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OBIIJ;AH XAP AKTEPMCTMKA P ABOTbI 

AKTyanhHOCTh TeMbI. 

B Ha"<Iarre 1986 roµ;a K.A.Mronnep 11 fi.r.Beµ;Hop~ o6Hapy)KllJIH rro­

HBJieH11e cnepxrrpoBOl];llMOCTlI B KyrrpaTe naHTaHa C IIpllMCCHMlI aTO­

MOB 6ap115I rrp11 TeMrrepaType OKOJ10 35 K. 8To OTKpbITlie Bhmnano 

orpoMHhIH rroToK 11ccneµ;onaH11n 11 rry6n11Ka~ri. 3a rrocneµ;yrorn;11e roµ;1,1 

6bIJill OTKpbITbl HOBbie KJiaCCbl BblCOKOTeMrrepaTypHbIX cnepxrrpoBOl];Hll­

KOB (BTCII) c TeMrrepaTypaMH rrepexoµ;a µ;o 160 K ( TaKyro peKop­

µ;Hyro Ha cerop;HHIIIHHn: p;eHh TeMrrepaTypy cBepxnponop;Hrn;ero rrepexoµ;a 

HMeeT rroµ; BhICOKlIM µ;anneHlleM coep;11HeH11e HgBa2Can-l CunO 2n+2+c 
rrpn n ~ 3). 

8Kcrrep11MeHTbl ITO 11:JMepeHIIIO KBaHTa MarHlITHoro IIOTOKa, Ha-

6nrop;eHHe cTyrreHeK IIIan11po Ha nonhT-aMrrepHon xapaKTep11cT1IKe n 

HCCTaIJ;lIOHapHOM acJ>cpeKTe ,Il;)K03ecpcoHa, 3KCIIepHMCHThl no AHµ;pee­

BCKOMY 0Tpa)KeH1110, a TaK)Ke 11nMepeH11e cp;B11ra Han:Ta yKanbIBaIOT 

Ha Ham1~11e KyrrepOBCKlIX nap C HyrreBblM lIMIIYJibCOM lI CIIllHOM, XOTH 

MexaHH3M, 1IplIBOl];5Illl;lIH K crrap11BaH11IO, OCTaeTC5I He5ICHbIM. 

C BOIIpOCOM O MllKpOCKOIIII~ecKOM MeXaHII3Me CBepxrrpoBOl];llMO­

CTll TCCHO CB5I[JaHa µ;pyraJI, He MeHee llHTepeCHaJI npo6rreMa, - on11ca­

Hlle arreKTpOHHhIX cnoucTB BTCII. n HopMaJibHon: cpane. AnhTepHaT11-

noii: o6bI"<IHOH cJ>epMll-)Klll];KOCTHOll KapTllHe HOpMaJibHOro COCTOirHll5I 

BTCII ocTaeTcH Teop11H AHµ;epcoHa, ocHonaHHaJI Ha nµ;ee o panµ;erre­

Hllll CIIHHOBblX' 11 nap5Il];OBbIX CTeneHell cno6op;b1 rrp11 HaJIH"<Ill~ CIIJib­

HhIX op;HoynerrhHhIX KynoHOBCKHX Koppen.Hn;11n:. Oµ;HaKO µ;nH BTCII B 

MCTaJIJill~eCKOH cpane 3KCIIepHMCHTaJihHO Ha6nroµ;aeTCH l];OCTaTO"<IHO xo­

po~o onpeµ;eneHHaJI 6onhIIIaJI rronepxHOCTh <l>epM11, "<ITO xapaKTepHo 

l];JIH o6bl~HbIX MeTaJIJIOB. IIoaTOMY llCIIOJib30BaHIIe o6bI~Horo cJ>epMU­

)Klll];KOCTHOro rroµ;xoµ;a gnH BTCII, Haxop;Hrn;11xc.H B MeTann11~ecKon: 

cpan.e, rrpeµ;cTaBnHeTcH nrrorrHe µ;onycTllMhIM. 

C µ;pyroii: CTOpOHhI, HMCIOTC5I l];OKanaTeJibCTBa Toro, '<ITO 3JICKTpOH­

cpoHOHHOe nnauMop;encTn11e µ;aeT BKnaµ; B cnepxnponogHrn;ee cnapnna­

Hlle. 8To, Bo-nepnhlx, 11no~on11~ecK11n acJ>cpeKT (M8) - 11nMeHeHIIe TeM­

nepaTyphl cnepxnponoµ;m~ero rrepexoµ;a np11 1mMeHeHu11 Maccbl aTo­

MOB. ,Il;nH KOJill"<ICCTBCHHOro 0IIIICaHll5I 3Toro acJ>cpeKTa BBOl];HTCH cpaKTOp 
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1I8 p;mr aTOMOB copTa i: 

a;= 
81n Tc 
81n M;' 

(Tc ~ M;-a; ), 

rp;e M; - Macca aToMa copTa i, Tc - TeMITepaTypa cBepxITpoBop;.lI-

11\ero ITepexop;a. 0Klli3aJIOCh, 'ITO II30TOITII'leCKIIll q>aKTOp p;Jrn KIICno­

pop;a CIInhHO 3aBIICIIT OT ITPIIMeCII p;OITIIPYIO!l\IIX aneMeHTOB, MeH.lI.l!Ch B 

p;IIaITa30He OT HeCKOnhKIIX COThIX p;o 3Ha'!eHIII1, ITpeBbllllaIO!l\IIX 0.5 (Ha­

ITpIIMep B La1.88Sr0.12Cu04 pa□nII'IHhie aKcITepIIMeHThI p;aroT □Ha'!eHII.lI 

a OT 0.6 p;o 1.1), 'ITO Heo6'b.l!CHIIMO B paMKax TeopIIII BKIII. 

Bo-BTOpbIX, II3MeHeHIIe '!aCTOThI II 3aTyxaHII.lI HeKOTOpbIX OITTII'le­

CKIIX Mop; ITpII ITOHII2KeHIIII TeMITepaTyphI HII)Ke Tc B 0KCITepIIMeHTax ITO 

KOM6Irna~HOHHOMY pacce.l!HIIIO. 

B-TpeTbIIX, HanII'!He aHOManIIii: B p;IIHaMIIKe pellleTKII, Ha6nrop;ae­

MhIX B llIIIpOKOM p;IIaITa30He TeMITepaTyp, H HX II3MeHeHIIe ITPII ITepexop;e 

'!epen Tc. TaK, 0KcITepm.1:eHThI ITO p;IIq>paK~HII peHTreHoBcKHX ny'!eii: 06-

Hapy2K1rnaroT HecKonhKO cTpyKTYPHhIX q>a□OBhIX ITepexop;oB (C<I>II) Ha 

T-x p;IIarpaMMe p;n.l! coep;uHeHuii: La2_xMexGu04, KOTOpbie CB.lI3aHhI c 

KOHp;eHca~IIeii: M.l!rKHX Mop; TIIITa "Ka'!aHH.lI" C BOnHOBhIM BeKTOpOM Ha 

rpaHII~e □OHhI BpIInnroaHa. IlpII 0TOM ITop;aBneHIIe cBepxITpoBop;IIMOCTII 

B La2:...xBa/]u04 ITPII x=0.125 (ITpoBan B naBIICHMOCTH Tc(x)) Haxo­

p;HTC.l! BO B3aIIMOCB.lI3II co C<l>II un LTO (ITpocTpaHCTBeHHM rpyITITa 

D~V B LTT q>any (D~i). IlpII aToii: 2Ke KOH~eHTpa~IIII ITpIIMeCII B 

La2'-xSrxCu04 Ha6nro;a;aeTC.lI CKa'IOK 1I8. 

TaKIIM o6plli30M, panpa60TKa HOBhIX H MOp;IIq>IIKa~II.lI y2Ke cyll\e­

CTBYIO!l\HX aneKTpOH-q>OHOHHhIX MexaHII3MOB CITapIIBaHII.lI .l!Bn.l!eTC.lI 

BeCbMa aKTyanhHoii: ITpo6neMoii:. 

B p;IIccepTa~HOHHoii: pa6oTe paccMaTpIIBaeTc.lI aHrapMOHII'leCKaJI 

Mop;enb BTCII, ITpe;a;no2KeHHM H.M.IInaKIIp;oii:, B.JLAKceHOBhIM II 

C.,II;peKcnepoM. B aToii: Mop;enII ITpep;ITonaraeTc.lI, 'ITO aneKTpoH­

q>oHOHHoe B3aHMOp;eii:cTBIIe M02KeT ycunIIBaTbC.lI na C'leT pocTa BOC­

ITpIIIIM'llIBOC~H pellleTKII un-na ee CM.l!r'leHII.lI ITPII C<I>II. 

Ha cerop;H.l!llIHIIH p;eHh, Kor;a;a ITpe;a;nmKeHo 6onee cTa TpIIp;~aTII pan­

nII'IHhIX MexaHII3MOB BhICOKOTeMITCpaTypHOll CBepxITpOBO)];IIMOCTII, aK­

TyanhHOH nap;a'!eii: CTaHOBIITC.lI BhI.lIBJICHIIC Ka'!eCTBeHHhIX q>II3II'ieCKIIX 

aq>q>eKTOB, ITpep;cKa3bIBa~MhIX B paMKax Toro IInII lIHOro MexaHII3Ma, 

p;mI ITocne;a;yroll\eH B03MO)KHOH 0KCITepIIMeHTanhHOH rrpoBepKII. 
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Hau6onee IIHTepeCHhIC aq>q>eKThI, KOTOpbie ITpep;cKlli3hIBaeT aHrap­

MOHII'leCKM Mop;enb CBepxITpOBOJ];HIIKa, CB.lI3aHbI C TCMITepaTypHOH 

II MaccoBoii: □aBIICIIMOCThIO aneKTpoH-q>OHOHHoii: ITOCTO.lIHHoii: ,\ = 

,\(M, T) p;n.l! aHrapMOHII'lecKIIX Kone6aHIIH. Ilo cyll\eCTBY, ocHOBHoii: 

nap;a'Ieii: p;aHHOll p;IIccepTa~IIII .l!Bn.l!eTC.lI II3y'leHIIe HeKOTOpbIX q>II3II'!e­

CKIIX aq>q>eKTOB B paMKax aHrapMOHII'!ecKoii: Mop;enII BTCII, KOTOphle 

.l!Bn.lIIOTC.lI cnep;CTBII.lIMII B3aIIMOp;eii:cTBII.lI aneKTpOHOB C MHrKIIMII MO­

;a;aMII ITpII HaJIII'IIIII C<l>II. 8TII 0q>q>eKThI - BnII.lIHIIe C<l>II Ha 1I8 II 

CBepxITpOBOJ];.lI!l\YIO 11\Cnh B 0neKTpOHHOM CITCKTpe. 

TaKIIM o6plli3oM, IIccnep;oBaHIIe BnII.lIHII.lI C<l>II Ha 1!8 II CBepxITpoBo­

p;.lI!l\YIO 11\enh B 0neKTpOHHOM CITeKTpe .l!Bn.l!eTC.lI aKTyanhHhIM II Ba2KHbIM 

KaK C TO'IKII npeHII.lI TCOpIIII, TaK II ITpaKTII'leCKoro ITpIIMCHCHII.lI. 

ll;enh pa6oThI_. 

l. IIony'IIITh 3aBIICIIMOCTh '!aCTOThI M.l!rKIIX MOµ; W1 II W2 OT TCM­

ITepaTyphI B paMKax q>eHOMeHonorII'!eCKOll TeOpIIII JlaHµ;ay p;n.l! 

ITocneµ;oBaTenhHOCTII C<l>II B 'coep;IIHCHII.l!X La2-x-yReyMexCu04 
(Re - peµ;KoneMenhHhIH arreMeHT, Me=Ba,Sr,Ca). 

2. PaccMoTpeTh BJIII.lIHIIe C<l>II TIIITa "cMell\CHII.lI" Ha 1I8. Co­

·ITocTaBIITh penyrrhTaTbI C 0KCITepIIMCHTaJihHhIMII µ;aHHhIMII p;n.l! 

La2-xSrxCu04. 

3. liny'IIITh BJIII.lIHIIe C<l>II TIIITa "ITop.l!p;OK-6ecITOp.l!p;oK" Ha 1!8. 

CpaBHIITh ITOJIY'ICHHble penyrrbTaTbI c penyrrhTaTaMII ;IJ;JI.l! 1I8 ITPII 

C<I>II TIIITa "cMC!l\CHII.lI". ' 

• 4. Ha ITpIIMepe TO'IHO pelllaeMoii: Mo;a;errII C<l>II B peineTKe paccMo­

TpeTh BJIII.l!HIIC KpIITII'ICCKIIX q>rryKTya~IIll Ha 1!8 ITpII TCMITepa­

Type C<l>II. 

5. Ha ocHoBe pellleHII.lI HeJIIIHeapIInoBaHHhIX ypaBHeHIIii: ,8rrIIalll-

6epra Ha ;a;eii:cTBIITeJihHOH ocII IIl3Y'IIITh 0q>q>eKT BJIII.lIHII.lI C<l>II 

Ha 0HepreTII'leCKYIO 11\CJih B 0JICKTpOHHOM CITeKTpe. 

Hay'!HaJI HOBIInHa pa~OThI. 
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BrrepBbie Ha OCHOBe ep;1rnoro TepMOp;IIHaMII'IeCKoro IIOTeHQIIaJia IIC­

crrep;oBaHa TeMrrepaTypHalI 3aBIICIIMOCTb 'IaCTOTbI MHrKIIX Mop;, OTBeT­

CTBeHHbIX 3a C<l>II B coep;11HeH1IHX KyrrpaTa irnHTaHa. PaccMoTpeHbI 

CJIY'Iall CB06op;HbIX II 3a2KaTbIX CTaTII'IeCKIIX BOCIIplIIIM'IlIBOCTeii: p;JIH 

MHrKIIX Mop; 'KOJie6aHIIU:. 

PaccMoTpeH l:I0 rrplI HaJIII'IlIII. C<l>II p;rrH aHrapMOHH'IecKoii: Mop;err11 

CBepxrrpOBOp;HIIKa c. MHrKIIMII. Mop;aMII TIIIIa "Ka'IaHIIH". l:Iccrrep;oBaHbI 

crry'Ia11 C<l>II B peweTKe TIIIIa "~Mew.eHIIH" II "rropHp;oK-6ecrropHp;oK". 

,lJ;aHo Ka'IeCTBeHHOe o6'bJI~HeHIIe Ha6mop;aeMoro B 0KCIIep1IMeHTax II3-

MeHeHIIJI <paKTOpa l:I0 OT KOHQeHTpaQIIII rrplIMeceii:, IIplI .0TOM rroJiy'IeH 

CKa'IOK <paKTopa l:I0 IIplI rrepexop;e B HOBYIO <J>a3y. 

BrrepBbie II3y'IeHo BJIIIHHIIe KpHTII'IeCKIIX <prryKTyaQIIH rrp11 C<l>II B 

peweTKe Ha l:I0. Pe3yJibTaT HOCIIT 06~1Ili xapaKTep BHe 3aBIICIIMOCTII 

OT Bhl6opa Mop;eJIII p;rrH C<l> II II orrpep;errHeTCH KplITII'IecKIIM IIHp;eKCOM 

, p;JIH BocrrpHIIM'IIIBocTII peweTKII rrplI C<l>II. 

C IIOMOW.b!O peweHIIJI HeJI1IHeaplI3oBaHHbIX ypaBHeHIIli 8rr11aw6epra 

Ha p;en:CTBIITeJibHOII OCII pacC'IlITaHa TeMrrepaTypHalI 3aBIICIIMOCTb p;JIH 
I 

TepMOp;IIHaMII'IeCKOli w.eJIII B 0JieKTpOHHOM • crreKTpe. IloKa:JaHo, 'ITO B 

Tpex B03M02KHbIX CJIY'IaJIX 0TH IIapaMeTpbI Bep;yT ce6JI Ka'IeCTBeHHO IIO 

pa3HOMy. 

Ilpep;cTaBJIJieT HOBII3HY rrpep;JIO)KeHHblli rrpoCTOli MeTOp; orrpep;erre­

HIIJI .TeMiiepa'TypbI cBepxrrpoBo;a;:si:w.ero nepexop;a 113 JIIIHeaplI3oBauHbIX 

ypaBHeHIIli 8rr1Iaw6epra Ha MHIIMOU: OCII. 

IlpaKTII'IecKaJI QeHHOCTb. 

IIorry'IeHHble pe3yJibTaTbI M02KHO IICIIOJib30BaTb p;JIH 0KCIIepm.1eH­

TaJibHOli rrpoBepKII 0<p<peKTOB, rrpep;CKa3bIBaeMbIX aHrapMOHII'IeCKOU: 

Mop;errbro BTCII. 0TMeTHM, 'ITO 3aBIICIIMOCTb l:I8 OT KOHQeHTpaQIIII 

rrp1IMeC1I B La2_x(Sr,Ba)xCu04 6bIJia rrpep;cKa3aHa B pa6oTe [1) ew.e p;o 

ee 0KCIIep1IMeHTaJibHOrO 06Hapy2KeH1IH. 

,lJ;JIH 3aW.lITbI Bbip;BHraroTCJI crrep;yrow.1Ie OCHOBHble pe3yJibTaTbI, 

rrorry'IeHHble B p;11ccepTaQ1IOHHoii pa6oTe: 

1. B paMKax <peH0MeHorror11'IecK011 Teop1111 JiaHp;ay rrpep;cKanaHa 

TeMrrepaTypHalI 3aBIICIIMOCTb MHrKIIX Mop; W1 II W2 p;mr IIOCJiep;oBa­

TeJibHOCTII Bcex 'IeTbipex <pan, Ha6rrrop;aeMbIX B ~yrrpaTe rraHTaHa 

C IIplIMeCHMII. 
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2. PaCC'IlITaHa 3aBIICIIMOCTb <paKTOpa l:I0 0 OT KOHQeHTpa~II IIplI­

MeCII rrplI HaJIII'IIIII C<l>II TIIIIa "cMe~eHIIH". IIp·ep;cKanaH cKa'IOK 

a B TO'IKe C<l>II. YKanaHo Ha CBH3b Me2Kp;y l:I0 p;rrH Tc. II p;rrH 

TeMrrepaTypbI C<l>II T0 • 

3. PacC'IHTaHa 3aBIICIIMOCTb <J>aKTopa l:I0 OT KOHQeHTpaQIIII IIplI­

MeCII rrp11 · HaJIII'IlIII C<l>II TIIII~ "~opHp;oK-6ecrropHp;oK". Haii:-- . . . ' ~ 

p;eHo Ka'IeCTBeHHoe coBrrap;eH11e pe3yJibTaToB p;JIH C<l>II TlIIIa 

"iiopHp;OK-6ecrropHp;OK" 11 "cM~~eHIIH". YKanaHa IIplI'IlIHcL CKa'IKa 

<paKTopa l:I0 ~ lI3MeHeHIIe 3HaKa IIp01I3BOp;HOli BOCIIplIIIM'IlIBOCTII 

aHrapMOHII'Ie~KlIX Korre6aH11ii: B TO'IKe C<l>II. 

4. IIpep;cKanaHo coBrrap;eH11e l:I0 p;JIH T~ 11 T~ B 06rracT11 KplITII'IecKIIX 

q>JIYKTyaQ11ii: p;JIH C<l>II B crry'Iae, ecrr11 KplIT1I'IecK11ii: lIHp;eKc p;~H 

BOCIIplIIIM'IlIBOCTII_peweTKII.'Y < 1, II paBeHCTBO a= 0.5 B CJiy<Iae 

'Y > 1. 

5. Ilpep;cKana~a panJIII'IHalI TeMrrepaTypH~ 3aBIICIIMOCTb. CBepx­

rrpoBOp;Hw.eii: w.eJIII B 0JieKTpOHHOM crreKTpe B Tpex panJIII'IHbIX 

CJIY'IaJIX T; < To, Tc >:. To > 0 11 Tc > To = 0. 

6. Ilpep;rro2KeH rrpocToii MeTop; 'IlICJieHHoro orrpep;erreHIIH Tc 113 JI1IHe­

ap1130:saHHbIX ypaBHem1ii: 8rr11ar'u6epra Ha MHHMoii oc11. 

Arrpo6aQHH pa6oTbI.,. 

Ilpep;cTaBJieHHble pe3yJibTaTbI p;OKJiap;bIBaJIIICb aBTOpOM Ha Me2K­

p;yHapop;HOM ceMIIHape "AHrapMOHII'IeCKIIe :0<J>4>eKTbI B Mep;~o­

OKCIIp;HbIX cBepxrrpoBop;HlIKax" (r.Brre;a;, 1-6 ·ceHTH6pH 1994 r., CrroBe­

HlIH), Ha ·TeMaTII'IeCKIIX CeMIIHapax q>II31IKII TBepp;oro Terra B JIT<l> · 

Ol:IJil:I, a TaK2Ke Ha ceMHHapax B lIHCTHTyTe aToMHoii 0uepreT11K11 

(r.06HIIHCK). 

Ily6rr11KaQ1111. 

Ilo MaTep11aJiaM p;11ccepTaQ1111 orry6rr11KoBaHo 6 pa6oT. 

CTpyKTypa 11 o6'beM pa6oTbI. 

· ,II;11ccepTaQ1IH cocTOIIT 113 BBep;eHHH, IIHTII rrraB, IIp11rro2KeH1IH 11 3a­

KJIIO.'IeHIIH. 06~11ii o6'beM p;11ccepTaQ1111 - 115 cTpaHIIQ. 0Ha cop;ep2K11T 

24 p11cyHKa 11·6116rr11orpa<p1I'IecK11ii crr11coK 113 115 Ha11MeH0BaHIIii.· 
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CO,IJ;EP)KAHHE ,IJ;HCCEPTAIJ;HH· 

Bo BBeµ;eHnn µ;aeTcJI KpaTKHH o6nop aKcnepnMeHTaJibHhIX µ;aHHbrx, 

CBHp;eTeJibCTBYIO~HX O Ba)KHOCTH aJieKTpOH-<pOHOHHOro B3aHMoµ;eii:­

CTBHJI µ;mi o6'bJICHeHHJI CB~HCTB BTCII, II O B03MO)KHOCTli Tpaµ;m,inoH­

Horo cpepMH-)Kll/];KOCTHOrO noµ;xoµ;a K aJieKTpOHHOMY cneKTpy B HOBbIX 

CBepxnpoBO/];HHKax. 3µ;ecb )Ke npHBO/];HTCJI KpaTKHH ofoop µ;nccepTa­

IJ;Hll II cpopMyJinpyIOTCJI no~o)KeHn11, BhlHOCIIMble Ha na~nTy. 

B nepBoii: rJiaBe nny'!aeTcJI nocJieµ;oBaTeirbHOCTb · 'IeTbipex cpan 

HTT(D!h)~LTO(D~~)-LTO2(D~~)-LTT(D!X) B µ;onIIpoBaHHOM co­

eµ;nHeHHH La2CuO4. Bbr'IHCJIJieTcJI TeMnepaTypHM naBHCHMOCTb '!a­

CTOThI MJirKHX. Moµ; w1 n w2 , OTBeTCTBeHHhIX na ynoMJIHYTbie C<t>II. 

ThaBa cocTOHT II3 µ;Byx panµ;eJIOB. 

B panµ;eJie 1. 1 onpeµ;eJIJIIOTCJI napaMeTpbr nopJIµ;Ka Q1 n Q2 /];JI.II pac­

CMaTpnBaeMoii: nocJieµ;oBaTeJibHOCTH C<t>II n noJICHJieTcJI' IIX cpnnn'Ie­

CKHH CMhICJI. PenyJibTHpy10~ne''cMe~eHHJI aTOMOB BO_ Bcex Tpex HH3-

KOTeMnepaTypHbIX cpanax npeµ;cTaBJIJIIOTC.!I Kar<; JIHHeHHaJI K0M6IIHaIJ;HJI 

napaMeTpoB Q1 n Q 2 • Ha .ocHoBe eµ;nHoro TepMoµ;nHaMn::ecKoro no­

TeHIJ;IIaJia, npeµ;Jio)KeHHoro J.D.Axe, nny'!aeTcJI TeMnepaTypHM nocJie­

µ;oBaTeJibHOCTb C<t>II. O6cy)Kµ;a10TCJI ycJIOBHJI, npn KOTopbIX peaJI1my­

eTcJI C<t>II nepBoro poµ;a LTT-LTO 6en npoMe)KyTo'IHOH LTO2 cpanbI. 

B 1.2 paCC'IIITbIBaeTCJI TeMnepaTypHM 3aBHCHMOCTb MJirKHX Mpµ; 
. . . . 7r . 

KOJie6?,HIIH w1 = w(q1) n w2 = w(q2} (q1,2 = -(±1,1,0) - B HTT . . . - a 
cpane), a TaK)Ke caMH MO/J;bI (Tnn KOJie6aHnii: oKTaaµ;poB CuO6). ,r:t:JIJI 

aTHX u;eJieH BbI'IHCJIJieTCJI B IlOJIJipHOM npeµ;cTaBJieHHH MaTpnu;a 06-

paTHbIX CTaTH'IeCKHX BOCilpHHM'IHBOCTeH /];JI.II napaMeTpOB nopJIµ;Ka 
fPF 

8Q;8Qi == (x-1 )ii' ll ee co6CTBeHHble 3Ha'!eHHJI ll co6CTBeHHble BeK-

TOpa. lfoy'!aeTcJI cJiy'!aii: · 3a)KaTbIX ( BhICOKO'IaCTOTHhIX) BocnpnHM'IH­

BOCTeii:, Korµ;a µ;ecpopMaIJ;HJI He B COCTOJIHHII CJieµ;oBaTb 3a (pJIYKTya~ 

IJ;HJIMH napaMeTpOB nopJIµ;Ka, ll CB06op;HbIX (HH3KO'IaCTOTHbIX) BOC­

npHHM'IHBOCTeH, Korµ;a µ;ecpopMau;nJI ycneBaeT cJieµ;oBaTb na <pJIYKTy­

au;nJIMH napaMeTpOB, nopJIµ;Ka .. IloKa3bIBaeTCJI, 'ITO MJirKHe MO/];bl JIB­

JIJIIOTCJI BbipO)K)J;eHHhIMH B HTT cpane (6Jiaroµ;apJI. noBopoTHOH ocn 

CHMMeTpHH Z '!eTBepToro nopJIµ;Ka), a BO BCex Hll3KOCHMMeTpH'IHbIX 
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cpanax BbipO)Kp;eHHe CHHMaeTCJI. "9:acTOTa aTHX ,Moµ; He o6pa~aeTCJI 

B HYJib npn TeMnepaType C<t>II LTO2-LTT, ecJIH BocnpnnM'IHBOCTII 

/];JI.II MJirKHX MOµ; paccMaTpnBaIOTCJI KaK 3a)KaTble. BbIJICHJieTCJI npn­

'IHHa aToro - JIHHeHHaJI CBJI3b_ Me)Kµ;y COOTBeTCTBYIO~HM napaMeTpOM 

nopJIµ;Ka II µ;ecpopMau;neii: B LTT cpane. AHaJiorn'IHble pac'!eTbI BbI­

noJIHJIIOTCJI /];JI.II TeopeTH'IeCKH B03MO)KHOH nocJieµ;oBaTeJibHOCTii cpan 

HTT-tLTT-tLTO2-tLTO. 

PenyJibTaTbI aToii: rJiaBbI ony6JIHKOBaHbI B pa6oTe [4]. 

Bo BTopoii: rJiaBe paccMaTpnBaeTcJI ll8 B paMKax aHrapMOHH'I~­

cKoii: Moµ;eJIH.cBepxnpoBoµ;HnKa c MJirKoii: poTau;noHHOH Moµ;oii: Tnna 

"Ka'!aHnJI'-', cpeHoMeHoJiorn'!ecKn onncaHHOH B rJI. l II OTBeTcTBeHHOH na 

C<t>II HTT_:_LTO B coeµ;nHeHHJIX La2-x(Sr,Ba)xCuO4. ThaBa cocTOHT 

ll3 nJITH panµ;eJIOB. 

B panµ;eJie 2.1 npHBO/];JITCJI aKcnepnMel!TaJibHbie µ;aHHble no aHO­

MaJibHO_MY II0Beµ;:eHHIO ll8 B µ;on~poBaHHOM KyrrpaTe JiaHTaHa, a TaK~~ 

pa3JIH'!Hble noµ;xop;bI K TeopeTH'IeCKOMY o6'bJICHeHHIO aToro 'noBep;eHHH. 

Panµ;eJI 2.2 nocBJI~eH nny<ieHn~ CBepxnpoBoµ;JI~II~ CBOHCTB 

aJieKTpoH-cpcmomioii: cnc-reMbI 'c JIH~eii:HhIM no cMei:4eHIIJIM noHoB 

· aJieKTp.oH-<pOHOHHhIM BnanMoµ;eii:cTBHeM n npon3BOJibHOH peineTO'IHOH 

'!aCTbIO'raMHJibTOHHaHa. IlpnBoµ;xTCJI Bblpa)KeHHJI /];JI.II cpyHKtinn 8Jin~ 

am6epra a 2 F( w ), coµ;ep)Ka~eii: noJIHble cpyHKIJ;HII rpnHaIIOHH0H' noµ;­

CHCTeMbI, n' /];JI.II nocTOJIHHOH arreKTpOH-q>OHOHH0rO ·. B3aHMoµ;e~CTBIIJI 

>. = T/X, :rµ;e ' rt - napaMe'i'p Xoncpni-rbp;a, x - ycpeµ;HeHHaJI · no noHe 

BpnJIJIIOaHa Boc;pnnM'IHBOCTb pe~eTKH. ,r:t:JIJI BhI'IllcJieHHJI ·TeMnepa­

TYPhI cBepxnpoBoµ;JI~ero nepexoµ;a Tc ncnoJib3yeTc.i annpoKcnMau;n-

OHHaJI cpopMyJia KpecnHa: · ' 

Tc= wf(>.), 
1 

(1) 
.GH.~ 

rµ;e J(>.) = l(exp.(i): 1)-2, w - cpeµ;mra KBaµ;paTH'IHaJI ~a~~~-;:~ 
cpolioHHoro cneKTpa. ·. · · ; ; r.T,;r; 

B 2.3 .paccMaTpIIBaeTcJI MHKpocKonn'IeCKaJI MO)J;eJib C<t>II HT-T"'­

'LTO. ,r:t:JIJI aToro C nOMO~bIO JIOKaJibHOH HOpMaJibHOH KOopµ;nHaTbI
1BBO!. 

p;IITCH raMHJihTOHHaH pemeTKII, npegcTa~JIJIIO~nii: co6oii: COBOKYIIH0CTb 

JIOKaJibHbIX-·aHrapMOHII'IeCKIIX OCIJ;IIJIJIJITOpoB, i CBJI3aHHbIX")iie)Kµ;yFcoc. 

6oii: rapMOHH'IeCKHM B3aHMO)J;eHCTBHeM.1 JJ:rur; noJiy'IeHIUI ·cneKTpa' BOtl~ 
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6y:aq:i;em1ii: n: paBHOBecHoro :ma'lemra napaMeTpa nop.srµ;Ka n:crrorrhny­

eTc.sr MeToµ; caMocorrracoBaHHbIX q>OHOHOB,·'lTO rrpn:Boµ;n:T K C<I>II Tima 

"cMe~eHn:.sr". B rrpn:6rrn:)KeHn:n:· cpeµ;Hero rrorr.sr rrorry'laeTc.sr caMoco­

rnacoBaHHoe ypaBHeHIIe ;a;rr.sr MHrKoii: MO}];bl Korre6aHn:n n: TeMrrepaTyphI 

C<I>II To. 
Pan;a;err 2.4 nocB.sr~eH pac'leTy II8. IloKMbIBaeTc.sr, 'ITO B OT!IH'ln:e 

OT crry'lan rapMOHH'leCKHX Korre6aHn:ii:, HaJIH'lHe CTPYKTYJ>HOro rrepe­

xo;a;a npn:BO)];HT K naBHCHMOCTH ). n: w 'OT 'laCTOTbl M.lirKOH MO)];bl KO!Ie-

6aHn:ii:, KOTopan, B CBOIO O'lepep;b, naBn:Cn:T OT TeMrrepaTypbI n: MaCChl 

n:noTorra:). = ).(n0(T,M)), n: w = ·w(n0(T,M)), rroaToMy Bhipa)Ke­

Hn:e ( 1) ;a;rr.sr TeMrrepaTypbI cBepxrrpoBop;.sr~ero rrepexop;a cTaHOBHTc.sr 

caMocorrracoBaHHbIM ypaBHeHn:eM ;a;rr.sr orrpep;erreHn:.sr Tc: 

Tc= w(Tc)f().(Tc)): (2) 

Ilpn: aToM MaKCHMaJihHo'e nHa'leHn:e Tc 6yp;eT cooTBeTCTBOBaTb TO'lKe 

rrepe~~'leHn:.sr <panoBbIX KpHBbIX Tc( X) n: To( X) Ha <J>anoBOH T-x gn:­

arpaMMe. IloKa3bIBaeTC.lI, 'ITO. B K!IaCCH'leCK0:!,4 rrpep;erre BbICOKHX _TeM­

nepaTyp C<I>II cy~~CTBeHHoro. Brrn:.srH~rn Hc1.. II8 He oKanbIBaeT, B TO 

BpeM.lI KaK B KBaHTOBOM rrpep;erre HH3KHX TeMrrepaTyp 9TO B!IH.lIHHe cy~ 

~eCTBeHHO 'n: Mo)KeT rrpn:Bop;n:Th K nHa'l~:iin~M a > 0.5. Ilpn:Bop;.srTc.sr 
.l ' > ',\ '. \ • '" • 

'ln:crreHHhie ,pac'leTbI a. Ha rpaHn::u;e C<I>II q>aKTop II8 n:crrbITbIBaeT 

CKa'lOK, 'ITO C~O.TBeTCTByeT Ha6rrrop;ae~oMy II8 B La2-x(Sr,Ba)xCuO4. 

· B 2.5 Kpai'Ko o6cy)Kp;aroTc.sr .rrorry'leHHhie B rrr.2 penyrrh~aT~. YK~-
. ' - ' ~ 

3bIBaeTC.lI Ha CB.lI3h Me)K;a;y H30TOIIH'leCKHM C)];BHrOM }];!l.lI TeMrrepaTypbI 
C<I>II T0 ( x) n: n:noTorrn:'leCKHM q>~KTopoM ;,·: · · · 

· MaTepn:an rn.2 orry6rrn:KoBaH B pa6oTe [2]. 

TpeTb.lI rrraBa nOCB.lI~eHa . n:ny'leHHIO II8 B Mop;errn: CBepxrrpOBO­

;:J;HHKa co C<I>II Tn:rra "nop.srp;oK-6ecrrop.srp;oK". ThaBa cop;ep)Kn:T ileTbipe 

panp;erra. 

B panp;erre3.l o60CHOBbIBaeTC.lI Heo6xop;HMOCTb paCCMOTpeHH.lI pa::3-

!IH'lHbIX npn:6rrn:)KeHn:ii: p;rr.sr onn:caHn:.sr C<I>II, B 'laCTHOCTn:, ,n:crrorrhny­

eMoro B aToii: rrraBe p;ByxypoBHeBoro npn:6rrn:)KeHn:.sr, rrpn:Bop;.sr~ero K 

C<I>II Tn:na '~rrop.srp;oK-6ecrrop.srp;oK". 

Panp;err 3.2 cop;ep)Kn:T orrn:caHn:e paccMaTpn:BaeMoii: · arreKTpoH­

q>oHOHHoii: CHCTeMbI. ,II;JIH MHKpOCKOIIH'leCKoro orrn:caHn:.sr p;n:HaMn:Kn: aH­

rapMOHH'leCKOll MO)];hI Korre6aHn:ii: n:crrorrhnyeTc.sr rrorry'leHHbIH B rn.2 pe-
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weTO'lHblll raMH!IbTOHHaH. ,II;ByxypoBHeBoe rrpII6!IH)KeHIIe norry'laeTC.lI 

C nOMO~bIO rrpoe:u;n:poBaHH.lI aToro raMH!IbTOHHaHa Ha ·p;Ba HH)KHHX co­

CTO.lIHH.lI !IOKaJibHoro aHrapMOHII'lecKoro OCIJ;H!I!I.lITOpa, 'lTO rrpn:B_O)];HT K 

rrceB)];OCIIHHOBOMY rrpep;cTaBrreHn:IO. O6cy)Kp;aeTC.lI B03MO)KHOCTb rrpn:­

MeHHMOCTH p;ByxypoBHeBOr0 IIpH6!IH)KeHH.lI. KpoMe aHrap~OHH'leCKHX, 

paccMaTpHBaIOTCSI TaK)Ke rapMOHH'leCKn:e KO!Ie6aHH.lI peweTKH c !IHHeii:-

HbIM arreKTpOH-q>OHOHHbIM Bnan:Mop;ellCTBHeM. ' ' ' . 

B panp;eii:e 3.3 BhI'ln:cmieTc.sr TeMrrepaTypa cBepxnpoBop;.sr~er_o rre­

pexop;a II .II8. Heo6xop;n:Man p;rr.sr pac'leTa rrocTosrHHoii: ·). cTaTn:'lecKan 

BOCIIpn:n:M'lIIB0CTb aHrapMOHII'leCKHX Korre6aHn:ii: Xs(T) norry'laeTC.lI B 

npII6!In:)KeHIIII cpep;Hero rrorrsr. IloKanbIBaeTc.sr, 'ITO rrorry'laeMblll cKa'loK 

II8 rrpII TeMrrepaType C<I>II T0 .srBrr.sreTc.sr crrep;cTBIIeM IInMeHeHn:.sr nHaKa 

rrpon:nBop;Hon Bocrrpn:n:M'lHBOCTII Xs(T) rrpn: rrepexo;a;e n:n BbICOKOCIIM-. 

.MeTpH'lHOll B HH3KOCIIMMeTpII'lHYIO q>any. 8TOT penyllhTaT OCHOBbIBa-· 

eTc.sr Ha o6~eM Bbipa)KeHiin: ( 2) p;rr.sr TeMrrepaTypbI cBepxrrpoBop;.sr~ero 

rrepexoµ;a H He naBHCIIT OT cp;e!IaHHhIX IIpn:6!IH)KeHHll npII BbI'lHC!IeHHII 

}];IIHaMHKII peweTKII. 

13 3.4 rrpn:BO~HTC.lI peny!IhTaTbI 'lHC!leHHbIX pac'leTOB ;a;rr.sr Tc n: a, 
II o6cy)Kp;aroTc.sr n:x CBOHCTBa. IIpep;rrorraraeTc.sr, 'ITO B!III.lIHIIe rrpn:Mecn: 

CBO}];IITC.lI K n:nMeHeHHIO KBap;paTa HeycTOll'lHBOll B rapMOHH'leCKOM rrpn:-

6!IH)KeHn:H MO)];bl Korre6aHn:ii:, a rrapaMeTp Xorr<J>n:rrbp;a OCTaeTC.lI IIOCTO­

SIHHhIM. II8 BbI'ln:crr.sreTc.sr n:n panHOCTn: Tc( 18O) - Tc( 16O). Haii:µ;eHo 

Ka'leCTBeHHOe COBIIap;eHn:e rrorry'leHHbIX B 0TOll rrraBe penyrrhTaTOB C 

pac'leTaMII rrr.2. 

PenyrrhTaTbI aToii: rrraBbI orry6m1KoBaHbI B [3]. 

B 'leTBepTon rrraBe Ha rrpn:Mepe TO'lHO pewaeMoii: Mop;errn: C<I>II n:c­

crrep;yeTCH B!ln:.srHn:e Kpn:Tn:'lecKn:x <J>rryKTya:u;n:ii: B oKpecTHOcTn: C<I>II Ha• 

II8. rrraBa COCTOHT n:n 'leTbipex panp;e!IOB. 

Panp;err 4.1 rrpep;cTaBJIHeT co6oii: KpaTKOe BBep;eHII~ B 'leTBepTyro 

rrraBy c o6nopoM ee cop;ep)KaHIIH. 

B panp;erre · 4.2 n:ny'laeTcsr BKrrap; M.srrKon MO)];bl Kbrre6aHn:ii: B nocTo­

.lIHHyro arreKTPOH:-q>OHOHHoro Bnan:Mop;encTBH.lI n: B Bbipa)KeHn:e p;rr.sr Tc. 
IloKanbIBaeTc.sr, ..:iTo rrpn:6rrn:)KeHn:e MaK-Mn:rrrraHa (ycpep;HeHn:e cTaTn:­

'lecKoii: BOCIIpHHM'lHBOCTH no 30He Bpn:rrrrroaHa) Ka'leCTBeHHO BepHO 

Y'lHTbIBaeT BK!Iap; M.lirKoii: MO)];bl no. Ilpn: 0TOM Bbipa)KeHn:e }];JI.ll no­

CTO.lIHHOH ). !IHHellHO ITO no B rrepBOM nop.srp;Ke no no B o6~eM C!Iy'lae, 
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He:JaBIICIIMO OT Bb16opa Moµ;e1rn Cct>II. ,II;mr rreTa BKITaµ;a MHrKo:ii Mop;bI 

KOITe6aHIIll B Bbipa:lKeHIIe µ;ITH Tc IICITOITb:JyeTCH TO'IHOe Bbipa:lKeHIIe µ;ITH 
a 2 F(w) 

Tc 'Iepen >. II MOMeHTbI (w2n) ITO pacITpe;a;eITeHIIIO · . IloKa:JbIBa-
. w ' 

eTCH, 'ITO pa3ITO:lKeHIIe Tc ITO no KBa;a;paTII'IHO ITPII MaJibIX no. BMeCTO 

q>opMyITbI KpecIIHa IICITOITb:JyeTCH q>opMyITa KoM6ecKy, 06ITaµ;a10w;aJI 

0To:ii Ka'!eCTBeHHo:ii oco6eHHOCT~IO. · 

B 4.3 paccMaTpIIBaeTCH TO'IHO pemaeMaJI Moµ;em; Cct>II. OITpe­

;a;emi:eTcH :JaBIICIIMOCTb '!aCTOTbl MHrKOll MOp;bI no OT TeMITe­

pa TypbI II MaCCbl II30TOITa, a TaK:lKe KpIITII'IeCKIIll IIHp;eKC I 

(x-1
( q = qcr), w = 0) = n~ ~ (T ;o To)')'), paBHblll 2 µ;ITH 0TOll Moµ;eITII. 

B naKITIO'IIITeITbHOM pa:Jµ;eITe 4.4 paccMaTpIIBaeTcH II8 B 06ITaCTII 

KpIITII'IeCKIIX q>ITyKTyaQIIR. IloKa:JbIBaeTcH, 'ITO II8 B Marron oKpecTHo­

CTII ITepece'!eHIIH KpIIBbIX Tc( x) II T0 ( x) Ha q>a:JOBOR T-x p;IIarpaMMe 

oITpeµ;eITHeTcH KpIITII'IeCKIIM IIHµ;eKcoM 1 . B cITy'Iae, Kor;a;a 1 < l, q>aK­

Top II8 µ;ITH Tc coBITaµ;aeT c q>aKTopoM HS µ;ITH T0 (T.e. a = /3, r;a;e 

oln To 
/3 = oln M ), a B cITy'!ae 1 > 1 q>aKTop a = 0.5 (ITpII ITpeHe6pe-

:lKeHIIII KYITOHOBCKIIM OTTaJIKIIBaHIIeM). 8TOT penyITbTaT HOCIIT o6w;II:ii 

xapaKTep II He :JaBIICIIT OT Bb16opa Moµ;eITII Cct>II. IlpIIBOp;HTCH rpa~ 

q>II~II :JaBIICIIMOCTII Tc( x) II a( x) µ;ITH paccMaTpIIBaeMoll .TO'IHO pemae­

MOII Moµ;eITII. 

Co;a;ep:lKaHIIe 0To:ii rITaBbI oITy6ITIIKOBaHo B [1,5]. 

B ITHTo:ii rITaBe µ;ITH raMIIITbTOHIIaHa aHrapMOHII'!ecKo:ii Mo;a;eriM 

BTCII, paccMoTpeHHoro B rIT.2, c ITOMOW:bIO pemeHIIH HeITIIHeapIIno­

BaHHbIX ypaBHeHIIll 8ITIIam6epra Bbl'IIICJIHeTCH TeMITepaTypHaH 3aBIICII­

MOCTb µ;ITH TepMOp;IIHaMII'IeCK9ll 0HepreTII'IeCKOll w;eITII B 0ITeKTpOHHOM 

cITeKTpe -60 II OTHOIIIeHIIe 2-60/Tc. ThaBa cocToIIT II3 Tpex pa3p;eITOB. 

B pa3p;eITe .5._1 o6ocHOBb1BaeTCH mio6xoµ;IIMOCTb II:Jy'IeHIIH CBepx­

ITpOBOp;Hw;e:ii w;eITII II BOITpOCbI, CBH:JaHHbie C ee aHII30TpOITIIell. 

B pa3µ;eITe 5.2 q>opMyITIIPYIOTCH ypaBHeHIIH 8ITIIam6epra Ha MHIIMOR 

OCII II II:JITaraeTCH MeTo;a; aHaJIIITII'IeCKoro ITpoµ;oIT:lKeHIIH Ha ;a;eRCTBII­

TeITbHYIO ~Cb 0ITeKTpOHHbIX q>yHKQIIll fpIIHa, ITpeµ;ITo:lKeHHblll ct>. Map­

CIIrITIIO, M. illoccMaHOM II ,Il;:lK. ,.Kap6oTTe. 8Ta ITpoQeµ;ypa HBITHeTCH 

60ITee ITpocTOR II 0KOHOMHOR c TO'IKII npeHIIH :JaTpaT MaIIIIIHHoro' Bpe- · 
/ . 

MeHII ITO cpaBHeHIIIO C ITpHMbIM pemeHIIeM HeITIIHeapII30BaHHbIX ypaBHe-
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Hllll 8ITIIam6epra Ha ;a;eHCTBIITeITbHOll OCII. ct>oHOHHbie q>yHKQIIII rpnHa, 

BXOp;.llw;IIe B 0TII ypaBHeHI•rn, Bbl'IIICIT.lIIOTCH B rIT.2. 

B :JaKITIO'IIITeITbHOM pan;a;eITe 5.3 ~bl'IIICIT.lleTCH TeMUITepaT_YPHaJI :Ja­

BIICIIMOCTb p;IT.ll TepMop;IIHaMII'IeCKOII 0HepreTII~recKOII w;eITH B 0ITeK­

TpOHHOM cITeKTpe ~o II OTHOIIIeHIIC 2~0/Tc, KOTopoe B TeopIIII BKill 

paBHO ITpII6ITH3IITeITbHO 3.5. IloKa:JaHo, 'ITO B Tpex B03MO:lKHbIX CITy­

'IaJIX Tc < To, Tc > To > 0 II Tc > To = 0 0TII ITapaMeTpbI Beµ;yT ce6H 

ITo-pa:JHOMY. IlpIIBoµ;HTCH TaK:lKe pac'!eT ;a;e:iicTBHTeITbHOR II MHHMOR 

'!aCTII w;eITII ~(~), HOpMHpoBaHHOH ITITOTHOCTII 0ITeKTpOHHbIX COCTOH­

Hllll N ( w) / N ( 0) p;IT.ll Moµ;eITbHoro crry'IaJI 0:iiHmTeRHOBCKoro cITeKTpa II 

µ;ITH La1.85Sr0.15Cu04 (B ITOCITeµ;HeM cITy'!ae HCITOITbnyeTCH 0KCITepnMeH­

TaITbHO ITOITJ'IeHHaJI 0HepreTII'IeCKaJI ITITOTHOCTb q>OHOHHbIX COCTO.lIHHll 

G(w )). 
PenyITbTaTbI 0Toii rITaB_bI oITy6m1KoBaHbI B [6]. 

B IlpIIITO:lKeHHII II:JITaraeTc.ll ITpocTo:ii MeTo;a; oITpe;a;eITeHII.ll Tel.mepa­

TYPbI Tc II3 ITHHeapII30BaHHbIX ypaBHeHIIll 8mrnm6epra Ha MHHMOR 

OCH. BMeCTO Tpaµ;IIQHOHHO IICIIOITb:JyeMoro pemeHIIH naµ;a'III Ha co6-

CTBeHHble 3Ha'!eHIIH µ;ITH COOTBeTCTBy10ill;ero OITepaTopa na;a;a'!a CBO­

p;IITCH K II3Y'ICHIIIO aCHMITTOTIIKII CITeµ;a MaTpIIQbl 0Toro OITepaTopa B 

N-o:ii cTeITeHII ITO N. ,Il;IT.ll o6ocHoBaHIIH 0Toro MCToµ;a IICITOITb:JyeTC.ll 

TeopeMa ct>po6eHIIyca-IIeppoHa. 

8TOT MeToµ; OITy6mIKOBaH B pa6oTe [6]. 

B 3aKITIO'ICHIIII KpaTKO cq>opMyITIIpOBaHbl OCHOBHble penyITbTaTbl 

µ;IIccepTaQIIII, KOTOpbIC H Bb!HOCHTCH Ha naw;nTy. 
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