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Ne Kon
KonTposmpyembie TeMbI . HaumeHoBanue
n/ KOHTPOJIMPYEeMOM
AMCUUILIMHBI OLICHOYHOI'0 CPeACTBA
1| KOMIIeTEeHIIUH
1 | OcHoBHbIE MOHSTHUSA u I1K-8 [TpakTudeckas pabora
ONpEeICIICHUS. Knaccudukanus Jloxmnan
ACY.ACY TII 3auer
2 [1K-8 [TpakTuyeckas pabora
Jatanku Jloxmnan
3auer
3 | [IpomblinieHHBIE KOHTPOJLIIEPHI I1K-8 [TpakTuueckas pabota
Jloxmnan
3auer
4 | UcnonHUTEIbHBIE MEXAHU3MBbI [1K-8 [TpakTrueckue paboThI
Jlokman
3auer
5 . I1K-8 [TpakTrueckas pabota
[Tpomebrnenasle  UHTEpDEUCH | Toknan
MIPOTOKOJIbI
3auer
6 | SCADA-cucremsl [1K-8 [TpakTuyeckas pabora
Jlokman
3auer
NEPEYEHDb OHEHOYHbBIX CPEJICTB
Ne HanmeHnoBanue KpaTkas xapakTepucTuka Ipencrasiienne
n/n OLIEHOYHOT0 OLIEHOYHOT0 CPECTBA OLEHOYHOT 0
cpexncTBa cpencTBa
B GoHae
1 CpencTBo MpoOBEPKU YMEHHM PUMEHSTh KowmmiexT 3amannit
IIpakmuueckas MOJTyYeHHBIE 3HAHUS 110 3apaHee JJIsL BBITIOJTHEHUS
paboma OIIpe/IeJICHHOM METOIMKE /ISl PEIICHHS 3a/1a4 HIIH MPAKTUYECKUX
3aIaHHii TI0 MOJTYJIIO WIIH JMCIMIUIMHE B LIEJIOM pabot
2 [IpoaykT camocTosTensHON PabOTHI 00yJaroIIerocs,
HPEICTaBISIIOIINI COOO0M MyOIMYHOE BBICTYIUICHUE
Hoxaad Hopple[meHmo oﬁpeaeneHHoi}I’ y4aeOHO- npaKTqueCKoﬁ, Temel noxaz08
y4e0HO-MCCIIeA0BATENbCKON MM HAYIHOH TEMBI
2 3auem Htorosas ¢opma OlleHKH 3HAHUH Bompocsl k 3auety

3AJAHUA JJ1S BBIINTIOJTHEHUS TIPAKTUYECKUX PABOT

3apanue Nel. IIpuHUMIBI THIH3AUMY, YHU(PUKALNH B YCTPOHCTBAX aBTOMAaTH3ALMU

3aganue Ne2. U3mepuTe/ibHbIe IPeoOpa3oBaTe/ M HEIJIEKTPUYECKUX BeJIHYHH
3ananue Ne3. [Iporpammupyembie JIOTHYeCKHEe KOHTPOJLIEPbI



3ananue Ne4. M3yuenue ycTpoiicTBa M NpUHOUINA PadoThl MHEeBMaTHYeCKUX NpuBogos CAP
HCIIOJIHUTEIbHBIX YCTPOHCTB.

3aganue Ne5. M3ydenue npuHInna paboThl 3JEKTPOMAarHUTHBIX MY (T.

3aganue Ne6. SCADA-cuctemsl.
1. Anamms cymectByrommx SCADA-cucTeMBl.
2. OcnoBuble xapakTepucTukn SCADA-cHCTEMBI.
3. SI3eiku mporpammupoBanusi SCADA-cucTeMsl.

Kpurepun oueHKH 0TBETOB HA MPAKTHYECKHE PA0OTHI:

- He 3aUmeHO 8bICMABAAEMCA CIYOEeHMY, eCllu OaH HEeNnOIHbll omeem, NPEACTABISIIOILNN
co0Ol pa3pO3HEHHBbIE 3HAHUS 10 TEME BOIPOCA C CYIECTBEHHbIMHU OLIMOKaMHU B OINpPE/EIECHUSX.
[IpucyTcTBYIOT hparMeHTapHOCTD, HEIIOTHYHOCTH U3J10KEHUs. CTyIEHT HE OCO3HAET CBS3b TAHHOTO
MOHATHUSI, TEOPUH, SBICHHA C JAPYTUMH OOBEKTaMH IUCHUIUIMHBL. OTCYTCTBYIOT BBIBOJIBL,
KOHKpeTH3alusi M JOKa3aTeJIbHOCTh W3JIOKEHUA. Peub HerpamorHas. JlONmOJHUTENbHBIE U
YTOYHSIOILIME BOIIPOCHI MIPENoaBaTesisi He MPUBOIAT K KOPPEKLIMU OTBETAa CTY/IEHTa HE TOJIbKO Ha
[IOCTaBJIEHHBIH BOIIPOC, HO ¥ HA JJPYTU€ BOIPOCH! JUCLHUILIIUHBIL.

- 3AUmMeHO BbICMAGIIACMCA CHYOEHmY, eC/U OaH NOJHbIU, pPA36epPHYmMblll omeen Ha
MIOCTABJICHHBIH BOIIPOC, MOKa3aHa COBOKYITHOCTh OCO3HAHHBIX 3HAHUH 00 OOBEKTE, JO0Ka3aTeIbHO
PaCKPBITHl OCHOBHBIC TIOJIOKEHHS TEMBI; B OTBETE MPOCIICKUBACTCS YETKasi CTPYKTYPa, JIOTHIECKast
[I0CJIeI0BATENbHOCTb, OTPaXKaIOIIask CyLTHOCTh PACKPBIBAEMbIX MTOHATUMN, TE€OpUHl, ABIECHUN. nanue
06 obvexme OeMOHCMpUpyemcss HA (QOHe NOHUMAHUA e20 6 cucmeme OAHHOU HAYKU U
medxcoucyunaunapusix cesazeil. OTBET U3JI0XKEH JIUTEPATyPHBIM SI3bIKOM B TEpMUHAX Hayku. Mocym
Obimb  OonyweHvl  Hedouemvl 8  OnpedelleHuu  NOHAMUL,  UCHPAGIeHHble  CMYOeHmMOM
CamocmosamenbHo 8 npoyecce omseemd.

IIpumepHas TeMaTHKA 10KJIA10B

1. XapakTepHuCTHKU OCHOBHBIX MapaMeTPOB MHEBMATUUYECKUX U MOPIIHEBBIX UCIIOTHUTEIbHBIX
MEXaHU3MOB.

Pazpa0oTka n3MepHUTENbHOr0 HOPMUPYIOIIETO IIpeoOpa3oBaTes A1l TEPMONapHL.

Buas! nepBudHbIX npeoOpazoBaTemnei.

MemOpaHHBIE UCTIOIHUTENBHBIE YCTPOICTBA.

ITpeoOpa3oBaresny NOCTOSHHOTO HANPSKEHUS C TaJIbBAaHUYECKOM pa3BsA3KOH.

Ananmu3 coBpeMeHHbIX CKA/JIA-cuctem.

SA3biku nporpamMmmupoBanus [IK.

Knaccudukanus no3unmuoHepos.
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Oo6mue ceenenust o SCADA — cucremax. OcnoBnble pynkiun SCADA —cucrem.



Kpurepun oueHKH 10KJIA10B

«3auTeHo» - JOKJIaJ YETKO BBICTPOEH, PACCKa3bIBAETCs, OOBACHAETCA CyThb pabOThI; aBTOP
IIPEACTABUII JAEMOHCTPALlMOHHBIM MaTepHall, IPEKPAaCHO B HEM OPUEHTUPYETCS U OTBEYaeT Ha
BOIIPOCHI; IIOKA3aHO BIJIAJEHUE HAYYHBIM M CIELUAIbHBIM aIlaparoM; YETKOCTb BBIBOJOB
MOJTHOCTBIO XapaKTEePHU3YIOT paboTy;

«He 3aureHo» - JOKIax paccka3blBaeTCsi, HO HE OOBACHAETCS CyTh pPabOThl WU
3a4UTHIBACTCA; JAEMOHCTPALIMOHHBIM MaTepuan HUCIOJIB3YEeTCS B JOKJIANE, HO HE HCIOJIb3YETCs
JOKIIQTYMKOM WM ObUl OpOpPMJIEH IUIOXO M HErpaMOTHO; JOKJIAJYMK HE MOXET OTBETUTh Ha
OOJIBIIMHCTBO BOIIPOCOB; BBIBOBI MMEIOTCS, HO HE I0KA3aHBl.



Ilpunosncenue 1

KOMILIEKT 3AJTAHUM JJIS1 BRINTOJHEHUA MPAKTUYECKHUX PABOT

IIpakTnueckas padora Ne 1
IpuHuMnbI THNIN3aNMH, YHU(GUKALNH B YCTPOICTBAX ABTOMATH3 AT

Heab pa6oThl: H3yuyeHue NPUHIUIIOB TUIIU3AINH, YHU(DUKAIINY U arperaTupoOBaHus, IPUMEHIEMbIX
P TIOCTPOGHUU COBPEMEHHBIX CPEICTB AaBTOMATU3allMd U aBTOMAaTHU3UPOBAHHBIX CHCTEM
YIPaBJIEHUS TEXHOJIOTMYECKUMU TPOIECCAMH.

O01ue cBeaeHNs

Tunuzamus - 370 000CHOBaHHOE CBEZCHIE MHOr000pa3us n30paHHbIX TUIIOB KOHCTPYKIUN MAalllvH,
o0opyaoBaHus, MPUOOPOB K HEOOIBIIOMY YHCTY HAWITYUIIUX C KAKOW-THO0 TOUKH 3peHHs 00pasIloB,
o0jamaromuX  CYHIECTBEHHBIMH  KauyeCTBEHHBIMM  NpuU3HakamMu. Hampumep, Tumnuzanus
TEXHOJIOTUYECKHX MPOIIECCOB 3aKIIF0YAETCsI B BEIOOPE I BHEAPEHUS U3 BCEil MacChl JICHCTBYIOMINX
TEXHOJIOTUI TONIbKO HauOoliee MPOU3BOAUTENBHBIX U peHTa0enbHBIX. B mporecce Tummuzanuu
pa3pabaThIBalOTCS M YCTAHABIMBAIOTCS TUIIOBBIE KOHCTPYKLHUH, COAepaliue oOuue Ui psaa
W3JIeNi (MM UX COCTaBHBIX 4acTel) 0a30BbIe JEMEHTHl U KOHCTPYKTUBHBIE MapaMeTphl, B TOM
YHUCJIe MEpPCIEeKTUBHBIC, YUYWTHIBAIOIINE IOCIEAHUE AOCTHKEHUS HayKu M TexHuku. [Ipomecc
TUNU3AIMHA AKBUBAICHTCH TPYNITUPOBAHHIO, KIaCCU(PUKAIMH HEKOTOPOTO MCXOJHOTO, 33TaHHOTO
MHO>KECTBA 3JIEMEHTOB B OTPaHUYEHHBIN PsIJI TUIIOB € YYETOM PEAJIbHO JEHCTBYIOIUX OTpaHUYEHUH,
Lened TUMM3alUM; APYTMMHU CJIOBaMM, THUNM3alMs SBISETCS ONTUMU3ALMOHHOM 3ajauedl ¢
OTrpaHUYECHUSIMHU.

Tunuzanus npenecTByeT yHUGHUKAIMY - TPUBEICHUIO PA3IMYHBIX BUJIOB IPOAYKIIUH U CPEJICTB €€
MPOU3BOJICTBA K pAIMOHAJILHOMY MHHHMYMY THIOPa3MepoB, Mapok, (opM, CBOWCTB U T.I.
VYHu}UKanus BHOCUT €IMHOOOpa3ue B OCHOBHBIE NMapaMeTpbl THIOBBIX PEIICHUH TEXHUUYECKUX
CpeAcTB, HeoOXoaumoe JUIsi UX coBMecTHoro wucnonb3oBanuss B ACY TII, u ycrpanser
HEOIpaBJIlaHHOE MHOT000pa3ne CpeICTB OJJMHAKOBOTO Ha3HAYEHUS U Pa3HOTUITHOCTh UX YacTel.

OpvHaKoBBIE WM pa3Hble MO CBOEMY (PYHKIIMOHAJIbHOMY HA3HAYEHHUIO YCTpOMCTBa, MX OJIOKH,
MOJYJIH, HO SBISIOLIMECS MPOU3BOJHBIMM OT OJHOM 0a30BOM KOHCTPYKIMH, OOpa3yroT
YHUOGUIUPOBAHHBIN pal. YHUUKaLUsS TMO3BOJSET 3a CYET NPUMEHEHHS OOIIMX U TUIOBBIX
KOHCTPYKTHBHBIX PEIICHUH UCIIOIb30BATh IPUHIUII arperaTupoBaHus, CO3aBaTh Ha OJTHONW OCHOBE
pasnuuHble MOIU(UKALMK U3ENNH, BBITYCKaTh TEXHUYECKHE CPEACTBA OJIMHAKOBOIO Ha3HAYEHMUS,
HO C Pa3JIMYHBIMU TEXHUYECKUMHU XapaKTEPUCTUKAMHM, yIOBJIETBOPSIOUIMMH MOTPEOHOCTSAM TOTrO
WM WHOTO IIPOM3BOJCTBA, TEXHOJOTMH. Takwe u3Aeiaus OJHOIO0 THIA, HO C pPa3jIu4YHbIMU
TEXHUYECKUMH MapaMeTpamMu 00pa3yroT mapaMeTprUuecKuil psi.

ArperaTupoBaHue MpeycMaTpUBaeT pa3paboTKy U UCIOIb30BaHUE OTPAHUYCHHON HOMEHKIATYPHI
TUMOBBIX YHU(HUIMPOBAHHBIX MOJYJIeH, OJIOKOB, YCTPOHCTB W YHU(HUIIMPOBAHHBIX THUIOBBIX
KOHCTPYKIMH JUIi TOCTPOEHUS MHOXECTBa MpPOOJEMHO-OPUEHTUPOBAHHBIX YCTAaHOBOK H
KOMILUIEKCOB, TEXHMYECKHE I1apaMeTpbl KOTOPBIX B 3HAYUTEIIBHOW CTEIEHU YAOBJIETBOPSIOT
MOTPEOUTENbCKUM  LeNsAM.  Tunusauus, yHUQHUKaLUs U arperaTUpoBaHuE  SABISAIOTCS
OCHOBOIIOJIATraf0IIMMU TPUHIMIIAMH IOCTPOEHUS COBPEMEHHBIX cpeicTB aBToMaTu3anuu u ACY TII
n 00ecnedrBalOT BO3MOXHOCTh J(P(EKTUBHOIO MX HUCHOJB30BaHUS NPU KOMIUIEKCHOU



ABTOMATHU3aI[MU NTPOU3BOJCTBA, B YACTHOCTH, TNpHU MPOEKTHpoBaHMM U  BHeapeHun ACY
TEXHOJIOTHYECKUMHU 00bEeKTaMu H arperatamu [1-4].

Cucrema I'CII

[MpuHIMIBl TUNU3ANWK, YHUQPUKAIMA W arperaTUPOBAaHUSl BIEPBHIC TOJNYYMIM pPAa3BUTHE B
I'ocynapcTBeHHOM crcTeMe IPOMBILUIEHHBIX TpUOopoB U cpeacts aBromaruzanuu (I'CII). U3nenus
I'CIl xoMmnoHyIOTCSI B arperaTtHble KOMIUIEKChl TEXHUYECKHUX CpPEJICTB, OPUEHTUPOBAHHBIE HA
pellieHre THUIIOBOTO COCTaBa (PYHKIIMOHAIBHBIX 3a7a4, U BMECTE C THUIIOBBIMH MPOCKTHBIMU
pELICHUSIMUA 3HAYUTENIbHO ympomalT mnpoektupoBanue ACY TII, co3patoT OCHOBY aJist
«MHIIyCTpUAIN3AIMN» MPOSKTUPOBAHMS, YTO BEChbMa Ba)XXHO ISl YCKOPEHUS TEMIIOB BHEIPEHUS
ACY TII. SBasgsack yacThio Takod cioxkHoH cucteMbl, Kak ACY TII, KOMIJIEKC TEXHHMYSCKHX
cpenctB (KTC) Ttaxke mnpenacrtaBisieT co0OW CIIOXKHYIO CHCTEMY anmapaTHbIX M amnmnapaTHo-
MpOrpaMMHBIX cpencTB. [loHSATHE «cloXKHAs CUCTeMa» 3/eCh IOHUMAETCsl KaK MHOXECTBO
B3aMMOCBS3aHHBIX M B3aUMOJCHCTBYIOIIUX TOACHCTEM, BBIMOJHSIOUIMX CaMOCTOATEIbHBIE U
obmiecucreMHble (YHKIIMU U UMEIOIIUX COOCTBEHHbIE W obOmue uenu. [loaromy mpencrasnsercs
HEO0OXOUMBIM pellieHue MPoOIeMbl TPOSKTUPOBAHUS KOMIUIEKCA TEXHUUECKUX cpeAcTB st ACY
TII ¢ equHOI METOI0JIOTMYECKOM MO3UIIMU - TO3UIIMH CUCTEMHOTO MOJX0/a, YTO B JAHHOM ClIy4ae
O3HAyaerT:

e  HCIOJIb30BaHKUE KOHLEMIINNA TEOPUU CUCTEM yIIpaBJieHUs (001eCUCTEMHbIE (DYHKIIUU U LIETH,
pacnpeelieHHOCTb, MHOTOYPOBHEBOCTb U MepapXU4YHOCTh CTPYyKTypel ACY TII);

e HCCIEIOBAaHUE TEXHOJOTHYECKHMX OOBEKTOB YNpaBICHHs W Y4YeT OCOOCHHOCTEH UX
SKCIUTyaTalluu C LEJbI0 BBIOOpa OrpaHUYEHUN Mpu (HOPMHPOBAHHHM THIIOBOTO COCTaBa
¢bynkiuonaneHeix 3a71ad4 KTC u cocraBa MHAMBHAyaIbHBIX 3aJad JaHHOTO OOBEKTa
aBTOMATH3AllNH;

e opranuzauuio BHyTpeHHel cTpykTypsl KTC (¢ yueToM pacnpeneieHHOCTH, HEPApXUIHOCTH
u MHoroypoBHeBoctd ACY TII) Ha oOCHOBE MNPUHIMIIOB TUIW3ALWK, YHUPUKAIUU U
arperaTupoBaHus;

e ONTHUMHU3ALMIO CUCTEMOTEXHHUYECKUX, CXEMHbIX, KOHCTPYKTMBHBIX M HPOTrPaMMHBIX
pemieHnii s ynopsaodeHuss HomeHkiatypel KTC (B ToM 4Mcie ONTUMHU3AIMIO
pacripesiesnieHus] (yHKLIMOHANIBbHBIX 33/a4, pelIaeMbIX amMapaTHbIMU M IMPOrPaMMHBIMU
CpeACTBaMHu);

e TPOTHO3UPOBAHME DPA3BUTHUS (YHKIMOHAIbHO-aNroputMudeckoil ctpykrypsl ACY TII B
IIpoIecCe SKCILTyaTalluy U 3BOJIIOLIUN TEXHUUYECKOTO 00ECIIEUEHHUS.

HccnenoBanuss M OLEHKA 3a7ad aBTOMATHU3AallMM B Pa3IMUHBIX OTPACIAX IPOMBIIUIEHHOCTH
IIOKAa3bIBAIOT, YTO B HACTOSALIEE BPEMsI TOJIBKO B IPYMIE AJATYNKOB UMEETCS MOTEHIMAIBHBIN CIIPOC
Ha rpuOops! 11 u3mepenus 6osee 2000 pu3nUecKUX BETHMUMH, @ 3TO C yUETOM U3BECTHBIX METO/IOB
U3MEpPEHUH, JMaNa30HOB 3HAYEHHM HM3MEPSEMbIX BEIMUMH U YCIOBUM OKCITyaTallud MOKET
MIPUBECTH K HEOOXOAUMOCTH U3rOTOBJICHUS HECKOJIBKUX JIECSTKOB ThICSY MOJU(PHUKAIMNA JTaTYUKOB.
Tak kak naxke mpocTeias JOKalbHas CHCTeMa PEeryJupoBaHMs KpOME JaTuMKa BKIIOYAeT B ceOs
pSAA OpyruX YCTPOMCTB, TO MHAMBHIyallbHBIM TOAX0J K pa3paborke cpenctB st ACY TII,
MIPUBOASIIUMI K HEONIPaBIaHHOMY MHOT000Pa3HI0 ATUX CPEACTB, HeleslecooOpaseH. Cie0BaTelbHO,
OJlHa W3 TIJIABHEWINUX 3ajJ]ay, pelIaeMbIX arperaTHbIMH KOMIUIEKCAMH, COCTOMT B CO3/IaHUU
OTPaHMYEHHOW HOMEHKJIATyphl YHUQHUIMPOBAHHBIX YCTPOMCTB, CHOCOOHBIX MaKCHUMAalIbHO
YAOBJIETBOPATH NOTPEOHOCTH HAPOIHOTO XO3ANUCTBA.



CokpailieHre HOMEHKJIATYPhI CPECTB aBTOMATH3AIIUH JOCTUTAETCSI O0BEAMHEHNUEM MX B OT/ICTIbHBIC
(YHKIMOHATBHBIE TPYMIBI MyTeM CBEICHHUsS (PYHKIIUNA ITHX YCTPOHCTB K OTPAaHUYCHHOMY YHCITY
TUMOBBIX (PyHKIMA. OnTUMHU3alUsg COCTaBa KaXAOW TPyHIbl obOecreunBaeTcs pa3pabOTKOM
rapaMeTpU4ecKuX psaAoB u3aenuid. B oCHOBY psja 3almokeHbl Oosee y3kas CIenHaInd3arus
BBITIOJIHSIEMBIX (DYHKITMI (THUOU3alKs WHCTPYMEHTAJIbHBIX METOIUK HM3MEpPEHUS WM METo/aa
npeoOpazoBanus WHGOPMAIMK), OTPAHMYCHUS IO BHJAM M TMapaMeTpaM CHUTHAJIOB, HECYIIUX
MHPOpPMAIIUIO O KOHTPOJUPYEMOW BEIWYMHE WM KOMAaHJIC YMPABICHUs, OTPAaHUYEHUS II0
TeXHUYECKUM TIapaMeTpaM H3JIeIui, IpeaeaM H3MEpPEeHUH, KiaccaM TOYHOCTH, IapameTpam
MATAHUS U T. JI. U, HAKOHEIl, YHU(PHUKAIUSI KOHCTPYKTHBHOTO UCIIOJIHEHHS n3neauii. CyliecTBEeHHOE
COKpAIllCHHE YHCa PA3IUYHBIX (YHKIHOHAIBHBIX YCTPOHCTB JOCTHTAeTCS OOCCIEYCHHUEM UX
COBMCCTUMOCTH B aBTOMaTI/ISI/IpOBaHHbIX CUcremMax praBJIeHI/ISI. KOHLIGHI_[I/IH COBMCCTHUMOCTH,
BKIIIOUaromasi B cebs TpeOoBaHUsS HHPOPMAIMOHHOTO, JHEPreTUYECKOT0, KOHCTPYKTHUBHOTO,
METPOJIOTHYECKOTO M 3KCIUTYyaTallUOHHOTO COMNPSDKEHUM MEXKIy CpeACTBaMU aBTOMAaTH3alluH,
OCHOBaHa Ha IMOCJICJIOBATEILHOW YHU(PUKAIMK M CTAaHIAPTU3AIUUA CBOMCTB M XapaKTEPUCTHK
N30SI,

[IpumeHuTETPHO K HWH(POPMAIMOHHBIM CBSI3SIM TEPMUH «yHHU(PHUKAIUS) O3HAYaeT BBEACHUE
OTpaHUYEHUH, HaJaraéMbIX Ha CUTHAJIbI, HECYIIHE CBEACHHUS O KOHTPOJIUPYEMOH BEIWYMHE WU
KoMaHze. YHHU(PUIUPYIOTCS BHIBI HOCUTEJIEH HOPMUPOBAHHON HMHMOpMaNUU (JIEKTPUUECKUE —
CUTHAJIbI, KOJBI ¥ COTJIACOBAaHME BXOJOB U BBIXO/IOB; BEIIECTBEHHBIE — C MEXAaHUYECKHM HOCUTEIIEM
Ha nepdokapTax, nepdonenrax, 6aHkax AJs 3aMMUCH U eYaTH, C MATHUTHBIMA HOCUTEIISIMU ).

KoHCTpykTHBHAas COBMECTHMOCTb W3JEIMM MNpPEeIyCMAaTPUBAET IMPEXKJE BCEro yHUPHUKALUIO
MIPUCOEAVMHUTEIBHBIX PpPAa3MEPOB OTAEIbHBIX Y3JIOB, JeTajiel, MOJYJei, BBEIEHHE THUIIOBBIX
KOHCTPYKTHBOB, CO3JIaHHE €IUHON JJIEMEHTHOW 0a3bl, pa3paboTKy OOMmMX MPUHIUIIOB
KOHCTpyupoBanus mpubopoB. Ilpu xonctpympoBanun yctpoiicts I'CII Obur mpuHAT O0YHO-
MOJ1YJIbHBIN NPUHIUI TOCTpoeHus u3aenuil. [lpumenenue storo npuHuna jenaer npudopsl Oosee
YHUBEPCAJIbHBIMM, TIO3BOJISIET HCIIOJIB30BaTh NpPU HUX CO3JAAHUM PALMOHAIBHBII MHUHUMYM
KOHCTPYKTHBHBIX 3JIEMEHTOB (COKpallaeTcsi KOJIMYEeCTBO HaMMEHOBaHUM JeTaneil). Bmecte ¢ Tem
BO3MOXXHOCTh MPOCTOM M JIETKOW 3aME€Hbl OTIENbHBIX Y3JOB IMO3BOJIIET MOJEPHU3UPOBATH 3TU
npubOpsl B MpoLECCe SKCIUTyaTallld, MOBBIIIAET MX PEMOHTONPHUTOJHOCTh M pacIIUpsSeT Kpyr
pemaeMbIX UMHU 3ajad (IMyTeM pa3IUYHBIX COYeTaHUH (YHKIMOHAJBHBIX 3BEHHEB M BBEIECHUEM
CMEeLMAIN3UPOBAHHBIX JieTajel). biodyHo-MomyibHOE MOCTpOeHHE MPUOOPOB MO3BOJISET HMIMPOKO
IIPUMEHSTh TPU HUX W3TOTOBICHUHM COBPEMEHHYIO TEXHOJIOTHIO M MaKCHMAaJIbHO HCIIOJIb30BATh
KOOTIEPALMIO U CIENMATN3ALUIO TPEATPUATHIH.

CrangapTu3upyroTcsl Takke OOIIMe TeXHHUYecKHe TpeOOBaHMsSI K CpEeACTBaM aBTOMAaTH3alUU U
ycinoBussM ux pabotel B ACY TII. BBuagy MHOroo0Opasusi NMpoM3BOJICTB M TEXHOJOTHYECKUX
IIPOLIECCOB BaXKHOE MECTO OTBOAMTCS Pa3/EICHUIO MPUOOPOB U YCTPOMCTB MO IPyMIIaM YCIOBHH
sKcIutyatanuu. [1o 3aluIeHHOCTH OT BO3ACHCTBUS OKpPY KaIOLIEH Cpe/ibl CpeACTBAa aBTOMAaTH3alu1
HNOJPA3NENAOTCd  HAa  CIEAYIOIIUE  MCIOJHEHHs:  OOBIKHOBEHHOE,  IbUIC3AIIHIIEHHOE,
B3pBIBO3AIIMIIEHHOE, T€PMETUYECKOE, BOIO3AIINIIEHHOE, 3aIUIIEHHOE OT arpecCuBHON cpenbl. B
3aBUCHUMOCTH  OT  TPEANOJIaraeMblX  MEXaHWYECKHMX  BO3ACMCTBUH  MpeaycMaTpuBaeTcs
OOBIKHOBEHHOE U BUOPOYCTOWYMBOE HCIIOJIHEHUE.

HopMupyroTcst MeTpoloruueckue XapakTEPUCTUKM U3JAENUHA (BHABI IOTPEIIHOCTEN, METOIBI
HOPMHUPOBAHHUS NOTPEIIHOCTEN OTAEIBHBIX YCTPOWCTB, MOTPEMIHOCTEH COBOKYIHOCTH 3BEHBEB U
CHCTEM, KJIACChl TOYHOCTH UM METOJbl aTTecTallu). ODTUM JOCTHraeTcs METPOJOrHYecKas
COBMECTUMOCTD Pa3IM4YHbIX TexHu4eckux cpencts ACY TII [2-4].



Knaccupukauust npuOOPOB U CpeACTB ABTOMATH3AIUU. YHU(PUIIMPOBAHHbIE CUTHAJIbI

Cpencrsa aBTOMaTU3alKHU 110 POy MCIOJIB3YEMON BCIIOMOIaTEIbHONW YHEPTUN HOCUTEIS CUTHAJIOB
B KaHaJe CBs3U, INPUMEHSIEMOM A npuema M mneperayd MH(GOpManuu M KOMaHJ YIIPaBICHMS,
JEJSITCS. Ha DJIEKTPUYECKUE, THEBMAaTUYECKUE U TUAPABIMYECKUE. B OTIEIbHBIX BHAAX U3JEIUI
MOTYT OBITh HCIIOJIB30BaHBl W JIPyrH€ BHJBI SHEPrUM HOCUTENICH CHUTHANOB (aKycTHYecKas,
ONTUYECKas, MexaHudyeckas u Jp.). CyIIecTBYIOT Takke YyCTpoWcTBa, pabortarome 0e3
WCIOJIb30BAaHUS BCIIOMOTATEIbHOM 3HEPTUH (IPUOOPHI U PETYISATOPHI MPSMOTO ACHCTBUS).

YcTpoiicTBa, MHUTAOIIMECs MPH JKCIUTyaTallid SHEPTUeld OJHOrO poja, OOpa3yrT €IUHYIO
CTPYKTYPHYIO TPYIIIY HII «BETBbY.

ACY TII, xoMIUIeKTyeMble W3 TPHOOPOB AJIEKTPUYECKON BETBH, HWMEIOT IPEUMYIIECTBA IO
YyBCTBUTEIBHOCTH, TOYHOCTH, OBICTPOJCHCTBUIO JaJbHOCTH CBs3€H, 0OECIEUMBAIOT BBICOKYIO
CXEMHYI0 M KOHCTPYKTHBHYIO yHH(HKauuio npruOopos. IIpuMeHeHne HHTErpaJbHBIX MHKPOCXEM
CIIOCOOCTBYET YMEHBIICHUIO rabapuTOB U Beca MPHUOOPOB, COKPAIIEHUIO KOJINYECTBA MOTPEOIIeMOI
MU SHEPI'UH, MOBBIIICHUIO WX HAJICKHOCTH, PACIIUPEHUI0 WX ()YHKIIMOHAIBHBIX BO3MOYKHOCTEH
(co3manre MHOTO(YHKIMOHAIBHBIX MPHUOOPOB), TO3BOJSAET MPHUMEHATH MPH UX H3TOTOBJICHUU
COBpPEMEHHYIO nporpeccuBHyto TexHosoruto. [Ipumenenne B ACY TII ananoroBsix u nudpoBbIx
MHUKpPOCXEM M MHKPOIIPOLIECCOPOB OCOOEHHO BAXXHO B TIPYMNIE KOHTPOJIbHO-U3MEPUTEIbHBIX
puOOPOB, TaK KaK 00ECIeYnBaeT BOZMOKHOCTh MX HETIOCPEACTBEHHOH CBsi3u ¢ YBM.

[IpuGopbl TMHEBMAaTHMYECKONW BETBU  XapaKTEPU3YIOTCS  OE30MACHOCTbIO NPHUMEHEHHUS B
JIETKOBOCIUIAMEHSEMBIX U B3PBIBOOIACHBIX CpeJaX, BHICOKOW HAJEKHOCTHIO B TSDKEIBIX YCIOBHSIX
paboThl, 0COOEHHO MPHU KCIIOJIB30BAHUU B arpeccuBHOi arMmocdepe. OHU JIerk0o KOMOMHUPYIOTCS
apyr ¢ apyrom. OHAKO THEBMATHYECKHE MPUOOPHI YCTYIAIOT SJIEKTPOHHBIM B T€X CIIydasX, KOrjaa
TEXHOJIOTHYECKHI mporecc TpeOyeT OonblInX OBICTPONEHCTBUN WM TMEpeAayd CUTHAJIOB Ha
3HAUYUTENIbHBIE PACCTOSHHUSL.

FI/I)IpaBJ'H/I‘-ICCKI/Ie HpI/I60pBI MO3BOJIAIOT MOJIydaTb TOYHBIC TCPEMCIICHUA WCIHOJIHHUTCIbHBIX
MCXaHU3MOB IIpU 0O0JIBIINX yCUiuiax.

YHUQUUUPOBAaHHBI CHTHAJ - 3TO CHTHaJ JMCTAHIMOHHOM nepenadd HHGopManuu ¢
YHU(DUIUPOBAHHBIMM ~ NapaMeTpamH,  oOecleuyuBaromuil  MH(QOPMAIMOHHOE  CONpsKEHHE
(unTEpdeiic) Mexkay Onokamu, IPUOOPAMU U APYTUMH CPEACTBAMU aBTOMATU3ALIMU.

[Ton yHUpUIMPOBAaHHBIM NapaMeTpPOM CHUTHaja CpPEACTBA aBTOMAaTHU3Al[MM TOHUMAETCsl TOT €ro
rapameTp, KOTOPBIN SIBJIIETCS HOCUTENEM HMH(OpMallMi, & UMEHHO - 3HaYEHHE MOCTOSIHHOTO WIIN
IIEPEMEHHOT0 TOKA WM HAIPSDHKEHWs, WIM 4YacTOThI, KOJ, JABJICHHE BO3JyXa ITHEBMATHYECKOTO
CUTHAaJA.

B 3aBucuMocTH OT Bua yHU(DUIMPOBAHHBIX TAPAMETPOB B CPEICTBAX ABTOMATU3AIIMH IPUMEHSIOT
YHU(UIIUPOBAHHbBIE CUTHAIIBI YETHIPEX IPYIIIL:

1. TOKa M HaMpPSDKEHHS DJIEKTPUUECKHIE HETPEPHIBHBIC,
2. YacCTOTHBIE JIEKTPUUECKUE HEMPEPHIBHEIE;

3. DJIEeKTpUUYECKHe KOIUPOBAHHBIC;

4. mHeBMaTHYECKHUE.

B nocneanue roap MHUPOKOE pacpoCTpaHEHUE MOTYYHIN YHU(UIMPOBAHHBIN CUTHAJ TIOCTOSIHHOTO
Toka — 4...20 MA, a TaKXe, B CBSI3UM C Pa3sBUTHEM KOMIBIOTEPHBIX TEXHOJOIMH, LU(PPOBBIE



untepdeiicel RS-232 u RS-485. pacnpoctpanenne monyunin takke mudposoi mporoxkon HART.
DTOT OTKPBITBHIA CTaHIAPTHBIA THOPUAHBIA MPOTOKOJ BYHAIIPABICHHOW CBS3H MPEAYCMAaTPHUBACT
nepeaady udpoBoil nHGpOpMaIUK MOBEPX CTAHIAPTHOTO aHaAoroBoro curxania 4...20 mA. BypHo
pa3BHUBaeTCA CUCTEMHAs MHTETpaIs IEPBUUYHBIX TPE0OpazoBaTeieil C UCIOIb30BAHUEM PA3INYHBIX
pasHOBHAHOCTEH TpoMbIuIeHHBIX ceteil Foundation Fieldbus, ModBus, Profibus u np. Ilpu sTom
HCIOJIb3YETCS MOJHOCTHIO IU(PPOBOM KOMMYHHUKAIIMOHHBIN MPOTOKOJ AJIs MiepeAaadn MHPpOopMaIiu B
000X HaNpPaBIICHUSAX MEXIY HU3MEPUTEIbHBIMU IPEoOpazoBaTEISIMU U CUCTEMaMH YIPaBIICHUS,
CYILECTBEHHO 00Jieryasi B3aMM03aMEeHsIeMOCTh TPUOOPOB pa3HBIX MUPOBBIX MpousBoauTeneii [4,5].

AFpeFaTHbIe KOMILIJIEKCBI

ArpCFaTHBIfI KOMIIJIEKC €CThb COBOKYIIHOCTH I/I3I[eJ'II/If/'I, B3aMMOCBA3AaHHBIX MCKIY coboii 1o
(bYHKHI/IOHaJII)HOMy Ha3HAYEHHUIO MJIM 00JIacTH IMPUMCEHCHUA, KOHCTPYKIIHNHU, OCHOBHEBIM ITapaMETpaM
U TCXHUYCCKHUM JaHHBIM. AK COACPKUT TEXHUYCCKM MW SKOHOMHYCCKHU O6OCHOBaHHYIO
HOMCHKIJIATypy H3I[CJ'IHI>1, CO31aHHBIX Ha CHHHOﬁ KOHCTPYKTHBHOﬁ, 9JIEMEHTHOH M TEXHOJOTrMYEeCKOMN
68.36, C HCIIOJb30BaHHEM OJOYHOI'O INpuHIOUIIa IIOCTPOCHHA Ha OCHOBC 0a30BBIX MoJeNe Hu
oOecreynBaeT PEICHUC BCCX Q)YHKHPIOH&JIBHLIX 3a4a4, COOTBETCTBYIOIIUX HA3HAYCHNUIO KOMILJICKCA.

B nacrosee BpeMs peanu3yrorces 1Ba CTPYKTYPHO Pa3Iu4HbIX IIyTH arperaTupoBaHuUs:

e 32 CHUET arperaTHoro COeJMHEHUs] YHU(PHUIIMPOBAHHBIX MOJIyJIel U OJIOKOB Ha OCHOBE OOIIIei
YHUPHUIIMPOBAHHON 0a30BOM KOHCTPYKIIUHU WM HECKOJIBKUX KOHCTPYKIIUH;

e 3a CYET MCIOJIb30BaHMs YHH(PHUIMPOBAHHBIX TUIIOBBIX KOHCTPYKIIUH.

[Ton yHuuurpoBaHHBIM MOJyJIEM IOHUMAETCSI KOHCTPYKTUBHO LEJIOCTHAs SYeiKa, BBITOIHSIOIIAS
OJTHY THIIOBYIO (DYHKIIMIO, HAIIpUMep: UCTOUYHUK MHUTAHUS, MOIYJIb YCHIIUTEIS TIOCTOSIHHOTO TOKa,
KOMMYTAaTOp CUTHAJIOB U T. II.

YHuuurupoBaHHble OJ0KU NPEACTaBISAIOT c000i 00beanHeHre YHU(DUIIMPOBAHHBIX MOIYJIeH [uis
peanu3aly THIIOBOM aBTOHOMHOM (YHKIMM, MMEIOLIeH CaMOCTOSTEIbHOE M MHOTOIUIAHOBOE
IIpUMEHEHNE, HanpruMep OJI0K perucTpanuy U KOHTPOIIsl, 0JI0K MHOTOKaHAIbHOI'O PETYJIMPOBAHUS U
T. 0. YHU(UUIMPOBAaHHBIE OJIOKH SBJIAIOTCS aBTOHOMHBIMU U3/ENUSIMHU, U3TOTOBJISIEMBIMU Ha OCHOBE
YHUGUIUPOBAHHON 0a30BOM KOHCTPYKIIHH.

B kauecTBe mpumepa pacCMOTPHUM arperaTHblii KOMILIEKC CPEACTB AIEKTPOU3MEPUTENbHON TEXHUKH
(ACOT), koTOpbIil mpezcTaBiIsieT co00il COBOKYITHOCTh TEXHUYECKHX CPEJCTB, 00ECIEUnBAIOIINX
aBTOMATU3aLMI0 U3MEPEHNUN U NMPEAHA3HAUYECHHBIX AJI IOCTPOEHUS HA UX OCHOBE U3MEPHUTEIbHBIX
CUCTEM, AJI1 NIPUMEHEHUS B COCTaBE JPYIMX arperaTHbIX KOMIUIEKCOB M HMCIOJIb30BaHUS B BHUIE
aBTOHOMHBIX MPUOOPOB U YCTPOMHCTB.

VYerpoiictBa ACOT ucnonb3yroTess A uU3MepeHuss (U3MUEeCKMX BEIUYMH D3JIEKTPUUECKUMU
METOJIaMU M TMPEJACTaBICHUS MOJy4aeMOl H3MEpUTENbHOW HMH(POpPMAIMK MpPH KOHTPOJE U
VIPaBICHUN TEXHOJOTUYECKHMH TIPOIECCAMH B JHEPreTHKE, METALTypTHd, XUMHH U JIPYTUX
OTpacisiX TPOMBIIUIICHHOCTH, B HAYYHBIX HCCIEIOBAHMSIX, Pa3BEJIOYHBIX, HCIBITATEIBHBIX U
MTOBEPOYHBIX pad0OTax, B TOM YHCIIE COBMECTHO C MAIIMHHBIMU CpeAcTBaMH 00pabOTKH HH(OpMaLuu
B ACY TII.

KoHnTpoJsbHbIe BONpochI
1. [aiite onpenenenre NOHATUSIM TUNIU3ALMA, YHU(DUKAIMS, arperaTHpOBaHHeE.

2. Kakmmu cpencTBaMu oCymiecTBIsuIach peanmsanus TunoBsix Gyakmwmii ACY TIT B T'CIT?



3. Uro Takoe yHubunupoBaHHbIM curHan? Kakue yHuUIMpOBAHHBIE CUTHAIBI TOJYYHIIHA
pacnpocTpaHeHUE B MOCIEIHUE TOAbI?

4. Yro nmpeactaBisieT cOO0M arperaTHplii KOMILIEKC?
[l1an npakTHYeCKOro 3aHATHSA

1. Jns 3amaHHOrO MperojaBaTeieM TEXHOJOIMYECKOro oObeKTa (MpOM3BOJCTBA) BHIOpATh
puOOPHI U CPEJICTBA ABTOMATU3ALIUU C YIETOM HEOOXOAUMOT0 UCIIOIHEHUS U YHU(DUKAIINH,
a TaKKe TUMa YHU(DUIMPOBAHHOTO CUTHAJIA.

Konrpoabuvbie 3aganus nias CPC [1-5]
1. IloaroToBUTH OTBETHI HA KOHTPOJIBbHBIE BOIIPOCHI.

2. llpoaHanu3upoBaThb COBPEMEHHOE COCTOSIHHE M MEPCIEKTHBBI PAa3BUTHS HHTEpQeEiicoB
CHUCTEM aBTOMATHUKH.

IIpakTnyeckas padora Ne2
HN3mepuTenbHbIe MPeodpa3oBaTe i HeJIEKTPUUECKHX BeJIUYNH

Heﬂb paﬁoTbII HU3YYUYCHUC IPUHLIUIIA JEUCTBUS U KOHCTPYKTUBHBIX 0COOEHHOCTEH MMCPBUYHBIX
HU3MCPUTCIIbHBIX npeo6pa30BaTeJleI71, NpeaAHa3HA4YCHHbIX  JJIA H3MepeHHI>i HEOJICKTPHUUICCKUX
BCINYHH.

O01He cBeIeHuA

KomrurekcHast aBToMaTu3anus TEXHOJIOTMYECKUX MPOLECCOB IIPEANOIAracT KOHTPOJIb U U3MEPEHUE
pa3aMuUHbIX (U3MYECKUX BEJIMYMH, XapaKTEpU3YIOLIUX COCTOSHHE OOBEKTa YIpaBJICHUS
(perynupoBaHusi) — MEXaHUYECKUX, TEIUIOBBIX, ONTHYECKUX U JPYTUX HEIIEKTPUUYECKUX.
[IpenmyniecTBaXxke 3JIEKTPOM3MEPUTENBHBIX NPHOOPOB M IpeoOpazoBareneldl OUYEBUAHBL. ODTUM
OOCTOSITENILCTBOM ~ OOBSICHAETCS  IIUPOKOE  PaclpOCTpaHEHHE MEPBUYHBIX  HM3MEPHUTEIbHBIX
npeoOpa3oBareneil (1aTYMKOB), MPEAHA3HAYEHHBIX JJIS U3MEPEHUH HEedIeKTPUUYECKUXBEIUYUH U
peoOpa3oBaHus UX B AJEKTPUUECKUE.

[lepBuuHble M3MEpUTENbHBIE MpeoOpa3oBaTeN Ype3BbIYAMHO pa3HOOOpa3Hbl IO MPUHIUILY
NeNCTBUS, YCTPOICTBY, BUJaM BXOAHOTO U BBIXOJIHOTO CUTHAJIOB, ()YHKIIMOHAJIbHOMY Ha3HAYEHHUIO,
METPOJIOTHYECKUM U SKCILTYaTAllMOHHBIM XapaKTEPUCTHKAM.

B 3aBHCHMOCTH OT BBIXOJHOI'O napameTpa TINCEPBHUYHBIC HU3MCPHUTCIBHBIC Hpeo6pa30BaTenH
pasaCArOT Ha MapaMCTPUYCCKUEC W I'CHEPATOPHBIC. Hx KJ'IaCCI/Iq)I/H_[I/IpyIOT TaKXC I10 (bHSquCKOﬁ
npuponc HBHCHHﬁ, JIC)KaIX B OCHOBE UX pa6OTLI, MO0 NPpUHIOUITY JeHCTBUSA U Aap.

ITapameTpuyeckne u3MepHuTeIbHbIE IPe00Pa30BATEIH

BbIxoHOM BETMYHMHON B MapaMeTpUUYECKUX MpeoOpa3oBaTensix sBISIeTCS apaMeTp dJeKTPUIEeCKOn
e — DJIEKTPUYECKOe conmpoTuBieHue wim ero coctapistomue (R, L, C). ns ucmons3oBanus
napaMeTpruueckoro mpeodpazoBaTensi HEOOXOIUM  JIONOJHUTENbHBI HCTOYHUK IUTaHMS,
obecrieunBaromuii 00pa3oBaHKE BBIXOJHOTO CUTHAJIa Mpeodpa3oBaTers.

K nmambonee gacto NPpUMCHACMBIM ITAPAMCTPUICCKUM HpeO6p8.30BaTeJ'I$IM OTHOCATCA PCOCTATHLIC,
TCH30YYBCTBUTCIIbHBIC (TeH30pCSI/ICTOpLI), TCPMOYYBCTBUTCIILHLIC (TepMOpe3I/ICTOpLI nin
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TEPMOMETPBI COINPOTHUBIICHUS ), WHIYKTHBHBIC, €MKOCTHBIC, OITOAICKTPOHHBIE ((POTOpPE3UCTOPHI,
($hOTOMMOBI U JIP.), MOHU3ALUOHHBIC | JIP.

[IpuHnMn neicTBUS peocTaTHBIX MpeoOpa3zoBaTesiel OCHOBAH HAa W3MEHEHUHU JIIEKTPUUYECKOIO
COIMPOTUBJICHHUA NPOBOJHHKA ITOA BIMAHUCM BXOI[HOfl BCJIMYMHBI — MCXAaHUYCCKOI'0 NMECPCMCIICHMA.
Peocratnerii mpeobpa3oBarens (pucyHok 3.1) mpeacraBisieT coOOW peocTaT, MOABHKHBIN KOHTAKT
KOTOPOTO TepeMelaeTcss MoJ JEHCTBHEM H3MEpSAEeMON HEDNEKTPUYECKON BeMUYMHBL. OOMOTKY
npeoOpa3oBaTesis U3roTaBIUBAIOT U3 CIIABOB (TIATHHA C UPUIMEM, KOHCTaHTaH, HUXPOM, (hexpaiib

U ap.).

[Tonobuble mnpeobpazoBaTenu 00JaTAIOT CTATUYECKOM XapaKTepUCTHUKOM mpeoOpazoBaHUs CO
CTYNEHYAThIM XapakTepOM, TIOCKOJbKY CONPOTHBJICHHE HW3MEPSETCSl CKauKaMH, paBHBIMU
COIPOTHUBIICHUIO OJTHOTO BUTKA, YTO BBI3BIBACT MOTPEIIHOCTh

rac AR — COIIPOTUBJICHHUC OAHOI'O BUTKA,

R — monHOE conpoTHBIcHUE TPeoOpa3oBaTes.

22 ® [7iiriiessre

ljm’mlllllllmmu

Pucynok 3.1 — Peoctarnblie npeoOpa3oBaTenu AJsl yIIOBBIX U TMHEHHBIX IEPEMELICHHHI

OTta MOrpeIIHOCTE OTCYTCTBYCT B PCOXOPAHBIX Hp606p830BaTeJ'I$IX, B KOTOPBIX MIETKAa CKOJIB3UT
BOOJIb OCH ITPOBOJIOKH.

JUia  monyyeHUsT HENMHEWHOM (yHKUMM 1peoOpa3oBaHUs NPUMEHSIOT (YHKIMOHAJIbHBIE
peocTatHele TpeoOpazoBarenu. HyXHBI XapakTep MpeoOpa3oBaHHS YacTO JOCTHUTACTCS
npopuIMpPOBaHUEM KapKaca mpeoOpazoBarens (pucyHok 3.1, B).

Z[OCTOI/IHCTBa pCoOCTATHOTO Hp606pa3OBaTeJ15{Z OTHOCHUTCIIbHAs mpocToTa KOHCTPYKIHH,
BO3MOXHOCTb TIOJTYYCHUA BBICOKOH TOYHOCTHU Hp606p330BaHI/I5{ U 3HAYUTCIBHBIX II0 YPOBHIO
BBIXOJHBIX CUI'HAJIOB. OcHoBHOI HCOOCTATOK — HAJIMYHUEC CKOJIB3AIICTO KOHTAKTaA.

Tenzonddexrt, MomoKeHHBIH B OCHOBY pPaOOThI TEH30PE3UCTOPOB, 3aKIIOYAETCS B H3MEPEHUU
aKTUBHOT'O CONPOTUBIICHUS MPOBOJHMKA (TIOIYNPOBOAHUKA) MO/ AEHCTBUEM BBI3BIBAEMOIO B HEM
MEXaHUYECKOT0 HaNpsHKeHUs U eopMaluu.

Eciu IMPOBOJIOKY MHNOJABCPIrHYTH MCXAHUYCCKOMY BO3ﬂCﬁCTBHIO, Halpumep, pacTaKCHUIO, TO
COIIPOTUBJICHUEC €€ U3MCHUTCH. OTHOCUTENHHOE H3MCHCHHUE COIIPOTUBJICHHUA ITPOBOJIOKU

AR/R =S -Al/l,
rae S — ko3 PHUIHMEeHT TeH30UyBCTBUTEILHOCTH;

Al/l — oTHOCHUTENBHAS MeopMaITis TPOBOJIOKH.
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W3meHeHne COMPOTUBIICHUS MPOBOJIOKH MPU MEXaHUYECKOM BO3ACHCTBMM Ha Hee OOBICHAETCS
W3MEHEHHEM TIeOMETPUYECKHX pa3MepoB (IJIMHBI, AMAMETpa) U YAEIbHOTO COMPOTHBICHUS
MaTepuana.

TeH304yBCTBUTEIBHBIE — MPOBOJIOYHBIE  NPeoOpa3oBaTeNd  MPEACTABIAIOT  COOOW  TOHKYIO
3Ur3aroo0pasHo YJIOKEHHYI0 M MPUKICCHHYI0 K TMOJUIOKKEe MpoBosoKy. IIpeoOpasoBarenn
YCTAQHABJIMBAIOT TakKuM OOpa3oM, 4TOOBI HAINpaBlICHHE OXHIAaeMOH aedopManuu COBMAAAI0 C
MIPOIOJILHOM OCHIO TIPOBOJIOYHOM pemieTkd. B kadecTBe MaTepuaina Juist mpeodpa3oBaresis 0ObIYHO
MCTOJIB3YIOT KOHCTAHTAHOBYIO MPOBOJIOKY (Y KOHCTaHTaHa — MaJIbIil TeMIIepaTypHblid K03 duimeHt
COTIPOTHUBIICHUS) M JUIS TIOJUIOKKH — TOHKYI0 Oymary (0,03...0,05 mm) u miu€Hky Jiaka Tu0o Kies
(b®-2, bD-4, 6GakenuTOBHIH U Ap.).

PacmipocTpanenue Takxe MONy4YHSId (OJIbIOBbIE MIPeoOpa3oBaTe, y KOTOPhIX BMECTO MPOBOJIOKH
ucnone3yercss ¢onpra, M IUICHOYHbIE TEH30PE3UCTOPHI, IMOJIy4aeMble IyTeM BO3TOHKHU
TEH304YBCTBUTEIHLHOTO MaTepHaja C MOCIEIYIOIHUM OCAKICHUEM €ro Ha MOJIOKKY.

JIOCTOMHCTBAa TEH30PE3MCTOPOB: JHHEHHOCTh CTAaTHYECKOHW XapaKTEPUCTUKU IPeoOpa3OBaHHUSA,
IIPOCTOTA KOHCTPYKLIUU U MaJible rabapuTsl. OCHOBHOM HEOCTATOK — HU3Kasl YyBCTBUTEIbHOCTb.

B Tex caywasx, korga TpeOyeTcs BbICOKash YYBCTBHTEIBHOCTb, HAaxOIAT MPUMEHEHUE
MOJIyIIPOBOIHUKOBBIE ~ TEH304UYyBCTBUTENbHBIE IpeoOpa3oBarenu  (MOJUKPUCTAIUIMYECKHE U3
MOPOIIKOOOPA3HOTO TMOJYNPOBOAHUKA W MOHOKPHCTAJUIMYECKHWE M3 KpUCTAIa KpPEeMHUs).
[TockonbKy 4yBCTBUTEIBHOCTh MOMYIPOBOIHUKOBBIX TEH30PE3UCTOPOB B JECATKH pa3 BBHIIIE, YEM Y
METAJNTUYECKHX, U, KPOME TOTO0, UHTErpaibHasi TEXHOJIOTHsI TO3BOJIET B OTHOM KPUCTAILIIE KPEMHUS
(hopMUPOBATH OTHOBPEMEHHO KaK TEH30PE3UCTOPBI, TAK K MUKPOAJIEKTPOHHBIHN 070K 00paboTKH, TO
B IOCJIEIHUE TOJIbI MOTYYHIN IPEUMYIIECTBEHHOE PA3BUTHE WHTETPAIbHBIE MOIYIIPOBOJHUKOBBIC
TEH304YBCTBUTEJIbHBIE TpeoOpa3oBaTenu. Takue AJIeMEHThl pealu3yloTcs JIMOO MO TEeXHOJIOTHH
TU(QPY3MOHHBIX PE3UCTOPOB C H3OJAIMEH HX OT MPOBOASALICH KPEeMHHEBON MOJUIOKKH p-N-
Nepexo/laMu — TEXHOJIOTHS «KPEMHUN Ha KPEMHUN», JINOO 0 TeTepO3NMUTAKCUATIbHON TEXHOJIOTUN
«KpPEMHHUH Ha JUAJIEKTPUKE» Ha CTEKJIOKepaMUKe, KBaple uin candupe. s TeH304yBCTBUTEIBHBIX
npeoOpasoBareseif, 0cOOEHHO MOMYNPOBOJIHUKOBBIX, CYIIECTBEHHO BIMSHHE TEMIEpaTyphbl Ha UX
YOpYrHe U DJIEKTPUUECKHE XapaKTEePUCTUKH, 4YTO TpeOyeT NPUMEHEHHs CIEHUANbHBIX CXEM
TEMIIEpPaTypHON KOMITEHCAIIMH TOTPEIIHOCTEN (B YACTHOCTH, C ATOU LIETIBI0 B PACHIMPEHHOMN cXxeMe
TEH30MOCTa HCIOJB3YIOTCS KOMIICHCAIMOHHBIE PE3UCTOPHI W TepMOpe3ucTopbl). OcoOeHHO
LIMPOKOE MPUMEHEHNE B U3TOTOBJICHUH U3MEPUTENbHBIX peoOpa3oBaTesnell 1aBIeHHs B CHITy CBOUX
BBICOKMX MEXaHUYECKUX, U30JUPYIOLUINX U TEIJIOYCTOMYMBBIX KauecTB noiayyuna texnonorus KHC
— «KpeMHUH Ha candupey.

CoBeplIeHCTBOBaHNE TEXHOJOTUU U3TOTOBJICHMSI MTOIYIIPOBOAHUKOBBIX TEH30PE3UCTOPOB CO3/1aJI0
BO3MO>KHOCTb M3TOTaBJIMBaTh TEH30PE3UCTOPBI HEMOCPEICTBEHHO HAa KPUCTAJUIMUECKOM DJIEMEHTE,
BBIMOJIHEHHOM W3 KpeMHMsS WM candupa. YHOpyrue 3JIeMEHThl KPUCTAUIMYECKUX MaTepHuajoB
00J1aJjat0T yNIpyruMH CBOMCTBAMH, PUOIMKAIOIUMHUCS K uaeatbHbIM. ClerieHue TEeH30pe3ucTopa
c MeMOpaHO# 3a cYeT MOJEKYJSPHBIX CHUJI MO3BOJSIOT OTKA3aThCSl OT MCMOJIb30BAHUS KIICIOLIMX
MaTepUajIoB U YJIYyUIIUTh METPOJIOTHUYECKHE XapaKTepUCTUKH ITpeoOpa3zoBatenei. Ha pucynke 3.2,
aTokazaHa camdupoBas MeMOpaHa 3 C pacloJOKEHHBIMH Ha HEW OJHOMOJOCKOBBIMH
TEH30PE3UCTOPAMHU P-TUIA C TMOJOXKUTEIbHOM | M OTpUIIATENBHONM 2 YYBCTBUTEIBHOCTSMH.
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[To70XXUTENTBHON YYBCTBUTEIBHOCTHIO 00JIaIaeT TEH30PE3UCTOP, Y KOTOPOrO OTHOIICHHE R >,

AR

ccmxe B <0- YyBCTBUTEJIbHOCTb OTPULIATEIIbHA.

CTpyKTypa OJHOTOJOCKOBOTO TEH30pPE3UCTOpa MNpHBEJACHA Ha pucyHke 3.2, 0. 3mech: 1 —
TEH30PE3UCTOP; 2 — 3aIIMTHOE MOKPHITHE; 3 — METaUIM3UPOBAHHbIE TOKOBEAYIIHE JOPOXKKHU; 4 —
yIOpYyruid aieMeHT mnpeoOpaszoBarens (candupoBas MemOpana). TeH30pe3UCTOPBI  MOXKHO
pacrnonarat Ha MeMOpaHe Tak, 4To mpu jaedopmanuud OHHU OyAyT HMMETh pa3Hble MO 3HAKY
MpUpaIIeHHs] CONMPOTUBICHUS. DTO MO3BOJIIET CO37aBaTh MOCTOBBIE CXEMbI, B KaXKI0€ W3 IUIeY

AR

KOTOPOro BKIIOYAKOTCA TCH30PE3UCTOPLI C  COOTBCTCTBYIOIIHMM  3HAYCHHUCEM R n  Jaxe
TCPMOKOMIICHCAITMOHHBIC 3JICMCHTHI.

FRF I g P Iy

Pucynox 3.2

Tenzope3ucTopbl MPUMEHSIOT IS U3MEPEHUs AeQopMaIiil U IPYTUX HEANEKTPUUECKUX BETUUHH —
YCUJIMU, TaBJIICHUI, MOMEHTOB U T.II.

[TpuHIIMTT AEHCTBUS TEPMOPE3UCTOPA OCHOBAH HA 3aBUCHUMOCTH JJIEKTPUYECKOTO COMPOTHBIICHUS
MMPOBOJIHUKOB WJIM TOJYNPOBOJHUKOB OT Temreparypbl. [lo pexumy pabOThl TepMOpPE3UCTOPHI
pasnuyaroT IMeperpeBHble U 0e3 MperHaMepeHHOro neperpesa. [leperpeBHble HCHONB3YIOT IS
M3MEPEHHST CKOPOCTH, IIOTHOCTHU, COCTaBa cpeabl U Jp. B meperpeBHBIX mIpeoOpa3zoBaTemsx
BJIEKTPUYECKUM TOK BBI3BIBAET MEPETPEB, 3aBUCAILINNA OT CBOMCTB cpenbl. [locmennne npuMeHstoTes
JUISL U3MEPEHUS TEMITEPATYPhI OKPYKAKOIIEH CPEIBI.

PacmipocTpaneHre MONYyYUIIM TEPMOPE3UCTOPHI, BBIMOIHEHHBIE W3 MEIHOW WU TUIATHHOBOU
npoBosioku. CTaHIapTHBIE TUIATHHOBBIE TEPMOPE3UCTOPHI MPUMEHSIOT JIJIsl U3MEPEHHUSI TEMITepaTyphl
B quamnaszoHe ot —260 g0 +1100 °C, meaubie — B auanazone oT —200 mxo +200 °C (I'OCT 6651-78).
Huskoremmneparypable T1uiatuHoBble Tepmopesuctopsl (I'OCT 12877-76) mnpuMmeHsOT is
U3MEpEeHUs TeMIepaTypsl B mpenenax ot —261 no —183°C.

Ha pucysnke 3.3, a moka3aHo yCTpOMCTBO IJIATUHOBOTO TEPMOpPE3UCTOpa. B KaHaIax KepaMuyecKoi
TpyOKM 2 pacronoxeHbl JBe (WJIM 4YeThlpe) CEKIHMH CHOUpadd 3 M3 IJIATHHOBON IMPOBOJIOKH,
COEIMHEHHBIE MEX]Ty COOON MOCIIeI0BaATENbHO.
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Pucynok 3.3 — YcTpoiicTBO 1 BHEIIHMIA BU]T apMaTyphl IJIATHHOBOTO TEPMOMETPA COMTPOTUBICHUS

K koHIIaM crnmpanyu TPHUITAUBAIOT BBIBOJABI 4, MCIIOJIB3yEeMbIC ISl BKJIFOUCHHUS TEPMOPE3UCTOPA B
W3MEPUTENBHYIO TIeTh. KperuieHrne BBIBOIOB W T€PMETU3ANNI0 KEPAMUIECKONW TPYOKHU MPOU3BOJIST
riazypbio 1. Kananer TpyOKH 3aChITTAIOT MOPOIIKOM 0€3BOTHOTO OKCH/Ia ATFOMHHHSI, BBITTOTHSFOIIAM
ponb m3omATopa M ¢ukcaropa cnupand. I[lopomox Oe3BOAHOTO OKCHIA ATIOMHUHHS, UMEIOIIUI
BBICOKYIO TEIUIOIPOBOJHOCTH U MAJYIO TETNIOEMKOCTbh, 00ECTIEYMBAET XOPOIIYIO Nepeaady TeTIOThI
U MaJIyI0 MHEPIMOHHOCTh TepMope3ucTopa. sl 3aluThl TEPMOPE3UCTOPA OT MEXAaHHYECKUX U
XMMHUYECKHX BO3JICHCTBUN BHEUTHEH CPEJIbl €r0 MOMEIIAIOT B 3allIUTHYIO apMaTypy (pUCyHOK 3.3, 0)
13 HEPXKABCIOILIEH CTaJIH.

Jns MeOHBIX TEPMOPE3UCTOPOB 3aBUCHUMOCTH CONPOTHBIIEHUS OT TEMIIEPATYPhl BbIpaKaeTCs
YpaBHEHUEM

R=Ro- (1+a t) mpu —50 °C < t < +180 °C,

rie Ro— conporusnenue npu t=0°C; o =4,26-10°3 K2,
Jlns nnaTHHOBBIX —

R=Ro-[1+A t+B t?] mpu 0°C <t <+650 °C,

riae A=3,968-10° K1, B=5,847-10" K%, C=4,22:10 2 K4,

TToMuMoO 1IaTUHEI U MCIU, NI U3rOTOBJICHUSA TEPMOPE3UCTOPOB UCIOJIB3YIOT HUKCIIb (B CTpaHax
JATBHETO 3apyOeKbsl).

JUie  uU3MEpeHus TEeMIIEpAaTypbl NPHUMEHSIOT TAaKXe IOJIYNPOBOJHUKOBBIE TEPMOPE3UCTOPBI
(TepMHCTOpPBl M TIO3MCTOPBI) PA3IMYHBIX THUIIOB, KOTOPHIE XapaKTepU3YIOTCS OONbIION
YyBCTBUTEIBHOCThIO  (TemmeparypHblii  koddduuuent comnporusnenuss TKC rtepmucTopos
orpunarensuelii U npu 20°C B 10-15 pa3 npessimaer TKC menn u muatunsl, TKC nosucropos
MIOJIOKUTETIbHBIN M HECKOJIBKO XYK€) U UMEI0T Oojee Bbicokue conpotusieHus (1o 1 MOwm) npu
BeChbMa MaJIbIX pazmepax. HegoctaTok TepMucTOpOB — I10Xast BOCIPOU3BOIMMOCTD U HETMHEHHOCTD
XapaKTepUCTUKU MpeoOpa3zoBaHUsl.

TepmuCTOpBI HCTIONB3YIOTCS B AMana3zoHe temmeparyp ot —60 no +120°C.
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rne R u Ro — conpoTtusiienus repMmope3rcropa npu TeMrepaTrypax COOTBETCTBEHHO t U to;
to— HavanpHas TeMmepaTypa pabodyero quamna3oHa;
B — koaurment npeodpazoBanus.

K TepMo4yBCTBUTETHHBIM IPEOOPA30BATENSIM OTHOCAT TAKKE TEPMOIUOIBI U TEPMOTPAH3UCTOPHI, Y
KOTOPBIX MPU U3MEHEHUU TEMIIePaTyphl H3MEHSETCS BEIMUMHA COMPOTHUBIICHUS P-N Mepexoaa. DTH
puOOpPEI 0OBIYHO MPUMEHSIOTCS B auamna3zoHe ot —80° go +150° C. Yame Bcero TepMOAHOABI U
TEPMOPE3UCTOPHI BKIIOYAIOT B MOCTOBBIC ILIEMIM U HM3MEPUTEIBHBIC CXEMBl B BHJIC JICIHUTEICH
HanpspkeHus. K TOCTOMHCTBaM TakuxX MpeoOpazoBaTesield OTHOCST BBICOKHE YYBCTBUTEIBHOCTH U
HAJCKHOCTh, Majble Tab0apUThI, HEBHICOKYIO CTOMMOCTh W MAIYI0 HHEPIHOHHOCTH. OCHOBHBIC
HEJOCTaTKU: y3KUW JHAra3oH padodyeil TeMIieparypsl U IUI0Xas BOCIPOU3BOJAUMOCTh CTATHYECKOM
XapaKTEepUCTUKU NpeoOpa3oBaTels.

[TpuHuMn nelcTBUS MHAYKTUBHBIX IpeoOpa3oBaTesieil OCHOBaH Ha 3aBUCHUMOCTH MHJYKTHMBHOCTU
WIA B3aMMHOM HMHJYKTMBHOCTH OOMOTOK Ha MAarHMTONPOBOJE OT MOJOXKEHUS, T€OMETPHUUECKUX
pa3MepoB U MArHUTHOTO COCTOSIHUS 3JIEMEHTOB X MarHUTHOM 1emnu (pucyHok 3.4). Ha pucynke 3.4
CXEMaTUYeCKH IIOKa3aHbl DPa3JIMYHble TUIIBI MHIYKTUBHBIX IpeoOpa3oBareneil. VHAyKTUBHBIN
npeoOpa3oBarenpb (PUCYHOK 3.4, a) ¢ epeMeHHOM JUIMHOW BO3IYILIHOIO 3a30pa O XapaKTepu3yeTcs
HenmHeiHoi 3aBucumocthio L = f (3). Takoit mpeoOpa3oBarenp OOBIYHO NPUMEHSIOT IIPH
nepeMeneHusx akops Ha 0,01-5 mm.
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Pucynok 3.4 — PaznuuHble KOHCTPYKIIMM HHAYKTUBHBIX ITpeoOpa3oBareiei

3HAYUTEIIbHO MEHBIIICH YyBCTBUTEIBLHOCTHIO, HO JIMHEHHON 3aBHCHUMOCThIO L = f (s) oTnuuarorcs
npeoOpa3oBareiny C MEPEMEHHBIM CEYEHHEM BO3AYIIHOro 3a3opa (pucyHok 3.4, 6). Otu
npeoOpa3zoBaTesd UCIONIB3YIOT U nepeMenieHusx 10 10...15 mm.

[Iupoko pacnpocTpaHeHbl HHAYKTUBHBIC TU(epeHIraIbHble peodpa3oBaTenu (pucyHok 3.4, B),
B KOTOPBIX IIOJI BO3ACUCTBHEM H3MEPSEMON BEIWYMHBI OJHOBPEMEHHO U TPUTOM C PAa3HBIMH
3HAKaMHM H3MEHSIOTCS J[Ba 3a30pa 3JeKTpoMarHuToB. Jluddepenimansaeie npeodbpa3oBaTenn B
COYETaHUH C COOTBETCTBYIOIIEH HW3MEPHUTENbHON Wenbio (OOBIYHO MOCTOBOH) HMMEIOT Ooiee
BBICOKYIO YyBCTBHTEIBHOCTb, MEHBIIYIO HEIMHEHHOCTh XapaKTEPUCTUKH IPEOOpa3OBaHMS,
WCTIBITHIBAIOT MEHbBINIEE BIMSHUE BHEIIHUX (PAKTOPOB M CHIDKEHHOE PE3YJbTUPYIOIIEE yCHUIINE Ha
SKOPb CO CTOPOHBI 3JIEKTPOMarHuTa, 4eM HeauddepeHuanbpapie mpeodpa3oBaTeH.

Ha PUCYHKC 3 .4,r IIOKazaHa CXCMa  BKIIKOYCHHA I[I/I(l)(i)epeHI_[I/IaJ'IBHOFO HHAYKTHBHOT'O
npeo6pa30BaTeJ1;1, Y KOTOPOT'O BBIXOAHBIMU BCIWMYNHAMU ABJIAKOTCA B3aMMHBIC MHAYKTHUBHOCTH.
Takue npeo6paaoBaTenI/I HAa3bIBAOT B3aUMHO-UHAYKTHBHBIMU WJINA TpaHC(I)OpMaTOpHLIMI/I. HpI/I
IIMTaHUH HepBHqHOﬁ 0OMOTKH MNEPEMCHHBIM TOKOM MW IIpU CHMMCTPHYHOM IIOJIOKCHHUU SKOPA
OTHOCHUTCIIBHO 3JICKTPOMAIrHUTOB 3I[C Ha BBIXOJAHBIX 3aKMMaxX paBHa HYIIIO. HpI/I MNepeMCIICHU N
SAKOPS Ha BBIXOJHBIX 3dKUMaX MHOSABIIACTCA 3I[C

i npeoOpa3oBaHMsl CpaBHUTENBbHO Oonibiiux mnepememieHuid (o 50...100 mMMm) npumeHstOT
TpaHcpopMaTOpHbIE IPEOOPA30BATENN ¢ HE3AMKHYTOW MarHUTHOM 1IeTIbIO (PUCYHOK 3.4, ).

B ropHoli NpOMBINUIEHHOCTH MNOJYYWINM PaclpoCTpaHEHHE MarHUTOYIpyTrue IMpeoOpa3zoBaTeiu
(pucyHok 3.4, e), neiicTBUe KOTOpPBIX OCHOBaHO Ha MHCIOJb30BaHMU 3¢ (eKTa 3aBHUCHMOCTH
MarHuTHOM MPOHHUIIAEMOCTH (MAarHUTHOTO CONPOTHUBIEHHS IIENH) OT BEIUYMHBI MEXaHHYECKOTIO
BO3JCHUCTBUS (CKaTHsl WJIM PACTSOKEHUs1) Ha (EepPPOMArHUTHBIA CEpIACUHUK Ipeodpa3zoBaTess.
PaznuuaroT MarHUTOYIpyrue AaTYMKH JPOCCEIbHOro M TpaHchopmaTtopHoro tumnos. Ilocnennue
MOTYT KOHTPOJIUPOBATh TOJIBKO YCUJIME CXKATHSI, OTHAKO 00J1a/1at0T OOJIbIIEH YyBCTBUTEIBbHOCTHIO.

JlocTOMHCTBAaMM HHIYKTHBHBIX M MAarHUTOYIPYTHX IpeoOpa3oBareieil sBIAIOTCS MPOCTOTa U
HaJEKHOCTh B paboTe, 3HAUNTENbHAsI MOUTHOCTh BBIXOJHBIX CUTHANOB. OCHOBHBIMU HEJOCTaTKaMU
— o0partHoe Bo3JieiicTBHE TpeoOpa3zoBarTestst Ha UcCielyeMblii 00beKT (BO3/IeCTBIE AIIEKTPOMAarHuTa
Ha SIKOPb) U BIMSHUE UHEPLUH SIKOPS HAa YaCTOTHBIE XapaKTePUCTUKU pUOOpa.

[TpuHIMI AEWCTBUS €MKOCTHBIX MpeoOpazoBaTenell OCHOBAH Ha 3aBUCHMOCTU JIIEKTPHUYECKON
€MKOCTH KOHJIGHCAaTOopa OT pa3MepoB, B3aUMHOTO DPACIIOJIIOKEHHSI €ro OOKIAAOK M OT 3HAueHUs
JTUDJIEKTPUYECKON TIPOHUIIAEMOCTH CpeIbl MKy HUMHU. OHU MPEACTABISIOT CO00I KOHIEHCATOPHI
Pa3IUYHBIX KOHCTPYKIIUN, TpeoOpa3yIoe MeXaHHIeCKre JTMHEHHBIC UITH YTIIOBBIC TIEPEMEITICHUS,
a TaK)Ke JIaBJIEHUE, BIIAJKHOCTh WM YPOBEHb CPEAbl B UBMEHEHHE DJIEKTPUUECKON EMKOCTH.
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W3 kypca ¢pu3uku u3BECTHO, YTO EMKOCTh IJIOCKOTO KOHJIEHCAaTOpa

C & &5

)

»

re & o — JUIJIEKTPUYECKas TOCTOSIHHAS,

& — OTHOCUTEIbHAS IUDJICKTPHUCCKAs IPOHUIIAEMOCTBMEXK Y OOKIIaIKaAMHU;
S — akTHBHas IIOLIAAb O0KIIAI0K;

d — paccrosiHre MKy OOKJIaIKaMHu.

HWcxois U3 9TOTO BBIPAXKEHHUSI MOYKHO YTBEPIKIATh, YTO MPe0oOpa3oBaTeiib MOXKET ObITh TIOCTPOEH C
ucnosib3oBanueM 3apucumocteii C = fi(€), C =f(S), C = f3(9).

[IpeoOpa3zoBarens Ha pUCYHKe 3.5, a mpeAcTaBiseT co00H KOHEHCATOP, OJJHA IJIACTHHA KOTOPOTO
IepeMeIaeTcs Mol JeHCTBUEM U3MEPSAEMON BEJIMYMHBI X OTHOCUTEIBHO HEMOABUKHOM IUIaCTUHBI.
Cratudeckas  xapakTepuctuka npeoOpasoBanus C=f(0) HemuHeliHa. UyBCTBHTEIHHOCTH
npeoOpa3oBaTes BO3pacTaeT C yMEHbIICHHEM paccTosiHus O. Takue mpeoOdpazoBaTen UCIOIb3YIOT
JUIS. U3MEPEHUs MaJIbIX NlepeMenieHuil (MeHee 1 Mm).

5)
C=f(x)
v {F ¥ .o NS
ol — -3‘(1) { 471
S50 He%e B

Pucynok 3.5 — PaznuuHble KOHCTPYKIIMM EMKOCTHBIX IpeoOpazoBaTesneit

[TpumenstoT Taxke audepeHuanpabple TpeodpasoBaTenu (pUCyHOK 3.5, 0), y KOTOPBIX HUMeeTcs
OJlHa TOJBMIKHAsI U JIB€ HEIOJBMKHbIC MIacTUHBL. [Ipu Bo3aeHCTBUM M3MEpSIeMOMl BETUYUHBI X Y
3TUX TpeoOpa3zoBaTesell ogHoBpeMeHHO u3MeHstoTea emMkocTd Ci1u Ca. Takue mpeoOpaszoBarenu
UCIOJIB3YIOT JUIsl MU3MEPEHUs CPaBHUTENIBHO OONbIIMX JIMHEHHBIX (Oonee 1 MM) M YIVIOBBIX
nepemenieHnil. B aTux mnpeoOpasoBarensix JIETKO MOJYYHUTh TpeOyeMylo XapaKTEepUCTUKY
npeoOpa3oBaHus MyTeM MPOQUINPOBAHUS IJIACTHH.

[IpeobpasoBarenu ¢ ucnonb3oBanueM 3aBucumMoctd C = f1 (§) IpUMEHSIOT Al U3MEPEHUsT YPOBHSA
KUJKOCTEH, BIAXKHOCTU BEUIECTB, TOJIIMHBI M3AEIUN U3 JUANIEKTPUKOB W T. . s mpumepa
(pucyHoOK 3.5, B) IpUBEJEM YCTPOICTBO €EMKOCTHOTO ypoBHEMepa. EMKOCTh MeXy 3JIEKTPOJaAMH,
OMYILIEHHBIMU B COCY[, 3aBUCUT OT YPOBHS >KHUJKOCTH, TaK KaK HM3MEHEHHE YpPOBHS BEIET K
W3MEHEHUIO CPeAHEN NUAIEKTPUUECKON TPOHULIAEMOCTH CPEIbl MEX Y dJIeKTpoaamu. Mzmenennem
KOH(UTYpaIUK TUIACTUH MOXKHO TIOJTYYHUTH KellaeMbIid XapaKTep 3aBUCHMOCTH TTOKa3aHU# mpubopa
0T oO0beMa (MaccChl) KUAKOCTH.

J151 n3MepeHust BBIXOAHOTO MapaMeTpa eMKOCTHBIX IIpeoOpa3zoBaTesiell MPUMEHS 0T MOCTOBBIE IIETTH
U LENH C UCIOJIb30BAaHHEM PE30HAHCHBIX KOHTYpOB. [locienHne no3BossioT co3/1aBaTh IPUOOPHI €
BBICOKOM UyBCTBHTENHFHOCTEIO, CTIOCOOHBIE pearupoBaTh Ha mepeMenieHns nopsaka 10~ mv. Llern
C €MKOCTHBIMH MpeoOpa3zoBaTesiIMU OOBIYHO MUTAIOT TOKOM IOBBIIIEHHON YacTOTHI (JI0 J1€CATKOB
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Merarepi), 4T0O BbI3BaHO KEJIAaHUEM YBEJIUYUTh CUTHAJI, TIOMAJAl0INi B U3MEPUTENbHbBIN Npudop, 1
HE00XOUMOCTbIO YMEHBIIUTD UTYHTUPYIOLIEE 1eHCTBUE COTPOTUBICHUS U30JISAILIUH.

HOCTOI/IHCTBa CMKOCTHBIX JAaTUYMKOB: IIPOCTOTa KOHCTPYKIHH, MAJIBIC pa3sME€Pbl U MaccCa, BbICOKas
YYBCTBUTCIIBHOCTL W Majlad HWHCPUUOHHOCTD. OcHOBHBIC HCOAOCTAaTKH — HGO6X0,HI/IMOCTB B
WCTOYHWKAX IIMTAHHSA IIOBBIIICHHON YacTOTHI H BPCAHOC BJIUAHHUC IIApa3UTHBIX GMKOCTCP'I,
TCMIICPATYPhI, BJIAXKHOCTH U BHCIIHUX JJICKTPUICCKUX MOJICH.

[TorynpoBoAHUKOBEIE  (DOTOUYBCTBUTEILHBIE MPEOOpa30BaTEIM B KA4YECTBE YYBCTBUTEIHHOTO
JJIEMEHTa WMCEIOT CBETOYYBCTBUTEIBHBIA CIIOW, HAHECCHHBIH Ha TMOMJIOKKY (CTEKISTHHYIO
IacTUHKY). CONMPOTUBIICHUE ITOTO CJIOS 00OPATHO MPOIOPIHOHAIEHO HHTEHCHBHOCTH CBETOBOTO
MOTOKA WJIM MOITHOCTH MCTOYHHUKA OcBenieHuss. PoTope3ucTopbl, GoToaHOoAB U (OTOTPAH3UCTOPHI
00JIaJJaf0T CPAaBHUTEIILHO BBICOKOW CTaOMJIBHOCTBIO, XOPOIICH YYyBCTBHTEIBHOCTHIO, HO WX
MPUMEHEHHE OTPAHWYHMBACTCS MPH HAJIWMYUU IBUIM, HAIPHUMEP YTOJIBHOM, NpENsSTCTBYIONICH
HOpMaJIbHOU padoTe.

JleiicTBEe MOHM3ALMOHHBIX IpeoOpazoBaTesiell OCHOBAHO Ha SBJICHMM WOHM3alMM rasza WId
JIIOMUHECLEHIIMM HEKOTOPBIX BEILIECTB I0J JACHCTBUEM HOHM3MPYIOIIEro u3iaydeHus. B kauectse
WMOHU3UPYIOUIMX areHTOB MPHMEHSIOT a—, D— ¥ g-JIyuyd paavOaKTHBHBIX BEIICCTB, HHOTIA
PEHTTCHOBCKHUE JIydd ¥ HEHTPOHHOE HM3IIyueHHe. BbIOOp THIIa MOHM3AMOHHOTO MPeoOpa3oBaTes
3aBHCHUT BO MHOTOM OT HOHU3UPYIOLIEro U3yueHus. 'aMMa—iyun (31€KTpOMarHuTHbIE KOJIeOaHUs
manoii umHel BonmHBl — 1078107 cM) o6mamaror Gonbmnoi TPOHMKAONIEH CMOCOGHOCTHIO.
[Tpoxons yepe3 BEemeCTBO JIydn OCIa0ISIOTCS

J =Jo-xexp (-m d),

rae J — MHTeHCUBHOCTh g—ITy4eil, MPOIIEeANINX Yepe3 BEIIEeCTBO (TEN0);
Jo — MHTEHCUBHOCTB MOCTYNAIOIIUX B BEIIECTBO (TEN0) g—ITyyeH;

m — ko3 uumeHT ocnabiaeHus;

d — tonmmHa ciost BemiecTa (Tena).

Takum 06pa30M, C IOMOIIIBIO g—nyqeﬁ 0o APYTroro HOHU3UPYOMETO U3JTYYCHHUA MOXKHO USMEPATH
TOJIINUHY CJIOA PI3I[CJ'IPII>1, IUIOTHOCTB JKUIKOCTEHN U ra3oB U ap.

KoHCTpyKIIMM MOHM3aIIMOHHBIX KaMep M CYETYMKOB Pa3HOOOPA3HBI M 3aBUCAT OT BHUJA M3ITyUCHHS.
B kauecTBe HCTOYHMKOB HOHU3UPYIOLIET0 U3TYUEHHUS] OOBIYHO UCHIOIB3YIOT K0OanbT-60, CTpOHLIMIA-
90, ruryToHUit-239 u ap.

HpeI/IMYH_IeCTBa HMOHH3AIIMOHHBIX npeo6pa30BaTeJIeI71 — B BO3MOYKHOCTH O€CKOHTAKTHBIX I/I3MepeHI/II71
B arp€CCUBHBIX WJIM B3PBIBOOIIACHBIX CpEaax, Cpcaax, HUMCHOMIUX BBICOKON TEMIICPpATYpPYy HIIN
HaxoaAmuxcsa I11o4Q OOJIBIIIMM JaBJICHHUCM. OcHoBHOI HECAO0CTAaTOK: HCO6XOI[I/IMOCTB MPpUMCHCHUA
OHOJIOTUYECKOM 3alUTEI ITPU BBICOKOI aKTHBHOCTH HCTOYHHKA HU3JTy4YCHUH.

I'enepaTopHbie npeodpa3oBaTesin

B reneparopHblx mpeoOpa3oBaTensx BBIXOAHOM BenuuumHOW sBnserca JJC wnm  3apsan,
(YHKIMOHATIBLHO CBSI3aHHBIN ¢ M3MEPSIEMOM HEANIEKTPUIECKON BETUUNHOM.

PaCCMOTpI/IM HanOoJee pacinpoCTPaHCHHBIC BUJBI TCHCPATOPHBIX npeo6pa303aTeneI71.
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TepmonnekTpudyeckue mpeoOpa3oBaTead  padOTAIOT HAa  TEPMOIJIEKTpUYECKOM  dddekTe,
BO3HHUKAIOIIEM B IIEMH TEPMOMAphI: MPU Pa3HOCTH Temmeparyp B Toukax 1 m 2 (pucyHok 3.6)
COEIMHEHUS IBYX PA3HOPOJHBIX MPOBOJHUKOB B IIEMH TepMoInapbl Bo3HukaeT TepMmoIJIC.

Touky coennHeHHs MPOBOAHUKOB (JIEKTPOAOB) | Ha3bIBAIOT pabOYUM KOHIIOM TEPMOIIAPHI, TOUKU
2 u 2' — ceoboanbsiMu KoHIIAMU. UToOBI TepM0IJIC B 11enu TepMonapbl OJJHO3HAYHO OMpeIesiiach
TEMIIEpaTypoil padoyero KOHIA, HEOOXOAMMO TeMIeparypy CBOOOIHBIX KOHIIOB TEpPMOIAphI
IIOAJICPKUBATH OJMHAKOBOM M HEU3MEHHOH. I'pagyupOBKy TEpPMOIJIEKTPUYECKUX TEPMOMETPOB
MIPOU3BOJAT OOBIYHO MpH TeMnepaType cBoOonHBIX KoHIOB 0°C. I'pamynpoBoUHbIe TaOIUIIBI IS
CTaHJApPTHBIX TEpPMONAp TAKXE COCTaBICHbl IPU  YCIOBUUM PABEHCTBA TEMIIEPATypbl
cB0001HbIX KOHIIOB 0°C. [lpu mpakTHYEeCKOM MPUMEHEHUU TEPMODIEKTPUUYECKUX TEPMOMETPOB
TeMIeparypa CBOOOJHBIX KOHIIOB Tepmomapbl o0bidHO He paBHa 0°C m mMO3TOMY HEOOXOIUMO
BBOJIUTbH IOIIPABKY.

PucyHnok 3.6
B ta6:1.3.1 npuBenens xapakrepucTuku Tepmorap B coorBeTcTBuu ¢ [OCT 6616—74.

Tabnuna 3.1 XapakTepucTUKy CTaHAAPTHBIX TEPMOIIap

Bepxuuii mpeaen

TepmoDIC 8
T:Iﬁg_ Marepuaisl 31EKTPOAOB . H3Mep’[eMOHO
p Tepmonap (pu tp_sz 100 °C, Temneparypsl, C
l'[apLI tcx :0 C , B
h )M JUINTEIIBHO KPATKOBPEMEHHO
TIIT | [natunopoauit (10% ponus) -
LTI 0,64 1300 1600
TIIP | ITnmatuaOpomuit (30% ponus) — 13,81
HJIaTI/IHOPOJII/If/'I (6% pO)II/ISI) (HpI/I 1600 1800

t,x=1800 °C)
TXA Xpomens (90% Ni+10% Cr)

amromenb (94,83% Ni + 2% Al + 4,10 1000 1300
2% Mn + 1% Si+ 0.17 Fe)
TXK Xpomenb — KOIelb
6,90 600 800
(56% Cu + 44% Ni)
< co -
TBP | Bomwsdpampennii (5% peHust) 133 9200 9500

Bosb(pampennii (20% penus)
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Jns u3MepeHusi BBICOKMX TeMIlepatyp Hcnosb3ytoT Tepmomnapel tumoB TIII, TIIP u TBP.
Tepmomnapser u3 6mmaropoausix MmetasuioB (TIIIT u TIIP) mpumeHSIOT Tpu H3MEPEHUSX C TTOBBIIIIEHHOMN
TOYHOCTBIO.

Jnst ynobcTBa cTaOMIIM3aluU TeMIIEpaTypbl CBOOOIHBIX KOHIIOB MHOTJA TEPMOIApy YIUIMHSIOT C
MTOMOIIBIO TaK HA3bIBAEMBIX Y UTMHUTEIBHBIX IPOBOJIOB, BBIMOJIHEHHBIX JTHOO0 U3 COOTBETCTBYIOIIUX
TEPMO3JIEKTPOIHBIX MAaTEPHAJIOB, MO0 U3 CIICIHATILHO 1T0100paHHBIX MAaTEpHAIOB, O0Jiee ACIIEeBBIX,
YeM JIEKTPOIHBIC, M YIOBIETBOPSIONIUX YCIOBHIO TEPMOIEKTPHUECKON HACHTUYHOCTH C OCHOBHOM
TEpPMOIIapOi B IMANIa30HE BO3MOKHBIX TEMIIEpaTyp cBOOOAHBIX KOHIOB (00b14HO oT 0 10 100 °C).
Wuaue roBops, YUIMHUTEIbHBIE MPOBOJA JODKHBI UMETh B yKa3aHHOM HHTEpBAJIE TEMIIEPATyp
TaKyIo e 3aBUCUMOCTh TepM0D/IC oT Temreparypsbl, Kak U 'y OCHOBHOH TepMOMIapHl.

OCHOBHOM HEIOCTATOK TEPMOIAp — 3HAYWTENIbHAs MHEPIHMOHHOCTh (B OOBIYHOM apmarype
MOKa3arejib TCIUIOBOM HMHEPIMH COCTABJISICT HECKOJbKO MHUHYT). B Hacrosiiee BpeMs H3BECTHBI
KOHCTPYKIIMH MaJIOMHEPIIMOHHBIX TEPMOIIAp, Y KOTOPBIX MOKa3aTelb TEIJIOBOM HHEPIIMHA COCTABIISCT
He Ooitee 5 c.

TaxoreHneparopbl TpeIHa3HAYCHBI TSI U3MEPCHHS YIJIOBOM CKOPOCTH BPAMIAIOIIMXCS OOBEKTOB.
POTOp TaxXOreHepaTopoB MCXAHUUYCCKU CBA3LIBAIOT C BAJIOM HCIBITYEMOTI'O 3JICKTPOABUTATCIIA WJIA
WCIIOTHUTEIBHOTO MEXaHM3Ma, a 00 YIJIIOBOM CKOPOCTH W CysT 1o BeixoaHou DJ]C reneparopa.

M3 Taxor CHCPATOPOB HauoOoIbIIee PacCIpoCTPpaHCHUEC IIOJYYHIIM TaXOTCHEPATOPbI IMOCTOAHHOTO
TOKa, BBITYCKACMBIC C ITIOCTOSIHHBIMU MAarHuTaMu 1100 ¢ HE3aBUCHMBIM B036Y)KI[6HI/IGM. Oo0iacTe ux
INpUMCHCHHA BCECbMa pa3H006pa3Ha: NpCOU3NOHHBIC TaXOI'CHECPATOPbI IIOCTOAHHOI'O TOKa
HCIIOJIB3YIOTCA B aBUALIMH, CY JOCTPOCHNU, CTAHKOCTPOCHUMH, MeTaHHyerquKOﬁ U ApYTUX OTpaciax
IIPOMBIINIIICHHOCTH. K NpeUMylICCTBAM ITUX NATYUKOB OTHOCAT HJOCTATOYHO BBICOKYHO TOYHOCTH U
HalIn4yuc BbIXOAHOI'O CHUIHaJla IIOCTOSAHHOI'O TOKa, y,Z[O6H01"O JJIA HOCJ'IG,ZLYIOH_[eﬁ O6pa6OTKI/I.
OCHOBHBIM HEAOCTATKOM 3TUX TAaXOI'CHCPATOPOB ABJIACTCA HATMYUC KOJUICKTOPHO-IIECTOYHOT'O y3JIa,
CHMIKAKOIIECTO HAAC)KHOCTD pa60TI>I 1 JOJTrOBECYHOCTH HpGO6p330BaTCJ'I$I.

CHHXpOHHBIE TaXOTE€HEPAaTOPbl HMEIOT Majloe BHYTPEHHEE CONPOTUBIIEHUE, YTO IIO3BOJISET
MOJIYYUTh OT HUX JIOCTAaTOYHO OoJiblIMe MOITHOCTU. [Ipy M3MeHeHun 4acTOThl BpallleHHsl poTopa B
CUHXPOHHBIX MalllMHAaX W3MEHAETCS HE TOJbKO aMIUIMTYAa BBIXOJHOIO HAIpPSKEHMs, HO U €ro
yactoTa. biarogaps MeXaHW4eCKOW yCTOWYMBOCTU CHHXPOHHBIE TaxXOTE€HEpaTopbl HalUIU
IIPUMEHEHHE B TPAMBAsIX, JIOKOMOTHBAX, KPAHOBOM XO35IMCTBE U JIp.

ACHHXPOHHBIE TaxOr€HEpPaTopbl MO KOHCTPYKIMHM MOJOO0HBI JABYX(a3HBIM aCHHXPOHHBIM
nsurarensiM. VIx poTopbl 0ObIYHO BBIMOJHSAIOT B BUJI€ TOHKOCTEHHOIO METAJUIMUECKOTO LIMIUHAPA.
JIBe 0oOMOTKHM cTaTOpa TaxoreHeparopa cIBUHYTHI Ha 90° oTHocutenbHO Jpyr apyra. K omHoi
00OMOTKE MOJIBOAT HaNpsKeHUE MUTaHUsL, a ¢ usMepureabHoi ooMoTku cHumMarot DJIC. Ilpu nogaue
HaNpspKeHUs MUTAHUS TOCTOSIHHOW BEJTMYMHBI M YacTOTHI MYJIbCUPYIOIIMHA MarHUTHBIM IOTOK,
nepecekasi poTop, MHAYKTHPYET B u3MeputTenbHoi oomMoTke DJIC, mponopiruoHabHYIO YTIIOBOM
CKOPOCTH W pOTOpa, MPHUBOJMMOrO B JIBH)KEHHE KOHTPOJIHMPYEMON MAIIMHON WM MEXaHHU3MOM.
OCHOBHOE JOCTOMHCTBO ACHMHXPOHHBIX TaxXxOT€HEPATOPOB COCTOMT B TOM, YTO HE3aBUCUMO OT
4acTOThl BpameHuss poropa 3/IC mepeMeHHOro TOKa Ha BBIXOJIE€ TAKOTO0 TaXOIEHEpaTropa MMEET
ITOCTOSIHHYIO YaCTOTY.

K oOCHOBHBIM HeNOCTaTKaM TaxOI€HEPATOPOB OTHOCAT OTPAaHUYEHHBIM YacTOTHBIA AHMAINa30H
U3MEpSAEMBIX BEJIMYMH. B mocineaHue Toipl TaXxOreHepaTopbl IOCTENEHHO BBITECHSIOTCS
(GOTOMMITYJIbCHBIMU M MHAYKIIMOHHBIMU JaTYMKAMHU, A TAK)KE CIEeLUAIbHBIMUA HHTEIUIEKTYaIbHBIMU
npeoOpa3oBaresnsiMu — MH(paTopaMu YriioBOro nepemMenieHus (ToI0KeHus ).
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B ¢orouMITyTbCHBIX JaTYMKAaX WUMIYJIbCHI B ONTOAIEKTPOHHON IMape HMCTOYHUK HW3ITyYCHHS —
MPUEMHHUK HM3ITydeHus (cBeToauona — (orompeoOpa3oBaresib) CO3AAIOTCS MPU TTOMOIIHM JHCKOB C
MPOPE3SIMU WIIM OTBEPCTHSMH, B HEKOTOPBIX MPUBOJIAX MPUMEHSIOT BPALIAFOIIUECS IETAT MAIIHH.
B mnopaBnstonieM OONBIIMHCTBE MIM(PATOPOB TOJOXKEHHS TAKKE HCIOJIB3YIOT B KadeCcTBE
YyBCTBUTEIHHOTO 3JIEMEHTA ONTOAICKTPOHHYIO Tapy.

WMiynbebl  MHAYKUMOHHBIX —JTATYMKOB CO3JAIOTCSA IO/ BIMSHUEM IYJbCUPYIOUIETO MU
3HAaKOIIEPEMEHHOTO MAarHMTHOIO IOTOKa. B kauecTBe Tena, MOAYJIMPYIOLIETO MOTOK, CIyXKatr
crienuanbHbIe 3y0uaTsie Kojeca JIn0o Bpamaromuecs (peppoMarHUTHBIE JeTald MAIIKH.

B mnbe3osnexTpuueckux mpeoOpazoBaTeNsiX HUCIMONb3yeTcss 3((EKT MOsSBIEHUS AIIEKTPUUYECKUX
3apsI0B HA MOBEPXHOCTH HEKOTOPBIX KPUCTAILIOB (KBapll, TypMajlHH, CETHETOBA COJIb U Jp.) MOJ
BIIUSTHUEM MEXaHUYECKUX HAMPSLKEHUH.

4

A1

Pucynoxk 3.7

YCTpONCTBO MBhE303JEKTPHUUECKOr0 Mpeodpa3oBaTens sl U3MEPEHHUs IEPEMEHHOTO JaBICHUs ra3a
nokasaHo Ha pucyHke 3.7. JlaBnenue P yepes Metannuueckyro MmeMOpany 1 mepenaeTcst Ha 3aKaThie
MEXIy MEeTaJUIMYeCKUMHU Npokiaakamu 2 kBapueBble minacTuHku 3. Illapuk 4 cmocoOctByer
PaBHOMEPHOMY pacHpeleNIeHUI0 JIaBJIEHUs] 1O MOBEPXHOCTU KBapLEBBbIX IIAaCTUHOK. Cpeanss
MIPOKJIa/IKa COEIMHEHA C BBIBOAOM S5, MPOXOSAIIUM 4Yepe3 BTYJIKY M3 XOPOUIETO H30JISALHUOHHOTO
Marepuana. [Ipu Bo3meicTBuu maBiaeHuss P Mexay BBIBOJOM 5 W KOPIyCOM MpeoOpa3oBaTeIst
BO3HHUKACT Pa3HOCTH IMIOTCHIIMAJIOB

U =2Q /(Cn + Co) =2 k's-p/(Cn + Co),

rae Q — 3apsij, BO3HUKAIOIINN Ha TTACTHHKE KBapIIa;

Ch — eMKOCTB TIpeoOpa3oBaTels;

Co— eMKOCTh MPOBOIOB ¥ BXOJIHOM TSI IPUOOPA, U3MEPSIOLIETO Pa3HOCTh MOTCHIIUAJIOB,
K — mbe30371eKTprYecKuii MOIyJIb KBapIia,

S — IIomaab IMOBEPXHOCTHU MeM6paHBI, MMOABCPKCHHAA JaBJICHHUIO.

IIo Pa3HOCTHU TIOTCHIIUAJIOB U CyadaT O 3HAa4YCHUU [OaBJICHUA P. B MBbC303JICKTPUICCKUX
npeo6pa30BaTeJ1$1x T'JITaBHBIM 06pa30M NPpUMCHAIOT KBapL, Y KOTOPOIoO IIbE303JICKTPUIYCCKUC
CBOIMCTBA COYETAIOTCSI C BBICOKOM MEXaHHYECKOM MNPOYHOCTBIO M BBICOKMMH H30JIAIMOHHBIMU
KadyeCTBaMH, a TaKXKC C HC3aBUCHUMOCTBIO HBCSOC)JICKTPI/I‘-ICCKOﬁ XapaKTCPUCTUKU OT TEMIICPATYPHI B
IIUPOKHUX MpCALCIax. I/ICHOHB3YIOT TAaK¥XC MOJIAPHU30BAHHYIO KEPAMUKY U3 TUTAHATA 6ap1z1;1, THUTaHaTa
U [UpKOHATa CBHHIA. HBGSOBHeKTqueCKHe JaTYUKH 00BIYHO IMPUMCHAIOT IJIA I/I3MepeHI/Iﬁ

21



OBICTPONPOTEKAIOIIMX ~JUHAMMYECKUX IMPOLIECCOB TMpPH YAApHBIX Harpyskax, BHOpanusx,
MEPEMEHHBIX YCUIIUSAX U T.J.

KoHTpoJibHBIE BOIPOCHI
1. B uem paznuune MeXay napaMeTpUIeCKUMH U TeHEPaTOPHBIMU IIPpeoOpazoBaTeisiMu?

2. Kakue tepmomnpeoOpa3zoBarenu BaM HM3BECTHBI? ONUIIUTE MX KOHCTPYKIIUIO W IPUHIIMII
IEUCTBUSL.

3. ns nu3mepenus (KOHTPOIIST) KAKMX BEIMYMH MOTYT PUMEHATHCS MHIyKTHBHbBIE K €MKOCTHBIC
naTyuku? ONUIINTE UX KOHCTPYKLMIO U IPUHIUI JEHCTBUS.

4. Kakue npeoOpa3oBareian IPUMEHSIOTCS AJI1 U3MEPEHUS! YTJIOBBIX MepeMEIIeHH?
Ili1aH MpakTHYEeCKOro 3aHATUSA

1. Jlnst 3a1aHHOTO TIPENoAaBaTeieM TEXHOJIOTHUYECKOTO 00BheKTa (MPOU3BOJICTBA) TIPOU3BECTH
BBIOOp COOTBETCTBYIOLIMX U3MEPUTEILHBIX ITPeoOpa3oBarTeneil (T1aTYNKOB).

2. O0ocHOBaTh BEIOOp THIIA U HCHIOJHEHHS U3MEPHUTENBHBIX IPe0Opa3oBaTeei.
Kounrpoabubie 3aganus nias CPC [1-8]
1. TloAroTOBUTH OTBETHI HA KOHTPOJIBbHBIE BOIIPOCHI.

2. IlpoaHanu3upoBaThb COBPEMEHHOE COCTOSIHWE U IEPCIEKTHUBBI PAa3BUTHUS H3MEPUTEIBHBIX
npeoOpa3oBaresiell TeMIeparyphbl, 1aBI€HUs, YIJIOBOIO U IMHEHHOTO epeEMELIECHNUs, PacX0oaa
KUJKOCTEH, YPOBHS KUIAKOCTEN U CBHIITYYHX MaCC.

IIpakTnyeckas padora Ne3
IIporpamMupyemMble J0ru4eckne KOHTPOJLIEPbI

Leab padoThI: 03HAKOMJIEHHE C  COBPEMEHHBIMM  OOpa3llaMd  3JIEKTPOHHBIX  CPEJICTB
aBTOMaTHU3alllK, H3yueHHe (YHKIMOHAIBHBIX BO3MOXHOCTEH MPOMBIIUIEHHBIX KOHTPOJUIEPOB,
IPOrpaMMHUPYEMBIX pelie.

OO01ue cBeaeHNs

B HacTosimiee BpemMs IIMPOKOE pACHPOCTPAHEHUE HA MPOU3BOJCTBE IMOJYYAIOT MPOMBIILUICHHBIE
koHtposiepsl U IIJIK (mporpammupyembie JOTHYECKHE KOHTPOJJIEPHl Ha 3amaje MOTyYrIIn
Ha3BaHUE «IPOTPAMMHPYEMBIE pelie»), TpeAHa3HAYeHHbIE I TMPUMEHEHHUs] B CHCTEMax
aBTOMAaTHU3alUH.

®upma Siemens ObljIa OJHUM U3 MIHOHEPOB B 00J1AaCTU Pa3pabOTKU MPOMBIIIJICHHBIX KOHTPOJIEPOB
u IJIK, HayaB ux MaccoBoe npou3BoAcTBO B 1996 roxy. Jlornueckuiit mogyns LOGO! usHavanbHO
3aJlyMbIBaJICSl KaK IMPOMEXYTOYHOE 3BEHO MEXIY TPAAUIMOHHBIMH pEJIeHHBIMU 3JIeMEHTaMU
aBTOMATHUKH (KOHTaKTOPbI, pejie BpEMEHHU U T.N.) U MPOrpaMMUPYEMBIMH KOHTpoJiepaMu. B Hem
BMECTO COEJIMHEHUS MPOBOJIOB JOJIKHO OBUIO MCIIONIB30BAThCS JIOTMUECKOE COEAMHEHNE (PYHKIIHM,
OOBIYHO pealu3yeMbIX allapaTHO C IOMOIIbIO OTHENbHBIX YycTpoiictB. Ho B oTinume ot
MIPOrpaMMHUPYEMBIX KOHTPOJUIEPOB CIIOKHOCTh YCTPOMCTB JOJKHA Obla MO3BOJATH paboTaTh ¢
HUMHU TIepcoHally 0e3 crelallbHbIX 3HaHUu B 001acTu nmporpammupoBanus. C 3ToOH ke 1eNbio BBOJI
nporpaMmMbl B LOGO! ocyuiecTBisieTcss HEMOCPEACTBEHHO CO BCTPOCHHBIX HWHAMKATOpa U
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KJIaBHATYPHI. J{J1s1 MOIKITIOUeHUS K HCTOYHUKAM CUTHAJIOB M UICTIOJITHUTEIILHBIM YCTPOHCTBAM MOTYJTH
LOGO! nepBbIx MOKoJICHUH UMeNH 6 WK 12 TUCKPETHBIX BXOAOB U 4 WK 8§ TUCKPETHBIX BBIXOJIOB
(BapmanTel Basic m Long cooTBeTCTBEHHO). 3aTeM K IUCKPETHBIM BXOJlaM J00aBWJIOCH JIBa
AHAJIOTOBBIX.

B 2001 romy ¢upma Siemens Bbimyctuia mMoxyibHbiii LOGO!, B KOTOpOM yBenMYEHHE YHCIIA
00CITy’)KUBAaEMBIX BXOJOB M BBIXOJIOB O0ECIIEUMBACTCS C TOMOIIBIO JIOTIOJHUTEIBHBIX MOJYJICH
pacmmpenus. [loaxatoueHue pa3Hbix MoAyJiel pacmupenus k 6azoBoit mogenu LOGO! no3Bomisier
pacuIpuTh BO3MOXXKHOCTH KOHTpoOJuiepa. MOAyNb 3aKperuisieTcss Ha CTaHAApTHOM NpoduiIbHOM
muHe u nojkitoyaercs k LOGO!

B pacnopsikeHnu pazpaboTyrika UMEIOTCS CIIeyIOIUe TUITbI MOTYJIeH:
e auckpetHbIil Mmosysis LOGO!DMS;
e ananorossiii Monysib LOGO!AM2;
e KOMMyHHUKaMoHHbIH Moxyis LOGO!CM AS-i.

B monyneaom Bapuante IIJIK LOGO! (pucynok 5.1) MOXHO peanu3oBaTh MakCUMyM c 24
JUCKPETHBIMU M § aHAJIOTOBBIMU BXOJlaMH, a Takke 16 auckpeTHbIMM BbIxojgamu. Hampspkenue
nuTanus BXoAHbIX Leneid B LOGO! cooTBETCTBYET HANPSKEHUIO TUTAHUS MOJYJIsSl, KOTOPOE MOXKET
obiTh 12/24 B mocrostHHOTO TOKa, 24 M 230 B mepemenHoro Toka. BbIxomel MoryT OBITH
TPaH3UCTOPHBIMU WK peneitnbiMu. Harpy3ounas cnocodHocTs nocnennux (1o 10 A) obecrieunBaet
HENOCPEACTBEHHOE MOJKIOYEHHE JOCTaATOUHO MOIIHBIX UCIIOJIHUTEIbHBIX YCTPOUCTB.

BN DN R UNnBDowM
Ve s oo Ve v

ACOC 115,260V leput BRACOC ARSIV :__"g"c"'

SIEMENS

Fuellstand « AUN/STOP
®ASH

LbGOI 230AC

L
Output Lxfiehay/ 104 % a < POUT 2e & N8 20mA

»® *n oo »e .
\nq"..n -vl.al ‘n:‘-n nMwv e wmwm

Pucynok 5.1 — Moaynbsabiii LOGO! ¢pupmsl Siemens

Hosble Mogynu pacmupenus aenatoT LOGO! ciocoGHBIM OBICTPO pearupoBaTh Ha WU3MEHEHHs U
3aHUMAIOT B JBa pa3za MeHblle Mecta, yeM cam LOGO! Kpome Toro, kK TakoMy MUKPOKOHTPOJLIEPY
MOYHO TTOJIKITFOYUTh KOMMYHHKAIIMOHHBIE MOYJIH JUIsi paboThl B ceTsix AS-interface, EIB Instabus
i LON. CymiecTByIOT U JOrMYecKre MOIyJIu 0e3 TUCIIes U KJIaBUaTypbl, OJlaroaapst 4emy OHH
1oyt Ha 20 MpOLEHTOB JIELIEBIIE.

I'maBHO#1 ocobennocTrio [IJIK LOGO! siBnsiercst To, 4TOo cXxeMa pesielHO aBTOMAaTUKH cOOMpaeTcs
U3 TMPOTrpaMMHO pEeaIn30BaHHBIX (YHKIHMOHAIBHBIX OJIOKOB. B pacnopsikeHuu moib3oBaTens
uMeeTcsi BoceMb Jiorndeckux QyHkumii tuna W, MJIN u T.1., GopInoe 4ucao TUIIOB pelie, B TOM
qucIe, pelie ¢ 3a1eP>KKOM BKJIFOUEHHMSI U BBIKJIIOUEHHS, UMITYJIbCHOE pelie, Pejie C CaMOOIOKUPOBKOM,
BBIKJIFOYATEIb C YACOBBIM MEXAHU3MOM, TAKTOBBIN T'€HEPATOP, KAJIEHAAPh, YAChI PEaJIbHOTO BPEMEHHU
C BO3MOKHOCTBIO aBTOMaTHUYECKOT0 NIEPEX0/a Ha JIETHEE/3UMHEe BpeMsl U Jp.
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[IporpammupoBanmne Mmoayineit LOGO! MOXKeT BBITTOTHATHCS € MOMOILBIO BCTPOCHHBIX KJIABUATYPbI
u aucruies. OHO CBOIUTCS K BBIOOPY HEOOXOAMMBIX (PYHKIIMOHATBHBIX OJIOKOB, COSTUHEHUIO WX
MeXay coOOM M 33JJaHHIO0 MapaMeTPOB HACTPOMKU OJIOKOB (3a7epEK BKIIIOUEHUS/BBIKIIOYCHHUS,
3HaYeHUN CYETYMKOB U T.1.). Jis XpaHeHHs] yHpaBisIOUIedl NMporpaMMbl B MOAYJIE HMEETCs
BCTPOEGHHOE HSHEProHE3aBUCHUMOE 3allOMHHaromiee ycrpoicTBo. Co3laHue pe3epBHOI KOMUU
nmporpamMmsbl, a Takxke mnepeHoc ee B apyrue LOGO! MoxeT ObITh OCYIIECTBIEH C ITOMOIIBIO
CHelHalIbHBIX MOJYJICH MaMsTH, yCTaHaBIMBAaEeMbIX B HHTep(delicHoe rHe3n0. Moaynu namsaTH Tak
Y Ha3bIBAIOTCS I10 LIBETY KOPITyca — «GKEITHIN» U «KpacHbI». [Ipy ncmosib30BaHuu )KETTOTO MO IS
rporpamma MOeT ObITh cBOOOAHO nepenecena u3 Hero B LOGO! u o6parno. Ecim sxe mporpamma
MIEPEHOCUTCS U3 KPACHOTO MOJTYJIsl, TO OHA MOXKET UCIOJHATHCS TOJIBKO B TOM Cllydae, €Clid MOyJIb
namst octaercs BeraBiieHHbIM B LOGO! KonmpoBanue e€ Ha 1pyroit MOAy b MaMsiTH HEBO3MOXKHO.
Takum crmoco6oM oOecTieunBaeTCs 3aluTa YIpaBIsSIONEH MporpaMMbl OT HECAHKITMOHUPOBAHHOTO
Pa3MHOKEHUS.

OpHako BBOJ TPOrpaMMBbI C TAHEIH YIPABJICHUS MOKET OBITh ONpaB/iaH TOJBKO JJIsl HEOOIBIIHX 110
00BeMy IIpOrpaMM HIIM B CIIy4ae OCTPO HEOOXOAUMOCTH BHECEHUSI KOPPEKTUB B yKe paboTaromIyIo
MpPOrpaMMy HETOCPEICTBEHHO Ha oOBbekTe. [l OTHOCHTENBHO CJIOXKHBIX CXEM OYeBUIHA
He00X0IUMOCTh MCTONb30BaHus mporpaMMmuoro nakera LOGO! SoftComfort, koTopslit mo3BossieT
paspabareiBaTh B rpaduueckoil ¢opme u gokymeHTHpoBaTh mnporpammbl aiasi LOGO! nHa
KOMIIBIOTEPE U OTIAXHMBATh HX B PEKUME OHMYJSIUU JIOTUYECKOro MOAyJs. BriOpaHHbIe
(GyHKIIMOHATbHBIE OJIOKM MBINIBIO MEPETACKUBAIOTCS Ha pabouee Moje, 3aTeM COCIUHSIOTCA U
napamerpupyrorcs. s Kakaoro pyHKIMOHAIBHOTO OJIOKa MOXKET OBbITh HAITMCAaH KOMMEHTapHil,
KOTOpBIM CyIIECTBEHHO OOJIErYUT TIOHMMaHWE TMPUHIUNA padOThl MPOTPAMMBI  JIPYTOMY
MOJIb30BATEI0 MM TIOMOXKET CaMOMy pa3pabdOT4YMKy uYepe3 HEKOTOpOoe BpeMsi BCIOMHUTH
cOoOCTBEHHBIE 3aMbICibl. Eciau mo pesyibTaraMm 3MYJIUPOBaHUS KOPPEKTHPOBKA MPOrpaMMBbI HE
Tpedyercsi, To ee MOXHO 3arpy3uth B mamiatb LOGO! ¢ momompro crnenuasbHOro Kabders,
MOJIKJIFOYAaEMOro K TOMY k€ UHTep(elCHOMY THE3/1y, UTO U MOJIYJIH MaMSTH.

Ha pucynke 5.2 mpuBeneH mpumep OJIOK-CXeMbl JIOTHYECKOTO YCTPOWMCTBA, BBINOJIHEHHOTO B
nporpamme LOGO! SoftComfort.
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I‘ NPEMCAAKK K NPUMEHEHWIO

Hanuuue npucanku e Bake

; ¥ 2 B004 Q2
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Pucynok 5.2 — Ilpumep OJOK-CXEMBI JIOTHUYECKOTO YCTPOWCTBA, BBIMOJHEHHOTO B IIPOrpamMme
LOGO! SoftComfort

3auacTyro npu pelIeHUH 3a]]a4i aBTOMATH3alli1 BOSHUKAET NOTPEOHOCTh B KOHTPOJIE TEMIIEPATYPHI.
C nmosBIEHHMEM CIEUMAIM3UPOBAHHOrO aHajoroporo Moxayins LOGO! AM2 Pt 100,
MpeJHa3HAuYCHHOTO [T HETIOCPEICTBEHHOTO MOAKIIOYEHHUS IByX TEPMOMETPOB COMPOTHBIICHUS Pt
100, mpotiecc KoHTpoJIA Temmneparypsl B auanazoHe ot —50 po +200°C 3ametrno ymnpomraercs. C
nomotipio LOGO! MokHO 00ecreunTh U peryJIupoBaHue TeMIieparypbl. Takas 3agada pemaercs ¢
MOMOIIIbI0 OOBIYHOTO JBYXIO3UIIMOHHOTO PETYJISATOPA, PEANTU3yeMOro ¢ IMOMOUIbIO TIATHHOBOTO
TEPMOMETpPa COMPOTUBIICHUSA, aHaioroporo moxyist AM2 Pt 100 u ¢yHkmonansHoro Oj0Ka
«AHanoroBslii Tpurrep». CHUrHaJI ¢ BbIXOJA 3TOro Oyioka OyneT SIBIATHCS YHPABISIOMIUM IS
AJIEKTPHUYECKOT0 HarpeBaTelsi. KoHeuHo, KauyecTBO peryaupoBaHus Oy1eT AajIeKo He HeabHbIM, HO
JUI1 MHOTHX TIPUMEHEHUI OHO MOXET OKa3aThCsI BIIOJIHE MPHUEMIIEMBIM.

B 2003 r. Obut0 aHOHCHPOBAHO OdYepeaHOE IMOKoJeHue Jormueckux moxayiedn LOGO! ¢ 6oree
MOILIHBIM 32-pa3psaHbIM IPOLECCOPOM U YCOBEPIIEHCTBOBAHHOM apXUTEKTYPOW IIPOrPaMMBI, YTO
o0ecrneynsio IMOYTH JAECATUKPATHOE IOBBIIIEHUWE OBICTPOJCHCTBUA U COOTBETCTBEHHO Oolee
KOPOTKHH IIMKJI paboThl IPOrpaMMbl MUKPOKOHTpOJUIEpa. Y BelIUYeHHe 0ObeMa aMsATH B /IBa pa3a
JlaeT BO3MOXKHOCTb MCII0JIb30BaTh B Mporpamme yke He 56, a 10 130 ¢pyHKIMOHAIbHBIX OJIOKOB, a
TAaK)K€ CHHUMAEeT OrpaHMYEHUs HAa MAaKCHMaJbHOE KOJMYECTBO B OJHOW IMporpamMme TailMepoB,
CUETYMKOB, YacOB, AHAJIOIOBbIX TPUITEPOB U HEKOTOPBIX Jpyrux OsiokoB. B HoBoM LOGO!
NpUMEHEH IUCTIIEH O0JbIIEero pasmMepa, B KOTOPOM UMEIOTCS 4 CTPOKHU 1o 12 3HAKOMECT B KaXKI0U
npoTuB 4 cTpok U 10 3HaKOMECT B CTapoM, WSl yI00CTBA UCIIOIB30BAHUS B TEMHOE BPEMSI CYyTOK WJIH
B YCJIOBHUSIX C HEIOCTaTOYHBIM OCBEIICHHEM HOBBIN TUCTIICH CHA0XKEH CHCTEMOH 3a/IHEH TOICBETKH.
B oxHOI#1 cTpoKe AucIuies Tenepb MOTYT ObITh OJJHOBPEMEHHO OTOOPaKEHBI M TEKCTOBOE COOOIICHUE,
U TEKylllee 3HAUE€HHE BEJIMUYMHBI, U 3HAUEHUE NapaMeTpa HaCTPOMKH, KOTOPOE MOXKET ObITh elle U
ornepaTuBHO u3MeHeHo. OOlee KOIMYEeCTBO TEKCTOBBIX COOOIIEHMH, MCIONb3YyEMbIX B OIHOMU
nporpamme, yBeaudeHo ¢ 5 10 10. Pacuupersl BO3MOKHOCTH U psifia yKe CYIIECTBYIOMUX (DYHKITHIA.
He ocranocek 6e3 usmenenuii u nporpaMMmHoe obecrieueHue. B uerBeproit Bepcun nakera LOGO!
SoftComfort yurensl Bce m3amMeHeHus ammapatHoro odecrnedeHust moayneit LOGO! u mobasieHsl
HOBBIE BO3MOKHOCTH. Tak, Ipy CO3/1aHUU MPOTrPAMMBI I0JIB30BATENb TENEPHh MOYKET, KPOME SI3bIKA
FBD (¢{yHnkimoHanbHble OJ0KOBBIE UAarpaMMBbl), HCIIOJIB30BaTh U BTOPOil s3Ik — LAD (peneiino-
KOHTaKTHbIE cxeMbl). KitaBumm ynpasieHust KypcopoM MOTYT OBITh 33/1€CTBOBAaHBI B IPOrpaMMe B
KAauecTBE BXOJOB, 4YTO B HEKOTOPBIX CIydasX II03BOJSET OTKa3aTbCsd OT IOAKIIOYEHUs
JIOTIOJTHUTEIBHBIX ~ BHEMIHUX KHOMOK. DyHKIMOHAJIbHBIE OJIOKM OTHBIHE MOTYT HMETh

PECAAKTUPYCEMEIC 8'CI/IMBOHBHBIC HNMCHA BMCCTO HMMECBIINX MECTO 6YKBCHHO'I_[I/I(1)p0BBIX HOMCPOB
[1,2].

Kparkuii 0630p 3apyoexubix ITJIK

Knaccuueckue ITJIK xommanmm Mitsubishi Electric, mpemmararomeit mupokyio rammy IIK,
MPEJCTaBICHbl HECKOJIbKMMHU JIMHEHKaMH IPOU3BOJACTBA, OT KOMIAakTHBIX cepun ALPHA 1o
MOIITHBIX MHOTO()YHKIIMOHAIBHBIX cepuu Q.

Baxnoit ocobennoctrio [IJIK ¢pupmbr Mitsubishi Electric siBnsercs:

o Hamnuue npoueccopoB RISC-apxuTekTypsl M CHENHATM3UPOBAHHOM OINEpPAllMOHHOU
CUCTEMBI;

e BO3MOXHOCTb OJHOBPCMCHHO O6pa6aTLIBaTL HECKOJIBKO aJITOPUTMOB HJIN COOBITHI CO
CTpOro ACTCPMUHHUPOBAHHBIM BPCMCHEM PCAKIINUU;
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e MacmTabupyeMOCTh CHCTEMBI;
e BO3MOYKHOCTH aIllapaTHOTO Pe3epPBUPOBAHNUS;
e HCKIIIOUHUTENBHO BHICOKAsl HAJEKHOCTD;

e TMOJNJCpPKKA MPAKTUYCCKH BCEX CYIIECTBYIOUIMX IIOJIEBBIX IIMH W KOMMYHHUKAIMOHHBIX
HHTEp(DEHCoB.

o W

z:‘ [e—
Y
|
o i
)

Pucynoxk 5.3 — IIJIK Mitsubishi cepun ALPHA

[TJIK Mitsubishi cepuun ALPHA (pucyHoxk 5.3) npeacTaBistoT co00i KOMIAKTHBIE, YHUBEPCAIbHEIE,
Heoporue orudeckrue Mmoaynu. OHM peHa3HAYeHbI U IPUMEHEHHS B 33]]a4aX aBTOMAaTH3aIHH,
rZle UCIOJb30BaHUE PEJICHHONW aBTOMATHKH HE YAOBJIETBOPSET COBPEMEHHBIM TpEeOOBAaHUSM, a
ucrnonb3zoBanue MomHbIX [IJIK sBisercs n3opirounbim. [IporpammupoBanne [1JIK cepun ALPHA
OCYIIECTBIISIETCS C MOMOIIBIO HATJISAHOTO MPOTPAMMHOI0 00€CTIeYeH s, UCTIOIB3YIOLIEr0 TOTOBBIE
o6ubnarorexku GyHKIHOHANBHBIX O0J10K0B. KoHTpoepsl cepun ALPHA moryt o6pabatsiBath 10 28
KaHaJIOB BBOJIa-BHIBOJIA.

g

Pucynok 5.4 — IIJIK Mitsubishi cepun MELSEC FX

IIUIK Mitsubishi cepum MELSEC FX (pucyHok 5.4) BKkIouyaloT B ceOsl IIeJloe CeMEHCTBO
KOHTPOJJIEPOB M OTJIMYAIOTCSI BBICOKON MPOU3BOIUTENBHOCTBIO, THOKOCTHIO, (YHKIIMOHATBHOCTBIO
1 MaclITabupPyeMOCTbI0. ITO UACATBHBIN BEIOOpP BHE 3aBUCUMOCTH OT TOT0, HEOOXOMMa JIU IPOCTas
cuctema, Tpedyromias 10 34 kananoB BBoja-BbeiBoAa (FX1S), unu Gonee crnoxxnasi, TpeOyromas 10
256 xananoB BBoa-BeiBoAa (FX2N/FX2NC). Bee kontpomnepst MELSEC FX coBmecTumsl Apyr ¢
IPYTOM, a TaKKe ¢ YHU(UITUPOBAHHBIMH (DYHKIIHOHAIEHBIMU MOJYJISIMH M MOJTYJISIMU PaCIIUPEHUS
(kpome FXI1S). IUIK cepun MELSEC FX moanepXuBarOT CETEBYIO HHTETPAIIUIO.

I[IJIK Mitsubishi cepuun Q (pucyHOK 5.5) mpencTaBisieT MHOTOIPOLIECCOPHYIO KOHIIETIIHIO,
COUETAIONIYI0O B cebe TPaAWIMOHHBIA KOHTPOJIEP, KOHTPOJUIEP YIpaBIEHUS IBMKCHHEM U
MePCOHANBHBIN KOMITBIOTE.
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Pucynok 5.5 — ITJIK Mitsubishi cepuu Q

B onHoif cuctemMe MOXeT OJHOBPEMEHHO (PYHKIIMOHHUPOBATH 10 4-X MPOIECCOPOB, PEATU3YIOIINX
pa3MYHbIC 3a/1a4d YIpaBieHUs. Beicoyailinas Hale)KHOCTb, BCTpOEHHAs: camoauarsoctuka LITY ¢
peructparnueil uCTopuu cO0eB M yAaJeHHas AUarHOCTUKA CUCTEMBI ITO3BOJISIIOT UcTonb30BaTh [1JIK
Mitsubishi cepun Q muIsi perieHusi caMbIX OTBETCTBEHHBIX 3ajad. Pacmmpsiemas KoHQUTypanus ¢
KOJIMYECTBOM BXOJIOB-BBIXOJOB OT 16 mo 4096, a Takxke ObIcTpojeicTBUE 10 34 HAHOCEKYH] 3a
JIOTUYECKYIO OIEepaluio, O3BOJISIOT UCIIOIb30BATh 3TU KOHTPOJUIEPHI JIJIsl YIIPABIECHHUS MIPOLIECCaMu
M000T0 YpPOBHSI CIOKHOCTU. KOMIAKTHOCTh HCIIOJIHEHHS JAaeT BO3MOXHOCTh MaKCHMAaJbHO
UCIONIb30BaTh MpocTpaHcTBO B Inkadax ympasienus. B IIJIK cepunm Q peanmuszoBana moiHast
¢bynkuonansHOCTh [IK ¢ OC Windows.

KonTtpomneps! kinacca SoftPLC npencraBieHsl HECKOJIBKUMH JTHHEHKaMU, B Yrciie KOTopbIX [-7188,
[-8000, WinCon-8000 u Adam. PC-coBMecTHMbIC KOHTPOJUICPHI OTIMYAIOTCS OT KJIACCHYECKUX
[TJIK tem, uro B HUX OonbMHCTBO (PyHKIWMI, KoTopsie y [1JIK pemratorcst Ha anmapatHOM ypOBHE,
MOTYT BBITTOJIHATHCS ¢ TOMOIIBIO TIPOTPAMMHOTO 00ECTICUSHHS.

Bo3MmoxHOCTH IIPUMCHCHUA Ooiee ACIICBLBIX, OTpa6OTaHHBIX u 6LICTpeC Pa3BHUBAIOIIUXCA OTKPBITBIX
APXUTCKTYp Ha 6aze PC-coBmecTuMoOM HJ'IaT(bOpMBI IMO3BOJIACT HIMPOKO HCIIOJBb30BATbH TAKHC
peuICHUA I 3aJdad, I'JA€C paHbIIC IIPUMCHAINCH TOJIBKO o6rrunbie PLC. HCOCI'IOpI/IMbIMI/I
AOCTOMHCTBAMU JAHHBIX KOHTPOJUJICPOB ABJIAIOTCA:

e HCBBICOKAA II€HA alIlapaTHBIX CPCACTB,

e HCIOJB30BAaHUEC OTKPBITHIX ITPOTOKOJIOB, KOTOPOC IMO3BOJIACT HHTCTPUPOBATH B OJHY CUCTCEMY
YCTpOﬁCTBa IIUPOKOTO CIICKTpPa HpOI/I3BOI[I/ITeJ'IeI\/’I;

e IMIpOCTOTAa MNPOrpaMMHUpPOBAHHA U HOOCTYIIHOCTb MIMPOKOIO CIEKTpa HNPOrpaMMHOIO
O6CCHC‘ICHI/I$I, YTO MUHUMHU3UPYCET 3aTpaTbl BDEMCHHU U CPCACTB HA CO3AAHUC CUCTCMBI,

e MPOCTOTA MHTETPALIUU C CUCTEMAMHU yIpaBieHUsl 00jee BHICOKOTO YPOBHSI, UTO MO3BOJISET
YIIPOCTUTH JOCTYII K IAHHBIM TEXHOJIOTHYECKUX IPOLIECCOB CO CTOPOHBI CUCTEM YIIPABJICHUS
MPEATPHUATHEM.

Cepus PC-coBmectumbix KoHTposiepoB [-7188 (pucynok 5.6). Konrtpomnepsl 3Toil cepun
MPEJCTABIAIOT c000i (PyHKIIMOHAIIBHO 3aKOHYEHHBIE YCTPOWCTBA, pa3MElIEHHbIE B KOMIAKTHBIX
TUTACTUKOBBIX KOpITycax. Moiysin BBO/Ia-BbIBO/Ia MOTYT HAaXOAUTHCS HAa 3HAYMTEIHHOM PACCTOSTHUU
OT KOHTpPOJIIEpa, MOAKII0YasCh K HeMy 1o uHtepdeiicy RS-485.
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PucyHok 5.6 — BHemnuii Bua kontposiepos [-7188

ITo cymectBy 1-7188 - 310 mMuHHaTiOpHBIE PC-CcOBMECTMMBIE KOMIBIOTEPHl. B HHX ycTaHOBJIECH
mporeccop AMDI188-40 MI'm, 128...512 x6aiit SRAM, osnektponnsiii Flash-muck (anamor
KECTKOTO JHUCKa) o0beMoM 256...512 kbalT, wacel peaiabHOro BpemeHH, mHopT Ethernet u
nocjuenoBarenbable MOpThl. Momudukamuu [-7188X* mo3BONSAIOT ycTaHaBIMBaTH B KOPITYC
CHelHalIbHble ME30HUHHBIE MOJIYJIU C LIEMSIMH BBO/Ia-BbIBOJIa CUTHAJIOB. Takoe perieHue mo3BoisieT
B psijie ciay4aeB 00XoauThbcs 0e3 BHEUIHUX MOJyJiel BBOJa-BbIBoJa. B HacTosmee Bpems 1-7188 nHe
umeer cebe  paBHbIX cpenu  PC-COBMECTMMBIX  KOHTPOJUIEPOB 10 COOTHOLIEHHIO
LI€Ha/TIPOU3BOUTEIBHOCTb.

OrmmuntenbHbIME ocoOeHHOCTsIME PC-coBMecTMBIX KOHTposuiepoB cepun [-8000 (pucyHok 5.7)
SBIISICTCS €AMHBIA KOHCTPYKTHUBHBIA OJIOK, YJIy4YIIEHHBIE TEXHUYECKHE XapaKTEPUCTHUKU M Oojee
IIUPOKUI AWAMa30H PabounX TeMIIeparyp.

KoncrpyktuBao xontposuiep cepuu 1-8000 BbIOIHEH B BUJE OTAEIBHOrO OJIOKAa COJAEpPIKAIIEro
LEHTPaAJIbHBINA MTPOLECCOpP, UCTOYHUK MUTAHUS, MTAHENb YIPABICHNUS, KOMMYHUKAIMOHHBIE TOPTHI U
oT 4 10 8 CJIOTOB pacuupeHus.
Monaynu BBOJa-BbIBOJA YCTaHABIMBAIOTCS HEMOCPEJICTBEHHO B KOp3WHY KoHTpoiuiepa. Jlis
paclIMpeHust CUCTEMbI MOXKHO MCIIOJIb30BaTh CHEIMAIbHbIE KOP3UHBI PACIINPEHNUS, TOAKIIOYaeMble
no mmHe RS-485, unu otnensHbie MoyH BBoJa-BbiBoa cepun 1-7000.

Pucynok 5.7 — Buemnuii Bua kontposuiepoB cepun [-8000

Cepus xontposuiepoB WinCon-8000 (pucyHok 5.8) siBisieTCss JalbHEHIIIMM pa3BUTHEM cepuu [-
8000. Temepp 3TO nake He KOHTPOJUIEP, a MOJHOIEHHBbIH KommbioTep. OH pa3paboraH Ha Oasze
nporeccopa Intel Strong ARM 206MI 1, mmeeT BCTpOEHHBIN BUIIEOKOHTpoJuiep ¢ mopToM VGA,
pazbembl USB, PS/2 s MaHunmyssTopa M KJIaBUATYphl, a TakkKe BO3MOXHOCTb MOIKIIOYEHUS
Hakonuteneit crtangapra Compact Flash. Bce 3T0 maeT BO3MOXHOCTH HCIOJIB30BaTh 3TOT
KOHTPOJUIEP KaK MOJIHOLIEHHBIH MPOMBIIUIEHHBIN KomIbioTep. B To sxe Bpemst, WinCon coxpansier
annapaTHyo IPEeMCTBEHHOCTb ¥ OJHOCTHIO COBMECTHM CO BCEMU MOAYJISIMU BBOJIa-BbIBO/Ia CEPUU
[-8000. 1 nakownern, omnepanuonHas cuctema peanbHoro Bpemenu Windows CE.NET mozBonser
nporpammupoBate WinCon, ucnons3ys Visual Basic .NET, Visual C#, Embedded Visual C++, a
Takke coBpeMeHHble SCADA-cucremsl.
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Pucynok 5.8 — Baemnuii Buj koutposiepos cepud WinCon-8000

Cepus xontpoimepoB ADAM-5000 ¢upmbr Advantech (pucynok 5.9) mpencraBieHa MOAEIsSIMU
ADAM-5510 u ADAM-5511. Ot PC-coBmMecTUMBIE KOHTPOJUIEPHI OTKPBIBAIOT MOJIH30BATEISIM
HOBBIE BO3MOKHOCTM HMHTETPAIlMM CHCTEM BEPXHEro M HIDKHEro ypoBHs. [lomnepkka HIMPOKO
pacnpoctpaneHHoi muHEI MODBUS, BO3MOXHOCTH IpOrpaMMHUpOBaTh KOHTpOJUIEp B cpene Trace
Mode, nognepxka GSM-MoieMa — BCe 3TH JOCTOMHCTBA IO3BOJISIOT TIOBBICUTH Y00CTBO pabOTHI C
KOHTpOJUIEpaMHU, OOJIETYUTh IpOLEecC pa3pabOTKU CUCTEMBl W COKpPAaTHTh TpyA03aTpaThl Ha ee
CO3JIaHHE.

Pucynoxk 5.9 — Buemnuii Bug koutpoiuiepon cepuu ADAM-5000

C 1998 roma ¢upma Moeller BrIycKaeT mporpaMMUpyeMbIe pejie pa3IHYHBIX CEpHil MO 00IUM
HazBanueM EASY wu MFD-Titan. 3DTOT KOMIAakTHBII TPUOOpP CHAOXKEH MPOIECCOPOM,
SHEPrOHE3aBUCUMOM IAMATBIO, BCTPOCHHOW CHCTEMOW IPOTPAaMMHPOBAHUS, MUHHUATIOPHON
KHUJKOKPUCTAININYECKON MaHEeIbl0 U HECKOJILKMMH KHOTIKAMHM JIJIsl BBOJA MPOTPAMMBI M HEKOTOPBIX
IapaMeTpoB B npoliecce paboThl. Y CTPOMCTBO UMEET TUCKPETHBIE U AHAJIIOTOBbIE BXO/IbI M BBIXO/IbI,
U pa3inyHble (PYHKIMOHAJIbHbIE NpOrpaMMHBIE OJIOKM, TaKHe Kak TailMepbl, CUYETYMKH,
KOMIIapaTopbl, Yachbl PEAIBHOTO BPEMEHU U MHOTHUE JIPYTHE.

EASY400 — sto npocreiimue npudopsl, HMeroIye 8 BX0A0B (2 U3 HUX MOTYT OBITh aHAJIOTOBBIMH),
4 TpaH3UCTOPHBIX UM PEJCHHBIX BBIXO/A.

EASY600 umeror 12 BX0moB (2 M3 HUX MOTYT OBITh aHAJOTOBBIMH), 8 TPAH3WCTOPHBIX WU
6 peneifHbIX BBIXOJIa, a TAK)KE BO3MOXKHOCTH HApAaIIMBAaHUS KOJMYECTBA BXOJHBIX W BBIXOTHBIX
CHTHAJIOB 3a CUET TMOJAKIIOYCHUS MOMAYJS PACHIMPEHHUS, W BO3MOXXHOCTh WHTETPAIlMH B CHCTEMBI
VIpaBJICHUST TIPU TMOMOINM TOIKIIOYAEMbIX HHTEp(EHCHBIX MOMIyNIel ceTell mepenayd TaHHBIX
PROFIBUS-DP, CANopen, DeviceNet, ASi.

EASY500, EASY700, sBasitoTCSt TOCTOHHOM CMEHOM XOpOIIIo 3apekoMeHaoBaBmux cedbs EASY400,
EASY600 c yBenuyeHHbIM B TpH paza 0OBEMOM MaMATH M ¢ OOJNBIIMM, B 2 pa3a, KOJIMYECTBOM
(YHKIIMOHATIBHBIX OJIOKOB.

EASY800 umeroT 3HAYUTENLHO OONBIIYI0 (YHKIIMOHAIBHOCTh, OO0Jiee IMPOU3BOIUTEIIBHBII
MIPOIIECCOP U BO3MOKHOCTH O0BEIUHEHHS 10 8 YCTPOWCTB B CETh HA OCHOBE BCTPOCHHBIX CETEBBIX
BO3MOJKHOCTEH, 00ecreunBast 00y MPOTHIKEHHOCTH CETH 10 1 KM.

29



Cepus MFD-Titan uMeeT OpUTHHAIBHYIO KOHIICIIIIUIO - TPOrPAMMHUPYEMOE pelie TPEICTaBISICTCS
B BUJe COOpPHON KOHCTPYKLIMH U3 MPOLIECCOPHOTO MOJIYJIA, IUCIUIEHHOTO MOIYJs W MOIYJIS
BXOJIHBIX/BBIXOJHBIX CUTHAIIOB. Kaxk/1ast pa3sHOBUIHOCTh MOIyJIE UMEET HECKOJIBKO THUIIOB, TaK YTO
KOHCTPYKLIHS UMeeT O0JbIlIoe KOJTMYECTBO BAPUAHTOB - Ha BCe Citydau >ku3HH. [Ipu 3ToM 3Ta cepus
MOXET paboTaTh B TOM ke CETH ¢ IporpammupyeMmbiMu pese cepur EASY 800. Jucrneiinbii Moayib
nMeeT rpauIecKuii SKpaH ¢ U3MEHIEMOM MOJICBETKOM JOHA U CTETIeHb 3amuThl [P65.

[Tporpammuoe obGecnieuenre EASY-SOFT no3BosisieT Jerko U MpoCTO BBIMOIHATh KOH(PHUTYPAIHIO
CUCTEMBI, KOHCTPYHPOBATb MPOrpaMMbl HA IMPOCTOM  SI3BIKE PEIEHHO-KOHTAKTHBIX CXEM
C HUCIIOJIb30BAHUEM (1)YHKLII/IOH2UIBHBIX 6JIOKOB, MpOBOAWUTL OTJIIAAKY B pPCXKUMC HUMHUTAIUU
U co3aaBaTh an(aBUTHO-IIU(PPOBBIE U rpaduIecKre IKPaHbI Il CHCTEMBbl BU3yalTU3aIlHH.

B 2004 r. B cBet Bbinuin cepurt EASYS500 u EASY700, siBistoniyuecs: TOCTOMHONW CMEHOM XOpOIIO
3apekomenioBaBmmx cedst EASY400, EASY600 ¢ yBennueHHBIM B TpU pa3a 00BEMOM IMaMsITH
U B 2 pa3a OOJbIIMM KOJUYECTBOM (DYHKUIMOHAIBHBIX OJIOKOB. DTH MPOrpaMMHUpPYEMbIE pejie MOTYT
Takke€ HCIOJIb30BaTh B KadecTBe TepMmHHANa rpadudeckuii aucruier MFD ¢ BO3MOXXHOCTBIO
yAaJeHHs 10 5 M, 4TO 3HAYUTENIBHO pacuIupseT 00JIacTb UX MpUMEHEHus [2].

Takas spkas ramMmMa NOPOrpaMMHUPYEMBIX peJe IO03BOJIAET OXBATHTh IIUPOKUN KpYyr 3ajad
aBTOMaTHU3alMH [3], TAKUX KakK:

e VYIPABJCHUC HAPYXHBIM U BHYTPCHHUM OCBCIICHHEM B COOTBCTCTBUU C PA3JIMYHBIMU
3a/IaHHBIMHA aJITOPUTMaMU;

e PEryJIMPOBAaHHE TEMIEPATYPHl U BEHTWIALMM B JKWIBIX IOMEIICHMIX, HA MPEINPUATHUAX,
B TEILIMLAX U OpaHkKepesX;

e YIHPpaBJICHUC BHCHIHUM U BHYTPCHHHUM BO,I[OCHa6)KeHI/I€M J0Ma, (I)OHTaHaMI/I, dKBapuyMamu,
HAaCOCHBIMH CTaHIIUAMMU,

e  YIPABIIEHHE TPAHCIIOPTEPAMU U CMECUTEIISIMU;

e  YNPABIICHHE AIIAPAaTypOH Ha MOJABUKHOW TEXHUKE, HA KPaHAX, MyCOPOBO3ax;

e ofecrnieueHHe CUTHAIN3ALUU U OTIOBEIICHNUS;

e YNPABIICHHE arperaTHBIMU CTaHKAMH, IIPOU3BOICTBEHHBIMH JIMHUSAMMU U JIP.
KoHTpoJibHbIE BONIPOCHI

1. Kaxkwue COBPCMCHHBIC 3JICKTPOHHBIC CPCACTBA ABTOMATHUKH Bam usBecTtHBI? KaKon HUITY C
TOYKH 3pCHUA obOmactu IIPUMCHCHH OHU 3aHUMAOT?

2. Kakwue ¢pynxmym BeimonHsoT [IJIK?

3. Maiite kpatkyto xapakrepuctuky [IJIK LOGO! ¢pupmsr Siemens.

4. JlaiiTe KpaTKyr0 XapakTEepUCTUKY 3apyOexxHbIM oopasnam [1JIK.
Ils1aH MpaKTHYEeCKOro 3aHATUSA

1. Tlo 3amaHHBIM IpernoaBaTesieM yClIoBUsAM rpoussecTH Boioop ITJIK.

2. Tlo 3amaHHBIM TIpEIoJaBaTe]IeM YCJIOBHSIM pa3padOTaTh JOTHYECKYIO CXEMY YIIPaBJICHHUS
TEXHOJIOTHYECKUM 00bekTOM B mporpammHoi cpeae LOGO! Soft Comfort.
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Kontpoabubie 3ananus 1is CPC [1-4]
1. TloAroToBUTH OTBETHI HA KOHTPOJIbHBIE BOIPOCHI.

2. IlpoananusupoBaTh COBPEMEHHOE COCTOSIHHE u IIEPCIEKTHUBBI pa3BuTHUA
MHUKPOKOHTPOJLIIEPOB.

3. M3yuuth 35eMeHTHYIO 0a3y, OCHOBHBIE CBOKMCTBA M BO3MOKHOCTH MPHUKIIATHON MTPOTrPaMMBI
LOGO! Soft Comfort.

IIpakTnyeckas padora Ne4

Tema: UcnoJiIHUTeIbHbIE MEXaHU3MbI-MO3UI[HOHEPHI. M3ydyeHue ycTpoilicTBa M NPHHIUIA
padoTbl nHeBMaTH4ecKUX NPUBOA0B CAP ncnoTHUTEJIbHBIX YCTPONCTB.

Heas pa6Gortel: M3ydyenue ycTpoiicTBa, NpuHIMIIA PAOOTHI W HA3HAUCHUS IMHEBMATHYECKUX
YCTPOMCTB.

CTyaeHT [0/KeH 3HaTh. YCTPOWCTBO, MPHHLUUI PAOOTHl NMHEBMATHUYECKUX HCHOJHUTEIbHBIX
YCTPOMCTB.

CTyIleHT JOJIKEH YMETh! OOBSICHUTD IIPHUHIUII pa6OTBI, 0051acThb INPpUMCHCHHA, OOCTOHMHCTBA
IMTHEBMAaTHYCCKHUX WCIIOJTHHUTCIBHBIX YCTPOﬁCTB.

Teopetuueckoe o60cHOBaHUE:
IIneBMaTHUEeCKHUE UCIIOHATENbHBIE MEXaHU3MEI JCIISATCA HA MCM6paHHI)Ie " IOPIUIHECBEIC.

MemOpaHHBIE UCTIOIHUTENbHBIE MEXaHU3MbI UMEIOT T€PMETH3UPOBAHHYIO I10JIOCTh, OTPAaHUYEHHYIO
MOJIBUKHOM MeMOpaHOH, Ha KOTOPYIO TaBUT IpyXHuHA. [Ipu BIycke C)KaToro BO3JyXa IOJIOCTh
pacumpsieTcs, MeMOpaHa OTOJBMIaeTcs, CXKUMas NMpyXHHy. B MemMOpaHy BMOHTHpPOBaH KOHEIl
pabouero mToKa, KOTOPbIM HEMOCPEICTBEHHO CBSA3AH C PETYJINPYIOLIMM OPTaHOM.

Ycunue, coznaBaeMoe MEMOpPaHHBIM HCITOJIHUTENBHBIM MEXaHU3MOM, 0€3 yueTa TPEHHUSI MOKET OBbITh
orpezeneHo 1no ¢Gopmylie Ine yCUJIeHUE, CO3JaBaeMO€ HCIIOJHUTEIbHBIM MEXaHU3MOM; THUAMETP
MeMOpaHBbI; JaBJICHUE CXKATOTO BO3yXa; KOAG(UIIMEHT yIpyrocTu MPYKUHBI (Cuiia, HeoOxoaumast
JUISL CKATHSI IPY’KUHBI Ha €AMHUILY JJIMHBI); X0 pabovero mToka.

MemOpaHHbIe UCTIOTHUTENbHBIE MEXaHU3MBI BBIITYCKAIOTCA ¢ quameTpoM meMmOpansl 80-500 MM u
pabounm xo10M mToka 6-100 Mm.

B wronmpuyarom kiamaHe ¢ MeMOpPaHHBIM MCIOJHUTEIbHBIM MEXaHM3MOM IIPH BIIYCKE CXKATOIrO
BO3JIyXa 4epe3 oTBepcTue 1 B ronoBke 2 MeMmOpaHa 3 TOJ €ro JaBJICHHEM TOMAET BHU3, CKUMAs
NpYXUHY 4, paboumil MITOK MEXaHU3Ma 5 OMYCTUTCS U MPMXKMET UTOJIbYAThIN KiamaH 6 K Ceay.
Tpy6omnposox Oyner nepekpsbIT. [Ipu Beilycke c:kaToro Bo3ayxa KiamaH OTKPOeTCs Mo AeHCTBUEM
MPYKUHBI.
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MeMOpaHHBIE HCIIOJIHUTEIbHBIE MEXaHU3MbI BBIITYCKAIOTCS OTPETYJIHPOBAHHBIMU Ha TOJyYCHUE
MOJIHOTO X0Ja MPU U3MEHEHUH KOMaHIHOTO AaBieHus ot 9,8 no 98 klla.

Perynupyromee ycTpoiicTBO, Kak W3BECTHO, (OpPMHUpPYET OJMH M3 CTaHAAPTHBIX 3aKOHOB
pEeryJIupoOBaHUs M COCTOUT U3 DJIEMEHTOB CPaBHEHHS M (DOPMHUPYIOIIETO yCTPOHCTBA. DJIEMEHT
CpaBHEHHMsSI B TIHEBMAaTHYECKUX PETYJATOPAax BBHINONHAETCS B BUAEe COOpoK MeMOpaH, a

dopMupylolee ycTpoiicTBO — B BHAC y3Jla «COIUIO-3aCIIOHKa» M YCHIIUTEIS OXBAa4CHHOTO
OOpaTHBIMU CBSI3SIMH

Ou

1. Kopnye
2. Kpuuwen
3. Mayuxep
L. Cedno
3. MHM

f. KOHNAREM HOHMOXKHE YyOImMed

03

Puc. 1 Uronpuatselii kinanan ¢ MeMOpaHHBIM UCTIOJTHUTEIbHBIM MEXaHU3MOM.

Kmanan B OTKPBITOM ITOJIOKCHUHU

[THeBMaTHYECKUT HMCTIOTHUTEIBHBI MEXaHU3M CIY)KUT IS TpeoO0pa3oBaHUs KOMaHIHOTO
MMHEBMAaTHYECKOTO CHUTHaja C BBIXOJA PETYJHPYIONMIETO YCTPOMCTBA B  TEpEeMEIICHUE

perynupytomiero oprasa. Haubosnbiuee pacnpoctpaneHue Noayduin MeMOpaHHbIE HCIIOTHUTENIbHbIE
MEXaHU3MBI.

32



B kauecTBe nMuHUY CBS3U AJs Hiepeadyr HHGOPMAIMHU B THEBMAaTHYECKUX PETYIATOPaX UCIONb3YIOT
METAIJIMYECKHE WM IUIacTMaccoBble TpyOorpoBoabl. [lo HMM curHam B BHAE H30BITOYHOTO
JABJICHUS CXKATOr0 BO3/yXa, W3MEHAIOIIErocs K PErylupyrolieMy YCTPOWCTBY M OT 3TOrO
YCTpOIiCTBA — K HCIOJIHUTENbHOMY MexaHu3Mmy. [lonoOHble JIMHUM CBA3M ITHEBMOIIPOBO/IBI
XapaKTepU3yIOTCSl CYIIECTBEHHO OrPAaHMYEHHON CKOPOCThIO Mepenaud curHaioB. OpHako aiis
JOBOJIbHO MHEPLIMOHHBIX TEXHOJIOTHYECKHUX MPOIIECCOB HEPTIHON U Ta30BOI MPOMBIIIIEHHOCTH 3T
CKOpOCTh BIIOJIHE JocTaTouyHa. [IpOTSKEHHOCTh MHEBMAaTHYECKHX JIMHUM CBSI3M 3aMETHO
orpaHudeHa, 00ObIYHO OHA He npeBbimaet 300 M.

Jlisi MHEBMATUYECKUX PETYJISTOPOB HEOOXOAMMO HMETh OCOOBIH HMCTOYHHMK MHTAHHUS CHCTEMY
[IOJa4Yu C)KAaTOr0 BO3JyXa, OCYIIEHHOIO M OYMUICHHOIO OT MBUIM M Macila, C XOpOLIO
CTaOMIIN3UPOBAHHBIM JIaBJICHHEM . B OONBIIMHCTBE CllyyaeB sl 3TOM LEIH MPUXOJUTCS CO3/1aBaTh
CMEUUANBHYI0 CHUCTEMY BO3JIyXOCHAOXEHHs, K KadecTBY W HAJIEKHOCTH pPaOOThI KOTOPOH
MPEIBSBIIIOTCS IOCTATOYHO JKECTKUE TPeOOBaHMUS.

BaxkHast 0COOCHHOCTh MTHEBMATHYECKUX PETYJISTOPOB BBICOKHH YPOBEHb HMX JKCILTyaTallHOHHOM
HaiexHOCTH. OHU MOTYT 0€30TKa3HO PadOTaTh B TSKEIBIX IKCILTYaTAIIMOHHBIX YCIOBUSIX B TCUCHUE
JUTUTEIBHOTO BpeMEHH. B MX COCTaB HE BXOMAT JIEMEHTHI C CYIIECTBEHHO OIPaHUYEHHBIM CPOKOM
ciyO0bI. J[7st 9KCIITyaTaliui MHEBMATHYECKUX PETYIIATOPOB HE TPEOYETCsl BRICOKON KBATU(PHUKAIIUH
00CITy>KMBAIONIETO IEPCOHANIA.

Xoa paGoTsI:

1. U3yuuts paboTy U yCTpOWCTBO MHEBMATUUECKOTO UCIIOJIHUTEIBLHOTO YCTPOICTBA.
2. [Ipoananu3upoBaTh U3y4YEHHBIN MaTepual.
3. IlpoBepuTth, ycBOSCHHE MaTepHaja MPakKTHUECKOW pabOoThl, OTBETHB Ha BOIIPOCHI.

KoHnTpoJsibHbIE BONIPOCHI:

1. Kak paboTaet mHeBMaTHYECKU UCTIOTHUTEIIbHBIN MEXaHU3M?

2. [Ipenmy1iecTBa MHEBMATUYECKUX PUOOPOB MEPE]T AIEKTPUIECKUMU?
3. Kakue He1ocTaTKu NMEIOT THEBMAaTHYECKHE yCTpoiicTBa?

4. Kakue nueBmatuueckue npudopsl Bl emié 3Haere?

Conep:xanue oTuéTa

1. Homep, Tema u 11e1b paboThl

2. IlnceMeHHBIH OTBET Ha KOHTPOJIBHBIE BOTIPOCHI.

JIureparypa
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P. f1. UcakoBuy, B. E. Tlomanpko KonTposns u aBTomMaTu3anus 1o0ean HedTr U raza M.: «Henpa»
2013, c. 207-220.

IIpakTnyeckoe 3ansaTue Ned

Tema: Uzyuenue npuHuuna padboThl 3JI€KTPOMAarHUTHBIX My (T.
Leas padorsi: M3yueHue ycTpoicTBa, MPUHIIHUIA paOOTHl U HA3HAYCHUS DJICKTPOMArHUTHBIX My (T.
CTyaeHT 10JI5KeH 3HATh: Y CTPOWCTBO, MPUHIMIT PAOOTHI AJIEKTPOMAarHUTHBIX My (]T.

CTyaeHT 10/:KeH yMeTb: OObSACHUTH NPUHLIUT pabOTHI, 00JaCTh TPUMEHEHHUS IIEKTPOMAarHUTHBIX
MyT.

TeopeaneCKoe 000cHOBaHHE:

DJIeKTPOMArHUTHbIE My Thl. DTH MY(THI SIBISIOTCS CBSA3YIOIIUMH 3BEHBSIMH MEXKIy TIPHBOJIOM U
pabounm MexaHu3MoM. IlpuHIMI WX AEHCTBHS OCHOBAaH Ha AJIEKTPOMArHUTHBIX CBOWMCTBAX
CBSI3bIBAEMBIX HJIEMEHTOB. B 3aBUCHMOCTH OT BUJja CBSI3U MY (ThI [10/Ipa3AesIIOTCs Ha (GPUKIIMOHHBIE
CYXOrO TPEHHUS, BI3KOI'0 TPEHUs M pa3iIMyuHble HHAYKIUMOHHbIE. Perynupytomee Bo3aencTBre MydT
OCYLIECTBIISAETCSA 34 CUET U3MCHEHUS UX CLICTUICHHUS.

Puc. 1.1. DnexrpomaruutHas myd- Puc. 1.2. DnexTpomMarauTHas
Ta CyXOTO TpeHHUs: My(]Ta BI3KOTO TPEHHUS;
1 o6bmoTka; 2 kombII0; 3, 9 Ba- 1,2 momymydThl; 3 00MOTKa;

1el; 4 meTku; 5,6 momymydTel; 7 4 heppoMarauTHas cpena.
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MpyXUHA; 8 MITOHKA.
[Ipu BBIOOpE PTEKTPOMArHUTHON My(PThl HEOOXOAUMO YUUTHIBATh CIEAYIONINE TPEOOBAHUS:

W [IPUHIAI JIEHCTBUS MY(THI JODKEH COOTBETCTBOBATH TpPeOyeMOMy peXHUMY (ITO3UIIMOHHOTO
NEHCTBYS WU TIPU PETYJIMPOBAHUN YaCTOTHI BPAILICHUS) ¥ 00JIACTH MPUMEHEHUS

m MmydTa J0oDKHA OBITHh paccuMTaHa Ha TPeOyeMyr MOIIHOCTh W 00JagaTh Meperpy304HOM
CIIOCOOHOCTBIO; JIOJDKHAa obOecrmeunTh TpeOyembld kKoddduiueHT mnepenayu, Tpedyemoe
OBICTPOJICHCTBUE M HAJCKHOCTh; OBITh YIOOHOW B 3KCILTyaTaIllH U IIPOCTOW B 00CITY)KUBaHUH.

Mygma cyxoeo mpenus (puc. 1.1) cocTouT u3 ABYX mOIyMydT 5 1 6, COOTBETCTBEHHO CBSI3aHHBIX C
Bamamu 3 u 9 oOMOTKHM 1, B KOTOPYIO MOJAeTCsl TOK Yepe3 Koibla 2 u metku 4. Bemomas dacte
noJyMyQTsl 6 IepeMenaeTcs BJ0Ib OCH I10 IITIOHKE 8 U CBsi3aHa BaJIOM 9 ¢ paboYrM MEXaHU3MOM.
Benomas monymygra 6 oTkumaercs oT Beaymied 5 npyxkunoi 7. Ilpm momaue Toka B OOMOTKY
BO30YKJIE€HUS 3JIEKTPOMAarHUTHOE II0JI€, MPEO0JIeBasi yCUINE MPY>KUHBI, IPUTATUBAECT BEJOMYIO
noIyMyQTy. 3a CYET CHII TPEHHS MEXTy MOIyMy(hTaMH MepeaaeTcs: Kpy TSI MOMEHT C BEIYIIETO
BaJla Ha BEJOMBINA. J[JIs1 yBeIMYEeHUS TIepe1aBaeMoro KPyTSIIEro MOMEHTa My(ThI M3rOTaBIMBAIOT
MHOTO/IUCKOBBIMH.

Mygpmul 6sa3x020 mperus HeppONOPOIIKOBbIE UM MarHUTOAMYJIECUOHHBIE PAOOTAIOT MO MPUHIIUITY
HAMarHMYMBaHUsT MAarHUTHOTO TMOPOIIKa, 00pa3ys CLEIUISIONUI CI0i BEJOMOTO M BEIyIIEro
9JIEMEHTOB My(THI. XapaKTepHOH 0COOEHHOCTHIO TAaKUX MY(T SIBISETCS TO, YTO C YBEIHMYCHHEM
MarHMTHOI'O IIOTOKa BO3pAacTaeT MepeaaBaeMblil KPYTALIMI MOMEHT. DTO MO3BOJISIET UCIIOJIb30BATh
MyQTbI BA3KOTO TPEHUS B CUCTEMAaxX aBTOMaTUYECKOTO PEryJIMPOBAHUS YaCTOThI BPAIICHMUSL.

KoHcTpykTrBHas cxema My(ThI BA3KOTO TPEHHUS JUCKOBOTO THUIA, MOKa3aHa Ha puc. 1.2. MydTs
BS3KOTO TPEHHS PAa3IMYalOTCS MO KOHCTPYKTUBHOMY MCIOJHEHHIO PACHOI0KEHHEM KaTyIlIeK
(YHUNOJISIpHBIE, MHOTOIIOJIIOCHBIE), X YUCIIOM (OAHOKATyLIeYHble, MHOIOKaTyIeuHbIe); 0 (hopme
paboueil OBEpXHOCTH (IMCKOBBIE, IIMIMHIpUUYECKHe, OapabaHHble, KOHYCHBIE); M0 YHCITYy pabounx
3a30poB (OJHO- U MHOTOKaTyLIEYHbIE); O BUIY TOKOIPOBOJIOB ( C KOHTAaKTHBIMH KOJbIAMU U
OECKOHTAKTHBIE); 10 CKOPOCTH CpabaThIBaHUs (MATOMHEPLIMOHHBIE U HHEPLIMOHHBIE). Takue My QT
He 00sTCs Ieperpy3o0K, SABJIAI0TCS ObICTPOICHCTBYIOIMMYI UCIIOTHUTEIBHBIMU YJIEMEHTAMHU.

SJIGKTPI/ILIGCKI/IG HUCIOTHUTENbHBIE MeXaHM3Mbl. B 3aBUCHMOCTH THIIA IMpUHIMIIA I[Cf/iCTBPIH OTHU
MCXaHU3MBI IMOAPA3ACIIAOT Ha SJICKTPOMArHuTHBIC U 3JICKTPOABUTATCIILHBIC.

DJEeKTPOMarHUTHbIE MCTIOIHUTENbHbIE MEXaHU3MbI ABIISIOTCS Hanbosee MPOCThIMU HaJIe)KHBIMU U
ObICTpOoJeCcTBYIOIIMMU. VX MCHONB3YIOT AJS yNpaBlIeHUs] PA3IUMYHOTO pojia PEryIUpPYIOIIUMU U
3aTBOPHBIMU KJIallaHAMM, BEHTUJISIMH, 30JIOTHUKaMHU M T.J. [1o BUIy JBMKEHMS MCHOIHUTEIBHOTO
(perynupyroniero) opraia (IITOK, BEIXOJHOW Ball) 3JEKTPOMArHUTHBIE MEXaHU3Mbl TOPA3EIAIOT
Ha AJIEKTPOMArHUTHI C IPSIMOJIMHEHHBIM IBUKEHHUEM U JIEKTPOMArHUTHBIE MY(THI ¢ BpallaTeIbHbIM
JBUKECHUEM.

B 3aBucuMocTH OT TpeOOBaHMI AIEKTPOMArHUThl MOTYT OTIMYATHCA APYT OT JIpyra KOHCTPYKTHUBHO.
OpHako OHU UMEIOT oO0IIKe 37aeMeHTHl (puc.l.3): KaTylKy, NOABUKHBINA CEpICYHUK, BO3BPATHYIO
npyxuHy. C MOMOIIBI0 MOJBUKHOIO CEpAEUYHMKA DHEPrHsi MarHUTHOTO MOJiA mpeolOpasyercs B
MEXaHUYECKYI0 U 4epe3 LITOK MepefaeTcs 3amuparoieMy ieMeHTy. [lepememienue cepaeyHuka,
MIPY KOTOPOM MPOUCXOAUT ABMKEHUE 3allMPAIOIIETo AIEMEHTa, Ha3bIBalOT pab0YrM X0/I0M 0.
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[lo xapaktepy IBMXKEHHS CEpAE€YHMKA M CBA3aHHOTO C HHUM pETyJUPYIOLIEro OpraHa
ANIEKTPOMArHUTHBIE MEXaHU3Mbl TOAPA3ACNSAIOT Ha TSAHYIIME, TOJKAIOIIUE, IOBOPOTHBHIE,
yAEPKHUBAIOIINE U PEBEPCUBHBIE.

B TaHymmx MexaHu3max JIMHEHMHOE IIepeMEIEHUE CepACYHUKA HAIIPABICHO OT TOYKH IPUIIOKECHUS
MPOTHBOJCHCTBYIOIMX CHJI, 2 B TOJIKAIOIIUX — HA00OPOT. B MOBOPOTHBIX 3JIEKTPOMAarHUTHBIX
MeXaHU3Max MpHU MoJ1aue HAMpsHKEHUsT Ha 0OMOTKY KaTYIIKH CHIJIOBOM 3JIEMEHT IIOBOPAYMBAETCS HA
onpeeeHHbI yrou. IIpumenenne moBOPOTHBIX MEXaHU3MOB OTPAaHUYMBAETCS BCIIEACTBUE MAJIbIX
KpyTALIUMX MOMEHTOB U IPOMO3JIKOCTH KOHCTpYKIIUH. PeBepcuBHBIE

OJICKTPOMAarHuTHbBIC MCXAaHHU3MBI o0ecrneynBaroT U3MEHEHHE NEPEMCIICHUS CHIIOBOI'O 3JICMCHTA B

3aBUCHUMOCTH OT XapaKTEpa SJICKTPUICCKOTIO CUI'HaJIa. PCBCpCHBHBIﬁ MeXaHU3M OOBIYHO COACPKHUT
ABa 3JICKTpOMAarauTa, CECpACYHUKNU KOTOPBIX MEXaHNYCCKU
CBs3aHLI C 3aIlIlMPAOIIUM 3JICMCHTOM.

[Io 4ymciy mnoO3MIMI BBIXOAHOTO CHJIOBOIO 3JIEMEHTA
(perynupyromiero oOpraHa) paszjifyairoT OJHO-, IBYX U
TPEXIMMO3UIIUOHHBIC JJICKTPOMArHuTHBIC MCXAaHU3MBI. Yy
OOHOIIO3UIIUOHHBIX MCXAaHU3MOB IIpH IIOAA4Y€ TOKa Ha
06MOTKy KaTylIKnu CCPACUHHUK 3aHUMacT OAHO
ONPEIEICHHOE  TOJIOKEHHE. Y  JIBYXIO3UI[MOHHBIX
MEXaHU3MOB CUJIOBOM 3JIEMEHT 3aHHMMAET OJHO U3 JIBYX
MOJ0XEHUHM B 3aBUCHUMOCTH OT TOro, Ha 06MOTKy Kakoro
AJIEKTPOMAarHuTa NoJaeTCsl AJIEKTPUUECKUN TOK

Puc. 1.3. Dnekrpomaraut

o9 — 1 npyxuHa; 2 KaTyuika;

B i 3 ceprevyHUK; 4 MITOK.

Xoa pa0doThi:

1. M3yuuts paboTy U yCTPONWCTBO 3JIEKTPOMAarHUTHBIX My(T.

2. I[Ipoananu3upoBaTh U3y4EHHBIN MaTepHall.

3. IlpoBepuTthb, ycBOEHHE MaTepHalia MPakKTHUECKOH paboThl, OTBETUB HA BOIPOCHI.
KoHTpoJibHBIE BONIPOCHI:

1. Kak pabGoTatoT 3JeKTpOMarHuTHeie My ()ThI?

2. Kakue annapaThl Ha3bIBAKOTCSI UICIIOJIHUTEIBHBIMU YCTPOMCTBaAMU?

3. Kakue anexrpuueckre My(pThl IPUMEHSIOTCS B CUCTEMaX aBTOMATHKa?

4. Kakue >1eKTpUYecKre UCTIOIHUTEIbHBIE MEXaHU3MBbI BBI €111 3HaeTe?

Conep:xanue oTuéTa
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1. Homep, Tema u 1ienb paboTHI.

2. ITucbMeHHBIN OTBET HA KOHTPOJIbHBIE BOIIPOCHI.

Jlutepartypa

A. H. AnexcannapoBckas Apromatuka M.: «Akagemus» 2013, ¢.80-82.

© N o 0 &

10.
11.

12.

13.
14.

15.
16.
17.

Ilpunoswcenue 2
Bomnpocs! k 3a4eTy M0 IHCHUILINHE

ABTOMAaTHKa M aBTOMAaTH3alUsl IPOMBIIIEHHOTO IIPOU3BOCTBA.

VYnpaiieHue TEXHHYECKUMH 00bEKTaMHU, €r0 BUJbl U YPOBHU, CUCTEMBI, JJIEMEHTBHI.
[Tpubopsr u cpencrBa aBroMatu3anuu (CA), OoTBeyaromue COBPEMEHHBIM TpPeOOBaHUSI.
CootserctBue CA enunoi ['ocynapcTBeHHOM cucTteMe IpuOOPOB U CPEACTB ABTOMATH3ALUH
(I"CID).

JlaTuuKy U UCTIOJTHUTENbHBIE MEXAHU3MBI.

HcnonHuTenbHble MEXaHU3MBI: KilaccuUKalysl, Ha3HaYCHHE.

OpHocenenpHbIE KJIallaHbl, TPEXXOO0BbIE KIIAIIaHbI.

HcnomHuTENbHBIE MEXaHU3MBI: YCTPONCTBO, IPUHIIMIL JEHCTBYS, TUHUU CBSI3U.
[Iporpammupyemsbie norudeckue kontposuiepsl (I[IJIK): Haznauenue, nmpuHIUIT EHCTBUS.
[Iporpammupyemsbie noruueckue koutposuieps! (IVIK): knaccuduxanus, KOHCTPYKTHBHOE
UCIIOJIHEHUE, TEXHUUECKNE XapaKTEPUCTUKH.

YacToTHble peoOpa3oBaTey.

ITporpammupoBanue [1JIK Ha s3bikax crannapra IEC.

Wurtepdeiice! 1 MPOTOKOIIBI IS CBSA3M HIKHETO U cpeiHero yposHeid ACY: RS-485, ModBus
RTU, CAN, IEC.

WuTepdeiicsl 1 IpOTOKOIBI A CBSI3U cpeaHero u BepxHero ypoBHed ACY: ModBus TCP.

BbecripoBoHbie HHTEP(DENCH U TPOTOKOJIBI B CHCTEMaX aBTOMAaTH3aI[1H.

CoBpemeHHbIE cpeicTBa 00pabOTKM M OTOOpaKEHUS TEXHOJIOTMYECKON HHpopManuu.
Haznauenue,ctpykrypa u ¢pynkiuonuposanne SCADA-cuctem.

TexHuueckoe 00CITy’)KUBaHUE CUCTEM aBTOMATH3AIUH.

[IpoTrBOaBapuiiHas 3amKTa B CHCTEMAaX aBTOMAaTU3al1H.

Pe3epBupoBanue B cuCTEMax aBTOMAaTU3AlMH.
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I'po3HeHckuii rocygapcTBeHHbIN He(PTAHOI TeXHUYeckuii yHMBepcuTeT uM.akaa. M.Jl. MuiinoHIuKoBa
HNHCTUTYT 3HEPreTHKHU
I'pynna "ATIHII " Cemectp "3"
Jucuuniauna ""YnpasJjieHne HCHOJHUTEIbHBIMHE yeTpoiicTBaMu'"
Buiaer Ne 1

1.10. Tporpammuposanue ITJIK Ha s3p1KaxX cTanmaprta IEC.
2. CoBpeMeHHBIE CPECTBA M CHCTEMBl aBTOMATH3AIMH

IMoanuck npenogasaresisi IHoanuck 3aBeayromero kadeapo

I'po3HeHckmii rocyaapcTBeHHbI He(pTAHON TeXHMYecKkHil yHuUBepcuTeT uM.akal. M.JI. MuiMoHIIUKOBA
HNHCTUTYT 3HepreTuKU
I'pynna "ATIHII " Cemectp "3"
Jucuuniauna ""Ynpas/jieHne HCIOJHUTEIbHBIMHU yeTpoiicTBaMu'"

Buaer Ne 2
1. [TIpombIniicHHBIC UHTEP(EHUCHI U IPOTOKOJIBI
2. OgHocenenpHbIe KIalaHbl
Moanuck npenoxaBaTes I[oanuck 3aBenyromero kadeapoi

I'po3HeHcKkUil rocyapcTBeHHbIN He(PTAHOI TeXHUYecKkuil yHMBepcuTeT nM.akal. M./Jl. MusinoHmukoBa
HNHCTUTYT 3HepreTuKU
I'pynna "ATHII " Cemectp "3"
Jducnuniunaa "YnpasjieHue HCHOJHUTEIbLHBIMU yCTpoiicTBaMu"
Buner Ne 3

1. Kimaccudukanus uCIOMHATENBHBIX MexaHn3MoB (1IM) o BUIy HCTIONB3yeMOW YJHEPTHH;
2. IIpoMbIIIIEHHBIE KOHTPOJIEPHI

IMoanuck npenopaBaTtens Ioanuck 3aBeayrouero kadeapoi

I'po3HeHcKkHii rOCyJapCTBEHHBIN He(PTAHOM TeXHMYecKHil yHuBepcuTeT uM.akal. M.JI. MULJIMOHIIUKOBA
HWHCTUTYT 3HEpreTHKHU
I'pynna "ATHII " Cemectp "3"
Jducuuniuna "YnpasieHue MCIOJHUTEIbLHBIMYU ycTpoiicTBaMu"
Buner Ne 4

1. Onekrpuueckue UM coneHOnmHBIE (Ha OCHOBE AJIEKTPOMAarHUTA)
2. [IpuHIUI AEWicTBUS MPeoOpa3oBaTeNst YaCTOTHI

Hoanucek npenoxaBareJist Hoanuck 3aBeayrouiero kageapoi

I'po3HeHcKkMii TOCyJapCTBEHHBIN He(PTAHON TeXHMYecKHil yHuBepcuTeT uM.akal. M.J. MULJIMOHIIUKOBA
HWHCTUTYT 3HEepreTHKHU
I'pynna "ATII " Cemectp "3"
Jucnunauna ""YnpasJjieHue HCIIOJHUTEIbHBIMU ycTpolicTBaMu'

Buner Ne 5
1.10. Iporpammuposanue [TJIK Ha sa3p1kax crapmapta [EC.2. CTpykTypa 4acTOTHOTO IpeoOpa3oBaTes
Hoanucek npenoxaBareJist Hoanuck 3aBeayrouiero kageapoi

I'po3HeHckmii rocyaapcTBeHHbI He(PTAHON TeXHMYecKHil yHuBepcuTeT uM.akal. M.JI. MuJIMOHIIUKOBA
MHCTUTYT NPUKJIATIHBIX HHPOPMAIIMOHHBIX TeXHOJIOT Hii
I'pynna "ATIII-18m BATIIII-18m " Cemectp "2"
Jucuunauna ""YnpasJjieHue HCIIOJHUTeIbHBIMU ycTpolicTBaMu'"
Buier Ne 6
1. ITpoMBITIIIEHHBIE KOHTPOJUIEPHI
2. CoBpeMeHHBbIE CPEACTBA U CUCTEMbI aBTOMATU3aI1H
[oanucey npenogaBarteJist Hoanuck 3aBeayrouiero kageapoi

I'po3neHckmii rocynapcTBeHHbI HepTAHOM TexHnYecknii yuuBepcuTeT nm.akag. M.JI. MWLIHOHIINKOBA

38



HHCTUTYT YJHEpreTHKH
I'pynna "ATIII " Cemectp "3"
Jucuuniauna ""YnpasJjieHne HCIIOJHUTeIbHBIMU ycTpolicTBaMu'
Buner Ne 7
1. ITpubops! 1 cpexcTBa aBTOMAaTHU3aNK [ 0CYyJapCTBEHHOM CUCTEMBI TPHOOPOB U cpencTB apromaruzarmn (I'CIT).
2. OnHOCeneTbHbIE KIIalaHbl
Moanuck npenogasareist Moamuce 3aBenymonero kadenpoii

I'po3HeHckmii rocyaapcTBeHHbI He(pTAHON TeXHMYecKkHil yHuUBepcuTeT uM.akal. M.JI. MuiMoHIIUKOBA
HNHCTUTYT 3HepreTuKU
I'pynna "ATIHII " Cemectp "3"
Jucuuniauna ""Ynpas/jieHne HCIIOJHUTeIbHBIMU ycTpolicTBaMu'
Buaer Ne 8

1.1 Wutepdeiickl n MpOTOKOIIBI IS CBSA3H HIXKHETO U cpenHero ypoBaeil ACY: RS-485, ModBus RTU, CAN,
IEC.
2. lllaroBele ABUTaTENH

Moanuck npenogasareisi Monmuce 3aBenymonero kadenpoii

I'po3HeHckmii rocygapcTBeHHbI He(pTAHON TexHMYecknil yHuBepcuTeT nM.akaa. M./, MuuinoHImmKoBa
HNHCTUTYT 3HepreTuKU
I'pynna "ATHII " Cemectp "3"
Jducnuniuna "YnpasjeHue HCIOJHUTEIbLHBIMU yCTpoiicTBaMu"
Buner Ne 9

1. IIpOMBIIITIEHHBIE KOHTPOJUIEPHI
2. [IpoTrBOaBapuiiHas 3alluTa B CHCTEMaX aBTOMAaTH3AIMU

IMopnuck npenopapaTtes Ioanuck 3aBeayromero kadeapoi

I'po3HeHcKMii TOCYyapCTBEHHBIN He(PTAHON TeXHMYecKHil yHuBepcuTeT uM.akal. M.J. MULJIMOHIIUKOBA
HNHCTUTYT 3HepreTuKU
I'pynna "ATHII " Cemectp "3"
Jducuuniunaa "YnpasjieHue MCIIOJHUTEIbLHBIMU ycTpolicTBaMu"

Buaer Ne 10
1. DnekTpoMarHUTHEIE MY (PTHI
2. [IpuHIUI AEWCcTBUS MPeoOpa30BaTeNst YaCTOTHI
[Hoanmucek npenogasartens IMoamucek 3aBenyromero kageapoi

I'po3HeHcKkMii TOCyJapCTBEHHBIN He(PTAHON TeXHUYecKHil yHuBepcuTeT uM.akal. M.JI. MULJIMOHIIIUKOBA
HMHCTUTYT 3HEpreTHKHU
I'pynna "ATII " Cemectp "3"
Jducuuniuna "YnpasieHue MCIIOJHUTEJbHBIMU yCTpolicTBaMu"
Buaer Ne 11

1. IlpuHIA KeHCTBUS MPpeoOpa3oBaTelIsl YaCTOTHI
2.12. HnTepdeiicsl 1 TPOTOKOIBI U CBSI3H CpeHero u BepxHero yposHeir ACY: ModBus TCP.

Hoanucey npenogaBarteJist Hoanuck 3aBeayrouiero kageapoi

I'po3HeHckmii rocyaapcTBeHHbI He(PTAHON TeXHMYecKHil yHuBepcuTeT uM.akal. M.JI. MuJIMOHIIUKOBA
HWHCTUTYT 3HEpreTHKHU
I'pynna "ATIII " Cemectp "3"
Jucuunauna ""YnpasJjieHue HCIIOJHUTeIbHBIMU ycTpolicTBaMu'

Buser Ne 12
1. OgHocenenbHBIE KIIalaHbl
2. IlpuHiun gefcTBus MpeoOpazoBaTess YacTOThI
Hoanucey npenogaBarteJist Hoanuck 3aBeayrouero kageapoi
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I'po3HeHckuii rocyagapcTBeHHbIN He(PTAHOI TeXHUYecKkuii yHMBepcuTeT uM.akaa. M.Jl. Mu1inoHIuKoBa
HNHCTUTYT 3HepreTuKU
I'pynna "ATIHII " Cemectp "3"
Jucuuniauna ""YnpasJjieHne HCIOJHUTeIbHBIMU ycTpolicTBaMu'

bujer Ne 13
1. UcnionHuTEeNbHBIE MEXAHU3MBI - IO3ULIMOHEPHI
2. Tpexxo0BbIE KIIamaHbl
Ioanucey npenogaBarteJist Hoanuck 3aBenyrouiero kageapoi

I'po3HeHckmii rocyaapcTBeHHbI He(pTAHON TeXHMYecKkHil yHuUBepcuTeT uM.akal. M.JI. MuiMoHIIUKOBA
HNHCTUTYT 3HepreTuKU
I'pynna "ATIHII " Cemectp "3"
Jucuuniauna ""Ynpas/jieHne HCIIOJHUTeIbHBIMU ycTpolicTBaMu'
Buier Ne 14
1. Nnrepdeiichl n MpOTOKOIIBI Ul CBSI3H cpeaHero u BepxHero yposHeir ACY: ModBus TCP.
2. OnHoceeNnbHbIe KIanaHbl
Moanuck npenogasareisi Moamuce 3aBenymomnero kadenpoii

I'po3HeHcKkHii rOoCyJapCTBEHHBIN He(PTAHON TeXHMYecKHil yHuBepcuTeT uM.akal. M.JI. MUL/IMOHIIUKOBA
HNHCTUTYT 3HepreTuKU
I'pynna "ATHII " Cemectp "3"
Jducnuniunaa "YnpasjieHue HCHOJHUTEIbLHBIMU yCTpoiicTBaMu"

Buaer Ne 15
1. IlpyuHIMN KeHcTBHUS MpeoOpa3oBaTelIsl YaCTOTHI
2. DIEKTPOMAarHUTHBIE My (THI
IMoanuck npenopaBaTtens Ioanuck 3aBeayrouero kadeapoi
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