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The generalized Landau - Lifshitz equation for any magnetic order parame
ter is derived. This equation allows an adequate consideration of symmetry of a 
crystal at all stages. Besides, the equation for the description of dynamics. of a 
complex antiferromagnet is obtained by a unique algorithm and does not require 
introduction of additional assumptions, except for those, which appear in the clas
sical work of Landau and Lifshitz. 
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1 BBe,.a;eH:ue 

Ilocne pa6oT BnpMaHa [1] H ryqiaHa (2, 3], a TaK)Ke 6onee II03.r(HHX pa6oT 

pg;ia .npyrnx HCCJie.noaaTeJieii:, B q>eHOMeHOJIOrH'leCKOH TeopHH q>a30BhIX ne

pexo.noB JlaH.nay npOH30illJia Ta KaHOHH3aUmI MeTOJ(OB H .113h1Ka [4], KOTOpa.11 

CBHJ(eTeJibCTByeT O npeBpameHHH 3TOro pa3.nena TepMOJ(HHaMHKH B COBep

meHHO o6HOBJieHHYIO H caMOCTO.IITeJihHYIO Hay'IHYIO .nncnnnnnHy. AnropHTM 

nccne.noaaHH.11 TepMo.nnHaMHKH KpHcTanna, HJIH HHOH q>H3H'leCKOH cncTeMhl c 

CHMMeTpHeii, npno6peJI IlO'ITH TaKyIO )Ke CTpOHHOCTb H OJ(H03Ha'IHOCTb, KOTO

poii xapaKTepH3YIOTC.II MeTOJ(hl KJiaCCH'leCKOH MeXaHHKH. K CO)KaJieHHIO, npH 

nccne.noaaHHH J(HHaMH'leCKHX CBOHCTB TOH )Ke cncTeMhl ynoM.11HyTa.11 cTpofl

HOCTb H OJ(H03HaqHQCTb penenTOB TepxeTC.11, H qacTO npHXOJ(HTC.11 npn6eraTb 

K Heonpaa.naHHO 6oJibillOMY 'IHCJIY npoH3BOJibHhIX npe.nnoJio)KeHHH. Me)K.ny 

TeM, KaK OKa3hIBaeTC.II, HeT HHKaKHX npen.lITCTBHH K TOMY' 'ITOOhl OO'beJ(H

HHTb MeTOJ(hl HCCJie.noaamrn TepMOJ(HHaMH'leCKHX CBOHCTB C MeTo.naMH HCCJie

J(OBaHH.11 J(HHaMH'leCKHX CBOHCTB, Mhl XOTHM npo.neMOHCTpHpOBaTb B03MO)K

HOCTH TaKoh> e.nHHOro no.nxo.na Ha npHMepe CJIO)KHOro aHTHq>eppoMarHeTHKa, 

MarHHTHOe ynop.lIJ(O'leHHe B KOTOpOM XapaKTepH3yeTC.II MHOroKOMilOHeHTHhIM 

napaMeTpOM IlOp.lIJ(Ka C, ·nn.11 31'0ro Mhl o6o6mHM KJiaCCH'leCKoe ypaaHeHHe 

JlaH.nay~Jlnqimnna .[{JI.II qieppoMarHHTHOro MOMeHTa Ha npoH3B0JlbHhIH Mar

HHTHhIH napaMeTp nopg;iKa c. 

2 BhIBo..a; o6o6meHHoro ypanHeH:u.a: JlaH..a;ay-,

JI:u4>m:un;a _ 

YpaaHeHHe JlaH.nay-JlHq>IIIHUll. .nmt BeKTopa CilOiITaHHOH HaMarHH'leHHOCTH 

M HMeeT cne.ny~mnfl sn.n [5]: 

. 
8
:{ = '. [He11M] + R, (1) 

r.ne 'Y - rHpoMarHHTHOe OTHomeHHej R - penaKcaUHOHHhIH 'IJieH, OTBe'laIO

mnfl 3a J(HCCHilaUHIO 3Heprm,: CilHHOBhIX BOJIH H HMeIOmHii peJI.IITHBHCTCKOe 

nponcxmK.neHHe. 8qiqieKTHBHOe MarHHTHoe none He/ I onpe.nen.11eTc.11 H3 Tep

MOJ(HiiaMH<iecKoro · no-reHnnana qieppoMarHeTn;Ka· c noMOinbIO aapnannoHHOH 

npoH3BOJ(HOH [5; 6]: ; ' 1 

8F 
He//= BM'. (2) 

IlepennmeM ypaBHeHHe (1) B Teii3opHoii: qiopMe (a npeHe6pe)KeHHH penaKca

nnoHHhIM 'IJieHOM) 



3,necb JI ,naJiee Mhl ITo,npa3yMeBaeM cyMMttpoBamie ITO ITOBTOpI!IOIUeMycll ( He

MOMY) HHACKCY ll He 6y,neM IIHCaTb 3HaKa cyMMbI. 8rreMeHTbl aHTHCHMMC

Tpll'IHOM MaTpHUhI fl;k = -flki Bbipa)KaIOTCII '!epe3 KOMITOHCHTbl BCKTOpa 

n == -yHef/ C ITOMOIUbIO a6COJIIOTHO aHTJICJIMMeTpll'IHOro CAHHll'IHOro TeH-

30pa JleBII-9ttBHTa 

nik = .:_fik1n,. (4) 

BbIBe,neM aHaJIOr ypa13HCHHII (3) AJIII CIIHHOBbIX .BOJIH. B CJIO)KHOYITOPIIAO'ICH

HOM aHTJI<peppoMarHeTHKe, MarHHTHOe yITopIIAO'ICHHe B KOTopoM :oITHCbIBllr 

eT,qI MHOJ:VKO¥ITOH(!HTHbIM ITapaMeTpOM ITOpI!,nKa. c. B COCTOIIHllll TepMOAHHa

Mll'ICCKOro paBHOBCCllll, cpe,nHee 3Ha'ICHHC ,MarHJITHOro MOMCHTa m( r) aTOMa 

Ha y3rre KpHCTaJIJIH'l,eCKQM peIIIeTK~ ~ oITpe.nerrlleTcll Bhlpa)K~HHeM . · 

m(r) ,;,.Lq • </>;(~), (5) 

r.ne </>;( r) ·. - BeKTOpHbie 6a3HCHble <pyHKUIIH. HeITpHBOAHMOro ITpe,ncTaBJICHllll 

(HIT), ITO Ko1;op0My ITpeo6pa3yeTC.ll napaMeTp ITop.ll,nKa c. lho6br paccMo-

TpeTb ,nunaMHKY MarHHTHOM ITOACJICTCMhI, 6y.neM.C'IHTaTb, 'ITO cpe,nnee 3Ha~ 

'ICHIIe MarHHTHoro MOMCHTa 3aBHCJIT OT BpeMenu, ll 3Ta 3aBHCHMOCTh OT Bpe~ 

MCHH onpe,neJIIICTC.ll 3aBHCllMOCTbIO OT BpeMeHH napaMeTpa nop.ll,nKa c(t), TaK 

'ITO HMeeM: 

m(r, t) = L c;(t) · </>;(r). (6) 

ITpe.nIToJIO)KJIM, 'ITO II3MeiieHtte BeKTopa m(r, t) so':speMeHH ITpe,ncTaBJII!eT co--

6on: ITpeuecciro 3TOro BCKTOpa BOKpyr HCKOTOporo HaITpaBJICHll.ll B npocTpan

CTBC 6e3 H3MCHCHJI.ll ,nJIIIHhI 3TOro BeKTOpa. cl>JI3JI'ICCKH, coxpaHeHHC MOAYJIII 

m 03Ha'!aeT TO, 'ITO BeJill'IHHa aT~MHOro MarHHTHOro MOMCHTa onpe,neJIJICTCII 

ropa3,no 6orree CHJihHbIMll BHyTpHaTOMHbIMll B3aHMOACMC':fBll.llMH, .'ICM B3aHMO-

,neMCTBH.ll, onpe,neJIJIIOIUlle YITOp.ll,nO'ICHHe H AHHaMHKY MarHHTHbIX MOMCHTOB. 

TaK· KaK 6a3HCHhle <pyHKUHH' HIT </>;( r) y,nosrreTBop.llIOT cooTHOilleHHIO opToro-

HaJihHOCTH </>;(r )</>k(r) = d;k, TO, B03BOA.ll o6e '!aCTH paBeHCTBa (6) B KBa.npaT, 

IlOJIY'IHM: 

m2(r,t)= Ecl(t). (7) 

TaK KaK KBa.npaT Mo,nyJI.ll BeKTOpa m eCTh, no HameMy npe.nITOJIO)KeHHIO, B~ 

JIH'IHHa ITOCTOJIHHall, TO, B3.l1B npoH3BOAHYIO no BpeMeHH OT. o6emc '!aCTen: 

paBeHCTBa (7), ITOJIY'IHM 

a~ '-' ac; 
m • -· = L.,C·-·::::: 0. at i • at 

2 

(8) 

"' 

MbI BHAHM ll3 (8), 'ITO CKOpOCTb ll3MCHCllllll.BCKTOpa m op~oroHaJihHa caMOMY 

3TOMY BCKTopy, a ITpaBall '!aCTb 3TOro ypaBHCHllll MO)KCT 6bITb 3aITHCaHa TaK: 

C. ac = 0. at (9) 

To CCTb ITapaMeTp ITOpll,nKa C ITpeueccnpyeT B n-MepHOM .neMCTBHTCJibHOM 

CBKJIHAOBOM npocTpaHCTBe ( f- npocTpaHCTBe ITO [2] llJill npOCTpaHCTBe o6pa3a 

ITO (4]) corrracHO ypaBHeHHIO 

ac; 
- =fl;kCf. at (10) 

B MHOroMepHOM ITpOcTpaHCTBe, KaK ll B o6bl'!HOM TpexMepHOM, MO)KHO norry

'lllTb BeKTOp ·n ITyTeM B3BTH.ll BapttaUHOHHOM ITpOll3BOAHOM: 

0 _aF 
ac' (11) 

r.ne n y)Ke He TpexMepHbIM, a n-MepHbIM BeKTOp B ITpOCTpaHCTBe napaMeTpa 

nop.ll,nKa. Ho B npocTpaHCTBe, pa3MepHOCTb KOToporo 60JibIIIe Tpex, Mb! y)Ke 

He MO)KeM Bbipa3HTb KOMilOHCHTbI aHTHCHMMeTpH'IHOro TCH30pa fl;k 'Iepe3 

KOMITOHeHTbI BeKTopa n. TaKHM o6pa30M, TpacpapeTHOe o6o6m:eHHe ypaBH~ 

H_HII ( 1) B03MO)KHO TOJihKO .no ,ll3BeCTHOM CTeITeHH. ll AJI.ll noJiy'leHH.ll co,nep)Ka

TeJibHbIX pe3yJibTaTOB Tpe6yroTCII AOITOJIHJITeJibHble <pll3ll'leCKHe coo6pa)K~ 

Hll.ll. 

3 .IIaJibHeiimrur K0HKpeTH3aIU,UI MeTo.n;aMlf 

,n11qupepeHIJ;lfaJibHOH reoMeTpllll 
. . 

KaK xopoIIIo H3BeCTHO [7], B n-MepHoM ITpocipaHCTBe cym:ecTByeT opToHop-

MttpoBaHHbIM 6a:3ii:c, B KOTOpOM aHTllCHMMeTpll'IHall MaTpnua HMeeT MaKCll~ 

MaJibHO npocTOM (KaHOHH'leCKHH) Bll,n. KoMnaKTHYIO ll KOBapnaHTHyro 3aITHCb 

HJ:lKHhIX HaM cooTHomeHnn: y,no6nee Bcero ITOJIY'lllTh, HCITOJih3Y.ll 3JieMeHThI 

TeOpHH BHeIIIHHX q>OpM [8, 9]. AHTHCHMMeTpll'IHOM MaTpHUe COOTBeTCTByeT 

6nBeKTOp ·n, KOTOpbIH Bbipa)KaeTCII qepe3 KOMITOHeHThl 3TOM MaTpHUbI crre,ny-
IOIUHM o6pa30M: . . . . 

n = O;;e; I\ e;, (12) 

a'· BHeIIIHee npOll3Be,neHne 6a3HCHbIX• BeKTOpOB aHTHCHMMeTpll'IHO: e; I\ e; = 
-e; I\_ e;. l3 KaHOHH'leCKOM 6a3ttce pa3JIO)KeHHe 6u~eKTopa HMeeT BH.n 

n = Ew'a' Ab' . (13) 
• 
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51BHalf 3anHCb q>OpMJJlbl H ee reoMeTpHqecKoe TOJIKOBaHHe HeCKOJibKO OT

JIHqaJOTClf ,llJilf cnyqalf qeTHO-MepHoro H HeqeTHO-MepHoro eBKJIH,llOBblX rrpo

CTpaHCTB. llanee, aHTHCHMMeTpHqHyJO MaTpHUY H COOTBeTCTBJJOIUHll en: 6H

BeKTOp 6y,n:eM 0603HaqaTb O,llHHM H TeM )KC CHMBOJIOM fl. 

PaccMoTpHM BHaqane qeTHo-MepHbln: cnyqan: n = 2r. Tor.n:a, cyMMHpoBa

HHe B qiopMyJie (13) H.D:eT OT s = 2 .n:o s = r. B n;mcK<;>CTH, orrpe.n:enaeMon: qa-

3HCHblMH BeKTopaMH ( a 1, b1
), BpameHHlf BeKTopa c He rrponcxo.n:HT. B Ka)K.n:on: 

H3 nnocKocTen:, onpe.n:enaeMblX napon: BeKTopoB ( a\,b"), rrpoH_cxo,n:HT Bparue

HHe BeKTOpa cc yrJIOB0ll CKOpOCTb!O w •. OTMeTHM, qTo o6'be,llHHeHHe BeKTO

poa KaHOHHqecKoro 6aJHCa B rrapbl ( a•, b")npo,n:HKTOBaHO cne,n:yJOIUHM o6CTO

lfTeJibCTBOM: co6CTBeHHble 3Haqeiin.ii aHTHCHMMeTpHqHOll MaTpHUbl lfBJllfJOTClf 

qncTO MHHMb1¥Hj. flz. 8 = iw,z•, a COOTBeTCTBYJOIUHe co6CTBeHHble Bel(TOPbl 

lfBJilfIOTClf KOMnJieK<::~blMH: z•· = a• +Jb" [7, 8] .. B.blpa3HM KOMnoHeHTbl 6H

BeKTOpa f!;; qepe3 co6CTBeHHble 3HaqeHHlf w,, KOTOpble, 6e3 noTepH o6IUHO

CTH, MO)KHO cqHTaTb noJIO)KHTeJibHl>IMH H ynopa,n:oqeHHblMH no BeJIHqHHe [7]. 
llna 3Toro cne.n:yeT Bblpa3HTb BeKTOpbl KaHOHHqecKoro 6aJHca {a•, b8

} qe

pe3 HCXO,llHblll OpTOHOp?.1HpOBi3-HHblll 6a3HC B f-npocTpaHc:rne,{e;}: a•~ aiei, 
b' = b';e;. Ilo,ncTaBJilflf 3TH pa3JIO)KeHHlf B (13) H yqnTblBalf CBoii:cTBa BHeIU

Hero YMHO)KeH_Hlf 6aJHCHblX_ BeKTOpoB, nonyqaeM_ HC~OMJIO.CBlf3b:_ 

r 

f!;; = :E w ( af bJ - aJb:) . (14) 
•=2 

B HeqeTHO-MepHOM f-npocTpaHCTBe CJMMHpOBaHHe B q>OpMyJie (14) HaqHHa

eTClf Cs = 1, TaK KaK B 3TOM cnyqae, ,llJllf fl-MaTpHUbl o6ruero BH.D:a, HMeeTClf 

TOJlbKO 0,llHOMepHoe rro.n:npocTpaHCTBO, HHBapHaHTHOe OTHOCHTeJibHO noBopo-

TOB BoKpyr cooTBeTcTBYJOIUero HanJ)aBJieHHlf [7]. ' 
l.JHCTO anre6paHqecKHe paccy)K,n:eHHlf • npHB0,lllfT K B03M0)KH0CTH cyme

CTBOBaHHlf r - 2 pa3JIHqlibJX co6CTBeHHblX 3HaqeHHH y 11-MaTpHUbl H B qeTHO

MepHOM (n = 2r), H B Ji:eqeTHO-MepHOM (n = 2r - 1) CJiyqae npH OTCJT

CTBHH BblpO)K,lleHHlf. B TpexMepHOM npocTpaHCTBe cym;eCTBOBaJIO TOJlbKO 

O,llHO co6CTBeHHOe 3Haqemre 11-MaTpHUbl, KOTOpoe on:pe,n:eJilfJIOCb Mo,n:yJieM BeK

Topa {l = ,He//· l.JT06bl TepMO,llHHaMHqecKHe pacCJ)K,lleHHlf MOrJIH 3aMbl

KaTb Hamy cxeMy H B n-MepHOM cnyqae, Mbl .n:onycTHM, qTo co6cTBeHHble 

3HaqeHHX 11- MaTpHUbl BblpO)K,lleHbl H HX KBa,n:paTbl j>aBHbl BeJIHqHHe 

w: =w2 = 8F8F 
8c; 8c; · 

(15) 

<l>H3HqecKH, -i-aKoe Tpe6oBaHHe npe.n:cTaBJilfeTCJI onpaB,ll;aHHblM, TaK KaK He

B?3MO)KHO npe.n:cTaBHTb, qTofibl BHemHee none qacTOTbl W npHBO,ll;HJIO K KOJie-

6aHHlfM c pa3HblMH qacTOTaMH B pa3HbIX nJIOCKOCTJIX. 

4 

l) 

) 

KocHeMca Tenepb onpe.n:eneHHlf KaHoHHqecKoro 6aJHca {a•, b"}. B KOH

KpeTHOM cnyqae pacqeTa cneKTpa HH3KoqacTOTHblX KOJie6aHHii MarHHTHOro 

rrapaMeTpa rropa.n:Ka C MO)KHO -Bbl,ll;eJIHTb HHBapHaHTHYJO nJIOCKOCTb npH n = 
2r HJIH HHBapHaHTHOe HanpaBJieHHe npH n = 2r - 1. IlpH 3TOM BeKTOpbI 

{a•' b8
} o6pa3JJOT 6aJHC B opTOrDHaJibHOM .n:onoJIHeHHH K 3THM HHBapHaHT

HblM rro.n:npocTpaHCTBaM. · OTMeTHM, qTo cTaH.n:apTHhlii anre6paHqecKHii an

ropHTM HaxmK.n:eHHlf opTOHOpMHpOBaHHOro 6aJHCa B OpT0rDHaJibHOM .n:onOJIHe

HHH K HeKoT9poMy HHBapnaHTHOMY no.n:npocTpaHCTBY npHBe,ll;eH,' HanpHMep, 

B [8]. . 

4 3aKJIIO"CJeHHe 

IlpH HCCJie,ll;OBaHHH ,ll;HHaMHKH KOHKpeTHOro KpHCTaJIJia napaMeTp nopx.n:Ka 

y.n:o6HO pa3JIO)KHTb Ha KpHTHqecKHll H HeKpHTHqecKHe rrapaMeTpbI ,nopx,nia, 

npeo6pa3JJOIUHeClf no pa3JIHqHbIM HIT rpynnbl CHMMeTpHH napaMarHHTHOro 

KpHCTaJIJia; IlpH TaKOM cnoco6e paCCMOTpeHHJI KpHTHqecKHM 6y.n:eT MarHHT

HbIH rrapaMeTp nopR,n:Ka, a cpe,n:H HeKpHTHqecKHX MoryT 6b1Tb H TaKHe, KO

TOpble onHCbIBaIOT HeMarHHTHble CTeneHH CBOOO,llbl KpHCTaJIJia, HanpHMep, 

yrrpyrHe KOJie6aHHl{ KpHCTaJIJia HJIH KOJie6aHHlf 3JieKTpHqecKOH nOJIRpH3aUHH 

B cerHeToMarHeTHKax. TaK KaK KOMnoHeHTbl JIJ06oro H3 BTOpHqHbIX napa

MeTpoB rropx.n:Ka BXO,ll;lfT B noi-eHD;HaJI B BH,lle KBa.n:paTHqHoro HHBapHaHTa H 

B BH,lle CMemaHHbIX HHBapHaHTOB, . JIHHeHHbIX no K0MilOHeHTaM BTOpHqHoro 

rrapaMeTpa rropx.n:Ka H HeJIHHeHHblX no KOMilOHeHTaM KpHTHqecK0ro napaMe

Tpa nopx.n:Ka [10], TO ,ll;HHaMHqecirne ypaBHeHHll ,ll;Jll{ Ka)K,ll;Oro H3 BTOpHqHbIX 

napaM~TpOB nopg,n:Ka HMeJOT YHHBepCaJibHblii H 6onee npocroii BH.D:, qeM ana

JIOrHqHoe yp~BHeHHe .n:na KpHTHqecKoro napaMeTpa rropg,n:Ka. 

IlpH o6cy)K,neHHH Bonpoca 0 cnHH-BOJIHOBOH qacTOTe B JlHTepaType 

( CM. [11] H CCbIJIKH K [11]) pa3BepHyJiaCb IllHpOKalf ,ll;HCKYCCH O cnpaBe,n:JIHBO

CTH MO.lleJIH "3acTbIBmeii" pemeTKH, HJIH, Hanp0THB, "cBo6o.n:Hoii" pemeTKH. 

B HameM no.n:xo.n:e CHTyan;Hll npORBJIReTClf CTOJlb npo3paqHbIM o6pa3oM, qTo 

MeCTa .llJll{ .llHCKJCCHH He 0CTaeTCl{. lleiiCTBHTeJibHO, H3 H3JIO)KeHHOro Bblllie 

lfCHO, qTo Mbl paccMaTpHBaeM ,ll;HHaMHKY Ha· q>OHe ycTaHOBHBmerocR paBHO

BeCHoro COCTOlfHHll. Ilonaraa, qTo nepeMeHHalf COCTaBJil{IOIIJ;alf no MO.llJJIIO 

3HaqHTeJibHO MeHbllie paBH0BeCHOro 3HaqeHHl{ napaMeTpa nopg,n:Ka:H JIHHea

pH3Yll ypaBHeHHe Jlan.n:ay-JIHq>IllHD;a (10) CTaH,ll;apTHbIM cnoco6oM, Mbl nony

qaeM JIHHeiiHoe ypaBHeHHe Ha q>OHe "3aCTbIBilleii" pemeTKH. "3acTbIBllialf" 

pemeTKa, B Ka)K.lloii: H3 HH3K0CHMMeTpHqHbIX q>a3, xapaKTepH3yeTCl{ paBHO

BeCHbIMH 3HaqeHHRMH KpHTHqecKoro Ccr H HeKpHTHqecKHX Cj napaMeTpOB no

pg,n:Ka, BXO,ll;SIIIJ;HX B IlOJIHblii KOH,neHCaT CTaD;HOHapltbIX BeKTOp0B, a TaK)Ke 

cooTBeTCTByIOm;eii rpynimii CHMMeTpHH Gv. · ECJIH )Ke paccMaTpHBaeTcJI 3Bo-

5· 



moum1 napaMeTpOB nop.smKa H3 CHJihHO HepaBHOBeCHOro COCTO.l1Hm1, TO no.n
xo.n, OCHOBaHHhlH Ha ypaBHeHHH JlaH,nay-Jimt>mHua, -He ro.nHTC.11, H cne.nyeT 
npHMeH.llTh cymecTBeHHO HHhle MeTO.llhl HCCJie,llOBaHH.11, H3JIO)KeHHhle, HanpH
Mep, B [12]. 

Cne.nyeT OTMeTHTh, 'ITO npH p.sme ycnoBHH ( cBepxToHKHe nneHKH, cM., 
HanpHMep, .[13], HJIH HaJIH'IHe cna6oro 4>eppoMarHeTH3Ma, HanpHMep, [14]) 
OCHOBHa.11 tJaCTh. MHKpoMarHeTH3Ma B ~arHeTHKe "pacxo,~zyeTC.ll" Ha C03,lla
HHe BHXpeBhlX CTpyKTyp. . Tor.na ODHCaHHe HX noBe.neHH.ll KaK Me30CKODH
'l~CKHX o6pa30B~HHH Tpe6yeT HCDOJih30BaHH.ll aHaJIOra ypaBHeHH.ll JlaH,nay
Jin4>mHUa, ODHChlBaIOlll;ero 3BOJIIOUHIO TOPOH.llHhlX .llHDOJie:ii [15, 16]. Onnca
HHe )KC MarHHTHOH cpe.nhl B 3TOM cnyqae 6y.neT npOH3B0.llHThC.ll TaK)KC MO,llH-
4>nunpoBaHHhlMH ypaBHeHH.llMH MaKCBeJIJia [17, 18] .. 
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