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1. OPTAHM3AIIMS CAMOCTOSTEJIBHOM PABOTHI

1.1.0prann3aliMiOHHO-METOIMYECKUE TAaHHBIC TUCITUTIIINHBI

HanmeHnoBanue TeMbl

OO6mmii 06beM YacOB TI0 BUJIaM CaMOCTOSITEIILHOM PaboThI

(uz maon. 5.1 PII]])

MOATOTOBK
a
KypCOBOT'O
poeKTa
(paboThn)

MOJIrOTOBKA
pedbepara/ac
ce

WHUBHYaJIbH
b€ JIOMAIIHUE
3amanus (UJ13)

CaMOCTOSITENIbH
o€ U3y4eHHe
BOIIPOCOB
(CUB)

MMOATOTOBK
akK
3aHATHAM
(TTk3)

2

3

4

5

6

7

ABTOMaTH3a1UI
CHCTEM
peryjaupoBaHus
TEeMITepaTyphl U
BJIA)KHOCTH
MTPOM3BOICTBEHHBIX
IIOMEIIECHIUN

3,75

ABTOMAaTH3aIUS MTyCKa
ANEKTPUUECKUX
MallHH.

3,75

CucreMsl
ABTOMAaTHYECKOTO
TOPMOXKCHHUS
JIBUTATEIISIMU.

3,75

ABTOMaTH3a1IUA
BKJTFOUCHUS PE3EPBHBIX
UCTOYHUKOB IIUTAHUSA

3,75

ABTOMaTHYECKOE
MOBTOPHOE
BKJIIOUEHHUE B
CUCTEMax
3JICKTPOCHAOKEHUS.

3,75

ABTOMaTH3aMA
CHCTEM
KOHJIULIUOHUPOBAHUS
MIPOU3BOACTBEHHBIX
MMOMEIICHU N
CEIILCKOXO03SiCTBEHHO
ro Ha3HA4YECHMUS.

3,75

[Iporpammupyemeblie
KOHTPOJLJIEPHI.

3,75

ABTOMaTHYECKHE
CHCTEMBI
peryjaupoBaHus Ha
OCHOBE
MIPOrpaMMHUPyEMOro
KOHTpOJIIEpa.

3,75




2. METOJIWYECKUE PEKOMEHJIAIIUM 1O BHIITOJTHEHUIO
KYPCOBOM PABOTHI (ITPOEKTA)
He npenycmoTtpeno

3. METOAUYECKHUE PEKOMEHJIALIUN
ITO IOATI'OTOBKE PE®EPATA/9CCE

He npenycmotpeno

4. METOAMYECKHE PEKOMEH/JIAIIMA 110 BBIITOJTHEHUIO
NHAUBUAYAJIBHBIX JOMAIIHUX 3AIAHUHN

He npenycmotpeno

5. METOAUYECKHUE PEKOMEHJALIUUA 110
CAMOCTOATEJBHOMY U3YYEHUIO BOITPOCOB

5.1 ABroMarM3anMsi CHUCTEM  PETYJIUPOBAaHHMS  TEMIEPATypbl W BIAKHOCTH
MPOU3BOJICTBEHHBIX MOMEIICHUHN

DneKkTpruyeckas cxeMa — 3TO JIOKYMEHT, COJICpKaIlliil B BUEC YCIOBHBIX M300paKeHHI
Wi 00O3HAYCHUN COCTABHBIC YACTH W3ENHS, NEHCTBYIOIIME MPU MOMOIIM JIIEKTPUICCKON
SHEPIHM, U UX B3aMMOCBS3H. DJIEKTPUUECKHE CXEMBI SBISIOTCS PA3HOBUIHOCTBIO CXEM M3IEIHS
1 0003HaualoTCs B mIM(pe OCHOBHON Haanucu OykBoil J. B oTimMumne oT MalimHOCTPOUTEIbHBIX
U CTPOUTENBHBIX YEPTEKEH IMEKTPUUYECKUE CXEMbl BBIONHAIOT Oe3 coOmoneHus macmTada, a
JNEUCTBUTENILHOE MPOCTPAHCTBEHHOE PACIOJIOKEHUE COCTaBHBIX 4YacTel YCTAaHOBKU HE
YUUTHIBAIOT WJIM YYUTHIBAIOT MPUOIINKEHHO.

CoBpeMEHHbIE  DJIEKTPUYECKHME 1€MW B  MPOMBIIIIEHHOCTH  COJEpPXKAaT  MHOTO
JNEKTPUYECKUX MAIllMH, anmnapaToB M MNpUOOpOB. DTH IENH HACTOJBKO CJOXHBI, YTO HU
W3TOTOBUTh, HU HANAQJAWTh, HU HKCIUTyaTUPOBATh, HU PEMOHTHPOBATH 3IEKTPOOOOPYIOBaHUE
HEBO3MOKHO, HE UMESl COOTBETCTBYIOIINX YEPTEKEU — CXEM.

He Bcerma mns noHuMMaHus IPUHLUIIA YCTPOMCTBA M JEHUCTBUS TOrO WM HHOTO
INEKTPOTEXHUYECKOTO H3ENus WM Kakoro-iudo MexaHu3Ma HeoOXoauMo H300paxkaTb €ero
TOYHO B TAaKOM BHJE, KAaKOW OHO HMMEET B JECUCTBUTEIBHOCTH. [[OBOJIBHO 4YacTO IOCTATOYHO
OTPAaHUYUTHCSA YCIOBHBIMU CXEMATUYECKUMHU HU300paKEHUSIMH TE€X WJIM HHBIX YCTPOWCTB.
YcnoBHble Tpadudeckue 0003HAYCHHS] HE BBHIOMPAIOT MO KEJIAHUIO U BKYCY HUCIIOJHUTENS WIH
NOTpeOUTENS, OHM YCTAHABIUBAIOTCSA T'OCYIapCTBEHHBIMU OOIIECOIO3HBIMU CTaHAApTaMU. ITO
MO3BOJISIET BCEM, KTO CTAJIKHUBAETCS B MPOIECCEe padOThI C TAKUMHU YCIIOBHBIMH M300paKCHUSIMH,
JIETKO MOHUMATh HX.

CocraBnsisi cTaHAApPTHI HA YCJIOBHBIE rpaduueckue 00O03HAUEHUS, CTPEMSTCS K TOMY,
yTOOBI 0003HAYEHWs IO BO3MOXXHOCTH BBIp@XKalud HamOoJiee XapaKTepHbIE OCOOCHHOCTH
u3zenusi, ObUTM TPOCTHI JUISl 3allOMHHAHUSA, TpeOOBalld MHUHUMAIBHOTO BpEMEHH IS
BbIUEPUMBAHUS, YUIUTHIBAIH MPUHATHIE MEKIyHapOoIHbIe 0003HaueHus. Hanmpumep, renepaTopsl,
AJIEKTPOJIBUTATEIN U JIPYTUe AIEKTPUUECKUE MAIIMHBI UMEIOT BpalllaloINecs [MIMHAPUYECKUE
4acTH (SKOPb, pOTOP), OITOMY B OCHOBY HMX YCIIOBHOTO O0OO3HAYEHHS TOJIOKEHA OKPYKHOCTD.
DIIEKTPUUECKHE MAIIMHBI TIOCTOSIHHOTO TOKA XapaKTEPU3YIOTCS HATMYHMEM IIETOK, CKOJIB3SIINX
no KoJuleKTopy. YUTOOBl OTpa3uTh 3TO, B YCIOBHBbIE OOO3HAUEHHS MAIIMH BBEIEHBI [IBa
HE3aUepPUYCHHBIX MPSIMOYTOJIbHUKA, KaCAIOIINUXCA OKPYKHOCTH.



DJIEKTPUYECKOH MAIIMHON TPUHATO CUUTATh JJIEKTPOMEXAHMUYECKOE YCTPOMCTBO,
crocoOHOe MpeoOpa3oBaTh MEXAaHUYECKYIO DHEPTHUIO B AJIEKTPUUYECKYI0 W oOpaTHO. B mepBoMm
ClIy4ae TPOUCXOIUT BBIPA0OTKA DIIEKTPOIHEPTHH (MAIIUHBI SBISIOTCS TE€HEPATOpPaMHU), BO
BTOpOM — €€ moTrpeOsieHune (daekTpoaBurarenu). [lociaeaare HEOOXOAUMBI IJIi TOTO YTOOBI
OpUBECTH B JBW)KCHHE TPAHCIOPTHBIE CPEICTBA, CTAaHKU © JPYrHe MEXaHHU3MBIL

['eHepaTopsl U 3JI€KTPOABUIaTeJM — OCHOBHas cdepa HCIOIb30BaHUS 3IJIEKTPHYECKHX
MammmH. Ho OHM MOTYT OBITH TaK)Ke€ HCIIONB30BAHBI M B KAUECTBE IJIEKTPOMEXaHHYECKHX
npeodpa3oBareieii (ymMpopmepoB) — arperaTtoB, KOTOpPbIE CHOCOOHBI TIPEOOPa3OBHIBATH

AIIEKTPUUYECKYIO SHEpruio B paziuuyHble e€ (opmbl. [IpeobpasoBarens MOCTOSHHOTO TOKa B
IIEPEMEHHBIN HA3bIBACTCS MHBEPTOPOM, YBEIMYMTEIb MOIIHOCTH IEKTPUYECKUX CHTHAIOB —
AIIEKTPOMAIIMHHBIM YCHJIUTENEM, a YCTPOHCTBO CHOCOOHOE OTPEryaupoBaTh HaIpsKEHUE
IIEPEMEHHOT0 TOKA — MHIYKIITUOHHBIM PETYJISITOPOM.

5.2 ABTomMaTu3aums MyCcKa 3JIeKTPUYECKUX MAIUH

Dnekmpuueckas cucmema agmomamuzayuy IMO3BOJSET UCIIO0Ib30BaTh BBICOKOUACTOTHBIE
3JIEKTPOABUTATENH B IepeBO0OpadATHIBAIOLICH MPOMBIIINIEHHOCTH U APYTUX OTpACsX.

Dnekmpuueckas cucmema agmomamu3ayuy HAXoAUT MHUPOKOE MPUMEHEHNE B
MPOKATHBIX cTaHax. ['abapuThl MalIH 3TOM OTPACIN MPOMBIIIEHHOCTH HACTOJIBKO BEJIUKH, YTO
HCITIOJIB30BaHUE B HUX HE TOJIBKO MCX&HHHCCKOﬁ, HO U FHHpaBHquCKOﬁ CHUCTEM aBTOMAaTU3alinn
B OOJIBIIMHCTBE CIIYy4aeB OKA3bIBAECTCS HEPALMOHAIBHBIM.

IIpu anexkmpuueckoii cucmeme agmomamu3zayuy CTAaHKOB MO>KHO OCYILIECTBUTh
AaBTOMATUYECKOE YIpaBlieHHE paOOYMMU OpraHaMU U 3JIEMEHTaMH CTaHKOB B (DYHKIIUU MYTH,
BpPEMEHH, CKOPOCTH, HATPY3KHU U APYTUX BEINYHUH.

[Ipu anexmpuueckoii cucmeme asmomamusayuy ACTIOIIHUTEIbHBINA OpraH
HCIMOCPCACTBCHHO MJIN YCPEC3 HUCITOTHUTEILHBIN MEXaHU3M COCAUHCH C POTOpPOM
anexkTpoaBurarens. VcrnonHuTenbHbIe MEXaHU3MbI UCTIOIB3YIOT B TE€X ClIydasx, KOrjaa
UCIOJIHUTEIbHBIN opraH JOJIKCH UMCTD IMOCTYIIATCIIbHOC NI KaYaTCIIbHOC ABUIKCHUC.
VYrpasieHre HUKIaMH UCIIOJIHUTEIbHBIX OPraHOB U MAIIMHBI B IIEJIOM OCYILIECTBIISIETCS TyTeM
HU3MCHCHUA CKOpOCTCfI BpalCHUA BHCKTpOHBHFaTeHGﬁ, HUX BKIIIOYCHHA U BBIKIIFOYUYCHH A,
peBepcupoBanus. [[i1st Tex ke 1enel MUpPOKO UCIONIb3YIOTCS Pa3IMYHOTO TUIIA ANEKTPOMY(DTHI.

B mammnax ¢ mporpaMMHBIM YIIPaBJIE€HUEM B OCHOBHOM UCHOJIB3YIOT 21eKMpuyecKue
cucmemvl agmMomMamu3ayuu, 3SHaYEHUE W poJib KOTOPBIX B CBSI3U C 3TUM B HACTOSAIIEE BPEMS
PE3KO BO3paACTaCT. MexaHn4ecKkue CUCTEMBI aBTOMAaTHU3alluy B MalllMHaX 3TOro TUiia, BUAUMO,
HenpUMEHUMBI. BenyTcst paboThI B LIEJsX BBISIBICHHUS BO3MOKHOCTEW MPUMEHEHHUS B
paccMaTpUBACMBbIX MAllIMHAX TUAPABIINYCCKUX CUCTCM aBTOMATHU3AlIUU.

CoznaHue TakuX MalIMH BO3MOKHO Ha OCHOBE IIUPOKOT'0 UCIOJIB30BaHUS
NEKMPUHECKUX CUCTEM A8MOMAmMu3ayuy U 3J1€KTPOHHBIX CUETHO-PEIIAOIIUX YCTPOMCTB.

He menbiiee 3HaueHue 1151 pa3BUTHSI TEXHOJIOTHYECKUX MAIIUH UMEET IUPOKOe
BHEJIPEHUE 2IeKMPULECKUX CUCEM A8MOMAMUIAYUU.

V3MeHeHre no10KeHNs OPIIHS UM MeMOpaHbl CEpBOABUTATENS B TUAPABINYECKUX U
IMHCBMATHYCCKUX CUCTCMAX, a TAKIKC USMCHCHUC CKOPOCTHU BPAILICHUA UJIK yIJia TOBOPOTa
INEKTPUUYECKOTO CEPBOJIBUTATEINS B 91€KMPUUECKUX CUCTNeMAX asmomamu3ayuy 00ecreanBacT
COOTBETCTBYIOIIYIO Pa00UyIO OMEpaINio PEeryIUPYIONIET0 OpraHa, H3MEHSIOIIETo Mo[aqy HIIn
notpebyieHue 3Heprun 00BEKTOM JI0 TEX MOp, [T0Ka BEJIMYUHA PEryIHpPYyeMOro napamerpa He
IIpUMET NepBO. B kadecTBe peryupyromux OpraHos TEIUIOBOM aBTOMATU3ALMK Yalle BCErO
MPUMEHSIFOTCS KJIallaHbl U 3aJIBUXKKU JUIS PETYJIMPOBAHUS TTapO - ¥ BOJOMOABOSIINX TOTOKOB,
3aCJIOHKU WM IUOEPHI IS Ta30BO3AYIIHBIX TPAKTOB

5.3 CucreMbl aBTOMATHYECKOT0 TOPMOKEHUS ABUTATEJIAMM

DNEeKTpPOABUTATEIM B  DIIEKTPONPUBOAE MOTYT CTPEMHUTENIbHO MPUOCTAHOBUTH
IPOM3BOJICTBEHHBIM MEXaHU3M, JHOO0 yaepKaTh ONPENEICHHYI0 CKOPOCTh MPHU MOJI0KUTEIbHOM
MOMEHTE paboueil MamuHbl. B TaHHOM ciTydae IBHKOK 00paiiaeTcs B reHepaTop u padoraer
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B OJHOM H3 TOPMO3HBIX PEKMMOB: NPOTHUBOBKIIOYEHUHU, TUHAMUYECKOM, PEKYIIEPATHBHOM
(cMoTtpuTe puc. 1) 3aBUCHMO OT METO/1a BO3OYXKICHUSI.

Topmo:keHne  3J1eKTPONPHMBOAA  CPEACTBOM  IEPEKIIOYEHHS  OOMOTOK a3
AIEKTPOABUTATENS JIUISl TOJIYYSHHs] BpALICHHUsS MOJs B OOpaTHOM HampaBieHUH (TOPMO:KeHHUe
NPOTHBOBKJIIOYEHHEM) UCIOJIb3YIOT, KOTJa HY’)KHO CTPEMUTEIBHO NIPUOCTAHOBUTH MAIIMHHOE
ycrpoiictBo. Ilpu BceM 3TOM MO MHEPLUUU POTOP KPYTUTCS HABCTPEUY MArHUTHOMY CTYCTKY,
CKOJIBKECHHUE JICKTPOIBUTATENSI CTAHOBUTCS OOJIbINIE €TUHUIIBI, @ MOMEHT — OTPHIIATEIbHBIM.

B aBmkke HEM3MEHHOrO TOKa JUIs BOIUIOIICHHUS TOPMOKEHHUS MPOTHUBOBKIIOYCHHEM
MEHSIIOT TOJKIIOUYEHHE KOHIIOB 0OMOTOK sikopsi. IIpu BceM 3TOM TOK B SIKOPE U MOMEHT MEHSIOT
HaIpaBJieHUE.

B ob6oux ciyuasx aedcTByIollee HampsHKEHHE CTAaHOBUTCS OTPOMHBIM, HOTOMY ISt
OTpaHMYEHUS TOKa U MOMEHTA MEePEKITI0UEHNE OCYIIECTBISETCS C OJHOBPEMEHHBIM BKIIIOUEHUEM
PE3UCTOPOB B IIeNb AKOps JUOO poTOpa.DHEprus TOPMOXKEHHS M TOCTYMAIOMIas U3 CETH
pacceunBaeTcsi B 0OMOTKAaxX SIKOPSI U B PE3UCTOpaXx.

JluHaMH4YecKoe TOPMOKEHHEe XapaKTepU3yeTcss TEeM, YTO JJIEKTPOHHAas MalluHa
pabotaer TeHepaTopoM (AMHAMO) C pAcCEMBAaHHEM SHEPIHM TOPMOXKEHUS B TOPMO3HBIX
pe3ucTopax u 00MOTKAX 3JIEKTPOIBUTATEIIS.

JUis TMHAMHYECKOro TOPMOKEHUS SKOpPb MOTOpa HEM3MEHHOTO TOKa OTKIIIOYAIOT OT
UCTOYHMKA MUTAHHUS U BKIIOYAIOT HAa COMPOTHUBIICHHUE, a 0OMOTKA BO30YXKICHHUS OCTAETCS IMOJ
HaANpsDKEHUEM, aCHMHXPOHHBIX JIBWKKAaX JUHAMHYECKOE TOPMOXKEHHE JOCTUTaeTcs Mojadeit
HEM3MEHHOTO TOKa B 0OMOTKY CTaTopa MOTOpA.

HeunsmenHnblii TOk nenaer HEABM)KHOE MarHUTHoe mosie. [Ipu BpamieHuu poropa B €ro
oomotkax HaBojmutcst DJIC M BO3HMKaeT TOK. B3ammoneiicTBue TOKa poTopa ¢ HEIBU)KHBIM
MarHUTHBIM IOJIEM JIelaeT TOPMO3HONH MOMEHT. 3Ha4eHHE TOPMO3HOIO MOMEHTa HaXOIUTCS B
3aBHCUMOCTH OT TOKa BO30YXKICHHS, YacCTOTHl BpPAILICHUS U COMPOTUBJICHUS LEMH POTOpa
(stkOpST).

B pe:xxume pexkynepaTHBHOIO TOPMOKeHHsI POTOp (SKOpPbH) MPHCOCIUHEHHOTO K CEeTH
JIEKTPOABUTATENS] KPYTUTCS CO CKOPOCThIO, Ooiblieiiwo. B naHHOM cilydae TOK H3MEHSET
HalpaBJIeHUE, HIEKTPOHHAs] MAIlIMHA CTAHOBHUTCS T€HEPATOPOM, pabOTaIOIIUM HapsIy C CEThIO,
SHEPTrUsi TOPMOKEHUS 32 BEIUETOM YTPAT OTJACTCS B 3JICKTPOHHYIO CETb.

HauOonpiiee pacnpocTpaHeHHE BO BCEX OTPACHsIX MPOMBIIUICHHOCTH —TOJYYHIN
3JIEKTPONPUBO/IBI, OTHOCSIIMECS K IEpPBOM rpymmne KiacCUpUKauuu 1o (PYHKIHOHAIBHOMY
Ha3HAuYeHUI0 W oOecreyuBarollie aBTOMAaTHYECKOE YIpPAaBJICHHME IPOLECCaMu  IycKa,
TOPMOXKEHHS M peBepca napurateneid. Mx goneBoe ydactue B OO0IIEM KOJHUYECTBE
UCHONB3YIOIMXCd B YKpauHe dneKkTponpuBofos mnpesbimaer 80%. B Takux cucremax
MPUMEHSIOT KOHTAKTHbIE U OECKOHTAKTHBIE AJIEKTPUYECKUE amlmnapaThl peieiHoro aeiicteus. B
CHJIOBBIX LEMsX, KOTOPBIC MUTAIOT OOMOTKM JBUTATENeW, MCIOIB3YIOTCA JJIEKTPOMAarHUTHbIC
KOHTaKTOPbI MIEPEMEHHOTI0 U MOCTOSHHOTO TOKA, 3JIEKTPOMATrHUTHBIE MTyCKaTeNlu, THPUCTOPHBIE
nepeKyovaTeNd. B mensx yrnpaBieHus pa3ndHbIe pesie BpEMEHH, HaPsDKEHHs, TOKA, YaCTOTHI,
MoIHOCTH U Jip. KoMaHabl Ha BBIMOJIHEHHE TOW WJIM MHOW OIEpaly MOJAI0TCA C IMOMOIIBIO
KHOIIOYHBIX IIOCTOB yINpaBieHWs M T.I. KpoMme 3TOro curHaiabl Ha IYCK, OCTaHOBKY,
peBepcupoBaHUe WIIM U3MEHEHUE CKOPOCTH JBUraTelisl MOTYT IIOCTYIIUTh B CUCTEMY YIIPaBJICHUS
OT TYTEBBIX HJIM KOHEUHBIX BBIKJIIOYATENECH, JAaTUMKOB JABJICHUS, TEMIIEPaTypbl U JPYTUX
JATYUKOB, KOHTPOJIHUPYIOMUX pabOTy TEXHOJOTUYECKUX MAIIHH.

5.4 ABTomMaTu3auMs BKJIOYEHHUS pe3epPBHBIX MCTOYHUKOB MUTAHUS

Jlnst pe3epBUpOBaHMs TMHTAaHUS OTBETCTBEHHBIX HHEPromnoTpeOuTenel HCHOIb3YIOT
napajuieIbHOE COEAMHEHHE HECKOJIbKMX HMCTOYHUKOB MUTAHUS, UCKIIOYas MPHU 3TOM B3aUMHOE
BIIMSIHHAE OZHOT'O HCTOYHUKA Ha JIPYTOH.
[Tpu moBpexAeHUN WU OTKIIOYEHHHU OJHOTO M3 HECKOJBKUX MUTAIOIIMX YCTPOMCTB Harpyska
ABTOMATUYECCKU H 663 pas3pbiBa NOCNU MNHUTAHUA MOAKIIOYHUTCA K HWCTOYHUKY I[IHUTAHUA,
HaNpsDKEHUE KOTOPOro BbIIIEe OCTadbHBIX. OOBIYHO B LIETIAX MOCTOSHHOTO TOKA ISl pa3fesieHus
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OUTAIOMMX IeTeld MCIONb3YIOT TOJYIPOBOAHUKOBBIE TUOABI. OTH AMOABI TPEMSTCTBYIOT
BJIMSHUIO OJHOIO MCTOYHMKA MUTaHUS Ha Jpyrod. B To ke Bpems Ha 3TuUX AHOJaX
HEpaIMOHAIBHO PACXOJyeTCs HEKOTOpas JOJIsi HEPrUM MCTOYHHMKA NMUTaHus. B 3TOi cBs3M B
CXEeMax pe3epBUPOBAHMS CTOUT HMCIOJIB30BATh IUOJIbI C MUHUMAIbHBIM MaJCHUEM HaNpsHKEHUs
Ha Iepexoie. OObIuHO 3TO repMaHHEeBbIe h112 (01158
B nepByto ouepenp nuTaHue Ha HArpy3Ky MOJAIOT ¢ OCHOBHOI'O UCTOYHHKA, UMEIOIIET0 OOBIYHO
(g peanu3zauuu (QYHKIMM CaMONEPEKIIOUYEHUS Ha pe3epBHOE NHUTaHUE) Ooyiee BBICOKOE
HanpsbkeHue. B kadecTBe Takoro MCTOYHMKA Yalle BCETO HCIOJIb3YIOT CETEBOE HaIpsDKEHHE
(uepe3 Onok muTaHus). B KauecTBe HMCTOYHMKA PE3EPBHOIO MUTAHHUS OOBIYHO HCHOJIB3YIOT
Oarapero WM aKKyMyJISATOp, MMEIOLIUE HAaIpsHKEHHE 3aBEIOMO MEHBIIee, YeM Yy OCHOBHOIO
UCTOYHUKA MATAHUSL.
CamMble TpOCTBIE W OUYEBHJIHBIE CXEMbI PE3EpPBUPOBAHMSI HMCTOYHMKOB IIOCTOSIHHOTO TOKa
nokazansl Ha puc. 1 um 2. IlogoOGHBIM 00pa3oM MOXHO MOJAKIIOYUTH HEOTPAHUUYEHHOE
KOJIMYECTBO HCTOYHUKOB IMUTAHUS K OTBETCTBEHHOMY pPaJHMO3JIEKTPOHHOMY OOOpYIOBaHUIO.
Cxema pe3epBUpPOBAHUSI MCTOYHUKOB MUTaHUS (PUC. 2) OTIUYAETCS TEM, YTO POJib JIUOIOB,
pa3fensiomMX HWCTOYHUKM MUTAHUS, BBINOJHAIOT CBETOAMONb. (CBeueHHe CBETOAMOAA
UHIUIUPYET 3aJeHCTBOBAHHBIA HMCTOYHUK MNUTaHHUS (OOBIYHO HUMEIOIUK Oojiee BBICOKOE
HanpspbkeHue). HemocraTtkoM mogoOHOr0 CXEMHOTO pelIeHUs SIBISIETCS TO, YTO MaKCUMAalbHBIN
TOK, TOTPEOJIIEMBI HArPY3KOM, HEBEITMK M HETMPEBHIIMIAET MAKCUMAIBHO JIOMYCTUMOTO TIPSIMOTO
TOKa 4epe3 CBETOINO/I.

[TocTostHHBI  POCT MOTPEeOJEHUST DIEKTPOSHEPTUM B  PETHOHAX C  pa3BUTOU
uH(ppacTpyKTypOit o0ycioBHI nmpoOjieMy  SHEpProcHaOKEeHUS HOBBIX 00BEKTOB
arpoIpOMBIIIIEHHOTO KOMILIEKCA.

JIist  yBenmWYEHHUS TPOMYCKHOM CHOCOOHOCTH HMMEIOIIUXCS JJICKTPUYSCKUX CEeTel C
PEKOHCTPYKIMEH JIMHUI »3IeKTponepenadyn M TpaHCPOPMATOPHBIX MOJCTAHIUN TpeOyroTCs
3HAYUTENIbHbIE KaUTAIOBIOXKEeHHs. Pa3mep X, Kak MoKa3bIBaeT 3apyO0eKHbIN U OTEUECTBEHHBIN
OMBIT, COM3MEPUM CO CTOMMOCTHIO YCTAHOBKM JIOTIOJIHUTENBHBIX HCTOYHHUKOB OSHEPTHH
HEINOCPEACTBEHHO B IIEHTpax ee mnoTrpelsnenus. bomee Toro, crommocTh BbIpabaThiBaeMOMN
HHEPTUHU Ha TAaKUX YCTAaHOBKAX ObIBAET 3HAUUTEIBHO HUXKE MOTYyYaeMO OT SHEPrOCHCTEM.

B nacrosiiee BpeMsi U3BECTHBI JIBE€ KaTETOPUU UCTOYHHKOB YHEPIHH, KOTOPHIMH MOTJIH
OBl BOCITIOJIB30BATHCS NMOTPEOUTENN arpoIPOMBIIIICHHOTO KOMILIEKCa. DTO HEBO3OOHOBIISIEMbIE
WMCTOYHHMKU SHEPTHH (Hampumep, HeDTh W TPHUPOAHBIA Ta3) W BO30OHOBISAEMBIC HWCTOYHUKH
sHepruu. B cBoo odepenb BO30OHOBIIsIEMbIE UCTOUHUKN SHEPTHHU JIENIAT Ha MIEPBUYHBIC: COJHIIE,
BETEP, BOJSHBIC TOTOKU, U BTOPUYHBIE: MIPOIYKTHI MEPEPadOTKH MPOU3BOJCTBEHHONW U OBITOBOM
Oromacchl.

[lo mporHo3am y4eHBIX A0JsSI BTOPHUYHBIX BO300HOBJISIEMBIX HCTOYHMKOB SHEPTUU OT
nepepaboTku 6uomaccel Bo BceM mupe K 2040 rony nomkHa coctaBuTh okoso 30%. B cBs3u ¢
3TUM MEPCIEKTUBHBIMU PE3€PBHBIMU UCTOYHUKAMU SHEPTUU B arpoNpPOMBIIIIICHHOM KOMILIEKCE
MOTYT OBITh, HApSy C MEPBUYHBIMU BO30OHOBISIEMBIMH MCTOYHHKAMHU JHEPTUU, YCTAaHOBKH,
paboTaroniye Kak Ha TPaIUuIIMOHHOM TOIUIUBE (Ta3, He)Th), TaK U HA TOIUIMBE, MTOJy4aeMOM TIPH
nepepaboTke MPOU3BOJCTBEHHON U OBITOBOM OMOMACCHI.

YcranoBieHo, 4To paboTa Ha OMOAM3ETHFHOM TOIUIMBE HE TOJBKO 00JIee DKOJIOTHYHA, HO
U SKOHOMHYECKHM BbIronHa. B Poccun k mpou3BOACTBY OMOAM3ENBHOTO TOIUIMBA MOJIKIIOYEHBI
KPYITHEUIIINE OTEYECTBEHHBIE arpONPOMBIIIICHHBIE XOJIIUHTH, Takue Kak «PycArpollpoekT» B
Bonrorpaackoit ob6mactu, OAO «Ka3aHCKHII MAacIOSKCTPAallMOHHBIA 3aBOA» B pecmyOimke
Tarapcran, 3aBog OOO «JIubeitny B Jlunernkoi 0061acTy U Apyrue.

IlepepabatbiBast GomMaccy, 3TH 3aBOJIbI B COCTOSIHUM MPOU3BOJUTD JECATKU THICAY TOHH
010IU3€EIHHOr0 TOIUIMBA, UCIIOJIB3YSl KOTOPOE JIOKAJIbHBIE YJHEPrOyCTAaHOBKU B MecTax jaeduiura
[EHTPAJIM30BAaHHOTO JJICKTPOCHA0XKEHUSI MOIJIM OBl CTaTb KOHKYPEHTAMHU PEKOHCTPYKIHH
3JIEKTPOCETE.

Cornacuo [1YD Bce moTpeOHUTENH dIEKTPUIECKON SHEPIUU JIENATCS HA TpU Kareropuu: |
KaTeropusi — K MOTPEOUTENIIM 3TOW TPYIIBI OTHOCSTCS TE€, HApYyUICHHE 3JIEKTPOCHAOKEHUs
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KOTOPBIX MOXET TIOBJIeYh 3a COOOH OmacHOCTh JJisi JKW3HHM JIIOJICH, 3HAYUTEIHHBIN
MaTepHaNbHBIA yIIepO, yrpo3y isg O€30MacHOCTH TOCYIapCTBa, HAPYIIEHHUE CIIOXKHBIX
TEXHOJIOTMYECKUX ImpoumeccoB u mp. Il kareropus — K OTOH Trpymme  OTHOCIT
3JIEKTPONPUEMHHUKH, TTEPEPHIB B TUTAHUU KOTOPBIX MOXKET MPUBECTH K MACCOBOMY HEJOOTIYCKY
MPOIYKIMH, TIPOCTOI0 PaboUnX, MEXaHH3MOB, POMBIIUICHHOTO TpaHcmopTa. Il kareropus —
BCE OCTAJIbHBIE MOTpeOuTEeNH 3eKTpodHepruu. Kpome Toro, B I kareropun BbIeneHa ocoOas
rpynmna 3JIeKTPONpUEeMHUKOB. B ocoOyro rpynmy | kareropuu BKIFOYEHBI 3JIEKTPONPHEMHHKH,
«OecrmiepeboitHas paboTa KOTOPBIX HEOOXoauMa JjIsi Oe3aBapuiHONW OCTAaHOBKH MPOM3BOJICTBA C
LEJIbI0 MPEJOTBPALLECHUS YTPO3bI )KU3HU JIIOJIEH, B3PBIBOB U MOKAPOBY.

Takum 00pa3oM, KpoMme HEYIOOCTB B TOBCEIHEBHOW >XHM3HH YEJIOBEKA, IMTEIbHBIN
NEPEepPhIB B DIIEKTPONMTAHUU MOXKET MPHUBECTH K Yrpo3e JKU3HH W 0€30MacHOCTH JIOJCH,
MaTepHaIbHOMY yIIepOy W APYrMM, HE MEHEe CEephE3HBIM IMOCICACTBUSAM. becriepeboitHoe
MUTAaHUE MOXKHO pPEajn30BaTh, OCYIIECTBUB 3JIEKTPONUTAHUE KAXKIOTO MOTPEOUTENST OT JIBYX
HMCTOYHHKOB OJTHOBPEMEHHO (15 moTpeburteneid | kareropuu Tak U JENar0T), OJHAKO MOJ00HAs
CXeMa UMEET Psi/i HEJOCTaTKOB:

. TOKMKOPOTKOro 3aMblKaHUs MpU NapajjielbHOW paboTe MCTOYHHUKOB IMUTAHUSA
ropas/io BBIIIE, YeM MPH pa3ebHOM NUTAaHUH TOTPEOUTENEH.

. B nuraronmx Tpancgopmaropax BbIIIE TOTEPH IIEKTPOIHEPTHH

. Penelinas 3amura ciloKHEe, 4eM IIPU pa3AeIbHOM TUTAHUH.

. Heo6xonuMocTh ydera nNepeTOKOBMOIIHOCTH BBI3bIBAET TPYAHOCTH, CBSI3aHHBIE C
BBIPAOOTKOM OIPEIeNIEHHOTO PEXUMAa PAOOTHI CUCTEMBI.

. B HEKOTOPBIX ciay4asx HE IMOJIy4aeTCs pealu30BaTh CXEMY M3-3a TOTO, YTO HET

BO3MOXXHOCTH OCYIIECTBUTh MapajUIeIbHYI0 padOTy HWCTOYHUKOB TUTAHHUS U3-3a pPaHEe
YCTaHOBJICHHOM pEeJICHHOM 3aUThI 1 000PYI0BAHUS.

B cB3M ¢ 3TUM BO3HUKaeT HEOOXOIUMOCTh B pa3leibHOM 3IIEKTPOCHAOKEHHUU U
OBICTPOM BOCCTAHOBJIEHHH 3JICKTPONMUTAHUs OTpeOuTeneld. Perenne 3Toii 3a1a4u ¥ BHIIOJIHSET
ABP. ABP MoOXeT NOAKIIOYUTh OTACIbHBIA HCTOYHUK BJIEKTPOIHEpruu (reHeparop,
AKKYMYJIATOPHYIO 0aTapero) WM BKIIOYUTH BBIKJIIOYATENb, PA3ACISAIONNI CEeTh, MpPU ITOM
HepephIB MUTAHUS MOKET cocTaBiATh Bcero 0.3 — 0.8 cexyHz.

I[Ipu npoexktupoBanum cxembl ABP, ngomyckaromeil BKJIIOYEHHE CEKIIMOHHOTO
BBIKJTIOYATENS, BA)KHO YYUTBIBATH MPOIYCKHYIO CIOCOOHOCTH MHTAOIIEro TpaHchopmaropa u
MOIIIHOCTh HMCTOYHUKA 3HEPIHH, MUTAIOLNIUMX MapauIebHYI0 chcTeMy. B mpoTuBHOM ciydae
MO>KET MOJYUYUTHCS TaK, YTO MEPEKIIOYCHUE HA MMUTAHUE OT NapaJIeIbHOM CUCTEMBbI BBIBEIET U3
CTpos U €€, TaK KaK UCTOYHUK MUTAHMUSI HE CMOXKET CIIPaBUTHCS C CYMMapHOM Harpy3koi o0eunx
cucteM. B ciydae ecim HEBO3MOXKHO TOJO0OpaTh TakOW HWCTOYHUK MHUTAHHS, OOBIYHO
IpPEAYyCMaTpUBAOT TaKyl JIOTMKY 3alllUThl, KOTOpass OTKJIIOYUT HAaWMEHEEe Ba)HBIX
noTpeduTeNei Toka 00euxX CUCTEM.

ABP pazgenstor Ha:

. ABP ognocTOpoHHEro aeicTBHs. B Takux cxemax NMpHCYTCTBYET OfHa pabodas
CEKIIMS TUTAIOIIeH CeTH, U OJHa pe3epBHas. B ciydae morepu murtanus padoueii cexiuu ABP
HOJKJIIOUUT PE3EPBHYIO CEKIUIO.

o ABP nByxctopoHHero aecTBus. B 3Toil cxeme mro0ast w3 ABYX JTUHUNA MOXKET
OBITH Kak paboyeil, Tak U Pe3epBHOM.
. ABP c¢ BocctanoBienneM. Eciam Ha OTKIIIOUYEHHOM BBOJIE BHOBB ITOSIBISETCS

HANPSDKEHUE, TO C BBIACPKKOH BPEMEHHM OH BKJIIOYACTCS, a CEKI[MOHHBIN BBIKIIIOYATEIb
oTkirouaercs. Eciu kpaTkoBpeMeHHasl mapaijielibHas padoTa ABYX MCTOYHHKOB HE JOIMYCTHMA,
TO CHAayajla OTKJIFOYAETCS CEKIIMOHHBINA BBIKJIIOYATENb, a 3aT€EM BKIIIOYAeTCs BBOOHOH. CxeMa
BEPHYJIaCh B HCXOJIHOC COCTOSIHHUE.

. ABP 6e3 BoccTaHOBIIEHHS.

5.5 ABToMaTH4YecKOe IIOBTOPHOE BKJIYEHHE B CHCTEMaX 3J1eKTPOCHAOKeHU s



Paccmotpennas Bbime cxema AIIB mpumensieTcss B ciydasx, KOrza B HOPMajlbHOM
peXuME TOJIOKEHUE KIII04Ya YIPABICHHS BBIKJIOYATEIEM COOTBETCTBYET IIOJOKEHUIO
BBIKJIFOUATENIS: BBIKJIIOYATENb BBIKJIIOUEH — KIIIOY HAXOJUTCA B TOJOXKEHUH Bxruoueno;
BBIKJIFOYATEIb OTKJIOUEH — KIIIOY B NOJIOKEHUU Omxaouerno. ITO, OJHAKO, UMEET MECTO He
Bcerna. Tak, HampuMep, Ha TeJIeMEXaHU3UPOBAHHBIX I1/CT 0€3 AeKYpHOI'O IepcoHalla UMeeTcs
KaK MECTHOE€ JMCTAaHIIMOHHOE YIPABJICHHUE, OCYIIECTBISIEMOE C IOMOULIBIO  KIIOYa,
YCTaHOBJICHHOTO Ha IIHWTE YIPAaBJICHHUS MJAHHOTO OO0BEKTa, TaK U TeleylNpaBJICHHE,
OCYLIECTBIISIEMOE C JIUCIIETYEPCKOro IyHKTa. IIpu TeneympaBieHun Kiro4 YIpaBlICHHUS,
HaXOJALIMICA HA CaMOM OOBEKTE, OCTAETCS HEM3MEHHO B TOM IIOJIOKEHUH, B KOTOPOE OH ObLI
IIOCTaBJIEH MPHU MOCJIETHEN ONepaluy ¢ HUM.

OueBuzHO, 4TO B 3TOM citydae cxema AIIB, npuBenenHas Ha puc. 8., HENpUMEHNMa, TaK
KaKk OHa OyAeT MpPOM3BOAMTH TOBTOPHOE BKIIIOUEHHE BBIKIIOYATENsl MPU €ro ONepaTHUBHOM
OTKJIIOYCHUU Yepe3 YCTPOMCTBO TeneynpamieHus. IloaToMy Ha TeneMexaHW3MpPOBAHHBIX TI/CT
JUISl YIIPaBJIEHMsI BBIKIIIOYATEIEM MCIOJB3YIOTCS KIIIOYH yIpaBieHus 0e3 QpUKcaruy Mo0KeHUs
tuna [IMOB wumu MKO®, a nans 3anoMuHaHds TpeAbIAyIIed KOMaHIbl —YIPaBIICHUS
pelycMaTpUBaEeTCs ClelUaIbHbIe peie GUKCcaluu KOMaH/Ibl.

[Tpumenenne aykpatHoro AIIB mo3Bossier MOBBICUTH 3(PQPEKTHBHOCTH 3TOTO BHUAA
aBTOMaTUKM. Kak moKa3bIBaeT ONBIT 3KCIUIyaTallMM, YCHEUIHOCTh JACWCTBUS IPU BTOPOM
BKITT0YeHUH cocTaBisieT 10—20%, 4yTo mOBbIIAeT OO MPOIEHT ycremHbIx aericTuil AIIB no
75-95%. JIBykpatHoe AIIB npuMeHsSIOT, KaK MPaBUJIO, HA JIMHUAX C OJHOCTOPOHHUM MUTaHUEM
U Ha TOJIOBHBIX YYacTKax KOJbBLEBBIX CETEH, I7ie BO3MOXKHA paboTa B peXUME OJHOCTOPOHHETO
MATaHUA.

JUnst HarJsIAHOCTH, paccMOTpUM paboty ycTpoiictBa AIIB Ha mpumepe mpocToil cxembl
11t BeIkTrouaTens 6-FOkB ¢ npyxuHHBIM npuBoioM (Hampumep, T111-67).

[Ipu mnopmaye kmoyom ympasieHus KY KOMaHIbI UM BKJIIOYEHHH BBIKJIIOUATEIS,
pa3MbIKaloTCs OJIOK-KOHTakThl B B menmn OB u koHTakThl roToBHOCTM mpmBoma KITI,
3aMbIkatoTcst KoHTakThl B u KI'TI B nienn 3aBoaku mpuBoja u B nenu D0, 3aMbIKaIOTCs OJIOK-
koHTakThl BKA, Ilocne oxkoHuanusi 3aBoakuiku TpuBoja, KoHTakThl KI'TI paspeiBatoT 1enb
3aBOJIKM U 3aMBIKAIOTCS B LIETIH BKJIFOUEHUS - puBoJ roToB K AIIB. Ilpu oTntouennn BeIKIIOYa-
Tenst KiaouoMm ympasieHuss KY, mMexaHwdecku oTkirodaroTcs Ook-koHTakThl BKA, m cxema
AIIB He 3anmyckaercs.

[Ipu aBapuilHOM OTKJIIOYEHHUM BBIKJIIOYATENs OT 3alluThl, KOHTakThl BKA ocratorcs
3aMKHYTBIMH, 3aMBIKAIOTCS OJIOK-KOHTakThl B B menu OB, u mpu BBeneHHoi Hakmaake H1 «
AIIB», o (akTy HECOOTBETCTBUS TOJIOKEHHUsS BHIKIIOUaTeNsl U KoHTakToB BKA, 3amyckaercs
pene PB Beinepxku Bpemenu AIIB. BxiroueHus BBIKIIOYATENS IPU 3TOM HE MPOUCXOIUT, TaK
KaK compoTuBieHue Karymkd OO 3HAYUTENbHO MEHbIE, 4eM OOMOTKU MOCIEOBATEIHHO
BKJIIOYEHHOTO C HEH pesie BpeMeHHu PB, u nmpakTiuuecku Bce HanpsHKeHUE NPUKIIAAbIBAeTCs K 00-
MoTke pene. C Boiaepkkoit Bpemern AlIB, kontaktsl PB 3ambikaroTcs, BeIKOpadmuBas 0OMOTKY
pene PB, u 3aMbIkas 1enb BKJIIOYEHUs BbIKItouatens. [Ipu 3ToM, BBIKIIIOYATENb BKIIIOYAETCH,
BBITIAZIACT ONMHKEp yKaszaTenbHoro pene PY «Pabora AIIB», pene PB ornamaer, 3ampikaroTcs
KoHTakTel B B memsix D0, a tak xe B u KI'TI B nenu 3aBogku MpuBO/AA, Pa3MBIKAIOTCS OJOK-
koHTakThl B 1 KI'TI B ermu OB.

5.6 ABTomMaTu3aums CMCTEM KOHIAMIUOHUPOBAHMS MPOU3BOACTBEHHBIX MOMeIleHUi
CeJIbCKOXO0351iICTBEHHOT0 HA3HAYEHUS

Bbi6op TEeXHUYECKMX CpPEICTB HOpMalM3alMM MHKPOKIMMATHYECKUX MapaMeTpoB
BO31yXxa paboueil 30HbI OOYCIOBIMBACTCS OCOOCHHOCTSIMH TEXHOIJIOTUYECKOro mporiecca. Jlis
co3maHus TpeOyeMbIX MapaMeTpoB MHKPOKIMMaTa B IPOU3BOJACTBEHHOM IOMEIEHUU
NPUMEHSIOT CHUCTEMbl BEHTWISLUMU M KOHAWIMOHUPOBAHUS BO3[yXa, a TaKXKe pa3InyHbIC
OTOINHTENbHBIE ycTpoiicTBa (puc. 3.1.1.).

BenTniasumMen Ha3pIBaeTC KOMIUIEKC B3aUMOCBSI3aHHBIX YCTPOMCTB M IPOLIECCOB UL
co3aHus TpebdyeMoro Bo31yXxooOMeHa B MPOU3BOJCTBEHHBIX MOMENICHUIX. B 3aBUCUMOCTH OT
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criocoba mepeMenieHus BO3yXa B MPOU3BOJCTBEHHBIX TMOMEIICHHUSIX BEHTWISIMS JIEIUTCS Ha
€CTECTBEHHYIO M MCKYCCTBEHHYIO (MexaHnueckyo). [I[pumeHenne BeHTUIAUUN 000CHOBBIBAETCS
pacyeTaMu B KOTOPBIX YYMTHIBAIOTCS: TEMIIEPATypa, BIIAXKHOCTh BO3/yXa, KOHIIEHTPALMHU
BBIJIETISIEMBIX BPEIHBIX BEIECTB, BEIUUYMHA U30bITKA Teruia. Eciu B moMeleHuu HeT BpeIHbIX
BBIJICTICHUM, TO BEHTWIALUS JOKHA OOECTeunBaTh BO3AYXOOOMEH HE MeEHee 30M°/uac Ha
KKJIOTO padoTtaromiero (s MmoMenieHud ¢ oO0bEMOM 10 20M° Ha OJIHOTO PabOTAIOIIETO).
PaccmoTpuM OCHOBHBIE BHBI BEHTWJISILIMK, NPUMEHSEMbIE I HOPMAaJM3allid OCHOBHBIX
MUKPOKJIMIMATHYECKUX [1apaMeTPOB.

[To ciocoOy mepeMertennsi BO3ayXa BEHTHIISAIUS MOKET OBbITh KaK €CTECTBEHHOM, TaK U C
MEXaHUYECKUM TMOOYXKJEHHEM, BO3MOXKHO TakKKe COYeTaHHWE JTHUX JBYX CIOCOOOB.
EcrecrBeHHast BeHTHJISINUSA TIPOU3BOACTBEHHBIX TMOMELIEHWA CaMbld JICHIEBBIA  BHUJ
BEHTWISALIMH, ITOCKOJIBKY OCYIIECTBIISIETCS 32 CUET:

- Pa3HOCTH TEMIIEpaTyp B MOMEIIEHNUU U HAPY>KHOTO BO3/1yXa (TEIJIOBOM HAMOP);

- IeHcTBUS BeTpa (BETPOBOM HAIIOD).

OcCHOBHOH €€ HENOCTAaTOK 3aKJIIOYAeTCsl B TOM, YTO W IPUTOYHBIM M yJanseMblidl M3
MIOMEIICHUST BO3JyX HE MPOXOAWUT MPEABAPUTENIBHON OYMCTKH, YTO MOXET CTaTh UCTOYHUKOM
3arpsi3HEHUs] BO3JyXa KaK BHYTPU TMOMEIICHHUS, TOK U BHE ero. EcrecTBeHHass BEHTHWIIALIMS
MOXXET OBITh OpPraHW30BaHHOW M HeopraHuzoBaHHOU (puc.3.1.2). B momerieHusx HEOOIBIIOTO
o0beMa M B TOMEIICHHUSAX, PACIOJIOKEHHBIX B MHOTOJTAXXHBIX MPOU3BOJCTBEHHBIX 3TaHUSIX
NPUMEHSIOT KaHAIBHYIO a’palyio, MPU KOTOPOM 3arps3HEHHBIM BO3AyX YAAJIAETCS Yepe3
BEHTWISALIMOHHBIE KaHaNbl B CTeHAX. /(151 yCUIeHUs BBITSDKKM HA BBIXOJIE U3 KAHAJIOB Ha KPBIIIE
3/IaHUsl YCTaHABIMBAIOT Ne(JIEKTOPhl — YCTPOICTBa, CO3AAIOIIME TATY MpPU OOAYBaHUU HX
BeTpoM. [Ipu 3TOM MOTOK BO31yXa, yAApssCh O NehICKTOp U O0TEKask ero, CO3aeT BOKPYT HErO
paspexxeHue, odecreurBarolee moIcoc BO3lyXa U3 KaHana.

ABTOMAaTH3aIUA CHCTEM KOHAUIIMOHNPOBAHMS BO31yXa

KonaumnuonepoM MOXHO YHOpPaBlATh JIMOO HEMOCPEICTBEHHO C MaHEeNIH YIpaBieHHUS,
pPacToONIOKEHHOW Ha KOpPITyce BHYTPEHHETO OJ0Ka, JHOO C MOMOIIBI0 JUCTAHIIMOHHOTO, KaK
MPaBUIIO, UH(PAKPACHOTO MYJIbTa YIIPABICHUS

C mynpTa MOXHO YCTAaHOBUTH CIIEIYIOIINE PEKUMBI paOOTHI:

00orpeB, OXJIaXKACHHE, BEHTUIISIIIMS, OCYIIIEHHE BO3/1yXa;

OJIMH M3 HECKOJIbKHX (KaK MPaBUIIO, TPEX) CKOPOCTHBIX PEKHUMOB BEHTUIIATOPA,

ABTOMATUYECKOE PETYJIUPOBAHUE TMOJOXKEHUS Ka03U (BO3MyXOpacHpeleIuTeabHOM
PEUIETKH ), U3MEHSIOIEr0 HAalpaBJI€HUE BO3AYIIIHOTO MOTOKA;

ABTOMATUYECKOE MOIAEPKAHUE 3aJaHHOM C IMyJbTa TEMIEPATYPHI TOMELICHHUS.

ABTOMaTH3aIMs CUCTEMbI KOHAUIIMOHUPOBAHUS ONpeeNsieTcss GYyHKITUSIME yIIPaBICHHUS,
peaM30BaHHBIMU B KaXKJIOM U3 €€ OJOKOB, UYTO MO3BOJISIET FOBOPUTH O MHOTOBAPHMAHTHOCTH
peuieHus 3a1a4 yrpaBIeHUs.

HapyxHplii KOMIIPECCOPHO-KOHACHCATOPHBIM OJIOK YMPAaBISAETCS MUKPOIPOIIECCOPHBIM
MoxayieM. llonkiiodeHHble K HEMY pesie 3allluThl MO0 HU3KOMY M BBICOKOMY JaBJICHUIO U
TEIUIOBOE peJie JJIi BEHTUJISTOpA OXJaKICHHsS KOHAEHcaTopa 00ecredyuBaroT eMy HaJeKHYIO
3aIIUTy TPH pabOTE CHCTEMBI.

Uwiiepsl  OCHAIIAIOTCSA  KOMIUIEKCHOW  CHUCTEMOM  aBTOMATHWKH,  oOjerdaromiei
peanmzanuio BceX (QYHKIHUNA STOrO JOBOJBHO CIIONKHOTO W (YHKIIMOHATHHO HACHIIIEHHOTO
000pyI0BaHUS B TOJTHOM Mepe.

Muorue Moau(UKaluM YWLUIEPOB HMEIOT YETHIPEXXOJOBOW KIIAlaH, MO3BOJISIOMINN
MHBEPTUPOBATh XOJOMWIbHBIA LHUKJI M OCYIIECTBIATH €ro paboTy HE TOJIBKO B pPEXKHUME
OXJIQXKJICHUS, HO U B pexknMe (DYHKIIMOHHUPOBAHUS TEILIOBOTO HACOCA.

ABTOMaTHKa KpPBIIIHOTO KOHAMIIMOHEpPA OOBIYHO BKJIIOYaeT B ce0sl CTaHJapTHHIE
ANEKTPUUECKNE KOMIIOHEHTBI: aBTOMATUYECKHUE BBIKJIIOUYATENN CETU M BCIIOMOTATEIbHOM LIEeTH, a
TaK)Xe ITyCKOBBIE YCTPONCTBA KOMIIPECCOPOB, HArPEBATENEN U BEHTUIISITOPOB.

KppltiHble KOHIUITMOHEPHI, KaK MPaBHIIO, 000PYAYIOTCS MUKPOIIPOLIECCOPHOM CHCTEMON
YIOPABJICHUS, BAXXHBIMU  JJEMEHTAMH KOTOPOM  SBIIAIOTCA  PEryJisATOp  TeMIEpaTypsl
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00pabOTaHHOTO BO31yXa, peie 3aJepKKU M CPEACTBA 3allUThl KOMIPECCOPOB, CHUCTEMa
JMArHOCTUKY, TOPT MOAKIIOYEHHS JUCTAaHIIMOHHOTO YIIPABICHHUS.

ITpu cexuMOHHON COOpKE IEHTPATHLHOIO KOHAWIIMOHEPAa aBTOMAaTHKAa MOHTHPYETCS IO
CHeLMaTbHOMY NPOEKTY U3 OTAEIbHBIX JIEMEHTOB.

5.7 llporpaMmmupyemMbie KOHTPOJLIEPHI

CrnoBo "koHTposuiep" mpow3omuIo OT aHrmiickoro " control" (ympaBieHnue), a HE OT
pycckoro "KoHTposb" (yueT, npoBepka). KoHTpoiepom B cucTeMax aBTOMAaTH3allMd Ha3bIBAIOT
YCTPOMCTBO, BBIMOJHAIONIEE yIpaBiIeHHE (U3MUESCKUMHU MPOIECCAaMH IO 3aTMCAaHHOMY B HETO
QITOPUTMY, C HCIOJIb30BaHUEM HH(POpPMAIMH, IMOJIYy4aeMOH OT JAaTYUKOB U BBIBOJUMON B
WCIIOJIHUTEIIbHBIE YCTPOIMCTBA.

[lepBbie KOHTpOJUIEPHI MOSABMINCH Ha pybdexke 60-x u 70-X TOM0B B aBTOMOOMIIbHOMN
MPOMBINIICHHOCTH, T/I€ MCIOJIh30BAIKUCH JJIsi aBTOMATU3allud COOPOYHBIX JHHHA. B TO Bpems
KOMIIBIOTEPHl CTOMJIM YPE3BBIYAMHO J1OPOro, MO3TOMY KOHTPOJUIEPHl CTPOMIIUCH HA YKECTKON
Joruke (IporpaMMHUpPOBAIUCH alllapaTHO), 9TO ObUTO Topa3ao aemieBie. OMHAKO MepeHacTpoKa
C OJIHOM TEXHOJIOTMYECKOW JIMHUU Ha JAPYryio TpeboBana (aKTHUYECKH H3TOTOBJIECHUS HOBOIO
KoHTposuiepa. [loATOMy TOSIBIIIMCH KOHTPOJUIEPBI, aITOPUTM pPabOThI KOTOPBIX MOT OBITh
U3MEHEH HECKOJBbKO TpOIle - C MOMOUIbI0 CXEMbl COeIMHEHUN pene. Takue KOHTPOJUIEPHI
MOJTYYMJIM Ha3BaHHE MPOrpaMMUpyeMbIX Jiormueckux koHTposuiepoB (ILJIK), u sTor Tepmuu
COXpaHMUJICS JI0 HACTOAIIETO BpeMeHH. Be3ne ke Tepmunbl "koHTposuiep” u "[TJIK" mMb1 Oynem
ymoTpeOsTh Kak CHHOHHMBI.

Hemuoro mo3zxe mnosuiuchk I[1JIK, koTopeie MOXHO OBUIO TpPOrpaMMHpPOBATH Ha
MaIIMHHO-OPUEHTHPOBAHHOM $SI3BIKE, YTO OBLIO MPOIIe KOHCTPYKTUBHO, HO TPEOOBATIO y4acTus
CHenuaibHO 00y4YeHHOro MpOrpaMMUCTa JAJisi BHECEHHUS JaKe HE3HAUUTEIbHBIX M3MEHEHUH B
anroput™ ympasinenus. C 3TOro MOMEHTa Hadamack Ooprba 3a yYIpOINeHHE IMpoliecca
nporpammupoBanus [1JIK, koTopas nmpuBena cHavyaia K CO3JaHHUIO SI3BIKOB BBICOKOTO YpPOBHS,
3aTeM - CHEIUAJIM3UPOBAHHBIX S3bIKOB BHU3YaJIbHOI'O MPOTrPaMMHUPOBAHUS, MOXOXKUX Ha S3BIK
penerHoM JIOTUKK. B HacTosIiee BpeMst 3TOT NPOLIECC 3aBEPIIMIICS CO3IaHUEM MEKTYHAPOIHOTO
crangapta [EC (MOK) 1131-3 xortopslii mo3:xe O0bu1 nmepeumenoBan B MOK 61131-3 [IEC].
Crangapt MOK 61131-3 noanepKuBaeT HATh A3BIKOB TEXHOJIOTHYECKOTO MPOTPaMMHUPOBAHUS
YTO UCKIIOYaeT HEOOXOMUMOCTh MPHUBJICUEHUS TPOPECCHOHATBHBIX MPOTPAMMHUCTOB TIPH
MIOCTPOCHUHU CUCTEM C KOHTPOJUIEPAMHU, OCTABIISIS AJI HUX pEIIeHNe HECTaHJapTHBIX 3a/1ay.

B cBsi3u ¢ TeM, 4TO cnoco® MPOrpaMMHUPOBAHUS SIBISETCS HauOOJee CYIECTBEHHBIM
KJIacCU(PUITUPYIOMUM TTPU3HAKOM KOoHTpoiuiepa, moHstue "IIJIK" Bce pexe ucronb3yercs s
0003HaYCHHsI YIPABISIONIMX KOHTPOJIJIEPOB, KOTOpPhIE HE MOMJIEPKUBAIOT TEXHOJIOTHUECKUE
A3BIKH IPOTPAMMUPOBAHMS.

C yero HauMHaNach MPOMBIIUICHHAs aBTOMAaTWKa? A HAaYMHAIOCh BCE C KOHTAKTHO-
pENEeWHBIX CXEM YIpaBJeHUs! MPOMBIIIEHHBIMU TpolieccaMu. KpoMme JKyTKOTO «IlelecTeHus,
KOHTaKTHO peJIeHHBIE CXeMbl UMENH (PUKCHPOBAHHYIO JIOTHKY palOOTHI, U B CIy4ae M3MEHEHUs
aIropuTMa, HEOOXOAUMO OCHOBATENILHO MepeesiaTh MOHTAXKHYIO CXEMY

BypHoe pa3BuTHE MHUKpPOINPOLIECCOPHON TEXHUKH, NPHUBEIH K CO3JAHUIO CHUCTEM
yIpaBiIeHUs] TEXHOJIOTMYECKUMU IpolieccaMy Ha 0a3ze MPOMBIIIICHHBIX KOHTpoJuiepoB. Ho 3o
HE 03HAYAET, YTO pelie U3KWIH ce0sl, Y HUX TIPOCTO CBOS HHIIIA JJIsi IPUMEHEHUS.

5.8 ABTOMaTH4YeCKHe CHCTeMbI PeryJIMpOBaHUsI HA OCHOBE IPOrPaMMHUPYeMOro
KOHTpoJL1epa

IUVIK - mnporpaMMupyeMblili JIOTHYeCKMH KOHTPOJJIEP, TPEACTaBIAIOT COOOH
MHKPOIPOIIECCOPHOE YCTPOMCTBO, MpeaHA3HAUYCHHOE NIl cOopa, mpeodpa3zoBaHus, oOpabOTKH,
XpaHeHUs MHPOPMALUU U BBIPAOOTKM KOMAaH]| YIPAaBJICHUS, UMEIOMINNA KOHEYHOE KOJINYECTBO
BXOJIOB M BBIXOJIOB, OJKIIOYEHHBIX K HUM JaTYMKOB, KIIOUYEH, HCIIOJTHUTEIbHBIX MEXaHU3MOB K
00BEKTY YIpPaBJICHHS, ¥ NPeIHA3HAYEHHBIN 17151 pabOThI B peKUMax pPealbHOTO BPEMEHH.
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MporpammHan
obpaboTka

W

BX0fb

UL

[Mpuntun pa6otel [IVIK HECKOMBKO OTIAMYAECTCS OT «OOBIYHBIX)» MHUKPOIPOLECCOPHBIX
ycTpoicTB. IIporpaMMHoe obOecriedeHne YHHMBEPCAIbHBIX KOHTPOJUIEPOB COCTOMT M3 IBYX
yacreil. IlepBas uyacTb 3TO cucTeMHOe mporpamMmHoe oOecreueHue. I[IpoBons aHajmoruio c
KOMITBIOTEPOM MOKHO CKa3aTh, YTO 3TO ONEPALMOHHAS CUCTEMA, T.€. YIPaBiseT paboTol y3/10B
KOHTpPOJIJIEPA, B3aMMOCBS3M COCTABIISIOIIMX YacTel, BHYTpPEHHEH auarHoctukoi. CucremHoe
nporpammuoe obOecriedenue I[IJIK pacmoniokeHO B IOCTOSHHOW MaMsITH IIEHTPAJILHOTO
mpoleccopa U Bcerga rotoBo k padore. [lo Bxmrouenuto nutanwus, [1IJIK roTtoB B3sTh Ha cels
VIpaBJICHUE CHUCTEMOM YXe depe3 HecKoJbko mMumuincekyHa. [IJIK paboTaroT MUKIMYECKH IO

METOAY MEepUONYECKOTO orpoca BXOJTHBIX TAHHBIX.
Pabounii LUK [JIK BKJIFOYAET 4 dazbr:
1. Ormpoc BXOJIOB
2. Beinosinenue MOJIb30BaTEIBCKOM MPOTrPaMMBbI
3. VYcraHoBKy 3HAYCHUN BbIXOJI0B

4. HexoTopble BCIOMOTaTeIbHbBIC ONEPAIiy (JHArHOCTHKA, TOTOTOBKA TAHHBIX JUIS OTJIATYHKa,
BU3YaJIM3alUu U T. 11.).

Brimonaenue 1 ¢a3br odecrednBaeTcss CHCTEMHBIM IMPOTPpaMMHBIM obecrieueHueM. [locie
4Yero ympaplieHHE MepenaeTcsl MPUKIAAHON MporpaMme, TOW Mporpamme, KOTOPYHO BB caMu
3alucalii B NaMsTh, 110 3TOH MporpaMMme KOHTPOJUIEP JeiaeT TO YTO BHI MOKENaeTe, a Mo ee
3aBEpILICHUIO YyIpaBlICHUE OMNATh IEpelacTcs CHUCTEMHOMY VYPOBHIO. 3a CuUeT 3TOro
o0ecrieunBaeTcsi MAaKCUMaIIbHAs TIPOCTOTA IMMOCTPOSHUS TPUKJIIAIHON ITPOTPaMMEBI — €€ CO3/1aTellb
HE JOJDKeH 3HaTh, KaK MPOW3BOJAUTCS YIpaBIEHUE amlmapaTHeIMH pecypcamu. HeoOxommmo
3HATh C KAKOTO BXO0/1a TIPUXONUT CHTHAI M KaK Ha HETO PearupoBaTh Ha BBIXOJIC.

6. METOJMYECKWUE PEKOMEHJALINHA
1O MOJATOTOBKE K 3AHSITUSIM

6.1 IlpakTuyeckoe 3ansaTue Nel,2 (4uaca).

Tema: «Asmomamuzayusi cucmem pe2yiuposaHus memMnepamypbl U GIANCHOCMU
NPOU3800CMEEHHBIX NOMEUJCHULDY

6.1.1 3aganue nyst padoThI:

1. Metoasl 1 cpeacTBA PEryIupoOBaHus TEMIIEPATyPhl U BIAKHOCTH MPOU3BOJICTBEHHBIX
MMOMEIICHHI

2. PexuMbl peryaupoBaHHUs TEMIEPATypbl M  BIAKHOCTU  MPOU3BOJICTBEHHBIX
MMOMEIICHHI

3. Cxembl aBTOMATHU3AIUM CUCTEM PETYIUPOBAHUS TEMIIEPATYPHI U BIAXKHOCTH

6.1.2 KpaTrkoe onucanue npoBoaMMoro 3aHATHS:

HeoOxonuMbie XapakTepUCTHKH MHKPOKIMMAaTa BO3JyXa paboueil 30HBI, KaK MPaBHIIO,
obecrieunBaroTCss  BeHTWiIsANue. [log eewmmunayueii TOHWUMAIOT OpPTraHW30BAaHHBIA U
perynupyeMbplii BO3lyXOOOMEH, O0ECHEUMBAOIINNA YyAaleHHe W3 TOMEUIECHUS 3arpsi3HEHHOTO
BO3JlyXa M TMOJa4y Ha €ro MECTO YHCTOTO, OMNPEASICHHOW BIIAKHOCTH M TEMIEPATYPHI.
Benrtunsiius ObIBaeT: ecmecmeeHHas U NPUuHyOumeibHas, oowas u MeCmuas, opeaHu308aHHAs U
Heopearu3oeanHas. Ecmecmeennas BEHTHISIIS OCYIIECTBIISETCS ¢ TTIOMOIIBIO TPOEMOB B CTEHAX
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(okoH, aBepel, (HOpTOUEK) WU BEHTWISIIIMOHHBIX KaHAJIOB, 0€3 MPUMEHEHHS CHEIHaTbHBIX
MEXaHUYECKUX BO3AYIIHBIX HACOCOB (BEHTHIIATOPOB, KOMIIPECCOPOB).

Ilpunyoumenvnas BEHTWIALUS — BEHTWIALUS, OCYILECTBIIsIEMass C IOMOIIBIO
MEXaHUYeCcKuX  noOyauTenedl  (BEHTWISATOPOB) IO  CHEHHUAIbHBIM  BO3JYyXOBOJAM.
Opeanuzosannas BEHTWIALNAS — BEHTWIANMS, KOTOpas IpEelyCMOTpPEHa 3apaHee Ipu

MPOEKTUPOBAHUH 3/1aHUS WK pabovyero Mecra.

Heopeanuzoeannas BeHTUSAIUS — BEHTWIALMS, OCYIIECTBIsIEMasi Uepe3 HEMJIOTHOCTH B
OKHaX, JIBepSX, CTEHaX H3-3a HEKAYECTBEHHOT'O CTPOUTENHCTBA 3[JaHUM WM HENpaBUIHHON
OKCIUTyaTallii. OTOT BHUJA BEHTWISAIMH HE NPEIyCMOTPEH MpoeKToM.OOuasBeHTUISIUS
OCYIIIECTBIISIETCS 0 BCEMY 00beMy MOMEIIeHHs U paboueii 30HBbI.

Mecmnas BEHTWISLIUS OCYIIECTBIISIETCS B 30HE OTPAHMYEHHOTO 0O0beMa WiId pabodero
MecTa.

Ecmecmeennas BeHTHIALNS OCYIIECTBIISICTCS A2PAYUOHHBIM, OeqhieKmOopHbIM(BBITSHKHOE
YCTPOMCTBO Ha KOHIIE HAPYXXHOM YacTH TPYyOBI IJII OTCOCa BO3AyXa W3 TOMEIICHUHN) WIIN
CMeUaHHbIM CTIOCO0aMH.

Aspayuonnas BEHTWISLIMS OCYLIECTBISETCS 3a CYET pa3HOCTH YJIEJIBbHOIO Beca
XOJIOAHOTO U TEIJIOTO BO3/lyXa CHAPYKU U BHYTPU MOMEIICHHUS.

HegnexkmopnasBeHTUIIALNUSA OCYIIECTBIISIETCS 3a CYET PAa3sHOCTU JAaBJICHUH HAa KOHIIAX
BEHTWISALIMOHHOTO KaHaIa.

[lpunyautenbHass BEHTWISALUS OCYIIECTBIseTcs TpeMs crnocobamu. OHa ObIBaer:
BBITSKHAS, TPUTOYHAS U TPUTOUYHO-BBITSDKHAS.

Cpenu pa3nuyHBIX BUAOB MPOM3BOJACTB BCTPEUAIOTCSA TaKHe, KOTOPhIE XapaKTepU3yIOTCs
MOBBIIIEHHOW BIaXKHOCTHIO, 3HAUUTEIbHBIM BBIJICJICHUEM TEIUIA, MbUIH, I'a3a, BHICOKUM YPOBHEM
IIymMa, BO3MOKHOCTbIO 00pa30BaHMs B BO3yXe B3PhIBOOMACHBIX CMECEH, HaJTMUUeM paJualuu U
JIPYTUMH TPOU3BOJCTBEHHBIMUA BPEIHOCTSAMU. ODTU (PAKTOPHI yXYIIIAIOT YCIOBUS TpyAa s
paboTarouyx 1 pa3pylale AeHCTBYIOT Ha KOHCTPYKIIMH MPOMBIIIIEHHBIX 3[JaHHH.

[Ipu npoekTUpOBaHMM 3AaHUN M1 TAaKUX MPOU3BOACTB IMPEIyCMATPUBAET MEPHI,
OCJIa0JISIONINE BO3ICUCTBUE TIPOU3BOJICTBEHHBIX BPEIHOCTEH.

B TexHomoruueckol YacTM MpOEKTa MPEIyCMaTPUBAIOT  COBEPIICHCTBOBAHUE
IIPOU3BOJICTBEHHOIO TpOIlecca, HCIOJIb30BAHHE COBPEMEHHOTO0 OO0OpYyIOBaHUS, OrpaHUYECHUE
cdepbl AeCTBUS NCTOYHUKOB MTPOU3BOJICTBEHHBIX BPEIHOCTEH.

['uruennyeckuii pexxuM TOMEIICHHUH, yIOBICTBOPSIIONUN TpeOoBaHUSIM CTpPOUTEIBHBIX
HOPM TIPOEKTUPOBAHUS IPOMBIIIJICHHBIX MPEANPUATHH, 00ECIIEYnBAETCsl 3a CUET COBEPIICH-
CTBOBAHMS CAHUTAPHO-TEXHUYECKOTO U HHKEHEPHOTO 000PYIOBAHHUS.

XapakTep MpOW3BOACTBEHHBIX BPETHOCTEH MOXKET BIHUATH HA 00BEMHO-TJIAHUPOBOYHOE
peuienue 3aaHug. Hampumep, B XUMUYECKOW NMPOMBIINIIEHHOCTH, T/I€ B BO3AYXE MOMEUICHH
BO3MOXXHO 0Opa3oBaHHE B3PBHIBOOMACHBIX CMECEH, BEPOSTHOCTh B3PhIBA yMEHBINACTCS TIPU
yBeJIMYEHUU 00beMa Bo3ayxa. [loaTomy B3phIBOOMACHBIE MPOU3BOICTBA PAa3MELIAIOT B 3aJIbHBIX
MOMEIICHUSX, HE Pa3/IeJsieMbIX MEPEropoAKaMuU, MEPEKPHITUAMU U UMEIOIIUX BEHTUIISLIUIO.

[IpousBojacTBEHHBIE  BPEAHOCTH  paspyliaironie  JeHCTBYIOT Ha  CTPOMUTENbHBIE
KOHCTPYKIIUU, KOTOPBIE JOKHBI OBITH HE TOJHKO MPOYHBIMHU, HO M 00JIAAAaTh CTOMKOCTHIO K
arpecCUBHOM cpene. ITO JOCTUTAETCS IMyTEM BBIOOpA pallMOHATBLHBIX MAaTEPHUAJIOB WJIN 3aIUTON
KOHCTPYKLUI OT BO3JEHCTBUSA IPOU3BOJCTBEHHBIX BPEIHOCTEH.

Kaxxnoe npou3BoACTBO, BBLAETSIONIEE BPEAHOCTH, MPEIBSIBISET K MPOMBIIUICHHBIM
3IaHUSM CBOM crienuduieckre TpedoBaHus. VX yYUTBHIBAIOT MPU MPOCKTHPOBAHUH U CTPOH-
TEIbCTBE, YTOOBI O0OECHEYUTh ONaronpusATHbIE CAHUTAPHO-TUTHEHHYECKHEe U Oe30IacHbIe
YCIIOBHS TPY/Zla U COXpaHEHUE MPOYHOCTU, YCTOMYMBOCTH U HAJEKHOCTU KOHCTPYKTUBHBIX 3Jie-
MEHTOB B TE€YEHHE BCETO CPOKA IKCILTyaTalluu 3aHusl.

ABTOMATH3AIUA TEIJIOBBIX MPOLECCOB. TEIIOBBIE MPOLIECCH UTPAIOT 3HAYUTEIBHYIO
pOJiIb B XUMHUYECKOM TEXHOJOTHMH. XMMHUYECKHE pPEaKLMU BEIIECTB C TaKXkKe UX (PU3NUecKHe
MPEBpAICHHS] COTPOBOXKIAIOTCS, KaK MPaBUIIO, TEIUIOBBIMU 3 dekTamMu. TernoBbie SBICHUS
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4acTO COCTAaBJSIIOT OCHOBY TEXHOJIOTMYECKUX TiporeccoB. I[lepemaduy Temia OT ropsyux
TETUIOHOCHUTEJICH K 00JIee XOJIOAHBIM OCYIIECTBISIOT B TEIIIO0OMEHHHUKAX.

PaznuyaroT TermnooOMeHHHUKY:

HETIOCPEJICTBEHHOTO CMEIIICHUS TeTUIOHOCUTEIICH;

* TIOBEPXHOCTHBIC TEIJIOOOMEHHHKH, B KOTOPBIX TEIJIO MEpPEeAaeTcss uepe3 TIYyXYIo
pa3AeIUTENbHYIO CTCHKY:

* Teriomepesaya MOXKET TMPOTEeKaTh 0€3 M3MEHEHUs arperaTHoOro COCTOSTHUS
TEIJIOHOCHUTENEH (HarpeBaTey, X0J0AUIIbHUKH );

* C IBMEHEHUEM arperaTHOTO COCTOSIHUS (MCTIAPUTEIH, KOHEHCATOPHI).

HarpeBanue npo1yKTOB IPOBOIAT TAK)KE B TPYOUATHIX MT€YaX TOMIOYHBIMH T'a3aMH.

PeryimpoBanue Tenj000MEeHHUKOB cMellleHUsIPerynupoBanre TemI000OMEHHHUKOB
CMEIICHHS 3aKJII0YaeTCsl B TIOJICP’)KaHUH MTOCTOSTHCTBA TeMIepaTypbl TcM CyMMapHOTO MOTOKa
Ha BbIXxOHe (cM. puCyHOK). [lns co3maHuWsi HEOOXOAMMOTO TEMIIEpaTypHOTO peKHUMa B
XUMHYECKHX aIlliapaTax MCIOJB3YIOT Tiepeiady SHEPTHH B pe3yIbTaTe CMEIICHUS IBYX U Oolee
BEIIIECTB C Pa3HBIMH TEIUIOCOICPIKAHUSIMHU.

Pucynok - CTpyKTypHas cxeMa peryJlupoBaHus TEIUIOOOMEHHHUKA CMEILICHHS.

Bo mHOrux 3amadax peryaMpoBaHMS COCTaBa WJIM TEMIEpaTypbl B pPeE3epByape C
MEIIAIKON TpU  OMNPESICHUU TEPENaTOYHBIX (YHKIUNA TPUHUMAIOT TEepeMEIINBaHUe
uneanbHbIM. Toraa o0beKT onuceiBaeTes nuddepeHnalbHbIM YpaBHEHHEM TIEPBOTO MOPSIKA C
MOCTOSTHHOM BpPEMEHHW, PaBHOW BpeMeHHU mpeObiBaHUsA B pe3epByape. OIHAKO Ha TPAKTHKE
OTMCHACTCA 3ala3ZibIBAHHUC, 110 HCTCUCHUU KOTOPOro M3MCHCHUC KOHICHTpallUu WA
TeMIIEpaTypbl TUTAaHWUS TPOMCXOAWT HA BBIXOJE HW3 pe3epByapa. ITO 3ala3/IblBaHHE
(3ama3gpiBaHWE CMEIICHUS) 3aBHCHT OT pa3MEpoOB pe3epByapa, BSI3KOCTH KHUIKOCTH,
KOHCTPYKIIMA W CKOPOCTH  BpallCHUS  MEIIAJIKHU, ONPEACISIONMX  HWHTEHCHBHOCTH
MepeMCIINBaHU .

Ecnu T2 >Tem> T1 , mpu TOM TENMIOEMKOCTH M TUIOTHOCTH KUAKOCTEW OJTMHAKOBBI, TO:

F,
. =T +———(I,-1,)

oy (moTepAMM B OKPYKAIOIIYIO CPeNy IpeHebperaem).
OcTaHOBUMCS Ha OCOOEHHOCTSAX CTaTMYECKOH XapaKTEPHCTHKU COOCTBEHHO IIPOIIECCa
cMmenreHus. PaccMoTpuM, s mpuMepa, ammapar HEnpepbIBHOTO JACHCTBUS, B KOTOPOM
CMEINMBAIOTCA aBa moToka ¢ pacxomamu G; u Gy, Temmeparypamu 0; u 0,, yIeIbHBIMU

termoémkocTsIMU Cp 1 Cpp (pHcyIE{OK.J 8.2).
I | L EE R
1 I [l il

all £ Y

Pucynok - [IpuHnIunuanpHas cxema TemI000MEHHUKA CMEIIICHUS

o G, ¥ -

Pucynok - CTpykTypHas cxema TerjI000MeHHUKA CMELICHUS
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6.2 IIpakTuyeckoe 3ansaTue Ne3,4 (4uaca).
Tema: « ABTOMaTH3aIMs MTyCKA ANEKTPUUECKUX MAIIHH»
6.2.1 3apanue niis padoThbI:

1. [Tonsatue 006 371eKTPUUECKON MaIIHE
2. Buapl s5eKTpUYecKUX MaIimH
3. CxeMbl aBTOMaTH3aIMH U ITycKa 3JIEKTPUUECKUX MallliH

6.2.2 Kparkoe onucaHue nmpoBoAMMoOro 3aHATHUS:

DneKTpuuecKas cxema — 3TO JOKYMEHT, COACpKAIIUN B BUAC YCIOBHBIX N300paKeHUIA
WM 0003HAYECHHWM COCTaBHBIC YaCTH W3JENHUs, NEUCTBYIOIIUE TPH TOMOIIU SJIEKTPUUYECKON
SHEPrUH, U UX B3aMMOCBS3U. DIEKTPUUECKHUE CXEMBI SBIISIFOTCS PA3HOBUIHOCTHIO CXEM HM3ICTHs
u 00o3HavaroTcs B mudpe OCHOBHOW HAAMKUCH OYKBO# D. B oTinume oT MalmmHOCTPOUTEIBHBIX
U CTPOUTENBHBIX YEPTEKEH IIEKTPUUECKUE CXEMbI BBITIONHAIOT 0e3 coOmoneHus macmTaba, a
NEHCTBUTENIbHOE TPOCTPAHCTBEHHOE pPACIOJIOKEHUE COCTaBHBIX dYacTeld YCTaHOBKH HE
YUUTBHIBAIOT WJIM YYUTHIBAIOT MPUOIIMKEHHO.

CoBpeMEHHbBIE  3JIEKTPUUECKHE IIeMM B  IMPOMBIIIJICHHOCTH  COAEpX,aT  MHOTO
AIIEKTPUYECKUX MAIIUH, allapaToB M MPUOOPOB. DTH IEMH HACTOJBKO CJIOXKHBI, YTO HU
U3TOTOBUTh, HU HANaJAWTh, HU HKCIUTyaTUPOBaTh, HU PEMOHTHPOBATH 3JIEKTPOOOOPYAOBAaHUE
HEBO3MOXKHO, HE UMesl COOTBETCTBYIOIIUX YEPTEIKEH — CXeM.

He Bcerma mng noHMMaHWs TpUHLMNA YCTPOMCTBA M JACHUCTBUS TOTO WA HMHOTO
AIIEKTPOTEXHUYECKOTO H3/ACTUSl WIM KaKOTO-TMOO MeXaHW3Ma HEOoOXOIUMO H300paKaTh €ro
TOYHO B TaKOM BHJI€, KAKOM OHO MMeEET B JIEHCTBUTEIHLHOCTH. J[OBOJIBHO 4acTO AOCTATOYHO
OTPAHUYUTHCSA YCIOBHBIMU CXEMATUYECKUMHU HU300pAKCHHUSIMH TE€X WJIM HWHBIX YCTPOUCTB.
VYcnoBHble Tpaduyeckue 0003HaYCHHsI HE BBHIOMPAIOT MO KEJIAHUIO U BKYCY HUCIIOJIHUTENS WIH
NOTpeOUTENs, OHM yCTAaHABIUBAIOTCS TOCYIapCTBEHHBIMU OOIIECOIO3HBIMU CTaHAAPTAMHU. ITO
MO3BOJIIET BCEM, KTO CTAJIKHUBAETCS B MpoOIecce padOThl C TAKUMHU YCIIOBHBIMH M300paKeHUSIMHU,
JIETKO TIOHUMATh UX.

CocraBnsst cTaHAapThl Ha YCJIOBHBIE Ipaduueckue 0003HAYEHUS, CTPEMSTCS K TOMY,
9TO0BI 0003HAYECHHS] 1O BO3MOXXHOCTH BBIpKAIM HamOOJIee XapaKTepHble OCOOEHHOCTH
u3zenusi, ObUTM TPOCTHI JUIs 3alOMHUHAHUA, TpeOoBaJli MHUHUMAIBHOIO BpEMEHH s
BBIUCPUMBAHHUS, YIUTHIBAIH PUHATHIE MEKIyHAPOIHbIE 0003HaueHus. Hampumep, reHepaTopsl,
AIEKTPOABUTATENN U APYTUE IEKTPUUECKUE MAIINHBI UMEIOT Bpallatolifecs HUINHIPHYECKHUEe
4acTu (SKOpb, POTOP), IOITOMY B OCHOBY MX YCIOBHOT'O OOO3HAYECHHS MOJIOXKEHA OKPY>KHOCTD.
DNeKTpUUeCKHe MallMHbl TOCTOSHHOTO TOKA XapaKTEePU3YIOTCS HAMYMEM IIETOK, CKOJIBb3SILINX
Mo KOJUIEKTOPY. UTOOBI OTpa3WTh 3TO, B YCIOBHBIE OOO3HAYCHUS MAIIMH BBEICHHI [1Ba
HEe3a4epUYCHHBIX MPSIMOYTOJIbHUKA, KaCAIOUIUXCSI OKPYKHOCTH.

DJIEKTPUYECKOH MAIIMHON TPUHATO CUUTATh JJIEKTPOMEXAHMUYECKOE YCTPOMCTBO,
crocoOHOe MpeoOpa3oBaTh MEXAaHUYECKYIO DPHEPTHUIO B AJEKTPUUYECKYI0 W oOpaTHO. B mepBom
Clly4ae TPOUCXOIUT BBIPA0OTKA DIIEKTPOIHEPTHH (MAIIUHBI SBISIOTCS TEHEPATOpaMu), BO
BTOpOM — €€ moTrpeOsieHre (jaekTpoaBurarenu). [lociaenare HEOOXOAMMBI IJIi TOTO YTOOBI
OpPUBECTH B JBW)KCHHE TPAHCIOPTHBIE CPEICTBA, CTAaHKU © JPYrHe MEXaHHU3MBL

['eHepaTopsl U 3JIeKTPOABUIAaTeIM — OCHOBHas cdepa HCIOIb30BAaHUS 3IJIEKTPHYECKHX
MammmH. Ho OoHM MOTYT OBITH Tak)Ke€ HCIIONB30BAHBI M B KAUECTBE IJIEKTPOMEXaHHYECKHX
npeodpa3oBareieii (ymMpopmepoB) — arperaTtoB, KOTOpPbIE CHOCOOHBI TIPEOOPa30OBHIBATH

AIIEKTPUUYECKYIO SHEprui0 B paziauuHble e€ (opmbl. [IpeobpasoBarens MOCTOSHHOTO TOKa B
IIEPEMEHHBIN HA3bIBACTCS MHBEPTOPOM, YBEIMYMTEIb MOIIHOCTH IEKTPUYECKUX CHTHAJIOB —
AIIEKTPOMAIIMHHBIM YCHJIUTENIEM, a YCTPOHCTBO CHOCOOHOE OTPEryaupoBaTh HaIpsKEHUE
IIEPEMEHHOT0 TOKA — MHIYKIITUOHHBIM PETYJISITOPOM.

OTtnenpHOM KaTeropuell MOKHO Ha3BaTh TAKXKE CeJIbCHHBI — CAMOCHHXPOHU3HPYIOINECS
MHAYKIMOHHBIE MAIIMHBI, KOTOpbIE 00ECIEUNBAIOT BO3MOKHOCTh BpAlllEHHs] HECKOJIBKUX OCEH
HE3aBUCHMO JApYr OT JApyra ¢ TOYKHM 3pPEHMsI MEXAHUKU. Takue ycTpoWCTBAa MCIONB3YIOTCS B
JJIEKTPOHUKE, B COCTABE CBAPOUYHBIX allIapaTOB JJIsl PErYJINPOBKH UX paboueil MOIIHOCTH.
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B cooTBeTcTBUM ¢ TPHHATOM TEXHOJOTWEH BECh YpoXail 3€pHOBBIX, OOOOBBIX,
MaCJIUYHBIX KYJIbTYp U CEMSH TPaB MOCce KOMOAHHOBON yOOPKH MOJICKUT OYUCTKE, @ OKOJIO 60
% yOpaHHOTO ypoxast HeOOXOAMMO MO/IBEPraTh UCKYCCTBEHHON CYIIIKE.

Heob6xomumocTs B mocneybopouHoit o0paboTke 3epHa (OYMCTKE, COPTUPOBAHWUU U
CYIIIKE) BBI3BaHA TE€M, YTO TMOCTYMAIIINUN H3-T10]] KOMOAIHOB 3€pHOBOI BOPOX HAPSIY C 3€PHOM
conepxuT 20..30 % copHbix U 10 5 % COJNOMHCTBIX IpUMeECEH, a BIAXHOCTh 3€pHA B
3aBUCUMOCTHU OT KJIMMATUYECKHUX YCJIOBHI 3HAUUTEIBHO OTJIMYAETCs OT gomyctuMoit (14 %) u
nnoraa gocturaet 30 % u Gosnee.

Jns  mocneyOOpOYyHOW OUYMCTKM M HCKYCCTBEHHOW CYIIKM 3€pHa  HCIOJB3YIOT
CTAallMOHAPHBIE 3€PHOOYUCTUTENBHO-CYIINIIbHbBIE MYHKTHL. {151 3TMX MYHKTOB NIpeIHAa3HAYECHBI
3€pHOOYMCTHUTENIbHBIE arperarsl Tuna 3AB U OYMCTUTENBHO-CYNIMIbHBIE KOMILUIEKCH (THUIMA
K3C) mpouszBoautenbrocThio 10...100 T/9 1 BeHTUIUpYEeMble OyHKEepa BMECTUMOCTHIO 10 100T.
JI1s1 OYMCTKY M COPTUPOBAHUS 3€pPHOBOTO BOPOXA UCIOJIB3YIOT BO3AYXOPELIETHBIE U TPUEPHBIE
MAIIHMHBI, a CYIIAT 3€pHO B 3€pPHOCYIIMIIKAX IIaXTHOT'0, KAMEPHOTO U 6apaOaHHOTO TUIIOB U B yC-
TaHOBKaxX AaKTUBHOTO BeHTWIMpoBaHUs. Kaxnablii arperar M KOMIUIEKC, MOMHMO YKa3aHHBIX
MaIIlH, COACPKUT HAOOP TPAHCIIOPTEPOB U HOPHIA, 3€PHOMPOBOABI U HAKOMHUTEIbHBIE EMKOCTH,
YCTpOMCTBA JJisi B3BEIIMBAHUS, 3aTPY3KH U Pa3rpy3Kd aBTOTPAHCIIOPTA, BO3AYIIHbBIE IIUKIOHBI,
LIUTHI U MYJbTHI YIPaBICHUs MallMHAMU. Bce MalIMHbl COTJIaCOBAHbI 110 TPOU3BOAUTEIIBHOCTH
¥ 00BbEIMHEHBI B €IUHYIO IOTOYHYIO JIUHUIO, OOCITY’)KHBAEMYIO0 OJHUM-JIBYMSI OIIEPATOPAMHU.

6.3 IlpakTuyeckoe 3ansaTue Ne5,6 (4uaca).

Tema: «CucteMbl aBTOMaTHYECKOTO TOPMOKEHUS JIBUTATEIICI

6.3.1 3ananue nos padoThI:

1. Mertobl ¥ CpeCTBa TOPMOKEHHUS IBUTATEIEH

2. Oco0eHHOCTH aBTOMATH3aIMKA TOPMOKEHUS ABUTaTEIIeH

6.3.2 Kparkoe onucanue nmpoBoAMMoOro 3aHATHS:

DNeKTpoABUTATEIM B 3JEKTPONPUBOJE MOTYT CTPEMUTEIBHO  IPUOCTAHOBUTH
MIPOU3BOJICTBEHHBIH MEXaHU3M, JIUOO ylepKaTh ONpeAeIEHHYI0O CKOPOCTh MPU MOJOKUTEIHHOM
MOMEHTe paboueil MamuHbl. B JaHHOM citydyae JBH:KOK o0paiiaeTcs B reHepaTop u padoraer
B OJHOM W3 TOPMO3HBIX PE€KHMOB: INPOTHBOBKIOYEHUHU, TUHAMHUYECKOM, PEKYIIEPaTUBHOM
(cMoTpuTte puc. 1) 3aBHCHUMO OT METO/1a BO30YKICHHUS.

TopMoskeHne  3JIEKTPONPHUBOJA  CPEACTBOM  IEpEeKIIOYeHUs  OOMOTOK a3
AIIEKTPOJIBUTATENS ISl TIOTYYCHHs BPAICHHS MOl B OOPaTHOM HAmpaBiICHUH (TOPMO:KEHHUe
NPOTHBOBKJ/IIOYEeHHEM) UCTIOIB3YIOT, KOTJa HY>)KHO CTPEMUTEIIbHO MPUOCTAHOBUTH MALTUHHOE
ycTpoicTBO. [Ipy BceM 3TOM IO MHEPIMU POTOP KPYTUTCS HABCTPEUY MArHUTHOMY CTYCTKY,
CKOJIbJKEHUE 3JIEKTPOJIBUTATENSl CTAHOBUTCS OOJIbIIE €AMHUIIBI, @ MOMEHT — OTPULIATEIbHBIM.

B nBMXKe HEM3MEHHOrO0 TOKa JUIsl BOIUIOIICHHS TOPMOXKEHHSI MPOTHUBOBKIIOYEHUEM
MEHSIOT MOAKIIOYEHNE KOHIIOB 0OMOTOK siKkopsi. [Ipu BceM 3TOM TOK B SIKOpE U MOMEHT MEHSIOT
HallpaBJICHUE.

B o0oux crnydasx nedcTByrolllee HampsHKEHUE CTAHOBUTCS OTPOMHBIM, MOTOMY JUIS
OTpaHUYEHUS TOKA 1 MOMEHTA NEPEKITIOYEHUE OCYIIECTBISETCA C OJHOBPEMEHHBIM BKIIOUEHUEM
pPE3UCTOPOB B LEMb AKOpS JHOO poTopa.OHEprusi TOPMOKEHUS W TMOCTYyMarollas W3 CEeTH
paccenBaeTcst B 0OMOTKAX SIKOPSI U B PE3UCTOPaXx.

JAuHaMHYecKoe TOPMOKeHHe XapaKTEepU3yeTCs TEM, YTO DJIEKTPOHHAs MalluHa
paboTaeT TeHepaTOpoM (IMHAMO) C pPacCeMBaHHUEM DJHEPTUU TOPMOXKCHHS B TOPMO3HBIX
pe3ucTopax U 0OMOTKAX 3JEKTPOBUTATEIS.

JIisi TMHAMUYECKOTO TOPMOXKEHHUSI SIKOPh MOTOpPa HEU3MEHHOTO TOKa OTKIIOYAIOT OT
MCTOYHUKA MHUTAHUSA M BKIIOYAIOT HA COMPOTUBIIEHHE, a 0OMOTKA BO30YKJIEHUSI OCTaeTCs MOJ
HaIpsSKEHUEM, ACUHXPOHHBIX JIBU)KKaX JMHAMHUYECKOE TOPMOXEHHUE JIOCTUTaeTcs Mojaden
HEU3MEHHOT0 TOKa B 0OMOTKY cTaTopa MOTOpa.

HeusmenHblil TOK nemaeT HEABMKHOE MarHUTHoe mouie. [Ipu BpamieHuu poropa B €ro
obmotkax HaBomutTcs DJIC m Bo3HHMKaeT TOK. B3amMopeiicTBHe TOKa poTOpa C HEIBH)KHBIM
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MarHUTHBIM I10JIEM JI€laeT TOPMO3HONM MOMEHT. 3Ha4Y€HHE TOPMO3HOIO MOMEHTAa HaXOJIUTCS B
3aBHCHUMOCTH OT TOKa BO30YXKIEHHUS, YacCTOThl BpPAIEHUS U COMPOTUBJICHMS LIENU POTOpa
(sixOps).

B pexume pekynepaTMBHOIO TOPMOKeHHMS POTOp (SIKOPH) MPUCOECTUHEHHOTO K CETH
AIIEKTPOABHUraTeNsl KPYTHUTCA CO CKOPOCThbIO, Oojblneiiwo. B naHHOM ciyyae TOK H3MEHSET
HampaBlieHUE, JIEKTPOHHAS MallliHA CTAHOBUTCS T€HEPaTOpPOM, pabOTAIOIIUM Hapsly C CEThIO,
SHEPrUsl TOPMOKEHUS 3@ BBIYETOM yTpaT OTAAETCS B AIEKTPOHHYIO CETh.

Haubonbmiee pacrnpocTpaHeHHe BO BCEX OTpacisix MPOMBIIUIEHHOCTH MOJYYUIH
ANIEKTPONPUBO/IBI, OTHOCAILIMECS K MEpBOH rpynne kiaccuukanuum mo (yHKIHOHATIHLHOMY
Ha3HAYeHUI0 U oOO0ecrleuynBalolue aBTOMaTHYECKOe YIpaBleHHWE IpolleccaMu  IIycCKa,
TOPMOXEHHMS W peBepca JBurareneil. Ix mgomeBoe ydacTHe B OOIIEM  KOJHYECTBE
UCIIONIB3YIOUIUXCSl B YKpauHe dyeKTponpuBogoB mpesbimaer 80%. B Takux cucremax
IPUMEHSIOT KOHTAKTHBIE U OECKOHTAKTHBIC 3JIEKTPUUECKUE ammaparhbl pesieiiHoro neicrteus. B
CHJIOBBIX IIEMSAX, KOTOpbIE MUTalOT OOMOTKHU JIBUTATeNied, HCIOJIb3YIOTCS 3JIEKTPOMArHUTHBIC
KOHTAKTOpbI MIEPEMEHHOIO U MTOCTOSHHOTO TOKA, 3JIEKTPOMATrHUTHBIE ITyCKaTeNIU, TUPUCTOPHBIE
NepeKIoyaTen. B nensx ynpaBieHus: pa3IMuHbIE pelie BPEMEHHU, HANPSHKEHUS, TOKA, YaCTOTHI,
MOIIHOCTH U Jip. KoMaH/abl Ha BBINOJIHEHME TOW WJIM MHOW OIEpaliy MOJAITCA C IOMOIIBIO
KHOIIOYHBIX IIOCTOB yHpPaBJIE€HHs W T.I. Kpome 3TOro curHaisl Ha IIyCK, OCTaHOBKY,
peBEpCUpPOBaHUE WJIM U3MEHEHUE CKOPOCTH JABUraTelsl MOTYT IIOCTYIIMTh B CUCTEMY YIIPaBJICHHUS
OT IYTEBbIX WM KOHEYHBIX BBIKJIIOYATENICH, JATUYUKOB [ABJIECHUSA, TEMIEpaTypel U APYTHX
JATYMKOB, KOHTPOJUPYIOIUX PabOTy TEXHOJIOTUYECKUX MAIIHH.

6.4 IlpakTuyeckoe 3ansaTue Ne7,8 ( 4uaca).

Tema: «4smomamusayus xnoueHUs pe3EPEHBIX UCOYHUKOSE NUMAHUSD

6.4.1 3ananue nos padoThI:

1. Tlonamue o pe3ep6Hbix UCMOYHUKAX NUMAHUSA

2. Hcmounuxu snepauu, npumensemvle 6 Kauecmee pe3epeHbixX

3. Cxemvt ABP

6.4.2 KpaTkoe onucanue nNpoBOANMOIO 3aHATHS:

Jlis  pe3epBUPOBAHUS TMHUTAHUS OTBETCTBEHHBIX SHEPrornoTpeOuTeNeld HCIONb3yIOT
napaiC;ibHOC COCAMHCHUC HCCKOJIbKUX MCTOYHUKOB MUTAHUWA, UCKIIIOYAd MpPU 3TOM B3aWUMHOC
BIIMSTHUE OJTHOTO UCTOYHHKA Ha TpyToM.
HpI/I MOBPCIKACHUUN WM OTKJIHOUCHHUH OJHOTO M3 HCCKOJIBKUX IMUTAIOMIUX yCTpOﬁCTB Harpyska
aBTOMaTH4Yeckn U 0Oe3 pas3pblBa LENU MUTAHUS MOAKIIOUUTCS K KMCTOYHHMKY THTaHUA,
HAIPS’KCHUEC KOTOPOI'O BBIIIC OCTAJILHBIX. O6I>I‘-IHO B LCIIIX IMOCTOAHHOI'O TOKA IJIA pa3ACJICHUA
NUTAIONIMX [EeNeil MCIONb3YIOT MOJTYIPOBOJAHUKOBBIE AHOIBL. OTHU AMOABI MPEMSITCTBYIOT
BIIUSIHUIO OJHOIO HKCTOYHHMKA NIMTaHWS Ha JApyrod. B To ke BpeMs Ha 3THUX JUoAax
HEPALMOHAIBHO PACXOIyeTcsl HEKOTOpas JOJIsi PHEPrMM MCTOYHUKA NMUTaHUs. B 3Tol cBs3u B
CXEeMax pC3CpBUPOBAHUA CTOUT HUCIIOJIB30BATh AUOABI ¢ MUHUMAJIBHBIM MMAACHUCM HAIPSAXKCHUSA
Ha nepexoe. OO6b14HO 3TO repMaHueBbIe JTUOJTBI.
B nepByto ouepenp nuTaHue Ha HArpy3Ky MOJAIOT ¢ OCHOBHOI'O MCTOYHHMKA, UMEIOIIETO OOBIYHO
(mms peanmuzanuu  QYHKIHH CaMOIIEPEKIIOUCHHUS Ha pPE3epBHOE NHUTaHUE) Oojiee BBICOKOE
HanpsokeHrne. B kadecTBe Takoro MCTOYHMKA Yalle BCETO HCIOJB3YIOT CETEBOE HAIPsDKCHUE
(uepe3 Omok muTaHusA). B KadecTBe HMCTOYHHMKA PE3EPBHOTO IMUTAHUSI OOBIYHO HCIOJIB3YIOT
Oarapero WM aKKyMyJSTOp, UMEIOIINE HAIMpPSHKCHHE 3aBEIOMO MEHBIIEE, YeM Yy OCHOBHOTO
UCTOYHUKA MUTAHUSI.
Cameble MMPpOCTBIC W OYCBUAHBLIC CXCEMbI PC3CPBUPOBAHUA HCTOUYHHUKOB IMOCTOAHHOI'O TOKa
nokazanel Ha puc. 1 wm 2. I[logoOHBIM 00pa3oM MOXHO TMOAKIIOYUTH HEOTPAHUYCHHOE
KOJIMYCCTBO HCTOYHHUKOB IMUTAHUA K OTBCTCTBCHHOMY PAaJHO3JICKTPOHHOMY OGOpy,Z[OBaHI/IIO.
Cxema pe3epBUPOBAaHHS MCTOYHUKOB MHUTAaHUA (pUC. 2) OTIMYAETCS TE€M, YTO POJb JAUOIOB,
pasaciAromux HUCTOYHUKU THUTAHUSA, BBIIOJIHAKOT CBCTOAUOBI. CBeuenue CBCTOAHMOAA
UHAMLIHUPYET 3aJeHCTBOBAHHBIA MCTOYHHMK MUTaHUS (OOBIYHO HMEIOIIMK Oojee BBICOKOE
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HanpspkeHue). HemoctarkoM mogo0HOT0 CXEMHOTO PEIICHUS SIBISIETCS TO, YTO MaKCUMaTbHBIN
TOK, OTPEOJIIEMBI HArpy3KOi, HEBEJIMK M HEMPEBbIIIAET MAKCUMAaJIbHO JIOMYCTUMOTO IPSIMOTO
TOKA 4Y€pe3 CBETO-AUO.

[TocTostHHBIM  pocT TOTpeOJEHUS OSIEKTPOIHEPTHM B  PETHOHAX C  Pa3BUTOH
UHPPACTPYKTYPOI o0ycinoBmI ~ TpobiaeMy  SHEprocHaOXeHHs  HOBBIX 00BEKTOB
arponpOMBIIUIEHHOTO KOMIUIEKCA.

s yBenuuYeHUsT TPOMYCKHOW CIHOCOOHOCTH HMMEIOMIMXCS JIIGKTPUYECKUX CeTeH ¢
PEKOHCTPYKIIMEH JHMHHUN SJEKTponepenadyn M TpaHCHOPMATOPHBIX TMOACTAHIMN TPeOYyIOTCs
3HAUUTENBHBIC KATUTATOBIOXKEHUS. Pa3Mep X, Kak MOKa3bIBACT 3apyOeKHBI U OTCUECTBEHHBIH
ONBIT, COU3MEPUM CO CTOMMOCTBIO YCTAHOBKHM JIONOJIHUTEIBHBIX HWCTOYHUKOB HHEPIrUU
HEMOCPEJCTBEHHO B IIEHTpax ee moTpedneHus. bomee Toro, crommocTh BbIpabaThIBacMOU
SHEPruM Ha TAaKUX YCTAaHOBKAX ObIBACT 3HAUMUTEIHHO HUKE MOJIy4aeMOM OT SHEPTOCUCTEM.

B nacTosiiiee Bpemsi M3BECTHBI JBE KaTErOPUU MCTOUYHHUKOB SHEPTUM, KOTOPHIMH MOTJIHU
OBl BOCIIOJIb30BATHCS MOTPEOUTENN arpONPOMBIIUIEHHOTO KOMIUIEKCa. DTO HEBO30OHOBISIEMbIE
WUCTOYHUKU DSHEPruM (Hampumep, He)Th U TPUPOIHBIA Ta3) U BO30OHOBISIEMBIE HCTOYHHKHU
sHepruu. B cBoio ouepeanr BO300OHOBIIsIEMbIE HCTOYHUKY SHEPTUU JENAT Ha IEPBUYHbIE: COJHIIE,
BETEP, BOJSHBIC TIOTOKU, U BTOPUYHBIE: MTPOIYKTHI MEPEPaOOTKH MPOU3BOJCTBEHHONW M OBITOBOM
OHOMAacCCHI.

[To mporHo3aM y4YeHBIX JOJSI BTOPHUYHBIX BO30OHOBISIEMBIX HCTOYHHKOB SHEPTUU OT
nepepaboTku 6romaccel Bo BceM mupe k 2040 roay nomkHa coctaBuTh okoiio 30%. B cBs3u ¢
STUM MEPCIEKTUBHBIMU PE3EPBHBIMU UCTOUHUKAMU SHEPTUHU B arpONPOMBIIIUIEHHOM KOMILJIEKCE
MOTYT OBbITh, Hapsily C MEPBUYHBIMU BO30OHOBISIEMBIMH MCTOYHHKAMU SHEPTUH, YCTaHOBKH,
paboTarole Kak Ha TPAAULMOHHOM TOIUIMBE (Ta3, HEPTH), TaK U Ha TOIUIMBE, MTOJTY4aeMOM IPH
nepepadoTKe MPOU3BOJICTBEHHON U OBITOBON OMOMACCHI.

YcTaHoBneHo, 4To paboTa Ha OMOAM3EIBHOM TOIUIMBE HE TOJBKO 00JIee DKOJIIOTUYHA, HO
U SKOHOMMYECKU BbIrojHAa. B Poccun k mpou3BoACTBY OMOAM3ENBHOIO TOIUIMBA MOJKIIOYEHBI
KpYIHEHIINE OTEYECTBEHHBIE arpONPOMBIIUIEHHbIE XOJIIUHIH, Takue Kak «PycArpollpoexkr» B
Bonarorpanckoit ob6nactu, OAO «Ka3aHCKHN MaclIOAKCTPAIlMOHHBIN 3aBOJI» B PECITyOJIHKe
Tarapcran, 3aBog OO0 «JIubeiin» B JIuneukoii odbnactu u Apyrue.

[lepepabarbiBasi Onomaccy, 3TU 3aBOJIbI B COCTOSTHUM MTPOU3BOJIUTH JECATKU THICSY TOHH
OMOM3ETHHOTO TOTUIMBA, UCIIOJB3YSl KOTOPOE JIOKAIBHBIE YJHEPTOYCTAHOBKH B MecTax jaeduimra
LHEHTPAIN30BAaHHOTO D3JIEKTPOCHAOXKEHUS MOIJM OBl CTaTh KOHKYPEHTAMU PEKOHCTPYKLUU
AIEKTPOCETEN.

Cornacuo [1YD Bce moTpeOuTenu 3MeKTPUIECKON SHEPTUH JISIATCSA Ha TpH Kateropuu: |
KaTeropusi — K MOTPEOUTENISIM ITOW TPYIIBI OTHOCITCS TE€, HAPYUICHHE SJICKTPOCHAOKEHUS
KOTOPBIX MOJKET TIOBJI€Yh 3a COOOM OMacHOCTh IS JKU3HM JIIOJEH, 3HAYUTEIHHBINA
MaTepuaibHBIA yIiepO, yrpo3y nansi Oe30MacHOCTH TOCYJapCTBa, HAPYIIEHUE CIOKHBIX
TEXHOJIOTUYECKUX TporeccoB u np. Il kareropwss — K 93TOM rpymnme  OTHOCST
ANEKTPONPUEMHUKH, TIEPEPHIB B TUTAHUU KOTOPBIX MOKET MPUBECTH K MACCOBOMY HEJOOTITYCKY
MPOYKIIUH, TTPOCTOI0 Pabodymx, MEXaHW3MOB, MTPOMBITIUIEHHOTO TpaHcnopta. Il kaTeropus —
BCE OCTaJIbHBIE MOTpeOuTenu 3mekTposnepruu. Kpome toro, B I kareropuu BbiAeneHa ocolas
rpynna 3JeKTponpueMHUKOB. B ocoOyro rpynny | kareropuu BKIIOYEHBI 3J€KTPONPUEMHUKH,
«0OecniepeOoifHast paboTa KOTOPBIX HeoOXoauma it 0e3aBapuifHOM OCTAaHOBKH MPOU3BOJCTBA C
LEJIbIO MPENOTBPALLEHUS YTPO3bI )KU3HHU JIFOJIEH, B3PBIBOB U MTOKAPOBY.

Takum o00pa3zom, KpoMe HEYyIOOCTB B TMOBCEIHEBHOW JXU3HU YEJIOBEKA, JTHUTEIbHBIM
NepephlB B DJIEKTPONUTAHUU MOXKET MPHUBECTH K Yrpo3e >KU3HM M 0€30MacHOCTH JIOACH,
MaTepHaJbHOMY yIIepO0y M JApYrUM, He MEHee CephE3HBIM IOCIeACTBHAM. becrepeboiinoe
MUTaHHE MOXKHO pPEajn30BaTh, OCYIIECTBUB 3JIEKTPONUTAHUE KAXKIOTO MOTPEOUTENsT OT IBYX
HMCTOYHUKOB OJHOBPEMEHHO (s moTpeduTeneit | kaTeropuu Tak u JenaroT), OJHAKO TOJ00Has
CXeMa UMEET PsIJl HEJOCTAaTKOB:

. TOKMKOPOTKOTO 3aMBIKaHUs MPH TapauiedbHOW paboTe MUCTOYHUKOB MUTAHUS
ropas/io BbIIIE, YeM MPH pa3/IeIbHOM MUTaHUH MTOTpeOUTENEH.
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. B nuraromux Tpanchopmaropax BbIIIE OTEPU dIEKTPOIHEPTUU

. Peneitnas 3amura cioxHee, 4eM P pa3eIbHOM MUTaHUH.

. H€O6XOI[I/IMOCTB yu€Ta NnCPETOKOBMOIIHOCTH BbI3bIBACT TPYAHOCTH, CBA3AHHLIC C
BBIPAOOTKON ONIPENIETICHHOTO PEKUMA PAOOTHI CUCTEMBI.

. B HEKOTOpBIX CilydasX HE IOJIy4aeTCs pealu30oBaTh CXEMy H3-3a TOrO, 4TO HET

BO3MOXHOCTH OCYIIECTBUTh MapajUleJbHYI0 paboTy MCTOYHMKOB IIMTAaHUS U3-3a paHee
YCTAHOBJICHHOM pesIeHOMN 3aIUTHI U 000PYI0BAHHUS.

B cBA3M ¢ 3TUM BO3HMKaeT HEOOXOIUMOCTb B pa3f€iIbHOM 3JIEKTPOCHAOKEHUU U
OBICTPOM BOCCTAHOBJICHHHM JIEKTPOIIUTaHUS TOTpeOuTenei. Perenue 3Toif 3a1aun U BBITOTHSET
ABP. ABP MoOXeT TOAKIIOUYNUTh OTACIBbHBIA HCTOYHUK DJIEKTPOIHEpruu (TeHeparop,
AKKYMYJISITOpDHYIO 0aTapero) WM BKIIOYHTH BBIKIIOYATENb, PA3JENAIONNN CeTh, IPU 3TOM
MepephIB MUTAHUSA MOKET cOCTaBsITh Bcero 0.3 — 0.8 cexyHz.

IIpu npoextupoBanum cxembl ABP, pomyckaronieil BKIIOYEHHME CEKIIMOHHOTO
BBIKJIIOUATENIs, BaXXHO YUYHMTHIBATh MPOMYCKHYIO CIIOCOOHOCTh NMUTAIOILEro TpaHchopmaTopa U
MOIIIHOCTh MCTOYHHKA SHEPruH, MUTAOIIMX MapajIebHYI0 cUCTeEMY. B mpoTuBHOM ciydae
MOJKET IOJIyYUTHCS TaK, YTO MEPEKIIOYCHNE HA MUTAaHUE OT NapaJUICIbHOU CHCTEMBI BBIBEJET U3
CTpOs M €€, TaK KaK MCTOYHHUK NMUTaHHUSA HE CMOXKET CIPAaBUTHCS C CyMMapHO# Harpy3koi obeux
cucreM. B ciydae ecim HEBO3MOXKHO NOJOOpaTh TAaKOW HCTOYHUK IUTaHMS, OOBIYHO
IPEeIyCMAaTPUBAIOT TaKyl JIOTMKY 3alIUThl, KOTOpass OTKJIIOUUT HaMMEHEE Ba)KHBIX
noTpeduTeneit Toka 00eux CUCTEM.

ABP paznenstor Ha:

. ABP omHOoCcTOpOHHErO AEUCTBUSA. B Takux cxemax MPUCYTCTBYeT OJlHa pabodas
CEeKIMs MUTAIOIEH CeTH, U OJHa pe3epBHas. B cinywae morepu nurtanus padoueil cekuun ABP
MOJKIIIOUUT PE3EPBHYIO CEKIUIO.

. ABP nByxcroponHero aeictBus. B 3Toil cxeme nro6as M3 ABYX JMHUN MOXET
OBITH Kak paboueH, TaKk U Pe3epPBHOM.
. ABP c BoccranoBieHueMm. Eciau Ha OTKIIIOUEHHOM BBOJE BHOBB MOSBIISIETCS

HaNpsDKEHUE, TO C BBIICPKKOH BPEMEHHM OH BKJIFOYACTCSA, a CEKI[MOHHBIH BBIKIIIOYATEIb
oTkioyaercs. Ecnm kxpaTkoBpeMeHHast mapaiesbHas paboTa AByX MCTOYHHMKOB HE JIOMyCTUMA,
TO CHayYaJla OTKJIIOYAETCS CEKIMOHHBIA BBIKJIIOYATENIb, a 3aTEM BKJIIOYAETCs BBOAHOH. Cxema
BEPHYJIACh B HCXOJIHOE COCTOSIHHUE.

. ABP 6e3 BocCTaHOBJICHHS.

6.5 IlpakTuyeckoe 3ansaTue Ne9,10 (4uaca).

Tema: «démomamuueckoe nosmopHoe 8K0UeHUe 8 CUCTNEMAX INEKMPOCHADIHCEHUSD

6.5.1 3axanue ais padboThI:

1. ITousmue 06 AIIB

2.Cxemor AIIB

6.5.2 Kparkoe onucaHue NpoBOAMMOI0 3aHATHSA:

PaccmoTrpennast Boimie cxema AIIB mpumensiercss B ciiydyasx, Korga B HOPMaJIbHOM
peXxuMe TOJIOKEHUE KIIoYa YIPaBIEHUS BBIKJIIOYATENIEM COOTBETCTBYET IOJIOKEHUIO
BBIKJTIOYATENS: BBIKJIIOYATENb BBIKIIOYEH — KIIOY HAXOJUTCS B IMOJIOKEHUHM BKil0ueHo;
BBIKJIIOUATEb OTKIIOUEH — KIIIOY B MOJIOKEHUU Ominroueno. ITO, OJHAKO, UMEET MECTO He
Bcerna. Tak, HampuMmep, Ha TeeMEXaHU3UPOBAHHBIX I/CT 0€3 JeXKYpHOro MepcoHalla UMEeTcs
KaK MECTHOE /JIMCTAHIIMOHHOE YIPABJICHHUE, OCYIIECTBISIEMOE C TOMONIbIO  KIIOYa,
YCTAaHOBJIEHHOIO Ha IIMTE YIOpaBJIEHUS MJAHHOTO OO0BEKTa, TaK U TeleylpaBieHHE,
OCYLIECTBIISIEMOE C JIUCIIETYEPCKOro myHKTa. [Ipu TeneynpaBieHUn KIIOY YIpPaBICHUS,
HaXOJAIIMKCA Ha CaMOM OOBEKTe, OCTaeTCcs HEU3MEHHO B TOM IMOJOXKEHUH, B KOTOPOE OH ObLI
MOCTaBJIEH MPHU MOCIEAHEH Onepaluu ¢ HUM.

OueBnaHoO, 4TO B 3TOM ciydae cxemMa AIIB, npuBeneHHas Ha puc. 8., HEIPUMEHUMA, TaK
KaKk OHa OyJeT MPOM3BOAHWTH TOBTOPHOE BKIIFOUEHHWE BBIKIIOYATENS MPU €ro ONEpaTUBHOM
OTKJIIOUEHHUH Yepe3 yCTPOocTBO TeneynpasieHus. [loaTtomy Ha TeneMexaHU3UPOBAHHBIX II/CTAJS
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YIPaBICHUS BBIKIIOYATENIEM HCIONB3YIOTCS KIIOYM YIpaBlieHUs 0e3 (UKCAllUU TMOJIOKCHUS
tuna [IMOB wm MK®, a pmid 3anoMuHaHus TpeAblAylmed KOMaHIbl yIpaBICHUS
MpeycCMaTPUBAETCS CICHANLHBIC pelie GUKCAUK KOMaH/IbI.

[Ipumenenne nBykpatHoro AIIB mo3BossieT MOBBICHUTH 3G(HEKTHUBHOCTH ATOTO BHIA
aBTOMaTuKU. Kak TmoKa3bIBaeT OMNBIT 3KCIUIyaTallMH, YCHEUIHOCTh JACHCTBUS MpPU BTOPOM
BKIFOYeHUH cocTaBisieT 10—20%, 4To MoBBIIaeT OOIIMI MPOIIEHT yenemHbIX AeicTBuil AIIB 1o
75-95%. JIBykpatHOe AIIB npuMEHSIOT, KaKk MPaBUiIO, HA JIUHUSIX ¢ OAHOCTOPOHHUM IMUTAHUEM
U Ha TOJIOBHBIX YYaCTKax KOJBIEBBIX CETEH, IJie BO3MOXHa paboTa B peKUME OJTHOCTOPOHHETO
MUTaHUS.

JIJisl HATJIATHOCTH, pacCMOTpUM paboTy ycrpoiictBa AIIB Ha mpumepe mpocToii cxeMbl
Juist Bbikirouatens 6-FOkB ¢ npyxunHbIM puBoOM (Hanpumep, I111-67).

[Ipu mnomaye xkmrodom ympaBiaeHus KY KomaHAbl W BKJIIOUYEHWHM BBIKIIOYATENS,
pa3MbIKaloTcs ONOK-KOHTakThl B B memu OB u KoHTakThl roToBHOCTH mnpuBoma KITI,
3ambikatoTcs KoHTakThl B u KI'TI B mienu 3aBoaku mpuBoga u B mnenu D0, 3aMBIKAIOTCS OJIOK-
koHTakThl BKA, Tlocne oxoHuanus 3aBoAKuIkHM mpuBoaa, koHTakTel KITI paspeiBator uemns
3aBOJKH M 3aMBIKAIOTCS B LIEMU BKJIIOYEHUS - MpuBo roToB K AIIB. IIpu oTtoueHnn BbIKIIOYa-
Tenst KiouoMm yrpasieHus KY, MexaHwueckd OTKIIouaroTcs ONMok-koHTakThl BKA, u cxema
AIIB He 3amyckaercs.

IIpun aBapuifHOM OTKJIIOYEHHH BBIKJIIOUATEN OT 3aluThl, KOHTakThl BKA ocratorcs
3aMKHYTBIMH, 3aMBIKAIOTCS OJIOK-KOHTakThl B B memu OB, u npu BBenenHoi Hakimagke HI1 «
AIIB», o (akTy HECOOTBETCTBHS MOJOXKEHUS BBIKIIOUATENd M KOHTakTOB BKA, 3amyckaercs
pene PB Beiaepxkku Bpemenn AIIB. BxirodyeHus BBIKITIOHATENS MPU 3TOM HE MPOMCXOJHT, TaK
KaK compoTuBieHHe Karymkd DO 3HAYUTENBHO MEHbBINE, YeM OOMOTKH MOCIEAOBATEIHHO
BKJIIOUEHHOTO C Heil pesnie Bpemenu PB, u mpakTuuecku Bce HampsbKeHUE MPUKIaIbIBaeTcs K 00-
motke pene. C Boiaepkkoil Bpemernu AlIIB, konTakTsl PB 3ambIkatoTcsi, BRIKOpaunBas 0OMOTKY
pene PB, u 3aMbIkas nenb BKIOYEHUs BbIKItodaTens. [Ipu 3TOoM, BBIKIIIOYATENh BKIIKOYAETCH,
BBINaZaeT OJIMHKEp ykaszarenbHoro peie PY «Paborta AIIB», pene PB ormagaer, 3ambikaioTcs
koHTakThl B B 1memsax D0, a tak xe B u KI'TI B nenu 3aBoaku mpuBoaa, pa3MbIKalOTCS OJIOK-
koHTakTEl B 1 KI'TI B et OB.

6.6 IlpakTuyeckoe 3ansaTue Nell,12 ( 4uaca).

Tema: «4demomamuszayus cucmem KOHOUYUOHUPOBAHUSA NPOU3BOOCMBEHHBIX NOMEU eHUll
CeNbCKOXO3AUCMBEHHO20 HAZHAYEHUS

6.6.1 3ananue nus padoThI:

1. Memoovl KOHOUYUOHUPOBAHUSL NPOUBOOCBEHHBIX NOMEUJeHUL

2. Obocuosanue aKmyanbHocmu asmomamuszayuu KOHOUYUOHUPOBAHUS
nPOU3600CMEEHHBIX NOMEUJCHULL

3. Cxemvl cucmem agmomamuzayuy KOHOUYUOHUPOBAHUU

6.6.2KpaTkoe onucanue nNpoBOAMMOIO 3aHATHSA:

Bei6op TeXHUYECKMX CpPEICTB HOpMalM3alMM MHKPOKIMMATHYECKHX MapaMeTpoB
BO31yxa paboueil 30HbI OOYCIIOBIMBAETCS OCOOCHHOCTSIMH TEXHOJIOTUYECKOro mporiecca. Jlis
co3maHus TpeOyeMbIX MapaMeTpoB MHKPOKIMMaTa B IPOU3BOJCTBEHHOM IOMEIEHUU
NPUMEHSFOT CHUCTEMbl BEHTHISALMKW M KOHAWIMOHUPOBAHUS BO3MyXa, a TAaKXKE pPa3IUYHBIC
OTOINHTENbHBIE ycTpoiicTBa (puc. 3.1.1.).

BenTniasumMen Ha3pIBAaeTC KOMIUIEKC B3aUMOCBS3aHHBIX YCTPOMCTB M IPOLIECCOB UL
co3aHus TpedyeMoro Bo31yXxooOMeHa B MPOU3BOJCTBEHHBIX MOMENICHUIX. B 3aBUCUMOCTH OT
criocoba mepeMeneHus BO3yXa B MPOU3BOJCTBEHHBIX TMOMEIICHHUIX BEHTWISAIMS JEIUTCS Ha
€CTECTBEHHYIO M MCKYCCTBEHHYIO (MexaHuuecKyo). [I[pumMeHeHne BeHTUIAUN 000CHOBBIBAETCS
pacdyeraMd B KOTOPBIX YUYUTBIBAIOTCS: TEMIIEpaTypa, BIIXXHOCTh BO3MyXa, KOHIICHTPAIIUU
BBIJIETISIEMBIX BPEIHBIX BEIECTB, BEIUUYMHA U30bITKA Teruia. Eciu B moMeleHuu HeT BpPeIHbIX
BBIJICTICHUH, TO BEHTWIALUS JOKHA OOECTIeunBaTh BO3AYXOOOMEH HE MeEHee 30M°/uac Ha
KKJIOTO padoTtaromiero (s MmoMenieHud ¢ oO0bEMOM 10 20M° Ha OJIHOTO PabOTAIOIIETO).
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PaccmoTpuM OCHOBHBIE BHBI BEHTWJISILMK, NPUMEHSEMbIE I HOPMAaJM3allid OCHOBHBIX
MUKPOKJIMIMATHYECKUX [1apaMeTPOB.

ITo criocoOy mepemenieHus BO3yXa BEHTUIIALINS MOXKET ObITh KaK €CTECTBEHHOM, Tak U C
MEXaHUYECKUM TOOYXKJEHHEM, BO3MOXHO TaKKe€ COYEeTaHHWE JTUX JBYX CIOCOOOB.
EcrecrBeHHast BeHTHJSINUSA TPOU3BOACTBEHHBIX TMOMELIEHWA CaMbld JICHIEBBIA  BUJ
BEHTWISALIMH, ITOCKOJIBKY OCYIIECTBIISIETCS 32 CUET:

- Pa3HOCTH TEMIIEPATYP B IOMEILIEHNHU U HAPYKHOT'O BO3/1yXa (TEIJIOBOH HAIIop);

- IecTBUS BeTpa (BETPOBOM HAIIOD).

OcCHOBHOH €€ HENOCTAaTOK 3aKJIIOYaeTcsl B TOM, YTO W IPUTOYHBIM M yJanseMblid M3
MOMEIICHUST BO3JyX HE MPOXOAWUT MPEABAPUTEIIBHON OYMCTKH, YTO MOXET CTaTh MCTOYHUKOM
3arpsi3HEHUs] BO3JyXa KaK BHYTPU TMOMEIICHHUS, TOK U BHE ero. EcrecTBeHHass BEHTHJIALIMS
MOXXET OBITh OpPraHW30BaHHOW M HeopraHuzoBaHHOU (puc.3.1.2). B momerieHusx HEOOIBIIOTO
o0beMa M B TOMEIICHHUSAX, PACIOJIOKEHHBIX B MHOTOJTAXXHBIX MPOU3BOJCTBEHHBIX 3IaHHSIX
INPUMEHSAIOT KaHAIBHYIO a’paluio, MPU KOTOPOM 3arpsA3HEHHBIM BO3AyX YAAIAETCS Yepe3
BEHTWISALIMOHHBIE KaHaNbl B CTeHaX. /(151 yCUIeHUs BBITSDKKM HA BBIXOJIE U3 KAHAJIOB HA KPBIIIE
3/IaHUSl YCTaHABIMBAIOT Je(JIEKTOPhl — YCTPOICTBa, CO3AAIOIIME TATY MPU OOAYBaHUU HX
BeTpoM. [IpHu 3TOM MOTOK BO3yXa, yHapssich O aedueKTop U 00TeKas ero, CO3AaeT BOKPYT HETO
paspexxeHue, odecreurBarolee moICoc BO3lyXa U3 KaHana.

ABTOMAaTH3aIUA CHCTEM KOHJAUIIMOHNPOBAHMS BO31yXa

KonaumuonepoM MOXHO YHOPaBlATh JIMOO HEMOCPEICTBEHHO C MaHEeNIH YIpaBieHHUS,
pacroyio)KeHHOW Ha KOpIlyce BHYTPEHHEro OJ0Ka, JMOO C MOMOINBI0 AMCTAHIIMOHHOTO, Kak
MPaBUIIO, HUH(PAKPACHOTO MYyJIbTa YIIPABICHUS

C mynpTa MOXHO YCTaHOBUTH CIIEIYIOIINE PEKUMBI paOOTHI:

00orpeB, OXJIaXKACHHUE, BEHTUIISILIMSL, OCYIIIEHHE BO3/1yXa;

OJIMH M3 HECKOJIbKHX (KaK MPaBUIIO, TPEX) CKOPOCTHBIX PEKHUMOB BEHTUIIATOPA,

aBTOMATUYECKOE PETYJIHUPOBAHUE TMOJOXKEHUS Kalo3u (BO3AyXOpacHpeleIuTeaIbHOM
PELIETKH ), U3MEHSIOIEr0 HalpaBJIE€HUE BO3AYIIHOIO IIOTOKA;

ABTOMATUYECKOE MOAEPKAHUE 3aJaHHOM C IMyJIbTa TEMIEPATYPBI TOMELIECHHUS.

ABTOMaTH3aIMs CUCTEMbI KOHAUIIMOHUPOBAHUS ONIpeeNsieTcss GYyHKITUSIME yIIPaBICHUS,
peaM30BaHHBIMU B KaXKJIOM U3 €€ OJIOKOB, UYTO MO3BOJISIET FOBOPUTH O MHOTOBAPHMAHTHOCTH
peuleHus 3a1a4y yrpaBIeHUs.

HapyxHplii KOMIPECCOPHO-KOHACHCATOPHBIM OJIOK YMPAaBISIETCS MHUKPOIPOIIECCOPHBIM
mMonyseM. llogkimroueHHble K HEMY peje 3alluThl 110 HHU3KOMY M BBICOKOMY JaBJICHUIO U
TEIUIOBOE peJie JJI BEHTUJISTOpA OXJaKICHHsS KOHAEHcaTopa 00ecredyuBaroT eMy HaJeKHYIO
3aIIUTy TPH pabOTE CHCTEMBI.

Uwiepsl  OCHAIIAIOTCSA  KOMIUIEKCHOW  CHUCTEMOM  aBTOMATHWKH,  oOOJerdaromiei
peanu3anuio Bcex (QYHKUUI 3TOro JOBOJBHO CIIOKHOTO M (PYHKIMOHAIBHO HACBHIIICHHOTO
000pyI0BaHUS B TMIOJTHOM Mepe.

MHuorue Moau(UKaluy YWUIEPOB HMEIOT YETHIPEXXOJOBOW KIIAmaH, MO3BOJISIOMINN
MHBEPTUPOBATh XOJOJIWIbHBIA LHKJI M OCYIIECTBIATH €ro paboTy HE TOJIbKO B pPEXKHUME
OXJIQXKJICHUS, HO ¥ B pexknMe (DYHKIIMOHUPOBAHUS TEILIOBOTO HACOCA.

ABTOMaTHKa KpPBIIIHOTO KOHAMIIMOHEpPA OOBIYHO BKJIIOYaeT B ce0sl CTaHIapTHBIE
ANEKTPUUECKNE KOMIIOHEHTBI: aBTOMATHYECKHUE BBIKJIIOUATENN CETU M BCIIOMOTATEIbHOM LIEeTIH, a
TaK)Ke IYCKOBBIE YCTPONCTBA KOMIIPECCOPOB, HArPEBATENEN U BEHTUIISITOPOB.

KppitiHble KOHIUITMOHEPHI, KaK MPaBHIIO, 000PYAYIOTCS MUKPOIIPOLIECCOPHOM CHCTEMON
YIOPABJICHUS, BAXXHBIMU  JJEMEHTAaMH KOTOPOM  SBIIAIOTCA  PEryJisiTOp  TeMIEpaTypsl
00pabOTaHHOTO BO31yXa, peie 3aJepKKU M CpEACTBA 3allUThl KOMIPECCOPOB, CHUCTEMa
JMAarHOCTHKH, IOPT NOAKIFOYEHUS JUCTAHIITMOHHOTO YIIPABJICHMUS.

IIpu cexunMoOHHOW COOpKE IEHTPATHLHOIO KOHAWIIMOHEPAa aBTOMAaTHKAa MOHTHPYETCS IO
CIELHAILHOMY NPOEKTY U3 OTAEIIBHBIX 3JIEMEHTOB.
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6.7 IlpakTuyeckoe 3ausaTue Nel3,14 (4uaca).

Tema: «lIpoecpammupyemole KOHmMpOLLEPLDY

6.7.1 3ananue nos padoThI:

1. Ilouamue o koumpoanepax

2. Ilpoecpammupyemvl KOHMPONIEPH

3. 110 ona npoepammuposaruss KOHMPOLIEPOB

6.7.2KpaTkoe onucanue nNpoBOAMMOIO 3aHATHSA:

CnoBo "koHTpoJUIep" MPOM30NUIO OT aHriauiickoro " control" (ympaBieHue), a HE OT
pycckoro "KoHTposb" (yueT, npoBepka). KonTpoiiepom B cucTeMax aBTOMAaTH3allUd Ha3bIBAIOT
YCTPOMCTBO, BBINOJHSIOIIEE YIpPaBICHUE (PU3NUYECKUMHU MPOLECCAMHU MO 3alHCaHHOMY B HETO
QITOPUTMY, C HCIOJb30BaHMEM HH(OPMAILMHU, MOTYy4yaeMOil OT JaTYMKOB M BBIBOAMMOH B
UCTIOJIHUTEIIbHBIE YCTPOICTBA.

IlepBble KOHTpOJUIEPHI MOSBWINCH Ha pydOeke 60-x u 70-x roJoB B aBTOMOOHMIBHOU
IPOMBIIIJICHHOCTH, TJI€ MCIIOJIb30BAINCH Ul aBTOMaTU3aluu cOOpPOYHBIX JIMHUM. B To Bpems
KOMIIBIOTEPBl CTOMJIM YpE3BBIYAHO J10pOro, MO3TOMY KOHTPOJUIEPHI CTPOMIIMCH HA JKECTKOM
JoTuKe (TIPOrpaMMHUPOBAIIUCH aIIIapaTHO), 4TO OBLIO ropaszao aemieie. OaHaKo mepeHacTponka
C OJHOM TEXHOJOTMYECKOW JMHUU Ha JPYryio TpeboBasa (PaKTUUYECKH H3TOTOBIICHHUS HOBOTO
KOHTposuiepa. [lo3ToMy MOSBHUIMCH KOHTPOJUIEPHI, AITOPUTM pPAOOTHI KOTOPBIX MOI OBITh
M3MEHEH HECKOJBKO IPOILE - C MOMOUIbI0 CXEMBbl COEIMHEHUN pene. Takue KOHTPOJUIEpHI
NOJY4YMJIM Ha3BaHUE IMPOrpaMMHUpyeMbIX joruueckux koHTposuiepoB (IJIK), m stor Tepmun
COXpaHWJICA A0 HacTosero BpeMenn. Besne ke Tepmunsl "konTpoutep" u "IIJIK" mb1 Oynem
yHNOTPeOIATh KaK CHHOHUMBI.

Hemuoro mno3xe mnossunuchk I[IJIK, koTopble MOXXHO OBLIO NPOrpaMMHpOBATH Ha
MAalllMHHO-OPHUEHTUPOBAHHOM S3bIKE, YTO OBLIO MPOILIE KOHCTPYKTUBHO, HO TPeOOBAJIO yyacTus
CHelHaTbHO OOYYEHHOTO NMPOTPaMMUCTA JUIi BHECEHHs )K€ HE3HAUMTENbHBIX M3MEHEHHUU B
anroput™ ympasineHus. C 3Toro MoOMeHTa Hawajgach OopbOa 3a YIpPOIIEHHE Ipolecca
nporpammupoBanus ITJIK, koropas npuBena cHayalla K CO3/IaHUIO SI3bIKOB BBICOKOTO YPOBHS,
3aTeM - CIELUAIN3UPOBAHHBIX S3BIKOB BU3YaJbHOI'O NMPOIPAMMHMPOBAHHUSA, MOXOKUX HA SI3BIK
peneiHoi JIOrTKU. B HacTosIee BpeMs 3TOT IPOLECC 3aBEPILINIICSA CO3JaHUEM MEKIyHAPOJHOTO
craggapra [EC (MOK) 1131-3 kortopsiii mo3xe Obu1 mepeumeHoBadn B MOK 61131-3 [IEC].
Crangaptr MOK 61131-3 noaaepkuBaeT MATh S3bIKOB TEXHOJOTMYECKOIO MPOrpaMMHUPOBAHUS
YTO MCKIIOYAeT HEOOXOAMMOCTh IPUBJICUEHHUS MPO(ECCHOHAIBHBIX IPOrPaMMHCTOB IPH
IIOCTPOEHUHU CUCTEM C KOHTPOJUIEPAMHU, OCTABIIAA AJI1 HUX PEIICHNE HECTAHJApPTHBIX 3a]1a4.

B cBs3u ¢ Tem, 4ro cnoco0 MporpaMMHpOBAaHHUA SIBISETCS HauOoJsiee CyIIECTBEHHBIM
KJIaccu(UIUPYIOIUM MPU3HAKOM KOoHTpoiuiepa, nmoustue "IIJIK" Bce pexe mcnomib3yercs s
0003HaueHMs YIPABISAIOUIMX KOHTPOJUIEPOB, KOTOpbIE HE MOJIEPKUBAIOT TEXHOJIOTMYECKHE
SI3BIKA TIPOTPAMMHUPOBAHHUSL.

C d4ero HaumHamach NPOMBIIIJICHHAS ABTOMAaTHMKa? A HA4YMHAJIOCh BCE C KOHTaKTHO-
PENENHBIX CXEM YIpaBIEHUS NMPOMBIIIIEHHBIMU ITpolieccaMu. KpoMe JKyTKOTO «IlelIecTeHus»,
KOHTAKTHO peJIelHbIe CXeMbl UMENHU (PUKCHUPOBAHHYIO JIOTUKY pabOThl, U B Cllydyae U3MEHEHUs
ITOPUTMA, HEOOXOMMO OCHOBATENILHO MEpeieNiaTh MOHTAXHYIO CXEMY

bypHoe pa3BuTHE MMKpONPOLECCOPHON TEXHMKHM, IPHUBEIN K CO3/JaHUI0 CHCTEM
yIpaBJICHUS] TEXHOJOTMUYECKUMH IPOIeCCaMu Ha 0a3e MPOMBIIICHHBIX KOHTposuiepoB. Ho 3To
HE 03HAYaeT, YTO peJie U3KHUIU ce0sl, y HUX ITPOCTO CBOS HUILA JUIsl IPUMEHEHHUS.

IUVIK - mnporpaMMupyeMblii JIOTHYeCKMH KOHTPOJJIEP, TPEACTaBIAIOT COOOU
MHUKPOIIPOIIECCOPHOE YCTPOMCTBO, MpeaHA3HAUYCHHOE NIl cOopa, mpeodpa3zoBaHus, oOpabOTKH,
XpaHeHUs MHPOPMALUU U BBIPAOOTKM KOMAaHJ| YIPAaBJICHUS, UMEIOMINNA KOHEYHOE KOJINYECTBO
BXOJIOB U BBIXO/IOB, ITOJIKJIFOYEHHBIX K HUM JaTUYUKOB, KJIFOUEH, UCTIOHUTEIIBHBIX MEXaHU3MOB K
00BEKTY YIpaBJICHHS, U NPeIHA3HAYEHHBIN 17151 pabOoThI B peKUMaxX pPealbHOTO BPEMEHHU.

n
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[Mpuntun pa6otel [IJIK HECKOMBKO OTIAMYAECTCS OT «OOBIYHBIX)» MHUKPOIIPOLECCOPHBIX
ycTpoicTB. IIporpaMMHoe obOecriedeHne YHHMBEPCAIbHBIX KOHTPOJUIEPOB COCTOMT M3 IBYX
yacreil. IlepBas uyacTb 3TO cucTeMHOe mporpamMmmHoe oOecreueHue. I[IpoBons aHajmoruio c
KOMITBIOTEPOM MOKHO CKa3aTh, YTO 3TO ONEPALMOHHAs CUCTEMA, T.€. YIpaBiseT paboTol y3/10B
KOHTpPOJIJIEPA, B3aMMOCBS3M COCTABIISIOIIMX YacTel, BHYTpPEHHEH auarHoctukoi. CucremHoe
nporpammuoe obOecriedenue I[IJIK pacmoniokeHO B TIMOCTOSHHOW MaMsITH IIEHTPAJIbHOTO
mpoleccopa 1 Bcerga rotoBo k padore. [lo Bxmrouenuto nutanwus, [1IJIK rotoB B3sTh Ha cels
VIpaBJICHUE CHUCTEMOM YXe depe3 HecKoJbko mMumuincekyHa. [IJIK paboTaroT MUKIMYECKH IO

METOAY MEepUONYECKOTO orpoca BXOJTHBIX TAHHBIX.
Pabounii LUK [JIK BKJIFOYAET 4 dazbr:
1. Ormpoc BXOJIOB
2. Beinosinenue MOJIb30BaTEIBCKOM MPOTrPaMMBbI
3. VYcraHoBKy 3HAYCHUN BbIXOJI0B

4. HexoTopble BCIOMOTaTeIbHbBIC ONEPAIiy (JHArHOCTHKA, TOTOTOBKA TAHHBIX JUIS OTJIATYHKa,
BU3YaJIM3alUu U T. 11.).

Brimonaenue 1 ¢a3br odecnednBaeTcss CHCTEMHBIM IMPOTPpaMMHBIM obecrieueHueM. [locie
4Yero ympaplieHUE MepenaeTcsl MPUKIAAHON MporpaMme, TOW Mporpamme, KOTOPYHO BBl caMu
3alucalii B NaMsTh, 110 3TOH MporpaMMme KOHTPOJUIEP JeiaeT TO YTO BHI MOKENaeTe, a Mo ee
3aBEpILICHUIO YyIpaBlICHUE OMNATh IEepelacTcs CHUCTEMHOMY VYPOBHIO. 3a CuUeT 3TOro
o0ecrieunBaeTcsi MAaKCUMaIIbHAs TIPOCTOTA IMMOCTPOSHUS TPUKJIIAIHON ITPOTPaMMEBI — €€ CO3/1aTellb
HE JOJDKeH 3HaTh, KaK MPOW3BOJAUTCS YIpaBIEHUE amlmapaTHeIMH pecypcamu. HeoOxommmo
3HATh C KAKOTO BXO/1a IPUXO/NUT CUTHAI M KaK Ha HETO PearnpoBaTh Ha BBIXO/1a

6.8 IIpakTuyeckoe 3ansaTue NelS (4uaca).

Tema: «Asmomamuueckue cucmemvl pecyIuposaHusi HA OCHOBE NPOSPAMMUPYEMO20
KOHMpOL1epa»

6.8.1 3aganue nis padoThbI:

1. Ocobennocmu pe2yniupo8aHus Ha OCHO8E NPOZPAMMUPYEMbBIX KOHMPOIIEPO8

2. Cxembl agmomMamu4eckux cucmem Ha 0OCHO8e NPOSPAMMUPYEMBIX KOHMPOJLLEPO

6.8.2. KpaTtkoe onncanue npoBoAMMOro 3aHATHSA:

IJIK Ha OCHOBe Simatik STEP 7
[IUIK Siemens paboTaioT ¢ HOMOILIBI0 MporpammHoro ooOecmneuyenus Simatik STEP 7. [lns
CO3MIaHUsI TIPOTPAMM MCIOJIB3YIOTCSL S3BIKH, KOTOpblEe OTBe4aroT crangapry MOK 61131-1.
OcCymecTBISATh TPOrpaMMUPOBAHUE MOXHO HAa OJHOM W3 ISITH S3BIKOB, TPadUYECKUX WU

TEKCTOBBIX. K HUM OTHOCSITCS:
- LD, KOTOPBIN SIBIIAETCS SI3BIKOM peanbHbIX CXEM;
- FBD - CTaBIIUH SI3BIKOM (G YHKIIMOHATBHBIX 0JIOKOB;
- SFC - SI3BIK JuarpaMm COCTOSIHHUS,;
- IL - SI3BIK, KOTOPBIN noao0eH acceMOepy;
- ST- SI3BIK, IO JOOHBIN IMaCKaio.

Bce 3Tu sI3bIKM JIETKO MOAXOAST K MaHUMYISALUSAM OUTAaMHU B CIIOBaX, KOTOPHIE MUCIOIB3YIOTCS
TUIst yIpaBiIeHUS 000pyI0BaHUS.
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OcobennocTu NMPOrpaMMHUpPOBaHMS IJIK

VYV IIJIK cymecTByeT HECKOIBKO OCOOCHHOCTEH, KOTOPhIE OTJIMYAIOT UX OT JIPYTUX AJICKTPOHHBIX
npuOOpOB:

- TPUMEHSIIOTCS HCKIIOYUTENIbHO B 00JacTH aBTOMATU3alMU TPOMBIIUIEHHBIX TPOLIECCOB;
- [JIABHBIN MPUHLINAI paboThI — B3aUMOJICUCTBUE c 000pyI0BaHUEM;
- SBJISIETCS CaMOCTOSITEJIbHBIM HE BCTPauBAEMbIM 000py/I0BaHUEM.

[TJIK ocHOBbIBaeTcs Ha HUKINYHOCTH YIPABIAEMBIX MPOIIECCOB, MAKCUMAIBHO PACTAHYTHIX BO
BpPEMEHU.

O06cayxuBanue IJIK

PabGoty ¢ mporpaMMHpyeMbIMH JIOTUYECKHMMM KOHTPOJUIEpAMH IPOBOIUT  CIELUAIBHO
0o0y4eHHbIN TexHu4Yeckuil nepcoHan. OcoOble 3HAHMS 3aKIJIIOYAIOTCS B MCIOJIB30BAHUU S3BIKOB
IpOrpaMMHUpPOBAaHUS HEOOXoIuMOro cranfgapra. ONTUMalbHBIM BapUaHTOM CTaHOBUTCH
pa3paboTka MTPOrpaMMHOr0 oOOecleueHUuss Ha KOHKPETHOM IPOU3BOJCTBE. OITO  JacT
BO3MOXXHOCTH BBIIIOJTHUTH BCE TPEOOBAaHUS M HIOAHCHI, KOTOpPBIE €My COOTBETCTBYIOT M HE
OPUBSOKYT JajbHeiIiee oOCTy)KMBaHHE K CTOPOHHEH OpraHu3aliu, KOoTopas 3aHMMaeTcs
pa3pabotkoii mporpamm Ha ocHoBe Simatik STEP 7. fI3biku mporpaMMHpOBaHUs, HCIIOJIb3yEMbIe
st [TJIK, mpocThle M HarysaHble, MOTOMY IMOJIYYHMB ONpE/eIeHHbIe 0a30Bble 3HAHUS MOXHO
JEeTKo pemiatb HeoOXoauMble 3aaadyn. bojee moapoOHOe pPYKOBOJACTBO, O TOM, Kak
OCYILIECTBISIETCS MTporpammupoBanue ¢ nmomoibio STEP 7 M0oXHO y3HATh, Iepeiid Ha [IaBHYIO

CTPAHUILY.

Wmxenepbl mporpaMMHUCTBI, paboTaromue B JaHHOW cdepe, obnanas HYKHBIMH 3HAHUSMH,
CMOTYT JIETKO aBTOMAaTHU3UPOBaTh paboOTy JIO0OTr0 TMPOMBIIUIEHHOTO 000PYIOBaHUS.
Heo6xoanMo 06s13aTelbHO YSCHUTD, YTO NMPOIPAMMHPYEMBI KOHTPOJUIEp paboTaeT MUKINYHO,
IPU 3TOM BaXXHO BBIOpaTh, OyJeT JM BpeMs (UKCHPOBAHHBIM WIJIM AaCHHXPOHHBIM, TO €CTh KOTa

HOBBIN MU KII HaA4YMHACTCA cpasy 10 OKOHYAaHHIO MMPpEaAbIAYLICTO.
OcHoBHOM aJropuT™M BBITIOJIHEHUSA HpOrpaMMBI COCTOHUT B CIIEAYIOIIEM:
- monyuenue IIJIK wHbopmamuss o cocrosHum cucteMbl. Ha »3TOoM »sTame mpoucxomut
CUUTBIBAHUC BXOIOHBIX 3H&‘ICHHI>1;
- 00paboTKa MOJYYCHHBIX JAHHBIX, KOTOpas COCTAaBJISET OCHOBHYIO 4acTh mporpammsbl [1JIK;
- ¢dopmupoBanue KOMaH[ YIIPaBJICHUS,
- nepegavya JAHHBIX MPOMBIIIJIEHHOMY KOHTPOJIEPY;

0TOOpa’keHHe BBIXOIHBIX ITAPAMETPOB C 000PYIOBAHHUS.
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