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1. IEPEYEHbD
TV CHUIINHE,

IINTAHUPYEMBbIX

PE3YJIbTATOB
COOTHECEHHBIX C IUVIAHUPYEMBIMHU PE3YJIBTATAMU

OBYYEHUA

OCBOEHUS OBPA3OBATEJIBHOM ITPOI'PAMMBI

BI/IL[ ACATEJIBbHOCTH BBIITYCKHUKA
I[I/ICHI/IHJ'II/IHa OXBATbIBACT KPYI' BOIIPOCOB, OTHOCAIIHUXCA K IIPOCKTHO-KOHCTPYKTOPCKOMY BHAY
HpO(I)eCCHOHaHbHOﬁ ACATCIIBHOCTH BBIITYCKHHUKAa B COOTBCTCTBHU C KOMIICTCHUUSAMU W BUIAMU
JACATCIIbHOCTH, YKa3aHHBIMH B yLIe6HOM IIJ1aHC.

eab AMCIUATUIMHBI
N3yyeHne NMpUHIMIIOB MOCTPOCHUS, aHAM3a W CHHTE3a COBPEMEHHBIX TEXHHUYECKHUX CHCTEM,
¢dopmupoBaHUEe 3HAHUI TO OOMMM M CHEUU(UYECKHM BOIPOCAM YIPABICHHUS TEXHUYECKUMHU

CHCTECMaMU.

3agaun AMCHMIIIHMHBI
OcBoeHHE OCHOBHBIX TMOJIOKEHUN U IPUHITUIIOB YIIPABICHUS TEXHUYECKUMU CUCTEMaMH.

HCIIOJTHUTENIEW Y4acTBOBATh B
pa3paboTKe KOHCTPYKTOPCKO-
TEXHUYECKON JOKYMEHTAIIMU HOBBIX
WA MOJICPHU3UPYEMBIX 00pa31oB
Ha3eMHBIX TPaHCIIOPTHO-
TE€XHOJIOTUYECKUX MAIIMH U
KOMILJIEKCOB

Kon Copaepxanue Ilepevyenns miIaHMpyeMbIX pe3yJIbTATOB
KOMIIeTeHIIUH KOMIIeTeH Ui 00y4eHMs 110 IMCHHUILIMHE
1 2 3
I1K-4 CIOCOOHOCTh B COCTABE KOJUIEKTUBA | 3HATH: OCHOBHBIE IPUHIIMIIBI [IOCTPOEHUS

TEXHUYECKUX CUCTEM;

yMeTh: B COCTaBe KOJJICKTHBA
WCIIOJIHUTEJICH y4acTBOBaTh B pa3paboTKe
KOHCTPYKTOPCKO-TEXHUYECKOU
JOKYMEHTAIIUN HOBBIX HJIH
MOJIEPHU3HUPYEMBIX 00pa3II0B Ha3EMHBIX
TPaHCIIOPTHO-TEXHOJIOTUIECKUX MAIIHH U
KOMIIJIEKCOB;

BJIA/1€Th: IONCKOM ONTHMAaJIbHBIX
(paMoHaNBHBIX ) PeLIeHUH pu
pa3paboTKe W/UITu MOJICPHU3AIIT
000pyIOBaHUsI.

2. MECTO JUCHUIIYIMHBI B

ITPOI'PAMMBI

CTPYKTYPE

OBPA3OBATEJIBHOM

Jucuumuza b1.B.09 VYinpasieHne TEXHUYECKUMHU CUCTEMaMHU OTHOCUTCS K BapUaTUBHOMN

HacCTH.

I[I/ICL[I/IHJ'II/IHa praBHCHI/IC TCXHUYCCKUMHU CHCTCMaMU 633preTC}I Ha 3HAHUAX, MOJTYYCHHBIX

npu M3YYCHHUU TaKuX JUCHUIIIINH,

KaKk OCHOBBI

ABTOMAaTU3UPOBAHHOI'0 IMPOCKTUPOBAHUA,

3(1)(I)CKTI/IBHOCTB HCIIOJIb30BaAHUA TPAHCTIOPTHO-TCXHOJIOTHUYCCKUX CUCTCM.

OCHOBEIBasICH Ha HN3YUCHUN TCPCUYUCIICHHBIX JWUCHUIIINH,

VYnpaBieHue TEXHUYECKUMU

CUCTEMAMH IIPEACTABISAET OCHOBY JUIsl IPEAJAUIIIIOMHON IPAKTUKH U MIOATOTOBKH K TOCYJapCTBEHHOMN
WUTOTOBOM aTTECTAIUH.

Takoe cucTeMHOE MEXIUCIUIIMHAPHOE U3YUYEHUE HAIPABICHO Ha JOCTHXKEHHE TpeOyeMoro
OI'OC ypoBHS MOATOTOBKHU IO KBATH(PHUKAIUU OakaIaBp.
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3. PACIIPEAEJEHUE OBBbEMA JUCHUIIVIMHbI

3.1. Pacnpenesnenne o0beMa AMCUMILVIMHBI IO oopMaM 00yUeHH s

Tpyooemxkocms Oucyuniunst 8 4acax

Kypcosasn
=2 e 3 paboma Buo
X § o N S (npoexm), npomesicy
Dopma S = § 3 S KOHmMPOJ1b mo4HOU
o0yuenusn S § S 2 § Hasn ammecma
S S & g % S aboma uu
s S S s [§3 §3 Sg | P » u
S S g 3 |8 g S § | pegepam,
Q 2 S S |83 £ = S
S 3] 3|2 8|S &3 S PIP
ol 8 | T 8§ R KB O X
1 2 3 4 5 6 7 8 9 10 11
Ounas - - - - - - - - -
3aounas 5 - 144 | 20 | 12 8 - 115 - 9K3aMEeH
3aounas - - - - - - - - - -
(yckopeHHoe
o0OyueHue)
O4Ho-3204Has - - - - - - - - - -

3.2. PacnipenesieHue 00beMa JMCUMILUIMHBI 10 BUIAM Y4eOHBIX 3aHATHI U TPYI0EMKOCTH

¢ m.u. ¢ Pacnpeodenenue
Tpyoo- UHMEPAKMUGHOI, no Kypcam, uac
Buo yueonuvix 3anamuii eMKOCmb | aKmMueHoIl, UHHO6A-
(uac.) UUUOHHOTL popmaXx, 5
(uac.)
2 3 4
|. KonTakTHasi padoTa o0y4aronuxcs ¢
npemnojaasareeM (Bcero) 20 8 20
Jlexumu (JIk) 12 - 12
JTabopatopubie padoTsl (JIP) 8 8 8
I'pynmoBsie (MHAWBUAYATbHBIE) KOHCYIbTAIIUN + - +
I1.CamocTosiTeiIbHAsE pa0oTa 00y4aIOIINXCA 115 ) 115
(CP)
IToaroToBKa K MPaKTHYECKUM 3aHATHIM 67 - 67
IToaroroBka k 3K3aMeHy B TEUEHUHU CEMECTpa 48 - 48
I11. IpomesxkyTouHas aTTeCTALUS  DK3aMEH 9 - 9
OO01ast Tpy10EMKOCTh AUCHUIUIAHEI . ......  Yac. 144 - 144
3ad. el 4 - 4




4. COIEP KAHUE JUCHHUIIJINHBI
4.1. Pacnipeesienne pa3/iesioB TUCUUIJIMHBI 110 BUJAM YUeOHBIX 3aHATHI

- IS 3204HOM (pOpMBI 00yUeHHS:

Ao Buowt yueonwvix 3anamuii, 6kirouan
pas- Haumenosanue Tpyooesxocms o5 C‘aMOCmO}lmeJlbzylo I’a50m.l.7
dena u pazoena u y VUAIOWUXCA U MPYO0EeMKOCHb; (uac.)
memol mema OUCyUnIUNbL (uac.) YyueOHvle 3aHAMUS CamocmoamensHas
nabopamopnvie paboma
sleKkuun pabompt ooyuarowuxcs
1 2 3 4 5 6
1. ABTOMATH3HPOBAHHbIE 66 4 4 60
CHCTEMbI YIIPABJIECHHUS.
1.1. | Cucremsr 33 2 2 30
ABTOMATUYECKOTO
YIPaBJICHUS U CIEAIINE
CUCTEMBI.
1.2. | Cucremsr 33 2 2 30
ABTOMATUYECKOTO
peryaupoBaHusl.
2. Cucrembl ynpasJieHust 69 8 4 55
TEXHOJOTHYECKUM
000py/10BaHUEM.
2.1. | Knaccuduxanus cucrem 13 2 1 11
yIpaBIeHUS
000pyTIOBaHUEM.
2.2. | CucteMbl YUCIOBOTO 12 2 1 4
MIPOrPaMMHOTO
yIpaBIeHUS
MTPOMBIIIIIICHHBIM
000py/IOBaHUEM.
2.3. | CucreMsl amanTUBHOTO 22 2 1 20
MPOrPaMMHOTO
yIIPaBIICHUSI.
2.4. | I'uOkue 22 2 1 20
MIPOU3BOJICTBEHHBIC
CHUCTEMBI ¥ THOKHE
MIPOU3BOJICTBEHHBIC
MOJTYJIH.
nToro 135 12 8 115

4.2. CopeprxaHue JMCOMILIMHBI, CTPYKTYPHPOBAaHHOE 10 pa3/iesaM U TeMaM.

Pa3znen 1. ABTOMaTU3HPOBAHHBbIEC CHCTEMBbI YIIPABJICHHS.
Tema 1.1. CucremMbl aBTOMATHYECKOT0 YIIPABJICHUSA U CJIesA e CUCTEMBI.

ABTOMaTI/IBaI_[I/ISI - BbICIIasA CTYICHb MCXaHU3allMu MPOU3BOACTBCHHBLIX MPOLECCOB -
CYLIECTBEHHO YIIYYIIaeT YCIOBHUS TpyAa. TeXHUYECKOE YCTPOMCTBO, BBHIMOJHSIOLIEE OIEpaliu
YIpaBJICHUA 663 HCMMOCPCACTBCHHOT'O y4yacTusa YCJIOBCKaA, Ha3bIBACTCA ABTOMAaTU4YCCKUM
yCcTpoiicTBOM. ABTOMaTH3alus obJjierdaeT Tpya paboyero, mo3BOJsSeT HaXOAUTHCS Ha 0e30macHOM
paccTOSTHUM OT TPOU3BOACTBEHHOTO TWpOIecca, W, KPOME TOro, CHOCOOCTBYET YBEITUYCHUIO
JOJITOBEYHOCTU O0Opy/IOoBaHUSl Ojarojapsi CHIKEHUIO IMEperpy3oB, O00ECHeurBaeT SKCILTyaTalllio
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MAalllMH B PAlMOHAJIBHBIX PEKUMAX IPU ONTUMAIBHBIX PAacXoAax JJIEKTPO3HEPIHH, MPEIOTBPAIACT
BO3HMKHOBEHUE AaBAPHMHBIX CHTyallMd, OOJerdaer IMOWUCK HEHCIPABHOCTEW W 3TUM COKpalaer
npocron. C aBTOMaTHU3anuel MPOU3BOJICTBEHHBIX IPOLECCOB Mbl CTAJIKUBAEMCSI TOBCEMECTHO: IIPH
OCYILIECTBIICHUH MTOTPY304HO-Pa3TPY304HBIX pabOT, MPH KOHTPOJIE MPOU3BOICTBA U KaueCTBa KaKOH -
au00 MPONYKUMH, HPU IPOBEACHUU AHAJIW3UPOBAHMS JEATEJBHOCTH IIPOU3BOJACTBA. 3ajaya
aBTOMATHU3allMM COCTOMT B  OCYLIECTBICHMHM aBTOMATUYECKOTO YIPABICHUS Pa3IMYHBIMU
TEXHUYECKUMHU INpoLeccaMi. ABTOMAaTUYECKOE YIPABICHUE B TEXHUKE, COBOKYIHOCTH JECHCTBHH,
HaNpaBJICHHBIX HA MOJJCP)KaHUE WU YIydllleHHe (QYHKIIMOHHUPOBAHUS YIpaBisieMoro oobekTa 0e3
HEIIOCPEICTBEHHOIO y4YacTHsl 4YEJIOBEKa B COOTBETCTBUM C 3aJaHHOM LEJIbIO  YIPABJICHHUS.
ABTOMAaTHYECKOE YIpaBJIEHUE MIMPOKO MPHUMEHSETCS BO MHOTMX TEXHUYECKMX U OMOTEXHUYECKHX
cucTeMax Ul BBIIOJIHEHUS ONepalui, He OCYILECTBUMBIX YEJIOBEKOM B CBA3HM C HEOOXOAMMOCTBIO
nepepaboTKU  OONBIIOr0 KOMUYeCTBa WH(GOpPMAIMM B OrPAaHHMYEHHOE BpEMsl, I TOBBIIICHHS
IPOM3BOUTENBHOCTH TpPyJa, Ka4eCTBA M TOYHOCTH PErYIMPOBAHUS, OCBOOOXKIEHUS YEJIOBEKA OT
yIpaBJICHUS] CUCTEMaMH, (YHKIMOHUPYIOIIMMHU B YCIIOBHSIX OTHOCHTEIBHOH HEIOCTYITHOCTU WIIH
OMACHBIX JUI1 310pOBbA. B pa3sinyHbIX TEXHOJIOIMYECKHX M IPOU3BOJACTBEHHBIX IIPOLIECCAX
BEJIMYMHBI, UX XapaKTEepPU3YyIOIlKe, JAODKHBI yIOBIETBOPSTH OIpeneiaeHHbIM ycnoBusM. Co3naHue
YCIIOBUH, TapaHTUPYIOIUX TpedyeMoe MpoTeKaHHue JI000ro Impouecca, Ha3blBAaeTCs YIpaBICHUEM,
T.€. IOJ YIpPaBJICHUEM IIOHMMAIOT TaKyl OpPraHM3alMi0 TOr0 WM HMHOIO IpoLecca, KOTopas
o0ecrieunBaeT JOCTIKEHUE onpeneneHHON nenu. Llenb ympaBieHus TeM MM MHBIM 00pa3oMm
CBSA3BIBAETCS C M3MEHEHUEM BO BPEMEHH PErylnupyeMoi (ynpaBiisieMOi) BEJMYMHBI — BBIXOJHON
BEJIMYMHBI yIpaBisieMoro o0bekTa. MalinHa, anmapar, arperar, KOMIUIEKC MallliH WIM CUCTeMa, B
KOTOPBIX IIPOTEKAET MPOLECC, MOJUIEKAIINNA YIPABIEHUIO, Ha3bIBAIOTCA 00bEKTAMU YIIPABIICHUS, T.€.
9TO COBOKYIHOCTb TEXHHUYECKHMX CPEICTB, BBINOJIHAIOIIMX JAaHHBIM Ipouecc. s ocyluecTBiIeHUs
[N YIpaBJICHUS, C Y4ETOM OCOOCHHOCTEH YHPaBISIEMBIX OOBEKTOB PA3IMYHOW TNPUPOABI |
creuu(UKU OTIENIBHBIX KJIACCOB CUCTEM, OPTaHU3YeTCs BO3/EHCTBHE HA YIPABISIOIIME OPIaHBI
00BeKTa — YIpaBJIsIoOLIee BO3IECHCTBUE. YTIPABISIOUIMM - Ha3bIBAalOT BO3JEHCTBUE, N10OJaBaEMOE Ha
00BEKT C MeJIbI0 HM3MEHUTb XOJ IMpolecca B COOTBETCTBMM C 3ajaHueM. Ecam ympasineHue
OCYILECTBIIsICTCS 0€3 y4acTHsl 4eJIO0BEKa, TO OHO HA3bIBAETCS aBTOMATHUYECKUM, a €CIM C Yy4acTHEM
yejgoBeka - pyuyHbIM. OHO IpeJHa3HAueHO TaKkKe M KOMIeHcaluuu H(QeKxTa BHEIIHUX
BO3MYILAIOIIUX BO3ACUCTBUN, CTPEMALIUXCS HapyLIUTh TpeOyeMoe MOBEACHUE perylIupyeMoi
BEIMYMHBL. YTIpaBIisilollee BO3JeHcTBUE BbIpabaThiBaeTcsi ycTpoiicTBoM ympasieHus (YVY).
COBOKYIHOCTh aBTOMATHYECKOI'O YIPABJISIOIIET0 YCTPOUCTBAa U 00BEKTa YIPABIIECHUS, CBSI3aHHBIX U
B3aUMOJICHCTBYIOIIUX MeEX1y €000 B COOTBETCTBUH C QJITOPUTMOM YIIPAaBJIEHUS, HA3bIBAIOT
cuctemMoi aBToMarudeckoro ynpasieHus (CAY). B teopun aBTOMaTH4ecKOro ynpaBieHUs! KaXK bl
3JIEMEHT OJIOK-CXEMbI Ha3bIBAIOT 3JIEMEHTAPHBIM 3B€HOM, PEATU3YIOIIUM 3JIE€MEHTApHYIO ONEpalnio
Y XapaKTepHU3YyIOLIUMCS MaTEMATUYECKUM BbIPAKEHUEM.

Paznuuaror sBa  THma  OJIOK-CXEM: CTPYKTYpHbIE M (DYHKIMOHAJIbHbIE, HUMEIOIINE
OJMHAKOBOE WM aHAJIOTHMYHOE TIpaduueckoe H300pakeHue, HO Ppa3IMYHYH CYLIHOCTb.
CTpyKTypHOH OJIOK-CXEMOW Ha3bIBAIOT CXE€MY, B KOTOPOIl 3JIeMEHTapHbIE 3BEHbs, 0003HAYCHHBIE
OykBamMH, COOTBETCTBYIOIIMMM Ha3BaHMUSIM OTJAEIBHBIX DJJIEKTPUUYECKUX YCTPOHCTB (OJIOKOB),
pacCMaTpuBalOT C TOYKM 3pEHUS JWHAMUKHA CHUCTEMBl M OIMUCBIBAIOT MAaTeMaTH4YECKUMMU
(anmreOpanueckumMu, auddepeHnanbHBIMU, HWHTETPANbHBIMU) YpPaBHEHUSMU - TE€PEAaTOYHBIMU
¢bynkuusaMu. OyHKIMOHATBHON OJIOK-CXEMOM Ha3bIBAIOT CXEMY C 0003HAYEHHEM COCTaBHBIX 3BEHHEB
(pyHKIMOHANBHBIX OJIOKOB) MO pPOAY BBIMOJNHAEMBbIX (QyHKIHUNA. COBpeMEHHOE MPOMBIILIEHHOE
IPOM3BOJICTBO XapaKTEPU3YyeTCs pPOCTOM MacIITa0OB M YCIOXKHEHUEM TEXHOJIOTHYECKUX MPOIIECCOB,
YBEJIMYEHUEM E€IUHUYHONM MOIIHOCTH OTAENbHBIX arperaroB M YCTaHOBOK, NPUMEHEHHEM
MHTEHCUBHBIX, BBICOKOCKOPOCTHBIX PEKUMOB, OJM3KUX K KPUTHUECKUM, MTOBBIIIIEHHEM TpeOOBaHUHN K
Ka4yeCcTBY MNPOAYKLNHU, O€30MacCHOCTH IEpPCOHala, COXPAHHOCTU OOOPYAOBAaHUS M OKpYKaroLIeH
cpeabl. DKOHOMHYHOE, HaJeXHOe M 0Oe30macHoe (QYHKIMOHHPOBAHHE CIIOXKHBIX TEXHHUYECKUX
00BEKTOB MOXKET OBITh 00ECIEUEHO C MOMOUIBIO JIMIIbL CAMbIX COBEPIICHHBIX TEXHUUYECKHX CPEJICTB,
pa3paboTKa, U3rOTOBJIEHUE, MOHTAX, HAJaJKa M SKCIUTyaTalus KOTOPbIX HEMBICIMMBI 0€3 3HAHHA

TAY. CoBpeMEHHBIMU TEHICHIMSAMU B AaBTOMATH3allUM MPOU3BOACTBA SBISIOTCSA: - IIUPOKOE
npumeHenne OBM st ympaBiieHHs; - CO3JaHHE MalluH W 00OpPYIOBaHUS CO BCTPOCHHBIMU
MHKPOIIPOLIECCOPHBIMU  CPEACTBAMHU HU3MEPEHHSA, KOHTPOJL MU PETYIUPOBAHUSA, - IEPEXON Ha

JIEIEHTPAIM30BaHHbIe (paclpeeieHHbIe) CTPYKTYphl yIpaBieHuss ¢ MuUkpoOBM; - BHempeHue
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YEJIOBCKO-MAIlIMHHBIX CHCTEM, - MCIIOJIb30BAHHMEC BBICOKOHAJCKHBIX TEXHUYCCKUX CPCACTB,
ABTOMATHU3UPOBAHHOC ITPOCKTUPOBAHUC CUCTCEM YIIPABJICHHA.

Tema 1.2. CucTreMbl aBTOMAaTHY€CKOI'0 PeryJIupoOBaHuUsl.

Cuctema aBroMatnueckoro peryaupoBanust (CAP) — cOBOKynHOCTb 00BbEKTa yHpaBiIeHUS U
ABTOMATHUYECKOTO PETyJsATOpa, B3aUMOJICHCTBYIONIMX MEXKAY COOOH B COOTBETCTBHH C AJITOPHUTMOM
ynpaBjieHUsl. ABTOMATUYECKUM DPEryJIMPOBAHUEM HA3bIBAIOT MOAJIEPKAHUE 3HAYCHUH (U3NUECKUX
BEJIMYMH HA ONPEACICHHOM YpPOBHE WJIM U3MEHEHHE HX 1o TpeOyeMoMy 3akoHy 0e3
HEINOCPEACTBEHHOTO Y4aCcTHs 4eJIoBeKa. TeXHUYEeCKHe yCTPOUCTBA, B KOTOPBIX ITPOLECCHI MOIEKAT
ABTOMATUYECKOMY PETYIMPOBAHUIO, HA3bIBAIOT 00BEKTaMU perysirnpoBanus. Pu3nueckue BeITUYUHBI,
MOJJIC)KAIIUE PEryJIUPOBAaHUIO, HA3bIBAIOT PEryIMPYEMbIMU BEIMYMHAMU. BHeIIHue BO3IECHCTBUS,
BBI3bIBAIOIIME OTKJIOHEHUE PEryJIUpyeMOM BEIWYMHBI OT €€ 3aJaHHOI0 3HAu€HUs, Ha3bIBalOT
BO3MYILAIOIIMMHU  BO3JCUCTBUSAMHU.  TeXHMUYECKHE  YCTPOMCTBA,  IpPEJHA3HAYCHHbIC UL
ABTOMATHUYECKOTO PETYJIHPOBAHUS PA3IMYHBIX BEIMYUH B O0BEKTAaX, HA3bIBAIOT aBTOMATHYECKHUMHU
peryisaropamMu. CucreMa aBTOMATHYECKOTO PEryJMPOBAaHUS COCTOMUT W3 JBYX OCHOBHBIX 4YacTeW -
00beKTa peryjaupoBaHus U aBToMaTudeckoro perynsaropa. CAP mpencraBisier co0oil ClIOXKHBIE
KOMILJIEKChl B3aUMOJICHCTBYIOIIMX TEXHUUYECKUX CPEICTB, Y3JIOB U 3JEMEHTOB, paboTa KOTOPBIX
OCHOBaHa HAa  pa3IMYHbIX  (QU3MYECKUX  OPUHLMINAX  (DIEKTPUYECKHUX, MEXAHUYECKHX,
THJIpaBIMYecKuX U Ap.). OHM pa3HOOOpa3Hbl MO KOHCTPYKTUBHOMY HCIOJIHEHUIO U TEXHUYECKHM
xapakrepuctukaM. OHako B TEOpUHM aBTOMAaTHUYECKOTO pEryJUpOBaHUS OCHOBHOE BHUMAaHHE
ylensercss He TEXHUYECKUM CBOMCTBaM OTJENbHBIX 3JIEMEHTOB, a HUX (YHKIHOHAIbHBIM
npeoOpa3oBaHUsIM M XapaKTepy CBs3ed MEeXIy HUMHU. HarnsgHoe mpezicTaBieHHe 00 3TOM JafoT
(YHKLMOHAJIBHBIE CXEMbl CHUCTEM aBTOMATHUYECKOTO peryaupoBaHHs. DYHKIHMOHAJIBHBIE CXEMbI
OTpakaloT B3aUMOJEHCTBHE YCTPOMCTB, AJIEMEHTOB CUCTEM aBTOMAaTHYECKOTO pEryJUpOBaHUS B
nporecce MX paboTtel. ['paduueckn OTAEIbHBIE YCTPOWHCTBA CUCTEM  aBTOMATHUYECKOTO
perynupoBaHusi U300pakaloT B BHJI€ NPSIMOYTOJIbHUKOB, a CYLIECTBYIOIIME MEXAY HUMH CBSI3U -
CTpEJIKaMH, COOTBETCTBYIOIIMMHU HAIIPAaBJIICHUIO NPOXO0XKJEHUS CUTHaja. BHyTpeHHee copepxkaHue
KKIOr0 YCTPOMCTBA HE KOHKPETHU3MpYyeTcs, a (YHKIMOHAIbHOE Ha3HaueHue Mudpyercs
OykBeHHbIMU cuUMBoOIaMu. Ha o0bexT perynupoBanus OP, Haxonsmuiics Mo BAMSHUEM BHELIHETO
BO3MYIIAIONIEr0 BO3JeWcTBUA F, mocTynaer ympaBismoniee BO3ACHCTBHE Xp, KOTOPOE SBIAETCS
BBIXOJTHOW BEJIMUYMHON aBTOMaTHUYeCcKoro peryistopa (AP), mpeacrasistonero coooif COBOKYIMHOCTb
aJIeMeHTOB. B aBTOMaTHueckuil peryisTop mo menu riaaBHo oOpatHoil cszu (OCI) mocrymaet
peryiupyeMas BeIMYMHA XBbIX. BXOnHas BenuuMHA XBX € 3a7aTdyuka 3 IOCTYNAET HA DJIEMEHT
cpaBuenus (DC). CurHan ommuOKH, MPEICTABISAIOMMNN OO0 Pa3HOCTh BXOJHOW BEIUYHHBI XBX U
CUTHaJIa IJIaBHOM 0O0paTHOM CBs3U X0C (AX=XBX-XOC ) MOCTYNAET HA YCUIIUTENb Y, € YCHIIMBACTCA
B K pa3 u BozneiicTByer Ha MCHOMHUTENbHBIM 3meMeHT (MI3), BBIXOJHOW cHUrHal Xp KOTOpPOTO
ABJIAETCS PETYJUPYIOIIUM BO3JCHCTBUEM aBTOMAaTHYECKOIO pPETYISATOpAa. OJIEMEHT MECTHOMN
oOpatHoit cBsizu (OCM) BBOAMTCS B CHCTEMY aBTOMAaTHUECKOTO PEryJIUPOBAaHUS JJIS YIYUILIEHUS ee
JUHAMHUYECKHX CBOMCTB.

Kaacecnduxanusa cucrem. Benencrsue 601b1110ro pazHooOpas3usi UCIONb3yEMbIX B TEXHUKE
CHCTEM aBTOMATMYECKOT'O PETYJIMPOBAHUS, PA3TUYAIONIMXCS (YHKIMOHAIBHBIMU BO3MOXKHOCTSIMH,
MPUHLIMIIAMU TTOCTPOCHUS U (POPMON KOHCTPYKTUBHOM peaju3allii, HEBO3MOXKHO JaTh EIUHYIO
KJIacCU(UKALMIO CUCTEM aBTOMAaTHYECKOro peryiupoBaHusi. PaccMoTpum Hambojiee XapaKTepHbIE
KJlaccu(pUKalMOHHbIe TNpu3Haku. 1) Hamuume B cucreMax $BHO BbIpaKEHHOM OOpaTHOM CBA3M:
Pa30MKHYTbIE ¥ 3aMKHYTbIE. 3aMKHYTbIE CUCTEMBI COJIEpKaT 1ieTb ri1aBHOM oOpartHoii cBsi3u OCI, B
Pa30MKHYTBIX CHCTEMax OHa OTCyTcTByeT. Cucrtembl, paloTalliue M0 Pa3OMKHYTOMY ILHKIY,
UCTOJB3YIOT TOJBKO B KAayeCTBE COCTABHOW 4YacTH OoJjiee CIOXKHBIX CHCTEM aBTOMAaTHYECKOTO
perynupoBanus. [log rinaBHOM 0OpaTHOM CBSI3pI0 MOHMMAIOT IMOAAYy YAacTH JHEPIHMHM C BBIXOJA
cucteMbl Ha ee BxoJ. ['nmaBHast oOparHas cBsizb (OCI) ciayXuT Ui CpaBHEHHs JEHCTBUTEIBHOTO
3aKOHA U3MEHECHHS PETyIHpyeMoro napamerpa ¢ TpedyembiM. [lomumo rinaBHON 0OpaTHOM CBS3U B
CHUCTEME NpPEIyCMOTpPEHAa MECTHas oOpaTHas CBsI3b, KOTOpas OXBAaThIBACT OJUH MM HECKOJBKO
3JIEMEHTOB OCHOBHOW Iienmu. OOpaTHYIO CBs3b HA3BIBAIOT IOJOKUTEIHHOM, €CITU €€ BBIXOJIHOU
CUTHAJI CYMMHUPYETCSI C OCHOBHBIM CHUTHAJIOM, M OTPHULIATEIBHOMN, €CIIM 3TOT CUTHAJ BBIYUTACTCA W3
OCHOBHOT'O CUTHaja. 2) 3aKOH M3MEHEHUs PETyJIUPYEMOIl BEIMUMHBI B CHCTEMAax aBTOMAaTHYECKOTO
pETyJIMPOBAHUA: CUCTEMBI CTAOMIIM3ALMK, NPOIPAaMMHOIO PEryiaMpoBaHus u cnefsimue. CucteMsl
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cTabuiaM3aluy TpelHa3HAaYeHbl [UIsl MOAJEp)KaHUS IOCTOSHHOTO 3HAYEHHUS PEryIupyeMoii
BEIWYMHBIL. B 3THX cucTemax 3ajaiomiee BO3JEHCTBHE He H3MEHseTcs BO BpeMeHU. CHCTeMbl
IIPOrPaMMHOTO PETyJIUPOBAHUS TNPEJHA3HAUYECHBI Ui M3MEHEHHUS PEeryJIupyeMoil BEIMYMHBI IO
U3BECTHOMY 3aKOHY B (YHKIMM BpeMEHHM WM KaKOH-THOO JApYrod BENUYMHBL 3ajaroliee
BO3/ICIICTBIE HA3bIBAIOT MPOrpamMmon perynupoBaHus. Clefsiiyue CUCTEMbl IMpelHa3HAYeHBl IS
U3MEHEHHS PErylIMpYeMOW BEJIIMYMHBI MO 3apaHee HEM3BECTHOMY 3aKOHY. 3ajaloliee BO3JCHCTBHE
MIpEeACTaBISIET co0OoM ciydaiinyto (yHkiuio BpemMeHu. 3) Cnocobnocth CAP momnepxuBaTh C
OTIpPENICTICHHOW CTENEHbI0 TOYHOCTH 3HAYEHUE PEryJpyeMOil BEJIHYMHBL: CTAaTUYECKUE W
actarnueckue. CTaTHUECKONM CHCTEMOl aBTOMATHMYECKOrO pEryJupOBaHUs Ha3bIBAIOT TaKYIo
CHUCTEMYy, B KOTOPOH NPUHIMUNHAILHO HEBO3MOXHO IOAJCPKHUBATH OAHO W TO K€ 3HAUCHHE
peryiMpyeMoro Imnapamerpa IMpH YCJIOBHM, YTO 3aJalollee BO3JEHUCTBUE CHUCTEMBI OCTaeTCs
Hen3MeHHbIM. OCTaTOYHylO0 OIMOKY B TaKOW CHCTEME HAa3bIBAlOT CTATU3MOM. ACTaTHYECKOU
CUCTEMON aBTOMATHYECKOTO0 pPETyJIMpPOBaHMS Ha3bIBAIOT TaKyld CHCTEMY, B KOTOpOil B
YCTAHOBUBILEMCS PEKUME PEryIHPYEMbId TapaMeTp MPUHUMAET BCErJa OAHO M TO K€ 3HAYECHUE U
HE 3aBUCHUT OT 3HAYEHUS BO3MYIIAIOIIETO BO3JCHCTBUS Ha OOBEKT perynupoBanus. B acraruueckoit
CHCTEME CTaTHU3M BCerAa paBeH HyI0. 4) OyHKIMOHAIBHAS CBA3b MEK/Y BXOJHBIMU M BBIXOIHBIMH
BEJIMUYMHAMU DJIEMEHTOB, BXOJSAIIMX B COCTaB CHUCTEMbl aBTOMATUYECKOTO PEryJIUPOBAHMUS:
HETpEepbIBHBIE W JHUCKpPETHbIE. HenpephlBHON CHUCTEMOl aBTOMAaTHYECKOTO PeryIUpOBaHHS
HA3bIBAIOT CHCTEMY, B KOTOPOH HENpPEPHIBHOMY HW3MEHEHHIO BXOJHBIX BEJIMYMH JJIEMEHTOB
COOTBETCTBYET HEMPEPHIBHOE HW3MEHEHHWE BBIXOJHBIX BEJIWYMH JTHUX JJIe-MEHTOB. JMCKpETHOM
CHUCTEMON aBTOMATHYECKOIO PpEeryJIHpOBaHHUS Ha3bIBAIOT CHCTEMY, B KOTOpPOHl HENpPEepPhIBHOMY
W3MEHEHHIO BXOJHOW BEIMYMHBI XOTSI OBl OJHOTO 3JEMEHTA, BXOJSIIETO B COCTaB CHCTEMBI,
COOTBETCTBYET TUCKPETHOE HM3MEHEHHE BBIXOJHOW BENUYHMHBI ATOro snemeHTa. 3. Ilpu uzyuenuun
JMHAMAYECKUX CBOMCTB CHCTEM LIEIeCO00pa3HO paccMaTpUBaTh OT/ACIBHBIE €€ DJIEMEHTHI TOJIBKO C
TOYKH 3pEHHS WX IUHAMHYECKUX CBOMCTB HE3aBHCUMO OT (DYHKIIMOHAIBHBIX MPEOOpa3OBaHUN H
KOHCTPYKTUBHBIX (hopM ncnoiHeHus. OJMHAKOBBIMU TUHAMUYECKIMU CBOWCTBAMH MOTYT 00JIagaTh
pas3InYHbIe JIEMEHTHl HE3aBUCUMO OT UX (usznyeckoit mpuponsl. Ilo 3TomMy mpu3Haky B Lemsx
pPETYIUPOBAaHHUS TPUHATO BBIACTATH OTIEIBHBIE 3JEMEHTBHl WM TPYIIbl 3JIEMEHTOB, KOTOpPHIE
Ha3bIBAlOT JAMHAMUYECKUMHU 3BEHBbSIMU. J[MHAMMYECKMM 3BEHOM Ha3bIBAlOT 4YacTb CHCTEMBbI
ABTOMATHYECKOTO peryIupOBaHHMA, MIePEXOTHBIH nporiecc KOTOPOH OTTMCBIBACTCS
T depeHMaIbHbIM YpaBHEHHEM OINpEAETICHHOro BHJA. /[MHAMHYECKMM 3BEHOM MOXXET OBITh
DIIEMEHT, COBOKYITHOCTh JJIEMEHTOB M BCS CHCTEMa aBTOMATHYECKOTO PETYIUPOBAHHS B IEIIOM.
I'paduueckn IMHAMMUYECKOE 3BEHO M300pakaeTcsi B BHJE MNPSAMOYTOJbHUKA, BHYTPH KOTOPOTO
BIIMChIBA€TCA BbIpakeHUE nepenaTtoyHod ¢ynkuuu W (p), a HampaBiI€HHE MPOXOXKJIECHUS
uHpopMaluu u300paxaercss crpeakamMu. BXoJTHON M BBIXOJHOM CUTHANBI B JMHAMHUYECKOM 3BEHE
MOTYT HMMETh Pa3INuHyl0 (U3WYECKYI0 TpUpOAy. B Teopuu aBTOMaTHYECKOTO pPeryTUpOBAHHS
MOXXHO  BBIACIMTH  CIEAYIOIIME THUIOBblE JWHAMHYECKHE 3BEHbS -  O€3bIHEpPIMOHHOE
(mpomopIMOHANBHOE), anepuoandeckoe (MHEpIMoHHOE), auddepeHIupyrolIee, WHTETPUPYIOIIee,
KoJsiebaTenbHoe.

XapakTepuCTHKH THUHAMHYECKHX 3BEHbEB. 3aBHCHMOCTH BBIXOJHOW BEIMYMHBI 3BEHA OT
BXOJIHOM B yCTAHOBHBLIEMCS PEXHME Ha3bIBAIOT CTATHUECKOW XapaKTEPUCTUKOMN. Y CTaHOBHUBILUICS
PEKUM — ITO TAKOW PEKHUM, TTPA KOTOPOM BXOJIHASI M BBIXOJIHAS BETMYUHBI OCTAIOTCS TIOCTOSTHHBIMH
BO BpeMeHHU. CTaTUYecKyIo XapaKTepUCTUKY 0ObIYHO H300paxaroT rpaduuecku. Ee 3HaueHUsI MOKHO
MOJTy9aTh IKCIEPUMEHTAIBHO MM PacueTHHIM ImyTeM. CHUCTeMBbI aBTOMaTHYECKOTO PEeTYIUPOBAHHS,
KaKk MpaBuo, paOOTalOT B HEYCTAHOBUBIIEMCS, MEPEXOJHOM pexuMe. Takoil pexuM paboThI
SIBIISIETCS CTICICTBUEM BO3JICHCTBHS HA CHCTEMY HEMPEPBIBHO M CITYYaliHO M3MEHSIFOIINXCST BHEITHHX
BO3MYIIAIONUX (DAKTOPOB, MPHUBOJAIIMX K HEMPEPHIBHOMY H3MEHEHUIO BXOJHOM M BBIXOJHOM
BEJIMYMHBI BO BCEX €€ 3BEHbIX. [109TOMYy OHON M3 Ba)KHBIX 3a/1a4 SBISETCS M3yUCHHUE MOBEICHHS
JUHAMUYECKUX 3BEHbEB B TMEPEXOAHBIX pexuMax. JuHamMuueckol XapaKTepUCTUKOM 3BeHa
HA3bIBAIOT 3aBUCHUMOCTb BBIXOJHON BEJIMYMHBI OT BXOJHOW B MEpPEeXOAHOM mpoiecce. Dusznueckas
3aJa4a OIpe/esICHUs BBIXOJHON BEMUUHBI 3BEHA IIPU U3MEHSIOIIEMCS BXOTHOM CUTHAJIE CBOJUTCS K
pemenuto auddepeHIaTbHOr0 YpaBHEHHUsI TOr0 WJIM HWHOTO BHUJAA, OMMCHIBAIOIIETO MPOTEKaHHE
MEPEXOJIHBIX MPOIECCOB B 3BEHE.

B uHeHHBIX cuCTeMax aBTOMAaTHYECKOTO pPETyIHUPOBaHMUS MPOTEKAIOIIUE IPOLECCHI
ONMCHIBAIOTCS JUHEHHBIMU JU(PepeHInanbHbIMU YPaBHEHUSIMH, PEIICHUE KOTOPBIX 3HAYUTEIHHO
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yOPOIIAETC  C  HCHOJB30BAHMEM  METOJOB  ONEPAalMOHHOIO  HMCUYuCicHMs.  Pemnienue
T epeHMaIbHOr0  YPaBHEHUS! METOJIOM  ONEPAlMOHHOTO HMCYHMCICHHUS OCYILECTBIISCTCS B
cleAyolmMe TpU 3Tama; 1) mepexoj OT OpPUTMHANOB K HM300paXEeHHsAM, T. €. Iepexo] OT
T epeHMaIbHOr0  ypaBHEHH K aireOpandeckomy; OTBICKAHUE W3  IOJIyYEHHOIO
anreOpanvecKkoro ypaBHEHMsI Heus3BecTHOM (yHkiuu Y (p), T. €. pEHIeHHe aareOpandecKkoro
YpaBHEHHSI, MEPEXO OT HailieHHOTro n300paxeHus Y (p) K OpUTHHAILY HEM3BECTHON (YHKIINH.

Ilepenartounas ¢ynkuus. [lepenarounoil ¢yHKIMeld 3BeHAa Ha3bIBACTCS OTHOIICHHUE
n300pakeHMsI BBIXOJHOM BEIMYMHBI 3BEHA K M300paKEHUIO BXOJIHOW BEIMYMHBI NPH HYJIEBBIX
HavdaJIbHBIX ycloBusax. O6o3Haunm vepes W (p) nmepenarounyro ¢yHKumio, a yepes X (p) u Y (p) -
COOTBETCTBEHHO M300paKEHHUsI BXOAHOM 1 BBIXOAHOHU BenuuuH, Toraa: W(p) =Y (p)/X (p).

Ilepexoanas xapaktepucTuka. IlepexoaHoi XapaKTepUCTUKON (ITEPEXOIHBIM MPOIIECCOM)
JUHAMHYECKOI'O 3BEHA Ha3bIBalOT 3aBUCHUMOCTH BBIXOJHOHN BEJIMYMHBI OT BPEMEHHU IpU IOJa4e Ha
BXOJl 3BEHA CTYINICHYAaTOIO CHUTHala €IUHUYHOM amiumntynael. ClefoBaTenbHO, IEepEXOAHas
XapaKTePUCTHKA OTOOpakaeT PEakIUI0 3BEHA HA CIWHUYHBIA CTYNMEHYATHIH curHan. YacToTHbIE
XapaKTepUCTHKU 3BEHbEB. EcCiiM Ha BXOA NIMHAMHUYECKOTO 3BEHA IOCTYIAET CUTHAJI CHHYCOUIAIBHON
(GopMBI OIpeNeNIeHHONW YacTOThI, TO BBIXOJHOW CHTHAJI UMEET T€ K€ CHHYCOMITAIBHYIO (OpMY U
4acTOTy, HO JApYyrue aMIUIMTyay U (asy. B cBA3M C 3TUM pa3nuyaroT aMIUIMTYAHO-YaCTOTHBIE U
(a30BO-4aCTOTHBIE XapaKTEPUCTHKU 3BEHHEB. AMIUIMTYAHO-YACTOTHAsI XapaKTEPUCTUKA BBIPAKAECT
OTHOILIEHHE AMIUIMTYJbl KOJeOaHUM Ha BBIXOAE 3BEHA K aMIUIMTYZAE KoJjeOaHUil Ha ero BXOJ€ B
3aBHCHMOCTH OT YacTOTHl BBIXOAHOTO curHama (, a) A (o) = ABbeiX/ABX = f (®), rme ABBIX -
aMIUIMTYZIa BBIXOAHOIO CUTHAJA; ABX - aMIUIMTY/la BXOJHOTO CUTHAJIA; ( - YIJIOBAs 4acToTa.

Heo0xoauMeiM ycioBHEM pabOTOCIIOCOOHOCTH CHCTEMBI aBTOMATHUYECKOTO PETYIHMPOBAHUS
ABJIIETCS €€ YCTOMUMBOCTB. 110[1 yCTONYMBOCTBIO IOHMMAIOT CBOMCTBO CHCTEMBI BOCCTAHABIINBATH
COCTOSIHHE PAaBHOBECHS, U3 KOTOPOTO OHA ObLIa BHIBEJCHA IO/ BIMSHUEM BO3MYILIAIOMINX (hAaKTOPOB,
nocje npeKpaieHus AeidcTBus 3Tux ¢aktopoB. Ha mpaktuke nist onpenenenus ycroiunsoctu CAP
UCIOJIb3YIOT KPUTEPUHM YCTOHYMBOCTH, T.€. IPaBHUJIA, C IMOMOIIbIO KOTOPHIX MOKHO ONPEIENIUTH,
ycToMuMBa CcUCTeMa WM He, He mnpuberas K pemeHuto TuddepeHanbHbIX ypaBHEHUH.
Anrebpanueckuii kputepuit (Payca-I'ypBuiia) mo3BosisieT CyauTh 00 YCTOWYMBOCTH 3aMKHYTOU
CHCTEMBI IO KOX(PPUIMEHTAM €€ XapaKTepHUCTUYECKOTO YPOBHS, KOTOPBIM SIBISIETCS 3HaMEHaTesb
nepegatoyHo yHkunu. HeoOxomumble M JOCTaTOYHBIE YCIOBUS YCTOWYMBOCTU ONPEHEISIOTCS
Pa3IMYHBIMM COOTHOLICHUAMHU KOX(QQHUIMEHTOB B 3aBHUCHUMOCTU OT MOpsaKa cucTteMbl. Kpurepwuii
YCTOMYMBOCTH MHuXailzioBa OCHOBaH Ha CBSI3M XapaKTepa MEPEXOJHOro IPOLEcca CHCTEMBI C
aMIIUTYA0H u  ($a3oil  BBIHYXKJIEHHBIX KOJe0aHWH, YCTaHABIMBAIOIIUX B CHCTEME IIpH
CUHYCOMJIaJJbHOM BO3IEMCTBMM. AHalN3 YCTOMYMBOCTH CUCTEMBI 3TUM METOJOM CBOJUTCS K
IOCTPOCHHUIO M0  XapaKTePUCTUYECKOMY MHOTOWIEHY 3aMKHYTOH CHCTeMbl (3HaMeHaTelb
nepeJaToyHol (PyHKIIMM) KOMIUIEKCHOW 4acTOTHOW (DyHKIMHU, IO BUJLy KOTOPOH MOXKHO CYAUTH 00
ycroitunBoctu. Kputepuit ycroifumBoctn HaiikBucra mno3BosisseT cyauTb 00 YCTOWYMBOCTH
3amMkHyTOM cucTeMbl CAP mo amMmimTynHO-(ha30BOM XapaKkTepUCTHUKE. 3aMKHYyTas CHUCTeMa Oymaer
ycTOMuMBa B TOM cCllyyae, €CIM YyCTOWYMBA 3aMKHyTass CHUCTeMa M €€ aMIIMTyIHO-(a3oBas
XapaKTepUCTHKA HE OXBaThIBa€T TOUKY ¢ kKoopauHatamu (-1, jO), Ha3bIBaeMyro kputuyeckoi. [lpu
OTCYTCTBUHM MECTHBIX OOpaTHBIX CBS3€W pPa3OMKHYTasl CUCTEMa BCErJa yCTOMUYMBA, €CIIU COCTOUT U3
YCTOMYMBBIX 3BEHbEB. lIpM HaMMYUM MECTHBIX OOpATHBIX CBSI3€H CHCTEMa MOMKET OKa3aThCs
HEYCTOMYMBON B PAa30MKHYTOM COCTOSIHUH. YCTOMUMBOCTH MO JOTapU(PMHUUECKUM YaCTOTHBIM
XapaKTEPUCTUKAM ONPEIENSAIOT C UCIIOIb30BaHUEM KpUTepus ycroiunBoctn HalikBucra. 3aMKHyTas
CHUCTEMA YyCTOMYMBA, €CIIM Ha 4acToTe o, i1 KOTopod ¢=-m, opauHara JIAUX pa3zomkHyTOI
CUCTEeMBI OoTpHLaTenbHa, T.e. L(®0)<0. Ecnu pazomkHyTtas cuctema yctoiunBa, a JJAUX nepecekaer
JIMHHUIO -T B HECKOJIBKUX TOUYKAX, TO 3aMKHYTas cucTeMa OyAeT ycroiuuBoii, koraa L(w)<0 npu ¢=-n
JUI1 KOHEYHOM mMpaBOM U3 TOYEK TnepecedyeHus. J[ng ompeneneHus YCTOWYMBOCTH CHUCTEMBI
UCTIONB3YIOT NpuOmkeHHyo JIAUX, mnpeacTaBisionlylo co0oil JIOMaHyio JIMHHIO, OTJENbHBIE
Y4aCTKH KOTOPOUM UMEIOT ONPEICICHHBIN HAKIIOH.

Tema 1.3. Cucrema aBTOMATHY€CKOT0 KOHTPOJIA.

st obecrieueHusi TpeOyeMoro KadecTBa JeTaed W M3JSNHi (TOYHOCTH Pa3MeEpOB,
reoMerpuueckas, (opma, TMapamMerp NIEPOXOBATOCTH TOBEPXHOCTH U T. [.) TPUMEHSIOT
KOMIUIEKCHBIH KOHTPOJIb, BKJIIOYAIOMIMM B ce0sl KOHTPOJb: TOTOBBIX W3JIEIHM, 3aroTOBOK,
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BCIIOMOTaTeNIbHBIX CPE/ICTB MPOU3BOJCTBA (PEXKYILIET0 MHCTPYMEHTA, U3MEPUTENbHBIX CPEICTB U T.
1), OCHOBHBIX CpEACTB IPOU3BOACTBA (TEXHOJOTHUYECKOTO0 OOOPYAOBaHUS, CHCTEM U CpPEICTB
yopaBienuss W T. 1.). Cucrema aBromatuueckoro koHtposss (CAK) mnpennasHaueHa miis
ABTOMATUYECKOTO KOHTPOJIS PA3NIMYHBIX (U3MUYECKUX BEIUYHMH (ITapaMeTpPOB), CBEACHHUS O KOTOPBIX
HEOOXOIUMBI TpHU YIpaBICHUH OOBEKTOM. Bcesikas cucrema COCTOMT U3 3JEMEHTOB, Y3JI0B H
YCTPOMCTB, OpeAeNCHHYIO (DYHKIIHIO; CIE0BATEIbHO, CUCTEMY aBTOMATUYECKOTO KOHTPOJISI MOXKHO
npencraButh cxemarudecku () Hatumk (/I) usmepser 3HaueHUE KOHTPOJIMPYEMOro Mapamerpa
oobekTa (O) m mpeobpa3yeT ero B CHrHall, YAOOHBIM Ui ycwieHUs WiH nepenadu. Hambounbiiee
NPUMEHEHHUE HaXOASAT JAT4YMKH, MPeoOpa3yrolue HEdJIEKTPUUECKYI0 BEITUUYHHY B JJIEKTPUYECKYIO.
Yeunurens (V) - yCTpOHCTBO, YCUITMBAIOIIEE CJIa0blil CUTHAJI, MOCTYMAIOIMINUM OT JaT4MKa, TaK, YTO
OH CTAHOBUTCS JOCTaTOYHBIM JJI BO3JICHCTBUS HA UCIOJHHUTEIbHBIA 3€MEHT. VCIOTHUTENbHBIH
anemeHT (M3) - ycTpoilcTBO, MOCPEACTBOM KOTOPOTO BBINOIHSIOTCS 3aKJIIOUUTEIBHBIC ONEpPalluH.
DneMeHTHI Nepe/lau U CBSI3U - YCTPOMCTBa, 0OecreynBarolie nepeaadyy CUrHajaoB OT JaT4HKa J0
UCTIOJIHUTENIFHOTO 3JIeMEeHTa. B cocTaB cucTeM aBTOMAaTH3allMM IPOHM3BOJCTBEHHBIX IPOLIECCOB
BXOJIT JIONOJHUTENbHBIE JJIEMEHTHI, HE YYacTBYIOLIUME B IpeoOpa3oBaHuM HWHGOpMALUU, a
obecrieunBaromue JanHoe npeodpasoBanue. K HUIM OTHOCATCS HICTOYHUKU YHEPTUH, CTAOUIN3ATOPHI,
nepexyiouaTend U Ap. B 3aBUCMMOCTH OT BHJAa HCIOJHUTEIBHOTO 3JIEMEHTa aBTOMATHYECKHA
KOHTPOJIb PA3JIENIAIOT Ha YEThIPE OCHOBHBIE TPYIIIBL: - aBTOMATUYECKasi CHTHAIIN3AIUS XapaKTePHBIX
WIM TIpeAENbHBIX 3HAYEHHH MapamMeTpoB; cUTHanmusupymomee ycrpoictB (CY) - 3To JamMmoyku,
3BOHOK, CHpEHa; - aBTOMAaTHYeCKOE YKa3aHWE 3HAYCHUH KOHTPOJIHPYEMBIX IapaMeTpOB;
ykasbiBatoiuii mpubop (ITY) MoxeT ObITh CTpenoYHbIM, IUGPOBHIM; - aBTOMAaTHYECKasi perucTpanus
3HAYCHUI KOHTPOJIUPYEMOTO TMapameTpa; perucrpupyromee ycrporcrtso (PY) - sto camomnmcern; -
ABTOMATUYECKasi COPTUPOBKA pa3NUYHBIX M3ACTUNH B 3aBUCHUMOCTH OT 3aJlaHHBIX 3HAYCHHM
KOHTpoJpyeMbIx mapameTpoB (I1IC — mpubop coptupyrommii). CucremMa aBTOMaTHYeCKOro KOHTPOJIS
HE BMENIMBAETCS B XOJ MPOTEKaHUS TEXHOJIOTMYECKOro mpoiiecca. 2. B 3aBHCHMMOCTH OT BHIA,
CTOMMOCTH U TpeOOBaHUH, MPEIBSIBISEMBIX K TOYHOCTH M3TOTOBJICHUS JIETAJeH, KOHTPOIb MOXET
OBITH TOJNIHBIM, KOTJa TPOBEPSIOTCS BCE H3ACNUSA, U BBIOOPOUYHBIM, KOTJA MPOBEPSETCS YACTh
nerane. [To mpuHIMNY IEMCTBUS pa3ianuyaroT: - CHCTEMbI HACCUBHOTO KOHTPOJISA, MPEACTABIISIIOIINE
coboif cucrembl aBromaTtHueckoro koHTpois (CAK), 3amaga KOTOpBIX MONYYHUTh HEOOXOAWMBIE
cBelleHHs 00 ympaBiisieMOM OOBEKTE WJIM IMapaMeTpax TEXHOJOTHYECKOro mpoliecca (cucrema He
U3MEHSEeT IapaMeTpoOB TEXHOJIOTMYECKOTO Ipolecca BO BpeMs o00paboTKH, T.e. BeaeT cebs
NIACCUBHO); - CHUCTEMBl aKTUBHOTO KOHTPOJIS, KOTOPBIE TPEACTaBISIFOT COOOH  CHUCTEMBI
aBTomatuuyeckoro perynupoBanus (CAP), 3amada ux He TOIBKO U3MEPSITh HEOOXOJMMbIE BETUUHHBI,
HO W TIOJICPKMBATh WX 3aJlaHHOE 3HAYEHHE BO BPEMs TEXHOJOTHYECKOTO Tporecca. B Hacrosmee
BpEMsI CHUCTEMBl AKTHBHOTO KOHTPOJS OpPraHU3ylT B OONBIIMHCTBE CIy4aeB MO MPHUHIIUITY
aJalITUBHOTO YIPABJICHUS, T. €. YIIPABJICHUE TEXHOJIOTHYECKUM MTPOIIECCOM BEAYT COBMECTHO ¢ UITY
u CAK, 3agaua KOTOpOil Ha OCHOBAaHUM CBEACHUIA, MOIYUYEHHBIX OT aBTOMAaTHYECKHX YCTPOWCTB,
MEHATH TMPOTPAMMy YIIPABJICHHS, TEM CaMbIM BOCCTAHABIIMBAs OTKJIOHUBIIHECS BeTWUYHUHBL. [lo
HA3HAYCHHUIO Pa3IMyaloT CIEAYIONIUE CHUCTEMbl aBTOMATHYECKOTO KOHTPOISA: TEXHOJIOTHYECKUX
napaMeTpoB B Ipoluecce 0OOpaOOTKH; MapaMeTpoB TOTOBBIX U3JAEIUNH (KOHTPOJIb KayecTBa
MPOIYKIIMH); COCTOSHUSL 000OPYIOBAaHUS M CUCTEM YIPABICHHS; COCTOSIHUSI MHCTPYMEHTA, OCHACTKHU
U T. JI.; IPOTPAMMHOTO U MH(GOPMAITMOHHOTO olecriedeHust (cOop cBeneHui, o0paboTKa CBEIEHUH,
cucTeMaTH3alus u T. 1.).

CucteMbl aBTOMATHYECKOTO IMACCHBHOTO KOHTPOJSI pa3jMYalOTCs: -  anmapaTHBIMU
cpeacTBaMH M cmoco0aMu  OpraHHW3alid  KOHTPOIS;  PAa3HOBHIHOCTSMH M CIIOCOOaMH
KOHTaKTUPOBAaHUS C U3MEPSAEMBIMA BEIUYMHAMU (TIpSIMOE KOHTAKTUPOBAaHUE, KOCBEHHOE,
KOHTaKTUpOBaHWE B pabodell MO3WIMHU, B H3MEPsIeMOW MO3WUIUMU U T. 1.); - BUJAAMU JaTYHUKOB,
MPUMEHSIEMBIX JUII M3MEPECHHS BeIWUYWH (MHIYKTHBHBIC, ITHEBMAaTHYECKHE, (DOTOIICKTPHUECKUE,
TEH30METPUYECKHE, ONTO3JIEKTPOHHbIE); - CHOCO0aMM OpraHU3allMd W3MEPUTENBHOM CHUCTEMBI U
cpencTBaMu 00pabOTKHM TOJy4eHHOW MHGOpMaIuu (M3MEpPEeHHE, JUCKPETHOE, U3MEPEHUE METOJIOM
CpPaBHEHHS C 3aJaHHBIM 3HAYEHUEM, H3MEPEHHE C MPeoO0pa3oBaHHEM AaHAJIOTOBOTO CHTHAIA B
YUCIIOBOM KOA W T. 1.); - BUJAAMHU HHAMKATOPOB U CpEACTBAMU OTOOpa)keHHsl WH(pOpMaluu
U3MEpPEHUIl (CTpesiouHble HWHAMKATOPBI, HU(QPOBHIE, CHMBOJBHBIE, CETMEHTHBIE OTOOpaKEHUS
uHpopmanuu Ha DJIT u T. 1.); - cmoco0aMu XpaHEHUS W PETHCTpAIMK JaHHBIX (PErUCTpanus Ha
OyMaxHBIX JIGHTaX B BHJE€ AMArpaMM, TIpaduKOB, PETUCTPALMsS MOCPEACTBOM IE€YaTAIOLINX
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YCTPOMCTB, peructpamnus ¢ 3anucbio B 3Y). CUCTEMBI MaCCMBHOTO aBTOMATHYECKOTO KOHTPOJIS
MOTYT MMETh TaKXX€ pa3JIMYHbIE CIIOCOObI OpraHM3alliy KOHTPOJS: HEMOCPEICTBEHHO BO BpeMs
TEXHOJIOTUYECKOT0 Ipoliecca (IOCTOSIHHBIM WM MO3TAlHbIN) U MOJYyYEHHBIX pe3yiabTaToB. Cuctema
BKIIIOUaeT B ceOs1: qudhepeHIraTbHbIN HHITYKTUBHBIA pa3MEpHBIN JaTYUK; AIEKTPOHHBIN 010K (OB),
UMEIOILMHI 3JIEKTPOHHBIN YCHIINTENb U IIpeoOpa3oBaTellb; yKa3bIBaOIUN MpUOOp, BBHIITOJHEHHBIN B
BUZIEC JEKTpOoHHOTrO nuppoBoro uHaukaropa (JL[N) u ucnomaurensHoro pene. Jlatunk mMeeT /Ba
[I1-06pa3HbIX cepleuyHUKa, 3aKPEIUIEHHBIX C MOMOIIBIO IJIOCKUX NMPYXHH Ha Kopmyce aartdyvka. Ha
cepAeUHMKaxX pacroyiokeHsl aBe oOmMotrkn (WI1W3), KoTOpple COBMECTHO C IOIyOOMOTKaMHU
tpanchopmatopa (W2W4,) npencraBisioT co00il  ypaBHOBEIICHHBIM HM3MEPUTENBHBIA MOCT, B
JUAroHIM KOTOPOrOo MOJKJIIOUEHO NUTAIOLIEe HaNpsHKEHUE OT CETU IEPEMEHHOr0 TOoKa
(Un). M3MepuTenpHbIiA MITOK JaTYMKa IOJBELICH TOCPEICTBOM IUIOCKUX HPYXUH K Kopmycy. Ha
LITOKE 3aKpEIUIEH SKOpb CcepAcYHUKa . BpamieHneM MHKpOMETPUUECKOIO BHMHTA  CEPACYHUKH
HepeMeIalTCsl OTHOCUTENBHO sikopsi. Eciu pa3Mepsl aetanu 10 0OpabOTKU MPEBBILAIOT MPEEIIb
U3MEpPEHUs JaTdyMKa, TO OrPAaHWYMTENbHAs railka , YCTAaHOBJIEHHAs Ha IUTOKE, C IIOMOIIbIO
YroJbHUKA OTOJABMUIaeT CEpPIEYHHUK OT MUKPOMETPUYECKOTO0 BUHTA (30HA OTCYTCTBHS M3MEPEHMMA).
[Tpunuun netictBus CAK coctout B cienyromeM. [Ipn KOHTaKTUPOBaHUU W3MEPUTENIBHOIO LITOKA C
U3MEPSAEMON MTOBEPXHOCTBIO SIKOPb CPEICYHUKA OTKIOHSETCS OT CPENHEro IIOJOXKEHHS, YTO
BBI3BIBAET JUCOAIIAHC MOCTa (CHUTHAJ PacCOTIIACOBAHHWSA) BCIEIACTBHE HEPABEHCTBA 3a30POB MEXIY
SAKOpEeM M cepaeyHuKoM. HampsbkeHue paccoriacoBaHUsl MOCTa, YCHJIEHHOE M IpeoOpa3oBaHHOE B
JIGKTPOHHOM OJioke B IUGPOBOH Koj, wHauimpyercss Ha DLW B BuIe 3HAYCHHS OTKIIOHCHHS
pasmepa. [Ipu OanaHnce MocTa 37€KTPOHHBIHN 010K (POPMUPYET CUTHAI HA IIPeKpaleHue 0OpaboTKu ¢
MIOMOUIbIO UCIOJIHUTEIBHOTO peie. B MaccoBbIX BHUJAX MPOU3BOJICTBA MPUMEHSIOTCS Il KOHTPOJIS
U3JeNuil UK JeTanei MpUMEHSI0T BCEBO3MOKHBIE ITACCUBHBIE CPEACTBA KOHTPOJIs, paboTaroue Kak
aBTOMATUYECKUE COPTUPOBIIMKU. OHM HE TOJBKO U3MEPSIOT pa3Mep WM €ro OTKJIOHEHMsS], HO U IO
pe3yspTaTaM U3MEPEHHI AAI0T OLIEHKY: FOJIHAs JETallb C JOIyCTUMBIMU OTKJIOHEHUSIMH; HETOAHAS C
OTKJIOHEHUSIMH, KOTOPbIE MO>KHO HCIIPaBUTh; OpakoBaHHas. Takue aBTOMaTHYECKHE COPTHUPOBIIUKH,
KpOME H3MEPUTENBHONM CHUCTEMBI, HMMEIOT WCIIOJIHUTEIbHBIE MEXAaHMW3Mbl IOJA4YM JEeTald Ha
U3MEpSAEMYIO TO3MIINIO0, €€ (UKCALMI0O U MEXAaHU3MbI, pacHpeleisonie IeTald M0 HaKOMUTENSIM
YIOMSHYTBIX MO3ULUN. DBOJBIIMHCTBO aBTOMATUYECKUX COPTHUPOBLIMKOB HMEIOT CIIEIYIOIIYIO
(GYHKIIMOHAIBHYIO CTPYKTYpY: OyHkep-Hakonutenb (BH1) unu marasun-HakonuTenb ISl XpaHEHUs
KOHTPOJIMPYEMBIX JeTallell; MEeXaHU3M IojAauyM, O0a3upoBaHUs JAeTalell Ha H3MepsieMOil MO3UIUH
(MIIT) cucremy aBromatuueckoro koHTpois (CAK) ¢ mpaukanueil u curHanuzanueid o Opake u
HelonmycTUMbIX oTkIIoHeHusX (CUY), pacnipenenurensHoe ycrpoictBo (PY), koTopoe pacnpenenser
neranu (J]) mo Oynkepam-HakonurtensiM (A - OyHkep roaseix geraneil, b OyHkep g neraneit
«ucnpaBUMBIi Opak» B - OyHkep nertaneit «Opak»).

C pa3BuUTHEM MHKPOIIPOIIECCOPHON U MUKPOIJIECKTPOHHOU M3MEPUTEIHHOW TEXHUKH MHOTHE
3a/la4l aBTOMATHU3alMi KOHTPOJISI B MAIIMHOCTPOCHHUH PEUIAIOTCSl HA HOBOM TEXHUYECKOM YPOBHE C
y4e€TOM HOBBIX JOCTIKeHHH B TexHuke. CAK mapamMeTpoB TEXHOJOTHYECKOro Ipoliecca WU
ABTOMATHUYECKOTO KOHTPOJII KayecTBa TOTOBBIX H3JENUHA Ha 0a3e pa3BUTHS MHMKPOIIEKTPOHHOM
TEXHUKH U CPEJCTB BBIYHACIWTEIBLHOM TEXHUKH CTAIM cOcTaBHOM dacTeio CAY um BCTpamBaroTcs
HEMOCPEICTBEHHO B TEXHOJOTHYECKUE OOBEKThI MIM TEXHOJIOTHUYECKHE KOMIUIEKCHl. Vi3MepuTenbHble
MAaIIMHBl M3TOTOBIISIIOT B BHJAE MPOMBIIIJIEHHBIX POOOTOB aBTOMAaTHYECKOI'O KOHTPOJS, KOTOpBIE
OCHAILEHBl U3MEPUTEIBHBIMU  CpPEACTBAMH, ympasistomumu nporpammamu. CAK  CUITY
BBIMOJHSIOT Kak KOOpAMHAaTHO-u3MeputenbHble MamuHbl (KHMM), koTopeie MoOryt ObITh
ABTOHOMHBIMM MJIM MOTYT BCTPAaWBaThCs B TEXHOJIOTMYECKUHA KOMILIEKC.

Pa3nen 2. CucreMbl ynpaBJieHHs TEXHOJIOTHYECKUM 000pPy/10BaHHEM.
Tema 2.1. Knaccudukanus cucreMm ynpasjieHUusi 000pya0BaHHEM.

YropaBrneHue - 9TO IEJNCHANPABICHHOE BO3JCHCTBHE Ha KaKOW-MMOO OOBEKT WK
MIPOTEKAIONIUI MPOLECC C LENbI0 KaYeCTBEHHOT'O MM KOJIMYECTBEHHOTO M3MEHEHHUS MapaMeTpoB U
AOCTHUIKCHUS ONPCACIICHHBIX Heﬂeﬁ. Bcskoe YIpaBJICHHUC TCXHOJOTMYCCKUM O6’beKTOM BKJIIOYAacT B
ce0s cienyrone KOMIIOHEHTHI: - COOp TIEPBUYHBIX CBEJACHUN 00 ympaBisieMOM OO0BEKTe (CBEICHUS
00 m3genuu, 0OOpPYIOBAaHUM U TIpueMax o0paboTku, 3amucaHHbie B YII), BTOpUYHBIX CBEICHUU
(cBeZeHMs, TIOTYYEHHBIE BO BpEeMs yIpaBlIEHUs) - 00paObOTKy MOJYyYCHHBIX CBEICHUH (BBINOIHEHHE
HEOOXOJUMBIX PpacyeToB, aHaJIM3 JaHHBIX, MPOBEPKA YCIOBUH U T.I.); - BBIBOJABI U TPUHSATHE
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HEOOXOJMMBIX PEIICHHH; - o0ecredeHue ynpapiasomux o3aeictBuil. YUITY nHanbonee moiaHO u
3¢ (hEeKTUBHO peamu3yeT BCE KOMIIOHEHThI aBTOMaTH4eckoro ympapieHus. UIIY mnpumaer
TEXHOJIOTUYECKOMY OOOpYAOBAaHUIO THOKOCTb, TaK Kak IEpecTpoiika €ero Ha HOBBIM BHJ
TEXHOJIOTHYECKOT0 Mpollecca, U3AeTUil CBOIUTCS K MepeHanaake odopynoBanus u 3arpyske YUITY
HOBBIMHM YIPABJIAIOLIMMHU [IPOrPaMMaMU C [IE€PE3ANUCHI0 HOBBIX IApaMETPOB B MAaCCHUBBI JaHHBIX.

Knaccudpukanus CYTO:

* [lo cTrpykType: ogHOCTyneHuYaTas u AByXcTyneHdaras. OIHOCTyHeH4aTas - LEHTPaJIbHbIN
mucneruepckuil myHKT (LI/IIT) nMeer HemocpeCTBEHHBIE JIMHUU CBSA3HM U KaHAJbl TEJIEMEXAHUKH CO
BCEMM O00BEKTaMM U KOMILUIEKCAaMH ITPOU3BOACTBA. JIByXCTyneHuaTas - CBA3b OCYILECTBIIAETCS Yepes3
IIPOMEXKYTOUHBIE TYHKTHI (OIIEpATOPCKUE WIIH JUCIIETUEPCKUE).

* [Io xapakTepy MCHOIb30BaHUA: JAJIS ONEPATUBHOIO BMEIIATENILCTBA B X0 Ipouecca; s
COBEpUICHCTBOBAHUS OpraHMU3allMM YIpPaBJICHUS; /s CO3[JaHUS HOBBIX CXEM U KOHCTPYKLHH,
COBEPILEHCTBOBAHMS MAIIMH U KOMILIEKCOB.

e Ilo crenenu neHTpanu3auuu: |. LEHTpPAJM30BaHHBIE (XAPAKTEPU3YIOTCS HAJIWYUEM B
cUCTeME €AMHOr0 KOMaHJoamlmapaTra, ¢ IOMOLIbI0 KOTOPOIO OCYILECTBIISETCS YIpaBIsioLiee
BO3/ICHICTBHE Ha pabouue OpraHbl CTaHKa, OMPEACISAIOMHNE TPeOyeMyIo IOCIeI0BaTEeIbHOCTD,
CKOpOCTh,  IOja4dy,  BeIMYMHY  nepememieHuil.)  IlpeumymecTtBa - ~ KOMIIAKTHOCTb,
MaJIONPOTSKEHHOCTh JIMHUN cBsA3U. HeocTaTku - 3HAUMTENbHBIE 3aTPAThl HA [1EPE00OPyI0BAaHUE U3-
3a W3MEHEHHs KOHCTPYKLUM KoMmaHjoammnapara. [IpuMep: KojeHBaJd TOKapHO-PEBOJIBBEPHOIO
CTaHKa; 2. ACLEHTPAIIM30BaHHBIE (XapaKTEPU3YIOTCSl OTCYTCTBUEM KOMaHJoaIlapara, ypasJisioiee
BO3/ICHCTBUE (POPMUPYETCS KAXKIbIM OTJECIbHBIM Pa0OYUM OPraHOM, C TIOMOIIBIO YIIOPOB M ITYTEBBIX
BbIKJIIOYaTeseil). Bee onepanuu B Takux cucreMax BBIOJIHAIOTCS MocienoBarenbHo. [Ipenmymiectsa
- BO3MO’KHOCTh OpraHHU3allM{ YIpPaBJIEHUs 3HAYUTEIbHBIM KOJIMYECTBOM OOBEKTOB; HCKIIOUEHHE
NOCHEAYIOLUUX CHUTHAJIOB NPU HEBBIIOJHEHUH MPEAbIIYIINX, OBICTpOE MepeperyIupoBaHUe.
Henocratku - Oosblias MNPOTSHKEHHOCTb JIMHUM CBsi3u  (YBEIMUYEHHME IOIPEIIHOCTH), H3-3a
pPerylIMpOBKM U  TEPEYCTAaHOBKM  YIOPOB  3HAYMTEIbHBIE 3aTpaThl  BpeMeHu. [Ipumep:
po6ororexunyeckuii kommiekc (PTK) cnensiiero npusoaa.

* [lo ympaBneHuto ABMKeHUEM: 1. myTeBble (YIpaBlIEHHE IO MOJIO)KEHHUIO C IOMOIIbIO
MYTEBBIX BBIKJIIOUATENCH, YIOPOB, KYJIauyKoB); 2. KOMaH/AHbIE (yIIpaBIeHUE MO0 BPEMEHH C MTOMOILBIO
komanaoannaparon u [IMK);

* [Io TuMy MpOrpaMMOHOCHTENS: MAaTHUTHBIE JICHThI M JTUCKH; TepdoKapThl U NephOsICHTHI;
JIBC - 10KajbHO-BBIYHUCIUTENbHBIE CETH; KOMUPHI U Ia0JIOHbI; KyJauKU U MaXOBbIE MEXAHU3MBI.

+ Ilo onemeHTHOW 0as3e: DIEKTpUYECKHE; MEXaHWYECKHE; TUIPABIMYECKHE U
ITHEBMaTUYECKHE.

3agaun CYTO: 1) ObecnieueHne TpeOyeMbIX AEHCTBHM HCHOJHUTENbHBIX MEXaHU3MOB. 2)
Obecnieuenne 3agaHHBIX pexuMoB. 3) OOecnedyeHune TpeOyeMbIX MMapaMETpPOB OOBEKTa
npou3BojcTBa. 4) BrelmonHeHHe BcroMoraTenbHBIX MapameTpoB. TpeboBanus. 1) ObecneueHue
BBICOKOW MoOWIbHOCTH. 2) OOecrieueHre BBIMOTHEHUS CIOXKHBIX 3a1ad (yHKIHMOHUPOBAHUSA. 3)
[TpocToTa KOHCTPYKIIMU M HU3Kasg ce0eCTOMMOCTh. 4) BO3MOKHOCTh TUCTAaHIIMOHHOTO YIIPABICHHUS.
5) BO3MOXXHOCTbh CaMOpPETyJINPOBAHHUS.

Komanasr CYTO - TexHosornueckue - NpeaycCMOTpPEHHBIE TexmpolieccoM. - LlukioBele -
U3MeHeHue napamerpos, uHcTpymenTta, COX, peBepc. - CnyxeOHbIE - BBIIOJIHIEMbIE C TTOMOIIbIO
jgornyeckux onepauuid. Krnaccupukamus cucrem, 1mo xapakrepy HHGOpMalMM 3alMCaHHOM Ha
IIPOrPaMMOHOCHUTEINE; CHUCTEMBbl HENpPEPHIBHBIE, JTUCKPETHBIE U IUCKPETHO-HENpepbiBHbIE. B
HENPEPBIBHBIX CHUCTEMAX IporpamMma 3alHiChbIBae€TCs HENpepblBHO. Eciv mpHMeEHseTcs cucTeMa C
da3zoBoil MonynsAuued, TO HporpaMma IpeACTaBIsSeTCs CHHYCOMAAIBHBIM HampsbkeHueM, ¢aza
KOTOpPOro IpONOPLUOHAIBHA NIPOrPaMMHUPYEMBIM IEPEMELICHHUSM; B CHCTEMAax C aMIUIUTYIHOU
MOJyJIALMEN epeMEenIeHUSM NPONOPIHOHaTbHA AMILTUTY/IA 3TOTO HANPSKEHUS.

ITo u3meHenuto pexxumoB o00paboTku cucrembl UIIY mnoapa3gensioTcs Ha ILHKIIOBBIE,
IpOrpaMMHBIE U aJanTUBHbIE. [[MKIOBBIE CUCTEMBI OCYILECTBISAIOT ABMIKEHUS C IMOBTOPSIFOIUMHUCS
LUKJIaMU. B HUX npuMeHseTcsl KyJauKoBOg€, allllapaTHOE, MUKPOIIPOTpaMMHOE M IPOrpaMMHUPyEMOe
ynpasieHus. Ilpu KygaukoBOM YIpaBICHMM HCHOJB3YIOT Ui 3aJaHUsl PEKUMOB ILTEKEPHBIE
NaHEIM, alnapaTHOe YIPaBICHHWE OCYILECTBIIAIOT IPU IOMOIIM PENeHHO-KOHTAaKTHOH WU
OECKOHTAKTHOHM ammapaTypbl. Jii MUKpONPOTrPaMMHOIO YIPABICHHUS MPUMEHSIOT 3allOMHHAIOIIHE
YCTPOMCTBA MHUKPOKOMAHJ], @ IPOrpaMMUPYEMOE YIpaBICHUE peKUMaMu 0OpabOTKM OCHOBAHO Ha
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WCIIOJIb30BAaHUM CPEJICTB MpOrpaMmmMupyeMon Jioruku. B mporpammubix cuctemax UIIY u3zmeHenue
PCKUMOB O6p3.60TKI/I OCYHICCTBJIACTCA nporpaMMHBIMU cpeacrBaMu C HUCITOJIB30BAHUEM
nporpaMmoHocuTenss uian namsatd OBM. IlpuMmeHeHue amanTUBHOrO YIPABICHUS MO3BOJISET
MPOU3BOJUTH ABTOMATHYECKOE HM3MEHEHUE pexuMa o0O0padOTKM HE3aBUCHUMO OT IPOTPAMMEI.
YucnoBoe mporpaMMHOE YIpaBlieHHE OOECHeurBaeT YIpaBICHHE IO HECKOJBKHUM KOOpAHMHATaM,
MO3TOMY €T0 IIMPOKO MPUMEHSIOT Ha MHOTOOIIEPAIIMOHHBIX CTaHKaX (00padaThIBAIOMINX IIEHTPAX) C
ABTOMATUYECKOM CMEHOI HHCTpYMEHTa U 00padaThiBa€MbIX JeTaleil.

Tema 2.2. CucreMbl 4YHMCJIOBOIO MNPOrpaMMHOIO  YHPAaBJIEeHUS  NMPOMBIILIEHHBIM
000py/10BaHUEM.

Cucrtema 4uCIIOBOIO MPOTrPaMMHOIO YIPABICHUS — KOMIUIEKC YCTPOWCTB U 00OpYAOBaHUS,
BKimouaronii B cebs: YUITY; 00BeKT ympaBleHUs; JJIEKTPOABTOMATUYECKHE YCTPOHCTBA,
OCYILECTBIISIOLINE HEMOCPEICTBEHHOE YIPABICHUE Y3JaMH OOBEKTa; OCHACTKYy U HMHCTPYMEHT;
IpOrpaMMHOE U MaTeMaThyeckoe oOecrieueHue; cpeacrsa  KoHTpois. YUIIY  moxkHO
KJaccu(uuupoBaTh I0 pa3iMyHbIM Ipu3HakaM. Kiaccupukanuss cuUCTEM 10 OCOOCHHOCTSIM
cTpyktypbl cuctemsl UITY: xonTypHBIE 1 KOMOMHHpOBaHHBIE cucTeMbl UITY KoHTypHBIE cHCTEMBI
YI1Y no3BosisoT MpOU3BOAUTH O00pabOTKY KPHUBOJMHEHWHBIX MOBEPXHOCTEW Mpu (pe3epoBaHUH,
TOYEHUH, NUIN(OBAHUU U JIPYrUX BUAax MeTauooOpaboTku. B 3THX cucremax mporpammupyercs
TPACKTOPHUS IEPEMEILEHUST PEXYIIEro MHCTPYMEHTA, MO3TOMY HMX 4YacTO Ha3bIBAIOT CUCTEMAMMU
ynpasieHus: JBuwxkeHueM. KomOunupoBanuble cuctembl YIIY mpencraBisioT coboilt codeTraHue
MIO3ULMOHHBIX U KOHTYPHBIX M Ha3bIBAIOTCS TAaK)KE YHHUBEpCAJIbHBIMU. OHHM HaxXOAAT NPUMEHEHHE B
MHOTOOTIEPAIMOHHBIX ~CTaHKaX, TAe TpeOyercs MO3UIMOHHO-KOHTYpHOE yrpasieHue. [lpu
obo3Hauenuu mozenu ctanka ¢ UITY, ocHaIleHHOro MO3HMIIMOHHON CHCTEMOM, K Hel I00aBIAIOT
uHaeke «®D2», OCHAIIEHHOTO KOHTYPHOU cucTteMoil — uHJIEKC «D3» 1 KOMOMHUPOBAHHOW - MHJEKC
«D4». Nnpexc «P1» B 0003HAYECHMHM MOJIENM CTaHKA CBUJETEIbCTBYET 00 OCHALIEHWU CTaHKa
nuppoBoi MHAMKaUedl U pydHbIM ynpasieHueM. Ilosunmonnsie cucrembl YIIY Cucremsr YITY
METAJUIOPEXKYIIUMHU CTaHKaMH KJacCU(UIUPYIOTCA MO pa3iuyHbIM npu3HakaM. [lo Buay pabounx
IBUKEHUM craHka cucteMbl UIIY Moryr ObITh pasfeneHbl Ha NO3UIMOHHBIE, KOHTYPHbIE H
koMOuHupoBaHHble. [lo3uronHsle cucrembl YIIY MO3BOISAIOT NPOU3BOAUTHE OTHOCHTENBHOE
nepeMenieHe HHCTPYMEHTa U 3ar0TOBKU OT OJTHOM TOUYKM (MO3MLMM) K Apyroi. Takoe ympasieHue
UCTIOJIb3YeTCs B CBEPIMIIBHBIX, PACTOUYHBIX U JPYTUX CTaHKaX, HA KOTOPBIX 00paboTKa BBITOIHAETCS
MOCJIE€ YCTAaHOBKM WHCTPYMEHTA B 3aJaHHOW mo3uiuu. [[oCKONIBbKY OCHOBHOM 3adadeil sl TaKkux
CHCTEM SBISIETCS TepeMellleHHe MHCTpyMEHTa (JeTalM) B 3aJaHHble KOOPAUHATBHI, UX Ha3bIBAIOT
TaK)K€ CUCTEMaMHM KOOPAMHATHOIO YINpaBJiE€HWs U ympasieHus mnojoxkeHueMm. 2. Ilpu paspabotke
COBPEMEHHBIX YyHUBepcanbHbIX YUIIY crpemaArcs npuaarb 3TUM yCTPONCTBAM CBOMCTBA
yHU(UKAIMHY, T. €. CO3/Ial0T MX Ha 0a3e YHUPHUIIMPOBAHHBIX Y3JIOB, KOTOPHIE 00JaJar0T OOIBIION
¢ynkunoHanbHOM rubOkocThio. [lpu paspabotke VYUIIY mnpeaycmarpuBaioT 0Oojee MOJIHYIO
aBTOMATHU3AIMI0 MPOTPaMMHUPOBAHUS, BO3MOXKHOCTh BcTpauBaHus YUIIY B 00bekT ympapieHus,
KOTOPBIIl B CBOIO OUYE€pEeb MOXET BCTPAMBATHCS B TEXHOJIOIMYECKHH MOAYNb MM Oojiee KpYMHBINA
TEXHOJIOTHYECKUN KOMIUIEKC, a Takke cThIkoBKY YUITY ¢ apyrumu YUITY, CUITY u DBM OGonee
BbICOKOro panra. [Ipumensemble MukpoOBM cBoell  (QyHKIMOHANBHOW  CTPYKTYpoil |
MaTeMaTHYeCKUM oOecriedeHreM MpOoOJIEMHO COPUEHTHUPOBAaHBI Ha YIpPaBIECHHE BCEBO3MOXKHBIMU
TEXHOJIOTHYECKUMHU O0ObekTaMu. B MukpoOBM opranuzanus BBIUHCIUTENBHOIO Ipolecca |
orepanuu JIOTHKU MpeaycMaTpuBaeT OCYILIECTBICHHE 00paboTku uHGOpMaluu yHpaBiIeHUS,
nepefayd JaHHBIX M MPUHATUS UHPOpPMALUU C OOBEKTa YIpaBlIEHHs B peaJlbHOM Maciitade
BpeMeHu. [l ympomeHuss mpoOiemMHOW opueHTanmmun MUKpoOBM u  ngpyrme  ycTpoiicTBa
ApPXUTEKTYpHO, (DYHKIIMOHAIBHO M KOHCTPYKTHBHO O(OPMISIOT B BHJE OTICIBHBIX MOJIYJEH.
Vuusepcanbubie YUIIY, coznannsie Ha 6a3e Mukpo-OBM, moryTr BKiItO4YaTh B ceOs pa3idyHbIe
byHKIMOHATBHBIE MOAYIH. MukponpoueccopHbiit Moayns (MII) MokeT BKiIro4aTh B ce0si OCHOBHOM
W BCIIOMOTATEIBHBI MHKPOIPOIIECCOPBI, MPUYEM OCHOBHOH o00OpabarbiBaeT HWHGOPMAIIHIO
yIpaBJICHUS U IUTAHUPOBAHMSI, @ BCIIOMOTaTelbHbIN padoTaeT HaJ MOATOTOBKOM HH(pOpMAaLIUH.

Hanpumep, BcroMoraTenpHbIi MHUKpONpOIECCOp PAabOTaeT B CHCTEME aBTOMAaTHUYECKOTO
IIPOrPaMMUPOBAHUS, PACCUUTBHIBACT TPACKTOPHUIO JBWKECHHS METOIOM JIMHEHWHO-KPYrOBOM
MHTEPIOJISIINY, 2 OCHOBHON 00pabaThiBaeT MH(POPMALIMIO yIIpaBiIeHus: BceMu ycrpoiictBamu. B MII
Meros oOMeHa HH(pOpMauuell MarucTpaibHbIl, a yNpaBI€HUE HUMEET MHKPONPOTrPAMMHYIO
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opranuzamuio, modtomy MII Bkimtouaer B ce0s, Kak MPaBUIIO, CAMOCTOSTEIbHBIA MOJYJIb
MHUKponporpaMMHoro ympasieHus. B MII moryr BxomuTh OydepHble perucTpsl Uisl yaoOcTBa
onepuposanus ¢popmaramu aaHHbeIx. Kpome toro, MII Moryr ObITh MHOIOCEKIIMOHHBIMHU, YTO JaeT
BO3MOXKHOCTh HapaliBaTh CEKLUUU M ONEPUPOBATh JHOOBIMH HEOOXoauMbIMH (popmaTamu. Moaynb
ycTpoiictBa ympaieHus (YY) oOecrieunBaeT opraHu3anuio ympasieHus ycrpoirictBamu CUITY.
Monyns oneparuBHoii namstu (OIl) mpennazHaveH ajsl XpaHEHHs OomepaTuBHOW uMHpopmauuu. B
HEro MOXET BXOJUTh MOAYJIb CTEKOBOM IaMATH Ul OpPraHU3alMi BCEBO3MOXHBIX NpepbiBaHuil YII
(«cTek» OT aHrj. cimoBa IITa0enb, KUMa). ITOT MOIYJb MpeAHA3HAYEH /I 3allOMHUHAHUS JTAHHBIX
nepen npepeiBanvueM YII. CTexoBble PETHCTPBI 3alIOMUHAIOT COJEPKUMOE CUETYMKOB, alxpeca
JAHHBIX IE€pE]l IPEPbIBAHUEM JJIsl BOCCTAHOBJIEHUSI UX B OCHOBHOM MpOrpaMMe I10CJI€ BO3BpAILEHUs
U3 IpepbIBaHMs (aHHBIE PETUCTPbl OOMEHMBAIOTCA MH(OPMaLUEH B ClIeAyIOIIEM HOPsIIKE: NEepPBbIi
azpec 3aMUCHIBAETCH, MOCTIEHUN CUUTBIBACTCS ). Monaynu MMOCTOSIHHOM aMsTH
HelepenporpaMMupyeMble B BUAE IIOCTOSHHOrO 3amoMuHaromero ycrtpoiicrea (II3Y) wu
IepernporpaMMHUpyeMble B BUJE IepernporpaMmmupyemMoro 3amnomuHaromero ycrpoicrsa (IIII3Y)
IpeJHa3HaYeHbI Ul XpaHEeHUs MOCTOSTHHON nHpopMmauuu. B Monynsax OydepHoil namsTu XpaHUTCS
POMEXYTOUHasI HHPOPMAIUS, YTO JTAeT BO3MOKHOCTh OOMEHUBATHCS MMaKETUPOBAHHBIMH JTAHHBIMH,
a Takke oOMEHMBaTbCs MHGpOpMalUMed C YCTpolcTBaMH, paOOTAIOUMMU C PasHBIMH CKOPOCTSIMH.
WuTepdeiicHple MOAyau TUNA ajanTtepa CIyKaT JUIsl CBS3U C Pa3IM4YHBIMU TEpMUHAIaMH (I1yJIbT
MH/IMKAlUY, TeyaTalollee yCTpOMCTBO, AucIiell u T. 1.). Moaynmu mukpokoHTposiepoB (MK)
YIIPABIJIAIOT BCEBO3MOXXHBIMH BHEITHHUMH YCTPOHCTBAMU TpHU OOIIEM YIpaBICHUH MEHTPAIHHBIM
npoueccopoM. Moaynu HMHTEPBAIBHOIO TaliMepa NpeJHa3HA4YeHbl JUIsl 3aJaHusl BPEMEHHBIX
WHTEPBAJIOB, HEOOXOAUMBIX VISl COTIIACOBAHUS pabOTAIONIUX YCTPOUCTB. MOMyH CBSI3U C OOBEKTOM
yrnpaBieHus: BkiouatoT B cebs yctpoiictBa LJAIT u ALIl u MUKPOKOHTPOJUIEPHI, YHPABISIOLIUE
UMHU, KOTOpBIE CIIyXaT JiJIsl mpeoOpazoBanus curHanoB YUIIY u anekTpoaBTOMaTH4YECKUX YCTPOMCTB
CTaHKa B HEOOXOIMMBIM BUJ; JIOTHYECKHE MUKPOKOHTPOJUIEPHI, KOTOpbIe 00padaThIBatOT KOMaH/IbI,
nogaBaembie Ha OY B MUKPOKOHTPOJUIEPE 3a/1aHHBIC JIOTUYECKUE YPAaBHEHH YIIPaBJICHUs pabounMu
opraHamMu mNpeoOpasyloTcss B CUTHalbI, (DOPMUPYIOIIME JIOTMKO-BPEMEHHBIE IMKJIBI YIpaBICHUS
AIIEKTPOAaBTOMAaTUYECKUMH yCTpoWcTBaMU. MOAYIM ONEpalMOHHBIX YCTPONCTB (IIpOrpaMMHBIE
ajanTepel) MpeodpaszyroT MHGOpPMALMIO OJHOTO BHMJAAa B MHGOpMalMI0 Apyroro Bujaa. Moaymnu
aJaNTUBHOTO YIpaBJIeHUs MpeIHa3HaueHbl Uil cOopa, 00pabOTKU TEXHOJOTHYECKOW HH(pOpMaLU U
opranmszaiuu koppektupyromed YII. CrpykTypHas cxema THUIIOBOro yHuBepcainpHoro YUIIY
nmokasaHa Ha pucyHke 38. YCTpOHCTBO COCTOUT W3 HECKOJBKHUX THIMOBBIX MOJyJiehd. PucyHok
CrtpykrypHas cxema TumoBoro yHuBepcaibHoro YUIIY IIpomeccop (IIp) sBasercs
IPOrpaMMHUPOBAHHBIM IpeoOpa3oBareneM HH(opManuu W BKJIOYaeT B ceds: apuMeTHuKo-
agoruueckoe ycrpoictBo (AJLY), ciayxamee aias mareMaTHueckod o0paOOTKM HH(OpMaruu u
BBITIOJTHEHUSI Ollepalvii aHanu3a; ycTpoicTBo yrpasieHus (YY) obecnieunBaeT ynpasieHue padboToi
nporeccopa MO  MHKPONPOTPAMMHOMY — alropuTMy (OJHOYpOBHEBas MJIM MHOTOYPOBHEBas
opranusanus ynpasieHus). OnepatuBHoe 3anomuHatomiee ycrpoicto (O3VY) npeanasHaueHo Ui
XPaHEHUs YNPAaBIAIOLUX U OPraHU3YIOLMX IPOrpamMM, YINpaBJSIOLIIMX NPOTrpaMM ISl YIPaBICHUS
AIIEKTPOAaBTOMAaTUYECKUMH  YCTPOMCTBAaMU  CTaHKa € IOMOHIIbIO  IPOrpaMMHUPYEMOro
KOMAaHJOKOHTPOJUIEepa, sl XpaHeHUs MapaMeTpoB TexHosornyeckoro oorvekra u YUIIY, maccuBos,
00CTYKUBAIOUINX U KOPPEKTUPYIOIIMX MPOrpaMM, CTAaHJAPTHBIX MOJIMPOrpaMM M IPYrMX MacCHBOB
naHHbIX. [13Y XpaHuT nporpaMMsel CTaHAAPTHBIX LUKIOB (Tpoueayp), YII o6paboTku nHpopmanuy,
CTaH/JapTHbIE MHUKPOIIPOrPaMMbl YIPABIEHUS Pa3IMYHBIMU YCTPONCTBAMHU C MOMOIIBIO AJanTepoB
(amanTepbl ympaBieHHMs MPUBOAAMH, IYJIbTOM HHAMKAIMA M T. J.), CTaHJApTHBIE MPOTrPAMMBI
yOpaBJICHUs] JpyruMHU anmnapaTHeiMu cpenactBamu. [III3Y coyxut s 3amMcu  mporpaMmbl
JIOTUYECKMX MHUKPOKOHTPOJUIEPOB,  YIPABISIOMIMX  3JEKTPOABTOMATHUECKHMHU  YCTPOHCTBAMU
TEXHOJIOTHYECKOro 00bekTa, 3amucu YII KoHTposuiepoB oOpalieHHs K BHEUIHHUM YCTPOWCTBaM,
3alMCU TECTOBBIX MporpamMm U T. 1. Ilynbt omeparopa (I1O) npennasHaueH Juisi onepaTMBHOTO
BMemareabcTBa B padory CUITY, 1. €. mogaun KoMaH PyYHOTO YIIPaBJICHUs, HA3HAYCHUS PEKUMOB
pabotsbl, ans mpocMotpa Y11, ee penakTupoBaHus, KOHTPOJIS pabOThl cucTeMsl, nuanora ¢ YUIIY u
T.J.

K BuemnuMm ycrpoiictBam (BY) MOTyT OTHOCHTBCS: CHCTEMBI TECTOBOTO KOHTPOJIS,
BUJCOMOHUTOPHI (YCTPOICTBa, BKIIIOYAIONIIME B ce0sl AUCIUIEH M KJIaBUATYpy [uid 3arpy3ku YUITY
KOMaHJaMM WJIM YHPaBJISIOIMIMMHU IIPOrpaMMaMu, sl BbI30BAa U IMPOCMOTPA MX), BUACOTEPMHUHAIBI,
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BCEBO3MOJKHBIC IEUATAIOIINE YCTPOUCTBA (PUHTEPHI), MYJIBTHI MporpaMMupoBanus B kojae ISO nmu
B MAIIMHHO-OPUEHTHUPOBAHHOM SI3bIKE, MYJIbTHI MporpaMMmupoBanus YII snexrpoaBTOMaTHueCKUMU
YCTPOMCTBAMHM TEXHOJOTMYECKOTO O0OpYAOBAaHUS, BBIUHMCIUTEIbHBIE CHUCTEMbl aBTOMATHYECKOIO
nporpammupoBanus 1 OBM OGonee Bwicokoro panra. Taitmep (T) opraHusyer METKH pPeaqbHOTO
Maciutada BpeMeHU, He0OXOIMMBIE JIsl YIIPABJICHUS BCEMU YCTPOMCTBAMH, B TOM YHCIIE U O0BEKTOM
ynpasinenus. Uarepdeiic Tuna konrposuiepa oomena (KO1) ciyxut mis obecnieuenus cesizu YUITY
C BHEIIHUMHU YCTPOMCTBAMH YIpaBIIEHUS, YIIpaBiIeHUs] 0OMeHOM HH(pOpMaIueil Co BCeMU BHEITHUMHU
ycrpoiictBamu. CBs3b € OOBEKTOM YIpaBIE€HHS M OCHOBHBIMM YCTPOWCTBAMU OOBEKTA
OCYIIECTBIISICTCA 4epe3 CTaHAapTHBIA uHTepdeiic Tuma Q = bus, mnpeacTaBisAOmUNA OO0
KOHTpOJUIEp yIpaBlieHUs oOMeHOM HH(OpPMAaLWU, W Marucrpaib obmeHa Ha 16 pa3psaoB.
Kontpomnep obOmena c¢ oObekrom ymopasieHus (KO02) oGecrieunBaer ympaBieHHe OOMEHOM
uHpopManuell MexXIy TexHoJorudeckuM oOvektoM u YUIIY ¢ momompi HIMH MECTHOTO
unrepderica (IIM). MuorokananbHble aHajgoro-mudpossie npeodpazoparenu (ALIT) coyxkar s
npeoOpa3oBaHUsl AHAIOTOBBIX CUTHAJIOB, IOJIYYEHHBIX OT JardukoB oOpatHoi cBszu (L[OC),
PacIoJIOKEHHBIX B TEXHOJIOTHYECKOM 00bekTe, B IudpoBoit koxy VYUIIY (uucno kaHaioB
OOyCIIOBJICHO  YHCJIOM  YIpaBsIeMbIX  KoopauHat). LludpoananoroBeie  mpeoOpa3oBarenu
(LTAIT) mpeobpasyroT nudpoBbie KOABI B aHAJIOTOBBIE CUTHAJBI U BBIJAIOT WX HA UCHOJHUTEIbHBIC
YCTpOMCTBA (HA AJIEKTPOABTOMATHYECKUE yCTpoicTBa M mpuBojabl). Y3ibl npuema (I1IK) u BoiBoga
(BK) xonoB sBnsoTcs Kak O0b1 OyepHbIMU MOPTOBBIMH yCTPOWCTBAMHU JJISi BPEMEHHOTO XpaHEHHS
uH(popManuu oOMeHa, pacliupoBKU agpecoB KoMaHJ U T. A. Texnonorunuyeckuit oobekr (TO) c
UCTIOJTHUTENbHBIMU MeXaHU3MaMH, ANEKTPOABTOMATHYECKHUMHU yCTpOWCTBaMU BY)n
U3MEPUTENIBHON CUCTEMOM peau3yeT KOMaH/bl YIpaBiICHUs] U KOHTPOJIb MCIIOJHEHUS C MOMOIIbIO
JOC.

Tema 2.3. CucteMbl a1alITUBHOI0 POTPAMMHOIO YIIPABJICHUS.

[Mpunuun moctpoenust CUIIY ocHoBaH Ha TOM, 4YTO YyIpaBJieHHE ACHCTBYET COTJIACHO
3alaHHOMY QJITOPUTMY, OIIPEAEICHHOMY VYIPABIAKOLIEH MPOrpaMMOM B  COOTBETCTBUU C
NEPBUYHBIMU CBEJIEHUSMU OO0 yIpaBiIsieMOM OOBEKTE, TEXHOJOTHYECKOM IIPOLIecce M €ro
napaMerpax, a TaKKe KOPPEKLIMH W IEpPECTPOMKE anropuTMa YIpPaBICHUS HAa OCHOBaHUU
MOJIyYEHHBIX BTOPUYHBIX CBEJCHHUI 00 ympaBisieMoM 0O0beKTe (CBeAEHUS 00 M3MEHEHHUU MCXOAHBIX
JTAHHBIX, OTKJIOHEHHE (PaKTUYECKUX MapaMeTpoB OT TeX 3HAYEHUH, KOTOpbIE MpeayCMaTpUBAIUCH B
VII, u 1. 1.). CUIIY ¢ Takoif opranu3anueil yrnpapieHus Mojyunia Ha3BaHue anantuBHou CUITY.
Hns  monoOnoit cucrembl  VYII  ¢dopmupyer wnenp ympaBieHHs (aIrOpuUTMBbl - yIIpaBIIEHU,
ONpEEISAIONINE TPAGKTOPUIO JBUKEHHS pabodYMX OpraHoB, HMX CKOPOCTH, a TaKxXe Jpyrue
TEXHOJIOTHYECKHE TapamMeTpbl M KOMaHAbl Ha OCHOBaHMM H3BECTHBIX CBEJCHMH 00 o0ObekTe
yIpaBJIeHUs, 3arOTOBKE, IpHeMax 00pabOTKH, UHCTPYMEHTE U T. [.), K KOTOPOH JJOJKHA CTPEMHUTHCS
cucrteMa yrpasieHus. Takum oOpasom, Juisd agantuBHbeix CUILY 3anucannas YII, onpenenstomias
3aJJaHHBI AJTOPUTM YIIpaBieHHUs OOBEKTOM U 33/JaHHbIE MapaMeTphl, sABjseTcs UHpopManueld o
LENAX YIpPaBJIeHUs, U NPU U3MEHEHHH OOCTAaHOBKM B YIPAaBIsIeMOM OOBEKTE Takas cUCTeMa OyieT
aJaNTUPOBAThCSl, MEHATh IUCUUIUIMHY YIPABICHHS C yY€TOM MU3MEHUBIINXCS KOHKPETHBIX YCIOBHIA,
T. €. YCTPOWCTBO yIpaBlieHUs! OyJeT BbIpaOaThIBaTh JIOTOJHUTENIbHBIE MHCTPYKLUUHU YIPABICHUS K
cymectByromeir YII. B ynuBepcampubix VYUIIY, coszmaBaempix Ha 0a3e mukpoOBM s
oOecrieyeHHs aJanTHUBHOTO YIPABJICHUS, CO3AAIOTCS CIELUalbHble MHTep(deNCcCHbIe MOMYIH JUIs
cBs3u oObekTa ympamieHus ¢ YUIIY mo amantuBHOMY ympaBieHuto. I[lpudem co3garoTcst Takxke
JOTIONIHUTEIbHBIE MOAYJIM B BHJAE NPOTPaMMHUPYEMBIX MHUKPOKOHTPOJUIEPOB Ul pealu3aluu
aJIalTUBHOTO yMpaBiieHUs: B o0bekTe. MHTepdelicHblil MOaynb BKIIOYAET B ceOsl TOMOJHUTENbHbIE
aHayoro-iuQpoBsle npeoOpa3oBaTeNn i MpeoOpa3oBaHUs CUTHAIOB JATYMKOB, W3MEPSIONIUX
BCEBO3MOXKHBIE TEXHOJIOTMYECKHE MapaMeTpbl BO BpeMs YIpaBIEHHs, KOTOpbIe MPeoOpa3yroTcs B
udpoBoii koa. Kpome Toro, mpuMeHSIOTCS MPOrpaMMHUpyeMble MUKPOKOHTPOJIIEPHI s 00paboTKH
BTOPUYHON MH(GOpMAIUU U BBeACHUS ee B ocHOBHYIO YII. Bce mepeuncnenHbie BbIllie MOTYNIH, KaK
NPaBUJIO, YIPABISAIOTCS OT IEHTpabHOrO mporeccopa MukpoOBM. B VUITY, noctpoeHHBIX Ha 6a3e
MukpoOBM, B 3V XxpaHuTCcs chnenuanibHO pa3paboTaHHOE MAaTeMAaTHYeCKOe MW IMPOTPaMMHOE
obecrieueHne sl OpraHu3aliy aJalTHBHOTO yIpaBieHus copmecTHO ¢ YITY.

Bce amantuBnabie CUILY cnenyetr npuMeHSTh TaM, TJ€ OHHM Jal0T SKOHOMHUYECKHH 3P heKT u
ONpaBJbIBAIOT HayallbHbIE 3aTpaThl 3a CYET Malod M30BITOUHOCTH AamNNapaTHBIX CpPEICTB H
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cTaHIapTHHIX Moaynei. AnantusHeie CUITY, nmpuMeHseMble B MPOMBINIJIEHHBIX pOO0TaX, OCHAIIAIOT
CHeHaTbHBIM MAaTEMAaTUYeCKUM U MPOTrpaMMHBIM oOecrieyeHreM, KoTopoe 3anuceiBaercs B O3V u
[13Y VUIIY uepe3 cnenualbHbIA YHUDHUITUPOBAHHBIA HHTEP(EHC MOKET OCHAIIATHCS CPEACTBAMU
TEXHUYECKOTO 3PEHUS MPH aJalTaluy Ha OOCTaHOBKY, T€OMETPHYECKYIO (OpMY, U3MEPEHUE CHIIBI
3axBata Uil (PUKcalluM B MOMEHT 3axBaTa, MapKHPOBKY 3aroTOBOK, B3aMMHOE pacIOJIOKEHUE,
U3MEepeHue 0ceBoil nedopmanuu mpu cOopke u T. 1. B kadecTBe penenTtopoB TEXHUYECKOTO 3PEHHS
MOTYT TPUMEHATHCSA BJICKTPOHHO-Ty4YeBble TPYOKH, HMHTErpajbHble (DOTONpUEMHBIE YCTpPOICTBa
marpuuHoro tuna (M®Y), matpudnbie nprOOpsl ¢ 3apsI0BOM CBS3BIO, AUCCEKTOPHI (IUCCEKTOPHI
ABIIIOTCS ~ TEJEBU3MOHHON TpyOKOH ¢ NPOM3BOJIBHOW  Pa3BEpPTKOM  Jiyda), MaTpH4YHBIC
TeH30MeTpuyeckue naTuuku u T. 1. [lIupoxoe npumenenue agantuBHble CUITY HaxonsaT Takxke B
TE€X TEXHOJOTMYECKHX OOBEKTaX, TINIeé NPEIbSIBISIIOTCS BBICOKME TpeOOBaHMS K MapamMeTpam
TEXHOJOTMYECKUX IIPOLECCOB MM HapaMerpaM Moiydaemblx wusgenuid. Kpome Toro, oHu
MIPUMEHSIOTCS B TE€X Clydasx, KOrja BO3MYUIAOLIME BO3ACHCTBUSA B TEXHOJOTMYECKOM IPOLECCE
3HAUUTENbHBI U HOCAT CIIy4alHbII XapakTep, YTO AA€T BO3MOKHOCTb YUECTh JIaHHBIE OTKJIOHEHUS B
VII wnu ckoppekThpoBaTh ¢ IMyibTa B mporecce ynpaieHus. AnantuBHeie CUITY paznuuarorcs
crioco0amMul alanTalyy, BUAAMU OPTaHU3ALMU U3MEPUTENIBHBIX CHCTEM, CIIOCO0aMH OpraHH3alid
aJJalITUBHOTO YIPABICHHUS M Pa3HOBUAHOCTBIO aNMapaTHBIX CPEICTB, C IOMOLIBIO KOTOPBIX
OpraHuM3yercs aanTuBHOE yrpasieHue. [lo npuHuuny aganranuu pasnnyatoT agantuBaeie CUILY: ¢
(GyHKIIMOHAIBHBIM ~ PETYJIMPOBAHUEM, B  KOTOPBIX MPOLECC aJanTalid  OCYIIECTBIISIETCS
pEeryIUpOBaHUEM TapaMeTpoB, (PYHKIMOHAIBHO 3aBHCALIMX OT OTKJIOHHUBIIUXCS BEIWYHH; C
SKCTPEMAJIbHBIM  PEryJupOBaHUEM, LEJIbI0  aJalTallMd  KOTOPBIX  SIBIISIETCA  MOJYy4YEHHUE
MaKCHMaJIbHOIO WM MHUHMMAJIBHOTO PE3yJbTaTa; C ONTHUMAJbHBIM PETYJIMPOBAHUEM, TJ€ BEAETCA
pEeryJaupoBaHHe MHOTHMX MapaMeTpOB HAa ONTHUMANbHBIMA pEe3ylbTaT MO KOMIUIEKCHOMY KPUTEPHIO
ontumanbHocTH. AgnantuBHble CUIIY wmoryr pasnuyaThesi crmoco0aMu KOHTPOJISE HapameTpoB,
BBI3BIBAIOIIMX BO3MYINAIOIIEEe BO3JACHCTBHE, M CHOco0aMu BO3JEHCTBUS Ha IapaMeTphl
perynupoBaHusi, IOCPEICTBOM KOTOPBIX, KaK MPaBUJIO, BEAETCS aJJalTallisl C Y4€TOM HOBBIX YCJIOBUI
ynpasineHus. Yame  Bcero mapamMeTrpamMu, KOTOpPBIE — SBJIIOTCS  BO3MYILAOIIMMHU WU
perylIupyromuMHy, ObIBalOT MOIIIHOCTh U CHJIa pe3aHus, AnaMeTp 00paboTKU, MPUITYCK Ha 00paboTKYy,
TeMIepaTrypa B 30HE pe3aHus, AegopmMalus B CUCTEME CTaHOK — IMPHUCIIOCOOICHNE — UHCTPYMEHT
— 3aroTOBKa, M3HOC PEXYIIEro MHCTpyMeHTa U T. A. AnantuBHbie CUITY moryr pasnudarbes
YKCJIOM KaHAJIOB PEryJIMPOBaHUs, BUIOM U 3aKOHOM PETYJIUPYIOIIUX BO3IECHCTBUM.

Tema 2.4. 'nOxue NpoM3BOACTBEHHBIC CHCTEMbI M THOKHE NIPOM3BOICTBEHHbIC MOLYJIH.

I'mOkast mpousBojctBeHHass cucrema (I'TIC) mpeacraBnser coOoi COBOKYIMHOCTH B Pa3sHBIX
coyetaHusix obopynosanus ¢ UITY, poGOTH3MPOBAHHBIX TEXHOJOTHYECKUX KOMIUIEKCOB, T'MOKHX
IIPOU3BOJICTBEHHBIX MOJYJIEH, OTIENIbHBIX E€AMHMI] TEXHOJOIMYECKOTO OOOpYIOBaHMS U CHCTEM
oOecrieyeHns uX (PYHKIIMOHUPOBAHUS B aBTOMAaTHUYECKOM peXHMME B TEUEHHME 3aJJaHHOTO MHTepBaya
Bpemenu. Jlrobas TIIC oGnanaeT cBOMCTBOM aBTOMaTU3UPOBAHHOM MEpPEeHANaJAKH MPHU MPOU3BOJCTBE
W3JIEIMHA TTPOU3BOJIBHON HOMEHKJIATYPhl B YCTAHOBJIEHHBIX IPEJENax 3HAYEHUM MX XapaKTEPUCTHK.
PobGoTtusupoBannblii TexHonmornyeckuii kommieke (PTK) cocTouT u3 eauHMIIBI TEXHOIOTUYECKOTO
000pyJIOBaHUs, TMPOMBIIUIEHHOTO po0OTa M CPEICTB OCHameHus (yCTpOHCTB HaKOIUICHUS,
OpUEHTallMM U TowTyyHol Bbyiaun wusgenuit). PTK Moxer ¢GyHKIMOHMpPOBaTH aBTOHOMHO,
OCYILECTBIISI MHOTOKpaTHO LUKl 00pabotku. Ecin PTK npennaznadens! s paboTsl B cOCTaBe
I'TIC, To OHM OJMHBI UMETh aBTOMAaTU3UPOBAHHYIO MEPEHAIAaKy U BO3MOXHOCTh BCTPAaUBaHUS B
cuctemy. ['mbkuii mnpousBoacTBeHHbIH Monynb (I'TIM) — 53To eaMHHIIA TEXHOJIOTHYECKOTO
o0opy/soBaHusl JUId TPOU3BOJCTBA U3JIEIMNA IMPOU3BOJLHOM HOMEHKJIATYpbl B YCTaHOBJIEHHBIX
npefenax 3HAYeHMH HX XapaKTepUCTUK, AaBTOHOMHO (DYHKIIMOHHpPYIOIIas, aBTOMATUYECKH
ocymiecTBistomas (yHKIUHU, CBSI3aHHBIE C MPOU3BOJICTBOM M3JAENUI, U HMEIOLas BO3MOXKHOCTb
BcrpauBanus B ['TIC. Ilo opraHM3aliMOHHBIM NPU3HAKaM MO>KHO BbLIENNUTH 3 pazHoBuaHoctu [I'TIC:
TAJI, TAY u TAILl. 1) Brubkoit asromarm3upoBaHHoi muHUU (I'AJI) TexHOIOrHYECKOE
000pyJIOBaHUE PACIIONIOKEHO B IMPHHATOW MOCIEIOBATEIBHOCTH TEXHOJOTMUYECKUX oOrepaunui. 2)
['ubkuit aBTOMaTH3upoBaHHbI ydacTok (ITAY) GyHKIIMOHUPYET MO TEXHOJIOTUYECKOMY MapIIpyTy,
B KOTOPOM IIPEAYCMOTpPEHa BO3MOXHOCTb W3MEHEHHUS IIOCIEA0BATENbHOCTH HCIOJIb30BaHUA
TEXHOJIOTHYecKoro obopynosanus. 3) B cocta rubkoro aBromatuzupoanroro mnexa (I'ALl) Bxomsr
B DPa3NUYHBIX COYETAaHUSX TMOKME  aBTOMATU3MPOBAHHBIE  JIMHUM, POOOTHU3UPOBAHHBIE
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TEXHOJOTMYECKHE JIMHUM, THOKHE aBTOMAaTH3WPOBAHHBIE YYaCTKU H  POOOTU3MPOBAHHBIE
TEXHOJIOTHYECKUE JIMHUU U YYACTKHU JUJISl IPOU3BOACTBA WM3ACNIUN 3aJaHHOM HOMEHKJIATyphl. Takum
obpazom, ['TIC — 310 opraHu3armOHHO-TEXHUYECKAsK MMPOU3BOJICTBEHHAS] CUCTEMa, MTO3BOJISIONIAS B
YCIOBHUSX  MEJIKOCEPUMHOIO0, CEpPUMHOT0 U B  OTACIBHBIX  CIIy4asX KPYIHOCEPHMHOIO
MHOTOHOMEHKJIATYPHOT'O MPOU3BOJCTBA 3aMEHUTh C MUHUMAJIbHBIMU 3aTPATaMH U B KOPOTKHI CPOK
BBIIIYCKAEMYIO IPOAYKLMIO Ha HOBYI. B crpykrype tumnosoit I'TIC HeoOXoAuMBI TpU TpYIIIbI
KOMIIOHEHTOB: T€XHOJOTUYECKAsl, YIPABICHHS U NOATOTOBKU Mpon3BoAcTBa. Kaxkas u3 yka3aHHBIX
IpynI KOMIOHEHTOB, OOpa3yIoUIMX COOTBETCTBYIOIIYIO CHCTEMY (WM TOACHUCTEMY), SBISETCS
YeJIOBEKO-MAaIlllMHHOM, B KOTOpPOW Haubosee TpyJoeMKHe (DYHKUIHMU BBIMONHSIOTCS BXOASIIMMHU B
CUCTEMY CpEJICTBAMH BBIYUCIIMTEIHHOW TEXHUKH, a TBOPYECKHME (DYHKIUU — KOHCTPYKTOpAMH,
TEXHOJIOTaMH U OpraHH3aTOpaMu IMpPOU3BOJCTBA, padotaromumu Ha APM. Texnonoruueckas
CUCTEMA MpeAcTaBisieT co00M COBOKYMHOCTh OCHOBHOI'O M BCIIOMOTATEIbHOTO TEXHOJIOTMYECKOTO
000py/lOBaHUs U pPEaTM30BAaHHOTO HA HEM TEXHOJOTHYECKOro IPOU3BOJICTBEHHOrO Ipoliecca,
KOTOPBII MOXET OBITh MEXaHOOOpadaTHIBAIOIIUM, COOPOYHBIM, JIMTCHHBIM, Ky3HEUHOIIPECCOBBIM,
CBapOYHbIM, TajbBaHWYeCKUM M T. . [IpousBoiacTBeHHBIE (DYHKUIMU BBIMOJIHSIIOTCS C IOMOILBIO
cnenu(UYecKnx Ui KaXAOrO BUAA TPOU3BOJCTBA TEXHHYECKHX CPEICTB, IOCTPOCHHBIX Ha
MOAYJIBHON OCHOBe. IIpu 3TOM pemaroTcs cleayrollue 3aJaud: KOMIUICKTalus, CKIaJupOBaHHUE,
TPAaHCHIOPTHUPOBAHUE U IPOMEKYTOYHOE HAKOIUICHME MCXOQHOIO Marepuana, 3aroToBOK,
nonypaObpuKaToB M TEXHOJOTHYECKOW OCHACTKH; 00paboTka M cOopka OOBEKTOB MPOU3BOICTBA;
KOHTPOJIb  3arOTOBOK, TMOJy(haOpHUKaTOB M TOTOBOW MPOAYKIUH, KOHTPOJIb MapaMEeTpPOB
TEXHOJIOTHYECKOT0 MPOoIlecca U COCTOSHUS HHCTPYMEHTA, yOOpKa OTXO0JI0B MPOU3BOJCTBA (CTPYKKH,
007104, JINTHUKOB); 10a4a BCIIOMOTaTEJIbHBIX MaTepUaIoB (CMa304YHOrO0 MaTepuaia, OXJIaKIarollen
KUAKocTH, (opmoBouHbIX MaTepuanoB). IlpousBonctBennass rubkocte [TIC ompenensercs
TEXHOJIOTMYECKOH, CTPYKTYPHO-OPraHU3allMOHHON U MapameTpudecko rudkoctsio. [lpu atom mojg
rUOKOCThIO MOHUMAIOT npucrnocadbnuBaeMocTh [TIC kK HM3MEHEHUAM, CBS3aHHBIM C BBIIOJHEHHUEM
MPOU3BOJCTBEHHON  mporpammbl.  [IpousBoACTBeHHass  cucTeMa  cyuTaeTcss TUOKOM U
ObICTporepeHana)kuBaeMoi 0e3 CYIIECTBEHHBIX 3aTpaT, €cClid TMpu HU3MEHEHHMH OOBEKTOB
IIPOM3BOJICTBA HE MEHSIETCSI COCTaB KOMIIOHEHTOB CHUCTEMBI M COCTaB MH(OPMAIIMOHHBIX CBSI3EH.
OOBIYHO CTAaHOYHBIE ABTOMATUYECKWE IUHHUH, CO3JIaHHBIE AN OOpaOOTKM OJHOW KOHKPETHOM
JeTajld, O4YeHb CJIOHO HCIOJIb30BaTh Ui O0OpaOOTKM HOBOHM JeTalM, JaXe aHaJOTM4YHOM IO
KOHCTpYKUMU. [IpuHIMNUAnbsHO HOBBIE CpEACTBAa aBToMaru3anuu, nosiBuBmuecs B Buae [TIC,
MO3BOJIMIIM CO3JaTh JUIsl TaKUX MPOM3BOACTB TrvOkue aBromarusupoBaHHble juHuu (I'AJI). T'AJI
MpeIHa3HayeHbl A7 TPYNNOBOM 00pabOTKM HECKONBKHMX 3apaHee HM3BECTHBIX AHANOTUYHBIX IO
KOHCTPYKIIMM ¥ TEXHOJOTMU M3roTOBNEHUs JeTanedl. OHM COCTOAT U3 IEepeHaJaXUBaeMbIX
arperaTtHeIX CTaHKOB U CcTaHkoB ¢ UIIY, oObequHEHHBIX €IWHOW aBTOMAaTHYECKOW TPaHCIIOPTHOM
cucremoit Ctanku ¢ YIIY ucrnonb3yloT B TakuxX JMHMSX MPU CIOKHBIX LMKIAX 00pabOTKU U MpHU
HEOOXO/IMMOCTH peau30BaTh KOHTYpHOE ympasieHue. TexHomorndeckoe obopynoBanue I'AJl
pacmoJIOKEHO B IPUHATOM IOCIEAOBATEIBHOCTH TEXHOJIOrMYeckux omnepaunid. [Ilupokoe
pactupoctpanenue nomnydnnu ['AJl, cozmaBaembie Ha 0a3e arperaTHbIX CTaHKOB CO CMEHHBIMHU
HIMUHJIETBHBIMU KOpOOKaMU /1711 00paOOTKM KOPITyCHBIX jaeranei. [Ipumep Takoil IMHHMM, B COCTaB
KOTOpPOW BXOJAT: JBA KOMIUIEKTa YHHU(PHUIIMPOBAHHBIX y370B 1 M 6 anms MexaHooOpabOTKH, ABeE
ABTOMATHUYECKU JIHCTBYIONINE CEKIIMU KOHBEMEPOB MIMUHACIBHBIX KOPOOOK 2 u 4, cremutax 3 s
CKJIQJIMPOBAHMS HE UCIIOIB3YEMBIX B 33JJAHHOM ITUKJIE paOOThI IIMTUHACTBHBIX KOPOOOK, TPU MO3UIHH
10 ycTaHOBKM 3aroTOBOK Ha 3aXKHMHBIE MPUCIOCOOJIEHUSA-CITYTHUKHM, TPAaHCIOPTHAs CUCTEMa
ABTOMATUYECKOW TMOJaYu JIeTalel Co CIyTHUKaMH Ha pabouue mozuiuu 11 u 8 (mosumms 9 mis
IIPOMEKYTOUHOTO KOHTpOJIs Aetasneil). KoMmiuekTsl yHu(DUIUPOBAHHBIX Y3JI0B UMEIOT CUIIOBOW CTOJ
C peayKTopoM 7 Ui KpeIUIeHHS CMEHHBIX IIMUHACIBHBIX KOPOOOK 5, yCTpPOMCTBO MOJa4ud K
CHJIOBOMY CTOJIY IIIUHAETBHBIX KOPOOOK 12, Habop ceklnii KOHBeHepoB U MOBOPOTHBIX cToJIoB. Ha
JUHUHM ~ HCIIONB3yeTcs J0 28 MHOTOUIMUHAENBHBIX KOPOOOK, KOTOphIE Ha CIIyTHUKAxX
TPAHCTIOPTUPYIOTCS B HYXHBIA TEpUOa IUKIa 00pabOTKH K CHIOBOMY Y31y, TJE€ IMOOYEPETHO
ABTOMATUYECKU 3akperuisiroTcs. [Ipu mepeHanagke HOBBIA KOMIUIEKT KOPOOOK 3arpyaeTrcst HH
KOHBe#ep co ckmana. Taxke Oombinee mpumeHeHue Haxoaat B ['AJI s o6paboTku aeraneid Tura
TeJl BpallleHUs M KOPIYCHBIX JeTajieid arperaTtHbie ctanku ¢ YIIY, co3maBaembie M3 KOMILIEKTOB
YHAU(PUITUPOBAHHBIX Y3JI0B (CTOJIOB PA3UYHBIX THIIOB, MEXaHU3MOB aBTOMATHYECKOW CMEHBI
uHcTpymeHTa). 3.  VYmpasnenne [TIC peanusyeT KOMIUIEKCHbIE MHOTO(YHKITMOHAIBHBIC
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HEepapXUUeCKd IOCTPOEHHBbIE aBTOMAaTU3MpOBaHHBIE cHUcTeMbl ympasieHus (ACY), B KOTOpPBIX
MOKHO BBIJICIIUTh ABE (QYHKIMOHATbHBIE COCTABHBIC YAaCTH: - YIPABICHUS TEXHOJIOTUYECKUMU
nponeccamu (ACYTII) - opranuzarnmonHo- - texHonorudeckoro ympasieHuss (ACYOT). Ilepsas
pemaeT 3aJa4yd TPYNIOBOTO YIPABJICHUS TEXHOJOTHUYECKUM M TPAHCIOPTHBIM 00OpYyJOBaHUEM, a
BTOpas — 3aJlaud IUIAaHUPOBAHMS, JUCIETYEpU3alMu U ydeTa Xoja npousBojacTBa. O0e cocTaBHBIE
gactu ACY I'TIC TecHO B3aMMOCBSI3aHBI MEXIY COOOHM Kak ammapaTHBIMH, TaK U MPOrPaMMHBIMH
cpeactBamu. ACY TII npenna3znadeHa ajisi BBIpaOOTKH YIPABISIONIMX BO3JECHCTBUM Ha KOMILIECKCHI
(TpymIibl) OCHOBHOTO M BerioMorarenbHoro ooopynosanus ['TIC, mepenaun yrnpapistonpx IporpamMm
U apyroi tpeOyemoil uHGOpMAIMM B YCTPOWCTBAa JIOKAJbHOTO ympaBieHus (cuctembr YITY
000pyI0BaHUEM, YCTPOUCTBA IEKTPOABTOMATHKH), IpUEMa HH(OPMAIMH OT YCTPOUCTB JIOKAIBHOTO
yIOpaBieHUs, a TakXKe s OpraHu3aluyd XpaHeHUs B mamsatu DBM OuOIMOTeKH YIpaBISIOMIUX
nporpaMM M BCe HEOOXOIMMOU TeXHOoJormveckoil gokymeHtanmuu. B cocras ACY TII Bxomst
MOJIyJIM JIOKAJIbHOTO YIPAaBIICHUS, CPEACTBA MH(POPMALIMOHHO-U3MEPUTENBHON M BBIYMCIUTEIBHON
texuukd. B T'TIC mporpamMmHoe ympaBieHue oOecrieuuBaeT (HyHKIIMOHUPOBaHHWE OOOPYAOBaHUS B
ABTOMAaTUYECKOM PEKMME B COOTBETCTBHM C 3aJaHHON MPOrpaMMOM M BO3MOYKHOCTb M3MEHEHHUS
nporeccoB (YHKIMOHHPOBAHUS MPH CMEHE Mporpammbl. JaBHas mpoOieMa, BOZHHKAIOMIAS IMPH
pa3paboTKe CUCTeMbI TPYyNIoBOro ympasienus odopynoanus ['TIC — obecrnieuenne B3anMo1eicTBUS
YCTPOMCTBA JIOKATLHOTO yrpaBiieHUs: ¢ OBM. Pemenne 310l mpo06iieMbl CBS3aHO ¢ YHHPHUKAIUEH U
CTaHJapTH3alMeil MpOorpaMMHO-aNmapaTHeIX HHTepdencoB  (PpU3MUecKkoro, JIOTUYECKOTO H
uHpopMannoHHOTO). Du3Mueckuii  WHTEpdeic ompeaensieT Crnocod  AINEKTPUYECKOTO |
MEXaHM4YeCKOro comnpsbkeruss 9BM u JokanbHBIX yCTpOMCTB ynpasienus. Jloruueckuil unrepdeiic
ompeeIIeT Crocod nepenayn uHPopManuu (IpoToKoa oOMeHa MHpOpManuel) Mo KaHaly CBSI3U:
Croco0 YCTAaHOBJIIGHHA M TMPEKPALICHUS CEaHCOB CBS3HM, pa3Mep IepelIaBaeMbIX COOOIECHUH.
Wudopmannonnslii uaTepdeiic onpenenser cocraB U (opMaT NeperaBacMbIX IO KaHATy CBS3U
coOOIeHUH, T.e. fA3bIK MH(OpPMAaLKUOHHOTO oOMeHa Mexnay OBM u JokanbHBIMU YCTPOHCTBAMU
ynpasiaenus. [TIC HaxomdT npuMeHEHHME B OCHOBHOM B CTaHKOCTPOEHHH, MAallMHOCTPOEHHUHU.
Ananu3 I'TIC no3BossieT caenaTth HEKOTOPBIE BBIBOJBI: YIPABIECHUE TPAHCHOPTHBIMU CUCTEMaMHU U
paboTol CTAaHKOB OCYIIECTBIISIETCS OJHOW WJIM HECKOJBKHUMH OTAEIbHBIMH DBM; 4nCIO CTaHKOB B
I'TIC xone6nercs ot 2 1o 50. Oxnako 80% I'TIC cocraBneno u3 4-5 crankoB u 15% u3 8 — 10; pexe
BcTpeuaroTcsi cucteMbl u3 30-50 crankoB (2-3%); HamOONBIIMKA SKOHOMHYECKHH 3PGEKT OT
ucnonszoBanuss [TIC gocturaercs mnpu o0pabOTKe KOPMYCHBIX JeTaneil, HEeXeIHn OT UuX
MCIIOJIb30BaHUs IpU 00paboOTKe APYTUX JeTanel, HaupuMep JeTanel TUIa Tej BpaleHHsl.
TexHUuyecKasi JMArHOCTHKA - OTPACTh 3HAHUMN, UCCIEAYIOIIAsl TEXHUUECKHUE COCTOSTHUS 00BEKTOB
JUArHOCTHUPOBAHUS M TMPOSIBICHUS TEXHUUECKUX COCTOSIHMM, pa3palaThiBaromias MeETOJbl HX
ONpeNeNeHusl, a TaKXe TMPUHLUIBI TOCTPOCHUS W OPraHU3alUI0 MCCIEIOBAaHUS CHUCTEM
JUarHOCTHpOBaHus. J[MarHoctuka o00opy10BaHMsl, aBTOMAaTHYECKHIT KOHTPOJIb TOYHOCTH 00paboTKH,
CTaOUITBPHOCTU TMPOTEKAHHUS TEXHOJIOTHYECKOrO TMpoIlecca SBISIFOTCS OCHOBHBIMH IOKa3aTeIsIMU
YCTAaHOBOK C YHCIIOBBIM IPOrpPaMMHBIM yIpaBieHHeM. JIMarHOCTHKa HCHOJb3YeT HH(OPMAINIO
YIPaBISIONIEH MPOTpaMMBbl, CUTHAIIBI U3MEPUTENBHBIX IPUOOPOB, Psiia BCIIOMOTaTeNbHBIX JAaTYHKOB.
JlnarHocTuka YCTaHOBOK C YHCIIOBBIM IpPOrPaMMHBIM YIPaBIE€HUEM BBINOJHSAETCS HAa OCHOBE
CHEIMAlIbHBIX TeCTOB. B kauecTBe 00bEKTa TUArHOCTHPOBAHUS MOTYT HCIIOIB30BAThCS KaK CPEACTBA
TpyAa (MHCTPYMEHT, IPUCIIOCOOJIEHNE U T.[.), IPOIYKTHI Tpyaa (U3zenue), Tak ¥ TEXHOJOTHYECKHMA
nporiecc. B mio6oit CAY HeoOxoaumbl (YHKIMM KOHTPOJIS, OJHAKO, €CIM aBTOMaTH3allHs
MIPOM3BOJICTBA YAaCTUYHAsE WJIM KOMIUIEKCHAsl, TO JOCTAaTOYHO MPOCTOM CXEMbl OCYIIECTBICHUS
KOHTPOJISI ¥ BBIIAYU TOJIYYeHHOU WH(pOpMAaIlMd B 3BYKOBOM, CBETOBOM WIHM TIpaduueckoM BHUJE.
TexHU4yecKkuil KOHTPOJIb - 3TO TMPOBEPKA COOTBETCTBUS OOBEKTa YHPaBIEHUS TEXHUYECKUM
tpeboBanusiM. B I'TIC TexHHYECKU KOHTPOJIb OXBATHIBAET M CPEICTBA MPOU3BOJCTBA, U OPYAHS
Tpyna, u Texmporecc. Kontpoas mpousBoautcs aubo ¢ nmomoribio cucteMbl CAK, mubo - cuctemsr
tenemexanuku (TK). TexHuueckoe OUarHOCTUPOBAHUE - 3TO HE TOJBKO IMPOBEPKA COOTBETCTBUS
00BbEKTa TEXHUYECKUM TpeOOBaHUSAM, HO U BBISIBICHHE MPUYMHBI U BUAa Jedekra. COBOKYIMHOCTD
MPOBEPOK, TMOCIEIOBATEILHOCTh HMX pealu3alud W TpaBuia OOpaOOTKH pPe3ylabTaTOB IS
oTpefieNieHUs] TEXHUYECKOTO COCTOSIHUSI 00bEKTa yNpaBJCHHs 3a/1al0TCA ajJrOPUTMOM YIPaBIICHUSI.
Ecnu 3TOT anroputM 3agaeT TOJNBKO OJHY (PUKCHMPOBAHHYIO MOCJIEI0BATEIBHOCTh MIPOBEPOK, TO OH
HA3bIBACTCsI O€3yCIOBHBIM, & €CIM B 3aBUCUMOCTH OT MPEIBIIYIIEro TaKTa padOThl, TO YCIOBHBIM.
Ecnim om oOecrieunBaeT oOIpeAcliecHHE ONTUMAJIBHBIX 3HAYEHWW 3aJaHHON IeJeBOM (YyHKIIMH
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JMAarHOCTUKY, TO ONTUMaNbHBIM. [Ipoliecc AMarHoCTUPOBAaHUS CKPBITBIX O0BEKTOB BKIIFOUACT B ce0s
U3MEPUTENIbHBIE AJIEMEHTHI, KOHTPOJbHBIC 3JIEMEHTHI U JIOTUYECKHUE DJIEMEHTHI, a SIBHBIC OOBEKTHI
JMAarHOCTUPYIOTCSA BU3yallbHO. /lnarHocTupoBaHue cTaHKa NMPOU3BOAMTCA B JBa 3tana: 1) Coopka u
HaJaJKa, T.€. MPOBEPKA COOTBETCTBUS JICTANICH U y3JI0B; 2) DKCILTyaTalus, pEMOHT, T.€. IPUMEHEHUE
CWJIOBBIX M TOYHOCTHBIX METONOB. B cooTBeTcTBMM ¢ »3TalmaMy IPOU3BOJCTBA AUATHOCTHUKH
pa3iauyaroT AKTUBHBIM M TMACCUBHBIA KOHTPOJb. AKTUBHBIM KOHTpOJIb - TOT, HPU KOTOPOM
JEUCTBUTEIIBHBIN NTapaMeTp U3JEIUs CPaBHUBAETCS C 3aJaHHBIM pa3MepoM. IlaccuBHBIN KOHTPOIIb -
TOT, IIPY KOTOPOM JE€HCTBUTEIIBHBIN IIapaMETP U3JEIUs CPABHUBACTCS C 3aJaHHBIM pPa3MEPOM.

4.3. JlabopaTopHbie padoThI.

Buo
Homep pasoena Haumenoeanue mem Obven | 3HHAMUA 6 uumeptfkmueuoﬁ,
Ne nabopamopHuix padbom AKMueHoil,
n/n Qucuun.unbl (wac,) UHHOBAUUOHHOU (hopmax,
(uac.)
1 I'ocymapcTBenHas cucrema 1 -
MIPOMBIIUICHHBIX TPUOOPOB U
CpEeJICTB aBTOMAaTHU3alNHU
2 L Nnentudukanys ooObeKTa 1 Pemenue nmpaktuyeckux
peryJMpoBaHus 3a7a4 C UCIIOJIb30BaHUEM
WKT (2 gac.)
3 CHHTE3 aBTOMAaTHYECKOHN CUCTEMBI 2 Pemenue mpaktuyeckux
peryJMpoBaHus 3a7a4 C UCIIOJIb30BaHUEM
WKT (2 gac.)
4 2. [IpoekTupoBaHue PIESKTPUIECKUX U 2 Pemenne npaktuueckux
AIEKTPOMEXAHUYECKUX YCTPOIMCTB 3a/1a4 C HCIIOJb30BaHUEM
UKT (2 gac.)
[IpoexkTupoBaHu€e AIEKTPOMATHUTOB 2 Pemenue mpakTuyeckux
5 3a/1a4 C HCIIOJb30BAHUEM
UKT (2 gac.)
UToro 8 8

4.4. IIpakTuyecKkue 3aHATHS.
Y4eOHBIM MJIaHOM HE TPETyCMOTPEHO.

4.5. KoHTpO/1bHBIC MEPONIPUATHSA: KYPCOBOH NPOEKT (KypcoBasi paboTa), KOHTPOJIbHAS

pabora, PI'P, pedepar.
Y4eOHBIM MJIaHOM HE TPEAYCMOTPEHO.
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5. MATPAIIA COOTHECEHUSA PA3JIEJIOB YYEFHOM JUCIAIIIMHBI K ®OPMHUPYEMbBIM B HUX

KOMIIETEHHUAM U OEHKE PE3YJbBTATOB OCBOEHUSA JUCHUIIJINHBI

Komnemenuyuu Komnemenyuu
Buo
Kon-60 IIK 2 Ouyenka
t.p wac|  yuednvix
M, naumenosanue uacoe Komn. P . Pe3YAbMmamos
4 3aHAMU
pazoenos OuUCyUNnIUHb
1 2 3 4 5 6 7
1. ABTOMaTH3UPOBAHHBIC CUCTEMBI 72 + 1 72 JIk, JIP, CP JK3aMEH
YIIpaBJICHUS.
2. CucteMsl yrpaBiIeHuUs 72 + 1 72 JIk, JIP, CP 9K3aMeH
TEXHOJOTHYECKUM 000PYIOBAHUEM.
6cezo 4acoe 144 144 1 144
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6. TNEPEYEHb VYYEBHO-METOJIHUYECKOI'O OBECHEYEHUSA JJ4A
CAMOCTOSATEJBHOM PABOTHI OBYUAIOIIUXCS IO JUCIHUIIJINHE

1)  3Bamoxueix, B.M. VmpaBnenue — TeXHHUECKUMH  cucteMamu/B.M. 3am0XKHbIX,
B.A. lBanHukoB. - Boponex: BopoHexckas rocynapcTBeHHast JecorexHuueckas akagemus, 2010.
-55c.

2) YhpaiieHHEe TEXHUYECKUMHU crcTeMamu: yueOoHoe nmocooue/E. b. bynsko, K. . Mera, E.
I'. Mypaues u np.; [Tox pen. B. K. Xaputonoga. - M.: ®opym, 2010. - 384c.

7. IIEPEYEHb OCHOBHOH " JOMNOJHMUTEJIBHOW JIUTEPATYPBI,
HEOBXOJINMOMU J1JIs1 OCBOEHUA JUCHUITJINHBI

Bud Konuuecmeo
Ne Haumenosanue uzdanus 3(1:}1- Ikzemnaapoe | Qbecneuen-
[ HOCmb,
MUA | Guonuomexe, | (7x3./ uen.)
IIT.
1 2 3 4 5
OcHoBHas iuTEepaTypa
1. | 3anoxubix, B.M. YnpaBnenrue TeXHHUECKUMU JIk OP 1
cuctemamu/B.M. 3anoxnbix, B.A. VIBaHHUKOB. - JIP
Boponex: Boponexckas rocy1apcTBEHHas CP
JlecoTexHndeckas akagemus, 2010. - 55 c.
[DnexTpoHHbIH pecypc]. -
URL.: http://biblioclub.ru/index.php?page=book&id=142
303
2. | benses, I1.C. CucteMsl ynpaBieHus: TEXHOIOIMYECKUMHU JIK OP 1
nporeccamu: yuebHoe nmocooue / I1.C. bensies, JIP

A.A. bykun; MunucrepcTBo 00pa3oBaHMs U HAYKU
Poccuiickoit ®eneparun, enepanbHoe
rocyJlapCTBEHHOE OI0KeTHOE 00pa3oBaTeIbHOe
yUpeKJIeHHE BhICHIIET0 MPOECCHOHATBHOIO
obpazoBanus «TaMOOBCKUI TOCYapCTBEHHBIN
TEXHUYECKUH yHUBepcuTeT». - TaMOoB: M3aarenscTBo
®I'bOY BIIO «TI'TY», 2014. - 156 c.

URL.: http://biblioclub.ru/index.php?page=book&id=277
585

JlonoIHUTEIbHASI JINTEpPaTypa

3. | YmpaBrieHrue TEXHUYECKUMU CUCTEMaMU: yueOHOe CP 5 0,5
nocobue/E. b. bynsko, K. . Mema, E. I'. Mypaues u
ap.; Ilox pen. B. . Xaputonosa. - M.: @opywm, 2010. -

384c.
4. | Kynpsos, B.C. MoaenupoBanue cuctem: yueoHoe JIK OP 1
nmocobue/B.C. Kynapsmos, M.B. Anekcees. - BopoHex: JIP

Boponexckuii rocy1apCTBEHHBI YHUBEPCUTET
WHKEHEPHBIX TexHoJorui, 2012. - 208 c.
[DneKTpoHHBIH pecypc].

URL.: http://biblioclub.ru/index.php?page=book&id=141
980

8. IEPEYEHDb PECYPCOB HH®OPMAILIMOHHO -
TEJEKOMMYHUKAIIMOHHOU CETH «MHTEPHET» HEOBXOJAUMBbIX AJIA
OCBOEHUA JUCHUITJINHbI

1.9neKTpOoHHBIN KaTajor OnoIMoTEKM bpl'Y
http://irbis.brstu.ru/CGl/irbis64r_15/cgiirbis_64.exe?LNG=&C21COM=F&I21DBN=BOOK&P21
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http://biblioclub.ru/index.php?page=book_red&id=142303
http://biblioclub.ru/index.php?page=book_red&id=142303
http://biblioclub.ru/index.php?page=book&id=277585
http://biblioclub.ru/index.php?page=book&id=277585
http://biblioclub.ru/index.php?page=book&id=141980
http://biblioclub.ru/index.php?page=book&id=141980

DBN=BOOK&S21CNR=&Z211D=.

2. DnexrponHas 6ubnuorexa bpI'Y http://ecat.brstu.ru/catalog .

3. DnekTpoHHO-OMONHMOTEYHass CcUCTeMa  «YHHUBEpPCUTETCKas  Oubnmorexka  online»
http://biblioclub.ru .

4. DnexTpoHHO-O0MOMoTeyHas cuctema «M3aarenscTBo «Jlanby http://e.lanbook.com .

9. METOAUMYECKHUE YKA3AHHUA AJIs1 OBYYAIOLIUXCA IO OCBOEHMIO
JUCHUITTIMHBI

Pabora Ha JeKkuMsAX: BeJCHHE KOHCIEKTa JICKIMOHHOTO MaTepuaja JUis YCIEIIHOTO
UCIIOJIb30BAaHUSl €0 IPU MOATOTOBKE K AK3aMEHY, 3aKpEIUIEHUS M PACIIMPEHHs] TeOPETHUYECKUX
3Hanuii. Ilocie mpopabOTKM JIEKIMOHHOTO MaTepuayia OO0yJaroIIUiCs TOJDKEH YeTKO BIIAJIETh
CJICAYIOLIMMH acleKTaMU 10 KaX10H JIEKLINU:

- 3HaTh TEMY;

- YETKO MPE/ICTaBIATh IUIAH JICKIUH;

- YMETh BBIJEISATH OCHOBHOE, TJIaBHOE;

- YCBOUTH 3HAYCHHUE IPUMEPOB U MILTIOCTPALUIA.

Pabora Ha maGopaTOpHBIX paboTax 3aKIOYaeTCsl B BBIPAOOTKH MPAKTUYECKUX YMEHHH |
IpUOOpEeTEeHNs] HAaBBIKOB B PEIEHUHU 3a/ay, 3aKPEIJICHUU OTIAEIbHBIX aCIEeKTOB IpPOOJeMBbl B
JIOTIOJTHEHUE K JICKIIHOHHOMY MaTepuaiy.

[enu mabopatopHbIX paboT:

- pacuIMpeHue 1 yriyOieHrne 3HaHU| 110 BKHEH MM po0ieMaM JUCIUILUINHBL,

- 3aKpelyieHHe 3HAaHUM M YMEHHs Hu3JaraTh CYIIHOCTb aHAJIM3UPYEMbIX SIBICHUH U
IPOIIECCOB;

- (hopMupoOBaHME HABBIKOB aHAJTMTUYECKON pabOThl 00yUarOIUXCA.

CamocrosTenpHas paboTa MO YIPaBICHUIO TEXHHYECKUMH CHCTEMaMH BBITIONHSACT (DYHKIIHIO
3aKpeIieHHs, MOBTOPEHHs M3Y4YEHHOro Marepuana. BbINOJIHEHHE CcaMOCTOATENbHOW paboThI
crocoOcTByeT yriayOJeHHI0 3HaHWM u Ooisiee ycrnenHoMy (OpPMHUpPOBAHHIO YMEHHIl M HaBBIKOB,
CBSI3aHHBIX C U3yYCHHEM KOHKPETHBIX TEM.

XapakTep caMOCTOSITEIbHOM paOOThI: MOJATOTOBKA YCTHBIX COOOIIEHUW MO TEMaM B paMKax
JEKIIMOHHOTO MaTepuana; pelleHue  3a4ay, KOTOPbIE BBIMOJHAIOTCA M0 33aJaHUI0 U IpU
METOJAMYECKOM PYKOBOJCTBE IPETOAABATENs, a TaKXKe 0€3 ero HermoCpPEeJICTBEHHOTO Yy4YacTHsl.
[TpaBuibHOE BBIMOJHEHHWE 3aJaHUN MO CaMOCTOSTENbHOM paboTe  pa3BUBACT CIIOCOOHOCTU
CaMOCTOsITeNIbHO paboTaTh ¢ MH(pOpMAIMel, HCIONB3ysl YYeOHYI0O W HAYYHYIO JIUTEpaTypy.
CamocrosTenbHas paboTa IUCHUILNTMHUPYET 00YyYaroLIMXCsl, pa3BUBACT IPOU3BOJIbHOE BHUMAaHUE
¥ COBEPUICHCTBYET HABBIKU I1€JIECO00Pa3HOTO BOCIIPHUSTHSI.

Bcé aT10 mo3BonsT oOyuarommMcess nIpuoOpecTd HaBBIKM MPO(ECCHOHATBHOIO MacTepCTBa,
CaMOCTOSITENIFHO ~ MOAOMpaTh  HMH()OpPMAIMOHHBIE HWCTOYHUKH, (OPMYIHPOBATH  OCHOBHBIC
MapKETUHTOBbIE CTpAaTeTuH, YNPaBIATh HOBOM HH(opManmeil u 3HaHUAMH, >PPEKTHUBHO U
TOJIEPAHTHO B3aMMOJICHCTBOBAThH CO CIIEIUAIMCTAMHU U3 JAPYTHX 00JacTeil, HAXOIUTh ONTHMAILHOE
MapKETUHTOBOE PEIICHUE B PHIHOYHOU Cpejie.

9.1. MeTonnueckne yKazanus 1Jis1 00y4alomMXcsl 10 BbINOJHEHHUIO J1a00paTOPHBIX padoT.

JlaGopaTopHasi padora No 1.

Tema: ['ocymapcTBeHHas cCTeMa MTPOMBIIIJICHHBIX MPUOOPOB U CPEJICTB aBTOMATHU3AIIHH.
[lenb: M3YYUTH TOCYIAPCTBEHHYIO CHCTEMY MPOMBIIIJIEHHBIX TPUOOPOB U CPEJICTB aBTOMATHU3AIUH.
Xo paboTshl:

I'CIT mpencraBnsier coOOW CIOXKHYIO Pa3BUBAIONIIYIOCS CHCTEMY, COCTOSIIYI0O W3 psaa
MOJICUCTEM, KOTOpPbIE MOXHO paccMaTpuBaTh M KIACCU(PUIIMPOBATH C Pa3HBIX IO3UIUH.
PaccmoTpuMm (yHKIIMOHATBEHO-UEPAPXUUECKYI0O U KOHCTPYKTHBHO-TEXHOJIOTMUYECKYIO CTPYKTYPbI
texHuueckux cpeacts ['CIIL.
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DOyHKUMOHAJIbHO-Uepapxuueckasi ctpykrypa I'CII

4 ypoBeHb: BoHmcrmT efbHbE
P
nraH1poBaHve, 1ccreaoBaHuA CpencT ea
\ (Bd3b ¢ apyrmm
y C1CT eMam
3 ypoBeHb: (pencsa .
a[anT aums, orT MMA3auVs, »| LIEHT parn13oBaHHor 0
[viar HoCT MKa, BU3yanm3auus yNpaBneHys
L
2 g POBEHE. Goencr Ba nokarnbHor o
CT abumsauys, YIIDaBNEHIS,
per yrmposaHe, per yrmpoBaHWisi, KOHT poria
Ly, ury
1 YpOBEHb: cT 52 “CT >
ypo : nonyyeHst BO3ENCT BUS
cbop MHdopVALIAK, wHD Ha OOLEKT
. pVaLn
BO3/EVCT BME Ha OOBEKT
0 ypoBeHb:
pearnmsaums CObeKT aBT OMAT U3aLm
T €XHOMOr N4ECKOr O (T eXHoror M4ECKUA NPOLIECC)
npouecca
Puc. 1. Uepapxus I'CII
OTAUYUTENbHBIMU 0COOEHHOCTSMU COBPEMEHHBIX CTPYKTYP MIOCTPOEHUS

ABTOMATU3UPOBAHHBIX CHCTEM YIPABICHHUS MPOMBINUICHHBIMUA TPEANPUATHIMA  SIBISIOTCS:
NPOHUKHOBEHHE BBIYHCIHUTEIBHBIX CPEACTB M BHEIPEHUE CETEBHIX TEXHOJOTMH Ha BCE YPOBHHU
yIIPaBJICHUSL.

B MupoBoii MpakTHKe CIENHaIMCTHl IO KOMIUIEKCHOH aBTOMAaTH3alluU MPOU3BOJICTBA TAKKe
BBIJICTISIFOT MATh YPOBHEH YIpPaBIICHHUS COBPEMEHHBIM MPEANPHUATHEM, YTO TOJHOCTHIO COBIAIACT C
BBIILIE IPUBEIEHHON Hepapxudeckoi ctpykrypoit I'CIIL.

Ha ypoBue ERP — Enterprise Resource Planning (manupoBaHusi pecypcoOB HpPEATIPUSTHS)
OCYLIECTBIISIFOTCS.  pacyeT ¥ aHaiu3  (MHAHCOBO-DKOHOMHYECKHMX  IIOKa3aTeNel, perIaroTcs
CTpaTeruuecKue aJMUHUCTPATUBHBIC U JJOTHCTHYECKHUE 3a/Ta4H.

Ha yposae MES — Manufacturing Execution Systems (cuctembl HCITOJTHEHUSI IIPOU3BOJICTBOM)
— 3a/a4M yNpaBJIeHUs] KaueCTBOM TNPOAYKLUH, IUIAHUPOBAHUS M KOHTPOJS IIOCIEIOBATEIBHOCTH
OTepaIvii TEXHOJIOTHYECKOTO MPOoIlecca, YIPaBICHUs MPOM3BOACTBCHHBIME U JIFOJCKUMHU PECYpCaMH
B paMKax TEXHOJOIMYECKOro TMpOIecca, TEXHUYECKOTO OOCIYXHBAaHHS IPOHM3BOJICTBEHHOTO
000pyI0BaHUsl.

OtH 1Ba ypoBHs OTHOCSTCS K 3amadyaM ACVYII (aBTOMaTu3upoBaHHBIM CHCTEMaM yIpPaBJICHUSI
NpPEANPUATHEM) U TEXHUYECKUE CPEJCTBA, C MOMOIIBI0 KOTOPBIX 3TH 33Ja4ll PEaTu3ylTCs — 3TO
oucueie mepconanpHpie KommbloTepsl (IIK) m paboume craHIMM Ha WX OCHOBE B CIIYyK0ax
[JIABHBIX CIEIHATMCTOB MPEAPUATHS.
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SCADA
HMI
Control level

Input/Output

Puc. 2. HI/IpaMI/I,I[a YIIpaBJICHUS COBPEMEHHBIM ITPOU3BOACTBOM.

Ha crnepyrommx Tpex ypoOBHSIX pEHIAlOTCS 33/a4d, KOTOpble oTHocsATcs K kimaccy ACY TII
(aBTOMaTU3MPOBAHHBIX CUCTEM YIIPABICHHS TEXHOJIOTUIECKUMH TPOLIECCAMH).

SCADA - Supervisory Control and Data Acquisition (cucrema cbOopa [aHHBIX H
CYNEPBH30PHOTO (AMCIETYEPCKOTO) YIPABICHHUS) — STO YPOBEHb TAKTHUECKOTO OINEPAaTUBHOTO
yIIPaBJICHUS, HA KOTOPOM PEUIAIOTCS 3aJa4ll ONITUMH3ALUH, JUATHOCTHKH, aJalTalluy | T.II.

Control-level — ypoBeHb HEMOCPENCTBEHHOTO (JIOKAJIBHOTO) YIPABJICHUS, KOTOPbIi
peanmuzyercs Ha Takux TCA xax: [10 — nanenu (myneTsl) onepatopos, [IJIK — nporpammupyemsie
jorudeckue KoHtposuiepsl, Y CO — ycTpoiicTBa CBSI3U C 0OBEKTOM.

HMI — Human-Machine Interface (uemoBeko-MaliMHHAs CBsA3b) — OCYILIECTBIISAET
BU3yanu3aiuio (oToOpaxkeHne HHPOpMaIi) X0/1a TEXHOJIOTHYECKOTO Mpoliecca.

Input/Output — Bxoael/Beixonsl 00bekTa yrpaBieHHs MPEACTABISIIOT cO00M
JMATYUKU W UCTIOJHHUTENbHBIE MeXaHW3Mbl ([I/IM) KOHKpPETHBIX TEXHOJIOTUYECKHX YCTAHOBOK M
pabouyux MalluH.

KouncrpykruBHo-Texnosoruveckasi crpykrypa I'CII

rcn

Moaudomkauus NcnonHeHne Tunopasmepsl

Puc. 3. Crpykrypa I'CIIT
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YKTC (yaudunupoBaHHbId KOMIIIEKC TEXHUUECKHX CPENICTB) — 93TO COBOKYITHOCTH Pa3HBIX
TUTIOB TEXHUUYECKUX W3ICNIUN, TMPEAHA3HAYCHHBIX NJIS BBITIOJHEHHS PA3IHUYHBIX (PYHKIHA, HO
IIOCTPOEHHBIX Ha OCHOBE OJHOTO NPHHIMNA JCUCTBUS U UMEIOIIUE OJMHAKOBBIE KOHCTPYKTHUBHbIE
AJIEMEHTHI.

AKTC (arperatHplii KOMIUIEKC TEXHUUECKHX CPEJICTB) — 3TO COBOKYITHOCTh PA3JIMYHBIX THUIIOB
TEXHUYECKUX W3ICIUiA W TPUOOPOB, B3aMMOCBSI3aHHBIX MEXIy C000H 1O (QYHKIMOHAIEHOMY
HA3HAYCHHUIO, KOHCTPYKTUBHOMY HCIOJHEHUIO, BUIY IHTaHUSA, YPOBHIO BXOIHBIX/BBIXOJHBIX
CUTHAJIOB, CO37[aBaeMasi Ha €MHON KOHCTPYKTUBHOM U POTPaMMHO-TEXHUYECKOH 6a3e 1o 0JI09HO-
MOJAYJIbHOMY IPUHLHILY.

[Tpumepst n3BectHbIX oTeuecTBeHHBIX Y KTC n AKTC npusenens B Tabm. 1.

INTK (porpaMMHO-TEXHUYECKHH KOMILIEKC) — 3TO COBOKYIHOCTH MHKPOIPOLECCOPHBIX
CPEJCTB aBTOMAaTU3alMU (IIPOrpaMMHUPYEMbIE JIOTHUECKUE KOHTPOJIEPHI, JJOKAIbHBIE PETYISATOPHI,
YCTPOMCTBA CBSI3U C OOBEKTOM), TUCIUICHHBIX MaHeleld ONepaToOpoOB M CEPBEPOB, MPOMBIIIIEHHBIX
CETEH, CBS3BIBAIOIIMX MEXAY COOOH NEpEeUYMCIIEHHbIE KOMIIOHEHTBI, & TaKX€ IPOMBIIIIEHHOIO
MPOrPaMMHOTO OOECTeueHus BCEX OSTUX COCTABHBIX YACTeH, MpelHa3HayeHHas IS CO3JaHUA
pactpeneneHubix ACY TII B pa3nudHbIX OTpaCsSX MPOMBIILICHHOCTH.

KoHkpeTHbIE KOMILJIEKCHI TEXHUYECKHX CPEICTB COCTOAT M3 COTEH M ThICSY Pa3Iu4HbIX
THUIIOB, TUIIOPA3MEPOB, MOJU(PHUKAIUI U UCIIOJHEHUH MPUOOPOB U YCTPOMCTB.

Tun wm3geauss — 23TO

(YHKIIMOHAJIbHOMY Ha3HAYEHHUIO,

COBOKYITHOCTb
CANHOI'0 IIpUHIUIIA IIGfICTBPI?I,

TCXHHUYCCKUX

HOMCHKIJIATYpYy I'NIaBHOT'O I1apaMeTpa.
Tnnopa3Mep — U3ACJIUA OAHOIO WM TOro K€ TUlla, HO UMCIOIIMEC CBOM KOHKPCTHBIC 3HAYCHHA

TJIaBHOI'O IIapaMeTpa.

W3JICITUH,

OAHMHAaKOBBIX 8(0)
HUMCIOIUMEC OAMHAKOBYIO

Moau¢pukanusi — 3TO COBOKYIIHOCTb M3JECIMM OIHOIO THIIA, HMEILIUX OIPEIEICHHbIE

KOHCTPYKTHUBHBIC OCOOEHHOCTH.

HUcnonnenne — KOHCTPYKTUBHBIE OCOOEHHOCTH, BIMSIOUIME Ha AKCIUIyaTallMOHHBIE
XapaKTEPUCTHUKHU.
Kowmmnexcel TCA Tabmuna 1
HanmenoBanue Cocras 00opyroBanus O0JacTh NPUMEHEHHA

ArperaTHble cpeicTBa
KOHTPOJISI ¥ PETYJIUPOBAHUS
(ACKP)

[IpeoOpa3oBarenu; ycTpoiicTBa
MPOrpaMMHOI 00pabOTKH
CHTHAJIOB; CPEJICTBA
oTtoOpakeHHs HH(pOopMaIUU

LlenTpann3oBaHHbIN KOHTPOJIb
U PEryJIMpPOBaHUE
HETIPEPHIBHBIMU U
quckpetHbiMu T11

ArperatHblii KOMILIEKC
AHAJIOTOBBIX SJICKTPUUCCKUX
CPEIICTB PEryJIMpOBaHUs HA

MHUKpPO3JIEMEHTHOM 0aze
(AKDCP)

YcTpoiicTBa BBOIa/BBIBOIA;
PETYJIATOPHI; 3aJaTUNKH,
(byHKIIMOHATBHBIE OJIOKH;

O0eckoHTakTHBIE UM

Jlokansapie CAY,
ACY nenpepbiBHbIMU TTI

ArperaTHbIi KOMILJIEKC
LIUTOBBIX YIEKTPUYECKUX
CPENICTB peryJnpoBaHus
(KACKA/I-2)

AHaJoroBbsle " IIO3UITMOHHBIC
PETYJIATOPBI; BCIOMOTaTeIbHbIE
YCTpOMCTBA

Jlokaneabie CAY; cucTEMBI
LHEHTPAIM30BAHHOTO KOHTPOJIsS
U PETYJIHPOBAHUS

Kommnexc TC gig noKaIbHBIX
MH(OPMALIMOHHO- YIIPABISEMBIX
cuctem (KTCIINYC-2)

VYerpoiicTBa mpeoOpa3zoBaHus
CUTHAJIOB; BBOJI/BBIBOJ]
uHpopmanuu B mponeccop; O3Y
Y BHEIIHSIS TaMSITh;
KOHTPOJUIEPHI

Jlokaneubie CAY B cocTaBe
ACY TII nyia HenpepbIBHBIX U
muckpeTHbix TII

MUKpOIPOIIECCOPHBIE CPEIICTBA
TCTIETYCPU3AIY aBTOMATHKH U
TEIEMEXAHUKHU

(Muxpo/IAT)

YcrpoiictBa cOopa, epBUYHON
00paboTKH, OTOOpKEHUS U
XpaHeHUs JaHHBIX; IU(POBOE,
IIPOrpaMMHO-JIOTHUECKOE
YIpaBICHUE

Pacnipenenennsie
HENpPEPBIBHBIE U TUCKPETHBIE
ACY TII
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ArperaTHblil KOMIUIEKC Perynaropsl; nokassiBaromue u IToxapoonacHsle
IIUTOBBIX THEBMAaTUYECKUX PETUCTPUPYIOIIUE TPUOOPHI,
CPEICTB PEryJIupOBaHUs (byHKLIMOHATIbHBIE OJIOKU TE€XHOJIOTHYECKHE
(CTAPT)
ArperaTHbIi VYerpoiictBa konTposs;  [1H- IIPOLECCHI
(YHKLINOHATBHO-TEXHUUECKHI PEryJIATOpbI; IUCTAaHIIMOHHOE
KOMIUICKC [THEBMATUYECKUX ynpasienue IM; mynpThl
cpencts (HEHTP) OTIEpPaTOpPOB
ArperaTHblil KOMIUIEKC CPEJICTB VYcerpolicTBa peructpanum, ACY TII u ACVII anis cbopa

cOopa ¥ IepBUYHON 00pabOTKH
TUCKpeTHON HH(pOpMaIuu
(ACTIN)

MepBUYHOM 00paboTKH, cOopa u
nepeaayu nHGopMauu

1 (popMHUPOBAHUS TUCKPETHOU
NepBUYHON HH(pOpMaIH

ArperaTHblil KOMIUIEKC CPEJICTB
JIEKTPOU3MEPUTEIIEHON TEXHUKHU
(ACOT)

YcerpoiicTBa cbopa u
npeoOpa3zoBaHus HHPOPMAIIHH;
kommytatopsl; LIAIT u ATIIT

Hayunsble uccnenoBanus,
WCIIBITAHUST; TUAarHOCTUKA

ArperaTHblii KOMILIEKC CPEJICTB
BBIYMCIIUTEILHOW TEXHUKU
(ACBT-M)

YcerpolicTBa HENPEPBIBHOTIO
yIpaBJICHUS U NepepadoTKy,
XpaHeHus: HPOopMaIH,
BBOJIa/BBIBOJIa HA HOCHTEIIN

ACY TII u ACVII, cBsi3aHHbIC
¢ 00paboTKOM OOIBIIOTO
KOJIMYeCTBa MHPOPMAITUH

ArperaTHbIi KOMILIEKC
ANMEKTPUUECKUX
HCIIOJIHUTENIbHBIX MEXaHU3MOB
(AKDUM)

VcrionHUTEIbHBIC MEXaHU3MBI,
MIOCTPOCHHEBIC U3
YHU(PUIIUPOBAHHBIX OJIOKOB U
MOJyJIEN

ACY TII Bo Bcex oTpacisix
MIPOMBIIIUIEHHOCTH

Cucrema cranpapros I'CIT

Cuctema cTaHAapTOB OIpeieNaeT Te TpeOoBaHMs K MpubopaM U cpesicTBaM aBTOMAaTU3aIUH,
KoTophle obecneunBatoT ux coBmMecTuMocTh B ACY TII o crneayromnmm OCHOBHBIM ITPU3HAKAM:

IOCT 12997-76
'CIM. OBwme TexHMeckve TpeboBaHNSs

|

WHcopmaLmoHHas MeTponorudeckas SKcnnyaTaumnoHHas OHepreTuyeckas KoHcTpykTiBHaS
COBMECTUMOCTb COBMECTUMOCTb COBMECTUMOCTb COBMECTUMOCTb COBMECTUMOCTb
BxogHbie/ HopmupyeMble MpucoeanHn- | | YHuduumposaHme
A . pWpY Ycnosus MapameTpbi pricoen b
BoixogHble | | VHTepdeiichl | | MeTponordeckue | | HagexHocTb TeNbHbIE TUNOBbIX

aKcnnyaraLm nUTaHNS .
CUrHanbl XapaKTepucTUKK pasmepbl KOHCTPYKLMA

dopma OTUETHOCTH: NpuUMeHeHue KomiuiekcoB TCA

otuera 1o JIP).

OcHOBHas JUTEpPATYpA:

Puc. 4. Cranmapter I'CII

Ha KOHKPETHBIX INpUMepax (B BHUJIE

1) 3anoxubix, B.M. Ynpasnenue Texuuueckumu cuctemamu/B.M. 3anoxubix, B.A. IBaHHUKOB. -
Boponex: Boponexckas rocynapcTBeHHas JecoTexandeckas akagemus, 2010. - 55c¢.;
2) bensie, I1.C. Cucrembl ympaBieHHS TEXHOJOTHUYECKUMH Tpolieccamu: ydeOHoe mocobue /
I1.C. bensieB, A.A. bykun; MunuctepctBo oOpa3oBaHusi ¥ Hayku Poccuiickoit ®Denepanmw,
QenepanbHOe  rOCyIapCcTBEHHOE  OMOJUKETHOE  00pa3oBaTeNbHOE  YUPEXKIEHHE  BBICIIETO
npodecCHOHAIBHOTO 00pa3oBaHus «TaMOOBCKHI TOCYIapCTBEHHBIN TEXHUYECKUA YHUBEPCUTET. -
Tam60B: U3gatensctBo ®I'BOY BIIO «TT'TY», 2014.-156 c.
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JomnonHuTtenpHas IUTeparypa:

1) YupaBneHue TeXHUUECKUMH cucTeMaMu. yueonoe mocooue/E. b. Bynsko, K. U. Mema, E. T
Mypaues u 1p.; [Tox pen. B. M. Xaputonosa. - M.: ®opym, 2010. - 384c.;

2) Kynpsimios, B.C. MonenupoBanue cuctem: yueonoe nmocooue/B.C. Kynpsimos, M.B. Anekcees. -
Boponex: Boponexckuii rocyJapCTBEHHBIH YHUBEPCUTET HH)KEHEPHBIX TexHonoruii, 2012. - 208c.

JladopaTopuas padora Ne 2.

Tema: unentTudukanus 00beKTa PeryIupoBaHUsI.

[{esb: WM3y4uTh 3a/1a4M ABTOMAaTUYECKOTO PeryinupoBanus. HayuuTecs onpenensts napaMmerpsl
00BeKTa peryaIupoBaHus.

Xoa paboThl:

3ajayeil aBTOMAaTHYECKOIO PpEryJMpOBaHMs SBJIAETCA MOJAJAEPKAHUE C ONPEAeSIEHHON
TOYHOCTBIO 3a/IaHHOTO 3HAU€HHUs KaKOoro-iudo TEXHOJOTHYECKOro mapameTpa (peryimpyemMoro
napaMerpa) WM HW3MEHEHHE 3TOro IapaMerpa IO OIpeNeIeHHOMY 3aKoHy. TexHosormyeckuit
amnmnapaT WU arperar, B KOTOPOM OCYIIECTBIISIETCS aBTOMaTHYECKOE PEryJIMpOBaHUE, HA3bIBACTCSA
00BEKTOM PETYIUPOBAHUS, & COBOKYIHOCTh TEXHUYECKUX CPEACTB, BBINOIHSIOMIMX 3Ty 3a7ady —
ABTOMATUYECKUM  perynsitopoM. OOBEKT  pEeryJlupoBaHHs U PETYISATOP  COCTaBISIOT
aBTOMAaTUYeCKyl0 cuctemy perynupoBanus (ACP). ABTomaTHdeckuil perymisTop JIOJKEH
obOecrieunBaTh HEOOXOAMMOE KaueCTBO PEryinupoBaHUs. (s 9TOro peryisaTop U mapaMmerpbl ero
HACTPOWKHU JIOJDKHBI BEIOMPATHCS C YYETOM CBOMCTB OOBEKTA PErylIMPOBAHUS, €0 CTATUYECKUX H
JUHAMUYECKHX XapaKTEPUCTHK.

Brimonnsiemoe B pamkax gaHHOM paboThl uccienoBanue ACP ocymecTBisieTcst mytem
MOCJIEIOBATEIBHOTO PEILICHUS TPEX 3a7a4:

1) unenTuduranum oObEKTa YIpaBICHHS,
2) cuHTe3a CUCTEMbI aBTOMAaTHYECKOTO PETYJIUPOBAHHS,
3) ananmu3za pa6otsr ACP.

ITon wunentudukamnmeii oObBEKTa yHpaBIEHUS TMOHUMAETCS MOAOOpP MOJENH, KOTOopas
aJIeKBaTHO OTpakaeT JAMHAMMYECKHE CBOWCTBA KOHKPETHOrO 00BekTa. OOBIYHO HCHOJB3YETCS
METOJIMKA CTPYKTYpPHO-TIapaMeTPUUYECKON HACHTU(UKAIIMKU, OCHOBAaHHAs Ha MOJI0OpE THUIOBOM
MOJIEJIM TIO0 SKCIEPUMEHTAIBHBIM JaHHBIM, KOTOPbIE XapaKTEpPU3YIOT peaklMio OOBbEKTa Ha
CTyIEHYaToe WJIM TapMOHHMYECKoe BoO3jeWcTBUE. BriOMpaercs cTpykTypa MojJenu, a 3aTeMm
OTIpeeNAIOTCA YKMCIEHHBIE 3HAaUeHUsI ee mapaMeTpoB. PerieHue 3agaun 3aBepliaeTcs MpOBEPKOI
aJIeKBaTHOCTU HalJeHHoM Mozenu. Ilpu pemieHun 3amaym CHUHTE3a CHCTEMbl HHKEHEPHBIMU
crnocobaMM TONOMpAeTCss HYXKHBIM 3aKOH pEryJMpOBaHMS W PACCUUTHIBAIOTCS MapaMeTpbl
HacTpolku perynsTopa. [lox aHanM30M cucTeMbl MOHUMAaeTCs poBepka padorocrnocooHoctu ACP
C TIOMOIIBIO OJHOTO W3 W3BECTHBIX KpHUTepueB ycToWumBocTd [l...4] W olleHKa KadecTBa
PEryJIMpOBaHMS IO PACCUUTHIBAEMOU KPUBOM MEPEXOAHOIO MPOIIEcca UIIK UHBIM METO/IOM.

Nnentudukauus odbexkTa peryaupoBanusi. OnpeneneHne mnapaMeTrpoB o00beKTa
peryaupoBanusi. HanGonee pacnpocTpaHeHHBIM CIIOCOOOM OIpeJeNieHUs] MapaMeTpoB OOBEKTa
pEryJInpoBaHUs SBISETCS U3yYEHHE €ro peaklluy Ha MPHIIOKEHHOE Bo3MylleHue. Bo3Myiienue Ha
BXOJIe 00BEKTa OCYLIECTBISIOT CTYHNEHUYAThIM M3MEHEHHEM IOJO0XKEHHUs PETyIHpYIOIIEro opraHa
(M3MEHEHHEM PEeryJIHpYyIOLIero BO3AEHCTBIS) BpyUHYIO WU JUCTaHIMOHHO. [lepexonnblil mporecc
MU3MEHEHHUs BO BPEMEHHU DEryJIUpPYEMOro INapameTpa IOJ JAECWCTBUEM CTYIIEHYAaTOrO BO3MYILEHHUS
Ha3bIBACTCs NMepexoAHON (YHKIMEH, KpUBOI pa3roHa WM BPEMEHHOW XapaKTepUCTUKONW OOBEKTa.
s 00BEKTOB ¢ CaMOBBIPABHMBAHUEM MOMEHTOM OKOHYAHHUS MEPEXOJHOro mpoliecca sBIseTCs
JOCTHKEHHE PEryIHpyeMbIM IMapaMeTpoOM HOBOTO YCTAHOBHUBIIETOCS 3HA4YEHMs. 3a HadaJbHBIN
MOMEHT BpeMeHM T = (O IpUHMMAeTcs MOMEHT HaHECeHMs Bo3MylleHHs. J[[nsg ompeneneHus
MapaMeTpoB, XapaKTepU3YIOUIMX JWHAMUYECKHE CBOWCTBa O0BEKTa, HEOOXOIMMO TOCTPOUTH
KacaTeNbHYI0O K KPHBOW pa3roHa B TO4yke meperuda A (TOuka C MaKCUMAIbHOW CKOPOCTHIO
n3MeHeHus: mapametpa). MuatepBan Bpemenn OC oT BBOJa BO3MYIIEHHS OO0 TIEPECEUCHUS
KacaTeJlbHOM € TOPU3OHTANBIO HAYaJbHOTO 3HA4YeHHs mapamerpa YoOlpeAeTUT  BpeMms
3ama3iplBaHUsl OObeKTa 3. MHTepBanm BpeMEHM OT TOYKM IEepeceuyeHus KacaTelabHOW C
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TOPU30HTANIBI0O HAYaJbHOTO 3HAYEHUS MmapameTpa Yo 10 TOUKH €€ MepeceueHus: ¢ JUHHEeH HOBOIo
YCTAaHOBHBILETOCS 3HAYCHHUS TIPEIICTABIISIET IIOCTOSIHHYIO BpeMeHu 00bekTa T (oTpe3ok Ci Dy).

e/l.M3M.per.rnapaMmTpa
%.xo0/a.per.oprala

Koaddumuent nepenaun odbvekTa Kop,
AY, Y Y,
AX AX

, 1)

, ompexensiercss mo dopmyie

Kos =

['ne Yi— 3HaYeHHWe peryaupyeMoro InapaMerpa IIOCie 3aBepLIeHHs IepexoJHOro Ipolecca,
€J/I.U3M.per.ImapaMeTpa;

Yo- 3HaYECHUE pETyaupyeMoro mapamerpa o HaHeCEeHUs BO3MYILIEHUS,
€J/I.U3M.per.IapaMeTpa;

AX - BO3MymIaroliee BO3JEHCTBUE, HAHECEHHOE pErylHpyoluM opraHoMm, % xoma
PETYIUPYIOIIEro OpraHa.

Koadduuuent camoBbipaBHUBaHUs K¢ onpeensercs M0 KPUBOM pa3roHa Kak OTHOIICHUE
W3MCHCHHUS BXOJHOM BEIMYMHBI (BO3MYIICHHUS) K M3MEHEHHUIO BBIXOJHOW (pEryiImpyeMoro
napamerpa). OTH HW3MEHEHHsS BBIPAKAIOT B OTHOCHTEIBHOM BHJIE: BXOJHYIO BEIMYHHY Kak
OTHOIICHUE XO0Ja UCIIOJHUTCIIBHOIO MEXaHU3Ma IIpU BBOJC BOSMYILICHUS K €I'0 IIOJITHOMY XO4Y AX/
100, a BBIXOJHYIO — KaK OTHOIICHHUE WU3MEHCHHs PEryJUPYyeMOro mapameTrpa K ero 3aJaHHOMY
3HaueHuro AY, / Yo !

— AX . YO — YD ‘10—2
100 AY, K, '

C

)

[To ommcaHHOW BBIIIE METOJIUKE ONPEICIUTE MapaMeTphl 00BEKTa peryaupoBaHust: 7, 1o, Kop,Ke.
MartemaTuyeckasi MojeJib 00bEKTA PeryJupoOBaHusA.

B pesynprate mpoBENEHHOrO MNpPH BBIMIOTHEHUM HWCCIEAOBAHUSA YCTAHOBIEHO, YTO IS
33JIaHHOTO B BapuaHTE OOBEKTAa TMPUCYIIM CBOWCTBA CaMOBBIPABHUBAHUS, 3ala3/bIBaHUS U
WHEpIMOHHOCTH. Ha OCHOBaHMHM Yero CTpPyKTypy 00BbEeKTa MOXKHO MPEACTABUTh COCTOSIICH M3 JBYX
TUTIOBBIX 3BEHBEB: 3BEHA YHCTOrO 3ama3/IbIBAaHUSI U alepUOJIUYECKOro (MHEPIIMOHHOTO) 3BEHA
MepBOTO TOpsiKa (T.e. BBINIOJIHEHA CTPYKTYpHas HACHTH(PHUKANUS OOBEKTAa PETYIHUPOBAHHMS).
Maremaruueckasi MOJIeNIb OOBEKTA MPU TAKOM CTPYKTYPE MOXKET OBITh MpPECTaBlIeHa KYyCOYHOM
byHkuuel, nMeromen Bus

Y(7)-Y,=0 npu 0<7<7,,

-7

A

Y(1)-Y, =Ky |1-e ® | nput>,.

(3)

IJIe € — OCHOBaHWE HaTYPaIbHBIX JOrapru(MOB.

3ananHas nepexoHas GyHKIHS MPU STOM 3aMEHSETCs SKCIIOHEHIIMATbHON 3aBUCUMOCTHIO,
rpaduKk KOTOPOH CMEIICH OTHOCHTEIBHO Hayalla KOOpJWHAT Ha BEIUYMHY BPEMCHHU
3ala3abIBaHUA 73. MO,Z[GJI’[: OGT;GKTa MOXHO npeaACTaBUTb TaKXeE C HUCITOJIB30BAHUEM
npeoOpazoBanust Jlarutaca B Buae ero nepemarounoi  (yakmuu W(P)os, KOoTOpas paBHa
MMPOU3BCACHUTIO TCPCAATOYHBIX q)YHKI_[I/II\/'I JABYX BBIIIC HA3BAHHBIX THUITOBLIX JUHAMHUYCCKUX 3BCHLCB
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KOE
(I, p+1)-e "™

W(p)os =
: (4)

rae p — oneparop Jlamnaca;

€ — OCHOBaHHWE HaTypaJIbHBIX JIOTapHU()MOB.

®dopmanbpHas 3aMeHa oriepaTopa Jlamiaca p B BelpakeHUHU (4) Ha KOMIUIEKCHYIO

MIEPEMEHHYIO j(ITO3BOJISACT MOJIYIUTh €IIIe OANH BUJ MaTEMAaTHYCCKON MOoIesT 00bEeKTa B BUJIE €T0O
aMILTUTYAHO-(a30BOI YaCTOTHOM XapakTepucTuku W(jw)os

. K —jr.
W(j®) s = T . .(;i+1‘e "
o J (5)

rae j — muumas exqununa (V—1);
( — yrI0Bas 9acToTa KoJaeOaHuii, pa/c.

HaxosxieHre YMCIIeHHBIX 3HaYCHHI TapaMeTpoB 73, 1o, Kop, K¢ ¥ IOJICTAHOBKOM ATHX 3HAYCHHI B
dopmyist (3),(4) u (5) saBigeTCA IEPEXOIOM OT CTPYKTYPHOM UASHTU(PHUKAIIUU K TapaMeTPUUECKOI.

dopmMa OTYETHOCTU. MNHUCHMEHHO BBIIOJHUTHL IOJCTAHOBKY YyKa3aHHBIX IapaMeTpOB B
dbopmynsl (3),(4) u (5) W MOAYYHTH B PE3yJbTAaTe€ ATOr0 TPU (GOPMBI MPEACTABICHUS
MaTeMaTHYEeCKOW MOJIEIIH 3aJJaHHOTO 00BbEKTa.

OcHoBHas JuTeparypa:

1) 3anoxHubix, B.M. Vrpasnenue texaundeckumu cucremamu/B.M. 3anoxubix, B.A. IBaHHUKOB. -
Boponex: Boponexckas rocynapcTBeHHas iecoTexHudeckas akaaemus, 2010. - 55c¢.;

2) Benses, I1.C. Cucrembl ympaBlIeHHUs TEXHOJOTHYECKUMHU MpoOIeccaMu: ydeOHoe mocodue /
I1.C. bensieB, A.A. bykun; MunuctepctBo o0Opa3zoBanusi u Hayku Poccuiickoit ®enepauuu,
@denepanbHOe  rocylapcTBeHHOe  OrUKeTHOe  00pa3oBaTeNbHOE — YUPEXKJEHHE  BBICIIETO
npodeccrnoHaabHOro oopazoBanus «TaMOOBCKHIA rOCYyJapCTBEHHBIN TEXHUUECKUN YHUBEPCUTETY. -
Tamo6oB: U3garenscteo PI'BOY BIIO «TT'TVY», 2014.-156 c.

JlonoJaHuTEeNbHAsA JUTEPATYPA:

1) YnpaBneHue TeXHUYECKUMH cHcTeMaMu: yuebHnoe nocooue/E. b. Bynsko, K. M. Mema, E. T.
Mypaues u ap.; [Tox pen. B. Y. Xaputonona. - M.: ®opywm, 2010. - 384c.;

2) Kynpsimos, B.C. MoaenupoBanue cucteM: yueonoe nocooue/B.C. Kynpsimos, M.B. Anekcees. -
Boponex: BopoHexcknii TOCyIapCTBEHHBIH YHUBEPCUTET WHKEHEPHBIX TexHoJorwid, 2012. - 208c.

KoHTposbHbIe BONPOCHI /1715l CAMOIIPOBEPKH -
1) 3apmadeit aBTOMaTHYECKOTO PETYINPOBAHNUS;
2) Unentudukanus 00beKTa peryIupoBaHus;
3) Omnpenenenne napamMeTpoB 00bEKTa PETyTHPOBAHHUS.

JladopaTopuasi padora Ne 3.

Tema: CuHTE3 aBTOMaTUYECKON CUCTEMBI PETYJIUPOBAHUS.
[lenb: pacCMOTpPEHHME M 3aKpEIUIEHHWE Ha MPAKTHUKE KIHYEBBIX NMPAKTUYECKMX BOIPOCOB IO TEME

paboThI.

Xoa paboThI:
1) Ioka3aTeu Ka4ecTBa PeryJTMPOBAHUS
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Jlnst BBIOOpa 3aKOHA pETYJIMPOBAHUS M pacyeTa IapaMeTpoB HACTPOHKH peryisTopa
HEOOXOUMO TpPEABAPUTENHHO CHOPMYIHPOBATh TPEOOBAaHUS K KadecTBY aBTOMATHUYECKOTO
perynupoBanus. [lokazaTenmu KadecTBa 3alalOTCS WCXOAS W3 TPeOOBAaHHH TEXHOJOTHYECKOTO
nporiecca. [Ipu BBIMOTHEHUH UCCIIEIOBATENLCKON paOOTHI OHU 33JAal0TCS B BUJIE MCXOIHBIX JTaHHBIX
Y TIPUBE/ICHBI B PUIIOKEHUU. DU3NYECKHI CMBICT OCHOBHBIX TTOKa3aTesiell KauecTBa Pa3bsCHICTCS
HUKE.

1. MakcuManbpHOE JMHAMHUYECKOE OTKJIOHCHHE pEryliupyeMoro Imapamerpa OT ero
3aJIaHHOTO 3HAYEHUS B Tpoliecce perynupoanus AY1(z) mpeacTaBiseT coO0i mepBoe OTKIOHEHUE,
CJICAYIONIEEe HEMOCPEICTBEHHO 3a BO3MYIIECHHEM. DJTO OTKJIOHEHHE 3aBUCUT OT JUHAMHYECKHX
CBOMCTB OOBECKTA, BEIMYMHBI BO3MYIICHHS M HACTpOeK peryistopa. CTemneHb BO3JEHCTBHA
peryiasTopa Ha TMEPEeXOIHBIH MPOIECC XapaKTepU3YeTCs JIUHAMHYECKHUM KOA(PQPHUIIMEHTOM
perynupoBanus Ry, TPEACTaBIAIONIMM OTHOIICHHE MAaKCHMAJILHOTO OTKIOHCHHS PEryIHpyeMoi
BEJIMYMHBI OT 3amaHust AYi(7) B Tpolecce pEryJIupoBaHUsT K OTKIOHEHHIO AY IIpH TOM IKe

BO3MYILICHUU, HO oe3 BMCIIATCIIBCTBA peryisdaropa:
R, =A@
AY
- (5)

2. TlokazaTenb «CTENEeHb MepeperyIupoOBaHMs» XapaKTEPU3yeT CKIOHHOCTh MEPEXOIHOTO
nporecca K konebanusMm. CTeneHb TepeperylIupoBanus o, % MPEACTaBIsSeT cOOOW OTHOIICHUE
BTOpOil ammuTyasl AY,(7) Kk MakcumanbHOM ammiutyne AYi(7), BBIPAXEHHOE B TMPOIEHTAX:

SESAGRTY

AY,(7) (6)

[lepexoaublii mpouece, npu kotopoMm ¢ = 0, Ha3bIBaeTcs anepuoauydeckum. [Ipu HezaTyxarommx
konebanusix o = 100%, npu HeycToHunBOM (pacxoasiiemcs) npouecce peryaupoBanus o > 100%.
YBenuueHre BEIMYWHBI MTePePeryTNPOBAaHUS MPUBOJIUT K YBEIMUCHHIO BPEMEHH PETYJIUPOBAHUSA,
HO B TO € BpeMs — K  YMCHBIICHHIO  JUHAMHYECKOTO  OTKJIOHEHHUS.
OOBIYHO TIpH BBIOOpE pEryssaTopa MPUHUMAIOT OJHWH W3 TPEX TUIOBBIX MEPEXOIHBIX MPOIIECCOB
perynupoBaHus: anepuogudeckuii, mpouecc ¢ 20%-HbBIM TepeperyIupoBaHUEM, MPOIECC C

min [AY?(2)dz
MUHHUMAaJIbHBIM KBaJPAaTUYHBIM OTKJIOHEHUEM (T.€. 0 )-

3. Bpems perynupoBaHHs Tp— 3TO OTPE30K BPEMEHM C MOMEHTAa Haudajla OTKJIOHEHHS
peryiupyemMoro mnapamerpa oOT 3aJaHusi JO €ro BO3BpalleHHs] (C ONPEIEeNIEHHON CTENeHbIo
TOYHOCTH) — 3aJaHHOMY 3HAYEHHUIO.

4. Cratnueckas ommoka AY ¢y - 3TO 0OCTaTOYHOE OTKJIOHEHHE TMapaMeTpa OT €ro 3aJIaHHOTO
3HauEHUs MOCIe OKOHYAHUS [IEPEXOIHOT0 MpoIiecca.

HeoOxomuMo paccuuTaTh BEIMYMHY JWHAMHUYECKOro koddduimenta perynupoBanus Ry,
KOTOpasi ~ COOTBETCTBYET  JONMYCTUMOMY  3HAQYEHHIO  MaKCUMaJIbHOTO  JUHAMHUYECKOTO
otkinoHeHUsAY1(z). Bxomsmyo B ¢dopmyny (5) BenuumHy u3MeHeHHs mapamerpa AY ., Hy)KHO
IIPeIBApUTENBHO BBIYUCIUTD 10 Gopmyre (1), UCronb3ys Ui 9TOro MakCHMaibHOE BO3MYIIAOIIEe
BO3JeHCTBUE AXmax ¥ KOAdULIMEHT epeaaun o0bekTa Kogp.

2) 3aKoHBI ABTOMATHYECKOTO PEryJIMPOBAHUS

3aKOHOM pETYIHpPOBaHMs Ha3bIBaeTCd (YHKIMOHAJIbHAS CBSI3b MEXIY PETYIHPYIOITUM
Bo3JeiicTBieM U(7) 1 OTKIIOHEHHEM pEryIMpyeMOro IMapamerpa OT 3aJaHHOro 3HaueHus AY(7).
OTta (QyHKIHOHAIBHAS CBSI3b MOXKET UMETh PA3JIMYHBIA XapaKTep M SBIBIETCS OCHOBOM pabOTHI
Kaxaoro perymaropa. [loaTomy moa BBIpaXKEHHEM «BBIOOp PETYNIATOpa» B MEPBYIO Ouepellb
MOHUMAETCS OMpE/eNICHHe 3aKOHA pPETyIHpoBaHMs. BhIOOp TPOUZBOAUTCS B 3aBUCUMOCTH OT
CBOMCTB O0BEKTa, YCIOBUH €ro paboThl M TpeOyembIX TMOKa3aTelleld KadecTBa PEryIrpOBaHUS.
[Tpuuem, yeM OTBETCTBEHHEE 3a/1a4a CTABUTCS IMEpeJl peryasTopoM, TeM OoJiee CI0KHBIM 3aKOH OH
JIOJKEH peallu30BbIBaTh, TEM IO 0Oojiee CIOKHOMY 3aKOHY OH JOJDKeH paboTarh.
[IpocTeiiiiuM 3aKOHOM PpEryJIHMpPOBAaHUS SABISETCA IMO3ULMOHHBIA, NMPU KOTOPOM pETYIATOP B
3aBUCUMOCTH OT TEKYIIETrO 3HAYEHUs PETyJIUpPYyEMOro mapaMerpa MepeKIodyaeT peryaupyroliee
BO3JICUCTBHUE C OJHOTO (DUKCUPOBAHHOTO YPOBHS Ha Apyroi. Ha mpakTuke UCronb3yroTCss OOBIYHO
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JIBYX- U TPEXIO3UIIMOHHBIN 3aKOHBI PEryJIUpOBaHUS, HMMEIOLIUE COOTBETCTBEHHO JIBa U TpHU
(UKCUPOBAHHBIX YPOBHS BO3IACHCTBHUS.

Matemaruueckas (GpOpMyIHpPOBKA HJICATHHOIO JBYXIIO3ULIUOHHOTO PETYIUPOBAHUSI UMEET
BU/I;

AY(7)<0 <
U ( f) - U1 npu i Y(z) =Y @)

U(f) :U2 pu AY(T) >0 ym Y(z)> Y.

bonee cioxHble 3aKOHBI peryaupoBaHus — nponopuuoHanbHbeiid (I1), uaterpansueii (M),
IIPONOPLUOHAIBHO-UHTErPaIbHbIN (ITn) " NPONOPUHUOHAIBHO-UHTErPAIBHO-
nuddepenunansubiii  ([IMJ) — ocymecTBIAIOTCS peryisTOpaMH HENPEPHIBHOTO HIIH
UMIYJIbCHOTO AEHCTBUSL.

I[Ipy  DpomopuMOHAIBHOM  3aKOHE  peryjlupyroouiee  BO3JIECHCTBHE  NIPAMO
IPONOPLHUOHAIBHO OTKJIOHEHHIO napaMeTpa oT 3aJJaHHOTO 3HA4YCHUS

U(T) = KP 'AY(T), (8)

rae K, — koabpuuueHT nepegauu peryiastopa, sBISIOMIUNCS MapaMeTpoM €ro HacTPOWKH.
st paboTh [I-perynstopa XapaKTEPHO HaJIU4Ke CTaTUYECKOM OoImuOKu
perynupoBanusa AYcr.

NHTerpanbHbIil 3aKOH PETYJIUPOBAHUS ONMUCHIBACTCS BHIPAKECHUEM

U@ = [Av(or,

(9)

rae 7y — nocTosiHHas BpEMEHU MHTErpUpoBaHus (IapaMeTp HacTPOMKHU peryiasaTopa); 4acTo
1
T

BenuuuHy ~ ¥ B (dopmyne (9) 3amensror Ha Kpmo aHamoruu ¢ Qopmynoir (8).
[Ipu >TOM 3aKOHE PEryasaTop OYyJIeT M3MEHSITH PETyJHPYIOIIee BO3JICHCTBHE 10 TEX IOD,
MOKa HE MepecTaHeT U3MEHITHhCA BEIMYMHA UHTErpala, T.€. IOKa PeTylIupyeMbIil mapamMeTp
HE BEepHETCA K 3aJJaHHOMY 3Ha4YeHWI0. TakuMm oOpa3oM, mociie 3aBeplieHHs padoTel M-
peryinsTopa craTH4eckoi omubdku He ocraercs (A4Ycr= 0).
[IponopuuonanbHo-uHTerpanbHbiid (I1M) 3akon perynupoBanus sBiasercs komOunauuei I1-
u N-3ak0HOB

U(t)=K

» .

AY (7)) + L TAY(T)dT
K (10)

[MU-perynsTop wuMeer naBa mnapamerpa HacTpouku: Kpu Ty. (mapamerp T Ha3bIBalOT
BpeMEHEM H30JIpoMa WM BpeMeHeM YyaBoeHus). I[IpomopuuoHaibHO-UHTErpalbHBIN
perynstop oOecmeduBaeT Oojiee BBICOKOE KadecTBO peryaupoBanus, dem II- u HU-
peryasatopsl. CtaTuueckoi omubku He octasiseT (4Ycr= 0).

HauGonee cCnoXHBIM 3aKOHOM PETYJIHPOBAHUS SIBISIETCS MPONMOPLUHUOHATBHO-UHTETPAIbHO-
nuddepennunanbabiii (ITM/]), KOTOPHIA OMUCHIBA€TCS BRIpAXKECHUEM
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U()=K, | AY(7) + Ti [aY(pydz+T, - —d(AdY("'))
u 0 T (11)
rac Tﬂ — IIOCTOAHHAA BPpCMCHHU ,I[I/I(b(l)epeHuI/IpOBaHI/IH 1501058 BpeEMi npeaBapCHUA.

[MU-perynstop umeer Tpu mnapamerpa Hactpouiku: Kp, Ty, Ty OH npumeHsercs Ha
Hanbojee «TPYAHBIX» 00BEKTaX U TaM, Ie TpedyeTcs 00ecneyuTh BBHICOKOE KauyeCcTBO

dopmMa OTYETHOCTH: MUCHMEHHBIH OTYET O MMOKA3aTeIsAX KauyecTBa PETyJIMPOBAHUS, 3aKOHAX
aBTOMAaTHUYECKOTO PETryJHpOBAaHUS C HCHONb30BaHHEM (opMynd (Ha KOHKPETHBIX
npumepax).

OcHoBHas JuTeparypa:

1) 3anoxusix, B.M. Ynpasienue texauueckumu cucremamu/B.M. 3anoxkubix, B.A. IBaHHHUKOB. -
Boponex: Boponexckas rocyaapcTBeHHas jiecoTexHnueckas akagemus, 2010. - 55c¢.;

2) benses, I1.C. Cucrembl ympaBiIeHHUs TEXHOJOTHYECKUMHU MpoIeccaMu: ydeOHoe mocodue /
I1.C. benseB, A.A.Bbykun; MunucrepctBo oOpa3oBanuss u Hayku Poccuiickoit ®eneparum,
@QenepalibHOE  TOCYJApCTBEHHOE  OIO/KETHOE  00pa3oBaTeNbHOE  YUPEKJICHHE  BBICIIETO
npodeccnoHaIbHOro 00pazoBanus «TaMOOBCKHIA TOCYJapCTBEHHBIN TEXHUUECKUN YHUBEPCUTETY. -
Tam60sB: U3nateasctso ®I'BOY BIIO «TT'TY», 2014.-156 c.

JlonoHUTebHAS JIUTEPATYpa:

1) YupaBneHue TeXHUUESCKUMH cucTeMaMu: yueonoe mocoodue/E. b. Bynsko, K. U. Mema, E. T
Mypaues u ap.; [lox pen. B. Y. Xaputonosa. - M.: ®opywm, 2010. - 384c.;

2) Kynpsimos, B.C. MoaenupoBanue cucreMm: yueonoe nocooue/B.C. Kynpsios, M.B. Anekcees. -
Boponex: BopoHexxckuii rocy1apcTBEHHBI YHUBEPCUTET WHKEHEPHBIX TexHonoruid, 2012. - 208c.

KOHTpobHbBIE BONPOCHI /111 CAMOIIPOBEPKH
1) ITokazaTenu kauecTBa peryIupoBaHUs;
2) 3aKOHBI aBTOMATUYECKOT'O PETYIUPOBAHUS.

JladopaTopuasi padora Ne 4 .

Tema: MMPOCKTUPOBAHUEC IJICKTPUICCKUX U SJICKTPOMCXAHUYCCKUX YCTpOﬁCTB.

[lenb: HAYYUTHCS MPOU3BOAUTH pacueT MapaMeTPOB MAJIOMOIIHBIX CETEBBIX TPAHC(HOPMATOPOB.

Xo paboThI:
DNeKTpUUecKue U  DJICKTPOMEXaHUYECKHUE YCTPOWCTBA  (DIIEKTPOJABHUTATENH, TATOBBIE

AIIEKTPOMArHUThl, SJIEKTPOMEXaHUYECKHE pelie, IpOocceNd, TpaHChOpMaTopbl W Jp.) COJEpKaT
KaTyIIKd M3 OOMOTOYHOIO MpPOBOJIA M MAarHUTONPOBOABI (CEPIEYHUKH) M3 MarHUTOMSTKHX
MaTepuaioB. B mpoiiecce KOHCTpyHpOBaHHUS HEOOXOAMMO OINpPEAETUTh OCHOBHBIE pa3MEpbl 3THUX
YCTPOMCTB, MOTOYHBIE JaHHbIE KaTYIIEK, BBIOpAaTh MaTepualibl CEpACYHHKOB M pa3paboTarh
KOHCTPYKTOPCKYIO JOKYMEHTAallMl0 Ha JTH wu3aenus. Pa3zpaboTka KOHCTPYKIMM U3JEIHA C
00OMOTKaMU HMEET psiji OCOOCHHOCTEH W MPEACTaBISIET ONpe/AeieHHble TPYAHOCTH. B naHHOM
paszenie Mbl pacCMOTPUM OCHOBHBIE NpPHUEMbl KOHCTPYHUPOBAaHUS TaKUX H3JENUN Ha MpUMepe
TpaHchopMmaTopa 1 3JIEKTPOMArHUTA.

TpancdopmaTopbl MUPOKO MPUMEHSETCS B CETEBBIX HMCTOYHHMKAX MUTAHMS, a TaKXkKe s
NUTAHUS JBUraTeleil NepeMEeHHOro TOKa, Ui paboThl 3JIEKTPOMEXAaHMUYECKUX pelle, YCTPOMCTB
CUTHQJIM3ALUU, I OCBELIECHUs DPEKJIAaMHBIX IIMTOB, HOBOIOAHMX €JOK U T.i. IIpexne Bcero,
HE00XO0UMO ONpPEAEINTh AIEKTPUUYECKHE MapaMeTpsl TpaHchopmaropa. [IpuHnMnuansHas cxema
ero npuseneHa Ha puc.2.17. Ha cxeme o0o3HaueHo: ~U; - HampspKEHHE CETH NIEPEMEHHOTO TOKa
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(HampspKeHWe Ha TepBUYHOM 00MOTKe); ~U; - mepeMeHHOe HamnpsKeHHE BTOPUYHOM OOMOTKH
(HanpspkeHHe Ha Harpyske Ry); 11 - TOK nepBu4HON 0OMOTKH; iz - TOK BTOPHYHON OOMOTKH (TOK B
Harpy3ke); Wi - 4dCII0 BUTKOB MEPBUYHONW OOMOTKH; W7 - YHCIO BUTKOB BTOPHUYHOW OOMOTKH.
Tpancdopmarop npeobpasyer HampspkeHue cetu Up, MoABEACHHOE K KiemMMmaMm | u 2, B apyroe
HanpsbkeHue Up, HeoOXoauMoe AJIs UTaHUsl Harpy3Kd, KOTOPYIO OOBIYHO MPEACTAaBIISAIOT B BUJE
conpotuBiieHus1 Ry, moaxirodyeHHyro K kieMMmaMm 3 U 4. DTU HanpspKEHUS MOXKHO H3MEPHUTH
BOJILTMETPOM IepeMeHHoro Toka. Yame Bcero HampsbkeHue U2 ObiBaeT Menbiie Ujg, u
TpaHchopMaTop Ha3bIBAIOT OHMKAIOIIIM.

O ow Y ICwe UL | R,

P
I

Puc. 2.17. [IpHEOWNHANEHAA CHeMa TpaHcopMaTopa

OTHoleHue 1eHCTBYIOMNX HAPSKEHUN
n=U; /U 2

Ha3bIBAIOT KOA(hPHuIHeHTOM TpaHChOpMaITUH.

[Ipumep. PaccunraeM anexkTpuueckue nmapameTpsl Tpanchopmaropa Jijisi MAarHUTOIPOBOA U3
cTaHgapTHbIX MacTuH LII-o0pa3HoOro Tuma, KOTOpbIE HM3TOTABIUBAIOT U3 AJIEKTPOTEXHUYECKOM
ctanu. @opma MIacTUH U UX pa3Mepbl IpUBeleHbl Ha puc. 2.18 u B Tabmune 2.4.

3 A Puc. 2.15. [-06pasHEIE IMACTHEEL CEpIeTHEEA
TpadchopmaTopa 1)- popuoobpasyiollad Inas THHEA,
. 2) - saMBaRoII AT INAcTHHA, 3) - “0MHO © cepledHHEa.
//
1 | Tabomima 2.4.
] _.x"‘f/ DBozHaYEHHE Pazmeprr, M
TLIacTHH riy C L
e 1114 16 8 48
11124 24 12 T
= 11132 32 16 96
— 11140 40 20 120
=" 1145 43 24 144
1152 52 il 156
11460 al 30 180

YopoluieHHbIH

MOPSJIOK __pacyeTa mapaMeTpoB  TpaHcdhopmaTopa, TPUTOAHBIA IS

JFOOUTEIIHCKOM IMPAaKTHUKHU, CHCI[y}OHlHﬁZ

1) ompenensoT BEIXOJHYIO MOLTHOCTh TpaHchopMaTopa

Pebzx:UZ /|2

rae Pgux - BBIXOJHAsE MOLIHOCTh Ha Harpyske, BarT; U; - ACHCTBYIOIIEE HAPSIKEHUE,

BOJIbT; Iy - IEMCTBYIOIIEE 3HAUEHUE CUJIIBI TOKA, aMIIED;

2) BBIYUCISIOT IUIOIA/Ib CEUCHHsSI CepeUHNKa TpaHchopmaropa (B cm?)
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Scep():Oa 1 ) Pebzx; (CMZ)

3) MO TOJIYYCHHOMY 3HAYEHMIO Scepy BBIOMPAIOT pa3sMephl CEpICYHUKA: 3aTa0TCS
NIMPUHON MJIACTHH A U ONIPENeNSIOT TOMIUHY Habopa B o hopmyre

B=ScepolA, (cm)

4) onpenensioT YHCI0 BUTKOB OOMOTKH, MPUXOISAIIMICSA HA OJAWH BOJIBT HANIPSKEHUS,
0 SMITUPHUYECKON Popmyie

W=40/ Scepa
5) HaXOAAT YUCIIO BUTKOB IEPBUYHON OOMOTKHU:
W1=U1-W (sumxos)
6) HAXOAAT YUCIIO BUTKOB BTOPUYHON OOMOTKH:
Wo=U, W (sumxos)
7) BBIOMPAIOT AMAMETP 0OMOTOYHOTO MIPOBOJIA IEPBUYHON OOMOTKHU:
d1=0,006...0,12 mm

(mpoBox I123B-2) mst paHchopMaTOPOB MOMIHOCTBIO Py < 100 Br;

8) ompenensoT TuaMeTp IpoBOJa BTOPUUHON OOMOTKH:
d2=n-d12(MM)
rje n - ko3gpUnueHT Tpanchopmaluu, KOTOPbI MOXKHO ONPEIEIHUTh 1Mo (hopmyIe:
n=W, /W2

Takum 00pazom OMpeneNsOT OCHOBHBIE MapaMETPhbl, KOTOPbIE HCIONB3YIOTCA MPHU
M3TOTOBJICHUH TpaHC(HOpMaTOPOB.

®opma OTYETHOCTH: MPOU3ZBECTH PACUET IMapaMETPOB MATIOMOIIHBIX CETEBBIX TPaHCHOPMATOPOB
HUcxoonwvle oannuvie:

Tlocneousis yughpa 3auemku 112|345 |67/ 8 9 0
U, - mepeMeHHOE HANPsKEHHE BTOPUIHON 2 1115|125 5 (10|15 18| 25 |30
obMoTKH, B
I, - nelicTBylOIIIee 3HAUCHUE CHIIBI TOKA, A 05/01/02(06(08|1|15| 2 (225 3

U;=220, B - HanpsKeHHe CeTH MePEMEHHOT0 TOKa (HaIlpshKeHHe Ha EpBUYHON 0OMOTKE);

OcHOBHa4g JMTeparypa:

1) 3anoxubix, B.M. Ynpasnenue Texuuueckumu cuctemamu/B.M. 3anoxubix, B.A. IBaHHUKOB. -
Boponex: Boponexckas rocynapcTBeHHas jJecoTexandeckas akagemus, 2010. - 55c¢.;

2) bensie, I1.C. Cucrembl ympaBiCHHS TEXHOJOTHYECKHMHU MpoleccaMu: ydeOHOe mocobue /
I1.C. bensieB, A.A. bykun; MunucrepctBo oOpa3oBaHusi ¥ Hayku Poccuiickoit ®Denepannw,
OdenepallbHOE  TOCYJApPCTBEHHOE  OIO/DKETHOE  00pa3oBaTebHOE  yUPEKICHHE  BBICIIETO
npodeCcCHOHAIBHOTO 00pa3oBaHus «TaMOOBCKHI TOCYIapCTBEHHBIM TEXHUYECKUM YHUBEPCUTETY. -
Tam60B: U3garenscto ®I'BOY BIIO «TT'TY», 2014.-156 c.
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JomnonHuTtenpHas IUTeparypa:

1) YopaBieHue TeXHUUECKUMHU cucTeMaMu: yueonoe mocoodue/E. b. Bynsko, K. . Mema, E. T
Mypaues u 1p.; [Tox pen. B. M. Xaputonosa. - M.: ®opym, 2010. - 384c.;

2) Kynpsimios, B.C. MonenupoBanue cuctem: yueonoe nmocooue/B.C. Kynpsimos, M.B. Anekcees. -
Boponex: Boponexckuii rocyJapCTBEHHBIH YHUBEPCUTET HHKEHEPHBIX TexHonoruii, 2012. - 208c.

JladopaTopuas padora Ne 5.

Tema: MpoeKTUPOBAHUE IIIEKTPOMATHUTOB.
[leab: W3yYUTh MPUHIUI PAOOTHI 3JICKTPOMArHUTOR.
XoJ paboThI:

B TeXHHWYECKHX YCTpPOMCTBaxX, B TOM YHCIE M MX MOJCIAX, B KA4eCTBE HMCIOJIHHTEIbHBIX
YCTPOMCTB YaCTO MCMOIB3YIOTCS 3JIEKTPOMArHUTHI MOCTOSIHHOTO TokKa. CXema OJIHOrO M3 TaKHX
3JICKTPOMArHuTOB NpUBecHa Ha puc. 2.21.

4 © - .5 Fuc. 2.21. KoHCTpyETHEHAA CHEMA

R i Ty 3JTEKTP O MATHHTE
L | ik e ] 1) BT#H 0 AKOpE, 2) CEpEHHHE
T THE & 3 MATHHTOIPOE 0T, 3) Ay o (KpBNIHE)
| | : - = ’Ir . CEpIETHHED,
S i gl_ 4) KapKac KaTyIEH, 5) 06MOTA KaTYIIEH
v HECEA| |
-4 z :
- AT - —
= | ",
PN .y S
3¢ e +
1L *

'? jﬂ
TR v

SIKOpB W CepIeYHHK MarHUTOMPOBOJA MOTYT OBITh MPSIMOYTOJIEHOTO WJIM KPYTJIOTO CEYCHUH.
OHu MoryT OBITh M3TOTOBJEHBI M3 CIUIOIIHOTO MaTepuana Wi HaOpaHbl W3 IUTACTUH
AIIEKTPOTEXHUYECKON CTaJIM MOJI0OHO CepAEUHUKY TpaHC(HOPMaTOPOB.

3aaya MPOEKTUPOBAHMS - TI0 33JJaHHOW CHJIE COTMPOTHUBIICHUS UCTIOJHUTEIFHOTO MEXaHU3Ma
F., n xony sixops ly onpenenuts HEOOX0AMMOE TATOBOE ycuiine F U KOHCTPYKTHBHBIC MapamMeTphl
anekTpomarHuta. TsroBoe ycunue F co3zmaercss MarHUTHBIM MOTOKOM D, MPOXOISIIMM uepe3
CEep/ICYHUK MArHUTONPOBOJA W BO3MYIIHBIH MPOMEXYTOK JauHOW lp U BO30YXKIaeMbIM TOKOM
00MOTKH 3nekTpomarHuTa .

Cuina F B HBIOTOHAX MOXET OBITH OrpeziesieHa mo ¢popmysie Makcperna

F=S0-Bo*/(2- 1) (2.37)

riae So - CeYeHHe BO3IYLIHOrO MPOMEKYTKa, M°; Bg - MArHWTHAs MHIYKIMS B BO3LYIIHOM
3a3ope, TJ1 (Tecna); [lg - MarHUTHAsI IPOHUIIAEMOCTh BaKyyMa, paBHass MAarHUTHOW TPOHUIIAEMOCTH
BO3/IyXa, [lg = 4[] - 107 ra/m (rerpu/MeTp). YUuTHIBas, 4TO B PAIMOHATU3HPOBAHHON CHUCTEME
MKCA (metp, kr, c, a) Tecia uMeeT pa3MepHOCTh | Bebep/A, dopmyny 2.37 ¢ HeOombIION
MIOTPEIIHOCTHI0 MOKHO 3aITUCaTh B BUJIC

F=4.10°S,-Bo (2.38)

Jns nonHocthio BTsAHyTOro sikops (lo = 0) cunma ynepskanuss maruuta Fy B HBIOTOHAX
OTIpeNieNIUTCs 1o popmyIie

F,=S-B%/(2-[1,) (2.39)
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rae S - cedyeHHe MAarHuToONpoBOAa, Mp; B - uHAyKIus B MaTepuane cepAcuHUKa
MarHUTONPOBO/A, T, [ - a0COMOTHAS MarHUTHAsI MPOHUIIAEMOCTh MaTepuaia cepAcUyHUKa, TH/M.
Benununna p, onpenensercs o 3aBUCUMOCTH

g = Uo 0, (2r/m) (2.40)

ne [, - OTHOCUTENbHAas MAarHWTHas IPOHHUIAEMOCTh MaTepuaia CepjAeYHHKa, KOTOpas
BbIOMpaeTcs 1o tabnune 2.5.

Tabmuia 2.5,
(JTHO CHTENE Had Mar HHTHAA MpoHHIAEMOCTE
heppoMar HHTHEE MATEpHANOE
Py Fe M o
B, Tn s 2nfe | B, TH s 2nfne | B, T Lo 2HiA
2l 0,50 5800 0,05 620 - -
400 1,10 1230 045 260 0,06 115
200 1,25 300 0.5 500 0.2 170
4000 145 100 0,55 120 0.6 120
2000 1,60 62 0,65 6 0.8 78

Nunyknust Bp B BO3IYIIHOM MPOMEXKYTKE OIPEACTSAETCS M0 MarHUTHOMY TOTOKY @ 1o
dbopmyre

Bo=a /Sy (m1) (2.41)
rae @ - MAarHUTHBIA MTOTOK B MarauToIrnpoBoae, KOTOpBIfI OMPEACIIICTCA U3 COOTHOIICHUA
®=B IS (56) (2.42)
raec B - HHAYKIOUSA B MaTepI/Iane Cep]:[eLIHI/IKa Marbgura, T, S - CCUCHUC MaFHI/ITOHpOBOI[a, M2.

3HavyeHue B OepyT U3 TabMUI UM HAXOJAT MO KPUBOW HaAMarHUYMBaHMs MaTepuana (puc. 2.22),
KOTOpPBIN 3aMMCTBOBaH U3 JIUTEpaTypsl [21].
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Puc. 222, KpuBble HaMAarHH4MB aHHA pasNnUiuHbI MATepHANoE

Jlns  co3maHMsl MarHdTHOrO TOTOKa HEoOXOoJWMa HaMmMarHuuyuBaromas cmia Fy
(marautonBuraromas cuia, MJC), KOTOpyr ONpeAeNsioT IO 3aKOHY IOJHOTO TOKa JUIst
MAarduTHOM Lenu

x
Hu= Z Hily = w i (A sumras)
fal (2.43)

rae H - HampshpkeHHOCTh MAarHUTHOTO TOJI Ha y4acTKe MarHUTHOW uenu, A/m; | - minHa
MarHUTHOM CHIJIOBOM JIMHUU Ha y4acTke, M; W[ - 9iciIo BUTKOB OOMOTKH KaTyIIKH; | - cuma Toka B
00MOTKE dJIEKTpOMarHuTa, A; i - Homep y4yacTtka nend. /{1 paccMarpuBaemMoro 3JIeKTpoMarHuTa

Fu=2H;+2 Hydg Y Hals Y Hedg + Holpg =w il (2 44

Benuunny HanpspKeHHOCTH MarHMTHOTO mojisi H HaxoasT ang kaxAaoro yyacTka MarHUTHOM
LeNu MO KPUBbIM HamarHuuuMBaHus (puc. 2.22). Ecnu maTtepuansl cepledyHHMKAa pazIudHbl s
KQKIOr0 y4acTKa IIEeMH, TO BEIMYMHY MAarHUTHOW MHAYKIIUUA O€pyT HECKOJIBKO MEHbINE HHIYKIIUU
HACBHIIIEHUS, T.€. YyTh HWXE "KojeHa" KpuBOW HamarHmuuBaHusa. Hampumep, mns cramum 9330
3HaueHue B yno6Ho B3aTh B mpenenax 0,9...1,0 T, mus outoit cramum - 0,7...0,8 11, a A51g yyryHa -
0,4...0,6 Tm.

Benuuuny HanpssKEHHOCTHM MAarHMTHOTO TOJIE B BO3AYIIHOM IMPOMEXYTKE ONPEIENSIOT 0

dbopmyre

Ho= 08 20° . By (Afd). (2.45)
LII/IC.]'IO BUTKOB O6MOTKI/I W Uiun CI/IJ'Iy TOKa 1 HaxXoIdaAT U3 (pOpMy'J'ILII
w=F,, /| (2.46)

Jlmamerp mpoBoja s HAMOTKH KAaTyIIKU DJIEKTPOMAarHUTa HaXOMST 1O MPUOIMKEHHON
dbopmyre

A= 1,14 V(I AP, (2.47)
rjae [1|- momycTumasi TNIOTHOCTh TOKa B A / MM (st menu [1)=16 A/MMZ, U1 aJIIOMUAHUSA - [
= 4 A/mn?).

[lo nalineHHpIM BenmuuunHaM W M dy, HaxXoIAT UIMHY HAMOTOYHOro mposojaa Ly, um pasmepsl
KaTyIIKW, a TaKXKe YTOUHSAIOT (POpMy CepJedYHHKAa MarHUTONpoBoja. Temepb, 3HAs NIUHY U
JUaMeTp MPOBOJIA, a TAKXKE €ro MaTepuall, ONpelessioT CONPOTUBICHHE HAMOTOYHOTO TIPOBO/IA 110

bopmyne
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R=(4-00-L,,)/(0-d,,?), Om
rae [ - ynenpHOe CONpPOTUBIIEHUE MAaTeEpHalIa, OM-MM2/M (st meu (1= 0,017 OM'MMZ/M, 1A
amromunwms - [1 = 0,029 OM'MMZ/M).

OTMmeTHM, YTO pacyeTHOE 3HAa4YeHHE TArOBOro ycuius F J0/KHO OBbITH OOJIbIIE CHIIBI
conpotubiienus F, ucnonnurensHoro mexanusma. Cuna F, MoxeT ObITh Kak MOCTOSIHHOM, TaK U
U3MEHAIOIIEHCS T.K. XOA AKops lp MoKeT ObITh BEIWYMHOW HEMOCTOSHHOW - B HEKOTOPBIX
YCTPOMCTBaxX OBIBaCT HEOOXOIMMO 3Ty BEIMUMHY PEryIHpPOBATh 32 CYET M3MEHEHHS MarHUTHOTO
noJisi ANekTpomaruuTa. B atom ciyuae cuny F paccuuthiBatoT Tak, 4ytodsl F >> n -F,, rae n -
Kod(pUIMEeHT 3amaca 1Mo CpabaThIBAHUIO JJIEKTPOMArHUTA, KOTOPHIM BBIOMpAETCs B Ipeaenax
1,5...1,8, a 3Hauenue cwibl F Oepyr MakcMMalbHBIM. B TEXHHMUYECKHMX YCTpONCTBax HHOTIA
IPUMEHSIIOT JIEKTPOMAarHuThl, pabOTalOUIME HAa MEPEMEHHOM Toke ¢ udactorod 50 ru. B atom
Cllydae KaTylika OyJIeT cO3/1aBaTh MEepeMEeHHOE MyJIbCUpYIOlIee TAroBoe ycuiue ¢ yactoroit 100
T, KOTOpPO€ MPHUBOAUT K BHOpamuu sKops. UToObl yMEHBIIUTH OTy BHOpaIuio, SKOPb
"pacmeruisiroT" (IenaT ma3 Ha ero IJIOCKOM KOHIIE) M "oJeBaioT" Ha HEro KOPOTKO3aMKHYTHIM
BUTOK U3 MeAHW WK u3 JatyHu. [lepemenHas cocrapisromnias taroBoro ycuiust F casuraercs mo
BPEMEHH U BUOPALIMS YMEHBIIIAETCS - COOTBETCTBEHHO, YMEHbINIAETCS "TyIeHue" AIeKTPOMarHuTa.

[pumep. Onpenenutb KOHCTPYKTUBHBIE MapaMeTphl dNekTpoMarauTa (puc. 2.20), ecnu Xof

skopsi lp = 15 mm, F, = 12 H, MarHUTONpOBOJ MarHuTa COCTOMT W3 JHCTOB cramu 2330
2 2
MPSIMOYTOJIBHOTO ceueHus S; = Sy = S3 = 2 ¢M”, AKOphb ceueHueM S, = Sp = 3 ¢cM” M3TOTOBJICH W3
CIIJIOIIHOIO JUCTA CTAJIH.
[TocnemoBaTenbHOCTD ONPEICICHUS KOHCTPYKTUBHBIX MTAPAMETPOB.

1. 3aHaIOTC$I MMpCABAPUTCIIbHBIMU pasMEpaM MAIrHUTOIIPOBOdA:

L,=2-lp=2-15=30mn; =0 +1=45 mu;
la=0L3-L=45- L0 =08y ;=i 2= 39 am

2. Haxonsat tpedyemoe ycuue F anekrpomarnura:
F=15-F,=15-12=18H.

3. Haxonsat tpebyemoe 3Hauenue Bg u3 popmyns (2.38)

F F
Bo= = g = 0385 0,4ma
4.10° .5, Y4 .10°.3.10

4. OmnpenensitoT MarHUTHBIA MOTOK B CEPACYHUKE MarHUTONpPOBOAa 1Mo (Gopmylie
(2.41)

@ =By Sp=0,385-3-10%=1,2-10%¢6.

5. HaxonmaT 3HaueHHe MarHUTHOM HHAYKIHUU UIA KaXXA0ro U3 y4aCTKOB MarHUTHOM
OCIIN:

4
BI=BE=BR=E=ﬂ=G/‘5mﬂ;
S 210
4
g,= 2210 g
S 310

u
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6. Ilo xpuBbIM HamarHuuuBaHus (puc. 2.22) HAXOAAT HANPSKEHHOCTU MAarHUTHOIO
MOJISl B y4aCcTKax MarHuTHoM uenu Hj:

H1 =H2 =H3 = ]IOA/M,
H, =90 A/m.

3nauenue Hp B BO3IyIIHOM NMPOMEKYTKE HaXOAT 1o popmyre:

Hq=08-106-By=0,8-106-0,4=032A4/m

7. Haxomsat 3nauenue MJIC o ¢popmyite 2.43

X
Fm =Z Hz "E:'z
iml
=2ijj+2H2£2+Hgﬁg+H¢f¢+H.;|f.;|=
=2.110- 0,034 + 2-110- 0,045 + 110- 0,068 + 90- 0,03 + 0,32-10%- 0015 =
= 4827 Asumras

8. [1o BbIOpaHHOMY 3HAYEHHIO TOKA B KaTYLIKE JIeKTpoMaruura (Hanpumep, I = 2,A)
HaXOJIAT YUCJIO BUTKOB HAMOTKH 110 opmyiie 2.46:

w==F,/1=4827/2 = 2414 eumxos.

9. lloxacrasnsisi B popmyny 2.47 moiiydeHHBbIC paHEE 3HAUYCHMS, HAXOMIAT JUAMETP
poBOJIA!
i 2
dp= 1,14 |— =114 \/j = 0,66
¥ "u'ﬁf 6
OCHOBHBIE XapaKTEPUCTUKH HIIEKTPOMArHUTA, TAKIM 00pa3oM, OIpeIesieHBI.

dopMa OTYETHOCTH: pemrenue 3ama4u B IJICKTPOHHOM H 6yMa)I(HOM BapuaHTax II0
HCXOAHBIM JaHHBIM.
HcxonHble JaHHBIE OIS MMPOCKTUPOBAHUS SJICKTPOMATIrHUTOB

Tlocneonss yugpa 3auemru 1|2 3 4 1516 (78|90
Xon sikops lo, mm 2 |1 15 |25 5 (1015|118 | 25 |30
Cuiie conpOTUBIIEHUS UCTIOTHUTEIBHOTO 1|5 10 18 148 | 5 (10|15 14 | 27
Mmexanusma F,, H
MarauronpoBoja MarHuTa llepmannou Jlumas Cmane 9330

H4511 cmans

MarnuTonpoBoJ MarHuTa MNpsiIMOYroJIbHOTO 4 15 6 4 |45 2 | 5|6 |55| 6
ceuennst S; = S, = Sz, om?
SIkopb ceueHreM U3roTOBJIEH U3 CILIOIIHOTO 2 |3 2,5 4 |35 512|345
nucTa cranm, S, = Sg cm?

OcHoOBHas JuTeparypa:

1) 3anoxHbix, B.M. Ynpasnenue Texuuueckumu cucremamu/B.M. 3anoxubix, B.A. IBaHHUKOB. -
Boponex: Boponexckas rocynapcTBeHHas JecoTexHnueckas akagemus, 2010. - 55c¢.;

2) bensies, I1.C. Cucrembl ynpaBieHHs TEXHOJOTHUECKUMHE Tpolieccamu: yueOonoe mocooue / I1.C.
benseB, A.A. bykun; MunucrepctBo oOpazoBanusi W Hayku Poccuiickoit ®eneparum,
OenepallbHOE  TOCYJApPCTBEHHOE  OIO/KETHOE  00pa3oBaTeNbHOE  YUPEKICHHE  BBICIIETO
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npodecCHOHAIBHOTO 00pa3oBaHus «TaMOOBCKHI TOCYIapCTBEHHBINH TEXHUYECKUA YHUBEPCUTET. -
Tam60B: U3garensctBo ®I'BOY BIIO «TT'TY», 2014.-156 c.

JlonojHUTEeNbHAA JUTEPATYPA:

1) YnpasieHnue TeXHUYECKHMMHU cucTteMamu: ydeOHoe mocooue/E. b. Bynsko, K. M. Mema, E. T.
Mypaues u ap.; Ilox pea. B. Y. Xaputonosa. - M.: ®opym, 2010. - 384c.;
2) Kynpsimos, B.C. Moaenupoanue cucreM: yuebHoe nocobue/B.C. Kyapsimios, M.B. Asekcees. -
Boponesx: BopoHexckuii rocyJapCTBEHHBIH YHUBEPCUTET HHKEHEPHBIX TexHonoruii, 2012. - 208c.

10. IEPEYEHb HH®OPMAIIMOHHBIX TEXHOJIOT U, UCTTOJIb3YEMBIX ITPH
OCYHECTBJIEHUU OBPA30OBATEJIBHOI'O ITPOIECCA 110 JUCHUITJIMHE

1. Microsoft Imagine Premium (OC Windows 7 Professional);
2. Microsoft Office 2007 Russian Academic OPEN No Level,
3. Kaspersky Endpoint Security s 6usneca - Paciupennsiii Russian Edition. 1000-1499
Node 1 year Educational Renewal License.

11. OMUCAHUE MATEPUAJIBHO-TEXHUUYECKOM BA3bI, HEOEXOJIUMOMI
JJIs1 OCYIIECTBJIEHUSA OBPA30OBATEJIBHOI'O ITPOLHECCA 1TO JUCIUIIJIMHE

Buo Haumenosanue Ilepeuensy ocrnognozo Ne JIk, JIP
3anamus ayoumopuu
0bopyoosanus

1 2 3 4

JIk JlexIMOHHAs ayAUTOpUS WNHuTtepakTuBHas JOCKa No 1- Ne 5
(MynbTUMETUNHBIN KJIACC)
JIP nucruieitHeii kinace ¢ qocrynoM k cetn | 1K knacca Ileatuym — 10 mr. Ne 1-Ne 5
WHTEPHET

CP 3-1 - -
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Ipunoxenne 1

®OH/I OHEHOYHBIX CPEJCTB JUJI IPOBEJJEHHW A
[TPOMEXYTOUHOU ATTECTALIMU OBYUAIOLINXCA 1O JUCHUIIIIMHE

1. Onwucanue GoHaa OLIEHOYHBIX CPEJCTB (IACTIOPT)
Ne
JjieMeHT DOC
KoMIIe- Paznen Tema
KOMIIETeHIIH U
TEHIIUHN
I[IK-4 | cmocoOHOCTE B 1. ABTOMAaTH3UPOBAHHBIC 1.1. Cucremsl DK3aMeHaMOHHEIE
COCTaBE KOJJICKTHUBA CUCTEMBI yIIPaBJICHHUS. ABTOMAaTHYECKOI'O BOIIPOCHI
WCITOJTHUTEIICH YIpaBJICHUS U 11.-1.12.
y4acTBOBATh B CJICISIINE CUCTCMBI,
pa3zpaboTke 1.2. Cucrembr
KOHCTPYKTOPCKO- ABTOMAaTHYCCKOIO
TEXHUYCCKOMN peryJIupoBaHus;
JIOKYMEHTaluu 1.3. Cucremsr
HOBBIX WJIU ABTOMAaTHYECKOTO
MOJIEPHU3UPYEMBIX KOHTPOJIS.
00pa31oB Ha3eMHBIX | 2. CUCTEMBI YIIPaBJICHUS 2.1. Knaccudukamus | DK3aMEHAIIMOHHbBIC
TPaHCIIOPTHO- TEXHOJIOTHYECKUM CUCTEM YTIPaBIICHUS BOIIPOCHI
TEXHOJOTUICCKHIX o0opyIoBaHUEM. 000pyJI0BaHUEM; 2.1.-2.9.
MAIlIuH 1 2.2. Cucrembl
KOMILJICKCOB. YHUCJIOBOTO
IPOrPaMMHOTO
yIpaBICHUS
MTPOMBIIIIIICHHBIM
o0opynoBaHuEM,
2.3. Cucrembl
aJalTUBHOTO
MIPOTPAMMHOTO
yIpaBJICHHUS,
2.4. T'ubkue
MIPOU3BOICTBEHHbBIE
CHCTEMBI U THOKHE
TIPOU3BOJICTBEHHBIC
MOJTYJIH.
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2. JK3aMeHaIHOHHBbIE BOMPOCHI

Ne Komnerenuun Ne u HaUMeHOBaHue
o/ JK3aMeHalllOHHbIEe
BONPOCHI pasaeia
n Kon Omnpenesienune
1 2 3 4 5
1.1. Knaccuduxanus u 1. ABTOMaTH3UpPOBAHHBIC
1. | TIK-4 | cmocobHOCTD B Ha3Ha4YCHHE aBTOMATHUYECKUX CUCTEMBI YIIPaBJICHUS.

COCTaBe KOJIEKTHUBA
HCIIOJIHUTEICH
y4acTBOBATh B
pazpaboTke
KOHCTPYKTOPCKO-
TEXHUYECKOM
JOKYMEHTAITUU HOBBIX
HIIH
MOJCPHU3UPYEMBIX
00pa3ioB Ha3eMHBIX
TPAHCIIOPTHO-
TEXHOIOTMYECKUX
MAIliH U
KOMILIEKCOB.

CUCTEM KOHTPOJIS U
yIpaBICHHUS,

1.2. Knaccudukarnus
MIPOLIECCOB YIPaBICHUS
CUCTEM aBTOMATHYECKOTO
peryJiupoBaHus;

1.3. OnpeneneHue CUCTEMBI
ABTOMAaTUYECKOTO
PETYJIMPOBAHUS U CUCTEMBI
ABTOMATUYECKOTO KOHTPOJIS;
1.4. [IpyHuMI peryaupoBaHus
M0 OTKJIOHEHHUIO;

1.5. [IpuHuMn peryaupoBaHus
10 BHEIIHEMY BO3MYIIAIOIIUM
BO3JICHCTBUSM;

1.6. CraTtuctuyeckas onmoka
peryJIMPOBaHHUS.

1.7. Knaccudukanus cucrem
ABTOMATHYECKOTO
pEryIupOBaHHUs.

1.8. CtpykTypa 3aMKHYTOM
CUCTEMbI aBTOMAaTUYECKOTO
pEryJIMPOBAHHUS.

1.9. CtpykTypHas cxema.
OcHoBHbIE TpaBUIa
peoOpa3oBaHus CTPYKTYPHOI
CXEMBI CHCTEMBI
PEryJIUpOBaHHUS.

1.10. OOmras xapakTepucTHKA
KPUTEPUEB YCTOWYHBOCTH.
1.11. Iloka3arenu kayecTBa
pEryJIupOBaHHUS.

1.12. Buasl nepexoHbIx
MIPOLIECCOB U UX MOKa3aTeIn
KadecTBa.

2.1. Knaccugukarmus CYTO;
2.2. 3amaun CYTO;

2.3. Cuctema 4uciIoBOro
IPOrPaMMHOTO YIIPaBIICHUS;
2.4. IlpuHIMO NOCTPOEHUS
cuIly;

2.5. XapakTepucTuka ruokon

2. CucteMbl yrpaBlieHHUs

TEXHOJIOTUYCCKUM
00opynoBaHUEM.
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IIPOU3BOJACTBEHHON CUCTEMBI;
2.6. Texuuueckas
JUArHOCTHKA;

2.7. AKTUBHEBIN, IACCHUBHBIN
KOHTPOJIb;

2.8. IIpumeps! yripaBieHUs
polLeccamy;

2.9. Ilpumeps! yripaBieHHUs
CHUCTEMaMH.

3. Onucanue mmoxasareiied u KPUTCPUECB OLICHUBAHUSA KOMHCTCHHI/II\/'I

Iloka3zarenn Ouenka Kpurepun
3HaTh: OTJINYHO OLICHKA «OTIIMYHOY BBICTABIISACTCSA
IK-4: oOy4aromeMycs, eClIi OH JIEMOHCTPUPYET
OCHOBHBIE IIPUHLIUIIBI TOCTPOECHUS MIOJTHOE OCBOCHHUE (PYHTaMEHTAIBHBIX OCHOB
TEXHUYECKUX CUCTEM; YIIPABJICHUS TEXHUYECKUMU CUCTEMAaMH,
BJIa/IeeT MPO(ECCHOHATFHOU TEPMHHOIOTHEH
Ymers: Y MIOHATUMHBIM aIrnaparoM, IOHUMaeT
MK-4: CYLIHOCTb Y 3HAYCHUE IPOLECCOB YIIPABICHUS
B COCTaBE KOJUJICKTUBA TEXHUYECKUMHU CUCTEMaMH MPH pa3paboTKe
WCIIOJIHUTEJIEH y4acTBOBATh B W/WIIM MOJICpHU3AIMHA 000PYIOBaHUSI.
pa3paboTKe KOHCTPYKTOPCKO- XO0pOoIIIo OLICHKA «XOPOILO» BBICTABIISETCS
TEXHUYECKON JOKYMEHTALNU oOyyaromemMycs, €Ciii B yCBOSHHH Y4eOHOTO
HOBBIX UJIM MOJAEPHU3UPYEMBIX MaTepuasa UM JOIYyIIeHbl HeOOIbIIne
00pa310B Ha3EMHBIX po0EIIbl, HE UCKA3UBILNE COJCPIKAHUE
TPaHCIOPTHO-TEXHOJIOTUYECKUX OTBETA; JONYLICHBI OAUH — J1BA HEJIOYETA.
MaIlIMH ¥ KOMILJICKCOB, YAOBJIETBO- | OIICHKA «YIOBJICTBOPUTEIBHO)» BBICTABIIICTCS
PUTEIBHO | O0YYaroIEeMycCsi, €CIIM B €r0 OTBETE
Baanern: COJIepKaHUE TEOPETUYECKOI0 MaTepuaina
IK-4: PaCKpBITO HEMOJHO, HO MOKa3aHo ol1iee
ITOMCKOM ONTUMAaJIbHBIX MOHMMaHHEe (PyH/IaMEHTaIbHBIX OCHOB
(pauMoHaNBHBIX) PELICHUH TPU YIIPABJICHUS TEXHUYECKUMHU CUCTEMAMH U
pa3paboTKe u/uiIHu MOAEpHU3ALUU IIPOJIEMOHCTPUPOBAHBI YMEHUS, JOCTATOYHbBIE
000py10BaHUS. JUIS JAJbHEUIIETO YCBOSHHS MaTeprala;
HMMEJIUCh 3aTPYIHEHUS WIH TONYIIEHbI
OLIMOKH B ONpENIEICHNH MTOHATHH,
WCIIOJIb30BAaHUH TEPMUHOJIOTHH,
UCIIPABIICHHBIE I10CIIE HECKOIBKHUX
HAaBOJSIIUX BOIPOCOB MPENOJaBaTENS.
HEyJI0BJIeT- | 00ydarouiics AeMOHCTPUPYET MOJHOE
BOPHUTEJIBHO | OTCYTCTBHE 3HAHUN OCHOBHBIX MOHATHI U
(byHIaMEeHTaIbHBIX OCHOB yIIPaBJICHUS
TEXHUYECKHMH CHCTEMAMM.

4, Mertoauueckue MaTCepHralibl, OHNPCACIAOIMUC MTPOUCAYPbl OLCHUBAHUSA 3HaHHﬁ,
yMeHHﬁ, HaBBIKOB M OIIbITA ACATCIBHOCTH

N3ydeHne MUCHUIUIMHBI «YTIpaBJICHHE TEXHWUYSCKUMHU CHCTEMaMH» OCHOBBIBACTCS Ha
dbopMupoBaHun y Oynymux OakajgaBpOB 3HAHUN OCHOBHBIX TIOJOKEHUH W TPHHIIUIIOB
MOCTPOEHUS, aHAJIN3a U CHHTE3a COBPEMEHHBIX TEXHUUYECKHUX CHCTEM.

B xome ocBoenust pasmena 1 — ABTOMaTU3UPOBAHHBIE CHCTEMBI YIPAaBICHUS — —
oOydaromuecs: JOHKHBI HM3YYUTh CHCTEMbl aBTOMATUYECKOTO YIPABICHUS M CIEISIINE CUCTEMBI,
CHCTEMBbI aBTOMaTHYECKOTO PETYJIMPOBAHUS M CHUCTEMBl aBTOMATHYECKOTO KOHTPOJIS.
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B xone ocBoenus pazaena 2 — CucteMbl yIpaBieHUs TEXHOJOTHUYECKUM 00OpYIOBaHHEM —
oOydJaroniuecs: JOJDKHBI M3Yy4uTh. 1) KiacCH(UKAIMIO CHCTEM YIPaBJICHHS OOOPYIOBaHUEM,
2) CHCTEMBI YHCIOBOTO MPOTrPAMMHOIO YIPABICHHUS MPOMBINUIEHHBIM 000pya0BaHHEM, 3) THOKHE
IIPOU3BOJICTBEHHBIE CUCTEMBI U THOKUE MPOU3BOACTBEHHBIE MOAYIIH.

IIpy moaroTroBke K 3K3aMEHY PEKOMEHIyeTcsi 0co00e BHMMAaHHUE YAEIUTb CIEAYHOILUM
BOIIpOCaM:

1) Teopuu aBTOMAaTHYECKOTO YIPABICHUS;

2) Unentudukaimm 00beKTa peryIupoBaHus;

3) 'nOKKUM ITPOHU3BOJICTBEHHBIM CHCTEMAM;

4) I'nOKuM MPON3BOACTBEHHBIM MOIYJISIM;

5) CucremaM 4HCIIOBOrO IPOrPAMMHOTO YIIPABICHUS IPOMBIIIICHHBIM 000PYI0BaHUEM.

3akperuieHue BCeX BONPOCOB, PEKOMEHAYEMBIX sl JIa0OpaTOpHBIX padoT, a TakXke MpH
HOJArOTOBKE K JK3aMeHy TpeOyeT OCHOBaTEeIbHOM CaMOCTOSTEIbHONH MNOArOoTOBKH. OCHOBHOM
LEJIbI0 CAMOCTOATEIHHON paboThl 00yUaIOUINXCA SBISIETCS 00yUeHNE HaBbIKaM pabOTHI C HAYYHO-
TEOPETUYECKON JIMTEPaTypoll W NPAaKTUYECKUMH MaTepHajlaMHd, KOTOpble HEOOXOAMMBI JUIs
yrIyOJIEHHOTO M3y4eHUsl JUCHHMILTUHBL. CaMoCTosTeNbHas paboTa P OBOIUTCS AJISI TOTO, YTOOBI
oOyuaroluiicss yMen caMOCTOSITeNIbHO HM3ydyaTh, aHAJIW3UpOBaTh, IepepadaTbiBaTh W H3JIArarhb
W3YYCHHBIM Marepuai. YUHTHIBAs 3HAYMMOCTH CaMOCTOSITEIIBHON pabOThI, JIMTEPATYpPa, BOIPOCHI
JUIS CaMOIIPOBEPKH - B pa3zaenax «lIpakruyeckas pabora» u «POHJ OLIEHOUHBIX CPEACTBY.

Pabora ¢ nurepatypoit sBusieTcs 00si3aTenbHON. [Ipyu 3TOM NMPHUBETCTBYETCS MPHUBIICUYCHUE
JIONIOJIHUTEIBHBIX HCTOYHUKOB U3 VHTepHeTa. B ciiydyae BO3SHUKHOBEHHUS ONPEIEIEHHBIX BOIIPOCOB,
oOyyaromuiicss MOXKET OOpaTUTHCS K MPENoJaBaTeNI0 32 KOHCYJIbTAallMEW Kak Ha J1JabOpaTOpHBIX
paboTax, TaKk ¥ BO BpeMs MHIUBUAYaJIbHBIX KOHCYJIbTAIIUH.

[IpenycmoTpeHo npoBeieHNe ayAUTOPHBIX 3aHATUI B BUJE JICKIUH, JJAOOPaTOPHBIX paboT B
COYETaHUU C BHEAYJAUTOPHOU paboTOil.
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IMpunoxenne 2

AHHOTALUA
pabGoueii mporpaMMsbl TUCIUIIHHBI
YrnpasiieHue TeXHHYEeCKMMH CHCTeMaMu

1. He.]'ll/l H 3aJa49i THCIHUIIJINHBI
L[enmo U3Y4YCHUS JUCHMIUIMHBL ABIACTCA. M3Y4YCHUC HIPHUHIOMIIOB IIOCTPOCHMSA, aHAIM3a U

CHUHTE3a COBPEMCHHBIX TCEXHUYCCKHX  CHCTEM, (bOpMI/IpOBaHI/Ie 3HAaHUM 1O O6HII/IM u
CHGLII/I(l)I/I‘-ICCKI/IM BOIIpOCaM yIpaBJICHUA TCXHUYCCKUMU CUCTCMAMU.

321[[3,'—16171 U3Y4YCHUS JUCUUILIMHBI ABJIACTCA. OCBOCHHEC OCHOBHBIX MMOI0KEHUH H IIPHUHIUIIOB
yrpaBJICHUA TCXHUYICCKUMHU CUCTCMAMU.

2. CTpyKTYypa AU CUMILIMHBI
2.1 Obmas Tpy10EeMKOCTh TUCIUILIMHBI cocTaBsieT 144 yac., 4 3a4eTHBIX €AUHUIIBI.
2.2 OCHOBHBIE pa3/ielibl TUCHUTUIHHBIL:
1 — ABTOMaTU3UPOBAHHBIE CUCTEMBI YIIPABICHUS,
2 — CucteMsl yIpaBJIeHUS TEXHOJIOTHYECKUM 000PYA0BaHUEM.
3. [Inanupyemble pe3ybTaThl 00yUeHHs (MepeyeHb KOMMETEeHIHii)
[Tporniecc u3ydeHus: TUCIUTIIMHBI HANpaBJieH Ha (GOpMHUpPOBAHUE CIISTYIONTUX KOMITCTSHITHIA:
[1K-4 - ctocoOHOCTH B COCTaBE KOJUIEKTHBA HUCIIOTHUTENEH y4acTBOBaTh B pa3paboTKe

KOHCTpWTOpCKO-TGXHH‘IGCKOﬁ JAOKYMCHTAIIMKU HOBBIX WJIN MOACPHU3BUPYCMBIX 06pa311013 Ha3€MHBIX
TPAHCIIOPTHO-TCXHOJIOTUICCKUX MAIlIMH 1 KOMILJICKCOB.

4. Bux npoMeKyTOYHOI aTTecTallMu. SK3aMeH.
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Ipunoxenne 3

IIpomoxon 0 0ononnenusX u usMEeHeHUAX 6 padoueil npozpamme
na 20__ -20 YueoHwlit 200

1. B paGouyto nporpammy o AUCHUIUIMHE BHOCSATCS CIEAYIOUIUE TOTOTHEHHUS:

2. B pabouyto nmporpaMmMy Mo JUCHUILIMHE BHOCATCS CIEAYIOLINE N3MEHEHUS:

[Tporoxon 3acenanus kKageapbl HHOCTPAHHBIX S3BIKOB No OT «___ » 20 r.,

3aBenyromnuii kageapoit

(noonucs) (®.1.0.)
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OOHA OUEHOYHLIX CPEACTB JJIAI TEKVILEI'O
KOHTPOJIA YCIIEBAEMOCTH 110 IUCHUITJIMHE

1. Omnwucanue GpoHAa OLIEHOYHBIX CPEACTB (IIACTIOPT)

IIpunoxenue 4

Ne DJIeMeHT ®OC
KOMIIe- Paznen Tema
KOMIIeTeHI[UH
TEeHIUHU
1.1. Cucrembr KoHnTtponbHoe
[1K-4 CIIOCOOHOCTH B cocTaBe| 1. ABTOMaTu3MpOBaHHbIE | aBTOMAaTHYECKOIO 3a/laHue
KOJIJIEKTUBA CHUCTEMBI YIIPABJICHUS. YOpPaBICHUS U CIEASAIIUE Nol - Ne 3.
HCIOJHUTEICH CHUCTEMBI;
y4acTBOBaTh B 1.2. Cucremsl
pa3zpaboTke ABTOMATHUYECKOTO
KOHCTPYKTOPCKO- peryJIupoBaHus;
TEXHUYECKOMN 1.3. Cucremsr
JOKYMEHTAI[UU HOBBIX ABTOMATUYECKOTO
WJI MOJIEPHUBHPYEMBIX KOHTPOJISL.
00pa310B Ha3EMHBIX
TPaHCIIOPTHO-
TexHojorudeckux | 2. Cucremsl ynpasnenus | 2.1, Knaccudukanms KonTponsHoe
MaIlIMH U KOMILJIEKCOB | TEXHOJOTUYECKUM CHCTEM YIIPaBJICHHS 3aJjaHue
000pyOBaHUEM. 000pyI0BaHUEM; Nel - Ne 3.
2.2. CucreMbl YUCIOBOTO
MIPOTPAMMHOTO
yIpaBIeHUS
MIPOMBIIIIJICHHBIM
o0opynoBaHUEM,
2.3. Cucremsl
aIaTUBHOTO
MIPOTPAMMHOTO
yIpaBJICHHUS,
2.4. T'ubkwue
IIPOM3BOJCTBEHHbIE
CUCTEMBI 1 THOKHE
IIPOU3BOJICTBEHHBIE
MOJIYJIH.
2. Ormmcanne ToKa3aresiel U KpUTEpUEB OLICHUBAHUS KOMITCTEHITHIA
Iloka3zaTenn Ouenka Kpurepun
3HaTh: OIIEHKA «3aYTEHO)» BBICTABIIAETCA
IK-4: 00ydJaromeMycsi, €CJIM BOIPOCHI
OCHOBHBI€ MTPUHIUITBI TOCTPOCHUS TEXHUUECKUX PaCKpBITHI 0€3 CYIIECTBEHHBIX OLTHOOK,
CHUCTEM,; sauTeno | MPCZIEMOHCTPHPOBAHO yCBOCHHE paHee
M3YYEHHBIX BOIIPOCOB U
Ymern: c(hOpMHUPOBAHHOCTh KOMITETEHIIUH.
IIK-4: JlomyckaroTcs He3HaUUTEIIbHbIE

B COCTaBe KOJUICKTHBA UCIIOIHUTEIICH Y4aCTBOBAThH B

OILITNOKH.
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pa3paboTKe KOHCTPYKTOPCKO-TEXHUUECKOM
JOKYMEHTAI[MX HOBBIX WJIM MOJEPHU3UPYEMBIX
00pa31oB Ha3eMHBIX TPAHCIIOPTHO-TEXHOJIOTHYECKUX
MaIlliH U KOMIUIEKCOB;

Baagern:
IIK-4:
MMOMCKOM ONTUMAaIbHBIX (PallMOHATIBLHBIX) PEIICHHUHA

pu pa3paboTKe U/ UM MOJICPHU3ALUHN 000PYIOBAHHUS.

HE
3a4YTCHO

OIICHKA «HE 3aYTCHOY» BBICTABIISICTCS,
€CITH HE PACKPBITO OCHOBHOE
coJiepkaHue yueOHOTro MaTepuana,
0oOHapy>KEHO HE3HAHHE WU
HEMOHMUMaHue OoJbIIel Wi Hanbosee
Ba)XHOH yacTH y4eOHOro MaTepuaa;
JOIMYUICHBI OILINOKH B OIpCACICHUN
MOHATHUH, KOTOPBIC HE UCTIPABIICHBI
II0CJIC HECKOJIbKUX HABOJAIINX
BOIIPOCOB; HE CHOPMHUPOBAHEI
KOMIICTCHIIMHU, YMCHUA U HABBIKU.

Kounrtposabnoe 3aganne Nel.

1. Ha3oBHTE OCHOBHEIC dTAIbI PasBUTHA, COBPEMCHHOC COCTOSAHUC U MCPCIICKTUBLI PaA3BUTHA TCOPUU

ABTOMATHUYCCKOI'O YIIPABJICHU.

2. HpI/IBeI[I/ITe IIPpUMCEPLI HpOCTGfIH.IPIX CUCTEM aBTOMATHUYCCKOI'O YIIPABJICHUS.

3. B yem npeumyuiecTBa NpuHIUIA PETYIMPOBAHUS 110 OTKJIIOHEHUIO NEPE PETYJIMPOBAHUEM 10

BO3MYLIEHUIO?

4. Ha30BUTE OCHOBHBIE 3JI€MEHTHI CXEMBI CUCTEMBI YIIpaBJICHU. Brigenute B HpOCTeI‘/‘II_Heﬁ CHUCTEMC

ABTOMATHYCCKOI'O YIIPABJICHUA OTU 3JICMCHTBI.

5. I[aﬁTe XAaPAKTCPUCTHUKY OCHOBHBIX PCTYJIAPHBIX CUTHAJIOB, UCIIOJIB3YCMBIX IJId UCCIICAOBAHUA

CHCTEM YIIPABIICHUA.
6. Kakasa cucrema Ha3bpIBaeTCS JIMHEHHON?

KounrtpoJabHoe 3axanne Ne2.

[TonoGpath OHY U3 CUCTEM yIIpaBiIeHUs (PETYIUPOBAHUS) B MAILIMHOCTPOUTENILHON
npoMblnuIeHHOCTH. [IpuBecTr ee QyHKIIMOHAIBHYIO CXEMY, JaTh MOAPOOHOE OMMCAHUE CUCTEMBI 110

CIENYIOLIEMY IUIaHy:

1) nepeyncnuTh BCe 3JIEMEHThI CUCTEMBI: OOBEKT yNpaBieHUs (PETyIUPOBAHUS), YIIPABIISIOIIEE
YCTPOMCTBO, MPeoOpazoBaTeH, JIEMEHT CPABHEHUS, HCIIOTHUTEIbHBIM MEXaHU3M (3JIEMEHT), JaTUHK;

2) 1aTh aNroOpUTM YIPABJICHHUS;

3) onmucaTh CUTHAJIBI, IEUCTBYIONINE B CUCTEME: 3aJIal0lee BO3/IEHCTBHE, BO3MYIIAIOIIEE
BO3JICIICTBHE, YIIPABISIOIIEE BO3ACHCTBUE, OTNOKY CUCTEMBI, BRIXOJHON CUTHAN JaTUHKa,

4) coCcTaBUTh CTPYKTYPHYIO CXEMY (I10Ka3aTh BCE 3JIEMEHTHI U CUTHAJIbI);

KonrtpoabHoe 3axanune Ne3.

PackppITh Ceayronyo TeMy COTJIacHO OJJTHOMY U3 BHIOpAHHBIX BapHAHTOB!

1. JaTuvku qaBiaeHUsI.

2. Jlatunku pacxona.

3. JlaTunku ypoBHSI.

4. DneKkTpuvecKue IBUraTesu.

5. Ycunurenu.

6. IlueBMoOaBUTATEIN.

7. IaTYMKU NIEPEMEIICHUS U TIOJIOKCHUS.
8. JlaTuyuku TeMIeparypsl.

9. I'mxiponpuBOIBI.

10. JIaTumKu CHIIBI.
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[Iporpamma cocTaBieHa B COOTBETCTBUU C (efepalbHbIM TOCYAapCTBEHHBIM 00pa3oBaTeIbHBIM
CTaHAAPTOM BBICIIETO 0oOpazoBaHus 1o HamparieHuio nmoarotoBku 23.03.02 Hazemubie TpaHCcropTHO-
TEXHOJIOTHYECKHEe KOMILIeKCH OT «06» mapta 20151, Ne162

st Hadopa 2014 roaa: u yuebusiM mianoM OI'BOY BO «bpl'V» mist 3a04HO0# hopMbI 00y4deHUs OT
«03» nronst 2018r. Ne 413.

IIporpammy cocTaBuiI:

I'epacumoB Cepreit HukonaeBud, K.T€X.H., TOIEHT

Pabouas nmporpamMma paccMOTpeHa U yTBepikJieHa Ha 3acenanuu kadenpsr CIM
ot «__ » nekabps 2018 r., mporokon N

N.o. 3aBenyromiero kadgeapoit CAM K.H. ®urypa
COI'JTACOBAHO:

W.o. 3aBenyromero kadeapoit CAM K.H. ®urypa
JlupexTop OMOIMOTEeKH T.®. CoTHuk

PaGouas mporpamma ogoOpena Mmeronudeckoit komuccueit M®
oT «___» nekabps 2018 r., mporokon No

[Ipencenarens meroauueckon komuccuu MO I'.H. IInexanos
COI''TACOBAHO:

Hauvaneauk

y4e0OHO-METOINYECKOTO YIPaBIECHUS I'.I1. Hexesen

Perucrpanuonnsiii Ne
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