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CnuHOBBIE BOJIHBI B HeIIOJAPN30BaHHbIX XOJOOHBIX rasax

T.JI. Augpeesa, II. JI. Py6un®)

O@usnveckuii uHCTUTYT uM. II.H. Jle6enesa PAH, 119991 MockBa, Poccus

Iloctynuna B pepakuuio 5 uioHa 2007 r.

B HacToAmen pa60Te IIpeacrasaH HOBBI!i TUIl CIIMHOBBIX BOJH B IIapaMarHMTHBIX ra3ax c HeBprOm,ﬂeHHOﬁ
II0 3Hepruun cucTeMoi ypOBHeﬁ. Takuve BONHBI BO3HUKAIOT 6€3 00LIYHO PICl'IOJ'[hByeMOI‘;I BHeNIHeH noixAapu3anunuu
rasa TOJBHKO 3a CUYeT CO3JdaHWA HepaBHOBECHBIX 3aceJeHHOCTeH paﬁot{nx ypOBHeﬁ. Ho.vlyqu 3aKOH OquCIlepCHuHn

3THUX CIIUHOBBIX BOIH.
PACS: 34.10.+x, 51.10.+y, 51.60.4+a

BBegenue. J[lo cux mop cOuMHOBBIE BOJHBI HabIIO-
Jaluch TOIBKO B MOJAPH30BaHHBIX ra3aX Ha Nepexojax
Me#/y CIUHOBBIMU MOAYPOBHAMM OCHOBHOTO COCTOAHUA
(aTomapnbiit Bomopon, He®, kBasumuacTunbl B ciabbix
pactBopax He®-He* [1]). B nocneanue ronsl BHOBb BO3-
HUK MHTepeC K CIOMHOBBIM BOJNHAM B MapamMarHUTHBIX
rasax (cM. 0630p [2] ¥ cchUIKM B HeM). ITO CBA3AHO
¢ HaGMIOJEHNEeM CHUILHBIX CIHUHOBBIX BOJH B OXJaJeH-
HBIX TIONAPU30BAHHBIX Mapax pyGUANA HA Iepexo/ie Memx-
Iy HEBBIPOMJEHHBIMM YPOBHAIMM CBEPXTOHKOI CTPYH-
Typbl aToMa. B 3Tux sKcnepuMeHTax ¢ napamu pyouaud
B MarHMTHOM JOBYyIIKe Oblia JOCTUTHYTa TEMIEPATypa
raza T ~ 0.6 kK. IIpu sToM 3Heprus cBepXTOHKOIO
pacwennenus (6.8T'Ty) Gbima MHoro Gombuie Temmepa-
Typs! rasa [3, 4]. Kar GymeTr nokasaHo paiee, B ycio-
BHUAX 3TUX 3KCNEPUMEHTOB MOMET MPOABUTHLCA HOBBI
MeXaHN3M BO3HMKHOBEHWA CHMHOBBIX BOJH, CBA3aHHBIH
C HEepPaBHOBECHOI 3aCeleHHOCThIO yPOBHEIA.

CnuHOBbBIE BOJHLI B Mapax pyGuauA 10 CUX MOp IIU-
poKo ofcyskpaloTca B muTeparype (cM. paGoTsl [2, 5]
u cceiku B Hux|). OnHako B TeopeTnuyeckux paGo-
Tax Ha 3Ty TeMy (paKTHYeCKU He HCIONbL3yeTCA TOYHaA
CTPYKTypa WHTerpana CTONIKHOBEHHI ¢ MONHBIM HaGo-
POM BHYTPEHHMX cTemneHei cBoGObl B3aUMOJEHCTBYIO-
IMX aTOMOB (CBEPXTOHKAfl CTPYKTYpPa TEPMOB ¥ CIIUH).
JIu6o npuBoautTcaA obmasa ¢opma MHTErpaja CTONKHOBE-
Huit [5], HO B rpomo3pkoil ¢opMme, KOoTOpas 3aTpyAHA-
eT MmojllyuyeHue KOHKPETHBIX pe3ylnbTaToB, nubo Geperca
yhpoleHHasa MojelbHasa Gopma MHTerpana CTOJIKHOBE-
HU )17 BBINOJIHEHUA YMCIEHHbIX pacueToB [2]. B Hacro-
Aimeit paboTe BRIBOAUTCA TOYHOe ypaBHeHue Bonbumana
IJifl apaMarHUTHRIX aTOMOB C y4YeTOM [BYX ypOBHeii
SHEPTUU.

HHTerpan cTOJNKHOBEHHII A nDapaMarHuT-
HBIX ra3oB ¢ HEBBIPOMJEHHOI1 cucTeMoii ypoOB-
Hell. B nacrosameii paGoTe paccmaTpuBaeTcA cBOGOJ-
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Hblii (6€3 MOBYIIKM) GONbIIMAHOBCKUI ra3 co cnuHoM 1/2
¥ CBEPXTOHKUM paclienjeHlieM OCHOBHOr0 cocTogHuA. B
Hauieit npeabiayeii pa6oTe Gb11 BhIUKCIEH G0IbIIMAHOB-
CKUIl MHTerpal CTOJNKHOBEHUI B NapaMarHUTHOM rase ¢
y4eToM TepMOB OCHOBHOrO cocTofuusA [6]. Ionyuennsre
BbIpaKeHUA JOBOJNLHO I'POMO3JKH, 0COOEHHO NpU yueTe
[OJIOCHBIX YIEHOB, KOTOpble, ONHAKO, HUCYE3al0T, ecly
npeHe6Gpeub auccunanueit cnuHa. B HacTosmeili pa6o-
Te, KaK U paHee, ANMCCUINALKA CIHHA He YyUYUTbIBAeTCA.
OTBeTCTBEHHBIM 3a BO3HUKHOBEHUE CIUHOBOIH BOIHBI B
[0JAPM30BaHHOM NapaMarHUTHOM rase ¢ BbIPO#JEHHOI
cUcTeMoll YpOBHell ABIAeTCA MHMMOE cllaraeMoe B uJle-
He yXoJa MHTerpala CTOIKHOBEeHU, NpPOonopLHUoHalbLHOe
CTEeNEHU MONApU3alNU rasa, 1 UMEeHHO OHO onpejeifdeT
3aKOH JUCIepPCUU CIIMHOBOH BoMHBI. Bee ocTanbHbIe uie-
HbI MHTerpajia CTOJNKHOBEHUI OMUCHIBAIOT TONLKO Au(-
(y3uoHHOe 3aTyXaHue CIMHOBOI'0 MarHUTHOTO MOMEHTa.
HKak Gyner nokasaHo janee, ANf aTOMOB C HEBBIPOMKIEH-
HOIl cuCTeMoOii ypOBHeil MHMMOe claraeMoe, onpejenf-
Iolee BO3MOMKHOCTh CYLIECTBOBAaHUA CIIMHOBOH BOJHEI,
BO3HUKaeT U 3a CYeT HEepPaBHOBECHO! 3acelleHHOCTH pa-
6ouuX ypoBHeill naxe 6e3 BHellHel NoOJApU3alUU rasa.
CBepXTOHKOE pacleNIeHre — PEIATUBUCTCKUI 3dDERT ¢
BecbMa Majoii pajualloHHOII BEpOATHOCTHLIO Nepexoja,
4yTo o0NeryaeT co3faHuWe HepaBHOBECHOW 3aceleHHOCTH
NOJYypPOBHEl B TeueHHEe JOCTATOYHO IJIUTENLHOr'0 Bpe-
MEeHH.

Peus moiiger 06 atomax co cnnHoMm 1/2 u cBepXTOH-
KUM pacllenjieHueM OCHOBHOro cocTofiHuf. PyHrnua
Buruepa aToMOB ¢ HEBBIPOAEHHON CHCTEMOI ypOBHEN
B JIOMOJIHEHNE K CIIMHOBBIM MHAeKcaM a u 3 (cpaBuu [6]),
COZepUT KBaHTOBbIE 4yKcia a u b, o6o3Havaone aHep-
reTuyeckue TepMel aToMoB. ®yuurinuio Burnepa tawoii
CHCTeMbl MOHO 3anucaTh clefyIomuM o0pa3oM:

faa,bﬂ(a;ap) = %@
X (‘Saﬁsoab(map) + foﬁMéb(%P)) - (1)
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3meck ¢ U p — KOOPAMHATA U MMIYJIbC YaCTHUIBI, WH-
HeKCHl @ M b HyMepylOT TepMbl aTOMOB (TeMmepary-
pa rasa mpeamojaraeTci HU3KON, M ApyTrHe TepMbl He
paccMaTpuBaioTcAl); @ U 3 — NPOEKUUU CNIMHA aToMma
Ha OChb KBaHTOBaHWf, NPMHMMAaOIMe 3HadeHusa +1/2.
Ilna o6o3HaYeHMA CIUHOBLIX MHIEKCOB 3JeCh M jalee
UCIONb3YIOTCA rpedeckue OyKBbl. IIIOTHOCTHL aTOMOB
o6osnauaerca n (cm ), C(p) — MakcBennoBckas QyHK-
1MA pacrnpefeleHlA aTOMOB [0 UMIYJbcaM, HOPMUPO-
BanHas Ha 1. Marpuubl @up(z,p) u M!, (z,p) Gespas-
MepHbI (MpeAnoNaraeTcsl, YTO MATHUTHLIA MOMEHT BhI-
paskeH 4yepes MarHeToH Bopa, a p,q U @Yy — ITO OTHO-
CUTeNbHbIE 3aCeleHHOCTH YacTHI] B COCTOAHUAX a U b,
COOTBETCTBEHHO); aiﬂ — BexTop Marpul Ilayau. Ilo no-
BTOPAIOIMMCA MHIEKcaM M0Jpa3yMeBaeTCA CYyMMMPO-
Banne. Hopmuposka ¢,p(z,p) u Mi,(z,p) paetca ycio-
suvit: Trlpas (z,p)] = 1, T[ My (2,p)] < g (g - ripo-
MarHMTHOE OTHOIUIEHMUE).

Matrpuna MarHUTHOrO MOMEHTa B MOJAPU30BAHHOM
rasze MoeT ObITh 3aMycaHa CIeAyIOIUM 06pa3oM:

M}y (z,p) = Masbis + piy(z,p) (2)

31ech mpefnonaraeTcA, YTO BHENIHAA MONAPU3AIUA CO3-
JaeTcA BJIONb OCH 2 HEKOTOpOil [eKapTOBOH CcHCTe-
MbI KOOPAMHAT (C YeM CBA38HO MOABIEHUE MHOMUTE-
11 §;3). Buemnas nonApusanua xapakTepusyeTcA mMaT-
puneit Myp. Ilpu Tr[M,;] = g umeeT MecTo mnonHas
NoNApU3aLUA aToMOB; ul, (T, p) — MATPUUHBIHA 3IEMEHT
MarHUTHOr0O MOMEHTa lepexoja aToMa MeMAy YpPOBHA-
MM 3Hepruu a u b.

@yurnua Burbepa onuceiBaeTCHd KUHETHYECKHUM
ypaBHeHHEeM ¢ GONbIIMAHOBCKUM HHTErpajoM CTOIKHO-
BEHUI:

0fan(p) + pVfaB(p) +
ot m

+ % (Eo — Eb) faB(p) = Stas(p)- (3)

3mecs A = {a,a} u B = {b,8} — cobupaTenbHble MH-
AEeKChI, BRIIOYalomue B ce6A KaKk SHepreTUveckue, Tak U
CMHOBbIEe NHAEKCH; E, u Ep — ypOBHU 3HEPruM T€PMOB;
Stap(p) — unTerpan cronkHoBenuii [6]. Paxu ynpoume-
HUA o6o3HaYeHuii npoernun cnuna 1/2 n —1/2 zamens-
forca nudpamu 1 u 2, cooTBeTCTBEHHO. YXOGHO mepeit-
TH K LUKINYECKUM KOMIIOHEHTaM CIMHOBOIO MOMEHTa
p+(p) = pe(p) £ ipy(p), NocKONEKY B MONAPU30BAHHOM
rase UMeHHO OHU fBIAIOTCA COGCTBEHHBIMH (YHKUUA-
MU MHTErpajia CTOJIKHOBEHHU, KOTOPble MOTYT pacmpo-
CTPaHATBLCA B BUJAE CIMHOBBIX BONH. Pagu KpaTkocTH
KOOpJAMHATa TOYKU & fAIBHO B (3) He yKaszaHa.

Hecmortps Ha ouenb Huskue Temnepatypsi rasa (T ~
~ 0.6 MeK pna napoB py6uaus), GonbLMaHOBCKOe NpPU-
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6nueHWE B WHTerpale CTONKHOBEHHI OCTaeTCA NpPHU-
MEHHUMBIM BCIEJCTBHE HU3KON IUNIOTHOCTHM rasa (n =
= 1.8 - 10 cm3). KpuTepmit npumeHuMocTH GONbI-
MaHOBCKOro NpubaueHus [7] uMeeT BUJ

#/T <1 4)

M [ufA pyGuaa B yCIOBMAX 3KCNEPUMeHTa [3] BhINOIHA-
€TCA C JIOCTAaTOYHBIM 3anacoM:

;L/T:n(hz/mT)a/2 ~ 0.01. (5)

3mech pu — XMMUUYECKHUI MoTeHNuan rasa, 1’ — Temnepa-
Typa B 3HepreTUYECKUX eINHHUIaX.

PaccmoTpum uHTErpan cTolkHOBeHHU noapoGuee. B
of1IeM cliy4yae WiIeH yXoJa UMEET CIeIyIOUuil BUL:

St2q.55(p) = 8im®h? x

X / ( — fargv (m,p/) ft‘r,bﬁ(m,p) X

2 2
+ faa,tr(p)fg"hq/\ (p,) X

1 1
x T;g,tq (/8"71 5 (P - p') 3 Ty )\, 5 (p - p')) )dpl. (6)

1 1
X Tag,tq <aa7a Py (p - pl) 3 Ty )‘a Py (p - pl)> +

3mecs Tupcale, B, P,y,6,Q) MAaTpUYHBIA 3JEeMeHT
T-matpuusl, onuckIBaloLeil npouece paccenanus {a, a}+
{b,8} = {c,7v} + {d,0}, unnerce!r ucnonbayoTca Tak
e, Kak ¥ B o6o3HaueHuu MaTpuusl Buruepa, P u @ —
UMIOYJIbChI YaCTUIl B CUCTEME LIeHTpa MHEPIUHU 0 U ToC-
ne ctonkHoBeHudA. Hcnonb3oBaHa 3amuch 4lieHa yXxoja
yepes3 3NEMEHTHI 1-MaTpHIlbl, ONMCHIBAIOLINE paccesiHUe
yacTHL Ha HyJ1eBoii yroa [8, 6]. CnuHoBas BoiHa BO3HHU-
KaeT ¥3-3a B3aMMOJECTBUA MPOTUBONOIOMHO Hanpas-
JIEHHBIX CIIMHOB.

B HepaBHOBeCHBIX yCIOBUAX (BHEIUHAA MONAPU3ALUSA
napaMarHMTHOIO raza) OCHOBHYIO POJb B YPaBHEHUHU A
CIIMHOBOII BOJIHBI UrpaeT MHUMaf 4acThb YlleHa yXoja
Stoass(P) = Sthp(p). BemecrBennas uacts St g (p),
COrjlacHO ONTHYECKO! Teopeme, ompenensaeT Koapduiu-
eHT qudp¢ys3un cnuHa, To ecThb ero 3aTyXxaHue, B TO Bpe-
M#A KaKk MHUMaf 4yacTh MHTerpaja CTONKHOBeHU obecne-
YUBaeT BO3MOKHOCTb PacHpOCTPaHEHUA CIMHOBOH BOJ-
b1 [6]. IIpy HUBKKMX TeMnepaTypax OTHOIIEHHE MHUAMOIA
U BellleCTBEHHOI yacTell MHTerpana CTOIKHOBEHU! MpPo-
NOpIMOHANbHO OTHOLIEHUIO Ae6poiileBCKOi AJMUHBI BOJ-
HbI Ap K XapaKkTepHO# AnuHe pacceAnuna. Tak qua py6u-
aua npu T = 1 MkK cooTBeTCcTBYyIOIlee OTHOLIEHUE CO-
craBingeTr npuMepHo 200. IIpu 3ToM aMnaIuUTyZabl pacce-
AHUA (M MaTpUYHbIe 31eMeHThbl T-MaTpullbl) ¢ Xopoueii
TOYHOCTBIO MOM{HO CYMTATh BelleCTBEHHbIMH [2, 7]. OT-
MeTHM, UTO B ra3ax ¢ HEBBIPO#JEHHOI CUCTeMOil yYpOB-
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Hell CIMHOBAaA BOJIHA BO3HUKAET TOJbKO B MONAPU30BaH-
HOM raze. B HacToameii paGoTe paccMaTpuUBaeTCA IpYy-
roif MexaHu3M BO3HUKHOBEHUA CIMHOBOI BOMHBI B razax
C HEeBBIPOMJEHHOI cucTeMoil ypoBHell, He TpelOylomuit
BHEIIHeH MmonApu3anuu raza. ITOT MEXaHU3M BO3HUKa-
eT NpU HEPaBHOBECHOH 3acelleHHOCTH pabouux MOAYpPOB-
Hell.

Kaxr usBecTHO, CIMHOBaA BONHA BOBHUKAET M3-3a B3a-
MMOJeCTBUA NPOTHBONOJOKHO HalpaBlIeHHbIX CINHOB.
B nonapusoBaHHOM rase He3aBHUCHMbIe TUIBI KoneGaHuUi
06pasyioT BeNUYMHBI [ = fip + i, (UUPKYIAPHO MO-
I1ipU30BaHHble KOMIOHEHThI CIMHOBOTO MarHUTHOI0 MO-
MeHTa NpU HamnpaBleHUU BHEIIHel monfApusanuu BAOIb
ocu z). B HemonfApuzoBaHHOM rasze CKOPOCTb CIUHOBOA
BOJNIHBI He 3aBUCUT OT moinfgpusauuu rasa. J[na ompe-
JENeHHOCTY U pajy CpaBHEHUf C SKCIEPUMEHTalbHbIMU
IaHHBIMHU O CIMHOBBIX BONHax B py6upuu [3] paccmat-
puUBaeTC KOMIOHEHTa f_ = [ — ify. PaccmoTpum
ypaBHeHUe A 3neMeHTa f,1 p2(p) MaTpuusl Buruepa,
KOTOpbIi KaK pa3 M ONHChIBaeT AMHAMUKY 3TOH LUp-
KYJIAPHO NOJAPU30BaHHON CIMHOBOM BOJHBI Ha 4acToTe
nepexoja MemJy yPOBHAMH a U b.

Urakr, Heo6X0AMMO BRIUKUCINTE iIeH yxoaa [° Gonbu-
MaHOBCKOr0 MHTerpaja CTONKHOBEHUI nmapaMarHUTHOTO
rasa c JBymMA ypoBHAMU sHepruu. [Ipu Hanmuuu BHem-
Hell oNfApU3aluy raza 4ieH yxXoaa yJaoOHO NpeAcTaBUTh
B BUJIE CYMMBI:

I° =1 + Iyy. (7

3Iech mepBoe claraeMoe MpefcTaBlfeT cofoil WieH yXo-
Ia B 0TCYTCTBHUE BHEIUHEH N0IAPU3aluy, TOria Kak BTO-
poe craraeMoe BHEIIHIOIO TONAPM3ALMIO rasa yYMThIBa-
eT.

llanee npousBomuTCA IMHeapu3alufA WHTerpana
cTonkHOBeHUH cormacHo ¢opmynam (1) u (2) ¢ coxpa-
HEHHEM CllaraeMbIX, COZepsKallX MarHUTHBIA MOMEHT
MlpennonaraeTcs, 4To B CTONKHOBEHHAX Mapa-
MarHUTHBIX aTOMOB BBLINONHAIOTCH 3aKOHBI COXPAHEHUs
COVHa ¥ PHEPruy BHYTPeHHHUX cocrofumii. Ilpu stom
tepm I, (cM. opmyny (7)), He cBA3aHHBIM ¢ BHeuIHe#
nonsipusanyeii rasa, NPUHAMAaET BHL]

It s lp 2] = 4inm3h2C(p)C (p1) X
x [p—(a,b,p1)((b; b, 2)Tabpa(1,2, P, 2,1, P) —
- ¢(a,a,p)Ty, (2,1, P, 1,2, P)) +
+ p—(a,b,p)(¢(a,a,p1)Tsa,ea(1,1, P, 1,1, P) +
+ To0,00(1,2,P, 1,2, P) — b*a,ba(2’ 1,P,2,1,P) —
— T} (2,2, P,2,2,P)) +
+ ¢(b,b,p1)(Tap,ep(1,1,P,1,1, P) +
+ Tup,e6(1,2, P, 1,2, P) —
— T p5(2,1, P, 2,1, P) = Ty, (2,2, P, 2,2, P))].  (8)

aTtomMa.

lpu uuskux TemnepaTtypax (mna py6umus npu T =
1mrR) neGpoiineBckas [uuHA BOJHBI A\p NPEBBIIAET
nnuHy pacceanus npumepno B 200 pa3 (cm. Boime). Ipu
STOM aMIIUTYAbl paccefiHusa (A MaTpPUUHbIE HIEMEHTBI
T-matpuibl) ¢ XOpOLIeH TOYHOCTHIO MOMHO CUUTAThH Be-
LIeCTBEHHBIMH [2, 7].

Tenepr Bocmonb3yeMcA MHBapuaHTHOM ¢opMoii 3a-
nucu T-MaTpuIs:

Tab,cd(aa /Ba Pa )‘a Hy Q) =
= tab,cd(Pa Q)‘sa)\éﬁu + aab,cd(Pa Q)a-ikaéu' (9)

YueT TOMIECTBEHHOCTM CTalKUBAIOIIUXCA AaTOMOB
B [pPEANONOMEHUM HU3KUX Temmepatyp rasa (s-
paccefiHve) NPUBOAUT K CIEIYIOLUM COOTHOLIEHMAM

AJIA MaTpPUYHBIX 3JIEMEHTOB:

tba,ba = tab,ab; 0ba,ba = 0ab,ab; 0ab,ba = 0ba,ab- (10)

3pech pafy KPaTKOCTH ONYINEeHbI UMIYJIbChl CTAIKUBa-
IOI[AXCA aTOMOB, MOCKOJALKY MMeeTCAl B BUIY, YTO aM-
IIUTYAb] pacCeAHUA MOKHO CYUTATh He 3aBUCALIMMU OT
CKOpocTeil.

IIpu cBepXTOHKOM paclielleHNN YPOBHel MOMHO
CUUTaTh aMIUIUTYAbI yIPYTroro pacceAHUA aTOMOB He 3a-
BUCANIMMYU OT DHEPruM TepMoB. B Takom cryuyae c Xo-
polIeil TOYHOCTbIO MOHO CUUTATh

taa,aa = tbb,bb =t; gaa,aa = obb,bb =4. (11)

C y4yeToM 3TOro npepnojoeHWA HETPYRHO NOJIYYHUTh
g (GepMUOHOB

I} a[py 2] = 4inm®C(p)C (p1) x
X (:u'— (av ba pl)(‘P(b, bap) - (P(a, aap)) X
X (_tab,ab + 2oa,b,ba, + oba,ba) +
+ p— (a‘a b’ p) (QO(b, bapl) - (P(a, a’apl))
X (2ab.ab — toa.as — t — 30pa.ab + 30)). (12)
Ilna 6G030HOB COOTBeTCTBYIOIAaA (opMyjia NpUHUMAaeT
BUJ
Lipa[pr 2] = 4inm®*h?C(p)C(p1) X
x (1 (a,b,21)((6,b,9) — p(a,a,p)) %
X (tba,ba + 20ab,ba - 0ba,ba) +
+ p— (a‘a bap) (90 (b1 bapl) - (av a’apl)) X
X (tabba + 2tba,ba — 3t + 30ap ba — 39))- (13)
B 3Tux ¢opMyaax ciMMeTpHA BOIHOBBIX QYyHKIMI OTHO-

CUTEJIbHO MMepeCTaHOBOK ABYX CTaJKHMBAIOIMINXCA YaCTHUL
yie yUYUThIBaeTCAH.
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MosHO moKasaThb, YTO [Jfl HEBBIPOMIEHHOM CHUCTe-
MBI OAYPOBHEH BbIYMCIEHHEe BelnuuHbl I3, HaeT TOT
me peaynbTat, uto u I, Tombko ¢ 3amenoit (b, b, p) —
¢(a,a,p) va (M2, + M3). Opuaro B ciyyae noaspu-
30BaHHOro rasa I, OTHOCHUTCA TOIBLKO K LUPKYIAPHOM
NoNApPU3ANMYE MarHUTHOTO MOMEHTa, B TO BpemA Kak ]
OT MONAPU3ALUY ra3a yHe He 3aBUCHUT.

OTMeTUM, YTO HECMOTPA Ha CXOJCTBO UHTErpaloB
cronkHoBeHni If, u Ij}, OHM OMUCHIBAIOT pasHble MeXxa-
HU3MbI BO3HUKHOBEHUA CIIUHOBBIX BonH. IlepBoe cnarae-
MO€e OTHOCUTCA K CIIMHOBBIM BOJIHAM B MOJNAPU30BAHHBIX
rasax, TOrja Kak BTOpPOe ONMKCBIBAET HOBOE ABIEHHME —
CNMHOBYIO BOMHY B HENMOJNAPU30BAHHLIX razax ¢ Hepas-
HOBECHOI 3aceleHHOCThIO pabounx ypoBHEil.

Teneps 06paTMMCA K AUCIEPCHMOHHOMY YDPABHEHUIO
ana cnuHoBbIX BonH. OHO BhITeKaeT U3 ypaBHeHwmii (3),
(12) u (13) u uMeeT caepyiomuit BUA:

(kv — @ + wap + 11)(0) = 12 / F0)u(pr)dpr. (1)

B oTnuuue oT cryvas aTOMOB C BBIPO#AEHHOM cUCTeMOi
paGouux ypOBHEl B MONAPM30BaHHOM rase (rae pacmpo-
CTpPaHAIOTCA CIMHOBLIE BOJHBI NUPKYIAPHON HONApU3a-
IIUK), Tenephb ypaBHEHUE OMUCHIBAET BOMHLI I000M MOlfA-
pu3anuu, NOCKONILKY Cpefia B JAHHOM ClIy Yae U30TpOIHa.
Kpowme Toro, ko3 pUUNEHTRI 1y U Vp Telepb Pa3iuyHbI.
Hna ¢pepMuoHoB

v = dnmw3h? (2tab,ab — tba,ab — t — 30ba,ab + 30) X
X ((P(b, b) - QO(G, a‘))a (15)

vy = 477477'352 (_tba,ba + 20ab,ba + 0ba,ba) X
X ((P(b, b) - go(a, a))v (16)
a njsa 6030HOB
vy = Anmi K2 (tab,ba + 2tpa,pa — 3t + 30ab,ba — 30) X

X ((P(b, b) - QO(G, a‘))a (17)

vy = 4n773h2 (tba,ba + 20ab,ba - 0ba,ba) X
x ((b,b) — p(a,a)). (18)

Pemienve ypaBHeHMA B IJMHHOBOJIHOBOM Ipefee
(v1 > kv, vy > kv) umeer cieayowmii BuL:

w—wy = —k*5?/3vs, (19)
rue
Wo = Wap + V1 — V2

" wgp — 4YacToTa Inepexona Mexmay TepMaMu a U b.
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Otnuune OT ciiyvas BBIPO#/JEHHOr0 IIEPEXOA COCTO-
UT B TOM, 410 B opmynax (15)—(18) renepn comepsar-
cAl JBe 4acTOThI CTONIKHOBEHWN — v M Vs (paHee Gblia
oxHa [6]). IlepBan u3 HUX ompeAenfieT HONONHUTENLHbIH
CIBUT YaCTOThI CHUHOBOU BOJTHBI OTHOCUTEILHO YaCTOThI
nepexojia wyp, @ BTOPAA 3aJaeT caMy 4acTOTY CIIUHOBOIA
Bonusl (cM. (19)). Tenepr B MHTErpa; CTOIKHOBEHMUI
JaeT BRJIAJ MpPOLECC Pe30HaHCHOro o6MeHa 3HeprufAMu
Mem ]y paGouyuMu yPOBHAMU B CTONKHOBEHUAX MEMIY
aToMaMM C NPOTHBOMONOMHO HANpPaBIEHHBIMY CIMHAMU
(cnaraemsle tgp pg ¥ 4p ba)-

O6Gcysaenne. OCHOBHBIM pe3ynhTATOM HacToAled
paboThl ABNAETCA NpeAcKasaHiie HOBOIO TUIA CIUHOBBIX
BOIIH B MapaMarHUTHAIX ra3ax ¢ HeBBIPOMIEHHOU cUcTe-
MO¥t YpOBHe# B 0TCYyTCTBUe BHelnHeit noaapusanuu. He-
06X0AMMBIM yCIOBUEM CYIECTBOBAHUA TAKUX BOIH fB-
nfieTcA HEpPaBHOBECHAA 3aCEleHHOCTh pafouyux ypoBHei:
BennunHa Ap = ¢(a,a) — p(b,b) # 0. JlucnepcuoH-
HOE COOTHOLIEHUE Al 3TUX BOIH AaetcA popmyoi (19).
CKOpOoCTh BOJH He 3aBUCHUT OT UX nonfgpusanuu. B cuy-
yae MONAPU30BAHHOIO rasa, Kak U3BECTHO, CYLUIeCTBYIOT
TONBKO UPKYIAPHO MONAPU30BAHHEIE CTUHOBLIE BOMHBI.

OTMeTuM, YTO MpHU [JOCTATOYHO HU3KUX TeMIepa-
Typax 3acelieH TONLKO HUMHUI ypoBeHh mepexona. B
yacTHOCTH, B napax py6unua npu T = 0.6 MeK 3ace-
JeHUe BepPXHEro YpPOBHA CBEPXTOHKOrO Mepexoja ocy-
I[ECTBIANOCH C MOMOUILIO PagMO4YacTOTHOTO TeHepaTo-
pa, mpruYeM MOIHOCThL reHepaTopa moabupanack TAKUM
o6pa3oM, uTOGRI BRIPABHATH 3aCENEHHOCTH MOAYPOBHENH
(w/2-ummnyasc) [2]. IIpu sTom Benrnuuna Ay = 0, u onu-
chIBaeMble B HacTofAlleil paGoTe BONHBI, MO-BUAUMOMY,
He BO3HUKAIOT. OnTUManbHOE YCJIOBHE ANA BO3HUKHO-
BEeHUA HOBOro TUMa BOIH — 310 Ay =~ 1. Jlna KoHKpeT-
HBIX MEPEeX0J0B HeoOXOAMMO YUMTHIBAThH MOMNPaBKY Ha
CTaTUCTUYECKIE Beca ypPOBHEIA.

BamHo 0oTMETUTBh, YTO B mapax pyOUAMA MOIYYEHBI
aHOMallbHO CHIIbHbIE CIMHOBBIE BONHBI [2, 3]. dTO 03Ha-
YyaeT, UTO BeIMYMHA V3, KOTOpafd Telnepb BKIOYAET U
pe3oHaHCHBI 00MeH BO30y:IEHUAMU, NOCTAaTOYHO Be-
nuka. Crefyer NOAUEPKHYTh, YTO BelIUYUHA Vg OMpee-
JfieT BO3MOMHOCTh CYLIECTBOBaHNA CIMHOBBIX BONH Kak
B MONAPU30BAHHOM, TAK U B HEPABHOBECHOM HeEMONfApU-
30BaHHOM rase (cM. Beime). B cBaAsu ¢ 3TUM creny-
€T OUJaTh BO3HUKHOBEHHUA [JOCTATOYHO CHUIBLHBIX CIIH-
HOBBIX BONH HOBoro Tuma (6e3 monspusaunuy rasa) npu
HEpaBHOBECHON 3aceleHHOCTH ypoBHeil: Ay =~ 1 (cMm.
(14)).

AsTope! Gnarogapar U.JI. Beiirmana 3a monesxoe o6-
Cy#JIeHUe MPOLECCOB PE30HaHCHOro o6MeHa BO30YyHIe-
HUAIMH TOMAECTBEHHBIX vacTuy. Pa6oTa BbINONHEHA
npu ¢uHaHcOBo# moamepske Poccuiickoro ¢ouma ¢yH-
JaMeHTanbHBIX uccaenoBanuii (rpant # 05-02-17460).
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