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[Teyaraercs 1O PELIEHUIO PENAKIIMOHHO-U3/1aTENbCKOI0 COBETA
JIOHCKOM TOCYyIapCTBEHHBIM TEXHUYECKUNA YHUBEPCUTET



KoHncnexkr Jexknnid

no JTMCHMIIJINHE «CpeIICTBa ABTOMATU3AllUHU U YIIPABJCHUA
O6H_[I/Ie CBCACHU 00 plIeMeHTax U YCTpOﬁCTBaX ABTOMATHKH

3a mocnegHue ToAbl 3HAYMTEIbHO BBIPOCIM TPeOOBAHUS K TEXHUYECKOMY YPOBHIO U
KayecTBY CPEJICTB U CHCTEM aBTOMATUKH. [Ipu yImpaBiieHHU CIIOKHBIMU IPOU3BOJCTBEHHBIMU
IIpoueccaMy B IIPOMBIIIJICHHOCTH M JAPYTUMX OTPACHAX IIAPOKO HCIOJB3YIOT 3JIEMEHTHI U
CHCTEMBI JJIEKTPO-, THJPO-, IMHEBMOABTOMATHUKH, a TaKXe KOMOMHHMPOBAHHBIE CHCTEMBI, B
nporecce (QYHKIMOHUPOBAHHMS KOTOPBIX KAayeCTBEHHO M KOJMYECTBEHHO IIpeoOpa3yrorcs
CUTHAJIbl BX0/1a ¥ BBIXOJIA PA3JIMYHBIX CPEACTB U CUCTEM aBTOMATHKHU.

Cuctema  3J1eKTPOABTOMATHMKH  IIPEJCTAaBIsAET COOOH  CIIO)KHOE  TEXHHYECKOe
YCTPOMCTBO, COCTOSIIIIEE M3 COBOKYIMHOCTH COCAMHEHHBIX ONPEACICHHBIM 00pa3oM 3JIEMEHTOB
pPaIMO3IEKTPOHHOM ammaparypsl, KaOenei, siaexkTpomexaHusmoB. Ilpu mnpoekTupoBaHUM
CUCTEMBI 3JIEKTPOABTOMATHKH KOHCTPYKTOPCKHUE TOJPA3AEICHUS CHEUAIU3UPYIOTCS 110
CJICAYIOLIMM HAalpaBJICHUSIM: M0 Pa3paboTKe (PyHKIMOHANBHBIX U MPUHLIMIIUAIBHBIX CXEM, 110
IyJbTOBOM anmnaparype, o KabelnbHON CETH, IO MPUMEHEHHUIO KOMILJIEKTYIOIIHUX 3JIEMEHTOB.

OneMeHTbl M CHUCTEMbl 3JIEKTPOABTOMATHKH pa3HOOOpa3sHbl M OTIMYAIOTCS 10
¢buznyecKkoil nmpupoze, IpUHLIMIIAM JEHCTBHS, CXeMaM, KOHCTPYKLIUSAM U IpoYee.

JIEeMEeHT — 3TO NpocTeilasi, KOHCTPYKTUBHO-LIEJIOCTHAs A4YEHKa, BBIIOJIHAIOMASA OAHY
OTIpeNeNIEHHYI0 OTEpalri0 C CUTHAJIOM (MpeoOpa3oBaHMe, CPAaBHEHUE, XpaHEHHE, KOPPEKIHUIO,
pacripeielieHue, yIpaBJIeHUE).

Cucrema aBTOMATHKH — 3TO COBOKYIHOCTb OOBEKTa YIPABJICHUSA U 3JIEKTPUUYECKOTO
aBTOMATHUYECKOTO YIPABJIAIOLIET0 YCTPOHCTBA, B3aUMOIEHCTBYIOIIMX MEXKAY COOOM.

BaxxHpiMM ~ pa3sHOBUAHOCTSIMH  3JEKTPOABTOMATHKU  SIBJSETCSI  aBTOMAaTHYECKHUM
3IEKTPONPUBO/L, dJIEKTPOMArHUTHBIE U AIEKTPOHHbBIE YCTPONCTBA aBTOMATUKH.

CucreMbl M yCTpPOHCTBAa 3JEKTPOABTOMATUKH  BBINOJHSIOT —3a/Jadd: KOHTPOJIb,
CUTHaIn3auus, OJIOKUPOBKA, 3alllUTa, AaBTOMAaTHUECKOE yIIpaBJICHHE.

YcerpoiicTBa aBTOMATHYECKOI0 KOHTPOJIA ONPEIACISIOT TOJHOCTh MNPOAYKIUU U
NPaBUWIBHOCTh TPOTEKAaHUs] TEXHOJOIMYECKOro Ipolecca, oOecreueHre HaaE&KHOCTH U
Oe3aBapuitHON pabOTHI 00OPYAOBAHUS U JIP.

YerpoiicTBa CHTHAJAM3alMu TpeoOpa3yloT CUTHAJBI, MCIOJIb3yeMble B CHCTEMax
ABTOMATHKH, B CUTHAJIbI, BOCTIPUHUMAEMbIE YETIOBEKOM (I'yJI0K, 3BOHOK, CUPEHa, JIaMIla), 4acTo
3THU CUCTEMBI BKIIIOYAIOT aBTOMAaTHUYECKYIO 3aM1Ch HHPOPMAIIUH.

YerpoiicTBa OJOKMPOBKM W 3alIMThl TPEJOTBPAIIAIOT HEMPAaBWIBHBIN IMOPSIOK
paboThl CpPEACTB HJI. aBTOMATUKM MM TEXHOJOTHYECKOro Impolecca MU 00ecrneduBaroT
OTKJIFOYEHHE COOTBETCTBYIOLIETO O0OpY/IOBaHUS NMPU HEHOPMAJbHBIX (HE IITAaTHBIX) peXHMax
(IpeloXpaHUTeNH, aBT. BBIKIIOYATENN — [IPU NIepe3arpy3Ke, MeperpeB NOIIUITHUKA).

Cucrema »2JIEKTPOAaBTOMAaTUKM (QYHKIMOHUPYET IO KOMaHJE OOCIYXUBAIOLIETO
HepcoHaa Mo 33/1aHHON MporpaMMe WM aBTOMAaTHKH B 3aBUCHUMOCTH OT 3HAYEHMS KaKUX-IH00
apaMeTpoB, ONPEAEIIAIOIINX JKeTaeMbli X0/ Ipoliecca B 00bEKTE YIIPABICHUS.

(KOHTpOJIb 32 XOJJOM MpOIiecca YIPABIECHUS; OPraHU3alMsl IIyCcKa, TOPMOKEHHUE, TIEPEXO]
C OJTHOM CTYIEHU CKOPOCTH Ha JIPYT'yI0, PEBEPC Pa3IMUYHOTO TEXHOJIOTUYECKOT0 000pyI0BaHUS B
ONpEACIEHHON MOCIEA0BATENbHOCTH BO BPEMEHM WJIM IO KOMaHAAaM TEXHOJIOIMUYECKOTO
0o00Opy/siOBaHUs;  aBTOMAaTHYECKOE  pEryjIMpoOBaHUE U  YIpaBICHHE  TEXHOJOTHMYECKUM
000pyIOBaHUEM 10 3a/JaHHBIM TEXHUKO-I)KOHOMHYECKHUM KPUTEPHUSIM)

PaznuyaroT cucTteMbl 3JIEKTPOABTOMAaTHKU C PA30MKHYTOM M 3aMKHYTOM LEMbIO
BO3JICHCTBUSL.

enb BoO3aeiicTBUS — COBOKYINHOCTh YacT€ CHUCTEMBI, MO KOTOPBIM MEPEHAAIOTCS
YIPABIISAIOLUINE BO3IEHCTBUS.

CucreMbl aBTOMaTHKU UMEIOT KOHCTPYKTUBHYIO, (DYHKIIMOHAIBHYIO U aJITOPUTMHUYECKYIO

CTPYKTYpBHI.



KoHcTpyKTHBHAsI CTPYKTYpPa — 3TO CTPYKTypa CUCTEMBI ABTOMAaTUKH, Ka)K1asl 4acCThb U3
KOTOPOH TMpencTaBisieT cOo0OM CaMOCTOSTENBHOE YCTPOMCTBO; 3TH CTPYKTYPBI ONPEICISIOT
IIPUHLMIIAAIBHBIE CXEMbl CUCTEM ABTOMATHKH, IOKA3bIBAIOIIME B3aMMOJICHCTBHE OTAEIbHBIX
AJIEMEHTOB CUCTEMBI.

POyHKIHMOHAJIBHAS CTPYKTYPa — 3TO CTPYKTYpa, KaX1as 4acTb KOTOPOH NpeJHa3HaYeHa
JUTSL  BBITIOJIHEHUSI OMNpenenCHHOW (YHKIUHU, HampuMmep, TOIydeHHe U Mpeodpa3oBaHUe
uH(pOpMaLuy, Iepeada i CpaBHEHUE CUTHAJIOB, ()OPMHUPOBAHNE YIPABIISAIOIIUX BO3ICHCTBUI.

AJsIropuT™MUYecKasi CTPYKTypa — 3TO CTPyKTypa, B KOTOpPOW Kaxzaas 4acTb
IpeHa3HaueHa I BBIIOJHEHUsI ONPEIEeEHHOr0 aIropuT™Ma IpeoOpa3oBaHus HH(OpMaIH.

CTpyKTypy CHCTEMBI aBTOMAaTHKU C TOW WJIM WHOW CTENEHBIO AETAIN3AIUN OOBIYHO
IPEACTaBIAI0T rpaduuecKy B BUIE CTPYKTYPHOI CXEMBI.

CTpyKTypHBIE CXEMBI OOBIYHO BKIIOYAlOT B ce0sf OCHOBHYIO (TIpsAMYI0) Lenb
BO3JCHCTBUM, UAYIIYIO OT BXOJa K BBIXOAY CHCTEMBI, KOTOPasi ONPEIEIAETCS B COOTBETCTBUH C
OCHOBHBIM Ha3zHaueHUEeM cuctembl, U nenb rmaBHod OC, a Takxke uvacto BHyTpeHHUX OC,
CITy’KalllUX JUIs YJIYYIIECHHUs IPOLECCOB YIIPABICHUS.

O000méHHasA CTPYKTYpPa CHCTEMBI 3J1. ABTOMATHKH
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OY — 00bexT ynpaBiieHus

J — natuuk (s mpeoOpa3oBaHus u3MepseMoro napamerpa OY B curHai BUAa M BEJIWYMHBL,
HEO0OXOIUMBIX JJIs1 pabOThI U3MEPUTEIBHBIX YCTPOICTB U PETYNIATOPOB)

HII — HopMupytromuii npeoGpaszoBaTens (oOecreunBaeT paboTy AAaTYMKOB PA3IMYHOIO THUIIA Ha
HOPMAaJIM30BAaHHBIN BXOJI CUCTEMBI 3J1. aBTOMATUKH: 0+5; 025 MA nmoCTOSHHOTO TOKA U
1,5+2,5; 4+8 x['11 mepeMeHHOT0 TOKa)

3¥ — 3agaromiee yCTpOMCTBO (BBOAUT B CHUCTEMY dJ. aBTOMATUKH 3TajoHHOE 3HaueHue "X
perymupyemoil BenmnuuHbl OY; 3V Moxer OBbITh NpPOrpaMMHBIM, TOIZla OHO
MOCJIEZI0BATENBHO BbIIAET PA3IMYHbIE 3HAYCHHUSI 3TAIOHA).

IC — deMEeHT cpaBHEHMS (CPaBHUBAET ATAJIOHHYIO BEIMUUHY OT 3V, U BEIUYMHY, OIy4aeMYHO
n3mepurenbHoro ycrporcrsa I, HIL. Ilpm Hanmuumm paccornacoBaHusi co3ga€rcs
pEryIupyeMoe BO3/IEHCTBUE HA CUCTEMY, KOTOPOE CTPEMUTCS CBECTH K MUHUMYMY 3TO
paccoriacoBaHue).

P — perymarop (coBokynHocTh ycunutens "Y', ympasistomero "VV'" um KOppeKTHPYIOLIETO
"KY" yctpoiicTB. BbimonHser kKomMMmyTanuio U anreOpanuyeckoe CyMMHpPOBaHUE
CUTHAJIOB M3MEPUTEIBHOIO U 3aJIal0IIero YCTPOWUCTB, BBHIPAOOTKY TpeOyeMoro 3akoHa
yIpaBieHus).

UM — uCnOJHUTETBHBIM MEXaHW3M (DJIEMEHT, MOJYYaIOIIUi YIPAaBISIONIEe BO3ACHCTBHE OT
peryasTopa u npeoOpasyIonii ero B CUIOBOE BO3ACHCTBUE HA PErYIHUPYIOLIHHA OpraH).



PO - perymupyrommii opraH (mepeMemiaercsi HCHOJHUTEIbHBIM MexaHusmMoM "MUM" wu
HETMOCPEACTBEHHO U3MEHSET PETYIUPYEMYIO BEJIUUUHY).

NII — uCTOYHUK MUTAHUSA.

CT — crabmimzarop.

[Ipu ympaBiaeHHH CIIO)KHBIMH TPOU3BOJICTBEHHBIMUA TMPOIECCAMU YACTO TMPUMEHSIOT
MHUKPOIPOIIECCOPBI U PETYIISATOPHI, B KOTOPHIX CUTHAJIBI MPEJICTABISAIOTCS B MpoBoii popme. B
TaKUX CHUCTEMaX B KAa4eCTBE BXOIHBIX yCTPOUCTB MCoyb3yloT AIIl, B KauecTBe BBIXOJHBIX —
LIAII (1160, HarTpuMeEp, IArOBbIC JBUTATEIH. ).

Bce TexHuueckue cpencTBa aBTOMATUKH MOXHO MIPEJICTAaBUTh B BUJIE HEPAPXUICCKOM 3-X
YPOBHEBOH CTPYKTYPBI:

1. Beicmmii ypoBeHb — CUCTEMBI YIIPABJICHUS U CUCTEMbI aBTOMATUYECKOTO PEryTHPOBAHUS.

2. CpenHumii ypOBeHb — AaBTOMATHYECKHE PETYJSATOPBI, CICISAIIAE TPUBOMBI, JIpyrue
MIOJICUCTEMBI, BXOJISIIIIHE B COCTAB CUCTEM YIIPABJIICHUS U PETYTUPOBAHUS.

3. HwukHMii ypoBeHb — 3JIEMEHTHI U YCTPOWCTBA MOJICUCTEM, PETYISTOPOB, IPHUBOJOB CHCTEM.
TexHUYECKne cpeicTBa STOTO YPOBHS MPEACTABISIIOT CO00i AIeMEHTHYIO 023y aBTOMATHKH.

OOmeit QynkmuonansHoii uyacteto CAY u CAP sBnsiercs OOBEKT yIpaBICHHS
(perynupoBaHus).

O0bekTOM YynpaBJjieHHsl Ha3bIBAIOT YIPABISIEMYI0 4YacTh CHCTEMBI, T.€. arperar,
MalIMHY, YyCTaHOBKY, TpeOyeMblii peXuM  (QYHKIIMOHUPOBAHUA  KOTOPBIX  JOJDKEH
MOJICP’KUBATHCS YIIPABIISAIONICH YaCThIO CUCTEMBI B COOTBETCTBUU C BHIOPAHHOM WIIM 3alaHHOMN
LENbIO YITPABIICHUS.

Cucrema ynpasJjenusi (CY) — 3aMKHYTBHIM AMHAMUYECKUNA KOMIUIEKC, COCTOSIIIUN W3
yIpaBsieMbIX OOBEKTOB U TPEX MOACUCTEM:

¢ uHbOpMaAIMOHHAS;
® JIOTMKO — BBIYUCIUTEIbHAS,
® JHCIIOJIHUTEIbHAS.

O060061énnas cxema ognomepHoii CY:

f(t)
Noruko- XAt )
o HCnoaHuTEABHER rit) DEoexT \
EEMHCAMT &NEHER > vlt)
- - — ———
noacacrems, | ’ NOgCHITEMS
O pe 4, 2N AL ER
Xt
Wripopam aunoHHaR [
NOGCHCTEME '
H4t) — ympaEnmomm i ¢ HrHA,
H[E) — curaan ofpatH ol CEASH;
V() — per VI e Ma R 08 peM SHH AT,

1(f) — perymEphiom ee BOSOEHC TER S,
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COBOKYITHOCTh TEXHHYECKUX CPEICTB, MpEIHA3HAYCHHBIX IS MOJTYYCHHS, MEpeaadu H
npecTaBiIeHns HHPOPMALIMH, HA3bIBAIOT HH(POPMALMOHHON NMOACUCTEMON.

K cpeacrBam, mnpeaHa3HauyeHHBIM JUIA IOJYYEHHUS M IPeoOpa3oBaHUS NEPBUYHON
UH(OPMALIMU O BHEIIHUX M BHYTPEHHUX (PAKTOpax pabOThl yIpPaBIsEeMbIX OOBEKTOB, OTHOCATCS
cienyromie  ieMeHTsl  CY:  jgaTd4uku  NepBUYHON  MH(pOpManuH, HpeoOpa3oBaTei,
BBIYUCIUTENbHBIC YCTPOICTBA AJIsl IEPBUYHOM 00paboTKH MH(GOPMAITUH U JIp., @ TAKKE CPEACTBA
JUIL Tepeladyd M TpencTaBieHus uHpopMmauuu B QopMme, yIOOHOH I ympaBieHHS —
nepeaTYnKy, KaHAIbl CBA3H, KOAMUPYIOIIME M JIEKOAWPYIOIINE yCTPOICTBa, MpeoOpa3oBaTenn
uH(pOpMaINHY, TPUEMHUKHU H T.JI.

COBOKYIHOCTh TEXHUYECKHX CPEJICTB, MpeIHa3HAYeHHBIX JUIsi 00paboTku nHpopManuy,
Ha3bIBAIOT JIOTHKO—BbIYHCIMTENBHOI moacucTeMoii. OCHOBHAs QYHKIHS CPEICTB 00pabOTKH
UHPOpPMALIUM COCTOMT B BBIPAOOTKE pEIICHHH, HEOOXOAUMBIX JJs JOCTIHDKEHHS IENn
yIpaBJICHUS Ha OCHOBE HMMEIOIIEiics MHPOpPManuu. OJTH pemeHus OOBIYHO Ppean3yloTcs B
(dopMe ynpaBIISIOIINX WIN 331aI0IIUX CUTHAJIOB.

Texundeckne  cpeactBa  aust  (OPMHUPOBAHMS  YNPABISIOIIUX  BO3JCHCTBHH,
OCYLIECTBIIAIOIINAE HEMOCPEACTBEHHOE YIPABICHUE OOBEKTAMH B COOTBETCTBHH C IIETIBIO
yIIpaBJICHUS, 00Pa3yIOT HCHOJHHUTEIBHYIO MOACHCTEMY (PETYJISTOPBI, CIEISAIINE CUCTEMBI, aBT.
IIPUBO/IBI, CEPBOMEXAHU3MBI PETYIIATOPOB).

JaTunkn

JI71s1 HeTIPepBIBHOTO KOHTPOJIS 32 MPOTEKAHUEM TEXHOJIOTHYECKUX MPOIIECCOB, PEXKHUMOM
paboThI Pa3IMYHBIX MAIIMH U allapaToB UCIOJIB3YIOT 3JIEMEHTHI — TaTYHKH.

JlaT4uKH — 3TO YCTPOWCTBO, pearupyloniee Ha H3MEHEHHE MapaMeTpoB Ipoliecca,
pexxuMa paboThl MalIMHBI M allllapaToB M OCYIIECTBISIONIEE HEMPEPHIBHOE MpeoOpa3oBaHUe
u3MepsieMoil (PU3HUYECKON BEITMYHUHEI B IPYTyI0, YIOOHYIO JIJISl HCIIOJI30BAHUS B ITOCIICTYFOIINX
3JIEMEHTAaX CUCTEM aBTOMATHUKH.

JlaTuuku MOXKHO KJIaCCH(DHUIIMPOBATH:
1. Tlo BHAY BXOIHOI BeJIMYHHBI:

a. JaT4uKd TpeoOpa3oBaHMS TEXHOJOTHMUYECKOM HEDJIEKTPUUECKOW BEIMYHUHBI B
DIIEKTPUYECKYI0 (aTYMKK JABJICHHs, YPOBHS, TeMIepaTypbl, JIHHEHHOTrO
NepeMEIIeHHs, YTJia TOBOPOTa U T.1.)

b. nmaTuuku mpeoOpa3oBaHUS OTHOM IIEKTPUUIECKONW BEITHUUHBI B APYTYIO (IaTUHKH
TOKa, HaMpsKEHUs, (Ha30UyBUCTBUTEIIHLHBIE CXEMBI).

2. Ilo Buay npeoOpa3oBaHus:

a. aHaJoroBble (MMOTEHIMATIBHBIC, TOKOBBIE, YaCTOTHHIE, (Da30BHIC)

b. nmuckpeTHbIE (AMILTUTYIHO-UMITYJIbCHBIE, BPEMSHMITYJIbCHBIC, YHCIIOMMITYIbCHBIC
u ap.).

3. Ilo xapakTepy npeoopa3oBaHusi BX0HOW BeJMYUHbI B BHIXOJAHYIO:

a. TapamMeTpUuYecKHe;

b. reneparopHsbie;

C. KOMIICHCAITMOHHEIE;

d. wgacrorHsble.

I[apameTrpuyeckne JaTYHMKH — B HUX U3MEHEHUE BXOTHON HEAICKTPUUECKOM BEIIMUHNHBI
npeodpaszyeTcs B M3MEHEHUE KAaKOTO-JIN00 IEKTPUIECKOTO IMapaMeTpa BIXOIHOH IeTH
(aKTUBHOTO COMPOTUBJICHHS, HHIYKTUBHOCTH, EMKOCTH). OHU TPEOYIOT TOTIOJIHUTEITHHOTO
MCTOYHHMKA SHEPTUH.

I'enepaTopHble JaTYUKHN — B HUX BXOJAHAs BenuunHa npeodpaszyercs B DJIC Ha BbIxoe
(matunxu Tepmo-2]JIC, mpe3oanekTpudeckue, (HoToINEKTpUIECKUEe, TAXOMETPHUIECKHE U JP.).
OHH HE TPEOYIOT JOMOTHUTEIIBHOTO HCTOYHUKA SHEPTUH.



KommneHcanuoHHble JaTYNKHM — B HUX BXO/HAas BEJIMYMHA (YacTO Mociie
IpeBapuTeILHOrO TPeoOpa30BaHusl) KOMIICHCUPYETCS APYrol BEIMYMHOM, UMEIOILEH Ty ke
buznueckyro npupoay. s HenpeppIBHON KOMIIEHCAUU OocyIiecTBisieTcs: orpunarensHas OC.

YacToTHBIE JaTYHKHU — B HUX Pa3InYHbIC PU3NICCKUE BEIIMYMHBI HA BXOJIC
(mepemeliieHre, CKOPOCTb, PACX0/1) U3MEHSIOT YaCTOTY EPEMEHHOT0 TOKA UJIU YaCTOTY
CJIEIOBaHUS UMITYJIbCOB.

JlaTuuku Takke KJIacCUPUIHUPYIOT 0 KOHCTPYKIIMOHHOMY UCIIOJIHEHUIO, 110 BETMYNHE
HOTPEIIHOCTH, IO JPYTUM ITPU3HAKAM.

B o0miem ciydae gatuuk, sBIsIoLIMiics npeodpa3zoBaTeneM HHGOPMAIIUU, COCTOUT U3
nepBuaHOTO Mpeodpazosatens "[1I1", mpeoOpa3yroniero KOHTPOIUPYEMYIO BETUINHY X B
BEJIMYUHY, YIO0HYIO 111 u3MepeHui X1, u mpeoodpaszopareins "I1", B koTopom BenmunHa X
npeoOpa3yeTcst B AJIEKTPUUYECKUNA CUTHAI Y 33 CYET MOIBOJIMMOM 3HEpTuu Z.
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TexHuyeckue XapakTEpPUCTUKH DJIEMEHTOB, YCTpOCTB U cuctem aBToMatuku (CAP u
CAY) xnaccubuuupyroT Ha S5 Tpynm: CTaTHYECKHUE, JTUHAMUYECKHE, TOYHOCTHBIE,
OKCIUTyaTaIl[MOHHbBIE U YKOHOMUYECKUE.

1. Crarnuyeckme XapakTepUMCTHKHM: KO3(QQUIMEHTHl YCWIEHUS U IepelaTOyHble

KO3 (UIMEHTH! (4yBCTBUTEIBHOCTD); TMHEMHOCTh CTATUUECKUX XapaKTePUCTHUK (s
JUHEWHBIX 3JIEMEHTOB M YCTPOMICTB); 3HaYEHUs BXOJHBIX M BBIXOJHBIX MapaMeTpOB
(mopor 4YyBCTBUTEJIBHOCTH, 30Ha HEUYBCTBUTEIHLHOCTH WJIM HEOAHO3HAYHOCTH,
3HaYeHUs NapaMeTpPOB HACHIMIEHUs, pabouuii 1uana3oH M3MEHEHUs CHUTHAJOB HU
apaMeTpoB); BXOJIHASI U BBIXO/IHAs MOIIIHOCTh; HOMUHAJIbHbIE 3HAYEHUS TapaMETPOB
U T.J.

JIlnHaMHu4YecKre XapaKTepUCTUKH: CTETIEHb aCTaTU3Ma; YaCTOTHbIE XapaKTePUCTUKU
(mepenatouHble  (QYHKLUUHM): T[0J0ca  TPOIYCKAaHUS;  IOKa3aTeNd  KadyecTsa,
XapaKTepU3YIOIIME TMEPEeXOJHbIE PpEeXHUMbl (TMIOCTOSHHBIE BpPEMEHHU, BEIUYMHBI
nemrupoBaHus, epeperyaIupoBaHus); 3aachkl YCTOWYMBOCTH 10 (a3e u aMIIuTy e
u J1p.

To4yHOCTHBIE XApPaKTEePUCTHKHU: CTAaTHYECKas TOYHOCTh (WJIM TO3UIMOHHAS,
CKOPOCTHasi U Jp. OUIMOKH); TOUHOCTh B MEPEXOJHBIX pexumax (ObICTponencTBuE,
TOYHOCTb IIPU THUIIOBBIX BO3JEHCTBUAX); TOYHOCTh IPH HAJIWYMH BO3MYILIEHUM;
CTaTH4YecKas TOUHOCTb (JMHAMHUECcKas OINOKa).

IKCIUIyaTAllMOHHbIE XapAKTePUCTUKH: >PPEKTUBHOCTh NPUMEHEHUS COIJIAaCHO
BbIOpaHHBIM KPUTEPUAM; CTAOMIBHOCTh XapaKTEPUCTHK M MapaMeTPOB B YCIOBUSAX
HOpPMaJIbHON (LITaTHOM) SKCIUTyaTallid; YCTOMYMBOCTH K BO3MYILEHHSIM BHEIIHEH



cpenbl  (TEPMOCTOMKOCTh, BIIArOCTOMKOCTh, BHOPONMPOYHOCTh M T.II.), Macca,
rabapuTHBIE pa3Mephl U Jp.

5. DxoHOMHYECKHE XapaKTEePUCTHKM: HAI&KHOCTh;, cTouMocTh; KITJI; pecypc paboTsl
U T.J1.

3anaua pa3pabotku CAP cocTouT B TOM, YTOOBI, pacnojarasi HEKOTOPbIMU allPHOPHBIMH
cBenleHussMH 00 o0BekTe (mporecce) U TexHudeckuM 3aganueM (T3) Ha cucteMy B 1esoM (1o
TOYHOCTH, KOA(PPHUIMEHTaM MepeJadn, MOIIHOCTH, HaI&KHOCTU U T.J.), BBIOpAaTh TEXHUYECKHE
CpeICTBa U3 YKCIia CEpUNHBIX, (a B ciiydae HeoOxoaumocTu chopmynupoBath TY Ha pa3paboTky
HOBBIX) M COCTaBUTh CXEMY CHUCTEMBbI, 00ECIIEUNBAIOIIYIO peain3aluio JanHoro T3.
IIpu BBIOOpE ycTpoiicTB, Bxoasmmx B CAP, oHM HOMKHBI paccMaTpuBaThCs BO
B3aUMOJICHICTBUHU APYT C APYTOM, T.€. TOJDKHBI OBITh COBMECTUMBIMH.
Ocoboe MecTo cpenu 37eMeHTOB M ycTpocTB CAP 3aHMMAarOT JaTYMKH TIEPBUYHOU
uHpoOpMaluy, U3MEpUTENbHbIE U NpeoOpasylollye YCTpOWCTBA, OT CTaTUYECKOH U
JUHAMHYECKON TOYHOCTU KOTOPBIX HETIOCPEICTBEHHO 3aBUCUT TOYHOCTH CUCTEMBI B IEJIOM.
OCHOBHBIMHU XapaKTEPUCTUKAMH JATYUKOB CUCTEM 3J1. aBTOMATHKU SBJISIOTCS:
® CcTaTUYecKas XapaKTepHCTHKa Y=@(X), T.€. 3aBUCMOCTb BBIXOJTHON BEJIMYHHBI OT
BXOJIHOU B yCTaHOBUBIIEMCA pexumerX

® YYBCTBHUTEILHOCTh S=Ay/AX, T.e. OTHOILICHHUE MPUPALICHUS BBIXOIHON Ay K BXOHOM
AX BeUYHH;

® TIOrPELIHOCTb;

® JMHAMUYECKUE XapaKTEPUCTUKHU, OTPEACIISAIONINE MOBEICHUE TaTYUKOB MPU
Pa3JIMYHBIX U3MEHEHUSAX BXOIHON BEIMYUHBI.

BoNbIIMHCTBO JAaTYMKOB 1O XapakTepy IWHAMUYCCKUX CBOWCTB MOXKHO OTHECTH K
OE3bIHEPIIMOHHBIM U aNepUOJAMYECKUM 3BEHBSM IMEepBoro u Oosiee BBICOKMX mopsakoB. K
JaT9uKaM, TIPUMEHSEMBIM B CHCTEMaxX »JJICKTPOABTOMATUKH, TPEABSBISIOTCS CIICAYIOIINE
TpeOOBaHUS:

¢ HEOOXOIUMBIN AMAMa30H U3MEHEHHUS BXOTHBIX M BHIXOJHBIX CUTHAJIOB;

JUHEHHOCTh CTATUYECKUX XaPaKTEPUCTHK;

BBICOKAasl YyBCTBUTEILHOCTD;

MaJible HHEPIIMOHHOCTh M MOTPEIIHOCTb;

JIOCTATOYHAsI MOIITHOCTH BBIXOJHOT'O CUTHAJIA;
HaUMEHbIIIee BIUSHUE IaTINKA Ha U3MEPSEMBIN TTapaMeTp;
HaJ&KHOCTh B paboTe;

MaJjible TabapuTHBIE pa3Mephl U Macca.

I[Mapamerpuyeckue npeodpazoBaTesu (JaTYMKH)

JIroOoi MaTuMK COJEPKUT UYBCTBUTENIBHBIN AJIEMEHT WM NpeoOpa3oBaTeib, KOTOPBIN
pearupyer Ha M3MEHEHUE BXOJHOH BETUYMHBI U IpeolOpa3yeT ee B COOTBETCTBYIOIIMN CUTHAI,
YAOOHBIN 15 JaTbHEHIIIETO UCTIOIb30BaHUS.

Takum oOpazom, MHOTHE MpeoOpa3oBaTEId MOKHO OTHECTH K MPOCTEHIIMM JaT4HKaM,
T.€. IaTYMKaM C HEMOCPEICTBEHHBIM MpeoOpa3zoBaHueM. OJTHAKO YacTO BBIXOJHOM CHUTHA TaKUX
AIIEMEHTOB TpeOyeT [OMOJHUTENIBHBIX IPeoOpa3oBaHUi — B OTOM Cllyyae HCHOJIb3YIOTCS
JATYHKH C TPOMEKYTOUHBIM NPEOOpPa30BaHUEM.

[TapameTrpuueckue  mpeoOpa3oBaTenu  (YyBCTBUTENIBHBIE  DJIEMEHTBI)  OOBIYHO
peoOpa3yroT HEANIEKTPUUECKHE BXOJHbIE BEJIMYUHBI B MTapaMeTphl eKTpuyeckux uemnei: R L
C u M u nonpasaenstoTcs Ha:

® DPE3UCTOPHBIE;
® UHAYKTHUBHBIE;



® CEMKOCTHBIC;
e TpaHChOpPMATOPHBIE.
OTH dJIEMEHTHI TPEOYIOT TOTIOTHUTEIBHBIX HICTOYHHKOB MUTAHUS.
[Tapamerpuueckue mnpeoOpa3oBaTed  UCHONB3YIOTCS, TJaBHBIM  OOpa3oM, s
npeoOpa3oBaHusl MEpPEeMEIIeHUM (JUHEWHBIX M YIVIOBBIX), JIABJICHUM, MEXaHUYECKUX
HaIPSOKEHUH, TEMIEPATYP B BEJIUUYHHBI JIEKTPUUECKOTO HAIPSKEHUS, TOKA, YaCTOThI U Jp.

Pe3ucropubie mpeodpazoBaresin

[TpuHIMN JEWCTBHSL PE3UCTOPHBIX IpeodpazoBarescii (UyBCTBUTEIBHBIX 3JIEMEHTOB)
OCHOBaH Ha M3MEHECHHH DJICKTPUYECKOTO COMPOTHUBIICHUSI R Mpu M3MEHEHUU JIIMHBI {, cedeHus
S WM yaenpbHOro COMPOTUBICHUS P PE3UCTOpa, TaK Kak B odOmem ciydae: R=C-p/S. Kpome
3TOT0, TAKXKE MCIIOJIB3YIOT 3aBUCUMOCTh R OT KOHTaKTHOTO JaBJICHUS U OCBEIICHHOCTH.

Takum 00pa3oM, pe3ucTOpHBIC TPeoOPa30BATENN OPA3ICIAIOTCS Ha:

- MOTEHIIMOMETPHUYECKUE;
- TEH30PE3UCTOPHI;

- TEPMOPE3UCTOPHI;

- yrOJIbHBIE;

- (OTOpPE3UCTOPHI.

IMoTeHUHOMeTpUYECKHE TIPe0OPa30OBATETH

[ToTreHunomeTpruyeckue Mnpeodpa3oBaTenu CiayxaT g NpeoOpa3oBaHUS YIJIOBBIX WM
JUHEMHBIX MEXAHWYECKUX IIEPEMELICHUM B COOTBETCTBYIOIIME HM3MEHEHUS CONPOTHUBIICHUS
(HanpspkeHust wiK Toka). Hanbomnee yacto MCnosib3yr0T MPOBOJIOYHBIM NOTEHIHMOMETPUUYECKHI
JATYUK HENpepbIBHONH HAMOTKHU (Kapkac, Ha KOTOPbIM OAHOCIOWHAs 0OMOTKa M30JUPOBAHHOTO
IIPOBO/IA C BBICOKUM Y/EJIbHBIM COIPOTUBICHUEM U MOJBEACH KOHTAKT).

I Llsarx
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[lo KOHCTpYKTMBHOMY HCIOJHEHHUIO KapKaca: IUIOCKHE U IWIMHIPUYECKUE C
IPSIMOJIMHEMHBIM IIEPEMEIICHUEM MTOIBUKHOTO KOHTAKTa, KOJIBLIEBBIE, CIIUPAJIbHBIE.

Y opnoraktHoro IIJ (mMOTEeHHMOMETPUYECKOTO JaT4yMKa) C MPSAMOJUHEHHBIM
nepeMeleHHeM TO/BHKHOIO KOHTaKTa (CMOTPH DPHUCYHOK) BXOJHOH BEJIMYMHOHN SBISETCS
nepeMenieHre { MOJBUKHOIO KOHTAKTa, a BHIXOJHOU — HampshkeHre UBBIX Ha COMPOTHBIICHUU
Harpy3ku RH.

3aBucumocts UBbIX = ¢ (£) sBisieTcst craTudyeckoi xapakrepuctukoi [1/1.

Ha xonoctom xomy UBsix =I'‘Rx=(U/R) ‘Rx, rne | — Tok B nenu moreHiuomerpa, R —
oO11ee CONpOTUBIEHHUE MOTEHIIMOMETPA.

Jos 111 ¢ quIMHAPUYECKUM KapKacOM M PaBHOMEPHOM HAMOTKOW IIPOBOAOM OJHOTO
CEUEHUS:

Usnix =U-Ry/R=U-L/L=S, L,



rae Sy=U/L — 9yBCTBUTEIHHOCTH JaTUYHKA 10 HAMPSHKEHUIO, L — mosIHast JyiMHa MOTEHIIMOMETA.

B MHOTOBUTKOBBIX 4yBCTBUTENBHBIX [IJl HEOOXOMMMO YYUTHIBATH CTYIEHYATOCTH
M3MEHEHHUs HaIPSHKeHUs MpU MEepeMeleHUH KOHTaKTa ¢ BUTKAa Ha BUTOK. CTyrneHyaras, T.e.
peanbHas 3aBucUMOCTh UBBIX = ¢ () ans AaT4MKOB MpeACTaBiseT co0Oi CTyNmeHdYaTyro
XapaKTEPUCTHKY.

AbcouoTHas BUTKOBast morpemHocts ARw = R/2-w.

OTHOCHTEIbHAS OTPEHIHOCTD Ow= = ARw/R ==+ 1/2-w
rae Rw — conporunenue oaHoro BUTKa; R — o0111ee conpoTuBieHne NOTeHIHOMETpa; W — YUCII0
BUTKOB.

IIpu mnoaxmrouenun k IIJI Harpy3ku RH cTaThyeckyro XapakTEpUCTHKY MOXHO
MPEJICTaBUTh (UCIIOJIb30BAH METO]I IKBUBAJIEHTHOT'O T€HEpaTOpa):

Usbix = U(L/L)-a/ { o+ [ ¢/L — (£/L)?] },
TO €CTh IPU NOJKIIOYEHUM Harpy3Ku craruueckas xapakrepucruka U = ¢ ({) nenuneiina. g
yMeHblIeHus HenuHenoctd Ru >> R (t1.e. a = (Ru/R) > 10+100)

&

FaFa1 > B

L

B cnygasx, korna He0OXOAMMO, YTOOBI IaTYMK pearupoBal Ha 3HAK BXOJAHOTO TIEpEeMEIICHHUS,
WCIIOJIBb3YIOT JBYXIIETOYHBIE MOCTOBBIE NBYXTaKTHBIE [1]], a Takxke peBepCUBHBIE WU
JnByxTakTHbIe I1/] ¢ BBIBOIOM cpeqHer TOUKH.
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[Tpu mepemenieHUN BUKKAa OTHOCHUTENIBHO CpelHEN TOUYKU (M3MEHEHHE 3HaKa MepeMeleHus)
U3MEHUTCS U 3HAK HAIPSLKCHMS Ha BBIXOJC:



= o]
W

e &

-Ushm

VY IBYXTaKTHBIX JAaTYUKOB, IUTAEMBIX [IEPEMEHHBIM TOKOM, U3MEHEHUE 3HAKa BXOJHOTO
NepPEMELIEHHS IPUBOAUT K U3MEHEHHIO (pa3bl BHIXOJHOIO HAIPSDKEHUS BBIXOAHOIO HAIPSKEHUS
Ha 180°.

Yacto Tpebyercs, dYTOOBI MpHU MEpPEMEUICHUU JBUIXKKA BBIXOJHOE HANpPsHKECHUE
U3MEHSJIOCh TI0 OMNpENeICHHON HeJuHeiHoW QyHKkiuu. B 3THUX choydasx HUCHOIB3YIOT
npoduIbHbIE, CTYIIEHYAThIE, CHHYCO-KOCUHYCHBIE U IPYTU€ MOTEHIIHOMETPBI.

[ToTeHMOMETPUYECKUI NaTYMK KAaK 3BEHO ABTOMATHYECKOW CUCTEMBI PETYIUPOBAHMS
paccMaTpuBaeTCs BMECTE C CONPOTUBICHUEM Harpy3ku. [Ipu aktuBHOM Harpyske I1/] sBisercs
OE3bIHEPIIMOHHBIM 3BEHOM, T.K. €r0 MHIYKTHBHOCTh BEChbMa Majia U €10 MOXKHO MpeHeOpedb 110
JacTOT B IecsaTku Kl o,

[Ipu akTMBHO-pEaKTUBHOIN HAarpy3Ke HAUMHAET IPOSABIISIETCS] MHEPIIMOHHOCTh YCTPOKWCTBA
Y TUII 3B€HA 3aBUCHUT OT XapaKTepa Harpy3KHu.

Hocronncrpa IIJ[: mpocToTa KOHCTPYKIIMKM, OTHOCUTEILHO Majble TabapuThl U Macca,
JI0OCTATOYHAsi MOILIIHOCTb, Pa00Ta Ha IOCTOSIHHOM U IIEPEMEHHOM TOKE.

HenocraTrku IIJI: Hanuuue CKONMB3SIIEro KOHTaKTa (CHUKEHHE HAJECKHOCTHU, YCUIIHE),
CTYIEHYATOCTh CTATUYECKUX XapAKTEPUCTHK U MX HEJIMHEHHOCTH MPH OOJBUIMX Harpyskax (Io
TOKY ¥ MOIIHOCTH).

Tenzopesucropnl

TeH3zope3ucTopsl SBISAIOTCS Pa3HOBUJHOCTBIO PE3UCTOPHBIX MpeolOpas3oBaTtenell U
HCIOJIB3YIOT TEH303(P(PEKT — U3MEHEHUE BEIMUMHBI AKTUBHOTO COIIPOTUBIICHUSI IPOBOIHUKOBBIX
WJIM TOJIYIPOBOAHUKOBBIX MaTEPUAIIOB MO BO3ACHCTBUEM NPUIIOKEHHBIX K HUM MEXaHUUYECKHUX
HaIpsOKEHUN.

Tenzoapdext mnpu npedopmanuy pacTHKEHUS WM CKaTHS — XapaKTepU3yeTcs
KO3 (UIIMEHTOM YyBCTBUTEIBHOCTH:

e St=0R/5L =E-(5R/0);

e 3R =AR/R;

o 30 =AU/,
rae AR — npupaiieHne conpoTuBIEHUS NpU U3MEHEHUH IUHbI { Ha BennuuHy AL,

E — Monyne ynpyroctu Marepuana,
G — MEXaHMUYECKOE HATIPSKEHHUE.

KoadduimenT dvyBCTBUTENBHOCTH TOKa3bIBa€T, BO CKOJBKO pa3 OTHOCHUTEIBHOE
M3MEHEHHE COMPOTUBIEHUS OR GombIle ero OTHOCUTENbHOM nedopmanuu dL.

KoaddunmeHT TeH304yBCTBUTENBHOCTH JUIS HCIOJB3YEMbIX B  TEH30PE3UCTOpax
METaJUIOB ST=2 (KOHCTaHTaH, HUXPOM, XpOMEJb); I MOIYIPOBOJHUKOBBIX MeTaioB STt=100
(repMaHuii, KpEMHHUIT), OTHAKO Y HUX HU3Kasi MEXaHUYeCKasi IPOYHOCTb.



CxeMbI TEH30PE3UCTOPOB:

0cE DediopMamne
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TpOENTOYH B GOMET OB
(mpoEomoEa }a’l}:l}l—iﬂl:l}i MM (fomera ws KoBCTART 383, TommEECE 7 10 wer)
€ ERICOEHM VIETEHEM COIPOTHETE HHEM)

TeH3z0pe3ucTop HAKJIEHBAIOT HA TOBEPXHOCTh HMCHBITYEMOH JeTalu TakK, 4YTOObI €ro
MPOJI0TIBHAS OCh ObLIa PacloJoKeHa B HAMPABICHUH U3MepsAeMOil edopManiuy JeTanu.

XapakTepucTrKa YIpaBJIEHUS MPOBOJIOYHBIX TEH30PE3UCTOPOB B TIpeleiiax YIpyrou
nedopmaruu 6mu3ka k nuHeitHol (nocturaet 0,1%) u onpeaensercs BRIpaKCHUEM:

AR = R-S1-80 = (p-S1/S)-Al
rac S — IJI0IIaJAb IMOnCpEYHOro CCUCHUA

[lorpemHocT  MPOBOJOYHBIX  TEH30PE3UCTOPOB  3aBUCAT  OT  TEMIEpaTyphl,
COIIPOTHUBJIEHUS M3O0JIALMH, BJIArOCTOMKOCTH, KAaueCcTBa HAKJIEMBAHUS M HaJU4YUs IONEpPEeYyHOU
nedopmaruu. [TpoBoIOYHBIE TEH30PE3UCTOPHI BHITIOIHSAETCS ¢ conpotuBieHueM 10100 Om u
UMEIT pasmepbl ocHoBaHus 2+100 mm. JlocTomHCTBa: Manblii Bec M pa3Mepbl, Maias
MHEPLMOHHOCTh, OTCYTCTBME rHcTepe3uca. HemocraTrku: OTHOCUTEIBHO  HEBBICOKAs
qyBCTBUTEIBHOCTh. (MDONIBroBble — aHAJIOTMYHO, HO MOIYT MpPONYyCKaTh OoJsibliMe TOKH (Y
IIPOBOJIOYHBIX — HECKOJIBKO JIECATKOB MA) 1 Giiarojiapst pUCyHKY pEeIIeTKH MEHbBIIIE PearupyroT
Ha rornepeyHsle aedopmarm).

TepMmope3ucTopsl

TepMOpeL’oI/ICTOpH ABJIAKOTCA PA3HOBUAHOCTBIO PE3HUCTOPHBIX npeo6pasoBaTeneﬁ 151
OCHOBAHBbI Ha U3MCHCHUU SJICKTPHUYCCKOTO COIMPOTUBJICHHUA IMPOBOAHUKOBBIX n
MMOJIYITPOBOAHUKOBBIX MATCPUAJIOB ITPU U3MCHCHUUN UX TEMIICPATYPHI.

I[J'IH MCTAJIJIOB 3aBUCHUMOCTDL JJICKTPUUYCCKOI'O COIMPOTHUBIICHUA OT TCMIICPATYPbl UMCET
BU:

R(0) = Ro (1+0-0))

JI7isi M3TOTOBJICHUST YYBCTBUTEIIBHOTO AJIEMEHTA UCIIOJIB3YIOT: ME/lb, TUIATHHY, HUKEIb, a
TaK)Ke MOJIYIIPOBOTHUKOBEIC MaTepHaIbl: OKHUCIIBI MapraHiia, MeJIH, JKelle3a, HUKes, KoOanbTa u
Jp., KOTOPBIE CTEKAIOT MPU BBICOKUX TEMIIEpaTypax.

TepMope3ncTophl U3 METHOTO TTPOBOHKMKA TPUMEHSIOTCS B TUAIa30HE TEMIIEpaTyp OT —
50° mo +150°C (a=4,27-10° rpam.l), u3 mmaTmHOBOH mpoBomoKM oT -190° g0 +650°C
(0=3,96-102 rpan.), u3 cramu n Hukens ot 100° 1o 150°C.

Tepmopesuctopsl BointyckatoT ot 10 10 100 Om.



XapakTepucTuKa YIpPaBJICHUS IMPOBOJIOYHBIX MEIHBIX TEPMOPE3UCTOPOB IMPAKTHYECKHU
JUHEWHa BO BceM padoyeM auaras3oHe, y IUIATHHOBBIX — HelMHEeHHa. YyBCTBUTEIBHOCTS!

e MEIHBIX S=Roa
® IJJAaTUHOBBIX S =Ro'(0+2-B-0), rae a u f — ko3P dUIIUEHTHI.
UyBCTBUTEIHHOCTh MEIHBIX — MOCTOSHHA, & TUIATUHOBBIX — U3MEHSETCS ¢ M3MEHEHUEM
TEMIIePaTypPHI.

[To amHAMUYECKUM CBOMCTBAM TEPMOPE3UCTOPBI OTHOCATCA K allepUOUYECKUM 3BEHbSIM,
ONMKChIBaeMbIM UG depeHIIMaTbHBIM YPaBHEHUEM IIEPBOT0O MOPSIKA:

r %&) +¥()=K_(3)
K

nepenaroaH s fyoenmas Kip) = ——
Tp +1
K — nepenarounsiii koagduuueHT 38eHa, T — MoCTOsTHHAS BPEMEHHU.

[locTosiHHBIE BpEMEHU TEPMOPE3ZUCTOPOB CYILIECTBEHHO 3aBUCST OT €ro KOHCTPYKLMU U
COCTABJISAIOT OT A0JIEH CEKYHH IO AECATKOB MUHYT.

[TorpemHocTs U3MEPEHNH POBOJIOYHBIX TEPMOPE3UCTOPOB cocTasiseT <0,5+1%.

Tepmopes3ucTopbl 00BIYHO UCIOIB3YIOT HEMOCPEACTBEHHO Ul KOHTPOJIS TEMIIEpaTyp, HO
MO’KHO (TIpY IPOIYCKaHUM Yepe3 HUX JOCTaTOYHO OOJIBIIOTO TOKA U UX IEpErpeBa B pe3ysibTaTe
9TOrO0 M HCHOJB3YIOTCA YCIOBUS TEIUIOOTJAud) W AN KOHTPOJIS CKOPOCTH JIBUKCHHUS
KOHTPOJMPYEMOU Cpeibl OTHOCUTENIBHO TEPMOPE3UCTOPA, INIOTHOCTD CPEbI (ras).

TepmopesucTopsl U3 MOTYNPOBOJHUKOBBIX MaTepUaIOB Ha3bIBalOT TepMucTropamu. Mx
ocobeHHocTs — otpunarenpHblii TKC, T.e. conpoTHBIE€HHME HU3MEHSETCS C IOBBIILIEHUEM
TeMIIepaTypsbl (110 HIKCIIOHEHIMAIbHOMY 3aKOHY:

a6
R =Re™=R(l-a0+—+..)

rie Ro — conpoTuBieHre TepMUCTOpa PU HaYaJIbHOW TemIeparype.
0. — TeMIepaTypHbIil Ko uImenT conpoTusienns Tepmucropa (a=0,03+0,06 rpax?).
0 — meperpeB OTHOCUTENLHO HAaYaIbHOM TeMIepaTyphbl.
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KOHCTpYKTHBHO TEPMHUCTOPHI TPEACTABISAIOT COOOM TENO JTUCKOBOM, IMApUKOBOM,
WIMHIPAYECKON U Jp. (OpM C METAJUTMUECKUMHU BBIBOJIaMH, KOPITYC MOKPBIT CIOEM JIaKa WU
CTEKJIa, THOT/Ia KOPMYC METAJUIMYECKUN WIIH CTEKIJITHHBIM.

UyBCTBUTEIBHOCTh TEPMUCTOPOB B 5+30 pa3 BhIllIe, YEM TEPMOPEZUCTOPOB.

Homunansr: ot necarkos OM 10 coreH KOM.



HenunelHOCTh XapaKTEpUCTUK TEPMUCTOPOB OOYCIIABIMBAET WX HCHOJIb30BAaHUE MpPU
U3MEpPEHUHN TEMIepaTyp B JOCTATOYHO Y3KUX TMpelenax WU IPH COBMECTHOH paboTe ¢
JOTIOTHUTEIbHBIMU YCTPOICTBaMH, JIMHEAPU3YIOIIUMHU XapaKTePUCTUKU. TepMUCTOPHI UMEIOT
Oonpiioi pazbpoc mo comportuBieHuio £20% OT HOMHHAIBLHOTO 3HAUYEHUS, YTO 3aTPYTHSET
B3auMo3amensieMoctb. (MMT — menno-mapranuessie, KITM — kob6anbro-mapranuessie, TKII —
KOCBEHHOT'O MOJO0rpeBa). B kauecTBe TEPMHUCTOPOB BO3MOXHO HCIIOJIB30BAHUE T'€PMAHUEBBIX
JTUOJIOB M TPAH3UCTOPOB, OOPATHOE CONPOTHBJICHHE KOTOPBIX SBISETCS 3aBHCHUMBIM OT
TEeMIIepaTyphI.

YroabHble npeodpazoBaresiu

YronbHbIC npeoOpazoBaTenu SIBJISTFOTCS Pa3HOBUTHOCTHIO PE3UCTOPHBIX
peoOpaszoBaresie, UX JCHCTBUE OCHOBAHO HAa M3MEHEHUU KOHTAKTHOT'O COIPOTHUBIICHUS MEXKITY
YacTUILIAMU YTJIS TIPH M3MEHEHUU JABJICHUS. YTOJIbHBIC MPEoOpa3oBaTeIN MPUMEHSIOTCS IS
U3MEPEHUS YCHIIMH, MajbIX TepeMerieHnid. KOHCTPYKTHBHO BBIMONHSIOTCS B BUIC YTIOJbHBIX
CTOJIOMKOB U TE€H30JIUTOBEIE.

T CompoTHETsHEE
CTOIOHEA COCTOMT H3
cobcTBeEHOTO

COMPOT HEMESHA
STUIBECH
mafifer Bi o nepexomrore

(',,IIIB.HEH I3 3ISKTPOIHER VIR KOHTAFTHOTO
£ 5+10 o Tommeea 142 COMPOTHEMSHH A, KOTOpoS

romagec TED mant 10--15 mr. .} saBHCHT oT naEnemu
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B nepBom npubnuxenuu

R=Linr,
ik

I
IZie p — AaBiieHue, [1a;
K — nocrosuusrii kodpdunuent, M>/H-Om.

XapakTepucTtuka  ynpasieHuss R=f(p) HenuHeilHa, BCIEACTBHE  YEro  €ro
YyBCTBUTEIBHOCTh IepeMeHHa. [loaTomy oOBIYHO palboTaroT Ha HEOOJBIIOM YYacTKe, B
npelenax KOTOpOro XapakTepUCTUKAa [OYTH JIMHEHHA M 4YyBCTBUTEJIBHOCTb H3MEHSETCS
HE3HAYMTENIFHO. XapaKTepUCTHKA YIpaBleHHs OOBIMHO oOnamaer rucrepesucoMm (T.e. R=f(p)
IIpU yBEJIMYEHUH U n3MeHeHuu "p" He coBnanaet ~1+2%).

Jlpyrue HeIOCTaTKH: HECTaOMJIBHOCTh UX pabOThl, 3aBUCHUMOCTb XapaKTEPUCTHK OT
TEMIEPATYPbI U BIAXKHOCTU OKPYKaIOLIEH CPeIbl.

TenzonuroBsle mnpeoOpa3oBaTeiad BBHIMOJHAIOT B BHIE YIJIEPOJUCTBIX IMOJOCOK,
COCTOSIIIMX M3 cMecu rpaduTa, caku, OakenuToBoro jaka u ap. MMeror mansie rabaputsl U
Maccy, NPUMEHSIOTCS sl U3MEpeHUs OBICTPOMEHSIONIMXCS W YAApHBIX HampsHKeHUH B
JBUKYUIUXCS JETANIX MaJIoro pa3Mepa.

PaboTaroT kak Ha c)kaTHe, TaK U Ha pacTsHKeHHE.

UyBCTBUTEIBHOCTh BBILIE, YEM Yy MPOBOAHUKOBBIX TEH30PE3UCTOPOB U COCTABIISET
S1=15+20.



Henocrarku: pa3oBbie (OTPHIB OT JETAW pa3pyllacT WX), HEBBHICOKAs CTAOMIIBHOCTh U
TOYHOCTb.

(I)OTOZ}JIeKTpI/I‘{GCKI/Ie npeoﬁpa3OBaTeJm

@DOTOIEKTPHUECKUE MTPE0OPa30BATENN SBIAIOTCA PAa3HOBUAHOCTHIO (POTOPE3UCTOPOB H
WCITOJIB3YIOT BHEUTHUH 1100 BHYTpeHHHUH (HOTOAIDPEKT.

Buemnuii porodd et — ncnyckanue 31eKTpOHOB (POTOUYBCTBUTEIBHBIM MaTepPHAIOM
IIPY OCBELIEHUH BO BHEILIHEE ITPOCTPAHCTBO.

dotorneMeHT ¢ BHEMHUM (HOTOAIPPEKTOM — BaKyyMHBIH WM Ta30HAIOJIHEHHBIN
CTEKJIIHHBIA OaJlJIOH, HA BHYTPEHHIOIO CTEHKY KOTOPOIO HAaHECEH (POTOUYBCTBUTENBHBIN CIOH
(xaTon).

Pa3HOBUIHOCTBIO  ABIAIOTCS ~ (OTOYMHOXKMTENIM,  HUMEKT  0ojee  BBICOKYIO
qyBCTBUTEIHHOCTb 32 CYET BTOPHYHON IMHUCCHUH.

OCHOBHBIE XapaKTEPUCTHKHU: CBETOBas, CHEKTpalbHas, BOJIbTaMIIEpHas, YacTOTHAs U
napameTp — HHTErpabHasi 9yBCTBUTEIBHOCTb.

Brmomeoit L, meA | — BABYYMERIH ¢ KHCICPOIH 0-IE3H SEEIM
AT OO0M
TOK & 2 — BaEYYMHRL & CYEM AH 0-I23H SERIM
KA TOIOM

3 —Ta0HATOTH SHH BT,
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["a3oHanonHeHHble UMEIOT 00JIe€ BHICOKYIO UYBCTBUTEIBHOCTh, HO 00Jiee MHEPLIMOHHBI,
HECTaOMJIBHOCTh XapaKTePUCTUK U Jp. YacTOTHas XapaKTepUCTUKA OINpeNeNseT 3aBUCUMOCTh
¢oroToka |y OT 4YacToThl fyv MOIYISALMU CBETOBOIO IIOTOKA M IO3BOJISIET OLEHUBATh
UHEPIHOHHOCTh (OTO3IEMEHTOB. BakyyMHbIe ()OTOTIEMEHTHI MPAKTUYECKH OE3bIHEPLIMOHHBL. Y
ra3oHanoHeHHbIX |y ymenbmaercs mpu f=>2 k', UHTerpanbHas ayBcTBUTEIbHOCTH Sy=dlg/dD
< 100 MKA/mM.

Cxema BkiIIO4eHus poTodsieMenTa ¢ BHEIIHUM (oT0dPdeKToM:

Buyrpennuit ¢gorodddexr 3akiodaerca B IEPEPACIPEICICHUN DJIEKTPOHOB B
BEIIIECTBE MPH MOTJIOICHUH UM CBETa (MEHSAETCS 3JIEKTPOIPOBOAMMOCTD BEIIECTBA).



KonctpyktuBHO (hoTopesucTop npeacTtasisieT co00i OCHOBaHUE-U30JATOP, HA KOTOPHIH
HAHOCUTCS CJIOW MOIYIPOBOIHUKOBOTO BEIIECTBA.

BonbramnepHbsie  XapakTepucTUKH  (OTOpPE3UCTOpa IMpH  Pa3IMUHBIX  BEIMYMHAX
CBETOBOT'0 MTOTOKA UMEIOT BU:

i | ,UaB
100

YacToTHas XapaKTEPHCTHKA ONPEACISCT 3aBHCUMOCTh BBIXOAHOTO CONPOTUBIICHUS
(dboTope3ucTopa OT YaCTOTHI fy MOAYJSAILIUHA CBETOBOTO MOTOKA. fy 00b1uHO 10 't + < 2 xI'11.
WuTerpanbHas 4yBCTBHTEIBHOCTh (OOBIYHO y (DOTOPE3HCTOPOB HA3BIBAIOT YACIHHON
YyBCTBHTEIBHOCTBIO) — UYBCTBUTCIBHOCTH MKA/IM oOTHeceHHas kK | B mpumoxeHHOTrO
HaIPSHKCHUS
500 MxA/B 1M + < 6000 MkA/B-1mm

K mapamerpuueckum ¢GoTodaeMEHTaM OTHOCAT (POTOAMOABI U (POTOPE3UCTOPHI, IPHHIIUTT
JIeMCTBUSL KOTOPBIX OCHOBAH Ha BEHTWJILHOM (oTo3(ddexre. HyBCTBUTEIBHOCT: (POTOIUOIBI 1O
29 mA/nMm, ¢potorpanzuctopsr 10 1 A/mm.

@DOTO3NIEKTPUUECKUE Mpeodpa3oBaTead MCIOAb3YIOT JUIl H3MEPEHUS ONTUYECKUX
[IapaMEeTPOB: SIPKOCTU CBETA, CIIEKTPAIILHOIO COCTAaBA, ONTHYECKON IJIOTHOCTU CPEM, OTPAKEHUS
CBETOBBIX BOJIH OT MMOBEPXHOCTEN U T.1. VICHOAB3YIOT U JJI U3MEPEHUs TEMIIEPaTyObl (IPKOCTH,
CHEKTP) — POTODIEKTPHUUECKHE MTaPAMETPHI.

Cxembl (poTopesie Ha ¢poTope3ucrope u poroaunose:

a Cxema cpafareeaer npu oceemernn BLE. [pw ocseme mum
| conporHensane yMeEemasTeA B 10 + 100 pas, cpaGaTeeaeT

\ Kl u semouatorcs paboume oOMOTER Somese Mommore F2.
P

K1
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XapakTepUCTUKH W TMapaMeTpbl  (OTODIEMEHTOB HW3MEHSIOTCS C  W3MEHEHHEM
TeMIeparypbl (MEHee UyBCTBUTEIbHBIC — BAKyyMHbIE, Hanbo0J1ee — MOJIYIPOBOJHUKOBBIE).

TemHoBOM TOK (pOTO3/IEMEHTA — TOK IIPU OTCYTCTBUU MCTOYHMKA cBeTa. HanMeHbmii
TEMHOBOH TOK y Ia30HANONHEHHBIX U BAKYyMHBIX (hoTodnementoB < 107 Om. Y ¢oToanonos —
JIECATKH MKA; TEMHOBOE CONPOTUBJIEHHE pe3ucTopoB — 10° + 107 Om.

YromiusieMocTh  (pOT03JIEMEHTOB — yMEHBIIEHHE MX UYyBCTBUTEIBHOCTH IpU
HernpepbIBHOM ocBemeHun. Hanbonpimas yrommsieMocts B mepsbie 100 + 150 wacoB paGoTsl
(4yBCTBUTENIHOCTh YMEHBILIAETCSA B HECKOJIBKO pa3). OOBIYHO IMOCIe MPEKPAIlEeHUs] OCBEILECHHS
YyBCTBUTEILHOCTh BOCCTAHABIIMBACTCSI.

HNuayKkTuBHBIE Ipeodpa3oBaTein
(pa3HOBUIHOCTH TApaMETPHUECKUX Mpeodpa3zoBaTeeil)

HNMeroT 1o CpaBHEHHIO C PE3UCTOPHBIMH TpeoOpa3oBaTensiMu 0oJiee BBICOKYIO
HaJIe)KHOCTh, OTCYTCTBUE CKOJIb3AIINX KOHTAKTOB.

Hempocrarku: Hanuyue OCTaTOYHOIO CHUTHAla, YYBCTBUTEJIBHOCTH K H3MEHEHUIO
HaIPSOKEHUS TUTAHUS, HATH4Ire (Pa30BbIX HCKAKCHUH.

[IpumensroTcs Uit U3MEPEHUS YIJIOBBIX M JIMHEWHBIX NEPEMEIIECHUN, KOHTPOJIS
W3MEHEHUS JABJICHHS, PACXOJIOB KUJIKOCTEN U Ta30B U T.JI.



N3BecTHO, 4YTO MHAYKTMBHOCTH L 3nexkTpomarHutHOM 1enu (puc.) B BHUIAE
MarHUTONPOBOJIa C OOMOTKOM M BO3AYIIHBIM 3a30pOoM 0€3 yueTa paccestHis MarHUTHOTO TMOTOKa
paBHa:

0 o
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Z, J(R_+R,)2 +Xx2

rae: W — 4uCJIO BUTKOB O6MOTKI/I; ZM — IOJHOC MarHuTHOC COIIPOTHUBJICHHUC IICIIH, RM u Xy -
AKTUBHAA W PCAKTHBHAsA COCTABIAIOIMIMC MArHUTHOI'O COIIPOTHUBJICHUA MArHUTOIIPOBOAA, R5 —
MAarfuTHOE COITPOTHUBJICHUEC BO3AYIIIHOI'O 3a30pa.
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{y — cpenHsis AJIMHA MarHuTONpPOBOA
Px — moTepu MOILIHOCTH B MarHUTONPOBOJIE
Su 1 S5 — IO MTOTIEPEYHOT0 CEeUSHHsI MArHUTOIIPOBO/Ia ¥ BO3IYIITHOTO 3a30pa
W, Lo — MarHUTHAasi IPOHUIIAEMOCTh MaTepHala MAarHUTOIIPOBO/IA U BO3/lyXa
W — yIJI0Basi 4acTOTa MUTAIOIIETO HAIIPSHKEHUS.
Haubonpiiee nmpuMeHeHNE HAIUTK JATYUKU C MEPEMEHHBIMU BETUYMHAMU BO3IYIIHOTO
3a30pa, IJIOLIAAH 3a30pa WK MarHUTHOM MPOHUIIAEMOCTH (MarHUTOYIPYTUE TaTYUKH).



NHayKTUBHBIA JaTYMK C IepeMEHHOM MJI0MAbI0 CeYeHUs
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WHaykTUBHBIE [AaTYMKU C TEPEMEHHBIM BO3JYIIHBIM 3a30pOM HCIONB3YIOT JUIS
u3MepeHus: nepememieHuit B auanazone 0,1=1 MM (mpu yBenMdyeHHH O — HeIHMHEHHas
XapaKTEpUCTHKA).

C nepeMeHHOH IIIOIIAbI0 CEYEHUS — 10 5+8 MM., IUTyHKepHOro Tumna a0 50 Mm.

JIJiss MUTaHUs MTHIYKTUBHBIX JTATYMKOB UCTONB3YIOT nmutanue kak 50 ', Tak u 400, 500,
1000 T'ry (uT0 MO3BOJIIET U3MEHATH X TaOAPUTHBIE pa3Mephl).

HenocraTtkm npoctedmmnx MHIYKTUBHBIX HaTdyukoB: Hanuuue Uoct mpu 6=0, HU3Kas
YYBCTBUTEIBHOCTh MPH MAJIBIX NEPEMELICHUSAX, HE pearupyeT Ha M3MEHEHUE 3HaKa BXOJHOMN
BENTMYUHBI (OTHOTAKTHBIE). boyiee COBEPIICHHBIMH SIBIISIOTCS JBYXTAKTHBIE (PEBEPCHBHBIC)
UHIYKTHBHBIE TaTYUKH, OOBIYHO UX BKIIIOYAIOT 1O UG PEepeHIINaTIbHON UM MOCTOBOM CXeMe.

JIByXTaKTHBI WHIYKTHUBHBIM MaTYUK C TOJBIKHBIM sIKOpeM U auddepeHInaibHoi
cXeMon

}1 ::'2 :>:’n :}1—:’2 =0

:}I}.m-:i'.zl:u



[Ipu cpennem mosioxkeHUU sKOps (0' = 0") MHIAYKTUBHOCTH OOEWX KATYIIEK paBHBI,
CJIEIOBATEIILHO PaBHBI

[lepemerieHue sIKOps BHI3BIBACT U3MEHEHHE WHAYKTUBHOCTH KaTYIICK:

EMKocTHBIE TaTYUKHU

(mpeobpazoBaTeNny MapaMeTPUIECKOTO TUTIA).

EMKOCTHBIC MaTYMKK pPEaTU3yIOT MPUHIUI H3MEHEHHs €MKOCTH KOHJEHCATopa IMpH
BO3JIEMCTBUU BXOJHOW BEJIUUYUHEL.

OcCHOBHBIE TIapaMeTPhl U XapaKTEPUCTUKU €MKOCTHBIX JATYMKOB: HayaiabHast eMKocTh Co,
PEaKTUBHOE U aKTUBHOE Rc COMPOTUBICHMS, TAHTCHC yTiia dJICKTPHUECKUX TTOTEPh

tg(6), mocrosuuas Bpemenn T = RcCo , MakcumanbHOe n3MeHeHne eMkocTh AC, cuia
B3aMIMOJICHCTBHSL  DJIGKTPOJIOB,  YYBCTBUTEIBHOCTh,  CTaTHYeCKas W  JUHAMHAYECKAs
XapaKTEPUCTHKH.

&5
c==
d
Tak Kak eMKOCTh IJIOCKOTO KOHJEHCATOpa 3aBHCUT OT: IUIOMANH 3JIEKTponoB S (cm?),
paccTosiHus MeXay dekTporamu 0 (M), TUANEKTPUYECKON MPOHUIIAEMOCTH cpeibl € (mdD/cm)
MEXY 3JIEKTPOAAMH, T.€. TO EMKOCTHbIE JATYMKH BBIIOIHSIOT 3-X THIIOB: C U3MEHSAEMBIMH S,
v d, uim €.
OTH JaTYMKOB XapaKTEPU3YIOT CIEAYIOIIUE CTATHUECKUE XapaKTePUCTHKY:

AC = f(5) AC = f(d) AC = f(£)

nepemenieHue >1 MM 0+1 MM KOHTPOJIb YPOBHS, COCTaBa, KOHLIEHTPALIMH

EMKOCTHBIE AaTUMKU C M3MEHSIOMIEHCS IUIOMAAbI0 S 3JIEKTPOIOB MPUMEHSIOTCS s
peoOpa3oBaHus TMHEWHBIX U YIJIOBBIX EPEMELICHH.
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Jlatuvku ¢ w3MeHseMbiM d U1 M3MEpPEHHs BeChbMa MallbIX IMEpPEeMEIIeHHnH 00JaaaroT
00JBIION YyBCTBUTENBHOCTHIO (01 MM).

Jns u3MepeHHsT MaJlbIX OTKJIOHEHHH E€MKOCTHBIE JaTYMKH BKJIIOYAIOT B MOCTOBBIE,
pPE30HAHCHBIE U JAp. cxeMbl. Ui yBEIMUYEHUS YYBCTBUTEIBHOCTU €MKOCTHBIX TaTYMKOB YacTO
WCITOJTB3YIOT UCTOYHUKHU TUTaHUs BRICOKOHN 9acToThI (TO 400 I'it 1o Heckompkux MI'm).



I[OCTOI/IHCTBZI €MKOCTHBIX JaTYHUKOB: IMpoCcTOTa KOHCTPYKIIHH, BBICOKasA
YYBCTBUTCIIbHOCTh, MaJilasi MHCPIUOHHOCTD, HeOOoIbIIHE FaGapI/ITI:I n Macca.

TpancdopmaTopHblie npeodpa3oBaTesn (JATYMKH)

Tpanchopmaropueie  mpeoOpa3oBaTeii  OCHOBaHBI HAa  W3MEHEHHH  B3aMMHOUN
MHAYKTUBHOCTH MEXIY IBYMsI CHCTEMaMU OOMOTOK.

B3anMHasi MHIYKTUBHOCTH MEHSETCS MPH:

® H3MEHEHUH MOJHOTO MATHUTHOTO COMPOTHUBIICHUS Zy LETH

® B3aMMHOM IEpEeMEIIEHUH 0OMOTOK.

IIpn peanuzauuu u3MeHeHus Zy npeoOpa3oBaTeNd aHAJIOIMYHbI MHAYKTUBHBIM, HO
UMEIOT BTOPYIO cucTeMy 00MOTOK. Bo 2-M ciyuae — oiHa U3 0OMOTOK MOJBUKHASL.

Yacto TpaHcpopMaTopHBIE NPEoOpa30BaTEIN BBHINOJHSAIOT B BHIEC AIIEKTPUUECKUX
MAaIIWH, Y KOTOPBIX MepBUYHAsi 0OMOTKa pacrojoXeHa Ha CTaTope, a BTOPUYHAs — HA POTOpe
(cM. KypcChl: DJIEKTPO-MEXaHUUECKUE CUCTEMbI, ABTOMATUYECKHUE MPUBO/IBI).

Celfyac mMPOKO UCTOIB3YIOT Bpallaroluecs TpaHcHopMaTopsl U CETbCUHBIL.

Bpamaromuecs: TpaHcGOpMaTopsl 0OBIYHO MMEIOT 110 JBE B3aHMMHO INEPICHINKYIISIPHBIC
OOMOTKM Ha pOTOpe M craTtope u paboTaroT NUO0 B peXUME JTUHEHHOrO BPAIIAIOLIETOCs
Tpancopmaropa (JIBT).

Cxema TpancdopmaTopHoro npeoopasonareis B pexxkume CKBT:
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Ha omny w3 o0MOTOK craropa momaroT HampspkeHue mnutanus Ui, Beixomnsie
Hanpsokenus Uz u Uz CHUMAarOT ¢ 0OMOTOK pOTOpa, pa3BEPHYTOrO0 OTHOCHTENBLHO CTaTopa Ha O.
(Comporusnenus Ri, Rz, R3 moabuparoT, 9To0sl TOK | B 0OMOTKax MUTaHUsS OBUT TTOCTOSIHHBIM
uist iroboro £.), Wi, W2 — COOTBETCTBYIOIIIEE YHCIIO BHUTKOB B KaXKJIOM U3 OOMOTOK cTaropa H
potopa.

Cxema TpancdopmaTopHoro npeodpaszosaresis B pexxume JIBT:



u, s, -2
1+22

JI1s ManbIx 3HaYEHUM @ : “h
Jluneitnocts 10 0,75% B ipeaenax ¢ = +60°.

Pa3HOBHIHOCTBIO  BpamarOIIUXcs TPaHCHOPMATOPOB  SBIAIOTCS — CENbCUHBL  MX
UCTOJIB3YIOT /ISl TUCTAaHLMOHHOM nepeaayn yria u B TpancopmaropHoM pexume (CZ =>CII).
KOHCTpYKTHBHO CENbCUHBI OBIBAIOT :
® KOHTakTHbIE (Ha craTope ogHO(a3Has 00MOTKa, Ha poTope — TpexdaszHas Wik Ha000pOT)
e OECKOHTaKTHblE (Ha craTope JBE€ OOMOTKH, POTOp — CHEIHallbHas KOHCTPYKIHUS C
HaMarHUYeHHOH MPOCIONKOI).
JlocTouHCTBOM  TpaHc(OpPMAaTOpHBIX  IMpeoOpa3oBareyeil, KpoMe Ha3BaHHBIX Yy
UHIYKTUBHBIX, SIBJISIOTCS: OTCYTCTBUE TaJIbBAaHUYECKOM CBS3M MEXAY LIEMSAMH BXOJa U BBIXO/a,
oOecrnieueHre BbIXOAHOTO CUTHAJA (HaNpsHKEHUs) 0€3 TOMOTHUTENbHBIX CXEM.

I'enepaTopHble npeodpa3oBaTen

I'eneparopHsie mpeoOpazoBaTen MPeoOPa3yrOT BXOAHBIE (M3MEpsSEeMble) BETUYUHBI B
OJC. OHU HCHNONB3YIOT SHEPTHUI0 BXOJHOW BETUYMHBI M HE TPEeOYIOT JOMOIHUTEIHHBIX
WMCTOYHHUKOB NTuTaHus. Hanbosnpiee mpumMeHeHNe OTYIHIIN
TEPMOAJIEKTPUUECKUE
WHTYKIIUOHHBIE
MbE303JIEKTPUYECKUE
(dhoTodneKTpUYECKHE TpeoOpa3oBaTEINH.

TepmodiiekTprnueckne npeodpaszoBarenu (TepMonapsl).

TepmoanekTpuueckue  mpeoOpazoBaTe  MMEIOT  YYBCTBHUTEIBHBIH  DJIEMEHT,
00pa30BaHHBIA JBYMSI OJEKTPUYECKH COCIMHEHHBIMH DPa3HOPOJHBIMH METaJUTHICCKUMHU
NPOBOJHUKAMH (WM TOJIYIPOBOAHUKOM) M TpeoOpasyroliue 3HaYeHHs KOHTPOJIMPYEeMOH
temneparypsl B DJIC.



O6wrun0 TepMo D/[C HE pacCUUTHIBAIOT, @ ONPEACIISIIOT MO SKCIEPUMEHTATHHBIM
rpaxynpoBo4YHbIM KpuBbiM E = f(0) (0 — Temneparypa).

A E=f@)

E:‘.:.E Rn

1

C 1enpl0 yYMEHBIICHHS MOTPEUIHOCTH W3MEPEHUH IMPHUMEHSIOTCS CXEMbl KOPPEKIUH
TEeMITEpaTypHOU TOTPELTHOCTH.

Xapakrtepuctuku yrpasieHus tepmonap (E = f(0)) o6p1uH0 Henuuelns! (~ 5%).

VCTOYHHMKH MOTPEIIHOCTH: HECTAOMIIBHOCTD TEMIIEPATYP XOJIOIHBIX CIIOEB (K HEKOTOPHIM
MOJKJIIOYAIOT HArpy3Ky), M3MEHEHHE CONPOTHUBICHHS Harpy3kd (€ciim OHO COM3MEpPHUMO C

COMPOTHUBIIEHUEM TEPMOMAphI), OTKIOHEHHS [apaMeTpOB Y/UIMHUTEIbHBIX IPOBOJOB OT
pacCUYETHBIX.

Cxema KoOppeKUHMH TeMIIePATYPHOH MOTPEeIIHOCTH:

Tepmonapbl 0OBIYHOTO HCIIOJIHEHUSI XapaKTEpU3YIOTCs OOJBIION MHEPLHUOHHOCTHIO (10
HECKOJIbKUX MUHYT). Y CIELUaIbHbIX KOHCTPYKLIUNA — HECKOJIBKO CEKYH/I.
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JlocTOMHCTBA: BO3MOXKHOCTH HM3MEPEHHUS OOJIBIIOrO JHMara3oHa TemrepaTtyp (1o
1600°C), npocroTa, HaAEKHOCTD.

HemocraTku: HEBBICOKAash YyBCTBUTEIBHOCTh, 00bIYHO 12+65 MKB/°C, HE0OX0auMOCTh
MOJ/IepKaHUsl TOCTOSTHHOM TEMITepaTyphbl XOJIOIHBIX CIIOEB.

AD =

NuayxkuuonHbie npeodpasoBartesin

WupyknuonHbele TpeoOpa3oBaTeNid COCTOST W3 KATyIIKA M MAarHUTHOW CHCTEMBI.
OOecrieunBalOT TpeoOpa3oBaHHE KOHTPOIMPYEMOH CKOPOCTH JIMHEWHBIX WM  YIJIOBBIX
nepemenienuit B 9J1C.

WNunykunoHHbIe TpeoOpa3oBaTey MOApa3AeNiOT Ha IBE TPYIIIbL:

e mpeoOpa3zoBaresn, y KOTOPHIX KaTyllKa MEepeMEeNIaeTcs OTHOCUTEIbHO IOCTOSHHOTO
MarHuTa, CoBepIas JIMHEHHoe X WIH yIIIOBOE () IIepEeMEIEHHE;

e mpeoOpa3zoBarenu, y KOTOPBIX (EeppOMarHuTHas MAETalb IEPEMEINAeTCs OTHOCUTEIBHO
HETOBIKHBIX MAarHUTA M KATYIIKH.
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OJC E ot ckopoctu nepeMenieHus sBIsSeTcs TUHEeWHOM. I[lpakThuecku JNHHENHOCTh
0,5+1,5%.

VICTOYHHMK TOTrpPEeHIHOCTH OOYCIIOBJIEH HECTaOMJIBHOCTBIO TapaMeTpOB MAarHUTHBIX
MaTepuaioB BO BpeMeHH, norpemHocts 0,5+1%.

JlocTOMHCTBA MHIYKIIMOHHBIX IpeoOpazoBaTesieil: BHICOKAs TOYHOCTh M BBICOKas
YyBCTBUTEIHLHOCTH (MOYKHO MCIIOJIb30BaTh BEIXOJHOM cUTHAN 0€3 YCHIICHHUS U JIp. 00paboTKH).

Hepocrarkn: HeoOXOAMMOCTh y4eTa BEIMYMHBI HAarpy3KH W OKPYXKArOIIUX YCIOBHH,
HaJIMYMe MOMEHTA (COMPOTHUBIICHUE), IEHCTBYIOIIETO Ha BaJl, CKOPOCTh KOTOPOT'O U3MEPSETCSI.

WuaykiuoHHble  NpeoOpa3oBaTeiy, IMpeJAHa3HAYeHHbIE JUIsI HW3MEPEHHUs  YIJoBOii
CKOPOCTH U BBIIIOJIHEHHbIE B BHJAE TI'€HEPATOPOB IOCTOSHHOTO WJIM MEPEMEHHOI0 TOKa
HeOoubioi MomHocTH (1+100 BT) Ha3piBaoT TaxoreHeparopamu. (VX 4yBCTBUTEIBHOCTh —
HeCKOJbKO BOJLT HA 1000 060pOTOB B MUHYTY).



IIbe3031eKTPpUYECKHE TIPeodpasoBaTein

[Ibe30anexTpuyeckue mpeoOpazoBaTeii Ha OCHOBe IMbe3odddekra mnpeodpasyrorT
NepeMEHHbIE MEXAHUYECKUE YCHIIMS B KOJMYECTBO DJIEKTPUUECTBA (IOSBICHUE SJIEKTPUUYECKUX
3aps0B Ha TPaHSAX HEKOTOPBIX AUAIEKTPUKOB).

q.'l' = kﬂ -FI

[IpumensitoT a8 U3MepeHUs BUOpalui, NEPEMEHHBIX MAABJIECHUM, YCWIMM M Jp.
I1apaMeTpoB.

UyBCTBUTEIbHBIA 3JIEMEHT OOBIYHO BBIPE3alOT M3 KpUCTa/Ula KBapua (WIM TUTaHAT
Oapwusi) B popMe MIaCTUHKHU-MTApATUICTTUITHAA.

Bennuuna 3apsjoB Ha TpaHsX B Ipenenax ynpyrux aegopMmanuii HaXOASIUXCS B
JMHENHOHN 3aBUCUMOCTH OT MPHUJIOKEHHOU CHJIBI:

rae Kin — nbe3omMoyinb Marepualia IIacTUHKH.

(Kn xsapra = 2,3-102 Ki/H mipm t° = 573°C => Ky wwapua = 0).

Kiesoxepmnroapus =107-10-2 Kni/H paGoumii amamazoH Ttemmeparyp (+ mpucagku) =
=-50°++200°C).

Jljis MOBBIIIEHNS YyBCTBUTENIBHOCTH Mbe30MpeoOpa3oBaTesib U3 N-IUIACTHH, pacrojiaras
UX CTOJIOMKOM U COEAMHSS apaljiesbHO.

JloCTOMHCTBA: MIUPOKUN YaCTOTHBIN AUANIA30H U3MEPSIEMbIX BEIMYHH, MaJIbIe Ta0apUTHI,
IIPOCTOTA YCTPOKCTBA.

HenocraTku: HeBbICOKas YyBCTBUTEIBHOCTH (TpeOyercsi ycuinne => Repx yeur>100 k),
HEBO3MOKHOCTb U3MEPEHUS CTATUUECKUX BEJINYMH.

KoMnencanmoHHbIe JATYHKH
KomMmmencannonuple  TaTYUKU OCHOBAHEI Ha  TPUHIMIIE aBTOMATUYECKOI'O
YpaBHOBEIIMBAHUS KOHTPOJIMPYEMON BETUYMHBI KOMIIEHCUPYIOIIECH BEIMUYMHON TOrO K€ poja.
VYpaBHOBEIMBAaHNE KOHTPOJIMPYEMOUN BEIIMUYMHBI MOKET OCYIIECTBUTHCS HETMOCPEACTBEHHO HIIU

MOCJIC MPEABAPUTCIIBHOTO Hpe06pasoBaHH;1 €€ YYBCTBUTCIIbHBIM 3JICMCHTOM.

CTpyKTypHasi cxeMa KOMIIEHCAIIMOHHOTO JaTYHKA:

oCc

1 ¥ ez EIT

A0

¥s

X — KOHTposiMpyeMasi BEIMYMHA, MOCTYNAeT HA YYBCTBUTENBHBIM 371eMeHT YO, BbIXOnHAs
BEJIMYMHA KOTOpPOM Y1 CpaBHMBAeTCs C NMOMOLIbIO opraHa cpaBHeHHs OC c BelIWYMHON Y.
PaszHoctHbIi curHan Y2 = Vi1 - Ve monaercs Ha NMpOMEXYTOUHbIM mpeoOpasosarens I1I11, Ha
BBIXO/IE KOTOPOTro CUrHall Y3 yaoOHbIN it ycusaeHusl. C BBIXOJHOTO YCHJIMTENS Y CUTHAJ Ha
BTOpOH MpOoMeXyTOuHbIN mpeoOpaszoBarens [1112, npeoOpa3oBanHbIil curHai B Gopmy, yIOOHBIH
JUTSL KCTIOJIb30BaHUs. DnemMeHT oOpaTHoi cBsizu DOC obecrneunBaeT nojgady KOMIEHCUPYOIIEH
BEJIMYMHBI Ha BTopoi Bxoa OC.



Yacto cxema KOMIIEHCAIIMOHHOTO JaT4yHMKa UMeeT Oojee MpOCTOW BUI, HO BCErja ecTh
[eNb OTPHIATETIbHONW OOpaTHON cBsi3u. TOYHOCTH M3MEPEHHI KOMIEHCAIIMOHHBIM JTaTYUKOM
MaJio 3aBHCHT OT HECTaOMJIBHOCTH XapaKTepUCTHK YMpaBlieHUs 3BeHbeB, oxBadeHHbIXx OC, a
OTIpeNIeNIeTCsl B OCHOBHOM CTaOMIBHOCTHIO paboThl DOC, BXOJHBIX U BBIXOAHBIX JIEMEHTOB.
HenocraTku: 60s1ee ClI0XKHBIE.

CxeMa KOMIIEHCAIIMOHHOTO JATYUKA YCHIIHIA:

m

Konrpomupyemoe ycunne F u3Mmenser nonoxeHue peluara P, mepemerieHue KOToporo
npeoOpasyeTcst TpaHcpopMmaTopHbIM mpeoOpasoBareneM TII B anekTpuyeckuil CUTHA,
YCUJIMBaeMbIi M mpeoOpa3yeMblil B ypoBeHb MOCTOSHHOro Toka | ycwiurenem VY. Tok |
MOCTYNaeT B OOMOTKY MarHUTOJIEKTpHuYeckoro mpeoOpaszoBatenss MOII, koTopslii coznaer
CHIIy, YPaBHOBEIIMBAIOIIYI0 KOHTpoiaupyeMoe ycuiaue F. Tak kak ypaBHOBelIMBaroImas cuiia
IPONOPLHOHATIBHA BEIXOJHOMY TOKY |, TO IO €ro BeIM4nHEe MOXKHO ONpeenuTh 3HaueHue F.

da3oBble JATYNKH

dazoBble AaTtuukH ((azoBpainaTenu) MpeoOpa3yroT BXOAHYIO BEIMUMHY B (ha30BbIH
C/IBHT BBIXOJHOTO TEPEMEHHOTO HampspkeHus. ©a30BbI CABHT OTCUUTHIBACTCS OOBIYHO
OTHOCHUTEJIBHO OTIOPHOTO NEPEMEHHOT0 HaNpsHKEHUs (HanpruMep, HalpspDKeHUe MUTaH!s).
®da30BbIe JATYUKH PUMEHSIOTCS JIUTs TPe0Opa30BaHUS:
® DJEKTPUYECKUX BEIMYMH (YacTO HANpPsDKEHUE IMOCTOSHHOTO HIIM MEPEMEHHOTO TOKa B
¢a3zoBblil caBUT); (Pa3oBas MOAYNIALNS — CHEIHMATIBHBIN KYpC PaJHOTEXHUKN)
® HEIIEKTPUUECKUX (JIMHEHHOE WK YIIIOBOE HanpshKeHue B (pa3oBbIi CABHT).
[To3BONAIOT TOdy4aTh JMHEHHBIE NpeoOpa3oBaHUS BO BCEM HAla30HE H3MEHEHUMH
BennurHbI pazoBoro casura (ot 0 1o 20) u oGecneunBarOT BHICOKYIO TOYHOCTh MpeoOpa3oBaHusl.
Bbonee Hanexusl u 3¢ exTuBHbI Mapamerpuyeckue (GasoBble TaTuuku. OHH COCTOST M3
(a3zocaBUTAIONINX DIIEMEHTOB, (DYHKIIMOHAIBHBIX TIapaMETPHUYECKUX MpeoOpa3oBareieil U
CYMMHDPYIOILIETO 3JIEMEHTa. B 3aBHUCMMOCTM OT B3aMMHOIO BKJIIOUEHHS 3THUX 3JIEMEHTOB
Pa3IMYarOT JATYNKH ¢ MHOTO(A3HBIM MTUTAHUEM H JaTYHKH ¢ 0THO(A3HBIM MU TAaHHEM.



CrpykrypHas cxema (pa30Boro 1aT4MkKa ¢ MHOT0(pa3HbIM MUTAHUEM:
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UHE = U’Mi [R,, +R_, cos(X + B,)]
Ruerni:ﬁf

Uc — manpsokenne cet (Uc = Um-Sin (wt)) casuraercst mo dase ¢Ha3ocoCTaBIsSIOIMIUMA

aneMeHTamMu ©31, @3 ... OOy Ha pa3nuuHbie (Ha30BbIE YIIIBI 0.
Beixomnbie HanpsokeHuss Uooi, Uenz...Uesn  9TUX  3I€MEHTOB MOIYIMPYETCS IO
aMIUIMTY/I€ TapaMEeTPUUECKUMHU NpeoOpazoBarensiMu (MoayisitopamMu M1, Mz ... Mn 1o 3akony:

U__ :Zk" U, =U,, -sin(wf —x + @)

1=1

napamMeTpbl I-ro MOAYJIATOpPA, X — BXOZHOE NEepeMCIICHUC, U CYMMHUPYROTCA 3JICMCHTOM C
Brexomaoe HAIMps>KCHUEC JaTYUKa :



LB sin(a; - ;)
i=1

@ = arctg

n
53 ;cos(a; — B;)
riae Ki — koo dumueHT mponopIrHoHaibHOCTH, 3aBUCAIIHIA 0T mapameTpoB PDi u CD.

HaubGonbmee pacnpoctpaHenue mnonydywin JByX(a3Hble M Tpex(a3Hble CXEMBI
npeoOpa3zoBarenieii. TOYHOCTH STHX JaTYUKOB CYIIECTBEHHO 3aBHCUT OT CTaOWIBHOCTH
BEJIMYUHBI (, ONIPEIEISIEMON:

JUnisi TIOBBILICHUSI TOYHOCTH JTATUYMKA HMCIIOJIB3YIOT CTAaOMIIM3ALUIO €0 MapamMeTpoB HITU
KOMIIEHCALINOHHBIE CXEMBI.

M3 KOMIIEHCAIIMOHHBIX CXeM Ooyiee MEepCHEKTUBHBI TU(PPEpEeHIUPYIONIHNE CXEMbl U
CXEMBbI C MHOTO()a3HbIM BBIXO/IOM.

CrpykTypHas cxema a1 pepeHIHAIBHOIO JaTYMKA ¢ OAHO(PAZHBIM IUTAHHEM:
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OcHOBOM fABISETCSA MPEABIAYILAs CXEMA.

B cxeme 2 kommuiekrta aneMeHToB: @3, C3, m pasHOCTHbIM ameMeHT PO. bnaromaps
nokazaHHoOMYy BkitoueHH0 (P01 m @32 B nenu CO2 BKIOYEHBI B OOpAaTHOM MOPSAKE IO
cpaBaeHuio ¢ @D B CO1 ), pa3sl curHanoB Ha Beixogax CO1 u CO2 :



@ =x+Ax
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=—x +Ax +—
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Posrp, =P~ P2 =21-§

Takum 00pa3oM MOrpemIHOCTh B BBIXOJHOM CHTHAJl€ MCKIIOYAETCs, a pe3yJbTaT
yZIBauBaeTCs.

HenocraTku: nuanazoH u3MepsieMbIX BETMYHH CyKaeTcs (110 T, BMECTO 21).

AHAJIOTUYHO CTPOUTCS CTPYKTypHas cxema Ju(PQPepeHIHpYIOMEro aaTdyuka ¢
MHOTO(a3HbIM MUTAHUEM.

YacToTHBIE JATYHKH

YacToTHbIe AaTYMKHU TPEOOPa3yOT BXOJHYIO BEIMYHHY B YacCTOTY NMEPEMEHHOIO TOKA,
W3MCHSIOIIYIOCSI B COOTBETCTBUH C U3MCHCHUEM KOHTPOJHPYIOIICH BETHUNHEI.

BbIXo/nHBIC CUTHAIBI YaCTOTHBIX JAaTYUKOB OTHOCHTEIBHO TIPOCTO MOTYT OBITh
npeoOpazoBanbl B 1uppoByro ¢GopMy (YHCIOBOM KOI) M TeperaBaThCcsl 0e3 CYIIECTBEHHBIX
UCKOKCHUH MO  JIMHUAM  CBs3W.  YacTOTHBIE  JAaTYMKKA  OOJIAAIOT  BBICOKOH
MIOMEX0YCTOWYMBOCTHIO, HE3aBHCUMOCTBIO BBIXOJHOI'O CHUTHAJIa OT H3MEHCHHS IapaMeTpOB
JUHUA CBSI3M, BO3MOXKHOTO WCIOJNHEHHUS OJHOW JIMHUHM CBSI3U JUIS IMApAJIICIIBHON Tepenadn
HECKOJIbKUX CUTHAJIOB, PA3HECEHHBIX 10 YacTOTE (M30UpaTeIbHBIC YCUIUTEIIH).

I[To croco0y MmoTy4eHHsI BBIXOJHBIX CHTHAIIOB YaCTOTHBIC JATYUKU PA3ACISAIOT Ha!

o [lo3unmoHHbIe (BBIXOJHON cHTHAJ (OPMHUPYETCS B pE3yJIbTaTe MEPEMEIICHHS BXOJIHOTO
AJIEMEHTa, TIPH 3TOM YacTOTa CIIEJOBAHUS BBIXOJHBIX CHUTHAJIOB MPOMOPIMOHATBHA CKOPOCTH
MepeMEeIICHUS DIIEMEHTA).

o KonebaTenbHble (BBIXOAHON CUTHAJ CO3/IA€TCS C MOMOIIBIO0 KOJIeOaTETbHBIX CUCTEM).

[To3uIMOHHBIE YaCTOTHBIC TATYUKH JICIIATCS HA:
® MOJYJIATOPHEIC
® TeHepaTOpHEIE.

B mo3uIMOHHBIX MOIYMSTOPHBIX YAaCTOTHBIX JaTyukax TpeOyemasi (COOTBETCTBYIOIIAs)
4acToTa TMOJIydaeTCsl B PE3yNbTaTe MOAYJSIIMM BBIXOJHOTO CHUTHANa (TOKA, HAMPSHKCHHS) C
MOMOIIBI0  TapaMEeTPUUYECKUX MpeoOpa3oBareneil, MpelHa3HAYeHHBIX JUISI  HU3MEpeHus
IIepEMEIICHU .

—

CUMTLIBSHOLLHA JEMEHT,
BLIXOOQHOH CMTHAN 3EBMCMT OT
Toro, 3y0Ew WMAM BbiEMKa
NPOMOOAT BOSNE HED.



NHAYKTUBHOCTH 3TOM KaTYyIIKH M3MEHSETCS C YaCTOTOM, MPOMOPLHMOHAIBHON CKOPOCTU

BpaiueHus 30.
C Ttakoil ke 4acTOTON OyneT M3MEHSAThCS aMIUIMTYAa CHUTHAlIa Ha BBIXOJE KaTYILIKH,

BKJIIOYCHHOMH I10 OI[HOI71 N3 CXCM MHAYKTHBHOT'O aMIUIMTYAHOI'O JaTYMWKa.
YacroTa curgajia Ha BBIXOJI€ JaTUHKa:

f=

@
2x

-z
rae Z — uucio 3y01oB KoJjeca.

B no3uLHMOHHBIX reHepaTOPHBIX YaCTOTHBIX JIaTYMKAX Ha BbIxoje reHepupyercs D/C,
4acToTa KOTOPOW 3aBUCUT OT CKOPOCTU () BpallleHUs IMOABMXKHOM 4acTW — poTopa jJaTuuka. B
Ka4yecTBE YaCTOTHOTO AATYMKa MOXET ObITh MCIIOJb30BaH MHIYKIMOHHBIN IpeoOpa3oBareib —
TaxOreHepaTop IEpeMEHHOro Toka. BwixogHeiM curHanom ssisercs JJC (HanpskeHue),

qacToTa KOTOpOro

rae P — YMuciIo map IOJIr0COB.

[To3unroHHbIEC YACTOTHBIE TATYUKH:
JocTonHCTBA: BBICOKAsi TOYHOCTH (IIPeoOpa3oBaHusi), BOSMOKHOCTb pa0OThI B IIIMPOKOM

Auana3oHe U3MCPACMBIX BCJIMYHH.
HepocTraTku: Hanuuue Bpallaronuxcs 3JICMCHTOB (YMCHBH_IGHI/IG CpOKa CJ'Iy>I(6BI).

KonebarenpHble 4aCTOTHEIE JATYUKY AEJIATCA HA:
® JaTYUKHU CBO6OI{HI)IX KOJIC6aHI/II7[
® aBTOKOJE0ATEbHbBIE TATYUKU.

CTpyKkTypHas cxeMa 4YaCTOTHOI0 JaTYMKA CBOOOIHBIX KOJIeOaHMIi:

X ¥
N — N o .
j — |
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III — npeaBapuTenbHBIN MpeoOpa3zoBaTeb.
KK — xonebaresbHbINA KOHTYP.
BII — BbIXO1HOM MpeoOpa3oBaTeib.

B3 — Bo30y>kaaromuii 371€MeHT.
VYnpasnenue paboToil naTyrika oObIYHO MyTeM MoAauu Ha BD cxemsl curnana 3amnpoca A.

BD BeIpabatbIBaeT curHa, KOTOphIN BbI3biBaeT kojiebanus B KK.
Pa3HOBHIHOCTHIO YACTOTHOTO JaT4WKa CBOOOJHBIX KOJEOAHWM SIBISIOTCS CTPYHHBIE

JaTyukH. Pe30HaHCHAs 4yacToTa JaTyuKa:



f= 1 |F
2 \md
riae F — cuma HaTsbkeHust CTpyHBI, M — Macca, | — juimHa cTpyHsI.

ABToKOJ€0aTeNbHbBIE JATYMKU HCIOJNB3YIOT CBOMCTBAa aBTOKOJEOATEIbHBIX CHCTEM,
XapaKTEpU3YIOTCd HaMYMEM He3aTyXaloluX KoJeOaHWil, aMIUIUTya M YacToTa KOTOPBIX
OIIPENEIAIOTCS CBOMCTBAMM CaMOM CHCTEMBI M HE 3aBUCAT OT HAdalbHBIX ycioBud. llorepun
SHEpPIruy B aBTOKOJIEOATEIbHBIX CHCTEMaX KOMIIEHCUPYIOTCS UCTOYHUKAMU MMUTAHUSL.

U
fo—2—
AB, -S -

JlaTuvkyd ¢ DJIEKTPUYECKOW aBTOKOJIEOATENbHOW CHUCTEMOM TMIPENICTaBIAIOT CO00it
TCHepaToOphl YacCTOThl, B YAaCTOTHO-3aBHCHUMBIC IIEMTM KOTOPBIX BKIIIOYAKOT MapaMEeTPHUYECKHUE
PE3UCTOPHBIC, MHAYKTUBHBIC MM EMKOCTHBIC TIpeoOpa3oBaTelly.

['eHepaTopbl 4YacTOTHI JEIISATCS HA:

e c konebarensHbiMU cucTeMamu (LC koHTYp);
e ¢ anepuoauueckuM ¢uabTpoM (RC rereparopsi);

® pellakcallMOHHBIE T€HEPaTOPhl (MYJIbTUBUOPATOPHI, OIOKMHI€HEPATOPSI).
Hanpuwmep:

Cxema MyJIbTHUBHOPATOpPa C MATHUTHOM CBA3bI0 (IBYXTAKTHBII 0JIOKMHI€HepaTop):

Usnix
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T: T:

Ux = Ex. Boixonnoe nanpsbxenne UBbIX nMeeT (popMy UMITYTIBCOB C YaCTOTOM:

U_=FU_])
U =F(U,)

rie Bc— uHayKIus HachIeHHs, S — ceueHHe CepIeUHuUKa,
M1 — YHUCJIO BUTKOB B 2 IEPBUYHON OOMOTKH.



Takum o00Opa3oM ,HaNUIM TPUMEHEHHE TakKKe MaTYUKH C MEXAaHHMYECKOW KojebaTelbHOU
CHUCTEMOM: CTpPYHHbIE, KAMEPTOHHbIE, SI3bIYKOBBIE U JIp. BBIXOJHBIE CUTHAJIBl TaKUX JATYUKOB
JexaT B Juamna3zoHe OoT Heckoinbkux [y mo Heckonmbkux kl'm. IlorpemmHocTs coctaBiser
npumepHo 0,01+1%.

BpeMHI/IMHyJILCHbIe JAaTIYUKH

BpeMsi-umnynbcHble JaTYMKK MPeoOpa3yroT BXOAHYIO BEJIMYKMHY B MPOMOPLHMOHAIBLHBIN
BpeMeHHON HuHTepBas. OHU 00JIaJAI0OT PSAIOM MPEUMYLIECTB MO CPABHEHUIO C aMIUIMTYAHBIMU
JaTYMKaMH. BBIXOHBIC CUTHAIBI HMITYJIBCHBIX JATYUKOB CPABHUTEIILHO MPOCTO MPeoOpa3oBaTh
B 1IU(poBYyIO (hOpMYy, IPAKTUYECKU O€3 UCKAKEHUS 10 TUHUSAM U T.1.

BpeMmsi-umnynbcHbIE JATUUKU BBITOJIHSIOT:

1. ¢ mepuoaMYeCKUM BBIXOAHBIM CHUTHAJIOM — BBIXOJAHOW CHUTHAJ BBIJACTCS IUKIUYECKH C

MOCTOSIHHBIM nepuoaoM Ti;

2. C HENepUOJAMYECKHM BBIXOJHBIM CHUTHAJIOM - BBIXOJHOM CHUTHal TMOJaeTci B

MIPOU3BOJILHBIE MOMEHTBI BPEMEHHU, OIPEIeIIIeMble XapaKTepOM U3MEHEHHS CUTHAJIa WIIN

3aJlaHHOM MTPOTPAMMOI U3MEPEHUH.

BpemsuMiynbcHbIE JaTUYMKKA MCIONB3YIOT JJIsl  [peoOpa3oBaHHs BO BPEMEHHOU
MHTEPBAJI: HANPSDKCHUs, TOKa, dJekTpudeckux mapamerpoB (R, L, C), TUHEHHBIX M YTJIOBBIX
MEXaHUYECKUX MepeMeleHuil (BO3MOYKHO UCIIOIb30BaHUE U JJIS1 U3MEPEHUH Jp. MapaMeTpoB, HO
C IPOMEXKYTOUHBIM IIPEOOPA30BAHUEM UX B HAIIPSHKEHUE).

CTpyKTypHasi cxeMa BPeMAUMIIYJIbCHOT0 JATYUKA (C MePUOANYECKHM BHIXOIHBIM
CHTHAJIOM):
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Ha Bropoii Bxog HO noctynaer koHTponupyemoe Hampsbkenue Ux. B MoMeHT paBeHcTBa
mMraoBeHHoro HampspkeHust Urimn ¢ Ux HO Boigaer umnynsc Uno, moctynaroomuii Ha Tpurrep
T. tpurrep T 3amyckaeTcss UMITYJIbCOM A M BO3BPAIAETCS B UCXOJIHOE COCTOSHUE MUMITYJIBCOM
HO. JlnuTenbHOCTh BpPEMEHHOIO HHTEpBaja tH BBIXOAHOrO HampspkeHuss UBbpIX Tpurrepa
MIPONOPLIMOHAIBHA U3MEPSIEMOMY HAIIPSKEHHUIO.

Uy

K,

rae Kr — koaddunuent nanpsoxenus I'JINH.

iy

MudpoBbie 1aTYUKKN U IPpeodpa3oBaTeIn

[{udpoBsie JaTYMKH U TPeoOpa30BaTEIN 00ECIIEYNBAIOT 00JIEe BEICOKYIO pa3pelaronyio
CIIOCOOHOCTh, TOYHOCTh, OBICTPOJNEHCTBME ¥ TOYHOCTh IO CPABHEHHIO C aHAJOTOBBIMHU
npeoOpa3oBaTEIIsIMH.



[Tpunnun gecTBus MUGPOBBIX TaTYNKOB YIIIOBBIX M JTUHEHHBIX NIEPEMEIICHH OCHOBaH
Ha MOJYJISIIIUM CBETOBOTO WM MarHUTHOTO IOTOKA MPU COOTBETCTBYIOIIEM IE€pEMEIICHUU
MOJABMKHOTO JIEMEHTA JJaTYHMKa (TaK)Ke UCIOJIB3YIOTCS IU(PPOBHIE TATYNKH KOHTAKTHOT'O THIIA).

HaumbGonee BbICOKassh TOYHOCTh W3MEPEHHUST TIPU HCIOJIB30BAHUU TO3UIIMOHHBIX
ONTHYECKUX KOAUPYIOUTUX AUCKOB U JUHEEK (COBpEMEHHBIC U(PPOBBIC TaTYNKH THIIA: YTOJI-KOI
o0ecreunBaroT TOYHOCTh, COOTBETCTBYIOLTYIO 20 TBOMYHBIM pa3psiam).

B 3aBucumocTH OT cioco6a cunThIBaHUS HH(GOPMAUK UPPOBHIC JATYUKH JCIATCS Ha:
® JAaTYMKU a0COJIIOTHBIX 3HAYCHUH (C MEPUOTUIECKUM OTIPOCOM);
e JaTYMKW HAKAIUIMBAIOUIETO TUMA (IATYUKH MPUPAIICHUN).

B nakammuBarommx mUQPOBBIX TPeoOpa3oBaTeNsX HMCHOJB3YIOT JAaTYUK M CYETHYIO
CXEMY, CYMMUPYIOIIYIO OTJEIbHbIC MPUPAIICHHUS.

OCHOBHBIE TEXHUYECKHE XapaKTEPUCTUKH MU(PPOBOTO JAaTYMKA: YTOI-TBOMYHBIN KOJI:

o JIMara3oH peoopa3oBaHus yIiia;

o YHCII0 ABOMYHBIX Pa3psaa0B M UM YUCIOBas eMKOCTb Zm AAaTUYHKa;

o croco0 mpezacTaBieHus BbIXogHOro yucia G (mocineaHuil Win napajjieabHblil IBOUYHBINA
KOn);

. gacrtora ompoca (uudpoBOro maryMka) WIM TaKT KBaHTOBaHUS TkB HENPEPHIBHOM
npeobpasyemoit pyakuuu @(t);

o CTaTH4ecKas ¥ JUHaAMHUYecKasi TOUHOCTh MPeoOpa3oBaHMsL.

Mpunuun peiicteus L] yroa-kon

udpoBoii 1aTIMK yroi-KoJ WHAYKIIHOHHOTO THUIA COCTOUT M3 AIIEKTPO-MEXaHHYECKOTO
koaupyromero ycrpoiictsa (KY) u anexkrponHoro 0;10ka.

[Ipunuun peiicteus KY L/ ocHOBaH Ha MOAYISIMU KOAMPYIOLIUM JUCKOM CBSI3H
(MarHUTHOrO TOTOKA) MEXIY JABYMs CepJACYHMKaMH |, 2 HMIIyJIbCHOTO TpaH3UCTOpa C
BO3AYIIHBIM 3230pOM (MMEIOILEro MOABMKHYIO U BTOPHUHYIO OOMOTKH).

[lepBuuHas oOMOTKa M1 TpaHcpopmaTopa NEPUOAMYECKH BO30YKIAeTCS HUMITYJIbCaMU
TOKa MaJIOM ATUTENBHOCTH. B 00MOTKe ®2 MHAYKTHpYyrOTcsS ummynbcHble DJIC, ammiuryzaa
KOTOPBIX 3aBUCHUT OT KO3((ULMEHTa B3aMMOMHAYKLIHMH, KOTOPBIM M3MEHSETCsl MpHU MOBOPOTE
KOJIMPYIOIIEro AUCKa 3 Ha Yroi @ BOKPYT ocu 4.

Ecnu B BO3IymIHOM 3a30pe MEXAY TOpLIaMHU CEPACYHHKOB 1, 2 TpaH3WCTOpa HAXOIUTCS
30er; gucka, To umnyiascHas OJC B ®2 Oyder MHHMMalIbHOM — BBIXOAHOM CHUTHaN
COOTBETCTBYET cuMmBoiy "0".

Ecnu B 3a30pe «BnaguHa» aucka — 1o IC B @2 = max — "1".

Cepneunuku 1, 2 TpaH3ucTOpa HE SBISOTCS TOYSUHBIMH, TOTOMY TipH moBopoTe K/ B
npenenax yrma ¢ = A, OJIC B ®2 usMeHsercs miuaBHO, a He ckaukoM. Kpusyro E = f(@)
Ha3bIBAIOT  MOAYJALMOHHON  xapakrepucruko KY. VYronm  mosopora  aucka,
COOTBETCTBYIOIIMK HHTepBany miuaBHoro usMmeHeHuns OJIC or 0 mo 1, Ha3pBaroT 30HOM
Heolnpeae1eHHOCTH CHMBOJIA.

HewnneanbHOCTh CUMTHIBAIOLIEN CHCTEMBI, T.€. IOTPEIIHOCTH DJIEMEHTOB JaTuMKa,
MPAKTUYECKH UCKIIOYAIOT MPUMEHEHHE MPOCTHIX JUCKOB (BBIIOJHEHHBIX MO 3aKOHY JBOMYHOTO
KOJ1a).

Haxomut npumeHeHue ABoW4YHO-cABUHYTOE KoaupoBanue ( V-meron, koa bapkepa) npu
KOTOPOM IMPEJCTABICHUE KAXJOro paspsaa (3a UCKIIOUEHHEM 1-TO) OCYILECTBIISETCS IBYMs
nonpaszpsaamu (nopoxkamu) A u b.

[IpumeHeHne NBOMYHO-CABUHYTOTO KOAMPOBAHUS HCKIIOUYAET BO3MOXKHOCTH IOSIBICHUS
OIIMOOK Ha TpaHUIAX COCETHUX Pa3psioB, pacHIUpsieT IUana3oH JOMYCKOB Ha M3TOTOBJIEHUE
JIMCKa U TOCTUPOBKY UMITYJILCHBIX TPaHC(HOPMATOPOB.
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1, 2 — cepaeYHUKH UMITYIBCHOTO TPAH3UCTOPA;
®1, ®2 — OOMOTKH;

3 - KOAUPYIOIIUHN AHCK;

4 — och BpalieHus.

HudpoBoit faTYNK TMHEWHBIX IEPEMELICHHI.

T 1
= e
XB
HudpoBoit gaT4WK JHUHEHHBIX MEpeMElIeHU — 93TO JaTdyuk C  MOZIYJISIHeH,

OCYIIECTBISIONIMN HKBUBAIIEHTHOE MpeoOpa3oBaHUE HEMPEPBHIBHOW BpEeMEHHOW (YHKIHH B
HMITYJIbCHBIC CUTHAJIBI Ha BBIXOJC. Takne JaTYUKU CbOTOE)J'IeKTpOHHOFO TUIIa IMTIPUMCEHAIOT IJIA
TOYHOTO M3MEpPEHHUs IMepeMEelIeHusl Ccynmnopra Metauiopexymero cranka ¢ UYIIY. Onum
MPEACTABISIIOT COO0OM aBTOHOMHOE H3MEPUTEIHFHOE YCTPONCTBO, COCTOSINEE M3 KOAUPYIOUIEH
pelmeTKd (JIMHEWKU) W CKaHUPYIOIIEH TOJIOBKM C BCTPOEHHBIM JJIEKTPOHHBIM MOJYIIEM,
OCYIIECTBIISIONUM 00pabOTKY CUTHAJIOB, MOTYYaeMbIX ¢ (POTONMPHUEMHHUKOB T'OJIOBKH.



IIpeoOpa3oBaTeu 3IeKTPUIECKUX CUTHAJIOB

[IpeoOpa3zoBareny IEKTPUIESCKUX CHTHAIIOB SIBJSIFOTCS THUIIOBBIMH DJIEMEHTAMHU CHUCTEM
ABTOMATHKH W BBIMOJHAIOT (YHKUIUU COTJACYIOUIMX YCTPOWCTB 0€3 M3MEHEHHs KOJIMYEeCTBa
UH(POPMAIINH, COIEPIKAIICHCS B IPeoOpa3yeMOM CHUTHAJIE.

OcHOBHOE TEeXHHYECKOE TpeOOBaHHME K MPeoOpa3oBaTeIsIM: TOYHOCTh M CTAOWJIBHOCTH
npeoOpa3oBaHusl, BEICOKOE OBICTPOICHCTBHE.

AnaJjioro-uugposbie npeodpaszoBaresin

Amnanoro-mugpossie nmpeodpazopatenu (ALIT) ocymecTBisiroT mpeoOpa3zoBaHUe BXOTHOM
AQHAJIOTOBOH BEIMYMHBI B COOTBETCTBYIOIINN €l IIUPPOBOI KOI.
AIII knaccupuuupyro 1mo:
BUJly KBAHTOBAHUS aHAJIIOIOBOI BEJIMYMHBL;
(bu3HYECKOMY BUy BXOJIHOUN BEIIMYUHBL;
IPUHLIMIIAM U3MEPEHUS IpeoOpa3yeMoil BEIUYNHBI,
METO/1aM MpeoOpa3oBaHUsI.
B ALII BxonHas aHanoroBasi BeIMYUHA MpeoOpa3yeTrcs B KOHEYHOE YHUCIIO JUCKPETHBIX
3HAYCHUH (KBAHTYETCS).
Hcnonb3yioT cienyromuye BUbl KBAHTOBAHUSA:
1. mo ypoBHIO (Korna (UKCHUPYIOTCS YPOBHU T€HEPHUPYIOILIET0 CHUTHAJla B IPOU3BOJIbHBIC
MOMEHTHI BpEMEHH );
2. mo BpeMeHM (Korma (UKCHUPYIOTCS TNPOW3BOJBHBIC 3HAUEHHS HEMPEPHIBHOTO CHUTHAla B
(buKCUpOBaHHBIE MOMEHTHI BPEMEHH );
OTHOBPEMEHHO 110 YPOBHIO M 110 BPeMEeHH.

w

ITo meronam npeobpaszoBanus ALII nensrcs Ha 3 OCHOBHBIE IPYIIIbL:

1. C npocTpaHCTBEHHbIM KOAUPOBaHUEM (MCHOJB3YIOT METOJ IPOCTPAHCTBEHHOTO
KOJMPOBaHUS, OCHOBAHHBIM Ha MpeoOpa3oBaHMM MIHOBEHHOTO 3Hau€HUs MpeolOpa3zyeMoi
BEJIMYMHBI B MPONOPLHOHAIBHOE NMPOCTPAHCTBEHHOE IEPEMEIEHUE KOIUPYIOLIEH IIKaJIbI
(WJIM CYUTHIBAIOIIEH CUCTEMBI OTHOCUTEIHHO KOJIUPYIOIICH IIKaJIbI)).

2. YucaouMmmyJibcHble (OCYLIECTBISIOT INpeoOpa3oBaHHE  aHAJOTOBOM  BEJIMYMHBI B
PONOPLUOHAIBHOE €M YHCII0 UMITYJIbCOB, KOTOPOE MOCPENICTBOM CUETUYMKOB IEPEBOJIUTCS B
mudpoBoi  koA. Mcmonp3yroT BpeMsA-UMITYJIbCHbIE W YacTOTHO-MMITYJIbCHBIE METOMbI
npeoOpazoBaHus).

a. TMpH BpPEeMSA-UMITYJbCHOM METO/E: HeNpepbiBHAas BeIUYMHA mpeolOpasyercs B
MPONOPLUOHAIIbHBIM MHTEPBAJl BpEMEHH, B T€YEHHE KOTOPOI0 Ha CYETYUK ITOCTYHAET
OIPEAEIEHHOE YMCIIO UMITYJIBCOB.

b. mpu dYacTOTHO-UMIYJIBCHOM MeETO/E: H3MepseMas BelMYMHA Tpeodpasyercs B
COOTBETCTBYIOIYK0 YAacTOTy BBIXOAHOIO CHTHaJla M B YHCIO HMILYJIBCOB,
MOCTYMNAIOIIMX HA CYETYHK 32 KaTMOPOBAHHBII UHTEPBAJl BPEMEHH.

3. IlpeoOpa3oBaTein ¢ ypaBHOBeIIMBAaHHeM (MCIOJB3YIOT IOCIEIOBATEIbHOE CpaBHEHHE
MTHOBEHHOE 3HaueHue MpeoOpa3yeMoil BeIWYMHBI C PSAOM 3apaHee HU3BECTHBIX
«00pa31OBBIX» BETMUNH, U3MEHSIOLIUXCS 110 ONPEACICHHOMY 3aKOHY).

Ha All-npeoOpa3zoBaHue 3aTpauuBaeTCs HEKOTOPBIH WHTEpBAI BPEMEHH, I103TOMY
u(ppoBON BBIXOJHOW CHUTHal OOBIYHO 3ala3/bIBaeT II0 OTHOIIEHHI0O K COOCTBEHHOMY
MT'HOBEHHOMY 3HAaUY€HHIO aHaJOrOBOT'0 CUTHAA.

OcHoBHble xapaktepuctuku ALIL:
® TaKT KBAaHTOBAHWS;
® anepTypHOE BpeMsi;
® TOYHOCTb ITPEOOPa30OBaAHUS.



AneprypHoe BpeMsi ATA — BpeMEHHOM MHTEPBaJI, XapaKTEPU3YIOLIUN HEONPEAEIEHHOCTh
MOMEHTa TMpeoOpa3oBaHMs BHIOOPOUYHOTO 3HAYCHHMsS CUTHAJa M BBI3BIBAIOLINI IOSBICHUE
JIOTIOJIHUTEIBHON TMHAMUYECKON MOIPEIIHOCTH:

1
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rae f —yacrora cursana (I'), koropas npu MPOXOXKACHUM Yepe3 HYJIEBOM ypOBEHb U3MEHSAETCS
3a anepTypHOE BpeMs Ha €IUHMILY MJIaJIIEero pa3psaaa; M — Yucio pa3psaaoB JBOUYHOIO YUCIIA.

MaxkcumanbHast ~ TouHOcTh  All-mpeoOpa3oBaHusi  OrpaHMYEHA  MOIPELIHOCTBHIO
KBAHTOBAHUSA, 3aBUCALIEH OT pa3psiHOM CETKM M MaKCUMaJbHOW CKOpPOCTH H3MEHEHMs
peodpa3yeMoro curHasia.

[TorpeniHocts npeodpa3oBaHus:

m;_:J_rﬂ,s(lnr-Ai‘;{)
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rne K — ckopocTh M3MEHEHHs BXOJHOTO aHAJOrOBOIO CUTHAJIA, BBIPAKCHHAS dYepes3
YHCIIO eUHUI] MIIAIIIEro Mo Becy paspsana 3a 1 c.

Cxema mpeaHasHadyeHa g MpeoOpa3oBaHusi B HUPPOBYIO ¢opMy oot u3z 16
AQHAJIOTOBBIX BXOJHBIX BEJIWYUH C 12-pa3psaHbiM KOJOM Ha BBIXOJE (Hampumep, s cOopa
JAHHBIX 10| YIPaBJIEHUEM MUKPOIIPOLIECCOPA).

Mynwstumiekcop (UC HI — 506) umeer 0co6eHHOCTB:
® Cro KIIOYHU SBISIOTCS Pa3HOBHIHOCTBIO KIIOYEH C «pa3MbIKaHUEM Iepes cpadaTbiBaHUEM,

T.€. IPU CMEHE aJIpeca Ha MYJIbTUIUIEKCOPE Pa3InYHbIEe BXOJHbIE KaHAJIbl HE 3aMbIKAIOTCS APYT
C IPYTOM.

EnvHCTBEHHBIN aHAJIOTOBBIM BBIXOJ MYJIBTHIUIEKCOpA MOCTymaeT Ha cxemy LF 398 —
YCHJIUTENb C BHIOOPKOH M 3alIOMMHAHHEM. JTa CXEeMa HCIOJb3YyeTCs KaK CXeMa «CIeKEHUS U
3allOMUHAHUA», (PUKCUPYIOIIas aHAJIOr0BOE KoJieOaHHe TOJIKO ¢ HauyajaoM IIpeoOpa3oBaHusl.

AD7572 — 12-pa3psinubiit ALl ¢ BHYTpeHHUM HUCTOYHHKOM OMOPHOTO HANPSDKEHUS U
TaKTOBBIM I'€HEpAaTOPOM. Y CTPOMCTBO, YIpPAaBIAOIIEE 3TOM CXeMOW, OOBIYHO Ha3Ha4yaeT ajpec
JUI MYJbTUIUIEKCOPA, 3aT€M MHUIMHPYET mpeobpazoBaHue ¢ nomoinbto curHaios BK u YT.
ALII oreuaet Brigaueit curnana 3SAHAT, koTopblil puKcHpyeT aHaIOrOBBIM BXOIHOM CUTHAIL.

[Ipeobpa3zoBanue 3aBepiaetrcst uepe3d 12 mxc u curHan 3AHST ycranaBnuBaercs Ha
BBICOKOM YypoBHe. C 3TOro MOMEHTa JOCTYNHbI Bce 12 pa3psgoB pesyiabTaTa, €cld
IperonaraeTcss MCroyib3oBaTh Bce 12 nuHuil Debix; ecin umeercss 8-paspsiaHas IIKMHA, TO
NEepBBIMU CUMTAIOT 8§ MIIAIIIMX 3HayallluX pa3psaoB, 3ateM nogaioT curHain BbIBOP
CTAPIIEI'O BAUTA, uto6s! nepenats Ha Do — D3 4 crapmiux 3Hagamux paspsa.

[Tocne VHHUIMAPOBAHUS npeoOpa3oBaHUs YCTPOMCTBO, yIpaBJsrouiee
npeoOpaszoBaresieM, nposepser curdHanl 3AHAT, uroObl 3adukcupoBaTh 3aBEpLICHHE
npeoOpa3zoBanus. (boinee mnpocToil BapuaHT — OXHJAaHHE B TeueHUE 12 MKC — «BpPEMEHHBIN
[IUKID) TPOTPAMMBI).

VYnpasinsmoliee ycTpolcTBO 0ku1aeT 4 MKC IOCIIe 3aBeplLIeHUs] TPpeoOpa3oBaHus Mepes
TeM, KaKk MHULMUPOBATh CIeaylolee npeodpazoBaHue — 3T0 BpeMsi, Heooxoaumoe ans UC LF
398, 4T00BI BBIXOJT BHOBB OTCIIEAMIT BXOI ¢ TOUHOCTHIO 110 0,1%. OO01miee Bpems mpeobpazoBaHus
cocraisieT 16 Mkc, uro paBHo3HauHO 60000 mpeoOpazoBanuii B cekyHay. Cxema crout ~ 50 §,
B TOM 4HcIIe peobpaszoBateins 359.

Kak npasuiio, 06s14H0 npumensot rotossie ALIT mogynu nnu UC, a He pazpabaTsiBaoT
UX CaMHU.



Cnoco0bl mpeodpa3oBaHus

1. IMapanseabHoe KOAMPOBaAHHE

B stoM Merose HampspKeHHE BXOJHOTO CUTHAlIa MOJAETCs HA OJMH M3 BXOAOB “N”
KOMITApaTOPOB OJTHOBPEMEHHO; JIPYyTrMe BXObI KOMITAPATOPOB TMOJKIIOYECHBI K “N” OMOPHBIM
WUCTOYHUKAM C PAaBHOMEPHO pacrpejelieHHbIME HampspkeHusMu. [ludparop (¢ mpuoputeTom)
dbopmupyeT b pPOBOM BEIXOIHON CHTHAJ, COOTBETCTBYIONIUN CaMOMY CTaplIieMy KOMIIapaTopy
13 aKTUBU3UPOBAHHBIX BXOJIHBIM CUTHAJIOM.
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[TapannensHoe KOIUpPOBaHHUE (UM «MITHOBEHHOE)» KOJMPOBAHKE) — 3TO CaMblil OBICTPBIN
metoa All-mpeoOpazoBanus. Bpemst 3aepku OT BX0/a JI0 BBIXOJa PAaBHO CYMMeE 3aJIepKKH Ha
Kommaparope u mudparope. IlapannensHsie mpeodpa3zoBareiy, BHITyCKaeMble CEPUIHO, UMEIOT
ot 16 1o 1024 ypoBHe# kBaHTOBaHUs (C BbIXOJAaMHu OT 4 10 16 pa3psioB). YBeTudeHHE YHCIIa
pa3psAI0B BO3MOXKHO, HO — I1€Ha, rabapuTtsl 1. beictpoaetictBue ot 15 1o 300 MiH. OTCUETOB B
CeK.

Hpumep: AL TDC 1048 ¢pupmbr TRW: GunonspHbiii 8-pa3psaHblii mpeoOpa3oBaTelib
Ha 20 MJTH. OTCYETOB B CEK., B 28-BBIBOJHOM Kopiryce, iena ~ 100 $.

CymiecTByIOT BapuaHThl 0ojiee MPOCTOro (M JEIIeBOro) mapaijelbHoro mudparopa —
«TOJTyMTHOBEHHBIN» MH(PPATOP, B KOTOPOM HCIOIB3YETCS ABYXCTYIIEHYATHIH MPOIECC: BHAYAIE
MT'HOBEHHOE IpeoOpa3oBaHHE BXOAA 10 TOJOBUHBI 33JaHHOW TOYHOCTH, 3aTE€M BHYTpPEHHHE



ILTAIT BHOBBL TIpe0Opa3yOT ATO MPUOIMIKEHHOE 3HAUYECHHE B aHAJIOTOBYIO BEJIMUUHY, U Pa3HOCTh
MEXIy HEH M BXOJHOH BEIMYMHON IIOJBEPracTcs MIHOBEHHOMY IPEOOpa30BaHMIO ISt
IIOJIyYEHUS MIIAJIINX 3HA4alluX pa3psoB:
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Moaynapasuiensubiii ALITT

DTOT cnocol JemeB U 00JadaeT caMbIM BBICOKMM OBICTPOJEHCTBUEM, 32 UCKIIOUCHHUEM
MOJTHOCTBLIO «MTHOBEHHOI0Y.

[IpencraBnser WHTEpPEC WCHOJIB30BAHUE «MTHOBEHHBIX» MUPPATOPOB B 00JacTH
npeoOpazoBanus Konebanuii B uppoByo Gopmy (Jake Mpu CPaBHUTENBHO HU3KOM CKOPOCTHU
npeoOpa3oBaHusl).

Nx OwicTponeiicTBue (TOUHEE, Mamblii amepTypHBI HMHTEpBaJl, B TEUEHHUE KOTOPOTO
¢ukcupyercss BBIXOJ KOMIIapaTropa) TapaHTHpPYyeT, 4YTO BXOJHOW CHTHaJd 3a BpeMs
npeoOpa3oBaHus CYIIECTBEHHO He M3MeHsieTcs. B Apyrux cxemax HeoOXOJIMMO HCIOIb30BaHUE
3allOMUHAIOLINX YCTPOUCTB Ul (pUKCAIIMM BXOJIHOTO KoJieOaHUs Ha BpeMs peoOpa3oBaHusl.

IHocnenoBarenbHOE MPUOJINKEHHE

B stom crmocobe ocymiecTBisieTcss onpoOOBaHUE PA3JIMYHBIX BBIXOJHBIX KOJOB IyTEM
nokasa nx Ha ALl u cpaBHEHHs pe3ysibTaTa ¢ aHAJTIOTOBBIM BXOJIOM C IOMOIIBIO KOMITAPaTopa.
[Iponiecc HaumHaeTcst ¢ ycTaHOBKM Bcex paspagoB B "0". g "'n"-paspsanoro ALl
noTpedyercs "'N"' takux maros. Kak mpaBuio, 1udpoBoil BEIX0A B MapajieIbHOM Kone (Bce
paspsabl cpazy mo "'n'' ortmenbHbM nuHUsSM. ALl ¢ mocnemoBaTenbHBIM MPHOTMKEHUEM
ABIIIOTCS CPABHUTEIBHO TOUYHBIMH U OBICTpbIMH (M TpeOyroT ''n''-ycranoBok Ha LIAIl s
obecrieueHus 'N""'-pa3psaHON TOUHOCTH)).



Bpewmst mpeobpazoBanus 1Mkc + 50 Mkc npu TouyHOCTH OT 8 10 12 paspsinos. llena 10 +
400 $.

(Bo BXOTHOM CUTHAJIE HE JOJKHO OBITh KOPOTKUX «BBIOPOCOBY).

B 3aBucumMocTH OT BHAAa NPOMEKYTOUHOro CcurHaia mnpeoOpaszoBanus ALl
KJIACCU(PUIUPYIOT HA TUIIBI:

1. Amnanor — BpeMeHHOI UHTepBall — KO (BPEMSAUMITYJIbCHBIN METO.)

2. Amnanor — yactota — KoJ (4aCTOTHO-UMITYJIbCHBIA METO/).

OynkiuonansHas cxema ALII Tuna aHamor — BpeMEHHOM UHTEPBAI — KOJI:
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AmnanoroBoe BxoaHoe Hampspkenune Upx(t), cooTBeTcTByrolllee MOMEHTY BpeMmeHH ti,
CHavasia mpeoOpa3yeTcst B UMILYJIBC C JJIMTEIBHOCTBIO Tti , MPONOPIMOHAIBLHONW 3HAYEHUIO
BXOJIHOTO HAIIPSDKEHMUSI, a 3aTeM — B YHUTAPHBINA KOJI.

B cxeme mpoucxomuT cpaBHeHHe BxoAHOro HampsbkeHus Usx(t) ¢ swmHeliHO-
Hapactaronum  Hanpspkenuem  Un(t), dopMupyembiM cxemoif reHepaTopa MHJI000pa3HOTO
HanpspkeHuss (I'HIT), cMHXpOHM3MPOBAHHOTO TE€HEPATOPOM HMMITYJILCOB OMOPHOW YacTOThl f
arou).

Cpasuenue Hanpspkenuit Upx(t) ¢ Ua(t) ocymiecTrisiercss mepuouuecku ¢ MEpUOIOM
Tna nunoobpazHoro ummynbca Ha kommnapartope K, mosromy mepuos KBaHTOBAaHUSI BXOIHOTO
HanpspkeHus Tks = T

Nmnynscer I'OY 3a naTepBan Tti mpoImycKarTCs yCTPONCTBOM JIOTHYECKOTO YIIPABICHUS
(YJIY) B perucrp-c4eT4uK.

CymMmapHOe 4YHCIIO UMITYJIbCOB, HakorieHHoe 3a Bpems Tii mpeacrasiser B LHU(poBoii
¢dbopMe aHaOTOBBIN CUTHAT B MOMEHT ti.

MakcumanpHOe Bpemsi TpeoOpa3oBaHUS paBHO 2M:T, re M — Tpedyemoe 4YHCiIo
pa3psa0B, T — nepuoj ciegoBanus umiynbcos I'OU.

Anepryproe Bpems ATa Taxoke paBHo 2m-t. [To cpaBHenuto ¢ Tks = 1/f T'OU Bpems
ATA BeNIMKO, YTO OTPAHUYKBAET IPUMEHEHUE METO/Ia.
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[Hudpo-ananoroseie mpeodOpazoBaTean MNpeodpa3yroT MUPPOBON KOJ B aAHAIOTOBYIO
BEJIMUUHY.

Hudposoit koa, nomnexamuii Mpeodpa3oBaHUIO, OOBIYHO TMPEACTABISIOT B BHUJIE
JBOMYHOTO WM ABOUYHO-ACCITUYHOTO KOJIa, MHOTIa B BUJE YUCIO-UMITYIHLCHOTO KOJa.

[To xapaxkrtepy BXxoaHoro curnajga pasnuyator [[AIl mapamienbHBIX U
NIOCJIEI0BATENBHBIX KOJIOB.

[To npunuuny aeiicreus LIAII nenstcs Ha:
e 3amkHyThIE (¢ OC) — 60Jee TOUHbIE, HO CIIOXKHEE;
e pasomkHyThIE (0e3 OC).

3aMKHYTble OOBIYHO MPUMEHSIOT JUIsl 1peoOpa3oBaHHs IUPPOBBIX KOJOB B
nepeMelleHe, pa3oMKHYThIe TPeoOpa3yroT KOkl B HANpsKEeHUE (TOK).

B 3aBucumoctr oT Buaa BoixogHoro curuagaa [{AIl paznenstoT Ha:

1. TIpeoOGpa3oBaTesu KOJa B HANIPSZKEHUE WIH TOK:

1.1. C CyMMHMPOBAaHHMEM Ha ITACCUBHBIX JIEMEHTAX;
1.2. C CYMMHUPOBaHHEM Ha pEUIAIOIINX dJIEMEHTaX (pe3uCTOpax);
2. IlpeoGpa3oBaTeiin K012 BO BpeMEHHOW HHTEPBAJI:
1.3. HELMKIINYECKHE;
1.4. IMUKIIMYECKHUE;
3. IlpeoOpa3oBaTesin KoJaa B epeMelIeHNE:
1.5. oe3 OC;
1.6. c0C;
1.7. C aMIUTMTYIHBIM IIpeoOpa30BaHUEM CUTHAIA PACCOTIIACOBAHMUS;

1.8.  cmpeobpa3zoBaHHEM CHI'HAJIA pacCOIIaCOBAaHMS BO BDEMEHHON HHTEPBAL.



IIpeoOpa3oBaTein KOJAa B HANPSIZKEHHE UM TOK

B nampsokenne — Repix << RH BBIOMPAIOT B 3aBUCIMOCTH OT TOT'O, KAKOE YCTPOHCTBO
ABJISIETCA HATPY3KOH

B tox — RBeIx >> Ru  (ympaBiisieMoe HalpsiKeHHEM UJIH TOKOM ).

Pabora Takmx mpeoOpa3oBaresneil OCHOBaHA Ha CYMMHPOBAHUHU ATAJOHHBIX BEIUYHH
HAIPSHKCHUH WM TOKOB COOTBETCTBEHHO BXOJHOMY KOJY.

CyMMHpOBaHHE MOXET OCYILECTBISITHCS MapalieIbHO BO BpEMEHH (OJTHOBPEMEHHO BCEX
cJIaraeMbIX ) WJIH MTOCIIEIOBATEIBHO (B 3TOM ciiydae TpeOYIOTCs 3alIOMUHAOIINE YCTPOUCTBA).

Haubonpiiee pacrnpocTpaHeHHe MONYYWIM —TMPeoOpazoBaTeNy C  HapaiedbHBIM
CYMMHPOBAHHEM CJIaraeMbIX — BBICOKasi TOUHOCTh U CTaOMILHOCTH IPE0Opa30BaHusl.

IIpeoOpa3oBaTeiu Koa B HaNpsizkeHHe C CYMMHUPOBAHHEM HA MACCUBHBIX JIeMEeHTaX

Ugn
¥*
8- pa3pAHbIH
LAn
- 8-paspAgHLId
THCTD M
, perucrp
BbIXOQHBIE
dommaaan
Kohana Perucrp D,
" nocn eAoBaTeNbHOTO
LS LT TP
L 3
Undposoin
. —— nNorvka
AHAnNOT 0BkIH
A — 1u|-|-| D ABNEHMA
BhNOO, “
BX0, Dy (8
paspAaoe)

reHeparop

CrapIlIMHCTBO pPas3psloB  YYUTBHIBAETCS CONPOTUBIECHUSIMU PE3UCTOPOB, KOTOpHBIE
10100paHbI MO IBOUYHOMY MPUHIIMITY:
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[IpeoOpazoBaHHBI CHTHAT B BHAC NapajlICIbHOTO JABOWMYHOIO KOJA an ... a3 a2 ai
nocTtymnaer Ha oOMoTkH pene Pn ... P3, P2, P1. Kaxxnoe pene cpabarbiBaer npu enuHUYHOM "1"
CUTHAJIC JAaHHOTO pa3psija, TM00 OCTAeTCs B UCXOAHOM cocTosiHUM — ripu "0" curHare.

CoO0TBETCTBEHHO 3TOMY BO3/IEHCTBUIO B IIENb BBOAATCS pe3ucTopsl U3 psaa Ri, Rz ... Rn
1 BBIBOJIATCS M3 psaja R1, Rz ... Rn.

BenuunHa BEIXOAHOTO HANPSDKEHUS HA Rn:1io Teopuu 00 IKBUBAJICHTHOM T€HEpaTope.

[Ipu nocrarouyro 6o0sbmOM Rn MOKHO CUMTATh:
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IJie aj — 3HaYCHHE I-ro pa3psaa npeodpaszyeMoro koaa (Moxer ObITh 1160 "0" m1u60"1").
[IpeoOpazoBanue B oOmIeM ciydae HE SBISCTCS JUHEHHBIM. [[s1 ero nuHeapu3anuu
HEOOXO0/IMMO BBITIOJTHEHUE YCIIOBHS:
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MaxkcuMaibHasl IOrPENIHOCTh OT HECOOFOICHUS ATOTO YCIIOBHS BBIYUCIISICTCS
]
v, = RiR .
K3
JIOCTOMHCTBO CXEMBI — MTOCTOSHCTBO HArpy3KH MCTOYHUKA ATAJIOHHOTO mutaHus E mpu
Rn — oo,
Henocratku — 3aBucumMocts UBbix oT Rn.

Ecmu Rn Mamo , HCIIOJIB3YIOT npeo6pa30BaTenL C IapaJuICIIbHBIM  IOCIUTCIICM
HAIPsSoKCHUA.



IIpeoOpa3oBaTesin KoAa B HANIPSIZKEHHE ¢ CyMMHUPoOBaHMeM Ha pemapmmx (OY)
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ITox BO3mEHWCTBHEM JBOWYHOTO KOJA Aal, 42, ... i, ... an (0 Wi 1) COOTBETCTBEHHO

kioun Ki, K2, ... Kn 6yayT 1100 OTKpBITHI, THOO 3amepThl.
JlaHHas cxema MOKeT OBITh pealln30BaHa OJHUM M3 3-X CIOCOOOB:
Cnioco6 1: sTaoHHBIC HAMPSHKEHUS TTOJ00paHbI 0 JTBOUYHOMY TIPHHITUITY:
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A HOMUHAaJBI PE3UCTOPOB PABHBI:
B sToMm ciiyuae:

JRl :Rﬂ:
R,=2R,
R,=2"".R

CxeMa ocCyIecTBIsIeT JUHEHHOE TPeoOdpa3zoBaHre KOJia B HAIIPSHKEHUE.

Cnoco0 2: 3TalioHHbIE HAMIPSKEHUS paBHbIL:

Homwunans! pe3uctopos:

Cnoco6 3: cxema uMeeT 0/1HO dTaoHHOe HanpspkeHue Eo u onun pesucrop Ro, a B OC
BKJTIOYEHA TI0CIIE/IOBATENIbHAS IIETI0YKA PE3UCTOPOB: (KOTOPHIE ITYHTHPYIOTCS KIFOYaMH ).
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Obmas  morpelmHEocTs — NpeobpasoBa#Hil  c
o CYMMHpPOBAaHHEM HAa pellarlHX  VCHIHTEISX
cocTangeT 0.05 = 0.5 %.
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IIpeoOpa3oBaTenu KoAa BO BpeMEHHOM HHTEPBAJI

[Ipeobpa3zoBareny kojla BO BPEMEHHON WHTEpBAl MO MPHUHIMITY ACUCTBUS NENISITCS Ha
peoOpa3oBaTeN CO CUSTINKOM H C DJIEMEHTAMH 33JICPKKH.

Cpenu mpeoOpaszoBareneil cO CUETYMKOM pa3lnyaroT Mpeodpa3zoBaTelid, B KOTOPBIX
npeoOpa3yeMblil  KOJI 3alHCBIBACTCS TPEIBAPUTEITHHO B CUETYMK M C €r0 IOMOIIBIO
npeoOpaszyeTcsi BO BpeMEHHOW MHTepBal, U Mpeodpa3oBaTein, B KOTOPhIX BPEMEHHOW WHTEepBal
OTIpeNIeNsIeTCsl CPaBHEHHEM TPe00pa3yeMoro KoJia C BEIXOJHBIM KOJIOM CYETUHKA.

[Ipeobpa3zoBareny Koja BO BpEMEHHOW MHTEpBal C dJIEMEHTAMU 3aJCPXKKU JETSATCS Ha
npeoOpa3oBaTeNii ¢ HEMOCPEJACTBEHHBIM IPeoOpa3oBaHWEM KoJa BO BPEMEHHOW HWHTEPBal U
npeoOpa3oBaTey C MPOMEKYTOUHBIM MPEOOPA30BAHUEM.



B onHom u3 BapmaHTOB mnpeoOpa3oBaTesiell ¢ HEMOCPEACTBEHHBIM IMpeoOpa3oBaHUEM
UCTIOJIB3YIOTCS 3JIEMEHTBI 33JIePXKKHU C YUETOM Beca pa3psI0B peodpa3zyeMoro Koja. ITH CXEMbI
CoJlep’KaT JIOTUYECKOE YCTPOMCTBO, KOTOPOE COENMHSAET IIOCIEeIOBATEIbHO TE€ DIEMEHTHI
3a/Iep’KKH, KOTOPbIE COOTBETCTBYIOT €IMHUYHBIM 3HAUEHUSM pa3psaoB IpeodpazyemMoro Koja.
Yucno 31eMeHTOB 33IepKKU BRIOMPAIOT paBHBIM YHCIy pa3psaoB N. Takum oGpa3om, BXOJHOU
CUTHAJI, IOCTYIIasl Ha NEPBBIM 3JIEMEHT 3a/1€PIKKH, TOSABIISETCS HA BBIXO/E ITOCIEIHETO AIEMEHTA
3aJIepP>KKH Yepe3 BpeMs:
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- BpeMs 3aJICPKKHU JIEMEHTa I-ro pa3psijia,

- BpeMsl 3aJIep’KKU J1eMeHTa mitaauiero (1-ro) paspsiza.

CrpykTypHas cxema mpeoOpa3oBaTelsi Koja BO BPEMEHHOM WMHTEpBAN C 3JIEMEHTaMH
3aCPIKKHU, YIYUTBIBAIOIINMU BEC pa3pAd0B:
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O3 — 2IEMEHT 3aJIePKKHU.
K — k1104, yrpaBisieMblii CHTHAIOM TPeo0pa3yeMoro Koja.
Ecnu K Brirouen (Ri mano), eciu ynpasinstomuit curaan "0". Eciou (Ri — ) "1™,
Takum 00pa3oM HUMITYJIbC, MOCTYIMUBIIMKA Ha BXOA A, TPOXOIUT TOJIBKO Yepe3 Te
3JIEMEHTHI 3aJICP/KKH, KOTOPbIE COOTBETCTBYIOT €AMHIYHBIM pa3psiaM mpeodpa3yeMoro Koja.

PeJie 1 nmepexJirouaoime ycTpoiicTsa B cuCTeMax ylpaBJjieHUsl
K peneiiHpIM 31eMeHTaM aBTOMAaTUKH (pelie) OTHOCSITCS YCTPOMCTBa, mpeoOpa3yroliue
IIJTaBHO€ M3MCHCHHC BXO}IHOI\/’I BCJIMYUHEBI B CKa‘IKOO6p33H06 N3MCHCHHUC BBIXO}IHOP'I BCJIIMYNHBI.



Pene ucnonp3yroTcsl B Ka4eCTBE 3JIEMEHTOB YIPABJICHUS W 3aIMTHI, JUCKPETHBIX TaTYUKOB U
YCHIIUTENEH, Pa3MHOKUTENICH CUTHAJIOB U JIOTHYECKHUX 3JIeMEHTOB. Pene kinaccuuuupyror:

1. Tlo Buay pU3NYECKUX BEITUYHH, TOCTYIMAOIINX HA UX BXOJ]
a. DIJIEKTPUYECKUE;
b. HesnexkTpuyeckue.
2. Ilo Ha3HaueHuro
a. YIpaBJICHUE;
b. 3ammura;
C. cCuUrHajiusauusi;
d. cBs3b U T.I.
3. Tlo mpuHIHITY BO3ICHCTBUS HA BBIXOIHYIO IICTIH
a. KOHTAaKTHEHIE;
b. OeckonrakTHEIE.
4. Tlo pomy BeIWYUHBI, HA KOTOPYIO pearupyer peiie
d. TOK;
b. manpsukenue;
C. MOIIHOCTD;
d. wacrorawu T.x.
5. Ilo ucnoyiHEHHIO
a. OTKPBITHIC;
b. c3ammTHBIM YexJIOM (KOKYXOM);
C. TBUICOPBI3TO3AIIUIICHHBIC;
d. repmermueckue.

N3 smekTpuyeckux pene B COBPEMEHHBIX AMCKPETHBIX CUCTEMax aBTOMATHUKH LIMPOKO
UCMOJIB3YIOT 3JIEKTPOMEXaHWYeCKUe (KOHTAKTHBIE), MAarHUTHbIE M HOJIYIPOBOJHUKOBBIE. B
KOHTAaKTHBIX peJjie CKauKoOOpa3HOe U3MEHEHHE BbIXOJHOIN BEJITUYMHBI JOCTUTAETCS 3aMbIKAHUEM
WIN Pa3MbIKaHHEM BBIXOJIHOW IeNH, B OECKOHTAKTHBIX — IyTEM PE3KOT0 U3MEHEHUS apaMeTpoB
BeIxoHOM 1enH (R, L, C). OcHOBHBIC XapaKTePUCTUKH pelie:

Cratnueckas (XapakTepUCTHKA YIPaBIEHHs) — 3aBUCUMOCTb BBIXO/JHOM BEIUYHHBI Y OT
BxogHOM X. [Ins1 GONBIIMHCTBA pejyie XapaKTEpHBIM SIBJSETCS HAJM4YKME T'MCTEPE3UCHOM MeTIH,
HanpuMep, BUa:
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XapaKkTepucTrKa ABYXIO3UIIMOHHOTO HEHTPAIBHOTO peie (He pearupyromero Ha 3Hak X).
X1 — mapametp cpabaTbIBaHHS
X2 — mapameTp OTIyCKaHHs

1. MomnocTs cpabaTsiBanus Pcps — MUHMMalIbHAs MOIIIHOCTb, TOTpedIIseMas KaTyIKon
pese npu cpabaTbIBaHUH.

2. Beixoanas (koMMyTHpyeMas) MOITHOCTh PBbIX — Ipon3BeIeHNE MAKCUMAILHOTO
OTKJIFOYaeMOT0 TOKA Ha HAMPSHKECHUE UCTOYHUKA MUTAHUS BBIXOIHOM IIETIH.

3. Bpewms cpabaTsiBanus tcps — BpeMst OT MOJa4y Ha BXOJ pejie YIPaBIsSIOLIEro CUrHaia 10
MOSIBJICHUS (MCUYE3HOBEHUS) CUTHAJA HA BBIXO/IC (3aMbIKAHUE M PA3MBIKAHUE BBIXOTHBIX
KOHTAKTOB).

4. Bpewms ormyckanus torn — BpeMst OT MOMEHTA CHSITHSI BXOJAHOTO CUTHAJIA JI0 Pa3MbIKaHUS
(3aMbIKaHMsI) BBIXOIHOM IIETTH.
e BpeMs TPOTaHUsI.
® BpEMs JIBUKCHHSI.
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5. Koadpdumuent Bo3Bpara Kg3s — oTHOLIEHHE apamMeTpa OTIIYCKaHUS peje K ImapaMmerpy
cpabatbiBanusa. KB3B XxapakTepuzyeT OTHOCHUTENbHYIO IIUPUHY peleiiHONH NeTiau
CTaTUYECKOH XapaKTePUCTHKH.
X
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6. Koadpdumuent 3anaca Kszan — otHomenne M/IC (MarHUTONBHKYIIEH CHJIBI) KaTYIIKH
perne nipu ycranoBuBiemcs pexxnme kK M/IC nipu Toke cpabaTeiBaHust W —IHCIIO BUTKOB.
I yom ~ @
K=
) )
cpl
7. Koa¢pdunuent ympasnenus (ycunenus) Ky — OTHolIeHHE MaKCHMMajabHOTO 3HAUYEHUS
BBIXOJTHOTO CHTHAJIa K BXOJHOMY TIpU cpabaThIBaHWH.
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DJIEKTPOMeXaHUYeCKHue peJie

OCOOEHHOCTBIO IJEKTPOMEXAHUYECKUX pelie SBISIETCS Haludue MOJBMXKHOM CHCTEMBI.

[To npuHIMIY AEWCTBUS SIEKTPOMEXAHUYECKUE Pejie MOKHO KIaCCU(PHUIIMPOBATh:

1. DnexTpomarHUTHbIE

a. TOCTOSIHHOTO TOKa (HeHTpasibHbIE U MOJISPU30BAHHBIE)

b. mepemeHHOro TOKA.
MarauTo3JeKTpuYeCcKre
DneKTpoAuHAMUYECKHE
NunykimoHHbIe
Tennosbie

abrwn



DJIeKTPOMarHuTHbIE peJie MOCTOSIHHOTO TOKA

DNIEeKTPOMArHUTHHIE Pejie MOCTOSHHOTO TOKAa MOTYT OBITh:

® C IIOBOPOTHBIM SIKOpeM (KJIaaHHOTO THIIA),
® C BTATUBAIONIUMCS SIKOPEM (COJICHOUIHOTO THUIA).

CocTtoAT U3 »3JeKTpoMarHuTa (CepAEYHUK C TOJBIKHBIM SIKOPEM U KaTyllKa),
KOHTaKTHBIX TIPYII, NpyXUH. IIpMHIMI AEHCTBUA OCHOBAaH HAa B3aMMOJECHCTBUU MarHUTHOIO
MOTOKA, CO37[aBaeMOI0 3JIEKTPUUECKUM TOKOM B KaTyILIKe, C MOABMXHBIM sikopeM. [Ipu Hanuuuu
curHana Ha Bxojae Upx, BO3HUKAIOIIMM B KaTyIIKE pelie TOK CO3JaeT B MarHUTOIPOBOJIE
MarHUTHOE TI0Jie, HAaMarHUYWBAIOlee MOJBIKHBIM SKOpb. Bo3HHKaiome mpu 3TOM
9JICKTPOMArHuTHBIC CHJIBI IIPCOA0JICBAIOT ﬂCﬁCTBHG IMPYy>XUH, 06ecneqHBas{ IMOBOPOT HJIN
BTATMBAHUE SKOPS U TEPEKIIOUYEHUE COCTOSHUS KOHTAKTOB. llpu mepemerieHuu sikops pese
AJIEKTPOMArHUTHOM (TAroBoOi) cuiiol F> coBepiaercs pabota 3a cuer >HEPruu, 3aHECEHHOU B
MarHUTHOM II0JI€ 3JIEKTPOMAarHurta. YpaBHEHUE DJIEKTPUYECKOIO PABHOBECHS MPH BKIIOYEHUU
KaTYIIKU pejie Ha MOCTOSTHHOE HapsHKeHHE:
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rac U, | — HAIIPAKCHHUE U TOK KAaTyIIKU PEJIC, R, W — COIIPOTUBJICHHUEC U YHCJIO BUTKOB KaTYyIIKH,

@ — MarHUTHBIN MMOTOK B MarauToIIpoBOAC PelIc.

[Tpu HEoOXx0AUMOCTH BpeMsi CpabaThIBaHUS U OTITYCKaHUS PEie MOXKHO U3MEHUTb.

1. JIns yckopeHusi cpabaTbIBaHWs yMeHbINAlOT mnocTosiHHyro Bpemenu T = L / R
(mocnemoBaTeNnpHO C  KAaTYHIKOM pene BKIOYAIOT Rpos, yBenuuuBas MOpU 3TOM
HaAIpPsDKEHUE TUTAHUS).

2. Jlnsa 3amepkku cpabaTeiBaHMs pene yBennuuBaoT Fmex (mpyxwussi), 6 (3a3op) u T =
(L+LAP)/R  (mocrmemoBaTelbHO €  KaTYIIKOW — pelie  BKIKOYAIOT  JIPOCCEIb C
UHAYKTUBHOCTBIO Lap. Ilpu 3TOM HapacTaHwe MarHHUTHOTO TOTOKa pejie 3aMenmseTcs,
BpeMsl TporaHus trp yBenu4uBaeTcs U, CleI0BaTeNIbHO, 3aI€PKUTCS MOSBJICHUE CUTHAja
Ha BBIXOJIE peIIe.

L

Usx
e
Lip
+ o Y Y K
Uex
=



1. Jlns yBenudeHUsi BpEeMEHU OTITYCKaHUs
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Pesie ¢ MarnuToynpasJ/isieMbIMU KOHTAKTAMH (T€PKOHBI).

Pene ¢ MarHuTOyNnpaBiIsieMbIMU KOHTAaKTaMH IPEJCTaBIIsAET cOO0M CTEKISHHYIO aMIydy,
3al0JIHEHHYI0 MHEPTHBIM Ta3oM (a30T, aproH) (WiM BakyyM), B KOTOPYIO BIasHbl TOHKHE
ynpyrue (QeppoMarHuTHbIC IUIACTHHBI, BBIIOJHSIOIIME pPOJb M KOHTAaKTOB, M YIPYTUX
AJIEMEHTOB, U YacTU MarHuTomnposoza. [Ipu nogaue curuansa Ha BXoJl pejie, TOK, IPOTEKAIOIINN B
KaTylIKe, cO37aeT MarHUTHBIN MOTOK, 3aMbIKAIOIMICS BHYTPU KaTyUIKU MO (peppOMarHUTHBIM
IJIACTHHAM.
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[TnacTMHKY HaMarHWYMBAIOTCS, BOSHUKAIOT CHJIBI IPUTSKEHUS
I'epkoHbl 005121a10T:
1. Bonbmum cpokoM ciIykObl ¢ yuciaoM cpabateiBanmii 1o 10° + 10°. (pene PC-10
— gucno cpabareiBanuii 10 10°).
2. Maoit HHepIIMOHHOCTBIO (Malblif 3a30p, Macca) — tees = 0,5 + 2 mc. (PDC-10 teps
= 8 mc, ap. 10 60 Mmc).
VYnpaBieHne MOXKET OCYIIECTBISATHCS ¢ TOMOIIBIO TOCTOSHHBIX MarHUTOB.
Brixonnsie Toku 0,5 ~ 1 A., mHanpsokenne 30 + 60 B u 6onee, xon kontakToB 50 + 500
MKM, poOuBHOE HamnpspbkeHue 10 1000 B.
Hanpsokenue, nogaBaemMoe Ha KaTymky o0brdHo 12 mnu 24 B, notpebiisieMass MOITHOCTD
0,4+ 2,4 Br.

Pene mpomexxyrounsle, kommytupytomee Hanpsokeaue 0,05 +~ 220 B Tuma PIIT, PIIT-2
Mmacca 100 + 250 r (c kaTymkoii).



[Hoasipu3oBaHHbBIE 3J1eKTPOMATHUTHBIE peJie

ITonsspuzoBaHHbIE JIEKTPOMATrHUTHBIE peie ABIIAIOTCS Pa3HOBUIHOCTBIO
AJIEKTPOMAarHUTHBIX pelie MOCTOSIHHOI'O TOKA, PEarupyrollMX Ha BEIMYMHY M 3HAK BXOJHOIO
curHasia. B MarHuTHOW wnenmm »TUX pene Hapsay ¢ pabounMm notokom Dp neilcTByer
CHEMaJIbHBIN NOAMarHMYUBaOMi (OASpU3YIOINii) MarHUTHbIN oToK @n. Pese BpemMenu —
TEIUIOBBbIE, MOTOPHBIE, JJIEKTPOHHBIE M JApYyrue. DJIEKTPOHHbIE (IIOJYHPOBOJHUKOBBIE) pEje
BpeMeHHU — OOBIYHO 3TO ycriurtenb ¢ RC menbio Ha BXxoxe, M pese (JIeKTPOMarHuTHbIE) — Ha
BbIxoze. CylmecTByIOT MHOIO CXEM Ha IIOCTOSIHHOM M IIEPEMEHHOM TOKE, UCIIOIb3YIOIINX 3apsi
WM pa3psii KOHICHCATOPA.
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3azepkKa BBIXOJAHOIO CHTHaJA IOCJE CHATHS BXOJHOTO OT AOJEHW CEKYr[J IO JIECATKOB
MunyT. Eciin BxomHo# curdan orcyrctByet (Ki pasomknyt), Tpansuctop VT 3anept — pene K2
obecroueHo, kKOHTakT K2 — pazomkHyT. [locne nogaun BxoaHoro curnana (Ki 3aMkHyT), MUHYC
nogaercst Ha 6a3y VT, on oTkpeiBaetcs, Ik, cpabateiBeT K2. [Ipu aTOM 3apsikaeTcst KOHIESHCATOP
C uepe3 VD no Ek. Ilpu custuu BxoaHoro curHaia (Ki pasoMKHYT) TpaH3HCTOp HEKOTOpOE
BpEMsI OCTAaeTCsl OTKPBITBHIM, T.K. 3apspkeH Obu1 koHAeHcaTop C. Paspsa C uvepe3 R2, mepexon
smutTep-6a3a, Ri. Ilocne paspsna C, VT 3akpsiBercs, pene K2 B UCXOAHOM COCTOSIHUH, T.€.
KOHTakT K2 pa3oMKHYyT.

Bpems 3anmepxku perymupyetrcs pesucropom Rz, kxonnencaropom C. CepuitHo
BhIITycKaeTcsi pene BpemeHn BJI-29: Bwigepkka perymmupyercss ot 0,1 mo 10 mwmH., "mcno
cryneHert 100. Bo3MOXKHa KOMMYyTalus LeNeld MOCTOSHHOro Toka: 12 + 220 B, Puux = 25 Br.
nepeMeHHOro Toka: 12 + 380 B, Pyux =250 B A (Cos ¢ = 0,4).

Haznauenue: co3gaHue onpeneneHHbIX 3aep/KeK B II€peaye CUTHAIIOB; IEPHOJUIECKOE
BKJIIOUEHUE U OTKJIIOYEHHE DJIEKTPUYECKHX Liered Npu padoTe B LHUKIUYECKOM pPEKUME.



Hcnonp3oBanne CTaOMIN3aTOPOB HANPHSDKEHHS CYIIECTBEHHO IIOBBIIIACT TOYHOCTH H
HaJIe)KHOCTb PabOTHI pere.
MoTopHble pejie BpeMeHu

MortopHble pene BpPeMEHH OO0ECIEeYUBAIOT IMOJIYYEUHE PAa3IMYHBIX PeryJupyeMbIX
BBIIEP)KEK BPEMEHHU II0 HECKOJIbKUM BBIXOJHBIM LEISM, YTO I103BOJISIETUCIIONB30BATh UX IPU
porpaMMHOM yrpaBieHuu. [IpuBoj Takux pene — CUHXPOHHBIA (WM JIPYrod MallOMOLTHBIN)
AIIEKTPUUYECKUI JBHUTaTeb, PEAYKTOpP, CUEIUICHHE (My(dTa) ¢ 3JIEKTPOMATHUTHBIM MPUBOJIOM,
KYJIaykoBbIi Banmuk. Kyllauku mnepekiiouaroT BBIXJIHBIE KOHTAaKThl uepe3 OIpe/eeHHbIE,
3apaHee YCTaHOBJIEHHBbIE IPOMEXYTKH BpEMEHM. PerynupoBaHHE BbIACPKKHU: H3MEHEHUEM
NepeaTOYHOro 4Kciaa peaykTopa; MmojoxkeHueMm KynaukoB. [Iporpammubie pene Bpemenu BC-
10: mpenensl Beimepxkek 2 + 60 cex (BC-10-31), 15 cex + 9 mun (BC-10-34), 1 + 24 gac (BC-10-
38), unc0 BBIXOHBIX HEenei: 3 uiu 6.

bonee coBeplIeHHBIMH YCTPOHCTBAMHU JJIsl OCYILECTBIEHHUS IPOrpamMM YIPaBJICHUS
NePUOANYECKUMU TEXHOJIOTHYECKUMHU poieccamu SBIISIOTCS KOMaH/IHbIE
anekrponHeBmaruueckue npubopsl (KOII), nanpumep, KOII-12y (moxer ynpasiuare 12
JNEKTPUYECKUMU WIIM THEBMATHUYECKUMH LICTISIMU ).

IlyTeBble Mepek/I0YaIOLINe YCTPOICTBA

HYTGBBIC MCPECKIOYAIOIIUC YCTpOﬁCTBa HCIIOJIB3YIOT IIPU aBTOMAaTU3allUU IIPOLIECCOB,
CBA3aHHBIX C MEPCMCHICHUAMH MCXAHHU3MOB HWJIN 00BEKTOB O6pa6OTKI/I. BEIBalOT: KOHTAKTHEIC
MCXaHHUYCCKUC, OECKOHTAKTHEIE HHAYKTHBHOT'O n Tpchq)opMaTopHor (¢} THUIIOB,
MAaroHuToMOAayJIAIUOHHBIC.

KoHTaKkTHBIE MEXaHHUYECKHE MEPERIIAIIIUEC yCTpOﬁCTBa

KoHTakTHBIE MEXaHMYECKHE MEPEKIIOYAIOIINE YCTPONUCTBA ObIBAlOT OJHOIIPEAEIbHBIE U
MHOTOIpeeNbHbIE (T.€. COJlepXKaT OJHY WJIM HECKOJIbKO Map pabouyux KOHTAakToB). IlyreBoe
NEPEKIIIOYAIOIIee YCTPOUCTBO, AEUCTBYIOIIEE TOIBKO B KOHIIE ITYTH, T.€. OFPaHUYMBAIOIIEE MYTh
NEPEIBIKEHUST MEXAaHNU3Ma IIYTEM pa3MbIKaHUs LENU AIEKTPUYECKOTO IPUBOJAA HA3bIBAETCS
KOHEYHBIM BBIKJIIOYaTeNeM. B CIIOKHBIX crcTeMax yrnpaBieHHs JIEKTPONPOBOIaMHU MPUMEHSIOT
YHUBEpCcajJbHblE Mepekiodyarenu cepur YII, obecneunBaromue BO3MOXKHOCTh HECKOJIBKUX
nepexytoueHui. VX BBIMONHSIOT OOBIYHO B BUJAE HAOOpa KOHTAKTHBIX YCTPOMCTB, B KOTOPBIX
HETOJIBUYKHBIE KOHTAKThl YKPEIIJIEHBI HA phlUarax, ylnpasseMbIX KylaukaMu. MOTyT ynpasiisiTh
TokoM 10 20A mnpu wHampsbkeHuu g0 S00B. JlomyckarT KOMIUJIEKTOBAHHE B OJHOM
nepexyoyarenie A0 16 cekuuMii ¢ COOTBETCTBYIOUIMM YHCIIOM IEPEKIIOYAEMbIX LEenei
ynpasieHus. HemoctaTok — M3HOC KOHTAaKTOB (JKeJIaTenbHO, YTOOBI HANPsHKEHHWE ObLIO MEHbIE
1160 pasHo 100 + 250 B).

beckoHTaKTHBIE NePEeKJII0YAI0IIHe YCTPOHCTBA

beckoHTaKTHBIE MepeKIoyaloue yCTPOHCTBA Ha/le)KHEEe KOHTAKTHBIX, OCOOCHHO MpHU
OombI0i yacToTe nepexiroueHuid. Hanbonee yacTo Ha OCHOBE MCTIONB30BaHUS (DOTOIIEMEHTOB
U UHAYKTHBHBIX JAaTYUKOB. Cxema OECKOHTAKTHOTO MEpPEKITIOYAIONIero YCTPOMCTBAa Ha OCHOBE
HHAYKTUBHOI'O T€HEPATOPHOT'O AATYHUKA ITOJIOKCHHUS.
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Tpan3ucTopHblil reHepaTop KonedaHuil, aMIUIUTYAa KojdeOaHuN KOTOPO yIpaBisieTcs ¢
MOMOIIBIO MOJIBH)KHOM METaJUTMYECKON 3aCIOHKH (MEeX]y KaTyIIKOH Koje0aTeabHOro KOHTypa
u karymkoit OC). Ilpum oTCyTcTBMM 3acliOHKH — reHepanws, V12 yCHIHTENb BBIXOIHOTO
curnaina. [Ipu BBoze 3acnonku — OC Hapymaercs, renepanus cpeiBaercsi, VT2 3akpeiBaercs. Ha
TaKOM TIPUHIIMIIE TIOCTPOCHBI OECKOHTaKTHhIE BbIKIouaromue yctporctBa tuma KBJI, BK
(nanpspkenue ux mutanus: 12 B (unm 24 B) +10%, - 15%, mupuna miean: 3 MM (Wi 6 Mm).

MarauToMoay I liMOHHBIE NEPEeKJII0YAI0IIHe YCTPOHCTBA

OTH  yCTpOWCTBAa  XapaKTEPU3YIOTCS  HAJUYMEM  YYBCTBUTEIBHOTO  3JEMEHTa
MarHMUTOMOJIYJIILIMOHHOTO THUIIA, PEAarupyloIIero Ha M3MEHEHHE MAarHUTHOIO MOoJis (3JIIEMEHT
Xoma, TepMETUYHBbIE MAarHUTOYIpAaBsieMble KOHTakThl (TepKoHBI), (eppo3oHasl). B
MarHUTOMOJYJIILMOHHBIX ~ MYTEBBIX MEpEeKIoYaTeNsiX CHUTHal O TMOJOXKEHUH OO0BeKTa
dopmupyercsi 6e3 MEXaHMYECKOI0 M JJIEKTPUYECKOro KOHTakTa ¢ HMM. CTpyKTypa cxema
MarHUTOMOIYJIIIUOHHOTO MEPEKIIIOYAIOIIEr0 YCTPONUCTBA.
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Y3 — ynpaBistomuii 371eMeHT (MarHuT, KaTyIIKa 3JIEKTPOMAarHUTa).

UD — qyBCTBUTEIBHBIN DIIEMEHT

K3 — kommyTupyronmi s3eMeHT

N3 — ucnonHUTENbHBIN JIEMEHT (pelie, MAarHUT WM MOJYIPOBOAHUKOBBIE YCUITUTEIH)
I1JI — uCTIOTHUTEIBLHBIN ABUTATEIb.

VYopaBisoOmuUi 3JI€MEHT KECTKO CBs3aH C MepeMelleHneM o0bekTa ympasieHus. [lpu
noctiokeHurn OY 3aJaHHOTO TOJNOXKEHUsT Y BbIpaldaThIBaeT YHPBISIOIIEE BO3ICHCTBUE,
KOTOpOE TMOCTYMaeT Ha YyBCTBUTENbHBIM 35ieMeHT. B U mnepemenienue B BUjlie CUTHaIa Y
npeoOpaszyeTcsi B U3MEHEHHE KaKoro-iudo mapaMmerpa — 3JeKTPUUECKOro (MHAYKTUBHOIO) WU
MarHUTHOTO (MarHUTHOM mpoHunaemoctu). [locae U neiicTByeT KOMMYTUPYIOUIUI AJIEMEHT,
IpeJHa3HaYeHHBIA 1JIs1 MpeoOpa3oBaHUsl HENPEPHIBHOTO W3MEHEHHS WHAYKTUBHOCTH OOMTKU
YD B JUCKpETHbIE HW3MEHEHUs TOKa WIM HanpspkeHus. VICIOTHUTENbHBIA  3JIEMEHT
HEIOCPEJICTBEHHO KOMMYTHUPYET LIETIH YIPABJIEHUS HCIIOJIHUTEIBHOIO JIBUraTellsd C LEbJII0 €ro
OCTaHOBa, peBepca, NEPEKIOYEHUS HA APYTYIO CKOPOCTh U T.J.

[lyreBble mepekiitouaTesld Ha MarHUTOYIPABIIsIEMbIX KOHTakTax (repkonax). Hambonee
YacTO MCHOJB3YIOT B MYTEBBIX NEPEKIHOYATENSIX CO CIOKHBIMU JIOTUUECKUMU 3aBUCUMOCTSIMHU.
Konrakthyro rpynny MK 00bIYHO BKIIIOYAIOT B IETIh YIIPABICHUS MHOTOKOHTAKTHOTO pelie WIN
KOHTAaKTOpa.

BapunaHT cXeMHOr0 UCIIOJIHEHUS IIyTEeBOro nepekiroyarens Ha MK:
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B3auMHoe pacmnoJioxkeHne repKoHOB U SIKOPSI
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Cxema noaxiIro4YeHNs FepKOHOB
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Hanueiii nepexiouarens coxepxkutr 4 MK (1 + 4), coenuHeHue MOCIEI0BATEIHHO-
napajjesibHOe, YTO MO3BOJIAET JyOJIMpOBaTh KaXIblil KOHTAKT B ciydae ero HecpaOaThIBaHUS
WIM 3aJIMIaHUsA. YIPaBJIEHUE OCYIIECTBISETCS IMOBOPOTOM SIKOPS (IOCTOSIHHBIM MarHUTOM)
OTHOCUTEJIBHO cOOCTBeHHOU ocu. B3ammuoe pacrnonoxenue MK u sikops BbIOMpArOT TakHUM,
YTOOBI HEUTpaIh AKOPst OblIa IeprneHuKyIsipHa oct MK ¥ KOHTaKTHBIE IIACTUHBI HAXOIUJIHChH
B 30HE MAaKCUMaJIbHOTO MarHUTHOTO NoToka. IIpu nmoBopoTe KOpst OTHOCUTENBHO COOCTBEHHOM
ocu TOTOK B 30He pacnojoxeHuss MK ymenbmaercs. PabGoTocnocoOHOCTH —Takoro
HepeKyroyaTelis ooecreunBaeTcs pu NOBOpOTe sIKops Ha yroiu 1o 20° ot HelTpanu. [Ipumepom
takoro nepekiovarenss Ha MK saBisiercst nepexitouarens tuna KOM-2, ucnonb3yercst B Hensx
MOCTOSIHHOTrO ToKa ¢ HampsokeHueM 30 B uw tokom g0 0,25 A. bBeckoHTakTHbIE
MarHUTOMOIYJISALIUOHHBIE IIyTEBBIC IIEPEKII0YATEIIN (BMIIIT). beckoHTakTHBIE
MarHUTOMOJYJISIIIMOHHBIE TyTeBble mepekiatodarenu (BMIIII) ucnonb3yroT 4yBCTBUTEIBHBIN
AJIEMEHT, MOCTPOEHHBIH MO MpUHUMIYY (eppo3oHaa. Hampumep: 4YyBCTBUTEIBHBIA AJIEMEHT
COJEPKHUT MAarHUTONpoBOA B (opMe TOPOUAATIBHOIO CepAeyHMKa 1 C paBHOMEPHO
pacripeiciecHHOW OOMOTKOW 2; ympaBisieTcsl SKOpPEM — TOCTOSHHBIM — MAarHuTtoM 3
WIMHAPUYECKON (POPMBI, HAMarHUYEHHBIM 10 TUAMETPY.
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HampaBrienue nepeMeHHOro TOKa, MPUIOKEHHOTO K OOMOTKE 2, TaKoe, YTO CEepACYHUK
Opyd  yAaJeHUH OT SKOpS HE HAChIAeTcs M €ro MarHUTHas MPOHUIIAeMOCTb Oyzaer
MaKCHMaJbHOW, YTO OMpeAeNsieT MaKCUMallbHOEe 3HaYeHHEe WHAYKTUBOCTH OOMOTKHU. [IpmHIun
MarHMUTHOM MOAYJISIIMM TPOSBISETCS 3/1€Ch B MOAYJSIIMM 3JIEKTPUYECKOTO COINPOTHUBIICHUS
OOMOTKM MAarHuUTHBIM TIOJIEeM [epeMelaromerocs skops. Ilpu npubnmxeHUn  AKOps
CO3/71aBacMblii UM MAarHUTHBIM MOTOK IOJMAarHMYMBAET CEPACYHUK JO COCTOSHUS HACBIIIECHUS,
YTO BBI3BIBAET PE3KOE YMEHbIIEHUE MAarHUTHON MMPOHULIAEMOCTH CepICUYHUKA U UHIYKTUBHOCTHU
ooMoTku. Cxembl BMIIII xapakTepu3yroTcs IpOCTOTON, HaI€KHOCTHIO, MOIIHBIMHU BBIXOAHBIMU
CUTHAJIaMH, TOYHOCTbIO:

n=0,6+0,85

Cos ¢ = 0,5 +~ 0,45 k03P HUIUEHT MOIITHOCTH

Bpewms cpabateiBanus tees = 50 + 300 mc

Jnanason pabouux temneparyp — 60 +~+ 115°C

Jonyctumble BUOpanuu B quanasone 5 + 600 I'ig

Cpok ciyx0sI (25 + 30)-10% uac

Jns obecriedeHUs] IMOCTOSHCTBA IapaMeTpPOB HEOOXOIUMa CTaOMIIBHOCTH YacTOTHI
MUTAIOIIETO HAMPSKEHUSI U €r0 BETMUUHBI.

TunoBbie NHEBMAaTHYECKHE CpeacTBa aBTOMaTU3alluU

ITHeBMaTHKa B CBOEM 000OILIEHHOM 3HAUEHHUHM 10JIpa3yMeBaeT TEXHUYECKOE IPUMEHEHUE
CKaToro BO3/JyXa, IIPH 3TOM Yallle UCIIOJIb3YEeTCs U30bITOUHOE JaBJIEHUE, HO MHOT A U JIaBJICHUE
HIDKE HOMUHAJIBbHOro (BakyyMm). IIHeBMaTuuyeckue CHUCTEMbl YNPABICHUS COCTOAT U3
YIPaBJISAIOLIETO U PHEPTETUIECKOr0 OJIOKOB.

ynpaensiowuii 6ok YCTPOACTBO CONPSXEHUS 3HepreTu4eckuii 6nok
e e = ool [Eamam s evm o o e
ll npuem 2 > | obpaborka i ycunexue I‘l venoniutens-§ o | npuBoaHoit ,l 06bekT
I CUrHanoB CUTHaNoB % > CUTHaN0B e HbIl 3neMeHT | T 1 MexaHuam ynpasneHns
| mexanmnyeckuii - MexaHuieckui, ;1 | YHUDULMPOBAHHBIV
| nHeBMaTMHeckui MHeBMaTnyeckuin } | MEXaH|U3Mm nogayu
| 6ecKOHTaKTHbIA

— . .t . . e e e i

biok-cxeMa mHeBMaTHYECKOM CUCTEMBI YIIpaBJCHUSA

OO6nactu MpUMEHEHNsI THEBMATHYECKUX CUCTEM YITPABIICHHUS:

® PpOTAaIMOHHBIC MPUBOJIBI (THEBMATUYECKHE JBUTATEIN) ISl CBEPIICHHSI, TIPUBUHYNBAHUS,
HUTM(OBAHUS;

e JIMHEHHble NPUBOABI (THEBMAaTUUECKUE LMIMHJIPBI) A 3arpy3Kd, 3a)KHMa, CMEILEHUS,
BBITAIKBAHHUS,

® yIapHbBIE PUBOJBI IS PE3KH, IITAMIIOBKH, KIETKH, TPECCOBAHUS;

e  CcoruIa IS MPOYBKH U3JIENIUI M BBEITYBAHUS CTPYKKH;

® B  TEXHOJOTMH  OOpaOOTKM  TIOBEPXHOCTEH:  TECKOCTpyWHass  OYUCTKA W
NyJIbBEpU3allMOHHAS OKpacKa;

e B TEXHUKE KOHTPOJS JIMHEHHBIX MapaMeTpoB: ITHEBMAaTHYECKHUE KOHTPOJIHHO-
U3MEpPUTENIbHBIE YCTPOICTBA.

OOmue cBeneHUsT O TMHEBMATUKE W TEXHUYECKHE BO3MOXKHOCTH ITHEBMAaTHYECKUX
YCTPOICTB



e B IIHEBMOCHUCTEMAax CXaTbli BO3AyX IEpeMEIIaeTcs 10 TPyOONpOBOJAM U MOXKET
XPaHUTBCS B peCHBEPax (COCyAax);

® [IEpE/IBIKHBIC KOMIIPECCOPBl MO3BOJISIIOT HPUMEHSATh JHEPrHI0 CXKATOTO BO3IyXa
HE3aBHCHUMO OT MECTa;

e CXKaThI BO3JYX NMPAKTHUECKH HEYYBCTBHUTEIEH K KOJEOAHUSM TEMIIEPATypbl U MOXKET
UCIIOJIb30BATHCS BO B3PBIBO- M MOYKAPOOIMACHBIX TTOMEIICHUSX;

® CKOpOCTh XOJIa TIOPIIHEH MHEBMATUUECKHIX IMIMHAPOB MOXKET JOCTHraTh 15 M/c;

® J(BUTATENIM CIOCOOHBI (YHKIMOHHPOBATH €O ckopocThio g0 30 000 006./mMuH., a
HeOosbmue TypouHsl — 710 450 000 00./MuH.;

® UHCTPYMEHTBHl W TPHUCHOCOOJICHHS MOTYT HAarpyXXarbCs J0 HOJHOW OCTaHOBKH, OHH
3alIMIICHBI OT MEPErpy30K U 00JIaAaI0T BHICOKUM ITyCKOBBIM MOMEHTOM;

e OonbmIoi cpok ciyx0b1 (10 10...20 ThIC.4ac.), IPOCTOTa KOHCTPYKIUU U OOCITY>KUBAHHUS,
0€30TKa3HOCTb B paboTe.

BosmoxHOoCcTH UCIIOJIb30BaHUs ITHEBMaTUYECKUX YIPaBJISIOLINX CUCTEM
OTPAaHUYMBAIOTCS B OCHOBHOM TakKMMU (aKkTOpaMu KaK CXKHMAeMOCTh BO3JlyXa W HH3KHE
naBieHus. [lHeBMaTuueckas ycTaHOBKAa COCTOMT U3 reHepaTopa (MCTOYHHK JaBJICHUS), CUCTEMBI
MOATOTOBKU BO3/1yXa U CUCTEMBbI YIIPABIICHHUS.

I'enepatop (xkommpeccop) 3a0upaeT BO3AyX H3 arMochepsl M CKUMACT €ro 10
Tpebyemoro naeneHus. [lo cmocoOy cxxatus Bo3ayxa pa3luyaroT MOPIIHEBBIE KOMIIPECCOPHI U
TypOokommpeccopsl. TlopurHeBbie KOMIpeccopsl (PYHKIIMOHUPYIOT MO HPUHIIMITY BHITECHEHHS,
T.e. BO3JyX IIOJICAChIBAECTCS B LWJIMHJpP, 3al0UPAECTCS TaM, CHKUMAETCA U BBIIYCKAeTCs B
BO31yX0ocOopHUK. TypOoKOMIpeccopsl BCAaCHIBAIOT aTMOCQHEPHBIA BO3AYX MOCPEICTBOM
pabounx KoJEC WM TMPOIMEJUIEPOB M YCKOPSIOT ero. B mociemnoBaTeNbHO BKIIOUEHHBIX
pecHuBepax dHEPTUs BO3IYIIHOTO MOTOKA Mpeo0pa3yeTcs B YHEPTHUIO AaBIICHUS.

ArperaTt NOArOTOBKH CaTOI0 BO3yXa COCTOUT OOBIYHO W3 (UIbTpa, PEryisropa
JIABJICHUSA U CIIELUATIBHON MACIEHKU ISl CMa3KH MAClIIHbIM TYMaHOM.

[IpuBoiHBIE 37IEMEHTHI IPE0OPa3yIOT MHEBMATUYECKYIO SHEPTHUIO (SHEPTHUIO JABJICHUS) B
MEXaHUYECKYIO SHEPTHIO (IHEPTUIO JBIXKEHUS).

CylecTByIOT MpPHUBOJBI BpallaTelIbHOIO JIEHCTBUS 0€3 OrpaHMYeHMs JMara3oHa
M3MEHEHHUs yria moBopoTa (THEBMOJIBUTaTeln), C OTPAaHUYEHHBIM TUANAa30HOM yrila MOBOPOTa
(TIOBOPOTHBIE JBUTATENH, BpallarolIUecs LWINHAPBI) U MPUBOIBI MPSIMOIMHEHHOrO OEHCTBUS
(TTHEeBMOIMIIHH]IPHI).

ITHeBMoABHUTraTEIM HIMPOKO MCIONB3YIOTCS B KadeCTBE IPUBOAOB JUIS Pa3IUYHbBIX
UHCTPYMEHTOB M NOJBbEMHBIX MEXaHM3MOB, OHU XapaKTepU3YIOTCS HEOOJIBLIIMM BECOM Ha
€IMHUILYy MOIIMHOCTH U YyA0OCTBOM B OOCITY>KMBaHHH. MOIIHOCTh, YHCIO OOOPOTOB U
BpalalOIMii MOMEHT OECCTYNEHYaTO PEerylupyroTcs MyTéM M3MEHEeHHs padouero JaBleHUS U
JPOCCENIMPOBAHUS PacxXo/ia BO3IyXa.

ITHeBMaTHuYeckHe ABUTraTes M JAEIATCS Ha TOpPLIHEBBIE, POTOPHBbIE (JIUCKOBBIE) U
TypOuHHBIe. Pabouasi ckopocTh mopirHeBbIX aBurateneit nocturaer 6000 06./MuH., pOTOPHBIX -
10 30 000 06./muH., TypounHBIX — 10 350 000...450 000 06./MUH.

ITHeBMOUMAMHAPBI TOJIPA3AENAIOT HA HWJIMHAPHI OJHOCTOPOHHEIO U JIBYCTOPOHHETO
nerctBus. VX UCONB3YIOT 71 MEpEMEIIEHNUs, IOAbEMA U MT01a4M 3arOTOBOK U MHCTPYMEHTOB
WM JUTSL CO3JTaHUS 32)KMMHBIX U TOJIKAIOIIUX YCHIIHH.

[Ipy TOpPOEKTUPOBAaHWU THEBMATHUYECKONW CHUCTEMBI YIpaBICHHUsS pa3padaThIBAIOT
CJIETYIOIINE BOIIPOCHI:

1. Tononorus nepexytoyaTeIbHON CXeMbI (0TOOPaXkKat0TCsl KOHCTPYKIIMOHHBIE HJIEMEHTHI
0e3 yu€ra MX MPOCTPAHCTBEHHOI'O pACIHOJOKEHUS, KaKIbli KOHCTPYKIIMOHHBIM 3JIEMEHT
cHaOXaeTcsi 3aKIIOUYEHHBIM B paMKy YCIOBHBIM 00O3HAaUe€HHEM, BKIIOYAIOIIUM HOMEp
YCTaHOBKH, HOMEp MEPEKIII0UaTeIbHOI0 KOHTYpPa, Ha3BaHHUE AJIEMEHTA U €r0 HOMED).

2. OyHKIMOHANBHBIE AWarpamMmbl (Tpaduuecku OTOOpakaroT MOCIEA0BATEIHLHOCTh
GbyHKIMH, T.€. IporpaMMy MepeMeIieHnii U B3aUMOACHCTBUSI KOHCTPYKIIMOHHBIX 3JIEMEHTOB).



B mmeBmaruke pacnpedenumenu u peeyniamopsl O0asnierus ICHCTBYIOT IO TMPUHITUAITY
MPOMOPIUOHAIBHOTO  PETYJIMPOBAHUS, MNPEUMYIIECTBAMH KOTOPOrO IO CPaBHEHHUIO C
TPaJULIMOHHON BEHTUJIBHOM TEXHUKOMN ABJISIOTCS:

e (oJjiee HU3KHUE 3aTpaThl HA 000PYI0OBAaHUE U MOHTAX;

e MeHbIlasg 3aHUMaeMast IIOIa/lb;

® BO3MOXHOCTH JJUCTAHIIMOHHOTO PETYIHPOBAHUS 3aJaHHBIX [TApaMETPOB U JIp.

TunoBbie THAPABJIUYECKHUE CPEACTBA aBTOMATU3allUU

[[Iupokoe mpuMeHEHNE TUAPABINICCKUE CUCTEMBI HAIIUIA B TSHKEIIOM MAIIMHOCTPOCHHH,
B IIPOM3BOJICTBE MOIIHBIX MPECCOB, MPOTSHKHBIX U CTPOTATIbHBIX CTAHKOB, 3A)KUMHBIX YCTPOMCTB,
a TakkKe aBTOMATH3allMd 3arOoTOBUTEIBHBIX IPOM3BOJCTB, METAJUIOPEKYIIUX CTAHKOB
MpeIHA3HAYCHHBIX JUIS (PUHHUINHOM 00paboTku. Takke TUAPaBINYECKHE CHCTEMbI HAXOJAT
MPUMECHECHHUE B aBUACTPOCHUH, MOABEMHO-TPAHCTIOPTHBIX, TOPOKHO-CTPOUTEIHHBIX MAITUHAX U
JIp. 00IacTsIX.
OCHOBHBIE JIOCTOMHCTBA THPABINICCKUX CUCTEM:
® BBICOKAs yJeIbHAs MOIIHOCTh, MO3BOJIIONIAS JOCTATOYHO KOMITAKTHOE KOHCTPYKTHUBHOC
HCIIOJHEHHE;
®  BBICOKHE OBICTPOICHCTBUE U YYBCTBUTEIBHOCTb;
® BO3MOXHOCTh OeccrymeH4yaroro (0€3 MEXaHHYEeCKOrO pEeAyKTOpa) peryJupoBaHUs
napaMeTpoOB JBHKCHHUS | IepeIadu OOJIBITUX YCHITUT;
e oOccrieueHre HAAEKHOW 3alUTBl OT TMEPErpy30K 3a CUET OrpaHWYCHHS JaBICHUS
(IpenoXpaHUTEIbHBIE KIIAITaHbl)

B rugpaBianueckux cucreMax Ieperaya 3HEPrUU  OCYIIECTBISIETCS IOCPEICTBOM
KUAKOCTH (OOBIYHO MHUHEpalbHbIE Macia € HpPHUCAaJKaM{) B HEMOJBM)KHOM (CIIOKOHHOM)
COCTOSIHUU- TUAPOCTaTHKA, WM IOCPEACTBOM TEKYyIeH KHJIKOCTH, T.e. HaxXonsdulencs B
MOJIBU’KHOM COCTOSIHUU- TUAPOJAMHAMUKA.
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I'mppocratuka. Korja Ha HaxoJsUIylocs B CHOKOMHOM COCTOSIHUM KUAKOCTB
OKa3bIBA€TCSl YCWIME, CO3[aBacMO€ IIOPUIHEM, BO3HMKAECT JABJIEHHE, BEIUYMHA KOTOPOTO
OJIMHAKOBA B JIFOOOM MECTE CUCTEMBI:

F
P=—

S
riae P- maBnenue, F- cuma, S- turomnia s opirHs
I'uaponmnamuka. )XKUIKOCTH MOTYT T€Yb MO TPyOe TOJNBKO MPU HATUYUHM PA3HOCTH JaBICHUN
(anamorust ¢ 51. TokoM). B 3akpeiToii cucTtemMe OOBEMHBIM PacXo] OCTAETCS TMOCTOSHHBIM.
CrnenosarenbHo, Q:
AV S*Al

At At




rae: Q - 00sémuBIN pacxod, M; AV - smemeHT 00béMa, At - orpe3ok Bpemenu, Q=S*v, S -

IIoIIaAb HonepeyHoro ceyenus, Al - mna snementa 00bEMa, V - CKOPOCTH TEUEHHUS.
XKunkocTh BBIHYXIEHa OBICTpEe MPOTEKaTh B TEX MECTaxX, IJie IUIOMIAAb MOIEPEYHOTrO

CEYCHHUS S MEHBIIE, T.€. CKOPOCTH 00BEMHOTO TTOTOKA 0OPATHO MPOMOPITUOHATEHBI MTOTIEPEYHBIM

CCUCHMSIM:

Q1=S1*v1

Q2=Sy*v2u eciu Q1=Q2 —

Y3

v, S
OueBUAHO, YTO TPU YMEHBIICHUH TONEPEYHOTO CEUCHHsI CKOPOCTh TEUYEHHS Ha 3TOM

y4JacTKe Bo3pacraeT. PaznuuaroT JTaMHUHAPHBIA U TYpOyJCHTHBIM peXUMBI TedeHus. B cimyuae

MEIJICHHOTO TPOTCKaHHWs T0 TJIAJKUM TpyOaM HMeEeT MEeCTO JlaMHHapHOoe TedeHue. [lpu

YBEJIMYEHUU CKOPOCTH TEUCHHUs BO3HHKACT TYpPOYJIEHTHOCTh. KpuTepuem OICHKH peXUMa

TeUeHUs CYKUT ynciio Pelinonbaca (PeitHonbac OcoopH, 1842-1912, anrn.dusuk):

, TI€ V- CKOPOCTh TCUCHHUA B ITOIICPCUYHOM CCUCHHU.

vV, *d
Re= ~" —
Vv

rae: Re- uucno Pelinonbiaca, V, - cpeHAs CKOPOCTh TeYeHHMs, V- KMHEMAaTUYeCKas BSA3KOCTH,

d - Ha OOTEeKaHUs.

Ilepexon OT JJaMUHApHOTO peXUMa TEUEHUs Ha TypOYyJIeHTHBIH HaOII01aeTCsl HauuHas ¢
Re 2300 + 2800. IIpu o4eHb BBICOKMX CKOPOCTSX 0Opa3yeTrcsl KaBHTAalLUs, MPEICTaBIISIOLIAs
cO0OH «pa3pbIBbI» XKHUJAKOCTH M 0Opa3oBaHHE OOJIBIIOrO KOJIMYECTBA MeNbyaliux ObICTpO
pacTymux Mapora3oBbIX ITy3BIPHKOB, NpPU MOTEPE YCTOMUYMBOCTU KOTOPBIX, T.€. HpPU HUX
«3axJIOIBIBAHUM» OOPa3yIOTCS B MHUKPOOOBEMAX HCKIIOUUTEIBHO BBICOKME MAABICHHUS U Jp.
3 EeKTHI, CyIIECTBEHHO COKpAINAIONIME CPOK CIY)KOBI TMapoamnmapaTypsl. [ 'uapaBimueckue
AKUIKOCTH. X pa3iaua cocTOMT B Iepeade ruapaBinyeckoil sHepruu. TpeGoBaHus K pabounm
KUAKOCTAM Ha MaclsHOM OCHOBE (THIPABIMYECKUM MacjIOM): -O0OecredyeHue CMa3Ku
HOJBM)KHBIX JIeTajel, CHIDKEHUE TPEHUs; -3allluTa METANIMYECKUX YacTe OT KOPPO3UH; -OTBOA
BBIJICJISIIONIETOCS Tella W3 pabdO4yMx arperatoB; -BBICOKAash CTOWKOCTh K CTapeHUIo; -
COBMECTHMOCTb C MaTe€pHajaMy yIJIOTHEHUH.

CrpykTypa ruapaBIudecKuX cucteM ympapieHUs. OCHOBOM 000N TI'HApaBIMYECKON
YCTAHOBKH SBJISI€TCS LUPKYISALMOHHAs cucreMa. OHa Ha4yMHAeTCsl ¢ BCachlBaHUS paboueit
JKUJKOCTH W3 0aka W co3MaHus HacocoM oOBEMHOro pacxona. Ecim oO0BEMHOMY MOTOKY
IPOTUBOCTOUT ONpeEIEIEHHOE COMPOTHBIIEHUE- BOSHUKAET JaBieHue. Jlanee paboyas »KHIKOCThb
(Macyo) mpoTekaeT dYepe3 KIAmaHbl M BEHTHJIM K WCIOJHHUTEIBHBIM arperaraM, Hampumep,
pabouemy HUIUHAPY. BIMOMHUB cBOIO pabodyo 3a7auy Maciio BO3Bpalaercs o0paTHO B OaK.

Bce Brimrou€HHBIE B KOHTYP KOHCTPYKIMOHHBIE JJIEMEHTHI TPEACTABISIOT COOOU
COIIPOTHUBIIEHUS, KOTOpbIE MNpH MpoTeKaromeld padoyei >KHUIKOCTH Mpeodpa3yloT 3SHEPrHio
JIABJICHUS] B MEXaHUYECKYIO SHEprui0 (IMJIMHIDP, ABUTATENh) U TEIUIOBYIO (KOHCTPYKIIMOHHBIC
BJIEMEHTHl  THJIPOCHCTEM  JIEHCTBYIOT  aHAJIOTMYHO pE3UCTOpaM B  DIIEKTPOTEXHUKE).
['mapopacnpenenuTeny TPUMEHSIOT s TepepaboTKu MHPOPMAIIUN B MESIX €€ MalbHeHIIero
UCITIOJIb30BAaHUS Ul YNPABJICHUS NMPHUBOJAMM B cHCTeMax aBTomaru3zauuu. OHM ciyxar amis
WU3MEHEHHS HaIlPaBIICHHsSI TIOTOKA pabodveil KUIKOCTH, OCTAHABIMBAIOT HJIH ITYCKAIOT €ro B JIBYX
u Oonee nuHusAX. VX monpas3ienstoT Ha THIPOPACHPEACTUTENN C PYyYHBIM, MEXaHUUYECKHUM,
THJIPABIMYECKAM, OJJIEKTPHUECKUM U DJIEKTPOTHIPABINYECCKAM YIpaBICHHUEM. Perymstopsl
pacxojia HCHOJB3YIOTCS A PEryJUpOBaHMsS CKOPOCTU. B IMIMHIApax WM THIPAaBIMYECKUX
JIBUTATEIISX TUAPABINYECKAs SHEPTHs MpeoOpa3yeTcss B MEXaHHUYECKYI0 SHEPTHI0. MacIsHbIH
GWIBTp B CIMBHOM JIMHUU NPOU3BOJUT OYMCTKY Macia, Ipexae 4eM oHo (0e3 JaBieHus)
cimBaeTcst Oak. [IpemoXpaHWTENbHBIA KIAllaH OTPAaHWYMBACT BEIWYUHY MJaBICHUS;, TIpU
JTABJICHUH BBIILIE 331aHHOT0 00BEMHBIN MOTOK OTBOJIUTCS B OaK.
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yIIpaBJICHUS

YacTo MpUMEHSIOT KOMIUIEKCHBIE CTaHIapTHBIE THIPABINYECKUE OJIOKU- THIPOCTAHIINH,
KOTOPBIMH JIOCTaTOYHO MIPOCTO OCHACTUThH PA3IMYHbIC MAIIUHBI U TEXHOJOTMUECKUE YCTAHOBKH.
I'unpocranius cogep XUt Di1.IBUTATENb, KOTOPBIA 4epe3 My(pTy COenHEH C TUAPOHACOCOM, a
TaKXe BCIIOMOIaTelbHBIMM 3J€MEHTaMM. ['MIpaBiIuuecKue Hacochl NEPeAa0T MEXaHUYECKYIO
SHEPrui0 B pabouylo KUJIKOCTh. JTO JOCTUTAETCA 3a CUET MOCTOSHHOTO BBHITECHEHHUS KMJIKOCTH
U3 BCachIBAIOIIEro TPyOONpoBOAa B HAMOPHYIO JHHHUIO. B 3aBUCMMOCTH OT KOHCTPYKLUHU
pa3IuyYaloT: - HIecTepEHHbIE THJPOHACOCHI; - IUIACTUHYAThle (IIMOEpHBIE) TUAPOHACOCHI; -
MIOPUIHEBBIE THIPOHACOCHI.

O0BEM KHMIIKOCTH, BBHITECHEHHBIN 3a OJWH pabo4Mii XOJ Hacoca, Ha3bIBAIOT OO0BEMHOM
nojgaued V, yMHOKMB KOTOPYIO Ha YMCIIO 0OOOpPOTOB Hacoca, rmoyiyyaeM oOBbEMHBIN pacxon Q.
[Ipu BBIOOpE rHApOHAcOCa YUYUTHIBAIOT TaKHE €ro MmapaMeTpbl: 00bEMHAs Mojava, JOMYCTUMOE
makcumanbHoe aasnenue, KIIJI, ypoBenp nryma. MomHoCTb, OT/1aBaeMasi HACOCOM B pabouyro
KUJKOCTb, COCTaBIISIET:

P=p*Q*n

riae: P- ormaBaemasi BBIXO/IHAS MOIIIHOCTh; P - naBieHue; Q- oowémuas nomgaya; 7 - KI1T/I.
[lecTepHbIil HACOC ¢ BHEIIHUM 3alleTNIEHUEM COJEPXKUT TMapy COMPSKEHHBIX 3yO0UaTBIX

KOJEC, B pe3ysibTaTe BPAIIATEILHOTO JBIKCHHUSI KOTOPBIX padouas >KUIKOCTh BO BMaJIMHAX

MEXy 3YObsIMH BBITECHSIETCS BJOJb CTEHKH KOPIyca OT CTOPOHBI BCACHIBAHUS K HAMOPHOU

cropoHe. J[J14 mecTepHbIX HACOCOB XapaKTEPEH HU3KUI YPOBEHb IITyMa.



CTOpOHa
BCACHIBaHNA

HanopHas CTopoHa

/ 00603Ha4eHue

Ha cxeme

IIlecTepeHHBIN HACOC C BHEUIHUM
3alleTUICHUEM

['MpoakKyMyIsITOpsl TO3BOJIIOT: -aKKyMYJIMPOBAaTh SHEPrUIO; -TACUTh BUOpaLUu;
KOMIIEHCUPOBATh KoyiebaHusl 00bEMHON MOJau1; -CO3aBaTh pe3ePBHBIN 00bEM Maciia Ha cllyJai
YTEUEK; -COJepKaT 3aI1ac YHEPTUHU JJIs aBAPUIHBIX CUTYALUi.

I'uapoakkymysaTopsl ObIBalOT: MEMOpaHHbIE, OAJUIOHHbIE, OpIIHeBbIe. C TOUKH 3peHus
pabouero AaBiCHUS Pa3IMYalOT THAPONPHUBOJABI HU3KOro gaBinenus (mo 1,6 MIla), cpemnero
(1,6...6,3 MlIla) u Bbicokoro mamieHus (6,3...20 MIIa). 'maponpuBOaBI HU3KOTO AABICHUS
NPUMEHSIOTCS [T aBTOMATH3AIMK CTAHKOB, MPEIHA3HAYCHHBIX U GUHUIIHOM 00paboTKH, TIpH
KOTOpOM KojieOaHUsl HAarpy3KH W caMa Harpy3ka- He3HAuuTeNbHBI. [ MAPONPUBOABI CPEIHETO
JABJICHUSI MPUMEHSIOT Il aBTOMAaTH3alMU TEXHOJIOTMYECKOro oOOpyAOBaHUS, IJle NUTaHHE
OCYLIECTBISICTCA OT TPAJMLHMOHHBIX JIOMACTHBIX WJIM IIECTEPHBIX HACOCOB. [ MIAPONpPUBOIBI
BBICOKOT'O JIABJICHUS IPUMEHSIOT B MOILIHBIX IIPOTSKHBIX U CTPOTAJIbHBIX CTAHKAX, a TAKKE IS
AaBTOMATHU3alluU 3arOTOBUTENIBHBIX MPOU3BOACTB. K rugpaBindyeckuM MpUBOAHBIM MEXAHH3MaM
OTHOCATCS IWIIMHAPBL (OJHOCTOPOHHETO, IBYCTOPOHHETO JEHCTBHS, IU(QepeHIHaIbHbIC),
IIOBOPOTHBIE IBUTATEIIU, THIPOMOTOPBI.

JUis TUApOHACOCOB M TUAPOABHUTATENed XapaKTepHbl B3auMHas oOpaTMMOCTh. B
3aBHCUMOCTH OT TOTO, Kakas BeJIMYMHA- pacxoj] paldoueil >KUIKOCTM WM BpallleHHe Baja-
ABJISIETCSl BXOJIOM, a Kakas- BBIXOJAOM, OJHO M TO K€ THIAPABIMYECKOE YCTPOMCTBO MOKET
CIY)XUTb W JABUrareiieM, U rujgpoHacocom. Ilo pemraembIM 3amayaM yNnpaBlIEeHHs pa3iIdyaroT
LUKJIOBBIE (C YIpaBJICHHEM IO MYTH, JaBJIEHUIO WM BPEMEHHU), CIEAsIINe, aJalTHBHbIE U
IIPOrPaMMHBIE THIPOCUCTEMBI.

K OCHOBHBIM yCTpOICTBaM aHAJIOTOBOM THIPABINYECKON CEPBOTEXHUKHU OTHOCSATCS:

® POCCENUPYIOIIHME THAPOPACHPEACIUTENN, IPUMEHSAEMBIE B  BBICOKOJUHAMUYHBIX
OpUBO/ax (B DJEKTPO3PO3MOHHBIX CTAHKAX) M B KauyecTBE YCWIMTENIEH MOMEHTa B
HE3aMKHYTBIX CUCTEMax PEryJIMPOBAaHUs IIEPEMEIEHNN BBICOKON TOYHOCTH;

® TUAPOPACHPEICTUTENN C MPONOPLUUOHAIBHBIM JIEKTPOYIPABICHUEM, NPHUMEHSIEMBIE B

Pa30MKHYTBIX ~ CHUCTEMax  JUCTAHLIHUOHHOIO  YIPABJIECHHUS  BCIIOMOIAaTEJIbHBIMU

MEXaHU3MaMH U B 3aMKHYTBIX CHCTEMaX HEBBICOKOW TOYHOCTH.

Bo3MOXXHOCTH ~ aHAJIOrOBOM  TUAPABIMYECKOM  CEPBOTEXHUKHM  NPUHLUINHAAIBLHO
OTrpaHHYEHBI (JIpeid HyJsl, HU3KUE MMOMEXOYCTOMUMBOCTh U HAAEKHOCTH), IOATOMY BCE€ Oosee
HIMPOKOE MMPUMEHEHNE HAXOAUT (P POBast THIPABINUECKAs CEPBOTEXHUKA.

K ycrpoiictBam 11npoBoit ruapaBIMUeCcKO CEPBOTEXHUKH OTHOCSTCS POTAIMOHHBIE U
JUHEUHBIE TIPUBOJABI C MEXAHUYECKUM U JJIEKTPUYECKUM YIPABICHUEM, YIIpaBIseMble
PETYIATOPBI pacXoAa U NMPEJOXPAaHUTENbHBIE KIIAAHBI.

VYnpasisieMble TUPPOBbIE TUAPOIIPUBOBI PA3TUUHBIX THUIIOB MPUMEHSIOTCS B CTAaHKaX U
TexHoJoruueckoM obopynoBanun c¢ YIIY, npomsinuieHHbIX poOorax. BcmomorarenbHbIX
MEXaHu3Max Ui PETyJIMpOBaHMs CKOPOCTH [BHJKEHHE cepBoiBsurareneii. B cucremax
nu(ppoBON  TUAPABIMYECKOM CEPBOTEXHHMKM B  KAuyeCcTBE 3aJaTUUKOB  HCIOJb3YIOTCS
MaJIOMOIIHBIE [IArOBBIE 3J1. IBUTATEIIN.



B  mpenusmonHoM  000pymOBaHMM ~ TpUMEHEHHWE  IM(POBON  THIPABIUYECCKOM

CEPBOTEXHHKH C 3J1.00paTHOM CBS3BIO MO3BOJISIET OOECIICUNTH:

TOHKOE PETYJIMPOBAHHE PACXO/Ja HEMPEPHIBHO JTO3UPYEMBIX pPadOUYUX KUIKOCTEH,
NOCTYNAIONIMX B THAPOABUraTeIN OONBIIOTO pabodero o0bEMa, MpU STOM JAOCTHTACTCS
TOYHOCTH NMEPEMEIICHNHN B MPEIEIax COThIX J0JICH MUKPOMETPA;
COBMEIICHWE B MHUHUMAIBHOM KOJIMYECTBE SJICMEHTOB
HATPABIIIONIETO YCTPOHCTBA W KOHTPOJsA (HAmpumep,
uHTephepomMeTpa) u Jap.

GYyHKIMA ~ ABUTATENS,
C TOMOMIBIO JIA3E€PHOTO

Baxxno Ttaxke OTMETHUTDH, YTO B TCXHOJIOTHYCCKOM O60py,HOBaHI/II/I Bcé Ooiee IIHUPOKOEC

MPUMEHEHNUE HAXOIAT TUAPOCTATUYECKHE HANPABISIONIME- B 3a30p MEXKIYy MNOBEPXHOCTIMH
OpraHOB, TEPEMEIIAIIINXCS APYr OTHOCHTEIBHO ApYyTra, MO JaBJIICHHEM Mojaércs pabouas
JKUJIKOCTh, YTO UCKJIFOYAET NPSIMON KOHTAKT 3TUX ITOBEPXHOCTEH.

OTO MO3BOJISET:
HCKIIIOUUTh MEXaHHYECKOe
ITIOBEPXHOCTEH;
MMOBBICUTh TEOMETPUUECKYIO TOUHOCTh TIEPEMEIICHUH;

o0ecneyuThb BHYTPCHHCC I[GMH(l)I/IpOBaHI/Ie B INOJABHXHBIX COCAMHCHHUAX N BO3MOXKHOCTH
CBCPXMAJIbIX KOppeKHI/Iﬁ IIOJIOKCHUA.

TpEHHE U TIOBBICUTH CPOK CIYXKOBbI 0a3UpPYOIIMX

KoMOunHMpoBaHHbBIEe cCHCTEMbl YIIPABJICHUSA

3neKTp0nHeBMaanec1cne CUCTEMbI YIIpaBJIC€HUSA

[IpenHa3HaueHsl JUIsl THEBMATHYECKOTO IPUBOJA MAIIMH U YCTPOMCTB U 2JIEKTPUUECKOIO
YIpaBJICHUS! UMH. DJICKTPUUYECCKUN YIPABISAIONINA OJOK MPUHUMAET MMITYJIbCHI, MPOXOISIINE
Yyepe3 CHUrHAJbHbIE 3JEMEHThl (KHOINKH, BBIKJIIOYATEIM, AATYMKH). YTIPABISAIOLUIME 3JIEMEHTHI
(pene, KOHTAaKTOpBI, MPOTPAaMMbI, XPAaHUMBIC B MaMITH) OOpPaOATHIBAIOT 3TH HMITYJIbCHI

(coemuHSIOT,

3aMCIJIAIOT,

YCI/IJ'II/IBaIOT) U  BBLJAOT COOTBCTCTBYIOIIUC KOMMYTAIIMOHHLIC
CUTHAJIbl HA MTHCBMATUYCCKHUE PACTIPCACIIUTCIIN SJICKTPOMAariHuTHOT O JIGI\/’ICTBI/ISI.

B nHeBmarmueckom 3Hepro6ﬂ01<e HUCIOJJHUTCIBHBIC 3JICMCHTLI (pacnpeﬂenHTenH

SJICKTPOMAarHuTHOT O ﬂGﬁCTBI/Iﬂ) YIIPaBJIAKOT HUWIMHAPAMWU W JABUTATCIISIMU, IIPHUBOJAIIUMH B
HeﬁCTBHC MalllMHbI, CTAaHKH, HpI/ICHOCO6HCHI/I}I.
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I'maponHeBMaTHYecKHe CHCTEMbI YIIPABJIeHHSA

B cuny cxumaemMocTd BO3Ayxa NMHEBMATUYECKUN IMIIMHIAP HE CHOCOOEH BBIIOJIHSTH
JIBUKCHHUS C TOCTOSIHHOM CKOpOCTBIO. [l03TOMYy OH TpakTHYeCKW HE TOJCH MJs IOJauu
MHCTPYMEHTA B CBEPJIMJIbHBIX, HUIM(OBAILHBIX, (PE3EPHBIX M TOKApHBIX cTaHkaxX. C Lenbio
pelleHus 3TUX 3a7ad MEHee JOPOTUM IyTEM, YeM HCIIOJIb30BAHUE THUAPABIMYECKOTO MPUBOJA,
OPUMEHSIOT  COYETaHWEe  IMHEBMAaTHYECKMX M THAPABIMYECKUX  CHJIOBBIX  TOJIOBOK.
['unpornHeBMaTHYecKUe OJOKH IWIMHIPOB MOTYT, Hampumep, OBICTPO TOJIBOAMTH pabouwmii
MHCTPYMEHT K 3aroTOBKE, BBIMOJHATH MEAJIEHHOE pPaBHOMEpPHOE MABMXKEHHUE IJI1 Olepaluu
00pabOTKM M BO3BpAIAETCS HA3aJ] B PEKUME YCKOPEHHOTO X0/1a.

PaBHOMepHOE JABM)KEHHME TMOJAYU MOKET OBITh JIOCTUTHYTO TakXe C IOMOIIbIO
COOTBETCTBEHHBIX Mpeodpa3oBaTesieil pabouux cpes.

[Ipeobpa3zoBarenu pabouux cpel MPEICTaBISIIOT cOOOM HaxoAsIIuecs MOoJ JaBJICHHEM
MacCJIOCOOPHHKH, 3allOJIHEHHBIC MPUMEPHO Ha 2/3 macimom Oaku, B KOTOPBIX CXKATBIA BO3IYX
JAaBUT Ha MOBEPXHOCTh Macia JMOO HEMOCPEACTBEHHO, JHO0 dYepe3 IIaBaloOUIMil MOpPIIEHb.
Macno mpoTeKaeT 4yepe3 peryiaupyeMble JIPOCcCellb B IMIIMHAP M 3aCTaBISIET €ro MOPIIHEBOU
IITOK BBIIBUTATHCS C PABHOMEPHOI CKOPOCTHIO.

ABTOMATH3MPOBAHHASI CHCTEMA YNPaBJEeHHS TEXHOJOTHMYECKOr0 mpolmecca u
TEXHHYECKOro 00beKTa

B nacrosmee BpeMsi Ha cMeHYy TPHOOPHOMY STAITy MPOMBIIIJICHHOW aBTOMAaTUKU TPUIIET
CJIEYIOIINMN, CYIIHOCTh KOTOPOTO COCTOUT B IIEPEXOAE OT aBTOMATU3ALUU TOJIBKO «IEHCTBUIN» K
aBTOMAaTU3allui «IPUHATUSA pEIICHHW». TexHW4yeckas CyIIHOCTb CHUCTEMHOIO JTalna B
aBTOMAaTH3allMM MPOU3BOJICTBA 3aKJIIOYACTCA B IEPEXojie OT CTaOMIIM3aLUN TEXHOJIOIMYECKUX
[apaMeTpoB U aBTOMATHU3AlMM ITOBTOPHBIX AEUCTBUN («IIMKJIOBOW aBTOMATUKH») K PELICHUIO C
IIOMOLIBbIO COBPEMEHHBIX CPEICTB BHIYUCIUTEIBHON TEXHUKH 3a7a4 ONTUMAJIbHOTO YIIPABIICHUS,
T.€. aBTOMAaTHYECKOrO BHIOOpAa W pealn3alliil TOCIEJOBATEIBHOCTH ONepanuii Hanbosee
3 PEKTUBHOIO BapuaHTa yIpaBIeHHs.

ACY TII u TO — ato cucrtema, KoTopast Ha 6a3e BbICOKO3(PPEKTUBHON BBIUNCIUTEIBLHON
U YIpaBISOUIeH TEXHUKH 0OecreurBaeT aBTOMAaTU3UPOBAHHOE YIPABICHHE TEXHOJIOTHYECKUM
KOMILJIEKCOM C MCIOJIb30BaHUEM HH(POpPMAIK, 00pabOTaHHOM 1O 3aJaHHBIM TEXHOJIOTHYECKUM
U TEXHUKO-D)KOHOMHUYECKUM KPUTEPHUSM, ONPEIEISIIOIIMM KAaueCTBEHHBIE M KOJIMYECTBEHHBIE
pe3yabpTaThl 00paboTKu 00bekTa. OT ympaBsIONIEH YacCTH CHUCTEMBI TPeOyeTcs, ¢ MOMOIIbIO
YIPaBJIAIONMX BO3JEHCTBUHA, 00€CHeUnTh ONTUMAJIBHBIE WM HKCTpEMajbHbIE 3HAYEHUS
KpUTEpUs YIPABICHUS B YCIOBUAX HaJIWYMsS MoMeX (C KOTOpOM paboTaloT MPOMBIIIJICHHbIE
YCTAHOBKM) U C YYETOM OIpaHUYEHUH, HaKJIa/bIBAEMbIX Ha Mpeaeibl U3MEHEHHsS HEKOTOPBIX
KOOpJMHAT CUCTEMBI (TeMIIepaTyphl, JaBJIEHUS, pacXxo/a TOIUIMBA U T.1.).

ITpu cozganuu ACY TII u TO nomxHbI OBITH ONpEeNeHbI 1eNb e€ (PYHKIHMOHUPOBAHUS
U poJib €€ B o011l CTPYKTYype yIpaBieHUsI.

ITo Bupy ¢yHkumil, a1 peanusaumu Kotopoil npeanasHadeHsl ACY TII moxHO
BBIJIETIUTD:

e Hudopmanmonno-uzmepurensubie ACY TII — cuctemsl, nmpenHa3HadeHHbIC 17151 cOopa u
BbIJIauu HHPOpManuu o coctossHuu OY.

e Hudopmarmonno-ympasisitonie ACY TII. Ha ocHoBaHuu uH(pOpManuu o mapamerpax
TEXHOJIOTMYECKOr0 MPOIECCa, MOCTYNAKOMEH OT JAaTYMKOB, TEXHHKO-DPKOHOMHYECKUX
nokaszarejlel M aNrOpuTMOB BBIPAOOTKM  YNPABISIOMIMX BO3JEHCTBHH cucCTeMa
MIPOU3BOJUT pacyeT ONTUMAJIBHBIX YCIOBUHI BEJEHUS TEXHOJIOTMYECKOTO MpPOLECCa.

e ACY TII B pexxuMe CynepBU30pPHOTO YIPaBIEHUA. 3ajada peKHMa CyNEPBU30PHOTO
yhpaBieHUs] — MOJAepXKaHHe Ipolecca BOJU3M ONTUMAIbHOW padouell TOUYKH MyTEM
OIIEpaTUBHOIO BO3JEHCTBHS Ha HETO, IPU 3TOM 3HAUEHUS YNPABIAIOLIUX BO3JACHCTBUIM



BBIJIAIOTCSA HE oOlepaTopy, a mpeoOpasyiorcs B (opmy, yAOOHYIO i W3MCHCHHS
HACTPOEK PETYJISATOPOB.

e ACY TII B pexume HEMOCPEACTBEHHOro IM(poBOro ymnpasieHus. OTIUYME TaKUX
CHCTEM 3aKJII0YaeTCs B TOM, YTO CHUTHAJbI, UCTIOIb3yEeMBbIC JJIsi TIPUBEICHUS B JICHCTBHE
YIpaBJIAIOIMX OPraHOB Ha OOBEKTE, MOCTYNalT HemnocpeAacTBeHHO oT ACY, a
PETyIsATOPHI BOOOIE MCKITIOYAl0TCs U3 cucteMbl. Ha Beruncnurensubie cpeacrsa ACY
BO3JIaraloTcsa Takue (QYHKIMM, KaK pealnu3alys pa3IuyHbIX 3aKOHOB PEryJupOBaHMS,
CBsI3el MEKAY OTACITBbHBIMU KOHTYPaMH MHOTOCBS3HOTO PErYJIMPOBAaHUS, YIPABICHUE 110
BO3MYIICHUIO, aJalTUBHOE YIIPaBJICHUE.

B cocraB ctpykrypst ACY TII u TO Bxonsr:

- IpuOOpPHI U YCTPOUCTBA JIOKAIbHOW aBTOMATHKH (JIA);
- YCTpOUCTBO cBsizu ¢ 00bekTOoM (YCO);

- BeruncauTelns (B);

- ycTpoiicTBo cBsizu ¢ TexHojoramu (YCT)

Crpykrypa ACY Tl u TO
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K JIA oTHOcATCS DaT4YMKH, HOPMUPYIOIIME MPeoOpa3oBaTeiIy, BTOPUYHBIE MPUOOPHI,
PETYJIATOPHI U 3a1aTYMKU K HUM, UCIIOJIHUTEIbHBIE MEXAHU3MBI U PETYIMPYIOIINE OPTaHbl.

Crpenkoit 1 o6o3HaueHa napopmanmsi, chumaemasi ¢ OY — 3Ha4YCHHs] TEXHOJIOTHIECKUX
[apaMeTpoB, BOCHPUHMMAEMBIX JaT4MKaMH. JlaTUMKM, MWCIIOJHUTENBHBIE MEXaHU3Mbl U
pEryivpyolie OpraHbl YCTaHABIMBAIOT HEMOCPEICTBEHHO HAa TEXHOJOTMYECKHX arperarax.

I__IE,
B
4

7Ty
-
|




Bropuunsie mpubopsl, peryiasTopsl U apyrue npudopsl JIA KOMHOHYIOT OOBIYHO B MECTHBIE
U ThI (mo3uus 3) — cTpenku 2 u 4.

Nudopmanus o cocrosauu OV (ctpenka 5) moctymaer B YCO OT TexX K€ JaTYUKOB,
KOTOPBIC HATPY>KEHBI BTOPHYHBIMH MPUOOPAMH U PETYISTOPAMHU.

B ycrpotictBe cBsizu YCO aHanoroBble CHUTHAJIBI MPeoOpazyroTcss B HUPPOBBIC H
MOJIBEPTalOTCsl  MAcIITAaOMPOBAHWIO, JIMHEAPH3AIMH, AallPOKCHMAIUW, T.€. IEPBUYHON
00paboTtke. YacTo nmepBuyHasi 00pabOTKa CUTHAJIOB OCYIIIECTBIISAETCS HE B OTACIBHOM IU(PPOBOM
0JIOKe, a B TOM >K€ BBIUMCIHTENEC B, KOTOpHIM mpemHa3HaueH st 00Jiee CIOKHBIX PacyeToB.
Br16op BapuaHTa 3aBUCUT OT TpeOOBaHUI K OBICTPOJCHCTBIIO, CTOUMOCTH, HAIEKHOCTH.

Ha YCO undopmarms B nudpoBbIX KOAAaX MO CTPEJKE 7 MOCTYIMAET B BBIYUCIUTENh B
YIPaBJSIIONIETO BhIYUCTUTENbHOTO KoMmiuiekca YBK. Ha ocHoBanum stoii mHbopmanuu u
curHasioB 13 ot omeparopa-texHosiora 14 BBIMMCIUTENb MO 3aJ0KEHHBIM B BHJE MPOrpamMm
aNropuT™MaM yrpasieHUS (GOopMHpYeT peKOMEHIAlMH MO YIpaBleHUI0 12 u ympaBisionue
BO3/ICUCTBHUS 8§, KOTOpBIE MOCJIE COOTBETCTBYIOIIEro mpeodpasoBanus B YCO mocrymaioT Ha
PEryJATOpbI, UCIIOJIHUTEIbHBIE MEXaHU3MBI U peryIupyronme opraisl JIA.

Hepapxuyeckas crpykrypa ynpasienus B ACY TIl u TO

3amaun, pemaemble B ACY, Moryr OBITh MpEICTAaBICHBI B BHJIE HEPAPXUUECKON
CTPYKTYpBI:

1-p1ii  ypoBeHb. VYmpaBieHHE, peryjJupoBaHue wWiIM cradwinszauus. BeipaboTka
YIPaBJIAIOMMX BO3AECHCTBUM B COOTBETCTBUM C BBIOPAaHHBIMM JIMHEHHBIMH 3aKOHAMH
yIIpaBJICHUS P HOPMAIBHOM PEXUME pabOTHI TEXHOIOTUYECKOTO KOMITJIEKCA.

2-oii ypoBeHb. IIpoBepka 3HaueHUH TEXHOJIOTMYECKUX MApaMETPOB U COCTOSHHS
TEXHOJIOTHYECKOIO0 00O0pYJOBaHMsSI IO OTHOIIEHUIO K HOPMAJIBHOMY pPEXHUMY paOOTHI.
BeipaboTka ynpapisromux Bo3AeHCTBUI B ciydae peJaBapuitHON CUTyaluu.

3-uii ypoBenb. ONTHUMHU3AKUS B TMHAMHUKE U CTATUKE KPUTEPHUs YIIPABICHHS U BRIpaOOTKa
3amanusg Ha OY.

4-prii ypoBenb. KoopauHarmsi paOOTBl OTIENBHBIX TEXHOJOTUYECKHX AarperaTtoB, H3
KOTOPBIX COCTOUT TEXHOJIOTMYECKHI O0OBEKT yIpaBIeHUs.

5-plif ypoBeHb. Bcsi cucrema opraHu3yercs C y4yeTOM BHEIIHHUX BO3JEHCTBUH U
OTpaHUYECHUM.

Ocnosnbie pynknnu ACY TII u TO
NUmu  gBastorcss  MHQOPMAIIMOHHO-BBIYMCIUTENbHBIE M ympaistoue. K
UH(POPMALIMOHHO-BBIYHCIUTEIBHBIM OTHOCSTCS:
e cOop, nepBuYHas 00pabOTKa U XpaHEHHE UHPOPMALIUY;
e KOCBEHHBIE HW3MEpPEHHMs IapaMeTpoB IIpolecca U  COCTOSHUA  TEXHOJIOTHYECKOTO
000pyI0BaHNS;
® CHUTHAJIM3ALMS COCTOSHUN TEXHOJIOTMUYECKUX MTapaMeTpOB U 000PYI0BaHMUS;
e KOHTPOJb M PETUCTPALAA OTKJIOHEHHM IapaMeTpoB TEXHOJOTMYECKOro Ipolecca OT
3a/1aHHBIX;
e aHanu3 cpabaThIBaHUS OJIOKUPOBOK U 3aIUT TEXHOJIOTUYECKOTO 000PYAOBAHNUS;
® MarHOCTHKAa U MPOTHO3WPOBAHUE COCTOSTHUS KOMILJIEKCa TEXHUUYECKUX CPE/ICTB;
e onepaTtuBHOE OTOOpakeHHe MH(OPMAaLUK U peKkoMeHaauu no BeaeHuto TI1 u ynpasnenuro
TEXHOJIOTHYECKUM 000PYIOBAHUEM.
K ynpasasromumm oTHOCSTCS:
OJIHOTAKTHOE JIOTHYECKOE YIpaBiieHHE (BBIOJIHEHNE OJIOKUPOBOK, 3alIUT U T.I1.);
peryJnpoBaHue OTAENbHBIX napameTpoB TII;
KaCKaJIHOE pETyJINPOBAHMUE;
MHOTOCBSI3HOE PETYJIMPOBAHUE;
JMCKPETHOE YIpaBJIeHHE TEXHOJIOTMYECKUMH MPpoLieccaMu U 000pyI0BaHUEM;



® ONTUMAIBHOE YIPABICHUE YCTAHOBUBIIMMHUCS U HEYCTAHOBUBIIMMHUCS PEKUMAMU;
® aJanTHBHOE yIpaBJICHHE.

Mpunuuns! ynpasiaenus B ACY TII u TO

1. llenTpanu3oBaHHOE yIpaBlIEHHE TEXHOJOTHUYECKUMH 00BbeKTamMu. [lepBoHavanbHO pa3BUTHE
ACY TII 6p110 CBsI3aHO C CYIIECTBEHHOW IleHTpaym3anued QyHkiui cOopa, oOpadoTKH,
XpaHEHUs U TMepeIayul JaHHBIX, a Takke (PYHKIUNA ONEpaTUBHOTO YIPABICHUS HA MOIHOM
ynpasistoneid OBM. Takoii nepexo NpuBEN K yIOPOKAHUIO KAHAJIOB CBSI3U, OTPAHUYECHHOM
THOKOCTH U YCIIOKHEHHIO IPOTPaMMHOT0 00ECTICYCHHUS.

2. Jleuentpanu3oBaHHOE ympaBiieHue. B 3THX cucTeMax aBTOHOMHBIE OJIOKH, OCHOBY KOTOPBIX
COCTABJIIIOT MHUKPOIIPOLIECCOPbI M TMepcoHaNbHbIe DBM, BBINONIHAIOT Ha MECTE€ BCIO
BBIUMCIUTENbHYIO pPa0OTy, OTHOCSIIYIOCS K JaHHOMY Y3ly OOOpyHOBaHUsS, 4YTO HaéT
CJIEYIOIINE IPEUMYIIIECTBA:
® YOPOINEHHUS NPOTPAaMMHUPOBAHUS B CBSI3M C PACIPEACICHHUEM MPOrpaMM MEXIY

OTJIeIbHBIMU IIPOIIECCOPAMH;

YCKOpPEHHUE Peakllii B peaJbHOM BpEMEHH;

MOBBILIEHHYIO HAJIEKHOCTH;

MPOCTOTY MOJKIIOYESHHSI K CYIIECTBYIOLIEH BRIYUCIUTEIHLHONU CUCTEME;

BO3MOXXHOCTh BBO/Ia CUCTEM B 3KCILTyaTallUIO 110 YacTsAM U JIp.

PaznoBuanoctu crpykryp ACY Tl u TO

1. @yHKIMOHAIBHAS CTPYKTypa — ONpEAEIieT KIAcc LeNe, Il TOCTUKEHUS KOTOPBIX
npoektupyercs ACY TII u TO.

OOBbIUHO TaKas CTPYKTypa BKJIIOYACT CIEIYIOIUE TOACUCTEMBI:
nojacucTemMa cOopa, mepBUYHON 00padOTKH MH(GOPMAIIHH;
MIOJICUCTEMA YIIPABJICHUS U BBIJA4YM YIPABIAIOIUX BO3IECHCTBUN;
nojcucreMa (opMHUPOBaHUS CBOAHBIX IIOKA3aTeNeH;
MOJICUCTEMA PETUCTPALIMK U aHAJIN3a IPOU3BOJICTBEHHOM CUTYallUH.
2. AnropuTMHuueckasi CTpyKTypa — COBOKYITHOCTb aJIFTOPUTMOB M YCIOBUN MX pabOThI; Ha
HEH YKa3bIBAIOTCSI CBSI3U, ONPENEISAIONINE ITOCIEI0BATEIBHOCTD BBIIIOJHEHUS AITOPUTMOB.

3. Texnuueckasi CTpyKTypa — KOMIUIEKC TEXHHUUYECKUX CPEJICTB B BHUJIE OTICIIbHBIX Y3JI0B
U O510KOB, MpenHazHaueHHbIX Uit peanuzauuu GyHkuuid ACY TII u TO; ykasbIBaroTcst CBSI3U
Mex 1y OJ0KaMH U OroBapuBaeTcs UX (PYHKIIMOHUPOBAHUE B CTPYKTYpE.

4. WudopmanuonHass cTpykTypa cBs3biBaeT mnoacucteMmel ACY TII u TO ¢
TPAHCIIOPTHBIMU CPEJICTBAMH, BCIIOMOTATEJIbHBIMM MEXaHM3MaMH, U B Cilydae MpUMEHEHUs
HECTAaHAAPTHHIX OJIOKOB YKa3bIBaeT YPOBHHM CHUI'HAJIOB Ha BXOJaX M BBIXOJAaX 3THX OJIOKOB IS
COTJIACOBAHUS CO CTAaHAAPTHBIM 000pPYI0BaHUEM.

5. OpraHM3anuoHHas CTPYKTypa — COBOKYNHOCTb TIPaBMJI W HMHCTPYKLHH,
YCTaHABIMBAIOIIUX HOPMBI pabOThl IEpcOHaia U KOMIUIEKCA TEXHUYECKUX CpEACTB IO
YIPaBJIEHUIO TEXHOJIOTHUYECKUM 000pYIOBAHUEM B HOPMAJIbHBIX, MPEAaBAPUMHBIX U aBapUHHBIX
peXHUMax.

IHoacucrema coopa U nepBUYHOM 00pa0dOTKH HH(POPMALMHU
Cxema KOMIIOHOBKU TEXHUYECKUX CPEJICTB BBOJA AHAJIOTOBBIX CUTHAJIOB.
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KoMmoHOBKa TEXHMYECKUX CPEJICTB HAa JAHHOM CXEME BBINOJHEHa MO TpeM IpyIam
JaTYNKOB:

1-as rpymnmna AaTYNKOB — ISl U3SMEPEHUS TApaMETPOB OJHON (GU3UYECKON MPUPOIDI,

2-asi Tpynna JJaTYNKOB, 3HAUUTENIBHO YIAIEHHBIX 0T YBM — 11 u3MepeHus napaMmeTpos
pa3IU4YHON (PU3NYECKOU MTPUPOIBI,

3-51 rpymnmna JaTYuKOB, OJM3KO PACIONOKEHHBIX K 00BEKTY — Ul U3MEPEHHSI Pa3IMUHBIX
apaMeTpoB.

K 1-o#f rpynme naTyuMkoB MOAKIIOUEHBI HopMmanu3aTopsl HI, cMermaromiye ypoBeHb
CUTHAJIA TaK, YTOObI CUTHAJI BXO/UJI B KOHTPOJIUPYEMbIN quana3oH, HopMmanuzaropsl H2 cioyxat
JUIs TIpeoOpa3oBaHusl TOKOBOTO CHTHAJIa B HamNpsDKeHHe, a HopMaiau3atopbl H3 ocymecTBistor
JUHEHHYI0 UM HEJTMHEHHYI0 KOMIEeHcaluto, HanpuMep, komnencaunto JJC xomoaHoro cras
tepMomnapsl. Kpome Toro, B psne ciayd4aeB HOpPMalU3aTOPbl HCIONB3YIOT U OciHabiaeHHs
CUTHAJIOB.

IIpeobpaszoBarenu I1 nmpennazHaueHs! s npeodpazoBaHus GU3NIECKUX XapaKTEPUCTHK
B JJICKTPUUYECKHUE CHUTHAJIbl TOKAa WJIM HaINpsKeHHs; KOMMYTAallMOHHOE ycTpoiicTBo Km — mns
NEPEKIIIOUEHUS KaHAJI0B U3MEPEHUS.



C uenpro ycTpaHeHHs MOMEX MPOMBINIIEHHOW YacToThl S0 'l 1 paguonomMex ¢ 4acToTou
f>0,2/Tonp (Tomp — mepuox ompoca AaTYMKOB) B CXeMaX KOMIIOHOBKM TEXHHYECKHX CPEJICTB
MpUMEHSIOTCS aHanorobie RC-GuinbTpsI.

B kauectBe ananoro-mupposoro mpeodpazosatens (ALl B ACY TII u TO
pexoMenayercs uaterpupyromuii AL, o6nagaronuii BBICOKOH TOMEXO03aIIUIIEHHOCTBIO, XOTS
Y HEBBICOKOH CKOPOCTHIO MpeoOpa3oBaHMUsL.

Jlunun cBazu Cl — C6 ciyxkar s nepeladyd CUTHAJIOB yrhpaBieHus or YBM k
COOTBETCTBYIOIIMM TEXHHUUYECKUM CPEJICTBAM.

AJTopuTMHYECKOE U MaTeMaTH4YecKoe o0ecrevyeHue nojacucTeM c6opa u nepBUYHOIM
00padoTku uHpOpMATUN

B TexHudeckux TpeOOBaHUAX Ha pa3pabOTKy MOMAMPOrpaMMBI BBOJA aHAJIOTOBBIX
CUTHAJIOB (Ompoca JaTyuKOB) JOJDKHBI OBITh yKa3aHbl METOJIbl ONpoca JaTdyuKoB U
MEPUOANIHOCTH PAOOTHI MOANPOTPAMMEI BBOJIa aHAIIOTOBBIX CUTHAJIOB.

Cy1ecTBYIOT TpU METOJIa OIpoca:

1. OpgHoTOYEYHBINH (CUMTHIBAETCA TOJBKO OJMH CHUTHaJI, oOpabaTbiBaeTcs, 3aTeM
CUMTBHIBACTCS] BTOPOU CUTHAI U T.11.);

2. Meto1 mociieI0BaTeIbHOM TaOJIHIIBI (CYUTHIBACTCS OOJIBIIIOE KOJIMYECTBO CUTHAIIOB TIO
MoCIe0BaTEIbHBIM a/IpecaM KOMMYTaTopa);

3. MeToa mpou3BOIBHON TaOIHIIBI (a[peca pacioiaraloTcsi B IPOU3BOIHLHOM MOPSIIKE).

[leproaMYHOCTS TOAMPOrpaMMbl BBOJA AHAJOTOBBIX CUTHAJIOB TaKXKE MOXKET OBITh
peaiM30BaHa HECKOJIBKUMH CIIOCO0aMHU:

1. ITo 3anpocy nHpopMaIuu OT APYroi MOAMPOTPaAMMBIL;

2. Yepes pukcupoBaHHBIC HHTEPBAJIBI BPEMCHH, 33]JaBAEMbIC TAMEPOM;

3. Ilpu 3anycke ACY TII u TO, nmocne KOTOpPOro peajn3yercsi HENPEpbIBHBIM LUKII
omnpoca JaTYUKOB, IPUUEM 3a MOCIEIHUM CIIETyET IEPBbHIH.

Iloacucrema ynpasiieHUs] TEXHOJIOTHYECKHM MPOLECCOM M TEXHUYECKUM 00bEKTOM.

IToncucrema ynpasienus TII u TO Bkitovaer B ce0s ynpaBieHue:

1. perynupyromumM OpraiamMmu OT aHaJOTOBBIX BbIX0/10B Y BM,

2. UCTIOJIHUTEJIbHBIMU MEXaHU3MaMH, pabOTaIOIUMH € IOCTOSHHOW CKOPOCTBIO,

3. ABYXIO3UIIMOHHBIMH PETYJIHUPYIOIIUMHU OpraHaMH U MEXaHW3MaMH,

4. curHanuzanuen.

Kpome Toro, mnoxacucrema ynpaBlIeHHs BKIKOYAeT IPOLEAYPY ONTHMM3alUU, B
COOTBETCTBUHM C KOTOPOM Ha OCHOBAaHMM TeKylled uHpopmanuu o0 OOBEKTe M MPUHATOrO
KpUTEpHUs YIPaBIEHUS PAacCUUTHIBAIOTCSA yCcTaHOBKHU s koHTypoB HLY (HemocpencTBeHHOro
U(POBOro yIpaBieHHs ). YpaBlIeHHe 0JHOMEPHBIM 00BbEKTOM OT aHAJIOTOBOr0 BhIXoAa YBM

CrpykrypHas pacuerHas cxema HIY ogHoMepHBIM 00beKTOM
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e Ys3aj.i — 3amaHue M0 Ka4eCTBY MPOAYKIIMU MM TPOU3BOJUTEIBHOCTH TEXHOIOTHIECKUX
arperaroB I-My KaHaJly yIIpaBJICHUsI OT BEPXHEW CTYIIEHU HePapXHH,
e Yti — Tekymiee 3HaUCHHE YIPABIIEMON IIEPEMEHHON 00bEKTa,



® NOYi — KOHTPOJIMPYEMbIC WK H3MepseMble Bo3mylleHust Ha OY (Hanpumep, U3MECHEHHE
COCTaBa ChIpbs),

e Xti — perynupyemas nepemenHas Ha Bxoje OV (Hampumep, pacxoJl MaTepuala, TOIIuBa
U T.I1.),

® NX— HEKOHTPOJHUPYyEMble BO3MyLIeHUs Ha Bxojzie OV,

e L1 - anropur™m aanTUBHOIO WJIM SKCTPEMAIILHOTO YIIPABIEHHs, HA OCHOBAHUU KOTOPOTO
paccunThiBaeTcs 3aaanue st koutypa HIY (L2 — L3 - L4 - L2)

Xzan.i = L1{ Y3an.i, Yti, noyi, Xti},

L2 — anroput™m pacuera mo BHIOpAaHHOMY 3aKOHY YIpaBIICHHs, HAIIPHUMEp, MPOMOPLIHUOHAIBHO-
HHTErpajibHOMY, KOJa YIIPABJIAIOIICTO BO3,Z[€I>'ICTBI/ISI B (bYHKHI/II/I OT OIIMOKHU paccoriiaCoBaHnus
Eij:

AUij = f(Eij), Eij = X3an.i— X Cij
Uij = Ui(j-1) + ATij

L3 — onepanusa npeoOpa3oBaHus KOJa YIPABISIOIETO BO3ACHCTBUS C ycUIIUEM A0 TpeOyemoi
MOIITHOCTH B ITEPEMEIICHUE UCITOJHUTEIBHOIO MEXaHU3Ma OHMI,
L4 — onepauust npeoOpazoBanus nepemenienus MM B nepemelienne peryaupyromnero oprasa.

VYcranoBka s kontypa HITY X3zaa.i paccumteiBactcs ¢ vactoroir 1/TYi, kotopas
orpeJiessieTcsl CMEeHOW 3amanus Y3az.l Ha Bxoze ainroputma L1. YmpasieHue BO BHYTPEHHEM
KOHType cuuTaercss ¢ 4acroroi 1/ Tui, mpuuéMm BenumunHa wuHTEepBaga Tui ompenensercs
nuHamukoit OY. Omnpoc nmatuumka wuaét ¢ auckperHocThio Tomp.i (I — HOMep KaHada
yIpaBleHUs), BEIMYMHA KOTOPOM BBIOMpAETCs MO JONYyCTUMOM pEakluu CHCTEMbl Ha
npeaBapuitHyI0 CUTYalluio Ha 00bEKTEe YIPaBICHHS, T.C.

Tonp.i < Tui < Tyi

Ecnu perynupyemyio nepemeHHyto Ha Bxoje OY u3MepUTh HEBO3ZMOXKHO, TO JATYUKU
cTaBAT Ha BeIxoJie MM, u3mepsist mpu 3TOM MOJIOKEHNUE UCIIOJHUTEIBHOTO MEXaHNU3Ma; IIPU 3TOM
kouTyp HIY (L2 — L3 — L2) Oyner BBIIOIHATH POJIb PEryIsITOpa, CTAOMIU3UPYIOMIETO Yol
HOBOPOTa OUMI HITH IEPEMEICHUE UCIIOTHUTEIFHOTO MEXaHU3Ma C HEKOTOPOH TOYHOCTHIO

Eij < 3ij (8l — 30Ha HEUYBCTBUTEILHOCTH HCIIOJHUTEILHOTO MEXaHM3Ma)

TK. B ACY TII u TO 00BIYHO HMMEETCS MHOIO pETYIMPYEMBIX HEPEMEHHBIX, TO
11€J1€cC000Pa3HO HUCI0JIb30BaTh IPOrpaMMy MHOTOKAaHAJIbHOTO U(POBOIO PETYIATOpPA.



