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BBEJIEHUE

AHrIMiickoe Ha3BaHME JaT4YMKa — «SENsOr» IPOU30LUI0 OT JIATUHCKOTO CJIOBa «Sensus» —
OLIYILEHHE, YYBCTBO, CIIOCOOHOCTH BOCHPUHHMMATH «Pa3Apa’k€HHE», KOTOPOE SIBIAETCS OJHUM U3
HauOoJiee YHMBEPCAJIbHBIX CBOWCTB CHCTEM JKMBOM M HEXHMBOM NPUPOIBI, MPOSBISIONIEECS B
CIIOCOOHOCTH pearupoBaTh Ha BHEIIHEE Bo3jeicTBHe. JlaHHAs peakiys MOXKET ObITh Ype3BBIYAHO
cnaboil, HOCUTh JIMHEHHBIA, HEIMHEHHBIA WM MOPOTOBBIM XapakTep, MO3TOMY (YHKLIHUIO NEPBUYHBIX
npeoOpa3oBaresiell BHEIIHUX BO3JAEHCTBUIM: TEPMO-, MEXaHO-, ONTO-, XEMO- U aKyCTOPELENTOpOB
YCIIEIIHO BBINOJIHAIOT KAK €CTECTBEHHBIC MPHUPOIHBIE MAaTE€PUAIbl U CUCTEMBI, TAK U HCKYCCTBEHHO
CHHTE3UPOBAaHHbIE OOBEKTHl HEOPraHMYECKON M OpraHuveckoil mpuponsl. B HacTosmee Bpems
CEHCOpHMKA — HayKa O JaT4MKax — 3TO LEJI0€ CUCTEMHOE HAIIPABICHUE, WHTEIPUPYIOLICE SIBIICHUSA,
3pdexThI, mpoueccsl W aIrOPUTMbl U3 TaKUX oOjacTedl 3HaHWM, Kak (U3MKa, XUMHs, OHOJIOTHA,
MHpOpPMATUKA, JEKTPOTEXHUKA, TEIUIOTEXHUKA, JICKTPOHMKA, ONITUKA U JPYIUX AUCLMILIUH.

Hcnonp30BaHne MUKPOIIPOLIECCOPHOM TEXHUKM II03BOJIIET CO3JaBaTh OYEHb  CIIOXKHBIC
MHCTPYMEHTHI, HAXOJIIME CBOE MPHUMEHEHHE B PA3JIMYHBIX O00JACTAX IOBCEMECTHOW >KM3HHU.
Mukpornpoueccops! ABISIOTCS HU(GPOBBIMU YCTPOHCTBAMHU, pabOTAOIMMK C IBOMYHBIMU Kojamu. B
BUJIE IBOMYHBIX KOJOB MOXKHO IPEJCTaBUTh MPAKTHUECKH JIIOObIE IEKTpUUYecKHe curHaibl. OmHaKo
MBI XMBEM B aHAJOTOBOM MHpE, IJe OOJBIIMHCTBO YCTPOWCTB HE SIBISIOTCSA IM(POBBIMH, U Oojee
TOTO, CUTHAJIBI OKPYXKAIOIIEro HAaC MHUpa B OOLIeM Clydae He SIBISAIOTCS dJIEKTpUUecKuMu. st Toro
YTOOBI CJIOXKHBIE HHTEJICKTYaJbHbIE CHUCTEMbl MOTIJIM BOCIHPUHMMATh WH(MOPMALMIO M3 BHEIIHErO
MHUpa, HeoOXoIuMbl MHTepQeicHble YCTpoiicTBa, mpeoOpasyromue pa3HOOOpa3Hble (QHU3HMYECKUe
BEIMYMHBI M TIPOLECCHl B DIEKTPUYECKUE CHUTHAJbl. TakuMu WHTEPPEHCHBIMH YCTPOMCTBAMHU H
ABIISIIOTCS aTUYMKU. J[pyrMMuU cloBaMu, JIaTYMKU — 3TO IJ1a3a, YIIM M OpraHbl OOOHSIHUS KPEMHEBBIX
KpHUCTaIJIOB. B HacTosee Bpemst JaTUYMKK CTaId HEOThEMIIEMON 4acThIO KU3HU JIF0OOT0 UesIoBeKa.

HauGonee yacto ncnosbp3yemMoe onpesiesieHle JaTuiKa 3ByYHUT TaK: «IAaTYMK — 3TO YCTPOHCTBO,
BOCIIPUHUMAIOLIEE CUTHAJIBI M BHEUIHME BO3JCHCTBMA U pearupyrouniee Ha HuUX». OJHAKO 3TO OYEHb
mupokoe omnpenaeneHue. OHO HACTOJIBKO IIMPOKOE, YTO OXBAThIBAET IOYTU BCE: OT YEJIOBEUECKOIO
rjla3a 10 CIyCKOBOIO Kypka B nucrosiere. OKpyKarolmuil HaC MUP MOXHO pa3[eJINTh HA JIBE€ YacCTH:
IpUpOJa U OOBEKTHI, CO3JAHHBIE YEOBEKOM. EcTecTBEHHBIE CEHCOpBI, KOTOPBIMU CHaOXeH IH00M
KUBOU OpPraHu3M, 0OBIYHO PEATHPYIOT HA AIEKTPOXUMHUYUECKUE CUTHAIIBI, T.€. MX (PU3MUECKHUIA MTPUHLIUIT
JNECUCTBUS OCHOBBIBACTCS HA IIepelaye HMOHOB B HEPBHBIX TKaHAX. B cucreMax ke, CO3IaHHBIX
JIOBMHU, B IepeJaue CUTHAIOB B IOJABISIOIIEM OOJBIIMHCTBE CIIy4aeB Y4YacTBYIOT AJIEKTPOHBI.
JlaTuuky B TAKUX CUCTEMAX «PA3rOBAPUBAIOTY C YCTPOUCTBAMHM, C KOTOPBIMU OHU CBSI3aHBI, HA OJJHOM
A3bIKe. SI3bIK OOILLEHUS — NEKTPUUECKHE CUTHAJbI, B KOTOPBIX MH(POpMALMs NepetacTcs Npu MOMOLIT
JJIEKTPOHOB.

Hcxons n3 BBILIEH3IOKEHHOTO, MOXKHO JaTh Oojee CTpOoroe onpenesieHue AaTduka. Jamuuk —
3TO YCTPOWCTBO, BOCIPHMHHMMAIOIIEE BHEIIHUE BO3JACUCTBHMA M PEArMPYyIOIIEe HA HUX HM3MEHEHUEM
NIEKTpUYeCKUX  curHanos. [loxg  ewewnum  6o30eiicmeuem  TIOHUMAETCSd  KOJUYECTBEHHAs
XapaKTEepUCTUKAa OOBEKTa, €ro CBOMCTBO MM KauyeCTBO, KOTOpbIE HEOOXOAMMO BOCIHPUHATH U
peoOpa3oBaTh B AIEKTPUYECKUI CUrHaJl. B HEKOTOpBIX ciaydasx A 3TUX LeNed HUCIOJb3yeTcs
TEPMUH U3MepAeMasn 6eIuduHad, UMEIOINN aHAJIOTUYHOE 3HAYE€HUE, OJHAKO B TOM TEPMHUHE JIENAETCS
aKIeHT Ha KOJIMYECTBEHHON XapaKTEePUCTHKE CEHCOPHOU (pyHKIIMH.

JlaTuuk (sensor) COCTOWT W3 JIBYX 4YacTe — uyscmeumeinvbHoeo saemenma (detector) wu
npeobpazosamens (transducer), kak MokazaHo Ha puc. 1. UyBCTBUTENbHBIN 37€MEHT MHOTJa Ha3bIBAIOT
U3MEpUTENIbHON TosI0BKOH (sensor head). Pe3ynbrar paboThl JaTuMKa — 3TO peakuusi YyBCTBUTENBHOTO

Braemmnee JaTYuK .

BO3JICHCTBHE Berxonnoi
JyBCTBUTENb- _| mpeoGpa- cnrjlan
HBIH AJIEMEHT "| 3oBarens "

Puc. 1. CocraBHble dIIEMEHTHI TaTYUKA



JJIEMEHTa Ha BHEIHEEe BO3JEHCTBHE, KOTOpas Ha BBIXOJE MpeoOpa3zoBaTeisl MPEACTaBIIsET COOOM
JIEKTPUYECKUN CHUTHAJ, PACIpOCTPaHSIOUIMNCA Janee IO INPOBOAHUKY, T.€. 3TOT CUTHAJ SBISAETCS
BBIXOJHBIM CUTHAJIOM JaT4HKa.

Ha3naueHue naTuMKOB — peaklys Ha BHEIIHEEe BO3JEHCTBHE U IpeoOpa3oBaHUE €ro B
IEKTPUYECKUN CHUTHAJ, COBMECTUMBIM C HM3MEPUTENbHBIMM CXeMaMu. [[pyrumMu cioBaMH MOXHO
CKa3aTh, YTO JaTYMK — OTO MpeoOpas3oBaresb (PU3NUECKON BEIMYMHBI B JeKTpHueckuil curHai. Ilox
TEPMUHOM 3JIEKTPHUUYECKHH CUTHaJl MOHMMAETCsS CUTHAJ, KOTOPBIH MOKET ObIThb MpeoOpa3oBaH NpH
ITOMOUIY 3JIEKTPOHHBIX YCTPOMCTB, HAIPUMED, YCUIIEH WU NIEpEJaH 110 JIMHUHU Nepenadyn. BoixoqHsiMu
CUTHaJaMM JaTYMKOB MOTYT OBITh HAIIPSHKEHUE, TOK WM 3apsil, KOTOPbIE OMUCBIBAOTCA CIEAYIOIIUMHU
XapaKTePUCTUKAMU: aMIUIUTYI0H, dYacToToi, ¢a3oil wiam 1udpoBeIM KOAOM. OTOT HAOOP
XapaKTepUCTUK Ha3bIBaeTCcs (OPMATOM BBIXOJHOIO CHUTHama. TakuMm o00pa3oM, KaXAblH JaT4yMK
XapaKTepu3yeTcst HAOOPOM BXOIHBIX apaMETPOB JIF000H (U3HMUECKON MPUPObI U HAOOPOM BBIXOIHBIX
JIEKTPUUECKUX TIapaMeTPOB.

JIro00i1 maTuuk ABIsETCA MpeoOpa3zoBareieM SHepruu. BHE 3aBUCMMOCTH OT THIIA U3MEPSIEMOM
BEJIMYMHBI BCEr/a MPOMCXOAUT Iepelaya SHEpruu OT HCCIEAyeMoro oObekra K Jnaruuky. Pabota
JaT4MKa - 3TO OCOObIN ciydail mepenaun MHGoOpMauuu, a awbas nepegadya MHGOPMALMU CBsSI3aHA C
nepenadeid sHepruu. OuUeBUAHBIM ABISETCS TOT (PaKT, YTO Ieperadya SHEPTUU MOXKET MPOXOJUTH B
IBYX HaIlPaBJIEHUAX, T.€. OHA MOKET OBbITh KaK IOJOXHUTEIbHOM, TaK U OTPULATEIBbHOM, Halpumep,
SHEPrusl MOXKET MepeaaBaThesi OT 00BbEKTa K JaTYUKY, M, HA000pOT, OT AaT4yuka K 00bekTy. OcoObM
CIIydaeM SIBJISIETCS CUTyallds, IPU KOTOPOW JHEPrusl paBHA HYJIO, HO U B 3TOM ClIy4ae MPOMCXOIUT
nepeaaya MHQGOpPMAIMM O CYIIECTBOBAaHMM MMEHHO TakoW 0co0oi curyaruu. Hampumep, und-
paKpacHbBIil JaTYMK TEMIepaTypbl BEIPAOATHIBAET MOJIOKUTENBFHOE HAMIPSDKEHNUE, KOT/1a OOBEKT Teruiee
IaTyuka (MH(QpakpacHOE W3Iy4YEHHE HAalpaBIeHO B CTOPOHY JaT4yMKa), WIH OTpULATEIbHOE
HanpspKeHue, Korjaa o0beKT X0JI0JHee JaTuuka (MHPpaKpacHOe U3Ty4eHHE HAllpaBJICHO OT JaT4MKa Ha
o0bekr). Korma matunk m 0OBEKT MMEIOT OAMHAKOBYIO TEMIIEpaTypy, MH(paKkpacHbI MOTOK paBeH
HYJIIO, U BBIXOJJHOE HaNpPsHKEHUE TAK)Ke paBHO HyI0. B 3Toil cutyanuu u 3akitodeHa uH(GopMarms o
paBeHCTBE TEMIIEpaTyp JaTUMKa U 0OBEKTA.

[Tonatne paT4uk HEOOXOOUMO OTJIMYATh OT MOHATHS mpeoOpasosarens. [IpeoOpasoBarens
KOHBEPTUPYET OAMH THUII SHEPrUU B JPYrod, TOrAa Kak JaTuyuK mpeoOpa3yeT Jr000W THUIl dHEPruu
BHELIHETO BO3JCHCTBUs B 3JeKTpudeckuil curhHan. IlpumepoM mnpeoOpas3oBarensi MOXKET CIYXUThb
IPOMKOTOBOPHUTEIND, KOHBEPTUPYIOLIUM JJICKTPUYECKUM CUTHAI B NIEPEMEHHOE MAarHUTHOE IOJIE YIS
nocjenyouero GopMUpoBaHUs aKyCTUUECKUX BOJIH. 37€Ch pedyb HE MJET HU O KaKOM BOCIPHUATUH
BHeIIHeH nHpopmarmu. MHTEpecHO OTMETUTH TOT (DaKT, YTO €CIIM TPOMKOTOBOPHUTEIH MOJKITIOUYUTH K
BXOJy YCHIUTENs, OH Oyzaer paboTarb Kak MHKpopoH. B 3TOM ciydyae ero MOKHO Ha3BaTh
aKycTHueckuM aatdukoM. [IpeoOpasoBarenn MOTyT BBINOJHATH Takke (GyHKumu npuBogoB. [IpuBon
MOYKHO OIPEENIUTh KaK YCTPOHCTBO, MPOTHBOIOJOXKHOE IAaTYMKy, MOCKOJbKY OH HpeoOpazyeT
JIEKTPUUECKYIO 3HEPTHUI0, KaK MPaBUIIO, B HEAIEKTPUUECKYIO dHepruto. [IpumepoM npuBoja sBisercs
NIEKTPUUECKUN MOTOP, MPEOOPA3YIOLINH IEKTPUIECKYIO SHEPTHUIO B MEXAHUUYECKYIO.

[IpeoOpa3oBatenu Moryr ObITh YacTblO COCTaBHbIX JaTuukoB. Hampumep, B coctaB
XMMHUYECKOTO JaTyhka MOTYT BXOJUTh JBa HpeoOpa3oBaTeis, OJUH U3 KOTOPBIX KOHBEPTHPYET
SHEPrUI0 XMMHUYECKHX PEaKUUi B TEIUIO, a APYroil, TEpPMO3IEMEHT, IPEOOPA30OBLIBAET MOJIYYEHHOE
TEIUIO B ANEKTpuYeckuii curHan. KomOmHamms 3THX ABYX mpeoOpa3oBaTesell mpeacTaBiseT coOoii
XUMUYECKUN JaT4MK - YCTPOMCTBO, BbIpaOaThIBalollee O>JICKTPUYECKUI CHUTHaJl B OTBET Ha
XHUMHUYECKYIO peakiuioo. OTMETHM, YTO B PaCCMOTPEHHOM IpUMEPE XMMHUYECKHH IATYUK SBIISIETCS
COCTaBHBIM JIaTYMKOM, COCTOSIIIMM M3 TpeoOpazoBaTeNss W emle OJHOIO JaT4hKa - JaT4HuKa
TeMIeparypel. B cTpykTypy COCTaBHBIX NaTUMKOB, KaK NPABUJIO, BXOJAUT XOTA Obl OJUH JaTYUK
HOpSMOTO JEWCTBUS M HECKOJbKO mpeoOpa3oBaTenei. JlaTumkamMu NpsiMOro JAeHCTBHS Ha3bIBAIOT
JAaTYUKH, KOTOPBIE MOCTPOCHBI HA (PM3UUECKUX SBICHUAX, MO3BOJISIIOIIMX IPOBOIUTH HEMOCPEICTBEH-
HOE MpeoOpa3oBaHUe SHEPrUH BHEIIHETO BO3ACUCTBUS B dJIEKTpUUECKUe curHaisl. [Ipumepamu Takux
¢busmueckux sBiIeHUH ABIAIOTCSA HOTOdDIEKT 1 dpdekT 3eedeka.

Taxum o6pa3zom, Bce JATUYMKKU MOXKHO Pa3/IeNIUTh Ha JIBE TPYIIIbL: JaTYUKU MPSIMOTo ACHCTBUS U
COCTaBHble JaT4MKU. JlaTyuku mpsMOro JAEHCTBUS NpeoOpa3yloT BHEIIHEE BO3JEHCTBUE



HETMOCPEJCTBEHHO B AJIEKTPUYECKUN CHTHAJN, MCIOJB3Ys JUIA 3TOTO0 COOTBETCTBYMOIIEE (hHU3MUIECKOe
SBJICHUE, B TO BPEMs KaK B COCTaBHBIX JaTUYMKAX, MPEXKIE YEM IOJIYUYUTh DJIEKTPUUECKUN CUTHAJ Ha
BBIXOJIE OKOHEYHOIO JaT4yuKa MpsIMOro JEeWCTBUS, HEOOXOJUMO OCYLIECTBUTH HECKOJIBKO
peoOpa3oBaHuil SHEPruu.

Ha npaktuke parumku He pabortator camu mo cebe. Kak mpaBuiao, oHM BXOISIT B COCTaB
M3MEPUTENIbHBIX U JIPYTUX CHCTEM, 4acTO JOBOJILHO OOJBLIMX, OOBEIUHSIONMX MHOTO pasHBIX Je-
TEKTOpOB, MpeoOpa3oBaTeiell CUrHAJIOB, CUTHAIBHBIX MPOLECCOPOB, 3allOMUHAIOIIUX YCTPOMCTB U
IpUBOAOB. JIaTUMKK B TaKUX CUCTEMAaX MOTYT ObITh KaK HapyKHbIMHU, TaK U BCTpOEHHbIMH. HacTo ux
pacroyiaratoT Ha BX0JaxX U3MEPUTENbHBIX TPUOOPOB /ISl TOTO, YTOOBI OHM PEarnpoBaIM HAa BHEIIHHE
BO3ZCUCTBUS M COOOMIAIM cHUCTeME OO0 HM3MEHEHHMSIX B OKpPYKAIOMMX YCIOBUSAX. Takke OHH
pasMelalTcsl BHYTPU H3MEPUTENBbHBIX CHUCTEM Ui MOHUTOPHHIa UX (DYHKIMOHUPOBAHUS, YTO
HEOOXOUMO Ul MOAJEP)KAHUS KOPPEKTHOM paboThl BCeX BHYTPEHHMX YCTpPOWCTB. JlaTumku
SBIISIIOTCSI HEOTHEMJIIEMOM YacThIO CHCTEM cOOpa TaHHBIX, KOTOPHIE, B CBOIO OYEpEIb, MOT'YT BXOJHUTH
B COCTaB OOJIBIINX U3MEPHUTEIIFHBIX KOMIUIEKCOB C MHOKECTBOM OOPATHBIX CBS3EH.

Ha puc. 2 mnoka3aHa OJOK-cxeMa aBTOMATU3UPOBAHHOTO W3MEPHUTEIBHOTO KOMILIEKCA,
COCTOALIETO M3 CHCTEeMbl cOOpa JaHHBIX M YNPABISIONEro ycTpoiicTBa. M3 3TOro pucyHka Xoporo
BUJHA pOJIb JaTYUKOB B Takux cucreMax. CyObeKTaMH HW3MEpPEHHH MOTryT OBITh JHOOBIC
MaTepHalibHble OOBEKTHI: ABTOMOOWIIHM, KOCMHUYECKHE KOpalJiM, YeJOBEUYECKHE Teja, pa3IndyHbIe
KUJKOCTHU U Ta3bl.
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Puc. 2. biok-cxema ABTOMATH3UPOBAHHOT'O U3MCPUTCIIBHOTO KOMILIICKCA.

Jannbie 00 U3MepsieMoM 00bEKTe COOMPAIOTCS TIPU MMOMOIIYU JATYUKOB, YaCTh U3 KOTOPHIX, (2, 3
u 4), pacroyiaraercsi Ha IOBEPXHOCTH MJIM BHYTpH 00bekTa. Jlarunk 1 He MMeeT HemoCpeACTBEHHOU
CBSI3U C 0OBEKTOM, T.€. SIBJISETCS OECKOHTAKTHBIM. TeleBU3MOHHbBIE KaMephl U AETEKTOPHI U3ITy4eHUI
CIly’)KaT MpUMepaMy TaKMX JaTuyukoB. Jlake Korja AaTYMK Ha3bIBaeTCs OCCKOHTAaKTHBIM, BCErja
MEXTy HIM U 00BbEKTOM MPOUCXOIUT Mepeada SHEPTHu.

JlatTauk 5 MOXKET BBINOJHATH pazIuuHble (QYHKIMUA. YacTo OH CIYyKUT Ui KOHTPOJIA 3a
YCIOBUSMU BHYTPH camoil cuctembl cOopa maHHbIX. [laTunku 1 m 3 He MOryT OBITH HANPAMYIO
MOJICOEIMHEHBl K CTaHAAPTHBIM SJIEKTPOHHBIM CXeMaM H3-32 HECOOTBETCTBHUS (DOPMATOB BBIXOJHBIX
curHaioB. JlIs WX TOJKIIOYEHUS TPEOYIOTCS CIeluanbHble WHTEp(ECHbIE YCTpOHCTBA -
npeobpaszoBarenu curHanoB. Jatuuku 1, 2, 3 u 5 SBISAIOTCA MACCUBHBIMHM, TOCKOJIBKY IS
(GbopMUPOBaHUS BBIXOJHBIX CUTHAJIOB UM HE TpeOyeTcsl JAOMOJHUTENbHAs 3JEKTpUUYecKas SHEprusl.
Hatuuk 4 - mpencraBUTENb aKTUBHBIX YCTpoiicTB. [[ns oOecmeudenus: ero paboThl HEOOXOIUM
BCIIOMOTATENIbHBIN CHTHAJ, TMOJY4aeMbIil OT cXeMbl BO30OyxkiaeHus. [Ipu 3TOM TaTymk MOIyIHpyeT



TOT CHUTHAJI B COOTBETCTBMM C HW3MEHEHHEM H3MepsieMoro mnapamerpa. [IpumepoM akTHBHBIX
JMATYUKOB SIBIIIETCA TEMIIEPATypHO-UYBCTBUTEIBHBIM PE3UCTOP, KOTOPBIA YacTO Ha3bIBAeTCs
TepMHUCTOPOM. Takoi JaTuyumk paboTaeT OT MCTOYHHKA MOCTOSHHOTO TOKA, SIBJISIFOILIETOCS B JTAHHOM
ciiydyae cxemoil Bo30OyxzaeHus. M3mepurenbHbI KOMIUIEKC MOXKET BKJIIOYaTh B ceOd nub0 0auH
JaTYUK (JIOMAIITHUI TEPMOCTAT), TMOO HECKOJBKO ThICSIY (KOCMUYECKUNA KOpPaOJIb).

DNEKTPUYECKUE CUTHAIIBI C BBIXOJIOB JATUYMKOB MOCTYMAIOT HA MYJIbTHUILIEKCOP, BHIMOTHIIOIIHNA
poJib nepexirouatens. Eciu BBIXOJHbIE CUTHAIBI IaTYMKOB SBIISIOTCS aHAJOTOBBIMHU, OHU TOCTYMAIOT
Ha anHanoro-umppoBoit mpeobpazoBareny (AL[Il), ecnu nHU@PpPOBEIMH - HEMOCPEACTBEHHO Ha
KOMIIBIOTEP, KOTOPBIA CHHXPOHU3UpPYET padoTy MmynbTuiiekcopa u ALlll, a Ttaxke mnocwuiaeT
YIPaBJISAIONINE CUTHAJIBI HAa TPUBOJI, BO3IACHCTBYIOIIMKA HEMOCPEICTBEHHO Ha 0OBEKT. B kauectBe
MPUBOJIOB MOTYT HCIIOJB30BaThCS DJIEKTPUUECKUE MOTOPBI, COJICHOHWBI, pelie U IMHEBMaTHYeCKHe
KjnanaHel. B cocraB u3MepUTENbHONW CHUCTEMBl Takke BXOIAT nepudepuiiHble ycTpolcTBa
(HaKoTMTENHM JTAHHBIX, AHUCILICH, CUTHAIU3ATOPBI U T.1.) U JPYrUe KOMIIOHEHTHI, HE TOKa3aHHBIC B
670K cxeme. TakuMHM KOMIIOHEHTaMH MOTYT OBITh (DHIIBTPBI, CXEMbI BEIOOPKU U XPAHEHUSI, YCUIUTEIH
U IIpoyYHe MpeoOpa3oBaTeIH.

BxonHple cUTHambl AAaTYMKOB (BHELIHME BO3JCHCTBHUSI) MOTYT HUMETh MPAKTUYECKU JHOOYIO
bu3nyecKyr0 WM XUMHYecKyr npuponay. I[loTok cBeTa, Temmeparypa, HIaBleHHE, KoJleOaHWUS,
MepeMenieHle, TMOJOKEHUe, CKOPOCTb, KOHIIGHTpAlUsi HMOHOB - BCE€ JTO MPUMEPbl BHEIIHUX
BozeiicTBuil. KOHCTpYKIIUS NaTYMKOB MEHSETCS B 3aBUCUMOCTH OT UX MpeJHa3HAYCHHUS. IS 0COOBIX
YCIOBUI MPUMEHEHHS MOXET MOTpebOBaThCS pa3padoTKa CHEIHATbHBIX KOPITYCOB M CXEM MOHTaXa.
Hanpumep, mbe30pe3UCTHBHBIA JNAaTYUK IS W3MEPEHHS KPOBSHOTO JABJICHUS BHYTPU aOPTHI
MOHTHUPYETCSI B TEPMETUYHOM KOPITyCE U MMEET OYeHb MHHHUATIOPHBIE Pa3Mephl Ui BO3MOXKHOCTH
MIPOXOXKACHUS 4Yepe3 MUKpokaTterep. Koprmyc Toro ke camMoro gatdymka OyJeT COBCEM APYTUM s
cllydasi IpUMEHEHUs] BHYTPU HaJyBHOM MaH)XEeThl MEAMIIMHCKOTO TOHOMeTpa. MHoraa oT AaT4uKoB
Tpebyercs, 4TOObl OHHM pearupoBalid TOJIBKO Ha OIPEJCIICHHBIM JUana3oH BXOJHBIX CHUTHAJIOB.
Hanpumep, geTekrop IBHKEHHS B OXPAHHOW CUCTEME JOJDKEH CpadaThIBaTh TOJIBKO HA TIEpEMeEIICHIE
JOZIe M HUKAaK HE pearnpoBaTh Ha IEPEIBIKEHHE MaJeHbKUX >KMBOTHBIX, TaKMX Kak COOaKku H
KOUIKH.

Knaccupukauus 1aT44K0B

Cucrembl KinaccU(UKAILMM JATYMKOB MOTYT OBITh OYEHb PA3HBIMH: OT OYEHb MPOCTHIX 0
cnoxHbiX. Kpurepuii knaccudukanmu Bcerja BbIOMpaeTcs B 3aBUCHMOCTH OT UENH MPOBENCHUS
KJ1accu (UKL,

Bce natuMku MOKHO pasfenuTh Ha JBE KaTErOpUM: naccusHvle W akmuenvle. [1acCUBHBIN
JaTYUK HE HYKJAeTCs B AOMOJIHUTEIILHOM MCTOYHHKE SHEPTHH U B OTBET HA U3MEHEHHUE BO3ICHCTBUS
Ha €ro BBIXOJE BCErAa MOSBISETCS AJIEKTPUYECKUH CHUTHajd. DTO O3HA4YaeT, 4YTO TAaKOM JAaTyuK
npeoOpaszyeT SHEPrui0 BHEIIHErO CUTHAajJa B BBIXOAHOW curHail. IlpuMepamu macCHUBHBIX JaTYUKOB
SBIIIIOTCS ~ TepMOTaphbl, (OTOAUOABI U  THE30IICKTPUICCKHE YYBCTBUTEIBHBIE  JJICMEHTHI.
BOJIBIIMHCTBO NACCHUBHBIX AATYMKOB SIBISIOTCA YCTPOMCTBAMHU MPSAMOro JAEWCTBUA. B oTnnume ot
MAaCCUBHOTO coOpaTa aKTUBHBIN JAaTUYMK JAJsl CBOEH paboThl TpeOyeT BHEIIHEW YHEPruH, Ha3bIBaeMOM
cueHanos 8o306yscoenus. Ilpu GopMHUpoOBaHNUN BBIXOJHOTO CHUTHAaja aKTUBHBIM JATUMK TEM WM MHBIM
crocoOb0M BO3JCHCTBYeT Ha CHUTHaM BO30yxkaeHUs. [IOCKOJIBKY Takue NaTYMKH MEHSIOT CBOU
XapaKTepUCTUKH B OTBET Ha HW3MEHEHHE BHEIIHMX CUTHAJIOB, WX HWHOT/Aa HAa3BIBAIOTCS
napamempudeckumu. OakTUUecKu, B aKTUBHBIX JAATYMKAX MPOUCXOIUT MpeoOpa3oBaHHE W3MEHEHUS
UX BHYTPEHHUX XapaKTEPUCTHUK B JEKTPUUYECKUE CUTHAJIbI, T.€. OTIpeeNICHHbIC TapaMeTpbl aKTUBHBIX
JAaTYUKOB MOJYIUPYIOT CUTHANBI BO3OYKICHHS, W 3Ta MOIYJSIMS HeceT B ceOe mHpopMaimio 00
u3MmepsieMoit BenuuumHe. Hampumep, TepMHUCTOpPBI SBISIIOTCS TEMIIEPaTypHO-UYyBCTBUTEIbHBIMU
pesuctopamu. Camu 1o cebe TepMUCTOPBI HE POU3BOIAT HUKAKHUX AJIEKTPUUECKUX CUTHAJIOB, HO MpU
MPOXOXKACHUU Yepe3 HUX DJIEKTPUUECKOTO TOKa (CHUTHaja BO30YKIEHHs ), UX CONMPOTUBICHHE MOXKET
OBITH ONpENENICHO M0 W3MEHEHWIO TOKa W/WIM TMAaJeHUI0 HAaNpsHKeHHWs Ha HUX. 3HAYCHUE
COTNPOTHUBIICHUSI OTPAXKACT U3MEPIEMYIO TEMIIEpaTypy, KOTOpasi MOXKET ObITh HailJieHa M0 U3BECTHBIM
3aBUCHUMOCTSIM. J[pyruM NmpuMepoM aKTHBHBIX JAaTUYUKOB SBIISETCS PE3UCTUBHBIM TEH30JAaTUHK, Ybe
AIIEKTPUYECKOE COMPOTHUBICHHE 3aBUCUT OT BEIWYMHBI ero nedopmauuu. Jns omnpeneneHus



CONPOTHUBIIEHUSI JaTUMKAa 4YEpPEe3 HEro TaKXKEe HEOOXOJUMO NPOIYCTHUTbh NIEKTPUUYECKUM TOK OT
BHEILIHETO UCTOYHUKA [TUTAHMS.

B 3aBucumocTu OT BbhIOOpa TOYKM OTCYETa JATYUKUA MOKHO Ppa3lieUTh Ha abcontromuvle U
omuocumenbHvle. AOCOTIOTHBIA AATYMK OINpEAEisSeT BHEIIHUI CUTHAI B aOCONIOTHBIX (PU3UYECKUX
€IMHUIAX, HE 3aBUCSAIIMX OT YCIOBUM IPOBENEHMS HM3MEPEHUMH, TOrJa KakK BBIXOJHOW CHUTrHaI
OTHOCHUTEJIPHOTO JAaTUMKa B KaXJIOM KOHKPETHOM CIIyda€ MOXKET TpPaKTOBAaThCS I0-pa3HOMY.
[Ipumepom aOCONIOTHOTO JaTyuKka SBISETCS TepMUCTOp. Ero nanmexkTpuueckoe COMpOTHBIICHUE
HaAIpsSIMYIO0 3aBHCHUT OT aOcoJItoTHOI Temmeparypbl no mmkane KenpBuua. J[pyroif ke momynsipHbII
JaTYUK TEMIEepaTypsl - TepMomapa — SBISETCA  OTHOCUTEIBHBIM YCTPOMCTBOM, IIOCKOJIBKY
HaNpsDKEHWE Ha €ro BBIXOJE sBIsAeTCS (YHKIMEHW TpajueHTa TeMIepaTypbl Ha IPOBOJOYKAX
tepmonapsl. [loaTomy omnpenenuTs KOHKPETHYIO TEMIEpPATypy MO BBIXOJHOMY CUTHAILY TEpMOIAphbl
MO’KHO TOJIbKO OTHOCHUTEIBHO W3BECTHOM 0a30BOM TOUKHM oTcuera. [[pyrum npumepom abCONIOTHBIX U
OTHOCHUTENIbHBIX JIaTYMKOB SIBIISICTCA JAT4MK JaBieHus. [lokazaHus aOCONIOTHOTO JaT4yMKa CO-
OTBETCTBYIOT 3HAUCHHUSAM JaBJICHHS OTHOCHTEIBHO aOCOJIOTHOTO HYJS IO IIKajie IaBJICHUH, T.e.
OTHOCHUTEJIBHO MOJHOIO Bakyyma. OTHOCHUTENBHBIM JaTUYMK OINpPEAENsieT AABICHHE OTHOCHUTEIBHO
aTMoc(epHOro JaBJIeHUs, KOTOPOE HE SIBIISIETCS HYJIEBBIM.

Jpyroii moaxos K Kiaccu(uKaMy JaTINKOB 3aKIIOYACTCS B PACCMOTPEHUN UX XapaKTEPUCTHK.
Jliis TOro, 4ToObl OTHECTH JATYMK K TOM WIM MHOW Ipymie, HE0OX0AUMO 3HaTh, KAKME BEIMUYMHBI OH
MOJKET M3MEpATh, €ro XapaKTepPUCTUKH, Ha KakoM (PU3MYECKOM IMPHUHIMIIE OH pealn30BaH, KaKou
MEXaHU3M MpeoOpa3oBaHUi OH MPUMEHSET, U3 KaKOro MaTepualia OH U3rOTOBJIEH, Kakas 00JIacTh ero
IIPUMEHEHUS.



XAPAKTEPUCTUKHU JATUUKOB

MoeT nmoTpeOoBaThCs HECKOJIBKO 3TaloB MpPeoOpa3oBaHU, MpEXJE 4YeM BXOJIHOW CHIHAJ,
MOCTYMAIOIIUNA Ha JaT4YMUK, NPEBPATUTCA B BBIXOJHOM 3eKTpuyeckuil curHai. J[lns mnpumepa
paccMOTpPUM ONTOBOJIOKOHHBIN NaTUMK JaBlieHUs. BHeliHee naBieHue, ACHUCTBYIOIIEe Ha JATUUK,
BBI3BIBACT JIe(POPMALIMIO BOJIOKOHHOTO CBETOBOJA, YTO B CBOIO OYEpE/Ib MPUBOJUT K U3MEHEHHIO €ro
MoKasarensl MPEeIOMIICHHsSI, W3-32 Yer0 MEHSIOTCS XapaKTEPUCTUKU ONTHYECKOW JIMHUU Tepenad u
MPOUCXOAUT MOIYJSIMS MIOTHOCTH (HOTOHOB. PesynpTupyromuii moTok (OTOHOB NETEKTUPYETCS U
npeoOpasyercs B dJeKTpuueckuil Tok. Jlanee OyayT paccMaTpuBaThCs OOIINE XapaKTePUCTUKU JaTuU-
KOB, BHE 3aBHCUMOCTH OT UX (PM3UYECKOW MPUPOIBI U KOJIUYECTBA HEOOXOAUMBIX MPOMEKYTOUHBIX
3TanoB npeobOpa3oBanuii. [Ipyu 3TOM maTynku OyOyT MPEACTaBICHBI B BHJE «YEPHBIX SIIHKOBY, TIIE
BaXHBIMU OYAYT TOJIBKO COOTHOILIEHUSI MEX/Ty CUTHAJIaMH Ha UX BXOJIaX U BBIXOJAX.

CraTnyeckue XapaKTepUCTHKH

Ilepeoamounasn pynkuyus

Jns KaXIoro JaTyhMka MOYKHO BBIBECTH udeaibHOe WIH meopemuyeckoe COOTHOLICHHUE,
CBS3BIBAIOIIIEE CUTHAJIBI Ha €ro BXoAe M BbixoAe. Eciam Oblia Obl BO3MOXKHOCTH HAEATHHO
CHPOEKTUPOBAThH AATYHK, U3TOTOBUTH €r0 U3 UACATbHBIX MAaTEPHAIOB U UCATbHBIMU HHCTPYMEHTAMU,
IIPH 3TOM BCE Pa0OTHI BBHIMOJIHSUIUCH ObI UICATHHBIMU PAOOTHHKAMH, TO CHT'HAJI HA BBIXOJIE TAKOTO
JaT4uKa Bcerga Obl COOTBETCTBOBAJN pedibHOMY 3HAUYEHHWIO BHEIIHEro BO3JeicTBUsA. BriBeneHHOe
ujeaJbHOE COOTHOIICHHE MEXIY BXOJHBIM U BBIXOJHBIM CHTHAJIOM MOXKHO BBIPa3UTh B BHUAE JINOO
Tabnuipl, U0 Tpaduka, TUOO0 MATEMATHYECKOTO BBIPAXKCHHS. DTO HICaTbHOE (TECOPETUUYECKOE)
BBIPQ)KEHUE YacTO HA3bIBAIOT nepedamoynol ¢ynkyuei. llepenaTouHas (QyHKIMS YCTaHABIMBAET
B3aMMOCBSI3b MEXK/y BBIXOJHBIM JJIEKTPHYECKAM CHUTHAJIOM JaTYMKAa S ¥ BHEIIHUM BO3CHCTBUEM S:
S = f(s). Ora ¢yHKIMSI MOXKET OBITh KaK JIMHEWHOW, TaK M HEIMHEHHOHN (Hampumep, Jora-
pubMUYECKON, IKCIIOHEHIIMANBHON WINM CTeNeHHOW). Bo MHoOrux ciydasx nepeaarodyHas QyHKUIUS
SIBJIICTCSL OJJTHOMEPHOU (T.€. CBSI3bIBACT BBIXOJHOU CHUTHAI TOJILKO C OJTHMM BHEIIHUM BO3JICHCTBUEM).
OnHOMEpHYIO TIMHEHHYIO (PYHKIHIO MOXKHO MIPEJICTABUTH B BUJIC BBIPAKCHUS :

S =a+bs, (1)

I @ - TOCTOSHHAs COCTaBJIsiioIas (T.e. 3HAYEHHE BBIXOJHOTO CHTHaja MPH HYJIEBOM BXOJTHOM
BO3CUCTBUM ), b - HAKJIOH MIPSIMOM, KOTOPBIH YacTO HA3bIBAIOT YYECMEUMENbHOCbIO NTATUUKA.

[Mapamerp S - 3Ta Ta XapaKTEPUCTHKA IEKTPUUYECKOTO CHTHaNa, KOTOPYIO CHUCTEMBI cOopa
JAHHBIX BOCTIPMHUMAIOT B KayeCTBE BBIXOJHOTO CHTHajda JaTyuka. B 3aBHCHUMOCTH OT CBOWCTB
JaTYuKa 3TO MOXKET ObITh aMILIUTY/A, YacTOTa UM (aza.

Jlorapudmuueckas nepenarodnasi yHKIUS UMEET BH/I;

S =a+ blns,

OKCIIOHCHIOMWAJIbHAasd -

S = ae®,

CTEIEeHHAs —
S=ayp+a 1sk,
rae k - MOCTOSIHHOE YHCIIO.

OpHako [aT4YUK MOXKET HMMETh IEepPEelIaTOYHYI0 (YHKIHIO, KOTOPYIO HEBO3MOXKHO OIHCATh
BBIIICNPUBEACHHBIMUA  AMMIPOKCUMALIMOHHBIMU  BBIPQXKCHUSIMH. B Takux ciydasXx OpUMEHSIOTCS
MMOJTMHOMHHAJILHBIE alMPOKCUMAITHU 00Jiee BBICOKUX TTOPSIIKOB.

JInsi HENMMHEWHBIX TEePeIaTOYHBIX (PYHKIIMH YyBCTBHUTEIBHOCTH HE SIBJSETCS KOHCTAHTOM, Kak
3TO OBUIO B Cily4yae JMHEHHBIX 3aBHUCUMOCTEH. 711 KaXXJO0ro KOHKPETHOTO 3HAY€HUS BXOJHOTO
CUTHAJIa S) €€ MOKHO OTPEJICIIUTh B BUJIE:

_ dS(s,) (2)
ds
Bo MHOrux ciyyasx HEJIMHEHHbIE AATYMKA MOTYT CUUTATHCSA JIMHEMHBIMH BHYTPU OTpa-
HUYEHHOTO Juara3oHa 3HaueHud. [l Oosiee IMMPOKOro JAuamna3oHa 3HAYCHUW HETUHEHas
nepeaaroyHas (QYHKUIMS TPEICTABISETCS B BHAC OTPE3KOB HECKOJIBKHMX MPSAMBIX JHHHH. ITO
Ha3bIBACTCS KYCOYHO-JIMHEWHON ammpokcumarei. J{ias Toro, 9roObl onpeaenuTb, MOXET JIM JaHHAs
nepenatouHas (GyHKius OBbITh TPEICTaBICHA B BUJAC JIMHEHHOW 3aBHCHMOCTH, HAONIOMAlOT 3a

b



U3MEHEHUEM BBIXOJHBIX CUTHAJIOB B JIMHEHHOU M PEAJILHON MOJENAX IIPU IOCTEIIEHHOM YBEIUYCHUU
BXOJHOIO CUrHaja. Eciy pa3HOCTb CUTHAJIOB HE BBIXOJUT 3a JOIIYCTHUMBIE IIPEIEbl, IEPEAATOYHYIO
(GYHKLMIO JaHHOTO JaTYMKA MOKHO CUUTATh JTMHEHHOM.

B cnywasx, xorja Ha BBIXOJHOM CUTHAJ JATYMKA OKAa3bIBAIOT BIIMSHUE HECKOJIBKO BHEIIHUX
BO3JCHUCTBHUI, €ro mnepeaaTtouHas (QYHKIHMS CTAHOBUTCS MHoOromepHoil. Ilpumepom natumka c
IBYMEpHOM TmepenarodHoi (yHKIMeH sBisercs WHQPpPaKpacHbId JaT4uK Temmeparypbl. Ero
nepeaaTtouHass (QyHKIMsS CBs3bIBaeT ABe Temmeparypsl (7, - aOCOJIIOTHYIO TemImeparypy oObeKTa
u3MepeHust U Iy - aOCOJIIOTHYIO TeMIIepaTypy MOBEPXHOCTH CEHCOPHOTO 3JIEMEHTA) C BBIXOJHBIM
HarpspKeHueM V-

V=G -T?) 3)

rie G - koHcTaHTa. V3 BeIpaXeHUs BHUAHO, YTO 3aBHCUMOCTb MEXAy TeMIepaTypoil oOBbeKTa u
BBIXOJIHBIM HaIpsDKEHHEM (TepenarouHasi (pyHKIHs) SBISIETCS HE TOJNBKO HETMHEWHOW (mapabosoit
YEeTBEPTOro IMOpPsAJKA), HO OHA TAK)KE 3aBUCUT OT TEMIEpaTypbl MOBEPXHOCTH YYBCTBUTEIBHOIO
anemMeHTa. [l onpeneneHusl YyBCTBUTEIBHOCTH TAKOrO JaTyMKa MO OTHOLICHUIO K TeMIeparype
00BEKTa, HAJI0 B3Th YaCTHYIO POU3BOJHYIO OT BbIpaxkeHus (3):

b= S—I/: 4GT;}

b

Ha puc. 1 nepenatounas ¢pynkuus (3) nokaszana rpagudecku. M3 pucyHka BUIHO, UYTO KaxJ0€
3HAQYECHUE BBIXOJHOTO HAIPSDKEHUS OJHO3HAYHO OIPENENSIETCS 0 JBYM BXOJHBIM TEMIIEpaTypaM.
Cnenyer OTMETHTh, YTO, KaK TNPaBWIO, NepenaToyHble (YHKIMU TPEJICTABISIOTCS B BHIC
3aBUCHUMOCTH «BBIXOJ OT Bxoza». OJHAKO KOrJa JaT4YMK HCIOJB3YEeTCA Ul KOJIMYECTBEHHOIO
OIpeJiesIeHNs] BHEIIHETO BO3JEHCTBUSA, HEOOXOAUMO NOJIYYUTh UHBEPCHYIO 3aBUCUMOCTb - «BXOJ OT
BbIxoza». [Ipu nuHeiHO# nepenaToyHoi PyHKIMU MOIy4UTh OOpaTHYIO 3aBUCUMOCTH HEcI0XHO. Ho
B Cly4yac NPUCYTCTBUA B CHCTEME HEIMHEHHOCTEM 5Ta 3aJadya CUJIBHO YCJIOXKHSIETCS, U BO MHOTHX
ClIydasix aHaJUTUYECKOTO BBIPAKECHHUS, MPUTOJHOTO Ul BBIYUCIICHUH, NOJNYy4UTh HE ynaerca. Tornma
CHOBA IIPHUBJICKAIOTCS AlIIPOKCUMALMOHHBIE METOABI.

Puc. 1. JIBymepnas nepenatounasi GyHKIIS
WH(]paKpacHOTO JaT4YMKa TEMIIEPATYPhI

Juanazon uzmepaemuix 3navenui

JluHaMW4ecKuil Juamna3oH BHEIIHUX BO3ACHCTBHN, KOTOPBIM JTaT4YMK MOXKET BOCIPHHSATS,
Ha3bIBaeTCs auana3oHoM u3Mepsembix 3HaueHwit (FS — full scale). Ota BenwmumHa mMoka3bIBaeT
MaKCHMaJIbHO BO3MOXKHOE 3HAYCHHE BXOJHOTO CHTHAIA, KOTOPOE JATYMK MOXKET MpeoOpa3oBath B



JIEKTPUYECKUN CUTHAJ, HE BBIXOJA 3a MpEAeibl JOMYCTUMBIX MOorpemHocTei. [lig 1aTYMKOB ¢ OYEHb
LIMPOKON M HEMMHEMHON aMIUIMTYIHO-4aCTOTHOM XapakrepucTukon (AUYX) quHamMuuecKkuil quanasox
BHEIIHUX BO3JEHCTBUI YacTO BbIpaxaeTcss B AenuOenax, KOTOpbIE SBISIOTCS JOrapupMHUUecKoi
MEpON OTHOWIEHMH JMOO MOINHOCTH, MO0 HampspkeHud. Bcerma HeoOXOOMMO NOMHHTB, 4YTO
nenuoOensl BRIpaXKAOT HE a0COTIOTHBIE 3HAYEHHs, @ TOJBKO OTHOIIEHHS BennyuH. CUrHaNBI, 0TOOpa-
KEHHbIE B JIOTapU(MUYECKOM BHJIE, UMEIOT TOpa30 MEHbIINE 3HAYEHHs, YeM HCXOJHbBIC, YTO Ha
IIPAaKTUKE B psjie cilydaeB OblBaeT oueHb yn0OHO. [lockoibKy snorapudmuueckas LIkana sBISETCS
HEJIMHEHHOH, CUTHAJIbl HU3KOTO YPOBHS B HEW MPEICTaBISIOTCA ¢ OOJIBIINM pa3pelIeHueM, Toraa Kak
CHTHAJIBI BHICOKOTO YPOBHSI NPETEPIEBAIOT OoJblIee cxkarue. [Ipyrumu cioBamu, Jorapupmuydeckas
IIKaja Il MalblIX CUTHAJIOB pabOTaeT Kak MHUKPOCKON, a B ciydae OOJIBIIMX CHTHAJIOB - Kak
tesneckon. Ilo ompeneneHuto nennOen paBeH AECATH JIOrapu(MaM OTHOILEHHsS MOILIHOCTH JIBYX
CUTHAIOB (cM. Tabmuiy 1), T.e.:

P
105 =10log—= .
A
Hcxoast U3 3TOro, MOKHO yTBEPXKIaTh, YTO JeluOen B ABaALATh pa3 MPEBBIIIACT JIOTapHU(PMbI
OTHOILIEHUI CUJIbI, TOKA U HAIIPSDKEHU, T.€.:

10F = 2010g&.
S

1

Tabnuma 1. OTHOIIEHHE MEKTy MOIITHOCTHIO, CHIION (HAMPSHKEHUEM, TOKOM) U JeIHOeIaMu.
Otuowenne | 1,26 | 10 | 100 | 10° | 10* | 10° [ 10° | 10" | 10° | 10° | 10
MOIIIHOCTHU
Otnomenne | 1,12 | 3,16 | 10 | 31,6 | 100 | 316 | 10° | 3162 | 10* | 3*10*| 10°
HaIpPsDKCHUS

HeruOensl 1 10 | 20 30 40 | 50 | 60 70 80 90 100

/uanazon 6vix00HbIX 3HAUEHUTL
Luanason evixoonwix 3uauenuti (FSO) - anrebpanueckas pa3HOCTb MEXIY 3IEKTPUUECKUMHU
BBIXOJIHBIMH ~ CUTHQJIaMHM, WM3MEPEHHBIMU TMPU MAKCUMAJIbHOM ¥ MUHUMAJIbHOM BHEILIHEM
BO3JCicTBUU. B 3Ty BelWYMHY JOKHBI BXOJUTH BCE BO3MOYKHBIE OTKJIOHEHHsS] OT HIEaJbHOU
nepeaaToyHon QyHKIMU.

Tounocmo

Tounocms - OYeHb BaKHAS XapaKTEPHUCTUKA JTIOOOTO naruuka. lIpaBnma, xorga TOBOPST O
TOYHOCTH JIaT4MKa, Yallle BCEro MOapa3yMeBalOT €ro HETOUHOCTh WK nozpeuiHocms nuaMepenui. [lon
MOTPEIIHOCThI0 M3MEPEHUH, KaK MPaBUJIO, MOHMMAIOT BEJIUYMHY MaKCHMAaJIbHOTO PAaCXOKIECHUS
MEXy TMOKa3aHUSIMHU PEaTbHOr0 W HJICATBHOTO JaTYUKOB. CUHMTAeTCs, 4TO M3MEPEHHOE 3HaueHUe
COOTBETCTBYET PEAILHOMY C OINpPEACICHHON CTENEHBIO JOCTOBEPHOCTH.

[TorpemHocTh JaT4MKa MOXKHO TaKKe MPEACTaBUTh B BUJE PA3HOCTH MEXKIY 3HAYCHUEM,
BBIUMCIICHHBIM IO BBIXOJHOMY CHUTHally JaT4yHMKa, M peajbHbIM 3HAYEHHWEM IIOJIaHHOTO BXOIHOTO
curHasia. Hanpumep, paccMOTpUM JIMHEWHBIN JaT4YMK IEpPEMEIICHUN. B uaeanbHOM citydae, ecinu ero
YYBCTBUTEIBHOCTh b paBHa | MB/MM, mpu cmemiennn oObekTa Ha 1 MM HampspkeHHE Ha BBIXOJE
JOJKHO U3MeHUThes Ha 1 MB. OgHako Ha mpakTHKe MpHU MepeMelleHnd 00beKTa Ha paccTosHue S =
10 MM BeIXOmHOE HampsbkeHue m3meHmnoch Ha 10,5 mB, T.e. S = 10,5 mB. IIpeobGpazoBaB 310
3HAuYEHHE MPH MTOMOIIM WHBEPCHOU TEepEAaTOYHOM (DYHKIMH, TTOJIYYUM, YTO TIPH TAKOM HAIPSHKEHUN
nepeMenieHrne 00beKTa JMOJDKHO ObITh paBHBIM Sy = S/ = 10,5 MM, 1.e. Ha 0,5 MM Oombie
nerucTBUTENBHOTO. BOT 3TN 0,5 MM U SBIISIFOTCS TOTPEIIHOCTHIO M3MepeHui. Ciie1oBaTesIbHO, MOMKHO
yYTBEpkAaTh, YTO B Mpejenax auanazoHa 10 MM abcoOTHas MOTPEIIHOCTh W3MEPEHHH IaHHOIrO
naruuka coctasisier 0,5 MM, a B OTHOCHTENBHBIX enHuIax oHa pasHa: (0,5 mm/10 mm)*100% = 5%.
Ecnu npu oTcyTcTBUEM ciydallHBIX OMIKMOOK KaXKAbIH pa3 MpU MOBTOPEHUH ATOTO IKCIEPUMEHTA OyIeT
HaOMIOJaThCsl MOTPEIIHOCTh, paBHas 0,5 MM, TOBOpPAT, YTO JNaT4MK B auanazoHe 10 MM umeer
CHUCTEMAaTHUYeCKyl0 MOrpeurHocts, paBHyto 0,5 mm. Ho, xak mpaBuio, ciydaiiHble OIIMOKH Bcerna



MNPUCYTCTBYIOT, IIO3TOMY Ha IMPAKTHUKE CUCTCMATHYCCKAA IMOTPCUIHOCTL YalllC BCCTO MPECACTABIISACTCS B
BUJC CPCAHCTO 3HAYCHUA U3 MHOXKECTBA OKCIICPUMCHTAJIbHBIX 3HAYCHUH.

Ha puc. 2A noxaszana uzeanbHas WM TeOpeTUUECKas nepearodynas Gpynkuus. B peansHoi
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Puc.2. Ilepenatounas GyHKIHS U IIPEIebl JOMYCTUMOM MOTPEITHOCTH

KHU3HM JIIOOOH JaTuvk oOnajgaeT TeMH WJIM UHBIMH HeJocTaTKamMH. TOJICTOM JIMHMEH Ha pHCyHKe
BbIJIEJIEHA OJIHA U3 pEAIbHBIX MEpPeJaTOYHbIX (QYHKIMHA, KOTOpble HE 00s3aTelIbHO SBISIOTCS
JMHEWHBIMU U MOHOTOHHBIMH. PeanbHast QyHKIMS MOYTH HUKOTA HE COBIAAACT C HaeanbHOM. [laxe
KOI/la JaTYMKU M3TOTaBIMBAIOTCS B WACHTUYHBIX YCIOBMSIX, M3-32 pa3HULBI B MaTepuanax, B
MacTepcTBe PpabOTHHUKOB, OIIMOOK pa3pabOTUMKOB, MPOU3BOACTBEHHBIX JOMYCKOB M T.L, HX
nepefaTouHble QyHKIMM Beerzaa OynyT pasnuyarbes Apyr oT Apyra. OfHako BCe OHU HE JOJIKHBI
BBIXOJMTH 3a MPEIENbl ONPENCICHHOW 30HBI, JISKALEH B I'paHUIaX MNPEIEeIbHO IOMYCTUMBIX IO-
IPEIIHOCTEH, KOTOPhIe HAXOIATCS OT JIMHUHU UACATBHOM NepeaaToyHol (pyHKIMH HA paccTOSHUU TA.
CnenoBarenbHO, pa3HHIIA MEXy pealbHONW U MJeaabHOM NepeaaTouHol (GyHkuuel o Beernaa J0KHa
ObITh MeHbILIEe UM paBHa A. [l mpuMepa pacCMOTPUM CHUTYALUIO, KOTJa BXOJAHON CUTHAJN JaTylKa
paBeH x (puc. 2A). B uaeanbHOM citydae MpU 3TOM BBIXOJHOW CHUTHAJ JOJKEH OBITH PaBeH Y, 4To
COOTBETCTBYET TOUYKE z Ha NepeAaTrouyHoi ¢(yHKuuH. Bmecto 3TOr0 1Mo peanbHON (GYHKIHMH MpU
3HAYEHUH X MBI MONAAEM B TOUYKY Z, W, CJIEIOBATEIbHO, MOJYYUM BBIXOJHON CHUrHaJl, pPaBHbIN
COOTBETCTBYIOIUN Touke z'. Ha wmaeanmbHOU mepenaTouHoil (QpyHKIMHU, KOTOPOHW, B CBOIO OYEpPEIb,
JIOJKEH COOTBETCTBOBATh BXOAHOM cUrHai x'. IlockonbKy x' < X, MOTPEIHOCTh U3MEPEHUN B TaHHOM
ciydae OyzeT paBHa - 0.

Ha TOYHOCTP [NaTYMKOB BIMSIOT TAaKUE XapaKTEPUCTUKM KaK: TMCTEPE3UC, MeEpTBas 30Ha,
napameTpsl KalMOpOBKH, MOBTOPSIEMOCTb JATYMKOB OT MAapTUM K HapTHM U BOCIPOU3BOAUMOCTh
MOTPEUIHOCTEN, KOTOpBIE OyIyT paccMOTpeHsl nanee. [IpenensHo JomycTUMBbIE TTOTPEIHOCTH OOBIYHO
COOTBETCTBYIOT CaMbIM XYJIIMM paOO4YMM XapaKTepUCTHKaM AAaTuyukoB. 13 puc. 2b BuaHO, 4ro npu
0oJsiee KOPPEKTHOM IIPOBEACHUH KAIUOPOBKY (HApUMep, IpU MPOBEAECHUH KAIUOPOBKU Ha OONbLIEM
KOJIMYECTBE TOYEK), KaauOpoBOUHAs KpHUBas MPOXOAUT OJIMKE K peaibHbIM MepeaTOuYHbIM
(GYHKIMSAM, YTO O3HA4YaeT MOBBINICHHE TOYHOCTH M3MepeHui. Ha mpakTuke mpenensl JOMYyCTHMBIX
MOTPELIHOCTEH YCTAaHABJIMBAIOTCS HE BOKPYI WACAIHHON MepeaaTouyHo (YHKIMH, a OTHOCHUTEIHHO
KaTMOpOBOUYHON KpUBOM. JlomycTUMBIE IIPEIebl CTAHOBATCS MEHBIIE, €CIIM OHU HE BKIIIOYAIOT B ce0s
MOTPEIIHOCTH, CBSI3aHHBIE C Pa3IM4YMsAMU JAaTYMKOB OT NApTUM K MAapTHM, a TaKKe KOrJa OHHU
OTHOCSATCS TOJBKO K OJJHOMY CIIELMAIBHO OTKAIMOPOBAHHOMY JaTUMKy. Bce 3TO moBbIIIaeT TOYHOCTD



H3M€p€HHfI, OOHAKO 3HAYUTCJIIbHO IOBBIIACT CTOUMOCTBH, H3-3a 4YC€ro BO MHOIUMX CHUTYyallUdX ISTHU
MCTOABI HC MOT'YT OBITh IMPUMCHCHBI.

[TorpenHoCTh JTaTYNKOB MOKET OBITh MPEACTABICHA B CIECAYIOIIUX BUAAX:
1. HemmocpeACTBEHHO B €IMHUIIAX U3MEPSAEMON BETUUHHBI (A),

2. B mporeHTax oT 3Ha4€HUsI MAKCUMaJIbHOIO BXOJAHOTO CUTHAJA,

3. B equHuIax BBIXOIHOIO CHUTHAJIA.

B coBpeMEHHBIX JaTUMKAaX TOYHOCTb YacTO XapaKTEPU3YETCA BEIMYMHOU Crmamucmuyeckou
owubKy  u3MepeHuti, YIUTHIBAIOUICH BJIUSHUE KaK CUCTEMAaTHYECKHUX, TaK M CIy4alHbBIX
MOTPEIIHOCTEH, W HE3aBUCANIMX OT OMIMOOK, JOMYIICHHBIX IPH ONPEACTCHHH TepeaaTOYHBIX
GbyHKIHH.

Kanuopoexa

Eciu mpou3BOACTBEHHBIE IOMYyCKM HA JAaTYUK M JOMYCKHM Ha WHTepdeic (cxemsl Ipe-
00pa3oBaHMs CUTHAJIOB) MPEBHILIAIOT TPEOYEMYI0 TOUHOCTh CUCTEMBI, BCET1a HE00X0IMMO MTPOBOIUTH
kanmuOpoBKy. Hampumep, TpeOyercst u3MepuTh Temmeparypy ¢ TodHocThbio +0.5 °C matdmkom, 1o
CIPaBOYHBIM JAHHBIM OONagaromuM morpemHoctbio £1 °C. DT0 MOXHO clenarh TOJIBKO MOCIe
MPOBEJCHHUST KAITMOPOBKM KOHKPETHOTO JaTyhKa, YTO HEOOXOMUMO JUIS HAaXOXACHUS €ro
WMH/IMBUIYaJIbHOM TepeaToyHor (YHKIMH, a TakXKe TI0Ciie NPOBEACHHUS IOJHOW KaauOpOBKU
cucteMbl. B mpomecce mpoBeAeHHS TOJHOW KaIMOPOBKH  OMNpeAenstorcss Ko3(pUIueHTsl,
OTHUCHIBAIONINE TEepeaaToYHyl0 (YHKIMIO BCE CHCTEMBbI B 1I€JIOM, BKJIIOUYas MaT4WK, MHTepdeiicHoe
yerpoiictBo u ALIIl. Maremarndeckoe omvcaHHe NepesaTovyHoOl (YHKIMHM HEOOXOJMMO 3HAThH 0
Hayasa MpoBeJeHUs KaTHOpoBKU. B mporecce kanuOpoBKU HEOOXOAUMO ONPEAETUTH KOI(DPHUIINESHTHI
nepeaaToyHo (yHKIMU, MPOBOJS KaTHOPOBOYHBIE U3MEPEHHUSI B HECKOJIBKUX TOUYKaX B 3aBUCUMOCTH
OT BUJIA IEPEAATOYHON QYHKIUH.

Jis mpoBeneHUsT KaTUOPOBKM JAaTYMKOB BAXKHO HMETh TOYHBIC (DU3WYECKHE OSTAJOHBI,
MO3BOJISIIOIIME  MOJEIMPOBAaTh COOTBETCTBYIOIIME BHEIIHME Bo3aeiictBus. Hamnpumep, npu
KaTMOpOBKE KOHTAKTHOTO JAaTYMKa TEMIIEpaTypbl €ro HeoOXOJMMO MOMeEIaTh JU0O0 B pe3epByap ¢
BOJIOM, THOO B «CYXOH KOJIOAEI», B KOTOPBIX €CTh BO3MOKHOCTh TOYHO PEryJIMpOBaTh TEMIEpPaTypy.
[Tpu kanmuOpoBke MH(MPaAKPACHBIX TATYMKOB TpPeOyeTcs HAIMYHE YEepPHOro Tena, a s KaaTuOpOBKU
TUTPOMETPOB - HAOOP HACBIIICHHBIX PACTBOPOB COJICH, UCTIOIB3YEMBIX IS MOAIEPKaHUS TOCTOSTHHON
OTHOCHUTEJIbHON BJIAJKHOCTH B 3aKpbITOM KOHTeWHepe M T.1. OTCroja SICHO BUAHO, YTO TOYHOCTb
MOCJIEAYIOIINX U3MEPEHHUN HAMPSMYIO CBA3aHA C TOYHOCTHIO MPOBEACHHS KaTHOPOBKH.

T'ucmepesuc :

l'ucmepesuc — 3TO pPa3HOCTb 3HAYEHUH BBIXOIHOTIO
CUTH&JIa i1 OJHOTO M TOTO >K€ BXOJHOIO CHUIHAJA,
MOJIyYEHHBIX TMPH €ro BO3pacTaHWW M yObIBaHUU (puc. 3).
Hampumep, nycTs nokasaHusl JaTdyMKa NEPEMEILECHUN IIPU
JBUKEHUU 00BEKTa ClieBa HarpaBo oTinyatorcs Ha 20 MB ot
€ro MoKa3aHWil IpH IBUKEHUH B TOU ke caMOil TOUKe crpaBa
HaneBo. Ecnm 4yBCTBUTENBHOCTh JaT4yvka cocrasisier 10
MB/MM, ommOka rucrepesuca Oyner paBHa 2 MM. TUNHYHOM
MPUYMHON BO3HUKHOBEHUSI THCTEpE3Uca SIBISICTCS TPEHHE U
CTPYKTYPHBIE U3MEHEHUSI MaTEpPUAJIOB.

Henuneiinocmso

Henunetinocms ~ omnpenensercs — Aas  JAaTYUKOB, i e ainae
Hepez[aTOqHy}o q)yHKI_II/IIO KOTOpBIX BO3MOXKHO Enﬁﬂﬂl:ic’_'l'ﬁ,dﬁ
anmpoOKCUMUPOBaTh TpsiMoi nuHuel (ypaBHenue (1)). Ilon
HEJIMHEHHOCTBhIO TIOHMMAETCsI MAKCUMAJIbHOE OTKJIOHEHHE L . Puc. 3. Ilepenaroynast
peabHOU MepenaToyHOW (YHKIIMH OT ammpOKCUMHUPYIOIIEH (GyHKIHMSA € THCTEPE3NCOM
npssMod nuHMM. 1lox TEpMUHOM <«JIMHEHHOCTB» HAa CAMOM
JieJie IOHUMAETCS «HEIIMHEUHOCTH.

[Ipu mpoBeneHUM HECKOJIBKHX IUKIOB KanMOpPOBKH BBIOMpaeTcs XyAllee W3 IMOJTYYEHHBIX
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3HAa4YeHUH HeTMHEeHHOCTH. HenmnHetHOCTh 00BIYHO BBIpaXKaeTcs JIMO00 B MPOIIEHTAaX OT MAaKCUMAJIbHOTO
BXOJIHOTO CHMTHANIA, MO0 B eOWHMIAX W3MepsieMbix BenuumH (Hanpumep, B klla wim °C). B
3aBUCUMOCTH OT CIOcO0a MPOBEJEHUS aNpOKCUMHUPYIOLIEH JIMHUM DPA3JIM4aloT HECKOJIbKO THUIIOB
nuHeapuzauuu. OIUH U3 crocOO0B — MPOBEACHUE MPSIMON 4epe3 KOHEUYHbIE TOYKU MepeAaTOuYHON
¢bynkun (puc. 4A). Jnst 5TOTO CHayaga OMPENENAIOTCS BBIXOJHBIC 3HAYCHHUS, COOTBETCTBYIOIIUE
HauOOoJbIIEMYy M HAaUMEHbIIEMY BHEIIHMM BO3JIEHCTBUSM, a IOTOM 4Yepe3 3TU TOYKH IIPOBOAMTCA
npsMas uHus (uHus 1). [Ipu Takoi nuHeapu3anuu ommOKa HETMHEHMHOCTH MMHUMAaJIbHA B KOHEU-
HBIX TOYKaX U MaKCHMaJbHa IIe-TO B IPOMEXKYTKE MEXKIYy HUMH.
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Puc.4. JIuneitnas annpokcuManys HETMHEHHOW TTepeaaTOYHOM
¢dbyakmuu (A) u He3aBucumast muHeapu3zanus (b)

Hpyroii cmoco6 nuHeapu3alud OCHOBaH Ha MPUMEHEHUH METO/1a HaMMEHBIIIUX KBaJpaToB (JIHU-
HUus 2 Ha puc. 4A). Iy 3TOro B MIMPOKOM JHAIA30HE M3MEPSEMBIX BEJIMYMH (JIy4Ile B IOJTHOM
Mana3zoHe) /Ui pssia 3HaYeHUH (71) BHELTHUX BO3JCHCTBUN § U3MEPSIOTCS BhIXOAHBIE curHaibl S. [lo-
ClIe Uero, mpuMeHsst GopMyy JTUHEHHOM perpeccuu, ONpeAessioT 3Ha4eHus! K03(h(OUIMEHTOB a U b:

S st =Y s> sS ny.sS—>s>8
a= b: 5
nyst—(Ts) nys —(Ts)

re X- 370 CyMMa 71 YUCEIL

Ha mpakTtuke, B HEKOTOPBIX CIydasX, MOXKET MOTPeOOBaThCS OOJIbIIAs TOYHOCTD JIMHEAPHU3 AN
B Y3KOM JIMaNa30HE BXOJHBIX CHUTHAJIOB. Hampumep, MEIUIIMHCKHUE TEPMOMETPHI TOJDKHBI 00J1a1aTh
MOBBIIMIEHHOW TOYHOCTHIO B auamnazoHe 37 °C...38 °C. Bue 5Toil 30HBI TOYHOCTH MOYET OBITh
HECKOJIbKO HWXe. B 3ToM ciiydae kanumOpoBKYy TpOBOJAT B Y3KOM oOmactu, rre TpeOyercs
MOBBIIICHHAs.  TOYHOCTh, TIOCIE€ Yero uepe3 KaTuOpOBOYHYID TOUYKY ¢  MPOBOJUTCS
anmpokcumMupyromas JuHus (uaug 3 Ha puc. 4A). B pesynbrare TakoW mpoleaypbl HauMEHbIIEe
3HAYCHHUE HEJTUHEHHOCTH JIOCTUTAeTCS B 30HE KAIMOPOBOYHOW TOYKH, a OJMKEe K KOHI[AM Juarna3zoHa
W3MEPEHUs JIMHEWHOCTh 3HAYUTENBHO yxyamaercs. Kak BUAHO M3 PHUCYHKa, B JAHHOM METOE
aNMmpPOKCUMUPYIOIIAsl JIMHUS YacTO SIBISICTCS KacaTelbHOM K MEepenaToyHOl (QYHKIUH B TOYKE
KaJIMOpOBKU ¢. EcCliM M3BECTHO BBIpaXXEHUE JIsl PEaNbHOM TEepenaTOYHOUW (YHKIMH, HAKJIOH 3TOMU
JIUHUW MOKET OBITh HAM/ICH 10 ypaBHEHUIO (2).

Memoo nezasucumou nuneapuzayuy 4acTo HA3bIBAETCS «METOJOM HaWIydIlled mpsiMoi» (puc.
4b). OH 3aKiIoyaeTCss B HAXOXKIACHUM JIMHUM, MPOXOJSALIEH MOCEpPEeInHE MEXIy ABYMs
MapauieIbHBIMK TIPSIMBIMHE, PACIIOJI0XKEHHBIMHU, KaK MOKHO, OJMKE APYT K APYTY M OXBATHIBAIOIIMMH
BCE€ BBIXOJIHBIC 3HAUEHUS PEATbHOM NepeIaTOYHON (DYHKITUH.

B 3aBucuMocté OT MeTOMa TUHEAPU3ANUU ANMIPOKCUMUPYIOIIUE JIMHUNA OYAYT UMETh pa3HbIC
kodhuneHTs! a u b. CienoBaTeNbHO, 3HAYCHUST HEJTMHCHHOCTH, TIOJTYICHHBIC Pa3HBIMHU CIIOCOOAMH,
MOT'YT CEPbE3HO PA3IMUYATHCS APYT OT JApyra.



Hacvuuenue

Kaxxpiii naTyrk uMeeT mnpeienbl pabouux XapakTepucTHK. Jlaxke eclii OH CUMTAeTCs! JIMHEHHBIM,
IIPY ONPEACICHHOM YPOBHE BHEUIHETO BO3JCHCTBHs €ro BBIXOJHOW CHTHAJ IEPECTAaHET OTBEYATh
JUHEHHON 3aBUCUMOCTH. B 3TOM cilydae rOBOpPST, YTO AATYMK BOILIEI B 30HY HEJIMHEHHOCTH WU B
30HY HACBILICHUS.

Bocnpou3zeooumocmo BLIXOMHOH CHrHON

Bocnpouzgooumocms — 3TO CcOCOOHOCTH
JaTYuKa MPU COOTIOACHUN OJTMHAKOBBIX YCIOBUMA
BbIJIaBaTh UACHTUYHbBIE pe3yiabTaThl. [Ipuunnamu
MJIOXOW BOCHPOU3BOJAUMOCTH PE3YJIbTaTOB YacTO
SBJIAIOTCA: TEIUIOBOM IIyM, TOBEPXHOCTHBIE
3apsAJibl, INIACTUYHOCTh MaTEPUANIOB U T.J.
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Mepmeasn 30na BHElWHee
BOI0EMCTEME
Mepmeas 30na — 3TO HEUYBCTBUTEIHHOCTD oA
'?‘":'HG_. JOHO HOCBILLEHKWA
JaTyuka B OMpPEIENICHHOM JHara30oHe BXOIHBIX NHHE RHOCTH

curHasioB. B mpenenax 5TON 30HBI BBIXOJHOU
CUTHAQJI OCTAaeTcsl MOCTOSHHBIM (YacTO paBHBIM
HYIIIO).

Pazpewmarowan cnocoonocmso

Paspewarowasn cnocoonocms XapakTepu3zyeT MUHUMAJIbHOE H3MEHEHHE U3MEPSIEeMON BEIMYHUHBI,
KOTOPO€ MOXET MOYyBCTBOBATh AAaTuvK. lIpu HENMpepbhIBHOM HM3MEHEHUH BHEIIHErO BO3JIEUCTBUS B
mpenenax Juamna3oHa H3MepsieMbIX 3HAYeHHWH BBIXOJHBIE CHTHAlbl JaTYMKOB HE OyayT Bcerja
abCONIIOTHO TJaJKUMHM, JaXke MpH OTCYTCTBMU ImymMoB. Ha HuX Bcerga OyayT BHUIHBI HeOOJbIINE
cryneHbkd. OCOOEHHO OTYETIMBO 3TO BHIHO B MOTEHIMOMETPUYECKHMX JAaTUYMKAX, MH(paKpacHbIX
JaT4UKaxX KOHTPOJISL TEPPUTOPHUU C CETUYATON MACKOM M JAPYrUX YCTPOMCTBAxX, B KOTOPBHIX BBIXOJ/HbIE
CUTHAJIbl MEHSIOTCS TOJIBKO TPU OINPENETICHHBIX U3MEHEHUAX BHEIIHUX BO3JeHCTBUI. B gomonnenue
K 3TOMYy MpH MpeoOpa3oBaHUU 0000 curHaiga B UU(POBON KOJA MPOUCXOAUT €ro pa3zdHBKa Ha
MaJICHbKHE CTYIMEHbKU, KaXJOW M3 KOTOPHIX MPUIHMCHIBACTCS KOHKPETHOE 3HaueHue. BennunmHa us-
MEHEHHUs BXOJHOIO CHUrHaja, MPUBOJAAIIAS K MOSBJICHUI0 MHUHMUMAJIbHOW CTYNEHHKH HAa BBIXOJIHOM
CUTHaJe JaT4hKa TMpHU ONpEIeNICHHBIX YCIOBHUAX, HA3bIBAETCS €ro pa3peularolieil CriocOOHOCTHIO.
Hanpumep, mn1s wuHppakpacHOro pgaTyvka KOHTPOJS TEPPUTOPUM MOKHO JaTh CJEAyrollee
ONpeeNeHUE pa3pellaloliell  CHOCOOHOCTH:  «pas3pellaroiias CIOCOOHOCTh -  BO3MOXHOCTh
oOHapyXeHusI 00beKTa Ha PACCTOSHUU 5 M Tpu ero nepememieHnyd Ha 20 cm». s mpoBOJIOYHOTO
MOTEHLIMOMETPUYECKOTO  JAaTyMKa, MCIONb3yeMOro s U3MEpPEeHHs YIioB, pa3periaromas
CIIOCOOHOCTh - OJTO MHUHUMANLHBIM yroy, pasHbii, ponyctuMm, 0,5°. WHorga paspemaromias
CIOCOOHOCTH OMPENENSIeTCS B MPOIIEHTAX OT MOJHOM mkaibl FS (MakcHManbHOTO 3HAUCHHS BXOJHOTO
curHaina). Hanpumep, ans gatuMka U3MEpEeHUs YIJIOB, Y KOTOPOTO MOJIHBIM JIMANa3oH U3MEPSIEMbIX
3HavyeHunii paBen 270°, paspemaronryro crnocobrocts 0,5° MokHO mpexacraBuTh Kak 0,181 % ot FS.
Crnenyetr OTMETUTD, YTO pa3Mep CTYNEHH MOXKET MEHSATHCS BHYTPH JUana3zoHa U3MepseMbIX 3HaYeHUH,
MO3TOMY, KaK IPaBWIJIO, Pa3pellarolias COCOOHOCTh OmpeaessieTcss 00 Kak CpemHss, JMOo Kak
Hauxy/mas BenuuuHa. Pa3permnaromas crnocoOHOCTh JAaTYUKOB € HU(POBBIMU BBIXOJAHBIMUA CUTHAJIaMHU
4acTo 3a7aeTcs 4uciIoM OHUT cioBa JaHHBIX. Hampumep, B omucaHuy MOXKeET ObITh MHGOPMAIHS, YTO
paspelieHue Aatyuka paBHO 8 O6utT. OTCloga MOKHO MOJIYYUTH JHOO MOJHBIA JUAna3oH BXOIHBIX
CUTHAJIOB, MO0 OLICHUTH BEJIMUMHY MJIAJIIETO 3Havaliero paspsaa (M3P).

CrnenuajbHble XapaKTePUCTHKH

JlJ1s HEKOTOPBIX NAaTYMKOB HEOOXOJUMO YKa3bIBaTh CHEYUANbHblE XAPAKMEPUCTNUKU BXOOHbIX
cucHanos. Hampumep, [Uisi JIETEKTOPOB OCBEIIEHHOCTH TaKOW XapaKTEPUCTHKOM SBISIETCS €ro
YyBCTBUTEJIBHOCTh B MpeJeiax OrPAaHMUYECHHOW OMTHUYECKOW mosiockl. CieaoBaTeNbHO, Uil TaKUX
JATYUKOB HEOOXOIMMO OTPEICISITh CIIEKTPAIBHBIC XapaKTePUCTUKH.

Puc.5. Ilepenarounas GyHKIHS ¢ HACHIIIEHUEM



Buvixoonoii umneoanc

Buvixoonoii umneoanc Z,,; IBISETCS XapaKTEPUCTUKOM, YKa3bIBAIOIIEH HACKOJBKO JIETKO JaT4YUK
COTJIACOBBIBAETCA C AJICKTPOHHOM cxeMoW. CONpOTHUBJICHUE, COOTBETCTBYIOIIEE BBIXOAHOMY
UMIEAAHCY JaTyurKa, MOJKIIYAITCI MapajyiebHO CONMPOTHBIICHUIO, XAPAKTEPU3YIOMIEMY BXOJIHOMN
MMIIEIAaHC D3JICKTPOHHOM CXeMbl Z; (MOTEHLUAIbHOE COCAMHEHHME) WIM TMOCIEAOBATeIbHO C HUM
(ToxoBoe coemuHeHue). O0a BapuaHTa COCIUHEHHI TMOKa3aHbl Ha puc. 6. OOBIYHO BXOJHBIC U
BBIXOJHBIE HMIICIAHCHl MPEACTABISAIOTCS B KOMIUIEKCHOM BHJE, MOCKOJbKY OHH, Kak IpaBHIIO,
BKJTFOYAIOT B C€0s1 aKTUBHBIE U PEAKTUBHBIC KOMIOHEHTHI. J[JI1 MUHMMU3aIIMK UCKAKEHUH BBIXOTHOTO
CUTHaJIa IJATYMK C TOKOBBIM BBIXOJIOM (pucC. 6b) 0JKEH UMETh MAaKCUMAJIbHO BO3MOJKHBIN BBIXOTHOM
UMIIEAaHC, a ero uHTepdelicHas cxema - MUHUMAIBHBIN BXOJHOU MMIIeqanc. B ciydae moTeHuanb-
HOTO coenuHeHus (puc. 6A) maTyuKy ciaeayeT UMETh HU3KUI BBIXOJIHOW MMIIEIaHC, a HHTEepheHCHOM
CXeM€E — BEICOKUN BXOIHOM.

SOTYHEK HHTEPDERCHAA CHamMa OATHME MHTEpheHRCHON CReMd

B e

(A B
Puc.6. Coenunenne natunka ¢ mHTEp(EHcHON cxemMoi

Cuznan 6030yxcoenus

Cuenan 6036yscoenusi - 310 IEKTPUUECKUM CHUTHAJ, HEOOXOAUMBIH aKTUBHOMY JATYHKY IS
pabotbl. CurHan Bo30YKJCHHUS OMUCHIBACTCS MHTEPBAJIOM HANpPsDKEHUH W/WHM ToKa. sl HEKOTOPBIX
TUIIOB JIATYMKOB TAaK)K€ HEOOXOMMO YKa3bIBaTh YaCTOTY CHTHaJIa BO30OYKJCHUS U €0 CTAaOUIIBHOCTB.
Beixon curnana Bo30yXIEHHsS 3a TPUBEACHHBbIC IIpEJeibl MOYKET IPUBECTH K H3MEHEHUIO
nepeAaTouyHor QYHKIMU JaTuuKa, U, CIe0BATEIbHO, K HCKQ)KEHUIO BBIXOJHOTO CUTHAJIA.

JAuHaMu4ecKkne XapaKTepuCTHKH

B cranmoHapHbBIX YCIOBUSX JAaTUYUK ITOJTHOCTHIO OMMCBHIBACTCS CBOEH MepenaToyHoil (yHKuueH,
JMana3oHOM M3MepsAeMBbIX 3HaueHHUM, KaauOpoBOuHBIMH Ko3(d¢duiueHtamu u T.0. OgHako Ha
IIPAKTUKE BBIXOJHOW CHIHaJl JaTydMka HE BCErJa JOCTaTOYHO TOYHO OTCJIEKHUBAET HU3MEHEHME
BHEILIHETO CUTHaja. [[puunHbI 3TOTO 3aK/IIOUAOTCS KaK B CAMOM JATUUKE, TaK U B €70 COEAUHEHUU C
MCTOYHUKOM BHELIHMX BO3ACHUCTBUI, HE MO3BOJISIOLIEM CUTHAJlaM PaCHpPOCTPAHATHCS C OECKOHEYHO
OONBIION CKOpOCTBhIO. JIpyrumu cioBaMHM MOXHO CKa3aTb, 4YTO JIIOOOM JaTdyMk o0nanaer
napaMeTpamu, 3aBUCAIIMMH OT BPEMEHH, Ha3bIBAEMBbIMU OuHaAMUYecKumMu xapakmepucmuxkamvu. Ecnu
JIaTYMK UMEET OTPaHUYEHHOE OBICTPOJCHCTBHE, OH MOJKET PETrHCTPUPOBATH 3HAUCHUS BHEIIHHX
BO3CHCTBUIM, OTIMYAIOLINECS OT peajbHbIX. JTO O3HAYaeT, YTO AATYMK PabOTaeT ¢ AMHAMHYECKOH
MOTPEIIHOCTBI0. OTIMYNe MEXAy CTaTUYECKUMH U TUHAMUYECKUMH NOTPEIIHOCTSAMH 3aKIH0YaeTCs B
TOM, YTO TOCJIEJHME BCEI/a 3aBUCAT OT BpeMeHHU. EciM paTduk BXOAUT B COCTaB M3MEPHUTEIBHOTO
KOMILJIEKCA, OOJaJaoLIEro OINPENEICHHBIMU  JUHAMMYECKUMU  XapaKTEpUCTHUKAMHU, BHECEHME
JOTIOJIHUTENBHBIX JUHAMHYECKUX MOTPEIIHOCTEH MOXET NMPHUBECTH, B JIy4IIEM ClIydae, K 3aIepiKKe
0TOOpaXKeHMsl PEaIbHOTO 3HAU€HHs BHEIIHEro BO3AEHCTBUS, a, B Xy IIIEM ClIy4yae, - K BO3HUKHOBEHHIO
KoJie0aHMi.

Bpems pazocpesa - 3T0 BpeMsi MexAy NOJaded Ha JaTUYUK AJIEKTPUYECKOIO HANpSKEHWs WU
CUTHaJla BO30YXJEHUS U MOMEHTOM, KOIJa JaT4MK HauMHaeT paboTarh, oOecrneuyuBas TpeOyemyro
TOYHOCTh M3MEpeHni. MHOrue JaTuuku 00JalaloT HECYLIECTBEHHBIM BpeMeHeM pas3orpeBa. OqHako
HEKOTOPBIC JIETEKTOPBI, OCOOCHHO padOTaIONUe B YCTPOUCTBAX C KOHTPOJIMPYEMOH TemIepaTypoi
(TepmocTaTax), sl CBOETO pa3orpeBa TpeOyrOT CEKYH/bI, @ TO 1 MUHYTHI.

B Teopun aBTOMAaTHYeCKOTrO yNpaBiICHHs NPUHATO ONMHUCHIBATH B3aHMOCBSI3b MEXAY BXOJAMHU U
BBIXOJIaMH YCTpOICTBa B BHUJAE JMHEHHBIX Iu(QepeHInanbHbIX YPAaBHEHUH € IOCTOSHHBIMU
kodpdurmenramu. OYEBHIHO, YTO TPH PEHICHUH TaKUX YPaBHEHHUH MOXKHO OIIPENEIUTh



JMHAMHYECKUE XapaKTEPUCTUKH YCTPOHCTBA. B 3aBHCHMOCTH OT KOHCTPYKIIHIA TaTYMKOB, YPABHECHUS,
OTIMCHIBAIOIINE WX, MOTYT UMETh Pa3HBIN OPSIOK.

Jlamyuxu Hynesoco nopsoka, AMEIOIINE JIMHEHHYIO Nepeaarounyro ¢yHkiuio (ypaBHenue (1)),

MO’KHO OIMHUCATh CIAEAYIOIINMH 3aBUCUMOCTSAMU OT BPEMEHHU £
S(t) =a+ bs(t)

Koaddunuenr « Ha3zpBaeTcsi cMEIICHHWEM, a b - CTaTHYECKOW YyBCTBHTENHHOCTHIO. V3 BHIa
YpaBHEHUS BUJIHO, YTO OHO OIUCHIBAET JATUYMKU, B COCTaB KOTOPBIX HE BXOIST SHEPrOHAKOMUTENbHbIE
AJIEMEHTHI, TaKWe Kak KOHIEHCATOPbl WM Macchl. JlaTYMKU HyIEeBOTO NOpsAAKa OTHOCATCS K
YCTPOMCTBAM MIHOBEHHOTO JEHCTBUS. VHBIMH CIOBaMH, y TaKMX JTaTYAKOB HET HEOOXOJUMOCTH
OTIPECTSATh MHAMUYECKIE XapaKTePUCTUKH.

JuddepennmanbHble ypaBHEHUS! MEPBOTO MOPSAKA OMUCHIBAIOT MOBEICHUE JAaTYMKOB, B COCTaB
KOTOPBIX BXOJUT OJIMH SHEPrOHAKOMUTENbHBIN 1eMeHT. Takue ypaBHEHHUsSI UMEIOT BH/I:

b D b sy = s(2)
dt

Tunuueeli mpUMep [aT4YMKa IEPBOrO NOpsAAKA - JaT4UK TEMIEpaTypsl, B KOTOPOM pPOJIb
SHEPrOHAKOIMUTENIBHOTO 3JIE€MEHTA UTPaeT TEIIOEMKOCTb. J{J1s onucaHus JaTYMKOB IEPBOTO MOPsIIKa
CYIIECTBYET HECKOJIbKO crioco0oB. Ho Mpon3BOAMTENHN AATYMKOB JUIS ATOTO Yallle BCETO MCIIOJIB3YIOT
yacmommvle XapaKmepucmuku, MOKa3blBarole HACKOJIbKO OBICTPO JATYMK MOXKET cpearupoBaTh Ha
M3MEHEHHE BHEIIHEro Bo3AeHcTBHs. /11 0TOOpa’keHHs OTHOCUTEIBHOIO YMEHBIIEHHs BBIXOHOTO
CUTHaja TpUd YBEIMYEHUU YaCTOThl MPHUMEHSAETCS aMIUIMTYIHO-YaCTOTHAs XapaKTEpUCTHUKA,
nokazaHHasg Ha puc. 7A. [lng onucaHus JOUHAMUYECKUX XapaKTEPUCTHK JaTYUKOB YacTo
UCIIOJIb3yeTCA TpaHU4YHAs 4acTOTa, COOTBETCTBYIONIAs CHM)KEHUIO BBIXOJHOTO CHrHaia Ha 3 1b,
ITOKa3bIBAIONIasl HA KAKOW 4acToTe MponucxoauT 30% yMeHbIIECHHE BBIXOJHOTO HANPSYKEHUS WIN TOKA.
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Puc.7. YacTtoTHbIE XapaKTEpUCTHKH: A - 4YaCTOTHas XapaKTEpHUCTUKAa AAaTYMKA IEPBOIO
nopsanka, b - yacToTHas XapakTepuCTUKa AaTYMKa C OTPAaHUYEHUSMU 110 BEPXHEH U HWKHEU
4acTOTe Cpe3a, TIIE Ty U Ti COOTBETCTBYIOIIHE TOCTOSIHHBIE BPEMEHH.

Ota rpaHUYHAas 4acToTa f,, YaCTO Ha3bIBaeMas BEPXHEH 4aCTOTOU cpesa, CUMTACTCS MpeesIbHOM
4acTOTOM paboThl AaTuynka. YacTOTHBIE XapaKTEPUCTUKU HANpsIMYIO CBSI3aHbl C OBICTpOJEHCTBHEM
JaTYUKa, BBIPAXACMOIO B €IMHULAX BHEINHETO BO3JCHCTBUSA Ha €IUHMIYy BpeMeHH. Kakwue
xapakrepuctuku: AUX mnu ObICTpOEHCTBUE, UCTIOIB3YIOTCA ISl ONMCAHUS TaTUYMKa, 3aBUCHUT OT €ro
THNAa, 00JIaCTU IPUMEHEHNS U NIPEANIOUYTEHUH pa3paboTUnKa.

Jpyroii cioco® onucaHust ObICTPOCHCTBUS 3aKII0UAECTCS B ONPEIEIIEHUH BPEMEHHU, TPeOyeMoro
IUIL JOCTUYKEHHSI BBIXOIHBIM CUTHAJIOM JaT4rKa YpoBHA 90% OT CTallMOHAPHOTO WJIM MaKCHMaJIbHOTO
3HAQYEHUs IIPU M0Ja4€ Ha €ro BXOJ CTYINEHYAaTOr0 BHEUIHEr0 BO3ICHCTBUA. [l NaTYMKOB IEPBOTO
HOpsiika OYCHb YAOOHO HCHOJIb30BaTh IapaMeTp, Has3bIBaeMblil nocmosannou eépemenu. IloctossHHAS
BPEMEHH 7 SIBJISIETCS MEPOM MHEPLUOHHOCTH JaTyvKka. B TepMHMHAxX 3JIEKTPUYECKUX BEJIWYHMH OHA
paBHa INPOM3BEACHUIO €MKOCTH Ha compoTtusieHue: ¢ = CR. B rtemnoBeix Tepmunax mox C m R



MMOHUMAIOTCSI TEIJIOEMKOCTh M TEIUIOBOE compoTuBieHue. Kak mpaBuiio, MOCTOSIHHAs BPEMEHU
JIOBOJIBHO JIETKO u3MepsieTcs.. BpeMeHHasi 3aBUCUMOCTb CUCTEMBI IIEPBOTO MOPSIIKA UMEET BU:
_ _ptit
§S=8§ (1-07"7)
rae S, - YCTaHOBHBILIEECS 3HAUEHHUE BBIXOJIHOTO CUTHAIA, f - BPEMSI.
3ameHsis f Ha 7, IOJTy4aeM:
S 1

—=1-—=0,6321.
S l

m

JlpyruMu c10BaMH MOKHO CKa3aTh, YTO MO UCTEYCHUH BPEMEHH, PABHOTO MOCTOSTHHOM BPEeMEHH,
BBIXOJHOW CHUTHaJd JaT4hKa JIOCTHTaeT YPOBHS, COCTaBISIONICTO MPUOMU3UTENBHO 63% OT
YCTQHOBMBILETOCS 3HA4Y€HMs. AHAJOIMYHO MOXKHO IOKa3aTh, YTO IO UCTEUYEHHU BPEMEHM, PAaBHOI'O
IBYM IIOCTOSIHHBIM BpEMEHH, YPOBEHb BBIXOJHOIO CHTHaja cocTaBUT 86.5%, a mocie Tpex
IIOCTOSIHHBIX BpeMEHHU - 95%.

Yacmoma cpeza XapakTepu3yeT HAWMEHBIIYI0O WJIA HauOOJBIIYI0 YaCTOTy BHEIIHUX
BO3JCHCTBUM, KOTOPYIO JAaTYMK MOKET BOCHPUHATH 0Oe3 HcKaxkeHuil. BepxHss wactora cpesa
MOKa3bIBa€T HACKOJBKO OBICTPO JaTYMK pearupyeT Ha BHEIIHEE BO3JCHCTBUE, a HIKHAS 4acToTa
cpe3a - C KakMM CaMbIM MEIJIEHHBIM CHUTHAJIOM OH Mo)keT pabotate. Ha puc.7b mnokazana
XapaKTepUCTUKA JIaTYNKa, KOTOPBI MMEET OTpaHUYeHHs KaK 10 BEpXHEH, TaKk M MO HIDKHEH yacTtore
cpe3a. Ha mnpaktuke Ui yCTaHOBJIEHHUS CBSI3M MEXKIY IOCTOSIHHOW BPEMEHHM JaTyMKa IEepBOTO
HOpsAAKA U €ro 4acTOTOH cpe3a f¢, KaKk BEpXHEH TaK U HIKHEH, UCTIOJIb3YIOT IPOCTYI0 GOpMYIly:

0,159
fo==

T

@Da308biil cosue HA ONPEACTICHHONW YacTOTE MOKa3bIBA€T HACKOJIBKO BBIXOJHOM CHUTHANl OTCTaeT
OT BHeIIHero Bo3jaeicTBus (puc. 7A). Casur usmepsiercs Jubo B rpamycax, Ju00 B paJuaHax U
OOBIYHO yKa3bIBaCTCS ISl JATYMKOB, PabOTAIOMIMX C MEPUOJWYSCKUMH curHanamu. Ecnmm garyuk
BXOJIUT B COCTaB M3MEPUTEILHON CHCTEMBI C OOpAaTHBIMU CBS3SIMH, BCEra HEOOXOJMMO 3HATH €ro
¢da3oBble xapakTepucTuku. Da30BbI CABUT JaTUMKa MOXKET CHU3HUTH 3amac mo ¢ase Bceil CucTeMbl B
L[EJIOM U MPUBECTH K BO3HUKHOBEHHIO HECTAOUIILHOCTH.

Hugepenyuanvrvie ypasnenus 6mopoeo nopsaoka ONMUCHIBAIOT MOBEJCHUE TATYHKOB C JBYMS
SHEPTrOHAKOIMUTEIbHBIMH 3JIEMEHTAMU:

d’S(t) ., ds(t)
by b P bS(0) = 5(0)

[IpumepoM nmaTdyMka BTOPOTO TOPSIKA SIBISIETCS aKCEIEPOMETP, B COCTaB KOTOPOTO BXOIHT
Macca U MpyKHHa.

Ha BBIXOIaxX [aT4yMKOB BTOPOTO TOPSIKA IOCIE TMOJA4Yd Ha HMX BXOJIbl CTYNEHYATOTO
BO3JICHCTBUS TPAKTUYECKHA BCETNa MOSBISIOTCS KojeOaHus. DTH KoJieOaHHS MOTYT OBITh OYCHb
KPaTKOBPEMEHHBIMH, TOT/Ia TOBOPST, 4YTO JAaTYUK JeMI(GUPOBAH, WIM OHH MOTYT JUIUTHCS
MPOJOJDKUTEIBHOE BpEMS, & TO U TOCTOSHHO. [IpoIoKuTeNbHBIE KOJICOaHHsI Ha BBIXOJE NAaTYMKa
SIBIISTIOTCSI  CBUJICTENILCTBOM €r0 HEMPaBHIBHONH palbOTHI, MOATOMY HX HAJO CTapaThcsl W30eraTsb.
JIro00# naTunk BTOPOro MOPSJIKA XapaKTEPU3YETCsl pe30HAHCHOU (COOCMBEHHOU) Yacmomotl, KOTopas
BBIPQXKAETCSI B TepIlax WK paguaHax B CEKYHY.

Ha  coOcTBeHHO#  4acToTe  MPOUCXOJUT s T

I ™ HEdoAsMNgHpORnHKE

3HAYUTENbHOE YBETMYEHHE BBIXOJIHOTO CHUTHAJA f 3 A |
natunka. OOBIYHO MPOU3BOJUTENU YKA3bIBAIOT P = - _J___.ff = T
3Ha4eHUe COOCTBEHHOH YaCTOTHI AATYMKA U €r0 / g T ]
koddumment 3aryxanus (nemndupoBaHuUs). :-’h : -

Ot pEe30HaHCHOM YacTOTHI 3aBHUCST KPHTHSBCKOE LEMNhMpanaHue

MEXaHMYECKHE, TEIUIOBbIE M D3JIEKTPUUECKHUE b
cBoiicTBa  JeTekTopoB. OObYHO  paboumit
YaCTOTHBIM JMama3oH JaTYNKOB BBIOMpaeTCs
100 3HAYNUTETBHO HUXKE COOCTBEHHOM 4acTOTHI
(mo xpaitneit mMepe Ha 60%), n1ubO BbIIIE e€.

NEELEANGHPOaaH e E[,'i—"__.kl.sv'l

Puc.8. Buapl BEIXOOHBIX CUTHAIOB B JaTYUKAX C
pa3HbIM KodhpumeHToM neMdupoBaHus



OnHako A HEKOTOPHIX THUIIOB JAaTYMKOB PE30HAHCHAs YacToTa sBiseTcss pabodeit. Hampumep,
JETEKTOPBl Pa3pyIICHUs] CTEKJIAa, UCIOJb3yeMble B OXPaHHBIX CHCTEMaX, HACTPAUBAIOTCS Ha Y3KYIO
MOJIOCY 4YacTOT B 30HE YaCTOTHI pPE30HAHCA, XapaKTEPHYIO Uil aKyCTHYECKOTO CIIEKTpa,
MIPOM3BOIUMOTO Pa30UBAIOIIUMCS CTEKIIOM.

Hemngpupoeanue - 3TO 3HAUUTEIIFHOE CHIDKEHHE WM IIOJIABJICHUE KOJIEOAaHWH B JaTUYMKAX
BTOPOTO U 60Jiee BBICOKHMX MOPsIKOB. Koria BRIXOAHOM CUTHAJ YCTaHABIMBACTCS JOCTATOYHO OBICTPO
Y HE BBIXOJMT 32 MPEJeIbl CTAMOHAPHOTO 3HAYEHHSI, TOBOPST, YTO CUCTEMa 00J1aJaeT KpUTHICCKUM
3aTyxaHueMm, a ee kodpdumuent nemnduposanus paseH 1 (puc. 8). Korga koadduiment 3aryxanus
MeHbIIe |, ¥ BBIXOAHON CHIHAJl MPEBBIIIACT YCTAHOBUBIIEECS 3HAUYEHHE, TOBOPAT, YTO CHUCTEMA
HemoaemndupoBana. A koraa Kod(h(UIMEHT 3aryxaHus Oosblie |, U CHUTHaN YCTaHABIMBAETCS
ropa3io MeJUICHHee, 4YeM B CHCTEME C KPHUTHYECKHM 3aTyXaHHEM, TOBOPSAT, YTO CHUCTEMa
nepeaeMipupoBaHa.

Jns koneGaTenbHOro BBIXOJHOTO CUTHANA, NMOKA3aHHOTO Ha pHC. 8, KOA(PHUIMEHT 3aTyXaHUs
Wi JeMn@upoBaHus onpeaessercss aOdCOJIOTHBIM 3HAYEHUEM OTHOIIEHUs OOoJIbLIeH aMIUIMTYAbI K
MEHbILIEH Hapbl MOCIEI0BATEIbHO B3SITHIX MOJYBOJH KOJEOAHUI OTHOCHTEIBHO YCTaHOBHBILEIOCS
3HAYEHUs, T.€. MOYKHO 3aIUCaATh:

F A B BHIWHEE
K02 puyuenm demngupoganua =— = —=—=... -l 2OIREACTOME
A B C
Ha puc. 9 mnpuBeneHsl BO3MOXKHBIE BapHAHTHI it
BBIXOJIHBIX CUTHAJIOB JIATYMKOB B OTBET HAa CTYNEHYATOE {
BHEIIHEE BO3AEHCTBHE: A — OECKOHEUHBIE BEPXHSS M
HWKHAS 4acToThl; B — cucrema mepBoro mopsnuka c C \¥
OTpaHMYCHHOM BepxHeW vacToTo cpesza; C - cucrema e
IIEPBOrO MOPSIKA C OrPAHUYCHHOM HW)KHEH YacTOTOHN M\\\,___
cpesa; D - cucrema nepBoro nopsijika ¢ OrpaHU4eHHbIMU E
BEpXHEM M HWXHEH 4acToTaMmM cpesa; E — cucrema c AI\/\I\/
Y3KOM TOJIOCOM 4YacTOT (pe3oHaHCHas cucrtema), F —
LIMPOKOIOJIOCHAS! CUCTEMA C PE30HAHCOM.
-

. Puc. 9. BapuaHTbl BBIXOJHBIX CUTHAJIOB
dakTOopbI OKPY:KAIOLIEH cpeabl

Ycnosus xpanenuss - COBOKYMHOCTb NpeAEibHBIX 3HaUCHUH (DaKTOPOB OKpYXKaoLIeH cpensbl,
BO3JICHCTBYIOIUX HA JATYUK B TEUYECHUE OIPEICIICHHOIO IMPOMEKYTKAa BPEMEHHM, IPU KOTOPBIX HE
IIPOUCXOAUT CYIIECTBEHHOTO M3MEHEHMsI €ro paboyux XapakKTEpUCTUK M 00ecredrBaeTCs
nojaaepkanue  ero  paborocnocoOHOocTH. OOBIYHO  YCIOBHSI ~ XpaHEHHS  yCTAHABIIHMBAIOT:
MaKCHMaJbHYI0 1 MUHUMAJIbHYIO TEMIIEPATYPbl XPAHEHUS, a TAK)KE MAaKCHUMaJIbHYI0 OTHOCUTEIIBHYIO
BJIAKHOCTB IPH 3TUX TeMreparypax. K 3HaueHHI0 OTHOCUTENbHOH BIa)KHOCTH HEOOX0AUMO 100aBUTh
TaKyl0 XapaKTePHCTUKY, KaK «OTCYTCTBHE KOHJAEHCaTa». B 3aBUCUMOCTH OT (H3MUECKON MPUPOJIBI
JaTYNKA MOTYT YKa3bIBaThCs OTOJHUTEIbHBIE YCIOBUS XpaHEHUs, HAIPUMEP, MaKCUMaJIbHOE JaBJle-
HHE, IPUCYTCTBUE HEKOTOPBIX Ia30B WM OTCYTCTBUE BPEIHBIX UCIIAPCHUM.

Kpamxocpounass u ooneocpounas cmabunvnocms (Opetigh) - XapaKTEPUCTHKH TOYHOCTH
naTuukoB. KpaTtkocpouHasi cTaOMIBHOCTh OMMCHIBAET U3MEHEHUS pabOUYMX XapaKTEpUCTHK JaT4yuKa B
TEYEHUHM MHUHYT, 4acOB U Jaxke JHeH. BBIXOJHON cHrHayl AaTyvka MOXET YBEJIUYMBAThCS WIN
YMEHBIIATBCS, YTO MOXET ObIThb BBIPAKEHO YEpe3 BEIMYMHY IIyMa CBEPXHU3KOW YacTOTHI.
JlonrocpoyHas CTaOMJIBHOCTh 3aBUCUT OT MPOLIECCOB CTAPEHUs, KOTOPbIE U3MEHSIOT HIIEKTPUYECKUE,
MEXaHMUYECKHEe, XMMUYECKHE U TEPMHUYECKHE CBOMCTBAa MaTepHaloB Haryuka. Jloarocpounsiii apeid
[IapaMEeTPOB MOXKET HU3MEPATHCSA AOCTATOYHO JUIMTENbHBIMM HHTEPBAIAMM BPEMEHM: MECSIAMHU U
rogamu. JlonrocpouHast cTaOMJIBHOCTB SIBJISI€TCSI OYEHb BAa)KHON XapaKTEpUCTUKOM JUIs JAaTYHKOB,
UCIOJIb3YEMBIX MJIS INPELU3UOHHBIX H3MepeHui. CKOpOCTh CTapeHUs OINpENesseTcs YCIOBHAMU
XpaHEHUs U SKCIUTyaTallM, a TaKKe T€M, HACKOJIbKO XOPOIIO IEMEHThl JaTUMKOB HM30JUPOBAHbI OT



OKpYy’Karolllell cpefpl, U Kakue MaTepualbl MCIIONb30BAJIUChH IS MX M3roToBieHUs VHTeHCHBHOE
CTapeHHe TUIMYHO JJIs JAaTYMKOB, B COCTaB KOTOPBIX BXOAAT OPraHNYECKHE KOMIIOHEHTBI, U HE CTOJIb
CYIIECTBEHHO JJIi JaTYMKOB M3 HEOPraHMYecKUx »dJIeMEeHTOB. Hampumep, MeTanoKcuIHbIE
TEPMUCTOPHI B CTEKISIHHBIX KOpIycax o0JafaloT Jyd4lleld AOJTOBPEMEHHOM CTaOMIBHOCTHIO, YeM
TaKHe K€ TEPMUCTOPBI, OKPBITHIE ATOKCUIHOW CMOJION. {7151 IOBBIIIEHNS TOJTOBPEMEHHON CTaOUIIb-
HOCTH 3JIEMEHTHl JaTYUKOB IOJBEPralOT TEPMOLMKIMYHON IMOATOTOBKE, MOJAEIMPYOLIEH
SKCTpeMasibHbIe yCIoBUsS paboThl. Hampumep, JaTyuk MOXKeET MepHOJMUECKU MepeMeniaThCs U3 CPebl
C TeMIIepaTypoil 3aMep3aHusi B Cpely C OYEHb BBICOKOM Temreparypoil. Takas TepMOIMKIMYHASL
MOJIrOTOBKA MOBBIIIAET CTAOMIBHOCTDh XapaKTEPUCTUK AATYUKOB, MO3BOJSIET OOHAPYKUTH CKpPBITHIC
nedexTsl U MPOU3BECTH OTOPAKOBKY HETOJHBIX YCTpOHCTB. Hampumep, cTaOMIBHOCTh TEPMUCTOPOB C
SMOKCHJIHBIM TOKPBITUEM 3HAYUTEIHHO IMOBBIIIACTCSA, €CIHM Tepes KaaTuOpOBKOM M YCTaHOBKOW B
npubOp OHM B TEUEHUE MECALA BBIAEPKUBAIKMCH pU Temmeparype + 150 °C.

B mnepedeHp ycinoBHN OKpYXKaroLEd Cpeibl, BO3ACHCTBYIOIIMX HA JaTYMKH, MPAKTHYECKU
HUKOT/JIa HE BXOJAT (pu3nMueckue mapameTpsl, M3MepsieMble AaTdukamu. Hampumep, i paTduka,
OTIpECTSIONIEr0 JaBlIEHHE BO3/AyXa, YYHTHIBAIOTCA Clenyromue (akTopbl OKpY:KaIoUIeH cpesbl:
TeMIIepaTypa BO3/yXa U PSAOM PaCHOJOKEHHBIX 00OBEKTOB, BIAKHOCTh, BUOpALUK, HOHU3UPYIOIIAs
paauanusi, MEKTPOMarHuTHBIE T0JIsI, TPaBUTALIMOHHBIE CUJIBlI U T.II. Bce 3TH mapaMeTpsl HE TOJIBKO
MOTYT, HO U BIUSIOT Ha paboyne XapaKTEepUCTHKHU naTyuka. [Ipu 3ToM HE0OXO0AMMO yYHTHIBATh, KaK
JUHAMHMYECKHE, TaK M CTaTUYECKHE COCTaBIAIOLIME 3TUX (akTopoB. MHOrue u3 MapaMmeTpoB
OKpYy’Karolleil cpelbl UMEIT MYJIbTUIUIMKATUBHYIO MPUPOIY, T.€. OHM BIHSIOT Ha MEPEIaTOUYHYIO
GYHKIMIO AaT4vKa, HapUMep, MEHSIOT ero KoddduuueHt ycuieHus. OIHUM W3 TOATBEPKICHUIN
sTOr0 3PdeKra sABIAETCA MOBEACHHE PE3UCTUBHOTO JAaTUYMKA HANpPSHKEHUH, YyBCTBUTEIBHOCTH KOTO-
POTO YBEJIMYMBAETCS C POCTOM TEMIIEPATYPBHI.

OdeHb BaXKHBIM TpeOOBaHMEM [UISI COBPEMEHHBIX JAaTYMKOB SBISETCS OOEcledeHue ux
CTa0MIBHOM PabOTHl B pa3HOOOPA3HBIX YCIOBUSAX OKpyxkaromel cpensl. IloaTomy pazpaboTumku, a
TaKK€ 3KCIIEPUMEHTATOPbl BCErJa JOJIKHBI YYMTHIBATH BCE BO3MOXKHBIE BHEIIHHE BO3AEHCTBUS,
CHOCOOHbIE TOBJIMATH Ha pabouyMe XapaKTepUCTHKH JaTyukoB. Hampumep, Ha BbIXOzE
MBE303JIEKTPHUYECKOTO aKCellepOMeTpa MOTYT TOSIBISATHCA Mapa3UTHBIE CUTHAIBl WU3-3a: PE3KOro
M3MEHCHUS  OKpYXAloIleld  TeMmIeparypbl,  3JEKTPOCTATHUECKOro  paspsiaa,  oOpa3oBaHUs
ANEKTPUYECKUX 3aPAJ0B, BUOPAIIMH COCTMHUTEIBHBIX POBOJIOB, AEKTPOMArHUTHON HHTEp(hEepeH N
(BMU) u 1. n. Jaxe ecnu NpoU3BOAUTENb AAaTYMKa HE YyKazal 3TH (AKTOPbI, SKCIIEPHUMEHTATOP
JIOJKeH TPOBEPUTh €ro TMOBEAECHHE B KOHKPETHBIX YCIOBUAX OKCIUTyaTallud U, B Clydae
HEOOXOMMOCTH, (TP pPEATbHOM YXYALICHUHM paOOYMX XapaKTePUCTHUK OT BIMSHUS BHEIIHUX
(aKTOpPOB) MPHUHATH COOTBETCTBYIOILIME MEPHI, HAPUMEp, MOMECTUTh AATYMK B 3aIUTHBIN KOPITYC,
MCIOJIb30BATh SJIEKTPUUECKUI IKpaH, TPUMEHUTH TETIJIOU30JISAIHIIO HIIK TEPMOCTAT.

Temnepamypa okpyoicaioujeli cpedvl BIUSET Ha pabouue XapaKTePUCTUKH JATYUKOB, MOITOMY
BCerja JOJDKHA TNPUHUMAThCS BO BHUMaHue. Paloumii 1uama3oH Temmeparyp - 3TO HHTEpBaj
OKpPYKaIOLIUX TEMIIEPATyp, 3aJaBaMbIX BEPXHUM U HIDKHUM IPEIEIbHBIMU 3HAUECHUSAMH (Hampumep,
-20... + 100 °C), BHyTpM KOTOpPOro JaT4MK paboTaeT ¢ 3aJaHHOM TOYHOCTBIO. IlepemaTouHbie
(GyHKIMM MHOTHX JaTYMKOB CHUJIBHO 3aBHCAT OT OKpYXKaloIlled TeMmmepaTypbl. Ijs CHUXKEHHS
TEMIIepaTypHBIX IMOTPEIIHOCTEH B COCTaB CaMUX JaTYUKOB MIIM B CXeMBI IpeoOpa3oBaTeieil CUrHAJIOB
4acTO BCTPAUBAIOTCS CIELMAIbHBIE KOMIIEHCAIIMOHHbIE 31eMeHThl. Camplii mpocToi crnocod
ompeeNeHusT JOMYCKOB IO TEeMIepaType 3akK/IIo4yaeTcsi B YCTAaHOBJIEHHMH WHTEPBAJIOB BHYTPHU
pabodero auama3oHa Temmeparyp, A KaXIOro U3 KOTOPBIX YKa3bIBaeTCsl WHIUBUAYaAIbHAsS
norpemHocTb. Hampumep, B NAacHOpPTHBIX JaHHBIX MOXET OBbITh YyKa3aHO, 4YTO B MHTEpBaJIE
temmeparyp 0...50 °C Tounocts garumka cocrasiser 1 %, B uarepsaiax - 20.. .0 °C u +50...100 °C -
2%, B OCTaIbHBIX HHTEPBAIAX B NpeeNax quanasona usMepseMsix remmeparyp (-40... + 150 °C) -3%.
TemnepaTtypa okpyxaromei cpeapl TakKe BIUSET Ha AMHAMHUYECKHE XapaKTePUCTHUKH, OCOOCHHO B
clly4yasix, KOTJla TPUMEHSETCS BSA3KOCTHOE aemndupoBanue. CpaBHUTENBHO OBICTphIE HW3MEHEHUS
TEMIIEPATyp MOTYT IIPUBECTH K MOSBIICHUIO NTApa3UTHBIX CUTHAJIOB HA BBIXOJaxX AaTyukoB. Hanpumep,
MUPOIEKTPUUECKUN  YYBCTBUTENBHBIM OSJEMEHT, HCIOJb3YeMbIi B JETEKTOpax JABM)KECHUS,
MPAKTHYECKH HE pearupyeT Ha MEJICHHOE M3MEHEHHE OKpyKarouieil temmneparypsl. OmHako mpu



OBICTPOM CKadke TEMIIEpaTypbl Ha €ro BBIXOJE MOJKET MOSIBUTHCS 3JIEKTPHUECKHH CUTHAN (TOK),
pacrno3HaBaeMblil NIEKTPOHHBIMM LIEISAMH KaK OTKJIMK Ha BHELIHEE BO3JEHCTBUE, YTO NPUBOJIUT K
OlIMOKaM JIeTeKTUPOBAHUS.

Iocpewinocms  camopasocpesa TOSBISIETCd B JaT4yuMKax, HArpeBalOUIMXCS OT CUTHala
BO30YXJEHUS HACTOJIBKO, YTO ITO HAYMHAET BIUATh Ha €r0 TOYHOCTHBIE XapakTepucTuku. Hanpumep,
yepe3 TEPMMCTOPHBIM JaTYMK TeMIlepaTypbl HEOOXOAHMMO IHPOMYCKaTh 3JEKTPUUECKUH TOK, YTO
MPUBOJUT K PAaCcCESHUIO TEIUIa BHYTPU €ro KOHCTpyKuuu. [Ipu 3TOM cTeneHs camopaszorpeBa JaTunka
3aBUCHUT OT €r0 KOHCTPYKLIHMOHHBIX OCOOEHHOCTEHl M OT YCIOBHUIl OKpyKaroued cpeabl: Ju00 3TO
CYXOH BO31yX, MO0 KHUAKOCTH U T.H. CaMOpazorpeB JaTyhKa MPHUBOJIUT K MOSIBICHUIO OIIHUOOK TpU
M3MEPEHUH TeMIIepaTyphl, MOCKOJIbKY TEPMUCTOP HaYMHACT pab0TaTh KaK UCTOUHUK JOTIOJTHUTELHON
Ter1oBoM sHepruu. CaMblil CHIIBHBIM Pa30rpeB JaTYMKOB HAOIIOJAeTCa B CPEee CTOSYEro BO3TyXa.
Jlis TEpMUCTOPOB NPOU3BOAMTENN YaCTO YKA3bIBAIOT MOTPEIIHOCTh cCamopa3orpeBa npu padbore B
BO3/lyX€, CTOSTYEHN XKUJIKOCTH U JPYTUX CPEaXx.

Hape:xkHocThb

Haoescnocms - 3T0 cIOCOOHOCTh JIaTYMKA BBITIOJIHATH TpeOyeMble (PYHKIHU MPH COOII0CHUN
OTpeeNICHHBIX YCIOBHM B TEYEHHE 33JaHHOTO TPOMEXYTKa BpeMmMeHH. Ecium wucmonb3oBarh
CTaTUCTUYECKHE TEPMHUHBI, MOKHO JaTh CIEAYIOLIEE ONPEEIICHUE: HAIEKHOCTb - 3TO BEPOSTHOCTh
TOTO, YTO YCTPOHCTBO OyaeT (yHKIIMOHHMPOBATH O€3 IMOJIOMOK B TEUYCHHE YKAa3aHHOTO HWHTEpBaia
BPEMEHHM WJIM 3alaHHOTO KOJIMYecTBa LUKIOB. ClemayeT OTMETHTb, YTO HAJEKHOCTh HE SBISIETCS
XapakTepucTUKoW apeiipa miau myma. OHa OTpakaeT BpeMsl 1O BBIXOJA YCTPOMCTBA M3 CTPOS
(oTka3a), 1MO0 BPEMEHHOro, JM00 MOCTOSHHOTO IpPU COOJIOACHHUU PETJaMEHTHPOBAHHBIX YCIOBUI
SKCIUTyaTalllu.

HecmoTpss Ha TO, YTO HAJEKHOCTH SBJISETCS OYECHb BAXKHOM XapakTepUCTHKOH, OHA PEIKo
YKa3bIBaeTCsl MPOU3BOAUTEISIMA JAaTYUKOB. BO3MOXKHO, MPUYMHA 3TOTO 3aKJIIOYAETCSl B OTCYTCTBHUH
OOIIENTPUHATHIX CIOCO0OB ee m3MepeHus. s MHOTHX 3JEKTPOHHBIX MPHOOPOB B KayecTBe Criocoda
ONpEAENCHUs] SKCIUTyaTallMOHHON HAJEKHOCTH INPUMEHSETCS MpoLEeaypa BbIYHUCICHHUS CPEIHETo
BpeMeHu Mexny oTkazamu (CBMO), ocHoBanHas Ha ompeneneaun CBMO Bcero yctpoiicTBa mocie
BorunciaeHns CBMO ero oTnenbHBIX 3JIE€MEHTOB, MPU 3TOM HEOOXOJMMO YYUTHIBATH BIIMSHUE
BHEITHUX (DAaKTOPOB: TeMIIEPATyphI, JABICHHS, MEXaHUYECKIX HAMPSDKCHUH, CTETICHH SKPaHUPOBAHUS
nu 1.0 K coxanenuto, npoueaypa HaxoxaeHus CBMO He MO3BOJSIET OLICHUTh HAJAECKHOCTh
HAmpsSIMyIO0, U TaKyl XapaKTepUCTUKY TPYAHO NPUMEHATh Ha mnpaktuke. [loatomy wacto s
onpeAeNeHss HAJACKHOCTH NAaTYMKOB HMX IOJBEPraroT KBATU(UKAMOHHBIM HCIBITAHUSAM, KOTOPHIE
IIPOBOJASTCS. B HAUXYAIIMX ycnoBUsX. Hampumep, 1aTuMku 3acTaBisiOT HENPEPHIBHO PadOTaTh IpHU
MakCUMalbHOH paboueil Temmeparype B Tedenue 1000 gacoB. Ho 3TOT Merox He yduThIBaeT
CUTYallMd PE3KWX M3MEHEHUI BHEIIHUX YCIOBHM, Hampumep, ObICTPOro MOBBILICHUS TEMIEpPaTyphl.
On umuTHpyeT paboTy AaT4MKa B MOJEIU PEaJbHOTO OKPYXEHHs, HO MPU STOM CTPEMHUTCS CKaTh
ronsl B Heaenu. [lepen TakuMu KBadU(UKAITMOHHBIMH HCHBITAHUSMHU CTOSAT TPU 3aJadu: OIEHKA
CBMO, ompezaeneHne camMoro ysS3BUMOTO MeCTa KOHCTPYKIMHM (MecCTa IEpBOWM TMOJIOMKH) IS
MOCJIEYIOIIET0 YCOBEPUICHCTBOBAHUS AAaTYMKAa U HAaXOXKJICHHE HSKCIUTYyaTallMOHHOTO CpOKa >KWU3HU
BCEU CUCTEMBI.

JpyruM BO3MOKHBIM CIOCOOOM «YCKOPEHHOI'O CTapeHHUs» SIBISAETCS UCIOJIb30BAHUE TOM XKe
caMOMl COBOKYNHOCTH IapaMeTpoB, 4YTO M B pEaJbHBIX peKUMax OSKCIUIyaTallud, BKIIIOYast
MaKCHMaJbHYI0 Harpy3Ky W IMKJIbl BKJIIOYECHHUS/BBIKIIOYEHHSI, HO MPOBEPKY CUCTEMBbI MPOBOAUTH B
pacIIMpEeHHbIX JAMana3oHaX OKPYKAIOUIUX YCIOBHH(IIO CPaBHEHHIO C perjaMEeHTHUPOBAHHBIMH B
NAaCHOPTHBIX JaHHBIX). [Ipu 3TOM nomyckaercs, 4ToObl paboune XapakTepUCTUKU JATYMKOB BBIXOIUIN
3a Mpejenbl, yKa3aHHbIE B UX ONMCAHUAX, HO B HOPMaJIbHBIX YCIOBUSAX SKCIUTyaTallUM OHU JIOJIKHBI
BO3BpalllaThcs K TpeOdyeMmbIM 3HaueHHsM. Hampumep, ecnu B TOKyMEHTAIlMd TOBOPUTCS, YTO JATUHK
JOJDKEH paboTaTh mpW TeMreparype, He mpesblimaromei 50 °C, u HauOONbLIeH OTHOCUTENLHOM
BIaXKHOCTH 85% Tpu MakcMManbHOM pabodeMm HampspkeHnu + 15 B, ero ciemyer TecTupoBaTh B
[UKINYHOM pekume ripu Temmeparype 100 °C, oTHOCHTENbHO M BiIa)HOCTH 99% 1 HanpspkeHuu + 18
B.



JUJIst OTICHKH KOJIMYECTBA IIUKJIOB (N) MOXKET MPUMEHSTHCS CIEAYIOIIast SMIUprueckas hopmyna:
2,5
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A]-;est
rae: N - npuOIM3UTENbHOE KOJIMYECTBO IMKIOB 32 BECh OJKCIUIyaTallMOHHBIA Mepuoia; ATmax -
MakCUMaJdbHO BO3MOXHasi Quykryamust temmeparypbl; AT,y - MakcuManbHas (QIyKTyanus

TEeMIIEpaTyphbl, 3apUKCUPOBAHHAS BO BPEMS TECTUPOBAHUSI.

Hanpumep, mycTh HOpMajibHas pabodyas TeMmmeparypa jaarduka pasHa 25 °C, MakcuMaibHas
pabouas TeMIieparypa, yKa3aHHas B onmcanuu, cocrasiser 50 °C, TecTupoBaHHe IPOBOJUIOCH HPH
temneparype 100 °C. Takke GbUIO OLICHEHO, YTO JATYMK 32 MEPUOJI CBOCH IKCIUTyaTAIMH (JIOMYCTHM,
10 ner) moasepraercst 20000 pabounM IUKIIaM, TOTJa KOJUYECTBO TECTOBBIX ITMKJIOB, OMPEACICHHOE
IO BBINICTIPUBEICHHOMN opmyrie, cocTaBuT 1283.

OTO 3HAYUT, YTO I TECTUPOBAHUS, MOJAEIMPYIOIIETO BECh CPOK IKCIUIyaTallMH, IPOBEJEHHOTO
IIpYU BBILIEYKA3aHHBIX yclIoBUAX, noTpedyercss 1300 uukinoB Bmecto 20000. Cienyer OTMETUTD, YTO
ko3 duneHt 2,5 moyiydyeH IS MECT COEOUHEHHUS IMPHUIOEM, MOCKOIbKY MMEHHO 3TH 3JIEMEHTHI
HauboJjiee OABEPKEHBI BBIXOLY U3 cTpos. Ho HEeKOTOpble TaTUMKKU HE UMEIOT MasHbIX COeIMHEHHH, a
SJIEMEHTHI JIPYTUX YCTPOWCTB 00J7amaroT Oojiee BBICOKMM Kod(duuueHToM, yem 2,5 (Hampumep,
COECIMHEHMSI MPU IOMOIIM 3JIEKTPOIPOBOJHBIX 3MOKCHIHBIX CMOJI), NO3TOMY Ha IpPAKTUKE 3TOT
Ko3hGuUIMEeHT MOXKeT MO0 clerka CHIKaTbes, OO clerka yBenuduBaThcs. B pesynbrarte
TECTUPOBAHUS HAa «YCKOPEHHOE CTapeHHEe», HAIE)KHOCTh BBIPAXKAETCS Yepe3 BEPOSTHOCTH OTKA30B.
Hanpumep, ecnu npu nposeaeHun TectupoBanus 100 gaTumkoB 1Ba U3 HUX BBILUIA U3 CTpos (Tpu
OLIGHEHHOM CpoKe ciyO0bI 10 51eT), MOKHO yTBEp)KIaTh, YTO HAZEKHOCTh JAHHOTO THUIA YCTPOMHCTB
cocraBisieT 98 % B TeueHue nepBbix 10 JIeT uxX dKCIUTyaTalyH.

JlaTuuk, B 3aBUCUMOCTHU OT O0JIaCTH MPUMEHEHUS, MOKET MOBEPraThCsl BO3ACHCTBUIO U IPYTUX
(aKTOPOB OKpYKAIOIIEH Cpeibl, KOTOPHIE MOTEHIHMATFHO MOTYT MEHSTh €ro paboune XapaKTepUCTUKH
WM TIOMOTaTh 0OHAPY>KUBATh CKPBITHIE AedekThl. [103TOMY MHOTIa TPUMEHSIOTCS CIISAYIOIINE BUIBI
JOTIOTHUTENbHBIX UCIIBITAHUM:

e TecTpoBaHMe TMpU BBICOKOM TeMmIepaType U BBICOKOW BIKHOCTU TMPU MaKCHUMaJbHOM
HaNpsDKeHUU MUTaHus. Hampumep, JaTyWk 3acTaBiisiioT paboTaTh MPH MAaKCHUMAaJIbHO JOMYCTHMOMN
TEMIIEpaType U OTHOCHUTEIbHOU BiaxHOcTH 85-90% B Teuenue 500 uacoB. Takoe TecTupoBaHHE
ABJIAETCS OYEHb TMIOJIE3HBIM Il OOHAapYyKEeHMs 3arpsa3HEHHM M OLEHKM LEIOCTHOCTH KOPITYyCOB
ycrpoiictB. Cpok chmykKObl JaTYMKOB YACTO OMNpPENENAeTCs IO TEeCTy YCKOPEHHOTO CTapeHwus,
npoBoauMoro mpu temieparype 85 °C u OTHOCHTENBHON BIaXHOCTH 85%. Takyro MPOBEPKY 4acTo
Ha3bIBAIOT «TECTUPOBaHUEM 85-85».

e Jlis MonenupoBaHHs HEONArONpHUSATHBIX YCIOBUN OKpYXalolled cpenpl MpH IMPOBEpPKe
HAJEKHOCTH COCTUHEHHI: MPOBOJHBIX, KJIE€EBbIX U T.II., TATYUKU YaCTO MOJBEPraloTCsl BO3ACHCTBUIO
MEXaHMUYECKHX YAapoB M BUOparmsiM. [ momydeHuss BBICOKUX 3HAUCHUN YCKOPEHHH MOJETUPYETCs
najseHne jgatyrka. Yacto TpeOyercs NMPOBOAMTH TAaKWE MCHBITAHUS OTHOCUTENBHO Ppa3HBIX Oceit
ycTpoiicTBa. YacToTa rapMOHUYECKUX KOJIeOaHHUM, MPUKIAbIBAeMbIX K JATYUKY MPH BHOPAILMOHHOM
TECTUPOBAHUM, JIOJKHA U3MEHSTHCS B MHTEPBaJIe, BKIIIOYAIOLIEM €r0 COOCTBEHHYIO YacTOTY.

e Jlns MOJENIUPOBaHUS SKCTPEMAJIbHBIX YCIOBUN XpaHEHUs U MEPEBO30K JAaTUUK, KAK MUHUMYM,
1000 yacoB BbIAEpXKHMBAcTCA MO0 Mpu oueHb BHICOKMX (+100 °C), nubo mpu OYEeHb HU3KUX
temneparypax (-40 °C). DToT BUJ TECTHPOBAHHWs IMPOBOJMTCS, KaK MPAaBUIIO, Ha HEpabOTAOMIMX
ycTpoiicTBax. BbIOOp BepXHEro M HHUXKHETO TEMIEpaTypHBIX IPEAETOB JOJDKEH MPOBOJUTHCS B
COOTBETCTBHHM C (U3MUecKOW mpupoaoil maruukoB. Hampumep, mns mnuposnextpuueckux TGS
naraukoB (upmer Philips, xapakrepuzyembix Toukoit Kiopu +60 °C, sra Temreparypa HUKOTIa HE
nooKHa mpesbinath +50 °C, uto Beeraa J0/DKHO OBITh YETKO YKAa3aHO Ha UX KOPITycax.

e JI;is mpoBepKH MOBEACHUS TaTYUKOB MPHU IKCTPEMATHHO M3MEHSIOIINXCS] BHEIIHUX YCIOBUAX MX
MOJIBEPrar0T BO3JCHCTBUIO TEIMJIOBOIO IIOKA MJIM LUKIMYECKUX Temreparyp. Hanpumep, ycTpoicTBO
HaxoauTcs B Teuenue 30 MUHYT B cpejie ¢ Temmeparypoii -40 °C, mocie 4ero ObICTPO MepeMeInaeTcs
Ha 30 munyT B cpeay ¢ remmeparypoi + 100 °C u tak MHoro pas. Kojan4ecTBo Takux IMKIIOB, KakK
npaBuJio, JIexuT B nipenenax 100...1000. IToT Tect momoraeT 0OHapyKUBaTh ASPEKTHl Pa3HBIX THIIOB



COEMHEHUI U MPOBEPSIET LIEJTOCTHOCTh KOPIyCa.

e JIns MolenMpoBaHuUsl YCIOBUM MOPCKUX MEPEBO30K JTATYMKUA MOTYT MOABEPraThbCs BO3EHCTBUIO
COJISIHBIX TYMaHOB B TE€UEHHUE ONPEeIEHHOr0 UHTEepBala BpeMeHu (HarnpuMmep, 24 yacoB). Takoe Tec-
THPOBAHUE TOMOTAET ONpPEAEATh YCTOMUNBOCTh YCTPOUCTB K KOPPO3UH U OOHAPYXKUBATH JEPEKTHI
KOPILYCOB.

XapakTepuCTHUKH JATYHUKOB, TUKTyeMble YCJOBUSIMH UX NP UMEHEHUsI

Jliss BO3BMOKHOCTM TPUMEHEHHsI B Pa3IMYHBIX O0O0JacTIX Ba)KHBIMH CTAHOBATCS CIIEIYIOLIHE
XapaKTEepPUCTUKU JaTUMKOB: UX KOHCMpYKyus, eéec W 2abapumoel. Ecnu nias AaTYMKOB TJIABHBIMU
rnapameTpamHu SIBJISIOTCS TOUHOCTbh U HAJEKHOCTb, TaKasi XapaKTePUCTUKA, KAK CTOUMOCTb OTXOJUT Ha
BTOpOM miaH. Tak eciau ycTpoilcTBa mpeaHa3HAYEeHbI ISl CUCTEM >KM3HEOoOecrneueHus, 000pOHHBIX
KOMIUJICKCOB ~WJIM KOCMHMYECKHMX KopaOyiel, HX BbICOKas CTOMMOCTh BCErJa OIpaBAaHa
MpeIbABISIEMbIMU TPEOOBAHUSIMU MO TOYHOCTH M HAASKHOCTH. OIHAKO CYyHIECTBYET psA JIPYrux
obyacTelt MpUMEHEHHS JaTYUKOB, II€ X CTOMMOCTD SBJISIETCSI OCHOBOTIOJIAratoIIeH.

Crarucruyeckasi omudka

B 3TOM Mupe HET HuYero coBepUIeHHOro. Bce Hamm 3HaHUS O Marepuaigax HOCAT BEChbMa
NpUOIM3UTENBHBIA XapakTep, U, Ha CaMOM JeJie, OHU MPEJICTaBISAIOT COOOW HE COBCEM TO, YTO MBI
nymaeMm o HuX. Bce cTaHkd TOXe BecbMa HECOBEPIICHHBI M HUKOT/Ia HE MPOU3BOJIAT JIETAIH B TOUHOM
COOTBETCTBHHM C 4YepTeKaMH. Y BCEX KOMIIOHEHTOB JIOOBIX YCTPOMCTB CyIIECTBYET Apeid
XApaKTEPUCTUK, CBA3AHHBIM C OKPYKAIOIIMMH YCIOBUSMHM U CTapeHHeM. BHellHue momexw MoryT
BIUATh Ha paboyue mapaMeTpbl CHUCTEM M MEHSTh WX BBIXOJHbIE CHTHalbl. PaOOTHHMKHM Takke
HeuJeadbHBI, W BCErJa MPUCYTCTBYET uenoBeueckuit Qakrtop. I[IpowsBoautenu OoproTcs 3a
OJIHOPOJTHOCTh U COTJIACOBAaHHOCTh TEXHOJIOTMYECKHUX MPOIECCOB, HO, HECMOTPSI Ha 3TO, HU OJIUH U3
MIPOU3BOJAUMBIX 3JIEMEHTOB HE SIBJSETCS COBEPLIEHHBIM W TFOBOPUTH O 3HAYEHUAX HUX IapaMEeTPOB
MOXKHO TOJBKO C HEKOTOPOW CTeneHblo ompeneneHHOCTU. JIroOble H3MepUTETIbHbIE KOMILIEKCHI
COCTOAT U3 MHOXKECTBAa KOMIIOHEHTOB, BKJIOYas aaTyukd. [1o3TOMy BHE 3aBUCHMOCTH OT TOTO,
HACKOJIBKO TOYHO MPOBOIMIIUCH MCCIEIOBAHUS, MOXXHO TOBOPUTH JIUIIH O MPUOIN3UTEIHHON OIICHKE
3HAUEHHs pPEaJbHOW (PU3MYECKONW BETUYMHBI, SBISIOMIECHCS OOBEKTOM H3MEpeHHMH (T.€. BHEIIHUM
BO3JIeiicTBUEM). Pe3ynbTaTsl U3MEpPEHU MOTYT paccMaTpUBaThCA 3aKOHYEHHBIMH, TOJIBKO KOTIa OHU
COTPOBOXKIAIOTCS CTATHCTUYCCKOW OIICHKOW MOJYYCHHBIX NAHHBIX, MOCKOJBKY HHUKOTJA HE OBIBaeT
100% yBepeHHOCTH B TOYHOCTH OTIPEICICHHBIX 3HAYCHUI.

B 3amymiieHHBIX YCIOBHSAX MOKa3aHUS JaT4MKa §' OyIyT OTIMYAThCS OT PEajbHOrO 3HAYCHHUS
BHEILIHEr0 CUTHAJa § Ha BEJTUYMHY OIIMOKHM M3MEPEHHUs, KOTOPYI0 MOXHO BBIPA3UTh B CIEAYIOIIEM
BHJIE!

o=s"s

HeoOxonumo Bcersaa 4yeTko MOHUMATh Pa3HUILY MEXKAY HO2peunoCcmvbio U3MEPEHUH, KOTOPYIO
MOXKHO OIpEAeIUTh MpU TOMOIIM (QOPMYIL, U CMamucmuyeckon owubKou pe3yabTaToB.
IlorpemHOCT HM3MEPEHHM MOXKHO 1O HEKOTOPOM CTEIEHM CHHU3UTh 32 CUET KOPPEKTUPOBKU
CHUCTEMATHUYECKUX COCTaBIAOMMX. Ho, HECMOTpsl HA JOCTUTHYTYIO MAJIYIO BEJIMYUHY MOTPEIIHOCTH,
CTaTUCTUYECKasl OUIMOKa MPU 3TOM MOXKET ObITh OUYEHb BBICOKOH. B TakoM ciyuae Mbl HE MOXKeM
CUMTATh pE3yJAbTaThl MU3MEPEHUN [IOCTOBEPHBIMU. [IpyrumMu cjaoBaMu MOXHO CKa3aTb, YTO
MOTPEUTHOCTh U3MEPEHUN - 3TO TO, YTO MBI PeajbHO MOJy4yaeM BO BpeMs MPOBEJICHUS KOHKPETHBIX
W3MEPEHUM, a CTaTHUCTHYECKas OUMIMOKa - 3TO TO, HACKOJBKO MBI MOXKEM IMOBEPUTH MOTYyYEHHBIM
pe3ynbTaTam.

Mexnaynapoanbsiii Komuter mo Mepam n Becam cuuTaeT, 4To cTaTUCTUYECKHUE OMIMOKA MOYHO
pa3lieuTh Ha JABE TPYIIIbI, XOTA MEXIy TpynnamMu A U b HEeT 4eTKuX rpaHwuil:

I'pynna A: morpemrHocTu, OlleHUBa€MbIE CTATUCTUYECKUMH METOIAMU.

['pynna b: morpenmHocTH, olleHMBaeMbIe IPYruMU METOJaMU.

Cratuctuueckas omuoOka Tuma A OOBIYHO OMNpenensieTcs MO CTaHAAPTHOMY OTKIOHEHHIO S,
PaBHOMY IOJIOKHUTEILHOMY KBaJIpaTHOMY KOPHIO M3 CTaTUCTUYECKU OINPEACNICHHON IUCTIEpPCUU Tsi,
JICJICHHOW Ha 4YMCIIO U3MEpeHUi v;. JlJis OTIeNbHBIX KOMIIOHEHTOB CMAHOApPMHAs CTaTHUCTHYECKas
omunOKa u; 0ObIYHO paBHa s;. CTaHmapTHas OIIMOKA MOKa3bIBAeT BKIJIAJ KaXJOr0 KOMIIOHEHTa B
OOIIyI0 CTATHCTUYECKYIO OIITHOKY.



JUiss  OIICHKM JUCHEpCHUU OOBIYHO TPHUMEHSIOT CTATUCTHYECKYI0 OO0pabOTKy pe3yibTaToB
u3MepeHuit. s 3TOro MeToAoM HAaWMEHBIIHUX KBAJpPAaTOB HAXOAAT YpPAaBHEHHUE 3aBHUCHMOCTH,
HaumboJee TOYHO OMMCHIBAIOUICH TMOJydeHHBIE OHKCIEPUMEHTANbHBIE JaHHBbIE, M OMPEIEINsIOT
OTKJIOHEHMSI KaKJIOTO U3MEPEHHOTO 3HaYEHHS OT MOJIYYEHHOH TaKUM 00pa3oM OCpeTHEHHOW KPUBOIA.

st ompeneNieHusl CTaTUCTUYECKOW OImMMOKM Tuma b OOBIYHO HCIOJIB3YIOT BCIO JOCTYITHYIO
MH(POPMALIUIO, BKITIOYAIOIIYIO:

e Bce nannble, nonydyeHHbIE B PEABIAYILIMX U3MEPEHUSX,

e 3HaHUA, IOJyYEHHBIC U3 aHAIN3A XapaKTEPUCTUK U MOBEJICHUS aHATOTHUHBIX
JATYUKOB, HCIIOJIH30BAHUS MT0J0OHBIX MAaTEPUATIOB U HUHCTPYMEHTOB,

e Cnenuduranuu, BEIIAHHBIC POU3BOUTEIIEM,

e JlanHble, MOYYEHHBIE B Mpoliecce KaaTuOpOBKH,

e CrartucTuveckue JaHHbIE, MOTYYEeHHbIE U3 CIIPABOYHUKOB U IPYTOU JINTEPATYPHI.

[Tocrne moydeHus: OIEHOK BCEX CTATUCTHYECKUX MOTPEIIHOCTEH X HEOOX0MMO OObETUHUTD U
OTIPEACTTUTh TMOJIHYID CTAHIAPTHYIO CTATUCTHYECKYIO OMIMOKY. DTO MOXHO CHIeNaTh MPU MTOMOIIN
3aKOHa PACIPOCTPAHEHHUS CTATUCTUYECKUX MOTPEUIHOCTEH, KOTOPBIM 3aKII0YaeTCsl B HAXOXKICHUU
KBaJIPaTHOTO KOPHS U3 CyMMBI KBaJIpaTOB BCEX KOMIIOHEHTOB CTATUCTUYECKUX OIIHMOOK:

u, :\/uf+u§+...+uf+...+u§

rac n - YuCjJo0 KOMIIOHCHTOB ITOJIHOM CTaHZ[apTHOﬁ CTaTUCTHYECKOH OIIMOKH.



JAETEKTOPBI IPUCYTCTBUA U ABUKEHUSA OB BEKTOB
Jatuuku npucymcmeusi JNETEKTUPYIOT HAXOXJEHUE JIoJed (a WHOTJa U JKUBOTHBIX) B

KOHTPOJMPYEMOH 30HE, TOTJIa KaK OemeKkmopbl O08UdCeHusi PearupyroT TOJbKO Ha TepeMelleHue

00bekTOB. OCHOBHBIM HX OTJIWYHEM SBISETCA TO, YTO JATYMKH MPUCYTCTBUS BbIPaOATHIBAIOT

BBIXOJHOW CHUTHAJl HE3aBHUCHMO OT TOTO, JBHXKETCS OOBEKT WM 3aMep, B TO BpeMs KaK CHUTHAN Ha

BBIXOJIC JICTEKTOPA JABMKCHUS TIOSIBIISIETCS TOJIBKO B CIydae MepeMerieHns o0bekra. Takue naTuuKu

MPUMEHSIIOTCSI B cUCTeMax HaOJIOJCHUS M OXpaHbl, B YCTPONCTBAX YNpaBlIeHUs] dHeprue (Hampu-

Mep, A YIOpaBieHHS BKIIOYCHHEM/BBIKIIOUEHHEM OJJIEKTPUUECKOTO CBETa), B HMHTEPAKTHBHBIX

UrpylIKax U T.J. B 3aBUCMMOCTH OT KOHKPETHOW CHUTYyallud TPUCYTCTBUE YEJIOBEKa MOXKET

OTPENIEIATHCS IO HEKOTOPBIM MapaMeTpaM €ro Tella Wiu XapaKTepucTukam noseaenus. Hampumep,

JaTYUK MOXKET pearrupoBaTb Ha BEC YEJIOBEKa, TEMJIO OT €ro Tena, 3BYKH, Ha HU3MEHEHUE

OURJICKTPUYECKON TMpoHUIIaeMOCTH U T.A. Jng ompeneneHus NPUCYTCTBUS JIOAEHM M UX

MepeIBMKEHUM B HACTOSIIIIEE BPEMsI IPUMEHSIOTCS CIIEAYIOIINE TUITBI JATYUKOB:

o [lamyuxu oOaenenuss 6030yxa: AETEKTOPbl NEPENaZoB [aBJIECHUS BO3/yXa, BO3HUKAIOIIMX IpPU
OTKpBbIBaHUU JBEPEH U OKOH.

e Emkocmuble 0amuyukuy: 1eTEKTOPbl H3MEHEHHsI EMKOCTH YeJI0BEYECKOTO TeJa.

® Axycmuueckue oamyuxu: JETEKTOPHI 3BYKOB, TPOU3BOJUMBIX JIOJbMHU.

o Qomosnexmpuueckue 0amyuKy: AeTEKTOPbI MEPECEUCHNUS JTyda CBETa ABMKYIIIMMHUCS 0ObEKTaMHU.

o OnmosnexmpoHusie 0am4uKy: IeTEKTOPbl YPOBHS OCBEIIEHHOCTH WA ONITUYECKOM KOHTPACTHOCTU
B OXpaHsIeMOM 30HeE.

e Cencopvl npedoxpanumenvhblX KOGPUKOG: NIVHHBIE IOJIOCKH, PACIOJIAralolliiecs Ha IOJIy MOJ
KOBPUKOM Y BXOJHOM JBEpH, pearupyrolue Ha JaBjeHne, Co3/1aBaeéMoe BECOM HEMPOILIEHOTO FOCTS.

o Jlemexmopbl HanpsdceHull: TaTINKU 1edopMallii, BCTPOCHHBIE B IM0JI, CTYIEHU U JAPYyrue
KOHCTPYKTHUBHBIEC 3JIEMEHTHI.

o Jlemexmopbl OMKpbI6aHUs: IIEKTPUIECKUE KOHTAKTbI, BCTPOCHHBIE B IBEPU U OKHA.

o Macnumnvle demekmopbl OmKpviéanus: 0ECKOHTAKTHASI BEPCHUS AETEKTOPOB OTKPHIBAHMS.

o J/lemexmopbl 6ubpayuii: yCTPOUCTBA, pearrpyrolye Ha BUOpaluy CTEH WU APYTUX KOHCTPYKIIHA
3/1aHUI; TAKKE DJIEMEHTHI MOTYT TAK)K€ KPETUTHCS K ABEPSIM U OKHAM i1 OOHApY>KEHUS
nepeaBMKEHU 00BEKTOB.

o Jlemexmopwl pazdumsix cmekosl: TaTYNKU, pearupyolire Ha cnenrduueckue BUOpaum,
XapaKTepHbIe 17151 ObIOIIErocs CTeKIa.

e UK 0emexmopul 08udiceHus: yCTPOUCTBA, pearupyrolie Ha TEIIOBbIE BOJIHBI, HCITYCKaeMbIe
TETUTBIMU VI XOJIOJHBIMU JBIDKYITUMUCS OOHEKTaAMH.

o CBY demexkmopwl (MUKposoiHo8ble 0amuuKi): akTUBHBIE YCTPOICTBA, pearupytomue Ha CBY
ANIEKTPOMArHUTHBIE BOJIHBI, OTPAKEHHBIE OT 0OBEKTOB.

o Viempassykogvie 0amuuxu: ycrpoictBa ananoruuasie CBY natumkam, TOJIBKO B HUX BMECTO
ANIEKTPOMATrHUTHBIX BOJH HCIIOJIB3YIOTCS YIbTPa3BYKOBEIE KOJICOAHHUS.

e Budeodemexmopwli nossieHus Ho8blX 00bEeKMo8: BUJEO YCTPOUCTBA, CPABHUBAIOIINE TEKYIIIEe
n300pakeHne OXpaHsIeMOW 30HbI C 3aIIMCAHHBIM B [TaMATH 3TAJIOHHBIM U300paKEHUEM.

e Cucmemvl 8U0e0pacno3Ha6anUs: aHAIU3aTOPbl N300pakEHUH, CPAaBHUBAIOIIME XapaKTEPHbIE
0COOEHHOCTH JIUII JIFOAEH C MOPTpEeTaMU, XpaHAIIUMHUCS B 0a3e TaHHBIX.

e JlazepHvle OemeKkmopbl: YCTPONCTBA, MOJ0OHbBIE (POTOIIEKTPUUECKUM AeTekTopaM. X oTnnyne B
TOM, YTO OHU HCIIOJIB3YIOT Y3KHE JTy4H CBETa U KOMOMHALIMIO OTpakaTesei.

e Dnekmpocmamuieckue 0emekmopul: TaTYNKU, CIOCOOHBIE JETEKTUPOBATh CTATHUECKUE
ANEKTPUUECKUE 3aPsi/ibl, IEPECHOCUMBIE ABUKYITUMUCS 0ObEKTaMHU.

O,Z[HI/IM U3 HCIOCTATKOB ACTCKTOPOB O6H3py>KCHI/IH MNpUCYTCTBUSA J'IIO,I[GIZ WM UX BTOPIKCHHA B

OXpaHseMO€ TPOCTPAHCTBO SABJSETCA JIOKHOE cpabarbiBaHue. Iloj JoXKHBIM cpabaThIBaHUEM
MIOHMMAETCSl CUTYalMsl, KOTJla CUCTEMa YKa3bIBAa€T Ha MPUCYTCTBUE OOBEKTOB, KOTOPHIX Ha CaMOM
JieJie TaM HeT. B HEeKOTOpBhIX ciy4asX, HallpUMep, B UIPYyIIKaX WIM YCTPOMCTBAX YIIPAaBICHHUs
OCBEIIICHUEM, JIO)KHOE cpalaThlBaHME HE NPUYMHSAET 0coObIX mHpobOieM. OJHAKO B OXpaHHBIX U
BOCHHBIX CHUCTEMax OJMHAKOBO ONACHBIMU SIBIISIOTCSA CUTYallUH, KaK JIO)KHOTO cpabaThIBaHUs, TaK U



IIPOITyCKaHUsI BTOPXKEHHS NOCTOPOHHUX B KOHTPOJUPYEMYIO 30HY. IloaTomy mpu BeIOOpE IaTUMKOB
IUIsL TAaKUX MPUMEHEHHH He0OXOoAMMO OOpaliaTh BHUMAaHUWE Ha MX HAJEKHOCTb, M30MPATEIBHOCTh U
MIOMEXO03aIIMIEHHOCTb. ISl MOBBINICHUA HANECKHOCTH OXPAHHBIX CHCTEM YacTO HCIHOJIB3YIOT
HECKOJIbKO JIaTYMKOB CO CBOMMM HMHTEp(EHCHBIMM CXeMaMH, Pa0OTaroIMMH HE3aBHCHMO JAPYT OT
apyra. Takoi mpuem 0ocoOeHHO S(PQEKTHBEH B CilIydae BO3JCHCTBHS BHEUIHMX NoMeX. J[pyrum
CIIOCOOOM CHMXKEHHUSI OIIMOOK Tpu OOHApYKEHHHM BTOPXKEHHS JIIOJCH SIBISETCS NPUMEHEHUE
HECKOJIbKMX JIaTYMKOB, OCHOBAHHBIX Ha pa3HbIX (QU3MYECKUX MPUHLMIAX (HAIpUMeEp, O4YEHb
spdexTrBHa KOMOUHAIMA eMKOCTHBIX U MK 1eTeKTOpoB, MOCKOIBKY Ul HUX KDUTHYHBIMU SIBIISIFOTCS
pa3Hble BUJIbl BHOCUMBIX ITIOMEX).



JAETEKTOPBI IOJOXEHUSA, IEPEMEIIEHUA U YPOBHSA

Omnpenenenue TONOXKEHUST (PU3NIECKUX OOBEKTOB W HMX TEPEMEIICHUN SBISETCS BaXKHOU
(dyHKIIME MHOTUX aBTOMAaTH3UPOBaHHBIX cucteM. OHa HeoOxoauma npaktudecku st Becex ACYTII,
CHCTEM YIPaBJICHUSI TPAHCIOPTHBIMU MOTOKAMH, OXPAHHBIX CHCTEM, 0e3 Hee He MOXKEeT 000UTHCH HU
onuH po6oT. Ilon onpenenennem nonoxcenus PU3NYECKOro 0OBEKTa MOHUMAETCS HAXOXKJIECHHE €ro
KOOPAMHAT (JIMHEWHBIX WJIM YIJIOBBIX) MO OTHOIICHHUIO K 3adaHHOW Touke. llon nepemewenuem
00BEKTOB MOJpPa3yMEBACTCs MX MEPEIBMKEHHUE W3 OJHOTO IOJIOKEHHUS B JPyroe, Haxonsuieecss OT
MEPBOrO HA OMNpPENEJICHHOM pACCTOSHUU WM TOJ OIpENeNeHHbIM yriaoM. Jlpyrumu cioBamu,
nepeMeIeHre BCeria ONpeAessieTcsl 0 OTHOLICHUIO K MCXOTHOMY TIOJIOKEHUIO 00BEKTA.

Jns oOHapyXeHHS ONACHBIX PACCTOSHHUNA MEXIy IBYMs OOBEKTaMH OOBIYHO NPHUMEHSIOTCS
NETeKTOPBl coOnudceHus. Takue NETEeKTOpbI, MO CYILECTBY, SBISIOTCS MOPOTOBBIMH YCTpPOMCTBaMU,
pearM30BaHHBIMM Ha 0a3e JaTUYMKOB MOJOKEHUS 00bekTa. JlaT4MKM MOJOXKEHHs - 3TO, KaK MpaBHIIO,
JMHEWHBIE YCTPOUCTBA, BBIXOHBIC CUTHAJIBI KOTOPBIX COOTBETCTBYIOT PACCTOSIHHIO MEXIY OOBEKTOM
U OMOPHOM TOUKOH. JleTeKTophl CONMMKEHUs SABISIIOTCSA 0OJiee MPOCTHIMU YCTPOMCTBAMH, Ha BBIXOJIE
KOTOPBIX CHTHAJbl MOSBIAIOTCA TOJBKO B Cliydyae OOHApYKEHUS KPUTHUYECKOTO PpACCTOSHUS 10
oObekTa. Hampumep, Bo MHOTHX poOOTax M ABMKYIIMXCS MEXaHU3MaX aBTOMAaTU3WPOBAHHBIX CUCTEM
MPUMEHSIETCS OYeHb MPOCTOM, HO OUCHb HAJICKHBIM JATUYUK COIMMKEHUS - KOHIIEBOU BHIKIIOYATENb, B
COCTaB KOTOPOTO BXOAMT Mapa JTUO0 HOPMaJbHO 3aMKHYTBHIX, JIMOO HOPMAIbHO PAa3OMKHYTBIX
koHTakTOB. Korma oOBEKT mpu CBOEM JIBM)KEHHH MEXaHMYECKH DPa3MbIKaeT WM 3aMbIKaeT 3THU
AIIEKTPUYECKHE KOHTAKTHI, KOHIIEBOW BBIKIIIOYATENb MOCHUIAET CUTHANl B YIPABISIONIEE YCTPONCTBO.
OTOT CUTHal YKas3blBaeT Ha TO, YTO OOBEKT JOCTUT CBOEr0 KOHEYHOTO MoJoxeHus. OmHako
KOHTAKTHBIE TMEPEKIIOYATEe I HMMEIOT psAI HEIOCTATKOB: BBICOKYI0 MEXaHWYECKYI0 Harpy3ky Ha
IBUKYIIHECS 00BEKThI, TUCTEPE3UC U T.1.

JleTekTophl MepeMelIeHni 4acTo SBISIOTCS COCTaBHBIMU YacTSAMU 0OoJiee CIOKHBIX JaTYUKOB,
IUIT KOTOPBIX OOHApyXEeHHE MABIKYHIMXCS OOBEKTOB - TOJBKO OJHA W3 HECKOJbKHX CTYyNEHEeH
nporecca npeoOpa3oBaHus cHUrHaja. l[IpuMep Takoro COCTaBHOTO NpeoOpazoBaTelst - JaTUhK
JaBJICHUSI, B KOTOpPOM JaBJICHHE NPHUBOJUT K TNepeMelieHuio auadparMbl, a IepeMelleHne
nuadparmMel, B CBOIO OdYepelb, BBI3BIBAET M3MEHEHHE BBIXOJAHOTO JIEKTPUUYECKOTO cHUrHama. U3
MPUBEICHHBIX MPUMEPOB BUAHO, YTO JaTYUKU T[EPEMELICHUH, HE TOJIbKO MPUMEHSIOTCS
CaMOCTOSITENIHO, HO U BXOJST B COCTaB MHOTHX JIPYI'MX AETEKTOPOB.

BOABIIMHCTBO JAaTUMKOB TOJIOKEHUSI U IEPEMEIICHUN SBISIOTCS CTaTUYECKUMH YCTPOMCTBaMH,
OBICTpOJACHCTBHE KOTOPBIX, KaK MPaBUJIO, HE CKa3bIBaeTCs Ha pabouMX XapaKTepPUCTHUKAX CHCTEM.
OpHako MNpPOM3BOAMTENM TaKUX JATYUKOB OOBIYHO TPUBOAAT B JIOKYMEHTALMM BEJIUYHMHY
MaKCHMaJbHOW CKOPOCTH PEAKLH.

[Tepen TeM Kak IPUCTYNHUTH K pa3paboTKe WM BHIOOPY JETEKTOPa MOJOKEHHUS U TepeMEIeHHUs,
HE0OXOMMO OTBETHUTD Ha CIICAYIOIINE BOIIPOCHI:
1. KakoBa BenmuMHa W THUI HU3MEPAEMBIX MEpPEMEIICHUN? (CYIIECTBYET [Ba THUMA IMEPEMEILEHUI:
YIJIOBOW U JINHEHHBIN)
2. Kakoii nomxHa ObITh pa3peraroias CriocCOOHOCTh U TOYHOCTh?
3. U3 d4ero m3roToBiieH OOBEKT, MepeMelleHHEe KOTOPOro HEeoOXOIuMO u3MepuTh? (M3 MeTasia,
IIACTMACCHI, )KUKOCTH, (PeppOMAarHUTHBIX MAaTEPHAJIOB U T.1.)
4. Kakoii pazMep NpoCTpaHCTBA OTBE/ICH ISl MOHTaXa AaTunKa?
5. KakuMm ntoJpkeH OBITh Tuana3oH U3MEpeHUA?
6. B xakux ycnoBHsSX OKpYKarollei cpeapl MPeACTOUT paboTaTh JaTYUKY? (BIAXKHOCTh, TEMIIEpATypa,
HCTOYHUKYU NIOMEX, BUOpauus u T.11.)
7. Kakoii nomxHa ObITh OTpebIIsieMas MOIIHOCTD AaTUMKa ?
8. KakuM MOkeT ObITh CPOK CITYKObI JaTunka? (3TOT MapamMeTp TECHO CBSI3aH C MPOJIOJIKUTEIBHOCTHIO
CITY’KOBI BCEH CHCTEMBI)
9. Kakoe KoIHM4YeCTBO [aTYMKOB HEOOXOAMMO U3rOTOBUTH? (OIpaHUYEHHOE YMCIIO, CpelHEe
KOJIMYECTBO, CEPUIMHBIN BBITYCK)
10. Kako# nomkaa OBITH CTOUMOCTE JaTynKa?

TmarenbHbIN NpeaBapUTENbHBINA aHAIM3 MOMOTaeT He JOMYCTUTh HEXelaTelbHbIX IPOMaxoB B



aJbHEUIIEM.

B nacrosmee Bpemsi IPUMEHSIIOTCS CIIEAYIOLIHUE TUIIbI JATYUKOB.
IHoTreHUMOMeTPHUYECKHE JATYUKHU

JlaTuMKy TOJNOXKEHUsT M IEePEMELIEHUH 4YacTO peaju3yrTCs Ha OCHOBE JIMHEWHBIX WU
IMOBOPOTHBIX MOTEHIMOMETPOB. [IpHHIMI JEHCTBUS TaKUX YCTPOWCTB OCHOBAH HAa TOM, YTO
COMPOTHBIICHUE MPOBOJIOYHOTO PE3UCTOpPA 3aBUCHT OT JJIUHBI HpoBoja. TakuM oOpa3oM, eciu
nepeMenieHrne o0bekTa OyAeT CBSI3aHO C HW3MEHEHHEM IOJIOKEHUsS TMOJI3YHKa MOTEHIIMOMETPA,
MOJIYYUTCSI YCTPOMCTBO, KOHTPOJIMPYIOLIEEe TIOJIOKEHHE OOBEKTa, T.€. AaKTUBHBIA JIETEKTOP
nepemeniennit. Ha puc. 1A npuBeneHa cxema MOTEHIIMOMETPUYECKOIrO JaTyuka nepemenienuii. Ha
MPAKTUKE MPOLEIYypa U3MEPEHUS COMPOTUBIIEHUS 3AMEHSAETCS ONPEACICHUEM NAJACHUS HANPSHKEHUS
V' Ha 3TOM CONpPOTHBJIEHHHM, KOTOPOE JUIsl JIMHEHHOTO JaT4yvKa HpPONOPLHUOHAIBHO BEJINYUHE
nepemenieHus d:

posd,
D

rae D - BeIMYMHA MAaKCHMMAaJIbHO BO3MOJKHOTO MEpeMEIlleHMs, £ — HanpsbkeHHe, NMPUIIOKEHHOE K
MIOTEHIIUOMETPY.
I'paBuTanmoHHbIE JATYUKH

K  xopomo  u3BECTHBIM e
IrPABUTALMOHHBIM NETEKTOpam e
YPOBHSI OTHOCSITCSL JAaTYUKH, HC- £ g
MOJIb3yeMbIe B TYaJIETHBIX OauKax. — g v
I'maBHBIM OJICMECHTOM TaKUX — — %*—, E
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MM EHH R A FrESALTIR

npeoGpazoBaTereit SBIIAETCS
TIOTLTABOK - yCTpoiicTBoO, : i

obnajaroniee MeHbIIEH, uYeM y ) i A ,
BObI IINIOTHOCTBIO. ITonmaBok [A]

HaAIPSIMYIO CBsI3aH C
BOZOIPOBOIHBIM KPaHOM u Puc. 1. IloTeHIMOMETPUYECKUH NaTUMK NONIOKEHUS (A),

OTKPBIBAET WJIU TEPEKPHIBACT €ro. IPaBUTALMOHHBIN 1aTYMK YpoBHs xkuakoctu (b)
IlonmaBox, 1O CcBOEH  CyTH,
ABJISICTCA JJETEKTOPOM I0JIO’KEHHS MOBEPXHOCTU BOJbl. ECiin ypoBeHb BOJbI HEOOXOIUMO U3MEPSTH, K
MOIJIABKY MOXHO HOJKIIOUUTh IpeoOpazoBaTesb MOJO0XKEHUSA: MOTEHIIMOMETPUYECKUH, MarHUTHBIH,
€MKOCTHOW WJIM KaKOHW-JINO0 MHOM JaTymuK mpsmoro aeictus (puc. 1B).

VYposnemepul, onpenensiomuye yroja HakioHa 00bEKTa OTHOCHTEIBHO HANpPAaBJICHUS K LIEHTPY
TSKECTH 3eMIIM, UCIIOJIb3YIOTCS IPH CTPOUTENBCTBE A0POT,

|5

B HHEPLMOHHBIX  HAaBUIAaMOHHBIX  CHUCTEMax, B e TR
MEXaHMYECKUX CTaHKaX M JAPYrux ycrpoiicrBax. OqHUM U3 e * P
JIETEKTOPOB MIOJIOKEHUSA SIBIISETCS PTYTHBII . g ’ "f f;s}a:’ g :ff T
nepeKoyaTesb, COCTOSIIUN M3 HEmpoBOAALIeH TpyOkw, --‘ﬂ{g%. N \‘?%R f;:‘:zh
IBYX AJIEKTPUYECKUX KOHTAKTOB M KaIUlM PTYTH (puc. 2). == s

Korma pgatuMk  HaKIOHEH  OTHOCHTEIIBHO  BEKTOpa
FPaBUTALMOHHOM CHJIBI B OJHY CTOPOHY, Karlid PTYTH
IepeMeNaeTcss B MIPOTHUBOIOJOKHOM OT KOHTAaKTOB
HaIlpaBJICHUM, IEPEKIIFOYATEb PA3MbIKAETCS.

Hns  Oomee  TOYHOTO  ONpPENENCHHS  YIIIOBBIX
MEPEMENICHU  MPUMEHSI0TCA 3EKTPOJINTUYECKHE A =
JAaTYUKU HAKJIOHA U JAaTYMKHU, PEAIM30BAaHHBIE HA OCHOBE ]
doroaronHoN Marpuibl. [lepBbie cOCTOST W3 HEOOIBINONH,

Cllerka M30THYTOH  CTEKISHHOM TpyOKM, uyacTmuno PHC. 2. I'DaBHTAlMOHHEIC TaTYHKH:
3aII0JTHEHHOMH JNIEKTPOINTOM, B KOTOPOil pa3sMelieHsl Tpu  PTYTHBII IepeKitoyaTesns B
AJIEKTPOJIA: JBa - HA KOHIAX, & OJMH - 10 IeHTpy (puc. 2B).  Pa3OMKHYTOM (A) n 3amkHyTOM (B)

Haxopsmuiics BHyTpu TpyOKM BO3AYIIHBIA My3blpp ~ COCTOSAHMAX, SJICKTPOIUTHYCCKHUU

\, BULYILHEA
rysbpE S



IepeMenaeTcs BIOJIb HEE IPU €€ HAKJIOHE B Ty WIM JPYryl0 CTOpoHy. B 3aBucumoctu ot
PACIIOJIOKEHHS MTy3bIPS MEHSIOTCS AJIEKTPUIECKHUE COTIPOTHBIICHHUSI MEXKY HEHTPAIbHBIM i OOKOBBIMHU
AIIEKTPOJIaMHU.

Eme Oonee TOYHBIMH YCTpOICTBAMHM [AJsi U3MEPEHUS )208 HAKIOHA SIBISIOTCS IAaTUWKU,
peanm3oBaHHbIe HA OCHOBE (hoTO MO 1HOM MaTpuiibl (Puc. 3). YcrpoiicTBa 3TOro THIA IPUMEHSIOTCS B
CTPOUTENLCTBE M HA MEXaHWYECKMX IPOU3BOJCTBAX ISl ONPENEIECHUS C BBICOKMM pa3pellieHUEM
(bopMbI cnoXkHBIX 00beKTOB. HanpumMep, Takue NETEKTOPHI UCTIONIB3YIOTCS AJIS OLEHKUA (OPMBI JOPOT
1 3eMeJIbHBIX YU4aCTKOB, a TaKKe KOHTPOJISI PABHOMEPHOCTH JIUCTOB cTaii. ONTO3IEKTPOHHBINA JaTUUK
HaKJIOHa COCTOMT U3 cBeromsnyyaromero auona (CU) u cnimproBoro HuBenupa B popme nosychepsl,
CMOHTHPOBAHHOTO Ha ()OTONMOTHOW MaTpuie p-n THma. TeHb IMy3bIpbKa BO3AyXa B IKHAKOCTH
HUBEJHMpa MPOCKTUPYETCS Ha MOBEPXHOCTH (POTOAMOTHONW MATPHIBI U 3HAUEHUS TOKOB Ha BBIXOJAaX
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Puc. 3. OnTosnekTpoHHbIE JaTYNKHA HAKJIOHA: KOHCTPYKIHS (A), TeHb
OT ITy3bIpbKa BO3AyXa Mpu ropuzoHTanbHoM (b) u nakmonnom (B)
MOJIOKEHUH JTaTYUKa

dboTomnoa0B HECYT HHPOPMAIHIO 00 yPOBHE HAKIIOHA.
EMKocTHBIE TAaTYNKH
[IpuHnun AeicTBUS TaKUX JAaTYUKOB OCHOBBIBACTCS JMOO Ha M3MEHEHUM T€OMETPUM KOHJIEHcaTopa
(paccTosiHUS MEXIy IMJIaCTHHAMU), MO0 HAa U3MEHEHHH €MKOCTH 32 CYET Pa3sMEIICHUs] MEXIy Iuia-
CTHHAMM pAa3JIMYHbIX MaTepuanoB. V3MeHeHuss eMKOCTH, KaK MpaBWJIO, MpeoOpa3yloTcs B
MEPEMEHHBIN AJIeKTpHUUecKuil curHal. EMKOCTHbIE AATYMKU MOTYT OBbITh OJHOTOJSPHBIMH (B HX
COCTaB BXOJHUT TOJBKO OJWH KOHJCHCATOD), MU(PPepeHIUATBHEIMU (B HX COCTaB BXOJAT JBa
KOHJIGHCATOpa) WM MOCTOBBIMU (3/1€Ch YX€ HCIOJB3YIOTCS YeThIpe KOHAeHcaTtopa). B cmyuae
i depeHMalbHBIX WIK MOCTOBBIX JaTYUKOB, OJWH WM JIBa KOHJEHcCATopa SBISIOTCA JIMOO
MOCTOSIHHBIMU, JIN0O MEePEeMEHHBIMH, BKIIFOUEHHBIMU HAaBCTPEUy APYT APYTY.
B mpumepe, nokazanHoM Ha puc. 4, pacCMaTPHUBAIOTCS TPU TUIACTUHBI OJJUHAKOBOM IIOIIAIN A.
OTtH miaactuHbl GopMupyIOT Ba KoHaeHcatopa C; u C,. Ha nBe kpaiiHHe IMIaCTHUHBI IOJAIOTCS
CUHYCOUJIATbHBIC CUTHAJIBI OJIMHAKOBOW aMIUTMTYABI, HO C pa3HOCThIO a3, paBHOU 180°. ITockombky
o0a KOHJIeHCcAaTOpa SIBJISIOTCS OJUHAKOBBIMHU, TOKH Y€pe3 HUX B3aUMHO YHUUTOXKAIOT JIPYT Apyra, u
MOTEHIMAJ LEHTPAJIbHOM IJIACTUHBI MPAKTHUECKH paBeH HYMO (A). Ternepp pacCMOTpUM CHUTYAIHIO,
KOrJa [EeHTpalibHas MJIacTHHA CMECTWIach BHMU3 Ha paccrosinue x (B). OTo mpuBener Kk M3MEHEHUIO
eMkocTel konaencatopoB C; u Cs:
= c -
X, +X Xy — X

HpI/I OTOM aMIUIMTyJa CHUI'HaJla Ha HeHTpaJII)HOﬁ IIJIaCTHUHC 6y,I[eT MMpornopuruoHajibHa BCIIMYHUHC
NnepeMCIICHuA x, a (1)333. - HanpaBJICHHUIO JIBUKCHUSI. AMHJII/ITy,Hy BBIXOJHOI'0O CUIrHajia MOXHO HaUTH



U3 BBIPAXKEHUS:
v =y, - 8¢
x,+x C

IIpy BbBINOMHEHUH YCIOBUSA X<<X) BBIXOJHOE
HaIpsSOKEHUE MPAKTUYECKU JIMHEHMHO 3aBUCUT OT
nepeMenieHus. BTopoii uieH CyMMbI COOTBETCTBYET
UCXOJHOMY pPAacCOTJIACOBAHMIO ABYX KOHAEHCATOPOB
U SBISIETCS OCHOBHOM IPUYMHOM BO3HHMKHOBEHHS
HaIPSKEHUS! CMEIICHHS BBIXOJHOTO CUTHAJIA.

B nmnocnennue roapl MOMYISPHBIMH — CTalld
MOCTOBbI€ JIaTUMKH, COCTOSIIME W3 JBYX TpYMI
IJIOCKUX 3JIEKTPOJIOB — MOABUKHOW U CTALIMOHAPHOM,
PaCTONIOKEHHBIX TMapaJIeIbHO Ha (PUKCHPOBAHHOM
paccrosauu. Ha puc. S5A mokazaH JMHEWHBIN
MOCTOBOM JaTYUK IE€pEMEUIEHUM, COCTOSAIIUN U3
JIBYX TPYHN IUIOCKUX 3JIEKTPOJOB, PACIOJIOKEHHBIX
napajjienbHO Ha (PMKCHUPOBAHHOM paccTosiHuM d. Bee
HIeCTh DJEKTPOJOB HMEIOT OJMHAKOBBIE pa3Mepbl
(Lxb). YerbIpe »di€KTpoJa CTAIMOHAPHOW TPYIIIIbI
MEPEKPECTHO  COEIMHEHBI  APYr C  JAPYroM
NMEKTPUUECKUMHU TPOBOJAMH, YTO JejlaeTcs s
(GbopMUPOBaHUS €MKOCTHOM CXEMbl MOCTOBOTO THIIA.
Ha wmocroBylo cxemy moOJaeTcsi CHHYCOUJAIbHOE
HaIpsDKEHUE c 4acTOTOM 5..50 k1.
HuddepenmansHbIit YCUIIUTEIb YCUIIUBAET
Pa3HOCTh HAMPSDKEHUH MEXAY Mapoi AIIEKTPOJIOB B
MOJIBKHOM Tpynne. BbpIXOOHON CHUTHAN YCHIIMTENS
MOCTYyMaeT Ha BXOJ CHHXPOHHOTO JIETEKTOpa.
EmkocTh KOHIEHcCaTopa, CPOPMHPOBAHHOTO JIBYMSI
napajuieIbHbIMU TJIACTUHAMU, PACIHOJIOKEHHBIMU Ha
(UKCHPOBAHHOM PACCTOSHUM JAPYr OT JApyra, Mpo-
MOPLUHOHANBbHA  TUIOLIQAM  YacTH  IOJABHKHOM
MJIACTUHBI, PacroJioKEeHHOU HaIlpOTUB co-
OTBETCTBYIOIIEH OOJaCTH CTAIlMOHAPHOW IJIACTHUHBI.
Ha puc. 5b nokasana >KBUBaJICHTHas cXxema JaTyuKa
nepeMeIeHnid ¢ KOHpHUrypanueii eMKOCTHOTO MOCTA.
Hapymenue CUMMETPUYHOCTH pacmoIoKeHUs

IUIACTHH NPUBOJIUT K pa30anaHCy MOCTa M MOSIBJIEHMIO CUTHaJa Ha BbIXoJe AU (EpeHIHnaTbHOIO
yeunurens. EMkocTHass MocToBas cxeMa 00J1aaeT BCEMU JOCTOMHCTBAMH, IMPUCYHIMMH JHO00M
MOCTOBOH CXeMe: JIMHEWHOCTHIO M BBICOKOW IMMOMEXO3alIMIICHHOCThI0. [1000HbBIE NAaTYUKH MOTYT
ObITh pEAJM30BaHbl HE TOJBKO C IUIOCKUMH BJIEKTpoJamMH. Takoil MeToa MOCTPOSHHs JaT4YNKOB
IPUMEHUM K JIIOOBIM CHUMMETPUYHBIM KOH(QUIypauusM (Hampumep, A HOCTPOEHUS AETEKTOPOB

BpaliaTCJIbHOTO I[BI/I}KCHI/IH).
I/IH}IyKTI/IBHLIe U MAarHuTHbIC JATYUKH

K takuM natumkaMm OTHOCSTCS TUHEHHO-peryiupyeMbie muddepeHnnansabie TpanchopMaTophl
(JIPZIT) n moBopoTHO-perynmupyembie nuddepernmnanpabie Tpanchopmaropsl (ITPJIT), BuxpeTokoBbie
JIAaTYMKH, TIOTICPEYHBId WHAYKTHBHBIM JaT4YMK, NaTYMKH TNpUOIKeHHs Ha dShdekre Xoia,
MarHUTOPE3UCTUBHBIC JNAaTYUKH, MArHUTOCTPUKIIMOHHBIM JETEKTOp. J{OCTOMHCTBOM MAarHHTHBIX
JATYUKOB SBJSICTCS TO, YTO MAarHUTHOE IT0JIE MOXKET MPOHHUKATh Yepe3 BCE HEMArHUTHBIE MaTEePHAIIBI
0e3 MoTepH TOYHOCTH ONPEACICHUS PACCTOSHU. B HUX UCIOJIB3yeTCs MPUHIIHUIT IEKTPOMArHUTHOM

WHTYKIIAH.
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Puc. 4. Ilpunuun neicTBUS eMKOCTHOTO
JaTYUKa C TUIOCKUMU TUIaCTUHAMM:
ypaBHOBelIeHHOE (A) U
HeypaBHoBernieHHoe (Bb) cocTosnus
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Puc. 5. EMKOCTHOM JaTYUK MOCTOBOI'O
THUIA C MAPAJIICIbHBIMU IIACTUHAMU



OnTnyeckne JaTYNKU

[Tocne MexaHMUECKUX KOHTAKTHBIX U IMOTEHIIMOMETPUUECKUX JAATYMKOB ONTHUYECKUE JIETEKTOPHI
BO3MOJKHO SBJISIOTCS HamOosiee MNOMYJSIPHBIMH YCTPONMCTBAMM [UI OINPEAEICHUs MOJOXKEHUS U
nepemeneHnid 00bekToB. Cpen UX OCHOBHBIX JOCTOMHCTB MOKHO Ha3BaTh MPOCTOTY, OTCYTCTBHUE
Harpy304Horo 3¢QexKra ¥ OTHOCHTEIbHO OoJjblire padoure paccTosHus. OHH HEUYBCTBUTEIBHBI K
[Iapa3UTHBIM MAarHUTHBIM TOJSIM M JIEKTPOCTATUYECKUM IIOMEXaM, YTO JIeJaeT MX HE3aMEHUMBIMU
IUI1 HEKOTOPBIX NMPUJIOKEHUH. B cOCTaB ONTHMYECKOro AaTYMKa IMEPEMEIIECHNH, KaK IPaBUIo, BXOIAT
TPU KOMIIOHEHTA: MCTOYHHMK CBeTa, (POTOAETEKTOp M YCTPOMCTBA, YHMPABIAIOIINME CBETOM(JIMH3BL,
3epKaja, ONTHYECKHE BOJOKHA M T.J1.). K onTHYeckMM naT4MKaM OTHOCSITCS: ONITHUYECKHE MOCTOBBIE
CXEMBl, MOJIAPU3AIMOHHBIE JETEKTOPHl NPHUOIMKEHUS, BOJOKOHOONTHYECKUE JATUYUKH, TaTYHKH
®abpu-Ilepo, pemieryarsie JaTYNKU, TO3UIMOHHO-UYBCTBUTENIBHBIE JIETEKTOPBI.

YIbTpa3sByKOBbIE JATYHKH

[IpuHuun nepenayun U npuema yibTpa3ByKOBOM 3HEPIUHU JIE)KUT B OCHOBE OYEHb IOMYJISIPHBIX
YIBTPa3BYKOBBIX JATYMKOB M  JIETEKTOPOB CKOPOCTHU. YIIbTPa3BYKOBBIE BOJIHBI  SIBJISIFOTCS
MEXaHUYECKMMH aKyCTHYECKMMM BOJIHAMH, YacTOTa KOTOPBIX JIEKUT 3a IMPEIeNaMH CIBILIAMOCTH
yenoBeueckoro yxa - 6osee 20 xI'n. OpHaKko CUrHalbl 3TUX 4aCTOT BOCHPUHUMAIOTCS HEKOTOPBIMHU
KUBOTHBIMH, a HEKOTOPbIE BBl MIICKONMTAIOIIMX, TAaKMX KaK JIETy4yHe MBINA W JeIb(UHBI,
oOIIaloTCst Ipyr € JOPYroM YIbTPa3BYKOBBIMU CHTHasaMH. IIpu CTONKHOBEHMH JIOOBIX BOJH C
00BEKTOM 4YacThb UX JHEPIUU OTpakaeTcs. B ciyuae ynbTpa3BYKOBBIX BOJIH OTPa)KEHHasl SHEPrUs
paccenBaeTcss B MPOCTPAHCTBE. JTO O3HAYAET, YTO BHE 3aBHUCHMOCTH OT HAlpPaBJICHHS MaJArOIIEro
Jy4a, BCE OTPAKEHHbIE JIydd I[IOYTH PABHOMEPHO PpACHpPENENAIOTCS BHYTPU  IIHPOKOIO
IPOCTPAHCTBEHHOTO YIya, KOTOPBI MOxeT pocturarh 3uauenms 180°. Ilpu jBuKeHHH 00BeKTa
4acTOTa OTPaKEHHBIX BOJH HE COBNAJACT C YaCTOTOM WM3Iy4acMbIX BOJIH, T.€. IPOUCXOJUT TaK
Ha3blBaeMblil a3pdekt Jlomepa, KOTOPBIH IHUPOKO UCIOIb3YeTCs B JaTUMKaX IepeMELCHUH.

Panapsl

[IpuHUMD AEUCTBUS pajgapoB  JOBOJBHO KJIACCUYECKHI: OHM TOCBUIAKOT PaJHOCHIHAJIbI
(MMITyJIbCHBIE MJIM HENpEepbIBHbIE) U NPUHUMAIOT OTpPaKCHHbIE CHUTHAjbl. BpeMmeHHas 3aaepikka
MEXY NEePEAAHHBIMU M IPUHATBIMUA CUTHAJIAMU M €CTh BEJIWYMHA, IPONOPLHOHAIbHAS PACCTOSHUIO
710 OTpakarollel NOBEPXHOCTH. ECcTh pagapel, KOTOpbIE U3MEPSIIOT PACCTOSIHUSL 10 HECKOJIBKUX ThICSIY
KUJIOMETPOB, a €CTh pajapbl, pabOuMil QUamna3oH KOTOPBIX COCTABIIAET, B JIy4ylIeM Cllydae, COTHU
MeTpoB (pafap Ulsl 30HAMPOBAHUS IPYHTA, MUKPOMOIIIHbIE UMITYJIbCHBIE paJiaphbl).



JATYUKU CKOPOCTU U YCKOPEHUSA

Vcxopenue - nunamudeckas xapaktepuctuka oObekra. CoriacHo BTOpoMmy 3akoHy HbroToHa
OHO BO3HUKAET TOJBKO MOCJE MPUIIOKEHHS K 00BbEeKTYy Kakoi-11bo cuibl. [lepemenienne o0bexTa, ero
CKOPOCTb M YCKOPEHHE SIBJISIFOTCSI B3aMMOCBSI3aHHBIMU (DU3NYECKUMU BEIIMYMHAMU: CKOPOCThH - 3TO
nepBas MPOU3BOJIHAS OT NEPEMEIICHHs, YCKOPEHHE €ro BTopas Mnpou3BojHas. OIHAKO B3ATh
MIPOU3BOAHYIO CHJIBHO 3alllyMJICHHOTO CHUTHaIa MPAKTUYECKH HEBO3MOXKHO, TIOCKOJIBKY 3TO MPUBOIUT
K BO3HMKHOBEHHIO OYEHb OOJIBIIMX MOTPEHIHOCTEN Ja’ke MPU MCIOJIb30BAHUU OUYEHB CIIOKHBIX CXEM
o0paboTku. [TosToMy CKOpOCTh M yCKOpeHHE OOBEKTOB HE BCEr/la MOXKHO OMpPENENsTh MO JaHHBIM,
MOJYYEHHBIM IPU MOMOIIM JIETEKTOPOB MEPEMEIIEHUI, U JUIsl 3TOr0 HE0OXOIUMO NPUMEHSTh CIIeIH-
anbHbIe cxeMbl. Kak mpaBuiio, B HU3KOYacTOTHOW 001acTu (B moJioce 4yacTot nopsiaka 1 ') moBoasHO
XOPOUIYI0 TOYHOCTh U3MEPEHUN OOECIeunBalOT NAaTUMKH TMOJIOKEHUS U INepeMenieHus oobekToB. B
30He cpefHux yacToT (MeHee 1 k') yxe mpeamoyTuTenabHee UCIIOIb30BaTh JaTYUKU CKOpocTH. Toraa
KaK Ha BBICOKMX YacTOTaxX, KOTJa IMEepEeMELICHUS COU3MEpPHUMBbI C YPOBHEM IIIyMa, MPUMEHSIOTCS
JATYUKH YCKOPEHHUSI.

Ckopocmb JIBWXEHHS MOXET OBITh JHUOO YIJ0BOH, 1uO0 JsmHEHOW. OHa TOKa3bIBaer,
HACKOJIBKO OBICTPO OOBEKT ABMXKETCS MO MPSIMOM JIMHUU WM HACKOJIBKO OBICTPO OH BpallaeTcs.
H3MmepeHre CKOpOCTH 3aBUCHT OT Pa3MEpOB OOBEKTa M MOKET BBIPAXKATHCS, HAIIPUMEP, B MM/C WU
KkM/4ac. B Hacrosiiee Bpemsi paspaborana rinoOanbHas cucrtema Hauramuu (GPS), mosBosstomas
OTpEAENsATh CKOPOCTh M TIOJOXKEHHE KPYIMHBIX OOBEKTOB, TAaKUX KaK Ha3eMHble U MOPCKHUE
TPAHCIIOPTHBIE CPEJCTBA, MPH MOMOIIM PATUOCUTHAIOB OT OOJBIIOr0 KOJUYECTBAa CITYTHHUKOB,
Bpalammuxcs BOKpyr 3emn. OnpeneneHne CKOPOCTH | TMOJIOKEHUSI TaKUX 0OBEKTOB BBIUUCISICTCS
[0 BPEMEHHBIM 3aJIep>KKaM MEXIy CUTHajJaMH, MOJY4YEHHBIMH OT Pa3HbIX CIYTHUKOB. [[Jsi MEHbIINX
OOBEKTOB M MEHBIIUX PACCTOSHUN CIYTHUKOBBIE CHCTEMbl HE MOIXOMIAT. 3/1eCh, KaK MpPaBUIIO,
MPUMEHSIETCS METOJI CPAaBHEHHS C STAJIOHHBIMU BenWyuMHaMu. [IpuHIMD AelcTBUS TakuX AETEKTOPOB
9acTO OCHOBAaH Ha WM3MEPEHHU TIEPEMEIICHHH OO0BEKTa OTHOCHTEIHLHO HEKOTOPOTO ATATOHHOTO
00BEKTa, KOTOPBIA YacTO BXOJUT B COCTaB CamMoro jaerekropa. [103ToMy 4yBCTBHTEIHHBINA 3JIEMEHT,
pearupyrouii Ha mnepeMenieHue OOBbEKTa, SBJISETCS OJHUM K3 KOMIIOHEHTOB MHOTHX JIaTYUKOB
CKOPOCTH U yCKOpeHus. MHOrAa Takux 37eMEHTOB B COCTaBe JAaTUYMKOB CKOPOCTH U aKCEeepOMETPOB
HET, MMOCKOJIbKY OHM CaMHd TpeoOpa3yroT CBOE MBUKCHHE B DJEKTpUUYECKUE cUTHAIBI. Hampumep, B
COOTBETCTBUM C 3akoHOM Dapajiesi, MarHUT, JBUTAIOLIUNACSA B KaTYIIKE WHIYKTUBHOCTH, IPUBOJUT K
BO3HMKHOBEHHIO B HEW HampsHDKeHUs. DTO  HampsKeHHUe
MPOMOPLUUOHATIFHO CKOPOCTH JBM)KEHUS MAarHuTa U CHJIE TOJISL.

JluneliHble NATYMKU CKOPOCTH IMOCTPOEHBI HAa 3TOM MPUHLHUIEC  @rmemmsse e,

MaroHMTHOM MHIAYKIMH. B HX cOCTaB BXOJUT IIOCTOAHHBIM | e

MarHuT W KaTyllka HHIYKTUBHOCTH OTpEeIeNeHHOW (HOPMBI. : | |
=2 -

BI)IXOI[HOC HalIpsAKCHUC Ha KAaTYHIKE IIPSAMO ITPOIOPHUOHAIIBHO
NpY*HHE

Woh
s

OTHOCHUTENIFHOW CKOPOCTH MarHuTa B Ipenenax pabodeil 30HBI
OueBHUIHO, YTO JTUHEMHBIE TaTYUKU CKOPOCTH JIETEKTUPYIOT CKO-
pOCTh B IpejieNnax pacCTOSHUs, OFPaHUYEHHOTO UX pasMepamu, |
[IO3TOMY OHM B OCHOBHOM HCHOJB3YKOTCA MJIi HM3MEpPEHHUs
CKOPOCTH 8ubpayuy — TMHAMUYECKOTO MEXaHUYECKOTO SIBJICHMUS,
3aKJIIOYAIOIIET0Cs B NEPUOANYECKUX KoJ1e0aTeIbHbIX
JBMKEHUSIX BOKPYT 3aJaHHOTO TOJOXKEHUs. YTJIIOBOW JaT4uK -
CKOPOCTH, PEaTM30BaHHbIN HA 3TOM K€ MPUHIIMIIE, HEIPEPHIBHO
MepsIeT CKOPOCTb BpAlllEHUS, U B HHUX HET OrpaHUYECHHUH Ha -— W
KOJIMYECTBO 0OOPOTOB.

Akcenepomempul CUATAIOTCA YCTPOMCTBAMU C  OJHOMU 3]
CTeleHblo cBOOOJBI. B cocTaB Bcex akcenepoMeTpoB BXOMAT:
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CHELMATIbHBIA 3JIEMEHT, Ha3bIBAEMBIH UHEPYUOHHOU MACCOU,
JBMYKEHUE KOTOPOTO OTCTAaeT OT ABWKEHHS KOpIlyca, yrpyras
NoJAJepXKUBaroIas cucteMa (MpyXWHa) U JeMIdupyolee
yctporictBo (Puc. 1). He3aBUCHMMO OT KOHCTPYKIIMH JaTyMKa

Puc. 1. Mexanuueckas Mo-
JIeNIb aKcelepoMeTpa U Jua-
rpamMma CHJI, JE€HCTBYIOIINX
Ha TEI0 MAacChl



YCKOPEHMM €ro OCHOBHAs LEJIb 3aKI04acTCs B JCTCKTUPOBAHUU IIEPEMELICHUS D3TOM MAacChl
OTHOCUTENIFHO KOpITyca YCTPOWCTBA M IMPeoOpa3oBaHUM €ro B MPOMOPIHOHATBHBINA 3JIEKTPHUYECKUMA
curHan. IlosToMy npyrol cOCTaBHOM YacThl0 BCEX AKCEIEPOMETPOB  SBISETCA  JIETEKTOP
HepeMeIleHNH, CIIOCOOHBIM M3MEpsSTh MHMKPOCKOIMYECKHE aMIUINTY/bl BHOPALMOHHBIX KoJjeOaHWH
WJIU JIMHEWHBIX YCKOPEHU.

EMKocTHBIE aKcesIepoMeTphl.

EmkocTHON MeToJ mpeoOpa3oBaHUs NMEPEMEIICHU B 3JIEKTPUYECKUI CUTHAN SBISETCS CaMbIM
IIPOBEPEHHBIM U HaJEKHBbIM. EMKOCTHON NaTYMK YCKOPEHHUH COCTOMT, IO KpaliHEW Mepe, U3 IBYX
IUIACTUH: CTALIOHAPHOM, YaCcTO COEAMHEHHOM C KOPIyCOM, M CBOOOJHO IEpeMelaroueiics BHYTpU
KOpITyca, K KOTOPOH MOJCOEAMHEHa MHEPLUMOHHAs Macca. DTH IUIACTHHBI (POPMHUPYIOT KOHAEHCATOP,
BEJIMYMHA €MKOCTU KOTOPOIO 3aBHCUT OT PACCTOSIHUSL MEXKAY HUMH, a 3HAYUT U OT YCKOPEHMS
JBYKCHUS, MCIBITBIBAEMOTO JAaTYMKOM. MaKCHMajabHOE NEPEMEILEHHUE, ONPENEIIEMOE €MKOCTHBIM
aKceIepoMeTpoM, peako npesbimaet 20 MmxMm. Crie10BaTeNbHO, B TAKUX JaTYMKaX BCEra HE0OX0AUMO
KOMIICHCUPOBATh Jpei( pazIuuHBIX [apaMeTpOB, a TaKXe IOJABJIATH BCEBO3MOXKHBIE IMOMEXH.
IToaTOMy OOBIYHO akcenepoMeTpbl UMEIT AuddepeHIalIbHYI0 CTPYKTYpPY, U1 4ero B UX COCTaB
BBOJUTCS  JIOTIOJHUTEIbHBIN

KOHJICHCATOP, €MKOCTb KPBMHHEBEIE NPYXHHI
KOTOPOTO JI0JDKHA OBITH OH3Ka BEPHHAR KPbILKE

" eMKOCTH OCHOBHOI'O e T

koHnmeHcaropa (Puc. 2). Ilpm

3TOM HaATPSDKCHUS Ha

KOHJIEHCATOPbl IOJAIOTCA  CO
capurom (a3  180°. Torma
BEJIMYMHA YCKOPEHMS JaTuhKa
Oyzner MPOTOPIHOHAILHA [A]
Pa3HOCTU 3HAYCHUM EMKOCTEH
KOH/JIEHCAaTOPOB.

QOCHOBOHME

Puc. 2. IlonepeuHoe ceuenune (A) eMKOCTHOTO aKCeJIepoMeTpa ¢
Qg depeHaIbHBIM KOHIEHCATOPOM U BUJ CBEPXY Ha
MHEpUHOHHYI0 Maccy (B), moanepxuBaeMyro npy>XxMHaMH

[Ibe303/1eKTpUYeCKHE aKCeTepOMeTPhI.

UyBCTBUTENIBHBIM 3JIEMEHTOM Nbe30Pe3UCTNUBHBIX aAKCelepoMempo8 SIBISETCS] TeH30/aT4UK,
u3MepsIonnidi  AeopMaliio  MHbE30PE3UCTUBHBIX 3JIEMEHTOB, MOIJCPKHUBAOIINX HHEPIMOHHYIO
Maccy, MyTeM M3MEpPEeHHs] UX CONPOTHBIICHHM, 3aBUCSIINX OT CTENeHHU nedopmanuu. Ita nedopma-
Ul IPOTMOPIMOHATIbHA BEIMYMHE U CKOPOCTH MEPEMEIIEHUSI MAcChl, a 3HAYUT U yCKOpeHuto. Takue
YCTPOMCTBA MOTYT HM3MEPSITh YCKOPEHUS B IMIMPOKOM dYacTOoTHOM mauanaszone: 0...13 kl'u. Ilpum
pa3paboTKe COOTBETCTBYIOUICH KOHCTPYKIMHM IHhE30PE3UCTUBHBIE AaAKCEIEPOMETPB BBIICPKUBAIOT
neperpysky, pasayro 10000g. EctecTtBeHHO, 4TO MHTEpBal U3MEPEHUN TaKUX JATYUKOB TOPA3/I0 yXKe:
+1000g c¢ morpemHocThio MeHee 1%. Ilapamerp meperpys3ku sIBISeTCS KPUTUYECKUM JUISI MHOTHX
MPUMEHEHUH.

B ocHOBe nbesoanekmpuueckux axceiepomempos JEKUT TbE30IEKTPUIeCKUil 3P exT,
3aKJIIOYAIOIIMICS B IPSIMOM IpeoOpa3sOBAaHMM MEXAaHUYECKONW DSHEPruM B OJIEKTPUYECKYIO B
MaTepuanax, HMEIOIUX KPUCTAJUIMYECKYIO CTPYKTYpPY C OIEKTpHUYECKMMH Junoismu. s
YIy4LIEHUs] YaCTOTHBIX XapaKTEPUCTUK MbE30AJIEKTPUUYECKUNA CHTHAJd YCHUJIMBACTCS MPU MOMOLIH
npeoOpaszoBareneil 3apsa-HaNPsHKECHUE WM TOK-HANpsHKEHHE. OTH JaTYMKH paboTaroT B LIMPOKOM
temreparypuom quarnasode (10 120 °C) ¢ BBICOKO# JIMHEHHOCTHIO B Y4aCTOTHOM juarna3zone 2 [ +5
K[

I'mpockonbi

I'upockon siBnsieTCss caMbIM MOMYJISIPHBIM HaBUTAIMOHHBIM JaTYUKOM (TOXAaTyH, OH YCTYIaeT
MEPBEHCTBO TOJIBKO KOMITacy). Bo MHOTHX cHTyalusix, KOT/1a FT€OMarHUTHOE I0JIe TMOO OTCYTCTBYET
(kak B KocMoce), MO0 MO KakuM-IHOO MPUYMHAM CHJIBHO HapyIIeHO, TUPOCKON  SBISETCS
HEOOXOIUMBIM YCTPOWCTBOM JJIsl OIpENENICHUs MOJIOKEHUS TPaHCHOPTHBIX cpeAcTB. ['mpockomn B



MepeBOJIC 03HAUACT «XPAHUTEb HAIIPABJICHUS», TAK)KE KaK MasTHUK B 4YacaXx SIBIIETCS «XpaHUTEIEM
BpeMeHn». [IpuHIMN NEHCTBHS THPOCKONOB OCHOBAaH Ha (DyHIAMEHTAIHLHOM 3aKOHE COXPaHEHUS
YIJIOBBIX MOMEHTOB: «B Mpou3BOJNIbHON 3aMKHYTOW cucteme (B KOTOpOW OTCYTCTBYIOT BHEIIHHE
CHJIBI) CyMMa YIJIOBBIX MOMEHTOB BCEX €€ 4YacTell OTHOCHUTEIbHO Jt000I HEMOJBMKHOM TOYKH
MIPOCTPAHCTBA BCETJIa OCTACTCS MOCTOSTHHOW.

Pomopnuwuii cupockon. Mexannyeckuid rupockon (puc. 3) COCTOUT M3 MAaCCHUBHOTO JHUCKa
(potopa), cBOOOAHO MOBOPAYUBAIOIIETOCS BOKPYT OCHOBHOM OCH BpaIlleHHsI, KOTOpasl yIepKUBACTCS
paMKO#, crocoOHO#M BpamaTbCsi OTHOCHTEIIBHO OJHOW WM NBYX oceil. Takum oOpa3om, B 3aBH-
CUMOCTH OT KOJHMYECTBa OCEHM BpalIeHUS THPOCKOIBI
UMEIOT OJHY WIM JBE cTeneHu cBobonel. Crepyer
OTMETHUTb, UTO: I
1. OcHOBHas Och BpalleHHs] CBOOOJHOTO THPOCKOMa He
OyZeT MEHSTbh CBO€ MPOCTPAHCTBEHHOE IOJIOKEHHE,
MIPU OTCYTCTBUU BHEILIHUX CHJI, ACUCTBYIOIIHUX HE HEE.
2. Ilpu CcOOTBETCTBYIOIIEM H3TOTOBICHUH KPYTSIIHIA
MOMEHT  TUpockoma (ero  BBIXOJHOW  CHTHam)
IIPONOPLUOHAJIEH €ro YIJIOBOM CKOPOCTH JBW)KEHUS
BOKPYI OCH, MEpPIEHIUKYISIPHOM OCHOBHOW OCH e g
BpAILlCHUS. i e l {3 i S

[Ipu cBOOOOHOM BpallleHMH JOUCKAa OH BCerja - ; v :
CTPEMUTCSI COXPAaHUTh CBOE OCEBOE MOJIOKEHHE. Ecimm  wamess
mwiaropMa THPOCKOINA BpallaeTcss BOKPYT BXOJIHOU
OCH, y THPOCKONA MOSBISAETCS KPYTALMHA MOMEHT
OTHOCUTENIFHO TEepHeHAUKYISIpHON (BBIXOIHOI) oOcH,
3aCTABJISIIOIINI OCHOBHYIO OCh BpAICHHUs MOBOPAYMBATHCS BOKPYT BBIXOJHOM OCH. DTO SIBICHHE
Ha3bIBaeTCs mpereccueil rupockomna. Ero MoHO OOBSICHHTH INMpH MOMOIIM 3akoHa HproToHa st
BpAIlIaTEIbHOTO JBHKEHHUS: NPOU3BOOHAS. 80 BPEMEHU OM Y2108020 MOMEHMA KOIULECEa 08UNCEHUs
OMHOCUMENbHO 11000U 3A0AHHOU OCU PABHA CYMMeE MOMEHMO8 8CeX CUl MeXAHUYecKol Cucmemsl,
NPUTIOJNCEHHBIX K OAHHOU ocu. DTO O3HAYAeT, YTO KOrja K BXOAHOW OCH IpPWJIOKEH MOMEHT T u
CKOPOCTb (» JMCKa MOJAEPKUBAETCS MOCTOSHHOW, YIJIOBOM MOMEHT pOTOpa MOXET OBbITh M3MEHEH
TOJBKO MYTEM MOBOPOTA MPOEKIMH OCU BpAIICHUsS OTHOCUTEIIBHO BXOJHOM ocu. B atom ciyuae
CKOPOCTb JBW)KEHHS OCH BpAIEHUS OTHOCHUTENIbHO BBIXOAHONW OcCH OydeT MpomnopLHOHAIbHA
MPUIIOKEHHOMY MOMEHTY:

Mo

Puc. 3. PoTopHslii rupockor

T =1a0Q),
rjae: ) - yriioBasi CKOPOCTh BpaIlleHUsT BOKPYT BBIXOJIHOM OCH, / - MOMEHT WHEPIIMK POTOpPA THPOCKOIIA
OTHOCHUTEJILHO OCH BPAIIICHUS.

Jlyis omipeneneHus HAMPaBICHUS MPEIECCHU MOYKHO BOCIOJIB30BATHCS CICAYIOIIUM TIPABHIIOM:
mpereccus BCerJa WMEeT HalpaBlieHHWe, IPH KOTOPOM HAIMpaBJICHUS BpalleHUS poTopa |
MPHJIO’KEHHOTO MEXaHWMYECKOTO MOMEHTA COBITAJIAfOT.

ToOYHOCTP MEXaHWYECKUX THUPOCKOMOB CHIIBHO 3aBHCHT OT BO3JICHCTBHS BHEIIHUX HE-
KENaTeNbHBIX CHJI, BBI3BIBAIOIINX JOMOJHUTEIBHBIE MOMEHTHI BPAICHUS, YTO MPUBOJIUT K Aperdy
XapakTepucTuK. MICTOUHINKaMU BOSHUKHOBEHUS 3TUX CHJI SBJISIOTCS: TPEHHE, HECOATaHCUPOBAHHOCTh
poTOpa, MAarHUTHBIC MO U T.J. JJI1 YMCHBIICHUS CHJI TPEHUS CTPEMSTCS W30aBUTHCS OT IMOJIBECHOM
CUCTEMBI KpEIUICHHUS, JJIS 4Yero pOTOp W YIPaBJSIONIMA JBUTATE]h WHOTJA MOMEMIAIOT B BI3KYIO
KHUJKOCTh, 00JIQJAONIYI0 BEICOKOH TUIOTHOCTBIO, HAIPUMEP, BO GTOPYrieBoaopoa. B atom merome
TpeOyeTcss CTPOTO KOHTPOJHMPOBATH TEeMIIEpaTypy KUAKocTh. K ToMy jke Takoe YCTpPOHCTBO
CTAaHOBUTCSI TIOBBIIICHHO TOJBEPKCHHBIM CTapeHuio. JIpyroi crmoco0 yMEHBIICHHS TPEHHUS - HC-
MOJIb30BaHUE, TaK Ha3bIBA€MOM, T'a30BOM OIOPHI, 3TO KOrJa OCh POTOpA YIACPKUBACTCS Ta30M O]
BBICOKHM JIaBJICHHEM. B kadecTBe ra3a MOXKET UCIIOJh30BATHCS T'elIUi, BOJOPOJI I TPOCTO BO3AYX.
Eme Ooslee WHTEpEeCHBIM pEIICHHEM SIBISETCS MOMJCPKKA POTOpa B BaKyyMe NpU ITOMOIIA
ANIEKTPUYECKOT0 TOoJsA (pedyb HIST 00 3IEKTPOCTATUYCCKMX THpOCKomax). CyIIeCTBYIOT TaKke
MarHMTHBIC THPOCKOIIBI, B KOTOPBIX POTOP YACPKMBACTCS MarHUTHBIM TojieM. IIpu M3roToBicHUM



TaKMe YCTPOWCTBA OXJIAXKJIAIOTCS KPHOTEHHBIM CIIOCOOOM JI0 TEMIeparyp, MpH KOTOPBIX POTOP
CTAaHOBUTCSl CBEpXIpoBOIIUM. [locie 4yero mpu NMOMOIIM BHEIIHEr0 MarHUTHOIO IMOJi BHYTpU
potopa dopmupyeTcsi AOCTATOYHO CHUJIBHOE MPOTUBOJEHCTBYIOLIEE IOJE, MO3BOJISIONIEE POTOPY
CBOOOJHO BpalaThCs B BakyyMme. Takue MarHUTHbIE TUPOCKOIIBI YaCTO HA3bIBAIOTCS KPHOTC€HHBIMH.

Tupockonvl eubpayuonnozo muna. XOTs THPOCKOIBI C BpalLlAIOUIUMCS POTOPOM B TEUYEHHUE
MHOTHX JIeT ObUIH MPAaKTHUYECKH CIMHCTBEHHBIMHU YCTPOMCTBAMH, MPUMEHSEMBIMU TPU MTOCTPOCHUH
HABUTAIIMOHHBIX YCTPOMCTB, UX pa3Mephl, CPOK CIYKObl U CTOUMOCTH B HACTOSIIIIEEe BPEMsI SBIISIOTCS
CIWIIBHO orpaHuuuBaromiuM ¢akropoM. [loaTomMmy u BO3HHMKIA MOTPEOHOCTH B pazpaboTke
aJIbTEPHATUBHBIX YCTPOMCTB /ISl ONPEETICHNs] HAlIPABICHNUSI M CKOPOCTH JIBIOKEHUSI 00BeKTOB. boree
IIEPCIIEKTUBHBIA METOJ| IMOCTPOEHMS T'MPOCKOIIOB OCHOBAaH Ha IPUMEHEHUHM MHUKPOTEXHOJOIHH,
MO3BOJISIOILIEN PeaIn30BaTh MUHUATIOPHBIE YCTPONCTBA, B KOTOPBIX BPAILAIOIIMICS TUCK MEHSETCS Ha
BUOpUpyromuii  sneMeHT. Takol MOAXOA JdaeT BO3MOXXHOCTb HCIIOJIB30BAaTh  TEXHOJIOTHH,
MPUMEHSAEMbIE B DJIGKTPOHHOW MPOMBIIUIEHHOCTH JUIS HAJIQKUBAHUS CEPUHUHOTO  BBIMyCKa
MOHOJITHBIX JJATYMKOB YCKOpPEHUH. B monoigHeHne K 3ToMy THPOCKOTBI BUOPAIIMOHHOTO THTIA HMEIOT
0ojee MPOYHYIO KOHCTPYKIHIO U MOTYT pabOTaTh B JOBOJBHO CYpPOBBIX OKPYKAIOIIHUX YCIOBUSX,
[IOTOMY OHH HAIIJIM IIMPOKOE NPUMEHEHUE B
BOCHHBIX M a9POKOCMHUYECKUX MPUOOpax.

Bce rupockomnsl BHOpPAMOHHOTO THIA

L1 gl A

OCHOBaHbI Ha SIBJICHUU YCKOpEHMs
Kopunomuca. Kopuosnc mnokasan, 4YTro IpH _ "
IIpUMEHEHNU 3akoHOB HproToHa K Tenam, ¥ i reies
IepEMELIAOIMMCST  BHYTPU  Bpallarolieics

paMKH, B YpaBHEHHSIX JBH)KEHHSI HEOOXOIMMO 4 2V

FEEGPCIIME r.ﬂp“:\lllﬁ.(l |l-!.|

YUUTBHIBaTh CHIIy HWHEPLUHU, HAIPaBICHHYIO
BIIPABO OT HAIPABJICHUS JBIDKEHUS TeJa, MPH
BpAIICHUU PaMKH MIPOTUB YaCOBOU CTPEIIKH, U
BJICBO - MPU BPAIICHUU 10 YaCOBOM CTpEJIKE.
B mukporupockonax BpallleHHE MEHsSeTcs Ha
BuOpammioo (puc. 4), a 1O BeIUYUHE
BO3HHMKAIOIIETO YCKOPEHHUS] MOXHO CYIHTH O
CKOPOCTH JIBUKEHHS. B 0TIHMYNE OT POTOPHBIX B IR

TUPOCKOIOB, B KOTOPBIX MHEPIIMOHHAA Macca Puc. 4. A — yckopenne Kopuosmca, b —

Bpamaercs 1o Kpyry, B BHOpamuoHHpIx MHMKDPOCTPYKTYypa € BHOPUPYIOLINM KOIBLIOM, B —
MATYAKAX [OABEIIEHHAs wmacca [suraercs  BJIMAHHUC yCKOPCHHS HA PCKUMBL BHOpauu
JUHEHHO, coBepiias rapMOHHYECKHE

KoJeOaHus.

Onmuueckue eupockonvl peanusyroTcs Ha ocHoBe 3ddexra Canbsika. Cytp storo s¢ddekra
MOXXHO TMOSICHUTH CleayiomuM oOpa3oMm (puc. 5). JIBa mna3zepHbIX Jy4a HPOTHUBOIIOIONKHOTO
HAIpPaBJICHUs] BHYTPU BPALIAIOIIETOCS CO CKOPOCThIO () ONTUYECKOTO KOJIbLIa PagnycoM R MpOXOAsT
pasHble MMyTH, YTO OBI clIeNaTh OJIMH 000POT BOKPYT KoJibla. PazHuia Mexay myTsimu A/ cocTaBIser:

2
o= ATOR
nc

rae: n — Ko3GQGULUUEHT NpPeNIOMIICHHUs ONTUYECKOM Cpenbl, ¢ —
CKOPOCTb CBETA.

B onTuueckux rHpockomax s TOYHOTO H3MEPEHHS
cKopocTH ) MyTeM KOPPEKTHOro ompenesneHus A/ UCHOIb3YIOT
TpH TUIA YCTPOMCTB: ONTHUYECKHE PE30HATOPBI,
uHTephepomMeTpbl 0e3 0OpaTHON CBSI3M M WHTEPPEPOMETPHI C
oOpaTHON cCBs3pl0. ONTHYECKUE TUPOCKONBI CPABHUTEIBHO
HEI0OpOTH, UMEIOT HeOOJbIINE pasMepbl U MO3BOJAIOT peasln3o- |
BbIBaTh JIaTUMKU BPAIIEHHUS C JUHAMUYECKUM [HMANa3o0HOM [0
10000. OnTrueckue rUPOCKONBI UCHOJIB3YIOTCS JJI U3MEPEHUs Puc. 5. D dexr Canbska
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OTKJIOHEHUH OT 33/JIaHHOTO HAIpaBJICHUs JBIKCHHUS, YIja HAaKJIOHA, B CHUCTEMax CTaOWIM3aluu
YIJI0BOTO TOJIOXKEHUSI U TAaK)K€ B cUCTeMax HaBurauuu. OCHOBHBIM JIOCTOMHCTBOM TaKUX JIaTYUKOB
ABJISICTCA UX CIIOCOOHOCTh PaboTaTh B CYpPOBBIX YCIOBUSIX OKPYKAIOLIEH cpelbl, I'ie HE MOTYT
paboTaTh MEXaHUYECKHUE THPOCKOTIBI.

IIbe303/1ekTpHYecKkue Kadean.

BubpanmonHble JaT4YMKY, pealM30BaHHBIE B BHIE Kaleneil, CTpOSTCS Ha OCHOBE IbE303-
JeKTpudeckoro 3¢pdexTa: Mpu CKATUU BHEIIHEH MOBEPXHOCTU TAKOro Kalens Ha ero BHYTPEHHEM
IIPOBOJIHUKE MOSIBIAETCS 3NMEKTpUUECKUi curHai. IIbe3oanekrpuueckue KaOeau HUCIOJIb3YIOTCS A
MOHHUTOPHHIa BUOPAIHiA JIOTIacTel KOMIIpEccopa B CaMOJIETHBIX ABUTATeNsIX TypOMHHOTO THIA. Takue
Ka0en Takke MPUMEHSIOTCS Il 0OHApYXEHHS HACEKOMBIX B XPaHMJIMIAX CHJIOCA M TPU aHalu3e
[IOTOKa TPaHCHOpPTa Ha aBTOCTpazax. B mocienHeMm cilyyae NbE303JIEKTpUUYECKHE KaOenau
MOHTHUPYIOTCS B JIOPO’KHOE€ IOKPBITUE MNEPIECHIUKYJIIPHO ABM)KEHUIO TPAHCIOPTA. OJTH JATYUKU
pearupyroT IPeUMYILECTBEHHO Ha CUJIbI, HAIIPABJICHHBIE BJIOJIb BEPTUKAJIBHOM OCH.



JATYUKU CUJbI, MEXAHUYECKOI'O HAIIPSA)KEHUA U TIPUKOCHOBEHUSA

B cucreme CU ocHosHbiMu eIMHUTIAMU CUMTAIOTCS Macca, JJIMHA U BPeMsi, B TO BpeMsl Kak cujia
U YCKOPEHUE — npouzeoOnviMy equHulamMu. B bpuranckodt u amepukaHCKOW cucTeMax €IWHHIL
OCHOBHBIMU €IUHULIAMH CUUTAIOTCS CWia, JUIMHA M Bpems. EAvHHMIIA WU3MEpeHUs CUibl SABIISIETCA
0JIHOM U3 PyHIaMEHTAIBHBIX (U3NYECKUX BENWIUH. V3MepeHrne CUl MPOBOJUTCS U IIPH MPOBEICHUN
MEXaHUYECKUX HMCCICJIOBAHUN, U B TPAXKIAHCKOM CTPOUTEILCTBE, M MPU B3BEUIUBAHUHU OOBEKTOB, H
MIPU M3TOTOBJICHUWHU MPOTE30B U T.A. [lpu ompeneneHnu naBieHUs Takke TpeOyeTcs U3MEpPEHHE CHIIBL.
Cuwnraercs, 4To pu paboTe ¢ TBEPAbBIMU 00bEKTaMU U3MEPSETCS CUJIa, a IPH paboTe C KUIKOCTSIMU U
razaMM OIpeJeNseTcs AaBjieHHe. DTO 3HAYMT, YTO CHJIa pacCMaTpHUBAETCs TOT]A, KOTrJAa JACUCTBHE
MPUIOKEHO K KOHKPETHOM TOYKE, a JIaBJICHUE OIpEIeIseTcsl TOrja, Korja cuia pacipejaesieHa Mo
CPaBHUTEJIHHO OOJIBILION MIIOMIAIN.

JlaTuMku Ccuibl MOXHO pa3JeNMTh HAa [JBa KJjacca: KOJWYECTBEHHbIE M KadyeCTBEHHBIE.
KonnuyecTBeHHBIE JATUMKK HW3MEPSIIOT CUJy M TPEACTABIAIOT €€ 3HAYCHHE B JJIEKTPUUYECKUX
eaunuiax. [lpumepamMu Takux AaTYUKOB SBJISIIOTCS IUHAMOMETPUYECKUE DJIEMEHTHI U TEH30JaTUUKH.
KayecTBeHHblE [aT4YMKU - OSTO TMOPOTOBBIE YCTPOWCTBA, ubig (YHKLUMS 3aKIIOYaeTcsl HE B
KOJIMYECTBEHHOM OINPEJECICHUH 3HAYEHUS CWIbl, @ B JETEKTUPOBAHMM IIPEBBILICHUS 3aJaHHOTO
YPOBHS IPWIOKEHHOW cwibl. lIpumMepoM Takux yCTpOMCTB SIBISETCS KIABMATypa KOMIIBIOTEDA,
KaXJas KJIaBUIIAa KOTOPOM 3aMBIKAE€T COOTBETCTBYIOIIMM KOHTAKT TOJIBKO NpPH HAXKaTUM HA HEE C
omnpeneneHHo criioi. KauecTBeHHbIE TaTUYMKN 4acTO MUCIONb3YIOTCS Ul JETEKTUPOBAHUS JIBUKECHHUS
u moJoxxeHus: o0bekToB. KoBpuk y nBepu, pearupyroouuil Ha JaBleHHE, MPHIOKEHHOE K HEMY, U
MBE30DJICKTPUYECKUN KaOellb TakKe SBISIOTCS MPUMEpPaMH KaueCTBEHHBIX JATYNKOB JABJICHUSI.

Metoapbl U3MEPEHUs CUITBI MOKHO Pa3/IeNuTh Ha CIIEIYIOIINE TPYIIIIb:

1. YpaBHOBeIIMBaHNE HEU3BECTHOM CHUJIBI CUJIOM TSPKECTH TEJ1a U3BECTHOM MacChl

2. 3mepeHune ycKOpeHus Teaa U3BECTHON MacChl, K KOTOPOMY MPUJIOKEHA HEU3BECTHAs CUjla
3. YpaBHOBEUIMBaHNE HEU3BECTHON CUJIBI AIEKTPOMAarHUTHON CUJION

4. IlpeoOpa3oBaHue CHIIbI B AABJICHHUE KUJIKOCTU U U3MEPEHHUE 3TOTO JABJICHUS

5. 3mepenne nedopmaiuu yrpyroro 31eMeHTa CHCTEMbI, BEI3BAaHHOM HEU3BECTHOM CHUIIOM

B coBpeMeHHBIX AaTyrKax Hanbosee YacTo MpUMEHSETCs 5 MeTo 1, a MeToIbl 3 u 4
UCIIOJIb3YIOTCSl CPABHUTEIBHO PEIKO.

B GosibliMHCTBE JATYUKOB HE MPOMCXOAMUT MPSIMOTO MPEOOpa3OBaHUs CHUJIBI B AJIEKTPUYECKHIA
curHai. Jlng atoro o0bIvHO TpeOyeTcsi HECKOJIBKO MPOMEXKYTOUHBIX dTamnoB. [TloaTomy, kak mpaBuio,
JATYUKHU CHUJIBI SIBJISIFOTCSA COCTABHBIMM yCTpOMCTBaMU. Hampumep, AaTuuK CHiIbl 4acTO NPEICTaBIIsSET
co0oif koMOUHaIMIO Mpeodpa3oBaTelis CUla-MepeMeIIeHIe U JETEKTOpa MOJIOKEHUs (TIepeMeIeHUs).
OT0 MOXKeT OBITh MpOCTas CHHpalbHAs MPYKUHA, YMEHBIICHHWE JUIMHBI KOTOPOH, BBI3BAaHHOE
MIPUIJIOKEHHOM CHUJION CxKaTus, OyJIeT MPONOPIMOHANBHO €€ KOd(D(OUIIUEHTY YIIPYrOCTH.

Ha puc.lA mnokazaH pAaT4yuk, COCTOAIIMA W3 TPYKUHBI M JETEKTOpa MEpEeMEIICHUM,
peaTM30BaHHOTO HA OCHOBE JIMHEHHO perymupyemoro muddepenmansuoro Ttpanchopmaropa
(JIPAT). B nuneitHom auana3oHe W3MEHEHHs JUIMHBI MPYXUHbI Hampsbkenue Ha Bbixoje JIPAT

BRIXOEH QA

CHAD | CHrHan

rofpUpOBCHHOA
wembpoko

\E

=

Puc. 1. Hatuuku cuinel ¢ HarpyxeHHoi npyxunoit u JIPAT (A) u Ha
ocHOBe npeoOpasoatens nasieHus (b)

MIPONOPLUMOHAIBHO NpUJIoKeHHOU cwiie. Ha puc. 1b npeacrasien emie oMH BapuaHT JaTYMKa CHJIBI,
COCTOSIIMI U3 TOQPUPOBAHHON MEeMOpaHbl, 3aMIOJTHEHHON KHUIKOCTHIO, HEMIOCPEICTBEHHO HA KOTOPYIO
U JICHCTBYeT cuila, U JAaTdyuka JaBieHus. ['oppupoBanHas MeMOpaHa, pacrpeaensis CUily Ha BXOJ€ 10



MOBEPXHOCTH YYBCTBUTEIHHOTO 2JIEMEHTA JaTUYMKa JAaBJICHHS, UTPaeT pojb mpeoOpa3oBaTelis cuia-
JIaBJICHUE.

Tenzooamuuk - 3T0 THOKUI PE3UCTUBHBIA UyBCTBUTEIbHBIN JIEMEHT, CONIPOTHBIIEHHE KOTOPOTO
MPONOPLHUOHATIBHO MPUIOKEHHOMY MEXaHMYECKOMY HanpspKeHuto (BennuuHe nedopmanun). Bee
TEH30/IaTYMKU TIOCTPOCHBI HAa OCHOBE paHee YIOMHHABLIETOCA MbE30PE3UCTUBHOTO ddeKTa.
ITpoBOJIOYHBII TEH30aTUMK MPEACTABIAET COOOHM PEe3UCTOp, HAKICCHHBIH Ha THOKYIO IMOAJOXKKY,
KOTOpasi B CBOIO ouepesb MPUKPEIUISIETC Ha OOBEKT, TJe U3MepseTcsl cuiia Wwin HanpsbkeHue. [Ipu
3TOM JIOJDKHA  00ecneuuBaTbhCsl HaJeKHas MEXaHHYecKas CBsI3b MeXAy OOBEKTOM H
TEH30YyBCTBUTEIBHBIM 3JIEMEHTOM, B TO BpeMs KakK MPOBOJ PE3UCTOpA JOJDKEH OBITh NIEKTPUYECKU
M30JIMpOoBaH OT oObekTa. Koa(hdHuuueHTsl TemIoBOro pacmmpeHust MOMJIOXKKHA M TPOBOJAA JOJDKHBI
ObITH coryiacoBaHbl. [l mosydyeHHs XOpoIled YyBCTBUTEIbHOCTH JATYUK JOJIKEH MUMETh JUIMHHbBIC
IPOJOJIbHBIE YYaCTKM M KOPOTKHE mHomepeuHsle (puc. 2). 310
JenaeTcss JUIsl TOTO, YTOObI YyBCTBUTEIBHOCTh B IOIEPEYHOM
HanpaBJieHUM  He  mpeBblmana 2%  OT  NPOJOJIbHOM
YyBCTBUTENBHOCTH. /[Is1 M3MepeHMsl HANpsHKEHUH B Pas3sHbIX
HampaB/IEHUSAX MEHsAeTCsl KoHurypauus natuukoB. Cruenyer

OTMETHUTH, YTO MOIYIPOBOJHUKOBBIE TEH30UYBCTBUTEIIbHBIE JJIE- Puc. 2. IIpoBoso4HbIit
MEHTBI 00JIaJaI0T JIOBOJIbHO CHJIBHOW YyBCTBUTEIBHOCTBIO K AaT4HK HalIpUKCHHH Ha
W3MEHEHUsM TeMIIepaTyphl, MOATOMY B HMHTEP(EHCHBIX cXemax TUOKOM MOJIOKKE

WIA B CaMMX JaT4MKax HE0OXOOUMO NpeayCMaTpUBaTh ILENU
TEMIIEpAaTypPHOU KOMIICHCALIUU.

Takmunvhvle damuuKu - 3TO CTIEHUATBHBIN KJIacC MpeoOpazoBaTeei CHIIbI M JTaBJICHHS, KOTO-
pble XapaKTepU3yrOTCs HEOOJBIION TONIUHON. DTH JATUYMKU IOJIE3HBI B CIydasX, KOTJa cujia WIH
JABJICHUE HM3MEPSAIOTCS MEXAY IBYMs IOBEPXHOCTSAMH, PACIOJIOKEHHBIMU OJM3KO IPYr K IpYyry.
Takue TaTYMKU 9acTO MCIIOJIB3YIOTCS B pOOOTOTEXHHUKE, HAIPUMEP, UX YCTAHABIMBAIOT HA «ITAJIbIIb»
MEXaHMUYECKUX MPUBOAOB IS 0OecreueHnst 0OpaTHOM CBSI3M NMPH KOHTAKTE ¢ OOBEKTOM - ATO HAIO-
MHUHAET TO, KaKk pab0TalOT TAaKTUJIbHbIE CEHCOPBI KOXKH 4eoBeKa. /laTunKky KacaHUs UCIOJIb3YIOTCS B
CEHCOPHBIX AUCIUIEAX, KIaBUATypax U JIPYIUX yCTPOUCTBAX, I7le HEOOXO0AUMO pearupoBaTh Ha (usu-
4ecKoe MPUKOCHOBEHHE. TaKTUIIbHbBIE AaTYMKU IIMPOKO MPUMEHSIOTCS B OMOMEIUIMHE, IS OIpee-
JICHUs IPUKyca 3yOOB U MPaBUILHOCTH YCTAHOBKH KOPOHOK B CTOMATOJIOTHUECKON MPAKTHKE, a TAKKe
IPpU HMCCIEIOBAaHUU JaBJIEHUs. HAa HOTU 4YesloBeKa IpH xoabOe. MHorzaa mpu mpoBeneHHM onepanuit
IIPOTE3UPOBAHUS UX YCTAHABIMBAIOT B UCKYCCTBEHHBIC CYCTaBbl JUI KOPPEKTUPOBKU IMOJIOKEHHS M
T.1. B cTpouTenbcTBe M HA MEXaHMYECKUX MPOU3BOACTBAX TAKTHIBHBIC NATUYUKU HCIIOJIB3YIOTCS IS
OIIPEIEICHMs] CWII, JEMCTBYIOIIMX Ha 3aKPEIUICHHBIE YCTPOMUCTBA.

Jl1s M3roTOBIEHUS TaKTUJIBHBIX YYBCTBUTEJIBHBIX 3JIEMEHTOB HCIOJIB3YHOTCS HECKOJIBKO METO-
70B. B HEKOTOPBIX U3 HUX Ha MOBEPXHOCTH 00BbEKTa (POpMUPYETCs CHeLMaNbHbIA TOHKUI CII0H U3 Ma-
Tepuana, 9yBCTBUTEIILHOTO K MEXaHUYECKUM HarpspkeHusiM. Ha puc. 3 mokasan nmpocToil TaKTHIIbHBINA
JaT4YMK, 00eCTIeYBAOIINI (PYHKIIMN BKIIOUECHUSI-BBIKIIOUEHUS, COCTOSIIIUMN U3 ABYX JIUCTOB (DOJIBIH U
MPOKJIaAKK. BHYTpH TpOKIaAKHM caeiaHbl Kpyrible (Wid JIF0O00W Apyrod HeoOXxomaumoit (Hopmbl)
orBepctuss.  OnuH U3
JTUCTOB (OJIBTU 3a3€MIICH, a
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]
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E
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Eciu Ttpebyercs KOHTpO-

JIMpOBaTh HECKOJIbKO YYB- [ 4.7

CTBUTCIBHBIX 30H, HUCIIOJIb- '} :
BLIXOAHOH

3yeTcs MYJIbTHIIJICKCOP. . o [ curHan

Korma x Bepxnemy mpo-
BOJHHUKY TPHUKIAIBIBACTCS
BHEIIIHSS CUJIa HaJl OTBEP-
CTHEM B TNPOKIAJKe, OH
nmporudaercs U comnpukaca- Puc.3. TakTuiIbHBIN 37IeMEHT MEMOpPaHHOTO TUTIA.
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€TCA C HU)KHUM MPOBOJIHMKOM, TEM CaMbIM YCTAHABJIMBAs C HUM DJICKTPUUYECKUA KOHTAKT, 3a3EMJISIO-
LIUI HAarpy304HbI pe3uctop. IIpu 3TOM BBIXOJHOM CUI'HAJI CTAHOBUTCS PAaBHBIM HYIIIO, YTO CBHJIE-
TEIBCTBYET O MPHUJIOKEHHOM cuiie. BepXHUil M HUKHUN MPOBOJAHUKU MOTYT U3rOTaBIMBATHCS METO-
oM TpadapeTHON MeyaTd MPOBOISIIMMU YEPHUIAMHU Ha MOMAJIOKKe. UyBCTBUTEIbHBIE 30HBI TaKUX
JATYUKOB ONPEACIISIIOTCA PsIIaMU M KOJIOHKaMHU MPOBOJHUKOB, HAHECEHHBIX YepHUiIaMu. [IpukocHo-
BEHHUE B ONPENEIEHHOMY YYaCTKY YyBCTBUTEIbHON MOBEPXHOCTH MPUBOAUT K 3aMBIKAHUIO COOTBETCT-
BYIOLIUX pPsiia U KOJIOHKHU, YTO TOKa3bIBAET JIOKAIU3ALNIO MPUIOKEHHON CUIIbl. XOPOUINE TaKTHJIb-
HBIE JATYUKH IIOJIYYAIOTCSI Ha OCHOBE ITbE30JJIEKTPUUYECKUX IIJIEHOK, KOTOPBIE HCIOIB3YIOTCA KakK B
MACCBHOM, TaK U B aKTHBHOM pe&XMMaX. MHOTHE TaKTHIIbHBIC NATYUKH BBIOJHSIOT (DYHKIUH CCH-
COPHBIX MEpEKIoUarenci. B ommune oT TpaJuUMOHHBIX MEPEKIIYATENEH, HAIE)KHOCTh KOHTAKTOB
KOTOPBIX CWIBHO CHMXXA€TCS IIPU MNOIAJaHMM HAa HUX BJIArM U MBUIH, NIBE303JIEKTPUYECKUE KIIHOYH,
Onmaromapss CBOeMy MOHOJIMTHOMY HCIOJIHEHHIO, MOTYT paboTaTh B HEOJIArompUSTHBIX YCIOBHIX
OKpYKArOUIEN CPEBL.

Hpyroil pa3HOBUIHOCTBHIO TAKTHWJIBHBIX JATUYUKOB SBISIETCS  Nbe30PE3UCHUBHBIN  UYB-
CTBUTEJbHBIN 37eMeHT. OH M3roTaBIIMBAETCS U3 MAaTE€pUAIOB, YbE€ AIEKTPUUECKOE CONMPOTUBIICHHUE
3aBUCUT OT IMPHIJIOKEHHOTO MEXAaHMYECKOrO HalpsDKeHUs WM JaBieHuss. K Takum marepuanam
OTHOCATCS IPOBOJAIIME DJIACTOMEPHI WM IMACTHI, YYBCTBUTEILHBIE W3MEHEHUIO [IaBJICHHUS.
[IpoBosmre 3MaCTOMEPHI M3rOTABIMBAIOTCS W3 CUJIMKOHOBOUW PE3WHBI, IMOJMYPETaHA WU JAPYTHX
MaTepHualioB, B COCTaB KOTOPBIX BXOISAT MPOBOASAIIME YACTULBI UM BOJIOKHA. Hanpumep, npoBoasias
pe3uHa MoJIyyaeTcsl MpU BBEJCHUM B OOBIUHYIO PE3UHY YroJbHOro mopomika. [TpuHuun neictBus
AJIACTOMEPHBIX JTaTYMKOB OCHOBAH JHOO HAa W3MEHEHWH IUIONMAJAM KOHTAKTOB TPHU CIABIMBAHHUU
MactoMepa MEXAYy JBYMsS MPOBOASIIMMH IUJIACTUHAMH, JIMOO Ha W3MEHEHUHM TOJIIMHBI
3JIACTOMEPHOTO ¢J0sl. B 3aBUCHMMOCTM OT BEIMYMHBI BHEIIHEH CHIIbI, JEHCTBYIOIIEW Ha JaTYVK,
MEHSETCS IUIOIIA/lb KOHTAKTHOW 30HBI MEXy NMPUKUMHBIM YCTPOMCTBOM M 3JaCTOMEPOM, B PE3yiib-
TaTe Y€T0 U3MEHAETCS DIIEKTPUUECKOE COIIPOTUBIICHUE.

bonee ToHKME MbE30PE3UCTUBHBIE TAKTUIIBHBIE JATYMKU MOJIYYArOTCS U3 MOJIYIPOBOJHUKOBBIX
MIOJIMMEPOB, COMPOTUBJIEHHE KOTOPBIX TAK)KE 3aBUCUT OT JAaBiieHHA. KOHCTpYKIMS TakuxX AaTYUKOB
HallOMHMHAeT MeMOpaHHBIH mnepekiouaTenb. [lo cpaBHEHUIO ¢ TEH30JaTYMKaMHU Mbe30PE3UCTUBHBIC
YyBCTBUTEIBHBIE JIEMEHTHI 00Iaat0T 00Jiee MHUPOKUM TUHAMUYECKUM JHATa30HOM.

IIvezoa1ekmpuueckue 0amuuxu cuivl

PaccMOTpeHHBIE TBE30AJIEKTPUYECKUE TAKTWUJIbHBIE JAaTYUKUM HE [peJHA3HAYeHbl JJIs
MPOBEJCHUS] TOYHBIX M3MepeHuil cuibl. OHAKO HA OCHOBE TOTO K€ IMbE303JIEKTpHUecKoro 3¢ dekra
MOXHO pPEaIu30BaTh M NPEUU3HOHHBIE JATUYMKU CWJIbl, KaK aKTUBHbIE, TaKk W naccuBHbie. llpu
pa3paboOTKe TakWX JAaTYUKOB BCErjaa CieAyeT MOMHHUTb, YTO IbE303JEKTPUUYECKUE YCTPOICTBA HE
MOTYT H3MEpSTh CTallMOHApHBIE MPOLECCHl. OJTO O3HAYaeT, YTo
MBE303JIEKTPUYECKHE JATYUKH CUJIBI TPEoOpa3yroT M3MEHEHHs CHIIbI B Mk $03N ERTR 4 CKaR
IIEPEMEHHBIM JJIEKTPUYECKUN CHUTHAJ, HO IIPU 3TOM OHU HHUKAK HE e
pearupyroT Ha TIOCTOSIHHOE 3HAuy€HHWE BHEIIHEW Cuibl. IloCKONbKy
MIPUJIOKEHHBIE  CHJIBI  MOTYT UW3MEHSATh  HEKOTOpblE  CBOMCTBA
MaTepuaioB, NpU pa3pabOTKe aKTUBHBIX JAaTYUKOB HEOOXOAHUMO
YUUTBIBaTh BCECTOPOHHEE BIMSHHE CUTHAIOB BO30yxaeHus. Ha puc. 4
IOKa3aH BapUaHT aKTUBHOTO JaTdMka Ccuibl. Ilpm nposegenumu — Puc. 4.
KOJIMYECTBEHHBIX I/ISMepeHI/Iﬁ IIpU IIOMOIIY TaKUX JaTYUKOB CIEAYET Hbe303ﬂeKTpI/I‘leCKI/H71
IIOMHHUTH, 4YTO €r0 Juana3oH W3MEPEHUSI 3aBUCUT OT YacTOTEI JMCKOBBIM PE30HATOD,
MEXaHMYECKOTO  PE30HAHCA MPUMEHSEMOTO  MbE30IJIEKTPUUECKOTO0  IIPUMEHSCMBIN B
KpucTajuia. HpI/IHI_[I/IH JIeHiCTBUS TaKMX JATUMKOB OCHOBAH HAa TOM, UTO  [AHAMETPaIbHOM
MpY MEXaHWYECKOW Harpy3ke KBaplEBbIX KPUCTAIJIOB OMPEACJICHHBIX  AATUYHUKE CHUIIBI
CpE30B, MHCIOJbB3YEMBIX B Kaye€CTBE PE30HATOPOB B DJJIEKTPOHHBIX
reHeparopax, NPOUCXOJHUT CABUT UX PE30HAHCHOW YaCTOTHI.

ANBRTR O Ll




JATUYUKU JABJIEHUSA

[lonsTe naBieHMs IEpBOHAYalIbHO OCHOBBIBAJIOCH Ha padbore Toppuyennan, KOTOPBIH
HekoTopoe Bpemsi Obul ydenukoMm [amunes. [loctaBuB B 1643 romy sKCIEpUMEHT ¢ OJIOAIIAMH,
3aMoJHEHHBIMH PTYTHIO, OH CJeNial BBIBOJ, YTO aTMocdepa OKa3bIBaeT AaBiieHue Ha 3eMito. [[pyroii
Benukuid ¢usuk [lackans B 1647 rogy BMecte co cBouM 3siteM [lepbe npoBenu emie 0JuH OIbIT: OHU
W3MEPSUTH BBICOTY PTYTHOTO CTOJIOA Y IMOJHOXUS M HA BepiiuHe ropbl. [Ipu 3TOM OHM 0OHAPYXKWUIIH,
YTO JaBJeHME, NEHCTBYIOIIEe Ha CTOJOMK PTYTH, 3aBHUCUT OT BBICOTHI moabema. CBoil mpubop,
KOTOPBIA OHHU HCIIOJB30BAJIM B 3TOM JKcrepuMente, [lackanp HazBayn 6apomempom. B 1660 romy
PoGept boiine chopmynupoai 3akoH: «Jlns 3a1aHHON Macchl BO3lyXa IIPU U3BECTHON TeMIleparype
NPOM3BE/ICHUE JaBJICHUS Ha OOBEM SIBJIETCS IMOCTOSHHOM BenmuuHoi». B 1738 romy beprymmu
pa3paboTall TeOpHIO AMHAMUYECKOTO AABJICHUS ra3oB, U3 KOTOPOU aHATUTUYECKUM CIIOCOOOM MOKHO
BeIBecTH 3akoH boiins. [To cyru beprymmm onepenun 3akon Illapns-Ieit-JIroccaka, chopmynrpoBas
cienyromiee yrepxkaeHue: «lIpu Harpese ra3a B IOCTOSTHHOM 00bEME €ro JaBIICHUE YBEITMUUBACTCS.

B obmem Buae, Bce MaTepuaibl MOXKHO pa3fellUTh HAa TBEpAbIC Tela W X)uakue cpeabl. [lox
TEPMHUHOM KHJIKas cpeJia 3/1eCh IOHUMAETCsI BCE, UTO CIIOCOOHO Te€4b. ITO MOTYT OBITh KaK KHIAKOCTH,
TaK U rasbl, IOCKOJIbKY MEX/ly HUMH HE CYIIECTBYET CEPhE3HbIX pa3nuuuil. [Ipyn u3smMeHeHnn naBiaeHus
AKHUJKOCTHU MIPEBPAILAIOTCs B ra3bl 1 HA000poT. K s)xuakum cpenaM HEBO3MOYKHO MPUIIOKUTH JaBJICHHUE
HU B KakOM JIpYTOM HaIlpaBJICHUH, KPOME MEPHEHIUKYISIPHOTO K moBepxHOCcTH. [lpu mrobom yrie
kpoMe 90° KHAKOCTH OYAET MPOCTO COCKaNb3bIBaTh WM CTeKaTh. [l >KuAKoW cpeapl B
CTAallMOHAPHBIX YCJIOBUSAX [ABJICHUE MOYXHO BBIPa3UTh YE€pe3 OTHOLIEHUE CHIIbI F, JNEHUCTBYIOLIEH
MEePHEHANKYIISPHO OBEPXHOCTH, K TUIOIIAIN STOM MOBEPXHOCTHU A:

p= (1)
dA

JlaBneHne uMeeT MEXaHMYECKYI0 IPUPOAY, U IO3TOMY ISl €r0 OMMCAHUS MOYXKHO HCIIOJIb30BATh
OCHOBHBIC (PM3MYECKHE BEIUYUHBI: MacCy, [UTMHY U BpeMs. XOPOIIO U3BeCTeH (akT, YTO JaBIICHUE
CHWJIBHO MEHSIETCSl BJIOJIb BEPTHUKAIBHOM OCH, TOTJAa KaK HA OJMHAKOBOW BBHICOTE OHO MOCTOSIHHO BO
BCceX HanpasieHUsX. [Ipy yBennueHnn BBICOTHI TaBJIEHUE MTAJAET, YTO MOKHO BBIPA3UTh CIEAYIOLIUM
COOTHOILICHUEM:

dp = —wdh (2)
I7Ie W - yAETIbHBIA BeCc cpenbl, dh - U3MEHEHHUE BBICOTHI, a dp - COOTBETCTBYIOIIEE My H3MEHEHHE
JTABJICHUSL.

JlaBiieHue XKUIKOHM Cpelbl B 3aMKHYTOM 00BbeMe HE 3aBUCHT OT (JOPMBI COCY/AA, TIOATOMY TpU
pa3paboTKe JaTYMKOB NABJICHUS TaKUE MapaMeTphbl Kak ¢opMa U pa3Mephl 4acTo OBIBAIOT HE OYCHb
CyLIECTBEHHbIMU. EciM Ha OJHY M3 CTOpPOH cOCyda C KHUJKOCTBIO WJIM I'a30M JECHCTBYET BHEIIHEE
JaBJIEHUE, OHO MepenaeTcs Mo BceMy 00beMy 0e3 YMEHBIICHHSI €ro 3HaueHusl.

N30bITOYHOE JaBIICHUE - 3TO JaBIICHHUE T'a3a, MPEBBIIIAIONICE JaBICHUE OKPYKAIOIIeH cpenbl. B
MIPOTUBOTOJIOKHOM CIy4ae - peub UAET O BakyyMme. J[aBieHHe Ha3bIBa€TCSl OTHOCUTENBHBIM, KOTAa
€ro M3MEpsSIIOT OTHOCHUTENBHO [aBJICHHUS OKpYXarolied cpeapl, U aOCONIOTHBIM - KOrJa OHO
U3MepseTcs M0 OTHOIICHUIO K HYJIeBOMY JaBJeHUIO. [laBieHue cpeabl MOXKET ObITh CTAllMOHAPHBIM,
KOTJIa KHJIKasi Cpe/ia HaXOAUTCS B MOKOE, WM JUHAMHUYECKUM, KOT/Ia OHO OTHOCUTCS K KHUJAKOCTSIM B
JIBUYKEHUU.

B cucreme CU enunuieid uamepeHus: AaBJeHUs SBISIETCS nackany: | [Ma=1H/M% D10 3HAYMT,
YTO AaBJIeHHE | mackanb paBHO CHJIE, PABHOMEPHO PacHpeleeHHON MO MOBEPXHOCTH IUIOLIAAbIO |
KBaJpaTHbI MeTp. MlHOT/Ia B KayecTBe TEXHUYECKOW €AUHUIIBI M3MEPEHHUS JIABJICHUS MPUMEHSIETCS
eMHUIA, Ha3bIBaeMasi ammocgepa, obo3Hadaemas 1 atm. OmHa atMocdepa 3TO AaBlIeHHE, KOTOPOE
OKa3bIBaeT CTOJIO BOJbI BHICOTOM | MeTp Ha Iomanky 1 KBaapaTHBIA CaHTHUMETp MpU TeMIepaType
+40C n HOpPMalbHOM TPAaBUTALUOHHOM YCKOpPEHMHM. MexXny eIVHHIIaMU AABJIEHHUS CYLIECTBYET
CJIEIYIOIIasl B3aUMOCBS3b:

[ Ila = 9,869x 10" amm = 7,5x 107 cm pmymmnozo cmonéa

HJ’IH FPY6BIX OLOCHOK MOXXHO 3allOMHHTB €II€C OAHO COOTHOHICHMC: 0,1 MM BOJbI CO34acT
JaBJICHUC, l'IpI/I6J'II/ISI/ITCJ'IBHO PaBHOC 1 ITa. B IMPOMBIIIJICHHOCTU IMPUMCHACTCA JApyrad CIWHHUIA



JaBIICHUsI, Ha3pIBaeMas mopp (STO Ha3BaHWe MJaHO B dYecTh (usuka Toppuuemnn), Kotopas
ONPEIENACTCS KaK JABJICHHE, CO3/[aBaeMOe CTOJIOMKOM PTyTH BbicoTol 1 MM mpu 0°C, HOpMAbHOM
aTMoc(epHOM JaBJIEHUM M HOpPMalbHOU rpaBuranuu. WneanbHoe naBieHue atMmocdepbl 3emid,
paBHOe 760 TOpp, HA3BIBACTCS MEXHUUECKOU amMOcgepol:

lamm = 760mopp = 10,.32511a.

B cucreme emunun CIIIA naBnenue m3mepsiercs B (pyHTax-CHIBI Ha KBaApaTHBIN MoiM. Ota
elMHuIla TaM oOO3HayaeTcss Kak psi. g mepeBoga psi B eauHunbl cuctembl CHU  MoxHO
BOCIIOJIb30BaThCsl COOTHOILIEHUEM:

Ipsi = 6,89x10° ITa = 0,0703 amm.

[MpuHIMN medCTBUS JTIOO0OTO JaTYWKa JABJICHUS 3aKIIOYACTCS B MPEOOpa3OBaHUU JIABJICHUS,
UCIBITHIBAEMOTO YYyBCTBUTENIBHBIM 3JIEMEHTOM, B DJJEKTPUYECKHH CUTHaJI. B  KOHCTpYKLHIO
MpPaKTHYECKH BceX ImpeoOpa3zoBaresnell [aBi€HUS BXOAAT CEHCOPBI, O00JaJalolIue HU3BECTHOMN
TUIOMIA/ILFO IOBEPXHOCTH, Ubsl Ie()OpMaIIUs UITH TIepEMEIeHUE, BOSHUKAIOIINE BCIEACTBHE JCHCTBUS
JABJICHUS, ¥ ONPEIEIAIOTCS B Tpoliecce n3MepeHuid. Takum o0pa3oM, MHOTHE JATYUKHU JIABICHHS
pean3yroTcsl Ha OCHOBE JIETEKTOPOB MEPEMEIEHUS WIIM CHJIbI, IPUYUHON BOSHUKHOBEHHUSI KOTOPOH
SBJIETCS TOXKE MepeMeIIeHuE.

Ha puc.1 nokazan npocroit pmymmuseiti damuux OasieHus, UCIOJNb3YIOIMUA PUHIUIT cOoOoO0IIa-
IOIUXCS  cocynoB. Yamie Bcero Takue JAaTUMKH
MPUMEHSIIOTCSL U1 M3MepeHus JaBieHus razoB. U- L\ DOpnEHne
oOpa3Hblii MPOBOJ C TOYKOM 3a3eMJICHHS B LEHTpE 1
nomentaercsi B U-o0pasHyio TpyOKy ¢ pryrbro. YacTb
3TOTO MPOBOJIa OKA3BIBAETCS 3aKOPOUYCHHOM PTYThIO, B
pe3yapTaTe 4Yero COMNpOTUBIEHHE B 00OEUX BETBSIX
MpoBoAa Bcerga OyaeT NPOMOPIHOHATIBHO BBICOTE
CTOJIONKOB PTYTH. [loJTydeHHBIE PEe3UCTOPHI BKIIOYCHBI
B CXEMy MOCTa YWTCTOHA, KOTOPBIM HaxOAUTCS B
YpaBHOBEUIEHHOM COCTOSIHUM T[IOKa pPaBHO HYIIO
muddepeHmanbHOe JaBieHne B TpyoOke. JlaBienwe,
MPUWIOKEHHOE K OJHOMY M3 KOHIIOB TpyOKH
(Hanmpumep, JEBOI), NPHUBOIUT K pa3z0alaHCUPOBKE
MOCTOBOIl CXEMBbl M TOSIBICHUIO Ha €€ BBIXOJIE HEHY-
JeBoro curHaiga. Yem BhllIE JaBJCHHUE B JIEBOM 4acTu

TpyOKH, TEM Oosb1Ie COIIPOTUBIICHHE
COOTBETCTBYIOIIETO ~ TEYa W TE€M  MEHBIIC  pye | JlaTyuk naBieHus

.1 ,
CONPOTHUBIIEHUE  MPOTHUBONOJOXKHOrO.  BrixomHoe HCTIOJb3Y O TIPHHLMI cO0BMIa-
HaIpsHKEHUE MIPOTIOPIUOHAIIBEHO pasHOCTH

. FOLLIUXCS COCYZIOB
comporuBjeHuid AR B JAByX IUIe4ax MOCTa, He

3aKOpPOUYEHHBIX PTYTHIO YYACTKOB IIPOBOAA:

v

out
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R

Taxoii matynk oOBIYHO KamMOpyeTcs HAampsAMyro B Toppax. K coxaneHuro, mpocToTa sBIsSETCS
MPAKTUYECKU €JUHCTBEHHBIM €ro JIOCTOMHCTBOM, IIOTOMY YTO OH O0JIaJaeT LeJbIM PSAJOM CYyLIecT-
BEHHBIX HEJOCTATKOB: HEOOXOJMMOCTBIO NMPELN3NOHHOIO BBHIPAaBHUBAHMS, IJIOXOH MOMEXO3aIHIICH-
HOCTBIO OT yIapoB M BHOpauuii, 00NbIIMMH rabapuTaMu M 3arps3HEHHEM ra3a PTYTHBIMU apaMu.
OTMeTHM, YTO TakOW JaTUYUMK MOXKET MCIIOJIb30BAaThCA U B KAYECTBE JIETEKTOPA HAKJIOHA, ITOCKOJBKY
HYJIEBON CHUT'HAJ Ha €ro BBIXOJIE IPU OTCYTCTBHUHM BHEIIHErO JAaBJICHHS Ha OJHO M3 IUIeYei TpyOkH
CBUJETEIBCTBYET O CTPOrO TOPU3OHTAIBHOM €T0 PACIIOI0KEHHH.

UyBCTBUTENBHBIE AIEMEHTHI, BXOASIIME B COCTAB JaTUNKOB JaBJICHUSI, SIBISAIOTCS MEXaHUYECKH-
MU yCTPOWCTBaMH, A€(POPMUPYIOIUMHUCA MO IeHCTBUEM BHEIIHEr0 HanpsKeHus. TakuMu yCcTpoicT-
BaMH MOTYT OBbITh TO(PpPUPOBAHHBIC W TIOJABECHBIE Ouaghpazmvi, memoOpauvl, CUlbGOHbL U IPYTUE
3JIEMEHTBI, (hopMa KOTOPBIX MEHSETCS MO JEHCTBUEM HA HUX JaBJICHHUS.



Ha puc. 2A mnoxazaH cuibQoH,
npeoOpa3yronil  JaBjaeHUEe B JIUHEHU- p
HOE TIepeMEIIEeHUE, KOTOPOE MOXKET !
OBITh M3MEPEHO MpPH TOMOIIU COOT-
BETCTBYIOLLETO JaTYHKA. Takum
o0pa3oM, CHIB(GOH BBITIOJHIET IEp-
BbIif 3Tam npeoOpa3zoBaHMii JaBJICHUS B
NeKTpUUeckuii curHan. OH oOnagaeT
OTHOCHUTENIFHO OOJBIION IIOLIA/BIO
MOBEPXHOCTH, YTO JIA€T BO3MOXKHOCTB
MOJIy4yaTh JIOBOJIBHO CYILECTBEHHBIE 1B
MepeMeneHs JAaxe Mpu HeOOIbIINX
naBneHUAX. JKecTKOCTh HENbHOTO Me-
TAIJTMYECKOTO CHIIB(OHA MPOMOPIHO-
HanbHa Moxymto lOHra marepuana u
o0paTHO MPONOPLHOHANIbHA BHEIIHE-
My IUaMeTpy M KOJIMYEeCTBY M3TMOOB Ha HeM. JKeCTKOCTh CHib(OHA TaKKe CBA3aHA KyOW4eCKOU
3aBUCHUMOCTBIO € TOJIIUHOM €0 CTEHOK.

Ha puc. 2b nokazana quadparma, npumensiemasi B aHepouIHbIX OapoMeTpax i npeodpa3oBa-
HUS JTaBJICHUS B JIMHEWHOe oTkioHeHue. [{uadparma, hopMmupyromias oiHy U3 CTEHOK KaMephl J1aBiie-
HUSI, MEXaHUYECKU CBsI3aHa C TEH30JaTYMKOM, KOTOPBIM mpeoOpaszyeT ee OTKIOHEHHsS B AIIEKTpUYe-
CKHMii curHail. B HacTosmee BpeMsi OOJIBIIMHCTBO JaTYMKOB JABJICHHUS TAKOTO THUIA U3TOTABJIUBAIOTCS
C KpeMHHEBbIMH MeMOpaHaMu, METOJaMH MUKPOTEXHOJIOTHil.

MemOpana - 310 ToHKas auadparma, paguanbHOE pacTsHKEHHE KOTopoil S u3Mmepsiercs B
Herotonax Ha metp (puc. 3b). Koadpduumentom xecTkocTu npu U3rude 31ech MOKHO MpeHedpeus,
MOCKOJIbKY TOJIIMHA MeMOpaHbl ropa3fo MeHblIe ee paauyca (mo kpaitHeir mepe B 200 pas).
[IpunokeHHOe AaBlieHWE K OJHOM W3 CTOPOH MeMOpaHbl cdepuyecku BbiruOaer ee. [Ipu HU3KHX
3HAUEHMSIX JABJICHUS p OTKJIOHEHHME ILIEHTpa MEMOpPaHBI Zp, U €€ MEXaHHYECKOe HaIlpshHKeHHe
o, ABISIOTCA KBA3MIMHEHHBIME (YHKIMSAMH JaBJeHHs (HApsDKeHHe u3Mepsiercs B H/v'):
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Puc. 2. A — cranpHOM cunbhoH, b - MeTammueckas
ropupoBanHas nuadparma, IpuMeHsemMas i
npeoOpa30BaHus NaBJICHUS B IMHEWHOE IIepeMeIeHIe

I"zp
= , 4
T 4)
O_max zﬁ’ (5)
g

r7e r — paanyc MeMOpaHsbl, g — ee TOJIIMHA.

[Ipu 3HAUMTENHHON TONIIMHE MEeMOpaHbI, Koraa ee oTHomeHue 7/g <100, pedysb yke HaeT o
ToHKOM mnactuHe (puc. 3A). Ecmm Takyro miIacTHHY
3aKpENUTh MEXKIY IABYMS 3a)KMMHBIMHU KOJbLAMH, B CUCTEME
MOSIBUTCA 3HAYUTENbHBIA THCTEPE3UC, BBI3BAHHBIN CHUJIAMU
TpeHUsl MEXy KoJaplaMu U miaactuHoil. [lostomy mmactuny
U TOJIEP’KUBAIOIINE KOMIIOHEHTHI JIydllle W3rOTaBIMUBaTh B
BHJI€ MOHOJIMTHOM KOHCTPYKUMH. J[JIs TUTACTHHBI, TAKXKE KaK
U ans MeMOpaHbl, MaKCHUMajbHOE OTKJIOHEHHE JIMHEHHO
CBSA3aHO C JIaBJICHUEM.

B ypaBuenusx (4)-(5) npenmosaraercs, — 4TO
pa3pabaTblBaeMblii JaTYMK JaBJICHUS OyAeT H3MEpsTh
OTKJIOHEHHMsI MeMOpaHbl WM miacTuHbl. [losTomy npanee
HE00X0MMO BbIOpaTh METOJ MPeoOpa30BaHuUs MOITYYEHHOTO
OTKJIOHEHMsSI B  IEKTPUYECKMH CHUTHal. OTO MOYKHO
BBITMIOJIHUTh HECKOJIBKUMH  CIOCOOAaMHU, HEKOTOphIE U3
KOTOPBIX OYIYT pacCCMOTPEHBI HIKE.

B cocraB nmaTuMkoB AaBiieHUs] 00s13aTEIbHO BXOAT J1BA

Puc.3. Jlepopmanus TOHKOM
ractuHbl (A) u memOpansl (b)
Mo ICHCTBUEM JIaBJICHUS p



KOMIIOHEHTA: TUIacThHA (MeMOpaHa) U3BECTHOM IUIomaau 4 U JETEKTOP, BEIXOJHOM CUTHAI KOTOPOTO
MPOTOPIIMOHATICH TPIIIOKeHHOH cuine F (ypaBHenwe (1)). OGa 3Tu 3neMeHTa MOTYT OBITh H3-
TOTOBJIEHBl W3 KpeMHHUsA. JlaTuuk JaBieHus ¢ KpeMHHUEBOW auadparMoil COCTOMT M3 CaMoOM
nradparmMsl U BCTPOCHHBIX B Hee TU((Y3MOHHBIM METOJIOM Nbe30pe3uUcmustblx npeobpazosamerieli B
BUjJe pesuctopoB. Koraa k mosynpoBOJIHMKOBOMY PE3UCTOPY HOMHHAlAa R IPUKIAAbIBAETCAd MeXa-
HUYECKOE HalpspKEHHe, BCIIEICTBHE MbE30PE3UCTHBHOTO (PQEeKTa ero COMpOoTHUBICHUE MEHSETCS Ha
BEIMYMHY AR, YTO NOpPHUBOAUT K HU3MEHEHHUIO BBIXOJHOTO HAIpsDKeHUs Jartyuka. [lockonbky
MOHOKPHUCTAIIIMYECKUN KpeMHUIl o00nafaeT OuYeHb XOPOUIMMH XapaKTePUCTHKAMH YIPYrocTH, B
TAKOM JaT4YMKE OTCYTCTBYET IOJI3Y4eCTh M TUCTEPE3UC Aaxke MPU BHICOKOM AaBieHuu. Koadpurment
TEH304YYBCTBUTEIHPHOCTH KPEMHHUSI BO MHOTO pa3 MPEBBINIAECT aHAJIOTUYHBIN KOA(DOUIIMEHT TOHKOTO
METAIJIMYECKOT0  MpoBOAHMKA. OOBIYHO TEH30PE3UCTOPHl BKIIOYAIOTCS IO CXEME MOCTa.
MaxkcumanbHO€ BBIXOJHOE HANpsHKEHHE TaKUX JaTYMKOB OOBIYHO COCTaBISIET HECKOJIBKO COT
MUJUIMBOJIBT, MIOTOMY Ha MX BBIXOJI, KaK MPaBUJIO, CTABSTCS YCHJIMTENHU CUTHaIoB. KpemHueBbie
PE3UCTOPHI 00JIAAAIOT JOBOJIBHO CHIBHON TEMIIEPaTypHOU YyBCTBUTEIBHOCTHIO, TIOATOMY BCEra Ipu
pa3paboTKe [aTYMKOB HAa HUX OCHOBE HEOOXOIMMO WpeaycMaTpuBaTh IENH TeMIepaTypHO
KOMITEHCAITUH.
CyliecTByeT HECKOJIBKO METOJIOB M3TOTOBJIEHUS KPEMHHUEBBIX AaTUYMKOB JAaBiieHUs. B ogHoM

U3 Croco0oB (puc. 4) UCHOIB3YETCS TOJUIOKKA U3 KPEMHHUST N-THTIA
¢ opueHTanue nopepxuoctu <l100>, Ha KOTOPOH METOJOM MOHHOM
UMIUIaHTaUMu ~ Oopa  (QOpPMHPYIOTCS  IHE30PE3UCTOPHl €
TIOBEPXHOCTHOH KOHIEHTpareil mpuMeceit, papHoii 3x10' B oxHOM
Kyondeckom cantumerpe. Onun u3 Hux (R]) mapamnenen, a npyroi
(R2) nepnenmukynasipeH  opueHTammu  auadpparmer  <110>.
OnHOBpEMEHHO C dbopMupoBaHuemM IbE30PE3UCTOPOB
W3TOTaBIUBAIOTCS W JIpyrH€ KOMIIOHEHTBI CXEMbl JIaTYuKa:
PE3UCTOPBI U P-N MEPEXObl, UCIOJIb3yEMbIE B LIETISIX KOMIIEHCALUU
TEMIIEpPaTyphl, pacroJiararoliuecs B CPaBHUTEIBHO TOJICTON 30HE
MOJJIOKKH BOKPYT Auadparmbl. B cBSi3U ¢ TakuM pacrosiokeHHeM
OHH HE pearupyroT Ha JAaBlICHHUE, ACHCTBYIOIIEE Ha quadparmy.

BO3MOYHOCTH ()OPMHUPOBAHUSI MUKPOJIATIUKOB (00JIee 4eM B BOCEMb A
pa3 MEHbIIUX OOBIYHBIX KPEMHHUEBBIX JaTYMKOB JaBJICHUS \\\\“\\1\“‘( k\\{@“ %
nuagparMeHHOro THIa), KOTOPbIE MOTYT HCIOJb30BaThCs B ARRRNNNRYAN :\\
npeoOpazoBareisix  KaTeTepHOro THIA I MPOBEACHHUS g s s i
MEIUUUHCKUX Uccaen0BaHui. Takol MUKpPOJIAaTYMK COCTOUT U3 JABYX
yacTeil: BepXHEH MW HIDKHEW mojioxkek (puc. SA). B HuxHel
3aKpEIUICHHOW TOJJIOKKE METOJOM aHM30TPOIHOIO TpaBJICHUS
dbopMupyeTcs oJ0CcTh To pazmepy auadparmel. TonmuHa HIDKHEN
o u10kku coctaBnsier 0.5 MM, a TpeOyemast anuHa auadparmsl - 250 MKM, MO3TOMY B pe3yibTare
AHU30TPOITHOTO TpaBJieHUsT GOPMHUPYETCS MUpaMHUAATbHAS TOJIOCTh TIyOuHO# 175 Mxm. Crexyrommii
1Iar 3aKJIf04aeTcs B COEAMHEHUH METOJO0M CIUIABJICHUSI HMXKHEHN MOJJIOKKHU C BEPXHEH, COCTOSILEN U3
KPEMHUSI p-THUIIA C HAHECEHHBIM AMUTAKCHAJIBHBIM CIOEM N-TuMa. ToJIMHA SMUTaKCHAIBHOTO €0
COOTBETCTBYET 3aJJaHHOI KOHEUHO! TonmuHe auadparmsl. [lociie 3Toro MeTo oM KOHTPOJIUPYEMOTO
TpaBJICHUS YJAJISAETCS YaCTh BEPXHEU MOJJIOKKH, B PE3YJIbTAaTE YEro OT HEE OCTAETCS TOJIBKO TOHKUMN
CIIOW W3 MOHOKPHUCTAJUIMYECKOTO KpPEMHHs, KOTOpbIH M oOpasyer auadparmy naruuka. Jlamee
METOJIOM MOHHOW MMIUIaHTaluu (HOPMUPYIOTCS PE3UCTOPHI, @ METOJIOM TPABIICHHUS IPOJIEIBIBAIOTCS
KOHTAaKTHbIE OTBepcTHsi. Ha mociemHem stame HIDKHSAS TOMJIOXKKA 3a3eMIsieTcss W HUTHUQYeTcs 0
MOJIY4YEHHUsI >KeJTaeMOM TONIIMHBI yCTpolcTBa - nopsaka 140 mxm. HecmoTpss Ha TO, 4TO pa3mepsl
TaKoro JaTdyvka Ooyiee YeM B MOJOBHHY MEHbIE TPAAULMOHHOIO KPEMHHEBOTO IMpeoOpa3oBaTens

Hpyro#t cmoco® W3roTOBICHUS u)ma(bparM OCHOBAaH Ha 5 * wdysnosmus

METOJE CIUIABJIEHUA KPEMHUS, KOTOPBIM TMO3BOJISIET HAJAEKHO :’{"""'“"”R

"y 3

COCIMHATH TOJUIOKKA W3 MOHOKPHUCTAUIMYECKOTO KpeMHus 0e3 :/, " e
NPUMEHEHHSI MTPOMEKYTOUHBIX CIIOEB (pHUC. 5). DTOT crnocod maeT f,r’ nModpnMe A

Puc. 4. Pacnonoxeunue
MbE30PE3UCTOPOB HA
KPEMHEBOM nuadparme
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Puc. 5. UsrotoBnenne KpeMHEBOM MEMOpaHbl METOIOM CIUIABICHHUSA KPEeMHUS: A —
TEXHOJIOTUYECKHUE JTAllbl U3TOTOBIIEHUS, b — cpaBHeHME qradparM pa3IHyHBIX TEXHOJIOTHHA

JaBIICHUsSI, OHU 00Jalaf0T OJJMHAKOBOW TEH30YYBCTBUTENBHOCTHIO. Ha pric. 9b mokasano cpaBHeHue
IBYX nuadparM, MOJy4eHHBIX MO Pa3HBIM TeXHOJOTusM. [Ipu Tex ke cambIx pazmepax auadparmbl U
TOJIIUHBI KPUCTAIUIA, YCTPOUCTBO, MOTy4EHHOE METOJIOM CIUIaBJIeHUs: TouTH Ha 50% MeHbIIe.
Jartuuku faBiieHWss OBIBAIOT TpPEX THUIOB, TIO3BOJISIIONIUX — U3MEPATh  abconomHoe,
ouppepenyuarvnoe WM MaHomempuyeckoe JIaBieHWE. AOCOJIOTHOE JaBliCHHE, HaIlpuMmep,
OapoMeTpuvecKoe, U3MEpSeTCsl OTHOCUTENLHO IaBIICHHSI B 3TaJOHHOW BaKyyMHOW Kamepe, KOTopas
MOXET OBITh KaK BCTPOCHHOM (puc. 6A), Tak u BHemHed. JuddepernnansHoe gaBieHne, Hanpumep,
nepenaj AaBlicHUs B ITUPepeHIMaTbHBIX PacXoJoMepax, U3MepsieTcsl P OJTHOBPEMEHHOW Moj1aue
JaBIICHUS C JBYX CTOPOH auadparMbl. MaHOMETPUYECKOE IaBIICHHE H3MEpSETCS OTHOCHUTEIBHO
HEKOTOPOTO 3TAJOHHOTO 3HaueHUs. [IpuMepoM MOXKET CIYyKUTh, U3MEPEHUE KPOBSHOTO JABJICHUS,
KOTOpPOE TMPOBOIUTCS OTHOCUTEIILHO aTMOC(HEPHOTO MAaBlieHUs. MaHOMETPUYECKOE IaBJICHUE II0
CBOCH CyTH SIBIISICTCS PA3HOBHIHOCTBHIO auddepeHimanibHoro napieHus. Bo Bcex Tpex Tumax
JTAaTYMKOB MCIIOJIb3YIOTCSI OJIMHAKOBBIE KOHCTPYKIUK AuadparM U TCH30J4aTYMKOB, HO BCE OHH UMECIOT
pasHbie koprmyca. Hampumep, mpu usrotoBieHud Iud(GEepeHInaTbHOT0 HIH MaHOMETPHUYECKOTO
JaT4yuKa, KPEMHHEBBIA KPUCTAII PACIONIAraeTCs BHYTPH KaMepbl, B KOTOPOW (GOpPMHPYIOTCS IBa
OTBEPCTUSl C JBYX CTOpOH Kpuctayuia (puc. 6b). Jlns 3ammThl yCTpOWCTBAa OT BPEJIHOTO BIMSHUS
OKpYXaroIel cpeibl BHYTPEHHSS YacTh KOpIyca 3aroJHSETCS CHIMKOHOBBIM TeJeM, KOTOPBIH
M30JIHPYET TIOBEPXHOCTh KPHUCTANIa U MECTa COCTUHEHHIA, HO TIO3BOJISICT JABJICHUIO BO3JICHCTBOBATH
Ha muadparmy. Kopryca muddepeHnumanbHbIX TaTYMKOB MOTYT HMETh pa3Hyio ¢opMy. B HeKOTOphIX
cllydasix TpH paboTe ¢ Tropsdyed BOAOH, KOPPO3UOHHBIMH IKHAKOCTSIMH M T.J. HEOOXOIMMO
oOecrieunBaTh (PU3NYECKYIO U3OJIALUIO YCTPOMCTBA U THAPABIUYECKYIO CBSI3b C KOPITYCOM JIaTYUKA.
DTO MOXET OBITH PEaTU30BAHO MPH MTOMOIIH JOTIOJHUTENBHBIX qrHaparM U CHiIb(OHOB.
b
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Puc. 6. YcTpoiicTBO KOpPITyCOB 1aTYUKOB: A — aOCOMOTHOTO, b — OTHOCUTENIBHOTO

Jlis  Bcex KpEMHHEBBIX JAaTYMKOB XapaKTepHa 3aBUCHMOCTb HX XapaKTEPUCTUK OT
temneparypel. KoapduuueHT TemmepaTypHOH UYYBCTBUTENBHOCTH TaKUX JTaTYUKOB  OOBIYHO
OTPHLIATENBHBIN, M JUIA TOJIYYEHHS TOYHBIX PE3yJIbTaTOB €ro HEOOXOAMMO KOMIIEHCHpoBaTh. Ha
MPAaKTUKE YacTO JOCTaTOYHO ObIBAaeT MPOCTOM TeMIEpaTypHOW KOMIIEHCALMH, BBINOJIHAEMON MpH
MOMOIIM MOAKIIOYEHUS K JAaTYMKY MOCIeI0BaTeNbHOIO MM MapaiiesnbHoro pesucropa. [loabupas
COOTBETCTBYIOIIEE 3HAUEHUE PE3UCTOPA, HACTPAUBAIOT padOUYMI JUana3oH BBIXOJHOTO HANPSKEHUS



natuuka. OJHAKO AJIS OCYILIECTBJIEHUs Oojiee HaJAeKHOW TeMIEpaTypHOW KOPPEKUUH B IIHPOKOM
JMana3oHe TeMIeparyp HeoOXO0AWMO NMpUMEHEHHE OoJiee CIOMKHBIX KOMIIEHCALMOHHBIX IIETeH, B
KOTOPBIX YaCTO HCIOJB3YOTCS AETEKTOPbI TeMIepaTypbl. AJbTEpHATUBOW aNIapaTHON KOPPEKLIMH
TEMIIEpaTypbl BBICTYNAET MporpammHas. [l 3Toro wucnonb3yercs BCTPOCHHBIM JIETEKTOP
TeMIIepaTyphl, U3MEPSIOLINIA TeMIIepaTypy AaTyhKa JaBieHus. JJaHHbie 000MX JaTYMKOB MMOCTYMAIOT
B IIPOIIECCOPHYIO CUCTEMY, I'Ie IPOBOIUTCS X COOTBETCTBYIOIIAS IU(PPOBAs KOPPEKTUPOBKA.

Emxocmuvle damuyuku NaBlIeHUS TaKKe pealn3yloTcs Ha OCHOBE KpEMHHEBBIX auadparm. B
TaKUX JaTyuKax MepeMelnieHre AuadparmMbl OTHOCUTEIBHO OMOPHOM IMJIACTHHBI MEHSIET €MKOCTh
Mexy HUMH. EMKOCTHBIE aTunku paboTtatoT Haubosnee 3(pheKTHBHO MPU HEBBICOKUX IABIICHUSX.
MOHOIUTHBIE €MKOCTHBIE JAaTYMKU JABJIEHUS, W3TOTOBJIEHHBIE W3 KPEMHMEBBIX KPHUCTAJIOB,
00JanaloT MaKCUMaldbHOW CTaOMIBHOCTBIO paboumx XapakTepucTuk. [lepemermienue auadparmbl
MokeT oOecneunTh 25% u3MEHEHHEe €MKOCTH B IIMPOKOM JHana3oHe 3HAYeHUH, 4YTO JesiaeT
BO3MOJKHBIM IPOBEICHUE NPSMON OMU(PPOBKU pPE3yNbTaTOB H3MepeHHid. B To Bpems Kkak s
aradparM HUCIOJIb3YEMBIX B IHbE30PE3UTHBHBIX JAaTYMKAX, HEOOXOJMMO OOecreynBaTh MAaKCH-
MalbHOE MEXaHMYeCKOe HampshKeHHe Ha Kpasx, Uid AuagparM B EMKOCTHBIX JaTuuKax
CYIIECTBEHHBIM SBJISIETCS MEpeMelleHNe HX LeHTpaJbHOM uacTH. [lnadparmMel B €MKOCTHBIX
JaTYuKax MOTYT OBITh 3alMIIEHbl OT H30BITOYHOIO JABJIEHUS IMPU TOMOILM MEXAaHMYECKHUX
OTpaHUYUTENEH ¢ KaXI0W cTOpoHbI quadparmel (it audepeHnanbHpIX JaTYMKOB JaBiieHus). B
MbE30PE3UCTUBHBIX JAaTYMKaX U3-32 HEOOJBIIMX NEepeMEelIeHUd TakoW Ccrmoco0 3aluThl, K
CO’KaJIeHHI0, paboTaeT HEeIOCTaTOYHO APQPEKTUBHO, MOITOMY sl HUX OIpeleNnseTcs AaBlicHHE
pa3pbiBa, KOTOpPOE, Kak IpaBuiio, B 10 pa3 mpeBbiIacT MaKCUMaJIbHOE U3MEPSIEMOE JIaBJICHUE, B TO
BpeMs Kak Ul eMKOCTHBIX IpeoOpa3oBareiell ¢ MEXaHHYeCKUMHU OTPAaHUYHUTEISIMU 3Ta BEJIIMYMHA B
100 pa3 Gosmbine. ITO 0COOCHHO Ba)XKHO NpHU paboTe B 00JIACTH HU3KHUX JIABJICHUH, T BO3MOXKHBI
BCIUIECKH BBICOKOTO JIABJICHUS.

Hns  obecnieueHuss XOpoIIeH JMHEHHOCTH EMKOCTHBIX JaTYMKOB HEOOXOJMMO, YTOOBI
nradparMbl 00721l POBHOM MOBEPXHOCTHIO IEHTPAIbHON YacTH. TpamuIlMOHHO CUMTACTCS, YTO
€MKOCTHbIE JAaTYMKH 00JalaloT JMHEHMHOCTBIO TOJIBKO TOTJa, KOTJa IepeMelleHus auadparm
3HAYUTENbHO MEHbIIE HMX TOMMMHBL. OIHUM M3 CHOCOOOB YIYYIICHUS JUHEHHOCTH SIBISETCS
UCTOJb30BaHNE TO(QPUPOBAHHBIX JaUadparM, H3TOTOBIEHHBIX METOJAMH MHKPOTEXHOJIOTHH.
[InanapHble nuadgparmel 0OBIYHO 00JaJAIOT Jy4IIed TEH304YBCTBUTEIBHOCTHIO IO CPAaBHEHHUIO C
ropupoBaHHBIMU TEX K€ Pa3MepOB U TOMIIMHBI. OJHAKO MPU HAJUYHUU B CHUCTEME IIOCKOCTHBIX
PacCTITrMBAIOIINX HANPSKEHUH M3ruObl roppupoOBaHHON MEMOpaH UX 3HAYUTENHbHO OCIA0NISIOT, YTO
IIPUBOJUT K CYILIECTBEHHOMY YJIYUIIEHUIO JTUHEHHOCTH U YyBCTBUTEIBHOCTH TaKUX JaTYMKOB.

[Ipu n3MepeHnn HU3KHUX JABJICHUI MepeMelleHne TOHKOW TUIACTHHBI Wi JuadparMbl MOXKET
ObITh HEOONbIINM. DAKTUYECKH, OHO MOXKET ObITh TAKMM MaJ€HbKUM, YTO TEH30JAaTYUK, MPUKpEI-
JIEHHBIN K nuadparMe WIM BCTPOCHHBIM B Hee, OyJIeT BbIAaBaTh OYEHb HU3KUIM BBIXOJHOM CHTHAl,
HEIOCTATOYHBIN IS Mocienytomieid ero o0padoTku. OnuH U3 BO3MOXKHBIX CIIOCOOOB PEIICHUS STOM
poOJIEMBI - UCTIONIB30BAaHUE EMKOCTHOTO JaT4YMKa, B KOTOPOM OTKJIOHEHHE AuadparmMbl U3MEpseTCs
[0 €€ IMOJIO)KEHUI0 OTHOCUTEJIBHO OMOPHOM IUIACTHMHBI, a HE M0 HANPSDKEHHUIO BHYTPU Marepuana.
Jpyrum crnocobom perieHus: mpoOiaeMbl H3MEpPEHHsl OUYeHb HU3KHX JaBJICHUI SBISETCS MPUMEHEHUE
MarHMTHBIX JaTYUKOB. JlaTUUKU nepemMeHno20 MAacHUmMHO20 CONPOmueienus U3MepS0T N3MEHEHNE
MarHUTHOTO COMPOTHUBIEHUS uddepeHantsHoro TpancpopmaTopa, BEI3BAHHOTO MEPEMEIICHUEM
MarHuTHOM nuadparMbl, BO3HUKAIOLIETO BCJIEICTBUE BO3ACWUCTBHS HA HEE BHELIHETO aBJICHUS.
[IpuHiMn fAeWcTBUS TakuX JAaTYMKOB OYEHb HANOMMHAET MPUHIMUN JEHCTBUS MAarHUTHBIX
JETEKTOpOB NpuoamwkeHus. Ha puc. 7 npousmocTpupoBaHa OCHOBHAs UA€sl MOAYJISLIMM MAarHUTHOTO
notoka. Koncrpykuusi, cocrosmas u3 E-o0pazHoro cepaeyHnka 1 KaTymka (OpMUPYET MarHUTHBIH
MOTOK, CHJIOBBIE JIMHHUM KOTOPOTO MPOXOJAAT Yepe3 CepleYHHK, BO3AYLIHBIM 3a30p U auadparmy.
MarnutHass TpPOHMIIAEMOCTh MaTrepuala cepjaeuyHuka 1o kpadHeid Mepe B 1000 pa3 Bbliie
IIPOHUIIAEMOCTH BO3JYLIHOIO 3a30pa, MO3TOMY €ro MarHUTHOE CONPOTHBIIEHHME BCErAa HUXKE
CONPOTUBIICHUS BO3AyXa. B CBA3M C 3TUM BeNMYMHA HMHJIYKTMBHOCTU BCEH ITOH KOHCTPYKLIMH
ompezensieTcs MUpUHON 3a30pa. [Ipu oTkIoHeHNH AuadparMbl BeIUYUHA BO3AYITHOTO 3a30pa 100
YBEJIUYUBAETCS, TM00 YMEHbBIIAETCS B 3aBUCUMOCTH OT HAIIPaBIICHUS TMEPEMEIEHUs, YTO BBI3bIBAET



MOJYISAIMI0 HMHAYKTUBHOCTU. Ilpm  Bo30yxneHun
MOCTOBOM CXEMBI BBICOKOYAaCTOTHBIM CHIHAJIOM €€
BBIXOJHOW CHUTHal MOJAYJIUPYETCS 1O aMIUIATYyHE
IIPWJIOKEHHBIM JABJICHUEM. Amnmryna
PE3yIbTUPYIOLIETO cUrHaiua IPOIOPLUOHAIIBHA
pasbamaHcy MocTa, a €ro (¢asa COOTBEICTBYET
HampaB/IeHUI0 3Toro paszbasiaHca. Ha Beixone Takoro
JaTYUKa MHOTZA CTaBAT AEMOIYJSATOP Ul MOJIy4eHUs
HE IEPEMEHHOI0, a IIOCTOSHHOIO  BBIXOIHOTO
HaINpsOKEHUS. =
[Ipn n3MepeHnn HU3KKX MaBlieHni wiu korna it Puc. 7. Ilpunnun neiicTBus naTunka
MOBBIIIEHUS TUHAMUYECKOTO UAara3oHa MPUMEHSIOTCST ~ M3MEPEHUS JABJICHHUS 10 TIEPEMEHHOMY
TOJICTBIE MEMOpaHbl, M8 IOJIY4eHHs 3aJaHHBIX  MAarHMUTHOMY COIPOTHBJICHHIO
3HAYeHU  paspelleHds M TOYHOCTH  BEIMYUHA
nepemeleHs avadparMbl MOXKET OKa3aTbCs HENOCTaTOYHOM. B nomosiHeHue k 3TOMy pabouue
XapaKTePUCTUKU OOJIBIIMHCTBA NMbE30PE3UCTUBHBIX M HEKOTOPBIX €MKOCTHBIX IATYMKOB JOBOJIBHO
CHJIBHO 3aBUCAT OT TEeMIepaTrypsl, 4YTO TpeOyeT HCHOJIb30BAHUS JIONOJHUTEIbHBIX LENeH
TeMIepaTypHOi koMieHcauu. ONTHYECKUE METObI H3MEPEHUH 001a1al0T PSAAOM IIPEUMYIIECTB HaJl
OCTaJIbHBIMU  CIIOCOOAMHU  JIETEKTUPOBAHMS JABJICHMSA: MPOCTOTOH, HUZKOW TeMIepaTypHOH
YYBCTBUTEIbHOCTBIO, BBICOKOM pa3pemiaroneil cnocoOHOCTbI0O U BBICOKOM TOYHOCTBIO. OcoOeHHO
NEPCIEKTUBHBIMU  SIBIISIIOTCS  ONMOJIEKMPOHHbIe OamyuKy, PEATU30BaHHBIE HA OCHOBE SIBICHUSA
uHTepdepeHuuu cBeta. Takue npeoOpa3oBaTeNM HCHOIB3YIOT HNPUHLUI HM3MEPEHHs MajbIX Iepe-
Mmemenuid @adpu-Ilepo. Ha puc. 8 mokazana ympoiieHHas —— S
cXeMa OJHOTO M3 TaKuX JAaT4UKOB. B cocrtaB parumka e il dng
BXOJSIT CIICAYIOIINEC KOMIIOHCHTHI: MACCHBHBIH KPHCTAILI ' -l
ONTHYECKOTO IpeoOpa3zoBares AaBIEeHUA ¢ AuadparMoi,

BBITPABJICHHOM B KPEMHHUEBOU MO JJT0KKE; 5;,p3;,',1',;.$_ e
ceeromsnydatromuid guona (CUJI) m kpucramn aeTekropa. HHTE:[:-#-;:_:-ZZE-I:.-!F-“
JleTeKTop COCTOMT U3 TpeX p-n (GOTOAMONOB, K ABYM M3 T e “i‘f:-“r“_”\‘:":
KOTOPBIX MPHUCTPOEHBI ontuueckue ¢uinbTpel ®adpu-Ilepo, ;;;}};;&‘z“z"z"r‘r‘e“3‘-2‘»“5‘),‘-.-‘4*:% Pf/f//
UMCIOIIME HEOONBIIYI0 PAa3HHUIY 10 TOJNIIMHE. OTH  fowso oy NN
GUIBTPBI MPEICTABISAIOT COOOW KPEMHHUEBBIE 3epKayia C o e “\?\i:\g\i\
OTpaKECHHEM OT TepeIHEH TOBEPXHOCTH, TIOKPHITHIE CIIOCM ; AN
u3 Si0,, Ha TOBEPXHOCTh KOTOPBIX HAHECEH TOHKUHU CIOU

Al. OnTuyeckuii npeoOpa3oBaTeh MOXOX HAa €MKOCTHOM Puc. 8. Cxema onrosneKkTponHoro
JaT4YUK JaBIECHUS, 3a MCKIIOUYEHHEM TOTo, 4TO B HEM MHTEPHEPEHLIMOHHOTO JIATYHKA

KOHJICHCAaTOp 3aMeHeH Ha uHTepdepomerp Dadpu-Ilepo, AQBJICHIA
WCTIOJIBb3YeMbIH 11 U3MEPEHUs] OTKJIOHEHUS auadparMbl.
Huadparma, chopmupoBaHHasT METOJAOM TpaBIEHHS B TMOMJIOXKKE W3 MOHOKPHUCTALTMYECKOTO
KPEMHHs1, IOKPbITA TOHKUM cJIoeM MeTajuia. Ha HUKHIOI CTOPOHY CTEKJIIHHOM IUTACTHHBI TAK)XKe Ha-
HECEHO METaJUINYecKOe IOKphITHE. MexXay CTEKISHHOM IUIACTUHOW M KPEMHHEBOM II0UIOKKOMN
CYILIECTBYET 3a30p LIMPUHOM W, IMOJYy4aeMblid MPU NOMOIIM JBYX MPOKIANOK. /[Ba cimos meramia
dbopmupytor unteppepomerp Dadpu-Ilepo ¢ mepeMeHHBIM BO3IYIIHBIM 3a30pOM W, B COCTaB
KOTOPOTO BXOJAT: MOJBIXHOE 3€pKajo, pacrojioKEHHOEe Ha MeMOpaHe, MEHSIOIIee CBOE MOJI0KEHNE
IIpU WM3MEHEHUU JAaBJICHUS, W MApaUIEIbHOE €MY CTAllMOHAPHOE IMOJIYIPO3pPadyHOE 3E€pKaI0 Ha
CTEKIIIHHOW TutacTUHE. [loCKONBKYy BeIMYMHA W CBSi3aHA C BHEIIHUM JaBJICHUEM JIMHEWHOM
3aBUCUMOCTBIO, JUIMHA BOJIHBI OTP@KEHHOTO M3JyYEHUsT MEHSETCS NpPH HU3MEHEHHUU JIaBJICHUS.
[IpuHiun nelcTBHs JaTYMKa OCHOBAH HAa M3MEPEHUM MOJYJISLUUU JIMHBl BOJIHBI, MOJy4aeMOM OT
CIIO’KEHHSI MaJAloIIUX M OTPaKEHHBIX M3JIydeHHH. YacToTa meproandeckoro WHTEpepeHI OHHOTO
CHTHAJIa OTIpeeNsieTcs MUPHHOM padoueii moaocTi uHTepdhepomMerpa w, a ero nepuoa pasex 1/2w.
Jletrektop paboTaeT Kak JAEMOAYJATOP, JJIEKTPUUYECKHHA BBIXOJHOM CHUTHAJI KOTOPOTO
MPONOPUMOHAIIEH MPUIOKEHHOMY JaBieHutr0. OH  SBISETCA ONTHYECKUM  KOMIIApaToOpOM,



CpaBHHUBAIOIIMM BBICOTY pabodell Kamephl AAaTYMKa JABICHUS W TOJIIMHY BUPTYaJbHOW KaMepshl,
c(OpMHPOBAHHOM 32 CUET Pa3HOCTH BHICOT ABYX GuinbTpoB Pabdpu-Ilepo. Korma pazmepsl 3Tux kamep
paBHbI, TOK (oTomerexkTopa OyaeT MakcuUManbHbIM. Ilpu M3MeHEeHMM JaBlIEHHS HPOUCXOIUT
KOCHHYCHasi MOIymsLus (OTOTOKA C IEPUOIOM, COOTBETCTBYIOIIMM IOJIOBUHE CPEIHEH UTMHBI BOJIHbI
UCTOYHMKA u3iaydeHus. Potommon Oe3 ¢QuibTpa HCHOIB3yeTCs B KayecTBE ATAJOHHOTO JHMOJA,
OTCJICKUBAIOILETO IIOJHYK0 HMHTCHCUBHOCTb CBETa, IOCTYIAKOLIEr0 Ha AEeTeKTop. Ero BeIxogHOE
HanpspKeHUe MPUMEHSETCs IPH Nocyeayroliei 00paboTke CUTHAIOB /ISl MOJIyYeHHUs HOPMUPOBAHHBIX
pe3ynpTaToB U3MepeHuil. [IockoybKy paccMaTpuBaeMblil JaTYMK AABJICHUS SBISICTCA HEIMHEHHBIM, OH
OOBIYHO BCTPAaMBACTCS B MHKPOIPOLECCOPHYIO CHUCTEMY, Ha KOTOPYIO, B YAaCTHOCTH, BO3JIOXKEHBI
(GYHKIMM €ro JHMHeapu3alui. AHAIOTUYHBIE ONTUYECKHE JAaTYMKH JABJICHUS PEaU3ylOTCSl HA OCHOBE
ONTOBOJIOKOHHBIX CBETOBOJOB. Takume [IaTUMKM HE3aMEHUMBl IIPU NPOBEICHUN HU3MEPEHUH B
TPYAHOOCTYIIHBIX 30HAX, I'7le Hcnob3oBaHue BY unrepdepoMeTpoB HEBO3MOXKHO.

TepMuH 6akyym O03HauYaeT NaBJICHUE HIDKE aTMOC(HEPHOTO, HO, KaK MPABHIIO, OH YIIOTpedseTcs
B ClIydasX MPAaKTHUYECKOTO MOJHOTO OTCYTCTBMS IABJICHHS Ta3oB. AOCOJIOTHBIA BaKkyyM IOJYYUTh
HEBO3MOXXHO, JaXe B KOCMHUYECKOM IIPOCTPAHCTBE HET HU OAHOM 30HBL, IAe Obl IMOJIHOCTBIO
OTCYTCTBOBaja MaTEPHsL.

Bakyym MO>XHO M3MepsITh U TPaAULIMOHHBIMU AATYMKAMU, IPU 3TOM OyIyT PErHCTPUPOBATHCS
OTpHLIATeNIbHBIC 3HAYECHUS JaBJICHWS 110 OTHOIIGHHWIO K arMocepHOMY, HO OTO OYEHb
Hea(pdexkTuBHBI moaxon. OObIUHBIE NATYMKM JAABJICHHUS HE MOTYT OINpENeNsiTh OYeHb HU3KHE
KOHIIEHTPALMM Ta30B M3-3a HU3KOTO OTHOILICHMS CHUTHAJ/IIyM. B oTinume OT TpaaulMOHHBIX
JATYUKOB JIABJIEHUS MU3MEPUTENIN BaKyyMa paOOTalOT Ha COBEPLUIEHHO JIPYIMX HMPHUHLHUIIAX, KOTOpbIE
OCHOBBIBAIOTCSI HAa HEKOTOPBIX (DM3MYECKUX CBOMCTBAX MOJIEKYJI Ta30B M 3aKIIOYAIOTCS B
OIpeNIeNIeHNH YMCIa MOJIEKYN B 3aJaHHOM oObeMe. K TakuM (u3MUecKuM CBOMCTBAM OTHOCUTCS
TEIUIONPOBOAHOCTD, BA3KOCTh, HOHU3ALMA U Apyrue. B aTom pasnene OynyT naHbl KpaTKHE ONUCAHUSA
caMbIX MONYJSPHBIX JATYUKOB JABJIEHUS, UCIIOJIb3YEMBIX ISl U3MEPEHUS BaKyyMa.

Baxyymemput Ilupanu - 3T0 1aTYMKK, U3MEPSIOIINE JABJIEHUE IO TEIJIONPOBOJHOCTH Ira3a. OTOT
TUI U3MepHUTeNe Bakyyma Obll pa3paboTaH MepBbIM. B KOHCTPYKIMIO caMOTro MPOCTOTO JaT4uKa
Ilupann BXOoIUT HarpeBaeMas IulacTuHA. M3MepeHMe BaKyyMma 3aKIIYaeTCs B OIPEIEICHUU
KOJIMYECTBA TeEIsla, TEPSEMOr0 3TOM IUIACTHMHOM, KOTOPOE 3aBUCUT OT JaBJeHHUs ra3za. B OcHOBY
IpUHLMIA JeicTBUs Bakyymerpa Ilupanu mnosoxeHo oTkpbiTHe Mapuana Ban CwmonrodoBcky,
KOTOPBII yCTaHOBWJI, YTO MpU HarpeBaHWu OOBEKTa €ro TEIUIOBbIE MOTEPU (POPMHUPYIOTCS U3
CJIEIYIOIUX COCTABIIAIOIINX:

G=G, +G, +aki:60 +G,
P+ P
rae G, - TemIooTaada B TBEPAbIE OKpYyKarolmue npeamersl, G, - palualioHHas TeIonepenayda, a -
IUIOINAb HArpeBaeMoil IUIACTHHBI, k - K0d3(duumeHT, xapakrepusyromuid CBOWcTBa rasza, a Pr -
MaKCHMaJbHOE JAABJIEHUE, KOTOPOE MOKHO U3MEPUTH JAHHBIM JTaTYUKOM.

[lepBble 1Ba 4ieHa MPEACTABIAIOT COOOM MapasUTHYIO TEIUIONPOBOAHOCTh (), a TPeTHH wieH
COOTBETCTBYET nepenade Ttemua rasy G, llpm  OTCyTCTBMM  NapasHTHBIX — TEILIONOTEPD
TEIUIONPOBOAHOCTh Ta3a JIMHEHHO CHUIKAeTCsl BIUIOTh 10 abcoiroTHOro Bakyyma. [lostomy npu
pa3paboTKe TaKUX YCTPOMCTB BCErza CTPEMITCS MUHUMHU3UPOBATh (GaKTOphl, coctaBistomue Gy. s
3TOr0 MO0 UCMOJb3YIOT KOHCTPYKIMIO C MOJABEUICHHON HarpeBaeMoil MIaCTUHOW Ui yMEHbIIEHHs
TEIUIOBOIO KOHTaKTa ¢ KOPILYCOM JIaTuuKa, TM00 MPUMEHSIOT JuddepeHnanbHblii METO ] CHUKEHUS
BausHuga Gy

Honusayuonnvie eaxyymuvle Oamuuky HANOMHUHAIOT BAKyyMHBIE JIAMIIbI, UCIOJIb3YEMBIE B
KayeCTBE YCHUJIMTENEH B CTapblX PpagUuONpPUEMHHUKAX. TOK HMOHOB MEXJAy IUIACTUHOM M HUTBIO
HaKaJIMBaHMs MOYTU JIMHEHHO 3aBHCUT OT INIOTHOCTU MOJIEKYJ, T.€. AaBlieHUs. Jlamnbl BakyyMHBIX
JATYUKOB UMEIOT 00paTHOE BKIIIOUEHHE: HA CETKY I1OAETCS] BBICOKOE MOJIOKUTEIBHOE HAPSKEHUE, a
IUIACTUHA TIOJCOEOUHSETCS K HU3KOMY OTPHULATENbHOMY HamnpsbkeHuto (puc. 9A). BuIxogHbiM
CUTHQJIOM HOHHM3AI[MOHHOIO JaTyuKka SBJISAETCA TOK MOHOB [, CHHMAaeMbli C IIJACTUHBI,
IIPONOPLIMOHAIBHBIN JIaBICHUIO U TOKY JJIIEKTPOHOB i, Ha CETKe. B HacTosmiee BpeMs HCIOJIb3YeTCs
YCOBEpIIEHCTBOBAHHAs MOJENb 3TOT0O JaT4yMKa, HasbiBaemas u3MmeputeneM baspna-Anmnepra. OH



oOmagaer OOJbIICH YYBCTBUTENBHOCTBIO M CTAaOMIBHOCTBIO M MOXET M3MEpsTh Oojiee HHU3KHUE
naBneHus. Ero mpuHIMN AEHCTBHS aHAJIOTWYEH MpeIblAyIIeMy JaT4uKy, HO H3Mepurenb baspra-
Annepra UMeeT IpYryr0 KOHCTPYKIIMIO, B HEM IIJIACTHHA 3aMEHEHa Ha MPOBO/JI, OKPYKEHHBIN CETKOH, a
HUTh HAaKaJIMBaHUsI KaToJa BbIHECEHA Hapyxy (puc. 9b).

Hamuuk 2a306020 conpomueéeHus.

[Ipu CTONKHOBEHUHM MOJIEKYN Ta3a C MOJABM)KHBIM OOBEKTOM, OHH TEPSIIOT CBOIO HEpruio. B
3TOM 3aKJII0UEHAa OCHOBHAs MJIes JaTuMKa C BpallAoIIMMCs poTopoM. B paccMaTpuBaeMoM paTduke
(puc. 10) ManeHbKHA CTAILHOW IIApUK TUaMeTpoM 4.5 MM IIPH TOMOIIM MarHUTOB YAEPKUBACTCS B
[IO/IBELLIEHHOM COCTOSIHUM BHYTPM BaKyyMHOM Kamepbl U IIpH 3TOM Bpaiaercs ¢ gactoto 400 I'i.
MarHuTHbI MOMEHT IIapHKa WHAYIMPYET HampsHKeHHE B PACHOJOKEHHBIX IO  OOKam
YYBCTBUTEIbHBIX KAaTyIIKaX. MOJIEKYJbl T'a30B, CTAJIKUBAACH C IIAPUKOM, 3aMEAJISIOT €ro CKOpOCTh
BpaueHus. [lo BennunHe U3MEeHeHHs CKOPOCTH BpAIEHUs CYIAT O JaBJICHUU I'a3a B Kamepe.
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nat4uk (A) m usmepurens bagpna- JABJICHUS

Anmnepra (b).



PACXOJOMEPBHI

Ha npakTtuke yacTo Tpedyercss U3MepATh pacxo KUAKOCTEH (BoIbl, OeH3MHa, He()TH, paCTBOPH-
Tesied U T.1.), @ TaKXKe BO3/yXa U razoB. Jl1s 9THX Liesiel UCIOJIB3YIOTCSl pacXoJ0OMEphl, OCHOBaHHbIE
Ha 3aKOHE COXPAHEHMsI MaCChl, KOTOPBIN SBJIAETCA OJHUM W3 OCHOBHBIX MOCTYNATOB (pu3nuku. Macca
HE MOXKET HHM CO37aBaThCsl, HU pa3pymarbes. Ecian B 3aMKHYTOM 00beMe HeT HUKaKUX BXOHBIX U BBI-
XOJHBIX OTBEPCTHI, Macca BEIIECTBa B HEM Bceraa OyaeT ocTaBaThcs NOCTOSHHONW. OJHAKO eciu Ha
I'paHMLAaX 3aMKHYTOro 00beMa MPOMCXOJUT BTEKaHUE U BBITEKaHUE MACCHI, 7Sl IOCTOSHCTBA MAcChl B
o0beMe cyMMa ee MPUX0Ja M Pacxoja AO0JKHA Beerja ObITh PaBHA HYIIO, T.€. JOJDKHO BBIMOJIHATHCS
MPaBUJIO: CKOJIBKO MAacChl BEIECTBA MOCTYIHIIO, CTOJIBKO J0JDKHO U YHTH.

B cranmoHapHBIX MOTOKaX CKOPOCTh MOTOKA B 33aHHOM TO4YKe OyAeT Bcerja MOCTOSIHHOM, TOo-
3TOMY B 000N TOUYKE MOJBMKHOM Cpeibl BCErJa MOXHO HapuUCOBaTh JIMHUM mMoToka (puc. 1). s
CTAaLlMOHAPHOTO MOTOKA pACHpee/IeHue ITUX JIMHUHM OJMHAKOBO B K000 MOMEHT BpeMeHH. B nmoboit
TOYKE Z BEKTOP CKOPOCTH BCETJa HAIPABJICH 10 KacaTeIbHON K JIMHUM TMOTOKA. PaccMOTpUM 3aMKHY-
THIA 00BEM B IpeJesiaXx MOTOKa Cpebl, ChOPMUPOBAHHBINA JIMHUSAMH NOTOKA, ¥ HA30BEM €ro MpOTOY-
HOM TpyOo#. IlockonbKy IpaHUIBI TaKOM TPyObl COCTOSIT M3 JIMHMH NOTOKA, OHA BeAET cedsd Kak
oObIuHas TpyOKa ompesaeneHHoM GopMbl: TeKylas cpelia BXOAUT B TPYOKY Ha OJTHOM KOHIIE Yepes Mo-
NepevyHOe ceueHHe Aj, a BBITEKAET Ha IPYrOM ee KOHIE uepe3 ceueHue A,. O4eBHIHO, YTO CKOPOCTh
JBMDKEHHSI CPeJIbl B Pa3HBIX TOUKAX BHYTPH TPYOKH HE0OsS3aTeNbHO OyeT OMHAKOBOM.

NMAHKA IIQTC'KCI

npoToUHOR Tpyha

Puc. 1. IIpoTtounas Tpy0a, IOTOK BEIIECTBA YEPE3 MONEPEUHOE CEUEHHUE.

OO0beM BelecTBa, MPOXOAALINNA yepe3 3aJaHHOE MOIEPEevyHOe CeYeHUe TPYOKH IIIomanpio 4 B
€AVHUIy BPEMEHHU PaBEH:

ZKZ M_M:jvdA, (1)
At At

rie: V — nepemeniaemMblii 00beM B T€UEHHN BPEMEHH Af, v - CKOPOCTh ABIKYILICHCS Cpelipl uepes
nomnepevyHoe ceueHue 4, Ax - nepemenienue oorema V.

Ha puc. 2. nokazaHo TUIIOBOE PaCIpe/IesIeHHe CKOPOCTei
CTaI[MOHAPHOTO MOTOKA KUAKOCTU MJIM T'a3a BHYTPH e

P ._
nonepeyHoro ceuenusi. CpeHsas CKOPOCTh OTOKA B CEUEHUH A R e
OIpPEENIETCS CAEMAYOIIUM COOTHOICHUEM: e » “.\
—._.._.__..h,x
_vda \
y =4 @ | A ]
[Ipy W3MEpEHMH CKOPOCTH IMOTOKA JATYMKOM, Pa3sMeEphI e
KOTOPOTO CYLIECTBEHHO MEHBIIE pa3MEPOB TPYyOKH, MOKHO ARSIt e
HONYYHUTh JUOO 3aBHILEHHEIE, JUOO 3aHIKEHHBIC 3HAYCHHS -

CKOPOCTH, a CpeJlHEe 3HAaUeHUEe CKOPOCTH Vv OyJAeT I'ie TO MEKIY
HUMHU, MO3TOMY Ha MPAKTUKE Yalle ONpPENeNsIeTcs He CKOPOCTh
IIOTOKA, a PACXOJl BEILIECTBA YEpe3 OINPEACICHHOE CEUCHHE.
Pacxoo - 310 mpo u3BeAeHUE CpeIHEN CKOPOCTH MOTOKA Ha IUIOIIAJ]b MONEPEYHOro ceueHus. B
crucreme CU OH m3MepsieTcst B KyOHUECKHX METpax B ceKyHy (M°/c). IIpeoGpa3oBas BhIpaKeHHe
(2), MO’KHO BBIBECTH ypaBHEHHE ISl pacX0/a BELIECTBA:

Puc. 2. Ilpoduns ckopocreit
IIOTOKa BHYTPH TPyOKU



AV = j vdA . 3)

PacxooMepsl OOBIUHO MEpSIIOT CPEHIO CKOPOCTh MOTOKA V MPU HM3BECTHOM IUIOIIAAU
MIOTIEPEYHOI0 CEUEeHUs A.

[Ipunnun newcTBus pacxoJOMepoB, padOTAIOMIMX ¢ HEC)KUMAEMBIMHU cpellaMu (BOJOMH, Mac-
JIOM | T.J1.), PEIKO OCHOBBIBAETCS HA ONPENIEIICHIH NTePEMEIICHUs] 00bEMOB, ISl 3TOTO Yallle BCETO
IPUMEHSEeTCS U3MEpeHHe pacxoia Macchl. [l HECXKMMAaEMbIX XKHMJIKOCTEH CHpaBeIINuBO CIEIYHO-
111€€ COOTHOILIEHUE MEXKY UX MacCOi U 0ObeMOM:

M=p, )

rZie p — IWIOTHOCTD >KUJKOCTH.

Pacxon mMacchl BeliecTBa ONpeessieTcss COOTHOILICHUEM:

am = pAv. (%)
dt

CymecTByeT 60JbIIIOe Pa3HOOOpa3ue JATYUKOB, CHOCOOHBIX H3MEPATH CKOPOCTh IepeMeIe-
HUsL 160 Maccbl, 1100 o6bema. OHAKO HE3aBUCUMO OT THIIA UCIIOJIb3YEMOTO JaT4yuKa olpeere-
HHE Pacxo/ia BEIIEeCTBA BCEra sABJSAETCS CI0XKHOM 3aadeid, MOCKOIbKY IIPHU 3TOM Tpedyercs yuu-
THIBaTh MHOTHE (PM3MUECKUE XapaKTEPUCTHKH HCCIIETyeMO B OKpYKarollei cpell, hopmy TpyOoK
U CBOWCTBA MaTEpUANIOB, U3 KOTOPHIX OHU M3TOTOBJICHBI, TEMIIEPATYPY CPEAbl U JABJICHHE U T..I.
ITpu BeIOOpE AaTyMKa Bcerja HEOOXOAMMO BHUMATENIBHO M3YYHUTh €0 MapaMeTpbl, YKa3aHHbIE B
JOKYMEHTAllMU MPOU3BOJUTENS, U YUECTh BCE M3BECTHbIE MPAKTUYECKUE PEKOMEHIALUHN, OTHOCS-
muecs K AeTeKTopaM JaHHOTo Tuma. Jlanee Oyaer 1aHO ONMmMcaHHE JATYMKOB, B COCTaBE KOTOPBIX
HET MOJBIKHBIX KOMIIOHEHTOB, M KOTOpPBIE HE CO3AAI0T (MJIM MTOYTH HE CO3/AI0T) HUKAKUX MOMEX
MOTOKY KHMJIKOH CpeJibl.

JlaTYnKH CKOPOCTH MOTOKA 110 Nepenay AaBJaeHust

Merton omnpeneneHuss CKOPOCTH MOTOKA MO Mepenany AaBJICHUH MMoapa3yMeBacT BBEICHHE B T0-
TOK JXKHAKOW Cpellbl HEKOTOPOTO COMPOTHUBIICHHUS, KOTOPHIM MOXKET ObITh JHOO auadparma, ambo
KOHHMYecKas TpyOka, n1ubo mopuctas mnpoOka. J[ias TOro ytoObl MOHATH CYTh 3TOTO METOJaA, HAMO0
IIPOBECTU aHAJIOTHIO ¢ 3akoHOM Owma: Hampsbkenue (naBieHue) Ha (PUKCHPOBAHHOM CONPOTHUBICHUU
MPONOPLHUOHATIBHO TOKY (ITOTOKY) Yepe3 3TO CONpOTHBJICHUE. Toraa, n3MepHB nepenas JaBieHUs] Ha
M3BECTHOM PE3UCTHBHOM 3JIEMEHTE, MOXHO OINpPEIeNTUTh CKOPOCTh MoToka. Ha puc. 3 moka3aHsl j1Ba
THUIA 3JIEMEHTOB, CO3/IAI0INUX COPOTUBIICHHE NTOTOKY. B
IIEPBOM CIIy4ae pOJib COIPOTHUBIICHUS UIPAET 3ay’KEHHasI
4acTh TPYOKH, a BO BTOpPOM - MpOOKAa M3 IMOPUCTOTO
Mmarepuaiga. Bxoapl muddepeHInanbHOTO — JaTYHKA
JABJICHUsl PACIOJIararTcs C ABYX CTOPOH PE3UCTHBHOIO 1
anemeHta. Korja JKHIOKOCT TedeT uepe3  30HY, tL P B
OKa3bIBAIONIYO TIOBBIIICHHOE COIPOTHBIICHUE TIOTOKY, €€ S S Taee B
CKOpPOCTh BO3pAacTaeT MPONOPIHOHATIBHO YBEIUYCHHUIO
3TOTO COIPOTHUBIICHUS.

Jlns ompeneneHus pacxoJa Macchl HECKHMMAEMOIO
BEIIIECTBA 32 €MHUILY BPEMEHH HCIIOJIb3yeTcst (hopmyna:

aH l. l. BEaHUHANEH HE
L0 ideE GIAERSHKA i aE

A

CONQOTHENGHHE

A e
q=EAp, ()
rae & - KanmuOpoBOYHBIA KOY(PduIMeHT, Ap — mepenay s [
JIaBJICHUS. |
ITockonbky Ko3(PuUUEHT &  IOBOJIBHO CHIIBHO RUgan G T

3aBUCUT OT TEMIIEpaTyphl, KAIUOPOBKaA JOJKHA TPOBO- il

JUTECS BO BCEM pabO4eM TEMIIEPAaTypHOM JMANA30HE.  Pye. 3. JlBa THIA EMEHTOB

[Tpu npoBeeHNN KATHOPOBKHU HUCIOJIB3YIOTCS KHUIAKOCTH COIIPOTHBJICHHS IOTOKY: Y3KHil

W Ta3bl C U3BECTHBIMH XAPAKTEPUCTUKAMH. I OTPENIe-  yuacTok TpyOKH (A) M mOpHCTas

JIeHUs Tiepenana JaBJICHUA MOXKET MPUMEHSTHCS JIMOO

oquH nuddepeHnnanbHbIN JaTurK, MO0 ABa JaT4yWKa aOCONIOTHOTO AaBieHus. [ JTuHeapu3anuu
BBIXOJIHOTO CHTHaja JJaTYMKA CUTHAJl C €ro BBIXOJIA MEpPEJacTCcsi B MUKPOIPOIECCOP, KOTOPHIA BhI-



MOJIHSIET CTAHJAPTHYIO MPOIEAYPy M3BJICUCHHS KBAJAPATHOTO KOPHA. JIOCTOMHCTBAMHU METOJa OIpe-
JeTICHUST PAcX0/a KUIKOCTEH 10 Tepenay AaBJICHUN SBISIOTCS OTCYTCTBHE MEXaHHMUYECKHUX KOMIIO-
HEHTOB U BO3MO>KHOCTb UCIOJIb30BaHMs CTAaHIAPTHBIX IaTYUKOB JABJICHUS, @ HEIOCTATKOM - HEOOXO0-
JMMOCTb HapyLIEHUs IOTOKA PE3UCTUBHBIMU 3JIEMEHTAMHU.
YabTpa3ByKoBbIe pacxo0Mephbl

XapaKTepUCTHKH MMOTOKOB MOTYT OBITH OIpeJIeNieHbl P MOMOIIN YJIBTPa3BYKOBBIX BOJIH. OCHOBHas
uzes 3aKI0YaeTcs B JACTEKTUPOBAHUM M3MEHEHHUs 4acTOThl MM cABUra (a3, BbI3bIBAEMbIX HOJBHX-
HOM cpenoi. YIbTpa3BYKOBBIE JATUUMKU pean3yroTcs Ha ocHoBe MO0 >ddexra Jlomnepa, nubdo
omnpeneneHns M3MeHeHuH 3((EeKTUBHONW CKOPOCTH YIbTpa3Byka B cpeie. DPQeKTUBHAS CKOPOCTbH
3ByKa B MOJIBWKHOH Ccpejie paBHA CKOPOCTHU 3BYKa B 3TOW CpeJie IIIFOC CKOPOCTh CPeabl OTHOCUTEIBHO
UCTOYHUKA 3ByKa. TakuM oOpa3oM, pacpocTpaHEeHHEe 3BYKOBOM BOJIHBI IPOTUB MOTOKA CPeJIbl TPHUBE-
JeT K yMEHbIIEHHIO (PPEKTUBHONH CKOPOCTH 3ByKa, a BJOJb IOTOKAa - K yBEJIHYEHHIO. Pa3HOCTh
MEXy 3TUMH ABYMsI 3 (PEKTUBHBIMH CKOPOCTSMH 3BYKa PaBHA yJABOEHHOW CKOPOCTH IOTOKA CPEJIBI.
[TosTOMY yNBTpa3BYKOBBIE NATUYMKHU ISl OTPEACICHUS] CKOPOCTU MOTOKA M3MEPSIOT CKOPOCTh 3BYKa
BJI0JIb U TIPOTHUB TEUCHHUSI.

Ha puc. 4A nokasansl Ba yJIbTpa3BYKOBBIX I'€HEpaTOpa, pacloJIOKEHHbIE HA JBYX MPOTUBOIIO-
JIOKHBIX CTOPOHAX TPYOBI, 0 KOTOPOH TEYET MOTOK KHUAKOH cpesbl. B kauecTBe ynbTpa3ByKOBBIX T'e-
HEPaTOPOB, KaK MPABHJIO, UCTIOJIB3YIOTCS MTbE303JICKTPUUECKUe KpucTailTbl. KaskIplii KprCTala MOXKeET
UCIOJIb30BaThCS JIMOO AJIs BO3OYXAE€HUs yIbTPa3ByKOBBIX BOJIH, JIMOO A UX npuema. [pyrumu cio-
BaMH, OJJMH M TOT € KPUCTAJUI MPU HEOOXOJUMOCTH PabOTaeT U KaK «POMKOTOBOPUTENIb», U Kak
«MUKPODOHY.

MPHHHARMOSMMOR BOAHG

NpCTHE
HOITI BT A
oK

CHrHon
HYyNEEGra
MaTaOKo

Puc. 4. Ynptpa3zBykoBoii pacxogomep. A — MOJ0KEHUE TPUEMHO-TIEPEAAIOIINX KPUCTAIIOB B
notoke, b — popma 3ByKOBBIX BOJIH.

Kpucranisl pacnionoxkeHsl Ha paccTosHUU D pyr OoT Apyra noj yrioMm © 1o OTHOLIEHUIO K Ha-
IIPABJICHUIO MOTOKA. Takke BO3MOXHO pPAacCIoJiaraTb HEOOJBIINE KPUCTAJUIBI MPSAMO BHYTPHU TPYOBI
CTpoTo 1o HampasieHuo notoka (O = 0). Bpems pacnpocTpaHeHus 3ByKa MKy JIBYMsI KpUCTaJLNIaMU
A u B cBs13aHO €O cpeHel CKOPOCThIO MOTOKA V. CIEAYIOLUIUM COOTHOLIEHUEM:

T= Lz’ (7)
ctv, cos” 6@
rJe ¢ - CKOPOCTh 3ByKa B cpele. 3HAK + O3HauaeT HAIpaBJICHHE PACIPOCTPAHCHUs 3BYKa: BIOJIb
HOTOKA MJIU IIPOTHB HETO.

Jnst ynydmieHusi OTHOIICHUSI CUTHAJ/IIYM BpeMs paclpoCTpaHEHHs YIIbTPa3BYKOBOTO CHTHAJa
4acTO M3MepsieTCsl B JBYyX HAIPaBJICHUIX, IPH ITOM 00a MbE30EKTPUUESCKUX KpUCTaia paboTaroT
HOIEPEMEHHO TO NPHEMHHKaMH, TO NepeJaTYMKaMH. DTO MOXKHO PEaan30BaTh NMPH IOMOIIH Iepe-
KJIIOYaTeNIbHOTO YCTPOMCTBA, KOTOPBI PadOTaeT co CpaBHUTEIBHO HU3KOH 4aCTOTOM.

B nomnnepoBckux pacxoaoMepax UCIOJIb3YETCsl HEPEPBIBHOE U3JIYyUYEHUE YIIBbTPA3BYyKOBBIX BOJIH.
Ha puc. 5 nokaszan pacxogomep, B KOTOPOM H3JIydaTeslb ¥ IMPUEMHHK PACIIOJIOKEHBI BHYTPU MOTOKA.
Taxoke Kak ¥ B IOIUICPOBCKOM PaJHONIPHEMHHKE 3/1€Ch IIPOUCXOAUT CIOKEHUE YaCTOT U3JIy4CHHOTO U
HPHUHATOTO CHUI'HAJIOB. JUIS 3TOTO B CXEMY BKJIFOYEH HEIMHEHHBIN SJIEMEHT - cMecuTelb. [1omocoBoii



GUIBTP CIYXHUT Ui OcialbleHus] HEHYXHBIX TapMOHHK BBIXOJHOTO HHM3KOYACTOTHOTO CHTHAJA.
YacToTa BEIXOJHOTO CUTHAJIA ONPEIEIISIETCS BRIPAKECHUEM:

R ®)

TJie f; U f, - 9aCTOTHI U3ITYYarOIIer0 U MPUHUMAIOIIETO KPUCTAUIOB, a 3HAK + OTHOCHUTCS K pa3HbIM Ha-
[PABJICHUSM TIOTOKA.
U3 BoipaxeHust (8) BHIHO, YTO pPa3HOCTh

4acTOT MPSIMO IPOIOPLUOHANBHA CKOPOCTH TOTOKA. [ Asmysarens
OueBHIHO, UYTO pa3Mepbl KpPUCTAIJIOB JIOJIKHBI 3
OBITH TOPA3/0 MEHBIIE MOMEPEUHOTO CEUCHHS
TpyOBI, B KOTOPOH H3MEpSIETCS CKOPOCTh MOTOKA.
[TosToMy HW3MEpeHHas CKOPOCTh SIBIIETCA HE
CpelHEH, a JIOKaJIbHOM CKOpOCThIO moToka. Ha
IpaKTHKe  Bcerga  Tpedyercs — KaauOpOBATD [ nojsconon

:\.'L-‘lll-’ TENL

CMCCHTEN b

VIbTPa3sByKOBbIC IaTUMKH BO BCEM TemieparypHom |

JMANa3oHe JUId KaXIOW KOHKPETHOM Cpeabl H Af=fif

TaKkke TpeOyercs yYUTHIBaTh BA3KOCTh  HC-

CIIClyeMOH  KMIKOCTH.  YIIbTPasByKOBbIC —IIbe- Puc. 5. YnpTpazBykoBoil J0IIEPOBCKUI
303JIEKTpUYECKUE IpeoOpa3oBaTed  M3TOTABIM- pacxogomep

BAIOTCS B BUJIC HEOOJNBIINX KEPAMUYECKUX HCKOB,

BCTPOEHHBIX B KOPIIyC pacxogoMmepa. [loBepXxHOCTh KpucTailiia HOKPHIBAETCS 3aLIUTHBIM MAaTEPUATIOM
(HampuMep, CHJIIMKOHOBOHM pe3uHOM). JIOCTOMHCTBO YNbTPa3BYKOBOIO JAaTUMKA 3aKJIHOYaeTCs B €ro
CIIOCOOHOCTH U3MEPATH IOTOK 0€3 MPSIMOro KOHTaKTa € )KUIKOCTBIO.

Kapuonucosckue pacxonomepsl

PacxonomMepsl 3TOro THma ONpeaesstoT MAacCOBBIM Pacxo]l HalpsIMyl0, a HE 4epe3 U3MEpEHUus
ckopocTd min o0beMa. KopronucoBckre pacxooMephl HE 3aBUCST HU OT JABJICHUS XKUAKOCTH, HU OT
ee TeMIepaTypbl, HU OT €€ BSI3KOCTU U IUIOTHOCTH. [lo3TOMY Takue naT4uku He TPeOYIOT MPOBEACHHS
MIOBTOPHBIX KaIMOPOBOK U MOACTPOMKHU MOJ KaXAbli KOHKPETHBIN THII )KUJKOM cpelibl. XOTs MepBbIe
pacxozoMepbl paboTaal TOJBKO C KUIKOCTSMH, B HACTOSIEE BPEMS OHHM aJalTUPOBAHBI M JUIA
paboThI C ra3amu.

CBoe Ha3BaHHE TAaKHE PACXOJOMEPHI MOTYYMIH B 4ecTh (paniy3ckoro ¢usnka Kopuonca. Tu-
MOBOH KOPUOJIMCOBCKUN HM3MEPHUTENh COCTOMT M3 OJHOW WM ABYX BHOPHPYIOMIHMX TPYOOK, OOBIYHO
U3TOTOBJICHHBIX M3 HEpXKaBeloIlel cranu. I MoJydeHHs TOYHBIX PE3YJIbTaTOB M3MEPEHUI Ba)KHO
3alMIaTh TPYOKH M MeCTa MX KPEIJIEHUH OT MeXaHMYECKOro M XMMMYECKOIro BO3/EHCTBHS MOTOKA
xuakoctu. Yamie Bcero TpyOku umeror U
-oOpasHyro Qopmy (Puc. 6), xors B - i
NPUHIMIIE OHU MOrYT OBbITh M Opyroro .~ ,,r;‘ﬁ;:__.,_ —
Buga. Jlng razoB mnpumenstorcs Oosee @.
TOHKHE TpPYyOKH, UYeM JUIi IKHIKOCTEH. K08 et
TpyOku HAauyMHAIOT BHOPHPOBATH  OT g 3
BO3JCHCTBUSI HA HUX BHEIIHETO DJIEK-
TPOMEXAHUYECKOTO 3aJarouiero ycTpoil-
CTBA.

Kunkocts (Wam ras) MOCTymarT B
U3MEPUTENIb 4Yepe3 BIIyCKHOE OTBEPCTHE.
Pacxon ~ maccel  ompenensercs IO
JCUCTBUIO KHUJIKOCTH Ha BUOPHPYIOLINE
TpyOKku. Ilpu ABMIKEHUM >KHAKOCTH OT
BXOJa K BBIXOJYy, Ha Hee JCHCTBYET
BUOpAIIMOHHOE YCKOpPEHHE, BCE BpeMs
MeHsmollee cBoe  HampasieHue. llo-

|5]
Puc. 6. KapuonucoBckas TpyOka pu OTCYTCTBUU B HEM
notoka (A), u3rud Tpyoku mpu noroke (b), ciBur ¢asbr
KoJieOaHuii, BpI3BaHHBIN criiamu Kapuommca (B).



CKOJIBKY IIOTOKH >KHJIKOCTH B JIBYX BETBAX TPYOKHM HMMEIOT IIPOTHBOIOJIOXKHBIE HAlpPaBICHUS, TO U
BO3HMKaromue Tam cuibl Kopuonuca takke OyayT HampaBieHbl B pa3Hble CTOPOHBI. B pesymnbrarte
4ero noj JEeWCTBUEM pe3yiIbTHPYIOLIEH CHIIbI JB€ 4acTU TPYOKH CMEIIAIOTCS APYI OTHOCUTEIBHO
Jpyra B COOTBETCTBUU C LIMKJIOM BHOpaLUii.

Bennunna cunsl Kopuosmca, uHIynMpoBaHHas MOTOKOM, ONPEAEISAETCS CIEAYIOLUM BbIpaxe-
HUEM:

F = 2mov 9)
rZie m - Macca, @ - KpyroBasi 4acToTa BUOpAIMid, V - BEKTOP CpeHEN CKOPOCTH KU IKOCTH.

CrenoBarenbHO, BETMUMHA U3rH0a TPYOKH MPSIMO MPOMOPIIHOHATIEHA MAaCCOBOMY Pacxo1y yepes
TpyOKy. Ha puc. 6A mokazana TpyOKka KOPHOJIMCOBCKOTO U3MEPUTENS MPH OTCYTCTBUHU MOTOKA, a HA
puc. 6b - npu nporexkaHuu yepe3 TpyOKy MOTOKA KUJIKOCTH WM rasa.

ITpu otcyrcTBuM B TpyOKe NMOTOKAa €€ BUOpallMM Ha BXOJE M BBIXOJE COBIAJAIOT, T.€. MEXIY
HUMH HET HUKaKkoro ciasura ¢a3. [Ipu nossieHnu noToka Tpyoka n3rudaercs mponopLuoHaIbHO Be-
JMYUHE MAcCOBOTO PacxXo0/ia, MOITOMY MEXAY BHOPAIlSMH €€ BXOJHOM M BBIXOJHOM BETBEW MOSBIIA-
ercsi ¢a3oBblii caBur (puc. 6B). OCHOBHBIM HemocTaTKOM u3Meputeneil Kopuosmca siBisercs ux
CPaBHHUTEIBHO BBICOKAs CTOMMOCTb. OHAKO MX YHHBEPCAJIBHOCTb MpHU paboTe C Pa3sHbBIMU THIIAMH
Cpea MO3BOJISET MPUMEHTh UX IPU U3MEPEHHUHN PACXOI0B CAMBIX pa3HOOOPA3HBIX KHUIKOCTEH U ra30B.

Pacxonomepsl ¢ MUIIEHSAMU

PacxotoMepsl 3TOTO TUIA UCHOJB3YIOTCS NP paboTe ¢ TypOyleHTHbIMU oTokamu. Mx obnactu
IIPUMEHEHHUSI: MOHUTOPUHI OKPYXKAIOLIEH Cpefbl, METEOPOJIOTHsI, THAPOJIOT s, MOPCKHE HUCCIIEN0Ba-
HUS, TA€ TpeOyeTcs onpenesieHHe CKOPOCTH MOTOKOB BO3/yXa WJIM BOJIBI, a TAKXKE X TYpOYJICHTHOCTH
B 30HE, PACIIOJI0XKEHHON PSAIOM C ITOBEPXHOCTHIO. B CTPYKTYpy Takux pacxoJ0MepoB BCErla BXOAUT
TBEPJIO€ TEJIO, YACTO HA3bIBAEMOE MUlLEeHbIO, KOTOPOE BBOAUTCS B MOTOK M3ydaeMoil cpeapl. [Ipu sTom
U3MepsieTcs Cuila, IEUCTBYIONIast Ha TEeJIO B MOTOKE KUAKOU cpelbl. [losrydeHHOe 3HaueHue mpeolpa-
3yeTcsl B BEJIMYMHY CKOPOCTH NOTOKAa. Ba)KHBIM OCTOMHCTBOM TakKuX JATYMKOB SBJISETCS BO3MOXK-
HOCTb IPOBEJICHUSI U3MEPEHUI pacxo/ia U CKOPOCTH MOTOKA B JIBYX, @ TO U B TpeX HampasieHUsX. s
IIPOBE/ICHUS] MHOTOMEPHBIX HCCIE0OBaHUN HEOOXOIMMO 00eCHednuTh CUMMETPUYHOCTh MHILIEHH BO
BCEX HaMpaBJICHUSAX U3MEPEHUIl. Yike MOYTH B TeYEHHE MOTyBeKa TAKME€ MHOTOMEPHBIE PacX00MEpBI
UCTIOJB3YIOTCSI B IIPOMBIIIUIEHHOCTH, B KOMMYHAJIBHOH cdepe, B a9pOKOCMUYECKUX U JPYTUX HCCIIe-
JIOBATENILCKUX JIA00OPATOPUAX ISl M3MEPEHHS PacXoia OJHOHAIPABICHHBIX M JABYHAIIPABICHHBIX IO-
TOKOB XHJKOCTEH (BKJIIOYask KPHOT€HHBIE), Fa30B, MapoB (KaK HACBHIIICHHBIX, TaK U MEPErPeThIX).

[TpuHIMn AEeHCTBUSA TaKUX IATYMKOB OCHOBAH HAa U3MEPEHUU MEXaHMUYECKOTO HANpsDKEHHs dia-
CTUYHOIO PE3MHOBOI0 TPOCA, BHI3BAHHOTO CHUJIOM, MPUJIOKEHHON K MUIIEHU, IPUKPEIUIEHHOW K HEMY
(puc. 7). U3mepeHust MEXaHUUECKOTO HANPSKEHHUSI MOXKHO BBIIIOJIHATH IIPU NOMOIIM TEH30/1aTYUKOB,
HO IIPU 3TOM UM HaJ0 00ecreduTh (PU3NYECKYIO 3aLIUTY OT BIUSHUS XKUAKOH Cpebl.

Cuna, nelicTByrolas Ha MUIIEHb B IIOTOKE HECKMMAEMOM JKHUIKOCTH, ONpPENeNseTcss BbIpaxe-
HUEM:

Fp = CppAV?, (10) Al s
rzie p - MIOTHOCTb KMJKOCTH, V - CKOPOCTh HOTOKA B TOYKE
u3MepeHus, A - IoLmaab MPOEKUMH Tejaa Ha IUIOCKOCTb,
NEepHNEHAUKYIApHYI0 TOTOKY, Cp - KO3(p(HUIHMEHT YyHOCa,
ABISIOMIMKCS  Oe3pasMepHBIM  KOA(PPHULIMEHTOM, BEIHMYMHA
KOTOPOTO 3aBMCUT B OCHOBHOM OT (OpMBI Telda MU €ro o
OpHUEHTAIMM OTHOCUTENILHO HalpaBlIeHHs MOTOKA. HHOKOETH
NneanbHOM MHUIIEHBIO SBIISAETCS IUIOCKMM JUCK, IIOCKOJIBKY
BEIMYMHA DPACX0/a HE BIMIET HAa ero Kod(pQuIueHT yHoca.

TEH 3 OOOTHMKK . ruBkME TROC

v

. . |
Jns  chepuueckoid CHUMMETPUYHOM MHIIEHH KO3PPUIMEHT {

yHOCAa 3aBUCUT OT CKOPOCTHM IIOTOKa, TO3TOMY TIpHU iai
WCIOJb30BAHUM  TaKOW  MHIIEHH JaTYUK  HEOOXOIUMO
KaMOpoBaTh W ONTHUMHU3UPOBATH YIS KaXKJOTO KOHKPETHOTO

Puc. 7. PacxooMep ¢ MUIIEHBIO.

ciIy4das IIpUMCHCHUA.



AKYCTHYECKHE JATYUKU

Jatuuku, paboTaroliye B CABIIIAMOM JUaNa30He, 00BIYHO HA3BIBAIOTCS Mukpogonamu. OqHaKO
3TO Ha3BaHHME MOXKET YIOTPEOIAThCA U Ui JETEKTOPOB YIbTPa3BYKOBBIX U UH(PPA3BYKOBBIX BoJH. 1o
CYIIECTBY, MHUKpPOGOH SBISETCS MaTYUKOM JaBJICHUS, MPHUCIOCOOJICHHBIM [UIs MpeoOpa3oBaHUS
3BYKOBBIX BOJIH B IIHPOKOM CIIEKTPAIIBHOM JHANa30He, U3 KOTOPOro OOBIYHO HCKIIIOYCHBI OYCHb
HU3KHE 9aCTOTHI (HIKE HECKOJBKUX TepIl). MUKPOPOHBI OOBIYHO XapaKTEPU3YIOTCS: YyBCTBHTEIBHO-
CThIO, HAIIPaBJIEHHOCTHIO, MTOJIOCON YaCTOT, TMHAMUYECKUM UAINa30HOM, pa3MepamMu, CTOUMOCTBIO U
T.1. s paboThl B pa3HbIX cpeax UCIOIb3YIOTCS pa3IMUHble KOHCTPYKLMU aKyCTUYECKUX TaTYUKOB.
Hanpumep, ans JeTeKTHPOBaHUS BOJH B BO3AYyXE WM BUOpAIil B TBEPHABIX TElIaX MPUMEHSIOTCS
MUKpPOQOHBI, a s paboThl B KHIKOW cpene - ruapodoHbl (NIPHCTaBKa «TUIpPa» IMPOHM30IUIA OT
rpeyecKoro Ha3BaHus MU QoIorHueckoi BoasHoM 3Men ['uapsl). OCHOBHOE OTIMYHME MEXAY OOBIYHBIM
JaTYUKOM JIaBJICHUSA U aKyCTHYECKUM IpeoOpazoBaTeieM 3akKiio4yaeTcs B TOM, YTO MOCIEAHEMY He
NPUXOIUTCS M3MEPATH TMOCTOSHHOE WM OYeHb MEUIEHHO MeHsromeecs nasieHue. Ero pabounit
YaCTOTHBIA JMANa30H HAYMHAETCS C HECKOJIbKUX Tepll (MHOT/A C JECATKOB MMIUIMIEpI]), a 3aKaH-
YMBAETCA B PallOHE HECKOJIbKMX Merarepl Jjs YJIbTPa3BYKOBBIX IAaTUYMKOB, M JaXX€ HECKOJBbKUX
rurarepi st yCTpOHCTB, peann30BaHHbIX Ha MOBEPXHOCTHBIX aKycTudeckux BoHax (ITAB).

[TockoybKy aKyCTHUYECKUE BOJIHBI SBIISTFOTCS MEXaHUYECKUMU BOJHAMHU, 000 MUKPO(OH WU
rUAPOQOH UMEET Ty KE OCHOBHYIO CTPYKTYPY, UYTO U JATYMK JABICHHS: B €0 COCTaB BXOJUT JHa-
¢parma u npeoOpazoBarens NepeMelleHni, Tpeodpa3yomuil OTKIOHEHHE JuadparmMbl B AJIEKTpUYe-
ckuil curnan. [losToMy Bce akycTudeckue npeodpa3zoBaTes OTINYAIOTCS TOJIBKO KOHCTPYKIIUEH 3TUX
JIBYX KOMIIOHEHTOB. XOTsI HEKOTOPbIE U3 HUX MOTYT TAaK)K€ BKIFOUATh JTOTIOJHUTEIbHBIE KOMIIOHEHTHI,
TaKHe KaK 3BYKOTIOTJIOTUTENH, (DOKYCHPYIOIINE OTPAKATEIH WU JIUH3bI U T.JI.

dueKkTpocTaTHYecKe MUKPO(OHBI

Takue ycTpoiicTBa MHOTZIAa HA3bIBAIOTCS KOHACHCATOPHBIMU WJIM €MKOCTHBIMH MHKPO(OHAMH.
Hanpsixenue Ha mapayieNbHbIX IIACTUHAX KOHICHCATOPA OMPEAETSETCS BEIPAXKCHUEM:

v=g-L ()
&,A4
IZIe ¢ - 3apsl Ha IUIACTMHAX KOHJIEHCATopa, d — pacCTOsSIHUE MEXIy IUlacTUHaMu, 4 - Iouaap Iia-
CTHH, &- DJIEKTPUUECKasi IOCTOSTHHASL.

Takum oOpa3om, 31eKTpocTaTUYECKuil MUKpPO(OH Mpeodpa3yeT paccTOSTHUE MEXTy MJIaCTUHAMU
B DJIEKTPUYECKUN CUTHAJ, KOTOPBIA YCHJIMBAETCS MOCIEIYIOUIMMHU 3JIEKTPOHHbIMU LensMu. Oue-
BUJIHO, YTO A1 pabOThl TAaKOro YCTpOicTBa HEOOXOAMM HCTOYHMK 3JIEKTPUYECKOIrO 3apsiia ¢, OT
BEITMYHUHBI KOTOPOTO 3aBHCHT YYBCTBUTEIBHOCTH MUKPOQOHA. 3apsii MOXKET OBbITh MOJy4eH JTHOO OT
BHEIUIHET0 MCTOYHHMKA MUTAHUs, BbIpadaThIBaroniero HampspkeHue B auamnaszone 20...200 B, mmu6o ot
BHYTPEHHET0 MCTOYHHKA, CIOCOOHOTO BBIJIaBaTh aHAJOTHYHBIN 3apsf, JUIsl Yero B MOJIOKKE MUKPO-
IaT4uka GOPMHUPYETCS IMEKTPETHBIA CIOH, MPEACTABISIOMNI COO0H MOMSPU30BAHHBIA TUAIIEKTpUYe-
CKHUW KPHUCTAJLI.

B Hacrosiiee BpeMsi MHOTHE €MKOCTHBbIE MUKPO(OHBI PEaNM3ylOTCS HAa OCHOBE KPEMHHUEBBIX
auadparm, KOTOpble MPeodpa3yoT aKyCTHUECKOe JaBJICHNUE B MEPeMEIeHIE U BBIOIHSIIOT (DYHKIIHIO
MOJBMKHOM TJIACTUHBI KOHJEHCAaTOopa. s MOBBIIEHUS YyBCTBUTEIBHOCTH JTaTYMKOB HAIPSHKEHHUE
CMEIIEHUS] JOJIKHO OBITh MaKCHUMaJIbHO BO3MOXXHBIM; TMOCKOJBKY 4YE€M BBIIIEC HANPSHKEHUE, TEM
60Jb11e oTKIOHEHHE nTuadparMbl. OJHAKO 3TO MOXKET MPUBECTH K CHHXKEHUIO TUHAMHYECKOTO JHara-
30Ha W HAJEKHOCTU ycTpoiucTBa. Takxke cieayeT OTMETHThb, YTO YMEHBIIEHHE BO3IYLIHOTO 3a30pa
MEXITy nuadparMoil M MOAJOKKOW BeNeT K YBEIWYCHUIO aKyCTHYECKOTO COMPOTHUBICHUS B ITOM
3a30pe, YTO BBI3BIBACT CHIDKCHHE MEXaHWYECKOW YyBCTBUTEIHLHOCTH MUKPO(OHA Ha BBICOKMX YacTO-
Tax. Hanpumep, npu BO3QyIIHOM 3a30pe 2 MKM BEPXHsIsS 4acTOTa cpe3a cocTaBiser 2 Kl 1.

OaHuM U3 cocoOOB yIyUIICHUS XapaKTEPUCTUK €MKOCTHOTO MHUKpO(OHa SBISETCS MpUMEHe-
HUE MEXaHUYECKOW 0OpaTHOM CBS3M MEXAy BBIXOJOM ycuiautensd u auadparmoit. Ha puc. 1A noka-
3aHa cXeMa Takoro MHKpodoHa, a Ha puc. 1b - ero rpebenyarsie amekTpoasl. ONUH U3 JIEKTPOJIOB
CILY’KUT Ui TipeoOpa3oBaHus mepeMenieHus auadparmMbl B HaMpsOKEHUE Ha BXOJE YCUIIMTENs Aj, a
Aapyroit — nisi npeoOpa3oBaHUs HANpPSDKEHUS V, B MEXaHWYEeCKOe OTKJIOHEHHE auadparmMbl 3a cCUeT
JNEUCTBUSL AJIEKTPOCTATUYECKUX CHUJI. MexaHuueckass oOpaTHas CBsI3b YAydlllaeT JIMHEWHOCTh U
YaCTOTHBIN JMAaIa3oH MUKpPO(OHA, HO MPHU 3TOM 3HAYUTEILHO CHIKACT OTKJIOHEHHE MEMOpPAaHBI, 4TO



MNPUBOJUT K YMCHBIICHUIO YyBCTBUTCIIbHOCTHU.
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Puc. 1. EMKocTHOM MUKPO(OH C MEXaHUYECKOW OOpAaTHON CBSI3BIO.

OnToBOJIOKOHHbIE MUKPO(OHBI

[Ipn npoBeaeHUM NPSIMBIX AKyCTUUECKHX M3MEPEHHH B YCIOBMSAX arpeCCHBHOM OKpYXKarolleu
Cpelbl, HalpuMep, B TypOOPEaKTHBHBIX WM PAKETHBIX JIBUTATEISAX, TPEOYIOTCS JaTYUKH, CIIOCOOHBIE
BBIJICP)KMBATh BBICOKHE TEMIIEPATyphl HArpeBa U CUIIbHBIC BUOpanuu. /[aHHBIE pe3ylnbTaTOB U3MEpe-
HUI, TPOBEJCHHBIX B TAaKUX HEOIArONMpHITHBIX YCIOBUAX, HEOOXOAMMBI Uil TUIPOAMHAMUYECKUX
pacyeToB, aKyCTUYECKOI0 TECTHUPOBAHUSA KOHCTPYKLUMH M ONPEIEIICHHsS YpPOBHS IIyma JBUIaTeleH.
Jlnist 9THX 1enell HarmTydiuM 00pa3oM MOAXOIST ONTOBOJOKOHHBIE HHTEP(PEpOMETPHUIECKHE MUKPO-
¢onbpl. Ha puc. 2 mpuBeneH mnpumep
OJIHOTO W3  TakMX  YCTPOWCTB, T
COCTOSIIET0 H3 OJHOMOJOBOIO HH- RRETOCAT bbb e i e
TeppepomeTpa MalikenbCOHA U ILJIO- S /
CKO¥ orpaxatomieil nuadparmel. MH- @\i———_ﬂ_
TeppepoMeTp OTCIEKHBAET OTKIIO-

HeHUsl auadparMbl, KOTOpbIE Harps-

MYIO CBSI3aHBl C BEIMYMHOM aKyCTH- el

YECKOro AaBiieHus. J[aTuMk Bce Bpems T R
OXJIaXKIaeTcs BOAOU Asi oOecreueHus
3alUTBl OT TNEpPerpeBa ONTUYECKUX
MaTepuaJioB W Uil CcTaOWUiu3aIuu
MEXaHUYECKUX CBOUCTB AuadparMel.

Jnis monmydyeHuss uHTEpGEpEeHIMU MEXAY NaJalollMMU W OTPaXCHHBIMU Jy4aMH CBeTa JBa
CBETOBOJ]a COCIMHAIOTCS BMECTE METOJIOM CIUIABICHUS U Ha HEOOJBIIOM YYacTKE pa3beIUHSIOTCS,
o0pa3ys kimH. CBETOBOJIBI MOMEIICHB B TPYOKY W3 HEPIKABEIOMICH CTalli, OXJIAXJIaeMYIO BOJOM.
BHyTpeHHee mpoCTpaHCTBO TPYOKH 3aIOJIHSAETCS SMOKCUIHON CMOJIOH, a KOHeIl TpyOKH TIIaTelbHO
MOJIUpYeTCsl Tak, YTOObl OBLIM BUAHBI ONTOBOJOKHA. Ha wacTe apyroro koHma TpyOku (TOT, Ha
KOTOPOM CBETOBO/JIbI COETMHEHBI BMECTE) HAHOCUTCS CIOM alfOMHHUS, (GOPMHUPYIOLIUI OTpa)karomiee
3epkano. OTKpBITAs MMOJIOBUHA CBETOBOJA SIBISICTCS YyBCTBUTEIHHON YacThio MUKPO(OHa, a 3aKphITas
- aranoHHOU. Takoi naTuMk oOnazaeT OueHb HU3KOW TEMIIEpaTypHOM YYyBCTBUTEIbHOCTBIO, YTO
JocTUraercs ONM3KUM PACIONIOKEHWEM JpPYrK JpYyry 4YyBCTBUTEIHHOM M OSTaJOHHOW dYacTei
KOHCTPYKIIMH.

W3nyuenune naszepa (1a3epHOro auoja, pabOTAIOIIEro Ha JUIMHE BOJIHBI 1.3 MKM) momagaer B
OJIMH W3 CBETOBOJOB M IPOXOJUT YEpe3 MECTO COEIMHEHUS C JPYTUM OINTOBOJOKHOM Ha KOHEI|
TpyOKu. YacTh M3Iy4eHHs OTpa)kaeTcsl OT AJIIOMHUHHEBOTO 3€pKajia, a 4acThb BBIXOAMT 3a IMpeEAesbl
CBETOBOJ]a U YAaCTUYHO OTpaxkaeTrcs oT auadparMbl. YacTh OTPakEHHOTO W3TY4YEHHMs, MOTMAaBILEro B
BBIXOJIHOM CBETOBOJ, JOXOJUT JO TOBEPXHOCTH JeTeKTopa. B 3aBUCMMOCTH OT TOJIOKEHHS
nradparmel OyeT MEHSATHCS (Pa30BBIA CABUT MEKY CHTHAIAMH, OTPAKEHHBIMH OT ATFOMHUHHEBOTO
3epKajia U MeJHOU Juadparmel.

Ha mytu x neTrekTopy 3TH J1Be OTPa)KEHHBIX BOJHBI HHTEP(EpPUPYIOT APYr C APYroM, UTO
MPUBOAUT K MOJYJSIMU HMHTEHCHUBHOCTH CBETA, IMOCTYMAIOLIEro Ha JeTeKTop. Takum oOpa3zom
MUKpOGOH TMpeodpazyer mepemeinieHne auadparMbl B HWHTCHCHBHOCTH CBETA. | EOPETHYECKH,
KO PHUIMEHT CHUTHAJ/IIyM TaKoro JaTdyWka coctaBisger mopsiaka 70-80 nb, uyto mo3Bosser

KOHYCOBHOHOA MOBSEHECCTE
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Puc. 2. OnroBojOKOHHBIH HUHTEP(PEPOMETPUICCKHIA
MUKPOGhOH.

IETeKTUPOBATh IepeMelieHue auadparmsl, pasHoe 14 (10-10 M).



Ha puc.3 nokazana  TumoBas  3aBUCHUMOCTH
ONTHYECKOM HMHTEHCHUBHOCTHU JIeTekTopa OT  (¢a3sl
uHTep(epeHIMOHHOT0 curHana. [y nosydeHus TMHEeHHO I
nepeaaTroyHo (QyHKuuM pabodyrd TOYKY HEO0OXOJIMMO
BEIOMpaTh BOJHM3U cepeluHbl MHTEpBaia WHTEHCUBHOCTH,
riae HaONIOMaeTCss MaKCHMallbHAsi YyBCTBHUTEIBHOCTh U reaamnne g
Hauy4mas JuHeHHOCTh. [lonoxenue paboueil TOYKH H +
BEJIMUYMHA  HAKJIOHA  PEryJUpyrTCs NOpU  MOMOIIH
MOJACTPOMKMA JUIMHBI BOJIHBI JazepHoOro jguona. Jlis
COXpaHEHHs MPOMOPIHUOHATBHOCTH JaTYUKa HEOOX0AUMO,
4TOOBl OTKJIOHEHHE AuadparMbl HE MPEBHINIATIO YETBEPTH
paboyeil UIMHBI BOJHBI.

Huadparma auamerpom 1.25 MM U3roTaBIMBaeTCs U3
MenaHoi Gosbru  tommumHOW 0.05 MM. Hcmonp3oBaHme Meau OOYCIIOBJICHO €€ XOpollel
TEIUIONPOBOAHOCTHIO U CPAaBHUTEIBHO HHU3KUM Kod(pduuueHtom ympyroctu. HeOosbmioi Momynb
YIOPYrOCTH TMO3BOJISIET HW3rOTaBIMBaTh OoJiee TOJICThIE AuadparMbl, OOECMEUMBAIOLIUE JIyUYIIYIO
TEIUIO0TAa4Yy MPU COXPAHEHUHW TAKUX KE€ COOCTBEHHBIX 4acTOT U OoTkIoHeHuid. JlaBnenuwe 1.4 klla
MPUBOJUT K OTKJIOHEHHIO [IEHTPATBHON YacTu nuadparmel Ha 39 HM, 4TO TOpa3z o MEHbIIE YETBEPTH
paboueit mmmHbl BomHBI (1300 HM). MakcuManbHas YacToTa, KOTOpas MOXET OBITh MPHUHSTA
onTH4eckuM MHKpodoHoMm, orpannueHa 100 x['1, 9yTo HamMHOrO mpeBBIMIACT TPeOyeMblld pabOUHid
JMana3oH MPpH MPOBEICHUN aKyCTHUYECKOTO TECTUPOBAHUS KOHCTPYKITH.

IIbe3031eKkTpHUYECKHE MUKPO(OHBI

Jlis pa3paboTKu MPOCTHIX MUKPO(GOHOB MOKET HCIOJIb30BATHCS MbE30EKTPUUEeCKUil 3 (DeKT.
[Tbe303meKTpuUecKuii KpUCTAILT SIBJISETCA MPSMBIM ITPeoOpa3oBaTesieM MEXaHUYECKOTO HaMPsHKEHUS B
anekTpuueckuil 3apsa. Hambonee 4yacTo MCmosiab3yeMbIM MaTepuagoM JJis U3TOTOBJICHHS JAaTUYMKOB
SIBJISICTCS TTbE302JICKTPUIECKast KepaMHKa, KOTOopasi MOKET paboTaTh Ha OYEHb BBICOKMX YacToTax. 1o
ATOM MPUYUHE IMbE303JIEKTPUUECKUE AATYMKU MPUMEHSIOTCA AJIs MpeoOpa3oBaHUs YIbTPa3BYKOBBIX
BOJH. Takume JnaTYMKM TakKe HCIOJB3YIOTCI M B 3BYKOBOM JHAaNa3oHE, IbE303JIEKTPUUECKHE
MUKPO(OHBI 4aCTO MOKHO BCTPETHUTH B pa3HOOOpa3HO# ayauoanmapatype. [IlpuMepamu mpruMeHEHUs
MbE303JIEKTPUUYECKUX AKYCTUUECKUX JTATYMKOB SBIISIIOTCS yIIpaBIsieMbIe TOJIOCOM ycTporicTBa. Ha puc.
4 nmoka3aHa cxema MpOCTOro  MHKpodoHa,

MOAXOJAIIEro i 3TUX ciiydaeB. OH COCTOUT U3 TRPETHUECRHE BOT H

IIbE303JIEKTPUUECKOT0 KEPAMHUYECKOTO JHUCKAa C
JIBYMSI DJIEKTPOJaMH, HAHECEHHBIMU Ha HETO C
JIBYX CTOPOH. OJIEKTPOJABl COEOUHSIOTCS C
MPOBOAAMHU JHOO MPU MOMOIIM TOKOTIPOBOISIIEH
SIMOKCHUAHOM CMOJIbI, MO0 METOIOM IaWKH.
[TockoabKy Takue MHUKPO(GOHBI OONANAIOT OYEHb — *iexipoas [ESICKERANMED |
BBICOKMM BBIXOJHBIM MMIIEJAHCOM, OHHM JIOJIKHBI
MOAKIIOYAThCS K YCHJIUTEIIO C BBICOKUM BXOJ-
HBIM UMIIEJJAHCOM.

[Ise302nekTpuueckue MieHKH u3 nonuBuHUIMAeHa ¢rTopuna (PVDF) wu  comommmepos
WCIIOJIb30BAJIUCh B TEUEHUE MHOTUX JIET JUIsl MPOU3BOJCTBA 3BYKOCHUMATENEH A MY3bIKAIbHBIX
MHCTpYMEHTOB. OIHUM M3 TEpPBbIX MPUMEHEHUIl MbE30IUICHOK ObUI 3BYKOCHHMATENb JJSl CKPUIIKH.
[To3ke TMOSBUIUCH 3BYKO3BYKOCHHUMATEIM IS aKyCTHUeCKuX ruTap. llbezosnekTpuueckue
3BYKOCHHMATENH 00JIaJal0T 0YeHb BHICOKUM KauyeCTBOM BOCHPOU3BEACHHUS, UTO TOCITYXKUIIO TOMY, YTO
Ha uX 0a3e ObUIM pa3paboTaHbl naTyukd BuOparuii u akcemepomeTpbl. [lockoasky PVDF umeer
OYEHb HHU3KYIO JTOOPOTHOCTh, y TaKUX MpeoOpa3oBaresicil HET aBTOPE30HAHCA, KaK Y KepaMUYECKHUX
3BYKOCHUMATEJIEH.

DJleKTpeTHBbIe MUKPO(OHBI

DNeKTpeTHbIe MaTepHallbl BJISIOTCS OMU3KUMH POJICTBEHHUKAMU MbE30- U MUPO3JIEKTpUKoB. Ha
caMOM JieJie BCE OHHU SIBJISIFOTCSI DJIEKTPETHBIMH MaTepuajaMH C SPKO BBIPOKEHHBIMU JIHOO
MBE303JIEKTPUYCCKUMHU, JTHOO MUPOITCKTPUISCKIMHU CBOMCTBAMU. DJIEKTPET- 3TO TUAIIEKTPUUSCKHUN

HFTHREN GO
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Puc. 3. 3aBucumMocTtb
UHTCHCHUBHOCTH M3JIy4EHHS OT
(a3bl OTPAKEHHOTO CUTHAJIA.
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Puc. 4. TIbe303mekTpruueckuii MUKPO(]OH.



Marepuanl KpUCTAUIMYECKOW CTPYKTYphl C IOCTOSIHHOW DJIEKTpUYecKOM mnosspusauuen. Ilepsoe
ONMCAHWE TPUMEHEHHs SIIEKTPETHBIX MaTEePUAIOB JUIS M3TOTOBJICHUS MUKPO(GOHOB M HAYIIHHKOB
nano B 1928 roamy. DnekTpeTHble MHUKPO(OHBI - 3TO 3JEKTpOCTaTUYecKue npeoOpa3oBaTenu, co-
CTOSIIUE W3 METAUTM3UPOBAHHOM AIEKTPeTHOU auadparMbl U METAUIMYECKOH IUIACTUHBI, OTHAE-
JIEHHBIX IPYT OT Jpyra BO3AYLIHBIM 3a30poM (pHc. 5).

Bepxuuit clion MeTaJUIN3aluu u
METaJUIMYECKasl IUIACTUHA COEJMHEHBI JApPYr C METQNMITLIHS
apyrom depe3 pesucrop R. Hampspkenue Ha i
9TOM PE3UCTOPE YCUIMBACTCS U UCIIOJIb3YETCs B 1
Ka4yeCcTBE BBIXOJHOTO CHTHaJAa MHUKpO(doHa.
[TockonbKy 3n€KTpeT SBISAETCA AIIEKTPUYECKHU
MOJSIPU30BAHHBIM  JTUAJIEKTPUKOM, IIJIOTHOCTH
3apAla Ha €ro IOBEPXHOCTU 0; SBIAETCH
MOCTOSTHHOM BETMYMHOM. DTOT 3apsi MPUBOIUT
K (GOpMHPOBAHHIO B BO3AYLIHOM 3a30pe
anekTpuueckoro nons E;. Koraa akycruueckas
BOJIHA  yhapserca O  auadparmy, —OHa
OTKJIOHSIETCSI BHU3, YMEHbIIAsg BO3QYLIHBINA
3a30p s; Ha BenmumHy As. Otkmomenme Puc. 5. CIpyKTypa SJI€KTPeTHOro MHKPO(OHa.
auadparMbpl  MPUBOAUT K  TOSIBJICHUIO Ha
WIEKTPOJAX HAPSIKEHU:
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®da3bl I3MEHEHUST HAIPSHKEHUS M OTKJIOHEHUSI TuadparMbl COBMAAIOT.

DnexTpeTHble MUKPO(OHBI OTIIMYAIOTCS OT JAPYTMX aHAJIOTHYHBIX YCTPOMCTB TEM, YTO UM IS
paboThl He TpeOyeTCs TOMOJIHUTEIHHOTO UCTOYHHUKA TOCTOSIHHOTO HANpshKeHUs. Toraa Kak mpy Takux
e pa3Mepax U YYyBCTBUTEIBHOCTH HAa €MKOCTHOW MHUKpOGOH HEOOXOIUMO MOJaBaTh HANpsKEHHE
Beime 100 B. Mexannuyeckoe HampspkeHHe auadparMbl OOBIYHO JIOBOJIBHO MajieHbkoe (okono 10
H/m), mosToMy BO3BpaTHasi Cujia ONPENENseTCs, B OCHOBHOM, CKUMAaE€MOCTBIO BO3IYIIHOTO 3a30pa.
Jns wsrotoBneHus auvadparmMel uHorga ucnoisib3yroT Teflon. TemmepaTypHast 4yBCTBUTEIHHOCTh
SIIEKTPETHBIX MUKPO(hOHOB cocTasiseT nopsaaka 0.03 15/°C B muanazone remneparyp -10...+50 °C.

DnexTpeTHble MUKPO(OHBI 00JIaAAI0T PSIIOM TOCTOMHCTB: OHH MOT'YT pa00TaTh B IIMPOKOM Yac-
ToTHOM muanasone ot 10° ' 1o coren MI', y HUX IIJIOCKasl YaCTOTHAs XapaKTEepUCTHKA (B Mpezenax
+1 nb), oHn o0manarT: HU3KUM YPOBHEM HEIMHEHHBIX UCKAKCHHM, BRICOKOH BHOPOYCTONYHBOCTHIO,
XOpouIel peakiueil Ha HMITYJbCHOE BO3MYIIEHHE W HEUYBCTBUTEIBHOCTHIO K MArHUTHBIM IIOJISIM.
YyBCTBUTEIBHOCTD AIEKTPETHBHIX MUKPO(OHOB COCTABIIET NOPsIIKA HECKOIBKIX MB/MKOap.

st paboThl B MH(Pa3BYKOBOM JMANA30HE B METAUINYECKOH TUIACTHHE AIIEKTPETHBIX MUKPOdO-
HOB IIPOJICNBIBAIOTCS OTBEPCTHS AJIsl BRIpAaBHUBAHUS JaBJieHUs. Takxke 3[1eCh 4acTo TpedyeTcs moaua
JIOTIOJTHUTENBHOTO HAIPSKEHHs CMelleHus (Kak B eMKOCTHOM MHKPO(hOHE) Al YCUIICHHSI MOJsIpr3a-
U,

TBepaoTenbHbIE aKyCTHYECKHE JeTEKTOPbI

B Hacrosiiee BpemMs UCIIOJIb30BaHUE aKyCTHUECKHX JAaTUYMKOB IIMpE, YeM MPOCTO JAETEKTHPOBa-
Hue 3Byka. Hanbosnbiiell monyisipHOCTBIO ceifyac MOJb3YIOTCSI MUKPOBECHI M YCTPOWCTBA Ha MOBEPX-
HOCTHBIX akycTtuueckux BojiHax (IIAB), peanu3oBaHHblE Ha NPUHLMIIE AECTEKTUPOBAHUS MEXaHUYE-
CKUX BUOpamuili B TBepAbIX Tenax. Takue JaTUUKU MCIOJb3YIOTCA ISl U3MEPEHMs IEpEeMEIlCHHUN,
KOHIIEHTPAlUil KOMIIOHEHTOB, MEXaHUYECKOTO HANPSDKEHUS, CUIIbI, TEMIIEPaTypsl U T.A. TBEpAOTEIb-
HBIE JIETEKTOPHI YaCTO BXOAT B COCTaB OOJiee CIIOKHBIX IaTYMKOB, HAPUMEDP, XUMHUYECKUX aHan3a-
TOPOB, aKCEJIEPOMETPOB, AATYMKOB JABJICHHUA MU T.A. B XUMHYECKHMX M OMOJIOIMYECKHX JaT4YHUKaX
aKyCTUYECKHE KaHaJbl, 10 KOTOPBIM PaclpOCTPaHAIOTCSI MEXaHUUYECKHE BOJIHbI, MHOT 1A TIOKPBIBAIOTCS
CHelMaTbHBIMU COCTaBAMU, BCTYNAIONIMMH B PEAKIIUIO TOJBKO C UCCIEyeMbIM BEIIECTBOM.

['enepatopsl (0OBIYHO MBE30AIEKTPHUUECKUE) 3aCTABIISIIOT aTOMBI TBEPABIX TEJ COBEpIIATh BUO-
palMOHHbIE JBM)KEHUSI BOKPYT MOJIOKeHUs paBHOBecus. CoceqHME aTOMBI, 3a CUET JIEHCTBHUS BOCCTa-
HABJIMBAIOLINX CUJI, CTPEMSITCS BO3BPAaTUTh CMEILAIOIINECS aTOMBI B UX UCXOJHOE NOJI0KeHue. B aky-



CTMUYECKUX JATYMKaX BHEIIHHWE BO3ICHCTBUS BIMAIOT HAa TAaKHE IapaMeTpbl PaclpOoCTPaHSIOIIMXCS
BOJIH, KaK (pa30Bas CKOPOCTh W/HiH Kod3(ument ocnabnenus. Hanpumep, MexaHnuecKkue Harpsike-
HUS B TeJe aKyCTUYECKHMX JAaTYMKOB U3MEHSIOT CKOPOCTh PAaclpoOCTpaHEHUs B HHUX 3ByKa. B npyrux
JaTYMKAX, Ha3bIBAEMbIX IPABUMETPUUECKUMHU, COPOLIUSI MOJIEKYI MM MPUKPEIUIEHUE K HUM OakTepuii
BEJIET K YMEHbBILIECHUIO CKOPOCTH aKyCTHUECKON BOJIHBI. A B aKyCTHMUECKHUX JATUMKAX BA3KOCTU NPU
KOHTAKTE BA3KOM XMAKOCTH C aKTUBHOW 30HOW JETEKTOpa YIPYrUX BOJIH IIPOUCXOIUT YMEHbILCHHUE
aMILUTUTY/Ibl 3THX BOJIH.

CymiecTByeT HECKOJbKO KOH(UIypaluil aKyCTUYECKHUX TBEPIOTEIbHBIX JATUUKOB, pa3iMyaro-
LIUXCS N0 THUITy paclpoCTpaHeHUs BOJIH B Marepuaine. Ha puc. 6 mokaszaHel cXxembl JByX BapHaHTOB
JATYUKOB: Ha OCHOBE BOJIHBI u3ruba (A) u Ha ocHoBe [TAB (b). B mepBom cnyyae 3a cuet Hampsi-

JKCHUSA, IIPUITIOKCHHOT'O K JIEBOM mape :

QJICKTPOAOB, IMPOUCXOIUT M3ruoHas
GHEOR NESI0IACKTOWYRCECDA MN&EE KO TOHEDY MBEAMINPETRMYRCKMIA DEEHKD

nedopmarus OYEHb TOHKOM
MeMOpaHbl. BepTukanpHOE OTKIIO-
HeHHe MeMOpaHbl IpeoOpasyercss B S
AIEKTPUYECKUN CUTHAJI, CHUMAEeMbIi i o : ‘] |
C mpaBoM mapel 31eKTponoB. Kak ﬂvfh IR LB AT el i
IIpaBWIO,  TOJIIMHA  MEMOpaHbl | ,:I NERARES

3HAYMTEIBHO MEHBILE JUIMHBI BOJIHEI
koseGannil. Bo BropoM ciyuae aky- ~ PHC. 6. TBepIOTENbHbIC aKyCTHUECKHIE JaTYHKH MEMOPAaHHOTO

CTHYECKHE BOJHBI (OopMHpYIOTCS Ha ~ THIA (A) n na IIAB (B).

IIOBEPXHOCTHU OTHOCHUTEIILHO

TOJICTOM MOJUIOKKU. B 000MX ciryyasix MpOCTPaHCTBO MEXJ1y MapaMy 3JE€KTPOJOB SBISIETCS YyBCTBH-
TeIbHON 30HOM NAaTYMKOB, PEarupyrollcil Ha BHEIIHUE BO3JCHCTBUS, TAKHE KaK JABJICHUE, BA3KOCTb
KUJKOCTHU, MOJIEKYJIBI T'a3a U MUKPOCKOIIMYECKUE YACTHULIBI.

[Ipu npoexTupoBaHUU TBEPAOTENBHBIX AKYCTUUECKUX JATYMKOB HEOOXOAMMO KOPPEKTHO COTJIa-
COBBIBATBH MIEKTPOHHYIO YaCTh CXEMBbI C MEXaHUYECKOM CTPYKTYpPOH, I paCIpOCTPAHSIIOTCS BOJIHBI.
Takue naTuMKy yalle BCEro pealu3ylTCs Ha OCHOBE IbE30UIEKTPUUYECKOro dexra. IToT 3P ekt
HOCUT OOpaTHMBI XapakTep. DTO O3HAYaeT, YTO CYHIECTBYET B JBYX HANPABICHUAX: MEXaHUYECKOE
HaIpsDKEHUE UHAYLUPYET ICKTPUYECKHE 3apsiibl, a MPUIIOKEHHOE JIEKTPUYECKOE II0JI€ BBI3BIBACT
HaIPsDKEHUE B NbE30JIEKTPUUECKUX KpUCTaJlIax. B cocTaB TBEpAOTENbHBIX aKyCTHYECKUX JATYMKOB
OOBIYHO BXOJAT JABa MbE30IEKTPUUYECKUX MpeoOpa3oBarensd: OAMH Ha IEpelarollieM KOHIE A
BO30YXJEHUS aKyCTHMUECKUX BOJIH, JPYroid Ha NMPUHHUMAIOIIEM A MpeoOpa3oBaHUs aKyCTUUYECKHX
BOJIH B JJIEKTPUYECKHUE CUTHAJIBL.

Cuna mpe3031eKTpudeckoro 3¢¢gexra B TBEPAOTEIbHBIX aKyCTHUYECKUX JAaTUYMKaX 3aBUCHUT OT
KOHUrypauuu 31ekTponoB. B natumkax Ha ITAB wucnone3yrorcs rpeGeHUaTbie 371€KTPOIbl, a B
npeoOpaszoBarensix, paboTaromuX Ha OOBEMHBIX AaKYCTUYECKHX BOJIHAX, NMPOXOJIIMX uYepe3 Bce
MIOIIEPEYHOE CEYEHHE YCTPONCTBA, - IEKTPOABI JOCTATOUHO OOJIBIION IUIOLIA/U, PACIOJIOKEHHbIE HA
IIPOTUBOTIOJIOXKHBIX CTOPOHAX AECTEKTOPA.

[TAB-ceHCOpBI BXOJT B COCTaB MHOTUX NMPUOOPOB, HAIPUMEDP, OHU UCIOJIb3YIOTCS B FeHepaTo-
pax B KauecTBE BpPeMsA3aJarolIuX yCTpOMCTB. II0CKOJIBKY Ha paclnpoOCTpaHEHHE aKyCTUYECKUX BOJIH
OKAa3bIBAIOT BIMSHUE MHOTO BHEIIHUX M BHYTPEHHUX (DaKTOPOB, MOJTYyYEHHBIC PE3YyIbTAaThl H3MEPEHUI
(M3MEHEeHMsI 4aCTOThI BBIXOJHOTO CUTHaja) MOTYT ObITh HEOJAHO3HAUYHBIMU M 00J1a1aTh OOJIBIIMMU O-
rpemHocTaMU. s pemeHus 3Toi npo6aemMsl IPUMEHAI0T AuddepeHInanbHble TaTYUKU, TOCTPOCH-
HbIE HAa OCHOBE JBYX UJeHTUYHbIX [IAB npeoOpa3oBaTeneii: OUH U3 KOTOPBIX SBJSIETCS ITATIOHHBIM,
a JApyrou - 4yBCTBUTEIIBHBIM YCTPOWCTBOM, PEarupyroIlMM HAa U3MEHEHMs BHELIHMX BO3ICHCTBUM.
OTanoHHBIA NpeoOpa3oBaTeb SKPAHUPYETCS OT BHEIIHMX CUTHAJIOB, HO MOABEPraeTcsi BO3ACHCTBHIO
Takux oOImHUX (PaKTOpPOB, KaK TeMIlepaTypa, cTapeHue U T.1. YacToTa BBIXOAHOIO CHTHANa, paBHas
pasHoctH yactoT AByX IIAB mpeoOpa3oBareneii, onpeaensieTcss TONbKO U3MEPSEeMbIM CUTHAJIOM U HE
3aBHUCHUT OT BIMSHHUS APYTHX MOCTOPOHHUX (DAKTOPOB.



JETEKTOPBI CBETOBBIX U3 TYUEHUI

Ha pucynke 1 nokaszaH crieKkTp 3JIeKTPOMAarHUTHBIX BOJIH. JI€TEKTOPBI 3IEKTPOMArHUTHBIX BOJIH,
JeXKaIIKX B CIIEKTPAIbHOM JHana3oHe oT yabTpaduoseroBoro ao nansHero MK uznyuennii, Ha3biBa-
IOTCSl CBETOBBIMM JieTekTopamMH. C TOUKM 3peHus pa3padOTyMKa AATYMKOB MOTJIOIIEHHE (POTOHOB
YYBCTBUTEIHHBIM MaTE€pPHAIOM MPHUBOAUT JHO0 K MOBBIIICHUIO €r0 TEMIIEPATyphl, JTUO0 K TOSBICHUIO
HOBBIX KBaHTOBBIX 4acTull. 1103TOMy BCe AETEKTOPHI CBETOBBIX M3JIY4EHHM MOYKHO pa3/EiauTh HA J(BE
IPYIIBL: K8aHmMosble N mennogvle peodpasoBarenu. KBaHTOBbIE NETEKTOPBI pabOTalOT B UHTEpBase
oT Y@ no cpegnero MK nmanazoHoB, B TO BpeMs Kak TEIUIOBbIE NAaTUYMKH Yallle MCIOJB3YIOTCS B
auana3zoHax cpeaHero u jganbHero MK wm3mydenwid, rae ux A>QQEKTHBHOCTh MpPU KOMHATHBIX

TeMIepaTypax HaMHOTO MpeBbIIaeT 3)HEKTUBHOCTH KBAHTOBBIX IPeoOpa3oBaTeieH.
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Puc. 1. CnekTp 371€KTpOMarHuTHOTO MU3JTy4EeHUS

KBanTOBBIE JeTEeKTOPHI

B ocHOBe mpakTHYecKu BCEX TBEPIOTEIbHBIX KBAHTOBBIX JETEKTOPOB ((OTOBOIBTAMYECKUX H
(GOTOMPOBOASIINX) JIKUT KBAHTOBas TEOpUS U3IMy4deHHs, Oaszupyromlascs Ha B3aHMOJCHCTBUM
OTJIENbHBIX (POTOHOB C KPUCTAJUIMUECKOM PELIEeTKOI MOJYyMPOBOJHUKOBBIX MaTepuanoB. X mpuHun
JEeUCTBUSI OCHOBAH Ha ABNCHUU (oTo3((derTa, OTKPHITOM A. DHHIITEHHOM, 32 KOTOPOE OH IOJIYUHII
Hob6enesckyro IIpemuto. B 1905 rony oH npeanoioxui, 4To CBET UMEET KBAaHTOBYIO IPUPOAY, T.€. OH
COCTOMT M3 IMOTOKa 3JIEMEHTApHBIX YaCTHIl, KaKJas U3 KOTOPBIX OOJagaeT B 3aJaHHBIX YCIOBHSIX
OTIpe/IeJICHHON SHEepruei. DTH YacTUlbl B JajbHEHIeM ObUTH Ha3BaHbl (JOTOHAMH. DHEPrusi 0JJHOTO
¢doToHa orpenenseTcs CIeAYIOMINM BhIPKEHUEM:

E=hy, (1)
rJe V - 4acToTa CBETA, a /i =6.626075°10* JxC - mocrossaHas I1naHka, BeIBeIeHHAs HA OCHOBE
BOJIHOBOI1 TEOpUU CBETA.

CronkHoBeHHE (OTOHA C MOBEPXHOCTHIO MPOBOJHMKA MOXKET MPUBECTH K 0OPa30BaHHIO CBO-
6oaHO0TO 271eKTpoHa. YacTh sHeprun (poToHA ¢ UCTIONB3YETCS Ha TO, YTOOBI OTOPBATh ATOT JIEKTPOH C
MOBEPXHOCTH, a Jpyras 4YacTh OTHACTCS OJJIEKTPOHY B BHUAE KHHETUYECKOW »HHepruu K.
doTornexTpudeckuii 3pPeKT MOKHO BBIPA3UTH B BUJIE:

hv=¢ +K,, 2)
rie ¢ HaspBaercs paboyel (QyHKIMEH HCIycKaromeld MmoBepxHocTH, a K, - MakCHMaJIbHOU
KHHETUYECKOM SHEPrHeil 2IEeKTPOHA MOCIIe er0 OTPhIBA OT OBEPXHOCTH.

AHaJIOTHYHBIE MPOLIECCHl MPOUCXOAT, KOT/Ia MOIYIIPOBOIHIUKOBBIA pP-n Mepexo MoABEpraeTcs
BO3/ICHCTBUIO CBETOBOTO M3ITy4eHUs: (POTOH MEpeaeT CBOO SHEPTHUIO AIEKTPOHY, M €CIH 3Ta SHEPrus
JOCTaTOYHO OOJBIIAs, HIEKTPOH CTAHOBUTHCS CBOOOHBIM, YTO O3HAYACT TOSBJICHUE HIIEKTPUIECKOTO
TOJISL.

[Tepuoanueckas perieTka KpUCTAUIMYECKUX MAaTEpUAIOB OIpeNeNsieT 3HAaUeHUsl Pa3pelIeHHbIX
30H 3HEPruil Ui 3JIEKTPOHOB, HAXOISAIIMXCS BHYTPU TBEPAOIO Tel. DHEprus JiroOOro 3JIeKTpoHa
JEKUT B IpEJesiax OJHON M3 pa3pelIeHHBbIX 30H, KOTOpBIE OTIENIEHBI APYr OT Apyra MHTEpBajlaMH
3alMpelleHHbIX 3HaYeHUH SHePTuH (3arpelieHHbIMU 30HAMH ).

Ecnu usnyueHue omnpeneneHHOW UIMHBI BOJIHBI (C JOCTATOYHO BBICOKOM 3Heprueit (hOTOHOB)
[aJaeT Ha IOBEPXHOCTb MOJIYIPOBOJHUKOBOIO KpUCTaJljIa, KOHIEHTpAlMs 3apsDKEHHBIX YacTHIL
(37IEKTPOHOB U JBIPOK) B HEM YBEIMUUBAETCS, T.€. BO3PACTAET €T0 y/IeIbHAasl IPOBOIUMOCTb.



Ha puc. 2 noxa3ansl 30HbI SHEPIUi B MOJIYIPOBOJHUKOBOM Marepuaie. HuxHss 30Ha HasblBa-
€TCSl BAIeHMHOU 30HOU, KOTOpask COOTBETCTBYET 3JIEKTPOHAM, CBSI3aHHBIM C KpPUCTAJUIMYECKOMU
pewieTkoi Martepuana. B ciydae kpeMHHs WM TepMaHMs 3TH 3JIEKTPOHBI YUacTBYIOT B ()OpMHUpOBa-
HUM KOBAJICHTHBIX CBsi3eH, 0OYCIaBIMBAIOIIMX BHYTPHATOMHbIE CBSI3U BHYTpU Kpuctamia. Cambliit
BEPXHUI €0 HA3bIBAECTCSl 30HOU NPOBOOUMOCMU. ITA 30HA COOTBETCTBYET 3JIEKTPOHAM, CBOOOHO
MEPEMEIIAIOIMIMMCS 110 KPUCTAJUTY. DJIEKTPOHBI C TAaKUMHU SHEPIHSMH YYaCTBYIOT B OOECIICUCHUH
IEKTPONPOBOJHOCTH Marepuana. Mexay OSTUMH 30HAMM JISKHUT 30HA 3ANPeujeHHblX OSHepeull,
IIMPUHA KOTOPOI onpenensercs: TUIIOM MaTepHaia: MO0 MOoJyNpoBOJHMKA, MO0 aAudnekTpuka. Ko-
JIMYECTBO JIEKTPOHOB BHYTPU KPHUCTAJIa COOTBETCTBYET IIOJHOMY 3allOJIHEHUIO BCEX BO3MOKHBIX
MECT B BaJeHTHOW 30HE. [Ipu S
OTCYTCTBHU TEIJI0BOTO
BO30Y)XJIEHUS U y TIOJTYIPOBOI-
HUKOB, U y JUJIEKTPUKOB Ba-
JICHTHAs 30Ha ABJIAETCS
MIOJIHOCTBIO ~ 3aIIOJHEHHOH, a
30Ha IIPOBOAUMOCTH -
MOJHOCTRIO MycTOW. B Takux
BOOOpa)kaeMbIX YCJIOBHUSX HHU
OIMH M3 3THX MarepuanoB He  Puc. 2. ®oTorddeKT B NOTyNPOBOIHUKAX C yIACTHEM
Oyzmer o0nazaTh IEKTPOIPO-  (OTOHOB C BHICOKOM dHEprucii (A) u Huskoii sueprueii (b)
BOJJHOCTBIO.

B meramnax sHepreTMueckue ypoBHHM B 30HE IIPOBOJAMMOCTH SIBJISIIOTCSI HE MOJIHOCTBIO 3amoJi-
HEHHbIMU. [103TOMY 371€KTPOHBI MOTYT CBOOOJHO MEpeMeNaThCs BHYTPU MaTepuaa, MOCKOJIbKY s
nepexo/ia ¢ ypoBHs Ha YPOBEHb MM He TpeOyeTcst 001agaTh OUeHb BBICOKOM 3Heprueil. Itum o0bsic-
HSIETCSl BBICOKAsl 3JIEKTPONPOBOJHOCTh METANIOB. B 1nUanexkTpukax M MOJIYNPOBOJHHUKAX, JUISL TOTO
4YTOOBI IONMAcTh B 30HY IPOBOJMMOCTHU, 3JIEKTPOHAM IPHUXOAUTCS CHayala IPeoJI0JIEBaTh 30HY
3allpPELIeHHbIX 3HEPruil, KOTopas Ui AMIEKTPUKOB cOCTaBiseT mopsaaka 5 »B u OGonee, a s
MOJIyIPOBOJIHMKOB HECKOJIBKO HIDKE. DTHM M OOBACHSETCA TOT (DAaKT, 4TO 3JIEKTPONPOBOJHOCTH
IIOJIYTIPOBOIHUKOB (HE TOBOPSI YK€ O TUIIEKTPUKAX) HA HECKOJIBKO MOPSIIKOB HIUKE, YEM Y METAJLJIOB.

Ecmu doton, obnamaronuii BEICOKOW 3HEprueil (00NbIION YacTOTOH), yaapsercs O KPHCTalI
(puc. 2A), oH BbIOMBAET U3 €r0 BAJEHTHON 30HBI AEKTPOH U IEPEacT eMy J0CTaTOUYHOE KOJIMYECTBO
KUHETHUYECKOW 3HEPruM, 4TOObl OH MOT MEPECKOYNTh 30HY 3alpeIleHHbIX SHEPrUuil U MONacTh B 30HY
MIPOBOJIUMOCTH, T.€. Ha OoJiee BHICOKHI SHEPreTUYECKUI ypoBeHb. B 30HE MPOBOIMMOCTH AJIEKTPOH
ABJIAETCS CBOOOJHBIM HOcUTeneM 3apsga. HenocraTok 371€KTpoHa B BaJ€HTHOM 30HE O3HAadaer
MOSIBJICHUE TaM IbIPKH, KOTOPas TOXKE€ MOXET PacCMaTpUBAThCA KaK CBOOOJHBIN HOCHUTENb MPOTH-
BOIIOJIOJKHOTO JJIEKTPOHY 3apsja. YBEIWYECHHE KOJIMYECTBA JBIPOK BBIPAXKAETCS B YMCHbBILICHUU
YIIENBHOTO COMPOTHUBIIEHUS Marepuana. Ha puc. 2b moka3zaHo, YTO NPOMCXOAMT, Koraa (OTOH
oOnazaeT HM3KOM 3HEpPruel, HETOCTATOYHOM Al MPEOJOJIEHHS IEKTPOHOM 30HBI 3alpeIleHHBIX
sHepruil. Kak BUJIHO U3 puUCyHKa, B 3TOM cillydae CBOOOIHbIE HOCUTENH 3apsi10B HE 00pa3yroTcs.

[IupyrHa 30HBI 3alpEIICHHBIX YHEPTUH CIY)KMT TEM IOPOTOM, HHXKE KOTOpPOrO Marepual He
ABIsieTCA (POTOUYBCTBUTENBHBIM. OJTHAKO HE CIEIyeT MPEACTABIATH MOPOT B BUIE PE3KOW I'PaHMIIBL.
Bo Bpems ¢orosddexra Bcerna BBIMONHAETCS 3aKOH COXPAaHEHHUS MOMEHTOB JBIIKEHHA. MOMEHT
IBYO)KCHHSA U IJIOTHOCTH ABIPOK M JIEKTPOHOB B 30HAX BAJICHTHOCTH M INPOBOJUMOCTH SBIIAIOTCS
MakCHMaJbHBIMU B IIEHTPE M MAJalOT A0 HyJIs Yy BEPXHEr0 M HIDKHEro KpaeB 30H. Iloatomy
BEPOSITHOCTh BO30Y)K/IEHHOMY B BaJE€HTHOW 30HE NIEKTPOHY HAaWTH MECTO B 30HE MPOBOJMMOCTHU
ropasio BbIIIE B LEHTpE 30H, 4yeM N0 KpasMm. [losTomy crnekTpaibHas (OTOUYBCTBUTEIHHOCTD
MaTepHajga HauuHaeT PacTH C 3HepPruM (poToHa, MOCTENEHHO JOXOJUT A0 MaKCMMyMa M IOTOM CHOBa
nazaer 10 Hyls NPU DHEPTMH, COOTBETCTBYIOIIEH Pa3HOCTU MEXAYy HMKHEH JHEPruei BaJICHTHOU
30HBI W BEpPXHEW OHEpPrued 30HBI IPOBOJUMOCTH. THIIOBas CHEKTpajbHas XapaKTEpUCTHKA
IIOJIYTIPOBOJIHUKOBOIO MaTepHajia mnoka3aHa Ha puc. 3. Ilpu BBeJeHMHM B MaTepuall ONpPENETIeHHbIX
IpUMeceil MOKHO MEHSTh (POTOUYBCTBUTEIBHOCTh Marepuana. ITOT COCOO MOKHO HCIOJb30BaTh
IJIE U3MEHEHUs. (OpPMbI MJIM TOJy4EHHUs CJBHUIa CHEKTPAJIbHOM XapaKTepUCTUKHM KpucTaiia. Bcee
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npubOpHI, HaPAMYIO peoOpasyromire GOTOHbBI I
AIIEKTPOMATHUTHBIX HW3IIy4CHHH B HOCHUTEIHU Mo [—
3apsioB, Ha3bIBAIOTCS K8AHMOBbIMU
Ooemexmopamu. K Takum ycTpoWcTBaM OT-
HOcATCSL  (DOTOAMOMBI, (POTOTPAH3UCTOPHI U
(hOTOPE3UCTOPHI. |
doroanoamnl. |
DoTOaMOIBI - 3TO TOJIYMPOBOIHUKOBEIC I = \
ONITUYECKUE JATUYUKU. DTO MOHITHE BKIIOYAET B 1 = / 1 =
cebs Jake colHevHbIe OaTapen. B ympoieHHOM e " e o e
BUJIC TIPUHIIMIT JCHCTBHSA (OTOIUOJOB MOXKHO ANHHG BTN, HiA
OnucaTh cleaylolmuM oopasoM. Ilpu Bosmeiict-
BUU W3JY4YEHHUsS] COOTBETCTBYIOLICH 4acTOTHI Ha Puc. 3. CnekrpanbHas XapaKTepHCTHKA
MpsIMO CMEUIEHHBIM p-n mepexoa (B KOTOpOM UK doTtommona
MOJIOXKUTEIIHHBIM BBIBOJI OaTaper MOIKIIOYEH K
30HE p), TOK 4epe3 POTOIMO] BO3PACTET HE3HAYUTEILHO MO0 CPABHEHHIO C TEMHOBBIM TOKOM. Jlpyrumu
CIIOBaMH, TOK CMEIICHHUS B 3TOM CiTydae OyJIeT HAMHOTO IPEBBIIATh TOK, TeHEepUpyeMblid cBeToM. [Ipu
0o0paTHOM CMeIIeHNH p-n nepexoa (puc. 4) Tox
BO3pacTaeT oO4YeHb CHIbHO. (CTOJIKHOBEHHE K-agha it
(GOTOHOB ¢  TOBEPXHOCThIO  (hoTOaMOA i e
NPUBOAUT K 00pPa30BaHUIO MAp AIEKTPOH-JBIPKA
Ha 000MX KoHIax mnepexozia. llpum momamanuum
JNIEKTPOHOB B  30HY IIPOBOJMMOCTH, OHH
HAYMHAIOT JIETETh B CTOPOHY IMOJIOKUTEIHHOTO
nosiroca Oatapeii. COOTBETCTBEHHO, CO3JaHHBII
MOTOK JIBIPOK HAIIPABISAETCA K OTPUIATEIBHOMY
MOJIOCY. DTO O3Ha4yaeT TMOSBICHUE B IICMHU
doTonmona Toxa i, B TeMHOTe TOK yTeuku iy He
3aBUCUT OT TPHJIOKEHHOTO HANpsDKEHHs, a
NPUYMHON €ro BO3HUKHOBEHHMS SIBISICTCS TEIl-
JIOBasi TeHepalys HocuTesel 3apsgoB. Ha puc.
S5A TOKa3aHa SKBHUBAJICHTHAs JJICKTPHUYECKAs
cxemMa o00paTHO cMemnieHHoro (oToamona,
cocTosAIIast U3 ABYX HCTOYHUKOB TOKa U RC-11emu.
[porecc ONTHYECKOTO JETEKTUPOBAHMS 3aKJIFOUACTCS B IPSMOM NpeoOpa3soBaHUH ONTHYECKON
sHepruu (B BUJE MOTOKA (DOTOHOB) B ANEKTPUUECKHI CUTHAJ (ITOTOK 3JEKTPOHOB). Takum 00pazom,
ANIEKTPUYECKUI TOK MPONOPLHUOHAIICH ONITHYECKOI MOIITHOCTH MAIAI0IIETO Ha IETEKTOP U3TyUEHHS.
Ha puc. 5b mnokaszana BoibTammnepHas
XapaKTepuCTUKa TUMOBOTO (oToanona. Eciu iy o
IUOAY TPU PA3OMKHYTOH IIeNH IOJAKIIOYUTH LS. it
BOJIbTMETpP, OOIaJaromii BBHICOKUM BXOJHBIM
UMIIEJTAHCOM, MOXHO YBHJIETh, YTO TIpU
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Puc. 4. Ctpykrypa poroauona

YBEJIUYEHUH OTTHYECKO MOII[HOCTH,
HanpsDKEHUE  MEHSeTCS MO0  HEeTMHEHHOU n ,
(JrorapudmMuvecKoit) 3aBUCHUMOCTH. [Ipu

KOpOTKOM 3aMbikanuu nenu (V = 0) Tok cBsA3aH  Puc. 5. DkBUBaneHTHas cxema Gpotoauona (A)
c OIITUYCCKOH MOIIHOCTBIO JMHEWHOU ¥ ero BoJIbTaMIIepHas xapakTepuctuka (b)

3aBHUCUMOCTBIO. BOHLTaMHepHyIO
XapaKTEPUCTUKY (OTOAUOJA MOXKHO OIMCAThH
BBIPAKCHHEM:
.. eV/mT .
i=i,(¢ - —i, 3)

rze i, - 0OpaTHbI TEMHOBOM TOK, BO3HMKAIOIIMN M3-3a TEIUIOBOM r€HEpaluy Map 3JIEKTPOH-IbIPKA,



is - TOK, COOTBETCTBYIOIIHUH JIETEKTUPYEMOMY ONITHYECKOMY CUTHAILY, m - OCTOsiHHAsA bonbnmana, T
- abcoIroTHAs TeMIeparypa.

DOTOTPAH3UCTOP

®oToAMO0 ] HAMIPAMYIO MpeoOpa3yeT (OTOHBI B HOCUTENH 3apsiioB - 0JluH GOTOH 00pa3yeT OJHY
napy OJeKTpPOH-AbIpka. DOTOTpaH3MCTOPHl NOMUMO  (DOTOIIEKTPHUECKOTO MpPeoOpa3oBaHUs
BBITOJIHAIOT (DYHKIIMIO YCHJICHHS TOKA, YTO 3HAYMTEIHHO MOBBIIIAET YYBCTBUTEIBHOCTH JIETEKTOPA.
[lepexon konekTop-06a3a sBIsSETCSI 00pATHO CMEIIEHHBIM AUOA0M. [Ipy BKIIIOYEHHH TpaH3UCTOpa B
CXeMYy C UICTOYHHKOM MHUTAaHUS, BHYTPU KOHTYpa, B COCTaB KOTOPOTO BXOAMT Mepexo] 0a3za-aMHUTTED,
HAuMHAeT Te4b (OTOMHIYIIMPOBAHHBIA TOK. Y CHICHHE TOKA B (POTOTPAH3UCTOPE MPOUCXOIUT TAKKE
Kak B TPaJUIMOHHOM OWIOJSIPHOM TpaH3UCTOpe. B pe3ymbraTe 3TOr0 KOJUIEKTOPHBIH TOK
3HAYUTENBHO BO3pPACTaeT.

Ha puc. 6 mokaszanbl sHepreTudyeckue 30HbI poToTpanzuctopa. oTOMHAYIIMPOBAHHBIM TOK Oa3bl
BO3BpAIaeTCs Ha KOJUIEKTOP 4epe3 SMUTTEp U
BHEIIIHIOIO YacTh CXeMbI. [Ipu 3TOM 371€KTpPOHBI,
nomnajaronie B 0a30ByI0 00JIaCTh CO CTOPOHBI
OMHUTTEpA, BBITAIKUBAIOTCS  3JICKTPUYECKUM
MOJIEM B 30HY KOJUIeKTOpa. UyBCTBUTENBHOCTH
¢doroTpansucropa oTIpeneNnseTcs
3¢h(heKTUBHOCTBIO PabOTBI  mepexona Oa3za-
KOJUIEKTOp U KO3(pPUIMEHTOM YyCUJICHUS IO
MOCTOSITHHOMY TOKY TpaHsuctopa. llostomy
MOYXHO yTBEPXKIaTh, YTO YYBCTBUTCIBHOCTh Puc. 6. DHepreTuueckue 30HbI (POTOTpaH3UCTOpA
aBIigeTcsl GyHKIHEH KOJUIEKTOPHOTO TOKA.

BonbramnepHbie xapakTepUCTUKU (OTOTPAH3UCTOPOB (3aBUCHUMOCTH KOJIJIEKTOPHOTO TOKa OT
HaNpsDKEHUS! HAa KOJUIEKTOpPE) UMEIOT TOT K€ BH, YTO M Yy OOBIYHBIX TpaH3UCTOPOB. [loaromy miis
pacuera cxeM C (OTOTPAH3UCTOPAMH MOXHO TPHUMEHATh TPAJUIMOHHBIE METOABI pa3pabOTKu
TPaH3UCTOPHBIX IeNeil, 3a HUCKIIYEHHEM TOro, 4TO 37ech 0a3a sABIsAETCS BXOJAOM s (oTo
WHAYIMPOBAHHOTO TOKAa, TEKYIIEro CO CTOPOHBI KOJUIeKTOpa. DOTO3IEKTpUYECKH Mpoliecc
IPOTEKaeT, B OCHOBHOM, B 30HE KOJUIEKTOp-0a3a, MOITOMY 4YeM IIHMpe 3Ta 00JIacTh, TeM OoJjble
HocuTenel 3apsioB Oynmer oOpazoBaHo. OYEBHIHO, YTO BCETJa HAA0 CTPEMHUTHCS YBEJINYMBATH,
HACKOJIBKO 3TO BO3MOXKHO, IJIOIIA/1b OKOIIKA JJIs momnasaHus cBeta. oToTpaH3UCTOPHI OBIBAIOT IBYX
TUIIOB: C IBYMsI M TpeMs BbIBoJamMu. B mocnenHem ciyyae pOTOTPAH3UCTOP MOKET UCMOIb30BATHCS
HE TOJIBKO KaK ()OTOUYBCTBUTEIILHBIA 3JIEMEHT, HO U KaK OOBIYHBIA OWUMOJSPHBIA TPaH3HCTOP, YTO
oOecrieynBaeT pa3paboOTUMKY JOMOJHUTEIbHYIO THOKOCTD MPU MPOSKTUPOBAHUH HJICKTPOHHBIX IIETICH.
OpHako B kKayecTBe (POTOAATUMKOB Yallle MPUMEHSIOTCS (POTOTPAH3UCTOPHI C IBYMsI BBIBOJAAMH.

DoTOpe3uCTOPHI

Taxoke kak 1 GoToanoa, GOTOPE3UCTOP SIBISETCS (POTOMPOBOIAIIMM YyCTpOoHCTBOM. Jlist m3ro-
TOBJICHUST (POTOPE3UCTOPOB, KaK MPABHIIO, MpuMeHsieTcs cynbdun kaamus (CdS) u cenenun kaaMus
(CdSe). Ot matepuansl SABISIOTCS MOJIYIPOBOAHUKAMH, COIPOTUBICEHUE KOTOPHIX MEHSAETCS MPH TO-
MaJaHud Ha MX TOBEPXHOCTh

FaCKTOp
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cBera, T.e. (GoTOdPDEKT 31IEChH gt
3aKJII0YaeTCsi B W3MEHEHUH -
YEIBHOTO COTIPOTHUBIIEHHUSI
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matepuana.  OueBHOHO,  UTO
doTope3ucTopsl  HEOOXOIUMO
MOJAKIIOYaTh K  MCTOYHHKAM
nutanuss. Ha puc. 7 moka3zana
cxema (bOTOPE3UCTUBHOTO
aneMmeHra. W3 pucyHka BUIHO,
9TO B HEM Ha MOBEPXHOCTH JBYX

IIPOTHUBOIIOJIOKHBIX KOHLOB Puc. 7. Ctpykrypa potopesucropa (A) u poTopesuctop
boTompoBoAHIKA HAHECCHBI cepranTuHHOH (opmbl (B)
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WIEKTPOAbl. B TEMHOTE TakOW HJIEMEHT MMEET O4YEHb BBICOKOE COIIPOTUBIIEHUE, U, CIEHOBATENIBHO,
IIpY MOJKIIIOYEHUU K HEMY MCTOYHHKA HANPsKEHHS V, TEMHOBOW TOK B LENU, HAIMYUE KOTOPOTO
OOBSICHACTCS TEIUIOBBIMH SIBJICHUAMH, OyJeT OueHb HU3KUM. [Ipu nmomagaHuu cBeTta Ha MOBEPXHOCTh
doTope3ncTa, B LENH HOTEUYET TOK ).

[IpynunHa yBeaM4eHHs TOKA 3aKIIOYACTCs B caeayromeM. HenocpeacTBeHHO 1oj 30HOM IIPOBO-
JUMOCTH KpHUCTa/Ula HAXOAWTCS IOHOPHBIM YPOBEHb, a HAJ BAJICHTHOW 30HOW pacrosaraercs
aKUENTOPHBIA ypOBEHb. B yCIOBHUAX TEMHOTHI 3TH YPOBHU SIBJIIOTCS IIPAKTHUYECKU 3AIIOTHEHHBIMHU
JNIEKTPOHAMM U JABIPKAMH, YTO OOBSICHSAET BBICOKOE CONPOTHUBIICHUE IMOIYNPOBOJHUKOBOTO KpH-
CTaJjlIa.

[Tpu ocBemennn (HOTONPOBOAAILIETO KPUCTAIUIA €0 MaTepUall MOTJIOMIAET JIeTAIHe (POTOHBI, B
pe3yabTaTe 4Yero SHEpPrusl JIEKTPOHOB BAJICHTHOW 30HBI BO3PACTAET, YTO IO3BOJAET UM IEpEMec-
TUTBCSI B 30HY NMPOBOJUMOCTH. IIpu 3TOM B BaleHTHOM 30HE OCTAarOTCA CBOOOJHBIE ABIPKU. DTOT
nporecc U OOBSICHAET MOBBIIICHUE YIEIbHON MPOBOAUMOCTH MaTepuasa. AKIENTOPHBIA ypOBEHb,
PACIIOJIOKEHHBIN PAIOM C BaJICHTHOM 30HOU, HE MOXKET YAECPkKATh NIEKTPOHBI, I03TOMY B BaJIECHTHOM
CJIO€ MPOUCXOJTUT HE TAK MHOIO PEKOMOMHAIMH Hap 3JIEKTPOH-IbIPKA, & KOJUYECTBO CBOOOHBIX
JIEKTPOHOB B 30HE MPOBOJUMOCTH 3HAYUTEIBHO BO3pPACTaET.

MOoKHO MOKa3aTh, YTO JJIS YJIYYIICHUS YYBCTBUTEIBHOCTU U CHUYKEHUS COIPOTHUBIICHUS PE3U-
CTHBHOTO 3JIEMEHTa PAaCCTOSIHHE MEXY dJIEKTPOAaMU HEOOXOIMMO yMEHbBIIATh, a IMUPUHY JAETEKTOpa
d - yBenuuuBaTh. J{J1s BBIMONHEHUS TUX YCJIOBUH JETEKTOP OJDKEH OBbITh OY€Hb KOPOTKUM U OYEHb
HIMPOKUM. {7151 3TOro (OTOAETEKTOPY 4acTo MpUIaT popMy cepnanTuHa (puc. 7b).

OxitazknaemMble 1€TEKTOPbI

Jnst paboThl ¢ 00BEKTaMHU, UCITYCKAIOIMMMHU (POTOHBI ManbIX (< 25B) sHepruii T.e. 6onee IMH-
HBIX BOJIH, TpeOYyIOTCS MOJIyIPOBOJAHUKOBBIE YCTpOWCTBa, oOnajarolye Oosee y3koi 30HOM 3ampe-
IIEHHBIX Hepruid. OAHaKo Aa)xe B KBAHTOBBIX JIETEKTOPAX C JOCTATOYHO HEOOJBILIOH 30HOM 3ampe-
IICHHBIX PHEPTUH NPH KOMHATHOW TeMIlepaType COOCTBEHHBIC BHYTPEHHHE IIYMBbl HAMHOTO IIpe-
BBIIIAIOT MOJIE3HBIM CUTHaN. J[pyrumMu cI0BaMu, JETEKTOP B 3TOM cilyyae OyJIeT U3MeEpSATh COOCTBEH-
HOE€ TEIJIOBOE M3JIydeHHE. YPOBEHb IIyMa 3aBUCUT OT TEMIIEPATyphl, OITOMY NPU AETEKTUPOBAHUU
(OTOHOB € HU3KON »HEprueil OTHOLIEHWE CUTHAJ/IIYM MOXET CTaTh TaKUM MaJeHbKHM, 4YTO O
TOYHOCTH U3MEPEHHI TOBOPUTH HE npuxoauTcs. [1o aToi mpuunHe npu padoTe B CpeHEM U JajbHEM
WK cnekrpalbHOM 1uana3zoHe JETEKTOp HE TOJIBKO JOJDKEH 00J1alaTh y3KOM 30HOM 3alpelieHHbIX
SHEpPrui, HO €ro HeOoOXOJMMO OXJaXJaTh A0 TEMIEepaTypbl, NMPU KOTOPOH BHYTPEHHHUE IIyMbI
YMEHBIIAIOTCS 0 MPUEMIIEMOTO YPOBHS.

[MpuHIHN IEHCTBUS OXJIAXKIAEMBIX JIETEKTOPOB MOUYTH TaKOH K€ Kak, u Yy (POTOPE3UCTOPOB, 3a
UCKIIIOYCHUEM TOTO, YTO OHU ONPEICISAIOT U3NydeHrne OOJIBIINX JUIMH BOJH U PabOTAIOT MPH 3HAYH-
TeJIbHO OoJiee HU3KMX Temneparypax. [103ToMy KOHCTPYKIMU OXJIaXAaeMbIX JETEKTOPOB U (oTOpe-
3UCTOPOB CWJIBHO OTJIMYAIOTCS APYr OT Apyra. OXJIaXKACHNUE CMEINAeT YaCTOTHBIE XapAKTEPUCTHKHU B
CTOPOHY OOJIBIIMX JUTMH BOJIH M YJIY4IIaeT YyBCTBHTEIBHOCTD JeTekTopa. OIHaKo ObICTpOJelcTBUE
JETEKTOPOB IIPU OXJIAXKJACHUU HECKOJBbKO CHMXKACTCA. B JeTeKTopax s NOHWXKEHUS TeMIIepaTyphl
MOTYT IPUMEHATHCSA Pa3HbIE METOJBL: OXJIAXKACHUE CYXUM JIBJIOM, KUAKUM a30TOM WM CHKM)KEHHBIM
rejiieM, a TakKe TePMO3JIEKTPHUECKOe OXJIaXKIeHHEe, OCHOBaHHOE Ha a3 dekTe IlenbThe.

TenioBbie 1eTEKTOPbI

Tennossle K aeTeKTOpBI NMEPBOHAYAIBHO HCIOIb30BAIUCh M onpeneneHus WK msmydenui
cpeanero u panbHero MK nauana3zoHoB M i npoBeAeHUs] OECKOHTAKTHBIX TeMIEpaTypHBIX U3Mepe-
HUI, KOTOpbIE B TeueHHe nociaenHux 60 JeT cranyu Ha3plBaTbCAd MUPOMETPHUUYECKUMHU. JOTO Ha3BAHUE
MPOM30IIIO0 OT IPEYECKOTO CJI0Ba pUr, 0003HayYaromero oroib. CoOTBETCTBYIOIINE TEPMOMETPHI I10-
Jy4WIM Ha3BaHUE NMUPOMETPOB. B HacTosiiee Bpemsi OECKOHTAKTHBIE METOJbl U3MEPEHUs TeMIlepa-
TYpBl UCIOJB3YIOTCS OYEHb LIMPOKO: OT ONPEIEICHUS] MUHYCOBBIX TEMIIEPATYpP O ACTEKTUPOBAHMS
TEMIIEPATYPhl PA3IMYHBIX IUTaMeH. [[09TOMy Takue MeTob!I NOJIydMIM Ha3BaHUE PaJMalliOHHON Tep-
MOMETpPHH.

Tunossie UK GeckOHTaKTHBIE TaTYUKU TEMIIEPATYPhl COCTOSIT U3 CIEIYIOIINX YacTei:

1. UyBCcTBUTENBHOIO 2J€MEHTA, PEArUPYIOLIET0 Ha MIEKTpoMarHuTHele u3nydeHus MK nguana-
30Ha. OCHOBHBIMU TPeOOBaHUAMM, MPEABIBIAEMbIMU K HEMY, ABISIOTCS: ObICTPOAEHCTBHE, BOCIPO-



W3BOJMMOCTD, BBICOKAsl YyBCTBUTEIIBHOCTD U XOPOLIask JOJTOBPEMEHHAs CTAOUIBHOCTD.

2. OnopHO# KOHCTPYKILMH, MMOJICPKUBAIOIICH YyBCTBUTEIHHBIA 3JIEMEHT U 00ecreunBaromen
J0CTyll K Hemy wuznyudeHus. KoHcTpykuus AomkHa 007a7aTh HU3KOM TEMJIONPOBOJHOCTHIO IS
CHUKEHUS TEIUIOBBIX ITOTEPb.

3. Koprmyca, 3amuniaronero 4yBCTBUTENIbHbIN JIEMEHT OT BO3JEHCTBUS OKpYXKAlOIIEH Cpelbl.
Kopmyc momkeH ObITh TEpMETHYHBIM. ET0 4acTo 3amONHSIOT CYXUM BO3AYXOM HIIM HHEPTHBIM T'a30M
(aproHOM HMJIM @30TOM).

4. 3amuUTHOTO OKOWIKA, IPO3PavyHOro Ul M3JIy4EHUsl UCCIEeNyeMOro Auana3oHa JUIMH BojaH. Ha
MMOBEPXHOCTh OKHA YaCTO HAHOCST CHEIHATbHOE MOKPBITHE C LENbI0 YITYUYIICHHUS ero MpOMyCKaromen
CHOCOOHOCTH JUTSI BOJTH OIPEICIICHHON ITMHBI ¥ (PYUIBTPAIIMN U3ITyYCHHUI HEXKENaTeIhbHOTO JUarma3oHa
CIEKTpa.

B o6nactax, nexamux Huxke cpeanero MK nuama3zona crnekTpa, 4yBCTBUTEIHHOCTH TEIIOBBIX
JETEKTOPOB TOPA3JI0 HUXKE, YEM Y KBAHTOBBIX JaTYMKOB. VX mpuHUMN NEHCTBUS OCHOBAH Ha MpeBpa-
[ICHWHA TEIUIOBOTO HW3IyYCHHS B TEIUIO C MOCIEAYIOIUM MpeoOpa3oBaHHEM YpOBHS TeIUla WU
TEIJIOBOTO IOTOKA B D3JEKTPUYECKUI CHUTHAJ, JUISl YEero MNPUMEHSIOTCS TPaJAULIMOHHBIE METObI
TEIUIOBBIX M3MepeHui. [IJig NeTeKTUPOBAaHUS TEMJIOBOr0 M3JIy4eHHs MOAXOIUT MPAKTHUECKU JF000M
JaTYUK TeMIEPATYPBHI.

Bce TennoBbie AETEKTOPHI U3JIyY€HUH MOXKHO pa3lieiuTh Ha jaBa kiacca: naccuBHbie MK (ITUK)
n aktuBHble MK (AUK) nerekropsl. IlaccuBHBIE NaTYMKK TOTJIONIAIOT BXOJMAIIEE H3IyUEHHE H
MPEBpAIIAlOT €ro B TEIIO, B TO BPEMS Kak aKTHBHBIE JETEKTOPHI BhIPAOATHIBAIOT TEIUIO MPH MOMOIIU
CHEIMAITbHBIX CXEM BO30YKICHUS.

Hueitku I'osest

Sueiiku [omest SBISIOTCS MIUPOKOMOJOCHBIMU neTekropamMu MK m3nydenmii. OHu o0namaroT
OYEHb BBICOKOM UYBCTBUTEIBHOCTBIO, HO TAaKX€ JOBOJBHO XPYNKOW KOHCTpykuuei. I[IpmHuun
neiicTBus siueek ['osies OCHOBaH Ha JAETEKTUPOBAHUM TEIIOBOTO PACIIUPEHUS ra3a, 3aKIIOYEHHOIO B
3aMKHYTOM 00beme. [103ToMy Takue JaTYUKU MHOTA Ha3bIBAOTCS TEPMOITHEBMATHIECKIUMHE JIETEKTO-
pamu. Ha puc. 8 moka3zaHa cxema JeTekTopa u3iaydeHuid cpeanero u panpHero MK nmamas3oHoB,
peannzoBaHHOTO Ha 0a3e sueiiku [ores, cocTosiel U3 3aMKHYTOM KaMephl ¢ ABYMsI MeMOpaHaMu:
BepxHel u HxHel. Ha BepxHIol0o MeMOpaHy HaHOCHUTCA CJIOM, MOTJIOUIAOIIMK TEIJI0, 8 IOBEPXHOCTh
HIDKHEH MeMOpaHbI J1eJ1aeTcs 3epKaIbHOM.

HcTo4yHMK cBETa HaIlpaBJIEH Ha 3€PKAIbHYIO TEMNOECE HIMYHEHKE
noBepxHocTh. [lagatoniuii 1yd cBeta oTpakaercs s
OT IOBEPXHOCTH U IIONAJaeT Ha JAECTEKTOp
nojioxenus. Ha BepxHioro MeMOpaHy JAEHCTBYyeT
uccaenyemoe WK wm3nydyenue, moriomaemoe ee
nokpeiTheM. llornomeHHoe Temuo NpPUBOIUT K
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. e ABPEONEHOR
ITOBBIIICHUIO TEMIICPATYPBL MeM6paHLI, KOTOpa“, MCTOUHHE cae‘f/./\-_ IOEEQXNHOCT R
B CBOIO O04YCPCAb, HArpeBacT ras, 3aKJII0YCHHBIN B 0 b M
KaMepe. ;3 pacupACTCa MW €ro JaBJICHHUC BETEKTOR NOROKEHWA

YBEIMYMBACTCS. Y BEIMYECHHUE IABJICHUS IPUBOJUT
K gedopmanuy HUKHEH MemOpaHbl. M3MeHeHue
KPUBHU3HBI 3€PKAJBHON MOBEPXHOCTH MEMOpaHBI
OKa3bIBAET BIIUSIHUE Ha HallpaBJICHHE
OTPaKEHHOTO JIydya CBETa, KOTOPBIM Temeph MONAJaeT Ha JAPYroe€ MECTO YYBCTBUTEIBHOW 30HBI
JaT4MKa IOJIOKEHUs. BelmnunHa OTKIOHEHMs IOJIOKEHMsI OTPAKEHHOTO JIyda 3aBUCUT OT CTCIECHU
negopmaiu MemMOpaHbl U, CJIE€JOBATENbHO, OT MHTEHCUBHOCTH IOTJIOLIEHHOrO M3iydeHus. Takue
JATYUKU MOTYT M3TOTABJIMBATHCS IO TEXHOJOTHH TPOU3BOACTBA MUKPOCHUCTEM.

JeTekTOpbI N3J1y4eHH HA OCHOBE TEPMO3JIEMEHTOB

TepmoanemenTsl oTHOCATCA K Kiaccy naccuBHblx MK perektopoB. X npuHmun nencrBus
aHAJIOTHYEH MNpPUHIMITYY TepMmorap. DaKkTWdeckd, TEPMOIJIEMEHT IPEACTABIsIET COOONH HECKOJBKO
MOCJIEZIOBATENbHO COeMHEHHBIX TepMonap. [lepBoHayanbHO Takash KOHCTPYKIMS ObLIa MpEAsiosKeHa
JlxoyneMm [Uisi yBEJIMYEHUS BBIXOJHOTO CHUTHAJA TEPMOIJIEKTPUYECKUX JaTYMKOB. OH COEIMHUI

Puc. 8. Jlerekrop n3ny4eHuil Ha OCHOBE
suerku ['onest



MOCJICZIOBATEIHHO HECKOJILKO TepMOTIAp U TEPMUYECKHA 00BEAMHUI MX Topsiune crnau. CoBpeMeHHbIE
TEPMOAJIEMEHTHl MMEIOT COBCEM JPYTyI0 KOHCTPYKIHIO. Temepb WX OCHOBHOE NpeaHA3HAUYCHHUE -
TEIUIOBOE JICTEKTHPOBAHUE U3ITy4eHUI cpenHero u nanbHero MK nuamna3oHoB criekTpa.

Ha puc. 9 noka3ana cxema JETEKTOpa Ha OCHOBE TepMOJIeMeHTa. Takoil AaTYMK COCTOUT W3
pambl, 001a1aI0NIeH CPaBHUTEIBHO OOJIBINON TETJIOBOK MAacCOid, Ha KOTOPOH COPMHUPOBAHBI «XOJIOI-
HBIe» CITan. JTa paMa MPUCOSIUHECHA TH00 K TEPMOCTATY C U3BECTHOH TeMIIepaTypoii, 100 K ITaIOH-
HOMY JaTYMKy Temreparypbl. Ha pame kpenuTcs ToHKas MeMOpaHa, 00Jaiaronias HU3KOH TerioeM-
KOCTBIO M TEIUJIONPOBOJHOCTHIO, HAa TIOBEPXHOCTH KOTOPOW pACIIONAraroTCs «ropsSYHe) CIIam.
Ha3Banus TOpSYMX M XOJIOAHBIX CIIAEB SBIISIOTCS

HUCTOPUYCCKMMH, HalOMHMHAIOIMMHU O TOM, 4YTO TEONQSOR PALY AN
TEPMODJIEMEHTHI TPOU30IILIM OT Tepmonap. Ha camom

Jieie B TaKUX JIETEKTOpax MECTa COCAMHEHUU PEeIaKo ' W N O S
OBIBAIOT FOPSYUMHE WIIA XOJIOHBIMHU. KOMNCOHBIE ropruge cnan SOV

CNaM »

[IpuHUMD nEWCTBUSA JATYUKOB HA OCHOBE TEp-
MOJJIEMEHTOB HUYEM HE OTIMYAETCAd OT MPUHLIMIA
moboro naccuBHoro UK nmerekropa. MK usnydenwue
MOTJIOLIAETC WM HcIyckaeTca MemOpanoil. Ilpu
3TOM MPOUCXOTUT U3MEHEHHUE ee Temreparypsl. [lo-
CKOJIbKY Ha MeMOpaHe pacrHoJIOKEHBbI TOpsuue craw,
Pa3HOCTh TEMIIEpaTyp MEXJIy HUMU U XOJIOJHBIMU
crasiMd TMPUBOJUT K BO3HUKHOBEHHUIO TEPMOIJICK-
TPUYECKOTO HampsbkeHus. Temmeparypa mMeMOpaHbl
3aBUCUT OT €€ TEIUIOEMKOCTH, TEIUIONPOBOJHOCTH U

momHoct K msnydenus. Puc. 9. Cxema TepmossieMeHTa ¢
JIIs TOJIy4CHHUsT TEPMODJIEMEHTOB C BBICOKOM  yranoHHBIM ZaTYHKOM Temmeparypsl (x 1

YYBCTBUTCIBHOCTBIO U HU3KUM YPOBHCM IIyMa CIlan V SIBJISIFOTCSL Pa3HBIMU MaTepI/IaJIaMI/I)
JOJI?KHBI HU3TrO0TaBJIMBATBCA nu3 MaTCpUuaioB,

00aJalolMX BBICOKUM TEPMOIEKTPUUECKUM KO3()(OUIIMEHTOM, HU3KON TEIIONPOBOJIHOCTRIO H
HU3KUM OOBEMHBIM Y/AEIBbHBIM CONMpOTHBICHHEM. Ilpu 3TOM TepmoanekTpuueckue Ko3(h(HUIHEHTH
1ap COEIMHEHUN JOJIKHBI UMETh IPOTUBOIIONOXKHbIE 3HakU. K coxxalieHuto, OOJIBIIMHCTBO METAIIJIOB,
00ajaloINX HU3KUM YJIENIbHBIM JIEKTPUUECKUM CONPOTUBIIEHUEM (30JI0TO, MeJlb, C€pedpo), UMEIOT
OUCHb HU3KHE TEPMOXJIEKTpUYecKHue KO3(P(MUIMEHTH.. Y MeTauioB ¢ 0o0Jiee BBICOKHM YAEJIbHBIM
COIPOTHUBIICHHEM (BUCMYT U CypbMa) TEPMONIEKTpHUECKHE KO3(D(UIIMEHTHI TOPA3/I0 BBIIIE, IO3TOMY
MMEHHO OHM U UCHOJIb3YIOTCS Yallle JPYTUX MPU IPOU3BOACTBE TEPMOIIEMEHTOB.

TepMoaneMeHTHI SIBISIOTCS yCTpPOHCTBaMHM, paOOTalOIIMMU Ha MOCTOSIHHOM TOKE, BBIXOJHOM
CUTHAJI KOTOPBIX JOCTAaTOYHO XOPOLIO OTCIIEKHMBAECT TEMIIEPATYPY «TOpAYEro» cmas. TepMOoIeMeHT
MOJKHO IIPE/ICTaBUTh B BUJAE UCTOUHMKA HAIPSHKEHUS, YIIPABJISIEMOTO TEIJIOBBIM ITOTOKOM, COEIMHEH-
HOTO TIOCJIEZOBATENIHHO C PE3UCTOPOM (MKCHPOBAHHOTO HOMHHANA. J[aTumk pasmemniaercs B repme-
TUYHOM METAJUIMYECKOM KOPIIyCe C IPOYHBIM MPO3PAYHBbIM OKHOM. BBIXOIHOE HanpspKEHUE JaTduKa
IPONOPLHOHATIBHO MOMNAJAloIIeMy Ha Hero u3iydyeHuro. Jlpama3oH pabouMx YacTOT HAETEKTOpa,
3aBUCHUT OT TEIUIOEMKOCTH M TEIJIONPOBOJHOCTH MEMOpaHbI, ONPEAEIAIONMX TEMJIOBYIO TIOCTOSIHHYIO
BpPEMEHH.

AKTHUBHBI 1aTYNK u3jaydeHus aaabHero UK mmanazona

B aktuBHbIXx MK nerexropax mpouecc M3MepeHHs MOTOKA TEIJIOBOTO W3JIYYEHHsS OTJIMYEH OT
mmpolrecca MacCUBHBIX NaT4uKOB. B omimume ot maccuBHoro MK asnemenra, TeMmmeparypa KOTOPOTo
onpeAeNseTcs Kak TeMIepaTypoil 00beKTa, TaK U OKPYKaloIlel TeMIIepaTypoil, B aKTUBHOM JaTUUKE
TEeMIIEpaTypa NOBEPXHOCTU YYBCTBUTEJIBHOTO IEMEHTA B TEUEHHE BCETO IPOLECCA M3MEPEHUs TO-
JEpKUBAETCSl HA OJHOM 3aJlaHHOM YpoBHE Ty. J[s 3TOro B AETEKTOP BCTPOEH HArpeBaTENbHBIN dJic-
MEHT, MOIIIHOCTh KOTOPOro peryinupyercsi cxemoll ympasieHust (puc. 10A). IIpouecc BelpabOTKH
YIIPABJISIIOLIETO CUTHAIA COCTOUT B U3MEPEHHUH TEMIIEPATyphl IOBEPXHOCTH 3JIEMEHTA U CPAaBHEHUU €€
C BHYTPEHHEH TAJIOHHOM TeMIieparypoil. IHorzna TemmnepaTypa NOBEpXHOCTH MOJAEPKUBAETCS BBIILIE
MaKCHUMaJIbHO OKHJaeMON TeMrepaTypbl 00beKTa, OJJHAKO, sl OOJIBIIMHCTBA MPAKTUUECKHUX CITy4aeB
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YXOAUT TpeMmsl MYyTSIMHU:
yepe3 TeIJIONPOBOIHOCTE,
yepe3 KOHBEKLHIO U 4epes3
TEII0BOE U3J1y4eHue,
KOTOpO€ U HE0OXOJMMO M3MEpHUTh. B OT/IMYMe OT MepBBIX ABYX CIOCOOOB TEIJIONepenayH, KOTOpbIe
BCEr/la HampaBJeHbl HApy)Ky OT 4YYyBCTBUTEIBHOTO »JJieMeHTa (MOCKOJIBKY OH BCerja Teriee
OKpY’Karollell cpenibl), pauallMOHHas Meperadya TeIia MOKET UATH B JII0OOM HalpaBlIEHUH, KOTOPOE
3aBHCUT, B OCHOBHOM, TOJBKO OT TeMIepaTypbl 00bekTa. YacTh MOLIHOCTH W3IYYeHHS YXOAUT OT
3JIeMEHTa BHYTPb KOpITyca AaTyuka, B TO BpeMs KakK Jpyras 4acTb MOCTYNaeT OT 00beKTa (UIH YXOAUT
K HeMy). BakHO OTMeTHTh, YTO CyMMapHBbIil TEMJIOBON MOTOK (TEMJIONPOBOJAHOCTh + KOHBEKLHUS +
M3Jy4eHHEe) BCErla MIMEET HallpaBJIeHUe OT 00BEKTa, T.€. IMEET OTPULATEIbHbIN 3HAK.

JluHamudeckasi TeMmIeparypa MOBEpPXHOCTH Iy J000TO TEIUIOBOTO 3JIEMEHTA, M aKTUBHOTO, U
MACCUBHOTO, MOKET ObITh OnucaHa quddepeHnanbHbIM YPaBHEHHEM MIEPBOTO MOPSIKA!
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BHYTPH KOpITyca M TIOTJIONIaeT NOTOK @, oT o0bekTa (A),
BpEMEHHas Tuarpamma Jijisi U3J1ydaeMoro MoToka, TeMIepaTypbl
MMOBEPXHOCTHU U IpuJioskeHHON MotiHocTH (b)

rje P - MOIITHOCTh, TIOJy9daeMast 3JIEMEHTOM OT UCTOYHUKA MMUTAHUS WK IIeTTH BO30YXIeHUs (ecnu
OHHM €CTh), P/ - TEIJIOBBIC MOTEPH 3a CUET TEIJIOMPOBOHOCTH U KOHBEKIIUHU, 1 U € - Macca U yIeIbHas
TEIIOEMKOCTb CeHCopa, a @ = @y, + @, — cyMMapHbIi TENJIOBOM NOTOK U3Iy4eHH. [1010KUTENBHBII
3HaK MOIIHOCTU P 03Ha4aeT, YTO OH HAIMPABIICH K AJIEMEHTY.

B maccuBabix MK nmerekropax, HMKakoil BHEIIHEH MOIIHOCTH He moaBoautcs (T.e. P = 0),
MOATOMY OBICTPOJICHCTBHE JAaTUMKA, XapaKTEPHU3yeMOE€ TEIUIOBOM TOCTOSHHOW BpPEMEHHW 77, OTpe-
JIENISIETCSl TOJIBKO €r0 TEeIIOEMKOCThIO U TerioBbIMU ToTepsaMu. B aktuBHbix UK anementax mocine
Mepuojia pa3orpeBa 0 Temmeparypbl I, cxema YIpaBJICHHs CTPEMUTCA YyIEpKaThb TEMIIepaTypy
MOBEPXHOCTHU JIaTYMKA HA TOM )K€ CAMOM YPOBHE, YTO O3HAYAET:
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Toraa ypaBHeHHE (4) CTAHOBUTCS alNTreOpandecKuM:
P=P, +®. (6)

B otnmune ot maccuBHbIX MK 1eTEKTOPOB aKTHUBHBIC JATYMKH pabOTAOT Kak OECKOHEYHBIE UC-
TOYHHMKH Teruia. 3 BIIIIECKAa3aHHOTO CIIEIYET, UTO B UACAIBHBIX YCIOBUAX BBIXOJIHOW CUTHAJ aKTUB-
HBIX JETEKTOPOB HE 3aBUCHUT OT TEIUIOBOM MacChl U He siBIsieTcs QyHKuuel Bpemenu. [lpu addexrus-
HOHW paboTe CXeMbl YIPABJICHHUS B MOCTOSHHBIX YCIOBHSIX OKpYKaromieH cpenbl (P, = const) mpuio-
JKEHHasl JIEKTPUYECKash MOITHOCTh YCIIEBACT OTCIEKUBATH C BBHICOKOUW CTETICHHIO TOYHOCTH H3MEHE-
HUS IOTOKA M3Ty4eHUus] @. AMIUTUTY/1a U3MEHEHHUS 3TOW MOIITHOCTHU U SIBJISIETCS] BBIXOHBIM CUTHAJIOM
natuuka. 13 ypaBHenus (6) BUIHO, 4TO TeopeTruecku akTuBHbIe K neTekTopsl sBIstOTCS O0jee Obl-
CTPOJICHCTBYIOIIMMHU 110 CPABHEHHIO C TTAaCCUBHBIMH JMaTYrKu. OnHaKo 3PPEKTHBHOCTh aKTHBHBIX JIe-
TEKTOPOB OMPEILISICTCS KaK COOCTBEHHON KOHCTPYKIIMEH, TaK U YCTPOHCTBOM OJIOKA YIIPaBIICHUS.



JETEKTOPBI PAIMOAKTUBHOI'O U3JTYYEHUA

B neBoil cropoHe criekTpa 3J€KTPOMAarHUTHBIX BOJIH PAcCIlOJIOKEHA 30Ha p-u3iydeHuil. OnHako
CYILECTBYIOT 3JIEKTPOMAarHUTHBIE BOJIHBI C elle Oosiee KOPOTKMMHU AJMHAMHU BOJH. B pomonHeHue k
3TOMY CHOHTAaHHBIE M3JIY4YCHUs HEKOTOPBIX BEIIECTB HE BCEra MMEIOT JICKTPOMArHUTHYIO IIPUPONY.
Peub uzper o saepHOM M3IIyUYEHHM, MCIIYCKA€MOM sIpaMH aTOMOB HEKOTOPBIX MAaTepHalloB, KOTOPOE
ObIBaeT IBYX THUIIOB: B BHJE 3apsDKEHHBIX 4acTHll (¢, f W MPOTOHOB) U B BHJIE YACTHII, HE MMEIOIIUX
3apsza, Ha3bIBAEMBIX HEUTpPOHaMH. YacTh 3THUX YACTHUL] ABJIAIOTCA CIOKHBIMH, HAIIPUMED, O:-HaCTHILIBI,
IPEJCTaBIISIONME COO0H sipa aTOMOB I'eNusl, COCTOSIIUX U3 ABYX HEHTPOHOB U JIBYX POTOHOB, ApYTrHe
YaCTHIIbI, TaKUE KakK f -4aCTUIBI, YCTPOEHBI ropa3io IMpoluie (f-yacTuma - 3T0 JIMOO 3JIEKTPOH, JUO0
MIO3UTPOH). PEHTreHOBCKOE M y-M3IY4YEHHS OTHOCSITCS K 2JIE€KTPOMAarHUTHBIM H3Jy4EHUSIM SAECPHOTO
THna. B cBOIO odepenb, PEHITEHOBCKOE HW3IYy4EHHE B 3aBUCHUMOCTH OT JJIMHBI BOJIHBI JEJINTCS Ha
KECTKOE, MATKOE U YJIbTPaMArKOE. SAepHOE M3IIydeHHE YacTO HA3bIBAETCS MOHMU3ALMOHHBIM. JTO
Ha3BaHWE BO3HUKIIO M3-32 TOTO, YTO IPU IPOXOXKAECHUHU 3JIEMEHTAPHBIX YacCTHUI] Yepe3 pa3IMuHble
Cpebl, MOTJIOMAOIINE UX SHEPTHI0, BOZHUKAIOT HOBBIC HOHBI, (JOTOHBI MIIM CBOOOIHBIE PaIUKaIIbI.

HekoTopsle 371€MeHTHI, CYIIECTBYIOLINE B IPUPOJIE, SIBIIAIOTCS HECTaOUIbHBIMU. Takue sreMeH-
TBI IIPY CBOEM MEIJIEHHOM DPA3JI0’KEHUU HMCIIYCKAIOT YacTh CBOMX SAEP. OTO SIBJICHUE HA3bIBAETCS pa-
JIMOAKTUBHOCTHIO0. OHO ObUTO OTKPHITO B 1896 romy I'enpu bekkepenem, KOTOpbI 0OHAPYKWI, YTO
aTOMBI ypaHa (C aTOMHBIM 4HcIoM Z = 92) BeIpabaThIBAIOT U3NyYCHUE, 3aTeMHSIoIIee GoTorpaduye-
CKHE IUIaCTHHBI. B J0mOJHEHHE K €CTECTBEHHBIM paJUOAKTUBHBIM BELIECTBAM ObUIM IOJIyYEHBI
HCKYCCTBEHHBbIE. SIJpa TaKMX BELECTB BbIPAOATHIBAIOTCS B SIIEPHBIX PEAKTOPAX U SABJISIOTCA OUYEHb He-
CTaOMJIbHBIMU JIEMEHTaMHU. BHE 3aBUCHMOCTH OT MCTOYHHKA MPOMCXOXKACHUS U BO3pacTa pajnoak-
THUBHBIX MAaTEpUAJIOB OHU Pa3JIaratoTcsl MO0 OJHOMY M TOMY K€ MaTeMAaTHUYECKOMY 3aKOHY, OIpere-
JSIOILEMY CBSI3b MEXAY KOJIMYECTBOM HE pacnaBIIMXcd saep N U uuciaoM szaep dN, pacnagaromuxcs
3a KOPOTKHMI MHTEpBaJl BpeMEHHU dt . Bblo MoKa3aHO SKCIEPUMEHTAIBHO, YTO

dN = — ANdt, (1)
rzie A — ko3¢ GUIreHT pacmnaga faHHoro BemecTBa. M3 ypaBHeHus (1) MOXKHO HalWTH, YTO A — 3TO OIS
AJIEp, PaclaBIINXCA 34 €AUHUILY BPEMEHU:

A= _LaN . (2)
N dt

B cucreme CH enunuieit n3MepeHus paJuoakTUBHOCTH SIBISETCS. OEKKepeib, paBHbII aKTUBHO-
CTH PaJUOHYKJINJA, PACTIANAIOIIErOCs CO CKOPOCTBIO OJJHO CIIOHTAHHOE IIPEBpAIlleHNE B CEKyHOy. Ta-
KM 00pa3oM, OeKkepesb BbIpaXKaeTcsl B eIMHUIIAX BpeMeHu: 1 Gekkepenb paBeH 1/c. [lnst mpeoOpa-
30BaHMs OEKKepels B CTapylo UCTOpHUecKyro enuuuny Kropu Oexkepenb HE0OX0AUMO YMHOXKUTH Ha
KO3 UIIEHT 3.7¢10". Jlo3a mormnomenus uzmepsercs B rpesix. OAuH rpeil COOTBETCTBYET J103€ TO-
[JIOIEHUS, TP KOTOPOW 3HEPTHs HA €IMHUILY MAcChl, IOJIY4YE€HHAs BEIIECTBOM 3a CYET MOHU3ALUOH-
HOTO u3ydeHus, paBHa 1 JIkoymo Ha kujorpamm, T.e. rpeit paBeH [Dk/kr. IIpu onpenenenuu 10361
00Jy4eHus, NOJYyYEHHOW OT BO3AECHCTBUS PEHTIC€HOBCKUX U p-U3IYy4EHUH, UCHOJB3YIOT eauHuny Ky-
JIOH/KT, paBHYIO J103¢ OOJy4eHUs], IPUBEIIIel K BOSHUKHOBEHHIO B | KI' cyXoro Bo3ayxa 3apsna B 1
Kynosn. B cucteme CU equnanma Ki/kr 3ameHnia ctapyro eIMHUILY PEHTICH.

[Tpunnun pa®oThl 1aTYMKOB PAAMOAKTHBHBIX U3JIy4E€HHH Oompenensercs cnocoboM B3auMOAEH-
CTBUS UCCIIEYEMBIX YacTHLl C MAaTEPHAJIOM camoro aerekropa. CyllecTBYIOT TPU OCHOBHBIX THIIA Jie-
TEKTOPOB PaJNOAKTUBHBIX M3JIyUYEHUI: CHMHTWUILIMOHHBIE CYETYMKH, Ta30BbIE U MOJIYIPOBOIHUKO-
BBIE IETEKTOPHI. Takke B COOTBETCTBUM C NPUHIIUIIOM ACHCTBUSA BCE JETEKTOPBI MOKHO Pa3JEIUTh HA
JIB€ T'PYMIBI: JAETEKTOPHI CTOJKHOBEHUM M NO3UMETpHL. llepBbie ompenensoT Haauuue paguoaKTHB-
HBIX YacTHUL, B TO BpeMs KaK BTOPbIE U3MEPSIOT MOIIHOCTh M3nydeHuil. [loatomy cymectByer emie
OJlHa KJIacCU(UKaIMsl IeTEKTOPOB PaAUOAKTUBHBIX U3Ty4EHUI: KaUeCTBEHHbBIE U KOJMYECTBEHHBIE.

CUMHTH/LISAILIHOHHBIE 1eTEKTOPbI

[IpuHuMI nefcTBUS ATOM IpymIbl AETEKTOPOB OCHOBAH Ha CIIOCOOHOCTH HEKOTOPBIX MaTepHa-
JIOB MpeoOpa3oBHIBATh SIEPHOE M3IIydeHHEe B cBeT. 1103TOMy Ha OCHOBE CUMHTHIUIALIMOHHOTO MaTe-
pHaga U ONTHYECKOTO AETEKTOpa (POTOHOB MOXKHO PEAIM30BATh JATUUK PAAMOAKTHBHBIX M3JIy4EHUH.
OnHako crnefyeT OTMETUTh, YTO, HECMOTPSI Ha BBICOKYIO 3((EKTUBHOCTh NMpeoOpa3oBaHUM, MHTEH-
CUBHOCTb IOJIyYEHHOTO B pe3yiabTaTe oOJy4eHHs MaTepuaia CBeTa Bcerja oueHb Mana. [lostomy B



COCTaB CIUHTHIISIIMOHHBIX TATYUKOB JUIsl YCHIICHUSI CUTHAJIA IO TPEOYeMOTro YPOBHSI OOBIYHO BXOUT
(OTOYMHOKUTEITb.

WneanbHbli CUMHTHUISIIMOHHBIA MaTepyai Jo0JDKeH 001a1aTh CIeIYIOIUMU CBOMCTBAMHU:

1. OH nomxeH 3pPeKTUBHO MPeoOPa30BHIBATh KUHETUUECKYIO SHEPTHIO 3apsKEHHBIX YacTHUI] B

JETCKTUPYEMBI CBET;

2. D10 mpeoOpa3oBaHUe JOHKHO OBITh TUHEHHBIM;

3. [nst obecrieueHusi BEICOKOTO OBICTPOJECHCTBHS JIETEKTOpa BpeMs MOCIECBEYCHUSI MaTepHala

JOJIKHO OBITH KOPOTKHM;

4. KoahpumueHnT npeaoMieHus: MaTepraia J0JDKeH ObITh OM30K K KOAPQUIIMEHTY CTeKIIa, 4TO

HeoOxoauMo st 3 (HEKTHBHOTO ONTHYECKOTO COTJIACOBAHWS CHUHTHUISIIIMOHHOW KaMephl ¢

TpyOKOM (POTOYMHOKHUTEISL.

B CUMHTUIIAIMOHHBIX JETEKTOpaX, B OCHOBHOM, HCIOJb3YIOTCS TPU TUIA MaTepUaliOB: Heopra-
HUYECKHE KPUCTAIIBI TAJIOWIHBIX COCTUHEHHUN IIENOouYeii, OpraHMYecKue PacTBOPHI, B KOTOPBIX pa-
JMOAKTHUBHOE BEUIECTBO CMEIIUBACTCS C KUIAKUM CIUHTHIIISATOPOM, U OpPraHMYeCKHe KPUCTAIUIBI (Ha-
pUMep, aHTpalleH), MIACTU(PUIUPOBAHHbIE HEOOIBIIUM KOJIMYECTBOM APYTruX MaTepuanoB. Heopra-
HUYECKHEe MaTepHalibl 001aaloT HE TOJIBKO OOJIbIIeH YyBCTBUTENBLHOCTHIO, HO U OOJBUINM BPEMEHEM
MIOCJIECBEUYCHHUS, YTO HE JIaeT BO3MOXXHOCTH PEaTM30BaTh HA WX OCHOBE OBICTPOJNCHCTBYIOIINE ETEK-
Topbl. OpraHnYecKue MaTepHuallbl JUIIEHBI 3TOTO HEJJOCTATKa, HO X YyBCTBUTEIHHOCTh, KaK MPABUIIO,
ropaszio HUXe.

OaHUM U3 TJIaBHBIX HEJIOCTATKOB CHMHTHUISILIMOHHBIX CUETYMKOB SBIISETCS UX HHU3KOE paspe-
[ICHHE 110 YHEPTHH u3IydeHus. I(H(HEeKTUBHOCTh CIIMH THIUISIIIMOHHBIX MPeoOpa3oBareneii siBisieTcs He
OYeHb BBICOKOH. J[1s1 00pazoBaHus OHOTO PErHCTPUPYEMOro HocHTeNs ((POTOIIEKTpPOHA) HEO0OXO-
numa sHeprus 6omnee 1000 3B. Tlpu 3TOM KOTMYECTBO HOCHUTENEH, CO3JAaHHBIX 32 BPEMs B3aMMOICHCT-
BUS W3IyYEHUS C MaTepUaloM, PEAKO MpPEBBIIIAeT HECKOJbKHUX Thicsd. Hampumep, pasperienue mo
SHEPTUH Ui CHUHTHUIATOPOB HA OCHOBE MOJUA HATPUS NPU ACTEKTUPOBAHUU ) - U3ITyICHHS MOIII-
HocThiO 0.662 M»1B orpanndeno 6%, 4To, B OCHOBHOM, ONPEAEIAETCS CTATUCTHUYECKUMH (IIyKTya-
musMU (POTOANEKTPOHOB. EAMHCTBEHHBIM METOJOM CHM)KEHHSI TAaHHOTO CTATUCTHYECKOTO OrpaHuye-
HUS ABIISETCS YBEIMUECHHUE KOJUYECTBA PETUCTPUPYEMBIX HOCUTENEH, MPUXOIAIIUXCS HA OJIHY Paguo-
AKTUBHYIO YacTHILY.

Ha puc. 1 nokazaHa ympolieHHas cxeMa CIMHTHUIAIMOHHOTO JETEKTOpa, COSAMHEHHOTO ¢ (o-
ToyMHOXHTeneM. CIUHTWUISILIMOHHAS KaMepa MPUKpeIieHa K nepeanei creHke (OTOYMHOXKHUTENS, B
KOTOpPYIO BCTPOEH (OTOKATOJ, Ha KOTOPHIN MOJAaeTcs HYIEBOW MOTeHIHan (MOTEHIMAT 3E€MJIN).
Buyrpu TpyOKH (DOTOYMHOKHUTENS YCTaHOBIIEHO MHOXeE- ek S
CTBO CHEIHMANLHBIX BBIMYKJIBIX IACTHUH, HA3bIBAEMBIX M- s
HOJIaMH, PACIOJIOKEHUE KOTOPBIX JPYT OTHOCHUTEIHHO e
Ipyra HanmoMuHaeT GopMy xkanro3en. Kaxaplii auHo 1o 1-
COCMHEH K WCTOYHHKY IOJOXKHUTEILHOTO HATPSIKEHHS.
UeMm panpllie JUHOJ PACIONIOKEH OT (HOTOKATOMA, TEM
BbIlIe ero noreHiman. [locneguum snemeHToM TpyoKu o-

TOYMHOYHUTENS SBJISIETCS aHOJ, HA KOTOPBIM MOJIaH MaKCH- o i"i vz Vo
MaJbHBI MOJOXKUTECIBHBIN IIOTEHIMAJI, MHOIJA JOCTH- OHHGAN!

TarolIui HECKOJIBKUX THICSY BOJBT. Bce KOMIOHEHTHI (o- webnumone |
TOYMHOUTENS HAXOATCS BHYTPHU CTEKJISTHHOW BaKyyMHOM

TpyOKHM, TaM e MOTYyT pacHojlaraTbCsi M HEKOTOphIE Puc. 1. COMHTHIIIALMOHHBI
JIOTIOJTHUTENBHBIC 3JIEMEHTHI, TaKue Kak (POKycupyromme JETEKTOP ¢ POTOYMHOKHUTEIEM

AJIEKTPO/]Ibl, SKpaHbl U T.1.

DOTOYMHOXHUTENb (DAKTUUECKU SIBIISIETCS YMHOKUTEIEM 3JIEKTPOHOB, MOCKOJIBKY BHYTPU €ro
TpYOKM HET HUKAaKHUX (POTOHOB, a €CTh TOJBKO 3JEKTpOHBL. PaccmoTpuM cnenyromuii npumep. Cunta-
€M, 4TO Y-4acTULbl 00aanatT kKuHeTnyeckoil snepruei 0.5 MaB. Ilpu ux Bo3aelcTBUM HA CLUHTHII-
JSIIMOHHBIN KpHCTAT 00pa3yloTcst cBOOOAHbIE (OTOHBI. D(H(PEKTHBHOCTH CHUHTHILIITOPA HA OCHOBE
KpHCTalljia MO1/1a HATPUsl C IPUMEChIO TaJulus cocTaBiser 13%. 3Hauut, B BUAUMBIN cBeT mpeolpa-
3yercs sHeprus, paBHasg 0.5x0.13 = 0.065 M»>B=65 k3B. [lockonbKy cpeHss SHEPTUs U3TY4CHHUS BU-



JMMOI0 Mana3oHa CIeKTpa COCTaBisieT nopsiaka 4 3B, To, 0ueBUIHO, YTO HAa OJIHY Y-4aCTULLY IIPUXO-
autcest 0koso 15000 hoTOHOB. DTO CAMIIKOM Majo IJisi PETHUCTPANUU OOBIYHBIM (DOTOJETEKTOPOM, TO-
ATOMY 3/1eCh HEOOXO0IMMO MCIOJIb30BaTh GoToyMHOXHTENb. M3 15000 GoTOHOB, Kak MpaBHIIO, TOJIBKO
10000 mocturatroT Qorokarona, (GpyHKIMS KOTOPOTO 3aKIKYaeTcsl B NpeoOpazoBaHUU (POTOHOB B
MaJIodHEpreTUIHbIe HeKTPoHbI. [lockonbky 3¢ dexTuBHOCTD PoTOKaTona cocTaBiseT 20%, OH BbIpa-
6atpiBaeT nopsinka 2000 >7eKTPOHOB Ha OJHY Y-4acTully. TpyOka ()OTOYMHOXKHUTENS SIBISAETCS JIMHEH-
HBIM YCTPOMCTBOM, U €€ KO3(P(UIMEHT yCUIIEHHs MOYTH HE 3aBUCUT OT KOJIMYECTBA PAa3MHOKEHHBIX
JJIEKTPOHOB.

[Tockonbky Ha Bce AMHOJIBI NOJAHBI IOJIOKUTENIbHbBIE MOTEHLUUANbI, 3JEKTPOHBI, OKUHYBIINE
(boTOKaTO |, MPUTITUBAIOTCSA TEPBBIM JUHOJOM. [Ipy CTONKHOBEHHMH 3THX 3JEKTPOHOB C TOBEPXHO-
CThIO JIMHOJIA OCBOOOXJAIOTCSI HECKOJIBKO HOBBIX 3JIEKTPOHOB, YJETAIOLIMX HABCTpE4y BTOPOMY
IUHOAY W T.J., T.€. HAUMHAETCS JABUHHOE 00pa3oBaHME CBOOOJHBIX 3apsKEHHBIX YacTHL. Takum
oOpasom, mporecc (GOTOYMHOXKEHHUSI HIEKTPOHOB MPOMCXOIUT MMEHHO Ha auHonax. Kosdduument
YMHOXEHHs 00BIUHO coctaBiser mopsaka 10°. B pesyisrate 10 aHoma noxomut nopsaka 2x10°
3JIEKTPOHOB, CO3JIAIOIIUX JAOBOJILHO OOJIBLION 3JEKTPUUYECKHH TOK, PETUCTPUPYEMBbIH COOTBETCTBYIO-
LIMMH JIEKTPOHHBIMU CXEMaMHU.

B Hacrosimee BpeMsi HCHOIB3YIOTCSI HECKOJIBKO BUIOU3MEHEHHbIe (oToymMHOXkHTemu (DY), no-
Jy4yuBIIME Ha3BaHue KaHAIbHbIX (KDYVY), B KOTOpBIX ycTpaHEHbBI IIPAKTUYECKU BCE HEIOCTATKH Tpa-
auuuoHHbIX @Y. B Hux kak u B @V npeobpazoBaHue GOTOHOB B (POTOAIEKTPOHBI IPOUCXOIUT Ha
doTrokaroze, KOTOpbIe Aajnee, YCKOPSACh 3a CUET MPUIOKEHHOTO 3JIEKTPHUUECKOrO MOJIsl, JOCTUTAr0T
aHoja. Bmecro cnoxHOM AMHOAHOM cucTteMbl B KOV ncnonb3yeTcss W3BHIMCTBIA TOHKHM MOJIYIIPO-
BOJHMKOBBIN KaHai. IIpu mpoXo’kaeHun 3TOT0 KaHaja 3JIEKTPOHBI YAApSAIOTCA O €ro CTEHKH, W IpHU
KaX/IOM TaKOM CTOJKHOBEHHM C IMOBEPXHOCTH CTEHOK KaHajla BBIOMBAIOTCS BTOPUYHBIE 3JIEKTPOHBI.
ITockoIbKY KONMYECTBO IEKTPOHOB BCE BPEMs BO3pACTaeT, 3TOT MPOLECC HOCUT JIABUHOOOPA3HBbIA
xapakrep. Koaddurment yeunenus takoro KOV 6eBaer 6omee 10°. Pe3yasTupyromuii TOK CHIMa-
ercs ¢ aHoga. KDY 4acTo n3roTaBinuBaioTCsi TEPMETHUYHBIMU U UMEIOT 00JIee MPOUYHYI0 KOHCTPYKIIHIO
10 CPAaBHEHUIO C XPYNKUMU TPAJULAOHHBIMUA V.

HNonn3zannoHHbIe JeTEKTOPBI

JleTeKTophI 3TOTO KJIacCa OCHOBAHBI HA CIIOCOOHOCTH HEKOTOPBIX Ta30B U TBEP/BIX TeJ BhIpada-
ThIBaTh MOHHBIE MTAPbl IPU BO3JICHCTBUM HA HUX MOHU3ALMOHHOTO U3Iy4eHus. Jlanee mojaoKuTebHble
U OTPULATEJIbHBIE MOHBI IIPH MOMOILN JIEKTPOCTATUYECKOTO OIS OTACISAIOTCA APYr OT Apyra M uX
KOJIMYECTBO U3MEPSAETCS.

Nonuzanus nosBiseTcst IpU NPOX0XKAECHUH 3apsHKEHHBIX YaCTUL Ha OOJIBIION CKOPOCTH CKBO3b
aTOMbl BellecTBa. Bo3HUKaromue MPU 3TOM 3IEKTPOMArHUTHBIE CUIIBI OTPBIBAIOT AJIEKTPOHBI OT
aToMOB, (JOpMHpPYs IIPU 3TOM Napbl HOHOB. [IpuMeuaTenbHO, YTO MPU ITOM OJIHA PaAHOAKTHBHAS Yac-
THUIIA, TOKa HE KOHYUTCS €€ dHEeprusi, CocoOHa Co3/1aTh cpa3y HECKOJIbKO MOHHBIX nap. Hesapsoken-
HBIE YaCTHIIbI (TaKKe KaK HEHTPOHBI) MPH CTOJKHOBEHHUH C SIZpaMH Takxke (JOPMHUPYIOT Iapbl HOHOB.

Honuzayuonnvle kamepol

Takue neTekTopsl SABIAIOTCS Haubosee paHHUMU M IMIMPOKO PAcIpOCTPAHEHHBIMHM AATYMKAMU
MOHM3UPYIOIIKUX U3Ty4eHUN. PaguoakTUBHbBIE YaCTHULBI IIPU NMPOXOKIACHUN 4YE€pe3 KaMepy BBI3BIBAIOT
MOHM3AMI0 U BO30Yy)XJIEHHE MOJeKyn rasza. Jlius 3amycka mpoliecca MOHM3alUMM 4YacTHLAa JOJDKHA
oOnanaTh dHeprueil, Kak MUHUMYM, PaBHOM SHEPruM MOHM3AllMKM MOJIEKYJ] rasa. [[ns GonpmmHCTBa
HCIIOJIb3YEMBIX B JETEKTOPAX ra30B SHEPrusi HOHU3aMK coctaiseT nopsaka 10...20 3B. Oxnako cy-
LIECTBYIOT U JPYTH€ MEXaHU3MBI, IPY KOTOPBIX NTONAJAI0IIUE BHYTPh KaMepbl YaCTHULBI TEPAIOT CBOIO
SHEPIHI0 MIPU MPOXOXKACHUU Yepe3 ra3 HE Ha €ro MOHU3AILMIO, T.€. Ha OTJEJIEHUE IEKTPOHOB OT aTo-
MOB, a, HallpUMEp, Ha IEPEMEIIECHUE IEKTPOHOB Ha 00Jiee BBICOKUN SHEPreTHUUECKUN YPOBEHb.
[TosTOoMy cpenHss 3HEprusi, KOTOPYIO TepsieT YacTHla, Ha 00pa3oBaHME OJHOM JIEKTPOHHOH Mapsbl
(W-3Heprusi) Bcerja BbILIE SHEPIMM MOHU3alMU raza. BenmunHa W-3Heprum omnpeaensTcs THIIOM
ra3a, BUJIOM M3JIy4€HHS U €ro 3HEpruei.

B npucyrcTBUM 351€KTPUYECKOTO MO IEPEMEIIEHUE MOJI0KUTENbHBIX U OTPHULIATEIbHBIX HOHOB
IPUBEJET K BOSHUKHOBEHHUIO JIEKTPUUYECKOTr0 ToKa. B 3aaHHOM 00beMe CKOpocTh 00pa30BaHUsl HOH-
HBIX Map SBJAETCS MOCTOSHHOM. [l 3TOro cKopocTh 00pa30BaHMs MOHHBIX Map JOJIKHA YpaBHOBE-



IIMBAThCS CKOPOCTHIO JIMOO WX pacraga BCIEICTBHE peKOMOMHALWM, JUOO BBIXOJA 3a MpPEAEb
o0beMa 3a cueT npoueccoB aupdys3un u Murparmu. [Ipy He3HAUUTENTFHOM YPOBHE PEKOMOMHAIIMU H
pdexTuBHOM cOOpe Bcex 3aps/loB B CUCTEME YCTAHABJIMBAETCS CTAL[MIOHAPHBIN TOK, SIBJISIOIIMNACS
TOYHON Mepoil ckopocTH 00pa3oBaHus HOHHBIX nap. Ha puc. 2 noka3zaHa NpUHLIMINAIbHAS CXEMa HO-
HU3AI[MOHHON KaMmepbl M 3aBUCHMOCTH TOKa OT HAIPsDKEHHs, MOJy4YeHHbIE B Heil. B oObeme rasa,
PAacIIoIOKEHHOM MEXJy IBYMsS 3JEKTPOJAMHM, CO3JaeTcs anekTpudeckoe noie. IlocinenoBarensHo ¢
HCTOYHUKOM HanpsbkeHus E M snexTpoamMu moJKitoyeH ammepMmerp. B oTcyrerBum mponecca HoHU-
3alUM 4Yepe3 MOTy4EHHYIO
ANIEKTPUYECKYIO IIeMb TOK
HE  TeYeT,  IOCKOJBbKY
MEXTY IEKTPOJaMHU
HaXOJUTCSI HEMIEKTPOIpO-
BOJHas cpexa. Paguoak- h
TUBHBIE YaCTHUIbI, IOIIANas BEEI Y HETEE K
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|AJ ATERTEOR, HAOMPE¥&H A7 Ihl
BHYTPb KaMepbl, MPUBOJIST
K 00pa3’oBAHMIO  Pyc 2. VipoweHHas cXeMa HOHH3ALHOHHON KaMepsl (A),

MOJIOXKHUTEIBHBIX u
OTpHULIATEIBHBIX HOHOB,
KOTOpBIE MO/ ACWCTBUEM AIEKTPUUECKOTO TMOJIs HAMPABISIOTCS K COOTBETCTBYIOIINM 3JIEKTPOJaM, YTO
BBI3bIBACT MOSIBICHME B LIEMHU dJeKTpuueckoro Ttoka. Kak BuaHo u3 puc. 2b, mpu OTHOCHTENHHO
HU3KUX 3HAYCHUSX TMPUII0KEHHOTO HANPSDKEHUS HOHBI PEKOMOWHUPYIOT JOBOJIBHO CHIIBHO, TTO3TOMY
BBIXOJIHOM TOK MPOIMOPIMOHANICH HampshkeHuto. [Ipu yBenMueHWH pa3HOCTH MOTEHIUAJIOB YHCIIO
peKoMOMHALIMI yMEHbIIAETCs A0 Te€X MOp, IOKa BCe MOHBI HE CTaHYT AOJETaTh JI0 AJIEKTPOJIOB, MOCe
4Yero TOK TME€pPEecTaeT 3aBUCETh OT HANpPKEHHs, XOTA €ro BeJIuMYMHa OyaeT, MO MpeKHEMY,
ONPENIENATHCA UHTEHCUBHOCTHIO M3JIy4€HHs. JTa 30Ha HA3bIBACTCS 30HOM HachileHusd. MimeHnHo sta
30Ha ABJISETCS 0071aCThI0 HOPMAITLHOUW PabOThl HOHU3AMOHHOW KaMepBhI.

Ilponopyuonanvhsie Kamepol

[TponmopumoHanbHBIE KaMephl, 3all0JIHEHHBIE Ta30M, OTHOCSATCS K JETEKTOpaM, paboTaroluM B
HMMITYJIbCHOM PEXKHME, MPUHIIMIT ACHCTBUSL KOTOPBIX OCHOBAH HA YMHOKEHHMHU AJIEKTPOHOB B rasze. [1o-
3TOMY TaKHe KaMepbl TaK)Ke HA3bIBAIOTCS MPOIOPIIMOHATBHBIMU CUeTYHKaMU. bmaromaps sddekrty
(hOTOYMHOKEHHS, BBIXOJHOW CHTHA] MPOMOPLUOHATIBFHOTO JETEKTOpa HAMHOTO MPEBBIIIAET CUTHAT
0OBIYHOM MOHM3AIIMOHHOM Kamepbl. Takue cUeTYNKU, B OCHOBHOM, MCIIOJIB3YIOTCS MPU IETEKTHPOBa-
HUU U CHEKTPOCKOMHMH MSTKOTO PEHTI€HOBCKOTO M3JIY4YEHHs], a TaKKe i1 OOHapyKeHUs] HEHTPOHOB.
B oTnuune OT MOHM3AIMOHHBIX KaMep MPOMOPLUUOHAIBHBIE CUCTYHKH PAOOTAIOT MPU BBICOKHX Ha-
MPSDKEHUSAX, 3HAYUTEIBHO YCKOPSIOUINX JIEKTPOHBI, BOZHUKAIOIIKE B pe3yabTaTe cTONKHOBeHUH. [o-
CKOJIbKY 3TH 3JIEKTPOHBI TIOCJIE YCKOPEHUsI 00J1aAal0T T0CTaTOYHO OONBIION SHEpruel, OHU MOTYT BO-
BJIEYb B MPOIIECC MOHM3ALMU HEUTpaIbHbIE MOJIEKYJbI Ta30B, CO3/1aBasi IPU 3TOM JOMOJIHUTEIbHbBIE
noHHbIe mapel. ClenoBaTeabHO, MPOIECC MOHM3AIMK HOCHUT JIABUHHBINM XapakTep, YTO MPUBOIUT K
PE3KOMY BO3PACTaHHUIO TOKa 4Yepes JIeKTpoabl. Takas noHu3anus HaszbiBaeTcs aBuHoi TayHcenna. B
MPOMOPLUUOHATIEHOM CYETYUKE JIaBUHOOOPA3HBIA MpPOIECC 3aKaHUYMBAETCS, KaK TOJIBKO AIIEKTPOH
nocturaet aHoja. [IockoiabKy B TaKOM JAETEKTOPE AJIEKTPOH JOJKEH JOCTUYDL YPOBHS MOHHM3ALUU Ta3a,
CYIIECTBYET MOPOTOBOE HAINPSIKEHHE, MOCJIE KOTOPOTO HAaUYMHAETCS ATOT JaBMHOOOpas3HBIN Mpoliecc.
Jlnist ra30B, MCMOJIb3YEMBIX B MPOMOPIMOHATIBHBIX CUYETUHMKAX MPU aTMOCPEPHOM JIaBJICHUU ITOT MO-
POTOBBIN YPOBEHb COCTABJISIET MOPSIKA 10° B/m.

Ha puc. 3 moka3aHbl 30HbI JEHCTBUSL Pa3IMUHBIX ra30BbIX CYETUUKOB. [Ipy oUeHb HU3KUX Ha-
MPSOKEHUSX T0JI€ HE MOJKET NOMEINIaTh PEKOMOMHAIIMKM MOHHBIX map. [lo mocTikeHun ypoBHS HAChI-
IIEHUS BCE MOHBI TOCTUTAIOT 3MEKTPoJ0B. [Ipu nanpHeiieM yBenTUYeHUH HAMpPsDKEHUS MPOUCXOIUT
sBiieHue GpoToyMHOKeHUs. JI0 HEKOTOPOro ypOBHS HaMpPsDKEHUS MPOIECC YMHOXKEHHS (POTOIIEKTPO-
HOB Oy/eT JIMHEHHBIM, a KOJUYECTBO COOPAHHBIX 3apsIOB MPOMOPIHUOHATBEHBIM KOJUYECTBY HCXOJ-
HBIX MOHHBIX Tap. Eciu npuiio’keHHOe HaNpspKEHUE MPOAOJDKAaTh YBEIWYUBATH, M3-32 MEJICHHOU
CKOPOCTH TIOJIOXKUTEIBHBIX HOHOB TMHEHHOCTH Mpotiecca OTOYMHOKEHHUST HAPYILIUTCS.

3aBUCUMOCTH TOKa OT HanpsixkeHus (b)



Cuemuuxu I'eiicepa-Mionnepa

Cuerunk [eiirepa-Mromnepa (I'-M) OBUT  aunrimne
u300peTeH B 1928 rofy U 10 CUX MOP HPUMEHS-  netefnd.
eTcsi OYeHb IIMPOKO, YTO OOBACHSIETCS €ro wkanc
IIPOCTOTOM, HU3KOM CTOMMOCTBIO U IIPOCTOM
skcrryarauuu. Cuerunku ['-M oTiauvaroTcst ot

OCTAJIbHBIX HMOHU3AIIMOHHBIX KaMCp HCIIO0JIb30-
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BaHHMEM Topaso 0oyiee BBHICOKUX HAINPsHKEHUI 54i=B T
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B0o30yxaenust (puc. 3). B paboueii obnactu §§
cueTunkoB ['-M ammiuryaa BBIXOOHBIX HM- gL
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IIyJIbCOB HE 3aBMCHUT OT DHEPrMM HMOHM3AIMOH- i T

kR [ -
HOTO M3JIyYeHHs, a SBISAETCS TOJNbKO (pyHKIMEH Wacuanre b S

MPUIOKEHHOTO HAaNpspkeHusi. Takue JeTek-
TOPBI, KaK MPaBUJIO, U3TOTABIUBAIOTCS B (popme
TpyOKH, B LEHTpEe KOTOPOW pacroyioKeHa
MPOBOJIOYKA, BBIMOJHAIONIAS POJIb aHOMA (pHC.
4). TpyOka 3arojHseTCs WHEPTHBIM ra3oM, Ta-
KUM KakK TeJIMid WK aproH, B KOTOPBIM 9acTO JOOABISFOTCS JOTMOJHUTEIbHBIE KOMIOHEHTBI, JIEHCT-
BYIOIIIME KAK TaCsIINE peareHTsl JUIsl NpeIOTBPAIlIeHHs IOBTOPHOTIO 3allyCKa CYETUYHKA B IIpOLECcCe Jie-
TekTHpoBaHus. [IOBTOpHBIN 3amycKk MOKET MPUBECTH K BO3HMKHOBEHHIO OOJBIIOrO KOJHMYECTBA
JIO)KHBIX UMITYJIbCOB, BMECTO OJHOTrO *enaemoro. [Ipo-

LEeaypy TraeHus MOKHO BBITIOJHUTH HECKOJIbKUMHU METO- sucokos

namu. BoT HEKOTOphple M3 HHX: COKpAallEHUE BpPEMEHU e sron v e
BO3JIEUCTBUSL BBICOKOTO HANpPsDKEHMsSI, HCIIOIb30BAHUE
BBICOKOMMITEJAHCHBIX PE3UCTOPOB, BKJTIOYEHHBIX
MOCJICZIOBATENBHO C AHOJOM, M JO0aBJICHWE TacsIIero
pearenta B KoHUeHTpamuu 5-10%. Mousekynsl MHOTUX 5 .
OPraHWYeCKHUX ra3oB 00Jalal0T CBONCTBAMH, MO3BOJIAKO-  ToHras
IIMMH UM OBITh TaCUTENSIMU JIABUHHBIX IPOIECCOB.

Cpeau HUX CaMbIMU MOMYJISIPHBIMU SIBJISIIOTCS STHUJIOBBIN

CIIUPT ¥ STUJIOBBIN ()P MypaBbHHOW KHCIIOTHI. Puc. 4. Cxema cuerunka ['efirepa-

TuoBOil JTaBUHHBIN MPOILECC 3aYCKAETCS OJHUM Mrosepa
MEPBUYHBIM 3J1eKTpoHOM. [Ipu 3TOM co3maercs Gosbioe
KOJIMYECTBO BTOPHYHBIX HOHOB, & TAKXKE MHOTO MOJICKYJI Ta3a MePeXoJaT B BO30OYKICHHOE COCTOSHHE.
B TedyeHne HECKOIBKMX HAHOCEKYH]I 3TH MOJIEKYJIbl BO3BPAILAIOTCS B CBOE UCXOJAHOE COCTOSIHUE, BbI-
MycKasl JIMIIHIOK SHEPTuio B BUAe Y@ u3nyueHus. DT UCIYyLIEHHbIe (JOTOHBI UTPAIOT BAXKHYIO POJIh
B LIEMTHBIX PEAKIHUIX, MPOUCXOIAMHX B cueryrke ['-M. [Ipu normomenun GOTOHOB MOBEPXHOCTHIO Ka-
TOJa WM MOJICKYJaMHU ra3a MPOUCXOAUT BBICBOOOKICHHE AJIEKTPOHOB, JICTAIIMX HABCTPEUY aHOY,
KOTOpPBIE TIPH 3TOM 3allyCKalOT HOBBIE JIABUHHBIE IpoLecChl. bricTpoe pacnpocTpaHeHUe LIETHbIX pe-
aKiuil BeleT K BOSHUKHOBEHUIO JIABUHHBIX MPOLIECCOB MO BceMy 00beMy TpyOku. BropuuHbie HOHBI
(GOPMHUPYIOT IMHIUHAPUYECKYIO 00JIaCTh, OKPYKAIONIYI0 aHOJ, B KOTOPOH 3aIyCKalOTCs BCE HOBBIC U
HOBBIC JIABUHHBIE MTPOLIECCHI.

Takast nenHas peakuusi NpoAOHKAETCs 10 HEKOTOPOro MOMEHTAa BPEMEHHM, OIPEAETIIEMOro KO-
JMYECTBOM JIABUHHBIX IIPOLIECCOB M HE3aBUCAILLETO OT 3HEPruu yacTulbl-MHHIMaropa. [lostomy
MMITYJIbCBI TOKA Ha BbIX0OJie cueTynka [-M umerot Bcerga oauHakoByr0 aMruutyay. CieaoBaTelbHo,
cueTuyuku ['-M SBISIFOTCSI KAU€CTBEHHBIMHU, & HE KOJMYECTBEHHBIMH JIETEKTOPAMU PAAHMOAKTUBHBIX U3-
JTY4eHUI.

IHorynpoBOAHUKOBBIE 1€TEKTOPbI PAAHOAKTHBHOCTH

Haunyumeit paspemaromieil cnocoOHOCTbIO CPEAM COBPEMEHHBIX JIETEKTOPOB PaJAMAIIMOHHBIX
W3JIy4eHU O00JaJar0T MOJYIPOBOJHUKOBBIE NATYMKH. B MOMYyNMpOBOAHMKOBBIX MarepuagaXx OCHOB-
HBIMHM HOCHUTEJISIMU MH(OPMALIMU SBJISIOTCS Maphl 3JEKTPOH-IbIPKA, CO3//aBaeéMble BJ0Jb TPACKTOPHH
roJieTa 3apsKeHHOM YacTHIBl Yepe3 IeTEKTop. 3apshKeHHash YacTHULla MOXKET ObITh JTMOO MEepBUYHBIM

Puc. 3. 3oHbI pabounx HaMPsKEHUN 115
ra3oBBIX JIETEKTOPOB
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U3Iy4eHueMm, 1100 BTOpu4HOI yacturei. [1apbl anekTpoH-1bIpKka B HEKOTOPOM OTHOIICHUH SIBJISTFOTCS
aHaJIOTaMU MOHHBIX Iap B T'a30BbIX JeTekTopax. Korga k moiaynpoBOJHMKOBOMY MaTepHally MpHUIIO-
KEHO DJIEKTPUYECKOE I0JIE, CO3AAHHBIC HOCUTENH 3aps0B HAYMHAIOT MEPEMELAThCsl B ONPENEIICH-
HBIX HAaIIPABJICHUSAX, YTO 03HA4YA€T BOSHUKHOBEHUE IEKTPUUECKOTO TOKA. JlaTYMKH, MOCTPOEHHBIE HA
3TOM IpPHUHLMIE, HAa3bIBAIOTCSI TBEPAOTEIBHBIMU WM IOJIYIPOBOJAHUKOBBIMU JHUOJHBIMHU JI€TEKTO-
pamu. [IpuHIMI AelCTBUSA TaKuX AE€TEKTOPOB aHAJIOTMYEH MPHUHIMITY HOJIYIPOBOJAHUKOBBIX JIE€TEKTO-
POB cBeTOBOro m3nydeHus. OH 6a3upyeTcs Ha NepeMElIeHUH IEKTPOHOB C OJJHOTO SHEPreTHUECKOro
YPOBHS Ha IpYroy MpH MOJIy4EHUH WM NIOTEPE SHEPTUH.

[Ipu npoxoxkaeHnN 3apsHKEHHONW YacTHIbl CKBO3b IOJIYIIPOBOJHUK I10 IyTH €€ CIIEA0BaHUS BO3-
HUKAeT MHOTO Tap 3JEKTpOoH-AbIpKa. [Iporecc oOpazoBaHus map MOXKET ObITh Kak MPSMBIM, Tak U
KOCBEHHBIM, IIPM KOTOPOM 4YacTHLA Y4acTBYeT B (JOPMHPOBAHUM 3JIEKTPOHOB BBICOKUX PHEPruil, mno-
CTEIIEHHO TEPSIOUIUX CBOIO SHEPTHIO HA CO3JAHNE HOBBIX I1ap 3JIEKTPOH-AbIPKA. IHTEpECHO OTMETUTS,
YTO BHE 3aBHCHMOCTH OT MEXaHW3Ma (POPMHUPOBAHMSA AP IEKTPOH-AbIPKA HA CO3[JaHUE OJHOM Haphl
IIepBUYHAs 3apsyKEHHas 4acTULa 3aTpauyruBacT OJAMHAKOBYIO CPEIHIOI0 DHEPIHI0, KOTOPYIO YacTo IO
aHAJIOTUU C ra30pa3psiAHBIMU JIETEKTOPaMU Ha3bIBAIOT «3HEprued noHmsauuu». OCHOBHOE JOCTOMH-
CTBO IOJIYIPOBOJHUKOBBIX JETEKTOPOB 3aKJIKOYAETCs B OYEHb MajOW BEIWYMHE ITOM dHepruu. Ee
3HAaueHME JUIsl KPEMHUS U TepMaHMs COCTaBJIsIeT nopsaka 3 3B, Torga kak B ra3oBbIX AETEKTOpax
SHEprusi, HeoOXoauMasl I CO3/1aHus MOHHOW mapel, paBHa 30 »B. ITosToMy mpu oIHON W TOM ke
MOIIHOCTH UCXOJHOTO M3JIy4CHHs B MOJYHNPOBOJHUKOBBIX JETEKTOPAaxX BO3HUKHET B 10 pa3 Oosbluee
KOJIMYECTBO HOCUTEIIEH 3apsI0B.

Jnis mosyd4eHusi TBEpAOTENILHOTO JIETEKTOpa B MOJYNPOBOJHMKOBOM MarepHaie HeoOX0AuMO
copMHpOBaTh, 1O KpaHEH Mepe, J1Ba MMEeKTpoAa. B mporecce 1eTeKTUPOBAHUS BBIBOJIBI ATUX JJICK-
TPOJOB MOACOEIUHSIOTCA K UCTOYHUKY HAIPSDKEHUs, 00ECIeUnBAIOLIEro MpOTeKaHue B IENU 3JIEK-
TpUYECKOro Toka. OAHAKO Ha MPAKTHKE MaTEepHAIbl U3 YUCTOTO KPEMHHUS WA T'€pMaHUs HE HUCIOJIb-
3YIOTCS, YTO CBSI3aHO C JIOBOJBHO OOJIBIIMMHU TOKAMH yTEYEK, BBHI3BAHHBIX OTHOCHUTEIHHO HU3KUM
YAEIbHBIM CONPOTUBJICHUEM 3TUX HOJYINPOBOJHUKOB (HampuMep, Ajs KPEMHHUS OHO COCTaBJISIET
ok0j10 50 kOm). Ilpu npusokKeHun K 37IEKTPOAaM TaKOro JIETEKTOpa BHELIHErO HANPSDKEHHsS, B LEIH
MOJKET BO3HUKHYTh TOK, B 3...5 pa3 IIPEBbILIAIOIINI BEINYMHY TOKA, HHAYLUPOBAHHOTO HU3Iy4CHUEM.
[To3TOMY IETEKTOPBI 3TOTO TUMA PEATH3yIOTCS Ha OCHOBE P-N MEPEX0J0B ¢ 0OpPaTHBIM CMEICHHUEM,
YTO MO3BOJISIET 3HAYUTEIBHO CHU3UTH TOKU yTeueK. DakThuuecku, JETEKTOP SBISETCS MOJIYIPOBOIHU-
KOBBIM JIHOJIOM, IIPOBO/ISIIIUM TOK (MMEIOIIUM HU3KOE YAEIbHOE CONPOTUBIIEHHE) MTPU MOAKIIOYECHUH
aHoJa (p-30HBI NEPex0/a) K MOJIOKUTETbHOMY BBIBOJlY UCTOYHMKA MUTAHMA, a Karojaa (Nn-30HBI) - K
OTpHULIATEILHOMY BbIBONY. [Ipy 00paTHOM MOAKIIOUEHUH TOK Yepe3 TUOJ PaKTUUYECKHU HE TeueT (T.€.
OH 00JIaJlaeT BBICOKUM YJEIBbHBIM CONpOTHBIEHHEM). [Ipu cHIbHOM OOpaTHOM CMEIEHHWH IUOoJa
(3HAYUTEIBHO MPEBBIIAIOIIEM JOMYCKH MPOU3BOIUTENS) MPOUCXOAUT €ro MpoOOM, 4TO MPUBOJUT K
PE3KOMY YBEIMUYCHHIO TOKA YTE€UKH; 3TO BbI3bIBAET KaTacTpO(UUECKOE yXyALUIeHHEe pabounx xapakTe-
PHUCTHK JE€TEKTOPA WIN JaK€ BBIXOJ €r0 U3 CTPOS.

B HacTosiiee Bpemst BBIITYCKAlOTCS KPEMHUEBBIE JTHOJIbI HECKOJIBKUX KOH(UTYpaImid: JHOIBI C
11} dy3MOHHBIM NEpPEX0J0M, IUObl C MOBEPXHOCTHBIM 3allMPArOIUM CJIOEM, MOHHO-MMILUIAHTUPO-
BaHHBIE IETEKTOPBHI, IETEKTOPHI C AMUTAKCHAIBHBIM cll0eM U Ap. [lepBble 1Ba yKa3aHHBIX THIIA IETEK-
TOPOB LIMPOKO TNPUMEHSIOTCS NPU JETEKTUPOBAHMU O-4aCTUL[ M APYruUX c1a00 MPOHUKAIOLIUX
U3ITy4yeHU. X0opolre NoaylnpOBOIHUKOBBIE JETEKTOPbI PAAUOAKTHUBHBIX M3IYYEHUN JTOJIKHBI 00ec-
[e4YNBaTh:

. OTIINYHYIO TIepeiavy 3apsja,

. IMHEWMHOCTb MEXy MOILIIHOCTBIO U3JTy4EHUS U KOJIMYECTBOM I1ap JIEKTPOH-IBIPKa,
. OTCYTCTBHE CBOOOHBIX HOCUTEIIEH 3apsiIOB (HU3KHIA TOK YTEUKH ),

. TEHEpaIMI0 MaKCUMAaJIbHOTO YMCJIa Map 3JICKTPOH-IbIPKA HA €AUHULYY U3TyYCHHUS,

. BBICOKYIO 3()()eKTUBHOCTH JIETEKTUPOBAHMU,

. Xopouiee ObICTpOeICTBHE,

. 0oJBIIYIO 30HY COOpPa 3apsI0B,

. HU3KYIO CTOMMOCTB.
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XAPAKTEPUCTUKHA HHTEP®ENCHBIX CXEM

Ecnu naTumk He oCHaIIeH BCTPOCHHOM IEKTPOHHON cXeMOoH, (popMUpyromIeil BBIXOAHOM CUTHAT
B ONPEJEICHHOM (opMare, ero NpakTUYeCKH HUKOI/1a He YAaeTcs HalpSMYI0 HOJKIIOUUTh K Ipoliec-
COpY, MOHUTOPY WJIM JIpyroil peructpupymouieil annaparype. OObIYHO CUTHall Ha BBIXOJE JaT4YMKa
ObIBaeT JIMOO CIUIIKOM 3alIyMJICHHBIM, OO OYeHb CIaObIM, JIMOO CONEPKUT HEKENIaTelbHbIE CO-
craBistomuye. B gonomHeHne K 3TOMy ero (opMar MOXKET HE COOTBETCTBOBAaTh (HOpMATy CHCTEMBI
npuema JaHHbIX. J{J1s MOAKIIIOUeH s 1aTuhKa K IPOLIECCOPHOMY YCTPOICTBY, Kak IpaBUio, TpeOyeTcs
IIPOMEKYTOUHOE COIJIaCyIollee YCTPOUCTBO. JIpyruMu cnoBamMu, BEIXOIHOM CUTHAJI HEOOXOIMMO ITpe-
o0pa3oBaTh K ONpENeJIeHHOMY BHIY (KOHIMIMOHHMPOBATH) IMEpel] TeM Kak MOoJaTh B YCTPOMCTBO
00paboTKN NaHHBIX (MOJKIIOYUTH K Harpy3ke). Jist Harpy3ku BXOJHBIM CUTHAJIOM OOBIYHO SIBIISETCS
a0 ToK, nub0 HampspkeHue. Cxema CcOrjlacoBaHMsl CHUIHAJIOB 4acTO HasbIBaeTcsl MHTepdeiicoM
MEX]y JaTYMKOM M MOCIEAYIOIUMH ycTpoiicTBamu. Ee ocHOBHasl 1enb - npeoOpa3oBaHue CUTHalIA
naTtyuka B (hopMaT, COBMECTUMBIN ¢ Harpy3koil. Ha puc. | moka3aH BHEIIHMI CUTHAJ, IEHCTBYIOIIUMA
Ha JIaTYWK, MOJKIIOUEHHBIH K Harpyske yepe3 umHTepgeiicHyro cxemy. s >pQekTuBHON pabOTHI
uHTepdelicy NPUXOAUTCS ObITh «CIYTOM JBYX TOCHOI»: JaTyMKa M Harpy3o4Horo ycrpoicrsa. Ero
BXOJIHbIE XapaKTEPUCTHKH JOJKHBI OBITh COBMECTHMBI C BBIXOIHBIMU IapaMeTpaMHu JaTdyMKa, a
BBIXOJIHBIC - C BXOJIHBIM ()OPMATOM Harpy3KH.
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Puc. 1. UnaTepdericHas cxema coriacyeT (hopMaThl CHTHAIOB JaTYHKA
Y Harpy304HOTIO YCTPOUCTBA.

Bxonnast 4acth mHTEphEHCHONH CXEMBI XapaKTEPHU3YeTCs HECKOJBKUMH CTaHIAPTHBIMH Iapa-
MeTpaMu, TIOKa3bIBAIOIIMMH, HACKOJIBKO TOYHO CXeMa MOXKET MpeoOpa3oBaTh CUTHAJ JaTUYNKA U KaKOH
BKJIaJl OHA BHECET B OOIIYIO MOTPEIIHOCTb.

BxooHoii umnedanc TOKa3bIBAET, HACKOJBKO CHIBHO HHTepdelic Harpyxaer patuuk. OH
OTIPEACIISIETCSI B KOMIIJIEKCHOM BHU/IE:

z=2, ()
1
rae V' u [ - KOMIUIEKCHBIE YMCIIa, COOTBETCTBYIOIIUE HANIPSKEHHUIO U TOKY Yepe3 BXOJHOM UMIIE/IaHC.

Hampumep, ecnu BXOJHYIO 4acTh MHTEPPEHCHON CXEMBI MPEACTaBUTh B BHJIEC MapalJICIIbHOTO
COCIMHEHHSI BXOJHOTO CONMPOTHBICHUs R u BXxomHou emkoctu C (puc. 2A), BXOJHON MMIIEAAHC B
KOMILICKCHOM BHJE MOJKHO 3aIlMCaTh KaK:

R

1+ joRC’ @)
IJ€ @ — KPYroBas 4acToTa.

Ha ouens HM3KHMX YacTOTax cxema 00JIaJaeT OTHOCHUTEJILHO HEOOJIBIIION BXOJHON €MKOCTBIO, H
€€ BXOJHOW HMMIIEAAHC OINpPEIEISAETCS COMPOTUBICHUEM R, MO3TOMY MOYKHO CUHMTaTh, 4TO B 3TOM
cnydyae Z~R. CrnenoBareibHO, PEaKTUBHAS 4acTh YpaBHEHHUA (2) CTAHOBHUTCS OYCHb MAJICHBKOH, T.C.
BBITIOJIHAETCS CJIEAYIOIEE COOTHOLICHUE:

RC<< L. 3)
(4]

[Tpu paccMOTpeHUM BXOJHOTO MUMIIEAaHCa MHTEpP(ErCHON cxembl Bcerja HeoOXOIUMO YUUTHI-
BaTh BBIXOJIHOM MMIieaHC naTuynka. Hampumep, ecinu JaTuuk MMEET eMKOCTHYIO MIPUPOLY, AJIsl OTpe-
JICTICHUsI YaCTOTHBIX XapaKTEPHUCTUK BXOJHOW 4YacTH HMHTepdeiica eMKOCTh JaT4YMKa JOJDKHA OBITh
MOJICOeIMHEHa MapajuieIbHO €ro BXOAHOW eMkocTu. B ¢gopmyne (2) mpenmnosaraercs, 4To BXOTHON
UMIeAaHc sBisierca (yHKIMEH 4acToThl BHeHIHero currana. C yBelqMYeHHEM CKOPOCTH HW3MEHEHUS
CUTHaJIa BXOJHOW UMIIEJAHC YMEHBIIAETCS
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Puc. 2. BxonHoit umnenanc uarepdercHoi cxeMsl (A), SKBUBaJICHTHAs
cXeMma JIaTYMKa C BBIXOJIHBIM CUTHAJIOM B BuJe Hanpspkenus (b)

AT

¥
L

O

e

TR ST .

)
3

by

s D

]

Ha puc. 2b noka3aHa 5KBUBaJIeHTHAsl CXeMa JaT4YMKa C BBIXOJHBIM CHUTHAJIOM B BHUJIE HampsiKe-
Hus. B cocTtaB cxeMbl BXOJAT ABa UMIICJAAHCA: BBIXOJHOM MMIIEAAHC JAaT4YHKa Z,,; U BXOJHOU MMIIC-
naHc uHTepdeiica Z;,. BbIXoqHOW CHUTHaAJI JaTyuka MpEJCTaBJICH B BUJE UCTOYHUKA HanpspkeHHs FE,
COEIMHEHHOTO TMOCIE0BATEIbHO C BBIXOJHBIM uMIegaHcOM. C yd4eToOM JIBYX UMIIEJAHCOB BXOJHOE
HanpspKeHne nHTep(eicHON cXeMbl MOKHO 3aIncaTh B BUJE:

V=B @
in + Zuut

JIJist Ka)KIOTO KOHKPETHOTO ClIydasi HEOOXOJMMO OMPENENATh CBOIO COOCTBEHHYIO IKBHBA-
JICHTHYIO CXeMY JaT4rKa. ITO TpeOyeTcs UIsl HCCIIEA0BAHUS YaCTOTHBIX XapaKTEPUCTUK U (a30BbIX
3a/Iep)KeK KOMOWHAIMM JBYX YCTPOWCTB: HaTyuk-uHTepdeic. Hampumep, eMKOCTHOW AETEKTOp
MOXHO TPEACTaBUTh B BHJIE€ KOHACHCATOPA, COCAMHEHHOIO MapaIeIbHO BXOJIHOMY HUMIEAAHCY
uHTepdelica, a MbE303TCKTPUUSCKUI NTaTYMK — B BHJIE MApaUICIBHOTO COCIUHEHHS PE3UCTOpa C
oueHb 6OJIBIINM compoTHBiIeHHeM (ropsika 10''OM) 1 KoHzeHCaTOpa ¢ eMKOCTBIO mopsiaka 10 nd.

PaccMoTpuM 4HCTO Pe3MCTUBHBINA JaTYMK, TOJICOCIMHEHHBIA K BXOy MHTep(elica, moka3aH-
HBIN Ha puc. 2A. BXxogHoe HanpsyKeHUe CXeMbl 3aBUCUT OT YaCTOTHI:

yo E .

)
NIH(f 1)
rae f c=(27rRC)'1 - gyacToTa cpe3a AUX, T.e. 4acToTa, Npy KOTOPOH aMIIIMTyAa yMeHbIaerca Ha 3 nb.

Ecnu tpeOyercs onpeaennuTh aMIUIMTYly CUTHAIA ¢ TOYHOCTBIO 1%, yacToTa BXOJHOIO CUTHAja,
M0JIaBAEMOT0 Ha BXOJ CXEMBI, HE JIOJKHA MPEBBIIIATH CIEAYIOMIET0 3HAYCHUS: fuax =~ 0,14f. wmm
ﬁ ~ 7f max-

OTO0 3HAYUT, YTO BXOJHOM MMIleAaHC UHTEp(ENHCHOM cXeMbl TOJIKEH 00ecreynBaTh MOTy4eHue
JOCTaTOYHO BBICOKOTO 3HAYEHHUS YacTOTHI nmeperuda. Hampumep, eciim MakcumalibHasi 4acTOTa BHEIII-
Hero cur"aia cocrasisier 100 ', wactoTa mepernba nomxnaa ObiTh He Menee 700 I'n. Ha mpaktuke
CTPEMSTCSl pean30BaTh f, KaK MOKHO BbIIIE, YTOObI HE BHOCUTDH JIOTIOJTHUTENbHBIX OTPaHUYEHUH 10
OTPaHUYECHHYIO YaCTOTHYIO MOJIOCY MPOIMYCKaHUSI.

[Ipu pa3zpaboTke COTIacyrIuX cXeM HEOOXOIMMO aHAIU3MPOBATH OBICTPOJCHCTBUE MX BXOJ-
HBIX 37eMeHTOB. OOBIYHO Ha BXO0J€ MHTEep(HEHCOB CTOST onepanuoHHbie yerutenn (OY), nMmeromme
OTPaHUYEHHYIO YaCTOTHYIO MOJIOCY IMPOIMYCKaHUSI.

Ha puc. 3 mokazana Gosnee moapoOHasi S5KBUBAJICHTHAs
cXemMa  BXOJHBIX IeMed  maccuBHOTO — MHTepdeiica,
cocrosiiero w3 OV (31ech CI0BO naccusHwlli 03HAYaeT, YTO
corjacymoollas cxXemMa He TEeHEepUPYeT HHUKAKHUX CUTHaJIOB
BO30yxaeHus). Cxema COCTOMUT U3 BXOJHOTO MMIEAaHca Z;,
HECKOJIbKMX I'€HEpaTOpOB, NMPEACTABISAIONINX HANPSKEHUS U
TOKH, (OpMHpYEeMBbIE BHYTPH CXeMbl. Bce 3T cuUTHaiBI
SBIIAIOTCSA Tapa3UTHBIMU U, €CIU MX HE KOMIICHCHPOBATD,
MOTYT IPUYHUHUTH MHOTO MpoOieM. K Tomy ke OHU MEHSIOT
CBOM 3HAYEHUS B 3aBUCUMOCTH OT TEMIIEPATYPBHI.

Puc. 3. DxBuBajeHTHAsA cXeMa,
YUUTHIBAIOIIAS] HCTOYHUKH TTOMEX
BO BXOJIHBIX IeNsAX nHTEpdeiica



Hanpsixenue e, Ha3bIBaeTCsl BXOJHBIM HanpsiceHuem cmeujerusi. [Ipyu 3aKOpOUEHHBIX BXOJIHBIX
BBIBOJIaX JIpyr Ha JApyra 3TO HaIpsHKEHUE COOTBETCTBYET BEIMYMHE MOCTOSIHHOW COCTaBIISIOLICH
CUTHaja Ha BXojJe cxeMbl. CileayeT OTMETHTh, YTO UCTOYHHMK HAMPSHKEHHS CMEUICHHS TMOIKITIOUEH
MOCJIEZIOBATENBHO K BXOJAY CXEMbI, YTO YKa3bIBACT HA HE3aBUCHUMOCTBH 3TOM MOrPEUIHOCTH OT BEJH-
YUHBI BHIXOIHOTO UMIIEJaHCa JIaTYUKa.

Tox i, Ha3BIBACTCA MOKOM cMeujerus. JIJis MHOTUX OWIOJISIPHBIX TPAH3HCTOPOB €r0 BEIWYHHA
JOBOJIBHO BEJIMKA, JUTSl TIOJIEBBIX TPAH3UCTOPOB C YIPABIISIEMBIM P-N MEPEXOI0OM OHA TOPa3/I0 HUXKE, a
s KMOII cxem - coBceM He3HAuUTENbHA. JTOT TOK MOKET MPHUBECTU K CEPHE3HBIM MpobdiieMaM B
Cllydasix, KOrjja B COCTaB JaTYUKOB M WHTEP(HEHCOB BXOISIT KOMIIOHEHTHI, OOJIAJAIONINE BBICOKUM
UMIIEAHCOM, TIOCKOJIBKY, TIPOXO/Isl Yepe3 BXOAHbBIE IenH uHTepdelica U BEIXOAHBIC 1NN JaTYNKa, OH
BBI3BIBACT MAapa3UTHOE MaJeHUE HANpsDKEHUs. DTO HampspkeHHe OyneT TeM BhIlIe, ueM OoJiblie
UMIIEJAHC OSTHX Lened. B HEKOTOpBIX CcllydasgX OHO MOET OBITh JOBOJBHO 3HAYUTEIIBHBIM.
Hampumep, eciu 1be30371€KTPUUECKU JATUMK MMOJCOCIMHUTD K CXEME C BXOJAHBIM CONTPOTUBIIEHUEM |
'OMm (10° Owm), npu Toke cmemenust 1 HA (107 A) mapasuTHOe HampsykeHHe Ha BXoae HHTepdeiica
coctaBuT 1 'OMx 1 HA = 1 B, 4TO I0BOJILHO CYILIECTBEHHO. B OT/IMUKE OT HANpSHKEHUSI CMEILICHUS,
TOK CMEUICHHUS NPUBOAUT K TOSIBICHUIO OIIMOKH, MPOMOPIUOHATIBLHOW BBIXOJHOMY HMIIEIAHCY
JaT4yrKa. JTa MOTPEIIHOCTh HE3HAYUTENIbHA Uil JATYMKOB C HU3KUM BBIXOJHBIM COMPOTHUBIICHUEM.
Hampumep, HMHIYKTUBHBIE JETEKTOPbl HEUYBCTBUTEIbHbI K BEJIIMUYMHE WIM H3MEHEHUSM TOKa
CMEILICHUSI.

[Tpu pabGoTe ¢ BHICOKOMMIIEAAHCHBIMH CX€MaMHU K OOJBIIMM MOTPEIIHOCTSM MOXET MPUBECTU
MOK ymeuKu, BOZHUKAIOIINI U3-32 HU3KOTO MOBEPXHOCTHOTO CONMPOTUBIICHUS MeYaTHbIX miaT. Mcrou-
HUKaMU BO3HHKHOBEHHUSI TOKA YTEYKU MOTYT OBITh: MJIOXO€ KaYeCTBO MaTepHaia IUIaT, 3arps3HeHHe
MOBEPXHOCTU OCTaTKaMH MpHUIOos (MJI0XO OYMIICHHBIE IJIaThl), Bjara u mioxoe nokpeitue. Ha puc. 4
MOKa3aH MyTh TOKAa YTEYKH: uepe3 IIWHY NUTaHHSA, COMPOTHUBIICHHE -
m1aTel Ry ¥ BEIXOJHOM MMIIEJAHC JaTduKa. Eciu TaT4uK UMeEeT eMKO- //W
CTHYIO MIPHPOJY, TOK YTEUKHA OYCHH OBICTPO 3apSIUT €r0 BBIXOJIHYIO €M- ; ke
KocTh. [lapa3uTHbII TOK yTEUKH HE TOJBHKO MPUBOJIUT K MOSBJICHUIO MO- i :
IPEUIHOCTH, HO M MOKET BBIBECTH JATUUK U3 CTPOSI.

CyIecTByeT HeCKOJIBKO CIIOCOO0B CHHIKEHUSI TOKOB yTeuku. OuH
U3 HUX - NPaBUIbHAS Pa3BOJKA IUIATHI, KOIJ[d BBICOKOBOJIBTHBIC IPO- ="FrCiied
BOJIHUKH OTJIEJIEHbl OT BBICOKOMMIIEAHCHBIX KOMIMOHEHTOB. [lorpem-

HOCTSIMM, BBI3BAHHBIMH yT€UYKAMHU 10 TOJIIIMHE MHOTOCJIONWHBIX IUIaT, HA

MpaKTUKE MOXKHO mpeHeOpeub. Jpyroit cmoco® - camblii crapelif —  Ppc.4. Tox yTEUKH
SeKTpUYecKas 3amura. Tak Ha3blBaeMoe, aKTUBHOC 3KPAaHWPOBAHHEC  TIpHBOAMT K H3MEHEHHIO
SIBJISIETCS] JOBOJIBHO A((EKTHBHOM 3aIIUTON BXOHBIX menei. Jis aToro XapaKTepPUCTUK

BXOJIHBIC LEMTH OKPYXKAKOTCS MPOBOJIALIIMM 3KPAHOM, IOJCOCAUHEHHBIM  BXOIHBIX IENei

K TOYKE, TIOTEHIMAJl KOTOPOi paBeH MOTEHIMATY Ha BXOJie UHTep(eiica.

Takas 3ammuTa MO3BOJIAET MOTJIOMIATh TOKM YTEUKH, BO3HHMKAIOIIME HA Pa3HbIX Yy4acTKax IUIAThI, U
3HAYUTENbHO YMEHbIIATh TOKH, CIOCOOHBIE NOCTUYb BXOJHBIX BBIBOJOB. [lna Gosee 3ddekTuBHOM
3aIUTHI C IBYX CTOPOH MEYaTHOM IJIaThl HHOTJA (OPMUPYIOT aKTUBHBIE SKPAHUPYIOLIUE KOHTYPHI.

Bcerna Hamo crpeMuThes pacnosiarath WHTep(dEHCHBIE CXeMbI, 00JaJaloNe BHICOKUM UMIIC-
JAHCOM, KaKk MOXHO Omke K garumkam. OnHako u30eXaTh COCIUHHUTEILHBIX JIMHUH HE BCETra
ynaercs. B Takux ciayyasx peKOMEHAYeTCsl MCIOJIb30BaTh KOAKCHaJIbHbIe KaOelu ¢ XOPOIIeH H30JIs-
nuei. Camolt mydiiei cuuTaeTcst 30K U3 TONIUATUIICHA WIH MIEPBUYHOTO (HE TepepaboTaHHOTO)
teduiona. Takke HE0OXOAUMO MOMHHTB, YTO JAKE OUYEHb KOPOTKHE OTPE3KU Kalesss MOTYT 3Ha4M-
TEIBbHO COKPATUTH IIUPHUHY TOJIOCHI POTTYCKaHHUS.

Crnenyer u3beraTh MOJACOCAMHEHUSI K BXOIY YCUIIUTENS JIFOOBIX KOMIIOHEHTOB, TOMHMO CaMUX
JATYUKOB, MMOCKOJBKY OHU SIBJISIFOTCS] MOTEHIIMAIBHBIMU UCTOYHUKaMU noMex. Hampumep, s nmogas-
JICHWsI BBICOKOYACTOTHBIX IMOMEX Ha BXOJ MHTepdeiica WM B LEMb 0OpaTHOW CBS3M BXOJHBIX YCT-
POMCTB YacTo CcTaBATCS (HIBTPYIONINE KOHACHCATOPHI. ECu B 1ensx 3KOHOMHUH OO JeHer, JI0o
MPOCTPAHCTBA Pa3pabOTUYMK PEIIUT HCIOIb30BATh AJIS 3TOTO KEPaMUYECKHH KOHIEHCATOP, OH MOXKET
CTOJIKHYTBCSI C HEOXKHUJIAHHBIM 3 deKkToM. MHOTHE KOHJIEHCATOPHI (0COOCHHO KepamMuveckue) obia-




Ja10T, TaK Ha3bIBaeMbIM, 3(h(ekToM «rmaMatny. Eciau Takoil KOHIEHCAaTOp MOABEPTaeTCs BO3ACHCTBUIO
BCIUIECKA HANPSDKEHUS: JIMOO OT JaTduka, Ju00 OT Onoka MUTaHus, MO0 OT BHEIIHEr0 MCTOYHHKA
IIOMeEX, OH OBICTPO 3apspKaeTcs, a AJs pa3psala eMy MOXKET MOTpeOoBaThCs BPeMsl OT HECKOJIbKUX ce-
KyHJ 10 MHOTUX 4acoB. [loka 3Toro He nmpou3oiier, oH OyzaeT BecTH cebsl Kak MaJleHbKasi Oarapelika,
HaIpsDKEHUE OT KOTOPOM OyAET CKIIaAbIBAaThCs ¢ CUTHAJIOM JAT4YMKA, YTO MOYKET IPUBECTH K 3HAUM-
TeNbHBIM OLIMOKaM B pe3yibTaTax n3MmepeHuil. Ecim m3bexars MCnoiab30BaHMsS KOHJEHCATOPOB BO
BXOJIHBIX LIEMAX HEBO3MOKHO, HAJI0 BMECTO KEPAMUYECKHUX IIPUMEHSATH IIJICHOYHBIE KOHJCHCATOPHI, B
KOTOPBIX 3P(EKT «I1aMATH» NPAKTUYECKH OTCYTCTBYET.



YCUWINTEJIN
BonpIIMHCTBO MACCHBHBIX AATYMKOB OOJANAIOT OYEHb CIA0BIMU BBIXOJAHBIMHU CHTHaiamu. Ux

BEJIMYMHA YacTO HE MPEBbIIIaeT HECKOJIbKUX MUKPOBOJIBT WK nukoamiiep. C apyroi cTOpOHBI BXOA-

HbI€ CUTHAJIBl CTAaHJAPTHBIX 3JIEKTPOHHBIX YCTPOUCTB 00pabOTKM MaHHBIX, Takux kak ALIIl, wacToT-

HBIC MOYJISTOPBI, PA3JIMYHbBIC PETUCTPATOPHI U T.J. JOJDKHBI OBITh TOPA3/I0 BHIIIE: MOPSIKA BOJIBT WU

muramiep. [lostomy 11 moaKiIFoueHHs TaTYMKOB K TAKUM YCTPOMCTBAM TPEOYIOTCS TPOMEXKYTOU-

HBbIE YCUJIUTENH ¢ KodhduumenTaMu ycuieHus mno HanpspkeHuro 10 10000, a mo toky a0 1 000000.

Ycunurenu, Kak MpaBuio, IBISIOTCS OJJHON U3 COCTAaBHBIX YacTel MHTepdeicHbIX cxeM. B Hacrosmiee

BpEMS Yallle BCEr0 MCIOJb3YIOTCS YCHJIMTENH, MOCTPOEHHbIE HAa OCHOBE OY M MAaCCUBHBIX JUCKPET-

HBIX KOMIIOHEHTaX.

OnepanuoHHbIEe YCHJIUTETU
CocTaBHOM YacThIO MPAKTHYECKH BCEX COBPEMEHHBIX YCHIIUTENbHBIX CXEM SBIAIOTCS ONepaly-
onnsle ycunutenu (OY), KOTOpble MOTYT OBITh MHTEIPUPOBAHHBIMU (MOHOJMTHBIMH) WA TUOpHUI-

HbIMHM (COCTOSIIIMMU W3 MOHOJMTHBIX M JUCKPETHBIX 4acTel). B cocrtaB mHTerpupoBanHoro OV

BXOJIIT COTHU TPaH3UCTOPOB, PE3UCTOPOB M KOHJAEHCATOPOB. Pa3paboTuuKK aHAJIOTOBBIX YCTPOMCTB,

MEHSIs MOAKIIOUEHHE JUCKPETHBIX KOMIIOHEHTOB K BbiBoJaM OV, peann3oBanu 00JbIIOE KOJIUYECTBO

IIOJIE3HBIX CXeM (HE TOJbKO ycunuTenbHbIX). Ha ocHoBe OV crposites cneuumanusupoBanHsie UC,

4acTO Ha3bIBAEMbIE MHTEIPAIbHBIMU CXeMaMU NpukiIaaHoi opueHranuu (ASIC).

Ha puc. 1 mokazano cxemarnunoe npeactaBiaenue OY. Tunopoit OV, kak npaBuio, odaagaet

CIICIIYIOIUMU XapaKTepUCTUKAMU:

e JIByMs BXOJaMU: HHBEPTUPYIOLIUM (-) 1 HEHHBEPTUPYIOLIUM (+)

e BpICOKMM BXOJHBIM CONPOTHBICHUEM (Mopsiaka coreH MOwM u naxke 'Om)

e Huzkum BBIXOIHBIM compoTuBiieHUEM (1011 OMma)

e (CrnocoOHOCTBIO paboTaTh C EMKOCTHOM HArpy3Koi

e Huskum BXOJHBIM HaNpsHKEHUEM CMEILEHUs e, (HeckoJibko MB u gaxxe MkB)

e Huzkum BXOJAHBIM TOKOM CMEIIEHHS i, (HECKOJIBKO MA U Jja’ke MEHbIIIE)

e (OueHb BBICOKUM KOA(DPHUIIMEHTOM YCUJICHHS TIPH pa3oMKHYToU 1ienu obpaTtHoit cBsizu (OC) Aoy
(10* ...10° 1 naxce BbIIIE). DTOT KOX(PUIMEHT MMOKa3hIBAET, BO CKOJBKO pa3 OY yBenn4uBaeT pas-
HOCTb HaNPsDKEHUM MEX]Ty TBYMSI BXOaMHU

e Bricokum kodpdummentom ocnabnenuss cundasznoro curHana (KOCC). KOCC mnoxa3wiBaer,
HackoJibko 3¢ dexktuBHo OV mopaaBnsieT cuHda3zHble CUTHAIBI OJUHAKOBOW aMIIUTYAbI Veyy, Of-
HOBPEMEHHO I10/IaHHbIE Ha 00a BX0oJa

e Huskum K03(PUIHEHTOM COOCTBEHHOTO IIyMa

e [Ilupoxum paboYMM YaCTOTHBIM TUATIA30HOM

e Hu3zkoil yyBCTBUTENHHOCTHIO K TIOMEXaM O IIMHE TUTaHUS

e BbICcOKOI cTaOMIBHOCTBIO XapaKTEPUCTUK NTPU U3MEHEHUH ITapaMETPOB OKPYXKAIOIIEH Cpeibl

Ha puc. 1A nokazan OV 06e3 uenu OC. Takoil ycunurens 4acto Ha3bBatoT OY ¢ pa30MKHYTHIM
koHTypoM OC. B cnpaBouHuMKax TpUBOAATCS 3HadeHHs koddduuuento ycwienus OV 6e3 OC,

KOTOpBIE€ HE SBJISIOTCS MOCTOSHHBIMU BO BCEM YaCTOTHOM JIMamna3oHe. 3aBUCUMOCTD 3TUX KO3 HIIU-

€HTOB OT YacTOTHI Moka3aHa Ha puc. 1b. Ha 3nauenus koadduimenton ycumnenust OV Takke BIUSIOT

YoANEHHAA, 4D
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Puc. 1. A - ocHOBHOE CHMBOJLHOE 00o03HaueHne OY, b -
3aBUCUMOCTh K03 durmenta ycunenuss OY oT 94acTOThI



COMPOTHBIICHUE HATPY3KH, TEMIIEpaTypa OKPYXKAIOUIeH cpeabl u (pIyKTyalluu HAMpSKEHHUS MATAHUS.
OY 6e3 OC npakTU4ecKkd HUKOTAA HE MCHOJb3YIOTCS, MOCKOIBKY BBICOKHNA KO3(D(UIMEHT yCHIICHHS
MPUBOJUT K HE CTaOMIBHON paboTe CXEMBbI, CHIIBHOMY TEMIIEPaTypHOMY JIpeidy XapaKTepuCTHK, IMO-
BBILICHHOMY LIyMy u T.1. Hampuwmep, mpu kosbouruente yeunenust OV 6e3 OC, pasroM 10°, Bxo-
HoM apeiid nHanpsoxenus B 10 MkB BbI3oBeT apeiid BbIxoaHOTO HampsbkeHus nopsaka 1 B.

Ilpoussedenue koagpduyuenma ycunenus Ha WUPUHY NOI0CHL NPONYCKAHUA XaPAKTEPU3YET CIO-
coOHocTh OV ycHIMBaTh BHICOKOYACTOTHBIE CUTHAIBI MAJION aMIUTUTYAbl. DTO MPOU3BEACHUE PAaBHO
qJacToTe f7, Mpu KoTopoi kodddumment ycunenus OY cranoButcs paBHbIM 1, T.e. OV mepecraer ycu-
JUBATh CUTHAJ.

Ha puc. 2A noka3aH HEeMHBEpTUPYIOIMK ycuauTenb. B atom yeunurene nens OC cpopmuposa-
Ha IBYMs pesuctopamu: R; u R,. Pesynbrupyromuii koagdumuenT ycunenus takoro ycunurens ¢ OC
paBeH: A =1 + R,/R;. OH Oyzner moCTOSTHHBIM B 00Jiee IIUPOKOM YaCTOTHOM Juara3one (cM. puc. 1b),
HO OrpaHMYMBAIOIIAsl YACTOTA f; OCTaHETCs Takoi ke, kak U B OV 6e3 OC. I'my6una OC omnpenensier
TaKue MapaMeTpbl 3TOW CXEMBbI, KaK JIMHEHHOCTh, CTAOMIBHOCTh KO((UIIMEHTA YCUIICHNS U BBIXO[-
HOU MMIIeZ]aHC, KOTOPbIE TeMeph B OCHOBHOM 3aBUCAT OT XapakTepucTHK komrnoHeHToB OC. J{ns mo-
Jy4eHUsl BBICOKOM TOYHOCTH HEOOXOJMMO 00€CIeYUTh BBIMOJIHEHNUE CIIEAYIONIEro npaBuia: kodhdu-
muent ycunenuss OY 6e3 OC nomkeH ObITh, O KpaitHeld mepe, B 100 pa3 Oosbire ko3dduimenta
yeunenust OY ¢ OC Ha caMoii BBICOKOH pabouei yactore. [[ist Gonee BICOKOW TOYHOCTH TO OTHO-
meHue A0kHO ObITh paBHO 1000 1 gaxke Oosibie.

Puc. 2. A - HeuHBEpTUPYIOIIMH yculuTenb, b - TreHepaTopsl,
NOICOEeIUHEHHbIE KO Bxonam OVY. NMpencTaBistoT HADSKEHUS U TOKU

OV ycunmuBaroT He TOJIBKO IOJIE3HBIE CUTHAJbI, HO M Napa3UTHbIE HANpsHKEHHUS M TOKH, IOTMa-
naromue Ha ux BxoApl (puc. 2b). IloaToMy B cripaBouHON auTEpaType A HUX OOBIYHO MPUBOAATCS
TEXHOJIOTMYECKHE JIONYCKH Ha 3HaYEHUS] TOKOB U HANPSKEHUH CMEILEHUS.

W3-3a HanpsKeHU U TOKOB CMEILEHUS! BBIXOHOW CUTHal MHTEP(EHCHOM CXeMbl MPH HYJIEBOM
BXOJJHOM CHTHAaJIC TIPAaKTHYECKH HUKOT/Ia He ObIBaeT PaBHBIM HYJIO. B cxemax, paboTaromux ¢ mocTo-
SIHHBIMH WJIM ME/JICHHO MEHSIOIIUMHUCS CHUTHAJIIAMH, CEPhE3HON MPOOIEMOi SBIISETCSI 0CBOOOXKICHNE
MIOJIE3HOTO CHUTHAJIA OT 3TUX HEXKEJIaTEIbHbIX KOMMIOHEHTOB. Ha mpakThke BeNIWYMHY HANpsKEHUS
CMEILIEHUs] PEryIupyIoT IByMsl croco0amu: HenmocpeacTBeHHO Ha OV (ecnu B HEM MpPeayCMOTPEHBI
PEryJINpPOBOYHbBIE BBIBO/IbI) WJIM IIPU TOMOIIY HE3aBUCUMBIX BHEITHUX KOMIIEHCALIMOHHBIX LIEIEH.

BenuunHy BBIXOIHOTO HAIIPSDKEHUS CMEIIEHUS MOXKHO OIPEAEIUTD U3 BBIPAKECHNUS

Vo= A(eo + ioReqv):
rae Req - DKBHUBAJIEHTHOE BXOJHOE CONPOTHUBIIEHUE, COCTOAIIEE M3 BBIXOJHOIO COIPOTHUBIICHUS
JaTYuKa U BXOJHOIO CONPOTHBIICHUS YCUIIUTENS; €, - BXOJHOE HANpPSDKEHUE CMEIIEHUs, a i, -
BXOJHOW TOK CMELICHMUS.

BenununHa cmenieHust Toka M HallpsDKEHUH 3aBUCUT OT Temnepatypsl. B cxemax, rae OV paboTa-
eT ¢ OonpmKM KO3(PPUIHEHTOM YCUJICHHS, BBIXOJHOE HANPSDKEHHE CMEIICHUS MOXET CIYKUTh
HCTOYHUKOM Cepbe3HbIX HorpemHocTei. CylecTBYeT HECKOJIBKO CIIOCOOOB pelIeHHsl 3TON mpoOie-
Mbl. OnHUM K3 HEUX gBisieTcs BbIOOp OY ¢ HU3KMM 3HaUYEHHEM TOKAa M HANpPSOKCHUS CMELICHUS, a
TaK)Ke BBICOKUM BXOJHBIM COMpPOTUBICHUEM. J[7151 3¢ (HEeKTUBHOTO CHIKEHUSI HAMPSIKEHHUSI CMEIICHUS
TaKKe MPUMEHSIOTCS YCUIIUTENH MOCTOSTHHOTO TOKAa C MOTYJISIHUEN U JEMOAYIISLMEN CUTHATIA.



IToBTOpUTEM HANIPSKEHUS
Haznauenune noBtoputenst HanpsbkeHud (puc. 3) - npeoOpa3oBaHME MMIIEJAHCA OT BBICOKOTO
ypoBHS K HHM3KOMY. [loBTOpuTENb, Kak NpaBUiio, 00JalaeT BBICOKUM
BXOJIHBIM UMIIEITaHCOM (BBICOKUM BXOJIHBIM CONPOTUBIICHUEM M HU3KON
BXOJIHOM €MKOCTBIO) U HU3KUM BBIXOJIHBIM COIIPOTHBJIEHUEM (BBIXOJHAS
€MKOCTb HE MMEET HUKAKOTO 3HAYeHUs). XOPOIIMHA IOBTOPUTEIb UMEET
ONMM3KUN K enuHUIe KOAPDUIIMESHT YCUIICHHSI 110 HaINPSHKEHUIO (0OBIYHO
0.999 Ha HU3KMX YACTOTaxXx) M BBICOKHHA KOA(DPUIIMEHT yCHUIIECHHUS IO
ToKy. Ilo cymiecTBy, MOBTOPUTENL HAIIPSHKEHUS SIBISIETCA YCUIIUTEIEM
TOKa M npeoOpasoBaTeseM MMIENaHca. Breicoknii BxoaHoW M HM3KMH  Puc. 3. [loBTOpUTENDL
BBIXOJHOM MMIICIAHC MOBTOPUTENEH IENAeT UX HE3aMEHMMBIMU dJIe-  HanpsbkeHuil Ha OV
MEHTaMHU TpU COTJIACOBAHMHU JATYUKOB C YyCTpoicTBaMH 0OpabOTKU
CUTHAJIOB.
[ToBTOpPUTEND, NOAKIIOYEHHBIN K BBIXOAY JaTyMKa, HE OKa3bIBAET IPAKTHMUECKU HUKAKOI'O
BIUSHUS Ha pabOTy NOCIEAYIONINX EMNeil, TOATOMY €ro 4acTo Ha3bIBalOT Oy(QepHBIM yCTPOICTBOM
MeXay ceHcopoM U Harpyskoil. IIpu pa3paboTke moBTOpuUTENEH CleAyeT MPHAEPKUBATHCS Clie-
OYIOLUX PEKOMEH ALl
e [lpu NOAKIIOYEHUH K JATYMKAM C TOKOBBIM BBIXOJOM BXOJIHOM TOK CMEILEHUS TOBTOPUTENSA
JOJDKEH OBITh, TI0 KpaiHel mepe, B 100 pa3 MeHbIIe TOKa TaTYynKa

e Eciy HEBO3MOXXHO MOJHOCTbKO KOMIIEHCHUPOBATh BXOJHOE HAINPSKEHUE CMEILEHUS, OHO HE
JOJIKHO IPEBBIIIATh BEIMUMHY MIIJIIIEro 3Havalero paspsaa (M3P)

e TemmeparypHblii KO3(GHUINEHT TOKAa M HANPSDHKECHHUS CMEIICHHUS HE JOJDKEH NMPHUBOIMTH K
MOSIBJIEHUIO MOI'PEIIHOCTH, NpeBblatonieii 1 M3P Bo BceM TeMneparypHOM Juana3oHe

N3mepuresbHbIN yCHIUTEb

W3meputensublil yeunurens (1Y) nmeer nBa Bxoja ¥ ouH BbixoJ. B otnnune ot OV oH o0na-
JaeT KOHEYHbIM KO3 UIIMEeHTOM ycusieHus (ero BennynHa oO0brdHo He 6oneel00) U BO3ZMOKHOCTBIO
MOAKIOYEHHS] NCTOYHUKOB CUTHAla OJIHOBPEMEHHO Ha J[Ba BXOJa. JTO 03HAYAET, YTO BCE KOMIIOHEH-
Tl Henu OC NoJKIII0YarTCs HE K MHBEPTUPYIOLIEMY U HEMHBEPTHUPYIOIIEMY BX0JIaM, a K JPYTUM BbI-
BogaM NY. OcHoBHas ¢pynkuust Y - hopMupoBaHme BEIXOAHOTO CUI'HAJA, MPONOPIHOHAIBHOTO Pa3-
HOCTH HaIPsDKEHUN HA €ro BXOJax:

Vous = A(V+ - V)= ANV

rae Vi u V. - HanpshKeHHs HAa MHBEPTHPYIOIIEM W HEMHBEPTHPYIOIIEM BX0JaX, a A - KOd(hPHUIUEHT
YCUJICHHS.

W3mepuTtenbHbIE YCHIIMTETW MOTYT OBITh peaan3oBaHbl Ha ocHOBE OV M0 MHTETpaTbHOW WIIH
THOPUTHON TEXHOJOTHsAM. BaxkHbIM cBOiicTBOM WY sBISIETCS BBICOKOE COMPOTHBJICHHE MO 000UM
BXOJIaM, YTO TIO3BOJISIET €My BBICTYNATh B poii TuddepeHImanbHoro ycunutens u 3GQGEeKTUBHO
MO/IaBIISATh CHH(A3HbIC aJTUTUBHBIC TOMEXH. I,

XoTss B HACTOSIEE BpPEMSI  MOXHO
MPUOOPECTH MTPOMBIIIIICHHO BhITycKaeMblie Y B
MHTErPaJIbHOM UCIIOJIHEHUH, HA MIPAKTUKE MHOTHE
npuMeHsoT 1Y, peannsoBaHHble U3 TUCKPETHBIX
komrnioHeHTOB. Ha pwuc. 4 mokazana nHaumbosee
yacTo wucnosb3dyemass cxema WY. Ilagenue
HalpsDKEHUsT Ha pe3uctope R, HacTpauBaercs
paBHBIM BXOJHOW pa3zHocTH AV, TOrma ToK,
MPOTEKAIOIUK 4epe3 Hero, Oyner paBeH: [ =
AVIR,. Beixogubie Hampstkenuss OY U; u U;
paBHBI JApPYr APYry MO aMmIUIMTYyJE, HO HMEIOT
pasHyro mnojsipHOCTh. llepBast ctaaus ycuiieHUs

BXOJHOH Pa3HOCTH HANPSDKEHUH poxoaut Ha OV Puc. 4. VIsMepuTeabHBIA YCHIIMTEIb HA TPEX
Ui u U, KOTOpbIC MOXHO MHPEICTABUTH B BHIC OY ¢ TouHO NOI00paHHBIMH PE3UCTOPAMU

—-—
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OJTHOTO YCHUJIMTEJNS, uMeromero nuddepeHnranbabie BXoasl 1 auddepenimansabie BeIXoabl. Bropas
cragus ycuiieHus ocymecTtsistercss Ha OY Us, npeoOpasyromeM audQepeHnanbHplii BXOJHON CHT-
HaJ B YHUTIOJSIPHBIN BBIXOAHOU. [TomHbIil Ko dummenT ycunenus 1Y MoXKHO HalTH U3 BRIPOKCHHS:

A= 1+2 &
R, )R,

a

Bennuuna koaddurnuenta ocnadbnenus cundasznoro curtana (KOCC) 3aBucur OT TOro, Ha-
CKOJIBKO TOYHO B 3TO cxeme nmoao0paHbl pe3uctopsl. Kak mpaBuiio, npu UCHOIb30BaHUN PE3UCTOPOB
1 % tounoctn KOCC He mpesbimaer 3HaueHus 100, torma xak g pesuctopos 0.1 % TouHoctn
KOCC umeet Ha nopsiiok 0oJiee BRICOKHAE 3HAYCHUS.

Ycunurenu 3apsiga

XapakTepHo# depToit ycunurtenen 3apsana (Y3) sBaseTcs 0YeHb HU3KHH TOK CMEIIeHUs. Takue
YCHIIUTENIA HMCIIONB3YIOTCS JUIsl IPeoOpa30BaHusl B HAMPSHKEHUE CUTHAJIOB OT €MKOCTHBIX JaTYHKOB,
KBAaHTOBBIX JIETEKTOPOB, MHUPOAICKTPUUECKUX UYBCTBUTEIIbHBIX AJIEMEHTOB M JPYTHX YCTPOICTB,
MMEIOIINX Ha BBIXOJE JMOO OueHb MaJieHbKHe 3apsibl (mopsaaka MUKoKyiaoH, nKi), mubo odeHsb
MasieHbKie TOKU (mopsaka nukoamiep, mA). [Tostomy V3 mo cBoeil cytu sBisercs mpeodpazoBate-
neMm 3apsija B HanpsbkeHue. Ha puc. 5A nokaszana npuHuunuanbHas cxema ¥Y3. B nenu OC OV crour
KkoHzaeHcaTop C, CONMPOTUBIICHUE YTEUKU KOTOPOTO 7 IOJDKHO OBITh 3HAYUTEIHHO OOJBIIMM €T0 MMIIe-
JaHca Ha caMoil HU3Ko# pabouei yactote. B Y3 M0XHO HCIOJIB30BaTh TOJIBKO XOPOIINE TJIEHOYHBIE
KOHJIeHcaTopbl. Taxke HE0OX0AMMO yIensTh 00JbIlI0Oe BHUMAaHHE KayeCTBY MEYATHBIX IJIAT U PaBHO-
MEpPHOMY MOKPBITHIO BCEX UX KOMIIOHEHTOB.

AATHHE © BEIEOLHEIR {-—

CHIHGNOM 5 BMOe
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Puc. 5. TIpeo6pazoBarenu 3apsina (A) u Toka (b) B HanpsokeHne

[TepenaTounyro GpyHKIHIO Y3 MOXKHO MIPEICTABUTH B BUJIC

__A0
out C *

MHorue AaT4uKd MOTYT OBITh IPEACTABICHB B BHUJAE KOHJEHCATOPOB. YacThb EMKOCTHBIX
JATYUKOB, TaKUX KaK MUKPO(GOHBI, €eMKOCTHBIE AATYMKU CHJIBI U JABJICHUS, a TaKXKe JETEKTOPHI
BIIQXKHOCTH, SIBJISIIOTCSI aKTHUBHBIMU YCTpOMcTBaMM, T.e. 1 paboTel UM TpeOyercs curHai
Bo30OyxaeHusA. Jlpyras dYacTb €MKOCTHBIX JaTYMKOB SBJISIIOTCS IACCUBHBIMM YCTpOMCTBaMmu,
HaIpsIMyI0 MpeoOpa3yIonMMU BHEIIHEE BO3JICHCTBUE B JEKTPUUECKUN 3apsi uiau Tok. [Ipumepamu
TaKUX JATYUKOB MOTYT OBITh IMBbE303JIEKTPUUECKUE U MUPOITEKTPUUYECKHE AeTeKTOpbl. CylIecTBYIOT
TaK)kK€ HE EMKOCTHBIE JATUMKH, KOTOPbIE MOKHO pacCMaTpuBaTh Kak reHeparopsl Toka. @ortoaunon —
[IPEACTABUTEIb OTOU IPYIIIILI.

JlaT4MK C TOKOBBIM BBIXOJOM MOKHO IPEACTABUTH B BHUJAE COIPOTUBICHUS YTCUKU 7,
COEIMHEHHOTO MapajjieIbHO C TeHEPaTOpOM TOKa, 00JIaJaroluM OECKOHEYHO OO0JIbIINM BHYTPEHHUM
conpoTtuBiieHreM (puc. 6). JlaTuuk BeipabaThIBaeT TOK i, KOTOPBIA MOXKET T€4b B ABYX HAIlPaBICHUSX:
Yyepe3 CONMPOTHBIICHHE 7 BHYTPH JlaTuuKa (TOK i,) U 4epe3 MHTEep(EHCHYI0 CXeMy ¢ BXOJIHBIM HMIIe-
TAHCOM Z; (TOK Igy). IIOCKONIBKY TOK i, 110 CBOEH CYTH SIBJISETCS MApa3UTHBIM, CIEIYET CTPEMUTHCS K
TOMY, 4TOOBI CONTPOTUBJICHNE YTEUKH JaTyKa OblII0 HAMHOTO OoJIbllle UMIenaHca HHTepdeiica.

U3 3akona Oma criefyet, 4to i npeoOpa3oBaHUs SJIEKTPUIECKOTO TOKA Iy, B HAMPSKEHHE TOK
JOJDKEH IIPOUTH Yepe3 HArpy3Ky C OIPEIEICHHBIM UMIIEAAHCOM, TOT/IA I1aJICHUE HAIIPSDKEHUS Ha 3TON



Harpy3ke OyzeT NMpOMOPLUOHANBHO BEIMYMHE 3TOro Toka. Ha puc. 5b mokasana mpuHIMIHANbHAS
cxema mpeoOpa3oBarens TOKa B HAIPsSOHKEHUE, B KOTOPOH JaTYMK C TOKOBBIM BBIXOJOM IOJKIIIOUEH K
uHBepTHpYyOLEeMy Bxony OV, urparmoimemMy posib BUPTyaJIbHOM 3eMJIM. B 3TOH cxeMe HalpsbKeHHe Ha
MHBEPTHUPYIOILIEM BXOJE IOYTH PAaBHO HANPSHKCHUIO HA HEMHBEPTHUPYIOLIEM 3a3eMJICHHOM Bxozae OV.
CnenoBarenbHO, 1aTYUK paboTaeT MpH NOYTH HYJIEBOH Pa3HOCTU MOTEHIHAJIOB HA CBOMX BBIBOJAX,

TOK, NPOTEKAIOIIMA dYepe3 HEero, OINPEeNesseTCs BBIXOIHBIM
HanpspbkeHuem OY:
Vour = -IR.

Jns  ycToWduBOCTH pabOTBI CXEMBI # JOJDKHO OBITh
HaMmHOrO MeHblie R. Ha Bbicokux wactotax OV pabotaer
npakTuyecku ¢ paszomkHyro OC, T.e. ¢ odYeHb OOJBIINM
KO3(GGUIIMEHTOM  YCUJICHHS, UYTO MOXET TPUBECTH K
BO3HUKHOBEHHUIO KOJeOaHUil. ITO OCOOCHHO Ba)XHO MOMHHTH
IIPU UCHOJIb30BAaHUHM JATYUKOB C HU3KHM COIPOTHUBIICHUEM
yTeuku. [IpeumyniecTBoM cXeM C BHPTyaJIbHOW 3eMIieH
SBJIAETCS HE3aBHCHUMOCThH BBIXOJIHOTO CHTHala OT E€MKOCTH
JaTYuKa.

2‘() 1 UL

Puc. 6. DxBuBaseHTHASA cXeMa
TATYNKA C TOKOBBIM BBIXOJIOM



1 BBEJIEHUE. OCHOBHBIE TEPMUWHBI U OIIPEJEJIEHW A
1.1 OcHOBHBIE TTOHATUA

Cucremsl ypaBJieHUsI COBPEMEHHBIMU XUMHUKO-TEXHOJIOTMYECKUMHU TPOIIECCaMU
XapaKTEePU3YIOTCs OOJBIINM KOJIMYECTBOM TEXHOJOTUUECKUX IMapaMeTPOB, YUCIIO KO-
TOPBIX MOXKET JOCTUTAaTh HECKOJIBbKUX Thicad [1]. s mopuepxanust TpedyeMoro pe-
*uMa pabOThl, a B KOHEUHOM HUTOI'€ — KaueCTBa BBIIYCKAaEMOW MPOIYKIIUH, BCE ITU
BEJIMYUHBI HEOOXOIUMO MOJJIEPKUBATH MOCTOSHHBIMU UJIM U3MEHATH MO ONpe/IeeH-
HOMY 3aKOHY.

du3nyeckue BEIUYUHBI, OIMPEAEIAIONIME XOJ TEXHOJOTMYECKOro mpoiiecca,
Ha3bIBAIOTCS IapaMeTpaMy TEXHOJIOTMYecKoro mpouecca. Hanpumep, mapamerpamu

TEXHOJIOTUYECKOT0 MpoLiecca MOTYT OBITh: TEMIIEpaTypa, JAAaBJICHUE, pacXo/, HaIps-
KEHUE U T.1.

[TapameTp TEXHOJOrMUECKOIO Ipolecca, KOTOPbIH HEOOXOAMMO MOIEPKUBATD
HOCTOSIHHBIM WJIM U3MEHSATH 10 OIPEJIETIEHHOMY 3aKOHY, Ha3bIBA€TCSl PETyJIUpyeMon
BEJIWYUHOW WIIM PErYJUPYEMbIM APAMETPOM.

3HaYCHHE PEryJIUPYEMON BEIMYHWHBI B PAacCMaTPUBAEMbIA MOMEHT BPEMEHHU
HA3bIBACTCS] MTHOBEHHBIM 3HAYECHUEM.

3HaueHue peryIupyeMoil BeIMYMHbI, MOJYYE€HHOE B PACCMATPUBAEMbIii MOMEHT
BPEMEHHM Ha OCHOBAHHMH JIAHHBIX HEKOTOPOI'O M3MEPUTENHHOr0 Mprubdopa Ha3bIBAe€TCs
€€ U3MEPEHHBIM 3HAYCHUEM.

[Ipumep 1. Cxema pydHOro peryinpoBaHus TEMIIEPATYphl CYIIMILHOTO MIKaga.
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Puc.1.1. Cxema py4HOTro peryJimpoBaHHs TEMIEPATyphl CyIIUIBHOIO IKada

Tpebyercss Bpy4dHYIO MOAJEPKUBATh TEMIIEPATypy B CYLIWIBHOM IIKady Ha
ypoBHE Ty

Yenosek-oneparop B 3aBUCHUMOCTH OT IOKa3aHUM PTYTHOro tepmomerpa PT
BKJIIOUAET WJIM BBIKIIIOYAET HarpeBaTesbHbIl 371eMeHT H ¢ moMonisio pyouibHuka P.

Ha ocHOBE TaHHOTO IIpUMeEpPa MOKHO BBECTH CIIEAYIOIINE ONPEACIICHHUS.

OOBeKT ynpasisieHHs (00beKT perynupoBanus, OY) — ycTpoicTBO, TpeOyeMblil

PEXHUM PabOTHI KOTOPOTO JOJIKEH MO ICPKUBATHCS N3BHE CTICIIMAIEHO OPTaHN30BaH-
HBIMH YIIPABJISIFOITUMH BO3ACHCTBHUSIMU.

YupaneHue — GOPMHPOBAHHUE YIPABISIONIMX BO3JICHCTBUI, 00€CIICUNBAIOIINX
TpedyembIil peskxuM padboTel OY.



PerynupoBaHue — 4acTHBIN BUJT YIIpaBJI€HUs, KOTAa 3a/1auel sIBsIeTCsl oOecrneye-

HUE NOCTOSHCTBA KAaKOU-IM00 BBIXOHOU BeTUYUHBI OY.
ABTOMATHUYECKOE YIPABJICHHUE — YMNpPABJICHUE, OCYIIECTBIsIEMOE O€3 Hernocpe-

CTBEHHOTO Y4YaCTHsI YeJIOBEKa.
Bxonnoe Bo3neicTBue (X) — BO3JEUCTBUE, IMOaBAEMOE Ha BXOJ CUCTEMbI HJIH

YCTPOKCTBA.
Beixonnoe BoszneiictBue (Y) — BO3JEHCTBHE, BBIJABAEMOE HA BBIXOJIC CUCTEMBbI

VI YCTPOUCTBA.
BremHee BO3NEHCTBUE — BO3AEUCTBUE BHEIIHEN CPEBI HA CUCTEMY.
CTpyKTypHas cxema CUCTEMbI pEryJIUpOBaHusl K mpumepy | nzo0paxeHa Ha puc.

1.2.
3aJaHNUE BO3JEHCTBU
oneparop A P U Qy [feMiepatypa
MOKa3aHus
TEPMOMETpa
PT
Puc.1.2. CtpykTypHas cxeMa CUCTEMbI PEryJIUPOBaHUS
IIpumep 2. Cxema aBTOMaTUUYECKOT O PETYJINPOBAHUS TEMIIEPATYPHI CYILUIIBHOTO
mkada.

B cxeme ucnonb3yercsa pryTHbeid TepMoMeTp ¢ kKoHTaktamu PTK. IIpu nosbime-
HUM TEMIIEpaTypbl 10 3aJJaHHON KOHTAKThl 3aMbIKAIOTCSl CTOJIOMKOM PTYTH, KaTyIIKa
peneitHoro snemenTa PO Bo30yxknaercs u nens HarpeBatens H pa3mpikaeTcsi KOHTaK-
toM PO. Ilpn noHmxkeHun temrepaTypsl KOHTAKThl TEPMOMETPA Pa3MBIKAIOTCS, peie
o0ecTounBaeTcs, BO30OHOBIISIS 10/1a4y SHEPTUH HAa OOBEKT KAaK MOKa3aHO HA PUCYHKE
1.3.

P BX0] BbIX0/
X~ PaHOY =Y (rempal

' T P3

mkad  H| PTK
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Puc.1.3. Cxema aBTOMaTH4ECKOTO PEryIHPOBAHUS TEMIIEPATyPhl CYIIMILHOTO mKada

ITpumep 3. Cxema ACP TemriepaTypsl ¢ U3BMEPUTEIBHBIM MOCTOM.

[Ipu temmnepaType 00OBEKTa, paBHOW 3aJlaHHOM, U3MEPUTEIBHBIH MOCT M Kak
nN300pakeHO Ha puUcyHKe 1.4, ypaBHOBEIIEH, HA BXOJ AJIEKTPOHHOTO yCHIUTENS DY
CUT'HAJI HE MOCTYNAET U CUCTEMA HAXOJAUTCS B paBHOBECHUH. 1Ipn OTKIIOHEHUH TemIe-
paTypbl U3MEHSIETCS CONPOTUBJIEHNE TEpMOpe3UcTOpa Rt M paBHOBECHE MOCTa Hapy-
maercs. Ha Bxone DY nosBisiercs HanpsbkeHue, paza KOTOPOro 3aBUCUT OT 3HaKa OT-
KIIOHEHUsI TEMIIEPATYpHI OT 3aaHHOM. HanpskeHue, ycuinenHoe B DY, OCTyIIaeT Ha



nBuratenb [, KoTopblil mepemenaer ABMKOK aBToTpaHcdopmaTopa AT B cOOTBET-
CTBYIOLIYIO CTOpOHY. [Ipu ToCTHKeHHH TeMIepaTypbl, paBHOM 3aJaHHOW, MOCT cOa-
JAHCUPYETCS U ABUTATENIb OTKIFOYUTCA.
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Puc.1.4. Cxema ACP temnepaTypbl C UBMEPUTEIBHBIM MOCTOM

BennuuHa 3a1aHHOTO 3HAYEHUS TEMIIEPATYPhl YCTAHABIMBAECTCS C MOMOIIBIO pe-
3UcTOpa Raay

Hcxonst 3 OMMCaHHBIX MPUMEPOB, MOKHO ONPEACIUTH TUIIOBYIO CTPYKTYPHYIO
cxeMy onHOKOHTYypHOUM ACP, nokazannyto Ha pucyHnke 1.5. [Ipunsarsie 06003HaueHus,
HCTIONIb3YEMEBIE B CTPYKTYPHOH CXeMe:

X - 3aj1arolee BO3/IeUCTBUE (3a/1aHNe);

€ =X - y - OlIMOKa peryJupoBaHus;

U - YIpaBIISIOIIEe BO3ICHCTBHUE;

f - Bo3aMymiaromee Bo3aeiicTere (BO3MYILICHHE).

Jf
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Puc.1.5. TunoBas crpyktypHas cxeMa 0JHOKOHTYpHOI ACP

BreneMm cnenyrorniue onpeneneHus..

3ajaroiiiee BO3/IeCTBUE (TO e, YTO BXOJHOE BO3/ecTBIE X) - BO3ICHCTBUE Ha
CUCTEMY, ONpEIENIoNIee TPeOyeMbli 3aKOH U3MEHEHUS PETYIUPYEMON BEIUUHHBI.

Yupasnstoniee Bo3AeHCTBUE (U) - BO3AEHCTBHE YIPABISIOIIErO YCTPONUCTBA Ha
OOBEKT yIpaBICHUSL.




VYupasasioniee yerpoictBo (YY) - yeTpoIHCTBO, OCYILECTBISIONIEE BO3ACHCTBUE

Ha 00BEKT YMPABJICHHUS C 1IEJIbI0 00ecCTIeUeHUsl TPeOyeMOoro peskuma padoThl.

Bosmymarouiee Bozneiicteue (f) - Bo3aeiicTBue, cTpemsiieecs HapyIuTh Tpeoy-
eMyI0 QYHKIIMOHAJIBHYIO CBSI3b MEXK/TY 3aJJA0IIMM BO3/ICHCTBUEM U PETYIUPYEMOM Be-
JTIMYUHOM.

Omubka ynpapiaeHus (€ = X - y) - pa3HOCTb MEXAY NPEINUCaHHbIM (X) U JeH-

CTBUTEJIbHBIM (y) 3HAUECHUSIMU PETYIUPYEMON BEJTUYUHBI.

Perynstop (P) - KoMIIJIeKC yCTPOMCTB, MPUCOCTUHIEMBIX K PETYIUPYEMOMY 00b-
€KTY 1 00€CIeUrBaIOLIUX aBTOMATUYECKOE MO/IEPKAaHUE 33]JaHHOT0 3HAYEHUSI €0 pe-
TyJIUPYEMON BETUUYMHBI WJIM aBTOMATUYECKOE M3MEHEHHUE €€ IO ONpeeICHHOMY 3a-
KOHY.

ABToMaTuyeckas cucrema peryiaupoBanus (ACP) - aBTomaTuueckas cucteMa ¢

3aMKHYTOM IIENBI0 BO3JICUCTBHSI, B KOTOPOM yIpaBiieHHe (u) BbIpaOaThIBAETCs B pe-
3yJbTaTe CPAaBHEHUSI ICTUHHOTO 3HaUYeHUs (y) C 3aJJaHHBIM 3HAYCHHUEM (X).

JlonosHUTENBHAS CBA3B B CTpYKTypHOU cxeMe ACP, HanpaBiieHHast OT BBIXOAA K
BXO/Jly pacCMaTpUBAEMOT0 y4acTKa e BO3ACHCTBI, Ha3bIBA€TCS 0OPAaTHOM CBS3bIO
(OC). O6patHas cBsI3b MOXKET OBITh OTPUIIATEIIHHON WUJTH TTOJ0KUTEIBHOM.

1.2 TlpuHIMIIBI pEryIUpPOBAHUS

[TepBbIii mpoMBbITIIIEHHBIN peryisTop [3], 6but u3o0peren B 1765 1. U. IlonzyHo-
BBIM JJIs1 CO3JaHHOM UM NapoBOoW MamuHel. [I[puHIMNnansHas cxema perysaropa npu-
BeJicHa Ha pucyHKe 1.6.

3agaden peryaupoBaHus ABISIETCS 110 AEPKaHUE B TAPOBOM KOTJIE IIOCTOSTHHOTO
ypoBHs. Perynarop npencraisieT co00l NOIIaBoK 1, CBA3aHHBIN CUCTEMON pblYaroB
C perynupyromen 3acinoHkon 2. Ilpy yBenndeHuM ypOBHS NONJIABOK IOJHUMAETCS
BBEPX, B PE3YJIbTATE YETO 3aCIIOHKA OITYCKAETCsl, IepEKpbIBast TPyOOIIPOBOA U YMEHb-
11ast oiavy BOJbI B KOTel. [Ipy yMEHbIIEHNH YPOBHS ITOIJIABOK OITy CKA€TCsl, YTO MPH-
BOJMT K YBEJIIMYECHUIO IIO1a4U BOJBI U, CIE0BATEIBHO, K IIOBBILICHUIO YPOBHH.

Puc.1.6. Perynstop [lon3zyHoBa

IIpakTueckn onHoBpeMeHHO ¢ WM. [lon3yHoBeM B 1784 1. [[keliMc YarTT CKOH-

CTPYHMPOBAJI LICHTPOOEIKHBIHN PETYIATOP YK ClIa 000POTOB Bajia MAPOBOM MAIIMHBI (PHC.
1.7.)
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Puc.1.7. Perynarop Yarra

[Ipu u3mMeHeHuu yucia 000pPOTOB BaJsia rpy3bl / MOJ IEHCTBUEM LEHTPOOSKHON
CUJIbI U3MEHSIOT CBOE MOJIOKEHUE, YTO MPUBOAMUT K MEPEMEILEHUIO PETYIUPYIOLIETO
opraHa 2 ¥ U3MEHEHMIO IMOJAaYd Napa. JTO B CBOIO OYEPENb BbI3BIBAET U3MEHEHUE
qrcjia 000pOTOB Bajia, HO B HAIPABJIEHUH, IPOTUBOIOI0KHOM UCXOAHOMY.

CpaBHUTENBbHBIN aHAJIU3 PACCMOTPEHHBIX PETYIISITOPOB IMOKA3BIBAET, YTO 002 OHU
MOCTPOEHBI 10 EAUNHOMY IPUHIUITY, KOTOPBIA HATJISIAHO MPOSIBIISIETCS HA CTPYKTYPHOM

cxeme, MpeICTaBIeHHON Ha pucyHke 1.8.
6)

Peryastop Perynsrop

Puc.1.8. CtpykTypHBIE CXEMBI CUCTEM peTynupoBaHus: a - [lon3yHosa; 6 - YaTtTa

B paccmaTpuBaembIx mpruMepax OCHOBHBIMU AJIEMEHTAMH CUCTEMbI aBTOMATHYe-
CKOT'O PETYJIMPOBAHUS SBIIAIOTCS: 00BEKT - MAPOBOM KOTEN U MapoBasi MallluHa; pery-
JUpyolIee YCTPOUCTBO - MOIUIABOK U IIEHTpOoOekHast My(Ta ¢ PeryaupyrommumMu 3a-
CJIOHKaMH, COOTBETCTBEHHO, B peryistopax [lon3yHoBa u Yarra.

BbIxoiHBIE KOOPJMHATHI, OHU YK€ M PETYIHpPyEMble TIEPEeMEHHbIE - YPOBEHb H U
YKICIIO 000POTOB N; PEryIUpPYIONINE IEPEMEHHbBIC - M10/1a4a BOJbI B MTAPOBOU KOTEIN -
G; u pacxon napa B napoByro MamimHy — G BO3MYIIAIONINE BO3CUCTBUS - TaBJICHUE
napa B KOTJIE, pacXoj] TOMJIUBA, €ro TEIJIOTBOPHAsK CIIOCOOHOCTH B MEPBOM ClIydae U
BO BTOPOM - Harpy3Ka Ha Bajly IapOBOI MalllMHbI, JaBJICHUE Mapa B TPYOOIPOBOJE.

[IpuHium, Mo KOTOPOMY MOCTPOEHBI peryasTopsl [loa3yHoBa U YaTTa, COCTOUT B
TOM, YTO PETYJISTOP U3MEHSIET PETyIUPYIOIIee BO3ICUCTBUE MPU OTKIOHEHUU PETYJIU-
pyeMoii mepeMeHHOM OT 33JJaHHOTO 3HAYEHUSI HE3aBUCUMO OT NMPUYMH, BHI3BABIIIUX 3TO
oTkyioHeHue. TakuM 00pa3oM, B 3aBUCHMOCTH OT 3HAYEHUSI BBIXOJIHOTO CUTHaJa 00b-
€KTa PETyJISTOP U3MEHSIET €ro BXOAHOW cUrHai. JIJig peanu3anuu alroputMa peryiu-
POBaHUS B KOHCTPYKIIMIO CUCTEMbI BBOJUTCS CBSI3b, OJIyYUBIIIAs HA3BaHUE 0OpaTHOM
CBSI3U, IOTOMY YTO IO HEH MPOUCXOJUT Mepe/iada CUTHAJA C BbIXOJIa 00BEKTA Ha €T0
BXO/I IO HAMpaBJIEHUIO, 00PATHOMY HAIPABJICHUIO MTEpEIaud OCHOBHOIO BO3/ICH CTBUSA
Ha 00BeKT. OOBEKT U PEryasiTOp 00Pa3yoT 3aMKHYTYIO CUCTEMY, Ha3bIBAEMYIO aBTO-
Maruueckoi cucremoit peryiaupoBanusi (ACP). Eciu curnan oOpatHoi CBA3U CKIIabI-
BA€TCS C OCHOBHBIM CHUTHAJIOM, TO CBSI3b HA3BIBAETCS HOJONCUMENbHOU, €CTTA BBIUUTA-
eTcs - ompuyamenvHol. B aBToMaTHUeCKUX CUCTeMax YIpaBJieHUs CBSI3b BCET/a OT-
puULaTEeNbHA.



CxeMbl ¢ 00OpaTHOM CBSI3bI0 OCYIIECTBIISIOT ynpasaenue no omxionenuro (puc.
1.9) nokazarens mpoiiecca - BBIXOAHOW KOOPAUHATHI Y(t) OT 3aJaHHOTO 3HAYEHUS Ysqy;

Ay = y(t) - Ysaz - HA3BIBACTCA OMKIOHEHUEM WU OUWUOKOL YTIPABICHUSI.

Peryastop

Puc.1.9. CtpykrypHas cxema peryJiIupoBaHus M0 OTKIOHEHUIO

PaccMmoTpenHas cucteMa ynpaBiieHHs ¢ 0OpaTHOM CBSI3bE0 OTHOCUTCS K KJIACCy
CUCTEM A8MOMAMUYECKO20 Pe2yaupo8anusi N0 OMKIOHEHUIO.

Takum o0pa3oMm, aBTOMaTHYECKOW CHUCTEMOW PEryJUpOBaHUS MO OTKIOHEHUIO
Ha3bIBAIOT CUCTEMY, B KOTOPOM U3MEPSAETCS OTKIIOHEHUE PEryJIMPyeMON  BEJU-
YUHBI OT  3aJaHHOTI'O 3HAYEHUS U B 3aBUCUMOCTH OT U3MEPEHHOT'O OTKJIOHEHHUS T10-
JAeTCsl TAKOE BO3JICHCTBHE HA PETYIMPYIOIIUI OpraH, KOTOPOE€ YMEHBIIAET BEIUUNHY
OTKJIOHEHMS TakK, yTo Ay—0 npu ¢ — 0.

Kpome perynupoBanus N0 OTKJIOHEHUIO BO3MOXKEH JPYroi crocod peryinpoa-
HUS - 9TO PETYJIMPOBAHUE 10 BO3MYLIECHUIO WM KOMIIEHCAMs BO3MYILEHUI. B aTOM
clly4yae peryJimpyrollee Bo31eCTBUE BbIpA0ATHIBACTCS PETYISITOPOM B 3aBUCHUMOCTH
OT BEJWYMHBI BO3MYyLIeHUsA. CHCTEMBI PETyJMPOBaHUS IO BO3MYILEHUIO SIBIISIOTCS
Pa30MKHYTBIMHM CUCTEMAaMH, TaK KaK B HUX OTCYTCTBYET oOpaTHast cBsi3b. Maes aToro
croco0a 3aKJIYaeTcs B TOM, YTO, €CJIU Mbl CMOKEM KOMIIEHCHPOBATh BCE BO3MYIIIE-
HUS B CUCTEME, TO PEryJinpyeMasi BeIMYMHa He OyJIeT OTKIOHATHCS OT 33JJaHHOTO 3Ha-
yeHust. CleyeT 3aMeTUTh, YTO KOMIIEHCALHUA JOCTUTAETCS TOJBKO 10 U3MEPSEMbBIM
BO3MYIICHHSIM.

PaccmartpuBaeMslil IpUHIUI PETYIMPOBAHUS BIIEPBBIE ObLIT MpeasiokeH B 1830 r.
¢pany3ckuMm nnxxenepom K. Iloncene mpu pazpaboTke TEOpUU LEHTPOOEKHBIX pe-
I'YJSATOPOB XOJa MAIlIMH IO HAarpy3Ke Ha Bally MAalllMHBI, SBJISIFOLICHCS OJHUM U3 OC-
HOBHBIX BO3MYILUEHUH B OOBEKTE, HO PEaTU30BaTh CBOE MPEAJIOKEHUE HA MPAKTUKE
€My HE yaJIOCh, TAK KaK JUHAMUYECKUE CBOMCTBA MAIIMHBI HE JOITYCKAJIM HENIOCPE-
CTBEHHOT'O MCIIOJIb30BAHMS IPUHIIMIIA KOMIIEHCALIUH.

B 1940 r. 6611 peasiokeH NPUHIUI HHBAPUAHTHOCTH - JOCTHKEHUE HE3aBUCH-
MOCTH yIPaBISIEMON KOOPIUHATHI OT BOZMYLIEHU W, ITPAKTUUECKAs Peaanu3anus KOTo-
poro ObL1a MoJTyyeHa ToIbKO B 50-€ rofpl.

HenocraTtok cucreM, MOCTPOEHHBIX MO MPHUHIMITY KOMIIEHCAIIUM BO3MYILEHUH,
oueBuieH. KoMrieHCMpOBaTh Bce BO3MOXHBIE BO3MYIIIEHUSI B 00bEKTE yAaeTcs KpaliHe
pENKO, a HAJIMYKME TaKUX BO3MYILEHUH, KaK KoJieOaHUe COCTOSIHUSI aTMOc(ephl, cTape-
HHME KaTajau3aTopa, OTJOKEHUE COJIEW B amnmapare, T.. IPOU3BOJIbHOE M3MEHEHHE
CBOMCTB 00BEKTa, BOOOIE HE MOMIEKHUT KOoMIeHcauuu. Hanpumep, onacHOCTh HC-
10J1b30BaHus NpuHLHKIa [loHcene npu peryJmpoBaHuy YPOBHS KHUAKOCTH B EMKOCTH,
KOT'J1a PUTOK KUJIKOCTH COOTHOCUTCS C €€ PAaCX 0 0M, 3aKJIFOUAETCs B TOM, YTO BCIIE]-
CTBHE U3MEHEHHMSI PACXOIHBIX XapAKTEPUCTUK BEHTHJIEH HA IPUTOKE U PACXOJI€, UCIIa-
PEHUS KUIKOCTH, €€ IPEHAXka U T. 1., EMKOCTb MOXKET EPENOTHUTHCS, TUOO OMYCTETh.



PerynupoBaHue 1o OTKJIOHEHHUIO JHUILEHO 3TOr0 HEJOCTATKA, 3€Ch KOMIIEHC AU
OTKJIOHEHUS PEryJIMPYEMOM KOOPAMHATHI OT 33JJaHHON MPOUCXOJIUT HE3aBUCUMO OT
TOT0, KAKUMH [IPUYMHAMH BBI3BAHO 3TO OTKJIOHEHHE, HO BBIIOJIHUTH OJIHOBPEMEHHO
YCIIOBHSI TOYHOCTH U OBICTPOAEHCTBUS TPYAHO. YacTo MOBBIILIEHUE TOYHOCTH U OBICT-
POJIEUCTBUSA CUCTEMBI TPUBOJUT K €€ HEpabOTOCTOCOOHOCTH.

HaunOonee 3 pexTBHBIMUA CHCTEMaMH PETYJIMPOBAHUS SBISIOTCS KOMOHMHUPO-
BanHble ACP, coueratome oba paccMaTpuMBaeMbIX NpHUHLIMIIA. B 3THMX cucTemax
HauboJiee CUIbHbIE BO3MYIIECHUS KOMIIEHCUPYIOTCSI CHELUAIbHBIM PETYJISTOPOM, a
KOHTYp PEryJupOBaHUs MO OOpPaTHOM CBSI3M YCTpaHSET OTKJIOHEHHS PEryJMpyeMOn
KOOPJMHATHI, BEI3BAHHBIE IPYTUMHU BO3MYILEHUSAMH.

Takum 00pa3oM, B OCHOBE MOCTPOEHHS CUCTEMBI aBTOMATHYECKOI'O PETYIHPOBa-
HMSL JIexaT obume (yHIaMEeHTaJIbHbIe MPUHLMIIBI PETYIMPOBAHUS, ONPEACIAIONINE,
KakuM 00pa3oM OCYILECTBIISETCS MOAJIEPKAHUE PETYIUPYEMOM BEIMUMHBI HA 3a/aH-
HOM YPOBHE B COOTBETCTBUHU C MPUYMHAMH, BBI3BIBAIOIIMMH €€ OTKJIOHEHUE OT 3TOTO
ypoBHs. B Hacrosiiee BpeMsi M3BECTHO M UCHOJB3YIOT JBAa ()yHAAMEHTAIBHBIX PHH-
LIUIa PETYJIUPOBAHUS: NPUHYUN PE2YIUPOBAHUS NO OMKIOHEHUIO N NPUHYUN Pe2YUpO-
8AHUSL NO BO3MYUIEHUIO.

1.3 Knaccudukaius cucTeM aBTOMAaTHYECKOTO YIPaBICHUS

Bce cuctembl aBTOMaTH4eCKOro YIIPAaBJICHUS U PETYJINPOBAHUS JEIATCS 110 Pas-
JIMYHBIM IIPU3HAKAM Ha CJIEAYIOIINE OCHOBHBIE KJIACCHI [3].

1. ITo OCHOBHBIM BUJaM YpaBHEHUU JUHAMUKH ITPOLIECCOB YIPABIICHUS:

a) TUHEWHBIE CUCTEMBI;

0) HETMHEWHBIC CHCTEMBI.

2. B 3aBucHMOCTH OT KO3()(PUIMEHTOB YpaBHEHHI 1 BU/1a yPaBHEHHUI KaK JTUHEH-

HbIE, TAK U HEJIMHEWHBIE CUCTEMBI ITOAPA3EISIOTCS Ha:

a) CUCTEMBI, ONMChIBAEMbIE OOBIKHOBEHHBIMHU (D pepeHIMaTbHBIMU YpaBHEHU-
MU C TIOCTOSIHHBIMH KO3()(pUITUEHTAMU;

0) cUCTEMBI, ONUChIBA€MbIE OOBIKHOBEHHBIMH JU((epeHIUaTbHBIMUA YPABHEHU-
MM C IIEpEMEHHBIMU KO3 (P ULIieHTamMu;

B) CUCTEMBI, OITUChIBAEMbIE YPABHEHUSIMU B YACTHBIX IPOU3BOJHBIX;

I') CUCTEMBI C 3aIla3/IbIBAHUEM, OIUCBHIBAEMbIE YPABHEHUSIMHU C 3aI1a3/1bIBAIOLINM
apTyMEHTOM.

3. Ilo xapakTepy MpeacTaBICHUS] CUTHAIIOB PA3JINYAIOT:

a) HETIPEPBIBHBIE CUCTEMBI;

0) IUCKPETHBIE CUCTEMBI, CPEAN KOTOPBIX BBIICISAIOT UMIYJIbCHBIC, PEJICHHBIE,
1 poBkIE.

4. 1o xapakTepy NpoOLECCOB YIPABICHHUS:

a) JIETEPMUHUPOBAHHBIE CUCTEMBI - CUCTEMBI C ONPECIICHHBIMU IIEPEMEHHBIMU U
IpoLECCaMU;



0) CTOXaCTUYECKHUE CUCTEMBI - CUCTEMBI CO CIy4YallHbIMU MEPEMEHHBIMU U MPO-
LECCaMH.

5. Ilo xapaktepy (pyHKIIMOHUPOBAHHUSI.

B 3aBucuMOCTH OT TOr0, IO KAKOMY 3aKOHY U3MEHSETCs 3aJ]aHHOE 3HaUEHHE pe-
IyJUpyEeMOM BEJIMYMHBI, CUCTEMbl aBTOMATUYECKOrO YIPAaBJIECHUS MOAPA3IAEIIAIOTCS
Ha!

a) CUCTEMbI CTAOWIIM3ALNH, TIOIEPKUBAIOIINE TOCTOSHCTBO PErYIUPYEMOIl Be-
JUYUHBI, T.€. Vsa0(t) = const,;

0) cUCTEMBI POTPAMMHOTI0O PETYJIMPOBAHUS, B KOTOPBIX 33/1aHHOE 3HAYEHUE pPe-
IyJUpyeMOM BEIUYMHBI MU3MEHSIETCS MO OMNpPEIEICHHOW 3apaHee BPEMEHHOW mpo-
rpaMMme;

B) CJIESILIUE CUCTEMBI, B KOTOPBIX 33JaHHOE 3HAUEHUE PETYIUPYEMOU BEIMYMHBI
U3MEHSETCS B COOTBETCTBUU C COCTOSTHUEM HEKOTOPOTO 3aJaHHOTO BEKTOpa IEpEMEH-
HBIX BO BPEMEHH;

I') CHCTEMBI OITUMAJIBHOTO YIPABIICHHU S, B KOTOPBIX NOKa3aTelb 3(pPEeKTUBHOCTH
3aBHCHUT HE TOJIBKO OT TEKYIIUX 3HAUEHUN KOOPAMHAT, KaK B 3KCTPEMaIbHOM PETyJIH-
POBAHUU, HO TAKXKE OT XapaKTepa UX U3MEHEHMsI B IIPOILIJIOM, HACTOSIIIEM U OYAyLIEM,
Y BBIpAKaeTcsl HEKOTOPBIM (PyHKIIMOHAIOM. Haxox1eHne onTUMalIbHOTO YIIpaBICHUs
HpernoiaraeT peleHue JOCTaTOUHO CI0KHON MaTeMaTUUECKOH 3a/1a4l COOTBETCTBY-
IOILIMMH METOJIaMH, KPOME TOT'O OPraHUYECKON COCTABHOM YaCThIO CUCTEMBI SBIISETCS
KOMIIBIOTED;

1) aJalITUBHBIE CUCTEMBI, B KOTOPBIX aBTOMaTHYECKH U3MEHSIOTCS 3HAYEHUS Vsaz,
COOCTBEHHbBIE MapaMeTphl WK CTPYKTYpa MPU HENPEIBUICHHBIX U3MEHEHUSIX BHEIII-
HUX YCJIOBUI Ha OCHOBAHWM aHAJIM3a COCTOSHUS WM ITOBEJEHUSI CUCTEMBI TaK, YTOOBI
COXPAaHsIIOCh 3aJJaHHOE KauecTBO €€ paboThl. CUCTEMBI ¢ U3BMEHEHUEM 3aJaHHOT'O 3Ha-
YEHUsI PEryJupyeMOi BETUYMHBI HAa3bIBAIOT SKCTPEMAJIbHBIMH, C U3MEHEHHEM I1apa-
METPOB - CAMOHACTPAUBAIOLUIMMHUCSA, C U3BMEHEHUEM CTPYKTYPBI - CAMOOPTraHU3YIOIH-
MHUCS.

6. Ilo koMuecTBy KOHTYPOB:

a) OJHOKOHTYPHBIE - COAEpKalIUe OJJUH KOHTYP;

0) MHOTOKOHTYPHBIE - COJIEPKAIINE HECKOJIBKO KOHTYPOB.

7. I1o ynciy peryanpyeMsIX BEJINYHH:

a) OZIHOMEPHBIE - CUCTEMBI C 1 peryianpyeMoi BEeIMYUHOM;

0) MHOIOMEPHBIE - CUCTEMBI C HECKOJIbKUMU PETYJIMPYEMBIMU BETUUHHAMH.

Mmuoromepubsie ACP B cBOIO ouepeap Moapa3aeiisitoTCsl Ha CUCTEMBI:

a) HECBSA3aHHOT'O PETYJUPOBAHUS, B KOTOPBIX PETYJSATOPBI HEMOCPEICTBEHHO HE
CBSI3aHbI U MOT'YT B3aMO/I€IICTBOBATH TOJILKO Yepe3 001N ISl HUX OOBEKT yIpaBJe-
HUS;

0) CBSA3aHHOI'O PETYJIUPOBAHMS, B KOTOPBIX PETYJIATOPHI PA3IMUYHBIX TAPAMETPOB
OJTHOTO U TOTO K€ TEXHOJOIMUECKOT0 MpoLecca CBA3aHbl MKy co00i BHE 00BEKTa
pEeryJupoBaHus.

8. [1o ¢pyHKIMOHATBHOMY HAa3HAYEHUIO:



a) ACP temnepatypsi;
0) maBieHUs;

B) pacxoja;
') YPOBHSI,

1) HAPSDKEHUS U T. .

7. 11o BUIy MCIIONB3YyEMOM AJIs1 PETYJIMPOBAHUS YHEPTUU:

a) MHEBMAaTUYECKUE;

0) ruapaBINYECKUE,
B) DJIEKTPUYECKHUE;

I') MEXaHUYECKHE U JIP.

8. I1o mpuHIMNY peryaupoBaHus:

a) 1O OTKJIOHCHHIO,

0) 1O BO3MYIICHHUIO;

B) KOMOMHHUPOBAHHBIE - COUYETAIOT B cebe ocodeHHocTH npeabaymux ACP.

1.4 KJIaCCI/I(l)I/IKaHI/ISI OJICMCHTOB aBTOMATHYCCKHUX CHUCTCM

. Ilo pyHKIIMOHATEHOMY Ha3HAYEHHUIO:

U3MEpUTEIbHbIE,
YCWINTEIBHO-NPe00pa3oBaTEIbHBIE,
UCIIOJIHUTENIbHBIE,
KOPPEKTUPYIOIIHE.

2. 1o Buay sHEpruu, UCHOJIL3yeMO 1Ji pabOTHI:

SJICKTPHUICCKHUC,
'nApaBJIMYCCKUC,
IMHEBMAaTH4YCCKUC,
MCXaHHN4YCCKUC,

KOMOMHHPOBaHHBIE.

3. Ilo HaTUUMIO MU OTCYTCTBUIO BCIIOMOI'aTCJIIbHOI'O HCTOYHHKA SHCPTHUU:

aKTUBHBIE (C ICTOYHUKOM SHEPTUN ),
naccuBHbIe (0€3 HCTOYHUKA).

4. I1o xapakTepy MaTeMaTU4eCKUX COOTHOIIIECHUIA:

JINHEUHBIE

HEJIMHEUHBIE.

5.1lo MMOBCACHUIO B CTATUYCCKOM PCIKHUMC!

CTAaTUYCCKUC, Y KOTOPBIX MMCCTCSA OAHO3HAYHAA 3aBUCHUMOCTH MCXKIAY BXO/-

HBIM U BBIXOJIHBIM BO3JIEHCTBUSIMHU (COCTOSIHUE CTaTUKH ). [I[puMepom sBisieTcst o000

TEIUIOBOU OOBEKT.

ACTATUYCCKHUC - Y KOTOPBIX 3Td 3daBUCUMOCTb OTCYTCTBYCT. HpHMep: 3aBucu-

MOCTbD YTI'JIa ITOBOPOTA pOTOpaA 3JICKTPOABUT'ATCIIA OT ITPHUIIOKCHHOTI'O HAITPAKCHU A. HpI/I



1oJlaye HaIpspKeHHsl yroi MOoBOpoTa OyIeT MOCTOSIHHO BO3pPacTaTh, MOATOMY OJHO-
3HaYHOM 3aBHCHUMOCTH y HETO HET.



2 XAPAKTEPUCTUKHU 1 MOJIEJIN DJIEMEHTOB U CUCTEM
2.1 OcHOBHEIE MOJIETIN

Paboty cucremsl peryinpoBaHusi MOKHO omucaTh cioBecHo [1]. Tak, B m. 1.1
omKcaHa CUCTEMa PETyJMpPOBaHUS TEeMIlepaTyphl cymmibHOro Imkada. CioBecHoe
OMKCaHUE MTOMOTAET MOHATH MPUHIIUMN JACUCTBUS CUCTEMBbI, €€ Ha3HAYCHHUE, OCOOCHHO-
cTd (yHKIMOHHpPOBaHMS U T.a1. OgHAKO, YTO caMO€ TJIaBHOE, OHO HE JAeT KOJIMue-
CTBEHHBIX OLICHOK Ka4€CTBA PETYJIUPOBAHUS, IOITOMY HE MMPUTOAHO JIJISI U3YyUYEHUS Xa-
PAKTEPUCTUK CUCTEM U MOCTPOCHUSI CUCTEM aBTOMATU3WPOBAHHOIO yNpaBJieHus. Bme-
cto Hero B TAY ucnons3yroTcst 60jiee TOUHbIE MATEMATUUECKUE METOJIbI OMMCAHUS
CBOMCTB CHCTEM:

® CTaTUYECKUE XapaKTEPUCTHUKH,

® JIMHAMHUYECKHE XAPAKTEPUCTUKH,

e mudpdepeHunanbHbIC YPAaBHEHHUS,

® [epeaToOYHbIC (PYHKITUH,

® YACTOTHBIE XAPAKTCPUCTUKH.

B n1060ii 13 3THX MoJeneil cucteMa MOXKET ObITh MPEJCTaBIIEHA B BUJE 3BEHA,
MMEIOIIET0 BXOJAHbBIE BO3ACHUCTBUS X, BO3MYILEHUS /' U BBIXOJAHBIE BO3JECUCTBUSA Y.

ITon BIMsiHUEM 3TUX BO3JAEHCTBUIN BBIXOAHAS BEIMUMHA MOKET U3MEHATHCS. [Ipu

i F ATOM MPU MOCTYIJIEHUH HA BXOJl CUCTEMBbI HOBOT'O
3aJlaHus OHA JIOJDKHA 00ECIeYnTh ¢ 3aJaHHOM CTe-
MEHbI0 TOYHOCTH HOBOE 3HAYEHUE PETYIUPYyEMOU

X—> 338¢6H0 —> Y

Puc.2.1. THIOBOE 3BEHO BEJIMYMHBI B yCTAHOBUBLIEMCSI PEKHME.
YCcTaHOBUBINMICS PEXKUM - 3TO PEXKHUM, MPH

KOTOPOM PaCXOKACHUC MCKAY HCTUHHBIM 3HAYCHUCM peFYJIpreMOﬁ BCINYHHBI
N €€ 3a1aHHBIM 3HAYCHHCM 6y,Z[€T ITOCTOAHHBIM BO BPCMCHHU.

2.2 CtaTu4ecKkue XapaKkTepUCTUKU

Cratuueckoi XapaKTEPUCTUKOM AJIEMEHTA Ha3bIBACTCS 3aBUCUMOCTh YCTAaHOBHUB-

IIUXCSl 3HAYCHUN BBIXOJHON BEIIMYMHBI OT 3HAYCHUS BEJIMYMHBI HA BXOJIE CHCTEMBI,
T.€. Vyer = P(X).
Yyer

X

Puc.2.2. Cratuyeckas XxapakTepuCTHKa

CraTHuecKyro XapaKTepUCTHKY (puc.2.2) 9acTo n300paxaroT rpadUIecKy B BUJIC
KpuBOH y(x).



CTaTUYeCKMM Ha3bIBACTCS 9JICMCHT, Y KOTOPOro npu nmoCToOAHHOM BXO/JIHOM BO3-

I[GﬁCTBHH C TCYCHUCM BPCMCHHU YCTAHABJIMBACTCSA IMOCTOAHHAA BbIXOJHAA BCIWYMHA.
HaanMep, IIpHU moaa4Yc Ha BXO/ HArpeBaTciisaA pa3IMIHbIX 3HAYCHUM HAITPps’KCHUS OH
6y,Z[eT HarpeBaTbCA A0 COOTBCTCTBYIOIIHUX 3TUM HAIIPAXKCHUAM 3HAYCHUH TCMIICpa-

TYPBL.
ACTaTUYECKUM HA3bIBAETCS AEMEHT, Y KOTOPOTO IPU MOCTOSHHOM BXOJTHOM BO3-

JNEWCTBUU CUTHAII HA BBIXOJE HEMPEPBIBHO PACTET C MMOCTOSHHON CKOPOCTHIO, YCKOpE-
HUEM U T.1.
JIMHEHHbIM CTATUYECKUM 3JIEMEHTOM HA3bIBACTCS OE3MHEPIIMOHHBIN AJIEMEHT,

oOnagaroluii TMHEHHON CTaTUYECKOW XapaKTepUCTUKOM:
Vyer = K*x + ay.

Kak BugHO, cTaTnueckast XapaKTEepUCTHKA 3JIEMEHTA B JAHHOM CIIy4ae UMEET BUJ
npsiMoit ¢ ko3 duirueHTom HaksioHa K.

JIuHelHbIe CTaTUYECKUE XapaKTEPUCTUKH, B OTIMYHME OT HEIMHEHHBIX, Oosee
yA00OHBI [1J1s1 u3y4deHus Oyaronaps cBoeit mpocrore. Eciau Mojens 00bekTa HeMHEeHa,
TO OOBIYHO €€ MpeodpasyroT K JUHEHHOMY BUJy ITyTEM JIMHEAPU3ALIUH.

CAY HazbIBaercsi CTaTUYECKOU, €CIU MPHU MOCTOSSHHOM BXOJHOM BO3JEHCTBUU

omrOKa ypaBieHHUs € CTPEMUTCS K MOCTOSHHOMY 3HAUYEHHIO, 3aBUCSIIEMY OT BEJU-
YHUHBI BO3EHCTBHA.
CAY Ha3bIBaeTCsl aCTaTUYECKOU, €CJIM MPU MOCTOSHHOM BXOJHOM BO3JICUCTBUU

ommoKa YIIPpaBJICHUA CTPEMHUTCA K HYJIHO BHC 3aBUCHUMOCTH OT BCJIMYHNHBI BOSHGﬁCTBHH.



2.3 JIlnHaMHu4YeCcKue XapaKTEPUCTUKH

[lepexoa cucTemMbl OT OJJHOTO YCTaHOBUBILIETOCS PEXHUMa K APYTOMY MPU KaKUX-
AM00 BXOJHBIX BO3JIECHCTBUSX Ha3bIBaeTCA MEPEXOAHBIM IpoleccoM. llepexonnsie
MIPOLIECCHI MOTYT U300pakaTbcs rpaguuecku B BUAE KpUBOil )(t).

Hanpumep, npouecc Harpepa CylmiIbHOro mkada 10 yCTAaHOBHUBIIETOCS 3HAYE-
HUSI MOXKET MMETh BUJI, MPEACTABICHHBIA Ha
pucyHke 2.3.

To ecTh, mepexoAHbIN MpoLIECC Xa-

y, °C
Yyer

pakTepu3yeT IWHAMHYECKHE CBOMCTBA CHU-

CTEMBI, €€ IIOBCACHUC.
HOCKOJIBKy BXOJHBIC BOSHCﬁCTBHH
Puc.2.3. lunamuueckue XapakTepUCTUKN MOT'YT H3MEHSITHCS BO BDEMEHH, TO 1 IIEPEXO/I-

t

HbIE XapaKTEPUCTUKHU OynyT KaXIbld pa3 pasHble. I8 IpOCTOTHI aHAlM3a CUCTEM
BXOJIHbIE BO3JICHCTBUS NPUBOJAAT K OAHOMY M3 TUIIOBBIX BUJOB (pucC.2.4).

X X X X
t ' {

t

a) eMMHUYHOE 0) O-pyHKIUSA B) JIMHEIHOE I') CHHYCOUAAJIbHOE
CTYNEHYaTOC  (nmesbTa-QyHKIUS, (rapMoHHMUECKOE)
HUMITYJIBC)

Puc.2.4. Tunosrle BXOHEIE BO3AEHCTBUA

B 3aBucrMoCTH OT BHIa BXOJJHOTO BO3/IeHCTBUSA QYHKIUS )(f) MOXKET UMETh pa3-
HOoe 0003HauYeHUE:

[lepexoaHO# XapaKTepUCTUKOH /(f) Ha3bIBaETCS peakuus 0ObEKTa Ha EAMHUIHOE
CTYIIEHYAaTOEe BO3/ICHCTBHE MPHU HYJICBBIX HAYAIBHBIX yCIOBUSX, T.€. ipu x(0) =0 u
¥(0)=0.

NMIynbCHOM XapaKTEpUCTUKOW «Xf) Ha3bIBAETCS peaklMs 00beKTa Ha O-(PyHK-

LU0 MPY HYJIEBBIX HAaYaJbHBIX YCIOBUSX.
[Ipu momaue Ha Bxoa 00bEKTa CUHYCOUJAIBHOTO CUTHAJIA HA BBIXOJIE, KaK IMpa-
BUJIO, B YCTAHOBUBILIEMCS PEKHUME MOTYYAETCSA TAKIKE CUHYCOUIATBHBIA CUTHAIL, HO C
Opyroil aMmiuTyaon u Gazoit: y = Agu™sin(@w*t + @), tA€ Apux - AMIUIATYJIA, @ - Ya-
CTOTa CUTHAaNA, @ - (Baza.
YactotHoti xapaktepuctukon (UX, ADX u ap.) Ha3pIBaeTCS 3aBUCUMOCTh aM-
TUTUTYJIBI U (Pa3bl BEIXOJHOTO CUTHAJIa CUCTEMBI B YCTAHOBUBIIIEMCS PEXKUME TIPU MIPU-

JIOKCHHHU HAa BXOAC TapMOHHUYCCKOI'O BOSI[CﬁCTBPIH.

2.4 luddepennmanbupie ypaBueHus. Jlnneapuzarus



N3BecTHO, 4TO J1H000€ IBUKEHUE, TPOLIECCHI TEpe1aur, 0OMeHa, IpeoOpa3oBaHus
SHEPrUU U BEIIECTBA MAaTEMATUYECKHM MOYKHO ONKCATh B BUIE AUPQEpeHIHATbHBIX
ypaBHeHu# (1Y). JIroOsle npoueccsl B ACP Taxke NpUHITO ONUChIBATh AU epeHin-
albHBIMU YPaBHEHUSIMU, KOTOPBIE OMPEIEISIOT CYIIIHOCTh IPOUCXOASAIINX B CUCTEME
MIPOLIECCOB HE3aBUCUMO OT €€ KOHCTPYKUHH U T.4. PemmB JIY, MOKHO HAaTH XapakTep
WU3MEHEHHSI PEryJIUpyEeMOil IEPEMEHHOM B MEPEXOIHBIX U YCTAHOBUBLIMXCS PEXKUMAaX
IIPY Pa3IMYHbIX BO3JCHCTBUIX HA CUCTEMY.

Jlnst ynpoienus 3agaun Haxoxaenust 1Y, onuceiBatomero pa6oty ACP B nienom,
CUCTEMY pa30MBaIOT HA €€ OTAEJIbHBIE AIEMEHTHI, IEPEXOAHBIE MPOIIECCH B KOTOPBIX
onuchIBaroTcAa 1octatouHo npoctbiMu Y. Tak kak J[Y onuckiBatoT paboTy CHCTEMBI
HE3aBUCUMO OT (PU3HUYECKOU CYIIIHOCTH NPOTEKAIOUIMX B HEM MPOILIECCOB, TO MIPH pa3-
OMBKE CUCTEMbl HET HEOOXOJAUMOCTH YUUTHIBATH UX (PU3UUECKYIO LEIOCTHOCTb. Jljis
KaX0ro AJIEMEHTa CTPYKTYPHOM CXeMbl He00X01MMO cocTaBuTh 1Y, onpenenstoiiee
3aBUCUMOCTb U3MEHEHUS BBIXOIHON BETUYHHBI OT BXOJHOM.

Tak kak BbIXOJHAsI BEJIUYMHA MPEIbIAYIIETO JIEMEHTA SIBJISETCS BXOAHOW JUIS
NOCJIEAYIOUIEr0, TO, onpeaeauB Y oTAenbHbIX 3J€MEHTOB, MOKHO Haltu Y cu-
CTEMBI.

OnHako, TakoM METOJ NPUMEHHUM TOJIBKO B HACTHBIX ciy4dasx. J[eso B TOM, 4TO B
OOJIBIIIMHCTBE CIyYaeB B PEATbHBIX SJIEMEHTAX CUCTEMBI CBSI3b MEK/Yy BXOAHON U BbI-
XOJTHOM BETMYMHAMH SIBJIICTCSl HEJIMHEHHOM 1 4yacTo 3a/1aeTcs B rpadguueckoit hopme.
[Toatomy, naxe ecnu Y cuctemsl U OyneT moixydeHo, OHO OyAeT HeNMHEHHBIM. A
AHAJIMTUYECKOE PELICHUE HEIMHENHBIX Y BO3MOXHO 1aJeKO HE BCETa.

Jlst perieHus 3Toil mpoOIeMbl YUUTHIBAIOT, YTO B MPOIIECCE PETYIUPOBAHUS OT-
KJIOHEHHS BCEX U3MEHSIOIIMXCS BEIMYMH OT UX YCTAaHOBUBILUMXCS 3HAYEHUU MaJlbl, U
MO3TOMY BO3MOYKHA 3aMeHa HeIMHEHHBIX 1Y npulnmkeHHbMu JuHEeHHBIMEU J[Y, TO
€CTh BO3MOKHA JIMHeapu3auus 1udpdepeHunaibHbIX YPaBHEHUH.

PaccmoTpuM CymiHOCTH Tpolecca JMHEAapu3aluy Ha MpUMEpEe CYIIHJIBHOTO
mkada. 3aBUCUMOCTh TeMIEPaTypbl 00bEKTa OT MOJAABAEMOT0 HANPSDKEHHS B OOJb-
IIMHCTBE CITy4acB HEJIMHENHA U UMEET BUJ, IPEICTABICHHBIN HA PUCYHKE.
['padpruecku TMHEapU3aLUIO HEKOTOPOTO YPABHEHHUS OT

T .
00BeKT JBYX TepeMeHHBIX F(x,)) = 0 B OKPECTHOCTH HEKOTOPOW
To MOREIb  1oyku (X, Yo) MOKHO MPEACTABUTh KaK 3aMEHY paccMaTpH-
BAaE€MOIr0 ydyacTKa KpMBOM Ha KacaTeibHyHo (puc.2.5), ypas-
U o
Uo HEHHE KOTOPOW onpenensiercs no popmyse:
oF oF
Puc.2.5. Jluneapu3zarus —Ax+—Ay=0,
ox oy
oF  OF
rae —— u P YaCTHBIE IPOU3BOJIHBIE OT F 10 X U y. JlaHHOE ypaBHEHHE Ha3bIBACTCS
X

YPAaBHEHHEM B MPUPALLEHHUSX, TIOCKOJIbKY 3HAYEHHUS X U J 3[ECh 3aMEHEHbI Ha MIpUpa-
HWEHUA AX =X -Xo U Ay =y - .



Jluneapuszanus J[Y npoucxoauT aHaJIOTHYHO, OTJIIMYUE COCTOUT TOJIBKO B TOM,

OF OF OF

qTO0 HGO6XOI{I/IMO HCKAaTb YaCTHBIC ITPOHU3BOJIHBIC I10 IIPONU3BOJHBIM (F ) ; ) o
X X X

T.J.).
IIpumep. JInneapuzanus HenuHennoro Y.
dx d
3xy-4x?+1,5%y=52 +
Xy - ax DY T Y

Jannoe /1Y sBisieTcsi HETMHEMHBIM W3-3a HATUYUS TTPOU3BEACHUN NIEPEMEHHBIX
X U y. JInHeapu3upyeMm ero B OKPECTHOCTH TOYKH ¢ KoopauHaTaMu xo = 1, x, =0, y =
0. [Ins onpeneneHus HEAOCTAOIIETO HAYaJIbHOIO YCIOBHS Yo OJICTAaBUM JAHHBIE 3HA-
yeHus B [V

390-4+0=0+y), oTkyma yo=2.
Brenem B paccMoTpeHue ¢ yHKIHIO
F=3xy-4x*+15xy-5)" -y

Y OIPEJICIUM BCE €€ MPOU3BOAHBIE ITPU 33JJaHHBIX HAYAJIbHBIX YCIOBUSX:

O = (3y-8x),=3%2 - 8%1 = -2,

axl,

T = Bx+ 1,50 - 1), = 3*1 + 1,5%0- 1 =2,
|,

oF

OFl — (1,50) = 1,5%2 =3,

o, (1,5,

o~ s

', '

Tenepb, HCIIOJIb3Y: ITOJTYUCHHBIC KOG)(b(bI/IHI/ICHTBI, MOKHO 3aIlluCaTb OKOHYAaTCJIb-

Hoe JimHenHoe J1Y:
SAY +2Ay+3Ax -2Ax = 0.

2.5 [IpeobpazoBanus Jlamnaca

Nccnenoanne ACP cymiecTBEHHO yNpOIIAETCs NMPU UCTOIb30BaHUM ITPUKIIA-
HBIX MaTeMaTHYECKUX METOJIOB OllepallMOHHOIro ucuncienus. Hanpumep, pyHkmo-
HUPOBAHNE HEKOTOPOU cucTeMbl onuckiBaercs /Y Buna

d’y dy dx
a,——+a,—+a,y=b—+bx, 2.1
2 e 1 di oV =0 i o ( )
TJIC X U ) - BXO/IHAs ¥ BBIXOMHAS BETMUMHEL. Eciii B TaHHOE ypaBHEHHE BMECTO X(f) U
y(¢) moactaButh QyHkinu X(s) 1 Y(s) KOMIJIEKCHOTO IEPEMEHHOTO S TaKHe, YTO

o0

X(s)= Ix(t)e_Stdt u Y(s)= Ty(t)e_s’dt , (2.2)

0

TO UCXOOHOC I[y IIpHU HYJCBLIX HAYAJIBHBLIX YCJIOBHUAX PABHOCHJIBHO HHHeﬁHOMy alJl-

reOpanyeckoMy ypaBHEHUIO
ay s2 Y(s) + ar s Y(s) + ao Y(s) = by X(s) + bo X(s).



Taxoit mepexox ot 1Y k anreGpanueckoMy ypaBHEHHUIO Ha3bIBaeTCs Mpeodpas3o-
BanueM Jlamnaca, ¢opmyinbl (2.2) COOTBETCTBEHHO (QopMynamMu mnpeoOpa3oBaHUs

Jlamiaca, a MOTy4eHHOE YpaBHEHUE - ONIEPATOPHBIM YPABHEHHEM.
Hosrie pynkuum X(s) u Y(s) Ha3piBatoTCsa n3o0pakenusimu x(¢) u y(¢) mo Jlarmnacy,
Toraa Kak x(¢) u y(f) ABJISIFOTCA OpUTHHATIAMU 1O OTHOIIEHUIO K X(s) u Y(s).

ITepexo OT 0AHOM MOEIH K APYTOM AOCTATOYHO MPOCT U 3aKIIFOYAECTCA B 3AMEHE

n

3HaKoOB JHU(]PepeHInanon Ha OIepaTopsl s", 3HAKOB UHTETPAJIOB j ...dt Ha MHOH-

TeNu l, a camux x(¢) u y(¢) - uzoOpaxkeHusmMu X(s) u Y(s).
N

Jl1st 0OpaTHOTrO nepexoia OT ONEepaTOPHOro ypaBHEHUS K (DyHKLHSAM OT BpEMEHU
UCIIOJIB3YETCA METO/I 00paTHOro npeodpaszoBanus Jlamnaca. O6mas Gopmyna odbpat-
Horo npeoOpa3zoBanus Jlamnaca:

f(t):2L IF(ja))ej“”da), (2.3)
7[*@

rae f(¢) - opurunan, F(j w) - uzoOpaxxeHue npu s =j @, j - MHUMas €IMHMIIA, @ - 9aCTOTA.

Ota popmysna T0CTATOYHO CIOKHA, TTOITOMY OBLIN pa3pabOTaHbl CHEIUATbHBIE
tabmunpl (Tabn. 1.1 u 1.2), B KoTOphIle CBEJACHBI HaMOOJIEe YacTO BCTPEUAIOITUECS
¢Gyakuuu F(s) 1 ux opuruHaisl f(f). OHU MO3BOJISAIOT OTKA3aThCs OT MPSIMOTO UCIIOJb-
3oBaHus (hopmyisl (2.3).

Tabauua 1.2 - [IpeodpazoBanus Jlamaca

Opurunai x(t) N3o0paxenue X(s)
O-pyHKITIS 1
1 1
s
r T
S2
; 2
S3
" n!
Sn+1
e 1
s+a
ax(t) aX(s)
2. x(0) DX ()
i=l i=1
x(t- a) X(s)ye™
d"x(1) s"X(s)
d
! X(s)
Ix(z')d T Ty
0




Ta6numa 1.2 - opmynasr o6paTHOTO MpeodpazoBanus Jlamnaca (HomoaHEHME)

N3o6paxenne X(s) Opurunan x(t)
M oaeR MeR M-e ™
S+a (oo 1 M - nericTBUTEIB-
HBIC YHUCIIA)
a=oa1+j o 2.¢ ! [Mycos(azt) - Masin(ant)]
M=M; +jM>

(oo 1 M - KOMITJICKHBIE)

3aKOH M3MEHEHUs BBIXOJHOTO CHUrHasla OOBIUHO SIBJIAETCS (PyHKLHEH, KOTOPYIO
HE00X0/1MMO HalTH, a BXOJHOM CUTHaJI, KaK IPaBUIIo, U3BecTeH. HekoTophble TUIIOBBIE
BXOJIHbIE€ CUTHAJIBI OB PACCMOTPEHBI B 1. 2.3. 31€Ch NPUBOIATCS UX U300paKEHHUS:

o 1
— eIMHUYHOE CTYINIEHYAaTOEe BO3JICHCTBUE UMEET n300paxenue X(s) = —,
S

— nenbTa-QyHKIUS X(s) = 1,

o o 1
— JMHEHHOe Bo3uencTBre X(s5) = — .
S

[Tpumep. Pewienne 1Y ¢ ucnonb3zoBanueM npeodpazoBaHuil Jlamiaca.

JlomycTruM, BXOIHOM curHai uMmeer (opMy €IMHHUYHOTO CTYNEHYaTOro BO3/EH-

cTBus, T.€. x(¢) = 1. Torga nzo06pakeHne BXOIHOTO cUrHaja X(s) = 1
S

[TpousBoaum npeodpazoBanue ucxoanoro Y no Jlammacy u monacrabisiem X(s):
S?Y +5sY +6Y=2sX+ 12X,

SY+5sY+6Y=2s1 +121,

S N
Y(s® +55% + 65) =25 + 12,
Omnpenensercs BeIpaXxeHue s V-
25 +12
$*+557 + 65
OpuruHai nojaydyeHHOU (GyHKITUU OTCYTCTBYET B TaOJIUIIE OPUTHHATIOB M U300pa-
x)eHui. [ pereHus 3aa4m ero morucka Apoos pa3duBaeTcs Ha CyMMY MPOCTHIX JPO-
0eil ¢ yueToM TOTo, YTO 3HAMEHATEb MOKET OBITh MPEICTaBIEH B BUE s(s + 2)(s + 3):
25412 _ 25412 M, M, M, _
s +557+6s  s(s+2)(s+3) s s+2 s+3
_ (M +M,+M,)s> +(5M, +3M, +2M,)s + 6M,
s(s+2)s+3)
CpaBHUBas MOJYYUBIIYIOCS IPOOb C UCXOJHOM, MOKHO COCTaBUTh CUCTEMY W3
TpeX YpaBHEHHUH C TpeMsl HEU3BECTHBIMU:
M+ M, +M;=0 M, =2
SMy+3My+2:M;=2 > M, =-4
6'M1 =12 M3 =2

Y =

Y =




CrnenoBaTenbHO, 1POOh MOYKHO MPEJACTABUTh KAK CYMMY TpeX ApOOeil:
2s+12 2 4 n 2
S +552+6s s s+2 s+3°

Teneps, ucnonb3ys TabnudHble (QYHKIMHU, ONPEIEIAETCS OPUTUHAN BBIXOJHOU
(GyHKIMH:

Y()=2 - 4e* + 2e3
2.6 IlepenaTounsie PyHKIIUH
2.6.1 Onpexnenenue neperaTrouHon GyHKINUN

[IpeoOpazoBanue /1Y no Jlamnacy naeT BO3MOKHOCTh BBECTH yIOOHOE MOHSTHE
nepeaaTouHon (GyHKIIUMU, XapaKTepU3yIollel TMHAMUYECKUE CBOMCTBA CUCTEMBI.

Hanpumep, oneparopHoe ypaBHeHHE

35%Y(s) + 4sY(s) + Y(s) = 2sX(s) + 4X(s),
MO>KHO MpeoOpa3oBath, BeiHECS X(s5) 1 Y(s) 3a CKOOKHU M TIOJICTIUB JIPYT Ha JApyra:
Y(s)*(3s? +4s + 1) = X(s)*(2s + 4)

Y(s) 2s+4
X(s) 35 +4s+1

[Tomy4yeHHOE BBIpa)K€HHUE HA3bIBAECTCS MEPEAATOYHON (DYHKIIUEH.

[lepenaTouHoil yHKIMEN Ha3bIBa€TCS OTHOLICHHE H300paKEHHSI BBIXOJIHOTO
Bo3AeicTBUs Y(s) K M300pa)»k€HUIO BXOAHOTO X(S) MpU HYJIEBBIX HAYAJIbHBIX YCIIO-

W(s)=

BUSIX.
Y(s)
X(s)

[lepenatounas GpyHKIus SBIAsIETCS IpOOHO-PAIIMOHATIBHON (PYHKIIMEH KOMITJIEKC-
HOM MEPEMEHHOM

W(s)= 2.4)

_B(s) by+bs+b,s’+..+b,s"

A(s) ay+as+ast+..+as"’

W(s)

rae B(s) = bo + bys + bys* + ... + by S™ - IONMHOM YHUCITUTEN,
A(S)=ao+ ais + ays* + ... + ay s" - TOJTMHOM 3HAMECHATEJIS.

[lepenarounas GyHKIIUSI UMEET MOPSAIOK, KOTOPBIA OMPEACIAETCS MOPSIKOM TIO-
JWHOMA 3HaMeHarens (n).

U3 (2.4) cnenyet, uTo M300paskeHHE BHIXOJHOTO CUTHAIA MOYKHO HAMTH Kak:

Y(s) = W(s)*X(s).

Tak xax nepegaTouyHasi QyHKIUSI CUCTEMbI TIOJHOCTHIO ONpPEAEIET ee TMHAMU-
YECKHUE CBOKCTBA, TO MTEpBOHAYaIbHAA 3aa4a pacueta ACP cBoauTes K onpenesieHuto
ee nepeaaToyHon (PyHKIUH.

2.6.2 [Ipumepsl TUTIOBBIX 3BEHHEB



3BEHOM CHCTEMBI HA3bIBACTCS €€ PIEMEHT, 00JIaIaloNnid OTpe/IeIICHHBIMU CBOM-
CTBaMH B JUHAMHYECKOM OTHOIIEHUU. 3BEHbS CHCTEM PETYIMPOBAHUS MOTYT UMETh
pasHy10 PU3UIECKYIO OCHOBY (JIEKTPUUECKHE, THEBMATHIECKUE, MEXaHUICCKHUE U JIP.
3BEHbs1), HO OTHOCUTCA K OAHOM rpymne. COOTHOIIEHNE BXOJHBIX U BHIXOIHBIX CUTHA-
JIOB B 3BEHBSX OTHOU TPYIIITHI OMUCHIBAIOTCS OJJMHAKOBBIMU MEPEIATOYHBIME (DYHKITH-
SIMH.

[IpocTeiimme TUNOBBIE 3BEHBS:

® YCWIHUTEIBHOE,

® UHTErpupymoliee,

o nuddepeHupyoIiee,

® anepHOANYECKOE,

e KoJjebarenbHOe,

® 3ara3/bIBAIOIIEE.

YcunureabHoe 3BEHO.

3BEHO yCUIMBaeT BXoaHOU curHai B K pa3. YpaBHeHue 3BeHa y = K*x, nepena-
touHast pynkius W(s) = K. Ilapamerp K HazbiBaeTcs K03 OUIMEHTOM YCUICHHUS.

BpIxogHOM CHrHANI TAKOTO 3B€HA B TOUHOCTH MOBTOPSIET BXOAHOM CHUTHAII, YCH-

y
K

Puc.2.6. IlepexoaHas XxapaKT€pUCTUKA YCUIIUTEIIBHOTO 3BEHA

neHHsbli B K pa3 (puc.2.6).
[Ipumepamu TakrX 3BEHBEB SIBJISIOTCS: MEXaHUYECKUE TIEpe1auu, TaTUUKH, Oe3bl-
HEPLIMOHHBIE YCHIIUTEH U JIP.

HuTerpupyrouree.

NneanpHOE MHTETpUPYIOLIEE.

BrixogHas BenMuMHA MICATIBHOTO MHTETPUPYIOMIErO 3BEHA MPOMOPUHUOHAIbHA
WHTETPaTy BXOAHON BEJIUYHHBI.

y= Kj.x(t)dt; W(s) = %

Puc.2.7. IlepexonHas xapakTepUCTUKa UJEAIbHOTO HHTETPUPYIOLIETO 3BEHA



IIpu mogayve Ha BXOJI 3B€HA BO3/IEMCTBUS BBIXOJIHOW CUTHAJI MOCTOSIHHO BO3pac-

Taet (cM. puc. 1.16).
OT0 3BE€HO aCTaTMUECKOE, T.€. HE UIMEET YCTaHOBUBIIIETOCS PEKUMA.

PeanbHO€ MHTETpUpYIOLIEE.
y

t

Puc.2.8. TlepexonHas xapakTepuCTHKa PEAIbHOTO HHTErPUPYIOLIET0 3BE€HA

HepeﬂaTquaﬁ Q)YHKHHSI 9TOIo 3B€CHa NMCCT BHU

W(s) = —=

s(Ts+1)
HepexozLHa;I XApaKTCPUCTHUKA B OTIIMIUC OT UACAJIBHOI'O 3BCHA ABJIACTCA KpHBOﬁ
(puc.2.8).
[IprMepoM HHTETPUPYIOLIETO 3BEHA SBIIACTCS ABUTATENb IOCTOSIHHOTO TOKA C He-
3dBUCHUMBIM B036y>KI[eHI/I€M, €CJIK B KA4YCCTBEC BXOJHOT'O BOSI[GIZCTBI/IH IMPUHATH HAIIPA-
JKCHHUC IINTAHWA CTATOPA, @ BBIXOAHOTO - YI'OJI IIOBOPOTA pOTOpaA.

Judpepenunpyromee.
UneanbHoe nuddepeniupyroriee.
BrixonHas BerunHa MPOMOPIIHOHAIEHA TIPOU3BOIHOM 1O BpEMEHH OT BXOIHOM:
y:Km; W(s)= K*s.
dt
[Tpu cTyneH4YaToM BXOJHOM CHUTHAJIE BEIXOIHOUM CUTHAJ MPEACTABIIsET COO0H NM-

nyJabC (O-QyHKIHIO).
3.2) PeanpHoe auddepenuupyroiiee.

*—]lz <

t

Puc.2.9. TlepexonHast XxapakTepUCTHKA PeaibHOTO AU hepeHIupyIOIIEero 3BeHa

NneanpHble nud@epeHuupyomme 3BeHbs PU3NYECKH HE peann3yeMbl. bolib-
IIUHCTBO 00BEKTOB, KOTOPHIE MPECTABIISIIOT cCO00M nuddhepeHuupyronue 3BeHbs, OT-
HOCSTCS K peajbHbIM AuddepeHIupyomuM 38eHbsIM. [lepexoanas XxapakTepucTrka

" riepcaarodHasn (bYHKHI/IH 9TOTI'0O 3BCHA MMCIOT BH /.

_ Ks
W(s) = Ts+1

Anepuoanyeckoe (MHEPIUOHHOE).



O1oMy 3BeHYy cOOTBETCTBYIOT [V n I1®P BHaa:

dy K
7Y 4y =K W(s) = .
R )= 7

OHpe,HeJII/IM XapaKkTep N3MCHCHUA BBIXO,ZIHOﬁ BCJIMYMHBI 3TOI'O 3BCHA IIpH I10Aa49¢C
Ha BXOJ CTYIICHYATOI'O BOSI[eI\/’ICTBI/IH BCIIMYHMHBI Xo.

9 X,
N3o0paxenue ctynenyaToro BoznenctBus: X(s) = =>. Toraa n3o0pakeHue BbI-
N

XOﬂHOﬁ BCJIIMYHMHBI.
K x 1
0 =Kx

Y(s)=W(s) X(s)= — = —_.
() () X(s) Ts+1 s 0S(Ts+l)
Paznoxxum 1poOb Ha MpoCThIE:
1 _ 4 +£:AS+BTS+B:l_ r _ 1 1
s(Ts+1) Ts +1 s s(Ts +1) s  Ts+1 s s+l
T

OpuruHain nepBoi apoodu no tadamie: L {l } =1, BTOpOII:
N

N~

L'{—r}=c
s+ —
T

t
Torna okonuarensHo nomydaem: y(t) =K xo (1 -¢e ).
y
K

t

Puc.2.10. IlepexongHast xapakTepHCTUKA allepHOJUIECKOTO 3BEHA

[TocTosinHast T Ha3bIBa€TCS MOCTOSIHHOW BPEMEHHU.
BOJBIIMHCTBO TEMJIOBBIX OOBEKTOB SIBISIOTCS ANEPUOJMYECKUMU 3BEHBSIMU.

Hampumep, mpu moaue Ha BXOJ[ SJIEKTPUICCKON MEYN HAMPSHKEHUS €€ TeMIeparypa
OyZeT U3MEHSATHCS MO aHAJIOTMYHOMY 3aKoHY (puc. 2.10).

KoJeb0aTeabHoe 3BEHO.
KomnebarensHoe 38eHo umeet Y u 1D Buga:
dy K

d’y
T—+T——+y=Kx , W(§)= ————.
Pt ldt 4 () T)s* +Ts +1



y T1<2T>

A4

T>2T>

Puc.2.11. IlepexoqHas XxapakTepuCTHKa K0JIEOATENbHOIO 3BEHA

[Ipu mojade Ha BXO/ CTYIIEHYATOTO BO3ACHUCTBUS aMILUIUTY 10U X9 HA IEPEXOAHAS

KpuBas OyJIeT UIMETh OJIMH U3 JIBYX BUJOB: anepuoandeckuil (mpu 77 > 275) unum Kose-
Oarenbubii (ipu 77 < 27)).

3ana3abiBaloluiee.
() =x(t - 1), W(s)=e™.
BrixogHas BenMurHA y B TOUHOCTH MTOBTOPSIET BXOJHYIO BEIIMUHMHY X C HEKOTO-
pbIM 3ana3napiBanueM 7. [IpuMepsl: ABMKEHHUE rpy3a MO KOHBEUEPY, ABUKECHUE KU -
KOCTH TI0 TPYOOTIPOBO/TY.



2.6.3 CoeqnHeHNs 3BCHLEB.

[TockobKy HCCIeayeMblil 00BEKT B LENISIX YIPOIICHUS aHaIn3a () yHKIIMOHUPO-
BaHMA pa30UT HAMU Ha 3BEHbS, TO TOCIE OMpPeeNICHUs MepeAaTOYHbIX (PYHKIMM i
Ka)KJIOT0 3B€HA BCTAET 3aJja4a OObEIMHEHUS UX B OJIHY MEPEIaTOUHYI0 (PYHKIMIO 00B-
exTa. Bun nepenarouHoi GyHKIMKA 00BEKTA 3aBUCHUT OT MOCIEN0BATEIBHOCTH COE/IH-
HEHUS 3BEHbEBR:

1. IlocnenoBarenbHOE COEAMHEHNE.

X Yy
— W /%) W —>

Puc. 2.12. IlociaenoBaTenbHOE COENUHEHNE 3BEHLEB

W06 = W]'WQ'W3. ..

HpI/I IMOCJICA0BATCIIbBHOM COCIMHCHUHN 3BCHBCB UX IICPCAAaTOUYHBIC (I)YHKHI/II/I nepe-
MHOXKaKTCA.

2. HapaJIJICJ'IBHOG COCIMHCHUC.

Puc. 2.13. TlapaimienbHO€ COEMHEHUE 3BEHHEB

Wes=W,+ W+ W+ ...

[Ipu mapamiensHOM COCAMHEHUH 3BEHBEB WX TMepeaaTodHble (YHKIIUN CKIIAIbI-
BaOTCH.

3. O0parHas cBs3b

X

y
—>R—> W

L

Puc. 2.14. Coenunenue 3B€HbEB ¢ OOPaTHOU CBSI3bIO

IlepenaTounas GpyHKUMA O 3aJaHUIO (X):
W, (s)=— 1

T1xww,

b

rze: «+» cooTBeTcTBYyeT oTpHnareabroi OC,
«-» - TIOJIOKUTEITHLHOM.
Jlis ompesneneHus mepeaaTouHbiX (PyHKIUH 00BEKTOB, UMEIOMUX O0Jiee CI0XK-
HBIC COCTMHECHUS 3B€HBEB, UCTIONB3YIOT JIMOO TIOCIENOBATEILHOE YKPYITHECHUE CXEMBI,
0o npeodpaszyrot 1o popmyie Me3ona.

2.6.4 Ilepenarounsie pynkumuu ACP



JIns mecnenoBaHus U pacueTa CTpyKTypHYto cxeMy ACP myTeM 3KBHBaJI€HTHBIX
peoOpa3oBaHUl MPUBOAAT K MPOCTEHUILIEMY CTaHIAPTHOMY BUAY «OOBEKT - peryis-
TOP».

¢f

X%%ewpu W, y

Puc. 2.15. CtpyktypHas cxema ACP.

9T0 HEOOXOAUMO, BO-IIEPBBIX, AJISl TOTO, YTOOBI ONPEAEIUTh MATEMATUUECKUE 3a-
BUCHUMOCTH B CUCTEME, U, BO-BTOPBIX, KaK IIPABUIIO, BCE NHKEHEPHBIE METO/IbI pacueTa
U OIpeNeTICHHs] TapaMEeTPOB HACTPOMKHU PETyJIATOPOB MPUMEHEHBI JJIsl TaKOM CTaH-
JApTHOU CTPYKTYPBHIL.

B o0mewm cinyyae mo0ast onHomepHast ACP ¢ ri1iaBHON 0OpaTHOM CBSI3bIO IyTEM
IOCTENEHHOTO YKPYITHEHNS 3BEHbEB MOXKET OBITh IPUBEJICHA K TAKOMY BHUJY.

Ecnn BbIXOZ CHCTEMBI Y HE NTOABATh HA €€ BXOA, TO MBI IIOJIY4YHM Pa30MKHYTYIO
CUCTEMY pEryJIUpOBaHUsl, IepeaaTouHas GyHKIMsI KOTOPOU oNpeaenseTcst Kak Mpou3-
BEJICHUE:

Weo=WyW,

(W, - T1® perynstopa, Wy - [1® o0bekTa ynpaBiieHus).

To ectb mociaen0BaTeNIbBHOCTL 3BEHBEB W, u W
MOJKET OBITh 3aMEHEHA OJJHUM 3B€HOM ¢ W.. Ilepena-

X o
Woo Y TOYHYIO ()YHKILIMIO 3aMKHYTOM CUCTEMBI IPUHATO 000-
3Ha4aTh Kak @(s). OHa MOXeT ObITh BRIpAKEHA Yepe3

Puc. 2.16. ACP, oxpauen- /"
Hast 00paTHOM CBSI3bIO D(s) = Y(s) _ W,(s)
X 1+ W(s)

Hanee Oyaem paccMaTpuBaTh TOJIBKO CUCTEMBI C 00PAaTHOM OTPHULIATENBHOM CBSI-

3b10, MIOCKOJIBKY OHU UCIOJIb3YIOTCS B moaBiisitoieM 0osbiuHcTBe ACP).

JHannas nepeaatounas GyHKIus @s(s) onpeaesisieT 3aBUCUMOCTb ) OT X U Ha3bl-
BaeTCA MepeaTouHON (PyHKIIUEH 3aMKHYTOM CUCTEMBI 110 KaHaTy 3aJal0Iero BO3eii-
cTBUS (10 3a1aHUIO).

Hnst ACP cymiecTByIoT Takke nepeAaroynbie GyHKIMU MO IPYTUM KaHajlaM:

@e(S) _ E(s) _ 1
X(s) 1+W,_(s)
@B(S) — Y(s) — Wy (s)
F(s) 1+W,_(s)
[Tockonbky nepenatouHasi GyHKIMS PA30MKHYTOM CUCTEMBI SIBJISETCS B 00IIEM

o o _ B(s)
ciy4ae ApOoOHO-palMoHalbHOU QyHKIMEN BUIa Wo = 16)’ TO MEepeNaTOYHbIe (PyHK-
S

- IO OIIIHMOKE,

- 110 BOSMYIICHUIO.

IIMY 3aMKHYTOM CHUCTEMBbI MOTYT OBITh MPE0OPa30BAHBI:



_ B

1+ B A+B

A
A+B’

NI

D,(s) = Do(s) = LB -

1+—
Y|

Kak BHUJIHO, 9THU TNEPCAATOYHBIC (1)}’HKI_[I/II/I OTIIMYAIOTCS TOJIBKO BBIPAKCHUA MU
YUCTIUTEIICH. BBIpa)KeHI/Ie 3HaMCHATCJ/IAA HA3bIBACTCA XAPAKTCPHUCTHYCCKHMM BBIPAXKC-

HUEM 3aMKHYTOW CHICTEMBI U 00o03HauaeTcs kak Ds(s) = A(s) + B(s), B To BpeMs Kak
BBIp@XXEHUE, HAXOAIEeCs B YHUCIUTEINE MepelaTOYHON (DYHKIIMU PA30MKHYTOM CHU-

cTeMbl W, Ha3pIBACTCS XapaKTEPUCTUICCKUM BBIPHKCHHEM PAa3OMKHYTOW CHCTEMBI
B(s).

2.6.5 Onpenenenue napamMeTpoB MepeaTouHon GyHKIMU 00BEKTA M0 MePexXo-
HOM KPUBOU

[Ipoiiecc nmonyyeHus nepeaaTouHor PyHKIMN 00BEKTa, UCXOAS U3 TAHHBIX O T1e-
PEXOAHOM TTpoliecce, Ha3blBaeTCs UACHTUDUKAIIMEH 00BEKTA.

y

Yyer P

1A T t

T

Puc. 2.17. IlepexoaHast XapakTepUCTUKA IIPU MOJA4YU CTYIIEHYATOr0 BO3IEH-
CTBHS Ha BXOJ HEKOTOPOT'O 0OBEKTa

HpCI[HOJ'IO}KI/IM, 4dTO IIpU IMoAa4Yc¢ Ha BXOIA HCKOTOPOTO o0BeKTa CTYIICHYATOI'O
BO3JCICTBUS OblIa MOJy4YeHA MepexojHasl xapakrtepucTtuka (puc. 2.17). Tpebdyercs
OTIPEIICTUTD BUJI U TTApaMEeTPhl TIEPeIaTOUHON () yHKITUH.

[Ipenmnonoxum, 4To niepenatouHas GyHKIMS UMEET BU (MHEPIIMOHHOM 3BEHO C
3aHaSI[LIBaHI/I€M):

K
Ts+1
[TapameTpbl IepenaToyHoON QyHKIINH:
K - ko3p puiieHT ycunenus,

—18

¢,

W(s) =

T - OCTOSIHHAsA BPEMEHU,
T - 3aIa3/bIBaHNUE.
KosddunreHToM ycuieHus Ha3bIBaeTCsl BEIMYMHA, TOKA3bIBAIOLIAS, BO CKOJIBKO

pa3 J1aHHOE 3BEHO YCUJIMBAET BXOJIHOM CUrHaM (B yCTAaHOBUBIIIEMCS PEXKUME), U paBHA
OTHOIIEHUIO BBIXOJHOUW BEJIMYMHBI ) B YCTAHOBUBIIEMCS PEKUME KO BXOJHOM BEJHU-
YUHE X:

szycm
X

b



YcraHoBUBIIEECS 3HAUCHHE BBIXOHHOﬁ BCJIMYHHBL Vyer - OTO 3HAYCHUC ) IIPpHU

{ — o0.
3ana3abIBAHUEM 7 HA3bIBACTCH IIPOMEKYTOK BPEMEHU OT MOMEHTA HU3MEHCHUS

BXOHHOﬁ BCJINMYHNHEBI X JO HA4YaJIa U3MCHCHUA BLIXOHHOﬁ BCIIMYHMHEI ).
[locTossHHAsI BpeMeHHU 1 MOXKET OBITh OonpeaAcjicHa HCCKOJIbKUMH MCTOJaMU B 3a-

BUCHMOCTHU OT BHJa NepenaTouyHoil pynkuuu. i1 paccMatpuBaeMoil epeaaTouyHon
¢yakuuu 1-ro nopsinka 7' onpezaensiercss HanboJiee MPOCTO: CHavyana MPOBOAUTCS Ka-
caTesibHas K TOUKe nepernda, 3aTeM HaXOoAATCA TOUKHU MEPECCUEHUs C OChbI0 BPEMEHU
Y ACUMITOTOMN Vyer; BpeMs T ONpeAessieTcsl Kak MHTEpBal BPEMEHU MEKAY 3TUMU TOY-
KaMH.

B ciyuae, ecnu Ha rpaduke Mexay TOUKOM reperndoa MMeeTcst BOTHyTOCTb, OIpe-
JEJISAeTCs NOMOIHUTEIBHOE 3aM1a3/IbIBAHUE Tyon, KOTOPOE IPUOABIIAETCS K OCHOBHOMY:

T= T+ Ton-
2.7 YacTOTHBIE XapaKTEPUCTUKHU

OmnpeneseHne 4aCTOTHBIX XaPAKTEPUCTHK.
N3BecTHO, YTO JMHAMUYECKHUE IMPOLIECCHl MOTYT OBITh MPEICTAaBIEHBI YaCTOT-
HbIMH Xapakrepuctukamu (UX) mytem pasznoxenus GpyHkuuu B psag Oypbe.
[Ipennonoxum, UMeeTCsi HEKOTOPbIA 0OBEKT U TpeOyeTcs onpenenuts ero YX.
[Ipu sxcnepumentanbHoM cHITHH YX Ha BXoa 00bEKTa MOAACTCSI CHHYCOUIATbHBIN
CUTHAJI C aMIUTUTYAOU Ay = 1 1 HEKOTOPOM YaCTOTOM M, T.€.
x(t) = Assin(ax) = sin(ax).

X

AVAVAN

Puc. 2.18. TlonydyeHune 4acTOTHBIX

y

Toma IMOCJIC IIPOXOXKACHUA IICPCXOAHBIX IIPO-

XapaKTCPHUCTHUK

/\/\/\ NECCOB Ha BBIXOAC MBI 6y,[[€M TAaK¥KC UMCTb CUHYCO-

WJAJbHBIA CUTHAII TOM K€ YaCTOTHI @, HO IPYTOW aM-
TUTUTYABI Apyx ¥ (Paszbl @
W(t) = ApuxSin(axt + @).

[Ipu pa3HbIX 3HAYEHUSIX @ BETUYUHBI Apyx U @, KaK MPABUIIO, TAKXKE OyayT pas-

JIMYHBIMU. DTa 3aBUCUMOCTD AMIUIUTY bl U (1)3351 OT YaCTOThI HA3bIBAE€TCSl YACTOTHOMU

xapaktepuctukou. Buasr UX:

o A®X - 3aBUCUMOCTb aMIUTATYAbI U (a3l OT Ya-
Im CTOTHI (M300paXkaeTcs Ha KOMILIEKCHOM TUIOCKOCTH);
¥ o AUYX - 3aBUCUMOCTb aMIUIMTY/IbI OT YaCTOTHI;
. OYX - 3aBUCUMOCTH (pa3bl OT YACTOTHI,
/o . o JIAX, JIAYX - norapudpmuueckue AUYX.

ot

Puc. 2.19. KomiiekcHas

IIJIOCKOCTB

Re

Ha KoMIUIEeKCHOW TIJIOCKOCTH BXOJHAs BeJMYUHA
X = Apxsin(@t) 1751 KaKI0I0 MOMEHTa BPEMEHH f; OTperie-
JSI€TCSA BEKTOPOM X Ha KOMIUIEKCHOM MJIOCKOCTH. JTOT BEK-
TOpP UMEET JUIMHY, PaBHYIO Ay, U OTIIOKEH MO/ YTIIOM @t K

JEUCTBUTENIBHOU OCH. (Re - nelicTBUTENbHAS OCh, [m - MHUMAasI OCb)



Tornma BeMUYMHY X MOKHO 3aMKcaTh B KOMILUIEKCHOU (hopme
X(?) = Asx(cos(at) + jsin( ar)),
raej = \/—_1 - MHUMas €JUHUIIA.
Wnu, ecnu MCnonb308ath GopMyty Dilepa &% = cosa + jsina, TO MOXKHO 3aITi-
carthb
x(f) = A @™
BrixonHoii curnan y(f) MOKHO aHAJIOTUYHO MPEJCTABUTH KaK BEKTOP
V(1) = Apgx @@,

Paccmotpum cBsI3b iepeaTouHON GYHKIIMU U YaCTOTHOM XapaKTEPUCTUKH.
Onpenenum npousBoAHbIe 110 Jlamnacy:

y—=>Y

y —>sY

V> = s’ Yu ..
Onpenenum npousBoaHsie UYX:

V() =)o Auxe P = joy,

V()= (0 AP = (jw)*y urt.I
Otcro1a BUIHO COOTBETCTBUE S = j . BBIBOJI: YaCTOTHBIE XAPAKTEPUCTUKHA MOTYT

OBITh IOCTPOEHBI IO MEPEAATOYHBIM (PYHKIIMSM IIyTEM 3aMEHBI S = J (.

[Ipumep: W (s)=

Ts+1
IIpu s =j w nmeem:
. K K K(-jTw K — joKT
W(jo)=— = . = ( / ) - Jz 7
o+l 1+jTo (+ jTo)]l- jTow) l1+o°’T
K . joKT .

= - = Re(w) +j Im(w).

1+a)2T2 J1+a)2T2 ( ) .] ( )

N3mensst @ ot 0 10 o0, MoxkHO ntocTpouth ADX (puc. 2.20).
s moctpoenus AUX u ®UX ucnonb3ytorcs: GopMyJib:

A(@) = \[Re* (@) + Im*(w) ,
Iy

o(w) = arctg EZEZ; .

K
0 v Re ®opmyasl nonydeHuss AOX no AYX u OUX:
Re(w) = A(w) cos (w),

Im(w) = A(w) sin p(w).

Puc. 2.20. AOX

JlorapugMmuyeckue 4aCTOTHbIE XapaKTePUCTHKH

Jlorapugmuueckne yactoTHele Xxapakrepuctuku (JIYX) wucnomns3yrores 1o-
BOJIBHO 4acCTO JUIsl ONMCAHUS JUHAMUYECKUX ITAPAMETPOB Pa3IMuHbIX ycTpoicTB. Cy-
LIECTBYIOT JIBa OCHOBHBIX Buaa JIUX, KOTOpBIE, KaK MPaBUIIO, UCHOJIB3YIOTCA COB-
MECTHO 1 U300pa)katoTcsl B BUJE IPAPHUKOB:

1. IAYX - norapupmuueckas AUX.



L(w) ®opmyna s nocrpoenus JIAUX: L(w) =

I nekana 201lg Aspx(®).
20l ﬁ Enununa usmepenus - aenuoen (ab).
, L Ha rpaduke JIAUX mo ocu abcuumcc oT-

0,01 0.1

—_—

10 KIaabIBaCTCA YaCTOTa B JIOl"apI/I(l)MI/IIIGCKOM Mac-

mrade. DTO 03HAYAET, YTO PABHBIM BEIMYMHAM OT-

Y
S
e

Puc. 2.21. JJAUX PE3KOB IO OCH (® COOTBETCTBYIOT KpaTHBIC 3HA4C-
Hug yactothl. s JIYX kpatnocts = 10.
ITo ocu opauHat oTKIaAbIBalOTCS 3HaueHus L(w) B 0ObIYHOM MaciiTade.
2. JI®YX - norapupmuyeckas UX. IIpencrasiser u3 ceds PUX, y KoTOpoii och
4acTOThl @ TMPOrpaJlydpoBaHa B JOTAPUPMUYECKOM MACIITad0E€ B COOTBETCTBUU C

JIAYX. Tlo ocu opiMHAT OTKIIAIbIBAOTCS (ha3bl (.
[Tpumepsr JIUX.
1. ®unbTp HU3KKX yacTtoT (OHY)

JJAUYX JIPUX [Ipumep nenu
L(“))T 9ﬁ@(w), ° R o
20
I : ' + . . UBX ::(j UBI)IX
ok COLNRI 110 01 1 10
-20 n1b/mek -904 - - =S . o 0

Puc. 2.22. ®unbTp HU3KKUX YaCTOT

@uIbTp HU3KUX YACTOT NPEAHAZHAYEH [IJIS ITOJABJICHUS BBICOKOYACTOTHBIX BO3-
JIEUCTBUI.
2. ®unbTp BicOKUX YacToT (DBY)

JTAUX JIOUX [Tpumep uenu
L(O) 90 _.\.‘EQO;)Z’_ - R
20} _1+20 nb/nek / ° — 0
] 0'1 y ' * ! ! Usx Usux
20 1110, 001 01 1 10
'90- [} 0

Puc. 2.23. ®unbTp BBICOKHUX YaCTOT

OuIbTp BHICOKUX YACTOT MPEAHA3HAYECH JIJISl MOJIaBJICHUSI HU3KOYaCTOTHBIX BO3-
JNEUCTBUU.

3. 3arpaauTenbHbIi QUIBTP.

3arpaauTenabHbIN PUIBTP MOJABISET TOJIBKO ONMPEACICHHbBIN 11ana30H 4acToT.
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Puc. 2.24. 3arpaautenbHblil GUIBTP



3 KAYECTBO ITPOLIECCOB YIIPABJIEHHMA
3.1 Kpurepun ycTOM4nBOCTH

Y CTONYUBOCTb.

BaxnbiMm nokazarenem ACP sBIIsIETCA yCTOMYHUBOCTB, IIOCKOJIBKY OCHOBHOE €€
Ha3HAYCHHE 3aKIIF0YACTCS B NOAACPKAHUU 38 TaHHOTO TOCTOSIHHOT'O 3HAYEHHUSI PETYJIN-
pyeMoro napameTpa Wil U3MEHEHHUE €ro MO ONpeAeICHHOMY 3aKoHy. IIpu oTkiIoHE-
HUU PETYJIIMPYEMOTO MapaMmeTpa OT 3aJJaHHOW BEJIMYMHBI (HallpUMep, MoJ| 1eUCTBUEM
BO3MYIIICHUS] WM U3MEHEHUS 3aJlaHKsl) PErYyJIATOp BO3JEHCTBYET HA CUCTEMY TaKUM
o0pa3oM, 4TOObI TMKBUANPOBATH ATO OTKJIOHEHUE. Eciiu cuctema B pe3yJibTare 3TOro
BO3JECHCTBHUS BO3BPAIIACTCS B KCXOJHOE COCTOSIHUE WM MEPEXOAUT B JIPYroe paBHO-
BECHOE COCTOSIHME, TO TaKasg CHUCTEMa Ha3bIBAETCsS YCTOWUMBOU. Eciin e BO3HUKAIOT
KoJieOaHus CO BCE BO3pACTAIONIEH aMILTUTYI0U WU TPOUCXOAUT MOHOTOHHOE YBEIH-
YyeHHe OIIMOKH €, TO CUCTEMa Ha3bIBaeTCsI HEYCTOMYMBOM.

J171s1 TOTO, 4TOOBI OMPEACIIUTh, YCTOMUNBA CUCTEMA MIJIH HET, UCTIOJIB3YIOTCS KpH-

TEPUHU YCTONYUBOCTH:

1) kopHEBOI1 KpUTEpHil,

2) kputepuit CTOIOJIBI,

3) kputepuii ['ypBuna,

4) xputepuit HalikBucra,

5) xputepuiit Muxaitnosa u ap.

[lepBble n1Ba KpUTEpUs SIBIAIOTCS HEOOXOJUMBIMU KPUTEPUSIMHU YCTOMUYMBOCTU
OT/EJIbHBIX 3BEHBEB U Pa30MKHYThIX cucteM. Kputepuii ['ypBuna ssisiercs anreOpau-
YEeCKUM U pa3paboTaH AJisl ONpeNeIeHNs] yCTOMUYMBOCTH 3aMKHYTBIX CUCTEM 0€3 3amas3-
neiBanus. [locimeqnue nBa KpUTEpUs OTHOCATCS K TPYNIE YACTOTHBIX KPUTEPUEB, T10-
CKOJIBKY OIIPENEIAI0T YCTOMYUBOCTD 3aMKHYTBIX CUCTEM I10 MX YAaCTOTHBIM XapakTe-
puctukam. X 0COOEHHOCTBIO SIBISETCSI BOBMOXKHOCTb IPUMEHEHHUS K 3aMKHYTBIM CH-
CTEMaM C 3ama3/iblIBaHuEM, KOTOPBIMHU SIBJIETCS TOAABIISIONIEE OOJIBIIMHCTBO CUCTEM
YIPABJICHUSL.

3.1.2 KopHeBoii kputepuit

KopHeBoli kputepnii onpenensier yCTOMIUBOCTb CUCTEMBI IO BUIly HEPEAATOY-
HOM (pyHKUIMHU. JMHaMHUYECKON XapaKTEPUCTUKOMN CUCTEMBI, OITM ChIBAIOLIEH OCHOBHBIE
IIOBEJICHYECKNE CBOMCTBA, SIBJISIETCS XapaKTEPUCTUUECKUI ITOJIMHOM, HAaXOALIUICS B
3HaMeHaTele nepenaToyHor gpyHkuuu. Ilyrem npupaBHUBaHUS 3HaAMEHATENS K HYJIO
MO’KHO IOJIyYUTb XapaKTEPUCTUUYECKOE YPAaBHEHUE, ITO KOPHSAM KOTOPOr'O OIIPENEIUTh
YCTOWYHUBOCT.

KopHu xapakTeprcTH4eCKOro ypaBHEHUSI MOTYT ObITh KaK I€HCTBUTENbHBIE, TaK
Y KOMIUIEKCHBIE M JUISI OIIPENEICHUS YCTOMUMBOCTH OTKJIAIBIBAIOTCS HA KOMIUIEKCHOM
wiockoctH (puc. 2.25).



Bunpl kOpHEH XapaKTepUCTHYECKOTO ypaBHe-

HUS:
- ICUCTBUTEIILHEIC:
® MOJOXUTeNbHbBIE (KopeHb No 1);
e orpunareiabHbie (2);
e Hynesbie (3);
- KOMILJIEKCHbBIE
Puc. 3.1. Kopuu xapakrepucruye- ®  KOMILICKCHBIC COMPSIKCHHBIC (4);
CKOI'0 YPaBHEHHs Ha KOMIUIEKCHON ®  YUCTO MHHUMBEIE (5);

IJIOCKOCTHU
- 110 KPaTHOCTH KOPHH OBIBAIOT:

e oauHounsble (1, 2, 3);
e CoOnpspKeHHbIE (4, 5): si= ot Jo;
e KkpatHbIe (6) S; = Siy = ...

Kopuesoii kputepuit GopMynupyeTcs cleyonuM o0pa3om:

JIuneninas ACP ycroiumBa, €ciii Bce KOPHU XapaKTEPUCTUUYECKOTO YPABHEHMS
JeXKaT B JIEBOM MOJYIUIOCKOCTH. Eciu X0Ts Obl OJTMH KOpEHb HAXOAUTCS Ha MHUMOMN
OCH, KOTOpas SIBISECTCA I'PAHULEN YCTOMYUBOCTH, TO TOBOPST, YTO CUCTEMA HAXOAUTCS
Ha paHMIle YCTOMYMBOCTU. Ecnu XoTst Obl OAMH KOPEHb HAXOJUTCS B MPABOM MOIY-
IJIOCKOCTH (HE 3aBHCUMO OT YHCJia KOPHEH B JIEBOM), TO CUCTEMA SIBJISIETCS HEYCTOM-
YUBOU.

NHbpIMH cnioBamu, BCE NEHMCTBUTENIbHBIE KOPHU U JAECWCTBUTEIBHBIE YACTH KOM-
TUIEKCHBIX KOPHEH JTOJKHBI OBITh OTPUIIATENbHBI. B MPOTUBHOM Cilydae cucTema He-
YCTONYMBA.

[Ipumep 3.1. [lepenarounas GpyHKIMS CUCTEMBI UMEET BUL:
3s+4
s*+257 +2.255+1.25

XapakTepucTHUECKOE ypaBHeHHE: s° + 25 +2.255 +1.25 = 0.
Kopnu: s; =-1; 5, =-0,5 +7; s3=-0,5-7.

Wi(s)=

CrnenoBarenbHO, CUCTEMA YCTOWYNBA.
3.1.3 Kpurepuit Ctonossl

DTOT KpUTEPUIL SBISETCS CIECACTBUEM U3 MPEIBIIYIIEro U (popMyIupyercs cie-
ayromuM oOpa3om: JIuHelHas cucteMa ycTON4MBA, €Cii Bee KOA((QUIIMEHTHI XapaK-
TEPUCTUYECKOTO MOJIMHOMA MOJI0KUTENbHBIL.

To ectb, nepeaarounas GyHkius u3 npumepa 3.1 no kputepuro CTo107a COOT-
BETCTBYET YCTOWUYNBOW CHCTEME.

3.1.4 Kpurepuii I'ypuna



Kpurepuii ['ypBunia paboTtaer ¢ XapakTepuCTUYECKUM MOJIMHOMOM 3aMKHYTOMH
cucreMsl. Kak n3BectHo, crpykrypHas cxema ACP no ommbke umeet Bua (puc. 2.26):
rae: W, - nepenarodnas (GyHKLIHsS pery-

Jf nATOpA,
X 9% SSTw, 4 Wy y W, - mepematounas (GyHKImsS OOBEKTA
YHpaBJICHUS.
Puc.3.2. 3amxnyras CAY OHpeI(eJII/IM TIepeIaTOYHYIO (bYHK-

UIO s NpsSMOM  CBsi3U  (IIepeAaTOUHYIo
(GYHKLMIO pa30MKHYTOM cucteMsl: Wo, = Wy, Wi.
Jlanee ¢ yueToM HaJIu4Ms OTPULIATEILHOM OOPAaTHOM CBS3M MOJIyYaeM MepeaToy-

HYIO0 (DYHKITMIO 3aMKHYTON CUCTEMBI:

o0

Kak mpaBuio, nepenparounas QyHKIHs pa30MKHYTON CHCTEMbI UMEET IPOOHO-pa-
IIMOHAJILHBIN BUJ:

B(s)
A(s)
Torna mocie NoJICTAaHOBKHU U MTPeoOpa30BaHUs MOITYUYaEM:
B(s)
A(s)+B(s)
OTC}OI[a CIcaycCT, 4To XapaKTepI/ICTI/I‘ICCKI/Iﬁ ITOJIMHOM SaMKHYTOﬁ CUCTEMBI

W.(s)=

W.(s)=

(XII3C) MOXKHO ONpeAeanuTh KaK CYMMY YHCIUTENS U 3HaMeHaTenst Wo:
Dy(s) = A(s) + B(s).

Jlnst onpenenenuss yCTOMUMBOCTH MO ['ypBUIly CTpOUTCS MaTpuLia TaKUM 00pa-
30M, 4TOOBI 110 TJIABHOM AuaroHanu Obutd pacronoxkenbl ko3 dduimentsl XI13C ¢ apy
no ay. CripaBa u ciieBa OT HE€ 3alHUChIBAIOTCS KOI(DDUIIMEHTHI ¢ UHIEKCAMU uepe3 2
(ao, a2, a4... UM ay, a3, as ...). Toraa Ay yCTOMYMBOM CUCTEMBI HEOOXOAUMO U JI0CTa-
TOYHO, YTOOBI ONPEJEIIUTEb U BCE TJIaBHBIE JUArOHAJIbHbIE MUHOPBI MaTPULIbl ObLITU
0O0JIbILIE HYJIA.

Ecnu xoTst 661 071uH onpenenuTens OyIeT paBeH HYI0, TO cucteMa OyleT Haxo-
JUTCS] HA TPAHMIIE YCTOMYMUBOCTH.

Ecnu xoTs1 661 01MH onpenenuTenb OyAeT OTPULATENEH, TO CUCTEMA HEYCTOMYMBA
HE 3aBHCHMO OT YHMCJIA MOJOXKUTENbHBIX MM HYJIEBBIX ONPENEITUTENCH.

[Tpumep. dana nepenatounas GyHKIUS Pa30MKHYTON CUCTEMBbI
25 +9s” + 65 +1 _ B(s)

25t 4353 +57 A(s)

TpeOyeTcst omnpenenuTs yCTOWYMBOCTh 3aMKHYTOM CHUCTEMBI MO KPUTEPHIO
['ypBuia.

st aroro onpeaensiercs XI13C:

D(s) = A(s) + B(s) = 2s* + 353 + 52 + 253 + 952 + 65 + 1 = 25* + 55 + 105 + 65 +
1.




[Tockonbky crenenb XII3C paBHa n = 4, To MmaTpuiia OyaeT uMeTh pazmep 4x4.
Koapduumentsr XII3C paBnsl as =2, a3 =5, a, =10, a; = 6, ap =1.
Marpuna umeer BUA:

5 6 0 0
2 10 1 0
0 5 6 0
0 2 10 1
(oOpatrTe BHUMaHUE Ha CXOJICTBO CTPOK MaTpulibl: 1 ¢ 3 u 2 ¢ 4). Onpeaenurenu:
A1=5>0,
A, = > 6sz"‘lO—2"‘6=38>O,
2 10
5 6 0
Ay=12 10 1[=(5*10%6+6*1*%0+2*5*0)—
0 5 6

—(0*10*0+5*5*1+2*6*6)=209 >0
Ag=1% A3 =1%209 > 0.
[TockombKy Bce onpeaenuTenu nojaoxurensisl, To ACP ycroitumnsa.

3.1.5 Kpurepuit MuxaiinoBa

OnucaHHbIC BbIIIE KpUTCpUHU yCTOﬁ‘{HBOCTH HC pa60Ta}0T, CCJIN IICpcaaTovYHaA

(GyHKIMS CHCTEMBI UMEET 3ara3AblBaHKe, TO €CTh MOKET ObITh 3aMucaHa B BUE
()= 2
A(s)
rJie 7 - 3ama3/bIBaHue.

B sTOM citydyae xapakTepuCTUUYECKOE BhIPAXKEHHE 3aMKHYTOW CHCTEMBI MOJMHO-
MOM HE€ SIBJIIETCS U €r0 KOPHH ONPEIeTUTh HEBO3MOXKHO. J[J1s1 onpeenenus ycTondu-
BOCTH B JJAHHOM CITy4ae MCIOJIb3YIOTCS YaCTOTHBIE KpuTepuu Muxaiinosa u Haliksu-
cTa.

Ilopsnok npuMeHenus kpurepuss Muxanmnosa:

1) 3amuchIBaeTCs XapaKkTEPUCTUIECKOE BRIPKECHNE 3aMKHYTON CHCTEMBI:

Dy(s) = A(s) + B(s)e™.

2) noacraisetcs s = j@. Ds(j o) =Re(w) + Im(w).

3) 3anuckiBaeTcs ypaBHeHue rogorpada MuxaitnoBa Ds(jw) u CTpoUTCS KpuBas
Ha KOMIUIEKCHOM TJIOCKOCTH.



Jns ycroitunBoit ACP HeoOX0AUMO U 10CTaTOYHO,

yToOBI roforpad MuxaitioBa (cM. puc.), HAaUUHASCh IPU

/ @ = (0 Ha MOJOXKUTEIBHON BEIIECTBEHHOM MOIYOCH, 00-

o Re  XOIMWJ IOCJEIOBATEIbHO B MOJOKUTEILHOM HampaBiie-
meycr.  HHUM (IIPOTUB YacCOBOM CTPEJIKM) IPU BO3pacTaHUU @ oT

70 00 71 KBaJApPAHTOB, TJE 7 - CTEIEHb XapaKTepUCTHYE-
rPAHULA YCT
CKOTO MOJIMHOMA.
Puc.3.3. Togorpad Muxaii- Eciu romorpad MuxaiinoBa mpoxoguT udepes
1082 Ha4yaa0 KOOPAMHAT, TO TOBOPSAT, YTO CUCTEMA HAXOIUTCS

Ha I'PAaHULIE YCTOMYNUBOCTH.
3.1.6 Kpurepuit HalikBucra

JlaHHBIN KpUTEpUI aHAJIOTH4YEH KpuTeprto Muxaiinosa, Ho padotaet ¢ ADX cu-
CTEMBI, IOATOMY 00JIe€ CIIOKEH /JIsl paCUETOB.

IlocnenoBaTeabHOCTS:
B(s)
As)

1. Onpenensiercs nepegaroyHast GyHKIMS PA30OMKHYTONU CUCTEMBI W, () =

2. OnpenensieTcs Ynucio MPaBbIX KOPHEH M.
3. IlloncraBnsiercs s = j @: Wol(j w).
4. Ctpourcss ADX pa3zoMKHYTON CHCTEMBI.
Hns ycroriunBoctd ACP Heo0X0MMO U AOCTATOYHO, YTOOBI MPU YBEIUUYCHUH
@ oT 0 10 0 ADX Wo(jw) m pa3 oxBarbiBasia TOUky (-1; 0), rme m - 4uciio MpaBbIX
KOPHEN Pa30MKHYTON CUCTEMBI.
Ecimn A®X npoxonur yepe3 Touky (-1;
0), To 3aMKHyTasi cUCTeéMa HaxOJIWUTCS Ha TPAHMIIE
YCTOMYUBOCTH.

Re B caydae, ecnum XapakTepUCTHYECKOE

ypaBHEHHE PA30MKHYTOU cucteMbl A(s) = 0 KopHen
HEYCT.

He umeer (T.e. m = (), To KpUTEPHUii, COIIACHO KpU-
N TEpPUI0, 3aMKHYTasi CUCTEMA SIBJIIETCS YyCTOWYMBOM
Puc.3.4. Kpurepuii HaiikBucra PHIO, y Y ’

ecim ADX pa3oMKHYTOM cucTeMbl W(j ) HE 0XBa-
ThIBaJia TOUKY (-1; 0), B IpOTUBHOM clly4yae cucTteMa OyJeT HeycTourBa (WK Ha Tpa-

HULIE YCTOMYUBOCTH).
3.2. Iloka3zaTenu KayecTna

Ecmn uccnenyemas ACP ycrolumBa, TO MOXET BO3HMKHYTH BOIIPOC O TOM,
HACKOJIBKO Ka4€CTBEHHO NMPOUCXOAUT PETYIUPOBAHUE B 3TOM CUCTEME U YIOBJIETBO-
pSIET JIM OHO TEXHOJIOTMUYECKUM TpeboBaHusAM. Ha npakTuke kauecTBO peryInupoBaHusl
MOXKET OBITh ONPEEICHO BU3YaJIbHO MO IrpauKy NEPEeXOTHON KPUBOM, OJJTHAKO, UME-
FOTCSI TOUHBIE METObI, JAIOIINE KOHKPETHBIE YMCIOBBIC 3HAYCHMS.



[Tokxa3zaTtenu kauecTBa pa3OUTHI HA 4 TPYIIIIBI:
1) mpsimble - omnpeaenseMble HEMOCPEICTBEHHO MO KPUBOW MEPEXOAHOrO MpO-
necca,
2) KOpPHEBBIE - OMPEIEIIAEMbIE 10 KOPHAM XapaKTEPUCTUUECKOI0 MOJIMHOMA,
3) 4aCTOTHBIE - IO YaCTOTHBIM XaPAKTEPUCTUKAM,
4) uHTErpaIbHbIC - OJIy4aeMbl€ IIyTEM UHTETPUPOBAHUS (QYyHKLIUH.

IIpsiMmble MoKa3aTe/in KayecTBa.
K HMM OTHOCSTCS: CTeneHb 3aTyXaHus Y, MepeperyiupoBaHue o, CTaTUYecKas
OLIMOKA ecr, BPEMsI pEryJINpOBaHus t, U 1.

[Ipenmonoxum, mepexoaHast KpuBasi, CHsITast Ha 00beKTe, UMEeT KOoJieOaTeIbHbIN
Buj (puc. 2.29).

y I A As 10 % Yyer
)\
1
1; \l !f\\ T ec'r
I‘I'II'_III'CTD ,B =i I ¥ 1 F 4 ‘\._.d'":’ [ —
0.8 —+ \/
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Puc. 3.5. [lepexoanast XapakTepUCTHKA HEKOTOPOTrO OOBEKTA

Cpa3y no Hell onpenensieTcsl YCTAHOBUBIIEECS 3HAYCHUE BBIXOJAHOW BEJIWYMHBI

Yyer
CreneHb 3aTyxaHus \y onpenaessercs no hpopmye

yo1-h

1

rae A1 u A3 - COOTBETCTBEHHO -1 1 3-51 aMILUIATY 1Bl IEPEXOAHON KPUBOM.
A] _ yn’ax - yycm
yycm yycm

IlepeperyiupoBanue ¢ =

, TI€ Vmax - MAKCUMYM MEPEXOIHOU

KPHUBOMU.
Cratuueckas OmMOKa ecr = X - Vyer, TA€ X - BXOJIHAS BEIMYMHA.
Bpewmst 1ocTikeHus IEPBOro MakKCUMyMa ty, OTIPEeIIseTCs 1Mo TpaduKy.

Bpewms perynupoBanus f, onpenensercs cienyromuM odpazom: Haxoquresa no-

IIyCTUMOE OTKJIOHEHHE A = 5% Yyer M CTPOUTCS «TPYyOKay ToamuHou 2A. Bpewms ¢, co-
OTBETCTBYET IMOCJIEIHEN TOUKe nepeceueHus y(¢) ¢ naHHou rpanuieit. To ecTh Bpems,
KOTJIa KOJIEOAHUsI PETYJIMPYyEeMON BEJIMYUHBI MTEPECTAIOT MPEBBIIATh 5 % OT yCTaHO-
BUBUIETOCS 3HAYEHUSI.



KopHeBble moka3aresiu KauecTsa.

K HuM oTHOCATCA: cTeNeHb KOJIeOaTeIbHOCTH M, CTETIEHb YCTOWYUBOCTH 7] U JIP.

He TpeOyroT mocTpoeHusi NEPeXOHbIX KPUBBIX, TMOCKOJIbKY OMPEAEISIOTCS IO
KOPHSIM XapaKTepPUCTUUYECKOrO IMOJUHOMA. JUJIsi 3TOr0 KOpHU IOJIMHOMA OTKJIa/bIBa-
FOTCS HA KOMIUIEKCHOW TUIOCKOCTH M 110 HUM ONPEAEISIOTCS:

CreneHb YCTOMYMBOCTU 77 OTIPEAEIISIETCS] KaK TPpaHUIla, MpaBee KOTOPOil KOpHeil

HET, T.€.
n = min|Re(s,),

rae Re(s;) - IeHCTBUTENbHAS YaCTh KOPHS Si.

CreneHb k01€0aTEAbHOCTH 7 PACCUUTHIBAETCS YEpe3 YroJl y. m = tg y. [l onpe-
JIeJIeHUs. ¥ TIPOBOASTCS JBa Jy4ya, KOTOPbIE OIPAaHUYMBAIOT BCE KOPHU HA KOMIUIEKCHOU
TUIOCKOCTH. ¥ - YTOJI MKy STUMU JIydaMu U MHUMOU 0ocbio. CTeneHp KojebaTebHo-
CTH MOXKET OBITh OIpejiesieHa TaKkxke 1Mo GopmyIe:
Im(s;)

m = min

YacToTHbIE MOKA3ATEJM KAa4ecTBA.

Jlns ompeneneHus: 4acTOTHBIX MOKaszaTelle KadecTBa TPeOyeTCs MOCTPOCHHE
A®DX pazomkHyTOM cucTteMbl 1 AUX 3aMKHYTON CUCTEMBI.

ITo A®X onpenensitores 3anackl: AA - mo ammuryae, A@ - o ¢ase.

3anac AA onpenensierca o Touke nepecedeHuss APX ¢ OTpULATEIBHOMN JIei-

CTBUTEJIBHOM MOJTYOCHIO.

AAp M Jns onpeneneHus A@ CTPOUTCS OKPYX-
""""""""""""" HOCTh €AUHUYHOTIO pajuyca ¢ HEHTPOM B Hayaje

KOOpAUHAT. 3amac A(D OoNIpCaACIIACTCA IO TOYKE

MEPECEUECHUS C 3TOM OKPYKHOCTBIO.
[To AYX 3aMKHYTOW CHUCTEMBI ONpEIEIs-
I0TCS OKa3aTeNH KOJIeOATEIbHOCTH 110 33/IaHUI0

M wn ommbke Mg Kak MaKCHUMyMbI COOTBET-

ctBeHHO AYUX 110 3agauuro u AUX no ommOke.
Puc. 3.6. YacTtoTHBIE TOKA3aTEIN
KadyecCcTBa

CBs3u MEKAY MoKa3aTe/JIsIMHI KaYecrBa.
OnucaHHbIE BBIIIE TOKA3aTEIN KAYeCTBA CBA3aHbI MCXKIOY co0Ooit OIIpCACIICHHBIMUA

COOTHOLICHUSMMU .

m* +1

; ¥=1-M "; M=

Y=1-e™; t,= 3
n 2m



3.3 Tumsl perynsiTopoB

Jnst perynupoBaHus oObEKTaMH yNPABIECHUS, KaK MIPABUJIO, HCIIOJIB3YIOT THIIO-
BBIE PETYJIATOPBI, HA3BaHUS KOTOPHIX COOTBETCTBYIOT Ha3BAHUSM THUIIOBBIX 3BEHBEB:

1) I[I-peryssiTop (MpONOPLMOHATIBHBIN PETYIISITOP)

WH(S) = K.

[IpuHuMn AECTBUS 3aKIIOYAETCd B TOM, YTO OH BbIpaOaThIBAECT YIPaBJISIOLIEE
BO3/I€iicTBHE HA O0BEKT MPONOPIMOHATIBHO BEIMUMHE OIMOKH (4eM Ooiblie omuoKa
e, TeM OOJIbIIIe YIPABIISIONIEE BO3ACHCTBUE U).

2) U-perynarop (MHTErpUPYIOLIMIA PETYISTOP)

WH(S) = % .

VYnpasnsitoniee BO3eHCTBUE NPOMOPILIUOHATIBHO UHTETPATy OT OIIMOKHU.

3) A-perynsrop (nud pepeHnupyommi peryisiTop)
Wn(s) =K s.
['enepupyeT yrnpapistoliee BO3ACHCTBIE TOJILKO TP U3MEHEHHH PETYIUPYEMON
BEJTMYUHBIL:

Ha npakrtuke gaHHbie MpOCTEHIMe PEryIsTOpbl KOMOMHUPYIOTCS B PETYJISTOPHI
BUJA!
4) TIN-perynstop (IpOMOPIMOHATEHO-UHTETPATIBLHBINA PETYIISATOP)

" WHI/I(S):Kl + ﬁ.
S

Puc.3.7. [IN-perynstop

5) [IA-perynsrop (mpornopiimoHaasHO-Au( hepeHINATBHBIA PEryJIsaTop)

I1
{ % WHI[(S):Kl +K2 S.
)|

Puc.3.8. I[11-perynsitop

6) [IN1-peryndarop.
WHI/IZ[(S) = K1 + & + Kz S.
S

HaubGonee yacro ucnonszyercs [1U/I-perynsaTop, mockoibKy OH cOYETaeT B cede
JOCTOMHCTBA BCEX TPEX TUIIOBBIX PETYJISITOPOB.

3.4 OnpeneneHre ONTUMAIbHBIX HACTPOEK PErYJISTOPOB



Peryisrop, BkiroueHHsli B ACP, MOKET UMETh HECKOJIBKO HACTPOEK, KaK1as U3
KOTOPBIX MOKET U3MEHSATHCS B JOCTATOYHO IUPOKUX npezenax. [Ipu sToM mpu ompe-
JIEJICHHBIX 3HAYEHUSAX HACTPOEK cUcTeMa OyAeT ynpaBiIATh 0ObEKTOM B COOTBETCTBHH
C TEXHOJIOTMYECKUMU TPEOOBAHUAMH, IPU APYTUX MOXKET IPUBECTU K HEYCTONUNBOMY
COCTOSIHUIO.

IToaTOMy CTOMT 3a7a4a ONPEAEIUTh HACTPOMKH, COOTBETCTBYIOIINE YCTOMYNBON
CHUCTEME, HO U BbIOpATh U3 HUX ONTHUMAJIbHBIE.

OnTuManbHBIMM HACTPOMKAMM PEryJsiTOpa HAa3bIBaIOTCS HACTPOMKH, KOTOPBIE
COOTBETCTBYIOT MUHHMYMY (WJIH MaKCUMyMy) KaKOro-auOoO IMoKa3aTessi KayecTsa.

TpeGoBanus k Mokas3aresisiM KadecTBa yCTAaHABIMBAIOTCS HEMOCPEICTBEHHO, UCXOAs
U3 TeXHOJIOrnueckux. Yaie Bcero HakaabpIBalOTCA TPEOOBAaHUS HA BPEMsI PEryIHpO-
BaHMs (MUHUMYM) U cteneHb 3aTyxaHus (¥ > Wi,y).

OpnHako, U3MEHSIST HACTPONKHU TaKUM 00pa3oM, YTOObI YBEIMUUTh CTENEHb 3aTy-
XaHUs, MBI MOXEM MPUNTH K CIUIIKOM OOJBIIOMY BPEMEHH PETYIUPOBAHUS, YTO HE-
uenecooOpaszno. I Hao0opoT, CTpeMICh YMEHBLIUTH BPEMS PETYJIUPOBAHUS, MBI TIOJTY-
yaeM 0oJiee KoaeOaTeNIbHbIE IPOLECCH] ¢ O0NbIINM 3HaueHueM P.

1 3aBucuMOCTb ¥ OT #, B 001IEM Cllydae UMEET
7 BU/JI, U300pakeHHbIN Ha rpaduke (puc.2.33).

[TosTomy g ompeneneHUs ONTUMATbHBIX

HACTPOEK pa3paboTaH psiJ MaTeMaTHUYECKUX METO-

> tp
0B, CPpCaU KOTOPBIX MCTO D-pa36I/IeHI/Iﬂ.

Puc.3.9. 3aBucumocts ¥ ot ¢, KpuBoit D-pa3buenusi Ha3pIBaeTCs KpHUBas B
IUIOCKOCTH HaCTPOEK PETYIIATOPA, KOTOPasi COOTBET-
CTBYET OIpEACIECHHOMY 3HAUE€HUIO KaKOro-JIM00 MMoKa3aTesi KauecTBa.

Hanpumep, Tpebyercst obecrieunts crenens 3aryxanus W > Wa,,. meercs dop-
Myna, cBs3biBaronias W co cTemenpio KojaebaTenbHOCTH m: W =1-¢>". Jlanee cTpo-
uTcs KpuBasg D-paz0OueHus paBHOW creneHu KojebdarenpHocTH m. [locnenoBarens-
HOCTb TIOCTPOEHHUS:

1. Onpenensiercst XI13C D;(s) ¢ HEM3BECTHBIMH HACTPOUKAMHU.

2. JlenaeTcsi MOACTAHOBKA § = j @ - m wW paznaenenue Dy(j w- m ) = Re( w) + Im( w).

3. [lomyuyeHHOE BBIpa)KEHHE MPUPABHUBAETCS K HYJIIO U MOJIYYaeTCsl CUCTEMA

Re(w)=0
{ Im(w)=0

JlaHHas cucTeMa UMEET HECKOJIBbKO HEU3BECTHBIX: (M HACTPOMKH PEryISATOpa.

4. Nanee, uameHsas @ ot 0 70 oo 3Ta CUCTEMA PEIIAETCS] OTHOCUTENBHO HACTPOEK
peryssropa.



5. 110 mosy4eHHBIM JTaHHBIM CTPOUTCS KPUBAs, IO KOTOPOU ONIPEAEIISIOTCS ONTH-

MaJIBHBIE HACTPOMKH.

(,‘)0 T
Ko

P
Puc.3.10. Kpusas D-pazouenus

Hanpumep, nma [Id-perymsaropa xpusas D-
pa30ueHus MOXET MMEThb BHUJ TNPEJCTaBICHHBIA Ha
pucynke 2.34.

OntrManbHbIE HACTPOMKH COOTBETCTBYIOT MakK-
cuMaiibHOMY 3HaueHuto Ko (mis [IU- u [T /] -peryins-
topoB) wim K; (nis [1/-perynsropa).



O01me cBegeHus1 00 U3MEpPEHUsIX

1.. Knaccucpmkaums BuaoB 1 MeTofoB U3MEpPEHNN

DIIEKTPUUECKUE U3MEPEHHS OUEHb PA3HOOOPA3HBI U 3TO CBSI3aHO C MHOKECTBOM
M3MEpAEMbIX (PU3MYECKUX BEIUYMH, PA3IUYHBIM XapaKTepOM HX MPOSIBICHUS BO
BpPEMEHH, PA3IMYHBIMU TPEOOBAHUSIMU K TOUHOCTU U3MEPEHUMN, PAa3IMUYHBIMU CTIO-
co0aMu MOJIy4eHUs pe3yabTaTa u T.I.

W3mepenue, cOTiacHO OMNpeeNIEHUIO0, IPEANoiaraeT CpaBHEHUE HUCCIeAyEeMOU
¢bu3MUEeCKON BEJIMYUHBI C OJJHOPOJHON (PU3NUECKON BEIUUUHOMN, 3HAUYECHUE KOTO-
POl MPUHATO 3a €AUHULY, U MPEICTABICHUE PE3yJIbTaTa 3TOr0 CPAaBHEHUS B BUJIE
yucna. M3mepenue — MHOTOONEPAUMOHHAS MPOLIEAYPA, U JJIS €r0 BBIIOJIHEHUS
HEO0OXOJUMO OCYIIECTBUTh OCHOBHBIE U3MEPUTENIbHBIE ONIEPALIMU: BOCIIPOU3BEE-
HUE, CPAaBHEHUE, U3MEPUTENIbHOE MpeoOpa3oBaHne, MaclITaOupoBaHue.

Bocnpouseedenue senuuunst 3a0anno2o pazmepa — onepanus CO31aHHs BbIXO-
HOTO CUTHaja C 3aJJaHHbIM pa3MepoM MH()OPMATUBHOTO MapaMeTpa, T.e. C BEJH-
YUHOW HaNpsHKeHUs!, TOKa, COMPOTUBIICHUS,

WHAYKTUBHOCTH U Ap. DTa ONepaiys peain3yeTcs CpeiCTBOM U3MEPEHUN — MepOoil.

I Cpasnenue — omnpeneneHue COOTHOIIEHUS MEXKIY OJHOPOAHBIMU BEIMYMHAMH,
OCYLUECTBIIIEMOE MYTEM MX BBIUMTAHUS. DTa ONEpPALHs PEAIU3yeTCs] YyCTPOMUCTBOM
CpaBHEHHS (KOMIIApATOPOM).

Hsmepumenvroe npeobpazosanue — onepanus Npeodpa3oBaHUsl BXOJHOIO CHUT-
Haja B BBIXOJHOW, peaju3yeMasl U3MEPUTENbHBIM IpeoOpa3oBaTesieM. BrixoaHbie
CUTHAJIBl M3MEPUTENLHBIX IMpeoOpa3oBaTesied U MX WH(OOPMATHUBHBIC MapaMeTPh
rocyAapCTBEHHOM CUCTEMOM MPUOOPOB U CPEJICTB aBTOMATU3AIMH YHU(DUIIUPOBAHBI
(I'CII). YHaudumupoBaHHBIMH CUTHAJIAMU SIBJISIFOTCS IOCTOSIHHOE Harpsbkenue 0...10
B; Ilocrosaubmii Tok 0...5 MA, 0...20 MA, 4...20 MA.

Macwmabuposanue — 3TO CO3/1aHUE BBIXOJAHOT'O CUTHAA, OJJHOPOJHOTO C BXO/I-
HBIM, pa3Mep MHPOPMATHUBHOTO MapaMeTpa KOToporo nponopuuoHaieH B AT pa3
pa3Mepy HHPOPMATUBHOIO TapaMeTpa BXOAHOT 0 curHaia. MacmrabHoe npeobpaso-
BaHME PEAIN3yeTCs B yCTPOMCTBE, KOTOPOE HA3BIBACTCSA MACUIMAOHbIM npeobpa3osa-

menem.



Knaccudukauus nsmepenuit. MamepeHust MOXHO KIacCU(PUIIMPOBATH IO pa3Ivy-
HBIM IIPU3HAKAM:

* 10 YHUCIIY U3MEPEHUN — 0OHOKpamHwle, KOTJa U3MEPEHUS BBIIOJIHSIOT OJJUH
pas, u MHO2OKpammuble— PSiJ OAHOKPATHBIX U3MEpPEHUN (PU3NIECKON BEINYHHBI
OJIHOTO M TOTO K€ pa3Mmepa;

* XapaKTEPUCTUKE TOUHOCTH — PABHOMOYHbIE — PSAA U3MEPEHUI KaKoi-1100
BEJIMYMHBI, BBIIIOJTHEHHBIX OJJUHAKOBBIMH 110 TOYHOCTH CPEACTBAMH U3MEPEHUN
B OJTHUX U T€X JKE€ YCIOBUAX C OAMHAKOBOW TINATEIBHOCTBIO, U HEPAGHOMOUHDIE,
KOT'JIa sl U3MEPEHUIN KaKOH-IMOO BETMYMHBI BBITIOJIHAETCS Pa3InyatoIMMUCs 10
TOYHOCTH CpPEICTBAMHU

,M3MEPEHUI U B pa3HBIX yCIOBUSX;

* XapakTepy U3MEHEHHS BO BPEMEHH N3MEPSIEMON BEJIMUUHBI — cmamuyeckue, Ko-
r7ia 3HaueHue PU3NIeCKON BETMUYNHbBI CYUUTAETCS] HEU3MEHHBIM Ha MIPOTSHKEHNUU Bpe-
MEHU U3MEPEHUs, U OUHAMUYECKUE —

'M3MepeHNe N3MEHSIOIIMICS MO0 pa3Mepy (PU3UUECKON BEITNUUHBI.

* cI0cO0y MPEACTABIECHUS PE3YIBTATOB U3MEPEHUN — aOCOMOmMHOe—U3MEPEHUE
BEJINYMHBI B €€ EIMHULIAX, U OMHOCUMEeNbHble — U3MEPEHUE N3MEHECHHS BEITMYNHBI
10 OTHOILIEHUIO K OTHOMMEHHOW BEIMYMHE, IPUHUMAEMOM 3a UCXOAHYI0. OTHOCH-
TEJIbHbIE U3MEPEHUS MPU IPOUYUX PABHBIX YCIOBHUSIX MOT'YT OBITh BBIIIOJHEHBI O0JIEe
TOYHO, YeM -a0COJIIOTHBIE, TAK KaK B CyMMApHYI0 IOTPEIIHOCTh HE BXOUT MOTpeL-
HOCTb MEpbI BEJIUYNHBI.

Bunael n3mepenuii. I1o cnocoOy noiyuyeHus pe3yipTara Bce M3MEpEeHus 1ojipasie-
JSIOT HA BUJBL: NIPSAMBIE U KOCBEHHBIE, COBOKYIIHBIE U COBMECTHBIE.

IIpsamvie usmepenus — N3MepEHUs, IPU KOTOPbIX HCKOMOE 3HaYEHUE (PU3NUECKON
BEJIMYUHBI MOJYYalOT HENOCPEACTBEHHO U3 ONBITHBIIX AaHHBIX. K mpsimMbIM u3mepe-
HUSM OTHOCATCS, HAIIPUMEpP, HAXOKJACHUE 3HAYCHUS HAIpPSDKEHUs, TOKA, MOIIHOCTH
1o 1IKajie npudopa.

Koceennvle uzmepenus — onpeneneHue UCKOMOIO 3HaueHUsl (PU3M4ECKOil Besu-
YU HBl HA OCHOBAHUM PE3yJIbTaTOB MPSIMbIX U3MEPEHUI APYTruX (PU3NYECKUX BEIH-
YKH, ((YHKIIMOHAIBHO CBSI3aHHBIX ¢ HCKOMOW BenuuuHOM. [Ipu 3TOM unciaoBoe 3Ha-
YEHUE MCKOMOI BEIMYUHBI HAXOAUTCS PACUETHBIM ITYTE€M, HAIIPUMEDP HAXO0XKACHUE

SHAYCHHA MOIIHOCTH B HAI'PY3KC IO ITOKA3aHUAM aMIICPMCTpPA U BOJIbTMCTpPA (P ==



Ul). X0oTa KOCBEHHbIE U3MEPEHHS CIOKHEE MPSIMbIX, OHA IIUPOKO MPUMEHSIOTCS B
MPAaKTUKE U3MEPEHUIN, 0COOEHHO TOI' A, KOTAa MPSIMble U3MEPEHUS IPAKTUYECKHU He-
BBIITOJIHUMBI JIM00 KOCBEHHOE U3MEPEHUE MO3BOJISIET MOJIYYUTh 00Jee TOYHBIN pe-
3yJbTaT [0 CPAaBHEHUIO C IPSAMBIM M3MepeHueM. KoCBeHHbIE N3MEpEHHUs, B CBOIO
ouepeib, NOAPa3 eS0T Ha COBOKYIIHBIE U COBMECTHBIE.

CoesokynHvie usmepenuss — 3T0 IPOBOJUMBIE OJHOBPEMEHHO U3MEPEHHUS HECKOJIb-
KUX OJHOWMEHHBIX BEJIMYMH, NPU KOTOPBIX UCKOMBIC 3HAYECHUS BEJIWYUH ONpEse-
JSIOT IyTEM PELICHUS CUCTEMBI YPAaBHEHHM, MTOJy4a€MBbIX ITPH U3MEPEHUAX ITUX Be-
JUYMH B PA3JIMYHBIX COYETAHUAX (HAIpHUMEp, HAXOKIEHUE COMPOTUBIEHUI ABYX pe-
3UCTOPOB IO PE3yNbTaTaAM U3MEPEHHS UX CONPOTUBIIEHUS IPH ITOCJIEI0OBATEILHOM U
HapajvieIbHOM UX BKJIIOYEHHH; HAXO0KJICHUE MacChl OTAENIbHBIX TMPbh HAbopa Mo u3-
BECTHOMY 3HAYECHMIO MacChl OJTHOM M3 HUX U IO pe3yJIbTaTaM NPSIMbIX CPaBHEHUU
Macc pa3iIMYHbIX COUETaHUM ITUX TUPB).

Coemecmmnule uzmepenus — 3TO NPOU3BOJIUMBIE OJHOBPEMEHHO M3MEPEHUs JIBYX
WJIA HECKOJIBKMX HEOJHOMMEHHBIX BEJIMYMH JJIS ONPEACIEHNS 3aBUCUMOCTH MEXKY
HUMU. UnCIIOBbIE 3HAYEHNS] UICKOMBIX BEJIMYMH, KAK U B CJIy4ae COBOKYIIHBIX H3Me-
PEHUI, ONPENEIAIOTCA U3 CUCTEMBI YPABHEHUM, CBA3BIBAIOIIMX 3HAYECHHS MCKOMBIX
BEJIMYUH CO 3HAYCHUSIMU BEJIIMYHH, U3MEPEHHBIX NMPAMBIM (MJIM KOCBEHHBIM) CIIOCO-
6oMm. Yucnio ypaBHEHUH 10HKHO OBITh HE MEHbIIIE YU CIa HCKOMBIX BennuuH. Hanpu-
Mep, MO pe3ynbTaTaM IpPsSMbIX U3MEPEHUN 3HAYEHUN CONPOTUBIICHUS TEPMOpPE3H-
CTOpa IPH ABYX Pa3IMUHBIX TEMIIEPATypaxX PEUICHUEM CHCTEMBbI YPABHEHUN paccuu-
THIBAIOT HEOOXOAUMbIE 3HAUCHUS KOI(PPUIIUESHTOB.

Metoabl n3mepenus. Memoo uzmepenuss — 3T0 IPUEM WU COBOKYITHOCTb IIpHe-
MOB CpPaBHEHHMs U3MEpPSEeMON (PU3MYECKON BEIUYUHBI C €€ €JUHULIEH B COOTBET-
CTBHHM C PEAIN30BAHHBIM IIPUHIIUIIOM U3MEPEHUN. METOABI N3MEPEHUS MOXKHO KJlac-
cU(pULIHMPOBATH MO PA3NUYHBIM PU3HAKAM:

*110 (PU3NYECKOMY NPUHLIMIY, [TOJO0KEHHOMY B OCHOBY U3MEpPEHU, UX MOAPA3-
JENSAI0T Ha JIEKTPUYECKUE, MEXaHUYECKUE, MATHUTHBIE, ONITHYECKUE U T.1.;

* CTETIEHU B3aUMOJIEUCTBUS CPEJCTBA U OOBEKTA U3MEPEHNS — KOHTAKTHBIN U Oec-
KOHTaKTHBIN. Harmpumep, n3mepeHne teMiepaTypsl Tejaa TEPMOMETPOM COIIPOTHUBIIE-
HUs (KOHTAKTHBIN) U U3MEPEHNUE TEMIIEPATYPhbl 00bEKTAa MUPOMETPOM (OECKOH-

TaKTHBIN).



* pE)KUMY B3aMMOJEHCTBUS CPECTBA U OOBEKTA U3MEPEHUS — CTaTUYECKHUE U JU-
HaMUYECKUE;

* BUJly U3MEPUTEIIbHBIX CUTHAJIOB — aHAJIOTOBBIE U 1M (PPOBHIE;

* OpraHu3aluu CPaBHEHUS U3MEPSEMON BETMUYMHBI C MEPON — METOJ HENOCPE-
CTBEHHOU OLIEHKU U METOJl CPABHEHMUSI.

Memoo nenocpedcmeennoli oyenku (omcuema) — METO U3MEPEHUH, TP KOTOPOM
3HAQYEHNE BEJIMYMHBI ONPENACISAIOT HEMOCPEACTBEHHO MO MTOKA3BIBAIOLIEMY CPEICTBY
M3MepeHni. MeTos OTIM4aeTcsi CBOEU MPOCTOTOM, TOYHOCTh €r0 HEBBICOKA.

Memoo cpaenenus ¢ mepou — METOJA U3MEPEHHUSL, TPU KOTOPOM U3MeEpsieMas BEJIH-
YHMHA CPABHUBAETCS C BEJIMYMHON BOCIPOU3BOIMMOMN MEpPOU. DTH METOBI CIOKHBI,
HO XapaKTEpU3YIOTCS BHICOKOW TOYHOCTHI0. OHU mojapasaensitoTes Ha nuddepeniu-
aJlbHbIE, HYJIEBBIC, 3aMEILIEHUS U COBIIAJICHUN.

Jughghepenyuanvrvrii (paznocmuwiii) memoo 3aKIHOYACTCS B TOM, YTO U3MEPUTEb-
HBIM TPUOOPOM OLIEHUBAETCS PA3HOCTh MEXKAY U3MEPSIEMON BEJIMYMHOMN U OJJHOPO/I-
HOM BEIMYMHOM, UMEIOLIEN M3BECTHOE 3HAYCHHE. TOYHOCTH METOAA BO3PACTAET C
YMEHBIIEHUEM Pa3HOCTH MEXK/1y CPAaBHUBAEMBIMH BEJIUUHMHAMM.

Hynesoui memoo siBnsieTcst 4aCTHBIM ciydaem auddepeHimaibsHoro MeTo1a u 3a-
KIIIOYAETCsl B TOM, YTO Pe3yJbTUPYIOMUM 3(hPeKT Bo3aeHCTBUS U3MEPSIEMON BEIU-
YUHBI U MEpPbl Ha NMPUOOpP CpaBHEHUS JTOBOAMUTCS 10 HYJS (HApUMEp, U3MEpEeHUE
AJEKTPUYECKOTO COMPOTUBIEHHS MOCTOM C MOJIHBIM €r0 YPaBHOBEUIMBAHUEM ).

Memoo uzmepenus 3amewieHus 3aKIIOYAETCS B TOM, YTO U3MEpseMas BeJIMYnHa 3a-
MELIAETC MEPON C HM3BECTHBIM 3HAYEHHEM BEIWYHUHBI. METOA HCIOIb3YyETCH,
Harpumep, Ipu U3MEPEHUN UHAYKTUBHOCTH, EMKOCTH.

Memoo cosnadenuii COCTOUT B TOM, YTO U3MEPSIOT Pa3HOCTh MEXy HCKOMOM Be-
JUYMHON M 00pa3LoBO MEpOil, UCIOIB3Ys COBNAJEHUS OTMETOK WJIHM MEepHOanYe-
CKMX CUTHAJIOB. METOX HCIOJIb3YETCsI, HAIIPUMEDP, I U3MEPEHUS NEPEMENICHUN,

nepuoaa, 4aCToThblI.

2. Knaccudukauma norpewtHocTen U3MepeHni

[Tpouenypa u3MepeHus COCTOUT U3 CIAEAYIOIIMX ATANOB: MPUHATHE MOAEIH 00b-
eKTa U3MEPEeHUs1, BEIOOP METO/Ia U3MEPEHUS, BBIOOP CPEACTBA U3MEPEHUM, TPOBEIE-

HHC OKCIICPUMCHTA AJIA MOJIYUYCHUA PE3yJibTara. Bce >t COCTaBJIOOINC ITPUBOIAT K



TOMY, YTO PE3YJIbTAT U3MEPECHUS OTIMYAETCA OT HICTUHHOTO 3HAUCHUS U3MEPsIEeMOi
BEJINYMHBI HA HEKOTOPYIO BEJIMUMHY, Ha3bIBAEMYIO nozpeuinocmoio usmepenus. 3me-
pEHUE MOXKHO CUMTATh 3aKOHYEHHBIM, €CIIM OIpejiesieHa u3MepsieMasi BeJIUYruHa U
yKa3aHa BO3MOJKHas CTENEHb €€ OTKJIOHEHHS! OT UICTUHHOTO 3Ha4CHHUSI.

[TpyurHB BO3HUKHOBEHHUSI MOTPEIIHOCTENH UYpe3BbIYAaHHO MHOTOYHMCIIEHHBI, MO-
ATOMY KjiaccuduKaius MOrpeirHoCcTei, Kak 1 BCsAKas Apyras kiaccuukaius, Ho-
CHUT JIOCTaTOYHO YCJIIOBHBIN XapakTep.

Crenyet pa3nnuaTh HOTPEITHOCTh CPEJICTBA U3MEPEHUIN U MOTPEUTHOCTH PE3yJib-
TaTa U3MEPEHUSI ATUM K€ CPEICTBOM M3MepeHni. [lorpemnocTy nsMepeHnii 3aBy-
CSIT OT METPOJIOTHUECKHUX XapaKTEPUCTUK HCTIOIb3yEeMBIX CPEAICTB U3MEPEHHIA, CO-
BEpIUICHCTBAa BBHIOPAHHOTO METOJa M3MEPEHHM, BHEIIHUX YCJIOBHM, a Takke OT
CBOMCTB 00BEKTAa U3MEPEHUS U U3MEPSIEMON BeTuyuHbI. [lorpenHocTy n3MepeHuii
OOBIYHO MPEBBIIAIOT MOTPEITHOCTH MCIOJIb3YEMBIX CPEJICTB U3MEPEHHUI OHAKO,
UCIIOJIb3Ysl CIIEMANIbHBIE METO/[bl YCTPAHEHMSI Psijia MOTPETHOCTEN U CTaTUCTHYE-
CKYI0 00pa0OTKy JaHHBIX MHOTOKPAaTHBIX HaOIIOACHUNA, MOXHO B HEKOTOPBIX CITy-
YasiX MOJYYHUTh MOTPEIIHOCTh U3MEPEHUsSI MEHbIIE MOTPEIIHOCTH MCIOJIb3yEeMBbIX
CH.

[To cmocoOy BbIpaXeHUsI MOTPEMIHOCTU CPEACTB M3MEPEHUN TMOApa3IeIsi-
I0TCSI Ha a0COJIIOTHBIE, OTHOCUTENILHBIC U TIPUBEJICHHBIE.

Abconomnas noepewnocms (A) — TOTPENTHOCTD CPEJICTBA U3MEPEHUM, BbIpa-

JKCHHaAs B CAMHHUIIAX HBMGPHGMOﬁ (bH3PI‘IGCKOﬁ BCJIIMYHHEBIL:
A:XI/BM-X;[, (1)

rie Xysy — U3MEPEHHOE 3HaueHHe (U3NIECKON BETMUUHBI; X7 — NEeHCTBUTEIBHOE
3HaYeHUE PU3NYECKON BEJTUYUHBI.
Ommnocumenvras noepeutnocms (Yorn) —3TO NOTPELTHOCTH CPEACTBA U3MEPE-
HUH, BEIp@KEHHAsi OTHOLIEHUEM a0COMIOTHON MOTPENIHOCTU CPEJICTBA U3MEPEHUI
K pe3yibTaTy U3MEpPEHUHN UK K ICHUCTBUTEIbHOMY 3HAUEHUIO U3MEPEHHOU (pu3u-

YE€CKOM BEJIMUYMHBI:

Yorn = (J1/X1)100%. 2)



J171st M3MEpUTENEHOTO MPUOOPA Vory XapaKTepU3yeT MOrPENTHOCTh B TAHHOW TOUYKE
ITKAJIBI, 3aBUCUT OT 3HAYCHUS U3MEPSCMON BETMIMHBI U UMEET HAaUMEHBIIIEE 3HA-
YeHUE B KOHIIE IIKAJBI IPUOopa.

JJ1s XapaKTeprUCTUKH TOYHOCTH MHOTHX CPEJICTB H3MEPEHHU I MPUMEHSETCS MTPU-
BEJICHHAS MTOTPEUTHOCTb.

IIpusedennas nozpeuinocms (Yupus) — OTHOCUTEIIbHAS TOIPELIHOCTD, BHIPAYKEH-
Hasi OTHOIIEHWEM a0COJIFOTHOHM IMOTPEIIHOCTH CPEICTBA M3MEPEHUH K YCIIOBHO
NPUHATOMY 3HAYEHHUIO BEJIMUMHBI, TOCTOSSHHOMY BO BCEM JWaIla3oHE W3MEPEHHI

HWJIN B 4aCTH JHAaIla30Ha.

Yipis = (J1/ Xiiopn) 100%, 3)

rie Xuopw — HOPMHUPYIOLIEE 3HAYEHHUE, T.€. HEKOTOPOE YCTAaHOBIECHHOE 3HAYCHUE,

110 OTHOIIICHUIO K KOTOPOMY PacCUUTHIBACTCS MOTPEITHOCTb.

BriObop HOpMupyrOlIero 3HadeHHs MPou3BOIUTCS B cooTBEeTcTBUM ¢ ['OCT
8.009 — 84. D10 MOXKeT OBITh BEPXHUI MpeAes U3MEPEHUI CPEJICTBA U3MEPEHNUN,
JMana3oH U3MEpPEHUM, AJIUHA IKaibl U T.4. JJI1 MHOTHX CPEACTB U3MEPEHUH IO
MPUBEJICHHON MOTPEIIHOCTH YCTAHABIUBAIOT KJIACC TOYHOCTH Mpubdopa.

[Io npuyuHe U YyCIOBUSAM BO3HHUKHOBEHUS MOTPEIIHOCTA CPEJICTB U3-
MEpPEHUN MOJPA3AEISAIOTCS HA OCHOBHYIO U JOTIOJHUTEIBHYIO.

OcHosHas noecpewtHocms — MOTPEIUTHOCTh CPEICTBA U3MEHEHUM, HAXOASIIUXCS B
HOPMAJIBHBIX YCJIOBMSIX dKcIuTyatanuu. OHa BO3HMKAET M3-3a HEWJICATbHOCTH COO-
CTBEHHBIX CBOMCTB CPEJICTBA U3MEPEHUN M JOKA3bIBAECT OTIMYME JACHCTBUTEIBHOU
dbyHKIIMN MpeoOpazoBaHus CpeICTBa U3MEPEHU B HOPMAJIbHBIX YCIIOBHSX OT HOMH-
HaJILHOM.

HopMmatuBHBIMU TOKyMEHTaMH Ha CPEJICTBA U3MEPEHUM KOHKPETHOTrO THMa (CTaH-
JapTaMu, TEXHUYECKUMU YCIOBUSMHU, KaTMOPOBKOM U JIp.) OTOBAPUBAIOTCS HOPMAJIb-
HBIE YCJIOBHUS U3MEPEHHUN — 3TO TaKUE YCIIOBHS U3MEPEHU S, XapAKTEPU3yEMBbIE COBO-
KYITHOCTBIO 3HAYCHHUM WIK 00JacTe 3HAYCHUH BIIMSIONIMX BEJIUYUH, MPU KOTOPHIX
U3MEHEHUEM pe3ysibTaTa U3MEPEHUN NpeHeOperaroT BeieacTBUe MaiocTH. Cpenu Ta-
KUX BIMSIOMIMX BEIMYUH HauOoJjee OOIMMU SBJISIOTCS TeMmIlepaTypa U BIIAKHOCTb
OKpYXaloIe# cpepl, HanpsDKeHUE, 4acToTa U (popMa KpUBOM MUTAIOIIETO HAIIPSIIKE-

HUA, HAJIMYKUC BHCIIHUX SJICKTPUUCCKUX U MAI'HUTHBIX MOJICH U Aap. J_IJI}I HOPMAJIbHBIX



YCIIOBUM TMPUMEHEHUS CPEACTBA M3MEPEHHW HOPMATHBHBIMU JOKYMEHTAMH IpEIy-
CMaTPUBAIOTCS:

HOPMAIbHASL 001acCmb 3HAYeHUU enusiouell 6enuyunbl (AMamna3oH 3Hayenuit). Hanpu-
Mep, YCTaHABJIMBAIOT TEMIIEpaTypy OKpyskaromiei cpenbl — (20 + 5)°C; nonoxxenue
npudopa — TOPU3OHTAIBHOE C OTKJIOHEHHEM OT TOPU30HTAIBLHOTO +2°; OTHOCUTEb-
HYIO BJIIQXKHOCTh — (65 £ 15) %; mpakTrueckoe 0OTCyTCTBUE DIIEKTPUUECKUX U MarHUT-
HBIX MOJIEH, HanpsbkeHue nuTaronieit cetn — (220 +£4,4) B; yacroty nuTaromen cetu
—(50+0,2) TruT.O.;

pabouas obracmov 3HaYeHUl 6aUAIOWel 8eauyunbl — 00JaCTh 3HAUYEHUHN BIUSAIOIIEH
BEJIMYMHBI, B MpEJIEaX KOTOPOH HOPMUPYIOT JOMOJHUTEIbHYIO NOTPEIIHOCTh WU
U3MEHEHUE MMOKa3aHUIl CPEACTBA N3MEPEHNUN;

pabouue ycnosus usmepeHull — yCI0BUS U3MEPEHUN, IPU KOTOPBIX 3HAYCHUS BIU-
SAIONINX BEIMYMH HaXOATCs B mpezenax padbounx obnacrei. Hanpumep, s uzmepu-
TEJIbHOTO KOHJEHCATOPa HOPMUPYIOT JOTIOTHUTEIBHYIO IOTPEMIHOCTh Ha OTKJIOHEHNE
TEMIIEPATyPbl OKPYKAIOIIET0 BO3yXa OT HOPMaJIbHOM, JUISI aMIIEpMETPA HOPMUPYIOT
M3MEHEHHE NTOKa3aHUM, BBI3BAHHOE OTKJIIOHEHUEM YaCTOThI IEPEMEHHOTO TOKA OT 50
I'r (3Hauenue yactoThl S0 'l B TaHHOM Cily4yae NPUHUMAIOT 32 HOPMAJIbHOE 3HaUYCHUE
YacCTOTHI).

LlononnumenvHras MOTPEIIHOCTh — COCTABJIAIOIIAS ITOTPEIIHOCTH CPEACTB U3MEpe-
HU, BO3HUKAIOIIAs JTOMOJIHUTEIBHO K OCHOBHOW MOTPENIHOCTH BCIIEICTBUE OTKJIO-
HEHUSI KaKOW-TMOO M3 BIUAIONIMX BEJIMYMH OT HOPMAJbHOTO €€ 3HAUYCHUS WIU
BCJIEACTBUE €€ Bhixoa 3a [Ipeaensl HopMansHOM 06macTu 3HaueHuit. Hopmupyrorces,
KaK IPaBUJIO, 3HAYEHUS OCHOBHOM M JOMOJHHUTEIBHOW MOTPEMIHOCTEN, paccMaTpu-
BaeMbI€ KaK HauOOJbIIKE Jis1 TAHHOTO CPEJICTBA U3MEPEHUM.

IIpeden oonyckaemoii 0CHO8HOU noZpeuwiHocmu — HaubOJbIIasi OCHOBHAS MOrpeLl-
HOCTb, IPU KOTOPOI CPEACTBO U3MEPEHHI MOXKET ObITh [IpM3HAHO TOJHBIM U J0OMY-
LICHO K MIPUMEHEHHUIO MO0 TEXHUYECKUM YCIIOBUSIM.

IIpeoen donyckaemoui 0onoanumenbHoU nocpeunocmy — HauOOoIbIIas JOTMOTHHU-
TeJIbHAsI TOTPEIIHOCTD, MPU KOTOPOU CPEJACTBO U3MEPEHHSI MOXKET OBITh €IIe JOIy-
IeHO K npuMeHeHuto. Hampumep, mist nmpubopa kinacca Tounoctu 1,0 nmpuBeaeHHas

AOIOJHUTCIIbHAA IMMOTPCHIHOCTD ITPHU U3MCHCHUU TCMIICPATYPBI HA 10 °C ne JOJDKHa



npeBblmaTh £1 %, D5, 03HAYAET, UTO NPU U3MEHEHHUH TEMIIEPATyPhl CPEJIbI HA KaXK/IbIe
10 °C noGasinsieTcsi AONOJHUTENbHAS NOTPEIIHOCTH 1 %.

[Ipenensl noMycKaeMbIX OCHOBHOM U TONIOJIHUTENBHOM NOTPEIIHOCTEN BBIPAKAIOT
B (hopMe aOCOMIOTHBIX, OTHOCUTENIbHBIX U MIPUBEJIEHHBIX OTPEIIHOCTEH.

O060011IeHHass XapaKTepucTUKa JaHHOTO TUIIa CPEACTB U3MEPEHUN KakK MPaBUIIO,
OTpa)Karollasi ypOBEHb X TOUHOCTH, BhIpaykaeMas MpeJiesiaMHu JOIyCKaeMbIX OCHOB-
HOU U TOTIOJIHUTENBHBIX MOTPEITHOCTEN a TAKXKE IPYTUMH XapaKTepUCTUKAMU, BIIU-
SIOUIMMHU HA TOYHOCTh HA3bIBACTCS KIACCOM mMOYHOcmu cpelicTBa uaMmepenuit. Kiacc
TOYHOCTH J]a€T BO3MOXHOCTbh CYJIUTh O TOM, B KaKUX IMpe/esiaX HaXOIUTCS MOTPeIl-
HOCTh CPEJCTBA U3MEPEHUN OJHOTO THUIIA, HO HE SIBJISETCS HEMOCPEACTBEHHBIM IO-
Ka3aTelleM TOYHOCTHM W3MEPEHHH, BBIMOJHAEMBIX C IOMOLIBIO KaXXIO0ro0 M3 3THUX
CPEICTB, TaK KaK MOTrPEIHOCTh 3aBUCUT TAKKE OT METOJIa U3MEPEHHUI, YCIOBUN U3-
MEpEeHUH U T.J1. DTO BaXKHO YUUTHIBATH NPHU BHIOOPE CPEACTB U3MEPEHUI B 3aBUCUMO-
CTH OT 33JJaHHOW TOYHOCTH U3MEPEHUN.

Kiacc TouHoCTH CpeACTB U3MEPEHU M KOHKPETHOIO THUIlA YCTAaHABJIMBAIOT B CTaH-
JapTax TEXHUYECKUX TpeOOoBaHMM (YyCIOBHIl) UK B IPYTUX HOPMATUBHBIX JOKYMEH-
tax. Hanmpumep, npubop knacca 0,5 MOKeT UMETh OCHOBHYIO ITPUBEICHHYIO MTOrPEII-
HOCTb, He npeBbimaronyio 0,5 %. Bmecte ¢ TeM npubop 10KEH YAOBIETBOPSITH CO-
OTBETCTBYIOIIUM TPEOOBAHUSIM M B OTHOILIIEHUHU JOMYCKAEMbIX JOMOJHUTEILHBIX TO-
TPEIIHOCTEH.

Kiaccel TOUHOCTH CpeicTB U3MEPEHUIN YCTAHABIMBAIOTCS B CTaHIapTax WU TeX-
Huyeckux ycnoBusix. 'OCT 8.401 — 80 ycTtaHaBIMBaeT AEBATH KIACCOB TOYHOCTH JIJIs
aHAJIOrOBBIX 3JIEKTpoMexaHuueckux npudopos: 0,05; 0,1; 0,2; 0,5; 1,0; 1,5; 2,5; 4,0;
6,0.

3Hasl KJIacC TOYHOCTHU CPEJICTBA U3MEPEHU I, U3 POopMyJIbl (3) MOKHO HANTH MaKCH-
MaJIbHO JIOMYCTUMOE 3HaueHUE a0COMIOTHON MOTPEITHOCTH AJIsl BCEX TOUYEK Juara-

30Ha

Amax non :anHBXHopM/ 100%

IIo xapakTepy U3MEHEHUS NOTPEMIHOCTH CPEACTB U3MEPEHUN MOApa3aeiIs-

OTCA Ha CUCTEMAaTHYCCKHUC, CJ'Iy‘-IaI‘/'IHBIC H IIpOMaxH.



Cucmemamuueckasn nocpeuwtHocms — COCTABIIAIONIAs ITOIPEIIHOCTH CPEICTBA U3-
MEpPEHMH, IPUHUMaeMas 3a MOCTOSIHHYIO MJIM 3aKOHOMEPHYIO u3MeHstomyrocs. Cu-
CTeMaTHYeCKas IOTPEIIHOCTb JaHHOTO CPEACTBA U3MEPEHUH, KaKk IpaBuiio, OyJ1ET OT-
JIMYATBCS OT CUCTEMATUYECKON NOTPEIIHOCTH APYroro 3K3eMILIIpa CpelcTBa u3Me-
PEHUI 3TOrO ke THIIA, BCJIEACTBUE YETO JJIS IPYIIIBI OJHOTUIIHBIX CPEICTB U3MEpPE-
HUH CUCTEMAaTU4eCKas MOTPEIIHOCTh MOKET NHOTIa PAaCCMAaTPUBATHCS KaK Cllydai-
Hasi OTPEIIHOCTb.

K cucremarnyeckum NOTPEIIHOCTAM CpPEACTBA U3MEPEHUN OTHOCAT METOANYE-
CKHE, UHCTPYMEHTaJbHbIE, CYOBEKTUBHBIE U JAPYTHE€ MOTPEIIHOCTH, KOTOpBIE MpHU
IIPOBEJAEHUN U3MEPEHUI HEOOXOAMMO YUUTHIBATH U IO BO3MOKHOCTH YCTpaHsTh. Ka-
YeCTBO U3MEPUTEIBHOIO MpuOopa, OTpaatromiee OJIM30CTh K HYJIIO €ro cCUcTeMaTuye-
CKHX IOTPEIIHOCTEN, HAa3bIBACTCS NPABUTLHOCHBIO.

Cryuaiinas nozpewinocms — COCTABIIAIONIAs ITOTPEIIHOCTH CPEICTBA U3MEPEHU,
U3MEHSIOIAsACS CIy4aliHbIM 00pa3oM. CilydaiiHble TOTPEIHOCTH MPUBOJAT K HEOTHO-
3HAYHOCTH MoKa3zaHuil. OHKU 0O0YCIIOBIEHBI NPUYUHAMHU, KOTOPBIE HENIb3S TOYHO
IpeacKas3aTh U ydecTb. OIHAKO IIPU NMPOBEAECHUH HEKOTOPOrO YHCIA ITOBTOPHBIX
ONBITOB TEOPUS BEPOSITHOCTH U MATEMATHYECKAS] CTATUCTUKA ITO3BOJISIIOT YTOYHUTD
pe3yabTaT U3MEPEHUs, T. €. HANTH 3HaUYECHHE U3MEPSEMON BEIMUUHBI OoJiee OIM3K0e
K ICUCTBUTEIBLHOMY 3HAUYE€HMIO, UEM PE3yJIbTAaT OOHOIrO n3mMepenus. KauectBo n3me-
pUTENBHOTO MpUOOpa, OTpakarollee OJIM30CTh K HYJIIO €ro ClIy4ailHOW COCTaBIIsIIO-
IIeH MMOTPEIIHOCTH, Ha3bIBAETCSA CXOOUMOCHbIO NOKAAHUIL.

Ilpomaxu — rpyOble MOTPELIHOCTH, CBSI3aHHbIE C OLIMOKaMM oIleparopa Wiu He-
YUYTEHHBIMU BHEIIHUMH BO3AEHCTBUAMM. VX OOBIUHO HCKIIIOYAIOT U3 PE3YJIbTATOB
M3MEpPECHUM.

[Io 3aBUCUMOCTH OT 3HAYEHUSI U3MEPSIEMOMN BE JIUYUHBI ITIOTPEIIHOCTH
CpeicTBa U3MEPEHUH MOAPA3AEIAIOTCS Ha aNAUTUBHBIC, HE 3aBUCAIINE OT 3Ha4e-
HUS BXOJIHOW BEJIMYUHBI X, U MYJIbTUIIMKATUBHBIE — MPONOPIUOHAIbHBIE X.

Aooumusnas nocpeutnocms (Agy;) HE 3aBUCUT OT UyBCTBUTEIILHOCTHU MPUOOpA U SBJISI-
€TCsI MOCTOSIHHOM I10 BEJIMYMHE IS BCEX 3HAYEHNM BXOJHOW BEJIMYMHBI X6 mpese-
Jax auarna3oHa u3MepeHuil). CTOUHMKOM TaHHOW MOTPEIIHOCTH SIBJISIFOTCSI TPEHUE
B OIIOpax, LIyMbl, HABOJAKH, BUOpauuu. [[pumepamu aJAuTHBHON NOTPETHOCTH MPHU-

OOpOB SIBIISIFOTCS MOTPEUTHOCTH HYJISI, TUCKPETHOCTH (KBAaHTOBAHUS) B HM(POBBIX



npudopax. OT 3Ha4EHUsI ITOW MOTPEIIHOCTH 3aBUCUT HAUMEHBIIEE 3HAUEHHE BXO/I-
HO BennuuHbl. Ecniu npubopy npucyina ToabKO aAuTHBHAS MOTPEIIHOCTh WU OHA
CYILIECTBEHHO MPEBBIMIAET APYTUE COCTABIIAIOIINE, TO MPEAEI JOMYCTUMON OCHOB-
HOM MOTPEIIHOCTH HOPMUPYIOT B BUJIE€ IPUBEAECHHON MMOTPEIIHOCTH, Bbl YA CIEHHON
o gopmye (3).

Mynvmunauxamusnas nocpewinocms (Ay) 3aBUCUT OT UyBCTBUTEIBHOCTH TPpUOOpA U
U3MEHSETCS MPOMOPUUOHAIBHO TEKYIIEMY 3HAYECHHUIO BXOJIHOM BeNMWYMHBL. McTOU-
HUKOM 3TOM MOTPEIIHOCTH SIBJISIIOTCS MOTPEMIHOCTH PETYJIIMPOBKU OTIAEIBHBIX dJIe-
MEHTOB CPEJICTBA U3MEPEHUH (Hampumep, IIyHTa U 100aBOYHOTO PE3UCTOpa) cTape-
HUE 3JIEMEHTOB, U3MEHEHUE UX XAPAKTEPUCTHUK, BIMSIHUE BHEIIHUX (PAKTOPOB.

Ecnu npubopy npucyia ToJIbKO MyJIbTHUILTMKATUBHAS IOTPEILIHOCTh WIIM OHA CYILIEe-
CTBEHHA, TO IIPEAEN TONYCKAEMOM OCHOBHOW OTHOCUTEJIBHOW IOTPEIIHOCTH BBIPA-
aIOT B BUJIE OTHOCUTEIIBHON MOTPENIHOCTH, onpenaesemoit o ¢popmyiie (2). Knace
TOYHOCTU TaKHUX CPEJICTB MU3MEPEHUI 0003HAYAIOT OJHUM YKCIIOM, TOMEIICHHBIM B
kpy>xok, Hanpumep (O). Tak 0603HaYaIOT KJIaCChl TOYHOCTH MOCTOB MEPEMEHHOTO
TOKa, CYETUYMKOB DJIEKTPUUECKON DHEPTUU, NEIUTENCH HANpPSIKEHUS, U3MEPUTEIb-
HBIX TPaHCHOPMATOPOB U JP.

CymMapHas abCOIIOTHAsI IOTPEITHOCTh Ompenesercs mo hopmye
A = Aazm + AM = ’YaZ[I[XHopM + YMX (5)
I 1€Yaur— HPUBEIECHHOE 3HAYCHUE aJIUTHUBHON MOTPEMHOCTH, Yarr=Aany /Xuopw; Yv—

OTHOCHUTEJIbHOE 3HAYEHUE MYJIbTUINIMKATUBHOU MOTPEITHOCTH, ¥, = A,/X.

Tornma oTHOCUTENbHAS CyMMapHas MOTPEITHOCTh ONpeesieTcs o Gopmyiie

:Yw_];{wj'+YL| =

XHOpM
X

o

rae C=Yaun + Yasd = Yo

JUISL CPEACTB U3MEPEHUH, Y KOTOPBIX aJIUTUBHAsI U MYJIbTUIUIMKATUBHAsI COCTAB-
JSIOIINE COUBMEPHMBI, IPEAE OTHOCUTEIbHONW MPOUEHTaX U pa3/ieIEHHbIX KOCOU
yeproit, Hanpumep 0,02/0,01 (c = 0,02, a d = 0,01). Takoe ob603HaueHNE YI0OHO, TaK
KaK IIEpBBIMA €r0 4YJI€H ¢ PaBEH OTHOCHUTEIBHOM MOTPEIIHOCTU CPEACTBA U3MEPEHUN

B HanoOoJee 6JIaFOHpI/ISITHI>IX YCIOBHAX.



koraa X= X,,.,. Bropoii uneH ¢gopmyisl (.6) XapaKTepU3yeT YBEINYEHUE OTHOCH-
TEJIBHOM MOTPEIIHOCTH U3MEPEHUS PY YMEHBIIICHIUH BEIMYMHBI X, T.€. BIAUSHUE aJl-
JUTUBHOM coCTaBIsitoLIel norpemuocty. K 3Tolt rpynmne cpeacTB u3MepeHuil OTHO-
csiTca U(POBBIE MOCTHI, KOMIIEHCATOPBI C PYYHBIM U aBTOMaTUYECKUM ypaBHOBE-
IIMBAHUEM.

AJUTHUBHAS U MYJIbTUILUIMKATUBHAS MOrPEIIHOCTH UMEIOT CUCTEMATUYECKHE U
CIIy4YalHbIE COCTABJIAIOLINE.

[TorpemrHOCTh CpeacTBAa M3MEPEHHI TaK)KE MOXET OBITh HOPMHUPOBaHA K JIJIMHE
mkanbl. B 3ToM citydae kiiacc TOUHOCTH, onpeaensieMbii 1o ¢popmyiie (3), obo3Haua-
€TCsl OJTHUM YHCJIOM B MIPOIIEHTAaX, TOMEIICHHBIM MEXIY ABYMS JIMHUSAMH, PACIIOJIO-
KEHHBIMU 10/ yIiioM, Harpumep V. K HUM OTHOCATCS OKa3bIBatoLUe MpUOOphI ¢
PE3KO HEPABHOMEPHOMU IIKaJIOW (Hampumep, runepooaInyeckoi uiu iorapupmude-
ckoit). KoHkpeTHbIE psi/ibl KJIACCOB TOYHOCTH YCTAHABIIMBAIOTCS B CTaHIapTaxX Ha OT-
JeJIbHBIE BUJIBI CPEJICTB U3MEPEHMUSI.

B 3aBucuMoOCTH OT BIUSHUS XapaKTepa U3MEHEHUS U3MEPIEeMOil BeIu-
YUHBI TOTPEIIHOCTUA CPEACTB M3MEPEHUUN MOAPA3ACISIIOTCA Ha CTATUUECKUE U
JMHAMUYECKHE.

Cmamuueckas nozpeuiHocms — MOTPEITHOCT CPEACTBA U3MEPEHUH, TPUMEHSsIE-
MOTO MPHU U3MEPEHNHU (PU3NYECKOI BETUIUHBI, IPUHIMAEMOMN 32 HEU3MEHHYIO.

Hunamuyeckasn nocpeuwinocms — NOTPEITHOCTD CPEACTB U3MEPEHUM, BO3ZHUKAIO-
11asi IpYU U3MEPEHUN U3MEHSIIoLIENcs (B Mpolecce U3MepeHuil) pusnyeckon Beau-

YUHWHBI, ABJIIOIIAACA CICACTBUECM HWHCPIUOHHDBIX CBOMCTB CpCacCTB I/I3MepeHHﬁ.

KOHTpOJ'IbH bl€e BOMNpPOChbI
1.Ilepeuncnure OCHOBHBIE BUABI U METOIbI U3MEPECHUM.
2.Kakue OCHOBHBIE U3MEPUTEIBHBIE ONIEPALIUN BBIIIOJIHIIOTCS IPU U3ME PEHUU?
3.Kakue yHupuupoBaHHbIE CUTHAIBI UMEIOT U3MEPUTENbHBIE TPEOOpa3oBaTeIn?
4.B yeM oTiM4Me NPSAMBIX U3MEPEHUM OT KOCBEHHBIX ?
5.IlpuBenute knaccupUKAIMIO MOTPEIIHOCTEH U3MEPEHUM.
6.Kak ornpenenuTs LieHy JeNeHus IKalbl mpudopa?
7.B uem oTaM4Me Auarna3zoHa U3MEpPEeHUI OT IHana3oHa NOKa3aHuii?
8.Uro xapakTepusyer KjlacC TOUHOCTH NpHOopa U Kak OH 0003HavYaeTCs AJIs pas-

JIMYHBIX CPEJCTB U3MEPEHUN?



9. [lepeuncnuTre Ki1accbl TOYHOCTHU DJIEKTPOMEXAHUYECKUX U3MEPUTEIbHBIX IIPH-

0opoB

1. AnekTpomexaHU4Yeckue usmepuTenbHbie NPUOOPLI

DnekTpoMexaHndeckue mdMepurenbHbie puoopsl (DUII) ornuyarorcss mpocTo-
TOM, JIEIIEBU3HOM, BBICOKON Ha/IEKHOCTBIO, Pa3HOOOpa3ueM NPUMEHEHUSI, OTHOCHU-
TEJILHO BBICOKOM TOUHOCTBIO.

JIro6oit DUIT cocrout u3 psana GyHKIMOHANIBHBIX MTPeoOpa3oBaTesei, KaKIbld 13
KOTOPBIX PEIaeT CBOIO JIEMEHTAPHYIO 3aauy B 1€y npeodpa3zoBanuii. Tak, cambiid
IPOCTEHIINI U3MEPUTENBHBIN JIEKTPOMEXaHUUYECKUM TPUOOP MPsIMOTO Mpeodpas3o-
BaHUA (BOJILTMETP, aMIIEPMETP) COCTOUT U3 TPEX OCHOBHBIX MTpeoOpa3oBaTeieii: u3me-
putenbHoi nenu (ML), namepurensHoro Mmexanusma (MM) u orcueTHOro ycrpou-
ctBa (OY) (puc. 1).

Hsmepumenvhas yens 00ecrieunBaeT NpeodpazoBaHUE FIEKTPUUECKON H3MEPSIEMOM

BEJMYUHBI X B IPOMEKYTOUHYIO IEKTPUUECKYIO BEIUUUHY Y (TOK WK

X _|Hamepurensuas| ¥ | Mamepurenshstit| o | OTcueTHOE
uens MEXaHM3M YCTpOMCTBO

Puc. 1

HaNpspKeHKe), QYHKIMOHAIBHO CBA3aHHYIO C
MU3MEPAEMON BEITMUYMHON U HEMTOCPEACTBEHHO BO3ICHCTBYIOIIYIO HA N3MEPUTEIbHBIN
MEXaHM3M.

H3mepumenvuuiii MexaHu3m SIBISIETCS JIEKTPOMEXAHUUECKUM IpeoOpa3oBaTelieM,
OCYILECTBIISIIOLIUM MTpeoOpa30oBaHKUE IEKTPUUECKON BEJIMUYUHBI Y B HAIIAJHOE aHa-
JIOroBO€ IoKa3aHue a. Ha MarHMTHOM BO3JIEHCTBUU JIEKTPUYECKOIO TOKAa OCHOBAHBI
MAarHHUTORJIEKTPUYECKUN DJIEKTPOMATHUTHBIN, WHIYKLUMOHHBIN, 3JIEKTPOAUHAMMYE-
CKUU M BUOPAILIMOHHBIN U3MEpPUTEIbHbIE MEXaHU3MBbI. TErIoBO€ BO3ACHCTBUE AIIEK-
TPUYECKOTO TOKA NCHOJb3YIOT OMMETAJUIMYECKHUI U TENJIOBOM U3MEPUTENIbHBIE MeXa-
HA3MBL. Ha B3aMMOJIENCTBUM 3apsyKEHHBIX JJIEKTPOJOB, HAXOMAIIMXCS IO HAIps-
’KEHHEM, OCHOBAH MPUHIUI pabOThI 3JIEKTPOCTATUYECKOTO U3MEPUTEIBHOTIO MeXa-

HHU3MaA.



Omcuemmnoe ycmpoucmeo COCTOUT U3 yKa3aTells, KECTKO CBSI3aHHOIO C MOJIBUXK-
HOM yacThio UM, 1 HEMOJABUKHOW IIKaJIbl. YKa3aTeu ObIBAIOT CTPEJIOUHbIC (MeXa-
HUYECKHE) U cBEeTOBbIE. [IIkana — 3TO COBOKYITHOCTh OTMETOK B BUJIE IITPUXOB, pac-
MOJIOKEHHBIX BJIOJIb JIMHUU, [10 KOTOPBIM ONMPEAEIAIOT YACIOBOE 3HAYEHHUE U3MEPS-
eMmoil BenuuuHbl. [lIkanel rpagyupyroT B equHULAX U3MEPSAEMON BEIMYUHBI — UMeE-
HOBaHHas IIKajla — JU00 B JIEJICHUSIX — HEMMEHOBaHHAs IIKaja.

B o6mem citydae Ha noaBmkHYI0 yacte UM npu ee ABM>KEHUH BO3JIEHCTBYIOT MO-
MEHTBI: Bpawmawmun M,,, NpoTuBoAeuCTBYromun M, n ycriokoenus M, ..

Bpawarowuii momenm nna UM, nenonib3yOMMUX CUIIBI 3JIEKTPOMArHUTHOTO MOJIS:
MBp = dWw/da; (1)

rne dWy — U3MeHeHue 3amaca HEprud MarHUTHOT'O TOJISL;0.- YTOJ1 OTKJIOHEHHUS T10-
JIBUKHOM YaCTH.

TIpomusooeticmsyrowuii MoMeHm B HIEKTPOMEXaHUUYECKUX MPUOOpax HEOOXO UM /s
CO3JIaHUSI OJTHO3HAYHOTO COOTBETCTBUS M3MEPSIEMOI BEITMUMHBI OMPEACTICHHOMY YTy
MOJBWKHOW YacTU. B aHAJIOrOBBIX 3JIEKTPOMEXAHWYECKUX MPUOOpax MPOTUBOACH-
CTBYIOIIIMIT MOMEHT CO3aeTcs TM0O0 TP MOMOIIH CIHPAIBHBIX MPYKUH (PacTSHKEK U
MOJIBECOB), JIMOO 3a CUET SHEPIUU AIEKTPOMATHUTHOTO MO (B JJOTOMETPax).

B ciyuae, koraa npoTUBOAEHCTBYIOIIMI MOMEHT CO3AAETCs CHMPAIbHOM MPYKUH-

w

KO¥:
My =Wa (2)

rae W — yaenbHbIi NPOTUBOICHCTBYIOIIMNA MOMEHT, 3aBUCSIIIAN OT TEOMETPUUYECKUX
pa3ZMepoB U MaTepuralia NPy>KUHbI (PACTIKEK).

Momenm ycnokoenusi SBISETCSI MOMEHTOM CHJI CONPOTHUBJICHUS JBUKECHUIO,
HAIpaBJIEH BCETJla HABCTPEUY ABHKEHHIO MOJABUXKHOW yacTu UM m nponopuunona-

JIEH YTJIOBOM CKOPOCTH OTKJIOHEHUS:

M., = P(dav/dt), 3)
B m3MepuTenbHBIX MeXaHu3Max HanOoJIee 4aCcTo MPUMEHSIOT MarHUTOMH Ty KITHOHHBIE
Y BO3AYIIHBIE YCTIOKOUTENH. J[J151 CO31anust 04eHb OOJIBIITOTO YCIIOKOCHUS PUMEHSIOT
KUJKOCTHBIE ycriokoutenu. HecMoTpst Ha OoJiblioe pa3HOOOpa3ue KOHCTPYKIUN U

THUIIOB HpI/I60p0B BCC OHU MMCIOT PAO 06I_HI/IX Y3JIOB U ,IIGTEUIGﬁ. Takumu ACTAaJIIMH



ABJISIOTCS: KOPITYC, IIKaJIa, YKa3aTelb, YCTPOWCTBA ISl YCTAHOBKH U YPABHOBEIIM-
BAaHUS MTOJABUKHOM YacTH, CO3IaHUS MPOTUBOAEHCTBYIOIIEr0 MOMEHTA U YCIIOKOE-
HU S, KOPPEKTOP, @ B BHICOKOUYBCTBUTEIbHBIX PUOOpPAX — appeTup.

Marnurto3sjekTpuueckue npudopsl O603navaroTcs 0ykBot M. MarHuToseKTpu-
yeckue nmpruoopsl MIII cocTosT U3 U3MEpUTENbHON LIETTH, U3MEPUTEIILHOTO MeXa-
HU3Ma U OTCYETHOTO ycTpoiicTBa (cM. puc. 1). KOHCTpYKTUBHO U3MEPUTEIIHHBIN Me-
XaHU3M MOET OBITh BBINOJHEH JU0O0 C NOABUKHBIM MarHUTOM, JIMOO C MOJABUKHON
karymkoil. Ha puc.2 noka3aHa KOHCTpYKUMs TpruOopa ¢ MOABHKHOM KaTymkoi. I1o-
CTOSIHHBI MAarHUT /,MarHUTONPOBOJI C IOJTIOCHBIMY HAKOHEYHUKAMH 2 U HETIOABUK-
HBI CEPICYHMK 3 COCTABJISIIOT MAarHUTHYK) CUCTEMY MexaHu3Ma. B 3a3ope eny mo-
JFOCHBIMM HAKOHEYHUKAMU U CEPICYHUKOM CO3/AETCSI CUIIBHOE paBHOMEPHOE paiu-
aJbHOE MArHUTHOE MOJIe, B KOTOPOM HaxXOJMTCs MOABUYKHAsA MPAMOYIrOJIbHAs Ka-
Tynika 4, HAMOTaHHAasi MEAHBIM WJIM AJIFOMUHHUEBBIM IPOBOJOM Ha aJTIOMUHHEBOM
Kapkace (mpuMeHstoTcs U 0eckapkacHble paMkH). KaTymika (paMka) 4 MOKeT TTOBO-
paumBaThCs B 3a30p€ Ha MONyocsx 5 u 6. CupaibHbIe IPYKUHBL 7 U 8 CO3AI0T MPO-
THBOJEUCTBYIOIMK MOMEHT M UCIIOJIB3YIOTCS AJIS OJa4u U3MEPSIEMOTO TOKA OT BbI-
XOJHBIX 32)KMMOB IPpUOOpa B paMKy (MEXaHUYECKHE U IEKTPUUECKHE COCTHHEHUS
Ha puC.2 HE TIOKa3aHbl ), paMKa )KECTKO COeIMHEHa co cTpesikor 9. [l OanaHCUpOBKH
ITOJABMKHOM YaCTH MMEIOTCS NMEPEABIKHBIE IPy3uKH /(. 5amac 3aeKTpOMarHUTHON
SHEPTHUH B KOHTYpE € TOKOM I, HaXoISITCSA B 1OJI€ TOCTOSIHHOTO MarHuTa, BIPAKAETCS

hopMyIoii:
W =ly 4)

WM — HOJIHOC IMOTOKOCHCIIJICHUC TAHHOI'0O KOHTYpPpa C MArHuTHBIM IIOJIEM ITOCTOSH-

HOT'O Mardura.



Puc.2. Cxema ycTpoicTBa MarHUTORJIEKTPUIECKOTO Tpudopa:

|-mocTOSTHHBINA MarHuT; 2 — MOJIFOCHbIE HAKOHEYHHUKHU; 3 — HEMOABUKHBIN Cepaey-
HUK
4 — npsMoyroyibHasi Karyuika; 5, 6 — ocH; 7, 8— cOupalibHble MPYXKHUHBL, 9 —
cTpeiika; /() — nepeaBUKHbBIE TPY3UKU

Torna Beipaxenue (1) MOKHO TPEeACTaBUTDH KakK:

M =Idy/da &)

[ToniHOE M3MEHEHHE MOTOKOCUEIJIEHUSI C pAMKOW Yepe3 KOHCTPY KTUBHBIE Mapa-

METPBI PAMKH 3aMUIIETCS CIEAYIOIUM 00pa3oM:

dy = BSwd,

rae B — uHayKius B 3a30pe; S— IUIONIab pAMKU; W — YUCIIO BUTKOB PAMKH.

Ecnu monoxuts da = 1 paa, To npousBenaeHne BSw — BeIWYnHA TOCTOSTHHAS IS
Ka)XJIOTO JAHHOTO NMpuOopa U paBHas U3MEHEHUIO MOTOKOCUEIJICHUS PU MOBOPOTE
pamku Ha 1 pag. O6o3Havas ero yepes\y,, 3anuiieM:

yo= BSw, Torna:
dy = yoda. (6)
[Toacrasisast Beipakenue (20.8) B hopmyity (20.7), mosydum BeIpakeHHE Bpalllaro-

mero MOMCHTA AJIsI MAarHuTOSJICKTPUYCCKOTO MCXaHM3Ma B CIICAYIOIICM BHUJC!
MBp = IWO (7)

VYcranoBuBIIEECs NMOJ0XKEHUE NOABWKHON yacTu UM HacTynaer npu paBeHCTBE
BpAIIAOLIEro U NPOTUBOECHCTBYIOIIETO MOMEHTOB My, = M,,, T. €. ¢ yueToM ¢op-

MyJIbl (2) 3amuIiem:



Iy, =W
CrnenoBaTenibHO, YpaBHEHHE NpeoOpa3oBaHus Il MarHUTOANIeKTpuyeckoro MM

OyneT UMeTh BUJ;

o =Iys/ W, umu oo = Si-l, (8)
rye Si — 4yBCTBUTEIBHOCTh U3MEPUTEIBLHOIO MEXaHU3Ma I10 TOKY, pai/A, Si =
wo/ W.

MoskHo 3anucath Gpopmyiy (8) yepe3 KOHCTPYKTUBHBIE TapaMeTpPhl U3MEPUTENb-

HOTO MEXaHHU3Ma:
o = BSwI/W. 9)

N3 dopmynel (9) ciaemyer, yTo yroja OTKIOHEHHUsS MOJBMXHOM yacth UM mpsimo
IPOMOPLMOHANIEH TOKY B KaTyIIKE, MOATOMY MAarHUTOXJIEKTPUYECKHE MPUOOPHI
UMEIOT PABHOMEPHBIEC IIKAJIbI.

B MarHurtosnexkTpuueckux npudopax yCHOKOEHHWE MOABMKHON 4acTU NMPUOOPOB
MarHMTOMHAYKIIMOHHOE, T.€. CO3/Ia€TCs B3aUMOJCHCTBUEM MarHUTHBIX MOJIEN OT BUX-
PEBBIX TOKOB B KapKace KaTyLIKH U TOJIA IIOCTOSIHHOTO MATHUTA.

JlocTonHCTBa: BEICOKMH Kacc TOYHOCTH — 0,05 u HKe, paBHOMEpHas IIKaJIA, BbI-
COKasi ¥ CTaOuJIbHAasl 4YyBCTBUTEIHHOCTD, MAJIOE
CcOOCTBEHHOE MOTpPEOIEeHNEe MOUTHOCTH, OOJBIION qUana3oH W3MEPEeHUH, Ha MOKa-
3aHua MOII He BIMAIOT BHEIIHUE MATHUTHBIE U DJIEKTPUYECKHUE TOJIA.

Henocratku: 6e3 npeoOpazoBateneit MOII ucnonb3yoT TOJNBKO B LENSAX MO-
CTOSIHHOTO TOKa, UMEIOT Majlyl0 Harpy304HYyIO CIIOCOOHOCTh, CIIOKHBI M JIOPOTH, Ha
UX MMOKA3aHUs BIMAIOT KOJIeOAHUS TeMIIEPaTypHl.

[Ipumenenune: marHuTolnekTpuyeckue MM uHCnonp3ylOT B aMIepMeTpax,
BOJIBTMETPaX, OMMETPAX U TaJIbBAHOMETPax (OOBIYHBIX, OAITMCTUYECKUX U BUOpa-
IIMOHHBIX ).

AMnepMeTpbl. MarHuTOAIEKTPUUECKUA N3MEPUTEIBHBIM MEXAHU3M, BKIIFOUCHHBIN
B DJIEKTPUYECKYIO LIENb NOCIEA0BATEIBHO C Harpy3KoH, MO3BOJISAET U3MEPITh TOKU
nopsinka 20... 50 MA. [l paciuMpeHus MpeaenoB U3MEPEHUS UCIIOIb3YIOT LIy HThI
(MaHTaHUHOBBIN PE3UCTOP), COMPOTHUBICHHE KOTOPHIX MaJO 3aBHCHT OT TeMIlepa-
Typbl. ConpoTuBieHne MyHTa R, MEHbIIE CONPOTHUBIECHUS TpruOopa R,, U BbIOHpa-

€TCA U3 COOTHOILIICHUA .



Ry = Ryp/(n-1), (10)

rae n — K03()pUIUHUEHT IYHTUPOBAHUS 110 TOKY, 1 = I/1/yp.

BoabTMeTpbl. MarHuTo3JIEKTPUIECKUN N3MEPUTEIIBHBIN MEXAHU3M, BKIIFOUCHHBI I
napasuiebHO Harpyske. JJis pacummpeHus NpeiesioB U3MEPEHUsT 10 HaNPSIKEHUIO
nocieaoBaTeasbHo ¢ UM BritodaroT 106aBOYHBIN pe3ucTop R .6, COTpoTHBIICHUE KO-

TOPOro OOJIBLIE CONPOTUBIECHUS R,yp.
Rji06 = Rup(m-1), (11)

rae m — KO3(QQUIMEHT NIYHTUPOBAHUS 110 HaNpspkeHuto, m = U/ U,,. Jloro-
MeTpbl. [Ipubopsl aMeKTpoMexaHNIECKON TPYIITbI, U3MEPSIOIINEe OTHOIICHUE
JIBYX DJIEKTPUUYECKUX BEJWUYNH, 00bIYHO IBYX TOKOB o =f(1;/I,), yT0 mo3BomsieT
C/IeNaTh X MOKa3aHUs HE3aBUCUMBIMHU B U3BECTHBIX MpeJieax OT HaNpsKeHHS HC-

TOYHHKA ITMTAHUA.

B JJoromMeTpax Bpamafomnﬁ 141 HpOTHBOHGﬁCTByIOHIHﬁ MOMCHTBI CO3Aar0TCA JJICK-

TPUYECKUM IMyTEM W HAIPABJIEHBI HABCTPEUY JIPYT IPYTY.

OmMeTpbl. MarHuTo31€KTPUUECKHE JTOTOMETPBI HIMPOKO MPUMEHSIOTCS B MPUOO-
pax Ijsl U3MEpPEHUs CONPOTUBIIEHUS — OMMETPAX U METOMMETPAX, B BBIIPSIMUTEb-
HBIX YaCTOTOMEpPAxX M YCTPOWCTBAX Uil M3MEPEHUS HEDICKTPUYECKUX BEIWYNH
(TeMmepaTypsbl, 1aBI€HUS, YPOBHS KUJIKOCTH U JIp.).

DJIeKTPOMATrHUTHBIE U3MePHUTeIbHbIe NPuoopbl. O603HavaroTCst OykBoi . B
ANEKTPOMArHUTHBIX U3MEpUTEIbHBIX NMpubopax (OMMUII) nns nepemenieHus mo-
JBHKHOW YaCTH UCIIOJIb3YETCSl JHEPTHSI MAarHUTHOT'O ITOJISL CUCTEMBI COCTOSILEH U3
KAaTylIIKH ¢ U3MEPSEMBIM TOKOM M OJHOTO WJIM HECKOJBKUX CEPACYHUKOB, BBIIIOJ-
HEHHBIX U3 (peppOMAarHUTHBIX MaTtepuasioB. Iloyunnu pacnpocTpaHeHne TpH KOH-
crpykunn OMMUII: ¢ mnockon KaTyIKOW; ¢ KPYTJI0M KaTyIIKOM; C 3aMKHYTBIM Mar-
HUTONPOBOIOM. B OMMUII ¢ mmockoii KaTylKkon CEpACYHUK U3 IEPMAIIIO MO ACH-
CTBUEM CHJI TIOJISl BTSITUBAETCS B Y3KUH BO3JYIIHBIN 3230p KaTyIIKA C OOMOTKOM U3
MeaHoro nposoga. Oce cepAeUHMKa CO CTPENIKOW , CIIUPAJIBHOM NPYKUHON U IO-
JBVODKHOW YaCThIO YCIIOKOUTENS KPETUTCS Ha ONOpax WIM PACTSDKKaX. Y CHOKOUTENH
B OMMUII MoryT OBITH BO3AYUIHBIE, )KUIKOCTHBIE MJIM MAarHUTO MHAYKI[MOHHBIE.

DHeprus 3eKTPOMarHUTHOTO TIOJIs KaTYIIKK ¢ TOKOM | BbIpakaeTcs popmyIoii:

2
o L
1 pdL

o= .
N3 BeIpakeHus o 2w do’ HHE: IpeoOpa3zoBa-



rae W — yaenbHbli IPOTUBOAEHCTBYIOIIMN MOMEHT IIPYKHUHBI.

N3 mony4eHHOro BBIPAXKEHHUSI BUJIHO, UTO IIKaja 3JIEKTPOMArHUTHOro mpudopa
kBagparuyHasi. KoHCTpYKTUBHO JH0OOMBAIOTCS paBHOMEPHOCTH LIKAJIbI, HAUUHAS C
1/5 wactu BepxHero npejeia u3MepeHusl.

JIOCTOMHCTBA: NPOCTOTAa KOHCTPYKIIMU U BbICOKAsl HAJIE)KHOCTb, XOpoIIas Ie-
perpy3ouHasi CriocoOOHOCTb, BOBMOXHOCTb pa0OThI B IEMSAX MOCTOSIHHOTO U TIEpe-
MEHHOTO TOKOB, KJ1acchl TounocTH 1,0; 1,5; 2,5; wactoTHbIii auana3od 45 ... 10
k['1; nuanazon usmepenus o Toky 05...300 A (mpu npsiMoM BKIIr0UeHUN) U 110 20
000 A c uzmeputenbubiM TpanchopmaTopom Toka (UTT); nuanazon usmepenus
no HanpspkeHuto 1,5...60 B (mpu npsmom BriroueHuun) u g0 6000 B ¢ uzmepu-
TeJbHBIM TpaHchopmaropom HanpsbkeHnus (MTH). Henoctatku: 60mbimoe coo-
CTBEHHOE€ MOTpPEOJICHNE PHEPrUu, HEBHICOKAS UYBCTBUTEIBHOCTH, HEPaBHO-
MEpHas IIKajla, BIUSHUE BHEIIHUX MAarHUTHBIX M TEMIIEPATYPHBIX NOJIECH, ya-
CTOTBI MUTAIOLLIETO HANPSKEHUS Ha rmoka3zanus DOMMUIL.

[IpumMmeHeHue: FNEKTPOMArHUTHBIE MPUOOPHI UCTIOIB3YIOT B KaUE€CTBE aMIlep-
METPOB, BOJBTMETPOB, ()a30METPOB, YACTOTOMEPOB, FEHPUMETPOB U (apaaMeT-
poB. Pacumpenue npenenoB no TOKYy — CEKIMOHUPOBAHUE U HMCIOJb30BaHUE
UTT, no HanpspKEHUIO — CEKUMOHUPOBAaHKE, IPUMEHEHUE 100aBOYHOr0 pe3u-

cropau UTH.

DJIeKTPOAUHAMHUYECKHE U3MEpPUTeJIbHbIe NMPUOOPHI. O6o3HavaroTcs
oykBoit . B anekTpoanHamMudeckux uaMepuTenbHbIX mpuoopax (3 ANIT) nst me-
peMeEIEeHNs TOABUKHON YaCTHU UCIOIb3YETCS SHEPTUSI CUCTEMBI, COCTOSILLIEN U3
NOJBWKHOM W HEMOJABMUXKHOM paMOK ¢ Tokamu. HenoaBuikHas 4acTb MOKET:
MMETb OJHY, Yallle JBE KaTylIKH, COETUHEHHbIE MEXKTy COOOH MapasuieIbHO WIH
MOCJIEN0BATEIBHO, HAMOTAHHBIE MEJHBIM MIPOBOJIOM, BHYTPU KOTOPBIX PaCIO-
JaraeTcs MOJIBUKHAs KaTylIka, OObIYHO KapkacHas. J[Jis1 ee BKIIOYEHHS B IICTIb
M3MEPSIEMOTO TOKA MCIOJb3YIOTCA NPYKUHKH WIN PACTSKKU. Y CIOKOEHHE MO-
JBUYKHOM 4acTy — BO3/YIIHOE WM MAarHUTOMHIyKIIMOHHOE (puc. 3). BHyTpH He-
NOJIBM>KHOM KaTyIIKU | Bpamiaercs yKperieHHas Ha OCH MOJBM)KHAs KaTymka 2.
Tok K HEl MOABOAUTCS MO CIUPAIBLHBIM TOKOIIPOBOISIIUM IpYKUHAM, CIyKa-
MM OJTHOBPEMEHHO ISl CO3/IaHUsI TPOTUBOJAEHCTBYIONIETO MOMEHTA. DJIEKTPO-

MaravuTHasA SHCPIrusA CUCTEMBI IBYX KATYIICK C TOKaAMHU LInl,



1

WM =%L‘|I]2 ‘|‘-;.'L2!22 i MIIID

LynlL,— HHAYKTHUBHOCTHU HGHOIIBH)KHOﬁ 141 HO,I[BPI)KHOﬁ KaTylICK - B3aUMHaA WHAYK-

TUBHOCTD.

Puc. 3 Cxema ycTpoiicTBa 37€KTpOJuHAMHUYECKOT0 Tpudopa:

HETIOJIBUKHAS KAaTylIKa; 2 — MOJBUKHAs KaTyIlKa
MHIyKTUBHOCTH KaTymek L; U L, He 3aBUCAT OT ITOJIOKEHHS 4 IPOCTPAHCTBE, I0-

ATOMY MEPBBIE JIBa CIaraéMbIX paBHbI HYJ0. Takum oOpa3oM, NOIyYUM Clie-
IYyIOIIee BhIpakeHUue st My,:

dw,
w00 i

an
2 da

[IpupaBHUBas BpamarOUIMi U MIPOTUBOICHCTBYIOIIUN MOMEHTBI UMEEM:

OEW = IIIZ d;w-
do

Otcrona nonyyaem ypaBHeHnue npeobdpazosanust DJIUII B Buze:

y‘{I/ITBIBaﬂ, 4TO B3aMMHAs HHAYKTHBHOCTD MKaTymeK 3aBUCHUT OT ITOJIOKCHMU S I10-
,IIBH)KHOﬁ KaTyliK1u OTHOCHUTCIIBHO HGHOﬂBHX(HOﬁ, MOJKHO IIPpCACTABUTh YPABHCHHUC

npeoOpa3oBaHus B 00IIEM BU/IC:

Wi % LLf().



VYpaBHeHHe neUCTBUTENBHO 171 cirydas padotsl D IMII Ha nocTossHHOM TOKE. Ha
IepeMeHHOM ToKe nmokaszanus J/INII 3aBucaT or nponsBeneHns AEHCTBYIOMNX 3HA-

YeHUU TOKOBIl, 51 IQ h OT ¢cABHUTIA I1O (1)336 MCKAY 3TUMU TOKaAMMH:
f(e)
o=—=[1,cosV.
T

JIoCTOMHCTBA: MCHOJIB3YIOTCS B LIEMAX MOCTOSIHHOTO U MEPEMEHHOI'0 TOKOB,
kiaccel TouHoctu 0,05; 0,1; 0,2. /Inanazon u3mepenunii Ha noctossHHOM Toke 0,015...
10 A (mpsimoe BkIItOUeHHE), Ha nepeMeHHoM Toke 0,005... 200 A (mpsiMoe BKITIOUEHHE),
10 600 A ¢ UTT; usmepenus noctossHHOTo Harnpspkenus 1,5...600 B (mpsmoe BriTroue-
Hue), 7,5...6000 B ¢ R .6, nepemennoro toka 10 30 000 B ¢ U'TH; yactoTHbIl nuamna-
30H 110 40 kI 'm.

Henocratku: 6onpioe cobcTBeHHOE OTpEOJIEHUE YHEPTUH, IIKalIa HEPaB-
HOMEpHAasi, HEBbICOKAas YyBCTBUTEILHOCTh, HMEIOT MaJIyI0 MIEPErpy304HYIO CIIO-
COOHOCTb, HEJIOMYCTUMBI TPSACKH U BUOPALIMU, UMEIOT CJIIOKHYIO KOHCTPYKIIUIO U
BBICOKYIO CTOMMOCTb, Ha MIOKA3aHUS ATUX NPUOOPOB BIUSIIOT BHEIITHUE MATHUTHBIE
TOJIsl, TEMIIEpaTypa U 4acToTa MUTAIOIIETr0 HAPSKCHUS.

[IpumeHeHue: JIEKTPOAUHAMUYECKHE MPUOOPHI UCIOJIB3YIOT B KaYyeCTBE aM-
NEpPMETPOB, BOJIBTMETPOB, BATTMETPOB (sl paCIIMPEHUS MPEEIIOB U3MEPEHUS MTPH-
MEHSIIOT CeKIMoHupoBaHue Karymiek,R s UTT u UTH), vactoTtomepos, dhazomeT-
pOB (Ha MPUHIIKUIIE JJOTOMETPOB).

deppoauHaMnyecKue U3MepuTeabHble Npudopel. O0o3HayaoTca OykBoU [l
®eppoaunamuueckue npudopsl (OUII) otnmmuarorcs ot DAUIIL tem, yto Hemo-
JBUKHASI KaTYIIIKa PAclo0KeHa Ha CepJICUHUKE U3 (PePPOMArHUTHOTO MaTepuaa.
OTO NPUBOAUT K 3HAYUTEIILHOMY YBEIUUYEHUIO M, U YMEHBIICHUIO BIUSHUS BHEII-
HUX MarHUTHBIX noyiel. O1HAKO HaJTuYue MarHUTOMPOBOA CHUKAET TOYHOCTb ATUX
nprOOpPOB 32 CUET HAMYMS OTEPh HA TUCTEPE3UC U BUXPEBHIE TOKH.
JlocTouHcTBa: HE 60ATCA BUOpAIIUM U TPSICKU, BHEIIHUE MarHUTHBIE MOJISI MAJIO
BJIMSIOT Ha UX ITOKa3aHus, Kiaacchkl Tounoctu 0,2; ,1,0; 1,5; 2,5. YcnokoeHnue moaBux-
HOM 4aCTH — BO3AYIIHOE U MAarHUTOMHIYKIIHOHHOE.

HenocTtatku: Ha MOCTOSIHHOM TOKE MOTPENTHOCTh BO3PACTAET 3a CUYET MOTEPb HA
TUCTEPE3HC, CKA3BIBACTCS BIUSIHUE YACTOTHI MUTAIONIETO HAMPSIKEHUSI U TEMIIepa-

TYpbI BHELIHEN Cpeibl; 4acTOTHBIN auamna3oHn 10 I'm... 1,5 k[,



[IpumeHeHrEM OCHOBHOM HMCIOJIB3YIOT B I[€NAX NEPEMEHHOTO TOKA Ha TPOMBIIII-
JIGHHOM 4acTOT€ B Ka4eCTBE aMIIEPMETPOB, BOJILTMETPOB, BATTMETPOB, OoJibIIas
BeJM4uHa M, MO3BOJISET UCIO0JIb30BATh UX B CAMONKUCIIAX, PACIIMPEHHUE NIPEEIIOB
U3MEPEHHUS OCYILECTBIISIETCS TaK K€, KaK y 3JIEKTPOJUHAMHUYECKUX MPUOOPOB.

DJeKkTpocTaTuyeckue M3MepuTeabHble npudopbl. O603Havarorcs Oyksoit C B
AIEKTPOCTATUUECKUX U3MepUTeNbHbIX npudopax (DCUII) ans nepemerieHus mo-
JBIKHOM YacTH MCIOJIb3YETCS] MPUHIMI B3aWMOJEUCTBUSl JIBYX WMJIM HECKOJbKUX
AIIEKTPUUECKH 3aPSKEHHBIX TPOBOIHUKOB, T. €. 3/1ECh B OTJIUYUE OT MEXaHU3MOB APY-
TUX CHCTEM MEPEMEIECHNE MOABMKHON YaCTU OCYIIECTBIIAECTCS 3a CUET HENOCPE-
CTBEHHOT'O MPUJIOKEHHOTO HANPSKEHUS, TAKUM 00pa3oM, 3TU MPUOOPHI IO CBOEMY
OPUHIUIY JIEUCTBUS ABIAIOTCS MPUOOpaMH, U3MEPSIONIMMU TOJIBKO HAIPSKEHUE.
Kounctpykrusno snekrpocratrudyeckue MII MoxHO mpencTtaBuTh B BHUJIE IMIOCKOTO
KOHJIEHCATOpa C MOABMKHBIMU U HETIOBMKHBIMU 3JIEKTPOAAMH, MTEpEeMEIIEHUE T0-
JIB)KHOM YaCTH CBSI3aHO C U3BMEHEHUEM €MKOCTH CHCTEMBI, KOTOPasi MOXKET ObITh
OCYIIECTBJIEHA MO0 U3MEHEHUEM ILIOIAAN ANEKTPOOB, TMOO U3MEHEHUEM PACCTO-

aHuA Mexay HuMu Ha puc. 4 npuBeneHa cxema yCTpOMCTBA DJIEKTPOCTATHYECKOTO

npuodopa.

. Puc. 4 Cxema ycTpoicTBa 3J€KTPOCTATUYECKOTO Mpudopa:

1- moaBMKHA TIJIACTHHA; 2 — HEIOABMKHBIC IIJIACTHUHBI; 3 — OCh

HO,IIBI/DKHaSI AJIIOMMHHCBAA IIJIaCTHHA ], 3aKPCIUICHHAA BMCCTC CTp@JIKOﬁ Ha OCH 3, MO-
JKCT nepeMeiaTbCd, BSaHMOHGﬁCTBYH C ABYM: SJICKTPUYCCKU CO€I[I/IHCHHLIMI/I[ HC-
IMOABHKHBIMU IINIaCTHUHaAMH 2.

BXOI[HOG HaIpsKCHUC TTOJACTCA Ha IMOJABUIKHYIO M HCIIOJABHIKHYIO IJTIACTHHBI. HOI[
I[eﬁCTBHeM QJICKTPOCTATHUCCKUX CHUJI ITOABHIKHAA IIJIACTHMHA BTATMBACTCA MCKY HC-

IIOABMIXXHBIMU IIJIACTUHAMM.



O0001eHHOE BhIpaXKeHUE My, IS ANEKTPOCTATUYECKOTO IPUO0Pa, BHIYUCIIAEMOE

no popmyne (1), umeer BUA:

M., =dW/da
rae dW, — U3MEHEHUE 3HEPrUuM JIEKTPUUECKOro MO PU U3MEHEHUHU TOJ0KEHUS

l'IOI[BI/I}KHOﬁ yacTH Ha da OHCPIUA IIOJIA 3apsAKCHHOI'O KOHACHCATOPA OIIPCACIIACTCA

YPaBHEHHEM:
W,=U?C/2. ITosTomy:

M,,=(U?dC/da)/2
rne C — eMKOCTb, 0Opa3yeMasi MKy JIEKTPOIaMH AJIEKTPOCTATHIECKOT0 Tpubopa.

[IpupaBHrBas Bpalaroui ¥ IPOTUBOACHCTBYIOIMNN MOMEHTHI, IIOJTYyYHUM:

0=U%/(2WdC/dov)

W3 nocnenHero BeIpaXeHHUS! BUJHO, YTO LIKaa Mpuoopa KBaJpaTUUHAS.

KOHCTpYKTUBHO JOOMBAIOTCS YaCTUYHOW JIMHEAPU3ALUU LIKAJIBI TaK, 4To pado-
Yasi yaCTh HAYMHAETCS MPUMEPHO ¢ 1/5 yacTu oOLIEel ATMHBI LIKaJbl. Y CHOKOEHHE TI0-
JBYOKHOW 4YaCTH — MArHUTOMHAYKIIMOHHOE WM BO3YIIHOE.

Hocmouncmea: He NOTPEOIISAIOT SHEPTUH B IEMAX MOCTOSIHHOTO TOKA U OYEHb
HE3HAauYUTEeJIbHOE MOTpeOIeHNE B LIEMAX MEePEMEH HOro TOKa, kKiacchl TouHocTu: 0,05;
0,1; 1,0; 1,5; 2,5; vactotHeiii auanazod 20 I'u... 10 MI'; Anana3oH u3MepeHuit mo-
crosiHHOro Hanpsikenust ot 10 B no 7500 kB, nepemennoro Hanpsixenus ot 30 B 1o
7500 kB, HE3aBUCHUMOCTB MOKa3aHUN OT U3MEHEHHUS TEMIIEPATYPbl, YACTOTHI U (HOPMBI
KPHUBOM U3MEPSIEMOT0 HaNpSHKEHMS, @ TAK)KE BHEITHUX MAarHUTHBIX MOJIEH.

Heoocmamxku: HU3Kasi 4yBCTBUTEIBHOCTh, HEPABHOMEpPHAs IIKaJja, CKa3blBa-
€TCS BIUSHUE BHEIIHUX 3JIEKTPUUECKUX U JIEKTPOCTATHUECKUX MOJIEH.

[IpumeHeHue: INEKTPOCTATUUECKUE U3MEPUTEIbHBIE MPUOOPHI HCIOIB3YIOT B
LEMX MOCTOSHHOTO ¥ IEPEMEHHOI0 TOKOB B KAYECTBE BOJIBTMETPOB. s pacimpe-
HUS IPEJIEJIOB U3MEPEHUS IO HAIMIPSIKEHHUIO UCTOJIb3YIOTCS PE3UCTOPHBIE U EMKOCT-
HbIE JEUTENN HAPSKCHUS.

NuaykunoHHble M3MepuTeJbHbIe MPUOOPBI. B MHAYKIIMOHHBIX U3MEPUTEIb-

HbIx npubopax (MUII) ocoObiM MoJIOKEHUEM KaTylIeK MOJy4aroT Bpallarolieecs



3JIEKTPOMATHUTHOE IMOJIE, KOTOPOE, MPOHU3bIBAS AJIIOMUHUEBBIA LUJIMHID, UHIY-
UUPYET B HEM BUXPEBBIE TOKHU, YTO BBI3BIBAET BO3HHMKHOBEHUE BPAIIAOIIETO MO-
MeHTa. C TOMOIIBIO CITUPATIbHBIX OECTOKOBBIX MPYKHUH CO371a€TCSI MPOTUBOICHCTBY-
IOIIUIA MOMEHT M 00€CIIEUMBACTCS MPOTIOPIIUOHATLHOCTh U3MEPSEMON BEJIMYNHBI OT-
KJIOHEHHIO ITOABMKHOM CUCTEMBI.

3aBucumocTb nokazanuii MUII ot konebGanuit 4acTOThI TOKA BO30OYKISHUS U TEM-
nepaTypbl OKpYKarouel cpeibl OTpaHMYMBAET MPUMEHEHHUE ITUX TPUOOPOB.

NHAYyKIMOHHBIN U3MEPUTEIBHBIA MEXAHU3M HCIOIB3YETCS B CAMONUIIYIINX MTPU-
0opax, Ui MOCTPOCHHUS yKa3aTells Bpallalolerocs rnosjisi, CAHXpPOCKOIa, YyacToToMepa
Y B CUETUYHMKAX JICKTPUYECKOW SHEPTHH.

VYupomieHHas cxema oAHO(GA3HOTO HHAYKIIMOHHOTO CYETUHKA DJICKTPUYECKOU
SHEPruu MoKazaHa Ha puc. 5.

MexaHu3M mpubopa COCTOUT W3 JIBYX HEIOJBM)KHBIX MAarHUTOIIPOBOJOB: TPEX-
CTEPKHEBOTO CEepJICUHHKA C KaTymkol HanpsbkeHus 1 u [1-o6pa3Horo cepaeunuka 5
C JBYMS MOCJEA0OBATEIBLHO COCIMHECHHBIMU TOKOBBIMHU KaTYIIKAMH, CYHETHOTO MEXa-
HH3Ma 2, AIFOMUHUAEBOTO IUCKA 3, )KECTKO YKPEIUICHHOTO Ha OCH, U IOCTOSIHHOT'O Mar-
HUTA 4, CIlyXkallero AJIs CO3JaHusI TOPMO3HOTO MOMEHTA.

AHanu3 paboThl UHAYKIMOHHOTO CYETUYMKA MOKA3bIBAET, UTO €r0 Bpallarolinil

MOMEHT NPOMOPUHUOHATIEH AKTUBHON MOIIHOCTHA NEPEMEHHOTO TOKA, T.€.
M,, = K ;UIcosp = K;P,

rae Ki — ko3 duimeHT nponopoHaibHOCTH; (p — YTodl cABUra a3 Mex 1y Harpsi-

s)kenueM U u TokoM I, P — MomHoCTb.
[lon BiusiHMEM My, TUCK cYeTYMKA HAYMHACT Bpaiarsbea. Ha nuck cuerdnka nei-
CTBYET TOPMO3HOM MOMEHT M, CO31aBa€MbIii TOCTOSIHHBIM MAarHUTOM, KOTOPBIA YIIPO-
HIEHHO MOXKHO CYHATATh MPONOPILMOHAIBHBIM CKOPOCTH BPALICHUS JUCKA:

M. =Krda/dt

I'ne Ky-nocrosiunbiit koadduiinent. KonnuecTBo 35eKTpUuuecTBa, peaabHO IPOIIe/I-
iee 3a OMH 000POT JIMCKA 3aBUCUT OT TOKA, XapaKTepa Harpy3Ku; TakuMm oOpa3zom
YHUCJI0 00OPOTOB IMCKA XapaKTEpU3yeT SHEPIrHI0, MOTPEOJICHHYIO HArPY3KOil, B LIENHU

KOTOpOfI BKJIFOYCH CUCTUYMUK OHCPIUH.
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Puc. 5. Cxema ogHOa3HOT0 MHAYKITMOHHOTO CHETYHKA:

|— kaTy1iika HanpsiKEeHUs ; 2 — CYETHbIM MeXxaHu3m; 3 — aJlOMUHUEBBIN TUCK; 4 —

[TocTosinnbIit MarHuT; 5 — I1-00pa3HbIi cepeuHUK

BaxxHpiM mapamMeTpoM cueT4HMKa SIBJISIETCS MOPOT UYBCTBUTEIBHOCTH, MOJ KOTO-
pPBIM MOHUMAETCSI MUHHUMAaJlbHas Harpy3ka, Bbipakaemasi 0ObIYHO B IPOIEHTaX OT
HOMHUHAJIBHOW, TPU KOTOPOW MOJABUKHASA YacTh HAYMHAET O0€30CTaHOBOYHO Bpa-
IaThCS.

Hapsiny ¢ 3TuM cueTyuk He JDOJKEeH MMETh CaMOXOJ] MPU PAa3OMKHYTOH TOKOBOM
LENHU U U3MEHEHUH HanpsbkeHus B npeaenax 220 B £10%.

CdeTunuKd aKTUBHOW SHEPTUM BBINTYCKaroTCs kiaccoB tounoctu 0,5; 1,0; 2,0; 2,5.
ITopor 4yBCTBUTEIBHOCTH CUETYMKA HE JOJDKEH mpeBbimath 0,4 % sl CUETYMKOB
kiacca Tounoctu 0,5 u 0,5 % a1 cueTunkoB Kjiacca Tounoctu 1,0; 2,0; 2,5.

[IpuMeHeHHe: UHIYKIIMOHHBIC CYETYUKHU UCTIOJIB3YIOT JJ151 U3MEPECHUS DJICKTPH-

YEeCKOM PHEpruu B 0JTHO(DA3HBIX U TpeX(Pa3HbIX LETsIX.

2. dnekTpomMexaHu4Yeckme Npudbopsl ¢ npeobpasoBare-

NnAMUn

Bricokast 4yBCTBUTEIBHOCTh U TOUHOCTH, MAJIOE COOCTBEHHOE MOTPEOICHHE dHEP-
MU U JPyTHE MOJOKUTEIbHBIE CBOMCTBA MAarHUTOXJIEKTPUUECKUX MPHUOOPOB BBI-
TOJIHO OTIMYAIOT UX OT JAPYTUX AJIEKTPOMEXAaHUUYECKUX MPUOOPOB. 3aaua UCIOJIb30-
BaHUS UX ISl U3MEPEHUM B LIETIAX NIEPEMEHHOIO TOKa pellieHa MyTeM Ipeodpa3oBa-
HUSl IEPEMEHHOr0 TOKA B IOCTOSIHHBIN C MOMOIIBIO ITpeoOpa3zoBateneid. B cooTseT-
CTBUU C HCIOJb3YEMBIM MpeoOpa3zoBaTeneM, MPUOOPHl HA3bIBAIOT BHINPSIMUTEb-

HBIMHU, TCPMOIJJICKTPUICCKUMH, SJICKTPOHHBIMU.



BoinpsimutesibHble NpUOOpbI. OHKU NPEACTABIIAIOT COO0M COYETaHUE BBITPSIMUTEIIb-
Horo npeoOpasoBatesns U MarautoanekTpuuyeckoro UII. B kauectBe nmpeobpa3oBate-
7€l (BBIIpAMUTENEH) UCIOIb3YIOTCS MOy POBOAHUKOBBIE BBIIPIMUTENN (JUObI)
Ha OCHOBE KPEMHHUS WM IepMaHus. B 3aBUCMMOCTH OT YMCIIa IPUMEHSIEMBIX JHO/I0B
U CXEMBbI UX BKJIFOYEHHS OCYILECTBIISAETCS OJHO- U JIBYXIIOJIYIIEPUOIHOE BBIIPSIMIIE-
Hue (mpeobpa3zoBaHUe) NEPEMEHHOIO TOKA. B 1lenu 0HONOMYEPUOIHOTO BBIIPSIM-

nenus (puc. 6, a) TOK yepe3 U3MepUTeb (MUKPOAMIIEPMETD), BKIIOUECHHBINA MOCIE0-

BAaTEIBHO ¢ AUOAOM VD1, mpoTekaeT

VDI VD2
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- @ =1 <
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L1 =l
VD2 <
- s VD3 VD4
0 ~ O
a
6
Puc. 6

TOJIBKO B MOJIOKUTEIBHBIN Mosynepuo HanpsbkeHus U(?). B oTpuniarenpHblil moity-
HEpUOJ TOK ITpoTeKaeT uepe3 auon VD2. IlonBuKHAs 4acTh MAarHUTOIIEKTPHUECKOT O
MHUKPOaMIIEpMETPA U3-3a CBOEH MHEPLMOHHOCTH pEArupyeT Ha CPeJHEE 3HAYCHHE

MOMCHTAa

T/2

i
My, =— [ mdt,
0

1
T
rac m, — MI'HOBCHHOC 3HAYCHHC Bpallaromicro MOMCHTA. I/ICHOJ'II)By}I BbIpa-

)keHwue (4), onpenenm:

T /2
My, =— [ BSwi(r)dr =%BSw!m.
0

= e

ITpupaBuuBas M, k M,, N0Iy4nM BBIpAKEHUE IJIs1 yPABHEHUS IpeoOpa3oBa-

HUs npudopa

1 BSw
a:——fq,.
2 W (12)

[Hkamy npubopa rpagyupyroT 0ObIYHO B JEUCTBYIOIIUX 3HAYCHUAX CHHYCOUIATTh-

Horo Toka I, Toraa Beipaskenue (12) npuHUMaeT BUI:



oo BSW 1 45 BSwWL
W Ky %

rae Ky — xo3dpduument popmel 1yt cunycouasl, Ky =1/ 1, =1,11.
B 1ienm aByXmosynepuoHOro BBIIPAMIICHHS (pUC. 6, 6) TOK 4epe3 M3MEpUTEIhb
(MHUKpoOaMIIepMeTp) IPOTEKACT B OJTHOM U TOM K€ HalpaBJICHUU 00a MOJTYIIepHUOIa:

Tr/2
[ BSwi(t)dt =BSwl,.
0

25 2
M =i | =T

Jlnst aTOTO Ciiyuyas ypaBHeHue npeoOpa3oBanus npubdopa Oyaer

a=0,9BSwl/ W.

JlocToMHCTBA: BBICOKAS YYBCTBUTEIBLHOCTb, MaJlo€ COOCTBEHHOE MOTpeO.Ie-
HUE MOIIHOCTH, ITUPOKUN YACTOTHBIM TMAIa30H -BO3MOKHOCTh pabOThl 0€3 4acTOT-
HOM komImieHcarnuu Ha yactotax g0 2000 I'11, ¢ yacTtoTHOM KoMmeHcauein — 70 20
Kl 11.

HenocraTku: 3aBUCUMOCTD MTOKa3aHUM OT POPMBI KPUBOU U3 MEPSIEMOTO HAMPSI-
KEHUsI, HEOOXOTUMOCTh BBEICHUS YaCTOTHOM U TEMIIEPATyPHOM KOMITCHCAITUH, HEBBI-
cokast Tounocts (1,0; 1,5; 2,5; 4,0) u3-3a HENIMHEMHOCTH BOJIBT-aMIIEPHBIX XapaKTe-
PUCTHUK IHOJIOB.

[IpuMeHeHue: BRIMPIMUTEIbHBIE MPUOOPHI MIUPOKO MCIOIb3YOTCS B Kaue-
CTBE KOMOMHUPOBAHHBIX MPUOOPOB JJISI K3MEPEHUS TIOCTOSHHBIX U TIEPEMEHHBIX
TOKOB, HAIPSKEHUS] U COMPOTUBIICHUS -aMIIePBOILTOMMETPHI (aBOMETpHI). Jlnana-

30H u3MepeHui no Toky r 0,2 MA...6 A, no Hanpsxkernro — 0,2 MB...600 B.

3. Vl3mepMTeanb|e MOCTbI N KOMNEHCAaTOopPbI

N3mepenre TOKOB U HAMPSKEHUsT NpUOOpaMH HETIOCPEICTBEHHON OLEHKH MPOU3-
BOJIMTCS B JIyulieM cityqae ¢ norpemHocTtbro 0,05 %e bosee TouHOE H3MEpEHNE 3TUX
BEJIMYUH BO3MOKHO C TOMOIUIBIO MPUOOPOB CPaBHEHUSI — KOMIIEHCATOPOB. B 3aBu-
CUMOCTHU OT BUJA U3MEPSIEMOI0 HAIPSXKEHUS pa3iuyal0T KOMIIEHCATOPHI MOCTOSH-
HOT'O ¥ MIEPEMEHHOTO TOKa.

Komnencaropsl nocrossHHoro toka. Komnencaropsr nocrostuaoro toka (KIIT)
UCIIONB3YIOTCA Ui psiMoro udmeperus IC u HanpsHKeHU 1 KOCBEHHOTO U3Me-
pPEHUS COTNPOTUBJICHUSA, TOKA U MOIIHOCTU. YTPOIIEHHAs MPUHIMIIUATIbHAS CXeMa

KOMIIEHCATOpa C PyYHbIM YIpaBJICHUEM IIPUBEICHA Ha pUc. 7.



Ha sT0l1 cxeme MOYKHO BBIIEIUTH TPU KOHTYpa: KOHTYpP | HOpMaIbHOTO 25eMeHTa,
B KOTOPBII BXOASAT HOPMAJIbHBIN 31eMeHT Ey, 00pa3ioBoe CONPOTHBICHUE Ry HYJb-
unaukarop HU; kontyp Il — pabouwnii, KOTOpBIN COACPKUT BCIIOMOTaTEIbHBIN HC-
TOYHMK MUTaHUs KoMmreHcaropa E, (1o 2 B), peoctar ans yctaHOBKH pabodero Toka
R,c. MarasuH CONpOTUBIICHUN R, U CONPOTUBIIEHUE Ry, KOHTYD III — u3mepurensbhslii,
COCTOMT U3 UCTOUYHMKA U3MepsieMoro HanpsbkeHus: Uy ,HyJIb HHANKATOpa, U Mara3uHa
conpoTuBieHNN Rx

VYV Bcex KOMIICHCAaTOPOB ACKaAbl CO-

y E R
IPOTUBJIEHHH U TIEpeKIrodaress I1 —to o5 ety 1
Kontyp 11 R

K

Haxondrcs BHyTpH Kopiyca nmpudopa
Hcrounuk nmutanust komreHcaropa Ey

Hopwmanbenseiii anement E, HylIb-uHIU

katop HU MOryT OBbITh BCTDOCHHBIMH — + f -

Puc. 7

WJIM TIOJIKJIFOYAThCS K COOTBETCTBYIOIINM 3axxuMaM. Msmepenne Uy ocymiecTBisercs
B 7Ba 3Tana. CHayana ycTaHaBJIMBAIOT TOK [, B pabouell 1ienu, BeIn4rHa KOTOPOro
CTPOr0 ONpEAEIeHa U HEM3MEHHA JUIsl KaXKI0ro THIla KoMneHcaropa. s aroro ne-
pexmrouatens I ctaBuTces B osnoxeHue / U ¢ noMomblo peocrara R yctanasiu-
BAIOT TAKOE 3HAYEHUE TOKa I, B 1ienu koHTypa I, mpu KoTopoM nazeHue Harpsxe-
HMsI, CO3/1aBa€MOE UM Ha CONPOTUBIEHUU Ry, OyneT paBHo no Bennunne D/1C Hop-
MaJbHOIO 31eMeHTa Ry. 1Ipyu 3TOM HyJIb-MHIUKATOP NOKAXKET OTCYTCTBHE TOKA B

LCIIM KOHTYpa I. I[J'ISI 9TOTI'0 ClIy4dass MOKHO 3aITNCaTb
1 pRN =F N- (1 3)

3aTeM MPUCTYNarT K u3MepeHuto HanpsbkeHus U, [{ns atoro nepexirouarens 11
YCTaHABJIMBAIOT B MOJOXEHUE 2 U PErYJIUPOBKOU CONMPOTHUBICHUS Ry H00MBaroTCs
KOMIIeHcaIuu HanpsbkeHus: U, majieHueM HampsiKEHUs Ha Y4acTKE I' COMPOTUBIICHUS
Rk ot ToKa /p. Ilpy 3TOM HYyIb-MHIUKATOP MOKAXKET OTCYTCTBHE TOKA B LIEMH KOHTYypa

III. C yueTom BeIpakenus (13) MOXKHO 3amucath
Ux = ENI"/RN, (14)

/1€ I— 3HAYEHUE y4acTKa CONPOTUBICHUS Ry npu komneHcauuu Hanpsoxenus U,.



[TorpemHOCTh pe3yJibTaTa U3MEPEHUs OyeT ONPEEAThCS B OCHOBHOM MOTPEI-
HOCTBIO U3TOTOBJIEHUS U MOATOHKOW CONPOTUBIIEHUN Ry U Ry, Tak Kak cpeHee 3Ha-
yenue IJIC nopmanwsHoro snemenTa Ey I[Ipu temneparype 20 °C u3BeCTHO ¢ TOUHO-
CTBIO JIO0 IIATOTrO 3HAaKa. TOYHOCTh YCTAHOBKM CAMOTO MOMEHTA YpPaBHOBEUIMBAHUS
onpenensercss YyBCTBUTENBHOCTHIO MPUMEHSAEMOI0 HYJIEBOTO MHAMKaTopa. CienoBa-
TEJIbHO, MMOTPEIIHOCTh U3MEPEHNS HATIPSIKEHUSI KOMIIEHCATOPOM IMOCTOSIHHOTO TOKa
omnpenensieTcs CaeayuMu GaKTopaMu:

® HOTPCIIHOCTh YCTAHOBKU M NTOJACPKAaHNC HCU3MCHHBIM pa60qero TOKa
* HOTPCHIHOCTD U3IrOTOBJICHHUSA W IIOATIOHKA O6p33HOBOFO KOMIICHCAaITMOHHOI'O U

pEryJIupyeMoro conpoTusiieHuil (Ry, Rx v Ry..);

* YyBCTBUTEIBHOCTh HYJIb-MHIUKATOPA.

CymiecTByeT [I€BSTh KIJIACCOB TOYHOCTH KOMIIEHCATOPOB ITOCTOSIHHOTO TOKa!
0,0005; 0,001; 0,002; 0,005; 0,01; 0,02; 0,05; 0,1; 0,2.

Paznugaror BeicokooMHbIe KOMITeHcaTOPhI (10...40 kOM ¢ nipesicoM u3MepeHus 10
1,9 B) u nuzkoomssie (10... 1000 Om ¢ npenenom uzmepenuii 1o 100 mB). C Bricoko-
OMHBIMU KOMIIEHCATOpaMU B Kadye€CTBE HYJIb-MHIMKATOPa HCMOIb3YIOT IajJbBaHO-
METPBbl MAarHUTORIEKTPUUYECKONW CUCTEMBI C OTHOCUTEIBHO OOJBIIUM KPUTHYECKHM
CONMPOTHUBIEHUEM. [[J151 HU3KOOMHBIX KOMIIEHCATOPOB IPUMEHSIOTCS I'aJIbBAHOMETPBI
C HEOOJBIIUM KPUTHYECKUM COMPOTUBIICHUEM.

KomrieHcaTopbl UCMIONB3YIOT TaKKe JUIsl TOUHBIX KOCBEHHBIX U3MEPEHUN TOKOB U
conpoTtuBieHni. [ usmepenus toka Ix B uccieayemyto 1enb BKIOYaeTcs oopas-
LOBBIM PE3UCTOP, COMPOTUBIEHNEM Ry KOTOPOro U3BECTHO C OOJIBIION TOYHOCTHIO,
U KOMIIEHCATOPOM HM3MEpSIETCs NaJeHUue HanpsokeHus: U, Ha 3TOM CONPOTHUBIICHHH.
Tok Beruucisiercst no popmyne I, = U,/ Ry. J1J151 uaMepeHus: COpoTUBIECHUS pe3UCTOpa
R, mocieoBaTeNbHO ¢ HUM B UCCIEAYEMYIO LIEMb BKIOYAETCS 00pa3LOBbIid PE3UCTOP
R,. N3mepuB nanenue HanpsbkeHHss U, Ha CONPOTUBIEHUH R), pacCYETHBIM ITyTEM
HAXOJAT 3HaUeHUe Toka B Mccienyemoin uenu: I= U,/ Ry. 3aTtem, U3MepUB MaJIeHUE
HanpsbkeHus Uy Ha CONIPOTUBIIEHUH R,, ONIYYal0T pacye€THOE 3HAYEHHE HCKOMOTO pe-
suctopa: R, = RyU/Uy

KoMnieHncaTopbl nepeMeHHOro Toka. KoMrneHcalmoHHbIH METO/I M3MEPEHU S HATIPSI-
KEHUSI MOXKET ObITh MPUMEHEH M Ha TIEPEeMEHHOM TOKe. B Takux xommneHcaTopax s

IMIOJIHOI'O YPAaBHOBCIIMUBAHUA ABYX Hal'[pH}KeHI/Iﬁ H€06XOI[I/IMO BBIIIOJITHUTL YCTBIPC



YCJIOBHSL: PAaBEHCTBO HAIPSKEHUM 110 MOAYJIIO; POTHUBOMOJIOKHOCTh X (Pa3; paBeH-
CTBO 4acCTOT; ojnuHaKoBas Gopma kpuBoit U, u Uk.

OcyuiecTBiieHUE JBYX IEPBbIX YCIOBHI oOecneunBaeTcss KOHCTPYKIMEH KOMIIEH-
catopoB. TpeTbe yciioBHE BBINOJIHAETCS NP NUTAHUU OOBEKTa U3MEPEHUS U KOM-
IIeHCaTopa OT OJIHOTO MCTOYHMKA. YeTBEPTOE yCIIOBUE BBINOJIHUTh NPAKTUUECKU HE-
BO3MOJKHO, Tak Kak Uy Bcerza cuHycouanbHo, a U, MOXeT ObITh J1t000i1 (hopmbl, 110-
ATOMY ITOJTHOM KOMITEHCAIIMH JOCTHYb HE YJIAeTCA, a TOJIbKO YPaBHOBEILIMBAETCS EP-
Basg rapMOHHMKa. B kadecTBe MHIMKATOpa paBHOBECHS Ha MPOMBIIIJIEHHONW 4acTOTE
NpUMEHsIETCS BUOPAlMOHHBIN (PE30HAHCHBIN) ralbBAHOMETP; Ha 00Jiee BHICOKUX Ya-
CTOTaX — 3JIEKTPOHHBIE HYJIb-UHIUKATOPHI; Ha 3BYKOBBIX — TeJIE(OHBI, YCUIIUTEIH C
BBIIPSMUTENBHBIMU IPUOOPAMHU Ha BBIXO/JIE.

I[To cnocoOy KOMIIEHcallMy HEU3BECTHOTO HANPSKEHUSI KOMIIEHCATOPbI IEPEMEH-
HOTO TOKa MOJAPAa3/AeIAI0TCs Ha 1Ba BUA:

* HOJISIPHO-KOOPIMHATHBIE — C OTCUETOM U3MEPSEMOr0 HAPSKEHUS B MOJIIPHBIX

KoopauHaTax (peryaupyercs Moayib Ux ¥ oTAeNbHO ero (asza);
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Puc. 8. YHPOIHCHHEUI IMpUHOUIIHAJIbHAA CXEMa IMPAMOYT'OJIbHO-KOOPANHATHOI'O KOM-

IICHCaTOopa

* IPSIMOYTOJIbHO-KOOPJAUHATHBIE — C OTCUYETOM MU3MEPSEMOTr0 HAIPSHKECHUS B BUE
r€OMETPUYECKON CyMMBI JIBYX B3aUMHO MEPIEHIUKYISPHO COCTABIISIOMINX.
[IpsiMOYTOJIEHO-KOOPIMHATHBIA KOMIIEHCATOP (PHC. 8) COMNEPKUT JIBa OJIMHAKOBBIX
peoxopaa ab u cd, cpeIHIE TOYKA KOTOPBIX COSIMHEHBI AJICKTPUUECKU; BO3TYIITHBIN
Tpanchopmarop 7 cO B3aMMHON WHIYKTUBHOCTHIO OOMOTOK M, peryjJupOBOYHBIC
peocTatbl Rp.. U Ry U1 YCTAHOBKM pabOUYMX TOKOB PEOXOpaoB ab u cd; amnepmetp A
anekTpoauHamMuyeckon cucrembl knacca 0,05 wmm 0,1; BBICOKOUYBCTBUTEIBHBIN

HyJb-uHaAuKaTop HU, Hanpumep ocuuiorpapuyeckoro Tumna.



ITo amnepmerpy 4 peocTatoM R, yCTaHaBIMBAKOT padouuil TOK [y peoxopaa ab.
ITon peiictBuem Toka I;, mpoTekarouiero no NepBUYHOM 0OMOTKEe TpaHchopmaTopa,
Ha BTopuuHOU 00MoTKe HaBoautTca DJ1C, paBnas £, =jwMI,. Tok I, B ienu peoxopaa

cd onpenensieTcs Kak:
L=E/(Rg4+ Rf +jol,),

rae R, — conpotusiienue peoxopiaa cd, L, — WHIYKTUBHOCTb BTOPUYHON OOMOTKHU
Tpancopmaropa.

BBuny He3HAUUTETLHOCTH PEAKTUBHOTO COMTPOTUBRIICHUSI BTOPUYHON OOMOTKHU
tpanchopmaropa wL,= (R.; + Rf) da3a Toka I, npakTuuecku coBnagaet ¢ ¢azoit
OJIC E>. . CnengoBarenbHO, TOK I, paBeH:

12 :ij[]/(R(.d + Rf)'

(15)
Muoxwutens j B Beipaxenuu (15) o3nauaet, uto Tok I, onepexxaer Tok I, Ha 90°.

PaBenctBo o moaymnto TokoB |I;| u |I»| yctanaBnuBaetcst peuctopom Rf.:

l_j_ = ]ie"ga

Peoxopabl ab u cd paBHBI O CONMPOTUBIICHUIO U TMHE, TOKA PEOXOPJIOB PABHBI IO
BEJIMYMHE U CABUHYTHI HA 90°, a Tak Kak CpeIHHE TOYKH PEOXOPI0B COEAUHEHBI DJIEK-
TPUYECKU, TO PA3HOCTh MOTEHIIMAIIOB MEXAY HUMU paBHa HYIO. Takum oOpazom,
oOpa3zyeTrcs MpsAMOYToJIbHO-KOOpAUHATHAs cucteMa Hanpsixenuit U, u U,, ¢ oauHa-
KOBBIMHU MAacIITa0aMu MO OCSIM.

[lonepemeHHO mepemeniasi JBUKKH PEOXOPIOB, JOOMBAIOTCS HYJIEBOTO MOKa3a-
HUS HYJIb-UHJUKATOPA, YTO COOTBETCTBYET MOJTHOM KOMIICHCAIMU AKTUBHOU U peak-
THUBHOM COCTABJISIOIIAX U3MEPSEMOTO HAIIPSIKECHUS.

3HaueHrEe aKTUBHOW COCTABJISIONIEH KOMIIEHCUPYIOIIETO HANpPsHKEeHUs 1/k, omnpe-
JeJSIeTCS IO TOJIOKEHHUIO JIBUKKA Ha IIKaje peoxopnaa ab, a BeIMYMHA PEaKTUBHON
cocraBistoeit Uy, — 1o mkaie peoxopaa cd. Torna usmepsiemoe Harnpspkenue Uy v

HavaJibHas (a3a @x HaXOAATCS KaK:

Ux = \jUt%.a +U£,p; P = arCthx.p /Uk,a-

3HaK HAYaJIbHOM (ha3bl (Px ONPEIEIAETCS B 3aBUCUMOCTH OT KBaIpaHTa, B KOTOPOM
HaXOJUTCs BEKTOP KOMIICHCUPYIOILLETO HaNpsKeHUs Ux B IPAMOYTOJIBHON CUCTEME
KoopauHaTr. Tak Kak 3HauyeHHE TOKA [» 3aBUCHUT OT 4acTOTHI, TO Ul €ro0 KOPPEKLUHU

UCTIONIBb3YETCS pE3UCTOp Ry



KoMriieHcaTopbl IepeMEHHOr0 TOKa YCTYIaT 10 TOYHOCTH KOMIIEHCATOpaM Io-
CTOSIHHOT'O TOKa.

ABTOMATHYEeCKHEe KOMIIEHCATOPbI MOCTOSAHHOTO ToKa. [Iporecc ypaBHoBeu-
BaHMA B TaKUX KOMIIEHCATOpaX MPOM3BOIAUTCS aBTOMATUYECKU, OHU MPUMEHSIOTCS
JUTSL ©3MEPEHUS AJIEKTPUUECKUX M HEDJIEKTPUUECKUX BEJIMYUH, KOTOPHIE MOTYT OBITh
npe/BapUTeNIbHO MpeoOpazoBanbl B HanpspkeHue uinn I J1C nocTosTHHOTO TOKa.

CyniecTByIOT KOMIIEHCATOPHI € MOJHBIM U HEMOJHBIM ypaBHOBeIMBaHuEM. [Ipo-
MBIIJIEHHOCTBIO BBITYCKAIOTCS aBTOMAaTUYECKHE KOMIIEHCATOPHI, pa3inyaroliuecs
rabapuTHBIMH pa3MepaMu, BUJAAMH 3aMMCH, TOTPEIIHOCTHIO, PAa3JIMYHBIM BPEMEHEM
MIPOXOKJIEHUS YKa3aTeJleM BCEH IIKaJIbl.

[IpumMeHeHrne aBTOMAaTUYECKUX KOMIIEHCATOPOB MOCTOSIHHOTO TOKa CYIIECTBEHHO
COKpAII[aeT BpeMsI U3MEPEHUMN, HO CHUKAET UX TOYHOCTb.

MocToBble cxembl. [1Iupokoe nmpuMeHEHHE MOCTOBBIX CXeM OOBICHSETCS BBICO-
KOW TOYHOCTBIO U3MEPEHUM, OOJIBIIION YYBCTBUTEIBHOCTHIO U BOBMOXXHOCTBIO U3Me-
pPEHUS pa3IMYHBIX NapaMeTPOB 3yIeKTpruyeckux neneit (R, L, C), BeanunH QpyHKIUO-
HaJIbHO C HUMH CBSI3aHHBIX (4acTOTa, ()a30BbIM YroJl) U psa HEAIEKTPUUECKUX BEJIU-
4YuH (TeMneparypa, AaBjI€HUEe, NepeMELIeHUs, YCUIUSA U T.[.).

HauOonee TouHble M3MEpPEHUs] CONMPOTHUBICHUNA R MOCTOSSHHOMY TOKY BBINOJIHS-
IOTCSI ¢ IOMOUIBI0O MOCTOB MOCTOSSHHOT'O TOKa. DOTHU MOCTHI MOJAPAa3IEIAIOTCS Ha JIBE
rpynmbl: oAUHApHBIE (YeThipexiuieune) U nBoitHbie (IIecTUIIeYHE).

OpunapHsbIit MOCT, (MOCT YOTCOHA), MPUMEHSIOT JIJIs1 U3MEPEHUS COMPOTUBIICHUM OT
10m go 100MOwM. [l u3mMepeHus MaJibiX BEJIMYHUH CONpOTUBIeHu (MeHee 10m

IPUMEHSIOT JBOMHOM MocT (MOCT TommicoHa).

KI 35 IR
T
R3 R4
as ¢
d
U
—"_.____

Puc. 9 Moct Yotcona.
OnuHapHbIi MOCT (prc.9) COCTOUT U3 YeThIpeX ied: ab, be, cd v da.
Tpu U3BECTHBIX PEryIUpPYyEMBIX cOlpoTHuBIeHUus Ry, R3 R, BMecTe ¢ u3MepseMbIM

CONPOTUBJIEHUEM R; = R, 00pa3yrOT 3aMKHYThIM YETBIPEXIIOIIOCHUK abed.



B usmepuTenbHyo nuaroHans MocTa bd BKIIIOUEH yKasaTesb paBHOBecus I, B Ka-
YECTBE KOTOPOTO MCIIOJB3YyETCS MATHUTORJICKTPUYECKUN TajdbBaHOMETp. B auaro-
HaJIb TUTAHUS MOCTA @C BKJIFOYAETCSI MCTOYHUK MOCTOSIHHOTO TOKa — aKKyMYJISITOP-
Hast OaTapes Wi cyxoi aneMeHT. [logbopom 3HaueHuii conpotuBieHuit R,, R, Ry no-
OMBAIOTCS OTCYTCTBHSI TOKa 4Yepe3 rajibBaHOMETD (MMOTEHIIMAbI ToueK b 1 d paBHBI) U,
ciaenoBarenbHO, [, R, = I3R3;; LR, =1, Ry

[TockonbKy B MOMEHT PaBHOBECHSI MOCTA TOK YEPE3 TAIIbBAHOMETP HE MPOTEKAET /;
=0, t0 Iy =6 u I, = I,. Torna npaBomepHo 3anucath R./R3; = Ry/R4, unu RxRy = RoR;,
OTKYZa COITPOTUBIICHHUE:

RX:RZ R3/R4 (16)
ComnpotuBieHus R; u Ry — u3BeCTHbIC (PUKCUPOBAHHBIC CONTPOTHURBIICHHS B JUaIia-
3one€ 1...1000 Om. Ipu stoM oTHOMIERHUE Ry R4 coctaBiser ot 10 mo 10°. Perynu-
POBKOI1 conpoTuBiicHHs R3 ypaBHOBemmBatoT MocT. [lorpemuoctu nusmepeHnus ¢
MMOMONIBI0 MOCTOB MMOCTOSHHOTO TOKA 3aBUCAT OT AWANa30Ha U3MEPAEMBIX COIPO-
TUBJICHU, HaUMEeHbIIHe nony4daroTca B quana3zone 100 Om  100kOm. Huxani
npeaen u3MepsIeMbIX COIPOTUBIIEHUM OTPAHUYEH TEM, UYTO MPU MAJIBIX MO BEJIU-

YUHC COITPOTHUBJI CHHUM CKa3bIBaCTCs

Puc.10 Moct Tomricona

BJIMSTHHUC COIIPOTHUBJICHUSA MOHTAKHBIX ITPOBOAOB U IIEPCXOJHBIX KOHTAKTOB. OTH 110-
I'pCHIHOCTH UCKIIIOYAIOTCA B I[BOﬁHOM MOCTC, ITPCACTABJICHHOM Ha pHUC. 10, B KOTOPOM
HCIIOJIb30BaHbI PC3UCTOPLI R;n R4, YTOOBI HCKITIOYNTH BIUSHUC COIIPOTHUBJICHUA CO-
CAVMHUTCIIBHOTO ITPOBOJHHKA 7. MocT Ha3bIBaeTCs ﬂBOﬁHLIM, TaK KaK OH COICPKUT
JABa KOMIIJICKTA IIJICY OTHOIIICHU .

HpI/I PaBHOBCCHUH MOCTaA COIIPOTHUBIICHUC R, OIIPCACIIACTCA BBIPAKCHHUCM

B, WG T
Ry, r+R+R

R R R
R =R - '
: [Rg R;

J' (17)



Ha npakrtuke 3Hauenus R; R, R”n R4 BBIOMPAIOT TAKUMH, YTOOBI BBIIOJIHSIOCH

COOTHOLICHHUC:

RI/R2:R4/ Ra- (18)



[Ipu 3THX yCIOBUSIX BTOPHIM WIEHOM B BbIpaxkeHuH (17) MoxHO npeHeOpeysb. UToObl
MIPOBEPUTH BBINOJIHEHHE ycinoBUA (18), MOCT ypaBHOBEIIMBAETCS, & 3aTEM MPOBOJI-
HHMK T yOMpaeTcs, UTO He JOJDKHO BIMATH Ha paBHOBecue MocTa. CieaoBaTeNbHO,
JABOMHON MOCT KOMIIEHCUPYET MaJIO€ CONPOTUBJICHUE T.

B kauecTBe HyJIb-UHIUKATOPOB B MOCTaX IOCTOSIHHOTO TOKA IPUMEHSIOT BbICO-
KOYYBCTBHUTEJIbHbIE TaJIbBAHOMETPHI MJIN AIEKTPOHHBIE YCTPONUCTBA.

JIBoiiHOM MocT oOecrieunBaet norpemHocts MeHee 0,05 % a1 conpoTUBIEHUI B
nuanaszone 10~°... 1 Om.

MocTbl nepeMeHHOro ToKa. Mi3Mepenue conpoTUBIEHUS, HHIYKTUBHOCTH U €M-

KOCTH BBIIIOJIHAETCS OAUHAPHBIMA MOCTaMH Ha IlepeMeH HOM Toke (puc. 11).

Zl 5 E0 22

HHA
Z3 Z4

9 o Puc.11

Yeroipe muieua ab, be, cd u da mocta nepeMEeHHOT0 TOKa 00pa3yroTCs YEThIPbMS
KOMIUIEKCHBIMHU COINIPOTUBIEHUSMU Z;=Zx, Z>, Z3 1 Z4. B ogHy nuaroHaibs MocTa
BKJIFOYAETCS] UICTOYHHUK NUTAHUS IEPEMEHHOIO TOKA, B IPYTYI0 — HYJIb-UHIUKATOP
HUN.

IIpu paBHOBECHMHM MOCTA TOK B U3MEPUTEIBHON JUArOHAIM PABEH HYJIIO U, Clle-

JIOBATEJIbHO, MOXHO 3allUCaTh:
Z)(Z4 = ZZZ3, (19)
[ToxcTaBuB KOMIUIEKCHOE CONPOTUBJICHUE Z B BEIpaXXeHUE 19 nomydnm:
(Ry + X)) (Ry +jXy) = (Ry + jX) (R +JX3),
Ortkyna:

RiRy - X, X, = RyRy - 153,
R Xy~ RXi = R - Ry X,

rac Rin AXV,', — dKTUBHBIC U PCAKTUBHBIC COCTABJIAIOIINC COIIPOTHUBIICHUA Z.

3anucas Boipaxenue (19) B mokazarenbHOU hopme, MOITyUUM:

Z|Z4e““” +@3) = Z;Zgﬁj(“’z*"'“, (20)



TJI€ Z, — MOJIYJIb i-T'O CONMPOTUBIICHHUSI;(i,- — (PA30BBIN Yo i-r0 COMPOTUBIICHUS,
o= arctgXy/ R..
PaBencTBO (20) paBHOCHIIBHO IBYM PaBEHCTBAM:

U= 00;
D1+ Q=2+ Qa. (21)

W3 BeipaxkeHus (21) cnenyet, 4To ISl ypaBHOBEIIMBAHUS MOCTa C KOMILJIEKC-
HBIMH COITPOTHBIIEHUSIMH HEOOXOAMMA PETYJIMPOBKA aKTUBHOM U PEaKTUBHOM CO-
CTaBJISAIOIINX.

PaBenctBo (a3 BblpakeHus (21) yka3bIBaeT, KAaKUMHU IO XApaKTEPy OJIKHBI
OBITh CONPOTHUBIEHUS IJIEY MOCTA, YTOObI OOECHEeYUTh PaBHOBECHE MOCTOBOM
CXEMBI.

Hanpumep, eciiu conpotusiienus twied Z; = R;, Z4= Ry, T. €. HOCAT YUCTO aKTUB-
HBIN XapakTep, T0 @1 = @4 =0

Torna u3 Bepakenus (21) ciemyer

@ + @3 =0, wm @, =—@3,
a 3TO 03HAYaET, YTO €CIIM CONPOTHUBIIEHUE Z; UHAYKTUBHOIO XapakTepa, T.e. Z, =
R, +jX5, TO conpoTuBiieHUE Z3 JOJHKHO HOCUTh EMKOCTHBIN XapakTep, T. €. Z3 = R3

—j X3 (Puc. 12, a). Ananoru4sno nosydaem

RI. I R2  I2 RI C|1 R2 C!?'_
R3 R4 R3 R4
OHUC OHUC OMUC
a (7] 8

Puc. 12. CxeMbI MOCTOB ¢ PCAKTUBHBIMUA COIIPOTHUBJICHUAMMU: B IIPOTHUBO-

MOJIOXKHBIX (@) U CMEXKHBIX (0, 8) TIeUax

CXEMBI CPaBHEHHUS MEXIY COOON PEaKTHBHBIX COMPOTUBIICHUH, CONEPIKAMNUX HHTYK-
TUBHOCTH (puc. 12, 6) u emxoctu (puc. 12, g).

[TpaBUIIBEHBIN BRIOOP PETYIUPYEMBIX SJIEMEHTOB MOCTA M MU TAHUE MOCTA HaIPSIKe-
HueM noBbiieHHON 9acToThl (1000 I'p u 6omee) obecrieanBaeT OBICTPOE paBHOBECHE

MOCTa UK €ro XOpomyr CXO0INUMOCTb



Cxoo0umocms MOCMO8 — 3TO BO3MOXKHOCTb JIOCTUKEHHUS COCTOSIHUSI PaBHOBECHS
OMPENICTICHHBIM YHUCJIOM MEPEXOJ0B OT PEryJIUPOBKH OJHOIO MapameTpa K peryJiu-
POBKE JIpyroro. Xopoiiasi CXOJAUMOCTh 03Ha4aeT MaJIOe YKMCJIO ONepalui U, ciaeaoBa-
TEJIbHO, COKpAIllEHUE BPEMEHU U3MEPECHUS.

Bce MocThI mepeMeHHOro Toka MOXKHO TIOJIPa3AC/IMTh Ha JIBE TPYIIIIbI-

* YaCTOTHO-HE3aBUCHUMBbIC, YPAaBHOBEIIECHHbBIE MPU OJHON 4YaCTOTE COXPAHSIOILINE
paBHOBECHE MPU U3MEHEHUH YaCTOThl UICTOUYHUKA MUTAHUS,

* YaCTOTHO-3aBUCUMBIE, XapaKTePU3yEeMbIe TEM, YTO B YCJIOBUU PABHOBECHS IO-
muMo C, L, R umeercs yacTora, BXOAAIIAs B BEIPAXKEHUE PEAKTUBHBIX COCTABIISIIO-
[IUX CONPOTUBJICHUS.

[TorpenrHocTh MOCTOB MTEPEMEHHOTO TOKA CKIIAABIBACTCS U3 CIACTYIOIINX COCTABIISI-
IOIIUX: MOTPEIIHOCTH BBINMOJHEHUS OTACJIBHBIX AJEMEHTOB MOCTOBOW CXEMBI;, IO-
TPENTHOCTU MOJTOHKHM 3JIEMEHTOB; MOTPEIIHOCTH OT HEMOJHOTO y4eTa aKTUBHOW M
PEaKTUBHOM COCTABJISIONIUX COMPOTUBIICHUH T1JIEY MOCTA; IOTPEIIHOCTH OTCYETHOTO
YCTpOMCTBA.

Yem BbIIII€ YACTOTA MMUTAHUSI CXEMBI MOCTa, TEM B OOJIBIIEH CTENEHU MPOSIBISIOTCS
ATU MOTPEIIHOCTHU. JJIsl UX yMEHBIIEHUS] MOCT MEPEMEHHOI0 TOKa MUTAIOT OT CETH
MEPEMEHHOTO TOKA Yepe3 pa3/ieTuTeIbHbIN TpaHcPhopMaTop, 3a3eMIISIIOT JJI1 YMEHb-
IICHUSI BIUSHUS MApa3UTHBIX €MKOCTEH M TOKOB YTE€UEK, YMEHBIIAIOT BIUSHUE CO-
MIPOTUBJICHUS COCIUHUTENIBHBIX MPOBOJIOB.

Cy11iecTBYIOT YEThIPE KJlacca TOYHOCTH MOCTOB nepemeHHoro toka: 0,05; 0,02; 0,1;
0,2. Hynp-uHauKaTOpOM Ha HU3KOM YaCTOTE B HUX CIIY)KUT BUOPAITMOHHBIN rajJbBaHO-
metp. IIpu yactote 1000 "1 1 BhIlIE MUTAHUE OCYILIECTBIIACTCS OT 3BYKOBBIX T€HEpa-
TOPOB, B KaU€CTBE MHJUKATOpPAa PAaBHOBECUSI UCIOJB3YIOTCA 3JIEKTPOHHBIE HYJIEBbHIE
WHIUKATOPHI.

YHuBepcanbHble MOCTHI 00ECIIEUYMBAIOT U3MEPEHUE 3HAUECHUN BEJIMUKUH B IIMPOKUX

npenenax.

KOHTpOﬂ bHblIe BONMPOCHI

1.IlpuBenuTe Kinaccu(PpUKALMIO U3MEPUTEIBHBIX TPUOOPOB.
2.CpaBHUTE IO TOYHOCTH JIEKTPOMEXAHUYECKHE TPUOOPBI pa3IUYHBIX CUCTEM.

3.CpaBHI/ITC 10 3aIlIUIICHHOCTH OT BOSI[@fICTBHH BHCIITHETO MAarHuTHOI'O I1OJISA



ANEKTPOMEXAaHUYECKHE TPUOOPHI Pa3IMUYHBIX CUCTEM.
4.BpIBeauTe ypaBHEHHE MIKAJIbl NPUOOpPA MATHUTOIIEKTPUIECKON CUCTEMBI-
5.Kak co3niaercst npoTUBOAEHCTBYIOIIMIA MOMEHT Y IPUOOPOB pa3IMUHbIX CH-
creM?
6.Ha3oBuTe MeTponornyeckue xapakTepuCTUKH rajJbBaHOMETPOB MATHUTOJIEK-
TPUYECKON CUCTEMBI.
7.HazoBute peXKUMBI JBUKECHHS ITOABUKHOW YaCTH TAIIbBAHOMETDPA.
8.Yro Takoe norometp?
9. 1151 u3MepeHns KakuxX (PU3NYECKUX BETUYHUH UCIIOJIb3YIOTCS JJIOTOMETPHI?
10.CpaBHHTE 11O TOUYHOCTH NPUOOPHI MATHUTOAIEKTPUUECKON U JIEKTPOMArHUT-
HOM CHUCTEM.
11.BeiBeauTe ypaBHEHHE Kbl IPUOOPa 3IEKTPOAMHAMUYECKONW CHCTEMBI.
12.Kax pacmmpsoT Auana3oH U3MEPEHNH 110 TOKY U HAIPsKEHUIO Y TpHUOOpPOB
AIEKTPOANHAMUYECKOU CUCTEMBI?
13.B yem otiinune npuOOpPOB MEKTPOAUHAMUYECKOM CUCTEMBI OT MPUOOPOB
beppoaMHAMUYECKON CUCTEMBI?
14.0Tnnyarorces au nokasaHus IpuOOPOB INEKTPOJMHAMUYECKOW CUCTEMBI IIPH
U3MEPEHHUH IIOCTOSIHHOTO U IIEPEMEHHOTO TOKOB?
15. HazoBuTE 1OCTOMHCTBA U HEAOCTATKHU 3JEKTPOCTATUUECKUX MTPUOOPOB.
16.00BsicHUTE YCTPOUCTBO U pabOTy MPUOOPOB MHAYKIIMOHHON cucTeMBL. B uem
OTJINYME HOMUHAJIBHOW MOCTOSIHHOM CYETUMKA OT AEHCTBUTEIbHOMN?
17.Kak ocyuiecTBisieTcs TeMIeparypHas ¥ 4aCTOTHasi KOPPEKIus y IpuOopoB
BBIITIPSAMHUTEINBHON CHCTEMBI?
18O0BscHUTE TPUHIUIT Pa0OTHl KOMIIEHCATOPA NOCTOSIHHOTO TOKA.
19. Kakne cymecTByOT BUABI KOMIIEHCATOPOB IMIEPEMEHHOTO TOKA U B YEM MX OTJIU-
que?
20 Chopmynnpyite OTIIMYUTENbHBIE IPU3HAKK MOCTOB IOCTOSTHHOTO U IEPEMEH-

HOI'O TOKOB.

. QNeKTPOHHbIe u3MepuTeribHble NpPUGopbLI



Bce anekTpoHHbBIE TPUOOPHI MOKHO MOJAPA3AECIUTH HA IBE OOJb ILIME TPYIIIbI: aHa-
JIOTOBBIE 3JIEKTPOHHBIE MPUOOPHI CO CTPEIOYHBIM OTCUETOM U IPUOOPHI JUCKPETHOT O
TUIIA ¢ UU(PPOBBIM OTCUETOM.

B 3aBrucHMOCTH OT XapakTepa U3MEpEHUN U BUJA U3MEPSEMBIX BEJIMYUH BCE JJICK-
TPOHHBIE U3MEPUTENIbHBIE TPUOOPHI TAKKE MMOAPA3IEIAIOTCS Ha TPYIIIIbL:

B — npubopsl myis u3mepenus: HanpspkeHuit: Bl — kanubparopst B2 — BosbT-
METPBI IIOCTOSTHHOTO TOKA; B3 — BOJIBTMETPHI NEPEMEHHOTO TOKA; B4 — BOIBTMETpEI
MMITYJIbCHOTO TOKa; B6 — BOJIBTMETpBI CENEKTUBHBIC; B7 — BOIBTMETPHI YHUBEDP-
CaJIbHBIE.

[ — u3MmepuTenbHBIE YCUIMTENU U TeHepaTopel: ['3 — reneparopsl rapMOHHAYE-
CKHX KojeOaHMil HU3KO4YacTOTHBIE; ['4 — reHepaTropbl rapMOHMUYECKUX KojeOaHuil
BBICOKOYACTOTHBIE; ['5 — reHepaTopsl uMIysbcHble; ['6 — reHepaTopbl (yHKIIHO-
HAJIBHBIE.

E — npubops! 17151 n3MepeHust pacipeieIeHHbIX TapaMeTPOB M€K TPUUYECKUX Lie-
neid. ['pynmna C — npubopsl A1st HaOI0eHUs 32 GOPMO CUTHAJIOB U €€ UCCIIEI0OBaHUS.
I'pynmma Y — gactoTomMepsl.

® — u3mepureu (pazoBOro CABUIa U T. JI.

DJIeKTPOHHBIE TPUOOPHI IO CPABHEHUIO C 3JIEKTPOMEXAaHUYECKUM O0JaJaroT 3Ha-
YUTEJIbHBIM OBICTPOJIEHCTBUEM, MIMPOKUMH YacTOTHBI) auanazoHoM (20 I'u... 1000
MI'n) u Anana3oHOM U3MEPSIEMbIX BEIU YMH, BHICOKOM UyBCTBUTEIBHOCTHIO, XOPO-
el Meperpy304HON CIIOCOOHOCTHIO.

1.AHay10TOBBIE JIEKTPOHHBbIEC H3MEPHUTEIbHbIE IPUOOPHI.

Takue mpuOOpPsI COCTOAT U3 JIEKTPOHHOM YacTH, MPEIHa3HAYEHHOH ISl IPe00-
pa3oBaHUS, BBIIPSAMIICHUS, YCUIIEHUS 3JEKTPUUECKON BEIMYUHBI, H3MEPUTEIb-
HOTO MEXaHM3Ma MarHUTOAIEKTPUUECKON CUCTEMBI, a ocLuIuIorpadax — 3JIeK-
TPOHHO-TY4Y€BOU TPYOKH.

AHa0roBbI€ IEKTPOHHBIE NPUOOPHI UCIIOJIB3YIOTCS B KAYECTBE BOJBTMETPOB, YaCTO-
TOMEPOB, OCLUMWILIOrpadoB, U3MEPUTENEH CONPOTUBIICHUS, EMKOCTH, UHAYKTHUBHO-
CTH, IaPaMETPOB TPAH3UCTOPOB, HHTETPAIBHBIX CXEM U JIP.

" DneKTpOHHbIE BOJBTMETPHI (DB) cocTaBisil0OT Hanbosee OOMIMPHYIO TPYIy 3JIEK-
TPOHHBIX TPHOOPOB. OCHOBHOE UX HAa3HAUYECHUE — U3MEPEHUE HAMPSHKEHUS B LEIAX

IMOCTOAHHOI'O, ICPECMCHHOI'O TOKA B IIMPOKOM JIMAITa30HC 4aCTOT.



DNEKTPOHHBIE BOJIBTMETPBI MOXKHO KJIacCU(UIMPOBATh MO CIAEAYIOUIUM MpPU3HA-
KaM:

* 110 croco0y u3MepeHus: — MPUOOPHI HEMOCPEICTBEHHOM OLIEHKU U MPUOOPHI CpaB-
HEHUS;

* HA3HAYEHHUIO0 — MPUOOPHI MOCTOSHHOTO, TEPEMEHHOT0, UMITYJIbCHOTO HAIIPSIKEHUH,
YHUBEpCAJbHbBIE (TOCTOSIHHOTO U MEPEMEHHOTO HAMNPSHKEHUI) U CeJIeKTUBHBIE (C Ya-
CTOTHO-U30MpaTeIbHBIMU CBOMCTBAMU);

* XapakTepy M3MEpPSIEMOro HaIpSKEHUS — aMIUIMTYJHbIE (ITMKOBBIE), JAEHCTBYIO-
LIETO U CPENHETO 3HAUYCHU;

* YACTOTHOMY AMAIIa30HY — HU3KOYaCTOTHBIE U BBICOKOYACTOTHBIE.

JJIEKTPOHHBbIEC BOJIbLTMETPHI MOCTOSIHHOTO TOKa. CTpyKTypHas cxema OB mocro-
SHHOT'O TOKa IPEACTaBJIEHa Ha puc. 1.

N3mepsiemoe HanpsiKEHUE MOCTOSTHHOTO TOKA NMOCTYNAeT Ha BXOJTHOE YCTPOMCTBO
(BY), mpencrasnsroniee codoit MHOTOIIPEIeTbHBIA BEICOKOOMHBINA PEe3UCTOPHBIN Jie-
autend HanpspkeHus. Cur"an ¢ BY moctymaer Ha BXOJ YCHIIMTENS MOCTOSIHHOTO
toka (YIIT), kotopslii mOMUMO (PYHKUMI YCHUJIEHHUS] CUTHANAa MO HANPSIKEHUIO U
MOIIHOCTH COTJIACYET BBICOKOE BBIXOJHOE COIPOTHUBIIEHHE BY ¢ mManbiM conpoTHs-
JEHUEM paMKu H3MepuTenbHOro mexanusma (M) MarHuTo3JI€KTpUYECKOH CH-

CTCMBEI.

Puc. 1

U~ BY |—{vmr 1M

ypaBHeHI/Ie HpCO6p330BaHI/IH TAKOI'O BOJIBTMCTpPaA.:

o = Kgy KynrSyum = K Ui,

rie Kgy, Kyur, Ks — k03¢ puninentsl npeodpaszosanus BY, VIIT u 351eKTpoOHHOT 0 BOJIB-
TMETPa COOTBETCTBEHHO; S, — YYBCTBUTEIBHOCTE VIM 10 HanpskeHUIo;

BxomHoe conpoTHBIEHHE 3JIEKTPOHHBIX BOJBTMETPOB COCTABISACT AECATKH Me-
raoM, YTO MPAKTHYECKU UCKIIIOYAET UX BIMSHUE Ha 00BEKT U3MEPEHHUSI.

[Tpu n3mMepeHnn MabIX HANpsPKEHWH HauMHAEeT cKa3biBaeTcs apeild nyns YIIT, mo-
ATOMY B DJIEKTPOHHBIX MUKPOBOJBTMETpAX NCKI0UYatoT YIIT , mOCTOSHHBIN TOK Ipe-
00pa30BBIBAIOT C MOMOLIbI0 MOAYJIATOPA B MEPEMEHHBIA U MCHOJIB3YIOT YCUIIUTEND

IEPEMCHHOT'O HAITPAKCHUA.



TexHu4ueckue XapakTEpUCTUKH: JIHANA30H U3MEPAEMbIX HANPSLKEHUN JJI BOJIBT-
meTpoB — 10 MB 10 1000 B u 10®... 1 B s MukpoBossT™MeTpoB. Kitaccsl TouHOCTH
— 1,5; 2,5. IlIkanma — nuHEHHAS.

JJIeKTPOHHBbIE BOJbTMETPHI MEPEMEHHOI0 TOKA. YIPOUIEHHBIE CTPYK-. Typ-
HbI€ CXEMBbI BOJIbTMETPOB IEPEMEHHOTO TOKA IMPUBEICHBI HA pUC. 2

CrtpykTypHas cxema, IpuBeJICHHas Ha pUC. 2,d, UCHOJb3YETCS B BOJIBTMETPAX JJIS
M3MEPEHUS HANPSHKEHUM 3HAYUTEIIBHOTO YPOBHS M3MepseMoe HanmpsiKeHUe Mmocie
MPOXOKJECHUSI YaCTOTHO-KOMITIEHcUpoBaHHoro Aenutens (BY) npeobpasyercs ne-
TekTopoM (/) B Hanpsi>KeHHe MOCTOIHHOTO ToKa, KoTopoe ycunupaetcs YIIT u mo-
ctynaeT Ha UM MarHUTO3JeKTpUYECKOM cucTeMbl. HaCTOTHBIE XapaKTEPUCTU KU Ta-
KHAX BOJBTMETPOB OIPEAEISIOTCSA TOJIBKO BXOJHBIM YCTPOMCTBOM U JAETEKTOPOM H
coctaBysitoT oT 10 'y o 1 I'T'. Jlnana3oH uaMepsieMbIX HaNpsHKEHUH HAUMHACTCS C
0,1 B u BoIIIIC.

Bropas ctpyktypHas cxema (puc. 2,6) IpuMeHseTCsS B MUJIJTUBOJIBTMETpax, IMo-
CKOJIbKY 00JazaeT 0oJbllieil YyBCTBUTEIBHOCTHIO 3a CUET MCIOJIb30BAHUS 10O -
HUTEIBHOTO yCHIIUTENA. M3MepsieMoe HanpsKEHUE MOCIIe TPOXOKICHUS BXOJHOIO
ycrpoiictBa (BY) nocrynaeT Ha BXo ycuiuTens nepeMeHHoro Hampsikenus (Y H),
nanee Ha BxoJ aerekropa () u yepe3 ycuwnutens nocrosiHaoro Toka (YIIT) Ha us-
MepuTenbHbIN Mexanu3M (MUM). HacTOoTHBIN Auana3oH Takux MpuOOpPOB OIpeess-
€TCSl YaCTOTHBIMU XapaKTePUCTUKAMHU YCUIIUTEIS IEPEMEHHOTO TOKa (TPYIHO M3I0-
TOBUTH IIMPOKOTIOIIOCHBIN YCUIIUTENh MIEPEMEHHOTO TOKA) M OrpaHUYMBaeTcs 110 1
MI'1. /Inana3zoH u3MepseMbIX HAPSKEHUN COCTABISET OT €AUHUL MUJUIUBOJIBT 10O
HECKOJIBKUX COTEH BOJIBT.

DnemeHTHas 0a3a, MCHOJb3yeMas MPU CO3JaHUU BOJBTMETPOB MEPEMEHHOTO
TOKA, ONPEIEeNSIETCS CYIIECTBYIOIIUM YPOBHEM TEXHUKHU (OT MOJYTIPOBOTHUKOBBIX
00pa3ioB 10 MUKPOUHTETPAIBLHOIO UCIIOJIHEHHUS), 2 PYHKIIMOHAIBHOE HA3HAUYCHHE
OJIOKOB CXEMBI MPU 3TOM HE MEHSETCH.

BakHbIM 3IIEMEHTOM, CYIIECTBEHHO BJIUSIONIUM HAa METPOJIOTHYECKHUE XAPAKTE-
PUCTUKU BOJIBTMETPOB, SIBJISIIOTCS IETEKTOPHI, BHIMOIHOIIKE QYHKIMIO Tpeodpa-

30BaTeeun MMCPEMCHHOT'O HAIIPSAKCHUS B
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Puc. 2. YpoieHHble CTpYKTYpPHBIE CXEMBI: @ — 3JIEKTPOHHOTO BOJIb-
TMETpa; 6 — ANEKTPOHHOTO MUJUIMBOJIBTMETPA

HOCTOSIHHOE HanpsikeHue. HanpsikeHue Ha BbIXOJIE IETEKTOpa MOKET ObITh MPOIOp-
LIHOHAJIBHO aAMILIUTYJHOMY, CPEAHEBBINPSIMIECHHOMY U CPENHEMY KBaIPATUIECKOMY
3HAYEHUIO U3MEPSEMOTr0 HANPSDKEHUSA. TUIl JETEKTOPA ONPEAEIIAET KCILTyaTallMOHHbIE
CBONMCTBA BOJIBTMETPA. Tak, BOJIBTMETPHI C AMIUIUTYAHBIMU JE€TEKTOPAMU SABIISIIOTCS
CaMBIMH BBICOKOYACTOTHBIMH; BOJIBTMETPHI C IETEKTOPAaMU CPENHEr0 KBaJIpaTHye-
CKOTO (AEMCTBYIOUIEr0) 3HAUYECHUSI U3MEPSIOT HAINpsDKEHHE 0001 (OpMBI; BOJIBT-
METPbI CPEIHEro (CpPeIHEBBINPSIMIECHHOI0) 3HAYEHHUSI NMPUTOJHBI I U3MEPEHUs
TOJIBKO FapMOHHUYECKOro curxajua. lllkany sneKTpOHHBIX BOJIBTMETPOB OOBIYHO Ipa-
OYUPYIOT B IEHCTBYIOIIMX 3HAUYCHUAX CUHYCOUJAIBHOIO CUTHAJIA.

JJIEKTPOHHBIA BOJBTMETP CpeAHero 3HaveHus. [Ipocreilinii BONbTMETp MJIs
U3MEPEHHsI OTHOCUTEIBHO BBICOKMX HANPSKEHUH MOKET OBITh BBINOJHEH MO CTPYK-
TYPHOU CXeMe, IPEACTABICHHON Ha pUC. 2, a. BRIpAMUTENL COCTOUT U3 MOTYNIPOBOJ-
HUKOBBIX JTMOJIOB, pabOTAIONIMX Ha JIMHEHHOM YYacTKE BOJIbT-aMIIEPHOW XapaKTepu-
ctuku. [npoxuil tnana3on usmepenuii OB obecrieunBaeTcst ¢ MOMOIIBIO BXOJHOTO Jie-
JIUTEIIA.

JIoCTOMHCTBA: IHANa30H U3MEPSIEMBIX HanpskeHud — 1o vactore oT 10 I'm 1o 10
MTI', no Hanpspkenuto ot 1 MB 1o 300 B.

Henocratku: nokaszanus OB cpenHero 3HaueHus 3aBUCAT OT GOpMbI KpUBOH Ky
U3MEPSIEMOI0 HATIPSKCHUS.

AMILUIMTYAHBIN 3JIEKTPOHHBIH BOJILTMETP (IMOIHO-KOHAEHCATOPHBIN). [Ioka3a-
HHsI TaKOTO DB NMponopuroHagbHbl AMIUITUTY THOMY 3HAYEHHUIO U3MEPSIEMOI0 HaIps-
*eHuns. Takue BOJBTMETPBI NMO3BOJIAIOT U3MEPATHh AMIUIMTYy MMITYJIBCOB C MUHH-
MaJIbHOM JUTUTEIBHOCTBIO JI0 IECATHIX JOJIEM MUKPOCEKYHIbI K CKBAXKHOCTHIO 2...500.

BCpXHHH 'paHvlia 9aCTOTHOI'O JUaIla30Ha HU3MCPCHUS OIIPCACILICTCA YaCTOTHBIMU



CBOMCTBaMM 11014, 3HAYCHUSIMU MOHTAKHBIX EMKOCTEN U UHAYKTUBHOCTBIO MOJBO-
JSIMX ITPOBOJOB, HHXKHSIS TPAHHIA — MOCTOSIHHOW BPEMEHU pa3psia KOHAECHcaTopa
(ueM OouiblIe €€ 3HAUCHHE, TEM HUKE TPAaHUYHAS YAaCTOTA).

Juonnbie (Kak U TPAH3UCTOPHBIC) AMILIUTYHBIE IETEKTOPBI MPU MaJbIX HaIps-
KEHUSIX BHOCST B U3MEPSAEMbII CUTHAJ 3HAUUTENIbHBIE HEIMHEWHBIE HCKAXKEHUS, T10-
ATOMY B IMOCJIEHEE BPEMS IPUMEHSIOT aMIUIUTYIHbIE IETEKTOPBl HA MHTETPAIbHBIX
MHKPOCXEMAX — ONEPAUOHHBIX YCUIIUTEISX.

JlocTonHcTBa: nrana3zo” uzMepennii o yactore ot 20 I'm go 1000 MI'n, mo Hamps-
xenuto ot 100 MmB o 1000 B; ximacesr Tounoctu — 4,0; 10,0; BX0OQHOE cOonpoTHUBIIE-
Hre — 100 kOwm...5 MOwm.

Henocratku: 3aBucuMocTh nokazanuit 9B ot ¢dopMbl curnana.

JIEKTPOHHBII BOJILTMETP JAeiCTBYIONIEro 3Ha4YeHus. B cxeme Takoro OB BbI-
OPSIMUTETb COCTOUT U3 TIOJTYITPOBOAHUKOBBIX THOJI0B, UCTIOJIb3YIOIINUX KBAIPATUUHBII
Y4acTOK BOJIbT-AaMIIEPHON XapaKTEpUCTUKHU. 11 YBENMUEHHs MPOTSKEHHOCTH 3TOTO
y4acTKa UCIOIb3YIOTCS TpeoOpa3oBaTesiv Ha JUOAHBIX 1enoukax. OCHOBHOE 10OCTO-
MHCTBO 3TUX MpeoO0pa3oBaTeieil 3aKIouaeTcss B HE3aBUCUMOCTH MOKAa3aHUM Ha BbI-
xoJ1e 0T (hOpMbI KPUBOM U3MEPSAEMOT0 HaNpsiKeHus. [ paciupenus mpeaeinoB u3-
MepeHus DB Ha mepeMEeHHOM TOKE MCIHOJIb3YIOTCS €EMKOCTHBIC JIEIIUTENIN HaIMpsKe-
HUSL.

JlocTOMHCTBA: BBICOKASI YYBCTBUTEIBHOCTH (332 CUET YyCHUIUTENbHBIX CBOWCTB);
Majoe MoTpedsieHue dHEepPruu; auamna3zoH umepeHui no vacrore ot 20 I'm mo 50
MTI'1, no Hanpspkenuto ot 1 MB 1o 1000 B; kimaccsl Tounoctu — 2,5; 4,0; 10,0; 15,0.

HenocTaTku: BbIcOKasi CTOMMOCTb; OTpaHUYEHHAs TOYHOCTb, HEOOXOIUMOCTH
neperpajyupoBKU MPU 3aMEHE PJIEMEHTHON 0a3bl.

JIeKTPOHHBII oMMeTp. OH NpenCcTaBIseT COOOM AMEKTPOHHBIN BOJILTMETP MOCTO-
STHHOTO TOKa, UMEIOIIUNA U3MEPUTENBHYIO CXEMY, IPEoOPa3yIOIIyI0 U3MEPSIEMOE CO-
MPOTUBIICHUE B MPONOPLHOHAIBHOE EMY MOCTOSIHHOE HampspbkeHue. [lkamy Takoro
BOJIBTMETPA TPAAYUPYIOT B €IUHULIAX U3MEPSIEMOTO CONMPOTUBICHUS U IPUMEHSIOT
€ro B Ka4ecTBE OMMeETpa. PacimmpeHnne npeaesioB U3MEPEHUs OCYILIECTBIISETCS C TO-
MOIIIbIO0 00Pa3I[OBBIX PEIUCTOPOB.

TexHuueckne XapakTepUCTUKH: OOJIbIIOE BXOJHOE COIPOTUBIICHUE; AUAMA30H W3-

mepenusa ot 10 Om 1o 1000 MOwM; norpemHocTs u3Meperus — 2...4%; BO3MOXKHO



U3MEPEHUE OYEHb OOJIBIINX COMPOTUBICHUHN (TEPAOMMETPBI) C MOTPEIIHOCTHIO 10

10%.

2. UndpoBble nameputenbHble NpUbopbl

Hudpossie usmeputenbubie npudopsl (LIUIT) — MHOTONpEnebHbIE, YHUBEPCAb-
HbI€ IpUOOPHI, IpEeIHA3HAUYCHHBIE I U3MEPEHUS PA3TUYHBIX JIEKTPUUYECKUX BEIH-
YUH: IEPEMEHHOTO U MMOCTOSHHOIO TOKA U HalpsDKEHHs, EMKOCTH, UHAYKTUBHOCTH,
BPEMEHHBIX [MapaMETPOB CUTHAJIA (YACTOTHI, IEPUOAA, IITUTEIbHOCTH UMITYJIHCOB) U
perucTtpanuu GopMbl CUTHANA, €ro CIEeKTpa U T.1.

B undpoBbix u3MepUTENbHBIX MPUOOPaX OCYIIECTBISETCS aBTOMATHYECKOE Ipe-
oOpa3oBaHUE BXOJHON M3MEPSIEMOI aHAJIOTrOBOM (HEMPEPHIBHOM ) BETUYUHBI B COOT-
BETCTBYIOIIYIO JUCKPETHYIO BETUYUHY C IMOCIEIYIOUIUM IMPEICTABICHUEM Pe3yJiIb-
Tara u3MepeHus B 1udposoi Gpopme.

[To mpuHUMIY TEWCTBUA U KOHCTPYKTUBHOMY UCIIOJIHEHUIO U () pOBBIE TPUOOPHI
MOJIPA3ACIIIOTCS Ha 3JIEKTPOMEXaHUYECKHE U AJIEKTPOHHBIE. DIEKTPOMEXAHU-
YyecKue NMpUOOpPbl UMEKT BBICOKYIO TOYHOCTb, HO Mallyl0 CKOPOCTh M3MeEpe-
HUH. B 351eKTpOHHBIX TpUOOpax UCIOIb3yETCs COBpEMEHHAas 0a3a 3JIEKTPOHHKH.

HecMoTps Ha cxeMHBIE U KOHCTPYKTHUBHBIE OCOOCHHOCTH MPUHIIUIT IMOCTPOCHUS
I (pOBBIX TPUOOPOB OJIMHAKOB.

ABTOMaTHuYecKoe npeoOpa3oBaHMe HEMPEPBHIBHBIX BXOAHBIX BEJIUYHMH, B KOJ BbI-
NOJIHSIOT W3MEPUTEINIbHBIE MPeoOpa3oBaTeNn, 32 KOTOPhIMU B JIUTEpAType YKpEmu-
JIOCh Ha3BaHUE aHaNOro-uudpoBeix npeodpazosateneit (ALIT). Dtu npeoOpazoBa-
TEJIN SIBISIOTCS 00s13aTeNIbHBIM () YHKIITMOHANBbHBIM y3J70M Jro0oro LUIL. dpyrum
ob0s3atenbHbIM y31oM LUII aBasercss undpoBoe orcuerHoe ycrpoiicto (LIOVY).
AHanoro-u@ppoBbsie Mpeo0pa3oBaTean BbIpadaThIBAIOT KOJ, COOTBETCTBYIOLIMI 3HA-
YeHu1o u3mepsieMoil ennunnsl, a L{OY npeobpasyer KoA0Bble CUTHAIIBI B LIUPPOBHIE
CUMBOJIBI JIECATUYHON CUCTEMBI, yA00HBIE JJIs1 BA3YAJIbHOT'O BOCIIPUSITHSI.

Otmetum, uto ALIIT mpuMeHst0OTCs TakKe B U3MEPUTENbHBIX, UHPOPMAITHOHHBIX,
YHOPAaBISIOMIMX U IPYTUX CUCTEMAax M BBIMTyCKAIOTCS MMPOMBIIUIEHHOCTHIO B KAUeCTBE
CaMOCTOATENbHBIX cpeacTB n3Mepenus. Takue ALIL nmeroT oObIYHO Ha BRIXOAE JABO-
WYHBIA KO U MOT'YT ObITh 3HAUUTENILHO 00Jiee OBICTPOACHCTBYIONIMMHU O CpaBHe-

Huto ¢ ALL, npumensemeiMu B



IMUII. beictponericrBue xe LN orpaHnunBaeTCs MHEPUUOHHOCTHIO 3pUTEIBHOIO
BOCIIPHSTHS.

Hcnons3yembie Bo MHOTUX coBpemeHHBbIX [[UIT AT criocoGHBI Mpou3BOAUTH
COTHHM U OoJiee MpeoOpa3zoBaHuil B CEKyH Y. TO Aa€T BO3MOXKHOCTb UCIIOJIH30BaTh
LUII B ycTpoiicTBax perucrpannu ObICTPO MPOTEKAOIIUX MPOIIECCOB U AJIsl COMpSi-
)KeHus 00beKTa ucciienoBanus ¢ DBM.

Muorue HHUII conepxat npeaapuTebHble aHaIoroBbie mpeodpazonatenu (All)
KOTOPBIE €lIe HAa3bIBAIOT BXOIHBIMU ycTpoiicTBamu (BY), Ha3zHaueHneM KOTOpBIX 5IB-
JsieTCsl U3MEHEHHE MaciTaba BXOIHOW BeIMUMHBI X UM €€ MpeoOpa3zoBaHue B APY-
ryo BenuuuHy Y=f(X), Oonee yaoOHYIO /Uil BBIOPAHHOTO METOAa KOJAUPOBAHUS.

Crpyxkrypnasa cxema H{UII nns oOmero ciayvast nokazaHa Ha puc.3
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Puc. 3

MHorue BaxHble TexHUUYeckue xapakrepuctuku LHUII, B ToM yncie u metpo-
JIOTUYECKHUE, ONPENIEISAIOTCS METOIOM MpeoOpa3zoBanus B kKoJ1. [loaromy kinaccu-
dbukanus LTI no meTony ananoro-uudpoBoro nmpeoOpa3oBaHus OTHOCUTCS K
yucity ocHOBHbIX. B IINII, npenHa3zHaueHHBIX JIJIs1 U3BMEPEHUS AIIEKTPUYECKHUX Be-
JIMYWH, TaPaMETPOB JIEKTPUUYECKUX CUTHAIOB U DJIEKTPUUECKUX LENEH, TPUMEHS-
IOTCSl JIIIB TOJBKO JIBA IEPBBIX METOAA — MOCIEA0BATEIBLHOIO CYETA U NIOIPa3-
PSAAHOTO YPaBHOBEIIMBAHMS; METO CYNTHIBAHUS HALIEN IPUMEHEHUE UMb B
obicTpoaeiicTByrommx ALIT nsmepurenbHpIX ”HGOPMALIMOHHBIX cUcTeEM. B cBA3M
¢ aTuM pazimuarot ciaenyromme rpynmst LIAIL: HHAIT nocnenoBarenbHOro cuera u
[IUII nmopa3psigHOTro ypaBHOBEIMBAHUSA (KOJOUMITYJIbCHBIE).

[To pony usmepsiemon Benmmuunsbl LIUI pa3gensatorcs Ha BOJIbTMETPBI, 4aCTOTO-
Mepbl, OMMETpPHI, pazomeTprl u T. 1. YacTo B ogquom LIUII npenycmarpuBaercs
BO3MOKHOCTb U3MEPEHUS HECKOJIBKHX JJIEKTPUUYECKUX BEJIMYUH U Pl apaMeT-
poB 3rnekTpuueckux nenei. Takue nmpuOOpbl HA3BIBAIOTCS KOMOWHUPOBAHHBIMU
(MynpTUMETpaMu). BecbMa BaKHBIM JUJIl IPAKTUKH SBJISETCS pa3jMuKe B 3HaYe-
HUSX U3MEPSEMON BEIMUMHBL, 10 3ToMYy ITpusHaky LI moxpasnensatorcs Ha mpu-
OOpBI, MOKA3bIBAIOLIME MTHOBEHHOE 3HAYE€HUE, U IPUOOPBI, TOKA3bIBAIOIINE CPE-
Hee 3HAaYeHHE 32 OINPECIICHHbIN HHTEPBAJl BpEMEHH (MHTETPUPYIOLIUE).

[To o6nactu nmpumenenus LIUII noapazaenstorcs Ha n1abopaTopHbIe, CUCTEM-
HBIE U IIUTOBBIE.

H3mepsiemas BennuuHa X OCTYNAeT Ha BXOJHOE YCTPOUCTBO Mpubopa, rae mpouc-
XOIUT MacwTabHoe mpeodpazoBanue. C BXOAHOIO YCTPOMCTBA CUTHAJ MOCTYIAET
Ha aHajioro-uu@posoi npeodpazosatens (ALII), rae aHanorosslil cUraan nmpeoo-
pa3yeTcs B COOTBETCTBYIOIIMH KO, KOTOPBIA OTOOpa)XaeTcsl B BUJIE YHCIOBOTO
3HaueHus Ha udpoBoM orcueTHoM ycrpoictBe (LIOY). [na momyueHus Bcex
YIPaBJSIIONIUX CUTHAIOB B IU(DpoBOM mHpuOOpE MPeayCMOTPEHO YCTPOMCTBO

yrpasieHus (YVY).



Bxoanoe yctpoiictBo 1mudpoBoro npudopa yCTpOEHO aHAJIOTMYHO 3JIEKTPOH-
HOMY NPUOOPY, @ B HEKOTOPBIX KOHCTPYKIIUSIX HA €70 BXOJI€ UCIIOJIb3YeTC Sl PUIBTP
ISl UCKITFOUEHUS TIOMEX.

B 3aBucumocTu ot mpuHuMna a”anoro-mudposoro mnpeodpazoanus (AL
UG poBbIEe U3MEPUTEIbHbIE MPUOOPHI OAPA3AETAIOTCS HAa YyCTPOUCTBA TPSMOTO
npeoOpa3oBaHus W KOMIIEHCALIMOHHbIE (C ypaBHOBEIIMBAIOIIMM IpeoOpa3zoBa-
HUEM).

OCHOBHBIMU 3JIEMEHTaMHU IU(POBBIX M3MEPUTEIBbHBIX MPUOOPOB SIBISIOTCS
TPUTTEPHI, ACMUPPATOPbI, CUETUUKH, MYJIbTUILUIEKCOPH M 3HAKOBBIC WHJIMKA-
Tophl. Heckonbko 3HAKOBBIX HMHAMKATOPOB 00pa3ylOT HUPPOBOE OTCUETHOE
ycrporictBo. K Hanbonee BaxHbM XapaktepuctukaMm LIUIT oTHOCsATCS: pa3pema-
I0111as1 CITIOCOOHOCTh, BXOAHOE COMPOTUBIIEHUE, OBICTPO IEHCTBUE, TOYHOCTh U3ME-
peHuii, TOMeX03alUIIEeHHOCTb. Pazpewarowas cnocoonocms LIUII onpenensiercs
U3MEHEHHEM HU(POBOT0O OTCUETA, NPUXOIAIIETOCS HA €IMHUILY MIIAJIIETO pa3psaa.
Bxoonoe conpomuenenue 11111 xapakTepusyetr MOIIHOCTh, MOTPEOIAEMYIO UM OT
o0bekTa u3mepenus. boicmpooeticmeue LIUI oneHuBaeTcs 4uCiioM U3MEPEHHUN B
cekyHny. Tounocmo uzmepenuu LIUIT orpaxaet 01M30CTh UX pe3yIbTATOB K UCTHH-
HOMY 3Ha4yeHHUIO0 u3MepseMon BenuunHbl. Kimace tounoctn LHUAII onpenensercs

IPEIENIOM JOITYCKaeMON OTHOCHUTEIBHONW NOTPEIIHOCTH:

Ymu=i[c+dU%}—1ﬂ,

raic ¢ u d — mocTosHHEBIE quncCiia, XapaKTCPU3YIOIIUEC KJIIACC TOYHOCTH HI/IH COOT-

BETCTBEHHO B KOHIIE€ U B Hauajle quana3ona; X, — KOHEUHOE 3HaYeHUE JHara3oHa.

Kiacc Tounoctu 0603Hauaetcst B Bujie Apodu c/d, nanpumep kiacc 0,02/0,01
Tomexoycmoriuueocms LIUII xapakrepusyet crenens noaasiaeHus [lomex Ha ero

Bxojie. KonmnuectBenno nomexoycrouuBoctsh LHUII xapakTepusyercst kordpuiu-

CHTOM ITOAAaBJICHHA ITIOMCX

E
K =201g| Zmo |
%)



rie Enon — aMIIMTyIHOE 3HaUEHUE TOMEXH Ha BXO/Ie Mprbdopa; Uy — SKBUBAJICHT-
HOE€ BXOJIHOE€ MOCTOSIHHOE HAINpsHKEHUE, BhI3BIBAIOIIEE TAKOE )K€ U3MEHEHHE MTOKa-
3aHui mpudopa, uto U Epgy. ; JlOCTOMHCTBA: BBICOKAs 4yBCTBUTEIBHOCTH (I10
HAMNPSDKEHUTO MMOCTOSIHHOTO Toka 1 HB, mo HanpsbkeHuto nepemeHHoro Toka 1 MxB,
10 MOCTOSHHOMY TOKY 1 HA, 10 IEpeMEHHOMY TOKY 5 MKA, IO COIPOTUBIIECHUIO
noctostHHOMY TOKY 10 MkOwm, 110 yactote ot josiei ['m).

Jlocronncrra LIAII:
Bricokas Tounocts usmepenus (LI mogpazaensroTcs Ha BOCEMb KJIAaCCOB TOY-

noctu: 0,005; 0,01; 0,02; 0,05; 0,1; 0,2; 0,5; 1,0). Y106cTBO 1 00BEKTUBHOCTH OT-
CYETa ¥ PETUCTPALN; BO3MOKHOCTD JUCTAaHIMOHHOM MEpEelayn Pe3yIbTaTa n3Me-
pEHUs B BUJI€ KOJOBBIX CUTHAJIOB 0€3 MOTEPH TOYHOCTH; BO3MOKHOCThH COYETaHUS
[MUII ¢ BRIYMCAMTENBHBIMM MAIIMHAMHU U IPYTUMU aBTOMATHYECKUMH YCTPOMU-
CTBAaMHM BBICOKAsl IOMEXO3AIUIIEHHOCTb;

Henocratku: HE0OX0AMMOCTh UCTOUYHUKA NMUTAHUS U3MEPUTEIBHOTO HpPU-
0opa, CJI0KHOCTb YCTPOUCTB U, CII€0BATEIBHO, BEICOKAs UX CTOUMOCTh U CpaB-
HUTEJIBHO HEBBICOKAs HAJIE)KHOCTb.

[IepcnektuBsl pazButusa L{WIl: mOCTUrHYTBIH YyPOBEHBb METPOJOTHYE-

CKHMX XapaKTEPUCTHUK B IIE€JIOM YJOBJIETBOPSET TPEOOBAaHMEM MPAKTUKHU U MTPUOIIH-
KAETCsl K XapaKTEpPUCTUKAM COOTBETCTBYIOIIHUX ATAJIOHOB, MOJITOMY OCHOBHBIE
yCWINsI pa3pab0TYMKOB HapaBJIeHb! Ha NMoBblIeHUE HaaexxHocTu LIUII u co3na-
Hue L{UII ¢ pacmmpeHHbIMU (DyHKIIMOHATBHBIMU BO3MOKHOCTSIMH, 00€CIIEUNBaIO-
1K€ MOTPEOUTENI0 MAaKCUMYM IKCIUTyaTallMOHHBIX y100CTB, UTO ECTECTBEHHO CBSI-
3aHO C IIMPOKHMM IIPUMEHEHHEM MHUKPO3JIEKTPOHHKH M MHKPOIPOLECCOPHOU
TEXHUKH.
CoBpeMeHHass MUKPOAJIEKTPOHMKA MO3BoJisAeT npoektupoBars LMl Ha mukpo-
CXEMHBIX JJIEMEHTAX Pa3HOU CTENEHM CJIOKHOCTH, B TOM YHUCJE U C IPUMEHEHUEM
oonbmx uHTEerpasibHbIX cxeMm (BUC), BHIMONMHAIOMUX BECbMa CIOKHbIe— (DYHK-
. OCOOEHHO MEePCHEKTUBHO MPUMEHEHNE MUKPOIIPOLIECCOPOB.

Muxkponporeccop (MIT)—ato nmoctpoennoe Ha BUC ycTpoiicTBo, mpegHa3Ha-
YEHHOE ISl BHIIIOJIHEHA BBIYMCIUTENBHBIX U JIOTMUYECKUX (PYHKLHUM B COOTBET-

CTBHH C ITOCTYIIAIOIMMU B HCTO KOMAHIOAMH. Hy}KHaSI IIoCJIICAO0OBATCIIbHOCTD



ynpasisomux MII komaHn onpenensieTcss IporpaMMoil, KOTopasi BHOCUTCS U
XpaHUTCS B YCTpolcTBax namsATH. [1o cBoeil BHYTpEHHEHN CTPYKType U Ha3Haue-
Huo MIIT aHanoruyeH ueHtpanbHOMY Y37y DBM- mpoiieccopy, OTaWYasich OT
HEro pa3MepaMy M TEXHHYECKUMH BO3MOXKHOCTSIMH. B coueranuu ¢ BelycKae-
MbIMU Takxke B Buge BUC ycrpoiicTBaMu namsTH, BBOJ1a-BbIBOJIa HH(OpPMAIIUHU U
ynpasienuss MII obGpazyer mukpo-OBM. TexHuueckue BO3MOXKHOCTH MHKPO-
OBM ynoBieTBOPAIOT OOJNBIIMHCTBY TPEOOBAHUMN, TPEABABISIEMBIX CO CTOPOHBI
[AII.

[Tosicaum Ha npumepe 1udposoro BoasT™MeTpa (LIB), uro naet npumenenue
MuKpo-OBM. YnpouienHas crpyktypHasa cxema [[B ¢ BctpoenHoit mukpo-2BM

npuBeeHa Ha puc. 4. B coctaB cOOCTBEHHO

Wurat ynpabrentts
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Puc. 4

MUKpO-DBM Bxoadar: Mukpornporeccop M1, mOCTOSTHHOE 3alIOMUHAIOIIEE yCTPOU-
cTBO /13Y, XpaHsiee Hen3MeHsIeMYI0 HU(POBYIO HHPOPMALIHIO (HAIPUMED, KOJbI
KOMaHj, 00pa3yronux nporpaMmy padoTsl npudopa), U onepaTUBHOE 3allOMU-
Harolee yctpoictBo O3V, B KOTOpoe 3aHOCUTCS TeKyIlasi, OOHOBJIsieMasi B IPO-
necce padboTel mpudopa uudposas uHpopmanus (Hampumep, KoJl TEKYIIETro mpe-
obpazoBanus U,).

Bce y3mb1 npubopa cBsa3aHbl MEXKAY COOON MarucTpaibHOM CUCTEMOM MPOBO-
J0B, 00pa3yroNIMX IIUHBI yIIPaBJICHUS, aJipeca U JaHHBIX. CUTHAJIBI IIUHBI aJjpeca
MO3BOJISIIOT OJJTHO3HAYHO OIpPENeNUTh YCTPOWCTBa, oOMeHuBaromecss nHpopma-
uuent: Hanpumep MII v O3V, MII v [JOY u np. lllunsl ynpaBieHUs] IEPEHOCST
CUTHAJIBL, ONIPEACIIIOIINE PEXXUM padOThl TOTO UM UHOT'O Y3714, a [0 IIMHAM JIaH-

HBIX NIepeaaeTcs HuPppoBast HHPOPMALIHSL.



Bzaumoneiicteue MI1 ¢ AL, [JOY wn n00bIMU IPYTUMHU y3JIaMU, TTOACOCIN-

HEHHBIMHM K CHCTEME IIWH, aHAJOTUYHO B3aUMOJECHCTBUIO C YCTPOWCTBAMH Ia-
MATH. DTO 00CTOSTEIHCTBO MO3BOJISIET YIIPOCTUTh CXEMOTEXHUUECKYIO OpraHu3a-
U0 MUKpoTpolieccopHoro 1B u ierko u3sMeHATh ero pyHKIIMOHAIbHBIE BO3MOXK-
HOCTH, TIOJIKJIIOYas K CHCTEMaM IIWH, HallpuMep, JOMOJHUTEIbHbIE TPeodpaso-
BaTeJIbHBIE y3JIbl U npeBpamas L[B B MyJIbTUMETp.
Mukpo-OBM BeimonHseT QyHKIMU yCTpoCTBa yrpapieHus padoroit 1B u BbI-
MOJIHSAET 00pabOTKY MPOMEKYTOUHBIX M1 OKOHYATEJILHBIX pe3yJIbTaToB. Bricokas
TOYHOCTh MHKpoIrpoleccopHbix [[B obecneunBaercs 3a cyeT MCIOJIb30BaHUS
MUKPO-OBM 151 aBTOMaTHYECKOM KOPPEKIIMH ToTpenHocTel npubopa. B vact-
HOCTH, aIIUTUBHAS COCTaBJIsIOIIas norpemtHocT LIB npeobpasyercs B koa npu
OTCOEMHEHUHU BXOJa Mpudopa oT uctouHuka U, ¥ MpHU COETUHEHUU HAKOPOTKO
BXOJHBIX BBIBOAOB. KO/ 3TOI MOrpeIHOCTH 3alIMChIBAETCS B TaMATh MUKpOo-OBM
Y aBTOMATHUYECKH BHOCUTCS B KQUECTBE MOIPABKU B PE3YyJIbTAT KaXI0r0 U3Mepe-
Hus. [IpoBoist mepruoauveckoe u3MEepEeHNe HAIIPSIKEHUS HCTOYHUKA BHYTPEHHEN
00pa31oBOi Mephl, MOKHO C MOMOIIBI0 MUKPO-OBM BBIYHMCINTH, 3aHECTH B Ta-
MATh U NEPUOANYECKH BHOCHUTH IONPABKY HAa MYJIBTHUIUIMKATUBHYIO COCTaBIIIO-
IIYI0 MTOTPEIIHOCTH.

[Tpumenenne Mukpo-OBM 1mo3BosisieT NpOM3BOAUTHE MaTeMaTUYECKyr oOpa-
OOTKY pe3yJIbTaTOB U3MEPEHUI, B YACTHOCTH, UX MOYXHO CKJIaJbIBaTh C KaKOW-
A100 MOCTOSIHHOW, YMHOXAaTh WJIU AeIUTh Ha Hee. [locTossHHbIE BBOJATCA U Xpa-
HATCA B TaMTH MUKpO-OBM. HecnoxxHol oka3pIBaeTCs M IpOrpaMMHasl OpraHu-
3aIUs U3MEPEHMS OTHOLLECHMSI IBYX HAIPSHKEHUM — OIlepanys 4acTo BCTPEYaeTCs
Ha MpakTUke (HampuMmep, Npu HU3MEepeHUuu KodpduiueHTa mepenadyn KaKkoro-
nubo y3na).

[ToBpIlIEHNE HAAEKHOCTU MUKpoIporeccopHbIx LIB obecneunBaercs 3a cyet
CHEUANTbHBIX TECTOBBIX MIPOrPAMM, TTO3BOJISIONIUX OLEHUTH COCTOSTHUE (DYHKIIH-
OHAJIBHBIX Y3JIOB U JIa’K€ €ro OTAENbHBIX A1eMeHTOB. Ecnu kakoi-1160 u3 y31oB
npuOJIMKaeTCA K HEUCIIPABHOMY COCTOSIHUIO, OTIEpaTopy, padoTalleMy ¢ Mpu-

60p0M, moaacTCA, HAIIPpUMCED, CBETOBOM CHUTHAa.



Oco0eHHO Ba)XKHO MOTYEPKHYTh, YTO BCE OTMEUCHHBIC NMPEUMYIIECTBA MUKPO-
nponeccopubix LI nocturaroTcst He yBeIMUE€HUEM alapaTypHbIX 3aTpart, T. €.
BHECCHHEM B CXEeMY MpUOOpa JOTOJHUTEIBHBIX AJIEMEHTOB, a TPOTPAMMHBIM ITy-
TeM. DTO CYyLIECTBEHHO noBhImaeT HagexkHocTh LIUII B enom. Ilpumenenue
MHUKPOMPOIECCOPHBIX CUCTEM B U3MEPUTEIBHON TEXHUKE CIIOCOOCTBYET I10-
BBIIIICHUIO TOYHOCTH MPUOOPOB, PACHIMPEHUIO MX BO3MOXKHOCTEH, yIpOIIacT
yIIpaBJICHUE TPOILIECCOM H3MEPEHUM, aBTOMATHU3UPYeT KaJTUOPOBKY M TIOBEPKY
pUOOPOB, TO3BOJISIET BBINOJHSTH BRIYUCIUTEIIbHBIC ONIEPALU U CO3aBaTh IMOJI-
HOCTHIO aBTOMATHU3UPOBAHHBIC MPUOOPHI C YIYUIICHHBIMH METPOJIOTHYECKUMHU
XapaKTePUCTUKAMMU.

B xauectse npumepa LIAII paccMoTpum 3IEKTPOHHBIN CYETUHK IIEKTPOIHEPTUH

«EBpoanbpay:

Ha3nauyeHnue c4éT4nkoB Asb(pa
Cuéruuk Anbda npegHazHayeH U y4€Ta aKTUBHOM M PEaKTUBHOW DHEPTUi B
LEMsIX NEPEMEHHOr0 TOKa, a TAKXKe ISl UCIIOJIb30BaHUS B COCTABE aBTOMATU3UPO-
BaHHBIX CUCTEM KOHTpPOJIS U yuéTa anektposneprun (ACKYD) s nepenauun us-
MEpPEHHBIX WM BBIYHUCJIECHHBIX MapaMETPOB Ha AMCIETYEPCKUNA MyHKT IO KOH-
TPOJIO, YUETY U PACIIPEIEIIEHHUIO SJIEKTPUUECKON SHEPTHH.
Cuetunku Anb(ha NPUMEHSIOTCS B SHEPrOCUCTEMAX, KPYIHBIMU IPOMBILILIEHHBIMH I10-
TpeOUTEISIMH, PETIPUATUSIMU TPAHCIIOPTA, & TAKKE MPOMBIIUICHHBIMU U OBITOBBIMU

HOTpC6I/ITeJ'IHMI/I B CJICAYIOIHUX HCJIIX:
3HCpFOKOMHaHI/I$IMPI:

- OIpEJIETIEHUE BBIPAOOTKU IEKTPOIHEPTUH T'€HEPATOPAMH AIEKTPOCTAHIIN
- y4eT MEePETOKOB SHEPTUX U MOIITHOCTH Ha MEKCUCTEMHBIX JIMHUSIX;

- Y4Y€T OTIYCKa AIEKTPOIHEPTUU MTOTPEOUTENSIM SHEPTOCUCTEMBI;

- YYET pacxojia 3NEKTPOIHEPTUU Ha COOCTBEHHBIE HYXIbl PEANPUATUIMU
SHEPrOCUCTEMBI;

- KOHTPOJIb ITOTEPH EKTPOIHEPTUU U MOIITHOCTH;

- YIpaBJIeHUE PacIpeITICHIEM IEKTPOIHEPT UM,



- Y4ET PEaKTUBHON MOIIIHOCTH;
- opranm3anus cucteM ACKYD 1st oriepaTuBHO-IUCTIETYEPCKUX CITYXKO

OHeprocObITa WM MHOTO MPEANPUATHS.
[ToTpeOuTemsivu:

- JUIsl TOYHOTO yu€Ta MOTPEOJEHHON SHEPTHMH W MOIIHOCTH B PEXKUME

MHOT0TapU(pHOCTH;

- OLICHKA AWHAMUKH HJICKTPOTIOTPEOIICHHS C YIETOM OTPaHUYUCHHUI;
- aBTOMATH3alIH POU3BOICTBA;
- BBIOOp rpauka noTpedsieH s SHEPIUY;

- IPOrHO3UPOBAHHUE BEJTMUYMHBI 3asBIIEHHON MOIIHOCTH JUISl IPEAIPHATHS;
- (pMKcaLis IEPEPHIBOB B SHEPrOCHAOKEHUM;

- mepegaya M3MEPEHHBIX MapamMeTpoB SHEPronoTpPeOsIeHUst ISl CIIyXKO
OHeprocosbITa;
- JUTs1 COBPEMEHHOTO KWJIMIIIHOTO CTPOUTEIBCTBA MPSIMOE BKIIFOUEHHE HA TOK J10
150A;
- ympaBiieHHe TapuuKaTopaMu U Harpy3Kou.
Cuérunk Anbda nmeer crenyromue QyHKIHOHATbHbIE BO3MOXKHOCTH: - U3MEpe-
HUE aKTHBHBIX U PEAKTUBHBIX SHEPTUU M MOILHOCTEW B JBYX HalpaBlie-
HUSIX C KJ1accoM ToYyHOCTH - 0,2s 1 0,5s;

y4€T TOTPEOJEHHOW M BBIIAHHOW JJIEKTPO3HEPTUH B PEXKUME
MHOroTtapudHocTy 10 4 Tapu(pHBIM 30HaM;
- I3MEPEHNE MaKCUMAJIbHON MOIITHOCTH HArpy3ku Ha pacy€THoM (0T 1 10 60
MUH) UHTEPBAJIC BPEMEHU;
- (ukcalus aThl U BPEMEHU MAaKCUMAIbHOM AaKTUBHOW M pPEaKTHUBHOM
MOTITHOCTH JIs1 KKI0M Tapr(HOM 30HbI;
- 3aIMCh U XpaHEHUE B MaMSITH CYETYMKA JaHHBIX rpaduka HArpy3Ku 1o 4 ka-
HaIaM;
- ABTOMATHYECKUN KOHTPOJIb HATPY3KH C BOBMOKHOCTBIO €€ OTKJIFOUEHUS WIIN

CUTHAJIM3all1iu,



- Iepeiaya pe3ynbTaToOB U3MEPEHHUI HA JUCTIETYEPCKUM ITYHKT 110 KOHTPOJIIO U

yUeTy JIEKTPOIHEPT U MO LM(DPOBBHIM U UMITYJILCHBIM KaHAJIAM CBSI3H;

- opranmzaiusi cucteM ACKYD Ha ocHoBe cueTunkoB Anbda. [IpuHuun uzmepe-
HUs cu€Tunka Asb(da 3aKI0yaeTcs B aHAJIOTOBO - IU(PPOBOM IpeoOpa3oBaHUU Be-
JIMYUH HANPSKEHUS ¥ TOKA C ITOCIENYIOIUM BBIYMCIEHUEM SJHEPTUN U MOIITHOCTEM.
Cuétunk Anbda COCTOUT U3 U3MEPUTETHHBIX JATYNKOB HAMPSKEHUS U TOKA, OCHOB-
HOW 3JIEKTPOHHOM IJIAThl C MUKPOIPOLECCOPHOU CXEMOM M3MEPEHUS U OBICTPOACH-
CTBYIOIIIET0O MHUKPOKOHTpoJuiepa. M3mMepsiemble BETMUYMHBI U JpYyrue Tpedyemble
JAHHBIE OTOOPAKAIOTCS HA AMUCIUIEE CYETUMKA, BBITOJHEHHOIO HA )KUJIKUX KPHUCTAaJI-

Jax.

N3MepeHre Toka 1 HapsHKEHUS CUIIOBBIX 1IETIeH OCYIIECTBIISIETCS C TOMOIIBIO BbI-
COKOJIMHEMHBIX TPaHC(HOPMATOPOB TOKA YAYUIIIEHHOW KOHCTPYKIIMU U PE3UCTUBHBIX
CXEM JIeTUTENSl HAPsHKEHUsl. AKTUBHAsI MOLTHOCTD BBIUMCISICTCS MYTEM YMHOMKE-
HUSI U3MEPEHHBIX U(POBBIX 3HAUCHUIN HAMPSKEHUN U TOKOB C MOMOIIBIO U3MEPU-

TEJBbHOU cBepX00:b110i nHTErpasibHON cxeMbl (CBUC)



Ipunuun padoTsl C4ETYNKOB Allb(pa
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Puc.1.2 CTtpykTypHas cxema cyeTuuka EBpoAllb®A

Puc. 5

B cuérunke Anb(a ucnoib3yercs UMITYJIbCHBIA HCTOYHHUK UTAHUS, KOTOPBIN

TTO3BOJIIET 00ECIICUUTH IHHpOKI’IfI JAHualria3oH pa60qer0 HaIIPsOKCHUA OT 70 a0

440B

dazHble HANPSKEHUS TIOJAI0TCS HEMOCPEICTBEHHO Ha OCHOBHYIO TUIATy CYET-
YHKa Yepe3 PEe3UCTUBHBIE JEITUTENH, UCIOIb3YEMBIE IS COIJIACOBAaHUS YPOBHEN
BXOAHBIX curHasioB ¢ uameputensHoii CBUC. Bee pe3ucTopbl: BEICOKOTOUHBIE,

METAIOIJIEHOYHbIE C MUHUMAJIbHBIM TEMIIEPATYPHBIM KOAPPUIUEHTOM.

[lepBuuHbBIil TOK M3MEPSIETCS C MOMOIIBIO TPAHC(HOPMATOPOB TOKA, CIEIIM-

aJTIbHO pa3pabOTaHHBIX B COOTBETCTBUU C TPEOOBAHUSIMU K CUETUUKY AJb(a.

TpanchopmaTopbl TOKa UMEIOT HE3HAYUTEIILHYIO JMHEHHYIO MOTPEUIHOCTD

1 JKECTKHE TpeOOBaHUs K BEJIMUMHE CABUTA 1O (ase.
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I[Ba PA3IMYHBIX 3HAYCHUSA HArpy3049HOI'0 COIIPOTHUBIICHUSA HCIIOJIB3YIOTCA B
BBIXOI[HOﬁ LIEIIM TOKA Ha OCHOBHOU 3JI€KTpOHHOﬁ 1ate. MeHbllee 3HaueHUe
COIIPOTHUBJICHUS YCTAHOBJICHO AJIA CACTYUKOB IIPAMOI'O BKIIOYCHU A U OouplIee
3HAUCHUC COIIPOTUBJIICHUA HUCIIOJIB3YCTCA HJII CHCTYHUKOB TpaHC(i)OpMaTOpHOI“O

BKJIFOUYCHMA.

Cuerunk Anb(a - yHUBEpCAIbHBIM CUETYMK C OJUHAKOBOM TEXHOJIOTUEH U3TO0-
TOBJIEHHUS (M C OJUHAKOBOW TOUHOCTBIO) JUIsl JIF0OOT0 IPUMEHEHU s, TpaHc(opMa-

TOPHOI'O WA ITPAMOTO BKITFOUCHU.

Cuéruuk Anbda TpanchopMatopHoro BkmoueHus [nom=1A pabotaer B iuana-

30He TOKOB 0T 1,0 MA 10 2 A, Inom= 5 A - o1 5,0 MA 10 10 A.

Cuétunk Aubda npsiMoro BKJIw4YeHHs: padoTaeT B 1uana3one TokoB Inom= §0A
- 0T

20 MA o 150 A.
CrnenunanbHo pa3padoTaHHbIA A5 CYETYHKA AJIb()a MUKPOKOHTPOJLJIEP BEAET
BeCh MPOLECC U3MepeHus U 00pad0TKH JaAHHBIX B LK (POBoii opme, YTO 1M03-
BOJISIET COXPAaHSATh 3aJJaHHYIO TOYHOCTh U3MEPEHHMSI BO BCEM JMaria3oHe paboyux

temneparyp ot - 40°C no + 60°C npy MaKCUMaIBHON ¥ MUHUMAJILHOM HArPy3Kax.

MHUKpOIIPOLIECCOPHOE HUCIOJIHEHHE cYeT4rKa Aub(a JesaeT ero nporpamMmupye-
MBIM, YTO HO3BOJISIET UCIIOJIB30BATh CYETUHK C IIMPOKUM HAOOPOM pazHOOOPa3HbIX
¢yskumii. [IporpammupoBanye cu€TUMKOB AJib(a OCYIIECTBISIETCS TPOrPAMMHBIM

ITaKCTOM INOCTABJIICMBIM 110 Tpe60BaHI/IIO 3aKa34YHKa.

Paccmotpum npuntun padorel CBMC. CBUC n3Mepenust COAEpKUT IpOrpaMMHUpy-
EMBI TU(PPOBON CUTHATLHBINA MPOILIECCOP C TPEMsI BCTPOSHHBIMH aHAJIOTO-TIH(-

poBbiMH TipeoOpazoBaTersimu (ALIIT).
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BxoaHble curHaiiel HanpspkeHus: oOpadaTsiBaroTcs ogHuM U3 A/l npeoOpasoBa-
TeJeH, a BXO/IHbIE CUTHAJIbI TOKa oOpadarteiBatoTcst BTopsiM A/L] mpeobpaszoBare-
neM. Tperuit A/I] npeoOpazoBaTeab UCMOIB3YETCS /1Ji1 BBIOOPKUA BXOJHOTO CHUT-
HaJla HyJisl HalpsbKEeHUs U Toka. M3Mepenne Hysisl HalpsiKEHUsl U TOKa YBEIUYU-

Bac€T TOYHOCTD I/ISMCI)CHI/Iﬁ Ipr MaJIbIX CUTHAaJIaX.

MMty nbChI, KOMMYECTBO KOTOPBIX NPONOPLMOHATBHO U3MEPEHHOW SHEPrUH, C
yacTOTHBIX BbIX0JI0B CBHMC mocTynarorT Ha BBICOKOMPOW3BOAUTEIIBHBIA MHUKPO-
KOHTpOJIJIEp. MUKPOKOHTPOJUIEp OCYIIECTBISIET (PYHKIMUA KOHTPOJIS, MEepeaayH,

npuéma 1 0ToOpaXkeHUs! TaHHBIX B CUETUMKE AJb(ha.
Brrancnennas nagopmarist orodpakaercs Ha aucruiee — XKKU (puc.6)

Jlnst cuéra BpeMeHM KajleHapsl UCIOoJIb3yeTcs KBapleBblii renepaTop. Bpems B
CUETYMKE MOYKET aBTOMAaTUYECKH KOPPEKTUPOBATHLCS BO BPEMSI CUMTHIBAHUS UH(OP-

Maluu IIpH IOMOIIU KOMITBROTCpA.

Bo Bpems nepepbIBOB B I0a4€ IUTAHHsSI BCE KIIFOUEBBIE TAHHBIE CUETUYHKA U J1aH-
HblE O €ro KOH(Urypauuu Xpansarcs B Hepaspylaemod namstu 113V mukpo-
KOHTpoJuiepa. JlaHHble MHoOrotapugHoro pexuma xpassarcs B O3Y mukpo-
KkoHTposuiepa ¥ B O3Y 10MOJHUTENBHON IIaThl A+ 0 TEX 1OP, IOKA HA CYUETUYHK

IMOCTYIIACT MM TAHHC.

B nepuos oTkiroYeHus: OCHOBHOTO MUTAHUS, JIUTUEBAst OaTapes (€ciu OHa Ipey-
cMoTpeHa Moaudukanuen cuéTunka) odecrneunBaeT MUTaHue reHepaTopa
uMIysbcoB 32768 I'i, moaepKUBaroIIero padoTy BHYTPEHHEr0 KaleHAaps

AJE1 COXPAaHCHUS IPABUIIBHOI'O cué€ra BPCMCHH.

[lapannensHo Gatapee uepe3 OJOKUPYIOIIUNA TMOJI BKJIIOYEH CyNEpKOHIEHCa-
Top. [lepBoHaYaIbHO SHEPIHUs MIPU NEPEPHIBAX B M10/1aU€ MUTAHUS OCTYIAET OT
CYyHEpKOHEHCATOPa, KOTOPBIA UMEET JOCTATOUHYIO EMKOCTb JIJI TIOIJEPKKU

pa6OTbI [MaMATHU U KAJICHOAPS B TCUCHUC HCCKOJIBKUX YaCOB.
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[Tocne pa3psiaku KoHAEHcaTopa OaTapes oOecleurnBaeT Nmojavdy MUTaHUs JJis
XpaHEHUs JAHHBIX B TEUEHHE JUIMTEIHLHOTO CPOKa JI0 2-3 JIET B 3aBUCUMOCTHU
OT TEMIIEPATYPbI OKPYKAFOLIEH CPEpI.
HNurepdeiicsl cuéTunka AJIbOA
Ha nnare C (mnata Pene) pacnomnosxensl untepdeiicsl cuérunka Anbda, KOTo-
pBI€ UCIIOJNIB3YIOTCS JJIsi OPraHU3allMK CBA3H CUETYMKA C Pa3IMYHBIMHU YCTPOWA-

CTBaMHM cOOpa JaHHBIX MO HU(PPOBBIM WA UMITYJIbCHBIM KaHAJIaM CBSI3H.

1. DneKTpoHHbIE pese ¢ ONTUYECKON pa3BA3KOM, Ha BBIXOJIE KOTOPBIX 4acTOTa
MMITYJIbCOB MTPOIOPLIMOHAIEHA U3MEPEHHON MOIIHOCTH. M0>KHO 3aKa3aTh U yCTa-
HOBUTh B BbIOpaHHYIO BaMu MoJau(uKauuio c4érunmka Anbda 3JIEKTPOHHYIO
mwiaty C ¢ ofHUM Uin O60s1e€e NOIYNPOBOJIHUKOBBIMU PEIE, KOTOPHIE MOT'YT OBITH

3anporpaMMHUpPOBaHBI JJIsl BEIBO/IA CIIEYIOIIEH HH(POPMALIUH:

- TIEPBOE PeJIe - BBIXO/I 10 AKTUBHOM MTOTPEOJICHHON SHEPIUY;
- BTOPOE peJie - BBIXOJI [10 PEAKTUBHOM MOTPEOIEHHOM YHEPIUY;
- TPETBE PEJIE - BBIXOJ 110 AKTUBHOW BBIIAHHON SHEPTUH;
- 4eTBEPTOE PEJIE - BBIXOJ I10 PEAKTUBHOM BBIJAHHON SHEPTUM.

Yacrora MMITyJIbCOB Ha BBIXOJIE PEJIE MPOIMOPLUUOHATBHA U3MEPEHHON MOIIHO-
CTH, a KOJMYECTBO - M3MEPEHHOI >HEpPruu (aKTUBHOM M PEAKTHBHON B JIBYX
HaIpaBJICHUAX B 3aBUCIMOCTU OT THUIIA CUETYHKA). J[J1s1 yBEeIMUYEeHHs IOMEXO03allll-
IIIEHHOCTH TepeAaBacMoil MH(OpMALIMK DJIEKTPOHHBIE peJie BBINOIHEHBI IS TOKa
Harpy3ku 10 100 MA, ¢ pabounm HanpskeHneM 10 120 B. Otu pene moryt pabotaTs

KaK Ha IIOCTOAHHOM, TaK 1 Ha IICPCMCHHOM TOKC.

2. DnexTpOoHHas Ij1aTa ¢ AByMs rajJbBaHUYECKH PA3BA3aHHBIMU IPYIIIAMH PEJIE.
[1naTa no3BoJISET OCYILECTBIATh CUMThIBaHUE MH(popMaimu co cuétunka AJIbOA
I10 MMITYJIbCHBIM KaHaaM Ha J1Be He3aBucumble cucteMbl ACKYO. Ha nmate mo-
I'YT OBITh pa3MELLEHBI TPYIIIIHI [0 1BA WU IISITh IIOJIYTIPOBOIHUKOBBIX PEJIe Ha KaXK-

I[BIﬁ kaHaj. Yactora HNMITYJIbCOB Ha BbIXO/J1aX PEJIC MOKCT 3a1aBaThCs B IIMPOKOM
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JMana3oHe ¢ moMoIiso nporpammuoro ooecneuenuss EMPPBITS, uto no3BosisieT
BKJIOYaTh CUETUYUKH AJb(pa NMPaKTUYECKHU B JIOOYIO CYILECTBYIOIIYIO CHUCTEMY
ACKY?D. Hamutare C COBMECTHO C 3JIEKTPOHHBIMH PEJI€ pa3MeIatoTCsl HU(PPOBbIE

uHTep(PeiiChI.

3. UPIIC "ToxoBasg nemiga".

NPIIC "TokoBas et ¢ onTMaecKkou passsa3kon Ha 1,5 kB no3Bossier nepena-
BaTh 110 OJHON Mape MHPOPMAIIMOHHBIX IPOBOJOB HE TOJBKO AAHHBIE 00 U3Me-
PEHHOM 3HEPruy ¥ MOIIHOCTH, HO 1 MHOTOUHCIIEHHYO JOTIOJIHUTEIbHYIO UH(DOp-

MaIlu1ro, TAKyrO KaK:

- BpCMA 1 JIaTy Hadajla OTKIIFOUYCHM A ITUTAHWA WIN CI)&?»BI;
- BpEMA U 1aTy OKOHYAHUA IICPCPhIBA ITUTAHMEA NI BKIIFOYCHUS (I)EBLI;
- TUIT CHCTYMKA U ITIOCTOSAHHBIC, OTPAKAOIMIUC CXEMY ITOAKIFOUCHUA CUCT-

YMKa K BHCIITHUM L CIIIM,

- HJIM4YMeE Tapu(HBIX 30H U UX pacIIpe/ielIeHHE M0 CyTKaM;
- TAaHHBIE CAMOJMArHOCTHKH CYETYHKA U paciM(ppPOBKa 3TUX COOOUIEHUI

" JPYyruc JaHHbIC.

Nurepdeiic UPIIC "TokoBast metis" UCMONb3YeTCs B CIyYasix, I1ie TpeOyroTCs Mo-
BBILLICHHBIE TPeOOBaHMS U JOCTOBEPHOCTh MepelaHHON MH(OpMAIINU, TOCKOIbKY
MIPOTOKOJI OOMEHa ITpeIyCMaTPUBAET BbIJIavy MOATBEPKICHUS MTPABUIIBHOCTH IIPU-
HsATOM Win niepenanHoit napopmaruu. Muarepderic UPTIC "tokoBas netis" mos-
BOJISIET IE€peiaBaTh UHQPOPMAIIUIO MOCIIEI0BATEIbHBIM KOJAOM Ha PAcCTOSHUS 10
1,5 kM. IIpoTokossl oOMeHa 1o uaTepdeicy "TokoBas MeTs" MoaAePKUBAIOTCS
arnmnapaTHO-IPOrpaMMHBIMH cpelcTBaMu miarbl A+. [loaTomy Ajsi BO3MOKHO-
ctu paboThl cuetunka mo MPIIC "tokoBas meTns" CYETUYMK JODKEH UMETh B
cBoeM coctase miaty A+ momudukayu Ab, AO wim OB).

4. YerbipexnpoBoaHbIi 1dpoBoii nHTEpdeiic RS-485.
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[1o3BOJIsI€T CYNTHIBATHh MH(POPMALIMIO CO CYETUMKA C pacCTOAHUSA 10 1,5 kM, a
Takke o0BeaMHATH 10 31 cuéTyrka Ha OOIIYI0 MIMHY 0€3 KaKUX-JIUO0O JIOMOIHHU-

TEJIBHBIX YCTPOWCTB.
5. OrrTry ecKuil NOPT CBS3H.

OnTuyeckuid MOPT UCHOB3YETCS IS CBA3U CUETUMKA AJb(a C KOMIIbIOTE-
poMm

JUTSL:: 3aBOJICKOM KaJIMOPOBKH, IPOTPAMMUPOBAHUS, METPOJIOTMYECKON IOBEPKHU,

3aJIaHrs PpA3/IMYHbIX ITOCTOAHHBIX.

Kpome 3Toro, ontuueckuii HOpT UCTHIOIB3YETCS NPU CHATUU UHPOPMALIMU CO
Cc4€TUMKOB AJib(pa Ha MECTE UX YCTAHOBKH IIPY MTOMOILY HHKXEHEPHOT'O MyJIbTa WK

IMCPCHOCHBIX KOMITBIOTCPOB.

OO0mme XapaKkTepuCTUKH CYETYUKOB Alb(da

Ka6ens [IMCOM PKOBE npeacrasisier co0oi yCTpOHCTBO CBS3U MEXIY OMNTH-
YECKUM IMOPTOM CYETYMKA W TOCJEIOBATEIbHBIM MOPTOM KoMIlbtoTepa RS-232.
IIMCOM PKOBE npeo6pa3yeT onTHuecKue CUTHAJIbI CYETYHNKA B YPOBEHB HAIIPSI-
xenuil nudposoro unrepdeiica RS-232. Jlnuna kadesns npeodpazosatesist 2um. [1u-
TaHHE 3TOT0 YCTPONCTBA MOXKET OCYIIECTBISATHCS WM OT O6arapeu 9 B umu ot

CCTCBOI'O aZiarrepa.

Ha nmate C umeercs JOMOMHUATENBHOE IATOE pPene, KOTOPOE HUCIIONb3YETCs IS
IIOAA4YX CUTHaIa JUIs YIPaBICHUs Harpy3kou. PeryinpoBanne Harpy3kk MOXKET
OCYLLECTBIISITECS B CIECIYIOLIUX PEKUMAX:
- cpa0arpIBaHus pejie B TapuU(PHBIX 30HaX B COOTBETCTBHM C 3aJaHHOMU
YCTaBKOW MOIIHOCTHU ([J1s1 KaX10i Tapu(PHOI 30HBI MOXKHO OIPEIEIUTh

y CTaBKy Cpa0aThIBaHUsI PElie);

- cpabaTbIBaHusl pejie C HACTYIUICHUEM 3aJaHHOM TapU(HOI 30HBI.
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Pene PEryjanpoBaHns HAIPY3KU MOXKET UCIIOJIB30BATHCA KaK CUTHAJIbHOC B CITy-
4ac MPCBLIIICHUA MOIIIHOCTHU SaﬂaHHOf’I YCTaBKHU. O6HII/IC XapaKTCPHBIC 0COOCH-

HOCTHU 3aLIUTHBIX (DYHKIMH cuéTunka Asbda.

Kax1p1ii cueTynk MMeeT CBOM apoJib, KOTOPBIN UCIIOJIB3YETCSl HA YPOBHE OOMEHA
uHbOpMaIel MEXIy CYETUMKOM U KOMIBIOTEPOM, C TIOMOIIBIO KOTOPOT'O OCY-
LIECTBIIETCA JOCTYN K JAHHBIM CUYETYMKA W €ro nepenporpammupoBanue. Kpome
ATOTO, IPOTrPAMMHOE 00ECTI€deHIE UMEET CBOU BXOAHBIE KOJIbI, IPEMSTCTBYIOIINE
paboTe ¢ MporpaMMHBIM MMAKETOM HECAHKIIMOHUPOBAaHHBIMU JulaM. [Iporpamm-
HBIN
naketr EMPPBI18 2.30 (504MB) nipeiocTaBiseT Tpy pa3IMuHbIX YPOBHS JOCTYyIa

K CUETYMKAM IS

- IOTpeOuTes;
- 9KCIUTyaTalMOHHBIX CITY)KO JHEprocHabXaroX OpraHu3aIlii;
- PEMOHTHBIX CITY’k0 DHEprocHaOKaloIMX OpraHUu3aIluil, UMEIOITNX

paBo ['ocrioBepku.

B KOHCTpyKUMHM cueT4yMKa OOECHeYyrBaeTCA ABOMHOE IIIOMOMPOBAHHE MEX]Y
KPBILIKOW U OCHOBaHUEM. Kphllllka cueTdrKa 3arnedaTblBacTcs II10MO0H 3aBoj1a-
M3rOTOBUTEJS MPH MPOBEIECHUHN KATUOPOBKU U TECTUPOBAHUS CUETUHKA, A TAKKE
1oM00i1 ['occTaniapTa npu NpoOBEIEHUU MTOBEPKU CUETUMKOB FOCIIOBEPUTEIIEM.
Kppllika K1€eMMHHKAa MOKET OBITh OledyaTaHa JOMOJHUTENBHON MIOMOOH mpu
YCTaHOBKE CUETUYMKA CIIY>)KOaMU MECTHOro OHeproHaazopa. KpellKy cueTdnka

HCJIb34 CHATDH, HC CHAB CHAYAJIa KPBIIIKY KIICMMHHKA 0e3 HapYyIICHWA IJIOMOBL.

CaMoIMarHoCcTrKa 3JIEKTPOHHBIX Y3JI0B U KOMIIOHEHTOB.

DJIIEKTPOHHBIE Y3JIbl CYETUHUKA MOJI YIIPABICHUEM €r0 MPOrPAMMHBIX CPEACTB
MOABEPratoTCs CaMOAUArHOCTUKE Kaxaple 24 yaca. [Ipu 3ToM mposepsiercs pa-
00Ta BCeX OCHOBHBIX Y3JIOB CUETUMKa AJjb(a: BCTPOCHHON OaTtaper, MUKPOIIPO-

1eccopa, mamsTH, BHYTPEHHUX HMHTep(dericoB, paboTa CETMEHTOB AUCIUICS U T.I.
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BrisBiennas HCUCIIPABHOCTD BLI3BIBACT ITOABJICHHUC HA JUCILICC CUETUYMKA COO6HIG-

HHUE 00 OIIMOKE.

CueTunk Anbda 3aIuCchIBaCT B IaMSATh KOJMYECTBO BCEX OTKIIFOUCHUI MATAHUS
(1o 9999 oTkioYeHU), a TAKKE BpeMsl M JJaTy Havalla ¥ KOHIIA TOCJIEHEr0 OT-

KIIIOYCHMA ITMTAaHM .

CueTunK XpaHUT KOJIMYECTBO COPOCOB MOIIHOCTH (10 99), KOTOpBIE NMENN Me-
CTO C MOMEHTA MOCJIEAHETO NEPENpOorpaMMUPOBaHts cueTdynka. B mamsatu cuer-
YHKa XPAHUTCS TAKXKE KOJUYECTBO JHEHN ¢ MOMEHTA IocieIHEro copoca MOIIHO-
CTH, a B ClIyyae padOThl CYETUYNKA B MHOTOTapU(PHOM pEKUME U JaTa MOCIETHETO
copoca MomHocTy. CUETUUK 3aMUChIBAET O0LIEEe KOIMYECTBO 0OpallleHUi K HEMY
yepe3 onTU4Yeckuil mopt (10 99), a Takxke MOCIEIHIO ATy MepernporpaMMHUpoO-
BaHUS U J1aTy, KOTJa KaK1e-1100 TaHHbIE B CAMOM CUETUMKE ObUTH NU3MEHEHBI.

[IpocMOTp KypHaa CBsA3€H OCYIIECTBISIETCS ¢ IOMOILBIO TPOrPaMMHOI0 00ec-
neueHuss EMPPDBI18.

Cuérunku Anbda KaauOpyrTCsS Ha aBTOMAaTUYECKOM KaJIMOPOBOYHOU CTaH-
uun npennpusatuss Abb BOW Merponuka. 3akazuvk MPHOOpETaeT CUYETUYUKHU
Anbda yxe noBepeHHsle ['occTaHIapTOM U JOMOJIHUTEIBHO ATy ONEpalvIo OIUIa-
YUBaTh HE HAJ0. MEKIIOBEPOUYHBIN MHTEPBAJ CUETUHKA - § sIeT. Clie Ty Ioyto mo-
BEPKY MOKET OCYLIECTBUTh MECTHOE OTJIEJIEHHE DHEPTOHAA30pa WIN ClIEHUAIN3HU-
POBaHHBIE CEPBUCHBIE LIEHTPHI, co3naBacmbie Abb BOW Merponuka, ¢ npusiede-
HUEM crienuanucToB ['occrannapra.

Jlnst moBepku cYETUYMKOB Asb(pa MPUMEHSIETCS CTaHAAPTHOE MMOBEPOYHOE 000-
pyaoBaHUE ¢ 00pa3OBbIM CUETYMKOM Kiacca TouHocTH 0,05. [lng noBepku cuér-
4uKOB AJsb(pa Ha MECTE€ YCTAaHOBKH HCIIOJIb3YETCSl 0Opa3loBblil CUETUUK Asb(a
kJacca Tounoctu 0,1, Beimyckaembliii Ha 3aBojie Abb BOU Metponuka B Mockae.
[Tomo6HbIE cXeMHBIE PEUICHUs U IEPEUYCHb PEIIaeMbIX 3a]a4 Pealn30BaHbl U B

npyrux nuppoBeix cuerunkax nekrposHeprun: COT 4 Bcex mogudukanuii, CE
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Liudporoii HMupukatop HMuaukaropel TexcToBbie

WJEHTH(DHUKATOp  PpeKUMa HANPDKEHHS UJEHTH(DUKATOPDI

\

OO0 \T 3 3 TARIFE|1234
88880 %QZTAET [r@umlmfx

a@ TOTAL
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e

EOI P=0

HHaukaTop oTobpaxaeMoii CrpenoyHbie Hnentuduxarop
BENMYMHbI (8 paspsaioR) HACHTH(PUKATOPBI U3MepAeMOH
(1+6) MOLIHOCTH/HEpruu

Puc.1.3 XKuakokpuctannuyeckuin uHaukaTop

KOHTpOJIBHBIC BOIIPOCHI

1. Ha xakue rpymnmsl Hoapa3ieistoTcs dJEKTPOHHbIE aHaJIOTrOBbIE IPUOOPHI?
2. Ilepeuncnure OCHOBHBIE ()YHKIIMOHAIBHBIE Y3JIbl HU(PPOBBIX U3MEPUTENbHbBIX
pubopoB.?
3. Kak n3MeHs10TCs XapaKTepUCTUKHU LU(PPOBBIX U3MEPUTENIBHBIX TPUOOPOB
IIpU IPUMEHEHUH B HUX MUKPOIPOLECCOPOB?
4. Jloctouncra LINII?

5.Henocrtatku LIAII?
6.Dyk1oHaNbHBIE BO3MOXKHOCTH cueTurka «EBpoanbhan?
7. Kakue nnTepdeiicsl ncmosb3yroTes B cueTunkax «EBpoanbdan?
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