DJIEKTPOCTATUYECKOE IT1OJIE B IUDJIEKTPUKAX

Tunel JAUDBJICKTPHUKOB U UX ITOJIAPU3ANA

Jlusnexkmpuku - BEIIECTBA, B KOTOPHIX MPAKTUUECKHU OTCYTCTBYIOT CBOOOTHBIE

HOCUTENM 3apsa.

 JIMPNEKTPUKU MPU OOBIYHBIX YCIOBUAX HE MPOBOASAT ICKTPUUECKUIN TOK.

* TepMUH «IUANEKTPUKA» BBeIeH DapaaeeM.

* MpueanbHBIX IUAIEKTPUKOB B IPUPOJAE HE CYLIECTBYET, TAK KAK BCE BEIIECTBA B
KAKOM-TO CTEIEHU IIPOBOAAT JIEKTPUUECKUN TOK.

* JIMBNEKTPUKN NPOBOAAT SICKTPUUECKUN TOK MPUMEPHO Ha 15 - 20 mopsAIKOB Xyxke,
YeM BELIECTBA, HA3bIBAEMBIE IIPOBOIHUKAMMU.

* JIMDJIEKTPUK, KaK U BCAKOE BEILIECTBO, COCTOUT U3 aTOMOB U MOJIEKYJI. MOJIEKYIbI
OUADJIEKTPUKA DJICKTPUYECKU HEUTPaabHbl. [10JI0)KUTENIBHBIN 3aps]l BCEX SAEp
MOJIEKYJIbl PABEH CYMMAPHOMY 3apsiy dJIEKTPOHOB.

MOJ'ICKy.Hy MOXHO paCCMaTprUBaATh KaK BHGKTpI/I‘IGCKI/II/I AUIIOJIb C SJICKTPUYCCKUM MOMCHTOM

, Tie O - CyMMapHbIM MTOJOKUTEIBHBIN 3aps]] aTOMHBIX SIJIEP B
MOJIEKYJI€, [ - BEKTOP, MPOBEACHHBIN U3 «IIEHTPA TSHKECTH» OTPULIATEIIBLHBIX 3apsI/IOB
AJIEKTPOHOB B MOJIEKYJIE B «LEHTP TSKECTH» ITOJOKUTEIBHBIX 3aps0B - ATOMHBIX
Azep.

Ll




e  Muinekmpuk Ha3bIBAIOT HENOAAPHBIM (C KOBAIEHMHOU
HENOJIAPHOU XUMUUECKOU CBA3bI0 MeHCOy amomMamu 6
MOJIEeKyax), €CIIu B OMCYMCMEUe BHEULHE20 IIeKMPUUECKO20
nojisi «KUEHTPBI TAKECTU» IMOJIOKUTEIBHBIX U OTPHUILATEIILHBIX
3apsJIOB B MOJEKyJaX COBIAQJAIOT, M, CJEI0BaTelIbHO,

—_—

DJICKTPUYECKUNA MOMEHT J) MOJIEKYN TaKUX JUDIIEKTPUKOB
paBeH Hyimo (mpumepom siBisiercs: N, H,, O,, CO,, CH,)).

 [Ilom mencTBMEM BHEWIHETO JJIEKTPUYECKOTO OIS 3aPSAb
HEMOJSAPHBIX MOJEKYJI CMEMAKTCS B IMPOTUBOIIOIOKHBIE
CTOPOHBI (MOJIOKUTEJBHBIE - IO MOJIIO, OTPHUIIATEIbHbBIC -
POTUB MOJISI) U MOJIEKYJIbI TPUOOPETAIOT TUMOJIbHBIA MOMEHT.



Jusnekmpuk Ha3bIBAIOT RNOAAPHbIM (C KOBATEHMHOIL
NOJIAPHOU  XUMUYECKOU  CBA3bI0  MeMcoy amomamu @6
MONEKYNax), €CIu JaxKEe TIPU OMCYMCMEUU BHEUIHE2O
INEKMPUYECKo20 Noas «UCHTPHI TIKECTH» MOJIOKUTEIbHBIX U
OTPHUILIATEIbHBIX 3aPsJI0B HE COBIAIAIOT.

MoJekynbl TaKUX JIUAIEKTPUKOB BCEraa 00J1afaroT JUNOJIbHBIM
moMeHTOM. [Ipumepom Takux momnekyn sisisirores: H O, NH,,
SOz, CO.

IIpy OTCYTCTBHM BHEIIHETO IOJA JIUIIOJIBHBIE MOMEHTHI
MOJIIPHBIX ~ MOJIEKYJ  BCJEIACTBUE  TEIJIOBOTO  JBMOXKCHHUS
OPUECHTUPOBAHbI B  IIPOCTPAHCTBE  XAOTUYHO U Hux
PE3YJIBTUPYIONIUHA MOMEHT PABEH HYIIIO.

Ecian TakoW IUAJIEKTPUK MOMECTUTh BO BHEIIHEE II0JIE, TO
CHJIBI TOTO IIOJISI OyAyT CTPEMMUTBCS MOBEPHYTH JUIIOIHA BHOJb
MMOJII W BO3HUKACT OTIWYHBIA OT HYJISA PE3YIBTUPYIOLIAN
JTUTIOJILHBI MOMEHT.



Jlusnekmpuk Ha3bIBAIOT UOHHBIM, MOJIEKYJIBI KOTOPOTO UMEIOT
noHHOe (Kpuctamuimueckoe) crpoenue (mpumepsl: NaCl, KCl1,
KBr).

. MoHHBIE  KpUCTAUIBI  OPEACTABISAIOT  COOOM
IPOCTPAHCTBEHHBIC PEIIETKH C MOpPaBUJIbHBIM YepeaoBaHHEM
MOHOB Pa3HBIX 3HAKOB.

e B 3TuX KpucTamjiaXx Helb3s BbIACIUTH OTICIbHBIC MOJICKYJIBI,
a paccMaTpuBaTh KPHUCTAJUIbl MOKHO KaK CHCTEMY JIByX BIIBU
HYTBIX OJIHA B APYTYIO MOHHBIX MTOAPEIIETOK.

e [lpu HAIOXKEHUU HA MOHHBIM KPUCTAILT DJIIEKTPUYECKOTO MOJIA
OPOUCXOIUT  HEKOTOpas Acopmanus  KPUCTALINYECKOU
pELIETKM WJIM OTHOCHUTEIIBHOE CMEIIEHHUE IOJPEIICTOK,
IPUBOSAIICE K BOSHUKHOBEHHUIO IUITOJIbHBIX MOMEHTOB.



[Ipy BHECEHHWM BCEX TpPEX TIPYIN IUIICKTPUKOB BO
BHEIIHEE MATHUTHOE TIOJIE TPOUCXOOUT HOAAPUAUUA
OouvieKmpuka - TIPOLECC OPUECHTALUMU JHUIIOJIEH WIIH
MOABJICHUSA T10JI BO3JICMCTBUEM BHEIIHETO SJIEKTPUYECKOTO
IOJIsI OPUEHTUPOBAHHBIX MO OO JUIIOJIEH.

B pe3yinbrare 4ero BO3HUKACT OTJIWYHBIM OT HYJIA
CYMMAPHBIN JUIIOJIbHBIA MOMEHT MOJICKYJ JUAJIEKTPHUKA.



* COOTBETCTBEHHO TPEM I'PyIaM JUAIECKTPUKOB Pa3IMYarOT TPY BUAA
MOJISIPU3ALINY:
*  IeKMPOHHAA, NI 0ePOoPMAUUOHHASA, NONAAPUSAUUA OUITEKMPUKA C
HETOJISPHBIMUA MOJICKYJIaMH.
3aKJTIOYAIOIIAsCS B BOSHUKHOBEHUHN Y aTOMOB MHIYIIUPOBAHHOTO
JTUIIOJIBHOTO MOMEHTA 3a cUeT J1e(hOpMaIUU SJICKTPOHHBIX OPOUT;
*  OpUEHMAUUOHHAA, UTU OUNOIbHAA, ROJIAPUAUUA OUITEKMPUKA C
HONAPHBIMU MONEKYAAMU,
3aKJTI0YAIOIIASCS B OPUEHTAITUN UMEIOIINXCS TUTOJIBHBIX MOMEHTOB
MOJIEKYI 10 TToIt0. TermnoBoe IBUKEHHUE MPETATCTBYET MOJTHON
OPHMEHTAIIMH MOJIEKYJI, HO B PE3YJIbTaTe€ COBMECTHOIO ICMCTBUA 000UX
(hakTOpOB (RJIEKTPUUYECKOE MOJIE U TEIIIOBOE ABUKECHHUE) BOZHUKACT
IPEUMYILECTBEHHAS OPUEHTAIIMS TUIIOJIbHBIX MOMEHTOB MOJIEKYI 110
MOJII0. JTAa OPUEHTAIMA TEM CHIIbHEE, YeM OO0JIbIIE HAPS)KEHHOCTh
IICKTPHUUECKOTO TIOJISI M HUYKE TeMIepaTypa;
*  UOHHAA NOAAPU3AUUA TUIIICKTPUKOB C MOHHBIMU KPUCTALIMYECKUMU
pelieTKaMu.
3aKJTI0YAIOIIASACS B CMEIICHUH MOJPEIIETKHU MOJOKUTEIHbHBIX HOHOB
BJI0JIb TIOJISI, @ OTPUIIATENIHLHBIX - POTUB TOJISI, TPUBOASIIEM K
BO3HUKHOBEHMIO JIUTIOJIbHBIX MOMEHTOB.



HOJ’IﬂpI/I3OBaHHOCTb. Hal]pﬂ)KeHHOCTI) IIOJISA B THIJICKTPHUKC

[Tonmgapuzanuio TUAIEKTPUKA XapAKTEPUZYIOT
BEKTOPHOW BEIIMYUHOU - NOAAPUIOBAHHOCMBIO,
onpeaeaseMon TUIOILHBIM MOMEHTOM €IMHHUIIBI 00beMa TUAJICKTPHKA:

MZF

TJI€ JUIOJBHBIM MOMEHT AUAJICKTPUKA p V- ZE

b‘i— JATIOJIbHBIM MOMEHT -l MOJICKYJIBI.

B ClIydac U30TPOITHBIX AUIJICKTPUKOB U HC CUJIBHBIX ITOJIAX ITOJIIPU30BAHHOCTD P
JIMHEWHO 3aBUCHUT OT HaITPsIZKECHHOCTH I1O0JISL E.

e

Ecnu JAUIJICKTPUK HBOTpOHHBIﬁ u E ve cimmxom BCJINKO, TO

P=we,F

& — OUIIeKMPUUECKa:A 60CHPUUMUUBOCHIb 6eULECMEA,
XapaKTEPU3YIOIasi CBOMCTBA JUAIICKTPUKA;
& - BeJIMYMHa 0e3pa3MepHas, npudyeM Bceraa & > 0 u 1151 00IbIIMHCTBA
TURJICKTPUKOB (TBEPJBIX U KUJIKHX) COCTABISET HECKOIBKO €IMHMII.



IlnmacTuHa U3 OAHOPOIHOTO AUIJIEKTPHUKA,
3aIIOJIHSAIOIAsE TTPOCTPAHCTBO MEXIY JBYMSI
O€CKOHEYHBLIMHU napajieibHbIMU
Pa3HOMMEHHO 3apsSIKEHHBIMU IJIOCKOCTSIMHU M
HaXOIAIIYIOCH, CJICIOBATEIbHO, B
OJITHOPOJAHOM BHEIITHEM JJICKTPUYECCKOM IOJIE

E
’ [log npeucTtBUEM MO JIUBICKTPHUK
MOJIAPUBYETCH, T. €. MPOUCXOAUT CMEIICHUE
3apsJIOB. ITonoxxuTtenbHBIE  CMEIIAIOTCS
BIIPABO IO MOJK0, a OTPULIATEIILHBIE BJIEBO -
IIPOTHUB TIOJIS.
Ha 1mpaBoll TpaHu JUDBIEKTPUKA,
OOpaIleHHOIO0 K OTpHIATEIbHON MIOCKOCTH,

OyZleT H30BITOK MOJIOKUTEIIBHOIO 3apsija ¢

MOBEPXHOCTHOM TJIOTHOCTBIO 1O,
HA JIEBOW TpPaHH, CTOPOHE ITOJIOKUTEIBLHON

IJIACTHUHBI, M30BITOK OTPUIIATEIILHOIO 3apsija C

IMOBEPXHOCTHOM IIJIOTHOCTHIO —O.

OTU HEKOMIICHCUPOBAHHBIE 3apA0bl,
MOSIBJISIFOIINECS B PE3YJIbTATE MOJSIPU3ALINU
IVBJIEKTPUKA, HA3bIBAKOT C8A3AHHBIMU.




M3-3a mosBICHHS Ha AUAICKTPHKE CBSI3aHHBIX 3apsgoB 4YacTh JIMHHUH
HaIpPSHKEHHOCTH HE IPOMIET CKBO3b TUAICKTPHK.

OHu OynyT 3aKaHYMBATHCS (MJIM HAYMHATHCS ) HA CBSA3aHHBIX 3apsjiax.
COOTBETCTBEHHO HAIPSXKEHHOCTD DJIEKTPUUECKOTO IOJIS BHYTPH AUAJICKTPHUKA
OyneT Menblie, yeM EO.

[losiBnieHne  CBA3aHHBIX  3apsSJOB  NPUBOAUT K  BO3HHUKHOBCHHIO
TOTIOTHUTEIIFHOTO AIEKTPUICCKOro mojisg £’ (1Mo, cO31aBaeMOTO CE3AHHbIMU
3apsioamu).

OTO Mojie HaIpaBICHO IPOTHUB BHemHero mojs E0 (moms, co3maBaeMoro
c680000HbIMU 3apsa0amu) U OCIA0ISIET ero.

Pesynbrupyromiee nojie BHyTpY IUIIEKTPUKA E=F 0 E’
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[Tome E'= —, co3mannoe nBymst 6 CKOHEYHBIMU
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OHpCI[GJII/IM ITOBCPXHOCTHYIO INIOTHOCTDH CBA3AHHBIX 3apPsA10B o .

N3 OIIPCACICHUA ITOJEIPHU30BAHOCTHU p = & IMIOJIYIHUM, YTO

HOHHBIﬁ HHHOHBHBIﬁ MOMCHT IIJIACTHUHKU L[I/IBJIeKTpI/IKa
p,= PV = PSd.

rae S - mIomaas rpaHd  IIACTHHKY, d - ee TOJIIIHHA.
C npyroi CTOPOHBI, IMOJHBIN JUMOJIBHBIM MOMEHT, ITO0 ONPEICICHUIO

p=\0

f paBeH MPOM3BEACHUIO CBA3aHHOTO 3apsiaa Kax oM

rpann. (Q' = 6'S) Ha paccrosuue d mMexay Humu,

d=1

Taxum ob6pazom. pV =P Sd= o'Sd
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T. €. IOBEPXHOCTHAA IJIOTHOCTH O CBA3AaHHBIX  3apsgJiOB paBHa

IMOJEIPHU30BAHHOCTH P
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MOy YUM
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OTKY/1a HAIIPSKEHHOCTD PE3YJIBTUPYIOLIETO MO BHYTPU AUDIEKTPUKA paBHA
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be3pasMepHyrO BEITUUYUHY

e=1l+a& HA3BIBAIOT OUITIEKMPUUECKOU RPOHUUACMOCHIBIO CPEObL.



CpaBHuBast GOpMyJibl

F- o _E w g=l+a

I+ ¢

MokHO czienars ABa BeIBOAA. JUdNeKTpudecKas MPOHULIAEMOCTD CPEbI - £

* - [IOKA3bIBAECT, BO CKOJIBKO Pa3 IoJIe 0CIa0IAeTCs IUAICKTPUKOM,

* - XapaKTEPU3yET KOJIUYECTBEHHO CBOMCTBO JAUAJICKTPUKA IOJIIPU30BATHCS B
BJIEKTPUYECKOM MOJIE.



JJIEeKTPHUYECKOEe CMelleHHe

BekTop Hanps>K€HHOCTH 3JIEKTPOCTATUYECKOIO IOJS 3aBUCUT OT CBOMCTB
Cpeapl, W TMpPU MEPEXOJI€ 4Yepe3 TPaHUIly AUIJICKTPUKA IPETEPIICBACT
CKauYKOOOpa3HOE U3MEHEHHE

£y

EJ1 — Y | co3masas 3aTpyqHEHUS [IPH pacyere IOJEH.

€1

[ToaTomy moMuMoO BekTopa E 1151 XapaKTEPUCTUKU AJIIEKTPOCTATHUYECKOTO
IOJISI KCTIOJIb3YOT BEKTOP A1EKMPUUECKO20 CMeueHuUus, HE TIPETEPIIEBAIOIIUN
pas3pbiBa Ha TPAHULIE ABYX CPE/I.

JIJ1s1 U30TPOITHOM CPEJIbl BEKTOP AJIEKTPUUECKOTO CMEILIEHUS

bl =& OEEJ TIE &, - DIEKTPHYECKAs TOCTOSHHAS,
€ - TUDJICKTPUYECKAs MPOHUIIAEMOCTD CPE/IbI.
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TTokaxeM, uto Bextop 4D He TepruT pa3psiBa HA IPAHULE ABYX JUIICKTPUKOB
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Hcnonb3ys, c=1+a& u #I EEEOEJ

BCKTOP JJICKTPHUYICCKOI'O CMCIICHHUA MOKHO BBIPA3HUTDb KaK

D=¢E+P

Ennauna snexkrpuyeckoro cMmemenuss B8 CU —
KynoH Ha memp 8 keaopame (Kin/m2").



CBs3aHHbBIE 3aPsAbl TTOSABISIIOTCS B JUAJICKTPUKE TIPU HATUYUN BHEIITHETO
ANIEKTPOCTATUYECKOIO MOJisl. BHEIIHEe mojie CO3/1aeTCsl CUCTEMOM CBOOOTHBIX
ANEKTPUUECKUX 3aPsI0B. B IUAIEKTPUKE CYIIECTBYET ANEKTPOCTATUUECKOE
1oJie CBOOOIHBIX 3apsI0B U, TOMOJIHUTEIBHO, JIEKTPOCTATUUECKOE MOJIe
CBSI3aHHBIX 3aPsAH0B.

Pesynomupyiowee none B TUANEKTPUKE OMUCHIBAECTCA BEKTOPOM
HanpsmceHHOCTﬁ E, v OTOMY OHO 3aBUCUT OT CBOMCTB JUIJIEKTPUKA.

Bektopom D onucsiBaercs ANEKTPOCTATUYECKOE T0JIE, CO3/IAaBAEMOE
Cc80000HBIMU 3aPAOAMU.

CBs3aHHbBIE 3apsibl, BOZHUKAIOIINE B JTUAIEKTPUKE, MOTYT BBI3BATh
repepacipe/ieieHne CBOOOIHbIX 3apsiIOB, CO3IAIONINX IOJIC.

Bekrop D xapaktepu3yeT 3JIEKTPOCTATUYECKOE T0JIE, CO3/IaBAEMOE
C80000HBIMU 3aps0amu, HO TIPU TAKOM HX paclpeeICHUM B MPOCTPAHCTBE,
KaKO€ UMCETCsI IPU HAUYULU OUITIeKIMPUKAL.

ITone D, kak u nioje E, n300pakaeTcs ¢ IOMOILBIO CUI08bIX TUHUIL
6EKMOpPA INEKMPUUECKO20 CMEUI€HUA, HATIPABIICHUE U TYCTOTA KOTOPBIX
OTIPEAEIISIFOTCA TOYHO TAK K€, KaK Y IS JIMHUKA BEKTOPA HANPS)KEHHOCTH.

Jlunuu eekmopa E MO2YM HAHUHAMbCSA U 3AKAHYUBAMBCSL HA TH0ObIX
3apAa0ax - c60O0OHBIX U CEA3AHHBIX, 8 MO 8peMs KaK Junuu eéekmopa D -
MONbKO HA CB0O0OHDIX 3aPsOax.

Yepes obnacmu nois, e0e Haxo0samcsi C8A3aHHble 3apsobl, TUHUU 86eKMOopPa -
D npoxoosam ne npepwvigsasice.



Ilorok BekTOpa D. Teopema l'aycca a1 1ol B IMIJIEKTPUKE
Hucno TuHUM BEKTOpa D, [IPOHU3BIBAIOIIUX IJIEMEHTAPHY IO

mwiomaznky dS, Hopmaias M kotopoii o6pasyer yron & ¢ Bexropom DD,

L Vi (& Dn - IIPOCKIMA

[—5' —_
L =l BEKTOpA D Ha HOpMAJIb
N K Iomaake dS :
o
m—
Lo -

Ilomok eéexkmopa rnekmpuueckozo cmeuieHus CKBO3b
romanky dS aHamorudHo notoky sexropa F

d®, = DdS'=D dSee  d§'= dSH



TTorok Bextopa I - 3aBucur He TonbKO OT KOHGUTypauwu mos I, Ho u ot
BBIOOpA HAMpPAaBJICHUS M.

Enuanua @ 1) TOTOKA BEKTOPA Dscu- kynon (Kit). 1 K paBeH noToky

IEKTPUUECKOIO0 CMEIIECHMS, CBI3aHHOMY C CYMMapHbIM CBOOOIHBIM 3apsijioM |
K.

J11s1 MpOU3BOJIBHOM 3aMKHYMOU TTOBEPXHOCTH S norox Bexropa 1) ckBo3b

@, = {§ bdS§

9Ty IHOBECPXHOCTD



Teopema I'aycca 0na Inekmpocmamuuecko20 nojsa 6 OUInNeKmpuKe
®,={DdS=3"0,
S i=1

Iomok éexmopa cmeuwieHus I1eKmMpoCMamuiecKko20 noJis 6
OUINEeKmMpuKe CK603b NPOU3BOTAbHYIO 3AMKHYMYI0 HOBEPXHOCHb PABEH
anzedpauueckoi cymme 3aKa0UEeHHbIX GHYMPU IMOU NOBEPXHOCHIU
C60000HDBIX IJICKMPUUECKUX 3APA00E.

B cityuae HEMPEPBHIBHOTO PACTIPEICIICHUS 3apsia B IPOCTPAHCTBE C

00BEMHOM IUIOTHOCTBIO P meopemy I aycca 01 91eKmpoCcmamuyecko2o
NOJISL 8 OUIIEKMPUKE MOAHCHO 3ANUCAMb 8 BUOE

@D:ﬁbld#:j”pdV

Ilomok 6exmopa cmewenus 3INEKMPOCMAMUYUECKO20 NOAA 8
OUINEeKmMpuUKe CKe03b HPOU3EONLHYIO 3AMKHYMYI) NOBEPXHOCHb PAGEH
C60000HOMY 3apA0dy, 3AKIAIOUEHHOMY 6 00beme, O0ZPAHUYEHHOM IMOU
NOBEPXHOCHIbIO.



st ciyyas eakyyma hopMasibHO (OPMYITy MOKHO 3alIUCaTh B BUJE

D, = ﬁgd.pz HD,dS=fe,E,dS = ﬁ:Q

Tak kaK ICTOYHUKAMHU MOJIA E B CPCIC SABJISHOTCA KAaK CBO60,Z[HI)I€, TaK U

CBsI3aHHBIC 3apsJibl, TO Teopemy laycca s moist E & camom o6mem Buze
MO>KHO 3aIlMCaTh KaK

N K N K
JeEdS=20+D 00 me 2.0 4 Y0,
S i=1 i=1 i=1 =1

COOTBCTCTBCHHO anrerqueCKHe CYMMBI CBO60,HHBIX N CBA3AHHBIX 3apsAa0B,

OXBATbIBACMBbIX SaMKHyTOﬁ ITOBCPXHOCTBIO S

Onnako 3ta hopMyiIa Henpuemnema 0 onucanus noai I 6 ousnexmpure, Tax xax ona

BBIPXKAeT CBOIICTBA Hem3BecTHOro oy [ uepes cBa3aHHbIe 3apsibl, KOTOPHIE, B CBOIO
O4epelb, ONPENCTSIOTCS UM XKE.

D10 CIIC pPa3 A0Ka3bIBACT HCHGCOO6p33HOCTB BBCIACHU BCKTOPA SJICKTPHUICCKOIO CMCIICHMSI.




Yci10BUSA AJ1M J1eKTPOCTATHYECKOI0 I0JIA HAa FPaHUlIe pa3aesia
JABYX JIUJIEKTPHKOB

HavineM CBsI3b MEXIy BEKTOpaMH MOJIS (E 17| D) Ha TPaHUIIC pas3liena ABYX
OJTHOPOJTHBIX M30TPOITHBIX TRJICKTPUKOB C TVRJICKTPUYECKUMU

IIPOHUIIAEMOCTIMHU & ! & >
I'panuny paznena OyaeM cuMTaTh IUIOCKOM M Ha HEW CBOOOIHBIC 3apsijibl

OTCVTCTBVIOT.

BOnu3u rpaHuIbl pazaenia  JIUdJIeKTPUKOB l u 2 MOCTPOUM HEOOJIBIIION

3aMKHYTBIA KOHTYDP B BHJIE MPSIMOYTOJIbHUKA ABCDA nnwwoit [ , IB€ CTOPOHBI
KOTOPOTO IMapajsieibHbl TPAHULIE PA3/IEIIa, a ABE APYTUE - IEPIICHAUKYIISPHBI EU.

/
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CornacHo TCOPCMC O HUPKYJLILHNKU BCKTOPA E, § EII d }—I O

ABCDA

otkyza j Edl + j Edl + j Edl + j Edl=0 ¢ ~'+‘——---'” /

€2D——¢-—-—C 2

E,|AB|+E |BC|- E,|CD|- E,|DA| =

(3Haku UHTErpaJioB 1Mo AB u CD pa3HbIe, TaK KaK IyTH UHTETPUPOBAHUS
IPOTHUBOIIOJI0KHBI, @ UHTETpabl 10 yyacTtkam BC u DA HAYTOKHO MaJlbl).

IlosTomy E ‘AB| H|CD| =0

E,|AB|=E,|CD|
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E,|4B|=E,|CD =
11 11
[Ipoekius BeKTOpa

HaIPSKEHHOCTH,

napajuiebHas TPAHULIE

paszeiia Ha3bIBaeTCs

Z — | AB| — | C D| TaHT'€HIIMAJIbHOU

COCTAaBJIAIONIECH BEKTOPA

Pa3genus ciesa u cripaBa Ha

_ nomydmM:
E’L’l — E’L’ 2

TaHreHuMagbHast BEKTOpa E , O/IMHAKOBA 110 00€ CTOpPOHBI T'PAHULIBI pa3jieiia
(HE MpeTepIIeBACT CKauKa), T. €. SABISECTCA HEMPEPHIBHOMN



CornacHo dhopMmyiie bl = EOSEJ

3dAMCHHB IIPOCKIHNH TAHI'CHIINAJIbHBIC BCKTOPA Er

MPOEKIMAMU BekTOopa D _ JICTICHHBIMU HA &€, TTOIYIUM
B, p_p_b.
o 1 T2
€6, €,6,
1 OKOHYATEJIBHO:
pl{ c TanreHuuanbHass COCTaBJIAKONIAA BEKTOpa ) HA TIpaHUILE
1 _ “
bl = pasnena  JIBYX  JIUDJIEKTPUKOB  IIPETEPIIEBAET  CKAYOK
E

2 » (mpenomusieTcs).



I[JIH IMOJIYYCHUA YCJIOBHfI JJIs1 HOPMAJIbHBIX COCTABJIAIOIIHNX BCKTOPOB E 41 D

IIOCTPOUM OPAMOU LHWIMHAP HUYTOXKHO MAaJIOM BBICOTHI, OJHO OCHOBAHUE
KOTOPOT'O HAXOAUTCH B IIEPBOM JIUIIEKTPUKE, IPYTOE€ — BO BTOPOM.

OcHoBaHus AS HACTOJIbKO MaJibl, 9YTO B IPCACIAX KaXKIOI'O M3 HUX BCKTOP D

onuHakoB. CoriacHo TeopeMe laycca, s TOds B JAUDJICKTPUKE, TJE HET
CBOOOJIHBIX 3apsII0B
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(HopMasii 1 v B K OCHOBAHUSM LIWJIMHAPA HAMPABJICHBI ITPOTUBOIIOJIIOMKHO).

HopmanbsHas cocrasistomias
TosToMy D — D BekTopa D ;[BUJI;[eTCH
nl n2 HETIPEPHIBHOU, HE TIPETEPIIEBAS
CKauKa.



3aMCHUB, B Dn1 — Dnz

COIIACHO bl — gogk'j

MIPOEKIIMU BEKTOPA D MPOCKIUSAMU BEKTOPA E YMHO>KCHHBIMU Ha 808, MOy YUM

E

Al

-{
n?2 81

HopmanbHas cocTapisiomias Bekrtopa [ Ha rpaHumume pasgena  JIByX
TIURJIEKTPUKOB MIPETEPIIEBACT CKAYOK.

Taxum obpaszom, eciu Ha ecpanuye pazoeia 08yX O0OHOPOOHbIX
U3OMPONHBIX OUITEKMPUKOE CBODOOHBIX 3ApPsi008 Hem, Mo Npu
nepexode smou epanuyvl cocmasnsowue E_u D usmensiomes
HenpepuleHo (He npemepnesaiom ckauka), a cocmasnsowue E u
D_npemepnesaiom cxauox.

U3 yenosuii it cocrasisiomux Bektopos £ u D cnenyer, uro nuaum stux
BEKTOPOB UCTBITHIBAIOT U3JIOM (IIPEIIOMIISIIOTCS).



Ceznemodnekmpuku - KPUCTAUIAYECKUE HUAJIIEKTPUKH, OO0JaJaroie B
ONPEACIICHHOM HWHTEPBAJIE TEMIEPATyp CHOHMAHHOU (CAMONPOU3BONbLHOLU)
nonapusosannocmoto.  1lonspu30BaHHOCTb, B  OTCYTCTBHUE  BHEUIHETO
AIEKTPUYECKOTO MOJIS, CYIIECTBEHHO W3MEHSETCS MOJ BIWUSHUEM BHEIIHUX
BO3JICUCTBAM TAKWX KAK W3MEHECHHUS TEMIIEPATYPhl, BJIECKTPUUYECKOTO MO,

nedopMaIyu.

Bnepsrie 3t cBoiicTBa oOHapyxeHbl M.B. Kypuarossim u I1.I1. Ko6eko (1930)
pU UCCIC0BaHUU KpHCTaioB cerHeroBoi conu NaKC H, O, -4H,0. Ona u

JlaJia HA3BAaHUE CETHETORIICKTPUKN 3TOMY TUITY KPUCTAJIIOB.

B panpHeiimeM oka3anoch, UTO HOJOOHBIMU CBOMCTBAMH 0O0JIaIalOT TUTAHAT
Oapwusi, nuruapodocdar Kaaus U T. 1.



[Ipr OTCYTCTBHHM BHEIIHETO JIEKTPUUYECKOIO MOJISI CETHETOAICKTPUK
IpeCTaBIIsIET CO00M Kak Obl MO3aUKy M3 domeros. JJoMeHaMu Ha3bIBAIOTCS
00JIaCTH C pa3IMYHBIMHU HAIPaBJICHUSAMM MOJIIpU30BaHHOCTU. Ha pucyHke
CTpeJIKAMH yKa3aHbl HAlIPaBJICHUS BEKTOPA MOISPU30BAaHHOCTH.

B cMeXHBIX JOMEHaxX ATU
HAIPABJICHUS PA3JIMYHbI, U B
1ICJIOM JUIIOJIbHBIA MOMEHT
JTASIEKTPUKA PABEH HYJIIO.

I[Ipy BHECEHMH CETHETOAJCKTPUKA BO BHEIIHEE II0JIE IPOUCXOIUT
MIEPEOPHUEHTALIMS JUIIOJBHBIX MOMEHTOB JIOMEHOB MO IOJK0. Bo3HuKIIEe mpH
3TOM CYMMAapHO€ JJICKTPUYECKOE I0J€ JOMEHOB OYAET MOIJICPKUBATH HUX
HEKOTOPYIO OPHEHTAIMIO JAXE IMOCJIE IPEKPALICHUA JICHMCTBUS BHEIIHETO
TIOJI.

ITo3TOMY CErHETORNIEKTPUKH HMEIOT aHOMaJIbHO OOJBIINE 3HAYCHUS
TUDJICKTPUYECKON MPOHUIIAEMOCTH (JJII CErHETOBOM COJIM, HaIlpuMmep,

~ 10%).

CCTH



CBOKCTBA CETHETORIEKTPHUKOB CHIILHO 3aBUCAT OT TEMIIEPATYPHI.

Kaxp1ii CErHETOANEKTPUK XapaKTEPU3YETCsl TaK Ha3blBaeMoul moukoii Kwopu.
Touka Kropu 53TO0 xapakrepHas I KaxJI0ro THIA CETHETORJICKTPHUKOB
TeMIIepaTypa, BBIIIE KOTOPOW WX HEOOBIYHBIC JJICKTPUYECKHE CBOMCTBA
MCUE3aI0T.

[Ipu 5TOM CErHETORIEKTPUK MPEBPAIIACTCS B OOBIUHBIN MOISPHBIN
nvIIeKTpUK. [Ipy oxnaxkieHnu Marepualia CETHETOAIEKTPUUECKUE CBOMCTBA
BOCCTAHABJIMBAIOTCH.

Kak mnpaBuino, CErHETOANEKTPUKHA HMEIOT TOJIBKO OAHy TouKy Kropu;
HUCKJIFOYCHUE COCTaBJSIOT JIMIIL cerHertoBa coib (—I18 m +24 °C) wu
N30MOP(MHBIE C HEIO COCTMHECHUSI.

B cerneroanexkTpukax BOJM3M TOUkHM Kropu HaOMIOAAETCs TaKKe PE3KOE
BO3PACTaHUE TEIVIOEMKOCTH BemiecTBa. [IpeBpaneHne CerHeTosIeKTPUKOB B
OOBIYHBIM JTMAJICKTPUK, IPOUCXosIiee B Touke Kropu, COMpOBOXKIACTCS
(dazoBbIM nepexogoM 11 poxa.



B cernerosnekTpukax HaOMOAAETCA SIBICHUE OUIIEKMPUUECKO20
cucmepesuca (3anas3abIBaHusl ), 3aKJIFOYAIOIETOCS B TOM, UTO CETHETOXIIEKTPUK
MMEET Pa3HbIC 3HAYEHUS MOJIAPU30BAHHOE TIPU OMHOU U TOU XKE
HaIPSHKEHHOCTH JIEKTPUUYECKOTO MO (B 3aBUCUMOCTH OT 3HAYCHUS
IpEABAPUTEIBHON MONSIPU30BAHHOCTH 00pasiia).

[Ipn yBEenmWMYEHUN HANPSIKEHHOCTH E Bremnero AIEKTPUYECKOTO TTOJIS
MOJIAPU30BAHHOCTD P pacTeT, aocTuras HacbliieHus (kpuBas /).
VYmensmerne P ¢ YMEHBIIICHUEM E MIPOUCXOJIUT TI0 KPUBOU 2, W TIpH
E=0 CETHETOSJICKTPUK COXPAHSIET OCHAMOUHYI0 ROAAPUI0BAHHOCHLD

P oc T. €. CCITHCTOJJICKTPUK OCTACTCs ITOJIIPU30BAHHBIM B OTCYTCTBHUC
BHCIHIHCT'O JJICKTPHUYICCKOI'O ITOJIA.



YT00HI YHHUYTOXKHUTb OCTATOYHYIO ITOJIIPHU30BAHHOCTL, HAAO IMPUIIOKHUTDL JJICKTPHYICCKOC

1oJie 0OpaTHOTO HAIPABICHUS (—E ) Benmnuuny E'c naswiBator KOIPUUMmMuUGHOoU cuioi (0T

nar. coercitio - yaepxusanue). Ecin nanee msmensits F, o P usmensiercst no xpusoii 3
nemJu cucmepesuca.

Crnenyer yHnoOMSIHYTH €IIE O Mbe30IIeKMPUKAX - KPUCTAIUIMYECKUX BENICCTBAX, B
KOTOPBIX TMPH CKAaTHUM WIM PACTSHKEHUM B ONPEIACIICHHBIX HAMPABJICHUSAX BO3HHUKACT
MOJIAPU30BAHHOCTh JIAXKE B OTCYTCTBUE BHEIIHETO JJICKTPUYECKOTO TIONA (Rpamoi
nve3ophexm).

HabOntonaercss u ob6pammustit nve3orghghekm — MOSBICHUE MEXaHUUECKOU JedhopMariuu
IO/ ICCTBUEM SJIEKTPUUECKOTO TTOJIS.

Y HEKOTOpPBIX NBE30IEKTPUKOB PEIIECTKA TMOJOXKHUTEIBHBIX HWOHOB MPHU HarpeBe
CMEIIACTCS OTHOCHUTEIBHO PEIIETKA OTPHUIATEIIBHBIX HMOHOB, B PE3YJIbTaT€ 4YEro OHM
OKa3bIBAIOTCS TOJSIPU30BAHHBIMHU JIaK€ 0€3 BHEIIHErO JJIEKTPUUYECKOro Iojis. Takue
KPUCTAJUJIBI HA3bIBAIOTCS HUPOITEKMPUKAMU.

Eme CymecTByrOT oanekmpemsbl —  JTUADICKTPUKH, JJIATEIBHO  COXPaHSIONINAEC
MOJAPU30BAHHOE  COCTOSIHME  IIOCJIE€  CHSITHS  BHEIIHETO  DBJICKTPUYECKOTO  MOJIS
(2JIEKTPUYECKHUE aHAJOTH MOCTOSSHHBIX MAarHUTOB). DT I'PYMIIbl BEIIECTB HAXOAAT IIMPOKOE
MIPUMEHEHNE B TEXHUKE U OBITOBBIX YCTPOMCTBAX.



