T'masa 15

CHUCTEMBI 1 YCTPOMCTBA
ABTOMATHUYECKOM PETI'YJIMPOBKH YCHJIEHUS

15.1. Cucrema APY u ee Ha3HAUeHHE

WzBectHO, (cM. 1. 9), 4TO yYacTOTHAs XapaKTEPHCTHKa 3aTyXaHHs JIMHEHHOTO
TpaKkTa MMeeT J[BE€ COCTABIIAIOIIME. IOCTOSHHYIO, 3aBHCALIYI0 OT 4acTOTHI, U Iepe-
MEHHYI0, U3MEHSIOIYIOCS] BO BPEMEHH B MpoLiecce 3KCILTyaTalluid B 3aBUCIMOCTH OT
OKpYXKaIOIINX JINHHIO YCIOBUH M, IPEKAE Bcero, Temneparypsl. C yaeTrom pazbpoca
JUIMH YCUJIMTEIBHBIX yYacTKOB (3TO OCOOEHHO MPHUCYIIE MOIEBBIM KaOEIbHBIM JINHU-
SM) ¥ BPEMEHHBIX W3MECHEHHUH 3aTyXaHUs LETeH JTMHUK NPH M3MEHEHNH TeMIIepary-

PBI OT i J10 tyax OOIIME TIpEENBI peryIupoBanus ycuaenus A S s koMneHcauu

STHX U3MEHEHHUH 0Ka3bIBAaIOTCS TOCTATOYHO OOJIBIINMHU.

CocraBisromue 3aTyXaHus, 3aBUCSIINE TOJIBKO OT pa3dpoca AJIHH YCHIUTEIbHBIX
YYacTKOB M 4acTOTHI (peryyspHbIe U HeperyJsIpHbIC) KOMIIEHCHPYIOTCSA Ha BCEX YCH-
JIUTENBHBIX MyHKTaX BPYYHYIO BO BpeMsS HACTPOEUHBIX PabOT C MOMOIIBIO ITOCTOSH-
HBIX ¥ MEPEMEHHBIX KOPPEKTOPOB, N0OMBasCh paBeHCTBA S=aly,. DT0 paBeHCTBO
JIOJDKHO TTOCTOSTHHO COOJIIOAAThCS B TPOLECCe DKCIUTyaTallMu ¢ TpedyeMod TOYHO-
CTBIO, TAK KaK HexBaTKa ycuneHus (S < aly,)) npuBeseT K yBelIU4eHHIO COOCTBEHHEIX
IIYMOB B KaHaJaxX Iepenayn, a u30bIToK ycumieHus (S > aly,) — k yBenuueHuIo Helu-
HEIHBIX LIIyMOB.

Ioatomy yctpoiictBa APY kaxkmoro m3 myHktoB nuand nepexaun (OIT, OVII,
HVII, TII) momkHBI KOMICHCHPOBATh BPEMEHHBIC H3MCHEHUS 3aTyXaHHs Ierel
HPEIIIECTBYIOMINX YCUIIUTENbHBIX YIaCTKOB JIMHHU.

COBOKYITHOCTH yCTpoiicTB APY NmUHEHWHBIX ycuiHTelnel BceX MyHKTOB JIMHUH 00-
pasyet cucmemy APY nuneiinoco mpaxma (APY JIT), xotopas npeAHa3HAYCHA JUIS
obecmieuenns n3MeHenns ycwieHus JIYC B pabouem auana3oHe 4acToT (B JIMHEHHOM
CIIEKTpE) B CTPOI'OM COOTBETCTBUH C M3MEHEHHEM 3aTyXaHUs JIMHUH Ha KaXKIOM yCH-
JIUTEJILHOM Y4acTKe U NOJJEPKUBATh IIOCTOSIHCTBO YPOBHEHN curHaia Ha Boixoge JIT.

Kak n3BecTHO, B CETAX CBA3H LIMPOKO HCIONB3YIOTCS COCTaBHbBIE CETEBBIE TPYII-
MOBBIE TPAKThl M 00pa30BaHHBIE HA X OCHOBE HIMPOKOIOJIOCHBIE KaHAJBI Mepeaayu.
B cBs3M ¢ 3THM MOBBICHINCH TPeOOBaHUA K CTAaOMIBHOCTH 3aTyXaHUs (YCHIICHHS)
TPYIIOBBIX TPAKTOB BCEX CHCTEM MEpelauu, YTO HE MOXKET ObITh 00eCIEeYeHO TOJIBKO
3a cyer APY JIT. [Io3ToMy B MHOIOKaHaJIBHBIX CTALlHOHAPHBIX U MOJIEBBIX CHCTEMAX
nepefayd MOSBUIICS JIOTOJHUTEIbHBIN BUJI aBTOMATUYECKOH perynupoBku — APY
rpynmnoBsIX TpakToB (APY I'T).

Takum obpa3om, cucmema APY MHOTOKaHAIBHOW JMHUW TEPEIavH, COCTOSIIAS
u3 APY JIT u APV I'T, npeonasnauena ans oanepKaHus OCHOBHBIX JICKTPHICCKIX
MapaMeTpoB KaHAJIOB Iepeaadr (OCTaTOYHOTO 3aTyXaHHUS M €r0 YaCTOTHOH XapakKTe-
PHUCTHKH, ITyMOBOH 3aIIUIIEHHOCTH) B TIPE/IEIaX YCTAHOBIEHHBIX HOPM.
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15.2. TpeGoBaHus Kk cucreMe u ycrpoiicteam APY

OcHoBHBIMHU TpeOoBaHUSAMHE K ycTporicTBaM APY u cucreme APY B memnom sBis-
I0TCSL CJIeyIOIMe. YYBCTBUTEIBHOCTD, MPEAeNbl PEryIUPOBaHHUs, MOTPEIIHOCTh pe-
TyJIUPOBaHUs, CKOPOCTh PETYJIHPOBAHUs, HEUYBCTBUTEIBHOCTh K OTHOCHTEIHHO
OONBIINM CKaYKaM YPOBHEHU IMepeIaydH.

Yyecmeumenvnocmsb YCTpOUCTB APY xapaKkTepusyeTcst nopocom uy8cmeumenbHo-
cmu — 3TO MUHMMaJIbHas BEJIWYMHA U3MEHEHHS YPOBHs cMTHana AP, npu KOTOpoOi

HA4YMHACTCS peryimpoBaHue. EcTeCTBEHHO, HAlI0 CTPEMUTHCS, YTOOBI 3Ta BEIHMYMHA
ObUTa TI0 BO3MOKHOCTH MEHbIIEH. B coBpemeHHbIX cucteMax APY ymaercs mobwu-

BaThes BemumunHbl Ap = 0,04 1b.

Jst Bcell IMHUU npedensl usmenenus 3amyxanus Aa, TOCTUraloT 3HAYUTEIbHBIX
BesimunH (cM. .9, maparpad 9.4). [losTomy Uit KOMIEHCAMM Takoro OOJBLIOTO
BPEMEHHOTO M3MeHeHHsd Aa, ycTpoicTBa APY NOMKHBI paBHOMEPHO pa3MelaTbes
10 BCEMY JIMHEHHOMY TpPakTy, TO €CTh W3MEHEHHE ycuieHHs AS=Aa, NOIKHO pac-
HpeeNAThCA M0 BCeM JIMHEHHBIM ycmutessM JIT. OTo BaxHOE TpeOOBaHUE K CHUCTE-
Me APY.

Heobxomumslie npedenvt peeynuposanusa otaensHoro JIYC onpenensioTes mpoTs-
JKEHHOCTBIO W IIPEAEIaMHi BPEMEHHOTO M3MEHEHUS 3aTyXaHHs MPIIIETAIOIIET0 yJ9acT-
Ka peryJIMpOBaHMS NIPH U3MEHEHNH TEMIIEPATYPHI OT 10 OT lpin 10 trax.

OT npenenoB peryIupoBaHus 3aBHCAT YCIOBHUS PEaIN3yeMOCTH KOHKPETHBIX pe-
TYJISTOPOB. HOJTHOCTHIO aBTOMATHYECKHE WM YACTUYHO PyYHBIE U YACTUYHO aBTOMa-
THYECKUE.

IHozcpewnocms pecynuposanus 00UHOYHO20 pezyiamopa (Ha OJHOM YCHIIUTEINb-
HOM IIYHKTE) MpEeJCTaBisieT co00il OTKIOHEHHE OTHOCHTEIBHBIX YPOBHEH Ieperauu
Ha Pa3HBIX y4YyacTKaxX TPYMIIOBOIO JMHEHHOIO CHEKTpa CUTHala OT HOMHHAJIHHOTO
3HAYEHHs B pe3yJbTaTe PEryJMpOBaHMsA. DTa IOTPEHIHOCTh 3aBUCHT OT MOPOTa YyB-
CTBUTENIBHOCTH W HETOYHOCTH PETYIMPOBaHMS ABTOMATHYECKOI'O PETYIATOpa, UYTO
NPUBOANT K PACXOXKICHUIO YaCTOTHOM XapaKTEPUCTUKH 3aTyXaHUs ydacTKa peryiu-
pPOBaHMS M YCWICHHS YCHJIMTEIHLHOTO MYyHKTAa. BenmuumnHa morpemHocTH sBiseTcs
CBOHCTBOM BBIOPaHHOH CXEMBI aBTOMAaTHYECKOTO PEryJIsTOpa.

Hoepewmnocmy pecynuposanus éceti cucmemvt APY nUHEHHOTo TpakTa BBI3BIBAET
OTKJIOHEHHE OT HOMHHAJBHBIX 3HAYCHHUH OCTATOYHOTO 3aTyXaHus (YCHJICHHS) KaHa-
J0B nepenaud. BozMoxkHOE MaKCUMalIbHOE OTKJIIOHEHHE OCTaTOYHOIO 3aTyXaHus Aay,
3aBHCAIIEE OT MOTPEITHOCTH KOppeKkTupoBaHus Ha Beixonxe JIT He mommkHa mpeBHI-
IIaTh HOPM Ha JOITyCTUMOE OTKJIOHEHHE OCTaTOYHOTO 3aTyXaHHs, TO ecTh Ad = Aa,
< Aamon-

Honyctumas ckopocms pezynupoeanus TOKHA YUUTHIBaTh psia ¢akTopos. C of-
HOHM CTOPOHBI OHA JJOJDKHA OBITH JI0CTATOYHOM, YTOOBI yCIIEBaTh CIEAUTH 32 BO3MOXK-
HBIMU BPEMEHHBIMU H3MEHEHMsMU 3aTyXaHHs JUHMU. C Ipyroil CTOpOHBI OHa He
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JOJDKHA OBITH OYEHBb OOJIBIION, YTOOB! HE BBI3BIBATH MCKAKEHUH MEPEIaBAEMBIX CHT-
HaJIoB.

IIpu GonmpInx cKagkax ypoBHEH mepenadn B THHEHHOM TpakTe APY nomkHa BBI-
KJIF04YaThesl (OJIOKMPOBATHCS) U MOJJICPKUBATh YCHIIGHUE BCEX YCHIIMTENEH B COCTOS-
HUHY, IPEALIECTBYIOIEM MOMEHTY BO3MYILEHHS.

15.3. 3anaua APY u MeTOIbI ee¢ pelieHust

I[Hﬂ KOMIICHCAIIMU U3MCHAIOIIETOCSA BO BPEMCHU 3aTyXaHUA i-ro YCUIIUTCIBHOTO
ydacTKa aHaJIOTUIHO HOJDKHO M3MCEHATHCA U YCUIICHUE CICAYIOMICTO 3a HUM j'FO JIn-
HEWHOTO ycuinureld, a B UEJIOM I JIMHEHHOTO TpakTa AOJIKHO BBIIIOJIHATHCA PaBEH-
ctro Ta,(F,)=25,(f,1).

]

Ycunenne otnensHoro JIYC (puc. 15.1) onpenensercss pa3HOCTbIO YPOBHEH cUT-
HaJla Ha €ro BbIXOIE P, M BXOHIE Dy

S=p,-p, (15.2)

Yceunmurens TOMHKEH 00CSCIICYNTh TOYHYIO KOMIICHCAIIMIO 3aTyXaHUS JUHHUH, TaK

4T00Bl P, = P, . B NpakTuKe JaHHOE YCIOBHE MOXHO BBINOJHUTEL ¢ HEKOTOPOH MMO-

rpemrocteio Ap, = p, — p,.
Cumnras ¢pysaknuio (15.1) muHEHHON, MOXKHO 3aMucaTh

AS = Ap, — Ap,, (15.2)
e AS - perymupyemas dacth ycunenus JIVC; Ap, =Aa,, —0xuaaeMoe U3MEHEHUE
YPOBHS BXOJAHOI'O CHMI'HAJIa, paBHOC M3MCHCHUIO 3aTyXaHHs YCHJIUTCIbBHOI'O y4aCTKa

Aay, =Aaly,; AP, — nOrpenHoCTs peryanpoBaHusL.

Yy

3adaua APY 3axmouaercs B Munnmusauun Ap, Ha oixoge JIVC mpu 3azanHoI

BPEMEHHON HECTAOUIILHOCTH Adyy
Ap, = (Apy +AS) — min, (15.3)
TO €CTh JOOMBaThCS paBeHCTBAa AP; = —AS ! I3MEHEHHE yCUIICHHS YCHITUTEIS TOIK-
HO PABHATHCS U3MEHEHHIO 3aTyXaHHs YCHIUTENBHOTO yuacTka AS =Aaly, .
ITo cnocoOy peanuzanuu 3TOH 3a7a4d pa3IUvalOT JBa METOJAa MOCTPOCHUS OIH-

HOYHOTO aBTOMAaTHYECKOTO DPETryIsATOpa YCHIICHHUS. Pa3OMKHYTHIH (KOCBEHHBIH) U
3aMKHYTBIH (IIPIMOi).

Po P1 P2
Ilpu pazomknymom unu credsuem memooe yC
APY perynupoBaHHEe OCYLIECTBISETCS KOCBEHHO
1o BXOAHOH Benmunue Ap;, a BbIXOJHAs BEJH- ay=aly, [:
uuna Ap, He kontponmpyercs. B Takoil cxeme Puc.15.1
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APY orcytcTByeT 00paTHas CBS3b, M1 KOHTYP pETyJIH-

P,  POBaHHA IOIydYaeTcss pa3OMKHYTHIM. IIpumepom sTo-
yC r

(ley [>

TO METOJa SIBIAETCA TEeMIepaTypHas WIN IPyHTOBas
APY (puc.15.2). Jatuux temneparypst AT pazmenia-

T % eTcsl B IpyHTE BOJNM3M KaOesst Ha HEKOTOPOM yaaje-
HUH OT NMOMELIEHUs YCHIIUTEIBHOIO ITyHKTA U CIEAUT
Puc. 15.2 32 U3MEHEHHEM TeMIIepaTypbl OKpYXKalollero kabeip

rpynTa. O6b1uHO B KauectBe [T mcmomb3yercs tep-
MOpPE3UCTOP, BKIIIOYECHHBIN B Ka4ECTBE YIPABIIOIIEIO CONMPOTUBICHUS B CXEMY aM-
TUTATYJHOTO KOPPEKTOpa, a MoCIeAHuil — B enb oopaTHoit cesa3u JIYC. Ilpu n3mene-
HUH TEMIIEPaTyphl TPYHTA U3MEHSETCSI CONPOTUBIICHHE TEPMOPE3NCTOPA, a, CIEI0Ba-
TENBHO, U YCWICHUE YCHINTENS, IPHOIN3UTEIBHO KOMICHCUPYS TEMIIEPAaTyPHOE H3-
MEHEHHE 3aTyXaHus KaOes.

I'pyaroBas APY (Tepmo-APY) mpuMeHseTcst TONBKO HA KaOenbHBIX JIUHUAX. OHa
OTIMYaeTCs MPOCTOTOHN U JICMIEBU3HON, OJHAKO HE oOeclednBaeT KeJaeMoil TOuHO-
cTH perynupoBaHus. OJHON U3 NPUYUH MOTPEUTHOCTH PErYIUPOBAHUS SIBIISETCS He-
M30€XKHOE pa3IyKie MEXAy TeMIepaTypoil rpyHTa B TOUKE U3MEPEHUS U TeMIIepaTy-
poit xabens Ha Bcel MPOTSHKEHHOCTH YCHUIIMTENIBHOTO y4acTka. J{pyroif BaxxHOH mpu-
YHHOM SIBJISIETCSI OTCYTCTBHE OOPATHOW CBSI3M B KOHTYPE PEryJHpPOBaHHS YCHICHUS

YCUIUTeA, U3SMCHCHHN BBIXOAHOT'O YPOBHA ApZ HC KOHTPOJIUPYIOTCA U HC KOMIICH-

cupytotcs. [lo3ToMy BenMUMHA IOTPEIIHOCTH CHIBHO 3aBHUCHT, B CHIIYy Pa3HBIX MPH-
YHH, OT HecTabuiabpHOCTH ycuieHus camoro JIYC. O6mas morpenHocTh peryanpoBa-
HUSl IPY KOCBEHHOM METOJIeé MOXKET fJocturarh 3...4 nb, mostomy rpyHroBas APY
UCIIONIb3YeTCsl KaK BCIIOMOTATEIbHOE CPECTBO Peryiuposanus Toabko Ha HVYII, He-
CKOJIBKO CTAOWIM3UpYs AMarpaMMy ypoOBHEW JIMHEWHOTo TpakTa u oOnerdas paboTy
6onee TouHOM APY, MOCTpOCHHOI 110 3aMKHYTOMY (TIPSIMOMY) METOLLY.

Ipu 3amxnymom (npsamom) memode APY perynupoBanue ycuienus JIYC npous-

BOJAUTCA HCHOCPEACTBCHHO I10 IMOTPEIIHOCTH BLIXOHHOﬁ BCJIMYMHBI YPOBHS Apz HC-

3aBUCHUMO OT TOT'O, YEM OHa BbI3BaHA — OTKJIOHCHUEM BXOAHOI'O YPOBHA Apl , I3MC-

HeHHeM mapaMeTpoB camoro JIYC miu yCTpOUCTB peryTUpOBaHUS MPEABIIYIINX pe-
ryistopoB APY, To ecTh obecrieunBaeTcs mpsiMasi KOMIICHCAIUS JTFOOBIX HeCTaOWITh-
HOCTeW BBIXOJHOTO YpoBHs. K 3aMKHYTHIM cuctemam oTHocsiTcsa APY 1o KoHTpob-
HbIM gacToTaMm (KY). OHU, XOTS U AOCTaTOYHO CIIOKHBIC TI0 YCTPOMCTBY, HE HMEIOT
MEPEYUCIICHHBIX HEJAOCTATKOB Pa30MKHYTOM CHUCTEMBI M NMPUMEHSIOTCS KaK B JUHEH-
HOM, TaK ¥ B TPYNIOBBIX TPAKTaX BCEX MHOTOKAHAIBHBIX aHAJIOTOBBIX CHUCTEM Iepe-
JIaum.

APY xaxgoro JIYC BeimosiHsAETCA B BHIE 3aMKHYTOH CHCTEMBI C 0OpaTHOW CBS-

3610, 00ECTIEYMBAIONIEH MUHUMM3ALMIO TIOTPEIIHOCTH BBIXOAHOTO ypoBHS Ap, mo
norpemHocty curnana KUY, tak kak HoMuHalIbHbIN ypoBeHb KY H3MEHUTCS HA TaKylo

KE BCINYNHY ApZ’ KaKk W nepeaaBacMbI€ CHUTHAJIbI JIMHEHHOTO CIICKTpa 4YacCTOT
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(BOmm3m pasmemenus KH) Ap, . =Ap,. CrnenoBarensHo, IpH MUHHMHU3ALUH C TI0-
Mompto APY morpemHoctd Ap,, OZHOBPEMEHHO OyleT TOYHO MMHHMMHM3UPOBaHA

MIOTPEIIHOCTh JTHHEHHOTO crekTpa yacToT BOm3n KU u ¢ HEeKOTOpoil moTrpemHoCThIo
Mexay KY.
Crenyer emie pa3 HOAYEPKHYTh, YTO BaXKHEHINEE TOCTOMHCTBO TaKOH CHCTEMBI

APY 3aKIII09a€TCS B TOM, YTO MOTPEIIHOCTH PETYIMPOBKH BBIXOAHOTO ypoBHS Ap,

Ha BbIXofe kaxjoro JIYC mpakTHuecku He 3aBHCHUT OT morpemHoctd APY mpensi-
nymux JIYC, nostomy nuarpamma ypoBaeil nepenaunt JIT OyzneT BeigepikaHa ¢ Max-
CHUMaJIbHOH TOYHOCTBIO, a CTa0MJIBHOCTb 3aTyXaHWs (yCHWJIEHHs) JMHEHHOIO Tpakra
OyzeT ompenensThesi B OCHOBHOM TouHOCTBIO APY mocnennero JIYC (B nmpueMHOM
TpaKTe JIMHEHHOTO 000PYIOBaHHS OKOHEUYHOW CTAHITUH).

OTMETHM TaKkXe HEKOTOphIe HepocTaTku cucteMbl APY mo KY:

Ha OKOHEYHBIX CTAHIMSIX CHCTeMbI nepenadn TpeOyrorcs ncrounuku KY, a Ha
BCEX YCHJIMTENIFHBIX MYHKTaX W B JIMHEHHOM OOOPYIOBAaHMM OKOHEYHBIX CTaHLIUH —
crenuanbHbele npueMHUKH KUY, 4T0 HECKOIBKO yCIOXKHAET M yAOPOKAET anmnapaTypy;

[enoyevyHoe BKItoueHue ycrpoiicte APY ot oanoro ucrounuka toxka KU mmeer
CJIOKHBIN NEPEXOAHBIN IIPOLECC PETYIUPOBAHUS JIUAarpaMMbl YPOBHEH IpU U3MEHE-
HUSX YpOBHS B M00BIX MecTax JIT u ogHOBpeMeHHOH paboTe MpaKkTHYECKH BCeX pe-
TYJIATOPOB Lenodku APY;

BCSIKMH TIepephIB WK 0oJbIol ckadok ypoBHsi KU (cimywaiiHble WM BBI3BaHHBIE
aBapueil Ha JIMHUK) TpeOyeT mpekpaineHust padbotel APY u coxpaHeHHs AuarpamMMbl
YpOBHEH Iepeauul A0 BBISICHEHHS M YCTPAaHEHHs IPUYUH U3MEHEHUS YPOBHS, ITO3TO-
My BO Bcex ycTpoictBax APY nomxkna npemycMmaTpuBaThCsi OJOKHPOBKA (BBIKIIOUE-
HHE) PEryJIMpOBaHMs M COXpaHEeHHE (TTaMsTh) COCTOSHHUS PETYIATOPOB U YCUIICHUS B
TIOJIO’KEHHUSAX, B KOTOPBIX OHM HAXOJMIIUCH IIepesl 0OPbIBOM MM PE3KHM H3MEHEHHEM
ypoBHs Toka KY.

VYcrpoiicTBa OJOKMPOBKH TakKe YCIOXKHSIOT ammaparypy. Ecim xe He mpeny-
cMoTpeTh OsokupoBku APY, To mpu mepepbiBe (CKaukoOOpa3sHOM yMEHBIICHUH)
yposHs KU Bce APY OyayT pearmpoBate Ha 3TO yBenudeHueMm ycuieHus Bcex JIVC,
U TI0CJIe BOCCTAHOBJICHUS JIMHUM (YCTPaHEHUSI HEUCIIPABHOCTH) HA BBIXOJIE YCHUIIUTE-
Je oKaxkyTcs OOJbIIME YPOBHHU Iepeladd, YTO MOXET MPHUBECTH K CaMOBO30YyXIe-
HUIO, KaK CaMUX YCHJINTENEH, TaK U BCEro JJMHEHHOTrO TPaKTa, TO €CTh K IOTepe CBSI3U
[0 BCEM KaHalaM CHCTeMBI mepefadu. JlJii BOCCTaHOBIEHHUS CBA3HM HMOTPeOOBaiIoOCh
OBl 3aHOBO HacTpauBaTh Juarpammy yposHer JIT.

Crnenyer Takke MMETb BBHUIY, UTO IepeAada 0 MHOIOKAaHAJIBHOMY TPakKTy KOH-
TPOJILHBIX YacTOT YBEJIMUYHMBACT €0 3arpy3Ky, 4TO MOXKET IIOBJICUb 3a COOO0H yxyamie-
HHE JITHEHHOCTH TPaKTa, yBEJIWYEHHE MIOMEX HEJIMHEHHOro NpoucXoxaeHus. UToOb
n30eXaTh STHX HEraTHBHBIX IOCIEICTBUH, ypoBHU nepexaun KU ycranaBnmBaroTcs
3HAYNTEIbHO HIDKE HOMMHAIBHBIX YPOBHEH Ilepeadm curHajga (IPUMEpHO Ha

17...30 1B).
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15.4. YcrpoiictBa APY 1o KOHTPOJbLHBIM 4acTOTaM

15.4.1. TunoBas crpykrypa APY mo K4

TunoBas crpykrypa APY mno KUY nuHelHOro uay rpynmoBOro yCHIUTENs Hpen-
cTaBieHa Ha puc. 15.3. CxeMa cOfep>KUT 3aMKHYTBIM KOHTYp peryJIupoBaHHs — IET-
JI0 OOpaTHOW CBSA3M, B KOTOPYIO BXOAWT NMPUEMHHUK KoHTposbHOro kanana ITKK un
00bekT perynuposanus OP (B mannom ciayuae JIYC). [IKK obecrieunBaeT BhIACICHUE
U3 TpakTa Nepeadyd KOHTPOJIBHON YacTOTHI, OLIEHKY €€ YPOBHS U YIpPaBJIECHUE pery-
mupoBkoit ycunenust JIYC depe3 aBromarudeckuil perynsatop AP u xoppekTupyro-
U YETHIPEXTIONOCHNK C OAHUM PErYINPYIOUINM (YHPABIISIOIINM) 3JIEMEHTOM B €TO
cxeMme (cM. 171.14). B KadgecTBe perynupyromero eMeHTa IPUMEHIETCS TepMOpe3 -
ctop (tepmucrop) T. PaccmoTpuMm Ha3HadeHHE M OCOOCHHOCTH CBOMCTB OCHOBHBIX
snemeHnToB [TKK.

IMomocoroit ¢puneTp @KUY cimyxur mis HemocpeacTBeHHoro BbaeneHus KUY w3
TPYNIOBOIO CIEKTPa, U K €ro mapaMeTpaM INperbsIBISIOTCS AOBOJIBHO JKECTKHE Tpe-
6oBanunsi: @KUY nomkeH ObITh y3KomoJocHbIM, 4ToObl Ha Bxoa [IKK He morim mo-
MacTh 3HAUYUTENBHO Oojiee BbIcOKMe 1Mo ypoBHIO (Ha 10...20 nb Beime yposaeir KU)
KaHaJIbHbIE CHTHAJIbI, I09TOMY Pa3HOCTh 3aTyXaHUH (UIbTpa B HOJIOCE 33JepiKUBa-
HUS WM T0JIOCE IpOIycKaHus JoJbkHa ObiTh He Menee 60...70 nb; ®KY nomxna
MMETh BBICOKOE BXOJHO COINPOTHBJICHHE, YTOObI M30€XKaTh IIYHTHPOBAHUS COCTAaB-
JSIOIIMX JUHEHHOIO CIEKTpa, B TOM 4uCle M BblaensgeMoro curHana KY; tak kak
OKY noaxirovaercs napaienbHO IPyNnoBoMy TpakTy Ha Beixoze JIYC, To ecTh B
TOYKE C BBICOKAM YPOBHEM CHTHAJIOB, TO 3JIEMEHTHI (pUIbTpa HE JOIDKHBI BHOCHTH
HeNMHelHble ucKaxeHus. [lepedncienHble TpeOOBAHHMS MOXHO BBIIIOJHUTD, €CIH

_______________________ CTPOUTD TaKue (QUIIBTPHI
IPH YacTOTax CBBIIIE
200 xI'y Ha KBapIEBBIX

mazone 50...200 kI

T pe3oHaTopax, a B JHa-

i HPUMEHSTD JJIEKTPOME-

! XaHUYECKUE (PUIIBTPHI.

' Perynupyemsliii ycu-

i qrens (Ye. K4) ysenu-

| YMBAaeT YpOBEHb BhINIE-
Per. K4 i JIEHHOM  KOHTPOJILHOM

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1

1 ~No
t T ' DKUY | RS

1

1

AP l il

YacTOThl JO 3HaueHus,
HE0OX0ANMOro JUTS
HOpMaJbHOU paboTEI
HOCJIEAYIOUX  Y3JIOB.
Tak kak B CpaBHHUBAIO-
___________________________________________ meMm ycrpoiictee CVY

Puc. 15.3 OIpPEACIAETCS IOTPEeII-
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HOCTh A Py TO MOCTOSSHHOMY TOKY, TO ycuieHHbI Tok KUY BwimpsamisieTcs, 1 ero

YPOBEHb Py, CPABHUBAETCS C TATOHHBIM 3HAYEHUEM YPOBHS MOCTOSIHHOTO TOKa D), .
[Ipu HOMUHATEHOM YPOBHE Py Ha BEIxone JIVC ra CVY momkeH noJaaBaThCs TaKOH

YPOBEHbB, UTOOBI Ha €T0 BBIXOJE APy = P~ Piy = 0. DTO JOCTHraeTCs peryTupoBKoi

yeunennss Yc. KU (wa mepenueit manenmn 6moka [TKK mmeercs numn Per.KY). Brr-
NpsMJICHHOE 3HAUCHUE P, KOHTPOJIUPYETCs CTPEIOYHBIM HHIUKaTOpoM 1.

IIpu otknoHeHMH ypoBHS mepenadn Ha Bexonxe JIYC oT HOMHHAIBHOTO Ha He-
Gonbluyto BenuuuHy Ap,Ha Takyl e BEIMYMHY OTKJIOHMTCS M ypoBeHb KUY

(AP = Ap,). Dta morpermHOCTE MosSBUTCS Ha Bbixoge CVY ¥ MOCIe yCUIICHUS YCHITH-
TeaeM noctosiHHoro toka YIIT Bo3zmelcTByeT Ha aBTOMaTHYecKui peryistop AP,
KOTOPBI B 3aBUCUMOCTH OT 3HaKa AP, YMCHBIIACT WM YBEIHINBACT YCHIICHUE YCH-
JIATEJIE MIYTEM U3MCHCHUS COIPOTUBJICHUA YIIPABIAIOMICTO TEPMUCTOpPA T cxemsl

KOPPEKTHpPYIOLIETo YeThipexnomtochuka JIVC, cBoas norpemnocts Ap, no muHu-

MyMa. AMIUIMTYTHBIH KOPPEKTOp sIBNIsAETCS 4acThio AP, KOTOPBIl HAXOAUTCS B cXeMe
PeryaupyeMoro YCHIUTEN — Ha €ro BXO0Jle, B MEKKAaCKaHO LIeMu WU B IIeNH OTPH-
HaTesbHOI 00paTHOM CBSI3M.

APV no KY, uMest pacCMOTPEHHYIO TUIIOBYIO CTPYKTYPY, Pa3IM4alOTCs 0 YHUCILY
MPUMEHSEMBIX KOHTPOJIBHBIX 4acToT. APY MoxeT OBITh OHOYACTOTHAS, 2-X WK 3-X
yacTtoTHas (MHOTHA 4-dactoTHast). OxHOoUacToTHBIE APY NMpHMEHSIOTCS B TPYIIIIOBBIX
TpaKTax ¥ MaJOKaHAJIbHBIX JIMHEHHBIX TpakTax. APY ¢ nByMms u Gonee KOHTPOJIbHBI-
MU YaCTOTAMH HCIOJB3YIOT MHOTOKAaHANBHBIE JTHHEHHBIE TPaKThl. [ IPyHNIOBBIX
TpakToB HoMuHaIEI KUY cranmapTu3npoBaHsl pekoMeHmauusamMu MCO: ans nepBud-
HOro TpakTa — 84,14 k[, BropuyHoro — 411, 86 k['iy 1 TpeTrunoro —1552 k. s
OJIMHAKOBBIX IO YUCITy KaHAJOB JIMHEHHBIX MHOTOKAaHAJIBHBIX TPAKTOB YUCIIO M HO-
muHansl KU ycranaBnmBarotcs TpeboBammaMu ECO. Tak, nuueitHble TpakTel 60-
kaHanpHBIX CII (K-60I1, I1-306, muneitnstii cnextp 12...252 xI'm) umerot tpu KY:
Jutst Tutockoit APY 248kI'n, HaknmonHo#t — 16 kI’ u kpuBonuHeiHoi — 112 k[ Cuc-
tembl niepenaun [1-306 u [1-330-60, kpome yKka3zaHHBIX, HCIIONB3YIOT YeTBepTyro KU
(32 x['m) mast JOTIONTHUTENBHON KPUBOJIHMHEHHON PETYyTUPOBKH, a TaKKe KOHTPOIb-
Hy10 yacToty 266 kI' nist onHouactotHoit APY HVIL

Kak ormeuasnocs B 111, 9, Hanbosiee TOYHAs! KOMIIEHCALMSI aMIUIUTY/JHO-4aCTOTHBIX
UCKXCHUH B TpakTe ocymiecTBisiercss BOmm3u pacnonoxkerus KY. Ilostomy, yem
6osiee MHOTOUacToTHast APY, Tem TouHee koppekTupyercss AUX miuHEHHOro TpakTa.

15.4.2. Peryasitopsl APY
ITo xapakTepy mporecca peryIupoBaHUs WM THILY PETYIATOpa HaXOAAT MpHUMe-
Heane APY ¢ mponopunonansHeIM peryisitopoM (II-perymsaropom), APY ¢ wunTe-
rpanbHBIM perynsaTtopoM (U-perymsatopom) u komOuaupoBanHas APY c IIU-pery-
JSITOPOM.
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APY ¢ nponopyuonanvuvim pecyruposanuem. B ucxomnoi popmyne (15.2) cunraem
BXOJIIIIME BEJIMYMHBI MTHOBEHHBIMHU 3HAYCHUSIMHU YCHJICHHUS M YPOBHEHU, TOT/Ia M3Me-

HEHHUs yCUIICHHSI OY/1yT MPOMOPLMOHAIBHBIMH H3MEHEH IO orpeutHoct Ap,

AS = —kAp, , (15.4)
rae K — ko3 HUIHEeHT TPOIOPIHOHATBHOCTH.. 3HAK MUHYC YYHTBIBACT, UTO MPHU IO-
BBILICHUH YPOBHS P, YCHJICHHE [OJDKHO yMEHBIIATBCS, a IpH noHmwkeHun (Ap, ¢

OTpPHULATELHBIM 3HAKOM) — IIOBBILIATHCS.

[o ¢pu3HUIecKOMy CMBICITY YCHIICHHE HE MOXKET U3MEHATHCS MTHOBEHHO M3-3a He-
M30€KHOIM MHEPLUOHHOCTH BCErO 3aMKHYTOr'O KOHTYpa aBTOMAaTHYECKOTO PeryIupo-
BaHUS W OCOOCHHO CaMOT0 aBTOMATHYECKOTO peryisTopa (Tepmopesucropa). Peak-
MO PETYIIATOpA Ha CKauOK BXOTHOTO ypoBHS (cM. prc.15.4)

Omput<0

Ap, =
72 Apipu t >0

MOYHO y4eCTh, eclii NpuHsTh B (15.4)

k=k, 1-e /7y, (15.5)
rae K =~ — cratuueckuit Ko3pGUIMEHT yCHileHUs TI0 METIIe PeryanpoBanus, 7 — To-
CTOsSIHHAsE BPEMEHHU peryisropa (Bpemsi HarpeBa Tepmopesuctopa). IloacraBnss B
(15.2) 3nauenns AS u3 (15.4) u k u3 (15.5), mony4um BeIpakeHHe IS Hpolecca
muauMuzann Ap, .
_ Ap,
S lekg-e V)’
U3 popmynsl u rpaduka puc.15.4 BUIHO, 9TO B MOMEHT CKa4Ka BXOHOTO YPOBHS

Ap, (15.6)

(t=0) Taxoii sxe ckauok Gyzer u Ha Boixoae JIYC (Ap, = Ap,), a k xoHuy npouecca

perymuposanus  ({ —> 00) morpenHOCTh peryaMpoBaHHS CTPEMHUTCS K BEJHYHHE

Apy= Api/ (1+ky).
Takum o6pazom, APY c II-perymsitTopoM mpucyie CBONCTBO PeryJIHUpOBaHUS CO
cTatudeckoil morpemHocTeio. IToatoMy APY ¢ mpomopIioHaJIBHBIM PeryisTopoM
HazbIBaeTcs cmamuueckou APY. Tlpuem-

AP2 nemas norpemsocts Ap, obecrneunBaercs

AP1 BBIOOpPOM KO3(hHIMEHTa YCUIICHUS METIIH
ob6patHoit cBs3u K, .

JlocTouncTBoM cratuyeckoii APY sB-

aP1 JSIETCSl IPOCTOTA PEryJISITOpPa — 3TO TEPMO-

1+k, t pe3UCTOp € MPSIMBIM WJIM KOCBEHHBIM IO-
JIOTPEBOM B CXEME YETHIPEXIOIIOCHHUKA C
OJIHUM  VIPABJISIONIM COIIPOTHBICHUECM
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(cm. 1i1.14). OgHAKO TOYHOCTH PETYIHPOBa-

HHMS OKa3bIBACTCS HEIOCTATOYHOM, a CaMbId
0ONBIION HEZOCTATOK — OTCYTCTBHE MAMSTH, Rimax
nostomy II-perynarop mpuMeHsieTcs B Kade-

CTBE BCIIOMOTaTEIBHOTO B JIBYXCKOPOCTHBIX

APY.

ConpotuBieHne TepMmopesncTopa R
CBS3aHHO C TOKOM Iogjorpesa (opmynoii Rio

b/12
R, =Ryine ", tae Ryj,— MHHMManbHOE Rimin

CONPOTHBICHHE R, Tpu TOKe IOAOrpeBa
I, >, b- kodpdunuent mpomopuuo- Puc.15. 5

HAJBHOCTH. ['paduk 3TOM 3aBUCUMOCTHU IMPH-
BeZieH Ha puc.15.5.

Ha #em 0603HaueHO 3HaucHUEe R = RTO IIpx1 HOMHHAJIbHOM YPOBHC Ha BBIXOJC

T
JIYC p,.x = PoH TOK IONOTPEBA B 3TOM COCTOSTHHU APY |H = |H0.

APY ¢ unmezpanvruim pecynupoganuem. H-perynarop obeclieuuBaeT MPOMOp-
LMOHAIHOCTh MEXKJy CKOPOCTBIO HM3MEHEHHs YCWIeHHs u BenumuuHoi Ap,
d

P AS =—k,,Ap, . Otciona

t
AS =Kk, IApzdt (15.7)

0
Breipaxxenue (15.7) ompenensier HazBanue M-perymstopa. Iloacrasmsas (15.7) B

t
(15.2), nomyuum unterpo-audpdepenumansioe ypasuwenne  Ap, +K, _[Apzdt:
0

= Ap, ,pelieHne KOTOPOTrO [a€eT 3aBUCHMOCTb M3MEHEHHs BHIXOAHOTO ypoBHS AP,
oT u3MeHeHus Bxoguoro Ap, .
— _‘kllt
Ap, = Ap,e ™. (15.8)
BpemenHoii rpa¢uk Muanmmszaunn Ap, 1o 310ii popmyse nokasan Ha puc.15.6
(rpacduk a). B MomeHT ckauka ypoBHs (t = =0) Ha BxoJe Takoif e ckadok OyJeT u Ha
Boixofie Ap, = Ap;. K xonmy nporecca perynuposanus (1 = 00) Ap, =0, 1o

€CTh B IIPUHIUIIE MOXET OBITh TOUHAs PEryJIHPOBKA 03 CTaTHYECKOI MOTPELIHOCTH,
nostoMy Takast APY Ha3bIBaeTCs TakXKe acmamuiecKo.
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Opmnako 3a cuer TpeHus Bce U-peryms-
AP2 TOPHl WMEIOT 30HY HEYYBCTBHUTEIHHOCTH C

AP1

MOPOTOBbBIM 3HAYCHUEM ApO’ II0CJIE KOTO-

pOTo HauMHAETCA PEryTUPOBAHHE.
Ha nmpaxtuke B M-perynsropax npumeHs-
€TCsl TOCTOSHHAs CKOPOCTb PEryJHpOBaHUs

%AS =V =const , npu koTOpoit

APo --t

Puc.15.6

t
AS = det — Vit (15.9)
0

OT0, HaMpUMep, PEryyATop C JABUTATeNeM, KOTOPBIH BKIIOYaeTcs B paboTy ¢ IOMO-
IBI0 TIOPOTOBOTO YCTPOHCTBa (perne) mpu Ap, >APg U BBIKITIOYaeTCs MpU Ap, =Apg. C
yuetoM (15.2) u (15.9) BbIXOMHASI OTPEIIHOCTh OyIET U3MEHSITHCSA MO 3aKOHY AP, =
Ap -Vt (rpaduxk 6 puc.15.6).

BaxneiimmiM moctonHCTBOM U-peryisitopa SBISIETCS HAJIHYUE MAMATH, TIO3TOMY
OH TIPAMEHSETCS MPAKTHYECKH BO BCeX yCTpoiicTBax APY aHamoroBeIX cucTeM mepe-
Jlagu.

15.5. lunamuka APY juHeiiHOoro TpakTa

15.5.1. Oco0eHHOCTH NEPEXOAHOTO Mpolecca B JIUHEITHOM TpakTe ¢ APY
EctecTBeHHbIe M3MEHEHUS 3aTyXaHUsl YCUIUTEIbHBIX YUaCTKOB MPU U3MEHEHUH
OKPYXAIOIIMX YCIOBHM JKCILTyaTalliu MPOTEKAIOT MEJJICHHO U IJIaBHO, HE BBI3BIBASI
Kakux-mu0o ocioxkHeHHH B pabore APY. Uto6sl APY ycmeBana KOMIEHCHPOBAThH
9TH U3MEHEHUS], CKOPOCTh PETYIMPOBAHUS BHIOUPAETCS HECKOJIBKO BBIIIE 0KUAaEMOI
MaKCUMAaJTbHOH CKOPOCTH U3MCHEHUS 3aTyXaHUS.
Hapsimy ¢ aTuM B 3KCIUTyaTaIiii HEM30eKHBI CKAYKO0Opa3HbIe H3MEHEHUS YPOBHS
TOKOB KOHTPOJIBHBIX 4YacTOT C OTHOCHUTENIBbHO Majod amrumutyaod 1...2 nb wu3-3a
KOMMYTAallMid B IIEMSAX TNUTAHWSA, TE€Hepa-
AP2 TOpPHOTO O00OPYINOBaHUS, ITOAKIFOYCHUSI
HU3MEPUTEIBHBIX IPHOOPOB U T.II.

CKaydk¥ YpOBHsI PUBOJAT K CIIO)KHOMY
MEPEXOTHOMY TPOIECCY YCTaHOBJICHHUS
YPOBHS Ha BBIXO/I€ TIOCIIETHETO YCUIIUTEISI

U jumeifHOro TpakTa, Tak Kak B paboTe yda-
CTBYIOT Bce ycunurenu ¢ APY mo KY,
HaxosIIMecs 3a TOYKOM BO3MYLICHHS.
HeitctButensHo (puc.15.7), ecnm ckadok

AP1

Apn

Puc.15.7 yposust Ap, Gyzner na Bxozme JIVC-1, To
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3TOT CKa4OK OJHOBPEMEHHO BOCHpPUMETCs BceMu nocienyromumu JIYC, Ha nx BBIXO-
Jie TIOSIBUTCSI MI3MEHEHNE ypOBHS AP, = AP;, 94TO 3aCTaBUT pabOTaTh BCE PETYISTOPHI
APY. Ilpu 3ToM paboTa KaXIOT0 PEryiIsaTopa 3aBUCHT OT paOOTHI BCEX IPEIbIIyITHX.
OueBuHo, uTo YeM Oousbine perynsitopoB B JIT, Tem cioxnee OyaeT mepexomHbIH
npouecc. [IpuMepHsbIii rpaduk u3MeHeHus ypoBHs Ha Bbixoje JIT npu ckaduke ypoBHs

B ero Havane Ha Ap, mokaszaH Ha puc. 15.7 ms pasnu4HOrO YMena N perymnsTopoB B

nenouxe. Taxoit nmpouecc ogunakoB st I1-perynaropos u HM-perynsatopoB, OTIH4us
OynyT nUIIb B MacmTabe BPEMEHH M B IIOIPELIHOCTH PEryJIMPOBaHMS Ha BBIXOJE I10-
ciemuero JIYC.

OTMeTHM 0COOEHHOCTH NEPEXOMHOTO IMpOIEecca B IENOYKe M3 N YCHIMTENCH ¢
APY mo KY: 1. [Ipomecc nmeeT KoneOaTeIbHBIN 3aTyXaloMuid XxapakTep. BaxHo, 910
B 9TOM CIy4ae MPaKTHYECKH HCKIIIOYAETCS OMACHOCTh HE3aTyXaroluX KojeOaHMi
ypoBHsI Ap, Ha Beixoze JIT. Oto o0bsacHsIeTes TeM, 4to nenouka APY (cm. puc.9.7 B
1. 9) sBisieTcsl pa3OMKHYTOW CHCTEMOM, ¥ IIPU YCTOWYHMBOCTH Ka)JIOTO OTJEIBHOTO
perysTopa oHa Takxke OymeT ycToiunBoit. Kaxplit oTnenb bl peryasTop (mpomop-
IIHOHAJIBHBIA M MHTETPAJIbHBIN) MO MPUHIUITY IEHCTBUS SABISECTCSA YCTOMYUBBIM, UTO
BUIHO TI0 NIepexXoJHOMY nporeccy u3 puc.15.4, 15.6 u 15.7 npu n=1. CienoparensHo,
OTKJIOHEHUsI ypoBHs Ha Beixozae JIT OynyT yObiBath. 2. Unciio BoJH KoeOaHUs, UX
aMIUTUTYAa U BpeMs YCTaHOBJECHHUS BO3PACTAIOT C YBEIMYCHHEM IEPBOHAYAIBLHOIO
CKauka Ap; M 4HCiIa PeryasTopoB N B nemodke. 3. HauanpHas CKOPOCTh M3MEHEHHS
ypoBHs Ha Bbixoze JIT (d/dt)Ap, nponopiroHanbHa YHCITY PETYISTOPOB, TO €CTh Vinax
=nV,, , rae Vp — CKOpOCTh PEryIMPOBKH KaxkJ0ro u3 N perynatopos. 4. BosHukaer
HepepeTyINPOBKa, TO €CTh BBIOPOCH! YPOBHS AP, MPOTHBOIOJIOKHOTO 3HAKa, IPUIEM
HEepBbIE W3 HHUX Ap, COM3MEPUMBI C AaMIUIMTYJOH IEPBOHAYAIBHOTO CKaukKa
Ap, = Ap;.

Oco0OeHHOCTH Mepex0HBIX IPOLeccoB B 1enouke APY B KOHEYHOM cueTe CKa3bl-
BalOTCS Ha HECTAOMIILHOCTH OCTAaTOYHOTO 3aTyxaHusl (YCWJICHHUs) B KaHajax mepesa-
yn (TY n LK), nostomy B coBpeMeHHBIX MHOrokaHaidbHbIX ACII ucmomp3yrorcs
pa3IUYHbIE CIIOCOOBI U MEpHI, 3HAUNTENIBHO yIIydlIaone AMHaMuky APY, a 3Haunt
M KaueCTBO KaHAJIOB Mepeayn.

15.5.2. llyrn yayumenusi tuHamuku APY nuHeiinoro Tpakra

1. Jlnst ymydmieHHs TEpeXOAHBIX IIPOLECCOB KaXKIOTO PEryIATopa MPHUMEHSETCS
JIBYXCKOPOCTHO€ PETYJIMPOBAHUE C MOMOILBIO IBYX CAMOCTOSITENbHBIX PErYJISTOPOB!
HEPBBI — NMPONOPLUHOHATIBHEINH ¢ HEOOJBIIMM NPENeNIOM PeryaupoBanus (0koyio 2
nb), oH nomkeH OBICTPO pearMpoBaTh HAa CKayOK YPOBHS M OTPErYJIIMPOBATH €ro ¢
OTIpEJICNIEHHOW CTaTUYECKOW OIMMOKOW; BTOPOW — WHTETPANbHBIN, MEIJIeHHO pabo-
Talomui, ¢ 6osee MUPOKUMHU TIpeielaMU PETYIUPOBaHus (0K0JI0 5 1b), BBICOKOTOY-
HBIH ¢ OIIOKMPOBKON M MaMSTHIO MpeIHa3HaueH A1 KOMIICHCAIINH MEAJICHHBIX H3Me-
HEHHMH 3aTyXaHWsS W HCIPABICHHUS CTAaTHYECKON OMIMOKHM OBICTPOTO pEryisTopa IpH
HeOONBIINX CKayKaX ypoBHA. Takue perymsTopsl npuMeHsiorcs B APY nmHeHHbIX
TpakToB cuctem nepegaqn 11-300, 301, 302.
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2. Uckmrouenue npumenenust B HYTI temneparypusix (rpyHToBBIX) APY 1 BBeaeHue
nokansHoi APY o KU HVII (00bIYHO 0JHOYAaCTOTHOM).

3. YMeHbIIeHNE YHciia aBTOMAaTHYECKUX PETYIATOpoB Ienoukn APY, paboTarommimx
0T oaHOro HCToyHMKa Toka KY. DToMy CHOCOOCTBYIOT OpraHu3yeMble Ha JIMHHSX
TpaH3UTHBIE MYHKTHI 0 TY ¥ IO rpynmoBBIM TPAaKTaM, B KOTOPBIX MOJABIISIOTCS TO-
ku KY ¢ mpeaslaymiero TpaH3UTHOTO y4acTKa M BBOJSATCS 3aHOBO Ha MOCIEAYIOLINH
y4acTOK OT Apyrux ucrtouHukoB Toka KY. Ha ymeHnslieHue unucna peryiasTopos, pa-
OoTaromuXx OT 0HOTO UcToYHKMKA Toka KU, HampaBneHa u nokanusanus APY HVII,
Korja B JuHeHOM Tpakte Mg APY OVII Mexay TpaH3UTHBIMH IIyHKTaMH IIpUMe-
mstotest ogan JIKY, a st padorer APY HVYII Ha yuactkax OIT (OVII) — OVII (OIT)
nepenarorcs oraenbHbie KY.

4. Ilpu 3HaUUTENBHBIX CKauKkax ypoBHA (Oonee 3 nb) mpumensercs OJIOKHUpOBKa (BBI-
KIIFOUEHHUE) paboThl BceX perymsaTopoB APV, crenyromux 3a MECTOM BO3MYIICHHS U
3allOMUHAHUE COCTOSIHUS PETYJSTOPOB M YCWIEHUS KaKIOTO YCHUJIMTENS U TpakTa B
LIEJIOM Ha MOMEHT Bo3MylleHusd. Ilociae ycTpaHeHus MpUYMH BO3MYLICHHUS CUCTEMaA
APY BoccTaHaBiHBaeTCs 0€3 KaKUX-THO0 YCHITHIA.

15.6. Ilpumensiemblie cxeMbl APY

Pazmiunsie cxemsl APY, nmpuMeHseMble Ha IPaKTHKE, OTINYAIOTCS 0COOEHHOCTS-
MU MOCTPOEHHS HCIOIHUTEIBHOIO YCTPOHCTBA — aBTOMAaTUYECKOro perymaropa. ITo-
5TOMY IO THIy aBTOMAaTHYECKOTO pPETryisaTopa MMeHyroTcs u cucteMel APY. Kax
Hanbosiee UCIoIb3yeMble Ha NMPAKTHKE HIKE pacCMOTpPEHbI cucTeMbl APV anekTpo-
MeXaHN4ecKast, MarHUTORJIEKTPHYECKasi, IEKTPOHHAsI, 3JIEKTPOHHAS HA TPAHCQIIOK-
copax, 2J1eKTPOXHUMUYECKas.

Onexmpomexanuueckas APY TpUMeHsIETCS B COYETAHUU C IJIEKTPOTEPMUUYECKOM,
WCIIONIB3YIOIIEH YCHIIEHHBIM TOK CHI'HAJIa MOTPEIIHOCTH Ap,, IJIA IOJOrpeBa TEPMHU-

CTOpa, YIPABIAIONIETO 3aTYXaHWEM PETYIHPYIOMIET0 YETHIPEXIOIIOCHUKA B CXEME
JIYC. OgHako HepocTaTKaMu leKTpoTepmudeckoir APY sBnsroTcs HeOonpmne mpe-
JIEITBI PETYIUPOBAHMUS, CIOKHOCTh OJIOKHPOBKH M OTCYTCTBHE MaMATH. B 3nexTpome-
xaandeckoil APY perymmupoBka oOecriedmBaeTcs 3a CUST BpAIlEHUS OCH PETYJSITopa
TOKA TOA0TPEBa TEPMHUCTOPA TP IIOMOIIH MIHUATIOPHOTO WHAYKIIMOHHOTO JIBHTATe-
751 IepeMeHHoro Toka yactotoit 400 I', cHaG)KEHHOTO PEAYKTOPOM C HU3KHUM Tepe-
JAaTOYHBIM YHCIIOM. SHGKTPOI[BI/II‘aTeIH) BKJIIOUACTCSA Ha BpAlICHUC B Ty WU HHYIO
CTOPOHY B 3aBHCHMOCTH OT U3MEHEHHUs ypoBHA Toka KU (ymMeHbIIeHHe Win yBeInde-
HHE OTHOCHUTEIFHO HOMHHAJIBHOTO YpOBHS). BapmaHT cXeMblI 3JIeKTpOMEeXaHHYECKON
APY mnpusenen Ha puc. 15.8. 3aech ynpaBieHHe JBUraTeIeM OCYIIECTBISETCS MPHU
TIOMOIII MOCTa TEePEMEHHOT0 TOKa. 3a c4eT pa3dasaHCHPOBKH MOCTa MPH M3MEHE-
HUH HEJIMHEHHOTO CONPOTHBIECHUS Z,; B 3aBUCHMOCTH OT M3MeHeHus: Toka KU B Ty
WM MHYIO CTOPOHY OT HOMMHAJIBHOTO 3HAa4€HHs Ha JIBUTaTelb IIOJIAeTCsl 4acToTa
400 I'u, xoTOpBIi, Bpamasch B Ty WIM HHYIO CTOPOHY, M3MEHSET MOAOTPEB Tep-
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ot Yc KU

Henuneitnoe

CONPOTHBIIEHUE Zy= (1)

Z,

| L

e

Puc. 15.8

MHCTOpa U ycuieHue ycmiutens. B cucteme nepenaun K-6011 st ynpasneHust ABU-
raTesieM HCIIOJIb3YIOTCS pelie.

B anexrpomexannueckoir APY cpaBHUTEIHHO IPOCTO peann3yercs OJIOKHUPOBKA U
MaMsTh, OOECIIeYMBAETCS BBICOKAs TOYHOCTh HMHTETPAJIBHOTO PETYIHPOBAaHUS IPH
3HAYUTENbHBIX Ipefesax N3MEHEHUS 3aTyXxaHus JUHUH. OJHAaKO UMEIOTCS U HeI0C-
TaTKH. TPOMO3/KOCTh 3JIEMEHTHOI 0a3bl, HaJTW4YNe IBIKYIIMXCA U TPYIIUXCA MeXa-
HUYECKUX YacTei.

Maenumoanexmpuueckas APY obecneuusaem  IBYXCKOPOCTHOE TIPOIOPIIHO-
HaILHOE M MHTETpalbHOe peryiupoBanue. OcoOeHHOCTRIO 3T0i APY sBisiercs nBu-
rareib IMOCTOSSHHOTO TOKA, Ha3bIBAEMbII MAarHMTOZIEKTPUYECKUM PETYIHPYIOIIHM
ycrpoticteom (MPYVY). YrpomieHHas cxema MarHuToIeKkTprdeckoid APY mpuBenena
Ha puc. 15.9. MPY 3anonHeHo BA3KOH >KUIKOCTbIO. SIKOpb ABUraTelis MOCTOSHHOTO
TOKa MOKET [IOBOPAYUBATHCS B OJIHY U JAPYTYIO cTOpoHY B mpeneiax 180°. Tpewue B
BSI3KOM cpelie o0OecrieunBaeT HeOOJbIIYI0 CKOPOCTh BPALGHHs, YTO MO3BOJISIET H30a-
BUTBCS OT penykTopa. C OChIO SIKOPS KECTKO CBS3aH IMEPEMEHHBIH KOHAEHCATOp, KO-
TOPBI yHPaBISIET TOKOM IOJOTPEBa TEPMHUCTOpPA OT OTACIHHOTO T'eHepaTopa Iepe-
MEHHOTO ToKa 9acToTol 10 k[’ yepe3 BEIMPSAMHUTENb U YCHIUTENb TOCTOSTHHOTO TOKa
(VIIT). ITpu nponagannu Toka KU MPY ocTaercs B mpeAmecTBYIOMEM TTOJI0KEHHUH,
YTO IIPOCTO PEIIAET BOIPOC OJIOKUPOBKH C MaMsAThio. [Ipu ckaukooOpa3sHOM M3MeHe-
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Puc. 15.9

uun ypoBHs KU (He Gonee 3 nb) obecnieunBaeTcs ObICTpasi MPOMOPIMOHAIbHAS pe-
ryJIMpOBKa: CHTHAN MorpemHocTd APy (Ha cxeme Algy ) ¢ BeIXOna cpaBHUBaiomMIEro
ycTpoiictBa CY mocTymnaeT HenocpeAcTBeHHO Ha Bxoa YIIT, ycunuBaercss U u3MeHs-
€T TeMIepaTypy TepMHucTOpa 10 Havana aeiicteust MPY. A 3arem MPVY, obecrieunBas
VHTETPAILHYIO PETYIUPOBKY, YTOUHSET perymupoBanue. [Ipu ckauke ypoBHS APgy >
+ 3 1b c Beixoga CY npenycMmoTpeHa 1ienb 0nokupoBku APY, B koTopoii cpabarsiBa-
eT perre OIOKUPOBKH, BeIKITIoUaromee APY u BkiIrouaromiee curHai aBapuu (Ha cxeme
HE TI0Ka3aHo). MarautosnekTpuieckas APY npu oTcyTcTBHM TpyImIuUXcs KOHTAaKTOB,
BBICOKOW 3KOHOMUYHOCTH U MPOCTOTE MO CPAaBHEHUIO C 3JIEKTpoMexaHuueckoil APY
3a CYeT ABYXCKOPOCTHOTO PETyIHUPOBaHHA OOECICUMBACT YIIYYIICHHBIC THHAMUYC-
cKkHe xapakTepucTHKU. OHAKO OCTaJUCh JIBHXKYILUECS MEXaHUYECKUE YacTH, Tpo-
MO3/IKOCTh, YTO OTPAHWYMBAET BO3MOXKHOCTH MMHHaTIOpu3aruu. [IpuMenseTrcs B
MOJIEBBIX CHCTEMax Iepefadn Komiuiekca “Tomaz”.

Onexmponnas APY B cBOEW OCHOBE MMEET PEBEPCUBHBIM CUETUMK UMITYJIHCOB Ha

TpUrrepax M paboTaer cieayonum oopasom. Ilossinenue norpenHocTu ypoBHs APy

> Pp Ha BBIXOJIE CPABHHMBAIOIIET0 YCTPOICTBA 3allyCKaeT JaTYUK UMITYJIBCOB, YHCIIO
KOTOPBIX TIPOTIOPIIHOHAIBHO BPEMEHH CYIIECTBOBAHHS IOTPEIIHOCTH. VIMITYIIBCHI
PETUCTPHUPYIOTCSA CYETYMKOM, M CYMMAapHBIN TOK TPUITEPOB, HAXOSIIUXCSA B OIpese-
JICHHOM TIOJIO>KEHUH, UCTIONIB3YEeTCs JUIsl MOJ0TPeBa yIpaBiIIoIero TepMUCTOpa. JTa
APY umeer OIIOKHPOBKY | MaMsATh (IIpH npomnaganuu Toka KY tpurrepsr octarorcs B
TOM K€ ITOJIOXKEHHUH), BCE 3JIEMEHTBI CXEMBI BBIITOJIHIIOTCS Ha IIM(POBON MHTETpaIb-
HOHM 3JIEMEHTHOH 0a3e, OTCYTCTBYIOT MEXaHWYECKH BpAIAOIINecs U TPYIIHecs Jac-
TU. EAVHCTBEHHBIM HEJOCTATKOM 3JeKTpoHHOW APY sBngercs To, uyTo mocne nepe-
pBIBa PIEKTPONUTAHUSA TPUITEPHI CUETUMKA OKA3bIBAIOTCA B CIIy4alHBIX MOI0KEHUAX
(pa3pymiaercst maMsTh), ¥ TOTPEOyEeTCs OMpeeIEeHHOEe BPEMsl IS BOCCTAHOBJICHHSI
IIPEKHET0 cOCcTOsIHUA cucTeMbl APY u nuHelHoro Tpakta B neioM. 1o sToi nmpuunze
3eKTpoHHBIe APY HenmpuroaHs! A7 BOGHHO-TIOJEBBIX CHUCTEM MEpeiad U HaXOISAT
npuMenenue B crannorapusix CIT (Hampumep, B 11-306).
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Onexmponnas APY na mpancgruioxcopax — 3T0 MomubUKanus 3JIEKTPOHHOMN
APY, ornuuaromasicsi TeM, 4TO BMECTO PEBEPCUBHOTO CUETYMKA Ha TpUITEpax Mpu-
MEHEH TPaHCHIFOKCOP, KOTOPBIA MPEACTABISIET COO0W MAarHUTHBIA 3JEMEHT C MHO-
JKECTBOM YCTONYMBBIX COCTOSIHUH U BBINOJHSET POJb PErYIUPYIOUIET0 U 3allOMU-
Haroutero ycrpoiictBa (P3V). IloMrMO BBICOKOH TOYHOCTH, MajbIX rabapuTOB, Tpe-
OyeMBIX MEXaHWYECKUX M KINMAaTHYECKHX CBOWCTB TpaHC(UIIOKCOp obecrieuuBaeT
xpaneHue uHpopmauu o0 ypoBHe Toka KU Ge3 morpeOiieHHs dHEPrMH M CUHTHI-
BaHUE HHpopMaNuu 0e3 ee pa3pyIIeHHUs.

[punnun pabGotst APY Ha TpaHc(okcopax MOSICHUM YIPOIIEHHOW CXEMOid,
npumensemoii B CII kommurekca “A3YP” (puc.15.10). [Tocne Beinenenus GpuiabTpom,
ycwieHuss U BolnpsvwiieHns KUY monmaercs Ha MOPOroBOE YCTPOMCTBO CpPaBHEHUS
(ITYC), x KOTOpOMY TIOABEICH 3TATOHHEIA TOK MPOTHUBOIIOJIIOKHONW TmoisapHocTH. Ha
Beixoze [TYC popmupyeTcs TOK orpentHoct ypoBHs A Pyy = APy, KOTOPBIH 3ammyc-
KaeT (hOpMHUPOBATENb UMITYJILCOB 3anmucu-cunuThiBanust (PU3C), oTKyaa B 3aBUCUMO-

cri ot 3HaKa norpemHocTd APy Ha P3V m0#aroTCs MMITYIIbCHI TIOJIOKUTENBHOM HITH
OTPHLATENLHON MOIAPHOCTH, COOTBETCTBEHHO HAMArHWYMBAs MAarHUTHBIM 3JIEMEHT.
OnHoBpemenHo ¢ P3Y cuursiBaeTcs 3anucanHas nHdopMauus B BUJE IBYXIIOISIPHON
MOCJIEIOBATEIEHOCTH HMITYJICOB C aMIUIMTYJIOM, MPONOPLUOHATIBHON anreGpanyde-
CKOM CyMME 4uCJIa 3allUCaHHBIX B NAMATHU IIOJIOXKUTEIbHBIX U OTPULATEIBHBIX HM-
MyJbCOB. DTH UMILYJIbCHI BRIIPAMIISIOTCS, ycmiuBaioTcs B YIIT u mocTynaioT B 1emns
nonxorpesa tepmucropa. IIpouecc 3anucu-cUUTBHIBAHUSA NPOU3BOAMUTCA 10 TEX IOD,
HOKa CUTHAJI OIIMOKH Ap , He OyAeT CHIDKEH JI0 YPOBHS 4yBCTBUTECIBHOCTH

|E| b (310 U- perynsarop). IIpu atom ITYC 3akpbiBaeTcsi ¥ BBIKIIOYAET

®U3C, omHako cunThiBanue nHpopMmanuu ¢ P3Y mpomomkaercs, obecrieunBas s
TEPMHUCTOPA TOK MOJOTPEBA, COOTBETCTBYIONNH HOMUHAILHOMY 3HAYEHHUIO BBIXOHO-

ro ypoBHs ycunmrens. Curaan norpemnoctd APgy kpome ITYC mocrymnaer Takke Ha
NIOpPOroBoe ycTpoiicTeo Giokupoeku ITYB, koTopoe npu u3mMeHenuu ypopas KU A

Pxs > = 3,5 nb OGnokupyer P3Y. Ynpasnsercsa pabora Bceit cxemsl mudposoit APY
OT UMITYJIbCHOTO reHeparopa . Cuctema APY Ha TpaHcdmokcope uMeeT Bce Moo-
JKUTEIIbHBIE KauecTBa 3JIEKTPOHHOH APY n B j0mONTHEHNE Ba)KHOE MPEUMYIIECTBO —

gyﬁ lpa
B P3yY B VIIT
oT ~ APk 0 ~ } t° v,
myc oQo — kYe
veral /- DU3C / >

oo
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Puc. 15.10
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Puc. 15.11

oOecreunBaeT COXPAHCHHWE MaMSTH MpPU BBI-
KITFOUCHUH JICKTPOITUTAHNS allapaTypsl.
Onexkmpoxumuueckass APY wncnonp3yer B
KayecTBE aBTOMATUYECKOTO0 HHTErPaIbHOrO
pEryasTopa 3MEeKTPOXUMHUYECKUN 3JIEMEHT Me-
mucrop (puc.15.11). B Mmunuartiopnom danioxe,
3aMl0OJIHEHHOM MaCcTOOOPAa3HBIM 3JIEKTPOJIUTOM,
MOMEIAeTCsl DJIEKTPO CUUTHIBAHUS ad M JIeK-
TpoA ynpasieHus B. K anexktpony ympasieHUs
MOJKIIIOYACTCS ~ CPaBHHUBAIOIIEE YCTPOHCTBO
R1-R2, Ha ommH BXOJ KOTOPOTO IMOJACTCS BBI-
npsviieHHbIM Tok KY, a Ha apyroil — 3TanoH-
Heili TOK. ToK morpemHocTd YpoBHS APy,
MIPOTEKAIONUN MEeXIy 3JeKTpojaMu B U ao,

yrnpaBiseT paboTod MeMHCTOpa. B 3aBUCHMOCTH OT €ro MOJSPHOCTH MPOHCXOIUT
100 TaJbBaHMYECKOE OCAKACHUE METala Ha 3JIEKTpoze ab, 1100 ero aHogHOE pac-
TBOPEHHE, YTO MPUBOJNT, COOTBETCTBEHHO, K YMECHBIICHHUIO MIIH YBEJIMUCHHIO CONPO-
THUBJICHUS 3JIEKTPOJia CUNTHIBaHMA. ECIIM BKITIOUMTH 3TOT 3JIEKTPOJ B CXEMY KOppEK-
THPYIOIIET0 YETHIPEXIOIIOCHUKA YCHIIUTENS, TO OH MOXKET CIY)KUTh OJHOBPEMEHHO
YIPABILSIIOLIM COTNPOTHBICHUEM M 3JIEMEHTOM IIaMSITH, TaK KaK MPU OTKIIIOYECHHUH
3JIEKTPOITUTAHHS CONPOTHBICHUE 3JIEKTPOJA COXPAHSACTCS HEOTPAaHHUCHHO JOJITO.
Onexrpoxumuueckas APY — manorabapuTHoe ¥ NpoCTOE YCTPOMCTBO, OJTHAKO, TIOKA
HE OTBEYaeT TPEOOBAHUSAM M0 CTAOMIBLHOCTH MAMSITH M TEMIIEPATYPHOMY JHANA30HY
(mpenenam perynupoBaHus). HaxoauT nmpuMeHeHHE B MHOTOKAaHAJIBHBIX CHCTEMAax
nepeaayr KoakCHalbHbIX KabenpHbix muamii K-3600, K-10800.
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