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BBEIEHMWE

TBepmoe TeJo, MOJHOCTBIO MM YECTHYHO COCTABJIEHHOE N3 aTOMOB
N MOJEKYJ C OTJWYHHMHA OT HYJA MArHATHHMM MOMEHTaMu, 0CJ4LaeT
MarHATHHMI CEOMCTBAMHM, KOTODHE CYWECTBEHHO 34BUCAT OT XapakTepa
B3aUMONENCTBUAA MEXIY MArHATHHMW MOMEHTAaMM, B3AUMOTEHCTBMA MEXIY
MarBUTHHMI MOMEHTAMU ¥ OCTEJbHHMI, HEeMAUHNTHHMM CTEIEeHAMU CEO-
GOIH KPUCTAJJIA, TEIJIOBOI'O IBMXKEHMUA HOCUTEJed MArHUTHHX MOMEHTOR.

[Ipn uccaenoBaHMM MAI'HATHHX CBOMCTB TBEpHor'o TeJa 4acTo ymoo-
HO OpenCcTaERuTh €r'o B BUIE OBYX NONCUCTEM: MAU'HATHOW NOLCHCTEMH,

- COCTaBJIEHHO!l U3 COBOKYIHOCTH CJIOXHHM O00P430M B3daUMONEWCTEYOMUX
MAarHUTHHX MOMEHTOB ¥ "pemeTKMm, COBOKYNHOCTHM BCEX HeMarHUTHHX
cTeleHeili CBOCOLH ~TEEPHOI'0 TEJd.

B mccienoBaRnd NMOBELEHAA MATHUTHON CHCTEMH OCOGEHHO MIOLO-
TBOPHO [PAMEHANTCA OTKpHTHE B 40-HX romax fABJEHUA JEKTPOHHOI'O
napamarsntHoro /I/ u ﬂﬂepHOPO.MaPHMTHOPO /2,3/ pesoHaHcoB /4-9/ -
N3MEeHeHne COCTOAHMA MAUHATHOW CUCTEMH, IOMEUEeHHONl B NOCTOAHHOE
MarHuTHOE NoJie, NpHU BO3LNEHCTBMM HA HEI'0 BHEWHErO [EePeMeHHOI'0
MarHUTHOI'O NoJid. 3a HocJemHue I'OgH YCHEeMHO WCIOAB3YWTCH TAKKe
METOIH ONTMUYECKOU NOJAPK3EUAN MArHUTHHX MOMEHTOB 9JIEKTDPOHOB Npo-
BOIMMOCTH B IIOJYIPOBONMHAKAX C IOMOWbBKD ILAPKYJAPHO néﬂﬂpmsosaﬂﬂoro
csera /10,11/.

9THU MEeTOMH, o0Jianas MAPOKMMMA BO3MOKHOCTAMU U OOJIBIOL TOYHO-
CTHO, MNO3BOJANT NOJYYATH Coraryio MHPOpMALMO O MarHUTHOW CTPYKTY-
pe # cBoiicTRaxX TREDPNHX TeJ, O X4paKTepe peJaKCAalMOHHHX Ipolec-
COB, 00 SHEpreTMYeCKMX XdpaKTepUCTUKax MarHMTHHX LIEHTPOB MU T.I.
Bce aTn cBoiicTBa MMenT OOJBIYD OPAKTMYECKY® IIEHHOCTH NJIA TEXHNA-

YeCKN. BAXHHX BONPOCOB: CO3LAHNA KRAHTOBHX yCuJuTeJse# (uasepos),



CO3IMaHMA MONHHX METOIOB IOJIpM3alMM Amep U T.O. B ¢BA3M CO CKa-
3aHHHM CTAHOBATCHA SCHOH AKTyaJbHOCTH NaJIbHEMlMX He TOJIbKO SKCIe-
pUMEHTAJbHEX, HO N TEODPETUYECKMX WUCCJENOBAHMI BONPOCOB Ha CHIe HNA
MATHNTHOT'O PE30HAHCA N IMHAMUYECKOH IOJAPU3ALAN ANEp.

B oTCyTCTBMM BHEMHEI'0 BO3IEICTBUA MATHAUTHAsS CUCTEmMa N peleT-
K4 HAXOINATCA B COCTOAHMM TEPMONMHANMYECKOT'0O PABHOBECUS IPYyI' C
IpyroM, ® NX MOXHO OXapakTepn3oBaTh enuHojl Temmeparypol. B ycuo-

BNAX Xe MarHuTHOI'O DPE30HAHCA NJIN ONTAYECKOU NOJMAPU3aIMK MarHuT-—

Had CHACTEeMa BHXONMNT M3 COCTOSAHWA PaBHOBECHUS C pelwcTKoll. llpn Ha-
JIAYMA MOCTATOYHO CHJIBHHX CIUH-CIMHOBHX B3aUMONEUCTBAN 38 HEKOTO-
poe XapaKTepHOe BpeMA T (nasupaenoe BpeMeHey CIUH-CINHOBOM
peJaKcanun) B MarHATHO# cncTeMe YCTAHABJMBAETCA OLHOPONHOE IO
BCeil CMCTeMe.COETOHHHe. JTO COCTOfAHNE MOKHO OXapaKTEeDpU30BaTh
TAK H43HBaeMOil CINMHOBOW TemmepaTypoii '7; , HOHATNE KOTOPOIi
NJIONOTBOPHO NPUMEHAETCA NpPU YCCJUAENOBaHMN MAHMTHHX CHCTEM /4,5/.
" (B ciay4ae, KOT'ma MArHUTHAA CICTEMA COCTOMT M3 HECKOJBKMX OJHO-
PONHEX YacTeil, HeoOXOmUMO BBECTN CIMHOBHE TEMIEPATYpH IJIA Kaxmoil
13 OTHEJBbHHX NONCHCTEM). Biaromapa CHmH-pemeToyHOMY B3dmmozmeiicrT-
BN, KOTopoe ofycJaB/mBaeT OCMEH sHepruneil mexmy MarHATHOW cucre-
MOl ¥ pemeTKoff, NpM OTKJIOYEHNM BHEMHEr'0 BO3IEUCTBHAA IPOMCXOLAT
BHPABHABAHIE CINHOBOH TeMIepaTypH 1; N TeMIOEePUTYPH PeleTLn
-Tz-; BTOT-nponecc,-HasmBaeMQﬁ CINH-peleTOoYHoll pesaKcalneii, npo=
ICXOMUT 34 HEKOTOpPOEe XapaKTepHOEe Bpems 1— - BpeMsd CIIMH-pelie-
TOYHO# penakcammm. (BonpocH peJsakcaidil MarHUTHHX CHCTEM WIDPOKO

ocBemeHy B /4-8/, mM Takke nocBsueHna Monorpadmusa /9/).

OrMerum, 9ro pasnesenne paccmarTpuBaemoil cucrTemH (TBEpHOIO
TeJa) Ha MAarBMTHYO (CIOMHOBYD) CHCTEMY M pEemeTKy, a Takxe IpOBe-

IEeHHHE BHIME DaCCYXIEHWsA MMeonT CMHCJ TOJBKO B TOM CJydYde, KOI'nd
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CIMH-CIMHOBHE B3aMMONEACTBAA I'opasno ChIbHEe, 9YeM COMH-DpemeToy-
Hhe B3amMormeficTems. TOJNBKO B 9TOM ciaydae T < | , B LId Bpe-

mer t >>T  MokHO XapaKTepmsoBaTh CHMHOBYD CHCTEMY CNUHOBOH
TEeMIepaTypoi, OTJMYHOHE OT TeMIoepaTypH pemeTKH.

Taxam odpasom,unpn NOCTAaTOYHO CHJIBHOM BHellHeM BO3IEeiiCTBMA
Ha CHOMHORYD CHCTEMy HapyumaeTcd e€ TepMONMHAMMNYECKOE paBHOBecHe
C pemeTKou (T;*:]Z) , A TOI'IA 3BOJIONMIO pPacCMaTpUBAaEMOll CHCTEMH
CNUHE-CACTEMa - PemeTKa CJenyeT paccMaTpUBaTh C TOYKM 3pEHAsA He-
pPaBHOBECHO! TepMOINMHAMWKKA. HepaBHOBECHHE COCTOSHMA CHOMHOBHX CHUC-
TeM, o0nagaf GoJblMM MHoroodpasmueM, NanT OCUMPHHI MaTepual o
’Marsnwaux cpoiicTBax TBepaHX Tea., C mgpyroil CTOPOHH, COMHOBHE CHC-
TeMH, fABJAACH, NO-BUIAMOMY, HaumpocTeimump oOBEKTamu, I'Ie MOEHO
CPaBHUTEJBHO aerﬁo CO37aTh X HMCCJEeNOBaTh HEPABHOBECHHE COCTOf-
HUdA, JaOT BO3MOXHOCTE NPOBEPKN MHOI'MX MHOJOREHH{ HepaBHOBECHOM
CTATHCTHYECKOA fU3MKM M TEPMOJUHAMUKM, DasBATHE KOTODPOHl eme He

3aBepueHo.
MccaenoBanun pasjM4HHX CEOCTB TBEpHHX TEJ, CBA3EGHHHX C NOBE-

NEHMEM CHMHOBHX CHACTEM B YCJOBHAX MarHATHOI'O pesonaaca wm onTa-
YeCKOUl NOJAPA34ILAN, [OCBAWLEHO IOCTATOYHO COJbIOE YACJI0 pacoT.
OnHaxo, cymecTByeT LeJHil pAN BONDPOCOE, MHTEPECHHX C (hn3udecKoi
TOYKM 3DEHMS, KOTOPHE TeOpPeTHYECKM eme He paspacoTanu. Hampumep,
X0pomo H3BECTHO, YTO npmlHaCHMeHnm MarsuTHOI'O pe30HAaHCAa JIOKaJIu30-
BGHHHX NApamMarHATHHX IEHTPOB B HOJYIPOBONHMKAX IPOUCXOMUT U3ME-
HEHMe COCTOfHMA KaK CHMHOBHX, Td4K M KHHETMYECKAX CTeNeHel CBOCO- ,
IH 3JEKTDPOHOB IPOBOLUMOCTH, qTo'odycnosneHo OOMEHHHM B33UMOLEICT~-
BUAEM Mexny JIOKaJW30BaHHHME M CBOCONHEMM CIMHAMHU. JKCIEDAMEHTAJIBHO
M3MEHEHNEe éeunepaTypu KAHETHYECKOI'0 pesepByapa 3JEKTPOHOB IpPOBO-

IuMoCTA (noanxaodTn) npn JIIP moHopoBR HadJuomagoch B padorax /I2,



TeopeTnueckue MUCCJENOBAHNS OHJIM IPOERETEHH TOJLKO MJIA MEJKNX
IOHODOB, W K TOMY € B HUX HE JUNTHBAJAECEH BO3MOHOCTH M3MEHEHNA
TEMIEPATYPH CIAH-CINHOBHX B3aumomeiicTsuil (T.H.INNOJAE-THIOJIEHOTO
pesepByapa - IIP) Jsoka/msopanHux cmnmHor. Ho, € gpyroi croponw,
XOpOmo N3BECTHO /I4,I5/, YTO yYEeT 5TOr0 B3aUMONSHCTRUS W €r'0 BH-
meJIeHNE B BUTME OTMEJBHOI TEPMONMHAMMYECKO TOMCACTCMH CYLECTBEH-
HO MEHS0T KAPTHHY HACHUEHWA MACEUTHOI'O PE30OHAHCH,. lipencraBifeT
MHTEPEC MCCJACMOBATE NOBENEHME TEMIEDPATYPH KMHCTHUCCKOIO PE3EPBY-
apa oJeKTPOHOB HPOBOMAMOCTK npm OlIP soxa/m30BaHHHX CINHOB, J
rakke npu OlP num ONTMYECKOH NOJAPN3&aIMy SJEKTDPOHOE INPOEOIAMOCTH
e y4YeTOM BUMECKA3dHHOI'D, JTO NCCJCHOBAHME CYIECTECHHO TaKiKe
NOTOMY, 4YTO CUABHOE M3MEHEHMEe TeMIepaTyps KNHETHYeCKOL'o pescp-
Byap4, CO CBOEH éTopOHm, MOXET BJMATH H4 COCTOAHME CIUHOBHX CHC=—

TEM.
C mpyroii CTOPOHH, €CJM CBEDXTOHKOE B3aMMOTELCTBAE DJEKTPOHOR

TPOBOMUMOCTH C SMEPHHMUA CIMHAMM MOCTATOYHO CHJBHO, TO LPA HACH-
meHnn OlP SJIEKTPOHOB MNOROLMMOCTHA NPOUCXOTAT MUHAM1YeCika8d MOl
puzamma fagep - A (afbexr Oepxayzepa /I6/). 3ToT a)eKT M3ydecH
NMOCTATOYHO NIOMPOOHO, OJHAKO HEe WCCJETOB4H EONPOC O BJMAHMKR HA
Besmundy [ n crenedp HacuueHns: SllP caepura pe3oHAHCHOL 4acToTH
OliP; KoTopmii B CBOWO 0Yepenb OCYCJOBJEH BHYTDEHHUMIA MAI'HATHHMA
TIOJISIVMA,,. COBHABAEMHMNA. MMHAMAYECKN HOAAPN30BAHHHMUA. sAMPAMA . HE . OJICK~.
TPOHaX MPOBOTAMOCTH.

Ecom Ha cnmHOBY0 cmcTeMy sinep HelCTBYeT HacHiaiomee nepenmern-
HOe MoJie, NepIeHIuKyJIApHOe nocfbﬂﬂnomy IoJiA, TO CUJBHO MeHAeTcHA
KapTnna nacumeBnnd OllP u xapaxrep sddexra Milxd. Hanpuvep, IpM HacH-
MEeHNA 3amnpelleHHHX MEepexonoB B CUCTEME NMBYX COPTOB JIOK&JUIBOBAHHHX

CONHOB (AmEp M SJAEKTPOHOB) INPOUCKONMAT YBeJMYeHNE I[I0NepedHOlk Co-
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cTamJsbWell ANepHOll HaMarHM4YEHHOCTHM BO Bpamanmeiicsa ¢ snepHOil 3ee-
MaHOBCKO# wacToToif cucreme koopnmuar /I17,18/ - nonepeunnuii sddexT

OBepxaysepa. Ham nperncraBisgeTCA MHTEPECHHM WCCJENOBATH NONEpeY-
Huit addekT OBepxaysepa B MeTawlax ¥ NOJYOPOBONHMKAX, OCYCJIOBJIEH-
HHi Hacuumenuem SIIP CBOGONHHX BJEKTPOHOB.

CuibHHE NEepeMeHHHe MO0JIA CYmeCTBEHHO BJMANT HA XapaKkTep Anep-
HOT'O pe30HAHCa M B MAarHATOYNODPANOYEHHHWX KpHCTaalaXx. A HMMEHHO,
BO Bpauammeiica C AnepHO# 4YacTOTO# caAcTeve KOOpAMHAT MEeHAeTCH (-
feKTMBHAA YACTh CIMH-CIMHOBHX B3auMoneiicTBuil (B3ammoneiicTsue
Cyna-Hakamyps /I9-21/). IlpexcTaBiseT MHTEpEeC MCCJENOBATH NOBene-
'Hpe IMHaMUYEeCKOr0 CIBUI'@ PE30HAHCHOIl YaCTOTH ANEPHOI'0 PEe30HHCa,
KOprmﬁ odycaopJjieH Haymuuem Cyrna-HakavmypoBCKOI'O B3amMomeilcTBund,
IpHA CHJIBHOM chumeﬂnn ANP.

3a mocJiefHee BpeMd YCIEMHO OPOBOINATCHA KUCCJENLOBAHUA pasumquux
a(f)eKTOB, CBA3AHHHX C NPACYTCTBUEM ONTHAYECKM OPHEHTUPOBAHHHX
shexwponon IpOBOIAMOCTHA B nonjnpOBoanRax. Omuum n3 TaKmx a¢dex-
TOB ABJAETCA NUHAMUYECKAA NOJApM3anua Anep Ipn OOTAYECKO opueH-
TALMM 3JEKTDOHOB. JTOMY BONDOCY IOCBAMWEHH KAK BKCIEPAMEHTaJbHHE,
TaK § TeopeTHYecKMe pacdoTH /22-25/. OmHaKo, He MCCJIENOBaH BONPOC
0 poJit' OCMEHHOT'0 B3aMMONEACTBHUA MEXITY CBOGOIHHMM M JIOKAJN30BaH-
HEMA 3JeKTpoHamm B M B cJa0WX BHEMHHX [0JAX, 4 TAKXe B OTCYTCT-
BUY BHEMHETO NOJA. '

OTX BONPOCH M ABJAKNTCHA UpeIMeToM KMCCJeNOBakMA NABHOH muccep-
TELMOHHOH! PacOoTH.

lnccepramus COCTONT W3 BBENEHMA, WECTN I'JIAE, BHBOIOB @ IpU-
JIOXEHNd,

B mepBoit I'JiaBe KpaTKC M3JIOKeH MeToI NOCTPOEHAS HEPABHOBECHO-

ro CTaTMCTHYECKOTO omeparopa /27/, paspadorarsoro I.H.B3ydapesum,
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KOTODHil NOCJENOBATENIBHO MCHOJNB3YETCA NpU DEleHMA IOCTABJIEHHHX
3g1ma4, M ero HEKOTODHX NpUMeHeHMi. OpuruHaJbHasd 4acThb IACCepra-

mAn n3joxeHa B raaeax lI-YT m npuioxeHuH.
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TTABA I

METOJ IIOCTPOEHWA HEPABHOBECHOI'O CTATMCTMQECKOPO
OIIEPATOPA

Kax yxe YKa3HWBaJOCh BO BBENEHWM, COCTOAHNME CIUHOBOY CHCTEMH
B YJCJOBMAX NOCTATOYHO CMJBHOI'O BHEMHEr'o BO3MYIEHMA MOKHO paccma-
TpUBATH KaK HEPABHOBECHOE COCTOsSIHME 1 NPOBOLATH NX MCCJIENOEAHME
¢ OOMOWBO METONOB HEPABHOBECHOH CTATUCTUYECKOH TeEpMOTMHAMUKA.
OmHUM M3 TAKUX COBPEMEHHHX METOINOB, HauCoJjee NJONOTBOPDHO, Ha Hal
Aﬁarnﬂn, NpAMEHAEMHX NpPM WCCJENOBAHNM HEPABHOBECHHX MarHUTHHX
cncreM (cm., Hanpamep, /R7-30/),sBiaseTcsA MeTON NOCTPOEHMS HEPAaRHO
BECHOTI'0 CT&TMCTM&GCKOPO oneparopa (HCO), paspadorannoro [.H.3y-
Gapemum /27/. llajee MH NmOCTApaeMCs W3JOXATH OCHOBHHE MAEM 3TOI'0
MeTOma W B KayeCTBe IIpAMEpA NDABENEM HEKOTODHE er'o NpAMEeHeHMA
¥ 3agayam MErHUTHOI'O DEe30HAaHCA.

SBOJIOIAA COCTOSHMA NPOW3BOJIbHO# KBAHTOBO-CTATHCTAYECKON
CHCTEMH C TaMUJIbTOHUaHOM ¢J( OIIMCHRAETCH CTATICTAYE CKAM onepa-
TODOM ?(f) , KOTODHil ABLAETCA pEleHNer KBAHTOBOI'O YPABHERNA

JnyBRJia

%9 [y, A]

— L

3% ¢, Skel)
C H4YaJELHHM yCJOBHEM

0(t) s 0(0)

EcTecTBeHHO, pemuTh ®TY 3amavyy B o0weM caydae CHCTEMH MHOTHX

B3aMMOTECTREYOMMX YaCTAI] HEBO3MOKHO, T.K. Q(%) HOJIXEH B34BUCETH
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