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Heanb padoThl: W3yyeHUE 3aBUCUMOCTH JAUDJICKTPUUECKONU MPOHUIIAEMOCTH

TUTaHaTa Oapus OT HANPSDKEHHOCTH TIOJISI U OT TEMIIEPATYPHI.
OcCHOBHBIC NOHATHA

Turanar Oapus (BaTiO3) OTHOCHUTCS K TpYIIE CErHETOICKTPHKOB.
Tumanam 6apusi — CETHETORJIEKTPUK, OOJATAIONINI BBHICOKOW MEXaHUYEeCKOU
IPOYHOCTHIO, OOJBIION MEXaHUYECKOW YCTOMUYMBOCTBHIO, HALIEAIIMK Ojarojaps
ATOMY IIMPOKOE HAYYHO-TEXHHUECKOE TPUMEHEHNE.

CerHeTodJIGKTPUKH  OTHOCSATCA K KJIacCy HMOHHBIX KPHUCTALIOB, a
JIEKTPUUECKUE CBOMCTBA KPHUCTAIJIOB TECHO CBS3aHbI C HMX CHMMETpHUEH.
CuMMeTpHrs XapaKTepru3yeT OCOOCHHOCTH PACIIONOKEHUS DJICKTPHUSCKHUX 3apsi0B
B KpucTajmlax. MOXHO BBIIETUTh TPHU ITama 3TOrO PACIONOKEHUS IS
JTUDJICKTPUKOB.

B mepBoM w3 HHX pPacHOJOKEHHE ITOJOXKUTEIBHBIX WM OTPHUIIATEIBHBIX
3aps/IOB SIBJISICTCS IEHTPOCUMMETPHUYHBIM, HEHTPHI TSHKECTH 3apsoB KaXKJI0TO
3HaKa COBMAAAIOT APYT ¢ IpyroMm. B mpenenax oHON 3JIEMEHTAPHOUN STYEUKH TaKOE
COBIMAJICHUE O03HAYAET, YTO ITU LIEHTPHI TSKECTH COBIAJAIOT C IIECHTPOM SIYCHUKH.
Takue kpucTamIbl HA3BIBAIOT HETIOJISPHBIMH.

B gwdnmekTpmkax ~— BTOpPOro  THNA  HEHTPHI  TSHKECTH  3apsiioB
MIPOTUBOIIOJIOKHBIX 3HAKOB B MpeJeiax 3JIEMEHTAPHON sSYeWKH HE COBIAJAIOT, U
MOJTYJArOIIUECs MPU TAKOM PacIpeIesICHUH dJIEKTPUISCKAE AUMOILHBIC MOMEHTHI
BO BCEX COCEIHUX sueiikax mapaieiabHbl. COBOKYITHOCTh BCEX TaK MOCTPOSHHBIX
AJIEMEHTAPHBIX SUEeK, O00pa3yroNIMX KPUCTAIUI, JEJIaeT €ro MaKpPOCKOMHUYECKU
MOJIAPU30BAHHBIM B OTCYTCTBHE BHEIIHETO MAarHUTHOTO TMOJS (CIIOHTaHHAS
MOJISIPU3AIKs ), TAKME KPUCTAIUTBI HA3BIBAIOT MOJISIPHBIMHU.

B nusnexktpukax TpeThero TUIA MEHTPHI MOJI0KUTEIBHBIX U OTPUIIATEIIBHBIX
3apsJIOB COBIIAQJAIOT, HO PACIPEICICHUE 3apsaaoB KaXJAOro 3HaKa HE SBJISETCS
[EHTPOCUMMETPUYHBIM. OTCYTCTBHE NEHTPOCHMMETPHUYHOCTH B paclpeieICHUN

3apsiIOB KaXKJOTO 3HAKa paspellaeT Hajluyue TOJISIPHBIX HaIpaBJICHHWM, OHAKO



reoOMEeTpPUYECKasi CyMMa BCEX JHUIOJIbLHBIX MOMEHTOB OKAa3bIBAETCS PABHOM HYIIIO.
Takue KpucTaIbl HA3bIBAIOT MOJISIPHO-HEUTPAIbLHBIMH.

[IpumepoM MOJSPHBIX AUICKTPUKOB CIIY)KAT CETHETODJICKTPUKA —
BEIIIECTBA, KOTOPBIC HUYKE HEKOTOPOM TeMIlepaTyphl (MJIM B HEKOTOPOM HMHTEpBaje
TeMIEpaTyp) B OTCYTCTBUE BHEIIHETO IOJs, HMMEIOT O00JaCTH CIIOHTAaHHOU
CaMOIPOU3BOJIBHOW MOJSPU3AIUN — JTOMEHBI.

Takue TemnepaTypHble HHTEPBAJIbl HA3BIBAIOTCS MOJISPHBIMU WHTEpPBAIaMH,
HAa TpaHUIE WX CETHETOXJICKTPUKU HWCIBITHIBAIOT (ha30BbIC TPEBpAICHUS,
nepexo/isi B HOBBIE KPHUCTAUIMUECKHE MOAM(MUKAIIUM, B KOTOPBIX CIIOHTAHHAsS
MOJIIpU3aIKs He HaOIro1aeTcs.

Kpucrannuueckas moguduxaius, B KOTOPOH CErHETOIIEKTPUK CIIOHTAHHO
MOJIIPU30BaH, Ha3bIBaeTCA TNOJSIpHOM (ha3oi, a MoauduKaius, B KOTOPOH
nojsipu3alii  HEeT — HemnoJisspHoW (azoi. TemmepaTypa, mnpu KOTOpOH
CETHETORJICKTPUKHU MEPEXOJAT W3 MOJISIpHOWM (pa3bl B HEMOJAPHYIO, HA3bIBACTCS
Toukoil Kropu.

B cernerosnextpukax B Ipeaenax KakaAoro JOMEHa AUIMOJIbHBIE MOMEHTHI
BCEX DJIEMEHTAPHBIX SYEEK OPUEHTUPOBAHBI OJMHAKOBO; B COCEIHMX JOMEHaX
HaIpaBJICHUS] CIIOHTAHHOW TMOJSPU3AIMU COCTABISAIOT CIy4YailHbIE YIJIbI JIPYT C
JpyroM, Tak 4YTO TIeOMETpUYEecKass CyMMa JJICKTPUYECKMX MOMEHTOB BCErO
KpHCTaJjjia paBHa HYJIIO.

Jlenenue Ha JOMEHBI OKa3bIBaeTCs JUIsl KpHUCTa/Ia JHEPTeTHUYECKU
BBITOJHBIM, TaK KaK IIpM HOTOM IIOJHAS DHEPrus JOCTUraeT MHUHUMyMa, W
CIIOHTAHHO TOJISIPU30BAHHBIM CETHETORJICKTPUK B MOISPHOM 00JaCTH TEMITEpaTyp
o0Jaaet 00JIbIIEeH YCTOMYHNBOCTHIO.

CrnenctBueM CyIIECTBOBAHMS 00JacTel CIOHTAaHHOM IOJSpU3AIUU B
CETHETORJICKTPUKAX SIBJISCTCS HAJMUKE Y HUX CBOMCTB, aHAJIOTMYHBIX CBONCTBAM
dbeppoMarHeTUKOB: OOJBIIME 3HAYEHUS JAUDJICKTPUYECKOW MPOHMUIIAEMOCTH,
XapakTepHas KpuBas 3aBUCUMOCTH JHDJICKTPUUECKON IPOHUIIAEMOCTH OT

TEeMIIepaTyphl ¢ pe3kUM NuKoM B Touke Kropu (puc. 1) u rucrepesuc 3aBUCUMOCTH



3apsaga KOHACHCATOpa C CCrHETOJJICKTPUKOM OT HAIPAXKCHHOCTHU IIOJIA B obnacTu

CUWJIBHBIX TIOJIEH TIpH Temrmeparypax Huxe Touku Kiopu (puc. 2).

g M

0 i

Puc. 1. KpuBasi 3aBUCUMOCTH AUIEKTPUUECKONU MPOHUIIAEMOCTH OT

TCMIICPATYPHI C PC3KHUM IIMKOM B TOYKC KIOpI/I

Puc. 2. Iletns rucrepesnca CErHETOIEKTPHUKA

W3meHeHue CBOMCTB MpU NEpPEeXoe uepe3 3Ty TOUKY SABISETCS CIIEICTBUEM
U3MEHEHUSl KPUCTAJUIMYECKON CTPYKTYphl CErHETOdJIeKTpuKa. B Turanare Oapus
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BbIlle TOUuku Kiopu cyniecTByeT KyOudeckas peleTka, HUKe — TeTparoHajabHasl.
N3yuaemoe (a3zoBoe TmpeBpalieHUe THUTaHAaTa Oapus sBisieTcs  (pa30BbIM
MPEBpaIEHUEM BTOPOTO pojia WK OJIU3KUM K HEMY MEPEX0J0M MEPBOTO POJia.
[Ipy BHECEHHMH B DJEKTPUYECKOE IIOJIE CETHETORJEKTPUK MOJISIPU3YETCH.
DnekTpuyeckass HMHAYKIUS  CETHETORJIEKTPUKA  CKIAJBIBACTCS U3  Tpex
COCTaBJISIOIINX
D=¢E+P+P, (1)
> -
rae E — cpenHee MaKpOCKONMYECKOE IOJIE B CETHETODJIEKTpUKE; P —
CPEIHUN  UHIYIUPOBAHHBIA  AJIEKTPUUYECKUI MOMEHT €IUHHUIII  00beMa,

06YCHOBHCHHBIﬁ HOJ'IHpI/I?)aI_[I/Ief/'I HOHHOI'O CMCIOCHHA WM CMCIICHHA 3JICKTPOHHBIX

000JI04eK U  MPOMOPIUOHAIBHBIA B CHA0BIX TOJISIX  HANPSKEHHOCTHU

QJICKTPUYCCKOTI'O IIOJIA; PO_ BHGKTpI/I‘-IGCKI/Iﬁ MOMEHT CHOHTaHHOM MOJIIpHU3alH,

&g — OJICKTPpHUUYCCKasd IIOCTOSAHHAA.

- - —
Bektopel E u P uMEIOT OJIMHAKOBOE HalpaBiieHHE, a BEKTOop Py B oOleM

-

cllydyae MOXKET MMETh APYroe HampasiieHue. B cmydae, eciu Bektopa P u P,

-

MPONOPIMOHAIBHBI BEKTOPY HAIPSIKECHHOCTH SJICKTPUYECKOTO Mo E, ToJHas
JIUDJIEKTpUUECKass TMPOHUIIAEMOCTh  CETHETODJIEKTpHUKA, OOYCIOBJICHHAs W
MOJISIpU3allied, BbI3bIBAEMOM BHEIIHUM IOJIEM, W CIIOHTAHHOMW TMOJISIPU3ALINEN,

paBHA OTHOILICHUIO.

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

—_— -
3nech Py — mpoekiusa P, Ha HanpaBiaeHue noss E.

=

B o6mewm ciygae, xorna Py 1 P HE MpONOPIMOHAIBHBI HAMIPSKEHHOCTH
Mojisi, MOXHO OINpEeAeIuTh JHIIbL TaK Ha3biBaeMyr auddepeHInaibHyo

JAUDJICKTPHUUCCKYIO IPOHUITAEMOCTD!:



g—1+1 6P+1 0Pyg
B & OE & OE

(4)
C YBCIMYCHUCM BHCHIHCTO ITOJIA MOJTHBIN SHCKTpI/I‘-ICCKI/Iﬁ MOMCHT €AHNHMUIIbI

o0bema 13;0,“{ YBEJIMYMBAETCS 110 JIBYM NPUYUHAM: BO-TIIEPBBIX, B PE3YJIbTATE POCTA
AIEKTPUYECKOT0 MOMEHTa WHAYUHUPOBAHHOW moysipu3anuu  P; BO-BTOpPBIX,
BCJIEZICTBUE BO3PACTAaHUs YHCIIA JOMEHOB, HAPABICHUE 3JIEKTPUUECKOTO MOMEHTA
CIIOHTAHHOW MOJISIpU3allMi KOTOPBIX COBIAJAET C HAIPABJICHUEM BHEIIHETO IOJIS
W1 00pa3yeT ¢ HUM OCTpBhIE YTJIbI.

[Ipotiecc mossipU3ai CETHETORIEKTPUKA HOCUT HEOOXOIUMBIN XapakTep.
CerneroanekTpuku  obmagator  rucrepesucomM.  CyIIHOCTH — THcTepe3uca
3aKJII0YAaeTCsl B TOM, YTO MOJISIpU3ALUsl CETHETORJEKTPUKA ONpENEseTcss He
TOJBKO 3HAYEHHEM HANPSKEHHOCTU TOJIS, HO M 3aBUCUT OT MPEANIECTBOBABIINX
COCTOSIHUU TMOJISPU3ALNH.

[Ipn wsmenenun mnosst or +E no —E wu or —E no +E, uHAyKOUA U
MOJISIPU3ALIMS B CETHETORJIEKTPHUKE OIMUCHIBAET 3AMKHYTYIO KPUBYIO, HA3bIBAEMYIO
neTIiel Tucrepesuca (puc. 2).

B o6mem ciydae ¥ CIOHTaHHas MOJSApU3AlUsS W WHIYIHPOBaHHAS
MOJISIPU3ALMS  SBJISIIOTCSI  HEJTMHEUHBIMU  (QDYHKIUSIMU  HANPSIKEHHOCTU  TOJIS.
Opnako B 00JacTM HE OYEHb CHJIbHBIX MOJI€Hd WHIYLHPOBAHHAS MOJSPU3ALINS
MPOTOPIIMOHANIbHA HAMPSXKEHHOCTH TMOJs. B 3Toil 005acTH MOXHO pa3jeiuTh
NOJIHYI0 MOJSPU3alMI0 Ha JBE COCTABJSIOIIME CIEAYIOIHUM  00pa3oMm:
AKCTPANOJIUPYIOT BETBb HACHIIICHUS METIU rucrepesuca (puc. 2) K 3HAYCHUIO
noyis, paBHoMmy Hymo. Otpesok KL  cooTBeTCTByeT WHIYIHPOBAHHOMN
nonsipu3aiuu P, orpe3ok LO — cnontanHoil momsipuszammu Py. JleiicTButensHo,
IpU HACBIIICHUUM MOXHO CUYUTaTh, YTO OPHEHTALUsl BEKTOpPAa CIOHTAHHOMN
nojsipuzauu Py, B JOMEHAaX 3aKOHYEHA, W JAIbHEWIIWA JIMHEHMHBIA POCT
MOJISIPU3AlMU C YBEIMYEHUEM HAMPSKEHHOCTU TOJISI OCYIIECTBISIETCS 3a CYET
WHIyIUPOBAHHOW mojsipu3anuu. IIoCKOIbKYy OHa 3aBHUCUT OT HANPSKEHHOCTH

MoJIsi, TO DKCTPaInoJisiliis BETBM HachlmieHuss 10 ocu P maer otpesok KL,



COOTBETCTBYIOIIMIA MHAYyIUpOBaHHOU nossipuzanuu. Otpe3ok OM cooTBeTcTBYyET
octaroyHoi nossipuzanuu, a ON — Ko3pIUTUBHON HaNpsKEHHOCTH E, .
['ucrepe3uc MoXHO HAOIIOAATH, MOABOAS K 00paslly CETHETOIJIEKTPHUKA C
nocepeOpeHHbIMH  TMOBEPXHOCTAMH  (CErHETOKOHJIEHCATOpPY)  MEPEMEHHOE
HanpsbkeHue. YacTh  ANEKTpUYECKOW SHEpruu, KOTopass Npu MNEPEeMEHHOM
HaIpPSHKEHUH B TUAJICKTPUKE NIEPEXOJIUT B TEIUJIO, HA3BIBACTCA JUAICKTPUUECCKUMU
notepsaMu.  JIMdIEeKTpUuyeckue TOTepU B CETHETOKOHAEHCATOPE  MOXKHO
XapakTepu30BaThb TAHTEHCOM  yria JUAJEKTPUUYECKUX TMOTEePb, KOTOPBIN

BBIPAKACTCA TAK:

3necy Wi — 3Heprus, nepelieaiias B TEIJI0 B €AUHULIE 00beMa JTUIIEKTPUKA
3a BpeMs ogHOoro nepuojaa; W — makcumanbHas INIOTHOCTh SHEPTUH, 3aIaCEHHOM B
KOHJIEHCATOpE.

YTron NUPJIEKTPUYECKUX MOTEPh & JOMOJHSAET Yrosl caBura ¢asz MexIy

TOKOM W HampsKEHUEM 10 90°.
Onucanme IKCNEPUMEHTAILHOH YCTAHOBKHU

CxeMa ycTaHOBKHM TpejcTaBieHa Ha puc. 3. HMccnemyembiit oopazern; C u
tepmomeTp T momemarot B neub DII. ObOpazer npencrasisger coboil HEOOIBIION
JUCK W3 TUTaHaTa Oapuisi, TMOMEIIEHHBIA MEXIYy METALTMYECKUMU KpPYIJIbIMU
oOKJIaKaMH, MPEICTABISIIOMIUME COO0M TIIIOCKUM KoHAeHcaTop. Ha xoHaeHcaTop
nonaercs JIATP perynupyemoe nepeMeHHOE HaNpsKeHHUEe, U3MEpsieMoe puoopom

V. Bennuuna Toka uzmepsiercs npudbopom A.
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Puc. 3. Cxema ycTaHOBKH
Tutanar Gapust o0nagaeT OOJBIION AMAICKTPUYECKON MPOHUIIAEMOCTHIO B
00J1acTH TeMIepaTyp OT caMbIX Hu3KkHX 10 +125°C. 3aBucumocts £ = f(T) umeer

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

3aBHCUMOCTD IMIJIEKTPUYECKON NIPOHNIIAEMOCTH TUTAHATA Oapusi OT

TeMIepaTypbl

N3MepeHne 3aBUCHMOCTH JUAJNEKTPUYECKOW IPOHUIAEMOCTH THUTaHATa
Oapusi OT TeMIEepaTypbl CBOJUTCS K M3MEPEHUIO 3aBHCHUMOCTH OT TEMIEpPaTyphl
€MKOCTH CETHETOKOHIEHCATOPA.

BenuuuHa AU3IeKTpUYECKON MPOHUIAEMOCTH TUTaHATa Oapusl MpU KaxKI0u

TEeMIIEpaType ONPEAEISIETCS KaK:

C

€ = (5)

rae Cp = £,5/d — emKkoCcTh KOHIEHCATOpa 0€3 CErHETOAICKTPHUKA.
Tak Kkak I [ENMH TEPEeMEHHOTOo TOKa, cojaepkameid eMkocTh C,
CIIpaBEUTMBO COOTHOIIICHHUE JIJIS TOKA!
I =wCU (6)

riae w = 2nv, v = 50I'y — yacTora Toka B niernu; U — HanpspKeHKE B TICTIH.



YuuteiBas, uto S = wD?% /4 (rne D — quameTp o0knanox) noiayuum u3 (5) u
(6):
e 2-d-1 @)
Eom?vD?U
3nmech d — TommuuHa obpasua, £, = 8,85 - 107120 /M.
CootHowenue (7) st KaXJOW TeMIEpaTypbl MOKET ObITh IMPHUBEACHO K
Buny ¥y = kx, ectu npunste y = 1, x = U, k = E€ym?vD?/2d.
. EE m?VD? U
2d

Boimonnsss u3mepenust no (8), Bapbupysd HaNpsDKEHUE U IIPOU3BOJS

(8)

00paboTKy H3MEpEeHUN MO0 METOJy HAUMEHBIIMX KBaJIpaToB, ISl BEIUYUHBI

I[I/IBJ'IGKTpI/I‘IGCKOﬁ IMPOHULIACMOCTH ITIOJIYYHUM!

_ 2kd

~ E,m2vD? ®)
rac k — OLCHKA, IMOJIYUYCHHAs 110 MECTOAY HAMMCHBIINX KBAJAPAaTOB.

Tax kak qucrnepcus u3sectHa (13 MHK), To mockosbky u3 cootHomeHus (9)

CIIEyeT, 4TO
2

2
5 <d8> ( 2d ) 5
of=|—) oo =|————) o
€ dk) % \gm2vD2) K

TO OICHKAa CTaHHapTHOfI HOFpCHIHOCTI/I BCJIMUYUHBI I[HBHCKTqueCKOfI

IMPOHNIACMOCTH €CThb:

2d

Sg=——
£ 7 g m2vD?

Sk (10)
rie Sy — cTaHJapTHOE OTKJIIOHEHHE BenYuHbI K, monydyenHoe mo MHK.

OuneHka NorpenHoCTH U3MepeHui

Cucremarnueckass (HE  MCKIIOYEHHAs) TMOTPEIIHOCTh  OMPEACIICHUS
JUDJICKTPUUECKON MPOHMUIIAEMOCTH  OMpEACNISIeTCS 10 TPaBUIy KOCBEHHBIX

U3MEpPEHUH, TO €CTh
2 2 2

DE\? 0E o0& 0E
AE? = <ﬁ) Ad? + (6_D> AD? + (E) AI? + (ﬁ> AU? (11)



rae Ad u AD — cuctemMaTnyeckue NOTPELIHOCTH ONPEEIICHUs TOJIIIUHBI U
auameTpa oopasia.

Al m AU — cucreMaTH4eCcKHe IOTPEIIHOCTH MPSAMBIX U3MEPEHUM TOKa U
HaIIPSDKEHUS B LETN.

N3 cootHomenus (7) norydyum
0e €0t _ 2€ e _£o0E_ £ W
od d’aoD D’dl 1'0U U

IMoncraBnsist (12) B (11), momydaem CHCTEMaTHYECKYIO TOTPEIIHOCTh

onpeneneHus € npu JaHHOU TeMIiepaType.

_ |Ad? AI? 4 AU?
AE = E - ?-I_I__Z—l_ﬁADZ-l_W (13)

rne € = (2d - 1)/ (Eym?vD?0), d, I, D, U — cpename 3HAUECHNS, TO €CTh

n

X = in/N

i=1
ITopsaok BbINOJIHEHHS Pa0OThI

1. BkirouaroT yCTaHOBKY, yCTaHaBIuBas pasHocTh noteHmanos U=100 B.
3anmchiBaroT crity Toka |. He Bkitouas HarpeBaTenb Tedu, 3alTUCHIBAIOT
Temmnepatypy t°C.

2. Ilpu nmanHO# TemriepaType, U3MEHSIS HANpSOKEHHWE C WHTEpBaIoM S5 B,
BBINIOJIHSIOT 8-10 u3mMepeHuit Toka.

3. Bxumtouaror  meun.  TemmepaTypa  oOpasiia  TOBBINIAECTCS,  €T0
JTUDJIEKTpUYECKass TMPOHUIIAEMOCTh MEHSAETCA. OJTO TMPUBOAUT K
M3MEHEHHUIO CHJIBI TOKA B Iienu oopasua. Yepes untepsanst At°C = 10°C
(mocie 100°C uepes 5°C — obnacTs hasoBoro nepexona u ty, ~ 120°C)
CHUMAIOT OTcUeThl HampspkeHuss U u cutbl Toka |. Takue orcdeTsl OepyT
10 TeX TOop, MOKa CHjIa TOKAa HE MPOWUIET Yepe3 MAaKCUMyM, YTO
cooTBeTcTBYyeT Touke Kiopu, M He chmager A0 NepBOHAYAIHLHOTO

3HAa4YCHMUAI.
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BBISICHUTE  CHCTEeMAaTHYECKHME TOTPEIIHOCTH TMPSIMBIX  H3MEpPEHUM
HaTPsDKEHUS ¥ TOKA 110 UCIIOJIb3YEMbIM BOJIBTMETPY U aMIIEPMETPY.
[Tpunste D = 0,1 M, AD = 0,025 m,d = 0,005 m, Ad = 0,025 m.
[Toncrapnss 3nadenus | u U B dopmyny (7), paccuutaTh 3HaYeHUs € U

OCTPOUTH rpaduIecKyIo 3aBUCUMOCTE € = E(t).
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BOITPOCHI 151 CAMOIIPOBEPKH

Kakue BemecTBa OTHOCAT K certetodsiekTpukam? Kakumu cBoWcTBamMu
00J1aJ1at0T CErHETORIEKTpUKU? UTO Takoe TOMEHBI?

KakumMu mapamerpamu XapakTepusyeTcs TIOBEJICHUE JUAJICKTPUKOB B
AIEKTPUIECKOM I0JIe?

B dem 3akirodaercs mosspusanus AUAIEKTpUKoB? Kakue THITBI oIspu3anum
UMEIOT MECTO B JUDJIEKTpUKaX?

Kak m3mensieTcss quanekTpudeckasl IPOHUIIAEMOCTh CETHETOAICKTPUKOB TIPH
WX HarpeBaHuu?

B ueM cymHoCTb rucTepes3nca B CErHETOAIEKTPUKAX ?

Kax omuchIBaroTCsl MOTEpU SHEPTUN B TUIICKTPHUKAX ?

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

BriBecTr COOTHOIIECHUS IS OICHKA CIyYalHBIX W CHCTEMATHYCCKUX

IIOTPELIHOCTEN U3MEPEHUS TUDIIEKTPUYECKON ITPOHUIIAEMOCTH.
JIMTEPATYPA

CasenbeB U.B. Kypc obmieii pusuku: B 3 T./M.B. CaBennse. 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.
VYyebnusie anumupoBanubie kKaunathl o Gusuku 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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