DHIeNbCCKUM TEXHOJIOTHUECKUA MHCTUTYT (puiinan) dheaepaabHOro rocy1apcTBEHHOTO
OI0/KETHOrO0 00pa30BaTEIbHOIO YUPEKACHUS
BBICIIET0 00pa30BaHus
«CapaToBCcKuid rOCYJapCTBEHHBI TEXHUYECKUN YHUBEpCUTET uMeHU ['arapuna FO.A.»

Kadenpa «EcTeCTBEHHBIX 1 MaTeMaTHYECKUX HAYK»

PU3UKA

Meroauyeckue yka3aHus K
BBITIOJTHEHHIO JIAOOpaTOPHOU pabOThI
“U3YYEHUE JUIJIEKTPUYECKUX CBOUCTB TUTAHATA BAPUSA”

JUISL CTYJICHTOB HalpPaBJICHUI

09.03.01 «MudpopmaTrKa U BHIYUCIUTEIbHAS TEXHUKA
09.03.04 «IIporpammHasi UHKEHEPHUS»

15.03.02 «TexHonOrHMUECKUE MAIIMHBI 1 000OPYAOBaHUE)

15.03.05 «KOHCTPYKTOPCKO-TEXHOJIOTMIECKOCO0ECTIeYeHUE MAIITMHOCTPOUTEIBHBIX
MIPOU3BOJICTBY»

18.03.01 «XuMuueckass TEXHOJIOTHI
23.03.01 «Hedrerazosoe nemno»

29.03.05 «KoHCcTpyHpoBaHUE U3AEIHI JIETKON TPOMBIIIIIEHHOCTH

OYHOU U 3a04HOU (POPMBI 00yUEHUSI
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Heap padoThl: U3yYeHUE 3aBUCUMOCTH JUAJIEKTPUUECKON MPOHUIIAEMOCTH

TUTaHaTa Oapus OT HAPSHKEHHOCTH MOJIS U OT TEMIEPaTyphl.
OcHOBHbIC IOHATHS

Turanar Oapus (BaTiO3) OTHOCHUTCS K TpYIIe CETHETORICKTPUKOB.
Tumanam 6apusi — CETHETODJIEKTPUK, OOJIAJaIOIIMil BBICOKONW MEXaHHYECKOM
IPOYHOCTHIO, OOJBIION MEXaHWYECKOW YCTOWYMBOCTHIO, HALIEAIIUN Oiaromaps
ATOMY IIUPOKOE HAYYHO-TEXHUYECKOE IPUMEHEHUE.

CerHeTodNEeKTpUKA  OTHOCATCS K KIACCy HOHHBIX KPHUCTAJUIOB, a
AJEKTPUYECKUE CBOMCTBA KPHUCTAUIOB TECHO CBSI3aHBI C WX CHMMETPHUEH.
CuMMeTpus XapakTepu3yeT 0COOEHHOCTH PACTIOIOKEHUSI AIEKTPUUECKUX 3apsI0B
B KpucTauiax. MOXKHO BBIJICJIIUTh TPU JTala 3STOrO0 PACIOJOKEHHUS I
JUBJIEKTPUKOB.

B mnepBoM M3 HUX pACHOJIOKEHUE IOJOKUTEIBHBIX W OTPULIATEIBHBIX
3aps0B SBJISIETCS LIEHTPOCUMMETPUYHBIM, LEHTPBI THKECTU 3apPSIA0B KaXKIOTO
3HAKa COBMNAJAIOT PYT C APYroM. B mpenenax oqHON 3JIEMEHTAPHOU SYEUKHU TAKOE
COBIIQJICHUE O3HAYAET, UYTO 3TU LIEHTPHI TSHKECTH COBHAMAIOT C LUEHTPOM SUYCHKH.
Takue KpuCTaIIbl Ha3bIBAIOT HEMOJISIPHBIMU.

B gupnmekTpukax ~— BTOPOro  TUHA  LEHTPHl  TSHKECTH  3apsioB
IIPOTHUBOMOJIOKHBIX 3HAKOB B MpeAeiax 3JEMEHTAPHOW SYEUKH HE COBHAJAOT, U
MOJTYYAOIIMUECS IPU TAKOM PACTIPEIEIICHUN 3JIEKTPUUECKUE TUMOJIBHBIE MOMEHTBI
BO BCEX COCEIHUX sueiikax mapauieabHbl. COBOKYIMHOCTh BCEX TaK MOCTPOCHHBIX
AJIEMEHTAPHBIX SYEEK, O0pa3yroIIuX KPHUCTAILI, JETAaeT €ro MaKpOCKOMUYECKU
MOJIIPU30BAHHBIM B OTCYTCTBHE BHEIIHEr0 MAarHUTHOTO TM0Jisg (CIOHTaHHAas
MOJISIPU3ALINS ), TAKAE KPUCTAIUIBI HA3bIBAIOT MOJISPHBIMHU.

B nusnekTpukax TpeThEro THma UEHTPBI MOJIOKUTEIBHBIX U OTPULIATEIbHBIX
3aps0B COBIAJAKOT, HO PACHpEeSICHUE 3apsioB KaKIOrO 3HAKa HE SIBJISIETCA
HEHTPOCUMMETPHUUHBIM. OTCYTCTBHE LIEHTPOCUMMETPUYHOCTH B PaCHpEICICHUN

3apsIIOB KaXJOTO 3HAaKa paspeliaeT Hajuyue TMOJSIPHBIX HaIpaBJICHHWM, OJHAKO



reoMeTpuuecKas CyMMa BCEX AMIOIbHBIX MOMEHTOB OKAa3bIBAETCSI PaBHOM HYIIIO.
Takue KpucTamibpl HA3bIBAIOT NOJISIPHO-HEUTPAIBHBIMH.

[IpumepoM MONSPHBIX AUDIIEKTPUKOB CIY)KAT CETHETOAJIEKTPUKUA ——
BEIIECTBa, KOTOPbIE HUKE HEKOTOPON TeMIeparypsl (WM B HEKOTOPOM HHTEpBaJIe
TEeMIlepaTyp) B OTCYTCTBHE BHEIIHErO IIOJIsl, MMEIT OOJacTH CHOHTaHHOU
CaMONPOU3BOJIBHON MOJISIPU3AIUN — JJOMEHBI.

Taxue TemrepaTypHble HHTEpPBaIbl HA3bIBAIOTCS MOJSPHBIMU WHTEPBAJIaMH,
HAa TpaHUIE MX CETHETONICKTPUKU MCHBITHIBAIOT (Da30Bble MPEBPAILCHUS,
NEepexo/ii B HOBbIE KPUCTAIMYECKHE MOAU(UKAINKM, B KOTOPHIX CIOHTAHHAs
NOJIIpU3aIUs He HaOII01aeTCs.

Kpucrannmaeckass Moaudukaiusi, B KOTOPO CETHETODIEKTPUK CIIOHTAHHO
NOJIIPU30BaH, Ha3bIBaeTCA MOJSPHOM ¢a3zol, a Mmoaudpukanus, B KOTOPOU
nojspu3all  HeT — HemnoJsspHod (Qazoi. Temmeparypa, mnpu KOTOpOH
CETHETODJIEKTPUKN TIEPEXOAT M3 TOJSPHON (a3bl B HEMOJSIPHYIO, HAa3bIBACTCSA
toukol Kropw.

B cernerosnekTpukax B mpeaenax KaXXAoro JOMEHa IUMOJIbHBIE MOMEHTHI
BCEX DJIEMEHTApHBIX SYEEK OPUEHTHUPOBAHBI OJMHAKOBO; B COCEIHHUX JIOMEHaX
HaNpaBJICHUS! CIOHTAHHOW MOJIAPU3AIMU COCTABJISIOT CIydalHbIe YTIBI JAPYT C
JIpyroM, TakK 4YTO T'EOMETpHYecKass CyMMa OJIIEKTPUYECKMX MOMEHTOB BCETO
KpHUCTaJlJla paBHa HYJIO.

Jlenenue Ha JOMEHBI OKa3bIBaeTCS I KpUCTAIa DHEPreTHYECKU
BBITOJIHBIM, TaK Kak MpU STOM TOJHAas HHEPrusi JOCTUTaeT MHUHHUMYMa, U
CIIOHTAHHO TOJIIPU30BAHHBIN CErHETORIEKTPUK B MOJISIPHON 00acTU TeMmepaTyp
o6Jiaiaet 00JbIIEH YCTOMUYUBOCTHIO.

CrnencTBueM CYIIECTBOBAHUS OOJACTEl CIIOHTAHHOW TOJIAPU3AINHN B
CETHETODJIEKTPUKAX SBJISETCS HAIWYUE y HUX CBOWCTB, aHAJOTHYHBIX CBOWCTBAM
dbeppoMarHeTUKOB: OONBIIME 3HAYCHUS JUDJIEKTPUYECKOW IMPOHHUIIAEMOCTH,
XapakTepHasi KpuBas 3aBUCHUMOCTH JUAJIEKTPUYECKONW TPOHMUIIAEMOCTH OT

TEeMIEpaTyphl ¢ pe3KUM UKOM B Touke Kropu (puc. 1) u rucrepe3uc 3aBUCUMOCTH



3apsa KOHACHCATOpa C CCrHCTOIJICKTPUKOM OT HAIIPSKCHHOCTU IIOJIAA B obnacTu

CWJIBHBIX TIOJIEW TP TeMIeparypax Huxke Touku Kropu (puc. 2).

iy
M
-

0 T

Puc. 1. KpuBast 3aBUCUMOCTH TUAIEKTPUUYECKON MPOHUIIAEMOCTH OT

TEMIIEpaTyphl C PE3KUM ITMKOM B Touke Kropu

Puc. 2. Iletns ructepesuca CErHETOIEKTPUKA

N3MeHeHne CBOKCTB NP MEPEXOJIE Yepe3 3TY TOUKY SIBISIETCS CIIEICTBUEM
U3MEHEHUsl KPUCTAIUIMUECKON CTPYKTYpBl CETHETORJIEKTpuKa. B TuTtanare Oapus
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BhITIIe TOUYKH Kiopu cymiecTByeT KyOudeckas peimieTka, HUXKE — TeTparoHajbHasl.
Nzyuaemoe ¢a3zoBoe mpeBpaieHne TUTaHaTa Oapusi sBIseTcs (a30BBIM
IpeBpaIlleHEeM BTOPOTO pojia WIId OJIM3KUM K HEMY MEPEX0JIOM IIEPBOTO poja.
[Ipu BHEcEeHWH B DIIEKTPUUECKOE IIOJIE CETHETODJIEKTPUK TMOJSIPU3YETCS.
DONeKTpuyeckass HHIYKUUS  CETHETOdJEKTPUKA  CKIIAJIbIBAE€TCA U3 Tpex
COCTABJISIFOLIUX
D= EOE +P+ P_O) (1)
- -
rie E — cpegHee MakpOCKONMYECKOE IOJIE B CETHETOdJIEKTpHKe; P —
CPeIHMM HWHIYIUPOBAHHBIA  DJIEKTPUYECKU MOMEHT €IMHMIBI O00beMa,

06YCHOBHCHHBIﬁ Honﬂpmauneﬁ HOHHOI'O CMCIICHUA W CMCHICHHUA SJICKTPOHHBIX

000109CeK 141 HpOHOpHHOHaHBHBIﬁ B ci1a0bBIX ITOJIAX HaNpsA>KCHHOCTHU

—
QJICKTPUYICCKOI'O IIOJIA; PO_ G)J'ICKTpI/I‘{CCKI/Iﬁ MOMEHT CHOHTaHHOU IOJIIpHU3allHU,

&g — OJICKTPpHUUYCCKasA IIOCTOAHHAA.

= =

—_—
Bexropel E 1 P ©MEIOT OJIMHAKOBOE HANpaBJICHHUE, a BEKTOp P, B 00IIeM

cllyyae MOXKET HMMETh JIpyroe Hampasienue. B ciydae, ecnu Bektopa P u P,

-

MPOMOPIHUOHAIBHBI BEKTOPY HAMNPSIKEHHOCTH SJIEKTpUUYecKkoro moJsis E, monHasd
JTUDJIEKTpUYECKass IPOHUIIAEMOCTh  CETHETODJIEKTPHUKA, OOYCIOBJICHHAs W
MOJISIPU3ALKEN, BBI3BIBAEMOM BHEIIHUM IIOJIEM, M CHOHTAHHOM NOJISIPU3ALUEH,

paBHa OTHOIIICHUIO.

D
E=— 2)
&k
N3 (1) u (2) nonygyaem
P Py
E=1+—+— 3
* &FE * &E 3)

3neck Py — npoekiusa P, Ha HanpaBieHue noJis E.

B o6miem cinyuae, xorga Py 1 P He NponopuUOHAIbHBI HAMPSKEHHOCTH
MOJIs,, MOKHO ONpPENeNuTh JIMIIb TaK HaszbiBaeMylo AuddepeHnnanbHyo

JUAJIEKTPUYECKYIO MPOHUIIAEMOCTb:



8—1+1 6P+1 0Pyg
B & OE & OE

(4)
C YBCIIMYCHUCM BHCUIHET'O IT1OJIA MOJIHBIN G)J'ICKTpI/I‘ICCKI/Iﬁ MOMCHT CIMWHHUIIBI

o0bema [_’;0 1 YBEIIMUMBAETCS MO IBYM MPUYMHAM: BO-TIEPBBIX, B PE3YJIbTATE POCTA
AIEKTPUYECKOT0 MOMEHTAa MHAYUMPOBAHHOW modsipu3aniuu  P; BO-BTOpBIX,
BCJICJICTBUE BO3PACTAHUS YHCIIA IOMEHOB, HAIIPABIICHUE DJIEKTPUYECKOTO MOMEHTA
CIIOHTaHHOW MOJISIPU3aLUHA KOTOPBIX COBIAJAET C HAIPABJIECHUEM BHEIIHETO MOJISA
WK 00pa3yeT ¢ HUM OCTpPbIE YTJIbl.

[Ipouecc monsipu3anyy CETHETORIEKTPUKA HOCUT HEOOXOIUMBIA XapakTep.
CernerosnekTpukn  obmagaroT  ructepesucoM.  CymIHOCT — THCTepesuca
3aKIIIOYAETCS B TOM, YTO MOJSIPU3ALHUS CETHETODJICKTPHKA OIpPENEsIeTCS HE
TOJIBKO 3HAYEHHEM HAIIPSHKEHHOCTH IOJIsl, HO U 3aBUCUT OT IMPEAIIECTBOBABLIMX
COCTOSIHUU MOJISIPU3ALIUY.

IIpu u3menennu nons ot +E go —E wm or —E po +E, uHAyKIusa u
NOJISIpU3alUsl B CETHETORIEKTPUKE OINKMCHIBAET 3aMKHYTYIO0 KPHUBYIO, HA3bIBAEMYIO
neTel rucrepesuca (puc. 2).

B oOmem ciydae u crooHTaHHas MOJSpU3alvsg W UHAYLHUPOBAHHAsS
NOJISIpU3aIs  SBJISAIOTCS HEIMHEHMHBIMM (PYHKIUSMHU HAMNPSXKEHHOCTH  TOJIA.
Opnako B 00jacTH HE OYEHb CHJIBHBIX MOJIEW HMHIYIMPOBAHHAS MOJIApU3AIIUS
IPOMOPLMOHANIbHA HAMPSDKEHHOCTH ToJisl. B 3TOl 005acTé MOXKHO pa3ienuTh
MOJIHYI0 TOJSPU3alMI0 HA JBE COCTAaBJSIOIIME CIEAYIOIMM  00pa3oM:
AKCTPANOJIUPYIOT BETBb HACBIIICHUSI METJIU THUCTepe3uca (puc. 2) K 3HAUYCHUIO
nosist, paBHoMmy Hymo. Ortpe3ok KL  cooTBercTByeT WMHIyIIMpPOBAaHHOU
nossipuzauu P, orpe3ok LO — crnonTtanHoil momsipuszaumu Py. JleiicTBuTensHO,
OPU HACBIIIEHUM MOXHO CYUTaTh, YTO OPHUEHTALMS BEKTOpAa CHOHTAHHOU
nojspusauuu Py, B JOMEHAaX 3aKOHYCHA, W JAJbHEWIIUN JIMHEMHBIA POCT
NOJIIPU3AIMN C YBEJIMYEHUEM HANPSIKEHHOCTH IOJISI OCYLIECTBISETCA 32 CUEeT
WHIYIUPOBAHHOW mojsipu3aiuu. I[IoCKOIbKYy OHa 3aBHCUT OT HANpPsKEHHOCTHU

MoJIsi, TO DKCTPAIoJsAlys BETBM HacklmeHus 10 ocu P maer orpesok KL,



COOTBETCTBYIOIIMN MHAYLUHUPOBaHHOHN momspuszanuu. Otpe3ok OM cooTBeTcTBYyeET
octatoyHoi nossipuzanuu, a ON — KO3pUUTUBHON HaNpsHKEHHOCTH E, .
['ucTepe3nc MOXXHO HaOIIOJaTh, MOABOJA K 00pasily CETHETO3JIEKTpUKA C
NOoCepeOPEHHBIMU  TIOBEPXHOCTSIMU  (CETHETOKOHJICHCATOPY)  IEpEeMEHHOe
HampspkeHue. YacTb 3JIEKTPUYECKOM BSHEpPruM, KOTOpas MpU MEPEMEHHOM
HaIpPSHKEHUU B TUAJIEKTPUKE TIEPEXOJUT B TEIUIO, HA3BIBAETCS IUAJICKTPUUECKUMU
noTepsAMH.  JIMDJIEKTpUYECKHE IOTEPU B  CETHETOKOHJEHCATOPE  MOKHO
XapaKTEepU30BaTh TAHTEHCOM  yIjla  AUAJIEKTPUUECKHX MOTEPb, KOTOPBIU

BBIPAXKACTCs TaAK:
tgs = — —

3necy Wy — sHeprus, nepernieanas B TeIIo B €ANHAUIE 00beMa AUIIEKTPUKA
3a BpeMs oiHOTO nieproaa; W — MakcumanbHas MI0THOCTh SHEPTUH, 3allaCEHHON B
KOHJICHCaTope.

YTon AMAIEKTPUUECKUX MOTepbh & MOTMOJHSIET yroil ciasura (a3 Mexmy

0
TOKOM M HanpsbkeHueMm 110 90°,
Onucanue IKCNEPUMEHTAIBLHONH YCTAHOBKH

Cxema ycTaHOBKHM TipejacTaBieHa Ha puc. 3. HMccmenyemsiii obpasenr C u
tepMoMeTp T momentaroT B neub D11, O6paszen npeacrapisier co0oit HEOOTBIION
JUCK W3 TUTaHaTa Oapusi, MOMEIICHHBIH MEXIYy METALIUYECKUMU KPYIJIbIMU
oOKJIaIKamMH, TPECTABISIONIMMU COO0M TIIOCKUI KoHAeHcaTop. Ha xoHmeHcaTop
noaaetcs JIATP perynupyemoe nepeMeHHOE HaMPsHKEHUE, U3MEpsieMoe MTPuoopoM

V. BennuunHa Toka usmepsercs npudopom A.
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Puc. 3. Cxema ycTaHOBKH
Turanat 6apust o0xagaeT OONBIIONW TUAIEKTPUUECKONW MPOHUIIAEMOCTHIO B

00J1acTH TeMIIepaTyp OT CaMbIX HU3KHUX JI0 +125°C. 3aBucumocts € = f(T) nmeer

xapakTepHblid MakcumyM. Temneparypa Ty (puc. 1) HazpiBaeTcs Toukoi Kropu.

3aBHCHMMOCTD AM3JIEKTPUYECKON MPOHNIIAEMOCTH TUTAHATA Oapusi OT

TeMIepaTypbl

N3mepeHne 3aBUCHMOCTH AUAJIEKTPUYECKOW MPOHUIAEMOCTH THUTaHATa
Oapus OT TeMIiepaTypbl CBOJMUTCS K M3MEPEHHIO 3aBUCUMOCTH OT TEMIIEPaTypbl
€MKOCTH CETHETOKOHIEHCATOPA.

BenuunHa nusiekTpudecKor MPOHUIIAEMOCTH TUTaHaTa O0apus MpU KakJIou

TEMIIEpaType ONpPEeIEsIeTCs KaK:

C

£=—
Co

()

rae Cp = £,5/d — eMKoCTh KOHIEHCATOpa 0€3 CErHETORICKTPHUKA.
Tak kak mus 1enu TIEPEeMEHHOTO TOKa, cojaepkamed emkocTh C,
CIIPaBEIJIMBO COOTHOIIICHUE JJIsI TOKA!
I =wCU (6)

rae w = 2nv, v = 50I'y — yactora Toka B ienu; U — HanpspKEHUE B TIETIH.



Yuuteisas, uto S = wD?/4 (rae D — auamerp 00knagok) noayuum u3 (5) u
(6):
_ 2-d-1 @)
Eom?vD?U
3z1eck d — TommuHa oopasua, £, = 8,85+ 107120 /m.
Cootromerre (7) I KaXJ0W TeMIeparypbl MOKET OBITh MPHBEICHO K
Buay y = kx, ecom punsate y = I, x = U, k = EE,m?vD?/2d.
[ = E&mvD”
2d

Beimonsss u3mepenuss no (8), Bapbupys HaNpsOKEHHE M IIPOU3BOJS

(8)

00paboTKy H3MEpPEeHHil MO METOAY HAaWMEHBIIUX KBAJApPATOB, IJISi BEIUYUHBI

I[HE)JIGKTpH‘-IGCKOﬁ IMPOHHULACMOCTH ITIOJIYIUM:

_ 2kd
-~ Eom2vD?2

9)

rac k — OLCHKA, ITOJY4YCHHAasd 110 MCTOAY HAMMCHBIIINX KBAaAPaTOB.

Tak xak aucnepcus uzBecta (13 MHK), To nockonbky u3 cootHoiienus (9)

2_<d£)2 _( 2d )2 5
% = \ak) %% ~ \g,nzvpz) %k

TO OICHKa CTaH,Z[apTHOﬁ IOrp€IIHOCTH  BCJIMYMHBI HHBHCKTPHHCCKOﬁ

CJIEAYET, YTO

IMPOHNIACMOCTH €CThb:

2d

Sg = ——
£ 7 g m2vD?

Sy (10)
rie S; — CTaHJapTHOE OTKIIOHEHHE Belu4HHbI K, momydennoe mo MHK.

OueHkKa MorpemHoCcTH M3MepeHn i

Cucremarnueckass (HE  MCKIIOYEHHAs) IOTPEUIHOCTb  ONPEACIICHHUS
JIUDJIEKTPUYECKON TMPOHUIIAEMOCTH ONPENENseTcs 10 IPaBWIy KOCBEHHBIX

W3MEPEHUH, TO €CTh
2 2 2 2

& 0E 0E 0E
8¢ = (55) 8¢+ (55) ap*+(57) o+ (5) av° -



rae Ad u AD — cuctemMaTnyecKkue NOTPeIHOCTH ONPEAETICHNs TONUHBI U
auamMeTpa oopasia.

Al m AU - cucremaTH4yecKue MOTPEIIHOCTH NPSMBIX M3MEPEHUN TOKA WU
HaIPSDKEHUS B LEIN.

N3 cootHommenust (7) moyrydum
0 _£ o0& 2806 _E 08 & (12)
od d’'aD D’al 1’'0U U

IToncrabnsst (12) B (11), momydaem CHCTEMaTHYECKYHO IIOTPEIIHOCTH

onpeneneHus: € npu JaHHOW TeMIiepaType.

_ |Ad? AI? 4 AU?
AE =E- ?-I_l__z-l_ﬁADz-l_W (13)

rne £ = (2d - 1)/ (Eym?vD?U), d, I, D, U — cpenHue 3Ha4eHHUS, TO €CTh

n

X = in/N

i=1
Iopsiiok BeINOTHEHUS] padOThI

1. BxirodaroT ycTaHOBKY, yCTaHaBJIMBas pasHocTh noteHnuaio U=100 B.
3anuceiBatoT cuity Toka |. He Bkitouas HarpeBaTenb medu, 3alyChIBAIOT
temmneparypy t°C.

2. Ilpu manHO#l TemmepaType, U3MEHSs HamnpspKEeHHE ¢ MHTepBalioMm 5 B,
BBIMOJIHSIOT 8-10 u3mMepeHuii Toka.

3. Bxmouaror meub. Temmeparypa oOpaslia  MOBBIIIAETCS,  €r0
IUDJIEKTPUYECKasl MPOHUIAEMOCTh MEHSeTCS. OTO NPUBOIAUT K
M3MEHEHHUIO CHJIBI TOKa B Iienu o0pasia. Yepes unrtepsans At°C = 10°C
(mocie 100°C uepes 5°C — obmacTs hasoBoro mepexoma u ty, ~ 120°C)
CHUMAIOT oTcueThl HanpsbkeHus U u cuibl Toka |. Takue otcuersl 0epyT
10 TeX TOp, MOKAa CHjIa TOKAa HE MPOUIET Yepe3 MAaKCUMYM, YTO
cooTBeTcTBYyeT Touke Kiopu, m He cmager g0 NEpPBOHAYAIBLHOTO

3Ha4YCHMHA.
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. BBIICHUTH ~ cHUCTEMaTHYeCKHe TIOTPEIIHOCTH TMPSMBIX  U3MEpPEHUN
HaIpPSHKEHUS ¥ TOKA M0 UCTIOIh3yeMbIM BOJBTMETPY U aMIIEPMETPY.

. Hpunsite D = 0,1 M, AD = 0,025 M,d = 0,005 M, Ad = 0,025 m.

. Ioncrapnss 3Hadyenus | u U B popmyny (7), paccunrtarh 3HaueHus € u

OCTPOUTH rpaduUecKyro 3aBUCUMOCTE € = E(t).
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BOIIPOCHI IJ151 CAMOITPOBEPKH

Kakue BemiectBa OTHOCAT K cerHeTodsekTpukam? Kakumu cBoicTBaMu
00J1a1at0T CErHeTodIeKTpUKU? UTO Takoe 1OMEHBI?

Kaknmu mapameTpamMu XapakTepus3yeTcsi IIOBEINECHUE JUIIEKTPUKOB B
AIIEKTPUYECKOM I10JI1E?

B uem 3axnrodaercs nosspuzanus IudieKTpukoB? Kakue TUnsl nosspuzanuu
UMEIOT MECTO B TUAJIEKTPUKAX?

Kak m3meHsercss quaieKTpudecKasl IPOHUIIAEMOCTh CETHETOMIEKTPUKOB IIPH
UX HarpeBaHuu?

B yem cymHoCTh TucTepes3nca B CETHETOANEKTPUKAX ?

Kak onuceIBaroTCsi NOTEPU SHEPTUU B IUIIEKTPUKAX ?

HapuncoBatp cxeMy YCTaHOBKM JUIsi HCCIENOBAHUS  TEMIIEPATypHOU
3aBHCHUMOCTH JIUAJIEKTPUYECKON TPOHULIAEMOCTH TUTaHaTa Oapusl.

BelBeCcTH COOTHOLIEHUS I OLICHKM CIIy4alHBIX M CHCTEMaTHYECKHUX

IIOIPEIIHOCTEN U3MEPEHUS TUNIIEKTPUIECKON TPOHULIAEMOCTH.
JINTEPATYPA

CagenneB U.B. Kypc o6mieit pusuxu: B 3 1./U.B. CaBenbeB. M.: Hayka, 1998.
T.2.

Asopckuit b.M. Kypc ¢usuku: B 3 1./b.M. SABopckuii, A.A. Jernad, JL.W.
MunkoBckas. M.: Beicmas mkosa, 1999. T.2.

Tpodumona T.U. Kypc ¢puzuxu/T.1. Tpodpumosa. M.: Beiciias mikosna, 2002.
VYyebuple annMupoBanHbie Kaunatel Mo pusuku ITU CI'TY [DnexkTpoHHBIN

pecypc] http://tfi.sstu.ru/

http://www.sstu.ru/studentu/

http://techn.sstu.ru/new/SubjectFGOS/SpisokPredmetow.aspx
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