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Heanb padoThl: M3yyeHUE 3aBUCUMOCTH AUDJICKTPUUECKOW MPOHUIIAEMOCTH

TUTaHaTa Oapust OT HAIPSHKEHHOCTH TOJISL U OT TEMIIEPaTyPBhl.
OcHOBHbBIC IOHATHS

Turanar Oapus (BaTiO3) OTHOCHUTCS K TpYIIE CErHETOICKTPHKOB.
Tumanam 6apusi — CErHETORJNEKTPHUK, OOJaJAIOIIMI BBICOKOM MEXaHHYECKOU
IPOYHOCTHIO, OOJBIION MEXaHWYECKOW YCTOMYMBOCTBIO, HAIEAIIMI Ojaromaps
ATOMY HIMPOKOE HAyUYHO-TEXHHUUECKOE TPUMEHEHHE.

CerHeTosNIeKTpUKH  OTHOCSTCS K KJIACCy HOHHBIX KPUCTAJJIOB, a
AJEKTPUUECKUE CBOMCTBA KPHUCTAIJIOB TECHO CBS3aHbl C HMX CHMMETpHUEH.
CuMMeTpust XapakTepu3yeT 0COOEHHOCTH PaCIONIOKEHHUS SJIEKTPUUECKUX 3apsI0B
B KpucTaimax. MOXHO BBIJEIUTh TPH OTama I3TOTO PACIOIOXKCHHS s
TUBJIEKTPUKOB.

B mepBoM Hu3 HHMX pacHOJOKEHUE TMOJOXKHUTEIbHBIX M OTPHUIATEIbHBIX
3apsA0B SIBISIETCS IIEHTPOCUMMETPHUYHBIM, IIEHTPBI TSHKECTH 3apsSioB KaXKIOTO
3HaKa COBIAJAIOT APYT C Apyrom. B mpeaenax ogHOM 35ieMEHTapHOM slUeHKH Takoe
COBMAJICHUE O3HAYAET, YTO OTH LEHTPHI TSHKECTU COBIMATAIOT C HEHTPOM SUYCHKH.
Takue KpuCTaIbl HA3BIBAIOT HEMOJISPHBIMH.

B nmupnexTpukax ~— BTOpPOro  THUMA  HEHTPHI  TSHKECTH  3apsIoB
IIPOTUBOIOJIOXKHBIX 3HAKOB B TMpeAeNiaX dJIEMEHTApHON SYCHKU HE COBMAAAIOT, U
MOJTyYaIOIUECS MIPU TAKOM PacpeesIeHUH 3IEKTPUUECKUE TUTIOJIbHBIE MOMEHTHI
BO BCEX COCEIHMX sUeikax mapajuienbHbl. COBOKYMHOCTh BCEX TaK MOCTPOCHHBIX
AIIEMEHTApHBIX SYEEeK, OOpa3yIIIUX KpUCTA, JIeJaeT €ro MaKpOCKOIUYECKU
MOJISPU30BAHHBIM B OTCYTCTBHUE BHEIIHETO MArHUTHOTO TOJs (CIOHTaHHAS
MOJIIPHU3AIHS ), TAKWE KPUCTAIIIBI HA3bIBAIOT MOJISPHBIMH.

B nusnextpukax TpeThero TUMa MEHTPHI MOJTOKUTEIBHBIX U OTPULIATEIBLHBIX
3aps/I0B COBIIAJAIOT, HO pACIpENeiIeHHE 3apsSA0B KaXJAOro 3HaKa HE SBISETCS
[EHTPOCUMMETPUIHBIM. OTCYTCTBHE IEHTPOCHUMMETPHYHOCTA B pacmlpeiesieHuu
3aps/IOB KKIOTO 3HAKa paspeliaeT HajJudue TMOJSIPHBIX HaMpaBIECHUH, OTHAKO
reOMEeTpUYECKasi CyMMa BCEX JUIOJBHBIX MOMEHTOB OKa3bIBACTCS PABHOU HYJIIO.

Takue KpucTailIbl Ha3bIBAKOT MOJISPHO-HEUTPATIbHBIMU.
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[IpumepoM MOJSAPHBIX AMDIEKTPUKOB CIY)KAT CETHETODJIEKTPUKH —
BEI[ECTBA, KOTOPHIE HIKE HEKOTOPOU TeMIepaTyphl (UM B HEKOTOPOM MHTEpBae
TEMIEpaTyp) B OTCYTCTBHE BHEIIHEro IIOJS, HMMEIOT O0JIaCTH CHOHTaHHOU
CaMOMPOU3BOJILHOM MOJISIPU3ALMH — JOMEHBI.

Takue TemrepaTypHble HHTEPBAJIb HA3bIBAIOTCS MOJISIPHBIMUA UHTEpBaJIaMH,
Ha TPaHUIE WX CETHETORJIEKTPUKU HCIBITHIBAIOT (ha30BbIe TMpPEBpAllCHUS,
nepexoAss B HOBbIE KPUCTAIMYECKHME MOAU(UKAIKMK, B KOTOPBIX CIOHTAHHAS
NoJIsIpU3als He HaOr01aeTcs.

Kpucraminueckass Mmoaudukaius, B KOTOPOM CETHETOAEKTPUK CIIOHTAHHO
NOJIIPU30BaH, HAa3bIBACTCA MOJSIpHOM (a3oil, a Moaudukauus, B KOTOPOH
noyisipu3alii  HeT — HenojspHol (Qazoil. Temmeparypa, mnpu KOTOpou
CETHETO3JICKTPUKU MEPEXOAAT U3 MOJSPHOM (a3pl B HEMOJSPHYIO, HA3bIBAETCS
toukou Kropmu.

B cernerosnekTpukax B mpeaenax Ka)Xaoro JTOMEHA JMIOIbHBIE MOMEHTHI
BCEX DJIEMEHTApHBIX SYEEK OPUEHTUPOBAHbI OJUHAKOBO; B COCETHUX JOMEHAX
HAIpPaBJICHUS! CIOHTAHHOW TOJSPHU3AIMN COCTABISIIOT CIydYalHBIE YTIBl APYT C
JIpyroM, TaK 4YTO TEOMETpPUYECKas CyMMa »3JIEKTPUYECKHMX MOMEHTOB BCEIrO
KpHUCTaJlla paBHa HYJIIO.

Jlenenue Ha JOMEHBI OKa3bIBACTCS I KpPUCTAIa DHEPreTUYECKU
BBITOJHBIM, TaK KakK IPU OTOM I[IOJHAs DHEPIrHs JOCTUTaeT MHUHUMYMa, |
CTIOHTAHHO TOJIIPU30BAHHBIA CETHETORIEKTPHUK B MOJSPHON 00JIaCTH TeMIepaTyp
oOnamaeT OoJbllel yCTOMYHUBOCTHIO.

CrnenctBueM CyIIECTBOBAHMS O00JacTel CIOHTAaHHOM IMOJSpU3AIlUNd B
CETHETODJICKTPHUKAX SIBISIETCS HATMYHE Y HUX CBOMCTB, aHAIIOTUYHBIX CBOMCTBAM
(deppoMarHeTUKOB: OOJbIIME 3HAUEHUS AUDICKTPUUECKOH MPOHUIAEMOCTH,
XapakTepHass KpuBas 3aBUCHMOCTH AMDJCKTPHUUECKON MPOHUIIAEMOCTH OT
TEMIIEPATyPhI C Pe3KUM MUKOM B Touke Kropu (puc. 1) u ructepe3nc 3aBUCUMOCTH
3apsia KOHJIEHCATOpa C CETHETORJIEKTPUKOM OT HANpsHKEHHOCTH MOJISi B 00JIaCTH

CWJIbHBIX MOJIEH IpH Temreparypax Huxe Touku Kiopu (puc. 2).



0 i

Puc. 1. KpuBasi 3aBUCUMOCTH AURJICKTPUYECKON MPOHUIIAEMOCTH OT

TCMIICPATYPHI C PC3KHUM IITMKOM B TOYKC KIOpI/I

triy

Puc. 2. Iletns rucrepesnca CErHETOIEKTPHUKA

N3MeHeHne CBOWMCTB MPU MEPEXOJI€ Yepe3 3TY TOUKY SBISETCSA CIEICTBUEM
W3MEHEHUs] KPUCTAJUIMYECKON CTPYKTYPhI CETHETOdJIeKTpuKa. B TuTanare Gapus
BbITIIe TOUYkH Kiopu cymiecTByeT KyOWdeckas peiieTka, HUKe — TeTparoHajabHasl.
N3yuaemoe (azoBoe TmpeBpallleHUe TUTaHAaTa Oapusi sBisieTcs (Pa3oBBIM
MIPEBPAIICHUEM BTOPOTO poja WK OJIM3KUM K HEMY MEPEX0/I0M TMEPBOro Poja.
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[Ipy BHECEHHMH B DJEKTPUYECKOE IIOJIE CETHETORJIEKTPUK MOJISIPU3YETCH.
OneKkTpuyeckass HMHAYKOUS  CETHETORNEKTPUKA  CKIIABIBAETCS U3 TpEX
COCTaBJISIOIINX

D=¢gE+P+P, (1)
rie E — CpeaHEe MAaKpPOCKOIHMYECKOE IMO0JE B CETHETOAIEKTPHUKE; P -
CPEIHUN  UHIYIUPOBAHHBIA  AJIEKTPUUYECKUII MOMEHT €IUHHUIII  00beMa,

06YCHOBH€HHBIﬁ HOJIHpI/ISaHPICﬁ HOHHOI'O CMCIOCHHA WM CMCIICHHA 3JICKTPOHHBIX

000JIOYEK W  MPOTMOPIUOHANBHBIA B  CJA0BIX TMOJSIX  HAMPSOKCHHOCTH

—
QJICKTPUICCKOI'O ITOJIA, PO_ QJICKTPUICCKHU MOMCHT CIIOHTAHHOH HOHHpI/IBaHI/II/I;

&g — OJICKTPpHUUYCCKas IIOCTOSAHHAA.

- - —
Bekropsl E 1 P UMEIOT OJIMHAaKOBOE HampaBlIeHHE, a BEKTOp P, B o0miem

—

—_—
cllydyae MOKET HMMETh Jpyroe HampaBiieHue. B ciydae, ecnu Bektopa P u P

-

MPOMOPIMOHAIBHBI BEKTOPY HAIPSIKECHHOCTH SJIEKTPUYECKOTO Mo E, ToJHas
JTUPJIEKTpUUECKas MPOHUIAEMOCTh  CETHETODJIEKTPHUKA, OOYCIOBJICHHAs W
MOJISIPU3ALNEN, BBI3BIBAEMON BHEIIHUM IIOJIEM, W CIOHTAHHOM NOJISIpU3AlUEH,

paBHa OTHOLICHUIO.

D
E=—
eE (2)
N3 (1) u (2) nonyyaem
P Pyg
E=14+—+—
* ok * &k )

3necw Pyp — npoexuus P, Ha HanpaBieHue nonus E.

R
B o6miem ciygae, xorna Py 1 P HEe MpONoOpIUOHANIBHBI HAMPSKEHHOCTH
MoJIs, MOKHO ONpPENENTUTh JUIIb TakK Ha3biBaeMylo auddepeHIuaibHyo

JAUDJICKTPHUUCCKYIO IPOHUITAEMOCTD!:

8—1+1 6P+1 0Pyg
B & O0E & OF

(4)
C YBCIMYCHUCM BHCHIHCTO ITOJIA MOJTHBIN BHGKTpI/I‘—IeCKI/Iﬁ MOMCHT €AHNHHUIIbI

o
ooweMa P, YBEIUUUBACTCS MO JBYM NMPUYMHAM: BO-TIEPBBIX, B pE3yJIbTaTe pOCTa



AIEKTPUYECKOT0 MOMEHTAa HWHAYUHPOBAHHOW Tmossipu3auuu P; BO-BTOpBIX,
BCJICJICTBUE BO3PACTAHUS YMCIIA IOMEHOB, HAIIPABJIECHUE 3JIEKTPUYECKOIO MOMEHTA
CIIOHTAHHOMW MOJIIpU3aIlMy KOTOPBIX COBIAJAET C HANPaBJICHUEM BHEIIHETO MOJIs
WM 00pa3yeT ¢ HUM OCTPbIE YTJIbl.

[Tpomecc mossipu3aIi CETHETORIEKTPUKA HOCUT HEOOXOIUMBIN XapakTep.
CerHetosnekTpuku  o0yamaloT  rucrtepe3ucoM.  CylHOCTh — THUCTEpe3uca
3aKIIIOYAETCS B TOM, YTO MOJSIpU3ALUs CETHETORJIEKTPUKA OIPEACISIETCS HE
TOJBKO 3HAUYEHHEM HANPSKEHHOCTU TOJISl, HO W 3aBUCHUT OT MPEIIeCTBOBABIINX
COCTOSIHUU MOJSPU3ALINH.

[Ipn wmsmenenun mnosst or +E no —E wu or —E no +E, uHAyKOUA U
MOJISIPU3AIMS B CETHETORJIEKTPUKE OIMUCHIBAET 3aMKHYTYIO KPUBYIO, HA3bIBAEMYIO
netiei rucrepesuca (puc. 2).

B oOmem ciyyae W CHOHTaHHas MOJSpU3aUs U HWHAYLHUPOBAHHAsS
MOJIApU3AIMS  SIBJISIOTCS  HEJIMHEWMHBIMA  (DYHKITUSIMU ~ HAIPSKEHHOCTH  TTOJISI.
Opnako B 00JIacTM HE OYEHb CHWJIBHBIX MOJIEH WHIYIMPOBAHHAS MOJSPU3ALIUS
MPONOPIHUOHAJIbHA HANPSXKEHHOCTH MMOJs. B 3Toil 001acT MOXKHO pa3ieiuTh
MOJIHYIO TOJSPU3allMI0 Ha JBE COCTABJSIONME CICAYIOMUM  00pa3oMm:
AKCTPANoOJUPYIOT BETBb HACHIIIECHUS METJIM THUCTepe3uca (puc. 2) K 3HAUYCHUIO
noisi, paBHomy Hymo. Otpe3ok KL cooTBeTcTByeT HWHIyIUPOBAHHOU
nosisipusaruu P, otpe3ok LO — crnonTanHoil nmonspusanuu P,. JleiicTBUTEIBHO,
IpU HACBHIIICHUU MOXXHO CUUTaTh, YTO OpPHEHTAlUsI BEKTOpAa CIOHTAaHHOMN
nojisipuzauuu P, B JIOMEHax 3aKOHY€HA, W JaJbHEHIIWM JIMHEWHBIA POCT
MOJISIPU3ALMKY C YBEIMYCHUEM HAMPSHKEHHOCTU TOJISI OCYIIECTBISIETCS 3a CYET
WHIYyIUPOBAHHOW mossipu3anuu. I[ToCKOIbKY OHa 3aBUCUT OT HANPsHKEHHOCTH
MoJIsI, TO OJKCTPAmoJslisg BETBM HachlmeHuss a0 ocu P gaer orpesok KL,
COOTBETCTBYIOIIMN MHIyIUpOBaHHOU mojsipusaiuu. Otpe3ok OM cooTBeTCTByeET
octatouHoi nossipu3aiui, a ON — KoIpIUTUBHON HaNPsDKEHHOCTH E, .

['ucTepesnc MoXHO HaAOMIOJATh, MOJABOJS K 00pa3ily CETHETOAICKTPUKA C
MOCEPEOPEHHBIMU  TIOBEPXHOCTSIMU  (CETHETOKOHJICHCATOpy)  INEpPEMEHHOE

HanpspbkeHre. YacTh  AlEKTpUYECKOM SHEepruu, KOoTopass NOpu MNEPEeMEHHOM
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HAIpsODKCHUN B AUDJICKTPUKE IIEPEXOJUT B TCIIJIO, HA3BIBACTCA AUIDJICKTPUUICCKUMHA
IMOTCPAMU. I[I/IBJIGKTPI/ILICCKI/IG IIoTcpu B CCIrHCTOKOHACHCATOPC MOJKHO
XapaKTCPHU30BaATh TAaHI'CHCOM  yIJjla  AUBJICKTPUYCCKHUX  IIOTCPb, KOTOpI:II71

BBIPAKACTCA TAK:

3nece Wy — sHeprus, nepenieniias B TEIIO B €IUHUAIIC 00beMa TUIICKTPUKA
3a BpeMsi 0JTHOTO Tiepuoa; W — MakcuMmalibHas MII0THOCTh SHEPTHH, 3aTIaCCHHON B
KOHJICHCaTOope.

YTron NUAJIEKTPUYECKUX MOTEPh & JOMOJHSAET Yrosl caBura a3 MexIy

TOKOM W HampsKEHUEM 10 90°.
Onucanne IKCNIEPUMEHTAILHOH YCTAHOBKHU

Cxema ycTaHOBKM mpezcTaBiieHa Ha puc. 3. Mccnenyemsiii obpazeny C u
tepmomeTp T momemarot B neub DII. ObOpazer npencraBisger co0oil HEOOTBIION
JUCK W3 TUTaHaTa Oapusi, MOMEIICHHBI MEXIy METAJUIMYECKUMHU KPYTIbIMU
oOKJIaJIKaMu, MPEACTaBIAIOIMMHU cO00N TIOCKUN KoHAeHcaTtop. Ha koHneHcaTop
nonaercs JIATP perynupyemoe nepeMeHHOE HaNpsyKEHHUE, U3MEPSieMoe PUuOopoM

V. Bennuuna Toka uzmepsiercs npudbopom A.

N T O T
T T

: 4
BT
v | Ne220B
AR
co R
; AR

Puc. 3. Cxema ycTaHOBKH
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Turtanat Gapus oOnagaer OONBIION AUAIEKTPUUYECKON MPOHUIIAEMOCTHIO B
0071aCTH TeMIepaTyp oT caMblx HU3kuX j0 +125°C. 3asucumocts € = f(T) umeer

xapakTepHblii MakcumyM. Temnepatypa Ty (puc. 1) HazpiBaeTcs Toukoi Kropu.

3aBHCHUMOCTD IUIJIEKTPUYECKOH MPOHMIIAEMOCTH TUTAHATA Oapus OT

TeMIepaTypbl

HSMCpeHI/Ie 3aBUCUMOCTH HHBHGKTqueCKOﬁ INPpOHUIACMOCTH THUTAHATAa
63[)](151 OT TEMIICPATYPbl CBOAUTCA K HU3MCPCHHIO 3daBUCUMOCTH OT TCMIICPATYPhBI
CMKOCTHU CCTHCTOKOHACHCATOPA.

Bennuuna ,ZII/ISJIGKTPI/I‘{CCKOﬁ IMPOHUIACMOCTH THUTAaHATA 6apH}I IIpu K&)K,Z[Oﬁ

TeMIIepaType ONpeenseTcs Kak:

g_C
= (5)

rae Cp = £,5/d — eMKoCTh KOH/IEHCATOpa 0€3 CErHETOAICKTPHUKA.
Tak kak I [eMH TEPEeMEHHOTO TOKa, cojaepkameid eMkocTh C,
CIIpaBeUIMBO COOTHOIICHUE JJISI TOKA!

I = wCU (6)
rae w = 2nv, v = 50I'y — gactora Toka B nienu; U — HanpsDKEHHE B TICTIH.
Yuutsisas, uto S = wD?/4 (rae D — anametp 06knanok) moayuum us (5) u

(6):
2-d-1
&€= Eom?vD2U (7)
3nech d — TommuuHa obpasua, £, = 8,85 - 10712 /M.
CootHowenue (7) s KaXaod TeMIepaTrypbl MOXKET ObITh MPHUBEACHO K
Buny y = kx, ecou npunars y = I, x = U, k = EE,m?vD?/2d.

[ EEym?VD? U
- 2d

Boinonusss u3mepenust no (8), Bapbupysd HanpsDKEHHE UM IIPOU3BOJS

(8)

06pa60TI<y I/I3MepeHI/H71 o MCTOAY HAMMCHBIIMX KBaJpPaTOB, IJII BCIIMYHHBI

HHBHCKT})I/I‘IGCKOIX IMPOHHULIACMOCTH ITOJTYUHNM:



2kd

=0
Eom?vD?

(9)

rac K — OLCHKA, ITOJYUYCHHAA I10 MCTOAY HAMMCHBIINX KBAAPATOB.

Tak xak gucnepcus uzBectHa (13 MHK), To nmockoibky u3 cootHomenus (9)

= () o= ()
% = \dk) %~ Eom2vD? %k

TO OLOCHKa CTaHHapTHOﬁ MOTPCITHOCTH  BCJIMYHHBI I[HSJIGKTPH‘-IGCKOIE

CJIEITyET, YTO

IMPOHNUIIACMOCTH CCTh:

2d

Se=———
€7 g,m2vD?2

Sk (10)
rne Sj — CTaHJAapTHOE OTKIIOHCHHE BeTMYHHEI K, mosrydennoe mo MHK.

OuneHka NOrpenIHOCTH U3MepeHuil

Cucremarnueckass (HE  MCKJIIOYEHHAs) MOTPEHIHOCTh  ONpeIesICHUs
JOVRJIEKTPUYECKOM NPOHMUIIAEMOCTH  ONPENEISIETCS 10 NPAaBUIy KOCBEHHBIX
U3MEPEHUH, TO €CTh

EN2 IEN? 0E\2 IEN?
AE? = (ﬁ) Ad? + (£> AD? + (E) AI? + (ﬁ) AU? (11)

rae Ad u AD — cuctemMatudeckue MOTPEIIHOCTH OMPEEICHUs TONIINHBI U
nraMeTpa oopasiia.

Al u AU — cucteMaTH4eCKHE IMOTPEIIHOCTH MPAMBIX U3MEPEHUN TOKa U
HaIpsKEHUS B LIETIN.

N3 cooTHomenus (7) nmomyuum

0E € 0E 26 0 E 9 € (12)
od d’'oD D’al 1'0U U

IToncraBnsist (12) B (11), momydaem cCHUCTEMaTHYECKYIO MOTPEIIHOCTh
onpeneneHus £ Npu JaHHOW TeMIiepaType.

o [Adz A2 4 AU2 (13)
Ag—g ?-I_I__Z—l_ﬁAD +W

rne £ = (2d - 1)/ (Eym?vD?U), d, I, D, U — cpenHue 3Ha4eHHUs, TO €CTH
9



n

X = zxi/N

i=1
HOpSIIlOK BBIINTOJIHCHU A paﬁoTbl

BxirouaroT ycTaHOBKY, ycTaHaBlIMBas pazHocTh noreHuuanio U=100 B.
3anuceiBaloT cuiy Toka |. He Bkirodast HarpeBaTesb Ne4u, 3alKiChIBAIOT
temneparypy t°C.

IIpn manHOM TeMmeparype, U3MEHsIsl HANpsDKEHUE C MHTEpBAIOM S5 B,
BBINIOTHSAIOT 8-10 u3MepeHuii Toka.

Bxmtowator  meun.  Temmeparypa  oOpasiia  TMOBBIIIAECTCS, €O
TUDJICKTPAYECKasT TPOHUIIAEMOCTh MEHSAETCS. OJTO TMPUBOAUT K
M3MEHEHHIO CUIIBI TOKA B IienHu obpasua. Yepes unrepsansl At°C = 10°C
(mocie 100°C uepes 5°C — obnacTs hasoBoro nepexona u ty, ~ 120°C)
CHUMAIOT oTcueThl HanpsbkeHuss U u cuibl Toka |. Takue otcuersl 0epyT
0 TeX IMOop, MOKa CUJia TOKa HE MPOUAET uepe3 MaKCUMyM, 4YTO
cooTBeTcTBYyeT Touke Kiopu, W He cmamer A0 NEepBOHAYAIBHOTO
3HAYCHMSI.

BbIACHUTH  CHUCTEMATHYECKHWE TIOTPEIIHOCTH MPSMBIX  H3MEpPEHUi
HaAMPsHKEHUS ¥ TOKA 110 UCTIOJIb3yEMbIM BOJIBTMETPY U aMIIEPMETPY.
ITpunsate D = 0,1 M, AD = 0,025 m,d = 0,005 m, Ad = 0,025 m.
[Toacrasnss 3nauenus | u U B dopmyny (7), paccuutaTh 3HaueHus € u

OCTPOUTH rpaduIecKyro 3aBUCUMOCTE € = E(t).
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BOITPOCHI 151 CAMOITIPOBEPKH

Kakue BemiecTBa OTHOCAT K cerHeTodiekTpukam? Kakumu cBoWcTBamMu
00J1aJ1at0T CErHETORIEKTpUKU? UTO Takoe TOMEHBI?

KakumMu mapamerpamMu XapakTepusyeTcs TIOBEJICHUE JUAJIEKTPUKOB B
AIEKTPUIECKOM I0JIe?

B dem 3akirodaercs mosspusanus AMAIEKTpUKoB? Kakue THITBI oJIspr3aum
UMEIOT MECTO B JUDJIEKTpUKaX?

Kak m3mensieTcss quaneKTpudeckasl IPOHUIIAEMOCTh CETHETOAICKTPUKOB TIPH
WX HarpeBaHuu?

B ueM cymHoCTb TUCTEpe3rca B CErHETONIEKTPUKAX ?

Kax onuchIBaroTCsl MOTEpU SHEPTUN B TUIICKTPHUKAX ?

HapucoBaTe cxeMy YCTaHOBKM JUIsl MCCJIEIOBAaHUS  TeMIEpaTypHOU
3aBUCUMOCTH JTUDJICKTPUICCKON MPOHUIIAEMOCTH TUTaHATa Oapusl.

BriBecTr COOTHOIIEHUS IS OICHKHA CIy4alHBIX W CHCTEMAaTHYCCKUX

IIOTPELIHOCTEN U3MEPEHUS TUDIIEKTPUYECKON ITPOHULIAEMOCTH.
JIMTEPATYPA

CasenbeB U.B. Kypc obmieii pusuku: B 3 T./M.B. CaBennseB. M.: Hayka, 1998.
T.2.

Asopckuit b.M. Kypc ¢usuku: B 3 1./b.M. SABopckuii, A.A. Jernad, JI.N.
MunkoBckas. M.: Beicmag mikona, 1999. T.2.

Tpodumona T.U. Kypc ¢puzuxu/T.. Tpopumosa. M.: Beiciias mkona, 2002.
VYuebnsle annmupoBanHbie kKaunathl o pusuku ITU CI'TY [DnexTpoHHbIH

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

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

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