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JIucT aktyanusanuu padoueii nporpaMmbl

Pabouast mporpamMmma repecMoTpeHa, 00CcyKaeHa u 0100peHa s peanuzamnuu B 2022 - 2023
y4eOHOM roly Ha 3aceaHuu Kadeapbl [OpHBIX MAIllMH U TPAHCIOPTHO-TEXHOIOTHIECKHX

IIporokomor 20 1. Ne

3aB. kadeapoii A.M. MaxuToB

Pabouas nmporpamma nepecMoTpeHa, oocyxkaeHa u ogodpena st peanuszanuu B 2023 - 2024
y4eOHOM roy Ha 3aceqaHuu Kadeapsl ['OpHBIX MAaIIWH U TPAHCIIOPTHO-TEXHOJIOTHUECKUX

[IpoTrokonm oT 20 . Ne
3aB. kadeapoii A.M. MaxwutoB

Pabouas mporpamma nepecMoTpeHa, 00cyxaeHa u ogodpena st peanmzanuu B 2024 - 2025
y4eOHOM rojy Ha 3aceqaHuu Kadeapbl ['OpHBIX MAIIWH U TPAHCTIOPTHO-TEXHOJIOTHUCCKUX

[Iporokom ot 20 . Ne

3aB. kadeapoii A.M. Maxuros

Pabouas mporpamMmma repecMoTpeHa, 00CyKaeHa u 0100peHa s peanuzanuu B 2025 - 2026
y4eOHOM roJly Ha 3aceaHuu Kadeapbl [ OpHBIX MAIllMH U TPAHCIOPTHO-TEXHOJIOTHICCKHX

[Iporokom ot 20 1. Ne

3aB. kadenpoii A.M. MaxuToB

Pabouas mporpamma nepecmMoTpeHa, odcyxieHa u ogoopena st peanuszanuu B 2026 - 2027
y4eOHOM T'oJly Ha 3aceaHuu Kadeapbl [ OpHBIX MAIllMH U TPAHCIOPTHO-TEXHOJIOTHISCKHIX

[Iporokom ot 20 . Ne
3aB. kadenpoii A.M. MaxuToB

Pabouas mporpamma nepecMoTpeHa, 00cyxaeHa u ogoopena st peamsanuu B 2027 - 2028
y4eOHOM rojy Ha 3aceaHuu Kadeapbl ['OpHBIX MAIIWH U TPAHCTIOPTHO-TEXHOJIOTHUECKUX

IIporokomor 20 . Ne
3aB. kadenpoit A.M. MaxuToB

Pabouas mporpamma rnepecMoTpeHa, o0cykieHa u ooopena it peanmsanun B 2028 - 2029
yueOHOM rojy Ha 3aceqaHuu Kadeapbl ['OpHBIX MAIIWH U TPAHCIIOPTHO-TEXHOJOTHUECKUX

IIporokomor 20 1. Ne

3aB. kadempoii A.M. MaxuTos




1 Iles1u ocBOEHUSI I CHMTLTHHBI (MOLYJIs1)

[lenpto  AWCHMIIIUHBI ~ SBISIETCS  (OPMUPOBAHWE y  CTYJACHTOB 3HAaHUH  TIO
MIPOrpaMMHUPYEMbIM KOHTPOJUIEpaM, MPUMEHIEMbIM B aBTOMATHU3UPOBAHHBIX ITPOU3BOICTBEHHBIX
Mpolieccax TOPHBIX NPEANPUATAA M TEXHOJIOTMYECKUX KOMIUIEKCaX, a TaKXkKe YMEHUH HuX
WCITOJIb30BaHHUS B IIPOEKTHBIX PEIICHHUIX.

2 MecTo qUCHMIIIMHBI (MO1YJIsI) B CTPYKTYpe 00pa30oBaTe1bHOI POrpaMMbl

Hucuurmumaa  IIporpamMupyemble  KOHTPOJUIEPHl B CHCTEMax  aBTOMAaTH3aIUH
IIPOM3BOJICTBEHHBIX IIPOLIECCOB BXOIUT B YacTh y4yeOHOro IjiaHa (GOpMHUPYEMYIO YYaCTHHUKaAMU
00pa3oBaTeNbHBIX OTHOLICHUH 00pa30BaTEIbHOIN IPOTPAMMBI.

Jns  W3yd4eHus  JUCLUIUIMHBL  HEOOXOOUMbI  3HaHUS  (YMEHMs,  BIJIAJICHUs),
cOpMHUPOBAHHBIC B PE3YJIbTATE U3YyUCHHS AUCIUTUTUH/ IPAKTUK:

IIpoexTpoBaHHe W pacyeT CHENAIIUX CHCTEM T'MIPOIPUBOIOB TOPHBIX MAIlUH U
00opyI0BaHUs

Hayuno-uccnenoBarenbckas pabota

HNudopmartuka

['uaponHEBMOPUBO/T ¥ THAPOITHEBMOABTOMATHKA TOPHBIX MAIIUH

3Hanus (YMEHUsI, BIaJICHUS ), TIOJYYCHHbIE MPH M3YUYCHUU TAHHOW TUCHUIUIMHBEI OyIIyT
HEOOXOIUMBI JUIsl U3yUCHUS TUCHUILINH/TIPAKTHK:

[TpoexTrpoBanue 060pyIOBaHHS TOPHOTO IIPOU3BOACTBA

Opranu3anust pabOTBl U OOCITY)KHUBAaHHS TEXHOJOTHYECKOTO O0OpYJOBaHHS TOPHBIX
NPEANPUATHI

DKcIuTyaTanus, TEXHHIeCKOe 00CITy’)KHBaHUE U PEMOHT TOPHBIX MAIIUH

Opranu3anus SKCIuTyaTalluy TOPHBIX MaIIlMH

3 Komnerenuun ody4aromerocs, popMupyemMbie B pe3y/ibTaTe 0CBOCHUS

AUCHUILIMHBI (MOAYJIS) ¥ IJIAHUPYEMble Pe3yJIbTAThl 00yUeHHu s

B pesynbraTe ocBOoeHMs AMCUMILINHBI (MOAyis) «lIporpammupyembie KOHTPOJIJIEPHI B
cucTeMax aBTOMATH3allMM MPOM3BOJCTBEHHBIX IMPOIIECCOB» OOYydarOUIMics NODKEeH 00ianaTh
CJIEYIOIIMMU KOMIETEHIUSIMU:

KO)I HHJUKaTopa I/IHILI/IKaTOp JOCTHIXXCHUA KOMIICTCHIITN

[1K-1 CnocobeH pa3pabaTbiBaTh NPOEKTHbIE WHHOBAIMOHHBIE PEIICHUS 10 MOJIEPHU3ALUH
TOPHBIX MAIIUHBI U 00OPYJIOBaHMS Pa3IMYHOTO (PYHKIMOHAIBHOIO Ha3HAYEHHUS B Pa3IMYHBIX
KJIMMaTHYECKHUX, FTOPHOTE0JI0THYECKNX ¥ TOPHOTEXHUYECKUX YCIOBUAX

IK-1.1 OOOCHOBBIBAET TEXHOJOTHI0 W MEXAaHU3ALUI0 TOPHBIX PpabOT, METOJbI
MpOUIAKTUKH aBapUid MAIIUH U 000PYIOBaHUS, CIOCOOBI JTMKBHIAIMH UX
IIOCJIEICTBUI

[1K-1.2 Hcnone3yer QpoBbIE MHPOPMALIMOHHBIE  TEXHOJIOTUU npu
IPOEKTUPOBAHNUHY TOPHBIX MAIIHH M 000PYI0BaHUS




4. CTpPyKTYpa, 00bEM U coiepKaHue TUCIHHUIINHBI (MOIYJIs)

OO01mast Tpy10eMKOCTh AUCIUTIINHBI COCTABIISIET 2 3a4ETHBIX SIUHUI] /2 aKa/l. 4aCcoB, B TOM YHCIIE:
— KOHTaKkTHas pabora — 8,4 akaj. 4acos:

— ayuTOpHAas — 8 aKkaJl. 4acos;

— BHeayautopHas — 0,4 akaJ1. 4acos;

— caMocTosTeNbHAs paboTa — 59,7 aka. 4yacos;
— B (hopMe MpakTUYECKOi moaroToBku — 0 akaj. yac;,

— IMOATOTOBKA K 3a4éTy — 3,9 akaj. yac
dopma aTTeCcTaIiy - 3a4€T

AynutopHas 3 =
KOHTaKTHas paboTa E 3 Dopma TeKyIIero
=
B aKa/l. yacax o Bu KOHTPOJIS
Pazpen/ Tema 2 (B axaz. qacax) E B n . P Kon
> 8 ©| camocTrosATeNbHOH | ycreBaeMOCTH U
JUCLIATUINHBI N £ . | xomnerenuun
Q9 & paboTs IIPOMEKYTOYHOMH
na6. | mpakr. | € &
Tlex. 2'S aTTecTaluu
3aH. 3aH. [ O &
1. Tema 1
11 1.CBoGoHO
MIPOTpaMMHUpyEMbIe
KoHTposiepel.  CTpykTypa.
DyHKIMOHAIBHAS cxema.
YHIKIL ITouck
OcHOBHbIE TIPUHIIMIIBI .
JIOTIOJTHUTENIbHON
IIOCTPOCHUS. JBonuHas IIpoxoxnenue
uH(popMaIHK 10
cucrema HCYUCIICHUS. . TECTOBOTO
6 0,3 0,6 9 3aaHHON TeMe.
Obnactu [IPUMEHEHUSL. KoHTpoJst Nel Ha
Pabora ¢
OcHoBHbIE JIOTUYECKUE N noptane MI'TY
KOMITbIOTEPHON
(dyHKIHUM.. KombOunanmun .
o TEXHUKOM.
JIOTUYECKHUX GbyHKIMH.
VYnpouienue JIOTHYECKUX
GbyHKIM. IIpumepsr.
Juarpamma Kaproxo Beiiua.
HWroro no pazngeny 0,3 0,6 9
2. Tema 2
2.1 KOHCTPYKIHUS ¥ TPUHIIKIT
JIeHCTBUS CIIK.
ITpuHnunuansHas cxema
MHK-POKOMIIBIOTEPA.
CBobosHO
MIPOTPaMMUPYEMBIH
KoHTposuiep ¢upmbl De-cTo [Touck
FPC 101. LlentpanbHbl G0K JIOTIOTHUTENBHOMN
o IIpoxoxnenue
CIIK. Ilpuwanum neicTBust HHPOPMAIHH 10
. TECTOBOTO
LEHTPaIb-HOTO omoka.| 6 0,3 0,8 15 3aJJaHHON TeEMeE.
KOHTpoJst Ne2 Ha
Hcnone3oBanne Beimonnenne
o . noprane MI'TY
MPOTPaMMHOMN MaMSITH. MPaKTUYECKOU
IIporpammupoBa-uue  CIIK. paboThI.
Cucremaruzanusi MPUHATHS
peleHHUS. Tlosrannas
MO/JIeIb CO-3JaHus
nporpammel s CIIK.
SI3bIKM  IPOTpaMMHUPOBAHUSI.
IIprmMepsl.




Uroro mo pazneny

03 |

| 08 | 15 |

3. Tema 3

3.1 OOmue  2IeMEHTHI
SI3BIKOB  ITPOTPAMMHUPOBAHHS.
Pecypcol cBOOOTHO
PO-TPAMMHUPYEMBIX
KOHTPOJIIEPOB. Bxonneie
YCTpOICTBa, BBIXOJTHBIE
yCTpoiicTBa u
3alIOMHUHAIOIIEE YCTPOUCTBO.
DyHKIHIH.
DyYHKINO-HAIBHBIC OJIOKH.

0,3

1/0,61

24

CamocrosTensHOe
H3ydeHHe yueOHOU
W HAyYHOH
JIUTEPaTypHI

IIpoxoxnenue
TECTOBOTO
KOHTPOJISI Ha
mopraie MI'TY Ne3

Uroro mo pazneny

0,3

1/0,61

2,4

4, Tema 4

4.1 OyHKIMOHAJIEHBIE
OJIOK-IMarpaMMBI.
DNeMeHTHI
MPOTPaMMHUPOBAHHS
(hyHKIMOHAIBHBIX
Omok-muarpamm.  Komanmsr.
CTpyKTYpHU3HUPOBaHHBIH
TekcT. OmnepaTopbl  sI3bIKA
CTPYKTYpPHU-3UPOBAHHOTO
Tekcta.  DyHKIHMOHAJIbHEIE
6J10KU U DYHKIMU

SA3bIKa

04

10

ITouck
JIOTIOJTHUTEIILHOM
nHPOpPMALIUH.
BrinonHenue
TIPaKTUIECKUAX
pabor

IIpoxoxnenue
TECTOBOTO
KOHTpOJIst Ned Ha
moprane MI'TY

Hroro no pazneny

0,4

10

5. Tema 5

5.1 Jloruueckas
YIIpaBIICHUS.
KomO6unupoBaHHbie
JOTHYIECKHe oTie-parnuH.
YcraHoBneHue (bpoHTOB.
IIpumepsl.

cucreMa

0,4

1/0,611

15

CamocrosTenbHOe
u3ydeHHue yueOHoH
W Hay4qHOU
JIUTEPaTyphl

IIpoxoxnenue
TECTOBOT'O
KOHTpOJst No5 Ha
noptane MI'TY

Wroro no pazngeny

0,4

1/0,611

15

6. Tema 6

6.1 Taiimeppl. CueTyuku.
TlocenoBarenbLHBIE CHCTEMBI
YHpaBJICHHUSL.
Kom-mynmkanms.

0,3

1,6/121

8,3

Brimonaenne
MIPAKTHUECKUX
pabor

IIpoxoxnenue
TECTOBOI'O
KOHTpOJs Ne6

HWroro no pazngeny

0,3

1,6/1,21

8,3

Hroro 3a CEMECTpP

6/2,41

59,7

3a4éT

Hroro no JUCHUIIIINHE

6/2,41

59,7

3a4cT




5 O0pa3oBaTejibHbIE TEXHOJIOTHH

O6pa3oBarenbHble 1 HHPOPMAITMOHHBIE TEXHOJIOTUU

B xome nmpoBeneHHMS JIEKUMOHHBIX 3aHATUM  [PEAyCMAaTPUBAETCS  HUCIOJIb30BAaHUE
COBPEMEHHOT'0 MYJIbTUMETUITHOTO 000pYy10BaHUs (IIPOEKTOPOB, MEPCOHATBHBIX KOMIBIOTEPOB) IS
Oojee YETKOr0 M HArJSAHOTO BOCHPUATUSA YyueOHOro wmatepuana. M3moskeHue IJEeKIMOHHOTO
MaTtepuaja  CONPOBOXKIACTCA  Mpe3eHTauued  (IeMOHCTpamueil  y4eOHBIX ~ MaTepHalioB,
MIPEJICTABICHHBIX B pa3-JIMYHBIX 3HAKOBBIX CHUCTEMaX, B T.4. WJUIIOCTPATHUBHBIX, I'padUyECcKuX,
ay/Mo- U BUJICOMATEPUAIIOB).

[IpakTueckoe 3aHATHE TPOBOAUTCSA B (hOpMe MPE3EHTALINU C TIPECTABICHUEM PE3yIbTaTOB
IIPOEKTHOM JEATENBHOCTH C UCIIOJIb30BAaHUEM CIIEUAIN3UPOBAHHBIX IPOTPAMMHBIX CpPE.

B xonme mpoBeneHuss Bcex MPaKTHUUECKUX 3aHATHN MPEAYCMATPUBAETCS HCIIOJIb30BaHUE
CPEJICTB BBIYUCIUTEILHON TEXHUKU MPHU BBINOJIHEHUH WHIUBUAYAIbHBIX 33JaHUM U KOHTPOJBHOU
paboThl; UCHONB30BAHUE DJIEKTPOHHOTO JIEMOHCTPAIIMIOHHOTO MaTepHalia Mo TeMam, TPeOyroIUM
WLTIOCTpaIik paboThl mporpaMmubix mpoaykros: FluidSimH, MS Word, MS Excel, MS Power
Point;

B mporecce npenogaBanusi IUCHUILTMHBI HCIIOIB3YIOTCS TEXHUYECKUE CPENCTBA 00yUeHUs
(mumakTryeckwuii crena pupmer FESTO)

Texyumuii, NpoMeKyTOUHBI KOHTPOJIb IMPOBOAUTCS TECTUPOBAHUEM Ha 0Opa30BaTEIbHOM
noptane MI'TY ¢ 06s13aTenbHBIM 00CYKICHUEM BBINOIHEHUS IPAKTUYECKOTO 3aJaHHsL.

6 YueOHO-MeTOAMUYECKOE 00eciedeHUe CAMOCTOSITeJIbHOM padoThl 00y4arommxcst
[Ipencrasneno B mpunoxxkenuu 1.

7 OuneHovHnblie cpeacrea AJisl MIPOBEICHUSA HpOMe)KyTO‘{HOﬁ aTTeCTallumn
Hpe,[[CTaBJ'IeHLI B ITPUJIOKCHUHN 2.

8 YueOHo-MeTOAMYecKOe H HH(POPMALIMOHHOE OfecneyeHue TUCIUIIHHbBI (MOYJIs1)

a) OcHoBHas1 IMTEpPaTypa:

1. Iporpammupyembie KOHTpoOJLIepbl: YueOHoe nmocobue / Mrnatees B.B., Kobepceu U.C.,
CmupunonoB O.b. - Pocros-na-/lony:U3znarensctBo HO®Y, 2016. - 137 c.: ISBN
978-5-9275-1976-7. - Tekcr : snextponnsiid. - URL: https://znanium.com/catalog/product/989934
(mata ooparenus: 18.09.2020). — Pexxum qocTyria: mo Mo mucKe.

2. Anpapees, C. M. AnmapaTHble CpeicTBa U MPOrPaMMHOE 00ECIeUeHHE TPOMBIIIIICHHBIX
koutpoiuiepoB SIMATIC S7 : yuebnoe mocodue / C. M. Aumpees, M. 10. Ps6uun-xos, E. C.
Psi6uukoBa ; MI'TY. - Maruutoropck : [MI'TY], 2017. - 231 c. : un., cxemsl, Tabm., rpad. - URL:
https://magtu.informsystema.ru/uploader/fileUpload?name=3447.pdf&show=dcatalogues/1/151427
8/3447 .pdf&view=true (mara oopamenus: 04.10.2019). - MakpooOBeKT. - TeKCT : 3JIEKTPOHHBIH. -
ISBN 978-5-9967-0940-3. - MimeeTcst Ie9aTHBIA aHAJIOT.

0) lonoJiHMTE ILHAA JIUTEpaTypa:

1. Xwuspun, M. B. AnmapatHoe u mporpaMMHOe OOecleYeHHe YIpaBlICHUs
TEXHOJOTMYe-CKUMHU Tpoueccamu. Pasznensl: ABTOMaTH3MpOBaHHBIE CHUCTEMBI  YIIPaBJICHUSA
npennpus-tueM. IIpuMeHeHue cerell BO B3pbIBOONACHBIX 30HAX. AIMIMApaTHbIE U IPOrpPaMMHBIE
CpEICTBA MPOrPAMMHUPYEMBIX KOHTPOJIEPOB | yUeOHO-METOANYECKOe Tocooue



/ M. B. XuBpun. — Mocksa : MUCHUC, 2015. — 95 c. — Tekcr : anextponHbiit // Jlanp :
3JIeK-TPOHHO-OMOaMoTeunass cucrema. — URL:  https://e.lanbook.com/book/116790 (mata
06-pamenus: 18.09.2020). — Pexxum gocTyma: ajst aBTOPH3. TOJIb30BaTEIIEH.

2. Iumos, O. B. IlporpamMupyemble KOHTPOJJIEPBI B CHUCTEMax MPOMBIIUICHHON
aBToMa-tu3anuu : yueouuk / O. B. Illumos. — Mocksa : UTHOPA-M, 2020. — 365 c¢. — (Bsiciiee
obOpa3oBanme: bakamaBpmar). - ISBN 978-5-16-011205-3. - Tekcr : anmekrtpoH-ubeii. - URL:
https://znanium.com/catalog/product/1057224 (nara obpamenus: 18.09.2020). — Pexum moctyma:
10 TTOATUCKE.

3. llInmog, O. B. Texauyeckue cpecTBa aBTOMATU3AIIUH U YIIPABJICHUS | y4eOHOE oco-0ne
/ O. B. llumoB. — Mocksa : UH®PA-M, 2021. — 396 c. + [lon. marepuaiibl [DIeKTPOHHbIH
pecypc]. — (Bwicmiee oOpazoBanue: bakamaBpmar). - ISBN 978-5-16-010325-9. - Tekct
anektponHbii. - URL: https://znanium.com/catalog/product/1157118 (mata oOparieHus:
18.09.2020). — Pesxum 10CTyMa: 1O MOITHCKE.

B) MeToan4yeckue yKa3aHusi:

AnpnpeeB, C. M. Komiekcbl TEXHUYECKUX CpPEIACTB B CHCTEMax aBTOMAaTHYECKOI'O
ynpasnenus. Kypcosast padota : yuedbHnoe mocodue / C. M. Aujapees. - Maruutoropck : MI'TY,
2013. - 1 onekrpon. ont. guck (CD-ROM). - 3arn. ¢ Turyn. 9kpana. - URL:
https://magtu.informsystema.ru/uploader/fileUpload?name=919.pdf&show=dcatalogues/1/1118907/
919.pdf&view=true (mata oo6pamienus: 04.10.2019). - MakpooObekT. - TeKCT : 3IEKTPOHHBIH. -
Ceenenus noctymnusl Takke Ha CD-ROM.

Annpees, C. M. IIporpammupoBaHre MHKpPOTPOLECCOPHBIX KOHTposuiepoB SIMATIK S7
300/400. JTaboparopHslii mpakTukyM : yueoHoe mocodue / C. M. Anapees, M. 10. Psiounkos, T. I
Cyxonocosa ; MI'TY. - Marauroropck : MI'TVY, 2016. - laneKTpOH ont. auck (CD-ROM). - 3ari. ¢
TUTYJL. JKpaHa. URL:
https://magtu.informsystema.ru/uploader/fileUpload?name=2664. pdf&show—dcatalogues/l/113135
1/2664.pdf&view=true (nara obpamenus: 04.10.2019). - MakpooObeKT. - TEKCT : ANEKTPOHHBIN. -
Cgenenus noctviHbel Takxke Ha CD-ROM.

r) [Iporpammuoe o6ecneuenue u UnTepHer-pecypcebi:

IIporpammuoe o0ecnieyenne

Haunmenosanue 110 Ne norosopa CpoK nercTBUA JIUIEH3UN
MS Windows 7
Professional (s J1-1227-18 o1 08.10.2018 11.10.2021
KJIACCOB)
MS Office 2007 Ne 135 ot 17.09.2007 Geceporo
Professional
7Zip ¢B000HO pacupocTpansgeMmoe I10 0ecCpoOYHO
MathCAD v.15
Education University J-1662-13 ot 22.11.2013 0eccpovHO
Edition
MS Office Project Prof 1,1 195718 o1 08.10.2018 11.10.2021
2013( s k1accoB)




DNEeKTPOHHBIE MIaKaThI
no gucturmuiuHe "Cetn |1-903-13 ot 14.06.2013 OeccpouHo
3BM"

DNEeKTPOHHBIE MIaKaThI
0 Kypcy
"ABTOMaTU3UPOBAHHBIE
cuctemsl ynpasienus  |/1-903-13 ot 14.06.2013 0OecCpovYHO
Ha OCHOBE
MHUKPOMPOIIECCOPHBIX
TEXHOJIOTHI"

IIpodeccnonanbHbie 0a3bl JaHHBIX U HHGPOPMALMOHHbIE CIIPABOYHbIE CUCTEMbI
Ha3Banue kypca Ccblika

HNupopmanmonHas cucrema - EauHOEe OKHO J0CTYyIa KURL: htt o/iwindow.edu.ru/
HHOOPMAIMOHHELIM PECYPCaM

[Touckosas cucrema Axkanemus Google (Google Scholar) URL.: https://scholar.google.ru/

DnexkTpoHHas 0a3za mepuouueckux wu3ganuii East View
Information Services, OO0 «UBUC»
9 MaTepHaJbLHO-TEXHHYECKOE o0ecnedyeHne TUCIHHIINHBI (MOLYJIf)

https://dlib.eastview.com/

MarepualibHO-TEXHUYECKOE 00ECIIeYCHUE UCIIMIUTMHBI BKITIOYACT:

JlexuuonHass — ayauTopusi MylbTUMEIUIHBIC CPEICTBA  XPaHEHHs, Iepeladd U
Hpe/ICTaBICHUS HHPOPMAIMH, TPOSKTOPBI I BOCIIPUSATHUS JICKIIUOHHOTO MaTepraia

JIaGopaTopus cucTeM yrpaBJeHUs THAPABINYSCKUMHE pHBoAaMH CTEH b 1O CIESIEMY U
TPONIOPIIMOHATIBHOMY TUAPOIIPUBOLY — 2 IIIT.

JlabopaTopusi MOJAENMPOBaHMS M AaBTOMAaTH3alMU mpomeccoB W MammH CTeHa 1o
PEryJIHpyeMOMY AJIEKTPOTIPHBOLY

Aynuropust Ansi caMOCTOSITeNbHOW paboT IlepcoHanbHble KOMIBIOTEPHI ¢ makeToM MS
Office, FluidSim ¢ Beixomom B UMHTepHET W ¢ JOCTYIOM B  DJICKTPOHHYIO
MH()OPMAIIMOHHO-00Pa30BaTENFHYIO CPEy YHHBEPCUTETA



Ipuioxkenne 1
YueOHO-MeTOANYECKOE 00ecTieYeHre CAMOCTOSITeIbHON padoThl

Ay,I[I/ITOpHaH CaMOCTOATCJIbHAsA pa60Ta CTYACHTOB IIpEAINoJIaracT peiCHUEC KOHTPOJIBHBIX 3a/1a4 Ha
MPAKTUYCCKUX 3aHATUAX.

[TpumepHbIe ayUTOpHBIE KOHTPOJIbHBIE padoTsl (AKP):
AKP Nel «Onpenenenne BpeMenn ckanupoBanust PLCy

-U3BectHO Bpemst ooHoBIIeHUs BXx010B = 300US 1 BpeMst o0HOBICHHS BhixoqoB= 100ns (Lus=1
MHUKPOCEKYH/1a)

Tak. obmiee konmyectBo 1/0 Bpems o6HOBIeHK 300 + 100 = 400Us

BpeMst BEITOTHEHMS KaXI0H crienn(pUIecKoi HHCTPYKIIMH, U3 PYKOBOACTBA moJib3oBarens PLC:
LD - 2us

TMR - 4us
LD - 2us
OUT - 3us

-OnpeeNuTh MOJHOE BPEMsI BBITIOJTHEHUS TIPOTrPaMMBbi!
-Eciu  ckopocTh pemieHuMsl 3ajadd  BaKHa KaK MBI
UCIIOJIb3YyeM  TOJYYCHHOE BpEeMsl Ui  IOBBIIICHHUS
HaJie)KHOCTU?

-CKOJIbKO A3BIKOB IIPOrPAMMHUPOBAHUS IIPELYCMATPUBAET ' T otwcrmacem s
cranmapt IEC 61131-3.

-Kakue BBITO/IBI TIO3BOJISIET IOTYYUTH BHEIPEHUE
cranmapta |IEC 61131-3. . )
-UTo mpescTaBIeHO HA TAHHOM PUCYHKE? oo ssee0 E
-OCHOBHBIE TEPMHUHBI i
Onpenenenue TEPMUHOB

DCS - Distributed Control System.
DESINA (DistributEd and Standardized INstallAtion technique for machine tools) - sto Toprosas
MapKa CTaHJapTHON WHCTAUISIIMOHHON TEXHUKH ISl PAaCTIPEICIICHHBIX CUCTEM YIIPABICHHUS
CTaHKaMHU. DTOT CTaHAaPT ONPEACISICT TOJTHBIN CIIEKTP TPeOOBaHUIT K BO3MOYKHBIM BapHaHTaM
HOJIKJIFOYCHUS BCEX YCTaHABIMBACMbIX KOMIOHEHTOB. CTaHIapT MO3BOJISIET CHU3UTH CTOUMOCTb
000pyIOBaHUs, & TAK)KE CHU3UTh 3aTPAThl HA MOHTAX M MOJITOTOBKY TEXHHUYECKOW JOKYMCHTAIIHH.
HMI - Human-Machine Interface. Oto PC-unrtepdetic, mo3BosIOIIHiA OIepaTopy KOHTPOIUPOBATH
npoiiecc.

OLE - Object Linking and Embedding. Crangapt Microsoft na 6aze OPC npotokoua.

OPC - OLE ans ynpasnenus nporeccamu. CTaHAapTHBIN POMBIIUIEHHBIN TPOTOKOM JUIS
KOMMYHUKAaIUH.

PLC - Programmable Logic Controller. Yacto ucnonb3yercst BMecte ¢ HMI mnu SCAD A
CHCTEMaMH.

SCAD A - Supervisory Control .And Data Acquisition.|

b ACATA

MpoM LINIGH-GACTE:

AKP No2 «OcobeHHOCTH MTOCTPOCHHS TIPOTPAMM))

- Kaxkue nannble nenaeT qOCTYNHBIMU onepannonHas cuctema PLC?
» Ilepudepuiinpie BX0IbI U BBIXOIBI



» OO0pa3 mpotiecca Ha BXO/AaX M BBIXOJaX
*  Mepxkepsl
» Taiimepsr
+ CyeTuuku

- Yro Briroyaet McnosiHsieMbIi KO TPOTPaMMBbI
OocHOBHOI1 nnporpammsl (OB1).
noaaporpamm (Subroutine)
nporpamm o0paboTKH mpepbiBanuii (Interrupt)

-~ CKOJBKO CUMBOJIOB MOXKET COJIEpkKaTh KOPOTKUI KOMMEHTapUi coiepkuT (10 36
CHMBOJIOB).
Co3natb HOBBII TIpoekT B B STEP 7-Micro/WIN 32 (ympasieHnue BXogaMHu-BbIX0JaMu). YKa3aTh
OCHOBHBIE maru!
-~ Hmeercs nBa Beikmouarens (toggle switches).

Korma onuH u3 HUX BKIIOYAKOT, TO ABUTATENh IO 0 Q[} 1

L] -
BKrounrcs. [Ipepnaraercs ase nuHUn
nuarpammel. [ToueMy IpH MOCIE0BATETBLHOM __| | ___________ ( )___

prirrouenue 10.0 a 3atrem  10.1 gBuraresns
pabotath He OyaeT. « CHHIPOM JTBOMHOM

KaTymkn?» Kak cCKoppeKTupoBarts nporpamMmy? IO 1 QO 1

Penienue: IO . 0 Q 0 ; l

- Kax BBITPY3UTh MPOEKT U3 KOHTPOJIIIEPA U
COXPAaHUTD B MaMATU KOMIIbIOTepa?
- Kak cnenatp ouMcTKY MaMsATH IPH U3MEHEHUH IPOTPAMMBI?

AKP Ne3 «Texnuueckue cpecTBa cucteM ynpasienus ¢ PLCy
- Kakas nornyeckast pyHKIMS peanu3oBaHa Ha cxeme?
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- Paspaboratb cuctemy ynpaBieHuUs LISl CIEAYIOIIETO TpuMepa:




How

[Tpu HaXkaTHK Ha KHONKY JTOJKHA BKIIIOYUTHCS CUTHAIM3ALUS (3yMMEp, CUPEHa).
Jlammia, KOTOpast CBETUTCS B UCXOJITHOM COCTOSIHUM, JTOJKHA MTOTACHYTh MTPU HAXKATUH HA
KHOIIKY.

Jlamna noymkHa rOpeTh 10 TEX HOp. MOKA BKJIIOUYEHA KHOIKA.

[Tpu KpaTKOBPEMEHHOM Ha)KaTUH HAa KHOIKY JlamIa JOJIKHa FOpPeTh.

PaccMoTpuM 1yIMHHBINA KOHBEHEp MPOXOSIeH 1Mo Beel (padpuke U UMEIOIIII
MHOTOYHCJICHHBIE TATYNKU OOHAPYKEHHS Je()eKTa BHITyCKaeMoro pabpuKoi mpoayKra.
JIro00it akTHBM3MPOBAHHBIN JIATYMK OCTAHABIMBAET KOHBEHep. Pe3ynbrar — koHBelep
Oosbie cTout ueM padbotaer. Kak ynydmuTs cucteMy ynpasieHus KoHBeiiepom? Benp, B
KOHIIE KOHIIOB, TUIOXOH MPOAYKT XyXKe, Y4eM HUKAKOU MPOIYKT).

Pa3paboTtars cxemy BKIIIOUEHHUS B paOOTy ABUraTessl U OTKIIOYCHHUS €0 MOCPEICTBOM 2
MT'HOBEHHBIX KHOIOK.

CamobnokKpoBk.a [camonogrear) - DL

Network 1 Metwork Title

M etwaork Comment
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Network 1 Metwork Title

Metwork Comment
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| stop cHcTema fes Yyonoera Ges0nacHoOCTH

Metwork 1 Mebwark Title

| MNetwork Cormment

Start=CM:10.0 Stopp=C0:10.1 Matar=CFF-Q0.0

| | /

Motor=0FF:00.0

Symbuol Address Comment

Matar 0.0 :EIFIIJSL _mniokor

Stark 10.0 start_mator

Stopp 10.1 knopka_ stop maotor

— UYewm otnuyaeTcs penerHbIi BIXO OT u(poBoro?.
Penelinblii 3TO TaM. T1€ CTOUT peiie, THOTJa €ro Ha3bIBAIOT ""CyXUM KOHTAaKTOM' MOCKOJIbKY
KOHTAKTBI peJie He UMEIOT JIEKTPHUECKOM CBsi3u co cxemamu camoro PLC. Peneiinbie
BBIXO/Ibl YCIIOBHO ITPOTUBONOCTABIIAOTCS "TPAH3UCTOPHBIM", TO €CTh MOIYIIPOBOJIHUKOBOMY
KOHTaKTy, KOTOPBIM HMEET 3JIEKTPUUECKYIO CBA3b CO CXEMaMU KOHTpOJLIEpa.
Ludposoii (B cmbicie digital) 00bIYHO MPOTHBOMOCTABIIAETCS AaHATIOTOBOMY U 0003HAYaeT
HEKOTOPBIN OT/IEIbHBIN €IMHUYHBIA KOHTAKT, BKIIOUEHHBIN B KaKyl0-HUOYAb TPYIITY
KOHTAaKTOB, OOBIYHO 8 M0 KOMUYECTBY OUT B Oaifte. B oTnuyne oT aHaI0roBOro, M3MeHEHUs
HaIpsKEHUs Ha TAKOM KOHTaKTe UMEIOT JBa OCHOBHBIX 3HAYEHUS, YCIIOBHO
cootBercTBYrOImUX 1 u 0. [ToaTomy 11upoBoii BIXOI MOKET UMETh KaK peNeiiHbIN, TaK U
TPaH3UCTOPHBIN KOHTAKT, & CAMO MOHSTHE HECKOJIBKO aOCTparupoBaHO OT
3JIEKTPOCXEMATHUKH.
[udpoBsiMu 1i.Ni aHATOTOBBIMK OBIBAIOT KaK BBIXOJIBI TAK M BX|OJIbI. & PEJICHHBIMH U
TPAH3UCTOPHBIMH TOJIBKO BBIXO/IBI.

- Yro cinyuures, ecau Bxo el 10.0 1 10.1 06a BkiIto4aroTcs B TO e camoe Bpemsi? Boixon
QO.0 set mu reset? UtoObI OTBETHTH Ha STOT BOIIPOC, MBI TOJDKHBI TyMaTh O
HIOCIIeIOBATEILHOCTH POCMOTpa, ladder Bcerna mpocMarpuBaeTcst CBEpXy IOHH3Y, ClieBa
HarpaBo. [lepBas Bens B mpocMoTpe - cMoTpeTh Ha BXobl. 10.0 1 10.1 o6a dpuznvecku
BKJIFOUCHBI. 3aTeM PIC BBINOJHSAET porpamMmy. HaunHast ¢ BepxHero seBoro, Bxon 10.0
BEpPEH, MM03TOMY, OH JToJbkeH yctaHoBUTH QO0.0. 3aTeM mpocMOTp UAET B CIEAYIONIYIO BETKY,
u TaK Kak BxoJ 10.1 BepeH, uto oH no.7okeH nepesarpy3uts Q0.0. To ects, cOpocuts QO.0.
[TosTOoMy B mocieIHEH YacTH MPOCMOTpa, KOria PiC OOHOBJISIET BBIXO, OH Oy1eT
noiepxkuBath otkiroueHre Q0.0 (To ecth copoc (reset) Q0.0).

AKP Ne4 «Tunsl 1aHHBIX»

- C KaKuMH TUIIAMU JaHHBIX MOTYT pabotats KoHTposiepsl SIMATIC S7?



BOOL
a,ygg) JlanHsIe 3T0r0 THITA ABIAF0TCE KoMOMHatmamu 6utos. Ot 1 6urta (i BOOL) zo 32 dutoe (DWORD).
DWORD
[CHAR [Z[amme 3TOr0 THIA 3aHNMA0T POBHO OJMH CHMEBOI 13 Habopa cumeonoe ASCIL
INT
DINT OTi JaHHEIe JOCTYTIHEL 414 00paboTKN YMCIOBEIX BEMHNH (HapyMep. A4 pacieTa apu(MeTHHeCKIX BEIPAKeHMIT
REAL
SSTIME
TIME Jlanssie 3TOr0 THIA MPEACTABIAIOT PANUHHbIE 3HaYeHNa Bpemenu u aatel BHyTpu STEP 7 (Hanpumep, utobe! yera
DATE naTy MM BEECTH 3HAYCHHE BPEMEHH 114 TaliMepa).
TIME_OF DAY
-~ KaxkoBbl THIIBI TaHHBIX A3bIKa STEP-7&
/1\
3NeMeHTapHbIe « Burossie Tuns! nanksix (BOOL, BYTE, WORD, DWORD, CHAR)
5 mggg::;au + MaTemaTnyecane Tunb! AaHHbIX (INT, DINT, REAL)
+Bpenentsre Tuns! (SSTIME, TIME, DATE, TIME_OF_DAY)

(Gonbwe, yem 32 6uTa)

» Maccus (ARRAY)
* CTpyxTypa (STRUCT)
« Ctpoka (STRING)

Tunbi AaHKbIX, OnpeeieHHble

nonbs3oparenem
_(Gonbwe, yem320ura)

Tun pannbix UDT (UserDefined Type)

- KaxkoBsl popmatsl 16-6uTOBBIX uricen?
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®opmatel 32-OMTOBBIX yncen?
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Integer (32 Bit) = 266 + 3R+ 8=2%

| II > OBwwmit hopmar ana uncna real = (3nax) « (1.f) « (2¢-127)
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’s;gne.1 relal ' e= 3|clcnoum (!: 6:«1') f= M»m:cca (23 Bur)
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Yucnoreal=+15+2 %2075

®opmaThl, KOTOPbIE MOTYT OBITH MTPE/ICTABIECHBI C IIOMOIIBIO JAHHBIX PA3TUYHOMN JATUHBI?



I1Hn H | PasMep | BosMoKHBIE JHANA30H H NPeICTABIeHHE IIpuMmep
OMHCAHHE B (popMaThI THCe]
OHTAX (0T MHHHMA.IEHOTO 10
MAKCHMA.TLHOT 0 3HAYeHHS)
BOOL (GHT) 1 BymeB TekcT TRUE/FALSE TRUE
BYTE (Ga#rT) 8 IlTecTHaonaTHPHIH | 0T B#16#0 no B#16#FF B#16#10
0@ THCIo byte#16#10
WORD (c10BO) | 16 JIBOHTHOE THCIO 0T 2#0 1o 2#0001_0000_0000_0000
2#1111_1111_1111_1111
IlTecTHaonaTH- 0T W#16#0 10 WH#16#FFFF WH#16#1000
PHHHOE HHCIIO word16#1000
BCD oT C#0 1o C#999 C#998
JecaruaHoe qaeno | o1 B#(0.0) 10 B#(255.255) B#(10.20)
ez 3HaKa byte#(10.20)
DWORD 32 JIBOHTHOE THCIIO 0T 2#0 10 2#1000_0001_0001_1000_
(oBOfHOE 2#1111 1111 1111 1111 1011 1011 0111 1111
CII0BO) 1111_1111 1111 1111
IlMecTHannaTH- DW#16#00A2 1234
PHHHOE THCIO o1 DW#16#0000_0000 10 dword#16#00A2 1234
DW#16#FFFF_FFFF
JlecATHIHOS THCTIO B#(1.14.100.120)
ez 3HaKa o1 B#(0.0.0.0) 10 byte(1.14.100.120)
B#(255.255.255,255)
INT (memoe | 16 JecaTHIHOE IHCIO | 0T —32768 10 32767 24
THCIO) CO 3HAKOM
DINT 32 JecaTHdHOe THCTO | 0T L#-2147483648 mo L#-111
(aBOHHOE €O 3HAKOM 1#2147483647
L1710 YHCII0)
REAT (qucmoc | 32 IEEE Bepxnad rpannna: £3.402823e+38 | 1.268467et+11
IIaBaroIett THCIIO ¢ Hmsmag rpaHnna: =1.175495e-38
TOTIKOH) TLIABAKINEH TOUKOH
CHAR 8 CmvBon ASCIL 'A'VB'HIO C
(CHMBOIT)

-~ Cosnath Tabnuiy u3 4 MPOU3BOJIBHBIX 3HAYCHHI HAaUHHAOIMUXCS ¢ aapeca VW100!

| Table iz 4 proizvolnih znadeni 7, 3. 18, 25 nadinaja s Vw12

Metwork 1 Metwark Title
|BarpgauTbrnaKCHmaanmnnnHHgTaﬁnuub
I

LD SHO .1

MOVY +4, VW10
Metwork 2

I

LD SHO .1

ATT +7, VW10
AENO

ATT +3,. WW10
AENO

ATT +18, VW10
AEHO

ATT +25, VW10

— llepememenne naHHbIX !




b

MOV_B MOV_B
SM0.0 SM0.0 LD SMO0.0
—1—1EN ENO |[— —EN OUT — MB5 | |MOVB 5, MBS
5'—1 IN OUT — MB5 5 —{IN ENO—
'_TIWL MOVB 5 MBS //8-BuTHaA KOHCTaHTa (yenoe)

nepegayn MOVB 16#EFMBS

MOVW VW0 MW10
MOVD VDOMDO
MOVR VDO,MDO0

//6anT B 16-pu4HOM hopmare
/MepemewieHue cnosa
/MepemeLyeHue ABOIHOroO Cnosa
/MepemewjeHne BEWECTBEHHOTO Yucna

AKP Ne5 «Mepxkepsl. BHyTpennee pene»

- Hamubosee yacTo npuMeHsieMble crieliaIbHbIe MepKepbI!
SMO0.0 - burt. ycTaHOBJIeHHBIIi Beeraa.
SMO.1 - BUT THUIHAJU3ALHY - TOJIHLKO B IEPBOM padoueM IHUKJIE.
SMO0.4 - I'enepaTop UMIYJILCOB MHUHYThI
SMO.5 - I'enepaTop umnyJbcoB 1 cekynaa (SMO.5 TakToBblit Mepkep - umnyJabc ON Ha 0.5¢ u
OFF na 0.5s. T. e ncnosib3yercst Kak 2HzZ reHepaTop UMIYJIbCOB.
SMO0.6 - D10 OUT U3MEHEHHS COCTOSHHUSA B KAKIOM IMKJIE

— IIporpamma Ha si3pike LDR

| [pOrpartaa c YSEAMMEHHEM BXOGHENX YCIDEHA,

Metwork 1
10.0

Ecnu 100w 10,2 zarmkhyrel v exon 10,3 samebyr, To sHyTperHes pene MO0 akTueupyeTca

0.1 0.0

10.2

_|

Metwork 2
0.0

|_

| | !
1 | S

Ecam exon 103 aKTHEMpYETCA, TO ECTE BRISOGHON CHUMHAN C Bexoga Q0.0

10.3

Goo

— —

- 3anmaya. [Tycts Bxoa 10.0 H Bxox 10.2 - 3T0 curHainsl oT (OTOIIEKTPUIECKUX TaTYUKOB,
KOTOpbIE (PUKCUPYIOT HATMYHUE YeJIOBeKa (MM aBTOMOOWIIS ), TPUOIMIKAIOIIETOCS WITH
yaanstoierocs mo ooe ctoponsl 6apnepa, Bxoz 10.0 - ¢ onHo#t cropons! 1 Bxoq 10.2 - ¢
npyroi. Bxon 10.1 - pa3pemaroniuii BXoJ AJisl 3aI1yCKa CUCTEMBI.



Ecnu Bxoz 10.0 wum Bxoxa 10.2 u Bxoxa 10.1 akTUBUPYIOTCS, TO BBIXOJ €CTh C BHYTPEHHETO peje
MO0.0. DTOT BBIXOJI 3aKPBIBAET BHYTPEHHUE BXO/IHbIE KOHTAKTHI pelie, u eciu Bxo 10.3 (Hanpumep,
JATYMK TOJIOKEHHSI - KOHIIEBOM BBIKIIIOYATENh) PUKCUPYET, YTO Oapbep 3aKPhIT, TO aKTUBUPYETCS
Beixo Q0.0. m MoTop mogHuMaet 6apbep. Ecnu natunk (koHueBoit Beikitoyarens 10.3) onpenenser,
4yTO Oapbep ykKe OTKPBIT, TO YEJIOBEK WIJIM MAlIMHA MOTYT UJITU. Yepe3 KopoTkoe BpeMs Oapbep
3aKpbIBAETCSl.

- Kak 3apaTth OyneBy koncranty 0 uim 1 Ha si3bike LAD?
Network 2 : Koucranra 0

‘ MO.0 MO.0 MO.0

| ] | 2 [ |
‘ 11 I/I WS |

Network 3 : Koncramra 1

MO.1 MO.1

.
—

- 3apjauva.
Ha Bxox 10.1 moctynaer kpatkuii curnan. Axktusupyercs Beixoq Q0.1. Ha Bxon 10.1 cHoBa
nocrymnaeT kpatkuil curtai. Ho aktuBupyercs Beixoq Q0.2. Jlanee 3anoBo Ha Bxox 10.1
nocrymnaeT kpaTkuii curaan. Axkrusupyercs Beixoq Q0.1.Ckaszate TouHee - TpUrrep co
CYETHBIM BXOJIOM WJIN WHAYE JCIUTEND Ha 2.
Peanuzyetcs 5T0 myTeM aHanM3a TEKYIIETO COCTOSHUS U YCTAaHOBKH (MJIM cOpoca) 1r000ro
IPOTPaMMHO JJOCTYITHOTO OMTa Cpasy Mociie TOro, Kak MOCTYIHJI BXOJAHOM UMIYJIbC. ITO MpU
YCIIOBHH, YTO BpeMsl pabOThI IPOrpaMMbl MEHBIIIE, YeM MHTEPBaJl MOCTYIUIEHUS BXOIHBIX
UMIyJbCOB. IMEHHO Ha OCHOBAHUHU TEKYILIETO COCTOSHUS 3TOr0 OMTA U MPUHHUMAETCS pelIeHne, Ha
KaKOM M3 BBIX0O/10B ()OPMHPOBATH CUTHAJL.

- HMmeetcs nu MeTO[ MOICYETA YKCIIA TPOrpaMMHBIX 1IMKI0B B PLC 1 ucnonb3oBanus
uHpOpManuy, "B KaKOM [IUKJIE TPOrPaMMbI MBI HaxXoAuMcs "' BHyIIH nporpammsl PLC?

- Network 1

- LDSMO0.1

-  MOVW 0,vyW1000

- Network 2

- LD SMO0.6

- EU

- LD SMO0.6

- ED

- OLD

- INCW VW1000

- Network 1 YcranaBnuBaet cuétuunk B 0, eciu PLC nepexoaut B peskum RUN.

- Network 2 ysenmuuusaer VW1000, eciiu NOT0KUATEIbHBIA WM OTPUIIATSIIHHBIN Kpai
UMITYJIbCA IPUXOAUT OT

- SMO.6.



- KaxoBo ocHOBHOe pa3inune Mexay Bxogom u BcnoMorare/ibHbIMU KOHTAKTAMM
-MepkepamMu?

Bxo/1HbIe KOHTAKTBI COOTBETCTBYIOT (DU3MUECKUM yCTPOMCTBAM, KOTOPbIE HAXOISATCS BO
BHEIIIHEH 1IeTTM WM HEMOCPECTBEHHO B ITpoIecce sl OOpaTHOM CBsI3U. MepKepsl - 3TO
MecTa MaMsTH, XpaHsIKue IPOMEKYTOUHBIE JIOTHUECKHUE PE3YIbTaThl, © OHH HE COSMHEHBI C
(U3NIECKUMHU YCTPOICTBaMHU.

- Kakue B kouTposiiepe S7-200 Mepkepbl COXPAHSIIOT COCTOSIHHE MOCJI€ BHIKJIIOYEHHs
NUTAHUA?

S7-200 no3BomsieT onpenenuTh NaMATh, KOTOPasi COXPaHIETCs MPH MoTepe NuTaHus. MoxKHO
BBIOpATh 00JIACTH MMaMSITH, KOTOPYIO He00X0auMo Ob110 ObI Oy(depr30oBaTh MpU MOTEPE MUTAHUS,
OTIPENIeNIUTh AUANa30HbI AJJPECOB, KOTOPbIE JOKHBI OBITH COXPaHAEMBIMHU, B 00JIACTAX MaMATH M.

ITo ymonuanwuto nepBeie 14 6aiiToB 6MTOBOM (M) maMsATH HE COXPaHSIOTCSI.

- Kakoga poJsb cnenuajbHoro mepkepa SM0.2?

AKP Ne6 «Tarimepb»

- Tao0auua TaiiMmepoB

Tum tafimepa | Paspemenue B | MaxcumanrHoe Howmep taitmepa
MHITHCEKYHIAX (ms) 3HAUYCHHE B CEKYHIAX
(s)
TONR 1 ms 32,767 s T0. To4
10 ms 327.67 s T1-T4, T65-T68
100 ms 3276.7 s T5-T31.T69 —-T95
TON. TOF 1 ms 32.767 s T32.T96
10 ms 327.67 s 33 -T36, T97-T100
100 ms 3276.7 s T37-T63, T101 —T255

- Kak npoBecTu npeaycraHoBky taiimepa?

t(c)-1000

paspeuierte maiivepa (Mc)

PT =

- [Ipumep 1.

Ecimt=1min=60s

Taiimep ¢ BpeMeHeM 3ajepxKku t =1 ms:
60-1000

PT =50*1000/1 = 60000

Yucno 60000 Oonplre, ueM MakcuMaibHoe 32767 U 3a7aTh HHTEPBAJI TAKUM TaiiMepoM Helb3s!

[Tpumep 2
Taiimep ¢ BpemeHeM 3anepxku t = 10 ms:

PT =60*1000/10= 6000

Uuciio MeHsble, 4eM MaKCUMAJIbHO Pa3pelIEHHOE, TaiMEP UCII0Ib30BaTh MOYKHO.
[Tpumep 3



Taiimep ¢ BpemeHem 3amepxku t =1 ms : Ecomm t =3¢
PT=3*1000/1=3000

[Tpumep 4

Taiimep c paszpemenuem 100mc. ycraBka 3:
t = 3*100/1000 =0,3s = 300ms
ITpumep 5

Taiimep ¢ pazpemienuem 10ms. ycrabka 3:

t =3*10/1000 = 0.03s = 30ms
[Tpumep 6

PT=10

T =PT*10/1000 = 0.1s = 1001us

- Taiimep ¢ 3anep:kkoii no Bkiawuenuio TON (Ou-Delay)

T33

| | I TOM

3 _pT

- HWmnyabcHas nmarpammal

CRXN] |

o
-
T3 ___,-""

|
[exvines SHateEns ro
- I PT=3

33 ]

EHT Tar e

Haxanausaromuii Taiimep TOXR (Retentive On-Delay)

T2

| | I TONR

10 —{PT

NmnyascHas nuarpammal



100

b

T2 -
Tekyllee shauexpe
T2
_ But tarmepa

- Oramuus taiimepoB TON nu TONR?

h
——————————,

FT=10

Taiimepsr TON 1 TONR BenyT oTcuér BpeMeHH 10 MAaKCUMAIIBHOTO 3HAYCHUS, €CIIH OHH
akTuBU3upoBaHbl. O0a TaliMepa OTCUUTHIBAIOT 3HAUEHHE BPEMEHH, KOI'/1a aKTUBUPOBAH BXOJ]
Ppa30I0KUPOBKHU.
Ecnu onepanus «3amyck taitmepa TON» neaktuBupyercs, To Taiimep copaceiBaercs. Eciu
omnepanus «3amyck TaiiMmepa TONR» neaktuBupyercs, To TalMep OCTaHABINBACTCH.
[Tpu BEIKITIOUEHHOM BXO0J1e Pa30JI0KUPOBKH 00a TaliMepa He padotaroT. Ho taiimep TON
aBTOMaTH4YECKH cOpackiBaercs, a Taiimep TONR coxpansier cBo€ mocieqHee 3Ha4eHUE BpEMEHH, a
He cOpachIBaeTCs.
Taiimep TONR oTcunThIBaeT BpeMs B T€UCHHE BCETO MTPOMEKYTKA BPEMEHH, KOT/1a BKIIOYCH
paspelIaLmil BXoJ1, HO He cOpachIBaeTcs, Korja BXo oTkiItoyaercs. Taiimep 10ikeH ObITh
copomren komanoit RESET. IIpu cOpoce Taiimepa Tekyiee 3HaYCHNE YCTaHABIMBACTCS B HOJIb, OUT
BBIKJIFOYaeTcs. DTO €IMHCTBEHHAs: KOMaHa, KoTopas cOpacbiBaet Taiimep TONR.
O0a TaiimMepa 0CTaHaBIMBAIOTCS, €CJIM OHU JOCTUTAI0T MAKCUMAJILHOTO 3HAUCHUS.

- 3ajaya Ha OCHOBHBIE (DYHKIMM TaliMepOB
MoTop u Hacoc It CMa3Ki MOTOpa BKJIFOUAIOTCS OJHOBpeMeHHOo. CMa3ka HeoOxoquma eié Ha
HEKOTOpOE BpeMs IIpU 0OcTaHOBKe MoTopa. [locie Toro, kak MOTOp OCTaHOBHJICS, HACOC CMa3KH
ocTaércs BKITOYEHHBIM Ha BpeMs OCTaHOBKM MoTopa. B mpumepe Ha 20 cexyH[I.

MoTop

MO.1

Cmaska | 20s

- Co3paTb reseparop nNpsiMoyroJibHbIX HMITYJIBCOB € 32JaHHBIMH JUVINTEJIbHOCTAMH
HMIIYJIbCA U Nay3bl (MyJIbTHBHOpPATOP)



| MuyneTHEKApATOD

Metwork 1

LD SMO.0
AN Ta8

TOH T37. +5
Metwork 2

LD Ta7?

TOH T3g., +5
Metwork 3

LD Ta7

= Q0.2
Metwork 4

LD Tag

= Qo1

Tabiraep 38 08T CHMrHan Ha Belkog 2

Tabirep 37 Q38T CHMrHan Ha Beikog 1

Eciu He akTHEEH TalimMep 38, To SanYcTUTe Talkfirep 37

Mocne eegepstM TafMep 37 sanycraet Talimep 28

— TlociaenoBaTebHOE BKJIIOYEHNE BHIX0A0B!

| rining lights]
Metwork 1 Metwark, Title
Gon Tar
0.0 =— OR 51 ouT IN TOM
T39=— Tae=—R SH +5=—{PT 100 ms
MNetwork 2
[0 Tag
Tar—51 ouT IM TOM
T39=—FR SH +h=—PT 100 mz
Metwork 3
0.2 T4
Tag=—151 ouT IM TOM
TR SH +h—{PT 100 ms




MpunoxxeHue 2

OLLeHO‘—IHbIe cpeacrtsa A214 nposeaeHunA I'IpOI\/\E)-KVTO‘-IHOlZ aTTeCtauunm

a) [lnanupyembie pe3yJbTaThbl 00yUYeHHS U OLIEHOYHbIE CPEACTBA /ISl IPOBEACHUA MPOMEKYTOUYHON aTTeCTAlNM:

Kog nHaukatopa MHAMKaTOop AOCTUNKEHUSA OlLieHOUYHbIE CPEACTBA
KoMneTeHUMm
1 2 3

MK-1: Cnoco6eH paspabaTtbiBaTb NPOEKTHble MHHOBALMOHHbIE peLueHUs Mo MoAEepPHMU3aL MU FOPHbIX MallMHbI U 060pyAOBaHUSA pa3/IMMHOro
(pYHKLIMOHANIbHOIr0 Ha3HA4Y€HUSA B Pa3/IMYHbIX KJIMMaTUYECKUX, FOPHOreoJIorM4eCKUX U rOPHOTEXHUYECKUX YCIIOBUAX

MK-1.1: O60ocHOBbIBAET TEXHONOMMIO U Ilepeuens meopemuueckux 60npocos K 3auemy:
MeXaHM3aUuunto rpHbIX pa60T,

MeToAbl MPOdPUNaKTUKN aBapui
MaluH 1 o6opynosaHus, cnocobel | CBOOOIHO MpOrpaMMupyeMble KOHTPOJLJIEPBbI.

NVKBMAAUNM UX NOCIEACTBUN

Crpykrypa CIIK.

®ynkuuonaabHas cxema CIIK.

OcHosHble npuHIunbI nocrpoenns CIIK.
J{BoMYHAsA CHCTEMa HCYUCICHHS.

O0J1acTi npUMEHeHus!.

OcHoBHBIE JIOTHYEeCKHE PYHKIMH.
KomOunanuu joruyeckux QyHKIHIA.
Ynpomenue gornyeckux ¢pynkuuii. [Ipumepst.

Juarpamma Kapnoxo Beiiua.

Koncrpykuusi m npunnun geiicrsus CIIK.




IIpuHuunuaabHAA cXeMa MHKPOKOMIIbIOTEPA.
CBo0oaHo nporpaMmMupyemblii KoHTpoL1ep pupmbl Pecto FPC 101.
HenTpanbubl 0710k CIIK.
IIpuHOMn geiicTBUS HEHTPAJIbHOI0 0JI0KA.
Hcnoab30Banue NPOrpaMMHON AMSITH.
IIporpammuposanne CIIK.
CucremaTu3anusi NPUHATHSA pelIeHH.
HosTannHas moaeab co3xanus nporpammsl aas CIIK.

A3biku nporpammupoBanus. Ilpumepsl.

Ilpumepnuvie npaxmuueckue 3a0anus 011 3auema:
Paspabomamp peneino-KOHMaAKmMHuyI0 cxemy ynpaeieHus NHeGMONPUEOOOM CO2NACHO
ouazpammol «nepemenjeHue-uazy




Ilpumepnvle 3a0anusn na pewienue 3a0au u3 npogheccuonHanIbHoll odnacmu
Pa3zpaborate mporpamMmy ydera YuClia aBTOCAMOCBAJIOB HAaXOMSIIUXCS B Kapbepe.
3amacTes 4TO Ha 3arpy’KaeMbIX IUIOMIAIKaX y IKCKaBaTOpPOB uMeeTcs Mecto it N camocBaios.
IIpu BBe3ae B kapbep kKaxkmoro aromoOmis (E0.5) cderunk mpubaBisier K cBoeMy
COJIEP’)KUMOMY 3HadeHHe «l», a pe3ynbTaT CIOXKCHHS BBIBOAMTCS HAa HMHIUKALWIO. A Mpu
BbIe3ie aBTOMOOWIIs U3 Kapbepa (E0.7) k comepkuMoMy cYeTYrKa MPUOaBisieTcs «-1».
KonTtposiep curHanu3upyer o COBHaJECHUH 33JaHHOTO U (PaKTHUECKOTO 3HAUYEHUS. DTO

JOJDKHO — OCYIIECTBIIIETCS Tpu momomtd cBerodopa. Ceerodop 3enensii (A0.2), ecnu B
kfpbepe eie ecth cBOOOIHBIE MecTa, cBeToop kpacHbIii (A0.3), ecii Bce MecTa B rapaxke

3aHATHI.

MNK-1.2:

Ncnonb3yeT undposbie
WH(OPMaLNOHHbIE TEXHOIOTUKN NpPW
NpPOEKTUPOBAHWM FOPHbIX MaLUVH U

o6opynoBaHus

OO111e 71eMEHTBHI SI3bIKOB IPOrPAMMUPOBAHMUSL.
Pecypcbl cBOOOAHO MPOrpaMMHUPYEMbIX KOHTPOJIEPOB.
BxonHble yCTpOICTBa, BBIXOJHBIE YCTPOKHCTBA U 3alI0MHUHAIOILEE YCTPOHUCTBO.
OyHk1MK. OyHKIIMOHAIbHbIE OJIOKH.
@OyHKIMOHAIbHBIE 0JIOK-TUarpaMMBl.
DneMeHTHI sI3bIKa IPOrpaMMHUpPOBaHusl (YHKIIMOHAIBHBIX OJIOK-AHarpaMM.
Komanzasl. CTpyKTypU3HUpOBaHHBINA TEKCT.
Oneparopsl s3bIKa CTPYKTYPU3UPOBAHHOTO TEKCTA.
@yHKIMOHAIbHbIE OJIOKH U (PyHKIUN
Jlormueckas cucrema ynpasJICHUS.
KoMOuHMpoBaHHbBIE JTOTHUECKHE ONEpaIiH.
Ycranosnenue ppontos. [Ipumepsl.
Tanimepsl.
CueTunku.
[TocnenoBarenbHbIe CUCTEMBI YIIPABICHHUSL.
KomMMmynukanus.

[To narHOMY (hparMeHTy MpOTrpaMMbl TOCTPONTE AHATPAMMY «IIEPEMEIIEHUE — II1ar JIJs
ruapouununapos A, B, C, D.




3
—Ki
| 40
4 O+
—— 1=/
| D1
5 o
——1s/m0
| Do
8 C+
! ——ci
|ci
7
(START)——51 B+
'y F 3
2 ——3s/B1
K | A0+ B1
— 8
(STOP)—— | 32 B-
——1s/B0
| B0
§ c-
——1siCO
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——D0
| Do
1 A+
——2siAd

IIpuMepHOE 3a1aHNe ISl PelIeHHs 3212491 W3 TPo(dhecCHOHAJIBLHOM 00J1aCTH

Pa3zpaboraTs cucteMy COPTUPOBKH JIeTajeii TPEeX BUIOB MATEPHAJIOB 11O TPEM JIOTKAM:
YyepHbId MeTal - IoToK Nel, niBeTHOM MeTam - 1oTok Ne2, rmactmacca - 10Tok Ne3. Cucrema
coctouT u3 npuBoaa Nel —obecneunBarommii HampaBieHue K 1-my J0TKy, npuoja Ne2 - ko




2-My JIOTKY, CTOIIOpa, TPAHCIIOPTEPA, KHOIIOK «ITyCK» U «CTOI, KOHLEBBIX JATYHKOB IPHUBOJIOB
Nel u No2, ceHcopoB ompenenenus tuma neraieit cencop Nel - mrobas merans, ceHcop No2 -
JI€Tallb HE U3 YEpHOTro MeTajuia, ceHcop Ne3 — rutactmaccoBast fetanb. [Ipu HaxkaTuu nepBoit
KHOIIKM CHCTeMa oOTpabaThlBaeT OJMHOYHBIM LUKI (COpPTUpPYET OAHY JeTaib U
ocraHaBnuBaercs). [Ipu HaxkaTum BTOPOM KHONKHM CHCTEMa pabOTaeT B aBTOMATHUYECKOM
pexuMe, MOoKa He MOJY4YUT 5 neraneil ogHOro Tuma. TpeThs KHONKA HMCHOJb3YeTCs I
aBapuMHON OCTAHOBKM cucCTeMbl. [IpyM NOSIBICHHMM 3aroTOBKM Ha JIGHTE KOHBeWepa, OH
BKJIFOYAETCSl M BKJIIOYAETCSl CTOIOP, KOTOPBIA yAEpKUBAET 3arOTOBKY HA BXOJ/I€ B KOHBEHep B
TedeHue 3 cexyH. [locne 3Toro cTonop BRIKJIIOUAETCS U IO3BOJIIET 3arOTOBKE MEPEABUTaTHCS
Ha KoHBeiepe. B coorBercTBuM ¢ TUnOM Aetanud npuBoAbl Nel, No2 wiau HU OJMH M3 HHUX
HaIpaBJIAIOT JIeTallb B COOTBETCTBYIOLIMH J10TOK. [locie onmyckaHus neTanu B JIOTOK IPUBOJ
HampaBJIeHUs BO3BpallaeTcsi B HcxonHoe coctosiHue. [locne 3aBepiieHus mukiaa padboThI
CUCTEMbl KOHBEHEp aBTOMAaTHYECKM OocTaHaBiuBaeTcd. [locienyroiiee BKIIOYEHHUE CHUCTEMBI
BO3MO’KHO TOJIBKO IOCJIE €€ BHIKJIFOUEHHS] KHOIIKOW «CTOIDY.




MeToauuecKue PECKOMEHAANHU IJIA IMIOATOTOBKHU K 3a4Y€Ty

[Tpy MOArOTOBKE K 3auUeTy y CTYJAEHTa JOJDKEH OBITh XOPOIIMK y4eOHUK MIIM KOHCIIEKT
JIUTEPATYpPBl, IPOYUTAHHOM 110 YKA3aHUIO NIPENIOAABATENS] B TCUEHUE CEMECTPA.

Bnauaie cnegyeT npocMOTpeTh BeCh MaTepual Mo CIaBaeMOM JUCITUILINHE, OTMETUTD JIJIS
cebst TpyaHbele Bompochl. OO0si3aTeslbHO B HHMX pa3zoOpaThes. B 3akimioueHue eme pas
1[eJIeCO00Pa3HO MOBTOPUTH OCHOBHBIE MOJIOKEHHUS, HCIOIb3Ysl MPU 3TOM OIOPHBIE
KOHCHEKTHI JieKiui. [lpu 3ToM HYXHO 00OpaTuTh 0cO00€ BHHMaHUE Ha TEMbI YYEOHBIX
3aHATUHN, TPOMYLICHHBIX CTYIEHTOM I10 Pa3HbIM MPUYHMHAM.

[Tpu moaroTroBke K 3a4eTy HEOOXOIMMO IOBTOPSATH NPOWJIEHHBIH MaTepuayl B CTPOIOM
COOTBETCTBUH C y4eOHOH pabodell mporpaMMoOil TUCHUIUIMHBI, TPUMEPHBIM IMEPEYHEM

y‘{C6HI)IX BOIIPOCOB, BEIHOCAIINXCA HA 3a4CT U COACPIKAINXCA B IIaHHOI\/JI nmporpamMme.

Ecnu B mporiecce caMOCTOATENBHOM pabOThl Ha/l H3YYEHHUEM TEOPETHUECKOT0 MaTepraa
WIM OpU pPELIEHUH 3aJad y CTYyJEHTa BO3HHMKAIOT BOIPOCHI, Pa3peliuTb KOTOpPbIE
CaMOCTOSITENILHO HE y/1aeTCs, HEOOX0IUMO OOpaTUTHCS K IPENOAaBATENIO IS OIYYEHUS
y HEro pa3bsICHEHUH WK yKa3aHuil. B cBOMX BOmpocax CTyA€HT AOJKEH YETKO BBIPA3UTh,
B UYEM OH HCIHBITHIBAET 3aTPyAHEHHUS, XapaKTep 3TOro 3aTPyAHEHUs. 3a KOHCYJbTalueil
clieyeT oOpamarbes U B CIy4ae, €CIM BOSHUKHYT COMHEHHUS B IPaBHIILHOCTH OTBETOB HA
BOIIPOCHI CAMOIIPOBEPKH.



