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Pl7-80-204 

1. BeeneHHe 

CpeAH TBep,llbiX Ten HMeeTCSI illHpOKHH Knacc COe,llHHe

HHH, B KOTOpbiX MO.)!(HO BhiASnHTb noaCHCTeMy C aHCKpeT

HbiMH COCTOSIHHSIMH, nOK8nH30B8HHbiMH Ha yanax pemeTKH, 

3TO MOf'yT 6b!Tb 3neKTpOHHhl8 1 MOneKynSipHbie, BH6pOHHhie, 

3KCHTOHHhie H apyrue COCTOSIHHSI, 8 npocTeHillHX cny'IBSIX 

HX MO.)!(HO OnHC8Tb C noMOWbiO aayxypOBHeBOH CHCTeMbl B 

«jlopManuaMe nceeaocnHHOBhiX nepeMeHHhiX, THmt'IHhiMH 

npHMepaMH T8KHX coeaHHeHHii (CM,063oplll) SIBnSIIOTCSI 

cerHeTo3neKTpHKH c aoaopoaHhJMH CBSI3SIMH THna KH2P04 , 

peaKoaeMenhHhJe coeaHHeHHH Ha ocaoae Dy H Pr , coeaH

HeHHSI C HeycTOH'IHBOCTbiO pemeTKH OTHOCH~enhHO nepepac

npeaeneHHSI aneKTpoaaoii nnoTHOCTH THna Fe 3 0 4 , a TaK

.)1(8 HeKOTOphle CBepxnpOBOAHHKH C BhJCOKOH TeMnepaTypoH 

nepexoaa 12 ~ B TBKHX coeAHHeHHSIX npH onpeaeneanoii TeM

nepaType o6bi'IHO na6nroaaeTCSI «jlaaoablii nepexoa, B aoa

HHKIIOBeHHH KOTOpOI'O B8.)!(HYIO ponb HI'paeT "t:BSI3b aeyx

ypOBHeBOil CHCTeMhl C pellleTKOti, HnH, apyf'HMH CnOB8MH, 

nceanocnu n-«jloHOHHa H CBSI3b, 

B HacroSiweii pa6oTe paccMoTpeHa MOAenb «jlonoHHOti 

CHCTeMhl 1 CBSI38HHOH C AByxypOBHeBOH noaCHCTeMOH 1 C 

npHMeCSIMH 38MeWeHHSI B nocneaHeH, 3Ta MOaenb SIBnSieTCSI 

npocTeiilllHM o6o6weHueM paccMaTpuaaeMbiX paHee Moneneii 

TaKoro Tuna 11 •3 • 7 ~ noaaonHeT yqecTb HyneBbie Kone6aHHSI 

H «jlnyKTy8UHH napaMeTpa nopSI,llKB B «jloHOHHOH nOACHCTeMe 

y.)!(e B npu6nH.)!(8HHH THna X80TH'l8CKHX «jla3, noK838H~ 

'ITO anSI aaHHOM MOnenH CT8TH'l8CK8SI H30nHpOB8HH8SI BOC

npHHM'IHBOCTb, Bbi'IHCneHH8SI MeTOaOM aBYXBpeMeHHbiX 

«jlyHKUHil fpHHB/B~ MO.)!(eT He COBnaaaTb CO CT8TH'l8CKOH 

H30TepMH'l8CKOH BOCnpHHM'IHBOCTbiO, 06bJ'IHO 9TO CBOHCTBO 

MoaenH, o6ycnoaneHHoe He3proaH'IHOCTbro aayxypoaaeeoti 
191 

CHCT8Mhl ( BOnpoc 0 CBSI3H C TepMOCT8TOM Tpe6yeT OTaenb-
HOf'O paCCMOTpeHHsf'lO,llf, He Y'IHTbiBBIOT, ecnonb3YSI anSI 

0t'J.e)l.1treW!.Ii IIHcTlrryr I 
Qtp!U.."' ocr .l'f!.l()eHDI 

~~~IOTEKA 
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OITHC8HHH CHCT€Mbl H30JIHpOB8HHyiO BOCllpHHM'LJ:HBOCTb, B TO Bp€MH KBK B 3KCIT€pHM€HTe H3Meps:reTCH HM€HHO li30TepMHqeCK851. 

PaanH'LJ:"He aocnpaHM'LJ:HBOCTeH Heo5xo.aRMo y'LJ:HTbrsarh H ITpH Bbl'LJ:liCJI€HHH KOppeJISJUHOHHbJX tflyHKUHfi Ha OCHOBe CII€KTp8llhHbiX IIpe.O:CT8BJI€HH1i, IIOCKOJlbKY C HHM CBSJ3aHa OC05eJIHOCTb CIT€KTpaJibHOfi HHT€HCHBHOCTH ITpH HJll€BOfi 'LJ:8CTOT€ ( o5cyMaeaae ~noro aonpoca CM. e'112 /). Bhrtiu:cneHHe (:.oaoaaoH KoppeJISJUHOHHOi:f tflyHKUHH C y'LJ:eTOM 3TOi1 oco5eHHOCTH fl~3BOJISI€T C8MOCOf'JI8COB8HHbiM o5p830M OfiHC8Tb M01l€Jlh H ITpliBO.QHT K HOBbiM QlH3H'LJ:€CKHM pe3yllb1'81'8M: II05IBJI€HHIO AOIIOJlHHT€JlbHOfi KOHll€HTp8UHOHHOii 38BRCHMOCTH CBH3aHHhiX ITC€B.llOCIIHH-<iJOH0HHbiX BOG5y:>K.U€HHJ1 H U€HTp8llbHOf'O ITHK8 a ce'LJ:eHHH pacceHHH.H aellrpoaoa HJIJI caera. Opa crpyKTypHOM ycpe,aHeHHH HCIIOJlb30B8HO IIpH5JIH:>K€HH€ cpe.O:HOf'O JIOKBTOpa. 3ro ITpH5JIHm.eHHe B .0:8HHOfi IIOCTBHOBK€ 38.Q8't!H IIpHBO,QHT B IIpH5JIH)K€HHR THIIa XBOTH'LJ:eCKHX ¢a3 ,QJIH (pyHKUU:fi fpHH8 K T€M >Ke pe3yJib T8T8M 1 'LJ:TO H 6onee CJIOMHhJe pacU€ITJI8HH.si6•7! 0oJiy'LJ:€HHbi€ peayJihT8Tbi 06Cy)K.Q8lOTC5I B CB5I-3H c ceraeT03JieKTpHKOM .llHf'HJ:tPo¢oc¢aroM KaJlHH KH
2P04 , rae H3ororrnqecKoe 3aMeureHHe rrporona Ha aeitrepuii .:wa~mrenhHo M€HH€T KapTHHy ¢a30BOf'O rrepexo.o:a. 

2. I130JIHpOB8HHaSI BOCIIpHHM't!HBOCTb MOA€J1H 

P~ccMoTpHM CB.H38HHYIO rrceB.aocnHa-¢oHoHHYIO 1\JO.LI.enh, B KOTopo.fi K8MA8SI H3 ITO.QCHCTeM, IIC8BAOCIIHHOB8.H H cjJOUOHH85I, ITO OT.QeJihHOCTH MO>K8T 6brTh HeycTOfi't!HBOd 13:1 
2 

H-~l[_!L 
i 2m 

1 z z -
2 

l J .. S. S. - l T .. ij .ZJ I J ij lJ 

rae A,B H <Pij -napaMeTpor MoaenH, orrpe.aenSJIDlll;He xapaKrep HeycTOi1'LJ:HBOCTH .08HHOif ¢0HOHHOi1: MO.O:bT C 3q)c>eKTHBHOi1 MaCCOif m • 
X z Orreparopbi IICeB.QOCITHHOB s i ' si o5naAaiOT CBOfiCTBa-1!3/ 

MH onepaTopa CITHHa S = J/2. 8 OTITHqHe OT nByxypoB-H€BYIO IIO.llCHCTeMy 6yaeM paccMaTpHB8Tb KaK CM€Ch pac-
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npe.aeneHHhJX X80THqeCKH no ysnaM perneTKH .UBYX COCTOHHHH: 

I'; ~[l'1 ,!'2 I, rne I'pi 0,!'2~ 0 • llnS! onpenene!UIOCTH 6yneM 

p8CCM8TpHB8Tb llHIIOnbHbi€ CHCT€MbJ, XOTSI o6mee paCCMOT

peHH€ He 38BHCHT OT X8p8KTepa B38HMO,UBfiCTBHH. npe.acra

BHM B3aHMoneilcTBHe e BHne' 14{ Jii ~I'; i ij llj H T;j ~ l'i t ij , 

r.ae lli -nanonbHbl€ MOMeHTbl, a j ij , tij_ - He 38BiiCSilUII€ 

or pacnpe.aeJHHIHSI npaMeceii reoMeTpJortiecKn:e napaMeTphi. 

fing OITHC8HHSI MO.UenH (}) paCCMOTPiiM 38li83.LlbJBatOillYlO 

KOMMyTaTOpHyJO <jlyHKUHIO fpaHa (cpr) CM91Il9HHH U;(t)~X;(t)-<X;>, 

HcnonbsySI o6bi'l£Hbie o6osHal.JeHHH 18 ~ B npH6nn::>KeHHH caMo

cornac:oaaHdoro ~OHOHHOr'O nons:fl&/ .anSI ¢IOIIOHHOii ITOJlCHCTe-

Mbr: <<u~ ;u.>?~3<u~><<ui;uj>>~ H a npH6nij..(KeHHH 

TSI6nHKOBfj;fi,12ilnSI niiHHOBO:H no.acucTeMbl! <<S~S~;sf >> = 

~sna><< Sm; sr »+<S m > «S~; S ~ », 

nonyqaeM ypaaHeHHe naa:>KeHHH nng ~r 

Dij (w)~«u; ;uj »cu: 

Dij(w)~D.~ (w)+I D.O, (w)[l t r.zz(w)t y,]D~,.(,), (2) 
IJ fP' n nm nY-nm m J 

rne D{j -¢oHOHHHfi nponararop npn Tij = 0 • 

[ 0 ( )1- 1 2 
Dij ''' ~ ~ (mw -1\ -<P0 )8ii +<llij , (3) 

;\ j -34_lQ_lCKTHBHhii:t OllHO'lJBCTH'l!Hhlti TIOTetUlHBn, OIIpenen51IO!llHti 

lllem-, n qlOHOIIHOM CTieKTpe, 

Ai = 3!3 ( <u7 > i <x;})- A. ( 4 ) 
zz z z 

<f:>f CTIHHODl>IX OTKnOHeHHii Qnm (w) = Jln <<0 Sn ; 0 8 m >> p. m 

B npu6nH*CHHH TH6nHKOBa ynoenernopHeT ypaeHeHum 

zz - zz 
Gnm(,,,) ~ gn(o,)linm- gn(w) l j ·y(w)G, (o,), 

y f n n rm 
(5) 

r.ne g ((tJ) - OllHO'l!8CTH'liH8st BOCTipHHM'l!HBOCTb, 

n 2 x 

( 
l'nl~<Sn> 

gn w)~~ . 
,, _J'2-h2 +"2J'2<S'>J. (w) 

- n zn r n n n nn 

(6) 

j Pn - 3¢q1eKTHBHOe cnnH-cnnnoaoe B38HMoneHcrene: 

j (,,,)~ j - Y t pD~,, (w)tr, ; inn~ 0, 
lltn ll!ll rr' D H m 

(7) 

H hzn - a¢¢eKTHBHOe cpe.nHee npo.nonhHoe none B cnHHO-

eoH noncHcTeMe : 

(8) 
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8 OTnH'iH9 OT 06hi'iHOI'O ITOilXOil8 B fiX<t> 151 Mhl B (5) BhiilenHnH BC9 OilHO'i8CTH'iHbl9 qneHhl B <j>yHKUHIO gn (w). lfT06hi peiiiHTb ypaBH9HH9 (2), Heo6XOilHMO CtlenaTb crpyKTypHoe ycpeuHeHHe B (5). flpH BhrnonHeHHH nocnellHero Mhr HcnonhayeM npa6nHJKeHae cpetlaero noKaTopa (TICn). Xopomo asaecrao, qTo TICJI HBRHeTCH yLto5HhiM B xaqecrae HCXO,QHOf'O IIpH6nJDK9HHSI B cnyqae JlBYX paanHtJHbiX B JlHHaMH~ecX:oM CMbicne aos5y}K.QeauH'161npu aan~oPIHH paa.a:eneHHbiX aenepecexaromnxcsr sou. HMeHHO aTa caryaUHH peanasyeTcH a aarneM cnyqae, rae rrpH It ~0 HMeercSI soaa aos6ym:JleHHii, OTJleneHHBSI lll6Jlb10 OT JlOK8JlH30B8HHOPO IIpH W = 0 llH¢l<jly3HOHHOI'O B036YJKil9HHH (r; ~ {)) • B rrcn ypasHeHHe (5) IIpHHHMaeT BH!l 
zz 

- zz <G m(w)>c ~<g0 (w)> 0 80 m-<g0(w)::;, k j 0 (w)<G 0 (w)> n 
f,!n nr. <m c {9) 

rae < ~ osaaqaer xoa~urypauuoaaoe cpeLtHee no seeM aosMO)KHhiM pacnpeJleneHHRM N 1 cocro.smafi cpeaH N ysnoa peii!eTKH npH 38il8HHO!i KOHUSHTpaUHH c 1 H C 2 ~ 1- C 
1 

• Bse)leM <jlypbe-~peo6paaoaaHHe 
1 iq(Rn-Rm) <G

0 m(w)> ~-I e <G (w)> c N q q c (10) 
f'll€ q ne*HT B nepaoH 30He Epnnnroaaa. napaMeTp B3aH-MOilelicTBHH jnm( W) (7) npH n,! III npHHHMaeT Bl!il 
-: . t

2 
1 t~ J (w)~ J + -...:JL_- -I --q · q w~ - w2 N q w~ - w 2- (II) 

rae Wq -SHeprHH B036Y*ll€HHfi B ~OHOHHOH IIO~CHCTeMe, onpeilenaeMaa nomocaMH ( 3): 
2 "'q~tH<I> 0 -<!>q 

(12) 
<t>yi<KUHH OTKnHKa g n (6) MOJKeT 5hiTb npeJ:(CTasneHa B BHAe gn~ x1g1 + x2g2, rae x 1,2 -onepaTopbr rrpoeKTHpOBBHHSI Ha 'COCTOSIHJHI 1 H. 2. TaK KBK r2 = 0 , TO <gn>c = C 1 g 1 · J.1cnonb3YH OTOT ¢aKT, a TBK.*e ( 10), nonyqaeM peii!eHae ypasHeHHS! (9) B Baile zz -1 - -1 <Gq >

0 
~c1 {[g 1 (w)l -c1 jq(w)l . (13) 
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3To ypaBHeHHe c yqeTOM (6), (II) yao5uo nepermcaTb: 

zz -1 ' - t 2 

<Gq (w)>c ~ ~q (w) • tq D~ (w), 

rae 
t2 

N(w2-w2) cl j q]. 
q 

( 14) 

(15) 

{I Cll0Jlb3YH ( 13), IIOnyqaeM OKOH'LI8T8JlbHOe Bbipa:l'KeHH8 

An 51 <Pouoquoi\ <l>f (2): 

-1 -1 2 
<D (oJ)> ~[D 0 (w)l + t !'J (w). 

q c q q q 
(16) 

3al\leTU:M, 't{TO ¢YHKllHOH81lbHOe COOTHOill9HH8 (13) M8)KllY 

JlOK81lbHOH, g 1(w), H KOJl118KTHBHOH, <0 ~z >c , <P-yaK-

lllHIMH OTKJlHKa HMeer TOT R<e B"Hll_, 'C!TO R B TIXct>a Ornaqae 

COCTOHT B ytteTe 'ti[IeHa C8MO,nefiCTBHSl CliHHOB 38 Cl.{8T CB5l-

3H c perueTKoll B (6) 1< (11) (eM. TaKlKe/6,7/ ). KpoMe 

3T0f'-O, H8UI TIOJlXOU TI03BOJl5I9T yqeCTb QJnyK'fYBUHH rrapaMeT

pa TIOpHllK8 yJKe B IIepBO!vl ll0p51JlK9 T90pHH 1 riOCKOJlbKY B 

JlBHHOl\t Cnyqae, B OT1IH1.{H9 OT npeJlbT.[lYlUHX p8CCMOTp8HHfl 

Moaenel! TH:Ia (I), •t<oHof!Hhre qacTon; ( 12), ( 4) 38BHC5!T 

OT KOpp9Jl5IUHOIIIIOil 1}1yHKUHH CM9ll18HHfi < U~ > · 

<!>f ( 16) onpellen>reT ii30ilHp0B8HHYIO BOCllpHHMqHBOCTb 

CHCT8Mbl ( 1), ae ITO/ll008 II03B0Jl5ITOT HatiTH B036y>KJl8HH5I B 

MOJlenH. Bsoa51 3Hepru.ID ao36y>K.ueHHfi a rrceBJlOCIIliHOBOii 

ITOJJ.CHCT€l\1€ 

(17) 

1:13 ( 16) rronyqaeM ycnonu.e llll51 onpe.o.-eneHH51 :3HeprHa aro-

5yJKJl€HHii B M0Jl€1lH ( l): 

( 18) 
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TeMnepaTypaoe noeeaeane aoa6y)KJl9HHfi OITHCbreaeTc.H cacTeMoli ypasnennli (12), (17), (18), (4), (8) n onpeAeJisrerc.H repMO.OHHBMJPieCKHMH cpen:HHMH <Sf > , <Xi> H < u ~ >. flpH Bbit{HCneHH:H TepMOJlHHBM}ftleCKHX cpeJlHHX B MeTO.Qe llBYXBpeMeHHbiX <f:>f OCHOBbiBBIDTC.H HB CII9KTpanbHbiX TeopeMBX/8~ B o6meM cnyqae cneKrpanhHB.H HHTeHCHBHOCTh aon)KHa 6h!Tb npeACTaBJieHa B BHAe 1121 JBA(<u)~ f;l(w)+Co (w), f'Ae 'IaCTb J~1(w) (J~1 (w~ 0) ~ 0 ) Bb!'IHCJISieTCS! C ITOMOmhiO KOMMyTaTOpHOif <f:>f, a KOHCTBHTa C MQ)K91' 6hiTb npeACTaBJieHa KaK117 • 181C~T(XT- Xis), Xis~-cf;l(w~O)-- CTBTHt{9CKBH H30nHpOBaHHaSI, a )( T- H30TepMH'tJ:9CKB.H BOCITpHHM'rJHBOCTb. TaKHM o6pa30M, Mbi rrpHXOJlHM K H3B9CTHOfl: npo6neMe BbPIHCneHHH BOCITpHHM'tJ:HBOCTe:fi ( CM/ 91 H UHTHpOBaHHyiO TaM JIHTepaTypy). KaK 6bJJIO OTMe'IeHO Ky6o
1191

, BOCITpHHM'I:{HBOCJ'H COBITa.OalOT, ecnn CHCTeMa aproJlH'IHa. 06bJ'tJ:HO aToT eonpoc o6xo,o.HT, nonarag .HeHo HnH H9SIBHO, t{TO CHCTeMa .HBnSJeTC.H spi"'OllHqHoit. 
3. l130TepMH'I9CKB.H BOCITpl!HMqHBOCTh 

Craraqecxa.H HaoTepMaqecKa.H eocnpHHMT.JHBOCTh MO)KeT' 6hiTb BbJ'IHCJ!eHa H3 COOTHOW8I!HS! (X T)-l~ (a2F /aP2)p
0

, f'Jle F- cso6oaaag aaepf'H.H, P- napaMerp rropsraxa ( aarrpaMep, CIIOHTaHHa,g ITOnSipH38UH51) CHCT9Mbi. B H8W9M cnyqae p- bi = < Xi> • p BCCMOTpHM CB060JlHYIO 8Hepf'H:JO anSI raMHnhTOHHaHa ( l). B coorsercrsHH c npa6nH}f(9HHeM AJ!ll <l>f (2) F HBiiAeM Ha OCHOBe BapnaUHOHHOf'O npHiiUHna 6oroJII06osa: F . .S F1 ~ F o + < H- H 0 > H , rAe Fo- cso-o 6oaHa.H aaeprHSI, BbrqncneaaaSI no raMHnbroaaaay Ho, xoro-pbiii B03bMeM s BRAe Ho ~ H q,+H c; H q,- a¢¢eKTHBHbiil raMHnbTOHHBH ¢loHOHHO:fi: ITOJlCHCT9Mbii15/, Bbi'tJ:HCneHHe ¢oHOHHOI1: <l>f c KOTophiM npHBOAHT K ypaBHeHHIO ·(3); He- a<jHjJeKTHBHhiil f'BMHnbTOHHBH CITHHOBOfi ITO/lCHCT9Mbi, anSI KOTOporo CITHHoBasr <l>r onpeAenHeTcsr ypaBHeHueM (5), Cso6oAHaH anepriHI ,HMeeT BHll 

1 +-I 
4 ij 

6 

<fl .. (b.-b. )
2
-TI In2ch!!L+ .!_I j .. <S. z,. ><Szu.>, IJ I J i 2T 2 ij lJ 1 rJ J rJ 

( 19) 



rue wq KMeeT BHil (12), a hi- cpenaee none B cnKao

soH CHCTeMe 

2 2 2 2 X-;-) 
h = r: + h . + fl· r. < s . > J .. (O . i 1 , lZ 1 1 1 11 (20) 

Hs ycnoazg crauHoHapaocTH cao6onaofi aaeprHH orao-
CHTenhHO napaMeTpOB < Si z > Ji b i =<Xi> nonyqaeM 
ypaBHeHH.H lUHI cpenHeii: "H8M8I'HH'I9HHOCTH": 

z hiz hi 
<Si > = 2h· th2T ' (21) 

l 

a cpenaero CMemeHHH a perneTKe: 

BTopaSI BapHaUHSI F1 no bk naeT o6paTf!YJO asoTepMa'le

CKYID BOCITpHHM'IHBOCTb B BHll6 

T -1 -1 T(cl 
(x .. ) = -[D?. (w=O)] - :£ t. X t . , 

IJ lJ nm In nm mJ 
(23) 

rae CITHHOB8H H30T9pMH'I6CK8H 

pSieT ypaaaemno 
BOCITpHHM'IHBOCTb YllOBneTBD-

T(c) 
X = an°nm + an nm 

a = 
n 

2 X 2 
l'nr'n<Sn >+flnhzndn/T 

h2 
n 

(24) 

8blUOJif!S!S! B (24) CTpyKTypaoe ycpellf!ef!He, COOTBeTCTBYJo

mee TICn JlJISl (9), H rrepeXOilSl K <jlypbe-rrpeo6pa30B8f!H!O 

0 Q), IIOJty'l!aeM OKOHqaTenbHOe Bblp8JK9HH9 H30TepMH't!9CKOii 

BOCIIpHI-IMt.IHBOCTH: 

T -1 -1 2 <x > = -<D (w =0) > - t <x T(c) > 
qc q c q q c' (26) 

rne 

<x;<cJ>;
1 

= h~ [c 1fl~ <r1 <St'> + h;1,8d 1 ) + 

+"21'~f3d2h~2r1-<i _.!..:£ ~--l 
q N q w 2_ w2 · 

(27) 

q 
7 



EcnH Mbi Terrepb cpaBHHM sbrpalKeHH>I (26), (27) c 
H30ZHt:pOB8HHOi:i: BOCITPHHMqHBOCThlO X qis = -Dq (w = 0 ), . 

T IS ro yBHJUt:M, 'lTO a o6meM cnyqae aocrrpiHfMqHaocrn X q H X q 
ornnqaiOTCSI H, cneaoaaren&Ho, Koppens:~UHOHHaH <}lyHKUHH 
<u1 > , KaK 6bino OTMeqeao a KOI·IUe pa3nena 2, aon>Krw 
Bbl"IHCflHThCSI ITO- tiJopMyne 

< u~ > ~ - 1
- ~ f dw cth ...9!__ I- LIm< D ( w + i<)> l " mN o 2T " q c (28) 

rAe K;; ~(TIN)~ (<xT > -<xqis> ). q q c c KaK BHAHO, paanH'liHe BOCllpJ:UfMqHBOCTe.H -o6ycnosneHO 
OC06eHHOCTSIMH llBYXYPOBHeBOfi IIOJlCHCT€Mbl H 38BH:CHT OT 
KOHUeHTp8UHK ITpHMeceti:., B cnyqae 6ecnpH!\19CHOtf CHCT€Mbl, 
HCITOilb3Y51 Bbipax<eHH>I (26), (2"{) H (15), (16), nony'!aeM 

h2 • d • h2 
K ~- z'--~-· 

q <~(<q2 - h~(d/T)jq (29) 

flpH f'i ~f' ,! 0, HCilOilb3Y>I (8), (17), (20) H d H3 (25), 
MO)KHO BHJl9Th, 'lTO B napaQ:Jaae K q= 0 , T8K KBK h z = 0. 
HHJKe TeMneparyphi <jla3osoro nepexoAa T c J{q,.' 0 H npu T.O 
Kq~ 0 , flpH fj ~I' ~ 0 J{ q(29) sener ce6H s 3aBHCHhlo
cru: or reMneparypbi y)Ke no-HHOMy. A HMeHHo, rrpH T ~ 0 
Kq-+0, a rrpu: T-~Tc Kq aoapacraer H: npu T >Tc ocraeTCSI 
KOHeqHo.fi B€JilfqH:HOil. 

Mo>KHO cnenarh BbiBOJl, qro a 6ecnpH:MecaoH CHCTeMe 
[' i :::: [' f:. 0 H30TepMH:qeCK8H H: H:30JIH:pOB8HHaH BOCIIpiHfMqHBOCI'li 

coarranaJor a rrapa¢aae 11 ornaqaJOTCH B ¢eppo¢aae, npH Hanu:qHH 
>Ke IIPH:MeCeil C f'i = 0 OHH OTJIU:qaJOTCH K8K B ¢eppo- ,TBK 
H a rrapacflaae. ¢>aaoahi.fi 'rrepexo.o: a cacreMe xapaKTepM3Y
eTcg o6pameHH6M B HOnh o6paTHOfi. CTaTHqeCKOfi BOCITpHHM
~HIBOCTH. TaKHM o6pa3oM, B qucroH CHCTeMe reMneparypbi 
o6pameHH51 a Honb (x T) -l {x is)- 1 coarraaaiDr, oa.'-IaKo 
rrpa Hanaqmr rrpaMeceti: aro paaeHcrao Y*e He BbriiOJIHHeTCH. 
3TOT <!JaKT H606XOLlHMO yqHTbiB8Th IIpH COIIOCTaBneHHH pe-
3YJlbT8TOB BbiqHCJl6Hlifi C 3KCITepliMeHT8JlbHbiMH !WHHblMH, 
IIOCKOJlhKY IIOCJie.[{HHe IIOJiyqaJOTCH rryreM H:3M6p6Hlifi H3D
T6pMliqeCKOJ1 BOCIIpHHMqHBOCTH. 
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4. BntHt'HHe npaMeceH Ha nHH8MHtteCKHe xapaKTepHCTRKH Monena 

1..fro6bl CBSI38Tb Hallie paCCMOTpeHHe C KOHKp6THOi1 ~H-

3Hl.J:8CKO:f:i CHC1'9MOfi, paCCMOTpHM KOnneKTHBHJ;ll9 B036y>K.Ue

}HIH B ceraeroaneKrpaKe KH 2P04,rne H30TOIIH'l!eCKHfi .sclxPeKT 
3Hattnrenea: a pe3ynhrare .uei1repapoaaHHSI TeMn~parypa 
¢a30Boro rrepexo~a MeHReTCH or 123°K ~o 222°K. TiceB~o
cnaaoaag 'l{8CTb f'8MHflbTOHH8H8 ( 1) 3Jl9Ch OIUICbiB89T IIO)l

CHCT9MY BO.UOpO.l:UibiX CBSI3ei1, IlpH 8TOM ['i ,P. Q COOTB9TCT

BYIOT TyHHenHpyrorueMy B 110T9HUH8ne C .O:BYMH MHHHMYM8MH 

nporoay, a ri =0- He ryaaenapyiOmeMy .oettrpoay. B oObJ'tUIOM 
IIOJlXOJl9, OCHOB8HHOM Ha MO.UenH Ko6aSIIIIH/S/H flXcJ>, ¢oHOH

IIO.U06H85I MO.ll8 0+ YM9Hblli89TC5I C pOCTOM KOHUeHTpaUHH 

.ueHrepHSI/5/ a npOTHaopeqHH c aKcrrepHM9HTOM. PaccMoTpHM 

ypaBHeaae ( 16). TionarHSI nn>~ yrrpomeHHSI Ga~a'!H w q = w0 
ang acex q • nonyqaeM .usa perneHHH: 

2 2 2 2 [ 2 22 X 2 1 2 Y, 
"'q±=("-'o+<q)± (wo-<q) + S;tHf'H<SH>(CHiq+ 'b-:S t q)J., 

N q (30) 

npH ycnOBHH WO > ~q ti8CTOT8 w q+ COOTB9TCTByeT $oHOH

ITO.U06Hoi1: Mo.ue, a wq- -Mane ryaaenHposaHHSI. Ha ypasae
HHSI (30) cne~yeT, 'ITO ope qaCTOThi, w+(q=0) H w_{q=0), 
MOI"yT yaenH'tJ.HB8TbC51 C poCTOM KOHUeHTpaUHH neHrepH51, 

ecna (1/N) :S t~ > t 
2 

. 3ror peGynbTaT 5hrn 
nonyqea TaK~e B pa66re 16~ rae c ITOMOWbiD pacuenneHHH 
BTOpOrO ITOpSI.!lKB, KpOMe ITOITp8BKH K .UHH8MJ.PI9CKOfi CBSI3H 

M9JK.UY nces.nocnHHBMH ( 11 ) , yqreHbi rnaBHhie nonpaBKH 
B O.ll.HOtt8CTH'lJ:HOii BOClipHJIM'qRBOCTH 38 CG9T cf>'OHOHHbiX 

¢nyKryauHii. B o5br'lHOM TIX<t> qneH (1/N) l t 2 ae rrosmnRer-
q q " 

CH H C:U+ yMeHblll89TCSi C yaeni.P19HH9M 1.JHCna rrpaMeCeH. 

B aameM no.oxone HMeeTcH erne onHH MexaaasM ysenH
qeHHSI 'lJ:BCTOTbl C KOHUeHTp8UH9fi IIpHMeceH. 3 TOT' M9X8HH3M 

o6ycnoaneH CT8TH'li€CKHMH $nyKTY8UHSIMH B ¢oHOHHOfi CHCTe

Me, Bbi3B8HHbiMH CBH3bJO C pa3yriOp51.UO'li9HHOi1: ITCeB.UOCITHHQ

BOH no.ncHCTeMoH • .Un51 ynpoiUeHH51 aaana3a paccMoTpH.M 

B3BHMo~eiicrBHe BH~a <!lij = <llo IN, j ij = j 0/N , H t ij = toll ij • 

B napa¢a3e (12), (4) H (17) npaHHMaror rorna BH~ 

"'~=O = (3B<u
2

>0 -A)/m =tl./m; _ w:,.:o=(<llo+i"l)/m= w5 , 
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2 '2 X 1 I!J ' 0 ~I II' < SH> ~ 2 th 
2T . ( 31 ) 

L!nSJ KOppe!ISlUHOHHOli <jlyHKUHH CMeiUeHHM (28) C yqeTOM ( 30), 
(31) s6ITH3H <jla3oBoro rrepexoaa (T >>w± 11 cthx- 1/x ) 
nonyqaeM Bhrpamean:e 

(32) 

B cnyqae cna6oii CBSl3H t 0 H3 (30), (32) rronyqaeM, 'ITO "'+ (q ~ 0) 6yaeT B03pacTaJOIUeil <jlyHKuueli rrpHMeceii 
aeHrepaSI rrpu Bhmonaemtu cneayJOmero ycnonuH: 

,\ - ( ':.Jl} !"H ~ 
c flo n (<)2 

0 q~O 
(33) 

rae A~v' A/m/u 0 ; u 0 ~ A2 /4 B - BhiCOTa rroTeHrrHaiTb-
aoro 6apbepa a oaaoqacTH'l:JHOM noreauu:ane ( 1); n 0= v· A/Iii. 

KaK BH.ll.HO, Ac yaenH'tJHnaeTc.H, Korna T·+ Tc • llnH 
KH2 P04 .aro oaHaqaer, qro noapacra1-me c,>_. c poe roM 
KOHUeHTpaUHH npHMecefi 6yaer HMeTb Mecro npu ycnoauu, 
'liTO a~cfleKTHBHbiif OJl,HO'lfBCTH'tJHbi~ IIOTCHUHBn 3 ¢oHOHHOtf 
dHCT€M€ SIBnHeTCSI cna6orapMOHH'lJ€CKHM C. OllHHM MHHHMYMQT,1. 

llpyrHM HHTepeCHbiM cnencrnueM craruqecKux ¢nyKry
aUHfi smnsreTcH nosmnenHe ueHTIJanuaoro ITHKa (UD) B ceqe
HHH }J8CC€SIHHH HeHTpOHOB HnH cnera. ll.eitCTBHTenbHO, noc
ne.naee ( CM., HanpHMep, 1201 ) nponopuaoaanbHO cneKTpanb
am1 HHTeHCHBHOCTH KOppenHUHOHHOfi ¢yHKUHli CMellieJIHi.f. 
floaTOMY B o6meM cnyqae OHO 6y.ner COJlep:>KaTh cnar'aeMoe K5 ( w) • 11.HTeHCHBHOC1'b un orrpeaenSleTCSl KOHCTallTOil 
K ( CM. pa3aen 3). 11 cnonb3Y" ( 16), (26), •axoanM, 'ITO 

B napa<jla3e 
2 2 

K ~ t L CD. I'D 
q 4(m-;:; 2 j2 . (i::.a:j--)(1--~Jl___ (34) q q q 

rae 

- 2 ' g = '1fi'H< SH >rH 
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TaKHM o6pa30M, HHTeHCHBHOCTb pB.cceSIHHSI nponOpuH

oaanhHa KOHUBHTp8UHH H B03paCTaeT rrpH ITpH6JliDKBiU'IH K 

Tc • B pac·cMaTpu:aaeMOh1 rrpH6nHJKeHHH Her BOOMO>KHOCTU 

o6cylKU8Tb lilHpHHy Un. (cM. 0 HanpHMep/ 211). 3aMeTHM, 
OllH8KO, 'tJ:TO I1pHM€CH ·1130:Hf'OBCKOf'O rarra B mo60M IIpH6JIH

lK8HHH 6yuyT )laB8Tb CTaTH'l8CKHH Un {ynpypoe paCC85!Hl<e), 
fiOCKOJlbKY DJISI 3TOll MO{lCJlH BCBf'/Hl eCTb HA:Terpan .UBH>Ke-
HHSl - oneparop Sf , a cnenoaarenbHO, H oco6emioCTh 
B CITeKTpaJibHOki: HHTBHCHBHOCTH. 

Aaropbi rrpH3HarenhHbi H.M.TinaKHJle 38 KPH·TR'tJ::BCKHe 

.'3Ll.M8'tJ:~HH SI. 
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