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Bonpoc o B38HMO.lleAcTBHH p. -MeaoHOB c Sl.llp8MH no.llBepraeTCSI B HaCTOSill.lee 

Ill 
speMR HHTeHCHBHOMy Hccne.llOBBHHID H3y'leHHe aneMeHT8pHoro aKTa 38XBaTa 

p. -Me30HOB npOTOHOM, KOTOpbiA MO)KeT 6biTb paCC'IHTBH HBH6onee TO'IHO, COIIpSI)KeJlO 

CO cneuHqlH'IeCKHMH 9KCIIepHMeHT8nbHhiMH Tpy.llHOCTSIMH II He .llBeT HC'IepiibiBBIDll.leA 

HHtPOpM8UHH 0 CBOii:CTBBX p. -Me30HHhiX KOHCTBHT cna6oro B38HMO.lleACTBHSio 3a.ll8'18 

COCTOHT B OIIpe.lleneHHH 9THX KOHCTBHT 113 OIIbiTOB IIO 38XB8Ty p. -Me30HOB CnO)KHbiMH 

Sl.llp8MHo 0.llH8K0 0 B OTnH'IHe OT 38!18'111 P. -38XB8T8 IIpOTOHOM, IIOnO)KeHHe 3.lleCb 

3H8'1HTenbHO OCnO)KHfieTCSI He3H8HHeM TO'IHbiX 3H8'1eHHA T8K H83hiB8eMbiX "Sl.llepHbiX 

M8TpH'IHbiX aneMeHTOB' 0 CBSI38HHhiX CO CTpyKTypoli: Sl.llP8o 8 H8CT0Sill.lee BpeMSI 9TH 

3HB'IeHHSI Bbl'IHCnSIIDTCSI B p8MK8X TeX HnH HHhiX Sl.llepHbiX MOJJ.eneA. Bo3HHK8.eT BOrrpoc: 

II03BOnSIIDT nH HCIIOnb3yeMble B TeOpHH p. -38XB8T8 rrpe.lliiOnO)KeHHSI 0 CTpyKType Sill-

pa p8CC'IHT8Tb Sl.llepHbie M8TpH'IHbie aneMeHTbl 0 a, Cn9.llOB8.TenbH0 0 II Orrpe.llenHTb KOH

CT8.HTbl C Tpe6yeMoA CTeii9HbiD TO'IHOCTH? 

UenbiD aacToHmeA pa6oTbi SIBnSieTCSI Hccne.llOBBHHe BnHSIHHSI .llBYHYKnOHHhiX Koppe-

nSIUHA B Sl.llpe H8. sepOSITHOCTH II8.pUH8nbHbiX rrepexo.llOB IIpH p. --3axsaTe. H3BeCTHo, 

'ITO B pSI.ll9 38.!18'1 Sl.ll9pHOA tPH3HKH MO)KHO rrpeae6pe'lb 9THMII KOppenSIUHSIMH: CIIHHbl 

OCHOBHbiX COCTOSIHHll, M8.rHHTHbie MOM9HTbl II pS!.ll .llpyrHX X8p8.KTepHCTHK Sl.llep IIO.ll'I8.C 

ycrreWHO 06'bSICHSIIDTCSI B p8.Mit8.X O.llHO'I8.CTH'IHOA MO.llenH ( CXeM8 j- j CBSI3H) • Vfcrron1o7 

30B8.HHe )Ke MO.llenH j-j -CBSI3H B TeOpHH p. -38XBaTa cpa3y aacTopa)KHBaeT. Jle-

no B TOM, 'ITO BepOSITHOCTb p. -38.XB8.T8. OIIpe.llenSieTCSI COOTHOWeHHeM pa3nH'I.HbiX Sl.llep

HbiX M8.TpH'IHbiX aneMeHTOB 0 BKniD'I8.IDll.\iiX p8.3Hble pa.llH8.nbHbie HHTerpanblo 3TH COOTHO

WeHHSio B006We rOBOpSI, .llOn)KHbl cymeCTBeHHO M€HSITbCSI IIpH y'leTe CMeWHB8HHSI 06o

no'l.e'IHbiX KOHtPHrypauHJl, 06ycnoaneHHOrO I18pHb!MH OCT8.TO'IHbiMH B38.HMO.lleHCTBHSIMH 

Me*.llY HyKnOH8MH (KoppenSIUHOHHbiMH ). 8 9TOM OTHOWeHHH CHTY8.UHSI CXO.llHb C OIIHca-

HHeM CMeW8.HHbiX aneKTpOM8.rHHTHbiX rrepeXO.llOB B S!.llp8.X 0 BepOSITHOCTH KOTOpbiX O'leHb 

'I.YBCTBHTenbHhl K CMeWHB8HHID KOHtPHrypaUHHo 

HH*e H3n8r8.IDTCSI pe3ynbT8Tbi pac'leTa sepoHTHOCTH rrapuHanbHhiX rrepexO.llOB 

B pe8.KUHH 
- 0 16 N16 p.+ .. +JI (1) 

C y'leTOM OCTaTO'IHbiX B38.HMO.lleACTBHll Me*.llY HyKnOH8.MH (MO.llenb IIpOMe:>KyTO'IHOll 

CBSI3H) o Bb160p Sl.llp8 0
16 

B K8.'1eCTBe 06'beKT8. H3y'leHHSI 6bin C.llen8H He cny'laHHOo 

16 
Bo- rrepBhiX, IIOCKOnbKy 0 - .llB8.)K.llbl M8rH'IeCKOe H.llp0 0 TO HCIIOnb30B8.HHe CXeMbl 
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j-j - CBH3H 6binO 6bl B LiaHHOM cny11ae HaH60nee onpaBLiaHo; TaXHM 06paaoM, BbiHCHe

,HHe pOnH XOppenSUHA B STOM SXCTpeManbHOM cny11ae LiaCT, o6pa3HO roaops, HH:lKHHA 

npeLien a<P<jlexToB 1 casaaHHbiX co cMewHaaaHeM I(Oa<PHrypauHA. Bo-aTOpbiX1 BLiepable 

pac'leTbl a LiaHHOM cny11ae 6onee npocTbl1 a peaynbTaTbl 

HLiep C HeaaMKHYTbiMH o6onO'IXaMHe 

6onee llOCTOBepHb11 'leM LinB 

3axaaT 1J. -MeaoHOB KHCnopo.!j~M no CXeMe ( J ) npHBO.llHT It OCHOBHOMy H TpeM 

BOa6y:lKLieHHbiM COCTOHHHHM Bllpa f': 1 ne:lKaWHM HH:lKe aeATpOHHOrO nopora (eM. 

puc. I). nepexoLI aa ypoaeHb 3- xapaKTepaayeTcs 6onee BbiCOKHM nopsLIXOM aanpeTa, 

'leM nepeXOllbi &a ypOBHH 2 t 0 H J- t 

CneuH~H'IecXHM LIOCTOHHCTBOM aaLia'IH 

H ero aeposTHOCTbiO MO:lKHO npeae6pe'lbo 

- 16 p. aaxaaTa BllpOM 0 BBnBeTCH T0 0 'ITO Hay-

'leaue nepexoLIOB Ha paanH'IHble ypoaaa noaaonsreT BbiLienHTb a<PcpeKTbl, o6ycnoa-

neaable paanH'IHbiMH 'lneaaMH cna6oro aaaHMOLieAcTaHs. Tax, aeposTaocTb aaxaaTa 

Ha ypoBeHb 0 O'leHb 'IYBCTBHTenbH4 X aenH'IHHe acp~eXTHBHOA nceBLIOCXansrpHOA XOH

CTaHTbl Cp H He aaBHCHT OT KOHCTaHTbl cna6oro MarHeTH3Mai Ha060poT aepOSITHOCTb 

nepexoLia Ha ypo~eHb 

cna6oro MaraeTaaMa. 

ae aaaacHT OT Cp ,ao HaMeHsreTcH npa y'leTe HnH Hey'leTe 

B cxeMe 
. . 16 
]·] -cBB3H yKaaaHHble COCTOSIHHSI Slllpa N xapaKTepHayiOTCSI cne-

llYIOIUHMH XOHcpHrypaUHSIMH Tuna 'llblpKa-'laCTHIIa'; 

r -1 
dl/2 3- -1 

d 1/2 p~ p~ (2) 

o- -1 
PYl 211~ 1- -1 

Pyl 2BY2. 

BaaHMOLieAcTBHe 'laCTHIIbl H llbiPXH, o6ycnoaneHHOe" OCTB.TO'IHbiM B3aHMOLieACTBHeM 

Me:lKLiy HyKnoaaMH 1 HeLIHaroHB.nbHO no KOHtPHrypaUHSIM i-i CBSI3H - B03HHKaeT 

CMeWHBaHHe KOHcpHrypauHA. Jlnsr ypoBHSI 2 1 HanpHMep, BOnHOBa.ll cpyHKUH.II npeLICTaBn.ll

eT co6oA cynepnoaHIIHIO 11neaoa: 

1/F (2-) =a IP;! n >+a IP- 1 d >+a jp-
1 

211" >+ 
l 7> "-&/2 2 8/2 1/2 8 8 /2 "' (3) 

+ a l p"
1 

d > + a I p" 1 d > ,· 
4 8/2 8/2._ I IS ~/2 

aaanorH'IHbi Bbrpa:lKeHHH LinH 1/J (0 ) H r{F(l ) • KoacpcpHUHeHTbl cMewaaaHHH onpe-

LienSIIOTC.II COOTHOWeHHeM CnHH-op6HTB.nbHbiX can 

ysl' =-I 
.. .. 

a, ( f, 11, ) • 
I I I ' 

(4) 

l 

3Liecb 



(2) 

npe.acTaang-

(3) 

onpe-

(4) 

-- ---- --~-~-----------
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OTBeTCTBeHHbiX aa pacwenneHHe O.UHOlfaCTHlfH.bJX ypOBHeA no j 0 H CHn napHoro OCTa-:

TOlfHOrO B3o!I.HMO.UeACTBHSI Me:lK.UY' HyKnoHaMH: 

V.. =[ Jll + MP + BP + HP P ] V (r .. ) • 
J] X U X U J] (5) 

H~ ~~ D, II - Kos<i><iJuu&eHTbl, xapaKTepHayiOIUHe aKna..a can BHraepa, MaAopaHbl, 

EapTneTa, rail:3eH6epra, B s<t><i>eKTHBHOM JlByHyKnOHHOM noTeHuHanei pa..auanbHBSI 

V (r) =- V r-f*
2 

HnH lOK8Bbl 
0 

lf8CT.b V(r;;) B.bJ6upaeTCSI B BR.Ile noTeHuHana raycca 

V(r) =- V e ~Ia 
0 r/a 

AHanH3 sneKTpOMo!l.rHHTHbiX nepeXO.IlOB Me:lKJlY' HHTepecyiOWHMR HaC ypoBHSIMH 
16 

S!Jlpa N noKaa.biaaeT, 'ITO CMew&aaHKe KoH<i>HrypauuA a llllHHOM cnylfae ..aoaonbHO 

aenuKo • ..O.eACTBHTenbHO , a npe..aenbHOM cnylfae j-j CB513H Me:lK.IlY' ypoaHliiMH I H 

0- B03MO:lKeH TOnbKO lfHCTblil: nepexo..a Tuna M 1, a ypoaHliiMH H 2 - nepexo..a TRna 

E2. noaTOMY' pll.llRllUHOHH.biA pacna..a ypOBHSI 1 B OCHOBHOe COCTOSIHHe 6bln 6bi npeHe-

6pe:lKRMO Man no cpaaHeHHIO c pacna..aoM aa ypoaeHb 0 • B ..aelcTBHTenbHOCTH, HHTeH-

CHBHOCTH STHX 

06CTOSITenbCTBO 

.aayx nepexo..aoa - o..aHoro nops..aKa 
- -w(l -> 2 ) 

"'1/3 
w(r-+ 0} 

/3/ 
ecTeCTBeHHO 06'bSICHSieTCSI CMeWHBaHHeM KOH<iJHrypanaA • 

B HaW eM paClf&Te BOnHOBble <iJY'HK1THH COCTOSIHHA 2 0 0-0 1 

:3TO 

.UHllrOHanH3allRH COOTBeTCTB:YIOIUHX SHepreTHlfeCKHX MaTpHU. nap&MeTp.bi noTeHilHAnOB 
/3/ 

(4) u (5) 6hlnH B3SITbl cornacHo pa6oTe :3nnaoTTa 11 <Pnayspca , r.ae OHH nonylfeH.bi 
_.15 -.16 16 17 

Hll OCHOBAHHa pacqeTa paanHlfHbiX xapaKTepHCTHK H.llep fiT 0 !'r ., 0 H (' (cneTp ypoa-

Helt, sepoHTHOCTR f3 H Y -nepexo..aoa H ..ap.). PeaynbTaT.bi ..aHaroaa.rtH38UHH np&ae..aeH.bi 

a Ta6nHue I. Vo =0 cooTaeTCTayeT npeHe6pe:lKeHHIO KoppenHUHHMH i -i -csH3bi on-
/3/ 

THManbaoe aaalfeHHe aMnnHTy.llbl napHbiX cHn V0 =40-45 Mas • 

C 9THMH <iJyHKUHSIMH 6blnH pacc'<tHT8Hbl aepOSITHOCTH napaHanbHbiX nepeXOJlOB 

H8 ypoBHH 2 0 0 0 1 B aaBHCHMOCTH OT 8MnnHTY' Jl.bl KOppensuuA vo • B pllMKax V-A 

B8pH8HT8 HCCne..aoaaHa 38BHCHMOCTb aepOSITHOCTeA OT s<iJ<iJeKTHBHOlt nceBJlOCK8nS1pHOI 

KOHCT8HTbl H KOHCT8HTbl cna6oro M8rHeTH3M8o PeaynbT8Tbl paClfeTOB npHse..aeH.bi B 

Ta6nuue 2 H a a pRe. 2- 4. 

Ma npuae..aeHHbiX ..aaHHbiX BH.IlHO, 'ITO yqeT ..aayayKnOHH.biX KoppenHIIHA a H..ape 

MeHSJeT pacclfHTaHHbie sepoHTHOCTH napua&nbHbiX nepexo..aos 8 1,5-2 paaa no cpasaeauw 

c O.llHOlfaCTHlfHOI Mo..aenbiO. TaKHM o6paaoM~ owa6Ka s onpe..aeneHHH -Me30HHbiX 
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XOHCTSHT H8 OCHOBSHHH O.QH0'18CTH'IH&IX p8C'IeTOB B8p051THOCTel COCT8BHT 50- 100%. 

Cne.ayeT .ayMSTb, 'ITO a R.apax c HeaanonHeHHhlMH o6ono'IX8MH BnH51HHe xoppenRuHI 

6onee cywecTaeaao. 

npH no.aroToaxe x ne'ISTH .aaaaol pa6oThl H8MH 6&rn nony'leH npenpHHT CTSTbH 

, 
0

16 
n. 3pHXCOH8 H A>K .• Ceaca, B XOTOpol o6cy>K.aaeTCSI ll -aaxaaT B • ABT6phl 

+ -HHTepecyiOTCSI TOnbXO OTHOW8HH8M B8p051THOCTel D8pUH8nbH&IX nepeXO.QOB 0 .. 0 H 
+ -

0 .. 1 • Aaaa51 aecxonbXo oTnH'IHyro oT Hawel oueaxy pa.aHanbHhlx HHTerpanoa, 

BX0.051WHX 8 CXOpOCTH&Ie 'ln8Hhl 0 OHH npHXO.Q51T X TOMY >Ke B&IBO.Qy
0 

'ITO H Mhl OTHO

CHTenbHO ponH CM8WHB8HHSI XOH<i:>Hryp8UHI: y'leT OCT8TO'IHhlX B38HMO.aeiCTBHI Me>K.ay 

HYKnOH8MB M8H518T a6conroTHOe 3H8'18HRe YX838HHOro OTHOW8HB51 B 1,5-2 paaa. 
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Ta6mtqa I 

BOJIHOBI:le lPYHKI.UUf COCTOHH:IIIR H.n;pa x16 

-----,---------T-----------,----------r---------,----------· 
~ ! P12S; "p ~ f'.& : JJp f p_,J: ' 30 ! p..,J: "1F ! ,>'c;(: sto 

--~--i---------f-----------~----------t---------~---------
1 I I I I 
I I I I I 
I I I I I 
I I I I I 

0 I 0 I 0,702 I -0,592 I 0,181 I -0,350 I I I I I 

45 : -0,077 : 0,502 : -0,730 : 0,300 : -0,341 
I I I I I 
I I I I I 

---------------~----------------------~--------------------

T= o-

----------------r---------------------r---------------------
1 up • up I p12.S: I D'J : Vo 1 1 

I 

----------------r---------------------r---------------------1 I 

0 l I I 0 
I I 
I I 

45 : 0,998 : -0,057 
I I 

----------------L---------------------L---------------------

-------------r---------,---------T----------r-------r-------· 
1 31p 1 up· 1 ,,1 31p 1 -u JJP 1 ~ u V. : P'.zs: : P'2s: : Pfit: :pq: IP~: D 

-------------r-··-------,---------T----------r-------r-------1 I I I I 
I I I I I 

Q I 0,577 I 0,816 I" 0 I 0 I 0 
I I I I I 

45 : 0,398 : 0,913 : -0,053 : -0,Q7L~ ~ 0,022 
I I I I I 
• I I I I 
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TAEJBfUA 2 

BepoHTHOCTH napuuanbuux nepexo~oB B peaKUHH 

- lb '" ;+- 0 _,_N +v 
B 38.BHCH.MOCTU OT a.J.mnliTY~bl KOppenSillH!t .n;nH pa3nHQHbiX 3Ha
QeHH~ 3~peKTHBHOA DC8BAOCKanHpHOA KOHCTaHTbl H KOHCTaHTbl 

w 
cnac:5oro Maruerw::nm ( B e~HHHnax ,1z.(J.~ttA; )~ ) • 

} 



X SHa
KOHCTaHTH 

) . 

b' = J, 706 

Vo = 4.5 

. 
0,20 10-2 

0,16 10-2 

0,1J 10-2 

. 11 
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