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MeTonoM rapMOHUYECKOTO aHaIu3a UCClIeIoBaH MpoLecc nepenospusaumnu kpucramwia Rb,ZnCl, B He-
copa3MepHoii (paze BOIM3U cerHeToaIeKTpruyeckoro ¢aszosoro nepexona (PI1) mox geiicTBMEM rapMOHHU-
YeCcKOro 3JeKTpUUeCcKOro Tojist. B mpoiecce rnepernosisipy3aliny UCCaeayeMoro oopasiia moja neicTBueM
FapMOHUYECKOTO 3JIEKTPUYECKOTO TOJISI MPOUCXOISIT MHIYIIUPOBAHHBIN aeKkTpuyeckuM mosem PIT u3
Hecopa3MepHOii (ha3bl B cerHeToaIeKTpruiecKyto dasy u @I n3 nHIyLMpPOBaHHOM! 3JIEKTPUIECKUM ITOJIEM
CErHeTORJIeKTprUUeCcKOoi pa3bl 0OpaTHO B HecopasMepHyIo ¢dasy. MccienoBaHre akTUBHBIX M pEaKTUBHBIX
BKJIA/IOB B aMITIUTYIbl TApDMOHUK TUIOTHOCTH TOKA MO3BOJIMJIO YCTAHOBUTD BEJTMYMHBI TEKYIIIMX 3HAYSHUI Ha-
MPSEKEHHOCTH TAPMOHUYECKOTO SJIEKTPUUECKOTO TTOJISA, TIPY KOTOPBIX MTPOMCXOAST cooTBeTCTBYIoMe DIT.
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BBEAJEHUWE

BiusiHMe MOCTOSTHHOTO 3JIEKTPUYECKOIO T0JIsT £_
Ha copa3MepHO-Hecopa3MepHbIid (ha30BEIil IIEPEXO
paccMaTpuUBaIOCh B PsAe SKCHEPUMEHTAIBHBIX U
TeopeTndeckux pabot [1—6]. Ha ocHoBe (heHOMEHO-
JIOTMYECKOTIO TIOAX0/1a AJIsSI PABHOBECHBIX COCTOSTHUIM
ObLIO0 NoKa3aHo, yTo TeMmIiepatypa Kiopu T usMeHs-
€TcsI C TI0JIEM MOYTU JIMHENHO. J1J1s1 XJIopLIMHKAaTa pyou-
nust (Rb,ZnCly) — dT/dE=0/35 (K cm)/B [7, 8].

M3BecTHO, YTO MHAYLIMPOBaHUE I10JIEM (Da30BOTO
nepexona (®II) B HecopasMmepHylo ¢asy (HD) npu-
BOIMT K O00Opa30BaHUIO “HBOMHBIX” THUCTEPE3UCHBIX
nereib nojsgpuzanuu (P) mon aeiicTBueM rapMOHM-
yeckoro 1os (F). XapaKTepHO, YTO IS ITOJIyYeHUS
“IBOMHBIX” METeIb KPUTHUYECKOE II0JI¢ HAaMHOTO
0oJbllie, YeM KO3PLIMTUBHOE IT0Jie B COpa3MepHOit
daze (CP) mpu onuHaKoBOM ymajieHUH oT 1. Kpo-
Me Toro, hopma metenb P(FE) cylecTBEHHO 3aBUCUT
OT CKOPOCTHM U3MEHEHMsI DJISKTPUYECKOIro IOJsl.
DTO HAIVISITHO IIPOAEMOHCTPHUPOBAHO Ha IpUMeEpeE
TUOMOYEBUHHI [9].

B HacTos111€€ BpeMst ocTaeTCs OTKPBITHIM BOIIPOC,
CBSI3aHHBIN ¢ U3yYEHUEM TUCTEPE3UCHBIX SIBJICHUI B
CUJIBHBIX 3JICKTPUYECKMX ITOJISIX, IIPY KAaKUX BEIUIM-
Hax TeKYIero 3HaYeHUsI Halps>KeHHOCT TapMOHM -

YeCKOIo 3JeKTPUYECKOro 11051 £ BO3HUKAIOT UHIY-
nuposBaHHbi DIT 13 Hecopa3MepHOl B copa3Mep-
Hy10 (ba3y npu yBenundeHuu Eu DI1 u3 copazmMepHOii
B Hecopa3MepHYIO (pady Ipu yMeHbIIeHUU F.

M3BecTeH psin paboT, MMOCBIIIECHHBIX MCCIEIOBa-
HUIO HEJIMHEWHOTO IMIJIEKTPUYECKOro OTKIIMKA,
00YyCJIOBJIEHHOTO OTPbIBOM JOMEHHBIX T'PAaHUIL OT Je-
dexToB Kpuctamanyeckoin pemerku [10—14] B ce-
THETORJIEKTpUYeCKNX MaTtepuaiax. HMcciaemoBaHue

CIIEKTPAJIbHBIX COCTABJISIIOLIMX Noysipu3auuu (F,) u

TJIOTHOCTH TOKa (J, ), TOyYeHHBIX B pe3yJIbTaTe Tie-
pernoJisipu3allui UCCAeayeMbIX 00pa3lioB TapMOHU-
YEeCKMM 3JIEKTPUIECKUM TOJIEM, TIO3BOJISIET TIPOCIIe-
IHUTh OCHOBHBIE 3aKOHOMEPHOCTH TOMEHHOI ImrHa-
MUKU, 4YTO CBUICTEJIBCTBYET O MEPCHEKTUBHOCTU
TapMOHMYECKOTO aHaJIM3a KaK MeToaa N3yYeHUS Me-
XaHM3MOB TTIpoliecca TTepenoIsIpU3alliiu.

Ilenw HacTosieit paboThl — YCTAHOBUTH BEJTUYU -
HbI TeKYILIUX 3HAUYEHUII HAMPSKEHHOCTH TapMOHMU-
YECKOTO BJIEKTPUUYECKOTO T0JIsl, IPU KOTOPOM TIpO-
ncxomsat @I, cesa3anHbie ¢ mHOyIUpoBanueM CP B
H® nipu yBenuuenun E u ¢ anauruisuueit CO npu
yMeHbllleHuu E, B Tpoliecce M30TEPMUYECKON BbI-
IepXKU o6pasioB KpuctamioB Rb,ZnCl, B HO®
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BOM3M T MyTeM MCCIENOBaHMS CIEKTPATIBHBIX CO-
crasisomux B u J,.

METOJIUNKA SKCITEPUMEHTA 1 OBPA3ILIbI

JJ1st mocTpoeHusi HA MOHUTOPE KOMIIbIOTepa TeT-
JIV IUBJIEKTPUYECKOTO TUCTEPE3UCA UCTIOJIb30BAIaCh
cxeMa [15, 16], cocTosinast U3 aByX, IMOCIEIOBATETLHO
BKJTIOUEHHBIX OTHOCUTEIBHO MCTOUYHMKA TapMOHUYE-
CKOTO HaMpsDKEHUS 3JIEMEHTOB: U3MEPUTEIBHOTO 00-
pasua X ¢ UMIeIaHcoM Z, U 3TAJIOHHOTO TOKOBOTO pe-
3uctopa R, C CONMPOTUBIEHUEM, YIOBJIETBOPSIOIIMM
yenoBuio R < |Z]. HampstkeHre, BOSHUKAIOIIEE Ha
R, TpOTIOPIIMOHAIBHO ITPOTEKAOIIEMY Yepe3 UCCIIe-
JIyeMblii oOpasel] MepuoIUYEeCKOMY TOKY CJIOKHOI
¢dopMbI, U HaNpsLKeHUE, TPUIOXKEHHOE K Hccienye-
MOMY 00pa3Ly, ouUu(dPOBBIBAIU B PEATTLHOM BpeEMeE-
Hu. C MOMOIIBIO TaKeTa MPUKIAAHBIX MPOrpaMm
Mathcad ouundpoBaHHEIE BpeMEeHHBIE 3aBUCUMOCTH
HaIpsKeHUs, MPOIOPIUOHANIbHbIE TOKY, MPOTEeKa-
IollIeMy Yepe3 UccaeayeMblili obpasell, onucaiud oT-
pe3koM psina Pypoe.

DKBUBaJICHTHAas QJICKTpHNYECKass CX€Ma 3aMellc-
HHA HUCCIEAYEMOTO 06pa3ua IIpeacraBj€Ha B BUIC

napauICJIbHOro COCAMHEHUA €MKOCTU Cx 1 IIPpOBO-

aumoctu G,, OOYCIIOBJIEHHOM IU3JEKTPUYECKUMU
MOTEPSIMU, TIPEUMYIIECTBEHHO CBSI3aHHBIMU C 3a-
TpaTaMM HEPruy Ha MepeKIIoYeHUE MOJISIPU3aluU.
B aToM ciydae B ucclieqyeMbIX 00pa3lax KpUucTaIOB
oA, IS CTBUEM TIEPEMEHHOTO 3JIEKTPUIECKOTO TTOJIS
E(r) = E,, sinwgt ¢ yactoroil w, 1 ammumrynoit E,,
JIOCTAaTOYHOM IJIs1 MOJIHOM MOHOJOMEHM3aluu 00-
pa3lia, BO3HMKAeT TOK CJIOXHOI ITepUOINYECKOM
GOPMBI, TIIOTHOCTH KOTOPOTO OITMCHIBACTCS PSIOM
Dypoe:

J () = J cos (kant —|@y]), (1)
k=1

rne k — Homepa rapmMoHuK psina Pypee, J, — aMIUIU-
Tyna k-1 TaApMOHMKU TUIOTHOCTU TOKA, () — YIJIbI
caBura a3 Mexay COOTBETCTBYIOIIIMMY rapMOHUKa-
MM TOKa U UX peaKTUBHBIMU COCTABJISTIOIINMHU.

3aBucuMocTs J () uMmeet aBe cocrasisirorue: J,.(¢)

uJ,(¢). llepsas uz Hux — J..(¢) = z J cos @ cos kmyt
k=1
00yCJIOBJIEHa EMKOCTHOM IJIOTHOCTBIO TOKa, BTOpast —

Jg(t) = ZJk sin @, sin k@, — TOKOM ITPOBOIMUMO-
k=1

cti. BpemMeHHAs 3aBUCHMMOCTBL OOIIEH IUIOTHOCTH

toka J,(f) = J.(f) + J ,(f) NpUBOAUT K BPEMEHHOH 3a-

BUCUMOCTH Tosigpu3auuu P,(f), BOSHUKAIOLIEH B UC-
cienqyeMoM oOpaslie U COOTBETCTBEHHO HMMELIEH

aBe cocrapysioue P, (1) u Py(r):
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P() = Psin(kayt — @) =P(t)+ P, (2)
k=l

=3

rne P, — amrumryaa k-ii rapMOHUMKM TOJISIpU3aLNY;

P(@) = Z P, cos @, sin k®,t , 00ycIOBJIEHa EMKOCTHOM
=1

TJIOTHOCTBIO TOKA J,(f) ¥ COOTBETCTBYET BPEMEHHOM

3aBUCUMOCTH TTOJISIPU3AIINY UCCIIEAyeMOro 00pasia;

P,(1) = Zﬂ sin ¢, cos km,f, 00ycoBlIeHa IUIOTHO-
k=1

CTbIO TOKa J,(f), T.e. BKJIAIOM B MOJISIPU3ALIUIO TN~

3JIEKTPUUYECKUX TTOTEPD, TIPEUMYIIIECTBEHHO CBS3aH-

HBIX C 3aTpaTaMy SHEPTrUU Ha MEePEeKIIIOUeHUE MO~

pU3aluu.

JloCcTOBEpHOCTH PE3yIbTaTOB SKCIIEPUMEHTA KOH-
TPOJMPOBAIY ONHOBPEMEHHOM PETUCTPALIMEA METO-
JIOM MapaUIeJIbHOIO TapMOHMWYECKOro aHanusa [17]
32 rapMOHUK HanpsoKeHMsI, BOSHMKAOIIETO Ha 3Ta-
JIOHHOM pe3UCTOope MOAUGUIIMPOBAHHON CXEMBbI
Coitepa—Tayspa. Cxema yCTaHOBKH, pean3yIoNIeit
yKa3aHHYIO METOAUKY, IIOApOoOHO onucaHa B [18].

Ilocne ompenesieHUs aMIUIUTYI TapMOHUK J, U
COOTBETCTBYIOLLIMX UM YIJIOB (o, 00pabOTKa pe3yJib-
TaTOB U3MEPEHUII 00ecneynBaeT MOCTPOEHNE Bpe-
MeHHbIX 3aBucumocteit J (1), J.(t), J, (1), P.(?), P.(¢)
u P,(f). BO3MOXHOCTb BBOIIA MJTH YIAJICHUSI TIPH CUH -
T€3€ OTIEIbHBIX CIIEKTPAJIbHBIX COCTABJSIONINUX T10-
JIIpU3allMii Wi TTIOTHOCTEH TOKa MO3BOJISIET OTepa-
TUBHO OLIEHUBAaThb UX BIAWSIHUE HA (hOpMBI TTOJTyUae-
MBbIX 3aBUCUMOCTEN, UTO paciiupsieT BO3MOXHOCTHU
WHTEPIIPETALUU PE3YIbTATOB U3MEPEHUM, TTOJIYUYECH-
HBIX paHee IPYTMMHU CIIocobaMMU.

IToctpoenue mnonesblx 3aBucumocteit P(E) u
F,(E) oCyLIeCTBIIsUIOCH MyTeM CHUHTE3a 3aBUCHMO-
creit P.(f) u B, (1) ot E(7).

Kpucrannsr Rb,ZnCl, BblpaluyBaiyv MeETOIOM
Yoxpanbsckoro. M3amepeHust npoBOAWIN Ha 00pa31ax
B (hopMe MPSMOYTOIbHBIX 7 X 5 X 0.5 mMm? rutacTuH
X-cpes3a ¢ HallbIJIECHHBIMU CEPEOPSTHBIMU 3JIEKTPO-
IaMU.

PE3VIIbTATHI SKCITEPUMEHTA
N OBCYXJAEHUE

IIpu nzoTepMUUYECKOil BBIIEPXKKE MCCIEIYEMOTO
oOpasua kpuctaiia Rb,ZnCl, B H® B paBHOBeCHbBIX
ycioBusx [ 14] Bonu3su Temniepatypsl Kiopu 7T Ha ya-
crote 3 I onpenensiiv ammurynsl J, U dassl @,
rapMOHMUK TJIOTHOCTU TOKa TMPU aMIUIUTYAE Harpsi-
>KEHHOCTU CUHYCOWJATBHOTO 3JEKTPUUYECKOTO MOJS
E,= 1.65 x 10° B/M (BbiLiIe TIOJIs HAChIEHMsT). W3-
MepeHHble npu Temnepatype 1 = T + 3.2 K ammiu-

TYIbl TADMOHUK J, I COOTBETCTBYIOILIE UM YTJIBI @,
TTO3BOJIMUIM CUHTE3UPOBATh BPEMEHHBIE W TTOJIEBBIE
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Puc. 1. TTonessie 3aBucnmoctut Py (E) (1) n Py (E) (2) kprcramna RbyZnCly,.
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Puc. 2. BpeMeHHBIE 3aBUCHMOCTH 2JIEKTPHIECKOTO 0TIt £(7) (1) n monsipusatmu Py (¢) (2) kpucramia Rb,ZnCly ot Hopmu-

POBaHHOTO BPEMEHH W .

3aBMCUMOCTU KOMIIOHEHT MOJSpPU3alUU U TNIOTHO-
ctu Toka. [Tonesas 3apucumocts P,(E) nokazaHa Ha
puc. 1 (kpuas ).

ComracHo MeToIMKe, OonKucaHHoii B [19], moiry4de-
Ha TMoJieBasi 3aBUCUMOCTb mossipuzaunu P, (E)
(puc. 1, kpuBas 2), BI3BaHHas! IUIOTHOCTBIO J | TOKA
MPOBOAMMOCTHU, CBSI3aHHOTO TOJbKO C MHAYLIMPOBA-
Huem CO. BpemenHblie 3aBucumoctu Py, (1) u J,(7),

npuUBeIeHHBIe Ha (hOHE BPEMEHHOM 3aBUCUMOCTU
MPUJIOXEHHOTO K UCCeaAyeMOMY 00pa3ily nepeMeH-

HOro 3jexTpuyeckoro noist E(f) = E,, sinwyt (kpu-
Bble / Ha puc. 2, 3), moKa3aHbl Ha puc. 2, 3 (KpuBbIe 2)
COOTBETCTBEHHO.

M3 puc. 3 BUIZHO, YTO B MOMEHTHI BpEMEHU, KoTAa
E(r) nmocruraet 3HauyeHus1 £, IMCIOT MECTO UMITYJIb-

col 1,4, 5 1 8 TokKa mIpoBOAMMOCTH J| - B 9T MOMEH-
Thl BpEMEHM HCCIIeayeMbIii oO0pa3el] He ITOIJIOIaeT
9HEPIuIo, KaK 3TO UMEET MECTO ITPY MOSIBJICHUN UM-
MyJIbCOB 2, 3, 6, 1 7 TOKa TPOBOAUMOCTH J. 1> @ BBLIC-
JISIET €€, YTO, MO BCEl BUMMMOCTH, CBSI3aHO C UHAY-
mupoBaHueM ¢azoBoro nepexona uz H® B CO npu
yBenndeHUU £ (MMIybCHI 1 1 5 ToKa IIpOBOOAUMOCTU
J ) 1 dhaszosoro nepexona uz C® 8 H® npu ymeHb-

weHnn £ (MMITyJIbChl 4 ¥ 8 TOKA IIPOBOAUMOCTH J ).

BbIBO1 bl

BhifenieHbl aKTUBHBIE U PEAKTUBHBIE BKJIAAbl B
AMITIATYIBI TAPMOHWYECKUX COCTABJISIIOIINX TLIOT-
HOCTH TOKa, IIPOTEKAIOIIIETO B MCCIIEAYEMOM 00pasLe
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Puc. 3. BpeMeHHbIe 3aBUCUMOCTH 3JIEKTPUYECKOTO NoJist £(f) (/) ¥ IUIIOTHOCTH TOKA J 41(#) (2) OT HOPMUPOBAHHOTO BPEMEHU

ot i kpuctamia Rb,ZnCly. HoMepa mMmyIbCoB BBIIENTEHEI XKUPHBIM IIPU(DTOM.

kpuctaiia Rb,ZnCl, B npoliecce nepenoiasspusanunu
B Hecopa3MepHoIi (paze. YcTaHOBIEHBI OCOOCHHOCTH
BpeMeHHéﬁ 3aBHUCUMOCTH IJIOTHOCTHU TOKa ITPOBOIM -
MOCTH, CBSI3aHHOI'O C WHAYLMPOBAHUEM CETHETO-
SIIEKTPUIECKON (Da3kbl.

HccnenoBanrie akTUBHBIX M PpEAKTUBHBIX BKIIAIOB
B aMIUTUTYIBI TAPMOHUK TUIOTHOCTH TOKA TTO3BOJIHIIO
YCTAaHOBUTH BEJIMUMHBI TEKYIIMX 3HAYCHUI HAIpPsI-
>KEHHOCTH TapMOHUYECKOTO 3JIEKTPUUYECKOTO TIOJIs,
MPU KOTOPBIX TMPOUCXOIAT (pa3oBble TMepexoabl U3
H® B CO u u3 mHAYIUPOBAHHONI 3JEKTPUICCKUM
nosieM C® o6patHo B HD.
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