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OBIIJ;Aff XAP AKTEPHCTHKA P ABOTbl 

AKTYaJibHOCTb TeMbl. K CIICTeMaM C CIIllbHbIMII arreKTpOHHbIMII KOp­

pcmIIJ;IIHMII OTHOC.S:TC.S: ne~eCTBa, y K~Top:wx xapaKTepHa.s: 3Heprrr.s: KJlIO­

HODCKOro D:Jam.wp;eircTDII.s: (U) :meKTpOHOD 60111,Uie Hllll nop.s:p;Ka UIIIpIIHI,I 

30HI,I. IIHTepcc K HIIM D nocrrep;HIIe rop;bl IICKlIIO'IIITellbHO D03poc D CB.S:3II 

c o6uapy)KCHIICM CllllbHbIX Kopperr.s:n;u:ii: n DblCOKOTeMnepaTypHbIX cnepxrrpo­

DO)l;HIIKax (BTCII), OTKpbITblX Bep;Hopn;eM n. M101111epoM n 1986 rop;y. chn 

ncw;ecTna, 0611ap;a.s: pa3lIII'IHbIMII KpIICTalllIII'IeCKIIMII CTPYKTypaMII, IIMCIOT 

06~1111 CTpyKTypm,rn: arreMeHT D m1p;e Me)l;HO-OKCII)l;HblX crroen. B HaCTO.S:~ee 

npCM.S: Ha OCHOBe COBOKJIIHOCTII 3KcnepnMeHTallbHblX p;aHHbIX IIOH.s:TO, 'ITO 

cnoco6HOCTblO npoDO)l;IITI, 3ITCKTpII'IeCKIIH TOK cnepxrrpoBO)l;HIIKII 06.s::JaHbl 

)l;BIDKeHIIIO p;bipoK B peUieTKe CIIllbHO rn6pnp;1moBaHHbIX Mep;HbIX II KIICllopo­

)l;HbIX op6nTarrcn: rrrrocKoCTII Cu02• Ilpn 3TOM OTMe'Iae±c.s: HalIII'IIIe c11111,Horo 

KJlIOHOBCKOrO OTTalIKHBaHirn )l;blpOK Ha y311ax MC)l;II C 3Heprnen: Ua. <DII3II'IC­

CKIIM rrpo.s:nrreHIICM 3TilX Koppell1ID;IlH .S:Bll.S:CTC.S: 6lIII30CTI, cnepxnponop;.s:~ux 

COCTaDOD K rrcpexop;y MeTallll-)l;Il3lICKTpHK, K aHTmpeppoMarHHTHOMY rrepe­

xop;y Il HalIII'IIIC lIOKammonaHHbIX MarHIITHbIX MOMCHTOD D Mep;n. Ha116011ee 

pcarrIICTII'IHaJI C MIIKpOCKOilII'ICCKOH TO'IKII 3pCHil.S: MOp;e111,, cnoco6Ha.s: OIIII­

caTI, <pII:JII'IeCKIIe cnorrcTna crroen Cu02 B BTCII .S:Dll1IeTc.s: p - d Mop;e111, 

8Mepn. raMIIllbTOHIIaH 3TOH MO)l;ClIII rrorryqaeTC.S: npn IIOMO~II 0606~eHII1I 

rrpOCTOII Mop;errn Xa66app;a Ha crry'IaH orrncaHII.s: )l;blpO'IHbIX COCTO.S:HIIH n 

rrrrocKoCTII Cu02• C TO'IKII 3peHn.s: omicaHrr.s: <pII:JII'IeCKIIX xapaKTepncTIIK 

BTCII cncTeMbl aKTyarrbHbIM .liBll1IeTc.s: nccrrep;onaHIIe HII:JKO aHepreTII'ICCKIIX 

cno:ii:cTn aTorr Mop;errn. B aToM crryqae p;ll1I Mop;e1111 8Mepn · MO)KHO Bblp;errIITb 

p;na <pII3II'ICCKIIX pe)KIIMa OTBC'IaIO~IIX pa3llll'IHOH CTerreHII ru6pup;u3aD;IIII 

V MC)K)l;Y MC)l;HbIMII u KIIcrropop;HbIMII op6nTall1IMII. Bo rrepnblx, aTo crrIIH-
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qmyxTya:a;uomu,1ii pe)KIIM cooTneTCTBYIOlll,IIII crra6oii Cu -0 rn6puµ;nnau;un. 

8TOT rrpe)l;eJI MO)l;eJIII IICCJIC)l;OBaJIC1[ n 6oJibllIOM KOJIIPieCTDe pa6oT. BTopofr 
~-

pe)KIIM, nap11)];0Do-qmyKTyau;noHHhlH, 0Tnc11aeT CIIJibHoii Cu - 0 rn6pn)J;una-

D;IIII. 8TOT rrpe)l;eJI MO)l;eJIII He 6bIJI IICCJIC)l;ODaH CIICTeMaTII'IeCKII. XoT1l, KaK 

CJie)l;yeT II:) II:) 'IIICJieHHhlX :JHa'ICHIIII rrapa:r..rnTpOD MO)l;eJIII 8Mepu, ou;eHCHHbIX 

Ha OCHODe 0KCIIepnMeHTaJibHbIX )l;aHHhlX, IIMeHHO 0TOT pe)KIIM )l;OJI:iKeH OIIII­

CbIDaTb qmnwrecKIIe cnoncTna BTCII coe)l;UHeHnn. B 0To11 cnJmn rrpc)l;CTamu1-

cTc11 aKTyaJibHhlM 1my11eHne 0JieKTpOHHbIX, Mal'HIITHbIX, II cnepxrrpoDO)l;HW.IIX 

CDOllCTB MO)l;CJIII 8Mepu n nap1l)l;ODO-q>JIIOKTYaD;IIOHHOM pC)KIIMC. 

IJ;eJib pa60Thl. - II;eJibIO )l;aHHOII )l;IICcepTa:a;uoHHOll pa6oTbI 1[IlJI1[eTC.H CII­

CTCMaTII'ICCKOC UCCJIC)l;ODaHIIC CIIJlbHO KopperrnpoBaHHOII (p-d) MO)l;eJIU 8Mcpu 

D nap11)l;ODO-q>JIIOKTyau;IIOHHOM pe)KIIMe. 

Hay~rnru1 HOBHOHa. B npe)J;rraraeMon )l;IICcepTa:a;1ioHHOII pa6oTc )l;aH 

CIICTeMaTII'IeCKIIII aHamm CIIJibHO Koppcrrnponairnoii MO)l;CJIII 8Mepu n 

nap11)];0Do-q>rryKTya:a;noHHOM pe)KIIMe. Ilpe)l;JIO)KeHo o6o6rn.emrc rrpeo6panona­

mrn illpuq>q>epa -Borrbq>a II Ha 0Toii ocHone 11orry11eHHO rrocrrc)l;ODaTeJibHOe pc­

µ;yK:a;n11 MO)l;CJIU 8MepII D CIIJibHO KOpperrnpoBaHHOM rrpc;a;errc. B 0TOM rro;a;~o;a;c 

rrorry11cH II upoaHaJIII:JIIponaH 0q>q>eKTIIDHhlII raMIIJibTOHIIaH OIIIICbI.DaIOllIIIII 

nnanMo)l;e11cTn1111 ;a;o TpCTbero 11op11)l;Ka no :r..rnrroMy 11apaMcTpy V /U. B11epnhlc 

cq>opMym1ponaHa cnHrrreT-Tp1rnrreTHaH ( CT) Mo;a;errb 11nrr1110rn.Mc11 060 61:11;e­

HIICM t - J raMIIJibTOHIIaHa Ha crry11a11 nap11;a;ono-q>JIIOKTyau;u<>HHOI'O pe)KIIMa 

Mo;a;emr 8Mepn. BrrepDbie n paMKax CT Mo;a;cm1 norry11eH naKoH p;IIcrrcpcnu cno-

6o;a;Horo ;a;nmKeHirn )J;hlpO'IHOI'O HOCIITCJl1[ Ha;a; aHTIIq>eppoMarHIITHhlM q>OHOM. 

Bnepnhle ;a;rr11 CT Mo)l;em1 D napaMal'HHTHOM rrpe;a;erre MeTo;a;oM ;a;nyxnpeMCH­

HbIX q>yHKD;IIII I):nrna paCC'IUTaHa :JOHHaH CTpyKTypa II IIJIOTHOCTII COCTO.HIIIIII 

p;hlpo11HhlX HocuTerre11 D p;II0rreKTpn11ecKoii q>ane. Ha GToii ocHone ;a;aHa IIHTCp-
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rrpcTa:a;IIH p11)l;a ;a;aHHhlX D q>OT00MIICIIOHHhlX 0KCIICpIIMeHTaX. 

Ha oa~HTY BhIHOCBTCJI CJieµ;yro~ue IlOJIO)KeHHB: 

1. Ha ocHone rrpeo6panonaHIJ1[ illpnq>q>epa-Borrbq>a ;a;aH cucTeMaTu11e­

CKIIII DbIDO)J; 0q>q>CKTIIDHhlX D::3aIIMo;a;enCTDIIll )l;O TpeTbero rrop1l)l;Ka no V /U. 

Bhlne;a;eHHbIII 0q>q>eKTIIDHhlll raMIIJibTOHIIaH 011nchlnaeT HII:JKO 0HepreTII'1e­

cKne CDOIICTDa IlJIOCKOCTII Cu02 D OKCII)l;HhlX cnepxrrpono;a;HIIKax D nap11;a;ono­

q>rryKTya:a;uoHHOM pC)KIIMC • .I(aHa o:a;eHKa cnepxo6MeHHhlX KOHCTaHT Mal'HIIT­

HOI'O imaHMO)J;CIICTDirn CllIIHOD Ha ynrrax MC)l;II. IloKa:JaHO, "<ITO panpyllleHIIC 

aHTUq>eppo:r..rnl'HIITHOI'O rrop11;a;Ka D o6rraCTII KOHD;CHTpa:a;nn )J;hlpOK xj0.2 Ha 

0JICMCHTapHyIO 1["<JCIIKY He MO)KeT 6bITb o6'b1lCHCHO C y"<IeTOM JIIllllb 0q>q>eKTOD 

cnepxo6McHHoro Cu-Cu nnanMO)l;encTDII1l. 

2. Ha ocHone aHarrIIna Mo;a;em1 8Mepn MCTO)J;OM ;a;nyxnpeMeHHhlX q>yHKD;IIII 

rp1rna, DhlDe)l;eHa ca:r..rncorrraconaHHaH cxeMa pac"<IeTa cnoncTD cnepxrrpono;a;11-

rn.ero cocT011Hn11 c rn6pII)l;HhlM (p-d) rrapaMeTpoM rrop11;a;Ka. IIorry-qeHHO orpa­

HIPICHIIe Ha cnMMeTpnIO 0Toro cnepxrrpono;a;11rn.ero rrapaMeTpa rrop11;a;Ka. 

3. PannuTa cxeMa pe;a;yni;1rn Mo;a;errII 8Mepn n nap11;a;ono-q>rryKTya:a;noHHOM 

pe)KIIMe K 0q>q>eKTIIDHOMY raMIIJlbTOHIIaHy OIIIIChlDaIOrn.eMy 0JICKTpOHHhlC 

CDOIICTDa Cu02 IIJIOCKOCTII D TepMIIHax JIOKaJibHhlX CIIHI'JICTHhlX II TPIIIlJICT­

HbIX cocT01lHIIII. IloKanaHo, 'ITO CIIHI'JICT-TpIIIIJieTHaH (CT) MO)l;CJib co)l;ep)KIIT 

raMIIJibTOHIIaH t-t'-J-J' MO)l;CJIII D Ka"<JeCTDC I'JiaDHOI'O crraraeMOI'O. 

4. B paMKax CT Mo;a;errn rrorry"<IeH naKoH ;a;IIcrrepcnn cno6o;a;Horo )l;DmKeHn11 

)l;blpO'IHOI'O HOCIITCJI1l Ha)]; aHTIIq>eppoMal'HIITHhlM q>OHOM. 

5. .I(M CT MO)l;CITII n IIapaMarHIITHOM npe;a;erre , MeTO)l;OM npoeKTIIpo­

DaHirn )l;nyxnpeMeHHhlX q>YHKD;IIH lpIIHa, pacc"<IIITaHa noHHaH CTPYKTypa II 

rrrroTHOCTb cocT01lHIIII )l;hlpO"<IHhlX HOCIITerreII. IloKanaHo, "<ITO naKoH ;a;ncnep­

CIIII CIIHI'JICTHOll :JOHhl aHaJIOI'II"<ICH :JaKOHJ )l;IICIICpCIIII MC)J;HOll :JOHhl HO IIMCCT 
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6orree yoKyro umpmzy. Ha 0Ton ocHoBe µ;aHa IIHTeprrpeTan;mr pHµ;a µ;aHHhlX B 

q>OT00MIICIIOHHhlX 0KCneprrMeHTax. 

IlpaKTIPieCKruI n;eHHOCTh, IIp1rneµ;eHHhle B p;I1ccepTan;noHHon: pa-

6oTe TeopeTil'ICCKile IICCJicµ;onaHU1l nocB1£II.J;CHbI pac'ICTY pHµ;a 0lICKTpOH­

HbIX,MarHIITHbIX II CBepxnponop;1lII.J;IIX CBOHCTB CIIllbHO KOpperrIIponaHHOII MO­

µ;errII 8MepII n oap1lp;OBO-q>lIIOKTYaD;IIOHHOro pe)KIIMe. A IIMeHHO paCC'IHTaHa 

OOHHaJI CTPYKTypa p;bipO'IHbIX HOCIITerreii B nJIOCKOCTII Cu02 OKCIIp;HblX cnepx­

npoBO;Ll;HIIKOB. IIccrreµ;onaH MexammM q>pycTpan;IIii B CIICTCMe MarHIITHO noa­

IIMOp;eiicTBYIOII.J;IIX cnIIHOB Mep;II, a TaK)Ke MCXaHIIOM CBepxnponoµ;Hrn;ero crra­

pI1BaHII.ll c rI16pIIp;HbIM napaMeTpoM nop1lp;Ka. Ilp1meµ;eHHble n µ;uccepTan;n­

oHHoii pa6oTe peoyrr1>TaThl MoryT 6bITb rrorreoHbIMII rrpn µ;arr1>HenUieM uccrre­

µ;onaHIIII Moµ;erru 8Mepn, a TaK)KC npII IIHTepnpeTan;1111 0KC11CpIIMeHTallbHblX 

µ;aHHhlX norry'IeHHbIX rrpu I1ccrreµ;onamrn nern;ecTB xapaKTepnoyrorn;nxcH c1m1,­

HbIMH Koppell1lD;II.llMII, B '!aCTHOCTII B OKCil;Ll;HbIX cnepxnponoµ;mIKax. 

Anpooan;HJI paOOTbl. 

MaTepnarrbI µ;nccepTan;IIII µ;0Krraµ;1,rnarr1Ic1> II 06cy)Kµ;arrnc1, Ha crreµ;yrorn;ux 

KOH<pepeHD;II.llX II ceMIIHapax: 19 Me)Kµ;yHapoµ;Hrur KOH<pepeHD;II.ll no q>HOHKe 

HIIOKHX TeMnepaTyp (BpanToH, BerrnKo6pnTaHII.ll 16-22 anr. 1990r.), Yparr1,­

cKrur llIKOJia MOlIO;Ll;hlX J'IeHhlX no TeopIIII TBepµ;oro Terra (EKaTepeH6ypr 1990 

r.), ConeTcKo-repMaHCKIIii cIIMnoonyM no BTCII (C-IleTep6ypr 6-13 oKT. 

1991 r.), PoccnncKo-repMaHCKIIIl ceMIIHap no TeopeTII'ICCKOII q>IIOIIKe (,I(y6Ha 

18-20 IIIOH1l 1991 r.), HaJ'IHblC ceMIIHaphl Jla6opaTopnn TeopeTII'IeCKOli q>n­

OIIKII OIIJIII,Kaq>ep;phl TeopeTII'IecKoii q>IIOIIKII IIpKyTcKoro yHnnepcnTeTa, 

IIHCTIITyTa MaKca-IIrraHKa (illTyTTrapT repMaHnH), Jieiirrn;nrcKoro yHnncp­

cnTeTa (repMaHII.ll). 
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Ily6JI:nxan;H:n. OcHoBHbIC pe::lyrr1>TaTbI µ;nccepTan;nu ony6m1KoBaHhl B 7 

pa6oTax, rrcpc~reHb KOTOJ)hlX rrprmoµ;IITC1l n KOHn;e aBTOpeq>epaTa. 

CTpyKTypa H OO'beM µ;HccepTaD;HH. ,I(nccepTaD;IIOHHaJI pa6oTa co­

CTOIIT II::3 BBeµ;emrn, Tpex opnrIIHaJibHbIX rrran, oaKJIIO'ICHII.ll II cnncKa D;ITTII­

pyc:r-.1011 JIIITcpaTyphl no 89 Ham.teHoBaHIIIT. 06rn;nii o6'beM p;IIccepTan;uu - 100 . 
CTpamrn;a 1fallIIIHOIIIICHOro TCKCTa, B TOM ~mcrre 11 pIICJHKOB II 1 Ta6mrn;a. 
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OCHOBHOE CO.I(EP)KAHHE P ABOTbl 

Bo BBe~eHHH TipIIBO;D;IITC.lI KpaTKIIII o6nop conpeMeHHoro cocTO.lIHII.lI T_eo­

pnn BOIIpocon, paccMaTpIIBaeMhlX B ;a;nccepTaD;IlOHHOll. 060CHOBbIBaeTC.lI aK­

TyaJibHOCTb TeMhl, OTipe;a;eJI.lIIOTC.lI u;errb II na;a;aqn pa60Thl. OrrucaHa CTpyK­

Typa ;a;nccepTan;nn, nnrro)KeHo KpaTKoe co;a;ep)KaHne Ka)K;a;oii rrranhl. 

Ilepaaa: rnaaa ;a;nccepTa:D;IIOHHoii pa6oThl rrocn.Hrn.eHa c11cTe1mTII'IecK0My 

IIOCTpoeHIIIO Hll3KO 0HepreTII'IeCKoro 0<p<peKTIIBHOro raMIIJibTOHIIaHa Ha rrpo­

CTpaHCTBe neKTopon r11rrn6epToro rrpocTpaHcTna He co;a;ep2Karn.11x ;a;nmK;a;nI 

naH.lIThlX COCTO.lIHIIII Ha ynrrax Me;a;n. raMIIJibTOHIIaH IIOCTpOeH C TO'IHOCTbIO 

;a;o TpeTnero nop.H;a;Ka no MarroMy TiapaMeTpy V /Ud. Ha ocHone rrorry'IeH­

HhlX a<p<peKTIIBHhlx nnanMo;a;eIICTBIIII npoaHarrnnnponaH MexammM <ppycTpa­

u;nu CIICTeMhl JIOKarrunonaHHbIX Me;D;HhlX CIIIIHOB. IIorrr1eHHO orpaHII'IeHire Ha 

CilMMeTpIIIO nonMo)KHoro cnepxnpono;a;.Hrn.ero rrapaMeTpa rrop.H;a;Ka n 0Toii MO­

;a;erru. 

B IIYHKTaX 1.1-1.3 <I>opMyrrupyeTC.lI raMUJibTOHilaH Mo;a;errII 8Mepu 

H = Ed L dt,diu + L Yim( dt,cmu + C~udiu) + ud L niTnil + L tmnC~uCnu 
iu imu i mnu 

n;a;ecb dt,(diu) II c;l;,u(Cmu) onepaTOphl po)K;a;eHII.lI(YHII'ITO)KeHirn) ;D;blpOK Ha 

Me;D;HhlX (i) n KIICJiopo;a;HhlX (m) ynrrax COOTBeTCTBeHHO. IlapaMeTp ru6pn;a;u-
'-

nau;nn Yim OTJIU'IeH OT HYlI.lI TOJibKo ;a;rr.lI 6m12KaIIWIIX ynrron. IlapaMeTphl Mo-

;a;errn Cu02 nrrocKOCTII BTCII-coe;a;nHeHIIII pacc'lIITaHHhle 1m TiepnhlX TipIIH­

D;IInon Ha ocnone aKcnepIIMeHTaJibHhlX ;a;aHHhlX IIMeIOT nerrII'lllHhl (n aB) I 

Ed I== 2, I V I== 1.5, ud == 8 nt == 0.5. IIpune;a;eHHhle 3Ha'IeHil.lI TiapaMeTpon OTBe­

'Ia:IOT nap.H;a;ono-<pJIIOKTyan;IIOHHOMY pe2KIIMY MO;a;errII 8MepII (V:::; ud,D.). ·.na­

rree <popMyrrnpyeTC.lI npou;e;a;ypa nocTpoeHII.lI renepaTopon npeo6panonaHII.lI 
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illpn<p<pepa-Borrn<pa. Ha ero ocHone cTpOIITC.lI 0<p<peKTIIBHhlll raMIIJibTOHIIaH 

c TO'IHOCTbIO ;a;o TpeTnero rrop.H;a;Ka no MarroMy rrapaMeTpy V/(Ud-D.). Oco-

6oe BHIIMaHIIe y;a;erreHO rrpo6rreMe MarHIITHOro nnaIIMo;a;eIICTBil.lI lIOKaJibHhlX 

Mep;HbIX CIIIIHOB. IloKanaHo, "'ITO CTeneHb <ppycTpa:u;IIII, a IIMeHHO, OTHOllleHIIe 

cnepxo6MeHHhlX rrnTerparron Me)K;a;y nTophlMII II nepnhlMII Cu - Cu 6JIII2KaII-

lllHMII coce;a;.lIMII, Marra. TeM CaMhlM, ;a;erraeTC.lI BhlBo;a;, 'ITO cnepxo6MeHHOe 

nnanMo;a;e:u:cTnIIe He MO)KeT o6ecne'lIITb cyrn.ecTneHHOII <ppycTpaD;IIII Me;D;HhlX 

CilllHOB II rrepexo;a;a CIICTeMhl Il3 aHTII<peppoMarHIITHOro B Heynop.lI;D;O'IeHHOe 

cocTO.lIHIIe. IIorrrrnHHhlII penyrrnTaT ;a;oTIOJIH.lieT penyrrnTaThl pa6oThl Hrre 11 

KacHepa TIO aHarrorII'IHOH Tipp6rreMe IIccrre;a;onaHHOII IIMII n Tipe;a;erre Ud = oo n 

CIIIIH <prryKTyan;IIOHHOM pe)KIIMe. 

IlyHKThl 1.4-1.5 TIOCB.lilll.eHhl nny'IeHIIIO MexammMa rII6pu;a;noro cnepxnpo­

no;a;.Hrn.ero cTiapunaHIIIO n Mo;a;erru 8Mepn. B!) nTopoM TIOp.lI;a;Ke TIO TiapaMeTpy 

ru6pn;a;unau;uu 0<p<peKTIIBHhlii raMIIJibTOHIIaH p- d Mo;a;erru n CIIJibHO Kopperrn­

ponaHHOM pe)KIIMe co;a;ep)KIIT aHTII<peppoMarHIITHOe nnaIIMo;a;eiicTBIIe Me)K;a;y 

cmrnaMu Ha ynrrax Me;a;u u KIIcrropo;a;a. ,IJ;aHHoe nnauMo;a;efrcTnue MO)KHO Tipe;a;­

cTannTb n nn;a;e aHarrorII'IHOM crraraeMoMy, onnchlna:10rn.ero cnepxnpono;a;.Hrn.ee 

o6Mennoe cnapIIBanne n Mo;a;errn Tnna BKID, 'ITO nocrry)KIIJio nono;a;oM ;D;lI.lI 

IIcCrre;a;onaHII.lI cnepxnpono;a;.Hrn.ero cnapIIBaHII.lI n aTo:u: Mo;a;errn. 8TOT nonpoc 

aHaJIII3IIponaJIC.lI C IlOMOlll.bIO MeTo;a;a npoeKTIIponaHil.lI ;a;nyxnpeMeHHhlX <pyH­

KD;IIIl lpnna ;D;lI.lI onepaTopon Xa66ap;a;a. 

Bnrno noKanaHo, 'ITO rrIIHeapnnonanHhle ypanHeHil.lI ;a;nn)KeHil.lI ;a;a10T pe­

rnemrn ;D;lI.lI d - d , p - p II d - p aHoMarrbHhlX <pynKn;ri lpIIHa OTJIII'IHhlX 

OT HYJI.lI n cnrry cyrn.ecTnonaHil.lI KoppelI.lID;IIOHHOil <pyHKD;IIII Do = Em < 
x1°c;tl - x1°c~T >=/= 0. IlepBa.lI II3 KOTOphlX (d - d aHOMaJibHa.lI <pyHKD;II.lI 

rpIIHa) co;a;ep)KIIT n ce6e ;a;onorrmITeJibHOe KIIHeMaTII'IecKoe ypanHeHne ca-
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MOcorrracOBaIIIlll < Xf0 I Xf0 >= 0. IloKa3aHo, 'ITO e;a;IIHCTBeHHOII D03MO)K­

HOCTbIO Y)];ODJieTBOpIITb 3TOMY ypaDHeHillO MO)KHO ecrrn IIOJIO)KIITb .6. = 0. 

B llTOM crry'lae BMCCTII C .6. 06pama10TCK D HYllb DCC aHOMaJibHhle q>yHKD;IIII 

I)mHa. ,Il;pyr11Mn crroBaMII ;a;aHHhlii MeTo;a; narrpemaeT cBepxrrpoBo;a;Kmce rn-

6pIIp;Hoe crrapIIBaHIIC )];lIK ClIY'laJI 8-BOJIHhl n nccrre;a;oBaHHOU MO)];CJIII. 

BTopas: rJiaBa nocnKmeHa pe;a;yKn;11n Mo;a;em1 8Mep11 B napK;a;ono-q>JIIOKTy­

an;rroHHOM pe)KIIMe K aqiq>eKTIIDHoii c11HrrreT-TplllirreTHoii Mo;a;emr. 

B 2.1 ;a;aeTcK KpaTKIIii o6nop IIpo6rreMhl pe;a;yKn;nn Mo;a;errn 8Mepu K o;a;Ho-

30HHoi'r t-J Mo;a;emI B napK)];ODO~q>lIYKTyan;IIOHHOM pe)KIIMe. OTMe'laCTCK, 'ITO 

KlIIO'ICBhlM MOMeHTOM B llTOII rrpo6rreMe KBJIKCTCK OTCYTCTDIIC Marroro rrapa­

MeTpa pa3JIO)KCHIIK B llTOM pe)KIIMC T.K. V/ .6. ~ 1/2. 

B 2.2-2.5 IlOKa3aHo, 'ITO n penyJibTaTe nepexo;a;a K onncaHIIIO )];blpO'IHblX 

orrepaTopoB Ha KIIcrropop;Hhlx ynrrax n TepM1rnax BaHHbe rrpe;a;cTanrremrn ;a;nyx 

rro;a;perneTO'IHall Mop;ellb 8Meprr rrepexop;IIT o;a;HoperneTO'IHOMY CDOCMY aHa­

rrory. Ilpn llTOM MaKCIIMaJibHall rII6pII)];II3aD;UK )];hlpO'IHbIX COCTOKHIIU rrpo­

IICXO)];IIT Ha O)];HOM ynrre Vo = 0.96V, a rn6pn;a;nnan;Irn Me)K;a;y )];blpO'IHhlMII 

cocTOKHIIKMII Ha panHbIX ynrrax V;i::; 0.14V (=0.14V Ha cocc;a;m1x ynrrax) 11 

O'ICHb 61,1cTpo crra;a;aeT C paCCTOKHIICM (i-j). 

8To Il03BOJIKeT Y'ICCTb o;a;HoyneJibHYIO rn6pu;a;11nan;Ill0 TO'IHO, a no B03-

HIIKllICMY MaJIOMY napaMeTpy V;j/ .6. rrpounnecTII panJIO)KCHilC MCTO)];OM Ka­

HOHII'ICCKoro rrpeo6panonamrn illp11qiqiepa-Borr1,qia. B penyrr1,TaTe qiopMy­

rrnpyeTCK aqiqieKTIIBHaJI CIIHrrreT-TpIInrreTHaJI ( CT) Mo;a;err1, ( B TepMnHax crrH­

rrreTHbIX II TpIIIIJieTHhlX )];hlpO'IHhlX COCTOKHIIH ) KaK HII3KO GHcpreTII'ICCKHH 

rrpe;a;err MO)];ClIII 8Mepn. PenyJibTaT pac'JeTa aqiqieKTilDHhlX llHepreTII'ICCKIIX 

KOHCTaHT CT Mo;a;errn KaK qiyHKn;nii OT IIapaMeTpon ncxo;a;Hoii Mo;a;emr rrpu­

BO)];IITCK Ha pIIcyHKax. Ilp11 3TOM OTMC'laCTCK, 'ITO o6o6meHHhlH raMIIJibTO-
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HIIaH t-J MO)];ClIII (a IIMCHHO, t-t'-J-J' raMIIJibTOHIIaH) BXO)];IIT B CT MO)];Cllb B 

Ka•1ccTDC rrrannoro crrarae:r.wro, 'ITO Harr6orree KpKo rrpoKBJijleTcK IIMCHHO n ' 

napK;a;ono-qirryKTyan;noHHOM pe)KIIMC IICXO)];HOU Mo;a;errn 8Mepn. PenyJibTaThl 

paC'ICTOB cpaBHIIDaJIIICb C pcnyJibTaTaMII IIOlIJ'leHHhlMlI KJiaCTepHhlM MeTO­

)];OM Xy6epcTCHOM n ;a;p. )];lIK KOGq>q>IID;IIeJ!TOB t-t'-J-J' Mo;a;errn. OTMe'leHo, 'ITO 

'IIICJICHHblC 3Ha'ICHIIK rrapaMCTpOD rrorry'leHHhlll B o6oux pac'leTax HaXO)];KTCK 

D xoporneM C00TBCTCTDIIII MC)K)];Y co6oi'r. 

TpeTbJI rnaBa rrpc;a;rraracMoi'r ;a;uccepTan;noHHoii pa6oThl IIocnKmeHa rro­

cTpocH1111 3aK0H0B )];IICIICpCIIII KBa3II'laCTIPIHhlX COCTOKHIIII B paMKaX IIOJIJ­

'ICHHOII CIIHrlICT-TpIIIIJICTHOII·MO)];ClIII B pC)KIIMC Marroro ;a;orruponamrn. 

B 3.1-3.2 uccrre;a;ycTC.ll KaHaJI K0repcHTH0ro ;a;nmKeHirn )];hlpO'IH0ro H0CII­

TCJIII (cnnrrrcTa) Hap; 0CHODHhlM aHTI~q>cppo:r.rnrHIITHhlM COCTOKHIICM. na C'leT 

rrcpccKOK0D MC)Kp;y crre;a;y10mmm na 6rrm1rni'rrnmm coce;a;.llMII D perneTKe a 

TaK)KC na C'ICT rrcpccKOKOD •1cpcn nnpTyaJibHOC C0CT0KHIIC TpIIIIJICTHOro CCK­

Topa. IIcrrorr1,nyK qiepMnoH-6onoHHoe npc;a;cTanrremre ;a;rrK orrepaTopon Xa-

66ap;a;a Dhl)];CJijleTc.ll crrarac:r.we B raMIIJibToHnaHe CT Mo;a;crrrr 0TDe'la10mee 

na CD06o;a;Hoe IIpbDKKOD0C )];BII)KCHIIC )];hlpo•rnoro HOCIITCJI.ll Hap; aHTIIq>eppo­

MarHIITHhlM OCHODHbIM COCTOKHIIeM. 8HeprCTII'ICCKall MaTprrn;a aToro KIIHe-
\ 

Til'ICCKOro 'IlICHa D IIMIIJJibCHOM rrpc;a;cTaBJICHIIII ;a;acT HaM naKOH ;a;ucnepcun 

cno6o;a;Horo )];BIDKCHIIK )];blpO'IHhlX HOCIITCJICII Hap; yKa3aHHblM OCH0BHbIM co­

CTOKHIICM. IloKanano, 'ITO IIOlIJ"ICHHblll naK0H ;a;ncnepcmr rrpIIDO)];IlT K TaK 

Ha3bIBaCM0MY 'ICThlpcx "Kap:r.mHHOMy': TIIIIY rronepXH0CTII <l>epMII C MIIHII­

MJM0M naKoiia ;a;1icrrcpcnn D T0'!Kax [±rr /2, ±rr /2] ncxo;a;noi'r noHhl Bp10mmHa. 

n 3.3-3.6 nny<mcTcK cncKTp non6y.iKp;CHIIII cnHrrreT-Tp1rnrrcTHOII Mo;a;cmr 

n rrapa:r.mrmrTHoii q>anc. ,Il;aHHhIII pe)KIIM pcammyeTc.ll rrocrrc panpyrncmrn 

MarHIITHoro nop.llp;Ka CITIIHODOII pcllICTKII na C'leT ;a;onnponamrn CIICTCMhl 
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p;blpKa:MII. B 0TIIX IIYHKTax MCToµ;oM upoeKTnponamrn µ;nyxnpetfeHHbIX q>yH­

KIIII:U Ip11Ha uccrreµ;yIOTC.lI Hop:l',rnlibHhle 0lICKTpOHHhlC CDOllCTDa CIIHrlICT­

TpIIIIlICTHOll Moµ;errn n napa:r-rnrHIITHoii q>a3e. TaK nyHKThl 3.3-3.5 nocn.lllIICHhI 

nocTpoeHIIIO cncTeMhl caMocorrraconanHhlX ypanHemm Ha q>yHKIIIIII Iputta 

µ;n_g CIIHrlICTHblX II TpIIIllICTHhlX COCTO.l!HIIII. Oµ;HoBpCMCHHO ca:r,,rncorrraconaH­

Hhle ypanHCHII.lI CTpO.lITC.lI µ;mr q>yHKIIIm Ip1rna OilIIChlBaIOlIIIIX MCp;HhlII ceKTOp 

( o~neqaIOlIIIIH 3anorrttem110 y3rra He 6orree 'ICM oµ;Hoii µ;hlpKOII). 8TII ypanHc­

mrn pewarrIICb 'IIIClICHHO. B pe3ylinTaTe 6hlmI IlOCTpoeHhl 3aKOHhl µ;ncnepcnn 

II IllIOTHOCTII COCTO.l!HIIH p;hlpO'IHblX HOCI1Terre11 rrpn pa3lIII'IHbIX 31Ia'ICHillI rra­

paMeTpOB Moµ;errII 8Mepu B II30lI.lITOpHOH q>a3e. 

AHamrmrpy_g pe3ylibTaTbI 'IlIClICHHOro C'ICTa, DhlilOlIHCHHbIC lI30lI.lITOpHOII 

q>a3e (n=l) OTMC'ICHO, 'ITO CIIHrrreTHaJI 30Ha Ka'IeCTBCHHO IIMCCT µ;uc11epcIIIO 

cxoµ;tty10 c µ;ucrrepcue:ii aHTIICB.lI3hlBaIOllle:U (n 0rreKTpOHH011 KapT1rne) rn6pn­

µ;HOII 30Hhl npeuMyllleCTBCHHO d Tuna. TorrbKO nmpxrna ee 6orree Y3KM II 

n µ;orruponaHHOM crryqae ( nz,1) yponeHb <t>epMH JIC)KIIT BHyTpu cxrnrrreTHOII 

30Hhl. 8To Il03DOlIHlIO rrpOHHTepnpeTnpoBaTb p.Hµ; µ;aHHhlX IIOlIY'ICHHbIX D 

q>OT00MlICHOHHhlX, C pa3pewcmreM no yrrry, 0KcnepIIMCHTax no II3MepeHIIIO 

30HHOII cTpyKTYPhl B norr1,3y Toro, 'ITO Ha6rr10µ;aeMhlH n 0Kcnep1IMCHTe ypo­

BeHb <t>epMII nepeceKaeT CIIHrrreTHYIO 30HY KOTOpa.!I TaKIIM o6pa30M II peru­

CTpIIpyeTC.lI B 0KCnepHMCHTax. IIocTpoeHa µ;uarpaMMa pa3p;elI.lIIOllla.lI o6rraCTII 

rrapaMeTpon CT Moµ;errII OTDe'IaIOlIIHX MeTarrrrn'IecKoii u µ;1rnrreKTpnqecK011 

q>a3e. Ha OCHOBe paCC'IIITaHHOII IllIOTHOCTII p;hlpO'IHhlX COCTO.l!HHII noKa3aHo, 

'ITO CIIHrrreTHaJI 30Ha HOCHT npIIIIMYlIICCTBCHHO p - xapaKTep. , 

B oaKJIIO"<IeHHH nepe'IIIClICHhl OCHODHhlC IlOlIO)KCHII.lI BhlHOCIIMhlC Ha 3a­

lIIIITy. 

IO 

OCHOBHbIE PE3YJibTATbI H BbIBO.I(bI 

1. IIorry•IcHo pa3rrmKCHIIC :r,,roµ;crrbHoro raMIIlibTOHIIaHa 8Mepn µ;rr.ll Cu02 rmo­

CKOCTII D pc:iKII1IC ClllibHbIX 'KoppClI.lIIIIIII C TO'IHOCTbIO µ;o 4 nop.!Iµ;Ka no rn-

6p11µ;113a11m1. Orrpeµ;crrcHa pom, 0qiqicKTIIDHoro cynepo6MeHHoro 'IlieHa µ;rrH 

qipycTpa11rrrr CIIIIHOD Ha nop:pcrncTKII Y3JIOD MC)J;II B 3aBIICHMOCTII OT )J;bIJ)O'I­

HOro µ;orrrrponamrn. 

2. Ilorry•rcuo, n paMKax MCToµ;a npoeKTIIponamrn µ;nyxnpeMeHHhlX q>yHKIIIIII 

rpnua,orpaHIPH'HIIC Ha crr1n1cTpn10 rn6prrµ;uoro p-d cnepxrrponoµ;H111cro na­

paMcTpa nopJIµ;Ka µ;;rn cnrrbuo Koppcmrponattuor°r Moµ;emr 8Mcpn. 

3. IIocTpocua 0q>q>CKTIIIlIHtlI CIIHrlICT - Tl)IIIIlICTHM MO)J;Cllb HII3K0-

0HCpreTII'ICCKIIX no36y2I~)J;CHI1r°I IIlIOCKOCTII Cu02 D J)C)KIIMe 3ap.!Ip;ODhlX qirryK­

Tya11nr°r 113 MO)J;CiIII 8Mcpn. 

4. 1Iorrr1cu ::nieprcTIPICCKIIr°I CIICKTP cno6oµ;Horo p;Dil)KCHil.ll O)];HOII )];bipKII 

uaµ; aHTIIq>cppoMarHIITHblM OCHODHhlM COCTO.l!HIICM D crrnrrreT-TJ)IIIIiICTHOr°I 

MO)J;ClIII. Cµ;crraH DbIDO)J;, 'ITO MIIHIIMYMOM 3clKOHa µ;ncrrcpcrrrr JIC)KIIT D TO'IKax 

[±7r /2, ±7r /2] 30Hhl BpIIlililIIO:JHa. 

5. Ha ocnonc MCToµ;a µ;nyxnpcMcunux qiynK11rrrr rprrna rrocTpocn II rrpoa­

uamwnponan :JIICJ1rCTII'ICCKIIII 30IIIIbIII cncKTp n rrrroTnocTb cocTO.lIHHII ;a;rr.ll 

CIIHriICT-TpIIIIiICTHOii MO)];CiIII D )];II3iICKTIJil'ICCKOII q>a3C nap; rrapaMarIIIITHbLM 

OCHODHbIM COCTO.l!HIICM. C;a;cmnI DbIDO)J; 0 TOM, 'ITO 3aKOH ;a;ncrrcpcrrrr cnnrrrcT­

uor°r 30HbJ: anarrorwrcn 3aKony ;a;ncncpcrnr d- 30HbI. B ;a;orrrrponannoM ClI)"rnc 

yponcHb qicpMII iIC)KIIT D CIIHrrreTHOii none. IIoKanano, 'ITO CIIHrlICTHaJI 30Ha 

IIMCCT ITO'ITII 'IIICTO Krrcrropo;a;nuii xapaKTCp. 
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