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BBEJIEHUE

Oxpy>Karomuii Hac MUP MOXKHO pa3ZeinTh Ha JIBE YACTH: MTPH-
poaa u OOBEKTHI, CO3/IaHHBIE YEOBEKOM. EcTecTBeHHBIE CEHCOpHI,
KOTOPBIMU CHA0EH JIt00O0 KMBOW OpPraHu3M, OOBIYHO PEarupyroT
Ha DJIEKTPOXMMHYECKHE CUTHAJBL, T.e. UX (PU3MYECKUH MPUHIIHUI
JeWCTBHSI OCHOBBIBAETCSl Ha Tepelade HOHOB B HEPBHBIX TKaHAX. B
CHCTEMax K€, CO3JITaHHBIX JIFOJIbMH, B TIepejaue CUTHAJIOB Y4aCTBYIOT
ANIEKTPOHBI. SI3bIK OOILIEHHS 3/1eCh — JJIEKTPUYECKUE CHTHAIBI, B
KOTOpBIX MH(opMaNys, epegaercsl Mpu MOMOIIN 3JIEKTPOHOB, a He
noHoB. [IpaBaa, cieqyer OTMETHTh, YTO B ONTHYECKHX CHUCTEMaXx
cBs13u MH(opManus nepegaercs yepe3 GOTOHBI.

B nanHOM yueOHOM mocobum OynyT paccMaTpuBaThesl GU3M-
YecKre TPUHIMIIBI TPeoOpa3oBaHms CUTHAIOB M JTATUYMKH, KOTOpPHIE
MOT'YT OBITh TOAKIIOYEHBI K U3MEPUTENBFHON CHCTEME NP MOMOIIN
ANEKTPUIECKUX MTPOBOAOB.



1. OCHOBHBIE CBEJEHMUS O JATUNKAX
1.1. OcHoBHBIE TOHATHSA

OpHMM W3 BaXHEHIIMX s U3MEPEHHH MOHATUHN SBJISAETCS
MOHSTHE U3MEPHUTEIHLHOT0 NMPe0dpa30BaAHUS.

WzmepeHuem sBisieTcs MOo3HaBaTENbHBIN MPOLECC MOMyUSHHUS
KOJTMYECTBEHHON HHpOpMaK 00 00bEKTE, KOTOPBIM MOKET CITy-
XKHUTb MIPEAMET, (pusnveckas cucTema, siBieHue U T.7.

OOBeKT u3MepeHus J0KEH 00J1aaTh OJIHUM WIIM COBOKYTI-
HOCTBIO XapaKTEPU3YIOLINX €r0 CBOMCTB, MPEACTABIISIONINX HHTEPEC
JUTSL TIOJTy4aTessi KOMIMYeCTBEHHOW HH(POPMAITHH.

OnHO M3 TaKWX CBOWCTB (PM3UUECKOro 0OBEKTa (B IajbHEH-
1eM 00bEKT), 00Iee B KAUECTBEHHOM OTHOILICHUHU JIJII MHOTHX 00b-
€KTOB, HO B KOJIMYECTBEHHOM OTHOIICHHH MHIUBHIyalbHOE JJIsI Ka-
JKIOT'0 M3 HUX, Ha3bIBaeTCs (pU3MYecKO BeJIMUYHHON (WM TIPOCTO
BEJIMYHHOM ).

duznyeckass BeJMYHHA, TOUIeKANIas H3MEPEHHUIO, H3Me-
pAeMasi U U3MEpPEHHasl B COOTBETCTBUM C MOCTABJIEHHOW 3aJavei,
MMeHyeTCcsl u3MepsieMoll (u3nyeckoil BeJMYHHOW (MU TPOCTO
nu3MepsieMoii BeJTHunHoil) [1].

s konuuecmeenno2o Gulpajdcenusi Kaxicoou usmepsemol Ge-
JIUYUHBL CLYHCUM COOMBEMCMBYIOWAs eOUHUYA USMEPEHUs, m.e. ma-
Kas oce usuueckas GeiUduUHd, HO KOMOPOU NPUCBOEHO HYUCL080e
3HaueHue, pasHoe eOuHuUYe.

Yucno moiexanmx HU3MEPEHUI0 MEXaHHUYECKHX, TeIlIOBBIX,
ONTHYECKUX, aKyCTHYECKUX U TIP. TaK Ha3bIBAEMbBIX HEINEKTPUIECKIX
BEJIMYHMH, MHTEPECYIOIIMX HAaYKy M IPOM3BOJCTBO, B HACTOsIIEE
BpeMsi BO MHOT'O pa3 MPEBBILIAET YUCIO BCEX BO3MOXKHBIX DIIEKTPH-
YECKUX U MarHUTHBIX BEINYHH.

WzMmepeHust ocymecTBISIOTCS CIIEIUABHO MpeAHa3HAYeHHBI-
MU JUISI 9THX IIeJIeld TEXHUYECKUMH CPEACTBAMHU, HMEHYEMbIMU CPE/l-
CTBaMU W3MEPUTEIHHON TEXHUKH, IPUYEM OCHOBHAS «H3MEPHUTENb-
Hasl Harpy3Ka» JIOKUTCS Ha CPEACTBO M3MEPEHUH, T.e. HA TEXHHYe-
CKO€ CpEJCTBO, MpeAHa3HAYeHHOE ISl U3MEPEHUI U NMeroIee HOp-
MHUpPYEMbIE METPOJIOTHUECKHE XapaKTEPUCTUKH, MOJ] KOTOPBIMHU MO~
pa3yMeBaloTcs yCTaHABJIMBAEMbIE HOPMATHBHO-TEXHHUUYECKHMHU JIO-



KYMEHTAaMU CBOMCTBA CPEICTBA HM3MEPEHHM, BIUAIOIIME Ha IIOJY-
YJaeMblil pe3yJabTaT U €ro I0CTOBEPHOCTbD.

OTU ke CBOWCTBA, ONpeAeiseMble IKCIEePUMEHTAIbHO, HMe-
HYIOTCA [1eHCTBUTEJBHBIMH MeTPOJOTHYECKHMH XapaKTepH-
CTHUKAMU.

Yamie BCero B MHXCHEPHOU IIPAKTUKE HAM ITPUXOAUTCSI UMETh
JIENI0 C TAKUM CPEJICTBOM WU3MEPCHHMIA, KaK M3MEPHUTEIbHBIN TIPUOOp.
CyllecTByeT OrpOMHOE KOJMYECTBO Pa3HOOOPA3HBIX MPUOOPOB st
WM3MEpPEHUN U AJIEKTPUUECKUX, M HEIJEKTPUUECKUX BEJIIWYHNH, TaKHe
KaK TEpMOMETPBI, BEChI, aMIIEPMETPHI, BOJIBTMETPHI, CYETUUKH IJIEK-
TPUYECKON SHEPTHH, Yachl M J1aXKe XPOHOMETPHI.

WzmepuTenbHbIi TpuOOp TEM MM MHBIM CIIOCOOOM BOCHPH-
HMMaeT U3MepseMyI0 BeTUYHHY, B pe3ynbprate Mbl moiaydaeM OTO-
OpaskeHHOE B JIOCTYNMHOW HaMm ¢opme (OTcUeT MO mIkaje, nudpsl Ha
JHcIUIee, AarpaMMa Ha JIGHTE CaMONMIIYIIero mpuoopa U mp.) 3Ha-
YEHHE U3MEPSIEMON BEIMYMHBL. B TedeHMM 3TOro mpouecca HMEKT
MECTO OFHO MJIM HECKOJIBKO HW3MEpPHTeJbHBIX NMpeodpa3oBaHMii,
KOT/1a BXOHAsl U3MepsieMasi BeJIMYMHA Ha BXoJle nmprubopa mpeoo-
Pa30BBIBaeTC B BBLIXOAHYIO BeJIMYUHY Ha BBIXO/IE.

[Ipu >TOM OYEHb Ba)KHO OTMETHUTH, YTO [0 MEpPE HAIlero Mmpo-
JIBMOKEHUS CO BXOJIa Ha BBIXOJI U3MEPUTENILHOTO Mprbopa npeodpaso-
BaHUS OMHOW (DU3MYECKON BEIMYMHBI B JPYTYIO0 COMPOBOXIAIOTCS
COOTBETCTBYIOIIMMH MPEOOpPa30BaHUSMH SHEPTUH, ONPEACIISIONINIMHI
MIPUHILIMIT JIeMCTBHSA JAaHHOTO cpencTBa m3MepeHuil. OHaKko 3Hepre-
THYECKHE MPpeoOpa3oBaHus - Hen30eKHas JaHb, KOTOPYIO IPUXOIUT-
Csl IJIATUTH 3a MONy4YeHNe KOJMUeCTBEHHOH HHpopManuu 00 0ObeKTe
n3Mepenus. [1oTOk SHePruu CKBO3b M3MEPHUTEIBHBIA MPUOOP - 3TO
JIUIIb TEPEHOCYNK M3MEePUTEJBHOI0 CHIHAJIA, COEpIKAIEero Koau-
YEeCTBEHHYIO MH(pOpPMaio 00 u3mMepseMoll (pU3MUecKoi BeTHYUHE.
OueBUIHO, YTO NP B3aUMOJICHCTBHH CPEIICTBA U3MEPEHHI ¢ 00hEK-
TOM U3MEpEHHH cleqyeT COOMI0AaTh MPUHIIMII «HE HaBPEIU YUCTOTE
JKcrepuMenTal» JTo 03Hauyaer, YTo BXOJHAS YacTh HAIIEro U3MepH-
TENBHOr0 MpUOopa AOKHA MUHUMAJIBLHO BO3JCHCTBOBATH Ha HM3Me-
psieMblii 00BbEeKT. B naeanbHOM citydae 3TO 03Ha4asio Obl OTCYTCTBUE
oTOopa PHEprum OT 00BEKTa, HO 3TO (hMU3MUECKH Hepeaausyemo. [lo-
3TOMY HaJI0 CTaparbcs MO0 BOZMO)KHOCTH HE BMEUIMBAThCA BXOJIHOU
4acThIO CPEJICTBA U3MEPEHHH B Cpey 00beKTa U3MEPECHHS.



Takum o0pa3oM, AJsl TOTYYEHHUS] KOJTMYECTBEHHOH MH(pOpMa-
nuu 00 O0beKTe M3MEpPEeHUsT HY)KHO BBIOpaTh Hambolee MOAXOIs-
Iy (U3NYECKYI0 BEIMYUHY, SBISIOUIYIOCS HHTEPECYIOIIMM Hac
CBOMCTBOM 3TOr0 00BEKTa, ONPEACTUTHCS C TPEOYEMBbIM CPEICTBOM
WU3MEepeHHiH M 03a00TUTBCS XOPOIIO TPOIYMAaHHOH «CTHIKOBKOM»
BXOJHOW 4yacTu mpubopa ¢ 00bEKTOM H3MEPEHUH C Y4ETOM BhIIIe-
YIIOMSIHYTOr0 NpuHImna. [Ipu cobiaroneHnn 3TUX yCIOBUI MBI TIPU-
oOperaeM YBEpEHHOCTh B TOM, YTO (M3MYECKas BEIMYUHA ITyTEM
OJTHOTO WJIM HECKOJIIbKUX M3MEPUTENBHBIX MPeoOpa3oBaHUi C MOMO-
HIBI0 TIEpelaBaeMoOro ¢ BXOJa Ha BBIXOJl M3MEPUTEIHLHOrO CHUTHaja
0TOOpa3uTCs B BUJE pe3ybTaTa U3MEPEHUH, HIMEHYeMOro 3HAYeHH-
eM (pu3n4ecKol BeJIUYHUHBI.

Bce oTHOCHTENEHO TPOCTO, TOKA U3MEPSIETCS O/IHA BETUYHHA,
MPAKTUYECKH HE MEHSIOIIASCS B MPOIecce U3MEPEHUs, 1a elle, CITH
HeoO0xoarMa nH(GOPMAIUs O CBOWCTBE 00BEKTA JIMIIb B OJJHON TOYKE
WIH B €€ OKPECTHOCTH. A KaK OBITh, €CJI HY>KHO OZJHOBPEMEHHO BO
MHOTHX, Pa3HECEHHBIX TOUKaX MPOCTPAHCTBA HM3MEPATH COBOKYII-
HOCTb pa3HbIX (PU3NYECKNX BETUYMH, IPHYEM HETTOCPEICTBEHHBIN
JOCTYH K OOBEKTY H3MEPEHUS IKCIIEPUMEHTATOPY HE pa3pelieH
(HampuMmep, TOMEHHAs Tledb UM ATOMHBIM peakTop), Aa U caMu (u-
3MYECKUE BETMUUHBI JOCTATOYHO OBICTPO U3MEHSIOTCS B XOJI€ BBI-
MTOJTHEHMSI DKCTIepUMeHTa?

B a1HX cnydasx cpencrsamMu U3MEPEHUH CIIy>KAT yKe H3MepH-
TeJbHbIE CHCTEMBI (2 He TIPUOOpPBI), IPEACTABISAIONINE COO0I COBO-
KyIMTHOCTH (YHKIHOHAJIbHO OOBEJUHEHHBIX CPEACTB H3MEpPEHUH U
JPYTUX TEXHHYECKUX CPEICTB, pa3MENICHHBIX B Pa3HBIX TOUKaX 00b-
eKTa U3MEPEHUs, a YacTo, KpoMe TOr0, yIaJIeHHBIX JPYT OT Apyra Ha
3HAYUTENbHBIE PACCTOSHUS, YTO NPUBOJUT K HEOOXOIUMOCTH HC-
MOJIb30BAaHUSI KaHAIOB CBA3U (MM Tiepenadd HH(OpMAIUK) MEXIy
HUMH.

WmeHHO 371€Ch YMECTHO MTO3HAKOMHUTBCS C ABYMS TIOHSTHSMH,
KOTOpbIC OKa)KyTCsI BeChbMa T0JIE3HBIMU B JasbHeieM [1, 2]:

. COBOKYITHOCTH SJIEMEHTOB CPEIICTB M3MEPEHUH, 00pa3ylo-
IIMX HENpEpPBIBHBIA MYTh NPOXOXKICHUS H3MEPHUTENBHOTO CHTHaja
OJIHOW (U3NYECKOW BETMYMHBI OT BXOAa JO BBIXOJA, HA3bIBAETCS
U3MepPHUTEIbHOI Lenblo;

. W3MepUTeNbHAS [eTlh U3MEPUTENbHOM CUCTEMBI Ha3bIBacT-
Csl H3MEPUTEJbHBIM KAHAJIOM.



Ot 00beKTa u3MepeHHi KaKk UCTOYHHKA HH(POPMAIMH K dKCIIe-
PUMEHTATOPY KaK K MOJb30BATEN0 3TOH MH(POPMAIIUU BBIMOIHICTCS
psia mpeobpazoBaHuii, (QOPMHUPYIOUIMX MPOIECC W3MEPEHHI, a HC-
MOJIb3yEeMOE CPEACTBO M3MEPEHHH (MM MX COBOKYITHOCTH) COCTOUT
13 LEMOYKH (M3MEpUTENbHON e ) H3MePHTeIbHBIX Mpeodpa3oBa-
TeJield, OJIMH U3 KOTOPBIX, HEMTOCPEACTBEHHO CBSA3aHHBINA C 00BEKTOM
W3MEpEeHHsI, Ha3bIBACTCS MEPBUYHBIM H3MEPHTEIbHBIM NMPeodpaso-
BaTeJIeM.

Taxum obpasom [1, 2, 3, 4]:

* TEXHUYECKOE CPEACTBO C HOPMHUPOBAHHBIMH METPOJIOTHYE-
CKUMH XapaKTepUCTHKaMU (T.€. TOXKe SBJISIOIIeecs OJHON U3 pa3Ho-
BUIHOCTEH Cpe/ICTB U3MEPEHHUIN), CIysKallee Ui IpeoOpa3oBaHus U3-
MepsieMOH BETMYMHBI B IPYTYIO BEJTHUHHY WU U3MEPUTEIBbHBINA CHT-
HaJl, yIOOHBIA 17 0oOpaOOTKH, XpaHEeHWs, AAJIbHEHIINX Mpeod-
pa3oBaHMii, MHAWKALMH WA Tepeladd, Ha3bIBaeTCs H3MePHTeIhb-
HBIM npeodpazoBatenem (UII);

* M3MepUTENbHBIN MpeoOpazoBaTesb, HA KOTOPBIH Hemocpe-
CTBEHHO BO3JEHCTBYeET m3MepsieMas (pu3ndeckas BEIMUHHA, T.€. Tep-
BBII ITpeoOpa3oBaTeNlb B M3MEPHUTENHHOM 1Ny (KaHaia) CpeicTBa u3-
MEpEeHUH, Ha3bIBaeTCsl NMepBUYHBIM H3MEPHTEIBHBIM Tpeodpa3o-
BaTeJieM WJIH MPOCTO NMepBUYHBIM npeodpa3oBartenaem (IIII).

OynkunonnpoBanne WUIT Gasupyercss Ha UCIIONB30BAaHUU Pa3-
JUYHBIX (U3UYECKUX dPQPEKTOB U SIBICHHUM, a TaKKe BapuaHTax HX
KOHCTPYKTHBHOT'O UCTIOJTHEHUSI.

B uwactaoctu, [T MoryT OBITE BCTPOEHBI B M3MEPUTENbHBIN
npubop MM M3MEPHUTENBHOE YCTPOMCTBO, a TAKXKe KOHCTPYKTHBHO
obocobnensl. B mocneanem ciydae takoi II1 sBisiercss cocraBHOM
4acThlo MprOOpa, KOTOPBIHA HAa3bIBAETCS AATYHKOM.

JaTuuky MOMYYHIIM IIHPOKOE PacpOCTpaHEHHE HE TOJBKO B
CpelCcTBax U3MEPEHUH, HO U B YCTPOUCTBAX YNpPaBIIeHUsI, CUTHAIN3a-
LUK, OXPaHbl, OOHAPY>KEHHS PA3TUYHBIX O0BEKTOB.

B OCHOBHOM JaT4YMKH - 3JIEMEHTHl M3MEPUTENBHON TEXHHUKH,
UMEIOIIME TapaHTHPOBAHHBIEC, COXPAHSAIONIMECS B TEUEHHE OIpere-
JICHHOTO MHTEpBaJla BpEMEHH METPOJIOrHUYECKHE XapaKTEPUCTUKH.

OTMeTHM, YTO ATYUK HE TOJNBKO «IaeT» MH(OpMAaIHIO, HO U
BOCIIPHHUMAET U3MepsieMyI0 (BXOIHYI0) (GU3NYECKYI0 BEIHMYUHY OT
00beKTa U3MEpPEHHs, UTpasi TP 3TOM POJIb CBOCOOPA3HOTO «IpHe-
MoliepeaTInKay.



CrenoBaTeNnbHO, B IaTUYMKE PeaTU3yIOTCs TPH mpoiecca [1]:

® gocnpusmue 6X00HOI Pu3UYECKOUl 6eTUUUNDL,

® ee npeodpazoeanue 6 NPOMEHCYMOUnYI0 (Uau dce cpaszy
Jce 6 GLIXOOHYIO) GeTUUUNY MO JHce UNU UHOU hu3uyecKoil npu-
poobt,

o dopmuposanue usmepumensnozo cuzHanNd, NEPeOABAeMo0
600716 U3MEPUMENbHOTL YEnU, CONPAZAEMOUL C OAMYUUKOM.

TakuMm 00pa3oMm, Odamuuk — mo ycmpoiicmeo, 60CHPUHU-
Maroujee 6Heuinue 6030elicmeus (UaMepAemMyIo 6enUduUny) u pea-
2upyrouiee Ha HuUX U3MeHeHuemM I1eKMPUYecKUX CUZHA08.

[lox TepMuHOM 6Heutnee 6030eiicmeue TTOHUMAECTCS KOJIHYe-
CTBEHHAs XapaKTepHCTHKa OOBEeKTa, ero CBOMCTBO MIIM KayecTBO,
KOTOpbIe HEOOXOJMMO BOCIIPUHATh M MPE00pa3oBaTh B JICKTpUYEC-
ckuii curnan. TepMuH uzmepsaeman eenuyuna, IMeeT aHAIOTHYHOE
3HAa4YCHUE, OTHAKO B 3TOM TEPMHUHE JeNaeTcsi aKIEeHT Ha KOJINYecT-
BEHHOH XapaKTepUCTUKE CEHCOPHOU (YHKIINH.

Haznauenne naTYMKOB — peaklvs HAa ONpEAEICHHOE BHEII-
Hee (u3HyYeckoe BO3JEHCTBUE M MPpeoOpa3oBaHUE ero B dJEKTpHUe-
CKHUH CHTHaJl, COBMECTUMBIN C M3MEPUTEIBHBIMU cXxeMaMu. Jpyrumu
CJIOBaMH, MOXKHO CKa3aTh, YTO JJATYUK — ATO Mpeodpa3zoBaTenb (hu-
3MYECKOM BETMYMHBI (YACTO HEIIEKTPUUECKOH) B 3JIEKTPHUYCCKHMA
curHai. [Tox TepMHUHOM s1ekmpuiecKuti cueHal TOHUMAETCs] CUTHAII,
KOTOPBIA MOXET OBbITh NMPEoOpa3oBaH MPU MOMOIIM 3JCKTPOHHBIX
YCTPOMCTB, HANPUMEp, YCUJIEH WJIM NepelaH MO JIMHWUU Iepenad.
BBIXOJHBIMH CHUTHallaMHM JTATYMKOB MOTYT OBITh HAIPSDKEHUE, TOK
WIH 3apsijl, KOTOpbIE OMUCHIBAIOTCS CIEAYIONIMMU XapaKTepHCTHKA-
MH: aMIUTUTYIOW, 4acTOTOH, (a3oil mimm muppoBBIM KOAOM. DTOT
HA0Op XapaKTEePUCTUK HA3BIBACTCS (POPMAMOM GbIXOOHO20 CUSHAA.
Takum 00pa3oM, KXl JaTUMK XapaKTepPU3yeTcs HaOOpOM BXOj-
HBIX TIapaMeTpoB (000 (PU3NUEcKOH NpUPOAbI) U HAOOPOM BHI-
XOJIHBIX 3JICKTPHUYECKU TapaMeTPOB.

Jlroboii maTumk sBiseTcss MpeoOpaszoBartelieM JHepruu. BHe
3aBHCUMOCTH OT THIIAa W3MEPSEMOH BEIMYMHBI BCErNla MPOUCXOTUT
nepenavya 3HEPrHUM OT MCCIeqyeMoro oobeKTa K JaTtduky. Pabora
JaTUMKa - 3TO OCOOBIN Cllyyall epenadyn HHPOpPMaIny, a Jroast e-



penava uHpOpPMALUU CBsi3aHa C mepenadeid dHeprun. OUeBHUIHBIM
ABIIsieTCsl TOT ()aKT, YTO IepeAaya dSHEPIUHd MOXKET NMPOXOAUTH B
JIBYX HampaBJlICHUSAX, T.€. OHa MOXKET ObITh KaK MOJOKUTEIBHOM, TaK
W OTPHULATENBHOM, HATIPUMED, SHEPTUSI MOXKET MepEeNaBaThCs OT 00b-
eKTa K JaT4YHKY, ¥, HA000pOT, OT JAaT4nKa K 00beKTy. OCOObIM City-
YaeM SBJISIETCS CUTYaIHs, TPU KOTOPOH dHEPTHs paBHA HYJIIO, HO U B
3TOM cllydae MPOUCXOUT Mepeaada HHPOPMAIMH O CYIIEeCTBOBAHUH
MMEHHO Takod oco0oii cutyaruu. Hanmpumep, mHppakpacHbIii aaT-
YUK TEMIIepaTypbl BbIpaOaTHIBAET TOJIOKUTEIBHOE HAMPSHKEHUE,
Koraa oOBEKT Teruiee JaTuMka (MH(ppakpacHoe M3IydeHHE HaIpaB-
JIEHO B CTOPOHY AaT4MKa), WJIM OTPHIATEIbHOE HAMpPSHKEHUE, KOTAa
00BEKT xooAHee AaTyrka (MH(paKpacHOE HU3IIyYeHHE HaIpaBIeHO
OT JaT4vka Ha 00bekT). Korma naTtyvk M 0ObEKT MMEHOT OJMHAKO-
BYIO TeMIIEpaTypy, HHPpaKpacHbIH MOTOK paBEH HYIIO, U BBIXOIAHOE
HanpsDKEHUE TakkKe PaBHO HYJNIO. B 3Toil cuTyanum W 3akiroueHa
nH(pOPMAIUS O paBEHCTBE TEMIIEpaTyp JaT4yhKa U 00beKTa.

[onstre damuux HEOOXOIUMO OTIUYATH OT TIOHSATHUS HPEoD-
pazoeamens.

[Ipeobpa3oBaTenb KOHBEPTUPYET OIUH TUIT SHEPTHH B APYT O,
TOr/Ia KaK AaTYHMK MpeoOpasyeT 000l THIT SHEPTUH BHEUIHErO BO3-
JICUCTBUS B DJICKTPUUECKUN CUTHAJL

[Tpumepom mpeoOpazoBaTenss MOXKET CIIYKUTh TPOMKOTOBOPH-
Tellb, KOHBEPTUPYIOLINH ANEKTPUUESCKUI CUTHAN B TIEPEMEHHOE Mar-
HUTHOE TIOJNE Mjsl TMocienytouiero (OpMHUPOBAHHUS aKyCTHYECKHX
BOJTH.

JlaT4uK MOXET COCTOSITh M3 HECKOJBbKHX MpeoOpazoBatelnei,
Kak Ha pucyHke 1.1.

Y
Y
\/

Ao

Pucynok 1.1.- [laTuuk, COCTOAIIMI M3 HECKOJILKHUX TpeoOpa-
3oBareneii (€, €,...~ Pa3TUUHBIC BU/IBI DHEPTHH).



HaHpHMep, B COCTaB XMMHYECKOI'o AaT4vuKa MOI'yT BXOIUTDH
JBa MpeoOpasoBatelisi, OAWH M3 KOTOPHIX KOHBEPTHPYET SHEPTHUIO
XMMHMYECKUX PEAKIUHd B TEIJIO, a JPYroil, TEPMOIJIEMEHT, Ipe-
00pa3oBBIBaeT MOITYYEHHOE TEIUIO B DIIEKTpUueckuil curaai. Kowm-
OMHALMS ATHX JIBYX MpeoOpa3oBaTeiell MPeaCTaBIIIeT COO0H XUMHU-
YEeCKUH JTaTYMK — YCTPOICTBO, BbIpadaThIBaIOLIEe DICKTPHUYCCKHM
CUI'Hall B OTBCT Ha XMMHUYCCKYIO PCAKIUIO. OTMGTI/IM, 4TO B pac-
CMOTPCHHOM IIpHUMEPE XUMHUYECKHUH JaTYUK SABJIIETCSA COCTaBHBIM
JaTYAKOM, COCTOSIIUM M3 MPeoOpazoBaTeis U elle OJHOro JaTyhKa
- JaTYHUKa TEMIIEPATYpPHI.

B cTpyKTypy COCTaBHBIX JATYMKOB, KaK IPABUIIO, BXOIUT XO-
Ts1 OBl OAWMH JAaTYHK MPSIMOTO JEHCTBUS M HECKOJIBKO npeobpazosa-
menei.

Jlamyuxamu npsmoeo Oeticmaus Ha3pIBAIOT JaTYUKH, KOTOpPHIC
IMOCTPOCHBI Ha (1)1/[3I/ILI€CKI/IX SABJICHUAX, TO3BOJIAIOMIUX ITPOBOAUTH
HEMOCPEICTBEHHOE MPeoOpa3oBaHie YHEPTUH BHEITHETO BO3ICHCT-
BUS B DJIEKTPUYECKHE CUTHANBI. [IpuMepaMn Takux (U3NYECKHUX SIB-
nieHuit aBisioTes Gotodddert u adext 3eedeka.

Ha mpaxTtuke patunku He paboraioT camu mo cede. Kak mpa-
BUJIO0, OHU BXOIAT B COCTaB U3MEPUTCIIbHBIX CUCTEM, YaCTO JJOBOJIb-
HO OOJIBIINX, O0BEIUHSIONIMX MHOTO Pa3HBIX JETEKTOPOB, IIpeodpa-
30BaTeNieil CUTHAJIOB, CUTHAJBHBIX IIPOIIECCOPOB, 3alIOMHHAIOIINX
YCTPOWCTB U MPUBOIOB. JIaTUMKKN B TAKUX CUCTEMaX MOT'YT OBITh Kak
HapyXHBIMH, TaK ¥ BCTPOEHHBIMH. YacTo MX pacrojararoT Ha BXO-
JlaX W3MEPUTENBHBIX MPUOOPOB AJISL TOrO, YTOOBI OHHM pearupoBajy
Ha BHCIIHHEC BO3Z[€I7[CTBI/I$1 u COO6H13J]I/I CHUCTEMEC 06 HU3MCHCHHUAX B
OKPY’KaIOINX YCIOBUAX. TaKKe OHU pa3MelaloTcsl BHYTPU U3MEpH-
TCJIbHBIX CUCTEM [JI1 MOHUTOPHHIAa HUX (bYHKHI/IOHI/IpOBaHI/ISI, qTo
HEOOXOJMMO ISl TTOJep KaHusl KOPPEKTHOW paboThl BceX BHYTPEH-
HHUX YCTPOWCTB. /aTUMKu SABISIOTCS HEOTHEMIIEMOM YACTBEO CUCTEM
cbopa JaHHBIX, KOTOpBIE, B CBOIO OUepellb, MOTYT BXOJUThH B COCTaB
60J'II)H.II/IX HU3MCPUTCIIbHBIX KOMIIJICKCOB CO MHOKCCTBOM 06paTHI)IX
CBsI3El.



Ha pucynke 1.2 nokazaHa 06J0K-cXxeMa aBTOMATH3HPOBAHHOTO
U3MEPUTEIBHOIO0 KOMILIEKCa, COCTOSILEro M3 CHCTeMbI cOopa aaH-
HBIX ¥ YIIPABJISIOUIEro ycTpoicraa [5].

Cxema cbopa AaHHbIX

T
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Pucynok 1.2. - CrtpykTypa aBTOMaTH3UPOBAHHOTO N3MEPH-
TEIIBHOI0 KOMILIEKca

W3 sToro pucyHka XOpOUIO BHIHA POJb JATYMKOB B TAKHUX
cucremax. CyObekTaMu U3MEPEHUH MOTYT OBITH JIIOObIE MaTepHalb-
HbIC OOBEKTHI: aBTOMOOMJIM, KOCMHYECKHUE KOPAOJIH, YEIOBECUYCCKUE
Tena, pa3IMYHbIe KHUJIKOCTH U ra3bl. JJaHHbIE 00 H3MepsieMoM 00beK-
T€ COOUPAIOTCS MPU IMOMOIIM JaTYNKOB, YaCTh U3 KOTOPBIX, (2, 3 1
4), pacriojlaraercsi Ha TIOBEPXHOCTH HJIM BHYTpH 00bekTa. [laTumk 1
HE MMeeT HelOCPEICTBEHHON CBSI3U C OOBEKTOM, T.€. ABISIETCS bec-
KoHmaxmHuim. TeleBU3HOHHBIE KaMepbl M JETEKTOPBI M3ITy4eHHH
CIy)aT MpUMepaMy TaKuX JaTyukoB. [laxke Korjga AaT4MK Has3bIBa-
ercsi OECKOHTAKTHBIM, BCErJa MEXIy HUM U O0OBbEKTOM MPOHCXOAUT
nepenava YHEPTUU.



JaTyuk 5 MOXKET BBIONHATH pa3inyHble GyHKIUH. YacTo oH
CITyXHT JUISL KOHTPOJIS 32 YCIIOBUSIMU BHYTPH CaMOW CHCTEMBI cOopa
naHHbIX. [laTunku 1 1 3 He MOTYT OBITH HANIPSIMYIO MTOJACOEANHEHBI K
CTaHJAPTHBIM JJIEKTPOHHBIM CXEMaM H3-3a HECOOTBETCTBHS (popma-
TOB BBIXOAHBIX CUTHAJOB. /Il MX MOAKIIOUYEHHS TPEOYIOTCS CIIEIH-
anpHble MHTEp(ECHbIE YCTPOICTBa - MpeoOpa3oBaTEN CUTHAIIOB.
Hatumkw 1, 2, 3 1 5 ABNSIOTCS NACCUBHBIMU, ITOCKOJIBKY 17151 hopMu-
pOBaHUSI BBIXOAHBIX CHUTHAJIOB UM He TpeOyeTcsl AOMOIHUTENbHAs
ANeKTpUIecKas sHeprus. JJaTuuk 4 - npeacrtaBuTeNb akKTUBHBIX YCT-
porict. st obecnieueHust ero pabOTHl HEOOXOIUM BCIIOMOTATE b=
HBIM CHUTHAJI, MMOJIy4aeMbIii OT cXeMbl Bo30yxkieHus. [Ipu sTom nat-
YUK MOAYJIHPYET 3TOT CUTHAT B COOTBETCTBUU C U3MEHEHHUEM H3Me-
psieMoro mapamerpa. [IpuMepoM aKTUBHBIX AaTUNKOB SIBISACTCS TEM-
nepaTypHO-UyBCTBHTEIBHBIA PE3UCTOP, KOTOPBIA YacTO Ha3bIBACTCS
TepMUCTOpOM. Takoi IaTdyuK paboTaer OT UCTOUYHUKA TOCTOSHHOTO
TOKa, SIBIISIIOIErOCSI B TAHHOM Cllydae cXeMod Bo30yxaeHus. Mzme-
PHUTENBHBIA KOMILIEKC MOXET BKJIIOYaTh B celsi Iu00 OAWMH JaTyhK
(moMamrHuit TepMocTar), JIMOO HECKOJIBKO THICSIY (KOCMHUYECKUH KO-
pabun).

OJNeKTpUYEeCcKHe CUTHAMBI C BHIXO/IOB JJATUMKOB MOCTYNAIOT Ha
MYJIBTHILIEKCOP, BBINOIHSIOMMUN poNib Nepekntouarens. Eciu BbI-
XO/IHBIE CHTHAJIBI JaTYUKOB SIBIISIOTCS aHAJIOTOBBIMH, OHH MOCTYIIa-
0T Ha aHajoro-nudpoBoii npeodpazoBarens (AL, ecnu mud-
POBBIMH — HETOCPENICTBEHHO HA KOMITBIOTEP, KOTOPBIA CHHXPOHH-
3upyer paboty mynsTumiekcopa u ALl a Takke moceiaer ymnpas-
JIAIOUIME CUTHAJBl HA NMPHUBOJ, BO3ACHCTBYIOMINN HEMOCPEACTBEHHO
Ha 00beKkT. B xadecTBe MpHUBOAOB MOTYT HCIIOJIB30BATHCS JIEKTPH-
YecKHe MOTOpPHBI, COJIEHOM/IBI, pelle U ITHEeBMaTHuYecKhe KianaHsl. B
COCTaB HM3MEPHUTEIILHONW CHUCTEMBl TakXke BXOIAT mepudepuiiHbie
ycTpoicTBa (HaKOMUTENN JaHHBIX, AUCIIJIEH, CUTHAIN3AaTOPBl U T.[.)
W Jpyrue KOMITOHEHTHI, He IOKa3aHHbIE B OJIOK-cxeme. Takumu
KOMITOHEHTaMH MOTYT OBITh (PHIIBTPBI, CXEMbI BHIOOPKH U XpaHEHHUS,
YCUIIUTENU U TPOYre Mpeodpa3oBaTey.

BxoaHble curHajbl JaTYMKOB (BHELIHWE BO3JCHCTBHUS) MOTYT
UMETh MPAKTHUECKU JIIOO0YI0 (PU3HUECKYIO M XHMUYECKYIO TPUPO-
ny. [Torok cBera, Temmeparypa, NaBieHHe, KoieOaHHs, MepeMerie-
HUE, MOJI0KEHNE, CKOPOCTh, KOHLIEHTPALMs HOHOB - BCE 3TO MpHMe-
pBI BHEIIHUX Bo3jAeicTBHNA. KOHCTpYKIIUS JaTYMKOB MEHsIETCS B 3a-



BHCHUMOCTHU OT WX TpenHazHaueHus. s 0coObIX YCIIOBUI MpHUMeHe-
HUSI MOXKET MoTpeboBaThecsi pa3paboTka CHEeNUabHBIX KOPIYCOB H
cxeM MoHTaka. Hampumep, mbe30pe3uCcTUBHBINA JaTUHK JUISL ©3MeEpe-
HUSI KPOBSIHOTO JaBIICHUSI BHYTPU aOpThl MOHTHPYETCS B T€PMETHY-
HOM KOpITyCE€ U MMEET OYeHb MHHHUATIOPHBIC pa3Mephl ISl BO3MOXK-
HOCTH TIPOXOXJICHHS Yepe3 MUKpokareTep. Kopmyc Toro ke camoro
JnaTyrka OyIeT COBCeM IPYruM Ui clydas NPUMEHEHUS BHYTPH
HAJyBHOH MaHXeThl MEAMIIMHCKOrO TOHOMeTpa. MHorma ot natdu-
KOB TpeOyercsi 4ToObl OHM PearupoBasid TOJNBKO Ha ONpeleleHHBIN
JIMana3oH BXOJAHBIX CUTHaJOB. Hampumep, AETEKTOp IOBMXKECHHS B
OXPAaHHOHM CHCTEME JIOJKeH cpabaThlBaTh TOJIBKO HA IEpeMelleHHe
Jo/iell ¥ HUKaK He PearnpoBaTh HA TEPEIBIKEHHE MAJICHBKHX JKH-
BOTHBIX, TAKUX KaK COOAKH U KOIIKH.

1.2. laTunk KaK BEKTOPHOE MPOCTPAHCTBO

N3 BbIlIECKa3aHHOTO SICHO, YTO AATYHUK, ONMCHIBAEMbIA MHO-
JKECTBOM TapaMETPOB, MOXKET OBITH MPECTABIICH B BUJC BEKTOPHOTO
npocTpaHcTBa (pucyHok 1.3). OHaKO OH MPENCTABIISIET UHTEPEC HE
caMm 1o cebe, a ¢ y4eTOM B3aUMOJICHCTBHS ¢ 00BEKTOM U3MEPEHUS U
OKpY’Karollen cpesoi.

Obbext g Jaruux

Pucynok 1.3 - JlaTumk Kak BEKTOpPHOE MPOCTPAHCTBO



Ha pucynke 1.3 npuBeneHo:

® Xi Xy- H3MepsieMbIC BEIMUHHBI, KOTOPHIX B OOIIEM CITyuae
MOXeET OBbITh HE O/THa (KOMOMHHUPOBAaHHBIE JATYHKH );

® X1 X- HeMH(DOPMATHUBHbIE TAPAMETPHI 00HEKTA;

® X1 Xp- KOHCTPYKTHBHBIC TAPAMETPhI 1aTUHKA;

® Xpn+1 Xp - BIHSONHE GAKTOPBI OKPYKAIOIIEH CPEIbL.

Bce B3anmoeiicTBUS SABIISIIOTCS JBYHATPABICHHBIMH, T.€.
JaT4YMK, C OAHOU CTOPOHBI, BOCIPUHUMAET BO3JIEHCTBUE U3MEPSIEMON
BEJIMYHMHBI, HeWH()OPMATUBHBIX TapaMeTPOB 00BEKTa, (PaKTOPOB OK-
py’Karolel Cpeabl, a c Jpyroi - caM OKa3blBaeT BIMSIHHE HA OOBEKT
U OKPYXAIOLIYIO Cpeny.

[TocnenHee yale BCEro MOKHO CUUTATh PEHEOPEXKUMO Ma-
JIBIM, HO He Bcera. Tak, HeydeT BIUSHUS Ha OKPYKAIOIIYIO Cpey
JaTYUKOB, SBJISIOUIMXCS UCTOUHUKAMH PaJOaKTHBHOTO M3ITy4CHHS,
MOXKET JOporo 00OMTUCH epcoHaly, paboTaroleMy B HEOCPEACT-
BEHHOH Om3octu. Takum 00Opa3oM, JaTYMK OKa3bIBaeTCs MpaKTHYe-
CKH HEOTACIHM OT 00BEKTa M OKpPYXKAIOIeH Cpeabl U OTOMY He
MOXKET PacCMaTPUBATHCS U30IUPOBAHHO.

1.3. OGo0mennas CTPyKTypa 1aT4nKa

B npuHIMIe, 1aTYMKU NPEAHA3HAYAIOTCS ISl U3MEPEHHN T1a-
paMeTpoB YeThIpeX arperaTHbIX COCTOSHUH BerecTra [1]:
e TBepaoe Telo (MEeTayulbl, JUAJIEKTPHUKH, TOIYIPOBOIHUKH,
KOMITIO3UTHBIC MAaTEPHAJIbI);
® KHMIKOCTH (KPUOTCHHBIC, BBICOKOKHIIAIINE, PACIUIABICHHBIC
MeTaJlIbl);
e ra3bl (CIIOKOMHBIC Ta3bl M ra30BbIe MOTOKU IMPU JTABICHHUSIX
OT IITyOOKOr0 BaKyyma JI0 BBICOKUX JaBJICHHN );
* Ma3ma (HM3KOTEMITepaTypHas TUIOTHAs T1a3Ma, BBICO-
KOTEeMIIepaTypHasl pa3pexKeHHas).
WzMmepenusiM mouiexxat (QU3NYECKHE MapamMeTphl pa3IndHbIX
OOBEKTOB U KOHCTPYKTUBHBIX 3JIEMEHTOB M UX paOOYHX MPOTYKTOB.
H3mepsieMble BETUYUHBI MOTYT XapaKTepPU30BATHCS BPEMEH-
HBIMH (CTal[MOHApHBIC, JIMHAMUYECKHE, HENPEPBIBHBIC, THCKPET-
HBIE), MPOCTPAHCTBEHHBIMH (COCPEOTOYEHHBIE, paclpeleleHHBIE),
KOPPESIMOHHBIMY (HE3aBUCHUMBIE, 3aBUCHMbIC) CBOHCTBAMH.



AnpuopHble cBeleHUs 00 3TUX CBOMCTBax IMO3BOJSAIOT OCY-
HIECTBUTH Pa3pa0O0TKy HOBBIX AATYMKOB M BBIOOpP CYIIECTBYIOIIMX
JNaTYMKOB, OMpPENEeUTh MECTa WX YCTaHOBKH, MX KOJIMYECTBO Ha
00BbeKTe H3MEPEHHUSL.

[Ipeobnanaromee OOMBIIMHCTBO JATYUKOB SIBISIFOTCS KOH-
MAaKmHeIMU, T.. OHU YCTAaHABJIUBAIOTCS HA OOBEKTE U3MEPEHUs B
MeCTax HENOCPEICTBEHHOIO0 U3MEPEHUs UCCIeIyeMbIX IapaMeTpoB.
Baxueiimmm (yHgameHTanbHbIM (DAKTOM SBJISIETCS TO, YTO, Kak
MpaBUJIO, 3TO MecTa KOHIEHTPUPOBAHHOTO OJHOBPEMEHHOI'O BO3-
nercTBysl MHOTUX (pr3ndeckux (akrtopos. JlaTyuk ToKeH ObITh Ha-
JEKHO 3allUIIEeH OT Pa3pyLIMTEIbHOr0 ACHCTBHS 3THX (PaKTOpOB
(MexaHnYecKasi HaJIeXKHOCTD), a TaKKe JIOJDKEH 001a/iaTh CENeKTHB-
HOCTBIO [0 OTHOLICHHIO K H3MepseMOMYy MapaMeTpy H He-
3aBHCHUMOCTBIO (B TIpenenax JONYCTHMOH MOTPEelIHOCTH) MO OTHO-
HICHUIO KO BCEM OCTalbHBIM (pakTopaMm (MeTpOJIOTHYecKasi HaJIex-
HOCTB).

JlaTuuk, TakuM 00pa3oM, MPEACTABISIET COOOI0 MO CYIIECTBY
MHOTOIOIOCHUK CO MHOTUMH BXOJaMH M OJHUM BBIXOAOM. Pa3e-
JIeHWE BO3JCHCTBHM MyTeM U3ydeHHs (QYHKIWH BIUSHUS MO KaXKIO-
My U3 JecTabunn3upyromux (GpakropoB — Aeno HebiarogapHoe U
MaliopeaibHoe. Benb mig 3Toro Hajmo o0najaTh ele M HaAeKHOH
nHpopMaluel o Bcex BIMAIOMMX (pakTopax B MecTaX YCTaHOBKH
OCHOBHOTO JIaT4WKa. B 4YacTHBIX clydasx Takod MyTh BO3MOXEH.
Ecnu m3mMepsieMbIM mapaMerpoM SIBISICTCS, JOMYCTHM, JAaBJeHUE, a
MPEBATHPYIOLINM BIIUSIOIUM (aKTOPOM SBIISIETCSI TEMIIepaTypa, TO
JaT4UK 1eIeco00pa3HO pealn3oBaTh KaK JABYXIAapaMETPUYECKUH, U
MOIMPABKH Ha TEMIIEPAaTypPy MOTYT OBITh CJeJIaHbI BIIOJIHE KOPPEKTHO.

OnHako MarucTpaibHbBIA MyTh COCTOMT B BBIOOPE TAKMX MPHUH-
UTIOB Tpeo0pa3oBaHusl, KOTOPHIMH OOecrieunBaeTcs HaAeKHas ce-
JIEKTUBHOCTh JTaTYMKa K OCHOBHOMY Mapamerpy. [IpomMexyTo4HbIM
MyTeM SIBIISIETCS aBTOMAaTHYEeCKasi KOMIIEHCATOpHAsT KOPPEKIHsl J1ec-
TaOWJIM3UPYIOMIMX BO3JEUCTBUM Ha JaTUMK, KOTOpas, Kak MpaBuiIo,
peanu3yercs B BHJIE YaCTHBIX M OTPaHUYCHHBIX 11O CBOUM BO3MOXK-
HOCTsIM pemeHnd. K TakuMm ke myTsM MOXKeT ObITh OTHECEHO HC-
MOJIb30BAHUE PA3MUYHBIX 3aLIMUTHBIX MEpP OT MPSIMBIX BO3ACHCTBHI
BIMSIOMNX (DAKTOPOB HA JaTYMK — pasleluTellbHble TPyOOmpoBo-
Jbl ¥ TIOJIOCTH, BOJHOBOJIBI, CBETOBOJbI, MEXaHHUYECKHE (UIBTPEI,
TEIIO3aIUTHBIC TPOKIIAIKU U T.JI.



3amMeTuM, YTO BCE 3alUTHBIE MEpHI SBISIOTCS OJHOBPEMEH-
HBIM HMCTOYHMKOM CHCTEMAaTHYECKHUX TOTPEIIHOCTEN NaTYMKOB MpHU
M3MEpPEeHUH OCHOBHOTrO MapaMeTpa. B Tom umcie u 3ammra 4yBCTBH-
TEJILHOIO 3JIEMEHTA OT MPSIMOT0 KOHTAKTa C OKPYKaroUIel Cpeoi.

[pomecc B3auMoAeHCTBHA AaTYHKA C 00BEKTOM U3MEpEHUN —
3TO mpoliecc 000rAHBINA. M3MepeHne KOpPPEeKTHO MOCTONBKY, IO-
CKOJIbKY yCTAHOBKa JaTylKa Ha OOBEKT U3MEpEHHi He MeHseT (u-
3MUYECKYI0 KapTUHY H3y4aeMmoro mpolecca, He NMPUBHOCUT KaKHX-
1160 ocoOeHHOCTEH B MOBEACHUE U3MEPSIEMOro apamerpa. JTo yc-
JIOBHE HEO0OXOIMMOe, HO He JocTaToyHoe. V3MepeHus Takxke Kop-
PEKTHBI TIOCTONIBKY, TOCKOJBKY IaT4MK CIOCOOEH BOCHPUHATH U
MPaBMJIBHO BOCITPOM3BECTH JAEUCTBUTEIBHOE MOBEIEHNE U3MEPSEMO-
ro mapaMeTpa BO BpEMEHH.

UznoxxeHHble cooOpakeHUs] TMPUBOIAT K COBOKYIMHOCTH Tpe-
OoBaHMI K AaTYMKaM HE TOJIBKO B3aWMOIIPOTHBOPEUMBHIX, HO JTaXKe
U B3aMMOMCKIIIOYAIOUX. B 3TOH CBS3M paspelieHue 3TUX IIPOTH-
BOpPEUMI MPU MPOEKTUPOBAHUH AATYMKOB JIOCTUTAETCS Ha3HAUCHHEM
TeX WM WHBIX LENEBbIX (YHKIUH U pelieHHeM ONTHMH3alNOHHBIX
3a/1a4, KOTOpbIE Yallle BCEro CTPOro aHaJIUTUYECKH HE PEeIIaroTcs.

OnwucanHble B 00IIEM BHU/IE MPOIECCHl B3aUMOJICHCTBUS atT-
YrKa ¢ 00bEKTOM M3MEPEHUS U MpeoOpa3oBaHus B HEM H3MepsieMO
BEJIMYUHBI MMO3BOJIAIOT (POpMATN30BaTh O0OOIIEHHYI0 CTPYKTYPHYIO
CXEMY JII000r0 TUITOTETHYECKOTO JIaTYMKa B CIEAYIOIIEM BHIE (PH-
cyHok 1.4).
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Pucynok 1.4 - CTpykTypHas cxema JaTdmka



Ha pucynke 1.4 npuHSATBI CIEAYIONIHE 0003HAYCHUS

e 1 —3BEHO BOCIIPHATHUS BXOJHOTO BO3ACHCTBHS U OJJHOBpE-
MEHHOM 3aIlIUThl JaTYNKA;

e 2 — 3BEHO IepeIavyM BXOAHOTO BO3/ICHCTBUS K 1yBCTBU-
TETFHOMY DJIEMEHTY U OJJHOBPEMEHHOMW 3allIUThI 1yBCTBU-
TENBHOTO DJIEMEHTA;

e 3 — YyBCTBHUTENIBHBIN 3JIEMEHT — TpeoOpa3oBaTeib H3Me-
psieMoii Beln4HHEI (yKe MpeoOpa3oBaHHON MPEAbITYITIMH
3BEHBSIMH) B DJICKTPHUECKHIA WIIM 3JIEKTPOMAarHUTHBIN Tapa-
METp JaTymKa;

e 4 — cornacymoliee yCTpOHCTBO (M3MEpUTEIbHAS 1IEITh) 0
HEOOXOJJMMOCTH BXOJISIIIIEE B COCTaB AaTUHKA;

o X(t) — u3mepsiemas BenuunHa (7 — BpeMsi), BXOJHOE BO3-
JICHCTBHUE;

e VYV (1) — BBIXO/HAS BETMUMHA JaTYHKA;

o Zi(t), ..., Zi(z) — nusirorme (necrabuimsupyromue) Gpaxkro-
pHI
CMbIc Takol (opManHu3aluy 3aKI0vaeTcs B eIUHCTBE Me-

TOJIOJIOTHU PACCMOTPEHHUS PA3HOTUITHBIX JATYHKOB.

B KOHKpETHBIX peanu3anusix AaTYUKOB T€ WU WHBIC 3BEHBS
MOT'YT OTCYTCTBOBaTh JHOO MX (DYHKIHMH MOTYT OBITH BBIPaKECHBI
HesiBHO. BMmecTe ¢ TeM MoxkeT OBbITh HECKOJbKO 3BEHBEB OJHOTO M
TOT0 K€ Ha3Ha4YeHUs1, HarpuMep 3BeHo 2. [locnenoBarenbHOCTh Tpe-
00pa3oBaHUH B KaXKJIOM KOHKPETHOM JaTYMKe BCEr/la KOHKPETHa, HO
CYIIECTBEHHO TO, YTO OHAa YKJaJbIBAETCS B IMpeiaraeéMyio CTPYK-
TYPHYIO CXEMY.

MOXHO TIPEABHETh, YTO COTJIACHIO C TIPEAiaraeMoi CTpyK-
TYpPHOH CXEMOM MOryT IOMEIIAaTh TEPMHUHOJIOTHUECKHE PACXOkKIE-
Hus. Hanpumep, MHOTHE CeMaIMCTHI IPUBBIKIA MeMOpaHy B JaT-
YHKax JaBICHHs Ha3blBaTh (HE 0€3 OCHOBAaHHS) YyBCTBUTEIBHBIM
a7eMeHTOM. B mpezuiaraemoii cxeme eif OTBOAMTCS poib 3BeHa 1,
[MpuHUIMNHANBEHBIM JOMKHO OBITH COTJIACHE YYBCTBUTEIBHBIM dJie-
MEHTOM Ha3bIBaTh 3BeHO 3. [Ipw 5TOM HUKak HEe ymansercs poib
3BeHa 1, 1 OHO MOXET W YacTO BBITIONHSAET OTBETCTBEHHBIE METPO-
Joruyeckre QyHKIUH.



BaxxHo npu 3TOM NMOJYEpPKHYTh, YTO KaXKJ0€ 3BEHO OCYyIIe-
CTBIISiET (PYHKIHMIO TIPeoOpa3oBaHMs, T.€. BBINOIHSET HAPSIy C ApY-
rUMA  QYHKOUSAMH (QYHKIHIO METPOJIOTHYECKYI0 M BHOCHT CBOM
BKJIaJl B TOYHOCTHBIE M JMHAMHYECKHE CBOWMCTBa jaaTuymka. boree
TOr'0, BKJIQJ JTOT OKAa3bIBAEeTCS PEHIAlONIMM B ()OPMHUPOBAHUU TIO-
IPEMIHOCTH pe3yibTaTa U3MEpEeHUil. B3aMMOOTHOIIEHUS MEXIY I10-
TPEIIHOCTSMH JIaTYMKa W IMOTPELIHOCTSIMH TOCIEeNYIOIINX 3BEHHEB
WH(POPMAITMOHHON U3MEPHUTEIFHON CHCTEMEBI, B COCTaB KOTOPOH BXO-
JWAT JATYUK, TAKHE K€ KaK MEKAY MPHUPOIAHBIMH JAepEeKTaMu H Jie-
(dexraMu OaronpruoOpPETEHHBIMHE M TIOTOMY yCTpaHUMBIMH. Y CTpa-
HEHHE XK€ MPHUPOJHBIX NePEKTOB — METPOJIOTHYECKUX HECOBEp-
LIEHCTB JaT4MKa, BO3MOXKHO JIMIIb C U3BECTHBIMU OTpaHUYEHUIMH,
W JIEIO 3TO BeChbMa HEMpocToe, Tpedyloliee KaKux-1100 xKepTB (Tod-
HOCTh 3a CYeT TMOTEpH IWHAMHYECKHX CBOWCTB M HAa00OpOT, IH-
HAMHYECKHE CBOWCTBA 3a CUET MPOYHOCTH W HANSKHOCTH U T.1.).
JnanekTuka MpeoaoeHUsl dTHX NPOTUBOpeuuil TpebyeT SICHOCTH
LeJen.

[IpuBenemM HECKONBKO MILTIOCTPALIMH.

e JlaTyuk TeMIepaTyphl *KHUAKOCTHOTO MJIM Ta30BOTO MOTOKA.
UyBCTBUTENBHBIA 3JIEMEHT — IUUIATUHOBAsI MPOBOJIOKA, HAMOTaHHAs
HA TOHKHH CIIOJSHON Kapkac (3BeHO 5). UyBCTBUTEIBHBIH dIEMEHT
MOMEIIIEH MEXIy IBYMs TOHKHMH CIIOASHBIMH OOKIagKaMH (3BEHO
2). UyBCTBHUTEIBHBIA 3JIEMEHT B OOKJIaJKaX IMOMEIIEH B IUIOCKYIO
o0kaTyio TpyOKy (3BeHO 1), ycTaHaBIMBaeMyrO pebpOM IO MOTOKY.
3BeHO 4 B TaTYMKE OTCYTCTBYET,

e JlaTuMk AJid1 M3MEPEHMI MyJbcaluuil JaBiieHus. JlaBieHue
BOCIpuHHMaeTcss MeMmOpaHoit (3BeHo 1). Ilporu6 (medopmarust)
MeMOpaHbl Tepenaercst 4epe3 ynop (3BeHO 2) Ha MbE303JICKTPH-
YEeCKHU YYBCTBUTEIBHBIN dJIeMEHT (3BeHO  3). B parumke s
COIVIACOBAHMS C BHEIIHEH WM3MEPUTEIBHOM JMHUEH HCIOJb3YyEeTCs
IMUTTEPHBI MOBTOPUTEND (3BEHO 4).

e JlaTuuk s MU3MEPEHHsI TEMIEpPATyphl CIOKOMHOIrO rasa B
YCIIOBUSIX €CTECTBEHHOM KOHBEKIMU. OTKPBITHIN YyBCTBUTEIbHBINA
3JeMEeHT (3BeHO 3) U3 MPOBOJOKU AuaMeTpoM 30 MKM BBITIOIHEHHBIN
B BUJE OMQUISPHONW CIMpaiy, 3aKperyiecHHOM KOHIIAMH TETelb B
IJIOCKOCTH MUHUATIOPHOW paMKu. J[pyrux 3BEHBEB JATUUK HE CO-
JEPAKHUT.



Emy mono6eH BOIOKOHHO-ONTHYECKHHA JaTYHK TEMITEPaTyphl
Ha KpyToM u3rube. UyBCTBUTENBHBIN 3JIEMEHT aTYMKa — BOJIOKOH-
HBI CBETOBOJ C KPYThIM M3rMOOM — IMOMENIAeTCsl HeMOCPEACTBEH-
HO B M3MepsieMyto cpeay (3BeHo 3). 3Benbst 1 u 2 orcyrcrByror. On-
HAKO 3TOT JATYMK MMEET COINIACYIoIIee YCTPOWCTBO (3BeHO 4) —
CBETOJMOA U (DOTOAMO]I.

[MpuHnnuanbHasT BO3MOXKHOCTh 3aBUCHMOCTH  BBIXOTHON
BEIMYMHBI JaTurka Y(T) HE TONBKO OT BXOJHOW M3MEpsSeMOil Belu-
grHbl X (T), HO U OT BIMSIONMNX BeTUUnH Zi(T) mpHBeaa K pasjerne-
HUIO QYHKIUH MPeoOpa3oBaHUs AaTUMKa Ha «PEajbHYIO» U «HOMH-
HajbHYIO». [lon «peanbHON» MOHUMAIOT (YHKIIHIO, OTPaXKAIOUIYIO
KOMOMHHPOBAaHHYIO 3aBHCUMOCTb, @ TIO «HOMHUHAJIBHOI — TOJIBKO
3aBucumocts Y(t) = F[X(1)]. 3amerum, 4ro «peanbHas» (QyHKIHS
npeoOpa3oBaHMs CTOJIb )K€ HEONpeelieHHa, CKOJIb B 00IIeM ciydae
HEONPEACTUMbI CAMH BIIUSIOIINE BEINYHHBL

«HomuHnanbHas» xe QyHKIHS nmpeoOpa3oBaHUs OMHCHIBACT
TOT Tpoliecc MpeoOpa3oBaHusl, Al KOTOPOro AATYHUK CO3/IaBaJICs.

KoHnTpoabHbIe BONpoCHI

1. UYro Takoe u3MEpUTENbHBIN Ipeodpa3oBatelib, u3Mepsemast (hu-
3u4ecKasl BeTM4rHa, IEPBUYHBINA peodpa3oBaTens?

2. Tlepeuncinte OCHOBHBIE MPOLECCHI, KOTOPBIE PEaTU3yIOTCS B
JaT4nKe.

3. HapucyiitTe u onmuIIKTE 3JIEMEHTHI CTPYKTYPHOH CXEMBI TaTUUKa
(U3NIECKIX BETUYMH.

4. Yto Takoe u3MepuTeIbHAS LeNb, N3MEPUTENBHBINA KaHaJ, U3Me-
puTenbHas cucrteMa’?

5. OmummuTe posib AaTYMKa B aBTOMATH3UPOBAHHOM M3MEPUTENb-
HOM KOMIUIEKCE.

6. OnwuimTe B3aUMOJICHCTBUE TaTYMKa C OKPYKAIOIIEH Cpeoit ¢
MO3ULIMK JJaTYMKA KaK BEKTOPHOI' O IIPOCTPAHCTBA.



2. KIACCU®UKALIUS JATYUKOB

2.1. Kmaccuukanusi JaTYMKOB B 3aBHCHMOCTH OT CTPYK-
TYpBI ero (pU3H4YecKoil MOAeJH M MOJEJH B3auMOei-
CTBHS €O cpenoit

Kaxxaplii 1aT4uk MOXKET W JTOJDKEH OBITh OMHCaH OIepaTo-
POM, yCTaHABIMBAIOLUIMM OJHO3HAYHYIO CBSI3b MEXKAY €ro BXOAHOW
— X(7) u BeIxoaHOM Y(T) BeTHUMHAMH. DTOT OIMEPATOP ONMPEACTAET
KaK CTaTUYeCKHUe, TaK U JMHAMHUECKHE XapaKTEPUCTUKH JaTUHKa.

Ecnu onepaTop nuHeeH (Ui HEro CIpaBeAuB NPUHIIUI CY-
MEPIO3UIIUH ), TO TAKHE TATYNKU MOTYT Ha3bIBaThCS TMHEHHBIMHU.

B 3aBuCHMMOCTH OT CTPYKTYpPBI (PU3UYECKON MOJICIH JaTUNKa
U MOJIENI €r0 B3aMMOJIEUCTBUA CO CPEIOM, TaTUUKU MOTYT paccMart-
pHUBaTbCS KaK C COCPeIOTOYEHHBIMH MapaMeTpaMu (BXOJA Tpen-
CTaBHM B BHJIE TOUYKH), TaK U C pacnpeaejeHHbIMU NapaMeTpaMu
(BXOJ pacmpe/iesieH Mo HeKOTOPOi TOBEPXHOCTH) [5, 6].

COOTBETCTBEHHO NTaTUYUKU C COCPEJOTOYEHHBIMU IapaMer-
pamM# ONMUCHIBAIOTCS OOBIKHOBEHHBIMH AW (epeHInanbHbBIMA YpaB-
HEHHSIMH, a AaTYMKU C paclpeAeiIeHHbIMU MapaMeTpaMyu — ypaBHe-
HUSIMH B YAaCTHBIX MPOHM3BOAHBIX WJIM C MOMOUIBIO OoJiee CIOKHBIX
HIPECTABIICHUMN.

[Mopsinok ypaBHEHHS ONpeAeisieT TOPSII0K JaTYrKa.
JlaTuuK c cocpel0TOYEHHBIMH MapaMeTPpaMH INepBOro Mo-
PAIKa aNepuoIuYecKOro THIA
dY ()

T +HYI:I;] = bX{r),

rae a u b — mocTosHHbIC KOA(PPHUIIUESHTHI.

Takum 00pa3oM ONUCHIBAIOTCS MHOTOYHCIICHHBIE IAaTYUKU
Pa3IMYHBIX THUIIOB.

Hamuux memnepamypul ¢ 00HOPOOHOTU CMPYKMYPOTL

diy ()
dr

rae t, — TemrepaTypa gaTyMka (OJHO3HAYHO OMNPEACNSONas ero
BBIXOJIHOM Iapamerp);
a = aS/(mc);

+ a?"ﬂ{"—j = utH{IL



o — K03 (OUIIMEHT KOHBEKTHBHOIO TEII000MEHa JaT4nuKa cO cpe-
J101;
S — myomaas U3MEpUTENHHON MOBEPXHOCTH JaTUNKA;
M — Macca U3MEPUTENbHON YacTH JIaTUNKa;
¢ — yJIenbHasl TEMJI0eMKOCTh MaTepHana JIaTuiKa,
ty — u3Mepsemad Temneparypa.
Kpvinvuamuiii anemomemp — 0amuux usmepeHus. CKoOpocmu
nomoxKa

do(7) )
| ——+ pw(7)=bv*(7),
dr
re | — MOMEHT WHEPIHH KPBUTHYATKH;
(® — YTJI0Basi CKOPOCTDb BPAIICHUS KPbUTbUATKH;
1 — k03 PUIIMEHT CUT BI3KOTO TPCHHUS,
b — koncranTa maTYMKAa;
0 — H3MepsieMasi CKOPOCTh TIOTOKA.
Jlamuux  OaereHusi  MeMOPAHHO20 MUNA C PA30eIUMensb-
HOU NOJIOCMbIO

dP dpP, (7)
+P(z)=P(7),
dr
rZle @ — KOHCTaHTa, onpejensiemMas 00beMOM MOJIOCTH, K03 duiu-
€HTOM JUHaMHYECKOW BA3KOCTU CPEIbI;
P, — naBinieHue B pa3/IeUTEIbHO MMOJOCTH IATYHKA;
P — u3mepsiemoe naBieHre Ha BXO/IE B IaTUMK.

JlaT4uK ¢ cOCpPeIOTOYEHHBIMH NapaMeTpaMH BTOPOIo

NMOPSI/IKA aNlepuOINYECKOT0 H K0J1e0aTeILHOTO THIA
dY?( r) d Y(z)
dz? dt

[MopaBnstomiee  OONBIIMHCTBO — JaTYUKOB  OIMKCHIBACTCS
WMCHHO TaKUM THIIOM YpPaBHCHHA.

Hamuux memnepamypul 6 3awumnoti obonouxe (HEOTHO-
pozHasi CTPYKTypa, YyBCTBUTEIBHBINA 3JIEMEHT U30JIMPOBaH OT 000-
noukn). O00MOYKa CUUTAaeTCS TOHKOW, OHOPOIHOM, U B HEH OTCYT-
CTBYIOT I'PaJIUEHTHI TEMIIEPATYPLL. B 3TOM cityuae

di'frn{‘} . dla(7) 3 T £
= d-;g T o 4 .ﬂ[r} = J'I:(r

+al(z) = 6X(z).




rae

( 1S 5'.__.) Sa
= )i i + -+ B p—;
Co

Ca Co

A — KO3(pOUIHMEHT TEMIOMPOBOJHOCTH MPOMEXKYTKA MEXKIY UYyBCT-
BUTEILHBLIM 3JIEMEHTOM M 00OJIOUYKOI;

S, u S, — momaau nopepxHoctu YD 1 0007104KH;

¢, ¥ ¢, — TOJHEIE TEMIOEMKOCTH YD 1 000I0UKH;

0, — KO3((UIMEHT KOHBEKTHBHOI'O TEIUIOOOMEHa O00OJIOUKU CO
Cpenou:
S!l 'S.L} " 15:; Sﬂ.
B=A—0o—; b= —=Al,
= Co Co Cg
Jlamyuk 6uOpaAyUOHHBIX YCKOpeHUU
g "
d- X (z) +Ltf.-".(r} L oX(7) ()
—_— ¥ ' TA{E] = mul|T).
dr? dr /

rJie 7M1 — WHEPLUUOHHAs Macca JaTunKa;
k — ko3¢ ¢unmeHT neMnpupoBaHus 1aTINKa;
0 — XECTKOCTb YIPYTrOro 3JIeMEHTa;
a — HU3MepsieMoe YCKOpEHHE.
Hamuux  oaenenus membpanno2o muna

d*Xy(r) | dXy(7) :
m— Lk ;r + 0 Xu(7) = Py(1),

rjie M — mMacca MeMOpaHbI;
Xy — nporub MmeMOpaHBI;
k — ko3¢ ¢unmeHT nemndupoBanus konedaHuii MeMOpaHbI;
0 — YKECTKOCTh MEMOpaHBI;
Py — u3mMepsiemoe JaBieHue.
Bonee monmHoe 1 copepkaTeTbHOE OMUCAHUE TATYUKA MOXKET
OBITH MOJYYEHO MPH €r0 PACCMOTPEHUH KAK CHUCTEMBI C pacrpere-
JICHHBIMHU TIapaMeTpaMH.
JlaTunku ¢ pacnpeaeseHHbIMH NapaMeTpaMu
Hamuux ~ memnepamypvl 110601 CLOMHCHOU CMPYKIMYPbL



dt(x,y, z, T)

= HTGE'!(I.I .Iir:- .Z,_ 1}1

dt
TpaHUYHOE YCIIOBHE (Ha TOBEPXHOCTH JATYMKA):
liﬂt{r,y.:,r} N

an g

+U£[!'{1‘.‘_. ¥ 2 r}lg =3 f“{f” =0
(paBeHCTBO MOABOAMMOIO ¥ OTBOIMMOI'O TEIJIOBBIX TIOTOKOB Ha IO-
BEPXHOCTH JaT4ynKa — S),
rjae a, — K03 PUIMEHT TeMIepaTyponpoBOJHOCTH MaTepHralia JaT-
4HKa;
A — K03 UIHMEHT TEMJIONPOBOAHOCTH MaTepraa AaTauka;
1 — HOpMaJlb K IOBEPXHOCTH JIaTUNKA;
a — kK03 (UIMEHT KOHBEKTUBHOTO TeriooOMeHa JaTdukKa co cpe-
JI0;
t|s — Temmeparypa Ha MOBEPXHOCTH JIATYHKA;
t, — u3Mepsemas TeMieparypa.

ﬂamlllxlk‘ oaenenus M€M6paHHOZO muna

A2 X ( 18x1 _
i [r} Xir ) 4 18X {r, 1:}] Bl
r

ort r O

0X(re)  #X(r7)

=k ot T

IPAaHHYHOE YCIIOBHE:
X(ro)|.op =0,

rae E — ynpyruii koo QuueHT Mateprana MeMOpaHsl;
X — mporud MeMOpaHbI;
— TEeKyIIUd paanyc MeMOpaHbl;
k— ko3 durment nemrpupoBanusi MeMOpaHbI;
Ms — MOrOHHasi Macca TOBEPXHOCTH MEMOpPaHBI;
R — pannyc memOpaHsbI.
Pemenue BbIIENPUBENECHHBIX YPABHEHUN C pa3sHOU cTele-
HBIO MPUOIVOKEHHS! JJIsl Pa3iIMyHBIX CTPYKTYpP JATYMKOB MO3BOJISIET
JUISl allpUOPHO M3BECTHBIX YCIOBHI MCIONB30BAHUS CO3JaBaTh pas-



HOOOpa3HbIe AATYHKH C MPOTHO3UPYEMBIMH METPOIOTUYECKUMH Xa-
PaKTEPUCTUKAMH.

2.2. Knaccuukanusi JaTYUKOB B 3aBHCHMOCTH OT 0CO-
OenHocTell (GyHKIMOHMPOBAHMA W MO KBATH(PUKANN-
OHHBIM NMPH3HAKAM

CucreMbl KiacCH(pUKAIMK JATYAKOB MOTYT OBITh OYCHb pa3-
HBIMH: OT OYEHb MPOCTBIX JI0 CIOKHBIX. Kputepuit knaccudukanmu
BCerza BbIOMPAETCsl B 3aBUCHMOCTH OT LIS TPOBEICHHS KllacCU(u-
karuu [1, 5].

Bce naTumku MOXKHO pa3leiuTh Ha JIBE TPYIIIIbL:

®  JIaATYMKH MPSIMOTO JICHUCTBHS;
®  COCTaBHBIC JJATUYHKH.

JaTyuke mpsiMOTo JIeHCcTBUS MpeoOpa3yroT BHENIHEE BO3/EH-
CTBHE HEMOCPEACTBEHHO B DJICKTPUYECKHI CHUTHAJ, UCTIONB3YS VIS
3TOr0 COOTBETCTBYIOIIEE (DU3MUSCKOE SBICHHE, B TO BpPEeMs Kak B
COCTaBHBIX JIATYMKAX, MPEKIC YE€M MOIYYUTh DIICKTPUYCCKHIA CHT-
HaJl HA BBIXOJIE OKOHEYHOI'0 JaTYMKa MPSIMOro JACHCTBUS HEOOXOu-
MO OCYIIIECTBUTH HECKOJIBKO MPEe0Opa30oBaHMii SHEPTUH.

Taxoke Bce JaTYMKH MOXKHO Pa3/ICUTh Ha JIBE KATCTOPHUH:

®  [IaCCHUBHBIC IATUMKH;
®  aKTHBHBIC JATYHKH.

[MTaccuBHBIN AaTYMK HE HYXKJACTCS B TONOJIHUTEILHOM HCTOY-
HHUKE DHEPTMU M B OTBET HAa U3MCHEHUE BHEIIHEr0 BO3JCHCTBHS Ha
ero BBIXOJ/Ie BCEr/ia MOSBIISCTCS DJISKTPUYECKHI CUTHAI. JTO O3Ha-
Yaer, 4To TaKO# JaTYMK Mpeodpa3yeT SHEPIui0 BHEIIHEro CUTHANIA B
BBIXO/IHOI curHan. [IpumepamMu TACCHBHBIX JATYUKOB SIBIISIOTCS
TepMomnapbl, (HOTOANOABI M MbE303JICKTPUUYCCKUE UYBCTBUTEIbHBIC
3NIeMEHThI. BONBIIMHCTBO MACCHBHBIX JATYUKOB SIBISOTCS YCTPOM-
CTBaMH IPSIMOTO JCHCTBUSL.

B orauume or maccMBHOro coOpaTa aKTUBHBIA JATYMK IS
cBoell paboThl TpeOyeT BHEIIHEW DHEPTHH, HA3bIBAEMOW CUCHAIOM
6030yacoenus. Tlpu GpopMUpPOBaHNN BBIXOJHOTO CHUTHAJIA AKTUBHBIN
JaTYMK TEM HJIHM MHBIM CIIOCOOOM BO3/ICHCTBYET Ha CHT'HAJ BO30YXK-
nenust. [ToCKONbKY Takhe IATYMKH MEHSIOT CBOM XapaKTEPUCTHKU B



OTBET Ha M3MEHEHHME BHEIIHMX CUTHAJIOB, X HMHOrJa Ha3bIBAIOTCA
napamempuiecKumu.

dakTHYecKH, B aKTHBHBIX JATYMKAX MPOMCXOAMUT Mpeodpazo-
BaHHE U3MEHEHHS UX BHYTPEHHHMX XapaKTEPUCTHK B IJIEKTPHUECKHE
CUTHAJIBI, T.€. ONpE/AEICHHbIE NMapaMeTphl aKTUBHBIX JaTYUKOB MO-
JOyJIUPYIOT CHTHAJIBI BO30OY)KICHHUS, U dTa MOAYJSIMS HeceT B cebe
nHpopMmaruio 00 u3MepseMoil BenmuuuHe. Hampumep, TepMUCTOPHI
SIBJIAIOTCS TEMIIEpaTypHO-UyBCTBUTENBHBIMU pe3ucTopamMu. Camu 1o
cede TEPMHUCTOPBI HE MPOM3BOIAT HUKAKUX DIIEKTPHUECKUX CHTHa-
JIOB, HO TIPH MPOXOKIAEHUH Yepe3 HUX IJIEKTPUUECKOro Toka (CUrHa-
na BO3OYKIIEHHA), UX CONPOTHBIICHUE MOXKET OBITh OMpENeNeHO MO
W3MEHEHUIO TOKa /WM TMaJCHUI0 HaNpsDKEHWsT Ha HUX. 3HAUCHHE
conporuBicHus (B OMax) oTpaxaer u3MepseMyI0 TeMIIepaTypy, Ko-
TOpasi MOXKeT OBITh HaiiJieHa MO M3BECTHBIM 3aBHCUMOCTSIM. J[pyrum
MPUMEPOM aKTHBHBIX JATUMKOB SBIISIETCS PE3UCTUBHBIN TEH30/aT-
YUK, Yb€ DJIEKTPUUECKOE COMPOTUBIIEHNE 3aBUCUT OT BEJTMYHMHBI €r0
nedopmanmu. [y onpeneneHusi CONPOTUBIICHUS TaTUMKa yepe3 He-
ro TaKke He0OXOAUMO MPOIYCTUTH SJEKTPHUECKHI TOK OT BHEIIHE-
IO UCTOYHHKA NMUTAHUSL.

B 3aBucumocTH 0T BbIOOpa TOYKM OTCUETa NATUYUKH MOXKHO
pazaenuTh Ha!

e  a0CONIOTHBIE;
®  OTHOCHUTENbHBIE.

Abconromustii 1aTIVK OINpEAeNsieT BHEIIHUNM CUTHANI B abco-
JIOTHBIX (U3MYECKHX €JHMHUIAX, HE 3aBUCAIIMX OT YCIOBUH MpoOBe-
JIeHHUsI U3MEPEHUH, Tor/la Kak BBIXOJHOW CUTHA OMHOCUMENbHOZ0
JaTYNKa B Ka)JOM KOHKPETHOM Cily4ae MOXKET TPaKTOBaTbCs IIO-
pazHOMY.

[Tpumepom abcomoTHOrO JaTYMKa sBIsieTcsl TepMuctop. Ero
ANEKTPUUECKOE CONPOTUBIICHNE HANIPSMYIO 3aBUCHT OT aOCOIIOTHOM
TemnepaTypsl 1o nkane Kenbpuna.

Jpyroii ke NOonmyJIspHbBIM JaTYMK TEMIIEpaTyphl - TepMoIapa
— SBJIIETCS] OTHOCHUTENBHBIM YCTPOMCTBOM, ITOCKOJIBKY HaIpsKEHUE
Ha €ro BBIXOJAE sBisieTcss (QYHKIMEH TIpaJMeHTa TeMIepaTypbl Ha
MPOBOJIOUKax TepMomnapskl. [loaToMy onpeaenuTs KOHKPETHYIO TEM-
MepaTypy Mo BBIXOAHOMY CHTHATy TEPMOIAaphl MOKHO TOJIBKO OTHO-
CHUTEIIbHO U3BECTHOW 0a30BOW TOUKH OTCYETA.



Jpyrum npumepoM aOCOTIOTHBIX U OTHOCHUTENBHBIX JTaTYUKOB
SBIISIETCSl JaTYMK AaBlieHus. [loka3aHus aOCOMOTHOTO JaT4MKa CO-
OTBETCTBYIOT 3HAUEHHSM JABJICHUS OTHOCHUTEIHHO aOCOIIOTHOTO
HyJsl TI0 IIKajle JaBJICHWH, T.e. OTHOCHTENIBHO TOJHOTO BaKyyMa.
OTHOCHTENBHBIN JaTYMK OIpEAEIseT JIaBIeHHWE OTHOCHUTEIBHO aT-
MocC(epHOro AaBJICHUS, KOTOPOE HE SIBISETCS HYJIEBBIM.

Hpyroii moaxon K KiacCH(pHUKAaIUU JaTYNKOB 3aKIIOYaercs B
PaccMOTPEHUH UX XapaKmepucmuk.

st o0mieii METOAO0IOrMU MPOSKTHPOBAHUSI JaTYUKOB TIPE/-
CTaBIISIETCSl MPUHIMITUAIBHON HEOOXOIUMOCTh WX OOOCHOBaHHOM
KJaccu(UKalMy 1O CYIIECTBEHHBIM HE3aBHCHMBIM KilacCH(UKaIu-
OHHBIM MpU3HaKaM. JTa KiIaccu(UKalus HE MOXKET W He JOJDKHA
MPeTeH10BaTh Ha MOJHOE, MOAPOOHOE ONMUCAHNE AATYHKA, HO JOJIXK-
Ha ONpeNeNsiTh ero NMPUHIWIHAILHYIO MPHHAMIEKHOCTh K KIacCH-
(hMKaIMOHHOM TpyTIIIe.

Knaccugpuxayuonnvie npusnaru:

- IapaMerp, U3MEPSAEMbIN JaTYUKOM;

- arperatHoe cOCTOSIHHE 00BEKTa M3MEPEHUS;

- TIPUHIOMI TpeoOpa3oBaHUsl B UyBCTBUTEIBHOM dJIEMEH-
Te JaTYNKa;

- YHCIJI0O KOMIIOHEHT napamerpa (ecii mapamerp — BeJu-
YHHA BEKTOpPHAs) MM YHUCIIO MApaMeTpPOB, U3MEPSEMBIX
JAaTYAKOM.

OcranbHble KIaccH(UKAIMOHHBIE MPU3HAKH, YacTO BCTpe-
Yaromyrecs: B MHOTOYMCIICHHBIX MOMBITKAX MPEAJIOKUTh OpPUTHHAIIb-
HYIO «BCEOXBATHYIO» KIIACCH(PHUKALNIO JaTYNKOB, UMEIOT JINOO BTO-
PUUHYIO TIPUPOY, J1OO0 HECYIIECTBEHHBI, BCICACTBUE Yero Jobdas
Takasl Kiaccu(pUKanus HOCUT IKISKTUIECKUH XapaKTep.

Jsist Toro 4To0bl OTHECTH AATYHMK K TOW WJIM MHOW TpyIIe He-
00X0IMMO 3HATh, KAKHE BETHUYUHBI OH MOXKET M3MEPSITh, €0 Xapak-
TEPUCTUKHU, HA KaKOM (PU3NUECKOM MPUHIUIIE OH PEeaTn30BaH, KaKoi
MeXaHH3M MpeoOpa3oBaHMi OH MPUMEHSIET, U3 KAKOro MaTtepraia OH
W3TOTOBJICH, Kakasi 001acTh €ro NpUMeHEeHHUS.

B Tabnumax 1.1-1.6, B3aThix u3 kaury [1], mpencrapieHa cxe-
Ma TakoW Kiaccu(uKaiuu, KOTopas sBIsieTcs HauOosee uH(popMa-
TUBHOM.



Tabnuna 1.1 - XapakTrepucTuku

YyBCTBUTENBHOCTD Jnana3oH BXOJHBIX 3Haue-
302078

CrabuiabHOCTB(KpaTKOCpOYHAs U Pa3pemaromas crnocoGHOCTh

JIONTOBpEMEHHas)

TodHOCTH N30uparenbHOCTD

BrictponeiicTBre Oxkpy>KxaroIue yCIoBUs

XapaKkTepUCTUKH IIPU NEPErPY3KE JInHelHoCTh

I'ucrepesuc MeprBas 30Ha

OKCIUTyaTallMOHHBIA pecypc @opMaT BBIXOJIHOI'O CUTHAJI

CTOMMOCTb, Pa3Mephbl, BEC Hpyrue

Tabnuna 1.2 - Marepuaibl JaTYMKOB

Heoprannyueckue Opranuyeckne
ITpoBogHMKM Husnextpuku
ITonynpoBogHuKH Kunkoctu, rassl, miazma
buonornueckue TkaHu Hpyrue

Tabnuna 1.3 - CpeacTBa AeTEeKTHPOBAHHS

buonornueckue

XUMHUECKHE

9H€KTpI/I‘IeCKI/Ie, MAaruuTHBIC UJIN SJICKTPOMAIHUTHBIC BOJIHBI

Teruto, Temneparypa

MexaHHu4ecKoe MECPpEMCUICHN C NI BOJIHA

PaZ[I/IOBKTI/IBHOCTI) WJIN U3JIYYCHUC

Hpyrue

Tabnuua 1.4 - Mexanusm npeoOpa3zoBaHui

Xumunyeckue
XuMu4deckre mpeoOpazoBaHHs
dusnueckre npeodpazoBaHus
ONEKTPOXUMUYECKHI Mporecc
Crnextpockonus

Hpyrue

Buosornyeckue
Broxumuueckne npeodpazoBaHus




dusnueckre npeodpazoBaHus

BinsiHue Ha TeCTUpyeMbIE OPraHU3MbL

Crniextpockonus
[pyrue

duznueckue

TepmoanekTpuuecTBo
DOTO3JIEKTPUYECTBO
doTomMarsHeTusm
MarauTo3eKTpuIecTBO
DNEeKTPOMarHeTu3mM
Tepmoynpyrocts
ONeKTpOynpyrocTh
TepmomMaruerusm
TepmoonTuka
DoTOYyNpyrocTh

Hpyrue

Tabnuna 1.5 - Obnacti npuMeHeHus

ApxuTekTypa

JloMalHee npuMeHeHue

Fp AKITAHCKOE CTPOUTEIILCTBO

Okpyxarommasi cpezia, MeTeopo-
JIOrus

MIPOEKTUPOBAHUE

cpencTBa 0e30MacHOCTH

Pacnipenenenue, Toproris, ¢u-
HaHCbI

Cpenctra uHbopManu

DHepreTuka

TCIICKOMMYHUKaAIUA

3apaBooxXpaHeHUE, METUIIHA

CynoxoncTBo

O06opoHHast TPOMBIILICHHOCTh

OTapIx, pa3BiedeHus

Hayunsble uccnenoBanus

Kocmoc

TpancnopT (MCKITI04Yasi aBTOMO-
OWJILHBII)

Apyrue

ABTOMOOMIIbHBIN TPaHCIIOPT




Ta6nuua 1.6 - BHemnne Bo3aelicTBUA

AKycTHYeCKHE
Awmruutyna BonHBI, (hasza, 1o-
JISIPU3AIAS

DyeKTpUYECKHE
3apsia, ToK
[Torenunan, HanpsHKkeHUE

Crextp OnexTpudeckoe moje (aMILIUTy-

CKOpOCTh BOJTHBI Ja,

Hpyrue ¢aza, monspuzanusl, CreKkTp)
buosornyeckue ITpoBoguMOCTB

buomacca Husnexrpuueckas MpoHULIae-

(BuA, KOHULEHTpaIus, COCTOSA- | MOCTh

HUE) Hpyrue

Hpyrue MarnuTHbIe

XumMuuyeckue
DnemMeHTsI (MIEHTUYHOCTD,
KOHI[SHTpAIHs, COCTOSIHHE)

MarauTtHOe nojie (aMILUIUTYIa,
¢aza, monspuzanusl, CreKkTp)
MarauTHbBIN IOTOK

Jpyrue IIpoHnnaemocTs

Jpyrue
OnTtuueckue BsizkocTh

AwmmuTyza BonHbI, (asa, YopsA04eHHOCTb CTPYKTYpHI,

MOJISIPU3ALHSL, CIIEKTD WHTErpanus

CKopocTb BOJHBI Hpyrue

Koa¢dduuument orpaxenus

Nznyyatorast criocoOHOCTH

Otpaxatorias CriocoOHOCTb,

ITornomenue

Hpyrue

Mexanuveckue HN3nyyenne

ITonoxenue Tun

(KOoOpIMHATHI JIMHEIHBIE U YT- OHeprus

JIOBBIE) HNHTeHCcHBHOCTH

YckopeHue Hpyrue




Cuina

Hanpsxenue, napnenue
Hedopmanus

Macca, II0THOCTh
JBr>xeHue, MOMEHT

TenaoBble
Temneparypa
IToTok
Teno
TeronpoBoIHOCTH

CkopocTb 1moToKa, pacxox mac- | Jpyrue

Chl

®opma, 1EpOX0BATOCTb, OPU-

EeHTaIusI
KecTkocTh, MOAATIMBOCTD

Jlist mpuMepa pacCMOTPUM aKCEIepOMETP Ha MOBEPXHOCTHBIX

AKYCTHUYCCKHX BOJIHAX.

CorinacHO TpPHUBEICHHBIM TaOJIMIAM €My MOXHO JaTh Clie-

ayroniee onrucaHue.

Tabnuua 1.7 - O6nacti npuMeHeHus

Buewmnee o3oeiicmeue

Yckopenue

Xapaxkmepucmuku

UyBCTBUTENBHOCTH OIpeNenseTcs Kak
OTHOILIEHNE N3MEHEHHUS YacTOThI Ha
€/IMHHUILY YCKOpPEHMsI, KpaTKOCpOUYHasl U’
JOJITOBpEMEHHast CTaOWIbHOCTD U3Me-
psercs B ['11 Ha enuHUIlY BpEMEHU U
T.1.

Duzuueckuii npunyun | MexaHndeckui
Mexanuszm Yapyrosnekrpuieckui
npeobpazosanuii
Mamepuan Heopranuueckuii AM3JIEKTPUK

Ooénacmb npumenenus

Mopckoii 1 aBTOMOOUIIBHBIH TpaHC-
MOPT, KOCMUYECKHE UCCIIEIOBAHUS,
Hay4YHBIE U3MEPEHHS.

HNanHas oOmas kiaccupuKalys HE TOIBKO HE WCKIIOYAeT,
HO Y MIPEATNoiaraeT BO3MOKHOCTh M HEOOXOAUMOCTh B PsJIe cIyvacB
pa3BeTBICHHON KIacCU(PUKAIMK BHYTPH KaXKAOTO THIIA JaTIYHKOB.



2.3.Onpenesienne 1aT4mKa

B nonbiTKax AaTh omnpeneneHrue TOro, 4To e MpeacTaBiseT
co00I0 TaTuMK, Bce BpeMsl MPHUCYTCTBYET coOJa3H Ype3MEpHO pac-
HIUPUTELHON TPAKTOBKM 3TOr0 MOHATHS. OYEeBUIHO, YTO «TPaHULA
clieBa» JOIDKHA OINpPENeNsIThCs BKIIOUYEHHEM €ro COCTaB BCEX TeX
3BEHBEB MNpPEOOpa30BaHMsI HM3MEPIEMON BEIMYMHBI, 0€3 KOTOPBIX
¢yHKIMs mpeoOpa3oBaHMs JaT4MKa YTpadWBaeT CBOIO MOJHOTY U
OIPENICIICHHOCTh (BOCIPOM3BOJAUMOCTh, BPEMEHHAs CTaOMJIBHOCTb,
JMHAMHYECKHE CBOMCTBA | T.1.). i 3TOr0, MO-BUAMMOMY, 1I€IECO-
00pa3HO TMONB30BATHCS MPOMEXKYTOUYHBIMU TMOHATHSMH (HATpUMeED,
[IJIEHOYHBII TEH30METP WJIM IJICHOYHBI €EMKOCTHOW 3JIEMEHT, KOTO-
pbl€ CTaHOBSATCS AaTYMKaMH, OylydH HaKJIEEHHBIMU Ha U3MEPSIEMYIO
MOBEPXHOCTh, U MX (QYHKIHSA MpeoOpa3oBaHUsl BKIOYaeT B cels
CBOMCTBa KJIEEBOI'O CIIOSI M CaMOil MOBEPXHOCTH). B cocraB maTumka
BHOpAIUK JIOJIKEH OBITh BKJIFOYEH MEXaHUYECKH (UIBTP, €ClIU Ta-
KOBOH HCIIONIb3YETCSl IPU U3MEPEHUSX, @ B COCTAB JIaTUYMKa JHHAMU-
YEeCKOro JaBJICHUS — pa3JeiuTeNbHas MOJIOCTh WK TPyOOIPOBO/I.

«['panuna crpasay, 1Mo HalIeMy MHEHHIO, AOJKHA OMpese-
JSITHCSL TEM 3BEHOM NPeoOpa3oBaHus, MPUCYTCTBHE KOTOPOTO B JIaH-
HOM JIaTYMKE BBI3BIBAETCS HHTEpecaMu HeoOxoaumocTu. Hampumep,
COTJlacOBaHHE YyBCTBUTEIBHOTO AJIEMEHTA JIATUYMKA C U3MEPHUTEIb-
HOM JIMHMEW II0 PEaKTUBHOW COCTABIISIOLIEH, TEPMOKOMIIEHCA-
LUOHHBIE SJIEMEHTHI U T.1.

B mocneanue pecsaTh-IATHAAUATH JIET OOO3HAYMIIACH TEH-
JICHIIUSI B MPOCKTUPOBAHUH TaK HA3BIBAEMBIX «HHTEIUIEKTYaIbHBIX
JaTYMKOBY», CABHUTAIOIAS «IIPAaBYIO TPAaHUILY» HACTOIBKO, YTO Kax-
JIbIA TaKOM JAaTYMK MPEeBpallacTcs B aBTOHOMHYIO MH()OPMaIMOHHO-
u3MepuTenbHyto cucremy. HamomuuM, urto naturckoe intellectus —
MO3HaHUe, paccyloK. K 4uciny Takux «MHTEIUIEKTYyalbHBIX» (PYHK-
UK OTHOCAT IU(POBOE MPeodpa3OBaHNE aHAIOTOBON MH(MOpMAIK
B JIATYMKE (TaKOBa B MOJAABJIAIONIEM OOJBIIMHCTBE CITydaeB' ee ecre-
CTBEHHAsl MPUPOJA), KOMIICHCAIMIO MPUPOJHBIX HETOCTATKOB JIaT-
yrKa (HEMMHEHHOCTh (YHKIMM TpeoOpa3oBaHHUs, KOMIICHCAIIHS
BIMSIOIMX (PaKTOPOB), CAMOAMATHOCTUKA. beccropHo, 4To Bee ATH
(YHKUWU TOIDKHBI OBITH MPUCYIIM MH(QOPMAIMOHHOMY KaHaly, HO
BEeCbMa CIIOPHOW SBIISIETCS HEOOXOOUMOCTh M 1eIeco00pa3HOCTh
HAAENATh 3TUMH QYHKUIMSMH KaXIbId JaTYMK. Beab HaT4MKu CTOST



B MecTax Haubojee KOHIIEHTPUPOBAHHOTO BO3ACHCTBHS BCeX
BIHSIOINX (HaKTOPOB, MPUCYIINX JAHHOMY OOBEKTY, U pa3MeIleHHE
AJIEKTPOHHBIX DJIEMEHTOB B TaKMX JKCIUTYyaTAlIHOHHO HANPSKEHHBIX
MeCTaX COBEpIIEHHO HeompaBiaHHO. Kpome Toro, moctpoeHue co-
BpPEMEHHBIX HMH()OPMAIIMOHHO-U3MEPUTENBHBIX CHUCTEM I103BOJISIET
9TH QYHKIMH JeNaTh OOIUMH A TPyl JaT4ukoB. [loaTomy B
OOJNBIIMHCTBE CITy4aeB, CIEIHAIbHO HE MOTHBHPOBAHHBIX, YCIIOXK-
HEHHE CTPYKTYpHI JaTYMKa W MOBBIIIEHHUE €T0 CTOMMOCTH Hapallu-
BaHUEM (QYHKIHH, 0e3 KOTOPbIX OH MOXeT O0OHTHCH, €ABa-JIH OI-
paBaaHo.

W wnHTEpEcH METPONOru4ecKOd HANEKHOCTH, U HUHTEPECHI
MEXaHMUYECKOH HaJeXHOCTH JaT4WKa TpeOyIOT MHHUMH3AIHMU €ro
CTPYKTYPBHI.

Takum 00pazoM, B U3TI0KEHHOH TPAKTOBKE O@MUUK — IMO
camocmoamenvHoe, KOHCMPYKMUGHO AGHOHOMHOE CPEOCmEo U3-
Mepenuil, pazmeujaemoe ¢ mecme omoopa uHpopmayuu, ucnon-
HAIOWee YYHKYUIO nepeuUHO20 RPeodpa30eanua usimepaemoil gu-
3UYECKOUl 6eTUYUHBL 8 INEKMPUYECKYIO UTU ITIEKMPOMAZHUMHYIO
6eUYUHY, COCHIOAWICEe U3 MUHUMAILHO HE00X00UMO020 HUCIa
36€Hbe6 NPeoOpPaA306aHUA UBMEPAEMOI GeNUUUHbL, obnadarouiee
00HO3HAYHOI (yHKYUell npeodpazoeanus u mpedyemvimu 01s
OaHHBIX Yelell UIMEPEHUIl 63AUMHO CO2NACOGAHHLIMU (Henpomu-
60peuusvIMU) MEMPOTOZUHECKUMU U HAOEHCHOCMHBIMU XaAPaKme-
pucmuxamu [6].

Takoil CMBICII, TEM CaMbIM BKJIQJIBIBAEMBINA B MOHITHE «JIaT-
YHK», TI03BOJISIET OJHOBPEMEHHO OO0ECIEeYHTh BBICOKYIO TEXHOIIO-
THYHOCTH 0a30BBIX KOHCTPYKTHBOB JaTYNKOB M CTPOUTH Ha X OCHO-
Be YHH(UIUPOBaHHBIC PSIIBl JTATYUKOB, OTBEYAIOIIUX HHTEpEcaM
W3MEpEeHH BCEro MHOroo0pasusi 00bEKTOB TEXHUKH.

2.4. ETuHAIBI H3MepeHust

B 3TOM y4eOHOM MOCOOMM HCHOIB3YOTCS SAMHMIIBI U3MEpe-
Hus cuctembl CU, npunsteie Ha 14-oii Mexnynapoanoit Konde-
penuu o Mepam u Becam (1971). B tabauue 1.8 npuBeneHs! oc-
HOBHBIE €IUHHIIBI U3MEPEHHs (HU3NUECKUX BETUIHH [7].

Bce ocrasibHBIC IMHULIBI U3MEPEHUS SBIISFOTCS IPOU3BO/THBI-
MH OT 3THX OCHOBHBIX €IuHMII. HexkoTopble W3 HHX MpPHUBEICHBI B
ITpunoxenuu.



Tabnuua 1.8 - OcHoBHBIE eAMHUIIBI H3MepeHus cucteMbl CU

Beauunna Hassa| OG06o- OnpenesieHue (rogx yCTAHOBJICHUS )
HHE | 3Hade-
HHE
Jmuna Metp |M Merp - AsiMHA MyTH, IPOUIEHHOTO CBE-
TOM B BaKyyMe 3a BpeMsi, POBHOE
1/29979245B nonu cexynanl (1983)
Macca Kuno- |kr Kunorpamm - macca 3TajnoHa, cielaHHO-
rpaMm TO U3 CIUIaBa IIaTuHbl U upuaus (1889)
Bpems Ce- |c CexyHpa - qnmurensHocTh 9192631 ne-
KyHJIa PHOIOB M3JIy4EHUsI, HCITYCKaeMOr'o aTo-
moM Lle3us 133 npu ToUHO onpeneneH-
HBIX YCIIOBHSX pe3oHaHca (1967)
Onektpuue- Am- |A AwMrep - cuila yCTaHOBHUBILET OCS JIEK-
CKUI TOK nep TPUYECKOTO TOKa,
KOTOPBIH ITPOXOJIS 10 ABYM Mapaieib-
HBIM MTPOBOJHUKAM OCCKOHEYHOM JITHHBI
Y HUYTOKHO MAJIOTO ITOIIEPEYHOr0 ceve-
HUSI, PAcIOJIOKEHHBIX B BaKyyMe Ha pac-
CTOSIHUM | MeTpa Ipyr OT IpyTa, BHI3HI-
BAaET MOSBJICHUE CUITBI MEXKTY HUMH, PaB-
Hoit 2x107 H/m (1946)
Tepmoguna- Kenb- |K KenbBuH onpenensercs TemnepaTypoi
MUYecKas BHH TPOIHOM TOYKH BOJBI (KOT/Ia BCE TPH
TeMIiepaTypa (ha3bl BOABL: XKHKasl, HTapooOpa3Has U
TBepJas —HaXOJATCS B TEPMOIUHAMMYEC-
CKOM PaBHOBECHH)
Ora temnepatypa pasHa 273.16 K (1967)
Konuuectso  Monb |Monb MoJ1b-KOIUYECTBO JIEMEHTAPHBIX Yac-
THII (AaTOMOB, BEILIECTBA MOJIEKYJI, HOHOB,
AJIEKTPOHOB U JIP.), COJIEPIKAIINXCS B
0.012 xr u3orona yriepoma-12 (1971)
WureHcus- Kan- |Kn CBeua — cujia CBETa, U3JIy4aeMoro B mep-
HOCTb CBETa  JieJia TICHTUKYJISIPHOM HAIPaBJICHUU YePHBIM
(cBe- TEJIOM, MMEIOIIMM IUIOMIA b TOBEPXHO-
4a) cri 1/600000 M2, ipu TemmepaType 3a-
Mep3anus Py u maBienvn 101325 Hw?.
(1967)
ITnockuit yron Pagu- |Pan JlononHuTenpHasa eIuHULA

aH




TenecHslit Cre- |cpan JlononuurenbHas eIuHUIA
yroia pamau-
aH

Yacto Ha MpakTHKe ObIBACT HEYJOOHO HAINPSMYIO HCIIONB30-
BaTh OCHOBHBIC CIMHUIIBI WA UX TIPOU3BOJIHBIC, TOCKOJILKY OHU MO-
I'yT ObITh JTUOO CIUIIKOM OOJBIIUMHU, JINOO CIIUIIKOM MaJICHbKUMHU.
Toraa NpUMEHSIOT CTaHIAPTHBIC MHOXHUTEIM WM Jenutenu. Ha-
npumep, 1 Ammep (A) npu ymHOkeHnn Ha Kodddumment 10 o6pa-
3yeT MEHbIIYIO CIMHUILY, HAa3bIBAEMYI0 MIULIHaMIiepoM (MA), paB-
HYIO OJTHOH TBICAYHOM J10JI€ aMIIepa.

KoHnTpoabHbIe BONPOCHI

1. TpuBeaute KiaccuPpUKALUIO TATINKOB B 3aBUCHMOCTH OT
CTPYKTYPBI ero (PU3NIEeCKO MOJIETH U MOJEIH B3aUMOJICHCTBHS CO
Cpenou.

2. Uro Takoe AaTYHUKU C COCPENOTOYCHHBIMU TTapaMeTpaMH MepBo-
'O TOpsZIKa M BTOPOTO MOPsI/IKa alepruoANYECKOro U KojiebaTeabHO-
ro Tumna?

3. Uro Takoe AaTUMKH C pacrpeeseHHBIMH TapaMeTpaMu?

4. Tlpuenute KiIacCUPUKAIMIO JATYHKOB B 3aBHCUMOCTH OT OCO-
OeHHOoCTel (PYHKIIMOHUPOBAHUS U MO KBATH()UKAIMOHHBIM MTPHU3HAa-
KaM.

5. Kakue natyvku Ha3pIBAIOTCS TACCUBHBIMU, & KAKUE AKTHBHBIMH?
6. Kakue natunku Ha3pIBAIOTCSI AOCOTIOTHBIMHU U OTHOCHUTEHHBI-
Mu?

7. TlpuBenute OCHOBHBIC KIIaCCH(PHUKAIMOHHBIC TPU3HAKH JATUH-
KOB.

8. IlpuBenute onpeaeneHue TaTIUKA.

9. Ilepeuncnnute OCHOBHBIC CMHULIEI U3MEPEHUH, HCIIONB3YEMBIE B
JaTyuKax.



3. ®U3UYECKHUE SIBJIEHUS, HCIOJb3YEMBIE
MPU W3MEPEHUU ®U3HMUYECKUX CHUIHAJIOB B
JATUUKAX

3.1 Ucnoab3oBanue eMKOCTH

U3 kypca ¢u3MKH H3BECTHO, YTO YCTPOMCTBO W3 JBYX IUIa-
CTHH, CIOCOOHBIX COXPaHSTh JJIEKTPUUECKUI 3apsii, Ha3bIBaeTCs
Konoencamopom. Ecim Mexny IByMs 3apsHKeHHBIMH OOBbEKTaMH
HIOMECTUTh TECTOBBIM IOJIOKHUTENBHBIA 3apsl (g, HA HErO HauHET
NIeCTBOBATh DJIEKTpUYECKass CHUJIa, HalpaBle€HHas OT IOJO0XH-
TENbHOU IJIACTUHBI K OTpHULATENbHON. [10n0XKUTENBHO 3apshKeHHas
TTacTHHA OyJeT OTTaJKMBAaTh TECTOBBIM 3apsil, a OTPULATEIBHO 3a-
psKeHHas — MPUTATUBATH €ro. B 3aBHCHMOCTH OT pacroyioxkeHHs
TECTOBOT'O 3apsijia MEXIy IUIaCTHHAMH, 3Ta cuja OyJaer UMeTh pas-
HOE HaTPaBJICHUE M BEIMYMHY, XapaKTepHU3yeMble BEKTOPOM CHIIbI T .

KonpencaTop xapakrepusyercsl BEIMUMHON 3apsia (, HaKoIM-
JICHHOT'0 Ha 00OWX IMJIACTUHAX, U HampsHKeHWeM V — TIOJIOKUTEb-
HOM Pa3HOCTBIO TIOTEHIIMANIOB MEX/Ty HUMHU (pucyHoK 3.1).

Pucynok 3.1 - KonzeHcarop ¢ napauielibHbIMH [JIaCTHHAMHU.

Crnenyer OTMETHTH, YTO (] HE COOTBETCTBYET CYMMapHOMY 3a-
psiiy KOHIEHCaTopa, paBHOTO HYJIO, a V He SBJISIETCs MOTEHIIHAIOM
Ka)XJIOM TUTaCTUHBI, a BBIPAXaeT Pa3HOCTh MOTEHIIMAIOB MEXAY HH-



mu. OTHOIIEHUE 3apsaia K HANPsS>KCHUIO ABJIACTCA KOHCTaHTOU JUIA
KaXXZI0oro KoHAacHcaropa:

9_c 3.1)
Vv

[MoctosiHnast BennunHa C Ha3BIBACTCS eMKOCHIbIO KOHJICHCA-
Topa. BennunHa eMKOCTH 3aBUCHT OT ()OPMBI MJIACTUH M UX PacIo-
JIOKEHUS PYT OTHOCUTENBHO JIPYTa, a TAKXKE OT CBOMCTB CPEAbl Me-
*kay HUMU. OTMernM, uTo BenuunHa C BCeTAa MOJI0KUTENbHAS, 110-
ToMmy 4tO B Qopmyne (3.1) 3apsin u HanpspkeHue OepyTcsl OAHOTO
3HaKa.

B cucreme CU enununeit emxoctu sieisiercss @apan: 1 dapan
= 1 Kynon/Bonbt (@ = Ki/B).

Ho dapan coorBercTByeT OueHb OONBIIOH EMKOCTH, IIO3TOMY
Ha MPaKTHKE MCIIONB3YIOTCS CIASAYIOIIHE TPOU3BOAHBIE OT HETO:
1 muxodapan (md) = 107D,
1 nanodapan (1®) = 10° @,
1 muxpodapas (Mx®) = 10° @.

[Ipu BKITIOYEHNH B 3JIEKTPOHHYIO CXEMY €MKOCTh KOHJIEHCATO-
pa MokeT OBITh BBIpa)keHa B BUJIE KOMIUIEKCHOT'O CONPOTHUBIICHUS:

V 1
o= (3.2)
i joC
rae | — 3TO CHHYCOMIAJIBHBIH TOK C YaCTOTOH .

W3 dopmynbl BHIHO, YTO KOMILIEKCHOE COMPOTHBIICHUE KOH-
JICHCATOpa YMEHBIIACTCS C POCTOM YacTOThl. Beipaxkenue (3.2) siB-
nsiercst 3akoHoM OMa i1t KOHJIEHCaTopoB. 3HaK MUHYC B 3TOH (op-
MyJle O3HauyaeT, YTO HaNpsDKEHUE Ha KOHJIGHCATOPE OTCTaeT OT TOKa
Ha 90°.

KongeHcaTop — 3TO O4YeHb HOJE3HBII AJIEKTPUUECKUH 3i1e-
MECHT, 4acCToO I/ICHOHI:?,YCMI:IIZ B COCTaBC pa3/IMYHbIX JATYMKOB, Ha-
MpHUMep, U U3MEPEHUs] PacCcTOSHUS, IUIOMAAN, 0ObemMa, AaBiIeHus,
CUJIBbI U T.JI.

Ha pucynke 3.2 moka3aH KOHJEHCATOp C MapajuleIbHBIMU
Imj1aCTUHaMM, B KOTOPOM MPOBOAHUKU MMEIOT q)OpMy IIJIaCTHUH I1J10-
maau A, pacrojoKeHHbIe NapaulebHO Ha paccTosHuM O apyr or
apyra. Ecim paccrosnue d ropazno MeHblue, 4eM pa3Mepbl IUIACTHH,
NIEKTPUUYECKOE T10JI€ MEXTy HUMU OyJIeT OJHOPOAHBIM. DTO O3HaYa-



€T, 4TO CHJIOBBIC JIMHUH f SABJIIAIOTCA TapaJUICIIbHBIMU U PABHOMEPHO
pacronokeHHbIMU. M3 3aKOHOB 3JIeKTpOMarHeTn3ma clieyer, 4ro Ha
KOHIIaxX IIJIaCTHH KpaﬁHHe CHJIOBbIC JIMHUU 6yl[yT HEMHOI'O HC-
KaXXaTbCs, HO AJId JOCTAaTOYHO MaJIbIX 3HAUYEHUH d MbI MOKEM 3THUM
npeHeOpeys.

JIyiss BBIUMCIICHUS €MKOCTH HEOOXOJMMO 3HATh PA3HOCThH I10-
TEHIIMAaJIOB MEXy TulacTHHAMH V' | 3apsizl KoHAeHcaTopa (:

C= (3.3)

9
Vv

CymectByer emie ogHa Qopmyna Ui HAXOXKIEHUS E€MKOCTH
MIJIOCKOT 0 KOHJIEHCaTopa:

g,A
d

HMeHHO 3Ta 3aBHCHMOCTb Yallle BCEr0 UCIOIb3YETCsl MPH MPO-
eKTHPOBAHUH E€MKOCTHBIX MaTdukoB [3, 4, 5]. OHa ycraHaBIMBaer
B3aMMOCBS3b MEKIY IUIOLIAJbI0 TUIACTUH U PACCTOSHHUEM MEXKIY
HuMH. [Ipy U3MEHEHNN OJHOTO M3 ITUX MapaMeTpOB MEHsSeTCs 3Ha-
YeHUE EMKOCTH, YTO MOXKET OBITh JJOCTATOYHO TOUYHO M3MEPEHO MpPH
MOMOIIM COOTBETCTBYIOMIHMX cxeM. ClenyeT OTMETUTh, YTO ypaBHe-
Hus (3.3) u (3.4) cnpaBeIUBHI TOIBKO U KOHAEHCATOPOB C MapaJl-
JeTbHBIMY TIaCTUHAMU. VI3MEeHeHre TeOMETpUH TUIACTUH TPUBEET
K Moaubukammu 1ux Gopmyn. OrHomenue A/d 4acTo Ha3bIBAIOT
reoMeTpuieckuM (hakTopoM KOHAEHcaTopa ¢ HapajuielbHbIMU TUIa-
CTHHAMH.

Ha pucynke 3.2 nokasaH HWIHHIPUYECKUI KOHIEHCATOP.

C= (3.4)




Pucynok 3.2 - IunuHapudeckuii KOHIEHCATOP

OH COCTOHT M3 IBYX KOAKCHAJIbHBIX HUIUHIPOB, PAJHYChl KO-
TOpbIX paBHbl ¢ U b, a amuna — |. Ecim I1»b, kpaeBsiMu addexramu
MOXKHO IIpeHeOpeyb, a /ISl BHIYUCICHHUSI €MKOCTH MCIIOIb30BATh Clie-

YOIy opmyity:

_ 2rmgl
In(b/a)
B sTOM BbIpaskeHuu | - aiMHa 30HBI TEPEKPHITUS ABYX IIHIIHH-
npo. (pucynok 3.3), a koadppuuuent 27 / In(b / &) naseisaercs reo-
METpHYECKUM (DAKTOPOM KOAKCHAJIBLHOTO KOHJIEHCATOPA.

(3.5)

T
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Pucynok 3.3 - EMKOCTHOM AaTYuK TiepeMenieHus

Ecnum BHyTpeHHWH UIMIMHADP CIOCOOEH BJIBUTATHCS BHYTPH
BHEIITHET0 MWIMHAPA U BBIIBUTAThCS U3 HErO, HA OCHOBAHUM TaKOU
KOHCTPYKIIMM MOXXHO peaji30BaTh JaT4MK IepeMelleHuid, obma-
JAOIUN TUHEWHON 3aBUCUMOCTBIO MEX]Y EMKOCTBIO H IIEpeMellle-
HHUEM (cM. BeIpaxkeHue 3.5).

Beipaxenue (3.4) crnpaBemiuBo Ui KOHJAEHCATOpa C Mapai-
JeTbHBIMY TUTACTHHAMH, HaXOAALIMMUCS B BakyyMme (MJIM B BO3ILyXe
JUisl OONBIIMHCTBA MPAaKTHYecKnX ciydae). M. Dapaneit B 1837 ro-
Ny TIEpPBBIM 3aloHWI TPOCTPAHCTBO MEXKAY IUIACTUHAMHU JWD-
JEKTPUKOM M OOHAPYXHJI, YTO MPH 3TOM EMKOCTh KOHJIEHCcaTopa
BO3pociia Ha KOA((UIMEHT €, M3BECTHBIM MOJ] Ha3BaHUEM OTHOCH-
TEJIbHOW JIU3JIEKTPUUYECKON TPOHUIIAEMOCTH MaTepuala.

VYBenuueHne eMKOCTH KOHJEHcaTopa, Omarogaps HaJuduio
MEKAY €ro IUIACTHHAMH JAWDJIEKTPUKA, 00BsACHsETCS 3PPEKTOM Mo-
JSpU3alUd MOJIeKyl. B HEKOTOpBIX AMANEKTpUKax (Hampumep, B
BOJIC) MOJICKYJIBl OOJIAJIAIOT TOCTOSHHBIM JMITOJIBHBIM MOMEHTOM,



TOr/Ia KaK B JIPYTUX TUDIIEKTPUKAX MOJIEKYJbl CTAHOBSITCS MOJISIPH-
30BaHHBIMU TOJIBKO TMOCIIE TOrO, KaK OHM TMONaJaloT MoJ ACHCTBHE
BHEIITHETO 3JIEKTPUYECKOro mois. Takas monspu3aius Ha3blBaeTcs
WHAYIHPOBAHHOH. B 00omX ciyyasx mosnsipu3alliyl BHEIIHEE MpH-
JIOKEHHOE T0JIe BCEr/la CTPEMHTCS! K BHIPABHUBAHHUIO HAIlPaBIICHUH
MOJIEKYJI. DTOT MpPOIecC Ha3bIBaeTcA MOJSPU3ALNCH TUIJIEKTPHKA.
OH npoWJUTFOCTPUPOBAH Ha pucyHke 3.4.

Ha pucynok 3.4A mokazaHoO pacroyioXeHHne JUIOJei 0 Toro,
KaK Ha KOHJIeHCaTop ObUIO MOJAaHO BHEIIHEE IIEKTpUIecKoe mojue. A
Ha pucyHoK 3.4b mokazaHbl Te K€ JUIOIU TPH IOAKIIOUCHHOM
ANEKTPUUECKOM HaNpsDKEHHH. B mepBoM cityuae Bce AMIMOIU UMEIOT
Xa0THYECKYI0 OPHEHTAIHI0, 2 BO BTOPOM — B IIpoIecCe 3apsjKa
KOHJIEHCATOpa BCE JUIIONM HAYMHAIOT BBHIPABHUBATHCS BIOJIb CHIIO-
BBIX JIMHUI DJIEKTPUYECKOr0 MOJsI, OJAHAKO TEIUIOBOE IepeMelBa-
HUE HE MO3BOJISET UM MOJIHOCTHIO 3aKOHYHTH 3Ty Mpoueaypy. Kax-
JpIi AUONbL (OPMUPYET CBOE COOCTBEHHOE DJIEKTPHUYECKOe MOJe,
KOTOpoe B OOJBIIMHCTBE CIy4acB HAMpPaBICHO MPOTHUB BHEUIHETrO
anekrpuueckoro monst E,. brmaromaps cioxeHuto moseit 0oibIioro
konmuuectBa aunonedt (E'), pe3ynpTHpytoliee moje BHYTPH KOHJICH-
caropa cranosurcs cnabeit (E = E, + E') mo cpaBHeHH1o co cnydaem
KOHJIeHcaTopa 0e3 JMDIIEKTPUKa, KOTJa JJIEKTPUUECKOe Mose ObLIOo
paBHO E.

, V=0 ) ‘ 14
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Pucynok 3.4 - Ilonspuzanusi AudekTpuka: A — 0e3 BHELIHEro
ANEKTPUUECKOTO TIOJISl AUTIOIM MUMEIOT MPOM3BOJIBHYIO OpH-
eHTanuio, b — Jumonu BBIPaBHUBAIOTCS BJIOJNb CHIIOBBIX

JIMHUH IMPUIIOKEHHOI'O 3JICKTPUYCCKOI' O I10JIA.



YMeHbIIeHNE QJICKTPUUCCKOI'0 IMOJIA BCACT K CHUIXCHUIO Ha-

MPS’KCHUA HA KOHACHCATOPE:
V= Vo/k

[MoacraBmsst 5TO BeIpakeHre B Gpopmyny (3.3), MOTyYUM BEI-
pakeHHe U HaXOXACHHS eMKOCTH KOHJEHCATOpa C JAUIJICKTPUKOM
MEKAY MPOBOJIHUKAMHU:

c=k ¥ =kc,

HHH KOHJICHCATOpa C InapaulCJIbHBIMU IJIACTUHAMU CIIpaBEa-
JINBO CIICAYIOIICEC COOTHOUICHHE!

Co ke, A

d

B Oonee obmieii hopme eMKOCTH MEKIY ABYMS OOBEKTAMH
MOJKHO BBIPa3UTh MPH IMOMOIIU reoMeTprudeckoro dakropa G:

C=¢,kG
rne G ompenensiercss Gopmoii oObekTa (IJIACTHH) M PACCTOSHHEM
MCXKIY HUMHU.

HI/IC—)HGKTPI/I‘IGCKI/IG KOHCTAHTBI ONPCACIAIOTCA NPU 3aJJaHHBIX
4acToTe W Temieparype. JIuanekTpruueckue KOHCTaHThI HEKOTOPBIX
AUBJICKTPUKOB IMMOYTH HE€ MCHAIOTCA B OYCHbL INHMPOKOM YaCTOTHOM
nuana3oHe (Hampumep, y MOJMATHICHA), B TO BPEeMs KaK y JPYrHx
JIEMOHCTPUPYIOT CHIJIbHYIO OTPHIIATEIbHYI 3aBUCHMOCTb OT 4acTO-
Thbl, T.C. UX 3HAYCHUA YMCHBIIAIOTCA C pOCTOM YaCTOTHEI.

HI/IC—)HGKTPI/I‘IGCKI/IG KOHCTAHTBI ONPCACIAIOTCA NPHU 3aJaHHBIX
4acToTe W Temiieparype. JIuanekTpruueckne KOHCTaHThI HEKOTOPBIX
AUBJICKTPUKOB MOYTH HE MCHAIOTCA B OYCHbL INHMPOKOM 4HYaCTOTHOM
nuana3oHe (Hampumep, y MOJHITHICHA), B TO BPEeMs KakK y JPYrHx
JIEMOHCTPUPYIOT CHIIbHYIO OTPHIIATEIbHYI0 3aBUCHMOCTb OT 4acTO-
Thbl, T.C. UX 3HAYCHUA YMCHBIIAOTCA C pOCTOM YaCTOTEI.

Ha pucynok 3.5 mokazaHa 3aBUCHMOCTH JHIJICKTPUYECKOH
KOHCTAHTBI OT TEMIIEPATYPHI, IIOJTyUCHHAad JJI1 BO/BI.
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Pucynok 3.5 — 3aBHCHMOCTh OTHOCUTEIIBHOM JTUAJICKTPUICCKOM MPO-
HUIIAEMOCTH BOJIBI OT TEMIIEPATYPBI

B nneansHOM KOHAEHCATOpE AMAIEKTPHUECKas KOHCTaHTA K U
€ro reoMEeTpUYECKUil (PaKTOp UMEIOT OYEHb CTAOMIILHOC 3HAYCHUS,
OHU HE 3aBHUCAT HH OT TEMIIEpaTyphl, HA OT BIQXKHOCTH, HU OT JaB-
JIEHWs1 U HA OT ApPYrux (akTOpoB OKpyxkatomiedl cpenpl. ns mo-
CTPOGHHS DJIEKTPOHHBIX CXEM OYeHb Ba)KHO MPUMEHSTh KOHJAEHCA-
TOPBI, XapaKTEPUCTUKN KOTOPBIX OJM3KU K MICaTbHBIM.

OnHako MpH MPOEKTUPOBAHMH €MKOCTHBIX AaTYMKOB HEOOXO-
VMO BBIOMPATh KOHJCHCATOPHI C MapaMeTpaMu, HU3MEHSIOIIMMHUCS
Ju00 OT TeMIlepaTyphl, OO0 OT JaBJICHUS, JTUOO0 OT BIAXKHOCTH, JIU-
00 ot Jmoboro apyroro ucciemayemoro ¢akropa. Eciu kakas-nmu0o
XapaKTepUCTUKa KOHJAEHCATOpa MEHSETCS TpU  OIpeAelIcHHOM
BHEIITHEM BO3/CHCTBHHU, Ha €r0 OCHOBE MOXKHO TIOCTPOUTH COOTBET-
CTBYIOIIMI NaTUUK.



PaccMoTpuM €MKOCTHOM AATYMK, U3MEPSIIOIUN YPOBEHD BOABI
(pucynox 3.6).
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Pucynok 3.6 — EMKOCTHOM 1aTyuK ypOBHS BOABI

OH Uu3roTOBJIEH Ha OCHOBE KOAKCHAJIBHOIO KOHJEHCAaTopa, B
KOTOPOM HOBEPXHOCTh Ka)KJOT0 IMJIMHJIPA MOKPHITA TOHKHM CJIOEM
M30JIALIMOHHOI0 MaTepuala Julsl MpeoTBpaIleHNs KOPOTKOI'O 3aMbl-
KaHUs 4epe3 BOAY (3TOT CIIOH TarKe SIBISAETCS TUAIIEKTPUKOM, HO OH
He OyJleT YYUTBIBATHCS B TIOCIEAYIOIINX PACCYKICHUAX, TTOCKOIBKY
ero CBOICTBa He MEHAIOTCA B mpoliecce usMmepeHui). Jlatuuk pas-
MeIIaeTcss B pe3epByape ¢ BojgoW. [lpu yBemuueHHH ypoBHS Bona
3amoyHsAeT Bce OONbIIMH 00bEeM MEKIY KOAaKCHaJbHBIMH IPO-
BOJIHUKAaMHM, U3MEHsISI IPH 3TOM €MKOCTh AaTtyuka. [loiaHas emMKocTh
JTaTYMKa OTpeIesieTCs CIEAYIOINM BhIPAKEHUEM :

C,=C,+C, =¢,G, +g,kG, (3.6)

rae Ci— eMKOCTh YaCTH JAaTYHKa, CBOOOJHOM OT BOJIEI,
C, — eMKOCTb YaCTH JIaT4YKMKa, 3aII0JIHEHHON BOJIOM,
G u G,—cooTBeTCTBYIOMNE FreOMeTprUecKre (paKkTopsbl.
W3 dpopmyn (3.5) u (3.6) MOXKHO TONYYUTh BBIPAKEHHUE IS
IOJIHOM €EMKOCTH JaTUYHKa:

2re, Cn1
eyl ek



rie h — BbIcOTa YacTH JIaTYKMKA, 3AIIOJIHEHHOM BOJIOM.
Eciu Boma HaxoauTCsl HIKE YPOBHS Ny, eMKOCTh JaT4vMKa OC-
TAeTCsl NTOCTOAHHOW U PaBHOM:

27,

“In(b/a)

Ha pucynke 3.7 moka3aHa 3aBUCHMOCTh €MKOCTH JaT4HMKa OT
YPOBHS BOABI (IIpH 3TOM JaTYMK UMeN clienyrone pasmepsi: a = 10
MM, b= 12 mm, H= 200 MM, uccieayemast )KHAKOCTh OblTa BOIOH).
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Pucynok 3.7 — 3aBUCHMOCTb €MKOCTH JIaTUMKa OT YPOBHS BOJBI

Omna npezacTaBisier co00i MPSIMYIO JTMHHIO, HAYHHAIOIIYIOCS C
ypoBHs h,.

[TockonbKy AuanMeKTprUyecKass KOHCTaHTa BOJABI 3aBHUCHUT OT
TeMIepaTyphl, EMKOCTHON JJATUMK CJIEAYET UCIONb30BaTh COBMECTHO
C JJaTYMKOM TeMIlepaTypbl — HamlpuMmep, TEPMUCTOPOM WIIU pPe3H-
CTUBHBIM JIETEKTOPOM TEMIIEpPaTyphl, KOTOPHII OyAeT OTCIIeKHBAThH
TEMIIEPATYPY OKPYKAIOLIEH CPENBI.

CootBeTcTByIOIIas TeMIepaTypHasi KOPpPEKTHPOBKAa CHUTHala
€MKOCTHOTO JaTYMKa MOYET MPOBOJUTHCA Ha CIIEHATIBHOM 3JIEK-
TPOHHOM IIpeoOpa3oBaTee.

Haxion nuHMM nepeaaToyHON (QYHKIMH 3aBUCHUT OT THIA UC-
MOJb3yEeMOM KUAKOCTU. Hanpumep, eciu BMeCTO BOABI B PE3EpPBYyap



HAJIUTh TpaHC(HOPMATOPHOE MACTIO, YyBCTBUTEIBHOCTh JAaTUYMKA CHU-
3uTCs B 22 pasa.

Jpyrum npumMepoM sIBISE€TCSl EMKOCTHOM JaT4YMK BIJIAKHOCTH.
B TakoMm gaTymke JU3JIEKTPUUECKUN CIOM MEXAY MJIaCTUHAMU KOH-
JIGHCATOpa BBINOJIHAETCS W3 TMTPOCKONMYHOIO Marepuana. Takoi
JIURJIEKTPUK TIOTJIOMAET MOJIEKYJIBI BOJBI U B COOTBETCTBUHU C UX KO-
JIUYECTBOM MEHseT JUAJIEKTPUUYECKYI0 KOHCTaHTy. CorjacHo ypas-
Hennto (3.8) 3TO MPUBOAWUT K M3MEHEHHWIO €MKOCTH JaT4yhKa, YTO
MOXeET OBITh I0CTATOYHO TOUHO H3MepeHo. [1o monydeHHOMY 3Haue-
HHUIO U OIIPEJENSIETCS] OTHOCUTENBHASI BIAYKHOCTD.

Ha pucynok 3.9 noka3aHa 3aBUCHMOCTb €MKOCTH Takoro JiaT-
YHKa OT BEIMYMHBI OTHOCUTEIHHOM BIAXXHOCTH. Kak BHAHO U3 pu-
CYHKa, 3Ta 3aBUCUMOCTb HE SBJISIETCS JINHEMHOM, HO 3TO, KaK IpaBH-
JI0, YYUTBIBAETCS Ha CTaIuu 00pabOTKH CUTHAJIOB.
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Pucynok 3.8 — 3aBUCHUMOCTh €MKOCTH JAaTYMKa OTHOCHTEIHHOM
BII&YKHOCTU OT YPOBHSI BIQKHOCTH

3.2 MHcnonb3oBaHHe COMPOTUBJIEHHS B JaTYMKAX

Eciu u3roroBuTh 1Ba F€OMETPUUYECKN UJICHTUYHBIX CTEPHKHS U3
pa3HBIX MaTepHAIOB (HAIPUMEP, U3 MEIM U CTEKIa) U MPHJIOKUTh K



HUM PaBHOE HAIpPsDKEHUE, TOK, POTEKAOIIUN 110 HUM, He OyJeT oju-
HAKOBBIM. JIJIs1 KaXKJIOro Marepualia eCTh XapaKTePUCTUKA, OMKICHIBAIO-
miasi ero CrocoOHOCTh MPOIYCKaTh AMEKTpUieckuii Tok. OHa Ha3bIBa-
eTcsl yoenbHbimM conpomusiienuem. [Ipr 5ToM TOBOPSIT, YTO MaTepual
001aaeT MEKTPUIECKUM CONPOmUEIeHUeM, KOTOPOE MOKHO OIpesie-
JIUTH 110 3aKoHy OMa:

riae V — HanmpshKeHHe;
i - TOK B 1€mN.

JA7st 4MCTO PE3UCTUBHBIX JIEMEHTOB (HE 001aJaI0NMX HUA eMKO-
CTBIO, HU MHIYKTUBHOCTBIO) HAIIPsDKEHNE M TOK COBIMAAAIOT 1Mo ase.

JIroOpie MaTepranbl (KpoMe CBEPXIPOBOIHUKOB), UMEIOT YIETBHOE
COIpOTHBIICHHUE, U TI03TOMY Ha3bIBAIOTCS PEUCINOPAMU.

ConpoTuBieHNE SBISIETCS XapaKTEPUCTHKON JII0O0r0 YCTpOICT-
Ba. Ero BemmunHa omnpezensercss Kak caMuM MaTepualioM, Tak U Teo-
MeTpHel pesucropa. MaTepuai, Kak MpaBHIIO, XapaKTepu3yercs Beju-
YUHOU y0enbH020 CONPOMUGTIEHUSA P

E
p=-—=
J

IJie p — TUIOTHOCTh TOKA.

B cucreme CU equnuIIeH H3MepeHUs YAECTBHOTO COMPOTHUBICHUS
siersiercst OmxMerp.

JlocTaToOuHO YacTO MCMOJB3YeTCs BEIUMIMHA, 00paTHAs YICIbHO-
My COIPOTHUBIICHUIO, HA3bIBAEMAS YOETbHOU HPOBOOUMOCHIBIO VU I1EK-
mponpoeoonocmoio: ¢ =1/ p, koropas nsmepsiercst B cumencax (Cwm).

JIy1st HaXOXKICHHST CONPOTUBIICHUS TIPOBOTHUKA MOKHO BOCIIOJb-
30BaThCs Cemyronieii GopMyioit:

—
a

Tl @ — TUIOIIA b TIOTTEPEUHOrO CEUEHHUS IIPOBOTHHUKA,
| — ero muna.

Temnepamyphas uyecmeumenvHocms [5]



[IpoBoaMMOCTL MaTeprasa 3aBUCUT OT H3MECHEHUH TeMITepaTyphl
Y B CPaBHUTEIILHO Y3KOM JIMANA30HE OHA MOXKET ObITh BBIPAYKEHA MPH
MOMOIIM TeMItepaTypHoro koddduipenta conpotusienus (TKC) a:

P =Py '[1+05(t_t0)]'

T7ie Po — YACIBHOE COMPOTHUBIICHUE MaTeprajia P STAJIOHHON TeMIlepa-
Type ty (00bruHO paBHoit 1160 0°C, 6o 25°C).

B Gonee mmpokoM juana3oHe 3aBUCHMOCTH YACIBHOIO COIPO-
THUBJICHHS OT TEMIIEPATYPbI SBJISIETCS HEMMHEHHON QyHKIMEH.

Ha pucynke 3.9 moka3aHo, Kak HeIMHEHWHAas 3aBHUCHUMOCTH
YIIEILHOTO COMPOTHBIICHUS BOJb(ppama OT TEeMIIEpaTypbl B IIMPOKOM
JMara30He 3HAYCHUN MOXKET ObITh 3aMCHEHA MpPSIMOW JIMHUEH ¢ a =
0,0058 °C'1, MOJIYY€HHOM METO/IOM HAUMEHBIINX KBAPATOB.

Takoe npuOIMKEHHE MOXET OBITh HCIIONB30BAHO TOJBKO JUIS
OIIEHOYHBIX pacueroB. [[is ciydaes, rjie TpeOyeTrcst O0MbIlas TOYHOCTb,
JUISL MOACTIMPOBAHUS YACTBHOIO COMIPOTUBIICHUS PUMEHSIOT MTOTHMHO-
MUHAJIBHYIO 3aBUCHMOCTh 00J1€€ BBICOKOIO TIOPSI/IKA.

Hanpumep, yaensHOE CONpPOTHBICHHE BOJb(ppamMa B IIMPOKOM
TEMITEPaTypPHOM JIMAIa30Ha MOXET ObITh HAWJICHO U3 ypPaBHEHUS BTO-
poro mopsiKa:

p =4,45+0,0269t +1,914x107°t?,

rnet — temneparypa B °C.



i e
[ [ 1 i .
o,
an PR F O HOHROR ',""

w lal |

[.1u} & ..-’J
.

.r"”?“'“"#p*m

40 K

Pucynok 3.9 — 3aBHCHMOCTB YI€TBHOTO COMPOTHUBIICHUS BOMb(}-

pama OT TeMIepaTypbl

Mertamns! umerot nonoxurensHeiii TKC (ITTKC), a mHOTHE T0-
JTYNPOBOIHUKH U okcuabl — oTpuniarenbHbiid (OTKC).

J1st pe3ncTopoB, UCIOIb3yEMBIX B 3JIEKTPOHHBIX CXeMaX, *Kena-
TEIBHO TPUMEHSTh MaTepHalibl ¢ HU3KUM TeMIIepaTypHBIM KO3 u-
LIMEHTOM, TOTJa Kak sl IOCTPOEHHS TeMIIEpaTypHbIX JATUMKOB PE3H-
CTOPBI JIOJDKHBI 0071a1aTh BhIcOkuM TKC.

Pe3ncTrBHBIE HaTUMKK TEMIIEpPATyphbl YacTO HA3BIBAIOTCS MepMu-
cmopamu i memnepamypuovimu demexmopamu (PIT) [3,4,5].

Hawnbonee nomynsipusiv PIIT siBisieTcst miaTHHOBBINA IETEKTOP,
paboratommii B IHUPOKOM TemiiepatypHoM auamaszone: 200...600°C.
3aBucuMocts comporuBieaus R PTJ] or TemmepaTypbl moka3aHa Ha
pucynke 3.10.
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Pucynok 3.10 — 3aBUCUMOCTb COMPOTUBIICHUS] OT TEMIIEPATypPhI
JUIS IBYX TEPMUCTOPOB U Tu1atuHoBOro PIT

s conpotuBneHus, nmeromero npu temmneparype 0°C 3Haue-
HUE Ro, HHHeﬁHyIO 3aBUCUMOCTD, IMOTYUYCHHYIO METOJAOM HAMMCHBIINX
KBa/IpaTOB, MOKHO 3aIlMCaTh B BUJIE:

R=R,(1,00+36,79x107" -t)

rue t - remneparypa B °C, a R — B Omax.

MHOXHTENb TIPU TeMIepaType (HAKJIOH MpsIMON) Ha3bIBACTCS
YYBCTBUTENBHOCTBIO JaT4MKa, KOTOPYI0O MOXKHO 3alMcaTh Kak:
+0.3679%/°C.

U3 pucynka BumHa HeOOMbIIAsS HEMTMHEHHOCTh KPUBOH COMpPO-
TuBJIEHNS. Ecii He MpOM3BeCTH KOPPEKTUPOBKY, B pe3yjIbTaTax MOXKET
MOSIBUTBCS 3HAYMTENbHAS TOrpeHocThb. st momyuenust Oojee ToY-
HOW anmpoKCHMAIMd MOXHO MPUMEHUTH MOJMHOMHUHAIBHYIO 3aBUCH-
MOCTb BTOPOTO ITOPSIIKA, IPH 3TOM TOYHOCTH CTAHET JIyHILIe.

TepMHCTOpPBI — 3TO PE3UCTOPHI C OONBIIMM 3HAa4YeHHEM JMOO
MOJIOKUTETLHOTO, JTNO0 oTpunatensHoro TKC. TepMucTopb! U3roTaBim-
BaIOTCS U3 KEPAMHUYECKUX MOTYITPOBOJHUKOB, COCTOSIINX, KaK MPaBUIIo,
M3 OKCHJIOB OJHOTO MJIM HECKOJNBKUX CIEIYIOIINX METaJUIOB: HUKEIS,
Maprasna, kobanbra, TUTaHa, xene3a. OKCUIBI APYTHX METauIoB MOYTH
HHUKOrJja He NMprMeHsTtoTcsl. CONpOTHBIIEHHSI TEPMUCTOPOB JIEKAT B Ipesie-
nax ot goneit OM 10 MHOrUX MeraOm.



Tepmuctopbl ObIBalOT B (opMe AMCKA, KAIUMH, TPYOKH, TIIACTHHBI
WM TOHKOTO CJIOSI, HAHECEHHOTO Ha KepaMIYecKyro MOmIoKKy. Ilocnen-
HUE JIOCTIDKEHUs B OOJIACTU TOHKOIUIEHOUHBIX TEXHOJIOIUHl IO3BOJISIOT
U3rOTaB/IMBaTh TEPMUCTOPbI METOIOM IIEUaTHOIO MOHTa KA HAa KepaMHye-
CKHX MOJUIOXKKAX.

Tepmucropsl ¢ orpunarenbHpiM TKC yacTo BEIMOMHSIOT B opme
OycrHOK. OOBIMHO TaKue TEPMHUCTOPHI U3TOTABIMBAIOT U3 TIPOBOIOB U3
TUIATUHBL, CIIEYEHHBIX ¢ KepaMukoi. [InaTuna BeIOpaHa M3-3a KOMOU-
HAIlUM CPaBHUTEILHO HU3KOTO 3JIEKTPHUECKOTO CONPOTHBICHUS H
JOCTAaTOYHO BBICOKOTO TeruioBoro kodd¢uunuenta. B mporecce usro-
TOBJIEHHS! HEOONbILME MOPIIUK CMECH OKCU/IOB METAJJIOB U COOTBETCT-
BYIOIIIETO CBSA3YIOLIETO BEIECTBA PACIIPEEISIOTCS Ha Iape MPOBOIOB
W3 TUIATHHBI, HAXOMAIIMXCS B cinaboM HaTskeHuH. [locnme Toro kak
CMECh PAaBHOMEPHO OCea, OyCHHKH ITIOMEIIAI0TCS B I1€Yb IS CIICKAHHS.
[pu >TOM OKCHIBI METAJJIOB 3aCTHIBAIOT BOKPYT MPOBOAOB, (GOPMUPYSI
NpouHble coeanHeHus. Jlanee Ha TepMUCTOPHI MOT'YT OBITH HAHECEHBI
MOKPBITHS U3 CTEKJIA HIT OPraHUYECKHX BEIECTB.

Tepmucropbl 001aJal0T HEIMHEWHOW 3aBUCUMOCTBIO COMPOTHB-
JICHHs1 OT TemIieparypsl (pucyHok 3.10), KOTOpyr0 MOXKHO aIIpOKCUMH-
POBaTh HECKOJIBKUMH BapHaHTAMH YPaBHEHHI.

HawnGormee nomynspHbIM Cpeii HUX SBIISIETCS SKCIIOHEHITHAIBLHOE
BBIp)KEHUE:

(r-741)
R =R, -e T/ (3.7)

rae Tp — xanmuOpoBouHast Temneparypa B KenbBuHax, Ry — 3HaueHne
COIIPOTHBIICHHS TIPH TEMITEPATYpe KATMOPOBKH, a f—XapaKTepUCTUIECKAsT
Temrieparypa marepriania B KenpBrnax. OObIMHO f/ JIGKUT B IHarna3oHe
3000...5000 K, u B mpenenax y3KOil 30HBI MOXKET CUUTATHCS HE3aBHCH-
MO OT TeMIlepaTypbl, 4To JieNaeT BhIpaxkenue (3.7) o4eHb Xopomiei ar-
npokcumanuend. Eciu tpedyercs Oosiee BhICOKask TOYHOCTh, TIPUMECHS-
eTCs TTOJTMHOMHHAJIGHAS alllPOKCHMALIHSL.

Ha pucynok 3.10 nokasaHbl 3aBHCMOCTH COITPOTHBIICHHUS OT TEM-
nepaTypsl Uil TEPMHUCTOPOB ¢ KodpduumeHntamu £ paBHbiMu 3000 u
4000K. U3 pucynka BuHO, uTo riatuHoBbIi PT/] obnamaer noctatouHo
JIMHEWHON TEMIIEPATYPHON XapaKTEPUCTUKON C IOJIOKUTEIbHBIM Ha-
KJIOHOM, HO TOpa3lo MEHbIIeH YyBCTBUTEIBHOCTHIO TI0 CPaBHEHHIO C
TEPMHUCTOPaMH, KOTOpbIE SIBJISIOTCS HENMHEHHBIMU YCTPOWCTBAMH C OT-



HOCUTEIBHO BBICOKOM YYBCTBUTCIIBHOCTBIO U OTPULATCIIbHBIM HAKJIO-
HOM.

TpaaMIFIOHHO TEPMUCTOPHI TECTUPYEOTCS Mpu Temmepatype 7o = 25°C
(To = 298,15 K), a imatunoBbrit PT/] - ipu Ty = 0°C (T = 273,15 K).

TenzouygcmeumenvHocnb

OOBIYHO TIPH MEXAaHWYECKOH JeopMallii MaTepuasa ero dJeK-
TPHYECKOE COMPOTUBIICHHE U3MEHSCTCS. DTO SIBJICHHE HA3bIBACTCS Hbe-
30pesucmuehvim Iphexmom [1,3,5,6]. C omHOl CTOPOHBI, B HEKOTO-
PBIX caydasix 3TOT P GEKT ABISIETCS MPUYMHON BO3HUKHOBEHHS T10-
rpemHocTeit. C Ipyroif CTOPOHBI, Ha €r0 OCHOBE MOJKHO PEaii30BaTh
MeH300amyuKu, Pearupyolie Ha MEXaHUUECKOE HAMIPSHKEHUE 0.

J_F_gd
a |

rae £ — monyib FOHra marepuaia, a F — npunoykeHHast cia.

B s10oM ypaBHenun otHomenue Ol = T HAa3bIBACTCS OTHOCUTENb-

HOU deghopmayueil Matepuania.

Ha pucynke 3.11 nmoka3aH UMIMHAPHYECKUH MPOBOAHMK (TIPO-
BOJ), pacTAHYTHIN Mpu momMory cuiibl F. O6beM mpoBona V ocraercst
MOCTOSTHHBIM, TOTZIa KaK €ro JUIMHA YBEIWYUBACTCS, a IUIOMAJb ToIe-
PEUYHOr0 CEYEHHs] YMEHBIIIAETCSL.

F

Pucynok 3.11 — MexaHI4ecKoe HAIPSDKEHHE MPUBOIAT K H3MEHCHHUEO
TeOMETPHH MPOBOJIHHKA U €T0 COMPOTUBIICHUS

B pesynbTaTe nomyuum:

R=L.12.
1%



Iocne muddepentmpoBaHys MOTYyIUM BBIpaXKeHHE sl Onpere-
JICHHS1 YyBCTBUTEIILHOCTH COTPOTHBIICHUS K YUTMHEHUIO TIPOBOJIA!

R_,p

dl 1%

W3 3TOr0 BBIpa)KEHHS MOYKHO CHeNaTh BBIBOJA, YTO YYBCTBH-
TENBHOCTh MOBBIIIACTCS MPH YBETUYEHHH JJIMHBI TPOBOJAA U €ro
yIETBHOTO COMPOTUBIICHUS, a TAK)KE MPH YMEHBIIEHUH TIONIEPEIHOTO
CCUCHHS.

OTHOCHTENBHOE U3MEHEHHE COMPOTUBIICHHUS MPOBOJA SBIISET-
csl TMHEHHOH (yHKumMen ot nepopmaimu ol 1 MOXKeT ObITh BHIPAKEHO
B BUJIE!

drR
— =3,
R
e ol — Koaghpunuenm menzouyecmeumenvrHoCHIU VTN Hy6CHIBUMETb-

HOCMb meH309/1emenma.

J1s MEeTaJUTMYeCKUX POBOJIOB OH JISKHUT B IIpeaenax 2...6, a s
nonynposoaHukoB -40...200.

CambpIMU TIEPBBIMH TEH303JIEMEHTaMH OBUIM METaJITUUECKUE
HUTH, PACIOJIOKECHHbIE HA JMIEKTPUYECKOM IUIeHKe. B Hacrosiiee
BpEMs1 OHU M3TOTABJIMBAIOTCS U3 (DOBIY M3 KOHCTaHTaHa (CIUIaBa MEIH
W HUKEJS) WIM MOHOKPHCTAJUIMYECKHX MOITYIPOBOJHUKOBBIX MaTe-
pHanoB (HarmpuMmep, KpEeMHHS, JIETMpOBaHHOrO Oopom). Jlist mpuaanus
3NIEMEHTaM HY)KHOH (hOpMBI UCHIONB3YIOT METOJIBI JIMOO0 MEXaHUYEeCKOMH
00paboTKH, 00 (HOTOXUMUYECKOTO TPABJICHUS.

IIpu MexaHUYECKOM BO3JEUCTBUU HA ITOJIYIIPOBOJAHUKOBBIN TEH-
302JIEMEHT BENIWYMHA W3MEHEHHS €ro CONpPOTUBIIEHHS ONpenensercs
b0 THIIOM Matepuana, Jubo KOHIeHTpaiued npumecd. OmHaKo
YyBCTBUTENFHOCTh TIONYPOBOJHUKOBBIX TEH30JaTYMKOB JIOBOJIBHO
CHJIBHO 3aBHCHT OT TEMIIEpaTyphl, UTO NpH paboTe B IIMPOKOM TEMIIe-
paTypHOM [riarnia3oHe TpeOyeT MPOBEACHUSI COOTBETCTBYIOIICH KOM-
MEHCalHH.

Brazouyecmeumenvrocmo

[pu BBIOOPE MaTepuana s PE3UCTOpa HEOOXOAUMO YUHUTHIBATD
€ro yJenbHOE COMpPOTHBIICHWE W BOCIIPUUMYHMBOCTH K (pakTopam OkK-
pyxatomieii cpenpl. OTHAM U3 TaKuX (PAKTOPOB SIBISETCSI KOTUYECTBO



BJIaTH, IMOTJIOIaeMoe pe3ucTopoM. Ha OCHOBE MMIPOCKONMMUYHBIX Ma-
TEpPHAJIOB, YICIBbHOE COMPOTHBICHHE KOTOPHIX CHJBHO 3aBHUCHUT OT
KOHIIGHTPALIMH TIOTJIOMICHHBIX MOJIEKYJ BOJbI, MOXXHO MOCTPOHTH pe-
3UCTOPBI, PEarupyrole Ha M3MEHEHNE BIAXKHOCTH. Takue pe3sucTopbl
NPUMEHSIIOTCST B PE3UCTHBHBIX [ATYMKAX BIAXKHOCTH U HA3bIBAIOTCS
euzpucmopamu [6]. THITOBOI THIPUCTOP COCTOUT W3 MOJIOKKH, Ha KO-
TOPYIO METOZIOM Tpad)apeTHOH MeyaT HAHEeCEHbI JIBa BCTPEYHO-IITHI-
PEBBIX BJICKTPONA, MOKPBITHIE TMIPOCKOIMYHBIM 3JICKTPOIPOBOIHBIM
HOJTYTIPOBOTHUKOBBIM TefieM (pUcyHOK 3.12).

T angeponn

Pucynok 3.12 — Cxema rurpucropa

I'enb, Kak MPaBUIIO, COCTOUT U3 OPraHUYECKUX BEILECTB C J100aB-
JIEHUEM YTJIEPOIHOrO MOPOLIKA. DTOT relib THIATENBHO IepEMEIBAET-
cs 10 00pa3oBaHUs OJHOPOJHON Macchl. JIpyrol TWI TUTPUCTOPOB U3-
TOTABJIMBAETCS U3 IUICHKU U3 XJIOPH/A JIUTHS U CBS3YIOILETrO BEIECTBA.
IMotoxkka naT4vKa MOTPYXKaercst B Teflb ¢ KOHTPOIUPYEMOM CKOpO-
CTBIO JIO0 T€X IIOp, MOKA Tellb HE 3aMOIHUT BCE MPOCTPAHCTBO MEKAY
anektponamu. [1o/yI0KKKM ¢ HAaHECEHHBIM TOKPBITHEM MOIBEPraroTCst
TEPMOOTBEP)KACHHIO, IPOBOAMMOMY TIPH OIPEIENICHHOW TeMIepaType
W BIQKHOCTH. 3aBUCHMOCTH CONPOTHBIICHUS THTPUCTOPOB OT BIIAXK-
HOCTH MMeeT HeMHEHHbIN XapakTep (prucyHok 3.13), uTo HeoOXomMMo
YUHTBIBATH MPU MPOBEACHUN KaTHOPOBKH M 00pabOTKH Pe3ylnbTaToB
H3MEPEHUIL.
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Pucynok 3.13 — [lepenatounast )yHKIIHS TUTPUCTOPA
3.3 IIbe3odaexkTpuyeckmnii 3pdext

[Tse3o0anmexTpuueckuii et 3aKiroyacTcs B 00pa3oBaHUU B
KPUCTAIMYECKOM MaTepuajie dIIeKTPUUECKUX 3apsioB NP MPHIIOKe-
HUH K HEMY MEXaHHUYEeCKHX HampsDKeHHH. IToT 3¢ ekt HabIroaaercs B
NPUPOAHBIX KpUCTaJUlaxX, TAKUX Kak KBapl (XUMHYeckas Qopmyna
810,), TONMSIPU30BaHHBIX KEPAMHYECKHX MaTepHaliax U HEKOTOPBIX IIO-
JMMepax, HalpuMep, B TOMMBUHIIHIEH(TOpH IIE.

B 1927 rony A. MeiicHep mNpemioKua YIPOIIECHHYIO MOICTh
JUIsi 0OBSICHEHUS TThe303jIeKkTprueckoro ¢ dekra. Kpucramn ksapia B
9TON MOJIEN MPEICTABIIeH B BUJIC 2JIEMEHTAPHBIX STYEEK, COCTOSIINX W3
aromoB Si 1 crapeHHbix atoMoB O, (pucyHok 3.14). KsapiieBbiii kpu-
CTaJI UMEET CPe3bl BAOJb oceil X, y u Z. Ha pucynke 3.14 mokazaHo
MOTIepevHOe CEYeHre BAOb Och Z. B nieMeHTapHyr0 MOHOKPHCTAILIN-
YeCKYIO SUEHKY BXOAT TPU aTOMa KPEeMHHS U IIECTh aTOMOB KHUCJIOPO-
na. Kaxnmplii atoM KpeMHHs 00JIaIacT YeTHIPbMS MOJIOKUTEIBHBIMU
3apsilaMi, a KakJas Mapa aTOMOB KHCJIOpOJa - YeThIpbMSI OTpHLA-
TeNnbHBIME (TIO J1Ba Ha aToM). [loaTomMy Oe3 mpuIIoKeHUs] MexaHuuec-
KUX HalpsOKEHUM KBaplLeBasl sUEMKa SIBISIETCS DJIEKTPUYECKU HEH-
TpanbHOi. Korma Bmoms ocu x MpHUKIagbIBaeTCsl BHEMIHSS cuia P,
KpUcTaJunieckas pemerka nedpopmupyercs. Ha pucynke 3.145 noka-
3aHO, KaK CAABJIMBAIOIAS CUJIA CABUTAET aTOMbl KPUCTAIIA TaKUM 00-
pa3oM, 4TO MOJIOKUTEIBHBIN aTOM KpeMHHS MepeMelIaeTcss Ha OJHY



CTOPOHY PEIIeTKH, a OTPHLATEIbHO 3apsHKEHHAs Mapa aTOMOB KUCIIO-
pona — Ha Jpyryio. B pesysbTaTe uero BIoiab ocH y HaOMIOAAETCs Ie-
pepactpeziernienye 3apsoB. Eciu kprcTamt pacTsHyTh BAOIb OcH X (pH-
cyHok 3.14B), B pe3ynbrare aedopManvy pacTspKeHHs 3apsibl Iepepac-
MIPENENsTCs BAOIb OCH ¥ B TPOTHUBOIIOJIOKHOM HAIpPABIICHUU. JTa YII-
pOILIeHHasT MOJIeb MOKA3bIBAeT, KaK Ha MOBEPXHOCTH KPHCTAJJIMYe-
CKOT0 MaTepuajla MOTyT OOpa3OBBIBATHCS 3JIEKTPUUECKHE 3apsi/ibl B
OTBET Ha MPHJIOKEHHOE MEXaHMYECKOE BO3/IeHCTBHE.

Pucynok 3.14 — [lepenatounast )yHKIIHS TUTPUCTOPA

st cOopa 2MeKTPUUECKHX 3apsIoB K KPUCTAILTY Ha MPOTHUBOIO-
JIOXKHBIX CTOPOHAX OT CPe3a MPUKPEILUISIOT AIEKTPoibl (pucyHok 3.15).
[locTpoeHHBIN TakUM 00pa30oM IhE30JICKTPUUECKUN JATYUK MOXKHO
CUYMTATh KOHJICHCATOPOM, B KOTOPOM B KQUeCTBE AMAJICKTPHUKA BBICTYTIACT
caM KpHCTaJUI, pa0OTaroUIMii KaK TEHEepaTop DJIeKTPUYECKHX 3apsioB,
MMPUBOIAIINX K TMOABJICHUIO 3JICKTPUYCCKOI'O HAIIPSLKCHUA Vv Ha 3JICK-
Tpomax. XoTs 3apsia GOPMHUPYETCs TONBKO B MECTax MPHJIOKEHHS CUJIBL,
METAJUIMYECKUE DJICKTPOAbI BBIPABHUBAIOT 3apsAibl BIAOJb Bcel HMX IIO-
BEPXHOCTH, JIUINAsi KOHJIEHCATOp n3bupareinpHocTd. OHaKo, eciu (op-
My 3JIEKTPOIIOB YCIIOKHHTb, MOKHO OIpPEICIUTh TOYHOE MECTO IPH-
JIO’KEHHUs BHEITHEH CWIbI, ACTCKTUPYA CUTHAJIbI C KOHKPCTHBIX 3JICK-
TPOJIOB.



KpHCTann

ANeEKTPOOR

Pucynok 3.15 — I[1be3037eKTprUecKuii JaTYHK, CHOPMUPOBAHHBIN TIPH
TIOMOIIIH YJICKTPOJIOB, HAHECEHHBIX Ha TOJIPH30BAHHbBIA KPUCTAILT

[Tee30amexTprueckuii ekt sBisiercs oOpaTUMbIM  (pusnve-
CKMM SIBJIEHHEM. DTO O3HayaeT, YTO MPUIIOKEHHOE K KPUCTAILTY 3JIeK-
TPUUECKOE HATPSHKCHUE TPUBOMUT K TIOSBICHUIO MEXaHUUECKOU Jie-
¢dopmanuu. Eciam pazMecTUTh Ha KpUCTaJlIe HECKOIBKO AIEKTPOIOB U
Ha OJHY Tapy M3 HUX TOJATh HAMPsDKEHHE, Ha OCTAIBHBIX Iapax 3JIeK-
TPOAOB OyJeT HaKaIIUBaThCs 3apsi, CPOPMUPOBAHHBIM M3-32 BO3HHUK-
meit nedopmarpn. Takolt mprueM JOCTATOYHO IIMPOKO MPUMEHSETCS B
Pa3HBIX THIAX MbE30TEKTPHUECKUX MPpeodpa3oBaTenei.

[Tbe30anekTpuueckuii 3PPEKT MOXKHO OIEHHUTH Yepe3 BEKTOP
nonspusarmu [4,5]:

P=P,+P,+P,,

TJIC X, Y U Z— KOOPJIMHATHBIE OCH OOBIYHOM OPTOrOHAILHOW CUCTE-
MBI, COBMEIIICHHBIE C OCSIMH KPHUCTAILIA.

Craraembie 3TOT'0 BBIPAKEHHS OMPENEIAIOTCS B CICAYIOIIEM
BHJIe (0osiee MoHBIC (POPMYJIBI BKIIFOUAIOT B CE0sI TAIOKE HAIPSDKCHUE
cIBHTa U cooTBeTCTBYIONME d - KO3 DHHIMEHTHI):



Pxx = dllo-xx + dlZO-yy + dlSO-zz1
I:)yy = d21o-xx + d220-yy + d230-221

Pzz = d31o-xx + dSZO-yy + d330-221

TJIe G— OCEBOE HalpsHKEHHUE,
d,;, — TIOCTOSIHHBIE TIBE30DJIEKTPHUYECKUE KOOI HUIIMEHTHI BIOIb OPTO-
TOHAJIBHBIX OCEH CPE30B KpUCTaLIa.

O1n xkodddunmenTs nMetoT pa3mepHocTs: Kynon/HbioToH, T.e.
SIMHUYHBIN 3apsi/i Ha eJUHHILY CHJIBL.

Jns ynoOcTBa BhIUMCIICHHE ObUTM BBEJCHBI JIBE JIOMOIHUTSIBHBIC
enuauLbL. [lepBas 13 HUX HazbiBaeTcs ( - KOOPOUIIMEHTOM H Opeess-
€Tcsl KaK OTHOILEHHE COOTBETCTBYIOLICH TThE302JICKTPHUECKOH KOHCTaH-
ThI ¥ a0COJTFOTHOM JM3JICKTPHYECKOM TIOCTOSIHHOM:

_ dmn
g mn !
€0€mn

3T0T KO3(PHUIMEHT MOKa3bIBAET IPaUEHT HAIPSDKEHUS HA KpH-
cTajule Ha KaKAyro eMHHIY TPHIIOKEHHOro JaBjieHus. Ero pasmep-
HOCTb Bonem- memp/| Hotomon.

Jpyro#t koadduuent, h, mpeacrasiser codoit nmpousBeneHUe
g-xo>(HILIMEeHTa Ha COOTBETCTBYIOMIMI Momayns FOHra mmst Kaxmoi

Bonvm,
ocu Kpucrajuia. Ero paamepHoCTb: Mmemp .

[Tbe309mmexTpryecKie KpUCTAILTBI SIBISIIOTCS IPSIMBIME ITPeoOpa-
30BaTeISIMH MEXaHHMUYECKOH SHEPIHH B IJEKTPHUECKYH0. D(PheKTHB-
HOCTh TAaKOT'O MpeoOpa3oBaHUsi MOXKET ObITh BBIPa)KEHA depe3, TaK Ha-
3BIBAEMBIN, KOdhpuyuenm ces3u Kmn

kmn = \jdmnhmn '

311 KO3 GHULUEHTHI SIBIISIFOTCS OUYEHb Ba)KHBIMH XapaKTEPHCTH-
KaMH I CITydaeB, TJe HeoOX0oquMo 00ecrieunBaTh BBICOKYIO A dek-
TUBHOCTh IIEPENAa4YX 3HEPIUU, HAIIPUMEP, B aKyCTHUECKMX U YJIbTpa-
3BYKOBBIX JATYMKAX.



BenmmuuHa 3apsina, reHeprpyeMoro Ha MOBEPXHOCTH IMbE303JIeK-
TPUYECKOr0 KPUCTAJLIA, [IPONOPLHUOHAIbHA CHUJIE, IIPUIOKEHHOH, Ha-
MpUMep, B HAIIPaBJIEHUH OCH X'

Qx = dll Fx !
Kpucramn ¢ HaHeCEeHHBIMH Ha HErO BJIEKTPOIAMH MPEICTABIISAET
co0oii KoHzeH caTop, 00NaAaromil eMKOCThIO C.

HanpmeHHe Ha 3TOM KOHACHCATOPE OMPCACIIACTCA CICAYIOMNUM
BBIPAKCHUEM !
Qx dll

V=Sx__ug.
C C

B cBoto ouepenib, EMKOCTh MOXKET OBITh MPEICTaBIICHA Yepe3 MII0-
11a/1b TOBEPXHOCTH JIEKTPOJIA @ U TONIIMHY Kprctania | (3meck yuauThbi-
BaeTCs IJIOMIA/Ib AIEKTPOAOB, a HE CaMOro KpUCTaJlIa, TOCKOJIBKY Ibe-
30MHIyLIMPOBAHHBIN 3apsi/l HAKAIJIMBAETCS TOIBKO HA HUX):

C:kgoii

TJIe & — JJIEKTpUYecKas MOCTOsIHHASA, a K — JWAJIEKTpUYecKas IIPOHU-
1aemMocTh. Tornma BeIpakeHue I HallpsDKEHUS! IPUHUMAeET BUJT:
V:&FX:hFX. (3.8)
C keya
Kpucraiumtsl (KpUCTaIUTHYECKHE dJIEMEHTAPHbIC SUCHKH) MThe30-
NIEKTPHKA MOTYT pacCMaTpUBaThCs KaK 3JIeKTPUYecKUe AU, B Heko-
TOpPBIX MaTepHalax, TAKMX Kak KBapll, 3TH sSUCHKNA OOBIYHO OPUEHTHPOBA-
HBI BJIOJIb OCEH KpUCTaJLIa, II09TOMY TaKUe CTPYKTYpPbI 00JIaJatoT A0CTa-
TOYHO BBICOKOM UYBCTBHUTENBHOCTHIO K MEXaHWYECKOMY HaNpsDKEHUIO.
B npyrux marepuanax IMIONN OpUEHTUPOBAHBI POM3BOIBHBIM 00pa-
30M, M JUISl TOTO, YTOOBI TaKHE CTPYKTYpPhI MPOSBHJIA CBOU ITHE303JIEK-
TPUYECKHE CBOMCTBA, MX HEOOXOMMMO MPEABAPUTENBHO TOJSIPU30BATH
(pucyHok 3.16).
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Pucynok 3.16 — [Nonsipu3aiiust Tbe303IeKTPHIECKUX MaTEPHATIOB

Cyl111ecTBYIOT HECKOJIBKO TeXHOJNOrMi momsipuzanud. [locne moms-
pH3aLMK KPUCTAJUIBI CTAHOBSITCS TTOCTOSHHO TOJISPH30BAHHBIMY, HO JJIEK-
TPUYECKH 3apsDKEHHBIMH OHHM OCTArOTCSl TOJIBKO CPaBHUTEIIBHO KOPOT-
KU IPOMEKYTOK BPEMEHH. ITO OOBSICHAETCS TEM, YTO B OKPY’KaroIIeH
cpefie HaXOJUTCSI MHOT'O 3apsDKEHHBIX MOHOB, a TaKXkKe JJOCTaTOYHOE KO-
JIMYECTBO CBOOOMIHBIX HOCHTENEH 3apsiioB COACPIKUTCS BHYTPH Camoro
Marepuaia, KOTOpble MOIYT NepelBUraThcsl TONA JEHCTBHUEM 3JIeK-
TPUYECKOTO TIOJISL, U 3TH CBOOOHBIE 3apsiibl, MPUOMMKAsACh K COOTBET-
CTBYIOIIUM KOHIIAM JIUTIONEH, HelTpam3yroT ux (pucyHok 3.16B). Ilo-
3TOMY BCKOpPE TOJISIPU30BAHHBINA IThe30MaTepHall CTAHOBUTCS AIEKTpHYe-
CKH Pa3psHKEHHBIM U YIEP)KUBAETCS B 3TOM COCTOSIHUM B T€UEHHE BCETO
BpPEMEHH, NTOKa HaXOAUTCS B CTAIIMOHAPHBIX yCIoBUAX. OTHAKO Korza K
MaTepuaTy TpUKIAIBIBAECTCS MEXaHUYECKOe HalpsDKeHHUe, WM OH HauM-
Haer 00yBaThCsl BETPOM, COCTOSIHUE PaBHOBECHS HApyIIaeTCsl U Ha T10-
BEPXHOCTU IbE30VIEKTPUKA IOSBIIETCSA JJIEKTpUUYECKUil 3apsia. Ecim
MeXaHH4YecKoe HallpspKkeHHe OyleT MOIEpKUBATHCS HEKOTOPOE BpEMS,
3aps/ipl B MaTepHasie OMsATh HEUTPATM3YIOTCS 32 CUET BHYTPEHHUX YTEUeK.

TakumM 0Opa3oM, MOXKHO CIENIaTh BBIBOJI, YTO MbE303JIEKTPUIECKHE
CEHCOPBI SBIISIOTCS YY6CHEUMENbHBIMU MOILKO K USMEHEHUAM MEH30-
ycuauil, a He K UX MOCTOSHHOMY YPOBHIO. JlpyrumMu cioBamu, nve3o-
I/1eKmpu1ecKue OAmUuUKy — MO YCMPOICMEA NEPEMEHH020, a4 He
HOCMOAHHO20 MOKA.

HanpaBneHHast ~ 4yBCTBUTEIBHOCT — MBbE30JJIEKTPHKOB  (C-
KO3 (PUIMEHTBI) 3aBUCHUT OT TeMIiepaTypsbl. i HEKOTOPBIX MaTEpHAIIOB
(HanpuMmep, KBapIia) YyBCTBUTEIBHOCTh MAJAET C POCTOM TEMIIEpaTyphbl
co ckopocthio —0.016%/°C. [nst qpyrux Mmbe303JISKTPUKOB, TAKHX KaK
rieHku PVDF u kepamuky, ipu temrepatypax 10 40°C d-koaddurmen-
Thl YMEHBIIAIOTCS, a MpH OoJiee BBICOKUX TeMIiepaTtypax — pacTyT. B
HacTosIlee BpeMsl CaMbIMHU TIOMYJISIPHBIMA MaTepHaiaMH Ui U3TOTOB-



JIHUSI TTHE303JIEKTPHYECKUX JaTYUKOB SIBIISIFOTCS PA3HBIC THITBI KEPAMH-
KH [7-9]. OmHuM U3 caMbIX IEPBBIX (PEpPOITEKTPUIECKIX KEPAMHIECKIX
MaTepuaioB ObUT THTAHAT Oapwsi, 00JaAArONIMI MOMUKPHCTAILUTITIECKOH
CTPYKTYpOH W cremyromeil xumudeckoii (opmyioii: BaTiO;. Crabuib-
HOCTb MOJISIPU3ALIMA 00ECIIEUMBACTCS 32 CUET JCHCTBHS KOIPIUTUBHBIX
CWJI UIoNel. B HEKOTOpBIX MaTepranax ¢ TEYEHUEM BPEMEHU IIPOUCXO-
JIUT YMEHBIICHNE noysipr3aiin. Jiist cHbkeHust 31oro 3(hekra B OCHOB-
HOIl MaTepuas BBOJITCS JIONONHUTEIBbHBIC TOOABKH, LIEb KOTOPBIX 3a-
KITIOYACTCS B «3alMpaHumy» JUIIONCH B ONpee/iecHHOM ronoxeHud [3].
MbE30DJICKTPUYECKAsl KOHCTAHTA, M JUAJICKTPHYECKasi MPOHUIAEMOCTh
marepuana K 3aBucst ot paboueit TemmepaTypsl. [10cKOIBbKY 3TH Be4u-
HBI BXOIST B popmyiy (3.8): oHa B UMCIUTENb, Opyras B 3HAMEHATElb,
WX U3MeHeHHs OyayT B3aMHO YHHUYTOXKATHCSI, YTO MIPUBEIET K MOBBIIIIC-
HUIO CT.’:16I/IIII)HOCTI/I BBIXOAHOI'O HAIIPAXKCHUSA V B IIUPOKOM  TEMIIC-
paTypHOM JIMarna3oHe.

[Tbe30051eKTPUYECKUE DIEMEHTBI MOTYT HCIONB30BaThCs JMOO B
(hopMe MOHOKpHCTAILIA, TMOO B BU/IE MHOTOCIIOMHON CTPYKTYPBI, B KOTOPOIt
OTZEITBHBIC TIACTHHBI COCIIMHSIOTCS] BMECTE MPU TIOMOILH IIEKTPOJIOB, pa3-
MEIIeHHbIX MKy HuMU. Ha prcyHok 3.17 mokazaH BYXCIOWHBIN JaTIrK
cuitbl [5]. Korma K 9ToMy [aTuvKy TPHUKIIIBIBACTCS BHEIIHSSA CHITA, OTHA
U3 €ro 4acTeil pacimpsiercsi, B TO BpeMsl KaK JApyras OKAMACTCS, YTO TPU
KOPPEKTHOM BKJIFOUEHHH MPUBOIMT K YIBOSHHUIO BBIXOHOIO CUrHasa. JIBoii-
HBIC CEHCOPBI MOT'YT BKITFOUATHCS JIMOO TapaslIelIbHO, KaK MTOKa3aHO Ha PHCY-
Hok 3.18A, m16o nocrenopaTenbHO — pucyHok 3.18B.

DreKTpryecKas SKBUBAJICHTHAS CXeMa IMbE303JICKTPHISCKOro JiaT-
YWKa MPEICTABISIET COOOH MapayliefibHOE COSIMHEHHE COMPOTUBIICHHS
yreuku I, emkoct C ¥ MCTOYHHKA TOKA | , MH/IYIIMPOBAHHOTO MEXaHU4e-
CKMM HAIpsDKCeHHEM. B 3aBHCUMOCTH OT TWIa COCIMHEHHsS CJIOCB SKBH-
BAJICHTHBIC CXEMBbI CJIBOCHHBIX JIATYMKOB OY/IyT COOTBETCTBOBATH PUCYHOK
3.18b u pucyHok 3.18[". ComporrBieHre YTEUKH, KaK NPaBHIIO, SIBIISETCS
odenb GombimM (opsika 107 - 10™ Om), 970 3HauwT, 9TO HATUHK OOITa-
JacT ‘Ipe3BI:;I‘IaI71HO BbICOKHMM BBIXOAHBIM HMIICJAHCOM. HOC-YTOMy JUIA
COIVIACOBAHMS C TOCICAYIOMIMMH 3JIEKTPOHHBIMU IEMSIMH HEO0OXOIMMO
WCIIONB30BATh CIICIUABHBIC UHTEP(EHCHI, IIPE/ICTABIISIONIME COO0M Tpe-
00pa3oBarelii 3apsijia/TOKa B HAPSHKCHUE WM YCUITUTEH HAPSDKCHHUS,
HUMCIOIIME BLICOKME BXOIHBIC COIIPOTUBJICHU .
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Pucynok 3.17 — JIBycCIOHHBIN MTBE303JICKTPUUSCKHUN TATYHK
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Pucynok 3.18 — I[Napannensaoe (A) 1 ocienoBaTellbHOE COSMHEHHE

CJIOEB B MbE303JICKTPHIECKOM JATYUKE M UX IKBUBAICHTHBIC AJICKTPH-
yeckue cxembl (buT)

Ivezoonexmpuueckue nienku[ 5]

B 1969 roay simonckuii yuensiii KaBau oOHapyXuil CHUITBHBIN
nbe3oanekTpuueckuil ekt B PVDF mienkax. PVDF— sto nony-
KPUCTAJUTMYECKUH TOJUMEpP, CTEeleHb KPHUCTAUIM3ALMHA KOTOPOro Co-
crasnsier 50% [11]. TTomoGHO APYrUM MONYKPUCTAJUTMUECKUM TONH-
Mepam PVDF npencrasisier coOoi CIIOEBYIO CTPYKTYPY ¢ aMOP(hHBIMU
30HAMH.

[nenka sBisieTCs: NPAKTUYECKH TTPO3PAYHON B BUIMMOM M OJIMK-
Hem UK (uH]pakpacHOM) quara3oHax U MOTJIONIAeT U3TyYeHUE TalTbHer
UK obnactu snekTpoMarHuTHOTO criekTpa. Ee TimoTHOCTh paBHa OKOJIO
1780 xr/m’. PVDF siBiisieTcss MEXaHHYECKH MPOYHBIM M THOKHM MaTe-
puasioM. J{71s1 mpUMEHEeHUs B TbE30IaTYNKAX ITY IUICHKY OOBIYHO BbI-
TATUBAIOT B OJJHOM WJIM Cpa3y JIBYX HAIpaBJEHHsIX Tak, YTOOBI €€ pas-
Mepbl YBEIMYMWIINCh B HECKONbKO pa3. Koadduuments: ympyroctu
(takue kak Momynb FOHra) ompenesnsitorcs BEMUUMHON pacTsbkeHus. Ha-
MpUMep, eciy IIeHKa Oblia pactsHyTa npu temieparype 140°C no co-



otHorreHus 4:1, ee momyns FOura pasen 2.1 I'Tla, a ecm 10 cooTHOIIIE-
Hust 6.8:1, momyns coctaBisier 4.1 I'Tla. YnenbHoe compoTvBieHHE
TUIEHKH 3aBHCUT OT BEJIMUMHBI €€ OTHOCUTENbHOro yiinHeHus. Ha-
MpUMep, TPH HEOOJBIIOM YUTHHEHUH YIEIbHOE COMPOTHUBIIEHHE PaBHO
6,3x10™ Om*cM, B TO BpeMs KAk TIpH CTEMEHH PACTsDKeHus 7:1, OHO co-
crasisier 2x10°Om*cm.

Xots mbe3odneKTpudeckue KodpduimeHTs mieHku u3 PVDF
HE TaKHe BBICOKHE, KaK y HEKOTOPBIX JIPYIMX Ibe30MaTepHasioB, OHU
0011a1210T YHUKAJILHBIM CBOHCTBOM COXPAHSTh HOJISIPH3AIHIO IAKE TIPH
BO3/IEHCTBUM HA HUX OYEHb CHUJIbHBIX MIEPEMEHHBIX JIEKTPUIECKUX TO-
JIei.

K Tomy >xe tuienku u3 PYOP oOnanaror oueHb Xoporied Bpe-
MEHHOW CTaOMJILHOCTBIO: TIPU XpaHeHuu npu Temneparype 60°C oHu
TEPSIOT 32 IIECTh MECALIEB TOIBKO OKOJO 1-2% YyBCTBUTEIHHOCTH.

JpyruM mperMyIecTBOM MbE30MJIEHOK HaJ| MbE30KEPAMUKON
SIBJIIETCS UX HU3KUN aKyCTUYECKUN MMIIENAHC, KOTOPBIXA 110 3HAYEHUIO
OJIM30K K BOJIE, YEITOBEUECKUM TKAHSIM U PYTUM OpraHUYeCKHM MaTe-
puanam. Hanmprumep, akyCTHUECKHUN UMIIEJAHC IbE30IUIEHKU OTINYAETCs
OT UMIIEIaHCa BOJBI TOJBLKO B 2,6 pa3, B TO BpeMs KaK JyIsl MMbE30Kepa-
MHKH OH, KaK npaBuiio, B 11 pa3 Gonbie. bin3kue 3HaYeHus nMIIeian-
COB TIO3BOJISIIOT OCYIIECTBILITH Oosiee 3(h(heKTHBHYIO Mepeaady aKycTu-
YEeCKUX CUTHAJIOB B BOJIE U TKaHSIX.

[be303mmeKTprYecKre IIEHKH 00NIaAAt0T CICAYIOIMMH YHUKAIb-
HBbIMH CBOMCTBAMU:

* [Hupoxum gactorabM quarnazoHoM: 0.001... 10° I'g

* BomplmM auHaMuEdeckuM auarasonom: 10~°..10%p81 (dyH-
TOB Ha KBaJpaTHBIN JIF0NM) wiin oT MK Topp 10 M0Oap

* Hu3KkiuM aKyCTHUECKMM MMITEIAHCOM: OJIM3KUM K BOJIE, Yero-
BEYECKMM TKaHSIM U KJIEEBBIM COCTaBaM

* BbICOKOH yIIPYroi oJaTIMBOCTBIO

* BrICOKUM BBIXOJHBIM HampsbkeHueM: B 10 pa3 BbllIe, 4eM y
MbE30KEPaMUKH TPU OJMHAKOBBIX MPHIIOKEHHBIX CHUIaX

* BbICOKOW 3JIEKTPUUECKON MPOYHOCTBIO AUAJIEKTPUKA: BBIIEP-
YKUBAOT TOJISA 10 75 B/MKM, TIpH KOTOPBIX OOJIBIIIMHCTBO IMbE30KEpaMu-
YECKHX MaTEepUaJIOB TEPSIOT MOJIAPU3ALINIO

* BbicOKON MEXaHWYECKOW MPOYHOCTbI0 M YAAPOCTOMKOCTBIO:
10°...10" npenenos nmpousocTn

* BBICOKOI CTaOMIIBHOCTBIO: YCTOMYMBOCTBIO K BIAXKHOCTH (BIa-



ronoryomenHre mMenee 0.02%), OONBIIMHCTBY XUMHUYECKUX PEAKTHBOB,
OKHCIUTENSIM, MOITHOMY YiibTpaduoneroBoMmy (YD) u spepHOMy H3-
JTYyYEeHUSM

* /I3 HUX MOXKHO MTOJTY4aTh CTPYKTYPHI POU3BOIBHON (DOPMEI

e MIX MOXXHO COCAMHATH O6I)I‘IHI)IMI/I KJIICAMU.

Hoebie conommumepbl PVDF, paspaGoraHHbie B TIOCIGIHHUE TOJBI,
HAIUM IIHAPOKYIO chepy NpUMEHEHHs B TIHe303JIEKTPHIECKUX TIOITMMEPHBIX
natunkax. Takue COmoNMMephl UCIIONB3YIOTCS MpH OoJiee BBICOKHMX TeMITe-
parypax (135°C), 1 U3 HUX MOKHO IONTy4aTh HOBbIC ()OPMBI JATUUKOB:
IATMHApHYecKUe U nonychepryeckue. M3 HUIX MOKHO M3TOTaBIMBATH CEH-
COpBI, TONIIMHA KOTOPBIX TPEBBINIACT MpeeibHbIe 3HAYEHWs IS YCT-
poiictB Ha ocHoBe PVDF muieHOK: Hampumep, KpeMHHEBBIE NaTYMKU C
yabTpatoncTeiM (200 A) TOKPBITHEM U THAPONOKATOPHI C IMIHMHAPOM,
TONMIMHA CTEHOK Koroporo mpepbiiiacT 1200 MM, [Inezonrmexrpuueckue
Ka0e/H TaloKe Peasi3ytoT U3 COMTOIMMEPOB.

B onmiune or nbe3okepaMUYECKUX MPeoOpa3oBaTelicii JaTuMKy Ha
OCHOBE TIbE30AJIEKTPUYIECKHX TUICHOK 00MaJAr0T Ooee MMPOKUMH JUHAMK-
YecKMM U YacTOTHBIM JuanasoHamu. [1lupokas momoca yactor (fipaxTide-
cku ot 0 10 2 I'T'11) 1 HU3Kas JOOPOTHOCTH MOTYT OBITh OOBSICHEHBI MSTKO-
CTBIO, ITPUCYILIEN TTOJIMMEPaM.

B nepenaTumkax 3BYKOBBIX CHTHAJIOB TICHOYHBIA MHE303JIEMEHT, 3a-
(PMKCHPOBAHHBI HA JIBYX KOHIIAX, BUOPUPYET HA YacToTe, onpelessieMoil
koa(uimenTom Oy. Takue qaT4MKy HAIILTH IIMPOKOS PUMEHEHHUE B YJIbT-
Pa3BYKOBO# TexHHKe, paboTarorieli Ha yacrorax jio S0 k[ i, [Tpu ucrosnm3oBa-
HHH B YJIETPa3BYKOBBIX IepeniaTurkax (dactora oosee S00 kI '1r) yacrora rbe-
30/IATYMKOB ONpeesiercst Ko puireHToM U3,

MakcrmarbHbIN KOXDDUIMEHT Mepeiaum JOCTUTAETCs Ha YacToTe pe-
30HaHca 110 ToMHe. OCHOBHOM MOTYBOTHOBOM PE30HAHC IUIEHOYHOTO TThe-
302JIEKTPUYECKOr0 CEHCOpa TOMIIMHOM 28 MKM HACTYTIAET Ha YacToTe MOpsiI-
ka 40 MI', Yactora pe3oHaHca BCEr/ia 3aBUCUT OT TOMIMHGI TUICHKA: OHA
Mensiercs ot equuuI] MI T 1 ToneTsix mwieHok (= 1000 Mxm) 1o >100 MI'n
JUTSl TOHKHMX TUIGHOK (TTOPSIIKA MKM).

JlaTunKy Ha MTHE303JIEKTPUIECKHX [UIEHKAX UMEIOT U PsiJl OTpaHu-
yernii. OHM 00NaIaIoT JOBOJIBHO CIaObIM AIIEKTPOMEXaHHYECKUM K0od(-
(UIMEHTOM CBSI3U MO CPaBHEHHIO C TIhE30KEPAMHUUECKHMH CEHCOPaMHU,
0COOCHHO HA YacTOTEe Pe30HaHCa M Ha HU3KMX 4acToTax. [IneHku u3 co-
MMOJIMMEPOB MOI'YT UCIHIOJIB30BATLCA U XPAHUTLCA IIPU TEMIICPATYpax, HE
npesbimatonwmx 135°C, a PVDF 1uieHKH peKoMEHIIyeTcsl UCIONb30-



Bath mipu Temrieparypax a0 100°C. Kak Tonpko Ha IJICHKY HAHECEHBI
AIIEKTPOJIBI, TIOYYEHHBI CEHCOp CTAHOBUTCS YyBCTBUTENBHBIM K JJIEK-
TPOMAarHUTHOMY M3ITydeHHIO. JIJist 31U Thl YCTPOHCTB OT BHICOKOYACTOT-
HBIX JIEKTPOMATHUTHBIX TIOMEX W OT PaJHOYacTOTHBIX IIyMOB HEOOXO-
AUMO IPUMCHATH METOIbI SKPAHHUPOBAHUA.

[Nnbe30anekTprdeckue IICHKH O0JIaat0T HU3KOM IIIOTHOCTHIO,
OTIMYHON YYBCTBUTEIIBHOCTHIO M MEXAHMYECKOM MPOYHOCTHIO. YIIpyras
nedopmarust be30rIeHOK B 10 pa3 mpeBbIlIaeT aHaJIOrHYHYIO XapaKTepH-
CTHKY KepaMHKH. [Ipe30oMeKkTpiyeckiie moIMMephbl MOTyT HalpsSIMYEO TIpH-
KPEIUIATHCS K TOHKOIUIGHOYHBIM CTPYKTYpaM, He Mellast UX MEXaHHIeCKOMY
niepemMerieHuto. [1be30MIeHKH TosITCsl sl TIPUMEHEHUST B IaTYHKaX Jie-
(hopmaruy, KOTOpBIE JIODKHBI OOJIaJIATh BBICOKOM YYBCTBUTEIBLHOCTHIO B
IIAPOKOM YaCTOTHOM JuariazoHe. Huskuil akyCTUYeCKHi UMIIEIaHC MTOJIH-
MEpPOB TO3BOJISIET M3TOTaBIMBaTh IpeoOpazoBareny, 3(HQeKTHBHO Tiepe-
JAFOIIIVE SHEPTHIO B IMPOKOH MOJIOCE YacTOT BO3MYXY U IPYTUM Ta3aMm.

B MHHHATIOpHBIX MOMYMPOBOIHMKOBBIX JATUMKAX ITHE30JEKTPHYC-
CKuit 3(EKT SABISETCSI OCHOBHBIM CPEJICTBOM ITPEOOPA30BAHMS MEXaHUYC-
CKOH JiehopMalivK B SJICKTPHYECKHE CUTHAIIBI U HA000poT. OJIHAKO 3TOT
apdexT mpuMeHnM 15 MpeoOpa3oBaHksl TIEPEMEHHBIX BXOHBIX CUTHAJIOB
U HE IoauTcda i1 CTAIUMOHAPHBIX W MEAJICHHO MCHSAIOIIMXCS BHCIIHHUX
BO3JICHCTBUM.

INockonbKy KpeMHHUE cam TI0 ceOe He 00J1aiaeT Mbe303JICKTpHYIC-
CKHMU CBOMCTBaMU, EMY MOYKHO MX IIPUJIATH IIPH IIOMOLLM HAHECEHUsI KpH-
CTAIUTMYECKHX CJIOEB MHE30MaTEPHAIIOB.

OKcu1 IIMHKA YacTo MCTIONB3YeTcsl TSt TOCTPOSHHUS YBTPa3BYKOBBIX
AKyCTHYECKUX JAaTYMKOB, YCTPOWCTB Ha IOBEPXHOCTHBIX aKYCTHUYECKHX
BonHax (ITAB), MykpoBecoB u T.J1. OCHOBHBIM JIOCTOMHCTBOM OKCHJIa ITHKA
SIBJIIETCS. TIPOCTOTA XUMHYECKOro TpaBieHus. 21n0 4acTo HaHOCHUTCS Ha
erMHI/Iﬁ METOJOM HaAIIbIJICHUA.

HI/ITpI/I,Z[ ATFOMUHUA CUUTACTCA OTJIMYHBIM [MbE302JICKTPUICCKHUM Ma-
TeprasioM, Oyiaroiapsi BBICOKOM aKyCTUYECKOM POBOIMMOCTH M YCTOWYHBO-
CTH K BJI2XKHOCTH 1 BBICOKOH Temrieparype. Ero nbezoanexrpuyeckuii koad-
(HIMEHT HECKONIBKO HIDKE, YeM y OKCHA IIMHKA, HO BBIIIE, YeM Y APYTHX
TOHKOIUICHOYHBIX TbE30MATEPUANIOB, 32 HCKITIOUYCHUEM KEpaMUKH. AKy-
CTHYECKHE CBOWCTBA HUTPH/A ATFOMUHUS MTO3BOILIIOT HCIIONB30BATh €r0 B
TUATareprioBoM YactotHoM Jariazone. Torkve rieHku u3 AIN 00bHO M3ro-
TABJIMBAIOTCS 10 TEXHOJIIOTHH XUMHYECKOrO OCKICHHSI U3 Ta30BOH (askl



WJIM METOJIOM PEAKTHUBHOM 3nmTakcuy. Hemocratok 3Tux croco0oB — BbI-
COKasi TemIiepaTypa HarpeBa nooxkkd (10 1300°C).

Tonxkwue menkn u3 PZT obnapatoT OObIIMM Mhe303JIeKTPUYECKIM
ko3(ripienToM, yem AIN u ZnO, uTo enaer nx NepCHeKTUBHBIMU YIS
WCIOJB30BaHMUsI B JIETEKTOPaX TEIIOBOrO M3ITyUeHHSL.

3.4 Tlupoziextpuyeckuii 3¢dext

[Mogo6HO THE303TIEKTPUKAM MUPOITEKTPUKH HCHONB3YIOTCS B
BU/JIC TOHKHX IIJICHOK, C IMPOTHUBOIIOJIOKHBIX CTOPOH KOTOPBLIX HAaHE-
CEHBI 3JIEKTPOBI 15l cO0pa MHAYIUPOBAHHBIX TEIJIOM 3apsiioB (pH-
CyHOK 3.26). ITupoaJieKTpUYECKHil JIETEKTOP MOXHO MPEACTaBUThH B
BHJIC KOH/IEHCATOPA, DIIEKTPHUUECKH 3apsDKaloIIerocs OT MOTOKa Tel-
na. Takoit JAaTYUK HE HYXJIACTCA HU B KaKHMX BHCIIHHUX CUTHAJIaX
BO3OYXKIEHHUS, EMy TOJNBKO TpeOyeTcsl COOTBETCTBYIOWIAs HHTEp-
(eiicHas dIEKTPOHHAS cxema JJIs U3MepeHus 3apsaa. B ornmuume ot
TepMmonap (TepMOdIIEKTPUUECKHX YCTPOKMCTB), HA BBIXOJE KOTOPBIX
MOABJIACTCA IOCTOAHHOC HANPSXKEHHUE, KOrjaa ABa Clasd pas3IMYHBbIX
METaJJIOB HaXOIATCS TMPU CTAIMOHAPHOH, HO Pa3HOM TeMIepaType
(cM. pasnen 3.9), B mUpO3JICKTpUKaX (HOpMUPYETCS 3apsii B OTBET Ha
uzMeHeHue Temiepatypsi [3,5].

ITockonbKy M3MEHEHHE TEMIIEPATYpPBI IPOUCXOAUT IIPU IEpe-
MELIEHUU TEIJIOBBIX BOJH, IMHUPO3JIEKTPUYECKUE YCTPONCTBA SIBIIS-
I0TCSI demeKmopamu nomoka menja. VIx nHora Ha3bIBAIOT OUHA-
MUYECKUMU 0amMYUKAMU, YTO COOTBETCTBYET WX (PU3MUECKOU MpH-
poze.

Kornma nmupoanexkTpuyeckuil KpucTajul MOABEpPraeTcss BO3ZeH-
CTBHIO MTOTOKA Temia (HanpuMmep, oT uctounnka UK uznyuenuns), ero
TEMIICpaTypa MOBLIMIACTCSA, U OH TAaKKC CTAHOBUTCA MCTOUYHHKOM
tema. [103ToMy ¢ IPOTUBOIIONOKHONW CTOPOHBI KPUCTAJLIA BO3HUKA-
eT OTTOK TeIlIa, KaK 1oKa3aHo Ha pucyHok 3.19.

Cunrtaercs, 4TO KpUCTaUT 00JaJaer MHPOIIEKTPUUECKUMHU
CBOﬁCTBaMH, €CJIM TP UBMCHCHUUN TEMIICPATYPhlI B HEM IOABJIACTCA
CIIOHTaHHasA IMOJIApUu3anus. B AOOIMOJIHECHUE K IMMHUPOIICKTPUICCKUM
CBOMCTBaM BCE 3TH KPUCTAJUIBI B TOM WJIM UHOW CTENEHU ABJISIOTCS
MbE302JICKTPHUKAMHU, T.C. B HUX IMOABJIAIOTCA 3apdabl B OTBECT HA ME-
XaHWYeCKOe HanpsiKEeHHeE.
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Pucynok 3.19 — [TupoaniekTprueckuii JaTamK

[MuposnekTpuyuecTBO OBIIIO OTKPHITO B KpUCTaJIaX TypMalldHa
emie B 18 Beke (XOTA eCTh CBEAEHHsI, YTO TPEKU 3aMETHIIU 3TOT 3¢-
¢exT Ha 23 Beka panbiie). [1o3xke, B 19 Beke, Ui U3rOTOBJICHHUS TTH-
PODIIEKTPUIECKUX TATYUKOB HMCIOIB30BAJIMCh KPUCTAJIBI CETHETO-
Boil comu. Ilocne 1915 roma B kadecTBE MHUPOIIEKTPUKOB CTalU
npuMeHsThes  cnenyromue Matepuaisl: KDP  (KH,PO,), ADP
(NH4H,PQ,), BaTiO3 u xommosuituu PbZrO; u PbTiOs;, usBecTHbIE
kak PZT. B nactosimee Bpemsi u3BectHo Oonee 1000 maTepuaios,
obnajaronMx CBOWCTBOM oOpatuMol momsipuzannu. OHHM Ha3bIBa-
10TCsl (heppOdTIEKTPUIECKUMH KprcTaiaMi. CaMbIMU MHTEPECHBIMH
W3 HUX cuMTatoTcs TpuriunuH cynbdat (TGS) u TaHTanat JIuTHS
(LiTaOs). B 1969 roay yuensiii KaBan oOHapyXui1, 4To HEKOTOpbIE
T1acTMacchl, Hanpumep, nonuBuHmI Gropun (PVF) u nonuBuHmm-
mun ¢ropun (PVDF) [5], o0nafaroT CHIBHBIMH MbE303JICKTPHYC-
CKUMH CBOWCTBaMH. Takke OKazajoCh, YTO ATH MaTepuaibl TaKxke
SBIISIIOTCS ¥ IAPOAJIEKTPHUKAMH.

JIt000# TUPO3JIEKTPUK MOKHO MPEACTABUTH B BUJIC KOMITIO3H-
OUU OONBIIOTO YUCIA KPUCTAJUTUTOB, KaXKIBIH M3 KOTOPBIX BEAET
ce0sl KaK MaJICHBKUH AJIEKTPUYECKU IOk, Bee 3TH numnonu ume-



10T TPOM3BOJIbHYIO OpWeHTanuio. [Ipu TemmepaTrype, mpeBbIIIaIO-
et mouxky Kropu, y KpUCTaJuIMTOB HET IUTIOIBHOTO MOMEHTA.

CyllecTByeT HECKOJIBKO MEXaHU3MOB, OOBSICHSIOIIUX, TIOYEMY
W3MEHEHUE TeMIIepaTyphl MPUBOAUT K BOZHHUKHOBEHHIO MHPO3JIEK-
TpuuecTBa. M3MeHeHHe TemIepaTypbl MOXKET MPHUBECTH K Y/AJIHHE-
HUIO WIM YKOpPaYMBaHMIO OTIENbHBIX Aumnoied. Ha opuentanuro au-
nojied MOXET MOBIHATh HX BO30YXKAEHHE OT IMOBBILNICHUS TEM-
nepaTypbl. DTH SIBJICHUS TMOJIYYHMIIM Ha3BaHHE NEPEUYHO20 TIHPO-
anexTpuuecTBa. CyIIECTBYET TaKKe 6mopuuHoe MHPOIIIEKTPUIECT-
BO, KOTOPOE B YIPOLICHHOM BHJI€ MOKHO CUHTATh CJIEJCTBHUEM Ibe-
303JieKTprueckoro ¢ dekra (Hanpumep, BOSHUKHOBCHHE HaIpsDKe-
HUs B MaTepuaje M3-3a TEIUIOBOro pacimpenus). Ha pucynok 3.19
MOKa3aH NUPOSJIEKTPUUYECKUI JaTUYMK, UMEIOUIUN OJMHAKOBYIO TEM-
nepatypy 7o B moboii Touke o0bema. Byayun anexkTpudeckd mods-
PHU30BaHHBIMH, AUTOIM OPHEHTHPOBAHBI TaK, YTO OIHA CTOPOHA Ma-
Tepuasia CTAHOBUTCS ITOJIOKHUTEIBHO 3apsDKEHHOM, a BTOpas — OT-
punatenbHoii. OHAKO B CTallMOHAPHBIX YCIOBHUSIX CBOOOAHBIE HO-
CHUTEIN 3apsaoB (JIIEKTPOHBI U JABIPKH) HEUTPAIU3YIOT 3apsibl, BO3-
HUKIIAE BCIIEACTBUE TOJISPHU3AINN, U KOHJCHCATOp, 00pa3oBaHHbIH
ANEKTPOJIaMH W THPOAJIEKTPUKOM, paspsokaercst (pucyHok 3.16B),
YTO MPHUBOAUT K TOSBICHUIO HYJIEBOI'O 3apsijia Ha BBIXOJC JaTUHKA.
Tenno Ha ceHCOp MOXKET MOCTYNaTh B BHJIE TEMJIOBOTO M3JIydeHUS,
KOTOpOE MOTJIONIAETCS] HUKHHUM 3JIEKTPOZOM M PaclpoCTpaHseTcs Mo
MUPO3JICKTPUKY, HCIIOIB3Ysl MEXaHU3M TeIIONPOBOIHOCTH. HrKHMIA
AJIEKTPOJT MHOTIa MOKPBIBAIOT TEIUIONOTJIOMIAIONIMM CII0EM M3 Yep-
HEHOT0 30JI0Ta MJIM OPraHMYecKOTO Kpacutens. B pesymbraTe mo-
TJIOUICHUST TelJia HIDKHSS 4acTh CEHcopa HarpeBaercst (ero HoBas
TeMIeparypa CTAaHOBUTCS paBHO# 71), 4TO MPUBOIKT K €r0 pacuiupe-
HUIO, YTO, B CBOIO OUepe/lb, BhI3bIBAET N3rH0 AaTunka. [losBuBIasics
nedopmanys 03HauaeT BOSHUKHOBEHUE MEXaHUYECKOT'0 HaPsKEHUS
U, CIENOBATENbHO, M3MEHeHue opueHTauuu aunoiei. Ilockonmbky
MaTepHall CEHCOpa Takke o0nagaeT U Mbe30RJIEKTPUICCKUMHU CBOM-
CTBaMH, €ro HaIPsDKEHHOE COCTOSHHUE MPHBOAWT K TOSIBICHHUIO HA
ANIEKTPOJIaX MPOTHUBOIMOJIOKHBIX 1O 3HAKY 3apsaoB. OTcioAa BUIHO,
YTO BTOPWUYHBIA MHPOIIEKTPUIECKUH 3PPEKT MOKHO OMHMCATH Clie-
JyIoIIel MoceI0BaTeNbHOCTHIO COOBITHIA:

= TemIoBOE U3TyUEHHE,

=> TOMIONICHHUE TeIUIa,



= MeXaHHYeCKOe HAMpPsUKEHNE, HHAYIIMPOBAHHOE TEIIOM,

=> 3ICKTPUYCCKHIA 3apsil.

JlunonbHbI MOMEHT M 00BEMHOrO MUPOIICKTPUIECKOTO JaT-
YMKa MOYKHO HAalTH MO BBIPAKEHHIO:

M = pAh

‘roe [ — JWIONBHBI MOMEHT Ha eIUHHMIly 00beMa,
A — nomanb JaT4uKa,
h — ero TonmmuHa.

3apsn Q, , cCOOpaHHBIM Ha 3JEKTPOJaX, MPUBOAUT K TOsBIIE-
HHUIO B MaTepHasie CIEAYIOIIEro TUMOILHON0 MOMEHTA!

M, =Q,h

M nomxen ObITH paBeH M, IOITOMY

Qa:lLlAh

ITockosnbKy TEMITEpaTypa MEHAETCS, AUTIOJIbHBI MOMEHT TOXE

HE OCTAETCs MOCTOSHHBIM, YTO U TPUBOAUT K UHIYLIUPOBAHUIO 3apsi-
Ja.

KonmdecTBo mMOTIOIIEHHOTO TEIla MOXKHO BEIPA3UTh uepes

W3MEHEHHUE JUIIOJIBHOIO MOMEHTA, IIPH 3TOM [ 3aBUCHUT Kak OT

temneparypsl T, TaK U OT mpupaiieHus TermioBoi sHeprun AW
MOTJIOUIEHHON MAaTEPUAIIOM:

AQ, = Au(T,,AW)

Ha pucynke 3.20 mokazaH THPORJIEKTPUYECKUH IETEKTOP,
MOJICOCTMHEHHBIN K pe3ucTopy Ry, oroOpakaroiieMy J1u00 BHYTPEH-
Hee CONMPOTHBIIEHHE YTEYKH, JTHUOO0 BXOAHOE COMPOTHBIICHHE WHTEP-
(elicHOI cXeMbl, TOJKITFOUEHHON K BBIXO/Y JIaTUYMKA.

B mnpaBoii yacTu pucyHKa IIOKa3aHa SKBUBAJICHTHAS IEKTPU-
gyeckasi cxema Takoro ceHcopa. OHa COCTOMT W3 CIIEAYIOIINX Tpex
KOMITOHEHTOB:

® HCTOYHHMKA TOKA i, MPUBOSAIIETO K MOSBJICHHIO TEIIa,

e emkoctu aerekropa C,

®  CONMPOTHUBIICHHS YTEUKH R



NHPOINBKTEHYSCKHA
AsTeETOR

Tenno /

Pucynok 3.20 — [TupoanekTprueckuii J1ETEKTOp U ero 3KBUBaJIEHTHAs
cxema

T

BBIXOZHBIM CHUTHAJIOM MUPO3JEKTPHUYECKOTO JIETEKTOpa B 3a-
BHCHUMOCTH OT KOHKPETHOT'O MPUMEHEHHUSI MOXET OBITh JIMOO 3apsin
(ToK), MO0 HaTPSLKEHNE.

ITockonbKy NMUPOIIEKTPUYECKUN NATUUK SBIISIECTCS KOHACHCA-
TOPOM, OH OyZeT pa3pspKaTbes uepes comnporusieHue Ry Bennunna
AIEKTPUUECKOTO TOKA 4Yepe3 TOT PE3UCTOP U HalpshDKeHHE Ha HeM
COOTBETCTBYIOT 3apsily, HHIYIIUPOBAHHOMY TEMJIOBBIM MTOTOKOM.

[Muposnekrpuueckuii d3PPeKkT xapakTepusyercs ABYMS Kodd-
¢unmentamu [3,5]:

MUPO3IEKTPHUECKUM KOd(D(DUIIMEHTY TIO 3apsay

_dPg
¢ dT
MUPOITIEKTPUIECKUM KO HUIIHEHTY 110 HAMIPSDKEHUTO
dE
R =—
dT

rjae Ps — crionTanHas nosyisipu3anus (WK 31eKmpuyiecKutl 3apsio),
E — HanpsKeHHOCTD DIIEKTPUIECKOTO OIS,
T— temmnepatypa B KenbBuHax.
OtHomeHre ABYX KO3()(UIMEHTOB MOXHO BBIPa3UTh dYepes

AUBJICKTPUYCCKYIO MMPOHUIIAEMOCTDH gr " SJICKTPHUYECKYIO MMOCTOSAH-

HYIO & !



= £,.&
R, dE

[Monsipu3anust 3aBUCUT OT TEMIIEPaTyphl, H MO3TOMY 00a TTHPO-
ANEKTPUUECKUX KOdPPHUIMEHTa SBISIOTCA (QYHKIUSMH TEMIIepaTy-
PBL

IIpy BO3AEHCTBMM MCTOYHMKA TEIUJIa HA MHPOIJIEKTPHUK, €ro
TeMIiepaTypa mnoblmaercs Ha A [, Ipu 3TOM MPOUCXOAAT COOTBET-
CTBYIOILIME U3MEHEHHS 3apsiia U HaNpsDKeHUS:

AQ =P, AAT,

AV =P, hAT .

Ecnu eMKOCTh JaT4rKa BEIPA3UTh B CIEAYIOIIEM BHJIE:

AQ A
C.=—=¢,6—
e AV r“o h
u3 ypaBHenu#l (3.78-3.80) MOKHO BBIBECTH CIEAYIOIIEE COOTHOIIE-
HUE:

AV =P, D AT =, EfopT
C h

e
OTtcroia BUJIHO, YTO BBIXOJHOE HAIPSOIKEHUE NAaTYUKa MPOMOPIIHO-
HaJbHO POCTY TEMIIEPATypPhl M MUPOIJICKTPUIECKOMY KO puimeHTy
10 3apsily ¥ 0OpPaTHO MPOMOPIIUOHAIBEHO €ro TONIIHHE.
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Temnepartypa
Pucynok 3.21 — Ionsipu3zariusi Tupo3IeKTPUIECKOro KpUcTamia

Korga nuposnekTpruecknii 4yBCTBUTENBHBIN 3JIEMEHT MOl
BEpraercsi BO3JEHCTBUIO Iepernajga TeMIEepaTyp, €ro MoIsIpHu3aLus
(MHOYIMpYeMBbIH DIIEKTPUYECKUI 3apsi/i BHYTPU KpHCTalja) TaKke
MeHseTcs ¢ Temneparypoil. Ha pucynke 3.21 noka3ana TumoBas 3a-
BHCUMOCTh MOJSPU3AlMK OT TeMmimeparypbl. [luposnekrpuyeckuii

ko3¢ dunuenT no HanpsbkeHUo P, cooTBeTCTBYeT HAaKIOHY KPHBOI

nonspusanun. [lpubnmkasice k Touke Kropu, 3TOT KOdpPHUIMEHT
PE3KO0 BO3pacTaeT, 4To 00BICHACTCS HCUE3HOBEHUEM TOJISIPH3aIHN 1
MoTepel MUPOINEKTPUUECKUX CBOMCTB B 3TOM TEMIIEPATYPHOM JHUa-
nasoHe. IIpeanonaraercs, 4To HEIIMHENHOCTh KPUBOH IOJISIpU3aLUU
OOBsICHSIETCS YBENUYCHUEM YYBCTBHUTEILHOCTH JaT4MKa C POCTOM
TEeMIIepaTyphl.

[Tpu BBIOOpPE MHUPORIEKTPUUECKOrO0 MaTepHraia HeoOX0auMOo
yUUTHIBaTh 3((EKTHBHOCTh MPEeoOpa3oBaHHs TEIJIOBOH SHEPTHU B
ANEKTPUUECKYI0, KOTOPYIO MOXKHO OIEHHUTDH MO MHPOIIEKTPUIECKO-



2
My koddouumenty ceasn K,” (K, sBnsercs amanorom mpe3osiex-

Tpuueckoro koddduimenta cBsi3u k). ITOT KOIDOUIUEHT MOKa3bI-
BaeT BO CKOJIBKO pa3 MupodieKTpuueckas 3(Q(PEeKTUBHOCTh HUKE

npenensHoro 3Hauenus Kapuo AT / T,.

JU1si Ipou3BOACTBA MUPONIEKTPUYECKUX AATUYUKOB HCIIONb-
3YIOTCsl pa3lMYHbIE MATEPUAJIBI, HAIIPUMED, TAHTANAT JINTUS U IIUPO-
3JEKTPUYECKHE KEpaMUKU. JIOBOJIIBHO MOMYJISPHBIM CTAJIO TPUMEHE-
HHE IOJUMEPHBIX INICHOK. B TedeHue MocnenHux JIET UHTEHCHUBHO
pa3pabaThiBajJlCh TEXHOJOTMH HAHECEHWsS TOHKHX MHPOdJIEKTpHYe-
CKHUX IUJICHOK.

Ha pucynke 3.22 mokazaHbl BpeMEHHBIE IUArpaMMsbl, I1O-
CTPOEHHBIE JUIsl IUPORJIEKTPUUYECKOr0 JaTUUKA IIPU I0AA4e Ha €ro
BXOJI CTYNIEHYAaTON TEeMIOBOW (DYHKIIWH.

N3 puarpamMm BUIHO, YTO JIEKTPUUECKUH 3aps]l TOCTUTAET
CBOEr0 IIUKOBOI'O 3HAYEHMS ITPAKTUYECKU MIHOBEHHO, a 3aTEM Ha4M-

HAET YMEHBIIATELCS C Menio60u NOCMOAHHOU 6peMenu Ty ITO MOXK-

HO OOBSICHUTH CIENYIOIMM 00pa3oM: MpPH HarpeBe MOJspU3aIus
MEPBOHAYAIILHO IMPOUCXOAUT B CaMBIX IHOBEPXHOCTHBIX CJIOSAX KpHU-
CTAJUTMYECKOr0 MaTepualia TONIIMHON B HECKOJBKUX aTOMOB, TEM-
neparypa KOTOPbIX MIHOBCHHO IIOBBIIIACTCA OO0 MAKCHUMAJIBHOI'O
3HA4YCHMU. HpI/I 9TOM B MaTe€pHajiaXx BO3HUKACT BBICOKH M rpaavCHT
TeMIepaTyp, BBI3BIBAIOIIMI MakcHMalbHYyIO moisipu3aimio. [locme
4ero MPOMCXOIUT PACIPOCTPAHEHUE TEIlIa MO BCEMY IMHPO3JICKTPH-
Ky, 4acTh KOTOPOI'O IOIJIONIAETCS €ro Maccoil MPOIMOPIHOHAIBHO
3HaueHHIo TerioeMkoctu C, a Jpyras 4acTh OTAAETCSl B OKPYKaro-
IIyI0 Cpeay uepe3 TemioBoe conporusieHue R. Bee ato mpuBoauT k
YMEHBIICHHIO TEPBOHAYAIBHOrO 3apsaa. TeruioBas MOCTOSHHAsS
BPEMEHU OINpEeNseTcs] MPOU3BECHUEM TEIUIOEMKOCTH JIaTYMKa Ha
€ro TeII0BOE CONMPOTHBIICHUE:

7, =CR =CcAhR ,

rae ¢ — yaciabHasA TCIJIOEMKOCTb YYBCTBUTCIILHOI'O 3JIEMEHTA.



. _ : Bpems

_L 0, BpEMS

Bpems

Ry

Pucynok 3.22 — Peakuyist nupoasieKTpHUECKOTr0 YyBCTBUTENBHOTO Jle-
MEHTa Ha TeIUIOBYIO CTYNEHYATYIO0 ()YHKIIUIO

TennoBoe conporusienue R sBisercs pyHKIued Bcex TEmo-
BBIX IOTEPh B OKPY)KAIOIIYIO CpPEely uepe3 KOHBEKIIMIO, TEeIIONpo-
BOJHOCTb M TEILIOBOE U3Iy4YeHHE. B HM3KOYACTOTHBIX yCTPOMCTBAX
KeJIaTeNnbHO MCIOIb30BATh JATYMKH C OOJIBIION TEIIOBOH MOCTOSH-
HOW BPEMEHH, TOT/Ia KaK B OBICTPOJAEHCTBYIONIMX cUCTeMax (HampH-

Mep, B M3MEPUTENAX JIa3€PHBIX MMITYJIbCOB) T; JOJKHO OBITH 3Ha-

YUTCIIBHO HMXC. I[J]Sl YMCHBUICHU A TT MMUPOJJICKTPUKN HUHOTr A I10-

KPBIBAIOT TEIIOOTBOIAMH (KyCOUKaMH aJIFOMUHHUS HITH ME/IN ).
[Ipenmnonaraercs, 4To Ha MUPOIJIEKTPUUECKUIN TaTUUK BO3EH-
CTBYET MCTOYHHMK TeIia, 00IaJarolliii O4eHb BBICOKOM TEMI0EMKO-
CTBIO, TIO3TOMY €ro COOCTBEHHOH TEIUIOEMKOCTBIO MOXHO IMpeHe0-
peus. Torna temneparypa cpensl 7, BO BpeMsl IIPOBEAEHUS U3MeEpe-
HHUI CUMTAETCS MOCTOSHHOW, B TO BPEMS KaK TeMIlepaTypa JaTuyHhKa



sBIsieTcsl PyHKIMEeH BpEeMEHH W ONpPEAETseTcs MIOTHOCTHIO, yelb-
HOW TEIUIOEMKOCTBIO U TONIIUHON JETEKTOPA.

Ecnu BXOmHOHM TeruioBol MOTOK MMeeT (opMy CTyleHdYaToH
¢yHKUIMY, a JaT4uK paboTaeT B BO3AYIIHOW CpeAe, AJS BBIXOAHOTO
TOKa MOXKHO 3allUCaTh CIEAYIOLIEe alIPOKCUMALHMOHHOE BBIPAXKe-
HUe:

1 1 —t/TT
i =i

rae lp — MUKOBOE 3HAYCHHE TOKA.

Ha pucynke 3.22 nokasano, urto 3apsn Q u Hanpsbkenue V HU-
KOT/Ia HE CHM)KAIOTCS JI0 HYJIA.

PaccmoTpum mmoueMy Tak IpOHCXOMIUT.

[MuposiekTpuK mony4yaeT TEIUIOBYI0 JHEPTHI0O CO CTOPOHBI
natunka a (pucyHok 3.19), 3a cyer KOTOPOH yBETHMYMBACTCS TEMIIE-
paTypa maTepuaia. Poct TemnepaTypbl IPUBOAMT K CKauKy 3apsia B

OaTYUKEC, YMCHBLIIAIOUICTOCA C MMOCTOSIHHOM BpEMCHU T; OI[HaKO

JaTYMK MMEET eIe OJHY CTOPOHY — b, KOHTAaKTHUPYIOIILyIo ¢ Oojee
XOJIOOHOW Cpenoi, 4epe3 KOTOPYI MPOUCXOIUT MOTEPS TEIJIOBOM
9HEPTHH, T.€. OXJAXKJACHHE JaTdrKa. [[0OCKOIbKY CTOPOHBI @ U b uyB-
CTBUTENIBHOI'O 3JIEMEHTA IMOABEPTaroTCA BO3JCHCTBUIO Pa3HOM TEM-
MepaTyphl, Yepe3 MUPOIICKTPUK MOCTOSHHO MPOXOIUT TEIIOBOU
MOTOK. DJICKTPUYCCKHUI TOK Ha BBIXOJIC TUPOICKTPUICCKOrO AaTYH-
Ka BCerjia oBTOPseT OopMy TEILIOBOTO MIOTOKA, MPOXOIAIICT0 Yepe3
HETr 0. HpOBOI[SI TOYHBIC U3MCPCHUA, MOXHO y6eI[I/ITLC$I B TOM, 4YTO
BBIXOJ/IHOC HANPSHKEHUE TTUPOIJICKTPUUYSCKOT0 CEHCOpa PaBHO MOCTO-
SAHHOMY 3HAUCHUIO VO, MMPpONOPIHOHAJIBHOMY BCINYHMHE TCIJIOBOT'O
MOTOKA.

Kak u npyrue deppoanexrpuueckue Matepraisl PVDF taroke o6a-
JIACT MUPODJICKTPHUSCKMMH CBOWCTBAMM, T.€. Ha €0 TIOBEPXHOCTH 00pasyer-
CsI JIEKTPUYECKUI CUTHAII B OTBET HA M3MEHEHHE TeMrieparyphl. [Lnenku
n3 PVDF cumsio noromaror UK nyan B qmanasose mmH BoH 7.. .20
MKM. DTOT JMaa30H COOTBETCTBYET CIIEKTPY JUTMH BOJH, M3Ty4aeMbIX Yelo-
BedeckuM TesioM. OJIHaKO, HECMOTPsI Ha TO, 4TO camu TuieHku u3 PVDF
MOT'YT TIOIVIOMIATH TEIUIOBOE M3TYYCHHE, B TUPOIICKTPUIESCKUX JATIUKAX
OHM PACTIONAraloTCsl MEXITY IBYMSI TOHKHMH JIEKTPOJIAMH, KOTOPBIE MHO-



IJ]a JIOBOJIGHO CHJIBHO OTPayKArOT BOJNHBI MHTEPECYIOIEro Jyamna3oHa. B
TaKUX CITy4asx dJIeKTPOJI, PACIIONIOKEHHBIH OJIMKe K UCTOYHUKY TEIUIOBBIX
W3Ty4eHUH, MO0 MOKPBIBAIOT TEIUIONOIOMIAIONIMM CIIoeM, JM0O H3-
TOTABJIMBAIOT U3 HUXpOMA (CIUIaBa, O0JIA/IA0IIErO BRICOKOW MOIJIOIAFOITICH
criocobHocThi0). Ha ocHoBe mienok n3 PVDF peanmsytor gaTtamku riepeme-
LICHNMS JIFOZICH, a TAKoKe MHPONIEKTPHISCKUE JATUHKH Tl OOJee CIIOKHBIX
YCTPOICTB, TAKMX KaK BH/ICOKAMEPbI IIsi HOUHOTO HAOIIFOJICHHUSI 1 JIa3ePHBIC
KoIMpoBaJibHbIe MprOopbl. He Tak naBro Obita npencrabieHa MK maTtpuna
Ha ocHoBe PVDF 1mieHKu, 1o3BOISIONast UIeHTH(OUIIMPOBATH OTIEUATKI
MAJIBIIEB, UCITONB3YOIAs TUPOPHEKT, MPUCYIIIIA MOIAMEPaM.

3.5 Dddext Xoaaa

WnTerpanbHbie JATYMKA MarHUTHOTO TIOJS B CBOEM OOJIBIIMH-
CTBE UCTONB3YIOT ekt Xota, OTKPBITHIH aMepUKaHCKUM (HU3U-
koM DneuroM Xomwtom (E. Hall) B 1879 .

[lepBoHayanbHO STOT APGEKT NPUMEHSIICS ISl H3YUCHUS
ANIEKTPONPOBOTHOCTH METAIIOB, MTOMYIPOBOJHUKOB M IPYTUX TOKO-
MPOBOAAIINX MaTepuasioB. B HacTosee BpeMs AaT4nku XoJua Uc-
MOJIB3YIOTCS HE TOJNBKO JJIsl OOHAPY)KEHHsI MATHUTHBIX TIOJNEH, HO H
OIpeJeNieHus TOJIOKEHHS U IiepeMeltienns 00bekTos [1,3,5,6].

Addekr Xomna cocrout B ciaenyromeM. [Ipearnonoxum, 4to
AJIEKTPOHBI IBUTAIOTCSI BHYTPH JJIEKTPOIPOBOTHOM MIIACTUHBI, MO~
MEIIEHHOW B MarHuTHoe nojie B . Eciin npoBOAHUK C TOKOM MOMe-
mIEH B MArHUTHOE I10JI€, TO BOSHUKAET 3.J1.C., HallpaBJICHHAs Iep-
MEHIUKYJISIPHO U TOKY, ¥ o0, Dddekt Xoia nmocTpupyercs Ha
pucynke 3.23.

Ha nBe cTopoHBI TIIACTHHBI HAHECEHBI JOMOTHUTENBHBIE AJIEK-
TPOJIbL, OAKIIIOYEHHBIE K BOJIBTMETPY. Elle fBa a1ekTpona pacmo-
JIOKEHBI CBEPXY M CHHU3Y TUIACTHHBI, OHH MOJCOETUHEHBI K HCTOUHH-
KY JIEKTPUYECKOro TOKa. I10 TOHKOM I1acTUHE NOIYIIPOBOAHUKOBO-
ro MaTepuaa nporekaer Tok |. V3-3a neiicTBHs BHEIITHETO MAarHUT-
HOT'O TI0JIS BO3HUKAET OTKIIOHAIOUIAS CHJIA, CMEIAIoIIas 3JIEKTPOHBI
OJIDKe K MPaBOMY Kpato TUIACTHHBI, TIO3TOMY dTa CTOPOHA CTAHOBUT-
cs1 oree OTpULIATENBHO 3apsHDKEHHOM, YeM JieBasi. JTa cuja, cuiia
JlopeH1ia, HCKpUBIISIET TPACKTOPHIO IBHXKEHHSI DIEKTPOHOB, YTO TPH-
BOJIUT K IepepacipeneeHruI0 00bEMHBIX 3apsi/IOB B TIOITYIIPOBOIHU-
KOBOH IIJIACTHHE!



F=qvB

rae q = 1.6x10™ K — Benmunna 3apsa 3JIEKTPOHA,
V — ero cKopocTb,
B — marHuTHas MHAYKIUS.

F u B sBusrorcss BekTopaMu. HampaBneHue cuibl U ee BejH-
YHHA 3aBUCAT OT MPOCTPAHCTBEHHOI'O PACHOIOKEHHS MarHUTHOIO
MOTOKA M HaNpaBJeHUs IBM)KEHUS AJIeKTpoHa. EnuHunel namepenus
B siBsiercst Tecna: 1 Tecna ~ 1 Heroton/(ammep X metp) ~ 10* I'a-
ycc.

Takxum 00pa3om, BCIIEACTBUE B3aUMOICHCTBHIS MATHUTHOTO
TOJISL ¥ 3JIEKTPUYECKOI0 TOKA BO3HUKAET NONepeuHas pazHocmsy no-
MeHYuan0s, TOMyIUBILAs HA3BaHUE Hanpsdicenue uau 3.0.c. Xona
E}. 3HaK ¥ aMIIMTY/Aa 3TOTO HANPsHKEHUS 3aBUCST KaK OT BEIMYHU-
HBI, TaK ¥ HaIlpaBJIEHUS] MAarHUTHOTO U 3JIEKTPUYECKOTro Mojel. Jrta
3.J1.C. IPOMOPIHOHAIFHA BEKTOPHOMY MPOU3BEACHUIO HHIYKINU B
Ha IUIOTHOCTh TOKA |

d .
E.=—I|B
h qn[ XJ]

rae d —u IMpHHA MIaCTHHBI,
( — 3apsg 4aCTULbI-HOCUTEIIA,
N — KOHILIEHTpaLXs HOCUTENEH.

B

Pucynok 3.23 — Miroctpanus a¢pdexra Xomna



IIpy cCHMKEHMM KOHLIEHTpAL MU HOCUTENEH 3.1.C. XOmIa BO3-
pacTaer, IOATOMY B KauecTBe MaTepHaia Ui JaTYUKOB XoJia
MPEANOYTUTENHHO UCTIONB30BAHNE TAKUX MOTYITPOBOAHHUKOB, KaK
KPEMHHM, apCeHU ]I rajuis U Ap. 1 nIpsiMOyronbHOM MJIACTUHBI €
OJTHOPOJHBIMU TOKOM MarHWTHBIM T0JIEM, HAIIPaBJIEHHBIMH TEPIIEH-
JTUKYJISIPHO TUIACTUHE, KaK MOKa3aHo Ha pUCyHKE 3.23, »Ta 3.]1.C. paB-
Ha

E,=k,V.B
rae Ky, — mocrosiuaas Xomna, Vs — HarpsHkeHHe, co3aBaeMoe Ha TO-
KOMOJBOSAIIMX BBIBOJAX JaTynKa XOoJJa.

Jlnst kpemuus K, cocrapnsier BenuduHy 1o psika 70
MB/(B*Tx), moaTomy, Kak mpaBuiio, 3.11.C. AaTunka Xouia Tpedyercs
YCUIIBATh.

[Tpu pukcupoBanHOl TeMIiepaType Hanpsoicenue Xoaia TaKke
MOJKHO ONPEAENTUTh U3 BhIPaKEHU!

E, =hiBsina

rJle @ —Yroll MeXJy BEKTOPOM MAarHHTHOIO MOJSl M TUIOCKOCTBIO
racTuHbl Xomia (pucyHok 3.24),

h — nmosnHas 4yBCTBHTENBHOCTh JaTYMKA, HAa 3HAYCHHE KOTOPOM
BIIMSIFOT THIT MaTepuaja IUIACTHHBI, €e TeoMeTpusl (TUIOMaAb aKTHB-
HOI1 30HBI) U TEMIIEpaTypa.

[NonHas 4yBCTBUTENBHOCTD AaT4MKa XO0JIa 3aBUCHT OT KO9¢-
@uyuenma Xonna, KOTOPBIH ONpeneNsercss rpaiueHToOM MONEepPeUHO-
TO 3JEKTPUUYECKOro MOTEHIMala Ha eJUHHIY WHTEeHCHBHOCTU Mar-
HUTHOTO TOJSI U Ha €AMHUIY TUIOTHOCTH TOKa. B COOTBETcTBUM C
Teopuel cBOOOIHBIX AJIEKTPOHOB B MeTajiax, KodppuuueHT Xomna
MOXXHO HAWTH MTPH MOMOIIN BBIPAIKEHHS:

1
- 1
Ncq
rjae N - uuciio cBOOOIHBIX JIEKTPOHOB B IUHUIIE 00beMa,
C - CKOPOCTb CBETa.

H



B 3aBUCHMMOCTH OT KpUCTAJUIMYECKON CTPYKTYphl Martepuala
3apsiibl MOTYT OBITH MO0 3JIEKTpOHAMH (OTPULATEIBHBIMH), JTHOO
JBIpKaMU (TTOJIOKUTENBHBIMH).

[Mosromy u 3ddekr Xomra ObiBaeT JIMOO MOTOKUTEIBLHBIM,
JM00 OTPULIATEIILHBIM.

Pucynok 3.24 — Dddexr Xoma npu mpor3BOJILHOM MOJIOKEHUH BEK-
TOpa MAarHUTHOW WHIAYKI[UU
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Pucynok 3.25 — BeiBoas! qatunka Xosa

Jluneiinpiii naturk Xoiuia OOBIYHO pa3MeNIaerTcss B KOpIyce ¢ de-
THIPHMsI BBIBOAAMH (PHCYHOK 3.25). /IBa BBIBOAA ISl TTOIKITFOYCHHS
TOKa YMPAaBIICHUsI HAa3BIBAIOTCS YNPAGIAIOUWUMU GbIG0OAMU, a COTIPO-



TUBJICHUE MEXK]Y HUMH — conpomusiieHuem ynpagisiroujel yenu R.
BbIBOABI U W3MEpPEHHs BBIXOJHOTO HAMPSDKEHHWS HAa3BIBAIOTCS
oughghepernyuanoHviMU 661X00aMU, A COTPOTUBIICHUE MEXITY HUMH —
8bIXOOHLIM QU epenyuarpHuim conpomuegieruem Ro.

BonpmimHCTBO naTuukoB XOJUIa WU3TOTABIMBAIOTCA U3 KpPEM-
HUS, U BX MOXKHO Pa3/Ie/IUTh Ha IBE OCHOBHBIC KATETOPHUH:

MPOCTHIE,

HHTErPUPOBAHHBIE.

JI7ist TIOCTPOEHMSI YyBCTBUTEIBHBIX DJIEMEHTOB HA OCHOBE (-
¢dexra Xomra npumensitoress InSb, InAs, Ge u GaAs. Kpemuuersie
CEHCOPBI MOTYT OBITh WHTErPHUPOBAHBI HA OJHOM IMOJIOKKE C WH-
TephefiCHBIMUA DJIEKTPOHHBIMH CXeMaMH. Takas WHTErpamnus 0Co-
OEHHO Ba)kKHA MPH MOCTPOCHUH MPEIU3NOHHBIX JATYMKOB, TOCKOIb-
Ky HampspbkeHrne XoJuta 00BIYHO JOBOJIEHO MaJo.

3.6 Hcnoabp3oBaHmne 3ByKOBBIX BOJTH

3BYKOBBIMH BOJIHAMHU HA3bIBAIOTCS MEPUOJNYCCKHUE CKATHS U
pacupenus cpebl (TBEPIBIX TEIN, KUJKOCTEH M Ta30B), MPOUCXO-
JSITIHE C ONpeneNeHHoN yacToToi. KOMIMOHEHTHI Cpellbl COBEPIIaAOT
KoJieOaTeIbHbIC JBUKCHUS B HAINPABJIICHUU PACIPOCTPAHCHHS BOJI-
HbI, TTIO3TOMY TaKW€ BOJHBI HA3bIBAIOTCS MPOAOJbLHBIMU MEXaHUYE-
ckuMu BojHamMu. HasBaHue 36yKo06ble CBSI3aHO C JIMANa30HOM BOC-
MPUATHS YEIIOBEYECKOrO CyXa, KOTOPBIH MPHOIM3UTEIBHO COCTaB-
nser uaTepBan 20...20000 I'u. IIpogonsHbIE MEXaHUYECKHUE BOJIHBI
Hmxke 20 ['m HaseBaroTCsS un@paszsykosvimu, a Bbime 20 k1 —
yavmpazeykosvimu [3,5,6]. Eciu Ob1 kmaccupukaiys BOJH Beaach
OBl OTHOCHUTEIBHO JIPYTMX JKUBOTHBIX, HAIPUMEpP, COOAK, JUAIa3oH
3BYKOBBIX BOJIH OBUT Obl 3HAYMTEIIBHO IIUPE.

JlerektupoBanre HH(PPA3BYKOBBIX BOJIH MPUMEHSETCS TIPU UCCIIEO0-
BaHUU CTPOMTEIBHBIX KOHCTPYKIIUH, MPEICKa3aHUU 3EMIICTPICCHUN
Y U3YYCHUU JIPYTHMX 00BEKTOB, 001aal0NMX OONBIIUMHU T€OMETPH-
YecKMMH pa3Mepamu. JIFoIu OIIyIaloT HH(QPa3BYKOBBIC BOJIHBI
OOJIBIIION aMIUTUTY/IBI, JJAXKE €CJIM MX HE CNBIIIAT, IPA 3TOM Y HHUX
MOSIBJISIFOTCSL TAKUE TICUXOJIOTUYECKUE SIBJICHUS, KaK MaHuKa, CTpax U
1.1. [IpuMepamu BOJIH 3BYKOBOT'O JTMANia30HAa SIBJSIOTCS KOJICOaHMS
CTpyH (CTpyHHBIE MY3BIKQJIbHBIE WHCTPYMEHTBI), BUOpalMu CTOoi0a
BO3/yXa (JyXOBbIE MY3bIKaJIbHbIC HHCTPYMEHTHI), 3By4aHHE MIACTUH



(HekoTOpBIC yOapHbIE HHCTPYMEHTHI, TOJIOCOBBIE CBS3KH, TPOMKOTO-
BopuTenb). KakoBa Obl HM ObLIa MpUpoJa BOZHUKHOBEHHS 3BYKOB,
BCErJia MPOUCXOIUT MOMEPEMEHHOE C:KaTHE U Pa3pekeHHue BO3AyXa,
MIPH 3TOM BOJIHBI PACIPOCTPAHSIOTCS BO Bce CTOPOHBI. CIIEKTp 3BY-
KOBBIX BOJIH MOXKET OBITh BECbMa Pa3IMYHBIM: OT MPOCTBHIX OJHO-
TOHHBIX 3BYKOB METPOHOMa M TPYObI opraHa 10 OOraTbIX MeNloIuii
ckpunku. llym, kak npasuiio, o0agaeT o4eHb IUPOKUM CIIEKTPOM.
OH MOXeT UMETb PAaBHOMEPHOE paclpeielieHHe IUIOTHOCTH WU
MPHUCYTCTBOBATh TOJIBKO Ha YACTOTaX ONMpPEeTICHHBIX TAPMOHUK.

Ha craaum cxxatus cpensl ee o0beM usmensiercst ot V go V-
AV. OTHoOLICHNE N3MEHEHHS JIaBeHuss A p K OTHOCHUTEIbHOMY U3-
MEHEHHUI0 00beMa Ha3bIBaeTcsl 00BbEMHBIM MOJYJIEM YIPYTOCTH Cpe-
JIBL:

Ap 2
—_ = \%
Av v Fo

ra€ po — IUIOTHOCTb BHC 30HBI CXKaTHA, av— CKOpPOCThb 3BYKa B
cpene. OTCIOIa CKOPOCTh 3BYKa OINpPEACISACTCS CIIENYIOIUM 00pa-
30M:

CrenoBaTebHO, CKOPOCTh 3BYKa 3aBHCHT OT ynpyroctu (B) u
WHEPIMOHHBIX CBOMCTB cpeabl (pg). IlockoibKy o0e mepeMeHHbIe
SIBJISIIOTCST QYHKIUSIMU OT TEMIIEpaTyphbl, CKOPOCTh 3ByKa TaKKe 3a-
BUCHT OT TEMIIEpaTypbl. ITO CBOWCTBO MOJIOKEHO B OCHOBY aKyCTH-
YECKHX TEPMOMETPOB.

JIs1st TBEPABIX TeJ MPOAOIbHAS CKOPOCTh MOXKET OBITh ONpesie-
neHa uepe3 Moaynb KOura E u kod¢dunuent I[lyaccona W:

E(L-W)
Po(L+W)(1-2W)

Crnenyer OTMETUTh, YTO CKOPOCTh 3ByKa 3aBUCHUT OT TeMIIe-
paTypsl, 4TO BCErja JOJDKHO YUMTBIBAThCA MpPH pa3paboTKe KOH-
KPETHBIX JaTYHUKOB.



PaccmorpumM pacnpocTpaHeHHe 3BYKOBOW BOJNHBI B TpyOe
opraHa, TZie KaKAbIi MaleHbKUl OOBEMHBIA 3JIEMEHT BO3JyXa CO-
BeplIaeT KoyebaTenbHble ABIKEHUS BOKPYT COCTOSTHHSI PaBHOBECHSL.
JIJis 9nuCTON rapMOHUKHM CMEIEHHE 3JIEMEHTAPHOTO 00beMa OTHOCH-
TCJIbHO COCTOAHUA PABHOBECHUA MOXHO ONUCATH CICAYIOLIUM BbIpa-
KEHUEM:

y=Y, cos%(x —vt)

re X — MOJIOKCHHE PABHOBECHUS, ¥ — CMEIICHUE OT ITOJIOKCHHS
paBHOBeCHH,
Vm— aMIUIMTY/a, @ A — JUTHA BOJIHBI.

Ha mnpaktuke ObiBaer Ooyiee ymOOHO paccMaTpUBaTh H3Me-
HEHUE JIaBJIEHUS B 3BYKOBOW BOJIHE:

p = (kpgv?y,, sin(kx—t)
rae K =27/ A - nopsaaok BOIHEL, ) - yriioBas 4acToTa, a WiICHbLl B
IEPBON KPYIJIOH CKOOKE COOTBETCTBYIOT aMIUIMTYIE p,, 3BYKOBOTO
nasienus. Cleayer OTMETUTh, YTO SiN U COS B yPaBHEHHUSX YKa3bl-
BAIOT Ha TO, 4TO ()a3bl BOJIH CMEIIEHHS U JABJIEHHS PA3IMYAOTCs Ha
90°.

Hapnenue B Mo00# 3aaHHON TOYKE CPeAbl HE SBJISETCS MO~
CTOSHHBIM. Pa3HOCTb MEXy MTHOBEHHBIM M CPEIHUM 3HAYCHUSAMH
NaBJIEHWs HA3bIBAETCA aKycmuueckum oasnenuem P. Bo Bpems pac-
[POCTPAHEHHs BOJIHBI BUOPUPYIOIIME YACTHIIBI BO3yXa COBEPIIAIOT
KoeOaTebHbIE JABMKEHHS BOKPYT MOJIOKEHUS PABHOBECHS C MIHO-
BEHHOM CKOpOoCThI0 & . OTHOIIEHME aKyCTHYECKOTO JABJIEHUS W

MTHOBEHHOH CKOpPOCTH (HE MyTaTh CO CKOPOCTHIO BOJIHBI!) Ha3bIBa-
ercs aKyCTHYECKUM UMIIeITaHCOM:

z=2

S
KOTOPBIN ABJISETCS KOMILJIEKCHOW BEJIMUMHOW, XapaKTEPU3YIOLIEUCS
aMIUTATYI0U U (a30il.
Jns uneanbHON cpensl ( B KOTOPOW HET MmoTeph), Z — JeicT-
BUTENBHOE YHCIIO, CBSI3aHHOE CO CKOPOCTHIO BOJTHBI COOTHOIICHUEM



Z=p\V

HNuTeHcUBHOCTD | 3BYKOBOW BOJIHBI OINPENENSICTCS KaK MOIII-
HOCTb, NIEpEAaHHas 4epe3 €AUHUYHYIO IUIOMIA/b. Takke €€ MOXKHO
BBIPA3UTh YEPE3 BETUUMHY aKyCTUUECKOT O UMIIE/IaHCa:

2
o]

| = PK§ =—
Z

OpHaKo HA MPAKTHUKE 3BYK Yallle XapaKTePU3yeTCs HE WHTCH-
CHUBHOCTBIO, a IapaMeTpPOM p, Ha3bIBAEMbIM YPOBHEM 3BYKa, ONpeEJIe-
JIEHHBIM OTHOCUTEIHHO CTAaHIAPTHOW MHTEHCUBHOCTH 10=10"*B1/m?*:

|
B =101og,, N
0
Takas BenuuuHa lg BRIOpaHa MOTOMY, YTO OHa COOTBETCTBYET
HIJKHEH T'paHUIIE CIyXa YEJIOBEYECKOro yxa. EnuHunen usmepeHus

S sBusiercs nenmben (nb), HazBaHHBIM B yecTh Asiekcanipa berna.
IIpu 1=ly, S =0.

YPOBHU JIaBJICHUS TAKKE MOTYT ObITh BBIPAXKEHBI Yepe3 JIeIH-
Oenbl:

[I=20log,, P
Po

e pe=2x10"H/m* (0.0002 Mx6ap)=2.9x107 psi.
3.7 Dddexrtni 3eedexa u IeanThe

B 1821 roay ¢usuk T. 3eebex (1770-1831), poauBmmiicss B
OcToHuM, a yuuBmuiics B ['epmanuu, u3ydas TerioBbie 3QPeKkTsl B
raJIbBAHUYECKUX YCTPONCTBAaX, COCAMHUII TOIYKPYTJIBIE 3JIEMEHTHI,
M3rOTOBJICHHBIC M3 BUcMyTa U Memu [4,5]. HeokumaHHO crpenka
KOMIIaca, CIy4aiHO JISKABIIEro PsIoM, OTKIOHWIACH (puc. 3.34A).
OH npoBepuIt 3TOT 3PPEKT HA IPYTUX COCAMHECHUSX METAJLIOB IPHU
Pa3HBIX TEMIIepaTypax U OOHAPYXHJI, YTO KaXKJbli pa3 Mmojydaercs



pasnuyHas HaNpsHKEHHOCTh MarHutHoro nojis. OmgHako, 3eeOek He
JOTajalcs, 4To MPH 3TOM Yepe3 AIEMEHTHI TE€UET 3IJIEKTPUUYECKUN
TOK, TOTOMY Ha3BaJl 3TO SBJICHUE TEPMOMATHETH3MOM.

Addekt 3eedeka COCTOUT B TOM, YTO B AJICKTPUUESCKOMN IICTIH,
COCTaBIICHHOW M3 Pa3HBIX MPOBOAHUKOB (M1 1 M2), BO3HUKAET Tep-
MO3/IC, €CITU MeCcTa KOHTAKTOB (A, B) moanepxuBaroTcs npu pazHbIx
temmneparypax [8]. Ecnu 1ienb 3aMKHYTa, TO B HEH TEUET 3IEKTpHUe-
CKHH TOK (Tak Ha3bIBaeMBbIl TEPMOTOK l7), mprueM M3MeHeHre 3HaKa
y Pa3HOCTH TeMIIepaTyp CIaeB COMPOBOXKIAETCS W3MEHEHHWEM Ha-
MpaBJICHUs] TEPMOTOKA (PUCYHOK 3.26).

Ta=TegtAT Ta<Tr
fr I

Mi M2 M M2

T Ty T5=T4AT

Pucynok 3.26 - Bo3HUKHOBEHHE TEPMOUHIYIITUPOBAHHOT'O TO-
Ka B IBYX CHAasHHBIX MPOBOJHUKAX MPH PA3IMUHBIX TEMIIEpaTypax
KOHTaKTOB

Llenb, cocTaBieHHAas W3 JBYX pPa3IMYHBIX TPOBOJAHUKOB
(M1, M2), Ha3bIBaeTCsl TEPMO3JIEMEHTOM (WM TEPMOIApoi), a ee
BETBH - TEPMODJIEKTPOJAMH.

Benuunba tepMo3c (er) 3aBUCUT OT aOCOIIOTHBIX 3HAYCHUH
temmnepatyp cnaeB (Ta, Tg), pasHoctn stHx Temmepatyp DT u ot
MPHUPOABI MaTEPHATIOB, COCTABIISIFOIIMX TEPMOIJIEMEHT.

Tepmonic KOHTYpa onpenensercs GopMylamMu:

deT = alsz;



3nmech a3, - KOdpPUIMEHT TepMOodaC MeTaia | 1Mo oTHolle-
HUIO K METaJUTy 2, KOTOPBIH SIBIISIETCS XapaKTEPHCTUKOH 00OMX Me-
TaJUIOB TEPMOMapBhI.

Ha mpaktuke 3T0 co3maer omnpereneHHbie HeymoocTra. [lo-
3TOMY YCIOBHJIMCH BETMUUHY 812 U3MEPSATH M0 OTHOIICHHIO K OJHO-
My U TOMY e METaJuly, 32 KOTOpbI y10OHO MPHHATH CBHHEI, T.K.
Juist 00pasiia U3 CBUHIIA HEe BO3HUKAET HUKAKOH pa3HOCTH MOTEHIINA-
JIOB MEX/Iy €r0 HarpeTbiM M XOJIOJJHBIM KOHIIAMH.

3nauenus kodddumentoB Tepmodac meramuioB M1 u M2 no
OTHOLICHHIO K CBUHIY 0003HAaYar0T COOTBETCTBEHHO A1 U Ay U HA3bI-
BalOT a0COIFOTHBIMU KO3 () (QUITUEHTaAMH TEPMOIIC.

Tornma a3, = a; - a.

B HeOonbiioM mHTEpBalie Temiepatyp (BO BCSIKOM Clydae,
nuist uaTepBaia nopsaka 0°C - 100°C):

er=an (Ta-Tg) =a; DT.

HamnpaBneHue TepMOTOKa oOIpeaensercs ClIeayloomuM obpa-
30M: B HarpeToM CIae TOK TeYeT OT MeTallla C MEHBILIMM 3HaYeHHEM
a K MeTajiry, y KOTOporo KodpGuIreHT TepModIic OombIIIe.

Hanpumep, ans tepmonapsl xene3o (M1) - konctantan (M2)
abconroTHbIe KOP()(UIMEHTBI TEPMO3JAC COOTBETCTBEHHO paB-
Hbl: 83 = +15.0 MxB/K (ans xenesa) u a, = -38.0 mxB/K (quist xoH-
crantana). CienoBaTenbHO, TOK B TOPSYEM CIlae HAIpPaBIIeH OT KOH-
craHTana Kk >kene3y (or M2 x M1). HMmenHo »Tta cutyanus (Ko-
raa 8,<a;) WUIIOCTPUPYETCS Ul AJISKTPHUUYECKOM IeMu, N300pakeH-
HOI Ha pucyHke 3.26.

Koadduument repmosac onpenensiercs GU3NIECKUMHU Xapak-
TEPUCTHKAMHU TPOBOJHUKOB, COCTABJISIIOLIMX TEPMOIJICMEHT: KOH-
LEHTpAIMEeH, YHEPreTHUYECKUM CIEKTPOM, MEXaHH3MaMH PacCesTHUS
HOCHTEJIeH 3apsiia, a TaKXKe HHTEPBAJIOM TeMIiepatyp. B HeKOTopbIx
CIydasix MpHU M3MCHEHHH TEMIIePaTyphbl MPOMCXOAUT JaXKe U3MEHe-
HME 3HaAKa a.

Tepmonic 00ycnoBieHa TpeMs IPUYNHAMU:



1) TemnepaTypHO#i 3aBUCUMOCTBIO YpoBHS Depmu, 4To npH-
BOJIUT K MOSIBJIGHUIO KOHTAKTHOM COCTaBIISAIOLIEH TEPMOD/IC;

2) nuddysueit HocuTenei 3apsaa oT TopsSYero KoHIa K Xo-
JIOHOMY, ompefesstonell 00beMHYIO YaCcTh TEPMOIC;

3) mpotieccoM yBIlledeHHsI SIEKTPOHOB (POHOHAMH, KOTOPBIH
JIaeT eIl OHY COCTABIIAIOILYIO - ()OHOHHYIO.

AOCONMOTHBIE 3HAYCHUSI BCEX TEPMOAIEKTPUUECKUX KOd(PPu-
[UEHTOB PacTyT C YMEHbLIEHWEM KOHIIEHTpaluu HocuTened. B me-
TajylaX KOHLEHTPAIMK CBOOOAHBIX JIEKTPOHOB OYEHb BEIUKU U HE
3aBHCAT OT TEMIIEPATypbl; DJEKTPOHHBINA ra3 HAXOIWTCS B BBIPOXK-
JIEHHOM COCTOSIHUU M TI03TOMY YpoBeHb DepMu, 3HEprusi U CKOpO-
CTH DIIEKTPOHOB TakXke clabo 3aBHCAT OT Temmeparypbl. [loaTomy
TepModic "KJIacCHUecKMX' METajUIOB OdeHb Maja (Mopsaka He-
ckonbknx MKB/K). JIns moiaynpoBOAHHMKOB & MOXKET NpPEBBINIATH
1000 mxB/K.

Jnst cpaBHeHMsI, B TaOJiMIle MPUBEACHBI 3HAUYCHHS & HEKOTO-
PBIX MeTaJIOB (10 OTHOILIEGHHIO K CBUHILY) JAJIsl HHTEpBaJia TeMIlepa-
Typ 0°C - 100°C (IOMOXUTEIBHBIN 3HAK @ MPUIUCAH TEM METall-
J1aM, K KOTOPBIM TeUeT TOK Yepe3 Harperblil crait).

Tabnwuma 1

Merann a, MkB/K
IInaTtuna -4.4
OnoBo -0.2
Caunernn 0.0
Cepebpo +2.7
Menp +3.2
CypbMma +4.3

[IpuBeneHHbIe JaHHBIE HE CIEYET CUUTATH a0COIIOTHO JI0C-
TOBEPHBIMHU, TaK KaK BEJINUMHA TEPMOI/IC 3aBUCUT OT YHCTOTHI MaTe-
pUalia U O4EHb YYBCTBUTEIbHA K BHEIIHUM MEXaHUYECKUM U XUMH-
YEeCKHUM BO3JIEHCTBHUSIM.

Bce TepMoasieKTpruieCKUE ABIEHUS OTHOCATCS K SBJICHUSAM
nepeHoca v 00yCI0BIICHBI ANEKTPUYESCKUMU WIIH TEIJIOBBIMU TIOTO-



KaM#, BOBHUKAIONIUMHU B CPEAC NP HAJIMYUNHU SJICKTPUICCKUX U TCII-
JIOBBIX ToJIel. 1Ipu4nHOM BCeX TEPMOIIEKTPUIECKUX SIBICHUU SIBJIS-
€TCA TO, YTO CPEAHAA SOHEPrus HOCHUTeJIEH B ITOTOKE OTJIMYaeTcs OT
CpelHel PHEPTUU B COCTOSIHUM PABHOBECHSL.

D¢ dext 3eedeka, Kak U APyrue TePMOIIEKTPUIECKHE SBIIC-
HUsI, UMeeT ()CHOMEHOJIOTMUECKUH XapaKTep.

Tax Kak B 2JIEKTPUYECKUX CXeMaxX U MpHOOpax BCeraa UMErT-
Ci CITak U KOHTAKThI Pa3JIMYHbIX IPOBOJIHUKOB, TO IIp1 KOHG63HI/IHX
TEMIIepaTypbl B MECTaX KOHTAKTOB BOZHUKAIOT TEPMO3/IC, KOTOpBIE
HCO6X0[[I/IMO YUYHUTBIBATH NP TOUYHBIX U3MCPCHHUAX.

C apyroii cTOpoHBI, TEPMO3IC HAXOIUT IIMPOKOE MPaKTHIe-
ckoe npuMeHeHue. DPdekT 3eedeka B MeTaIaX UCIIONB3YETCs B
TepMoIapax Juist U3BMepeHus TeMmnepaTyp. UTo kacaercst TepModJieK-
TPUUYECKUX FEHEPATOPOB, B KOTOPBIX TEIIOBas SHEPTHs HEMTOCPEACT-
BEHHO Mpeodpa3yeTcs B DIIEKTPUUECKYIO, TO B HUX UCTIONB3YIOTCS
MOJTYIPOBOAHUKOBBIE TEPMOIJIEMEHTHI, 00JIaaf0IIe TOpa30
OOJIBIITIMY TEPMOI/IC.

HaunGonee BaxHON TexHUYECKOM peann3anueii agdekra 3ee-
Oeka B MeTaiiax SBJISIETCS TepMOIIapa - TePMOYYBCTBUTEIbHBIH
3JIEMEHT B YCTPOMCTBAX ISl U3MEPEHUS TeMIiepaTypbl. Tepmonapa
COCTOMT U3 JIBYX ITOCIIEOBATENBHO COCIUHEHHBIX MTAUKON WU CBap-
KOI pa3HOPOIHBIX METAJUIMUECKUX MPoBOIHNKOB M1 1 M2. B coue-
TaHUU C DJICKTPOU3MEPUTEIHLHBIMU IPUOOpPaMK TepMoOIapa oopasyer
TEPMOINIEKTPUIECKHI TEPMOMETP, HIKaJla KOTOPOTo IPagyHpyeTcs
HenocpenctBeHHo B K nnm °C.

[Tpu n3mMepeHnyn TeMnepaTypsl OJJMH U3 KOHTAKTOB OOBIYHO
TepmocTraTupyercs (00braHO Tpu 273 K - ¢ moMoIIpio Taomnero
JIBJIA).

Jnana3oH Temneparyp, U3MEPSEMBbIX IIPU IIOMOIIM TEPMOIIAp,
O4YCHb BCIIUK: OT I'CJIMEBBIX, 10 HECKOJILKUX ThICAY I'palyCOB. B Ta6-
muie 3.1 mpuBeneHs MaTepralbl TEPMOIIIEKTPOIOB, U3 KOTOPHIX
O0BIYHO JIeNatoTcs TEPMONaphl, HCIIONb3yeMble U Pa3HbIX TeMIIe-
paTypHBIX o0iacTel.

Tabnuna 3.1

Juanazon Martepuranbl TEpMO3JIEKTPOLOB
Temmepatyp, K




4€270 30110TO - MeIb

70€800 Menp - KOHCTaHTaH
2208900 Xpomensb - KOmelnb
220&1400 XpoMerb - amoMelb
250€1900 [Tnatunopoauii - miaatuHa
300€2800 Bonbdpam - pennit

B 3aBHcHMMOCTH OT Ha3HAYEHUs TepMOIapbl OBIBAIOT: CTAIHO-
HapHBIC ¥ TIEPEHOCHEIE, C BIArOHENPOHUIIAEMOM, B3pBIBOOE30MIaC-
HOIi, TepMETUYHON 000I04YKOI 1 O3 Hee, BUOPOYCTOHYHMBBIC U JIP.

C nomorpto siBJIeHUS 3eeOeKa, MOMUMO TeMIEpaTyphl, MOKHO
ONPEENSITh U Apyrue pusnueckrue BeTMUNHBI, H3MEPEHUE KOTOPBIX
MOXET OBITh CBEICHO K M3MEPEHUIO TEMIIEpaTyp: CHIIbI TIepeMEHHO-
T'0 TOKa, MOTOKA JTYYHUCTON SHEPTHH, IaBJICHU ra3a u T.]1.

Jnst yBenu4eHus YyBCTBUTEILHOCTH TEPMOIJIEMEHTHI COE/TU-
HSIOT TIOCJICIOBATEIbHO B TepMobaTapeu (pucyHok 3.27). [Ipu stom,
BCE YETHBIE CITan TOAEP KUBAIOTCS TIPH OJTHOM TeMIlepartype, a Bce
HEYETHBIC - PU JAPYroi. DJC Takoi OaTaper paBHA CyMME TEPMOI]IC
OT/IENBHBIX 3JIEMEHTOB.

d T il

Pucynok 3.27 - Tepmobarapes

MuHuaTIOpHBIE TepMoOaTapen (Tak Ha3bIBaeMbIE TEPMOCTOI-
OWKH) C yCrIeXoM MPUMEHSIOT JUTSl N3MEPEHHsI MTHTEHCUBHOCTH CBETa
(xak BUIUMOTO, TaK U HEBUAUMOT0). B coeZlMHEHNN C UyBCTBUTEIb-
HBIM TaJJbBAHOMETPOM OHH 00J1aIal0T OTPOMHOM YyBCTBUTEIBHO-



CTBIO: OOHAPYKUBAIOT, HATIPHMED, TEIJIOBOE M3IyUeHUE YeIoBede-
CKOH PYKH.

Tepmobatapest mpeacTaBisieT HHTEPEC U KaK TeHepaTop dJIeK-
TpUUeCKOro Toka. OJTHAKO MCIIOJIb30BAHHE METAJUIMUECKIX TEPMO-
351eMeHTOB Hed(hpeKkTHBHO, MO3TOMY ISl MpeoOpa3oBaHus TEILIOBOI
OHEPruur B IJICKTPUUCCKYIO MCIIOJIB3YIOTCA MOJIYIIPOBOJHUKOBBIC Ma-
TepHaJIbl.

Ipdexr IleanbTbe - mepmosnekmpuueckoe seieHue, oopam-
Hoe a¢hghexmy 3eebexa: npu nponycKanuu 3neKmpudeckoeo moxka |
yepes KOHMaxKm (Cnaii) 08yx pasiudHbix 8eujecms (NPoBOOHUKOE Ul
NOJYNPOBOOHUKOB) HA KOHMAKME, NOMUMO OACOYIe6a Menid, NPouc-
Xooum evloeseHue oonoinumenvrHo2o menia Ieromve Qp npu 00-
HOM HANPAGIeHUul MoKa u e20 no2ioujeHue npu 00pamHoM Hanpag-
nenuu [8].

Bennunna BeigensieMoro teriaa Qp M ero 3HaK 3aBHCAT OT BH/Ia
KOHTAKTUPYIONIMX BEIIECTB, CHJIBI TOKA M BPEMEHH €ro MPOXOK/Ie-
HUS:

de = Tclzldt

3nech P12 = P1 - P2 - kKodpdunuent [enbThe 11 JAHHOTO KOH-
TaKkTa, CBS3aHHBIH ¢ abcomoTHBIMU Kod(hdunuenTamu Ilenb-
The P1 U P KOHTAKTUPYIOIMX MaTepuajioB. Ilpu 3ToM cumTaercs,
YTO TOK HJET OT MEPBOT0 00pasia Ko BTOPOMY.

[pu Beigenennu temia [enbthe umeem: Qp>0, pP12>0, P1>pPs.

IIpun norsomenunn temna llenbTbe OHO CUMTAETCS OTPHILIA-
TEJIBHBIM U COOTBETCTBEHHO: Qp<0, P1,<0, p;<p,. OueBuaHO, YTO P17
= - Pz

Pasmepnocts koaddunmenta [lenbroe [pley=1x/Kn=B.

BwMmecto Temna IlenbThe 4acTo HCHONB3YIOT (PU3MUECKYIO Be-
JUYUHY, OTIPEENIIeMYIO KaK TeIUIOBasi SJHEPTUsl, ©KECEKYHTHO BbI-
JETISFOIIAsiCs HA KOHTaKTe eIMHUYHON IO i, JTa BEIMYHHA, 110-
Jy4HBIIasi HA3BaHHUE - MOLTHOCTD TEIUIOBBIJICNICHHS, OMPEACISICTCS
(hopmyoii:

Qr= nlz'j,



rae j=1/S - mnoTHOCTH TOKA;
S - momaab KOHTAKTa;
Pa3MEpHOCTb ITO BeMHUHHBI [Op]cy=BT/M°.
W3 3aKOHOB TepMOJMHAMUKH BBITEKAET, YTO KOAPPHUIUEHT
[enbThe U KOXPPUIMEHT TEPMOIJIC & CBA3AHBI COOTHOIICHHEM:

m—=a-T,

rnae T - abcomtoTHasE TeMIepaTypa KOHTaKTa.

Koaddunuent [enbThe, SBISIOMMIACS BaXKHOM TEXHUISCKON
XapaKTEepUCTUKON MaTepHasoB, Kak MpaBmIIo, HE U3MepseTCsl, a Bbl-
qucisieTcs o koddduumenty TepmMmodic, ©3MepeHUe KOTOporo doiee
MIPOCTO.

Ha pucynkax 3.28 u 3.29 nzobpakeHa 3aMKHYTasl Lelb, CO-
CTaBJIEHHAS U3 JABYX pa3nuuHbIX nomynpooanukos [1I11 u I1I12 ¢
KOHTakTamu A u B.

4
e

g = fii2

o
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Oe(d)>0  OeEI<)  Ta>Ts
Pucynok 3.28 - Beizenenue Teruia [lenbTbe (KOHTakT A)
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Pucynok 3.29 - [lornomenue tenna [lenbTee (KOHTAKT A)



Taxkyto 1enb, IPUHSITO HA3BIBATH TEPMOIIEMEHTOM, & €€ BET-
BU - TepMoOdIIeKTponamu. Yepes nens Teder Tok |, co3panHbIii BHEI-
HUM HCTOYHUKOM €.

Pucynok 3.28 mmtrocTpupyer cUTyaluio, KOrja Ha KOHTakK-
te A (Tok Teder ot III11 k [II12) npoucxoauT BBIAENEHHE TeIlIa
[enbthe Qp(A4)>0, a Ha xoHTakTe B (ToK Hampasnen ot [1I12 k I1I11)
ero nornomenue - Qp(B)<0. B pe3ynpraTe MPOUCXOIUT MU3MEHEHHE
temueparyp cnaes: 1,.>Tg.

Ha pucynke 3.29 u3MeHeHHe 3HaKa HCTOUHHMKAa MEHSET Ha-
npaBieHue Toka Ha mpotuBonoioxkHoe: ot [1I12 k [TI11 na xoHTak-
te Au ot IIII1 x [1[12 Ha xonTakTe B. COOTBETCTBEHHO MeEHSETCA
3HaK Teruia [lenbThe M COOTHOIICHHWE MEXKIY TeMIepaTypaMu KOH-
takToB: Qp(4)<0, Op(B)>0, T <Tp.

[Mprunna Bo3HMKHOBeHUS 3 dekta [lenbThe Ha KOHTAKTE MOo-
JYIPOBOJAHUKOB C OJMHAKOBBIM BHJIOM HOCHTENEH TOKa (1Ba MOMy-
MPOBOAHMKA N-THIA WM J[Ba MOJYMPOBOJHHMKA P-THUIA) Takas Ke,
KaKk ¥ B Cllydyae KOHTAaKTa JIByX METaJIMYECKUX MPOBOAHMKOB. Ho-
CHUTENIN TOKa (DJIEKTPOHBI WM JABIPKH) MO pa3Hble CTOPOHBI CIas
HUMEIOT PAa3INYHYI0 CPETHIOI0 SHEPTHIO, KOTOPAst 3aBUCUT OT MHOTHX
MPHYMH: DHEPTETUUYECKOTO CIIEKTpa, KOHIIEHTPAIlH, MEXaHU3Ma pac-
CesHMs HocuTenen 3apana. Ecinu HocuTenu, mporid yepe3 crnau, mo-
MajaT B 00NacTh ¢ MEHBIIEH SHEpTHei, OHW MepearoT U30BITOK
SHEPTrUU KPHUCTAUIMUECKOH pelIeTKe, B pe3yibTaTe 4ero BOIM3H
KOHTaKTa MPOUCXOANT BhIAeNeHne TemnoThl [lenbThe (Qp>0) u Tem-
nepaTypa KOHTaKTa MoBbIIaeTcs. [Ipu 3ToM Ha ApyroM crae HOCH-
TeNM, mepexons B 001acTh ¢ OONbIIeH Heprueil, 3aMMCTBYIOT He-
JOCTAIOLIYI0 SHEPTHI0 OT PEUIETKH, MPOUCXOAUT MOTJIONICHNE Tell-
notsl [lenbthe (Qp<0) M MOHMKEHUE TEMITEPATYPHI.

D¢ dexr [lenpThe, Kak U BCe TEPMOIIEKTPUUECKHE SIBICHUS,
BBIpA)KEH OCOOCHHO CHIIBHO B IIEMSX, COCTaBJIEHHBIX M3 JJIEKTPOH-
HBIX (N - THI) W ABIPOYHBIX (p - THI) MOJIYNPOBOAHUKOB. B aTOM
ciydae s¢dext [lenptbe umeer apyroe oObsicHenue. Paccmorpum
CHUTYallMIO, KOTJa TOK B KOHTaKTE MJIET OT JBIPOYHOTO MOIYIPOBO/-
HUKa K DJIeKTpoHHOMY (p ® n). [Ipu 5TOM 3JEKTPOHBI U IBIPKH
JBIDKYTCSI HABCTPEUY IPYT APYTY W, BCTPETUBUIMCH, PEKOMOUHUPY-
10T. B pe3ynbraTe pekoMOMHAIIMKM OCBOOOXKIACTCS SHEPTHsl, KOTOpas
BBIJIENISIeTCS B BUJIE TeIUIa. DTa CUTYyalldsi PACCMOTPEHA Ha PHCYHKE
3.30, rae n3o0pakeHbl YJHEPreTUIECKUE 30HHI (€ - 30Ha MPOBOANMO-



CTH, €, - BaJICHTHAsI 30Ha) I TIPUMECHBIX MOJIYIPOBOJHUKOB C JIbI-
POYHOI U 3JIEKTPOHHOI IIPOBOAUMOCTBIO.
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Pucynok 3.30 - Beinenenue teruia [lenbThe Ha KOHTaKTe MOITY-
MPOBOAHMKOB P ¥ N — TUTIA

Ha pucynke 3.31 (e;- 30Ha NMPOBOAMMOCTH, €, - BaJICHTHAS

30HA) WIUTIOCTPUPYETCs TMoromleHne Tema llenpThe mist ciryyas,
KOI'JIa TOK UJIET OT N K p - TONYNpOBOAHUKY (n ® p).
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Pucynok 3.31 - [lornomienue temna [lenbThe HA KOHTAKTE MMO-
JIYIIPOBOJHUKOB P H N - THIA

3/1ech 3JEKTPOHBI B JMEKTPOHHOM U JBIPKH B JBIPOUYHOM ITO-
JIYOPOBOJHUKAX ABUIKXYTCA B IMIPOTUBOIIOJIOKHBIC CTOPOHBI, YXOA1 OT
TpaHMIBI pasaena. Y OblTb HOCUTENEH TOKa B IOTPAaHUYHOM 00JacTH



BOCIIOJTHSIETCSI 32 CYET MONAPHOTr0 POXKICHHS JIEKTPOHOB U JIBIPOK.
Ha oOpa3oBanue takux map TpeOyercss SHEpPrus, KOTopasi MoCTaBIs-
eTCS TEIJIOBBIMU KOJICOAHUSMHU aTOMOB pemieTku. OOpa3syrommecs
OJICKTPOHBI MW JBIPKH YBJICKAIOTCA B IPOTHBOIIOIOXHBIC CTOPOHLI
ANEKTPUYECKUM ToJieM. [103ToMy Mmoka uepe3 KOHTAKT UJIeT TOK, He-
IIPEPBIBHO NPOMCXOAUT POXKICHUE HOBBIX Iap. B pe3ynbrare B KOH-
TaKTe TEI10 Oy/ET MOTIOIATHCA.

st Toro, utoOsl 3@ dekt IlenpThe Obl 3amMeTeH Ha QoHe 00-
LIEr0 pa3orpesa, CBI3aHHOIO ¢ BblAeneHueM remia /xoyisa-Jlenna,
HEO0XOMMO BBIMOJIHCHUE YCIIOBUSI: / Q- / 2 Q-

B pesynbraTe momyuaroTcs cieyrole COOTHOIICHHS, KOTO-
pble He0OXOIMMO YUUTHIBATH TP MPOBEIEHUH YKCIIEPHUMEHTOB!

| <Mz e
R o

rae R - compoTuBiieHre ydacTKa TEPMOIJIEKTPOaa JUTHHEI |, Ha Ko-
TOPOM TIPOMCXOIUT BBIICIIEHIE TEIIa,;
I - yAeTbHOE DIIEKTPOCOMPOTHRIIEHHE.

Koaddunuent [enbThe, onpeaensonuii KOMMIECTBO TEIia
[MenbThe, BBIACISIONIErOCS Ha KOHTAKTE, 3aBHCUT OT MPUPOIBI KOH-
TAKTUPYIOMIMX BEIIECTB M TEMITEPATYPhl KOHTAKTA:

Pr=a T=(a1-ay)-T,

rJic @; ¥ @, a0CONIOTHBIE KOA((UIMEHTH TEPMOJJIC KOHTAKTHPYIO-
IIIUX BEIIECTB.

Ecnmu mst GonpmmHCTBA Nap MeTamioB Koddduiuent tepmo-
3JIC UIMEET TOPSIA0K 10° - 10* B/K, TO anst mONMynpoBOJHUKOB OH
MOYKET OKa3aThes ropaszo Gomsine (1o 1.5?10° B/K). st momympo-
BOJHHKOB C Pa3sHBIM THUIIOM TPOBOJUMOCTH 0, HMEET pas3Hble 3HAKH,

BCJIC/ICTBHE Y€r0
Ja/=]a[+]a]

Heo0xoauMo OTMETHTh, YTO KO3(PPUIIMEHT TEPMOIJIC CIIOK-
HBIM 00pa30M 3aBHCHT OT COCTaBa U TEMIIEPaTypPhI IOJYITPOBOIHUKA,
MpU 3TOM, 10 CPABHEHUIO C METa/llaMH TeMIIepaTypHas 3aBUCH-
MOCTb & IJI IOIYIPOBOAHHUKOB BEIPA)KEHA 3HAYUTEILHO CHIIBHEE.
3Hak a ompeaensercs 3HAKOM HocuTenel 3apsana. He cymectByer
OOIIMX PMIUPUIECKUX, U TeM Ooliee, TEOpeTUUeCKUX (popMyI1, KOTO-



pble OXBaThIBaK OBl TEPMODJIEKTPHUECKHE CBOWCTBA MOIYMPOBOI-
HUKOB B IIMPOKOM MHTepBajie TeMmnepaTyp. OOBIYHO TEPMODIIEKTPO-
JIBUKYIIas  cuja d MOJyNpOBOAHMKA,  HayMHAas  cO  3Hadye-
Hust a=0 nmpu T=0, pacrer cHayana nmponopuuoHansHo T, 3aTem 60-
Jiee 3aMeJUIEHHO, YacTO OCTAeTCsl MOCTOSIHHOM B HEKOTOPOM HHTEp-
BaJie TeMIiepaTyp, a B 001acT BbICOKUX Temreparyp (Oomee S00K -
700K) HaunnaeT yobIBaTh 10 3akoHy a~1/T.

Jpyroii OTIMYUATENBHON YEPTOU INOIYNPOBOAHUKOB SBIISETCS
orpenendromas poib MpuMeceii, BBEIEHHE KOTOPBIX IO3BOJISIET HE
TOJIBKO BO MHOTO pa3 U3MEHTh BETMYHHY, HO U MEHSTH 3HAK a.

B nonynpoBogHuKax cO CMEIIAaHHOW TPOBOJMMOCTBIO BKJIa bl
B TEPMO3/IC JIBIPOK U 3JIEKTPOHOB MPOTHUBOMOIOXKHBI, YTO MPHUBOAUT
K MaJIOH BEJIMUUHE & U P.

B wyactHOM cityuae, Korja KOHIIGHTPAIKUK (N) U TMOJABHIKHOCTH
(u) 2MEKTPOHOB M JBIPOK paBHBI ( Ne= Ny, u ue= U,) BeIUYU-
HBI @ B P 00palIaroTcs B HOJb:

a~( n.u.- nu,) / (n.u.+ nu,).

D¢ dext IlenbThe, Kak U Ipyrue TEPMOIIEKTPUUECKUE SIBIIE-
HUS UMeeT (PeHOMEHOIOTHYECKHI XapaKTep.

D¢ ¢exr [lenbThe B ONTYNPOBOIHUKAX UCTIOIB3YETCS IS TEP-
MOJJIEKTPUYECKOT0 OXJIKJICHUS M TIOI0TPEBa, YTO HAXOAUT MPAKTH-
YecKoe MPHUMEHEHHWE MPH TEPMOCTATHPOBAHUHM WU B XOJOJMIBHBIX
YCTPOMCTBAX.

OCHOBHBIE HAIPaBICHUSI MPAKTHYECKOTO HCIIOIL30BaHUS d(-
¢ekra [lenpThe B MOMYMPOBOJHUKAX: MOITYUYEHHE X0I0a IS CO3/a-
HUST TEPMODIIEKTPUIECKUX OXJIAKIAIOIINX YCTPOMCTB, MOIOTPEB IS
Heneil OTOIJIeHUS, TEPMOCTaTUPOBAHME, YIIPABICHHE MPOLECCOM
KpPHUCTAJUTM3AIMHU B YCIOBHUSIX MOCTOSHHOM TEMITepaTyphl.

TepMOdIeKTpUYEeCKUi METOJ OXJIAXKJIEHHsI 00JallaeT psaoM
MPEUMYIIECTB 10 CPAaBHEHHIO C IPYTUMH METOJaMH OXJIaKACHUS.
TepMOaIEKTpUYECKUE YCTPOMCTBA OTIMYAIOTCSA MPOCTOTOM YIpaB-
JICHWsl, BO3MOXKHOCTBIO TOHKOT'O PEryJIMpPOBaHHs TeMIIEpaTyphl,
OECIIYMHOCTBIO, BBICOKOW HaJI&KHOCTBIO PaboThl. OCHOBHOI HEIOC-
TATOK TEPMODJIEKTPHUUECKHX YCTPOMCTB - Maiasi BenndyuHa 3¢ dex-



THUBHOCTH, YTO HE MIO3BOJIET UX UCIOJIb30BAThH JUISl IPOMBIIILIIEHHOT O
MIOJIYYEHHUSI «XOIO0Ja».

TepMmoanekTpuueckre OXJIAKIAIOIUE YyCTPOMCTBA ITPUMEHS-
10TCSI B OBITOBBIX M TPAHCIIOPTHBIX XONOJMIBHHKAX, TEPMOCTATaX,
JUISL OXJIaXJECHUS W TEPMOCTATHUPOBAHUS TEPMOYYBCTBUTEIBHBIX
3JEMEHTOB PAJAMONIEKTPOHHOM M ONTHYECKOM anmaparypsl, s
yIIpaBICHHUS IIPOLIECCOM KpHUCTaJUIM3aLUH, B MEIMKO-
OMONOrMUEeCKUX MpUdopax u T.J.

KonTpoabHbIe BONpockl

10. OnuiuTe 0COOCHHOCTH EMKOCTH, KOTOPBIE ITO3BOJISIOT IPHME-
HSATH €€ JUI U3MEPEHHH B IaTIMKaX

11. [IpuBeauTE OCHOBHBIE CXEMBI MCTIOIB30BAHUS EMKOCTH B JJATUYH-
Kax.

12. IIpuBeauTe OCHOBHBIE BHIPAXKEHUSI, KOTOPBIE TIO3BOJISIIOT TIPH-
MEHATh EMKOCTb B JaTYMKAX JUIA U3MEPEHUS 3HAaUCHUH (PU3NIECKIX
MepEeMEHHBIX.

13. OnuiuTe 0COOCHHOCTH MOBEICHUS COMPOTHUBIICHUS, KOTOPBIC
MO3BOJISIIOT TIPUMEHSITh €TI0 JUIsl U3MEPEHH B JaTYMKAX

14. TlpuBeauTe OCHOBHBIE CXEMBI MCIIOIB30BAHUS COMTPOTHUBIICHUS B
JaTyrKax.

15. [IpuBeauTe OCHOBHBIE BBIPAXKEHUS, KOTOPBIE TIO3BOJISIIOT TPH-
MEHATH CONPOTUBJICHUE B JaTYMKAX JUIA U3MEPEHUs 3HAaUeHUH (Hu-
3MYECKUX MEPEMEHHBIX.

16. Yro Takoe TeH309((HEKT U €ro HCIOIb30BAHUE B TEH30PE3U-
CTOPHBIX JJaTUYUKaXx?

17. OnuiuTe 0COOCHHOCTH Mbe303JIeKTpruYecKoro 3 dekra, koro-
pBI€ TTO3BOJISIOT MPUMEHSITh €T0 JJIsl K3MEPEHUH B TaTUHKaX

18. [IpuBeanTE OCHOBHBIE CXEMBI UCTIOIL30BAHMSI TBE303JIEKTPHYC-
ckoro 3¢ dexra B 1aTUNKaX.

19. [IpuBeauTe OCHOBHBIE BHIPAXKEHUS, KOTOPBIE TIO3BOJISIIOT TPH-
MEHATH bE302JIEKTPHUECKUH (D (PEKT B JaTUNKAX st U3MEPEHUS
3HaYeHUH (PHU3NIECKUX MEepEMEHHBIX.

20. OnurmTe 0COOSHHOCTH MUPOIICKTPUIECKOro 3 dekra, KoTo-
pBI€ TTO3BOJISIOT MPUMEHSITh €T0 JJIsl H3MEPEHUH B JaTUHKaX

21. TlpuBenuTe OCHOBHBIE CXEMbI HCIIOIB30BAHUS MUPOIJICKTPHYE-
ckoro 3¢ dexra B 1aTUNKaX.

22. TlpuBenuTe OCHOBHBIC BBIPAYKEHUSI, KOTOPhIE TO3BOJISIOT IIPH-



MEHATH THPOAIEKTPUIECKUH 3PdeKT B TaTuuKax AJs U3MEpEHHS
3HaYeHUH PHU3NIECKUX MEPEMEHHBIX.

23. Onumute 0cOOEHHOCTH aKyCTHYECKHX BOJH W MPUBEIUTE OC-
HOBHBIE COOTHOIICHUS], KOTOPbIE MO3BOJISIIOT U3MEPSTH MapaMeTphl
aKyCTHUYECKOr'0 IaBJICHUS ¢ MIPUMEHEHHEM JaTYNKOB.

24. Onummte ocobeHHoCcTH 3 dekta Xoiia, KOTOpble MO3BOJISIOT
MPUMEHSITh €T0 JJIsl U3MEPEHUH B TaTUhKax

25. [IpuBeauTEe OCHOBHBIC CXEMbI HCITONIL30BaHus AP dekra Xoia B
JaTyhKax.

26. IIpuBenuTe OCHOBHBIC BBIPAYKEHUSI, KOTOPBIE TIO3BOJISIIOT TPH-
MeHATh 3¢ dext Xomta B JaT4uKax Uil U3MEpeHus 3HaueHUi Qu3u-
YECKUX MePEMEHHBIX.

27. Onumute ocobernocTr 3pdekros 3eedeka u [lenbThe, KOTOpBIE
MO3BOJISIIOT TIPUMEHSTh UX JUIS U3MEPEHHUHN B IaTUMKAX

28. IIpuBeauTe OCHOBHBIC CXEMBbI UCIIONIb30BaHUs 3P dekToB 3eecde-
ka u IlenpThe B JaTUMKAX.

29. TIpuBenuTe OCHOBHBIC BBIPAYKEHUSI, KOTOPhIE TO3BOJISIOT NIPH-
MeHATh 3 dekThl 3eeOeka u [lenbThe B faTUMKaX 11 U3MEPEHUS
3HaYeHUH (PHU3NYECKUX MEepEMEHHBIX.
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