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UCCIEJOBAHUE UDJIEKTPUYECKOI'O I'HCTEPE3UCA
B CEI'HETOQJIEKTPUKAX

Heab padOTbl - wu3yucHWe SBJICHHS JUDJIEKTPHYECKOTO THMCTEPE3HCA,
OIpEECIICHNE IMapaMETPOB MPEACIbHON METIM TUCTEPE3Uca M HUX 3aBUCUMOCTU OT
TEMIIEPATYPHI.

OCHOBHBIE ITOHATHUA U COOTHOILUEHUA

SIBneHue IHUAIEKTPUYECKOIO THCTEPE3UCa B CErHETOMIEKTPUKAX COCTOUT B TOM,
YTO B 3THX MaTepuaiax MpPH OINPEIEIICHHBIX TEMIIEPATYpax TaKWE BEIMYMHBI. Kak
nossipu3anus P, TOJHBIA 3JIEKTPUYECKHMI MOMEHT P oOpasla U 3JIEKTpUYecKas
uHAyKuus D sgBnsioTcs  HEONHO3HAUHBIMU — (QYHKIUSIMH  HANpsHKEHHOCTHU

QJICKTPHUICCKOI'O ITI0JIA E v 3aBUCAT OT MMpCABICTOPHUH U3MCHCHHUA IIOJIA B O6p33].1€. HpI/I
OUKIIMYCCKOM HM3MCHCHHMHW  BCIMYMHBI HAIIPSAKCHHOCTH  ITOJIA E I’pﬁ(l)H‘I@CKO@

n300pakeHue 3aBUCUMOCTH BeianuuH P, p, D oT E uMeeT BUJA METIM, Ha3bIBAEMOMN
NETJIEN TUIIEKTPUYECKOTO TUCTEPE3UCA.

B naHHOM 3ajmade SBICHUE HUDJICKTPUYECKOIO THUCTEPE3HCa H3Yy4daeTcs Ha
IpUMEpe TUCTEPE3UCHOM  3aBUCHUMOCTH  dJeKTpudyeckod wuHAaykuum D or

HaIPSKEHHOCTH D3JIEKTPUYECKOro Toyis E B CErHETO3JIEKTPUUYECKOM KpHUCTAILIe
TpurauuuHceynb@ata (cokpaumeHHo 77°C), B KOTOPOM MMEETCS €JUHCTBEHHAs] TOYKa
Kropu T = 49 °C. [Ins uccneqoBaHus UCIOJIB3YETCs KPUCTAIUIMYECKUN oOpaszel B
BH/JI€ TUTACTUHKH, BbIpe3aHHOM M3 Kpuctamia 77 C nepneHauKyJIIpHO HAIIPaBJIEHUIO, B
KOTOPOM BO3HUKAeT CIOHTaHHOM MOJspHU3allUd IMpH Temreparypax Huxke 1, Ha
IIMPOKHUE MOBEPXHOCTH ITACTUHKY HAHECEHBI METANTMYECKUE OOKIIAKU, 00pa3yoIne
IIJIOCKUI
A - _ KOHJIEHCATOp |
l NIO3BOJISIOIINE
C R, npu nomaue nHa
~22063 | §° — o i
—0 EPEMEHHOTO
C, LE, Li HE HaIpPsDKCHUS
- + T co3/7aBaTh B
obpasiie
nepeMeHHOoe

Puc.I

>IeKTpUuYecKoe Toje ¢ HampsbkeHHocThlo E = Ula, tne d - tommuna o6Gpasua. B
KaueCTBE MEPEMEHHOTO HANPSIKEHUsSI B 3a]]aUe MCIOJIb3YeTCs HAMPSIKEHUE ¢ 4aCTOTOM
ropoackoii cetu (f = 50 I'y).

Jns  HaOMroAeHWS METIM  JURJEKTPUYECKOIO0 THUCTEpPE3Uca HCIOJIb3yeTCs
ocrmuiorpad, Ha TOPU3OHTAIBHO OTKJIOHSIONIME TIJIACTUHBI KOTOPOTO MOJAETCS
HanpspkeHue U,, mponopiuoHaibHOE HAMPSHKEHHOCTU B3JeKTpudeckoro mnosst E B
KpPHCTaJUle, & Ha BEPTUKAIBHO OTKJIOHSBIIME IUIACTHHBI - HanpsokeHue Uy,
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MPOMOPLHMOHANBHOE dJeKTpuueckoi uHAykuuu D. Ha skpane ocummiorpaga B
COOTBETCTBYIOIIEM MaciuTtabe OyneT Mpu ATOM BOCHPOU3BOIUTHCS H300pakeHHE
NeTJIM TUCTEpe3nca, KOTOPOE AJIEKTPOHHBIM Jyd mpoberaer ¢ yactotod 50 [y B
CEKyHIY.

[IpunnunuaneHas cxema nogydenus HampsbkeHud U, u U, mpeacraBieHa Ha
puc. 1. B atoit cxeme konaencatop C,, 00pa30BaHHbBIN METAIUTMYECKUMHU OOKIIaIKaMu,
HAHECEHHBIMA Ha oOpasel], MOJIKIIOYAeTCd K MCTOYHHMKY MEPEMEHHOTO HANpsDKEHUS U
TIOCJI/IOBATEIIHHO € OMOPHBIM KoHjieHcaTtopoM C, 6osbimon emkoctr Cy. C, ( Co = 0,1 mx®).
[lpu Takom coeauHenun koHaeHcatopbl Cx U Cp B JIOO0OW MOMEHT BPEMEHU HMEIOT
OJTMHAKOBBIA 3apsi/l, KOTOPBIA MOKHO OIPEIEIUTH TI0 (hopMyIie

Q=Cy,
rac C= CKCO/(CK + CO ) (1)

CMKOCTDB ITOCICIOBATCIIbHOTO COCAMHCHUA KOHACHCATOPOB CK )51 Co. B pe3yiabTaTe
HAIIPs’KCHHUEC Ha KOHACHCATOPC CK IIPUHUMACT BU.

UK = Q/CK:[CO/(CK + CO)] U=~U (2)

M, CIJIEIOBAaTEIbHO, HAIPSIKEHHOCTh OJJIEKTPUYECKOro mnojii E B KpHUCTaJLIe
OKa3bIBAETCS MPOMOPLIMOHATILHON HanpsbkeHuto Uy Ha conpoTuBieHuu Rj:

E=UJd 2U/d = (Ry + Rp)Uy/R,d . @3)

Jlamee 3ameTuM, 4YTO diIeKTpudeckas wHAyknws D moms B koHmeHcatope C,,

coaepxkaiiem obpasen], paBHa D = gE’, rne E’ - snexrpuueckoe mojue, KkoTopoe
CO371aBajioch Obl B 9TOM KOHJIEHCATOpPE TeM >Ke 3apsgoM Q Ha oOKiagkax, HO B

OTCYTCTBUH KpUCTAJLJIA. Tor):[a MOXXHO HaImucaTtb

D = gE’= 0/ = C,U,/S, (4)

rae S - wiomanas ookiIanok kouaencaropa C,. CiemoBareiabHO, dJIEKTpUUECKas
WHAYKIUS B KpucTauie D oka3piBaeTCs MpomopLUOHANBHOW Hampspkenutro U, Ha
koHzaeHcarope Co.

dopma memM THCTEpe3uca, HabOiromaemas Ha DJKpaHe ocipuiorpada, W ee
nmapaMeTphl - KOJPIUMTUBHAS CHJIAa M OCTaTOYHAsl DJEKTPUYECKass WHIYKIIUS
(coBmagaromiasi MO BEIMYMHE C OCTATOYHON TMONAPU3AIME B COOTBETCTBUU C

bopmysori D = &E + P) - 3aBucat oT Temmeparypbl 00pasiia, MOCKOJBKY OT
TEMIEPAaTypbl  3aBUCUT  BEJIMYMHA  BO3HUKAWOIIEH B  HEM  CIOHTaHHOM
(camompou3BOJIbHOM) moisipu3au. Jns u3ydeHus TemiepaTypHOH 3aBUCUMOCTH
(GopMbI U MapaMeTpoOB METIU rucrepesrca kouaencarop C,, coaepxkamuid odpasell,
MOMEIIAeTCSl BHYTPh HAarpeBaTeNbHOW KATYIIKH, MPH MPOMYyCKAaHWW TOKa depes
KOTOPYIO BBIJENSIETCS DKOYJIEBO TEIJIO, MPUBOJSIIEE K YBEIWYCHHUIO TEMIIEPATyphl
oOpa3iia.

Jlis KOHTpOJs 3a TemrepaTypoil oOpasla psiioM C HUM BHYTPHU HarpeBaTtess

(HarpeBaTeNbHOM KaTYIIKH) MOMEUIAETCS TEPMUCTOP - MOJTYNPOBOAHUKOBBIN MTPUOOP,
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COIIPOTUBJICHUE KOTOPOTO M3MEHAETCS II0 M3BECTHOMY 3aKOHY IIPU YBEIMYECHUU
TeMrieparypsl. lloaknrogas TEpMUCTOP K UCTOYHUKY 3.4.C. U U3MEPSIA MPOTEKAIOIINN
4yepe3 HEro TOK, MOYKHO OIIPEAECIUTb COIPOTUBIECHHUE TEPMHUCTOPA, a 3HAYUT, U
TeMIIepaTypy o0pa3la B JaHHbII MOMEHT BPEMEHH.

OIMMCAHUE SKCIHEPUMEHTAJIBHOM YCTAHOBKHU

bnok-cxeMa ycTaHOBKHM ISl U3YYECHHS SBJICHUS JUAJICKTPUUECKOrO THCTEpe3nca
IPUBE/ICHA HA PUC. 2 U COCTOUT U3 CIEAYIOIIUX OCHOBHBIX YacTeH :

1.Hacpesamenvrnoe ycmpoucmeo - SIEMEHT YCTaHOBKH, BHYTPU KOTOPOTO
pa3MenieHsl 0OMOTKA HarpeBartesis, UCCIEAyEeMbIil 00pa3el] U TEPMUCTOP, CITyKaIUN
JUI1 U3MEPEHUS TEMITEPATypPhI.

2.1 ucmepesuoecpagp - npubop, comepKalMi BCE OJEMEHTHI  CXEMBI
dopmupoBanus HanpsokeHuit U, m U,, cxeMbl U3MepeHusi TeMIepaTypbl U CXEMBbI
HarpeBaressl, He BOIIEIINE B HATPEBATEIbHOE YCTPONUCTBO.

3.0cyunnocpag - nias HaGMOAEHUS METIIN AUIIEKTPUYECKOTO THCTEPE3HUCA.

Bun HarpeBaTenbHOro ycTpoiicTBa ( B pa3pese) mpeicTaBieH Ha puc. 3.

HarpeBoregpsice r ! Ocuus
yeipoderbo ucTepeJuozolp U yuaagipap
d

PUC. 2

O6pa3ern (uccienyeMblil KpUCTaUT ¢ HAHECEHHBIMU METaJUTMUYECKUMU OOKJIaKaMU )
1 u TepMucTOp 2 pacnoyiokKeHbl B KaMepe 3, 3aKphIBaIOIENcs cBEpXy KphIiikoit 4. [1o
MEPUMETPY KaMepbl 3 MPOXOJIUT 0OMOTKA HarpeBares 5, MpH BKIIFOUCHUH TOKa Yepe3
KOTOPYIO TeMIlepaTypa B KaMepe MOXET H3MEHSATHCS OT KOMHATHOHM 10 TPHUMEPHO
60°C. Kamepa 3 3amiuiieHa OT OKPYXKaOIIeH CPe/Ibl TEIUIOM30INPYIOLIIM CTAKAHOM 6
u3

BHEN

o

150 «2 O'r{ 250

100+ 300

29+ 350
HH‘.J'I 0" ‘Loo BEA BHI

can 1? E? & @ R

TEPMOMETP MOOIPER

Fuc.3 Puc. 4

neHoruiacta. Ha mojacraBke TepMocTaTa UMEETCsl JIEKTPUUECKUN pa3beM [ C Tpems

rmapamMu BBIBOJIOB, KOTOPBIE CIIyKaT ISl MOJKIoUeHust oopasna 1, repmuctopa 2 u
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HarpeBatesns 5 k rucrepesuorpady.

[Nepennss manens ructepesnorpada cxeMaTniecku n300paxeHa Ha puc. 4.

TymOnepsl Ha iepeAHel maHeNu rucTepe3norpada UMEIOT CISAyIOIIee Ha3HAYCHHE:

1) Tym6nep CETD ciy»XuT [y BKITFOUESHIS TPUOOpA B CETh;

2).tymonep KPUCTAJUI Brmouaer cxemy ¢opmupoBanust Hanpspkernmid U, u U,
MPOTIOPIMOHATBHBIX HAIMPSLKEHHOCTH AMIEKTPUYECKOTO TIONST U JIEKTPUYECKOM MHAYKIMH B
obpastie (ko4 K B cxeme Ha puc. |);

3) tymbnep TEPMOMETP BKITFO4YaeT TOK depe3 0OOMOTKY HarpeBatess S (M. puc. 3).

Ilepexmouarens nepeMeHHOro HampsbkeHusi 0+400 B, pacnionoXeHHbId Ha TiEpeTHEN
MIaHeNH CIIEBA, CIYXKUT I BhIOOpa BeNMUMHBI HarpspkeHust U 1 mozaun ero Ha oOpasell B
cxeme opmupoBanust Hanpsprernit U, u U, (mepexsmouarers /7B cxeme Ha puc. 1).

Boner™meTp V, pacronokeHHbIH Hajl IepeKimodaresieM (BoibTMeTp V B cxeme Ha puc. 1),
CIY>KUT JJIS OIpENENICHUs] TOYHOTro 3Ha4yeHus HanpspkeHust U B BOJIBTaX B KaXIOM U3
nonoxennid nepexmoyarend. C kieMm X u ) cHuMarorcs Hampsbkenus Uy, m Uy Ha
TOPU30HTAILHO U BEPTUKAJIBLHO OTKJIOHSIOIIUE IIACTUHBI ocimiorpada.

B npaBoii yactu nepeaHeit naHenu rucrepe3uorpada pacroyioxkeH MUKpOaMIIEpMETP
LA, KOTOpBIit BKITFOYEH B IIEITh TEPMUCTOPA U TIPEIHASHAYCH JUISl OTCUETA TEMIIEPATYPBL
['pagynpoBoyHasi KpuBas MIKaJIbl MUKPOAMIIEPMETpA, T.€. TpapUK 3aBUCUMOCTH TOKa
Yyepe3 MUKpPOaMIIEpMETP OT TeMIIepaTyphbl, IOMEIICHA Ha CTOJIE PSIIOM C YCTAaHOBKOM.

Jliis HaOroieHMs eTIIM THCTepe3nca ucroib3yercs ocimuiorpad C1-72.

IHHOPAAOK BBIITIOJIHEHUSA 3AJJAYU

BrioyeHue 3KCIEPUMEHTAJIbHOM YCTAHOBKH U NMOATOTOBKA €€ K
padore

1.ConocTraBbTe IKCNIEPUMEHTAJIBLHYI0 YCTAHOBKY € 0JIOK-CXeMOI,

IIPUBEICHHON Ha puc. 2. Haliaure B yCTaHOBKE HArpeBaTeIbHOE YCTPOMCTBO U
rucrepesrorpad, 03HakOMbTEChH C MEPEAHEN MaHeIbIo MpHOopa.

2. Bkiroyenue ocuuiiorpaga

Ilepen BxmoueHueMm mpuOopa B CETh YCTAHOBHUTE OpraHbl yNpaBICHHS JIy4OM B
clefyronie monoxenus: pyuku O , * | L , < B cpemHee IOIOXKEHHE;
CTABHUJIBHOCTHh - 6 KpauHee npasoe  NOAOMCEHUE,  Nepexnodamend
BOJIBT//IEJIEH. - B mnonoxenue 1; kHonky BXO/ X - Haxmute, KHOnky [l
OTOXMHTE. 3aTeM, MPOBEPHUB, YTO IIHYP MUTAHUs OCIMIIIOrpada MOAKIIOUEH K CEeTH
~ 220 B, tymbnepom CETH Bxmounte mpubop. Ilpu sToM momkHa 3aroperbes
CUTHaJIbHAs Jammouka. Yepe3 2-3 MHUHYTHI, €CIM HEOOXOAUMO, OTPETYIUPYHTE
APKOCTh M (OKYCHUPOBKY BO3HHUKIIEH Ha 3KpaHe OocHuiuiorpada CBETALICHCS TOUKU

pyakamu * m © . Ecom nmyd Ha skpaHe ocumwmiorpada He BHICH Jaxe IIpHU
MaKCUMAIIbHOM SIPKOCTH, MPH MOMOIIH Pyu4ek [ H <> TEpPEeMECTHTE ero B Mpe/ebl
paboueii 4acTu 3KpaHa.



3. Bkirouenue rucrepesuorpaga

[lepen BrmroueHueMm ructepesuorpaga B CeTh yCTaHOBUTE TyMOJIEpHI
1IO/[OI'PEB, KPUCTAJI/I, TEPMOMETP na ero mnepeaHeil MaHENIW B MOJIOKEHUE
BABIKJI. 3atem, mpoBepUB, UYTO HIHYp NMUTAHUS TUCTepe3norpada MOAKIOYEH K CeTH
~ 220 B, Bxmounte npudop tymoaepom CEThH. Ilpu satom okono tymoOnepa CETH Ha
npudope T0JHKHA 3aropeThesl KpacHasi CUTHAJIbHAS JITAMITOUKa.

4. VYcranoBute mnepekiarodarens Hanpsbkernid 0400 B Ha mepemHeil maHenu
ructepesuorpada B nojoxenue 400 B u tymbnepom KPUCTAJIJI BKIIIOUUTE CXEMY
dopmupoBanust Hanpsoxkennit U, uw U, , NOpomopuuoHAIBHBIX HANPSKEHHOCTH
anekTpuyeckoro nonst E m snextpudeckod uHaykumu D B oOpasue. Ilpu atom Ha
sKpaHe ocuuiorpada AO0KHO TOSBUThCS H300pakeHue memm rucrepesuca. C
HIOMOIIBIO pydek ociiuiorpadga <> U J  YCTAHOBUTE M300PKCHHE TISTIIU THCTEPE3kca
B IIGHTPE OHKpaHa »3JIEKTPOHHO-IyYeBOM TPYOKHM M OTPEryIHpYUTe SIPKOCTH M (HOKYC
M300paKeHns (C IOMOIIBIO pydek ~ 1 O ).

5. YcraHoBure niepexmodarens BPEMA/JE/IEH, Ha niepenHel maHeM ocipuuiorpada B

Takoe nosiokerre (Harpumep 0,2 1S wm 05 £4'S), U KOTOPOM TETIIS TUCTEPE3nca Ha IKPaHe
ocruiorpada CTaHOBUTCSI HarOoiee yI00HOM /115t HAOIOCHHSL.

6. Onpenenmvite Temrepatypy oopasiia B TEpMOCTaTe B MOMEHT BKIIFOUEHUSI YCTaHOBKU. C
ATOM LENBIO BKITFOUUTE CXEMY MBMEPEHHS TEMIIEpaTypbl C HOMOLLBIO TyMOnepa TEPMOMETP n

CHUMWTE TOKa3aHWe MUKpoamrepMerpa (A Ha mepemHell nadenm rucrepesvorpada; 1o

TPayMpPOBOYHOMY TpadHKy, HAXOIAIIEMyCsl Ha CTOJE PSIZIOM C YCTAaHOBKOM, OIpPEICITITE
TEeMIIepaTypy | 3aIUILHTE e¢ 3HAYCHUES B TCTPA/Tb.

Ynpaxknenue 1
OIPEJEJEHUE TAPAMETPOB ITPEJEJbHON MNETJIU
JAUDJIEKTPUYECKOI'O I'MCTEPE3HUCA

1. VYcranoBure mnepekmodarenh HanpspkeHuit 0400 B Ha mepenHell maHend
ructepesrorpada mocnenoparesbHo B nooxkenns 0, 50, 100,..., 400 B w npocnenute, Kak mpy
ATOM MeHsieTest (hpopmMa TIeTIH THCTEpe3nca Ha dKpaHe ociuiorpada. Yoemurech, 4to Tpu
MOCTICMIHNX TICPEKIFOUCHISIX - IUIOMIAIb TETIA THUCTepe3Uca TPAKTHYSCKH  ITePecTacT
YBEJIMUMBATHCS: HA DKpaHe OCIuiorpada HaurHaeT HaOMFOAThCS TaK Ha3bIBaeMas MpeJiesibHas
TICT/ISI THCTEPE3HICa, XapaKTEPHBYIOIIASICS TEM, YTO MAKCHMATIBHOE JIOCTHIaeMoe B Held 3HAYCHHC
TIOJISIPY3AIIN B 0OpasIie COBIIAIACT ¢ BEJIMUMHON €r0 CIIOHTAHHOW ToJisipr3alii. CXeMaTuiecKu
3apUCYyITE B TeTpaIb Ha OHOM YepTeke (DopMy TIeTeSIb THCTePE3UCa, OTBEUAFOIHX TTOJIOKEHHUSIM
niepexodarestst Hanpsprerwii 100, 200 u 400 B.

Jlaree BO BCeX MyHKTaX JAHHOTO YIPKHEHHS U B YIIP. 2 Oy/IyT KCCIICI0BATECS TIapaMeTphI
TMPENIENIBHON TIETIM TUCTEPE3UCA, TS YETO TIEPEKITIOYATEIh HAMPSLDKEHUM CIIETYET YCTAHOBUTH B
niosoxenny 400 B.

2. Ormpenenure amIUMTYTHOE 3HAYEHUE MEPEMEHHOIO HAIpPSDKEHMs, T0JaBaeMOro Ha
o0pasel] B MOJIOKEHUH TiepeKITrouaresist Hanpsbrenuii 400 B,

1o opmyre



U():U'\/E,

rie U - neiictByroiniee (3¢ heKTUBHOE) 3HAaUEHUE ITOTO HAIPSHKEHUS. TouHOe 3HaUeHUE
BenMuuHbl U B TAHHOM TIOJIOXKEHUH TIEPEKITI0UaTelisi ONpe/IeNiTe 1o TIOKa3aHUIO BOJIBTMETpa
ructepesuorpada.
3. Onpenenute MakCUMalbHOE 3HAYCHHE HAIPSHKEHHOCTH AJIEKTPUYECKOTO TS B
00pa3sIie Ky, OTBEUAOIIEE KOHIAM ITETITH THCTEpe3ca, TIo hopMyrie

Emax = U/d, 5)

rae d - Tommuua oOpasia (d = 0,5 mm).
4. OnpenenuTe MaKCUMaIbHOE 3HAYCHHE AJICKTPUYECKON WHIYKIMH B 0Opasie
Drax, OTBEUarolee KOHIaM IeTIu THCTepe3uca, o popmyiie

Dmax = CO(Uy)max IS = COYmaxﬂ’/28 ; (6)

rae Cp - emkocTh omopHoro konjaeHcaropa (Co = 0./ mx®), Ymax - TOIHAS
IPOTSHKEHHOCTh TETJIM 10 BEPTUKAIM, BEIpAXKEHHAs! B OOJIBIINUX JIETEHUAX IIKAIbl Ha
sKpaHe ocuuuiorpada, J» - YyBCTBUTEIBHOCTh oOcCIiorpaga mno ocu VY,
ompenenseMas nojioxkeHueM nepexmouarens BOJIBT//[EJIEH ocuwinorpadga U B
MOJIOKEHNH 1 3TOro mepekiouaTeNss uUMeromas 3Hauenue Y = 1 B/oenenue, S -
momaas o0kmanok kouaencaropa C,, S = 9 M, JItst onipeieNIeHus] BEITMYUHBI Yy
yI0OHO OTKJIIOYMTH BXOJ ocuuiuiorpada oT KieMM X rucrepesuorpada, mpexpaias
TEM CaMbIM MOJa4y HaMpsHKEHUS W HAa TOPU30HTAIBHO OTKIIOHSIONINE TUIACTHHBI
ocimiorpada; B pe3ylbTaTe Ha DJKpaHE »JJICKTPOHHO-Ty4eBOW TPyOKH OyaeT
HAOIIOIaThCSl BEPTUKAJIbHAS JIMHUA, JUIMHA KOTOPOW paBHA MPOTSKEHHOCTH METIH
rucTepes3ruca Mo BEPTUKAIM M JIETKO MOXKeT ObIThb u3MepeHa. Ilocne usmepenus
BETMUUHBI Y. JJII BOCCTAHOBJICHHS M300pa)K€HUs METIW THUCTepe3nca Ha IKpaHe
JOCTaTOYHO BHOBb MOAaTh HampsbkeHue U, ¢ kiaemMm X rucrepesuorpada Ha
TOPU30HTAILHO OTKJIOHSIOIIHNE MIACTUHBI ocuuiutorpada.

5. Onpenenute 3HaYCHUE AUIEKTPUUYECKON mpoHHIaeMoctu B kpuctaie 17C
MIPU HAIPSHKEHHOCTH JIEKTPUYECKOTO MO B HeM E = Eq 1o popMmynie

&= Dmax/ €Emax » (7)

e & = 8.85 10" @/M. B xauectse 3uauennii Eqgy 1 Dyay UCTIONTb3YUTE 3HAUCHHUS
ATUX BEJIMYMH, HAWJCHHBIE B 11. 3, 4 JAHHOTO YIPayKHEHUSL.

6. Bbluncnure BenMUMHY KOIpUMTHBHOM cuibl E. B kpuctaiuie 77C (tipu
TeMIieparype, Mpu KOTOPOM B JaHHBI MOMEHT HaxOmWTCs oOpasell U KoTopas Obiia
oTpeiesieHa BhIIIIe), 110 (hopMmysie:

Ec = (Xe/Ximax) Emax (8)

A€ Xmax ¥ Xc, COOTBETCTBEHHO, IOJIHASI MPOTSHKEHHOCTh METIW THCTEPE3uca Io
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TOPU30HTANIM U €€ IIMPUHA, BEIpAKEHHbIE B (OOJBIINX) JEICHUSIX IIKAJIbI HA dKpaHe
ocumiuiorpada. st onpenencHus BETMUYUHBI X, CIEAYET C MOMOIIBIO pydek <>, J

yIpaBJICHUs JTy4OM ocUuiUIorpada pacrmonokuTh HEHTP NETIU TMCTepe3rca B Havaie
KOOpJMHAT MacIITaOHOM IIKaJbl HAa JKpaHe ocuuwuiorpada M ONpeNeiauTb UIUHY

OTpe3Ka, OTCEKaeMOro IeTJIeH Ha OCH X, B OOJBIIMX JCICHUSX IIKaibl. J[is

OTIPEICIICHUSI BEIUUUHBI Xpax YI0OOHO OTKJIIOYUTH BXOJ ocumuiorpada ot kiemm Y
ructepesnorpada, mpekpamias TeM CaMbIM IMOJady HaAIMpsOHKEHUS W HAa BEPTHKAILHO
OTKJIOHSIIOIIIME TUTACTUHBI  ocHwuiorpada; B pe3yjbTrare Ha DdKpaHe Oyner
HaOII01aThCsl TOPU3OHTANIbHAS MOJIOCKA, JUIMHA KOTOPOW paBHA MPOTIKEHHOCTH
NeTJAU THUCTEepe3uca IO TOPU3OHTAIM M JIETKO MOXeT ObITh u3MmepeHa. [locie
M3MEPEHUS BETUYUHBI Xmayx 711 BOCCTAHOBJICHUS U300paKeHUS METIIM TUCTEpEe3uca Ha
’KpaHe ocuuiorpada JI0CTaTOYHO BHOBb I0JaTh HanpsbkeHue U, ¢ xiaemm Y Ha
BEPTUKAJIbHO OTKJIOHSIOUIME IUIACTUHBI ocumuiorpada. Benuunna Ena B dhopmysie
(8) ObLa ompeseseHa B 1. 3 JaHHOTO YIPaKHEHUSL.
7. OmnpenenuTe BEIUYMHY CIOHTAaHHOW moispu3auuu kpucramwia 17C (npu
TeMIlepaType, KOTOPYIO B JaHHBIII MOMEHT UMEET oOpaselr), o hopmyiie
Ps = Dmax = &Emax 9)
r€ BENUYUHbl Ema U Dpax Onipenenensl Boilie B myHkTax 3 u 4. JIerko BUIETS,
YTO €CJIM TUDJICKTPpUUECKasi MPOHUIIAEMOCTh
&= Dmax/ €0Emax (10)
MIPY HAMPSHKEHHOCTHU JIEKTPUYECKOTO0 MOJISt B KpUcTaie E = Eyax YAOBIETBOPSIET
cooTHoleHU0 & >> 1, To BMecto ¢opmynbl (9) mis onpeneieHus: BEIUMUYUHBI
CIIOHTAHHOW MOJIAPU3ALUKI MOKHO HCTIOJIB30BaTh (hOPMYITY

Ps = Dpax - (11)

Yupaxkuenue 2
U3YUYEHUE TEMIEPATYPHOI 3ABUCHUMOCTH

CIIOHTAHHOW MNOJIAPU3AIIMUA CETHETOJRJEKTPUKA TI'C
(BBINMOJIHSIETCH 10 YKA3AHUIO NIPenoaBaTeJisi)

1. Bxmrounrte tym6nep /10/][OI'PEB na niepenneii nanenu ructepesnorpada. [Ipu
BKITFOUEHUHU 3TOTO TyMmOsepa depe3 OOMOTKY HarpeBaTelisi B TEPMOCTaTe HAYMHACT
MPOTEKAaTh HEKOTOPBIN MOCTOSIHHBIA TOK, TeMIIepaTypa oOpasiia yBEIWIUBAETCS, YTO
IIPUBOJIUT K YMEHBIIICHUIO COTIPOTHUBIICHHUS U BO3PACTAHUS TOKA B IIETTH TEPMHCTOPA.

2. Tlonmp3ysick  rpaaydpOBOYHOM  KPHUBOM  IIKaJIbl  MHUKPOAMIEpMETpa
rucrepesnorpada, OnpeAcauTe, KaKUM 3HAUYCHUSM TOKa Yepe3 MHUKpOaMIICpPMETP
COOTBETCTBYIOT TemrepaTypbl obpasma B tepmoctare { = 30, 37, 43, 48, 49 °C.
[TosrydeHHbIC 3HAYCHHSI TOKA BBIMTUIIUTE B TeTpaab. [Ipy JTOCTH)KEHHMH TOKOM depe3

MUKPOAMIIEPMETP KAXKJOrO0 W3 YKAa3aHHbIX 3HAYEHUU omnpenenute napamerp Y max
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NeTJIM THUCTEepe3uca aHaJOTMYHO TOMY, Kak 3T0 Obulo caenaHo B 1. 4 ymp. 1.
CxemaTudecku 3apHucyiiTe (Ha OZHOM uYepTexxe) (opMmy MeTIM THUcTepe3uca s
temneparyp oopazua 30, 43 u 49 °C u naiiTe KaueCTBEHHOE OOBSICHEHUE XapaKTepa
W3MEHEHHUS 3TOU (DOPMBI C YBEITMUEHUEM TEMITEPaTyphl KpUCTAIUIA.

Bnumanue! Iloche evinonnenus 3a0anus OAHHO20 NYHKMA
BLIKIIOUUME HAZPEGAMENbHbIII MOK mepmocmama, noCmague mymonep
IHIO/IOI'PEB Ha nepeoueit nauenu 2ucmepesuozpagpa 6 nojoxHceHue
BbIKII.

3. I/ICHOJ'II)BYH IMOJYUYCHHBIC B IPCABIAYIICM ITYHKTC 3HAYCHHA BCIMYHNHBI Ymax

JUISL KaXJIOoro u3 3HaueHul temmeparypsl 30, 37, 43, 48, 49 °C Bbluuciurte
CHOHTaHHYIO noJsipuzaiuio kpuctaia 77 C no popmyie

Ps = Dmax - &Emax = COYmax7/"28 - &Emax (12)

/i€ BEJIMUMHA Eng onpenenera B 1. 3 Ymp.1.

4. ITocTpoiiTe rpaduk 3aBUCHUMOCTH CIIOHTaHHOM noJisipu3aiuu Ps kpuctamia 77 C ot
temneparypbl. [Ipu nmoctpoenun rpaduka HUCHONB3YHTE TakKKe 3HAYECHUE CIOHTAHHOM
NOJIIPU3AMU KPUCTAJLIA IO BKJIFOUEHHUS MTOI0TPeBa, HaineHHoe B . 7 Yp. 1.
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