHAJIOM, OTOOpaXXCHHE TMOJIOKEHUSI PEeryJHpyIoLIero opraHa Ha
CTPEJI0OYHOM MHIUKATOPE.
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bPY-42 Py4yHO€ WM TUCTAaHIIMOHHOE MEPEKITIOUYEHUE C aBTOMATHYECKOT0 PEXMUMA YITPABICHUS
Ha PY4YHOU U 00paTHO, KHOIIOYHOE YNPaBICHUE UHTETPUPYIOIIUMHU UCIIOJHUTEIbHBIMU
MEXaHHU3MaMH, CBETOBas WHIUKAIUS PEXKUMOB YIPABICHMS, BBIXOJHOIO CHUTHala
PEryJIHUpYIOIIEro YCTPOUCTBA C MMITYJIbCHBIM BBIXOJHBIM CHUTHAJIOM, OTOOpa)KeHHE
II0JIO’KEHUS PETYJIMPYIOLIEr0 OPraHa Ha CTPEJIOYHOM UHAUKATOPE.

bi1oku KOHCTPYKTUBHO COCTOSIT U3 JIMTOIO KOPITyCa, 3aIMILEHHOr0 KOXYXOM U pacCuMTaHbl Ha
IIMTOBOM YTOIUIEHHBIN MOHTAX, HA BEPTHUKAJIbHON MII0cKOCTH. Kperuienue 6110Kka K UTY OCYIIECTBIISAETCS
BHHTaMHU 3a IIaHEJIb KOpITyca.

B 3angneit yactu 6J0KOB HAXOIUTCS KOJIOJKA /ISl BHEIIHUX COCTMHEHUH.

CxeMbl 3JIeKTpUYeCcKre pUHIMNUANbHbIE 0510k0B BPY

brnoku BPVY-22, BPY-42 comepxar pene ¢ MarHUTHON OJIOKHUPOBKOM, KOTOPOE BBIMOJHSET
GyHKIMU Tepekiiroyaress Ha JABa MojoxkeHus. [lepexiodeHue pene MPOUCXOIUT MPU MPOXOXKIAECHUU
HMITyJIbCA IOCTOSTHHOT'O TOKA Y€PEe3 COOTBETCTBYIOILYI0 OOMOTKY.

Hanpspkenue nuranus, CHUMaeMO€ € BBIIPSIMUTEIBHOTO MOCTA, CIJIaKUBAETCS KOHJIEHCATOPOM,
UCIIOJIb3YETCS ISl IIEPEKIIIOUEHUS PeJie U TUTaHUs] UHIAUKATOPOB €AMHUYHBIX.

OyHKIMOHATbHBIE BO3MOXKHOCTH O110Ka BPY- 42.

KHonka "=" 103BOJAET MepeKIouaTh KOHTAKThI 0J10Ka B pexuM ympasienns " PYUHOI",
kHomnka " O " - B IIPOTHBOMOJIOKHOE COCTOsIHUE (pesknM ynpasinenus "ABTOMATHYECKUIA").

I'pynna koHTakToB KHOMOK "P" u "<«" cioyXuT A yHOpaBi€HUS HCIOJHUTEIbHBIMU
YCTpPONCTBaMU.

Bropsie rpynmsl KOHTaKTOB KHOMOK "P>" 11 " <" BbIBe/IeHbI HAa BBIXOJHYIO KOJIOJIKY U CIyXat JJIs
KOMMYTAllUA BHEITHUX LEMEH.

Nuaukatopel equauunble "w" u  "O" yepe3 HenoaBwKHBIM KoHTakT rpynmnsl K1.1 pene K1
MIOTIEPEMEHHO CBA3aHbI C IJIIOCOM BHYTPEHHETO MCTOYHHUKA IUTAHMS, CIYKAT JJI1 MHAMKAILMY PEKUMOB
ynpasnenus "PYYHOU" u "ABTOMATUYECKHIT".

Nunukatopel equandHbe "B " 1 "' Q" ciryKaT 17151 UHAUKAITUU UMITYJIbCHBIX BBIXOHBIX CHTHAJIOB
PETYIHUPYIOIINX YCTPOUCTB.

[Tepexntouenue OJOKa B OAWH U3 PEKUMOB YIPABICHUS MOXKET IPOU3BOAUTHCS TaKXKe
NUCTAHIIMOHHO: 3aMBIKaHueM KOHTaKTOB 2 N 37 um 2 u34mwm 3 u 1.

[Tepexiroyatoliue rpymnibl KOHTAKTOB pelie BhIBEIEHBI Ha KOHTAKThI pazbema. [locie BkitoueHus
NUTaHUs, OJIOK MEPEXOJUT B PEKUM YIPABICHUS, ONpPENeIIeMblii 3aMKHYTOH LENbl0 AMCTAaHIIMOHHOTO
yIpaBIEHUS.

biiok conmepuT cTpenouHbIN yKa3aTeab, OCYIIECTBIISIONINN HHIUKAIIUIO aHAJIOTOBBIX CUTHAJIOB

0-5 MA, 4-20 MA nnu 0-10 B.
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Pucynok - Cxema snekTpudeckas IpuHIMIHAIbHAs 070ka BPY-42

DOyHKINOHAIBHBIE BO3MOKHOCTH 0J10ka BPY-22.

Pabora Gnoka B npuHuuIe He orianyaercs oT bPY-42, 3a uckimoueHrneM HEeKOTOPBIX (YyHKIUIL.
Knomnka "P" mo3BosiseT mepekiIoyaTh KOHTAKTHI pesie 0JIoka B TOJIOKEHHE, N300paKeHHOE Ha CXeMe.
[lepexitoueHne pesie B MPOTUBOIOJIOKHOE COCTOSHUE BO3MOXHO TPH COCIWHEHHWHM KOHTakTta 31 ¢
KOHTakTOM 34 u Haxxatuu KHonky " ",

JlMcTaHIIMOHHOE TEepeKIIoYeHne pesie OJoKa BO3MOXHO IPH TONEPEMEHHOM 3aMBIKAHUU WU

pa3MbIKaHUU KOHTAKTOB 2-35, 2-36 umm 2-37, 2-34.
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Pucynok - Cxema snekTprdeckas puHIUIHAIbHAs 070ka BPY-22

DOyHKUHOHAIBLHBbIE BO3MOKHOCTH 0J10ka BPY-32.

[lepexnrouarens peKUMOB TMpeAHA3HAYEH MAJS PYYHOTO MEPEKIIOUEHHUs Ienel YIpaBJIeHHUS.
HaxaToe u He Ha)kaTOe MOJIOKEHHE TEePEKIToYaTeNsi UMEIOT (ukcamuio. Haxaroe, ¢ TOBOPOTOM MPOTHB
4acoBOIl CTPENKM, TONOXKEHHE COOTBETCTBYeT pexuMy ympasnenus "ABTOMATHUUYECKUI", ne

HaXaTOoE - peknuMy ynpasierns "PYUHOM". OctanbHble GyHKIHN aHATOTHYHBI ¢ G10koM BPY-42.
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Pucynok — Cxema anekTpuyeckasi MpuHIMTHATBHAs O1oka bPY-32

4 THAUBUAYAJBHOE 3ATAHUE

1. PazpabGotarh NpUHIUNHAIBHYIO CXE€My TMOAKIIOYeHHUs Ojoka ynpasineHuss bPY-42 u
IEKTPUUECKOTO PETYIISTOP.

2. CripoekTupoBaTh MpUHIMIHAIBHYIO cxeMy B mporpamme KOMITAC, ucnonb3ys npuKiiaHbe

OUOJINOTEKH.

5 KOHTPOJIBHBIE BOITPOCHI
1. Hazna4yenue 6J0KOB yIpaBlIeHHs B CHCTEMaX aBTOMATH3AIUH.

2. Ilepeuncnute QpyHKIIMOHANbHBIE BO3MOXKHOCTH 0110K0B BPY-22, BPVY-32 u BPY-42.
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INPAKTUYECKASA PABOTA

Pa3pabGoTka cucTeMbl KACKaJHOI0 peryJupoBaHus Ha 0a3e peryasitopos P17 u P27

1 HEJIb PABOTbI
HayunTbcs npoekTHpoBaTh CXEMbI KaCKaIHOTO PerynpoBaHus Ha 0ase perysistopos P17 u P27

B nporpamme KOMITAC, ucnions3ys npuKIiIagHbie OnOIMOTEKH.

2 MOPAJOK BbBIITIOJIHEHUSA PABOTBI

1. V3yunTh CXE€MBI 3JIEKTPUUYECKUE IPUHLIUIINANIBbHBIE peryiasTopoB P17 u P27.

2. V3yunTh cXeMbl MOJKIIOUCHUS peryistopoB P17 u P27.

3. Pa3zpaboraTh cxeMbl KaCKaJHOTO peryiupoBaHus Ha 6aze perymnsatopos P17 u P27.

3. CnpoexTupoBaTh NpUHLKIIHAIbHBIE cXeMbl B TporpaMmme KOMITAC, ncnonb3ys npukiiagHbie

OUOJIUOTEKMU.

3 METOANYECKHUE YKA3ZAHUA

Amnanorosslii peryasitop P17.

bnok perynupyrorniuii ananorossiii P17 ¢ HempepbIBHBIM BBIXOIHBIM CUTHAJIOM MPEIHA3HAYEH 1151
IIPUMEHEHHUS B CXEMaX aBTOMATUYECKOT0 PETYIMPOBAHUS Pa3INYHbIX TEXHOJIOTMYECKHUX ITPOLIECCOB.

brok BeImonHsAeT cinenyromue GyHKIUH:

- ajredpanyecKkoe CyMMUPOBAaHUE BXOAHBIX CUTHAJIOB IIOCTOSIHHOTO TOKA;

- BBeJIeHUE MH(QOPMAIINH O 33JJaHHOM 3HAYEHHUH PETYJINPYEMOIl BEIMYMHBL;

- (opMupOBaHUE BBIXOJHOIO HEMPEPHIBHOIO AJIEKTPUUYECKOI'O CUTHANA Ul BO3JEHCTBHS Ha
YIOPaBIsEMBId IpOIECC B COOTBETCTBUM C OOHUM U3 CIEAYIOIIUX 3aKOHOB PETYJINPOBAHHUSA:
nponopunoHanbHbiM  (I1),  mponopumonansHo-nuddepenumansupiM  (I17]),  mpomopunoHaibHO-
unterpanbibM (I11), nponopruonansHo-uHTErpasibHO-1updpepenmansupv (ITN);

- pyuHOE yIpaBlieHHe Harpy3Koi u 6e3yapHoe MepeKI0YeHne PeXUMOB paboThl ¢ pyYHOTO Ha
aBTOMaTHYEeCKOe U 00paTHO (B KOMILJIEKTE C BHEIIHUM OJOKOM yIpaBJeHuUs);

- OrpaHMYEHUE BBIXOJIHOTO CUTHAJIA;

- MaciITabMpOBaHUE BXOIHBIX CUTHAJIOB;

- nemMrnupoBaHre CUTHajIa OTKJIOHEHUS;

- TAJIbBAHUUYECKOE pa3JIeIeHUE BXOIHBIX LIENEN IpyT OT Ipyra U OT BBIXOJIHBIX LIETIEH.

SJICKTpI/I‘ICCKaSI IMpUHIUIIHAJIbHAA CXEMa O10Ka MMPpUBCICHA HA PUCYHKC 1.

116



HOO1. 1 3y POI7. 1

| £5ad e

’ 7 3 ’

! » Y y.
[ Tk . q 1 9

— wy  p—e 3{ _— _\D_ £

| £5ad 1] - i I(

Y J % ok

r 8 r4 r g I

¢

4
bt

? >
! rs
= K — ’
= + "
L P Wa .r--}l o pr, oF " L=
[ e f * - ) ,I
e
?u:’:‘“ mre } + '-.J._.
Banet £y 158 OF 158 +I158 OF - 158
r!!:."-_".: g £ r or or
ol Fa v T N o G o D ] ﬂi
f or
al=[=1~
l ;-q[‘_
H tE'I::
L ‘IJ«L

Pucynok 1 — Dnekrpuueckasi npuHIunuanpHas cxema P17

DnexTpuyeckas NpUHIHUNHAIbHAs cxema Onoka P17:

1-3 - Moy nATOPBL; 4 - YCUIUTENb-MOLYJIATOP; 5 - cyMMarop; 6 - KOPPeKTop; 7 - 1eMOIYIATOp-
YCHITUTENb; 8 - MCTOYHHK OMOpHOro HampsbkeHus; 9 - reneparop; 10 - BxomHo# ycwmrens; 11 -
uHTerparop; 12 - muddepenumarop; 13 - cymmarop; 14 - HenuHeHbIH demenT; 15 - mpeoOpazoBaTens
HanpshKeHUs B TOK; 16 - BeIxoiHOW ycunurens; 17 - orpannuurens; 18 - nctounuk nutanus UI1CO1;

01-4 - MacimTaOHble KOAX(POUIMEHTHI; y - BHELIHEe 3ajaroliee ycTpoHcTBO; Ta - mocTosiHHas
BpeMmeHnu nemndupoBanus; OT - obmas Touka; K - koapduimenT u3sMeHeHus nponoproHantsHocTd; Tu
- TIOCTOSIHHAas BPEMEHM HWHTErpupoBaHus; MH - MHOXHTenb, TJ - TOCTOSIHHas BPEMEHU
mudepeHmpoBaHus

Wzmepurensubiilt Mmogyias M001.1 ocymiecTBiseT CyMMUpOBaHHE M MacIITaOMpPOBaHUE BXOIHBIX
CUTHAJIOB, BBEIEHUE MH(POPMALIUU O 33JJaHHOM 3HAUYEHUH PEryJIMpPyeMOW BEeTUYMHBI, (pOpMUpOBaHHE U
YCUJICHHE CUTHAJIa OTKJIOHEHHs! pETryJIMpyeMOl BEJTMUMHBI OT 33JaHHOTO 3HAaYECHUS.

Perymupyromuit moxyne PO17.1 ocymectBisieT ¢GhOpMHPOBaHHE BBIXOJHOTO HEMPEPHIBHOTO
AJIEKTPUUYECKOTO cUTHaia 6ioka B coorBercTBuM ¢ I1-, [1/1-, IT1- unu [MN/[-3akoHamMu peryaupoBaHus,
JIBYCTOPOHHEE PEryJMpyeMoe OrpaHWYeHHE BBIXOIHOTO CUT'HAJIA, IEeMII(HPOBAHNE CUTHAJIA OTKJIOHEHUS,
a Takke B KOMIUIEKTE€ C BHEIIHUM OJIOKOM YIPaBJIEHUS PYyYHOE YNPAaBIECHUE BBIXOJAHBIM CUTHAJIOM U
0e3yaapHOe EPEKITI0YEHNE PEKIUMOB paOOTHI.
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Cxema nogxiroueHus peryistopa P17.
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Pucynok 2 — Cxema nojkitouenus 6iaoka P17

HmnyabcHblil peryaupyromuii 610k P27,

biok perynnpylouml‘/’l C UMITYJIbCHBIM BBIXOAHBIM CHUTHAJIOM THIIA P27 npeaHa3HauYCH JJIAd
MNPUMCHCHHUS B CXCMAX ABTOMATHUYCCKOTO PCTYJIUPOBAHUA TCXHOJIOTHYCCKUX IMAPAMCTPOB B PA3JIMYHBIX

OTpaciigX NPOMBILIUIEHHOCTH.
brnok BeinonHseT cnenyromue GyHKINU:
- CyMMHpOBaHHE YHU(DHUIIUPOBAHHBIX BXOJHBIX CUTHAIIOB TOCTOSTHHOTO TOKA;

- BBCICHHC I/IH(I)OpMaI_II/II/I O 3aJaHHOM 3HAa4YCHHUH perlepreMoi/’I BCJIIMYHNHBI, q)OpMI/II)OBaHI/Ie n

YCUJICHUC CUTHAJIa OTKIIOHCHUA perynnpyeMoﬁ BCJIIMYHUHBI OT 3aJaHHOI'O 3HAYCHHA,
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- (opMHpOBaHUE BBIXOJAHOTO HMMITYJIBCHOTO 3JEKTPUYECKOTO CUTHala JJIsi BO3JIEHCTBHS Ha
YIpPaBISEMbII MPOLECC B COOTBETCTBUM C OJHHMM U3 CIEAYIOIIMX 3aKOHOB PpEryJIHpPOBaHUSA:
npornopuroHanbHbli (I1) coBMecTHO ¢ AATYUKOM MOJ0KEHHUS UCIIOTHUTEILHOTO MEXaHU3Ma;

- nponopuuoHaibHO-uHTErpaibHbiil (IIMI) coBMECTHO ¢ MCIONHUTEIbHBIM MEXaHU3MOM;
MPOMOPIMOHANILHO-UHTErpanbHO- TP depennnanpapii  ([IMJ]) coBMECTHO ¢ HCIOTHHUTEIBHBIM
MEXaHU3MOM; TPEXIIO3ULMOHHBIN U IBYXIIO3ULIMOHHBI;

- MaCH_ITa6I/Ip0BaHI/IC BXOJHBIX CUT'HAJIOB,

neMrpupoBaHUE CUTHATA OTKJIOHCHUS;

- TAJIbBAHUYCCKOC pa3ACJICHUC BXOAHBIX W BBIXOJHBIX HGHCﬁ, a TaKXKE BXOIHBIX ueneﬁ Apyr OT

Apyra,

HMHAUKaIHMA BBIXOOAHOI'O CUIrHalia,

BBEJICHUE 3alIpeTa Ha YIIpaBJICHUE HArpy3KOH.

[IpuHnunuanbHas 3MeKTpUYEcKas cxeMa 0JIoKa MPUBEICHA Ha PUCYHKE 3.

Pucynok 3 - [lpuHnmnuanbHas dJeKTpudeckas cxema

W3mepuTenbHBIE MOAYJIh OCYIIECTBISET CYMMHUPOBAaHHE U MAacIITAaOMPOBAHHE BXOJTHBIX
CUTHAJIOB, BBeJCHHE MH(POpPMAIMU O 33JaHHOM 3HAYCHHUU PEryJIUpyeMOW BEeIWYHHBI, (pOpMHpOBaHHE U
YCHJIEHHE CUTHAJa OTKJIOHEHUS PETYINPYEMOM BETUYHHBI OT 3aJaHHOTO 3HAYCHHUSI.
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Perynupyrouuii MoysIb OCyIIECTBIISIET (POPMUPOBAHHIE BBIXOHBIX UMITYJIbCHBIX SJIEKTPHUECKUX
curHasioB Onoka Z1, Z2 B coorBerctBum ¢ [IM, TIN]I, Tpexmo3WIMOHHBIM WM JABYXITO3UIIMOHHBIM
3aKOHaMM PEryJIMpOBaHuUs, 1eMII(PUPOBAHNE CUT'HAJIA OTKJIIOHEHUS, FaJIbBAHUYECKOE Pa3/IelIeHue BXOIHBIX
U BBIXOJIHBIX LIeNIe€N MOJyJIs, BBEICHHE 3allpeTa Ha yIpaBICHUE HArpy3KOi.

HcnonHenue peryanpyoiero Moayis, olpeieasieMoe HOMUHAIbHBIMU IMana30HaMu U3MEHEHUS
OCHOBHBIX IIapaMETPOB HACTPOMKH, M TpyIIa MOAYJIA, olpenenseMas JAOINYCKaeMbIMU OTKJIOHEHUSIMU
YKa3aHHBIX IapaMeTPOB OT HOMMHAJIBHBIX 3HAU€HHH, COOTBETCTBYIOT HCIIOJIHEHHIO WU Tpymme Osoka
(Tabnuua 2).

K Beixony Z1 perynupyrouero Moayssi MOAKIIOUEHbl cBeToaAuoAbl V1, V2, pacnosiokeHHble Ha
nepeaHel naHenau 0J10Ka U ABJSIOIIMECS UHIUKATOPAMU BBIXOJHOIO curHana Z1.

Hcrounuk nutanus GopMuUpyeT HanpspKeHUE MOCTOSHHOTO TOKA JUIsl TUTAHUS U3MEPUTEIBHOTO U
PETYJIMPYIOLIETO MOTYJIEH.

W3MepuTenbHbIi MOIYJIb COACPKUT CIAEAYIOUNE PYHKIIMOHAIbHbBIE Y3JIbI:

- MOIYJIATOpHI 1; 2; 3;

- YCUJIUTEIb-MOYJIATOP 4;

- CyMMaTop;

- IEMOYJIATOP-YCUIIUTEIID; y3€] KOPPEKTOPa; HCTOUHUK OIOPHOT0 HAIPSHKEHUS,

- TEHEepaTop.

Monymstopsl 1; 2; 3 npeobpa3yroT yHU(UIIMPOBaHHbBIE CUTHAJIBI TOCTOSIHHOTO Toka 0 - ruiroc 5
MA (coorBercTBeHHO X1, X2, X3) B cuUrHajibl HampsoKeHHsl INepeMeHHOro Toka. CurHansl X2,
X3yMHOXKAaI0TCsI IPH 3TOM Ha MacITabHble KO (OUIIMEHTHI COOTBETCTBEHHO 2, 3.

Yeunutens-MoaynsaTop 4 cyMMUpPYET CUTHaJbl MOCTOSTHHOTO Toka X41 (0 - mmoc 5 MA); X42
(mmtoc 4 - umroc 20 MA); X43 (0 - mmroc 20 MA);

X44 (0 - umroc 10 B); X45 (munyc 1 - 0 - mroc 1 B), mpeoOpasyeT ux anredpandeckyo CyMMy B
CUTHaJI IEPEMEHHOI0 TOKa M YMHOKaeT Ha MacIITaOHbIi K03 duuueHT 4.

Curnansl ¢ BBIXOJAOB MOAYJIATOpPOB 1; 2; 3 W ycwiuTens-MonyiasTtopa 4 CyMMHPYHOTCS
CyMMaTopoM, 00ECIeYHBAIOIIMM TaJIbBAaHUUECKOE pa3/ielieHHe BCEX CYyMMMPYEMBIX BXOJHBIX CUTHAJIOB
JpyT OT JIpyra U OT BBIXOJHOTO CUTHAJIA.

BeIXomHBIE CHTHajmbl CyMmaTopa M y3jJa KOpPpPEKTOpa XKOp, a TakkKe BXOJHOW CHUTHAI
noctosiHHOro Toka X5 (0 - mmoc 10 B) moctymaioT Ha BXOJ JEMOIYJATOPA-yCHIIUTENS, KOTOPBII
npeoOpa3yeT BBIXOJHONW CHTHAJI CyMMaTopa B HaIlpsDKEHHE ITOCTOSIHHOTO TOKa M CyMMHpYET BcCe
MOCTYTIAOIIME HA HETO CUTHAJIBI, ()OPMHUPYsSI BBIXOHOM CUTHA MOJYJIS (CUTHAI OTKJIIOHEHUS).

['eneparop dhopmupyeT HaNpsHKEHHUE MEPEMEHHOTO TOKAa MPAKTUYECKU MPSMOYTOIBHON (HOPMBI

yacToToN 0K0JI0 20 KI'Il AJIs1 KOMMYTalMU KY€ MOIYJISITOPOB U IEMOIYJISATOPA, & TAKKE HANIPSIKEHUE
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MOCTOSTHHOTO TOKA, TaTbBAHWYECKH U30JIMPOBAHHOE OT OOILET0 MUTAHUS MOYJISL, JUTS TUTAHHST YCHIIUTEIIs -
MoyssiTopa 4.

HcTOYHUK OMOPHOTrO HaNpsHKEHUS MUTAET y3ell KOPPEKTOpa U BHEIIHEE MOTECHIIMOMETPHUUECKOE
3ajjarolee yCTpOMCTBO, MOJIKII0YaeMoe K OJIOKY.

[TuTanue MOyJIst OCYIIECTBISETCSA CTAOMIN3UPOBAHHBIM HAIPSKEHHEM TIOCTOSIHHOTO TOKA TTIOC
15 v munyc 15 B, noctynatomum ot uctounrka nutanus UI1CO1.1.

Perynupyrommii  Moaynb  COIEpKUT — cleAyromue (QyHKIMOHANbHbIE —y37bl:  jAemidep,
muddepeHuaTop, CyMmMaTop NpsSMOro KaHaja, TPEXIO3UIMOHHBIA TPUITEP, WHTETPaTop, CyMMaTOp
KaHaya o0paTHOU CBSI3U M YCHIIUTEIb MOIIHOCTH (PUCYHOK 2).

Cymma Bxoanbix curHamoB XO01 wm X03 wMoxyns mnpeoOpasyrorcs aemidepom 1o
arnepruoNYecKOMY 3aKOHY C MOCTOSIHHOM BPEMEHH t M MOCTYyMaeT Ha BXOJ CyMMaTopa MpsIMOro KaHaua,
I7Ie CyMMHUPYETCsI ¢ BXOJHBIM curHasioM X02 moay:nsi. BeixonHo# curHan cymmaTopa HOpsiMOro KaHalla
YIPAaBIISAET TPEXMO3ULIMOHHBIM TPUITEPOM C 30HOM HEUYBCTBUTEIbHOCTHU D.

CymmaTop mOpsSMOro KaHajla W TPEXMO3UIMOHHBIA TPUTTEP OXBA4eHbl (PYHKIIMOHATHHON
OTpHUIIATENILHON 00paTHOI CBA3BIO Uepe3 anepHoqUUECKOE 3BEHO, MPEACTaBIsolee coO00 HHTErpaTop ¢
MMOCTOSIHHOM BpPEMEHM tH, OXBAYCHHBIH >KECTKOH OTPHUIIATEIIPHONH OOpAaTHOHW CBSI3BI0 YEpe3 CyMMAaTOp
KaHama oOpaTtHO# cBsi3u. IlpW HanmWumM CHUTHAJIOB HA BXOJE MOXYJS B KOHTYpE, OXBauC€HHOM
OTpULIATENILHON (DYHKIIMOHAILHON CBSA3bI0, BOZHUKACT PEKUM MEPUOTUUECKUX BKIIOUEHHMH, B Pe3ysbTaTe
KOTOPBIX Ha BBIXOJI€ TPEXIIO3UIIMOHHOIO TpHUITepa (opMupyercs Mociael0BaTeIbHOCTh HUMITYJIbCOB,
MOJIAPHOCTh U CKBAKHOCTHh KOTOPBIX 3aBUCHUT OT MOJSIPHOCTH U BEITUYMHBI BXOJHBIX CUTHAJIOB MOJYJIS.
OTU UMIYJIbCHI MOAAIOTCS Ha BBIXOJ Z2 MOAYJSI HEMOCPEICTBEHHO, a Ha BbIX0A Z1 - uepe3 yCUIIUTENb
MOIITHOCTH. B pe3ynbraTe MHTErpUpPOBAHUS BBIXOJAHBIX HMIIYJIbCOB (HAampUMeEp, HCIOJHUTEIBHBIM
MexaHuzMoM) ¢Gopmupyerca IIM - 3akoH perynupoBanus. IIpm 3TOM NOCTOSHHAs BpeMEHU
MHTErpUPOBaHUs paBHA MIOCTOSIHHON BPEMEHU UHTErpaTopa tu, a KoapHULUEHT Nepeiadn Il Orpeesiercs
CTENEHbIO PYHKIIMOHATBHON OTPUIIATENIbHON 00paTHO! CBA3H.

JIIMTenpHOCTD UMITYJIbCA tH PETYJIUPYETCS IIyTEM U3MEHEHMSI CTENIEHH KECTKOM MOJI0KUTEIBHON
00paTHOM CBSI3U, OXBATHIBAIOILIEH TPEXMO3UIIMOHHBINA TPUITEP YEPE3 CyMMATOP MPSMOTro KaHaa.

B monyne mpeanycmoTpeHo Taxke ¢opmupoBaHue quddepeHInaTbHON COCTaBISIIONIEH 3aKoHa
perynupoBaHus Uit BXOAHbIX curHainoB X01 m X03. [{ns 3TOro cyMMa ykasaHHBIX CHUTHAJIOB C BBIXOJA
nemmndepa momaercs Ha  BXoj — auddepeHnuaropa, MPEACTABISIIONIETO  co00W  peallbHOe
muddepeHnupyrolee 3BeHO ¢ MOCTOSHHON BpeMeHH t1. Boixoanoii curnan auddepenunaropa nocrymnaer
Ha BXOJA cymmaropa oOpaTHoi cBs3u. B pesymprate st Bxoaneix curHanoB XO01, XOlmocne

MHTETPUPOBAHUS BBIXOJHBIX UMITYJIbCOB Moy popmupyercs [TN]I-3aKoH peryiaupoBaHusl.
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[Muranue momyns ocymecTBisercs oT uctoyHwka mutanus WIICO1.1 crabunu3upoBaHHBIM
HanpspkeHueM I0Ttoc 15 u munyc 15 B 1 BRIIPSIMIIEHHBIM ABYXMOJYIIEPUOIHBIM HANPSIKEHUEM CO CPETHUM
3HaueHueMm 24 B.

IIpu otkmovyeHHoi auddepeHnnanbHON COCTABISAIOMICH Ui BCEX BXOJIHBIX CUTHAJIOB
peanuzyercs [11-3akon perynupoBanus. B Mogysne npeaycMoTpeHa BO3MOKHOCTh OTKITIOUEHUS TaKKe U
WHTETPAIIbHOM COCTaBISIIOLIEH. B 3TOM ciyuyae peanusyroTcsi TPEXIMO3ULMOHHBIM U JBYXIIO3UIIMOHHBIN
3aKOHBI perynupoBaHus. [Ipu oxBare perynaropa »KecTKOW OTpHUIATENbHOM 0OpaTHOM CBS3bIO C BHIXOJA
JaTYMKa TIOJIOKEHUS! BBIXOAHOTO OpraHa HCIIOJHUTEIBHOIO MexaHu3Mma peanusyercs [I-3akon
peryjaupoBaHusi.

CxeMma nogkiarouenus P27,
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Pucynok 4 — Cxema noakirouenus 6goka P27
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4 THANBUYAJIBHOE 3AJTIAHUE

1. Pa3paboTaTh cXemMbl KaCKaJHOTO PETyJIupoBaHus Ha 0a3e perymnsatopoB P17 u P27: cucremsl
PEryIMpOBaHMS COOTHOIICHHUS «Ta3-BO31yX» C KOPPEKIIMEH 110 aHATN3Y JIbIMOBBIX I'a30B.

2. CpoeKkTHpoBaTh CXeMbl KackaaHoro perymupoBanus B mnporpamme KOMIIAC, ucnonb3ys

MPUKIIQJHbIE OMOIHOTEKH.

5 KOHTPOJIBHBIE BOITPOCHI
1. ITepeuncnute QyHKIMOHAIBHBIE BO3MOXHOCTH 0110K0B P17 11 P27.

2. OnumuTe NpUHIMIKAAIBHBIE cXeMbl 0510k0B P17 1 P27.
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INPAKTUYECKASA PABOTA

N3yuyenue cxeMbl MoAKIIOYeHNsI 3a7aTunkoB Tuna 3Y-11 u 3Y-05

1 HEJIb PABOTbBI
Hayuntbcs mpoeKTupoBaTh CXeMbl MOIKIIOUEHUS 3a1atomux ycrpoicTs tuna 3Y-11 u 3Y-05 B

nporpamme KOMITAC, ucnons3ys npukiIagHbie OnOIMOTEKH.

2 MOPAJOK BBIIIOJIHEHUS PABOTBI

1. I3y4uTh CXEMBI SJIEKTPUYCCKHIE TPUHIINITHATLHBIC 33/IAI0IUX YCTPOUCTB.

2. 3yunTh noakroueHue 3a1arimux ycrpoicts tuna 3Y-11 u 3Y-05.

3. Pa3zpaboTaTh NpUHIMIIHATBEHYIO CXeMY MOIKIIOYSHHS 3a1atoiuX ycrpoiicts Tina 3Y-11 u 3V-
05 K 3JeKTpUIECKOMY PETYIISTOPY .

3. CropoekTHpoBaTh NPUHIUIUAIBHYIO CXEMy MOJKIIOUCHUS 3aJalolUuX YCTPOWCTB K

aneKkTpudeckomy peryistopy B nmporpamme KOMITAC, ucnonb3ys npukiaaHbie OUOIUOTEKH.

3METOANYECKUE YKA3ZAHUA

3anaomee ycrpoiicrso 3Y-11

VYerpoiictBo 3anaromiee noreHuuoMerpudeckoe 3Y-11 mpeaHazHaueHO MJii NPUMEHEHUS B
CXEMax aBTOMAaTHUYECKOI0 PErYJMPOBAHUS B KAYECTBE BCIIOMOTATEIbHOTO YCTPOKUCTBA K PETYIUPYIOIIUM
MpudopaM PydyHOTO MOTEHITHOMETPUUYECKOTO 3a/1aTUHKa.

VYerpoiicTBo 3ajaroiiee noreHuuoMerpudeckoe 3Y-11 KOHCTPYKTUBHO BBIIIOJIHEHO B €IMHOM
Kopnyce. Ha nuiieByro nmaHesnpb ycTpoiicTBa BEIHECEHA 1IKAJIa MOTEHIIMOMETPUYECKOTO 3aJaTYMKa C PYUKOU
yIpaBiieHUsI. BBIXOAHOW KJIEMMHHMK BBIIIOJHEH Ha IITENCEIbHOM pazbemMe. MOHTax IIMTOBOM,
YTOIUICHHBI Ha BEPTUKAJIbHOM, TOPU30HTAIBHON WJIM HAKJIOHHOM IUIOCKOCTH. Kperuienne ycTpoincTsa K

IIOCKOCTH 1IUTA OCYHICCTBIIACTCA ABYMS BUHTAMU.

buixod

Pucynok 1 — Cxema 3Y-11 Pucynoxk 2 — Cxema moJIKIII0YeHuUs
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YerpoiicTBo 3aaaromee TokoBoi 3Y-05

[IpenHasHaueHO UIA HPUMEHEHHMs B CHCTEMax  aBTOMATHYECKOTO  PEryJUpOBaHUSA
IIPOU3BOJICTBEHHBIX IIPOLIECCOB B KadyeCTBE PY4YHOrO0 TOKOBOro 3ajgatdynmka. Ha mnepenneil mnanenu
pa3MelieHa pydka «3aJlaHuey, MpU MOMOIIM KOTOPOM YyCTaHaBIMBAETCS BBIXOJHOW TOK yCTpPOMCTBA B
npenenax 0-5 MA, onenuBaemsbIit o mkaie 0-100 %.

HpI/IHHI/IHI/IaHBHaﬂ cxXeMma.

r""..-“.— e e Qe QT

Pucynok 3 — [IpunniunuanbsHas cxema 3aaatomiero ycrpoictsa 3Y-05

3V-05 npeacraisier co0oil peryiupyemMblii HCTOYHHMK TMOCTOSHHOTO TOKA, BBINOJIHEHHBIM Ha
TpaHsucrope TI1, BKIIOYEHHOM IO cXeMe ¢ oOummM »smuTTepoM. Pabodas Touka TpaH3UCTOpa
CTaOWIM3UpPOBAaHA C TOMOILBIO TOCJIEI0BATENIbHON OTpULIATENbHON 00paTHOM cBsi3u (pe3ucrtop R4),
KOTOpasi OJHOBPEMEHHO IIOBBIIIAET BBIXOJHOE CONPOTUBIEHUE ycuiuTend. Harpyska Bkirodaercs B
KOJIJICKTOPHYIO LIEMb TPAaH3UCTOPa — Ha KIIeMMBI 4-5, 4-6, 4-7 B 3aBUCUMOCTH OT BEJTMUUHBI COTIPOTUBIICHUS
Harpy3ku. Pesuctopsl R6, R7 sBusiorcs OaymmacTHeIMH. BBIXOAHOM CHUTHan CHUMaeTcs C JIBUXKKA
noreHuomerpa R8.

IIntaHnne nened Harpy3KM M BXOJHBIX LEMEH TPAH3UCTOpPA OCYIIECTBIAETCS OT MCTOYHHKA
nutanus UI1-32.

[MuTanue BXOMHBIX Lienel CTaOMIM3UPOBAHHO C MOMOIIbI0 crabuimutpoHa JI1, pabounii Tok B
KOTOPBIN 3a7aeTcst pesuctopoM R1. JIms kommeHcamm TMHaMHYECKOTO COMPOTUBIIEHUS cTabmmTpona 11
npumeneHa MoctoBasi cxema (R1, R4, RS, JI1). C mnomompio MOACTpOEYHOrO pe3uctopa R2

yCTaHABIIMBACTCS HEOOXOAMMBIN AUAMA30H ACHCTBUS PYyYKH MOTeHIIMoMeTpa RS.
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Juon JI2, BKIIOYEHHBIH BO BXOJHYIO L€Nb YCHINTENS, OCYIIECTBISET TEMIEPATYPHYIO
CTaOMIIN3alUIO BEJIMYHUHBI BBIXOJHOTO TOKA.

Ucrounnk nurtanus WNII-32 comepxkut cuinoBod Tpanchopmarop. Ha mepBuuHyro 0oOMOTKY
TpaHchopmaropa depe3 kKieMmbl 1-22 Monyns mojaercs HampspkeHue nepeMmeHHoro toka 220B. Ko
BTOPUYHOM OOMOTKE TOAKIIOYACTCS BBIIPAMUTENbHBIH MocT JI1. BrlnpsMieHHoe HampsbkeHue
¢dbunsTpyercs konaeHcaTopom C1 u moaercs Ha kiieMMbI 14-13 moxyns. Kiiemma 7 coeuHseTcs ¢ 3eMIIeH.

Cxema BHentHUX coenuHeHuii 3Y-05

aumanue ~2208 507y

Pucynok 4 - Cxema BaenHux coenuHernii 3Y-05

4 THAUBUIYAJIBHOE 3AJIAHUE

1. PazpabGoTaTh NpUHIKIHAIEHYIO CXEMY TOKIIOUEHHS 3aat0IuX ycTpoiicts Tuna 3Y-11 u 3Y-
05 K 2JIEKTPUYECKOMY PETYIATOPY.

2. CripoeKTUpoBaTh MPUHIMIHAIBHYIO cxemy B porpamme KOMITAC, ucrnonb3ys puKiIaHbIe

OUOJINOTEKMU.

5 KOHTPOJIBHBIE BOITPOCHI
1. Ha3nauenwue 3amaroniux ycrpoicts 3Y-11 u 3V-05.

2. Ha3oBHTE OCHOBHBIE JIEMEHTHI 3a/1at0uX ycTpoiictB 3Y-11 u 3Y-05.

126



INPAKTUYECKASA PABOTA

N3y4deHnune cxeMm MoaKJ/JI04YeHHs 0JI0KOB ynpaBiaeHus bY

1 HEJIb PABOTHBI
HayuuTbcs MpoeKTHPOBATH CXEMbI TOJKITIOYCHHS OJIOKOB ympaBieHus tumna bY-12 u bY-21 B

nporpamme KOMITAC, ucnons3ys npukiIagHbie OnOIMOTEKH.

2 HOPSAJOK BBIIIOJIHEHUSA PABOTbBI

1. UBy4uth cXeMbl 3JIEKTPUIECKHE IPUHIUIHATbHbBIE OJIOKOB ynpasieHus tuna bY-12 u BY-21.

2. V3yunTs noakroueHue 0JI0KoB yrpasieHus tuna bY-12 u bY-21.

3. Pa3paboraTh npuHIHUIHAILHBIE CXEMBbI TIOAKIFOYeHUS 010K0B THMa bY-12 1 BY-21 B cxemax
aBTOMATHYECKOTO YIIPABJICHUS U PETYIHUPOBAHUS.

3. CnpoexTupoBaTh NpUHLHKIIHAIbHBIE cXeMbl B TporpaMmme KOMITAC, ncnonb3ys npukiiagHbie

OUOJINOTEKU.

3 METOAUYECKHUE YKA3AHUS

Buiok ynpagsJienusi aHaiorosoro peryJasiropa bYy-12.

brok ynpaBnenus ananoroBoro peryistopa bY12 npeaHasHadeH Ui NpUMEHEHHUs B cXeMmax
aBTOMAaTHYECKOI'O PEryJMpPOBaHUS TEXHOJOTMYECKUX IMapaMeTpoB B KadecTBE OJOKOB YIpaBleHHS, a
TaK)X€ BCIIOMOTaTeJIbHBIX YCTPONUCTB K PETYJIUPYIOIUM IpUOopam.

@OYHKIMOHATbHBIE BO3MOKHOCTH:

- 0Oe3ylapHOoe MepeKNIIoueHHe Iieneil Harpy3Kd aHaJoroBOrO pEryjiMpyrouero mpubopa c
aBTOMAaTHYECKOTO YIPaBJIEHUS HA PyYHOE U 0OPaTHO;

- py4HOE ynpaBjeHHE TOKOM Harpy3Ku;

- KOHTPOJIb TOKa Harpy3KkH (¢ moMoIbio BHelHero mujuinammnepmerpa 0...5 MA; RBH — He Gonee
50 Om).

HpuHuunuajabHas cxema.

bnok comepkuUT ABa CHHXPOHHO pabOTaIOLIUX, HO TAIbBAHUYECKU Pa3BsA3aHHBIX PErYIUPYEMbIX
HCTOYHUKA TOKA.

[TutaHne peryampyeMbIXx MCTOYHHKOB TOKAa OCYIIECTBISETCS OT WcTouyHWka nutanus WIT-31,
COJIepKAIIEero JIBa TaJIbBAaHUYECKH M30JIMPOBAHHBIX BBIMpsIMUTENS. KaXkaplil U3 JBYX MCTOYHHUKOB TOKa
MPEJCTABISAET COOOM OJHOKACKAHBIM YCHIINTENb MMOCTOSHHOTO TOKA, BHIOJHEHHBIH COOTBETCTBEHHO HA
Tpan3uctopax T1 m T2, BKIIOYEHHBIX MO CXeMe ¢ 00muM sMMUTepoM. Pabodne TOYKHM TpaH3UCTOPOB
CTAOWJIM3UPOBAHBI C TIOMOIIBIO TTOCIIEIOBATEILHON OTPHUIIATEIbHONW 00paTHOU cBsi3u (pe3uctopbl R8 u

R12), koTopast 0AIHOBPEMEHHO NOBBILIAET BHIXOAHOE CONPOTUBIIEHUE yeunuTenel. Harpyska BkitouaeTcs
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B KOJUIEKTOPHBIE LIENN COOTBETCTBYIOLETO yCUIUTENA: Ul TpaH3ucropa T1 — k knemmam 11-12 uepes
OaymactHbIi pe3uctop R11, mus tpansucropa T2 — k knemmam 17-18, 17-19, 17-20 (B 3aBUCUMOCTH OT
BEJIMYMHBI CONPOTHURIICHHS Harpy3ku). Pesuctoper R15, R16 sBastorcst 6amracTHpIMUA. BXoaHOW cUTHAIT
YCWINTENS] CHUMAETCS C IBIYKKOB CIIapeHHOTO moTeHImomerpa R4a-R46.

MMepexmovamens
ynpalBaenus

Beoxod 05 mA dan
6roxom 8 noz. P”

MusAuUamMNepMeMmpPyY  ynpoBaenus pea.

K 8Bnewnemy
0~5 mA; R <70 Om

+

-
:

-3 KOH; 4
1=2 xOm

6a0K0 pea.

05 wo
8xo0d om
2

Buxod 0—5 mA

Pucynok 1 — [IpunnunuansHas cxema 01o0ka bY-12

[Iuranue BXOIHBIX 1eTIel CTAOMIH3UPOBAHO ¢ TOMOIIIBIO cTabmmuTpoHOB J[1 u JI2. PaGounii Tok
CTAOWJIMTPOHOB 3a7a€TCsI COOTBETCTBEHHO pesuctopamu R1 m RS. [J[ns xommeHcanuu JTUHAMHUYECKOTO
conpotunenus cradbunurponos Jl1 u JI2 mpumenens! moctoBeie cxemsl (R1, R10, R3, /1 u R5, R14, R7,

J12). C momouipio MOACTPOEUHBIX pe3uctopoB R2 u R6 ycraHaBiuBaeTcs HEOOXOAMMBIN TUara3oH
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neiictBus pyuku noreHimomerpa R4a-R46. lnoasr /13 u /14, BKIIIOYCHHBIE BO BXOAHBIE LIETTH YCUIIHTENCH,
OCYIIECTBIISIOT TEMIEPATYPHYIO CTAOMIM3AIMIO BBIXOIHOTO TOKA.

Knemmbr 31-32 61oka, 3amryHTHpPOBaHHBIE AUO0I0M J5, ciyskat Juisi KOHTPOJISI BBIXOJHOTO TOKa
YCWIINTENS 2 C IOMOILBIO BHEIIHEr0 MUJUIHaMIiepmeTpa. Ipu OTKIIoueHHOM MUJUITHaMIIEpMETpPE LIENb TOKa
3aMbIKaeTCs yepe3 OTKphIThIA auox 5. [lpu nogkimroueHnn Mummamnepmerpa auon 1S 3akpeiBaercs u
BECh TOK MOCTYIMAET B PAMKy MUJUIMAMIIEPMETPa.

KoHnTtakTel S1B mepexnrovarens yrpaBieHUs B MOJoXKeHHH "P" — pydHOe MOAKIIOYAIOT IIEMb
Harpy3ku K Bbixomay Onoka BY-12, a B monoxenun "A" aBTOMaTHYECKOE - K BBIXOJy aHAJIOTOBOTO
perynupytomero 6igoka. Konrtakrsl Slr nmepexmouarens yrnpaBleHHs KOMMYTUPYIOT IIeTIH aHAJIOTOBOTO
perynupyoiiero 6jgoka, odecreunBarolye miaBHoe («0e3yaapHoe») MepeKItoueHrne ¢ aBTOMaTHYeCKOro
yIpaBiIeHUsS Ha PyYHOE U OOPaTHO.

KonTtakter Sla, S16 mepexitouaressi ynpaBieHUsI MOTYT OBITh MCIIOJIB30BaHBI JJIsI KOMMYTAIHH
Pa3IMYHBIX LIETIeH CXEMBI YIIpaBiICHUS 00 bEKTOM.

Hctounuk nuranusa tumna UI1-31 comepxxut cunosoit Tpanchopmarop. Ha nepBuunyro 0OMOTKY
TpaHcopmaTopa IMojaaeTcss HampspkeHue mnepemMeHHoro Toka 220 B. Ko BTopu4yHBIM 0OMOTKaM
TOJIKJTFOUEHBI TIOJTYITPOBOTHUKOBBIC BRIIPSMHUTEIBHBIE MOCTHI. BEIIpSIMIIEHHOE HANPsDKEHUE (QDUITBTPYETCS
KOHJICHCATOPAaMHU U TIOJIA€TCs Ha KJIIEMMbI MOJTYJISL.

CxeMa BHEIIHUX COE€TUHECHUI.

s ~ 2208 50/
Jirewemre Bmoa A demwmee £ o P

AN s s

N
Byrod -5 mA : g ) ©® @-—%ph) g Boc

sorpgars D= 1tlm o / %—7
Mﬂw)ﬂz + .‘ ‘1@65@ Gzl 0-FmA P dan. P

wer . P

Sruenetrr.r | @ © ® @ i == .

@5 ) & 86 =
2 e 0
@P@

- — | O revwey  wmgymme
O-FmA
- Ratw & 70 Oy

Dovesiee oy A

Pucynok 2 — CxeMa BHENIHUX COeTUHEeHMM Oioka BY-12

129



Buiok ynpaBaenus peneiinoro peryiastopa bY-21.

biok ynpasnenus peneiiHoro perysisitopa bY-21 npeanasnayueH 11t pydHOro nepekItoueHus
YIPABJIEHUS C HArpy3KOW peIelHOro peryaupyroiero 0J0ka ¢ aBTOMaTHYeCcKoro « Ay Ha pyuHoe «P»
WM BHelHee «By» a1 koMmMmyTanuu nenei pyyHoro ynpasieHusl.

bnox ynpasienust BY 21 KOHCTpYKTUBHO BBINOJIHEH B OTHOM KOPITyCE U KPEMUTCS K INIOCKOCTH
JBYMsI BAHTAMH.

Ha nuueByro nanens 010Ka yIpaBieHHs BIHECEHBI:

- CBETOBBIC MHANKATOPHI «b» - 60bIe U «M)» - MEHBIIIE,

- KHOTIKA HHAUKAIMH «My;

- KHOIIKM PY4YHOT'0 YIIPaBJIEHUs B CTOPOHY «b» u «My;

- IEPEKJII0YaTellb YIPaBJIeHUs Harpy3Koi Ha TpU (PUKCUPOBAHHBIX MOJIOKEHUS: «A» -
aBromaruyeckoe, «P» - pyunoe u «B» - BHeniHee.

DileKTprYecKasi IPUHIMNHNAJIbHAsA cxemMa 010ka ynpasJjenust BY 21.

SA1L, SA2, SA3, SA4 - nepeknrovaTey,

VD1, VD2 - cBeTOnHOORI;

VD3, VD4 - nuonsr;

R1 - conporuBnenue;

1-32 - KOHTAKTEI

Pucynok 3 - [IpuHuunuanbsHast cxema 6710ka ynpasnenus bY 21
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BBIXOI[HaSI KJIEMMHasa KOJOJKa 0JIOKa BBIMTOJIHEHA HA IITENCEILHOM pPasbeEMC:

3omwuikanue 8 nos. ,A”
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©
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3omeixanue 8 nos. A"

3amwoikanue 8 nos. ,P”

=
©
©
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-
3amoikanue 6 nos. ,P” | 3amvixanue 8 no3. A
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3amvikarue 8 nos. ,P"

om KkHonku ,M”
y And op ,6"
3omeikanue 8 nos. ,P” | :

L]
om xnonku 6" Huduxamop M”

Pucynok 4 - Cxema BHENTHUX coequHeHmi 010ka BY-21

4 THAUBUAYAJBHOE 3ATAHUE

1. Pa3paboTarh NpUHIUMNHAIBHYIO CXEMY MOJIKIIOUeHHs O10ka yrpasieHust bY-21 u
JIEKTPUUECKOTO PETYIISTOP.

2. CnpoeKkTHpoBaTh NpUHIMIIHANBHYIO0 cxeMy B nporpamme KOMITAC, ucnonb3ys npukiaHbe

OUOJINOTEKMH.

5 KOHTPOJIBHBIE BOITPOCHI
1. HazHaueHue 6J10KOB yNpaBlIeHUS] B CUCTEMaxX aBTOMATU3ALIUH.

2. Ilepeuncnure pyHKIMOHATBHBIE BO3MOXHOCTH O610K0B bY-12 1 BY-21.
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INPAKTUYECKASA PABOTA

Pa3pabGoTka cucteMbl peryJJMpoBaHusi TeMieparypbl Ha 0a3e peryasaTopa PC 29

1 HEJIb PABOTHBI
HayunTbess mpoeKTHpPOBAaTh CXEMbl aBTOMATHUECKOTO PETYJIMPOBAHUS TEMIEpaTyphl Ha 0aze

peryastopa PC 29 B nmporpamme KOMITAC, uicnionb3yst mpuKIiIaaHbie OMOIMOTEKH.

2 MOPAJOK BbBIITIOJIHEHUSA PABOTBI

1. I3yunTh cXEeMBbI 3JEKTPUUECKHUE TPUHLIMITHATIbHBIE perysiTopoB PC29.

2. 3yunThb cxeMbl MOJKIIIOUCHUS peryisatopo PC29.

3. Pa3paboTarh cxembl aBTOMaTHUECKOI0 PEryJIMpOBaHUs TeMIepaTypbl Ha 6asze perynsaropa PC
29.

3. CnpoexTupoBaTh NpUHLKIIKHANIbHBIE cXeMbl B Iiporpamme KOMIIAC, ncronb3yst IpuKiaaHble

OUOJINOTEKU.

3METOANYECKUE YKA3ZAHUA

Perynupyromue npubops! Tuna PC29 npennasnauens! 1 GopMupoBaHUS IPONOPLHOHATIBHO-
UHTETPAJIbHOIO WM MPONOPLHMOHAIBLHO-UHTErPANIbHO-TU(PGEPEHIIMATBLHOIO 3aKOHA pPEryJIMpOBaHUs
COBMECTHO C 3JIEKTPUUYECKUM UCIIOJHUTEIBbHBIM MEXaHU3MOM ITIOCTOSIHHOM CKOPOCTH.

[Tpubops1 PC29M minpoko npUMEHSIOTCS B CHCTEMaxX aBTOMATHU3allMi 00BEKTOB TPOMBIIITIEHHON
SHEPTEeTUKU U TEIUIOCHAOKEHUS, a TakXe Ha O0Jiee MOIIHBIX YHEPreTHUYECKUX yCTaHOBKax. Padotaror
OOBIYHO B KOMIUIEKTE C yCcuiIuTensimMu ¥Y29.3M.

@DYHKIMOHAIBbHBIE BO3MOKHOCTH:

- perynupoBanue no 11, IT u Tpexno3unroHHOMY; ABYXIO3UIIMOHHOMY 3aKOHAM PeryJIupoBaHus,
a TIPH UCTIOJB30BAHUH TUHaMHUUecKoro mpeodpaszosatens mo [TN]] 3akony;

- TepeKIIoueHHe BUAA YIpPaBIEHHs C ABTOMAaTHYECKOTO Ha pPy4YHOE U OOpaTHO; py4dHOE
yIPaBIEHUE UCTIOJHUTEIbHBIM MEXAHU3MOM;

- CUTHAJIM3alUs MTPeIeJIbHBIX OTKJIIOHEHUN PEeTyJIupyeMOoi BETUYUHBI OT 33JJaHHOTO 3HAYEHUS;

- mudpoBas HMHIUKALKSA OJHOTO M3 YEThIPEX MapaMeTpoB IO BHIOOPY (IIsI MCHOIHEHHUH C
1 poBOH UHIUKAIUEH ):

1) 3amaHHOTO 3HAYEHHS PETrYIUPYEMOI BEIUYNHbI;
2) OTKJIOHEHUS PETYJIMPYEMOI BETMYMHBI OT 3aJaHHOTO 3HAUCHHS;
3) MOJI0KEHHsI UCTIOTHUTEILHOTO MEXaHU3Ma;

4) IOTMOJHUTEIHLHOIO TTapamMeTpa.
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Peryaupyrommue npudopsl tTuna PC29.2.

[TpuGopsr Tuma PC29.2 npenHa3sHavyeHbI:

- ISl HOJ/IEP>KaHUs IOCTOSIHHOTO 33/1aHHOTO 3HAYEHMs Pa3HOCTU TeMIeparyp (Temreparypsbl) B
CHUCTEMAaxX aBTOMAaTHYECKOI'O PEryJIMpOBaHUS Pa3IMUHBIX TEIJIOTEXHUUYECKHUX IIPOLECCOB U CUCTEMAax
ropstuero BogocHadxenus (ucronnenus PC29.2.22M, PC29.2.23M);

- ISl PErYJIMPOBAHUS PA3HOCTH TEMIIepaTyp TEIUIOHOCUTENEH (TeMuepaTypbl TEINIOHOCUTES) B
HETMHEWHON (JIMHEWHOI) 3aBUCUMOCTH OT TEMIIEPaTypbl HAPYKHOT'O BO3AyXa B CUCTEME PEryJINPOBAHUS
oronuTenbHbIX KoTenbHbIX Ha LITII u T.n. (ucnonnenus PC29.2.32M, PC29.2.33M).

[onkmouyenue npudopa PC29.2M.

1
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Pucynoxk 1 - Cxema nonkmouenust npudopa PC29.2M

133



4 UTHAUBUAYAJTBHOE 3AJIAHUE

1. Pa3zpaboTrath cXeMbl aBTOMAaTHYECKOTO PETYJIUPOBAHMS TeMIIepaTypbl Ha 6a3e peryistopa PC
29.2M.

2. CrpoekTHUpoBaTh CXEMbl aBTOMATHYECKOTO DETYJIHPOBAHUS TEMIIEPATypbl B IpOrpaMme

KOMIIAC, ucnionb3yst MpUKJIaAHbIE OMOTHOTEKH.

5 KOHTPOJIBHBIE BOITPOCHI
1. [Tepeuncnure GyHKIIMOHATBLHBIE BO3MOXKHOCTH O610K0B PC29.M.

2. OnumuTe cxeMy nmojakio4eHus npudopa PC29.2M.
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JIABOPATOPHAS PABOTA
N3yuenue ycrpoiicrea [IN/1-peryasitopa TPM-210 ¢ unrepdeiicom RS-485

JIABOPATOPHAS PABOTA
Hactpoiika [T /I-peryasTopa TPM-210 ¢ uarepdeiicom RS-485

1 HEJIb PABOTbI

W3yunts ycrpoiictBo u padoty peryiastopa OBEH TPM210, a Takxke HaCTpOWKY peryJsTopa.

2 IOPAJOK BBINIOJIHEHUSA PABOTbBI

1. M3yuuts ¢pyHkumnoHanbHyto cxemy npudopa OBEH TPM210.

2. I3yunts cxemy noakmodenus TPM210.

3. Ucnonwe3ys uHcTpykuuto Ha npudbop OBEH TPM210 (mpuiioxenue A), U3y4UTh CXEMY

MIPOrpaMMHUPOBaHUS IIPHOOPA.

3METOANYECKHUE YKA3AHUSA

[Ipubop npenHazHayeH A1 U3MEPEHUS M aBTOMaTHUUECKOI0 PEryJIMPOBaHUs TeMIEpaTypsl (pu
UCIIOJIb30BAHUN B KAaueCTBE JAaTYUKOB TEPMOMETPOB conpoTuBieHUs TC MM TEPMOINEKTPUUECKUX
npeobpaszoareneit TII), a Tawke Apyrux (U3NYECKUX MApaMETPOB, 3HAUYEHHUS KOTOPBIX MOTYT OBITh
peoOpa3oBaHbl JaTYUKaMU B YHU(GUIUPOBAHHBIM CHTHAl IIOCTOSIHHOIO TOKAa WM HANpPSKEHUS.
Nudopmanus o 1:000M U3 U3MEPEHHBIX MMapaMeTPOB OTOOPAKAETCS Ha BCTPOEHHOM YEThIpeXpa3psIHOM

nudpoBoM unaukarope L.

(11T

Kn.0.25;0.5 HIMEPHTENb-PEYASITOP @ ©

TPM210
© Kn02505

TPM210 Vi

Pucynox 1 — Buemnnit Bun [TU/]-perynaropa TPM210 ¢ unrepdeiicom RS-485

[TprOGop 1Mo3BOJISIET BBIMOIHATH CAEAYIOIUE (PYHKIIUH:
- U3MEpeHHe TeMIIEPaTyphl UK APYToi pU3NUecKoil BEIMUUHBL;
- 00paboTKy BXOJHBIX CUTHAJIOB:

1) 1udpoByo GUIBTPALNIO U KOPPEKIIUIO;
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2) wmacmrabupoBaHue YHH(DUIMPOBAHHOTO CHTHANA ISl OTOOpPaKEHHMsS HAa WHAWKATOPE
(U3UYECKON BETMYUHBIL;
3) BBIYKCIICHUE U MHIUKAIIMIO KBaPATHOTO KOPHS U3 U3MEPSIEMOi BETUUNHBI.
- peryiupoBaHue usMepsgemMonl BelnuuHbl 10 I[IM/[-3akOHYy myTeM HMIYJbCHOTO WIIH
aHAJIOTOBOTO YIIPABJICHUS WM 110 IBYXIIO3ULIMOHHOMY 3aKOHY;
- aBtoHacTpoiky [11]I-perynsaropa Ha yCTaHOBICHHOM OOBEKTE;
- py4HOE yInpaBjieHuEe BbIX0AHOUN MomIHOCThIO [T /-perynsaropa;
- OIpeAeJcCHUE aBapUMHOM CUTyalluM IPU BBIXOJE M3MEPSEMOI0 IapamMeTpa 3a 3aJaHHbIC
TPaHUIIBI U IPH OOPBIBE B KOHTYPE PETYJIUPOBAHUS;
- oOHapyXeHHe OIHUOOK paboThl U OMpe/esIeHnEe TPUYUHBI HEUCTIPABHOCTH;
- peructpanuto nanubix Ha [1IK u koHpuUryprupoBanue npudopa ¢ KOMIbIOTEPA Uepe3 UHTEpPeiic
RS-485;
- JIMCTAaHLMOHHOE yTPaBJICHUE MTPOIIECCOM PETYITUPOBAHHUS (3aITyCK/OCTAHOBKA).

OyHKIMOHATIBHAs cxema mpudopa.

TPM21 0 Gnok 06paboTku AaHHbIX
e e e e e e
SON vy | MMNYNLCHOE
P Bx?ﬂ -L. uﬁm rp“ R I %I PETyNMpOBaHHe
. - | T2
paTiuk 1 I KOppeKuna perynsaTop =AM 4..20 WA p:r;imue
| wm0..10B H |- =
| T CHTHaNM3aumus
. | LU 0 BbIXOAE 33 I BY?
330aHHbIe CUrHanu3a
\t - B0 | Ll TTIL_npenensi | [ Wwo%esce | oA
' nyck/ocTaHoBKa
| |[LBA-o6peie ||| | 1 permcTpauus
I PEryNMpoBaHA | B Lienn | l’" 4% VA T ™
| : perynuposanvs| | | | | -
| “1 pemcrparop H _|l| RS-485 =
L ______________ ]

Pucynok 2 - ®ynkunonansHas cxema TPM210

[Tpubop nmeeT OAMH YHHUBEPCAIBbHBIN BXOJ U OAWH JAUCKPETHBIN BXOJ ynpaBieHus. B mpouecce
paboThI MPUOOP OMPAIINBACT BXOIHBIEC JATYMKHU, BBIYUCIISS 110 TOTYYEHHBIM JAHHBIM TEKYIIUE 3HAUEHUS
U3MEpPSIEMBIX BEJIMYHMH, 0TOOpakaeT X Ha HU(POBOM MHIUKATOPE U BBIIAET COOTBETCTBYIOIINE CUTHAIIBI
Ha BBIXOJIHOE ycTpoiicTBO (BY).

[Tpubop conepxur:

- YHUBEPCAJIbHBIA BXOJ Ul NOJKIIOUYEHUS EPBUUHBIX ITpeoOpa3oBareseil (1aTYNKOB);

- HOHOHHHTCHBHBIﬁ BXOA MJIs1 AUCTAHIMOHHOI'O YIIPABJICHUA MTPOLUCCCOM PEryJIMPOBAHUS,
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- 010K 00paOOTKH MdaHHBIX, MpeIHa3HAuYCHHBIH A HUPpPOBON (UIBTpaLUU, KOPPEKLHUH,
pErucTpalyy U peryJIupoOBaHUs BXOTHOM BETUYMHBI M BKIIOYAIOMINUN B ce0sl yCTPOICTBA CUTHAIU3AIINH;

- nBa BY, koropble B 3aBUCMMOCTHU OT MOAU(UKAIUU MPUOOpPa MOTYT OBITh KIIOUEBOTO WM
aHaJIOTOBOTO THUIIA;

- J1Ba U(POBBIX HHAMKATOPA JUISI OTOOPAKEHUS PETryJIMPYEMOi BEIMYMHBI U €€ YCTABKH.

Pexxum aBTOHACTPOUKH.

[Ipu aBTOHAcTpoiike MpHOOpP BBHIYKHCISAET ONTUMAIbHBIC IS JAHHOTO OOBEKTa 3HAueHUs
kodddunmentos [N /[-perynupoBanus, a TakKe MOCTOSHHYIO BpeMeHU HU(POBOro PriibTpa M MEPUOJ
CJICZIOBAHUS YIPABJISIOIINX UMITYJIBCOB.

T,°CA

ONTUMU3UPOBAHHbBIN BbIXOA HA YCTABKY —
GLICTPO ¥ C MUHUMA/bHBIM NEepeperyNMpoBaHUeM

SP -~

BbICOKAS! 3ODEKTUBHOCTb ABTOHACTPOMKH —
B YCTAHOBUBLLEMCS PEXUME perynupyemasn BenvyuHa
NOAAEPXMBAETCA C BLICOKOW TOYHOCTHIO

Pucynok 3 — I'pacduk nepexoaHoro mpoiecca mnocie mojaayd BO3MYIIEHUS

ONeMEeHTHI yIIpaBICHHUS.
JIBa mudpoBbix unankatopa B pexume PABOTA otoOpaskatot:
- BEpXHUI HHAMKATOP — TEKYIlee 3HAYCHUE PEryIUPYEMON BEITUYHHBI;

- HOKHUHN HHAUKATOP — 3HAYCHUEC €€ YCTABKHU.

Kn. 0.25;0.5 HIMEPHTENb-PEVAISTOP @ ©

TPM210 (V)[IR 1]

Pucynok 4 — JIuneBas nanens peryastopa TPM210
B pexume ITPOI'PAMMUNPOBAHUE uudpoBsie uMHAMKATOPH OTOOpa)KalOT Ha3BaHHWE U

3HAYCHUC NPOTrpaMMUPYEMOTO ITapaMeTpa.

Oo0was cxema noaxiarouenus TPM210.
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TPM210

1]2]3]4]5]6]7]8]9]10]11][12]13[14]15[16
EEERRER L T 1]
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BbIXO4 1 BbIXOL 2 o~
e w . RS-485

emren  — BXO/ 2

. #

BXOO 1
(yHUBEPCANBHBII)

Pucynok 5 — Cxema nogkimouenust TPM10

4 THAUBUAYAJBHOE 3ATAHUE
1. Uzyuute pyHkmoHanbHyto cxemy npudopa OBEH TPM210.
2. V3yunte cucteMy KOHTPOJIS U pEryJIMPOBaHMsI CUCTEMbI OTOIUIEHHUS Ha TJaDOPaTOPHOM CTEHIE:

JlaGopaTopHBbIil CTeH] BKJIIOYAET ClIeAyIolIee
obopyaoBaHue:

1. Dnextpuueckuii BogonarpeBareiab DBAH 3
kBT

2. Pacumpurensubiii 6ak UNIPRESS

3. Hacoc mupkyssimuonnsiii TAIFU 25/6

4. I'pynna 6e300acHOCTH C MAHOMETPOM

5. Paguarop airoMUHUEBBIN

5. Tepmomerp T 63/50 WATTS

6. TepmonpeoOpa3oBaTesb COMPOTUBICHUS
nTC014-50M-B3.20/1.

7. Usmeputens [TU/]-perynstop OBEH TPM
210

8. TrepmorensHoe perre SSR — 10 DA

9. Panunarop ognodazusiii 70 20A PTP060

Pucynox 6 — JlaGopatopHoii creHny «CuCTeMbI
KOHTPOJISL ¥ peryiupoanus cucrem 10. ABTOMAT 3aIIUTHOrO OTKIHOYeHHs Y30

OTOTUICHUS BJ11-63 230B
11. bnok pozerok PA 16-245
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3. Brurounte mabopaTopHsiii cTeHa « CHCTEMBI KOHTPOJIS U PETYJIMPOBAHUS CUCTEM OTOTLICHUSI.
4. N3yunte 37eMEHTHI MHAUKAIIMU U yIIpaBIIeHUs Ha JuiieBor nanenu npudopa OBEH TPM210.
5. TIpoussenute HacTpoiiky npubopa OBEH TPM210 (ucmons3ys [punoxkenue A):
a) YcraHOBUTE ITapaMeTphl BXOJa:
— KO/l TUIA JaT4YMKa;
— TOYHOCTb BBIBOJIA TEMIIEPATYPHI;
— JMarna3oH U3MEpEHUs.
0) YcraHoBuTe apaMeTpsl MpoLecca peryInpoBaHus:
— 3aJIaHHe YCTaBKHU PEryJIHpPyeMOil BETUUYHUHBL;
— ycraBky pexxuma perynuposanus ([TUI-perynupoBanue);

— yCTaBKy croco0a ynpaBieHHUs.

5 KOHTPOJIBHBIE BOITPOCHI
1. [Tepeuncnure ¢pynkmonansasic OBEH TPM210.
2. Onumute QyHKIMOHATBHYIO cxeMy npubdopa TPM210.

3. [lepeunciure nmopsaok HacTporku mpudopa TPM210.
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INPAKTUYECKASA PABOTA

HN3ydeHue cxem MOAKJIIOYEHNs] 0eCKOHTAKTHBIX nyckaresei IIBP-2M

1 HEJIb PABOTbI

W3y4nTh yCTpOICTBO, pabOTY M CXEMBI MTOJAKIIIOUEHUST OECKOHTAKTHBIX ImyckaTeneil [IBP-2M.

2 ITIOPAAOK BBIITIOJIHEHUSA PABOTbI

1. I3yunts npunmn padotsl myckarens [IBP-2M.

2. VI3yunTth cxeMbl MoJKIt0ueHus myckaresns [IbP-2M.

3. CnpoektupoBarh cxembl noakmroueHuss mnyckartens [IBP-2M B mporpamme KOMIIAC,

HCIIOJIB3YsI IPUKIIAJHBIC OMOJINOTEKH.

3METOANYECKUE YKA3ZAHUA

Ilyckaresb 0eckoHTaKTHBIN peBepcuBHbIi [IBP-2M

ITyckarens npeaHa3HaueH Ui OECKOHTAKTHOTO YIPABJICHUS 3JEKTPUUECKUM HCIIOIHUTEIBHBIM
MEXaHU3MOM C 0JTHO()a3HBIM KOH/IEHCATOPHBIM 3JICKTPOIBUTATENIEM U HMeEeT Be Moaudukanyum: [1IbP-2M
u [1bP-2M1.

ITyckatens [IBP-2M - nns MexaHHM3MOB, HMEIOLIUX 3JIEKTPOMAarHUTHbIN TopMo3, a [IBP-2M1 -
JUISL MEXaHU3MOB, UMEIOIIHUX MEXaHUYECKUN TOPMO3.

DNeKTpUUECcKOe MUTAHUE IyCKaTeNsl OCYLIECTBIIAETCSA OT CETH 0IHO(A3HOTO IEPEMEHHOI0 TOKA C
HOMHUHaJIbHBIM HarpspkeHueM 220, 230 unu 240 B u yacrotoit 50 nim 60 .

YcerpoiictBo u npuHImi padots! [IBP-2M.

ITyckarenb COCTOUT U3 IUIATHI, KOKyXa U MIEpEIHEN MTaHEeH.

Ha nepennelt naHenu pacnosiOKeHbI JIBE KIEMMHbIE KOJOJAKH IS NOAKIFOYEHUS ITyCKaTels K
BHEIIIHHUM LIETISIM, a TAKXKE BUHT 3a3eMJIeHUS. KIeMMHBIE KOJIOKH 3aKpBIBAIOTCS KPBIIKAMH.

Ha nnarte ycraHaBiauBaroTCs 3J€MEHTHI CXeMbl IyckaTend. [lnmata BcTaBisieTcs B KOXYX U
3aKpEIISETCS IBYMSI BUHTaMH.

Ilyckarenp paccuuTaH Ha YCTaHOBKY Ha BEPTUKAIBHOW WJIM TOPU30HTAIBHOW IUIOCKOCTH.
[TonoxxeHue B mpocTpaHCTBE — JIFOOOE.

[TpunHuMnI paboThl MycKaTes.

Cxema myckatessi COCTOUT U3 CXEMbI YIIPaBIeHU OECKOHTAKTHBIMU KIIFOUaMH, CUJIOBOI CXEMBI,
KOMMYTHPYIOIIEH HaIllpsDKEHWE IUTAaHUS MEXaHHW3Ma, M HCTOYHUKA MUTAHUSA A JUCTAaHIIMOHHOTO

YIpaBJIEHUS IIyCcKaTeIeM.
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Pucynox 2 -(s mycxareasx aua ITBP-2MA)
Ocransnoe 3. pHCyHOK | UU |127 l)
2" 24 val

Pucynok — Cxema anexTpuueckas npuHUMNuaibHas myckarens [IbP-2M

B cxeme ynpasienus pesuctopsl R1, R2 3a1ar0T BX0gHOE CONPOTUBIIEHUE ITycKaTe sl IPU MaJloM
ypOBHE BXOJHOro curHaia. Pesucrop R3 orpanmumBaer OpOCOK BXOJHOTO TOKa HpHU MOJaye CHUTHAIA
ynpasiieHus: Ha Bxoa myckarens. Konnpencatopel Cl, C2 u auoast V2, V3 criakuBaroT MyJIbCaIUIO
yopasisitoniero curiaia. Tpansuctop V8, pesuctopel R4, RS u nmonnas marpuna V9 uckimodaroT
BKJIFOYEHHE OJIOKMHT-T€HEPAaTOPOB MPH [10/1a4e CUTHaNIa YIpaBleHHs Ha 00a BXoJa.

Crabunutponsl V6, V1 npenHazHadeHsl U1 3allMThI TpaH3ucTopa V8 oT mpobosi Ipu neperpyske
ITyCKaTells [0 BXOJAHOMY CUTHAITY.

brokuHT-renepatopsl, (HOpPMUPYIOIIAE HMITYJIBCHI YIPABICHUS CHMMHCTOPAMH, COCTOSIT W3
tpausucropoB V15 - V17 (V15, V16), mmoxos V12 - V14 (V10 - V13), V18 - V20 (V18, V19),
tpancpopmaropoB T1 — T3 (T1, T2), konnencaropos C4 — C6 (C4, C5), pesucropoB R8 - R16.

B cunoBoii cxeme cummucropsl V21 - V23 (V21, V22) KoMMyTHPYIOT HalpsbKEHUE, OT KOTOPOTO
OCYIIECTBIISIETCS AIEKTPUUYECKOE MUTaHWE MeXaHu3Ma, a KonaeHcatopsl C7 -C9 (C8, C9) u pe3ucropst R17
- R19 (R18, R19) ynyumartot yciaoBust kommyTtanuu. Jpoccenu L1 - L3 (L1, L2) orpannuuBaiot BenUuuHy
yJIapHOTO TOKA MPH aBapUMHBIX MEeperpy3Kax CHMMHUCTOPOB.

CxeMa UCTOYHUKA MUTAHUS LENH JUCTAHIIMOHHOTO YIIPaBICHUS COCTOUT U3 TpaHchopmaropa T4
U TuoaHOoM Matpuilbl V1. BeIBOA MCTOYHUKA C OTpUILIATEIBHBIM MOTEHIIMAJIOM COE€IMHEH ¢ KiemMmoun 10
(BeIxXOA “/1”’), C MOJOKUTENBHBIM - ¢ Kiiemmoit 8 (Beixox “Cp”).
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BxonHol curHan ynpapieHHs IyCKaTeIeM - IOCTOsSTHHOEe HanpshkeHue (24 + 6) B - momaercs Ha
xiemmbl 8-7 unu 8-9. Ha xiiemmy 8 (Bxon “Cp”) momaeTcsi MOJOKHUTEIbHBIA IMOTEHIIAAN, Ha KJIEMMBI 7
(Bxom “M”) mim 9 (Bxox “b”’) oTpuniatenbHbIN MOTCHIIMANI CUTHAIA YITPaBICHUSI.

Ob6o3nauenue “M” (menbine) u “b” (60bIIe) IPUHATHI YCIOBHO.

B ncxogHoM cocTOosSHMM (BXOJHBIE CUTHAJIbl OTCYTCTBYIOT) HAIPSIKEHMsI NHUTAaHUS HA CXEMeE
YIPaBIEHUSI HET, CHMMUCTOPBI 3aKPbITHI.

[Tpu mogade ymnpaBIsIoMIEro CUrHaia Ha KiaeMMbl 8-7 (8-9) 3apsukarorcs koraencaropsl C1 (C2)
u C3.

Hanpsixenue ¢ konnencaropa C3 uepe3 nuoaHyro Marpuily V9 mojgaercst Ha BX0J SMUTTEPHOTO
MTOBTOPUTEIISA, BBIMOJIHEHHOTO Ha TpaH3ucTope V8.

HampspkeHne ¢ BbIXOJa SMUTTEPHOTO TOBTOPUTENS TOJAETCSl HA OJOKHT-T€HEPaTOpHI,
BBITIOJIHEHHBIE Ha TpaH3uctopax V15 (V16), V17 u tpancdopmaropax T1 (T2), T3. brokut-renepaTops
(hOPMHUPYIOT UMITYJIBCHI, OTIIHparonre ciMMHCTOPEI V22 (V21) u V23. [TuTaroniee HaNpsHKSHUE ¢ KJICMMBI
1 gyepe3 OTKpBITHIA cuMMUCTOP V23 U MociieoBaTeIbHO COeMHEHHBIH ¢ HUM V22 (V21), nogaercs Ha
BBIXOJI IycKaTens kieMmy 3 (5).

B ckoOkax ykazaHbl mo3unuu 3nemMerToB [IBP-2M1.

CxeMBbl BHEIIHHAX COGIII/IHCHI/Iﬁ ITyCKaTcCJIA.

[Tyckarenn

Tzls]a ols [Ta]o,
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Pucynoxk 2 - Cxema BHemHuX coequHeHni myckarens [IbP-2M1
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Pucynok 3 - Cxema BHemHux coemuHeHmid myckateneidt [IBP-2M, TIbP-2MA ¢ mexaHu3mamu,

HMCIOIIUMH BHGKTPOMaFHI/ITHHﬁ TOPMO3
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4 UHANBUAYAJIBHOE 3AJIAHUE
1. 3yuuts cxemsbl nogxatoueHus myckaresns [IbP-2M.
2. ChpoektupoBaTh cxeMbl mnojkioueHus myckarens IIBP-2M B mporpamme KOMIIAC,

WCIIOJIB3Ysl IPUKIJIATHBIC OMOTNOTEKH.

5 KOHTPOJIBHBIE BOITPOCHI
1. Ilepeuncnute GyHKIMOHATbHBIE OECKOHTAKTHBIX ITycKaTeNell B CUCTEMaX peryjiupoBaHUs U
yIpaBJICHHUS.

2. OnuuuTe EKTPUYECKYI0 IPUHIUMINAIIBHYI0 cXxeMy mmyckarens [IBP-2M.
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JIABOPATOPHASA PABOTA

Hacrtpoiika mexanuzmoB MIO

1 HEJIb PABOTHBI
M3yunth ycTpoiicTBO U pabory Mexanm3MoB MDO, a Takke MPOU3BECTH €ro HACTPOUKY W

PEryJupoBKY.

2 HOPSAJOK BBIIIOJIHEHUSA PABOTbBI
1. IByuuts yctpoiicTBo u paboty Mmexann3moB MDO B maboparopuu.

2. [Ipou3BecTr HACTPOMKY U PEryIHpoBKY MexaHuzma MDO.

3 METOANYECKHUE YKA3AHUS
VYerpoiictBo u pabora MDO.

BAok curHasuzajuii
NOAOHEHUR BLIXOJHOMD Bard

Pucynoxk 1 — Mexanuzm M20O

Penykrop

PenykTop sBIsieTCS OCHOBHBIM Y3JIOM MEXAaHU3MOB [UIsl TIOHIDKEHHUS YacTOThl BpAILICHUS W
MOBBIIIEHUST KPYTSIIEr0O MOMEHTa, CO3JaBaeMOro 3JIEKTPONPUBOAOM [0 TpeOyeMoro 3HaueHus Ha
BBIXOJIHOM BaJly MEXaHHU3MOB.

B kopmyce penyktopa pa3melieHa uepBsuHas Iepenada, KOTopas dYepe3 IpOMEKYTOUHBIE
IIECTEPHU CBsI3aHA C 3JIEKTPOIPUBOIOM.

DJ1eKTPONPUBOJL

DNEKTPONPHUBO CIYKUT sl TIEpeaud BpallleHUsl yepe3 PelyKTop M CO3/aHusi TpedyeMoro

KPpYTAIICTO MOMCHTA Ha BBIXOJAHOM BaJly MCXaHHU3Ma U o0ecreueHHs TOYHOM OCTaHOBKU BBIXOJHOI'O BaJia.
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DJEeKTPONPHUBO/ BKIIIOYAET B c€0s ANMEKTPUUECKHI HU3KOOOOPOTHBIN CHHXPOHHBIN TpexQa3HbIit
ANIEKTPOIBUTATENb WIN OAHO(A3HBINA IEKTPOIBUraTeNb, ¥ MMOJITOPMAXKNBAIOIIEE YCTPOMCTBO, COCTOSIIEE
U3 KOJIbLA, KOJIbIIAa TOPMO3ZHOTO, KOJIbIa (PPUKIIMOHHOTO U NpYKUHBIL. [loaTopMaxuBaromiee ycTpoiicTBo
IpeJHa3sHAueHO JUIsl YMEHBIICHUSI BETMYMHBI BbIOETa BHIXOAHOTO Bana. OnHo(a3HBIE JIEKTPOABUTATEN
OCHAIEHbl (DAa30CABUraIOIIUM YCTPOUCTBOM (OJIOKOM KOHJEHCATOPOB) U PE3UCTOPOM, KOTOpBIE
pa3MemaTCs B KOPITyCe PeayKTopa.

Pabota snexTpoBurarens ocCHOBaHa Ha HCIIOJIB30BAHUM B KadecTBe paboyero mojs 3yOIOBBIX
rapMOHUK, BBI3BAHHBIX MEPUOJUYECKAM M3MEHEHHEM MAarHUTHOH MPOBOJUMOCTH paboyero 3a3opa u3-3a
3y04aToro CTpoeHus CTaTopa U poTopa.

[Ipu mepesarpyske >JIEKTPOABHTaTeNs, BHI3BAHHOW HAarpy>KCHHEM Bajla MEXaHU3Ma KPYTSIIIM
MOMEHTOM, 3HAYUTENIHHO IPEBHILAIOIIAM HOMHUHAJIBHOW (HAampuUMep, NpPH HENpPaBHIBLHOM BBIOOpE
MeXaHU3Ma [0 KpPYTSIIEMYy MOMEHTY, MpH pabdoTe MexXaHH3Ma Ha «ylop» WIH TpH 3aeJaHuu
PETyJIUpPYIOMIEr0 OpraHa apMaTryphl) SJEKTPOJBHUTAaTelIb BBINAAET W3 CHHXPOHM3MA W H3HACT IIyM,
MIOXOKHUI Ha LIecTepeHYaThlii TpecK. DTO ABJICHHE BO3MOXKHO TaKXe IPU yJapax IO 3JIeKTPOJBUTATENIO
npyu HEOPE)KHOW TPAHCHOPTUPOBKE W MOHTaXE MEXaHW3Ma, TaK KaK B ATOM Ciydyae HapylIaeTcs
PaBHOMEPHOCTH BO3/YIIHOTO 3a30pa MEXIY POTOPOM H CTATOPOM.

BJ1ok curHanu3anuy moJ1oKeHust

brok curHanuzanuu mosoKeHUs MpeiHa3HaueH JUlsl MpeoOpa3oBaHUs MOJOXKEHUS BBIXOIHOIO
CUTHQJ]a MEXaHW3Ma B TMPONOPLUOHAIBHBIN SJIEKTPUYECKMH CHUTHAJl M CUTHAIM3ALMU O KpalHUX U

MIPOMEXKYTOUHBIX €T0 MOJIOKEHUAX. B MexaHn3Max MokeT ObITh YCTAaHOBJICH OJIMH U3 OJIOKOB:
Tun bnoka cHrHanNMzZaUWK NONOXEHHUA (daT4HKa)
EkLIXOOHOIO BANA:

W = MHOYKTHE HBIR (BECTIM)

P —peocTatHeld (BECOP)

¥ — Tokoeeld (BCMT, BCOT = 1IBTE)

M —Gnok koHUeER: BRBNDY aTENed (EKB, BCMN —IBTE)

KoH1eBble BBIKIIIOUATENN HCHOJB3YETCS AJI CUTHAJIM3aLMU MOJIOKEHUS BBIXOJAHOIO Bajla U
OCTAaHOBKH €r0 B KpallHUX IOJIO)KEHHUSX.

ITyTeBble BBIKIIOUATENN MCIONB3YKOTCS JUIsl CUTHAJIU3alMU IIOJIOKEHMsI BBIXOJHOIO Balla B
MIPOMEXYTOUHBIX MOJIOKEHUAX WM AyOJIMPOBaHUS KOHLEBBIX BBIKIIOYATENCH.

Py4Hoii npuBoa

Pyunoii npusox (mns MexanusmoB MPOD) win cbeMHas pykosTKa (Iuisi MexaHu3smMoB MDOO)
CIly’)KUT JJIsl TIEpEeMEUICHUs] BBIXOJHOIO Bajia (PEeryJvpyrollero opraHa) Npd MOHTaXXE€ M HAcCTpOWKe
MEXaHM3MOB, a TAaK)K€ B aBapUUHBIX CUTyalusX (OTCYTCTBHM HallpsDkeHus nuTanus). llepemenienue

BBIXOJHOTO BaJjla OCYIIECTBIISIETCS BpalIeHHEM MaxOBHKAa PYYHOTO IMPHUBOJA WM CHEMHOW PYKOATKH,
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YCTaHOBJICHHBIX B TOpILIE€ Baja ajieKkTpojaBurarens. HampapiieHue BpalleHUs yKa3aHO Ha MaXOBHMKE WJIU
KOpITyCEe MEXaHU3Ma.

Jlnst BKITFOUEHHST PyYHOTO MPpUBOJa B MexaHu3dMax MOO®D HeoOX0aMMO Ha/IaBUTh HA MaXOBUK B
0CeBOM HarpasicHud. [Ipu 3TOM Kynauku My(ThI CHETUICHUS PYYHOTO MPUBOJA JOKHEI 3aTH B Ma3bl,
pacrnoioKEHHbIE Ha Bajly 3JIEKTpOABUTaTeNsA. BpalieHne MaxoBrUKa OCyIlIecTBIseTcs 1ByMs pykamu. [1o
OKOHYaHMH OTIEPALIMU PYYHOI'O YIPABJICHUS MaXOBUK O] ACHCTBUEM MPY>KMHBI BO3BPATUTCSA B UCXOIHOE
COCTOSIHHE.

B mexanuzmax MOO cbhemHasi pyKOsiTKa yCTaHaBIMBAETCS TOJIBKO IIPU MOHTa)KE, HACTPOIKE U B

aBapUIHBIX CUTYALMSIX P HEOOXOJMMOCTH PYYHOTO YIPABICHUSI.

Kowmey ssx0aHoro sana

oh
w
Y
o
o
¢

283
l

74 max

435

1- npuBox; 2 — penykrop; 3 — OJOK CUTHAIM3AIMU TTOJIOXKEHUST; 4 — MPUBOJ PYUHOU; 5 — BBOJ
HITYUEPHBIN; 6 — yrop; 7 — 60T 3a3emieHus; § — pbiuar; 9 — kpbimika; 10 —raiika; 11 — mpokanaka;
12 — mraiiba

Pucynok 2 — ["abapuTHble 1 yCTaHOBOYHBIE pa3Mephl MEXaHU3Ma

4 THANBUIYAJIBHOE 3AJIAHUE

1. Vka3aHus no BKJIIOUYEHUIO U ONPOOOBAHUIO PabOTHl MEXaHU3Ma!

Jlns BBOJa MexaHM3Ma B JIWCTBHE Ha MECTE SKCIUTyaTallud HEOoOXOJUMO TPOM3BECTH €ro
HAacCTpONKYy M peryiupoBKy. HacTpoliky u perynupoBKy MexaHU3Ma NpPOU3BOAUTH B ClEIyIOIIEeH
IIOCJIE0BATEIBHOCTH:

- CHATb YTIOpHI 6 (PUCYHOK 2), IepeMeltiasi py4HbIM IPUBOAOM 4 pblyar 8 MexaHu3Ma OINpeIesIuTh
KpailHMe MOJI0KeHUs pabovero yriia IoBOpoTa pblyara;

- YCTAaHOBUTH YIIOPBI B KPAMHUX MOJIOKEHUSIX pabovero yria moBopoTa pblyara;

- YCTAHOBUTH PETYIUPYIOIIHUNA OPTraH B CpEHEE IOJI0KECHUE,
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- CHATH KPBIIIKY 9 U IMPOBECTH HACTPOIMKY 0JIOKa CUTHAIM3AIMU TOJO0KEHUS B COOTBETCTBHH C
AKCIUTYaTaIlMOHHOM TOKyMEHTAIMel Ha OJIOK;

- YCTAaHOBUTH KPBIIIKY HA MECTO U 3aKPEIUTh BUHTAMY;

- IPOOHBIM BKJIFOUEHUEM IIPOBEPUTH pabOTOCIIOCOOHOCTh MEXaHU3MA.

2. HacTtpoiika KOHIIEBBIX BBIKIIOYATEIICH:

- YCTAaHOBUTH BBIXOJHOM OpPraH MEXaHU3Ma B IOJI0KEHUE «3aKPBITO»;

- 0c1a0uTh raiiky Ui nepeMeleHust Ky1auykoB O10ka curHanuzanuu nosoxenus bCIT;

- KyJIa4OK IIEPEMECTUTH B II0JI0KEHUE, IPU KOTOPOM 3aropaeTcsi CBETOBOM MHAUKATOP «M»;

- 3aTSAHYTb T'alKy;

- YCTAHOBUTb BBIXOJHOM OpPraH MEXaHHU3Ma B MOJI0KEHUE «OTKPBITO»;

- 0c1a0uTh raiiky Juis nepeMeneHus KylauKoB;

- KyJIauOK [IEPEMECTUTH B MIOJIOKEHUE, IPU KOTOPOM 3aropaeTcs CBETOBOM UHIUKATOP «b»;

- 3aTSAHYTh TalKYy.

3. [IpoaemMoHcTpHpyiiTe MPEno1aBaTeNO BHIIOJIHEHHYIO padoTy.

5 KOHTPOJIBHBIE BOITPOCHI
1. Onummre yctpoiictBo u paboty Mexanuzma M30O.
2. Onumure NOpsAJOK BBOJIa MEXaHNW3Ma B JIEHCTBUE HA MECTE DKCILTyaTallUH.

3. Onumure NOopsAA0K HACTPOUKH KOHIIEBBIX BBIKIIIOYATENEH.
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HNPAKTUYECKASA PABOTA
IIpoBenenue aHaIM3a MMEKIIMXCS PelIeHU M0 BLIOOPY MPOrpaMMHOI0 odecriedeHust 1JIst

Co3JaHus MOoJ€JIM 3JIEMECHTOB CUCTEM aBTOMaTU3allMHU

1 HEJIb PABOTbI
O0ocHOBaTh BBIOOP MPOrpaMMHOrO OOECHEeUYeHMs IJI CO3JaHMs MOJENIU 3JIEMEHTOB CHCTEM

aBTOMaTHU3allnu.

2 MOPAJOK BBINIOJIHEHUS PABOTBI

1. I3y4nuTh KpUTEpHH aHAIN3a IIPOTPAMMHOT0 O0ECIICYCHUSI.

2. VI3yunTh CHUCTEMBI MPOrPAMMHOTO OOECHEUEHUs JIUIsl CO3JaHUsI MOJCIH JJIEMEHTOB CHCTEM
ABTOMATH3AIIHH.

3. O6ocHOBATH BBIOOP MPOrPaMMHOTO OOECIICYCHHS ISl CO3AAHMSI MOJICIIH JJICMEHTOB CHCTEM

aBTOMAaTU3aluu COrJIaCHO HHANBUAYAJIIbHOTO 3aJaHHA.

3 METOANYECKHUE YKA3AHUS

KpuTtepuu anajiu3a nporpaMMHOro odecneyeHust

Onenka ¥ aHanU3 MPOTPAMMHOTO OOECleYeHHs MpPEeNNoyiaraeT COMOCTABIECHUE €ro
(YHKIIMOHATBHBIX BO3MOXKHOCTEH C (DYHKIMSIMH, BBIMOJTHSIEMBIMU IS CO3JAAHHUS MOJETH 3JIEMEHTOB
CHCTEM aBTOMATH3alWH. B 11e110M MpH OIleHKe pacCMaTpUBAETCS CIEYIONIee:

- o6mrast nHGOpMaIIHs O MPOTPAMMHOM 00ECTICUCHHH;

- CHUCTeMHas apXUTEKTypa U TMOJb30BaTENbCKUI MHTEp(deiic: apXUTeKTypa CUCTEMBI, MPOCTOTA
OCBOEHUS U HCITIOIH30BaAHMUS;

- (pyHKIIMOHAIBHOCTH;

- OTPaHWYCHUS: CYIIECTBYIOIINE TPEACIBI TI0 dJIEMEHTaM, MOAJCPKHUBAEMBIM CUCTEMOM, TAaKUM
KaK KOJMYECTBY paboT, pecypcoB U T. 11.;

- MapkeTHHroBas HWHQOpMAIUs: IIeHOBas MOJIUTHKA, TEXHUYECKas MOJAJEpKKa, oOydeHue,
nmoJTh30BaTebcKas 6aza, nHGpopMalms o GupMe MPOU3BOIUTEIIH.

Kputepuu, Mo KOTOPBIM MPOU3BOJAUTCS BHIOOP MTPOrPaMMHOTO 00ECIICUCHHS, MOKHO Pa3JIeHTh
Ha TPU TPYTIIIHL

- ONEepallMOHHBIE KPUTEPUH, OTHOCSIINECS K (DYHKIIMOHATBLHBIM BO3MOXHOCTSIM MPOTPAMMHOTO
o0ecIieueHNns;

- KPHUTEpPHUH, 1O KOTOPHIM OIIEHWBAETCS BO3MOXKHOCTh (DYHKIIMOHUPOBAHUS IMPOTPAMMHOIO

obOecrieueHrss B paMkax Jr000H HMH(POPMAIMOHHO-YNPABIAIONIEH CHCTEMBI, OHU COOTHOCSTCS C
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TpeOOBaHUSMH IPOTPAMMHOTO 0OECIIEYEHHUS K allapaTHBIM CPEICTBAM M 000PYI0BAHUIO, BOZMOKHOCTBIO
MHTETpaluy ¢ JpyrUMH MPUIOKEHUSIMU U T. I1.;

- KpUTEpUHU, CBSI3aHHBIE C 3aTpaTaMH Ha NporpaMMHOe oOecnedeHue (PKU3HEHHBINH LUK
MPOrpaMMHOT0 OOECTeYeHHsI), a UMEHHO: TOKYIKa, WHCTAJUIALUS, OIIaTa TEXHUYECKOW IOIJIEPIKKH,
00CITy’)KNBaHHUE HA MPOTSHKEHUU BCETO BPEMEHU (PYHKIIMOHUPOBAHUSI.

[Tpouecc BpIOOpa BKITIOYAET CIAEAYIOUINE 1aTru:

- ompeesieHne He0OXOMMBIX JIAHHBIX; I TOTO HY>KHO OTBETUTH Ha CIIEAYIOUINE BOIIPOCHI:

1) KaKOBBI OKMJIACMbIC XapaKTEPUCTHKH Pa3pa0OTaHHBIX MPOEKTOB Ui CO3JaHUS MOJCIH
9JIEMEHTOB CHCTEM aBTOMATHU3AIUH ?
2) KaKoe KOJIMYECTBO PECYPCOB MOTPEOYETCs TS UX BBITOJIHEHHS?

- aHajM3 THUIOB MPHUHUMAEMBIX PELIEHUH, KOTOPHIE [IOJDKHO MOAJIEPKUBATH MPOTPAMMHOE
obeclieyeHue;

- (opmupoBaHue crnmcKa KpUTEPUEB I BbIOOpa HamOOJee IMOAXOMASAIIETO MPOrPAMMHOTO
obecrnieueHusl.

CymiecTByIOT — pa3luYHble MOJETH OIEHKM MporpaMMHOro oOecmedeHus, Hauboiee
pacnpocTpaHEHHON U3 KOTOPBIX SABJSETCS OamioBast MOJENb.

Cytb ee cocTout B cienyromeM. KaxxnoMmy KpUTEpuIo MPHCBaUBAaeTCs BEC B COOTBETCTBUU C
OLIEHKOM €ro 3HaunMOCTH, HallpUMep, B Auamna3zone ot 1 10 5 (1 — coBceM He BaXKeH, 5 — OU€Hb BaXKEH).
B mpouecce oneHkH peanmu3zalys KakJOro KpPUTEpHs B HPOTPaMMHOM OOECHEUeHUM OLEHUBAETCS
3HaueHueM oT 1 go 10. 3areM oHO mepeBOAUTCS B Oajlibl YMHOKEHHEM Ha COOTBETCTBYHOIIMK Bec. B
pe3ynbTare MOJABOAUTCA OOMmMHA Oall mporpaMMHOro oOecrnedeHHs, KOTOpBIM JaeT BO3MOKHOCTh
CpaBHUBATh Pa3IMYHbIE IPOIPAMMHBIE CPEJICTBA.

[TpoBens Takoi CpaBHHUTEIBHBIH aHAINW3 PA3IUYHOTO MPOTPAMMHOIO OOECHEeYeHUs,, MOXKHO
MPUHUMATh PEUICHHE O BBHIOOPE TOTO MM WHOTO M3 HUX Kak MO (YHKIHOHAIHHBIM BO3MOXKHOCTSIM
(xonmmyecTBO HaOpaHHBIX 0AyUIOB B IIEJIOM U 10 OTAENBHBIM I'pyIaM KPUTEPUEB), TaK U COOTHOLLIEHUIO
«1IeHa / Ka4ecTBO» (KOJMYECTBO HAOPAHHBIX OAJIOB HA €UHUILY OOIIUX 3aTparT).

O030p cucTeM NPpOrpaMMHOro odecneyeHus

Cucremsbl koHCcTpyKTOpcKoro npoektupoBanusi CAD (Computer-Aided Design).

Cucrempt CAD mpenctaBisitoT cO0OM CHUCTEMBI aBTOMAaTU3UPOBAHHOTO MPOEKTUPOBAHUSA,
KOTOPBIE HCIIONIBL3YIOTCS JUTSI BBITIOJTHEHUST Pa3HOOOPA3HBIX MPOEKTHBIX MPOIEAYp C 3aJeHCTBOBAHUEM
KOMIIBIOTEPHON TEXHHUKH. Takke NpH MOMOIIM TAaKOro MPOrpaMMHOrO oOecreueHHst Co37aeTcs
TEXHOJIOTHYECKasi U KOHCTpykTopckass aokymeHrtanus. CAD-cucrembl npennaznauensl ans 2D/3D
pa3pabOTKH U3/IETHSI.

CoBpemennbie cucteMbl CAD HCTONMB3YIOTCS B CaMbIX Pa3HOOOpasHbIX cepax NesaTeTbHOCTH

COBPCMCHHOTI'O YCIIOBCKA, U IPAKTUYCCKU JI Ka)KI[Oﬁ €CTh CBOM yHPIKEUIBHLIfI TUII TAKUX YTUJIAT.
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Cucrembl TexHoJorn4yeckoro npoekrupoanusi CAM (Computer-Aided Manufacturing).

CAM-cucremsl (computer-aided manufacturing KoOMIbIOTEpHAsE TMOJACPKKA HM3TOTOBICHUS)
IpeJHa3HaueHbl JAJIs MPOEKTUPOBAHUS OOpaOOTKM M3AEIMM Ha CTaHKaX C YHMCIOBBIM IMPOIPAMMHBIM
ynpasinenuem (UI1Y) u Bbaun mporpaMm Ajisi 3TUX CTaHKOB ((Ppe3epHBIX, CBEPIMIBHBIX, IPO3UOHHBIX,
NpOOMBHBIX, TOKApHBIX, UUIH(GOBaIbHBIX # Ap.). CAM-cUCTeMBl e€Iie Ha3bIBAlOT CHUCTEMaMH
TEXHOJIOTUYECKON IMOATOTOBKM INPOMU3BOJACTBA. B Hacrosiiee BpeMs OHM SABISIOTCS INPAKTHUECKU
€IMHCTBEHHBIM CIIOCOOOM JUIsl M3TOTOBJICHUS CIIOKHOMPO(QMIBHBIX JAeTallell M COKpALeHHs LUKIAa UX
npousBojicTBa. B CAM-cucremax uCnoab3yeTcst TpeXMepHasi MOJIENb 1eTalH, co3nanHas B CAD-cucreme

Oyukiuun CAM-cucrem

— pa3paboTKa TEXHOJIOTUYECKHUX IPOLIECCOB;

— CHHTE3 yNPaBISIONIX IPOTrPaMM ISl TEXHOJIOTHYECKOro ooopynoBanus ¢ UITY;

— MOJEIUpPOBaHUE IpoleccoB o0pabOTKHM, B TOM 4HCIE IOCTPOEHUE TPAEKTOpUi
OTHOCHUTEJILHOT'O JIBUKEHUSI MHCTPYMEHTA U 3arOTOBKHU B IIpoliecce 00paboTKH;

— TreHepaunus MOCTIPOLIECCOPOB /Il KOHKPETHBIX TUIOB oOopyaoBanus ¢ YIIY, pacuer HopMm
BpEeMEHHU 00paboOTKH.

Cucremsbl aBToMaTH3annn nH:keHepHbix pacuéroB CAE (Computer-Aided Engineering).

CAE - oOmiee Ha3zBaHue JUIsl MPOrpaMM WM IPOTPAMMHBIX MAKETOB, NMPEIHA3HAYEHHBIX IS
MH)KEHEPHBIX pacy€ToB, aHAJIN3a U CUMYJIIIUU (PU3HUECKUX MporeccoB. PacuéTHas yacTh MakeToB Yalle
BCEr0 OCHOBaHA Ha YMCJIEHHBIX METOJIaX pelieHus Au(depeHnaabHbIX YpaBHEHHH.

CoBpeMeHHbBIE CHCTEMbl aBTOMaTu3alMu HHXkeHepHbIX pacuétoB (CAE) mnpumenstorcs
coBMecTHO ¢ CAD-cucrtemamu (3a4acTyro HUHTETPUPYIOTCS B HUX, B 9TOM Clly4yae MOJy4aroTcs THOpuIHbIe
CAD/CAE-cucremsi).

CAE-cucreMbl — 3T0 pa3HooOpa3HbIe MPOTPAMMHBIE MPOAYKTHI, MO3BOJISIONIME TPH TOMOIIN
pacué€THBIX METOJIOB (METOJ KOHEYHBIX 3JIEMEHTOB, METOJ KOHEUYHBIX DPa3HOCTEH, METOJ KOHEYHBIX
00BbEMOB) OLIGHUTh, KaKk MNOBEAET ce0s KOMIIBIOTEpHAs MOJENb U3JENIUs B PEAIbHBIX YCIOBUAX
skcrutyatanun. [Tomoratot yoenutbes B paboTocriocoOHOCTH U3ienus, 0e3 npuBIeueHHs OOIbIINX 3aTpaT
BPEMEHH U CPEJICTB.

CAIIP Texnonornyeckux npomecco CAPP (Computer-Aided Process Planning).

CAPP — 310 aBTOMaTH3MpOBaHHAs CHCTEMa ISl POEKTUPOBAHUS TEXIPOLIECCOB U 0(OPMIICHUS
TEXHOJIOTUYECKON JOKYMEHTAIIUH.

3agaua CAPP 3axmiouaercss B ToM, 4ToOBI 10 3aganHoii CAD-Moaenu u3eans COCTaBUTh IIaH
€ro MpPOU3BOJCTBA, HA3bIBAEMbIN OIEPALMOHHOW WM MapUIPyTHOM KapTou. [laHHBIN IIaH COAECPKUT
yKa3aHUs O MOCJIEeI0BaTEIbHOCTH TEXHOJIOIMUECKUX M COOPOYHBIX ONEpaliii, UCIIOIb3yEMbIX CTaHKaX U
MHCTPYMEHTaX M T.O. TexHosjoruueckas MOJArOTOBKA IIPOM3BOJCTBA BCErJa OCYIIECTBISIETCS 110

I/IMGIOH_IGI\/'ICSI Oaze JAaHHBIX TUIIOBBIX TCXMPOLECCOB, MIPUMCHACMbBIX HAa KOHKPCTHOM MIPCANIPUATHUH.
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Oynkuuu CAPP:

pa3pa60TI<a OIMHMCAaHUs TEXITPOLECCA N3TOTOBJICHUA HOBOI'O U3ACTIUA;

(dbopMUpOBaHNE TEXHOJIOTMUYECKOMN T0KyMEHTALIUN;

pacyér 3aTpaT BPEMEHM Ha ONEpalyy;

OIIpeIeNICHUE TPYIOEMKOCTH U3TOTOBIECHUS U3EINs;

pacyér pacxojia MaTepHaoB;

(dbopMHpOBaHHE OPraHU3allMOHHO-TEXHOJIOIMYECKOM CXEeMbl II0TOKAa [0 H3TOTOBJIEHUIO
U3JETns;

— BBIOOp PAIIMOHAIIBHOIO TaKTa IMOTOKA M KOJIMYECTBA UCIIOJHUTEIIEH.

Cucremsl ynpasienusi JaHHbIMH u3aeansi PDM (Product Data Management)

PDM-cucrempl npeaHa3Ha4yeHbl ISl YHOPABJIEHUS KOHCTPYKTOPCKUMHU M TEXHOJOTMYECKUMHU
JOKyMEHTaMU B IIPOLIECCE MPOEKTUPOBAHUS U3CIIHS.

I'maBHOe npennaznauenue PDM-cuctem - ynpasienue uHpopMamueid 1 o0JerdieHne 10cTyna K
JaHHBIM 00 W3AEIMM Ha MPOTSHDKEHUM BCEro €ro >KM3HEHHOro unukia. llomokurenbHbld 3QexT
nocTuraercs Onarojapss BO3MOXKHOCTH OOBEIMHUTH BCE JaHHbIE 00 M3JEUU B €IUHYIO JIOTUYECKYIO
cucreMy. B pesynprare Takoro oObEIMHEHHUS BCE, KTO NMPUHUMAET y4acTHe B pa3paboTKe W3Ienus,
MOJTy4YaroT pAacHpeAeTCHHBI aBTOPU30BAHHBIA JOCTYN K TMPOEKTHOH HWH(POPMALUU U YIPABICHUIO
nporeccamMu npoektupoBanus. Hanbonee pacrpocTpaHEHHbIE 3aauyd, KOTOpPbIE MOXHO PEIIUTh MpHU
nomouu PDM-cucrewm, cienyromue:

— CO3JIaHME DJIEKTPOHHOI'O APXUBA YEPTEKEN U JPYrod TEXHUYECKON JOKYMEHTALUH;

— CO3J]aHKe eJUHOT0 HH(OPMALIMOHHOTO MTPOCTPAHCTBA JUISl BCEX COTPYIHUKOB, IPUHUMAIOIINX
yuyacTue B pa3paboTKe KU3HEHHOTO LIUKJIa U3JIeNHns;

— aBTOMAaTHU3alUsl BHECEHUS] U3MEHEHHUI B KOH(DUTYpAIUIO U3,

— IpPHUBEACHHUE BCEX AAHHBIX O MPOAYKTE K MEXIYHapOAHBIM CTaHJapTaM KadecTtsa cepun ISO
9000.

Cucrembl ynpapjieHMsl :KM3HeHHbIM mukjgoM mnpoaykra PLM (Product Lifecycle
Management).

PLM — »5T0 opraHu3alMOHHO-TEXHHYECKash CHUCTeMa, OOEeCIeUMBaIOIIas YIMpaBJIeHUE BCEH
uHpopManueit 06 U3eUU U CBA3aHHBIX C HUM Mpolieccax Ha MPOTSHXKEHUH BCETO €ro KU3HEHHOTO 1UKIIA,
HAuMHas C MPOEKTUPOBAHUS M MPOU3BOJACTBA JI0 CHATUS C JKcrutyaranuu. MHpopmanus o6 oObekTe,
coneparasics B PLM-cucteme, siBisieTcst IUGPOBBIM MAKETOM 3TOr0 00BEKTA.

PLM-cuctema - 53TO CIIOXKHBI NpPOTpaMMHBIH KOMIUIEKC, COCTOSIIIMM W3 HECKOJIbKUX
B3aMMOCBsA3aHHBIX KOoMmoHeHTOB. Cepauem PLM-cuctembl SBISIOTCS  cepBepa  METAJlaHHBIX,

o0ecreynBaroIue BCIO JIOTUKY PaboThl cucTteMbl. OHH COOMPAIOT, XpaHAT U 00pabaThIBAIOT JaHHBIE O
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¢aitnax, u3genusax, Nojab3oBarensx M T.A. OTAENbHO CYIIECTBYIOT (haillioBble cepBepa, Ha KOTOPBIX
HaXOJSTCS AJIEKTPOHHBIE BEPCUM IOKYMEHTOB, XpaHsmuxcsi B PLM-cucteme. Kak TOJBKO TOT MM MHOM
JIOKyMeHT nomernaerca B PLM-cucremy, cam oH nonajaer Ha ¢ailyioBblii cepsep, a UHGOpMaLUs 0 HEM
[IONAJacT Ha CEpBEp METaJaHHbIX. B panbHeWlleM, Ipu 3ampoce JOKYMEHTa, CepBEp MeETaJaHHBIX
MPOBEPSAET, MOXKHO JIM BbIIATh TOT WJIM MHOM JOKYMEHT 3allpOCHBILEMY JIHILy, M, €CIIM OH 00JajaeT
JOCTaTOYHBIMHU IIPABaMH, KOMHUS JOKYMEHTa HY>KHOU Bepcuu OyAeT OTIpaBlieHa 3TOMY I10JIb30BaTENI0 U3
¢aitnoBoro cepsepa. CTOMT OTMETHTb, YTO Ha (alIOBOM cepBepe XPAaHATCS BCE BEPCUU JOKYMEHTOB,
nomeni€HHbIX B PLM-cucTemy, IOTOMY OUCK apXUBHBIX KOIIUK TOTO MJIM MHOT'O JJOKYMEHTA HE BbI3bIBACT
CIIO)KHOCTEH; Oosiee TOro, MOMCKOBAs CHCTEMa CepBepa METaJaHHBIX OOJIErYUT HAaXOXKACHUE HYKHOMN
BEPCUU JIOKyMEHTA, OTPAHUYMB ITOUCK 110 JaTe, CO3JaBIleMy I0JIb30BATEII0 MU OT/IEIbHBIM aTpUOyTaMm.

[TomMumo cepBepHOH, cymecTByeT U KiueHTckas yactb PLM-cuctemsl. Kak npasuio, 31o Habop
MOJ1yJIeH, BBIIOJHSIOUMX Ty WJIM MHYIO 3a7jayy Ha KOoMIbioTepe moiib3oBarens. Haunbonee vacrto 3tu
MOJAYJNHU OCyllecTBIsA0T uHTerpaunto PLM-cucrembl ¢ pasnuunbiMu  npuiioxeHusmu  (CAD-
nporpaMMmamu, opucHbIMU nakeTamMu U T.11). [1o100HbBIe MOTyTH TIO3BOJISIFOT, HE BBIXOJIS U3 MPUBBIYHOTO
[10JIb30BaTENIsl IPOrPaMMHBIX POJYKTOB, HAPsAMYI0 o0marecsi ¢ PLM-cucteMolt HHTYUTHBHO OHSATHBIM
obpasom, Opats 3 PLM-cucteMsl JaHHBIE U JOKYMEHTHI JUIsl pEIaKTUPOBAHMS M TOMENIATh N3MEHEHHbIE
JNOKyMeHThI 00patHo. [Ipu 3Tom PLM-cucrema 3a60Tutcs 0 TOM, 4TOOBI OIIOBECTUTH APYTUX YYACTHUKOB
mporecca 0 TOM, 4TO JOKYMEHT B3ST JJI PENaKTHUPOBAHMS APYTHUM II0JIB30BATEIEM, U NMPEMJIOKUTh UM
OOHOBIEHHYIO BEPCHUIO IOKYMEHTA, KOTJ]a TAKOBasi MOSIBUTCS

PLM-cucteme He 000MTHCH O€3 MOAYJISI, OCYHIECTBISIONIETO YIIpaBIeHHE OM3HEC-TIPOIIECCaMHU.
Onucas 6u3HEC-TIPOIECCHI, TPOUCXOAIINE Ha TPEATPUITUH, MOXKHO BO3J10kUTh Ha PLM-cucremy 3anauy
OTCJIEKHUBAHUS, KOT'J1a, KOMY U KaKoi TOKYMEHT W/WUJIH JaHHBIE TOJDKHBI ObITh IOCTABJIEHBI AJIS YCIEIIHOTO
BBITIOJIHEHUS TOW WM MHOM 3aaun. PLM-cuctema oTcienT 3a1ep kKU IIPU BBIITOJIHEHNU TE€X WIA MHBIX
3aJ1a4 ¥ OMOBECTUT 00 3TOM PyKOBOJUTEINS MPOLIECCA, YTO MO3BOJIUT EMY NMPOAHATU3UPOBATh U YCTPAHUTD
y3KkHe MecTa npoueccoB. [lockonbky onucanne Ou3Hec-mpolecca, o CyTH, eCTh TOKYMEHT, TO €r0 BEpCUU
Takke xpanarcs B PLM-cucreme, 4To Mo3BOJISET JIETKO IPOCMOTPETH MPEABIAYIINE BAPUAHTHI ONTMCAHUM
OM3HEC-TIPOLIECCOB, MPOAHATIM3UPOBATh UX U MPUHATH BEPHOE PEIICHUE O TOM, KakK, B clydae Mmpobiem,
onucaHue Ou3Hec-Tpoliecca (U, Kak pe3ynbTar, caM OM3HEC-IIPOLECC) HY>)KHO TIEPECTPOUTD.

Emé onnn tun moxaynei - reHepatopbl oT4€ToB. [lo manHbiM, xpansmumcs B PLM-cucreme Ha
cepBepe METaJaHHBIX, OHU TEHEPUPYIOT BCEBO3MOXKHBIE OTYETHI PETIAMEHTHPOBAHHBIX BHUJOB Ha
CTaHJapTHBIX OnaHkax. [Ipy OOHOBICHUU CTPYKTYPbI U3/AETHsI MOKHO aBTOMATUYECKH MOCTPOUTH HOBBIH

OTYET.
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4 UHANBUAYAJIBHOE 3A/IAHUE

OGocHOBaTh BBIOOP MPOrPAMMHOTO OOECHEYCHUS JISI CO3/aHUsI MOJEIH SJIEMEHTOB CHCTEM
aBTOMaTH3anuu (PUCYHOK 1), HCIONB3ys KPUTEPHUH aHajiM3a IPOTrPaMMHOIO OOECICUCHMs, a TaKKe
0aJTOBYIO MOJIEJh OLIEHKH ITPOTPAMMHOTO O0ECTICUCHUSI.

Hcxonabie qannbie 1715 BEIOOpA TPOrpaMMHOTO 00CCIICUSHUS:

- MOJIETIb aBTOMATHU3ALIMU — PETYIHPYIOIIast 3aCIOHKa (PUCYHOK 1);

Pucynoxk 1 - Perynupyromias 3acinonka

- Ha3HAuYEHUE MOJIENU — YNpaBiseT MOTOKAMHU ra3a M BO3JyXa IpU HEOOJbIIMX JIABICHUSAX B
TpybomnpoBoax AuameTpom 6osee 50 Mm;

- KOHCTPYKIMSI MOJEIM - PETYJIMPYIOIIUNA WU 3alMparOlUil OpraH BBINOJIHEH B BUJE JMCKA,
KOTOPBIA Bpamaercss BOKpYr oOcu. [IOBOpOTHBINM AMCK pACIOJIOKEH BHYTPH KOJBLEBOIO KOpIyca.
I'epmeTnyHOCTb OOEceunBaeT pe3nHoBas MaHkeTa. Kopimyc kianana BpamaTeabHbIM ABHKEHHUEM BXOIUT
B CEUIO C YIUIOTHEHHUEM, 3TO IrapaHTUPYET MTOJHOE OTCYTCTBUE YTEUKH;

- IPUHLUI JIEHCTBHUS - OCHOBAaH HAa M3MEHEHUU MECTHOI'O TMJPABINYECKOIO CONPOTUBIICHUS

MIPOTEKAOIIEH CPEIbl 32 CUET U3MEHEHHUS TPOXOITHOTO CEYEHHS YCTPONCTBA.

5 KOHTPOJIBHBIE BOITPOCHI
1. Haznauenue cuctem nporpammuoro ooecneuenus: CAD, CAM, CAE, CAPP, PDM, PLM.
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HNPAKTUYECKASA PABOTA
IIpoBenenue aHaIM3a MMEKIIMXCS PelIeHU M0 BLIOOPY MPOrpaMMHOI0 odecriedeHust 1JIst

TECTUPOBAHUA MOACIH 3JICMECHTOB CUCTEM aBTOMAaTU3AllUHN

1 HEJIb PABOTbI
O6ocHOBaTh BBIOOP MPOrpaMMHOI0 00ecrieueH sl 115l TECTUPOBAHMSI MOJIEIIH 3JIEMEHTOB CUCTEM

aBTOMaTHU3allnu.

2 MOPAJOK BBINIOJIHEHUS PABOTBI

1. I3y4nuTh KpUTEpHH aHAIN3a IIPOTPAMMHOT0 O0ECIICYCHUSI.

2. W3yuuTh mnporpaMMHOE OOCCIICYCHUE JIISi CO3JaHHS MOJICIH DJIEMEHTOB CHCTEM
ABTOMATH3AIIHH.

3. O6ocHOBATH BBIOOP MPOrPaMMHOTO OOECIICYCHHS ISl CO3AAHMSI MOJICIIH JJICMEHTOB CHCTEM

aBTOMaTHU3alu.

3METOANYECKUE YKA3ZAHUA

Jlis KaX71oro 3JeMeHTa CUCTEM aBTOMAaTHU3alliH, UCXO/s U3 3a/laHHBIX TOKa3zaTelel KadyecTBa,
YCTaHABJIMBAIOTCS ONpE/EICHHbIE TeXHUUeckue TpeboBaHus. HeoOXxonmumo, yToOBI 37€MEHTBl CHCTEM
aBTOMaTHU3allud BCEr/la COOTBETCTBOBAIM 3TUM TpebOoBaHusAM. OAHAKO B HHMX MOTYT BO3HHUKHYTb
pa3uyHbIe OTKJIOHEHHS, Me(EeKThl, HapyIIAoIIue yKa3aHHOe cooTBeTcTBHE. O0ecneduTh TpeOyemblid
YpPOBEHb KauecTBa 3JEMEHTOB CHCTEM aBTOMAaTH3allMM B IPOIECCE 3KCIUTyaTalluM HEBO3MOXKHO 0e€3
IIPOBEPKU UX TEXHUYECKOTO COCTOSIHUS.

OnHUM M3 BaKHEMIIMX CPEeICTB OOecleyeHus: U MOoAep)KaHUs HaJe)KHOCTH 3JIEMEHTOB CHUCTEM
aBTOMATH3allUM SIBJISIETCd TEXHUYECKas JHWarHOCTUKAa (WM TECTHUPOBAHME DJJIEMEHTOB (CUCTEM)
aBTOMATHU3ALIH).

[Tox TexHMYECKOH AMAarHOCTUKON MOHMMAaeTcs 00JacTh 3HAHWMU, pa3padaThIBaloONIasi METOABI U
CpeZcTBa MOKCKA OTKJIOHEHUH B peXrMax padoThl (MJIM COCTOSIHUAX) DJIEMEHTOB CHCTEM aBTOMATHU3alllH,
oOHapyXeHHs U yCTpaHeHUs 1e(eKTOB B cucTemMax (WK ee 3JIEMEHTax) U CPe/ICTBA UX JIOKAIU3aIIH.

[Ipy nuarHOCTUPOBAHHUK HEOOXOIUMO OIPENETUTh, MPEXKAE BCET0, TEXHUYECKOE COCTOSHUE
AJIEMEHTOB CUCTEM aBTOMAaTH3allMU U CHUCTEMBI B 1I€JIOM B JIaHHBI MOMEHT BPEMEHHU. DTO 03HAYaeT, YyTo
HY>KHO TIPOBEPUTHh HCIPABHOCTb, PAaOOTOCIOCOOHOCTh M (MJIM) MPaBUIBHOCTH (DYHKIIMOHUPOBAHUS
9JIEMEHTOB  (CHCTEMBl B II€JIOM) WIM OOHApPYXHUTh Je(eKThl, HapyIIAIOIIMe HCIPABHOCTb,
paboToCTIOCOOHOCTD U MPAaBUIIbHOE (PYHKIIMOHUPOBAHUE HX.

PaznuyaroT TecToBoe U GyHKIIMOHATIBHOE AUATHOCTHPOBAHHUE.
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TecToBOE MMAarHOCTUPOBAHUE TIO3BOJISIET TPOBEPUTH TEXHUUECKOE COCTOSIHIE 3JIEMEHTOB CHCTEM
aBTOMATH3AIIMU TI0 TECTOBOMY BO3CHCTBHUIO Ha HUX. [10 TecTy MpoBepsIFOTCS MapaMeTphl AIIEMEHTOB.

OyHKIMOHAIBHOE JIMATHOCTHPOBAHUE TMO3BOJSECT  OINPENCIIUTh TEXHUYECKOE COCTOSHUE
AJIEMEHTOB 10 paboueMy BO3ICHCTBUIO HA HUX.

TecToBoe u (I)yHKI_II/IOHaJILHOG AUArHOCTUPOBAHUC BBIITOJIHACTCA 110 TaAK HA3BIBACMOMY AJITOPUTMY
JMarHOCTHUPOBAHHSI.

AJNTOPUTM AMArHOCTHPOBAHUS - COBOKYITHOCTB 3JICMEHTAPHBIX ITPOBEPOK B KOHTPOJILHBIX TOUKAX
" [IpaBuJl, YCTAHABJIMBAKOIIHUX IMOCICAOBATCIBHOCTh UX MPOBCACHUS, a4 TAKIKC aHAJIU3 PE3YJIbTATOB 3TUX
MIPOBEPOK, IO KOTOPHIM MOKHO OMPEIETUTh UCIIPAaBHOE, padOTOCIOCOOHOE MITH COCTOSIHUE TPABHIBHOTO
(GYHKIIMOHHPOBAHUSI OT HEUCIPABHOTO COCTOSHHSI M YMETh OTJIMYAaTh JEPEKThI OT HEHCIPABHOTO
COCTOSIHUSI.

3(1)(1)€KTI/IBHOCTI) ANAarHOCTUPOBAHUA OUCHHUBACTCA KaUCCTBOM AJI'OPUTMOB JJTUArHOCTUPOBAHUSA U
KaueCTBOM CPEJCTB JUArHOCTHpoBaHUs. CpeacTBa JMAarHOCTUPOBAHUS PA3NICISIIOT, MPEKIE BCEro, Ha
MPOrpaMMHBIC H allapaTHbIC, & TAKXKE BHEIIHHE (KOHCTPYKTUBHO BBIITOJHEHHBIC OTACIBHO OT CHCTEMBI)
U BCTPOCHHBIC (SBJISIFOIIMECS COCTABHOW YACThHO CHUCTEMBI); pPYyYHBIMH, aBTOMAaTH3UPOBAaHHBIMH U
ABTOMAaTUYCCKUMHU, CICHHUAIIN3UPOBAHHBIMU U YHUBCPCAJIbHBIMHU.

Ha madgainpHOM prame MPOBCACHUA JUAIrHOCTUKU TCXHUYCCKOTO COCTOSAHUA JJICMCHTOB CHUCTEM
ABTOMATH3AIMK ITUPOKOE PACIPOCTPAHEHUE MONYUUIIN JOMYCKOBbIe crocoObl. OHM XapaKTepU3yIOTCs
TEM, YTO 3aKIFOUYEHUE O TEXHHUYECKOM COCTOSHUU MOJIENIN JUAarHOCTUPOBAHUS JENAETCs MO pe3ylbTaTam
OLCHKU 3HAa4YCHUH B KOHTPOJIBHBIX TOYKaX, KOTOPLIC MOTYT NPUHUMATL ABAa 3HAYCHUSA: «B HOPME) — «HE B
HOpMe». DTO JaeT OCHOBAaHUE HWCIIONB30BAaTh JUIS ONMCAHHS IOBEIEHHUS MOJETH JJIEMEHTOB CHUCTEM
ABTOMATH3AIMKM HCIOJB3YIOTCSA MaTeMaTHUYeCKHe MOJEIM JIOTUYeCKOro THMa, a JUIsi WX aHalu3a —
pa3IMyYHbIe TOTUYECKUE METO/IBI.

B mpormecce mowcka HEMCHPABHOCTEH aJITOPUTM JTUATHOCTHPOBAHUS 33Ja€T COBOKYITHOCTB
AJIEMEHTAPHBIX MTPOBEPOK, MOCIEIOBATEIBHOCTD (MM MOCIEIOBATEILHOCTH) WX pealu3alliyl M TpaBHiia
00pabOTKM pe3yNbTaTOB pPEaU3yeMBIX JJIEMEHTApPHBIX MPOBEPOK C MENbI0 MONYYCHUS pe3yibTara
JTMarHOCTHKH.

K Hambosee 9acTo UCIOIB3YEMBIM JIEMEHTAPHBIM IIPOBEPKAM MOYKHO OTHECTH:

- BbISICHEHUE UCTNOPUU NOAGIEHUs. HeUCnpagHocmu. PaccMOTpeHHE HCTOPUH TIO3BOJISIET BHISICHHUTS,
HC ABJCTCA JIM HCUCIPABHOCTH PE3YJIIBTATOM BHECIIHETO BOS}IGI\/'ICTBI/IH TaKoI'0, KaK KIMMaTH4YCCKUC
(hakToOphl, MEXaHUYECKUE BO3JIECHCTBUS, 3arpsi3HEHUE PA3IMYHBIMHU BEIIeCTBaMU U T.1. B OonbIinHCTBE
CIIy4aeB 3TUM METOJOM HeJb3s MOIYYUTh TOUHYIO HHPOPMAIUIO O JOKATU3alMK OTKA3aBIIIEro dJIeMEeHTa
(13-32 HEOOXOIUMOCTH TOTYUYEHUsI HHPOPMAIIMHA O COOBITHSX, PACTAHYTHIX BO BPEMEHH, HETOUHOCTH U
HEJIOCTOBEPHOCTH TIPEAOCTaBIsIeMO HWHQOpPMANUKM), HO MOXKHO CYIIECTBEHHO OOJIErYUTh BBHIOOD

OOoCICAYHOMUX METOA0B JUATrHOCTHKM, UX KOJIMYECTBA U ITOPSAAOK CICAOBAHMSI.
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- gHewHull ocmomp. 3AeCh CIEIyeT WCKaTh CJeAbl TEIUIOBBIX IOBPEKICHUN 3JIEKTPOHHBIX
3JIEMEHTOB, TPOBOJHUKOB, IPOBOJOB, Pa3beMOB, ILEIOCTHOCTh H3OJIALMKM Ha MPOBOAAX, TPEUIHH,
MOSIBUBLINXCSA OT BPEMEHH WJIM B pE3yJIbTaTe MEXaHUYECKUX Bo3AeicTBuil. Ocoboe BHUMaHUE CIIETYyET
oOpaiate Ha HAIWYUE 3arpsA3HEHUH, MBUIM, BBITEKAHUS JJIEKTPOIUTA U 3amaxX. ITOT METOJ MO3BOJISIECT
JOCTUYh OBICTPOTO U BBICOKOTOYHOTO PE3YJIbTaTa, KOTJa TUATHOCTHPYETCS HEHCIPABHOCTH, HOCSIIIAS
aBApUITHBIN XapakTep.

- cHAmue GHewHux pabouux xapaxmepucmux. V3nenue Bkirodaercss B pabouux (WU
UMUTUPYIONUX pabodre) yCIOBUSX M IMPOBEPSIOTCS BBIXOJHBIC XapaKTEPUCTHKH, CPABHEHHEM HUX C
XapaKTePUCTHKAMU HCIIPABHOTO M3CIHUS WIA TEOPETHUYSCKHA PACCUYUTAHHBIMU 3HAYCHHUSIMH. DTOT METOJ
MO3BOJISIET TPUMEPHO OLIEHUTh PACIHOJIOKEHHWE HEUCIPABHOCTHU (BBIABUTH (HYHKIHMOHAIBHBIN OJIOK,
paboTarIIMi HEMPAaBUIIBHO) 0€3 JEMOHTaXKA U3/ICIIHS.

- HaboOeHue npoxoxcoeHus cuenanos. Ilpu momMomm u3MepUTeIbHON anmaparypsl HAOIIOIAI0T
MIPABWJIBHOCTh PACIIPOCTPAHCHHSI CUTHAJIOB TIO IEMSM YCTPONCTBA. AJEKBATHOCTH OIEHKH COCTOSIHHS
W3JIeHs B 1IEJIOM U MO LIEMSM JOCTUTaeTCsl BBICOKOUW KBalu(UKAlMeW HCIIOTHUTENS U BO3MOXKHOCTBHIO
aHajM3a 0COOBIX IeTIeH (HarpuMep, COASPIKAIIUX 00OpaTHBIC CBSI3H).

- cpasHeHue ¢ UCNPAHBLIM 0J10KOM. 31€Ch CPAaBHUBAIOTCS Pa3IMUHbIC XapaKTEPUCTHKH 3aBEIOMO
WCTPAaBHOTO M3/ETHs U He ucnpaBHOro. CIIOKHOCTh €ro MPUMEHEHUS 3aKI0YaeTcsi B HEOOXOIUMOCTH
MIPUCYTCTBUSL «ITAJTOHHOTO» OJIOKa M KOMOWHAIMU €ro NPUMEHEHHS C JPYTrMMH METOJaMU JUis
OTIepaTUBHOM TUArHOCTHKH.

- MoOenupoganue NnoGeOeHUs UCNPABHO20 U HeUcnpasHo2o ycmpoticmea. Mopenupyercs
MOBEJICHUE KCIPABHOTO W HEUCIPABHOTO YCTPOWCTBA, 3aTe€M BBIJIBUTAETCS THUIOTE3a O BO3MOXKHOMH
HEHCIIPABHOCTH, KOTOpas MO3Xe MpoBepseTcsl u3MepeHusIMU. J[71s1 co3aHusl MaTeMaTUYeCKOTo arnmapara
MoJieTiell ¥ YIpaBlIeHUs UMHU TpeOyeTcs BBhICOKAas KBaNU(MUKAIMS UCIIONHUTENS, a TOCTHXKEHUE JIYUITUX
pe3yJIbTaTOB — B KOMOWHAITUH C JPYTUMH METOJAMH. DTOT METOJ IMO3BOJISET BBISABIIATH C JOCTATOYHOM
TOYHOCTBIO TIEPUOTUUECKU MCUE3aI0IINEe HEHCITPABHOCTH.

- cuenamypuulll anaau3. HaxoxaeHrne HEUCHIpPaBHOCTEH € BBICOKOM TOYHOCTBHIO, BBIOJIHSIEMOE
MyTeM HWCCIEAOBaHUS WU CPAaBHEHHS HMMIICIAHCHBIX CHUTHATyp (BOJIBTAMIIEPHBIX XapaKTEPHUCTHUK)
HCCIIETyeMbIX KOMITOHCHTOB C JTAJIOHHBIMH 3HAYCHUSAMH. OTOT METOJ MOXKET BBITOJHITHCS
CIEIIMATMCTOM HEBBICOKON KBATM(UKAIMH C 0053aTEIBLHBIM JOCTYIIOM K BBIBOJIaM 3JIEMEHTOB CXEMBI.

- 8biNoOJHeHue mecmogvix npoecpamm. Ha paboraromeld He IEMOHTHPOBAHHOW CHCTEMeE
BBITIONTHSIETCS TECTOBAs IPOrpaMMa, KOTOpasi B3aUMOJACHCTBYET C pa3IMYHBIMU KOMITOHEHTAMH CUCTEMBI U
npenoctaBisgeT uHGopManuo 00 MX OTKIMKE, MO0 KOTOPOMY JENaeTcsi BBIBOJ O €ro HCIPaBHOCTH.
To4YHOCTP JOKaIM3aIMK HEUCITPABHOCTH 3aBUCHUT OT «TITYOMHBD) TUArHOCTUYECKOTO TECTa.

100% pe3ynpTaTa morcka HEUCIPABHOCTH (T.€. HAXOXKACHHE HEUCIIPABHOTO JIEMEHTA) BO3MOXKHO

JIMIIb ITPU UCTIOJIBb30BAHUUN HCKOTOPBIX 3JICMCHTAPHBIX IMTPOBCPOK (TaKI/IX KaK MOJCJIMPOBAHUC MTOBCACHU A
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YCTPOMCTBA, CUTHATYPHBIN aHAIM3 M BBIIIOJHEHHUE TECTOBBIX MPOrpamMm), HO MPU JOCTATOYHO OOJBIIMX
BPEMEHHBIX 3aTpaTax, WIK MPUMEHEHUH TOW MJIM WHOM KOMOWHAIIMU 3JIEMEHTapHbIX MPOBEPOK. Takum
o0pa3om, Jisl pelIeHns BOIPOCOB aBTOMATU3AIMU MPOIecca TEXHUYECKOTo JUArHOCTUPOBAHUS BOSHUKAET
HE00XOIMMOCTh AaBTOMATH3AIMH MPOLECCOB AUATHOCTHPOBAHUSA. B MPaKTUYECKOM acIeKTe 3TO CBOAUTCS
K CO3[JaHUIO0 CHUCTEM aBTOMAaTH3allMu AMAarHocThpoBaHus. Hambosee nmomynspHbIM Ha CETO/HS SBIISAETCA
MIPOrpaMMHO-AIIAPaTHBI CHOCOO MOCTPOEHUSI CUCTeMbl AuarHoctupoBaHus. Ilpu ero peanusanuu
JaHHbIe ¢ 00BEKTa IMAarHOCTUPOBAHUS MOCTYTAIOT HA aJjanTep, KOTOPbIi peodpa3yeT ux B UH(POpMaLIHIO,
MOCTYNAIOIYI0 B IEPCOHATBHBIN KOMIBIOTEP IS JalbHEHIICH allrOpUTMUIeCcKoi 00paboTku. CrucTeMbl
aBTOMATH3alMU JUATHOCTHPOBAHUS, TOCTPOCHHBIE 110 MPOTrPAMMHO-AaNIIAPATHOTO CIIOCO0Y TUAarHOCTUKH,
MIPEJICTaBIISIOT CO0O0M B3aUMO/ICHCTBYIOIINE KOMILJIEKCHI TEXHUUECKHUX CPEJCTB, IPOTPAMMHBIX CPEACTB U
nH(popMaloHHOro obecrieueHus. TexHuYeckue CpeacTBa CHUCTEM aBTOMATHU3AIMH JAMATHOCTUPOBAHMS
OOBIYHO COCTOSIT M3 YHHBEPCAJIHHOU M CHEIHATN3UPOBAaHHON yacTeil. Ha coBpeMeHHOM 3Tare pa3BUTHS
TEXHUKHM OCHOBAa YHUBEPCAJIbHOM YAaCTH CTPOUTCS Ha 0a3e MEepPCOHAIbHOIO KOMIIBIOTEpA, KOTOpas
nocpeAcTBoM  Moaynei  npeoOpazoanust  (ALII), d¢opmupoBanus (LHAII) wu koMmmyTanuu
YHU(PUIIMPOBAHHBIX CUTHAJIOB Yepe3 CHEIHAIM3UPOBAHHYIO YacTh MO3BOJISIET PEAM30BaTh AITOPUTMBI
JIMAarHOCTHKH oOOBbekTa KoHTpossa. Crhenuaau3upoBaHHAs 4YacTh I10 BO3MOXKHOCTH JIOJDKHA OBITH
MUHHMMAJIbHA, SIBJISSCH MACCUBHBIM MEPEXOAHUKOM, OO (B Mease) BOoOIIe OTCYyTCTBOBaTh. Bricokas
yHu(pukanus CucreMbl aBTOMAaTU3aLUU JUATHOCTUPOBAHUS JOCTUTAETCS MPUMEHEHHEM BHMPTYaIbHBIX
npubopoB. Cuctema BUPTYyaJIbHBIX NPUOOPOB OPraHU3yeTcs B BHUJE MPOTrPaMMHON MOJIENN HEKOTOPOTO
peaIbHO CYIIECTBYIOLIETO WJIM THIIOTETUUECKOT O MpUbopa, MpruieM IpOrpaMMHO Pealin3yloTcs HE TOIbKO
CpelncTBa yrpaBieHUs (PYKOSITKH, KHOIKH, JIAMIIOYKM U T. T.), HO W JIOTHKa paboTel mpubopa. CBs3b
IporpaMMbl C TEXHUYECKMMHU OOBEKTaMH OCYIIECTBIISETCS 3/1eCh uepe3 HHTep(elcHbIe Y3IIbl,
npeacTaBistomue coboil npaiiepa BHemHux ycrpoiictB — AT, ITAII, KOHTpOIEPOB MPOMBIIITIEHHBIX
UHTEp(ENCoB U T.II.

N3 Bcero MHOroo0pasus nNporpaMMHOI0 o0ecriedeHtst ISl peaau3aluu 3aa4d, KOTOpble JOJKHbI
BBIIIOJHATh INPOTPaMMHBIE CpPEACTBA CHCTEM aBTOMATHU3allMM JUarHOCTHPOBAHMS, JOCTaTOYHO
UCIOJIb30BAaTh HMHCTPYMEHTAJIBHOE IPOrpaMMHOE oOOecreueHHe C TEKCTOBBIM IPOrpaMMHPOBAHUEM,

HHTETPHUPOBAHHOC C IMTAKETAMH MOJCINPOBAHHNA ITOBECACHUSA 00BEKTOB JHUAarHOCTHKHMH.

4 THANBUAYAJIBHOE 3A/IAHUE

O06ocHOBaTh BBIOOp MPOTPAMMHOTO 00€CTIeYeHHsI A1 TECTHPOBAHUS MOJIETH JIEMEHTOB CHCTEM
aBTOMAaTH3aluKu (PUCYHOK 1), MCMONB3ys KPUTEPUU aHaIHM3a MPOrPaMMHOTO OOECHEeYeHHs, a TaKKe
OaJIITOBYIO MOJIEITb OIIEHKH MPOTPAMMHOTO 00ECTICUECHHS.

HcxonHbie JaHHBIC Ul BRLIOOpA MPOTPaMMHOT0 00SCTICUCHHS IS TECTUPOBAHUS !

- MOJZI€JIb aBTOMATU3ALMU — YIIPABJIEHUE LIWINHIPOM OJHOCTOPOHHETO EeHUCTBUS (PUCYHOK 1);
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Pucynok 1 - Dcku3 o0bekTa ynpaBiacHUs

- IOCTAHOBKA 33J1a4M — LMJIMHAP OJHOCTOPOHHETO JEHCTBUS C JUAMETPOM IMOPIIHA 25 MM IpHU
HaXaTUM Ha NHEBMOKHOIIKY [OJDKEH 3aXXUMaThb JeTajb: I10Ka KHOIKA YJEpKUBAETCS B HAXKaTOM
MIOJIOKEHUH, IITOK IMJIMHAPA OCTAETCSl B KpaillHEM BBIIBUHYTOM I10JIOKEHHH, IPU OTITYCKAHHUM KHOIKU

ACTaJIb OCBOGO)K,I[aeTCSI 3a CUCT OTBOJa IITOKA.

5 KOHTPOJIBHBIE BOIIPOCHI
1. PackpbITh NOHATHE «TEXHUYECKAs JUATHOCTHKAY.
2. Bujpl TEXHUUECKOW JUATHOCTHUKH.

3. Kakum mpoBepkam MmoABEpraroTCs JIEMEHTHI (CHCTEMbI) aBTOMATH3AIHH.
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INPAKTUYECKAS PABOTA
OcyuecTBiieHHe BbIOOPAa M IPUMEHEHHUs] MPOTPAMMHOI0 ofecrnedeHus 1Jisl CO3AaHUs MOAeU

3JIEMEHTOB CHCTEM AaBTOMATHU3alMH1 HA OCHOBE TEXHHUYICCKOTIO0 3aJaHUA

1 HEJIb PABOTbI
O6ocHOBaTh BBHIOOP MPOrpaMMHOTO OoOecredeHusl U MPUMEHUTh JaHHBIA BBHIOOP Ui CO3/IaHUs

MOJCIIHN JIEMCHTOB CUCTEM aBTOMaTU3alllu HaA OCHOBE TCXHUYCCKOI'O 3aJJaHus.

2 NOPAJOK BbBIITIOJIHEHUA PABOTBI

1. O3HakOMUTBCA € KPUTEPUAMH aHAIM3a IPOIrPAMMHOI0 0OeceyeHusl.

2. O6ocHOBaTh BBIOOP MPOrpaMMHOrO OOecredeHus JJIs CO3/1aHUsl MOJIENIU AJIEMEHTOB CHCTEM
aBTOMAaTU3aLUH.

3. Co3gare MoOJeNb CUCTEM aBTOMAaTU3alMM HAa OCHOBE TEXHUYECKOIO 3aJaHus COIJIACHO

HHAUBUAYAJIBHOI'O 3a/IaHUS.

3 METOANYECKHUE YKA3AHUS

KpuTtepuu anajiu3a nporpaMMHOro odecneyeHust

Onenka ¥ aHanU3 MPOTPAMMHOTO OOECleYeHHs MpPEeNNoyiaraeT COMOCTABIECHUE €ro
(YHKIIMOHATBHBIX BO3MOXKHOCTEH C (DYHKIMSIMH, BBIMOJTHSIEMBIMU IS CO3JAAHHUS MOJETH 3JIEMEHTOB
CHCTEM aBTOMATH3alWH. B 11e110M MpH OIleHKe pacCMaTpUBAETCS CIEYIONIee:

- o6mrast nHGOpMaIIHs O MPOTPAMMHOM 00ECTICUCHHH;

- CHUCTeMHas apXUTEKTypa U TMOJb30BaTENbCKUI MHTEp(deiic: apXUTeKTypa CUCTEMBI, MPOCTOTA
OCBOEHUS U HCITIOIH30BaAHMUS;

- (pyHKIIMOHAIBHOCTH;

- OTPaHWYCHUS: CYIIECTBYIOIINE TPEACIBI TI0 dJIEMEHTaM, MOAJCPKHUBAEMBIM CUCTEMOM, TAaKUM
KaK KOJMYECTBY paboT, pecypcoB U T. 11.;

- MapkeTHHroBas HWHQOpMAIUs: IIeHOBas MOJIUTHKA, TEXHUYECKas MOJAJEpKKa, oOydeHue,
nmoJTh30BaTebcKas 6aza, nHGpopMalms o GupMe MPOU3BOIUTEIIH.

Kputepuu, Mo KOTOPBIM MPOU3BOJAUTCS BHIOOP MTPOrPaMMHOTO 00ECIICUCHHS, MOKHO Pa3JIeHTh
Ha TPU TPYTIIIHL

- ONEepallMOHHBIE KPUTEPUH, OTHOCSIINECS K (DYHKIIMOHATBLHBIM BO3MOXHOCTSIM MPOTPAMMHOTO
o0ecIieueHNns;

- KPHUTEpPHUH, 1O KOTOPHIM OIIEHWBAETCS BO3MOXKHOCTh (DYHKIIMOHUPOBAHUS IMPOTPAMMHOIO

obOecrieueHrss B paMkax Jr000H HMH(POPMAIMOHHO-YNPABIAIONIEH CHCTEMBI, OHU COOTHOCSTCS C
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TpeOOBaHUSMH IPOTPAMMHOTO 0OECIIEYEHHUS K allapaTHBIM CPEICTBAM M 000PYI0BAHUIO, BOZMOKHOCTBIO
MHTETpaluy ¢ JpyrUMH MPUIOKEHUSIMU U T. I1.;

- KpUTEpUHU, CBSI3aHHBIE C 3aTpaTaMH Ha NporpaMMHOe oOecnedeHue (PKU3HEHHBINH LUK
MPOrpaMMHOT0 OOECTeYeHHsI), a UMEHHO: TOKYIKa, WHCTAJUIALUS, OIIaTa TEXHUYECKOW IOIJIEPIKKH,
00CITy’)KNBaHHUE HA MPOTSHKEHUU BCETO BPEMEHU (PYHKIIMOHUPOBAHUSI.

[Tpouecc BpIOOpa BKITIOYAET CIAEAYIOUINE 1aTru:

- ompeesieHne He0OXOMMBIX JIAHHBIX; I TOTO HY>KHO OTBETUTH Ha CIIEAYIOUINE BOIIPOCHI:

1) KaKOBbI OKUJIAEMbIC XapPaKTCPHCTHKH pPa3paOdOTaHHBIX MPOCKTOB JJIsi CO3/IaHHS MOJEIU
9JIEMEHTOB CHCTEM aBTOMATHU3AIUH ?
2) KaKoe KOJMYECTBO PECYPCOB MOTPEOYETCs ISl UX BBITOTHEHUS?

- aHajM3 THUIOB MPHUHUMAEMBIX PELIEHUH, KOTOPHIE [IOJDKHO MOAJIEPKUBATH MPOTPAMMHOE
obeclieyeHue;

- (opmupoBaHue crnmcKa KpUTEPUEB I BbIOOpa HamOOJee IMOAXOMASAIIETO MPOrPAMMHOTO
obecrnieueHusl.

CymiecTByIOT — pa3luYHble MOJETH OIEHKM MporpaMMHOro oOecmedeHus, Hauboiee
pacrpoCcTpaHEeHHOH U3 KOTOPBIX SBISIETCS OAJUIOBasi MOJIETb.

CyTb ee cocTouT B cienyromeM. KaxaoMy KpUTEpHIO NMPHCBAWBACTCS BEC B COOTBETCTBHH C
OLIEHKOM €ro 3HaunMOCTH, HallpUMep, B Auamna3zone ot 1 10 5 (1 — coBceM He BaXKeH, 5 — OU€Hb BaXKEH).
B mpouecce oneHkH peanmu3zalys KakJOro KpPUTEpHs B HPOTPaMMHOM OOECHEUeHUM OLEHUBAETCS
3HaueHueM oT 1 go 10. 3areM oHO mepeBOAUTCS B Oajlibl YMHOKEHHEM Ha COOTBETCTBYHOIIMK Bec. B
pe3yibpTaTe TMOABOAMTCA OOMMI Oayur mporpaMMHOTO oOecreueHus, KOTOPBIA JaeT BO3MOXKHOCTB
CpaBHUBATh Pa3IMYHbIE IPOIPAMMHBIE CPEJICTBA.

[TpoBens Takoi CpaBHHUTEIBHBIN aHAINW3 PA3TUYHOTO MPOTPAMMHOrO OOECHEeYeHMs, MOXKHO
MPUHUMATh PEUICHHE O BBHIOOPE TOTO MM WHOTO M3 HUX Kak MO (YHKIHOHAIHHBIM BO3MOXKHOCTSIM
(xonmmyecTBO HaOpaHHBIX 0AyUIOB B IIEJIOM U 10 OTAENBHBIM I'pyIaM KPUTEPUEB), TaK U COOTHOLLIEHUIO
«1IeHa / Ka4yecTBO» (KOJIMYECTBO HAOPAHHBIX OAJJIOB HAa €UHUILY OOIINX 3aTpar).

Texnuueckoe 3a1aHue HA pa3padoTKy MO/eJH 3J1eMEHTOB CHCTeM aBTOMATH3aIUH.

TexHuueckoe 3agaHWe — OCHOBOIIOJIATAIONINI  JTOKYMEHT, KOTOPBIM PYKOBOJCTBYIOTCS
pa3pabdOTYNKH B TIPOCKTUPOBIIUKH, IPUCTYTIAS K pa3paboTke HOBOTO u3zemnus. OHO onpenenseT OCHOBHBIE
HaIpaBJIeHUs pa3pabOTKH: KOHCTPYKIUHU U MPUHIIMIA paboThl Oy ryiiero uznenus. TexHuueckoe 3agaHue
3asBIISIET, C OJJHOM CTOPOHBI, O MOTPEOHOCTSIX OOIIECTBA B HOBBIX U3JIENHUAX, C APYTON — O TEXHUUECKUX U
TEXHUKO-IKOHOMHYECKUX XapaKTEPUCTUKAX H3/EIHS.

TexHMUECKOE 3aJaHHe SBISIETCS] HAYAIBHBIM ATAarioM paboT U COCTABIISIETCS HAa BCE pa3padOTKH U
BUIBI paboOT, HEOOXoAMMBbIE A co3aHusl HOBOro uznaeius. OHO MOXKET MpeIIecTBOBAaTh HAy4HO-

UCCIIEIOBATEIIbCKUM M ONBITHO-KOHCTPYKTOPCKUM paboTaM 1o pa3paboTKe CpeACTB MEXaHHM3alUd U
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aBTOMATH3AIlMU, OT/ACTBHBIX Y3JIOB U CUCTEM, TEXHOJIOTHU, U3MEPUTEIBHBIX CPEICTB, CPEIICTB KOHTPOJIS U
APYTUX U3JENUH (BBITIOJTHEHUE pabOThI, OKa3aHUE YCITyTH, IPOMBIIUICHHBIH KOMILJIEKC, TPHOOp, MalIMHa,
amrmapar, cucTeMa YIpaBlieHHs, WH(GOpPMAIIMOHHAsS CUCTEMa, HOPMAaTHUBHAs JOKYMEHTAIus (Hampumep,
CTaHAapT) u T. 11.).

TpeOoBaHusl, BKIIOYaEMbIC B TEXHHUYECKOE 3aJaHUE, JIO/DKHBI OCHOBBIBATHCS Ha COBPEMEHHBIX
JNOCTIDKEHUSIX HAyKd M TEXHHKH, HA WTOrax BBINOJHCHHBIX HAyYHO-HUCCIICAOBATCILCKUX U
IKCIEPUMEHTAIBHBIX Pa0OT. TeXHUWYecKoe 3alaHue JODKHO YCTAaHABJIMBAThH CICIYIOIINE ITOKA3aTeln
pa3pabaTbIiBacMOT0 U3JICITHS:

- OCHOBHOC HA3HAYCHHUE, TEXHUYCCKHE W TAKTHKO-TEXHUYECKHE XapaKTCPHUCTHUKU, YPOBEHBb
CTaHJAPTH3AIMH U YHUDHKAIIIH;

- TEXHUKO-IKOHOMHUYECKUE TIOKA3aTEIIH;

- ATEHTHO-TIPABOBBIC MIOKA3ATEIIH;

- crenMajIbHbIe TPEOOBAHUS K U3JICIUIO H JIP.

Jiss TOATBEpXKICHUS OTACIbHBIX TPEOOBAaHWMN K NPOAYKIMH, B TOM 4YHCIE TpeOOBaHHUN
0€30MaCHOCTH, OXpaHbl 3/I0POBbS U OKPYXKAMOIIEH Cpelbl, a TAaKKE OINCHKH TEXHUYECKOTO YPOBHSI
MPOAYKIIMH, TEXHUYECKOEC 3aJlaHHEe MOKET OBbITh HAMPABICHO pa3pabOTYMKOM HIIM 3aKa34yMKOM Ha
OKCHEPTU3y (3aKII0YCHHE) B CTOPOHHHE OpraHU3alMy. PeIleHHe [0 IMOJyYEHHBIM 3aKIIUYCHUSIM
MPUHUMAIOT Pa3padOTUYHK U 3aKa3UUK J0 YTBEPKICHUS TEXHUUECKOTO 33 JaHHSI.

K TexHMYeCKOMY 3aJIaHUIO TIPUITATAFOTCS CXEMbI M 3CKH3bI IO KOHCTPYKIMH Oy TyIIETro W3IeiHs,
a JUI1 TEXHOJOTMYECKMX pPa3padOTOK — TEXHOJOTMUYECKHE W TEXHHKO-DKOHOMHUYECKHE ITOKa3aTeln
CYIIECTBYIOIIETO MPOU3BOJACTBA. TEXHHUYECKOe 3aJaHue JOJDKHO CONepKaTh MaKCUMyM HH(opmanuu,

obueryatoniei paboTy Haj U3JEIMEM U COKpAILAIOIIEeH CPOKU pa3pabOTKH.

4 UHANBUAYAJIBHOE 3AJIAHUE

1. OGocHOBaTh BBIOOpP MPOrPAMMHOTO OOECIICUEHHUS JIs CO3/JaHHS MOJEIN JIEMEHTOB CUCTEM
aBTOMAaTHU3allMM Ha OCHOBE TEXHMYECKOTO 3a/laHusl (YEPTEKel, pUCYHKOB, CXEM), UCIOJIb3Ysl KPUTEPUU
aHaJlM3a MPOrpaMMHOT0 00ECTIIEUeHHs, a TAKKe OAITOBYIO MOJIEIb OIIEHKH MPOTPaMMHOT0 00€CIIeYeHHUS.

2. Cozmare Mojenb (YepTek, PUCYHOK, CXEMYy) C HCIOJIh30BAaHHUEM CIICIIHATU3NPOBAHHOTO
MPOTPaMMHOTO 00€CTICUeHHsI HA OCHOBE TEXHUYECKOTO 3a/IaHUS.

TexHuueckoe 3a1aHue.

Hcxonnple MaHHBIC A BBIOOpA MPOTPAMMHOIO OOECTICUEHUs M CO3JaHHUS MOJETHU SJIEMEHTOB
CUCTEM aBTOMAaTHU3allMi Ha OCHOBE TEXHUYECKOTO 3a/IaHMUs

- MOJIeTIb aBTOMATHU3ALIUU — PETYIMPYIOIIMMA KilanaH (pUCYHOK 1);
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Pucynok 1 — Perynupytomumii knanan

- Ha3HAYCHHUE MOJICIIN — YIIPABIISAIOT MOTOKAMHM T'a3a, )KUIKOCTH U Tapa MPU BBICOKUX JIaBJICHUSIX
(6osee 0,1 krC/cm? B TpyOoOIpoBoax HEOOIBIIOTO ceueHus 10 300 Mm);

- KOHCTPYKIIMS MoJienn - 1 - kopmyc apMmarypsl; 2 - ¢uiaHel Ui MPUCOCTUHEHHS apMaTyphl K
TPyOOIIpOBOY; 3 - y3€J YIUIOTHEHHS, 00CCIEeUNBAIONINA TePMETUYHOCTh apMaTyphbl IO OTHOIICHUIO K
BHEIIHEH cpene; 4 - MITOK apMarypbl, MEpeAarolluil MOCTyNaTelbHOe YCHINE OT NPUBOJA 3aTBOPY,
COCTOSIIIEMY W3 IUTYH)KEpa M ceyia, S5 - IUIYHXKEep, CBOUM MNPO(UIEM OINpeAeseT XapaKTePUCTHUKY
pETYJIHPOBAHUS apMaTyphl; 6 - CeII0 apMaTyphl, DJIEMEHT, OOCCIICUMBAIONINI ITOCAIKYy TUTYH)XXEpa B
KpaifHeM 3aKpBITOM TOJI0XKEHHH,

- TIPUHLIMI JEWUCTBUS - OCHOBaH Ha M3MEHEHHH pacxoja pabodeil cpeapl B COOTBETCTBUU C
CUTHAJIOM, TIOCTYTIAIOIINM OT PETYJIATOpa. Y CHITUE OT MPUBOJIA C TIOMOIIBIO MITOKA MTePeIaeTCs Ha 3aTBOP,
cocrosmui U3 TryHxkepa (5) u cemna (6). [Imyrxep (5) mepekpbiBaeT 4acTh MPOXOJHOTO CEUYCHHS, YTO
MIPUBOJIUT K YMEHBIIEHUIO pacxoja yepe3 kinanaH. [Ipu 3ToM yBennuuBaeTcs CKOpOCTh IOTOKA Cpefbl, a
CTaTMYeCKOe NaBjeHHe B TpyOe magaer. Ilpu mOmHOM 3aKpHITHH IIYHXEP CAAUTCA B CEANO, MOTOK
MIEPEKPBIBACTCS, W, €CJIH 3aTBOP OYAET MOJIHOCThIO TePMETHUEH, JIaBJICHUE TIOCIe KJIalmaHa OyJeT paBHO
HYJTIO.

J1y1st BRIIOTTHEHUS 3a1aHUSI HE0OXO0IMMO:

- BBINIOJIHUTH ONHCAHWE MOJICNHM: Ha3BaHUE MOJENIU, ONHCAHUE UCXOAHBIX JIAHHBIX,
WCTIOIB30BaHUSI MOJIENH (TI€ M KaKKUM 00pa3oM OyJIeT UCIIOJIb30BATHCS MOJICID ),

- BBITIOJTHATH OIMCAHWE JTANlOB CO3/IaHUS MOJIEIIH: KOJIMYECTBO ITAIMOB, TPEOOBAHUS K KKIOMY
JTary,

- OMHMCaTh BHEITHUIN BU MOJICTH: ONMCAHUE IIBETOB U UCIIOJIB30BAHHBIX KOHCTPYKITUI;

- OITMCaTh BO3MOXXHOCTH IIPOCMOTPA MOJIENIN Ha JIF0OOM KOMITBIOTEpE: TPeOOBAHMUS K allapaTHBIM

pecypcam, TpeOOBaHHUS K IPOrPaMMHBIM pecypcam, HHCTPYKIIHS 110 UCTIOIb30BAaHUIO MOJIEIH;
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- BBIOpaTh MHCTPYMEHTHI U OOBEKTHI IS COCTABIICHHSI MOJIETTN: NCTIOIb30BaHue 3D KOHCTPYKIHiA,
METOBI CO3/IaHus cried(PPeKToB.

- OIMCaTh TEXHUYCCKUE XaPaKTEPUCTUKKM MOJICIIH: pa3Mep, pa3Mep IPH BBIBOJIC HA SKpaH, BpeMs
OTKprTI/IH B pa3HLIX pe,uaKToan, BO3MOXHOCTH KOHBCpTaI_[I/II/I B pa3HHe (I)OpMaTLI, BO3MOXHOCTH
HCIOJIb30BAaHUS B Pa3HBIX MPOTpamMmMax, 3alliTa aBTOPCKOTo MpaBa Ha JaHHYIO MO,

- €o31aTh MOJieib (YepPTEek, PUCYHOK, CXEMYy) C HCIIOJIh30BAaHUEM BBIOPAHHOTO MPOrPAMMHOIO

oOecrieueHusl.

5 KOHTPOJIBHBIE BOITPOCHI

1. Kpurepuu aHanmsa mporpaMMHOTO 00eCIieUeHUsI.

2. TexHuveckoe 3a/laHue Ha pa3pabOTKy.

3. Ha ocHoBe kakoro o0bekTa Oyaem co3naBath 3D Momens?

4. Jlns xakux uenei cozgaem 3D mozaens?
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INPAKTUYECKAS PABOTA
OcymecTB/1eHHe BIOOPA M IPMMEHEHHUSs] IPOTPAMMHOI0 o0ecniedeHHs 1JIs1 TeCTUPOBAHMS

MOJ€EJIN IJIEMEHTOB CUCTEM AaBTOMATHU3AllUA HA OCHOBC TEXHUYECKOI'0 3aJaHUA

1 HEJIb PABOTbI
O6ocHOBaTh BBHIOOP MPOrpaMMHOTO OoOecredeHusl U MPUMEHUTh JaHHBIA BBHIOOP Ui CO3/IaHUs

MOJACIIHN JIEMECHTOB CUCTEM aBTOMaTU3alllu Ha OCHOBE TCXHUYCCKOI'O 3aJaHus.

2 NOPAJOK BbBIITIOJIHEHUA PABOTBI

1. O3HaKOMHUTBCS ¢ KPUTEPUSIMU aHAJIN3a IPOrPAMMHOI0 00ECIIEYEHHU .

2. O6ocHOBaTh BBIOOP MPOrpaMMHOrO OOecredeHus JJIs CO3/1aHUsl MOJIENIU AJIEMEHTOB CHCTEM
aBTOMAaTU3aLUH.

3. Co3gare MoOJeNb CUCTEM aBTOMAaTU3alMM HAa OCHOBE TEXHUYECKOIO 3aJaHus COIJIACHO

HHAUBUAYAJIBHOI'O 3a/IaHUS.

3METOANYECKHUE YKA3AHUSA

Jlis KaX/10ro 3JeMEeHTa CUCTEM aBTOMAaTHU3alliH, UCXO/s U3 3a/laHHBIX ITOKa3zaTelel KadyecTsa,
yCTaHABIMBAIOTCA OMNpeAeNieHHbIe TeXHu4eckue TpeOoBaHus. HeoOxommmo, 4ToOBI 2IEMEHTHI CHCTEM
aBTOMATH3AllMM BCErja COOTBETCTBOBANM OSTUM TpeboBaHusM. OJIHAKO B HHUX MOTYT BO3HHMKHYTH
pa3uyHbIe OTKJIOHEHHS, Me(EeKThl, HapyIIAoIIue yKa3aHHOe cooTBeTcTBHE. O0ecneduTh TpeOyemblid
YpPOBEHb KauecTBa 3JEMEHTOB CHCTEM aBTOMAaTH3allMM B IPOIECCE 3KCIUTyaTallud HEBO3MOXKHO 0€3
MIPOBEPKHU UX TEXHUYECKOT'O COCTOSIHUSI.

OnHNM U3 BaXXKHEHIIHMX CPEACTB 0OECTeueHUs U MOAAEPKaHUs HA/IeKHOCTH AJIEMEHTOB CHCTEM
aBTOMATH3allUM SIBJISIETCd TEXHUYECKas JHWarHOCTUKAa (WM TECTHUPOBAHME DJJIEMEHTOB (CUCTEM)
aBTOMATHU3ALIH).

TexHu4veckoe 3alaHue HA pa3padoTKy MO/eJIH JIEMEHTOB CHCTEM aBTOMATHU3AIUH.

TexHuueckoe 3aJaHWE€ — OCHOBONOJIATAIOUIUMN JTOKYMEHT, KOTOPbIM PYKOBOJACTBYIOTCS
pa3paboTUYUKH U TPOEKTUPOBIIMKH, IPUCTYIIAs K pa3paboTke HOBOro uzzaenus. OHoO onpeesnsieT OCHOBHbIE
HampaBJIeHUs pa3pabOTKH: KOHCTPYKIUHU U MIPUHIMIA paboThl OyayIiero nznenus. TexHuueckoe 3aaHue
3asBJISIET, C OJTHON CTOPOHBI, O TOTPEOHOCTSIX OOIIECTBA B HOBBIX M3/CIHSIX, C IPYTOA — O TEXHUIECKUX U
TEXHUKO-D)KOHOMUYECKUX XapaKTePUCTUKAX WU3/EIHs.

TexHUYeCcKOe 3a/laHue SBISETCS HAYAIbHBIM 3TAalOM pa0dOT U COCTaBISETCS Ha BCe pa3paboTKu U
BUJBI paboOT, HEOOXOAMMBIE A cO3JaHusl HOBOro u3naeius. OHO MOMKET MpeIIecTBOBAaTh HAy4YHO-
HCCIIEIOBATENIbCKUM U ONBITHO-KOHCTPYKTOPCKUM paboTaM 1Mo pa3paboTKe CPeACTB MEXaHMU3alUH M

aBTOMaTu3alu, OTACIIBbHBIX Y3JIOB U CUCTEM, TCXHOJIOTUH, UBMCPUTCIIbHBIX CPCACTB, CPCACTB KOHTPOJIA U
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JOPYTUX U3JENUi (BBIMTOTHEHHE Pab0Thl, OKa3aHUE YCIYTH, MPOMBIIUICHHBIA KOMIUIEKC, MPUOOD, MAITHA,
amrmapar, cUcTeMa YIpaBlieHHs, WH(OpPMAIIMOHHAs CUCTeMa, HOPMATUBHAs JOKyMEHTAIus (Hampumep,
CTaHJapT) U T. 11.).

TpeOoBanwsi, BKIIIOUAEMbIE B TEXHHYECKOE 33JIaHWE, JOJKHBI OCHOBBIBATHCS HA COBPEMEHHBIX
JNOCTHKCHHUSX HAyKH W TEXHWKH, Ha UTOraX BBHINIOJHEHHBIX HAYYHO-UCCIICOBATCILCKUX M
IKCIEPUMEHTAIBHBIX Pa0oT. TeXHUYecKoe 3aJaHHe JOJDKHO YCTaHABIMBATh CICAYIONIUE IMOKAa3aTelH
pa3padaTbIBaEMOTO U3/ICITHS:

- OCHOBHOC HAa3HAUCHUE, TEXHUYECKHE M TAKTHUKO-TEXHUYECKHE XapaKTCPUCTUKU, YPOBEHBb
CTaHIAPTH3AIUN U YHUPUKAIUY;

- TEXHUKO-IKOHOMHUYECKUE TIOKA3aTEIIH;

- IATCHTHO-TIPABOBBIC TIOKA3ATEIIH;

- CIIeIUaTbHBIC TPEOOBAHUS K H3/ICIUIO U JIp.

Jiss  TOATBEpKACHHSI OTHCIBHBIX TPeOOBaHWU K MPOMYKIMH, B TOM 4YHUCIEC TpeOOBaHUN
0€30MaCHOCTH, OXpaHbl 3/I0POBbS U OKPYXKAMOIIEH Cpelbl, a TAKKE OINCHKU TEXHUYECKOTO YPOBHSI
MPOAYKIMU, TEXHUYECKOE 3a/laHMEe MOXKET OBbITh HANPABICHO pa3padOTYMKOM HIIM 3aKa34YMKOM Ha
JKCIIepTH3y (3aK/IIOYCHHWE) B CTOPOHHHE OpraHU3alud. PemieHne 10 TOJNYyYEHHBIM 3aKIIOYCHHSIM
MPUHUMAIOT pa3pabOTUYHK U 3aKA3YUK 10 YTBEPKIACHUS TEXHUUYECKOTO 3aTaHHUS.

K TexHudeckoMy 3aJjaHUIO IPUIATAIOTCS] CXEMBI 1 9CKU3bI TI0 KOHCTPYKIIMU OyAyIIeTo H3Aenusl,
a JUIsl TEXHOJOTHMYECKHX pa3pabdOTOK — TEXHOJNOTHYECKHE U TEXHUKO-DKOHOMUYECKHE MOKa3aTeln
CYIIECTBYIOIIETO MPOM3BOJICTBA. TEeXHWYECKOE 3aJaHHe JOJDKHO COAEp)KaTh MaKCUMyM HWH(OpMaInH,

oOzeryaromiel paboTy HaJ U3/IE€TUEM U COKPAILAIOLIe CPOKHU pa3pabOTKH.

4 THAUBUAYAJBHOE 3ATAHUE

1. O6ocHoBaTh BHIOOP MPOTrpaMMHOIO OOECIEUEHHs AJIi TECTUPOBAHUS MOJIEIH 3JIEMEHTOB
CHCTEM aBTOMAaTH3allM1 HA OCHOBE TEXHUYECKOTO 3a/1aHHUs, UCIIOJIb3Ysl KPUTEPUH aHAIM3a IIPOrPaMMHOTO
obecrievyeHus, a TaKxke 0aIOBYIO MOJIENb OIIEHKH TPOrPaMMHOT0 0OecreueHusl.

2. IlporectupoBaTh MOJE€Ib aBTOMATH3allMM C MCIIOJIB30BAaHHEM CIIEUATN3UPOBAHHOTO
MIPOrpaMMHOTO OOecreueHusl Ha OCHOBE TEXHUUECKOTO 3aJaHusl.

Texanueckoe 3agaHue.

Hcxonnble qaHHbIE U1 BBIOOpA TPOrPaMMHOT0 00eCieYeHNs U TECTUPOBAHMS MOJIENIN 3JIEMEHTOB
CHCTEM aBTOMAaTH3allM1 HA OCHOBE TEXHUUYECKOTO 3aJaHMsI:

- MOJZIEJIb aBTOMATU3ALIMU — YIIPABJIEHUE IIMIIMHIPOM JIBYCTOPOHHETO JEHCTBUS (PUCYHOK 1);
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Pucynok 1 - Dcku3 o0bekTa ynpaBiacHUs

- KOHCTPYKIHS MOJICIH - IIMJIMHIP UMeeT HeOObIION TuaMeTp MopIiHs (25 MM) U IpH 3aJaHHOK
CKOPOCTH JIBHKCHHS TIOPILIHS PAacX0Jl BO3/AyXa SBISIETCS HEOOIIBIINM;

- onMcaHue 00bEeKTa YIPaBICHUS — IITOK LUIMH/PA ABYCTOPOHHETO NEMCTBUS BBIIBUTAETCS MPU
HaKaTUX THEBMOKHOIIKH, IIPU OTITYCKAHUU KHOIKH IITOK BTATMBACTCA.

JUJ1s BBITTOJTHEHMSI 3aJaHUS HEOOXOAUMO:

- BBIIOJHUTH ONMCAaHWE MOJEJM: Ha3BaHUE MOJEIN, OIUCAHUE HCXOJIHBIX JIAHHBIX,
UCIOJIb30BaHUS MOZEIH (T11e U KaKUM 00pa3oM OyieT UCII0Ib30BaThCs MOJIEIb);

- 000CHOBaTh BBIOOP MPOrpaMMHOT0 00ECIIeUeHHMs U1 TECTUPOBAHMS MOJIETIN aBTOMATU3aI1H;

- BBIIIOJIHUTH OIMCAHHUE ITANIOB TECTUPOBAHMS, €CIIM HA KOPOTKOE BpeMs HaXKaTh KHOIIKY, a 3aTEM
OTILyCTUTS €€;

- pa3paboTaTh NPUHIUIHAIBHYIO CXEMY CUCTEMBI YIIPaBJICHUS;

- IPOBECTHU BUPTYAJIBHOC TCCTUPOBAHNC 00BeKTa YHpaBJICHUA.

5 KOHTPOJIBHBIE BOITPOCHI
1. Kputepun ananusa nporpaMMHOro o0ecredeHusl.
2. TexHnyeckoe 3a/1aHue Ha pa3paboOTKy.

3. Onumure IMPUHIUIT }IeﬁCTBHﬂ CHUCTEMBI, UCITIOJIB3Ys €€ MPUHIUIINAJIBHYIO CXEMY.
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HNPAKTUYECKASA PABOTA
Pa3paboTka BUpPTyaabHBIX MO/1eJIeil 3JIEeMEHTOB CUCTEM AaBTOMATHU3ALMHM HA OCHOBE
BbIOPAHHOI'0 NPOrPaAMMHOI0 o0ecrieYeHsl U TEXHHYECKOro 3aaHusl ¢ IpMMeHeHueM

npukaagasix nporpamm (CAD/CAM — cucremMsl)

1 HEJIb PABOTbI
O6ocHOoBaTh BBIOOP MPOrpaMMHOr0 OOecreueHus: U MPUMEHUTh JaHHbIN BBIOOD At pa3paboTku
BUPTYaJIbHBIX MOJEJIEH SJEMEHTOB CHUCTEM aBTOMATHU3allMM Ha OCHOBE TEXHHYECKOTO 3aJaHUs C

IIPUMEHEHHUEM IIPUKIIAIHBIX IPOTrpaMM.

2 ITOPAAOK BBIITIOJIHEHUSA PABOTbI

1. OGocHOBaTh BBIOOpP MPOrPAaMMHOTO OOECIICUEHUS JJIA CO3JaHHS MOJCIU JIEMEHTOB CHCTEM
aBTOMaTHU3alluu.

2. Pa3paboTtath BUPTyalIbHYIO MOJEIb 3JIEMEHTOB CUCTEM aBTOMAaTH3aI[MU HA OCHOBE BHIOPAHHOTO
MIPOrPaMMHOTO OOECHeYeHUsT W TEXHHYECKOTO 3aJaHusl COIIACHO WHAWBHUIYalbHOTO 3aJaHHsl C

npuMeHeHreM npukiaaabix nporpamm (CAD/CAM — cuctemsr).

3 METOJJNYECKHUE YKA3ZAHUA

Cucrema aBromatusupoBaHHOro mnpoektupoBaHus (CAIIP) — cloXHBI KOMIJIEKC CpPEeICTB,
MpelHa3HAYeHHBIN AJI1 aBTOMATHU3allH IPOEKTUPOBAHMUSL.

[Ton >TUM TNOHATHEM MOJPAa3yMEBAIOT MPOrpPaMMHOE OOecledeHHe, MO3BOJIAIONIEE CO3/aBaTh
MoJieNIb 00BEKTa € MaKCUMaJlbHOW TOYHOCTBIO M IPEJOCTAaBUTh IPOU3BOJMTENIO IOJHBIM MakeT
KOHCTPYKTOPCKON JOKYMEHTAIMH 110 MEKIYHAPOIHBIM CTaHAApTaM.

[TpakTHyecku pelaroT 3Ty 3a/1auy, UCI0JIb3Ysl KOMIUIEKC 3 (DEKTUBHBIX TEXHOJIOTHH 10 aHAIIN3Y,
pa3paboTke, MOATOTOBKE Mpou3BoaAcTBeHHOro mporiecca ¢ nmomoiipio CAD/CAM/CAE cuctem. Tonbko
TaK MOXHO JOOUTHCS HEOOXOJMMOI0 KauecTBa, CHHYKEHHUSI Ce0ECTOMMOCTH MPOAYKIUU. OCHOBHYIO 4acTh
paboThI 10 CO3aHUIO IPOEKTA JEeNAt0T KOMIIBIOTEPHBIE POTPAMMBI.

Cucrembl CAD npenctaBisioT coOOW CUCTEMBI aBTOMATU3UPOBAHHOTO TPOEKTHUPOBAHUS,
KOTOpBI€ MCIIONB3YIOTCS 7Sl BBIMOJIHEHHS] pa3HOOOpa3HbIX MPOEKTHBIX MPOLEAYp C 3aJ1eiCTBOBaHHEM
KOMITBIOTEPHOW TeXHHMKH. Takke MpH TMOMOIIM TaKOro IpPOrpaMMHOTO OOECHeYeHUs CO3JaeTcs
TEXHOJIOTHYECKasi U KOHCTpyKTopckass nokymeHrtanus. CAD-cucrembl npennaznauensl ans 2D/3D
pa3paboTKU U3AETHSL.

CoBpemennbie cuctembl CAD Hcnonb3yroTcsl B caMblX pa3HOOOpa3HbIX cdepax IesTeIbHOCTH

COBPCMEHHOTI'O YCIIOBCKA, M IPAKTUYCCKU JIA 1<a>1</:[0171 €CTh CBOM YHHKBJIBHBIP'I THUIT TAKUX YTUIIAT.
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CAM-cucrembr (computer-aided manufacturing kKoMIbrOTEpHasi MOIAEPIKKA HM3TOTOBJIICHUS)
IpeJHa3HaueHbl JAJIsl MPOEKTUPOBAHUS OOpaOOTKM M3AEIMH Ha CTaHKaX C YHMCIOBBIM IMPOrPaMMHBIM
ynpasienueM (UIIY) u Bblaaun mporpamm Ui 3TUX CTaHKOB ((pe3epHbIX, CBEPIINIbHBIX, 3PO3HOHHBIX,
NpOOMBHBIX, TOKApHBIX, WUIH(OBaTbHBIX © Ap.). CAM-cUCTeMBl eIie Ha3bIBAalOT CHUCTEMaMH
TEXHOJIOIMYECKOM IOJArOTOBKM IPOU3BOJACTBA. B Hacrosiee BpeMss OHM SBJISIOTCS IPAKTUYECKU
€IMHCTBEHHBIM CIIOCOOOM JUIsl M3TOTOBJICHUS CIIOKHONPO(QMIBHBIX JAeTallell M COKpALeHHs LUKIAa UX
npousBoacTBa. B CAM-cucTteMax ucroab3yeTcs: TpexMepHasi MoJenb aeTainu, co3gantas B CAD-cucreme

Oyukiuun CAM-cucrem

— pa3paboTKa TEXHOJIOTUYECKHUX IPOLIECCOB;

— CHHTE3 yNPaBJISIONIX IPOTrPaMM ISl TEXHOJIOTHYEeCKOro obopynoBanus ¢ UITY;

— MOJEIUpPOBaHUE IpoleccoB o0pabOTKHM, B TOM 4HCIE IOCTPOEHUE TPAeKTOpUid
OTHOCHUTEJIBHOTO JIBM)KEHUSI MHCTPYMEHTA U 3ar0TOBKH B ITporiecce 00paboTKH;

— reHepanus MOCTIPOLIECCOPOB /Il KOHKPETHBIX TUIOB oOopyaoBanus ¢ YIIY, pacuer HopMm
BpEMEHH 00paOOTKH.

CAE - o0mee Ha3zBaHWe IS MPOrpamMM WJIM MPOTPAMMHBIX MAKETOB, NPEAHA3HAYCHHBIX IS
WH)XEHEPHBIX Pacy€éToB, aHAJN3a U CUMYJIIMN (PU3HUYECKUX MPOIeccOB. PacuéTHas yacTh MaKeToB Yalle
BCEro OCHOBaHa Ha YUCJIEHHBIX METOJIaX peleHus AudQepeHnanbHbIX ypaBHEHUH.

CoBpeMeHHbIE CUCTEMbl aBTOMAaTH3allMu MHXeHepHbIX pacu€roB (CAE) mnpumenstorcs
coBMmecTHO ¢ CAD-cuctemamu (3a4acTyt0 HHTETPUPYIOTCS B HUX, B 3TOM ClTydae MOoJIy4yaroTcsl THOpUIHbIE
CAD/CAE-cuctemb).

CAE-cucteMbl — 3TO pazHo0Opa3Hble NMPOrpPaMMHbBIE MPOAYKTHI, MO3BOJISIONINE NPU MOMOIIN
pacu€THBIX METOAOB (METOJ KOHEYHBIX JIEMEHTOB, METOJl KOHEUHBIX pPa3HOCTEH, METOJ KOHEUHBIX
00BEMOB) OLICHUTb, Kak IOBEAET ce0si KOMIIBIOTEpHAs MOJENb M3JENus B pEalbHBIX YCIOBMSIX
skcmutyaTanuu. [lomoraiot yoenutbest B paboTOCIIOCOOHOCTH U3/eNHs, 0€3 MPUBIICUEHUS OOJBIITUX 3aTpatT
BPEMEHU U CPEJICTB.

B Hacrosimee Bpemst 3apyOeKHbIE U OTEUECTBEHHbIE Pa3pabOTUYMKU MPOrPAMMHBIX MPOITYKTOB
MpeyiaraT I0JIb30BaTeNsIM OO0JbIIOE KOJIWYECTBO PAa3IMUHBIX MPHUKIATHBIX I'padUUYecKUX MPOTrpaMM,
OTJIMYAIOIIMXCSI KAaK CBOMMH BO3MOXHOCTSMH, TaK U CTOMMOCThIO. Cpenu cHucTeM pOCCHMCKUX
pa3paboTuuKOB Hanbosee y100Ha U IUPOKO UCIIONb3YeTCsl KaK B IPOMBIIIUIEHHOCTH, TaK U B 00pa30BaHUU
CAD cucrema KOMITAC-3D.

KOMITAC-3D — moniHas ¥ yHHBepcallbHasi CHCTEMa TPEXMEPHOTO MMPOSKTUPOBAHMSI, CTaBIIIAs
CTaH/IApPTOM JUISl ThICSIY NPEANpUATUN, Onaroaapsi MPOCTOTE OCBOEHUS M IIMPOKUM BO3MOXKHOCTSAM
TBEPIOTEIBHOT0, IOBEPXHOCTHOI'O U MPSMOI0 MOJEIUPOBAHMSL.

KnroueBoii  0COOGHHOCTBIO — TPOAYKTa  sIBIsSETCS ~ oOecreueHHe CKBO3HOTO  Ipolecca

IMPOCKTUPOBAHUA OT pCaln3alun UJCU B 3D A0 IOATOTOBKH IMOJIHOI'O KOMILICKTA IOKYMCHTAIHH. B ocnoBe
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KOMIIAC-3D nexar CcOOCTBEHHOE MaTeMaTH4YeCKOe SIpO W TapaMeTPHUECKHEe TEXHOJIOTHH,
paspaborannsie crenuanuctaMmu ACKOH. IIpoaykTt comepKUT WHCTPYMEHTHI Jii KOJUICKTHBHOTO
MIPOEKTUPOBAHMS U3JEIUNA U OOBEKTOB CTPOUTEIHLHOTO MPOEKTUPOBAHUSA JIFOOOM CTENEHU CIOKHOCTU U
II03BOJISIET ITOATOTOBUTH MOJTHOLEHHYIO 3JIEKTPOHHYIO MOJEIb U3/IENHsL, 31aHUSI U COOPY KEHHUS.

[Tomumo unctpymentapust i 3D-nipoektuposanus B coctaB KOMITAC-3D Bxoaur KOMITAC-
I'paduk — myumnas aBTOMaTHU3WpPOBAaHHAsA CUCTeMa pa3paboTKU U O(QOpMIICHUS KOHCTPYKTOPCKOH H
MPOEKTHON JIOKYMEHTAllMh, OPUEHTUPOBAHHAS Ha NOJHYI0 noanepxky crangaproB ECK], CIIJC unu
CTaH/IapTOB KOHKPETHOTO MPEANPUSATHS.

KOMIIAC-3D Bxirouaer B ceds:

— HHCTPYMEHTHI U1 KOJUIEKTUBHOM pabOThl, B TOM YHUCJIE HaJ MPOEKTaMH, COAEpKAIUMU
HECKOJIBKO JIECATKOB ThICAY YHUKAIbHBIX KOMIIOHEHTOB M CTaHAAPTHBIX U3/1EIINN;

— Pa3BUTHIA (PYHKIHMOHAI TPEXMEPHOTO TBEPAOTEIHLHOTO, IIOBEPXHOCTHOTO U IPSMOTO
MOJIETTUPOBAHUS;

— HHCTPYMEHTHI AJi padOThI C UCMIOIHEHUSMHU M KOH(PUTypausiMu (B TOM YHUCIIE 3€pKaTbHBIMU)
netaneil 1 cOOPOUHBIX €AMHHIL,

— HHCTPYMEHTBHl MOJIEIMPOBAHMUS J€Taled U3 JMCTOBOTO Marepuaja C IOCIEAYIOIUM
aBTOMATUYECKUM IOJyUYEHUEM YEPTEKa Pa3BEPTKHU;

- creuuanbHble BO3MOKHOCTH, 00JIErYarole MOCTPOESHUE JIUTEHHBIX POPM: TUTEHHBIE YKIOHBI,
JMHUHU pa3beMa, OJIOCTH 1o GopmMe AeTanu (B TOM YHCIE C 3aJJaHUEM YCaIKH);

— HHCTPYMEHTHI CO3JaHUsI [10JIb30BATEIbCKUX ONOINOTEK TUIIOBBIX AJIEMEHTOB;

— BO3MOXHOCTb IMOJIy4€HUSI TeXHUUYeCKOH nokymeHTtauuu B coorBerctBuu ¢ ['OCT, ISO, DIN
WIM CTaHJapTaMu TPEINPUSTUS: YEPTEX U, MPOCThble W TPYNIOBBIE CHEIU(PUKAINU, OTYETHI, CXEMBI,
TaOJIUIBI, TEKCTOBBIE IOKYMEHTHI;

- cpenctBa s nepenayu faHHbix B paznuuasie CAD/CAM/CAE-cuctemsr;

— BO3MOXHOCTb OBICTPOTO Tepexoja OT NPOEKTUPOBAHMUSA K H3TOTOBICHHUIO JeTajed ¢
ucroyibzoBanneM CAM-cucrem u ctankos ¢ UITY;

— BO3MOXHOCTb IPOCTAaHOBKM pa3MepoB, OOO3HAYEHHWH W TEXHUYECKMX TpeOOBaHUU B
TpexMepHbIXx Mozensax (moanepxkka crangapra ['OCT 2.052-2006 «ECK/. DnexktpoHHas Mojeib
W3JICTINS ).

ba3zoBasg GyHKIMOHATBEHOCTH MPOAYKTA JIETKO PACHIMPSAETCS 3a CUET Pa3IUYHBIX MPHUIIOKEHUH,
nononasromux Gyrkimonan KOMITAC-3D s ek TuBHBIM HHCTPYMEHTApUEM IS PEIICHUS MTPUKIATHBIX
WH)KEHEpHbIX  3a7a4.  Hampumep,  mnpuiokeHuss  JUIsl  NPOEKTUPOBaHHUA  TPyOONpPOBOIOB,
METaJUIOKOHCTPYKIIUMA, PA3TMYHBIX JETAJIeH MalliH TO3BOJISIOT OOJBINYI0 YacTh JCUCTBUI BBIMOJIHATH
aBTOMATHUYECKH, COKpaIas ooiee BpeMs pa3paboTKU IPOEKTa B HECKOJIBKO pa3.

KOMIITAC-3D mo3BoJIdeT:
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— o0ecreynTh KOJJICKTUBHYIO pabOTy HaJl IPOEKTOM;

— m30eXaTh MPUHIMITHATBHBIX OMIMOOK HAa CAMBIX PAHHUX CTAAMAX MPOCKTUPOBAHUS;

— HAarJSAHO MPEACTaBHUTH OyyIiee U3/eNIue U IMPOBEPUTH €ro COOMPaeMOCTh;

— TOJYYHUTb MOJIENIb 00BEKTA U OLEHUTh BO3MOXHBIE KOJUTM3UHU HA ATAIE MPOCKTUPOBAHUS;

— TPOM3BECTH HEOOXOJUMBIC PACYEThl M ONTHMH3AIMIO KOHCTPYKIUH 0€3 JIOpOrOCTOSIINX
HATypHBIX UCTIBITAaHUH;

— HM3MEHATHh U MOAU(HUINPOBATH MIPOEKT B KpaTYalIIne CPOKH;

- B cBmKke ¢ CAM-cucremMamMu CyIIECTBEHHO COKPAaTHUTh BpPEMsl IOATOTOBKH H3ICTHS K
MIPOU3BO/ICTBY;

— OBICTPO MOJATOTOBHUTH TIOKYMEHTAIIMIO HA U3/IENNe, O0BEKT;

— HCIIOJIb3YyA 3D-MOI[CJII/I, I'OTOBUTH 3(1)(1)6KTHI>IG MAapKECTUHI'OBBIC MATCPHAJIbI.

4 UHIANBUIAYAJIbBHOE 3AJAHUE

1. OGocHOBaTh BBIOOpP MPOrPAaMMHOTO OOECIIEUEHHUS I CO3JaHMS MOJEIN JIEMEHTOB CHCTEM
aBTOMATH3allMM HAa OCHOBE TEXHHYECKOTO 3a/aHus (YepTekel, PUCYHKOB, CXEM), HCIOIb3Yys KPUTEPHUH
aHaJIM3a MPOTrPAMMHOT0 00ECIICUCHHS, a TAKKE OALTOBYIO MOJICITb OIICHKH IPOTPAMMHOT0 00ECIICUCHHS.

2. Pazpaborate 3D-mMozens ¢ HCIIOJB30BAHHEM CIICIUATH3UPOBAHHOTO IPOrPaMMHOTO
o0ecriedeHrs Ha OCHOBE TEXHMUYECKOTO 33/IaHUs ¢ IpUMeHeHneM npukiaanbix nmporpamm (CAD/CAM —
CUCTEMBI).

TexHn4veckoe 3ajJaHue.

Hcxonnbie nanHple 7151 BRIOOpAa MPOrpaMMHOTO O00ECTIEYeHHST U Pa3padOTKU MOJIEIH JI€MEHTOB
CHCTEM aBTOMAaTH3allM{d HA OCHOBE TEXHUYECKOTO 3aJaHus.

- MOJIeJIb aBTOMATH3aIMH — 3aTBOP (pUCYHOK 1);

Pucynok 1 — 3aTtBop

- Ha3HA4YCHHUEC MOJACIIHU — 3aTBOP — NPECAHA3HAYCH JJIsI OTKPbIBAHHA — 3aKPBIBAHUA 3aCJIIOHKH C

MOMOUIBIO MHEBMATUYCCKOTO HUIIUHPA.
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JU1s BBITTOJTHEHMS 3aJaHUSI HEOOXOAUMO:

- BBIOJIHUTh ONHMCAHWE MOJEIM: HA3BaHUE MOJENM, OIMCAaHME MCXOJHBIX JaHHBIX,
UCIOJIb30BAHUS MOJEIH (T1e U KaKMM 00pa3oM OyA€eT HCII0JIb30BaThCsl MOJIENb);

- 000CHOBaTh BBHIOOP MPOrPAMMHOTO OOECICUEHUsS IS CO3JaHHUS MOJICNU DJIEMEHTOB CHCTEM
aBTOMATH3allMM HAa OCHOBE TEXHUYECKOIO 3a/JaHus (YepTexell, pUCYHKOB, CXEM), UCIIONIb3Yysl KpUTEpUU
aHaJIM3a NPOrpaMMHOIo o0ecredyeHus, a TaKxke OaIIoBYI0 MOJIENb OLIEHKH ITPOrpaMMHOI0 00eceueHus;

- BBIIIOJIHUThH OIMCAHUE ITANOB CO3/1aHUS MOJIENIN: KOJMYECTBO 3TAMOB, TPEOOBAHUS K KaXI0MYy
JTaly;

- paspaborath 3D-momens ¢ HCHOJB30BAHWEM  BBIOPAHHOTO  CIIEHUAIM3UPOBAHHOTO
IIPOrpaMMHOTI0 00ecIIeYeHNs] HA OCHOBE TEXHMUYECKOTO 3aJlaHKsI C IPUMEHEHUEM NPUKIAIHBIX IPOrpaMM

(CAD/CAM - cucremsi).

5 KOHTPOJIBHBIE BOITPOCHI

1. Kpurepuu aHanusa mporpaMMHOTO 00eCIICUeHHUSI.

2. TexHuveckoe 3a/laHue Ha pa3paboOTKy.

3. Ha ocHoBe kakoro o0bekTa Oyaem co3naBath 3D Momens?

4. Jlns xakux nenei cozpaem 3D monens?
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