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JIABOPATOPHAS PABOTA Nel

W3YYEHHE NOJSIPH3AIIAN JIMTHEWHBIX
U HEJIMHEUHBIX JU3JEKTPUKOB

Ilens pabGoThl: a) O3HAKOMHUTHECA C METOJOM H3MEpPEeHHA
NOJSIPU3ALMM  JUBJIEKTPUKOB [0 MNETIAM  JIUANIEKTPHYECKOTO
rUCTepe3uca; 6) WM3yYuTh  MEXaHW3MBl  MOJAPH3ALUH
JUDJIEKTPHKOB.

Hcnonwpzyemoe oOOpyAcBaHME Y MaTepualibl:  CXema
Coiiepa-Tayspa s 3anucu  3aBUCHMMOCTeH “mioyipu3aius -
SJIEKTPUYECKOE TI0JIe”, IeHepaTop HU3KMX YacTOT, 3JAeKTPOHHBIN
BOJILTMETP, JIEKTPOHHEIN ocipuiorpad wid ABYXKOOPAMHATHBIM
caMoIIucell, 06pa3iip! [IU3JIEKTPUYIECKIX MaTrepuaios,
COeAMHUTENIbHbBIE NMPOBO/Ia U Kabesu.

1. Teopersyeckue cBeNeHHs

1.1. Knaccubukauusi IU3NEKTPUKOB MO XapaKTepHBIM
0COOEHHOCTAM UX DNEKTPUYECKGH NONSpU3aluH

Haubonee mpocTeiM ¥ 9acTo BCTPEYAIOUIMMCS CIIy4aeM
BO3HUKHOBEHHUS JJIEKTPHYECKH TOJSPU30BAHHOIO  COCTOSIHUS
obpasua AWINEKTPHKA SIBJSETCS €ro peakius Ha BO3JEHCTBHE
BHEIIIHEro syiekTpHyeckoro nosis E. D10 sBIeHHe HOCUT Ha3BaHUE
UHOYYUPOBAHHOU _3/IeKMPUYECKOL__NONSIPUSAYUY. OHO uMmeeT
MECTO B JIHOOOM [M3JIEKTPHKE HE3aBHCUMO OT €r0 KOHKPETHOTO
CTPOEHN, TIPH 3TOM MNoJispusanius P U3MeHseTCs JIMHEHHO ¢ ToJieM
E. Jlusnextpuku, 00Ja[aioniye CBOWHCTBOM MOJIIPU3OBATHCH
TOJBKO B pE3yJIbTaTe BO3JNCHCTRIA BHEHIHEr0 SJIEKTPHYECKOTO
T0J1s, MOTYT OBITh Ha3BaHbl jiuk 2 HHbIMU QUINCKIMPUKAMI,

JaBHo  m3Becten  Takke  3pdexkT  BO3ZHUKHOBEHHS
JJIEKTPHUYECKH  TMOJNAPK3OBAHHOTC  COCTOSHUS  HEKOTOPBIX




KPUCTA/UIMYECKHX JAWIIEKTPUKOB B  pesyibTaTe BO3AEHCTBHA
MEXaHUYECKOrO  HamNpsKEHHS. D10 sBJICHHME HA3bIBACTCA
Nbe3031eKmMPUYecKol nonApu3ayUuel (NbE302IEKTPUHECKUM
adpdexrom).  OHO Habmopaercss TOJNBLKO ISl OlNpe/IeIeHHOro
Kjacca [AWOJIEKTPUKOB, CTPYKTYpa KOTOPBIX XapaKTepu3yercs
OTCYTCTBUEM LIEHTpa CHUMMETPHM (Hanpumep, KBapil, THTaHaT
Gapus u  gp.). BemectBa, oOnajaiomme  CBOHWCTBOM
FIOJSIPU30BATBCS B pPe3yJbTaTe BO3/ACHCTBHA  MEXaHUYECKOro
HanpsHRKEHUs, Ha3bIBAIOT Nbe302/1eKMPUKAMU,

Cnemymomas  rpynmna TBEPABIX  KPUCTA/UIMYECKHUX
JMDJIEKTPUKOB XapaKTepU3yeTcs CyIIeCTBOBAHMEM MOJIAPU3aLMU B
OTCYTCTBHE BHELUHEr0 JEKTPHUUCCKOIO 1015, TO €CTh CHONMANHOU

nongpuzayuu Py . Jlnonexrpuky, obnamaromue Ps Bo Bcem
JjanasoHe Temneparyp CyulecTBOBaHHMA TBEPHAOrOo COCTOAHHUSA
BELIECTBA, HA3LIBAIOTCA  NUPOINEKMPUKAMU. CnoHTaHHas

NOJISIPU3ALUS [THPOYICKTPUKOB 3aBUCUT OT TEMIEPATyphl, T.€. OHH
06J1a1al0T [THPOINIEKTPUEECKUM 3D PEKTOM.

HakoHel, umeeTcs Kjlace KpUCTAUIMUECKUX JHIJIEKTPUKOB,
B KOTOpPBIX IIpM HEKOTOPOil ONpENENeHHOH Temneparype
MPOMCXOAUT CTPYKTYpHbIH (azoBelid nepexoa (HasbiBaeMblii
MOYKOT Kiopu), COMPOBOXKAAOLUIACS BO3HUKHOBEHHEM
(MCYe3HOBEHMEM) MAaKpPOCKOMWYECKOH CHOHTAHHOM TNOJIIpH3aLiH,
HarpaBjieHHe KOTOpoi MoxeT ObITb HM3MEHEHO Ha oOparHoe

BHELIHUM  JICKTPUYCCKMM  TI0IEM  WIM  MEXaHMYECKUM
HANPSHKEHUEM, Takue KPHUCTAJUIBI Ha3bIBAKOTCS
Ce2HEeMOINEKMPUKAMIUL,

Kpome  Hamumumst  CerHeroniekrpuueckoro  (hazoBoro

nepexozia, APYrod XapakrepHOH OCOOEHHOCTBIO, OTINHAIOLICH
CETHETOICKTPUKU OT MHPONIEKTPUKOB, ABJIAETCS BOSHUKHOBCHHE
B CErHETOYIeKTPUKAX JAOMEHHOH CTPYKTYphl, TepecTpoiika
KOTOpPOH BO BHELIHEM JJIEKTPUYECKOM I10Jie TPUBOJUT K
HenuHeiHoil 3aBucumoctd P ot E.  [losromy cernerosnekrpuku
ABJISIOTCSA HEJIMHEHHBIMU JUBIEKTPUKAMH.
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1.2. MakpockonuuecKkoe OnucaHue Mmojspusatiy

Hwonekrpux B snekrpuueckoM mosne E  mpuoGperaer
SJICKTPUYECKUI JAMNOIBLHBIA MOMEHT d, MpHYeM HanpsHKEHHOCTh
MaKpOCKONU4YECKOro sjiekTpudeckoro noys E B qussnekrpuke He
paBHAa HYJIO: SJEKTPUYECKOE = TI0Jie TMPOHHUKAET B O0OBEM
JIM3JIEKTPHKA.

MakpockonuyeckumMy  XapaKTePUCTHKAMH  HJIEKTPHYECKH
NOJIIPU30BAHHOIO 00pasia AWdNeKTPHKAa SBISIOTCS BEKTOPHBIE
¢usnueckre BenMUMHBL: nomspusanus P, snekrtpudeckoe none E,
SJIEKTpUYecKas MHAYKLusA D, snexrpudeckuii AUMOJILHBIN MOMEHT -
d. Bce oHu cBsizaHb! MeXTy COOO.

IMongpuszanus P xapakrepusyer OOGBEMHYIO MJIOTHOCTh
CYMMAapHOTr0 3JIEKTPHYECKOr0 JIMIIO/IBHOTO MOMEHTAa W B Cily4ae
OIHOPOMHON MNONAPU3aUMM BeUIECTBA MOKET OBITH 3armcaHa

creayromuM o6pazom:
P=4>d, )

rae >d - 2eKTpUYecKHii IUNONbHbIH MOMEHT BCEro obpa3sua, V-
obbvem obpasiia.

Caa3b Mexy P u E B cryuae aHH30TPONHOTO UA/IEKTPHKA
3a/1a€TCA TEH30POM AHAJIEKTPUYECKOH BOCTIPHUMYHMBOCTH Yjj

Pi = eoxi; E 5 (2

rae Pi u E; - xomnonentsr BektopoB P u E, yjj - KoMIoOHEHTSI
TCH30pa JUAJIEKTPHYECKOH BOCIPUMMYMBOCTH, i, j = 1,23 -
HHJICKChl COOTBETCTBYIOLUIMX KOMIIOHEHT BEKTOPOB M TEH30pa, £ =
8,85-10" ®d/m - IIEKTPHYECKAA [TOCTOSHHAS.

B pa3sBepHyTOM BHj€E COOTHOIIEHME (2) HMEET BHL

(¥8)



Pi = goxnE1 + o) 12E2 + €o)13Es
P, = g)21E1 + €0)22E2 + €0)23E3 3)
P; = go)31E1 + €0)32E2 + €0)33E3

KomnoHeHTbI TEH30pa Yij 00OBIYHO 3aNUCHIBAIOT B BUAE MaTpHUIIbI
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YuClio OTIMYHBIX OT HYJIi KOMIIOHEHT TE€H30pa 3aBMCHUT OT
BoiGopa cucteMbl KoopauHaT. Bceerja MoxHO BBIOpaTh Takylo
CMCTEMY KOOpAMHAT, B KOTOPOil MaTpulia KOMIIOHEHT TEH30pa
npuobpeTaeT MPOCTOi BUI: OTJIMYHBIMU OT HYJIS SBJSIOTCS JIMIIb
JIMaroHajibHble KOMIOHEHThl MAaTpHLBl TEH30pa. O10 TaK
HaspiBaeMmas IJlaBHas CHUCTeMa KOOpJAWHAT, ompejesseMas
HanpaBJeHUIMU COOTBETCTBYIOIIUX OCEH CUMMETPUM KPHCTAILIA.

JUist UB0TPOTNHBIX IUAIEKTPUKOB

P=enE . (5

1.€. TEH30P 2-rO PaHTa ¥;j BHIPOMIAETCA B CKAIIAP ).

OueHb 4YacTO JUIS XapaKTePUCTHKH MOJIAPU30BAHHOCTH
NEIIECTBA TMPHMEHAIOTCS €Ie M JPYrHe BENMMHBI - BEKTOP
sekrpuyeckoit mHaykuun D U TEH30p JAUIIEKTPHYECKOM
lipoHMIaeMoctH € . TeH3opoM & 3anaerca cBazb Mexay D u E
ClieyrotmuM o6pazom

D; = gty I (6)

I cliysae M30TPONHBIX IMAJICKTPHKO N

D =eoek M

Mexny Benmuunamu P, E 1 D uMeercs oqHO3HAYHAS B3aUMOCB3b

D=gF +P 8)
CrieloBaTeNbHO, B3aUMOCBS3aHBl  TakKe  KOMIIOHEHTHI
COOTBETCTBYIOLIUX TEH30POB Ejj H ¥
;=8 *+ % » ©)
[0 npH j =i
rze &;=1
lopuj=i

B cityqae H30TPOIHEBIX JUBIIEKTPHKOB HMEEM
g=1tq (10)

1.3. MexaHH3MBI 3/1€KTPUYECKOM TONAPU3ALIK

Mukpockonudeckue — fpeACTaBIEHHS O  MeXaHH3Max
NOJIIPU3AMH  MOTYT OBITh CBEOEHBI K HECKOJBKUM MOZIETIM
BO3MOJKHBIX MPOLECCOB BO3ZHUKHOBEHUS JIUMOJIBHOO MOMEHTA B
Avonektpukax. B o0pasoBaruu SNEKTPUYECKOTO JIUNOJIBHOTO
MOMEHTA MOTYT YYacTBOBATH pPa3iMuYHble 3apPSKEHHBIC YACTHIBI,
CMEIEHHE KOTOPBIX TII0JI JECHCTBHEM BJIEKTPHYECKOTO I10JId
NPUBOIUT K IHOJIAPH30BAHHOMY cocTosiHUIO (puc. 1). K HuMm
OTHOCATCS:

: QNICKTPOHBI, CMEM[AKOLMUECT U3 PaBHOBECHOIO
TI0JIOKEHHU OTHOCUTEJIBHO TIOJIOXKUTENIBHO 3apsSDKEHHBIX SAEp;

2. HOHBI, OTKJIOHAIOIHECH OT PABHOBECHOTO MOJIOKEHHUS B
KpUCTAJUIMYECKON pelieTKe;



3. [aMmoaMd - TOJISPHBIE MOJIEKY/bl WIM  pajuKabl,
UW3MEHAIOMME  CBOK  OpHMEHTAUMi0 M,  CJI€AO0BATENbHO,
5JIEKTPUYECKUIi JUMNOJIbHBIH MOMEHT o0Opasiia.

Buemmuee mojre oTCyTCTBYET

T ES

®da3a ¢ BEICOKO#H
Bremsee nose NPOBOMMOCTHIO
> .4+ S b T A . + 4+ + +
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Puc. 1. MexauusMbl NOJSpU3ALMU: A — CMEIUEHUE DJIEKTPOHHOrO
obnaka aroMa OTHOCHTENbHO sapa; O — CMEIEHME MOHOB B
KPMCTalJIM4ECKOM pelleTKe APYr OTHOCUTENBHO APYra; B — OpUECHTALMA
ZMNoJel B YAEKTPUYECKOM HOJIE; T - IPOCTPAHCTBEHHbIHA 3apsii

DNEKTPOHBI, HOHBI WIH JUIOJM NPUBOJAT K 00pa3oBaHHIO
5NEKTPUYECKOrO0  JWMOJBHOTO  MOMEHTa  ([OJIiPU30BAHHOIO
COCTOSIHMS) TOCPEACTBOM pasjIMYHBIX MexaHu3MoB. Ecid oTH
YacTULG! CBSA3aHBI B CTPYKTYpe JMIJIEKTPUKOB JIOCTATOYHO
“9KECTKO”, BHELIHEE TO0JIE MOXET MPUBECTH JIMIL K MakiM (10
CPaBHEHMIO C ATOMHBIMHM Pa3MEpaMM) CMEUICHIIM YTHX “ACTHIL
OTHOCHTEJILHO HENOJSIPHUIOBAHHOIO CocTonmmt, Tem He meuee,
HeGONBILKME  YIIPYIHE CMEIICHMN  WeeX  CTPYKTYPHBIX  €AMHHLL
JUOJICKTPUED TIPHBONT K SHAMHTCILHOMY HHTErPpaIbHOMY BKIIAy

O

B HW3MeHeHHe ero cpoiicts. Takoil MeXaHM3M NOJISIPU3ALMU
Ha3bIBaIOT YHPDY2UM. :

B ciiyyae cnaboii cBS3H 2JIEKTPOHOB, HOHOB WIH JIMIIONEH B
CTPYKTYpe AMIIEKTPUKOB Ha INpOLEccax MOApU3alMi CHJIBHO
CKa3bIBAeTCs MX TEIUIOBOE JIBUXKEHUE, W TOJIpU3allis Ha3bIBACTCS
menioeou WIN npeloickosoil. B razax v xUAKOCTSX ¢1ab0 CBI3aHbI
JIMLIb  MOJIEKYJIBI, M TeruloBas mojspu3aims oOycjioBjieHa
JMIOJIEHBIM MEXaHU3MOM. B TBepabIX MUAIEKTPHKAX B TEIUIOBOM
NOJIAPU3ALIMK MOTYT Y4acTBOBATH HE TOJIBKO JMIIONH, HO TaloKe
3JIEKTPOHbI  (ABIPDKH) WM MOHBI, JIOKAJIW30BaHHbIE BOJIM3M
CTPYKTYPHBIX J1e(PEKTOB, OCTaBasCh JIOKAJIW30BAHHBIMH, 3TH
YacTHUBI  MOJA  JEHCTBHMEM  TEIUIOBOIO  [IBIDKEHHS  MOTYT
NepeMelarbcs Ha paccTosiHus nopsaka atomHbX. Ilomspuzanus
[pyd 5THUX MEpPEeMELEHUs X HE BO3HMUKAET, MOTOMY YTO TeIUIOBBIE
NPBDKKKH  3JIEKTPOHOB, HOHOB WJIM OpPHUEHTAlMA  JAMIOJjei
MPOUCXOIAT XaOTHYHO M B CpeJHEM KOMIIEHCUPYIOTCS -
JIEKTPHUYECKHIH MOMEHT MaKpOCKONHMYECKOro obObema ocTraercs
paBHBIM Hyar0. OJIHAKO NPHIIOKEHHOE OSJIEKTPHYECKOE TII0JIe
NPUBOJIMT K ACHMMETPUK B DACIIPE/IENICHUH MepeMelialonuXcs
3apaloB (WM B OpMEHTAalluM [UIIONeH), BCJIECTBHE YEro M
BO3HHKAET 3JIEKTPUYECKMH NUIO/BHbIH MOMEHT oOpasua, T.e. ero
[OJIApH3aLHS.

DHepreTHYecKue Gapsepsl MEXIY  BO3MOXXHBIMH
JIOKATBHBIMH  TIOJIOXKEHUSIMM  3JICKTPOHBI, HOHBI WM JMIOIH
TPEO/IOJIEBAIOT 32 CHET SHEPrHH TEIUIOBOTO JIBIDKEHHA, a
3NIEKTPHYECKOE T10JI€, U3MEHSA BRICOTY 3TUX OaphepoB, MPHUBOAMUT K
HAKOIVIEHHIO OOJNBIIEro Yrclia 3apsKeHHBIX CJ1ab0CBA3aHHBIX
YacTHLl B 3HepreTvuyeckyu 6ojiee ONaronpUATHBIX TMOJIOKEHHSX.
Ilocne BBIUIIOYEHMS NOJS H3-32 JIC30PHEHTUPYIOIErO BIIMSAHUA
TEIUIOBOIO ABMXKECHHS IMOJsiphki3anusa ucdezaer. Takoi MexaHH3M
MOJIAPU3ALMH, OYEBUAHO, ssiiseTcs OoJiee MEMJIEHHBIM TI0
CPaBHEHUIO C YIIPYroW IoJsipm3aivei.

Haubonpmee - yike MakpocKonU4ecKoe - IepeMenieHHe
CBS3aHHBIX 3apAJi0OB IPOMCXOAUT B CIIy4ae MUSPAYUOHHOU
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nonspusayuy, OOBIMHON Ui HEOJHOPOJHBIX JIMANEKTPHKOB
(CIOMCTBIX WM  COJAEPXKAIIMX  MHOPOJHBIE  BKJIKOYEHHUS).

Hakonienue SNEKTPUUECKHX 3aps/10B Ha rpaHMLax
HeoAHOpoaHOCTEeH  (C/oes,  110p, BIJIIOYEHUH) TNPUBOOUT K
00beMHO-3aPAOHOU _ RONAPUIAYUN. OyeBUIHO, UTO BEJIWYMHA

CMEICHHMs 3aps/ioB W BpeMs pejakcaldud Jisg Ml/lealll/lOHHOﬁ
noJjspru3alun MaKCuMaJibHbI.

2. MeToaRKa HKCHIePHMEHTA

3apucumocte P or E moxknHo HabmopaTh Ha 3KpaHe
ocuwuiorpapa WiIM  3anucarh Ha  JUMarpaMMHOM  JieHTe
JIBYXKOOPAMHATHOTO CAMOTIMCLIA ¢ NOMOMIBIO CMIELUANIbHON CXeMbI,
npeioxenHoid Coiiepom u Tayspom. Jlns mojydeHus Takoi
3aBUCHMMOCTH Heobxonumo nojatk Ha Bxoa “Y” caMonuclLa
Hanpsokenve Uy, nponopuyoHaisHoe BekTopy uHaykuud D, a Ha
Bxoj “X” - HanpspkeHue Uy, MporopuHOHabHOE HANPsHKEHHOCTH
noJs E.
CxeMma yCTaHOBKHM TMpUBEJICHa Ha pucC.2.

U=l iv wt !
- sin —
0 -1
1

Uy Uy

Puc. 2. Cxema ycraHoBKHM Jyist HaGmoaeHus 3apucumoctu P ot E

Hanpsokenne U = Ugsinot nojgaercs Ha Jenurens W3
pesuctopoB R; u Ry , a Taioke Ha mocneoBaresIbHO COEAMHEHHBIE
konzeHcaropel Cx u C,. Hanpskenue Uy, cHHUMaemoe ¢ nepBoro
Jenureisi, nojaerca Ha Bxoa “X” IBYXKOOPAMHATHOIO caMmorMcHa
WK ocumiuiorpada, a co Broporo - Ha Bxoa “Y”. Konpencarop Cy
- 3T0 Huccheayemblii obpasery ausnekTpuka, a C, - 3TalOHHBINA
KOHIEHCATOp M3 JIMHEHHOro MAMDJIEKTPUKA, EMKOCTh KOTOPOro
3HayMTeNbHO Gosiblie, yem Cy . Tlockonbky kongencaropbl Cx u C,
COEJIMHEHBl TOCIEA0BATENBHO, TO 3apsaAbl ( Ha HMX IUIACTHHAX
oauHakoBbl. [TosToMy Hanpspkenue Ha koHaeHcaTope C, paBHO

U,=U.~q/C (11)

3apsa) Ha MIacTUHE KOHJ/IEHCATOpA IJIOMAABI0 S MOXKHO 3alicaTh
Kak q = So, rge O - [OBEPXHOCTHAs IUIOTHOCTh 3apsjioB.
YuuTeiBas, 4TO MOJIIPU3ALIAA [MAJIeKTpUKa P = o, nonyyaem

q
V) e B e B o g 17
T agenag 4%

MnpiMy cnoBamu, HanpsokeHue Ha koHzaeHcatope C,, rMojaBaeMoe
Ha BXOJ “Y”, nponopHyoOHaNbHO BeIMYuHe BekTopa P.

Ha Bxox “X” camommcia (ocumuiorpada) mnomaercs
Haripsbikenue Uy, NporopLuoHaibHOe BXOJHOMY HanpsokeHmio. Tak
Kak €MKOCTh KoHJeHcatopa C, >> C,, TO IpaKTHYECKH BCe
HalpsUKCHHE NPUIOKEHO K koHAeHcaTtopy Cy. DTO HanpspkeHue
CBA3aHO C HAMPSKEHHOCTRIO Mot E cooTHOMIEHHEM

E=Uft (13)
rje t - ToammHa obpasia.

Ha OGymare camonuciia, TakuM o6pasoM, B pe3ynbTare
CJI0KEHUS JBYX B3aMMHO-ePIEeHINKYIISIPHBIX KoJieOaHuil oqHOM
4acTOThl OYJET 3anucaHa B COOTBETCTBYIONIEM MacmTtabe Qurypa






