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B pa0oTax/I, 2/ Ouna nocTpoeHa TeopKH HeOparroBCKMX 

Ma.KCHMYMOB HHTeHCHBHOCTH ,IJ;H!fJpa.Krum (;n:OITOJIHHTeJibHhiX WITeH) , 

B03HHKHOBeHHe KOTOphiX Xapa.KTepHO ,II,JI.II ,IJ;Hqlpa.Kl.UIH Me,IJ,}IeHHhiX 

3JieKTpoROB ITpH HaJIHqHH a;n:cop0UKH. Buno ITOKa3aHO, ~TO CBOHM 

ITpDECXOJmeHHeM .D:OITOJIHHTeJibHHe MTHa OM3aHhl KOppe.JlfflUWHHhiM 

~eKTaM B CHCTeMe a;n:aTOMOB. ilOCKOJibKY ~eKThl KOppeJIRUHH 

3aBHCRT OT TeMITepaTyphl, TO HHTeHCHBHOCTb ;n:OITOJIHHTeJibHhiX ITR

TeH Ta.KEe RBJIReTCR ~HKUHe~ Tew.nepaTyphl. llpH 3TOM, eCJIH 

TeMnepaTypHaH 3aBHCHMOCTb .D:OITOJIHHTeJibHhiX MTeH H3BeCTHa H3 

3KCITepRMeHTa, MOXHO OUeHHTb B~HHY ~eKTHBHOro OTTaJIKHBaHHR 

a;n:aToMOB, HaxO;n:RmHXCR Ha OJIHEaRmHx coce;n:eHHX ysJiax. Bee 

3TO, O.D:HaKO, OTHOCHTCR XOTR H K illHpOKOMY, HO BITOJIHe onpe;n:eJieH

HOMY KJiaccy a;n:cop0UHOHHhiX CHCTeM. A HMeHHo, ITpH Ta.KOM pac

CMOTpeHHH MOXHO Ol!W;n:a.Tb Xopomero COrJiaCKH C 3KCDepHMeHTOM 

TOJibKO B TeX CJIY~aRX, Kor;n:a Ha sa;n:a.HHOM HHTepBaJie TeMITepaTyp 

HHTeHCHBHOCTb .D:OITOJIHHTeJibHhiX ITRTeH RBJIReTCR ITJiaBHO yOhiB~me~ 

®yHimHea TeMnepaTyphl, npH~ew c naBhlilleHHew TewnepaTypu o;n:Ho

BpeMeHHo C OCJia0JieHHeM HHTeHCHBHOCTH .D:OilOJIHHTeJibHOro ITRTHa 

H;n:eT npouecc ero npocTpaHcTBeHHoro "paaMUBaHHII" .Ilo;moe HC'tlea

HoBeHHe ITRTHa HaOJIBJ;n:aeTCR npH T- <>0 ( p--+ o). 

§ I. TIOJiy(j)eHoMeHOJior~RecKaR reopKH KJ?HTH'IecKoro pacceRHHR 

KpOMe OITHCaHHhiX BUIIIe H3BeCTeH UeJihiA pR.ll CHCTeM, ;n:JIR KQ

TOphiX, KaK ITOKa3hiBaeT 3KCITepHMeHT/3 •4< HHTeHCHBHOCTb HeOpar

rOBCKHX Ma.KCHMYMOB ITpH HSII'eHeHHH TewnepaTypu ITpORBJIReT KpHTH

~eCKOe ITOBe;n:eHHe, Xapa.KTepHSYIW!eecR CJie.IzyD!IHMli .IUlYI\~ ITpH3HaKa

MH. Bo-nepBhiX, npouecc OCJiaOJleHKH HHTeHCHBHOCTH .D:OITOJIHHTeJib

HOro ITRTHa H;n:eT ITpH COXpaHeHHH CTporoD JIOKa.IDI3auHH ITRTHa B 
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npocTpaHCTBeo Bo-BTopux, no~oe Mc~esHoBeHKe llffTHa aadnnuaeT

CH He npH T _. ca , a npH HeKoTopoM KoHe~HoM sHa~eHHH T -"'k 

TaKoe Tew.nepaTJpHoe llOBe,neHHe HHTeHCHBHOCTII! MTeH .IJ:po6Horo 

nopH.IJ:Ka rrpH T - Tc yxe ae orrHcimaeTcH <PoPMYJiaMH ,II,ILfi aqxpeK-

THBHoro B38.l'!Mo,neiicTBM E , TIOJIY~eHHhiMII! B pa6oT/21 , 
a I!MeHHO 

f=- 3(~rP~£_ePif-)::s-(~;: -1). 

0.IJ:HaKO, II!CllOJib3YH llOJIYqJeHOMeHOJIOr~ec:rm:i\ TIO.IJ:XO.IJ:, MOlKHO llOllbi

TaTbCH 06~CHII!Tb TeMnepaTypHOe llOBe,neHII!e HHTeHCII!BHOCTII! He-

6p?rroBCKHX MaKCHMJMOB H ~ TaKOrO KJiacca CII!CTeMo 

TipoaHaJIM3HpyeM 60Jiee ,neTaJibHOpa3JIHl.!HeCHCTeM .n:BYX BHWe

Ha3BaHHUX KJiaccoBo BHpa.JKeHII!e ,II,ILfi napHoro KoppeJIHTopa B cynep

nosHUHOHHOM pacqenJieHHH B CJIY~ae KBa.IJ:paTHO:R pemeTRH, HallOJIO

BHHY TIOKPbiTO:R a.n,a TOMaMII! ( e = i/2) C OTTaJIKII!BaHHeM MeJK,IJ;y dnHJKB.ii

IDHMH coce,IJ,R:MH ( £< o), corJiacHd5•6< HMeeT BH.n 

<:~-toVtll"'):: t + t (tC._ Pfl )'~l .. ll::'((-1) ICH<'. 

(I) 

OTciQIJ;a cne~yeT,l.ITO npH T::- 0 {p=ao) , xor.n.a 

tf,_ f>~l :: 1, 
2-

B CHCTeJv.e B03HKKaeT .naJibHii:R llOpH.llOK; <"'-ol'tu:' >* (} = i/'f. 
llpH 3TOM Bblpa.JKeHHe ,II,ILfi napHOrO KOppeJIHTOpa, COrJiaCHO (I), llpH

HHMaeT Bl'I.IJ: 

4 

<•.k··->= {: 
~ ecJUI Ito: t .. ll(' I ~eTHO, 

(2) 
eCJIH IKl+ iK'I He~eTHO. 

YnopH.IJ:O~eHHe, onpe,neJIHeMOe KOppeJIHTOpOM (2), COOTBeTCTByeT, 

ot~eBifAHO, ynoMHHB.BilleiiCH B pa6oT/
2/ CTPYKTYpe C(2x2). TTp:: Ta

KOM pacnOJIOliCeHHl~ a~aTOMOB O~I!H l~3 JID6blX ~Byx COCe~HHX y3JIOB 

acer~a 3aHaT, aTopoli - caoOo~eH. TaKoe ynop~oqea~e aHa

Jior~Ho aHTwpeppoMBrHHTHOMY ynopH.IJ:O~eHKID B CJiy~ae CnHHOBhiX 

cHcTeMo H aTo ecTeCTBeHHO, nocKOJibKY paccMaTpHBaeTcH pemeTo~

Hbi:R ras C OTTaJIRHBaHII!eM o Mu eme HCllOJib3yeM 3TY aHaJIOrll!lO BO 

BTOpoM naparpai{leo 

Tio.ncTaHoBKa B BblpaJreHHe ~H ~~epeHUKaJibHoro ce~eHHfl 

pacceHHw/I •21 

Job JQ = ft.11:z{A + fB)f/ J(<t>)J'{¢') +Ti/N ffPrr.)J{¢>~!J 
(3) 

napHoro xoppeJIHTOpa ( 2) .naeT 

J.J. o{SL == lrnz (At tB)N %(¢)J{¢~ + li.~/1 J'{¢fT<)S(<t>'"<J, 
( 4) 

r.ne Bee r- WYHKUHl'l l'!Mell'l' nepHo.n 2-;; 0 KaK BH.IJ:HO 1'13 ( 4)' 

B03HHKHOBeHHD ~aJibHero nopa~Ka B Cl~CTeMe npu T =0 COOTBeTCTByeT 

b- 06pa3HaH llpDCTpaHCTBeHHaH JIOKaJIH3auHH .IJ:OllOJIHKTeJibHhiX llff

TeH C HH.IJ:eKCaMH ( \-1..+ !./2 
1 

11.1 + 1./ 2. ) o TipH 3TOM .IJ:OllOJIHHTeJibHhle 

TISTHa He OTJ!Hl.laDTCB OT OCHOBHbiX no pa3Mepy H yctynaDT lW 
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~Hmb DO RpKOCTH. llpH 1r>0 ~anbHKH TIOp~OK RC~esaeT, HHTeHCHB

HOCTb ,D;OITOJIHnTeJibHhlX ITSITeH yYeHbmaeTCSI, a CaMH ITSITHa 

CTaHOBRTCR 6o~ee pa3Mb1THMH. IJpz "f- <:>0 ~OllO~HTMbHble ImTHa 

nocTeneHHO Hc~esam ,H <ttol-1.._,.) npH T __.. 00 cTpeVJITCR K 8""= 1/4 • 
TaKHM o6pa30M, napH~ KOppe~TOp B cynepTI03RUHOHHOM TipH6~e

HHH ~ perneTO~Horo rasa C OTT~HBaHHeM (I) XOpalliO OTIHCHBaeT 

noBe~eaze cHcTeM nepBoro H3 ~yx B~eHa3BaHHHX ~accoB. 

Ancop6~0HHY~ CHCTeMY BTOporo ~acca MOXHO npe~CTaBHTb 

COCTORmeM H3 ~YX KBa~aTHbiX TIO~erneTOK, O~Ha H3 KOTOpHX,B 

c~y~ae TIO~Horo yno~o~eHHR,OKa3HBaeTCR IT~HOCTb~ TIOKpHTOl 

a.,n,aTOIVaMH, BTOpM - nyC TOM. B o6meM C~~ae ~aCT~HOro p!l3yriO

PflnO'leHIR O~HY H3 ~THX peweTOR MO&~O xapaKTepH30BaTb H~KOTOPHM 

TIOKph!THeM 01 
• IJOCK~bKY o6mee TIOKpHTHe 6 = I/2, TO TIOKph!

THe BTOpoM no~erneTKH paBHO 1.- e I • IIpe~~OliWM Tenepb, ~TO 

saBHCrrMOCTb napaoro KoppeJISITOpa (I) OT TeMnepaTyphl Bhl-

(
.;.l )IKI+IK'I I 

pa:meTcSI ae qepea Ut.(plfJ/4 , a ¢YHKI\He~ F ( Q ) 

<YloVto<IL'>:::}. + .i. r~ce')(-1.)1£ .. 11-
1 

T 'f • (5) 

llpH 8TOM TIOTpe6yeM, ~T06bl BbiTI~H~Cb yMOBHR 

r: ( 1) ::c 0. ~(i)=f(O)=t, 
(6) 

PaBeHCTBO e , = I/2' O'leBH,IlHO' COOTBeTCTByeT r 0: 'fc • He3a.BHCH

MOCTb cpyHKIJ;HH f' OT ~,K' o6ecne~BaeT COXpaHeHHe J -o6pas-

HO~ npocTpaHCTBeHHOA ~0~3~H ~OllO~HTMbHhlX TIRTeH npz 

H3MeHeHHH TeMTiepaTYph!, xapaKTepHOA ,IVIR CHCTeM C KpH~eCKHM 

6 

noBe~eHHeM BToporo ~aces.. IIpocTeMllie~ cpyHKIJ;He~, y~oMeTBO

psmmeA yMOBRRM (6), RBMeTCR cpyHKUHR 

~(e'):::t-Lt&'(i-6')::: (~-2e') 2 =-5~ 
(7) 

r~e S = i- 2. e' , o~eBH,IlHO, eCTb napaMeTp nopH,IU<a. IIo~cTaHOB

KOU (5) H (7) B (J) ITOJiyqaeM CJie,D;JD~ee Bupa~eHHe ,D;JISI HHTeHCHB

HOCTH ,D;HcppaKUHH Me,D;JieHHHX 3JieKTpOHOB: 

Ji, JQ = 4nz.(A~~ B).Nt('/>)5{¢) +'ti1Btfs 2f(4>i-1l)d'{~'+T<), 
(8) 

TO eCTb HHTeHCHBHOCTb TIRTeH (II~ 1/2., It 1+ t/:2) ,IVIR CHCTeM BTO-

poro ~cca oKasusaeTCR nponopnHOH~HoA KB~paTY napaMeTpa 

no~Ka 

Moe S'. (9) 

IIapaMeTp 5 npH T --+ T.: Be~e T ce6R KaK/7 I 

5 oc:. (i- 1' )J3 
'Tc ' 

( $ = o, T > Tc ) , 
(IO) 

r~e f3 - KpHT~eCKH~ mi~eKC. ll08TOMY TeMilepaTypHM 3a.B1tiCPIMOCTb 

HHTeHCHBHOCTH ~OTI~HHTe~bHbiX TIRTeH cor~aCHO (9) It! (!0) DpH 

1' ___. Tc. orrpe~e~eTCR cooTHOllieHHeJV 

M oC ( {. -l )2 ~, (.M. =0, T '>TL ). 
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B rrpH6JIIDKeHHRX Eparra-BHJII>RMca, cyrrepnosHUIWHHOM H IIOJIHHOMHanL

HOM/5( fi-=1/2... To'lHOe pemeHHe 0Haarepa/B/ .naeT. J>d./J'. 
B nepBOM cny~ae non~aerca YAOBneTBOpHTenbHOe coBna,D;eHHe 

3KCIIepHM€HTanbHOM TeMIIepaTypHOR 3aBHCRMOCTH HHTeHCHBHOCTH 

IIRTHa (1/2,1/2) ,D;na CTPYKTYPH C (2x2)-H Ha ~ (100) 

C KpHBOt! 
f1oC(l.-l) 

'Tc 

npH Tc = 625~/3/. OcoeleHHO xopomHM aro coBna,D;eHHe non~a
eTca ,D;na TO'lHoro peweHHR 0Hsarepa 

f'L ex. ( 1. - cr \ ~ 'Tc J 

npH t 
(II) 

550°K/3/. XOTR ,IJ;JIR ¢eppOMarHHTHO~ KBa,IJ;paTHO~ peweTKH 

M3HHra B HyJieBoM none cymecTByeT O.nH03Ha~HM CBR3L Me.JK.I!Y T. 
H TiapaMeTpoM B3aHMO,IJ;e~CTBHR 6JIHJKa.HmHx coce,ne~, rrpHBe,IJ;eHHHe 

3KCTiep:H11eHTanbHHe 3Ha~eHHfl KpHTnqecR:HX TeMIIepaTyp He TI03BOJIHIDT 

H€TIOCpe,nCTBeHHO OU€HHTb napaMeTp B3aHMO,IJ;€HCTBHR 6JIHJKaniDHX CO-

ce,nefl E ~ peweTo~Horo rasa c OTTaJIKHBaHHeM " B Jio6", 

TIOCKOJibKY ~ TIOCJie,UHero , KaK y~e OTMe~aJIOCb BHWe, ~ = O.TeM 

He MeHee, MO~HO TIOTIHTaTbCR OU€HHTb napaMeTp 3~8KTHBHOrO B3a

HMO,IJ;e~CTBHR a.ncop6ar-ancop6aT E , ncrroJII>3Yfl aHanorHIO Me.JK.I!Y 

CTIHHOBO~ aHTH¢eppOMarHHTHO~ CHCTeMO~ H peWeTO~HM raSOM C OT

TanKKBaHH€M, CornacHo paeloraul9 •10/ ,D;na sToro Heoelxo,D;KMO 

BBeCTH HeKOTOpyiO TpaHCWOpMHpoBaHHYIO KBa.npaTayiO peweTKy C 

npHTR~HHeM Mellt,II,Y 6JIHJKa~ COCe.IlffMH, napaMeTp B3aHMo,nefi

CTBRfl s 
nepaTypol1 

HHIO K 3TOJ1 

KOTOpoJ1 y~e O,Il;H03Ha~HO CBR3aH C KpHT~eCKOfl T€M-

1[c , npH aTOM HHTepecYDmaa Hac pemeTKa no OTHome

TpaHc¢opMHpoBaHHOl1 peweTKe 6y,neT RBnRTbCfl CBepx-

8 

06MeHHO~ (MH COxpaHReM TepMHHOHOrHD, rrpHHRTyffi ~ CITHHO

BHX CHCTeti) • Tor,na saBHCIDI!OCTl> £" t (E) II03BOJIMT o~eHHTb 

rrapaMeTp B3aHMO,D;ellcTBIUI cBepxoCIMeHHO!l peweTKK E no 

3KCIIepHM€HTanbHO H3BeCTHOR KpHTwqeCKOR TeMIIepaType 7"~ , 

§ 2. CprumeHHe c sRcrrepRMeHTOM ~ cBepxo6MeHHO~ 

Mo.neJIH 

CnenyR pa6oT~9 ,ID/, B Ka~eCTBe HCXO,IJ;HOI peWeTKH 

paCCMOTpHM ITpOCTYffi KBa8paTHyiO peweTKy, ~aCT~HO IIORpHTYIO 

a,n,aTOMaMH C IIpHTruKeHHeM M€llt.DY 6JIHJKa~ COCe,II,f!MH. I'aMH.nbTO

HHaH TaKoro peweTO~Horo rasa corJiacHo pa6oTru/II/ HMeeT BH.n 

H -=-- v L: Vls - i-2: lt5-~l'l.f~' 
t J~t}L 

E>O. 
( 12) 

TaKyll pemeTKy MOltHO "TpaHcg)opMHpoBaTI>", aaMeHAA npsume 

B3aHMO,Il€HCTBHR 11 TpaHc¢opMHpOBaHHI:lMH", CBR3b1BaDmHMH Clnl!

JKa.IWHe coce,UHHe a,rraTOMI:l 1't1. H t\2. He Henocpe,ncTBeHHo, a 

'l:epes "TpaHCWOPMHPYXIJIYil" {{lH3H'leCKYIO CHCTeMY. Ey,new. C~HTaTb, 

B ~aCTHOCTH, '!TO Ha K~Ofl BepTHKaJibHOJ1 CBfl3H M€llt,II,Y 6JIHll!a.HIDH

Lm coce~RMH ysJiaMH HCXO,IJ;HOI pemeTKH HaXO,D;HTCS yseJI HeKOTOpOH 

,npyroft pemeTKH (Bcero JV y3JIOB), o6Jla,n8.1011{11fl TaKHM CBO~CTBOM, 

~TO a.rraTOM, TIOTiaBmHR B Hero,npHTRrHBaeTCfl K a,m3.TOLBM, H8XO,nsi-

111HMCSI B 6JIHJraAnmx K H€MY yaJiaX HCXO,UHOI peweTKH, rrp~eM 

KOHCTaHTa sTore IIIJHTRllemm paBHReTcR E {F:~o). IIpe,nrrOJIOJ!rnM 

TaKJte, 'ITO H Ha ropH30HTaJII>HHX CBH3RX Haxo,nHTCH N ySJioB, Ho 
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IIOIIa.Billlie B lmX a,na.TO!lbl OT Ta.JIK.IffiaJOTCSI OT 6Jmll!B.:Ilnrnx R Hl'IM 

a,na.TOMOB, H8XO~CSI B y&nax OCHOBHOH pemeTRH, C ROHCTaH

TOH -z . IlOJIY'iHBW8.fiCSI TpaHCqxJpMlq)OBaHHaSI RBa,IJ;paTH8.fl pemeT

Ra H306paJKeHa Ha pHCYHKe. 

TpaHc~opMMpOBaHHaa KB~paTHaa pemeTKa 

TaKMM o~pasoM, KM88TCH Bcero 3Ji ys~oB. norrycTHM, ~TO 
Ha HHX pacrrOJiaraercR tf a,D,a.TOMOB. Tor.na npPI T = 0 TaRaSI cac

TeMa 6y~eT yrro~o~eHa TaR, ~TO 6y~T CBO~O~Hb!MH BCe ysnH OC

HOBHOH pemeTRH H ys~ Ha BepTHR~bHb!X CBSI3SIX BBe~eHHOH CBepx-

06M8HHOH pemeTRH. Ys~ Ee CBepxo6MeHHOH pemeTRH, aaxo~eCSI 

Ha ropHSOHT~bHblX CBSISRX, O~TCSI SaHSITHMH, TO~HO TaROe 

Ee yrro~o~eHHe, Ra.R .IJ,1LH CBepX06MeHHOH pemeTRH, xapaRTepHO 

M ~na rrpOCTOU KBa~paTHOU pemeTKK rrpH T=O, KOr~a OHa HarronOBWHY 

IIOKpb!Ta a~aTOMallH C rrpmruM OTTanKIIBaHJieM, ]{aK y.._e OTlletianOeb, 

TaKOe yrropa~OtieHMe B rrpHHHTOU HOM8HKnaType eOOTBeTeTByeT 

CTPJRType C (2x2). Ecn11 ~na eBepxo~ueaaon pemeTKM napaueTpb!, 

eOOTBeTeTBYDIIIIe \) B (12), 0003Ha'I!ITb qepes V+, '\)_ , TO qaeTb 
+ 

3HeprlUI Been elleTew, saBHealllaa oT t111ena sarronaeHIIH n (eu. 

pHe,), OyAeT KMeTb BKA: 

10 

• ~ 

1 
l' 

H (h.t') ::-E (k._ +vt2.. )1'1,+- v .. ft.~ 

JJ,7m It- aa~or~Ho rr~~l'IM 

Hen-> =t.CI'l1 +ttz.)l'\-- )1_1'1.-. 

IIorpe6oBaB ~ee TOx~eCTBeHHoro BHIIOnHeHHH paBeHeTB 

L .e~u~t~,.+Vt._)rt'~ J3Y+~: ~+le+"'IA2.+fL.11t-<-f-'/..t~2. 

n .. ~o,t ' (13) 

L {~£(k,._Ht?.)tt-+,R>)l_n- =~_.fpE:-tt,~t1 +~Liili.+fL-h?. 
, (!4) 

n-~o,t 

MOXHO CBeCTR CTaTHCTR~eCRY~ CYMMy TpaHCqxJpMRpOBaHHOM pemeTRH 

K CTaTRCT~eCKOH CyMMe HeROTOpOM IIpOCTOH RBa,IJ;paTHOH pemeTRH 

c rrpaTSIEeHReM. PaBeHCTBO (13) BHIIOJIHSieTCSI rrpE 

E =.L~[(e2f!>£•fv~i)(e~)l· .. i)__J, L~=i~(~~( .. ,~ .. 1.) ( ::-J..+ePj)~ 
+f> (e~f .. ~· .. t).2.. ' tPtt )it ·<r5> 

Hs ypa.BHeHRSI (14) aH~ora~o rro.ny'<HM 

E 
= i~ [{e-lf'£+ ~v~ i )( e ~Y+ i) l L = i~ (e-f>E ·p;}-!:. \ r ~ i• f~v- (16) 

- ~ (e-pi•f>ll+iY 1' - !' e~~- .. t. )• 1 - • 
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HaJiom!M Ha napru;:eT})hl (!5), (!6) eme .noo yCJioBIDI 

£ ::£ :::£· ')' -t2.L ->Y.::-26 + - 1 L.ot..,._ - ) 

( !7) 

nepBOe H3 KOTOpl:lX He06XO.n;HMO AiL1i CHMMeTpHH pemeTKH, BTOpoe -

COOTBeTCTByeT YCJIOBHID paB8HCTBa HYR~ MarHHTHOro IIORR AiL1i 

CIIHHOBO~ CHCTeMbl. C IIOM01!1b~ (!5), (16) ypaBHeHHR (!7) MOXHO 

npe,llcTaB!fTb B B11,lle 

(_.e.2f->£+f>~ .. -+ i.)(ef!>ll .. + -i) = (e-zpt~pY;.i)(ePll-~i) ' 
{ f~Uf.>j)+_,. 'i)2 ( ~-pC~f>J'- f i) 2. 

ez.~£~~'>., ..... 1. -P"Y::: 

{ j:$t'+ ... i 

,x. 
fr d. 
~. 

-e_-2fC•JP\ 1. 

( 18) 

(19) 

YpaBHeHHe (18) o6pamaeTCR B roJK,IJ;ecTBO npH X,_ E , Y_ = E 

Tor~ ~ BhiiiCJIHeHHR ypaBHeHHR (19) Heo6xo,n:HMo paBeHCTBo 

'Y ~ 0 • TaKo~ Bbl6op napaMeTpoB Yt-, '))_ H ).l OT'IaCTH 

OIIpaB.JJ:biBa8TCR TeM, 'ITO IIQRY'IHBIII8JlM pemeTKa. H31tiRra C npHTJlllteHH ... 

eM ~eT xopomo corRacy~mcR c sKcnepltiMeHTOM TeMneparypaym 

3aBitiCitiMOCTb ,UOIICJIHitiT8RbHhiX IIRT8H ltiHT8HCitiBHOCTiti ~~uaH Me~ 

ReRHhiX aJieKTpoaoB npR T ...... T, (II). KoacTaHTa Bsa.EMo.ne~cTBRR 

TaKOH pemeTKH corRaCHO (15), (!6) l'l (17) ltiM88T Bltl.U 

(20) 

E :: J & (ct Jf ). 
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T 

• 

CorRacHo TO'IHOMY peweHHID OHsarepa/B~ KpHTl'!'lecKaR TeMITeparypa 

~ TaKOH pemeTKR orrpe,n:enaeTCR paB8HCTBOM 

_fu.§_ ' ,-;;' .f. 2.. -:::: 1..+v2., 

(21) 

HcnCJIMYII (20) H (2!)
1 

IIQRY'IHM 

f.l,£ :: 2 A1.J.. ( 1-+Vi)::: 3, OS 114-. (22) 

EcRH BBeCTH 0603Ha'leHM e .. ~ <It+\ • g_ = .(~;~_ > • TO napaMeTp 

rrop~Ka HHTepecyromeii: Hac cBepxo6MeHHOH pemeTKH S 6y,n:er 

paBHS!TbCSl , 0'18BH~0 0 

S =e-e~s - +- c) (23) 

r.ne $
0 

- napaMeTp nopSI.JJ:Ka. CTaH,n:apTHoii: KBa.npaTHOii: pemeT-

KH I13HHra c rrapaMeTpoM $PeKTHBHoro rrpHTSixeHHSI E (20). Cor

RacHo pa6or~8 • 12/, So orrpe,n:eJIJieTcii WOPMYROH OHsarepa-liHra 

r;· ~ 

}'>"' ~ foe Cc, s.'{(l.- sf'~)~ 
0 fot .C pLCc. (24) 

ITo,n:CTaBllB B (24) BMeCTO e ero Bblpax8HHe '1epe3 E (20). 

IIORY'IHM 

)2..11 - - i_f_.- -t __i,_ So-L1. t~~(1. ~02.~ ' 
S'h- 2.. ~ 2.. 
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Y'IMTHBaH, 'ITO KO~HUMeHT rrponopunoHanbHOCTM B (23) paseH 
-l~ £./ 2..) /!0/, M3 ( 25) TIOJIY'IRM ORO~aTeJibHO 

t 

Kr i6 ( _i_)2.1' S ~u.. 2. L i_- r u+- !L l + ~c ~ . 
.n.. 2. 2. (26) 

IIo,ncTaHOBKa napaMe:rpa nopil.IU\a ( 26) B BHpaJKeHHe ,1J,IUI ce'IJe-

Hru! pacce.RHM.fl (8) ll03BOJI.fi8T p8llilfTb 3a,l4a'ly 0 ,14HcppaKUIBI Me,I4JieH

HHX 3JI8KTpOHOB Ha a,I4COp6UHOHHHX CHCTeMaX BTOpOrO KJiacca, 

IIpM J -+ p. c H3 ( 26) 6y ,neM RMen 

S=V2(.J2-1S(4VI/£-1 ~cf.)~ (i-1f-)j. 
(27) 

Ilo,ncTaHOBKa (27) B (8) ITpHBO,nHT R COOTHOWeHHID (!!), ROTa

poe ~e:r xopowee coBnaneHHe c SKcnepMMeHTOM no H3MepeHHD 

TeMneparypHoti saBMCRMOCTH MHTeHCMBHOCTM IIJITHa (l/2, I/2) npu 

Hsy'leHHH ancop6URH H Ha W ( IOO), ecJm npMH.fiTb, 'ITO 

'fc. = 550°K/3/ o IIo,ncTaBHB s:ro sHa'!eHHe lc B (22) H onpe.ne

JIHB o:rcBJ,na BeJll'Il{HHy E ( £ = o, i 4 S Q V) , ,nJI.fi nepen~ TeilJio-

TH ancop6IJ;HH A 9r , ecJm BOCTIOJlb30BaTbC.fi <lJOpMJ'JiaNII/II/, 

llOJIY'IRM BeJIM'IHHY 

A ljr =- 2 ?. ~ £ = 2. b1 1 KKaJI/MOJI.b, 

6JIH3KYD K 3KCTiepHMeHTaJibHO H3MepeHHOMY nepena.ny TellJIOT!l npM 

a,14cop6UHH H,.Ha VJ (IOO) t.~ =26 KKaJI/MOJI.b/IJ/ .Xopomee coBna

.neHHe C 3RCIIepHMeHTOM od'h.fiCH.fleTC.fi TeM, 'ITO CHCTeMa W ( !00) 

+ t-\ ( MH ;[) ).RBJIJ18TCR 0,14HOl! H3 HalldOJiee Y.I406HiiX CHCTeM ,!4Jl.fl 

KOJIH'l8CTB8HHOrO 1'13J'l8HH.R nepeXO,I40B THTia 11 IIOp.R,I40K-6ecnopH,D;OK 11
, 
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B CaMOM ,neJie, RpHTM'IeCKa.fl TeMneparypa a.ncopda:ra ,nJI.fi TaKon 

CHCTeMH HaMHOrO HHXe TeMTiepaTyp, rrpH ROTOpHX CTaHOBHTC.fi cy

mecTBeHHilM BRJia,n B Ce'IeHHe pacce.fiHH.fi <IJaR:ropa ne6aH-BanHepaf3/, 

H, CJie,noBaTeJibHO, IlpH 'f~Tt TeMTieparypHaH 38BHCHMOCTb HH

TeHCHBHOCTM ,nonOJIHHTeJlbHOrO .nH<lJpaKUHOHHOro ll.fiTHa (I/2,1/2) 

TIOJIHOCTLD orrpe,neJI.fleTc.fi ROPPeJI.fiUROHHHMH a<lJ<PeRTaMH Me~ 

~TOMB.MHo 

TaKKM o6pa30M, BC.fl HH<lJOpMaUKR 0 xapaKTepe B3aRMo,nencTBHH 

a,ncop6a:r-a,ncop6aT l! 0 BeJI:HlJHHe KOHCTaHTil E 3Toro B3aHMQ

,neiCTBHH co,nepm»TC.fl B TeMneparypHOfi 38BHCHMOCTH HHTeHCHBHOC

TR ,140TIOJIHHT8JI.bH!lX ,14KcppaKUHOHHHX llRT8H, B CJiyqae KBa,I4paTHOl! 

pemeTKR KOHCTaHTa t ,14JIJI CHCT8M nepBOrO H BTOpOrO KJ!aCCOB COOT

B8TCTBeHHO onpe,I48JIReTC.f! cpOpMyJiaMH 

\E \::: 2A'lrf.. (-i-'\12:) pc · 
(28) 

I!pH STOM Ha,no IIOMHHTb, 'ITO nepBa.fl H3 <lJoPMYJI (28) rrpHMeH.fleTC.fi 

B Tex CJiylJruiX, KOr,na C llOBHWeHHeM TeMIIeparypi O.lniOBpeMeHHO C 

OCJia6JieHHeM HHT8HCHBHOCTH .IJ;OIIOJIHHTeJibHOro II.fiTHa H.IJ;eT npouecc 

ero npoc:rpaHc:rneHHoro "pasuuBaHw.R", n:ropa.R- B cnyqa.Rx, 

Kor,na npouecc OCJia6JieHHR HHTeHCHBHOCTH ,nOTIOJIHHTeJibHOrO IIJlTHa 

H,neT npH COXpaHeHHH CTporol JIOKaJm3auHH ll.fiTHa B npOCTpaHCT

Be, npM'IeM TIOJIHOe MC'Ie3HOBeHHe II.fiTHa Ha6JID,naeTC.fi He npH 

T --> oc , a npH HeKo:ropoM KOHe'iHOM sHalJeHHH T ~ Tc o HMeHHO a:ra 

TeMneparypa T, (Tc =-1/tlf!>,) <lJMrypMpye:r BO BTopoi.i <PoiJMYJie (28). 

ITpM wanux SHa'ieHB.fiX j-1 , p~ H Pc o6e ¢opMyJIN (28) 
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~an~H KoppeKTKpOBaTbCH c y~eToM B~ B ce~eHne pacceH
-2W 

HHH ~Topa ~e6aH-Ban~epa € 

B 3aMIO'l6Hlie OTMeTIIM, ~TO llapHliiH KOppeMTOp ,li,IIfl CHCTeM 

BToporo Macca 

<. ~D f'l.Kt<''> = i_ -+ i ;;z (-1.)1<+1{/ 
It 't ) 

(29) 

r~e '5 onpe~eMeTCH BhlpallteHneM (26), tax xe, KaK H napHH:if 

KOppeMTOp ,lJJifl CHCTeMlil nepsoro Knacca B cynepiT03HUHOHHOM 

npn6JoolteHHH ( I) , llpliHHMae T BH~ ( 2) TO~KO llpH "f = 0 • 

TaKHM o6pasoM, no.mroe ynopH~o~eHIIe, cooTBeTCTByKI!Iee o6paso

BaHHIO CTpyKTYPlil C (Z X.. 2.) , ,lJJifl CHCTeM 060HX MaCCOB liMeeT 

MeCTO TGnbKO npn 'f = 0. IlOSTOMY, Ha Ham B3r~, npn 

'f > 0 Ow1o Ou Oonee npaBHJILH!iM roBOpRTL He o "crpyxrype 

c ( 2 I' 2. ) • , a o "~wf>paKUHOHHOii KapTnHe C ( 2 I' 2 ) ". Blll-

p8.1!teHne lite "yno~o~eHHaH CTpYKTypa C (2 x 2.) " npl'I T > 0 

~eTCH OllpaB~HHM ~ ~ Tex CHCTeM BTOporo Knacca, 

~ KOTOpHX llpl'I BCeX TeMITepaTypax l'I3 HHTep~a Ha~eHHH 

BHITGnHeHO yMOBlie f'C >'> 1 , ~TO xapaKTepHO ~ XeMOCOp6-

U:liH. IlpH STOM, Cor~CHO (26), $:::- 1. li napHH:if KOppeJI.HTOp 

(29) llpHHHMaeT ~H~ (2), COOTBeTCTBYKIIIHH CTpYKType C(2x2) • 

3TO 3aMe~aHHe OTHOCHTCH TaKJKe l'I K npHBe~eHHOMY B pa6oTe/2/ 

npaB~ ~ yCTaHO~eHHH COOTBeTCTBRR Me~ ~l'l!f>paKUHOH-

HOH KapTHHOM H ITOBepxHOCTHOH CTpyKTypo:if. 
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