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llH<!><PY3HSI Sl/lepHor 0 MarHHTHOI'O MOMeHTa B pa36asneHHbiX 

cnnasax 

Pa3BHTO nocnenosaTenbHOe MHKpocKonHqecKoe onHcaHHe SI/lepaoli Mar

HHTHoli penaKcauHH B pa36asneHHbiX cnnasax MeTannos. 0oKa3aao, qTo 

BCneACTBHe MBI'HHTHOI'O llHfiOnb-llHfiOnbHOI'O B38HMOileliCTBHSI CfiHHOB Sl,llep OC

HOBHOli peweTKH H CfiHHOB npHMeCH B CHCTeMe SlllepHbiX CfiHHOB B03HHKaeT 

HeO/lHOpOilHOe pacnpeneneHHe H fiOTOMY Ha6niDnaeMOe BpeMSI penaKCBUHH Cy

weCTBeHHO 06ycnosneHO CfiHHOBOH llH!jlcpy3Heli. llaHbl Bbipa~eHHSI AnSI BpeMeHH 

npOilOnbHOli penaKCBUHH B HeKOTOpb!X cnyqaSIXo 

Coo6meHMe 06t.emtHeHHOro MHCTMTyTa Jl,llepHbiX MCCJie,llOB&HMI 

.ay6Ha, 1974 

Pawlikowski A., Buchbinder I.L., Kuzemsky A.L.P4- 8209 

Spin Diffusion of the Nuclear Magnetic 
Moment in Dilute Alloys 

A successive microscopic description of the nuclear 
magnetic relaxation in dilute alloys is developed. It is 
shown, that due to the dipolar interaction between host 
nuclear spins and impurity spins, a nonuniform distribution 
in the host nuclear spin system will occur and consequently 
the macroscopic relaxation time will be strongly determined 
by the spin diffusion. The expressions for the relaxation 
time in certain cases are given. 
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§1. BaeoeHue 

HccneAoBaHHe MarHHTHLIX npHMeceii B HeMarHHTHLIX 

MeTannax npe,I\CTaBnJieT BeCLMa HHTepecHyiO H Ba)I<HYIO 

3a,l\a'ly. CBJI3aHO 3TO, B OCHOBHOM, C TeM, 'ITO ManaJI npH

MeCL a TO MOB nepeXOAHLIX MeTannOB K HeMarHHTHOMY Me Tan

ny MO>KeT npHBO,I\HTL K ,1\0BOnLHO 3Ha'IHTenLHOMY H3MeHeHHIO 

HX CBOHCTB, 'faCTO He 3aBHCJII.QeMy OT KOHUeHTpaUHH npHMe

ceii. HanpHMep, 3neKTPOHHaJI TennoeMKOCTL TaKoii CHCTeMLI 

MOOKeT B HH3KOTeMnepaTypHOH o6naCTH B03paCTH B HeCKOnL

KO pa3, HnH MO>KeT B03paCTH Ha HeCKOnLKO nopJI,I\KOB TepMo-

3neKTPOABH>KYI.QaJI cHna. MarHHTHLIMH >Ke npHMeC.IIMH o6y

cnosneu xapaKTepuLiii An.ll pa36asneHHLIX cnnasos MexaHH3M 

3neKTpOCOUpOTHBneHHJI, 3~eKTHBHOCTL KOTOporo DOHH>Ka

eTCJI npH DOBLIWeHHH TeMnepaTypLI. 3TOT MexaHH3M OTBeT

CTBeHeH 3a TaK Ha3LIBaeMLIH 3~eKT KOHAO, COCTOJIIUHH B 

HanH'IHH MHHHMyMa 3neKTpOCOJ?POT,BneHH.II npH HH3KHX TeM

nepaTypax y PBAa MeTannos 
1

-
4 

• BnH.IIHHe npHMeCHLix 

CUHHOB TaK>Ke BeCLMa 'IYBCTBHTenLHO CKa3LIBaeTCJI Ha 

CBepxnpOBOAHMOCTH H MarHHTOCOUpOTHBneHHH MeTannOB. 

0,1\HaKO, MO>KeT 6LITL, HaH6onee np.IIMO CKa3LIBaeTCJI 

DpHCyTCTBHe UpHMeceii Ha 3neKTpOHHLIX H .11,1\epHLIX pe3o

HaHCHLIX H penaKCaUHOHHLIX xapaKTepHCTHKaX pa36asneH

HLIX cnnaBOB. C ,1\pyroii CTOpOHLI, H3y'leHHe WHpOKOrO Kpyra 

pe30HaHCHLIX H penaKCaUHOHHLIX .IIBneHHH B pa36asneHHLIX 

cnnaBaX JIBnJieTCJI 0,1\HHM H3 HaH6onee Ba>KHLIX HCTO'IHHKOB 

3KcnepHMeHTanLHoii HHWOPMaUHH o HHX /I ' 2' s, 6- I o I. C no

MOI.QLIO pe30HaHCHLIX H penaKCaUHOHHLIX H3MepeHHH C BLICO

KOH cTeneHLIO TO'IHOCTH onpe,l\eneHLI 6onLWHHCTBO napaMe-
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TpOB B3aHMO.IJ;eBCTBHJI B TaKHX CHCTeMaX, HX OTHOCHTenbHbiB 

BKna.n B Ha6mo.naeMwe xapaKTepHCTHKH, npocne)KeHa .IJ;HHa

MHKa CHCTeMbl H H3y'lfeHO BllHJIHHe npHMeCeB Ha 3neKTpOHHbiB 

cneKTp H nnOTHOCTb COCTOJIHHB. lionbWOB HHTepec npH H3y

'lfeHHH pa36aoneHHbiX cnnaooo npe.ncTaonJieT 3neKTpOHHbiB 

CnHHOBbiB pe30HaHc H penaKCaD;HJI/2 • ll -l~ /noCKOllbKY H3Me

peHHJI nono)KeHHJI H WHpHHbl llHHHH 3IIP no3BOllJIIOT, B npHH

UHne, npJIMO H3MepHTb noCTOJIHHYJO s - d B3aHMO.IJ;eBCTBHJI 

Me)K.ny 3neKTpoHaMH npoBO.IJ;HMOCTH H npHMeCLIO I 3aMeTHM, 

'liTO .IJ;eno OCllO)KHJieTCJI 34xtleKTOM "y3KOrO ropna", CBJI3aH· 

HbiM C TeM, 'liTO H3- 3a 6onbWOB BenH'lfHHbl napaMeTpa s - d 

06MeHa cymecTByeT 6onbWOB OTTOK 3HephHH OT 3lleKTpo

HOB npoBO.IJ;HMOCTH K noKanLHblM cnaHaM 21 I. CHTya:u;aJI 

3.IJ;eCb HeCKOllbKO OTllH'lfaeTCJI OT JIMP. 3TO o6ycnooneHO 

TeM, 'liTO JI.D;pa cna6o CBJI3aHbl C 3lleKTpOHHOB nO.IJ;CHCTeMOB 

OCHOBHOrO MeTanna, B TO BpeMJI KaK llOKallbHble CnHHbl 

BHOCJIT B Hee BeCLMa 60nbWOe llOKanH30BaHHOe B03MymeHHe 

H B 3TOM CMbiCne 4la.KTH'lfeCKH JIBllJIIOTCJI 'lfaCTbiO 3lleKTpOH· 

HOB no.ncHcTeMwl. lionee Toro, .na)Ke ecna oenH'lfHHa cYe

WHBaHHJI noKallH30BaHUbiX 3lleKTpOHOB H 3lleKTpOHOB npooo

.IJ;HMOCTH Mana H MO)KHO rOBOpHTb 0 .IJ;BYX OT.IJ;ellbHbiX CHC

TeMaX s- H d·3neKTpOHOB, BCe paBHO pe30HaHCHaJI 

'lfaCTOTa llOKanH30BaHHbiX MOMeHTOB O'lfeHL 6nH3Ka K pe3o· 

HaHCHOB 'lfaCTOTe 3lleKTpOHOB npOBO.IJ;HMOCTH H nOTOMY .IJ;HHa

MH'lfeCKHe 34xtleKTbl 3.IJ;ecL oecLMa cymecTBeHHbl. KpoMe Toro, 

MO)KHO O)KH.IJ;a Tb 3aMeTHOrO Bll~JIHHJI Op6HTallbHbiX 34xtleKTOB 

H KpHcTannaqecKoro nonJI 12 I . Bee 3TO .nenaeT H3y'lfeHHe 

3neKTpOHHOrO CnHHOBOrO pe30HaHCa .H ~enaK,aD;HH BeCbMa 

Ba)KHWM .IJ;nJI pa36aoneHHLIX cnnaooo 12, 1 - 16 • 

He MeHee none3HOB .IJ;nJI H3y'lfeHHJI noKana3oBaHHbiX Mo

MeHTOB B pa36aoneHHbiX cnnaoax oKa3anacL TexHHKa 

JIMP /2/ • ToMy 6wna .noe cymecTBeHHble npH'lfHHbl. Ilpe)K,D.e 

ocero oKa3anocL, 'liTO JI.D;pa ocHOBHoro YeTanna, 6nH3KHe 

K npHMeCH, BeCbMa 'lfYBCTBHTenbHbl K llOKanbHOMY B03Yyme

HHIO CnHHOBOB nnOTIIOCTH l6naro.napJI CBepXTOHKOMY B3aHM:O

.IJ;eHCTBHIOI H 3apJI.IJ;OBOB nnOTHOCTH l6naro.napJI JI.D;epHOMY 

Koa.npynonLHOMy B3aHMo.neiicTBHrol. Bo-oTopwx, JI.D;epHaJI 

penaKCaD;HJI CHllbHO 3aBHCHT OT OC06eHHOCTCB cneKTpa 

HH3KOlle)Kamax B036y)K.IJ;eHHB 3neKTpOHHOB CHCTeMbl H nOTO

MY MO)KeT .IJ;aBaTb BeCLMa none3HYJO HHii!OpMa:u;HIO 0 .IJ;HHa• 

4 

MH'lfeCKOM acneKTe npaYecHoii Ja.naqa. B cnyqae yarHHTHOB 

npHMCCH onpe.nenJIJOmyro pOnb HrpaeT H3:MeHeHHe CnHHOBOH 

nJIOTHOCTH 3neKTpOHOB npOBO.D;HMOCTH B6llH3H npHMCCH, a B 

cnyqae npayecH HeMarHHTHoro aToMa nepexo.nHoro :MeTan

na - 3apJI.noooii nnoTHOCTH. H3y'lfeHHIO :MarHHTHbiX /9 I H 

HeYarHHTHbiX 110 I H no'lfTH :MarHHTHbiX npHMeceii nocBJIII\eHo 

YHoro pa6oT. ~nJI ocex cnyqaeo 6wno Haii.neHo, 'liTO cKo

pocTh penaKCa:UHH yBenH'lfHBaeTCJI no cpaBHeHHIO C 'lfHCTbiM 

:MeTannoY. XoTJI c coopeYeHHoii TO'lfKH 3peHHJI pa3nH'lfHe 

Ye)K.IJ;y YarHHTHOB H HeYarHHTHOB npH:MeCbiO B MeTanne 

.IJ;OBOllbHO HCKYCCTBeHHO, TeN He :MeHee C'lfHTaeTCJI, 'liTO 

s- d o6MeHHwii raYHllbTOHHaH KoH.IJ;O .IJ;OBOJibHO xopowo 

y'lfHTwBaeT BnHJIHHe npHMeceii Ha penaKca:u;HoHHble npo:u;eccw 

B TaKOM YeTanne KaK Cu c npHYeCJIMH Mn , Fe, Cr • 
Ha.no 3aMeTHTL, 'liTO., no- BH.IJ;HMOMY, 3To cnpaoe.nnHBO owwe 

TeMnepaTypw KoH.IJ;O t 21 . 
H3y'lfaiOT KaK pe3oHaHc H penaKca:u;Hro JI.D;ep noKanLHWX 

YOYeHTOB a YeTannax 117 • 18 I, TaK H o'tfeHL TecHo CBJI3aH

HWii c 3THM oonpoc o penaKca:u;HH JI.D;ep ocHOBHoro :MeTan

na BCne.IJ;CTBHe npHCYTCTBHJI Yanoro KOJIH'lfeCTBa npHYe

ceii /1 9 • 2o I. B .naHHOB pa6oTe MW 6y.IJ;e:M pacc:MaTpHBaTI. 

TOllbKO BTOPOB BOnpoc, XOTJI cnoco6 BWBO.IJ;a Bblpa)KeHHJI 

.IJ;llJI BpeYeHH penaKCaD;HH CTOllb )Ke npHrO.IJ;eH .IJ;nJI onHCaHHJI 

H nepsoro npo:u;ecca H 3JieKTpOHHOB CnHHOBOB perraKCa:u;HH. 

3a.naqa 0 BbiBO.IJ;e Bblpa)KeHHJI .IJ;nJI BpeYeHH UpO.D;OllbHOB 

JI.D;epHOB CnHH- peweTO'lfHOB penaKCa:UHH paccya TpHBanaCb 

MHOrHMH aBTOpaYH 120 ' 21 /, O.IJ;HaKO, 1n0 Haweyy MHeHHID, 

:MarHHTHaJI penaKca:u;aJI B pa36asrreHHwx cnnasax HYeeT He

KOTOpoe OTllH'lfHe OT penaKca:u;HH B O.IJ;HOpO.D;HbiX CHCTe:MaX, 

Ha 'liTO a npe.nw.nyii\HX pa6oTax He o6pall\anocb BHH:MaHHJI. 

3TO OTllH'lfHe CBJI3aHO C TeN, 'liTO 3a C'lfeT .D;HUOnb- .IJ;HnOllbHOrO 

B3aHMO.IJ;eBCTBHJI CnHHa JI.IJ;pa H CnHHa npH:MeCH JI.D;epHWe 

CnHHbl OCHOBHOrO YeTanna, HaXO.D;JIII\HeCJI B6nH3H npHYeCH, 

6WCTpO npHXO.IJ;JIT B paBHOBeCHe C peWeTKOB, a HaXO.D;JIII\HeCJI 

Ha 6onee .IJ;aneKOM paCCTOJIHHH - :Me.IJ;neHHO. ll03TOMY B 

CHCTeMe JI.D;epHbiX CnHHOB B03HHKaeT HeO.IJ;HOpO.D;HOe pache

.IJ;eneHHe H He06XO.IJ;HMO y'lfHTbiBaTb cnHHOBYJO .IJ;HdMiJY3HIO 2 2~ 
KaK H B cnyqae 3lleKTPOHHOB penaKCaD;HH / 12' 16 (-

Ilocne.IJ;OBa TellbHOMY MHKPOCKOnH'lfeCKOMY paCCMOTpe

HHIO yKa3aHHOB 3a.IJ;a'lfH H nOCBJIII\eHa HaCTOJI~JI pa6oTa. 
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§2. FaMUAbiiiOHUaH CUCIJeMbl U OCH06Hble 

COOIIIHOIUeHUJI 

.... 
p aCCMOTpBM CBCTeMy JIAepHWX CnBHOB I OCHOBHOrO 

MeTaJIJia, B3aBMOAeHCTBYIO~X C BHeWHBM MarHBTHWM no

ne:w: H0 , Me)I(AY co6oii B c :w:arHBTHWMB npu:w:ecJIMB H 3JieKT

poHaMB npOBOABMOCTB. raMBJlbTOHBaH CBCTeMW BMeeT 
BRA I 6 ' 2 0 ' 21 I 

}(=}(+}( +J< +}( +}( +J(D' 
n e m ne me 12.11 

rAe BHAeKC n OTHOCBTCJI K JIApay: MeTaJIJia paCTBOpBTeJIJI, 

BHAeKC m - K MarHBTHWM llpBMeCJIM H BHAeKC e - K 
3JieKTpOHaM npOBOABMOCTB. 3AeCJ. 

}( z z z + -
= ~ h w I. + ~ A .. (I . I . - l/2 I. I. ) 

n i n I i,fj IJ I J I J 
12.21 

- raMBJibTOHBaH 3eeMaHOBCKOrO B ~BnOJIJ.-~BnOJibHOrO 
B3aBMOAeHCTBBH /

22
/ JIAep OCHOBHOrO MeTaJIJia, 

~ + a }( = ..::. f k a aka ka 
e ka 

- raMBJibTOHBaH CBCTeMW 3JieKTpOHOB npOBOABMOCTH, 

J(m= ~ hwmS~ 
a 

- 3eeMaHOBCKBH raMBJibTOHBaH CnHHOB npBMeceii, 

.... .... .... 2 
}( =Kll. a(R.), K=-8rr/3y y h n e . 1 I e n 

I 

- onepaTop cBepxTOHKoro B3aBMOAeiicTBHJI, 

}(me= J sd /N ~Sa· ;(Il a) 
a 

12.31 

12.41 

12.51 

12.61 

- ~>nepaTop s-d -o6MeHHOrO B3aBMOAeiiCTBHJI Me)I(,ZJ;y CnBHOM 

npu:w:ecu B cnuua:w:u 3JieKTPOHOB npoBO.IlBMOCTH. TaKBM 

o6pa30M, MW npeAnonarae:w:, 'ITO npu:w:ecu MO)I(HO pacc:w:aT

PBBaTJ., npB TeMnepaTypax B MarHBTHWX nOJIJIX MHOro 

6oJIJ.WBx, 11e:w: xapaiCTepuwe MJI 34l4JeKTa KoHAO, KaK xopomo 

onpe,14eneuuwe JIOKaJIB30Bauuwe cnuuw. KaK xopomo B3-

6 

BeCTHO, raMIIJibTOHBaH, COBnaAaiO~H C TO'IHOCTbiO AO 'IJieHOB 

BToporo nopJIAJCa c raMBJIJ.TOHBaHOM AHAepcoua, nonyqaeTCJI 

B3 Hero c n0¥0~1.10 KaHOHB'IecKoro npeo6pa3oBaHBJI Wpu4J-

4Jepa-~oJIJ.Iila/I-41 , 

pv f1 v 
J< 0 =h ~ ~ <fJ. I.S , (f1,v=x,y,z) 

ja flV J a J a 
12.11 

- . raMBJibTOHBaH ,llBnOJib- ,llBnOJibHOrO B ~CeBA?,IlBnOJibHOrO 

B3aBMOAeiiCTBBH JIApa B CnBHa npBMeCB 
6

' 
20

• IlceBAOAB· 

nonJ.HOe B3aBMOAeHCTBBe lo603Ha'laeMOe CBMBOJIB'IeCKB 

}( 0 • }( I JIBJIJieTCJI O.llBBM B3 Tpex B03MO)I(HWX :w:exa-
ne me u }( D D 

HB3MOB KOCBeHHOrO B3aBMOAeBCTBBJI IABa APYrBx ne •. J(ie 
B J<ne • J(~e I B uau6onee c~ecTBeHHWM B3 HBx/20 • 

Bwpa)l(eHBe AJIJI nceBAOABnon~ouoro B3aBMOAeiicTBBJI u:w:eeT 

BRA 
PD .... .... A A .... 

}( = ~ B . .I . ( S . - I" •. ( r .. • S . ) ) 
mn . . IJ 1 1 IJ IJ 1 

It] 

Ilo~H?e BWpa)l(eHBe AJIJI BeJIB'IBHW B.. npBBeAeHo B pa6o

Te 6 • KaK noKa3aHo B 3TOii pa6oTe, 
1
fia 6on~omux paccToJI

HBJIX B i i no CTPYKType noAo6uo npoB3BeAeHBIO KOHTaKTHoro 

noTeHIUiaJia B npocTpaHCTBeHHOH 'laCTB B3aBMOAeHCTBBJI 

PKKH 

3 
Bij = Bcos(kFrij+ ¢B)/(2kFrij) • 12.81 

06W'IHO nceBAOABnOJibHOe B3aBMOAeHCTBBe MeHJ.We KOH

TaKTHOro. OneHKB 16 1 AJIJI 2 0 !Yf e AaiOT B = l/3 K . ,ll;JIJI 

Cu 3TO 6yAeT TeM 6onee cnpaBeAJIBBO, nocKOJIJ.KY ero 

:w:acca MHoro :w:eu~ome, 11eM y Tf. C y'leToM cKa3auuoro, 

JIBHOe BWpa)l(eHBe AJIJI }{ D MO)I(HO npeACTaBBTb B 4JopMe 

}( ~ 3 lz z 2 
D 

= y y h ..::. l/ r. I. oS (l- 3 cos e. ) -
n m ia 1a I a Ia 

-i¢ia + z i¢ia - z 
- 3/2 sinO ia cosOi a e I i o Sa- 3/2 sin (Jia coseia e Ii oSa lx 

x ll + B cos ( 2 kF r i a + ¢ B) /8 k~ l , /2.9/ 
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z z z 
r.u;e 8 sa = sa- < s > • Mw npOB3BeJIB 3,D;eC.b sw.u;e-
JieHBe cpe,u;uero UOJIJI B /2.9/ B /2.5/. llpB 3TOM raMBJI.b
TOHB&H CBepXTOHKOrO B3&BMO,u;eiiCTBBJI nepenBUieTCJI B BB,D;e 

A 
2 -+~ -+ .... 

J( =- 811 /3 y y h I (I. a ) 8( R . - r ) 
ne en jp 1 p J p 

A A 
+ - - + -+ ~ z -+ -+ 

= K ~ I (I j a P + I i ap ) 8 ( R j - r P) +(a P 8( R j - r P) -
JP 

-+ A 

-<az8(R.-r' )>)I~}. 
p J p J 

3.u;ec.b 
A 

--)~-+-+ -+, + 
Ia(r ) 8(R. -.r ) =I I <s\als >1/Jk,(O) 1/Jk{O) ak ak,, 
p p I p S S, kk , S S 

C y'leTo:w c.u;enauuoro sw.u;eneHBJI cpe.u;uero non• 3ee:wauos-
cxaJI 'I&CTOTa w n C,D;BBHeTCJI Ha BeJIB'IBHY f1 i , T .e. 
fi' I ( w + il . ) I~ , r.u;e 

n I I 

n. 
I 

I y y h I r ~ ll + B cos ( 2 k F r . + ¢ 8 ) /8 k ~ l <S z > -
a n m 1 a 1a 

A ... .... 

- K I <a z 8 ( R. - r ) > = I <1> ~ z < S z > /2.10/ p p 1 p a 1a a 

Y'leT C,D;BBra 'I&CTOTW n i ' ( !l i << w n) BMeeT cy~ecT
seuuoe 3Ha'leuae npB pac'leTe Ko34M!la:uaeuTa .u;B4MilY3BB, K sw
'IBCJieHBIO KOTOporo MW B nepeii,u;eM. 

§3. YpaaHeHue t}A.R HepaaHoeecHbiX cpet}Hux 

Hameii :ueJI.biO JIBJIJieTCJI nocne.u;osaTeJI.bHWii MBKpocxo
UB'IecxBii BWBO,D; ypaBHeHBJI ,D;JIJI o6paTHOR CUBHOBOR TeMne
pa Typw 3eeM&HOBCKOR UO,D;CBCTeMW f3 n ( 1 , t) , peJiaKCBPYIO
~eii K paBHOBeCBIO UOCJie OTKJIIO'IeHBJI BHemuerpn~peMeHHO-

8 

ro non•. BocnoJIJ.3ye:wcJI .u;JIJI 3Toro pa6oToii 123 1 , :weTo.u;y 
pac'leTa KOTOpoii MW 3,D;eC.b 6y,u;eM CJie,D;OB&T.b. B 3TOR pa-
6oTe, c no:wo~J.IO :weTo.u;a uepasuosecuoro cTaTBCTB'Ie
cxoro onepaTopa 3y6apesa ' 24 ' swse.u;euw KBHeTB'Iecxae 
ypaBHeHBJI, OUBCWBaiOJIV~e npo:ueCCW CUBHOBOR .u;B4M!lY3BB 
B cnyqae xsa.u;pynoJIJ.uoro pelouauca JI,u;ep co cnauo:w 3/2. 
B OTJIB'IBe OT npe,u;meCTBYIOUVIX pa6oT, B 3TOR CT&T.be 6wna 
y'ITeua .u;a4M!ly3BJI 3HeprBB pe3epsyapa .u;BUOJIJ.-.u;BnonJ.uwx 
B3aa:wo.u;eiicTBBii ( DDP) . 

llpe,D;CT&BBM raMBJI.bTOHB&H.bl /2.1/ B CJie,D;YIQ~eM BB,D;e: 

J(=J(z+ J(dd+ J(t+ V, /3.1/ 

r.u;e 

J( ~ z -+ -+ 
z ( r) = ~ Ii h ( w n + 0 i) 8 ( r - r i ) /3.2/ 

1 

- onepaTOp UJIOTHOCTB 3eeMaHOBCKOR 3HeprBB, 

J(dd= I A . . (I ~ I ~ - l /2 I:- I -:- ) 
i/j I J I J I J 

/3.3/ 

- CeKyJIJipHaJI 'I&CT.b onepaTopa ,D;BUOJI.b- .u;BUOJI.bHOrO Bl&BMO
,u;eiicTBBJI, 

J(t = J(e + J(m+ J(me /3.4/ 

- .raMBJI.bTOHBau Tep:wocTaTa, V = J( n • Cne,u;yJI / 23 1, sw-
6epe:w .B K&'leCTBe BeJIB'IBH, OUBCWB&IOJIVIX uepaBHOBeCHOe 
cocToJIHBe, onepaTopw J( z G) B J( d d • Tor.u;a, cornacuo 
:weTo,u;y HCO, on epa TOP 3HTponBB 6y.u;eT BMeT.b BB,u; 

S( t, 0) =<I>( t) + f3 J(t + f3 d J(d d + J d3
r f3n (-;, t) J( z (;) , /3.5/ 

r,u;e {3d B {3 - COOTBe~CTBeHHO TeMnepaTypalJDPB TepMOCTa
Ta. ,D;anee, cornacuo 241, MO)KHO nocTpOBT.b HCO, cooTBeTcT-

ByiO~ onepaTopy 3HTpOUBB /3.5/, a 3&TeM UOJIY'IBT.b 
ypasueuae .u;JIJI uepasuosecuwx cpe.u;uax OT J( z ( r) B J( d d BJIB 
,D;JIJI COOTBeTCTBYIO~X o6paTHWX TeMnepaTyp. )J;JIJI HaC 
C~eCTBeHHO TOJI.bKO ypaBHeHBe ,D;JIJI <J( z {r) > t, UOCKOJI.bKY 
B OTCYTCTBBe BHemuero nepe:weuuoro UOJIJI ypaBHeHBJI,D;JIJI 
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{3 n (";) B {3d pacnenJIJIIOTCJI B BX MO)I(HO B3y'laTJ., OT,IleJILHO. 
Pac'leTw, aaanorB'IHwe pac'leTaM s/231, npBBOAJIT K ypas
HeHBIO BB,Ila 

a t a p.v -... a ..... 
- < J{ z (f) > = - I a X IJ ( n a X f3n ( 0 + at p.,v 11 v 

+({3nC;) -{3)L 1 G), 

rAe 

Lp.v (;) = f dtl eftl f dAJd3r'<Jil(;) e-AS(t,O)x 
-oo 0 

xJ (;' t) eAS(t,O) t 
v ' 1 > q 

L 1 (;.') = f d t 
1 

e t t 1 } d A f d 3 r '< K ( ;) e- AS ( t' 0 ) x 
-oo 0 

K( 
... , ) AS(t,O} t 

x r,t 1 e > 
q 

- c;>6o6~eBHWe KBBeTB'IeCKBe KO:Jc)c)BUeHTLI. 3,AeCL 

-+-~ ~ -+ -+ + -
J ( r} = 1 /2i I A k f rk f w no ( r- rk) I k I f 

kff 

K(~=l/ih[.H (~,V]. 
z 

/3.6/ 

/3.7/ 

/3.8/ 

/3.9/ 

/3.10/ 

CB .. 3L napa:toleTpa f3 n cr' t) B HepaBBOBecuoro cpe,ABero 
< J{ z ( r ) > t ,AaeTCJI COOTHOWeBBe:tol < J{z ( r) > t = <J{ z ( r) > ~ . 
Cpe,lluee 6epeTcJI c KBa3BpasaoBeCBWM cTaTBCTB'IeCKBM 
onepaTopoM < ••• >~ = Sp[exp(S(t,O) ) ... lYpasueaae /3.6/ 

10 

'l 

I 

' 

eCTL ypaBHeHBe AHc)c)Y3BOHHOrO TBna, ODBCLIBaiO~ee HaB6o
Jiee DOJIHW;M o6pa30M JIOKaJILBWe B3MeHeHBJI 3eeMaHOBCKOB 
:JHeprBB scJieACTBBe penaxcanaoaawx nponeccos B nponec
COB nepeHOCa B CBCTeMe C raMBJILTOHBaHOM /2.1/. YpaBHe
HBe /3.6/ O'leHL CJIO)I(HO B csoei o6~ei clK»pMe B AJI.II nony
'leHBJI pemeHBJI Tpe6yeT BCDOJIL30BaHBJI onpe,lleJieHHLIX npB-
6JDDKeHBR. Taxoro po,lla npa6JDDKeBBJI paccMaTpasaiOTCJI 
B cJieAYJOIQIIX pa3,1lenax. 

§4. BW'IUC.IIeHUe K03NUf4UeH•a CJuNY3UU 

,nn.11 TOrO 'IT06W BLipa3BTL BepaBHOBeCBOe cpeAaee 
< J{ ( r) > t 'lepe 3 {:} ( f", t) , npBMeHBM BLICOKOTeMnepa-z ~n 

Typaoe npB6JDDKeBBe, T.e. 6y,lleM nonaraTL, 'ITOnwn<<k T • 
KaK npaBBJIO, :JTO npB6JDDKeHBe o'leBL xopomo swnoJIH.IIeTc.ll 
B TeOpBB MarHBTHOrO pe30HaBca. Tor,lla B3 /3.6/ DOJIY'IBM 

a ... a p.v .... a .... ... ..... I 
-{38 (r)=I aX D (rJ aX f3n(r) -(fJn(d-{:nR(r),/4.1 
Jt p,v ll v 

r.Ae 

p.v -> 2 - 2 p. p. v v 
D (r)"'wd /h v'"F Art (r -re)(r -re) x /4.2/ 

2 2 x exp [ -{{} r - 0 f) / 4w d J 

- .Ko:Jc)c)BnBeBT ABI)c)Y3BB. BwpWKeHBe AJI.II BeJIB'IBHW R (f) 
npBBOAHTCJI B CJie,A)'IOine:tol pa3,AeJie. fipB BLIBO,Ae /4.2/ 6WJIO 
BCDOJIL30BaHO rayCCOBCJ<Oe npB6JDDKeBBe AJIJI CUBBOBOB KOp
peJIJIUOBHOB ci»YHKnBB JI,Aep. 3TO npB6JIBlKeHBe COCTOBT 
B CJie,AyJCH:neM. fipB paC'IeTe BWpalKeBBJI 

+-+ - +-2 . 
Spikiflm(t) ln(t)=(Spll) f(t}Dkn•omnexp[it/h{Of-f!k)] 

/4.3/ 

C'IBTaeTCJI, 'ITO BeJIB'IBBa f ( t) 1', KOTOpa.ll JIBJIJieTCJI 4>ypLe
o6pa3oM xpasoi xpocc- penaxcanaa, MOlKeT 6wTL annpoxca
MBpOsaBa BWpalKeHBeM 
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f( t) = Wd I v;;; exp [- l /2 ( w a t 2 ) ], /4.4/ 

r,JJ;e 

2 2 }{2 z 2 
il w d = Sp d d I Sp (I ) . /4.5/ 

H3 ypaaueu:ai /4.1/, /4.2/ BH,JJ;HO, 'ITO npu penaxcanuu 
JI,D;epuo:ii HaMarHH'IeHHOCTH no OCH z , ICOTOpaJI JIBnJieTCJI 
~YHKUHe:ii nonO)I(eHHJI, BCne,JJ;CTBHe ,JJ;HnOnbHOrO B3aHMO,JJ;eHCT
BHJI, B03HHxaeT B03MO)I(HOCTb nepeuoca JI,JJ;epuo:iiuaMaruu
qeuuocTH /T.e. H30WTKa cnuua/ u, cne,JJ;oaaTenbuo, HMeeT 
MecTo ,JJ;HcMIY3HJI JI,JJ;epuoro MaruuTuoro MOMeHTa. TaxuM 
o6pa30M, JI,D;pa npH cnHHOBOH ,JJ;H414!Y3HH He nepe,D;BHraiOTCJI, 
,JJ;H~~yu,JJ;HpyeT numb H30biTOK npoexnuu cnuua JI,D;pa 125 I . 

Tax xax xouneuTpanliJI MarHHTHhlx npHMece:ii npe,D;nona
raeTcJI ,JJ;OCTaTO'IHO HH31COH, TO ua Ka)I(,IJ;yro fipHMeCb npuxo
,JJ;HTCJI 6onbmoe xonuqeci'ao JI,JJ;ep ocuoauo:ii pemeTKH. B 3TOM 
cnyqae MO)I(HO C'IHTaTb, 'ITO Ka)I(,IJ;Oe JI,JJ;pO 3414!e1CTHBHO 
B3aHMO,JJ;e:iicTayeT TOnbKO c o,JJ;Ho:ii npHMeCbiO. PaccMoTpHM 
O,JJ;HH npHMeCHbiH HOB, pacnonO)I(eHHWH B uaqane ICOOp,D;HHaT, 
TOr,JJ;a BeiCTOp r B BWpa)l(eHHH /4.2/ OTC'IHTWBaeTCJI OT 
3Toro uoua. Mbi orpauH'IHMCJI cnyqaeM xy6uqecxoro MOHO
xpucTanna; npu 3TOM CHMMeTpuqecxu:ii TeH3op DflV U) 
COCTaBnJIIOUUie ICOTOpOrO 3aBHCJIT OT yrnOB, COCTaBnJieMbiX 
auemuHM noneM c OCJIMH xpucTanna, cae,JJ;eTcJI K cxanJipy 
D (;) • IIpH ManbiX 3Ha'leHBJIX r BenH'IHHa D ( r) y6waaeT 
O,JJ;HOBpeMeHHO C r • CllH3H'IeCICH 3TO CBJI3aHO C TeM, 'ITO 
3eeMaHOBCICHe 'I~CTOTbl JI,JJ;ep, 6nH31CHX IC npHMeCH, 3Ha'IB
TenbHO OTnH'IaiOTCJI ,D;pyr OT ,lJ;pyra BCne,JJ;CTBHe MarHHTHOrO 
nonJI, Bb13biBaeMoro npuMeCbiO. 3To laTpy,JJ;HJieT Tax ua3blaa
eMble flip- flop - -nepexo,JJ;bl coce,JJ;HHX JI,D;ep, T .x. npu TaKOM 
nepexo,JJ;e ue 6y,JJ;eT coxpaHJITbCJI cyMMapuaJI 3eeMauoacxaJI 
3uepruJI cnuuoa. B Bblpa)l(eHHH /4.2/ 3TO onucwaaeTCJI 3xc
noueunuanbHWM MHO)I(HTeneM, uanH'IHe KOToporo npHBO,JJ;HT 
IC nOHJITHIO ,JJ;H~Y3HOHHOrO 6apbepa BOKpyr Ka)I(,IJ;OH npHMeCH, 
BHYTPH ICOTOporo ,JJ;H~~Y3HJI JI,JJ;epuoro CnHHa CHnbHO 3aTpy,D;
ueua/25/, B caMoM ,JJ;ene, ua 6onbmux paccTOJIHHJIX oT npu
Mecu pa3HOCTb 'laCTOT ( Q r- fl£) Mana no cpaBHeHHIO C w d 
u D( r) ue 3aBHCBT oT r • B6nB3H npuMece:ii C,JJ;BHrH qacTOT 
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I 

I 
I . 
' 
i 

aenHKH, u D ( r) c npH6nB)I(eHHeM x HHM 6wcTpo y6waaeT. 
XapaxTepucTHKoii H3MeHeHHJI D ( r) a6nH3H npHMecu cny)I(HT 
pa,D;HYC ,lJ;HcMIYlHOHHOrO 6apbepa, 8- paCCTOJIHHe OT npu
MeCH, ua ICOTOPOM C,JJ;BHr ypoaue:ii ( Q r - Q e ) ' OOJI3aHHbl:ii 
e:ii, paaeu JI,D;epuo:ii ,JJ;Hnonb-,JJ;Hnonbuo:ii mupuue JIMP w d. 
Ilpu pemeuuu ypaaueuu:ii AB4Mt»Y3BH j2 51 noHJITBJI ,JJ;B4Mf»y3uou
uoro 6apbepa H ero pa,D;uyca, CBJI3auuwe c ucnoJib3oaauueu 
,JJ;nJI £( t) rayCCOBOI annpOICCBManBH, ecTeCTBeHHO npHBO,JJ;JIT 
IC MO,JJ;enHpOBaHHIO ~YHICUBB D ( r) B BH,JJ;e np.IIMOyronbBOH JIMbl: 

const = D npu r> 8 

D (r) 
wd 2 2 

· D= I Ak£ rkf' 
' 3h 2 yrr 

0 npu r<8 /4.6/ 

OneuuM aenB'IHHY ,JJ;H4Mf»y3uouuoro 6apbepa. )J;nJI coce,JJ;Hux 
JI,JJ;ep, pacnono)l(euuwx no pa,D;uycy OT npuMecu ua paccTOJIHBB 
noCTOJIHHOH pemeTJCB a ,JJ;pyr OT ,D;pyra (Q(8) -fl(8+a) = wd'· 
BenH'IHHa wd "'6yih a-3 • TaxuM o6pa3oM, 

Yn y n h <S z > ~ I 3 l + B cos ( 2 8k F + ¢B) 

0 3 8 
/4.7/ 

- B sin ( 2 8 k F + ¢ r) k F l = 6 y ! h a-
3 

)J;nJI npocTOTbl npeue6pe)l(eM 'IJieHaMB nopJI,JJ;Ka B • Tor,JJ;a 
nony'IHM 

8=a[y ly <Sz>]114 
m n • /4.8/ 

Boo6~:ne roaopJI, 3cWlexTBBHoe cpe,JJ;uee 3Ha'leuue S z 3aBHCBT 
OT {3 n ( r, t) • qa~:ne acero awnonuJieTCJI ycnoaue, npu xo
TOPOM r e w d » l , r,JJ;e r e 0003H,'IajT apeMJI cnHB-peme
TO'IHOii penaxcanuu aenuquuw S z 2 5 • 3To ycnoaue o3ua-

13 



'laeT, 'ITO 3a speMJI nepeopseuTa:o;BB Jl,D;epuoro cnsua 6na
ro,ZJ;apJI ,D;BUOJU.- ,D;BUOJILHhiM B3aBMO,D;eBCTBBJIM C COCe,D;BBMB 
Jl,D;paMB CUBH npBMeCB He MeHJleT opBeHTaD;BB < S z > "" l . 
Cnpase.nJIBso )l(e 3TO Tor.na, xor.na ,D;BUOJILHaJI 3HeprBJI 11.npa 
3Ha'IBTem.uo npeswmaeT IIIBPBHY 3JieKTpouuwx yposueii. 
Mo.nem. npsMoyrom.uoii JIMW CBJILHO ynp01:u;aeT ypasueuse 
,D;B!WJYlBB /4.1/, pemeuse xoToporo ,D;JIJI uexoTopwx cnyqaes 
paccMaTpssaeTCJI B cne.nyroiD;eM pa3.nene. 

§5. Bpe~ou npoooAr.Hoii peAaKcaliUU .JIOepHozo 
MOMeH111a 

C y'leTOM npB6JIB)I(eHBJI npJIMOyrOJILHOB JIMhl ypaBHeHBe 
/4.1/ nepensmeTCJI B ss.ne 

a .... .... ... ... --;;-;f3 (r,t)= DL\f3n(r,t) -({3 0 (r,t)-{3)(Ro+RI(r)+ /5.1/ 
-> 

r .ne + R 2 ( r) ) , 

2 
2K l 

Ro = hf kk'pp' 1/J:I/Jk,.p* .p, r 2dw Hw-wo)G~k'pp'(w), 
p p -oo 1T 

/5.2/ 
GI "" 

kk'pp' (c:u) = J dte ic:ut 
-oo 

+ + 
<ak + ak't apt (t)a, (t)>, 

p J, 

/5.3/ 
_, 4K "" dw +- + z 

Rl (r) =- h k;'a _[ ~ f(c:u-c:uo)Re(!/{l/Jk,Gkk'a(c:u)¢ra ), 

+
Gkk 'a 

"" ic:ut + z 
(c:u) = J dte <aktak'.~,oSa(t) >, 

-oo 

-> 2 "" dw 
R 2 (r) ""9/2(y

0
ymh) l J -f(w-wJGaa(w) x 

a -oo 2rr 

Bcos(2kF\f-r ... ai+¢B) 2 
x!l+ l 

14 

8k 
3 
F 

. 2() 2() sm ra cos ra 

1-> -> 16 r - r 
a 

/5.4/ 

/5.5/ 

/5.6/ 

I 
I 
I 

G a a ( w) i w t z z f dte <oSaoSa(t)>. 
-oo 

3,D;eCL f( w- w O ) - ibYHKD;BJI ibopM.LI JIBHBB JIMP, BHTerpaJI 
oT xoTopoi uopMsposau ua e.nsus:u;y. Bensqsua R01 .naeT 
speMJI penaxca:u;BB Koppsurs I 2 2 ' 2 5 / , BeJIB'IBHa R 

1 
o6yc

JlOBJieHa KOppeJIJID;Beii: Me)I(,D;y CUBHaMB 3JieKTpOHOB UpOBO,D;B
MOCTB B CUBHaMB npBMeCB B xapaKTepB3yeTCJI CBJILHOB 
aHB30Tponseii. BeJIB'IBHa R 2 cyiD;ecTseuuo onpe.nenJieTcJI 
pacceJIHBeM Ha ibJIYKTya:o;BJIX CUBHOB UpBMeceii: B BMeeT 
uas6onee Ba)I(Hoe 3Ha'leHBe B .nauuoM pac'leTe. CBJI3auo 
3TO C TeM, 'ITO OCHOBHLie XapaKTepH.Lie OC06eHHOCTH 3a,D;a'IH 
UOJIHOCTLIO UpOJIBJIJIIOTCJI B 
06.LI'IHO H paCCMaTpHBaeTCJI 
TponHoM npu6nB)I(euuu R 1 = 

x cne.nyroiiJ;eMy su.ny 

H30TpOUHOM CJiy'lae, KOTOp.Liii: 
B 6onLmBHCTBe pa6oT. B H3o-
0 , a BeJIH'IHHa R 2 npHBO,D;BTCJI 

Bcos (2k!'i;- ;al 
R2 (r) =lC!I + 

3 a 8kF 
+¢B)l2. 6,/5.7/ 

I r - ral 
r.ne 

2 c = 3/5 ( y y h) 
n m 

00 

J 
-oo 

_i_~f(w-u> )G (w) 
2 17 0 aa /5.8/ 

~a)l(e B 3TOM UpH6JIH)I(eHHH pemeuue ypaBHeHHJI ,D;H4llbY3HH 
/5.1/ npe,ZJ;CTaBJIJieT 60JILWHe Tpy,ZJ;HOCTH H3- 3a HaJIH'IHJI 
oc:u;unnupyroiiJ;ero lbaxTopa B su.ne cos ( 2 k Fi ?- r~l+ ¢ ~ B /5.7 I 
B MO)I(eT BCCJie,D;OBaTLCJI TOJILKO 'IBCJieHHO. qT06.LI H36e)l(aTL 
3TOrO, B HaCTOJIID;eM Ka'leCTBeHHOM paCCMOTpeHBH llOJIO)I(BM 
B ""0. B csny coo6pa)l(eHBii, yxa3aHHLIX B §2, 3To acer.na 
MO)I(eT 6.LITL c.nenauo B nepsoM nps6JIB)I(eHBB. Tor.na pemeuse 
ypaBHeHBJI /5.1/ MO)I(eT 6.LITL B CTaD;BOHapHOM CJiyqae ,D;JIJI 
D;eHTpaJILHOB CBMMeTpBB BLipa)l(eHO 'lepe3 6ecceJieB.LI ibYHK
D;BB 1

2 5 ~ Cornacuo BLI'IBCJieHBJIM, npo.nenaHHLIM B pa6oTel2 5{ 
ua6JIIO.naeMoe /Maxpocxonsqecxoe/ speMJI npo.non~auoii JI.nep
Hoii: cnsu-pemeTO'IHoii: penaxca:u;ss, onpe.nenReMoe cyMMap
HLIM llOTOKOM JI,D;epuoro MarHBTHOrO UOJIJI 'lepe3 c4lepy 
pa.nsyca R Ja 1 ceK, pasuo 
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T -1 

1 

-1 
= R + 4rr DNF. 

0 
15.91 

3,necL N - qncno npnMeceii, a aenH"'HHa F HMeeT an.n 

0,7b b > 8 npn 
15.101 

F 
l/3(b/8)

3
b npn b< 8' 

r.ne h=(C/D)1/4 

KaK BH.D:HO H3 COOTHOWeHHH 15.91 H 15.101, xapaKTep 
noae,neHH11 apeMeHH penaxcaunn H ero aenH"'HHa CHJILHO 
3aBHC11T OT KOHKpeTHOrO COOTHOWeHH11 BeJIH"'HH b lonpe
,neJI11101UeHC11 xoppen11UHOHHOH 4Jynxuneii G a a ( w) I H 8 
I onpe,nen11101Ueiic11 < S z > I H oT TeMnepa TYPbl ,nn11 xa>K,noro 
,nannoro cnnaaa. TaKHM o6pa3oM, Mbl nonyqnnH, "'TO Ja,naqa 
o penaxcaunn 11,nepnoro MOMenTa caenacb K Ja,naqe naxmK
,neHH11 aenH"'HHbl F. Jlcno, "'TO, ecnn 8 <<b, nanH"'He .nHib
lilYJHOHHoro 6apbepa ne nrpaeT nnxaxoii ponn; ecJIH )l(e b < 8, , 
,nn4J4Jy3HOHHblH 6apbep O"'eHb cymecTBeH H ,no~eH npHBO.D:HTb 
K JaMe.nneHHIO penaxcaunn. ).J;pyrHMH cnoaaMH, xaqecTBeHHO 
b npe,ncTaBn11eT co6oii TO paccT011HHe, .no KOToporo 341-
lbeKTHBHa nenocpe,ncTaenna11 penaxcaun11 11,nep /25/. Cne,nyeT 
oTMeTHTb, "'TO nop11,nox apeMeHH, Tpe6yeMoro ,nn11 nepenoca 
3Ha1.feHH11 MarHHTHOrO MOMeHTa Ha paCCT011HHe r B TBep,nOM 
Tene, paBeH rD "'Dr- 2 • "'TO ,nn11 r = 10-

6 
cocTaBn11eT 

aenH"'HHY rD"' 1 ceK. 

§6. 3aKA10'leHue 

Hl BblWeHJJIO)I(eHnoro an.nno, "'TO KBaHTOBOCTaTHCTH"'e
CKHH BblBO,n Bblpa)l(eHH11 ,nn11 apeMeHH npo.nonLHOH penaxcaunn 
11,nepnoro MarHHTHoro MOMenTa B pa36aanennwx cnnaaax 
npHBO.D:HT K pe3yJILTaTy, COBepWeHHO OTJIH"'HOMY OT npe
.D:bl.D:YIUHX. CB113aHo 3TO c TeM, "'TO .no cnx nop 11,nepna11 
penaxcaun11 B pa36aanennwx cnnaaax onHCblBanacL na ocno-
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BaHHH KBaHTOBOMeXaHH"'eCKOH 4JopMyJibl ,nn11 Be~011THOCTH 

nepexo.na TeopHH B03Mymennii BToporo nop11,nxa 0 • 2 ~ Y1.1eT 
CnHHOBOH ,nH~Y3HH npHBO,nHT K COBepweHHO OTJIH"'HOMY Bbl
pa)l(eHHIO 15.91, KOTOpOe, B npHMeHeHHH K pa36aaneHHbiM 
cnnaaaM nepexo,nHblX MeTannoa, cocTaBn11eT rnaBHblH pe-
3YJibTaT pa60Tbl. JaMeTHM, "'TO HaW BblBO,n HMeeT 06IUHH 
xapaKTep H MO)I(eT 6b1Tb ncnonLJOBaH ,nn11 onncaHH11 ,npyrnx 
penaxcaunoHHblX 11anennii B paJ6aaneHHblX cnnaaax. Oco6blii 
HHTepec npH 3TOM npe,ncTaBJI1110T BOnpOCbl, CB113aHHble C 
.D:HHaMH"'eCKHM 3c}lclleKTOM "y3KOrO ropna" BO B3aHMO,neHCT
BYIO~eH n?,nCHCTeMe 3JieKTpOHOB, Ha "'TO yKaJaHO B pa6o
TaX 2 ' 20 • ).J;o CHX nop He11CHO, ,no~eH Jill Y"'HTblBaTbC11 
3~eKT "yJKoro ropna" npn pac1.feTe ,nHHaMH1.fecxoii aoc
npHHM"'HBOCTH JIOKaJibHblX MOMeHTOB B Ja,naqe 0 npo,nOJibHOH 
penaxcaunn 11,nep ocnoanoii peweTKH. Kax noxaJano a 120 I, 
3~eKTbl TaKOrO po,na HCKniO"'HTeJibHO CHJibHO MeH1110T no
p11.D:OK BeJIH"'HHbl penaxcaunonnoro apeMeHH T 1 • Tio.no6nwe 
aonpocbl HJyqaJIHcb a pa6oTe 126 /, ,nn11 cny1.1a11 penaxcaunn 
na 4Jononax c yqeTOM 4Jononnoro "yJxoro ropna" ~ MeTo,n, 
pa3BHTblH B 3TOH pa6oTe, no- BH.D:HMOMY, 6y,neT Tal()l(e none JeH 
,nn11 paccMaTpnaaeMoii J,necb cncTeMw pa36aanennwx cnna
BOB. 

B cne,ny10meii pa6oTe Mbl npe.nnonaraeM npoaecTH pac1.1eT 
BXO.D:111UHX B B:Wpa)l(eHHe 15.91 KOppen11UHOHHbiX 4JyHKUHH, 
B qacTHOCTH, lilYHKUHH G a a ( w) , onpe.nen1110Uleiic11 MHHMOH 
1.faCTbiO npHMeCHOH BOCnpHHM"'HBOCTH, H npo,nenaTL "'HCJieH-

Hble OUeHKH. Il03TOMY Mbl Tal()l(e Ha,neeldC11 BepHyTLC.SI K o6-
Cy)l(_neHHIO 3~eKTa "yJKoro ropna", npe,ncTaBJUiomero M11 
pa36aaneHHblX cnnanoa oqenL na)I(HYJO H HHTepecHyiO Ja,l:\a"'y. 

B JaKmo'leHHe aBTOpbl awpa)l(aiOT rny6oxyro 6naro
.n;apnocTL npo4J. Bo.ru.4Jranry reTue H npo4J. Konpa.ny c:l>uwepy 
Ja HHTepeCH~e H CTHMYJIHPYK>UUle 06Cy)l(,neHH11 npo6neMbl 
pa36aanennwx cnnaaoa. 
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