MHNHOBPHAYKHN POCCHUA

®enepallbHOE rOCYAAPCTBEHHOE OI0)KETHOE
00pa30BaTeNbHOE YUPEXKIECHUE BBICILIEr0 00pa3oBaHMs
«Tynbckuil roCy 1apCTBEHHBIN YHUBEPCUTET)

[TomMTEXHUYECKU UHCTUTYT
Kadenpa «IIpombiinenHas aBToMaTuka 1 poOOTOTEXHUKAY

VYTBepkaeHO Ha 3aceaHnU Kadeapsl
«IIpompbliieHHast aBTOMAaTHKa

U POOOTOTEXHUKA»

«17» suBaps 2023 r., mpotokos Ne 2

N.o. 3aBeayromiero kadenpoit

/ Z‘/K O.A. Ep3un
k=

METOJIMYECKUE YKA3AHUSA
MO MPOBEJEHUIO MPAKTUYECKHUX PABOT
MO JJUCHUIIJIMHE (MOJIYJIIO)

Cucmemot ynpaeéienua mexnuuecCKumu 00vbeKmamu u mexHo102udecKumu
npoueccamu

OCHOBHOI MpodeccnoHaATIBLHON 00pa30BaTEIbHOI MPOrPAMMBI
BbICIIETr0 00pa30BaHUA — IPOrpaMMbl DaKaJIaBpuaTa

10 HAIIPaBJIECHUIO TOATOTOBKHU
29.03.03 Texnosiorust noJurpagpuueckoro ¥ ynakoBO4HOro nmpou3BocTBa

C HaIPaBJICHHOCTHIO (TIpoduiiem)
TexunoJiorusi nosurpaguyecKoro Nponu3BoaAcTBA

dopmbl 00yUeHUS: 3A0UHAA

N nentudukaimonHsiii HoMep oOpazoBaTenbHOU porpammel: 290303-01-23

Tyma 2023 ron



JIUCT COI'ZIACOBAHUA
MEeTOAUYECKUX YKAZAHUM 10 NMPOBEACHUIO MPAKTHYECKUX 3aAHATHI
AUCHUIUIMHBI (MOIYJIs1)

Pa3pador4uk:

o~y
SkoBineB B.C., JOIIEHT, KAHI. TEXH. HAYK JeQd S

@UO, donicHocmy, yueHas cmenets, yueHoe 36anue) (noonuce)



COJEPXAHUE

Ne

Tema
3aHATHA

J OBIIME CBEJEHNA O TEXHHMYECKHUX CPEJACTBAX
ABTOMATU3AINA U YIIPABJIEHUA

2 bunapHbie 1 I POBHIE U3MEPUTETBHBIE YCTPONWCTBA

3 AHaJI0OroBbI€ U3MEPUTEIbHBIE YCTpOKCTBA (4acTh 1)

4 AHaJIOrOBbIE U3MEPUTEIbHBIE YCTPOKCTBA (4aCTh2)

5 CTpyKTypHBIE CXEMbl HM3MEpPUTEIBHBIX IpeoOpazoBaresent
(AI1). Metposiorndeckue xapakrepuctuku UII.

6 JIMHUY CBSI3U U3MEPUTENIBHBIX YCTPOUCTB
Hopwmupyromume npeodpa3oBaTely. YcrporicTsa,

7 oOecnieunBaroImue padboOTy JaTYUKOB BO B3PHIBOOMNACHBIX
ITOMELLECHUX

8 [TPOMBIINIJIEHHBIE ITU®POBBIE HHTEP®ENCHI

9 YCTPOMCTBA CBSI3U C OFBEKTOM

10 ABTOMATHNYECKUE PET'YJIATOPHI

11 N3MEPUTEJIN-PET'YJIATOPBI

12 I[TPOITPAMMUIPYEMBIE JIOTMTHECKHWE KOHTPOJIJIEPBI

13 YCUWJINTEJIM MOITHOCTHU

14 VCIIOJTHUTEJILHBIE YCTPOMCTBA

15 OBBEKTHI YIIPABJIEHUA




3ansrue 1

Conepxkanue:

OBIIIHUE CBEJAEHUA O TEXHUYECKHUX CPEJACTBAX
ABTOMATHU3AIIUU U YIIPABJIEHUSA

3agaHue K NPaKTHYECKOMY 3aHSTHIO:
1. CocTaBUTH TOTUYECKYIO CXeMy 0a3bl 3HAHHI 10 COAEPIKAHUIO OJIOKA.
2. CocTaBUTh TEPMHUHOJIOTMYECKHUNA CIIOBAPb.
3. BbImonHUTH BCE MyHKTHI, NEPEUMCICHHBIE B pa3zelie MOArOTOBUTEIBHOTO
ATana K MpakTUYeCKOMY 3aHSATHIO.

IIpakTHyeckoe 3ausiTue (J1eJI0Basi Urpa)
enu: 1. 3akpenuTh U yriayOuTh U3y4aeMblil MaTepuai CTyIeHTAMU.
2. YMeTb HU3IIOXKHUTH CBOIO TOYKY 3pEHHUS MO BOIpocaMm 00paboTKH,

XpaHEeHUsI U nepeauu uHPopMaIuu.

VYyactHuku: CTyIeHTHI pacipefesieHbl Ha 3 MOArPYIIIIbL:

-5t moarpymnna — 3aKka34uky (3aJar01Ine BOIpOCHl);

2-s1 moArpynna — CueUaInucThl (OTBEYAIOe Ha BOMPOCHI);

3-1 moArpymma — S3KCHepTHas rpynmna (OIEHUBAIONIME MPABWIBHOCTD
(hOpMyITHPOBKHU BOTIPOCOB M OTBETOB HA HUX).

Bpewms: 90 munyT.

1. loaroroBuTeabHBINA 3TAN (IOMALIHASA padoTa):

1. [ToaroToBUTH MaTEepui MO paHee BBIJAHHOW Ha TeKyllee 3aHsAThe (B KOHIIC
NPEeabIAYIIEro 3aHATHS ) MPEroaaBaTeIeM TEMeE:

- COCTaBUTb IJIaH OJIOKA;

- COCTaBUTh TEPMHMHOJIOTMYECKHUM CJIOBAph: BBIIMCATh BCTPEUAEMbIE B TEKCTE
0JI0Ka TEPMUHBI U JJaTh UM PAcCIIU(PPOBKY;

2. ITo conepkanuto 6JI0Ka COCTABUTH JIO I€CSTH BOTIPOCOB.

3. BBITb TOTOBBIMU OTBETHTH Ha BOIPOCHI [0 pacCMaTpuBaeMoil TeMe. YMETh
OIICHUTb BOIMPOCHI U OTBEThHI YYACTHUKOB Oyy4H B MOJTPYIINE SKCIEPTOB.

4. OgopMuUTh JOMAIITHIOK PabOTy B BUJE OTUETA.

2. ITopsiioKk npoBeleHUs] MPAKTUYECKOT0 3aAHATHSA
1. Opranuzauusi 3aHsATUA (MPOBEpKa MPUCYTCTBYIOIIMX M TOTOBHOCTH K
3aHSATUSM, OOBSBICHUE TEMBI UCXO/ISl U3 COACPKAHUS TEKYILEro 3aHsITHs). (5 MUHYT.)
2. Pacnipenenenue Ha MOATPYIIIBI U JIOBEJACHUE MOPSIKA MPOBEACHUS 3aHATHS.
(5 MuHYT.)
3. IlpucBoeHwe  TMOATpyIaM IEPBOHAYAJIBHBIX  pojiel  (3aKa34yuKH,
CIIELMAIIUCTBI, IKCIEPTHAsT TpyIa). (5 MUHYT.)



4. OOcyxaeHue CTyJAEHTaMH NOATPYIIl BOMNPOCOB, BBIHECEHHBIX Ha
NPaKTHYECKOE 3aHATHE C LEIbI0 BRIPAOOTKH OOIIUX MO3UIUI:

4.1. Bonpockl CO CTOPOHBI MOATPYHIbl 3aKa34yMKOB. (15 MUHYT.)

4.2. OTBEeTHI CO CTOPOHBI MOATPYMIbl CHEHUATUCTOB. (15 MUHYT.)

4.3. OueHuBanue MOATPYMHION SKCIEPTOB BOIIPOCOB U OTBETOB YYACTHUKOB. (15
MUHYT.)

4.4. Muckyccuu. (10 MuHyT.)

4.5.BpipaboTka 0o0meld mo3uuMM K Oo0Iero MoAxoJa K BOIpocam
paccMaTpuBaEeMbIM Ha TEKYILEM 3aHATHUU COIJIACHO €ro TeMe. (5 MUHYT.)

5. O6cyxneHue mpenojaBaTelieM W CTapIIMMU TPYNI OLEHOK YYaCTHHKOB
3aHATUA. (5 MUHYT.)

6. IlonBeneHue MTOroB 3aHATHS C OOBSBICHHEM OKOHUYATENBHBIX OLEHOK
YYaCTHUKOB MPAKTUUYECKOTO 3aHATHUSA. (5 MUHYT.)

7. OOBSABIICHHE TEMBI M COJEPKAHUS CIEAYIOIIEr0 MPAKTUYECKOro 3aHATUs. (5
MUHYT.)

1. OBIIMUE CBEJAEHUA O TEXHHYECKHUX CPEICTBAX
ABTOMATHU3AIIUU U YIIPABJIEHUSA

[Tpon3BOACTBEHHBIEC MPOIIECCHI XaPAKTEPHUIYIOTCSI MHOKECTBOM PETYINPYEMBIX
BEJIMYMH: TEMIIEPaTypOH, MaBIEHUEM, PAcX0JI0OM, KOHIICHTPAIIMEH U T. 1., KOTOPHIC
Ha3bIBAIOTCSl MapamMeTpaMu mporecca. YToObl TEXHOJIOTHYECKOE 000pyIOBaHUE
pabotasio B Tpebyemom pexume, To ecTb ¢ BbicokuMm KIIJ[, ¢ 3amanHo#
POU3BOAUTENHFHOCTHIO, JAaBAJIO MPOIYKIIMIO HEOOXOJMMOTO KauecTBa M paboTaso
HAJC)KHO, HEOOXOIMMO TOJJIEPKUBATh BEIMYMUHBI, XapaKTEPU3YIOIIUE IpoIecc, B
OOJBIIMHCTBE CIIy4aeB IOCTOSHHBIMH. OJTa BaKHEHIIas 3ajada BO3JIOXKCHA Ha
NPOMBIIIUICHHBIE CUCTEMBl aBTOMATHYECKOTO PETYJIMpPOBaHUS U CTAOWIM3AINU
TEXHOJIOTHYECKUX MPOIIECCOB.

IIpoMBIIIUIEHHBIE CUCTEMBI PETyJIMPOBAHUSA 3aHUMAKOT BTOPOW ypPOBEHB
COBPEMEHHBIX MEPAPXUUECKUX CUCTEM YIPABICHUSA TEXHOIOTHYECKUMH IPOLIECCAMM.
Wx rnaBHasg 3ajadya COCTOMT B TOM, YTOOBI CTaOMJIM3UPOBATH TEXHOJOTHYECKHE
napaMeTpbl Ha 3aJaHHOM YpPOBHE. OTHM 3aHMMAIOTCA CHUCTEMBI aBTOMAaTHYECKOMN
cradbmwin3anuu. B 3Tux cucremax curHan 3afaHusi (yCTaBKa PEryssiTopa) OCTAETCs
IOCTOSIHHBIM B T€UEHUE JUIUTEIBHOTO BpeMEHU padoThl. [[pyroil, He MeHee Ba)KHOM
3a/1a4ei, sIBISAETCS 3a/1a4a MPOTPaMMHOTO YIIPaBJIEHUs TEXHOJIOTUUYECKUM arperaTtom,
4yTO 00ECIEeYnBaeT MEePexo/i Ha HOBbIE PeXUMBI paboThl. Pemienue 3Toil mpoOaemMsl
OCYULIECTBJISIETCS C MOMOILIBIO TOM M€ CHUCTeMbl ABTOMATHYECKOW CTaOMIIM3allNH,
3a1aHUE KOTOPOU U3MEHSIETCSA OT IPOrPaMMHOTO 3a1aTYMKa.

B coBpeMEHHBIX TEXHOJOIMYECKUX KOMIUIEKCAX UMEKOTCS COTHU U THICSYHU
KOHTYpPOB pEryJIMpOBaHUs, OT KaueCTBEHHOW pabOThl KOTOPHIX BO MHOTOM 3aBHUCHUT
KauecTBO BbIAaBaeMoOil mpoaykiuu. [losromy st OOJBIIMHCTBA MPOMBIIICHHBIX
CAP nHeoOxoMMa JOCTaTOYHO BBICOKAss TOYHOCTh MX paboTel. [Ipu 3TOM rimaBHOE



Ha3HAYEHUE CUCTEMBI CTA0MJIM3ALMU - 3TO KOMIIEHCALMS BHEIIHMX BO3MYIIAKOLIUX
BO3JICHCTBUIA, IEHCTBYIOIIUX HA OOBEKT yIPABIICHHUS.

1.1. OcHOBHBIEC IOHATHS U ONPeIeSIeHUS

N3meputenbHblii  npeodpa3oBaTteb - TEXHUYECKOE CpEICTBO C
HOPMAaTUBHBIMU  METPOJIOTUYECKUMH  XapaKTEPUCTHKaMH,  ClyXKalee s
npeoOpazoBaHusl U3MEPSAEMON BEJIMYMHBI B JIPYTYIO BEJIMYUHY WM U3MEPUTEIbHBIN
CUTHAJ, YAOOHBIN myis 0oO0pabOTKH, XpaHEHUs, JaIbHEHIINX MpeoOpa3oBaHU,
uHaukanuu 1 nepenaur. UII wnm BXonuT B cocTaB Kakoro-iubo MU3MEPUTEIBHOTO
YCTpOMCTBa (M3MEPUTEIBHOrO MpUOOpa, AAaTYMKA) WM NPUMEHSIETCS BMECTE C
KaKHUM-TTHOO CPEICTBOM U3MEPEHUSI.

JIaTYUK - KOHCTPYKTHBHO OOOCOOJICHHBIM 3JI€MEHT H3MEPHUTEIbHOU WIH
pEeryJIUpYIONIe CHUCTEMBI, TPEAHA3HAUYCHHBIM I mpeoOpa3oBaHUs HU3MEpsieMOon
(¢u3nuecKoil BEIWYMHBI B YJIOOHBIA JUISI CUMTHIBAHUS WM  JAJbHEWUIIEro
UCIIOJIb30BaHUs U 00pabOTKU CUTHA.

Peryasitop - cinegut 3a paboToil 00beKkTa yHpaBiCHUS KaK CHUCTEMBI U
BbIpa0aThIBACT Il HEE YNPABISIOIINE CUTHAJIBL. PerynsTopsl ciieasT 3a ”3MEHEHHEM
HEKOTOPBIX IMapaMeTpoB OOBEKTa YIPABICHHUS M pPEAarupyloT Ha WX H3MEHEHHE C
MOMOIIbI0O HEKOTOPBIX QJITOPUTMOB YIIPABICHUSI B COOTBETCTBUU C 3a/IaHHBIM
KaueCTBOM YNPABJICHUS.

Yupapaswmuid (TEXHOJOTHYECKHI) KOHTPOJLIEP — aBTOMAaTHYECKOEe (Kak
IpPaBUIIO, MHUKPOIIPOLIECCOPHOE) YCTPOWCTBO, COJEpIKAIIEE pa3INYHbIE KaHAJIbI
BBOJIA/BBIBOZIA W TpEIHA3HAUYCHHOE IS  pENICHUs  3ajad  yIpaBIICHUS
TEXHUYECKUMHU/TEXHOJIOTHUESCKIUMHU TPOIIECCAMHU.

ABTOMATH3MpOBaHHasi cucTtemMa ynpasienus wiu ACY — KoMIUIeKC
alrmapaTHbIX M IPOTPAMMHBIX CPEACTB, NPEIHA3HAYCHHBIM JUISl  YIIPABIICHUS
Pa3IMYHBIMHA TPOLECCAMHU B PAMKax TEXHOJOTHYECKOTO IIPOIEcCca, MPOU3BOICTBA,
npeanpusaTua. ACY DpuUMEHAIOTCS B Pa3IMYHBIX OTPACISAX HNPOMBIIIIEHHOCTH,
DHEPreTUKEe, TPAHCIIOPTE U T.II.

ABTOMATH3MPOBAHHASL  CHCTeMa  YNPAaBJEHHS]  TEXHOJOTHYECKUM
npoueccom wiu ACY TII — pemaer 3amauyd ONEpaTUBHOTO YIIPABICHUS H
KOHTPOJISL.

1.2. ®yHKIUM ABTOMATU3UPOBAHHBIX CHCTEM yIIPaBJIeHUSs
U TPeOOBAaHMS K HUM

Texnuueckne cpeacTBa aBTOMATH3ANMKM W YIPaBICHUS TPUMEHSIOTCS B
COCTaBE aBTOMATU3MPOBAHHBIX CHCTEM YIIPABICHUS, PACCMOTPUM WX (YHKIHH H
TpeOOBAHUS K HUM.



Cucrema ynpaBiieHHs HIPOLECCOM OOBIYHO BBIINOJHAET MHOIO Pa3Iu4HBIX
(GYHKIIHH, KOTOphIE MOXKHO pa3ieiIuTh HAa TpH Oosbinue rpynmsl (puc. 1.1.):

e cOOp U OLIEHKA JIaHHBIX TEXHOJIOIMYECKOT0 MPOIECCa - MOHUTOPHHT

® yIOpaBJ€HUE HEKOTOPHIMU MMapaMEeTPAMHU TEXHUYECKOIO MPOLIECCa;

® CBs3b BXOJHBIX W BBIXOJHBIX JAaHHBIX - OOpaTHas CBS3b,
ABTOMATHUYECKOE yNpPaBJICHUE.

anams
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Puc. 1.1 OcHoBHBIE (DYHKIIUU CUCTEMBI YIIPABICHUS

MouuTopuHr

MonuTopuHT mporecca win c6op uHGOPMAIMU O MPOIECCEe - 3TO OCHOBHAS
(GyHKIMS, TpUcyllas BCEM CHCTEMaM yIpaBiieHUus. MOHHUTOpPUHT - 3TO cOop
3HaYEHUI NMEePEeMEHHBIX MPOLIEcca, UX XPAHEHHUE U OTOOpaKEHUE B MOAXOALICH IS
qesioBeKa-onepaTopa gopme. MOHUTOPUHT MOXKET OBITH OTPAHUYEH JIUIIb BBIBOJOM
NEPBUYHBIX WK 00pabOTaHHBIX JAaHHBIX HA SKpaH MOHUTOpa WM Ha Oymary, a
MOKET BKJIIOYATh OoJiee CIOKHBIE (YyHKIIMHM aHalu3a W oToOpaxeHus. Hampumep,
EPEMEHHbIE,  KOTOpPbIE  HENb3sl  HEMOCPEACTBEHHO  HU3MEPUThb,  JOJIKHBI
pacCUUTBHIBATLCSA WIIM OLICHUBATHCA HAa OCHOBE HUMEIOIIUXCS U3MepeHuu. [lpyrou
KJIACCUYECKOM YepTO MOHUTOPHUHIA SBJISETCS MPOBEPKA TOrO, UTO U3MEPEHHbBIE WU
paccUUTaHHbIE 3HAUEHUSI HAXOASTCS B AOMYCTUMBIX ITpeiesax.

Korga ¢yHkuuu cuctemsl ympaBieHHs MPOLIECCOM OrpaHUYEHbl COOpOM U
OTOOpaKEHHUEM JAHHBIX, BCE PEUICHUSI 00 YIPABISIOUIUX JACUCTBUSX MPUHUMAIOTCS
OmepaTopoM. DTOT BHJ  YIpaBJICHUS, HA3bIBAEMBIA CYNEPBU3OPHBIM WM
JTUCTAHIIMOHHBIM YIIpaBJIE€HUEM, OBbLI OYEHb PACIPOCTPAHEH B MEPBBIX CHUCTEMax
KOMITBIOTEPHOTO yrpaBiieHus rnporeccamMu. OH 10 CUX TOp MPUMEHSIETCSI, 0COOCHHO
JUISl OYEHb CJOXHBIX M OTHOCHUTEJIBHO MEUIEHHBIX MPOLECCOB, TAE€ BaXHO
BMEIIATEIHCTBO YeoBeKa. [IpuMepoMm SBISIOTCS OMONIOTHYECKHE TPOIECCHI, TIIE
ONPEICICHHYIO YacTh HAOIIOICHUI HEJIb3s BHIMOJHUTD C MOMOIIbIO aBTOMATHKHU.

IIpy moCTyIuIEeHMM HOBBIX JAHHBIX MX 3HAYECHHE OLICHMBACTCS OTHOCUTEIBHO
JOIyCTUMBIX TpaHuIl. B Gosee pa3BuUTO# cUCTEME KOHTPOJISI HECKOJIBKO PE3yJIbTaTOB
MOTYT KOMOWHHpOBAThCS Ha OCHOBE 0oJjiee WM MEHEE CJIOKHBIX MpaBWi IS
IIPOBEPKH, HAXOAUTCS JIM MPOLECC B HOPMAJIIBHOM COCTOSIHMM WJIM BBIIIEN 34 KaKHUe-



au0o0 AomyCcTUMBIE Tipenesbl. B eme Ooiee COBpEMEHHBIX PEUICHHUSIX, B OCOOCHHOCTH
INOCTPOCHHBIX Ha SJKCIEPTHBIX CHCTeMax Wiy 0Oa3ax 3HaHWN, KOMOWHUPOBAHHAs
ornepatuBHas MHGOPMAILUS OT JATYUKOB OOBEAMHSIETCS C OLEHKAaMH, CIETaHHBIMU
OIIEPaTOPAMHU.

Yupasienue
VYmopaBnenue - 3170 QyHKIus, oOpaTHas MOHUTOPUHTY. B mpsmMoM cwmbicie
yOpaBJIEHUE O3HAYAET, YTO KOMAaHJAbl YIPABISIIOIIEr0O KOHTPOJUIEpAa TMOCTYMNAKT K
UCIIOJIHUTENFHBIM MEXaHU3MaM i BO3ACHCTBUS Ha ¢usnueckuil mpouecc. Bo
MHOTHX CJIy4asX Ha IIapaMeTpbl IMpoLecca MOXHO BO3JECUCTBOBATh TOJIBKO
ONIOCPENOBAHHO YEPE3 IPYTUE NTAPAMETPhI YIIPABJICHHUS.

ABTOMAaTHYECKOE YIIPaBJIeHHe
Cucrema, KoTOopas IEHCTBYET aBTOHOMHO M 0€3 TPSIMOTO BMEIIATEIIbCTBA
oreparopa, Ha3bIBAeTCs aBTOMarmueckoi. CucTeMa aBTOMATHYECKOTO YTPABIICHUS
MOYKET COCTOSATH W3 OJIHOTO WM HECKOJBKHUX TMPOCTHIX KOHTYPOB YIIPABIICHHUS
(omHOTO IS KaXKIOW Taphl BXOTHBIX M BBIXOJHBIX MEPEMEHHBIX TPOIlecca), a TakKe
u3 0oJiee CIOKHBIX PETYIISATOPOB CO MHOTUMH BXOJIaMH U BBIXOJIAMH.

Cucrema MOXeT OBITh OJHOYPOBHEBOW (JIOKaIbHOM), T.e. pemaTh 3aaadu
yIpaBICHUS 711 OJJHOTO 0OBEKTa - OJJHUM, HE CBS3aHHBIM C JPYTUMHU PETYISITOPOM
(KOHTPOJLIIEPOM).

PaccmoTprM TIpOCTYIO JIOKaJIbHYI0, OJHOKAHAJBbHYIO CHCTEMY YIIPaBIICHHS
(puc.1.2.):
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Puc. 1.2

Ha puc. 1.2. npuHAThI cneayrone 0003HauYeHUs:

NII — u3zmeputenbHbIi TpeoOpa3oBaTeib;

HIT — nHopmupyronuii mpeodpa3oBaressb;

J1 — naT4uk;

OV — 00beKT ynpaieHus (TEXHOJIOTUIECKUN 0OBEKT);



P — perynsarop;

NY — ucrionHuTENpHOE yCTPOUCTBO;

JIC — nuHuu cBA3M.

Tenepb n300pazum 3Ty cXeMy, UCIOJIb3Ysl JIEMEHTHI TEOPUH aBTOMATHUYECKOTO
ynpasienus (puc.1.3.):

I
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Puc. 1.3

Ha puc.1.3. npuHsTH crnieayromniue 0003HaAYCHUS:

31 — 3a7aro11ee yCTpoicTBo; X - curHan 3a/1aHus;

AP — aBTOMaTUYECKUN PETYIATOP; € - paccoznacosanue;

YM — ycuimTenb MOITHOCTH; Z - go3myujerue.

MM — HCOTHUTEIBHBIN MEXaHU3M;

PO — pabouwnii opran;

OV — 00beKT ynpaBieHus;

HIT — nHopmupyromuii mpeodpa3oBaressb;
J1 — naTymK.

Perynarop mo curHamy paccorjacoBaHusi (GOPMHUPYET YIPaBIISIONIEe
BO3JICUCTBHE.

XapakTepHOl OCOOCHHOCTBIO CXEMBI SBISETCS HaIM4YUE HOPMHUPYIOIIETO
npeoOpazoBatenst HII, obecneunBaromniero paboTy aBTOMaTHYECKOTO PEryiasiTopa co
CTaHJapTHbIMU 3HadeHUsAMU Toka (0-5 mA) wunu Hanpspkenus (0-10 B).
Hopmupyromuii mpeoOpa3zoBatesb BBIIOIHAET ClAEAYOMNE (PYHKIIUU:

1) mpeoOpa3yeT HecTaHAAPTHBIM BXOAHON curHan (mB) B cranaapTHbII
BBIXOJHOW CUTHAJI,;

2) ocymIecTBIsACT PUILTPAIMIO BXOHOTO CUTHAJIA,

3) OCYHCCTBILICT JIMHCAPU3ALINUIO CTaTUYECKOM XApPaKTCPUCTUKU OATUHKaA C
LCJIbIO ITOJIYYCHUA JIMHEWHOTO JAuaria3oHa,

4) OpUMEHUTENBHO K TEpPMOIApe, OCYIIECTBISIET  TEMIEPATypPHYIO
KOMIICHCAIMIO XOJIOJTHOTO CIasi TEPMOIIAPBL.

IIpumep — peryasitop Temneparypbl
PaccmoTpum 0ak, 3alOJHEHHBIN KUIKOCTBIO, TEMIIEpaTypa KOTOPOU JOJIKHA
NOJIePKUBATHCA MOCTOSAHHOM (puc. 1.4.).

Bce curnanbel B 3TOM NpuUMepe - aHAJOTOBbIE, T. €. U3MEHEHUE TEMIIepaTypbl
OTCIIEKUBAETCS HEMPEPHIBHO.



Temneparypa wu3MepsieTcsi HAaTYUKOM, BBIXOJAHOE HAIMpPSHKEHUE KOTOPOIro
OPOMOPLMOHATIBHO TEKylled Temmeparype (IpONOpUUMOHAIbHAS ~3aBHCHMOCTH
CYILLIECTBYET KaK MHUHHMYM B HMHTEpECYIOLIEM Juamna3zoHe Temieparyp). Tekyiuee
3HAUYEHUE TEMIIEPATypbl CPABHUBAETCA C TPEOYEeMbIM(OMOPHBIM) 3HAUEHUEM, KOTOPOE
XpaHUTCS B MaMATH pEryJisaTopa. BenuunHa paccoriiacoBaHus pacCUUTHIBAETCS IO
Pa3HOCTU MEXAY OTIOPHBIM M U3MEPEHHBIM KaU€HUSMHU.

Puc. 1.4 Tlpocras
CUCTEMA PETYJIUPOBAHUS
TeMIEPaTypbl

B  3aBuCMMOCTM OT HCIOJHMTEIBHOIO MEXaHM3Ma -  YCTpPOMCTBA,
HEIIOCPEACTBEHHO BIIMSIOIIETO Ha MPOLECC, - MEHIETCSA BUJ YIPABIISAIOIIETO CUTHAJIA,
NOJAIOIIEr0oCs Ha €ro BXOA. TeMmmepaTypy MOXKHO pPEryJIMpoBaTh C ITOMOIIBIO
HarpeBaress, IMEPUOJNYECKH BKJIIOYAeMOr0 Ha 3aJaHHBIM MHTEPBAJl BPEMEHM, WU
UCTIOJIb30BaTh TEIUIOOOMEHHUK, COSMHEHHBIN ¢ TPyOOIpPOBOAaMHU Mapa M XOJIOJHON
BOAbl. B mepBoM ciydae ynpaBisSIOIIMM ACHCTBUEM SIBIIAETCS MOMEHT BKJIIOUYCHHMS
HarpeBaTess; BO BTOPOM - PETYJIHMPOBAHUE OCYIIECTBISAETCS 34 CYET OTKPBITHS WU
3aKpBITHA KJIAMIAHOB TPYOOIPOBOIOB Mapa U OXJIAXKAAIOIIEH KUIKOCTH.

Ecnm TemnoeMkocTh 0Oaka BedWKa, TO IIOCTOSHHAasT BpPEMEHH UWMEET
OTHOCHUTENILHO OoubIiioe 3HadeHue. HaoGopot, ecim oObem Oaka HEOOJNBIIOW, a
HarpeBarellb MOIIHBIA, TO TIOCTOSHHAs BPEMEHHM IMIpoliecca Majla W CHCTEeMa
yIpaBjeHUs JOJKHA JOCTATOYHO YacTO BKIIOYATh WM OTKIIOYATh HarpeBaTellb.
Takum 00pa3oM, Mpu MPOCKTUPOBAHUH CUCTEMbI YIIPABICHUS JOJKHBI OBITh YUTEHBI
OCHOBHBIC JUHAMHUYECKHE XapaKTePHUCTUKH IIpoIiecca.



Cucrema MOXET OBITh MHOTOYpOBHEBOHM, T.€. COCTOSITb HAalpuUMeEp, U3
JIOKaJIbHBIX KOHTPOJIJIEPOB U LEHTPAIbHOM ynpasistome OBM.

JIJIs MHOTOYPOBHEBBIX CHCTEM YIPABJICHHUS CYIISCTBYIOT JBa OCHOBHBIX
MOJIX0/Ia K pear3alii 0OpaTHOM CBSI3H:

o npsimoe uudponoe ynpaiaenue (III1Y, Direct Digital Control -
DDC) nuenrpanbHas OBM  paccUuThIBa€T  yIPABISIONMIME  CUTHAIBI IS
UCTIOJHUTENBHBIX YCTPOHCTB. Bce naHHble HaOMIOEHUS NepefaroTcsi B IOJIHOM
o0beMe OT JAATYMKOB K LEHTPY YIPaBJICHUS, a YIPABISIONIME CUTHANIBI - 0OpaTHO K
VICIIOJTHUTEIIbHBIM YCTPOUCTBAM.

o pacnpenesieHHoe mnpsiMoe uudpoBoe ynpasieHusi (Distributed
Direct Digital Control - DDDC) BelUHCIUTENIbHAS CUCTEMA UMEET PacIpeeiICHHYIO
apXUTEKTYpy, a LHU(PPOBBIE PErYyJIATOPbl PEATU30BAHBl HA OCHOBE JIOKAJIbHBIX
IPOLIECCOPOB, T. €. PACIOJIOKEHBI BOIM3M TeXHUUYECKOro mpouecca. OBM BepxHux
YPOBHEH YIIPABIIEHUS! PACCUUTHIBAIOT OMOPHBIE 3HAYEHHS, a JIOKAJIIbHBIE ITPOIIECCOPBI
OTBETCTBEHHBI IIABHBIM 00pa30M 3a HEMOCPEACTBEHHOE YIpaBICHUE TEXHUYECKUM
IpolLeccoM, T. €. BBIPA0OTKY YNPABIAIONIMX CUTHAJIOB JMJI HCIOJIHHUTEIbHBIX
MEXaHW3MOB Ha OCHOBE JAHHBIX JOKAJIbHOIO MOHUTOPUHIA. DT JIOKanbHble DBM
BKJIFOYAIOT B ce0s1 IIU(POBBIE KOHTYPHI yIIPABIICHUS.

Paznmuune wmexmy npsMbiM 1HU(POBBIM YIIPaBICHUEM U pacIpeiesieHHbIM
OpSIMBIM LIU(PPOBBIM YNPABICHUEM 3aKJIIOUAETCS B TOM, YTO B IIEPBOM CiIydae, Jaxke
pU HAJIMYUHU HECKOJIbKUX DBM, OHM 3aHMMAIOTCS TOJNBKO Nepenadeil HHPpOopMaLuu
U HE NOPUHUMAIOT peleHuit (kpoMme MeHTpambHoro OBM) 00 ymnpaBistonmx
neictBusax. HampoTtus, B pacnpeneneHHoi ctpykrype 9BM Ha ypoBHSX mpoiiecca,
ydacTKa M OOIIEero ynpaBieHUs MOTYT AEHCTBOBaTh 0OOJEe WJIM MEHEE aBTOHOMHO M
HE 3aBUCAT OT HeHTpanbHOU DBM. Kak yke yka3plBaJIOCh, 3TO pa3andue BIUSET U Ha
HAJIe)KHOCTh CIIOKHOW cuctembl. [lpu oTkaze nentpanpsHor OBM, ynpasistomas
cucrema tuna [11{Y ocranaBnuBaercs, a pacrpeeneHHas CUCTEMA, 1aKe IIPU OTKa3e
OJIHOTO WJIM HECKOJBKHMX DJIEMEHTOB, XOTS M yTPAaTUT 4YacTh (DYyHKIMMI, HO Oynaer
IPOJ0JIKATh PaboTy.

Bonee npocras u apxanunas popma aBTOMAaTU3UPOBAHHOTO yIPABIICHUS
- 3TO TaK HA3bIBAEMOE yNpaBJieHHE ONMOPHBLIMH 3HAUYeHUsiIMU (setpoint control).
OBM paccuuThiBaeT OMOPHBIE 3HAYEHHUSA, KOTOPHIE 3aTeM MEPeNaroTcsi OOBIYHBIM
aHaJOTOBBIM peryisitopam. B stom ciaydae OBM npumeHsieTcss TOJNBKO ISt
BBIUMCIICHUH, & HE 11 U3MEPEHUN WU T€HEPALMU YIIPABIISIOMINX BO3ICHCTBUM.

1.3. TpeGoBaHus K NPOMBINLJIEHHBIM CHCTEMaM yIIPABJICHUSA

OcHoBHEBIE Tpe6OBaHI/I$I K IIPOMBINIJICHHBIM CUCTEMAaM YIIPAaBJICHUA:

1) Ilpombimuiennas CAY pomkHa oOecreyuBaTh YCTOWUYHMBOE YIIPABIICHHE
IIPOLIECCOM BO BCEM JHMana3zoHe Harpy30K Ha TEXHOJOTUYECKUN arperar.



2) CucreMa goibkHa oOecriedrMBaTh B OKPECTHOCTU paboyell TOUKHU 3aJJaHHOE
KaueCTBO MIPOIIECCOB YIpaBJICHUS (Bpems NIEPEXOHOrO npotecca,
nepeperyanpoBaHue U K0Jie0aTeIbHOCTD ).

3) Cucrema nomkHa oOecrieuMBaTh B YCTAHOBHMBIIEMCS PEKHUME 3a/JaHHYIO
TOYHOCTB peryiaupoBanus. JKenareapHo 00eCeunuTh HYJIEBYIO CTATUYECKYIO OLITUOKY
perynupoBanus. Kpome 53Toro »enaTesibHO 00€CHeudTh 3aJaHHYI0 JAMCIEPCUIO
OLIMOKH PETYJIUPOBAHMUS.

Bce atu ycnoBusi OyAyT BBINOJHSATHCS, €CIM OOBEKT YIpPaBICHUS SIBISETCS
CTallMOHApHBIM, JHOO €ro Bapualudd [apaMeTpPoB JOCTATOYHO Majbl U
KOMITEHCUPYIOTCS 3amacaMy YCTOMYMBOCTUA CHCTEMBI. DTOMY CIIOCOOCTBYET TO, YTO

OONBITMHCTBO  TMPOMBINIJIEHHBIX CHUCTEM — OTO CHUCTEMBl aBTOMATHYECKOM
cTabmin3anuu 3alaHHblX TnapameTpoB. CepuiiHble peryIaTopbl 00ECIeYHBAIOT
YCTOWYNBBIN npouecc pEryJamupoBaHUs MTOJABJISIFOILIETO OOJIBIIIMHCTBA

IPOMBIIUIEHHBIX OOBEKTOB IPHU YCIOBUH, YTO MPABUIBHO BBIOpAaHBI HACTPOMKH
peryJaropa.

Uem Bblllle TpeOOBaHUSI K KAuyeCTBY pETyJIHPOBaHUS, TeM Oojiee CIOXKHOU U
noporoit 6yaet cucrema. [losromy npu coznanuu CAY cTpemsTcs HaWTU pa3yMHBIN
KOMIIPOMHUCC MEXIY KaueCTBOM PETYJHUPOBAHUS M 3aTpaTaMu Ha aBTOMAaTH3ALMIO
TEXHOJIOTUYECKOTO TIpolLiecca.

1.4. CoBMeCTUMOCTD CPeICTB ABTOMATHU3AIUM.

NudopmanuonHas cCOBMeCTUMOCTb — 3TO COBMECTHMOCTb, 00€CTIeUnBaroIias
COTJIaCOBAaHHOCTHh CHUTHAJIOB CBS3M IO BHJIaM UM HOMEHKJIAType WX WH(POPMATUBHBIX
napaMeTpoB, NPOCTPAHCTBEHHO BPEMEHHBIM U JIOTUYECKUM COOTHOIICHUSIM U TUITY
JIOTHUKH.

CymiecTByIOT YHU(DUITMPOBAHHBIE CUTHAIBI CBSI3W TMPOTPAMM U almapaTHBIX
CpencTB u UHTEP(HEHUCHI, KOTOPBIE MPEACTABISIOT COO0M COBOKYITHOCTH MPOTPAMM H
arnmapaTHbBIX CPEICTB, 00ECTICUNBAIOIINX B3aUMOICUCTBHE YCTPOMCTB B CUCTEME.

I[I/IaHaSOH HU3MCHCHMUA YHI/I(l)I/ILII/IpOBaHHOFO CHUTHaJla HE€ 3aBHUCUT OT
H3M€pH€MOﬁ BCIMYWHBI 1 MCTOJa N3MCPCHHAL.

Wurepdeiic — cuctema yHU(PUIIUPOBAHHBIX CBSA3€H, CUTHAJIOB, IPOrPAMMHBIX U
anmapaTHbIX CpEACTB, C IOMOIIBIO KOTOPBIX YCTPOHCTBO HH(POPMAIMOHHO
yIPaBISIEMON TEXHUKA OOMEHUBAETCS JPYT C IPYTOM.

B coctaB unTepdeiica BXoIAT:

- TIEPEYCHb CUTHAJIOB B3aMMOJICHCTBUSI YCTPONCTB M MPaBUIO OOMEHA ITUMHU
CUTHAJIaMU — TIPOTOKOJIa 0OMEeHa.

- COBOKYMHOCTb TEXHMYECKHX CPEJCTB, OCYIIECTBISIEMBIX IMpUEM-TIEpeaady
uH(GOPMAITUU TI0 JIMHUSIM CBSI3U: KOHCTPYKIIMOHHBIC AJIEMEHTHI (pa3beMm, Kabemnn),
00ecIeunBaIINe COCIUHECHUS Y3JI0B 0e3 pa3paboTKH JOMOJHHUTEIBHBIX CPEIICTB
(manmpumep, ETHERNET wnu npumep tenedona ¢ pazpremamn).



DNEKTPUYECKHUE CUTHAJBI MOJYyYHSId HauOOJbIIee pacCHpOCTPAHEHHE, TaK Kak
10 CPABHEHHIO C OCHOBHBIMU CUTHAJIIAMH ITO3BOJIMIIM MOJYUYUTh BBICOKYIO CKOPOCTH U
TOYHOCTH Tepeadyu UHPOpMAIMU MPU OTHOCUTEIIBHO HU3KON CTOMMOCTU MPOKJIAJAKU
1 MOHTAa)ka JUHUH CBSI3H.

Brinenstor ciemyromuye cTaHaapThl:

- YHU(DHUIIMPOBAHHBIC CUTHAJIBI IIOCTOSTHHOTO TOKa!

0..5MA

0..20mMA

4..20MA (04eHB pacIPOCTPAHCHHBIN CTAHIAAPT, MEXKIYHAPOIHBIN CTAaHIAAPT)

Oco0EeHHOCTh TMOCJIENHET0 CTaHAapTa B TOM, YTO pabdOTaeT B JABYXIIPOBOJIHOMN
JMHUU CBSI3M W 3a4acTyI0 TMPUMEHSAETCS Ha B3PBIBOOMACHBIX U T0KAPOOIACHBIX
00BbEeKTaxX.

- yHU(DUIIMPOBAHHBIN CUTHAJI TTIOCTOSTHHOTO HATIPSIKEHUS
0..£5B

0..£10B

- CUTHAJIBI YaCTOTHI:

4.8kl

- YHU(UIIUPOBAHHBIE CUTHAJIBI IEPEMEHHOTO HATIPSIKEHUS:
0..2B

- IUCKPETHBIN AJIEKTPUUECKUN CUTHAI:

1~24B+15%

0~(0..2.5)B£10%

ITHeBMaTHYeCKHE CUTHAJIBI.

Hcnonb3ytores Tam, ri€ He IPUMEHHMBbI 3JIEKTPUYECKHE CBA3U (HarpuMep, BO
B3PBIBOOIACHBIX IOMEIEHUSX ).

CymectBytoT [OCTbI MHEBMAaTUYECKUX CUTHAJIOB:

0..1 atu (aTmMmocdep TexHUUECKUX N30BITOUHBIX ) — AHAJIOTOBBIE CUTHAJIBI.
JIMCKpeTHBIN CUrHa:

1 ~(0.9...1.54) atn

0~(0...0.1) aTm.

I'mppaBianyecknid CUrHaJI.



IIpumensierca g ynpaBieHUs THUIPABINYECKUMH  HMCIOJHHUTEIbHBIMHU
MexaHn3MaMM. Tak Kak THIpaBIMYECKUE CHTHAIBI HCIOJB3YIOTCA I Nepefadyu
uH(popMalMi BHYTPH (YHKUMOHAIBHO 3aKOHYEHHBIX JJEMEHTOB, TO OHU HE
CTaHJApPTU30BaHBI.

I[I/IaHaSOH HU3MCHCHUA YHI/I(l)I/ILII/IpOBaHHOFO Curiaja HE 3aBUCUT OT
HSMGPHGMOﬁ BCIIMYMUHBI U MCTOda U3MCPCHU.

Hurepdeiic — cuctema yHUPUIIUPOBAHHBIX CBSA3€H, CUTHAJIOB, IPOrPAMMHBIX U
anmapaTHbIX CpEACTB, C IOMOINBI0 KOTOPBIX YCTPOHCTBO HH(POpPMAIIMOHHO
yIPaBISIEMON TEXHUKA OOMEHUBAETCS JPYT C IPYTOM.

B coctaB unTepdeiica BXoaAT:

- TIEPEYCHb CUTHAJIOB B3aMMOJICHCTBUSI YCTPONCTB M MPaBUIO OOMEHA ITUMHU
CUTHAJIaMU — TIPOTOKOJIa OOMEHa.

- COBOKYIHOCTh TE€XHHYECKHX CPEJACTB, OCYIIECTBISIEMBIX MpHEM-TIEpenady
uHGOpPMAIIUU 10 JUHHUSIM CBSI3U: KOHCTPYKIIMOHHBIE 3JIEMEHTHI (pazbeM, Kabemnn),
o0ecneunBarOIINe COCAMHEHHUs Y3J0B 0€3 pa3pabOTKH JOMOJHUTEIBHBIX CPEICTB
(nanpumep, ETHERNET unu npumep tenedona ¢ pazbemaMu).

KoHncTpykTHBHAsi €COBMECTHMOCTBL - 3TO COBMECTHMOCTb  CBOICTB,
00€eCeynBaIIMX COrJIacOBAaHHOCTh KOHCTPYKTUBHBIX MapaMETPOB U MEXAHUYECKOE
COIPSKEHME TEXHUUYECKUX CPEACTB, & TAKXKE BBIIIOJHEHUE IPTOHOMUUYECKUX HOPM U
ACTETUYECKUX TPEOOBAaHUM.

IKCIUTyaTAIIMOHHASI COBMECTHMOCTh - 3TO COBMECTUMOCTh CBOMCTB,
o0ecreunBalIMX  pabOTOCIIOCOOHOCT, U HANEKHOCTh  (PYHKIIMOHHUPOBAHUS
TEXHUYECKUX CPEJCTB TIPH COBMECTHOM HCIIOJIb30BAaHHH B TIPOU3BOICTBCHHBIX
YCIIOBUSX.

MeTtposornyeckass COBMECTMMOCTb - 3TO COBMECTHUMOCTh BbIOpaHHBIX
METPOJOTMYECKHUX XapaKTEPUCTHK U CBOMCTB CPEACTB UBMEPEHU, 00eCTIeUnBAIOLIUX
CONOCTaBUMOCTb PE3YyJIbTATOB HU3MEPEHUM M BO3MOKHOCTBH pPACUeTa IMOTPEHIHOCTH
npu paboTe B COCTaBE CUCTEMBI.



3ansrue 2

Copep:xanmue:
bunapubie 1 uudpoBbIe U3MEPUTEIbHbIC YCTPOUCTBA

3agaHue K NPaKTHYECKOMY 3aHSITHIO:
1. CocTaBUTh TOTUYECKYIO CXeMy 0a3bl 3HAHHI 10 COAEPIKAHUIO OJIOKA.
2. CocTaBUTh TEPMHUHOJIOTUYECKHUNA CIIOBAPb.
3. BbINONHUTH BCE IMYHKTHI, NEPEUUCICHHBIE B pa3felie MOATOTOBUTEIBHOIO
sTana K NpakTUYeCKOMY 3aHSATHIO.

IIpakTHyeckoe 3aHATHE (1e10Bas UTPA)
enu: 1. 3akpenuTh U yriayOuTh U3y4aeMblil MaTepuai CTyIeHTAMU.
2. YMeTb HU3II0XKHUTh CBOIO TOYKY 3pEHHS MO BOIpocaMm 00paboTKH,

XpaHEeHHUs U nepeaud UHPopMaluu.

VYyactauku: CTyIaeHTBI pacpeieneHbl Ha 3 TOArPYIIIbL:

-5 moarpymnna — 3aka34uky (3aJaroline BOIpOCHl);

2-s1 moArpynna — CuenuaIucThl (OTBEYAIOIE Ha BOPOCHI);

3-1 moarpymmna — 3KCIepTHas rpynna (OUEHUBAIOIIME MPaBUIBLHOCTD
(GopMyITHPOBKH BOIIPOCOB M OTBETOB HA HUX).

Bpewms: 90 munyT.

1. lloaroroBuTeabHBINA 3TAN (IOMALIHASA padoTa):

1. [ToaroToBUTH MaTepui MO paHee BHIJAHHOW Ha TeKyllee 3aHsATue (B KOHIIE
MPEABIIYIIETO 3aHATHS) PETIOJaBaTeIeM TeEME:

- COCTaBUTb IJIaH OJIOKA;

- COCTaBUTh TEPMHMHOJIOTMYECKHUM CJIOBAph: BBIIUCATh BCTPEUAEMbIE B TEKCTE
0JI0Ka TEPMUHBI U JaTh UM PACIIU(PPOBKY;

2. ITo conepkaHuto 6JI0Ka COCTABUTH JIO IECSTH BOIIPOCOB.

3. BbITb TOTOBBIMU OTBETHTH Ha BOIPOCHI [0 pacCMaTpuBaeMoOil TeMe. YMETh
OIICHUTH BOMPOCHI U OTBETHI YYACTHUKOB OY/Iy4H B MOATPYIIIE YKCIEPTOB.

4. OpopMuUTH JOMAIITHIOK PabOTy B BUJE OTUETA.

2. [lopsiiok npoBeAeHNHs NMPAKTUYECKOT0 3aHATHS

1. Opranuzanus 3aHATHS (IIPOBEpPKAa MPHUCYTCTBYIOIIMX W TOTOBHOCTH K
3aHSATUSM, OOBSBICHUE TEMBI UCXO/ISl U3 COACPKAHUS TEKYILEro 3aHsITHs). (5 MUHYT.)

2. Pacnipenenenue Ha MOATPYNIBI M JIOBEICHUE MOPSAKA MPOBEACHUS 3aHATHS.
(5 MuHYT.)

3. IlpucBoeHwe  TOATpyIaM IEPBOHAYAJIBHBIX  pojiel  (3aKa34yuKH,
CIICLIMAIIUCTBI, DKCIIEPTHAsT TpyIa). (5 MUHYT.)

4. OOcyxneHue CTyJACHTaMH TOATPYII  BOMPOCOB, BBIHECEHHBIX Ha
PaKTHYECKOE 3aHATHE C IETbI0 BRIPAOOTKH OOITUX TTO3UIIHM:



4.1. Bonpochl CO CTOPOHBI MOATPYNIbl 3aKa34yuKOB. (15 MUHYT.)

4.2. OTBEeTHI CO CTOPOHBI MOATPYMIbI CHEHUATUCTOB. (15 MUHYT.)

4.3. OueHuBaHue MOATPYNION SKCIEPTOB BOIIPOCOB U OTBETOB YYACTHUKOB. (15
MUHYT.)

4.4. Tuckyccuu. (10 MUHYT.)

4.5.BpipaboTka 0o0meld mo3uuuMM K 0o0Iero MoAxoJa K BOIpocam
paccMaTpuBaEeMbIM Ha TEKYILEM 3aHATUU COIJIACHO €ro TeMe. (5 MUHYT.)

5. OOcyxneHue mpenojaBaTelieM W CTaplIMMU TPYyNN OLEHOK YYacCTHHUKOB
3aHATHA. (5 MUHYT.)

6. IlonBeneHue WTOroB 3aHATHS C OOBSBICHHEM OKOHUYATENIBHBIX OLEHOK
YYaCTHUKOB MPAKTUYECKOTO 3aHATHUSA. (5 MUHYT.)

7. OObsiBICHUE TEMBI U COJIEP’KAaHUS CIEAYIOUIETO MPAKTUUECKOro 3aHsaTHs. (5
MUHYT.)

2. UBMEPUTEJIBHBIE IPEOBPA3OBATEJIN (UI1), JATYUKHU

Jlist 60BIIMHCTBA (PU3NYECKUX BETUUYUH CYIIECTBYET MHOKECTBO Pa3IMYHbIX
U3MEPUTEIBHBIX  TEXHOJIOTMM,  XapaKTepU3yeMbIX  3aBHUCHUMOCTBIO  MEXAY
BbIpa0aThIBAEMbIM CUTHAJIOM U U3MEPseMOW BETUYMHON. B cocTaBe M3MepUTeIbHOro
YCTPOMCTBA WM JaT4MKa MOXXHO BBIICIHTh - II€PBUYHBI W3MEPUTEIbHBIN
npeobpa3zoBarenb, T.€. Ta YacTh, Ha KOTOPYK HEMOCPEACTBEHHO JIEHCTBYET
U3MepsieMasl BEJIMYUHA, U BCE MOCIECAYIOINE COCTABIIAIOIINE U3MEPUTEIBLHON LEH -
usMepurTeabHbie npeoodpasosareau (MUII). Camo ycTpoHCTBO B LIEJIOM HA3bIBAIOT
U3MEpPUTEIbHBIM MPeoOpa3oBaTesieM WM JaTYMKOM (II€pBOE Ha3BAHHE MPUMEHSAETCS
KaK MpaBuIIo, K aHAJIOTOBBIM U3MEPUTENIbHBIM YCTPOUCTBAM).

Meton wu3MepeHus MEPBUYHOTO H3MEPUTEIIBHOIO Mpeo0pa3oBaHUs YacTo
onpeneNsieT Ha3BaHHWe caMoro npubopa. YacTe mepBUYHOrO mpeoOpazoBaTeis, Ha
KOTOPYK0 HEINOCPEACTBEHHO JEHUCTBYET W3MepseMas BEJIMYMHA  HAa3bIBACTCS
YyBCTBUTEJIBHBIM  DJIEMEHTOM. [IpomexyTounble npeoOpa3zoBaTeidi  MOTYT
BBIMONHATh (YHKIUU YCUJIEHUS, JUHEapu3aluu, MpeoOpa3oBaHME poOJa CHUTHaa,
HOpManu3anuu, (HOpMHpPOBAHHE CTaHAAPTHOro curHaia. HopmupoBaHHBIM curHa
OOBIYHO SIBJIAETCS CTAHIAPTHBIM YHU(DUIIMPOBAHHBIM.

EcTrecTBeHHBIH CHIHAN

E:_ [Tepeuunsrii | TpomexyTounbIii _Li‘-”PM”ImBm”IHFI
MI1 " MIT CHIHAI
Puc. 2.1

3neck X — uzMepsiemas puznyecKkasi BeIHunHa



Paznnuaror TPHU KJIaCcCa JaTHYHUKOB!:

o OMHapHbIE (IBOMYHBIE) JATUYUKH, KOTOPBIE BbIPAOATHIBAIOT CHUIHAJ
TOJIBKO JIBYX YPOBHEH: "BKIIFOUEHO/BBIKIIIOUEHO" (MHaye roBops, 0 wiu 1);

o U pOBbIE TaTYUKH, FEHEPUPYIOLIUE MOCIEI0BATEIbHOCTh UMITYJIHCOB
WIH IBOUYHOE CJIOBO;

o aHAJIOrOBbIE JATYMKW, T. €. M3MEpPUTENbHbIE MpeoOpa3oBaTey,
BbIpa0aTHIBAIOIIME AaHAJIOTOBBIA CUTHAIL.

B OOnpIIMHCTBE  HM3MEPUTENBHBIX  YCTPOMCTB  BBIXOJAHOW  CHIHAJ
ANEKTPUYECKUH, OJJHAKO JOBOJBHO YAaCTO BCTPEYAIOTCS M MHEBMATHYECKUE JATYUKU
['maBHOE IOCTOMHCTBO AJIEKTPUUYECKUX AATUYMKOB - 3TO TMOKOCTh M pazHooOpasue
croco6oB 00paboTku curHayia. CreayeT OTMETUTh, UYTO JJIEKTPUUYECKUN CUTHAJ
MOJKHO IepefaBaTh Ha OOJIBLINE PACCTOSIHUS C OYEHb MaJIbIMM 3aTpaTaMU YHEPrHUH.
ITHeBMaTHUECKHE AATYMKHU, IO CPABHEHUIO C DJIEKTPUUECKUMHU JTaTYMKaMH, OOBIYHO
JIeIlIeBIIE, MEHBIIIE TI0 pa3MepaM, IPOILIEe U HEUYBCTBUTEIbHBI K BO3MYIIEHUIM. bosee
TOT0, B YCJIOBHUSX B3PbIBOIOXKAPOOINACHOW Cpe/ibl MHEBMATUYECKUE JAaTYUKU Oolee
0e30macHBbI, YeM DIICKTPUUECKHE.

2.1. bunapublie u undpoBbIe U3MEPUTEIbHbIE YCTPOIiCTBA

buHapHble [aTYMKK MCIONB3YIOTCS Uil ONPEIACICHUS IIOJIOKEHHUS IIpU
MEXaHUYECKUX MEPEMEIICHUAX, JJISI MOJCYETa JIEMEHTOB B JHUCKPETHBIX IMOTOKAX
(Hampumep, yucia OyThUIOK Ha BBIXOJE JUHUU PO3JIUBA), AJIsI KOHTPOJIS JOCTUKEHUS
MpEeIEIbHBIX 3HAYCHUN YPOBHS WJIM TABJICHUS WA KPAUHUX MOJI0KEHUN OABUKHBIX
YacCTeH.

bunapnsie u udpoBbie JaTYMKHU OBIBAIOT KaK MPOCTHIMHU, COCTOSIIIIUMHU TOJIHKO
U3 BBIKJIIOYATEINII, TaK U OYEHb CIIOXKHBIMU. HekoTopele nudpoBbie MaTYNKUA B
NEeHCTBUTEILHOCTH MPEACTABIISAIOT coboif MOJTHO(PYHKIIMOHATbHBIH
MUKPOKOMITBIOTEP, BCTPOEHHBIM B aBTOHOMHOE YCTPOMCTBO M BbIpaOaTHIBAIOIIUIA
au00 CUTHaANBl THMa "BKIIFOYCHO/BBIKIIIOYEHO" MO0 KOJUPOBAaHHBIC ITU(POBHIS
nanueie. Huke ommcaHbl HEKOTOPHIC THUIBI JIATYUKOB C OWHAPHBIM BBIXOJIOM -
MIOJIOKCHHUSI, TIOPOTOBBIE M TATYUKHA YPOBHSI.

JaTyuku moJ10KeHu st

B kauectBe AaTYMKOB MOJOXKEHUs (position Sensor) B TEYEHUE MHOTUX
TNECATUIICTHN  WCIIONB3YIOTCA  KOHIEBBIE  BBIKIMIOYaTeNd. OHH  COCTOST W3
AIEKTPUYECKUX KOHTAKTOB, KOTOPHIE MEXAHMYECKH Pa3MBIKAIOTCS WU 3aMBIKAIOTCS,
Korja Kakas-nuOo mepeMeHHas (MOJI0KEHHE, YPOBEHBb) JOCTUTAET OMPEICIEHHOTO
3HaueHUs. KoHueBble BbIKJIWYATENU (/imit switch) pa3aIudHBIX THUIIOB SIBIISIOTCS
BaYXHOM 4YaCThI0 MHOTMX CHUCTEM YIpaBIICHHUS, HAZAEKHOCTh KOTOPBIX CYIIECTBEHHO
3aBUCUT UMEHHO OT HHX, T.K. TAKM€ JIATYUKU COJIEPKAT MOABUKHBIE MEXAHUUYECKHE
AJIEMEHTHI PECYPC KOTOPHIX OTPaHUYEH.



Ha puc. 2.2 nmoka3aHbl KOHTAKTHBIE TPYIIIBI B HOPMAJIBHOM ITOJIOKEHUM U IIPU
cpabatpiBanuud. Ha cxemax KOHTakThl BBIKIIOYATeNss OOBIYHO H300paKkaloT B
HOPMaJIbHOM TIOJIOKEHHH.
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Puc. 2.2. Pazimuuabpie 0003HAUYEHUS BBIKJIIOYATEIICH

IIpocToe cormacoBaHue€ CHUTHAJIOB JUIsl  MOYKHO OOECHEYHUTh C ITOMOILIBIO
Harpy3o4Horo pesucropa puc 2.3. Koraa BBIKIIOYATENb PAa3OMKHYT, € KIIOYa
cHuMaercs HampspkeHue +Um, BOCHPUHMMAEMOE Kak JIOTUYECKOE COCTOSIHHE
BBICOKOT0 ypoBH4 (1). Eciii KOHTaKT 3aMKHYT, BBIXOJHOW CUTHAJ PaBEH MOTEHIUATY
3€MJIY, YTO BOCIIPUHUMAETCS JIOTMUECKOE COCTOsIHME HU3KOoro ypoBHs (0).

3aMblKaHME MEXaHUYECKOro BBIKIIIOUATEs OOBIYHO BBI3BIBAET MPOOJIEMBI,
MIOCKOJIBKY KOHTaKThl BUOpUpYIOT ("npede3xkat") HeCKOIbKO MUIUTUCEKYH/, MPEXKIe
YeM 3aMKHYTbCS

Puc. 2.3 6). Korna BaxxHO 3aUKCHUPOBATh TOJIBKO MEPBOE KAacaHHWE, KaK B
Cllydae KOHIICBOTO BBIKJIIOYATENSI, NPUHUMATh BO BHHUMAaHUE TOCIEAYIOIIHE
3aMBIKaHUS M Pa3MbIKAHUS KOHTAKTOB W3-3a JApeOe3KaHus HET HEOOXOIUMOCTH.
[Ipumenenue 1enn, oOecmeUMBArONICH HEOOIBINIOE 3ama3ablBAHUE BBIXOIHOTO
CUTHAJIa, SIBJSIETCS OJHUM W3 CIoco0oB mpeoponeHus 3¢dekra apede3xaHus
KOHTAKTOB.
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Puc. 2.3. JIpebe3kaHrne KOHTAKTOB IPU 3aMbIKAHUH BBIKIHOYATEIIS

CyllIecTBYIOT JpyrHe€ METOMbl OMNPECICHUS TMOJIOXKEHUS C TMOMOIIbIO
OMHAPHBIX TATYUKOB, HEKOTOPHIC U3 KOTOPHIX MIPUBEIICHBI HUXKE.

PTYTHBIC BBIKJIIOYATEINM COCTOSAT M3 HEOOJBIINX TCPMCTHYCCKHN 3allassHHBIX
CTCKJIIHHBIX TPY6OK C KOHTAKTHBIMH BbIBOJAAMU. pr61<a COACPKUT HOCTATOYHOC
KOJIMYCCTBO PTYTH, YTOOBI 3dMKHYTb KOHTAKTHI. Brixirouarens Pa3MBIKAaCT H
3aMbIKACT KOHTAKTBI ITPU U3MCHCHHUU ITOJIOKCHUSA (HaKJ'IOHa) TPY6KI/I

MarauToymnpasisieMoe TepMETHYHOE SI3bIYKOBOE pesie — TepkoH (reed switch,
reed relay) coctouT u3 JBYX IUIOCKMX TMPYXHH, 3alasHHbIX B HEOOJBIIYIO
CTEKJISIHHYI0 TpyOKy. CBOOOJHBIE KOHIIBI IPYXUH HAXOAATCA JPYr Haja JIPYroM C
OUY€Hb HEOOJBIINM 3a30poM Mexay HUMH. Korna k TpyOke npuOimkaercst MarHur,
OpYyXKHHBl HAMarHWYMBAIOTCS B Pa3HbIX HANPABICHUSX, MPUTITUBAIOTCS JPYT K
APYTY U 3aMBIKAIOTCSL.

DOTOAIEKTPUYECKHNE JATUYUKU  BBINOJIHEHBI M3 MATEPUAIOB, KOTOpPBIE
VU3MEHSIOT COIPOTUBJICHUE WM T€HEPUPYIOT PA3HOCTh MOTEHIIMAIIOB IO BIMSHUEM
cBeTa. Bo MHOTMX yCTpOMCTBaX JOCTATOUHO OMHAPHOW MHAMKAIIMU — €CTh CBET UJIU
HET. DOTOIIEKTPUYECKHUM JIYUYEBOM JETEKTOP COCTOUT U3 UCTOYHHUKA CBETOBOIO JIyya
U CBETOYYBCTBUTEIBHOro  3neMeHTa. CymecTByeT MHOIO  KOHCTPYKIMI
CBETOJECTEKTOPOB, KOTOPBIE OTJIMYAKOTCA B OCHOBHOM TE€M, OTPAXKACTCA WIIH
npepbiBaeTCs  CBETOBOM  Jyd  (ukcupyembiM  oObekToM.  IIpenmyiectsa
CBETOJICTEKTOPOB — MPOCTOTA, TMOKOCTh, HU3KAsA CTOMMOCTh U TJIaBHOE, (PUKCaIUs
MOKET BBINOJHATHCS 0€3 HemocpencTBeHHOro ¢u3nueckoro koHTakta. Ha 6aze
(OTOPNEKTPUUECKUX JTYUEBBIX JIETEKTOPOB JIETKO CTPOSITCS WM3MEPUTENH YaCTOTHI
BpAIICHUSA, CUYETUYUKHU, TaTYUKHU MTOJIOKEHUS U T. I.

YapTpa3ByKOBbIE M MHMKPOBOJHOBBIE  JAaTYMKU  HCIOJB3YKOTCA  JUIS
OoOHapyXeHHsI OOBEKTOB Ha pAaCCTOSHUSAX OT HECKOJbKHUX CAHTUMETPOB 10
HECKOJIBKUX METPOB. DTHU JATYUKHU pabOTAIOT B PEKHUME OTpPAXEHUs (M3JIydaresb U



OPUEMHHUK 3aKJIIOYEHbl B OJHOM NPUOOpE) WM Ha NPUHUMUIIE NpPEpbIBaHUS JIyda
(M3;1y4aTeNb U IPUEMHHUK PACIIONIOXKEHBI B pa3HbIX YCTPOMCTBAX).

Ilopozoevie oamuuxu

Pa3Hble THIBI JATYMKOB WCIOJIB3YIOTCS JUISI ONPECIICHHs] MOMEHTa, KOTJa
aHajoroBasi BeM4YMHa (HampuUMep, YpOBEHb, NIABJIEHUE, TEMIIepaTypa WU PacXon)
JOCTUTAaeT HEKOTOPOro TMOpOoroBoro 3HaueHus. [loaToMy uX dYacTo Ha3bIBaIOT
MOPOrOBBIMU JaT4ukamu (point sensors, limit sensors). OHU OOBIYHO MCIIOJIB3YIOTCS
JUIsL TIOJJaY¥ aBapUMMHOIO CHUTHAajla, a HWHOIJIa M OCTAaHOBKM IIpoliecca B cllydae
JOCTIDKEHUST KaKOW-TMOO BEJIMYMHON 3HAYEHHUS, YKa3bIBAIOIIET0 HAa OMACHYIO
cutyanuio. Takue JaTYUKHU TOHKHBI OBITh YCTOMYMBBIMU U HAJC)KHBIMU.

IIpumepoM  1OpPOroBOro  JaT4yuMka MOXET  CIYXXKHTb  TEpMOCTAaT  —
JATYUK/PErysITOPbl  TeMIepaTypbl MNPHUMEHSIEMbIH B OBITOBBIX TEXHUYECKUX
ycTpoiicTBax (yTIOT, XOJOAWIBHUK). B yTiore poab gaTd4uak/peryiasiTopbla
BBITNIOJIHAET OMMETANINYECKHUI 3JIEMEHT C THCTEPE3HCOM.

bumerannuyeckuil 3JIEMEHT MPEACTABISIET COOOW JBa CBAapeHHBIX MEXIY
co0ol paznuusblx Metawia 1 u 2, Puc.2.4., uMeomMX pa3HbId TeMIepaTypHBIH
koxddunmentsl nuHeitHoro pacumpenust (TKJIP). Ilpu u3menenun temmneparypsl
MEHSIOTCSI T€OMETPUUYECKHE IapaMeTpbl KOHCTPYKUUHU. VCHOnb3yroTcs Takxke B
KayecTBE JaTYMKOB JIOCTWIKEHUS ONpPENENCHHON Temmeparypbl (Hamp. B
AJIEKTPOYANHUKE)

Puc.

Nuaukatopbl ypoBHA

Nunuxatop ypoBHs (level switch) cpabaThiBaeT, €clid pe3epByap 3amoJHEH
70 3aJaHHOW BBICOTHI. [IpuHIIUIT PaGOThl 3aBUCUT OT CBOWMCTB KOHTPOJIUPYEMOTO
BEIIIECTBA - JKUAKOCTh, IEMEHTHBIM PaCTBOP, TPAHYJIbl WM MbUIb. NHANKATOP MOXKET
au00 TOKa3bIBaTh TEKYIIWH YPOBEHb, JIMOO BBIIABATh CUTHAJ, KOT/JA JOCTHUTACTCS
3aJlaHHbIA YpOBEHb. [lomIaBoK, HaXOIAIIMKCS Ha IMOBEPXHOCTU KUIAKOCTH, MPHU
JTOCTH)KCHUU ONPEJEICHHOTO YPOBHSI JICHCTBYET KaK KOHIIEBOM BBIKJIIOUATEINb.
I'epkoHBI SBIAIOTCS UACATbHBIMU BBIKIIOUATEISAMHA IS )KUIKOW CPEJibl, MOCKOIbKY
OHHM BOJIOHEeNpoHUIIaeMbl. Ha moriaBke J0JDKeH OBITh YCTaHOBJCH MAarHUT, YTOOBI
BBI3BaTh CpabaThiBaHWE KOHTAKTOB T'epKoHa. {751 TOM e 1eu 4acTO UCIOJIb3YIOTCS
(bOTO3IeKTpUICCKHE TaTUUKHU. JIJIsI TBEPABIX MAaTEPHAIIOB MPUMEHSIIOTCS €MKOCTHBIC
NATYUKU TpuOmmkeHus (proximity sensors). Ilo Mepe TOBBIICHHUS YPOBHS
3aMOJIHUTEINISI W3 MPOCTPAHCTBA MEXKIY CTEHKOM cocyla W €MKOCTHBIM 30HJIOM
BBITECHSIETCSL BO3AYX W IMO3TOMY M3MEHSETCS €MKOCTh OOpa30BaHHOTO WMH



KOHJIEHCAaTOpa, KOTOPYIO MOYKHO H3MEPHUTh CTaHAAPTHBIMU METOAAMH. YPOBEHb
MOKHO M3MEPUTh U JTaTYUKOM JABJICHUS, TOMEIICHHBIM Ha THO COCYZa, MOCKOJBKY
BEJIMYMHA JIABJICHUS y JIHA IPsIMO MPONOPLUMOHATIbHA BBICOTE CTON0a BellecTtBa. B
3TOM CJydyae MOXET BbIpa0aThIBAThCA KAK AHAJIOTOBBIM (MHAMKALUS TEKYILEro
YPOBHSI), TaK U OMHAPHBIN (JOCTUTHYT MOPOTOBBI YPOBEHb) CUTHA.

Iu¢pposrie 1 HHPopMAUOHHO-LIM(PPOBBIE TaATYHKH

[Mu¢ppoBble AATUYUKH TEHEPUPYIOT JUCKPETHBIE BBIXOJHBIE  CUTHAJIBI,
UMITYJIbCHBIE IIOCJIEOBATEIIBHOCTH WM IPEACTABICHHBIE B OIPEACICHHOM KOJE
JaHHbIE, KOTOpbIE HEMOCPEACTBEHHO MOTYT OBITh CYUTaHbl mpoueccopoMm. B
3aBUCHUMOCTH OT THUIIA JaTYMKa BBIXOJHOW CHUTHaj Jubo cpasy Qopmupyercs B
muppoBoM BHJE (HAampUMep, OT JaTyuka TMOJOXKEHUs Baja), JHUOO JOJKEH
00pabaThIBaTHCS LETSIMH 3JIEKTPOHHOM JIOTUKH, KOTOPHIE OOBIYHO COCTABIISAIOT C HUM
onHo 1enoe. M3mepurenbHas TojoBKa HU(POBOrO JaTYMKa Takas e, Kak U Y
aHasnoroBoro. CyIIeCTBYIOT HMHTETPHpPOBaHHBbIE IU(POBBIE JATYUKUA, KOTOPHIC
BKJIFOYAIOT MHUKPOMNPOLECCOPHl JJIA BBINOJIHEHUS YHMCIOBBIX MpeoOpa3oBaHU H
COrJIacOBaHUS CUTHAJIa U BbIPA0AThIBAIOT IM(PPOBOM MM BBIXOJHOW CUTHAIL.

Ecnu BBIXOAHOM CUTHAJN JaTuyMKa MPEJCTABISIET COOOM MOCIIEeNOBATEIHLHOCTh
UMITYJIbCOB, TO OHU OOBIYHO CYMMHPYIOTCS CUeTYMKOM. B npyrom BapuaHTte —
MOXXHO U3MEPATh HMHTEpPBAT MEXKAYy HWMIYJIbCaMH. 3aTeéM pe3yJbTaT B BHU/IE
1M(poBOro ciioBa MepeaaeTcs Ha JajdbHeHIyo o0padoTky. [Ipu uamepeHun sHepruu
uHpopManus 0OBIYHO KOAUPYETCS UMITYJIbCAMH - KaXIbIM UMITYJILC COOTBETCTBYET
OIPEACIIEHHOMY KOJIMYECTBY IHEPTUU.

Nudopmarmonno-mupposeie  gatuuku (Fieldbus sensor) momomHUTEIHEHO
o0ecreunBaroT nepeaady HHGOpMaIMK 4epe3 MuHbI JokansHoro ynpasienus (Field
bus) KOTOpbIE MPEACTaBISAIOT COOOW CIEeUUaIbHBIA THUIl ABYXCTOPOHHUX IU(PPOBBIX
KOMMYHHKATOPOB. J{aTYMKU JAHHOTO THMA - 3TO OOBIUHBIE AATYUKU TEMIIEpPaTypHl,
JaBJICHUSA, pacxoAa U T. M., KOTOpbIE JOMOJIHUTEIFHO UMEIOT MHKPOIIPOLIECCOp IS
00pabOTKM JaHHBIX M MpeoOpa3oBaHMs UX B LU(poBON BuUA (Hampumep, B 12-
pa3psAOHBIM KOJ) U TONJIEPKKM BHEIMIHMX KOMMYyHUKauuid. Ilo mmHEe MOXKHO
nepenaBaTh HE TOJBKO peE3yJdbTaThl HM3MEPEHUH, HO W HISHTU(PUKANNOHHYIO
UHpOpMaIUIO AaTyuKa. MHOrna Takue NaT4uKy MOAAEPKUBAIOT PEXUM yAAJIECHHOTO
TECTUPOBAHUS U KAIUOPOBKH.

Ipumep - laTyuKu M0JI02KeHUs BaJia
JlaTuuku TONOKEeHMsI BaJla WJIM KOJEpHI MmoBopota (shaft encoders) — 310
upoBbIe JaTUYUKU A U3MEPEHHUs YIJla MOBOpOTa W yrioBoi ckopocTH. OHHU
OPUMEHSIOTCS BO BCEX CUCTeMax, I'Jleé Hy)KHa TOuYHas MH(pOpMalus O mapaMmerpax
BpalllaTeIbHOTO JIBIKEHUS, - HAImpuUMep, CTaHKH, pPOOOTHI, CEPBOCHUCTEMBI U
anekTporpuBo. CyllecTBYIOT JAaT4YUKUM  OTHOCUTENbHOro  (incremental) w
abcomotHOTO (absolute) TUTIOB.

JIaTYMK OTHOCUTEIBHOI'O THUIIA COCTOMT U3 CBETONETEKTOPA WJIM MAarHUTHOTO
NAaTYMKA, HAIPUMEP TEPKOHA, KOTOPBIM T€HEPUPYET MOCIEA0BATEIBHOCTh UMITYJIHCOB



Opu BpalleHUH 00BEKTa; MOBOPOT Ha 360 rpaj. COOTBETCTBYET OAHOMY WM Oosee
UMIyJbcaM. 3aTeM I[OCJIEJOBATeNbHOCTh HMITyJIbCOB  OOpalaThiBaeTcs U
npeoOpaszyeTcsi B yrojl IOBOPOTa U YIVIOBYHO CKOPOCTh OOBEKTA.

JlaTunk aOCOIOTHOTO TUIIA BBIJIAET YIoJl MOBOPOTAa 0OBEKTA B IBOMYHOM KOJIE.
Ontuyueckuid MaT4UK COCTOMT M3 JIMCKAa C MPOPE3SIMU U CBETOHENPOHUIIAEMBIMHU
ydacTKaMu, MpUYeM KaKJas Ipope3b YHHKaJIbHA U COOTBETCTBYET OIpPEACIICHHOMY
yriay noBopoTa. VMcTouHMK cBeTa OcCBellaeT OAHY CTOPOHY JMCKa, a Ha JpYroiu
CTOpOHE OJIOK JIaTYUKOB (PUKCHUPYET CBETOBOW IMa0JIOH (T. €. 4Yepe3 KaKue CBET
IPOXOJIUT, @ Yepe3 KOTOPhIE — HET), KOTOPOMY COOTBETCTBYET LIU(PPOBOE 3HAUCHHE
yTJia MOBOPOTA.

KomupoBanue OOBIYHO OCYIIECTBISIETCS HAa OCHOBE MOAMGPHUIIMPOBAHHOTO
JBOMYHOTO  alTOPUTMA,  4YTOOBl ~ MHHMMH3UPOBATh  OMIMOKM  CMEIICHUS
(OTORNEKTPUIECKUX JATIMKOB OTHOCHTEIBHO MPOpe3eil B AHMCKE. DTa TpocTas
TEXHOJIOTUsI o0ecrneunBaeT BBICOKHE paspelieHue (KOTOpoe OMpeneseTcsl YHUCIoM
npope3el Ha rpaayc yIriIOBOrO CMEUIEHUs WM Ha O0OPOT JIUCKA) U TOUHOCTh, a TaK
e XOPOIIYI0 TOMEXOYCTOMYUBOCTh NIPH Tepejaue CUTHAIOB, MOCKOJIBKY HE TpeOyeT
aHanoro-1u@poBoro npeodpazoBaHusI.



3ansTue 3
Coaep:xanue: AHAJIOTrOBbIe H3MEPHUTEJIbHbIE YCTPOHCTBA (YacTh 1)

3aaHue K NPAKTUYECKOMY 3aHATHIO:
1. CocTaBUThH JIOTUUECKYIO cXeMy 0a3bl 3HAHUM MO COJEPIKaHUIO OJIOKA.
2. CocTaBUTh TEPMUHOJOTUYECKUMA CTIOBAPb.
3. BbInmonHUTH BCe MyHKTHI, MEPEUMCICHHBIE B pa3zelie MOATOTOBUTEIHHOTO
ATana K MpakTUYeCKOMY 3aHSTHIO.

IIpakTHyeckoe 3aHsiTHe (J1eJI0Basi UTPa)
[enu: 1. 3akpenuTs U yriayOuTh U3ydyaeMblil MaTepHUall CTYACHTAMU.
2. YMeThb H3JI0KHUTh CBOKO TOYKY 3pEHHMS MO BOIpocaMm 0OpadOTKH,

XpaHeHUs U Mepeaayu HHPOpMaIIiH.

Yyaactauku: CTyAEHTHI pacIpeeieHbl Ha 3 MOATPYIIIbL:

1-s moarpynmna — 3aKka34rKy (3a1a0II1e BOIPOCHI);

2-1 moArpyIa — CHEIHATUCTHI (OTBEYAIOIINE Ha BOMPOCHI);

3-1 moarpymma — SKCIepTHas rpynmna (OIEHUBAIOIINE MPABHIBHOCTD
(GbOpMyIMPOBKH BOMPOCOB U OTBETOB HA HUX).

Bpewms: 90 MunyT.

1. lloaroroBuTeabHBINA 3TAN (IOMANIHSASA padoTa):

1. IToaroroBUTh MaTEpUi MO paHEE BBIJAHHOM Ha TEKyllee 3aHSATUE (B KOHIIE
IPEABIIYIIErO 3aHATHS) PETIOJABATEIEM TEME:

- COCTaBHTh IIJIaH OJI0KA;

- COCTaBUTh TEPMHHOJIOTMYECKUM CIOBAph: BHIUCATh BCTPEUAEMbIE B TEKCTE
0JI0Ka TEPMUHBI U JJaTh UM PAacIIU(PpPOBKY;

2. 1o copepxanuio OJI0Ka COCTABUTH JI0 I€CATH BOTIPOCOB.

3. BBITh TOTOBBIMU OTBETUTH Ha BOIPOCHI MO paccMaTpuBaeMoill TeMe. YMeETh
OIICHUTb BOIMPOCHI U OTBETHI YYACTHUKOB OyAy4H B MOJTPYIINE SKCIIEPTOB.

4. OdopMuTh JOMAIITHIOKW PadOTy B BUJE OTUETA.

2. llopsiok NpoBeAeHNs NPAKTHYECKOT0 3aHATHSA

1. Opranuzauuss 3aHsATUA (MpOBEpKAa MPUCYTCTBYIOIIMX M TOTOBHOCTH K
3aHATUAM, OOBSIBJICHHE TEMbI UCXO/IS U3 COJIEPIKAHUS TEKYILEro 3aHATHSA). (5 MUHYT.)

2. Pacnpenenenue Ha NMOATrPYNIbl U JIOBEJIECHUE MOPSAKA NIPOBEACHUS 3aHATHS.
(5 MuHyT.)

3. IlpucBoeHuwe  MNOArpyIaM [EPBOHAYAIBHBIX  pojiell  (3aKa34yuKH,
CHELUATUCTBL, IKCIIEpTHAs Tpynna). (5 MUHYT.)

4. OOcyxneHue CTyIeHTaMH TOATPYII BOMNPOCOB, BBIHECEHHBIX Ha
NPAKTUYECKOE 3aHATHE C LEJbI0 BHIPAOOTKH OOIIMX MMO3ULIMIA:

4.1. Bonpochl CO CTOPOHBI MOATPYHIbl 3aKa34yMKOB. (15 MUHYT.)

4.2. OTBeTHI CO CTOPOHBI MOATPYMIbI CHEHUATUCTOB. (15 MUHYT.)



4.3. OueHuBaHue MOArPYNION 3KCIEPTOB BOIIPOCOB U OTBETOB YYACTHUKOB. (15
MUHYT.)

4.4. Tuckyccuu. (10 MUHYT.)

4.5.BripaboTka o0mieli mno3uuuM U OOIIero mojaxoda K — BOIpocam
paccMaTpUBaEMbIM Ha TEKYILIEM 3aHSTUU COIJIaCHO ero TeMe. (5 MUHYT.)

5. OOcyxneHue mpenojaBaTelieM W CTaplIMMU TPYyNN OLEHOK YYacCTHHUKOB
3aHATHA. (5 MUHYT.)

6. IlonBeneHue WTOroB 3aHATHS C OOBSIBICHUEM OKOHYATEIbHBIX OLEHOK
YYaCTHUKOB IPAKTHUUYECKOT'0 3aHATHUSA. (5 MUHYT.)

7. OObsiBICHUE TEMBI U COJIEP’KAaHUS CIEAYIOLIET0 MPAKTUUECKOro 3aHsaTus. (5
MUHYT.)

2.2. AHAJIOTOBBIE H3MEPHUTEIbHbIE YCTPOICTBA

BrixoaHo curnani qatuyvka mojaaeTcsi Ha BXoj, 00padaThIBaIOIIETO YCTPOMCTRA,
HAIpUMEpP Ha BXOIHYIO KJIEMMY KOHTPOJUIepa. JJII KOPPEKTHOHN Iepenayu CUrHaia
MEXIy HUMH JOJDKHBI OBITh COTJIaCOBaHBI AWANa30HbI M1 YPOBHH CUTHAJIOB, BXOHBIC
Y BBIXOJHBIC CONIPOTUBIICHUSI.

bonpMHCTBO AAaTYUKOB, IPUMCHACMBIX B CUCTCMAX YIIPABJICHUSA, TCHCPUPYIOT
aHajoroBeiii curHan. Kak [MpaBuJIO, IIPpU YIHPABICHUU HN3MCPAIOTCA CJICAYIOHIIHC
(1)I/I3I/I‘1€CKI/I€ BCIINYHHBI:

o AIEKTPUYECKUE U MATHUTHBIE XapaKTEPUCTUKH;

napaMeTphbl IBUKEHUS;

CHJIa, MOMEHT U JIaBJICHHUE;

TEeMIIEpaTypa;

YPOBEHb 3aIIOJIHEHUS] EMKOCTH;

pacxon;

IJIOTHOCTD, B3KOCTh U KOHCUCTEHIIHUS;

KOHIIEHTparus (raza, KUJIKOCTH, PACTBOPEHHBIX M B3BEIICHHBIX

O O0OO0O0OO0O0O0

BEIIIECTB);
o] XHMHYECKas U OMOXUMHUYECKass aKTUBHOCTb.
Hwxe mnpencraBieH  KpaTkud 0030p aHAJIOTOBBIX JATYUKOB, OOBIYHO
UCIIOJIb3YEMBIX B CUCTEMaX YIPABIICHHUS.

JlaTuynky ABUKEHUS
JlaTumky JnBMKEHUS (motion sensors) HU3MEpSIOT YeThIpe KHUHEMaTHYeCKHUe
BEJIMYHHBI:

omnepeMenieHue (M3MEHEHUE IIOJIOKEHUS, PACCTOSIHUS, CTEIEHU
IpUOIMKEHUS, pa3Mepa)

O CKOpOCTb (BKJIKOYAs YIIOBYIO);

O YCKOPEHHUE;

oynap.



Kaxmas w3 OSTUX BENMYMH SBISETCSA MPOW3BOAHOW IO BPEMEHH OT
npeamecTByomeid. TeopeTHIecKkn MOKHO M3MEPUTh TOIBKO OJHY M3 HUX M 3aT€M
MOJIYYHTh OCTaJbHbIC TU(PPEPEHIIMPOBAHUEM WM WHTErpupoBaHueM. Ha mpakrtuke,
OJIHAKO, TaKOW TOJXOJ HENMpUEMJIEM U3-3a TPHPOABl CHUTHaANA (TOCTOSHHBIMH,
NEPEeXOAHBIA M T. 1.), YaCTOTHOTO CIEKTpa IIYyMOB W BO3MOXXHOCTEH CpEJICTB
00pabOTKH JIaHHBIX.

KouTpons nmapameTpoB ABHXKEHUs 00s3aTeNeH I MPUIOKEHHUH, B KOTOPBIX
UCIIOJIB3YeTCSl ~ MEXaHM4YecKoe  O00OpYyJOBaHHWE -  CEPBOCHUCTEMBI,  pPOOOTHI,
ANEKTPONPUBOALI WM JpPYrue€ MaHUNyJATOpbl. [3MepeHuwe mnepeMenieHui
IPUMEHSETCS NPU YNOPABICHUM MOJIO)KEHUEM KIJANaHoB. TOJIIMHA IUIACTUH B
IPOKATHOM CTaHE MOCTOSIHHO KOHTPOJIUPYETCSI CUCTEMOM yIpaBIICHUS KaTuOPOBKOM.
Hatuuku nedopmaruit - 3TO YCTpPOMCTBA, KOTOPHIE H3MEPSIOT MEXaHUYECKOE
HalpspKEHWE, NABJICHHE W CHIIYy, HO MOTYT TPHUMEHSTbCS W sl HU3MEPEHUA
nepeMenieHnii. B cucremMax MOHHUTOPHUHIA COCTOSIHHMSI U MPEAYNPEXKIACHUS OTKA30B
MEXaHUYECKOTO 000pY0BaHUS MIMPOKO UCTIOIB3YIOTCS aKCEIIEPOMETPHI.

JIns W3MepeHusl MapaMeTpoOB JABWIKECHHSI MPUMEHSIOTCS CIEIYIOIINE THIIbI
YCTPOMCTB:

0] NOTEHIIMOMETPHI JJI1 U3MEPEHUsl MEePEMEIEHN; OHU padoTaroT
KaK IIEPEMEHHBIE PE3UCTOPBI;
0] JATYUKU HA OCHOBE IPUHLMIIA DJIEKTPOMArHUTHON WHAYKIUH,

HanpuMep auddepeHnnanbHpie  TpaHcHOpPMATOPhl, PE30JbBEPhI, CHHXPOTPAHC-
dbopmaTopsl (CETBCHHBI)

o €MKOCTHBIC JaTUMKHU JUII U3MEPEHUS MAJIBIX IEpEMELICHUM,
BpAILICHUN U YPOBHEMN KUJKOCTH;
o IbE302JICKTPUYECKUE JTaTUMKU JUISI  HU3MEPEHUs JIaBJICHMS,

HAIpsDKEHUS, YCKOPEHMs, CKOPOCTH, CHJIBI M MOMEHTa (IbE303JIEKTPUYECKHI
MaTepuasl aeQpopMUpYyeTCs MOA ACHCTBUEM MNPUIIOKEHHOW Pa3sHOCTH NOTEHIIMAJIOB
WIN BbIpa0aThIBAET Pa3HOCTh MOTEHIIMATIOB MTPH MEXaHUYECKOM BO3ICHCTBHM);

0] Ja3epHble  JATYUKU UL TOYHOTO  H3MEpPEHHUS  MaJbIX
IIEpEMELCHU;
(o] YABTPa3BYKOBBIC JAaT4YMKHA JUIsI MW3MEpPEHUSA pACCTOSHUM B

MEIUIIMHCKUX Npubopax, cucremMax aBTOPOKYCUPOBKH (OTO- U Telekamep,
U3MEpPEHHUS YPOBHS U CKOPOCTH.

IIpumep - Pe3osabBep

Pe3onbBepbl MPUMEHSIOTCS B MPUIIOKEHUSIX, TAe TpeOyeTcs O4eHb TOYHOE
U3MEPEHUE YIJIOBBIX MEPEMEIICHUII U CKOPOCTH, HAIpUMEpP B CEPBOCUCTEMAX H
poboTtax. BpIxomHo#l curHanm pesonbBepa - 3TO Mepa YIIOBOTO IepeMenieHus,
muddepeHnupoBaHre dTOTO CUTHANA €T YIJIOBYIO CKOPOCTh. Pe3onbBep paboTaeT
HA TMPUHIMUIE HW3MEPEHUS B3AUMOUHIYKIHMH MEXIy JAByMsi OOMOTKamu (puc.
2.5).Porop pesonbBepa coeauHeH ¢ Bpamaromumcs oObekToM. Ha mnepBuuHyro
0OMOTKY poTOpa MojiaeTcsl IepeMeHHoe HanpsbkeHue vref. CTaTop COCTOUT U3 JIBYX
00OMOTOK, pa3BepHYThIX Ha 90° Apyr OTHOCUTENLHO Jpyra. HampspkeHue Ha ATUX
0oOMOTKax
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COOTBCTCTBCHHO, I'IC 0 - YIUIOBOC ITIOJIOKCHHUEC pOTOpPA.
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Puc. 2.5. Ilpunmun paGoTsl pe3osbBepa

Mo>KHO CKa3aTh, YTO BBIXOJHBIC HAMPSHKEHUS VoI U VO2 MPEACTABIAIOT COOOU
HaIpsDKEHUE vref MPOMOAYJIMPOBAHHOE BelWuumHON yria 0. Mcnosb3ys onHo w3
BBIXOJHBIX HANPSKEHUM, MOKHO OJTHO3HAYHO MU3MEPUTH YIJIbI JUUIb B nuarna3one 0-
90°, o0a curHasna mo3BoJISIFOT OAHO3HAYHO U3MEPSTh yriibl oT Oe 10 360°.

Boixon pe3onbBepa €CcTh TpUTOHOMETpUYeckas (QyHKuus yria. OITta
HEJIMHEMHOCTh, OJIHAKO, HE Bcerjga sBiseTcs HeaoctarkoM. Hampumep, npu
YyOpPaBJICHUM  BpallalOMMKA  MOMEHTaMH B  poOOoTax TpeOYIOTCS HMEHHO
TPUTOHOMETpUYECKHE (DYHKIIMU YIIOB MOBOpoTa. [lo3TOMYy BBIXOJHOM CHUTHaNI
pe3oibBepa  MOXKHO HEMOCPEACTBEHHO HCIONb30BaTh IS yOpaBieHus 0e3
JIOTIOJTHUTENIBHOTO MPeoOpa3oBaHusl B peajbHOM BPEMEHH, KOTOPOE YBEJIMYUIIO OBI
3arpy3Ky YIpaBISIIOLIEr0 KOHTPOJIIEPA.

[IpoGnemsl Tipu paboTe pe3osibBEpa MOTYT BO3HHUKATh TOJBKO HM3-3a IIETOK
poTopa (M3HOC, JOMOJHUTEIbHBIE IIyMbl U MEXaHWYECKUE Harpy3ku). Pe3onbBepbl
MOCTABJISAIOTCS B BUIC MMOJTHO(PYHKITMOHAIBHBIX ABTOHOMHBIX YCTPOUCTB.



Ipumep - Taxomerp
Taxometp npeacTaBisier coO0i reHepaTop MOCTOSIHHOTO TOKA € MOCTOSIHHBIMU
MarHuTaMM, OPUMEHSAEMBIM Ui WM3MEPEHUs YIJIOBOW cKopoctu. IlpumHiun ero

JNEUCTBUS UILUTIOCTPUPYETCS puc. 2.6.
|/ KOMMYMamop

v AT
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Puc. 2.6. ITpuniun paboTsl TaXOMETpa NOCTOSHHOI'O TOKa

MarauTsel CO374al0T IOCTOSHHOE OJHOPOJHOE MAarHuTHOe Imose. JIBuxeHue
IIPOBOJHUKA B II0JI€ MHIAYLMPYET HAINPSIKEHUE, MPOINOPLUOHAIBHOE CKOPOCTH €ro
BpaieHusi. PoTop HemocpeAaCcTBEHHO COEIUHEH ¢ O0OBEKTOM, CKOPOCTh BpallleHUs
KOTOpPOro u3MepsieTcsa. BbIXoaHOE€ HampspKeHue, TEeHEpUpYeMOe B Ipolecce
BpAICHMS], CHUMAETCA KOJUIEKTOPOM, KOTOPBIM COCTOUT W3 Maphl YTOJIBHBIX IETOK C
HU3KUM CONpOTHBIEHHEM. TaxomeTp OOBIUHO CO3JaeT OYEeHb MAaJICHBKYIO
JIOTIOJIHUTEIbHYI0O MEXaHHYECKYI0 Harpys3ky s OONBIIMX BajOB, Ha KOTOPHIE OH
yCTaHaBIMBAETCA. AHAIU3UPYs AUHAMUKY TaXOMETpPa, MOKHO yTBEPKJaTh, YTO €ro
YaCTOTHBIN Juana3oH OObIYHO 3HAYUTENBHO MIMPE, YEM Y MEXaHUYECKOTO JBUTATEIs
IpU €ro HOpMaJlbHOW  Harpy3ke. IlodToMy HWHIYKTMBHOCTH U JIpyTHE
AJIEKTPOMATHUTHBIE TapaMeTpbl TaxoMeTpa OOBIYHO HE BIMSIOT Ha pE3yJIbTaThl
U3MEPEHUS.

JlaTuyuKM CUJIbI, MOMEHTA

MHorue TUNBl JaTYUKOB cujbl/MOMeHTa (force/torque) OCHOBaHBI Ha
u3Mepenun naedopmanuid. Jlatumku ans u3MepeHus naedopMmainuii  Ha3bIBAIOTCS
TE€H30JaTYuKaMu. [I[pyuHIUI 1eCTBUS TAKUX JATYMKOB - H3MEHEHUE AIEKTPUUECKOTO
CONIPOTUBIICHUSI B OOpa3le, KOTOPBIA MOABEpraeTcsl BO3ICHCTBHIO BHEUIHUX CHII
(mbe30pe3ucTUBHbI 3P PekT). OTHOCHUTEIBbHOE HW3MEHEHUE COINPOTHUBIICHHS Kak
(GYHKIMS IeHCTBYIOIICH Ha JAaTYMK CHJIBI 3aBHCHUT OT MCIIOJIb3YEMOTO MaTepuania: y
MOJYTIPOBOJHUKOBOTO TaTYMKA OHO Ha 1-2 mopsiaka Oobliie, 4eM y METaJNInYECKOTO.
UyBCTBUTENIBHBIM 3JIEMEHT Yy MOJYNPOBOJHUKOBOTO JIaTYMKA BBINOJHEH U3
MOHOKpHCTAJIJIa MbE30PE3UCTUBHOTO MaTepuana. J[OomoJHUTEIbHOE MPEUMYIIECTBO
NOJIyIPOBOJHUKOBBIX TEH30aTUMUKOB - 00JI€€ BBICOKOE YJI€IbHOE CONPOTUBIICHHUE 11O
CPaBHEHUIO C METAJUIMYECKUMU W, COOTBETCTBEHHO, MEHbIIee MNOTpPeOIeHne
MOIIIHOCTH U BbIJICJICHUE TeIIa.



N3mepenre MOMEHTOB M CHJI HEOOXOIMMO BO MHOTHX 3a/ladax, BKJIIOYas
yOpPaBJIICHHE TOYHBIM JBWKCHUEM (HAMpUMEp, TEPEeMEIIEHUs W 3axBaThl B
pOOOTOTEXHUKE) W TepeaBaeMOMl MEXaHMYECKOW MOIIHOCTBbIO B JIBUTATENSIX U
CUCTEeMax TMpHUBOJAA. MOMEHT MOXHO HM3MEPHUTh MO0 HAa OCHOBE HAINpPsHKCHHH,
BO3HUKAIOIIUX B MaTtepualie, 1100 Ha ocHoBe AedopManuu (nmporuda). M3amepsis yron
CKPYYMBaHUSI OCH JaTYMKOM YIJIOBOTO TIEPEMEHICHHs, MOXHO OIpPEICITHUTh
NPUIIO’KEHHBI MOMEHT.

HN3mepuresibHbIC IPpeodpa3oBaTe/IM JaBJICHUS
Paznuuatot cnemyronire TUIbI TpeoOpa3oBaTeiei 1aBIeHUS:

O abcomoTHOTO AaBjieHus, P1 paBHO naBiieHuio Bakyyma (T.€. OHO
pPaBHO HYJI0), a P2 — u3Mepsiemoe 1aBieHUE;

0 nuddepeHITATBPHOTO AaBICHUS, U3MEPSIOT Pa3HOCTh JaBICHUI
Pl u P2. (Yacto mnpumeHsiercss s U3MEPEHUS pacxojla B pacxoJoMepax
MEPEMEHHOr0 Mepenazaa);

O u30BITOYHOTO JABJICHMS, U3MEPSIOT OTKIOHEHUs AaBieHus Pl,
oT arMmocdepHoro P2, 5T0 OTKJIOHEHHUE MOXET OBbITh Kak OOJibllle HYJS, TaK M
MEHBIIIE.

Haubonee mpoctoii npubop st u3dmepenust AudhepeHuaibHOro AaBieHUs

ra3oBbIX CpeJl - KUAKOCTHBIM MAHOMETP.

[Tpu P1=P2 xuakocTh B TpyOKax HaXxOJMTCS Ha OJHOM ypOBHE (OTCYTCTBYET
pa3HOCTh jAaBiieHHs). IIpu MOSIBIIEHWH Pa3HOCTU AAaBJICHUN YPOBEHb KUIKOCTH B
TpyOKax CTaHOBUTCS pa3HbIM. [lo pa3sHOCTH ypoBHEH MOXHO BBIYHMCIHTH Pa3HOCTH
JTaBJICHUH.

B OosbmMHCTBE CcilydaeB aBTOMAaTUYECKUE M3MEpPUTENbHbIE PeoOpazoBaTen
JABJICHUS CO3/1al0TCA Ha OCHOBE YIPYI'HX YyBCTBUTEIBHBIX 3JIEMEHTOB — CUIH(OHOB
1 MeMOpaH. CHiIb()OH MOKHO COETUHUTH C JABHKKOM IOTEHIIMOMETPA.
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MeMOpaHna npucoequHseTCs K KPUCTALUly KBapla, 3JIEKTPOLy KOHAEHcaTopa
win  auddepeHunanbHoMy TpaHchopmaropy. bmaromapst mbe3osnekTpuuecKoMy
a¢dexty nedopMHUpOBaHHBIM  KBApUEBBIM KPUCTALT TE€HEPUPYET  PA3HOCTh
NOTeHIMaNoB. VI3MeHeHne eMKOCTH KOHAEHCAaTopa, IPUCOEANHEHHOTO K MeMOpaHe,
MOXXHO M3MEPUTh KaKUM-JIMOO »AIIEKTpUUEeCKUM MeTofoM. JuddepeHuunanbHblii
TpaHchopmarop BBIJIa€T IIEKTPUYECKUIL CUTHAaJ IPONOPLUOHAIILHBIN
epEeMELIEHUI0 MEMOPaHBI.

P1=P2
P P2
!
\E
mMemOpaHa TeH30TeMeHT
Pu Pu
B OCHOBE PabOTHI TEH30PE3UCTOpA JIC)KUT

3¢ dexT, 3aKII0YarONINIICS B U3MEHEHUU aKTUBHOTO COIIPOTHUBIICHUS IPOBOJHUKOBBIX
Y TIOJyIPOBOAHUKOBBIX MaT€pPUAIOB MPU UX MEXAHUYECKOU JeOpMAaLIIH.

XapaKkTepUCTUKOM TeH303¢dexra SIBJISIETCS Kod(pbunreHT
TEH309yBCTBUTEIHPHOCTH, KOTOPBIA OMpPEAETSeTCS KaK OTHOIIEHHUE HW3MECHECHHUS
COTPOTHUBIICHUS K U3MEHEHUIO JJIMHBI POBOTHUKA!
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Z - OTHOCHUTCIIbHOC MPHUPpAIICHNC IJIMHBI.

TCHSOPGSI/ICTOPBI OBIBAIOT IMPOBOJHHUKOBBIC U ITOJTYIIPOBOAHUKOBLIC (Ha OCHOBC
MCTAJIJIOB U CHHaBOB).

UyBCTBUTEIBHOCTh MOJIYITPOBOJHUKOBBIX TEH30PE3UCTOPOB B JECIATKH pPa3s
IPEBBIIIIAET IPOBOJIOYHBIE, HO OHHM YyCTYHalOT B TNPOYHOCTH, THOKOCTH,
ctabuiabHOCTH. [loMynpoBOgHMKAM CBOHMCTBEHHO CTApeHHE, XPYMHKOCTh. YTOOBI
CKOMITCHCUPOBATh HECTAOWIBHOCTD (TP BO3ACHCTBUU TEMIIEPATyphl, BIAKHOCTH, H



T. J1.) TEH30pPE3UCTOPbl HEOOXOIUMO BKJIHOYATh B JU(PepeHIIUaTbHYI0 MOCTOBYIO
CXEMY.

JlaTunK NpudIHKeHUs

WN3meHeHue 3JIeKTPUYECKUX CBOMCTB 3JIEMEHTOB KOJIEOATEIbHBIX KOHTYpPOB
Opy NPUOMIKEHUH K BHEIIHUM OOBEKTaM MOKHO HCIIOJIb30BaTh JIA CO3JaHUSA
JATYUKOB TPUOIMKEHUS. OTH JaTYMKKM MOTYT BbIJaBaTh aHAJIOTOBBIM CHUTHAJ,
OPOMOPLMOHATBHBI - HO KpailHel Mepe B OIpeAeNICeHHOM JIMara3oHe-—
PACCTOSIHMIO JI0 3a/laHHOTO O0BEKTa, WU UU(PPOBON CUTHAI MpPU JTOCTUKECHUHU
3aIaHHOTO  IIOPOrOBOIO0  3HAYEHUS  PACCTOSHUA.  DJIEKTPUUYECKHE  JTaTYUKH
OpUOIMKEHUS UCTIOIB3YIOT CIEAYIONINE TPUHIUIIBL:

NHaykTUBHBIE NaTYUKU TPUOIMKEHUS padOTalOT HAa OCHOBE H3IIyYCHUS
BBICOKOYACTOTHOTO 3JEKTPOMArHUTHOTO TOJisi OOMOTKOHM, KOTOpass BXOIUT B
KOJIeOaTeIbHbI KOHTYpP. ODJEKTPOMArHUTHOE IMOJ€ HHAYLHHPYET B IIPOBOJSIIEM
MmaTepuane oO0BbeKTa BUXpeBble TOKH. Korma o0BeKT, paccTosHHE [0 KOTOPOTO
KOHTPOJIUpYETCs, MpUONMKaeTcsl K JaTdyuky (00biuHO Ha 2-30 MM), KoJsieOaHMs
HAYMHAIOT 3arTyxaTh. V3MeHeHMEe TOoKa B KOJ€OATEIHbHOM KOHTYpE MOYXKHO
UCIIOIB30BaTh JJisl cpabaThiBaHUS MOTYTPOBOTHUKOBOTO KIIHOYA.

EMKocTHBIE MaTuMKy NMPUOIMKEHUS COJEpPXkKAT 3aTyXaroIIui KojeOaTeabHbIN
RC-konTYyp. EMKOCTB 3aBUCHUT OT pacCTOSHHS MEX]Iy OOKJIaIKaMu KOHJICHCATOpa, UX
IJIOIIA U CBOMCTB AMAJICKTPUKA MEXIY HUMU. J[aTUMK TPUCOCIUHEH K OJHOW W3
oOKJIaoK wWiM K JudNeKTpuky. Korma o0bekT mnpulOimkaercs K JaT4YHKY,
PEe3YIbTUPYIONIEE M3MEHEHHE €MKOCTH, a CJIEIOBATeIbHO, W YacCTOTHI KOJEOaHUH,
MOXHO  3a()UKCHUPOBATh dJEKTPUUECKH H  HUCIIOJIB30BaTh Il YIIPABIICHHS
BBIKJTFOUaTeIeM. EMKOCTHBIN NMaTdyuK MOXKET OOHApYKUTh OOBEKTHI, KOTOpPHIE HE
SBJISIFOTCSL MPOBOJAIIMMHU. Jlnama3oH cpabaThIBaHUS JUISl TAKUX JIaTYUKOB OOBIYHO
nexutr Mexay 5 u 40 MMm. EMKOCTHBIE aTYMKA MOKHO HCIIOJIB30BATh TAKKE A
U3MEPEHUS CUJIbI U JaBJICHUS.

MarauTHbele JaTYUKU TPUOIMKCHHS OITO3HAIOT TMPUOIKEHHE 00BeKTa I10
U3MCHCHHUIO XapaKTEPUCTHUK MArHUTHOTO TOJS M HE WMEIOT IMOABWKHBIX YaCTCH.
[Tpuaun  paboTHI MOKET 0a3MpoBaTbcs HA WHIYKTHBHOCTH, MAarHUTHOM
CONPOTHUBJICHUH,  MarHUTOpe3ucTuBHOM  dddexre wm  dpdekre  Xosna.
Marnurtope3uctuBHbld 3G dextT u 3¢gdext Xomna oOyCIOBICHB OAHUM M TEM XKe
(GU3MUECKUM SIBICHUEM - CONPOTUBJICHUE MPOBOSILIET0 MaTepuaia U3MEHSIETCs 0]
BO3/ICHCTBUEM BHEIIHETO MArHUTHOTO MOJs. Eciiu mpoBOAHUK C 3IEKTPUYECKUM
TOKOM TOJBEPICcsl BO3JCUCTBUI0O MArHUTHOTO HOJIS, €ro  CONPOTHBJICHHE
yBEIMYMBAETCS (MAarHUTOP3UCTUBHEIN 3 dekT). Kpome Toro, Ha MPOTHUBOMOIOKHBIX
CTOpOHAaX 3TOTO IMPOBOJIHWKA BO3HUKAET Pa3HOCTh MOTEHIIMAJIOB, KOTOPYIO MOKHO
u3meputh (3pdekr Xomra). IIpoBogHUK HOKEH OBITH PACHOJIOKEH TaK, YTOOBI
MarHuTHOE TIOJIe OBUIO TEPHEHAUKYJSIPHO HANpPABJICHWIO TOKA; Pa3HOCTH
MOTCHIINAIIOB BO3HUKACT BJOJIb OCH, MEPIECHIUKYISIPHOM M MarHUTHOMY TIOJIO, H
HampaBiIeHUIO Toka. ['eomerpuueckas popma NpoBOAHMKA BBIOMpPAETCA TaK, YTOOBI



MaKCHUMaJIbHBIM ObUT OO MarHUTOpe3UCTUBHBIN 3 dexT, mmubo 3ddexr Xomna.
JaTanku XoJ1a 9acTo BEITIOTHSIOTCS U3 TOJIYITPOBOTHUKOBBIX MaTEPHUAIIOB.

N3mepuresbHbIe Mpeodpa3oBaTe/in TeMIEPaTyPbl

3aBUCMMOCTh CBOMCTB MHOTMX MAaTE€pUajoB OT TEMIIepaTypbl HE Bcerja
ABJSIETCA HEJOCTATKOM - U3 TaKUX MAaTepHaJOB M3rOTaBIMBAKOTCS JATYUKU
temriepatypbl. KoHCTpykums BbpIOMpaeTcsi TakuM 00pa3oM, YTOOBbl YCHIHTH
TEMIIEPaTypHYIO 3aBHUCHUMOCTb KAaKOW-TMOO AJIEKTPUUECKOW XapaKTEpPUCTUKHU. ITa
3aBUCHUMOCTb, KaK IPaBUJIO, SIBISETCS HEIMHEHHOM, YTO CO3/JAET IOIMOJHUTEIbHbIC
TPYIHOCTH TIpU €€ BocmpousBeAeHUH. (OOBIYHO TPUMEHSIOTCS 4YEThIpE THIA
JATYUKOB TEMIIEPATYyPBbI:

O TEPMODJIEMEHTHI;

PE3UCTUBHBIE JETEKTOPHI TEMIIEPATYPHI;
TEPMHUCTOPBHI;

MaHOMETPHUUYECKUE JaTYUKHU TEMIIEPATYPBHI.

O 0O

TepmodnexkTpuueckue npeodpazoBaresu (TepMonapbl)

[TepBoiii TepModieMeHT ObLT co3maH B 1887 rogy dpaniy3ckum yuenbiM Jle
[arense (Ie Chatelier). B TepmosnemenTe nBe TOUkM KOHTakTa A U B coequHeHsb
IBYMsl TapaJUIeIbHBIMH TPOBOJIAMH, BBIIIOJIHEHHBIMUA W3 Pa3HBIX METAJLIOB
(HampuMep, ATIOMUHUN U Meflb). TakuM 00pa3oM co3aaeTcs 3aMKHYTasl 11ETIb.
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[Ipunmun paboTel TepMonnementa. Ecnu Temmeparypel Touek A u B
Pa3IMYarOTCs, TO M0 3aMKHYTOM €U HUPKYJIUPYET TOK.
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Puc. 2.11.

Ha mpaBoM puCyHKe NOKa3aHa peajbHas LENb I U3MEPEHUs ITOTO TOKA.
Touka A coorBercTByeT "ropsiuemy"” cnato, a B u C — xononnomy. Touku B u C
JOJKHBI MIMETh OJIMHAKOBYIO TEMIIEPATYPY.

Jlo Tex mop moka TeMIiepaTypbl B ToUkax A u B oguMHaKOBBI, TOK B IETH HE
nporekaeT. Eciu TeMmepaTypbl B Toukax A u B oTimuaroTcs, To Mo 1enyu HauuHaeT
POTEKaTh SJEKTPUUYCCKUNA TOK. DTO SBJICHUE HA3BIBACTCS TEPMOIJIECKTPUUCCKUM
addexrom mwm 3¢dhexrom Cubeka (Seebeck), mo mMenn otkpsiBiiero ero B 1821
rojfly ucciefoBarelis. JTa TaK Ha3blBaeMas TEPMODJICKTPOABUKYILAS —CuUia
yBEIMYMBAECTCS Kak (YHKUMS PAa3HOCTU Temmeparyp. BosHukaroliee HampspKeHHE
JEKAT B Tpelerax HECKOJIbKMX MHIUIMBOJBT, YTO TpeOyeT MNpPUMEHEHUS
JOTIOJTHUTEIPHOW ~ OYeHb  YYBCTBUTEJIBHOW - W TMOXTOMY  CPaBHUTEIHHO
JOPOrOCTOSAIIEN — DJJIEKTPOHHOM W3MEPUTENIbHOM anmaparypsl. M3-3a HU3KOrO
YpPOBHSI CHUTHaja CIEAyeT TINATEIbHO BBIOMPATh MPOUEAYpPY TMepeadyu Hu
COCNMUHUTENbHBIE TIpoBoja. HeoOxoammMo wuMETh B BHIY, 4YTO TEPMODJICMEHT
U3MEpseT pPa3HOCTh TeMIlepaTyp, a He €€ aOCONIOTHOE 3HaueHUe, MO3TOMY
TEeMIIepaTypa OJHOTO U3 KOHTAKTOB JOJKHA OBITh M3BECTHA C BHICOKOW TOYHOCTHIO.
JIisi pa3snuYHBIX TEMIIEPATyPHBIX UANa30HOB HCIOJIB3YIOTCS pPa3HbIC COYCTAHUS
METa/IOB. TepMO3JIEMEHTHl BeChbMa HAJEKHBI W HEJOPOTH, HMEIOT MAaIyIo
TETUIOEMKOCTh U CITOCOOHBI padOTaTh B MIMPOKOM JHUANa30HE TEMIIepaTyp.

MexnayHaponnas oanektporexHudeckas komuccus (MOK, International
Electrotechnical Commission - IEC) ompenenuna HEKOTOpbIC CTaHAAPTHHIC THUITHI
TepmodsieMeHToB (ctanaapt IEC 584-1). Dnementsl umerot unaekcel R, S, B, K.J, E,
T B COOTBETCTBHH C TUANIA30HOM U3MEPAEMBIX TEMIIEPATYD.

B mpoMBIIUIEHHOCTH TepMONaphl HUCIOJB3YIOT [JI1 M3MEPEHUS BBICOKUX
temriepatyp, A0 600 -1000 - 1500°C. IIpomebInuieHHas TepMonapa COCTOUT U3 JBYX
TYTOIUTABKUX METAJJIOB WJIH CIU1aBoB (puc. 2.12.): ['opsuuii cnait (0603Ha4ueH OYKBOI



«I'») momemaercss B MECTO H3MEPEHHsI TEMIIEpaTypbl, a XOJOAHBIA cnall («X»)
HAXOJWUTCA B 30HE , [JI€ HAXOJUTCS U3MEPUTEIBHBIA TPUOOP.

Pu

B kauectBe meraiutoB I m II moryr umcmons3oBarbcs, Hampumep, Meap MU
KOHCTAHTaH.

B nanHom nmnpeoOpasoBarene  MHGOPMALMOHHBIM  CUTHAJIOM  SIBJISIETCS
tepmoIJIC, koTopas naer MH(POpPMALMIO O Pa3HOCTH TEMIEpaTyp Ha TOpSYEM U
xoJogHOM cmasx. [loaToMy 4TOOBI BBIYHMCIUTH TEMIEPATypy Ha TropsueM crae
HE0OXO0IMMO 3HATh TeMIeparypy Ha xosiogHoMm cmae. DJ[C Tepmomnapsl u3MepsieM ¢
MOMOIIBIO BOJILTMETpA V.

Tepmo3/IC ycnoBHO mponopuMOHAIbHA Pa3HUIE TEMIEpPATyp XOJOAHOTO M
rOpSIYEro CIAEB.

3aKoHBI TEPMONAPHI.

3axon enympennux memnepamyp. Hanuuune TeMmrepaTypHOro IpaJueHTa B
OJIHOPOJAHOM MPOBOJIHUKE HE MPUBOJUT K BO3HUKHOBEHUIO JJIEKTPUUYECKOTO TOKA
(nukaxoit gononuutenbHor DJIC He BO3HUKAET).

3axon npomesicymounvix npoeooHuxos. IlycTb 1Ba OTHOPOJHBIX MPOBOJHUKA
U3 MeTaJuIoB A U B 00pa3yloT TepMOAIEKTPUUYECKYIO 1I€Th ¢ KOHTAKTaMHU, UMEIOIIIHE
temreparypsl T1 (ropsiuuii cnait) u T2 (xosoaHbIN cmail) . B pa3pbeIB npoBoHUKA
A BKJIIOYAETCs MPOBOJAHMK U3 MeTauia X U o0pa3yeTcs JBa HOBbIX KOHTaKTa jl u j2.
(cm. puc. 2.13.). «Ecnu Temneparypa npoBoAHMKa X OJMHAKOBA MO BCEH AJIMHE, TO
pesyabTupytomas IJ[C TepMmomnapsl He U3MEHUTCS (OT JOMOJIHUTENIbHBIX CIaeB HE
Bo3HUKaeT I[C)».
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BriBonr:

a) TakuM o00pa3oM, O5TO TMO3BOJISIET CHaWBaTh, a HE CBAPUBATh KOHIIBI
POBO/IHUKOB;

0) TakXe TI03BOJISIET WCMOJL30BATh  YIJIUHUTENBHBIC TPOBOAA  JUIS
NOJAKJIIOUCHHS] TEepMOIap K M3MEpUTENbHbIM mpubopam. I[loaTomy MOXKHO
UCIIOJIb30BaTh MEJIHbIE MPOBOJA HA OOJBIIMX PACCTOSIHUSAX, YTO SKOHOMHUYECKHU
BBITOJHO!

Cxembl BKJIIOYEHHUS U KOMIICHCaIluH.

CniocoOsbl HU3MCPCHUA HJIN CTa6I/IJII/ISaHI/II/I XOJIOAHOT'O CIIasd HAa3bIBAIOTCA

== — — KOMIIEHCaIIuen
SO

XO0JIOJIHOTO == A | | cmast. Omnun wu3
CIoco00OB  — . e caMblil CTapbli —
3TO | ' ' 2C | MMOMeNaTh
XOJIOTHBIH Lop, IRy | cmait B HyneByio
. YJICBY
TeMIepaTypy | CIIat | ! | — Taromui ien.
o |
Hpyronn | | g | | cmocoG:  cTaBsT
OIOJHUTEIbHBIN
L __ 1"
MAaTYUK TEMITepPaTyPhI
psazoM c MeTHBIE 1P OB OJHHKIT XOJIOJHBIM CITacM,
U3MEPSIOT TeMIlepaTypy H

BBOAAT KOMIICHCALIUIO K XOJOAHOMY CIIalo.
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Ha puc. 2.14. npencraBiieHa cxXxeMa BKJIIOYEHHS M KomIeHcauuu. B 30He
XOJIOZHOTO cHasi IPEANojaraercs, 4ro TEMIEpaTypHbIM TPaJUEHT pPaBEH HYIIIO.
JonosmuaurensHo D/1C TepMomnapsl HE BOSHUKAET.

Rk — snemeHT TemmepaTypHOW KOMIIEHCAIIMH. OTO MOXET OBITH JHOOBIM
JATYMKOM TEMIEpPATyphl. (HAIpHUMEp, IMOJYINPOBOJHUKOBBIA WM METAJUIMYECKHUM
TEPMOPE3UCTOP, HHTETPAIbHBIA HU(PPOBOI TaTUYUK TEMIIEPATYPhI U T. 11.)

TepMokoMIieHcalMsl  XOJIOAHOTO  Clasg  MOXET  OCYLIECTBISAThCA  Kak
aHAJIOrOBBIM CIIOCOOOM, TaK U HU(POBBIM.

1 cmoco0. AHAJIOTOBBIIA.

C mNOMOIIBIO 3JCKTPUYECKONH CXEMBbI, COJEpIKalllas TEPMOYYBCTBUTEIbHBIHN
KOMIICHCAIIMOHHBINA 3ieMeHT. DOopMHUpYeT HampshKEHHE, KOTOPOE CKIIAbIBAsSCh C
OC Tepmomapbl, KOMIICHCHPYET CMEIICHHE, BO3HUKIIEE U3-32 Pa3Indus
TEMIIEpaTypbl XOJOJHOTO CIas OT TeMIepaTyphl Hadajga TIpagyHpOBOYHON
xapaktepuctuku (t° = 0°C).

2 cnoco0. [udpopoii.

OJIC Ttepmonapsl U TEMIIEPATYPY XOJOJHOTO CIasi U3MEPSAIOT HE3aBUCUMO U
BBOJISIT B BBIUMCIUTENDb. Jlasiee MO rpaJlyupOBOYHOM XapaKTEPUCTUKE BBIUUCISIOT
TEeMIIepaTypy Ha OOBEKTE.

Ecnu ucnonb3oBaTh JTUMHEAPU30BAHHYIO XapaKTEPUCTUKY, TO TEMIIEpaTypy
00BEKTa MOXXHO BBIYUCIUTH CICTYIONTUM 00pa3oM:

E —3/1C, cHsTas HEMOCPEACTBEHHO C TEPMOIIAPhI
Eckop — B ciydae nMHeapu30BaHHOM XapaKTEPUCTUKH

3necs Exomn — 3J1C xomnencauuu, K- Tepmosnextpuueckuii KodhHUueHT.



IIpuBoaum E k Hawany rpaxyupoBouyHOi xapakrepuctuku (Eckopp), a 3aTem
IIOJIy4aeM TeMIeparypy ropsuero cnas Ir.c.:

[Hudposoit cmocod Mo3BOJSET YUUTHIBATH HEIMHEWHOCTh KOdhdUIMEeHTa, U
MOBBIIIATH TAKUM 00Pa30M TOYHOCTh U3MEPEHUSI.

O Yacrto BcTpeyaronmecs TUIIbI TEpMOoNap:

O Menp — koHcTaHTaH (MeTauibl A u B);

O XpOoMelb — AIKOMEIb;

0 Xpowmenb — Komenb (Hanbosee pacnpoCTpaHESHHBIN ) U Jp.

Bb1iOOp MeTayIoB CTaHMAPTHBIX TEpMONAp OCYIISCTBIISCTCS HUCXOAS U3
clenyomux GakTopoB:

. BEJIMYMHA TEPMODIIEKTPHUUECKOr0 KOAPPUITUCHTA,
. JUHEHHOCTh XapaKTEPUCTUKH;
= XAMUYECKAasA CTOMKOCTb K BO3ICUCTBUIO OKPYXKAKOLIEU

Cpelbl;
TEeMIIepaTypHBIi 1Uana3oH MPUMEHEHHUS.

E cKopp

TZC



3ansTue 4
Conepxxanue: AHAJIOTOBble H3MEPHUTEIbHbIE YCTPOICTBA (YACTh 2)

3ajaHue K NPaKTHYECKOMY 3aHATHIO:
1. CocTaBUThH JIOTUUECKYIO CXeMY 0a3bl 3HAHUM MO COAEPKAHUIO OJIOKA.
2. CocTaBUTh TEPMUHOJIOTUYECKHH CIIOBAPb.
3. BBINONHUTH BCe MYHKTHI, MEPEUYHCICHHBIE B pas3feliie MOATOTOBUTEIHHOTO
JTamna K NpakTU4eCKOMY 3aHSATHIO.

IIpakTHyeckoe 3aHsiTHe (1eJI0Basi UTPa)
[emu: 1. 3akpenuTs U yriayOuTh U3y4aeMbIil MaTepuai CTyICHTAMHU.
2. YMeThb HU3IOXKHUTh CBOIO TOYKY 3pEHHUS MO BOIMpocaMm O0OpabOTKH,

XpaHEHHUsI U Tepeaun nHPopMaIuu.

Yyactauku: CTyIeHTHI pactpeesieHbl Ha 3 TTOATPYIIIbL:

-1 moarpymma — 3aKa34yuKy (3aaf0IIHE BOPOCHI);

2-s MOATPYTIa — CIICIUATUCTHI (OTBEYAIOIITUE HAa BOMPOCHI);

3-1 moxarpymma — 3KCIepTHas rpynmna (OIEHUBAIOIINE MPaBUILHOCTD
(GhOpMYITPOBKH BOTIPOCOB M OTBETOB HA HUX).

Bpems: 90 MunyT.

1. lloaroroBuTeabHBINA 3TAN (IOMANIHASA PpadoTa):

1. IToaroroBUTh MaTEpUi MO paHEE BBIJAHHOM Ha TEKyllee 3aHSATUE (B KOHIIE
IPEABIAYIIETrO 3aHATHS) MPEIOAABATEIIEM TEME:

- COCTaBHTh IIJIaH OJI0Ka;

- COCTaBUTb TEPMHUHOJIOTMYECKUHN CIIOBAph: BBIIIACATH BCTPEYAEMBIE B TEKCTE
0JI0Ka TEPMUHBI U JaTh UM PAacIIu(PpPOBKY;

2. ITo conmepkaHuto OJIOKA COCTABUTH JIO IECSTH BOIPOCOB.

3. BBITb TOTOBBIMHA OTBETHTH Ha BOIIPOCHI 10 PACCMAaTpUBAEMOM TEME. YMETh
OLICHUTb BOMPOCHI U OTBETHl YYACTHUKOB OYIy4H B MOATrPYIIE SKCIEPTOB.

4. OdopmMuTh JOMAITHIOW PadOTy B BUJE OTUETA.

2. llopsaiok NpoBeAeHNs NPAKTHYECKOT0 3aHATHSA

1. Opranuzanpsa 3aHATHAA (IPOBEPKAa IPUCYTCTBYIOIIMX W T'OTOBHOCTH K
3aHATUAM, OOBSIBJICHHE TEMbI UCXO/IS U3 COJIEPIKAHUS TEKYILEro 3aHATHSA). (5 MUHYT.)

2. Pacnpenenenue Ha NMOATrPYNIbl U JIOBEJIECHUE MOPSAKA NMPOBEACHUS 3aHATHS.
(5 MuHyT.)

3. IlpucBoeHuwe  MNOArpyIIaM  [EPBOHAYAIBHBIX  pojiell  (3aKa3yuKH,
CHELUATUCTBL, IKCIIEpTHAs Tpynna). (5 MUHYT.)

4. OOcyxneHue CTyIeHTaMH TOATPYII BOMNPOCOB, BBIHECEHHBIX Ha
NPaKTHYECKOE 3aHATHE C LEIbI0 BRIPAOOTKH OOIIUX MO3UIUH:

4.1. Bonpochl CO CTOPOHBI MOATPYHIbl 3aKa34yMKOB. (15 MUHYT.)

4.2. OTBeTHI CO CTOPOHBI MOATPYMIbI CHEHUATUCTOB. (15 MUHYT.)

4.3. OueHuBaHue MOATPYMHION SKCIEPTOB BOIIPOCOB U OTBETOB YYACTHUKOB. (15
MUHYT.)



4.4. Tuckyccuu. (10 MuUHYT.)

4.5.BpipaboTka 0O0meld mo3uuMM W O0mero MOoAXOoAa K  BOIpocam
paccMaTpuBaeMbIM Ha TEKYIIIEM 3aHATHUU COTJIACHO €ro TeMe. (5 MUHYT.)

5. ObcyxneHue mpemojaBaTeieM W CTapIIUMU TPYMI OINEHOK YYaCTHHKOB
3aHATUA. (5 MUHYT.)

6. IlonBeneHue UTOroB 3aHATHS C OOBSIBICHUEM OKOHYATEIbHBIX OLEHOK
YYaCTHUKOB IPAKTHUYECKOT'0 3aHATUSA. (5 MUHYT.)

7. OObsIBIEHUE TEMBI U COJIEPKAaHUS CIEAYIOLUIETO MPAKTUYECKOro 3aHATHs. (5
MUHYT.)

AHaJIOTOBbIe H3MEPUTEJIbHbIE YCTPOIicTBA (4acTh 2)

Pe3ucTUBHBIN JeTEKTOP TEMIEPaTYpPhI
MeTtaniasl  UMEIOT  TOJOXKHUTENbHBIM  TEeMIEpaTypHbId KO3 PHUIIHEHT
CONPOTHUBIIEHUE T. €. C YBEIMYECHUEM TEMIIEPATYpPbl CONPOTHUBIIECHUE IPOBOJHUKA
pacrer. OTO CBOMCTBO UCIIONb3YETCS B PE3UCTUBHBIX IETEKTOPAX TEMIIEPATYPHI.

Pe3uctuBHbIE AETEKTOPHI TEMIIEpaTyphl (resistance temperature detector -RTD)
OOBIYHO BBITIOIHSIOTCS M3 IUJIATUHOBOM TpoBoJioku. CompoTuBiieHue R sBusercs
paKTUYECKU JIMHEHHOU dyHKuuen temneparypsl T(B °C) mpu onmopHOM 3HAUYECHHUH
TO = 0°C. OtHoumenue conporunieHust R npu temneparype T k conpotuienuto RO
npu onopHou Temmneparype T0 MOXKHO BBIPAa3UTh Kak

£:1+a-T+b-T2+...
RO

I7Ie a - TO TeMIepaTypHbI KO3PHUIMEHT COMPOTUBIEHUS U b - MOJIOKHUTEIbHAS

WM OTpULlaTeNbHasA NocTogHHAas (puc. 2.15). g miaTuHel THAIUYHBIMU 3HAYEHUSAMU
napameTpoB sBisitores a = 0.004 [°C1-1],b=0.59 - 101-6 [°C1-2].

L3y
R

[¥5
T

mEPMUCOp
RTD

{
1




Puc. 2.15. TemneparypHas XxapakT€pHUCTHKa CONPOTHBIICHUS PE3UCTUBHOTO
JNETEKTOP TEMIIEPATYPBI U TEPMUCTOPA

CymectBytor RTD nns nHaGopa cranaapTHbIX cornpoTuBieHuil. HaumGosnee
4acTO  HCIOJb3yeMbli TUn wuMmeeT conporusieHne 100 Om mnpu omnopHOuU
temmneparype 0°C (273°K), y Hero ects coocTBeHHOE umsi — Pt-100.

Hatuuku tuma RTD uMeroT BecbMa HU3KYH YyBCTBUTEIBHOCTD, U JIOO0OH TOK
1, UCMIOJIB3YEeMbIN ISl ONpENIEeTICHUS U3MEHEHUsI COMPOTUBIICHUS, OyAeT HarpeBarhb

JaTYHK, U3MEHSIA ero 5 NIOKa3aHUs Ha
BEJIMYMHY, - IIPONIOPLIUOHAIIBHYIO
KBaJpary ToOKa. BsIxonHoe 4 CONIPOTHUBIICHUE  Yalle
BCETO nu3Mepsercs MOCTOBBIMH CXEMaMHU.

KoncTpykTuBHO TEPMOPE3UCTUBHBIN
JNETEKTOP TEMIIEPATYPBI _ BBITJIAIUT  CJIEYIOLIUM
o0Opazom: 1

1 — kopryc (MeTamIn4eckuii);

2 — KJIEMMBI (BBIBOJIBI);

3 — KaTylllKa B BUJI€ TOHKOW MPOBOJIOKH;
4 — uzomnArop.

NMeer MOJOXKUTENBHBIN TeMIepaTypHbli KOA(GOUIMEHT CONMPOTUBICHUS
(TKC), T.e. c pocToM TeMIepaTyphl pacTET U CONPOTHUBIICHHE.

I'padux 3aBucumocTu compotuBieHuss R or remneparypst T npejcTtaBieH Ha
puc. 2.15

3aBucumocTh Onm3ka k juHeiHoi, TKC — monoxutenbHbid. TepMope3ncTopbl
IIPAKTUYECKU HE MOJABEPKEHBI CTAPEHUIO, OUEHD KUBYUHE.

Tepmucrop
Tepmucrop  (thermistor), T. e.TemMnepaTypHO-3aBUCUMBIM  pE3UCTOD,
U3TOTaBIIUBAETCSA U3 MOJYNPOBOJHUKOBOTO MaTepHuaia, UMEIOUIEro OTpUIaTEIbHbII



TEMIEPaTypHbIH KO3((OUIIMEHT U BHICOKYIO UyBCTBUTEIBHOCTh. ET0 compoTuBieHue
HEJIMHEWHO 3aBUCHUT OT TEMIIEPATYPBI

R= Ro ‘eﬂ(l/T—l/To)

rae T- temneparypa B rpagycax KemnbBuna, RO — compoTuBieHue npu omnopHoiu
temrneparype TO (o6wsruno 298 °K, T. e. 25 °C ), a P - nocrosunas (06srano 3000-
5000 °K). Hakmon xkpuBoii R-T(puc. 2.15) cOOTBETCTByeT TeMIIEpaTypHOMY
K0d(hDUIHEHTY a, KOTOPHIH, B CBOIO OYEPE/Ib, ABJISICTCS PYHKIIMEH TEMIIEPaTyPhI

1 d(R/R,) -b

j— . j—

(R/R,) dT T’

3HaveHue ko3¢ duimenta a oObI9HO JISKHUT B nuana3zone ot -0.03 mo -0.06 K1-
1 mpu 25°C (298K).

N3-3a KOHEYHOTO CONPOTUBIIEHUSI TEPMUCTOPA MIPU MPOTEKAHUU MO HEMY TOKa
BBIJICNIACTCS TEIUI0. DHEPTusl, BbiAensemMas B Tepmucrope npu 25 °C, umeer 00bIYHO
nopsanok 0.002 mBt. Ilpu nmocrositHHOM paccesnust okoio 1 mB1/ °C temmeparypa
natunka Oynmer moBbImmathess Ha | °C (Ha BO3ayXe) HA KaKIbld MUJUIABATT
paccenBaeMoOr MOIIHOCTH.

TepMucTop He sIBIsSIETCS TOUHBIM TaTYMKOM TeMieparypbl. OnHako, Onarogaps
CBOEH YyBCTBUTEIBHOCTH, OH HCIOJB3YETCS IS U3MEPEHUN MAaJbIX OTKJIOHEHUHN
TEMIIEPATYPbl. IJTO YCTPOWCTBO JOBOJBHO HAJIEKHO KaK MEXAHUYECKH, TAK U
anekTpuuecku. HennHeilHoe BBIXOJAHOE HANpPSIKEHUE TEPMUCTOpPA JIOJKHO OBITh
npeoOpa3oBaHO B JMHEHHYIO 3aBUCUMOCTb OT TEMIIEPATypbl. ITO MOYKHO CHENATh C
MOMOIIBIO aHAJIOTOBOT0 YCTPOMCTBA WIIM MPOrpaMMHBIM criocobom. [TporpamMmHbIMU
CpeICTBaMM MOXHO HEIMOCPEACTBEHHO 33JaTh TPaAyHMPOBOYHYIO TaOJMIy WIH
GyHKIHMIO - 00paTHYIO XapaKTepUCTUKE TepMUCTOpa. JIMHEHHOCTh XapaKTepUCTUKU
MOXHO [OJly4UTb, HPUCOCIMHUB K TEPMUCTOPY HECIOXKHBIE JJIIEKTPOHHBIE
ycTpoicTBa. TEepMUCTOPBI NPUMEHAIOTCA I U3MEPEHMs TEMIIEPATyp BIUIOTH 110
500-600 °C.

ManoMeTpuYecKnil Cocod n3MepeHusl TeMIepaTyphbl.

8
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[IpuHsATHI creayronie 0003HaYEHUS:

1 — GaoH, HaXOIAIINIICS B MECTE U3MEPEHHS,;
2 —paboyasi JIETKOKHUIIAIIAS )KUAKOCTh ((hpeoH);
3 — Kanwup;

4 — cunbhoHHAs KaMepa;

5 — ITOK;

6 — CTpEOYHbIN yKa3aTeb;

7 — mupeoOpa3oBaTeidb  MEPEMEIICHHUS B DJIEKTPUUECKHM  CHTHAJ
(MOTEHITHOMETD).

8 — IMOKAa3bIBAIOLLIEE YCTPOIMCTBO

B xauectBe pabouell JKHUIKOCTH TNPUMEHSETCS (PEOH, KOTOPBIA JIETKO
BOCIJIAMEHSIETCSl 1 UMEET XOPOIIHi K03 (PUIIMEHT pacIIupeHus.

[Tpunuun nencTBus:

[Ipu noBeILIEHUH TEMIEPATYPHI OAIOHA BHYTPU HETO MOBBIIIAETCS JIaBJICHUE.
Cunb(pOH M3MEHSIET CBOM pa3Mepbl, U MEXaHUYECKOE MEPEMEILIEHUE Yepe3 IITOK S5
IEPENACTCs Ha CTPEJIOYHBIN yKa3aTesab U Ipeodpa3oBaress 7.

N3mepenne pacxona

U3smepenne pacxona (flow rate) wurpaer JKM3HEHHO BaXHYIO pOJib B
OpOMBILIUIEHHOCTH. HecMOTpst Ha 601bIIy0 MOTPEOHOCTh B KAUECTBEHHBIX JJaTYMKaX
pacxoa, TOYHOCTh 3THX YCTPOMCTB 10 CUX IOP OCTaBIIAET JKeaTh Jydiiero. OaHako
IOCTOSTHHO TMOBBIIIAIOIIMECS TpeOOBaHUS K KadyecTBY MPOIYKUUMHM BO MHOTHUX
o0nacTax MPOU3BOACTBA OOYCIOBIMBAET HEOOXOJUMOCTh MPAMBIX U TOYHBIX
METOJOB Hu3MepeHus pacxona. MHorma omnpaBgaHoO  NPUMEHEHHME JAaKE OYECHb
JIOPOTUX 1aTYUKOB.

N3mepenue pacxoma OasupyeTcss Ha (PU3MUECKUX CBOMCTBAX JBHXKYILEHUCS
KUJKOCTH CBSI3aHHBIX JMOO € Maccoil, 1ubo ¢ oObeMoM. B ciydae omHOpoHOM
HEC)KUMAEMOH JKMIKOCTH ITH JBa TIOKA3aTeNsl CBSI3aHbI Yepe3 MIIOTHOCTH P:

m=p-V

OpHako MHOTHE JKHUIKOCTH, NMPUMEHSEMBIC B MPOMBIIIICHHOCTH, HE HWMEIOT
MOCTOSTHHOM IIJIOTHOCTH, WM €€ TPYAHO omnpenenuTs. [Ipumepom siBiseTcs chipas
He(Th, MpeacTaBIIsIONMas co00M Ha BBIXOJE M3 CKBAXXHHBI CMECh COOCTBEHHO He(pTH
(koTopasi cama 1o cebe - CII0KHAsE CMECh JKMJIKUX U TBEPJIBIX YTIIEBOI0POIOB), BOJIHI,
MeCKa, IPYTUX COIyTCTBYIONIUX BEIIECTB, PACTBOPEHHOTO BO3MyXa M ITy3BIPHKOB
MOMYTHOTO Ta3a. bOJNBIIMHCTBO METOJOB HW3MEPEHHS pacxola OCHOBAaHO Ha
00BEMHBIX TOKa3aTeNsiX. Huke KpaTko pacCMOTPEHBI HEKOTOPBIE M3 HHX, a TaKXKe
METOJIbI, CBSI3AHHBIC C HM3MEPEHHEM MAacCOBOTO pacxoaa. Bo MHOTHX ciydasx
WHTEPEC TPEICTaBIsICT HE TOJHLKO MTHOBEHHOE 3HAYCHHE pacxoja, HO U oOIiee
KOJIMYECTBO JKUIKOCTH, TPOIICANIee Yepe3 TOUKY H3MEPEeHHS (Hampumep, s



pacuera miuaTexei). M3mepuTenbHbIE NPUOOP B OITOM ClIy4ae Ha3bIBaeTCs
pacxoaomepoM (flowmeter).

HN3mepenne 00beMHOI0 pacxoaa
OObeMHBIM pacxod MOXHO ONPEIEIUTh Ha OCHOBE CKOPOCTH HUCTEYECHHS
notoka. CBsi3b MEXAy dTUMHU BEJIMYMHAMM OJIHO3HAUYHO OIpPENENSIETCs TeoMeTpuen
cedeHus: TpyObl, i€ MPOU3BOAUTCS M3MEPEHHE, MO3TOMY MX B3aUMHBIA IEepecyer
JETKO BBINOJIHAETCA C IOMOIIBI0 KaJIMOPOBOYHOM TaOJMIbl, IOCTaBIsAEMOM
npousBoAuTeNeM garuuka. Jlig  u3MepeHuss O0OBEMHOro  pacxofa MOXKHO
UCIOJIb30BaTh ClieAyomne GU3NYECKUe IPUHLIUIIBI:

O Ppa3HOCTb JABJICHUN;

O CKOpPOCTh BpallleHHs TYpOUHBI;

O pacmpoCTpaHEHHUE yJIbTPA3BYKa B KUIKOCTH;

O MAarHUTHYIO UHIYKITHIO;

O WHTEHCHUBHOCTHh 00Pa30BaHUs BUXPEH.

JlaTauku pacxoja, OCHOBaHHBIC HAa U3MEPECHUH Pa3HOCTH JIABJIICHHM, pabOTarOT

B COOTBETCTBUHU C 3aKOHOM bepHymmu. J[Brwkymasics B TpyOONpOBOJIE >KHIKOCTH
UMeEeT TIOCTOSIHHBIN 00BEMHBIN pacxojl BO BcexX ceueHusx. [laxe ecnu TpyOompoBoa
UMEET CYXEHHE, TO MAaCCOBBII U OOBEMHBIA pacxo] JOJKHBI OCTaBaThCS
OJIMHAKOBBIMH. UTOOBI YJOBJIETBOPUTH 3aKOHBI COXPAHEHUSI PHEPTUU U KOJIUYECTBA
JIBUKEHUS, B MECTE CYKEHHUSI CKOPOCTh M CTAaTUYECKOE JAaBICHUE KUIKOCTH JOJIKHBI
OTJIMYAThCS OT OCTAJIBHBIX CEYEHUH TpyOompoBoja. B cooTBeTCcTBHM C 3aKOHOM
bepuynnu B Mecte CyXKeHUS CKOPOCTb JBIKEHUS >KUJKOCTH YyBEIHMYMUBACTCS, a
nasieHue nanaet. [lo Benuuune nepenana aaBienust Ap = pl-p2 MOXKHO paccUuTaTh
CKOpocTh  xuAKOCTH. Pacxom  mpomoprmonanen — sqrt(Ap);  xoadduimreHt
IIPOIIOPIIMOHATLHOCTH 3aBUCHUT OT TEOMETPHUH CYKEHUS.

N3mepenue npu nomomm maidbl. Ha mytn motoka craButcs maiiba (Iuck ¢
OTBEPCTHEM B LIEHTPE, Kpas OTBEPCTUSA CHEUUATbHO O0OpabOTaHbl IJsl MOJYyYEHHUS
BbICOKOWM  TouHOcTH). (Co3maercss pa3HOCTh  JABJICHUM, KOTOpas  CBsi3aHa
3aBUCHUMOCTBIO € pacxojoM. B ornuuume oT TpyObl BeHTypu uCKycCTBEHHOE
CONMPOTUBJIEHUE HA MYyTH I[OTOKAa 3EeCh CO3/JaeTcs Manboi. Ito Haubosee
pacnpoCTpaHEHHBIN cOcO0 U3MEPEHHS PacXo/a.
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[IpenmyiecTBa — MpOCTOTa KOHCTPYKLIMH.

Henocratku — OoJiblliie MOTEpU NABJICHUS, MaJIbId JUANa30H U3MEPSEMbIX
pacxo/ioB, OTHOCHUTEJIBHO HEOOIBIION CpoK CiyObl. [lpy Hanmuuuu B TOTOKE
TBEPJIbIX BKJIIOUYCHHN KPOMKHU «IIAOBD» MPUTYIUISIOTCS; Uil TOYHOTO H3MEpPEHUS
pacxoja HEOOXOAMMO co37aTh OOJBIION Tepernaj JaBlIeHUsl, YTO MPUBOIUT K
SHEPreTUYECKUM TOTEPSIM.

B Mecte cyxeHus Bcerja NpUCyTCTBYIOT IOTEPH Ha TPEHUE, KOTOPHIE MOXKHO
YMEHBIIUTh 3a CYET BHIOOpa THIpOJAUHAMHUYECKH oOTekaemoit ¢opmbl. [Ipumepom
TAKOro yCTpoHMcTBa siBisierca TpyOa Bentypu (puc. 2.18), koTtopas COCTOUT u3
CY’KaIOLIEToCsl M pacIIMpSIOLIErocss comen. Takas KOHCTPYKIMS TPUBOAUT K
YMEHBILIEHUIO BHXPEOOpPa30BaHUSA TMPHU MPOXOXKACHUU IMOTOKA uYepe3 HauMEHBIIIEe
CEUEHHE U TMO3BOJIIET MpeHeOpeub noTepsiMu Ha TpeHue. TpyOku Bentypu oObraHO
UCTIONB3YIOTCS U1 U3MEPEHUN OOJBIINX PACXO/IOB B OTKPHITHIX KaHANAX; OJJHAKO MX
CTOMMOCTb, KaK MPaBHJIO, BBIIIEC, YEM CTOMMOCTHh OOBIYHBIX AuD(epeHInanIbHbIX
pacxoaoMepoB.

Ferdid e e HITH ATE HE T
MAHOMET]

Pu

Tpy6a Bentrypu. 3necy v1>v2. Pa3HOCTh AaBIEHUNA U3MEPSEM C MOMOLIBIO
G depeHnraTbHOr0 MaHOMETPA, K KOTOPBIM MOABOASTCS TPYOKH.

[IpenmyniecTBa — CO31a€T MEHBILIE IOTEPH 1ABICHHUS.
HenocraTku — ciao0Hast KOHCTPYKIUS.

TypOunnbie pacxomomepbl. Pacxom MOXHO H3MEpPUTh TYpOMHON CO
CYETYMKOM 4YacTOThl BpALICHUS, I[IOCKOJBKY OH IPONOPLMOHAIEH CKOPOCTH
BpaimieHus. OOBIYHO ATOT MPUHITUI TPUMEHSETCS B pacxoi0Mepax, KOTOPbI€ BHIAIOT
UMITYJIbC TIPH MPOXOKICHUH Yepe3 TypOUHY OIMpPENeIEHHOTO KOJIMYECTBA KUIKOCTH.



Takol U3MEPUTENL MOXHO HCIOJB30BaTh TOJBKO JUISl YMCTBIX KXKUIKOCTEH, TaK KaK
r00bIe TBEP/IbIC YACTUIIBI OyAyT MEIIaTh BPAILICHUIO TypOUHBI.

BapuaHThl KOHCTPYKIIWN:
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TypOuna B Buae mnporeuiepa WM MEILHUYHOrO Koneca. Ha Bbexonae
AIEKTPUYECKUN CUTHAJ (CUHYCOUIAJIbHBIN, MPSAMOYTOJIbHBIA U JIp. B 3aBUCUMOCTH OT
PUMEHSIEMBIX NIEPBUYHBIX MPeoOpa3zoBarTesieil), N3MEHSIOIMIUICS MPONOPIUOHATBHO
CKOpPOCTH ITOTOKA.

Ha BbIxojme MokeT ObITh M HEINEKTpUUECKUuM curHail. B mpumep stomy
CJIy4ar0 MO>XHO ITOCTaBUTh KBAPTUPHBIE CYETUMKHU BOJIbIL, Ta3a U Ap.

YabTpa3BykoBble pacxogomepbl. [IpocToil cmocod u3MepeHuss 00bEMHOIO
pacxojla OCHOBaH Ha CBOWCTBAaX pPacIpOCTPaHCHHS YJIbTpa3ByKa B JKUJAKOCTH. B
pe3ysibTaTe YJIbTPa3BYKOBOTO HM3MEPEHHUS MOXKHO TMOJYYUTh CPEIHIOK CKOPOCTh
KHUJIKOCTH, KOTOPAsi ONPEEISIETCS M0 CKOPOCTH PACIPOCTPAHEHUS YIIbTPa3BYKOBBIX
BOJIH. B mpeamnoioxeHuu, 4To 3Ta CKOPOCTh paBHA CPEIHEH CKOPOCTH JBYIKCHUS
KHUJKOCTH (CKOPOCTh CUYUTAETCS CPEIHEH MOTOMY, YTO B JCHCTBHTEIHLHOCTH OHA
HEPaBHOMEPHO pachpe/eliecHa [0 CEYCHHI0 W MEHSAETCS OT TOYKH K TOYKE),
O00BEMHBIN PACXO] MOJYYaSTCsl MPOCTHIM YMHOXKCHHEM TIOJYYSHHOW CKOPOCTH Ha
TUIOIIAAbh CEYCHUSI TPYOOITPOBO/IA.

VAbTpa3ByKOBO€  HM3MEPEHME  BBINOJHSETCS €  MOMOUIbIO  JIBYX
NBE303JIEKTPUUECKUX NPeoOpa3zoBaTesieil, MOMEIEHHBIX 0 Pa3HbIE CTOPOHBI TPYOBI
Ha paccTostHUU (BIOJIb OCH TpyObl) Mo KpaiHeir mepe 100 MM Apyr oT apyra; OHM

MOTYT paboTaTh Kak B PEXKUME M3ITy4deHHs (TPSIMOM), TaK U B PEKHUME OTPAKCHUS
(puc. 2.20).

CyuiecTByIOT J1Ba OCHOBHBIX CIOCO0A YJIbTPAa3BYKOBBIX W3MEPEHUMN: OJUH
OCHOBaH Ha ONpPEAEIICHUU BPEMEHU MPOXO0KACHUS BOJIHBI YE€pPE3 KUJKOCTh, APYroi
— Ha U3BMEHEHUHU YaCTOTHI.

[lepBbiii  cmoco® CBsi3aH € M3MEPEHUEM  PA3HUIBI 10  BPEMEHU
pacnpoCTpaHEHHs IOCJIE0OBATEIbHOCTH HMITYJIbCOB B JKUJIKOCTH (CKOPOCTb 3BYyKa
3aBHCHUT OT BHUJA JKUJKOCTH, OHa cocTaBiisieT 344 m/c B BO3ayXe IpU KOMHATHOM
temneparype u 1483 wm/c B Bozae). CHauana mepBblii IbE30MpPe0OpPa30BATEIND
TEHEPUPYET TPYIILy HUMITYJIbCOB, @& BTOPOW IPUHUMAET, 3aTEM OHHU MEHSIOTCS
pOJIAIMHM: BTOPOM NpeoOpa3oBaTelb CTAHOBHUTCS M3JIy4yaTeleM, a T[epBbId -
OpUeMHUKOM. B oOIHOM ciydae cOCTaBIsOIIAs CKOPOCTU JKUIKOCTH V*cosa



YBCIIMYNBACT BPCM: npoGera BOJIHBI, B JIPYIOM - YMCHBIIACT. I/ICXOI[}I nx ABYX
HSMCPCHHﬁ, MOJKHO OIIPECACIUTb CPCAHIOIO CKOPOCTD KUJIKOCTU V.

NbE303NEXMPUUECKUE 6
npeobpasosamenu
(uanmpamenu/npuemnui)

3 — '
— )
nomaoxa nomoxa

l l nvesoanexmpuyeckusl ompaxcamens

npeobpasosamens
(npuemnux)

Puc. 2.20. IlpuHuun ynbpTpa3ByKOBOTO U3MEPEHHUS PacXo/a:

a — TPSMOU METOJT; 0 — METOJT OTpaKEHUS

Bropoii cmoco6 OCHOBaH Ha Pa3HOCTH YaCTOT HM3MYyUYEHHBIX M TPUHITHIX
uMITysibcoB CoCTaBIstomas v¥*coso CKOPOCTH KUAKOCTH BIUSET HA JUIMHY BOJHBI
yJIBTPA3BYKOBBIX UMITYJILCOB (3¢ ekt Jlomnepa), yTo O3HA4aeT, 4yTO MX YacToTa
YBEIMYMBACTCS B OJHOM HAMPAaBICHUH W YMEHbIIAETCA B ApyroM. U3 pasHocTH
YaCTOT MOYKHO HAWTH CPEIHIOI0 CKOPOCTH XKHUIAKOCTH. JIOCTOMHCTBO ATHX CIOCOOOB
COCTOUT B TOM, YTO PE3YyJbTaT HE 3aBHCHUT OT CKOPOCTH PACIpPOCTPAaHEHHUS 3ByKa B
KOHKPETHON JKHIKOCTH W TI0O3TOMY HE TpeOyeTcs CHelUalbHOW TPaayHpOBKH
YCTPONCTBA, TIOCKOJIBKY M3MEPECHHS B Pa3HBIX HAINPABJICHHUSIX KOMIICHCHPYIOT IAPYT
apyra. B oboux ciywasx, oOJHaKo, Ha pe3ylbTaT W3MEPEHUU BIHUAIOT
HEOTHOPOIHOCTH KHIKOCTH, ITy3bIPHKH WUJIM TBEP/IbIC YaCTHUIIHI.

Jpyroe mnpeumyliecTBO YJIbTPA3BYKOBBIX H3MEPEHHU COCTOMT B TOM, YTO
JATYMKH JIETKO MOHTHUPYIOTCS Ha TpyOe (CYIIECTBYIOT Aake MEPEHOCHbIE MPUOOPHI),
He TpeOyIOT M3MEHEHHUsl €€ KOHCTPYKLHWHU, HE BIUSAIOT Ha XapaKTEPUCTUKH MOTOKA
(HET moTepb 1aBJICHUSI B MECTE YCTAHOBKM JaTurKa). TOUHOCTh U3MEPEHUI TaKasl Ke,
KaK Y JUIsl JATYMKOB JIPYTUX THUIIOB, - B nipeaenax 0.5-1 % ot usmepsieMoil BETUYUHBI.

MardHuTtHble JaTYMKH pacxoga pabotaroT Ha ocHoBe 3akoHa dapanes,
KOTOPBIA YTBEPKIACT, YTO B MPOBOJHHUKE, IBHXKYIIEMCS B MAarHUTHOM MOJIE,
Bo3Hukaer OJIC, BenmuuMHa KOTOPOM MPSIMO MPONOPIUOHATBHA HWHIYKIUU
MAarHUTHOTO MOJISI M CKOPOCTH JABWKEHUA mnpoBoaHuka; IJIC opueHTMpoBaHa B
MPOCTPAHCTBE MNEPNECHANKYJISIPHO HAIPABJICHUIO TOJISI U JBWKECHUIO MPOBOJHHKA.
[Ipy MarHUTHOM H3MEPEHUU pacxoja MPOBOJHUK OOpa3yeTcs JBHXKYIIUMUCS



MOHAMH  DJICKTPOINPOBOMSAIICH JKUJIKOCTH; TPOBOAUMOCTDh JKHIKOCTH JIOJDKHA
coctaBsiTh Mo KpaiiHei Mepe 0.1 MkCm/cM. MarHuTHOE MOJ€ CO3MaeTCs BYMS
0OMOTKaMH, PpACIOJOKEHHBIMA 110 pa3Hble CTOPOHBI TPYOBI, MUTAIOIIUMHUCS
NEPEMEHHBIM WM TYJbCHPYIONIUM IOCTOSIHHBIM TokoM. DJIC, mHmynupyemas B
KUIAKOCTH,  W3MEpSIeTCS  JIBYMS  HW30JUPOBAHHBIMH  JJIGKTPOJAaMH;  OHa
OpoINoOpIHOHaNbHA  pacxoday.  MokHo — moka3at, uro OJC  Mmexny
IIPOTHUBOIOJIOKHBIMU TOYKAMU TPYyObl Majo 3aBUCUT OT pacIpeiesieHUus CKOpOCTel
1o cedeHuto TpyOsl (mpoduist ckopoctH). [10CKOIBKY MPUHATO, YTO CEUCHUST TPYObI
MOCTOSIHHO, TO BBIXOJITHOE HAMPSKEHHUE MPOMOPIUOHAIBHO PACXOY.

BuxpeBbie pacxomomepbl. Cremyromuii crnocod HU3MEpEeHUs pacxoja
KUIKOCTH B TpyOe ocHoBaH Ha 3ddekre Gon Kapmana (von Kdrmin). Ecnau teno
ompesneneHHol (OpMbl MOMENIEHO B MOTOK JKHJIKOCTH, TO B KHJIBBATEPHOH CTpye
BO3HHUKAET TYpPOYJIEHTHOCTh, MOPOXKIAOMIAs 00JIACTH C TEePEMEHHBIM JaBJICHHEM,
KOTOpbIE MOXHO OOHApYy»XWTh JaTdyukamu. YacTtora BUXpEW, MOMEPEMEHHO
CPBIBAIOLIUXCA C TpaHed II0X000TeKaeMoro Tena, NpsSMO MPOMOPIHOHATbHA
CKOPOCTH KUIKOCTH, a, CIIEA0BATEIHHO, 1 00bEMHOMY Pacxoy.

OmguH u3 cnoco0OB CheMa CUTHAJIA — MEXaHUYECKHM COEIUHHUTH JIOMATKy C
NbE30KPUCTAJUIOM, W CHUMAaThb C €ro OOKIAJOK HampsDKeHHEe C 4YacTOTOU
POIOPIIMOHATILHON YacTOTE CPbIBA BUXPEH.

JIOTTATEA

moxoobTekasnoe
TEIIn

ke |

Puc. 2.21

Hpyrue cnocoObl cheMa CUrHajIa:
3aMbIKaHHE-Pa3MbIKaHHE:
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Puc. 2.22

CDI/IKCI/IpOBaHI/Ie qaCTOThI BI/IXpCO6pa3OBaHI/I$I C IIOMOIIBIO JATYUKOB JaBJICHUA:

TATLIET JARTEHMA
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cDI/IKCI/IpOBaHI/Ie HaCTOThbI BI/IXpCO6p330BaHI/I}I C IOMOIIBIO YJIBTPA3BYKA.

Bo3My1ieHHbI MOTOK HMCKa)KaeT CUTHaJN, B pe3yjbTare Y3-curHail OyaeT
MoayiaupoBaHHbIM (fHec>fund.curnan) fBuxp.=1I1...1.5+2kI 1.

HN3mepenne maccoBoro pacxoaa
Bo mHorux cinydasx BMECTO OOBEMHOrO pacxoia WU CKOPOCTH >KUIKOCTH
HE0OXOIMMO 3HAaTh MAacCOBBIM pacxon. Ecim u3BeCTHA MIOTHOCTh HEC)KMMAEMOM
KUIKOCTH, TO MAaCCOBBIA PAcXoj] paCCUYUTHIBACTCS HEMOCPEIACTBEHHO MO OOBEMHOMY
pacxoqy ¢ y4eToM, €CIM HEOO0XOJUMO, TEeMIIepaTyphl, NaBlieHUsS U Bs3kocTu. Ha
IIPAKTUKE, OJHAKO, INIOTHOCTh YaCTO HEU3BECTHA.

MHoOrue nomnsITKM ONPEAECIUTh MACCOBBIM PACX0l HA OCHOBE U3MEPEHUS CUII U
YCKOpEHM noTeprenu Heyaady. OauH NpUHLUII, OJHAKO, MOTYYUI MPOMBILIIEHHOE
IPUMEHEHUE - 3TO M3MEPEHHE MAacCOBOIO PACXOAAa HA OCHOBE TMPOCTATUYECKOIO
MeToa U BiausHUS cuibl Kopromnuca.

Bo Bpamaromeiicss cucremMe Ha Maccy, ABWKYIIYIOCA BIOJIb pPaauyca,
NEUCTBYET cwia, HaszpiBaemas cuinon Kopuonuca. HampaBienue 53TOM  CUIb
NEPIIEHINKYJIIPHO OCH BPALlEHUsI U HAIIPABJICHUIO JIBH)KEHUS MACCHI, @ €€ BEJIMYMHA
IPONOPLMOHATIbHA CKOPOCTH BpAILlEHUsI U PaAUalIbHOM CKOpPOCTH Macchl. MaccoBble
pacxosoMepbl, OCHOBaHHbIE Ha u3MepeHMHM cuibl Kopuosimca, garoT Xxopouiue
pe3yJIbTaThl, HE TPEOYsl KOMIIEHCAIMH JJaBJICHUSI U TEMIIEPaTyphl.

B mnpsmMonmHEHOM ydacTke TpyOONpoBOJia C IOMOIIBI0 3JIECKTPOMAarHUTa
BO30YKJIalOTCs KOJIeOaHUsl, pe30HAHCHBIE COOCTBEHHON 4acTOTE TPYObl UM YACTOTE
Kakoi-im0o ee rapMoHWKU. Ha BXOJe M BBIXOZIE TpyOOIIPOBOJA CHMMETPUYHO IIO
OTHOIIICHUIO K JJICKTPOMArHUTY pPa3MEIICHbl NMPUEMHHUKH IS onpeneiacHust (has3nl
konebanmii TpyOsl. Korma tpyOompoBonm myct, ¢das3el konebanuii coBmagaror. Ha
000 3JIEMEHT JKHMJIKOCTH, TeKymed mo Tpybe Oyaer meicTBoBaTh OOKOBOE
yckopenue. M3-3a mHepuu 3TOro 3JeMeHTa KojeOaHUs Ha BXOJe OYAyT 3aTyXaTh.
[To Mepe nNpPOXOXKICHHS OJJIEMEHTA IKUJAKOCTH IO TpyOe, OH Tieperaet eif



HAKOIUJICHHYIO DHEPTHIO, U €€ KoueOaHUs Ha BBIXOJHOM KOHIE ycunuBaroTcs. dasbl
CUTHAJIOB, HW3MEPEHHBIX Ha BXOJE M BBIXOJE YydacTKa TpyOoIpoBoda, OyayT
pasnuyaThCs; pa3HoCTh (a3 NpsAMO MPONOPIUOHAIBHA MACCOBOMY pacxoAdy. JlaTunku
pacxona, IMOCTPOECHHBIE B COOTBETCTBUM € IpuHUMIOM Kopuonuca, 0O4eHb Majo
BJIUSIIOT HA MOTEPH JIABJICHUS B TPYyOOIIPOBOIAX.

Pacxomomep Kopuonuca MOXHO TakKe UCHOJIb30BaTh I HU3MEPEHUS
IUIOTHOCTH KUAKOCTH. [[1s1 3TOro ompezaensercss cOOCTBEHHAsl 4acToTa KoJeOaHMit
3aMOJHEHHOTO ydacTKa TpyOompoBojaa, KoTopas oOpaTHO MpONOpLUUOHATbHA
TUIOTHOCTH KUJIKOCTH.

Pacxonomepsr Kopuonuca — HempocTble YCTpOMCTBa U TPEOYIOT CIIOKHBIX
corjacyrmux M oOpadaTeiBaromux cxeM. OIHO M TO K€ YCTPOWCTBO MOMKET
OPUMEHATbCA JUIsI U3MEPEHUs W pacxona, U MIoTHocTd. Kpome Toro, mMaccoBbie
pacxonomepsl Kopuonnca He TpeOyIOT CIVIaXXKUBAIOLIUX YYaCTKOB TPYO U 00J1adaroT
BbICOKOU TOYHOCTBIO (0.5 % oT u3MepsieMoil BenuurHbl). OQHAKO 3TH PACXOAOMEPHI
YYBCTBUTEJIbHBI K BUOpAIMSIM U UMEIOT OIPaHUYCHHS IO Coco0aM MX YCTaHOBKH.
Kpome Toro, oHu TOBOJIEHO IOPOTH.

HN3mepurenbHble npeodpa3oBaTesid YPOBHSI.

Camblif mpocTOi  mpeoOpa3oBaTelib YpPOBHS — TMOIUIABKOBBIN, IS
npeoOpa3oBaHusl TMEPEMEICHUsS TOMIaBKa B JJIEKTPUYECKUH CHUTHAJI MOXKHO
OPUMEHHUTh TNOTEHUUOMETP. (OCHOBHBIM HEJOCTATKOM IIOIUIABKOBOTO METOJa
SBJISIETCA HAIMYME MEXAaHUYECKUX MOABUKHBIX 3JIEMEHTOB.
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I'mapocraTtudecknii  mpeodpa3oBaTeib YPOBHS U3MEpSET  JaBJICHUE
KUJAKOCTH BOJM3U THA €MKOCTH M BBIUUCISET YPOBEHb, UCHOJIB3Ys UHPOPMAILIHUIO O
TUIOTHOCTH >KUJIKOCTH.

BecoBoii npeodpa3oBaTesib YPOBHS B3BEIIMBAECT EMKOCTh C MPOIYKTOM, IIPU
U3BECTHBIX 3HAUYEHUSAX IUJIOTHOCTH MPOAYKTAa W TE€OMETPUU E€MKOCTH BBIYMCISET
YPOBEHB.



YiabTpa3BykoBoi npeodpa3oBaresib YPOBHSI U3MEPSET BPEMS MPOXOKIACHUS
AKyCTMYECKOI'O CUTHAJIa 10 MOBEPXHOCTH pasliesia Cpell, MPU U3BECTHOW CKOPOCTH
pacnpoCTpaHEHUs! CUTHAJIA BBIYUCIISIETCS] PACCTOSHUE.

EMKocTHBINH Ipeodpa3oBare)ib YPOBHS

CYI[I/ITB 00 HU3MEHEHHH YPOBHA JKHUAKOCTH MOXHO H3MCPIA CMKOCTB
KOHICHCATOPA YaCTUYHO ITOTPYKCHHOI'O B EMKOCTD C JKUAKOCTBIO. I[I/IC-)J'IeKTpI/I‘ICCKI/Ie
IMPOHUIACMOCTH BO3AYyXa U KXUAKOCTHU OTIIMYAIOTCA, CIICAOBATCIIBHO IIPpU M3MCHCHUU
YPOBHA KUAKOCTHU 6y,Z[€T MCHACTCA U CMKOCTb KOHACHCATOPA.
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XuMuyeckue 1 OMOXMMHUYECKHE H3MepPeHus!
B xuMuuecknx u OMOXMMHUYECKHUX MPOIECCaX OYEHb BAXKHO HU3MEPATH PSif
bu3nUecKX XapakTepUCTHK. HekoTopble M3 HUX MOXKHO TOCTOSHHO HW3MEPSTH B
ONEPATUBHOM PEKUME, B HACTHOCTH:

" KOHIEHTPAIIHIO;

" TIPOBOJUMOCTb;

" COJEpIAHUE COJIEH;

" OKUCJUTEIbHO-BOCCTAHOBUTEIbHBIN mOoTeHIMan (redox potential —
oxidation-reduction potential);

= BenuuuHy pH;

" ypoBeHb pacTBOpeHHoOro kuciopona (dissolvedoxygen, DO);
IUIOTHOCTH B3BEIICHHBIX YaCTHII.

J1Jist BceX yKa3aHHBIX THUIIOB U3MEPEHHM B OOJIBIIMHCTBE CIIy4aeB CYIIECTBYIOT
CepHiTHbIC TTPOMBIIIUICHHBIC JATYUKU C MPUEMIIEMbIMU Xapaktepuctukamu. Kak yxe
YKa3bIBAJIOCh, TOYHOCTh M TOTPEIIHOCTh U3MEPEHUM 3aBUCAT HE TOJILKO OT CaMUX
JATYMKOB, HO W OT TOTO, KaK OHHM HCIOJB3YIOTCS, T. €. OT OOCTY>KHWBaHWS,
CBOCBPEMEHHBIX TIOBEPOK M TPagyHpPOBOK. ITO OCOOEHHO CYIIECTBEHHO B
OTHOIIECHUY XUMHYECKUX U OMOXUMHYCCKUX U3MEPCHUI.



CyliecTByeT MHOTO THUIOB JaTYMKOB IS M3MEPEHUS KOHIIEHTpaluu
OpraHUYECKOTO YTiepoja, cCoeauHeHud aszora, docdhopa U T. A. MHOTHE M3 HHUX
OCHOBaHbl Ha CBOEro poja JadOpaTOPHOM XHUMHUYECKOM aHaJIM3e, KOTOPBI
BBITIOJTHSIETCS ~ aBTOMATHYECKHM C  TOMOIIBI  CHEHUATBHOTO  00OpY/IOBaHMUS.
VYerpoiicTBa 3TOT0 THNa OOBIYHO JOBOJIBHO CIOXKHBI M, COOTBETCTBEHHO, JI0BOJIBLHO
noporu. OHuM paboOTaOT B ABTOHOMHOM PEXHUME, NOCKOJbKY aHAJIU3 MOXKET
noTpeboBaTh HEKOTOPOTO BPEMEHH U CIIEIIMATIBLHO OTOOPAHHBIX 0OPa3IOB BEIIECTBA -
pe3yJIbTaThl MOTYT nepeaBaThCs KOMIIBIOTEPY 1o CIIeIIUAIBHOMY
nHpopMallMOHHOMY KaHally. PerynspHoe o0OCIyXHMBaHHE - Ba)XKHEHIAs YacTh
AKCIUTyaTallii TaKoTro O0OpYyJIOBaHMsS, WU TEM HE MEHEe €ro HaJCKHOCTh HEeJb3s
CUUTATh MOJTHOCTHIO YAOBJIECTBOPUTEIIHHOM.



3angTue 5

Conep:xanne: CTpyKTYpHBbIE CXeMbI H3MePUTENbHBIX NIpeodpa3zoBateeii (AII).
Metpoaoruyeckue xapakrepucruxku UII.

3anaHue K NPAKTUYeCKOMY 3aHATHIO:
1. CocTaBUTBH JIOTUUECKYIO CXeMy 0a3bl 3HAHUM MO COJEPIKAHMIO OJIOKA.
2. CocTaBUTh TEPMHUHOJIOTUYECKUN CIIOBAPb.
3. BbImoaHUTH BCe MyHKTHI, NEPEUMCICHHBIE B pa3fesie MOArOTOBUTEIHHOTO
ATana K MpakTUYeCKOMY 3aHSATHUIO.

IIpakTHyeckoe 3aHsiTHe (J1eJI0Basi UTPa)
[emu: 1. 3akpenuTh U YriIyOuTh U3y4aeMblil MaTepuai CTyJeHTaMU.
2. YMeTh HW3IOXKHUTh CBOKO TOYKY 3pEHHS 1O BOIMpocaMm OOpabOTKH,

XpaHEHHUsI U Tepeaun HHPOpMaInu.

VYyactHuku: CTyIeHTHI pacnpeeieHbl Ha 3 MOArPYIIIIbL:

1-st moarpymnna — 3aka34yuku (3aar01Iue BOIpOCHl);

2-s1 moArpymmna — CueuaIucThl (OTBEYArOIe Ha BOMPOCHI);

3-s1 moarpymnma — SKCIepTHas rpynmna (OIEHUBAIOIIUE MPABUIBHOCTD
(GbOpMyIMPOBKHU BOMPOCOB U OTBETOB HA HUX).

Bpewms: 90 MunyT.

1. lloaroroBuTeabHBINA 3TAN (IOMANIHSASA padoTa):

1. IloaroToBuTh MaTEpUs MO paHEe BBIJAHHOW Ha TEKyllee 3aHsATHE (B KOHIE
IPEABIAYILIErO 3aHATHS) PENOAABATEIIEM TEME:

- COCTaBHTh IIJIaH OJI0Ka;

- COCTaBUTh TEPMHUHOJIOTMYECKUH CIIOBAph: BBIINACATH BCTPEYAEMBIE B TEKCTE
0JI0Ka TEPMUHBI U AaTh UM PACIIU(PPOBKY;

2. Ilo conepxkaHuto OJ10Ka COCTaBUTH JI0 IECSTH BOIIPOCOB.

3. BBITb TOTOBBIMH OTBETHTH Ha BOIIPOCHI IO PACCMAaTPUBAEMOM TEME. YMETh
OLICHUTb BOMPOCHI U OTBETHI YYACTHUKOB OYIy4H B MOArPYIIE SKCIEPTOB.

4. OdbopmMuTh JOMAIIHIOW PadOTy B BUJE OTUETA.

2. llopsiiok NpoBeAeHNs NPAKTHYECKOT0 3aHATHSA

1. Opranmzauuss 3aHsATUA (MpOBEpKAa MPUCYTCTBYIOIIMX M TOTOBHOCTH K
3aHATUAM, OOBSIBJICHHE TEMbI UCXO/ISl U3 COJIEPIKAaHUS TEKYILEro 3aHATHSA). (5 MUHYT.)

2. Pacnpenenenue Ha NMOATrPYNIbl U JIOBEJIECHUE MOPSAKA MPOBEACHUS 3aHATHS.
(5 MuHYT.)

3. IlpucBoeHuwe mnoArpynmnaM IE€pBOHAYAIbHBIX  poJied  (3aKa3yuKH,
CHELMATUCTBL, IKCIIEpTHAs Tpynna). (5 MUHYT.)

4. OOcyxaeHue CTyIeHTaMH TMOATPYII BOMPOCOB, BBIHECEHHBIX Ha
IPAKTUYECKOE 3aHATHE C LEJIbI0 BHIPAOOTKH OOIINX MO3ULIMIA:

4.1. Bonpockl cO CTOPOHBI MOATPYNNbI 3aKa34yUKOB. (15 MUHYT.)

4.2. OTBEeTHI CO CTOPOHBI MOATPYMIbI CHENUATUCTOB. (15 MUHYT.)



4.3. OueHuBaHue MOATPYNION SKCIEPTOB BOIIPOCOB U OTBETOB YYACTHHUKOB. (15
MUHYT.)

4.4. Tuckyccuu. (10 MUHYT.)

4.5.BripaboTka o0mielt mno3uuMM U OOIIero mojaxoda K — BOIpocam
paccMaTpuBaeMbIM Ha TEKYIIIEM 3aHATHUU COTJIACHO €ro TeMe. (5 MUHYT.)

5. OOcyxneHue mpenojaBaTelieM W CTaplIMMU TPYyNN OLEHOK YYacCTHHUKOB
3aHATUA. (5 MUHYT.)

6. IlonBeneHue MTOroB 3aHATHS C OOBSBICHHEM OKOHYATENBHBIX OLEHOK
YYaCTHUKOB IPAKTHUYECKOT'0 3aHATUSA. (5 MUHYT.)

7. OObsIBICHUE TEMbI U COJIEP)KAaHUS CIEAYIOLIEr0 MPAKTUUECKOro 3aHATHs. (5
MUHYT.)

2.3. CTpyKTypHBIE CXeMbl H3MEPHUTEILHBIX Ipeodpa3oBareJieii (UII).

CrpykrypHas cxema UII npsiMoro onHOKpaTHOTO IpeoOpa3zoBaTes:

X v 3necy Y=K1X, a sUII=01 — morpemHocTh N3MEPUTEITHHOTO
1T K npeoOpazoBarTes paBHa MOTPENTHOCTH OJIHOKPATHOTO
51 npeoOpa3oBanus »Toro 3BeHa. Hampumep, tepmomapa ( cxema

TEPMOIIAPbI YCIOBHO OHA JIMHEWMHA).

Puc. 2.32.
B Tex cnydadx, Korja MNEpBUYHOE MPEeOOpa3oBaHUE HE

MO3BOJIAET MOJIYYUTh TPEOYyEMBbIN CUTHAJI, TPUMEHSIIOT CXEMY MOCIEI0BATEIbHOTO
WM KaCKaJIHOTO TpeoOpa3oBaHus.

5 &1
Pic. 2.33. 5.-3s
i=1

Y n
K—:- Kl 1 Fn y:HKl.-x
r i=1

- MOTPEUIHOCTh PaBHA CyMME
KQ)KJI0r0 3BCHA.

B naHHOM ciywae, cTaTHueckash XapaKTepUCTUKa paBHA MPOU3BEACHUIO
KOKJI0ro  3Be€Ha.  (CM.  TIpuMep  IOCIEIOBATENbHOrO  MpeoOpa3oBaHUs
MaHOMETPHUYECKOTO0 JIaT4yuKa TeMiepaTtypsl Puc. 2.21.).

HuddepennmanpHas cxema.

X1
y =TRTLKD:
K, ) 1
Ko K—1" K+ K,

O X9 Puc. 2.27

XapaktepHasi 0COOEHHOCTh Au(depeHIIMaANbHbBIX aTYUKOB — HAJIUYUE JIBYX
OJIHOTUIIHBIX 3BEHBEB, BBIXOJHBIE CHUTHAJIBI KOTOPHIX BbIYMTArOTCA. [Ipuyem Ha



BXO/Ibl 3B€HbEB MOXKET MOJaBaThCs TUOO KOHTPOJIUpyeMasi BEIMUHHA, INOO HA OJUH
— KOHTpOJIMpy€eMasi, Ha APYrou — MOCTOSIHHASL, B TOM YMCJIE HYJIEBasl.

Paccmotpum mpumep:

Juddepenumansubiii Tpanchopmarop.

O603HaveHMUs:
w “UD g
1 — wmarautonpoBoyg (deppur,
/j - — J/ 4 MarH. 3JI. KeJe30);
UIIE & = = = j¢U2 ;anBI:IX 2 - SIKOPBb,
/& B A 3 — 0OMOTKa MUTaHUS;
1 £
, " Puc. 2.28 4 —  w3MepHTenbHas OOMOTKa
4 5 BO30OYXKIEHUSI.
Ko 3necs UBbix=Ul- U2

Hanpsxenue BbeIXxoma  UBBIX
IPOMOPLMOHATIBHO PAa3sHOCTH MOTOKOB MarHUTHOM uHAyKmMM @®1 u D2 yepes
BCTPEYHOBKJIIOUEHHbIE OOMOTKU. Ecim skops B cpeiHeM MOJO0KEHUH, TO Pa3HOCThb
IIOTOKOB MarHMTHOM MHIYKIMHU paBHA HymIO. [Ipr OTKIOHEHMHU SIKOPS OT HYJIEBOTO
NIOJIOYKEHHUS], BOSHUKAET CUTHAJI, OTJINYHBIN OT HYJIEBOTO.

[IpeumyiiectBa nudpepeHnaIbHbIX TaTYUKOB:
CHM)KEHUE JOIMOJIHUTENBHBIX TOTPEIIHOCTEM,

BO3MOKHOCTb YBCIMYCHHUA YYBCTBHUTCIBHOCTU W HNCKIIOYCHHC MMOCTOSIHHOM
COCTaBJIHI-OHleﬁ B BBIXOJHOM CHUTHAJIC,

BO3MOKHOCTD JIMHCApU3AITNH CTaTUYECKOM XAPAKTCPUCTHKH JAaTYHKA B ICIIOM.

Cxema KOMITCHCAITMOHHOTO COSMHEHHUS (C OTPHUIIATeIILHOW 0OPaTHOM CBA3BIO).

y:L.x y v
1+ K, K, ﬂﬁ Ki [ —
1 1 K
S, =6 -5, - 2 s
bl 1 1+K1 'Kz 2 . 1 2
K, K, Puc. 2.29.
[Ipeumytectna:

OCHOBHOE JIOCTOMHCTBO B CIIOCOOHOCTH KOMIIEHCHUpPOBaTb HW3MEHEHUs
napaMeTpoB M3MEPUTEIBHOIO TpakTa (MyTh MPOXOXKAEHHs curHaia). OcCHOBHOMU
napametrp HII — morpemHocTh: cratnueckas u auHamuueckas. [lpu Hanuunn
OOpaTHOM CBSI3M MOXXEM YIPABIATH 3TOW MOTPEIIHOCTHIO. [IpuMeHsis pa3inuyHbIe
3BEHbsI, MOKEM YIPABIIATH JUHAMHYECKON OIMOKON U T. II.



Hanpumep, 4TOOBI YMEHBIIUTH CTATHYECKYIO OIIMOKY, HEOOXOIUMO BBECTHU
acTaTtu3M (MHTETrPUPYIOIIEE 3BEHO).

2.4. MerpoJsornyeckue xapaxkrepucruxku UII.

Crarnueckue xapakrepuctuku UII

CraTnyeckasi XapakTepuCTHMKAa — (QYHKIMOHAIbHAS 3aBHCUMOCTb MEX]Y
BXOJIHOM U BBIXOJHOW BEJIMYMHAMHM B YCTaHOBUBIIEMcCsS pexume. Cratuyeckue
XapaKTEPUCTHKU JaT4YMKa TIOKA3bIBAIOT, HACKOJIBKO KOPPEKTHO BBIXOJ JaTyvKa
OTP@KAET M3MEPAEMYIO BEIMYMHY CIIyCTs HEKOTOPOE BpEMA
MOCJIE €€ U3MEHEHHUs, KOrJa BBIXOJHOW CHTHAJl YCTAHOBWJICA HA
HOBOE 3HAUYECHHUE.

Ona Moxer ObITh mpeAcTaBieHa KO3 PUIMEHTOM,
ypaBHEHUEM, TpaduKOM WiIu TaOnuieir. YpaBHEHUE JTUHEHHOU

XapaKTePUCTUKH 3alTUChIBACTCS CIEAYIOIIUM 00pa3oMm: R
y=f(x)=iB+K-x
3neck B — HekoTOpas nocrosiHHas (const),
K — xoaddpunment npeobpazoBanus,
y0 — curnan xoJIocTOro xoaa,
x(0 — 30Ha HEUYBCTBUTEIBLHOCTH. Pu

[Ipu B=0 rpaduk mpoxoaut yepe3 HayaJio KOOPAUHAT.

¥

Vgl - - - - - —

[Ipu B>0 xapakrepuctuka cMelleHa Mo ocu adcuucc Ha
BEJIMYMHY XOJIOCTOTO X0/1a, Ipu 3Tom y0=B.

y
[Tpu B<0 xapakTepuctrka uMeeT 30Hy HeuyBCcTBUTEIbHOCTH OT 0 110 XO.
Ha yyactke:
ot 0 mo xH: y=K-x, Puc. 2.31

ot xH no oo: y=yH.



Ecnu Ha xapakTepHUCTUKY BBIIEIUTD JJUHEWHBIM YYaCTOK, B IIPEAEIaX KOTOPOTO
paboTtaet mpeoOpa3oBaTeilb, TO PA3HOCTh MEXKIY BEPXHUM M HIDKHUM 3HAYCHHUSIMU
BBIXOJHOTO (BXOJHOI0) CHrHaja OMNpEeNeNstoT Kak pabouuidt auanazoH AP
npeoOpazoBaTesisl, a UX OTHOLIECHUS — TUHaMUYecKuil tuamna3zon AJl.

PaGounii quana3on (operating range) naTyuka ONpeAessieTCs JAOMYCTUMBIMU
BEPXHUM M HWXKHUM TIpelielaMyd 3HAayeHUsT BXOJIHOM BEJMYMHBI WA YpPOBHSA
BBIXOJTHOTO CUTHAJIA.

X
x = =X
H
Y K
y =
Yu
HOpOF quCTBHTeHBHOCTH — JII/IHGIZHOG SHAYCHHUEC BXOIHOI'O CHUTI'HaJia,

BBI3BIBAIOIICC 3aMCTHOC U3MCHCHHUC BBIXOJIHOI'O CHMI'HAJIA.

BaxHpIMM CTaTUYECKUMU MMAPAMETPAMH TAKKE SIBISIOTCS: YyBCTBUTEIBHOCTD,
paspemiaronasi CnocoOOHOCTh WJIM pa3pelieHue, JIMHEUHOCTh, Apeid Hyss U MOJIHBIN
Ipeiid, MOBTOPSIEMOCTh M BOCIPOU3BOIMMOCTh PE3yJIbTaTa.

YyBcTBUTEIBHOCTD (sensitivity) gaTdyMka OMpenenseTcss Kak OTHOIIEHUE
BEJTMYMHBI BHIXOJTHOTO CUTHAJIA K €IMHUYHON BXOTHOUM BEJIMUYMHE.

Paspemenne (resolution) - 3TO HaWMeHbINIEE W3MECHEHHE H3MEPSIEMOI
BEJTUMYMHBI, KOTOPOE MOKET OBITh 3a)MKCUPOBAHO M TOYHO IMOKA3aHO TATUUKOM.

Jluneiinocth (linearity) He ONMMCHIBACTCS AHAIMTHYECKH, a OMPEIEIAETCS
UCXO/ISl U3 TPAlyupOBOYHOM KpUBOU natunka. CTaTuyeckasi rpalyupoOBOYHAs KpUBast
MOKa3bIBAET 3aBHCHUMOCTH BBIXOJHOI'O CHUTHAJIA OT BXOJHOTO MNPH CTalMOHAPHBIX
yCHoOBUsX. bIM30CTH 3TOW KpHBOM K MPSAMOW JMHUUA M OIPEHENSIET CTENEHb
JMHENHOCTH. MaKCUManbHOE OTKIIOHEHUE OT JIMHEWMHON 3aBUCHMOCTH BBIPAXKAETCs B
IPOLICHTAX.

Hpeiid (drift) ompenensieTcss Kak OTKJIOHEHHME TIMOKa3aHWM JaT4yMKa, KOTrja
u3MepsieMas BEeIUYMHA OCTAeTCsl MOCTOSHHOW B TEYEHHE IJIUTEIHLHOTO BPEMEHH.
Benuuuna gpeiipa MOXKET OMpenensaTbcs MPU  HYJIEBOM, MAaKCUMAaJbHOM WM
HEKOTOPOM MPOMEXKYTOYHOM 3HAUYEHMM BXOJHOTO curHana. [Ipu mpoBepke nperida
HYyJId U3MepsieMasi BEJIMYMHA TOJJICPKUBACTCS HAa HYJEBOM YPOBHE WIIM YPOBHE,
KOTOPBIN COOTBETCTBYET HYJIEBOMY BBIXOJHOMY CHUTHANy, a TpOBepKa Apeida Ha
MaKCHMYME€ BBITTOTHIETCS TP 3HAYCHUH U3MEPSEMON BEJTMYHHBI, COOTBETCTBYIOIIEM
BEPXHEMY TIpeieny pabouero aumama3oHa jgarduka. Jlpeid natumka BBI3BIBACTCS
HECTAOWJIBHOCTHIO YCHJIMTENS, W3MEHCHHUEM OKpPYXAIOIMUX YCIOBHH (Hampumep,
TEMIIepaTyphbl, JaBJICHUS, BIAKHOCTH WIA YpPOBHA BHUOpaIuii, IapaMeTpoB



ANIEKTPOCHAOKEHUS WJIM CamMoro Jardyuka (cTrapeHue, BBIpabOTKa pecypca,
HEJIMHEHHOCTD U T. ]11.)

IloBTOpsieMocTh (repeatability) xapakTepuszyercsi Kak OTKJIOHEHHE MEXKIY
HECKOJIBKMM  TIOCJEAOBATEIbHBIMA  W3MEPCHUSIMH TPU  33JaHHOM 3HAYCHHH
U3MEpSEeMON BEIIMYMHBI B OJMHAKOBBIX YCJIOBHUSAX, B YaCTHOCTH MPHUOIMKCHHE K
3aJJaHHOMY 3HAY€HHIO JOJHKHO MPOUCXOIUTHh BCETNa W 00 Kak HapacTaHUe, JINOo
Kak yOwiBaHwme. M3MepeHus MODKHBI OBbITh BBIMOJHEHBI 32 TaKOW IMPOMEKYTOK
BPEeMEHH, YTOObI HE TPOSBISUIOCH BhusHUE aAperda. I[loBTopseMocTh OOBIYHO
BBIpa)KaeTcs B MPOIIEHTaX OT pabovyero auanazoHa.

BocnpouzBoagumocts (reproducibility) anamornyHa TOBTOPSEMOCTH, HO
TpeOyeT OOJbIIEro MHTEpBalia MEXKIy H3MEpeHUusIMU. Mexay NpoBepKaMH Ha
BOCIIPOM3BOJIMMOCTh JAaTUMK JOJDKEH HCIOJIb30BaThCs MO Ha3HAYEHUIO U, OoJee
TOTO, MOXKET OBITh MOJABEPTHYT KaMMOpOoBKe. BoCTIpon3BOIMMOCTE 3a/1a€TCsl B BUJIEC
MPOIIEHTOB OT pabodvero amama3zoHa, OTHECEHHBIX K €AMHUIIE BPEMEHH (HArpumep,
MECSILY).

IHorpemnocru.

HctuHHOE 3HaueHHE M3MEpPSIEeMON BENWYHMHBI — 3HAUYCHHUE, HACATBHO TOYHO
OTpaxkarolee CBOMCTBO OOBEKTA B KOJIMYECTBEHHOM OTHOUIEHUHU.

I[CﬁCTBHTGHBHOG 3HAa4YCHHUC I/IBMCp}IGMOﬁ BCJIMYMWHBI — 3HAYCHUC HSMGPHCMOﬁ
BCJINYMHBI, HACTOJIBKO OIM3KO K NCTHUHHOMY 3HA4YCHHUIO, YTO IJIsA PCIICHUA TCKYHICﬁ
HpHKHaHHOﬁ 3aJa4n MOKCT OBITH MCITOJIE30BaHa BMECTO MCTHHHOT'O 3HAUCHUS.

Peansno IIpxn OLCHKC IIapaMCTpPOB HCIIOJIB3YIOT HAT4YWMKH, OIOCHHBACTCA
IMOTPpCHIHOCTD.

HOFpeHIHOCTB U3MCPCHUA — OTKIOHCHHC H3MepﬂeM0ﬁ BCIMYUHBI OT
I[GﬁCTBHTGHI)HOFO 3HA4YCHHMI.

3Has norpemHocTs UI1 B pe3ynbTaTe MHOMOKPATHBIX, XAOTHYHBIX U3MEPEHUI
MOHO €T0 CKOPPEKTUPOBATH.

AOGCOIOTHOE 3HAYEHUE MOTPEIIHOCTH U3MEPEHHUsI XapaKTepPU3yeT OTKIOHEHHE
U3MEpPAEMON BEIMYMHBI OT JCUCTBUTEIBHOIO 3HAUYECHHS] B E€AMHUIAX H3MEPSIEMOM
BEJIUYHUHBI.

OTtHOcHUTEIbHAS IOrpCmHOCTL — OTHOIIICHHE a0COJIIOTHOMU IMOTpCITHOCTH
HN3MEPCHUA K TCKYIICEMY 3HAYCHHIO I/ISMeprCMOﬁ BCIIMYMHBI, BBIPAXKCHHOC B
IIPpOLCHTAX.

HpI/IBe,Z[eHHaH INOrp€HOCTL — OTHOHICHHC a0COJIFOTHOM INOrp€IIHOCTH K
AUAIIa3ony U3MCpPCHUA.

OcHOBHasi TMOTPEUTHOCTh — IMOTPEHTHOCTh H3MEPEHUs, KOTOpOoH obnagaeT
U3MEPUTENBHOE YCTPOWCTBO MPH €ro MPUMEHEHUH B HOPMAJIBHBIX YCJIOBUSX
AKCIUTYaTaluu.

HaanMep, OTHOCHUTCIIbHAsA u IMPHUBCACHHAA IOrpCHOCTb MOT'YT
paccMaTpuBaTLCA B ... Toukax XapaKTCPUCTUKHU, a OCHOBHAA — BO BCCM AMAIIaA30HC



U3MEPCHU B HOPMAJBHBIX YCIOBHUSX, TO ©CTh IPH YCIOBHSX, HAIMCAHHBIX B
HacIopTe.

Ouensb yacTo y npuOOpPOB HOPMHUPYETCSI OCHOBHAS MOTPELIHOCTb.

I[OHOJ'IHI/ITCJ'IBHaH NOTPECIIHOCTb— HOI'PCITHOCTL, BbI3bIBACMas HW3MCHCHUAMU
BHCIITHUX yCJ'IOBI/Iﬁ o CpaBHCHHUIO C HOPMAJIbHBIMH OSKCIINIyaTalMOHHBIMHA
YCIOBUAMH, 4YaCTO BbIpAXAIOIMUXCA B IIPOOCHTAX, OTHCCCHHLBIX K CIAWHUIIC
BO3MYIICHU, CJICACTBUEM KOTOPOIr'O ABWJIACh 3TO IIOTPECITHOCTD.

[Ipenen nomyckaeMoil TOTPEIIHOCTH CPEACTB M3MEpPEHUs — HauOoJiblee
3HAUYEHHE TMOTPEIIHOCTU CPEACTB HW3MEPEHHM, YyCTaHaBIMBAEMOE HOPMATUBHO-
TEXHUYECKUM JJOKYMEHTOM JIJI TAHHBIX TUIA CPEACTB U3MEPEHUI, IPU KOTOPOM OHO
elIe MPU3HAETCS TOJIHBIM K IPUMEHEHHUIO.

OTHOcuTENbHAA U MNpUBCACHHAA IIOIPCIMHOCTH HMMCHOT IIPHUHIUIIHAJIBHOC
OTJINYHUC.

Hanpumep:
it mpubop — 1% oTHOCHUTENTBHON NOTPEMIHOCTH, 211 MPUOOP — MPUBEIEHHOM.
X1<XK

Bosbsmem, Hanpumep, Touky (X1; Y1). Umeem:

5 — 5X ABC.3HAY
OTH Xl
oX
= O pup. = ——
XK
Puc. 2.32 oTkyna oueBuaHo, uto SIIPUB. <6OTH B Buay Toro, 4rto
XI1<XK.
HesanneiHocTh

[Ipu paccMoOTpeHUM HEIMHEHHOW XapaKTepUCTUKU CIEAYeT pasziuyaTh
HEJIMHEHMHOCTh Kak TpeOyemyro (DyHKIMOHAJIbHYIO 3aBUCUMOCTh OT HEIMHEHHOCTH
KaK MOTPEIIHOCTH JIMHEApU3alUU.

, Cratudeckue XapaKTEPUCTUKH (U3UUYECKUX pealbHBIX
b~ - YCTPOMCTB, Kak IIpaBWJIO, HE ObIBAlOT JUHEHHBIMH. Ho
5 MIOCKOJIbKY  JIMHEWHAs  XapaKTEPUCTHUKA  W3MEPUTENBbHBIX

bt

I

:

: npeoOpa3oBaTeseii O4eHb yA00HA, TO MPUMEHSIOT TOMYIIEHUS
i [

: U JIMHEApHU3yIOT HEIWHEHHYI0 XapaKTEePUCTHKY, 3aMCHSIS ee
LI x HauOoJsiee ONM3KOW JMHEWHOW. B 3TOM ciydae BO3HHMKAaET




MOTPENTHOCTh JuHeapu3anuu. OIHAKO TPH TMOMy4YeHUH OoJee BBICOKOW TOYHOCTH
YUYUTBIBAIOT U HEJIMHEMHYIO 4acTh. Yalue BCEro pe3yJbTUPYIOLIEH XapaKTEPUCTUKOU
JaTYMKA ABJISICTCS MpsAMasi, PEeKe — HeJIMHEHHAS.

Puc. 2.33 MHorue agaT4uKd 00J1aal0T CBOMCTBOM HEJIWHEWHOCTH.

Hanpumep, eciu matdyMk JOCTUTAeT BEPXHEro mpenesia pabodero

nuaria3oHa, nposiBisercs d(PGeKT HACHIEHUs, T.€. BBIXOJHOM CHUTHAJl OrpaHUYEH,
JaXKe eCIM BXOJ/Has BeJIMUKMHA Bo3pacTaeT. [IpuMepbl HelTMHEHHOCTEH:

O HenuHeNHas nedopmalys IpyxKuH;

KYJIOHOBCKO€ TPEHUE;

MarHUTHOE HAaChIILIEHUE B CEpJCUHUKAaX TPaHC(HOPMATOPOB;
XapaKTEPUCTUKHU PacX0JOMEPOB;

3aBHCHMOCTb CONIPOTUBIIEHUS] TEpMUCTOpa OT Temreparypsl (R =
RO exp(B(1/T-1/TO),rne T— »5TO TeMmmepaTypa B Tpamaycax
KensBuna, a RO, TO u P — 3710 mocTosiHHbBIE).

OcoOpie mpoOneMbl CBsi3aHbI ¢ JMIO(QTOM B 3yOuaThIX Mepefadyax H JIpYyrux
MEXaHW3MaX, WMEIOIINX CBOOOAHBIA XOJI, @ TaKK€ C MArHUTHBIM HACBIIICHUEM.
BrixogHOW cHWrHam AaTdyuKOB, ISl KOTOPBIX XapakTEpHBI TaKWe SIBICHHS, - 3TO
MHOTO3Ha4Hass (YHKIHsS BXOJHOW BEIWYMHBI, 3aBHUCSIIAs OT HANpaBICHUS ee
U3MEHEHMUSI.

O O0OO0Oo

JAuHammnyeckue xapakrepucruku UII.

JluHamMHu4uecKkass TOTPEIIHOCTh CPENCTBA M3MEPEHUS — MOTPELIHOCTD,
BO3HUKAIOIIAs IONOJHUTEIBLHO IPU U3MEPEHUHU TEPEMEHHON (PU3NYECKON BETMUUHBI
1 00yCIIOBJIEHHOE HECOOTBETCTBUEM €r0 PEaKLUU HAa CKOPOCTh U3MEHEHMSI BXOJHOTO
CUrHasa.

JIluvHamMy4yecKkue CBOMCTBA  JATYMKA  XapakKTEPU3YIOTCS  LEIbIM  PSAOM
[IapaMETPOB, KOTOPBIE, OJHAKO, JOBOJIBHO PEAKO MPUBOIATCA B TEXHUYECKHUX
ONMCAHUAX MMPOU3BOIUTEINIEH.

JIns u3MepuTeNnbHBIX MpeoOpa3zoBaTesieil OOBIYHO HOPMHPYIOT CIEATYIOIINE
JTUHAMUYECKUE XapaKTePUCTUKHU:

O IMOCTOSIHHAsi BpEMEHU;

nepenaroyHas GyHKIUs ¢ KodhpurmeHTamu;

peakiys Ha €IMHUYHBIN CKaYOK WA CTYTEHb;

BpeMs 3amna3plBanusi4

YaCTOTHBIE XapaKTepUCTUKU(JIorapuPpMUYECcKre u
HeJIorapu(pMUYECKHE).

OO0O0oOo

JIMHAMUYEeCKyl0  XapaKTepUCTUKY JaTd4huka MOXXHO SKCIEPUMEHTAIbHO
NOJIYYUTh KAaK PEaKIMI0 HAa CKayOK HM3MEpsieMOl BXOAHOW BeIMYMHBI (pUC. 2.34).



[TapameTpbl, ONUCHIBAIOIIME PpEAKIMIO JaT4MKa, AT MPEICTABIEHUE O €ro
CKOpocTH (Hampumep, BpeMs HapacTaHHs, 3ala3/blBaHHE, BpeMs JOCTHIKECHHUS
IEPBOTO MaKCUMyMa), MHEPLUOHHBIX CBOICTBa (oTHOCHUTENBHOE
nepeperyvupoBaHue, BpeMsl YCTAHOBJIEHHUS) U TOYHOCTH (CMEILEHNUE).

A
14 + MP

1.2
1.0 F

08
0.6
0.5
04

0.2

0 1 : 10 apema

Puc. 2.34. Jlunamuueckas peakuus gaTduka (peakius Ha Puc. 2.39
CKa4oK); o

TO - Bpems IpOX0KAE€HUS 30HbI HEUYBCTBUTEJIBHOCTH,

Td — 3ana3apiBaHue,

Tp - Bpems AOCTHKEHUS IEPBOTO MAKCUMYMa,

Ts — BpeMs yCTaHOBIICHUH,

M — nepeperynupoBaHue

B npuHuumne ciaeayer CTpeMUThCS K MUHUMH3ALUU CIIEYIOUX NapaMeTpPOB.
BpeMmst npoxoxaeHus: 30Hbl HeuyBCcTBUTENBbHOCTH (dead time) - Bpemst Mexny

Ha4dYaJIOM H3MCHCHMUA (1)I/IBH‘I€CKOI>'I BCJIMYMHBI U MOMCHTOM pPCaKIMKW JaT4YHKa, T. €.
MOMCHTOM HadaJla U3BMCHCHUA BBIXOOAHOI'O CUT'HAJIA.

3anasznpiBanue (delay time) - BpeMs, uepe3 KOTOpOE IMOKa3aHUs JaTyuKa
nepBelii pa3 gocrurator 50 % ycTaHOBUBIIErocss 3HaueHus. B mauteparype
BCTPEUAIOTCS U IPYTHUE OIPEIeIICHIs 3ara3/bIBaHMU.

Bpemst Hapactanust (rise time) - BpeMs, 3a KOTOPO€ BBIXOJIHOM CHTHal
yBenuuuBaetrcs oT 10 1o 90 % ycrtaHoBuBIIerocs 3HaueHus. J[pyroe omnpeneneHue
BPEMEHU HapacTaHUs - BEJIMYMHA, 0OpaTHAs HAKJIOHY KPUBOW pEaKIMU JaTYMKa Ha
CKauOK M3MEpSeMOI BETMYMHBI B MOMEHT NOCTHXeHHUS 50 % OT yCTaHOBUBIIETOCS
3HAUCHUS, YMHOXEHHOE Ha YCTAaHOBHBIIIEECS 3HadeHHWe. MHOrma HCmonb3yroTces
Ipyrue ompeaeneHus. Manoe BpeMs HapacTaHHsS BCET/la yKa3bIBa€T Ha OBICTPYIO
peaKIuio.



Bpemsi noctmxenus mepBoro makcumyma (peak time) - BpeMs HOCTHKEHUS
NEPBOr0 MaKCUMyMa BBIXOJJHOTO CUTHAJIA (TIEpEePEryIUPOBAHMS).

Bpems nepexonHoro npoiiecca, Bpemsi yctaHoBieHus (settling time) - Bpewms,
Ha4yMHas ¢ KOTOPOTO OTKJIOHEHHE BBIXOJAA AaTYMKA OT YCTAHOBUBILEIOCS 3HAUYEHHUS
CTAHOBUTCS MEHbIIIE 3aJJaHHON BETMYUHBI (Hanpumep, £ 5 %).

OTtHocuTenbHOE mepeperyiaupoBanue (percentage overshoot) - pasHOCTB
MEXIY MAKCUMaJbHBIM U  yCTAaHOBUBIIMMCSI 3HAQYEHHUSIMHU, OTHECEHHas K
YCTaHOBUBIIEMYCS 3HAUEHUIO (B MPOLIEHTAX).

Cratudeckas ommoOka (steady-state error) - OTKIIOHEHHE BBIXOJHON BEITMYUHBI
JaT4MKa OT MCTUHHOTO 3HAYEHUS WIM cMmemeHne. MoxeT ObITh yCTpaHeHa
KaJTMOPOBKOM JTaTYMKA.

B peanpHBIX YCIOBHUAX HEKOTOpble TpeOOBaHUS K JlaTYMKaM BCerja
MIPOTUBOpPEYAT JPyr JpPyry, MO3TOMY BCE MapaMeTpbl HENIb31 MHUHUMHU3UPOBATH
OJHOBPEMEHHO.

ITo JAUMHAMHWYCCKHM XapPaKTCPUCTHKaAM OOJIBIINHCTBO JaTYUKOB OTHOCHUTCA K
YCUIIMTCIISAM, alICPUOANICCKUM U Kos1e0aTeJIbHBIM 3BEHbBSIM IIEpBOIo 1 oonee
BBICOKOI'O ITOPAIKOB.



3anaTue 6

Conep:xanue: JIMHNH CBSA3U U3MEPUTEJIbHBIX YCTPOMCTB

3ajaHue K NPaKTHYECKOMY 3aHATHIO:
1. CocTaBUThH JIOTHUECKYIO CXeMY 0a3bl 3HAHUM MO COAEPIKAHMIO OJIOKA.
2. CocTaBUTh TEPMHUHOJIIOTUYECKHIA CIOBAPb.
3. BBINONHUTH BCE MYHKTHI, MEPEYUCICHHBIE B paszfesie MOATOTOBUTEIHLHOTO
JTamna K MpakTU4eCKOMY 3aHSTHIO.

IIpakTHyeckoe 3aHsiTHe (J1eJI0Basi UTPa)
[emu: 1. 3akpenuTh U yriIyOuTh U3y4aeMblil MaTepuai CTyJeHTaMU.
2. YMeTh HU3IOXKHUTh CBOIO TOYKY 3pEHHS MO BOMpocaMm O0OpabOoTKH,

XpaHeHUs U Nepeaayu HHPOopMaIiu.

VYyactauku: CTyIaeHThI pacupeieneHbl Ha 3 TOArPYIIbL:

-4 moarpynna — 3aKa34yuky (3aJar0II1e BOMPOCHI);

2-s moArpynmna — CeuuanucThl (0TBEYAIOLIME Ha BOMPOCHI);

3-4 moarpymma — D3KCIepTHas rpynmna (OUEHUBAIOIIME MPaBUIBHOCTD
(OpMYIMPOBKHU BOMPOCOB U OTBETOB HA HUX).

Bpems: 90 MunyT.

1. lloaroroBuTeabHBINA 3TAN (IOMAlIHASA padoTa):

1. IloaroToBuTh MaTEpUsl MO paHee BBIJAHHOW Ha TEKyllee 3aHsATHE (B KOHIE
IPEBITYIIEro 3aHATHS) PEN01aBaTeIeM TEME:

- COCTaBHTh IIJIaH OJI0KA;

- COCTaBUTh TEPMHUHOJOTHYECKHI CIIOBaph: BBINHCATH BCTPEYAEMbIE B TEKCTE
0JI0Ka TEPMUHBI U AaTh UM PacIIU(PPOBKY;

2. Ilo conepxaHuto OJ0Ka COCTAaBUTH JI0 IECSTH BOIIPOCOB.

3. BBITh TOTOBBIMH OTBETHTH Ha BOIMPOCHI MO paccMaTpUBaeMOW TeMme. YMETh
OLICHUTH BOTPOCHI M OTBETHI YYaCTHUKOB OYIyuH B TIOJATPYIIE IKCIIEPTOB.

4. OdbopmMuTh TOMAIIHIOW PadOTy B BUJE OTUETA.

2. llopsiiok NpoBeAeHNs NPAKTHYECKOT0 3aHATHSA

1. Opranuzauus 3aHiaTHS (IPOBEpKAa MPHUCYTCTBYIOIIMX M TOTOBHOCTH K
3aHATUAM, OOBSIBJICHHE TEMbI UCXO/IS U3 COJIEPIKAaHUS TEKYILEro 3aHATHSA). (5 MUHYT.)

2. Pacnpenenenue Ha NMOATrPYNIbl U JIOBEJIECHUE MOPSAKA MPOBEACHUS 3aHATHS.
(5 MuHYT.)

3. IlpucBoeHuwe  MNOArpyIINaM [EPBOHAYAIBHBIX  pojiedl  (3aKa34yuKH,
CHELMATUCTBL, IKCIIEpTHAs Tpynna). (5 MUHYT.)

4. OOcyxaeHue CTyIeHTaMH TMOATPYII BOMPOCOB, BBIHECEHHBIX Ha
NPaKTHYECKOE 3aHATHE C LIEIbI0 BRIPAOOTKH OOIIUX MO3UIUH:

4.1. Bonpockl cO CTOPOHBI MOATPYHNbI 3aKa34yuKOB. (15 MUHYT.)

4.2. OTBEeTHI CO CTOPOHBI MOATPYMIMbI CHEHUATUCTOB. (15 MUHYT.)



4.3. OueHuBaHue MOArPYNION 3KCIEPTOB BOIPOCOB M OTBETOB YYACTHHUKOB. (15
MUHYT.)

4.4. Tuckyccuu. (10 MUHYT.)

4.5.BripaboTka o0mielt mno3uuMM U OOIIero mojaxoda K — BOIpocam
paccMaTpuBaeMbIM Ha TEKYIIIEM 3aHATHUU COTJIACHO €ro TeMe. (5 MUHYT.)

5. OOcyxneHue mpenojaBaTelieM W CTaplIMMU TPYyNN OLEHOK YYacCTHHUKOB
3aHATUA. (5 MUHYT.)

6. IlonBeneHue MTOroB 3aHATHS C OOBSBICHHEM OKOHYATENBHBIX OLEHOK
YYaCTHUKOB IPAKTHUYECKOT'0 3aHATUSA. (5 MUHYT.)

7. OObsIBICHUE TEMbI U COJIEP)KAaHUS CIEAYIOLIEr0 MPAKTUUECKOro 3aHATHs. (5
MUHYT.)

JIMHUM CBSI3M U3MEPUTEJIbHBIX YCTPOUCTB

B nanHom pazgene OyayT pacCMOTPEHbI JUHUHM CBSI3U JJI1 U3MEPUTENbHBIX
YCTPOMCTB C aHAJIOTOBBIMHU BBIXOJHBIMHU CUTHAJIAMU. JIMHUS CBSI3UM U3MEPUTENBHOTO
YCTPOMCTBA BBIMOIHSIET PYHKIUU:

O mepenavya HHPOPMAITMOHHOTO CUTHAJA OT JIaTYMKa K ammaparype
OCYHIECTBIISIFOIIEH 00pabOTKYy ¥ HCIONb30BaHWE HH(POpPMAIIH
(YCO, xoHTpOIIIED, PETYIISTOP...);

O 1mepeaayda ICKTPUICCKON SHEPTUH IJIsl TUTAHUS JaTYUKA.

[Ipy NOOKIIOUYEHUH U3MEPUTENIBHBIX YCTPOMCTB C aHAJIOTOBBIMHU BBIXOJHBIMU
CUTHAJIAMU TNPUMEHSIOT: YETBIPEXIIPOBOJHbBIE, TPEXIPOBOAHBIE U JBYXIIPOBOJHBIC
JIMHHUU CBSI3HU.

qublpeXHpOBOIlHaﬂ JIMHUA CBA3U.

Hcnonp3yeT 1Ba OTHOEIBHBIX MPOBOAA JUIsl TIepeaaud NHUTaHUS H  JBa
OTIIETLHBIX MPOBOAA IS Tiepenadyn uH@popManuoHHoro curHama. Ha puc. 2.35. B
BEPXHEW YacTH YCIOBHO H300paKEH H3MEPUTENIbHBIA MpeoOpa3oBaTesb, KaOeb
CBSI3M, BTOPUYHBIN TPeoOpa3oBaTeh B BHUJEC H3MEPHUTEIS-PETYISTOPA, B HIDKHEH
YaCTH CTPYKTypHas CXeMa YETHIPEXIPOBOJHOTO TMOAKIIOUEHUS HN3MEPUTEIHHOTO
YCTPOMCTBA.

O06o3HayeHus: % % /Per —

NY — u3mepuTenbHOE yCTPOUCTBO;

IInTaHHe
BII — BropuuHbIii mpeodpa3oBaresb, my__— 1 A BII 1
| | ) I
X — uU3MepseMbli  (QU3NYECKUI : § g | ‘}“} \‘I IIBIL | |
. |
mapamerp; I — | |
< U m F5S7 o von | !
e T [, Sy vorr ||
L — — — | L ——— |



UII — u3mepuTenbHbIil mpeoOpa3oBaTenb;
NOIT — NCTOYHHK 3JIEKTPONUTAHUS;

YOMU — ycrpoiictBo 00pab0oTKK nH(pOpMaIny;
UII — HanpsikeHUE TUTaHUS;

Mexnay Y u BII umerorcs aunuu cBsizu (JIC).

O6o3Hauenre TpaHchopMaTopa YKa3blBa€T HAa BO3MOXKHOCTh TMPUMEHEHHUS

TaJIbBAHUYCCKOI'O pa3aCICHU 110 ITIUNTAHUTO.

JlocTonHCcTBA:
O MO3BONAET MEpelaBaTh BCE M3BECTHBIE p . 535
CTaHJAPTHBIE DIEKTPUUECKUE CUTHAIIBI,
O BO3MOXHOCTb INpUMEHEHUs BHyTpu WY ranpBaHHuYeCcKOro

Pa3aCiICHUA (I/ICKJ'IIOLICHI/IG BJIIMAHHA  IITMTAIOIICTO

CHUTHaja,

BO3MOXKHOCTH TIOJKIIOYCHHSI OOJIBIIOT0 KOJWYSCTBA PA3TUIHBIX
0€30IMacHOCTH

notpebureneit uHdopmanuu, obecnedeHne
CUTHaJbHBIX IeMeil ©  OOCIyXHBAIOIIEro IepcoHaa

BO3/ICUCTBUSI MUTAIOIIETO HATIPSYKEHHUS).

HGI[OCT&TKI/IZ BBICOKAasA CTOMMOCTbD JIMHUHN CBA3HU.

oT

BBIBO,ZI: HCO6XO,Z[I/IMO YMEHBIIUTE KOJIMYCCTBO IIPOBOAOB IIYTEM YCIIOXKHCHHUSA

BIlu 1VY.

TpexnpoBoaHasi TUHUA CBA3U.
Hcnonp3yeT oquH OTAEIBbHBIA ITPOBOA

IJIs. TIepeladd TUATAHUSA, OAWH OTACIbHBIN
IpoBOA MJis mepenadud UHGOPMAIMOHHOIO

CUTHaJ]a M OAWH mpoBoj obmmil. Ha puc.

2.36 B BepXHEW YacTU YCJIOBHO HM300paKeH i_ | i_ BII __
M3MEPUTENILHBIA PeoOpa3oBaTenb, Kabelb j .f)".;’ i—H;'TH

CBSI3M, BTOPUYHBINA NpeoOpa3oBaTeilb B BHJE x| I | Hyorr| | TI5I
M3MEPUTENA-PETYIATOPA, B HUKHEH 4YacTu | )|
CTPYKTYypHass ~ CXeMa  TPEXIPOBOIHOTO !_ _13 » o 4

IMOAKIOYCHUA U3MCPUTCIIBHOT'O YCTPOﬁCTBa.

—
|
|
|
|

_|

N3o6paxennass Ha puc.2.36 JUHUS CBSI3M HCHOJNB3yeTCs I Tepefadu
CUTHAJIOB HampspkeHuil. B nanHoM citydae oOriasi IMHA SBISETCS

IIPOBOIHUKOM Puc. 2.36.

N / Per [— >
nepeaadn SJICKTPUYCCKOM MOIIHOCTH K
M3MEPUTEILHOMY MPE0Opa30BaTEN0 |

M v 1 TR ] TaKkKe SBISICTCS IPOBOJIHHKOM IS

| I |5 !+Un IS0l | mepenaunm MHGOPMAIMOHHOIO CHUTHAJA.

| I | HM3-3a 3TOrO0 O0OWMI IIPOBOA MOMKET
< : - l . IVDII i SBISATHCS MCTOYHHKOM  IOTPEUIHOCTH,

N 53 1L R |

| T |

R T €



Puc.

TaK KaK TOK MHUTaHUs CO3/1aeT MaJICHUE HAMNpsHKEHUS Ha COMPOTHUBJICHUU HTOTO
IpOBOJA.

Ha puc 2.37 u 2.38 uzoOpaxeHbl TPEeXMPOBOIHBIE CXEMbI [JIsl Tepeaadyu
CUTHAJIOB TOKA, MepBasi ¢ OOIIMM IUIFOCOM, BTOpasi C OOIIMM MUHYCOM.

N3mepuTenbHOe yCTpOHCTBO IpeoOpa3yeT BXOAHYIO (PU3UUYECKYIO BEIUYUHY X
B CUrHaj Toka Ha Bbixoje. Crabmnm3zanus Toka JC Ha BBIXOJE OCYIIECTBISETCS C
MOMOIIBI0 JaTunka Toka Roc, dopmupyromiero curxHan ooparHoit cs3u (OC).
VYrpapisist TpaH3UCTOPOM (CM. pUCYHOK BbIIIIE), €ro TokoM 6a3bl, UII perynupyer Tok
Jc. Ha cropone BTrOpuuHOro mpeoOpa3oBareiisi TOK curHaia Jc mpeoOpasyercs B
HarpsbkeHne curnana s Y Ol.

w5

— S B mepBom ciyyae TOK
[ T —
| 1 | | TBH - | CUTHaJa NPOTEKAET IO MPOBOAY
T - AUn 11510 |
| | i R | +UII u BO3Bpamaercs no npoBogy
Jc | | | 4epe3 HOPMUPYIOIIMN PE3ZUCTOP
| | | | RH. Ha cTopoHEe BTOPHUYHOTO
2.38. < i l IVDH i npeoOpa3oBarells  HOPMUPYIOLIEE
— conporuBienue RH mnpeodpasyer
| | | | P peoobpasy
N CUTHAaJI TOKa B CUTHAaI
| Py L | HaIPsKEHUS
|_ - _I '-[_-I;-[ - :
JIOCTOMHCTBO

TPEXMPOBOAHON JIMHUM CBSI3M B TOM, YTO OHA MOJY4aeTcs ACHIEBIE, MO3BOJSIET
nepeaBaTh JIOObIE aHAJOTOBBIE CTAHIAPTHBIC AIIEKTPHUECKUE CHTHAIIBI, MEHBIIIEEe
KOJIMYECTBO TPOBOAOB, a4 HEJOCTaTOK B TOM, 4YTO HEBO3MOXXHO IPUMEHHTH
rajJbBaHNYECKOE pa3JelieHNe CHTHAJIBHBIX M MUTAIOMIUX IIeTed, TaKk Kak OHH
UCTOJIB3YIOT OOIIHE TPOBOA.

JIByXnpoBoO/HAasi JINHUS CBSI3HU.

Hcnonp3yeT TOMBKO JBa MpOBOJAA [UJIsl TEpeladyd TMUTaHUA JaTYUKy U
OJIHOBPEMEHHO 715 Tepeayr MHPOPMAITMOHHOTO CUTHAIA B YCTPONCTBA 00pabOTKH
unpopmarmu. Ha puc. 2.39 uzoOpakeHa CTpyKTypHas cXema JIBYXIPOBOJHOTO
MOIKJTFOYCHHS] U3MEPUTEITHHOTO YCTPOUCTBA.

|I _ _Iﬁ—i i_ CBII_ ] PaGora cxemsi:
+1T. [ b
| TII | I Un  |115310| | N3MepuTenbHOE YCTPOWCTBO TMpH
| | I . | HymeBOM BXOJHOM bu3ruecKkom
r | .
x| =TT I‘DH | BOSICHCTBHN dopmupyer curHan 4mA,
Fi B ]’ (V)
—”’l | R Ry | COOTBETCTBYIOLIMH HYJICBOMY 3HAYEHHIO
| | ! | BBIXOZHOIO MH(POPMALMOHHOI'O CHUTHAJA.

L I [Tpu MU3MEHEHUU U3MepseMoit

(bU3UYECKOM BEIUYMHBI OT HYJIA (HA4aso)
Puc. 2.39.



710 MaKCHMYyMa JiMana3oHa U3MEpPEeHHs] TOKOBBIM CUTHANI HA BBIXOJE U3MEHsSETCs OT 4
MA 10 20 MA. CxeMa u3MEpEHHUsS BBIXOJHOTO TOKA HM3MEPUTEIBHOTO
npeoOpa3oBaTeNsi CHUMAET CUrHa ¢ Roc BBIYMCIIAET paccoriacoBaHue U popMupyer
YOPABJISIIONIMI ~ CUTHAI HA  TPAH3UCTOp Uil crabuiu3auud  TpeOyemoro
Toka(mpeoOpa3zoBaresib KOMIEHCAllMOHHOTO Tuna). HyneBol curHan 4 MA MoOXxeT
CKJIJbIBaThCs Kak cymMMa TokoB X MA — Tok uepe3 U1 u Tok uepe3 conpoTuBieHHe
obpatHoii cBsa3u ROC, paBHbIif Takke Y MA, koTopblie B cymMme aaayT 4 MA. Ilpu
U3MEHEHUN H3MepsieMOl (UM3MUECKOW BEIMYMHBI M3MEHUTCS W TOK Ha BBIXOJE.
Hampumep, npu yBenuueHun BXoAHoro ¢usuueckoro mnapamerpa a0 50% ot
JMana3oHa, BEIXOAHOM TOK OynieT paBeH 12 MA, u OyAeT cTaOUIU3UpPOBATHCS CXEMOM
KOMIIEHCALlUOHHOT'O0 THWIIA Ha JaHHOM YpPOBHE. OJTO 3HAYHUT, YTO BO3HUKAET
JOTIOJIHUTEIIbHBIN TOK Ye€pe3 TPAH3UCTOP, PAaBHBIN 8 MA.

Ruopm HeoOxomum nnsi mpeoOpa3oBaHMs TOKa B HampspkeHue. B kaudecTe
HEr0 TNPUMEHSAETCS PE3UCTOpP, HMMEIOMIMKA CTAa0MIIbHOE COIMPOTUBJIICHHE, MaJo
3aBUCSALIMU OT TEMIEPATYpPhl, BIIAXKHOCTH, HE NOJBEpPXKEH crapeHuto u 1. [
Hamnpumep, 6epercs pesuctop no 'OCTy Homunanom 200..2500m.

JlocTomHCTBa: JaHHAasT CXeMa HCIOJb3YeT MHMHUMAIbHOE KOJIMYECTBO
IIPOBOJIOB.

Henocrartku:

O U3 CTaHAApPTHBIX CHUTHAJIOB CXEMa IPUMEHHUMA TOJIBKO JJIs
curnaja Toka 4-20MA;
O HEBO3MOKHOCTh TaJIbBAHUYECKOTO pa3JICJCHUS 1I€Ne MUTAHUS U
LeNel CUTrHaia, T.K. ¥ MUTAHUE, U CUTHAJI IIEPEAAr0TCs 110 OJJHOU
11(S001
HecMoTpss Ha ykazaHHbIE HEJIOCTAaTKH, JABYXIIPOBOJHOE  BKIIOUYECHHUE
U3MEPUTENBHBIX YCTPOICTB IIMPOKO PACHPOCTPAHEHO. ITO CBA3AHO TAKXKE C
NOMyJISIPHOCTBIO cTanaapTa 4-20 MA.

HpenMymeCTBa H HECJOCTATKH JHHHUHU CBA3H C TOKOBBIMH CHIHaJIaMH H

CUIrHaJJaMM HaANIPAKCHU .

o T Jerm
JIMHUM CBSI3M M3MEPUTEIBHBIX YCTPOMCTB C nc
Fa Fa

CUTHAJIJAMU TOKA U C CHUTHAJIAMHU HaNpsHKEHUS —

OTJIMYAIOTCS IPYT OT APyTa TEM, YTO BO3MYILAIOIINE “T-"rl By
(akTOopbl BHEIIHEW CpeAbl OKa3blBAlOT HAa HHX Fa

&
o
L

pasHoe BO3/ICHCTBHE. Uc
Ec ™
[,
JIC nanpsixenus. [IpeactaBum nuHUIO CBA3U Jc U BHz
. —
C CHUTHAJIOM HAIPSDKEHUS CXEMOW 3aMElICHUs PUC. 4 4
2.40.
Ec — ucrounuk curnana; THHHH CEARH
RBH — BHYTpPEHHE COINPOTHUBICHUE HWCTOYHMKA CHUTHANa, Yy HJICAIbHOTO

MCTOYHMKA HanpsbkeHus:t RBH —0, y peansHOoro oHo coctapisieT 1 + 10 Owm;

Puc. 2.40.



Ruic (conpotuBnenue nuuuu cBsizu) — 0 + 10 Owm;
Ry (conmportusnenue yreukn) — IMOwm u Goree;
Ruarp(conporuBnenue Harpy3ku) — 10Kom u Gosnee;

3nece UC — BBIXOJHOW CHTHAJl U3MEPUTENBHOTO YCTpoMcTBa, a a UBBIX —
HanpspkeHue Ha Bbixoae JIC, miam curHan Ha BXOAE YCTPOMCTBa 00pabOTKH
uHpopMauu. RH — conpoTuBieHNe NPUEMHUKA.

B cxeMe nmpoTtekaroT TOKH: IBBIX — TOK MPOTEKAIOIIUNA Yyepe3 Harpy3Ky (uepes
YOMWN), Iy — TOK yTeuku, IpOTEKAIOIIHNN KaK MPaBUJI0 Yepe3 U30IAINI0 KabeeH.

BiusiHue conpoTHBJICHUNA JUHUU CBA3U U YTEUYKHU
Bripaxxenue s UBbIX:

Usvix = ¢ — Jsvix - Ren — Jevix - Ric —Jy - Ren—Jy - Riac

€ — 9J1C uCTOYHHUKA;

Jevix - Ren, Jevix - Rac,Jy - Ren,Jy - Rac - JEHzZ
Pu

MNOTCHIIUAIIBHBIE HCTOYHUKH MOTPEIIHOCTH, £ £
T.K. CO3JAIOT ITQJICHUS HAINPSHKEHUS B LENU
CHUTHaJIa. DTU COCTaBJIAIONIME HEOOXOIUMO Een ———~

MHWHHUMU3UPOBATh. PACCMOTpUM HX BIIUSIHUE. Eu. Tc |Ue DRH T enx

Ry — COIIPOTHUBJICHUC H30JIIWHU  KadK @ '

MPAaBWIO  CYUIECTBEHHO Beimie  RH, 3
cienoBaresibHO Jy <JBBIX M MOTPEIIHOCTH OT

YTEUKH B JIMHUU CBSI3UM 110 HAINPSKCHUIO
HE3HAYUTEIIbHA.

(DF

JHHHH CEA3H

RBH — omnpenensercs mnpou3BOAUTENEM/Pa3pabOTUMKOM H3MEPUTEIHLHOTO
YCTPOMCTBA, NP HOMMHAJIBHOM 3HAa4€HMM JBBIX M npu Jy <JBBIX MOIPEMIHOCTH OT
RBH He BBIXOAUT 32 Npeaenasl OCHOBHOM MOTPENTHOCTH U3MEPUTENBHOTO YCTPOUCTBA.

JERZ
Rnc — onpenensiercss  cedyeHuew, Enc
& 1 s
MaTepuagoM, MPOTIKEHHOCThIO MPOBOJAHUKA, —
KaueCTBOM 3JIEKTPUYECKUX KOHTAKTOB. Riic
EEn Ty| | |By —
MOXKET OBITb MCTOYHMKOM IOTPELIHOCTH IMPHU
UCIIOJIb30BAaHUM  CUTHAJIOB  HAIPSKEHUS. T By UBmHx
Jc _
YuuThiBaTh U KOMIIEHCUPOBATH RiC ynmaercs T —
Ic
HE BCerjaa, T.K. Ha COMPOTHUBIIEHHE IPOBOJA —
OKa3bIBaCT BITUSIHUE OKpYy Karoias

TeMIIEpaTypa.

JMHHHH CBETIH
JBBIX — TOK yepe3  Harpysky,

ompenesseTcss B OCHOBHOM 3HaueHMeM RH, ecin BbIOUpaTh RH
BbIIlIE, TO JBBIX COOTBETCTBEHHO OyJIeT HWXKE, U Pu
HEXKeJIaTeJIbHbIE MaIeHHs HAPSKEHUS B LIEMM CUTHAJIA TOXKE OYIyT MEHbIIIE.



Bausinue 31C nomexu.

JluaMs CBSI3M  TPENCTaBIIET COOON DJIEKTPUYECKHM 3aMKHYTYIO IIETb,
AJEKTPUUECKUN KOHTYp. DJIEKTPOMArHUTHBIC BOJHBI BBI3BIBAIOT BO3HUKHOBEHUE
OJIC momexu B KOHTYpE, a CII€IOBATEIbHO BO3HHUKAET M TOK MOMEXH. IDTOT TOK
MpOTEKasi IO SJIEMEHTAM KOHTypa CO3[aeT MNaJCHHS HanpspkeHuil. Yem Bblle
CONPOTHUBJICHUE DJIEMEHTA KOHTYpa, TEM BBILIC MAJCHUE HANPSHKEHUS, TEM BBILIE
paccenBaeMasi MOILIHOCTb IIOMEXM Ha JTOM DJJeMeHTe. B JHMHUM CBs3M MO
HaIPSHKEHHUIO CaMO€ BBICOKOE CONPOTHUBIIEHHE Yy RH, T.e. caMOe€ BBICOKOE IMAJICHUE
HarpsbkeHus. OTCro1a MOKHO CHIENIaTh BBIBOJ, YTO JIMHUU CBSI3M MO HANPSIKEHUIO
YyBCTBUTENbHA K 3JICKTPOMAarHUTHBIM MOMEXaM. A T.K. IUIOIIA/Ib KOHTYpa 3aBUCHUT
OT MPOTSKEHHOCTH JIMHUU CBSI3H, TO, YEM MPOTSHKEHHEE JIMHUA CBSI3H, TeM OOJbIIe
IOMEX OHA «COOMpPAET.

JIC Toka.

RBH — BHYTpEHHE COMPOTHUBIICHHE WCTOYHWUKA CHTHAjda, Yy WJICATLHOTO
UCTOYHUKA TOKa RBH — 00, y peasibHOro oHO coctasiisieT 10000 + 1000000 Owm;

Ruic (compotunenue nunuu cBsizu) — 0 + 10 Owm;
Ry (conpoTtuBnenue yreukun) — 1MOwm u Goee; Puc. 3.6.

Ruarp(conpotusnenue Harpy3ku) — 100 — 500 Owm, TtunoBoe 3HaueHue 250
Owm;

3nece Uc — BBIXOAHOM CUTHAJl HM3MEPUTEIBHOTO yCTporcTBa, a UBBIX —
HanpspkeHue Ha Bbixoae JIC, uiam curHan Ha BXOAE YCTpOHCTBa 00pabOTKU
uHbopMaIuu.

RH — conpoTuBiieHne nnpruemMHuUKa.

B cxeme mportekarotr Toku: IBBIX — TOK Ha Bbixoje JIC, mpoTekaromuii yepes
Harpy3ky (uepe3 YOM), Iy — TOk yTedyku, MPOTEKAIOMMK KakK MPaBUIIO uepes3
U300 Kabeme.

Bausiaue conpoTuBJIeHUH JIUHUM CBA3H M YTEYKH
Breipaxxenne nisa UBbIX:

Usvix=Jsvix-Rn, RH B HgaHHOM cllyda€ HOPMHUPYIOIIUWA  PE3UCTOD,
npeoOpasyronmii TOK B HampsbkeHue. Ero

Rnc TOYHOCTh U CTAaOUJILHOCTh MPOMOPIMOHATIBEHO
. ¢ OTpakarOTCs Ha CUTHAJIE.
Rex _ Jevix = Jc—Jy
Ue H Ry, UBHx N3  npencraBieHHBIX  BBIPAKEHUU
Jc _ o BHUIHO
| , 4TO
! / UBBIX { {
HE
3apucutr oT Riuc (0 + 10 Om). Ilorpemnocts Ren HRB’ P
MOXET BHECTH 3aBBIIICHHBIA TOK YTEYKH, H Ry Usemx
Pu Je .Tj.rl -




0OyCIJIOBJIICHHBII1 HU3KHUM COMPOTHUBIECHUEM H30IAUUU. CHUKEHHE COMPOTHBICHUS
U30JIALIMYA MOKET BOSHUKHYTH U3 32 BO3JCUCTBUSA (PAKTOPOB OKPYXKAIOIIEH cpenbl U
HapylIEeHUsT yCIOBUM JKCIUlyaTauuu (mepenajabl TEeMmeparyp, BIAXHOCTb,
MEXaHUYECKUE OBPEKICHUS U30JSLHUU. . . ).

Bausinue I/IC moMexum Ha CUTHAJ TOKA HE3HAYUTEJIBHO BBHUIY TOTO, YTO
COINPOTUBIICHUE IPUEMHHUKA MHOTO MEHBIIE COMPOTUBIICHUS] UCTOYHMKA CUTHAJIA.

Pu

Oco0eHHOCTH MOAKJIIOYEHUS MOTPeduTe el K JUHUAM CBSI3H.

JIMHUS CBA3M 1O HaNPAKCHUIO.
Cxema IMOAKIFOYCHUA B 9TOM CJIIYYAC BBIITIAAUT CICAYOIIUM o6pa30M:

e T Y
I (7 T T T T T 1 +Un
5] 1 S | P
It 2 I -+
[Torpeburenu II1, 112,....IIN moakito4eHbl K UCTOYHUKY Pu
HanpspkeHus: — mapauienbHo.  KommuecTtBo — moTpeOuteneit

OrpaHUYEHO YCIOBUEM: O0O0Ilee CyMMapHOE€ CONpPOTUBIIEHUE, COEIMHEHHBIX
napajjieNbHO MOTpeOuTeseil, He JOJKHO ObITh MEHBIIE CONMPOTHUBIICHHMS, JAIOLIETO
npelenbHYyI0 MOTPENTHOCTD NP NIepeiaue CUrHaia.

[To3BoMsItOT MOAKIIOYATh B Mapaviedb Oojbinoe yucio mnpueMHukoB (I1),
MUTAIOIIMXCS OT OAHOTO MCTOYHUKA TMWUTAHUA WM TPUEMHUKOB C E€IUHOU
CUTHAJILHOM 3eMJIEH, UTO yIpOIIaeT pelleHre 3a1auu, 00ecrieueHre HaieKHOCTH 0e3
MPUMEHEHUS JONOJHUTEIbHBIX TEXHUYECKUX CPEJICTB.

IIpeumymecrna:

B03MOXXHOCT, TONKIIOUEHHSI OOJIBIIOTO KOJIMYECTBA MOTpeOHWTeNnerd ¢
BBICOKMM BXOJHBIM COIPOTHBIIEHUEM;

Bo3moxHOCTB IIPUMCHCHUA O6H.I€I>i 3E€MJIM 1 OJHOI'O KICTOYHHKA ITUTAaHUA,

HpOCTOTa CXEMBbI, U HC Tp€6y€TC$I HUKAKHUX AOIIOJTHUTCIIbHBIX YCHOBHﬁ.



ToxoBasi TMHUA CBA3H.

WA |- |

1200 H3MCPHTENBHBIH | py ?ﬁj o |1 BHIII
npeoOpa3oBaTeb, KOTOPBIHT A5
SBJISIETCS] HKCTOYHUKOM CUTHAJIA;

NDII — VCTOYHHK | II2 BHIIZ2
AIEKTPOIUTAHHUS, L -

1, I12,..., 1IN — - -

IlockoNbBKY ~ IPUEMHHKH I

BKIIIOHAIOTCA IIOCJICAO0BATCIIBHO,

TO y KaXXJa01ro €CThb CBOA Pu curbanpHasg 3eMiId. CJ'ICI[OB&TCJ'IBHO,
ey IMMPpUEMHHUKOB, KPOME CHFH&HBHOﬁ, JOJIDKHBI OBITH TaJIbBAHUYCCKH Ppa3BsA3aHbI. vy
KaXXJ10T0 IMIPUEMHHKA JOJIKCH OBITH CBOM H3OHHpOBaHHBIﬁ OT OCTAJbHBIX BTOpI/I‘{HLIﬁ
HNCTOYHHK ITUTaHHA.

Ecnu Beimen u3 crpost XoTs Obl OAWH NMPUEMHHUK, IIENb (CXeMa) TEPSET CBOIO
paboTocnocoOHOCTh. OIHAKO, MOXHO TMOCTaBUTh KIHOY K KaXKIOMY MPUEMHUKY,
TOTJ]a CXeMa MPOJODKHUT CBOIO paboTy. Ele oauH BapuaHT pemieHUs: — BKIIOYHTH
CTaOUIIUTPOH.

Jlist TOro, 4ToOBI MPHU BBIXOJE M3 CTPOS, U3BICUCHUH, OTCOSANHEHUH OJIHOTO
U3 MPUEMHHUKOB JIMHUS CBSI3U HE TEPsUia CBOIO pabOTOCHOCOOHOCTH, MapauieIbHO
NPUEMHUKAM BKJIIOYAIOT CTAOMJIUTPOHBI, TaKHE, YTOOBI HANPSIKCHUE CTAOWMIM3aINN
cTaOMIIUTPOHA ObLIO OOJBIIE WM PAaBHO MAaKCUMAaJIbHOMY MaJCHHUIO HANPSLKEHUS Ha
PUEMHUKE.

OOmiee YMCIO NTPUEMHUKOB OrPAHMYEHHO YCIOBUEM: CyMMma MaJeHUui
HanpspkeHUi Ha npueMHukax ¥ Ha UII qomxHO ObITh MEHbIIE HAPSDKEHUS MUTAHUS
JMHUU CBSI3H.

Kpome TOro, xaxzaplii IPUEMHUK JOKEH WMMETh HWCTOYHHUK I[IUTaHMS,
rajJpBaHUYECKU HE CBs3aHHbIM C wensMu MII M ucTOYHMKaMu TUTAHUSA APYTUX
IIPUEMHUKOB.

Jlsi1 TOoro 4ToObl MpU BBIXOAE U3 CTPOSI OJHOTO U3 MPUEMHUKOB (M3BICUECHUU
WIA OTCOCJAMHEHUHU) JUHUS CBSI3W HE Tepsja paboTOCIOCOOHOCTb, MapauieIbHO
KaXXI0My NMPUEMHUKY BKJII04YeH ctabunutpon UCT> UIIL.

KomOuHMpOBaHHBbIE IUHUH CBSI3H.
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Pu
B nanHOl cxeme WH(OpPMAIMOHHBIM CUTHAN MEpenaeTcss Ha

paccTosHKE C IIOMOIIBIO CUrHana Toka. HopMupytoiee conpoTusieHne npeodpasyer
CUTHQJI TOKa B CHTHaJI HanpsokeHus. [lanmpHeimiee pacnpeseneHHe CUTHajda Ha
npuemMHuky I11...TIN mpous3BoguTCs C NMOMOILIBIO JIMHUHM CBSI3U MO HAMPSHKEHHIO.
[TorpeOuTenu 10IKHBI UMETh OOJBIINE CONPOTUBICHUSI.

Ju =J=Jo _ 1ok merounnka Toxa.

CyMMa BXOAHBIX MPOBOAUMOCTEN MPUEMHHKA JOHKHA OBITh MHOTO MEHBIIE
nposoaumocty RH.

OrpanuueHus:

BxoaHoe conmpoTHBIeHNE, TapAIIEIHbHO BKIIFOYCHHOE K MPUEMHHKAM, JIOJDKHO
ObITH MHOTO OOJIbIIE RH.

KOM6I/IHI/IpOBaHHaﬂ JIMHHNA CBA3H COBMCIIACT JOCTOMHCTBA TOKOBOU JIMHUHU CBSI3U U
JIMHUHU CBA3HU 110 HAIIPAKCHHILO.



3auaTue 7

Conepxanune: Hopmupyronue npeoopa3oBaresin. Y CTpoiicTBa,
o0ecneunBawIye padoTy 1aTYMKOB BO B3PHIBOOMACHBIX
noMenieHusix.

3agaHue K NPaKTHYECKOMY 3aHSTHIO:
1. CocTaBUThH JIOTUUECKYIO CXeMy 0a3bl 3HAHUM MO COJEPKAHMIO OJIOKA.
2. CocTaBUTh TEPMHUHOJIOTUYECKUN CIIOBAPb.
3. BbImonHUTH BCe MYHKTHI, NEPEUMCICHHBIE B pa3fesie MOArOTOBUTEIHHOTO
ATarna K NpakTUYeCKOMY 3aHSTHIO.

IIpakTHyeckoe 3aHsiTHe (J1eJI0Basi UTPa)
[emu: 1. 3akpenuTs U yrayOuTh H3ydyaeMblil MaTepHall CTYJCHTAMH.
2. YMeTh HU3IOXKUTH CBOIO TOYKY 3pEHHs IO BOIpocaM 0O0paldoTKw,

XpaHeHUs U Mepeaayu HHPOpMaIiu.

VYyactHuku: CTyIeHTBHI paclpeaeneHbl Ha 3 MOArPYIIIIbL:

-4 moarpynna — 3aKa34uKu (3a4ar01I1e BOMPOCHI);

2-s moArpynmna — CneuuanucThl (0TBEYAIOLIME Ha BOMPOCHI);

3-1 mpoarpymnma — O3KCHIepTHas rpynna (OLEHUBAIOLIUE IPABUIBHOCTD
(opMyJIMPOBKH BOIIPOCOB U OTBETOB HA HUX).

Bpewms: 90 MunyT.

1. lloaroroBuTeabHBINA 3TAN (IOMANIHSASA padoTa):

1. I[ToAroTOBUTH MaTEpHUJ MO paHEE BHIJAHHOW Ha TEKyIlee 3aHATHE (B KOHIIE
PEABIIYIIErO 3aHATHS ) PETIOIABATENIEM TEME:

- COCTaBHTh IIJIaH OJI0Ka;

- COCTaBUTh TEPMHHOJIOTMYECKHUM CIOBAph: BBIUCATh BCTPEUAEMbIE B TEKCTE
0JI0Ka TEPMUHBI U AaTh UM PACIIU(PPOBKY;

2. Tlo conepxkanuto 6JI0Ka COCTaBUTH JI0 IECSTH BOIIPOCOB.

3. BBITb TOTOBBIMH OTBETHTH Ha BOIIPOCHI M0 PACCMAaTPUBAEMON TEME. YMETh
OIICHUTb BOMPOCHI U OTBETHI YUACTHUKOB Oyay4H B MOJTPYIINE SKCIEPTOB.

4. OdbopMuUTh TOMAITHIOW PadOTy B BUJE OTUETA.

2. ITopsinok npoBeeHust NPAKTHYECKOI0 3AaHATHS

1. Opranmzauus 3aHsATUA (MpOBEpKa MPUCYTCTBYIOIIMX M TOTOBHOCTH K
3aHATUAM, OOBSIBJICHHE TEMbI UCXO/IS U3 COJIEPKAaHUS TEKYILEro 3aHATHSA). (5 MUHYT.)

2. Pacnpenenenue Ha NMOATrPYNIBI U JIOBEJIECHUE MOPSAKA MPOBEACHUS 3aHATHS.
(5 MuHyT.)

3. IlpucBoeHuwe mnoArpynmnaM IE€pBOHAYAIbHBIX  poJied  (3aKa3yuKH,
CHELUAINCTBL, IKCIIEpTHAs Tpynna). (5 MUHYT.)

4. OOcyxneHue CTyA€HTaMH TOATPYII  BONPOCOB, BBIHECEHHBIX Ha
IPAKTUYECKOE 3aHATHE C LEJbI0 BHIPAOOTKH OOIINX MO3ULIMIA:

4.1. Bonpockl cO CTOPOHBI MOATPYNNbI 3aKa34yUKOB. (15 MUHYT.)



4.2. OTBETHI CO CTOPOHBI MOATPYMIBI CHENUATUCTOB. (15 MUHYT.)

4.3. OueHuBaHue MOATrPYNION 3KCIEPTOB BOIIPOCOB U OTBETOB YYACTHHUKOB. (15
MUHYT.)

4.4. Tuckyccuu. (10 MUHYT.)

4.5.BripaboTka o0miedt mno3uuMM MU OOIIEro mojaxoda K — BOIpocam
paccMaTpuBaEeMbIM Ha TEKYILEM 3aHATUU COTJIACHO €ro TeMe. (5 MUHYT.)

5. OOcyxneHue mpenojaBaTeieM W CTaplIMMU TPYNN OLEHOK YYacCTHHUKOB
3aHATUA. (5 MUHYT.)

6. IlonBeneHue MTOroB 3aHATHS C OOBSBICHHEM OKOHYATENBHBIX OLEHOK
YYaCTHUKOB IPAKTHUUECKOT'0 3aHATHUSA. (5 MUHYT.)

7. OObsIBICHUE TEMbI U COJIEP)KAaHUS CIEAYIOLIEr0 MPAKTUUECKOro 3aHATHs. (5
MUHYT.)

Hopmupyroniue npeodopa3oBareiiu

IIpeoOpa3oBaTe/ib CHTHAJIOB PE3UCTHUBHBIX JATYUKOB B CTAHAAPTHBII
TOKOBBIN curnajg bYC-10.

[IpennazHauen  ansg  npeoOpa3oBaHMsi C  PE3UCTOPHOIO  JaTyuKa
OTHOCHUTENIFHOTO HM3MEHEHHUS] COMPOTHUBIEHUS B CTAaHAAPTHBIA TOKOBBIM CHUTHAI
0..5MA. c 1enpo nepejayu CUrHajia Ha pacCTOsSHUE.
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3HayeHWe TOKAa BBIXOJA, PABHOE HYJIO, COOTBETCTBYET HEKOTOPOMY
HayanbHOMY conpotuBieHnt0 RO matumka R/I. IIpu m3meHeHnn conpoTHBIEHUS OT
RO mo Rmax Beixoano# tok uzmensiercst ot 0 1o SMA. MOH — nctounuk onopHoro
HaIPSHKCHUS.

QOYHKIIMOHAIBHBIN COCTAB CXEMBI:

RJI — pe3ucTuBHBI MaTYMK CO CTAaHAAPTHOM XapaKTepUCTUKOW. ITa
XapaKTEpUCTHKA  HOPMHUPYETCA  HAYaJlbHBIM U  KOHEYHBIM  3HAYCHUSIMHU
COITPOTHUBIICHUS IIPU U3MEHECHUU U3MEPSIEMON BEJMYMHBI B IMAINIa30HE N3MEHEHUN

RO = 1000M, Rmax= 1500m.



Pe3uctuBHas mocroBas cxemMa coctouT u3 pesuctopoB RI, R2, R3, R4 u
nutaercss or MOT (MCTOYHMK OMOpHOro Toka). Kak 31eMEeHT MOCTOBOM CXEMBI

Bxoaut RJI.

JIByxxouTypHbIil [IN-perynarop BeixogHoro toka, coctout u3 DA1, DA2, C1,
C2, RS, R6, R8, R11 u conporusnenunii B OC R7, R9, R10.

[lepBblit KOHTYp perynaupoBaHus (popMupyer curHan oopatHol cBszu aiss DA2
B BHJE NaJcHUs HanpsokeHuss Ha RO. BTopoli KOHTyp peryiaupoBaHHs CO3HAET
najeHue HarpsbkeHus: Ha R4, u Takum oOpazoM OanaHCUpPYeT U3MEPUTENbHBIN MOCT.
Brixognoit kackan cobpan Ha Tpanzuctope VT1, pesuctope R11 u 3anmmutHoM auoje
VDI1. Dnementst R1, R8 wu C2 00pa3yioT QuIbTpbl U OJHOBPEMEHHO SBISIOTCS
AJIEeMEHTaMH, BHOCSIIMMH acTaTU3M B JaHHBIA peryisarop. [Ipu pabore cxembl
BO3HUKaIOT moMexu. [loatomy snementst Cl, R8 wu C2 sBustorcs dumbTpamu,
o0Opa3yst OTHOBPEMEHHO MHTETPATOP.

[Mutranne BYC-10 ocymiecTBasieTcss OT UMITYJILCHOTO TIpeoOpa3oBaTes.
[TpunsTHI Crieayomue 0003HAYCHUS

C — crabunu3zarop,

I' — reneparop,

T — Tpancdopmarop,

B1, B2 — Beinpsimureny,

®d1, D2 — hunabTpHI.

PaGora cxemslt BYC-10:
VYcTpoiicTBO MUTAETCS OT MPOMBIIUIEHHOM ceTu 24B mocTOsIHHOTO TOKA.

C — crabunuzatop, CTaOUIU3UPYIONIUN HAMpPsHKEHUE Ha HEKOTOPOM YPOBHE,
HAXOJIAIIEMCS HUXKE YPOBHSA KoJiebaHul B ceTu 24B.

[IycTh B Ha4aJbHBIII MOMEHT BPEMEHH W3MEPHUTEIBHBI MOCT COAIIaHCHUPOBAH,
U B 000UX IJIe4ax MOCTa TeKyT paBHbIe TOKH. ClieZJ0BaTEIbHO, HANPSIKEHUE MEXKITY
TOYkaMu a M b paBHO Hymio. Ilpu wu3MeHeHuu compoTuBiaeHUs naTunka RJI
BO3HHUKAET PA3HOCTh NOTEHIIMAIIOB MEXK/ly TOUKAMH a U b. Y CHINBAsCh YCUIUTEIIAMU
DA1 u DA2, 310 pa3HOCTh NOTEHLIHMAIOB BBI3BIBAET U3MEHEHUE BBIXOJHOTO TOKA
cxeMmbl. TOk, MpoONAsA 4Yepe3 HOPMUPYIOLIEE +15B _15B
conportusieHue RH , Bo3Bpamaercs B cxemy T
¥ CO3JA€eT MajJeHue Hanpshkenus Ha R9 s $1 D2
IIEPBOr0 KOHTypa peryjupoBaHus U Ha R4
UL BTOPOr0 KOHTypa PpEryJIupOBaHUS. E1
N3menenuss mnajeHus HanpsbkeHus Ha R4 10
KOMIIEHCUPYET PaccorilacOBaHUE MOCTOBOM T T
CXEMbI, 1 OHa BO3BpAalLAeTCs B OallaHCHOE
COCTOSIHME, KOrjJa IIOTEHUHA  MEXKIY
TOYKAaMHU a U b paBeH HyIIIO.
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['eneparop mpeobpasyer Bxomsmee HampsikeHne UBX B mepeMeHHbIN TOK J
yepe3 TMepBUYHYI0O 0OMOTKYy Tpanchopmaropa T. Bempsamurenn Bl u B2
BBIIPSIMIISIIOT TIOJIyYEHHOE HAIpPSHKEHUE €O BTOpPUYHBIX 00MOTOK. D1 um @2
GUABTPYIOT HANpPSIKEHUWE MUTAaHUS OT Mysbcaluu. R — compoTuBieHHE naTyuKa,
npeoOpasyrolnee BXOASIMMN (Pu3nueckuid mapamMeTp B CUTHAl COMPOTHUBIICHHUS.
M3MepuTenbHbIi MOCT IpeoOpa3yeT CUrHAl CONMPOTUBIIEHUS B IU(depeHIMaTbHbIMI
CUTHAJI HAIIPSKEHUS.

Huddepenunanbubiii ycunurens HanpsbkeHUss DAL sBisieTcss 0JHOBPEMEHHO
uHTerpagoM. OH yCHUJIMBaeT W OJHOBPEMEHHO (UIBTPYET BXOAHOW CHUTHANI
JOTIOJIHUTENIbHOW UHTErpUpytolien nenoukoit REC2.

DA2 — YCUIIUTENb MOIIHOCTH, Py YUPABISIOLINIA
tpansucropoM VTI1. Jlwom VDI cayxutr pis 3alUTHI nepexonaa
0a3a-dMUTTEP OT OTPHUIATEIHHOTO HAIPSIKEHUSI, KOTOPOEC MOXKET BO3HUKHYTH TPH
NEPEXO/IHBIX PEXKUMAX.

Tpansuctop VT1 perynupyer TOK B TOKOBOW JIMHUH CBSI3H.

RH — HopMmupyrommii pe3ucrop, npeoOpa3yroluid CUTHAJl TOKAa B CHIHaj
HarpsbkeHus. Haxonurcest Ha CTOpOHE MPUEMHUKA CUTHAJIA.

R9R10 — pesuctuBHbIl aenurens, ¢Gopmupytomuid curHan OC mnepBoro
KOHTYpa PETYJIUPOBAHMSL.

R4R7 — pe3uctuBHbIN aenutenb, Gopmupyromuii curaai OC BToporo KOHTypa
peryJIMpOBaHMUS.

X=X0 — BxogHo# napamerp. B atom cnyuae R/I=R/I0

RI=1000m,

Pa3HocTh moTeHIManoB B Toukax a u b paBHo Hy:t0 (a- b=0), JBBIX=0.
Bxonnoit napameTp Bo3pacraer:

X=X1, Torma RJI0<R/Imax, JBBIX# 0, (a—b) # 0.

Bxopsmui mapamMeTp JOCTUraeT MaKCUMAJIBHOTO 3HAYCHMUS:

X=Xmax, Torma RJI=R/Imax=1500M, (a — b) mpuHUMaeT MaKCHUMaJIbHOE
3HaUYCHHE, a TOK BbIxoga JBBIX=5MA.

IIpeoOpa3oBaTesib MaJbIX NOCTOAHHBIX HANPSKEHUH B CTAHAAPTHBII
ToKOBBbIN curnaJua (bYT).

HOH E5

re k1 k2 —
k&
- 1 -
k= 1
RKURU I
E7 1]
E4 L1
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[Ipennaznauen nns  npeoOpa3oBaHUsl HECTAHJAPTHBIX  AIIEKTPUUYECKHUX
CUTHAJIOB (CUTHAJIOB TEPMOIIAP) B CTAHAAPTHBIN TOKOBBIN cUTHAI (SMA).

JlanHast cxema OTJIMYaeTcs OT MPEAbIIyIIed TeM, YTO IOCJIEeI0BATENbHO C
PE3UCTUBHBIM MOCTOM BKJIIOY€Ha TepMomnapa. B guaroHas, MocTa BKIIOYEH
KoMIleHcupytomuii - tepmopesucrop RK, oH mnpeanasHadeH it KOMIIEHCALUU
TEMIIEpaTypbl XOJIOAHOTO Crasi TepMOMapHhI.

DnekTpuyeckas cxema camMoro ImnpeoOpa3oBaTessi COAEPKUT YCUIIUTENb, U
MUTaeTCsl OT JBYXIOJSIpHOro ucTtouHuka = 15B mnwuranusa. IlpeoOpaszoBatenn
VIMITYJIbCHBIU.

CymiecTByIOT 2 PUHIIMIIA, IO KOTOPBIM CTPOSITCS] OJIOKU MUTAHUS:
TpancpopmaTopHbIii;

MMy ibCHBIN.

C — crabunu3zarop;

I' — rereparop, KOTOpPbIN TPeoOpa3yeT MOCTOSHHOE HAMPSYKEHUE B IEPEMEHHOE
¢ wyacroron 30 k[ Ilockonbky HampspKeHHE CTajlo IEPEMEHHBIM, TO
TpaHchopmarop 3apadoTan U BbLAAT HAa BBIXOJE IPYro€ 3HAUCHUE HANPSIKEHUS.

HanpspkeHune, CHMMaeMoe C BTOPUYHBIX OOMOTOK, BBIIPAMIISICTCS W
bunsrpyercs GuibTpoM .

2.9. YcrpoiicTBa, o0ecniedynBarOIue padoTy JaTYMKOB BO B3PbIBOONACHBIX
MOMelleHUsIX

11288 — npeoOpa3oBaTesib H3MEPUTEIbHBIN, IBYXIIPOBOIHBII.
En

s T w ]2 o=

HpI/IHHTBI CIcaAyromme 0003HAYCHMS:

B3 — B3pbIBOOMacHas 30Ha,

BU3 — 6apbep UCKPO3aIIUTHI,

M — MonynsTop,

J{ — nemonynstop,

HII — nHopmupyromuii mpeodpa3oBareib.

NcTouyHMKM mnOuUTaHWA Ha CXEMe HEe I0Ka3aHbl, HO OHHU TOXE HUMEIOT
TaIbBAaHUYECKYIO DPa3Bsi3Ky(3a cdeT TpaHchopmaTopa) OT HCTOYHUKA TMHTAHHUS H
MEXKy UICKpOOE30MacCHBIMU IEMSIMU M BBIXOIHBIMU LIETISIMU MTPE0Opa3zoBaTels.



B3 orpaHnuyuBaeT 3HAUY€HHsS TOKOB U HAIPSHKEHUN HA YPOBHE O€30MacHBIX
3HaYeHUH, a Takke coxepkut RH ans mpeoOpazoBaHusi cCUTHajga TOKa B CHTHA
HaIPSDKECHMUS.

Monynstop npeoOpa3yeT CUTHal HaNpsOKEHHUs B MEPEMEHHBIM CUTHAN IS
NOCJIEYIOIIEH ero nepenayu yepes Tpaichopmarop.

Hemonynstop paboTaeT CHHXPOHHO C MOAYJISITOPOM U BBIIPSIMIISIET CUTHAI C
BbIXOJ1a TpaHc(opMmaTopa.

Hopmupyromuii  npeoOpaszoBaTenb MpeoOpa3yeT CHUTHAJI HaNpsKEHUs B
CTaHAAPTHBIN SJIEKTPUUECKHUM CUTHAI.

bapbep uckpo3amurhl.

Bapbep UCKPO3aIIHThI Pu B3 -R5
HNPUMEHSICTCS TPH UCTIOJIb30BaHUU
BHUIa B3PBIBO3AIIHUT «E» E1 -
= | | | | ]
Ex I — on obecneunBaer
nepenayvy MUTaHHS M0 4 ooma . D1Ds Un
B3PBIBOOIIACHBIM 30HaM u -
nepeady CUTHAma 13 R2 ' '
o 1
B3PBIBOONIACHOMN 30HBL. SR 7,
IIpy nCcnosB30BaHUM TAKOTO VD5 TDE 2
BHIA B3PBIBO3ALIUTEI : : R6 Uc
1
OrPaHUYUBAIOTCS rapameTphl L 4

HaNpsDKEHUs, TOKa, EMKOCTH UM WHAYKTUBHOCTH JIMHUI CBS3M M MOJKIIOYAEMBIX K
HEll mpuOOpOB C LENbI0 HCKIIOUEHUS BO3MOXKHOCTEH O00pa3oBaHUs MCKpPBI C
MOILIHOCTBIO, JOCTaTOYHOM sl BOCIZIAMEHEHHS B3PBIBOOIIACHOM CMECH.

bapbep wuckpo3amuThl CHOCOOEH OrpaHUYMBATH HAMNpPSDKEHHME W TOK B
UCKpOOE30MacHO! 1eNy Ha YPOBHE 3aJlaHHbIX Oe30macHbIX 3HaueHud. Hanpsoxenue
OTPaHUYMBAIOT CTAOWJIUTPOHBI (IMOABI 3€HOpA, OTPAHUYUTEIIbHBIC JTUOMBI ),
KOTOpbIE, KaK IMPaBUJIO, BKIIOUEHBI C IPUMEHEHUEM PE3EPBUPOBAHUS.

OrpanuueHue 1O TOKYy B Iliend nuTaHusi oOecrieunBaercs R3 — RS,
OTpaHUYCHHE 10 HAMPSHKEHUIO obecmieunBaetcs crabunusaropamu VD1- VD4,

JUis uenu curHajga orpaHdyeHue oOecrneunBaeT RO, orpaHuyeHuro 1o
HanpspkeHuto VDS, VD6.

R2 BbmosHsAeT (yHKIHMIO HOPMHUPYIOIIETO PE3UCTOpa, Mpeodpasyer TOK B
HanpspkeHue. M30bITOuHOE KOJNMMYECTBO CTAaOMIIM3aTOPOB M CONPOTHBICHHM
UCIIOJIB3YETCs C LEIIbI0 PE3EPBUPOBAHUS.



bjioxk nutanusa 1aTuukoB — Ex.

Takoe oOo3nHaueHue HeceT WHGOPMAIMIO O TOM, YTO JAHHOE YCTPOMCTBO
oOnazaeT BUJAOM B3PBIBO3AIIUTHI, HCKPOOE30IacHas dJIeKTPUIeCKas 1ellb.

CTpykTypHO-GYHKIMOHAIBHAS CXeMa:
O0o3HayYeHUH:

CUII — cTabuu3upyomuii HICTOYHUK MUTAHUS,

I[THT - - __ ;
npeodpazoBaTeb | 17 kasan L[ +Ea/1
f= 50 HHT] |
HaIpsHKEHUE-TOK, = THI 2 | 2] -Rufl
b3 — Oappep [ cete |1 g : | AT 5=
- =1 CHIL BHZ
HCKPO3AIIUTHL, 220B 23 : : 2| —Ex1
HL1 -  wungukatop L - - — - - J
. j __________ 'I
BKJIFOUEHHMSI B CETh (J1aMI1a) . : 2H xaHan : TR
Cxema  wuMeeT  JIBa | T 12 -Em/2
HL1
UJCHTUYHBIX KaHasa. @ g p— p— : TS
bnok MMATAHUSA | 2] —Exf2
peIHa3Ha4YCH TUTST L |

COBMECTHOM paboThI C
nataukaMu ( ¢ UCKPOOE30TaCHBIM UCIIOJHEHHEM) C HMCIOJb30BAaHUEM CTaHIapTHOTO
TOKOBOro curtaia 4..20MA.

YcranaBnMBaeTCsT BHE  B3pPBIBOOMACHBIX 30H IOMEIIEHUW U Pu
HApYKHBIX YCTAaHOBOK. VMICKp0OE30MmacHOCTh BXOJIHBIX IIETEH, CBSI3aHHAsS C
JaTYUKaMHU JIOCTUTAETCS 3a CYET OrPAaHUYCHUS TOKAa W HANPSKEHUS B €ro
AJEKTPUUECKUX  IEemsX J0 Oe30MacHbIX 3HAYECHWH, a Takke 3a CYeT
COOTBETCTBYIOIIETO UCIIOJHEHUSI KOHCTPYKTOPCKOTO OJIOKa.

OrpanndeHre TOKa W HaANpsDKEHUsl JocTHraercs ¢ momoinsio BU3 (Gapsep
HCKPO3aIIHThI).

OrpannyeHue Toka KOPOTKOTO 3aMbIKaHUS OCYIIECTBISIETCA yCcTaHOBKOW B3,
pesucropa He meHnee 2000m.

OrpanuyeHue HanpssKeHUsT Ha ypoBHE 28B OCyIIECTBISIETCS € MOMOUIBIO
crabunutpona KC512A.

DIIEKTPUYECKUE 1IENU CBSA3aHbI C UCKPO3AUTUTHBIMU LIETSIMU, & TAK)XKE CUIIOBBIE
LEMd MEPEMEHHOT0 TOKa, pPa3/iesIeHbl HEYETHBIM 3KPAaHOM. ODTOT MEYaTHBINA 3KpaH
COEIUHEH C «3EMIIEN).

Hckpobe3zonacHple LENMM OOBEMHOIO MOHTa)Xa MPOJIOKEHBI IPOBOJIOM,
MMEIOIINI OTJINYNTEILHBIN CUHUH IIBET.

Pa3bembl HMCKpPOOE30MACHBIX M HEUCKPOOE30MACHBIX IIE€NEH BBIIOJIHEHbI
B3aMMOHE3aMEHAEMbIMH.



VYyacTok 1uU1aTel, Ha KOTOPOW pacmoyiokeHbl 3iaeMeHTbl bBbU3, 3akpbIT
CHEIHATbHBIMU KPBIIIKAMH, UMEIOLTUMHI HEPa300pHYI0 KOHCTPYKITHIO.

3akiouenue 1 pasgeaa UII.

B nmocjyicaHee BpEMA IOABWIOCH W CTPCMUTCIIBHO PA3BUBACTCA HOBOC
ITOKOJICHUC

JATYUKOB, B KOTOPBIX UMEIOTCA BCTPOEHHBIE KOHTPOJUIEPHI, OCYIIECTBISIOIINE
npeoOpa3zoBaHue curHayia B uudpoyio ¢opmy. Takol HMHTEIEKTYalbHbIN JaTYUK
caM CTaHOBUTCSA 3JIEMEHTOM BBIYMCIUTENBHON ceTh. OH CTAaHOBHUTCS MHKPO-3BM,
NOAJEPKUBAIOIIE CETEBOM IMPOTOKOJ W MEPEHNAOLIed JaHHBIE YyXKE B
npeobpa3zoBaHHOM B UGPOBYIO PopMy BHJIE.

Yacto B KOHTpOJUIEpE TaKOTo JaTdyuMka TMPOU3BOAUTCSA TpEABApUTEIbHAS
mudpoBas 00paboTka CHUrHama, HampuMep, KOPpPEKIHs CHCTEMaTH4YeCKOU
HOTPEIIHOCTH MTPpeoOpazoBatTess, MpeaBapuTeNbHas PUIbTpaLUs CIyYailHBIX MTOMEX,
a TaKXke KOHTpoJb paborocnocoOHocTH. Kak Obl TO HU OBLIO, HO TEHICHIIMS
pa3BUTHS 3[1€Ch OJIHO3HAUHAA - BCE Oouiblle TeXHUYECKUX cpeacTB CAnY CTaHOBATCS
gucto nudpoBeiMu. Cpenud  IaTYMKOB  MOSBISIIOTCS  Takhue, B  KOTOPBIX
npeoOpa3oBaHuE IPOUCXOIUT HENOCPEACTBEHHO B LU(PPOBYIO (opmy, NpuUéM,
HETNOCPEICTBEHHO MOATOTOBIEHHYO K Iepeaaye M0 KaHaly CBA3H.

Tax >xe MOTYT OBITh YCTpOEHBI U ipyrue coctaBHbie yacTu CAnY. [{udpoBbiMu u
MHTEJUIEKTYaJIbHBIMU (CO BCTPOCHHBIMU MUKPOKOHTPOJIJIEPAMH ) MOTYT SIBIISTHCS
UCIIOJIHUTEIbHBIE YCTPOUCTBA, KaHAJIBI CBSA3H, 33JJaTYMKH BO3JICHCTBUM, GUIBTPHI U
T.11. Kpome nepenporpaMmmMupyeMocTu, 3T0 Aa€T MOBBIIIICHUE HAJAEKHOCTH U
rUOKOCTh KOH(UTYpaIUH.



3anstue 8
Conepxkanue:

MNPOMBIIIJIEHHBIE IIU®POBBIE UHTEP®ENCBI.

3ajaHue K NPaKTHYECKOMY 3aHSATHIO:
1. CocTaBUTh TOTUYECKYIO CXeMy 0a3bl 3HAHHI 10 COAEPIKAHUIO OJIOKA.
2. CocTaBUTh TEPMHUHOJIOTUYECKUN CIOBAPb.
3. BbINOMHUTH BCE MyHKTHI, NEPEUMCIEHHBIE B PA3AENE€ MOArOTOBUTEIBHOTO
JTana K NpakTUYECKOMY 3aHATHUIO.

IIpakTHyeckoe 3aHsATHE (1e10Bast UTPA)
Henu: 1. 3akpenuTh U yriIyOuTh U3y4aeMblil MaTepuai CTyJeHTaMu.
2. YMeTh HU3JI0KUTh CBOKO TOYKY 3pEHHs IO BOIpocaM 00paboTKw,

XpaHEHUs U Nepeaavu HHPopMaIiu.

VYyactauku: CTyaeHTBI pacipeneneHbl Ha 3 TOArPYIIIbL:

-5t moarpynna — 3aka34yuku (3aJaroline BOIpoCHl);

2-s MOATrpyNIa — CIeUanucThl (OTBEYAIONME Ha BOTIPOCHI);

3-1 moarpymmna — D3KCIEpTHas rpynna (OLEHUBAIOLIUE MPABUIBHOCTD
(opMyIUPOBKH BOIIPOCOB M OTBETOB HA HUX).

Bpems: 90 MuHyT.

1. lloaroroBuTeabHBINA 3TAN (IOMALIHASA PpadoTa):

1. IToAroTOBUTH MAaTEpUJ MO paHEE BBIJAHHOW Ha TEKyllee 3aHsATHE (B KOHIIE
PEABIIYIIErO 3aHATHS) PETOIaBaTeIeM TEME:

- COCTaBUTh IUIaH OJIOKA;

- COCTaBUTh TEPMHMHOJIOTMYECKHUI CIOBAph: BBIIUCATh BCTPEUAEMbIE B TEKCTE
0JI0Ka TEPMUHBI U J]aTh UM PACIIU(PPOBKY;

2. Ilo conepxaHuto 610Ka COCTABUTH JIO IE€CSTH BOIPOCOB.

3. BBITb TOTOBBIMH OTBETHTH Ha BOIMPOCHI [0 PacCMaTpuBaeMoOil TeMe. YMETh
OILICHUTH BOMPOCHI U OTBETHI YYACTHUKOB OY/Iy4H B MOATPYIIIE IKCIIEPTOB.

4. OgopMuUTh JOMAIIHIO paboTy B BUJE OTUYETA.

2. [lopsiiok npoBeAeHNs NMPAKTUYECKOT0 3aHATHS

1. Opranuwzanus 3aHATAS (MIPOBEpPKAa MPHUCYTCTBYIOIIMX W TOTOBHOCTH K
3aHSATUSM, OOBSBICHUE TEMBI UCXO/ISl U3 COACPKAHUS TEKYILEro 3aHsITHs). (5 MUHYT.)

2. Pacnipenenenve Ha MOATPYNIBI M JOBEICHUE MOPSAKA MPOBEACHUS 3aHATHS.
(5 MuHyT.)

3. IlpucBoeHue moArpynmnaMm IepBOHAYAIBHBIX  poJied  (3aKa3uuKH,
CIICLIMAIIUCTBI, KCIIEPTHAsT TpyIa). (5 MUHYT.)

4. OOcyxneHue CTyJA€HTaMH TOATPYII  BOMNPOCOB, BBIHECEHHBIX Ha
MPAKTUYECKOE 3aHATHUE C LIETBI0 BHIPAOOTKH OOIINX MTO3UIIHIA:

4.1. Bonpochl cO CTOPOHBI MOATPYMINBI 3aKa3uyuKoB. (15 MUHYT.)



4.2. OTBETHI CO CTOPOHBI MOATPYMIBI CHENUATUCTOB. (15 MUHYT.)

4.3. OueHuBaHue MOATrPYNION 3KCIEPTOB BOIIPOCOB U OTBETOB YYACTHHUKOB. (15
MUHYT.)

4.4. Tuckyccuu. (10 MUHYT.)

4.5.BripaboTka o0miedt mno3uuMM MU OOIIEro mojaxoda K — BOIpocam
paccMaTpuBaEeMbIM Ha TEKYILEM 3aHATUU COTJIACHO €ro TeMe. (5 MUHYT.)

5. OOcyxneHue mpenojaBaTeieM W CTaplIMMU TPYNN OLEHOK YYacCTHHUKOB
3aHATUA. (5 MUHYT.)

6. IlonBeneHue MTOroB 3aHATHS C OOBSBICHHEM OKOHYATENBHBIX OLEHOK
YYaCTHUKOB IPAKTHUUECKOT'0 3aHATHUSA. (5 MUHYT.)

7. OObsIBICHUE TEMbI U COJIEP)KAaHUS CIEAYIOLIEr0 MPAKTUUECKOro 3aHATHs. (5
MUHYT.)

MPOMBIIJIEHHBIE IU®POBBIE UHTEP®EVCBI.

[TpombinienHsie U poBble HHTEPDEHCH MpeIHa3HAuYEHbI JIsi 0OMeHa
U(POBBIMH  JAHHBIMH ~ MEXIY YCTPOMCTBAMU MPOMBINIJIEHHON aBTOMATHKH.
[udposeie unTepdeiicel ObBatoT mapamienshbiMu (LPT) u mociemoBaTenbHBIME
(COM). B mpoMblIieHHOW aBTOMATHUKE MOMYYHJIM HauOoJbliee pacripoCcTpaHeHHe
HoCTeI0BaTeNbHbIE  HHTEPHENCH, 3TO OOYCIOBIEHO 3HAUYUTEIbHO MEHbBIIEH
CTOMMOCTBIO JINHUW CBSI3U U3 3@ CUET MEHBILIET0 KOJMYECTBA IPOBOJHUKOB.

B Hacrosiee Bpems 3aMeTHa clieyrolias TeHACHIMS CPECTB aBTOMAaTHU3al|u:
M3aenust u3 kpemMHUs ACHICBEIOT (MUKPOCXEMBbI), U3ACIHUS U3 METALUIOB JOPOXKAIOT.
[ToaToMy B OOJBIIMHCTBE CIIy4a€B SKOHOMHUYECKU LIENEecOO0pa3HON SBISETCA
HanpyMep YCTaHOBKA Ha IUIOLIAAM Il€Xa WJIM YYacTKa HECKOJIbKUX JIOKAJbHBIX
KOHTPOJUIEPOB WK UHTEIUIEKTyallbHbIX Y CO, 00beAMHEHHBIX B €MHYIO LIU(PPOBYIO
CeTh, BMECTO NPOKIAIKK OOJBIIOr0 KoJWYecTBa KalOened K LEHTPaIbHOMY
KOTpPOJUIEPY.

OCHOBHBIC ITOHATHUS U OIIPCACIICHUA

Jluaus cBsi3u — (Qu3MUeckas cpela, MpeJHa3HAuYCHHas [UIsl IMepeHoca
uHpOpMaAllMU MEXIY €AMHULAMU OOOpYyIOBaHUS, MNPUHUMAIOIIMMU Y4YacTHE B
UHPOPMAITMOHHOM  OOMEHe, BKJIOYas JaHHble, CUTHAJIbl YIpPaBICHUA U
cunxponusauuu. Kak npasuio, JIC npeactaBistor co00il BUThIE SKpAaHUPOBAHHbBIE U
HEIKPAHUPOBAHHBIE MApbI, KOAKCHAJIbHbIE KAa0EIu W ONTOBOJOKOHHBIE KaOeH.
bnaronaps HEBBICOKOI CTOMMOCTH HauOOJIbIIEe MPUMEHEHHE HAILLIN BUTHIE MApPHI.

Kanain nepenaun JaHHBIX — COBOKYIHOCTh (PU3MUYECKOU CPEJIbl U TEXHUYECKHUX
CpEICTB, BKIIIOYAs almapaTypy npeoOpa3oBaHMs CUTHAJIOB, BOBJIEKAEMbIX B MPOLIECC
nepenayu nHGoOpMaIiu.

[Iporokon — Habop coralmieHuid W TPaBUI B COOTBETCTBUMU, C KOTOPHIMHU
OCYULIECTBJISICTCS. IPUEM U Mepeiaya HHPOPMALIUH.



IIpoTOKOIBI MOYKHO PA3AEIUTh HA:

Cumnnexchvle npomoKoasl NO3BOJSIOT NEPENaBaTh TaHHBIE TOJBKO B OIHY
CTOPOHY, T.€. TOJBKO C MepelarTyuka Ha MPUEMHHUK, HO He oOpaTHO. XOpOIIuit
MPUMEP CUMIUIEKCHOTO MpoTokosia - FM panno unu teneBuaeHue. [Ipumensercs B
TeX CiIyyasx, KOrja HajJo MPOCTO MepeaaTth HHPOpMaIuio KaKOMy JTUOO yCTPOMCTBY
06e3 He0OX0IMMOCTH MOATBEPKIAEHUS U 0OPATHOM CBS3H.

IHonyoynnekcusle npomoxoJibl CHUIMAIOT TJIABHOE OTPAHUYEHUE CUMITIIEKCHBIX
IPOTOKOJIOB - OJHOCTOPOHHSIA CBA3b. OHM TO3BOJSIOT JBYM YCTPONCTBaM
oOMeHMBaThCsl UHPOpMaLIME, MpuYeM 00a yCTpOMCTBA MOTYT OBITh M TPUEMHUKAMHU
U TepenaTdyukaMu, HO He omHoBpeMmeHHO! T.e. Kaxmoe yCTpOMCTBO MOXKET JHOO
nepenasarh, 1100 npuHumarb. Hampumep, RS-485 — npumeHsieT momy1yTrieKCHBIM
POTOKOIJL.

/Jlynnekchuvle npomoKoasl TO3BOJAIOT IPOU3BOAUTH NPHUEM U TEpenavy
uHpOpMaIlMU OJHOBPEMEHHO, T.€. 00a YCTpONCTBAa MOTYT OBITh M NPUEMHUKOM U
nepenaTyukoM onaHoBpeMeHHo. Hampumep, RS-232 — mno3Bonsier peanu3oBathb
IYTUIEKCHBIN IPOTOKOJI.

HNuTepdeiichl mocienoBaTeIbHOM MepeaaY JAHHBIX

RS-232 RS-422 RS-485
KoauvecTBo | 1 nepenaruuk 3 TICPCAATHKOB 32 nepenaTyuka
N 10 npuemunkoB Ha 1
ycTpoiictB | | npuemMHuK 32 npueMHUKA
nepeIaTyuK
Buna . . IOy Y IUIEKCHBI
npoTokoa JymiieKCHbIA | AYyTIJIEKCHBIN o
Makc. ~15.25 m.
AJMHHA npu ~1220 m. mpu 100Kbps ;5312(%1\48 1P
npoBoaa 19.2Kbps p
Makc.
CKOPOCTh 19.2Kbps ans 10Mbps mist 15 m. 10Mbps s 15
15 m. M.
nepenaum
Curnan I;e6aHaHCHH OaslaHCHBIN OaslaHCHBIN
-5B MuH. 2B muH. (B>A) 1.5B mun.
ABOMHAS | -15B makc 6B Mmakc. (B>A) (B>A)
' ' 5B makc. (B>A)
. 5B muH. 2B muH. (A>B) 1.5B MuH.
ABOWMHBIA O | 5 . | 6B maxc. (ASB) (A>B)




5B makc. (A>B)
Mun.
BXO/HOE +/- 3B 0.2B mud. 0.2B mud.
HaNpsizKeHne
Boixonont | 5, o 150MA 250MA
TOK

RS (Recommendet Standart) - pekoMeHTyeMbIif CTaHIAPT.
3.1. Pexomenayemnblii cranaapt RS-232

Hcnonp3yetrcss kak mocnenoBatenbubiii mHTEpdeiic (COM) Bo Bcex PC-
coBmecTuMbIX OBM 175 cBsizu ¢ nepudepuiitnbiMu yctpoiictBamu. He npumensiercs
B KaueCcTBE IPOMBIIUIEHHOIO MHTep(eiica, HO YacTO CIIYKHUT CBA3YIOIIMM 3BEHOM
mexay PC u ycrpoiictBom opmupyromuM apyroil uarepdeiic (Hanpumep RS-485
unn RS-422). RS-232 sBnsercs aCHHXpPOHHBIM HHTEpdErcoM Mepenadu JaHHbIX,
OPUEMHUK U TepeJaTYuK MCIOJIb3YI0T (DUKCUPOBAHHYIO CKOpPOCTh U3 Habopa
ckopocteit: 300, 1200, 2400, 4800, 9600 u 19200 60x (6uT B cexynay). CtaHmapt
RS-232  onpenenser: DIEKTPUYECKUE IMapaMeTpbl KaHaja CBA3W, HAIMYHME
JIOTIOJTHUTENbHBIX CUTHAJIOB KBUTHUPOBAHMS, MPOTOKON OOMEHa, THN pa3zbeMa H
HA3HAYEHUE €ro KOHTAKTOB.

[To3BonsieT COEAMHUTH TOJIBKO JIBa YCTPOWCTBA, OAHO W3 KOTOPHIX SIBISICTCS
BEIYIIUM, JPYTO€ BEIOMBIM, TIOSTOMY BCe 00OpymoBaHme, coeannasemoe mo RS-232
nporokony, paaemsitor Ha DCE (Data Communication Equipment, o6opymaoBanme
Ilepenaun [Janubix) u DTE (Data Terminal Equipment, TepmuHaibHOe
O6opynosanue). Henbzst coequnuts 1Ba DTE unu nea DCE. Paznuune 3akitodaercs
B pa3zbeMax M pa3BOJKE Pa3bEMOB.

Ha cmeny RS-232C B kadecTBe mocienoBaTelibHOrO UHTep(deiica
nepcoHanbHOTrO KoMmibtorepa npuiien USB (Universal Serial Bus) — yHuBepcanbHas
MOCTIeI0OBaTENbHAS [ITUHA.

B tabnuie npeacraBieHbl OCHOBHBIE MapaMeTphl CTaHIapPTOB «RSy.

[IpuemHuk U nepenatyuk crangapra RS-232:
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Curnanel uarepdeiica RS-232C noapa3nenstoTcst Ha CIeAyIOUE KIacChl:

[TocnenoBarenbHblie AanHble: - (HanpuMmep, TXD, RXD). UnTtepdeiic RS-232C
o0ecreynBaeT /1Ba HE3aBUCUMBIX IOCJIEIOBATEIbHBIX KaHala JAHHBIX: MEPBUYHBIN
(rmaBHBIM) W BTOpPUYHBIA (BcmomorartenbHblil). O0a kaHama MOryT paboTaTth B
TYTUIEKCHOM pPEXUME.

VYnpapnsroniue curHaibl KBUuTupoBanus: -- (Hanpumep, RTS, CTS). Curnainsl
KBUTHUPOBAHUSI - 3TO CPEACTBO, C MOMOILbIO KOTOPOr0 OOMEH CHUTHAJIAMH MO3BOJISET
DTE nauats muamor ¢ DCE mo daktuueckux mepenayu Wid mpueMa JaHHBIX I10
MOCJIEI0BATENbHOM JIMHUU CBS3U.

Curnansr RS-232:

Howmep
KOHTAaKT
a Curnan
(9-Pin)
1 FG ITonxmroueHue 3eMIIM K CTOMKE HJIM I1acCH
o0opyoBaHUs
2 (3) TD(TX | [locnenoBarenwsHble nanHble, nepenaBaembie oT DTE k
D) DCE
32) RD(RX | IlocnenoBarenbHbie JaHHbIe, TpuHUMaemMbie DTE ot
D) DCE
4(7) RTS AkTUBHBIM YpoBHeM 3Toro curiaiia DTE yka3biBaeT, uTo




oHO "xouet" nmocnatk naHueie K DCE

AxkTuBHBIM yYpoBHEM 3Toro curiasia DCE yka3biBaer,

> (3) CT5 TOTOBHOCTb BOCIIpMHHUMATH AaHHbIE 0T DTE

6 (6) DSR AxTuBHBIM ypoBHeM »Toro curnaina DCE cooOmaer, uto
CBA3b YCTAHOBJICHA

7(5) SG Bo3sBpartHblii TpakT 0011ero curHaia (3emiim)

AxTuBHBIM ypoBHeM 3Toro curHana DTE mokassiBaer,
8 (1) DCD yT10 0HO padoraeT 1 DCE MOXeT MOJIKIIOUUTHCS K
KaHaJly CBSI3H

20 (4) DTR ['otoBHOCTH TEpMUHATA

Bo3MOXHO HCMoJIb30BaHKE TOJIBKO Tpex curHaiabHbix JuHud TD,RD u SG
(Takoil BapuWaHT UCIOJIB3YEeTCS 4YacTo) JUisl JBYCTOpOHHEro oOmeHa 06e3
JOTIOJIHUTENIbHBIX CUTHAJIOB KBUTUPOBAHMUSL.

®opmar kazapa RS-232:

3.2. Pexomenayempblii cranaapt RS-422

CrangapT ycTaHaBIuBaeT TPeOOBaHUS TOJBKO K 3JEKTPHUUECKUM MapamMeTpam
(dopmupoBaTeneil 1 NPUEMHUKOB U HE ONPENENSAET APYrUe XapaKTepUCTUKH CUCTEMBbI
CBSI3U.

B sTom cranmapte a1 nepenayn TaHHBIX MUCIOJIb30BaHbl AU(dEepeHIInaTbHbIE
CUTHAJIbI, 3TO TMOBBICHUJIO MOMEXOYCTOMYMBOCTh U 00ECIEUUIIO BBICOKYIO CKOPOCTb
oOmena. [lapubie TTJI uHBEpTOPHI MOCHIIAIOT B HArPYKEHHYIO CKPYUYEHHYIO Mapy
OpsIMOM M MHBEPCHBIA CUTHAJIBI, a AU depeHIuaNbHbId TPUEMHUK BOCIPOU3BOIUT
ypoBHu TTJI:

OTKPBI +

TBIA

BIXOJ]




JInHuna Harpy>keHa BXOAHBIM CONPOTUBIICHUEM ITpueMHHKa 120 OMm.
VYpaisromme CUrHajabl KBUTUPOBAHUS OTCYTCTBYIOT.

B ornmume ot RS-232 mo3Bonser moakiatodath 10 10 mpueMHUKOB, a B
HEKOTOPBIX clydasx u OoJee.

3.3. Pexomenayembiit crangapt RS-485

HaunbGonee mmpoko uCHosib3yeMblid UHTEPQENC AJisi MPOMBIIUICHHBIX CETEH.

py OJTOT BapHaHT sBISICTCSl 0A30BBIM B TCXHHKC IEPelaud JaHHBIX IS

MPUJIOKEHUI TPOMBIIUICHHOCTH, aBTOMAaTHU3allUd CTPOUTENILCTBA H

yopaBi€HUs NpuBoJaMu. B HeM wucCnosb3yercs JBYXIPOBOAHAsS BHUTas Iapa C

skpanupoBanueM wm 0e3. [lomob6en RS-422, HO ucCmonb3yeT TONBKO OJHY Mapy
IIPOBOJIOB ¥ TIOATOMY pabOTaeT B MONYIYTUIEKCHOM PEXUME.

OTOT cTaHAapT OTHOCUTCS TOJBKO K AJIEKTPUUYECKUM mapameTpaM uHTepdeiica
M HE OroBapMBACT KAYE€CTBO CHUTHAJNA, CHHXPOHU3AIMIO, MPOTOKOJIbI, HA3HAYEHUE
KOHTAKTOB pPa3beMOB M JpYyrue MOJ00HBIE BOMPOCHl. MaKCUMalbHO JOIMyCTUMAs
CKOPOCTb Iepeaauu Jisl IBOMYHBIX JaHHBIX gocturaer 10 Mout/c. B cooTBeTcTBHM
co crangaptoM RS-485 HecKOIbKO YCTPOMCTB COEIUHAIOTCS COalaHCUPOBAHHOM
BUTOW mapod. YcTpodcTBa MOTYT OBITh NPUEMHBIMH, TEpEAalOIUMH WU
KoMOuHUpoBaHHBIMH. Ha o000omX KOHIAx KaOedss JOJDKHBI YCTaHABIUBATHCS

TEPMUHATOPHI (OKOHEYHBIE PE3UCTOPHI) C CONMpoTUBIeHHEM He MeHee 60 Om (puc.
3.3).

cbanancuposatioiii
xabenw

Jia.l]])fak_“

npuemMHux,
nepedanuux

nepedamuux MPUEMHUK

Puc. 3.3. Ctpykrypa untepdeiica RS-485

Pabota unTepdeiica aHaiornuna paboTe TPUCTAOMIBHON JIOTHUECKOW IIMHBI.
HuddepenumansHplii mopor i NPUEMHHKOB ycCTaHOBJIEH Ha ypoBHe 0.2B mpu
JOIYCTUMOM JMana3oHe BXOJHBIX HampsikeHui ot -7B no +12 B mo oTHOLIeHUIo Kk
"3emuie" mpuemMHuKa. B 3TOM KOHQUTypaIy HU OJIMH W3 MPOBOJAOB HE HAXOAUTCS 10T
noteHuuagoM "3emnun". [lepekoMmyTanuss KOHTAaKTOB IeHepaTtopa WM NPHUEMHHUKA
SKBUBAJICHTHA MHBEPCUU 3HAYCHUMN OUT.



BxogHoM uMIlEnaHC NPUEMHHKAa M BBIXOJAHOW WMMIIEJAHC IepeJaTyuKa B
IIACCUBHOM CTOSTHUH U3MEPSETCS B €AMHULIAX HATPY3KHU, KOTOPBIE TOYHO OIPEIEIEHBI
B cranjapre. [lepenaTuuk qoikeH oOecrneuyrnBaTh NUTaHUE A0 32 €IMHULL HATPY3KH U
JIBYX OKOHEYHBIX PE3UCTOPOB MPH MOJHON SKBUBAJIIEHTHOW Harpyske auHun 54 Owm.
IlepemaTumk Takke HOJDKEH BBIAEPKUBATHh MOIIHOCTH, BBIACISIEMYIO IPU aKTHBHOM
COCTOSTHUM ABYX WJIM OOJBILIErO YMCIIa NEepeaaTinKoOB, YacTh U3 KOTOPHIX padOTaeT B
pEeKMME UCTOYHUKA, a YaCTh - B PEKUME NOTPEOJICHUS TUTAHUS.

Crangapt Ha  RS-485 MpelyCMaTPpUBA€T  TOJIBKO 32 napbl
nepelaTyuk/IpUeMHUK, HO TMPOU3BOJUTENN PACIIUPWIA BO3MOXKHOCTH RS-485
IPOTOKOJIAa, TAK YTO TEMEPh OH MOJAEPKUBAET OT 128 10 255 yCTpOWCTB HA OQHOI
JIMHUH, a UCTIONB3Ysl PEenuUTEPhl (MOBTOPUTETH) MOXKHO NpoasieBath RS-485/RS-422
MPAKTUYECKU JJO OECKOHEYHOCTH.

PI/I I I

DO- nepenaBaembie nanssle, DI- npuanmaemeie nannsle, OE- paspemenue
nepenauu, ® — popmuposarens, [1 — npuemuuk, R — cornacyrommii pesuctop.

dopmupoBaTenb  npeacTaBiasger cobor  auddepennmanpHeii  TTI  —
nepegatyuk (cM. cxemy s RS-422). IlpueMHuMK TmipeacTaBiseT coOoit
b depeHInanbHbIi YyCUITUTENb C BBICOKUM BXOJHBIM COITPOTUBIICHUEM.

ITo cranmapty, dopMupoBaTeIb pacCUYUTaH HA MOJKIIOYEHUE 32 TMPUEMHUKOB
Y JIBYX COIIACYIOIIUX PE3UCTOPOB.



Ipunuun padorsl cetu RS485
WuummatopoM oOMeHa MOXET OBITh TOJIBKO OJIHO YCTPOHCTBO, KOTOpOE

HasbiBaeTca BeaynuM. OcTanbHbIe YCTPOWCTBA, Ha3bIBAEMbIE BEAOMBIMHU, PAabOTAIOT
B PEXKUME «3apoCc-0TBET». POPMUPOBATENN UMEIOT TPU COCTOSHHUS: «1», «O» U «Z»

N3navansHO Bce HopMUpPOBATENN HAXOIATCS B BLICOKOOMHOM COCTOSIHUM - Z U

BCC IPUCMHUKHU HACTPOCHLI HA IIPUCM.

0 0O0oOo

O
O

PaccMoTpum mocne1oBaTeNbHOCTD «BEAYIIET0y» TIPU OOMEHE:

paspemenue nepenadn (curaan Output-Enable);

NEPEBO/] YCTPONUCTBA B COCTOSIHUE MEPEAaYH;

nepeaava agpeca BeJJOMOTO YCTPOHUCTBA U KOMAH/IbI;
MEPEX0]l B COCTOSTHUE MPUEMa, 0KHIaHUE OTBETA BEOMOTO.

PaCCMOTpI/IM IIOCJIICAOBAaTCIBbHOCTD I[CﬁCTBPIﬁ «BCOAOMOTI'0» IIPpHU oOMeHe:

M3HAYaJIbHO HACTPOCHHBIM HA MpPHUEM BEAOMBIA MPH MOJIYYEHUU ajpeca,
COBIAJAIONINI C €ro COOCTBEHHBIM, 3alKCHIBAET CIEAYIOUIYIO 3a aJpecoM
KOMaHJy B PETUCTP;

BBITIOJTHEHUE KOMaH/IbI;

repeaya OTBETA U MEPEXO0/l B COCTOSIHUE TTPUEMA.

N3 storo cnemyer, 4To BEIOMOE YCTPOMCTBO CAMOCTOSATENIBHO HE MOXKET

WHUIIMAPOBATh OOMEH, U BCA HH(POpMAIU repeaacTcs 4epe3 Beayliee yCTPOMCTBO, a
nopsiIOK 0OMeHa oNpeesiIeTcsl IPOorpaMMOi BEAYILEro YCTPONCTBA.

[IpenmymectBom cetn RS485 sBisercs nemeBu3Ha, NPOCTOTa MOHTAXKA M

HCITIOJIb30BaHUA, a TAKKC JCTCPMUHUPOBAHHOCTD ITPOTOKOJIA.

Henocratku: 0THOCUTEIBLHO HU3KAs MPOMYCKHAs! CIOCOOHOCTh U HEBO3MOKHOCTD
WHULIMUPOBaHUsI 0OMEHa JTI00bIM YCTPOMCTBAM.



3angTue 9

Conepxkanue:

YCTPOMCTBA CBSI3U C OFBEKTOM

3agaHue K NPaKTHYECKOMY 3aHSITHIO:
1. CocTaBUTh TOTUYECKYIO CXeMy 0a3bl 3HAHHI 10 COAEPIKAHUIO OJIOKA.
2. CocTaBUTh TEPMHUHOJIOTUYECKUN CIOBAPb.
3. BbINOMHUTH BCE MYHKTHI, NEPEUMCIEHHBIE B PA3AEN€ MOArOTOBUTEIBHOTO
ATana K NpakTUYECKOMY 3aHATHUIO.

IIpakTHyeckoe 3aHATHE (1e10Bas UTPA)
Henu: 1. 3akpenuTh U yriiyOuTh U3y4aeMblil MaTepuai CTyJeHTaMu.
2. YMeTb HU3I0XKHUTH CBOIO TOYKY 3pEHHUS MO BOIpocaMm 00pabOTKH,

XpaHEeHHUsl U Tepeaur UHPOpMaluu.

VYyactHukn: CTyIEHTHI paclpeacsieHbl Ha 3 MOATPYIIIbL:

-5 moarpynna — 3aka3z4uku (3aJar0line BOIpoOCHl);

2-s MOATpyNIa — CIEeUATUCThI (OTBEYAIOLUE HA BOTIPOCHI);

3-4 moxarpymma — D3KCIepTHas rpynna (OUEHUBAIOIIME MPaBUIbLHOCTb
(opMyITUPOBKH BOIIPOCOB M OTBETOB HA HUX).

Bpems: 90 MuHyT.

1. lloaroroBuTeabHBINA 3TAN (IOMALIHASA PpadoTa):

1. IToAroTOBUTH MaTEpUJ MO paHEE BBIAAHHOW Ha TEKyllee 3aHsATHE (B KOHIIE
IPEABIIYIIErO 3aHATHS) PETOIaBaTeIeM TEME:

- COCTaBUTb IJIaH OJIOKA;

- COCTaBUTh TEPMHMHOJIOTMYECKHUI CIOBAph: BBIIUCATh BCTPEUAEMBbIE B TEKCTE
0JI0Ka TEPMUHBI U J]aTh UM PACIIU(PPOBKY;

2. ITo conepxanuto 610Ka COCTAaBUTH JIO I€CSTH BOIIPOCOB.

3. BBITb TOTOBBIMH OTBETHTH Ha BOIMPOCHI IO PacCMaTpuBaeMoOil TeMe. YMETh
OIICHUTH BOMPOCHI U OTBETHI YYACTHUKOB OY/Iy4H B MOJATPYIIIIE IKCIIEPTOB.

4. OgopMuUTh JOMAIITHIOK PabOTy B BUJE OTUYETA.

2. [Topsiiok npoBeaeHNHs MPAKTUYECKOT0 3aHATHS
1. Opranuwzanus 3aHATHS (MIPOBEpPKAa MPHUCYTCTBYIOIIMX W TOTOBHOCTH K
3aHSATUSM, OOBSBICHUE TEMBI UCXO/ISl U3 COACPKAHUS TEKYILEro 3aHsITHs). (5 MUHYT. )
2. Pacnipenenenve Ha MOATPYNIBI M JOBEICHUE MOPSAKA MPOBEACHUS 3aHATHS.
(5 MuHyT.)
3. IlpucBoeHue moArpynmnaMm IepBOHAYAIbHBIX  poJied  (3aKa3yuKH,
CIICLIMAIIUCTBI, KCIIEPTHAsT TpyIa). (5 MUHYT.)



4. OOcyxneHue CTyIeHTaMH TMOATPYII BOMPOCOB, BBIHECEHHBIX Ha
NPAaKTHYECKOE 3aHATHE C LETbI0 BRIPAOOTKH OOILIUX MO3UIUH:

4.1. Bonpockl CO CTOPOHBI MOATPYNNbI 3aKa34yuKOB. (15 MUHYT.)

4.2. OTBEeTHI CO CTOPOHBI MOATPYMIBI CHEHUATUCTOB. (15 MUHYT.)

4.3. OueHuBaHue MOATPYMNION SKCIEPTOB BOIPOCOB U OTBETOB YYACTHUKOB. (15
MUHYT.)

4.4. Nuckyccuu. (10 MuHyT.)

4.5.BpipaboTka 0o0med mo3uuMM MU O0IIero MoAXoJa K BOIpocam
paccMaTpuBaEeMbIM Ha TEKYILEM 3aHATUU COTJIACHO €ro TeMe. (5 MUHYT.)

5. OOcyxneHue mpenojaBaTelieM W CTaplIMMU TPYNN OLEHOK YYaCTHHUKOB
3aHATHS. (5 MUHYT.)

6. IlonBeneHue MTOrOB 3aHATHS C OOBSBICHHEM OKOHUYATENBHBIX OLEHOK
YYaCTHUKOB MPAKTUYECKOTO 3aHATHUSA. (5 MUHYT.)

7. OObsIBICHUE TEMBI U COJIEPKAaHUS CIEAYIOLIETO MPAKTUIECKOro 3aHsATHs. (5
MUHYT.)

YCTPOMCTBA CBSI3U C OBBEKTOM

4.1. Ha npumepe moayaeit pupmsl GRAYHILL.

YCO 4BnsitoTCS BaKHBIMHU 3JIEMEHTAMU CUCTEM COOpa JTaHHBIX U YNPABIEHUS.
OHu obOecrnieunBarOT rajlbBaHUYECKYIO Pa3BsA3Ky U HOPMAJIM3AIMIO CUTHAJIOB MEXIY
ycTpoiicTBamu 00paboTku uHbopmanuu u nepudepueit (UII, ucnomHuTenbHbIC
MEXaHU3MBI U T. ]I.).

HO,Z[paS,Z[eHSII-OTC}I Ha aHAJOI'OBLIC MU OUCKPCTHEIC. SBnsroTCs KOHCTPYKTUBHO-
3aKOHYCHHBIMH, BBIIIOJIHAIOMNIME BbINICYKA3aHHBIC q)YHKHI/II/I 1A OJHOTO HJIN
HCCKOJIbBKHMX KaHaJIOB.

Kaxk [IpaBruJI0O, B CICHUAJIU3UPOBAHHBIC IIJIATBI, HMCIOINHC KJICMMHLIC
COCOAMHUTCIN AJI1 IIOABOJAa BHCIIHUX HCHGI‘/’I. Takue 1IaThl HA3BIBAKOTCA
MOHTAa>XHBIMH ITAHCIISIMHU HUJIN OIITOIIaHCIAAMUA (OHTI/I‘-IGCKaH paBBH3Ka).

KoHncTpykTuBHasE 0COOEHHOCTh MOJYJIEH M MOHTQXKHBIX MaHeleld MO3BOJISAIOT
OBICTPO MPOU3BOAUTH JUATHOCTUKY U 3aMEHY BBILIEAIINX U3 CTPOS MOIYJICH.

Juckpernsie Mmoayau YCO.
OOecrieynBalOT OMNPOC JATYMKOB C pEJIEHHBIM  BBIXOJOM, KOHIEBBIX
BBIKJIFOYATENIEeH, KOHTPOJIb HAJIUUMs HAPSDKEHUS B ENH U T. T.

Broixognsle mMoaynu (GOpMUPYIOT CUTHAjbl AJiI YNPABICHHUS IyCKaTeIsIMHU,
JBUTATEIIIMU Y IPOYMMH MCTIOJIHUTEIBHBIMHU YCTPOUCTBAMU.



CrpykTypHas cxeMa MOAYJIsl AUCKPETHOTO BBOJA:

BxogueiM CONIPOTUBIICHUEM
JTAHHOTO MOAYJISI ABJISICTCS EPEMEHHOE Rx
nanpsokenne (VAC). z L S
RX - racamuii  pesucrop, VAC
OTPAHUYMBAIOIIMI TOK Ha 3aJaHHOM
YpPOBHE, HEOOXOJUMOM ISl TIUTAHUS o
cBeroauona - onrorapsl VT.
+Un VD5 b
VDI1-VD4 ) — P I N A
JIBYXITOJTYTIEPUOIHBIA BBITPSIMUTEb. EHOR 27 cxeMa
I >|_ obecTeYeHHA
Tpanszuctopnas ONTONAPA e THCTEPEINER
oOecreynBaeT raJilbBAaHM4eCKOe — |
pas3aeneHue.
stz Cxema obecrieueHus TUCTEPE3nCa:

FIIC TO4YKa a — TOYKa BKJIIOUYCHMUAA,

b — TOUKa BBIKJIFOUECHHUS.

—_— CxemMa mnpuMeHseTcs I HCKIOYEHUs apedesra,
b a 3aMUTHIBAECTCS BHEIIHUM HanpspkeHuem nutanus +UIL

Beixon thna «OTKpbITBIM KOJUIEKTOPY». Jdnox VDS npumeHnseTcs i 3aluThl
OT NIEPEMOTIOCOBKHU.

CrpykTypHas cxema MOAyJsl JUCKPETHOTO BBIBOJA!

J-undopmarmoHHbIH
Harpyska
CUTHAII >
Haznauenue: ¢popmupyer _— ; — VD1
OEMIHpPVEOIAA
CHTHQIBl  JUIS  YNPABICHHS _oo0m et
MyCKaTEeIsIMU, KOHTAKTOpaMHu U
IPYTUMHU oJTHO(ha3HBIMH I
@ . =
MaJIOMOITHBIMHA Harpy3KaMH. TR
BENESYEHHA
Pabota: nns BKiIHOYEHUS T VD1
BHEIIHEM Harpy3Ku - Q YT
yIpaBJioIIee YCTPONCTBO VD2 | |
(bo - J // Ex | A7
pMUpYET BBIXO/THOM o T — N
JIOTUYCCKUMN CUTHAJ, ExOI I v —
MOCTYNAIOWIUI  Ha  BXOJ =
MOJTyJISI.

Jnon VD2



MIPEHA3HAYECH IS 3alUThl BXOJHOMW LEMH OT MEPEIMOIOCOBKH, conpoTuBiaeHne RX
OTPAHUYMBAET TOK B LENHU NUTAHUS CBETOAMNOA ONTOIAPHL.

Curnan ¢ VT1 mnocrymaer Ha cxemy BKmwoyeHus VDI,
KoTOpas (popMUPYET yHPABISIONINI CUTHAI AJI1 CEMHUCTOPA.

Puc.

Hemndupyromnias 1enb CriiakuBaeT NepexoqHbld TPoLecc, BOSHUKAIOIINN MTpU
BKJIFOYEHUHU-BBIKIIOYEHUH CEMUCTOPOB.

Harpy31<a BKIIFOYACTCA B pPa3pbIB LCIIH, MAYHICC K HMCTOYHUKY IICPCMCHHOI'O
HAIIPSKCHUA.

Anajiorosbie moaysu Y CO.

[Ipenna3nayeHsl asi obecrieueHnsi BBOJa CUTHAJIOB B YCTpoicTBa 00pabOTKU
uHpOpMallMd W BBIBOJAA CHUTHAJOB /I MPOMOPLHOHAIBHOTO  YIPABJICHUS
UCTIOJTHUTENBHBIX  YCTPOHCTB. JIOKHBI  00JaAaTh BBICOKOM TOYHOCTBHIO U
JUHEMHOCTHIO, 00ECTIeUnBaTh BHICOKOE HANPSXKEHUE H3O0JISALIUU.

XKenatenbHO, 9YTOOBI MOIYJIM MOTJIH pabOTaTh C Pa3IMYHBIMU HUCTOYHHUKAMHU
CUTHAJIOB (TEPMOPE3UCTOP, TEPMOIIapa U T. 1.)

AC — nepeMeHHO€E HaIpsKEHUE;

DC — nocrossHHOE HAIIPSAKCHUC.

CTpyKTypHasi cxemMa MOJyJisl aHaJOrOBOTO

BBOJaA: e

JlanHasi cxema TpelHa3Ha4Y€Ha ISl BBOJA sxem R prBTp
curHaia Ttoka B YOU (ycrpoiictBo 00pabOTKH P [
uHbOpMaIUn). .

PaGora: BHemHmii curHajg Toka CO3Ja€T » . C_}Jn
najcHUEe HAMNpsOKCHUS Ha HOPMHUPYIOIIEM
compotuBieHnu  RH.  Dto  HanpspkeHwue - 10k HHA
bunbTpyeTcs, ycunuBaercs u ¢ nomouisio [THY p L
(mpeoOpazoBaresb «HANPSKEHUE-YACTOTA») g l '>|/ |
CUTHAJI HANpsDKEHUS TpeoOpa3yeTcss B CHUTHAI ' VT
YacTOTBHI.

TpansuctopHas omnrTonapa OCYIIECTBISET TaJIbBaHUYECKYIO PAa3BA3KY H
(dbopMHpYyET BBIXOAHOW CUTHAI.

YOMU noacuuthIiBaeT KOJIMYECTBO UMITYJIHCOB 32 (DUKCUPOBAHHOE BPEMHI.

Hanee »tor curHan yactotsl B YOU mpeoOpa3yeTcss B CUTHaAJI APYroro Buja
(kak rmpaBuiI0, B IU(PPOBOH KOJ).



Cxema 3anutbiBaeTcsi HampsbkeHuem +5B ot YOU, Buytpu monyns DC/DC
KOHBEPTOpP OCYIUECTBISET TabBAHUYECKOE pa3JeieHue Uil NUTaHUs Lenei,
raJIbBAHUYECKU CBA3aHHBIX CO BXOJHBIMU LIETISIMU.

CrpykTrypHas cxema MOJYJISt
AHaJIOTOBOT'O BBIBOJA!

[Ipennaznauen TUTSL BBLIBOJIA
N
aHAJIOTOBOTO CHUTHAJIA, s & ’ —
POTIOPLIMOHATIBHOTO yIIpaBJICHUS 1

HUCIIOJHUTCIbHBIMHA YCTpOﬁCTBaMH. §

Hanueiii  Momaynbp  mpeoOpasyer
CHUTHAJI YaCTOTHI MJIM IIOCIEA0BATENbHBIN
OUppoBOH KOX HAa BXOAE B CHTHAI g
HaNPSDKESHUS Ha BBIXOJIC

PaboTta: Ha BXOJ MOMyss TOCTyMAET

CHUTHaJ 4acTOThl, NPONOPIUOHATIHHBIN @
TpedyeMoMy YIPABISIIOLIEMY -
BO3JICVICTBHIO. “

Curnan yCcUJIMBaeTCsl TPAH3UCTOPOM

VTI, raibBaHWYECKHM HU30JUPYETCS C MOMONIBIO TPAH3UCTOPHOUM omnronapbl V2.
[IpeoOpazyercss U3 MOCIENOBATEIBHOIO KOJa B MapajUlesbHBIA LU(PPOBONH KOI B
O0ydepe. bydep noacunThIBaET KOJIMYECTBO UMITYJIHCOB 32 ONPEICICHHOE BPEMSI.

bydep — peructp casura, KOTOpbIN HaKarIMBaeT U(POBOM KO/I.

[Iponoprmonansuo  1udpoBomy koxy LAIL dopmupyer
CUTHAJI HaIpPsKEHUS, KOTOPBIM MOTOM MpeoOpa3yeTcs B BBHIXOJIHOMN
CUTHAJI TOKa, KOTOPBII HOPMATU3YETCS YCUITUTEIIEM. .

Puc.

[Mutanune moxynst ocymiectisiercs ot YOU. Berpoennsiii DC/DC xonBepTOp
OCYILIECTBIISIET TAIbBAHUYECKYIO PA3BA3KY IO MUTAIOIICH MOIIIHOCTH.

4.2. YCO na npumepe ycrpoiicts cepuun ADAM4000.

YerpoiictBo cepun ADAM4000  mpencraBisieT  coOOM  IIMPOKYEO
HOMEHKJIATYypy  MHTEJUIEKTyaldbHBIX  MOJYJEH,  coAepKaluX  BCTPOEHHBIE
MUKPOKOHTPOJUIEPHI (MHTETPAJIbHBIE).

Moaynu AUCTaHIIMOHHO YMPABISIOTCS C MOMOIIBIO MPOCTOr0 Habopa KOMaH[I
B ASCII-dopmare (popmMaT aMepruKaHCKOTO CTaHJAPTHOTO KOAQ), MepeaBaeMoro 1o
KOMMYHHUKAIIMIOHHOMY MPOTOKOIy RS485.

VYerpotictBa cepunn ADAM 4000 umeroT pa3HOOOpa3Hble Ha3HAYEHUS U B
IIeJIOM O0OECIIEYMBAIOT BBITIOJIHECHUE COTJIACOBAHUS CHUTHAJIOB, TajlbBaHUYECKOTO



pasnenenusi, mpeodpasoBanus nuara3onoB, AIIIl u I[AIl, cpaBHeHHWE HaHHBIX U
upoBas mepenayda JaHHBIX.

[IporpammHoe KOH(PUTYPUPOBAHHUE.

Monynn He TpenycMaTpUBAIOT HUKAKUX IMEPEMBIYEK WM PEryJIsSTOPOB IS
nojicTpoiiku. Hactpolika auama3oHOB, BEIOOP THIA TEPMOMAPHI, COMPOTUBIICHUS H T.
J.  OCYIIECTBISIETCS  BBIIau€ii  COOTBETCTBYIOIIEH  KOMAHIBI  «BEIYIIHM
(kommibroTepoM). Bce mapamerpel KoHUTypald TakKuM 00pa3oM MOTYT ObITh
YCTaHOBJICHBI TUCTAHIIMOHHO.

bnaromapss nanmumuuio OCIII3Y (EEPROM) (snekTpudeckd cThpaeMoe
IpOrpaMMHUpPyEeMOe  TMOCTOSHHOE  3allOMHHAIONIEE  YCTPOMCTBO)  MapaMeTphl
KOH(UTYpAIH COXPAHSIOTCS TIPU OTKIIIOUCHUH TUTAHMS.

Jl5i TOro 4to0bl YCTAaHOBUTH (HA3HAYUTH) aJIpeC YCTPOUCTBA, K «BEAYIIEMY»
HNOJKIIIOYAKOT TOJBKO 3TO YCTPOMCTBO, W BEIYyIIEE YCTPOWCTBO MPOrpaMMUPYET
aapec (B JaHHOM clly4ae, TOJIbKO OJJHOMY HallJICHHOMY BEIOMOMY ).

ITocne Toro, Kak BCEM BEJOMBIM HAa3HAYEHBI «yHUKAJIBHBIE» aApeca UX MOKHO
BKJIIOYATh B OJIHY CE€Th, KOHPUTYPUPOBATH U 3allyCKaTh B pabOTYy.

MoayJib aHa10roBOro BBojaa Ha npumepe ADAM4012.

[Ipennasnauen JUISL npeoOpa3zoBaHus CUTHAJIOB TepMonap 151
TEPMOCOIIPOTHUBIICHH, a TAK)KE CUTHAJIOB TOKA U HaNpsbKeHUs B LuppoBoil popmar.
JIONOJIHUTENBHO MOIYJb TO3BOJSET OCYIIECTBIATH IMOJACYET HU3KOYACTOTHBIX
VMITYJIbCOB U IUCKPETHO YIIPABIIATh BHEIIHUMH YCTPONCTBAMU.

B coorBercTBUM ¢ 3aJlaHHBIMU  [apaMeTpamMu  KOH(MUrypauuu, Mpu
BoimotHeHU ALl  Moaynap  BBINOJHSET MEpPEeBOA  IMOJYy4YeHHOM  1udpOoBOi
uHdpopMaluu B €AUHUIBI  (U3MYECKOM  BENUYMHBI, B  JONOJHUTEIbHBIN
IECTHAAIATEPUYHBIN KOJI, TMOO B MIPOLICHTHI Kbl pabodero auamna3oHa.

[Ipu 3ampoce co CTOPOHBI «BEIYIIETO» MOAYJIb OTIPABISAET NaHHbIE 10 RS485.
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Paccmotrpum pa®oTy MOaynist MO €ro CTPYKTYPHO-(QYHKIIMOHAJIBHOU CXeMe,
U300paKEHHOM BBIILIE:

BrixogHoit ananoroBsiii curHan mnocrymnaer Ha +IN, - IN. Macmrabupyercs
YCUJIUTENEM, YIPABISIEMbIM KO3PHUIIMEHTOM YCUICHUS.

OunbTpyeTcs ¢ nomoibio GuibTpa HIKHUX YacToT (PHY), npeobpa3zyercs B
U(POBOI KO ¥ Yepe3 ONTUYECKYIO Pa3BsI3Ky NOCTYNAaeT B MUKPOKOHTPOJLIED.

MukpokoHTpoJsuiep npeodpasyeT JaHHble B TpeOyeMblil opMat U COXpaHsEeT B
perucrpe.

[Ipn mocrymieHuu 3ampoca OT «BEAYIIEr0» Ha 3HAYEHUE C aHAJIOrOBOTO
BXO/la, 3HAYECHHE U3 PETUCTpa OTIPABISECTCS BMECTE C OTBETHOW MOCBUIKOW uepes
RS485. Moaynb coaepKuT ABa JUCKPETHBIX BXOJA U OJMH AUCKPETHBIN BBIXOI.

C noMouIp0 BBIXOJOB MOKHO YIPaBJISATh BHEIIHUMH YCTPONCTBAMHU TAKUMHU,
KaK TBEpAOTEIbHOE peJie, MyCKaTeNIN U APYyroe 000py10BaHHE.

JINCKpETHBI BXOJ MOXET OBITh WCIIOJNB30BAH IS TMOJCYETa BHEIIHHUX
HU3Ko4YacTOTHRIX (HY) ummynbCos.

[Turanue ot £10B+ +30B, npeobpazoBarenb HanpsbkeHus: Gopmupyet SB is
nuTtaHuss  1U@POBOM  CXEMbl, a C  HCIOJB30BAHUEM  Pa3Bs3bIBAIOIIETO
TpaHchopMaTopa, BEIIPSIMUTENS U GuiIbTpa GOPMHUPYETCS MUTAHUE AJIS aHATOTOBOM
YacTH CXEMBI.

MoayJib AMCKPETHOI0 BBOAA-BBIBO/A.
s mpumepa paccmorpum Moaysisb ADAM4050.

Conepxut 7 KaHAJIOB AUCKPETHOIO BBOJIA M 8 KAHAJIOB TUCKPETHOTO BHIBOJA.



JIaHHBIM MOJIyJIb HE UMEET ralIbBAHUYECKON Pa3BsA3KU, ITIOATOMY MPEIHA3ZHAYEH
JUTSL UCTIOJIb30BAHMSI COBMECTHO € AUCKPETHBIMU MOAyJAMH Y CO, TBEpAOTENbHBIMU
pene W JpyTMMHU YCUIUTEIBHBIMH YCTPOMCTBAMHM, HMEIOLIME TaJbBAHUYECKOE
paznenenue. Jlormueckue TTL-curHansl U TaTYUKK THUNA «CYXOM KOHTAKT» MOTYT
OBITH MOJIKJIFOYEHBI 0€3 TaIbBAHUYECKOTO Pa3/ICJICHHUS.

>
RS-485——> wuCU {————y 8ch
DATA -
N OUT DO7
SCII3Y 7¢h DI o
-- L —> N
Puc. Dré
+5B -« P — [
() : DC/DC 10+ +3gg
r -

Konseprop npeobpazyer Hanpsokerue +10+ +30B B +5B (DC/DC-xonBepTop).

Moy KOMMYHUKAIUOHHOM CBSI3H.

[Tpumensitotcs a1t mpeoOpazoBaHus curHaiaoB uHTepdeiica RS232 B RS485.

Ot Moaynu

MOTYT

coziepKaTh
rajlbBaHUYECKOro paszzaeneHus. OHU MOryT ObITh IPO3PAUYHBIMU C TOUKH 3PEHMUS
nporokosia RS232. D10 3HauuT, 4YTO Takue MOAYJIHW HE KOHTPOJHUPYIOTCS U HE
0oOMEHHUBAIOTCA CBOMMH MapameTpamu uepe3 uHTepdeiic RS485, a Tonpko auib
npeoOpa3yoT YPOBHH CUTHAJIA U PACIIO3HAIOT HANpaBleHUE Mepeaayn.

58] 051

HC

coJiepKaTh

YCTPOMCTBA

Taxxe MOryT OBITH HENPO3PAYHBIM, TO €CTh HUMETh aJpec U MapaMmeTphl

KOH(UTYpALHH.

Jlns mpumepa paccmoTpum dopmart kaapa RS232:

Baim

CINONOabIll
Oum

Cmapmossiil

oum

oum

YentHocmiu



Puc.

I[J'ISI TOrIO, yTOOBI MOBBICUTH MOMCXO3allMUIICHHOCTL JAaHHBIC IMCPEAarOT, KaK
IMpaBnJIO, B BUAC CMMBOJIOB aMCPHUKAHCKOI'O CTAHAAPTHOI'O KOJA.

Ecan IMPUHATO 9YUCJIO, KOTOPOC COCTABJISICT CUMBOJI, HC Hpe,IIHaSHaLIeHHHﬁ JIIs1
HCIIOJB30BaHHUA B JAHHOM IIOJIC ITaKCTa I/IH(i)OpMaHI/II/I, TO MAKET CUMTACTCS COOMHBIM.



3austue 10

Conepxkanue:

ABTOMATHYECKHUE PEI'YJISAATOPDI.

3agaHue K NPaKTHYECKOMY 3aHSITHIO:
1. CocTaBUTh TOTUYECKYIO CXeMy 0a3bl 3HAHHI 10 COAEPIKAHUIO OJIOKA.
2. CocTaBUTh TEPMHUHOJIOTUYECKUN CIOBAPb.
3. BbINOMHUTH BCE MYHKTHI, NEPEUMCIEHHBIE B PA3AEN€ MOArOTOBUTEIBHOTO
ATana K NpakTUYECKOMY 3aHATHUIO.

IIpakTHyeckoe 3aHATHE (1e10Bas UTPA)
Henu: 1. 3akpenuTh U yriiyOuTh U3y4aeMblil MaTepuai CTyJeHTaMu.
2. YMeTb HU3I0XKHUTH CBOIO TOYKY 3pEHHUS MO BOIpocaMm 00pabOTKH,

XpaHEeHHUsl U Tepeaur UHPOpMaluu.

VYyactHukn: CTyIEHTHI paclpeacsieHbl Ha 3 MOATPYIIIbL:

-5 moarpynna — 3aka3z4uku (3aJar0line BOIpoOCHl);

2-s MOATpyNIa — CIEeUATUCThI (OTBEYAIOLUE HA BOTIPOCHI);

3-4 moxarpymma — D3KCIepTHas rpynna (OUEHUBAIOIIME MPaBUIbLHOCTb
(opMyITUPOBKH BOIIPOCOB M OTBETOB HA HUX).

Bpems: 90 MuHyT.

1. lloaroroBuTeabHBINA 3TAN (IOMALIHASA PpadoTa):

1. IToAroTOBUTH MaTEpUJ MO paHEE BBIAAHHOW Ha TEKyllee 3aHsATHE (B KOHIIE
IPEABIIYIIErO 3aHATHS) PETOIaBaTeIeM TEME:

- COCTaBUTb IJIaH OJIOKA;

- COCTaBUTh TEPMHMHOJIOTMYECKHUI CIOBAph: BBIIUCATh BCTPEUAEMBbIE B TEKCTE
0JI0Ka TEPMUHBI U J]aTh UM PACIIU(PPOBKY;

2. ITo conepxanuto 610Ka COCTAaBUTH JIO I€CSTH BOIIPOCOB.

3. BBITb TOTOBBIMH OTBETHTH Ha BOIMPOCHI IO PacCMaTpuBaeMoOil TeMe. YMETh
OIICHUTH BOMPOCHI U OTBETHI YYACTHUKOB OY/Iy4H B MOJATPYIIIIE IKCIIEPTOB.

4. OgopMuUTh JOMAIITHIOK PabOTy B BUJE OTUYETA.

2. [Topsiiok npoBeaeHNHs MPAKTUYECKOT0 3aHATHS
1. Opranuwzanus 3aHATHS (MIPOBEpPKAa MPHUCYTCTBYIOIIMX W TOTOBHOCTH K
3aHSATUSM, OOBSBICHUE TEMBI UCXO/ISl U3 COACPKAHUS TEKYILEro 3aHsITHs). (5 MUHYT. )
2. Pacnipenenenve Ha MOATPYNIBI M JOBEICHUE MOPSAKA MPOBEACHUS 3aHATHS.
(5 MuHyT.)
3. IlpucBoeHue moArpynmnaMm IepBOHAYAIbHBIX  poJied  (3aKa3yuKH,
CIICLIMAIIUCTBI, KCIIEPTHAsT TpyIa). (5 MUHYT.)



4. OOcyxneHue CTyIeHTaMH TMOATPYII BOMPOCOB, BBIHECEHHBIX Ha
NPAaKTHYECKOE 3aHATHE C LETbI0 BRIPAOOTKH OOILIUX MO3UIUH:

4.1. Bonpockl CO CTOPOHBI MOATPYNNbI 3aKa34yuKOB. (15 MUHYT.)

4.2. OTBEeTHI CO CTOPOHBI MOATPYMIBI CHEHUATUCTOB. (15 MUHYT.)

4.3. OueHuBaHue MOATPYMNION SKCIEPTOB BOIPOCOB U OTBETOB YYACTHUKOB. (15
MUHYT.)

4.4. Nuckyccuu. (10 MuHyT.)

4.5.BpipaboTka 0o0med mo3uuMM MU O0IIero MoAXoJa K BOIpocam
paccMaTpuBaEeMbIM Ha TEKYILEM 3aHATUU COTJIACHO €ro TeMe. (5 MUHYT.)

5. OOcyxneHue mpenojaBaTelieM W CTaplIMMU TPYNN OLEHOK YYaCTHHUKOB
3aHATHS. (5 MUHYT.)

6. IlonBeneHue MTOrOB 3aHATHS C OOBSBICHHEM OKOHUYATENBHBIX OLEHOK
YYaCTHUKOB MPAKTUYECKOTO 3aHATHUSA. (5 MUHYT.)

7. OObsIBICHUE TEMBI U COJIEPKAaHUS CIEAYIOLIETO MPAKTUIECKOro 3aHsATHs. (5
MUHYT.)

ABTOMATHYECKHUE PEI'YJISATOPDI.

PerynsTopsl MOXHO CTPOUTH Ha OCHOBE KaK aHAJIOTrOBOH, Tak W LU(POBOM
TeXHUKA. COOTBETCTBEHHO, JUIsl aHalIW3a W MPOEKTUPOBAHUS AHAIOTOBOIO H
nu(ppoBOro peryindaropa TpeOYyHOTCS pa3Hble MaTeMaTHYECKUE METOMAbl. XOTs
nu(ppoBasi TEXHOJIOTHSI MO3BOJSET XOPOILIO MOJAEIUMPOBaTh padOTy aHAJIOroBOM
CUCTEMbI YNpaBIIEHUs, T. €. pEaJUu30BaTh AaHAJIOrOBbIE MOHATHUS IU(POBBIMU
CpPEACTBaMM, €€ BO3MOXKHOCTH ropaszno mmpe. Hampumep MOXHO NOCTPOUTH
HEJIMHEMHBIE M CaMOHACTPauBAIOIINECS PETYJSTOPBI, KOTOPbIE HEb3s CO3JaTh HA
OCHOBE TOJIbKO aHAJIOTOBBIX CpelCcTB. I maBHas nmpobsieMa nupoBOro ynpapiaeHUs -
HalTU COOTBETCTBYIOUIYIO CTPYKTYpy perynsatopa u ero mnapamerpsl. Ilocne
ONpeseNeHUus] ATHX MapaMeTpoB peaju3alusi ajirOpUTMOB YIPABICHHUS OOBIYHO
IPEICTaBIACT OO0 MPOCTYIO 3anauy. [IoMuMO 3TOTr0, KaXKIIbIil pETyNsaToOp JOHKEH
BKJIFOYATh CPEJICTBA 3aLIUTHI, MPEJOTBPALIAOIINE OITACHOE Pa3BUTHE MPOLECCA MOA
JNEHUCTBUEM PETYISATOPA B HEIUTATHBIX CUTYAIUSX.

MHoOrue npoW3BOJACTBEHHBIE MPOLECCHl XAPAKTEPU3YIOTCA HECKOIBKUMH
BXOJHBIMU M BBIXOJHBIMHU TapaMmerpamMu. B OoNbIIMHCTBE CilydaeB BHYTPEHHHE
CBSI3U U B3aUMOJEHCTBUE COOTBETCTBYIOIIMX CUTHAJIOB HE UMEIOT NPUHIUITAAIIBHOTO
3HAYEHHs, U TMPOLIECCOM MOXKHO YIPaBIsATh C TMOMOLIBI0 Habopa MPOCTBIX
PEryJsTOPOB, MPU ATOM KaXIbli KOHTYp YyHpaBlIeHHs oOpadaTblBaeT OJHY Mapy
BXOJI/BbIX0/. Takod NOAXOJ HCHONB3YETCS B CUCTEMax MPSMOro LHUPPOBOro
yIIPaBJICHHUS.

TunoBasi CTpyKTypHasi cxema peryJsropa



Aptomarnueckuii perymnsatop (puc. 5.1.) cocroutr wu3: 3Y - 3agaromero
yctporictBa, CVY - cpaBHMBaromero ycrpoicrsa, VYIIY -  ycunurenbHo-
npeobOpazyroiiero ycrpoiictsa, BH - 6iio0ka HacTpoek.

% _ yCTAEKA T
A3 perynaropa cy ep | VIIY ﬁ-
E 3 BH

Xoc-curuan ¢ npeobpasopares

Puc. 5.1. Tunosas cTpykTypHas cxemMa aBTOMaTHYECKOr0 PEryJsTOopa.

3azaroliee yCTpOMCTBO JOJDKHO BBIpaOaThIBaTh BBICOKO CTAOMJIBLHBIA CHUTHAJ
3a7aHusl (YCTaBKY peryJisitopa), MO0 U3MEHSITh €ro IO ONpeeeHHON mporpamMme.
CpaBHuBarolee yCTpONUCTBO MO3BOJISIET COMOCTABIATh CUTHAI 3aJlaHUsl C CUTHAJIOM
0o0OpaTHOM CBS3U U, TEM CaMbIM, C(POPMUPOBATH BEIIMUUHY OIIMOKH PETryJIUPOBAHUS

E"YCHHHTeHLHO-Hpeo6pa3y}01uee YCTPOMCTBO COCTOUT M3 OJoka (PopMUpOBaHUS
QIrOpUTMa PETyJIUPOBaHUsA, OJOKa HACTPOWKH MapaMeTpPOB 3TOrO alrOpUTMa H
YCWINTENSE MOIIHOCTU. B  NpPOMBINUIEHHBIX PEryiasTOpax UMEETCs TakxKe
nepexiatoyatenb  "[lpsmoit -  OOpaTHBINA", ¢ TIOMOIIBIO KOTOPOTO  MOXKET
WHBEPTUPOBATHCS BEIMYMHA TIPUPAIICHUAS CUTHANA yIpaBieHUs. BoiOOp momoxxeHus
ATOTO TEPEKITIYATeNIss OCYIIECTBISACTCS TakuM o0pa3oM, dYTOOBI OOECIIECUHTH
OTpHUIIATEIHLHYI0 0OPAaTHYIO CBS3b B CUCTEME.

5.1. Kinaccugukanus peryasitopos

ABTOMAaTHYECKHE  PETYJIATOPHl  KIACCU(PUUUPYIOTCS 1O  Ha3HAYEHHUIO,
OPUHIMIY JEHUCTBUS, KOHCTPYKTUBHBIM OCOOEHHOCTSIM, BHUAY HCIIOJIb3yEMOU
SHEPTUH, XapaKTepy U3MEHEHHUs PEryJIMPYIOIIero BO3AEHCTBUS U T.I1.

[Io mpuHUMIY [OEWCTBUSA OHHU MOJPA3AEIAIOTCA HAa PETYISTOPbI MPSMOTO MU
HENPSIMOTO JEUCTBUs. Perynaropsl mpsiMoro AEHUCTBUS HE MCIIOJIb3YIOT BHEIIHIOIO
SHEPTUI0 ISl TIPOLIECCOB YIPaBJICHUS, & MCIOJIb3YIOT DHEPTUI0 CamMoro oObeKTa
ynpasienust (perynupyemoit cpenbl). [IpumepoM Takux peryiasiTopoB SBISIOTCS
pPETYIATOPHI NABJICHHS. B aBTOMaTHUYECKUX PETyIsATOpPax HENPSIMOIO JECUCTBHS JJIS
ero paboTsl TpeOyeTCsl BHENTHUN UCTOYHUK YHEPTUH.

IIo pony AEHCTBHS PETYIATOPHI JEHATCA HA HENPEPBIBHBIE U JIHCKPETHBIE.
JIMCKpETHBIE pETYNATOPBI, B CBOIO O4YEpEnb, NOAPA3ACISIIOTCS HaA pEJCHHBIE,
U(pPOBBIE U UMITYJIbCHBIE.

[To Buay HCMONB3yeMOUW PHEPTUM OHM MOJAPA3ACIISIIOTCS Ha AJICKTPUUYECKUE
(2JIEKTPOHHBIE), MTHEBMATHUYECKUE, TUAPABINYECKUE, MEXaHUYECKHUE u



KOMOMHHUpOBaHHbIE. BpiOOp perymstopa 1O BHIY HCIOJb3YEMOH SHEPTrUu
OmpesensieTcss  XapakTepoM  OOBEKTa  PEeryJlMpoBaHUS U OCOOEHHOCTAMHU
ABTOMATHUYECKON CUCTEMBI.

[To 3akoHy peryJupoBaHUs OHM JEJIATCA Ha JBYX- M TPEXMO3UIIMOHHBIE
pPETYJISATOPBI, PETYJIATOPBl C  HENPEPHIBHBIM  YIPABIAIOIIMM  BO3JAEHCTBUEM

(MHTETpaJibHbIE,  TPOMOPLMOHAIBHBI,  MPOMOPIUOHAIBHO-AU(dEepeHIuaTbHBIE,
IPONOPLUHUOHAIIEHO-UHTET PAJIbHBIE, u IPONOPLUHUOHATIbHO-UHTET PAIBHO-
muddepennpanbapie  peryaaropel - cokpamienno W, II, IIJ, IIM u I[IWJ -
pPEryJsiTOpbl),  PEryjsiTopbl  C  TNEPEMEHHOM  CTPYKTYpOH,  aJanTUBHbIE

(caMoHacTpauBalolmMecs) U  ONTUMAJIbHBIE  PEryJsaTOpbl. JBYXHO3UIIMOHHBIC
PEeryJIATOpPhl HAIIM IIHPOKOE PacCHpOCTpaHCHHE, Oyarojgaps CBOCH MPOCTOTE U
MaJIONl CTOUMOCTH.

[Io Ha3HA4YEeHUIO PETYIATOPBI IMOAPA3ACIAIOTCA HA CHELUUAIU3UPOBAHHBIE
(HampuMep, peryJsiTopbl YPOBHS, 1aBJICHUs, TEMIIEPATYphl U T.J1.) U YHUBEPCAIbHbBIE
C HOPMMPOBAHHBIMU BXOAHBIMH M BBIXOJHBIMH CHUTHAJaMHU W IIPUTOJHBIC JUIS
yIPaBJIEHUs Pa3IMYHBIMU [IapaMETPaMHU.

[Io BuAy BBINOJHAEMBIX (QYHKIUH pEryJsATOpbl MOJAPA3JAEISAIOTCA Ha
PErysTOpbl aBTOMAaTHYECKOM CTa0WIM3alUU, MPOrpaMMHBIE, KOPPEKTHPYIOILIUE,
PEryJIATOPBI COOTHOIICHHUS IAPAMETPOB U IPYTHE.

IHo3unuoHHBbIE PeryJsaTOpPbI.

Peanusyrores Ha IIPAKTHKE c IIPUMEHEHUEM ANEKTPOHHBIX,
AIEKTPOMEXAHUYECKUX, NMHEBMATHUYECKUX AHAJIOTOBBIX M JHCKPETHBIX YCTPOWCTB,
UMEIOIIUX PEJICHHBIE XapaKTEPUCTHKHU.

[Io3UIMOHHBIE  PEryNSATOPHl  MNPOU3BOAAT CPABHEHHE KOHTPOJIUPYEMOTO
napaMerpa C CHTHallaMM 3aJaHus U

obecrieunBarOT MepeKIF0YeHUE 1 2 3 :
yIpaBIsmoImero  Bosgeiictus — Ha 1 /E{}_ £ m— d3
JTUCKPETHBIE YpPOBHHU, KOTOpbIE ) 1 mo
OIPEACIISIFOTCS CTPYKTYpOH ToC

perynsaropa. [103UIMOHHBIA PETYIIATOP A

IIOCTOSIHHO  OKa3bIBaeT Ha OOBEKT
YOPABJISIONICE BO3MCUCTBHS, OTJIWYHBIE OT 3HAYCHUM, HEOOXOIUMBIX IS
PAaBHOBECHOTO COCTOSIHHSI OO0BEKTa. B pesymbTate 3TOTO perysisiTop padoTaeT B
ABTOKOJICOATEIIbHOM PEXKHUME B OKPECTHOCTSAX PABHOBECHOTO COCTOSIHUS.

B o0uieM cinydae nNo3MIMOHHBINA PErYJIATOP BKIIIOYAET B ce0s (CM. puc. 5.2.):
yCTpoiicTBO cpaBHeHHMA (1);

HOpManu3arop (2);

penelinbli d1eMeHT (3);

JTaTYuK 00paTHOH cBs3U (4);



00BEKT perynupoBanus (5).
[TpunsTHI crieayromue 0003HAYCHUS
ql— curnan 3aganus;

€0 — curHan paccoriiacoBaHus;

m — yIpaBJAOLIEE BO3/IECUCTBHUE;

q3 — peryiaupyemblii mapameTp.

Puc.
Paznuuatot 1ByX, TpE€X U MHOTONO3UIIMOHHBIE PETYIIATOPHI.
o Hampumep, nnsi 1ByX MO3UIIMOHHOTO PEryJsTOpa
i CYIIIECTBYIOT JIBa YPOBHSI YIPaBJISIONIETO BO3JICHCTBHUS:
max — ml, HyneBoit — m0. (cm. puc.5.3.). B 3aBucumoctu
OT  CWTHaja  paccorjacoBaHUsl €,  PETYJSATOP
"o o TIEPEKIIF0YaeTCsl B O/IHO U3 COCTOSIHHM.

DTO MPOCThIE U JIEUIEBBIE PETYISATOPHI C 0OpATHOM

CBA3bIO, TPUMEHSEMBIE B HECIOXHBIX IPUIOKECHUSIX,

Puc.  mampumep B TepMOCTaTaX OTONMTENBHBIX CUCTEM U OBITOBBIX

XOJIONWJIBHUKOB.  OJTHU  PEryJjsATOpbl  HUCIHOJIB3YKOTCA  TaKkKe B IPOCTHIX

IIPOU3BOJICTBEHHBIX, HAIIPUMEP, B CUCTEMAax YIIPABJICHUS YPOBHEM WIHA IIPOCTEHIINX
J03aTOpax.

J1J1st MaJIOMHEPIIMOHHBIX 00BEKTOB YaCTOTA MEPEKITIOUEHUSI MOKET OBITh OYEHB
BBICOKOW, IO3TOMY B TMO3ULHMOHHOM pPETYJISITOPE HCKYCCTBEHHO CO3JAI0T 30HY
TUCTEpPE3UCa.

[To3uMOHHOE pene BbI3BIBAET KOJEOAHHS OTHOCHTEIBHO IOCTOSSHHOTO
OIIOPHOI'0 3HAYEHMS, IOCKOJBKY yIpaBiseMas INEpEMEHHAas W3MEHSETCA CKAYKOM
MEXIy OBYMS (PUKCUPOBAHHBIMHM 3HAYEHUSIMHU. DTO MOXET BBI3BATH UpPE3MEPHBIN
W3HOC KOHEYHOI'O  JJIEMEHTA  CUCTEMBI
yIPaBJIEHUs, MEXaHUYECKUN KJIAaIlaH MOYKET m,
OBICTPO BBIUTH W3 CTPOS; IS JIPYTUX
VICTIOJIHUTEIBHBIX MEXaHU3MOB, HalpuMep
COJICHOMJHBIX BBIKIIIOUATENEH, MOJA00HOM -b -

pOo0OJIEMbI HE BOSHUKAET. +et +h

XapaKkTepUCTUKA TPEXIO3HULUOHHOIO - ——M
peryasropa (cMm. puc.5.4.) ¢ peBepcoM H

30HOM TUCTEpE3NCa, TaK KaK €CTh OTPULIATENIbHBIEC YIIPABIISIIOIINE BO3ACHCTBHS.




Puc.

CaMOHaCTpaHBaIOHIeeCH ynpasJi€eHHUE

CamonacTpauBamonieecss yOpaBiI€HUE OTHOCUTCS K  YIPABICHHUIO C
HEU3BECTHBIM U3MEHEHUEM MTAPAMETPOB.

JInvHaMyKa MHOTHX IPOLIECCOB TAKOBA, YTO UX MapaMeTpPbl HEU3BECTHBI, XOTS U
MIOCTOSIHHBI BO BpEMEHH. B Npyrux ciydasx nmapaMeTpbl U3MEHSIOTCS BO BPEMEHHU
O4Y€Hb MeJJIEHHO. TpyOOnpOBOIHbIE CUCTEMBI MMOCTETIEHHO 3aCOPSIIOTCS, U 3TO BJIMSIET
Ha pacxon W Temiootnady. [lpw ympaBiieHMHM BO3AYIIHO-TOIUIMBHOW CMECBHIO B
JNBUTaTelic BHYTPEHHErO0 CrOpaHWs YyBCTBUTEJIBHOCTh JaTYMKa MEHAETCS CO
BpEMEHEM HempeJcKazyeMbiM oOpa3zoM. B Ouonornueckux @epmeHTraropax WIn
YCTAHOBKaX OYMCTKH CTOYHBIX BOJ MOTYT IIOSIBUTbCA HOBBIE OpPraHU3MBI,
U3MEHSIIONIUE XapaKTep MOTPeOICHUS KUCTOPOa.

IIpocTble cUCTEMBI ¢ AMHAMUKON HU3KOIO MOPSIKA JIETKO YIPABISIOTCS, €CIU
UX TMapaMeTpbl H3BECTHBI M TOCTOSHHbI. B OOJBIIMHCTBE MOAOOHBIX CIIydaeB
noctatoyHo ucnoisib3zoBaTh [IM/[-perynstopel. OgHAaKO €ciu mapamMeTpbl CUCTEMBI
MEIJIEHHO W3MEHSAIOTCS BO BPEMEHH, KAaue€CTBO YIPaBJICHUA NpHU (PUKCHUPOBAHHOU
HACTPOWKE peryaaropa OyAeT CTEeNMeHHO CHUXaTbCA. OIHO W3 pemeHud HTOH
npoOsieMbl - aBTOMaTU4ecKas HacTpoika napamerpos [IW/[-perynsropa ¢ noMouisko
TaK Ha3bIBAEMOTO aBTOHACTpoWmIUKaA (auto-tuner). llepBoHauyanbHas HaCTpOWKa
OCYILIECTBIISIETCS ~ OMEPaTopoM. 3aTeM aBTOHACTPOMIIMK BHOCUT HEOOJBIINE
BO3MYIIEHUS B IMpPOLECC I ONpPENENICHHs €ro AWHaMuKd. Jlanee peryusarop
Bblunciser mnapamerpel [IM][-ympaBieHuss 1O peakUUuu CHUCTEMBI, KOTOpPBIE
3alIOMUHAIOTCS W HCIOJB3YIOTCA 0 TE€X MOp, MOKa ONeparop HE HHULIUHUPYET
IIPOBEJCHUE HOBOM HACTPOUKH.

Crnenyromuii TOTMYECKHUI IIar - 3TO HEMpPEepPhIBHOE OOHOBJICHHE MMapaMeTPOB
perynsaropa. Ilpouenypa HenpepplBHOW aBTOMATHYECKOM HACTPOWKH MapaMeTpOB
peryisTopa Ha3bIBaeTCs aJanTUBHbIM ynpaBjenueM (adaptive control).
AanTUBHBIE PETYISTOPHI BKIIOYAIOT B C€0s JIBE PA3IMYHbIE MOJACUCTEMBI, OJHY IS
OlleHKH (estimation) W BTOPYIO NIl ynpaBjeHusi (control), Kak MoOKa3aHO Ha PUC.
5.5. OneHuBaroias 4acThb PeryjsaTopa HEMPEPHIBHO U3MEPSET BXOAHON U BBIXOJAHOM
CUTHaJIBI mpoiiecca. [1o ’TUM TaHHBIM aITOPUTM HACTPOUKHU BBIUUCISAET U OOHOBIISET
napaMeTphl peryisitopa. B CyIIHOCTH, aJanTHUBHBIN PETyJISTOP COCTOUT M3 JBYX
KOHTYPOB yMPAaBJIEHUS - OBICTPOr0 KOHTYpa IJii HEMOCPEICTBEHHOIO YIIPaBICHUS U
0oJee MEAJIEHHOT 0, OCYLIECTBIISIONIET0 HACTPOUKY MapaMeTpoB.



pacvem -« quﬂm
hapasempos napamempos
peeyrsmopa | npouecca -
napaMempyt
pezyasmopa
oropsi ____, .
cuzHAT peayramop P | mexnunecxuu
—» npouecc >
ynpasiaouul asxodias
CUZHAR U Geauuuna iy

Puc 5.5. OcHOBHBIE 37IEMEHTHI aJJalITUBHOTO PETyIsTOpa

CyIiecTByeT HECKOJIBKO BapHaHTOB 3TOW OOIIEH CXEMBbI, HAPUMEP BBIXOJ
OpOLIEAYPhl OLEHKU MOKET HEMOCPEACTBEHHO NOCTyNaTh HAa BXOJ PEryJsaTopa,
MUHYS TpoLEeaypy mHepecdyeTa ero nmapamerpoB. Jlaxe eciii OCHOBHBIE aJIrOPUTMBbI
JIOCTATOYHO MPOCTHI C TOYKHU 3PEHUSI MPOrPaMMHUPOBAHUSI, aJallTUBHOE yHpaBICHUE
JOJDKHO OBITh OTPaHUYEHO IEJbIM HAaOOpOM MpaBUil OE30MACHOCTH, MO3BOJISIOIINX
NPEeIOTBPaTUTh €ro HENpaBWIbHOE MpUMEHeHHue. PacnpocTpaHeHO COBEpIIEHHO
HE0OOCHOBAaHHOE YOEXKIECHHE, YTO aJaNTUBHOE YIIPaBJIEHUE SBISETCS MaHaleel mpu
pelIeHus] CIOXHBIX 3a1ad. OJHaKo eciu aJalnTUBHOE YIpaBiICHUE MPUMEHSTH C
OCTOPOXHOCTBIO W TOHUMAHHEM, OHO OTKpPBIBAET MIMPOKHE BO3MOMKHOCTH.
VYrpapisiomeid 4acThl0 aJanTUBHOTO PEryJsiTOpa MOXKET ObITh 00O0OIICHHBIH
JTUCKPETHBIN PETYJISITOP, pACCMOTPEHHBIN B CIIEAYIOMIEM pa3jeiie. Heckombko TUIIOB
aJaNTUBHBIX PETYJATOPOB BBIITYCKAIOTCSI CEPUITHO.

5.2. BeiOop THIA peryJsATOpa

3ajmaya NOPOEKTHPOBLIMKA COCTOMT B BBIOOPE TAKOTO THMA PEryJsTOpa,
KOTOPBIN IPY MUHUMAIbHOW CTOMMOCTH U MAaKCUMAJIbHOM HAJIEKHOCTH 0OecrieurBal
Obl 3alaHHOE KaueCTBO pEryiaupoBaHus. Pa3paOOTUyMKOM MOTYT OBITh BBIOpAHBI
pelielinble, HenpepbIBHbIE WK AUCKPETHBIE (LIM(POBBIE) TUIIBI PETYIISITOPOB.

Jlist Toro, 4toObl BBHIOpATh THUI PETYJSATOpPA U ONPENETUTh €ro HACTPOUKHU
HE0OXOMMO 3HATh:

1. Cratuueckue U JUHAMHYECKHUE XapaKTEPUCTUKN 00bEKTa yIPABICHUSI.
2. TpeOoBaHMs K KaUeCTBY IIpoLECCa PEryIMPOBaHHUSL.

3. Iloka3zaTenu KauecTBa peryJIMpOBaHus JUIsl CEpUNHBIX PETYIISATOPOB.

4. Xapaktep BO3MYLIEHUH, IEHCTBYIOIIMX HA IPOLIECC PETYIUPOBAHMSL.

Beibop Tuma  perynsitopa  OOBIYHO  HAYMHAETCA C  MPOCTEUIIUX
JBYXIO3UIIMOHHBIX PETYJIATOPOB U MOXKET 3aKaHUYMBATHCS CaMOHACTPAUBAIOIIMMHUCS



MUKPOTIPOIIECCOPHBIMUA ~ PETYISATOpaMH.  3aMETUM, 9YTO 1O  TpeOOBaHUAM
TEXHOJIOTUYECKOTO pErjlaMeHTa MHOTHE OOBEKThI HE JIOMYCKAOT MPUMEHCHUS
PEIENHOTO YIIPABIIOLIETO BO3AEHCTBUS.

PaccMoTpum mnokaszarenn KadyecTBa CEPUMHBIX pEryiasiaTopoB. B kauectse
CEpPUMHBIX MPEAINOJIAralTcs HEMPEPBIBHBIE perynsaTopsl, peanmsytomue U, 11, [I1 u
[T /] - 3aKOHBI yIIpABICHU.

TCOPCTI/I‘ICCKI/I, C YCIOXKHCHHUCM 3aKOHa PETYJIMPOBAHUA KadC€CTBO pa6OTBI
CUCTEMbl YJIyUIIacCTCA. I/ISBCCTHO, 4TO Ha AWMHAMUKY PCTYIHNPOBAHUSA HanOOIbIIIee
BJIMAHHUC OKAa3bIBACT BCIIMYHMHA OTHOIICHUA 3alla3AblBAHHA K MOCTOSIHHOM BPpEMCHH

o0BbeKTa o/T. OPpeKTUBHOCT  KOMIIEHCALIUM  CTYNIEHYaTOr0  BO3MYLIEHUS
pEeryJATOpoM  JOCTATOYHO TOYHO MOXKET  XapaKTepHU30BaThbCS  BEJIMYUHOU

IMHAMHYECKOTO KO3 PUIMEeHTa peryIupoBaHus RJ, a OBICTpOJICHCTBUE -
BEJIMUYMHOW  BPEMEHH  PEryJUpOBaHHMA. MHHHMAaTbHO  BO3MOXXHOE  BpeMs
pPETyIUPOBaHMS ISl PA3IUYHBIX THUIIOB PETYJIATOPOB TPHU ONTUMAIbHOW WX
HacTpoiKke ornpenensercs Tadnuueit 2.1.

Ta0muna 2.1.
3aKOH peryJrupoBaHUs 1 W
2k 5 2

{
rae *- BpeMs peryidpoBaHus, T - 3ama3piBaHue B 00BEKTE.

: =2r.
“rak Teopernueckn, B CUCTEME C 3ama3[bIBAHUEM, MUHUMAJIBHOE BPEMS

perynupoBanusi. PyKOBOJCTBYSICh TaONMUIIEH MOXHO yTBEpXkAaTh, YTO HAMOOJbIIEE
owicTposeiicTBue obecnieunBaet [1-3akoH ynpasienus. OaHako, eciu KodPpUIIMEHT

K
ycuinenust Il-perynsitopa ~?man (4Yame BCEro 3TO HAOMIOJAETCs B CUCTEMAax C
3ama3JplBaHUEM), TO TAaKOW PpEryJsTop He o0ecrneynBaeT BBICOKOW TOYHOCTH
perynupoBaHus, T.K. B 3TOM CJIy4ae BeJMKa BEJIMYMHA cTaTHUecKoi ommOku. Ecmu

4
E’I/IMGGT BennunHy paBHYIO 10 m Gonee, To Il-perymstop mpuemiiem, a ecnu ~ *
menpiie 10, TO TpeOyeTcs BBEICHHME B 3aKOH YIPABJICHUS HWHTETPaIbHOMN
COCTAaBIIAIOIIEN.

Haubonee pacnpoctpaneHHslM Ha mpaktuke susiercs [IU-perymstop,
KOTOPBIN 00Ja/1aeT CIEeAYIOMNUMHU JOCTOMHCTBAMHU:

1. O6ecnieunBaeT HyJIEBYIO CTATUYECKYIO OIIHOKY PETyINPOBAHUS.
2. JlocTaTo4HO MPOCT B HACTPOMKE, T.K. HACTPAMBAIOTCA TOJBKO JIBa

K
napamMeTpa, a UMMEHHO KO3 (DUITMEHT yCuaeHus ~ ? ¥ MOCTOSIHHASI MHTETPUPOBAHUS A



K, /T — max
. B TakoMm perymarope mMeeTcss BO3MOKHOCTb ONTUMHU3ALUU ¥ , 4TO

o0ecrieunBaeT yOpaBlIeHUE C MHUHUMAJIbHO BO3MOXKHOH CpeIHEKBaapATUIHON
OIIMOKOW PEryaupOBaHHUs.

3. Manas 9yBCTBUTEIIBHOCTh K ITyMaM B KaHalle U3MEpPEHUs (B OTIMUUU OT
[T ]I-perynstopa).

Jis  Haubosee  OTBETCTBEHHBIX  KOHTYPOB  MOXHO  PEKOMEHOBATH
ucnons3zoBanue  [IM/[-perynstopa, oOecreuuBaroniero HaumOoOJee  BBICOKOE
obicTpoaeilicTBue B cucreMe. OpHako, CIeAyeT YUYUThIBaTh, YTO 3TO YCJIOBHE
BBIMOJHIETCS TOJBKO MPU €ro ONTHUMAJBHBIX HACTpoilKax (HacTpauBarOTCs TpHU
napamerpa). C yBeIMUYEHHMEM 3ama3fblBaHUS B CHUCTEME pPE3KO BO3PACTaIOT
oTpullaTeabHbie  (a3oBble  CABUTHM, 4YTO  CHIKaeT  APGdeKT  JaehcTBUA
g depeHnnanbHON cocTapistoleil peryisatopa. [loatomy kauectBo padotsr [TN]I-
perynsaropa Aisi CUCTeM ¢ OONbIIMM 3ama3fblBAHUEM CTAHOBUTCS CPaBHUMO C
kauecTBoM pabotsl [IW-perynaropa. Kpome 3Toro, Hainume wmIyMOB B KaHaie
n3mepenus B cucrteMe ¢ 1IN /[-peryasTopoM MpUBOAUT K 3HAYUTEIIBHBIM CIy4ailHbIM
KOJIE€OaHUSIM YIPABJISIIOUIETO CHUTHAja PEryJsiTopa, YTO YBEIWYMBAET JUCIIEPCHUIO
OIIMOKHU PEryJIMPOBaHUS U M3HOC UCIHOJIHUTEIBHOTO MexaHu3ma. Takum o0pazom,
[N /I-perynstop cienyeT BBIOMPATh JJs CUCTEM PEryJUMPOBAaHUS, C OTHOCHUTEIBHO
MaJIbIM YpOBHEM WIYMOB U BEJMYMHOM 3ala3/ibIBaHUsl B OOBEKTE YIpPaBICHMUS.
IIpumepamu TakUX CUCTEM SIBIISIETCS CUCTEMBI PETYJIMPOBAHUS TEMIIEPATYPHI.

[Ipu BbIOOpE THMA PErysATOPa PEKOMEHYETCSI OPUEHTUPOBATHCS HA BEIUUYUHY

OTHOIIICHUS 3arMa3/IbIBaHUs K OCTOSIHHOW BPEMEHU B 00BEKTE 7f1 . Eciin t/T <02,
TO MOXHO BBIOpATh pesieHHbIN, HEMPEPBIBHBIN WK UGPOBOH peryasaTopsl. Eciau
02 <tfT <1

, TO TOJI’KEH OBITh BEIOpAH HempepbIBHbIN uiau mudposoit, [TN- umun

[T d-peryasarop. Ecin ofT> 1, TO BBIOUPAIOT CIIENUATBLHBIN [TUGPOBON PETYISATOP C
YIPEINUTENIEM, KOTOPBIA KOMIICHCUPYET 3ala3AbIBAHUE B KOHTYPE YIPABICHHUS.
OnHaKo 3TOT Ke PETyIATOP PEKOMEHYETCSI IPUMEHSTh U MTPU MEHBIIINX

OTHOILICHUAX r’f T .



3ausitue 11

Conepxkanue:

N3MEPUTEJU-PETI'YJIATOPDBI

3agaHue K NPaKTHYECKOMY 3aHSITHIO:
1. CocTaBUTh TOTUYECKYIO CXeMy 0a3bl 3HAHHI 10 COAEPIKAHUIO OJIOKA.
2. CocTaBUTh TEPMHUHOJIOTUYECKUN CIOBAPb.
3. BbINOMHUTH BCE MYHKTHI, NEPEUMCIEHHBIE B PA3AEN€ MOArOTOBUTEIBHOTO
ATana K NpakTUYECKOMY 3aHATHUIO.

IIpakTHyeckoe 3aHATHE (1e10Bas UTPA)
Henu: 1. 3akpenuTh U yriiyOuTh U3y4aeMblil MaTepuai CTyJeHTaMu.
2. YMeTb HU3I0XKHUTH CBOIO TOYKY 3pEHHUS MO BOIpocaMm 00pabOTKH,

XpaHEeHHUsl U Tepeaur UHPOpMaluu.

VYyactHukn: CTyIEHTHI paclpeacsieHbl Ha 3 MOATPYIIIbL:

-5 moarpynna — 3aka3z4uku (3aJar0line BOIpoOCHl);

2-s MOATpyNIa — CIEeUATUCThI (OTBEYAIOLUE HA BOTIPOCHI);

3-4 moxarpymma — D3KCIepTHas rpynna (OUEHUBAIOIIME MPaBUIbLHOCTb
(opMyITUPOBKH BOIIPOCOB M OTBETOB HA HUX).

Bpems: 90 MuHyT.

1. lloaroroBuTeabHBINA 3TAN (IOMALIHASA PpadoTa):

1. IToAroTOBUTH MaTEpUJ MO paHEE BBIAAHHOW Ha TEKyllee 3aHsATHE (B KOHIIE
IPEABIIYIIErO 3aHATHS) PETOIaBaTeIeM TEME:

- COCTaBUTb IJIaH OJIOKA;

- COCTaBUTh TEPMHMHOJIOTMYECKHUI CIOBAph: BBIIUCATh BCTPEUAEMBbIE B TEKCTE
0JI0Ka TEPMUHBI U J]aTh UM PACIIU(PPOBKY;

2. ITo conepxanuto 610Ka COCTAaBUTH JIO I€CSTH BOIIPOCOB.

3. BBITb TOTOBBIMH OTBETHTH Ha BOIMPOCHI IO PacCMaTpuBaeMoOil TeMe. YMETh
OIICHUTH BOMPOCHI U OTBETHI YYACTHUKOB OY/Iy4H B MOJATPYIIIIE IKCIIEPTOB.

4. OgopMuUTh JOMAIITHIOK PabOTy B BUJE OTUYETA.

2. [Topsiiok npoBeaeHNHs MPAKTUYECKOT0 3aHATHS
1. Opranuwzanus 3aHATHS (MIPOBEpPKAa MPHUCYTCTBYIOIIMX W TOTOBHOCTH K
3aHSATUSM, OOBSBICHUE TEMBI UCXO/ISl U3 COACPKAHUS TEKYILEro 3aHsITHs). (5 MUHYT. )
2. Pacnipenenenve Ha MOATPYNIBI M JOBEICHUE MOPSAKA MPOBEACHUS 3aHATHS.
(5 MuHyT.)
3. IlpucBoeHue moArpynmnaMm IepBOHAYAIbHBIX  poJied  (3aKa3yuKH,
CIICLIMAIIUCTBI, KCIIEPTHAsT TpyIa). (5 MUHYT.)



4. OOcyxneHue CTyIeHTaMH TMOATPYII BOMPOCOB, BBIHECEHHBIX Ha
NPAaKTHYECKOE 3aHATHE C LETbI0 BRIPAOOTKH OOILIUX MO3UIUH:

4.1. Bonpockl CO CTOPOHBI MOATPYNNbI 3aKa34yuKOB. (15 MUHYT.)

4.2. OTBEeTHI CO CTOPOHBI MOATPYMIBI CHEHUATUCTOB. (15 MUHYT.)

4.3. OueHuBaHue MOATPYMNION SKCIEPTOB BOIPOCOB U OTBETOB YYACTHUKOB. (15
MUHYT.)

4.4. Nuckyccuu. (10 MuHyT.)

4.5.BpipaboTka 0o0med mo3uuMM MU O0IIero MoAXoJa K BOIpocam
paccMaTpuBaEeMbIM Ha TEKYILEM 3aHATUU COTJIACHO €ro TeMe. (5 MUHYT.)

5. OOcyxneHue mpenojaBaTelieM W CTaplIMMU TPYNN OLEHOK YYaCTHHUKOB
3aHATHS. (5 MUHYT.)

6. IlonBeneHue MTOrOB 3aHATHS C OOBSBICHHEM OKOHUYATENBHBIX OLEHOK
YYaCTHUKOB MPAKTUYECKOTO 3aHATHUSA. (5 MUHYT.)

7. OObsIBICHUE TEMBI U COJIEPKAaHUS CIEAYIOLIETO MPAKTUIECKOro 3aHsATHs. (5
MUHYT.)

N3MEPUTEJU-PETI'YJISATOPDBI

VYcnexu B MHKPODJIEKTPOHHUKE, ITOSIBJICHUE MHKPOIIPOLIECCOPOB
PEBOJIIOIIMOHU3UPOBAIH TEXHUKY ITOCTPOECHUS CUCTEM yIPaBJICHHUS.
Mukponponeccopbsl CTanu BXOAUTb B COCTAB OTACIBHBIX CPEICTB aBTOMATHUKU WU
KOHTpoJis. B HacTosiiee BpeMsi Ha PhIHKE aBTOMATHU3aLUN MPEICTABIEHO OTPOMHOE
KOJIMYECTBO MMKPONPOLIECCOPHBIX CPEACTB ABTOMATUKH PAa3JIMYHOM CTEIIEHU
CIIOXHOCTM — OT MPOCTEHIIMX MHUKPOINPOLECCOPHBIX MPUOOPOB KOHTPOIS H
JIOKAJbHOTO YMPABIEHUS /10 MHOTOKaHAIbHBIX (O HECKOJIBKUX ThICSY BXOJOB-
BBIXOJIOB) MUKPOIIPOIIECCOPHBIX KOHTPOJIJIEPOB.

6.1. Usmepureau-peryasatopsl Ha npumepe TPM-1, 2TPM-1

N3mepurenu-perynstopsl TPM-1, 2TPM-1 npennazHaueHsl 1is1 U3MEPEHUS U
pEryJIUpoBaHUs TEMIIEPATYpbl Pa3IMUHBIX cpell. Takke OHU MOTYT MCIOJIb30BAaThCS
JUIA U3MEPEHUS U PETYIMPOBAHUS IPYTUX (PU3MUECKUX BEIUYUH, MPEOOPa30BaAHHBIX
B 3JIEKTpUUECKUN YHU(DULIMPOBaHHBIN curHai mo Toky (0 ... 5 MA, 0 ... 20MA, 4 ...
20 MA) wu Hanpsixenuto (0 ... 1 B).

[Ipubop TPM-1 ocymectBiser OAHOKaHAIbHOE PETYJIMPOBAHHE IO
NO3ULIMOHHOMY WJIH NMPONOPLMOHAIBHOMY 3aKOHY. 2TPM-1 MOKeET OCyIIEeCTBIISITS:

- HE3aBHCUMOE  pEryJIMpOBAHME  JIBYX M3MEPSAEMBIX BEIWYMH IO
JBYXIIO3ULIMOHHOMY WJIA MPONOPLMOHAIBHOMY 3aKOHY;

- pEeryJupoBaHHE OJHOW H3MEPSIEMON BEIMYMHBI MO TPEXIMO3ZUIIMOHHOMY
3aKOHY;



- peryJivpoBaHUe pPAa3HOCTU Temreparyp (Win Apyrod Quandeckoin
BEJINYMHBI).

[IpuOOphl BBINOJHEHBI B HACTEHHOM WM B LIMTOBOM HCIIOJHEHUH C
HanpspkeHuem nurtanus 220 B (TPM-1(2)A) unam ¢ pacliupeHHbIM AHAna3oHOM
Hanpspbkenus: niutanuss 85 ... 250 B (TPM-1(2)b). Buemnuii Buj npuOopos
MpEeCTaBJIEH HA puc. 6.1.
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Puc. 6.3. ®yHknuonanbHas cxema npuoopa 2TPM-1

OyHKIIMOHAIBHBIE CXEeMbl TPUOOPOB TIpeACTaBIeHbl Ha puc. 6.2 u 6.3. TPM-1
UMEET OJIUH BXOJ JJIsl MOAKIIOYEHHUS U3MepuTeabHoro aaruuka. 2TPM-1 comepxxur
JIBa UACHTUYHBIX BXoAa. BXoa MoxeT ObITh BBINOJHEH B OJHOM M3 CIEIYIOLIUX
MOIU(DUKALTAN:

TC — nns noakntoueHust repmomeTpoB conpotuienuss TCM wnu TCII,



TII — nna noakmoyenus tepmonap TXK, TXA, THH, TXKK;
TIIII — nia noakmrouenus repmonap TIIT;

AT n AH — ang nogkimroyeHus JAaTYMKOB C YHHU(PUUMPOBAHHBIM CHUTHAJIOM
TOKA U HANPSKEHUS, COOTBETCTBEHHO.

biok 00pabOTKM AaHHBIX MpeAHA3HAYEH AJis MpEeABapUTENIbHOM 00pabOTKU
BXOJHOTO curHaia (1udpoBoii (uUIbTpalu, KOPPEKIMH M MacIITaOMpOBaHU),
UHAUKALUA M3MEPEHHON BENWYMHBI W (OpMUPOBAHUS CUTHANA YIPABICHUS
BBIXOJHBIM yCTpoMcTBOM. biiok 00paOOTKM JaHHBIX BKJIIOYAET JIOTMYECKOE
ycTpoicTBo (JIY), koTopoe MOXeT paboTaTh B OJTHOM U3 TPEX PEKUMOB:

Kommapatop (yCTpOWCTBO CpaBHEHUSI) — peaju3yeTcss MO3UIMOHHOE
perynupoBanue. st pa6otel JIY B aTOM pexume TpeOyeTcsi BBIXOJIHOE YCTPOMCTBO
(BY) knroueBoro tuna (pese, OonTOCUMUCTOP, TPAH3UCTOPHBIN KITIOY).

[I-perynstop — peanusyercs aHaiorosoe I1-perynupoBanue.

Nsmepurens-peructparop. Ans peanmsannu [I-perynstopa u uzmepurens-
peructparopa TpeOyeTcsi yCTaHOBKA B KaueCTBE BBIXOJAHOTO YCTpOMCTBa Iudpo-
aHaJIOTOBOI'0 MpeoOpa3oBaTeis C BEIXOJIHBIM CUTHANIOM 4 ...20 MA.

Moaudukanus BXOJHOTO M THIl BBIXOJHOTO YCTPOMICTBA ONMPENENSIOTCA MPHU
3akaze mnpubopa. IlporpamMmupoBaHre MNpubOpa OCYIIECTBIAETCS C MOMOILBIO
KHOIIOK, PacroJIOKEHHBIX Ha nepennei nanenu. [IporpaMmupoBanue 3aKkio4aercs B
YCTAaHOBKE IMapaMEeTPOB pEryJMpoBaHUS W pPEXUMOB pabdoThl mnpubopa. Bcee
HACTPOEYHBIE MapaMeTPhbl COXPAHAIOTCS B SHEPrOHE3aBUCUMOM mamsiTu mpubdopa u
OCTalOTCS] HEU3MEHHBIMU MPY BBIKJIFOYEHNUH MUTAHUS.

6.2. Usmepurenn-I1INU/I-peryastop TPM-10

Mameputens-ITA I -peryastop TPM-10 npenHazHadeH [ HU3MEpEHUs
BXOJIHOTO  mapameTpa, mupoTHO-umnyiabcHoro (IIMM) wnm  ananoroBoro
perynupoBanus Harpy3kod mo [IM][-3akony perynupoBanus. Takxke mpuoop
dbopMHpyET HA CBOUX BBIXOJIaX JUCKPETHBIN CUTHAJI B BHJIE 3aMbIKaHHSI KOHTAaKTOB
peie, KOTOPBIM MOYKET UCHOJIB30BAThCS ISl ABYXIIO3UIMOHHOTO PETYIMPOBAHUS WU
CUTHAJIM3ALIMU O BBIXOJE U3MEPAEMOI0 MapaMeTpa 3a YCTAHOBJICHHbBIE TPAHULBI.

[IpuGopsl BBHIMOJHEHBI B HACTEHHOM WJIM B IIMTOBOM HCIIOIHEHUU C
Hanpsbkenrem nutanus 220 B (TPM-10A) win ¢ pacliMpeHHBIM JUarna3zoHOM
HanpspkeHus mutanus 85 ... 250 B (TPM-10b). ®ynkinonanpHas cxema mpudopa
IpeACTaBJIeHa Ha puc. 6.4.
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Puc. 6.4. ®ynknunonansHas cxema npudopa TPM-10

K Bxomy TPM-10 moryT OBITh NOAKIIOUEHBI TEpMOIapa, TEPMOMETP
CONPOTUBJICHUS UM JIATYMK C YHUDUITMPOBAHHBIM CUTHAJIOM TOKA WJIM HAIMPSHKEHHUS.
Konkpetnast Mmogudukaims Bxo1a npudbopa yka3bIlBaeTcs MpH 3aKase.

biiok 00pa®oTkM JaHHBIX BKJIIOYAeT JBa JIOTMYECKUX ycrpoiicTBa: ITHU]I-
PETYJIATOpP U YCTPOMCTBO CpaBHEHUA. TeKyllee 3HAaUCHUE PErYJIUPYEMON BEIMYHUHBI
HOCTymaeT Ha BXOJbl 00OMX JIOTMYeCKuX YycTpoiicTB. Kaxkmoe morumueckoe
YCTPOMCTBO MMEET COOCTBEHHBIE YCTaBKM M paboTaeT He3aBHUCHMO OT Jpyroro. B
3aBUCUMOCTH OT YCTAaHOBJICHHOT'O B MPUOOpE BBIXOHOTO ycTpoiicTBa curnain ¢ [TU /-
perynsaropa MOKET ObITh IMpeoOpa3oBaH B MOCIEAOBATEIBHOCTh HMITYJIBCOB (C
NOMOIIBIO  MIMPOTHO-UMITYJbCHOTO  Moxayjsitopa IHIMM) nns  ynpaBiieHHs
JNEKTPUYECKUMH  WMITYJbCHBIMM  HCIOJHUTEIBHBIMM ~ MEXaHU3MaMU WU B
aHasioroBbld curHan 4 ... 20 MA. B kadecTtBe BBIXOAA IS KOMIIapaTropa
UCIIOJIB3YETCSI CHIIbHOTOYHOE peJie ¢ KOMMYTHpPYIOLIEH criocoOHocThio 8 A mipu 220
B. Tun BBIXOIHBIX YCTPOWCTB, YCTAHOBJIEHHBIX B MPUOOpE, ONpENENsieTcs] IpH
3aKase.

[IporpammupoBanue mpudoOpa OCYIIECTBISETCS C TOMOIIBIO  KHOIOK,
PacIoJIOKEHHBIX Ha IMepeAHell MaHelu, W 3aKI0YaeTcsi B YCTaHOBKE IMapaMeTpoB
PETrYJIUPOBAHUS U PEKUMOB pabOTHI IPUOOpA.

6.3. IIU I-peryasTop ¢ ynusepcajibHbiM BxoaomM TPM-101

[IN/I-perynarop ¢ yHuBepcaibHbIM BXxoaoM TPM-101 npennaznauen s
pPEryIUpOBaHUS TEMIIEPaTyphl WM APYTUX (PU3UUYECKHX BEIUYMH B Pa3IUUYHBIX
TexHojornyeckux npoueccax. TPM-101 mnpeacraBisier co0oil OJHOKaHAIbHBIM
[IN/I-perynaTtop C YHHBEPCAJIbHBIM BXOJAOM JUISl TMOJAKIIOYEHHS JaTYMKOB;
JOTIOJIHUTEJIBHBIM BXOJIOM [IJIsi JAUCTAHIIMOHHOIO YMpaBJEHUS, OJIOKOM 00pabOTKU
JTaHbIX, (OPMUPYIOIIMM CHTHAJbl YINPABICHUS BBIXOJHBIMU YCTPOMCTBAMH, U C
JBYHaIpaBieHHbIM uHTepdericom RS-485. dyHKIMOHaNBHAs CTpyKTypa Hpuodopa
IIpEICTaBIICHA Ha puc. 6.5.

TPM-101 umeeT oauH yHUBEpcalbHbIM BXOJ (BXOJ 1), K KOTOPOMY MOTYT
ObITh  MOJKIIOYEHBl JATYMKW  Pa3JIMYHBIM  THUIIOB:  TepMOMpeoOpa3oBaTesu



COTIPOTHUBJICHUS, TEPMOTIAPHI, JATUUKHU C YHUDUIIMPOBAHHBIM CUTHAJIOM Toka 0 ... 5
MA, 0(4) ... 20 MA u Hanpspkenus 0 ... 1 B, —50 ... +50 mB.

K nonomnurensHoMy Bxoay (Bxon 2) TPMI101 MoOXXHO OAHOBpPEMEHHO
MOAKJIIOUNTH JIBA BHEIIHUX KIIHOYa: JJIsl YIPABJICHUS 3aIlyCKOM/OCTaHOBOM IIpoiiecca
peryJMpoBaHusl U JUIsl TEPEKIIOYEHUs] Ha YMpaBjieHUE OT KoMIbioTepa (1o
untepdeiicy RS-485).

TPM-101 ocymectBisier peryaupoBanue mno IIWM/[-3akony. Hacrtpoiika
koaddunmento IIHU]I-perynsaropa Ha 0OBEKTE OCYHIECTBISIETCS ABTOMATUYECKU
(aBTOHACTpOIKA).
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Puc. 6.5. ®ynkumonanbHas crpykrypa TPM-101

VYmpaBineHue Harpy3kod MOXKET OCYIIECTBISATHCA JABYMS  CIOCOOaMu:
UMITYJIbCHBIM (4epe3 pene, TPaH3UCTOPHYI0 WM CHMHCTOPHYIO ONTOIMApy) WIH
aHanoroBbiM (TOKOM 4 ... 20 MA). Crioco0 ynpaBiieHUS! 3aBUCUT OT YCTAHOBJIEHHOTO
B IprOOpe BHIXOHOTO YCTPOKUCTBA U OIPeIeTseTCs MPH 3aKase.

B TPM-101 peanu3zoBaHa ¢yHKUHUS OOHApYKEHHs OOpPBIBOB B KOHTYpE
perynupoBanust (LBA). IIpubop KOHTpoIMPYET CKOPOCTh PEryIUPyEMON BEIUUNHBI
U BBIJACT CUTHAJ 00 aBapuM, €CJIM IPU I0Ja4y€ MAKCUMAJIBHOTO YIPABIISIOLIETO
BO3JCHCTBUS M3MEPAEMOE 3HAUCHHUE PETYJINPYEMOl BEJIMYMHBI HE MEHSETCA B
TE€YEHUE OIPEIECIICHHOIO BPEMEHH.

B mpubope ycraHaBmuBaroTCS JBa BBIXOJHBIX YCTPOMCTBA B CIETYIOIINX
coueTaHusAx: o0a KIUYeBOoro Ttuma (peie, TPaH3UCTOpPHAs WJIM CHMHCTOpPHAs
omrTomnapa); BeIXoA 1 — KITIOYEBOH; BBIXOJ 2 — aHaJIoroBblil (TOk 4... 20 MA); o0a
BBIXO/1a aHAJIOTOBbIC (TOK 4 ... 20 MA).

B perynsarope TPM-101 ycTanoBieH MOIyJb IByHAIpaBJIeHHOTO WHTEpdeiica
RS-485, xoropeiii  MO3BOJAET OCYHIECTBIATH CBsI3b ¢ PC-coBMecTUMBIM
KOMITbIOTEpOM. [IpH 3TOM ¢ KOMIIbIOTEPA MOKHO IIPOU3BOJAUTH YTEHUE HU3MEPSEMBIX
BEJIUYMH, UW3MEHEHUE pPEXKUMOB pEryJupOBaHMs, 3allyCK/OCTAaHOB IIpolecca
PEryJIupOBaHMSL.

Muxpornpoueccopssiil peryiarop TPM-101 BeinosiHEH B IIMTOBOM MCIIOJTHEHHH.
[Ipouseoactro npubopoB TPM-1, 2TPM-1, TPM-10, TPM-101 ocymecteasercs [10
«OBEH», r. MockBa (Www.owen.com.ru).



Sausitue 12

Conepxanue:
[TPOI'PAMMUPYEMBIE JIOTMYHECKUE KOHTPOJIJIEPHI.

3agaHue K NPaKTUYECKOMY 3aHSITHIO:
1. CocTaBUThH JIOTUUECKYIO CXeMy 0a3bl 3HAHUM MO COJEPKAHMIO OJIOKA.
2. CocTaBUTh TEPMHUHOJIOTUYECKUN CIIOBAPb.
3. BbImonaHUTH BCE MYHKTHI, NEPEUMCICHHBIE B pa3fesie MOArOTOBUTEIHHOTO
ATarna K NpakTUYeCKOMY 3aHSTHIO.

IIpakTHyeckoe 3aHsiTHe (J1eJI0Basi UTPa)
[emu: 1. 3akpenuTs U yrayOuTh H3ydyaeMblil MaTepHall CTYJCHTAMH.
2. YMeTh HU3IOXKUTH CBOIO TOYKY 3pEHHs IO BOIpocaM 0O0paldoTKw,

XpaHeHUs U Mepeaayu HHPOpMaIiu.

VYyactHuku: CTyIeHTBHI paclpeaeneHbl Ha 3 MOArPYIIIIbL:

-4 moarpynna — 3aKa34yuKy (3a4ar0I1e BOMPOCHI);

2-s moArpynmna — CneuuanucThl (0TBEYAIOLIME Ha BOIPOCHI);

3-1 mpoarpymma — 3KCIepTHas rpynna (OLEHUBAOLIUE IPABUIBHOCTD
(opMyJIMPOBKHU BOIIPOCOB U OTBETOB HA HUX).

Bpems: 90 MunyT.

1. lloaroroBuTeabHBINA 3TAN (IOMANIHSASA padoTa):

1. I[ToAroTOBUTH MaTEpHUJ MO paHEE BHIJAHHOW Ha TEKyIlee 3aHATHE (B KOHIIE
IPEABIIYIIErO 3aHATHS ) IPETIOIABATENIEM TEME:

- COCTaBHTh IIJIaH OJI0Ka;

- COCTaBUTh TEPMHHOJIOTMYECKHUM CIOBAph: BBIUCATh BCTPEUAEMbIE B TEKCTE
0JI0Ka TEPMUHBI U AaTh UM PAcIIU(PPOBKY;

2. Tlo conepxkanuto 6JI0Ka COCTaBUTH JI0 IECSTH BOIIPOCOB.

3. BBITb TOTOBBIMH OTBETHTH Ha BOIIPOCHI M0 PACCMAaTPUBAEMON TEME. YMETh
OIICHUTb BOMPOCHI U OTBETHI YUACTHUKOB Oyay4H B MOJTPYIINE SKCIEPTOB.

4. OdbopMuTh TOMAITHIOW PadOTy B BUJE OTUETA.

2. [lopsiiok npoBeAeHNs NPAKTHYECKOT0 3aHATHS

1. Opranmzauuss 3aHsATUA (MpOBEpKa MPUCYTCTBYIOIIMX M TOTOBHOCTH K
3aHATUAM, OOBSIBJICHHE TEMbI UCXO/IS U3 COJIEPKAaHUS TEKYILEro 3aHATHSA). (5 MUHYT.)

2. Pacnpenenenue Ha NMOATrPYNIbl U JIOBEJIECHUE MOPSAKA MPOBEACHUS 3aHATHS.
(5 MuHyT.)

3. IlpucBoeHuwe mnoArpynmnaM IE€pBOHAYAIbHBIX  poJied  (3aKa3yuKH,
CHELUAINCTBL, IKCIIEpTHAs Tpynna). (5 MUHYT.)

4. OOcyxneHue CTyA€HTaMH TOATPYII  BONPOCOB, BBIHECEHHBIX Ha
IPAKTUYECKOE 3aHATHE C LEJbI0 BHIPAOOTKH OOIINX MO3ULIMIA:

4.1. Bonpockl cO CTOPOHBI MOATPYNNbI 3aKa34yUKOB. (15 MUHYT.)

4.2. OTBETHI CO CTOPOHBI TMOATPYIIIBI CHENUATUCTOB. (15 MUHYT.)



4.3. OueHuBaHue MOArPYNION 3KCIEPTOB BOIPOCOB M OTBETOB YYACTHHUKOB. (15
MUHYT.)

4.4. Tuckyccuu. (10 MUHYT.)

4.5.BripaboTka o0mielt mno3uuMM U OOIIero mojaxoda K — BOIpocam
paccMaTpuBaeMbIM Ha TEKYIIIEM 3aHATHUU COTJIACHO €ro TeMe. (5 MUHYT.)

5. OOcyxneHue mpenojaBaTelieM W CTaplIMMU TPYyNN OLEHOK YYacCTHHUKOB
3aHATUA. (5 MUHYT.)

6. IlonBeneHue MTOroB 3aHATHS C OOBSBICHHEM OKOHYATENBHBIX OLEHOK
YYaCTHUKOB IPAKTHUYECKOT'0 3aHATUSA. (5 MUHYT.)

7. OObsIBICHUE TEMbI U COJIEP)KAaHUS CIEAYIOLIEr0 MPAKTUUECKOro 3aHATHs. (5
MUHYT.)

IMPOT'PAMMUPYEMBIE JIOTHYECKHUE KOHTPOJIJIEPHI.
7.1. Pemuxont P130.

KonTpomnnep MpeIHa3HaYeH LTSI NOCTPOEHUS COBPEMEHHBIX
ABTOMATU3UPOBAHHBIX CHUCTEM YIIpaBJIEHUS TeXHOJormyeckumu npoueccamu (ACY
TII) m mNO3BOJIAET BBINOJHATH OINEPATUBHOE YIPABICHUE C HCIOIb30BAHUEM
nepcoHanbHbIX DBM, aBTOMaTH4ecKOe peryJupoBaHUE, aBTOMATHYECKOE JIOTHKO-
IpPOrpaMMHOE  yMIpPaBJIICHHE, AaBTOMATHYECKOE YIpaBlICHUE C  MEPEeMEHHOU
CTPYKTYpOH, 3aliUuTy W OJIOKMPOBKY, CUTHAJIM3AIUIO, PETHCTPALUIO COOBITHA.
Kontponnepst P-130 mo3BoJisilOT OCYIIECTBISATh OOBEIUHEHHUE B KOJIBIIEBYIO CETh
«Tpansury, peanuzoBanHyo Ha ocHoBe unTepdeiica UPIIC.

KoHTposiep HMMeeT NpPOEKTHYIO KOMIIOHOBKY, KOTOpas  IIO3BOJISET
MOJIb30BATEIIO BHIOPATh HYKHBIM HAOOP MOJyJei U OJIOKOB COTJIACHO YHUCTY U BUIY
BXOJIHBIX/BBIXOHBIX CUTHANIOB. B coctaB PemukonTa Bxoaut 610k koHTposuiepa bK-
1 ¥ psii JOTIONHUTENBHBIX OJIOKOB, PACHIUPSAIOIIUX €T0 BO3MOXHOCTH.



BIIOK KOHTPOJLIIEPA BE-1 Puc.

[lepemeruoe Ocuoenas
HCIIOIHEHHE YACTE
MAC | MAC AKKYMY
HIH HIIH X JHTOP
JIIT MIA | MIA METI|TTPIT-10:
HIH HIH MCH-
MCII | MCT 10
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BxogHnle M BEIXOIHEIE® CHTHAIEI

IIpennasnaueH [ aBTOMATUYECKOrO  PEryJIMpOBAHMS U JIOTHKO-
IPOrPaMMHOT0 YIPABJIEHUS TEXHOJIOTUYECKUMU ITPOLIECCAMH.

[TporpammupoBanune P130 mpouszBoauTCA MOCPEACTBOM ITyJIbTa HACTPOMKHU U
MPOTPAMMHPOBAHUS, & TAaKXKE HCHOJb30BAHUS TMPOLEAYPhl TEXHOJIOTHYECKOTO
IPOrpaMMHUPOBAHUSL.

[Ipouenypa nporpaMMHUpPOBAaHHUS CBOJIUTCS K TOMY, YTO C IOMOLIBIO ITyJIbTa
HACTPOMKM #3 OUOJMOTEKM aIrOpUTMOB, 3alIMTHIX B MaMITH KOHTPOJLIEPA,
M0JIb30BaTEIIb U3BJICKAET HEOOXOUMbIE MOJIYJIH, OOBEIUHSAET UX B BUJIE CTPYKTYPHI
3aJlaHHON KOH(UTypallid W YCTAHABIMBACT BHYTPU KaXJAOT0 MOAYJs TpeOyembie
3HA4YE€HUS [MApaMETPOB HACTPOUKH.

[IporpamMma QopmupyeTcss B ONEPATUBHOM 3allOMUHAIONIEM yCTPOMCTBE
(O3VY). s Toro yToOBl COXPaHUTh 3Ty MPOTrPAMMY CYLIECTBYIOT TPH BapUaHTA!

HC OTKJIIOYATb U TAHUC KOHTPOJLJICPA,

NOAKIIOYUTh  BHEIIHUW  aKKyMYJSTOp,  IO3BOJSIOMIMM  COXpPaHUTh
uH(popmanuio B O3Y;

MPOLIXTh UH(OPMALUIO B MOCTOSIHHOM 3anomMuHaroeM ycrpoiictee (I113VY).

Cocras:

IIJI — mnadeas JauneBasi. Mwmeer Heckonbko Moaudukammii, tum I1J1
BBHIOMpAETCSs B 3aBUCMMOCTH OT pemaeMod 3agaud. [IJI umeer pazpem yis
NOKIIOYeHHs myibTa HacTporku (ITH).



JIBa mocamounbix Mecta s YCO-A u YCO-B. Tyga moryt ObITH
YCTaHOBJIEHBI B JIF000I KOMOWHAIIUMY /1BA U3 TPEX BO3ZMOXKHBIX MOIYJISL.

Moayias koHTpodsi u mnporpammupoBanus (MKII) obGecneunBaet

B3aUMOJICHCTBUE MOJYJIEM KOHTpOJIIepa JMIEBOM MaHENIW W IyJbTa HACTPOUKHU
(ITH).

Monyas npoueccopa (ITPLI).
AxkymyasaTop (AKK) npennasnaden a1t coxpaneHust 1aHHbix B O3V,
MoayJib cTAa0MIU3UPOBAHHOTO HanpsixkeHuss (MCH).

Mexoounbiii coequauTenab (MbC) npeanazHadeH 1y 00eCIeUeHUs CBS3U
Mexay Osokamu koHTposuiepa P130.

KbBC — kjJeMMo0-0J10YHBIH  COeIUMHHUTE]b, IpPEIHA3HAYCHHBIA  JJIs
MOJKJIFOYEHHS K KOHTPOJUIEPY BHEIIHUX YCTPOUCTB.

Bueminne YCO s IONOJHUTENBHOTO MpeoOpa3oBanus curHaia. K Hum
otHocsaTcs: BYC, BYT-10, BYM.

Hyasr Hacrpoiixkm [IH-1 npenHasHaueH 18 TEXHOJIOTMYECKOTO
IPOrpaMMUPOBAHUSI KOHTPOJUIEPA, €T0 CTATUYECKOW U TMHAMUYECKOW HACTPOWKH, a
TaKKe U1 KOHTPOJISL CUTHAJIOB B MPOLECCE HAJIAKH CUCTEMBL.

baok nuranus BII-1 npeoOpasyer ceTeBoe HanpsKEHUE MEPEMEHHOIO TOKa
220 B B HecTaOMIM3MPOBAHHOE HAMPSIKEHUE TMOCTOSHHOro Toka 24 B. D10
HanpsDKeHUE MCHOJb3yeTcs Julsl nuTaHus Oyoka koHtposiepa BK-1 u ycunureneit
bYT-10 u BYC-10, a Takxe i TNWATaHUA AUCKPETHBIX BXOJIOB M BBIXOJIOB
KOHTpOJLIepa.

KoHTposiep MoxeT paboTath CO CIEIYIOIMMU BXOHBIMUA CUTHATIAMM:
e curnainsl ot Tepmonap TXK, TXA, TIIP, TBP, TIIII;
* curHaJibl OT TepMomeTpoB conpotusienuit TCM, TCII,

* YHU(ULIMPOBAHHBIE AaHAJIIOTOBBIE CUTHAJIBI MOCTOSHHOTO Toka 0 — 5, 0 — 20, 4
—20MA; 0-10B;

JINCKpETHBIE CUTHAJIBL:

O soruueckas «1» HanpsixkenueM ot 19 no 32 B;
O sornueckuii «0» Hanpspkenuem ot 0 no 7 B.

YHu(uIMpoBaHHbIE AHAJIIOTOBBIE CUTHAJBI MOJAIOTCA HEMOCPEICTBEHHO Ha
KJIEMMHO-0JIOUHbIE COEIMHUTENHU, COCIUHEHHbIE C OJIOKOM KOHTpoiiepa. CHUrHamibl
OT TEepMOIlap U TEPMOMETPOB CONPOTHUBIIEHUS 3aBOASATCA B KOHTPOJUIED uepe3
yctporictBa BYT-10 u BYC-10 cooTBeTCTBEHHO.

YerpotictBa BYT-10 u BYC-10 npencraBisitor coboi yCHIMTENU CUTHAJIOB.
Onu mpeoOpa3yloT CUTHAIBI OT TEPMOIap U TEPMOMETPOB COMPOTUBICHUN B
yaubunupoBanueii curnan 0 — 5 MA. O6a ycuiurenss UMEIOT JBa HE3aBUCHUMBIX
KaHaJa yCUJICHHUS.



Ha Beixomax Pemmkonta ™oryr OBITH CHOPMHUPOBAHBI  CIIEIYIONTUE
YIIPABJISIFOIINE CUTHAJIBL:

* YHU(UUMPOBAHHbIE AHAJIOIOBbIE CUTHAJIBI MOCTOSIHHOTO Toka 0 — 5, 0 — 20, 4
—20 MA;

® JUCKPCTHBIC CUTHAJIbL
TpaHSPICTOpHBIC BBIXO/bI

O MakcuMajbHOE HamnpsbkeHue kommyTanuu 40 B;
O MakCHUMaJbHbIA TOK Harpy3ku 0,3 A.
CUITbHOTOYHBIE peNieHHbIE BBIXO/bI:

® MaKCUMaJbHOE HampsbkeHne koMmmyrtauuu 220 B;
® MAaKCHMAaJIbHBIM TOK Harpy3ku 2 A.

CHUITBHOTOYHBIE BBIXOJHBIE JAMCKPETHBIE CUTHAJIbl (POPMHUPYIOTCA Ha BBIXOJE
PemukoHTa npu Kcnonb3oBaHuU 00ka ycunutens MomHoctd bYM-10. Vceunurens
COJIEPXKUT YETHIPE HE3aBUCHMBIX pElieé C MOIIHBIMU BBIXOJHBIMU HOPMAJIbHO
Pa30MKHYTBIMU KOHTAKTaMH.

bnok mnepexmtouenusa BIIP-10 mpeaHasHayeH 1ji1 KOMMYTAIlUM aHAJIOTOBBIX
WIM JUCKPETHBIX CHUTHAJIOB W TMPUMEHSETCA TMpPU HEOOXOJAMMOCTH BHEIIHEH
KOMMYTAIuH, OJIOKUPOBOK, IEPEKIIOUCHHUH.

[Iyner  nHactpoiiku IIH-1  npenHasHaueH il TEXHOJIOTHYECKOTO
IIPOTPAMMHUPOBAHUSI KOHTPOJUJIEPA, €r0 CTATUYECKOW U TUHAMUYECKOU HACTPOMKH, a
TaKXe JIJI1 KOHTPOJISI CUTHAJIOB B ITPOLIECCE HATAJKU CUCTEMBI.

bnox murtanus BII-1 mpeoGpasyer cereBoe HampspKEHHE MEPEMEHHOIO TOKA
220 B B HecTaOWIM3MPOBAHHOE HANPSHKEHUE MOCTOSHHOrO Toka 24 B. 310
HaIpsDKEHUE UCIOJIb3YeTCs NIl muTaHusi O0ioka koHtposuiepa BK-1 u ycunureneit
bYT-10 m BYC-10, a Taxxke mis NUTaHUS JUCKPETHBIX BXOJIOB M BBIXOJIOB
KOHTpOJLIEpA.

Monayas ananorosbix curiajia (MAC).



YcTpoiicTBO CBsI3u ¢ O0BEKTOM, MpEAHA3HAUYEHO s BBOJA WM BBIBOJAA
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MAC BeImonHsIET QYyHKIINH:
ALII,
[TAITIL.

Kananet ALII. PaGora ALl ocHoBaHa Ha NpUMEHEHHH MpPeOOpa3OBaHUU
aHAJIOTOBOTO CHUTHAJIa B TIOCIEAOBATEIbHOCTh HMITYJIbCOB, YacTOTa KOTOPBIX
IPONOPIMOHATIbHA BXOJHOMY aHAJOTOBOMY CHUTHANy C MOCIEAYIOLIUM MOACYETOM
ATUX UMITYJBCOB 32 PUKCUPOBAHHOE BPEMS C TIOMOIIBIO IBOMYHOTO CUETUHKA.

B MAC peanusoBano 8 kanaimoB ALl ¢ monHOM raapBaHUYECKON Pa3BA3KOM.
PaboraeT Bcerga TONbKO OAMH KaHAJl, OCTAJIBHBIE IPOCTO ONPAIIUBAIOTCS.

[IpeoOpazoBarenu HampspkeHUe-4acToTa coOpaHbl Ha siuedikax DHI1-DHS,
Kakaass u3 KoTopbix ab0peBuarypel HWMC (uHTErpupyromas MHKpPOCXeMa)
npeobOpa3oBaTessi  HampsbkeHue-dyactora (1)  (Ha  cxeme), BBIIPIMHUTEIBHOE

ycTpoicTBO (2 u 3), pazaenurensHbiil Tpancpopmarop (T) U ycunurenbs MOIUTHOCTH
(VT)

Ocob6enHocThIO PaboThl MHOTOKaHAIbHOTO ALl sIBIISIETCS TO, YTO BBIXOJHOM
CUTHAJI YaCcTOThl KaXJOW SYEWKH TMOCTyHmaeT Ha JOMOJHUTEIbHYID OOMOTKY
pazmenutenbHOro Tpanchopmaropa (T) mo cuemyromieit  suetike. [Ipudyem
pa3eauTeNbHBIA TpaHcPOopMaTOp AJAHHOU SYEHKHU pabOTaeT B peUME 00ECIICUCHUS



nutanneM MMCI1, a pa3genuTenbHbIil TpaHCc(hOpMaTOp MOCIENOBATEIbHON SUEHKU
paboTaeT B pexXuMe Tepeladi CUTHAJIA YacTOTHI JIJIs JaJIbHeHIel 00paboTKu.

Pexxumbl paboThl siueek ompeaenstorcs KomMmyTtaropamu DS5-D6, cMHXpOHHO
CBA3aHHBIX € perucTpoM D3 (HeT B cxeme), KOTOPBIM B peXKUME 3alUCH MO CUTHATY C
IIMHBI JAHHBIX onpenaesieT HoMep kanaina ALILL

Sdeiiku pabOTAlOT MOOYEPEIHO, YTO IO3BOJIIET PKOHOMHUTH Ha KOJHWYECTBE
TpaHcHOPMATOPOB.

Muxkpocxema mporpammupyemMoro Taiimepa D4 (HeT Ha cxeme) mpeoOpa3yer
CUTHAJ 9acTOTHI M BBICTABISET UG POBOI KOJ Ha MMHY JaHHBIX. Mukpocxemsl (D3,
D1, D2) (neT Ha cxeme) OCyHIeCTBISIOT Aemu@painio ajapeca u Beioop kanaiga AL

Tenepp paccMoTpuM kaHansl LIAIL:
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CdopmupoBannsbiii TpanzuctopoM VT IIMM-curnan ycunuaercs 0ydepom
(1), mpoxoauT yepe3 ranbBaHUYeCcKyI0 pa3Bsa3ky (T), Hopmanuzyetrcs Tpurrepom (3)
u nocrymaer Ha OHY, KOTOpBIM BBIAEHAET CpENHEE 3HAYCHHE HaIPSKCHUS.
Yceunutens (A) u tpansuctop VT npeoOpa3yroT cUrHai HaMPSKEHUSI B CUTHAN TOKa
Ha Bbixoze YCO.

Jlnis obecriedeHusi BO3SMOXKHOCTH TEpeiadyll TOKOBBIX CUTHAJIOB JIOJKHBI OBITH
OTKJIFOUEHBI BHEIIHUNA UCTOYHHMK HampspkeHus (EBHEN) U HOPMUPYIOLIUNA pE3UCTOP
RH, naxondmmiics Ha CTOPOHE PUEMHUKA CUTHAJIA.

[IT — mporpaMMHBIif TaliMep, UMEIOLIUI HA0Op CYETUYUKOB.

Moayasb curianoB auckperubiii (MC).
BoinonssieT pyHKIUu:

JIII - mpeobpazoBaHre TUCKPETHBIX CUTHATIOB B IIU(POBOM TBOMYHBIN KOJT;
LJIIT — Hao6opoT.



B MC/] npenycMoTpeHO 16 IHCKPETHBIX BXOJOB M CTOJIBKO K€ BBIXOJIOB C
I'PYIIIOBOW rajJbBaHUYECKOU Pa3BA3KOU.
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OO6pamieHue k MOIydI0 W oOecrieyeHue ero padoToi OmpeiessieTcs €ero
coopkoit D1-D2, D3-D4. B pexume uTeHus UHPOpMALMS C JUCKPETHBIX BXOJOB
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nocTynaer Ha muHy JaHHbiX DO0-D7. CHavana ¢ mepBoro no BOCbMOM BXOJIbI Y€pe3
onTonapsl B1-B8 (Mmyanmuii 6aiiT), 3aTemM ¢ AeBATOro 1o 16 BXOJbI Yepe3 ONTonaphl
B9-B16 (crapumii 6air).

Bce kaHanbl CBSA3aHbl MEXK]ly COO0 raJbBAaHUYECKH.

JIMCKpETHBIN BBIBOJ.

B pexuMe yCTaHOBKM COCTOSIHMS BBIXOJHBIX JHUCKPETHBIX KaHAJIOB, CHayasia
IPOMCXOJIUT 3aIUCh MH(OpPMAIUKU ¢ IIUHBI TaHHBIX B peructp D9, obecrieunBarommii



paboTsl nepBbIM BochMU KaHanoB LIJII1, 3arem mpoucxoaut 3anuch B peructp D10,
oOecneunBaromuii paboTy BTOpOil nmonoBuHbI Beixo 08 LIJII1.

Onromnapa o0ecrneunBaeT rajibBaHUYECKoe pasiesienue, a Tpanzucrop VIC —

YCWIEHHE BBIXOAHOro curHana. Jlnsg oOecneueHuss pabOTOCIOCOOHOCTH CXEMBI
HEOOXOAMMO TOJKIIOYUTh BHEIIHUW HWCTOYHHK HAMNPSHKEHUS W CONPOTHBIICHHE
Harpy3KH.

Ecau Tok B BBIXOI[HOﬁ OCIIHN CTaHECT 6OJ'IBHIC, 4€M MaKCHUMaJIbHO I[OHYCTPIMBIﬁ,

TO TaJeHUuEe HampsbkeHus Ha pesuctope 1.50M  otkpoer VT3, a TOT BKJIIOYUT
OMTOIAapy 3alIMUThl, KOTOPBII MepeJaeT CUTHAJ O MEPErpy3Ke B MPOLIECCOpE.

Monayasb ctaduiu3npoBanHoro nanpsikennss (MCH).

E N // /7 5 6 +12B 8
: I 1 : T Vo2 =03
: R 2 i 4 = 011
i IA /. > ﬂ_p: > . ! +5B UBbIX
| A4 i -
: —> I ; —> 7 )
: Uonl < I =
: 3 l ?
1
: |
g ——— : 9 ce
1
T
Puc. -—
O yHKIMOHAIBHBIN COCTAB.
reHepaTop MUJI000Pa3HOT0 HAIPSKEHUS;
KOMITapaTop;
peryIupyromuii anemMeHT mo oopatHoit cesizu (OC);
YCUIIUTEb MOITHOCTH;
pa3enuTeNbHBIA UMITYJIBCHBIA TpaHCHOPMATOD;
6,7) BBIPSMUTEIIH;
VMCTOYHUK OIIOPHOTO HAIPSKEHUS;
YCUJIUTENb ITIOCTOSSHHOT'O HANIPSIKEHNS,
CC — cxema cpaBHEHUS.
MCH sBnsieTcss KOMIEHCAIMOHHBIM  CTAaOWJIM3aTOPOM  HANPSKEHUS €
HENpepbIBHBIM  peryiaupoBanueM. OH  mOpeiacraBiser  co0oil  cuUCTeMy

aBromatudeckoro perynupoanusi (CAP), B KOTOpoil ¢ 3aJaHHOM TOYHOCTHIO



NOAJIEPKUBAECTCS NOCTOSIHHBIM BBIXOJHOE HANPSKEHUE, HE3aBUCHMO OT M3MEHEHMS
BXOJHOT'O HAIIPSHKEHUS U CONPOTUBIICHUS HAIPY3KH.

Pabora cxempsl.

[Tpu nonaue HanpspbkeHus: Ha BxoAHbie kiieMMbl MCH renepatop (1) HaunHaet
dbopMHpOBaTH HMITYJIbChl  TPEYTOJABHOM  (POpPMBI, KOTOpbIE MOCTYNAlOT Ha
KOMIIapaTop.

Jlenmutens Ha pesuctope R m QorompueMHukn — omronapbl (GOPMHUPYIOT
Hanpspkeaue UOII], koTopoe Takke MOCTymaeT Ha Kommapartop. PesympraTom
CpPaBHEHUSI ATUX JIBYX CHUTHAJIOB SIBISIETCA MUPOTHO-UMMyNbCHbIN curHan (IINC),
KOTOPBIN yCUIMBAETCs ycunuteneMm (4) W TMOCTymaeT Ha TNEPBUYHYIO OOMOTKY
Tpanchopmaropa (5).

Opna 13 BTOPUYHBIX 0OMOTOK TpaHchopmaropa hopmupyet Hanpsbkenue 12B,
npenHazHadeHsoe s popmuposanus UOII2.

Jlpyras BropuyHasi 0OMOTKa SIBJISETCS CUIIOBOM U (DOpMHUpYET HaMpsLKEHUE AJIs
nutanus KoHTposuiepa. [lockonbky npu Brmouenun MCH cursan onopHoro
HanpsDKEHUsT JocTUraeT 5B paHbllle, 4eM CUTHall C CHJIOBOM OOMOTKH, TO 3TO JA€T
BO3MOXHOCTb KOPPEKTHO oTpabathiBaTh 3anyck MCH u ¢dopmupoBath BBIXOJHOE
HanpsbkeHue +5B 0e3 nepeperyamupoBaHus.

Curnan UOII2 cpaBHuBaeTca ¢ curdHajiom +5B nuranusa koHTposuiepa. Mx
pPa3HOCTh ycunuBaercsa ycuiureneM (9) u nepengaercs uepes onromnapy (3), 3ambikasi,
TaKUM 00pa3oM, KOHTYP PETyJIUpPOBAHUS.

Yacrora 3anaromiero reaeparopa 30-4-kI 1.

Tpansuctop paboraer mnpu oOpatHOM xoxae ycunutens (4), KOTOpbId
MPE/ICTaBIIAECT COOOW TPAH3UCTOPHBIN KITIOY.

Kornma TpaH3ucTOp OTKPHIT , TO IPOUCXOANT HAKOTUICHUE SHEPTUU TIEPBUIHON
oOMoTkH TpaHcopmaTopa, a Korma TpaH3ucTop 3akpeiT DJIC camomHIYyKIHH
(HaKOIICHHAS SHEPTHsI) MepeAacTCsS BO BTOPUYHYIO T M 3apsKaeT KOHJICHCATOPBI
BBIXOJIHBIX (DHIIBTPOB.

Bempsmutenu (6) u (7) Takxke coaepkar (QUILTPhl Ha KOHJEHCATOpax
Oousibiieit emkocTu. Takue mpeoOpa3oBaTean HA3bIBAIOT 0OPATHOXOJOBBIMHU.

C P130.
eTeBoe NMOAKJIIOYEeHHE SBM
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Jlns oOMeHa uHpoOpManuu MEXIy KOHTPOJUIEpaMu Puc.
OpeIyCMOTpEHa  BO3MOXHOCTh  HUX  OOBEAMHEHHUS B
U(POBYIO JIOKAJIBHYIO 1EMb KOJBIEBOM apXUTEKTYypbl, KOTOpas Ha3bIBAETCS
«TPaH3UT».

Jns cBssu ¢ DBM BepxHEro ypoBHSI NPHUMEHSAETCS MOJYJb C Ha3BAHUEM
«IIUTIO3», KOTOPBINA BKJIFOUAETCS MOCIIEIOBATENIBHO B CETh KOJIBLIEBO apXUTEKTYPBHI.

JlaHHBIE B TAKOM CETH MEPENAIOTCS OT KOHTPOJLIEPA K KOHTPOJUIEPY, U KaXIbIN
KOHTPOJUIEp M3BJIEKACT U3 ITOM MOCHUIKU JIaHHbBIE, aJIPECOBAaHHBIE €My, U J0OaBIIIeT
oT ce0s1 JTaHHBIC C aJIPECOM KOHTPOJIIIEPA, KOTOPOMY ITH JIaHHBIE TIPETHA3HAYCHBI.

IIporpammupoBanune Pemukonra P-130

A3zvix npoepammuposanus Pemukonta P-130 sBisercss HenpouenypHsiM. [Tpu
IIPOrPAMMHUPOBAHUM HE 3aJA€TCsl MOPSAAOK BBINOJHEHUS OIEpalMil, a CO31aeTCA
BUPTyalibHast (KaXyIIasicsi) CTPYKTypa, KOTOpas OIHUCHIBaeT HHGOPMAIMOHHYIO
OpPraHu3alri0 KOHTPOJJIEPA U XapaKTEPU3YET €ro KaK 3B€HO CUCTEMbI YIIPABJICHUS.

YacTte DIE€MEHTOB BHPTYaJdbHOM CTPYKTYpPhl pEAJIM30BAaHA  amnIapaTHO:
anmapaTypa BBOJa-BbIBOJAa MH(OpMAILINU, annapaTrypa ONEepaTUBHOTO YIPABICHUS U
HACTPOMKH, anmnaparypa uHteppeicHoro kaHaia. Yacte peaJn3oBaHO MPOrPaMMHO B
BUJIC aJITOPUTMHUYECKUX OJIOKOB (aITr00JI0KOB) U OMOJIMOTEKH aJIrOPUTMOB.

ANro0JIOK CIIYXKUT JUIsi XpaHEHUsT OJHOTO W3 OHOJHUOTEUYHBIX AJITOPUTMOB
KOHTpoJuiepa. AJroOJOK ¢ TOMEHIEHHBIM B HEr0  airOpuTMOM  MOXKET
paccMaTpHUBaThCsl KaK BUPTYJIbHBIA MNpUOOP, BBHITIOIHSIOMIMN aIrOPUTMHUUECKYIO
00paboTky uHGOPMAIIUU B COOTBETCTBHUU C MOMEIIEHHBIM B Hero ajroputmMom. OH
obOsajaeT BXOJaMU M BBIXOJAMHU B KOJUYECTBE, MPHUCYIIEM JAHHOMY aJrOpUTMY.
ANTOOJIOKM COENMHAIOTCS JPYr C JAPYTOM M C BXOJIaMHU-BBIXOJIaMU KOHTpOJLUIEpa
nporpamMmMHbIM TyTeM. B PemukonTte P-130 MOKHO HCTI0JIB30BaTh

110 99 anro06I0KOB.

bubnuoreka anropuTMoB — 3TO MEpPEeUEHb aITOPUTMOB YIPABICHUS, KOTOPHIE
MOTYT MOMeNIaTbes B ayro0 joku. bubnuoreka HacuuThiBaeT 76 anroputmoB. B ee
COCTaB BXOJAT QJITOPUTMbl aBTOMATHYECKOTO PpEryJMpPOBaHUS, JIHUHAMHYECKHUX
npeoOpa3zoBaHUM, JIOTUKH, apU(PMETUUECKUX OTEePaALIUN.

Yacth OMONMMOTEYHBIX AITOPUTMOB, KOTOpPHIC HA3BIBAIOTCS CHCIHATBHBIMH,
BBITIOJTHSIOT OCOOYIO 3a/1auy: OHM CBSI3BIBAIOT almapaTypy KOHTpOJIepa ¢ OCHOBHOU
Maccoil (PYHKITMOHAIBHBIX aaTOpUTMOB. K crienuanbHBIM aJropuTMaM OTHOCSTCS:
QITOPUTMBI BBOJIa M BBIBOJA AHAJIOTOBBIX U JUCKPETHBIX CHUTHAJIOB, QJITOPUTMBI
0OCITy»KMBaHUS JTUIIEBOW MaHENN; alTOPUTMBI MpUeMa M Tiepeayd CUTHAJIOB Yepes
uHTEep(dENCHBIN KaHall.



AnmapaTHbele cpencTBa BUPTyalbHOM cTpykTyphel (YCO, nuueBas naHelnsb,
uHTep(EeNCHbIM KaHal) HAYMHAIOT BBIMOJIHATH CBOU (YHKIUHU IOCJIE TOro, Kak B
Kakue-1100 airo0J0Ku Oy 1yT MOMELIEHbl COOTBETCTBYIOLIUE AT OPUTMBI.

B kauectBe mpumepa OMOJIMOTEUHOrO0 aJIrOpUTMa Ha pucC. 7.8 MpelcTaBieHa
dbyHKIIMOHAIBHAS cxeMa alro putMma «PerynupoBanue ananorosoe PAH».

OyHKIMOHAIBHAS CXeMa alTOPUTMa COACPKHUT HECKOJIbKO 3BEHBEB. 3BEHO,
BBIJICJISIIOIIEE CUTHAJ Pacco TIJIacOBaHUWs, CYMMHUPYET JBa BXOJHBIX CHUTHaNa, MpU
STOM OJIMH W3 CHTHAJIOB MacIITaOupyercsi, GuiIbTpyeTcs U uHBepTHpyeTcs. CUrHal
paccoryiacoBaHus € Ha BbIX0Ji€ 3BeHa (0e3 yuera QpuibTpa) paBeH
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rjae kM — MacIITaOHBIN KO3 PUITUEHT.
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Puc. 7.8. ®yHKIHOHAIbHAsA CXeMa aJIrOpUTMAa
«PeryaupoBanue anajgorosoe PAH»

OuIbTp UMEET MepeaTOuHY 0 (YHKITHIO
(M(p)=1Tdp+l),

W(p)=1(Typ+ 1),

rae 7¢g — nocTosiHHas BpeMeHU QUiIbTpa.

30Ha HEUYBCTBUTEJIILHOCTH HE MPOITYCKAET Ha CBOM BBIXOJ CUTHAJIbI, 3HAUCHUS
KOTOPBIX HAXOJSTCS B npeaenax oT —xA /2 noxA /2.

[IN/I-3BeHO BBIMOIHSIET MpeoOpa3oBaHUE B COOTBETCTBUU C IEPEIATOYHOMN
byHKIIIEH
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rne Kn , Tu , Ko — cooTBeTCTBEHHO KOA((UIMEHT MPONOPLHUOHAIBHOCTH,
IIOCTOSTHHAs BPEMEHU MHTETPUPOBAHUS 51 K03 ULIUEHT BPEMEHHU
b depeHInpoBaHUs.

Ha Beixome [IIM/I-3BeHa yCTaHaBIMBAeTCsd OrPaHUYUTENb, KOTOPBIA
OTPAHUYMBAET BBIXOJHOM CUTHA] ajl TOPUTMA MO MAKCUMyMY XMKC U MUHUMYMY
XMHUH . MOMEHT JOCTHXKEHUS BBIXOJAHBIM curHaioM IIM][-3BeHa 3Ha 4E€HUM XMKC U
XMUH (PUKCUPYIOT JIBa AUCKPETHBIX BbIX0Ja DMKC U DMUH .

ANTOPUTM CONEPKUT y3€1 HACTPOUKH, COCTOSIIMM U3 MepeKtovaress
PEKUMOB «HACTpOMKa-paboTa», HyJIb-OpraHa W JOMOJHUTEIBHOTO (UIBTpa C
noctossHHOM BpemeHu 71 . [Ipu auckpeTHOM curHasie Ha BXoJe cHac = | anroputrm
NEPEXOAUT B PEKUM HACTPOMKH, M B 3aMKHYTOM KOHTYpPE pPETyIHUpPOBaHMUS
yCTaHaBIMBaIOTCs aBTOKojeOanus. [lapamerpsl 3TuX KoneOaHuil (aMIUIUTYyda |
NEPUOJ), KOTOPbIE KOHTPOJUPYIOTCS Ha BBIXOAE V€ , HCIOJB3YIOTCA IS
ompeeeHs TapaMeTPOB HACTPOUKH PETYJIATOPA.

Obwue npasuna npocpammuposanus. B NCXOAHOM COCTOSIHUM B anroOiokax
OTCYTCTBYIOT QJITOPUTMbI YIPABIEHUS, U AJITOOJIOKH HE CBSI3aHbl JAPYT C JIPYroM H
alrmapaTHOM  4acThlO  BUPTYallbHOM  CTPYKTypel. llpm  mporpammupoBanuun
KOHTpPOJIJIEpA QJITOPUTMBI TIOMELIAIOTCS B alrOOJIOKM M MEXAy anrodiokaMu
IIPOrPAMMHO YCTaHABIUBAIOTCS CBSA3H.

[Ipu pasmenieHUH ajiropuTMOB B ajroOJiOKax B OOJIBIIMHCTBE CIydacB
JEUCTBYIOT JiBa MpaBUJIA:

1. JIro6oit anropuT™M MOXKHO MOMeEIIATh B JIt0OOW (10 HOMEpY) airoOJoK, 3a
UCKIIFOUCHHUEM aJITOPUTMOB, OOCITY>KMBAIOIIMX JUIEBYIO IMaHENIb. DTH aJTOPUTMBI
MOTYT OBITh IIOMEIIEHBI B MEPBBIC YETHIPE ANr00JI0Ka (HOMEp alnrodyioka onpeaesseT
HOMEP KOHTYpPa PEryJIupOBaHMUS).

2. OguH 1 TOT K€ AITOPUTM MOKHO TIOMEINATh B pa3HbIC alroOJIOKH, T.C.
UCII0JIb30BaTh MHOTOKPATHO.

[Ipu pa3MenieHMN HEOOXOAMMO 3a7aTh PEKBU3UTHI (TapaMeTpbl) aNrOpUTMA:
OMOIMOTEUYHBI HOMEDP, MOAU(PUKATOP U MACILITA0 BPEMEHHU.

bubnuomeunwiii nomep TpeACTaBIseT COO0OM JABYX3HAYHOE YHUCIO, TMOJ
KOTOPBIM JIaHHBIM aJIrOpuUTM Xpa HUTCA B OUOJMOTEKE, U SIBISETCS OCHOBHBIM
napamMeTpoM, XapaKTepU3yIOIIUM CBOMCTBA aJITOPUTMA.

Moouguxkamop 3anaeT TONMOJTHUTEIBHBIE CBOMCTBA ayiropuTMa. B yacTHOCTH B
QIrOpUTME CYMMHPOBAHHUSI MOJU(PUKATOP 33JAET YHCIO CYMMHUPYEMBIX BXOJHBIX
CUTHAJIOB, B aJITOPUTME MPOrPaMMHOTO 33JJaTUYNKA — KOJIMYECTBO YYACTKOB U T.]I.

Macwmab epemenu WMeEETCS TOJIBKO B aJrOpuUTMax, 4bsi paboTa CBA3aHA C
pearbHBIM BpEMEHEM, HalpuMep, peryJIupoBaHue, MIPOrpaMMHBIN 3a/1aTUHK, TaiiMep
U T.4. MacmTa® BpeMeHH 3aJaeT OJHY M3 JABYX pa3MEpHOCTEH IJsi BPEMEHHBIX
CUTHAJIOB WJIU MapaMeTpoB. Eciay KOHTpoJUIep HACTPOCH HA MIIAJIINKA JHAra3oH, TO
MaciiTad BPEMEHM WHIUBUAYalIbHO B KAXKIOM anroOiioke 3amaeT maciTtad
«CEKYHJIbD» WU «MUHYTBD». 15t



CTapuiero auarasoHa MacmTad BPCMCHH 3a1aCT «KMUHYTBD)» UJIN «1aCbD».

CoenuHenue anro0JI0KOB MEXIy coOOH U C anmapaTHOW 4acThi0 KOHTPOJUIEpa
OCYLIECTBJISIETCSL onepanueil koHpurypupoBanusi. B mpouecce KoHQUrypupoBaHus
JUIST KaXJO0ro BXOJa airo0yioka 3aJaeTcsi HWCTOYHUK CHUTHAjda WU MapaMeTpbl
HACTPOMKH, T.€. KAXJbIM BXOJ aJir00JI0Ka HAXOJUTCS B OJHOM M3 JBYX COCTOSTHUN —
CBSI3aHHOM HMJIM CBOOOTHOM.

BXO,Z[ CUUTACTCA CBsA3aHHBIM, €CJIM OH COCIMHCH C BBIXOAOM KaKoro-Jmoo
aJIFO6JIOKa, B IIPOTHUBHOM CJIy4ac BXOJ CUHUTACTCA CBO60,Z[HI>IM.

CurHaisiel Ha CBOOO/IHBIX BXO/aX MOTYT OBITh IPE/ICTABICHBI B BHE KOHCTAHT
Wi B Buae Kodduumentos. OTnuune MexIy HUMHU 3aKIIIOYA€TCS B BO3MOXKHOCTH
MX W3MEHEHHs: KOHCTAaHThl MOXHO YCTaHABJIMBAaTh M H3MEHSATH TOJIBKO B PEKHME
IpOrpaMMHUPOBaHUS, KOA(PPUIIMEHTHI MOKHO TaKK€ yCTAHABJIMUBATH M U3MEHSTH U B
pexxume padoThl.

Bo3moxHOCTH KOHOUTYPUPOBAHUS HE 3aBUCAT OT AJITOPUTMA, IIOMEIICHHOTO B
anroOJI0K, U OTPEACIISAIOTCA TPEMsI MPaBUIIaAMH:

1. JIroOo# Bxoxa iro0O0Oro aiaro0JoKa MOKHO CBSI3aThb C JHOOBIM BEIXOJIOM
JIF000T0 aJIr00JI0KA MJIM OCTaBUTh

CBOOOTHBIM.

2. Ha 11r000M cBOOOTHOM BXO/I€ JTH000T0 alro60ka MOKHO BPYUHYIO 3a]/1aBaTh
CHUT'HAJI B BUJIE KOHCTAHTHI

i ko3 puimenra.
3. Ha m1060m BXo/1€ J11060T0 anro010Ka CUTHal MOKHO HHBEPTUPOBATb.

HckntoueHusiMu U3 3TUX MPaBUI SIBISIOTCA HESIBHBIE BXOIbl U BBIXOJbI TEX
aJITOPUTMOB, KOTOPBIE CBSI3BIBAIOT alMaparypy KOHTPOJJIEpa C OCHOBHOM Maccoil
(GYHKIIMOHAIBHBIX AJITOPUTMOB.

B menmsx ympomieHuss mpoiecca NPOrpaMMHpPOBaHUS U3 OMOIHOTEKU
KOHTpoJulepa MOXHO mnepenucatb B O3Y yxXe TOTOBblE, TaK Ha3bIBAEMbIC
CTaHJapTHbIE KOHPUTYpALMU aHATOTOBOro (puc. 7.9) U UMIYJIBCHOTO PETrYJSTOPOB.
[Ipyu »sTOM mpomecc MNporpaMMUPOBAHUSI CBOJMUTCS K BBI3OBY CTAaHJIAPTHOM
KOH(UTypallui, K YCTAHOBKE 3aJlaHHbIX MApaMETPOB HACTPOMKH aJIrOPUTMOB
(k03h(PUIIMEHTOB M KOHCTAaHT Ha CBOOOJHBIX BXOJaxX ajJro0JIOKOB), a TaKXe K
MU3MEHEHUIO WM JIOTIOJHEHUIO (eciiu TpeOyeTcs) 3TOM CTaHIapTHON KOH(UTYpaLiy C
[OMOIIbIO OOBIYHBIX MPOLEAYP IPOrPAMMUPOBAHHUSL.

Ha puc. 7.9 nokazaHa cTpykTypHas CXeMmMa CTaHAAPTHON KOHQUTYypaluu
«Perynarop ananoroBeiii PEI'A», mpeaHazHaueHHOW MJis TOCTPOEHHSI KOHTypa
PEryJIUPOBAaHMS C AHAJOTOBBIM  BBIXOJHBIM CHUTHAJIOM (CBOOOJHBIE  BXOJIbI
anro0JIOKOB Ha PUCYHKE HE TTOKa3aHbl).

«Perynarop ananorossiii PEI'A» conepXuT mecTh anropuTMOB.

1 OKO — anroputm OomnepaTuBHOIO KOHTPOJISL KOHTYPOB — MPUMEHSAETCS IS
CBA3M JIMIIEBOM mMaHenu KoHTpoiuiepa ¢ amroputMamu 3H, PYY, PAH wu np.



ANTOPUTM TMO3BOJISET KOHTPOJMPOBATh CHUTHAJbl 3aJaHUs M PAcCOIIACOBAHMS,
BXOJHOM W BBIXOJAHOW CHUTHAJbl, MapaMeTpbl MNPOTrpaMMHOrO 3ajaHus (IpH
IPOrPaMMHOM PETYJUPOBAHUM) U T.II.

[ BAA u ABA — COOTBETCTBEHHO, BBOJ AaHAJOIOBBIM TIpynnel A
AQHAJOrOBBIM BBIBOJ TpyHnbl A — MPUMEHSAIOTCS A CBSI3U (DYHKIIMOHAJIBHBIX
QJITOPUTMOB C alIapaTHbBIMU cpeacTBaMM aHasioroBoro Beoja (AL rpymmer A) u
BbIBOJIa (LIAII rpynmer A).

1 3H — anropuT™ «3adaHue» — MNPUMEHSAETCS Il MU3MEHEHHUS pexXuma
3aanus 1 OpMUPOBAHUS CUTHAJIA PYYHOTO 33JIJaHUsl B KOHTYPE PEryJMpOBaHusl.
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Puc. 7.9. Crannapraas koupurypanus 01 «Peryasitop AHAJIOTOBBIN
PET"'A»

1 PAH — anroputm 11 /I-perynupoBaHusi.

] PYY — anroputm «py4HOE YIIPABIECHHE» — UCHOJIB3YETCSA Uil U3MEHEHUs
pexuma ynpasieHus (Py4YHOE — aBTOMAaTHUYECKOE) U U3MEHEHHS BBIXOJIHOI'O CUTHAJIA
PEryJIATOpa B PyYHOM PEKHUME.

IIpoyedypsi mexnonocuuecko2o NPOSPAMMUPOBAHUSL U HACMPOUKLU.

B pexume mporpaMMHupOBaHuUs 3aal0TCSl BCE MPOrPAMMUPYEMBIE TTAPAMETPhI
KOHTPOJUIEPA, OMNPENECIAIONIME €r0 AITOPUTMUYECKYHO CTPYKTYpy, T.€. ICHCTBHUS,
KOTOpbIE OYyJEeT COBEpIIaTh KOHTPOJJIEP KaK 3BEHO CHUCTEMBI YIIpaBICHUS. OTU
napaMeTpbl B OOIIEM Ciy4yae 3aJlaloTcsi TPEXCTYyNEHYAaThiIM METOJOM: BHayaie
BbIOWpaeTCcd Ta WM HMHAs MpoIeAypa MNPOrpaMMUPOBAHUS, B HEW BHIOMpaETCS
HYKHasl Ooflepaius, U B Tpeaenax 3TOW Omepaliy yCTaHAaBIMBAIOTCS TpeOyembie
napamMeTphl.

B koHTpoiepe nMeroTcs BoceMb MpoIeyp MPOrpaMMUPOBAHMUS:
1. TectupoBanue («Tect»).
2. I[Ipubopusie mapameTpsl («IIpud»).

3. Cuctemusbie napamerpsl («Cuct).



4. AnroputMsl («AJ»).

5. Kondurypanus («Koud»).

6. [TapameTpsl HacTpoliku («Hactpy).
7. Hauanbnsie ycioBus («H.yci.y).

8. Pabota c II13Y («I1I13VY»).

B npouenype «Tect» MoxkHO ocymiectBuTh nposepky O3V, II3V, III3Y,
UHTEPPENHCHOTO KaHaja, CTOpOXa IMKJa, MyJdbTa HACTPOMKMA U JIMLIEBOW MaHENH,
CPEelCTB BbIBOJA MH(GOPMAIIIH.

B mpomnenype «IlpubG» 3amarorcsi W KOHTPOJUPYIOTCS — IMapaMeTphl,
XapaKTEePU3YIOIIUE KOHTPOJUIEp B LIEJIOM. 37ech Mpou3Boautcs ounctka O3Y u
yCTAHOBKA CTaHJApPTHOW KoHpUTypanuu, 3amaHue MoAUGUKAIMA KOHTPOJLIEpa,
yCTaHOBKa BPEMEHHU IIMKJa (BpEMEHM OIpPOCa BXOJIOB M BBIAAYM YIPABIISIIOIIMX
CUTHAJIOB) U JIp.

B mpouenype «Cuct» yctaHaBiIMBaeTcs pexxuM nHTepdeiica.

B mponenype «Anr» mpou3BOAST 3alONHEHHE alrO0JIOKOB aJITOPUTMaMH U
yCTaHaBJIUBAIOT TpeOyeMble MOIU(PHUKATOPHI U MACIITAObI BpEMEHU AJITOPUTMOB.

B mponenype «Koud» ompenenstor cOCTOSIHHME Ka)XJAOT0 BXOAa alro0JIOKOB:
CBSI3aHHOE WJIA CBOOOIHOE.

JIs1 cBSI3aHHBIX BXOJIOB 33/1al0T HOMEP aliro0Jioka — UCTOYHHKA U HOMEP €ro
BBIX0J1a, C KOTOPBIM COEMHSAETCS JaHHbIN BX0j. Ha cBoOOHOM BXO1€ onpenenseTcs
BU/I lTapaMeTpa HACTPOUKHU: KOHCTaHTa MU KOA(DPUIIUEHT.

B npouenype «Hactp» ycranaBiMBarOTCs 3Ha4CHUS M1aApAMETPOB HACTPOUKH —
KaK KOHCTaHT, TaK U KOA()PUIIMEHTOB. ITa MPOLEeypa BBIMOIHICTCS JIMIIb JJIS TEX
BXOJIOB aJTO0JIOKOB, KOTOPBIE B MPOLIEype KOHPUTYPUPOBAHUS OBLIU OMPEIETICHBI
KaK CBOOOIHBIE.

B mpouenype «H.ycn.» ycraHaBnMBaroTCsl 3HaU€HHUS CHTHAJIOB Ha BBIXOJAX
anroOJOKOB, ¢ KOTOPHIMHM alrOOJIOKM HAa4HYT padOTaTh MPHU MEPEXo]e B PEKUM
«paboTay.

B mpouenype «IIII3Y» BbINONHAIOTCA omepauyu 3aluCH, BOCCTAHOBJICHHS,
perenepanuu undpopmanuu B O3V, [13Y, ITI3Y.

Muxkpokontpoiuiep «PemukonT P-130» wusroraBauBaercs OAO «3aBoj
DOnekTpoHUKU 1 MexaHukmny, r. Yebokcapbl, Www.zeim.ru.

Kpome 6aszoBoit mogenu «Pemukonta P-130» »stum npeanpusruem

m3roraBnuBaroTcs «PemukonTt P130M», «Pemuxont P-130TM»y», «Pemukont P-
130ISay.

Koumponnep P-130M siBnsieTcss MojepHHU3anueir 0a30BOro KOHTPOJLIEpa
«Pemukont P-130» u uMmeer pacmupeHHble (QYHKIIMOHAIbHBIE BO3MOXKHOCTH. B



koHTposiepe P-130M coxpaneHsl Bce (hyHKIMOHANbHBIE BO3MOXKHOCTH P-130
(BKJTIOYAS MOAAEPHKKY OMOIMOTEKH alIrOPUTMOB) U TaOapUTHO-MIPUCOSIUHUTEIbHBIC
pasmepsl. Kontpomnep umeer dusuueckue untepdericer UPIIC, RS232, RS485 u
OCYILIECTBIISIET MOAACPKKY NMpOoTOKOJI0B « Tpan3ut», Modbus, Ethernet TCP/IP.

B xonTpomiepe P-130M no cpaBHeHuto ¢ 6a30Boil Mozeinbio P-130 yBenudeno
YHUCJIO HE3aBUCHUMBIX KOHTYPOB PETrYJIUPOBAHMS U YUCIIO HE3aBUCHUMBIX JIOTHUYECKUX
nporpaMm Imaroporo ympasieHus A0 8 (B P-130 ux 4), mosBuiach BO3MOXKHOCTB
co3gaHusi OMOIMOTEK COOCTBEHHBIX AJITOPUTMOB.

Konmponnep P-130TM — wcnonHenue koHtposuiepa P-130 co BCTpoeHHBIM
MUKPOMOHHUTOPOM  peanbHOro BpemMeHn W OEM-Bepcun UMHTErpupOBaHHOMN
SCADA/HMI cucrems! Trace Mode.

[lepcnieKTUBHOM BO3MOKHOCTBIO SIBIISIETCSI U UCHOJHAIOWASL CUCEMA A3bIKA
FBD cmanoapma IEC

61131-3.  MexnyHapoaHble  CTaHIApPThl  COAEpPXKAT  MATh  SI3BIKOB
TEXHOJIOTUYECKOTO MporpammupoBanus. OnHako koHtposuiep P-130 umeer s3bik
IPOrpaMMHUPOBAHMS, HE COOTBETCTBYIOIIMM 3TUM CTaHAapTaM. B mepcrnexkTuse
IUTAHUPYETCS aAanTUPOBAaTh KOHTPOJUIED K OJHOMY U3 CTaHJIAPTHBIX S3BIKOB
TE€XHOJOTUYECKOT0 MTPOrpaMMHUPOBAHHUSL.

Cnenyer OTMETHTh, 4YTO HOBBIM TEXHOJIOTHYCCKUW S3BIK BBOJUTCSA B
MOJICPHU3UPOBAHHBI BapHWaHT KOHTpoJUIepa IMyTeM TOJKIIOYCHHUS  HOBOM,
JTUHAMUYCCKHA TIOJKIFOYaeMOM OMOJMOTEKH, YTO IIO3BOJIIET O€3 CYIISCTBEHHBIX
mpoOJieM BBHITIOJIHATH, Ha OJHOM KOHTPOJUIEPE 3aJiaud, MCIOJIB3YIOIIUE Pa3IUYHbIC
oubnuorexu. OQHONM M3 IOJKIIOYAEMBIX OMOJIMOTEK CTAHET OUOIUOMEKA HeuemKou
Jlo2uKuU, KOTOpas BCe IIUPE UCIIOIb3YETCs B 3a7a4aX yIPaBICHUS TEXHOJOTHUYCCKUMHU
IIPOIIECCaMHU.

[IpenycmaTtpuBaeTcsi 803MOMCHOCMb  CO30aHUsl  OUOIUOMEK COOCMBEHHbIX
aneopummos ¢ npozpammuposanuem na asvike C/C++.

Pabota Hax pacuimpeHreM BO3MOKHOCTEN KOHTpoJuiepa OyAeT MPOBOAUTHCS
IIOCJIE0BATENBHO U BHEAPATHCS IOCIE TIATEIBHOIO TeCTUPOBaHUA. OOHOBIEHHUE
IPOrpaMMHOr0 00ECIEYEHUs! CTAHET OCYIIECTBIISITHCS IyTEM



3ausitue 13

Conepxkanue:

YCUJIUNTEJIU MOIIHOCTHU

3agaHue K NPaKTHYECKOMY 3aHSTHIO:
1. CocTaBUTh TOTUYECKYIO CXeMy 0a3bl 3HAHHI 10 COAEPIKAHUIO OJIOKA.
2. CocTaBUTh TEPMHUHOJIOTUYECKUN CIIOBAPb.
3. BbINOAHUTH BCE MYHKTHI, NEPEUUCICHHBIE B pPa3fesie MOArOTOBUTEIBHOTO
ATana K NpakTUYECKOMY 3aHATHUIO.

IIpakTHyeckoe 3ausiTue (J1eJI0Basi Urpa)
Henu: 1. 3akpenuth 1 yriayOUTh U3y4aeMblii MaTepral CTyACHTaMHU.
2. YMeTh U3JIOKUTHh CBOK TOUKY 3pEHHUS IO BOIpocamM oOpabOTKH,

XpaHEHUs U Iepe1adynd HHPOpMaIiu.

VYuactauku: CTyAeHTBHI pacpeeieHbl Ha 3 TOArPYIIIIbL:

-5 moarpynna — 3aka3z4yuku (3aJarolIne BOIpoOChl);

2-s1 moArpynna — CoeuaIucThl (OTBEYAIOIE Ha BOMPOCHI);

3-1 moArpymma — 3KCIepTHas rpynmna (OIEHUBAIOIIUE MPABWIBHOCTD
(hOpMyITHPOBKHU BOTIPOCOB M OTBETOB HA HUX).

Bpewms: 90 munyT.

1. loaroroBuTeabHBINA 3TAN (IOMALIHASA padoTa):

1. IToAroTOBUTH MATEpUJ MO paHEE BBIAAHHOW Ha TEKyllee 3aHATHE (B KOHIIE
NPEabIAYIIEro 3aHATHS) MPENoAaBaTEeIeM TEME:

- COCTaBUTb IJIaH OJIOKA;

- COCTaBUTh TEPMHMHOJIOTMYECKHUI CIOBAph: BBINUCATh BCTPEUAEMbIE B TEKCTE
0JI0Ka TEPMUHBI U JJaTh UM PACIIU(PPOBKY;

2. ITo conepxanuto 610Ka COCTABUTH JIO IECSTH BOIIPOCOB.

3. BBITb TOTOBBIMH OTBETHTH Ha BOIPOCHI MO pacCMaTpuBaeMoil TeMe. YMETh
OIICHUTH BOMPOCHI U OTBETHI YYACTHUKOB OY/Iy4H B MOATPYIIIIE SKCIIEPTOB.

4. OgopMuUTh JOMAIITHIOKO PabOTy B BUJE OTUETA.

2. ITopsiiok npoBeieHUsI MPAKTUYECKOT0 3aAHATHSA
1. Opranuzauust 3aHsATUA (MpOBEpKa MPUCYTCTBYIOIIMX M TOTOBHOCTH K
3aHSATUSM, OOBSBICHUE TEMBI UCXO/ISl U3 COACPKAHUS TEKYILEro 3aHsITHs). (5 MUHYT. )
2. Pacnpenenenue Ha MOATrPYNIbl U JIOBEJICHUE MOPSAKA MPOBEACHUS 3aHATHS.
(5 MuHyT.)
3. IlpucBoeHue moArpynmnaMm IepBOHAYAIBHBIX  poJied  (3aKa3yuKH,
CHEIUATUCTBI, IKCIIEpTHAsT Tpynna). (5 MUHYT.)



4. OOcyxneHue CTyIeHTaMH TMOATPYII BOMPOCOB, BBIHECEHHBIX Ha
NPAaKTHYECKOE 3aHATHE C LETbI0 BRIPAOOTKH OOILIUX MO3UIUH:

4.1. Bonpockl CO CTOPOHBI MOATPYNNbI 3aKa34yuKOB. (15 MUHYT.)

4.2. OTBEeTHI CO CTOPOHBI MOATPYMIBI CHEHUATUCTOB. (15 MUHYT.)

4.3. OueHuBaHue MOATPYMNION SKCIEPTOB BOIPOCOB U OTBETOB YYACTHUKOB. (15
MUHYT.)

4.4. Nuckyccuu. (10 MuHyT.)

4.5.BpipaboTka 0o0med mo3uuMM MU O0IIero MoAXoJa K BOIpocam
paccMaTpuBaEeMbIM Ha TEKYILEM 3aHATUU COTJIACHO €ro TeMe. (5 MUHYT.)

5. OOcyxneHue mpenojaBaTelieM W CTaplIMMU TPYNN OLEHOK YYaCTHHUKOB
3aHATHS. (5 MUHYT.)

6. IlonBeneHue MTOrOB 3aHATHS C OOBSBICHHEM OKOHUYATENBHBIX OLEHOK
YYaCTHUKOB MPAKTUYECKOTO 3aHATHUSA. (5 MUHYT.)

7. OObsIBICHUE TEMBI U COJIEPKAaHUS CIEAYIOLIETO MPAKTUIECKOro 3aHsATHs. (5
MUHYT.)

YCUJINTEJIA MOIIIHOCTHU

BrixogHbpie MOPTH yHOPaBISIONIMX KOHTPOJUIEPOB HMEIOT OYE€Hb HHU3KYHO
MOIIIHOCTh W HE MOTYT HEMOCPEJICTBEHHO YIPABIATh KAKUM-THO0 (Pu3ndeckum
ycTpoiicTBOM. Jljis Toro 4ToObl BO30YXKIAaTh HCIOJHUTEIbHBIE MEXaHU3MBI,
B3aUMOJICHCTBYIOIME C (PUBUYECKUM TMPOLIECCOM (IBUTaTed U T. 11.), BBIXOJHOM
CUTHAJ KOMIIbIOTEpA HEOOXOUMO YCUIIUBATh. Y CUJIUTEIN MOIIHOCTH YIPABIISIFOUTUX
CUTHAJIOB MOTYT OBITh BBINOJHEHBI KaK OT/EJIbHbIE YCTPOWCTBA, TaK U BXOJUTh
HEMOCPEJICTBEHHO B COCTaB UCIOJHUTEILHOTO MexaHu3ma. [Ipu ypoBHSX MOITHOCTH
70 HECKOJIbKUX COT€H BaTT MOXKHO HCIOJb30BaTh YCUJIMTENH, aHaJOTUYHBIC
npUMeHsieMbIM B ayauocuctemax. [Ipyu OONbIIMX MOIIHOCTAX 4Yalle MCIHOJIb3YyeTCs
Ha3BaHUE CepBOYCUINTENb. KOHCTPYKTUBHO TOCTIeIHUE OOBIYHO BBITIOJIHEHBI TAKUM
oOpa3oM, 4YTOOBI HMX MOXXHO OBUIO MOHTHUPOBATH BMECTE€ C JBUTATEIISIMU WIH
AJEKTPOKJIAIaHAMMU.

Yeunaureaun ¢ HIMM

C 1enbl0 yYMEHBIIIEHUS! MOUIHOCTH, BBIACISIONICHCS HA BBIXOJHOM KacKaje
YCTPOMCTBA PEryJIMPOBAHUS, YACTO MNPUMEHSIOT PErYJISTOPhI, BBIXOAHOM CHUTHAI
KOTOPBIX TIPEACTaBIs€T COOOW HMIYJbChl C TEPEMEHHON JIUTEIbHOCThIO U
MIEPEMEHHBIM MIEPUOAOM.

Kak npaBuio, 00BEKT B 3TOM cllydae M0 OTHOIICHUIO K UMITYJIbCHOMY CUTHAITY
BbinosiHAeT ¢yHkuuio PHY u mosToMy OCyHIECTBISIETCS KBa3HMHENPEPHIBHOE
peryJIMpOBaHMUE.



IMupoTrHo-umnyabcHass Mmoayasauusi ([IUM, pulse-width modulation -
PWM). B 3TOM ciydae BBIXOJHOE HAIPSDHKEHUE MEPEKII0YaeTCd MEXIy IBYyMs
NOCTOSSHHBIMU 3HAYEHHUSMH C BBICOKOM 4acTOTOW, OOBIYHO B JAMANa30HE HECKOJIbKUX
kujorepy. CpelHUW  YpOBEHb HANpPSXKEHUS  MOAJEPKUBAETCS  U3MEHEHHEM
(Momynaument) mupunbl uMnyiabcoB. Ha Puc 8.1 npuBeaeH npumep Takoro cursania.
"V3kue" UMITyIbChl COOTBETCTBYIOT HU3KOMY a «IIIMPOKHUE» - BBICOKOMY CPEIHEMY
HanpspbkeHuto. Y crpouctBo MM BkITFOUEHO B CX€My yNIpaBJIEHHUS MOIIHOCTBIO Ha
OCHOBE TBEPAOTEIBHBIX BBIKIKOYATEIEH THMA TPAH3UCTOPOB, MOIIHBIX IOJEBBIX
MOII-TpaH3ucTopoB WJIM TUPUCTOPOB. B mpeoOpaszoBaTensx isi MOUTHOCTEH
nopsanka 300 kBT ucnonb3yroTcss Tak Ha3bIBaeMble OWIIOJISIPHBIE TPAH3UCTOPHI C
U30IMpOBaHHbIM 3aTBOpoM ([nsulated Gate Bipolar Transistors - IGBT). Jns
00JIBIIKNX YPOBHEW MOIIHOCTH 1I€JIECO00Pa3HO MPUMEHSTH 3allUpaeMble THPUCTOPHI
(Gate Turn Off thyristors - GTO thyristors).

Texnonorus HIMM wucnonb3yercs B TeX cilydasix, KOrjaa OOBIYHBIA YCUIUTENb
IIPOCTO CTOPUT M3-3a BBICOKOIO YPOBHS MOIIHOCTH. [lepexntoueHus mpuBOIAT K
TOMY, 4YTO TBEPJIOTENIbHbIE MNPUOOPHI 3arpyKEHbl MMOJHOW MOILIHOCTBIO JIUIIb
KOPOTKOE BpPEMS U, COOTBETCTBEHHO PACCEHBAHME MOLIHOCTH B HUX MAJIO, a 3HAYUT,
[UM-ycunurenu  UMET  BBICOKYIO  3(Q(EKTUBHOCTb.  J[OMOJHUTEIBHBIM
npeumymectsoM HIMM-ycuinreneil sBISETCS BO3MOXKHOCTb HENOCPEICTBEHHOIO
yIPaBICHUS NEPEKTIOYEHUSIMU Yepe3 LUPPOBOIl BBIXOJHON NOPT KOMIIBIOTEPA.

[IMM-ynpaBieHue MHUPOKO MCIIONb3YETCS B TEXHUKE HWCIOJIHUTEIbHBIX
MEXaHU3MOB HENPEPHIBHOTO JEHCTBUSA- TaKUX KAaK JIBUTATE€IM MEPEMEHHOIO0 U
IIOCTOSIHHOTO TOKA U ruaponpuBod. Ecnu vacrora nepeximoyennii HIMM-ycunurens
JOCTATOYHO BBICOKA IO CPABHEHUIO C MOCTOSHHOW BpPEMEHU HCHOJIHUTEIBHOTO
MEXaHWU3Ma, TO PE3YJIbTUPYIOLINIM CUTHAT UMEET HEKOE cpeliHee 3HaueHue (puc. 8.1).
BxonHoe HampsbkeHHE —TEpeKIouYarcsl MEXAYy HYJEBbIM M MaKCUMaJbHbIM
3HAUCHUSMH, B PpE3yJbTaTe BhIPAOATHIBACTCA OIPEACICHHOE CpEHEee 3HAYCHHE
BBIXOJHOM MOIIHOCTH. EcCnM 4acTtoTa NEpeKIoYeHuss JOCTATOYHO BBICOKA II0
CPaBHEHMIO C TIOCTOSSHHOM BpEMEHU YIPaBIsIeMOM CHUCTEMBI, TO KoJieOaHUs
BBIXOJIHBIX BEJIMYUH MTPEHEOPEIKUMO MaJIbI.

Mexchasnoe T
Hanpaxcenue 600 L

T
400 [

20|




Puc. 8.1. Orubaromas pe3ylbTUPYIOIIEr0 HANpPsHKEHUS B LUKIE IIUPOTHO-
uMItyJabcHOU Moyisiiuu (IIM)

Hampsokenue — mepexirodaercss  MeXAy  Tpems — 3HAYeHUs MU (HOJIb,
MOJIOKUTENIbHBI MAKCUMYM U OTPHULIATENbHBIA MUHUMYM). CHHYCOUAQIbHASI KPUBas
— 3(ppexTUBHOE HaIpsKEHUE, TPUITO)KEHHOE K Harpy3Ke

YacroTHblil npeobpaszoBatens (frequency converter) - 3T0 peryyisaTop 4acTOThI
BpalleHUs] U MOMEHTa JIBUTATEIN s, OCHOBaHHbIA Ha npuMenenun IITMM-rexHonoruu:
OH MPUMEHSIETCS I JBUraTelel MepeMeHHOro Toka. YacToTHble MpeoOdpa3zoBaTeu
MOXKHO TMOJb30BaTh KaK B HOBBIX CHCTeMax, TaK M JII MOAU(PUKALUU CTapbIX.
[TockonbKy OOJBIIMHCTBO HACOCOB W KOMIIPECCOPOB YK€ HMMEIOT ACHHXPOHHBIC
JBUTaTENId, TO B HEKOTOPOM CMBICJIE OHU MOATOTOBJIEHBI K TPUMEHEHHUIO YaCTOTHBIX
npeoOpazoBateneil. [lpu peanuzanuu CIOXKHBIX PEKUMOB C HIMPOKHM PadOUYUM
JTUATIA30HOM, TIPU HU3KUX CKOPOCTSX M OOJBIITMX MOMEHTaX MOXKET MOTPeOOBaThCS
JOTIOJTHUTEIPHOE OXJIQXKJEHWE TI0 CPOBHCHHIO C OOBIYHO TIPUMEHSIEMBIM B
JBUTATEIISX.
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Per [1INMM 1M oy

31€eCh IPUHATEHI CIIEAYIONIME 0003HAYCHHUS: Puc.

Per — perynstop ¢ HenpepsiBHBIM ympaisitomuM Bosaedcteuem (11, TIH,
[N /I-perynsitopsi);

[ITMM — mupoTHO-UMITYJIbCHAS. MOLYJISILINS;
UM — UCIIOHUTENBHBIA MEXAHU3M.

Paccmorpum cxemy LIHMUM Ha OVY:
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O yHKIMOHAIBHBIN COCTAB:

reHepaTop MPSIMOYTOJIbHBIX UMITYJIbCOB.
Brmonnen Ha saemenTax: R1, C1, R2, R3, DA1/
dhopmupoBaTesb MUI000Pa3HOTO HANPSIKCHUS:
C2,R7, C4, DA2.

KOMIIapaTop:

R4, RS, C3, DA3.

BBIXOJIHOM YCHJIMTEIIbHBIA KaCKal:

R6, VDI, VTI.

Tpansucrop pabGoTaer B KIIOYEBOM pexuMe. HempepbIBHBIA perynasTop
dopMupyeT CUTHAN YHpaBlIEHHUS, KOTOPBIM MOCTyHaeT Ha MOJOKUTEIbHBIA BXOJ
komnaparopa. OZHOBPEMEHHO Ha WHBEPTHUPYIOMIMI BXOJ KOMIIapaTopa MOCTyMHaeT
NUI000pa3Hoe HanpsbKeHne, chopMUpoBaHHOE reHeparopoM (1) u popmupoBatenem
(2). PesynbTar cpaBHEHHS ATHX JABYX CUTHAJIOB MOCTYMAET HAa BBIXOJHOW yCUIUTEINb

4.

CKBaXHOCTb BBIUUCISETCS IO POpMYyIIE:

Tu
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T umii

I'ne T — mmurensHOCTH MMITybCa, @ TUMII — nepuog LLIMM.



Ceitgac ke UCIOJIB3YIOT CTaTHYECKUE IMPeoOpa3oBaTeln (3JIEKTPOHHBIE).

IIpumep - IlpeoOpa3oBaTesib 4aCTOTHI AJI1 ACHHXPOHHBIX JIBUTraTeJIe.

Yactota BpalleHUs pEryaupyercs C
HanpsbkeHune cetd. Mcrnonb3oBanu ajeKTpoMexaHudeckue npeodpaszosarenu (OMII).

QOyHKINH:
o

o
o

IIOMOIIBKO YaCTOTHI

OUTAIOIEN

PEryJIMpOBaHUC 1TaPpaMCTPOB IMUTAHUA ACHMHXPOHHOI'O JABUTATCIIA

B IEJIAX:

yOpaBICHUS YCWIHEM U TOJIO)KEHHEM pabouyero opraHa Iio
TpeOyeMoMy 3aKOHY;

9KOHOMHH OHCPIUMU,

IIPOIIECC;

3aTpayMBac€MOM Ha TEXHOJIOTMYECKUI

YMCHBIICHUA ITOTCPDb B IIPOTCCCC npeo6pasoBaHH51 OHCPIuun,
oOecrieyeHHEe TOYHOIO U y,Z[O6HOFO criocoba YIIPABJICHUA

ABHUI'aTCJICM.

CoBpeMeHHbIE YaCTOTHBIE TTPeoOpa3oBaTeIN OCHAIIEHBI YCTPONHCTBAMH BBO/IA,
BBIBO/1a UH(OPMAITUU:

® JIMCKPETHBIN CUTHAJI BBOJA: CTApT, CTOI, PEBEPC;

® JIMCKPETHBIN CUTHAJI BBIBOJA: ABAPUUHBIN BBIXO/;

® BXOJHBIE AHAJIOrOBBIC CHUTHAJbl MO3BOJISIIOT YIPABIATH
JIBUTATEJIEM, HCMOJIb3YsSl CTaHJAPTHBIE CUTHAJIbl TOKa W
HANPSDKCHUS

¢ [IPOMBIIIJICHHBIC

uHTepdeich

IIO3BOJIAIOT

BCTPOUTH

CUCTEMBI yNIpaBJICHUs] Ha 0a3e MPOMBIIUICHHBIX TMOJEBBIX
mH (RS485 ¢ nmporokoiom MOD, BUS, EitherNet,CAN).
CtpykTypHO-GYHKIIMOHATBHAS CXEeMa.:

VT1-VT6

A
B

C

VD1-VD6

e

e

e

DT1

DT2

J\ 7~

J\ 7~

CHITHATI 3aJaHIIA

CxeMa YIIpapIIeHHA




Puc.

PaboTa cxeMbI:

Huonet VD1 — VD6 BeIpaMIAiOT ceTeBoe TpexdazHoe HamnpsKeHUe.
Konnencatop C criaxuBaer mynbcanuu, Tpanzuctopel VI1 — VT6 dopmupyrot
UMITYJIbCHBIN TpeX(a3HbIil CUTHAT YIIPABICHUS TBUTATEIIEM.

ObpatHas cBs3p mo Toky OC cHumaercs ngatuukamu DTI1, DT2. Cxema
yhnpaBiaeHUsT (OPMUPYET YIpaBIfIOIee BO3JACHCTBUE ISl TpaH3UCTOpoB. Cxema
yOpaBiICHUs] IO CUTHANY 3aJaHusl, WCIOJb3ys HHPOPMAIMIO C JaTYUKOB TOKa
dbopmupyeT TpeOyeMblii 3aKOH YIPABICHUS TBUTATEIIEM.

bunossipHBINA TPAH3UCTOP € U30JIMPOBAHHBIM 3aTBOPOM.

IGBT (Isolated Gate Bipolar Transistor) — OUMOJSIPHBIE TPAH3UCTOPHI C
W30JIMPOBAHHBIM 3aTBOPOM. B cocTaBe BBICOKOBOJBTHBIX TPAaH3UCTOPOB BXOJST
00paTHO BKJIIOUEHHBIE TUObI OT BHIOPOCOB HAMPsHKEHUs (0OpaTHOM MOJISPHOCTH).

3anmauelt npeoOpazoBarens sBisieTcss ¢HOpMUPOBATh Ha BBIXOJE TpexdazHoe
yIpaBJIeHHE, T/I€ Kaxaas a3a cBUHYTa OTHOCUTENBHO apyroi Ha 120°.

Yacrtorta kommyTtauuu: 0.5+ 20k]';
Yacrora moayssamuu: 0+ 10001,
Bb160p 4acTOTHI KOMMYTAIIMU:

Huskas dgacrtota, JOCTOMHCTBA: Mallblii ypOBEHb IOMEX, Majblii YPOBEHB
noTepk mpeoOpa3zoBaTersl.

Huskas qacTtoTa, HCAOCTATKH. MOBBIIIICHHBIN arym, BI/I6paHI/I$I ABUTaTCIIA.

Bricokas 4acToTa, HOCTOMHCTBA: HHU3KUH YpPOBEHb IIyMa, YJY4IlICHUE
TEIUIOBBIX U 3JIEKTPOMEXAHUYECKUX MTOKA3aTeNEeN JBUTATENS.

Bricokas yacToTa, HETOCTATKH BBHICOKUH YPOBEHB MTOMEX, IMTOTEPH MPeoOpa3oBaTels,
noTepu B Kabere.



3ausitue 14

Conepxanue: 5
NUCITIOJIHUTEJIBHBIE YCTPOUCTBA

3agaHue K NPaKTUYECKOMY 3aHSTHIO:
1. CocTaBUThH JIOTUUECKYIO CXeMy 0a3bl 3HAHUM MO COJEPKAHMIO OJIOKA.
2. CocTaBUTh TEPMHUHOJIOTUYECKUN CIIOBAPb.
3. BbImonaHUTH BCE MYHKTHI, NEPEUMCICHHBIE B pa3fesie MOArOTOBUTEIHHOTO
ATarna K NpakTUYeCKOMY 3aHSTHIO.

IIpakTHyeckoe 3aHsiTHe (J1eJI0Basi UTPa)
[emu: 1. 3akpenuTs U yrayOuTh H3ydyaeMblil MaTepHall CTYJCHTAMH.
2. YMeTh HU3IOXKUTH CBOIO TOYKY 3pEHHs IO BOIpocaM 0O0paldoTKw,

XpaHeHUs U Mepeaayu HHPOpMaIiu.

VYyactHuku: CTyIeHTBHI paclpeaeneHbl Ha 3 MOArPYIIIIbL:

-4 moarpynna — 3aKa34yuKy (3a4ar0I1e BOMPOCHI);

2-s moArpynmna — CneuuanucThl (0TBEYAIOLIME Ha BOIPOCHI);

3-1 mpoarpymma — 3KCIepTHas rpynna (OLEHUBAOLIUE IPABUIBHOCTD
(opMyJIMPOBKHU BOIIPOCOB U OTBETOB HA HUX).

Bpems: 90 MunyT.

1. lloaroroBuTeabHBINA 3TAN (IOMANIHSASA padoTa):

1. I[ToAroTOBUTH MaTEpHUJ MO paHEE BHIJAHHOW Ha TEKyIlee 3aHATHE (B KOHIIE
IPEABIIYIIErO 3aHATHS ) IPETIOIABATENIEM TEME:

- COCTaBHTh IIJIaH OJI0Ka;

- COCTaBUTh TEPMHHOJIOTMYECKHUM CIOBAph: BBIUCATh BCTPEUAEMbIE B TEKCTE
0JI0Ka TEPMUHBI U AaTh UM PAcIIU(PPOBKY;

2. Tlo conepxkanuto 6JI0Ka COCTaBUTH JI0 IECSTH BOIIPOCOB.

3. BBITb TOTOBBIMH OTBETHTH Ha BOIIPOCHI M0 PACCMAaTPUBAEMON TEME. YMETh
OIICHUTb BOMPOCHI U OTBETHI YUACTHUKOB Oyay4H B MOJTPYIINE SKCIEPTOB.

4. OdbopMuTh TOMAITHIOW PadOTy B BUJE OTUETA.

2. [lopsiiok npoBeAeHNs NPAKTHYECKOT0 3aHATHS

1. Opranmzauuss 3aHsATUA (MpOBEpKa MPUCYTCTBYIOIIMX M TOTOBHOCTH K
3aHATUAM, OOBSIBJICHHE TEMbI UCXO/IS U3 COJIEPKAaHUS TEKYILEro 3aHATHSA). (5 MUHYT.)

2. Pacnpenenenue Ha NMOATrPYNIbl U JIOBEJIECHUE MOPSAKA MPOBEACHUS 3aHATHS.
(5 MuHyT.)

3. IlpucBoeHuwe mnoArpynmnaM IE€pBOHAYAIbHBIX  poJied  (3aKa3yuKH,
CHELUAINCTBL, IKCIIEpTHAs Tpynna). (5 MUHYT.)

4. OOcyxneHue CTyA€HTaMH TOATPYII  BONPOCOB, BBIHECEHHBIX Ha
IPAKTUYECKOE 3aHATHE C LEJbI0 BHIPAOOTKH OOIINX MO3ULIMIA:

4.1. Bonpockl cO CTOPOHBI MOATPYNNbI 3aKa34yUKOB. (15 MUHYT.)

4.2. OTBETHI CO CTOPOHBI TMOATPYIIIBI CHENUATUCTOB. (15 MUHYT.)



4.3. OueHuBaHue MOArPYNION 3KCIEPTOB BOIPOCOB M OTBETOB YYACTHHUKOB. (15
MUHYT.)

4.4. Tuckyccuu. (10 MUHYT.)

4.5.BripaboTka o0mielt mno3uuMM U OOIIero mojaxoda K — BOIpocam
paccMaTpuBaeMbIM Ha TEKYIIIEM 3aHATHUU COTJIACHO €ro TeMe. (5 MUHYT.)

5. OOcyxneHue mpenojaBaTelieM W CTaplIMMU TPYyNN OLEHOK YYacCTHHUKOB
3aHATUA. (5 MUHYT.)

6. IlonBeneHue MTOroB 3aHATHS C OOBSBICHHEM OKOHYATENBHBIX OLEHOK
YYaCTHUKOB IPAKTHUYECKOT'0 3aHATUSA. (5 MUHYT.)

7. OObsIBICHUE TEMbI U COJIEP)KAaHUS CIEAYIOLIEr0 MPAKTUUECKOro 3aHATHs. (5
MUHYT.)

WCIOJHUTEJBHBIE YCTPOMCTBA

HcnonHurenpHple  MEXaHU3MBI —  3TO  YCTPOMCTBA, MEXAHUYECKHU
BO3/ICHCTBYIOIIME Ha (PU3NYECKUE MPOIECCHI ITyTEM MPE0OPa30BAHUS DIEKTPUUECKUX
CUTHAJIOB B Tpedyemoe YINpaBIsoIIee BO3JAEHCTBUE. AHAJIOTMYHO JaTYUKaM,
WCTIOJIHUTETFHBIE MEXaHU3Mbl JIOJDKHBI OBITh  MOJ00paHbl  COOTBETCTBYIOIIMM
oOpazoM i Kaxmod 3amgaud. VICTIONMHWTENbHBIE MEXaHW3Mbl MOTYT OBITH
OWMHApHBIMU, JWCKPETHHIMH WJIM AHAJIOTOBBIMU; KOHKPETHBIM THM [JIST KaXIOu
3a/laud = BBIOMpAETCsI C  Y4eTOM HEOOXOJWMOW  BBIXOJHOM MOIIHOCTH U
OBICTPOJICHCTBUS.

Byner paccMOTpEeHO 3JIEKTpOMEXaHMYECKOEe MpeoOpa3oBaHME HHEPIUU C
MIOMOIIBIO JIBUTATENIEN MOCTOSHHOTO TOKA, ACMHXPOHHBIX, CHHXPOHHBIX W IIArOBBIX
nBurateneii. MHoOrve UCHOJIHUTEIbHbIE MEXaHU3Mbl CaMU 10 cebe SBISIOTCS
CUCTEMaMHU YIpaBJIEHUS, T. €. BKIIOYAIOT B €0 KOHTYpbI PEryJIMpPOBAaHUS CBOUX
apaMeTpoOB OCHOBE YNIPABJISIOIIETO CUTHAla OT BHEIIHEH CUCTEMbl yIPaBJIECHUS;
HEKOTOPBIE CEPBOMEXAHU3MBI, WU3MEHAIOIINE CKOPOCTh U ITO3ULHMOHUPOBAHUE,
BKJIFOYAIOT B €051 M AJIEMEHT YINpaBleHUs dTUMHU Mapamerpamu. B npyrux ciydasx
KOHTYP PETYJIUPOBAHUS MOXKET OBITh PEAIM30BaH YNPABIISIONIUM KOMITBIOTEPOM.

HcnonauTenbHOE  yCTPOMCTBO WM MexaHuU3M (actuator) mpeoOpasyer
AIIEKTPUYECKYI0 SHEPTUI0 B MEXAaHMYECKYI0 WM B (U3WYECKYIO BEIMYUHY JUIS
BO3JICHCTBHS HA YIPABIKIEMBIM IPOLECC. ODJIEKTPOABUTATENM, YHPABISAIOLINE
"cycTtaBamu'" MPOMBINUIEHHOTO po00Ta, U €CTh HUCIIOJIHUTEIbHbIE MEXaHU3Mbl. B
XUMUYECKUX MPOLIECCAX OKOHEYHBIMHU YIPABISIOLIMMU 3JIEMEHTaMH MOTYT OBITh
KJIaNlaHbl, 33Jat0UI1e pacxo peareHToB. ClieyeT noq4epKHyTh, YTO

UCIIOJIHUTEIbHBIE YCTPOWCTBA OOBIYHO JIMIIb OMOCPEIOBAHHO BIIMSIIOT Ha
nepeMeHHble PU3NUECKUX MPOIECCOB, U3MEpsieMble JaTunkaMu. Harpumep, natuuku
U3MEpAIOT TeMIeparypy, KOOpAWHATHI WM XHUMHUYECKYI0 KOHIICHTpAlUIO, a
UCIIOJTHUTEIbHBIE YCTPOMCTBA YHOPABISIOT MOABOAOM TEIIA, JBHKEHUEM WU



NOTOKaMU HCXOAHBIX peareHToB. M yxe OoT auHaMHKu (U3NYECKON CHCTEMBI
3aBUCHT, KaK U3MEPSEMBbIE BEJIMYMHBI U3MEHATCS M3-3a YIPaBISAIOIMIMX BO3IECUCTBUN
VCIIOJTHUTEIBHBIX YCTPONCTB.

B cocTtaBe MCHOJHUTENBHOIO YCTPOWCTBA MOKHO BBIACIIUTH JABE YacTU (puc.
9.1):

npeobOpazoBatens (transducer) u/wnm ycunurens (amplifier),

CHJIOBOW TIpeoOpasoBaTenb (converter) W/WiaM HCTOTHUTEIBHBIA MEXaHU3M
(actuator).

[IpeoOpazoBarens mpeBpamiaeT BXOJAHOW CHTHaJd B MEXAHUYECKYH0 WIIU
bu3HUeCKyI0 BEIMYMHY, HAIpUMEp, JJIEKTPOMOTOpP MpeoOpa3yeT 3IEKTPUUYECKYIO
SHEPrUI0 BO BpAIIATEIbHOE [ABWXKEHUE. YCUWIUTENb W3MEHSAECT MAJIOMOIIHBIN
YOPABJISIFONINI CUTHAJI, TOJIy4aeMblii OT BBIXOJHOTO WHTEpdeiica KOMIbIOTEPA, 110
3HAYCHHSI, CIMOCOOHOTO TIPHUBECTH B JCHCTBHE NpeoOpa3oBaTeib. B HEKOTOPHIX
ClIy4asix YCWIWTEIh W TMpeoOpa3oBaTelh KOHCTPYKTUBHO COCTABIISIIOT OJHO IIEJIOE.
Takum 00pa3oM, HEKOTOPHIE OKOHEUYHBIC YIPABISIOMIUE DSJIEMEHTHI MOTYT
NpEACTaBIATh COOON CaMOCTOSITENIbHYIO CHUCTEMY YIIPABJICHUS - BBIXOJHOW CHUTHAJ
KOMBIOTEpPA SIBJISICTCSI OMOPHBIM 3HAYEHUEM JUISi OKOHEYHOTO  YIIPABJISIIOIIETO
AJIEMEHTA.

UCNONHUMERABHOE yﬁﬂpﬂﬂuﬁﬂﬂﬂ
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MEXAMUIM

Puc. 9.1. CocTaBHbIE 3JIEMEHTHI UCTIOJHUTEIBLHOTO YCTPOICTBA

TpeGoBaHUg K HMCIOTHUTENBHBIM YCTPOMCTBAM - TOTpeOsisieMasi MOIIHOCTD,
paspemniaroniasi CriocoOHOCTb, TOBTOPSEMOCTh pe3yibTaTa, paboduil quanazoH u T. 1.
- MOTYT CYILIECTBEHHO DPa3inyaTbCsl B 3aBUCUMOCTH OT KOHKPETHOTO MPHUIIOKEHHUS.
JIist  ycremHo: ympaBlIeHHUsS TPOIECCOM TPABWIIBHO BBHIOPATh HMCHOJHUTEIHHBIC
YCTPOMCTBA TAK)KE BAXKHO, KaK U TATUHUKHU.

JIns mepeMeleHys KJIanaHOB 4YacTO IPUMEHSETCS CKaThli Bo3ayx. Ecmm
HEO0OXOIMMO Pa3BUBATh 3HAUUTENIbHBIE YCUIIUS, OOBIYHO MUCIOJIb3YIOT THAPOIPUBO/.
DNEeKTPUYECKU CUTHAJ KOMIIBIOTEPA JIOJKEH ObITh MpeoOpa3oBaH B JABJICHHUE WIH
pacxox  Bo3gyxa WM Macia. buHapHoe — ympaBieHue — 00ecHedrBacTCs
ANEKTPOMEXAHUYECKUMHU PeJie WIN HIEKTPOHHBIMU NIEPEKI0YATEISIMU.



9.1. lllaroBnie ABUraTe N

[IlaroBeie ~ gBuratenu  (stepping  motors)  SBIAIOTCS  HPUBOJHBIMU
UCIIOJIHUTEIbHBIMU MEXaHU3MaMHU, OOECNEeYMBAIOIIUMH (DPUKCUPOBAHHBIE YTIOBBIE
nepemenienus (maru). Kaxgoe u3MeHeHHe yria moBOpOTa pOTOpa - 3TO PEeaKLus
IIarOBOr0 JBUIATEsl Ha BXOJHOW MMNyJbC. [IOCKONBKY Ka)KIblid Iar JBUraTels
COOTBETCTBYET OINPEAEIECHHOMY YIJIy IIOBOPOTa pOTOpa, a ABMXKEHHUE CTPOIO 3aJaHO
YOPABISIOUIMMU  HUMITYJIbCAMHU, YIPABJIATH MO3UIMOHUPOBAHUEM M CKOPOCTBIO
BpallleHUs1 OYEHb MIPOCTO. DTO, OJHAKO CHPABEUIMBO IPU JAONYIIEHUH, YTO HU OJUH
Iar He ObUI MPOIYLIEH, T. €. MOJO0XKEHUE POTOpa MOTHOCTHIO ONPEAEICHO BXOHBIMU
uMIyjascaMu. B 3TOM cinyyae HeT HEOOXOAMMOCTH B OOpaTHOM CBSI3U IO YTIIIy
IIOBOPOTa POTOpPA - PA30MKHYTBHI KOHTYp yIpaBieHHUs. B yCIOBHSX NEpEXOIHOIO
nporecca Mpu MOMEHTe, OJTM3KOM K HOMUHAJIBHOMY, YacTh UMITYJIbCOB MOXET OBITh
nponyiieHa. Eciu maroBoMy JBUTATEN0 TPUXOAUTCS pabOTaTh B TAKUX YCIOBUSX,
HEOOXOMMO MPelyCMaTpUBaTh KOHTYP OOpaTHOM CBSI3U JIJIs1 KOMIIEHCALIUU OIINOOK.

[Ipenmy1ecTBa MaroBbIX ABATATEIECH:

O BBICOKasg TOYHOCTb, JaXe€ B PA30OMKHYTOH CTPYKType
yIpasiieHusl, T. €. 0e3 laTurKa yria moBOpoTa;
O €CTECTBEHHasi MHTEerpamus ¢ [OPWIOKEHUSIMUA IU(PPOBOro
yIIpaBJICHUS;
O OTCYTCTBHME MEXAHUYECKHX KOMMYTATOpPOB, KOTOPBIE YacTO
CO3/Iat0T TIPOOJIEMBI B IBUTATEIISAX JPYTHUX TUIIOB.
HenocraTku miaroBeIxX ABUTaTEJICH:

e MaJbld BpallalOIIMM MOMEHT HO CpPAaBHEHHMIO C [JBUIaTeIIMH NPHUBOJOB
HEIPEPBIBHOTO THUIIA;
® OIpaHUYEHHAas CKOPOCTb;
® BBICOKHI ypOBEHb BUOpALIMU U3-32 CKAYKOOOPA3HOTO JBUKECHMUS;
e Oonplmue OMMOKM U KoJeOaHWA TMpPH TOTEpPe HMIYJIbCOB B CHCTEMAax C
Pa30MKHYTBIM KOHTYPOM YIIPABJICHUS.
[IpenmyiecTBa maroBeIX JBUTaTeNIed HAMHOI'O NMPEBOCXOIAT UX HENOCTATKH,
MO3TOMY OHM YacTO NPHUMEHSAIOTCS B TE€X CIydasx, KOIJia JOCTaTOYHO HEOOJbLION
MOITHOCTH IPUBOJHBIX YCTPOUCTB.

9.2. /IBUraTresim NOCTOSSHHOTO TOKA

DOneKkTpuYeckue M MEXaHMYeCKHe JUHAMUYECKHME CBOWCTBA JIBUraresiei
MOCTOSTHHOTO TOKa ObLIM omucaHbl Bbile (mpumep 3.3. pasaen 3.2.1. u npumep 3.5.
paznen 3.2.2). JIpuratenu MOCTOSIHHOTO TOKa MIMPOKO HMCHOJB3YIOTCS B KaueCTBE
CEpBOMOTOpPOB, HECMOTPSl HAa 4YTO B HACTOAILEE BpEMs BCE 4Yalle M 3TOro
NPUMEHSIIOTCSI ABUTATENN MMEPEMEHHOTO ToKa. OCHOBHBIM HEJOCTAaTKOM JIBUTaTeNei
MIOCTOSIHHOTO TOKa SIBJISIETCS HAJTUYME MEXAaHWYECKOr0 KOMMyTaropa (KOJJIEKTOpa),



KOTOPBII OTPaHUYMBAET KAK MOIIHOCTh, TaK WM YacCTOTY BpALIEHUS JBUTATENsS. DTOT
HEJIOCTaTOK OTCYTCTBYET Yy OECIIETOYHBIX [BUTATENell MOCTOSHHOTO TOKa T.C.
JBUTATENIE C POTOPOM B BHUJE IMOCTOSIHHOTO MAarHuTa, Yy KOTOPBIX KOMMYTallHs
OCYLIECTBJISIETCS AJEKTPOHHBIM IMEPEKIIOUEHUEM TOKOB cTaropa. beciieTouyHslii
JBUTATENlb IOCTOSIHHOTO TOKa MMEET CXOACTBO C IIAroBbIM JBUTATEIEM H
HEKOTOPBIMU TUIIAMHU ACUHXPOHHBIX JBUTATEIIECH.

VYpasneHue JIBUTaTeIeM MIOCTOSIHHOTO TOKa OCYILIECTBIISIETCS
pPEryJIMPOBAaHUEM HAIPSKEHUS] MPUIOKEHHOTO K POTOPY, M MHOTA, HANPSKECHUEM
BO30YKJICHUS. [IpumeHnenue MIEPEMEHHBIX PE3UCTOPOB, BKJIFOUEHHBIX
IIOCJIEIOBATENIBHO C MCTOYHHMKOM IIMTAaHMs, UMEET MHOIO HENOCTAaTKOB. Pesucrop
pacceMBaeT 3HEPTHUI0, IPUYEM BBIJCIUBILEECS TEIUIO JOJKHO OBITh OTBEICHO H3-3a
BO3MOXHBIX HEXenaTelbHbIX 3¢ dekToB. PacmpocTpaHeHHBINM croco0 ympaBlieHUS
HaNpsOKEHUEM TUTaHUS - HUCIOJIb30BaHHWE TBEPAOTENbHBIX mHpubopoB u IIMM-
ynpasieHus. Hanpspkenne nutanus "HapesaeTcs" TakuM o0Opa3oMm, YTO €ro cpejHee
3HAYCHHE HMEET 3aJaHHbIi ypPOBEHb. B KadecTBe NEpEeKIoYaTeed B CXeMax
YIPABJICHUS] IBUTATEISIMU TOCTOSTHHOTO TOKa OOBIYHO UCIIONB3YIOTCS TUPUCTOPHI.

9.3. ACHHXPOHHbIC U CHHXPOHHbIE IBUTaATeJIU

JIBurarenu mepeMeHHOro Toka (a.c. motor), Kak MpaBUIO, MPUMEHSIOTCS B
TSOKEJIBIX OKCIUTyaTallMOHHBIX YCIOBHUSX, OJIHAKO OHU HaxoIAT Bce OoJbliee
pacnpocTpaHEeHUE B CUCTEMaxX MPOMBIIIJIEHHOTO YNPaBIEHUs, HAIPUMEDP B KaUeCTBE
cepBoMoTOpoB. HekoTopeie mnpeuMyniecTBa JBUTaTeNied IMEPEMEHHOr0 TOKa
NEPEUYUCIIEHBI HIXKE:

YKOHOMMYHOCTb;

HAJIe)KHAs1 U POCTast KOHCTPYKLKS,

BBICOKAs DKCIUTyaTallMOHHAS HAJCKHOCTD;

IIPOCTOE JHEPTONUTAHNUE;

OTCYTCTBHE KOMMYTATOPA;

MIPaKTUYECKOE OTCYTCTBHUE TYTOBBIX SBICHUH (IOCKOJIBKY HET KOMMYTAaTOPOB).

OTtpuiiaTeNbHBIMUA YepTaMH JIBUraTeNeil MEepEeMEHHOI0 TOKa SIBIIAIOTCS Oojee
HU3KUH MOMEHT Hauaja ABWXKEHUS, YEM Yy JABUTaTelIeld MOCTOSHHOTO TOKa, U Ooiee
CJIOKHBIE Lenu ynpasieHuss. OQHaKO MPEUMYIIECTBA CUCTEM MPUBOJIA IEPEMEHHOTO
TOKa TaKOBBI, YTO OHU YCIICIIHO KOHKYPHUPYIOT C ABUTATEISIMH ITOCTOSIHHOTO TOKA B
po0OTax, MAHUITYJIATOPAX U IPYTHMX MPOMBIIIJIEHHBIX CUCTEMAX CUIOBOIO IPUBOJA.

[Ilupokoe TPUMEHEHUE [BUTATENE TEPEMEHHOIO TOKAa B  KadyecTBE
CEpBOMOTOPOB CTaJl0 BO3MOXKHBIM IO MEpPE PA3BUTUS CHIJIOBOM SJIEKTPOHUKU B
COYETAaHUU C HOBBIMH METOJaMH YyIpaBlicHHs. [IpuMeHeHHEe MUKpPO3IEKTPOHUKHU
o0ecrieuynBaeT BMOJHE MPUEMIIEMOE YIIPABICHUE YACTOTON MUTAIOIIETO HANPSIKCHMUS.
Bpamaromuii MOMEHT JBUTaTENs HENB3s1 U3MEPUTH TaK Ke IPOCTO, KaK y JIBUraTEIICH
MIOCTOSIHHOTO TOKa, OJHAKO CYIIECTBYIOT CIIOCOOBI €ro omepaTuBHOW (on-line)
omeHKu. M3-3a JKECTKMX BpPEMEHHBIX TPEOOBAHWMA JUISI YHPABICHUS JOJIKHBI
UCII0JIb30BaThCA MUKPOIIPOLECCOPHI co CHEUATIBHOM ApXUTEKTYPO,



o0ecreunBaroIIell 0O4eHb BHICOKYIO CKOPOCTh BBIYHCIICHUH, - IIU(POBBIE CUTHAIBHBIC
npoueccopsl (Digital Signal Processors — DSP).

VY acuHXpOHHOTO (MHIYKIIMOHHOTO) ABUTrATE sl MArHUTHOE MOJIEe CTaTopa
HE MOCTOSIHHO, B OTJHMYME OT JBUTAaTeNs NOCTOSHHOTO TOokKa. B mpocrteimei
(IBYXIOJIFOCHOM) MAILIMHE HMMEIOTCS TPU CTATOPHbIE OOMOTKH, PacHoOJIOKEHHbIE
BOKPYT cTaTopa noj yriom 120° npyr oTHocutenbHO Apyra. Korga mo HuM nomaercs
Tpex(da3zHoe TMepeMEHHOE HaMNpsHKEHUE, pe3yJIbTUPYIOIIMA MArHUTHBIM MOTOK
CTaTopa BPALIAETCSl C YACTOTOM MPUIIOKEHHOTO HajokeHus. [lockoiibky K 0OMOTKe
poTOpa HE MOJBOJUTCS HUKAKOTO BHEIIHEro MUTAHMs (OHA KOPOTKO3aMKHYTA), TO
HET HEOOXOIMMOCTH B IIETOYHBIX KOMMYTHUPYIOIINX YCTPONHCTBAX.

Bpamaromeecss nose craropa nepecekaer 0OMOTKH pOTOpa M MHIYLHMPYET B
HUX TOK. Pe3ynpTHpyromui IOTOK pOTOpa B3aUMOJECHCTBYET C BpAILIAKOIIUMCS
IIOTOKOM CTAaTOpa M CO3JaeT BpalAlOIIMK MOMEHT B HAIPaBJICHUH BPALIEHHUs IO
cTatopa. OTOT MOMEHT U €cTh pabounii MOMEHT JaBurarens. M3-3a moreps Ha TpeHUE
POTOp HE MOXKET Ja)XX€ Ha XOJIOCTOM XOAy JOCTHYb TaK HA3bIBAEMOW CHUHXPOHHOU
YaCTOThl BpalIEHHUs, T. €. TOYHOIO 3HAYEHUS YaCTOTHl BPAILLICHUS IOJSA CTATOPA.
Bpamaromuii MOMEHT 00pa3yeTcsi UMEHHO M3-3a Pa3HOCTU YacTOT BpalleHUs poTopa
u nonst craropa. OTHOCHUTENBbHAss PAa3HOCTh YacTOT BpaLIEHUsS HA3bIBACTCS
CKOJIb)KeHHeM poTtopa (slip)

IZIe ®S - 4acTOTa BPAILIEHUS IMOJIsI cTaTopa (CHHXPOHHAs 4acToTa), a Om —
yacToTa Bpameus poropa. OueBHaHO, 4To npu s= ( BpalarOMid MOMEHT pPABEH
HYJIIO.

PoTrop CHHXpOHHOrO nABUTAaTENsl [BWXKETCS CHUHXPOHHO C BpallarOIIAMCS
MarHUTHBIM TIOJIEM, CO3/IaBa€MbIM OOMOTKamMu cTatopa (CTatop CHHXPOHHOIO
JBUTATENsl B MPUHLIMIIE TaKOM KaK y aCHHXPOHHOTro0). B oTiinune OoT aCHHXPOHHOTO,
OOMOTKHM POTOpa CHUHXPOHHOIO JIBUraTelis BO30YXkKIalOTCS OT BHELIHEr0 MCTOYHUKA
IOCTOSIHHOTO TOKa. Iloiroca BO3HMKAIOIIET0 MATHUTHOTO IOJS pOTOpa 3aHUMAKOT
(UKCHPOBAHHOE TMOJIOKEHHE OTHOCUTENIBHO BpallalolIerocsl IMoJig cTaTopa u
BpAIIAIOTC BMECTE C HHMM; CJEAOBATEIbHO, CKOPOCTH BpAICHHsS HOJIS CTaTopa H
poTOpa WAECHTHYHBI M CKOJIBXKEHHE paBHO HyIH0. CHHXPOHHBIE IBUTATEIH YacCTO
UCIIOJIB3YIOTCSL B TE€X CilydasiX, Korja HeoOXoJuMa MOCTOSIHHAs CKOPOCTh BPAILICHUS
Opy MEPEMEHHOW Harpy3ke. B codyeTaHuum ¢ COBpEeMEHHBIMH MpPeoOpa3OBaATENAMU
YacTOTbl CHHXPOHHBIE JIBUTaTe€Id MOTYT paldoTaTh € NEPEMEHHOW CKOPOCTBHIO
BpanieHus. bomblioe pacnpocTpaHeHUE MNPUOOPETAIOT CHUHXPOHHBIE JIBUTATEIU C
NOCTOSIHHBIMA MarHutamu. lllaroBele JABUTraTeNM MOKHO paccMaTpuBaTh Kak
CIIELIMAJIBHBIN TUII CHHXPOHHOTO JIBUTATENS.



9.4. Ynpapiasoiue KJIanaHbl

VYmopasnstonuii knamad (control valve) cocTouT w3 Tena KIWHOBHUIHOW WU
HUWIMHAPUYECKOH (opMbl (MHOrJAa HAa3bIBAE€TCA TApENKOMl), 3aKPEeIUICeHHOIOo Ha
cTepkHe  (IUTOKE), KOTOpPBhIM  JBHXKETCA BBEPX M BHHU3  OTHOCUTEIBHO
muIMHApUYeckoro cenia. CrepkeHb OOBIMHO TE€pPEMENIAETCs] TOJ  JIaBIICHUEM
CKaToro BO3/lyXa Ha MOPIICHb WK auadparmy ¢ npyxuHoi. [IpyxuHa MmoxeT 1ubo
OTKpPBIBAaTh, JTMOO 3aKpbIBATh KJIAllaH B 3aBUCUMOCTH OT TOT0, KaKO€ MOJOKEHHE
TpeOyeTcss B clydae MNpeKpalleHus TMOoJayd CKaTtoro Bo3ayxa. HMHorma s
YIPABJICHUS] TOTOKOM HMCIOJB3YETC 3JIEKTPUUECKUN WM THAPABIUYECKUNA MPUBO/IL.
KoHcTpykuuu Tena u ceyia KianaHa pa3inyaroTcsl B 3aBUCUMOCTH OT TpeOOBaHUI K
COOTHOILICHUIO MEXAY MPOU3BOJUTENBHOCTHIO U TOTEPSMH HAlopa Ha KJIallaHe, THUIIA
KUJKOCTH U pacxo/ia TP Pa3HbIX MOJOKEHHUIX IITOKA.

Pasmep kiamana OOBIYHO BBIOMPAIOT B COOTBETCTBUU C IapaMeTpaMu
TpyOOIlpOBOZla, B KOTOPOM OH YyCTaHaBiIuBaeTcsi. BpiOop ¢dopMbl KiamaHa
COUETaHHsd pa3MepoB ceula MU Tena (Tapeiaku) TpeOyeT OLEHKH CIIETYHOUINX
(dhakTOpOB.

[Torepu Hamopa (pressure drop). bosnbiive nmorepu Hamopa Ha KjanaHe MOTYT
3aTPyAHUTH ABWKEHHE ITOKa. CrenuanbHas KOHCTPYKIMS KjlalaHa 3acTaBisICT
MOTOK JBUTAThCS B TMPOTHBOIIOJIOKHBIX HAIMPABICHHUSX Yepe3 JBa 3alHUparoinx
AJIEMEHTa, TEM CaMbIM YpaBHOBEIIMBas CHIb. HeoOXOAMMOCTh CHW)KEHUS TOTEPh
Haropa MOXET MOTpeOOoBaTh MPUMEHEHHS Pa3IMYHBIX THUIIOB KIJIAMIAHOB, HAMPUMED
tuma "6adouka" (butterfly valve).

Makcumanbsbiii pacxon (maximum flowrate). 3To TpeOGoBaHHE CBOAUTCS K
COUETAHHIO MAKCHUMAJIBHOTO PAaCUETHOTO pacxojia C MaKCUMaJIbHOW 30HOM
ynpasneHus. [locnennssi nokHa B upaeane coctaBiath 30-50 % oT pacueTHOro
pacxonaa. Horja HEONbBITHBIE CHEUATUCTHI 33Jal0T ATy BeIMuuHy Ha ypoBHE 10 %,
YTO 3aMETHO YXY/IIaeT paboune XapaKTePUCTUKH.

VYnopasnsgeMocTh (rangeability). DTo OTHOIIEHHWE pPACXOIOB NpPHU JBYX
pa3IMYHBIX MOJOXKEHUAX mToKa. OHO B OCHOBHOM CBSI3aHO C KOHCTPYKIIMEH Tena u
celsia U 3aBUCHMOCTH OT TIOTEPh HAIopa OT PACXOJHBIX XapaKTEPUCTUK, KOTOPHIE, B
CBOIO OU€pe/ib, CBSI3aHBI XapaKTEPUCTUKaMU HAarHETAIOIIET0 Hacoca. Y MpaBIsieMOCTh
J0JDKHA oOecrednBaTh HOMWHAIBHBIN JHANa3oH PacXoJO0B C COOTBETCTBYIOIIMMHU
30HaMu yrpasieHus (kenatesnbHo 30-50 %) nmo o0e cTOpoHBI TMana3oHa.

UyBCTBUTENIBHOCTh (sensitivity) cBsi3aHa C YHOPaBISEMOCTbIO U BEJIWYMHOU
YOPABJISIIONIETO BO3JIEUCTBHS, HEOOXOJMMOIO JUIsl YNpaBleHUS C 3aJaHHOU
TOYHOCTHIO0. MHOornma Oounblioi kiamaH oOecreuyrnBaeT HOMHUHAIBHBIA pacxoj, a
MaJIbIi, yCTaHOBJICHHBIN napajijieibHO, oOecreunBaeT HEOO0XOUMYIO
YYBCTBUTEIHHOCTbD.

Jluneiinocts  (linearity). KemarenbHo, uYTOOBI B KOHTYpEe YIpaBIICHUS
CYILECTBOBAJIA JIMHEWHAs! 3aBUCUMOCTh MEK/Y BBIXOJAMH PEryjsiTopa U JaTduka, T.
€. B LIEMOYKE «KJamaH - mnpoiecc - natuuk". Eciu KOHTYyp ynpaBieHus He obiagaer
JTUHEWHON 3aBUCUMOCTBIO BBIXOJHBIX U BXOJTHBIX BEJIIMYMH, €€ MOXXHO 00ECredHTh



BBI60pOM XapaKTCPUCTUK KJIallaHad, 4 UHOrAa 1 JaT4YHKaA. KauecTBO YHPAaBJICHUS IIPU
OTCYTCTBUH JIMHEMHOCTU M MOXKET 0Ka3aThCs HHU3KHUM, WU HOTpe6yeTCH peain3anus

cHeuaIbHbIX CIOCOOOB yNPaBIICHHUS.

I'uctepesuc (hysteresis). DTo 00bIUHAsI MpoOJieMa YIPaBIAIONIUX KJIANaHOB,
BO3HMKAIOIIAs U3-3a MPOIIECCOB CYXOro TpeHUs (MPUINMAHUSA) B MECTE MPHUIICTaHUS
3allOpPHOTO JJIEMEHTa KJIalaHa K CeATy, a TakXke MOTeph Hamopa Ha kiamaHe. Kak
NPaBUJIO, THCTEPE3UC SBISETCS MPUIMHONW HEOOJBIINX TOCTOSIHHBIX KOJIeOaHWI B
KOHTYpE YIpaBJieHHs, IJIsi OOpHOBI C KOTOPHIMH MOXHO MPUMEHSTH yCTPOMCTBA
TOYHOTO MO3UITMOHUPOBAHMSI KIIallaHa. DTO CIIeMaIbHOE YCTPOHUCTBO YIPABICHUS C
00npIIMM KO3(P(GUIIUEHTOM YCHIICHHUS, KOTOPOE O0ECIeYrBAET HY>KHOE IMOJIOKEHUE
MITOKa KjamaHa. B 3ToM ciydae ynpaBisiiOIIUA KOMIBIOTED HE OCYIIECTBIISICT
TOYHOTO KOHTPOJIS 32 OTKPBITHEM KJalaHa, a TOJIbKO BbIPaOaTHIBAET OMOPHBIC
3HAYCHUS VISl YCTPOMCTBA TTO3UITMOHUPOBAHMS KJIaraHa.

pacxod/
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(nonowcerue wmoxa)

Puc. 9.2. XapakTepUCTHKHN KJIAlITaHOB

VYrpaBiseMoCTh KjamaHa MOXKHO OIPEACIUTh Ha OCHOBAaHWHM pacyeTa JBYX
pacxoqoB, paBHbIX, HanpuMmep, 15 u 85 % ot makcumanbHOro pacxoja. B stom
cllydae HeoOXOIUM 3HaTh (PYHKIHIO f(X), KOTOpasi XapakTepusyeT kiamnad. KinanaHbr
MIOCTAaBIISFOTCS CO CIICAYIONTUMH XapaKTEePUCTUKAMU:

f(x)=x - INHEHAs,
f(x) = sqrt (x) - COOTBETCTBYIOIIAsA KBaJIpaTHOMY KOPHIO,

f(x) - Af(x-1) - paBHOTO TPOIIEHTHOTO OTHOIICHUS (T/I€ KOHCTPYKTHUBHAS
MOCTOSIHHASI A 00BIYHO JIeXKUT B Tipeaenax ot 20 1o 50).

DTH 3aBUCUMOCTH ITOKa3aHbl Ha puc. 9.2. CieryeT 0OTMETUTD, YTO UICAIbHBIN KJIanaH
PaBHOTO MPOLIEHTHOTO OTHOILICHHS HE 3aKPhIBAETCA MOJHOCTHIO. Ha mpakTuke nx
MPOCKTUPYIOT TAKKUM 00pa3oM, YTOOBI TIOJIYYHUTh JIMHEHHYIO XapaKTEPUCTHKY MPU
OYEHb MAJIBIX OTKPBITUSX U CIEAOBATEIBHO, OHHU 3aKPBIBAIOTCS MOJHOCTHIO.



3ausitue 15

Conepxkanue:

OBBEKTDI YIIPABJIEHUSA

3agaHue K NPaKTHYECKOMY 3aHSITHIO:
1. CocTaBUTh TOTUYECKYIO CXeMy 0a3bl 3HAHHI 10 COAEPIKAHUIO OJIOKA.
2. CocTaBUTh TEPMHUHOJIOTUYECKUN CIOBAPb.
3. BbINOMHUTH BCE MYHKTHI, NEPEUMCIEHHBIE B PA3AEN€ MOArOTOBUTEIBHOTO
ATana K NpakTUYECKOMY 3aHATHUIO.

IIpakTHyeckoe 3aHATHE (1e10Bas UTPA)
Henu: 1. 3akpenuTh U yriiyOuTh U3y4aeMblil MaTepuai CTyJeHTaMu.
2. YMeTb HU3I0XKHUTH CBOIO TOYKY 3pEHHUS MO BOIpocaMm 00pabOTKH,

XpaHEeHHUsl U Tepeaur UHPOpMaluu.

VYyactHukn: CTyIEHTHI paclpeacsieHbl Ha 3 MOATPYIIIbL:

-5 moarpynna — 3aka3z4uku (3aJar0line BOIpoOCHl);

2-s MOATpyNIa — CIEeUATUCThI (OTBEYAIOLUE HA BOTIPOCHI);

3-4 moxarpymma — D3KCIepTHas rpynna (OUEHUBAIOIIME MPaBUIbLHOCTb
(opMyITUPOBKH BOIIPOCOB M OTBETOB HA HUX).

Bpems: 90 MuHyT.

1. lloaroroBuTeabHBINA 3TAN (IOMALIHASA PpadoTa):

1. IToAroTOBUTH MaTEpUJ MO paHEE BBIAAHHOW Ha TEKyllee 3aHsATHE (B KOHIIE
IPEABIIYIIErO 3aHATHS) PETOIaBaTeIeM TEME:

- COCTaBUTb IJIaH OJIOKA;

- COCTaBUTh TEPMHMHOJIOTMYECKHUI CIOBAph: BBIIUCATh BCTPEUAEMBbIE B TEKCTE
0JI0Ka TEPMUHBI U J]aTh UM PACIIU(PPOBKY;

2. ITo conepxanuto 610Ka COCTAaBUTH JIO I€CSTH BOIIPOCOB.

3. BBITb TOTOBBIMH OTBETHTH Ha BOIMPOCHI IO PacCMaTpuBaeMoOil TeMe. YMETh
OIICHUTH BOMPOCHI U OTBETHI YYACTHUKOB OY/Iy4H B MOJATPYIIIIE IKCIIEPTOB.

4. OgopMuUTh JOMAIITHIOK PabOTy B BUJE OTUYETA.

2. [Topsiiok npoBeaeHNHs MPAKTUYECKOT0 3aHATHS
1. Opranuwzanus 3aHATHS (MIPOBEpPKAa MPHUCYTCTBYIOIIMX W TOTOBHOCTH K
3aHSATUSM, OOBSBICHUE TEMBI UCXO/ISl U3 COACPKAHUS TEKYILEro 3aHsITHs). (5 MUHYT. )
2. Pacnipenenenve Ha MOATPYNIBI M JOBEICHUE MOPSAKA MPOBEACHUS 3aHATHS.
(5 MuHyT.)
3. IlpucBoeHue moArpynmnaMm IepBOHAYAIbHBIX  poJied  (3aKa3yuKH,
CIICLIMAIIUCTBI, KCIIEPTHAsT TpyIa). (5 MUHYT.)



4. OOcyxneHue CTyIeHTaMH TMOATPYII BOMPOCOB, BBIHECEHHBIX Ha
NPAaKTHYECKOE 3aHATHE C LETbI0 BRIPAOOTKH OOILIUX MO3UIUH:

4.1. Bonpockl CO CTOPOHBI MOATPYNNbI 3aKa34yuKOB. (15 MUHYT.)

4.2. OTBEeTHI CO CTOPOHBI MOATPYMIBI CHEHUATUCTOB. (15 MUHYT.)

4.3. OueHuBaHue MOATPYMNION SKCIEPTOB BOIPOCOB U OTBETOB YYACTHUKOB. (15
MUHYT.)

4.4. Nuckyccuu. (10 MuHyT.)

4.5.BpipaboTka 0o0med mo3uuMM MU O0IIero MoAXoJa K BOIpocam
paccMaTpuBaEeMbIM Ha TEKYILEM 3aHATUU COTJIACHO €ro TeMe. (5 MUHYT.)

5. OOcyxneHue mpenojaBaTelieM W CTaplIMMU TPYNN OLEHOK YYaCTHHUKOB
3aHATHS. (5 MUHYT.)

6. IlonBeneHue MTOrOB 3aHATHS C OOBSBICHHEM OKOHUYATENBHBIX OLEHOK
YYaCTHUKOB MPAKTUYECKOTO 3aHATHUSA. (5 MUHYT.)

7. OObsIBICHUE TEMBI U COJIEPKAaHUS CIEAYIOLIETO MPAKTUIECKOro 3aHsATHs. (5
MUHYT.)

OBBEKTDI YIIPABJIEHUSA

10.1. Knaccudukanus npoMbIllJIeHHBIX 00bEKTOB YIIPABJICHUS

[Io xapakTepy TpOTEKaHUS TEXHOJIOTHYECKHX  MPOLECCOB  OOBEKTHI
YIOPABJICHUS JENATCA Ha LUKINYECKUE, HEMPEPHIBHO-LIMKINYECKUE U HEMPEPHIBHBIE.
JlokanbHble cUCTEMBI HAMOOJIEE IIUPOKO TPUMEHSIOTCS JUIsl YIIpaBiIeHUs! OOBbEKTaMU
BTOPOT'O U TPETHETO TUIIOB.

[To xapakTepy yCTaHOBUBIIETOCS 3HAYEHUS BHIXOJIHOM BEJIMUMHBI O0BEKTa TIPU
NEUCTBMM HA €ro BXOJ CTYNEHYaTOro CHUTHajda BBIAEHSIOT OOBEKTHl C
CaMOBBIPaBHUBAaHUEM U 0€3 CaMOBBIPABHUBAHUS.

[To xonMuecTBY BXOAHBIX M BBIXOJIHBIX BEJIMUYMH M HUX B3aUMOCBSI3U OOBEKTHI
JENATCS HE OJHOMEpHBbIEC (OJMH BXOJ M OJIMH BBIXOJA) W MHOromepHoie. Ilocneqnue
MOTYT OBITh MHOTOCBSI3HBIMU - KOTJa HaOII0/IaeTCsl B3aMMHOE BIIMSHUE KaHAJIOB
peryJMpoBaHMs APYT Ha JApyra, MO0 HECBSI3HBIC - B3aUMOCBSI3b MEXIYy KaHajlaMu
KOTOPBIX Maja.

CraTudeckne XapaKTepUCTUKH OOBEKTa YIPABICHUS YCTAHABIMBAIOT CBSI3b
MEXJYy YCTAaHOBHBIIMMMCS 3HAUYCHHSMU BXOJa M BbIxojga oObekrta. Ilo Buay
CTaTUYECKUX XAPAaKTEPUCTUK OOBEKTHI NENATCA HA JIMHEWHbIE U HEJIUHEWHble. B
NOCJIETHUX CTaTUYECKAsl XapaKTEPUCTHKA MOXKET ObITh IIaJKOH, JUHEApU3yeMou B
OKPECTHOCTU 3aJJaHHON TOYKH, JTMOO HOCUTH CYLIECTBEHHO HEJIMHEHHBIN XapakTep.
[Ipy Hanmuuuu B OOBEKTE HECKOJIBKUX HEIWHEUHOCTEH, TpaUYeCKUM METOJIOM
ONPENEIIAETCS €ro CyMMapHasi HEJIMHEWHAS XapaKTEPUCTHKA.

bonbIIMHCTBO CHUCTEM peryjiupoBadnnus OTHOCHUTLBCA K KJIaCCy CHCTEM
ABTOMATHYECKOU CTa6I/IHI/ISaIII/II/I pPeKHUMa pa6OTI>I 00BbEKTa OTHOCHTEIIBHO €ro



paboueil TOUKM (OTHOCUTEbHO HOMHMHAJIBHOTO pexkuma paboTsl). B aTom ciydae B
nporecce paboThl OTKIOHEHHS MEPEMEHHBIX, OTHOCUTENbHO pabodeil Touku OyayT
Majbl, YTO MO3BOJISIET HCIOJb30BaTh JIMHEHHBIE MOJAEIN OOBEKTAa YIPABJICHHS.
Opnnako, mpu cmeHe paboueld TOYKM MPOUCXOAUT H3MEHEHUE KO3(p(ULIMEeHTa
YCWJICHHS 00BEKTA, YTO OYJI€T HEraTUBHO BIIUATH HA JUHAMUKY 3AMKHYTOU CHCTEMBI.

JIJist cucTeMbl aBTOMAaTHYECKOW CTAaOMIIM3alMu HEe 00s3aTeNbHO ONpeiesieHue
MOJIHOM CTaTUYECKOM XapaKTepUCTUKU 0O0bekTa. JlocTaTouyHO 3HATH JIMIIb
TUHAMUYECKUNA KOA((PUIIMEHT yCUJIEHUS B OKPECTHOCTH paboueld Touku. B Toxke
BpEMsi Ha HEKOTOPBIX 00BEKTaX yHpaBIIEHUS] HEOOXOAMMO 3HAaHHUE BCEU CTaTHUYECKOU
XapaKTEPUCTUKU Ipouecca. ECIM OHa HOCHUT HEJIIMHEWHBIA XapakTep, TO C LEJbIO
crabunuzaiuu o0mero KodG@uimeHTa yCcuiIeHUs CUCTEMbl, B 3aMKHYTBHIM KOHTYD
BKJIIOYAIOT  JIOMOJIHUTEIbHYIO HEJTMHEHHOCTb, o0paTHYyIO CTaTHYECKOU
XapakTepucTuke oO0bekTa. Ha mpakTuke Takol TMOAXOHA peaTu3yeTcss IMyTeM
WCIIOJIb30BAHUSI PETYJUPYIOMINX KJIANaHOB C Pa3IMYHBIMU BHUJIAMH PACXOIHOU
XapaKTEePUCTUKHU. PearbHbie 00BEKTHI 3aHUMAIOT B IPOCTPAHCTBE KAKON-TNO0 00BeM,
MI03TOMY PETyJIMpyeMasi BeIMYMHA 3aBUCUT HE TOJIBKO OT BPEMEHH, HO U OT TEKYIIHX
KOOpAMHAT TOYKH Hu3MepeHus. [loaToMy mojHOoe omucaHue OOBEKTa YIpaBIICHUS
OyZIeT cocToATh H3 CcuUCTeMbl AuddepeHInaIbHbIX YpPaBHEHUH C YaCTHBIMH
OpOU3BOAHBIMU. [IpM HCHONB30BAHMM TOYEHYHOIO METOAA W3MEPEHUs OJHUM
JaTYUKOM, cUcTeMa U PepeHInabHBIX YPAaBHEHUI C YAaCTHBIMHU MPOU3BOIHBIMU
NEPEXOAUT B CUCTEMY YpaBHEHHI ¢ OOBIYHBIMU MPOU3BOJHBIMU. JTO CYIIECTBEHHO
yIPOIIAET MOCTPOCHUE MATEMATHUYECKOM MOJIEIH 00BEKTa, TTO3BOJISISI ONIPEIEIIUTh €T0
nepenaroyHyro  ¢yskuuio. OJHAKO TpPU  HAJUYMM  MHOXKECTBA  JAaTYUKOB,
pacnpeeNieHHbIX HalpuMep M0 JJIMHE 00BEKTa, MOXKET BO3HUKHYTh HEOOXOIUMOCTh
UCIIOJIb30BAaHUS ~ MHOXKECTBA  YIPABJSIIONIMX ~ CUTHAIOB  (pacmpeneneHHoe
YIPABIICHHE).

OObekTbl MOTYyT OBITh KaK CTAallUOHapHblE M TaK W HecCTallMoHapHble. B
HECTAllMOHAPHBIX OOBEKTaX MapaMeTpbl M3MEHSIOTCS C TEUYEHHEM BpPEMEHU
(zpeidyror). [Ipumepamu Takux OOBEKTOB MOTYT OBITh XUMHUYECKHU PEAKTOP C
KaTaau3aTopoM, aKTHUBHOCTb KOTOPOTrO MaJaeT € TEYEHUEM BPEMEHHU, WIH
aIPOKOCMUYECKHMI ammapar, Macca KOTOpPOro II0 Mepe BBITOPAHHS TOILUIMBA
yMeHbllaeTcsi. Takue SBICHUS JOJDKHBI YUUTBIBAThCS IPU  MPOECKTHPOBAHHE
COOTBETCTBYIOIIUX CUCTEM YNPABICHMUS.

B 3aBUCHMMOCTH OT MHTEHCUBHOCTU CJIyYaWHBIX BO3MYIIECHUN JIEHCTBYIOLINX
Ha OOBEKT, OHM JIEJATCS Ha CTOXACTHYECKHE M JETEPMUHUPOBAaHHBIC. B peanbHbIX
YCJIOBUSIX YaCTO TOYHO HEU3BECTHBI HU TOYKA NMPUIIOKEHUS BO3MYIUEeHUS F, HU ero
xapaktep (Puc. 10.1).
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Puc. 10.1. Bueniaue Bo3MyIIeHHs] B 00BEKTAX yIPABICHUS.



N3BecTHO, 4TO JMIIP NPU HAIMYMM JOCTATOYHO TOYHOM MaTEMaTHYECKOMN
MOJIEIM  OOBEKTa MOXKHO CIPOEKTUPOBATH  BBICOKOKAYECTBEHHYIO  CHCTEMY
yOpaBieHuss 3TUM oObeKToM. [lpmyem, corimacHo mnpuHOUIY OUIOH, CIOXHOCTb
YOPABIISIIONIET0 YCTPOWCTBA JOJKHA OBITh HE HMXKE CIOXHOCTH OOBEKTa
ynpaiaeHus. 1103ToMy OCHOBHOM L€NbIO IMOCTPOEHMSI MAaTEMAaTHUYECKOM MOJENH
00BEKTa YNpPaBJICHUS SIBISIETCA ONPEICIICHUE CTPYKTYpbl OOBEKTA, €T0 CTATUYECKUX
U JUHAMHUYECKUX XapakTepUCTUK. OCOOEHHO Ba)KHO ONPENEIIEHHUE CTPYKTYpPbI AJis
MHOTOMEpPHBIX M MHOTOCBSI3HBIX OOBEKTOB YyIIpaBieHUA. B Toxe Bpemsa ais
JOKAJIbHBIX OOBEKTOB yNPABICHUS ONPEIEICHUE CTPYKTYPhl MOKET ObITh CBEJIEHO K
OTpeIeNICHHI0 TopsAaka Iu(depeHINAIBPHOTO yYpaBHEHUS OIKMCHIBAIONMIETO OOBEKT.
Kpome TOro, oneHuMBarOTCSI BXOAHBIE CUTHAJIBI M BO3MYILEHHMS, NEHCTBYIOIIME Ha
OO0BEKT (WX CTATUCTHUECKHUE XapPaKTEPUCTUKH, TOUKU MPUIOKEHHS, MAaKCUMaJIbHbIC
aMIUIMTY/bl). 3HAY€HUE OTHUX XapaKTEPUCTHUK TO3BOJISIET BBIOPATH CTPYKTYPY
peryisiTopa M paccUUTaTh MapaMeTpbl €ro HACTPOMKH, OPUEHTUPYACHh TAKKE Ha
KpUTEPHIl KauecTBa padoThI 3TOM cucteMbl. Hapsiny ¢ nunamuueckoit yacteio W(p) B
CTPYKTYpe OOBEKTa MOTYT COJEP>KAThbCS PA3NMYHBIE 3aMa3fblBaHUS B CHUTHaiax
yIpaBieHus, u3MepeHust u coctosHus (perukia) (Puc. 10.2).
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Puc. 10.2. O0beKT yrpaBiaeHus C 3aMa3IbIBAHAEM.

B mpomblnuieHHBIX O0BEKTaxX IMOJA PEIUKIOM IMOHHUMAeTCs BO3BpAaT YacTu
IpOJyKTa C BbIXOJIa OOBEKTAa HA €ro BXOJ C LEJIbI0 MOBTOPHOM mepepaboTKHu.
BoabIIMHCTBO MPOMBILIEHHBIX OOBEKTOB YIPABIEHUS HUMEIOT 3ama3iblBaHUs.
Hanuuue 3anasapiBaHusi OOBACHSETCS KOHEYHOM CKOPOCTBIO pPaclpOCTPaHEHUS
NOTOKOB  HMHQOpMalUMh B  TEXHOJOTMYECKHMX  OO0BEKTax  (TpaHCHOPTHOE
3anasnapiBaHue). Hapsaay ¢ 3TUM npu NOHMKEHUU HOPSAAKA MOJEIN 00bEKTa BBOJST
JIOTIOJIHUTENBHOE JIMHAMUYECKOE 3amasfblBaHue. JlJigd 3TOro BBIAEISIOT OJHY
HauOOJIBIIYIO TOCTOSIHHYIO BPEMEHH, a BCE OCTAJIbHBIE MAJIbIE TOCTOSIHHBIE BPEMEHHU
3aMEHSIOT 3BEHOM IMHAMMYECKOT0 3aI1a3/IbIBaHHUS.

10.2. MeToabl MOJIy4eHUSI MATEMATHYECKOT0 ONMCAHUS

CYH.I@CTBYIOT AHAJIMTHYCCKUC, JOKCIICPUMCHTAJIBHBIC U KOM6I/IHI/IpOBaHHLIe
MCTO/IbI ITOJIYYCHUSA MAaTCMATHUICCKOI'O OIMMCAHUA 00BEKTOB YHpaBJICHUS.

AHanuTHYeCKHe METOAbl 0a3upyloTcs Ha UCHOJIb30BAaHUU YpPaBHEHHIA
OMUCHIBAIOIINX (PU3UKO-XUMHUYECKUE U SHEPreTUUECKUE POLECCHI, MPOTEKAIOIINE B



UCCIIElyeMOM OOBEKTE yIpaBieHUs. DTO, HAIPUMEDP, 3aKOHBI COXPAHEHHUS BEIIECTBA
U SHepruu (ypaBHEHHsI MaTepualibHOro OanaHca). B HacTosiiiee Bpems Jjisi MHOTHUX
KJIACCOB OOBEKTOB YMpABJIEHUS IMOJIY4YEHbl HMX MareMaTuueckue wmoxaenu. B
YaCTHOCTH, JJIsI a3POKOCMHYECKUX OOBEKTOB (pakeT, cCaMOJIETOB, BEPTOJIETOR), IS
TEXHOJIOTUYECKUX OOBEKTOB (XMMHUYECKHME PEAKTOpbI), JUIsl SHEPreTHYECKUX
IPOLIECCOB (SIIEPHBIE PEAKTOPHI, TAPOBbIe TYPOUHBI, TEHEPATOPHI, ABUrarenaun). [lpu
NOJIYYEHUH TaKUX OMNHUCAaHUN OOBIYHO oOmepupyror ¢ auddepeHIuaIbHbIMU
YpaBHEHUSIMU B YaCTHBIX MPOU3BOAHBIX, T.K. MEPEMEHHBbIE H3MEHSIOTCS KaK BO
BpPEMEHH, TaK U B IPOCTPAHCTBE.

OKCHEepUMEHTAIbHBIE ~ METOJBl  MPEIINOoJIaraloT  MPOBEICHHE  CEepUU
OKCIIEPUMEHTOB Ha peallbHOM o0O0BbekTe ympasieHus. OOpaboTaB pe3yJbTaThl
OKCIIEPUMEHTOB, OIICHUBAIOT T[MapaMeTphl JUHAMUYECKOW MOJAENU OOBEeKTa,
3aJIaBIINCH MPEABAPUTEIHHO €€ CTPYKTYPOM.

Haub6onee s pexTuBHBIMU OKa3bIBAIOTCS KOMOMHUPOBAHHBIE METObI TOCTPOCHUS
MaTeMaTHYeCKOi Mojiesid 00bEKTa, KOTa, UCIOJIb3Ys aHATUTUYECKU TTOTYyYEHHYIO
CTPYKTYpy 00BEKTa, €€ mapaMeTphl ONPEACTSIOT B X0€ HaTyPHBIX IKCIIEPUMEHTOB.
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