8. JATUHUKHU. KTIACCUDPUKALUSA, IPUHILUIIBI
PABOTDbI, XAPAKTEPUCTUKH

Hcnonbs3oBaHne MUKPOITPOLIECCOPOB MO3BOJIAET CO3[1aBATh OUEHb CIIOXK-
HbIE€ MHCTPYMEHTBI, HAaXO/SIIME CBOE MPUMEHEHUE B PA3IMYHBIX 00IACTAX Ue-
JIOBEUECKON JIeATENbHOCTH. MUKPOMPOLECCOPhl  SBIAIOTCS  ITU(POBBIMU
YCTpONCTBAMH, PaOOTAIOIIMMHU C IBOWYHBIMHU KOJIaMU. B BHJi€ TBOUYHBIX KO-
JIOB MOYKHO TPEJCTaBUTh MPAKTUYECKU JHOOBIC AIEKTpUUecKue curnansl. Og-
HAKO MBI )KUBEM B aHAJOTOBOM MHpE, I'/ie OOJBUIMHCTBO YCTPOUCTB HE SABJIS-
10T udpoBbiMU. CHUTHANBI OKPY’KAIOIIEr0 HAC MUpa HE Bcerga ObIBAIOT
ANEKTPUUECKUMU. JJI1 TOTO, YTOOBI CIIOKHBIE MHTEIEKTYalbHbIe IIU(GPOBBIC
CUCTEMbI MOTJIM BOCIIPUHHMMATh MH(MOPMAILIMIO M3 BHEIIHEr0 MHpa, HEOOXO-
UMbl HHTEpGENCHBIE YCTPONCTBA, Mpeodpasyrolire pazHooOpasHbie Gusnye-
CKHE€ BEIUYMHBI B OJJIGKTPUYECKUE CHUTHaJbl. TakuMu HHTEp(EHCHBIMU
YCTPONCTBAMH SIBJISIFOTCS JATUHKHU.

JlaTdyuK — 3TO yCTPOMCTBO, BOCIIPUHUMAIOIIIEE BHENTHUE BO3JICUCTBUS U
pearupyronee Ha HUX U3MEHEHUEM JJIEKTPUYECKUX CUTHaNOB. [lo BHEIIHUM
BO3JICCTBHEM IOHUMAETCA KOJUYECTBEHHAs XapaKTEPUCTUKA OOBEKTa, €ro
CBOMCTBO WJIM Ka4€CTBO, KOTOPYIO HEOOXOJIMMO BOCIIPUHSATH U ITpeoOpa3oBaTh
B AJIEKTpUUYeckui curtan. Hasnauenue gaTumkoB — npeoOpazoBaHue Guzude-
CKOH BEMYMHBI (JEKTPUUECKOM MJIM Yallle BCEro HEAIEKTPUUECKON) B dJIEK-
TPUUYECKUN CUTHAJ, KOTOPBIM MOXET ObITh Jajiee YCUJIEH, IPeoO0pa3oBaH MpH
MOMOIIIM 3JIEKTPOHHBIX YCTPOMCTB W/WIM MEPEAaH Mo JUHUAM nepeaad. Bol-
XOJHBIMU CHUTHAJIAMU JAaTYMKOB MOTYT OBITh HAIpsOKEHHE, TOK WM 3apif,
OIHCHIBaEMbl€ TAKUMHU XapaKTEPUCTUKAMU KaK aMIUIUTY]a, 4acToTa, (haza uiu
¢ poBbIM KogoM. Habop XxapakTeprucTUK, OMMCHIBAIOLIUX CUTHAJI, HAa3bIBACT-
csi (opMaToM BBIXOJHOTO curHaia. Kakaplil JaT4uK XapakTepuszyercsi Habo-
POM BXOJHBIX MapaMeTpoB (JII0OO0U (PuU3MUECKON MPUPObI) U HAOOPOM BbI-
XOJIHBIX MMapaMeTPOB.

Bce maTtunky MOXXHO pa3feNuTh HAa AAaTYUKU NPSIMOro JEHCTBUSA U CO-
cTaBHble. [aTuynmku mpsSMOro AeMcTBUS NMPeoOpa3yroT BHEUIHEE BO3JEHCTBUE
HEIMOCPEICTBEHHO B 3JIEKTPUYECKUN CUTHAJ, UCHOJb3Yys AJIS 3TOTO COOTBET-
cTBytoulee (pusnueckoe siBieHue (Hanpumep, Gortorddext). B cocraBHBIX
JATYMKAX BBIXOJHOW 3JIEKTPUUYECKHI CUTHAJ MOJY4YarOT IMOCJIE MPOBEICHUS
HECKOJIBKO MpeoOpa3oBaHUIl SHEPTrUU U3 OJHOIO BUAA B APYTroil U HAKOHEI B
AJIEKTpUYECKYl0. B cocTtaBe M3MEpUTENbHBIX CHCTEM JAATYMKU MOTYT OBITh
Hapy>KHbIMU W BCTPOEHHBIMH. HapykHble pearnpyroT Ha BHEIIHHE BO3/ACH-
CTBUSL U COOOILIAIOT cHCTEME 00 H3MEHEHUSAX B OKPYXKAIOIIMX YCIOBHUSX.
BceTpoeHHble OCYIIECTBISIOT KOHTPOJb 33 (PYHKIIMOHUPOBAHUEM H3MEpHU-
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TEIHHBIX CHUCTEM, YTO HEOOXOIUMO IS MOAACPNKAHUS KOPPEKTHOW pabOThHI
BCEX BHYTPEHHUX YCTPOMCTB CUCTEMBI.

Cucremsl KIaccupuKanuyd TaTINKOB MOTYT OBITH CAMBIMH Pa3HOOOpa3-
HBIMH B 3aBUCUMOCTH OT 1€ TIpoBeneHus Kiaccudukanuu. Hanmpumep, onHa
U3 HamboJee pacrpoCTPAHEHHBIX — JATYMKU MOTYT OBITh pa3felieHbl HAa aK-
TUBHbBIC U NMAaCCUBHBbIC. AKTUBHBIC JATUYMKH JJII CBOEH pabOThl HYXIAIOTCS B
AIEKTPUYECKOM CHUTHae BO30YXKJCHHS OT BHEIIHETO HCTOYHUKA HHEPTUU
(HanpuMep, pEe3UCTUBHBIN TEH30/1aTYUK, MEHSIONIMI CBOE COMPOTUBIICHUE B
3aBUCUMOCTH OT BEJIMYUHBI Jedopmaiiii). ITU JaTYMKU Ha3bIBAIOTCS TaKXKe
napaMeTpuyeckuMu. [laccuBHbIE JATYMKH HE HYKJAOTCS B IOMOJIHUTEIBHOM
MCTOYHUKE PHEPrUU U B OTBET HA BHEILIHEE BO3ACHCTBHUE WIIM €r0 U3MEHEHUE
Ha BBIXOJIC TAKOTO JAaTYMKa IMOSBISACTCS AICKTPUUECKUi curHai ((hoToauos,
Harpumep). B 3aBucuMocTH OT BBIOOpa TOYKH OTCYETA TATYUKH MOXKHO pa3-
JIETUTh Ha a0COJIFOTHBIE U OTHOCUTEIIbHBIC. AOCOIIOTHBIN JAaTYMK ONpeeseT
BHEIIHUN CUTHAT B aOCOJIIOTHBIX (PU3MUECKUX €AMHUIIAX, HE 3aBUCAIIUX OT
YCJIOBHM U3MEPEHUN. BBIXOTHON CUTHAT OTHOCUTEIBHOTO JNAaTYMKA B KaXKJIOM
W3MEPEHUN MOXET TPAKTOBATHCA IMO-Pa3HOMY, B 3aBUCUMOCTH OT YCJIOBHUM
u3MepeHuil. Hampumep, TepMucTop sBiseTcs aOCOIIOTHBIM JATYUKOM, IO-
CKOJIBKY €ro 3JIEKTPUYECKOE COMPOTHBJICHHE HANPSMYIO 3aBUCUT OT abco-
JIFOTHOM TEMIIEPATypbl, B TO BPEMsI KaK TEpMoOnapa sBJISIETCS OTHOCUTEIbHBIM
JAaTYUKOM, ITOCKOJIBKY HAIIPsDKEHHUE HA €ro BBIXOJAE 3aBUCUT OT TPAJAUEHTA
TEeMIIepaTyphl, a HEe a0COJIIOTHOrO e 3HaueHusd. Kiaccudukaiuio 1aTyukoB
MOYKHO IIPOBOJUTH WU II0 APYrUM Ipu3HakaM. Hampumep, mo ux xapaxkrepu-
CTHUKaM, MaTepuajgaM, U3 KOTOPBIX OHU U3TOTOBJIEHBI, 10 CPEACTBAM JAETEKTH-
pOBaHUsI, MEXaHU3MaM TPeoOpa3oBaHUs YHEPTUM BO3JACUCTBUS B DJICKTpUYE-
CKHI CUTHaJ, 001acTsIM MPUMEHEHUS, BUIaM BHEIIHUX BO3JACUCTBUM U T. 1.

du3uvecKre MPUHITUIBL PA0OTHI IaTYHKOB

JlaT4uKu npsSMOro JAEUCTBUS CTPOSITCS HA OCHOBE (DU3UUECKUX SIBJIICHUM,
MO3BOJIAIOIINX B OTBET HA HEDJIEKTPUUECKHUE BO3ICHCTBUS MOJIydaTh Ha BBIXO-
7€ dIeKTpruueckne curHaibl. K Takum sSiBIEHUSIM OTHOCSITCS, Harpumep, (GoTo-
addext, mpe3oanekrpuueckuii dhdext, apdexr 3eebeka (TepmodneKTpUUE-
ckuit 3pdext) u ap. PaccMOTprM HEKOTOpBIE CBOMCTBA MaTepUalioB U (HU3M-
YEeCKUE SIBJICHUS, UCIIOJIb3yeMble TPH pa3paboTKe JaTUYMKOB.

TemnepamypHas uyecmeumenvrocms. [IpoBOAMMOCTS MaTepHala 3aBU-
CUT OT U3MEHEHUS TeMIepaTypsl {, 1 B CpPaBHUTENIBHO Y3KOM JHarna3oHe MO-
KET ObITh BhIpakeHa (HOPMYIIOi:

p=po-(L+a-At), (7)

T7ie Po — YACIBHOE COMPOTUBIICHUE MaTepuaia Mpy 3TaJOHHOU TeMiiepatype 1l
(0O6brunO paBHOM 0 wmm 25 °C), o — TeMrepaTypHbIil KO3(PPUITUEHT COIpo-
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tuBieHus: (TKC), At — pa3HocTh Tekyieil Temmneparypsl t u 3TaionHon ty. B
0oJjiee MHUPOKOM JMATNA30HE 3aBUCUMOCTD YCIBHOTO CONMPOTUBICHUS OT TEM-
nepaTypsl SBISETCA HENUHEHHOW (yHKIMeH. MeTamasl UMEIOT MOJO0XKUTEb-
Hblii TKC, a MHOrHE NOTYNPOBOIHUKH U OKCUIBI — OTpULIATENbHBIN. [l pe3u-
CTOpPOB, HUCIIOJB3YEMBIX B 3JIEKTPOHHBIX CXEMaX, JKEJIATEIbHO NMPUMEHATh Ma-
TEpUaNbl ¢ HU3KUM TeMIlepaTypHbIM KOA(h(UIMEHTOM, Ui MOCTPOCHUS Ke
TEMIEPATYPHBIX JTATYUKOB PE3UCTOPHI NOJDKHBI 001anath BeicokuM TKC. Pe-
3UCTUBHBIE JATUYMKHU TEMIEPATYPhl HA3BIBAIOT TAK)XKE TEPMHUCTOPAMU WJIU TEM-
nepatypHbIMu Aetektopamu. Hanbolsiee momyssipHbIM TEMIEPATypHBIM JIETEK-
TOPOM SIBJIIETCS IUIATUHOBBIN, umeromunid 3HaueHne TKC 3,7x10° K u pabo-
TaIIKUN B IUPOKOM TemrneparypHoM nuamnazone 200 + 600 °C. Tepmucropsl —
ATO PE3UCTOPHI C OONBIINM 3HAYECHHEM JIHOO TMOJIOKUTEIBHOTO, JTUOO0 OTpHUIla-
tenbHOro TKC. VX M3roTaBnMBarOT U3 MOJYIPOBOAHUKOB, COCTOSIIIUX U3 OK-
CHJIOB OJJHOTO WJIM HECKOJBKHX METAJUIOB, TAKUX KaK HUKEJb, Maprasen, Ko-
0anbT, TUTaH, kene30. OKCUJIBI APYTUX METAIOB IPUMEHSIOTCS OYE€Hb PEIKO.
ConpoTuBieHMsl TEPMUCTOPOB JIEXKaT B mpenenax oT poieil OM 10 MHOTHX
MOM. OHu BBINONHAIOTCS B (pOpME JTUCKa, Karuld, TpyOkH, miuacTuHsl. Ilpu
OPUMEHEHUN COBPEMEHHBIX TOHKOIUICHOYHBIX TEXHOJIOTMH BO3MOXHO M3IO-
TOBUTH TEPMHUCTOP METOAOM II€YaTHOIO MOHTaXa Ha KEPAMUYECKOM IOJI0K-
ke. Tepmuctopsl ¢ orpuniatenbHbiM TKC M3roraBaumBaroT U3 IJIATHUHBI, CIIE-
YeHHOW ¢ KepaMukoil. TepMucTopsl 0051aJal0T HEIMHEMHOW 3aBUCHUMOCTBIO
COMNPOTHUBJIEHUSI OT TEMIEPATYpPbl, KOTOPYIO MOXHO anmnpOKCUMHPOBATh He-
CKOJIBKMMH BapUAaHTAMU yYPaBHEHWI, OJHUM M3 KOTOPBIX SIBISIETCS CIENYIO-
IUH:

R =Ry - ghWT-1/To)

rae To — kanuOpoBouHas Temneparypa B KenbBuHax, Ry — 3HaueHue compo-
TUBJICHUS TIPU TEMIIEpaType KAIHMOPOBKH, [3 — XapaKTepucTuyecKas TeMIiiepa-
Typa matepuana (B KenbBunax). OObIUHO 3HaueHHs [} JexaT B JHAMA30HE
3000 + 5000 K, u B npeaenax y3Koil 30HbI U3MEPEHU MOTYT CUATATHCS HE3a-
BUCUMBIMU OT TemrepaTypsl. TpagulIMOHHO TEPMUCTOPHI KATMOPYIOTCS U Te-
ctupytorcst ipu Temneparype 25 °C (To = 298,15 K), a TemnepaTypHbie je-
tektopsl — ipu 0 °C (T = 273,15 K).

TenzouyecmeumenbHocms — U3MEHEHHME SJIEKTPUYECKOIO CONPOTHUBIIE-
HUSl MaTepuaia Mpu ero mMexanudeckoil nedopmanuu. CBONCTBO, BO MHOTUX
CllydasiX SBISIOIIEECS NPUYMHOM BO3HMKHOBEHUS IIOI'PEIIHOCTEN, OJIHAKO
JIaIolee BO3MOXKHOCTh PEaM30BaTh JAaTYUKH, pEarupyrolue Ha MexaHude-
CKO€ HalpsHKEHHE C:

G=E$, (8)
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rne E — monyne FOura matepuana, dl/l — otHocurenbHas nedopmarus mare-
puana. Ecnu paccMoTpeTh B KauecTBE MpUMepa M3MEHEHHE COMPOTUBIICHUS
MIPOBO/IA TP €TO PACTSHKCHUU, TOTydnM 13 (8):

drR dl

5.

R |
rae S — KodpPUIHMEeHT TeH309yBCTBUTENBHOCTH, OR/R — oTHOCHTENBEHOE U3-
MEHEHHUE COMNPOTUBIEHUS MpoBoja. J[Jis MeTaJuIMuecKuX MPOBOJHUKOB 3Ha-
yeHue Kod(ppuiueHTa TeH304yBCTBUTEILHOCTH JISKHUT B IIpeaenax 2 + 6, s
noaynpoBogHUkoB — 40 + 200. B Hacrosiiiee BpeMsi TEH303J1€EMEHThHI U3r0TaB-
JUBAIOTCS U3 (POJIbTM KOHCTaHTaHa (CIJIaB HUKENST M MEAW) WIM MOHOKPHU-
CTAJUTMYECKUX TOITYIPOBOJIHUKOBBIX MAaTepUasoB (Hampumep, KpemHus, Je-
TUPOBAHHOTO 00poM). UyBCTBUTEIBHOCTH MOJYIPOBOJHUKOBBIX TEH303JIE-
MEHTOB CYLIECTBEHHO 3aBUCHUT OT TEMIEpPATyphl, MO3TOMY IpPU MPOBEICHUU
M3MEpPEHUI B IIHUPOKOM TEMIIEPATypPHOM AHAra3oHe HEOOXOJUMO MPOBOIUTH
COOTBETCTBYIOIIYIO KOMIICHCAIIHIO.

Bnazouyscmeumenvnocms. Ilpu BpIOOpe MaTepuwana Uisi pe3UCTOpPA
HEO0OXOMMO YUUTHIBATh U UyBCTBUTEIBHOCTH €T0 yIECIHbHOTO COMPOTUBIICHHUS
K TakoMy (aKkTOpy BO3ICHCTBHS OKpYKalomield cpenbl, Kak BIaXHOCTh. Ha
OCHOBE TUTPOCKOMHMYHBIX MAaTEpUaJIOB, yJEIbHOE COMPOTUBICHUE KOTOPBIX
CWJIBHO 3aBUCUT OT KOHIEHTPALMU MOTJIOMIEHHBIX MU MOJIEKYJ BOJbI, CTPOSIT
PE3UCTOPBI, pearupyronie Ha HM3MEHEHHE BIAXXHOCTH. Takue yCTpoHcTBa
Ha3bIBAIOT TUTPUCTOPAMHU, OHM TMPUMEHSIOTCS NPU MHOCTPOECHUHU JATYUKOB
BJIQKHOCTH. 3aBUCUMOCTb CONIPOTUBIIEHUS] TUTPUCTOPOB OT BJIAKHOCTU HOCHUT
HEJIMHEHHBIA XapaKTep, YTO HEOOXOJMMO YUWUTHIBATh MPU MPOBEICHUU Ka-
TUOPOBKH M 00pabOTKE PE3YIHTATOB U3MEPECHHIA.

Ilvez0anexkmpuueckuti 3¢gpgpexm 3akitoyaeTcsi B 00pa30BaHUU DIIEKTPU-
YECKUX 3aps/IOB MPHU MPUIOKEHUN K HEMY MEXaHMYECKUX HANPSOKEHUH. DTOT
ekt HabmoaaeTCsl B MPUPOIHBIX KpUCTAJUIAX, MOJSIPU30BAHHBIX KepaMu-
YECKUX MaTepuasiax, HEKOTOPHIX MOJNMepax (Harpumep, B MOIUBIINACHPTO-
pune). s «cbopa» SIEKTPUUECKHUX 3apsA0B K KPHUCTaUly Ha MPOTHUBOIO-
JIO)KHBIX CTOPOHAX Cpe3a MPHUKPEIIISIOT 3IeKTpoAbl. [locTpoeHHbIi TakuMm 00-
pPa3oM MbE303JIEKTPUIECKHUI JaTYUK MOKHO CUUTATh KOHAEHCATOPOM, B KOTO-
POM B Ka4ecTBE JAUIIEKTPUKA BBICTYMAET caM KpUCTall, pabOTalOMUN KakK Te-
HEpaTop JIEKTPUUECKUX 3aps10B, MPUBOJIAIINX K MMOSBICHUIO 3JIEKTPHUUECKO-
IO HampsDKEHUs Ha AJIEKTpojax. 3apsiabl (GOpPMHUPYIOTCS TOJBKO B MECTax
MPUIOKEHUST CUJIBI, TIO3TOMY METATHYECKUMHU DJICKTPOJAMH, BapbUPYS HX
(dopMy, MOKHO 100 BBIPOBHSATH 3apsi/ibl BAOJIb BCEH MOBEPXHOCTH KpUCTAJLIA,
JIMIIKB AATYUK U30UPATEIbHOCTH, JIMOO OMpPENeIUTh TOYHOE MECTO MPHIIOKe-
HUS BHEILIHEW CUJIBI.
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[Ipe30nnexTpudeckuii 3¢¢heKT sBiaseTcs OOpaTUMBIM SIBICHHEM, T. €.
MPUWIOKEHHOE K KPUCTAILTY 3JIEKTPUUYECKOE HANPSKEHNUE MPUBOIUT K MOSIBIIE-
HUIO MEXaHUYECKOH aedopmainu, 4To UIMPOKO MPUMEHSETCS B Pa3HbIX THITAX
MbE303JIEKTPUUECKUX MpeoOpa3oBareneld. 11be3031eKTpuuecKkue CeHCOphl SB-
JISIFOTCS YyBCTBUTEIBHBIMU TOJIBKO K M3MEHEHHUIO BHEIIHUX YCUJIUM, a HE K UX
IIOCTOSIHHOMY YPOBHIO, T. € 3TO YCTPOMCTBA IIEPEMEHHOI0, a HE TOCTOSIHHOTO
TOKa. UyBCTBUTEIBHOCTh INMbE303JIEKTPUKOB 3aBUCUT OT TEMIIEPATYpPBI, MpPU-
YEM HEKOTOPbIE MATEPUAIIbI TEPAIOT YUyBCTBUTEIBHOCTh C POCTOM TEMIIEpaTy-
pBl, Y IPYTUX K€ U3MEHEHHE YYBCTBUTEIBHOCTH 3aBUCUT OT TEMIIEPATypPHOTO
JuanasoHa (T.€. MOXKET YBEJTMUMBATHCA B OJHOM JIMANAa30HE U YMEHbBIIATHCS B
npyrom). B Hacrosiee BpemMsi caMbIMU TOMYJISIPHBIMUA MaTepuaiamMu JJis U3-
TOTOBJIEHUSI MBE30AIEKTPHUUECKUX JAATUUKOB SIBIIIOTCS Pa3IMYHbIE TUIIbI Ke-
pPaMUKH.

[Ibe30nMeKTprUYEcKre IEMEHThI MOTYT UCIIOJIB30BaThCs MO0 B dopme
KpHUCTaJUIa, MO0 MHOTOCIONHOM CTPYKTYpbl, B KOTOPOW OT/AEJIbHbBIE IJIacTH-
HbI COEIMHAIOTCS ITPU TTOMOLM AJIEKTPOJOB, pa3MENIeHHbIX Mexay HuMH. Ko-
r7a, HarpuMep, K IBYXCIOWHOMY JaT4uKy (puc. 21) mpukiansiBaeTcs BHEII-
Hsl cuja (HampaBieHHE AEMCTBUSI yKa3aHO Ha PUCYHKE CTPENKOW), BEPXHSI
4acTh €ro PACTIATUBACTCS, TOTJA KaK HIWDKHSSA CKUMAETCS, YTO IPU COOTBET-
CTBYIOLIEM BKJIIOUEHUH aTYMKA IPUBOJUT K YJBOCHHUIO BBIXOJHOTO CHTHAIA.
JIBOIHBIE CEHCOPBI MOT'YT BKJIIOYATHCS KaK MapajuIesIbHO, TaK U IOCIIEN0Ba-
TEIbHO. B TEpMHHAX SKBUBAJIEHTHBIX 3JIEKTPUUYECKUX CXEM IIbE303JIEKTpHUYE-
CKUM JAaTYUK MpPEACTaBIseT cOOOW MapajulebHOE COEJAMHEHUE COMPOTHUBIIE-
HUSl YTEYKH, EMKOCTH M MCTOYHMKA TOKa. CONPOTHUBIICHHE YTEUYKH, KaK Ipa-
BIJIO, HIMEET OueHb 6ombine 3Hagerns (2o 102 = 10™ Om), T.e. Takoii naTdnk
o0JaaeT O4eHb BHICOKMM BBIXOAHBIM UMIEAaHCOM. JJig cormacoBaHuUsl TaKo-
ro YCTPONCTBA C MOCJEIYIOMIUMHU AJICKTPOHHBIMU LEMSIMU HEOOXOJIUMO HC-
MOJIb30BaTh COOTBETCTBYIOIIME MHTEP(ENCHI, MpeCTaBIAoNMe co00il mpe-
oOpa3oBarenu 3apsijia WK TOKa B HANPSDKEHHUE, WM YCUIINTEIN HAIpsHKEHMS,
MMEIOIINE BBICOKHE BXOJHBIE COMPOTUBIICHUS.

PACLMpEHKE J/

U
CHATHE E

Puc. 21. JIByXCIOWHBINA TE303EKTPUIECKUI
natuuk (U —HampsikeHHne BbIXOa)

B nocnennee BpeMsi be€303JEKTPUUECKUE TIIEHKH (B TOM YHUCIE U MOJIH-
MEpHBIE) 00peTaroT OOJBIIYI0 MOMYJISIPHOCTh, MOCKOJIBKY 00JIaIal0T ETbIM
HA0OpPOM YHUKAJIbHBIX CBOMCTB. Hampumep, MMpOKUA 4aCTOTHBIN Juarna3oH
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(ot 0,001 mo 10° ['11), HU3KUH aKyCTUYECKUI MMIIEIAHC, BHICOKOE BBIXOJAHOE
HarnpspkeHue (B 10 pa3 Bbllle, 4eM y KEpaMHUYECKUX MAaTE€pUaOB MPU MPUIIO-
KEHUU OJUHAKOBBIX MEXAHUYECKUX CHUJI), BBICOKAS AJIEKTPUUECKast U MEXaHU-
Yyeckasi MPOYHOCTh U YJAPOCTOMKOCTh, YCTOMYMBOCTH K BIIAXKHOCTH, OOJIb-
MIMHCTBY XMMUYECKUX PEaKTUBOB U Apyrue. Kpome Toro, M MOXHO Ipuja-
BaTh MPAKTUYECKU JIIOOYI0 TpeOyeMyto opMy U COEAUHATH OOBIYHBIMU Kile-
aMu. B To ke Bpemsi y HUX €CTh M HEIOCTAaTKH, K KOTOPBIM B MEPBYIO Ouepeb
CJIelyeT OTHECTHU CYIIECTBEHHbIC OTpaHUYEeHUs Mo paboyeil Temneparype (He
6onee 135 °C, a nns HexkoTopwix wieHok u 100 °C). Kpome Toro ux Heo6xo-
JUMO SKPaHUPOBATh OT BBICOKOYACTOTHBIX AJIEKTPOMArHUTHBIX MOMEX U pa-
JIMOYACTOTHBIX IIYMOB, MOCKOJBKY KaK TOJbKO Ha IJIEHKY HAHOCSITCS DJIEK-
TPOJIbl, OHA CTAHOBUTCS YYBCTBUTEIBHON K 3JIEKTPOMArHUTHOMY U3TyYEHUIO.

B MUHMATIOpHBIX MOJYNPOBOAHUKOBBIX JATUUKAX MbE303JICKTPUUECKUI
3¢ (]exT ABIAETCA OCHOBHBIM CPEICTBOM MPeoOpa30BaHUs MEXaHUUYECKOU Jie-
(opMalMK B 3IEKTPUUECKUE CUTHANIBI U HA000pOT. OAHAKO CleNyeT TOMHUTD,
9TO 3TOT 3(P(PEKT NPUMEHHM Jisi MPeoOpa3OBaHMS MEPEMEHHBIX BXOJIHBIX
CUTHAJIOB U HE TOJOUTCS ISl CTAllMOHAPHBIX, JIMOO MEMJIEHHO MEHSIOIIMXCS
BHEITHUX BoznelcTBuil. Kpemuuit cam no cebe He 00iagaeT Mbe303IeKTpUYe-
ckuMU cBoiicTBamHu. [loaToMy 1Sl IpuaaHusl eMy TaKMX CBOMCTB Ha €ro mo-
BEPXHOCTh HAHOCSIT KPUCTAIUIMYECKHUE CJIOM Tbe3omaTepuaioB. Hampumep,
Zn0O, AIN u mpyrue.

O¢pdexT Xonna — BOSHUKHOBEHHE B TBEPAOTEIBHOM MPOBOJAHUKE C TO-
KOM, [IOMEIIEHHOM B MarHUTHOE T0JIE, AIEKTPUYECKOTO TOJISI B HAIIPABJICHUH,
NEPIEHINKYJIIPHOM HANpPaBJICHUIO TOKa U MAarHUTHOTO Mojisi. Bo3Hukaromas
pa3HOCTh MOTeHIaNoB — HanpsbkeHne Xomia (Uy) — 3aBUCUT OT BEJIMYUHBI U
HaIpaBJIEHUs TPUIOKEHHOTO MAarHUTHOTO TOJIS U 3JIEKTPUYECKOTO TOKa!

UX:hX'I'B'SIna,

rae hy — monHas 4yBCTBHTEIBHOCTH JaTdyhKa (3aBUCHT OT KO3(PQHIIMEHTA
Xomna R), | — cuna snexkTpryeckoro Toka uepes NpoBOAHUK, B MarHuTHas vH-
TYKITUS TIOJISI, OL — YTOJl MEXKAY BEKTOPOM MAarHUTHOW MHAYKIIMH TIOJIS U TIOC-
KOCTBIO MPOBOJHMKA. B 3aBUCHMOCTH OT KPUCTAUNIMYECKOW CTPYKTYPHI MaTe-
puanga OCHOBHBIMU HOCHTEIISIMH 3apsiia B HEM MOTYT OBITh JTHOO DJICKTPOHBI,
mu6o neipku. Ilockonbky koddunuent Xosia 3aBUCUT OT KOHIEHTPALUU
cBOGOIHBIX HOcHTelel B mposoauuke (R ~ (Nq)™) u sHaka 3apsina HocuTeneit,
10 3 dext Xoita MoKeT ObITh THOO MOJIOKUTEIBHBIM, JIMOO OTPUIIATEILHBIM.
Jluneitnpiii gatunk Xoswia (puc. 22) oObBIYHO pa3MeriaeTcsi B KOpIyce ¢ de-
THIPbMsI BBIBOAAMU. JIBa M3 HUX JJIs TIOAKIIOYEHUSI TOKA YMPABICHUS Ha3bl-
BAIOTCSl YIPABJISIFONIUMH, COMPOTHUBICEHWE MEXIY HUMH — COMPOTUBIICHUE
yopasisitonied nenu Rj), BBIBOIBI ISl U3MEPEHUS BBIXOJHOTO HAIMPSHKCHUS
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HazbIBatoTCA U epeHIInaTbHBIMU BRIBOJAMU (COMIPOTHUBICHUE MEXITY HUMHU
— BBIXOIHOE TU(PEepeHITNATEHOE COMTPOTHBIICHUE Rp).

JlaTunk xapakTepusyeTcsl CIEAYIOIUMH MapaMeTpaMu: CONpPOTHUBIICHHUSI-
MU R; u Ry, HanpspkeHueM CMEIIeHuUs TIPU OTCYTCTBUH MarHUTHOTO TIOJISA, YYB-
CTBUTEIIFHOCTBIO U TEMIEPATypHbIM KOI((HUIMEHTOM YyBCTBUTEIBHOCTH.
BonpmmHCcTBO aTuMKOB XOJJIa M3rOTaBIMBAOT M3 KpeMHMs. OHM OBIBAIOT
IpOCThIE U MHTETPUPOBAHHBIC HA OJHOW MOAJIOKKE C MHTEP(PEHCHBIMH DJICK-
TPOHHBIMU cXeMaMH. Takast 0COOEHHOCTh Ba)KHA IPH MOCTPOSHHUHN MPELU3UOH-
HBIX JAaTYMKOB, TIOCKOJIbKY HampshkeHue XoJuia OOBIYHO J0BOJIBHO Majo 10 Be-
munHe. BeTpoenHast nHTepdeiicHas cxema MOKeT UMETh B CBOEM COCTaBe T0-
POTOBBIN JIETEKTOP, MPEBPAIIAIOIINI JaTYMK B YCTPOUCTBO C ABYMS TOJIOXKeE-
HUSIMHU — BBIXO/IHOM CHUTHAJ PaBEeH HYINIO MPHU BEIUYMHE MAarHUTHOTO OIS HU-
’Ke MOPOTrOBOT0 3HAUYCHUS, U €AMHUIIE, KOT/Ia MMPEBBIIIACT TOPOTOBOE 3HAUCHHE.
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‘ EbIXOAHEIZ BRIBCOALI

Puc. 22. Yetsipe BbIBOIA TUHEHHOTO JaTUMKa X0Ija

ITockonbKy KpeMHUM 001aaeT TEH30PE3UCTUBHBIMU CBOMCTBAMHU, JAT-
YUKH, PEATU30BaHHBIE HA €r0 OCHOBE, PEarupyrT Ha MEXaHUYECKHE HaIpsi-
KEHUS, TI0OITOMY HEOOXOIMMO MHUHHUMHU3UPOBATH HATPY3KH HA KOPITYC J1aT4yH-
Ka U nojsojsue nporoja. Kpome toro, natunku Xosia siBISIOTCA 4YyBCTBHU-
TEIBHBIMH K TEMIIEpAType — €€ KoJieOaHUsl NMPUBOJAT K M3MEHEHHUIO COMPO-
TUBJICHUS] YYBCTBUTEJIbHBIX 3JIEMEHTOB. ECIM mociienHuil MOJIKII0YEH K HC-
TOYHHUKY HaIpSKEHUSI, U3MEHEHUSI CONMPOTUBIICHUS OYyIyT BIUATH HA 3HAYe-
HUE COMPOTUBJICHUS, A, CJIEIOBATEILHO, M HA TOK B LIEMH YIIpaBJIEHUSI, TOITO-
My MPEANOUYTUTENIbHEE YIPABJISIONINE BHIBOIbI MOJKIIOUATh K HCTOYHUKY TO-
Ka, a HE HAIPSIKEHUS.

Tepmoanexkmpuuecmeso. Ipdekt 3eedbexa — BosHuKkHOBeHHE DJIC B 2IeK-
TPUYECKON IEIMU, COCTOSIICH U3 MOCIe0BATEIbHO COCAMHEHHBIX Pa3HOPO/I-
HBIX TTPOBOJHUKOB, KOHTAKTHI MEXK1y KOTOPBIMU HaXOSITCS MPU Pa3HOU TEM-
nepatype. 1ot d3hdexT, kak u d3dpdext [lenpThe, ABIIETCS TPUMEPOM MIPSIMO-
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ro MpeoOpa3oBaHUs TEIJIOBOM SHEPTHH B 3JIEKTPUUECKYIO U JIe)KAaT B OCHOBE
HEKOTOPBIX yCTpoicTBa NaT4nkoB. Dddext 3eeOeka MpuMEHSETCS B TaKHX
MOMYJISIPHBIX JaTYUKaX TEMIIEpPAaTypbl KaKk TEpPMOMAaphl, a TaKKe B TEPMOIJIe-
MeHTax (MPeaCTaBIAIOT COO0M (PaKTUYECKH HECKOJBKO MOCIE0BATENIHO CO-
€IMHEHHBIX TEPMOIIap), KOTOPbIE YAaCTO B HAILE BpeMs MPUMEHSIOTCS AJIs Jie-
TEKTUPOBAHHUS TEIJIOBBIX M3MydeHH. KpemHuii obiagaer 10cTaTo4HO 00JIb-
muM KodpduumeHToM 3eedeka, MO3TOMY Ha €r0 OCHOBE M3rOTABIIMBAIOT BbI-
COKOUYYBCTBHUTEJIbHBIE TEPMOINEKTPUUECKUE AETEKTOPBI.

O¢pdexr IlenbThe — BbIAECTEHNE WX MOTJIOUIEHUE TEIIOTHI IIPU MPOX0XK-
JEHUM 3JIEKTPUUECKOTO TOKA Yepe3 KOHTAKT JIBYX Pa3IUYHBIX ITPOBOJHUKOB.
OT0 sABJICHUE XapaKTEPHO KakK JJIs ciydas, KOI/la TOK IOCTyHaeT OT BHEIIHUX
HMCTOYHHUKOB, TaK U B cllydae, KOI/la OH MHAYLUUPYETCS OT TEpMOIaphl BCIE -
ctBue 3¢ dekra 3eedeka. DPdekt [leapThe Ucmonp3yeTcs, Koraa Haao MoaBe-
CTH WJIM OTBECTHU TEIIO OT MECTA COEIMHEHHS] MaTEPUAJIOB, YTO OCYILIECTBIIS-
€TCSl U3MEHEHUEM HaIpPABJICHHS AIEKTPUUECKOr0 TOKa. JTO HAILIO CBOE MpPH-
MEHEHHE B YCTPOUCTBAX, /1€ HEOOXOAMMO OCYIIECTBIEHUE TOYHOIO KOHTPOJIS
Ttemneparypsl. Temno IlenpThe, B oTinune ot J[)KoyrneBa TeIuia, TMHEWHO 3a-
BUCHUT OT CHJIbI TOKa. BennunHa U HanpaBiIeHHOCTh TEIJI0BOM sHepruu [lens-
ThE€ HE 3aBUCUT OT (PU3NYECKON NMPUPOABI COETUHEHUS IBYX MaTEpHUajoB (T. €.
IPOBO/Ia MOTYT OBITh CIASHBI UM CKPYYEHBI, JTUOO CKJIEEHBI U T. [I.), a MOJI-
HOCTBIO ONpENENsIeTCs UX OOBEMHBIMU TEPMODJIEKTPUUECKUMU CBOHCTBAMHU.
O TOM, YTO B MeCTax COECIMHEHUs JIByX U 00Jee pa3iIMyuHbIX METAJIOB, UMe-
IOUIMX Pa3Hyl0 TEMIIEpaTypy, BCEr/la BO3HUKAET TEPMOAJIEKTPUUYECKUI TOK,
HEOOXOAMMO IOMHUTh IIPU pa3pabOTKe YCTPONUCTB U CXEM.

Cseemogoe uznyuenue — o4eHb dP(EeKTUBHASA PopMa SHEPIHUH, 10 U3ME-
HEHUIO KOTOPOI MOKHO CYJIUTh O MHOTHX BHEIIHUX BO3JCHCTBHIX - pacCTOsI-
HUW, JBIDKEHUH, TEMIIepaType, XMMHUYEeCKOM cocTtaBe W T. A. CBeT mmMeer
ANIEKTPOMATHUTHYIO MPUPOY, M0 MOKHO pacCMaTpUBATh KaK pacpocTpaHe-
HUE DHEPTHH KBAHTOB WJIHM DJIEKTPOMArHUTHBIX BOJH. B pasHBIX auama3zoHax
CIEKTpa MCIOJB3YIOTCS pa3iuyHble CBOMCTBa cBeTa. CBET MOMKET MpPEsIoM-
JSATHCS, OTPAXKaThCsl, OTJIOMIAThCs, HHTEP(hEPUPOBaATh, MOJIIPU30BATHCS, pac-
IpOCTpaHAThCA. Bee 3Tu SBIEHUS MOKHO MCTIONIb30BaTh JJIsl IOCTPOEHUS JaT-
YUKOB U ONTUYECKUX KOMIIOHEHT JAaTYMKOB U U3MEPUTENbHBIX cucteM. Ilepen
TEM KakK YIpaBlIATb CBETOM, €ro HEOOXOJUMO MONy4uTh. MICTOUHUKH cBeTa
pa3aeNAioTCsl Ha €CTECTBEHHbIE M UCKYCCTBEHHBIE. K ecTecTBEHHBIM TOMHMO
Connua, JIlyHBl U IpyruxX acTpOHOMHUYECKHUX OOBEKTOB OTHOCSTCS TAKXKE BCE
MaTepHalibHble 00BEKTHI, U3JIyYaIOIIe B TOM WJIA UHOM CIEKTPaJbHOM JHa-
nazoHe (B ToM yucie u uctouHuku temna — UK-nuanason). UckyccTBeHHbIE
MCTOYHUKH CBETA — 3TO HUTH HAKAJIMBAHUS DJIEKTPUUECKHUX JIAMII, CBETOU3IY-
Yaroume IUObl, Ta30pa3psIHbIE JIaMIIbl, Ja3ephl, Ja3epHble JUOJIbl, HarpeBa-
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Tenu, oxaaautenu. [Ipu pa3paboTke METOIOB U CHUCTEM yIPABIICHUS CBETOM B
JaTUMKax 3a/iada pa3padOTYNKOB 3aKITIOYAETCS B TOM, YTOOBI ONPEAETUTh KO-
JINYECTBEHHOE U3MEHEHUE MMapaMeTPOB, XaPAKTEPUIYIOIINX CBET, U COOTHECTH
ATO M3MEHEHHE C BEIMYMHOW BHEMIHWX Bo3aeicTBuid. Koadduimentsr otpa-
KEHUsl OCNAOJEHUsI U MPOIyCKaHUs, KOAP(GUIMEHT MPEeIoMIICHUs, XapaKTe-
PUCTHUKU MTPOMYCKAHUSI CBETA PA3JIMYHBIMU CPEaMH, CIIEKTPAJIbHBIN JUaIa30H
U3JIyYEHU U MHOTHE APYTHME€ XapaKTEpUCTHKH, KaK MCTOYHHKA HU3Ty4YCHMUS,
TaKk M Cpell, B3aUMOJICUCTBYIOIINX CO CBETOBBIM IMOTOKOM WM JIy4OM, HEOO-
XOJIMMO YYUTBIBATh IPU Pa3pabOTKE COOTBETCTBYIOIINUX YCTPOMCTB.

Hapsany ¢ BbelenepeyucieHHbIMU SIBIICHUSIMU M CBOWCTBAMHU TIPHU I10-
CTPOCHUU JTaTYUKOB U U3MEPUTEIBHBIX CUCTEM HCIOJIB3YIOTCS U MHOTHE ApPY-
rUe, Halpumep, 3BYKOBBIE BOJIHBI, TEIUIOBBIE CBOMCTBA MAaTE€pHUAOB, MUPO-
ANEeKTpUIecKuil A3G(HEKT, TUITEKTpUUIECKasi MPOHUIIAEMOCTh, MAaTHETH3M U T. 1.

XapaKkTepUCTUKU JATUYUKOB

K Hanbornee yacto MCHOJIB3yEMBIM XapaKTEPUCTUKAM JIaTYUKOB OTHO-
cATCs mepenaroyHas (yHKIMsI, TUarna3oHbl BXOJHBIX U BBIXOAHBIX 3HAYCHUH,
TOYHOCTb, HAJTMYHE TUCTEPE3NCA, HEMTMHENHOCTD, Pa3pellaolas CIOCOOHOCTD,
BBIXOJIHOW HMMIIEJJAaHC, JTMHAMUYECKHE XapaKTepUCTUKW, BEIMYMHA CHUTHAJA
BO30YKJICHHUSI, a TAK)KE HEKOTOPbBIE JPYTHE.

JIJIst KaKJTOTO JTaTYMKa MOKHO BBIBECTH MJCATBHOE (TEOPETUUECKOE) CO-
OTHOIIIEHUE, CBS3BIBAIOIIEE CUTHANIBI HA €ro BXoJ€ U Bbixoje. OHO OBl COOT-
BETCTBOBAJIO PEAIbHOMY COOTHOIIICHUIO, €ClId Obl OblJla BO3MOXKHOCTH HJIE-
aJIbHO CIPOEKTUPOBATh JATUYHMK, U3TOTOBUTH €r0 W3 HICAIbHBIX MaTEpPUAJIOB
UCTbHBIMA UHCTPYMEHTAMU U UJCAIbHBIMU PAOOTHUKAMU. DTO UJCATBHOE
cooTtHomeHue S = f(S) Ha3wIBaIOT nepedamounoi gynxyueti. OHa MOKET OBITH
KaK JMHEINHOM, TaK U HEJIMHEWHON (HampuMmep, CTENEHHON WM SKCIIOHEHIIU-
anbpHOM). 3a4acTylo nepenaroyHas GyHKIMS SBJISIETCS OJJTHOMEPHOH (T. €. CBSI-
3BIBAET BBIXOJIHOM CHUTHAJ TOJIBKO C OJJHUM BHEUIHUM Bo3jeicTBUeM). OqHO-
MepHasl JIMHEeHas: (PYHKIMS MOKET ObITh IPEACTaBIICHA BHIPAXKEHUEM BU/IA:

S=a+bs, 9)

r7ic & — 3HaYCHHUE BBIXOJHOTO CUTHAIA MPHU HYJCBOM BXOJHOM, D — HakJIOH
IPSIMOM, Ha3bIBa€MbI YyBCTBUTEIIBHOCTHIO JaTyuKa. /{11 HEJIMHEWHBIX Iepe-
JATOYHBIX (DYHKIMA YyBCTBUTEIBHOCTH HE SIBIIACTCS MOCTOSIHHOM, KaK B CIy-
yae IMHEeWHbIX (PyHKiuil. OMHAKO BO MHOTHUX CIIy4asX HETMHEHHBIC NaTYUKU
MOYKHO CUHUTATh JMHEMHBIMHA BHYTPHA HEKOTOPOTO OTPAHUYECHHOTO JHana3oHa
3HadeHuid. Torga myist Gosiee MIMPOKOTO AUana3oHa 3HAYEHUN TepelaToOqHast
GyHKIUS MOXET OBITh MPEACTaBICHA B BUJE OTPE3KOB MPSAMBIX (T. €. KyCOou-
HO-JIMHEWHAs anmpoOKCHMAIlMs) C pa3HbIM 3HaueHueM D. B ciywasx, xorma
BBIXOJHOM CHUTHAJI JJaTYUKA 3aBUCUT OT HECKOJIbKMX BUJOB BHEIIHUX BO3JECH-
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CTBUH, €ro mepenaTtodnasi GyHKIUS SBISETCS MHOTOMEPHOHW (Hampumep, WH-
dbpakpacHbIif JaTdyuK Temmnepatypsl). Kak mpaBwiio, mepenatounbie (pyHKITUU
MPEJICTABJISIOTCS B BHJE 3aBUCHMOCTH «BBIXOJ OT BXoaa» (9), omHako korma
JaTYAK UCTOJIB3YETCS I KOJUYECTBEHHOTO OIPEICIICHUSI BEJIUYMHBI BHEII-
HETO BO3JICHCTBHS, HEOOXOIMMO MOJYYUTh 3aBUCUMOCTD Bua S = g(S) («BXox
oT BeIxoAa»). [Ipu nuHeiHoN nepenaTouHol QYHKIMKU 3TO HE MPECTaBISET
OCOOBIX CJIOKHOCTEH, B Cily4yae K€ MPUCYTCTBUS B CUCTEME HEIMHEHHOCTH,
3a/1a4a yCIOXKHAETCsA. Bo MHOTMX clly4yasix HE yAA€TCs MOJIYYUTh NPUTOJHOTO
AHAJIMTUYECKOTO BBIPAXKEHHUSI, TOTJIa IPUMEHSIOT Pa3JINYHbIE METO/IbI AlPOK-
CHUMAIIUH.

Jluanazon uzmepsiemolx (6x00HbIX) 3HAYEHUU — TUHAMUYECKUN JUaNa30H
BHEIITHUX BO3JICHCTBUSI, KOTOPBIC MATYMK MOXET BOCHPHHITH M TIPeoOpa3o-
BaTh, HE BBIXOJS 3a MPEAEbl JONMYCTUMBIX MOTPEIIHOCTEU. sl TaTYMKOB C
OYEHb IIMPOKOM M HEJIMHEWHOW aMIUIMTYyJIHO-YACTOTHOW XapaKTEPUCTUKOU
(AYX) nuHamMuyecKuil Auana3oH BXOJIHBIX 3HAUYCHHUM BbIpakaeTcsl B Jenude-
Jax, SIBIAIONIUMXCS JIOTapu(PMUUECKOM MEpoll OTHOILIEHUM MOIIHOCTEW WM
HanpspkeHuil. [lockonbKy jorapupMuyeckasl mKajga sSBISETCS HEIUHEHHOM,
CUTHAJIBI HU3KOTO YPOBHS MPEJCTABISIOTCA HA HEHM ¢ OOJIBIINM pa3pelieHueM,
CUTHAJIBI e OOJIBIIIOTO YPOBHS CKMMAIOTCS, YTO Ha MPAKTUKE ObIBAET BEChMa
y100HO.

Jluanazon 6bix00HbIX 3HAueHul — anredpanyveckass pPa3sHOCTh MEXIY
AJIEKTPUYECKUMHU BBIXOAHBIMUA CUTHAJIAMU, U3MEPEHHBIMU TP MAKCUMAJIbHOU
Y MUHHUMAaJIbHOW BEJIMYMHE BHELIHETO BO3JIEUCTBUSA. B 3Ty BEIMUYNHY TOJDKHBI
BXOJIUTh BCE BO3MOKHBIE OTKJIOHEHHUSI OT UJI€aIbHOM MepeaTouHON (yHKIIUU.

Tounocmb naTYMKA yKAa3bIBAET HA MOTPEIIHOCTh U3MEPEHUM, T. €. BEIIH-
YMHY MaKCUMAJIBHOTO PACXOXKIACHUA MEXK]Y MOKA3aHUSIMHU PEATbHOrO U HJIe-
aJIBbHOTO AATYMKOB. [lorpenHoCTh JaTYMKa MOKHO TaKkKe MPEICTAaBUTh B BUJE
Pa3HOCTH MEXKIY 3HAYEHUEM BXOJIHOTO CUTHAJa, BEIYMCICHHBIM IO BBIXOIHO-
MY CUTHAJIy IaTYMKa, U PEAJbHBIM 3HAUYCHUEM IMTOJAHHOTO CUTHaja. PeanbHas
nepenaToyHas (PyHKIMS HHUKOT/Ia HE COBHAJaeT ¢ uicaibHOM. Jlaxke korma
JaTYUKW W3TOTABIIMBAIOTCS B MJACHTUYHBIX YCIOBUSX, U3-3a PA3HULbI B MaTe-
puanax, omuOOK pa3padOTYNKOB U MHOTUX JPYTUX MPUYHMH HX MEepeIaTOUHBIC
dbyHKIIMK OyAYT OTAMYATHCS APYT OT aApyra. OJIHaKO BCE OHU HE JIOJKHBI BBI-
XOAUTh 3a MPEAEIbl ONPEICIICHHON 30HBI, JIEXKAIEW B I'PaHULAX ITPEAEIBHO
JOMYCTUMBIX morpemHocTeil + A. Ha TOYHOCTh JaTYMKOB BIMUSIIOT TaKHE Xa-
PaKTEpUCTUKH KaK HaJu4Hhe THCTepe3uca, MepTBas 30Ha, MapaMmeTpbl Kainuo-
POBKH, BOCTIPOU3BOAUMOCTD. [IpeaenbHO 1OMyCTUMbIE MOTPEITHOCTH OOBIYHO
COOTBETCTBYIOT CaMbIM XYJIIUM paOOUYUM XapaKTepUCTUKaM JaT4ukoB. Ha
MPAKTUKE TPEIEbl JOMYCTUMBIX MOTPEIIHOCTEN YCTaHABIMBAIOT HE BOKPYT
UeaqbHON TepeaTOuHON (PYHKIIMHM, a OTHOCUTEJIbHO KaJIMOPOBOYHON KpH-
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BOH. [lomycTuMBIE MpeAebl CTAHOBATCS MEHBUIE, €CIIM OHM HE BKJIKOYAIOT B
ceOsl MOTPEUTHOCTH, CBA3AHHBIE C OTJIMYHEM JATYMKOB OT MApTUHU K MapTHH,
7100 KOT/Ia OHU OTHOCSATCS K OJTHOMY CIIELMalIbHO OTKaJIMOpPOBAaHHOMY AaT-
yuKy. Bce 370, KOHEYHO, MOBBIMIAET TOYHOCTh U3MEPEHUHM, OJIHAKO M 3HAYU-
TEJIHHO MOBBIIIAET CTOUMOCTh, YTO HE Bcerja IesnecoodpasHo. [lorpemHoctu
JATYUKOB MOTYT OBITh MIPEJICTABIICHBI B BUAX:

e HemocpencTBEHHO B €IUHMIIAX U3MEPSICMON BeTUUUHBI (A);

e B nponeHTax oT 3Ha4€HHUs] MAKCUMAJIbHOTO BXOJJTHOT'O CUTHAJIA;

e B equHuIax BBIXOJHOIO CUTHANA.

B cOBpeMEHHBIX TaTYMKAX TOYHOCTh YaCTO XapAKTEPUIYETCS] BETUUMHOM
CTaTUCTUYECKOMN MOTPEIIHOCTH U3MEPEHUM, YUUTHIBAIOIICH BIUSHUE KaK CH-
CTEMATHUYECKUX, TAK U CIIyYalHBIX NOTPEIIHOCTEN, U HE 3aBUCSUIEH OT OILIM-
OOK, JOMYIIEHHBIX IPU ONPECIICHUU epeaaTOYHbIX (PYHKIIUMA.

T'ucmepesuc — 3T0 pa3HOCTh 3HAYEHUI BBIXOJHOIO CUTHANA JUIsI OJHOTO
U TOTO K€ BXOJIHOTO CUTHaJIa, MOJYYEHHBIX IPU €ro BO3pacTaHUU U yObIBa-
HUY. TUIINYHOW NPUYMHON BO3HUKHOBEHMS TMCTEPE3UCA SIBISIETCS TPEHUE U
CTPYKTYPHbIE OCOOCHHOCTH WJIM U3MEHEHHUS MaTEpPUAJIOB.

Henuneunocms onpenenserca A IaTYUKOB, NEPEIATOUYHYIO (PYHKIUIO
KOTOPBIX MOKHO allpOKCHMHPOBAThH MPSAMOM JIMHUEH B cooTBeTCcTBUU C (9).
[Tor HEMMHENHOCTHIO MTOHUMAKOT MAKCUMAJIBHOE OTKJIOHEHHUE PEATIbHOM Tepe-
JATOYHON (PYHKIIMU OT ammpokcuMmupyrouieil npsimoi. [lpu npoBenenun He-
CKOJIBKUX LIMKJIOB KaJIMOPOBKM BbIOMpAETCs XyAIIEE U3 MOJYYCHHBIX 3HAYe-
HAW HEJIMHEWHOCTH B KAa4eCTBE XAPAKTEPUCTHUKHU JOardyvka. HenmHenHOCTH
OOBIYHO BBIpaXKaeTcsd B MPOLEHTaX OT MAaKCUMAalbHOM BEJIUYMHBI BXOJHOTO
CUTHaja, TM00 B €AMHMIIAX U3MepsieMON BelMuuHbL. B 3aBUCMMOCTH OT cro-
co0a MpoBeIeHUsI alMPOKCUMUPYIOUIEH JTUHUM PAa3InyatoT HECKOJIBKO CIOCO-
00B nuHeapuzauuu. OJUH U3 HUX — MPOBEACHUE MPSMOW uyepe3 KOHEUHbIE
TOYKHU TepenaTodHor ¢pyHkuuu. [Ipu Takom criocode ommbka HETMHEHHOCTH
MUHHMaJlbHa B KOHEUHBIX TOUYKaX U MaKCUMaJIbHA B MPOMEKYTKE MEXIY HH-
Mu. [pyroii cnoco6 nuHeapu3auu OCHOBaH Ha METO/I€ HAMMEHBIINX KBaJIpa-
TOB. JIJI 3TOTr0O B IIMPOKOM JUANa30HE U3MEPSIEMBIX 3HAUCHU (JTy4lle B MOJ-
HOM) JIJIs psifia 3HaueHUM (N) BHEIIHUX BO3JICUCTBUMN S OMPENEISIOT 3HAUCHUS
BBIXOAHBIX curHajoB S. Ilocme 3Toro mpuMeHsrOT (Gopmyny JTMHEHHOW pe-
IPECCUH U OMpeACIIAoT 3HaueHus kodddunmentor a u b B (9). Eme onun me-
TOJ — HE3aBUCUMOW JMHEapHu3aluu — 3aKJII0YaeTCsd B HAXOXKICHUM JIMHHH,
MPOXOSIIEeH MOCepeMHE MEXAY IBYMs IMapayieIbHbIMU MPSMBIMHU, PacIio-
JIO’)KEHHBIMU KaK MOKHO OJIMKe PYT K JIPYTY, HO OXBATHIBAIOIIKUMU MIPH 3TOM
BCE BBIXOJHBIC 3HAUCHUS PEAIbHOM mepenaTouHol GpyHkiuu. B 3aBucumoctu
OT ME€TOJia JMHeapu3allui anmpoKCUMUPYIOIINE JUHUUA OyyT UMETh pa3Hble
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KO3 pUIHEHTH @ U D, a caemoBarenbHO, 3HAYCHNUST HETUHEHHOCTH, MOJTyYeH-
HBIE Pa3HBIMU CIIOCOOAMH, MOTYT CYIIECTBEHHO OTIMYATHCS APYT OT JApyTa.

Kaxxaplii 1aTyvik UMeeT CBOM MpeAesibl padounx XapakTepucTHk. [laxe
€CJIM OH CYMTAETCS JIMHEWHBIM, MPU ONPEIEIECHHOM YPOBHE BHEIIHETO BO3-
JEHCTBUS €ro BBIXOJHOW CUTHAT MOKET CTaTh HEJIMHEUHBIM, T. €. IEPECTAHET
OTBEYaTh IPUBEICHHON JTUHEHHON 3aBUCUMOCTH. B 3TOM citydae roBopsT, 4To
JaTYUK BOLIEJ B 30HY HEJIMHEWHOCTH, UM B 30HY HACHIIICHHUS.

Eciu npon3BoACTBEHHBIE JOMYCKU HA JATYUK U JAOIYCKU HAa UHTEpQEIC
(cxeMbl mpeoOpa3oBaHMsI CUTHAJIOB) MPEBBIIAIOT TPeOYyEeMYI0 TOYHOCTh CH-
CTEMBI, HEOOXOIUMO MPOBOJUTH KAIUOPOBKY, T.€. ONPEAEIUTh UHIUBUyalb-
HYIO TIepeaTOuHY0 (QYHKIUIO JaT4rKa, JIM00 cucTeMbl B LiejaoM. B mponecce
MPOBEJCHUS TOJHOU KaTUOpPOBKU OMPEAEIsAiOT KO3((UIMEHTHI, OMHUCHIBAIO-
M€ nepeaaTouHyo (QYyHKIIUIO BCEl CUCTEMBI B I1€JI0M, BKJIIOYAs TaTYUK, WH-
TepdeiicHoe ycrpoiictBo u ALIIL. MaTtematuueckoe onucaHue nepeaaTouHON
(yHKUIMM HEOOXOOUMO 3HATh JI0 Havalla MpoBeAeHus1 KanuOpoBku. Eciam 310
BBIPDAKECHHUE SABIISIETCSI JIMHEHWHBIM, B IMpoOIEcCe KaTUOpPOBKH HEOOXOAMMO
ompenenuth kKo3pduuumenter a u b. Jlns HaxoxxaeHUss X HEOOXOAUMO TOJTY-
YUTh JIBa YpaBHEHUS, T.€. KAIUOPOBKA MPOBOIAUTCS KaK MUHUMYM IO JBYM
ToukaM. JlJi1 HEeMHENHHBIX PYHKIMM KaluOpoBKa MPOBOAUTCS O OoJiee, ueM
AByM ToukaM. KonnyecTBO HEOOXOAMMBIX TOYEK M IIMKJIOB KaJIHOPOBKH
OTIpE/IEIISAETCS C YYETOM BHJa MAaTEMaTHUECKOIO BBIPAXKEHMSI ME€PENaTOUYHOM
(GyHKIMH, a Takke TpeOdyeMoill TOYHOCTH cUCTeMbl. J{Jis mpoBeneHus: Kaauo-
POBKH JIATYMKOB Ba)KHO UMETh TOUHbIE (PU3NYECKUE TAJIOHBI, TO3BOJISIONINE
MOJIEJIMPOBAaTh COOTBETCTBYIOIIME BHEIIHUE BO3JIEHCTBHs. TOYHOCTBH IOCIIE-
AYIOIUX U3MEPEHUN C TMOMOIIBIO JATYNKOB WJIM CHCTEM HAIpPSIMYIO 3aBUCUT
OT TOYHOCTHU MPOBEAEHUsI KaIUOpoBKU. OmmOKka KanuOpOBOYHBIX 3TaJOHOB
JOJIKHA BKJIFOYATHCSI B MOJIHYIO OLIMOKY u3MepeHuid. Quiubka Kaiubposxku —
ATO TMOTPENIHOCTb, JOMYIIEHHAs MPOU3BOAMTENIEM NPU NPOBEICHUU Kaauo-
POBKHM JaTuuka (CHCTEMBI). DTa MOTPEIIHOCTh HOCUT CHUCTEMAaTUYECKUH Xa-
paktep, T. €. 100aBIsE€TCd KO BCEM PEAIbHBIM MEPEJATOUYHBIM (DYHKIIHIM.
Omubka KaIMOPOBKM CIABUTAET XapaKTEPUCTUKY MPEeoOpa3oBaHUs JaTYMKA B
KaXX/I0 TOYKE Ha OINpeaeseHHY0 BeauunHy. OHa MOXeT ObIThb HepaBHOMEP-
HOW BO BCEM JMalla3oHe M3MEpPEHUH, MOXKET 3aBUCETh OT THUIA OUIMOKH, J10-
NYLIEHHOW B MpoLecce KaTuOPOBKH.

Bocnpouzeooumocms — 3TO CNOCOOHOCTh JaTYMKa MPH COOIIOICHUU
OJIMHAKOBBIX YCJIOBUN BBIJABaTh WJCHTHUYHBIE pe3yibTaThl. BocmpousBoau-
MOCTb PE€3YJIbTaTOB OIpPEACNAEeTCS M0 MaKCUMAaJbHOM pPa3HOCTU BBIXOJHBIX
3HAYEHWH JaT4yhKa, MOJYYCHHBIX B ABYX IMKJIaX KanuOpoBku. OOBIYHO OHA
BBIPA)KAETCAd B MPOLIEHTAX OT MAaKCHMMAaJIbHOIO 3HAYEHHUS BXOJHOTO CHUTHAJA.
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[TprunHamMu TI0XOH BOCTIPOM3BOAUMOCTH PE3YJIHTATOB MOTYT OBITH TEIIOBOM
1IyM, MOBEPXHOCTHBIC 3apsibl, INIACTUYHOCTh MAaTEPHUAJIOB U IPyTHE.

Mepmeasa 30na — 3TO HEUYBCTBUTEIBHOCTH JATYMKA B ONPEIEICHHOM
JMana3oHe BXOJIHBIX CHUTHAJIOB. B mpeaenax 3TOM 30HBI BBIXOJHOW CHUTHAI
NAaTYMKA OCTAETCS MPAKTUYECKU MTOCTOSTHHBIM, YaCTO PaBHBIM HYJIIO.

Paspewarowas cnocobnocms — 3T0 BeIMYMHA MUHUMAJIBLHOTO M3MEHE-
HUs BXOJHOTO CHUTHAja, MPUBOJAIIAS K MOSBICHHI0 MUHUMAJIBHOTO M3MEHE-
HUS BBIXOJIHOI'O CHUTHala JaTYMKa TIpPH OMNpPENENICHHBIX yciaoBusax. MHorma
paspemiaroniasi CocOOHOCTh ONPENENAETCS B MPOLEHTAX OT MOJHOM IIKAJIbI
(MakcUMaJIbHOTO 3HAY€HMsI BXOJHOTO cUTrHana). Paspemaromias crnocoOHOCTh
JATYMKOB C HU(PPOBBIMU BBIXOJIHBIMU CUTHAJIAMH YaCTO 3a/1a€TCS YUCIOM OUT
CJIOBa TaHHBIX. Hampumep, B onmrucanuy MOXET ObITh TPUBEICHa HHPOPMAIIHS,
YTO pa3pelIeHHe JaTdyruKa paBHO § OuT. OTCIOa MOKHO MOJYUYUTh JIHOO MOJI-
HBIW JUana3oH BXOJHBIX CUTHAJIOB, JIMOO OIEHUTHh BEIMYMHY MIIQJIIIETO 3Ha-
Yauero paspsiaa.

Buvixoonoii umneodanc Z,,, ABISETCS XapaKTEPUCTUKOW, YKa3bIBAIOILIEH,
HACKOJIBKO JIETKO JAaTYMK COIVIACOBBIBAETCS C TMOCIEAYIOIEW 3JIEKTPOHHOU
cxeMbl. Eclli BBIXOJHBIM CHUTHAJIOM JaT4HKa SBISETCA HANpsDKEHUE, TO CO-
IPOTUBJIEHUE, COOTBETCTBYIOIIEE BHIXOAHOMY UMIIEIJAHCY JaTYMKa, MOJKIIO-
YaloT MapalieIbHO BXOJHOMY CONPOTUBICHUIO (MMIIEIAHCY) SJCKTPOHHOU
cxembl Z,,. Eciin ke BBIXOJIHBIM CUTHAJIOM JaTUYHMKA SIBJISETCS DJIEKTPUUCCKUMA
TOK, TO COITPOTUBJIEHUE, COOTBETCTBYIOIIEE BHIXOJAHOMY UMIIEIAHCY AATYUKA,
MOJKJIIOYAIOT TOCJIEI0BATEILHO BXOJHOMY COINPOTHUBJICHUIO (UMIIEIAHCY)
AIEKTPOHHOM cXeMbl Z,, (puc. 22). OObBIYHO BXOJIHOM U BBIXOJHON MMIIEIaHC
MPEACTABIISIIOT B KOMIUJIEKCHOM BH/JIE, IOCKOJIBKY OHU BKJIIOYAIOT B CEOS U aK-
THUBHBIC U PEAKTUBHBIC KOMIOHEHTHI. /(711 MUHUMU3AIIUN UCKAXKEHUN BBIXOJI-
HOTO CHUTHaJIa JIaTYUK C TOKOBBIM BBIXOJOM JOJKEH HWMETh MaKCUMaJIbHO
BO3MOXHBIN BBIXOJHOM, a €ro uHTepQeiicHas cxeMa — MUHUMAIIbHBIN BXO/-
HOM uMIienanc. B ciydae MOTEHIMATBHOTO COEAMHEHUS (BBIXOAHOW CUTHA
JaTYuKa — HaMpsHKEHUE) JaTYMK JTOJDKEH UMETh HU3KUN BBIXOHOW MMITEIaHC,
a ero uHTepQeicHas cxema — BHICOKUN BXOTHOM.

Curnan Bo30YXKJIEHUS — ITO AJIEKTPUUECKUI CUTHAJ, HEOOXOIMMBIN aK-
TUBHOMY JaTyuKy g paboTbl. OH OMUCHIBAETCS WHTEPBAJIOM 3HAUYCHHM
HaIpPsDKEHUS] WK ToKa. J[JI1 HEKOTOPBIX TUIIOB JATYMKOB TAKKE YKA3bIBAECTCS
4acTOTa CUrHaja BO30YKJIEHUS U €r0 CTa0MIbHOCTh. BhIxoa mapamMeTpoB cur-
Haja BO3OYXICHHS 3a YKa3aHHbBIE MPEETbl MOXKET MPUBECTH K W3MEHEHUIO
nepenaTroyHor (yHKUMMU AaT4MKa, a, CJIEI0BATEIbHO, K MCKAKEHHUIO BBIXO-
HOTO CUTHAaJa.

B cranmoHapHbIX yCIOBUSX AATYMK MOJHOCTHIO ONMUCHIBAETCS CBOEH Te-
penaToyHo (QyHKIMEH, TUama3oHOM H3MEPSIEMbIX 3HAYEHUM, KaIMOpOBOY-
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HBIMH KO3 duienramMmu u T. 1. OAHAKO Ha MPAKTHKE BBIXOJHOW CUTHAI JaT-
YHKa HE BCEra ¢ JOCTaTOYHOM TOYHOCTHIO OTCIICKUBACT U3MEHEHUS BHEIIIHE-
ro curHaia. T. e. 000H JaT4MK 00JNAaTaeT mapaMeTpamu, 3aBUCSIIMMH OT
BPEMEHH, HA3bIBAEMBbIMU JUHAMUYECKUMHU XapakTepucTukamu. Eciam maTamk
MMEET OrpaHMYeHHOE OBICTPOIEHCTBHE, OH MOKET PETUCTPUPOBATH 3HAUCHUS
BEJINYMHBI BHEITHUX BO3/ACHCTBHM, OTIMYHBIC OT PEaJbHBIX B JAHHBI MOMEHT
BpPEMEHHU, MHa4Ye TOBOps, paboTaTh C JAWHAMHYECKOW MOTpemHocThio. Ecnu
OaTYUK BXOJIUT B M3MEPUTENFHYIO CHCTEMY, OOJIA[AloNIyI0 ONpeIeIeHHBIMU
AMHAMUYECKUMHU XapaKTePUCTUKAaMH, BHECEHHE JOTIOIHUTENbHBIX TUHAMMIYC-
CKUX TMOTPEIIHOCTEH MOXKET NMPUBECTH K 3aJIepiKKE OTOOpaKeHUs! peasbHOro
3HAYCHHUs] BHEUTHETO BO3JEHCTBHS, B XYALIEM K€ Cllyyae — K BOSHUKHOBEHHIO
KOJICOAHHI B CICTEME.

AATYUK WHTepdelicHan cxema BETYUK UHTEpChelicHan cxeMa

BX

U Z o @)‘I\s Zgy
l

EElx

a) 0)

Puc. 23. CoenuHenune naTunka ¢ UHTEp(dencHOM cXeMOM: a) JaTYMK C BBIXOJIHBIM
CHUTHAJIOM B BHJIE HANIPSDKEHHS, 0) JaTYUK C TOKOBBIM BBIXOJIOM

B Teopun aBTOMaTH4ECKOIO YIIPABICHUS IPUHATO OIMCHIBATH B3aWMO-
CBSI3b MEXY BXOJaMH U BBIXOJIaMH YCTPOWCTB B BUJIE JIMHEHHBIX TU(depeH-
[UAJIbHBIX YPaBHEHUM C MOCTOSIHHBIMH Ko3(dduuuentamu. [Ipu pemenun Ta-
KUX YPaBHEHHUH MOKHO OIIPEACIIUTh TMHAMUYECKUE XapaKTEPUCTUKHU YCTPOM-
CcTBa. B 3aBHCHMMOCTH OT KOHCTPYKLMI TaTYMKOB YPaBHEHMS, OINHCHIBAIOIINE
UX, MOTYT UMETh pa3Hbli nopsaok. Hanpumep, auddepeHumnanbabie ypaBHe-
HUSL 1nep8o20 NOpsOKa ONHCHIBAIOT MOBEJACHUE JATYMKOB, B COCTAB KOTOPBIX
BXOJUT OAWH SHEPrornpeoOpa3yrolnidi AIEeMEHT (HallpuMep, NaTYUK TeMIiepa-
TYpbl, B KOTOPOM TEIUIOTa Mpeodpasyercs B 3JIEKTpUUECKUil curHai). B kaue-
CTBE JMHAMMYECKUX XAPAKTEPUCTUK TaKUX JATYMKOB OOBIUHO YKA3bIBAIOTCS UX
Yyacmommuovle Xapakmepucmuxu, TOKa3bIBalOIIUe, HACKOJIBKO OBICTPO JATYHK
MOJKET OTpearupoBaTh Ha U3MEHEHHUE BHEUIHETO Bo3aencTBus. s oToOpaxe-
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HUSI OTHOCHUTEIBHOTO YMEHBUIEHHS] BBIXOJHOIO CUTHAalA MPHU YBEIUYEHHUH Ya-
CTOTBI IPUMEHSETCS aMIUIMTYAHO-4aCTOTHAsI XapakrepucTtuka (AYX), rpaHnny-
Hasl 4acTOTa, COOTBETCTBYIOIIASI CHUKEHUIO BBIXOJHOTO CUrHaia Ha 3 ab, mo-
Ka3bIBaIOIIAsl, HA Kakol yactoTe MnpoucxoauT 30% yMEHBbIIEHHE BEIMYMHBI
BBIXO/JHOT'O HAIPSDKEHUS WM TOKA. DTa TPAaHWYHAsI 4YacTOTa Ha3bIBAaeTCs BEPX-
HEM 4acTOTOM cpe3a U CUUTAETCS MPEENIbHOM YacTOTOM paObOoThl JaTUHKa.

YacToTHBIE XapaKTEPUCTUKU HAIPSIMYIO CBSA3aHbI C Oblcmpooeucmsuem
JaTYMKA, KOTOPOE BBIPAXKACTCS B €IMHUIIAX BHEIIHETO BO3JCHCTBHS Ha €IU-
HUIly BpeMeHH. To, Kakhe MMEHHO XapaKTepucTuku, AUX wmnm ObicTponei-
CTBUE, UCHOJIB3YIOTCS JJIsl ONMCAHUs JaT4YMKa, 3aBUCUT OT €r0 TUIla, 00JaCTH
OPUMEHEHUsI U MPEeANOYTEHUH pa3paboT4yMkoB. Jlpyroil cmoco0 omnucaHwus
OBICTPOACHCTBUS COCTOUT B ONPEICICHUN BPEMEHH, TpeOyeMoro Ijsi AOCTHU-
KEHUS BBIXOJHBIM CUTHAJIOM JaT4yHhka ypoBHsS B 90 % OT cTaniMOHapHOro WM
MaKCUMaJbHOTO 3HAUYEHHMsI MPU MOJIaYe Ha €ro BXOJ CTYIEHYATOr0 BHEIIHETO
BozzelcTBus. Ene ogun crnoco0 — onpeeneHue nmocTosTHHOM BPEMEHHU T J1aT-
ynka. Hampumep, B Tepmunax snektpuuecknx Bennund T = CR, tme C -
AIIEKTPOEMKOCTh, R — compoTuBieHne cuctemsl. B TemnoBeix Tepmunax moa C
1 R moHMMaercs TEIIOEMKOCTh U TEIUIOBOE compoTuBieHue. IloctosHHas
BPEMEHU SIBISIETCS MEPOW MHEPTHOCTH Jaryuka. JlJIss CUCTEMBI MEpBOrO II0-
psAIKa BpPEMEHHAsl 3aBUCHMOCTb UMEET BUL:

S=S,(1-et7), (10)
rae Sy — yCTaHOBMBIIICECS 3HAUEHUE BBIXOAHOIO CHrHaa, t — BpeMs. 3aMeHUB
B (10) t Ha 7 mosTyunMm:

S _q_eto 0.6321, (11)

m
T. €. 10 UCTEYCHUH BPEMEHH, PABHOTO IMOCTOSTHHON BPEMEHU T, BXOJHOU CHT-
HaJl CUCTEMBI (JIaT4YMKa) JOCTUTAET YPOBHS, COCTABIAIONIETO O0koyio 63 % oT
YCTaHOBUBILIETOCS 3HaYEHUS. AHAIOTUYHO MOXHO TMOKa3aTh, YTO MO HUCTEYe-
HUU TPeX MOCTOSHHBIX BPEMEHH YPOBEHb BBIXOJHOTO CUTHaja cOCTaBUT 95 %.

Yacmoma cpesa XapakTepu3yeT HAaMMEHbIIYIO WM HauOOJIbLIYIO YacTo-
Ty BHEIIHUX BO3JICHCTBUH, KOTOPYIO JaTYMK MOKET BOCIPHHSTH 0€3 MCKaXKe-
Huil. BepxHsis yacToTa Bpe3a 1MoKa3blBaeT, HACKOJIbKO OBICTPO AATYUK pearu-
pPYyeT Ha BHEITHEE BO3/IEUCTBHE, a HIKHSIS — C KAKUM CaMbIM MEJIJICHHBIM CHT-
HaJIOM OH MOJKET pabdoTaTh.

@Da306biti cO6uUe Ha OTIPEICIICHHON YacTOTE MOKA3bIBAET, HACKOJIBKO BbI-
XOJHOM CUTHAJI OTCTAET OT BHEIIHETrO BO3AcKUCcTBUS. Da30BbIM CABUT U3MEPSI-
eTcst 100 B rpajycax, 1100 B paJliaHax U yKa3bIBaeTCs JJIs JaTYMKOB, pabo-
TAIONINX C MEPUOJNICCKUMHU CUTHAIaMU. ECM JaT4MK BXOJUT B COCTaB W3-
MEPUTEIbHON CUCTEMBI C OOPATHBIMU CBS3SIMU, HEOOXOAMMO 3HATH €ro (azo-
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BBIE€ XaPAKTEPHUCTHKHU, TTOCKOJIBbKY (ha30BBIA CHBHUT JaTYMKA MOXKET CHU3HUTH
3amac 1o ¢ase Bceil CUCTEMBI B II€JIOM U MPUBECTU K BO3SHUKHOBEHHIO HECTa-
OWJIBHOCTH.

Huddepenimanpabie ypaBHEHUS BTOPOTO MOPSAKA OMKUCHIBAIOT IMOBEIEC-
HUE JAaTYUKOB C JABYMS DHEPromnpeoOpasyrolMMHU 3JIeMEeHTaMu (Hampumep,
aKceJIepoMeTp, B COCTAaB KOTOPOTO BXOJUT MHEPTHas Macca U npyxkuHa). Ha
BBIXOJ]aX JIATYMKOB BTOPOTO MOPSAKA MPHU MOAadye Ha MX BXOJbI HEKOTOPOTO
CTYIEHYATOTO BO3JIEHCTBUS MPAKTUUECKH BCET/la BOZHUKAIOT KojeOaHus. Ec-
JM 3T KoJIeOaHUsI KPaTKOBPEMEHHbIE, TATUYUK CUMUTACTCS JeMI(UPOBAHHBIM.
OnHako OHU MOTYT JUTUTHCS MPOJAODKUTENILHOE BpeMs, JIN0O MOCTOSHHO. DTO
ABJISIETCSl MPU3HAKOM HEMPABUIILHOM pabOThI JaTyMKa, MO3TOMY MPOIOJIKHU-
TEIhHBIX KoJIeOaHui HeoOxoaumo n3berath. JIF0OOW TaTYuK BTOPOTO TOPSIKA
XapaKTepU3yeTCsl pPe30HAHCHOU (COOCMBEHHOU) Yacmomot, BbIpaXXaeMOll B
repuax Wiv paguaHax B cekyHay. Ha coOcTBeHHOI yacToTe MPOUCXOIUT 3Ha-
YUTEIHLHOE YBEIMYCHUE 3HAUYCHHUS BBIXOJHOTO cuUrHaja pgaTdyvka. OOBIYHO
MPOU3BOJIUTENIN YKA3hIBAIOT 3HAYECHUE COOCTBEHHOM 4YaCTOTHI JAaTUMKA U €r0
ko3 unmeHT 3aryxanusa (nemndupoBanus). [emnguposanue — 3TO 3HAUYU-
TeJIbHOE CHIDKCHHE WM MOJIaBJICHUE KOJIeOaHUH B JaTUMKaxX BTOPOTO U Oosiee
BBICOKHX MOPAAKOB. OT PE30HAHCHOW YacCTOThI 3aBUCAT MEXAaHUYECKHUE, TEIl-
JIOBBIEC U BJIEKTPUYECKUE CBOMCTBA AETEKTOPOB. OOBIYHO pabOUMii YaCTOTHBIM
JIMana3oH JAaTYMKOB BBHIOMpAETCS JIMOO 3HAYUTEIBHO HIDKE, JIMOO BHIIIE COO-
CTBEHHOM 4acToThl naTuynka (Ha 60 % u 6oree). OqHAKO JIsI HEKOTOPHIX TH-
OB IATYNKOB UMEHHO PE30HAHCHAs YaCTOTa ABJISIETCS pabOUei.

Bpemsa pazoepesa Taxxe SIBASETCS OJHOM M3 TUHAMUYECKUX XapaKTepH-
CTUK JIaTYUKOB. DJTO BpEeMs MEXKIY MOJaueid Ha JaTYUK DJICKTPUUYECKOIO
HaMpsOKEHUST WM CUTHaIa BO30YXKJIEHUSI U MOMEHTOM, KOTrJla 1aTyiK HauuHa-
eT paboTaTh, oOecreunBasi TpeOyeMyr0 TOUHOCTh U3MepeHui. MHorue natdu-
KM 00JIaIal0T HECYILIECTBEHHBIM BPEMEHEM Pa30IrpeBa, OJHAKO HEKOTOPbIE JIe-
TEKTOPbI, 0COOCHHO pabOTaloIINe B YCTPOMCTBAX C KOHTPOJUPYEMOM TeMIie-
patypoii (TepMocTaTax, HampuMmep), AJisl CBOEro pa3orpeBa TpeOyoT BpeMs OT
HECKOJIBKUX CEKYH]I 1O HECKOJIbKUX MUHYT.

JIJisi HEKOTOPBIX JATYMKOB HEOOXOAMMO YKa3bIBaTh CHEYUAIbHblE Xd-
PAKMePUCMUKU 6XOOHBIX CUSHAN08, KAKOBBIMU MOTYT OBITh, HAIIPUMEp, CIEK-
TpaJbHbIE XapAKTEPUCTUKHU JIETEKTOPOB OCBEIICHHOCTH B MpEAeiax ompee-
JICHHOM ONITUYECKOM IOJIOCHI.

Ha xapakTepuCcTHKN JaTYMKOB BIUSIOT U (PAKTOPHI OKPYIKAIOIIEH CPEIbl,
YTO HEOOXOJIUMO YUUTHIBATh KakK MpHU paboTe ¢ JaTYUKaAMU M CUCTEMaMH, Tak
U MIPU X XPAHEHUU U TPAHCHOPTUPOBKE. Ycno6us xpaneHus — COBOKYIHOCTD
npeneNbHbIX 3HaUYeHUN (PaKTOPOB OKpYKAIOIIEH cpeibl, BO3ACHCTBYIOLIUMX Ha
JTaTYUK B TEUCHHUE OIMPENICIICHHOrO0 MPOMEXKYTKa BPEMEHHU, MPU KOTOPBIX HE
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MPOUCXOAUT CYIIECTBEHHOTO HW3MEHEHHUs ero pabodyux XapakTepUCTUK U
obecrieunBaeTcs MOIEp)KaHne ero padoTocrocooHoCcTH. OOBIYHO YCIOBUSIMU
XpaHEHUs YCTaHABJIMBAIOTCS MAaKCHUMaJIbHasi U MUHUMAJIbHAsI TEMIIEPATYPhI
XpaHEHHMs], a TAK)KE MAaKCUMaJlbHasi OTHOCUTEJIbHAS BIAXXHOCTh IIPH ITUX TEM-
neparypax. B 3aBucuMocT oT ¢uznueckoi Mpuposl JaTYMKa MOTYT YKa3bl-
BaTbCSd M JOIMOJHUTENbHBIE YCIOBHS XpaHEHUS — MaKCHMAaJIbHOE JaBJICHHE,
OPUCYTCTBUE WM OTCYTCTBHE HEKOTOPHIX Ta30B WJIM MapoB, HaIpHUMeEp.
Kpamkocpounas u ooneocpounas cmabunvHocms (Opetigh) — XapakKTEPUCTUKH
TOYHOCTH JATYMKOB, OIMHUCHIBAIOIIME H3MEHEHUS padOuYMX XapaKTePUCTHUK
JATYMKOB B TE€UCHHE KOPOTKUX (MUHYTBI, Yachl, THU) UIW JUIMHHBIX (0 He-
CKOJIBKUX JIET) MPOMEXYTKOB BpeMEHH. BBIXOAHOW CHUrHaj AaTyMKa MOKET
YBEJIMUMBATLCA WM YMEHBIIATHCS C TEUEHHEM BPEMEHH, YTO MOXKHO BbIpa-
3UTh Y€pE3 BEIIMYMHY IIyMa CBEPXHU3KOW 4acTOThl. JloarocpoyHas cTaOuiib-
HOCTb 3aBHCHUT OT IIPOLIECCOB CTAPEHUs, KOTOPhIE U3MEHSIOT AJIEKTPUUECKUE,
MEXaHUYeCKHEe, XUMHUUECKHE U TEPMUUYECKHE CBOMCTBAa MaTE€pPUAIIOB, U3 KOTO-
PBIX U3TOTOBJIEH AaTuuK. [{orocpouHas cTabUIBbHOCTD SIBISIETCSI OYEHb BaK-
HOM XapaKTEPUCTUKOMN ISl JATYMKOB, UCIIOIb3YEMBIX /Il BBICOKOTOYHBIX W3-
MepeHuil. CKOpOCTb CTapeHMsI ONPEIEISETCS YCIOBUAMM XPAaHEHUS U JKCILTY-
aTallly, TEM, HACKOJIBKO XOPOIIO 3JEMEHTHI JaTYUKOB MU30JIUPOBAHbI OT BO3-
NEUCTBUI OKPY’)KAIOUIEH Cpebl, KaKUe€ MAaTepHallbl UCIOIb30BAIUCH IIPU UX
U3rOTOBJIEHUU. IHTEHCUBHOE CTapeHUE THUIUYHO ISl JaTYUKOB, B COCTaB KO-
TOPBIX BXOJST OPraHMYECKHE KOMIIOHEHTHI (HalpuMep, SMOKCUIHAS CMOJa).
J1Jist TOBBIIIIEHUST JOJITOBPEMEHHON CTAOMJIBHOCTH JAaTYMKHU TOJIBEPraroT Tep-
MOLIMKJINYHOW 00paboTKe, MOJEIUPYIOLIEH SKCTPEMAIbHBIE YCIOBUS PaOOTHI.
Kpome noBbIIeHNs] CTaOMIBHOCTH XapaKTEPUCTUK JaTuuKa, Takas o0paboTka
MO3BOJISIET OOHAPYKUTh CKPBIThIE TEPEKTHI U MPOU3BECTH OTOPAKOBKY HETO/I-
HBIX ycTpoicTB. HeoOX0auMo OTMETHUTh, UTO B MEPEUCHb YCIOBUN OKpYKa-
IOILEN CpeJibl, BO3IECUCTBYIOIIMUX HAa JATYMK MPU XPAHEHUHU, MPAKTUYECKU HU-
KOI/Ia HEe BXOJST (PU3MYECKUE NapaMeTpbl, U3MepseMble JaTunkaMu. MHorue
U3 MapaMeTpoOB OKPY’KAIOIIEH Cpelibl UMEIOT MYJIbTUILUIMKATUBHYIO MIPUPOLY,
T. €. OHU BIUSIOT Ha NIEPEeNaTOYHYI0 (QYHKIMIO qaTunka. Hampumep, 4yBCTBU-
TE€JIbHOCTh PE3UCTUBHOIO JAaTYMKA HAIMPSIKEHUN YBEIMYHUBAETCA C POCTOM
TEeMIIepaTypbl OKpy»Karomiei cpenbl. O4eHb BaXHBIM TpeOOBAaHUEM TSt CO-
BPEMEHHBIX JIATYMKOB SIBIIICTCS OOCECIeueHne uX CTaOMIIbHOM pabOThI B pas-
HOOOpa3HbIX YCIOBUSX OKpyskaromel cpenbl. [loaToMy He Tonbko pa3paboT-
YUKH, HO TaK¥K€ U KCIIEPUMEHTATOPHI JOJKHBI MAKCUMAIIBHO BO3MOXHO y4H-
THIBaTh BCE BHEIIHUE BO3JCUCTBUS, CIIOCOOHBIC MOBIMATH Ha pabouue xapak-
TEPUCTUKU NaTYUKOB. [laxe eciau mpou3BOAUTENb YCTPOMCTBA HE yKa3all BIIU-
srone (HakTopsl (HampuMep, BO3MOKHOCTh MOSIBJICHUS MMAPA3UTHBIX BBIXO/I-
HBIX CUTHAJIOB MPU BUOpPALIMKM COEAMHUTENbHBIX MTPOBOJIOB WIJIM PE3KOM H3Me-
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HEHUU TEMITEPATypPhl OKPYKAIOIIEH CPEe/Ibl), pa3padOTUMK WA SKCTIEPUMEHTA-
TOP MOJDKHBI TIPOBEPUTH PabOTYy YCTPONCTBA B KOHKPETHBIX YCIOBHSX JKC-
IJTyaTalud, ¥ B CIydae PeabHOTO YXYAIMICHUS Pabodynx XapaKTepUCTUK MPHU-
HATH HEOOXOoauMBbIe Mephl. HampuMep, MOMECTHTh TaTUWK B 3aIUTHBIA KOP-
yC WJIM UCIIOJIB30BATh AJICKTPO- WM TETJIO3AIIUTHBIA SKpaH.

Temnepamypa oxpyaicaiowjeli cpedvl BIUSET Ha pabOUYne XapaKTePUCTH-
KW JaTYUKOB. Paboumii quama3oH Temmneparyp — 3TO UHTEPBAJI OKPY KAFOIIUX
TEMIIEpaTyp, BHYTPH KOTOPOTO JATYMK pabOTaeT C 3aJaHHOW TOYHOCTHIO.
Heob6xomuMo y4uThIBaTh, YTO TIepeaTOUHbIe (DYHKIIUU JTaTYHMKOB CHIBHO 3a-
BUCST OT TEMIIEPATyPhl OKPYKArOIIeH cpeabl. [l CHIKEHUS TeMITepaTypHBIX
MOTPEITHOCTEH B COCTaB CaMHUX JJATYMKOB BCTPAWUBAIOT CIICIIUATbHBIE KOMIICH-
CAITMOHHBIC DJIEMEHTHI, JINOO BKIIFOYAIOT KOMITCHCAIIMOHHBIE CXEMBI B CXEMBI
npeoOpazoBaresield CUTHAJIOB OT JaTYHKOB.

[TorpentHOCTh caMOpa3oTpeBa MOSBISACTCS B JaTUYMKaX, HATPEBAFOIIMXCS
OT CHWTHajia BO30YXKJICHHUS HACTOJBKO, YTO ATO HAYMHACT BJIHATH HA €ro TOY-
HOCTHBIE XapaKTEPUCTUKHU. DTO OCOOEHHO CYIIECTBEHHO NMpU paboTe TepMo-
naTankoB. CTEMeHb caMopa3orpeBa JaTYMKaA 3aBUCHUT OT €ro KOHCTPYKIIHOH-
HBIX OCOOCHHOCTEH U OT YCJIOBHH OKpy»Karomien cpenasl. Camopa3orpeB nat-
YMKa MPUBOJUT K MOSBICHUIO OMIUOOK MPU U3MEPEHUU Temneparypbl. Cambii
CUWJIBHBIA CaMOpPa30rpeB JAaTYMKOB HAOJIOMAETCS B CPE/Ie CTOSIYETO BO3/yXa.
JIJIst OLIEHKM TOTPEIIHOCTH CaMOopa3orpeBa pa3pabOTUYMKaMU HUCIOJIb3YETCs
cienyromas popmyna:

2
T = v :
(pVc+a)-R

r7ie p — IUIOTHOCTh MAcChl JaT4MKa, ¢ — yJeIbHasl TEIIOEMKOCTh, V — 00beM
JaT4YAKA, 0L — KOAPGUIIUESHT TETIOTPOBOAHOCTH, OTIMCHIBAIOIITNI B3aUMOCBSI3h
JaT4MKa C BHEIIHEW cpefioi, R — sieKkTpudeckoe COMpOTHBICHUE IaTYMKa,
U — sddextuBHOE HampsikeHue Ha compoTuBiieHud. M3 mpuBeneHHOM (op-
MyMBbI BHJIHO, YTO JUISi YMEHBIIIEHUS TMOTPEITHOCTH camopa3orpeBa HEoO0Xo-
JTUMO YBEITUYMBATh KOAQUIIMEHT o, T. €. 00ecrieunBaTh TIOTHBIM KOHTAKT
JaTYAKaA ¢ OOBEKTOM M3MEPEHHUH MPH OJHOBPEMEHHOM YBEIMYCHHUH TUTOIIAIH
KOHTAaKTa, /I 9eT0 MOYKHO MPUMEHSTH TETUIOMPOBOIHBIC CMA30YHBIC WITH a/l-
re3roHHBIe BemiecTBa. Kpome Toro, mpeamnoyTuTeIbHee UCIOJIb30BaTh BHICO-
KOPE3UCTUBHbBIC JATYUKHU U TATYUKH C HU3KUM pabOYUM HANPsHKCHUEM.

Haoeoxcnocms — 5TO CHOCOOHOCTH JIaTYMKA BBITIOJHATH TpeOyeMblie
GyHKIIUM TpU COOIOJICHUU OMPENENIEHHBIX YCIOBUN B TEUYCHHE 3aJIaHHOTO
MIPOMEKYTKa BpEeMEHHU. B CTaTHCTHUECKMX TEPMHHAX 3TO BEPOSTHOCTH TOTO,
YTO YCTPOMCTBO OyJeT paboTaTh O€3 MOJOMOK B TEUCHUE YKAa3aHHOTO MPOMe-
KyTKa BPEMEHHU WM 33JJaHHOTO KOJIMYECTBA NMUKIOB. OOIIENPUHATHIE CTIOCO-
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OBl M3MEpPEHUsT HAJIEKHOCTH OTCYTCTBYIOT, TIO3TOMY IPOU3BOAMTENN OYEHB
PEIKO YKa3bIBAIOT €€ B MIEPEUHE XapaKTePUCTUK JaTUYMKOB.

JIJ1st BO3MOKHOCTH TIPUMEHEHHS TaTYUKOB B PA3IMYHBIX 00JIACTIX BaXK-
HBIMHU MOTYT OBITh U TaKHE XapaKTEPUCTUKH JaTUNKOB, KaK 8eC, KOHCMPYKYUSL,
eabapumol. Ecnu 171 1aTYMKOB TJIABHBIMU MMapaMeTpaMu SIBISIOTCS TOYHOCTb
Y HAJEKHOCTh, TaKasl XapaKTEPUCTUKA, KAaK CMOUMOCHb, HE UTPAET BEAYLIEH
ponu. Ecnu ycTpoiicTBa mpeiHa3HA4YeHbl MJIi CHCTEM KHU3HEOOECIICUEHHS,
00OPOHHBIX KOMILIEKCOB, KOCMUYECKHX KOopaOJiel, MX BBICOKAs CTOMMOCTb
OfpaBliaHa MPEAbSIBISIEMbBIMU TPEOOBAHUSMU IO TOYHOCTH M HAJIEAKHOCTH.
CymiecTByeT UeNbld psii APYTHX oOJacTel MpUMEHEHUs JAaTYMKOB, TIIe HX
CTOMMOCTb SIBJISIETCS OCHOBOIOJATAOIEH.

B o6miem ciygae, mepen TeM Kak MPUCTYIUTh K pa3pabOTKe WIIH BEIOOPY
JETEKTOpa (aTymka), HEOOXOAMMO OTBETHTHh Ha P BOMPOCOB, HAIPUMED,
(1401117178

e BenuuuHa U TUI U3MEPSAEMbIX BETUYUH

e TpebyeMas TOYHOCTb U pa3perniaroiiasi ClocOOHOCTh

e Marepuan, U3 KOTOPOTO M3TOTOBJICH, WM COCTOUT OOBEKT (MeTall,
IJ1aCTMAcCCa, )KUJIKOCTh, (DeppOMarHeTuK, OMOIOruyecKasl TKaHb U Ip.)
Jlnarna3oH u3MepeHuin
VYcnoBust OKpy»KaroIieil cpeibl, B KOTOPBIX TOJHKEH paboTaTh JaTuYnK
[ToTpebnsieMas MOIITHOCTD JTATYMKA
Pa3mMep npocTpaHcTBa, OTBEICHHBIN O]l MOHTAX JaTYUKA
Cpok cityk0bl 1aTurKa

e Konu4ecTBO NaT4MKOB, KOTOpPOE HEOOXOAUMO H3TOTOBUTH U CTOM-
MOCTB OJIHOT'O YCTPOMCTBA
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