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AKTYaJJbHOCTh TeMbl. 

KaK xopowo II3BeCTHO, yrJiepO,D, MO)KeT cym,eCTBOBaTb He TOJibKO B !pOpl\,!e rpa

!pHTa HJIH am,ia3a, 110 TaK )Ke II B cpopMe rpacpe11a- ITJIOCKOro MOHOI\,IOJieKyJIHpHoro 

CJIOH, a TaK )Ke pa3JIIIqllhIX pO)],CTBel!Hh!X eMy nanOCTpyKTyp- HaHOTpy6oK, <PYJIJie

peHOB, 11a110Ko11yc0B II ,D,p. IlpOCTOTa CIIHTe3IIpOBamrn yrJiepO,D,llh!X HaHOCTPYKTYP, 

HX Bh!COKaH y,D,eJihllaH rr0Bepx110CTh II YHIIKaJibllb!e Mexam1qecKne CBOliCTBa (11c

KJIIO'IHTeJihHO BhICOKIIli II3-3a rrpoqnhIX yrJiepo,I1;-yrnepO,D,HhIX sp2- CBH3ei1 MO,D,YJih 

l011ra paCTH)KelmH) orrpe,D,eJIHIOT IIX IICIIOJih30Baime B KaqecTBe !pHJihTPOB II KOM

ITOHeHT KOMIT03IITHhIX MaTepIIaJil)B. 9JieKTpOHHLie CBO!iCTBa yrJiepO,D,Hh!X 11anoqac

THII, TaK)Ke 3naqIITeJihHO OTJIIIqaIOTC.H OT CBOliCTB TBep,D,bIX TeJI. MaJiblll JIIIHei1Hhlli 

pa3Mep, 3cp!peKTIIBHO HH3Ka.H pa3MepHOCTh 11a11oqaCTIIII, II CTPYKTypoo6pa3y10m,IIe 

TOITOJIOrIIqecKIIe ,D,ecpeKThl (B-OCHOBHOM ,[\IICKJIHHau,nII) rrpIIBO,[\.HT K 3HaqIITeJibllhlM 

KaK JIOKaJibllhIM, TaK II HeJIOKaJihHhIM (11aHOTpy6KII) II3MeHeHII.HM 30HHO!i CTpyK

TYPhl II H3MeHeHIIIO IIJIOTHOCTII COCTOHHII!i ITO cpaBIIeHIIIO co CJiyqa.HMII rpa!pIITa 

II HeIICKpIIBJieHHOH rpa!pIITOBOH IIJIOCKOCTII. IloCKOJihKY 11a11oqacTIIIl,hl C TaKIIMII 

3JieKTpOHHhIMII CBOHCTBaMII MoryT 6b!Th IICIIOJih30BaHbl B pa3JIIIqllhIX 3JieKTpOHHhIX 

ycTpO!iCTBax (ToqeqHhie 3JieKTpOHHbie 3MHTTepbI, IIOJieBhie II 06b1q11b1e ,[\IIO,[\hl H 

TpaH3IICTOphl, ycTpOHCTBa O,[\H03JieKTpOHIIKII II - B rrepcrreKTIIBe - KBaHTOBOH JIO

rHKH), II3yqe11ne 3JieKTpOHHh!X CBOHCTB yrnepO)],HhIX HaHOCTPYKTYP CJie,D,yeT rrpII-

3HaTb aKTYaJihHhIM B 6JIH)Kaiirneii rrepcrreKTIIBe. 

,Il;JI.H rrpII6JIH)KeHHOro OIIHCaHH.H 3JieKTpOHHhIX CBOHCTB BnaqaJie rpacpHTa, a 3a

TeM II rpacpe11a IIPII HII3K01i (B6JIII3II 3HeprHII <I>epMII) 311eprHII 11aqH11a.11 C pa60Thl 

,Il;H BII11qenu,o II MeJie [l] IICIIOJih30BaJiaCh TeopeTIIKO-IIOJieBa.H MO)],eJih, OCHOBa1111a.11 

na f . P:,rrpIIOJIII)KeHIIII, rrpIIBO)],.Hlll,a.H K 3cp!peKTIIBHOMY 6e3MaCCOBOMY CTail,HOHap

HOMY ypaBHeHIIIO ,Il;HpaKa. BoJibIIIIIHCTBO yrnepO)],HhIX HaHOCTPYKTYP OTJIHqaIOTC.H 

OT rpacpe11a TOJihKO HaJIIIqIIeM ,[\II~KJIHHail,IIH (IIHTII- IIJIH ceMIIyroJihHHKOB) II Bhl-

3BaHHhlM IIMH IICKpHBJie111IeM IIOBepxHOCTII, rrpII 3TOM JIOKaJihHO OHII ITO,D,06Hbl rpa

cpeny (Ka)K)],hlll aTOM CB.H3aH C TpeM.H ,D,pyrHMII B ITJIOCKOCTH). B pa60Tax JlaMMepTa 
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II Kpecnu [2], OcnnoBa, KoqeToBa II Ily,ll,naKa [3], a TaK )Ke fott3aneca, fmmea 11 

Bo3Me,ll,IIaHO [4] TeopeTIIKO-TIOJleBa.lI MO,ll,eJlb 6h1J1a MO,ll,Hq:>IIl.~IIpOBaHa ,l],Jl.lI npm,1e

Hemrn K pa3J1HqHblM nmaM yrnepO,ll,HblX naHOCTPYKTYP (mrncne,ll,CTBIUI II K MIIO

rocnoiiHblM yrnepO,ll,HblM HaHOCTPYKTypaM). BblJ10 Haii,ll,eHO, qTo HaJluqne TIOJ10)KII

TeJ1bHblX ,ll,IICKJlHl!a~IIii ( 11.IITIIYrOJlbHHKOB) npIIBO,ll,IIT K TIO.IIBJleHIIIO TIOJ10)KIITeJibHOH 

rayccOBOH KpHBII3Hbl H yBeJlIIqeHIIIO JIOKaJlbHOH TIJlOTHOCTII :rneKTpOHHblX COCTO.II

HHii, a HaJlIIqne OTpn~aTeJibHbIX ,ll,HCKJIHHa~nii ( ceMIIyrOJlbHIIKOB )- K IIO.IIBJleHHIO 

OTpn~aTeJlbHOH KpHBH3Hbl II yMeHbIIIeHIIIO IIJ10THOCTH COCTO.IIIIHH. 

C 3KCrrepm.1eHTaJibHOll ToqKn 3peHII.II, 3JleKTpOHHbie CBOHCTBa yrnepO,ll,HblX Ha-

HOCTPYKTYP 6b!J1H nccne,r:i:oBaHbl II IICCne,r:i:yJOTC.II B HaCTO.III~ee BpeM5I. 

IJ;eJiblO pa60Tbl .IIBJl.lleTC.II IICCJie,r:i:oBaime 3JieKTpOHHbIX CBOHCTB pa3J1IIqJibIX yr

nepO,il;HbIX HaHOCTPYKTYP B paMKax TeopeTHKO-IIOJ1eBoro rro,r:i:xo,r:i:a. 

Hay'IHruI H0BH3Ha ll npaKTH'leCKaa ~eHH0CTb. 9neKTpOHHbie CBOHCTBa yr

Jiepo,r:i:HblX HaHOCTPYKTYP Ba)KHbl KaK C cpyn,r:i:aMeHTaJlbHOH TOqKII 3peHII.II (B TOM 

qIICJle B KaqecTBe Mo,r:i:ene.ii, OIIIICbIBaJO~IIX pacrrpOCTpanenIIe 6e3MaCCOBbIX cpepMII

OHOB), TaK II ,il;Jl.lI MHOroqIICJleHHbIX rrpIIJIO)KeHIIll ( nanopa3MepHblX 3JieKTpOHHbIX 

ycTpOHCTB Ha yrnepo,r:i:HbIX HaHOTpy6Kax H nanone1ITax, ycTpOHCTB, IICIIOJ1b3YIO~IIX 

3neKTpOHHyJO 3MIICCIIJO c YHC II T.,r:i:.). Cy~ecTByJOT pa3JIIIqnhie MeTO,il;hI pacqfaa 

3JieKTpOHHbIX cBoiicTB YHC, KOTOpbre MO)KHO pa3,r:i:eJIIITh Ha pacqfab1 II3 rrepBbIX 

rrpIIH~IIIIOB, 3MIIIIpIIqecKIIe MeTO,il;bl ( BKJIJ0qa51 rrpII6JIII)KeHIIe CIIJlbHO.ii CB.II3II) II KOH

TIIHYaJlbHbIH TeopeTIIKO-IIOJieBOll rro,r:i:xo,r:i:. l.J,eHHOCTb IIOCJie,r:i:nero rro,r:i:xo,r:i:a COCTOIIT 

B rrpOCTOTe rrpIIMeHemrn II JierKOCTII BBe,r:i:enII.II ,il;OIIOJIHIITeJibHbIX B3aIIMo,r:i:ei1CTBIIll B 

MO,il;eJib. 

B rrpe,r:i:cTaBJleHHOH Ha 3a~IITY ,ll,IICCepTa~IIII IICCJie,r:i:oBaHbl 3JleKTpOHHbie CBOllCTBa 

pa3JIIIqHblX YHC- HaHOKOHyCOB II HaHOXOpHOB, rpacpeHa C OTpII~aTeJlbHOH KpIIBII3-

HOi1, ccpepIIqecKIIX cpynnepeHOB II 3aKpbITbIX yrnepO,il;HbIX HaHOTpy6oK. IloKa3aHO, 

qTo yrnepO,il;Hble HaHOXOpHbI rrpOII3B0JlbHOH MOpq:>OJIOrIIII o6na,r:i:aJOT JIOKaJlbHOH Me

TaJ1JIII3a~IIei1 B6JIII3II OCTpIIH. l-,lIIcneHHblll pacqfa, yqIITbIBaJO~IIii cy~eCTBOBaHIIe 

HYJib-MO,il;bl, IIOKa3bIBaeT yBeJIIIqeHIIe IIJ10THOCTII COCTO.IIHIIH B6JIII3II BepIIIIIHbI II 60-

nee pe3KIIH pOCT IIJIOTHOCTII COCTO.IIHIIH rrpII yBeJII1qenIIII 3HeprIIII (no cpaBHeHIIIO C 
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IIJIOCKIII\I CJly<IaCI\I). ,IJ,nH rpacpena C OTp1IIJ,aTeJ1hllOII Kp1IBll3110H IIOCTpoe11a ~IO/J,CJ]b 

"Konyca c II36bJTKOr-.1 yrna" (surplus-angle cone), ,ll,Jl.lI KOTopoii 3a,r:i:a'm CBO/l,IITC5l K 

perneHHOI1 panee 3a,ll,a'1e ,ll,JI.II 06b1qHoro Konyca. ,Il,nH ccpepuqecK11x q>ynnepe11on 

(Ih)-TIIIIa IIOCTpoetta MO,ll,eJlb "r-.rnrHHTHOro MOHOIIOJ1.II" II Haii,ll,eHO ee TOqHoe perne

IIHe ( crreKTp II co6cTBeHHbJe cpyHK~Illl). ,Il,J1.1I 3aKpb!TblX. yrnepO,ll,llblX 11aHOTpy60K 

qIIcJieIIHO Haii,r:i:ena IIJlOTHOCTb COCTO.IIHIIii, o6napy)Kell 3cpcpeKT pa3MbIBaHII.II BaH

XoBOBCKIIX CIIHryn.llpHOCTeii B6JIII3H BepIIIIIHbI naHOTpy6KH. Ilpn TIOMOlll,H aHam13a 

aCIIMIITOTIIqecKoro perneHH.II 3cpcpeKT CB.II3bIBaeTC.II C reoMeTp11ei1 HaHOTpy6KJI. 

Anpo6a~nl'I pa60Tbl. Pe3yJibTaTbI, rrpe,ll,CTaBJ1eI1Hble B /1,HCCepTa~nn, ,ll,OKJia,ll,bl

BaJlIICb 11 o6cy)K,Ll,aJ11ICb Ha HayqHbIX ceMIIHapax Jia6opaTOp!III TeopeTIIqecKoii cpn-

31IKII HM. H.H. Boromo6oBa O6'be,r:i:nneHHoro IIHCTIITyTa .II,ll,epHblX HCCJie,ll,OBannii 

(ceKTOpHblH II TeMaTIIqecKnii CeMIIHapb1), a TaK)Ke rrpe,r:i:cTaBJ1.IIJ11ICb II ,il;OKJla,l],bl

BaJlHCb Ha: Me)K,r:i:yttapo,ll,Hoii Koncpepen~nII no TeopeTnqecKoii cpn3nKe "Dubna

NANO 2008" (,I1,y6Ha, 2008); Me)K,r:i:yHapo,ll,HOii KOHcpepen~HII "Condensed Matter 

Physics in the prime of XXI century" (L9dek Zdr6j, Poland, 2007); 9-oii nayq1-1oii 

KOH<pepen~HII M0JI0,ll,blX yqeHbIX II crre~IIaJlIICT0B ( ,I1,y6Ha, 2005); 4-ii Me)K,r:i:yna

po,r:i:Hoii KOHcpepeH~Irn "Yrnepo,ll,: cpyH,r:i:aMeHTaJ1bHb1e rrpo6neMbI nayKn, MaTepn

anoBe,ll,em1e, Texnononrn" (MocKBa, 2005); Me)K,r:i:yHapo,n.Ho.ii KOHcpepeH~nn "2-nd 

National Conference on Theoretical Physics and Titeica- Markov Symposium (Con

stancia, Romania, 2004). 

Ily6JinKa~nn. Ilo MaTepIIanaM ,n.IIccepTa~nII orry6nnKOBaHo 8 pa6oT. 

O6'beM ll CTPYKTypa ,u;nccepT~llll. ,Il,IIccepTa~Irn C0CTOIIT II3 BBe,ll,eHH.II, Tpex 

rnaB II 3aKJIJOqeHH.II. O6~n.ii 06-beM 101 CTpaHn~a, BKJIIOqa51 28 pncyHKOB H CIIHCOK 

JIIITepaTypbI H3 77 nanMeHOBaHnii. 

Co,ll,ep)KaHne pa6oTbI 

Bo BBe,u;eHHH o6cy)K,n.aeTC.II aKTYaJlbH0CTb rrp0BO,ll,HMblX IICCne,r:i:oBaHIIH. ,IJ,aHo 

KpaTKoe co,n.ep)KaHne ,r:i:nccepTa~nn. 

B nepBoii rJiaBe ,n.aeTC.II BBe,r:i:eHne B TeopeTHKO-II0JieBOll rro,r:i:xo,r:i: K 0IIHCaHHIO 
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3JICKTp011HbIX CBOIICTB yrnepO,!J,HblX 11aHOCTPYKTYP· )lm1 TIJIOCKoro CJ1y'!a51 IlCXO)J,51 

113 k • p'.-cpopMam13~1a 11axo,1I,11TCH ypaB11e1111e, omrchIBaJOn\ee 3JICKTpo1111y10 BOJIHO

ByIO cpy11K~IIIO ua ,II,BYX TIO)],peIIIeTKax, CBO)J,51~eec51 K ,II,ByMepHOMY CTa~HOHapHOMY 

6e3MaCCOBOMY ypaBHCHHIO )l11paKa BH)J,a 

-iiJ,N = E'ljJ, 

r,11,C CJ- ~iaTpHl\hl Ilayn11, a 3Hepr1rn E OTC'IIIThmaeTCH OT 3Heprn <I>epwr. Haxo

,!J,HTCH )J,HCnepc11om1oe COOTHOIIICHile 11 Bbl'IHCJI51CTC51 3aBIICHMOCTb TIJIOTHOCTil 3JICK

TpOHHb!X COCT051Hllll OT 3Hepnrn )J,Jl51 TIJIOCKOro CJiy'!a51 (rpacpena). Y'leT Kp11BH3Hbl 

noBepXHOCTII np0113BO)J,HTC51 np11 TIOMO~ll TCTpa)],HOrO cpopMamI3Ma. BJIH51Hlle )],11C

KJil1Ha~Hll Y'IHTbJBaeTC51 BBC)],CIIl1CM KaJI116pOBO'!Hb!X IlOJierr )],BYX TIITIOB (A6eJieBoro 

11 11ea6eJieBoro)' B03Hl1Ka!O~HX COOTBCTCTBCHHO ll3 TCOpllH yrrpyrocTH B nepacnrn

PHTCJibHOM rrpH6JIH)KCHl111 H BCJie)],CTBIIl1 CMCIIIJ!BaHH51 TIO)],peIIIeTOK npH B03HIIKHO

BCHHH )],HCKJIHHa~HH. IlOJI51 51BJl51IOTC51 BHXpeBh!Ml1, ll HX ~IIPKYJIH~HH BOKpyr )],e

cpeKTOB, KOTOpbie C'IHTaIOTC51 CBO)],IIMblMH B TO'IKY, orrpe)],CJI51IOTC51 cpopMyJiaMH 

f adf= N%r2 , (1) 

)],Jl51 HC'!eTHOrO '111CJia )],C(pCKTOB, 11 

f _d_ (N 2M) a r = 1r 2 + 3 T3, (2) 

)],Jill 'ICTHOro, r)],e 'IHCJIO Af, OTIIICb!BaIO~ee 3cpcpeKTHBHblll C)],Bl1r, npHHHMaeT 3Ha-

•1e11ne M = 0, ±1. 

BTopoe TIOJie onpe)],CJI51CTC51 ycJIOBHCM 

f - N Wdf= 21r6 . (3) 

OcnOBHOe ypaBnenne MO)],CJlll IIMCCT BH)], 

i'·Pel'(v' - iak - iW )·'·k - E·'·k I a /J, µ, /J, 'f' - 'f' > (4) 

r)],e aZ, k = K, K_ n Wµ,- Kan116poBO'IHhJe noJin, 1°- )],Be su(2)- MaTpH~hI pa3Mep

HOCTH 2 X 2, KOTOpb!e MO)KHO Bb!6paTh HaTipHMep B BH)],C "(; = -CJ;, H y' µ, = Oµ, + f2µ,, 

r)],e 

f2µ, = ~w:bh'a, "/b]- (5) 
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O6cy)K)],a!OTC51 orpaHH'ICHII51 ll CBOHCTBa MO)],CJIII. 

Bo BTOpoii rJiaBe IlCCJie)],yIOTC51 3JlCKTpOHHhie CBOHCTBa yrJiepO)],HblX HaHOKOny

COB H yrJiepO)],Hb!X nanoxopHOB. IloBepxHOCTb MO)],CJIII, OIIlICh!BaIO~a51 3JlCKTp011Hbie 

CBOHCTBa HaHOKOnycoB II HaHOXOpHOB, UMeeT reoMeTpHIO 0)],HOH ll3 'laCTerr ,L\Byxno

JlOCTHOro runep60JIOH)],a, '!TO CB513ano C Heo6xO)],HMOCTblO J'ICCTb IlJlaBIIOe H3MeHe

HHe KpHBU3Hbl B6JIII3H BepIIIHHbl HaHOKOHyca. l1ccJ1e)],0Banue TIOBC)],CH,ll}l BOJIHOBbIX 

cpyHK~Hll npn 3Heprnn <I>epMH TIOKa3aJI~, '!TO )],JI51 CJiy'la51 1151TH )],C(pCKTOB- )],J151 

HaHOXOpHOB- cy~eCTByeT 0)],HO HOpM11pyeMoe peIIIeHne (HJJlb-MO)],a), '!TO rDBOpHT 

0 JlOKaJibHOll MCTaJIJ1H3a~nn HaHOXOpHOB B6JIH3H HX BepIIIUHbl. l1cnOJlb30Bam1e 

Hall)],CHHb!X HYJib-MO)], TI03BOJ151eT naiITH rrpn6JIH)KCHHOe peIIIenue B6JIH3H 3Heprm, 

<I>epMn, '!TO B CBOIO O'!epe)],b TI03BOJ151CT 'IHCJICHHO nail:TH BOJlHOBbie cpyHK~Hll 11 

TIJlOTHOCTh COCT051Hllll (cMOTpll Puc. 1). TaK)Ke B fJiaBe 2 UCCJIC)],y!OTC51 3J1CK-

-0.004 

X 
"-.4 

'',., 6 
~ 

8 
0.2 

0.15 
0.1 LDoS 

0.05 

0 

PncyHOK 1: JloKaJibHa51 JIJlOTHOCTb COCTOHHHii HaHOXOpHa B npOH3BOJlhHb!X C)],UHH

~ax, 3aBnc"si:~an OT KOOp)],HHaTbI (B e,L11rnn~ax a) u 3neprm1 (B e)],unn~ax hVp/a). 

TpOHHbie CBOHCTBa rpacpena C OTpn~aTeJihHOil: KpHBH3HOil: (B rrpncyTCTBHU CeMn- II 

BOCbMHyroJihHb]X KOJie~)- IloCKOJlhKY noBepxHOCTb C'IIITaeTCH nepaCTH)KHMOii, BBe

)],CHHe OTpn~aTeJibHOii )],HCKJlllHa~nn (BCTaBKa B nee ceKTOpa B 60° HJlll 120°) rrpn-
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BO,[l,11T K IIO.HBJiemuo 6eCKOHe'JHOH OTPl1llaTeJibll011 fayccOBOll Kp11BI13llbl B l.(eHTpe 

( aHaJIOrII'IHO IIOJIO)Kl!Te.JibHOH KPIIBII3He B l.(e!!Tpe o6hI'IIIOro KOJiyca). l1crrOJib3Y.H 

TaKyIO MO)],eJib "Ko11yca c 1136bITKOM yrJia" (surplus-angle cone), a TaK)Ke rrp116JI11,Ke

mie, Y'IIITbIBaIOllIIIe TOJibKO yrJIOBbie KOMIIOHeHTbl KaJI1!6poBO'IHb!X IIOJieil., y,[l,aJIOCb 

CBeCTJI 3a,[l,a'ly, He 06Jia)],aIOil.(y!O 113Ha'laJih!IO aKCHaJibHOH CIIMMeTpneil., K 3a)],a'le 

,[l,JI.H o6bl'JIIOro KOHyca. I1po113BO,[l,IITC.H cpanttett11e pe3yJibTaTOB C Hail.)],eHHb!M pauee 

pernemieM B rrp116JIII)KeJUm Cl1JlbHOH CB.H3II [5]. 

B TpeTheH rJiaBe IICCJie,[J,yIOTC.H ,meKTpOH!lhie CBOHCTBa ccpepn'IeCKl1X cpyJIJie

peHOB II 3aKpb!TblX yrJiep0,[1,Hb!X HaHOTpy6oK. ,LJ:JI.H ccpep11'IeCKIIX <pyJIJiepeHOB, II0,[1,

pa3,[1,eJI.HIOllIIIXC.H Ha )],Ba KJiacca no HaJIII'IIIIO B HIIX 3epKaJib11on c11MMeTpIIII (I) II (Ih) 

KJiaCCbl- IICCJie,[l,yIOTC.H l.\IIPKYJI.HIJ;IIII IIOJI.H a BOKpyr rpyrrrr ,[l,e<peKTOB. ,LJ:JI.H <pyJIJiepe

HOB (Ih)- TIIrra rrpIIM€H.HeTC.H rrpII6JIII)KeH11e "pa3Ma3aHHOrO IIOJI.H") paCCMOTpeHHOe 

panee B pa6oTe fOH3aJieca, fBIIHea II B03Me)],nano [4]. OTJIIl'III€ OT YKa3aHHOH pa-

60Tbl COCTOIIT B TOM, 'ITO BBe,[l,enIIe rrpII6JIII)K€HII.H rrpOI13B0,[l,IITC.H caMOCOrJiaCOBaHo, 

rryTeM rrp11MeHeHI1.H BBe)],eHHOH B fJiaBe 1 MO)],eJIII, Y'IIIThIBaIOllieH BMeCTe C uea6eJie

Bb!M TaK)K€ II a6eJieBO IIOJie (aHaJIOr yrrpyroro IIOJIR ,[l,IICKJIIIHao;IIII). IIocTaBJI€HHa.H 

3a,[l,a'la pernaeTC.H anaJIIITII'leCKII, HaXO,[l,IITC.H crreKTp II co6CTB€HHbie '-PYHKI.J,IIII M0-

,[1,€JIII. 

Ta )Ke M0,[1,eJib pacurnpReTCR ,[l,JI.H OIIIICaHIIR ccpepII'l€CKOil: KpblillKII HaHOTpy6oK 

rrpOII3B0JlbHOH XIlpaJibHOCTII, IIpII'IeM KpbIIllKa MO)KeT .HBJIRTbC.H TaK)K€ II IIOJIOBIIH-. 

KOH <pyJIJiepena (I)- TIIITa. ,LJ:JIR TaKoro cJiy'laJI IIOJIR ,[l,IICKJIIIHao;IIH BKJIIO'laIOT n ce6.H 

HeHyJieBOH cpaKTOP, CB.H3aHHbIH C OTHOCIIT€JlbHb!M C,[1,BIIrOM II.HTIIyrOJihHIIKOB, ,[l,JIR 

(Ih)- KJiacca paBHhiil: HJJIIO. TaKIIM o6pa3oM, rrpII6JIII)K€Hile "pa3Ma3~nuoro rroJI.H" 

rrepecTaeT COOTBeTCTBOBaTh IIOJIIO MarHIITHOrO MOHOIIOJI.H B rrpOI13B0JlbHOM CJIJ'lae, 

KaK B pa6oTe fOH3aJieca II ,[],p. [4]. ,LJ:JI.H 30Hbl ttaHOTpy6KII IICIIOJih3yeTC.H CTaH,[1,apT

HOe rroJie, nrrepnhie BBe)],ettttoe B pa6oTe Katte II MeJie[6]. ,LJ:JI.H 060IIx o6JiacTen, KaK 

Toro Tpe6yeT TeopeTIIKO-IIOJieBOH IIO,[l,XO,[I,, BBO,[l,IITC.H e,[l,IIHa.H cpopMa IIOBepxHOCTII, 

Ka'leCTBeHHO OIIIICbIBaIOllJa.H rrepeXO,[I, OT IIOJiyccpepil'leCKOH KpbIIllKII K Tpy6Ke. KaK 

II paHee, IICCJie)],OBaHile aCIIMIITOTII'leCKOro IIOBe)],eHIIR BOJIHOBOH cpyHKI.1,IIII n6JII13II 

IIOJIIOCa IIOJiyccpepbl II B,[l,aJIII OT KpbIIllKII II03B0JIIIJIO 'IIICJieHHO HaHTII IIJIOTIIOCTb 
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PIICJHOK 2: JlOKaJihHa.H IIJIOTHOCTb COCTO.HHIIH (ua €,[1,IIHiley IIJIOllia)],II, B rrpOI13BOJib

llbIX e)],IIHIIIJ,ax) B 30He Kpb!IllKII (HII,KHIIe pIICJHKII), OKOJIO Kpb!IllKII (B cepe,[1,1111e) 

II B,[l,aJIII OT KpbIIllKII (nepXHile pncyHKII). Pe3JJ!bTaThl ,[l,JI.H MeTaJIJIIl'leCKIIX uanoT

py6oK IIOKa3aHhl CJieBa, ,[l,JI.H IIOJiyrrpoBO,[l,.HllIIIX- crrpana. 3)],eCb 1/a=0.9, II :rneprII.H 

E Il3MepeHa B e)],IIHIIu,ax n VF/ Rt-

COCTO.HHIIH (cMOTpll pncyHOK 2). OcHOBHOil: oco6eHHOCTb!O IIOBe,[1,eHII.H IIJIOTHOCTII 

COCTORHIIH rrpII pa3Jill'IHbIX :meprII.HX n o6JiaCTII Tpy6KII .HBJI.H€TC.H "CMa3hIBaHne" 

BaH-XOBOBCKIIX CIIHrJJI.HpHOCTeil: (3aMeHa IIX Ha KOHe'IHbie IIIIKII C MaKCIIMJMaMH 

rrpn 6oJihillHX ·,meprnax). CMa3hIBaHne cnHryJIRpHOCTeil: o6'b.HCHReTC.H reoMeTpn

'leCKIIM cpaKTOpOM IIOCJie 6oJiee rrpHCTaJibHOro llCCJie,[l,OBaHH.H aCIIMIITOTil'leCKIIX pe

Ill€HIIH B,[l,aJIII OT KpblllIKll. 

B 3aKJIID'leHHH KpaTKO ccpopMJJIIIpOBaHhl IIOJiy'leHHhie B ,[l,IICCepTal.J,IIII pe3yJih

TaTbI, KOTOpbie Bb!HOC.HTC.H Ha 3allIIITy. 
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Ha 3arn;11Ty Bbl,ll;BHraIOTC51 CJie,z:i;y10rn;11e pe3yJihTaTbI: 

1. ITocTpoeHa MO,[l,eJib, Oil!ICbIBa!On~a.H 3JieKTJ)OHHhie CBOiiCTBa yrJiepO,Ll,HblX na

HOKOIIYCOB II HaHOXOJ)HOB. Haii,LJ,eHO OTJIH'IIIe B 3JieKTJ)OHHh!X CBOiiCTBaX npmrnTOii 

B 1\10,L\eJIII reOl\rnTpllll ,Ll,BYXIIOJIOCTHOro r1111ep60JIOJI,IJ,a II II3BeCTHOii MO,L1,eJ11·1 C KOHll

'IeCKOii reOl\IeTpHeii. Haii,LJ,eIIbl HYJih-MO,Ll,hl II aCIIMTOTH'IeCKHe pernemrn MO,[l,eJIH. 

2. )],JI.H cnyqa51 yrJiepO,Ll,Hb!X uanoxopHOB IICIIOJib30Bamrne HII3K03HepreTH'leCKOe 

npH6mnKeHI1e II03B0JIHJIO 'IIICJieJIIIO IIOC'IIITaTb BOJIHOBYIO <PYHK~IIIO II IIJIOTHOCTh 

COCT051Hilii npn pa3JIIl'IHh!X 3Hepnrnx. )],eJiaeTC51 Bh!BO,Ll, 0 JIOKaJibHOii MeTaJIJIIl3a~IIII 

yrnepO,Ll,IlblX HanoxopHOB. 

3. )],JI.H CJ1yqa51 rpacpena C OTpil~aTeJibHOii KpIIBil3IIOii ccpopMyJIIIJ)OBaHa MO,LJ,eJib 

"surplus-angle cone". I1crroJih30BaB rrpI16JII1:a<:enI1e 1 Y'IIITbIBaIO~ee TOJibKO non.Hp

Hhre KOMIIOHeHTbl KaJII16pOBO'IHhlX IIOJieii, 3a,Ll,a'ly y,Ll,aJIOCb CBeCTII K perneHnoii panee 

3a,LJ,a,,e ,LJ,JI.H 06b1'1noro Konyca. 

4. CcpopMyJIIlpOBana MO,Ll,eJih, OIIIICbIBaIO~a.H 3JieKTpOHHbie CBOiiCTBa c¢epI1'1eC

KIIX cpyJinepenoB B rrpI16JII1)KeHIIII "MarnIITHoro MOHOIIOJI.H". )],JI.H CJ1yqa51 (Ih)- cpyn

nepenoB anaJIIITil'ICCKII naii,Ll,eH crreKTp II BOJIHOBbie cpynK~MII. 

5. CcpopMyJIIlpOBaHa MO,Ll,eJib, OIIHCbIBaIO~a.H CBOllCTBa yrJiepO,Ll,Hh!X nanoTpy6oK, 

3aKpb!Tb!X IIOJIOBIIHKaMII ccpepH'Iecrrnx <PYJIJiepeHOB. lJI1cJieHHO naii,Ll,eHa 3aBHCII

MOCTb IIJIOTHOCTII COCT051Hilii OT 3HeprIIH II IIOJIO)KeHil51, o6napy)KeH II o6'b51CHeH 3<P

¢eKT pa3Mb!BaHH51 Ban-XoBOBCKOii c1rnrym1pHOCTII B6JIIl31I KpbllllKH HaHOTpy6~II. 
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