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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,
¢dopmupoBaHUe 3HAHUI TO OOMMM M CHeUU(UYECKHM BOIPOCAM YIPABICHHUS TEXHHUYECKUMHU

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

Tpyooemkocmb OucyuniuHsl ¢ uacax
Kypcosasn
~ e R padooma Buo
vl 3 S
X S o N S (npoexm), | npomeosncy
Dopma S : § 3 S KOHmMpOb mMOuHOU
o0yuenusn S § S 2 § Hasn ammecma
Q >
s $ & < [§x § S 2 " paboma, yuu
o | S S S S |8 B8 S £ | pegepam,
S N SR RIRS R S
S 3| 3|2 8|8 &35 | 8¢ PIP
|l o 8 | | 5 |83 KB C X
1 2 3 4 5 6 7 8 9 10 11
Ounasn 4 8 | 144 | 39 | 13 | 26 - 78 - JK3aMCEH
3aounas 5 - 144 | 14 6 8 - 121 - 9K3aMEeH
3aounas 3 - 144 | 14 6 8 - 121 - 9K3aMEeH
(yckopeHHoe
o0OyueHue)
OuHo-3204Has - - - - - - - - - -

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

ému. ¢ Pacnpeodenenue
Tpyoo- unmepaxkmuenou, no cemecmpam, yac
Buo yueonuvix 3anamuii eMKOCmb | aKmMueHoIl, UHHO6A-
(uac.) UUUOHHOTL popmaXx, 8
(uac.)
1 2 3 4
|. KonTakTHasi padoTa o0y4aronuxcs ¢
npemnojaasareeM (Bcero) 39 8 39
Jlexumm (JIk) 13 - 13
JIabopatopubie padoTsl (JIP) 26 8 26
I'pynmoBsie (MHAWBUAYATbHBIE) KOHCYIbTAIIUN + - +
I1.CamocTosiTeiIbHAsE pa0oTa 00y4aIOIINXCA 78 ) 78
(CP)
IToaroToBKa K MPaKTHYECKUM 3aHATHIM 48 - 48
IToaroroBka k 3K3aMeHy B TEUEHUHU CEMECTpa 30 - 30
I11. IpomesxkyTouHas aTTeCTALUS  DK3aMEH 27 - 27
OO01ast Tpy10EMKOCTh AUCHUIUIAHEI . ......  Yac. 144 - 144
3a4. efI. 4 - 4




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

- 11t 04HOM popMBbI 00yUeHUs:

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 OUCyUnIUHbL (uac.) YyueOHvle 3aHAMUS CamocmoamensHas
nabopamopnvie paboma
sleKkuun pabompt ooyuarowuxcs
1 2 3 4 5 6
1. ABTOMATH3HPOBAHHBIE 54 6 10 38
CHCTEeMbI YNIPABJIECHHUS.
1.1. | Cucremsl 14 2 2 10
ABTOMATUYECKOTO
VIIPABIICHUS U CIICISIINE
CUCTEMBI.
1.2. | Cucremsr 20 2 4 14
ABTOMATUYECKOTO
pEryITHPOBAHUS.
1.3. | Cucremsl 20 2 4 14
ABTOMATHYECKOTO
KOHTPOJISL.
2. Cucrembl ynpapjieHust 63 7 16 40
TEXHOJIOTHYECKUM
000py/10BaHNEM.
2.1. Knaccudukanus cuctem 15,5 15 4 10
yIIpaBICHUS
000py/IOBaHUEM.
2.2. CHcTeMBbl YHCIIOBOTO 15,5 15 4 10
MPOrPaMMHOTO
yIIpaBICHUS
MPOMBIIIJICHHBIM
000py/TIOBaHUEM.
2.3. CucTeMBbl aIalTUBHOTO 16 2 4 10
MPOrPaMMHOTO
YIpaBJICHHUS.
24. | I'ubOkue 16 2 4 10
MIPOU3BOJICTBEHHBIC
CUCTEMBI U THOKHE
MIPOU3BOJICTBEHHBIC
MOJTYJIH.
UTOIO 117 13 26 78




- IS 3204HOH (pOpMBI 00yUeHHS:

Buowt yueonwvix 3anamuii, 6Kkirouan

No
pas- Haumenosanue Tpyooesxocms o5 C‘aMOCmO}lmeJlbzylo paﬁom{/
dena u pazoena u y VUAIOWUXCA U MPYO0EeMKOCHb; (uac.)
membl mema OuCUUNIUNDL (uac.) YyueOHbvle 3aHAmMUSA Camocmoamenvnasn
F— nabopamopnvie paboma
pabomut ooyuarowguxcs
1 2 3 4 5 6
1. ABTOMATHU3HPOBAHHbIE 66 2 4 60
CHCTEMBbI YIIPABJICHUSI.
1.1. | Cucremsnl 33 1 2 30
aBTOMAaTHYCCKOTO
YIPaBICHUS U CICASIINE
CHCTEMBI.
1.2. | Cucremsl 33 1 2 30
aBTOMAaTHYCCKOTO
pETyITHPOBAHUS.
2. Cucrembl ynpasJieHust 69 4 4 61
TEXHOJOTrHYeCKHUM
000py/10BaHUEM.
2.1. | Knaccuduxanus cucrem 13 1 1 11
yIpaBIeHUS
000pyI0BaHUEM.
2.2. | CucTeMBbl YHCIIOBOTO 12 1 1 10
IPOrPaMMHOTO
yIpaBIeHUS
MIPOMBIIIIIICHHBIM
000py/IOBaHUEM.
2.3. | CucreMsl amanTUBHOTO 22 1 1 20
MPOrPaMMHOTO
yIIPaBIICHUSI.
2.4. | 'uOxue 22 1 1 20
MIPOU3BOJICTBEHHBIE
CHCTEMBI M THOKUE
MIPOU3BOJICTBEHHBIE
MOJTYJIH.
HUTOI'O 135 6 8 121

- V151 32049HOI hopmbl 00ydyeHuUst (YCKOpeHHOEe 00ydeHue):

Buowl yueonwvix 3anamuil, 6xouan

No
pas- Haumenosanue Topovensocms s CamocmoamenbHyro pa60m3.;
oena u pasdena u y odyuarowuxca u mpyooemxkocmep; (uac.)
membl mema QucyuNAUNbL (uac.) yuebHble 3aHAMUA Camocmonmensnasn
nexyuu aabopamopubsle paboma
padomol ooyuarouuxcsa
1 2 3 4 5 6
1. ABTOMATH3MPOBAHHbIC 66 2 4 60
CHCTEMBbI YIIPABJICHHS.
1.1. | Cucremsl 33 1 2 30
ABTOMAaTUYECKOTO
YIOPaBJIICHUS U CHEASAIIUE
CHCTEMBI.
1.2. | Cucremsl 33 1 2 30
ABTOMAaTHUYECKOTO




peryJIupoBaHHUs.

2. Cucrembl ynpasJieHUst 69 4 4 61
TeXHOJOTHYeCKHM
000py/10BaHUEM.

2.1. | Knaccudukanus cucrem 13 1 1 11
yIpaBICHUS
000pyTIOBaHUEM.

2.2. | CHCcTEeMBI YHUCIIOBOIO 12 1 1 10
IPOrPaMMHOTO
yIpaBJICHUS
MIPOMBIIIIJICHHBIM
000pyTOBaHUEM.

2.3. CucreMsl a1alTUBHOTO 22 1 1 20
IPOrPaMMHOTO
yIPaBJICHUS.

2.4, I'ubxue 22 1 1 20
MIPOU3BOJICTBEHHBIC
CHCTEMBI ¥ THOKHE
MIPOU3BOJICTBEHHBIC
MO/TYJIH.

UTOI'O 135 6 8 121

4.2. Coz[epma}me AUCHUIIJIMHBI, CTPYKTYPUPOBAHHOC 110 pa3jiejiaM U TEMaM.

Pa3znen 1. ABTOMaTU3HPOBAHHBIE CUCTEMbI YIIPABJIEHHS.
Tema 1.1. CucreMbl AaBTOMATHYECKOI'0 YIIPABJICHHUA U CJIeAsIIe CUCTEMBbI.

ABTOMaTI/I3aHI/I$I - BBbICIIasA CTyrIeHL MEXaHU3alnun HpOI/ISBOI[CTBeHHI)IX npouecc0B -
CYILIECTBEHHO YNy4llaeT YCJIOBHS Tpylda. TeXHHUYECKOe YCTPOWCTBO, BBINOJHSIONIEE OIEpaluu
yopaBieHusi 0€3 HEMOCPEACTBEHHOTO y4dyacTHUs  4YEJIOBEKAa, HAa3bIBAETCS aBTOMATHYECKUM
yCTpocTBOM. ABTOMaTH3amus 00Jerdaer Tpya paboyero, mo3BOJSET HAXOMUTHCS Ha 0€30MacHOM
paccTosSTHUM OT TIPOM3BOJACTBEHHOTO TIpollecca, U, KPOME TOro, CIIOCOOCTBYET YBEIWYEHUIO
JOJITOBEYHOCTH O0OpYyIOBaHUS Onarofaps CHIKEHHIO TMEperpy3oB, 00eCreurBaeT JKCILTyaTallHio
MalllnH B paHI/IOHaJ'IBHI)IX pemHMax HpI/I OIITUMAJIBHBIX pacxonax BHGKTpOBHepFI/II/I, HpeIIOTBpaHIaeT
BO3HUKHOBEHHE aBapUMHBIX CUTYyallUd, oOJerdaer MOMCK HEUCIPABHOCTEM M STHUM COKpallaer
HpOCTOI/I. C aBTOMaTI/ISaHI/Iefl HpOI/I3BOI[CTB€HHI>IX HpOIICCCOB MbI CTAJIKUBACMCs ITOBCEMCCTHO: HpI/I
OCYIIECTBIICHUH MOTPY304YHO-PA3TPY304YHBIX PabOT, MPU KOHTPOJIE IPOU3BOACTBA U KaueCTBa KaKoH -
au00 TPOIYKIMU, TPU TPOBEACHUHM aHATU3UPOBAHUSA JACATEIBHOCTH TPOU3BOJACTBA. 3ajada
aBTOMATU3allMd COCTOMT B  OCYIIECTBICHMH aBTOMATUUYECKOTO YIPABJICHUS  Pa3IMUYHBIMU
TCXHUYCCKUMHN npoueccaMI/I. ABTOMaTI/I'-IeCKOG ynpaBneHI/Ie B TEXHHUKCE, COBOKyl'IHOCTI) }IeﬁCTBHﬁ,
HANPaBIEHHBIX HA TOJJCpKAHUE WU yaydllleHne (yHKIMOHUPOBAHUS YIPaBIsieMoro o0bekTa 6e3
HEIMOCPEICTBEHHOTO y4YaCTHs 4YEeJIOBeKa B COOTBETCTBHUH C 3aJIaHHOW IMETBI0  YIPaBJICHUSI.
ABTOMaTHYECKOE YIPABIICHUE MIMPOKO MPUMEHSETCS BO MHOTHUX TEXHHYECKUX U OMOTEXHUYECKHX
CUCTEMax IJIs BBIIIOJTHCHUA onepaum‘/'l, HEC OCYHICCTBI/IMI)IX YCJIIOBCKOM B CBSI3H C HGO6XOJII/IMOCTI)I-O
nepepaboTKku OOMBIIOTO KOJWYECTBA HMH(OpPMAIMM B OTPAHMYEHHOE BpEeMs, MJS TOBBIIICHUS
MIPOU3BOUTEIFHOCTA TPy/Aa, KauyeCcTBa M TOYHOCTH PETYIHPOBAHMS, OCBOOOXKICHHUS UYEIOBEKa OT
yIpaBlIeHUs] cUCTeMaMH, (YHKIIMOHUPYIOIIUMHU B YCIOBHSIX OTHOCHTEIBHOW HEIOCTYMHOCTH WIH
OINIAaCHBIX JIA 3)IOpOBI)$I. B paSHHqHBIX TCXHOJIOTUYCCKUX H HpOI/ISBO)ICTBeHHI)IX Hpoueccax
BEJIMYMHBI, UX XapaKTEepPU3YIOILue, JOJKHBI yIOBIETBOPITH OMNpeAesieHHbIM ycioBusaM. Co3naHue
YCJIOBHM, TapaHTUPYIOIMUX TpebyeMoe MpOoTeKaHWe JIF0OOTo Mpollecca, Ha3hIBACTCS YIIPaBICHUEM,
T.e. TOJ YINPaBJICHUEM MOHUMAIOT TAKyI0 OpPraHM3alMi0 TOr0 WJIM HHOrO IIpoliecca, KOTopas
obecrieunBaeT JOCTWIKEHUE ONpeieieHHOW menu. Llenb ympaBieHUs TeM WM WHBIM 00pa3oMm
CBSA3BIBAETCS C M3MEHEHUEM BO BPEMEHM PETYIMPYEMOH (YIpaBiiieMOM) BEIUYMHBI — BBIXOJHOMN
BEJIMYMHBI YIIpaBIsieMOro o0bekTa. MaiyHa, amnmapar, arperar, KOMIUIEKC MAllliH WIA CHCTeMa, B
KOTOPBIX MPOTEKAET MPOLECC, MOJUISKAIIUHN YITPABICHHIO, Ha3bIBAIOTCS 00BEKTaMH yIIpaBICHHUS, T.€.
9TO COBOKYITHOCTh TEXHUYECKHUX CPEJICTB, BBIMOJIHSIOMNX AAHHBIA mporiecc. (s ocymiecTBieHus
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LEeNMU YIpaBICHUS, C Y4ETOM OCOOCHHOCTEH YNpaBIsEMbIX OOBEKTOB Ppa3IUYHON TNPUPOABI U
crneuu(UKU OTIACNBHBIX KJIACCOB CHUCTEM, OPTaHU3YETCs BO3JEHCTBHE Ha YIPABISIOLINE OpPTraHbI
00beKTa — YyMpaBJISIOIIEe BO3JCHCTBUE. Y IPABISIONIUM - Ha3bIBAIOT BO3JICHCTBHE, IMOJJaBaeMOe Ha
O0BEKT C LENpI0 M3MEHUTh XOJ IIpoliecca B COOTBETCTBMM C 3ajaHueM. Eciu ynpaBieHue
OCYIIIEeCTBIIsIeTCSl 03 ydacTus 4YeloBeKa, TO OHO Ha3bIBaeTCS aBTOMATHMUYECKHUM, a €CIIU C y4acTUEM
yeroBeka - pydyHbiM. OHO TMpeaHa3HAueHO TaKkKe I KomIeHcanuu H(QeKxTa BHEIIHUX
BO3MYILAIOIIUX BO3ACUCTBUN, CTPEMAILIUXCS HAPYIIUTh TpedyeMoe IOBEIEeHUE pEryIupyeMoit
BEJIMYMHBI. YTpaBisgiollee BO3ACHCTBUE BbIpadaThiBaeTCss ycTpoilcTBOM ympasieHus (YVY).
COBOKYIHOCTh aBTOMATHYECKOI'O YIPABJISIIOIIETO0 YCTPOUCTBA U 00BEKTa YIPABIICHHUS, CBSI3aHHBIX U
B3aMMOJCMCTBYIOIUX MEXAY COOOM B COOTBETCTBUM C QJITOPUTMOM YIPABIEHUS, HA3bIBAIOT
cucreMoit aBTomatuieckoro yrpasieHus (CAY). B Teopun aBTOMaTHYeCKOr0 YIPABJICHHS KaXKIbIN
AIIEMEHT OJIOK-CXEMbI Ha3bIBAIOT JIEMEHTAPHBIM 3B€HOM, PEATU3YIOIIUM 3JIEMEHTApHYIO OIEPaIUIo
Y XapaKTEPU3YIOLIMMCS MaTEMAaTUYECKUM BbIPAKEHUEM.

Paznuuator sBa THma  OJIOK-CXEM: CTPYKTYypHBbIE M (DYHKIMOHAJIbHBIE, HWMEIOIIUE
OJIMHAKOBOE WM aHaJloTUYHOe rpaduueckoe uU300pakeHHe, HO PANIUYHYIO CYIIHOCTb.
CTpyKTypHOH OJIOK-CXEMOW HAa3BIBAIOT CXEMY, B KOTOPOIl 3JIEMEHTapHbIC 3BEHBS, 0003HAYCHHBIC
OykBamMH, COOTBETCTBYIOIIMMH Ha3BaHHUSIM OTACIbHBIX DSJIEKTPHUUECKUX YCTPOHCTB (OJIOKOB),
paccMaTpuBalOT € TOYKHM 3pEHUS JAUHAMUKM CHUCTEMbl U OIMCHIBAIOT MaT€MaTUYeCKUMHU
(anreOpanueckumu, aud@epeHuanbHBIMU, WHTETPAIbHBIMU) YpPAaBHEHUSMU - IE€PEAaTOYHBIMU
¢ynkumsMu. OyHKIMOHATBHON OJIOK-CXEMOH Ha3bIBAIOT CXEMY C 0003HAYEHUEM COCTABHBIX 3BEHHEB
(pyHKIMOHANBHBIX OJOKOB) MO pPOAYy BBIMONHAEMBbIX (QyHKIMNA. COBpeMEHHOE MPOMBIILICHHOE
IIPOM3BOJICTBO XapaKTEPU3yETCsl pOCTOM MACIITA00B U YCIOKHEHUEM TEXHOJIOIMYECKUX MPOLIECCOB,
YBEJIMYEHUEM €IMHUYHOW MOIIHOCTH OTACNIBbHBIX arperatoB M YCTAHOBOK, IPUMEHEHUEM
MHTEHCUBHBIX, BHICOKOCKOPOCTHBIX PEKUMOB, OJTM3KHUX K KPUTHUECKUM, MTOBBIIIEHHEM TPeOOBaHUN K
KaueCcTBY MPOIYKIMH, OE30MacHOCTH NEpCOHalla, COXPAaHHOCTH OOOPYAOBAaHUA U OKPYXKArolIeH
cpeapl. DKOHOMHYHOE, HaJeKHOe M 0Oe30macHoe (QYHKIMOHHPOBAHHE CIIOKHBIX TEXHHUYECKUX
00BEKTOB MOXKET OBITh 00ECIEUEHO ¢ MOMOIIBIO JIHIIb CaMbIX COBEPIICHHBIX TEXHUYECKUX CPEJICTB,
pa3paboTKa, U3rOTOBJIEHNE, MOHTaX, HajaJKa U HKCIUTyaTalsl KOTOPBIX HEMBICIUMBI 0€3 3HaHUs
TAY. CoBpeMEHHBIMU TEHICHIMSIMM B aBTOMATHU3allMM IIPOU3BOACTBA SIBISAIOTCA: - IIUPOKOE
npuMmeHenne OBM i ympaBieHus; - CO3/JaHHE MallMH W 0OOPYAOBAaHHS CO BCTPOECHHBIMHU
MHUKPOIIPOLIECCOPHBIMU  CPEJCTBAMU H3MEPEHUsS, KOHTPOJIS M PETyJUPOBaHHUA; - IIEPEXo] Ha
JELeHTpaIN30BaHHbIe (paclpellelieHHbIE) CTPYKTYphl YIpaBiieHus ¢ MHUKpoOBM; - BHenpenue
YeJIOBEKO-MAIINHHBIX CHCTEM; - HCIIOJIb30BAHUE BBICOKOHAAEKHBIX TEXHUYECKUX CPEICTB; -
aBTOMATHU3HPOBAHHOE MTPOEKTUPOBAHUE CUCTEM YIIPABIICHUS.

Tema 1.2. CucTeMbl aBTOMAaTHY€CKOI'0 PeryJIMpOBaHuUsl.

Cuctema aBromaTnueckoro perynupoBanust (CAP) — coBoKynmHOCT 00BbEKTa YHpaBieHUs U
ABTOMATUYECKOTO PEryJsiTopa, B3aUMOJIEHCTBYIONIMX MEXAYy COOOW B COOTBETCTBUU C AJITOPUTMOM
ylpaBiieHUsl. ABTOMAaTUYECKUM DPETyJIMPOBAHUEM HAa3bIBAIOT MOJIEpPKaHUE 3HAYCHUH (DU3NYECKUX
BEIMYMH HAa OINPEACICHHOM YpOBHE WIM U3MEHEHHEe MX 10 TpeOyeMoMy 3akoHy 0e3
HENOCPEACTBEHHOTO Y4acTHs 4eJIOBEKA. TEeXHUUECKHE YCTPONCTBA, B KOTOPBIX IPOLECCHI MOJIEKAT
ABTOMATHYCCKOMY PETYJIUPOBAHUIO, HA3BIBAIOT 00BbEKTaMHU PETYIUPOBAHUA. duznueckue BCJIMYHHBI,
MOJJIEXKAINE PETYIUPOBAaHUIO, Ha3bIBAIOT PErYIMPYEMbIMU BEIMYMHAMU. BHelIHue BO3AEiCTBUS,
BBI3BIBAIOIITME OTKIOHEHHEC permepyeMoﬁ BCJIIMYHHBI OT €€ 3aJaHHOIro 3HA4YCHHA, Ha3bIBAIOT
BO3MYILAIOIIMMHU  BO3JEHUCTBUSAMU.  TEXHUYECKHE  YCTPOMCTBA,  IpEIHAa3HAYEHHbIE I
ABTOMATHYCCKOTO PEryJIMPOBAaHUA pPa3JINYHBIX BCIWYHWH B O6’I)eKTaX, Ha3bIBAKOT aBTOMAaTH4YC€CKUMU
perynaropamMu. CucreMa aBTOMAaTHYECKOTO PEryJMPOBAaHUS COCTOUT U3 JBYX OCHOBHBIX 4acTed -
o0BeKTa perynupoBaHus UM aBTomMaTuueckoro perymsropa. CAP mpencrasnser coboit clioKHbBIE
KOMIIJIEKCHl B3aMMOJICHCTBYIOIIMX TEXHHUUYECKUX CPEICTB, Y3JIOB M DJIEMEHTOB, paboTa KOTOPBIX
OCHOBaHAa HAa  PA3JIMYHBIX  (U3MYECKUX  NPUHOUMNAX  (DJIEKTPUYECKHX,  MEXAHHYECKHUX,
THJIpAaBIUYECKUX U Ap.). OHM pa3HOOOpa3HBI MO KOHCTPYKTUBHOMY HCIOJIHEHUIO M TEXHUYECKHM
xapakrepuctukaM. OJHAaKO B TEOPUM AaBTOMATUYECKOIO PErYJIMPOBAaHUS OCHOBHOE BHHUMAaHHE
ylensercss He TEXHHYECKUM CBOMCTBAM OTIEJIBHBIX 9JIEMEHTOB, a HUX (YHKLIHOHAIbHBIM
npeoOpa3oBaHUsM M XapakTepy CBsi3ed Mexay HUMHU. HarnsgHoe mpezactaBieHune o0 3TOM Jai0T
(YHKLIMOHAJIBHBIE CXEMbl CHUCTEM aBTOMATHYECKOTo peryaupoBaHus. (DyHKIHMOHAIbHBIE CXEMBI
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OTPaXKalOT B3aUMOJIEUCTBUE YCTPOMCTB, 3JEMEHTOB CHCTEM aBTOMAaTHYECKOI'O PEryJIMpOBaHUS B
nporecce ux paboTrel. ['paduueckn OTAETBHBIE YCTPOWCTBA CHUCTEM  aBTOMATHUYECKOTO
perynupoBaHusi U300pakaloT B BHJIE MPSIMOYTOJBHUKOB, a CYIIECTBYIOIIME MEXAY HUMHU CBSI3H -
CTpEJIKaMH, COOTBETCTBYIOIIMMHU HAIIPaBJICHUIO NPOXO0XKJEHUS CUTHaja. BHyTpeHHee copepikaHue
KKIOr0 YCTPONCTBA HE KOHKpETHU3HpyeTcs, a (YHKIMOHAIbHOE Ha3HaueHue Imudpyercs
OykBeHHBIMU cuMBOJIaMu. Ha o0bekT perynupoBanus OP, Haxoasmuiics MOA BIMSHUEM BHEIIHETO
BO3MYLIAIOLIEro Bo3nelcTBus F, mocrymaer ynpapisoliee BO3ACUCTBUE XpP, KOTOPOE SIBISETCS
BBIXOJHOM BEJTMYMHON aBTOMaTH4YecKoro peryistopa (AP), mpeacrapistomniero co6oii COBOKYITHOCTb
3JIEMEHTOB. B aBTOMaTHYeCKUi perynarop Imo Ienu riaBHod oOpaTtHoi cBs3u (OCI) mocrtymaet
peryiupyeMas BeIMYMHA XBbIX. BXonHas BenuuMHA XBX € 3aJaTyuka 3 IOCTYNAET HA AJIEMEHT
cpaBuenus (OC). CurHan ommOKH, MPEACTABISIOMNNA COO0H Pa3HOCTh BXOJHON BEIMYMHBI XBX U
CHUTHAJIa IJIaBHOW 00paTHOM CBs3M X0C (AX=XBX-XOC ) MOCTYMAET HA YCUJIUTENb Y, TJe YCHIINBACTCS
B K pa3 u Bo3zmeiicTByeT Ha MCHOMHUTENBHBIA 37eMeHT (D), BBIXOIHON CHUTHAJI Xp KOTOPOTO
ABJIIETCS PETYJUPYIOLIUM BO3JCHCTBUEM aBTOMAaTHYECKOI'O PETyNIATOpa. ODJIEMEHT MECTHOMN
oOpartnoit csizu (OCM) BBOAUTCS B CUCTEMY aBTOMAaTHYECKOTO PETyIMPOBAHUS IJIs YIy4IICHUS ee
IUHAMHUYECKUX CBOMUCTB.

Kaaccudukanus cucrem. BenencrtBue 60b110r0 pazHOOOpa3usi UCIONIb3yEeMbIX B TEXHUKE
CUCTEM aBTOMAaTHUYECKOI'O PEryJIMPOBAHMS, PA3IUYAIOIUXCS (YHKIIMOHAIbHBIMU BO3MOXKHOCTSIMH,
MOPUHIIUIIAMUA TOCTPOCHUS U (POPMOM KOHCTPYKTHBHOW pean3allii, HEBO3MOXKHO JaTh €IUHYIO
KJIacCU(UKALMIO CUCTEM aBTOMAaTHYECKOTO peryiupoBaHusi. PaccMoTpum Hambojiee XapaKTepHBIE
KJaccu(pUKalMOHHbIe TMpu3Haku. 1) Hamuume B cucremax SBHO BBIpaXEHHOW OOpaTHOUM CBS3H:
Pa30MKHYTBIE U 3aMKHYTBIE. 3aMKHYTBIE CHCTEMBI COAEPKAT LeMb TaBHOU oOpaTHoii csizu OCI, B
Pa30MKHYTBIX CHCTeMax OHa OTCyTcTByeT. Cuctembl, paloTalliue MO0 Pa3OMKHYTOMY IIHKIY,
UCIOJIB3YIOT TOJBKO B KAauecTBE COCTABHOM 4acTu O0Jee CIOXKHBIX CHUCTEM aBTOMAaTHYECKOTO
perynupoBanus. [log riaBHOM 0OpaTHOM CBS3pI0 MOHHUMAIOT TMOAAYy YAaCTH JHEPIHH C BBIXOJA
cuctembl Ha ee BxoA. ['maBHas oOpatHast cBsi3b (OCI') ciayxuT nis cpaBHEHUS JEHCTBUTEIBHOTO
3aKOHA M3MEHEHUs PeryjIupyemMoro napamerpa ¢ TpedyeMbiM. [TomrMo riaBHO# 0OpaTHOI CBsI3M B
CUCTEME TNPEIyCMOTpEHa MeCTHasi oOpaTHasi CBsI3b, KOTOpas OXBAThIBAET OAWH WJIM HECKOJBKO
3JIEMEHTOB OCHOBHOW 1enu. OOpaTHYIO CBS3b HA3bIBAIOT IOJOXKHUTEIBHOM, €ClIM €€ BbIXOJIHOU
CUTHAJI CYMMHUPYETCSl C OCHOBHBIM CHUTHAQJIOM, M OTPUILIATENbHOMN, €CIIM ATOT CUTHAJ BBIYUTAETCS U3
OCHOBHOT'O CHTHaja. 2) 3aKOH M3MEHEHUS PETYJINPYEMOI BEIMUYMHBI B CUCTEMAax aBTOMAaTUYECKOTO
perylIMpoBaHMs: CUCTEMBbl CTAOMJIM3allMM, NMPOTPAMMHOIO peryiupoBaHust U ciuensuie. Cuctemsl
CTa0WIM3allMu  TOpeAHa3HAYeHbl JUIs TMOJAJIEP’KaHMsS IOCTOSHHOTO 3HAYEHHUs PEryIupyeMoi
BeIMUYMHBL. B 3THX cucTemax 3ajaroliee BO3JEHCTBUE HE H3MEHseTCs BO BpeMeHH. CHCTeMbl
MPOrPaMMHOTO PEryJMpOBaHUsl MpPEIHA3HAUYECHbl [JI1 M3MEHEHMs PEeryJupyeMoN BEJIMYMHBI 110
U3BECTHOMY 3aKOHY B (YHKIMM BpEMEHM WM Kakoh-muOo Jpyroil BeIMUYMHBL. 3ajaroliee
BO3/JCICTBUE HA3BIBAIOT MPOTrpamMMol peryinpoBaHus. Clesdmue CUCTEMBl NPEIHA3HAYEHBbI IS
M3MEHEHHUs PETyIupyeMoil BETMYMHBI 110 3apaHee HEU3BECTHOMY 3aKOHY. 3ajarolllee BO3JeiCTBHE
npenctaBisier coboil cmywaitHyro ¢yHkuuio Bpemenu. 3) CnocoOHocte CAP monamepkuBath C
ONpEEeNIEHHON CTENEeHbI0 TOYHOCTH 3HAYEHUE PpEeryjlupyeMod BEJIMYMHBI: CTaTUYECKHE W
actarnueckne. CTaTMYECKOM CHCTEMOM aBTOMATHMYECKOIO pEryJUpOBaHUs HA3bIBAIOT TaKYHO
CUCTEMY, B KOTOpPOM NPUHLMIIHATILHO HEBO3MOXHO TMOJJEPXKUBaTh OAHO M TO K€ 3HAYCHHE
pEryJIupyeMoro IapaMmeTrpa IIpH YCIOBHMM, YTO 3aJal0llee BO3JEHCTBUE CHUCTEMBl OCTAETCs
HeU3MEHHbIM. OCTaTO4YHyl0 OIIMOKY B TaKOW CHCTEME Ha3bIBalOT CTATU3MOM. ACTaTHYEeCKOU
CUCTEMOM aBTOMAaTHYECKOTO pPETYJIMPOBAHMs Ha3bIBAIOT TaKyld CHCTEMY, B KOTOpOH B
YCTaHOBUBIIEMCS PEKUME PETYIUPYEMBIN MMapamMeTp MPUHUMAET BCEr/la OAHO U TO K€ 3HaYeHUe U
HE 3aBHCUT OT 3HAUYEHUS BO3MYIIAIOIIET0 BO3JEHCTBUA Ha OOBEKT perynupoBanusi. B acratuueckoii
CUCTEME CTaTHU3M BCer/a paBeH HyJ0. 4) OyHKIMOHAIbHAs CBA3b MEXAY BXOAHBIMU U BBIXOJIHBIMU
BEJIMYMHAMHU D3JIEMEHTOB, BXOJSAIIMX B COCTAaB CHCTEMBl AaBTOMAaTHYECKOTO PETYJINPOBAHMUS:
HEINpEpbIBHBIE W JTUCKpeTHble. HenpepblBHOM CHCTEMON aBTOMATHYECKOTO PEryJIMpPOBaHUSA
Ha3bIBAlOT CHCTEMY, B KOTOPOM HENPEPHIBHOMY HW3MEHEHUIO BXOJHBIX BEJIMYMH 3JIEMEHTOB
COOTBETCTBYET HENPEPHIBHOE H3MEHEHHE BBIXOJHBIX BEJIWYMH JTUX 3J€-MEHTOB. JlMCKpeTHOU
CHUCTEMOM aBTOMATHYECKOIO PEryJIMPOBAHMS HA3BIBAIOT CHUCTEMY, B KOTOPOH HENPEPHIBHOMY
U3MEHEHHUIO BXOJHOW BEIMYMHBI XOTSI OBl OJHOTO 3JEMEHTa, BXOJSIIET0 B COCTaB CHUCTEMBI,
COOTBETCTBYET JHUCKPETHOE M3MEHEHHE BBIXOJHOM BEIWYMHBI 3TOro 3neMeHTa. 3. Ilpu m3zydyenum
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JUHAMUYECKUX CBOMCTB CHUCTEM LIEJIECOOOpa3HO paccMaTpUBaTh OTAEIbHBIE €€ 3JIEMEHThI TOIBKO C
TOYKU 3pEHHs] UX TUHAMUYECKHX CBOMCTB HE3aBHCUMO OT (DYHKIIMOHAJIBHBIX MpeoOpa3oBaHUM U
KOHCTPYKTUBHBIX (hopM ucnoiaHeHus. OJMHAaKOBbIMU TUHAMUYECKMMH CBOMCTBAMU MOT'YT 00JIafaTh
pa3IMYHBIE AJIEMEHTHl HE3aBUCUMO OT HMX (pusmueckod mpupoasl. Ilo 3Tomy mpu3Haky B LEMsX
pEryaupOBaHUs NPUHATO BBLAEIATh OTICNIBHBIE 3JEMEHThl WM TPYIIbl 3JIEMEHTOB, KOTOpbIE
Ha3bIBAIOT JAMHAMMYECKUMHU 3BEHbSIMHM. JIMHaAMHuUeCKMM 3BE€HOM Ha3bIBAlOT 4YacTb CHUCTEMBI
aBTOMAaTHYECKOIO peryaupoBaHus, HepeXOAHbIH nporecc KOTOPOH OIUCBIBACTCS
muddepeHraIbHpIM  YpaBHEHHEM ONPEACICHHOTO BHUAA. J[MHAMHYECKHMM 3BEHOM MOXKET OBITh
3JIEMEHT, COBOKYIHOCTb 3JIEMEHTOB M BCS CHUCT€Ma aBTOMATHYECKOI'O PEryJMpOBaHUS B LIEIOM.
['paduuecku ITUHAMHYECKOE 3BEHO H300pakaeTcsi B BUJE MNPSAMOYTOJbHHKA, BHYTPH KOTOPOTO
BIIMCBIBACTCA BBbIpaXeHUE MepenatoyHoil ¢ynkuum W (p), a HampaBieHHE IPOXOXKICHHS
uHpopMauu H300paxaercss cTpeakaMi. BXOTHOW M BBIXOJHOW CHUTHANBI B JHHAMHUYECKOM 3BEHE
MOTYT MMETh Pa3IMuHyl0 (U3MYECKYI0 Hpupoay. B Teopuu aBTOMaTHYECKOro peryIupOBaHMs
MOXXHO  BBIACIHTH  CICAYIOIIME THUIOBbIE JWHAMHYECKHE 3BEHbS -  OE3bIHEPIIMOHHOE
(mpornopIMOHAIBHOE), anepuoandeckoe (MHEpPIUOHHOE), AuddepeHIupyIoIIee, WHTETPUPYIOIIee,
KoJsie0aTeIbHOE.

XapakTepuCcTUKH JUHAMMYECKHX 3BeHbeB. 3aBUCHUMOCTb BBIXOJHON BEJIMYMHBI 3B€HA OT
BXOJIHOW B YCTAHOBMBUIEMCS PEKMME HA3bIBAIOT CTATUYECKOM XapaKTEPUCTHUKOU. Y CTaHOBUBILHICS
PEKUM — 3TO TAKOW PEXKHUM, IPU KOTOPOM BXOJIHAsI U BBIXOJIHAS BEJIMYUHBI OCTAIOTCS TOCTOSTHHBIMU
BO BpeMeHU. CTaTU4YeCKyI0 XapaKTepUCTUKY 0OBIYHO n300pakaroT rpaduuecku. Ee 3HaueHUS MOKHO
HOJIy4aTh HKCIEPUMEHTAIBHO MM pacueTHbIM myTeM. CHUCTeMbl aBTOMAaTHYECKOI'O PEryJIMpOBaHUs,
KaK IpaBUJIO, pabOTalOT B HEYCTAHOBUBIIEMCS, NEPEXOJHOM pexume. Takoil pexuM padboThI
SBJISICTCS CIIEICTBUEM BO3/IEHCTBHS HAa CUCTEMY HEIPEPBIBHO M CIy4ailHO U3MEHSIOLIMXCS BHEIIHUX
BO3MYIIAIONUX (DaKTOPOB, MPHUBOAIIMX K HEMPEPHIBHOMY H3MEHEHHUIO BXOIHOH W BBIXOJHOMH
BEJIMYMHBI BO BCEX €€ 3BeHbsX. [103TOMy OHOM M3 BaXKHBIX 3a/lay SBISAETCS M3yUEHHUE MOBEICHMS
JUHAMHYECKUX 3BEHbEB B IEPEXOJHBIX pexuMax. JluHamMuueckod XapakTEepUCTUKON 3BeHa
Ha3bIBAIOT 3aBUCUMOCTH BBIXOJHOM BEJIMYMHBI OT BXOJHOW B NepexoAHoM mporecce. Pusnueckas
3a/1a4a ONpeJIeleHNsI BBIXOIHOM BETMYMHBI 3B€HA ITPU U3MEHSIOIIEMCS BXOJHOM CUTHAJe CBOJUTCS K
peuieHn0 UG GEpeHINaIbHOIO YPaBHEHUS! TOrO WM MHOTO BMJIA, OMMCBHIBAIOLIETO NMPOTEKaHUE
MEPEXO/IHBIX IPOIECCOB B 3BEHE.

B nuHENHBIX cHucTEMax aBTOMAaTHMYECKOIO pEryJupOBaHUs MPOTEKAIOIIHAE IPOLECCHI
ONMCHIBAIOTCS JTUHEHHBIMU JHU(DPEepeHInanbHbIMU YPaBHEHUSIMH, PEIICHUE KOTOPBIX 3HAYUTENILHO
yIOpPOIIAETCS  C  HWCHOJBb30BAHMEM  METOAOB  ONEPALMOHHOIO  HCYMCIeHus.  Pemenue
T depeHIIMATBHOTO  YpaBHEHHMSI METOJOM  OINEpPAlMOHHOTO HCYUUCIEHMS] OCYILIECTBISIETCS B
clefyomye TpH d3Tama; 1) MepexoJ OT OpPUTMHAIOB K HM300paKEHHAM, T. €. Mepexo] OT
qubdepeHIMaTbHOr0  ypaBHEHUS K  alnreOpanyeckomys; OTBICKAHME W3  IOJY4EHHOI'O
anreOpanvyeckoro ypaBHEHHsI Heus3BecTHOW G(yHKuuu Y (p), T. €. pelleHue anreOpandeckoro
YpaBHEHHUS; MEpexo] OT HalJAEHHOTro n300paxeHus Y (p) K OpUTHHAITy HEU3BECTHON (YHKITHH.

Ilepenatounas ¢yukuus. [lepenarounoir ¢yHKIMEHl 3BeHa Ha3bIBAeTCAd OTHOIICHHE
M300paKeHHs] BBIXOJAHOM BEJIMYMHBI 3B€HA K H300paKEHUIO BXOJHOM BEIUYMHBI NPHU HYJEBBIX
HayalbHbIX ycnoBusx. O6o3naunm uepe3 W (p) nepenatounyro ¢pyHkimio, a yepe3 X (p) u Y (p) -
COOTBETCTBEHHO M300paKeHHsI BXOJAHOM U BBIXOJHOU BennuuH, Toraa: W(p) =Y (p)/X (p).

Ilepexonnas xapakrepucTtuka. IlepexonHoil XapakTepUCTUKOHN (MEPEXOAHBIM MPOLIECCOM)
JTUHAMHYECKOr0 3B€Ha Ha3bIBAIOT 3aBUCHUMOCTH BBIXOJHOHM BETMYMHBI OT BPEMEHHU MpU IoJadye Ha
BXOJl 3BEHA CTYNEHYaTOr0 CHUTHala €IUHUYHOM amIuinTynael. ClenoBaTenbHO, IEepEXOAHas
XapaKTepUCTHKA OTOOpakaeT peaklUI0 3BeHa Ha €JUHUYHBIN CTyleHuYaThlii curHail. YacToTHbIE
XapaKTepUCTHKHU 3BEHbEB. ECiiM Ha BXOJ IMHAMUYECKOTO 3BE€HA ITOCTYNAET CUTHAJI CHHYCOUAIbHON
(bopMBI OIpeneneHHON YacTOThl, TO BBIXOJHON CUTHAJl MMEET T€ K€ CHUHYCOWJAIbHYIO (popMmy u
4acTOTy, HO JpYrHe aMIUIMTyay U (a3y. B cBsA3M ¢ 3THUM pa3inuyaroT aMILIUTYAHO-YaCTOTHBIE U
(a30BO-4aCTOTHBIE XapAaKTEPUCTUKU 3BEHBEB. AMIUINTYJHO-4aCTOTHAs XapaKTEPUCTUKA BbIPAXKaeT
OTHOILICHHE AMIUIMTYJbl KOJeOaHMI Ha BBIXOAE 3BEHA K aMIUIUTYZAE KoJjieOaHUil Ha ero BXOJe B
3aBUCUMOCTH OT YacTOTHl BbIXOAHOTO curHana (, a) A (w) = ABbix/ABX = f (), TIe ABBIX -
aMIUTUTY/A BBIXOIHOTO CUTHANA; ABX - aMIIMTY/la BXOJHOTO CUTHANA; - YTJI0Bas 4acToOTa.

Heo6xoauMeiM ycaoBHEM pabOTOCIOCOOHOCTH CHCTEMBI aBTOMAaTHUYECKOTO PETYIHMPOBAHUS
ABJIECTCS €€ YCTOMYUBOCTB. 11011 yCTOMYMBOCTBIO TOHMMAIOT CBOMCTBO CHCTEMBI BOCCTAHABIMBATh
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COCTOSTHUE PABHOBECHS, U3 KOTOPOro OHa Oblja BhIBE/IEHA MO BIMSHHEM BO3MYLIAIOMINX (PAaKTOpOB,
1ocje MpeKpaiieHus AeHcTBus 3TuxX ¢pakTopoB. Ha mpaktuke aist onpenenenus ycroiunBoctu CAP
UCIIOJIB3YIOT KPUTEPUM YCTOWYMBOCTH, T.€. MPABWIA, C MOMOULIBIO KOTOPBIX MOXHO OIPENEIUTH,
yCTOMYMBA CHUCTEMa WM He, He mpuberas K pemeHuto auddepeHaabHbIX ypaBHEHUH.
Anrebpanueckuii kputepuii (Payca-I'ypBuima) mo3BomsieT CyauTh 00 YCTOWYHMBOCTH 3aMKHYTOM
CHCTEMBI TIO0 KOX(PPUIMEHTAM €€ XapaKTePUCTUYECKOTO YPOBHS, KOTOPHIM SIBISIETCS 3HAMEHATENb
nepenatoyHoil pynkuuu. HeoOGxomumble UM JOCTaTOYHBIE YCIOBHUS YCTOWYMBOCTU OMPEHEISIOTCS
Pa3IMYHBIMH COOTHOLICHUAMHU KOX(P(PHUIMEHTOB B 3aBUCHUMOCTU OT IOpsJKa cCHUCTeMbl. Kpurepwuii
YCTOMUYMBOCTH MuxaillloBa OCHOBAH Ha CBS3M XapaKTepa IEpPEeXOAHOro Ipolecca CUCTEMBI C
aMIIUTYI0d u  ($a3oil  BBIHYXKIEHHBIX KOJeOaHWH, YCTaHABIMBAIOIIUX B CHCTEME IIpH
CUHYCOUJIaJIbHOM BO3JCHCTBUU. AHAIM3 YCTOMYMBOCTH CHCTEMBI 3THM METOJOM CBOJUTCA K
IIOCTPOCHHUIO TI0 XapaKTEpPUCTUUYECKOMY MHOTOUWIEHY 3aMKHYTOH CUCTEMBbl (3HaMEHaTelb
nepesaToyHol (QyHKIIMHU) KOMIUIEKCHONW 4acTOTHOW (DPYHKLMHU, IO BUILy KOTOPOH MOXKHO CYAMTH 00
ycroitunBoctu. Kputepuii ycroitumBoctu HaiikBucra mo3BonseT cyauTh 00 yCTOWYHMBOCTH
3amMkHyTOM cucTeMbl CAP 1o amMrmimTynHO-(pa30BOM XapaKTepUCTUKE. 3aMKHYyTas CHUCTeMa Oynaer
yCTOWYMBA B TOM Cllydae, €CIM YCTOWYHMBA 3aMKHyTash CHUCTeMa W €€ aMIIUTyIHO-(a3oBas
XapaKTepUCTHKA HE OXBaThIBaeT TOUKY ¢ koopauHatamu (-1, j0), Ha3piBaeMyro kputudeckoit. [lpu
OTCYTCTBUM MECTHBIX OOPATHBIX CBSA3€M pa30MKHYTas CUCTEMa BCEI/la yCTONYMBA, €CJIM COCTOUT U3
YCTOMYMBBIX 3BEHBEB. [IpyM HaAIWYMM MECTHBIX OOpaTHBIX CBS3EH CHCTEMa MOXET OKa3aThbCs
HEYCTOWYMBOW B PA30OMKHYTOM COCTOSIHUM. ¥YCTOWMYMBOCTHh IO JOTapU(MUUYECKHUM YACTOTHBIM
XapaKTEPUCTUKAM ONPEIEISAIOT C UCIOIb30BaHUEM KpuTepus ycroitunBoctn HalikBucra. 3aMKkHyTas
CHUCTEMa YyCTOMYMBA, €CIIM Ha 4acToTe ®, M1 KOTOpou ¢=-m, opauHata JIAUX pasoMmkHyTOU
CUCTEeMBI OTpHIaTenbHa, T.e. L(®0)<0. Ecnu pazomkHyTas cuctema ycroituupa, a JIAUX nmepecekaer
JIUHUIO -TT B HECKOJIbKUX TOYKAaX, TO 3aMKHYTasi cucteMa OyaeT ycroitunBoil, korna L(w)<0 mpu ¢=-nt
JUIsi KOHEYHOW IpaBOMl M3 TOueK ImepecedeHus. [ omnpeneneHuss yYCTOMYMBOCTH CHCTEMBbI
UCTIONB3YIOT MpubmmkeHnyo JIAUX, mpencTtaBisiomyr0 coOod JIOMaHYI JIHHHIO, OT/CIbHBIC
Y4acTKH KOTOPOI UMEIOT ONPEEIICHHBIM HAKIIOH.

Tema 1.3. Cucrema aBTOMATHYECKOr0 KOHTPOJIS.

Jia obecnieueHust TpeOyemMoro KadecTBa JeTajneil W u3Aenuil (TOYHOCTH pa3MepoB,
reomerpuueckas, (Qopma, mapamMerp LIEPOXOBATOCTH TOBEPXHOCTH M T. [.) HPUMEHSIOT
KOMIUIEKCHBIH KOHTPOJIb, BKIJIIOYAIOMIMKA B Ce0S KOHTPOJIb: TOTOBBIX W3/CIHHA, 3aroTOBOK,
BCIIOMOTATENbHBIX CPEICTB MPOU3BOJICTBA (PEKYIIEr0 MHCTPYMEHTA, U3MEPUTENbHBIX CPE/ICTB U T.
1), OCHOBHBIX CpEJICTB IPOU3BOACTBA (TEXHOJOTHUECKOTO OOOPYHAOBaHMS, CHCTEM U CpPEICTB
ynpaeneHuss U T. 1.). Cucrema aptomatuueckoro koHTpois (CAK) mnpennazHadena uist
ABTOMATHYECKOTO KOHTPOJIS Pa3IHMYHBIX (PH3MUECKUX BEJWYHH (TTApaMETPOB), CBEIACHUS O KOTOPBIX
HEOOXO/JUMBI TpHU YIpaBICHUU OOBEKTOM. Bcesikas cucremMa COCTOUT U3 3JIEMEHTOB, Y3JIOB H
YCTPOKCTB, OpeeNeHHYI0 (D)YHKIIHIO; CIEIOBATEIBHO, CHCTEMY aBTOMATHYECKOTO KOHTPOISI MOXKHO
npenctaButh cxemarndecku () [atumk (J]) u3mepsier 3HaueHHE KOHTPOJIUPYEMOTO Iapamerpa
obbekTa (O) m mpeoOpa3yeT ero B CUTHANI, YIOOHBIM NIl yCWJICHUS WU Tnepenaun. HamOombiee
NpUMEHEHHE HaxoJAT JATUYMKH, MpeoOpasyroliyue HEeIJIEKTPUUECKYIO BETUYHUHY B AJIEKTPUUYECKYIO.
Yeunurens (V) - yCTpOHCTBO, YCUITUBAOIIEE CJIa0bIi CUTHAJI, TTOCTYIMAIOIIMK OT JaTYMKA, TaK, YTO
OH CTAHOBUTCS JOCTAaTOYHBIM JJIi BO3JECHCTBUS HA WCHOTHUTEIHHBIA AI€MEHT. VICIOTHUTENbHBIN
anemeHT (M3) - ycTpoiCcTBO, MOCPEACTBOM KOTOPOTO BBIOITHSIOTCS 3aKIIOUUTEIBHBIE OTEpPaIliH.
DJeMeHTHI Nepesaud M CBSI3U - YCTPOWMCTBA, 0OeCIeUnBaloIie Mepeiayy CUTHAIOB OT JaT4yHhKa J10
UCTIOJTHUTEIIFHOTO JJIEMEeHTa. B cocTaB cucTeM aBTOMAaTH3allH TPOHM3BOJCTBEHHBIX IPOIECCOB
BXOJISIT JONOJHUTENbHBIE DSJEMEHTHl, HE YyYacTByIOIIME B mpeoOpa3oBaHWU HH(POpMAIMH, a
o0ecrieunBaroIye 1anHoe peoOpa3oBanue. K HUM OTHOCSATCS ICTOUHUKH SHEPTUH, CTAOMITH3aTOPHI,
nepexIoyaTesid U Ap. B 3aBUCMMOCTH OT BUJAa HCHOJIHUTENBHOTO 3JIEMEHTAa aBTOMAaTHYECKHM
KOHTPOJIb Pa3/IEysIOT Ha YEThIPE OCHOBHBIE TPYIIBL: - aBTOMATHUECKask CUTHAIN3AIUS XapaKTePHBIX
WIM TIpEAEIbHBIX 3HAYEHWM MapaMeTpoB; CUTrHanu3upymouee ycrpoicts (CY) - 3TO jnamMmouku,
3BOHOK, CHpEHa; - AaBTOMAaTHYECKOE YKa3aHWEe 3HAYeHUN KOHTPOJIUPYEMBIX IapaMeTpoB;
ykazpiBaronuii mpuoop (ITY) MoxkeTr ObITh CTpETOYHBIM, ITU(DPOBLIM; - aBTOMATHYECKAsT PETUCTPALIHS
3HaYeHUH KOHTPOJIMPYEMOIro MmapameTpa; perucrpupyiomiee ycrpoictso (PY) - srto camomucer; -
AaBTOMATUYECKasi COPTUPOBKA pa3IWYHBIX M3ACTUNH B 3aBUCHUMOCTH OT 3aJlaHHBIX 3HAYCHHM
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KOHTpoJpyeMbIx apameTpoB (I1C — mpubop coptupyromiuii). Cuctema aBTOMaTHYECKOTO KOHTPOJIS
HE BMEIIMBAETCS B XOJ NPOTEKaHUS TEXHOJIOTMYECKOro mporecca. 2. B 3aBucMMOCTH OT BHIA,
CTOUMOCTH U TpeOOBaHUH, MPEABABIAEMBbIX K TOYHOCTH HU3TOTOBJICHUS JleTallel, KOHTPOJIb MOXKET
OBITh TOJHBIM, KOTJIa TPOBEPSIOTCS BCE W3JENUs, M BBIOOPOYHBIM, KOT/Ia IPOBEPSETCS YacTh
neraneil. [lo npuHIMIY OEHCTBUS pa3IMyaroT: - CUCTEMBbI IACCUBHOIO KOHTPOJIS, MPEICTABISAIOIINE
coboii cucrembl aBromatmueckoro koHTpois (CAK), 3amaga KOTOpBIX MOMYyYUTh HEOOXOIUMBIC
cBeZieHHs] 00 yIpaBiiieMOM OOBEKTE HIIM MapaMeTpax TEXHOJIOTHMYECKOro Ipoiiecca (CUCTemMa He
U3MEHSET IapaMeTPOB TEXHOJIOTMYECKOTO TIpolecca BO BpeMs 00paboOTKH, T.e. BeaeT cebs
[IACCHBHO); - CHCTEMbl aKTHBHOI'O KOHTPOJIS, KOTOpbIE MPEJICTaBISIOT COOOH  CHUCTEMBI
aBromaruuyeckoro perynupoBanus (CAP), 3a1ada ux He TOIBKO U3MEPITh HEOOXOUMbBIC BEITUNIHHBI,
HO W MOJJEPKUBATh UX 33JaHHOE 3HAUYEHHUE BO BPEMS TEXHOJIOTMYECKOIO Ipouecca. B HacTosiee
BpEMsSI CUCTEMBl AKTUBHOIO KOHTPOJISI OpPraHU3YyOT B OOJBUIMHCTBE CIIy4aeB IO MPUHLHUIY
aJJalITUBHOIO YIIPABJIEHUS, T. €. YIIPABIECHUE TEXHOJIOIMYECKUM MPOLECCOM BeayT coBMecTHO ¢ UITY
u CAK, 3agaua KOTOpOil Ha OCHOBAaHUM CBEACHUM, MOJIyUEHHBIX OT aBTOMAaTHYECKUX YCTPOMCTB,
MEHATHh IMPOTpaMMy YIIPaBIEHUs, TEM CaMblM BOCCTAaHAaBJIMBAas OTKJIOHUBIIHMECS BeauyuHbl. [lo
HA3HAYCHUIO pa3jMyaloT CIEAYIOLIUE CUCTEMbl aBTOMATHYECKOTO0 KOHTPOJS: TEXHOJIOTMYECKHUX
nmapaMeTpoB B Ipolecce OOpaOOTKH; MapaMeTpPOB TOTOBBIX U3JACIUNA (KOHTPOIb KayecTBa
NPOAYKIMH); COCTOSIHUSI O0OPYAOBAaHMS U CHCTEM YIPABICHHS;, COCTOSIHUS MHCTPYMEHTA, OCHACTKH
U T. JI.; IPOTPAMMHOTO M MH(OPMAITMOHHOTO oOecrieueHust (COop CBeICHUM, 00pabOTKa CBEICHHM,
cUcTeMaTu3aIus u T. 11.).

Cuctembl aBTOMAaTHYECKOTO MACCHUBHOTO KOHTPOJS pa3jIMyaroTCs: - anmnapaTHbIMU
CpeIcTBaMM M  crnoco0aMu  OpraHM3alMM  KOHTPOJIS;  PAa3sHOBUJIHOCTSAMM U CIOcoOamu
KOHTaKTUPOBaHUS C U3MEpSEMbIMU BeJIMYMHAMU (MPSAMOE KOHTAKTHPOBAHUE, KOCBEHHOE,
KOHTAKTHPOBaHWE B paboueil MO3WINH, B W3MEPIEMOW MO3UIMHA U T. 1.); - BUJAMHU JIaTYHUKOB,
NPUMEHSIEMbIX i1 M3MEPEeHUsS BeIWYMH (MHIYKTHBHBIC, MMHEBMAaTHYEeCKUE, (HOTOIIEKTPUUYECKUE,
TEH30METPHUYECKHE, ONTO3JICKTPOHHBIE); - CHOCO0AMH OpraHW3allMd W3MEPUTENBHON CHCTEMBI U
cpeAcTBaMu 00paOOTKH MOTy4eHHOW MH(pOpManM (M3MEpeHue, AUCKPETHOE, U3MEPEHHE METOJI0OM
CpPaBHEHMsI C 3aJaHHBIM 3HAYEHUEM, HM3MEPEHHE C MpeoOpa3oBaHMEM AaHAJOTOBOIO CHUTHAlIa B
YUCIOBOM KOX M T. [1.); - BUJAMH HHAMKATOpPOB M CPEICTBAMU OTOOpaxkeHHs HH(opManuu
U3MEpPEHUIl (CTpeslouHble WHAMKATOPBI, HU(QPOBHIE, CHMBOJBHBIE, CEIMEHTHBIE OTOOpaKEHUS
uHpopmauuu Ha DJIT u T. A.); - cmoco6aMu XpaHEHUs] U PErucTpaluyl JaHHBIX (perucTpanus Ha
OyMaXKHBIX JIGHTaX B BHJI€ JAMArpaMM, TIpadUKOB, PETUCTPALMsS MOCPEACTBOM I€YaTAIOLIUX
YCTPOMCTB, perucrpanus ¢ 3anucbio B 3Y). CHCTeMbl MacCHMBHOIO aBTOMAaTHYECKOI'O KOHTPOJISA
MOTYT MMETh TaK)K€ pPAa3JIMYHbIE CIIOCOOBI OpraHU3al[MM KOHTPOJIS: HEMOCPEACTBEHHO BO BpPEMS
TEXHOJIOTHYECKOT0 Mpoliecca (MOCTOSHHBIM WM MO3TANHbIN) U MOJYyYeHHBIX pe3yabTaToB. Cuctema
BKJItOUaeT B ce0s: quddepeHranbHblil MHIYKTUBHBIA pa3MepHbIN JaTUUK; IEKTpoHHbIN 010K (OB),
UMEIOIUHI AIIEKTPOHHBIN YCHIIUTENb U MpeoOpa3oBaTellb; YKa3bIBalOIIUN MpUOOp, BHIOJHEHHBIH B
BUJIE AJIEKTPOHHOTO LuppoBoro nuaukaropa (OLWU) u ucnomuutensHoro pene. JlaTuuk umeer aBa
[1-06pa3HbIX cepJeuHNKa, 3aKPEIUIEHHBIX C MOMOIIBIO MJIOCKUX NMPYXHH Ha Kopmyce jaatuuka. Ha
ceplieYHHKax pacrnojoxkeHbl aBe oOMoTkn (WI1W3), KoTOopble COBMECTHO C MOJIyOOMOTKamMHu
tpancpopmaropa (W2W4,) npeacTaBisiioT co0OH ypaBHOBELICHHbBI HW3MEPUTENBHBIA MOCT, B
JUAroHaJIM KOTOPOTO TMOJKIIIOYEHO IMUTAIoUlee HaNpshKeHHe OT CEeTH TIePEMEHHOro  TOoKa
(Un). M3mepuTenbHbId MITOK AaTYMKA IOJBEIICH OCPEACTBOM IUIOCKHX NMPYXHH K Kopmycy. Ha
HITOKE 3aKpEIUIeH SIKOph cepAeyHuKa . BparienneM MHKPOMETPHUUECKOTO BHHTA  CEPIACYHHUKH
nepeMelaloTcsl OTHOCUTENBHO sikopsi. Eciin pa3meps! getanu 10 oOpabOTKU MPEBBILAIOT MPEIEIIbI
U3MEpEeHUs] JaTdyhKa, TO OrpaHWYMTENIbHAas railka , YCTAaHOBJIEHHAs Ha INTOKE, C IOMOIIbIO
YrOJbHUKA OTOJBHUIaeT CEPJACYHUK OT MHUKPOMETPHUECKOTO BHHTA (30HA OTCYTCTBUSI M3MEPEHHUN).
[Tpunnun nevictBust CAK cocrout B cnenyromeM. [Ipy KOHTaKTHPOBaHUHM U3MEPUTEIBHOTO INTOKA C
M3MEPSAEMON MMOBEPXHOCTBIO SIKOPb CpPEJEYHUKA OTKIOHSETCS OT CPENHEro IOJOXKEHHS, YTO
BBbI3bIBaeT JqUCOaTIaHC MOCTa (CHTHAJl PaccOrjacoBaHMsI) BCJEICTBUE HEPABEHCTBA 3a30POB MEXKIY
SKOpPEeM M cepaeyHHKoM. HampsbkeHue paccoriacoBaHHs MOCTa, YCUJICHHOE M MpeoOpa3oBaHHOE B
9JICKTPOHHOM OJioke B mu$ppoBor koja, wHAMIHpyeTcs Ha DLW B Buae 3HAUYCHUS OTKJIOHCHUS
pasmepa. [Ipu Gamance MocTa 3JIEKTPOHHBIN O0JIOK POPMUPYET CHTHAJ Ha MpeKpalieHne 00paboTKu ¢
MIOMOUIbIO MCIOJIHUTEIBHOTO pesie. B MaccoBBIX BUJAX MPOU3BOACTBA IPUMEHSIOTCS ISl KOHTPOJIS
U3JIeNUIA WK JIeTallell IPUMEHSIOT BCEBO3MOXHbBIE TACCUBHBIE CPEJICTBA KOHTPOJISA, paboTarolue Kak
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aBTOMAaTU4YECKUE COPTUPOBIIMKU. OHM HE TOJIBKO MU3MEPSIIOT pa3Mep WM €ro OTKJIOHEHHs, HO U IO
pe3yJibTaTaM U3MEPEHU JaloT OLICHKY: TOAHAs JeTallb C JOIYCTUMBIMU OTKJIIOHEHUSIMH; HETOTHAS C
OTKJIOHEHUSIMH, KOTOPbIe MO>KHO HCIIPaBUTh; OpakoBaHHas. Takue aBTOMaTHYECKHE COPTHPOBIIHUKH,
KpOME H3MEpPUTEIBHON CHCTEMBI, HWMEIOT HCIOJHHUTEIbHBIE MEXaHW3Mbl MOJA4M JETalId Ha
U3MEPSEMYIO TO3UIINI0, €€ (PUKCALUI0O U MEXaHU3MbI, PACHPEACISIONINE JIeTAIU M0 HAKOMUTEISIM
YIOMSHYTBIX TO3MLWH. BOJNBIIMHCTBO aBTOMATHYECKUX COPTUPOBLIMKOB HMMEIOT CJEAYIOIIYIO
GyHKIIMOHATIBHYIO CTPYKTYpPY: OyHkep-Hakonutenb (BH1) unu marasun-HakonuTenb sl XpaHeHUS
KOHTPOJIMPYEMBIX JeTallell; MEXaHH3M I0ja4yH, O0a3HMpOBaHUs JAETalel Ha H3MEpsSeMON MO3ULUHU
(MIT) cucremy aBromatmyeckoro koHtposis (CAK) ¢ mHAMKanMed M CUTHaIU3alHue o Opake u
HenonycTuMbIX oTkiaoHeHusx (CHUY), pacnpenenurensbHoe yerpoiictso (PY), kotopoe pacnpenenser
netanu (/) mo Oynkepam-HakonurtenssiMm (A - OyHKep TOIHBIX neraned, b OyHkep s aetaiei
«ucnpaBUMBIi Opak» B - OyHkep neraneit «Opak»).

C pa3BuUTHEM MHUKPOMPOIIECCOPHON U MUKPOIIEKTPOHHOU M3MEPUTEIHHON TEXHUKH MHOTHE
3aJa4i aBTOMATU3allMU KOHTPOJIS B MAITMHOCTPOCHUH PEIIAIOTCSl HA HOBOM TEXHUYECKOM YPOBHE C
y4eTOM HOBBIX JocTikeHUd B TexHuke. CAK mapaMeTpoB TEXHOJOTMYECKOTo Mpolecca WU
ABTOMATHYECKOTO KOHTPOJII KayecTBa TOTOBBIX H3JENUKA Ha 0a3e pa3BUTHS MHKPOIJIEKTPOHHOM
TEXHUKU U CPEACTB BBIUYUCIHUTEIHLHOW TEXHUKU CTalnu cocTaBHOM dacThio CAY U BCTpauBarOTCS
HETIOCPEACTBEHHO B TEXHOJOTHUECKUE OOBEKTHI MIIH TEXHOJIOTHYECKNE KOMIUIEKCHI. Vi3MepuTenbHble
MAaIIMHBI M3TOTOBJISIIOT B BHJE MPOMBIIIJICHHBIX POOOTOB aBTOMATHYECKOI'O KOHTPOJS, KOTOpBIE
OCHAILIEHbl U3MEPUTENbHBIMU  CpPEACTBaMH, ympasisiommmu nporpammamu. CAK  CUITY
BBIMIOJHAIOT Kak KOOpAMHATHO-u3MeputenbHble MamuHbl (KHMM), koTopeile MoOryT ObITh
ABTOHOMHBIMH WJIM MOTYT BCTPaMBATHCS B TEXHOJIOTUYECKHIA KOMILIEKC.

Pa3nes 2. CucreMbl ynpaB/jieHHs] TEXHOJIOTHYECKMM 000py10BaHHEM.
Tema 2.1. Knaccudukanus cucreM ynpapJjieHusi 000py10BaHUEM.

VYrupaBnenue - 93TO I1EJCHANPABICHHOE BO3ACHCTBME HA KakoOW-IMOO OOBEKT WU
MIPOTEKAIOLIUN MPOLECC ¢ LEIbI0 KAYECTBEHHOIO WJIM KOJIMYECTBEHHOIO U3MEHEHUS I1apaMeTpOB U
JIOCTHKEHUS ONpeeNIeHHBIX 1eneid. Beskoe yrpaBieHne TEXHOJOTHYECKMM OOBEKTOM BKIIOYAET B
cels clieAyrole KOMIIOHEHTHI: - cOOp MEepBUYHBIX CBEIEHHUI 00 yrpaBiisieMoM 00BbEeKTe (CBEeIEHUs
00 m3nenuu, o0OpynOBaHMU U IpHemMax oOpaOoTKu, 3amucaHHble B YII), BTOPHUUHBIX CBEIACHMI
(cBeZieHMs, TIOTyYEHHBIE BO BpeMs yNpaBlIeHUs) - 00pabOTKy MOJYyYEHHbIX CBEIEHUH (BBINOJIHEHHE
HEOOXOJUMBIX pacyeToB, aHaJIM3 JIaHHBIX, MPOBEPKA YCIOBUH W T.1.); - BBIBOJABI U IPUHATHE
HEOOXO/MMBIX peIleHHi; - obecnedeHue ynpasistomux BozaeictBuil. YUITY nanbGonee moiaHo u
3¢ (PEeKTUBHO peanu3yeT BCE€ KOMIOHEHThI aBToMaTudeckoro ymopasienus. YIIY mnpumaer
TEXHOJIOTHYECKOMY OOOpYAOBaHMIO THOKOCTb, TaK Kak IepecTpoiika ero Ha HOBBIH BUJ
TEXHOJIOTHYECKOT0 Mpolecca, U3AeIuil CBOIUTCS K NepeHanaake odopynoBanus u 3arpyske YUITY
HOBBIMH YIIPaBJISIOLIMMU IPOrPAMMAMH C TIEPE3ANKChI0 HOBBIX N1apaMETPOB B MACCUBBI IaHHBIX.

Knaccudukamms CYTO:

* [lo cTpykType: onHOCTyneHUaTast ¥ AByxcryneHdaras. OmHOCTyINeHYaras - HEeHTpalbHbIN
mucneruepckuil myHkT (LI/II1) umeer HemocpencTBEHHBbIE TMHUM CBA3HM U KaHAJIbl TEIEMEXaHUKH CO
BCEMH O00BEKTaMM U KOMILIEKCAaMH ITPOU3BOACTBA. J[ByXCTyneHuaTas - CBSA3b OCYIIECTBIISAETCS Yepes3
MIPOMEKYTOUHBIE MMYHKTHI (OMEpaTOPCKUE WIN JUCTIETYEPCKUE).

* [lo xapakTepy HMCIIONB30BaHM: JJIs ONEPATUBHOIO BMEIIATENbCTBA B XOJ IpOLECCa; IS
COBEPILICHCTBOBAHUSI OPraHW3allMM YIPABIEHUSA; JUISl CO3JIaHHUsS HOBBIX CXE€M M KOHCTPYKLHM,
COBEPLICHCTBOBAHUS MAlIMH U KOMILIEKCOB.

e Ilo cremenu neHTpanu3anuu: |. LEHTpaTU30BaHHBbIE (XapaKTEPU3YIOTCS HAJIMYUEM B
CHUCTEME €IMHOI0 KOMAaHJOAIlllapaTa, € IOMOILIBI KOTOPOIO OCYILECTBIAECTCS YIIPABIIAIOLIEE
BO3JIeiicTBME Ha paldouue oOpraHbl CTaHKa, OMNpEeNeNsIolue TpeOdyemMyro TOCIeI0BaTENbHOCTD,
CKOpOCTb,  MOJaudy, BeJWYMHY  nepememieHuii.)  I[lpemmymiectBa - ~ KOMIIAKTHOCTS,
MaJIONPOTSKEHHOCTh JIMHUH CBsi3U. HenocTaTku - 3HaUMTENbHBIE 3aTPaThl HAa IEpE00OPy0BaHUE U3~
3a M3MEHEHMs KOHCTPYKIMM KoMaHjoammapara. IIpumep: KojieHBal TOKapHO-PEBOJIBBEPHOIO
CTaHKa; 2. JELEHTPAIN30BaHHbIC (XapaKTEepU3YyIOTCsl OTCYTCTBHEM KOMaHAOAMMapara, yrpasisioliee
BO3EHCTBUE (POPMHUPYETCS KaXKIbIM OTJEJIBHBIM Pa0OYUM OPraHOM, C IIOMOIIBIO YIIOPOB M IMYTEBBIX
BBIKJIIOYaTeseil). Bee onepanuu B Takux cucTeMax BBIOJIHAIOTCS MOocienoBarenbHo. [IpenmymecTsa
- BO3MOKHOCTh OpraHM3allM{ YIpPABJIEHHs 3HAYMTEIbHBIM KOJHMYECTBOM OOBEKTOB; HCKIIIOUCHHE
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MOCNEAYIOUUX CHUTHAJIOB TIPU HEBBIIOJHEHUU NPEIBIIYIIUX, OBICTpOE MepeperyinpoBaHue.
Henocratku - Oomnbinas TPOTSHKEHHOCTh JIMHUN CBsI3W  (YBEJIIMUYCHHE TMOTPEIIHOCTH), W3-32
pPEryJlIMpOBKM W  TEpPEyCTAaHOBKM  yIOPOB  3HAUMTEIbHBbIE 3arpaTbl BpemeHH. llpumep:
pobotorexanueckuii komruieke (PTK) crensmero npuBoaa.

* [lo ympaBneHnuro ABMKeHUEM: 1. myTeBble (YIpaBlIeHHWE IO MOJIOKEHUIO C MOMOIIbIO
IIyTEBBIX BBIKIKOYATEIEH, YIIOPOB, KYJauKoB); 2. KOMaH/HbIE (YIPABJIEHUE 110 BPEMEHHU C MOMOILBIO
koManoanmnapaTtos u [IMK);

e [lo TuIy mporpaMMOHOCHUTENISI: MAaTHUTHBIC JICHTHI U JAUCKH; IepPOKapThl U Nep(OICHTHI;
JIBC - n10KajabHO-BBIYUCIUTENbHBIE CETH; KOMUPHI U Ia0JIO0HbI; KyJauKU U MaXOBbIE MEXaHU3MBI.

 TIlo onemeHnTHOW 0a3e: OJCKTPUUECKHE; MEXAaHWUYECKHE, TUIPABIMYECKUE U
MTHEBMAaTUYECKHE.

3amaun CYTO: 1) OGecnedenue TpeOyembIX JCHCTBUN HCIOJHUTEIBHBIX MEXaHU3MOB. 2)
OGecnieyeHne 3agaHHBIX pexumoB. 3) OOecreueHne TpeOyeMbIX IMapaMeTpPOB  OOBEKTa
MpOW3BOJICTBA. 4) BrImoiHEeHWE BCIOMOTAaTeIbHBIX MmapamMeTpoB. TpeboBanus. 1) ObecredeHwue
BBICOKON MoOMIbHOCTH. 2) OOecrieueHre BBITOJHEHHUS CIOXKHBIX 3a7a4 (PYHKIIMOHUPOBAaHHS. 3)
[IpocToTa KOHCTPYKIMU U HU3Kasi ce0ecTOUMOCTh. 4) BO3MOXHOCTh JUCTaHLIMOHHOIO YIPAaBJICHHUS.
5) BO3MOXHOCTbh CaMOpPETyINPOBAHHUS.

Komannpr CYTO - TexHonormyeckue - MpeayCMOTPEHHBIE TexmporieccoM. - L{ukioBbie -
u3MeHeHue napamerpos, uHctpyMmenta, COX, peBepc. - CinyxeOHbIE - BBIIOJIHAEMbIE C TTOMOIIbIO
jgorumyeckux onepanuid. Kiaccmpukamus cucrem, Mo Xapaktepy WHGOpMalWK 3alMCaHHON Ha
MPOrPaMMOHOCHUTEINE; CHUCTEMBbl HENPEPHIBHBIC, TUCKPETHBIE U IUCKPETHO-HENpepbiBHBIE. B
HENPEPBIBHBIX CHUCTEMAaxX Mporpamma 3alMChbIBA€TCs HENpepbiBHO. Eciu mpuMmeHsieTcs cucrema c
dazoBoil MonynsAuued, TO HporpaMma IMPEACTaBISETCS CUHYCOMAANBHBIM HampsbKkeHueM, ¢aza
KOTOpPOr0 MpOINOpPLUOHATIbHA IPOrpaMMHUPYEMBIM IEPEMELICHUSIM; B CHUCTEMax C aMIUIUTYIHOU
MOJyJIALUEH IEpeMENICHUSIM MPONOPIHOHATbHA aMIUTUTYAA STOTO HAIIPSKEHHUS.

[To w3MeHeHWIO peXUMOB 00paboTku cucteMbl UIIY moapasnensroTcs Ha IHKIOBBIC,
porpaMMHBIE U aJanTUBHBIC. [[MKITIOBBIE CUCTEMBI OCYIIECTBISIOT JBUKEHUS C TTOBTOPSIIOIIMMHUCS
UKJIaMu. B HUX npuMeHseTcs KyJauKoBOe, allapaTHOe, MUKPOIIPOTPpaMMHOE U IIPOrpaMMHUpPYyEMOe
yrnpaeneHus. [Ipy KygaukoBOM YIpaBICHMHM HUCHONB3YIOT IS 3a/laHdsS DPEKUMOB IITEKEPHbBIE
MaHEJM, AalNapaTHOEe YIpaBJIEHWE OCYUIECTBISIOT MpPU IOMOIIM PEIeHHO-KOHTAaKTHOM WiIn
OCCKOHTAaKTHOHM ammapaTypbl. [ MUKpOMpPOrpaMMHOTO YIpPaBIEHUS MPUMEHSIOT 3allOMUHAIOIIHNE
yCTpOMCTBAa MUKPOKOMAH/I, a MPOrpaMMHpPYEMOE YIpaBJIEHUE peXuMaMu 0OpabOTKH OCHOBAaHO Ha
MCIIONIb30BAaHUU CPEICTB MporpaMMupyemMoi Toruku. B mporpammubix cucremax YITY u3meHeHue
peXUMOB  00pabOTKM  OCYIIECTBJISIETCS MPOTPAaMMHBIMU ~ CPEICTBAMHU C  HCIOJIb30BAHHUEM
nporpaMMoHocuTenss win namsatd OBM. [lpumeHeHne aJanTUBHOTO YIpPaBIEHUS MO3BOJISET
IIPOU3BOJIUTH ABTOMAaTHYECKOE HM3MEHEHUE pexuma 0O0padOTKM HE3aBUCHUMO OT IPOrPAMMBI.
YucnoBoe mporpaMMHOE YIpaBlieHHE OOECHeurBaeT YIpaBlIEHHE MO HECKOIBKHUM KOOPAMHATAM,
M03TOMY €ro IMIMPOKO MPUMEHSIOT Ha MHOTOOIEPALMOHHBIX CTaHKaxX (00pabaThIBaloOIIUX HEHTPaAX) C
ABTOMATUYECKON CMEHOUM MHCTPYMEHTa U 00padaThIBaeMbIX JeTale.

Tema 2.2. CucreMbl 4YHCJIOBOIO MNPOIPAaMMHOIO  YNPaBJEHHMA  NPOMBINLICHHBIM
000py10BaHUEM.

CucrtemMa 4UCIIOBOIO NMPOTPAMMHOIO YIPABICHUS — KOMIUIEKC YCTPOWCTB U 00OpYAOBaHMUS,
BKitoyatonii B ce0a:  YUIIY; o00bekT ymnpaBlieHUs; 3JIEKTPOaBTOMATUYECKHE YCTPOMCTBA,
OCYILECTBIISIONINE HEMOCPEICTBEHHOE YIPABICHUE Yy3JaMH OOBEKTa; OCHACTKY M HHCTPYMEHT;
IporpaMMHOE W MaTeMmaThyeckoe ooOecriedyeHue; cpeactBa KoHTpois. YUIIY  moxkHo
KJaccu(uIUpoBaTh IO pa3IMYHBIM TNpu3HakaMm. Kiaccudukanus cucreM 1o 0OCOOSHHOCTSIM
cTpykTypsl cuctembl UITY: koHTypHBIE 1 KOMOMHUpOBaHHBIE cucTembl UITY KoHTypHBIE crcTeMbl
YI1Y no3Boig0T MPOU3BOIUTH OOpabOTKY KPHUBOJMHEWHBIX MOBEPXHOCTEW MpH (pe3epoBaHUH,
TOYEHUH, NUIM(POBAHUU U IPYrHMX BUAAX METaioo0paboTku. B 3TuX cuctemax mporpaMmupyercs
TPACKTOPHUS TEPEMEILEHUSI PEXYLIEro MHCTPYMEHTA, MO3TOMY HMX 4YacTO HAa3bIBAIOT CUCTEMAMMU
ynpasieHus aBwkeHueM. KomOumHupoBaHHbie cucteMbl YITY mpeactaBisior coOoW codeTaHHe
MO3ULIMOHHBIX U KOHTYPHBIX M HA3bIBAIOTCS TaKKe yHUBEPCAIbHBIMA. OHHM HAXOAST NPUMEHEHHE B
MHOTOONIEPAlMOHHBIX CTaHKaX, TJe TpeOyercs MO3UIMOHHO-KOHTYpHOE yrpasieHue. [lpu
o0o3HaueHnu mozenu ctanka ¢ UITY, ocHAIleHHOro MO3MIIMOHHON CHCTEMOM, K Hel m00aBiAroT
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nHaekc «d2y», OCHAIEHHOT0 KOHTYPHOU cUcTeMOo — uHJIEKC «D3» 1 KOMOMHUPOBAHHOM - MHJIEKC
«D4». Unnexc «®1» B 0003HAYCHWH MOJENIM CTaHKa CBUIETEILCTBYET OO0 OCHAICHWHM CTaHKA
nudpoBoit MHIWKaIMEen W pydHbIM yrpaBieHueM. [losurnmonnsie cuctemsr UITY Cucremsr UITY
METAJUIOPEKYIIUMHU CTAaHKAaMH KJIAaCCU(DUIUPYIOTCS O pa3iIuyHbIM mpusHakam. [lo Buay paboumx
IBUKEHUM craHka cuctembl UIIY wmoryr ObITh pasieneHbl Ha MO3UIMOHHBIC, KOHTYpPHbIE U
koMOuHupoBaHHble. [lozunmonnsie cucrembl YIIY Mo3BONIAIOT NPOU3BOAUTH OTHOCUTEIBHOE
nepeMenieHre HHCTPYMEHTa U 3arOTOBKU OT OJIHOM TOUKM (MO3ULMK) K Apyroi. Takoe ymnpaBieHue
UCTIOJIB3YETCS B CBEPIMIIBHBIX, PACTOUYHBIX U IPYTUX CTaHKAX, HA KOTOPBIX 00pabOTKa BBIMOIHSACTCS
IIOCJIE YCTAaHOBKM MHCTPYMEHTA B 3aJaHHOW mo3uuuu. [1oCcKkoabKy OCHOBHOM 3amayeil Juisi TaKux
CUCTEM SIBIISIETCSl NEPEMEILEHUE MHCTPYMEHTa (JeTalu) B 3aJaHHbIE KOOPJAMHATBHI, UX HA3bIBAIOT
TaK)Ke€ CUCTEMaMH KOOPAMHATHOIO YIpaBiICHUS W yHpaBlieHUs mnosiokenueM. 2. Ilpu paszpabotke
COBPEMEHHBIX YyHUBepcanbHbIXx YUIIY crpemarcs npuaarb 3TUM  yCTPOMCTBAM CBOMCTBA
yHU(HUKAUHU, T. €. CO3/1al0T UX Ha 0aze yHUPUIMPOBAHHBIX Y3JO0B, KOTOpbIE 00JIaNal0T OONIbIIOI
¢ynkunonanpHOi rubOkocThio. [lpu  paspabotke VYUIIY mnpemycmarpuBaioT 0Oojiee MOJIHYIO
aBTOMATHU3AIMIO MPOTPaMMHUPOBAHUS, BO3MOXKHOCTh BcTpauBaHus YUIIY B o0bekT ympaBieHus,
KOTOpBI B CBOIO OYEpPEb MOXKET BCTPAUBATHCSA B TEXHOJIOIMUECKUN MOAYJIb WM OOjee KPYIHBIH
TEXHOJIOTUYECKUN KOMILIEKC, a Takxke cThikoBKy YUIIY ¢ ppyrumu YUITY, CUITY u DBM 06oinee
BbICOKOTO panra. [Ipumensembie MuKkpoOBM cBoell  (yHKIHMOHANBHOW CTPYKTYpOH W
MaTeMaTHYeCKUM oOOecriedeHreM MPOOJIEeMHO COPUEHTUPOBAHBI HA YIPABICHHE BCEBO3MOXKHBIMU
TEXHOJOrM4ecKUMH oObekTamMu. B MukpoOBM opranusaius BBIYMCIUTENIBHOIO Ipolecca |
omepanuu JIOTHKU MpeaycMaTpUBaeT OCYIIECTBICHHE 00padoTku WHGOpMalUU YHpaBlIeHUS,
nepefaydl JaHHBIX M NPUHATHS WHPOPMALUU C OOBEKTa YIpaBICHHs B pPEaJbHOM Maciirade
Bpemenu. [l ympomieHuss mnpoOneMHON opueHTanuu MHKpoOBM u  gpyrue ycrpoiicTBa
APXUTEKTYpHO, (DYHKIMOHAIBHO M KOHCTPYKTUBHO O(OPMIIIOT B BHUJAE OTHAEIBHBIX MOJYJCH.
Yuusepcansusie YUIIY, co3gannbie Ha 0aze mMukpo-ODBM, MoryT BkiIoYaTh B ce0si pa3iIU4YHbIC
¢byHKIMOHATBHBIE MOAYIH. MuKponpoueccopubiii Moaynb (MIT) MoxkeT BKIrOUaTh B ce0si OCHOBHOM
U BCIOMOTaTeNbHBIH MHUKPOIPOIECCOPBl, MPHUYEM OCHOBHOH oOpabarbiBaeT HH(pOpPMAIIHIO
yIpaBieHUs U MJIAHUPOBAHUS, a BCIIOMOTaTeNIbHbII paboTaeT Ha/l MOATOTOBKON MHPOPMAIIUH.
Hanpumep, BcroMoraTenbHbIE MHUKpOIpOIleccOp pabOTaeT B CHCTEME aBTOMAaTHYECKOTO
IIPOTPaMMHUPOBAHUS, PACCUUTHIBAET TPACKTOPHUIO  JBHKEHHS METOJOM JIMHEWHO-KPYrOBOM
MHTEPHOJISINY, & OCHOBHON 00pabaThiBaeT MH(POPMALIMIO yIpaBieHus: BceMu ycrpoiictBamu. B MII
MeToJT oOMeHa uWHQOpMalnMeld MarucTpajlbHbli, a YIpaBlI€HHE HMEET MUKpPONPOTPaAaMMHYIO
opranuzaiuio, nosromy MII Bkmtoyaer B cebs, Kak MpPaBWIIO, CAMOCTOSTEIbHBIH MOIYINb
MUKpornporpammHoro ympasineHus. B MII moryr Bxoauth OydepHble perucTpsl ais yaoOcTBa
onepupoBanusi ¢popmaramu AaHHbIX. Kpome Toro, MII Moryr ObITh MHOTOCEKLIMOHHBIMHU, YTO JIA€T
BO3MOXKHOCTh HapaluBaTh CEKIUU U ONEPUPOBATh JIFOOBIMU HEOOXOAUMBIMHU (opMaTamu. Moaynb
ycrpoiictBa ympasieHus (YY) obecnednBaeT oOpraHuzaluio ympasieHus yctpoiictBamu CUITY.
Monyne onepatuBHoi nmamsatu (OIl) mpeaHasHaueH AJjis XpaHEHUsS ONepaTHBHOM HHpopmanuu. B
HEro MOKET BXOAMUTb MOAYJIb CTEKOBOM IaMATH Il OPTaHU3alUU BCEBO3MOXKHBIX IIpepbiBaHui YII
(«cTek» OT aHrj. cioBa IMTadenb, KUMa). ITOT MOIYJb MpEeAHA3HAUYEH IS 3alIOMUHAHUS JaHHBIX
nepen npepeiBanueM YII. CTekoBble pETrHCTpBl 3alIOMHUHAIOT COJEPKHMOE CUETYMKOB, aJpeca
JTAHHBIX IEepe] MPEPBIBAHUEM ISl BOCCTAHOBIIEHNS UX B OCHOBHOM IpOTrpaMMe IOCJI€ BO3BPALLEHUS
U3 TpepbIBaHMs (JaHHBIE PETUCTPbl OOMEHHUBAIOTCA MHPOPMAaLIUEil B CIEAYIONIEM MOpPsIKe: MEepBbIi
azipec 3alHChIBACTCS, OCIEeTHUN CUUTHIBACTCS ). Monaynu IOCTOSIHHOH naMATH
HerepenporpaMMupyeMble B BUJAE TOCTOSHHOrO 3amoMuHaromero yctpoiictea (I13Y) wu
nepernporpaMMHUpyeMble B BUJE MepernporpaMmmupyemMoro 3amnomuHaromiero ycrpoiicrsa (III3Y)
npeHa3HauYeHbI U1 XpaHEeHUs MOCTOSTHHON nHpopMmanuu. B Monynsax OydepHoil mamMsaTu XpaHUTCS
MIPOMEXKYTOUHasi HH(OPMALIHS, YTO 1ae€T BO3MOKHOCTh 0OMEHUBATHCS MAaKETUPOBAHHBIMU JJAHHBIMH,
a Takke oOMEHHMBAThbcs MHGpOpMalMel ¢ YCTpoicTBaMH, pabOTAIOUIMMH C Pa3HBIMU CKOPOCTSMHU.
WuTepdeiicHple MOIyau TUNA aJanTepa CIyKaT JUIsl CBS3U C Pa3UYHBIMH TepMHUHAIaMH (IIyJIbT
WHJUKAIMK, TeYaTalollee yCTPOMCTBO, OuCIied U T. 1.). Moaynun MukpokoHTposuiepoB (MK)
YIPaBISIOT BCEBO3MOXHBIMUA BHEUIHHUMH YCTPONCTBAMHU NIpU OOIIEM YyNpaBiICHUH LEHTPaIbHBIM
nmpoueccopoM. Moaynu HWHTEpPBAaJBbHOIO TaiiMepa MNpeIHa3HA4YeHbl I 33JaHUs BPEMEHHBIX
MHTEPBAJIOB, HEOOXOIUMBIX JUISI COTIIACOBAHMSI pabOTAIOIIUX YCTPOUCTB. MOAYNH CBS3H C 0OBEKTOM
yrnpasieHus: BkiaroudaioT B ceds ycrporictBa LAIT u ALl 1 MHKpPOKOHTPOJUIEPHI, YIPaBISIONINE
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UMH, KOTOPBIE CITYKaT JJis mpeoOpazoBanus curHaioB YUIITY u anexkTpoaBTOMaTHYECKUX yCTPOMCTB
CTaHKa B HEOOXOIMMBIH BUJ; JIOTHYECKHE MUKPOKOHTPOJUIEPHI, KOTOpbIE 00padaThIBalOT KOMaH/IbI,
nojgaBaeMble Ha OY B MUKPOKOHTPOJUIEPE 3a/laHHbIE JIOTHYECKUE YPAaBHEHUS YIPABICHUS PabOUNMHU
opraHamM mpeoOpa3yloTcss B CUTHAIBI, (YOPMUPYIOIIUE JIOTHKO-BPEMEHHBIC IMKJIBI YIPaBICHUS
3JIEKTPOABTOMAaTHYECKUMH  yCTpoiicTBaMu. MoJynu oOnepaloHHBIX YCTPOMCTB (IIpOrpaMMHBbIE
ajanTepsl) MpeoOpa3yroT HH(DOPMAHMIO OMHOTO BHUAAa B HHQPOPMAIUIO JAPyroro Bujaa. Momynu
a/IalITUBHOIO YIIPaBJICHUS NPeAHAa3HAYEHbI AJIs cOopa, 00padOTKH TEXHOJIOTMYECKON HH(pOpMauu 1
opranuzaiuu koppektupyromeid VYII. CrpykrypHas cxema TUIIOBOrO YyHuBepcaiapHoro YUIIY
roka3zaHa Ha pucyHke 38. YCTpOWCTBO COCTOMT M3 HECKOJIBKUX THUIIOBBIX MoOJyjied. PucyHok
CrpykrypHas cxema tunoBoro yHusepcanbHoro YUIIY Ilponeccop (IIp) sBusercs
IpOrpaMMHUPOBaHHBIM IIpeoOpa3oBareneM MHGQOpManuMu M BKIOYaeT B ce0sA: apuUpMeETHKO-
jgoruyeckoe yctpoicTBo (AJLY), ciyxamee aias mareMaTHuecKod o0pa®oTku wuHpOpMaruu u
BBITIOJIHCHHS OTIepalliid aHalIM3a; yCTPOMCTBO yrpapieHus (YY) obecnednBaeT ynpaBieHHe padoTou
mpoueccopa IO  MHUKPOIPOIPaMMHOMY — alrOpUTMy (OAHOYpOBHEBas WJIM MHOIOYpPOBHEBas
opranuzarus ympasieHus). OnepaTuBHOE 3arnoMuHamoIiee ycrpoiictso (O3Y) npegHasHaueHoO s
XPaHEHUsl YHPAaBISAIOLIUMX M OPraHU3YIOLUX IPOrpamMM, YINpaBJSIOLNIMX MPOrpamMM IJis YIpPaBJICHUs
JJIEKTPOaBTOMATUYECKUMHU  yCTPOMCTBaMM  CTaHKa € IIOMOLIBKO  IIPOIPaMMHUPYEMOrO
KOMaHJJOKOHTPOJUIEpa, IJIsl XpaHEHHS ITapaMeTpoB TeXHOIoTndeckoro oorvekra u YUIIY, maccuBos,
00CITy’)KUBAIOIIMX U KOPPEKTUPYIOUIMX MPOrpaMM, CTAHJIAPTHBIX MOANPOrpaMM U IPYTHX MacCHBOB
naasbixX. [13Y xpaHuT nporpaMMel CTaHAAPTHBIX HUKIIOB (Tpoueayp), YII o6paboTku nHpopmanmy,
CTaHJapTHbIE MHUKPOIIPOIPaMMBbI YIPABJIEHUS Pa3JIMYHBIMUA YCTPOMCTBAMHU C IOMOILIBIO aJalTepoOB
(amanTepbl yIpaBiIeHUs IPUBOJAMHU, IYJIbTOM HHIUKAMU U T. [.), CTaHJAPTHbIE IPOrPaMMBbI
yHOpaBieHUs JApyruMu anmnapaTHelMu cpexnctBamu. I3V cimyxur s 3anucu  mporpammsl
JIOTUYECKUX MHKPOKOHTPOJUIEPOB, YIPABJIAIOMIMX  3JEKTPOABTOMATHYECKUMHU  YCTPONCTBAMU
TEXHOJIOTUYECKOro o0bekTa, 3anucu YII KoHTposuiepoB oOpallleHHs K BHELIHUM YCTpPOMCTBaM,
3alMcu TecTOBBIX mIporpamm u T. A. Ilyner omeparopa (I10) npeanasHaueH Juisi ONEpaTUBHOIO
BMeIaTenscTBa B padbory CUILY, T. e. mogaun KoMaHa pydyHOTO YHpaBiIeHMs, HA3HAYEHUS PEKUMOB
pabotsl, s pocmotpa Y11, ee penaktupoBaHusi, KOHTPOJISI paboThl cUcTeMbl, Auanora ¢ YUIIY u
T.J.

K Buemnum ycrpoiictBam (BY) MOoryT OTHOCHTBCA: CHUCTEMBI TECTOBOTO KOHTPOJIS,
BUJICOMOHUTOPBI (YCTpOICTBa, BKIIIOYAIONIME B cedsl AUCIUIEH M KiIaBUATYypy Juid 3arpy3ku YUITY
KOMaHJaMH WJIM YIPaBJISIOUIMMH IIpOorpaMMaMHu, JJisl BbI30Ba M MIPOCMOTPA UX), BUJICOTEPMUHAIIBI,
BCEBO3MO>KHBIE [I€YATAOIINE YCTPOICTBA (IIPUHTEPHI), MYJIBTHI IpOrpaMMupoBanus B koge ISO nnm
B MalIMHHO-OPUEHTHUPOBAHHOM SI3bIKE, MYJIbTHI MporpaMMupoBanust YII snekTpoaBToMaTHUYECKUMHU
YCTPOMCTBAMU TEXHOJOIMUECKOTO OO0OpYJOBAaHUS, BBIYUCIMTENbHBIE CHUCTEMBl ABTOMATHUYECKOTO
nporpammupoBanusi 1 OBM 06onee Bbicokoro panra. Taiimep (T) opranuzyer MeTKH peaqbHOTO
MaciTaba BpeMeHHU, He0OOXO0JUMBbIe JUIsl YIIPABJICHUs BCEMH YCTPOWCTBAMH, B TOM YHUCIIE U 0OBEKTOM
ynpasnenus. Uatepdeiic Tuna konrposiepa oomena (KO1) ciyxur ans obecnieuenus cesazu YUIIY
C BHEITHUMHM YCTPOMCTBAMHU YIIpaBJICHUS, YIpaBiIeHUss 00MEeHOM MHPOpMAaIUEi co BCeMU BHEIIHUMHU
ycrpoiictBamu. CBsI3b ¢ OOBEKTOM YIpaBIE€HHS M OCHOBHBIMH YCTPOMCTBAMU OOBEKTa
OCYILECTBIISIETCSI 4epe3 CTaHAapTHhIM uHTepdeiic Tuma Q = bus, npeacraBisromuil  coboit
KOHTpOJUIEp ympaBieHUuss oOMeHOM uHGoOpMauuu, ¥ Maructpaip oOMeHa Ha 16 pa3psaos.
Konrpomiep oOmena c¢ oObekrom ynpaieHus (K02) obecneunBaer ympaBieHue OOMEHOM
uHpopManuell MexIy TexHojorudeckum ooOvektomM u YUIIY ¢ mnomomipio HIMH MECTHOTrO
untepdeiica (ILIM). MHorokananbHble aHanoro-uugpossie npeodpazoBatenu (ALIIT) cioyxar mms
peoOpa3oBaHrs aHAJIOTOBBIX CHUTHAJIOB, MOJIyYEHHBIX OT JaTdyukoB oOpatHou cBsizu (L1OC),
pAcIONIOKEHHBIX B TEXHOJOTMYECKOM oO0bekTe, B IudpoBoit kox VYUIIY (uucino kaHaioB
OOyCIIOBJIEHO  YHMCJIOM  YIpaBisieMblX  KoopauHat). Lludpoananoroseie  mpeoOpazoBareiun
(LTAIT) mpeobpa3yroT 1udpoBbIe KOJIBI B aHAJIOTOBBIE CHUTHAJIBI M BBIJAIOT MX HA MCIOJIHUTEIIbHBIC
yCTpoHcTBa (Ha AJIEKTPOABTOMATHYECKUE yCTpoicTBa M mpuBoabl). Y3iel npuema (I1K) u BriBoga
(BK) komoB sBnsitoTcst Kak Obl Oy(pepHBIMH HOPTOBBIMU YCTPOMCTBAMHU ISl BPEMEHHOTO XpaHEHHUS
nHpopmanuu oOMeHa, pacmupOBKH aaApecoB KoMmaHa W T. A. TexHonormdeckuii o0wvekt (TO) c
VCIIOJTHUTEIIbHBIMU MEXaHU3MaMH, JJIEKTPOABTOMATUYECKUMHU YCTPOMCTBAMH OY)n
MU3MEPUTENIBHON CUCTEMOM pealn3yeT KOMaH/bl YIPaBICHHUs] U KOHTPOJIb MCIIOIHEHUS C MOMOILBIO
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Tema 2.3. Cucrembl a1aNITHBHOTO NPOTPAMMHOIO YIIPABJICHHS.

[Mpunmun noctpoenuss CUIIY ocHOBaH Ha TOM, 4YTO YINpAaBJICHUE JIEUCTBYET COIJIACHO
33JJaHHOMY  QJITOPUTMY, OIPEIEICHHOMY YIPABIIOMEH IPOrpaMMOM B  COOTBETCTBHH €
NEPBUYHBIMH CBEJICHUSIMU OO0 yIpaBisieMOM OOBEKTe, TEXHOJOTHYECKOM IIpollecce M €ro
rapamMeTpax, a TakKe KOPPEeKUMHM M IEePECTPOMKE airopuTMa YIpaBICHUS Ha OCHOBAaHUU
MOJIyYEHHBIX BTOPUYHBIX CBEJCHHI 00 ympaBisieMoM 00beKTe (CBeACHUS 00 M3MEHEHUU MCXOIHBIX
JTAHHBIX, OTKJIOHEHHE (HPaKTUYECKUX IapaMeTpoOB OT TeX 3HAYEHUH, KOTOpBIE MPETyCMAaTPUBAIUCH B
VII, u 1. x.). CUIIY c Takoli opraHu3ainyeld ynpapjieHHUs IMMody4yusia HasBaHue agantuBHou CUITY.
Hns  monmobnoit cucremsr  YII  ¢dopmupyer menp ympaBieHHs —(aIrOpUTMBl  YIIpaBJICHUS,
OTpEeIAIONINe TPACKTOPUIO JBMKEHHS pabO4YMX OpPraHoB, HMX CKOPOCTH, a TaKxXe Jpyrue
TEXHOJIOTUYECKHE TapamMeTpbl M KOMaHJbl HAa OCHOBAaHMM HW3BECTHBIX CBEACHUH 00 0OBeKTe
yhpaBieHUs, 3ar0TOBKE, IpreMax 00paboTKU, UHCTPYMEHTE U T. [1.), K KOTOPOH JOJKHA CTPEMHUTHCS
cucreMa ympasieHus. Takum obpazom, i agantuBHbeix CUILY 3anucannas YII, onpenenstomnias
3aJJaHHBI AJITOPUTM YIpaBieHHUs] OOBEKTOM U 3aJaHHBIC MapaMeTphl, SIBISETCS HHpOpMaIuUeil o
LEJSIX YIpaBiIeHUs, U IPU U3MEHEHHH OOCTAHOBKM B YINPABISEMOM OOBEKTE Takas cucTema Oyjaer
aJalTUPOBATHCS, MEHATh AUCIUIUIMHY YIPAaBICHUS C YYETOM U3MEHUBILIUXCS KOHKPETHBIX YCIOBUU,
T. €. YCTPOWCTBO yIpaBlieHUsI OyJeT BhIpaOaThIBATh IOTOJHUTEIFHBIE HHCTPYKIMH YIIPABICHUS K
cymectBywomed YII. B ynuBepcanbubix YUIIY, cozmaBaempix Ha 06aze MukpoOBM s
oOecrieyeHns aJanTHBHOTO YIPABJICHUS, CO3MAIOTCS CIEMUAIbHBIE HHTEp(EHCHBIE MOMYIH JUIS
cBs3u oObekTa ympasieHus ¢ YUIIY nmo agantuBHomy ympaienuto. [Ipuuem co3garoTcst Takxke
JIOTIOJIHUTEIbHBIE MOAYJIW B BHJAE IIPOrpaMMHUPYEMBIX MHKPOKOHTPOJUIEPOB [UIS pealu3aluy
aJaTUBHOTO yIpaBiieHUs: B o0bekTe. MHTepdelicHblii MOIynb BKIIOYAET B ceOs JTOMOIHUTEIbHbIE
aHayoro-uQpoBsle Tpeodpa3oBaTeid Ui MPeoOpa3oBaHUsI CUTHAJIOB JaTYMKOB, HM3MEPSIOMINX
BCEBO3MOXKHBIE TEXHOJIOTMYECKUE TMapaMeTpbl BO BpeMs YIpaBICHHS, KOTOpbIE MPeoOpa3yroTcs B
uugposoit koz. Kpome Toro, npumMeHs0TCS MPOrpaMMUpyeMble MUKPOKOHTPOJIIEPHI U1l 00pabOTKU
BTOPUYHOM MH(OPMALMU U BBeEeHUs ee B ocHOBHYIO YII. Bce nmepeunicieHHbIe BbIlIe MOYIH, KaK
IIPAaBUJIO, YIIPABIISAIOTCS OT HEHTpajabHOro npoueccopa MukpoOBM. B YUIIY, noctpoenHsix Ha 0aze
MukpoOBM, B 3V XxpaHuTcs crneunuanbHO pa3paboTaHHOE MaTeMaTHYecKoe U MPOrpaMMHOE
obecrieueHure sl OpraHu3aliy aJalTHBHOTO yIpaByieHus: copmecTHO ¢ YUITY.

Bce apantusnbie CUILY cnenyer mpuMeHsTh TaM, TJie OHU Aal0T SKOHOMUYECKHH 3PPeKT n
ONpaBJbIBAIOT HayaJlbHbIE 3aTpaThl 3a CYET MaJod M30BITOUHOCTH AaNNapaTHbIX CpPEICTB H
cTaHgapTHbIX Moayineil. AnantuBHele CUITY, nprMeHsemMble B MPOMBIIUIEHHBIX pOOOTaX, OCHAIIAIOT
CHEeIMaJIbHBIM MaTeMaTUYeCKUM U IMPOrpaMMHBIM obOecriedeHreM, KoTopoe 3anuceiBaercs B O3V u
[13Y VUIIV uepe3 cnenuanbHbIl YHUPUIMPOBAHHBIA HHTEp(hEHC MOXKET OCHAIAThCs CPEelCTBAMU
TEXHUUYECKOTO 3pEHUs MpH aJaNnTaluyd Ha 0OCTaHOBKY, T€OMETPUUYECKYIO (hOpMY, U3MEPEHHE CHIIbI
3axBaTa A (PUKCAMM B MOMEHT 3axBaTa, MApKUPOBKY 3aroTOBOK, B3aHMMHOE DAaCIOJIOXKEHHUE,
u3MepeHue oceBoi aedopmanuu mpu coopke u T. 1. B kauecTBe penenTopoB TEXHUUECKOTO 3pEHUS
MOTYT HPUMEHSTHCS 3JEKTPOHHO-TY4YeBble TPYOKH, HHTErpaibHble (OTONMpHUEMHBIE YCTpOICTBa
maTpuyHoro tuna (MUDY), marpuynsie mpulopsl ¢ 3apsI0BON CBSA3BIO, JUCCEKTOPHI (IUCCEKTOPHI
SBIISIIOTCSL  TENIEBU3MOHHOM  TPyOKOM C  NpPOM3BOJNIBHOW  pa3BepTKOM  Jy4a), MaTpUYHBIC
TeH30MeTpuueckue AaTtyuku U T. 1. [lIupokoe npumenenue agantuBHble CUITY HaxoasT Ttakxke B
TE€X TEXHOJOTMYECKUX OOBEKTaxX, TJe MPeIbsIBIAIOTCS BBICOKHE TpeOOBaHHs K Mapamerpam
TEXHOJIOTMYECKUX NPOLECCOB WM IapaMeTpaMm Ioixy4daeMmbix wusfenuil. Kpome Toro, onu
MIPUMEHSIOTCS B TE€X Cllydasx, KOrJa BO3MYIIAIOLIME BO3ACHCTBUSA B TEXHOJOTMYECKOM IIPOLECCE
3HAYUTEIIBHBI U HOCAT CIIy4alHbIA XapakTep, YTO AAET BO3MOKHOCTh Y4ECTh JTAHHBIE OTKJIIOHEHHUS B
VII nnu ckoppeKkTHpoBaTh ¢ IyapTa B mpouecce ynpasieHus. AnantuHeie CUITY pasnungarorcs
crnocobaMM ajianTanuy, BUJAaMH OpPraHM3allMM U3MEPHUTEIbHBIX CHCTEM, CIOCOOaMM OpraHu3alHiu
aJJalITUBHOIO YIPABJICHWS U Pa3sHOBUAHOCTBIO alIAPaTHBIX CPEICTB, C IIOMOILIBIO KOTOPBIX
OpraHu3yeTcs afanTUBHOE yrpaBieHue. [1o npuHuuny aganranuu paznndaroT agantuBaeie CUITY: ¢
(YHKLIMOHAJIBHBIM ~ PETYJIMPOBAaHHWEM, B  KOTOPHIX MPOLECC aJanTallil  OCYIIECTBISCTCS
pEeryJlMpoBaHUEM MapaMeTpoB, (YHKIMOHAIBHO 3aBUCAIIMX OT OTKJIOHUBUIMXCS BEIUYMH; C
SKCTPEMAJIBHBIM  PEryJupOBaHUEM, LEIbI0  aJaNTalliM  KOTOPBIX  SIBJIAETCA  IOJy4EHHE
MaKCUMaJIbHOTO WJIM MHUHUMAJIbHOIO PE3YJbTaTa; C ONTUMAIBHBIM PETYJIMPOBAHUEM, IIE BEICTCS
pPEryJaupoOBaHNE MHOTHMX NapaMEeTPOB HAa ONTHUMAIbHBIA pE3ylbTaT MO KOMIUIEKCHOMY KpPUTEPHIO
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ontumanbHOocTH. AnantuBHble CUIIY wMoryr pasnudathCcsi croco0amMu KOHTPOJS TapaMeTpoB,
BBI3BIBAIOIIMX BO3MYIIAMOIIEE BO3JACHCTBHE, H CHOCOOaMU BO3JCHCTBUS Ha IapaMeTphl
pEryJInpoBaHusl, MOCPEIACTBOM KOTOPBIX, KaK MPaBUIIO, BEACTCA aJanTallls ¢ yUeTOM HOBBIX YCIOBUI
yopasienus. Yame Bcero  mapamerpamMu, KOTOpbBIE — SIBJSIOTCS  BO3MYILAIOMIMMHU — WIH
PEryJIupyoIKMH, OBIBAIOT MOIIIHOCTD U CHJIA Pe3aHus, TuaMeTp o0paboTKH, MPUITyCK Ha 00paboTKY,
TEeMIIepaTypa B 30HE pe3aHus, AeGopManus B CUCTEME CTaHOK — IMPHUCIIOCOOICHNE — UHCTPYMEHT
— 3aroTOBKa, M3HOC PEXYILIEro MHCTpyMeHTa W T. A. ApantuBHbie CUIIY Moryr paznmyaTtbes
YHICJIOM KaHAJIOB PETYJIMPOBAHMS, BUAOM U 3aKOHOM PETyJIUPYIOIIHMX BO3ICUCTBUI.

Tema 2.4. 'nOxue nNpou3BOACTBEHHbIE CHCTEMbI M THOKHE NPOM3BOICTBEHHbIC MOYJIH.

I'mbkas mpomsBoactBenHas cuctema (I'TIC) mpencraBisier coOOW COBOKYIMHOCTh B Pa3HBIX
couetanusx obopymoBanus ¢ UITY, poOOTH3MPOBAHHBIX TEXHOJOTHMYECKUX KOMILIEKCOB, THOKHX
MIPOU3BOJICTBEHHBIX MOMAYJICH, OTIENIbHBIX EAMHMI] TEXHOJOIMYECKOTO OOOpYIOBaHHS U CHUCTEM
obecrieyeHns UX (QYHKIIMOHUPOBAHUS B aBTOMAaTHYECKOM PEXHME B TEUCHHUE 3a/laHHOTO MHTEpBasia
BpeMmeHnu. JIro6as TTIC oGnagaeT CBONCTBOM aBTOMATH3WPOBAHHOM MEpPEHAIAIKH TTPU ITPOU3BOJICTBE
U3JIeMHA IPOU3BOJIbHON HOMEHKJIATYphl B YCTAHOBJIEHHBIX IPEJeNax 3HAaYEHUM MX XapaKTepPUCTHK.
PobGoTtusupoBannsblii TexHonorndeckuit kommuieke (PTK) cocTouT u3 eguHUIBI TEXHOIOTHYECKOTO
000py/s0BaHUs, IPOMBIIIJIEHHOIO po00oTa M CpPEACTB OCHAIIEHHUsS (YCTPOMCTB HaKOIUIEHUS,
OpUEHTAllMM U TowWTy4yHOU Bbymaun wusgenuit). PTK Moxer ¢GyHKIMOHHpPOBaTH aBTOHOMHO,
OCYIIIECTBIISIST MHOTOKpaTHO UKl 00paboTku. Ecim PTK npennasHadeHsl ajisi paboOThI B COCTaBe
I'TIC, TO OHM NOMKHBI UMETh ABTOMATHU3UPOBAHHYIO NEPEHANAIKY U BO3MOKHOCTb BCTPaWBaHUS B
cucremy. I'mbkuii npousBoicTBeHHbI Monayab (I'TIM) — 53TO0 eaMHMIA TEXHOJIOIMYECKOTO
o0opy/soBaHusl UIg TPOU3BOJCTBA U3JENHNA IPOU3BOJILHOM HOMEHKJIATYPHl B YCTaHOBJIEHHBIX
npefenax 3HAuYCHWH MX XapaKTePUCTUK, AaBTOHOMHO ()YHKIIMOHHPYIOIIAs, aBTOMATUYECKH
ocyuiecTBIsitomas (QyHKIUU, CBS3aHHBIE C MPOU3BOJACTBOM H3ACNUIH, U HUMEIOIas BO3MOXKHOCTb
BcrpauBanus B ['TIC. 1o opraHu3aliuOHHBIM NPU3HAKaM MO>KHO BbLIEIUTH 3 pazHoBuaHoctu ['TIC:
TAJI, TAY u TALl. 1) Brubkoii aBtomatuzupoBanHod nuHuM (I'AJI) TexHomoruueckoe
000pyI0BaHKE PACIOJIONKEHO B MPHUHATOM MOCIEAOBATEIBHOCTH TEXHOJOTUUYECKHX oOmeparuii. 2)
I'n6kuit aBTomMaTtn3upoBaHHbli yyacTok (I'AY) QyHKIMOHUpPYET O TEXHOJOTHYECKOMY MapILIPYTY,
B KOTOPOM IPEAyCMOTpPEHa BO3MOXHOCTh HW3MEHEHHS I[OCJIEA0BATEIbHOCTH HCIOIb30BAHUS
TEXHOJIOTHYECKOro obopyaoBanus. 3) B cocra ruOkoro aBTomatusnpoBanHoro mexa (I'ALl) Bxoasat
B pa3IMYHbIX  COYETAaHUSAX THUOKWE  aBTOMATU3UPOBAHHBIE  JIMHUHM, POOOTHU3UPOBAHHBIE
TEXHOJIOTUYECKHUE JIMHUM, TUOKHE aBTOMAaTH3UPOBAHHbIE Y4YaCTKM U  poOOTH3MPOBAHHBIE
TEXHOJIOTUYECKHE JIMHUM M yYacTKH Ui MPOU3BOJCTBA M3JEINI 3aJaHHON HOMEHKIATypbl. Takum
obpazom, ['TIC — 3T0 opraHM3allMOHHO-TEXHUYECKas MPOU3BOJICTBEHHAsI CHCTEMa, TIO3BOJISIONIAs B
YCIOBHUSIX  MEJIKOCEPUMHOr0, CEpPUMHOT0O W B  OTAEIBHBIX CiIy4asX KPYIHOCEPHIHOTO
MHOTOHOMEHKJIATYpHOT'O IIPOM3BOJCTBA 3AMEHUTh C MUHUMAJIBHBIMU 3aTpaTaMHi U B KOPOTKHM CPOK
BBIIYCKAEMYI0 TpPOAYKIHMIO Ha HOBYW. B crpyktype Ttumosoit I'TIC HeoOXoAuMBI TpU TPYIIIbI
KOMIIOHEHTOB: TEXHOJIOTUYECKasl, YIPABIEHUS U MOArOTOBKU NMPOU3BOAcTBA. Kaxas 13 ykazaHHBIX
rpynn KOMIIOHEHTOB, 0Opa3ymoIMX COOTBETCTBYIOUIYIO CHCTEMY (WJIM TOJCUCTEMY), SIBISETCS
4eJI0BEKO-MAIIMHHOM, B KOTOpOW Haubojee TpyAoeMKHE (DYHKIIMHM BBITOJHSAIOTCS BXOJSIIMMHU B
CUCTEMY CpEICTBAMU BBIYUCIUTEIHHOW TEXHUKH, a TBOpYECKHME (YHKIHU — KOHCTPYKTOpaMH,
TEXHOJIOTAaMH M OpraHu3aTopaMu NpPOM3BOJCTBa, pabotaronmmu Ha APM. TexHonoruuyeckas
CUCTEMa TpeACTaBisieT co00il COBOKYMHOCTh OCHOBHOI'O M BCIIOMOTAaTENbHOTO TEXHOJIOTHYECKOTO
00OpyJIOBaHUS M PEATM30BAHHOTO HA HEM TEXHOJOIMYECKOro IPOM3BOJCTBEHHOrO IpoIiecca,
KOTOPBI MOXKET OBbITh MEXaHOO0OpadaThIBAIOLIUM, COOPOUYHBIM, JUTEHHBIM, KY3HEUHOIIPECCOBBIM,
CBapOYHBIM, TaJbBaHUYECKUM U T. A. IIpon3BOACTBEHHBbIE (D)YHKIIMH BBIMNOJHSAIOTCS C MOMOILBIO
cnenupuYeckux s KaKJOoro BHUIA MPOU3BOJCTBA TEXHMUYECKHUX CPEJICTB, IOCTPOEHHBIX Ha
MOJyJIbHOM ocHoBe. IIpu 3TOM pemarorcs cienyromue 3aJadd: KOMILIEKTAlus, CKJIaJupOBaHUE,
TPAaHCIOPTUPOBAHME W NIPOMEKYTOUYHOE HAKOIUIEHHME MCXOJHOIO Marepuana, 3aroTOoBOK,
noiy(aOpUKaTOB M TEXHOJIOTMYECKOH OCHACTKHM; 00paboTka M cOOpka OOBEKTOB MPOU3BOJICTBA;
KOHTPOJIb  3arOTOBOK, MoONy(paOpuKaToB U TOTOBOM MPOAYKIUH; KOHTPOJb MapaMeTpoB
TEXHOJIOTHYECKOT0 MpoIiecca U COCTOSHUS HHCTPYMEHTa, yOOpKa OTXO0JI0B MPOU3BOJCTBA (CTPYKKH,
001051, TUTHUKOB); TI0J[aya BCIIOMOTATENILHBIX MaTepHAIOB (CMa304HOTO MaTepHuasia, OXJIaXIaloei
KUIKOCTH, (opMoBOUHBIX MarepuainoB). IlpowsBoactBeHnas rtuOkocTh [TIC ompenensercs
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TEXHOJIOTHYECKOM, CTPYKTYPHO-OPTaHU3AIMOHHOW U TMapameTpudeckoil TuOkocthio. [Ipu aTom moa
rHOKOCTBIO MOHMMAIOT mpucnocabnuaeMocts [TIC K M3MEHEHUsIM, CBA3aHHBIM C BBIOJHECHHEM
MPOM3BOJCTBEHHON  mporpamMmbl.  [IpoM3BOACTBEHHass  cHCTeMa  CUMTAeTCsd  THOKOH |
ObICTpOIIEpEHANTAKMBACMON 0€3 CYIIECTBEHHBIX 3aTpaT, €CIAH TNpd HU3MEHEHHH OOBEKTOB
IIPOM3BOJICTBA HE MEHSIETCSI COCTaB KOMIIOHEHTOB CHUCTEMbl M COCTaB MH(OPMAI[MOHHBIX CBSI3EH.
OOBIYHO CTAaHOYHBIC ABTOMATHYECKHE JIMHUHM, CO3JaHHbIE IJIs1 OOpabOTKHM OIHON KOHKpPETHOMH
JeTalld, O4YeHb CJIOKHO HCIOJB30BaTh i O0OpaOOTKM HOBOHM JeTanH, Jake aHaJOTM4YHOM IO
KOHCTpyKUuHU. llpuHIMNuanbHO HOBBIE CpEACTBAa aBTOMaru3auuu, nosiBusmuecs B Buzpe ITIC,
MO3BOJIMJIM CO3/1aTh JUIsl TaKUX IMPOMU3BOJCTB TMOKWe aBromaTusupoBaHHble JmHuu (['AJT). T'AJI
npeIHa3HaYeHbl Ul TPYNIOBOH 00pabOTKM HECKONBKHX 3apaHee W3BECTHHIX AHAJOTHYHBIX IO
KOHCTPYKIMU M TEXHOJIOTMM W3rOTOBIEHUsA Jeraieil. OHU COCTOAT M3 IEepeHANTAKUBAEMBIX
arperaTHeIX CTaHKOB U CTaHKOB ¢ UIIY, 0ObeIUHEHHBIX €IMHOW aBTOMATHYECKOW TPAHCIIOPTHOM
cucremoit Ctanku ¢ UITY ucnosb3yrOT B TaKUX JMHUSAX MPH CIOXKHBIX IUKIAX 00pabOTKH W NPHU
HEOOXOMMOCTH pPEaTn30BaTh KOHTYpHOE yrmpaBieHue. TexHojorumdeckoe obOopymoBanue ['AJl
pacnoyIoKEHO B MPUHATOM IOCIEAOBATEIBHOCTH TeXHoJIormuyeckux omnepauuid. [lupokoe
pacrtipoctpanenue nonyuunu ['AJl, co3maBaemble Ha 0a3e arperaTHbIX CTAaHKOB CO CMEHHBIMU
HIMUHJIETBHBIMU KOpOOKaMu 711 00paOOTKM KOPIyCHBIX jaetaneil. [Ipumep Takoil IuHHH, B COCTaB
KOTOPOH BXOJIAT: JIBa KOMIUIEKTa YHU(MIIMPOBAHHBIX y370B 1 W 6 ams mMexaHooOpaOOTKH, JaBe
ABTOMATUYECKU JCHCTBYIOIIUE CEKIIMU KOHBEHEPOB IIMUHICIBHBIX KOPOOOK 2 u 4, cTemnax 3 ans
CKJIaJIMPOBAHMsI HE UCIIOJB3YEMBIX B 33JJaHHOM IIUKJIE paOOThl IIIUHAEIbHBIX KOPOOOK, TPU NO3ULNH
10 ycTaHOBKHM 3aroTOBOK Ha 3aKHMHBIE MPUCIIOCOOJICHUSA-CITYTHUKH, TPAaHCIOPTHAs CHUCTEMa
ABTOMATHUYECKON MOJlayu JAeTajied CO CHyTHUKaMu Ha pabouwe mo3uiuu 11 m 8 (mosunus 9 mms
MIPOMEKYTOUHOTO KOHTpPOJIS Aetaseil). KoMmnekTsl yHu(DUIUPOBAHHBIX Y3]I0B UMEIOT CHIIOBOW CTOJ
C penykTopoM 7 JUIsl KpEIUIEHHs CMEHHBIX INMUHACIBHBIX KOPOOOK 5, yCTpOMCTBO Momayu K
CUJIOBOMY CTOJIY IIIUHAETBHBIX KOPOOOK 12, HaOop cekInii KOHBEHEepoB U MOBOPOTHRIX CcTONIOB. Ha
JUHAW  WCIONIB3YyeTCs 10 28 MHOTOIIMUHACIBHBIX KOpPOOOK, KOTOpble Ha CIyTHUKaX
TPAHCHOPTUPYIOTCS B HYXHBIM Mepuoja HMKIA 0OpabOTKM K CHUJIOBOMY Y31y, IJle MOOYEpEeTHO
aBTOMaTH4yecKu 3akperunsitorcs. [Ipu mepeHanagke HOBBIM KOMIUIEKT KOpPOOOK 3arpykaercss HU
KoHBelep co ckiana. Takxke Oonbiiee npuMmeHeHue Haxoaat B ['AJl s oOpaboTku aeranel Tuma
TEJl BpAIllCHUs W KOPIIYCHBIX Jeranield arperaTHble ctanku ¢ YIIY, co3maBaemble M3 KOMIUIEKTOB
YHU(PUIIUPOBAHHBIX Y3J70B (CTOJIOB Pa3NUYHBIX THUIOB, MEXaHU3MOB AaBTOMATUYECKOW CMEHBI
uHcTpymeHnTta). 3.  VYmpasnenue [TIC peanuszyeT KOMIUIEKCHBIE MHOTO()YHKIIMOHAIBHBIE
MEepapXHUeCKd TOCTPOCHHBIE aBTOMATU3MpPOBaHHBIE cHUCTeMbl ympasieHus (ACY), B KOTOpPBIX
MOKHO BBIJCJINUTh JBE (YHKIMOHAIbHBIE COCTABHbIE YacTH: - YIPABIEHUS TEXHOJIOTUYECKUMU
nporeccamu (ACYTII) - opranuzanuonHo- - TexHojorudeckoro ympasineHus (ACYOT). Ilepsas
pelIaer 3ajayd TPYNIOBOTO YIPABICHUS TEXHOJOTMYECKUM U TPAHCIOPTHBIM O0OpPYAOBAaHUEM, a
BTOpasi — 3aJlaud IUIAHUPOBAHUSA, TUCIETYEPU3AlMMU U ydeTa XoAa mpous3BojcTBa. OOe cocTaBHbIE
yactu ACY T'TIC TecHO B3auMOCBs3aHBI MEXIY COOOM Kak anmapaTHbIMHU, TaK U MPOTrPAMMHBIMU
cpenctBamu. ACY TII npennazHadeHa /Ui BEIpaOOTKU YIPABISIOMIUX BO3ICHCTBUN HA KOMITJIEKCHI
(Tpynmbl) OCHOBHOTO M BcrioMorarenbHoro oobopyaosanus ['TIC, nepenaun ynpapisiomux nporpaMmm
u Jpyroii TpeOyemoil uHpopMamuu B yCTpOHCTBa JOKaldbHOro ymnpasieHus (cucremsl UITY
000py/1I0BaHUEM, YCTPONUCTBA AIEKTPOABTOMATUKH ), TpHeMa HH(POPMAIIUK OT YCTPONUCTB JOKAJIBLHOTO
yIpaBIeHUs, a TaKXKe NAJS OpraHM3aluyd XpaHeHUs B mamsatu DBM OHOIHMOTEKH YIPaBISIOMIAX
mporpaMM M Bcell HEO0OXOAMMOW TexHooru4deckoil mokymeHntanuu. B coctaB ACY TII Bxomsar
MOJIyJIA JIOKAJIbHOTO YIPaBIIEHUS, CPEACTBa MH(POPMAIIMOHHO-U3MEPUTENHHON M BBIYMCIUTEIBHON
texuuku. B T'TIC mporpamMHoe ympaBieHue oOecnieurnBaeT (QyHKIMOHHPOBaAHHE OOOPYIOBaHMS B
ABTOMATUYECKOM DPEKMME B COOTBETCTBUHU C 33JaHHOM MPOrpaMMON M BO3MOYKHOCTb M3MEHEHHS
npoueccoB (YHKIIMOHUPOBAHUSI MPHU CMEHE NporpaMmbl. [71aBHas mpoOsieMa, BO3HHKAIOUIas MpH
pa3paboTKe CUCTEMBI IpyNIoBoro ynpasieHus odopyaoBanus I'TIC — obecriedenne B3auMoaeicTBUs
YCTpOMCTBA JOKaNbHOTO yrpasieHus ¢ DBM. Pemenue 3Toi mpoOiemMbl CBSI3aHO ¢ YHHUPUKAIMECH U
CTaHJapTH3alMel MpOrpaMMHO-aNmapaTHeIX HHTEepdelcoB  ((PpU3MUecKoro, IJIOTUYECKOTO W
uHpopmanmonHoro). @dusmueckuit  mHTEpdEc ompemenser CHoco0  AIEKTPUUYECKOTO U
MEXaHUYECKOTO compsukeHus: DBM M JOKambHBIX YCTPOWCTB ympasieHus. Jlormdeckuii naTepderic
ompezenseT crnocod nepenayn nHGopMauu (IpoTokoa oOMeHa nHpopMalnuen) Mo KaHaly CBSI3U:
Croco0 YCTAaHOBJIGHHS M TMPEKPALIECHUS CEaHCOB CBS3HM, pa3Mep IepelaBacMbIX COOOIIECHUH.
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Nudopmanmonnsiii uaTepdeiic onpenenser coctaB u ¢GopmaT TEpeaaBacMbIX IO KaHAIy CBS3H
coOOUIeHNH, T.e. SA3BIK MH(POPMALMOHHOTO oOMeHa Mexay OBM M JOKadbHBIMH YCTPOWCTBAMHU
ynpasinenus. [TIC HaxomaAT npuMeHEHHME B OCHOBHOM B CTaHKOCTPOCHHH, MAIIMHOCTPOCHHHU.
Anamu3 I'TIC no3BossieT cienarb HEKOTOPbIE BBIBOABL: YIPABICHUE TPAHCIOPTHBIMU CUCTEMAMHU U
paboTOI CTAaHKOB OCYILECTBIIAETCS OJHOW WJIM HECKOIBKMMHU OTAEIbHbIMU DBM; 4KCIO CTaHKOB B
I'TIC xone6nercs ot 2 1o 50. Omuako 80% I'TIC cocraBneno u3 4-5 crankoB u 15% u3 8 — 10; pexe
BCcTpeuarorTcss cucteMbl u3 30-50 crankoB (2-3%); HauOONBHIMK 3KOHOMHYECKHE 3(deKkT oT
ucnionb3oBanusi I'TIC pgocturaercs mnpu 00pabOTKEe KOPIYCHBIX JeTajeld, HEeXenu OT uX
UCIIOJIb30BaHUs NpU 00pabOTKe pyrux AeTajel, Hanpumep JAeTaieil Tuma Tei BpaleHus..

TexHuueckasi AMArHOCTHKA - OTPACIb 3HAHHUH, NCCIEAYIOIAs TEXHUIECKUE COCTOSHUS 00BEKTOB
JUArHOCTUPOBAHUA U IPOSBICHUS TEXHUYECKUX COCTOSIHUHM, pa3padaTblBaroliasi METOIbl HUX
OlpejeNeHusl, a TaKXe MPUHLUIBI TOCTPOEHUS U OpPraHU3alUI0 HCCIEJOBaHUS CHCTEM
JMarHOCTUPOBaHUA. JIMarHOCTHKa 000pYA0BaHMsl, aBTOMATUYECKUN KOHTPOJIb TOUHOCTH 00paboTKH,
CTaOUJIBHOCTH MNPOTEKaHUsSI TEXHOJIOIMUYECKOIO IIpOLecca SIBJISAIOTCS OCHOBHBIMM IOKa3aTEJISIMU
YCTAHOBOK C YMCJIOBBIM IPOTrPaMMHBIM YIpaBiIeHHEM. JIMarHOCTHKa HCHOJIb3yeT HH(OPMAILMIO
YIIPABJISAIONIEH MPOTPaMMbl, CHTHAIIBI U3MEPUTEIBHBIX TIPUOOPOB, P BCIOMOTATENFHBIX TATINKOB.
JlnarHocTHKa YCTaHOBOK C YHMCIJIOBBIM IIPOIPAMMHBIM YIPABICHUEM BBIIOJIHAETCS HAa OCHOBE
CIeIMaJIbHBIX TeCTOB. B kauecTBe 00bEKTa JUArHOCTUPOBAHUS MOTYT UCIIOJIb30BAaThCs KaK CPEACTBA
TpyZAa (MHCTPYMEHT, IPUCIIOCOOIEHHE U T.J.), IPOAYKTHI TpyAa (U3/eNue), TaK U TEXHOJIOIMUECKUI
npouecc. B mo6oit CAY HeoOxomumbl (GYHKIHUHA KOHTPOJIS, OJIHAKO, €CJIIM aBTOMAaTH3aIlus
IIPOM3BOJCTBA YaCTUYHAs WM KOMIUIEKCHAs, TO AOCTAaTOYHO IPOCTOM CXEMBI OCYIIECTBIICHHUS
KOHTPOJISI ¥ BBIIAYM TOJyYEHHONH WH(POpPMAlUU B 3BYKOBOM, CBETOBOM WJIH TrpaduyeckoM BHIE.
TexHU4ecKuil KOHTPOJIb - 3TO MPOBEPKA COOTBETCTBHSI OOBEKTa YIPABIECHUS TEXHUUYECKUM
tpeOoBanusM. B I'TIC TexHuyeckuil KOHTPOJIb OXBAaThbIBAE€T M CPEJCTBA IPOU3BOJCTBA, U OPYAUS
Tpyaa, u Texmpouecc. Kontpons npoussoautcs aubdo ¢ nomoursio cucremsl CAK, nmubo - cucrembl
tenemexanuku (TK). Texnuueckoe IUarHOCTUPOBAHUE - 3TO HE TOJBKO IPOBEPKA COOTBETCTBHUS
00BbEeKTa TEXHUYECKUM TpeOOBaHUSAM, HO U BbISABIEHHE NMPUYMHBI U BHJA JedekTa. COBOKYIMHOCTb
IIPOBEPOK, IOCIEI0BAaTENIbHOCTh MX peaju3aluud U TNpaBuia oOpaOOTKM pe3yibTaToB IS
OTpe/ieIeHUs] TEXHUYECKOTO COCTOSIHUSI OOBEKTa YNpaBJIEHUS 3aJal0TCsl aIrOPUTMOM YIIPaBJICHUS.
Ecnu 3TOT anroputm 3agaeT TOJBKO OJHY (PUKCHPOBAHHYIO MOCJEI0BATEIbHOCTh IPOBEPOK, TO OH
Ha3bIBaeTCsl OE3YCIOBHBIM, @ €CIIM B 3aBHCHMOCTU OT MPEABIIYLIEr0 TakTa paboThl, TO YCIOBHBIM.
Ecin oH of0ecneunBaer omnpeselieHHe ONTUMAJIbHBIX 3HAYEHUM 3aJaHHON IiesieBOM  (YHKIMH
JIMarHOCTUKH, TO ONTUMaNbHBIM. [Ipoliecc AMarHOCTUPOBAaHUS CKPBITBIX 00BEKTOB BKIIIOUAET B e
W3MEPUTENIbHBIE 3JIEMEHTbI, KOHTPOJbHBIE AJIEMEHThl U JIOTUYECKHE 3JIEMEHTHI, a SIBHbIE OOBEKTHI
JIMarHOCTUPYIOTCS BU3yalibHO. /lnarHocTupoBaHue cTaHKa MPOU3BOAUTCA B JBa dTana: 1) COopka u
HaJaJKa, T.€. IPOBEpKa COOTBETCTBUS JIeTallel U y3JI0B; 2) DKCIUTyaTalsl, PEMOHT, T.€. IPUMEHEHHE
CHWJIOBBIX M TOYHOCTHBIX METOMOB. B coOTBEeTCTBMM C »3TamaMy MPOU3BOJCTBA AMATHOCTHUKH
pa3IMyaroT AaKTUBHBIA M ITACCUBHBIM KOHTPOJb. AKTHUBHBIM KOHTPOJb - TOT, INPU KOTOPOM
JNENCTBUTENBHBIN NTapaMeTp U3/€IUsl CPaBHUBAETCS C 3aJaHHBIM pa3MepoM. IlaccuBHBIN KOHTPOIb -
TOT, IPU KOTOPOM JI€HCTBUTENbHBIN MMapaMeTp U3JENNsI CPABHUBAETCS C 3a/IaHHBIM Pa3MepOM.

4.3. JlabopaTopHbie padoThI.

Buo
HaumeHoeaHue mem 3aHAMUS 6 UHMEPAKMUBHOII,
Homep pazoena Oovem .
Ne nabopamopHuix pabom aKmueHoil,
ouCUUNIUHbL (uac.) .
n/n UHHOBAUUOHHOU (hopmax,
(uac.)
1 I'ocynmapcTBenHas cucrema 4 -
MIPOMBIIIICHHBIX TPHOOPOB U
CpPEACTB AaBTOMATHU3aLNHU
2 L Nnentndukanus oobexTa 4 Pemenue npakTuaeckux
peryJimpoBaHus 3aJla4d ¢ UCIOJIb30BaHUEM
UKT (2 gac.)
3 CHHTE3 aBTOMaTHYECKON CUCTEMBI 6 Pemrenne npakTuueckux
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peryJiupoBaHus

3aj1a4y ¢ UCTI0JIH30BAHUEM
UKT (2 gac.)

4 2. [IpoekTupoBaHuE PIEKTPUIECKUX U
AIIEKTPOMEXAHUYECKUX YCTPOUCTB

Pemenue nmpakTuyeckux
3a/1a4 ¢ UCI0JIb30BaHUEM
UKT (2 gac.)

[IpoexTupoBaHue 3JI€KTPOMAarHUTOB

Pemenne npakruueckux
3a/1a4 C UCIIOJIb30BaHUEM
UKT (2 gac.)

HUTOro

26

4.4. lIpakTuyecKkue 3aHATHS.
VY4eOHbIM IJIAHOM HE IPEIYyCMOTPEHO.

4.5. KoHTpo/IbHBbIEC MEPONIPUATHSA: KYPCOBOM NPOEKT (KypcoBasi paboTa), KOHTPOJIbHAS

padora, PI'P, pedepar.
VY4eOHbIM IJIAHOM HE IPETYCMOTPEHO.
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5. MATPAIIA COOTHECEHUSA PA3JIEJIOB YYEFHOM JUCIAIIIMHBI K ®OPMHUPYEMbBIM B HUX

KOMIIETEHHUAM U OEHKE PE3YJbBTATOB OCBOEHUSA JUCIHUIIJIMHbI

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 PABOTBI 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 3az;z— 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
snecoTexuunueckas 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 00pa3oBaHHs U HAYKU
Poccuiickoit ®eneparun, enepanbHoe
rocyJlapCTBEHHOE OI0KeTHOE 00pa3oBaTeIbHOe
yUpeKJIeHHE BhICHIIET0 MPOECCHOHATBHOIO
obpazoBanus «TaMOOBCKUI TOCYapCTBEHHBIN
TEXHUYECKUH yHUBepcuTeT». - TamOoB: M3aarenbcTBO
®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. . Memia, 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. Kyapsmos, M.B. Anekcees. - Boponex: 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 CETHU «<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. DnextponHas 6ubmmoreka bpl'Y http://ecat.brstu.ru/catalog .

3. DJNeKTpOHHO-OMOJMOTEYHass cuUcTeMa  «YHHBEpPCHTETCKas  Oubnmoreka  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: BeJCHHME KOHCIIEKTa JIEKIIMOHHOTO MaTepuaja JUIs YCIEHIHOTO
UCIIOJIb30BAaHUSl €0 IPU MOATOTOBKE K AK3aMEHY, 3aKpEIUIEHUS M PACIIMPEHHs] TeOPETHUYECKUX
3Hanuii. Ilocie mpopabOTKM JIEKIMOHHOTO MaTepuayia OO0yJaroIIUiCs TOJDKEH YeTKO BIIAJIETh
CJICAYIOLIMMH acleKTaMU 10 KaX10H JIEKLNU:

- 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 |
IpUOOpETEeHNs] HABBIKOB B PEIICHUU 33/ay, 3aKpelIeHUH OTIEJIbHBIX ACIEKTOB MpoOJIeMbl 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 yriayOsjeHHIo 3HaHW u Ooisiee ycnemHoMmMy (OPMUPOBAHHWIO YMEHMH M HaBBIKOB,
CBSI3aHHBIX C U3yYCHHEM KOHKPETHBIX TEM.

XapakTep caMOCTOSITEIbHOM paOOThI: MOJATOTOBKA YCTHBIX COOOIIEHUW MO TEMaM B paMKax
JEeKIIMOHHOTO MaTepuana; pelleHue  3a4ad, KOTOPbIE BBIMOJHAIOTCS 10 33aJaHUI0 U IIpU
METOJAMYECKOM PYKOBOJCTBE IPETOAaBaTeNs, a TaKXKe 03 ero HelmoCpPEeJICTBEHHOTO Yy4YacTHsl.
[TpaBuibHOE BBIMOJHEHHWE 3aJaHUN MO CaMOCTOSTENbHOM paboTe  pa3BUBACT CIIOCOOHOCTU
CaMoCTOsITeNIbHO paboTaTtek ¢ WH(OpMAIHel, HCIONb3ys Y4YeOHYI0O W HAyYHYIO JIUTEpaTypy.
CamocrosTenbHas paboTa IUCHUILUTMHUPYET 0OydYaIOLIMXCs, 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 B3aMMOJICHCTBOBATh CO CIIEIHAIUCTAMHU U3 JAPYTHX 00JacTel, HAaXOAUTh ONTUMAIILHOE
MapKETUHTOBOE PEIICHUE B PHIHOYHOU Cpejie.

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

JladopaTopHas paGora Ne 1 (B o0beme 4 4acoB).

Tema: ['ocymapcTBeHHasi cUCTeMa MTPOMBIIIJICHHBIX PUOOPOB U CPEJICTB ABTOMATH3AITUH.
[lenb: M3YYUTH TOCYIAPCTBEHHYIO CHCTEMY MPOMBIIIJIEHHBIX TPUOOPOB U CPEJICTB aBTOMATHU3AIUH.
Xo paboTshl:

I'CIT mpencraBnsier coOOW CIOXKHYIO Pa3BUBAIONIYIOCS CHCTEMY, COCTOSIIIYIO H3 psiaa
MOJICUCTEM, KOTOpPbIE MOXHO paccMaTpuBaTh H KJIACCU(UIUPOBATH C PAa3HBIX MO3UIIHIA.
PaccmoTpuMm (yHKIIMOHATBEHO-UEPAPXUUECKYI0O U KOHCTPYKTHBHO-TEXHOJIOTMUYECKYIO CTPYKTYPbI
texHuueckux cpeacts ['CIIL.
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DOyHKUMOHAJIbHO-Uepapxuueckasi ctpykrypa I'CII

4 ypOBEHb: BoHucrmT enbHbE
nraHypoBaHue, mccrenosaHns Cpeacr sa
i (Ba3b ¢ apyrvvm
v C1CT evam
3 YPOBEHb: (peacsa -
aanT aums, onT MMM3aLms, »| LIEHT Par3oBaHHoOr 0
Jvar HOCT MKa, BY3yarmsaums yrnpaBreHus
A ¢

2 ngBeHb' Goencr Ba JiokarkHor o

pc;a ””p"fzu”z ynpaBreHxs,
I YIMPOBaHYE,

I YIMPOBaHISI, KOHT pOria
QpencTBa Cpencr sa
1 ypoBeHb: ronyveHYS BO3ENICT BUSI
cbop vHdopvaLM, Ha OBbeKT
J VHGpMaLn
BO3[EICT Bie Ha OOLEKT
0 ypoBeHb:
peanm3auus OOLEeKT aBT OMAT M3aLIK
T EXHOJIOr M4ECKOr 0 (T eXHOMOr MMECKMIA NMPOLIECC)
npouecca
Puc. 1. Uepapxus I'CII
OTIUYUTENBHBIMU 0COOEHHOCTSIMU COBPEMEHHBIX CIPYKTYp IIOCTPOEHUS

ABTOMAaTU3UPOBAHHBIX CHCTEM YIPABICHHS MPOMBINUICHHBIMUA TPEANPUATHIMU  SIBISIOTCS:
NPOHUKHOBEHHE BBIYMCIHUTEIBHBIX CPEJICTB M BHEIPEHUE CETEBBIX TEXHOJOTMHA Ha BCE YPOBHHU
yIIpaBJICHUSL.

B MUpOBOii MpakTHKe CHEUaIKCThI IO KOMIUIEKCHONH aBTOMATHU3allMU MPOU3BOCTBA TAKKE
BBIJICTISIIOT MATh YPOBHEH YIpaBIICHHS COBPEMEHHBIM MPEANPHUATHEM, YTO TIOJHOCTHIO COBIAIAET C
BBIIIIE MPUBEICHHON nepapxuueckon ctpykrypoit I'CII.

Ha ypoeae ERP — Enterprise Resource Planning (mmanupoBaHusi pecypcoB HpPEATIPUSTHS)
OCYIIECTBIIIFOTCS. ~ pacdeT ¥ aHain3  (DHMHAHCOBO-DKOHOMHYECKHMX  IOKA3aTeNel, PelIaroTcs
CTpaTeruuecKue aJMUHUCTPATUBHBIC U JIOTUCTHYECKHUE 3a/Ta4H.

Ha yposue MES — Manufacturing Execution Systems (cuctembl HCITOTHEHUSI IIPOU3BOJICTBOM)
— 3a/auM yNpaBJIeHUs] KaueCTBOM TMPOAYKLUH, IUIAHMPOBAHUS M KOHTPOJS IIOCIEIOBATEIBHOCTH
oTeparvii TEXHOJIOTHYECKOTO MPOIlecca, YIPaBISHUs MPOM3BOACTBCHHBIME U JIFOJCKUMHU PECypCaMH
B paMKax TEXHOJOIMYECKOro TMpOIecca, TEXHUYECKOTO OOCIYXHBAaHHS IPOHM3BOJICTBEHHOTO
000pyI0BaHUsl.

OtH 1Ba ypoBHs OTHOCSTCS K 3agadyaM ACVYII (aBTOMaTu3npoBaHHBIM CHCTEMaM YIPaBJICHUS
NpPEANPUATHEM) U TEXHUYECKUE CPEJCTBA, C MOMOIIBI0 KOTOPBIX 3TH 33Ja4ll PEaTu3ylTCs — 3TO
oucueie mepconanpHpie KommbloTepbl (IIK) m paboume craHIMM Ha WX OCHOBE B CIIYyK0ax
TJIaBHBIX CIICIHAIMCTOB IMPEAIPUATHS.
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SCADA
HMI
Control level

Input/Output

Puc. 2. [Tupamuja ynpaBieHHUs COBPEMEHHBIM IPOU3BOICTBOM.

Ha crnenyromux Tpex ypOBHSX pEIIAOTCS 3aJadyu, KOTOpble oTHOcATCS K kiaccy ACY TII
(aBTOMaTU3UPOBAHHBIX CUCTEM YIIPABIICHUS TEXHOJIOTUYECKUMU MPOIIECCAMH).

SCADA - Supervisory Control and Data Acquisition (cuctema cOopa HaHHBIX |
CYNEPBU3OPHOTO (IUCHETUEPCKOT0) YIPABICHUSA) — 3TO YPOBEHb TAKTHUECKOTO OMNEPAaTHBHOTO
yIIpaBJICHUS, HA KOTOPOM PEIIAOTCS 3a/1a4i ONTUMH3AINN, TUATHOCTUKHY, aJallTAlli | T.II.

Control-level — ypoBeHb HEMOCPEACTBEHHOTO (JIOKAJIBLHOTO) YIPABICHUSA, KOTOPBIA
peannsyercs Ha Takux TCA kak: [10 — manenu (mynbThl) oneparopos, [IJIK — nporpammupyemsie
norudeckue KoHTposuiepsl, Y CO — ycTpoiicTBa CBSI3U C OOBEKTOM.

HMI — Human-Machine Interface (4enoBeko-mamIMHHAsS CBSI3b) — OCYIIECTBIIIET
BU3YyalIU3aIio (0ToOpakeHUe HH(OPMAIMK) X0/1a TEXHOJIOTHYECKOr 0 Mpoliecca.

Input/Output — Bxospl/Beixo1sl 00beKTa yIIpaBIeHHsI TPEACTABIAIOT COO0M
JaTYUKU W UCHOJHUTENbHBIE MeXxaHU3Mbl ([I/IM) KOHKpETHBIX TEXHOJIOTUYECKHUX YCTAaHOBOK M
pabouux MaImivH.

KouncrpykruBHo-TexHosoruveckasi crpykrypa I'CII

rcn
YKTC MNTK AKTC
Tunbl
Moaundukaumna McnonHeHve Tunopasmepsbl

Puc. 3. Ctpykrypa I'CIT
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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:

rOCT 12997-76
['CI. O6Lwwe TexHuyeckue TpeboBaHms

|

WHdopmaLmoHHas MeTponoruyeckas SKcnnyaTaumnoHHas OHepreTuyeckas KoHcTpyKTVBHAS
COBMECTUMOCTb COBMECTUMOCTb COBMECTUMOCTb COBMECTUMOCTb COBMECTMMOCTb
BxogHbie/ HopmupyeMble MpucoeaunHu- | | YauduumposaHme
A . pWpY Ycnosus MapameTpbi pricoen b
BuixomHble | | VHTepdeiichl | | meTponorideckme | | HagexHocTb TenbHbIE TUNOBbIX

aKCnnyaraLum MUTaHNS .
cUrHarbl XapaKTepuCTHKN pa3mepl KOHCTPYKLIMIA

dopMa OTUETHOCTH: NpuMeHeHue komiuiekcoB TCA

otyeta 1o JIP).

OcHoBHas IUTEpaTypa.

Puc. 4. Cranmapter I'CII

Ha KOHKPCTHBIX IMPpUMEpax (B BUIC

1) 3amoxubix, B.M. Ynpasnenne Texuuueckumu cucteMamu/B.M. 3anoxusix, B.A. IBaHHUKOB. -
Boponex: Boponexckas rocyaapcTBeHHas jiecoTexHuueckas akagemus, 2010. - 55c¢.;
2) bensie, I1.C. Cucrembl ympaBieHHS TEXHOJOTHYECKHMH IIpolreccamu: ydeOHoe mocobue /
I1.C. bensieB, A.A. Bbykun; MuHuctepctBo oOpa3oBanuss U Hayku Poccuiickoiri ®exnepauuu,
@denepanbHOE  roCyIapcTBEHHOE  OMOJUKETHOE  00pa30BaTENbHOE  YUPEXKJIEHHE  BBICLIETO
npodeccuoHaIbHOro o0pazoBanus «TaMOOBCKHIA TOCYJapCTBEHHBIN TEXHUUECKUN YHUBEPCUTETY. -
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 (B 00beMe 4 yacoB).

Tema: unentTudukanus 00beKTa PeryIupoBaHUsI.

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

Xoa paboThl:

3ajadyeil aBTOMAaTMYECKOTO PEryJIMpPOBaHMs SIBJISETCS MOAJEP)KAHUE C OIpPEAEICHHON
TOYHOCTBIO 3a/IaHHOTO 3HAU€HHUs KaKOoro-iudo TEXHOJOTHYECKOro mapameTpa (peryimpyemMoro
napaMerpa) WM HW3MEHEHHE 3TOro IapaMerpa IO OIpeNeIeHHOMY 3aKoHy. TexHosormyeckuit
amnmnapaT WM arperar, B KOTOPOM OCYHIECTBJISIETCS aBTOMaTHYECKOE PETYJIMPOBAHME, HA3bIBACTCS
00BEKTOM PETYIUPOBAHUS, & COBOKYIHOCTh TEXHUYECKUX CPEACTB, BBINOIHSIOMIMX 3Ty 3a7ady —
ABTOMATUYECKUM  perynsitopoM. OOBEKT  pEeryJlupoBaHHs U PETYISATOP  COCTaBISIOT
aBTOMAaTUYeCKylo cuctemy perynupoBanus (ACP). ABTomaTH4ecKud peryssTop IOJDKEH
obOecrieunBaTh HEOOXOAMMOE KaueCTBO PEryinupoBaHUs. (s 9TOro peryisaTop U mapaMmerpbl ero
HACTPOWKHU JIOJDKHBI BEIOMPATHCS C YYETOM CBOMCTB OOBEKTA PErylIMPOBAHUS, €0 CTATUYECKUX H
JUHAMUYECKHX XapaKTEPUCTHK.

Brimonasiemoe B pamkax gaHHoM paboTel uccinegoBanue ACP ocymectBisercs myrem
MOCJIEIOBATEIBHOTO PEILICHUS TPEX 3a7a4:

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

[Ton wunentudukammeid oOBEKTa yHpaBIEHUS MOHUMAETCS MOAOOP MOJENU, KOTOpas
aJIeKBaTHO OTpakaeT JAMHAMMYECKHE CBOWCTBA KOHKPETHOrO 00BekTa. OOBIYHO HCHOJB3YETCS
METOJIMKA CTPYKTYpPHO-TIapaMeTPUUYECKON HACHTU(UKAIIMKU, OCHOBAaHHAs Ha MOJI0OpE THUIOBOM
MOJIEJIM TIO0 SKCIEPUMEHTAIBHBIM JAaHHBIM, KOTOPbIE XapaKTEPU3YIOT pPEaKIUI0 OObEeKTa Ha
CTyIEHYaToe WJIM TapMOHHMYECKoe BoO3jelcTBUE. BriOMpaercs cTpykTypa MoJenu, a 3aTeM
OTIpeeNAIOTCA YKMCIEHHBIE 3HAaUeHUsI ee mapaMeTpoB. PerieHue 3agaun 3aBepliaeTcs MpOBEPKOI
aJIeKBaTHOCTU HalaeHHOW Moxenu. [lpu pemeHnn 3amaym CHUHTE3a CHCTEMbl HHKEHEPHBIMU
crnocobaMM TONOMpAeTcss HYXHBIM 3aKOH pPEryJMpOBaHMUS U PACCUUTHIBAIOTCSA MapaMeTpbl
HacTpolku perynsTopa. [lox aHanM30M cucTeMbl MOHUMAaeTCs poBepka padorocrnocooHoctu ACP
C TIOMOIIBIO OJHOTO W3 W3BECTHBIX KpHUTepueB ycToWumBocTd [l...4] W olleHKa KadecTBa
PEryJIupOBaHMs IO PACCUYUTHIBAEMOM KPUBOM MEPEXOIHOIO MPOIIECCA UM UHBIM METOJIOM.

Nnentudukauus odbexkTa peryaupoBanusi. OnpeneneHne mnapaMeTrpoB o00beKTa
peryaupoBanusi. HanGonee pacnpocTpaHeHHBIM CIIOCOOOM OIpeJeNieHUs] MapaMeTpoB OOBEKTa
PEryJIMpoBaHUs SBISETCS U3yUEHHE €ro peaklMM Ha MPHIOKEHHOEe BOo3MylleHne. Bo3myienue Ha
BXOJIe 00BEKTa OCYLIECTBISIOT CTYHNEHUYAThIM M3MEHEHHEM IOJO0XKEHHUs PETyIHpYIOIIEro opraHa
(M3MEHEHHEM PEeryJIHpYyIOLIero BO3AEHCTBIS) BpyUHYIO WU JUCTaHIMOHHO. [lepexonnblil mporecc
WU3MEHEHHUsI BO BPEMEHHU PETYJIMPYEMOro NapamMeTpa IoJ ACUCTBUEM CTYNEHYaTOro BO3MYILEHUS
Ha3bIBACTCs NMepexoAHON (YHKIMEH, KpUBOI pa3roHa WM BPEMEHHOW XapaKTepUCTUKONW OOBEKTa.
s 00BEKTOB ¢ CaMOBBIPABHMBAHUEM MOMEHTOM OKOHYAHHUS MEPEXOJHOro mpoliecca sBIseTCs
JOCTHKEHHE PEryJIHpyeMbIM IapaMeTpoOM HOBOTO YCTAHOBHBILIETOCS 3HAYEHHUS. 3a HadaJlbHBIM
MOMEHT BpeMeHM T = (O IpUHMMAeTcs MOMEHT HaHECeHMs Bo3MylleHHs. J[[nsg ompeneneHus
MapaMeTpoB, XapaKTepU3YIOUIMX JWHAMUYECKHE CBOWCTBa O0BEKTa, HEOOXOIMMO TOCTPOUTH
KacaTeNbHYI0O K KPHBOW pa3roHa B To4ke meperuda A (Todka C MaKCUMAaJbHOW CKOPOCTBIO
n3MeHeHus: mapamerpa). MatepBanm Bpemenn OC oT BBoJa BO3MYIIEHHUS 0 TIEPECEUCHUS
KacaTeJlbHOM € TOPU3OHTANBIO HAYaJbHOTO 3HA4YeHHs mapamerpa YoOlpeAeTUT  BpeMms
3ama3iplBaHUsl OObeKTa 3. MHTepBanm BpeMEHM OT TOYKM IEepeceuyeHus KacaTelabHOW C
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TOPU30HTANIbIO HAYAJBHOTO 3HAYEHUS MapameTpa Yo 10 TOUKH €€ MepeceueHus: ¢ JUHHEeH HOBOIo
YCTAaHOBHBILETOCS 3HAYCHHUS TIPEIICTABIISIET IIOCTOSIHHYIO BpeMeHu 00bekTa T (oTpe3ok Ci Dy).

e/l.M3M.per.rapaMmTpa
%.xo0/a.per.oprasa

Koaddumuent nepenaun odwvekra Kog, , ompenensercs 1mo ¢gopmyie

AY, Y Y,
Ky = =
AX AX

: 1)

['me Yi— 3HaYeHHWe peryaupyeMoro mnapaMerpa IIOCie 3aBepLIeHHs IEepexXoaHOro Ipoliecca,
€J/I.M3M.per.ImapaMeTpa;

Yo-  3HaueHHWE  pETyJIHMPyeMOro  IapameTpa 1O  HAHECEHUsS  BO3MYIICHHS,
€J/I.U3M.per.ImapaMeTpa;

AX - BO3MymIaroliee BO3JEHCTBHE, HAHECEHHOE pPEryJupyIoIUM opraHoMm, % xona
PETYIUPYIOIIEro OpraHa.

Koadduument camoBbipaBHUBaHUs K¢ onpeessercs M0 KPUBOW pa3roHa Kak OTHOIICHUE
M3MCHCHHUSI BXOJHOM BEIMYMHBI (BO3MYIICHHS) K M3MEHEHHUIO BBIXOJHOW (peryiImpyeMoro
napamerpa). OTH W3MEHCHHS BBIPAXAIOT B OTHOCHTEIBHOM BHJIC: BXOJHYKO BEIMYHHY Kak
OTHOIICHHUE XO0Ja UCIIOJHUTCIIBHOIO MEXaHU3Ma IIpU BBOJC BOSMYILICHUS K €I'0 IIOJITHOMY XO4Y AX/
100, a BBIXOJIHYIO — KaK OTHOIICHHUE W3MEHECHHUs PEryJUPYyeMOro napameTrpa K €ro 3aJaHHOMY
3HaueHuro AY, / Yo !

_AX Y, %

= = 1072,
100 AY, K,

C

)

[To onMcaHHOMN BbIIIE METOJIMKE ONpPENEIUTe apaMeTpbl 00bEKTa PEeryaIupoBaHus: 7, 1o, Kog, K.
MartemaTruyeckasi MoJe/ib 00beKTA peryJIMpoOBaHus.

B pesynbrare NnpoBENEHHOTO NPU BBIIOJHEHUH HCCIEJOBaHMS YCTAHOBJIEHO, YTO MAJIS
3alaHHOTO B BapuUaHTe OOBEKTa MPUCYIIM CBONCTBA CaMOBBIPAaBHUBAHHWSA, 3ama3iblBaHUus H
UHepIoHHOCTH. Ha 0CHOBaHMU Yero CTPyKTypy 00bEKTa MOKHO MPEJCTaBUTh COCTOALIEH U3 IBYX
TUIIOBBIX 3BEHBEB: 3BEHA YWCTOrO 3ala3/bIBAaHUS M aANEpUOAMYECKOTrOo (MHEPLMOHHOrO) 3BEHA
NEepBOro IMopsaka (T.e. BBINOJHEHAa CTPYKTypHas MIACHTU(UKALUs OObEKTa PperyJnpoBaHUS).
MaremaTtnueckass MoJelb OOBEKTa MPH TaKOW CTPYKTYpe MOXKET OBITh Ipe/AcTaBiIeHa KyCOYHOMN
byHKIMEH, nMerolei BUL :

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

Y(7)-Y, =K, e ® nput>T,.

A

3)

/i€ € — OCHOBaHHE HaTYPaJIbHBIX JOrapru(MoB.

3amanHas nepexoaHast PyHKIUS TIPH STOM 3aMEHSETCS IKCIIOHCHIIMAIBHON 3aBHCHUMOCTHIO,
rpaduk KOTOpPOM CMEIIEH OTHOCHTEIBHO Hayala KOOpAMHAT HAa BEIMYMHY BPEMEHU
3ama3ipiBaHus 7.  Mongenb 00beKTa MOXHO TMPEACTaBUTh TaKKE C  HUCIOJIb30BaHUEM
npeoOpa3oBanusi Jlarutlaca B Buae ero mneperarounoi (yakiuu W(P)os, KOTOpas paBHa
MIPOU3BEICHUIO MEPEeIaTOYHBIX (YHKIIMM IBYX BBIIIE HA3BAaHHBIX TUIIOBBIX TUHAMUYECKUX 3BEHHEB
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Kog
(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(ITO3BOJISCT MOJIYYHTh €I OJWH BUJ MAaTEMaTHYECKON MOJIe]TH 00bEeKTa B BUJIE €T0O
aMILTUTYAHO-(a30BOI YaCTOTHOM XapakTepucTuku W(jw)os

. K —jors
W(j®)os :T ' .2_{_1'8 !
0 J (5)

rae j — maumas exqununa (V—1);
@ — yIJI0oBas 4acTOTa KojiebaHui, paj/c.

HaxoxeHne YuciieHHbIX 3HaUeHU nnapaMmeTpoB 73, 10, Kop, K¢ ¥ MOJICTAHOBKON 3TUX 3HAYEHUM B
dopmyist (3),(4) u (5) aBigeTCS NEPEXOIOM OT CTPYKTYPHOU MACHTUPHUKAIINH K TapaMETPUUECKOM.

dopMa OTUYETHOCTH. THCHMEHHO BBIMOJHHUTH TMOJCTAHOBKY YyKa3aHHBIX IapaMeTpoB B
dbopmynsl (3),(4) u (5) W MOAYYUTH B PE3yJIbTAT€ ATOr0 TPU (POPMBI MPEACTABICHUSA
MaTeMaTHYEeCKON MOJENH 3aJaHHOTO 00BhEKTa.

OcHoBHas quTeparypa:

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

2) benses, I1.C. Cucrembl ympaBieHUS TEXHOJOTHUSCKHMMHU MpPOIECCaMU: y4deOHoe mocodue /
I1.C. bensieB, A.A.Bbykun; MuHuctepctBo oOpa3oBaHuss U Hayku Poccuiickoir ®enepauuu,
®enepalibHOE  TOCYJAapCTBEHHOE  OIOJKETHOE  00pa3oBaTeNbHOE  yUPEKICHHE  BBICLIETO
npodeccuoHaabHOro oopazoBanus «TaMOOBCKHIA rOCYyJapCTBEHHBIN TEXHUUECKUI YHUBEPCUTETY. -
Tamo6oB: U3garenscteo @PI'BOY BIIO «TT'TVY», 2014.-156 c.

JlonoJHuTEeNbHAs JUTEPATYPA:

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

2) Kynpsimos, B.C. MoaenupoBanue cucreM: yaeonoe nocooue/B.C. Kynpsimos, M.B. Anekcees. -
Boponex: BopoHexcknii TOCyIapCTBEHHBIH YHUBEPCUTET WHKEHEPHBIX TexHoorwid, 2012. - 208c.

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

JladopaTopuas padora Ne 3 (B 00beMe 6 UacoB).

Tema: CUHTE3 aBTOMAaTUYECKOI CUCTEMBI PETYJIUPOBAHUSA.
[lenab: paccMOTpeHHE M 3aKpeIUIeHHE Ha MPAKTUKE KIIOYEBBIX MPAKTUYECKUX BOIPOCOB MO TEMe

paboThI.

Xo1 paboThI:
1) Moka3aTe T Ka4ecTBa PeryJTHPOBAHUS
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Jlnst BBIOOpa 3aKOHA pETYJIMPOBAHUS M pacyeTa IapaMeTpoB HACTPOHKH peryisTopa
HEOOXOUMO TpPEABAPUTENHHO CHOPMYIHPOBATh TPEOOBAaHUS K KadecTBY aBTOMATHUYECKOTO
perynupoBanus. [loka3zaTenmu KadecTBa 3aNalOTCS UCXOAS W3 TPeOOBAaHUH TEXHOJIOTHYECKOTO
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 JHHAMHUYECKOE OTKJIOHCHHE pEerylIMpyeMOoro IapamMerpa OT €ro
3aJIaHHOTO 3HAYEHUS B Tpoliecce perynupoanus AY1(z) mpeacTaBiseT coO0i mepBoe OTKIOHEHUE,
CJICAYIONIEEe HEMOCPEICTBEHHO 3a BO3MYIIECHHEM. DJTO OTKJIOHEHHE 3aBUCUT OT JUHAMHYECKHX
CBOMCTB OOBEKTA, BEIMYMHBI BO3MYIICHHS W HACTpOoeK perynsaropa. CTemneHb BO3IEHCTBUS
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 BMEIIATCIbCTBA peryiAaropa:
R —AY®@
y .
AY,
- ()

2. Tloka3aTenb «CTENEHb MepeperyIupoOBaHMs» XapaKTEPU3yeT CKIOHHOCTh MEPEXOIHOTO
nporecca Kk konebanusMm. CTeneHb TepeperylIupoBanus o, % MPEACTaBIsSeT cOOOW OTHOIICHUE
BTOpOil ammuTyasl AYy(7) kK MakcuMmanbHOM ammutyne AYi(7), BBIPRXEHHOE B TMPOIEHTAX:

_ AL 00,

AY,(7) (6)

[lepexoaubiii pouece, npu kotopom ¢ = 0, Ha3bIBaeTcs anepuoauydeckum. [Ipu Heszaryxarommx
konebanusix o = 100%, npu HeycTOHYUBOM (pacxopsiieMcs) npoiecce perynuposanus o > 100%.
VYBenuueHrne BENTUYHMHBI MEPEPEryIupoBaHUs MPUBOJIUT K YBEIMYEHUIO BPEMEHH PETYIUPOBAHUS,
HO B TO K€ BpeMsd — K  YMEHBIICHHIO  JUHAMHMYECKOTO  OTKJIOHEHUS.
OOBIYHO TIpH BBIOOpE pEryJsATOpa MPUHUMAIOT OJMH U3 TPEX TUIOBBIX MEPEXOTHBIX MPOIECCOB
pEryJIMpoBaHus: anepuogudeckuii, mpouecc ¢ 20%-HbBIM NEpeperyJInpoBaHUEM, IPOLECC C
minjAYz(z')dz'

MUHHUMAaJIbHBIM KBaJPAaTUYHBIM OTKJIOHEHUEM (T.€. o )-

3. Bpemsi perynupoBaHus Tp — ITO OTPE30K BpPEMEHHM C MOMEHTa Hayalaa OTKJIOHEHUS
peryaupyeMoro mapaMerpa OT 3aJaHHus JO €ro BO3BpAIlEHUS (C OINpeNeNeHHONW CTENeHbI0
TOYHOCTH) — 3a/IaHHOMY 3HAYEHHUIO.

4. Cratnueckas ommoOka AY cr - 3T0 OCTaTOYHOE OTKJIOHEHHE MapaMeTpa OT €ro 3aJaHHOTro
3HAYEHUS NI0CIIE OKOHYAHHUS NIEPEXOIHOTO MpoIiecca.

HeoOxonuMo paccunTtaTh BEIMYMHY JHHAMUYECKOro ko3dguimenta perynupoBanus Ry,
KOTOpasi ~ COOTBETCTBYET  JIOIYCTUMOMY  3HAQUEHUI0  MAaKCUMAaJIbHOIO  JUHAMHUYECKOTO
otkinoHeHusAY1(z). Bxomsmyo B ¢dopmyny (5) BenuuuHy u3MeHeHus mapamerpa AY . Hy)KHO
IpeBapUTENBbHO BEIUMCIUTE MO popmyse (1), Hcronb3ys A7 9TOr0 MakCHMalbHOE BO3MYILAIOIIEe
Bo3AcHCTBUCAX max ¥ KO PumEeHT epegaun oobexTa Kop.

2) 3aKOHBI ABTOMATHYECKOT0 PEryJIMPOBAHMSA:

3aKOHOM pEryIUpOBaHUS Ha3bIBaeTCAd (DYHKIMOHAIBbHAS CBSI3b MEXAY PETYIUPYIOIUM
Bo3nelicTBieM U(T) U OTKJIOHCHHEM pPEryIupyeMoro mapameTpa OT 3aJdaHHOro 3HadyeHus AY(7).
Orta (yHKIMOHAIBHAS CBSA3b MOXET MMETh PA3JIMYHbIM XapakTep W SBISETCS OCHOBOH pPabOTHI
Kaxzaoro perynaropa. [loatomy moa BbIpa)keHHEM «BBIOOp PETyNIATOpa» B MEPBYIO OdYepeib
MIOHUMAETCsl OIpeJIeIeHue 3aKOHAa pErylIupoBaHus. BbIOOp NpOWM3BOAMTCS B 3aBUCHUMOCTH OT
CBOMCTB OOBEKTA, YCIOBUM €ro pabOThl M TpeOyeMbIX IOKa3aTelied KadecTBa pPEryJIUpOBAHUSA.
[Tpuyem, yeM OTBETCTBEHHEE 3ajjaua CTaBUTCS MEPE]] PETYIATOPOM, TeM OoJiee CIIOKHBINA 3aKOH OH
JOJKEH  pealiu30oBbIBaTh, TEM IO Oojiee CIOXKHOMY 3aKOHY OH JOJDKeH paboTaTb.
[TpocTeHIMM 3aKOHOM PpEryJIMpOBaHUS SABISAETCA IO3ULUOHHBINA, IPU KOTOPOM pETYJIATOP B
3aBHCHUMOCTH OT TEKYILEro 3Ha4YeHHsl PEeryJupyeMoro napamerpa MepeKovyaeT peryaupyrouiee
BO3/ICHCTBUE C OJHOTO (PMKCUPOBAHHOTO YPOBHS Ha Apyroi. Ha mpakTuke UCmonb3yroTcss 0OBIYHO
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JIBYX- U TPEXIO3UIIMOHHBIN 3aKOHBI PEryJIUpOBaHUS, HMMEIOLIUE COOTBETCTBEHHO JIBa U TpHU
(UKCUPOBAHHBIX YPOBHS BO3IACHCTBHUS.

Matemaruueckass (GpOpMyIHpPOBKA HIICATBHOTO JBYXIO3UIIMOHHOTO PETYIMPOBAHUS HMEET
BU/I;

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

U(f) :UZ mpu AY (D) >0y Y(1)> Yo,

bonee cinoxHbie 3aKOHBI peryiupoBaHusi — nponopuuoHanbHbeiid (I1), uaterpansueii (M),
IPONOPLHOHAIBHO-UHTErPaIbHbIN (ITn) u IPONOPUHOHAIBHO-UHTETPAIBHO-
nuddepenunansusiii  ([IMJ) — ocymecTBAAIOTCS peryisiTOpaMH HENPEPHIBHOTO HIIH
UMIYJIbCHOTO JAEHCTBUS.

I[Ipy  DpomopuUMOHAIBHOM  3aKOHE  pPEeryjJupyrlee  BO3ACUCTBUE  IPSIMO
IPONOPLHUOHAIBHO OTKJIOHEHHIO napaMeTpa oT 3aJJaHHOTO 3HA4YCHUS

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

rae K, — ko3pbUIHEHT Iepeaaun peryiasaropa, SABISIONUKACS MapaMeTPOM €ro HaCTPOUKH.
Jns paboTHI [I-perynsaropa XapaKTEPHO HaJlu4ue CTaTUYECKOU OmuOKHU
perynupoBaHust AYcr.

NHTerpanbHblii 3aKOH PETYJIMPOBAHUS ONMCHIBAETCS BBIPAKEHUEM !

U(7)= Ti TAY(z')dz',

(9)

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

BeUuuHy ~ ¥ B Qopmyne (9) 3amensror Ha Kpmno aHaimoruum ¢ ¢opmynoit (8).
[Ipu >TOM 3aKOHE PEryasaTop OYyJIeT M3MEHSITH PETYJHPYIOIIee BO3JCHCTBHE 10 TEX IOD,
MOKa HE MepecTaHeT U3MEHITHhCA BEIMYMHA UHTErpala, T.€. IOKa PeTylIupyeMbIil mapamMeTp
HE BEepHETCA K 3aJJaHHOMY 3Ha4YeHWI0. TakuMm oOpa3oM, mociie 3aBepuieHUus paboTel M-
peryinsTopa craTH4eckoi omubdku He ocraercs (A4Ycr= 0).
[IponopuuonanbHo-uHTerpanbHbiid (I1M) 3akon perynupoBanus sBiasercs komOunauuei I1-
u N-3ak0HOB

U(n)=K

p .

AY (7)+ 1 TAY(T)CIT
Tuo (10)

[I-perynstop umeer nBa mnapamerpa HacTpoiiku: Kpu Ty, (nmapametp Ty Ha3bIBAIOT
BpeMEHEM H30JpoMa WM BpeMeHeM yABoeHHs). I[IpomopruoHanbHO-UHTErpalbHBIN
perynstop oOecmeyuBaeT Oojiee BBICOKOE KadecTBO perymupoBanus, dem II- u HU-
peryasatopsl. CtaTuueckoi omubku He octapiseT (4Ycr= 0).

HauGonee cCnoXHBIM 3aKOHOM PETYJIHPOBAHHS SBISIETCS MPOMOPHUOHATBHO-UHTETPAIbHO-
nuddepennnanbabiii (ITM /1), KOTOPHINA OMUCHIBA€TCS BRIpAXKECHUEM
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U(r)=K, | AY(2) + TLIAY(r)dH T, @
u 0 T (11)
rae 77— mocTosHHAs BpeMeHHW nuddepeHIUpoOBaHUS WM BpeMs IpeJABapeHH.

[MU-perynstop umeer Tpu mnapamerpa Hactpouiku: Kp, Ty, Ty OH npumeHsercs Ha
Hanbojee «TPYAHBIX» 00BEKTAX U TaM, Iae TpedyeTcs obecneuyuTh BHICOKOE KaueCTBO

dopmMa OTYETHOCTH: MUCHMEHHBIH OTYET O MMOKA3aTeIsAX KauyecTBa PETyJIUPOBAHUS, 3aKOHAX
ABTOMAaTHYECKOTO0 pEryJMpOBaHUs C HCHOJb30BaHUEM ¢GopMyn (Ha KOHKPETHBIX
npumepax).

OcHoBHas JuTeparypa:

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

2) benses, I1.C. Cucrembl ympaBleHHs TEXHOJOTHYECKUMHU MpoIeccaMu: ydeOHoe mocodue /
I1.C. bensieB, A.A. bykun; MunuctepctBo oOpa3oBanuss u Hayku Poccuiickoit ®Deneparmm,
@OenepalibHOE  TOCYJApPCTBEHHOE  OIO/KETHOE  00pa3oBaTeNbHOE — YUPEKJICHHE  BBICIIETO
npodeccuoHaIbHOro 00pazoBanus «TaMOOBCKHIA TOCYJapPCTBEHHBIN TEXHUUECKUN YHUBEPCUTETY. -
Tam60sB: U3gateasctso ®I'BOY BIIO «TT'TY», 2014.-156 c.

JlonoHUTeIbHAS JIUTEPATYpA:

1) YupaBneHue TeXHUUESCKUMH cucTeMaMu: yueOHnoe 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: BopoHexckuii rocy1apcTBEHHBI YHUBEPCUTET UHKEHEPHBIX TexHomoruid, 2012. - 208c.

KOHTpOIbHbIE BONPOCHI /1151 CAMOIIPOBEPKH
1) ITokazaTenu kauecTBa peryIupoBaHUS;
2) 3aKOHBI aBTOMATUYECKOT'O PETYIUPOBAHUS.

JladopaTopuasi padora Ne 4 (B 00beMe 6 4acoB).

Tema: MMPOCKTUPOBAHUC SJICKTPUUCCKUX H IJICKTPOMCXAHUYICCKUX YCTPOﬁCTB.

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

Xom paboThI:
DNeKTpUUecKue U DJICKTPOMEXaHUYECKHUE YCTPOWCTBAa  (DIIEKTPOJABHUTATENN, TSATOBBIE

AIIEKTPOMArHUThl, 3JIEKTPOMEXaHUYECKHE peJie, IPOCCeNd, TpaHCHOpMaToOphl U ZIp.) COAEpKaT
KaTyIIKd M3 OOMOTOYHOIO MpPOBOJIA M MAarHUTONPOBOABI (CEPIEYHUKH) M3 MarHUTOMSTKHX
MaTepuaioB. B mpoiiecce KOHCTpyHpOBaHUS HEOOXOAMMO OINpPEAETUTh OCHOBHBIE pa3MEpbl 3THUX
YCTPOMCTB, MOTOYHBIE JaHHbIE KaTylIeK, BbIOpAaTh MaTepualibl CEpACYHHUKOB U pa3padboTarhb
KOHCTPYKTOPCKYIO JOKYMEHTAaIlMl0 Ha JTH wu3aenus. Pa3zpaboTka KOHCTPYKIMM U3JEIHHA C
00OMOTKaMU HMEET psiji OCOOCHHOCTEH W MPEACTaBISIET ONpe/AeiCHHble TPYAHOCTH. B naHHOM
paszzenie Mbl pPacCMOTPUM OCHOBHBIE NPHUEMbl KOHCTPYMPOBAHUS TaKUX H3JEIUI Ha mpuMmepe
TpaHchopMmaTopa 1 3JIEKTPOMArHUTA.

TDaHCd)ODMaTODBI IHUPOKO HNPUMCHACTCA B CCTCBBIX HCTOYHHUKAX NHUTAHHUA, a TAKKC IJIA
IIUTaHUuA ,[[BI/II‘aTeJICI\/JI MNEPEMCHHOTO TOKa, IJId paGOTLI SJICKTPOMCXAHUYCCKUX PCJIC, yCTpOfICTB
CUTHAJIM3alluu, i1 OCBELICHHUS PEKJIaMHBIX IIMTOB, HOBOTrOJHUX enok u T.1. [Ipexnae Bcero,
HEOOXOUMO ONPEIEIUTh NEKTPUIECKUE MmapaMeTphl Tpanchopmartopa. [IpuHiunuanbpHas cxema
ero mpuBeneHa Ha puc.2.17. Ha cxeme o6o3Haueno: ~U; - HanmpsDKEHUE CETH MEPEMEHHOTO TOKa
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(HampspKeHWe Ha TepBUYHOM 00MOTKe); ~U; - mepeMeHHOEe HampsKeHHE 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 mpeobpasyer HampspkeHue cetu Up, mojaBeZeHHOE K kiemmaMm | 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 HanpsbkeHue U2 ObiBaer Menblie Ujg, U

TparncGOpMaTOp HA3BIBAIOT MOHMKAFOIIINM.

U ow Y ICw. FU- | R,

Py
iy

Puc. 2.17. IlpHHOBOHATEHAA CXeMa TpaHcdopMaTopa

OTHoleHuEe 1EHCTBYIOMNX HANPSKEHUI
n=U; /U 2

Ha3bIBAIOT KOA(hPHuIHeHTOM TpaHChOpMaITUH.

[Ipumep. PaccunraeM anexkTpuueckue nmapameTpsl Tpanchopmaropa Jijisi MAarHUTOIPOBOA U3
cTangapTHbIX MiaactuH lII-o0pa3Horo Tuma, KOTOpbIE HM3rOTAaBIMBAIOT M3 3JIEKTPOTEXHUYECKOH
ctanu. ®opma MIacTUH U UX pa3Mepbl IpuBeeHbl Ha puc. 2.18 u B Tabnune 2.4.

3 - Puc. 215 I-o06pasHble TNACTHHEE] CEPIETHHES
Tpadchopmatopa 1)- dopuoofpasyeead InasTHHE,
2) - saMBIaROL & IIACTHHA, 3) - “0EHO © CepgedHHEA.
/ [ ]
1 ] | Tabmina 2.4
1 ,r”j DbozHaYEHHE Pazueprl, nn
L TLIacTHH ry C L
e I 116 16 a 43
1134 24 12 T2
1132 32 16 6
=i % 11140 40 20 120
=|° 148 43 24 144
— 11152 52 26 156
LII60 &0 30 120
ynDOH.[CHHLIfI IIOPA 0K pacycTa IIapamMCcTpOB TDaHCd)ODMaTODa, pur OZ[HBIﬁ

JTFOOUTENBCKOM MPaKTHKH, CIIETYIOLIHIA:
1) ompenensoT BEIXOJHYIO MOLTHOCTh TpaHc(hopMaTopa

Psbzx:UZ /IZ

rae Pgux - BBIXOJHAsE MOLIHOCTh Ha Harpyske, BarT; Up - AEUCTBYIOIIECE HANIPSIKEHHUE,

BOJIbT; I - IEMCTBYIOIIEE 3HAUEHUE CUJIBI TOKA, aMIIEp;

2) BBIYUCISIOT IUIOIA/Ib CEUCHHSI CepeUHNKa TpaHchopmaropa (B cm?)

JUTSL
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Scep():Oa 1 ) Pebzx; (CMZ)

3) MO TOIYYCHHOMY 3HAYEHMIO Scepy BBIOMPAIOT pa3sMephl CEpICYHUKA: 3aaI0TCS
NIMPUHON MJIACTHH A U ONIPENeNSIOT TOMIUHY Habopa B o hopmyre

B=Scepo/4, (cm)

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

W=40/ Scepa
5) HaXOJAT YUCIIO BUTKOB IMEPBUYHON OOMOTKH:
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

(mporox I123B-2) mist paHcdopMaTOpOB MOMIHOCTBIO Py < 100 Br;

8) ompenensoT TuaMeTp IpoBOJa BTOPUUHON OOMOTKH:
d2=n-d12(MM)
rje n - ko3QPUnueHT TpaHchopmalu, KOTOPIF MOXKHO ONPEACIUTH 10 hopmyIie:
n=W, /W2

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

®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 MEPEMEHHOI0 TOoKa (HaIlpshKeHHe Ha IIepBUYHON 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 ympaBieHHs TEXHOJOTHUYECKUMH Tpoleccamu: ydeOHoe mocodue /
I1.C. bensieB, A.A. bykun; MunucrepctBo oOpa3oBaHusi ¥ Hayku Poccuiickoit ®Denepannw,
OdenepallbHOE  TOCYJApPCTBEHHOE  OIO/DKETHOE  00pa3oBaTebHOE  yUPEKICHHE  BBICIIETO
npodecCHOHAIBHOTO 00pa3oBaHus «TaMOOBCKHI TOCYIapCTBEHHBINH TEXHUYECKUA YHUBEPCUTET. -
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 rocyJapcTBEHHBIN YHUBEPCUTET HHXKEHEPHBIX TexHonoruii, 2012. - 208c.

JlaGopaTopHasi padora Ne 5 (B o0neme 6 4acoB).

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

B TeXHHWYECKUX YCTPOMCTBaX, B TOM YHCIE M MX MOJCIAX, B Ka4eCTBE HCIOJHUTCIBHBIX
YCTPOMCTB YaCTO MCMOIB3YIOTCS 3JIEKTPOMArHUTHI MOCTOSIHHOTO TokKa. CXema OJIHOrO M3 TaKHX
3JICKTPOMArHuTOB NpUBecHa Ha puc. 2.21.

3 - .5 Puc. 2.21. KoHCTpYKTHEHAA CHEMA

[
4 ", -
B y o S 3MEKTP OMATHHTE
S BN e I i ] 1) BTEH 0 AKOPE, 2) CEpJEHHHE
to——rrHiEE B ]~ MATHHTOIPOE 00, 3) Ap Mo (KPEIIFA)
| ] [ JI' . CERIENHHEA,
¥ “I i J, ﬂl—_ 4) Kaprac FaTyLUEH, &) 06MOTHA KaTVIIHH
! ¥ :]’ ka/ Hl |
- o =S
W 3 __,#"f'x [ e
. ",
& N P \x\
/ - 2
30 T,L
17 “’-*

SIKOpB W CepIeYHHK MarHUTONPOBOJA MOTYT OBITH MPSMOYTOJIBFHOTO HIIM KPYTJIOTO CEYCHUH.
OHu MoryT OBITh M3TOTOBJECHBI M3 CIUIONIHOTO MaTepuana Wi HaOpaHbl U3 IUIACTUH
AIIEKTPOTEXHUYECKON CTaJIM MOJI0OHO CepAEUHUKY TpaHC(HOPMaTOPOB.

3aaya TPOEKTUPOBAHMS - TI0 3aJJaHHOW CHJIE CONPOTHUBIICHUS HCIIOIHUTEIHLHOTO MEXaHU3Ma
F., n xony sixops ly onpenenuts HEOOX0AMMOE TATOBOE ycuiine F U KOHCTPYKTHBHBIC MapamMeTphl
anekTpomarHuta. TsroBoe ycunue F co3zmaercss MarHUTHBIM MOTOKOoM D, MPOXOIMIIMM uepe3
CEep/ICYHUK MArHUTONPOBOJA W BO3MYLIHBIH MPOMEXYTOK JIuHOW lp U BO30YXKIaeMbIM TOKOM
00MOTKH 3nekTpomarHuTa .

Cuia F B HBIOTOHAX MOXKET OBITH omnpeziesieHa mo Gopmyne MakcBemia

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

riae So - CeYeHHe BO3IYLIHOrO MPOMEKYTKa, M°; Bg - MarHWTHas MHIYKIMS B BO3LYIIHOM
3a3ope, TJ1 (Tecna); [lg - MarHUTHAsE TPOHUIIAEMOCTh BaKyyMma, paBHAass MAarHUTHOW TIPOHUIIAEMOCTH
BO3/IyXa, [lg = 4[] - 107 ra/m (rerpu/MeTp). YUuThIBas, 4TO B PAIMOHATU3UPOBAHHON CHUCTEME
MKCA (metp, kr, c, a) Tecia uMmeeT pa3MepHOCTh | Bebep/A, dopmyny 2.37 ¢ HeOOmbIION
MIOTPEIIHOCTBI0 MOKHO 3aITCaTh B BUJIC

F=4.10°S¢-Bo (2.38)

Jns nonHocthio BTsAHyTOro sikops (lo = 0) cunma ynepskanuss maruuta Fy B HBIOTOHAX
ompeneauTcs o popMmyie

F,=S-B%/(2-0,) (2.39)
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rae S - cedyeHHe MAarHuToONpoBOAa, Mp; B - uHAyKIus B MaTepuane cepAcuHUKa
MarHuTONpoBOAa, T1; [, - abCOMOTHAsS MarHUTHAsI IPOHUIIAEMOCTh MaTepuaia CepAeuHUKa, 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.

Tabmuira 2. 5.
(OTHOCHTENE Had Mar HHTHAA OpoHHIAEMOCTE
feppo Mar BHTHHE MaTepHATOR
H, A Fe M o
B, Tn Hs zrfae | B, T i anfa | B, T Mo ZHIAL

a0 0,50 5800 0,05 620 - -

400 1,10 1230 0.45 260 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 62 0,8 78

Nunyknust Bp B BO3MYIIHOM TPOMEXKYTKE OIMPEACISETCS MO0 MarHUTHOMY MOTOKYy @ 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.

3HadyeHue B OepyT U3 TabmuI] MM HAXOAAT MO KPUBOW HaMarHMYUBaHMs MaTepuana (puc. 2.22),
KOTOpPBIN 3aMMCTBOBaH U3 JIUTEpaTypsl [21].
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Fuc. 222 KpHBEBIe HAMATHHUME AHHA pASTHYHBI MATEpHANOE

Jlns  co3maHMsl MarHdTHOTO TOTOKa HEoOXOoJWMa HaMmMarHuuyuBaromas cmia Fy
(marauTonBuraromas cuwia, MJIC), KOTOpyro OmpenenstoT MO 3aKOHY MOJHOTO TOKa JUIs
MarduTHOU Ienu

x
H.= Z Hi by = w i (A wumios)
fal (2.43)

rae H - HampshpkKeHHOCTh MAarHUTHOTO TOJI HA y4acTKe MarHUTHOW uenu, A/m; | - mimHa
MarHUTHOW CHJIOBOW JIMHWUU HA y4acTKe, M; W[ - YUCJI0 BUTKOB OOMOTKH KaTymiku; I - cuia Toka B
00MOTKE 2JIEKTpOMAarHuTa, A; i - HoMep ydacTka 1enu. [[as paccMaTpuBaeMoro 31MeKTpoMarHiuTa

Fu=2H L +2H L vt Hals+Helyg + Hodyp =w il (2.44)

BenuunHy HanpsykeHHOCTH MarHUTHOrO noiisi H HaxonsT ans KakKaoro yd4acTka MarHUTHOM
Lenu Mo KpUBBIM HamarHuuuBaHus (puc. 2.22). Ecnu matepuansl cepieyHHKa pa3ivyHbl s
KaXKJO0r0 y4acTKa LIeTH, TO BEIMYMHY MarHUTHOM MHAYKIMU O€pyT HECKOJIBKO MEHbIIEe MHIYKIIUU
HACBILIEHMS, T.€. 4yTh HMIKE "KojeHa" KpuBoW HamarHmuuBaHus. Hampumep, mis cranmm 3330
3HaueHne B yno0Ho B3sTh B npeaenax 0,9...1,0 T, ansa muro# cramu - 0,7...0,8 17, a 1151 gyryHa -
0,4...0,6 Ti.

BenuunHy Hanps>KeHHOCTH MarHUTHOTO IOJISE B BO3AYIIHOM IPOMEXKYTKE ONpPEENSIIOT IO

bopmyne

Ho= 08 10°- By (A/rd). (2.45)
Yuciio BUTKOB O6MOTKI/I W Uiun CUIIy TOKa 1 HaxogdaAT U3 (pOpMy'J'ILII
w=F, /| (2.46)

Jlmamerp mpoBoja s HAMOTKH KAaTyIIKU DJIEKTPOMAarHUTa HaXOMST MO MPUOIMKEHHON
dbopmyre

dep= 1,14 V{17 Ay, (2.47)
rjae [1)- momycTumasi TNIOTHOCTh TOKa B A / MM (st menu [1)=16 A/MMZ, U1 aJIIOMUAHUSA - [
= 4 A/mn?).

Ilo nalineHHpIM BenmuunHaM W M dy, HAXoAT UIMHY HAMOTOYHOro mposojaa Ly, um pasmepsl
KaTyIIKH, a TaKXKe YTOUHSAIOT (POpMy CepJedYHHKAa MarHUTONpoBoja. Temephb, 3HAs NIUHY U
JUaMeTp MPOBOJIA, a TAKXKE €ro MaTepual, OMpelessioT CONPOTUBICHHE HAMOTOYHOI'O MPOBOJA IO

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
conpotusiieHus 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 AyekTpomarHuta. B atom ciydae cuny F paccuuthiBatoT Tak, uroost 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
OPUMEHSIOT 3JIEKTPOMAarHUTHI, padoTaromKe Ha MEpPeMEHHOM Toke ¢ dactoro 50 ru. B stom
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 KOHIE) U "oleBaloT" Ha HEro KOPOTKO3aMKHYTBIN
BUTOK U3 MeAHW WK u3 JatyHu. [lepemenHas cocrapisromnias taroBoro ycuiust F casuraercs mo
BPEMEHH U BUOPALIMS YMEHBIIIAETCS - COOTBETCTBEHHO, YMEHbINIAETCS "TyIeHue" AIeKTPOMarHuTa.

[pumep. OnpenenuT KOHCTPYKTUBHBIC TapaMETPhl AeKTpoMarauta (puc. 2.20), eciiu X0
skopsi lp = 15 mm, F, = 12 H, MarHUTONpOBOJ MarHuTa COCTOMT W3 JHCTOB cramu 2330
—e — o — 2 e — 2
MPSIMOYTOJIBHOTO ceueHus S; = Sy = S3 = 2 ¢M”, AKOphb ceueHueM S, = Sp = 3 ¢cM” M3TOTOBJICH W3
CIIJIOIIHOIO JUCTA CTAJIH.
[TocnemoBarenbHOCTD OMPEICICHUS KOHCTPYKTUBHBIX ITapaMETPOB.

1. 3aHaIOTC$I NpCaABAPUTCIIbHBIMU pa3MEpaMi MAIrHUTOIIPOBOdA:

L,=2-1p=2-15=30mm; L =1, +1y=45 mn;
L= L5 15 =4515= 68  1,=ls/ 2= 34 rane

2. Haxonsat tpedyemoe ycunue F anekrpomaruura:
F=15-F,=15-12=18H.

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

F F
Bo= = . = 03852 0,4 mm
4.10°.3, Y4 10°.3.10

4. OmnpenensitoT MarHUTHBIA MOTOK B CEPACYHUMKE MarHUTONpPOBOAa Mo ¢Gopmylie
(2.41)

@ =By Sp=0,385-3-10%=1,2 10%¢0.

5. HaxonaT 3HaueHHe MarHUTHOM HUHAYKOWUU U KaXKI0ro U3 y4aCTKOB MarHUTHOM
OCIIN:

4
5 2107
—4
Buz E:ﬂ:ﬂ}djm_
3, 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

K
Fm =Z. H1'£1'=
i=l
:2Hj£;+2H2£2+H3£3+H¢£¢+H.;|£@:
=2.110-0,034 + 2-110- 0,045 + 110- 0,068 + 90- 0,03 + 0,32-10% 0,015 =
= 4527 A amros

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

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

9. loxacrasnsisi B popmyny 2.47 moiiydeHHBbIC paHEE 3HAUYCHMS, HAXOMAT JUAMETP
poBOJA:
i 2
dp=114 |— =114 \/j = .66
g &
OCHOBHBIE XapaKTEPUCTHUKH ICKTPOMArHNUTa, TAKIM 00pa30M, ONpeIeIICHBI.

dopMa OTYETHOCTH: pemenue 3ama4u B IJICKTPOHHOM H 6yMa)I(HOM BapuaHTax II0
NCXOJHBIM JaHHBIM.
I/ICXO,I[HLIC AAHHBIC JJISI TPOCKTHUPOBAHUSA DJICKTPOMATIHUTOB

Tocneonss yugpa 3auemru 1|2 3 4 1516 (78|90
Xon sikops lo, mm 2 |1 15 |25 5 (1015|118 | 25 |30
Cwite cOnpOTUBIICHUS UCTIOTHUTEIHHOTO 115 10 | 18 (48| 5 |10|15| 14 | 27
Mmexanusma F,, H
MarauronpoBoja MarHuTa llepmannou Jlumas Cmane 3330

H4511 cmans

MarnuTonpoBoJ MarHuTa MpsIMOYroJIbHOTO 4 |15 6 4 |45 2 | 5|6 |55| 6
ceuenust 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 jJecoTexandeckas akagemus, 2010. - 55c¢.;

2) bensies, I1.C. Cucrembl ynpaBieHHs TEXHOJOTHUECKUMHE Tpolieccamu: yueonoe mocooue / I1.C.
benseB, A.A. bykun; MunucrepctBo oOpazoBanuss W Hayku Poccuiickoii ®Denepanuw,
OenepallbHOE  TOCYJApPCTBEHHOE  OIO/DKETHOE  00pa3oBaTebHOE  yUPEKICHHE  BBICIIETO
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npodecCHoHAIBHOTO 00pa3oBaHus « TaMOOBCKHI TOCY1apCTBEHHBI TEXHUYECKUM YHUBEPCUTET. -
Tam60B: U3garensctBo ®I'BOY BIIO «TT'TY», 2014.-156 c.

JlonojHHUTEeNbHAA JUTEPATYPA:

1) YnpasieHnue TeXHUYECKHMMHU cucTteMamu: ydeOHoe mocooue/E. b. Bynsko, K. M. Mema, E. T.
Mypaues u ap.; Ilox pen. B. Y. Xapurtonosa. - 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 UH®OPMAIIMOHHBIX TEXHOJIOFI/Ifl, HUCIHOJIB3YEMBIX IIPA
OCYHIECTBJIEHUU OBPA30OBATEJIBHOI'O ITPOLHECCA 110 JUCIHUIIJIMHE

1. Microsoft Imagine Premium (OC Windows 7 Professional);

2. Microsoft Office 2007 Russian Academic OPEN No Level,

3. Kaspersky Endpoint Security ms 6usneca - Pacimpennsiii Russian Edition. 1000-1499

Node 1 year Educational Renewal License.

11. OMUCAHUE MATEPHUAJIBHO-TEXHUYECKOM BA3bI, HEOBXOJINMOM
JJIs1 OCYIIECTBJIEHUSA OBPA3OBATEJIBHOI'O ITPOLHECCA ITO AMCIUIIJIMHE

Buo Haumenosanue Ilepeuenv ocnoenozo Ne JIk, JIP
3anamus ayoumopuu
0bopyoosanus

1 2 3 4

JIk JlexuMoHHas ayguTOpUs WNHTepakTuBHAsA AOCKa Ne 1- Ne 5
(MynbTUMETUNHBIN KIIACC)
JIP nucruieiteii kinace ¢ qocrynoM k cetn | 1K knacca Ileatuym — 10 mr. Ne 1-Ne 5
WHTEPHET

CP u3-1 - -
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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
pEryJIMPOBAHMS.

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. Knaccudukamus 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
PUTEBHO | O0YYaOLIEMYCs, €CIIU 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, JOCTATOYHBIE
000py10BaHUS. JUIS JAJbHEUIIETO YCBOSHHS MaTeprala;
HMMEJIUCh 3aTPYIHEHUS WIH TONYIIEHbI
OLIMOKH B ONpPENIECICHNH MTOHATHH,
WCIIOJIb30BAaHUH TEPMUHOJIOTHH,
UCIIPABIICHHBIE I10CIIE HECKOIBKHUX
HAaBOJSIIUX BOIPOCOB MPENOJaBaTENS.
HeyJI0BJIeT- | 00ydJarouuiics JeMOHCTPUPYET MOJTHOE
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 «YTpaBJICHHE TEXHWUYSCKUMHU CUCTEMaMH» 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 YIIPABICHHUS MPOMBINUICHHBIM 000pya0BaHHEM, 3) THOKHE
IIPOU3BOJICTBEHHBIE CUCTEMBI U THOKUE MPOU3BOACTBEHHBIE MOAYIIH.

IIpy moaroTroBke K 3K3aMEHY PEKOMEHAYeTCsl 0co00€ BHHUMAaHHE YAEIUTH CIEeIyHOIUM
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 BOIPOCOB, PEKOMEHAYEMBIX sl JJa0OpaTOpHBIX padoT, a TakXke MpH
HOJArOTOBKE K JK3aMeHy TpeOyeT OCHOBaTEeIbHOM CaMOCTOSTEIbHONH MNOArOoTOBKH. OCHOBHOM
LEJIbI0 CAMOCTOATEIHHON paboThl 00yUaIOUINXCA SBISIETCS 00yUeHNE HaBbIKaM pabOTHI C HAYYHO-
TEOPETUYECKON JIMTEepaTypoll W NPAaKTHUYECKUMHU MaTepuallaMd, KOTOpble HEOOXOIUMBI s
yrIyOJIEHHOTO M3y4eHUsl JUCHHMILTUHBL. CaMoCTosTeNbHas paboTa P OBOIUTCS AJISI TOTO, YTOOBI
oOyuaroluiicss yMen caMOCTOSITeNIbHO HM3ydyaTh, aHAJIW3UpOBaTh, IepepadaTbiBaTh W H3JIArarhb
M3yUYCHHBIM MaTtepuayl. YUUThIBas 3HAYUMOCTh CAMOCTOSITEILHOM paboOThI, TUTEpPaTypa, BOMPOCHI
JUIS CaMOIIPOBEPKH - B pa3zaenax «lIpakruyeckas pabora» u «PoH/ OLIEHOUHBIX CPEACTBY.

Pabora ¢ nurepatypoit sBusieTcs 00si3aTenbHON. [Ipyu 3TOM NMPHUBETCTBYETCS MPHUBIICUYCHUE
JIONIOJIHUTEIBHBIX HCTOYHUKOB U3 VHTepHeTa. B ciiydyae BO3HMKHOBEHHUS ONPEIEIEHHBIX BOIIPOCOB,
00yJaromuicss MOXET OOpaTUTHCS K IPENoJaBaTelNlio 3a KOHCYJbTalMel Kak Ha JabopaTOpHBIX
paboTax, TaKk ¥ BO BpeMs MHIUBUAYaJIbHBIX KOHCYJIbTAIIUH.

[IpenycmoTpeHo npoBeieHNe ayAUTOPHBIX 3aHATUI B BUJE JICKIUH, JJAOOPaTOPHBIX paboT B
COYETaHUU C BHEAYJUTOPHOM 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 HIPUHIOMIIOB IIOCTPOCHM:A, aHAlIM3a 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 Tpy10eMKOCTh TUCIUILIMHBI cocTaBsieT 144 yac., 4 3a4eTHBIX €AUHUIIBI.
2.2 OCHOBHBIE pa3/ielibl TUCHUTUIHHBIL:
1 — ABTOMaTU3UPOBAHHBIE CUCTEMBI YIIPABICHUS,
2 — CucteMsl yIpaBJIeHUS TEXHOJIOTHYECKUM 000PYA0BaHUEM.
3. [Inanupyemble pe3ybTaThbl 00yueHHs (MepeyeHb KOMIETEHIIUI)
[Iporiecc u3yueHust TUCIUILIMHBI HAIIPABJICH HA (POPMUPOBAHUE CIICTYIONTUX KOMIIETEHITUH:
[1K-4 - ctocoOHOCTH B COCTaBE KOJUIEKTHBA HUCIIOTHUTENEH y4acTBOBaTh B pa3paboTKe

KOHCTpWTOpCKO-TGXHH‘IGCKOﬁ JAOKYMCHTAIIMKU HOBBIX UJIW MOACPHUSUPYCMBIX O6p33HOB Ha3€MHBIX
TPAHCIIOPTHO-TCXHOJIOTUICCKUX MAIIMH 1 KOMILJICKCOB.

4. Bux npoMeKyTOYHOI aTTecTallMu. SK3aMeH.
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Ipunoxenne 3

IIpomoxon 0 0ononnenusx u usMeHeHuAX 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.

49




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.

KonTpoabHoe 3aganune Nel.

1. HazoBHuTE OCHOBHEIE 3TAITbI pa3BUTHA, COBPEMCHHOC COCTOAHUC U ICPCIICKTHUBLI pa3BUTHA TCOPUHU

ABTOMATHYCCKOI'O YIIPABJICHUA.

2. HpI/IBeI[I/ITe IIPpUMCEPLbI HpOCTGﬁH.IHX CUCTEM aBTOMATHUYCCKOI'O YIIPABJICHUS.

3. B uem NpeuMynieCTBa NpUuHOUIIA PETYJIIMPOBAHUS 11O OTKJIOHCHHUIO IIEPECA PCTYJIUPOBAHUEM I10

BO3MYILEHUIO?

4. Ha30BUTE OCHOBHBIE 3JIEMEHTHI CXEMBI CUCTEMBI YIIpaBJICHU. Brigenute B HpOCTeI‘/‘II_Heﬁ CHUCTEMC

ABTOMATHYCCKOI'O YIIPABJICHUA 3TU 3JICMCHTBI.

5. I[aﬁTe XapPaKTCPUCTHKY OCHOBHBIX PCTYIIAPHBIX CUTHAJIOB, UCITIOJIB3YCMBIX IJId UCCIICAOBAHUA

CUCTEM YIPaBIICHUS.
6. Kakas cucrema Ha3bpIBaeTCS JIMHEHHON?

KonTtpoubHoe 3axanne Ne2.

[Tono6path 0HY U3 CUCTEM yNpaBiIeHUs (PETYIUPOBaHNS) B MAITMHOCTPOUTEIBHOM
npoMbInuieHHOCTH. [IpuBecTr ee QyHKIIMOHATBHYIO CXEMY, JaTh MOAPOOHOE ONMHMCAHUE CUCTEMBI 110

CIEeNYIOLIEMY IUIaHy:

1) mepeunciInTh BCE AIIEMEHTHI CUCTEMbI: 0OBEKT YIpaBiIeHUs (PEryIupOBaHus), yIpaBisioliee
yCTPOMCTBO, MpeoOpa3zoBaTen, 3IEMEHT CPaBHEHUS, UCTIOJHUTEIbHBI MEXaHU3M (3JIEMEHT), 1aTUHK;

2) 1aTh aNroOpUTM YIPaBJICHHUS;

3) onucaTh CUTHAJIBI, IEUCTBYIOIINE B CUCTEME: 3aJJal01lee BO3/IEHCTBHE, BO3MYILAIOIIEE
BO3JICUCTBHE, YIIPABJISAIONIEE BO3ICUCTBHE, OITMOKY CHCTEMBI, BBIXOIHON CUTHAIT JAaTYHKA;

4) cOCTaBHUTH CTPYKTYPHYIO CXeMy (TIOKa3aTh BCE SJIEMEHTHI M CUTHAJIbI);

KonTpoubHoe 3ananne Ne3.

PackppITh Cieayronyo TeMy COTJIacHO OJJTHOMY U3 BHIOpPAHHBIX BapHAHTOB!

. JlaTuuku naBneHus.

. Jaruuku pacxona.

. JaTuvkn ypoBHS.

. DIIEKTpUYECKHUE IBUTATEIN.

. Ycunurenu.

. [THeBMOIBUTATEIIH.

. JlaTunku nepeMenieHus U mojoKeHus.
. JlaTuvku TeMIiepaTypsl.

. 'maponpuBosbl.

0. JIaT4uKu CHUIIBL.

— O 00 1NN AW~
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IIporpamma cocTaBieHa B COOTBETCTBUU C (elepalbHbIM T'OCYAAPCTBEHHBIM 00pa30BaTEIbHBIM
CTaHJapTOM BBICIIEr0 0Opa3oBaHus MO HampasieHuto noarotoBku 23.03.02 HazemHble TpaHCIIOPTHO-
TEXHOJIOTHYECKUE KOMITIEKCHI 0T «06» mapta 20151, Nel162

st Haoopa 2015 roaa: u yueOnpiMu manamu @I'bOY BO «bpl'Y» mis ouHoii Gopmbl oOydeHus OT
«13» uronst 20151, Ne 474, nns 3aounoit hopmbl 00yueHus ot «01» oktsiops 2015 1. Ne 587;

st Haoopa 2016 roaa: u yueOnbivu maHamu @I'bOY BO «bpl'Y» mis ouHoii Gopmbl oOydeHus OT
«06» wmions 2016r. No 429, nna 3aounoii ¢opmbl oOyueHus ot «06» umions 2016 1. Ne 429; mus
ycKopeHHOH (popmbl 00yueHus oT «06» uroHs 2016r. Ne 429.

st Haoopa 2017 roaa: u yueOHbiMH Ttanamu OI'BOY BO «bpl'Y» mnst ounoit hopmbl 00ydeHuUs OT
«06» mapra 2017r. Ne 125, nnst 3aounoit ¢opmbr oOyuenus ot«06» mapra 2017r. Ne 125; s
ycKopeHHOU GopMbl o0ydenus ot «04» ampens 2017r. Ne 203.

st Haoopa 2018 roaga: u yueOnpivu manamu @I'bOY BO «bpl'Y» mis ouHoii Gopmbl oOydeHus OT
«12» mapra 2018r. Ne 130, anst 3a0unoit popmer 00yuenus ot«12» mapta 2018r. Ne 130.

IIporpammy cocraBui:

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

Pabouas mporpamma paccMoTpeHa u yTBEpKACHA Ha 3aceqannu kapeaps CJIM
ot «__ » nekabps 2018 r., mporokon No

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

W.o. 3aBenyromero kadeapoit CIIM K.H. ®urypa
JupexTop OUOIMOTEKH T.®. CoTHuk

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

[Ipencenarens metoauueckon komuccuu MO I'.H. IInexanos
COI'NTACOBAHO:

Hauvanbeauk

y4eOHO-METOJUUECKOTO YIPaBICHUS I'.II. HexxeBen

Perucrpanuonnsiii Ne
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