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lIPEIHCJ/IOBHE

HacTodAmas KHHra SBMIACH B Pe3ybTATE HAIIHX H3ECKa-
Huil B oOnactu BEHCOKOUACTOTHOR H3ONHNHH, BHNONHEHHHX
raasHeiM ofpasoM B NMOCNejHHE TOMHL

3a MHHYBMIEE HECATHIETHE NepeJ STHM BaxHeHHM pas-
AENoM H3ONSNHOHHOH TEXHHKHM OHJH NMOCTABNEHH YpPE3BHYAi-
HO OTBETCTBEHHHE 3afaud, HoeefluHe oTpaciaH pagHOTEXHHEKH,
pPagHOJOKALHA, TENEBHICHHE, CHEeNHANbHAY pPATHOTEXHHED—
BLIABHEYJIH HEoOXoOUMOCTE CO3J4HHA HOBHX Ka4YeCTBEHHHX
SNEKTPOHIONHPYIOWHY MATEPHANOE H JeTaned.

Heopranuueckue AHINEKTPHKH 1O PALY CBOMX CBOHCTE
navbonee NOAHO YAOBAETBOPAIT TPeGOBaHHAM COBpPEMEHHON
BEICOKOUACTOTHOH TexmMkH, Ocofoe sHayenue npuobpena cme-
LHAABHAA KEpAMHKA — pajHokepiMHEa. ECnH coBpeMeHHHE
aetanu TpebyloT HOBHX MaTEpPHANOB, TO HEpPeAKo B CBOK oue-
peab OTKPHTHE TAKHX MATEPHANOB NPHBOIHT Kk HEOGXOAHMOCTH
H2BICKAHHA HOBHX KOHCTPYKOHE meTaneit,

CoBpémeHHas pajHOKEpaMHKA HACTOABKO AH(epeHuEpoRa-
Nlack MO CBOMM NMOKAa3aTensM, 4To PalLHOHAJNBHOE NpPHMEHEeHHe
€¢ CTaJ0 BOSMOMHHM TOJBEO IIPH TIAYOOKOM H3YYeHHH BCex
ee ocobeHHOCTEN KAK TEXHOJOTHUECKHX, TaK H (QHIHYECKHX.

Hap sawedi xauroii mMm pabotanu B ycjoBuax GypHOro
paBHHTHH OTEMeCTBEHHOM PMHGHPDMH!IIIIEHHGCTH. HE[}E‘.JIKD TO,
YyTO ABIRAOCE AOCTHAHEHHEM TeKyuwero mHd, B GaHmakmui
nocAeAymHKi NepHol CTAHOBHIOCE NPOEAIHM 3TanoM. 3To
6e3yCA0BHO JOMMHEO OTPASHTLCA HA COASpKAHHH KHHIH, B KO-
TOPO# MOTYT OKa3aTeCa nmpofefs, TpefylliHe NONOJAHEeHHHR M
yrouHesHlt. Ho motpebHocTs B 0630pe cOBpPeMEeHHHIX TOCTHHE-
HHl B O0JACTH BHICOKOYACTOTHHIX HEOPraHHYECKHX JHINEKTPH-
KOB BeJIHKA M HEOTJOXHA, M HAM XOTenoch OH HAZEATHCH, 9TO
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npeAAaraeMan KHHra, OpH BCEX €€ BOAIMOMHHX HEKOYETAX,
OKAKETCHA HeOecmoaesHoM.

MEl cyMTAEM CBOEM JOJTOM BEIPA3WTH TAYyGOKYI Grarozap-
wocte H. . Topbysory u E. A. Daiammy, OKA3HBABIIHM
HaM HNOCTOAHHOES 'CG,I[EﬁCTBHE H BHHMAHHE.

Takymo Xe NPHIHATENBHOCTE MHE NPHHOCHM 4JEHY-KOppec-
noagenTy Axagemus Hayx CCCP I1. [l. Hobeko, e pas
[IOMOTABIIEeMY HaM CBOMMM COBETAMH.

Asmopsi
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YACTD |
OCHOBHBIE CBOMCTBA AM3JEKTPHKOB

BEBEENEHHE

§ 1. Crpoenne BewecTsa M 3JeKTpHuGCKHE ceoficTea

Beakoe dH3HYeCKOE Tedo ¢ TOYKH 3PEHHA IMEKTPHYECKHX
CBOHCTB MOKET OLTh OTHECEHO K IpYNNe NPOBOIHHKOB, IHIIEK-
TPHKOB HAH NOJAYNpOBOAHHKOB. [lpuHamgaemuocts ¥ TOH Hau
HHOW rpynmne MaTepHanos OnpeleaaeTca KBaHTOBO-MEXAHHYECKH-
MH B3aHMOJEHCTBHAMH 3JEKTPOHOB ATOMOB, H3 KOTODHIX HOCT-
poeto Teno. Cpoi#CTBA BELIECTBA BHYTDH KamIoi rpynns ¢Bf-
3aHbl CO CTPOCHHEM MOJEKYJ, 4 TAKKE C CAMOH CTPYKTYpPOii
Tena.

B 3aBHCHMOCTH OT CAOMHOCTH MOJEKYJ BELECTBA, OT THIA
MEHATOMEBIX CBH3EH {EHE‘HTPOBHJIEHTHQE, HKOBaJeHTHOH H Ap.}
PA3NHYAKT ATOMHBIE, HOHHBIE H MOJEKYAApHHE pelleTkH. Pe-
IeTKH, B Y313X KOTODLIX HAXOQATCH HOHH HAH OJHHAKOBHE
TOMBI, HA3LIBAIOTCH CODTBETCTBEHHO MOHHBIMH HJH 3TOMHBIMH.
Ecan B ysmax HaXOZATCH HEAke MOJEKYIH, PEIIETKY HA3BIBAIT
MOJEKYAApHOR. CTPOIof MEPHOXHYHOCTHID CTPYKTYPHEIX 3de-
MEHTOB OTAHYAIOTCA PRIIETKH KDHCTAMIOB; B AMOP(DHEIX TeJax
TAKOH NMEpPHOJIHYHOCTH HET.

[1o coBoxymuocTh cBOMCTE CAEAYET pasauuaTh OpraHHyec-
KHE H HeOpPraHMveckdHe AU3exkTpHxd. OpranvueckHe nHUsAex-
VPHKH DOCTPOSHH H3 HEH!PanbHHX MOJEKYJ, CHMMETPHYHHX
B BNEKTPHYECKOM OTHOLICHHH, HJAH H3 JHOOABHLIX MOMEKYJI,
VTAHYAKMUHACH HAMHYHEM S/EKTPHYECKOrD MOMEeHra.

Heopraanueckse AHIIEKIPHKH B MOXABARIOMEM GOAbLUIHH-
CTBE CIY4YdeB NOCTPOEHH H3 MOHOB, CBA3AHHBIX APYT C APYyrou
JACKTPOCTATHYECKHMHE CHIAMH H CcOocofHHX (B OTAWuHE OT
32pPAA0B MHO/HX [JHOOJAbHHEX MOJEKYA) OTPHBATECH OT HPO-
TIBOMOMOKHO 38 PyIKEHHBX HOHOB, ODHYEO B Pe3yJbTATE BO3-
ACHCTBHA TENAQBOH 3HEPrHM WAH NpH pacTeopesuu. Boazeii-
CIBHE TEIIOBOH 3HEDTHH MJH PACTBOPHTENN HA OPraHH4ecKhi
HEHTPANbLEI AHIIEKTPHK HMEeT CAeINCTBHEM JHIUE pazobie-
HME ZPYT OT Lpyra MOJEKYJ, H3 KOTOPHX OH NOCTPOEH, HO
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He pasolmeHHe OTIEeNBHHX rPYNn BHYTpPH Moaekyauw. B pen-
KHX CIyJYaAXx H HeOpraHHyecKHe [IHIMeKTPHKH NOCTPOeHH M3
HEeRTPAMBHEIX aTOMOB (HAampHMep, cepa).

Ot ocofedsocTedl CTPYKTYPHEl 33BHCAT MHOTHE TEXHHYECKHE
CBOWCTBA MaTepHanoB. JJEKTPONPOBOSHOCTE MeTanla ompene-
A9eTCH AAHHOU cBOGOAHOrO NYTH 9MeKTPOHOB. B KpHcTanauue-
CHOH pellleTKe METAlTa HEe3HAUHTEJNBHAA NPHMECE KAKOro-ixbo
APYroro MeTranlna pesko YBeJAHYHBAET 3/EKTPHYECKOEe CGNpo-
THBJIEHHE NepBOro, TAK KiK HAPYIIAeT OIHOPOAHOCTB CTPYKTY-
pbl, HE3aBHCHMO OT TOrO, KAKOBO a0CONITEOE 3HAYeHHE 3JeK-
TPONPOBOLHOCTH NPHMECHOro Mertanna. OIHOBpeMeHHO TeMme-
PATYDPHHE KO3}HOHEHT CONPOTHBICHHA 3ATPA3IHEHHOrQ MeTalla
CHHXAeTCA B IHPOKOH 06MACTH TeMOeparyp N0 CPABHEHHID C
YJHCTHIM MEeTaJIoM.

DIeKTPHYECKHe CBOMCTBA H3OMATOPOB 3aBMCAT  TAKKe
OT OCOOSHHOCTH CTPYKTYpH. DBamHelmymo XapakTepHCTHKY
H3OIATOPOB — KHANEKTPHYECKHE NOTEPH MPHHATO PaccMaTpH-
BaTh HMEHHO B 3aBHCHMOCTH OT HX CTPYKTYDHL

BoseHkmas copceM HexaBHO BONHOBAS TEOpPHA BElIECTBa
CT&]]J'Ia peal{}l’?{} I'FIH.HE, KQTG]}I}-’I'D rrpnﬂa;};m:a MEHUI}’ METanaamMH
H AHSMAEKTPHKAMH KJaCcCHUSCKAad 3JeKTpoHHasa TeopHs. Coraac-
HO NOCAeLHel pasauyalH CBA3AHHBIE 9JEKTPOHE, YYACTBYIOWIHE
B IONAPH3AUMH BellecTBa, H SJEeKTPOHB CBOOOAHHE, MOJYYHBE-
IHe B CBOeH COBOKYNHOCTH Ha3BaHHe SJeKTPOHHOIO rasa.
CuMTanH, 4TO 3TH OCOGEHHOCTH SMEKTPOHOB H CO3NAT IPHH-
UWHIHAJIBHOS [}EEI-.'IHT{HF.‘ MEFIY MEeTANJAMHE H ,EHSJIEHTPI{I{EHH,

C TOYKH 3peHus BOJHOBOH TEOPHH, SJEKTPOHL! BellecT-
BA MOTYT NepexofuTh OT .OJHOTO aTOMa K JAPYroMy Jaxe B
TOM Ccaydaes, eCJH SHEPrHA HX MEHBIOZ BEICOTHI MOTEHOHAIR-
#doro Gapeepa, pasgeasouero aroumsl. KsaHTOBas mexannka
ONepHpyeT TepMHHAMH ,CBOGOIHMN® H ,CcBA3AHHEIA" 3JeKTpOH,
HMesl B BHAY Nepexol HX H3 OJHOrO COCTOSHHA B JAPYroe I
ofMeH SJeKTPOHAMH MeXIY SHepreTHHecKHMH 3oHamH. Kouu-
YeCcTBO 3J1EKTPOHOB, HAXOAAUIHXCH B ,CBOGODHOM® COCTOSHHI
(B 30He NpOBOIMMOCTH), H ,CBA3AHHBIX® SMEKTPOHOB, ONpeje-
JASTCA IHEePreTHYECKHMH XapaKTepHCTHKAMH PEIIeTKH.

CoScTBeHHEO-NPOBOARHKH (MEKTPOHHHE NPOBOLHHKH—Me-
TalAsl, HX CIIABH, PAA KapOHIOB, HHTPHIOB) OTAHYAIOTCA KO-
JHYSCTBOM SHEPTeTHUYEeCKH paspellelHbX KBAHTOBRIX COCTOAHHMI,
Bcerga GOAbLMIHM, YeM 49HCI0 3TEKTPOHOB B elHEHIE O0BEMa
BemecTra. YHca0 sAeKTPOHOB NMPOBOAHMOCTH B MeTamile He
MEHSIETCH C M3MeHeHHeM Tenaopoff sHepruu. KoaumuecTBO CBO-
GONHLIX 91eKTPOHOB B MeTamne Ha 1 cam?, mpHMepHO, TONeE,
4TO H KOJHYECTBO ATOMOB, T. €. COCTABAAET YHCAO NOPAZKA
10%,

[loaynpoeogHHKE, ABAAACE NPOMEXYTOYHOH CTYNEHBID Me-
KXY MeTAMIIaMH H TH3IeKTPHKAMH, OTJAHYAINTCA KOJAHYECTEOM
CEBOBOMHHX HOCHTEAe# TOKA HAa MHOTO MOPALKOB MeHbIE, UeM &
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Metaane. B ofmem cryuae, T. e. npH CaMEX pa3HYEHX 3HA-
YEHHAX 9ACKTPONPOBOAHOCTH MATEpPHANA, 3aBHCHMOCTE €8 OT
Temneparypsl, (cornaceo A. ®. Hodde), umeer BHI, npeacras-
neRfuid Ha pHC. 1. [lpu Emskux TemmepaTypax jgaxe y mnoay-
NPOBOJHHKOB ¢ GOJBINHM YIeIBHHM CONDPOTHBICEHEM HaGaio-
JdeTcA BO3pACTaHHE CONPOTHE-
JEHHA TPH YBenHueHHH Tewne- £ 1
PATYDH, TAK KAK B 3T0# 06nacTH 7

YHCAO SJIEKTPOHOB OpOBOIHMO-
CTH He 33aBHCHT OT TeMmepary- asairif }
phl, @ MNOABHKHOCTH 3AMETHO 0%
nagaer. B o6jacTti BBICOKHX
TEMNEPATYD CONPOTHBISHHE NIO-
AYOPOBOSHMKA CHUMAeTCH 3a
CYeT pesKOro BOIPACTAHHA YHC-
4 HOCHTeNeH TOKa, OpeBanH-
PYWIIEro Haj CHHEEHHEM MI0-
JIBHMHOCTH.

Ecaun B nepsoe Bpems passu-
[HA &TEKTPDTEJ{HHKH paE.i'I}{'-IH&
MERIY METALIAMH H H30AATOPA-
MH CBOAWIOCH JHIIL K KOJHYe-
CTBEHHOH ONEHKE HX 3IEKTpo-
NpOBOJHOCTH, a MO3JHEE STH
JBE TpYynne MaTepHalOB CTajaH
pa3IHYATE MO XapaKTepy SJex- =g 10"
TPOMPOBOABOCTH (SMEKTPOHHOIM, :
HOHHOM), 4 Takme N0 CTEeOeHH
CBA3AHHOCTH 3J1€KTPOHOB BHYTPH B
pEeleTKH,— B HaCTORAILIEE BpeMd
HA OCHOBAHHH NOJOKEeHHH BOJI-
HOBOH MeXaHHKH HCXOJHBIM KpH-
TEPHEM ABIMOTCH SHEPTETHYEC pye, |, JasHcHMOCTH COMPOTEE-
KHe NMPHIHAKH, H, KAK CISJACTEHE jeRua OT TEMOEPATYPH AN NO-
3TOr0, 3aKOH TeMIepaTypHOH AYNPOBOLHHEOE.
3ABMCHMOCTH CONMPOTHBIEHHSA.

TeTeponoaspEHE JH3NEKTDH-

KH OTJHYAI0TCA MNpPEeHMYLIeCTBEHHO HOHHOM 3NeKTPONPOBOR-
HOCTBIO, TeM GOABINEH, uem BeIle Temmeparypa (Eeoprazuuec-
KHE CTeKna, HOHHEIE KPHCTAMIH M Ap.). B uHcTRIX roMeonoasp-
HBLIX JH3TeKTPHKAX (anMa3e, cepe) 00HAPYKHBASTCA SJEKTPOHEAS
3/1eKTPONPOBOJHOCT, HHYTOKHO Malafd MO CBOEMY 3HAUEHHIO.

BOJABIWIMACTBO TEXHHYECKHX HIONATOPOB XapakTepHAyeTCR
MOHHOM SJIeKTPONPOBOAHOCTHI0, KOTOPaA MOXeT OhiTh 06YCa0B-
NeHa MOHAMM CAMOTO BEIIeCTBA MIH MOHAMM mpuMecH. B 1o Xe
Bpems GoabpWas rpynna HauGonee KaYeCTBEHHBX H3OJSTOPOB,—
KPHCTAAIOBHAHEE HEOPraBUUeCKHe AHIIEKTPHKH, —OTIHYAI0TCA
3/1eKTPHYECKHMH CBOACTBAMH, KOTOPHE HECOMEEHRO ONPEALTAINT
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CAl BMAEKTPOHHO-NPOBOAAIUMMHE NpHMecaMH. B 3aBHCHMOCTH oOT
TEXHOJAOIHH H3TOTOBJEHHA STHX MaTepHANOB JAH3/IEKTpPHUECKHE
NOTEPH MOryT GHTEH OYEHL BRICOKHMH H OYeHB HH3KHMH, caenys
328 SJEKTPHYECKHMH CBOHCTBAMH IpHMECH H €€ CTPYKTYpHHM
pachpegefeHsHeM B MaTepHane.

B odwes cryyae mob0# peanbHbil IHITEKTPHK KAK Heopra-
HHYCCKHI, TaK H OprasHYeckHii, CIeyeT paccMaTPHBATh HIH Kak
TeTEPOUCHHYI CHCTEMY ¢ JHCOepcHOEHOH cpemo#l, oTBeuai-
Wed HICATBHOMY BHIPAKEHHID XHMHYECKOro COCTABA JHIJEKT-
PHHEA, H JHcnepcHOH (asofl —npHMecsaMH, PACCPEROTOYEHHBIMH
B OCHOBHOH cpeje, HNH KaK BENIECTED, CTPYKTYypa KOTOPOTO
HCK4MEHA NPHMeCsMi.

B caeagywmux pasgenax keHrH Oyfer mogpo0HO paccMoT-
PeH BOOpPOC O BAHAHHMH NpHMEceH Ha aJeKTpHYeCKHe CBOHCTBA
HHNIEKTPHKOB.

§ 2. lponekTpHE B SAEKTPHYECHKOM noje

Hpeanbseiit IH31EeKTPHK XapakTepH3YeTcs TOJBKO BeAHUH-
HAMH JH3IEKTPHYECKOR NIPOHHIAEMOCTH H SJIEKTPHYECKOR mpoy-
HOCTH. PeanbuelM IHSAeKTPHKAM CBOHCTBEHHBI, KPOME TOIO,
CKBO3HAA SMEKTPONPOBOLHOCTE H AHSMEKTPHYECKHE NOTEpH,
HOCKOABKY B HHX NPH HANOMEHHH SJeKTPHUECKOTO MoJs Bo3-
HHKA0T CBA3AHHBIE C BHIEACGHHEM TeNJa NepeMelledHs MarTe-
PHAJABHEIX YACTHI, SJEKIPOHOB, HOHOB, DHMONEi:.

H3yyaembie B OTAS/ABHOCTH PAHUHKEE CBOHCTBA AHSJEK-
TPHKOB TEeCHO CBA3aHW JIPYr C ApPYIOM.

OCHOBHHM, xapaKIe€pHHM AJd JK60r0 IHSIEKTPHKA Ipo-
UECCOM, ABAAETCA MONAPH3IAUMA COCTABAAKLIMX €ro yacTHI,
T. €. 06paruMoe cMelleHHe SAEKTPHYECKHX 34pAMOB, H3 Ko-
TOPHX NOCTPOEHE 9I1H YACTHIH, BOIHHKAKIIEE B Hampaeie-
HHH OOJS H CAELVIOUIEE 33 KAMIBIM H3IMCHEHHEM IpUJIOXKeil-
HOTQ HANPSAHEHHA.

[onspusanus IUSAEKTPHKA NPH NepeMeHHOM HaOpaAeHHH
ONpemessier 3HAYEHHE KOMILIEKCHOR SAeKTPONPOBOILHOCTH,
€e AKTHBHBE H PeaKTHBHBIE COCTABAAWILHE. :

PeakTuBdble COCTABIANIIHE KOMIIEKCHOH! 3/eKTPONPOBOL-
HOCTH ABIAKTCA NPEAMETOM H3VYEHHA IHIIeKT PHYECKOH OpOHH-
HAEMOCTH. AKTIHBHHE COCTABASIOIIHE KOMIJeKCHONH SJAEKTPO-
TIPOBOJHOCTH ABAAIOTCA NPEAMETOM H3VYEHHA AHSIEKTPHUECKHX
noreps. IoHATHO, ¥TO TOABKO HPH NEPEMEHHOM HAMpPAXKEHHH
HMEET CMBICA CYMTATHCA ¢ TEMIOBLALICHHEM IPH NOASAPHIALMHH,
TAK KdK 3/ech OHO, B NPOTHBOMNONOKHOCTD MOAAPH3IAUMH NpH
NOCTOAHHOM HANPAXREHHH, HE NpEeKpallaeTcs, a BCe BpeMsd MOA-
HepXHBALTCH,

CKBO3HAS 3/1€KTPONPOBOIHOCTE TAKKE MOXET OBITH yuTeda
KAK COCTABAKWAA JIHAIEKTPHYSCKHX NOTEPs IPH NepeMeHHOM
Hanpsxesnn. [lance, Tennosoit npooli IH3IeKTPHKOB HA NOC-

'jFﬂ Hayyuoe Hacnegwe Poccud



TOAHHOM HAH HOEPEMEHHOM HANPAKEHHAX ABASETCH JHIIL BHIPA~
HEHHEM JaBHHOOUPA3HO. 0 BOSPACTAHHA CKBOSHON 3JeKTpompo-
BOAHOCTH HAH AHSJEKIDHYSCKHX Do epk. Juke sJekTpHuecKHi
IpOOOH MOMHO CEOJHIL K NPOLECCY CKBO3HOM SJEKTPOHROH
SAEKI PONPOBOAHOCIH, JABHHOODP43KO BO3pacTawiueid B caaGom
MeCie AHweKiPHKa.

Eciu npedcraBHIb H3MEHEHH2 NOAAPHIANHOHHEOrO TOKA B
AHBAEKTPHKE O BPEMEHH B BHJAE BblPaikKeHH:

'El'l:

I’t:fqe_T, [1}

T. €. MOCTAaBHTH MOJAPH3ANHOHHEIH TOK B CBA3b ¢ dH3IHYeCKOH
KOHCTaHI0H MaTePHald T, TO 8TY (PHIHYECKYIO KOHCTAHTY MOK-
HO XapdKTepHs0Bd1b TAK Ke, KaK BPeMf, K0i10poe HeoOXOAHMO,
Hi0ubl HaYalbubld TOK [, yMenpmuaca B € pas (2,71s). Bpe-
MA Lp = 1 NPHA#I0 HA3EBaLb INOCIOAHHON BPEMEHH CHCTEMEL

llpakiHyecku yao0n0 DP43AHY4TE CAEAYIOWME BHAH [OJA-
PH3aLHH AHIJEK (PHKA:

l. PaeKTpunHY0 noaspHianto (fedopManui0 SJEKTPOHHHX
opbu.).

2. Hosuyio noaspusanuio, oSyCAuBAEHHYIO YIPYTHMH CMe-
IEHAAMM HOHOB H XaDdKIEDPaYI0 AAH JNHG0: 0 HOHROL O JHSASK-
TPHA.

3. Junoapsyio NOASPH3ALHI, OXBATHBAONLYI0 KHIKOe W
BAIKOE LOCIOHuHE OOMMPa0: 0 BeLlecTBa.

4. CTPYKTYPayid OOAADH3IANHD, Xd4PAKTEDHVI0 IS MHOIHX
TBEPALIX JHIIEK:PHKOB, OXB4lLIBAIOUYI0 O0MACTH TeMmmeparyp
HH¥E Tg MAH HHXKE TeMNepJTypHl MM4BASHHH KPHCTALIA.

0. HH3KOYACTOTHYIO (Bay 1 PHCAORaY 10) MOAAPHIAIM IO,

Coilacn0 npejcTasnentsm, paspursin IL [1. Kobeko, crpyk-
TyPdan OOASPHIaLHA 34BHCHT Of NAOIKOCTH YNAKOBKH HOHOB
HIH MOJEKYJ, a Clef0Ba1eNbH0, OT HX CpPefHel MOTednHaTb-
HOH sdep. HH, YeM nioruee ynaKoBka, yeMm GOAbHIE 3an0MHEeHH
MECTd MHaHMYMOB NO[HIHaNbaOfl SHED. HH, TEM MEHBILE CTPYK-
TYPHAA NONAPH3aLlHA H MEnbIIE CTPYKIYPrble NOTEpH.

Cipyk1ypaas NOAAPH3ALHs CBOLHICH K IPONECCAM [epexe-
WesHn HO.O0B HJAH JAHNOAEH B OipPanHYEHLOM of0beme, npHueM
OTnOMEnHE BPEMEHH YCT4LOBJAeaHA TENAOBOIO pAaBHOBECHS
(BPeMEenH pPelaKCaHM) K MEPHOAY HaNpxKedHs ONpemenser
AKLIHBAYD MOMAOCIDL, BHASACIMYIOCH NPH DasHOH gacToTe
NEKTPHYECKO1 O NOJs.

Byuci0 KpHCTaanHYeCKHX BEMECTBAX HEOPragHuecKkoro npo-
HCXOMIOSaHA CTPYKIYPHAA NOMIsPHIallHA B NoIaBIRm0mes G0an-
WHACIBE CAYYaeB He ODHapYHHMBaCTCH.

HHax04aC10 0888 NONMPHsallHA, HA3HBAeMaA TAKKe BHYTPH-
CNOH=0H HAH BHICOKOBOJBI&OH, 00YCAOBAMBaeTCH nepeiBHxe-
HHSMH HOnOB BayIDH AMSJ€KTPHK4. [1pH nocrosupoM Hamps-
AedHH H IOPH HH3KHX Y4CTOTAX B NPHOAEKTPOAHBIX CAOAX HAN
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BO BCeft ToJmE AHSJEKTpHKA obpasyiTcd o0beMHele 33pPAIH,
BLISLIBANIIHE HCKAKEHHA OAA B AHsj1ekTpHKe. Pacnpenenenie
HANPSKEHHS NPH 3TOM HENPAMONHHEHHO H 38BHCHT OT XHMH-
ueCKOTD COCTABA M CTPYKTYPH JAHadekTpHKa. OTMedeHHne
3nech M3MEHeHHd B BeIecTBe MOryT OHTh H HeoGpaTHMBIMH
B TOM CAy4ae, €CAH OHH BH3BAHH HE MNOAAPH3AMHOHHKIM,
a CKBO3HEM SJAGKTPHYECKHM TOKOM (B caydae ,(popMOBKH®
JAH3IEKTDHKA).

HuakouacToTHad noaspH3anHa Tpelyer IJaId CBOEro pas-
BHTHH HaHOGoapmero BpeMeHH. Cnafawuiui, TaK HasLIBAEMAIA
aBGcopOIHOEENE TOK, 00YCNOBJAEHHBIH HH3KOHACTOTHOH noadA-

J

adrebapuveEoe puopesre .ﬂi"ﬂ‘

Ii*

= rermaina &7

Pac. 2. 3apHCHMOCTL SJEKTPHYE-
CHOTD CMel2H e CIOMHEOTD AH3IEK-
TpHKEE OT BpEMEHH.

1 — cocrapaamnias cofCcTBERACND
noaa aaextpogoe; 2 3, 4, 5, 6 —
COOTBETCTBEHHO COCTARIAIOUIHE
S1EKTPOHENR, HORHON, CTPYRTYp-
wofl, aemonsHofl W BHYTpHCAOHHOM
NONApHIAUME; T—CYyvMapHOe 3HA-
QeRHe SACKTpAYeCKOrd CMOIEHH.

Puc. 3. Bexvtopran amarpaMsa Toxos
noAApH3aLMH M CKBO3HOH nmposoa-
MOCTH B CAORHOM OHIMEKTPHEE.
1—r1ox cofcreennoro noaq; 2—rox
SAEHTPOHHON MOTAPHIAUKH ; 3—TOK
HOHHO NOAAPHIALHH ; 4—TOK CTPY-
KTypeHoll NONApHIaUNAR; S—TOK AM-
moasHOH moAApHzauHy; 6 —TOK BRY-
TPHCAOHHOH MOTAPHIAUHE ] T—CKBO-
3uoit Tok; B—noamnil Tow

pH3anueil, LIHTCA MHHYTH M jame uacsl. [Ipu BicOkux wacro-
Tax ofbeMupe 3apaasl He ycmepaioT ofpasoearkcd. Ecte-
CTBEHHO TAKHE, YTO IIHTEABHOCTE 3aPAIHOND TOKA M BEIHUHHA
€ro BMNOJHE pPABHOIEGHHH COOTBETCTBYOILIHM 3HAYEHHAM IIpH
paspaAgke (KOPOTKOM 3aMBIKAHHH) JHOIEKTPHKA.

Ha pic. 2 nokasasa 3aBHCHMOCTE OT BpeMeHH 3JE€KTpHYE-
CKOTO CMemeHHA [ CA0XKHOrO AM3AEKTpHKA (NJIOTHOCTH 3apA-
n0B Ha OOKMAAKAX KOHIEHCATOpPA 34 CYET MCHOBEHHOH H 3a-
MeIMEHHEX NMOAAPHIANHE H COOCTEEHHOIO MOJA SAEKTPOJOE),
a HAa pHC. 3 JdHA BEKTOPHAR JMArPAMMA TOKOB HA NEpEeMeHHOM
wanpamenud. CoBeplUeHHO ACHO, 4TO B 3aBHCHMOCTH OT 4a-
CTOTH BHEIIHETD EKTPHYECKOro NoAd HaM NPHXOIHTCH CYH-
TATBCA C TeM H/JAH HHHM MEeXaHH3MOM TOKA B JH3JISKTPHEE,
InexTPOHHEE H HOHHHE CMELISHMA YCUEBAOT 34BEPINHTLCH

-JElﬂ-I ay4Hoe HaonegMe Poccui”



[IPH HacTOTaX ONTHYECKOTO M HHDPAKPACHOrD COEKTPOB; CTPYE-
TypHAR H JTHNOJNBHAT NONADH3IANHH HAGIIOLAKTCH BILIOTH Jite]
PANHOYACTOT; HAKOHEL, BHYT pHCIoMHAA NOAPH3ANHA BhIABIACT~
€A ThaBHEIM 00pA30M OPH NOCTOSHHOM Hanpaxensu, B no-
CACHHEM Cay4ae, B BAYANBHEIH MOMeHT BDEMEHH IOCIE BRIIG-
HEHHA HANPAKEHHA Ha OOKIaaKax KOHABHCATOPA BO3HHKANT
3d4PAAEl 32 CHET MMHOBEHHBIX YIDYTHX CMEILenHit B ZHIIEKTPH-
KE, 4 34TEM ¢ TEeYEHHEM BpPEMEeHH KOIHYeCTEO HX BO3pACTAET
34 CYET 3aMeJ/IeHHMX BHNOB IOAAPHIAMHH,

Kax BHAHO H3 PHC. 3, IPH MEpEeMEHHOM BANPAKEHHH AKTHE-
HhHIH TOK OOablle, YEM CKBO3HO TOX NMPH. NOCTOSHHOM Hanpsa-
MEHHH, TAK KaK 31eCh NOOGABIAKNTCS AKTHBHLE COCTABAADMNIHE
3a CHET NOAAPH3ANKH B TEYEHHE KawIOro NONYIEepHOLA, B TOM
HCAE M HHYTOXHO MAajaas, CONYTCTBYIOIAA HOHHOM IIOZApH-
3AOHH.

BenHuHea Tak HA3LIBaemoro HOpMAaJABHOTO TOKA CMEmeHHs,
T. €. TOKAa 33 CHET MFHOBEHHOM MOMSPH3IAUMH, BHUYHCAAETCS [0
«FEOMETPHUSCKOH eMKOCTH®. C' 3apamaeMoro KOHO2HcaTopa H
no mocToAuduM nend R v L, cordacso BBEIPAMEHHA?
H—VRE’--J.EE _RC 4 Voi— ait ¢

2LC 2LC

+C.e ’ (2)
ABIAIOMEroCcH pemedieM OOIIEro ypaBHeHHd
ai . R di + i
da= " L a4t T Ic ~ O
Ofeiuso R 1 L odeHBb Mansl H 3apaaasifl TOK SIHTCH BecbMa
MANYH JOM0 CEKYHAM, Nagasd g0 HYJIfA.
Benruunny aGcopbuHonHoro Toka, o6YCIOBAEHHOMO 3aMel-

AeHHO# NONAPH3ANHEH, MOXHO ONPEJENHTs HA OCHOBAHHH Bbi-
paKeHHA:

i=Ce

, aC
I "E'E.;. _';FE " |:3}

rae E, — HanpsmeHHe, NMPHIOMKEHHOE K KOHAEHCATODY,
C — eMKOCTR:
T — MOCTOAHHAR BPEeMEHH;
& — NOCTOfHHAS, XAPAKTEPH3YIOWas IHIIeKTPHK,

Ilnasa 1
AHSNNEKTPHYECKAA NMPOHHUAEMOCTE
§ 3. Monarne o AxsNeRTpHYeckoll MPOHHIAEMOCTH H EMEOCTH

Obniynoe dopMatsroe ONpejeleHne JHIIEKTPHYSCKOR Mpo-
HHIAEMOCTH KAK OTHOLIESHKHA SMEOCTeH KOHIAeHCATOpA C JHIJeK-
TPHKOM H 0e3 Hero He PpacKpuBIBT (DHIHYECKHX IIPOLECCOB,
BHDAXKEHHEM KOTOPWX SBISETCT $Ta BeanuyHsa. JIHsjekTpiue-

- ) i
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CKYI0 MPOHHIAEMOCTE MATEPHAIA CBA3LIBAIOT TAKEKE ¢ SABJSHHAMH
pPacopoCTpaHeHH: CBETOBBIX KoaefanHit B Bemectse. Hakosem,
JUETCH ONpefejesHe JAHSMEKTPHYECKOH NPOHHILeMOCTH XKak
OTHOLIEHHA CHABI MEXAHHYECKOIO B3aHMOLEHCTBHA 3upAAOB B
BaKyyMe H B Jauso# cpege. EcTectBenso, 4T0 oCoOEHHOCTH
BELeCTBA, C TOUKH 3DEHHA BO3HHHKHOBEHHA B HEM N0J8DH3IANHOH-
HEX TOKOB, OOPENENsioT H BETHUHHY AHANEKTPHYECKONW NpPOHH-
maeMocTH. Ecau IHSAeKTpHKOM HABASETCH BaKyyM, TO NOJA#-
PH3IALMH Cpefbl, KOHEYHO, HeT. OJHAKO 3JeK1pHYECKOe mnoae
BHE HCTOYHHKA HANDHMEHHH SBJRETCH HEOTheMIeMO# elo va-
CTBID TaK e, KaKk H JJA4 BCAKO. O 33apAXKEHH0.0 Tela.

Korpa x konjeucatopy, AH3IEKTPHKOM KOTOPOIo ABASETCH
BAKYYM, NPHIOKEHO NOCTOAHHOE HANpAMEHHE, SAeKTpHUEeCKoe
noje onpeaenser MeXaHHYeCKHe CHJL NPHTAKEHHA 31eKTPOJ0B.
B 94CTHOCTH MMEHHO MEXMONEKYASpHHE NOA8 00VCIORIHBAKOT
MEXAHHYECKYIO OPOYHOCTh TEERAOIQ Tend, pACCUHTHBAEMYIO Hi
OCHOB4HHH cooTHowerHil Kyaousa-Bopaa.

B ofmem cayyae, korga Hmeercs OOBIYHEIE HeBAKYYMHBIH
KOHICHCATOP H K HEMY NPHIACKEHO [EpEMEHHOE HalpniEHHe,
COCTABAAIOMIHE MOJHOH MOMIHOCTH IEnH MOXHO pacCMdaTPHBATH
caglyomum obpasoM.,

PeakTHBHAA COCTaBAAWILAR ONpelelseT BEAHYHHY E€MKOCT-
HOTO TOKa H OOYC/OB/IHBAET MeXdHHYECKHEe B3dHMOAEHCTBHA
ACKTPOAOB JAPYr € APY:OM H C OKPYKAWIHME TeJaMH. AKTHR-
Hifl COCTUBAAKMIAA SMEKTPHYECKOH MOWHOCTH OTBEYAET TEmIo-
BEASNCHHI NPH NepeMellendd 3apafoB B SACKTPHUSCKOH CHC-
TeME (B 3JAEKTPOJAaXx H B JHIJACKTPHKE).

[paxkTHueckuii HHTepec NPEACTABAAIOT IBE SMEKTPHYECKHE
CHCTEeMBI, B KOTODHX Mbl INpedefperaeM 3aTpaTaMH MOLLHOCTH
HA TEeNJOBHEJEHHEe B AH3JEKTPHKE:

1) snexTpHuyeckH-cBOGOAHAA CHCTEMa, TAE 3apaXeHHHHR KOH-
AEHCATOP HIONHPOBAH OT HCTOYHHKA NHTAHHA;

2) snexTPHYECKH-CBA3AHHAN CHCTEM3, I8 KOHJEHCATOp He-
PA3PLIBHO CBA33H € HCTOYHHKOM MHTAHHA. .

llpocneaum H3MeHeHHA SAEKTPHYECKOTO COCTOSHMA STHX
CHCTeM, HCXOAA H3 NpeicTaBJeHHH OO0 HX SHEDIHH.

DNeKTpHYECKad SHEPIHA H30JHPOBAHHON CHCTEMB BHpa-
HACTCA (QOpMYAOH:

L@ n
W "."C, (4)

rae Q—seanunHa 3apsfd, a C—eMKOCTh CHCTEMEL
B cayuae cHHYCOMIANBHOIO NEPEMEHHOIO HANDSKEHHT Ml

PACCMATPHBAEM DEIKTHBHYI0 MOILEOCTh, ‘KOTOpA# HAXOIHTCH

H3 BHIDAKEHHS

.IFE

P=c

(5)
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DH3HYeCKHi  CMBICT, KOTODEIH BKAATHEBASTCA B NORATIHEe
»EMKOCTE KOHAEHCATOpPA", CBOJANTCH K SHEepreTHYeCKO# ero xa-
paxTepucTHie. [IpH nocToREEOM 3apsaie sHEprHA KOHAEHCATOpa:
Tem Goabllle, YeM MEeHbINe eMKOCTb, H HaoGopoT. [IusnexTpuye-
CKad NPOHHIAEMOCTh ABIAAETCH KOI(QHOHEHTOM, MOKA3BIBAIONINM,
BO CKOMBKO pa3 H3IMEHAETCH SHEprHA 3amaceHAas SAeKTpuuec-
KOW CHCTEMOH IIpH 3aMeHe B HOfe STOH CHCTEMH BaKyyMa
NHOOEM APYTHM JHITEKTPHKOM. ,

Ecan B H30IHPOBAHHOM KOHJIEHCATOPE MePBOHAYANBHO ILIA-
CTHHE OLIH pasfeneHkl BAKVYMOM, a4 33aTeéM B HEro BBOIHTCH
TBEPABH JHIMIEKTPHK, TO 3JeKTPHYSCKAs SEeprH ' KOHIeHcaTopa
YMEHBINAETCH B € pas, H BO CTOJABKO K& pPa3s yMeHbIUAeTCH
MeXdHHYecKas cui1a pzauMoeicTera ofknagok. Hanpaxennocts
MEKTPHYECKOTO NOJA NPH STOM TAKKe NafaeT B e pas. Pas-
HOCTb NOTEHNHAJNBHOH SHEPIHH CHCTEMH! A0 H NOCAE BBEICHHA
AHSMEKTPHKA paBHa pafoTe Ha ero NOAAPH3AUHIO (eCAH MpeHe-
Opeus MOTEPAMH), APYTHMH CIOBAMH, DABHA MEXAHHYECKOR pa-
GoTe, sarpaueHHONl HA BTACHBAHHE AHIIEKTPHKA. :

PacemoTpum eme ofuH caydaii npeobpasoBanus SAeKTpHUe-
CKOH SHeprud B Taxoil H30nHpoBaEHOH cHcTeme, K sapsuesn-
HOMY KOHIEHCATODY, MAACTHHE KOTOPOTO PA3MENEHL BAKYYMOM,
MB DOIKIIOYAeM B Mapallefs elle OJHH Taxkol xe KoHiexca-
TOp. DAeKTPHYECKAs IHEPTHA NOCIE STOTO NepepacipeeanTcs,
HO Kam At KoHAeHCaTOp GyIeT o6aaAaTh sieKTpHYECKOH SHep-
rueil BueTBepo, 4 HE BJBOE MeHbIledl, DPOTHE NepBOHAYATLEOH.
O6BAcudgeTcs 9TO TeM, YTO NMOTEBNHaAbHAS SHeprua Beed CH-
CTEMB TIOCTE NOAKIIOYEHHA BTOPOTO KOH/JIEHCATOPA YMEHLIIH-
Jach BABOE, H, CAEIOBATENBHO, HA KaMIHH KOBJEHCATOD IIpH-
XOIHMTCH BYETBEPO MEHLINAA SMeKTPHYECKadA sHeprus. B masmom
clyvae INONOBHHA SHEPrHH CHCTEMB TepHEeTCA HA IKOVISBOe
TEnAo B MPOBONAX, COSIHHMAMIHX KOHIEHCATODH, HESABHCHMO
OT CONPOTHEASHHA NPOBOIOB.

SNeKTpHUECKH CBHA3aHHAA CHCTEMA OTJHYAETCA OT ceoboi-
HOH TeM, 4TO IpH BCAKOM M3IMEHEHHH EMKOCTH KOHJIEHCATOopa,
T. €. IPH H3MEHEeHHH ero BO3MOXKHOH JHEPTrHM, B LENH EO3HH-
KdeT TOK TOTO HIH IPYTroro HANpPABJASHHS B 3aBHCHMOCTH OT
YBETHYSHHA HIAM yMeHbWIeHHA eMrocTH. Ecau manpumep, eM-
KOCTh KOHIEHCATOpPAa BO3pOCHd, TO B NPOTHBONOJOKHOCTH
NpejeIVIIEMY COyuald B Hero nocTyoawT JONOMHHTEALHHE
ApANE M3 HCTOYHHMKA HANpPRHeHHA, B pesyiAbTATe HEero npH
HEH3MEHHOM 3HAYCHHHM HANDMAKEHHMA SHeprHf KOHIeHCaTopa
YBEAHYHTCH.

§ 4. Monapu3oBaHHEA IHANEHTPHK

IlHaMeKTpHK, B KOTODOM IPOHCXOIHT NOAAPH3IAMHA PAIHOTO
BHJA, YAOOHO pACCMATPHBATE OPH NOCTOSHEOM NPHIOXKEEHOM
K HEMYy HANPAKEHHH.
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DKBHBANCHTHONH cxeMoif Takoro LHIIEKTPHKA CJAYEHT P
BRAIDYEHHEIX NAPalleNbHO K HCTOYHHKY HANPAMEHHA KOHAEHCA-
TOpPOB, KAK 5TO MNOKasaHO HAa pHc. 4. Cxema JH3AEKTPHKA
NPEAYCMATPHBAET BCEBO3MOMXHEIE BHAM NOMSPHIALHH B Be-
wecrse. Kamgsl# KOHAEHCATOp OTBeYaer OnpefesIeHHoOMY
MEXAHH3MY 3apajEOr0 TOKA M OTJAHYAETCHA BEJAHYHHON CBOE
eMKOCTH. QUeBHIHO, 4TO 2apsigm HA O6KIAJKAX, ofiycaoBaeH-
HEIE  SJIEKTPHYECKHM IOIeM H SJACKTPOHHOR NOJAApH3amHed
gumcm Co H C;) obasarenbHnl npH M060M AHSAEKTPHKE.

CTAMBHEE THOH IONAPH3ELHH B JH3JAEKTPHKE (EMKOCTH
€y—Cy) MOTyT OITH, & MOTYT W He GHTb, B 34BHCHMOCTH OT
Oco0eHHOCTEH AHIAEKTPHKA.

L b
T R
Co,do {583 Cu s _|;¢,Ec ‘_i—i;g. fg —‘!_Gfx. L

Pue. 4. DxenpanedtHas cxema NOAAPHI0BAHHOID AHINEKETPHEAE CAOKHOID
CcoCcTaBa.

Can Qo— eMEOCTE H saEpnn B pakyyue; Cs, Qs — eMyocT: B 2apa; siegr-

porrol noaspHsatik; Oy, Qp—10 e HouHOH noaapHIauus; C 3: — TO He

CTPYKETYPHOH noaspHaauui; Cg, (g — T0 Xe ArnoasHoii noanpHsanmE; Cu

Qx —70 me nR3ROYACTOTRON (BHyTpHCAOHROR) NOARPHEIALKE; ru, re, Fg ru—

COMDOTHBIEHHA, 5kEBHBANEHTENME NOTEPAM MPH COOTEETCTRYIOMMEE MOAAPHIA-
UHAX; R—CONpOTHBNEHHE CKBOIHOMY TOKY.

-

Koszencarop C, COOTBETCTBYET COOCIBEHHOMY HOMI0 SAeK-
TPOLOB, 33PA KOTOPEIX MOXHO ONPEXENHTE, eCAH B MPOCTDAH-
CTBE MEXKLY NAACTHHAMH HeT AHSAEKTPHKA (BaKyyM), npHuem
NAOTHOCTE 3TOTO 3apAAa ONpelesieT HanpAXeHHOCTh TOJS M
B JAU3JEKTPHKE, Kak 9STO cJaeiyerT H3 Teopems [aycca. Kon-
Aencatops Cy —Cy, 0TBEYANIIHE NONRPH3ANMH BellecTBa, HaXo-
ANIUIETOCH MEXAY NMACTHHAMY, BKAIYEHH MOCAELOBATENBHO C
OMHYECKHMH CONPOTHBAEHHAMH, TAK KK NOJApH3aNMA Beerga
CBA3aHa C TemIoBmAeNeHHEM. Bce KOBMeHCcaToph! WYHTHPOBAHH
OMHYECKHM CONODOTHBAGHHEM, KOTOPOE ONpemeldseT CKBO3HOI
TOK OT OAHOTO BJAEKTPOJA K ApYroMy (TOK yTeuxw).

Braouenne B iens KOHAEHCATOPOB H CONPOTHBAGHHH MPOMHC-
XOJHT B DajHLIe BPEMEHa H C PasHOH AAHTeJBHOCTBIO, —NIEKT-
POHHAA H HOHHAH IIﬂ.leCpHEEHHH CAEAYIOT 33 SAEKTPHYECKHM
nomxem kongeucaropa €. CTPYKTYpHAS, IMOOABHAS M HHIKO-
4acTOTHAA—TPECYIOT A5 CBOErO PA3BHTHSA ONpeAe]esHOro Bpe-
menH. EcrecTBedso, wuro saMejneHHble THNE NONAPH3ALHH
OCOGEHHO 3aMETHH NPH NOCTOSHHOM HANPAKEHHH H MOTYT He
OOHAPYAMBATECA IPH BLICOKHX 44CTOTax.
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Koauuecrso saexTpHuYecTBa Ha SACKTPOJAAX LHSJEKTPHKA
OvIerT paBHO:

QE - Qa + Q&u+ erl‘l"'i" Qm+ Qvﬁ:"‘ QIJIT! [ﬁ]
Q=UCo-e=Qs . 5. (7

SddexTHBHAS THNEKTPHYECKAS TPORHIAEMOCTE TAKOTO JH-
3TEKTPHKA ONPENeNHTCH COOTHOWEHHEM:

an Qun QHII
- 1 = - + - = ®
g Qa + Q’D Qu [a;l
HIH
g =] +dnEy F4TEmt & & o $TEg {9}

Kak M3BeCTHO, BhpamenHs 1A HANPAKEHHOCTH NOAS, MeXa-
HHYECKOH CHJB M KONHYECTBA SAEKTPHYECKOrO 3apsja o0begH-
HAITCH 3akoHOM KynoHa, KOTOpH DOAYYHA 3HAYERHE OTIPaB-
HOT'O NYHKTA NPH paspaGoTke TEOPHH SIEKTPHUECKHX SBISHHH
B JAHIIEKTPHKAX H NPOBOIHHKAX.

Fayccom GBI YCTaHOBAEH 3aKOH YIPYroro nepeMellesHs 3a-
panos. OM Jan 3aKOH HeyHpYyroro mepeMellesHs 3apsuoB.

ITo aakory OM2 18 NPOBOIHHKA HANDAMEHHOCTh NOJAS

QEKIUEH

E = T (10)

Mo sawouy lMaycca® ana OXHOPOAHOTO NOAR B AHSIEKTPHKE
Q

E 4::;—_? y (11)

rae Q — BeAMYHHA 3apana, | — YAeALHAR SAEKTPONPOBOLHOCTE,
& — JHICKTPHUYESCKAR NPOHHLNEAEMOCTE, §—IIOUIAAE, HOP-
MANBHASA AHHHAM CHJ 34pAI0B, T— BpPEMA.
Teopus s1eKTPHYECKOrO NOAS B JHSAEKTPHKAX OCHOBHIBAETCS
Ha sakoHe laycca W nocTynate MaxcBedda o NOBEPXHOCTHOM
NAOTHOCTH 3apAJ0B HAa SAEKTPOJAX KOHAEHCATOPE, CBA3AHHOrO
¢ HCTOYHHKOM TIHTAHHA.
Coraacso noctyaatry Makcsennsa:

1 U U -
To™ Oy =+ 3y = 4_‘T'I_i'_-| E“F [12]

HIH
U L
dmo, = o + dwen o (13)

#) Ypapwenus NpHEENSHM B Hepauworaasnoll dopwe.
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roe: 3, — CyMMapHaf IIOTHOCTE 3apANOB Ha 8JIeKTPOIAX,

8, —IJMIOTHOCTE 3aPAN0OB HA 3JEKTPOJAAX B CAyYae AHSIEKT-
PHKA — BaKyyMa;
8y —ILIOTHOCTE SAPAJOR HA SMEKTPOJAX 32 CHUeT NOJASpH-
3AIHH AHAMEKTPHKA;
U —HanpsxeHHe HCTOYHHKA NMHTAaHHA;
d —paccCTOfHHEe MeXIV MIACTHHAMH KOHIBHCATOpA;
= —CYMMAPHAA MOCTOSHHAA NOJADH3ALHH.
Caegcreuem saxoHoB [aycca H Maxceeana seageTca pajg
YHCTO (POpPMaNbHEIX ONpPEJe/eHHi:

gm]4-dme,, (14}

v - 15

DEE d- - EE“ 4h|=l1, [ .}
o

_.rnltﬂn an?':EnE, rlﬁ}

rie: s — 3bPeKTHBEAA AHSJEKTPHYECKAA NPOHKIAEMOCTh;
) — HHIVKOHA, HAH TdK HASLIBAEMOE CMEMeHHEe B JHSIeKT-
pHEKE;
[ — 3neKTpHYECKH MOMEHT exHHHIE 06beMa (TaKk Ha3bi-
BaeMas NOJAPH3AUHA BellecTBa);
E — ganps#eHHOCTh 3JEeKTPHYECKOro noas (cpegsss).
Cormacuao Maxkceeanay

'%E‘ =4re, (17)

B npepmenax sAeKTPHYECKOH NPOYHOCTH NOCTOSHHHEE 3JEKT

- poHHOH H HOHHOW noaspHaa-
& IHH He 34BHCAT OT HAanps-
! MEHHOCTH  3JeKTpHYEeCcKoro
noas (pHc. 5), eclH MaTepHaa
HE OTJHYABTCA CHOHTAHHOM

I NOAAPH3ALHEH, XapaKTepHOi
And cerHersaekTpHkoB. Ilo-
i 3TOMY OTBedalolllHe HM HE-

aykuua D u nonapusanua

BO3PACTAOT JHHEHHO C VBe-

3 JHYEHHEM HANDRAEHHOCTH

i noaa. HaoBGopoT, AHDONLHAA

\\_ NoJAPH3IaNHA GﬁHap}'}KHBa&T

3 HACHIIEHHE MPH BRICOKHX Ha-

Puc. 5. SasvcuMocTs noctosdmofl mo- NPAKEHHOCTAX SAEKTpHuEC-
ASPHIAUHKH OT HANDAMEHHOCTH nNOJdA. KOro ImoJid.

L
i

1 — 3aexvTpondas NMOJAPHIAMHA; 2 — )
HOHHAH MOIADHIALHA; 3 — NHMOALHAA AlGcomoTHule 3HaYeHHA IH
noARpH3AUHA. IeKTPHYECKOH NPOHHIAEMO-

CTH PasTHUHBX JH3JeKTDH-
KOB 3aBMCAT OT XapakTepa noaspu3anuu sewectsa. Ha-

= T 5 e
.-JFiE-I_ch. y HacnegMe Poocku



HMEHBIIHEe 3HAYEHHA = oﬁﬂapymnsamrcﬂ B CAYVYEAE YHCTO 3JEKT~
POHHOH NOAApPH3IANMH. B 3TOM cayuyae IHSIEKTPHYECKAd NpORY-
UaeMOCTh B COOTBETCTBHH C NOJOXeHHAMH Makceenna TOYHO
.paBHA KBAADATY NMOKAIATENd IPENOMICHHS. Yucro INEKTPOHHOR
noaspH3agHell OTAHYAIOTCA TOMBKO HEMOAAPHBIE THHIEKTPHEH.

£ Egﬂ . d15°
6000
2220
teZ 5000150
éaoe £ 185 w000
4000 3000
2o00fat
2000 t=130°C
1090 HF™E !
3 % 4 fﬁ:’fh&?fw -5 ] U

Puc. 6. JlnsnekTpHueckas NpoOHH-
RNaASMOCTE THTAHITA ﬁapun B 33aBH~-
CHEMOCTH OT HANDAMERHOCLTH DOJH
yactorm S50 ¢y mpE pasEbIX Tem-

Pac. 7. 32BHCHMOCTE OHIJEETpU-

yeckolt npownuaesocty (1) B igd

(2) vepaMEYECHOTD CETHETIEKT PH-
Ea OT TEHI‘JEF&‘I‘}TDH.

mepatypat.

B radaume 1 npuBelessl 3HAUEHHA NOKA3aTens IpesoMie-
HHS B NEPROA H BTOPOH CTeNeHH H JH3JIEKTDHUYECKHE NPOHH-
IAEMOCTH HelTpaJbHEX H C1aGonoaspHbIX BEIECTB.

Ecin ausnexTpHK HOHHOTO HJAH JHNONBHOTO CTPOEHHA, TO
JAHSIEKTPHYECKAd TNPOHHNAEMOCT: ero MoxeT OBTL 3HAYH-

TaGauwma 1

Hefitpanbubie @ cnafonoNApHEIE AHANEKTPHEH

Mokasatens MApeioMIeHHA InsnexTprye-
Haspanue matepnaaa o ﬂi. HPDH:IT;EHOCTB
Mapadmg . . . . . . . 1,43 2,06 1,9—22
MonHETHPON o & « - = & 1,55 24 2,7—20
AIMEZ « o . . . - - 24 5,76 5,6—5.5
Cepa « v « w o s o+ 1 s 1,92 3,69 3.6—40

TeasHo Goaplie, YeM KBAAPAT MOKA3ATENd NpeJoMISHHA. Humxe
MpHBEAEHEl 3HAYEHHA JAHIICKTpHYE CHOH MPOHHTAEMOCTH HEKO-
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TOPBIX HOHHBIX AHSJEKTPHKOB € SAEKTPOHHOH H MOHHOH moas-
pusanuamd (Al,O; NaCl u ap.), a Takke CO CTPYKTYPHO#
nonApH3anHed (HeoprasH4YecKoe CTeKN0), H AH3JeKTpHYecKad
NPOHHIAEMOCTh & JHMOJBHBIX JH3ACKTPHKOB,

I. HoHHBIE JHANEHTPHKH 2. IMnodbHBE JH3AEHTPHEH
e =
Kpreraaanuecknid Al.Oy 10 BakedHt . .« « v o v o . 4—5
- (KOpYHO) . . . . . . .
=, | KprcTaanmgecknmit Mgl . 9 Kaumgone . . .. .. c - - 3.5
EE Mpamop CaCOy o 93 Kacropogoe wacao . . . . . 4,3
3 Kamensan coar NaCl . . 4,
= I:pap-q;up B Heanwoacsa . . . . .. ... 45
Crexao (mesoynoe) . . . 6,5 TDanopakc . . . . .. s - . 0,0
S [Pymaa TiOp . . . . ... 110
g-:n{ Turamar kaasuua CaTiOy . 160
25 | Taranar crpomuua SrTiQy 220

HouHne peopraHHYeckHe AWSIEKTPHKH, KaK [NPaBHAO, HMe-
0T 3HAYMHTENABHO 060Jee BHICOKHE [IHIEKTPHUECKHEe NpoHHIa-
©MOCTH, YeM JHNONbHLIE OPraHHYeCKHe NHINEKTPHKH.

Ocofyi rpynny TBEpPAHX JHAIEKTPHKOB COCTABNANT Be-
HIECTBA, XAPAKTEPH3IYIOMHecd HeJHHeHHOH  33aBHCHMOCTLIO
INEeKTPHYSCKOro CMELeHHA OT HANPAMEHHOCTH noxd. [usnex-
TpHYECKasa NPOHHIAEMOCT: TAKHX BELIeCTB, Ha3HBaeMbIX ce-
THET3JICKTPHKAMH, MEHAETCA ¢ HIMEHEHHEM HaNpPAXKEeHHOCTH
noad. OcofeHEOCTED CErHETIMEKTPHKOB SBAAETCH BHCOKOE
JHaueHHe JHSJeKTpHYeckol mnporHnaemocTH (Sosee 1000) u
Oonburas 3aBHCHMOCTH JAHIASKTPHUECKOH NPOHULAEMOCTH OT
TeMnepaTypH ¢ pPe3K0 BHpaXeHHHEM MancHMysmoM. K Takum
BEMIECTBAM OTHOCHTCA MmerTaTHTawat Gapus BaTiO,, snepsne
Heeneposauustit B, M. Byaom.

Ha pHc. 6 nokasaHa 34aBHCHMOCThL JHM3JEKTPHYECKOH npo-
HHILAEMOCTH THTadara (apHA OT HANPAXKEHHOCTH noad. [lpu
BEHKAMYECKOM H3MEHeHHH NPHIOKEHHOrO HANpsXeHHs 3Ta 3a-
BHCHMOCTE 06pasyeTr TrHCTepe3sHCHYR MNeTA0, AHANOTHYHYID
WPHBOH MarHUTHOTrO rHcrepesHca, [lnomans sToil KpHBOH BHpa-
JaeT B M3IBeCTHOM wMacmrTabe JHI3NeKTPHYECKHE MOTEPH B
ofpasne 3a ofuH mepHod. CerHeT3NeKTPHKH XapaKTepH3YTCH
3HAYHATEIbHLIMH IHIIEKTPHYSCKHMH DOTEPSMH,

Ha puc. 7 npeacrasnena 3aBHCHMOCTE AHIJEKTPHYECKOR
NPOHHIAEMOCTH M {gd Apyroro KepaMMYeCcKOro CErHeT3NEeKTpH-
Ka, UpeacTraBadiouero cofoi coeJHHEHMe THTa®aTa Oapusl H
THTAHATA CTPOHLHA OT TEMOEPaTYpHL.

CerHersiexTpHYECKHE CBOHCTBA YKA3aHHHWX MaTepHanos
TEPANTCA OPH ONPENENeHHOR TeMneparype, Ha3uBaeMod TOY-
ol HKropu, [lag meraruranara 6apus s1a TeMOoeparypa JMemHT
oxono 100°,

I ayynHoe Hacnegae Poocum”



§ 5. MpepsrMuncacHHe AHINCKTPHYECKOR NPOHKOAEMOCTH

Kagecrseuntie # KoAnsecTReBENE COOTHOWE RS MEXIY BEAH-
HHHOH AHSAEKTPHYECKON! MPOHHIAEMOCTH H (DHIHYECKHMH Xapax-
TEPHCTHKAMH BEIIECTEA,— COOTHOWIERHA, KOTOPHE MOrJAH Obl
O3BOIHTL NPEABLIYHCIEHHE AHIEKTPHYECKOA NPOHKIAEMOCTH
P Pa3HLIX TEMIEPATYPAX H YACTOTAX,~—B HACTORIIEE BpeMd elle
TOMbKO YCTaHABIHBAIOTCH.

HusaexKTpHYSCKYID NpPOHHIIEMOCTS (nocronsayo noaspH3a-
UHH) MOMEO DOCTABHTH B 3ABHCHMOCTH OT IIOTHOCTH BEMeCTBA,
MOJIEKYIAPHOT O BECA, KOS(HIHEHTA IPETOMICHHS, KOS(hHIHEHTA
CHHMACMOCTH, €CIH BBECTH e€Ule OJHY, TPeThH) KOHCTAHTY
(moMuMO & H & ), xapakTepusyomyio YHE He IHSJIEeKTPHK, a
MOJEKYIB HIH HOHEL €T0 cocTapadomue. Koucrauty sty Hasw-
BAIOT NOCTOAHHOW NOJAPH3IANHH MOMEKYIEl HIH HOHA (MOARPH-
IYEMOCTRE) MONEKYJAR HAH HOHA) U 0003HAYMIWOT .

U
Jr=‘5¢-£¢-p ﬂiﬂ__duj

3 CYMMAPHAA AHINEKTPHYCCKAA [POHHIAEMOCTh

gl + 4z, F 4wy + . . . 47E,, .

Oznako BO3HHKAET BONPOC NOA AeCTBHEM KaKoro NOARA,
KAKOH HAOPAREHHOCTH HAXOAHTCR SJEMEHTADHAY MOJeKyaa
nav wou? lenfipux JlOpeuTH, Y4YHTHBASA MHKPOCKONHYECKYIO
HEOJAHOPOAHOCTE JIMBJEKTPHKA, OGOCHOBAN, YTO Ha YacTHUY
AH3NCKTPHKE ACHCTBYET HE CpefHee moJe, ONPeeInaeMOe KaK
OTHOWEHHE HANDAKEHHA, NPHIOKEHHOr0 K o6pasuy, K ero Todi-
UiHHe, 4 3JHAYHTENBHO OOJblIEE, TAK HA3EIBAGMOE JOKAJABHOE
none £'. B sToM cayuae AaA eAMEHOE O0beMa JAHSTeKTPHKa
STEKTPHYSCKHA MOMeHT

I=2n-E, (18)

rie n—uHCIo HOHOB B 1 ca’; 2 — MOAApH3YEMOCTH MOHA.

Ecas HCHycCTBEHHBIM NPHEMOM OFPAHHYMTL PACCMATPHBAE-
MBH HOH MAM DUIOAL M 4acTHRH GIHMHEro mopsika cdepoi,
KOTOPOH [AH3NEKTPHK OPHHAMASTCH OJHOPOIHO NOAKPH30-
BANHBIM, H BHYECTh NOJE 3TOr0 HOHA MAM JHOOAS H3 obmero
PEAKTHBHOrO NOJdA, TO HE MPEACTABHT Tpyvaa, caeiyd Jlopeut-
0y, NOAY4YHTh AAS H3OTPONHOrO AH3JEKTpHKA

4

Butpaxenne (19) umeer 5 BHAY Ge3yCn0BHYW COpaBe IIHBOCTE
CTAPOTO MAKCBEJJIOBCKOTO COOTHOWEHHHA, CBA3HBAIOUIETO NOC-
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TORHHYI0 NOAAPHIALMIO (AHINEKTPHYECKYO NPOHHUAEMOCTh) C
BHEeIWHHM moaeM Egp :
s—1 -
j- EH E:-p L 4:: _E(-? " {.ﬂ.ﬂ}
Pewas coemectHo ypasuenus (18), (19) 1 (20), Mu HCKAIOYaeM
BHENIHee W Jokanbuoe none E,p H £ H IPHXOIHM K H3BECTHO-
uy Bupamenuto Jlopenu-Jlopentna # Kaaysuyca-MocoiTs,
CBA3BIBAIOLIEMY AHSAEKTPHUECKYID DPOHHUIAEMOCTH & (HJIH fp)
€ NOJAPHIYEMOCTBIO MOMEKYALL 2.

2l M_ 3 . M,

s+2 d 3
roe N — uucno Aporaapo, d — MIOTHOCTB, M — Monexyasp-
MH Bec, & HMeeT pasMepHoCcTh o0beMa, M A7 MHOTHX
HOHHBEIX KPHCTAMMOB ABIAETCH BEIHYHHOH MNopsika

(10-89 = 10— cul.

Bupamenne (19) 0 camo ypaemenne Kaayssyca-Mocortu
CMpaBeLIHBO JAA rasos, HENOJAPHBIX HHAKOCTEH H KPHCTAMIOR
Ky6HYECKOH CTPYKTYPHI, KOTIA MOXKHO npeHebpeyb A0NONHH-
TensHuM noJeM BHYTpH JlopenTtmosolt cdepsr

Bopd paccMATPHBAET TOABKO OJHO NOAfpH3Yollee TOJe,
HANPSAKEHHOCT KOTOPOrO ONpelesaseTcd KaK 4YacTHO2 OT jede-
HHA HANPSKEHHS, NPHIOAEHHOTO k ofpasmy, Ha paccroduue
MeXAy sAeKTpojaMmH (T. €. cpefHee noje Ep )

B pabore, onyGaukosaesoid B 1933 r. u nocBAlEHEOH Teo-
pHH MOJAPHIALHH MOHHHX KpHCTaanoe, DopH onpeienser Amus-
AEKTPHYECKYI NPOHHLAEMOCTh KAK CYMMY IBYX COCTABIAOMINK:
33 CYeT IJeKTPOHHOH IedopManuH =, (paBHOH KBAAPATy MOKI-
3aTeJfl NpelOMIeHHs BeWEecTBa), H COCTaBAAIOMER 3a cuer
noruoi noaspHzamud. [locTofHHAA HOHHOR NMOAADH3ALHH 1O
BopHy 9BAfeTCH NpOH3BEISHHEM H3 YHCIA HOHOB B 1 ca’ Ha
NOAAPHIVEMOCTh HOHE o

pmzy 44nz, =3, 4.

[Mocaeasee BLIpaKEHHE CBA3AHO ¢ PH3HYECKHMH XapaKTepH-
CTHKAMH BellecTBa —LIOTHOCTBIO, MOIEKYIAPHEIM BECOM, BAJEHT-
HOCTBIO, COGCTBEHBOH 4ACTOTON KPHCTANAHYECKON PeIleTKH, ee

CTPYKTYPOM,
E‘—'H?' ]LE-FE.EE.P.F
= hnp T ﬂf2~M1~M2 7

roe Z — BaJdeHTHOCTb HOHa; M, u M, — MoNekyaapHEEe Beca
HOHOB; F—31eKTPOXHMHYECKHH# SKBHBaZeHT; p— MAOTHOCTD
BEelIECTBA; €— CKOPOCTE CBeTa; P —NOCTOAHHAA pelleTHH;
n, — NOKA3ATENb MPETOMAEHHS; h— LUK BOMHM, OTBEHAI0Masn
cobcTBeHELIM KOAe0aHHAM pEelleTKH.

3 FyHHOEe HacnegMe Poocun”
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JKCNepUMEHTANBHEE J4HHEE HE COMMACYIOTCH B LIHPOKOM
muanazose sHadesHidt = ¢ TeopHed Bopma. llpw Govbmimux 3ua-
YeHHAX AH3JEKTPHYECKOHd NPOHHIOAEMOCTH TEOpeTHYecKHe pe-
3yALTATH MO0 BOpEY OKA3HBAWTCA PE3KO NpPeyMeHbUIEHHBMH
MPOTHB SKCOEPHMEHTAALHLIX.

I'. 1. Ckauopu 00bfAcHEAET BHCOKYH JHIJEKTPHYECKYH Opo-
HHIAeMOCTh HOHHHIX KPHCTAMIOB THIA pPYTHIA H NepPOBCKHTA
BAHAHHEM JOGABOYHOrO BHYTPEHHEro NOJAA NPH HOHHOM CMe-
MIEHHH HA SJAEKTPOHHYI0 TOJSPHIALHKIO.

aa cayyas THOOIBHOR MOXSPHIANHH AHSIEKTPHKA COOTHO-
WEHHA MEXIY AHIJEKTPHYECKOH NPOHHIEEMOCTBI H MOMADPH3Y-
eMOCTBI) MOAeKy. Brnepeue ObiiH gausl JleGaem H ganee yTou-
Heasl Kupxeyzom. CooTHOWeHHA 3TH OA3HPYHTCA HA OpeAacTa-
BASHHAX O JOKAIRHOM MOJE B JHIONBHOM JHSJIEHTPHKE.

§ 6. TemneparypHas S3aBHCHMOCTb IHIAEKTPHUYECHON WPOHHUAEMOCTH

3aBHCHMOCTE & OT TEMIEPATYPH NHSAEKTPHKA NMPOABIAETCA
nopH aw06oM THIOE DOJASPH3AIHH — SAeKTPOHHOH, MOHHOM HIH
JHIOABHOMH.

[MocToAHHAA 3AEKTPOHHON MOJAAPH3ANHH MOJEKYJTH HE 3aBH-
CHT OT Temmeparypsl. OgHaKko B CBA3H ¢ TEM, YTO ¢ POCTOM
TEMIePaTypH YMEHbIUAETCH NJIOTHOCTE [JHAAEKTPHKA (4HCAO
Modexkya B 1 c¢u®), saexTpomuas noaspusanus f=uo,. nE
VYMEHBIIAETCA, 4, CAeJ0BATENbHO, YMEHLIIAeTCA M JH3MEKTDH-
YeCKAad NMPOHHIAEMOCThE MAaTepHana.

Ha pHcyske § noxazana 3aBHCHMOCTB JH3JEKTPHYECKO# mpo-
HHIAEMOCTH OT TeMOEparypsl AAA napadHHa, THNHYHOTO HENo-
JAPHOTO JAHSNEKTPHKA, OT-
JHYAKINErOCHE YHHCTO JIEKT-
poHHOR noaspuzanuei. JIu-
HefiHas 3aBHCHMOCTh Nperep-
neBaeT NpH TeMmmoeparype
50 — 55" H3noM, B CBA3H C
nepexosoM BeLlecTBa B HOBOE
arperarsoe COoCTOsHHE.

Ecau gusnexTpHk OTAH- . ) , , .
YASTCH HOHHBIM CTPOSHHEM, § & ‘_hfmm & sy
TO NPH H3MEHEHHH ero Tem- g
nepaTypel  H3IMEHAGTCA  HE  Puc. 8. 3apucuMOCTs IH3ZEKTDHYE-
TOJABKG MIOTHOCTh, HO H MoO- CcHEoll OpoMBuAaeMOCTH  HeHTpadbHOTO
JASPHIVEMOCTL HOHOBR @, , JHMIIEKTPUKa (napaduma) of Teume-
[MA0THOCTD HOHHOrO IHSJEKT- PaTYpEL
pHKA BCEr1a YMEHLIIAETCA ¢ BO3PACTAHHEM TeMIIepaTypel, 4 noas-
PH3YEMOCTh, KdK [pPaBHI0, yBelHuHBaercd. [ad mogasafto-
mero GOMBIIHHCTBA TEXUHYECKHX AHNIEKTPHKOB npeobiarao-
ulee 3HayeHHe HMEET MNocnefHHi ¢akTop, BCAEACTBHE HEero
TeMIepaTypHblfi KO3hALHEHT THBIEKTPHYECKOH NPOHAIALMOCTH
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HOHHBIX KPHCTALIOB H CTEKOJI, KaK NPaBHAO, NONOXKHTENEH, H
AHINEKTPHULCKAA NPOHHIAEMOCTE BO3PACTAET C TEMIOepaTrypoi
eHayane auEeiiHo, a 3atTeMm Owctpee. Monuwe nHsAeKTPHEKH,
AAKE ¢ HHYTOXMHO-MANBIMH IHIACKT PHYSCKHMH NOTEPAMH (TakHe,
KaK KaMeBHas COMb, MpaMop, aMMHHOKCHJI, CIK0Ja), XapakTe-
PH3YIOTCA ZOCTATOYHO BRICOKOH [OHSMSKTPHYECKOH NpOHHILAe-
MOCTBIO H 3AMETHBIM MOTOHUTENBLHHM TeMIEpaTYPHHM KO3du-
nHenToM ee. OcoleHHO OOALIIHM TEMMEpPATYPEHM KO3GHIHEH-
TOM IHIeKTPHYECKOH TPOHHNAEMOCTH OTJHYAOTCH HEOPTaHM-
YECKHEe CTeKId ¢ Pe3k0 BHpPaKEeHHOH CTPYKIYPHOI moadpHaa-
uHell (Meqo4HBE), 4 TAKKE Te HeOPraHHHEeCKHe MaTepHanl,
rje LeJoYHOE CTEKJ0 BXOAHT COCTABHOH 9acThio, HanpHMep,
uaonaropusit dapgop. [lpusogum 3HaueHHA E} AN HOHHEIX
KpHCTALNO0B, Gapdopa H TEeXHHYECKHX CTEKOI.

TemnepaTypHbiit Ko3(HOAERT IWANENTPHYECKON NPOHALAEMOCTH
JANA HOHHEIX ﬂHBJ]EHTPHHDB

4 B npepgenax
Haszpanie IHIICKTPHES zdr 0= — 100=
NpH pajHoYacToOTax

Kpueranawnecknit  Al.Oy  (2swmimo-

KOHID . o e oo e e e +100 . 1078
Kamennaa comn Wall . . ... .. +150.107°
Cawaa .................. f + 20-107°
Kpuctaammaecwnit MgO | . | | | A +100. 1070
Crexao (Gaputosoe). ... ... ... .| +100 . 1075
Crexao (wmenowmoe) ., .., ., ... .| +300.10~°
Waoaatopustit dapdop . .. . . . o +430 . 1078
Yastpadapdop ;I +100. 1078

Ha puc. 9, 10 1 11 gasw TeMmepaTypHEE 3aBHCHMOCTH
AHANEKTPHYECKOR NPOHHUAEMOCTH AAA KAMEHHOW COAH, H3O0-
agTopHoro (apgopa, yartpadapdopa H HEKOTOPHIX CTEKOJ.

Ocobyio rpynmy HOHHHEX AHSAEKTPHKOB NpPEACTABARIOT
KPMCTAAAL ABYOKHCH TMTAHA, THTAHATH JBYXBATEHTHHX Me-
TAAI0B M BOOOLIE THTAHOBAA KepAMHKA. ITH MATEPHAAL
OOHYHO OTAHYEITCH OTPHIATENLHRM TEMNEPATYPHERIM KO3dH-
UHEHTOM [AH3JIEKTPHYECKOH DPOHHUAEMOCTH, NPHPOAA KOTOPO
B HACTOALLEE BpeMs H3y4aeTCd.

MerarnTanar Gapad, OTHOCAIMNACA K KAACCY CETHETIIEKT-
PHKOB, K4K BHAHO H3 pHC. 7, OTIHYAeTCH NepeMeHHHM TeMIe-
PaTYPHEM KOS(DHIHEHTOM IM3IEKTPHUECKOH NPOEHIAEMOCTH,
oYeEs GOJBIIAM 0O aGCoMOTHOMY 3HAYEHHIO BOJAM3H Temnepa-
TYp, OTBEHAKIIHYX MAKCHMANBHOMY 3HAYEHHIO.

-J§2H aydHOEe HacnegMe Poocun”



Coraacho uccaegosammam I, Y. CradoBH, OTpHDATEAbHEN
TEMOEPATYPHEH KOS(HUHEHT AHSNEKTPHYECKOR TPOEHIAEMOCTH
PYTHIA H NEPOBCKHTA OOBACHAETCHA, Kak OHIO YKA34aHO, Ipe-
ofnazaiomed 3MeKTPOHHON MOAApH3amHEH, KOTOpas ¢ poCTOM
TEMOEPATYPE YMEHBIIAGTCH 3a CYeT VMEHBIIEHHA NMJAOTHOCTH.

1 q

[
5
48
a5t “
15+ L&
ﬂ L i L
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Pue, 8. TewnepatypHafd 3aBHCHMOCTE Pac. 10. Temneparypras sasucu-
AHSNEKTPHUSCKOH TPOAHIAEMOCTH  Ka- MOCTb DHINEKTPHYECKOH NponKLae-
smeHdod coan nph f=50 2u. MOCTH KePaMHEHR npH f- 108 zm,
l—naoaatopEmit dapdop;
2—yastpadapdop

TlpHBOAHM 3HAYEHHA TEMOEPATYPHOro KosSHOHeHTa IH-
SMEKTPHYECKON NPOHHUAEMOCTH THTAHOCOAEPKALUIHX JIHSIEKT-
PHKOB

TemnepatTyprbifi KOMpHOHENT THTAHOCOMEepWam el KepamMMuKn

Az B npepenax
Hassanne OH3AEETpHKA et 0% — 100®

NpH pagHOYACTOTAX

Kpneranassgeckusl TiOs (pytua). .. .. ... --750 - 1978
THROHL . . oo ee e an e R — (500 700) - 108
THTARAT KAALUMA . . . . . e —(1200-1500) - 10~ %
THTAWAT MAFHHL . . . . . . . o s v e e .. +50. 1078

3aBHCHMOCTL AHSJEKTPHYECKOH NPOHHOAEMOCTH (EMKOCTH)
OT TEMINEPATYPH. AJIf THKOHZA NMPH pPasHuIX YacToTax NpHBe-
AeHa Ha pHc. 12,

[Noaspame oOpraHHYecKHEe BEUECTBA, NOMHMO SAeKTPOH-
HOil moasApH3aumH, obaazanT cOOCTBEHHO AHMOABHON cOCTas-
JAOMER MOJeRYIAPHON NONAPH3IAUHH, HOTOpad YMeHbIIaeTCsd
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¢ POCTOM TeMOEPAaTyphl.

34BHCHMOCTE MOJEKYJIApPHON MOJApPH-

3aiHH AHOOIBHOrO AHIMEKTPHKA OT TeMOepaTypsl MOKET OBITH

BHIPAMEHA YPABHEHHEM:

P:A-{'%!

rae A —cocTaBasoas 3a cuer AedopManHOHHOH NOAAPHIE-

IHH IHOOIBHEOH MOJEKYJIh;

E}; — COCTABJARILAA 338 CUET GPHEHTEII,HGHHDH NOAApHIAMHE .

E
0,
15
/#
W -
-

s e -
g ,

7 105 amw w0 T

Pue. 11, TemneparypHas 38BHCHMOCTL ORH-
sneETPHYECKOR MpOHHUAEMOCTH CTEKOM pad-

—ucr BOc: oot BaOn by K,0
—HHCTH g: 2—=070/, ByOp—3%, K,O;
(é: 4 =590 ntDg—-

3—800]y ByOy—20%, Ky

2er

i .W_,ﬂv
1
's.“."l

350,
]

T A R - R T

Puc. 12, 3apHcHMOCTE MEQOCTH OT TeMmme-
patTyps TIPH PA3EEX 42CTOTAX I17 THKOHIA.

[lo HOBOH TEOPHH
JOKAABHOTO NONS, Npef-
aoxentoil Kupxsymowm,
MOJEKYJASpHAS MOJAPH-
3aIHA H JHJIEKTPHYEC-
Kafd NpOHHIAeMOCTh JH-
NOJBEOTO JHIIEKTPHEA
CBA3aHH  CAeLYIOWHM
06pABOM:

(=1 (@+1) _

Je

4 M
.y a+l‘3ﬁ), @1

rae a—pedopManHOH-
HA# TNOJIAPH3Y-
EMOCTb  MOJe-

KYJIB

w— 3pPeKTHBHLHA AN~
MOIbBHBIH MOMEHT
MOJEKYAR;

M —noaHeti MOMEHT,
HHIVIHPOBAHHBINA B
cihepe;

b —nocTo9udas  Boau-
IIMaHna;

T—alcoawwTHas TEeMOg-
paTypa;

B—U4HCAD MOJEKVI B
1 cu?.

Kak BHaso H3 puc. 13, AH3MeKTpHUYeCKad NPOHHUAEMOCTH
JHNOABHOTO AHIMKTPHKA IPH YBEJHYEHHH TEMICPATYPRl BHAYA-
Ae MeHAeTCs Mano, 3aTeM KpPyTO BO3pacTaeT H, HAKOHEN, HauH-
HAET CHHMKATBCA TaK, Kak 370 AaeT smpamenue (21). Temnepa-

Typa &, OPH KOTOPOW NOPOMCXOAMT

324 ayunne Hacnegme Pocoum®
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COOTBETCTBYET TeMImepaType pasMArdYeHHA BEILSCTBE, Nepexody
H3 TBEPAOro B BA3KOe COCTOAHHEe. [lunonbEbe MOMEKyaH ¢
STOr0 MOMEHT2 NOAYYaloT CBOGORY ABHKEHHA H, OPHEHTHPYACH
Bce Gomee H Gosee ¢ yMEHBIUEHHEM BA3IKOCTH, T. €. ¢ MOBHLLE-
HHEM TEMIEpPAaTypel, NOJA JeHCTBHEM [OJH CO3LAOT JONOJHH-
TENBHYK NOJADH3ANHD AH3NeKTPHKA, YeMm 60JbIIE IHIOJIBHEL
MOMEHT MOJeKYJ XHAKOCTH, TEM 3HAYHTEJbHEH H3IMEeHeHHe
AHBMEKTPHYECKOH NPOBHOAEMOCTH [PH NEpPexoie H3 BH3KOro
COCTOAHKA B TBepioe. Hanpusmep, ana sTHAOBOTO COHpTA NpH
BHICOKHX 4acToTax & u3Mmesdercd ot 9,7 nopu f, = —120°C,
Ao 50 mpu f,=—110* C. Tlpu Temumeparype f, AHSIEKTPH-
YECKas MNPOHHIAEMOCTh MOCTHTAGT HAUOOABIIErO 3HAYGHHSE,
KOT/Jd BA3KOCTh Y€ HAcTONBKO Majia, 4TO BCE IHNOAH MOJHO-
CTBIO OpHeHTHpYIOTCH. [Ipu Gojee BHICOKHX TeMNepaTypax e

E40 I T

30 /,n"" 2

20 ;

wﬂ' 0% 20° 30° 40° SO 600 77 80 900 1007 Mgt ket 150¢
ic

Puc. 13, TemoepaTypHad 3IABHCHMOCTL JHIISETpHYscKOH NPOHHUAEMOCTH
ANTOABHOrG AH3AekTpuKa (pyccrolt kamudoan) npH f=50 2.

HAYHHAET CJAeTKd VMEHBINATBCA COrAacHO ypaeuenuwo (21) aa
cyeT JEIOPHEHTALUMH JHNOJEH BO3PACTAOMIMM TEMAOBLIM JIBH-
sennen moaekya. [lpu Gonee Bmcoxoit uactore kpueas pue. 13
HECKOABKD CMEeCTHTCA BIpaBo.

§ 7. TemnepatypHas 3aBHCHMOCTL EMHOCTH CHCTEMEl HOHAEHCATOpPOR.
[H3TEKTPHYECKAR NPOHHIAEMOCTL CHMeCeR

HesasuCHMO OT KOHMHTYPaNHN KoHAeHcaTopa (MIOCKOR HAR
LHAHHIPHYECKO), TeMnepaTypuud KosduuuenT emkoctn (TKE)
CBA34H C TEeMNepaTypHEM KOSDHUHEHTOM IHIMEKTPHUECKOH
nponruaemoct (TKe) BEIpAMEHHEM:

AC Az
CAf eAf
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rAe 2, — KO3GHUHEHT JHHedHOTO PpaclWHApPEends JRAEKTPHKA.
Takum obpazou: _
THE= TKe-+}a,. (22}

310 BHPAXKEHHE ABIAETCA pPe3yabTaroM JAdepeHIHPOBAHHA
Mo TeMneparype, eMKOCTH, AHSJEeKTPHYeCKOH NPOHHOAEMOCTH
H NHHefHHX pasMepoR B OOHUYHHYX (OPMYJIIX MJIOCKOTO HIH
IHAHHAPHUECKOr0 KOHASHCATOPA, CEASHBAKNIIHY 3TH BeIHYHHE.

HenocpeacTeEeHHEM H3MEPEHHEM ONpEeIeIdioT TeMmmeparyp-
HH KOS(DHUIHEHT eMKOCTH KoHgedcaropa. Pasuuumelt Memxay
TKEwu TKe B cayuae HEOPraHHYeCKHX MATEPHANOB ¢ MaAHM o,
obe4HO TpedelperawT.

Ecan npa KOHZSHCATOPA COBAHHEHH MmapainenbHo, TO He-
TPYAHO HANTH TeMmepaTypHHi KO3(DHIHEHT CYMMApHOH# eMKo-
cti THEx, 3Han emxkocTH H THKE Ka®[JOTO H3 KOHJAEHCATOPOB

Cs=C,+C,.

IupepeHnupoBaEne 3TOrQ pPaBeHCTBA N0 TEMMepaType OaeT:
dcs _ dc, , dc.

- —_
*

dt dt dt

Henum sarem o6e 9acTH ypaBHEHWA HA CYyMMAapHYIO eMKOCTE Cy,
4 TAKMKE BEOIHM B YHCIHTEIb H B 3HAMEHATENbL NepBOfd HacThH
ypaerenns emxocth C) u Cu

_ff_c_}l____ C, dC, _Ce dc-:__
Cedt  CuC,dt ' CeCodt’

Taxiw obpazom
c, C. -
TKE: = - TKE, + =% TKE, (23)
Cy Cy
B Cayuae, eCiH ABa KOHISHCATOPA COSHHEHH NOC/Ie 0BATEALUD,,
! 1 1
wT e

MNocae audepeHudpoBasna NO TEMIEpaType, NOAyYaeM

_ IiCE ___"_EICI_ _ dc-g
Teat . Chdt  Chdf

VMHOMHE BCe wienn paBedcTsa Ha Cy, WMees:

TKEs= % TKE, +-§:§ TKE, . (243

1
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§ 7. llnanekTpuyeckan npoHHUAEMOCTh cMmeceft

JH3NeKTPHYIECKas NPOHKHLAEMOCTh CIOKHHX IH3AEKTPHKOB,
MPeACTaBAANIMHX co060l cMech KOMNOHEHT C PasTHYHBIMH JHS-
AEKTPHYECKHMH [NPOHHUAEMOCTAMH, MOMET ObTh B IepBOM
NPHOTHKEBHH (NPH HE CAHIIKOM GOBMOM PAITHYHE & KOMOO-
HeHT) OnpeeneHa Ha OCHOBAHHH ypaBHeHHA JIHXTeRekepa, KoTo-
poe B oOlIEM CTyyae HMeeT B BHAY DACYET CAMHEX DPAa3MHYHBIX
CBOHCTB (HanmpHMep, TEMIONPOBOHOCTH, NOKA3ATENA MPEJOM-
JEHHA H Ap.)

ef =3, 2,F +8, &7, (25)

31ecke, 2, H 2, — COOTBETCTBEHHO JHAIEKTPHYECKHE NPOHHIAEMO-
CTH CMECH H OTIe/NbHBIX KOMIOHEHT;
# H 9, — 00BeMHEE KOBIEHTPAUHH KOMIOHEHT, YIOBJe-
TBOPAOLUIHE COOTHOWEHHK & +8,=1;
X — KOHCTAHTA, XapakTePH3YIOINAd pacupeleieHue
KDMHDIHEHT H NPHHEHMANIAA 3HAYeHHe OT +1
xo —1.
[pu napannensHoM BKAIOYEHHH KOMIOHEHT X = | H BhIpd-
Hedne (25) umeer BHI:

z = the, + Bz, (26)
[-[DH MOCACHOBATCAEHOM BRANYEHHHE KOMOOHEHT, KOTIa X = — I.
MBI HMEEM: _
1 B, i 5
—_— i — _'_ —_ . i ",'
s g & (27)

Hakouen, korga ofe KOMOOHEHTH pacTpefeteRsl XAOTHUYECKH
(uTO KaK pa3 HMeeT MecTO B pHAIe MHTEpPECYMOUIHX HAC TEXHH-
YECKHX IHIJICKTPHKOB, HANPHMEpD, KepaMHuke), vpaeueuue JIuHx-
TeHeKepa JaeT:

Ine = #,Ine, + 8,Ine,. (28)

TeMmnepaTypHslii KO3(PHUHEHT AHEKTPHYECKOH NPOHHIAEMO-
CTH CAOKHOTO AH3JISKTPHKA ONPEeNeaseTcs Ha OCHOBRHMM IH-
depesnHpoBadua ypasuedus (28) mo Temmepatype, §TO Jgaer:

1d 8 ay 3 dsy
E'E?“ e, Iit + €, ﬂﬂ' {29}

HUcnonesys cootsomwenus (28) u (29) u 3man csoiicTRa ClOm-
HOrO TEXHHYECKOTo NHIAEKTPHKA H CBOMCTBA €ro KOMIOHEHT,
MOXKHO B pAje CIy4YaeR ONpefelHTb, BO3IHHKAeT IH HO-
BOE XHMHYECKOE COeJHHEHHE, a TaKMe pACCYHTATh MO BAEKTPH-
YeCKHM JAHHHIM KOHIEHTPALHD KOMNOHEHT.

KoHneHTpanHOHHLIE 33BHCHMOCTH AHIIEKTpHYECKOR MPOHH-
NAeMOCTH H TeMIepaTypEOro ee KosQHUHeHTa, B COOTBETCTBHH
C OpHBeJPHHBIMH BHIE AHAJTHTHYECKHMH BelpameHHIMH, 7O
gauguim . A. Cmoaesckoro mnpeactasieds sa puc. 14 1 15,
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YVpapresdue (29) umeer npaxkTHYECKOe NPHMEHEHHE B HACTHO-
CTH A48 PACHETOB KOHAEHCATOPHHEX KEepPaMHYECKHX MaTePHANOB
¢ 3adaHHBIM TEMOEPaTYPHEM KOS(DHIUHEHTOM AH3IEKTPHYECKOH
NPORHIAeMOCTH. PAX CcOCTABOB M3rOTOBAAEMOM B HACTOALLEE
BpeMs B CoO3e TaK Ha3HBAEMOW ,TEPMOKOMIEHCHPOBAHHON
KepaMHKH®, T. €. KepaMHKH Q18 KOHJEHCATOPOB C HHYTOKHO
MATEIM TEMOEpATYDPHHM KOS(MHIHEHTOM eMKOCTH, NOXYHHAKTCA
pHBEJEHHOMY BHIIe ypasHenHwo (29).

§ §. YacTroTHad 3aBHCHMOCTE AH3AeETpHYecHoll NPOHHLAEMOCTH

[pH YMCTO BAEKTPOHAON MOJSPH3ALHH AH3JEKTPHKA HacToT-
HAA 3dBHCHMOCTBH JHSJIeKTpHYecKo# MPOHHIAEMOCTH OTCYT-
creyer. [lpakTH4Yeckd OTCYTCTBYET HACTOTHAR 3aBHCHMOCTE H
OpH HOHHOM NOAAPH3AIHH. SVIEKTPOHHAR H HOHHAA MONAPHIAIHH,
Kak OblI0 CKa3aRO paHee, MNPOXOAAT 32 HHYUTOKHO Maa0e BpE-
Mf HA HECKONBKO MOPAJKOB MEeHBIIE, uHeM caMule GHCTPHE BH-
COKOYACTOTHRIE KONefanus, OCBOSHELIE B HACTORALIEE BPEMS B

rexguke. M3 puc. 16

BHIHO, 4TO [JHIEKTDH-

T YyecKas NPOHHIAEMOCTh

HeliTpasbHWIX W pALA

ﬂ HOHHBIX JIH3JEeKTPHKOB
|
/

OCTaeTcsi  HEeH3MEeHHOI
MpH CAMBIX Pa3THYHBIX
HACTOTAX OT HYJAs [0
10% 24,

Horrme  AH3JEKT-
;/" pPHKH, OTJHYAKIHECH
3 CTPYKTYPHOH NOIApH3A-
’/ g nHel WAH sJAeKTponpo-

i BOAHOCTBIO, PEIKO BO3-

/! L pacTamueid c reMnepa-
e ,...--"! rypos, offaganT AH-

~ SeKTPHYECKON TPOHH-
e 1op%s LAEMOCTLIO, KOTOpas
BCETAA yMeHbIlAeTCH

Pue, 14, SappcuMocts DHRIERT pHueckol IpH EDapaCTHHHH QACT -
ApoHHLaeMocTH cMecH ot ofbewHmy Kod- ThL an nepexaie or
EI.EIiTpElIJ.IIﬁ KOMMNOHEHT OAA Cay4dan: TeXHHYeCKHX 4YacToT K

I= Al ;2= no-
MapaiielsEoro BENKNYEHHA | 2—nocneno pa,&HanCTOTaM HPDH’EC‘

BATEALHOrO BEANYEHHA; 3—XaO0THYHOTD pac- R
Mpenenesus KOMIOHEHT. Chl MOMAPH3IANHH, ODY-
CAOBASHHLIE TEMAOBOW

SHeprHed, HAYHHAWOT He
YCNeeats CAeJ0BATH 32 YACTOTOH SAEKTpHUeCKHX koaeda-
HHH; MPH OYEHEh HH3KHX YacTOTaX H TNOCTOSHHOM HANPAFEHHH
JH3IEKTPHYECKAR TPOHHIAEMOCTE NMOJyddeT HaHOOAbILEE 3HA-
yeHHe. HeoprausdeckHe CTEKId, a TAKHEE KepaMHKa, OTAHYA-
LWHECH 3aMEeTHLIMH SJAEKTPONPOBOSHOCTHIO H AHSIEKTPHYSCKHMH

N
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NOTEPAMH, HMEIOT &, BOIPACTAIOMIY) NPH YMEHBLUIEHHH YaCTOTH:
TeMm Ooabllie, ueM Buiue Temmeparypa. Ha puc. 17 v 18 noka-
31HA 3aBHCHMOCTE JHSJEKTPHUECKON [POHHNAEMOCTH OT YacToe
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Puc. 15. JuBHCHMOCTS TEMUEpATYPHOTO KOG
UHEHTS AHANEKTPHYECKOH NPORNUAEMOCTH CMECH OT
0fbeMEDXY KOHUEHTpauHH Qas caydan:
l—napantiensROre BRANYERHA KOMIOHEHT;
2—noCcAeI0BATEALROTO BENMKYEHHA KOMMOHEHT;
3—XA0THYHOTO PACTIpefenenHs HOMIOHEHT,
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Pac. 16. =YHactoTHan saBucw- Puc. 17. YactoTHas 3abHCH-
MOCTE IHSIEETOHYECKOH MpOHH- MOCTE ARIZEKTpHYecKoll nponu-
UASMOCTH 4 . HEﬁTp 2IBHAX H USeMOCTH HOHHBIX THIIEKTPHEOE
HOHHEIX JH3JEKTPHEEOR npH €0 CTPYETYpHOH noaapuaauued
f=20%C, . nph f=20°C,
l—napadmn; 2—cepa; 3—yaeTpa- l—nzoastopanit daphop;
tdaphop; 4—anmMEHOKCHIL. 2—6opHO-LIEAOYHOE CTEKIO.

Thi O/ TEXHHYECKOTO C¢Tewaa, uioaaropuoro dapdopa U TH-
kouaa. Kak Buako H3 rpadixoB, THKOHA, OTJHYAOWHUECH OT-
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