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YcrpoiicTBa cheMa B MeIMIIUHCKOM annapare: 3JIeKTPOAbI

Dnekmpoosl — 3TO TPOBOJAHMKH CIICIIUATBHON (DOPMBI, COSTUHSIONINE U3MEPUTEIBHYIO 1IeMb C
Ouonornueckoi cucremoil. Ilpu O@arHOCTHKE SJEKTPOABI HCIONB3YIOTCS HE TONBKO Uil CheMa
3JIEKTPUYECKOr0 CUTHAJIA, HO U JIJIS TIO/IBEJICHNS BHEIIHET0 3JIEKTPOMArHUTHOTO BO3ACHCTBUS (HalIpuMep,
B peorpadum). B MemuiuHe 3JEKTPOIBI HCHOIB3YIOTCS TAKXKE JUIS OKA3aHUS JJIEKTPOMArHUTHOTO
BO3JICUCTBHUS C IEJIBIO JICUCHHUS M [IPHU AIEKTPOCTUMYIISIHH. [2]

MHorue MeKO-OnOJIOTHYECKHE XapaKTEPUCTHKH HENIb3S «CHSTHY JJIEKTPOJAMH, TaK KaK OHHM HE
OTpa)karoTcsi OMODJIEKTPHUYECKUM CHUTHAJIOM: JIAaBJICHHWE KPOBH, TEMIIEpaTypa, 3BYKH cCeplala M MHOTHE
npyrue. B HEKOTOpBIX Cilydasx MeEIuKO-Ouosiorndyeckass MH(OpMAIMs CBsi3aHAa C 3JIEKTPUYECKHM
CHTHAJIOM, B 9THX CITy4asix UCTIONB3YIOT JaTYNKH (U3MEPUTEIbHBIC PEoOpa3oBaTeln).

K snextponam npeabsABIsiFoTCs mpefosanus:

- OHH JIOJKHBI OBICTPO (PUKCUPOBATHCS U CHUMATHCS

- IMETh BBICOKYIO CTAOMIILHOCTh JJIEKTPHUECKUX TTApaMeTPOB;

- HC MCKaXaTh CUT'HAJI,

- HE pa3apa’kaTh OMOJOTHYECKYIO TKaHb M T. II.

Baxnas ¢u3mueckass nmpobieMa, OTHOCSIIASACS K DJIEKTPOAaM Ui CheMa OMO3JIEKTPUYECKOTO
CHTHalla, 3aKII0YaeTcss B MUHHMHU3AIMH TIOTEPh IMONE3HONH HWH(OpMAIHK, O0COOCHHO Ha IMEpexOHOM
COIPOTUBIIEHUH INEKTPOJ-KOXKa. DKBUBAIECHTHAs 3JIEKTPUUECKAsi CXeMa KOHTYpPa, BKJIIOYAIOLIEro B ceOs

OMOJIOTMYECKYI0O CHCTEMY MW 3JIEKTpOAbI, H300pakeHa Ha puc. 1.3 (E6m - 3.1.c. HCTOYHHMKA
OWOIOTEHIINAJIOB; T - COIPOTHBIICHNE BHYTPEHHUX TKaHEW OMOJIOTHMYECKON CHCTEMBI; R - CONpOTHUBICHHE
KOKH H DIIEKTPOJOB, KOHTAKTHPYIOIIMX ¢ Hel; KBX - BXOJHOE CONPOTHBICHHE YCHIHTENS
OMOTOTEHIINAIIOB.

W3 3axona Oma, mpemonaras, 4To CHjia TOKa Ha BCEX y4acTKax KOHTYpa OfnHaKoBa, umeeM [3]
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PI/ICYHOK 1.3 DKBHBaJICHTHAS QJICKTpHUYCCKas CX€Ma KOHTYpa, BKIIFOYAIOLICIO B
ceos 6I/IOJ'IOFI/I‘IGCKYIO CHUCTEMY U SJICKTPOABI

LUBII — 3JIC ucrouyHnka OMONOTEHIMAJIOB; T — CONPOTUBJICHHE BHYTPEHHHMX OpraHoB; R —
CONPOTUBIIEHUE KOXXU U 3J1EKTpooB; RBX — BXomHOe conmpoTrBIIeHNE YCUITUTEINS.

MokHO YCIOBHO Ha3BaTh NAJCHUE HAIPsDKEHUS HAa BXOAE YCWIMTENS IOJE3HBIM, TaK Kak
YCUIIUTEND yBENMUYMBAeT UMeHHO 3Ty 4yacTh J.J[.C. ucrounuka. [lanenne nanpspkenus Ir u IR BHyTpHn



OMONOrMUECKON CHCTEMBI U Ha CHCTEME 3JIEKTPOA-KOKa B 3TOM CMBICIIe Oecrone3no. Tak kak £0m 3aaaHa,
a MOBJUATH HA YMEHbIIIeHUE [r HeBO3MOXKHO, TO yBenuuuTh IR MOXXHO numis ymeHblieHueM R u npexae
BCEro YMEHBIIEHNEM CONPOTUBIIEHUSI KOHTAKTA JIEKTPOA-KOXKa.

Jid  yMeHbIIEHHS TEepEeXOAHOrO COMPOTUBIEHMS JJIEKTPOA-KOXKA CTaparoTcsi YBEIUYUTH
MPOBOAMMOCTE CpElbl MEKAY 3JEKTPOAOM M KOXKEH, MCIONB3YIOT MapjeBble cal()eTKu, CMOUYCHHBIE
(U3NOIOTUYECKUM  pacTBOPOM, WM  DJICKTPONPOBOISIIME MacTel. MOXHO yMEHBIIUTH  3TO
COIIPOTHUBJIEHNE, YBEIUYHUB IUIOMIAIb KOHTAKTa 3JIEKTPOI-KOXKa, T.€. YBEJIMYUB pa3Mep 3JIeKTpo/a.

[lo Ha3HAYECHUIO OBIIEKTPOIBI JUIS CheMa OWORJIEKTPUYECKOr'0 CHUTHAJa IOAPa3IeNsioT Ha
CJIEIYIOIHE TPYIIIbI:

- JUIsl KpaTKOBPEMEHHOTO MPUMEHEHUsI B KaOuHeTax (QyHKIMOHAIBHOW TUarHOCTHKH, HAIIPUMED,
JUIS Pa30BOT0 CHATHSA 3JEKTPOKAPAUOT PaMMBI;

- Ans  JUIMTETIBHOTO HCIONBb30BAaHHWsS, HANpUMeEp, TMpH TOCTOSIHHOM HaONIOJeHWUH 32
TSDKETO00ILHBIMU B YCJIOBUSIX MANAT HHTEHCUBHOM TEpaIiu;

- JUTSI ICTIONIb30BaHMS Ha TIOABM)KHBIX 00CIIENYyEMBIX, HAIIPUMEp, B CIIOPTUBHOMN MIIN KOCMUYECKOMN
MEIULINHE;

- JUTSI 9KCTPEHHOT0 TPUMEHEHU S, HAIIPIMEp, B YCIOBHUSIX CKOPOH IMTOMOIIIH.

B 3axmitoueHue paccMOTpUM YCTPOKWCTBO HEKOTOPBIX IJIEKTPOJIOB.

Jiig cHATHS 3JEKTpOKapAMOrpaMM K KOHEYHOCTSIM CIIEHUATIbHBIMA PE3NHOBBIMH JIEHTaMHU
MIPUKPEIUISIIOT JIEKTPOJIBI - METAJUTMUECKHE TIIACTHHKY ¢ kiieMMmamu 1 (puc. 1.4), B KOTOpBIE BCTABISIOT U
3aKPEIUISIOT IITHIPU KabOenel orBeneHuit. Kabenu coemuHsIOT 3JIEKTPOABI ¢ 3eKkTpokapauorpadom. Ha
TpyI¥ TAIEeHTa YCTAaHABIMBAIOT TPYAHON dekTpoy 2. OH yJepKuBaercss pe3HHOBOW MPUCOCKOU. DTOT
3IEKTPOJ] TAKXKE MMEET KIEMMY JJIS INTHIPS KaOessi OTBEASHUN.

Pucynok 1.4 YcTpoicTBO HEKOTOPHIX JIEKTPOIOB

B MHKpORIIEKTPOIHON MPAKTHKE UCHONB3YIOT CTEKISTHHBIE MUKPOAIEKTPOobl. [Tpoduns Takoro
aJIeKTposia M300pakeH Ha puc. 4, KOHUMK ero umeeT muamerp 0,5 mxMm. Kopmyc smekrpopa sBisercs
M30JIATOPOM, BHYTPH HAXOAWTCS TMPOBOJHUK B BUAE JIIEKTPONUTA. V3rOTOBIEHNE MHUKPOIIEKTPOIOB H
paboTa ¢ HUMHU TPEACTABISAIOT ONPEACICHHBIE TPYAHOCTH, OAHAKO TAKOM MHKPOAIIEKTPO] MO3BOJSET
MPOKaJIBIBATh MEMOPaHy KIETKHA U IPOBOJUTH BHYTPUKIIETOUHBIE HCCIIEIOBAHMS.

JlaTuuku

JaTyuKoM Ha3bIBaIOT YCTPOICTBO, Ipeodpa3yoliee U3MEPSIEMYIO UM KOHTPOIUPYEMYIO BEIUIUHY
B CUT'HAJI, YIOOHBIH AJIs epeayu, AajdbHelero npeoopa3oBaHusl WM perucTpau. J1aTamk, K KOTOpoMy
MOJBEICHA U3MEpUTEIbHAS BEINYNHA, T.€. IEPBBIH B N3MEPUTEIHHON LIENH, HA3bIBACTCS IIEPBUYHBIM.

B pamkax MeAMIMHCKOW 3JEKTPOHUKH DPACCMATPUBAIOTCS TOJIBKO TaKHE OAaTYMKH, KOTOPbIE
peodpasyoT U3MEPIEMYIO T KOHTPOJIUPYEMYIO HEINIEKTPHUUECKYIO BETMUUHY B JJIEKTPUUECKUI CUTHAIL.

Vcnonp3oBaHue 3JEKTPUYECKOr0 CHTHajla MPEANOYTUTENbHEE, YeM HMHBIX, TaK KaK 3JIEKTPOHHbIC
YCTpOICTBAa MO3BOJSIOT CPABHUTEIBHO HECIOXKHO YCHJIMBATh HX, IIE€PENaBaTh Ha PAcCTOSHUE H
peructpupoBaTh. JaTuuky NOAPa3AEIIOTCS Ha TeHEpaTOpHbIE U TapaMeTpHUYECKUeE.

I'enepaTopHble - 95TO JaTYMKH, KOTOpHIE€ MO BO3ACHCTBHEM H3MEPSAEMOr0 CHTrHala
HEIOCPEICTBEHHO FeHEPUPYIOT HAIPSKEHUE UIIH TOK.

[Tapamerpuueckue - 3TO JATYUKH, B KOTOPBIX 110 BO3ACHCTBHEM U3MEPSEMOI0 CUTHANA U3MEHSETCS
Kakoi-1m0o mapamerp. YKaKeM HEKOTOpbI€ THIIBI STHX JaTYMKOB M H3MEPSEMBI C MX IMOMOIIBIO
napamerp:

1) eMKOCTHBIE, EMKOCTB;

2) peocTaTHbIE, OMHYECKOE COMPOTUBIICHHE;

3) MHIYKTUBHBIE, UHAYKTUBHOCTH MJIM B3aWMHAasi UHIYKTUBHOCTb.



B 3aBucHMOCTH OT SHEPTUM, SBJSIOLIEHCS HOCUTeNeM MH(OpMalMY, Pa3iUyaloT MeXaHUYeCKue,
aKyCTHUYECKHE (3BYKOBBIC), TEMIIEPaTypHbIE, DIIEKTPUUECKHIE, ONTHUECKHE U IPYTUe JaTUHKH.

B HekoTOpBIX Cily4asx AATYMKM HA3BIBAIOT II0 U3MEPSEMOW BEIIMYUHE; TaK, HANPUMEpP, NAaTUYUK
JaBJICHHS, TEH30METPHUCCKUI JaTYMK (TEH30JaTUHK) - U1l H3MEPEHUS MepeMeIeHUs WU iepopmanuu u
T.1.

Xapaxmepucmuxa damuuxa — HyHKINOHAIbHAS 3aBUCHMOCTD BBIXOHOW BETMUMHBI O OT BXOIHON
X (onuchIBaeTCS aHATUTUYCCKU MU IPaQUUECKH).

OOBIYHO CTPEMSTCS UMETh JATYUK C JIMHEHHOH XapakTepucTHKOi o = kX, rae K — mocTosHHbIH
K03 puImeHT.

Yyecmeumenvrnocmsy  Odamuuka S — OTHOLIEHHE WM3MEHEHUS BBIXOAHOM BEIMYMHBI K
COOTBETCTBYIOLLEMY U3MEHEHHUIO BXOIHOM BEIUYUHBIL:

S = Ao /AX.

Ilpeden Oamuuxa — MaKCUMaJbHOE 3HAYEHUE BXOJHOM BEIUYUHBLI, KOTOPOE MOXKET OBITh

BOCITPHHSATO JIaTYUKOM 0€3 MCKaKEeHUsI U 0e3 TIOBPEeXICHH TaTuhKa.

IHopoz damuuxa — MUHUMAaIbHOE N3MEHEHUE BXOTHON BETMYMHBI, KOTOPOE MOXXHO OOHAPYKHUTh
JATYUKOM.

[pu paboTte ¢ gaTYMKaMu CleqyeT YYUTHIBATh BO3MOXKHBIE CIICM(PHUECKUE [T HUX TTOTPEIIHOCTH.
[IprurHamMu OTrpenrHOCTEN MOTYT OBITh:

- TeMIiepaTypHas 3aBUCUMOCTh (DYHKIIUH ITPe0Opa30BaHHUS;

- TUCTEPE3NC - 3alla3/IbIBAHHE Y OT X JAXKE IPH MEUICHHOM W3MEHEHUU BXOJHOW BEIUYMHBI,
MIPOUCXOAIIEE B pe3yIbTaTe HEOOPATUMBIX MPOIIECCOB B IATUHKE;

- HEMOCTOSIHCTBO (DYHKIIMU MPeoOpa3oBaHus BO BpEMEHHU;

- oOpaTHOe BO3EICTBHE JaTdyMKa Ha OHOJOTMYECKYIO0 CHUCTEMY, NPUBOAAIIEE K H3MEHEHHIO
MMOKa3aHuH;

- HHEPIIMOHHOCTH aT4rKa (MpeHeOpeKkeHne ero BpEMEHHBIMHI XapaKTePUCTUKAMHU) U JIp.

B 3akimroueHue OTMETHM, YTO [JATUMKU SIBISAIOTCA TEXHUYECKMMH aHaAJOraMu peUenTopoB
OMOJIOTUYECKIX CHCTEM.

IeHepaTopHbIe TaTYHKH
B reHepaTOpHBIX JaTYMKaX TOA  BO3JACHCTBHEM HM3MEPSIEMOH BEIMYUHBI TCHEPUPYIOTCS
MPOTOPITUOHAIBHBIC €l AIEKTPUUYECKE CUTHAIBL. AKTHBHAS BXOJIHAS BETUYMHA MOXKET BOCIIPUHHUMATHCSI
HemocpencTBeHHo. Hambonee wacto ymorpeOnmsembie maTduky: Tepmomapbl (1), Ter3omatauku (2),
HMHIYKIHOHHBIE (3), MOIYIIPOBOIHUKOBBIE BEHTUIIbHBIC (hoTO3IeMEHTHI (4). X cXeMbI MPEACTaBIICHbI Ha
puc. 1.
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K yemaatemno

Puc.1 Ilpumeps! OnoympaBiisieMbIX aKTHBHBIX 1aTYMKOB



B Tepmonapax_nmerotcsi ABa cmas, B KOTOPBIX COCOUHSIIOTCS JBa Pa3MUYHBIX MPOBOAHUKA WU
MOJTYNPOBOAHMKA. B KakOM U3 cmaeB CO3AalOTCs KOHTAKTHBIE PAa3HOCTH MOTeHHnHajioB. CymmapHas
pasHocTh norenuuanos ompenenser J/C tepmonapsl. DJIC mpomopuuoHagbHa Pa3HOCTH TEMIIEPaTyp
craeB &= K (T1-T2), rae K 3aBHCHT OT THNA COSMHACMBIX TPOBOJAHMKOB MJIH TOJIYIPOBOTHHKOB.

B TeH3onmatumkax ucmonb3yeTcs MpsIMOM Mbe303JIeKTpuyYecKuil 3¢ (QeKT - mpu BO3AEHCTBUU HA
HEKOTOpbIE KPUCTAIIbI (KBaplla, THTAHAT Oapusi M IPYruX) BHEIIHEW CHUJIOHN, B pe3yJbTaTe CTPYKTYPHOH
nmoJjigpru3any, Ha IOBEPXHOCTU 3TUX KPUCTAJIJIOB ITOABJIACTCA PA3HOCTDH IMOTCHIIMAJIOB, IPOIIOPIYOHAJIbHAA
MIPUJIOKEHHOM CHUIIE.

B WHAYKIMUOHHBIX JaTYHUKaX, HNpHU NCPEMCUHICHUN IMOCTOAHHOIO MarHuTa OTHOCUTCIIbHO KaTyHIKH,
BosHukaeT JJIC uHAyKInu, KoTopas onpezensercs no 3akony Papanes € = —AD/At. B xoHeuHoM Hutore
O/1C mponopimonanbHa CKOPOCTH TIEPEMEIIEHUS TOCTOSHHOTO MarHuTa.

B monynpoBoIHUKOBBIX BEHTHIIBHBIX (DOTOAJIEMEHTAX UCIONB3YIOTCSl KPUCTAIUIBI celleHa. BHyTpu
CENICHOBOW TUIACTHMHBI 32 CYET TEXHOJIOTMH HM3TOTOBJIEHHUS CO3[ACTCS 3alMPAOLIMiA CJIOH, KOTOpBIA He
MPOITyCKaeT OCHOBHBIX HocuTesel 3apsija. [Ipu ocBemeHnn GoTodeMeHTa B BEpXHEM CIIO€ BO3HHKAIOT
mapbl 3JIEKTPOH—IIBIPKA. 3a CUET 3allUparollero CJ0s OHU pasJeistoTcs, u obpasyercs ¢oro D/IC,
MPOMOPIIUOHAIEHAS CBETOBOMY TTOTOKY.

ITapameTpuyeckue JaTYNKH
[Mapamerpuueckrue NaTYMKW TMPEACTABISAIOT COOOW 3aMKHYTYIO SJIEKTPHUYECKYIO IIelb, B COCTaB
KOTOpOU BXOJST:
- ICTOYHUK MTOCTOSSHHOTO MJTH TIEPEMEHHOTO HaIPSHKEHUS,
- U3MEPUTENBHBIN TPHOOp (aMriepMeTp)
- M COTIPOTUBJIeHNE R, BEMYMHA KOTOPOTO MEHSETCS MPONOPIIOHATBHO H3MEHEHUIO U3MEPSIEMOT0
HEDJIEKTPUYECKOTO CUTHAJIA OPTaHU3Ma.
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Puc.2 Cxema mapamMeTpuiIecKux TaTYNKOB

ITo 3akony OMa MpOMOPIIMOHATBEHO M3MEHSETCS M TOK B IIEMH, MOATOMY IIKala U3MEPUTENEHOTO
npubdopa rpaxynupyercs B eAMHUIAX H3MEpsSeMON HEANICKTPHIECKON BETHIHHBIL.

ITo BuIy CONPOTHBIICHNS TAPAMETPUIECKHE JATYNKH MOIPA3IEISIIOTCS Ha CIEAyOLIHe:

- pe3UCTHUBHBIE (PEOCTATHBIC),

- eMKOCTHBIE,

- HHyKTHBHBIC

- KOHTaKTHBIE.

B pe3ucTHBHBIX TaTYMKaX UCIIOIB3YIOTCS:

- aKTHBHOE TMIEPEeMEHHOE CONpPOTHBJICHHE (PeocTarT), IBIKOK KOTOPOro IIepeMemniaeTcs
MPOITOPIMOHATFHO MEXaHNIECKOMY ITepEMEIICHHIO OPTaHOB Tejla YEIOBEKa;

- TEPMOPE3HUCTOp, BEIMYMHA KOTOPOrO MEHSETCS NMPONOPIHOHAIBHO TEMIIEPAType H3MEepseMOoro
o0beKTa;

- (hoTOpE3UCTOP, €ro COMPOTHBICHUE MEHSETCS ITPU M3MEHEHHH CBETOBOT'O TIOTOKA;

B KayecTBE CONPOTHBICHUS MOXHO IOJKIIIOYATh HEMOCPEACTBEHHO TKAaHW OpraHu3ma. B sTom
ciydae u3MepsieTcss uMmenaHc (o0Iee COMpOTUBICHHE TKAaHNU TIEPEMEHHOMY TOKY).

B eMKOCTHBIX IaTYMKaX CONPOTHBIICHUEM SBIISIETCSI KOH/IeHcaTop. Kak M3BECTHO eMKOCTh
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KOHJIEHCaTopa onpezensiercs GopMynon C=

1

a BEIIMYNHA CMKOCTHOI'O COIPOTUBIICHUSA (nepemeﬁﬂomy m0Ky) XC =

(@ - yurauueckas wacmoma nepemeHHo20 MoKa)
Takum 00pa3oM, €MKOCTHOE CONPOTHBIICHHE OYAEeT MEHSATHCS NMPU H3MEHEHHUH OTHOCHUTEIHHOMN
TDIIEKTPUYECKON TPOHHUIIAeMOCTH (g), Tuiomanu mactuH (S), paccrosHus Mexay mactuHamu (d).



Bennunna 3THX mapaMeTpoB MeHsieTcs, TM00 MPH MEXaHWYECKOM MepeMelIeHIH YacTel Tena, 1100 mpu
W3MEHEHUH BIAXKHOCTH U TEMIIEPATYPBI CpeAbl MEKY TUIaCTHHAME KOHJICHCATOPA.

B MHAYKTHBHBIX AaTYMKax MPUHLMI ACHCTBUS OCHOBaH Ha M3MEHEHUHM MapaMEeTPOB MarHUTHOI'O
MOJIsl, CO374aBaeMOro KaTYIIKOH WHAYKTUBHOCTH BHYTPM JaTdyuMKa. Mcmome3yercss KaTyIiKa C
(deppoMarHuTHEIM cepaedHuKoM. Ee wHayktuBHOCTH (L) 3aBHCHT OT MarHMTHOW MPOHHIAEMOCTU
cepaeyHuKka (), yMcia BUTKOB Kartymku (n), pasmepoB katyukd (d, |). Benuumna wHIyKTHBHOTO
CONPOTHUBJICHUS onpeaensercs: popmynoi X = oL.

B KOHTaKkTHBIX JaTYMKax BMECTO COMPOTHUBIICHUS HCIONB3YIOTCS JBa KOHTaKTa, KOTOpPHIE
3aMBIKAIOTCSl MM Pa3MBIKAIOTCS TIPU TIEPUOJMYECKOM JBHKEHUH, HAIpUMEp, NMPH U3MEHEHUH Pa3MepOB
TPYJHOM KIIETKH IPH BJOXE U BBIIOXE.



