
-
~ 9-1v~ 

X 38 

1 . 2 
B.K.XeHHep , E.K.XeHHep 

CTATMCTHqECKAH TEOPHfl 
TEnnOBOfO CMEWHBAHMfl 
flJlEPHOfO 3EEMAHOBCKOfO 

OfilJHAMHHHHbiR 
MHCTMTYT 
RAHPHbiX 

MCCnHAOBaHMR 

AYfiHa 

P17-89-102 

M 3nEKTPOHHOfO CnMH-CUMHOBOfO 
PE3EPBYAPOB 
UPH HH3KHX TEMUEPATYPAX 

HanpaeneHo e lKYPHan 11 Phys ica N 1 

nepMCK~~ nOil~TeXH~4eCK~~ ~HCT~TYT 
2 nepMCK~~ rOCYAaPCTBeHH~~ neAaror~4eCK~~ 

~HCT~TYT 

1989 

-r-



I. BseneHHe 

XopOWO H3E€CTHO, KaRyn E~HYID pOAb HrpaeT npRMO~ T80AOBO~ KOH

TaKT M€!'K,Ily RJI,€pHblM 3€8MaHOECKHM pe3epsyapm~ (!-,:jp) H :3JI8KTpOHHbiM 

CTIHH-CmiHOEbJM pe3epsyapOM. (3CCP) B ,D,YIHaMHtleCKOtt OOJI1JpY!3a.IJ;l-1H f!.D,ep 

(Il,llfl) Y! R,II,epHoV. penaKcacyrH [I, 2] • B napaMarHeTtme, conepll\~e'A: npoc

TpaHCTB€HHo-peryJIRPHYID CY!CT€MJ Maf'HHTHblX R,D,ep H OTHOCJ.1T€JibHO He60Jib

IDO€ (nopR)I.Ka I0-2 T IQ-4) KOJIHtJeCTDO napa.Maf'H\IITHbiX npJ.1Meceiii, B DOJI€ 

Ho = I03 T ro4 3 R.D,epHaH 3€€Ma.HOBCKaR traCTOTa Wx= ri Ho "traCTO OKa-

3b!SaeTCH Toro Me nopH.n,Ka, l.ITO H t.tacToTa JtOKa.JlbHoro nonf! Wt. 

o6HaaHHoro cnHH-CTIHHOBbJ!o-1: s3aHMO.D,etiCTBHRM npHMecet:. KaK tlnepsbre 6bJJIO 

yKa3aHo B pa6oTe [3 J , TaKoe cosna,n,eH~e o6ecnetrnsaeT 6bJCTpoe ycTa

HosneHYie pasHoBeCYIR MeJK,JJ.,Y yKa3aHHhJMJ.1 no.n.c~t~CTeMa\1Jil. Ec;m 3CCP l'!MeeT 

B H€KOTOpbrti MOM€HT 6onee HJI!3Kyro 1 treM flJP, TeMnepaT,ypy, TO B npDI..\€CC€ 

CM€WYIBaHY!fl MO~€T npOY!CXO,D,Y!Th B03pacTaHY!€ RJI,epHOiii TIOJIRpYI3al.\Y!YI. 

TeopeTHl.IeCKoe paccMoTpeHHe sToro npol.\ecca npOYI3BO.[l,Y!JIOCb B pR

ne pa60T [I - 5] . MHOI"Yl€ Tpy,Il,HOCT\11 CB!l'3aHb' C H€06XO.UYIMOCThiO ytreTa 

XaQTJ.1ti€CKOI"O TipOCTpaHCTB€HH0f'O pacnpe,II,€JI€Hl1R napaMaf'HY!THbiX L\€HTpOB 

11 CTIHHOBOti ,II,Hq;¢y3YIYI 1: npOI..\€CC€ no.n.n,ep~aHvtff paBHOB€CYIR B R)l.8pHOM 

38€MaHOBCKOM p83epsyape. 3HRtrliJT€Jl5Hb18 OCJIOJ!';H8Hl1Jfl BHOCYIT 06brt.ni0 Y!M_e

~~ee M8CTO T.H.HeO~HOpO.[!,HO€ yruYip8HY!8 RYIHIIJYI 3QP, ,[l,OTIORHR~~ee "OnBO

pO,IJ,HO€ n ywYipeHYie' 06R3aHHOe ,IJ,YlDOJlb-,IJ,YinOAbHbiM I33aWv10,[1,8VCTBY!RM. Ha

KOH€1.\, HaYI60JI€8 HHTepeCHO~ ,[l,JIR ~H RBJlfi€TCR CYI~yaUHR HIIJ3KY!X T8MTI8-

paTyp no.n,CYICT€M 1 8 TOM trHCA€ 11 3CCP. AnpMOpll RCHO, 'liTO OXJ1~8HliJ€ 

3Toro pe3epayapa 8 npo~ecce ycvtJieHHR R,Il,epHo~ nonRpYI3~\tl npHao-

.UHT K 3a.M8.[l,Jl€HYI~ yCTaHOBJI€HYIR pasHOU€Cl1R MeiK.n.y o6Cyi'!t,D.a8MbJMY! DO,D,

CY!CT€MaMM, qTo MoMeT KatreCTBeHHO H3MeHHTb KapTYIHY ~B. Bee oTMe~eH
HbTe BhDII€. T80p€TH'li€CKY!8 pa60Tbl BbiOOJIH€Hbl B BbiCOKOT€Mil8paTypHOM npH6-

JIH~€HJiiYI (B'ill), Y1 €CJIH HX pacnpOCTpaHeHYI8 Ha CJtytrati BbiCOKOt:i R,D,8pHO~ 

TIOJIHpl13~Yl He Bbl3bJBa8T OC06bJX npo6neM, TO yti€T OXJ1~8Hl'IH 3CCP 

,n,ocTaToqHO cno~eH. 

B HaCTORJ.q€P. pa60T€ CTaTYICTYltr€CKYiti M€TO.D, 1 TI03BOJIRBiiJHa paHee 

[6,7] DOCTpOY!Th T80pii1D ~OpM~ JJY!HY!Yl 3ITP Y! YI3Ytilt~Th T8pMO,[l,Ji!HaMMKY Mar-



H~Topaa6asneHHh~ CTI~HOB~X C~CT€M npH H~3KHX TeMnepaTypax, ~Cll0Rb3Y€T

CH AAH TIOCTpO€HMH Teop~H T€TIROBOf'O CM€lliMBaH~H yKa3aHHNX Bbme peaep

syapOB. Mbl orpa.H~tmMCR paccMOTpeHI-feM CJIY"JaH 0'4"€Hh 6~CT})O~ emma so~ 

~H~Y3~M, KOr'~a ee CKOpOCTh Tip€BHllia€T KaK CKOpOCTb CTIMH-p€ID€TO~O~ 

penaKCa~M, TaK ~ CKOpOCTb o0cym~a€MOPO npo~ecca CM€lliHBaHMH TIO~CHCT€M 

11 B KaJK,Il,bl~ MOM€HT Bp€M€HI1 JIORa.JihHhl€ 3HatJ€Hlt[H R,ll,€pHOt1 TIORHpH3att11M 0.0,11-

HaKOBbl (MO,Il,€Rb O)J,HOpO,I!,HOti" TIORflPI13a~H [l] ) . B CRY"Jae H€0,Il,HOpO,Il,HO-

yumpeHHOPf RI1Hl1i'l: 3flP TaJOKe Or;::JaHIPU!MCJ:r C.rryl.Ja€M 6b1CTpot1 CTI€KTpa.JibHOti 

,Il,M<f4JY3HH, KOf',D,a 8 np€,ll,CTaBRRIO~€M 11HTep€C )l,l1aTia30H€ BpeM€H CTIHHOEbJ€ 

naKeTbl MM€IOT o.a.vmaKOBYJO T€MnepaTypy. B KOHKp€THbJX pacqeTax npHHRTO, 

4TD S = I/2, ~ = l/2, o6pase~ •MeeT cqep"qecK~ ~PMY• pacnpeAe

neHHe 3JI€KTpOHHhlX CTIHHOB DO 06pa3QY H€KOppeJIHpOBaHHO€. 

2. 0CHOBHbl€ YPaBH€HHR 

(I) 

r,ll,€ ~~ , 
1 

uJ 7 - 3€eMaHOBCKH€ qaCTOThl 3R€KTpOHOB 11 ~ep COOTB€TCT

B€HHO, Hss- ceKyJIRpHaR tJaCTb sneKTpoHHoro AHTIORh-.D.HTIOJihHOro saaH

Mo,n,eYcTBHR. llocne,n,Hee cnaraeMoe B (I) onHCbJBaeT HeO.IJ,Hopo.n.Hoe yumpe-

H~e JlliH~H 3flP, o6yCJIOBJI€HHO€ paa6pOCOM 3JI€KTpOHHbiX ~ ~KTOpOB 

11 Ha3hJBa€MO€ HHOI'~a H€O.IJ,HOpOAHb~ yruHp€HH€M 1-ro pO,D,a (2) : 
H

4
=-Zttl..:1i.S!, r,D,e Ai- c,n,BHr t~acToTlol 3JieKTpOHHoro pe-

aoHaHc8. i -I'O CTIMHa (6ygeM C'tfl1TaTb~ /li, =0), tlt_- tU1CRO 38J10JI-

H€HI1H L -ro ysJia sneKTpOHHOY no,D,pe~eTKJ.i: tti. =0 It~JIH I. 

Xopowo ycTaHOBJI€H [1, 2] [paRT 6bTCTporo (sa Bp€MR nopMKa sneK

TpOHHoro T2) o6oe.n,t-~H€HHR HSs 11 HD B e.n.~HbTill pesepsyap JIOKa.JibHbTX 

noneM Hss , B c11ny ~era B 6oJibiDOM ~anaaoHe BpeMeH B sneKTpOHHo

HAepHo~ CHCT€Me pean:~ayeTCH KBa3HpaBHOB€CH€ B ~OUM€ 

3neKTpOHHO-R.a,€pHO€ 

np• I<Jr~Ws 

npo~ecc: 

B3aHMO,D,€f'iCTBV!€ ,Il,MTIQJib-.D.VlTIORbHO_I'O npoYICXOJI'\,ll,€HHH 

YIM€€T -qaCTb, ,D,aJOieylO OCHOBHO~ BKJia,Il, 8 06Cp:,n,aeMhJ"!f. 

(3) 
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3,IJ,eCb I'pe't18Clili€ ltl:H)l,€KCbJ COOTE8TCTEytOT W.€CTaM paCDOJIOJ!\8Hl1R .R,ll.8p, Jia

T~HCKH€ - SJI€KTpOHOB. 

iloJI~M ypasHeHHR asonro~~ ffAepHoY noJIHp~3~H pi ~ o6paTHO~ 

T€MTI€paTypbJ 3CCP }ss npltl. TIOCTO.RHHOM }c . MeTO,IJ. HepaEHOB8CHOI'O 

CTaT~CT~QeCKoro onepaTopa 3y6apesa [9] AaeT o6~ WOPMY Ta~x ypas-

H€Hltl.~: !_ o 

it<Hr) = ( /r-1ss) ~l~ ~tt-l\( K {t,A.) k) 
0 --

rAe 

K= L[V, Hr] 
1 

k(-t,J.)=.&~<p[A.{Jl,fl.,_+/z~I+.f,.HsslJ · 

-~[i(H~+flxHs.s )t] · k ·.up(-.:t(J.,_flr+J.<fi,+J,,H,,)).~~·(H~+IIl+Hss)t]. 

ilOCJI€ H€KOTOpbJX npeo6pa30BaHH~ TipHE€A8M (4) K ¢opMe, 3Ha~T8JibHO 

6onee y,n,o6HoR ,n,n.a peanbHb~ pac'tJeToB: 

(5) 

(6) 

<P,; k { W) - CTieKTpBJ!bHM TIJ!OTHOCTb KOppeJll!I1110HHO~ ¢YHKI11'~ Z -KOM-

TIOH€HT SJI€KTpOHHNX CTIHHOB. TepMO,D,HHaMM'Q€CKO€ cpe,II,H€8 (_ ••• )-f- B 

(6) COOTBeTCTByeT MaTp~~e TIJ!OTHOC~ (2),( ... )e 03HaqaeT KOH~rype

UHOHHO€ ycpenReHHe no pacnpe.n.eneHHD aneKTpOHOB no yanaM pemeTKH, 

f.. ... ) 4 - ycpe,D.HeHH€ no C,ll,BHI'SM 'f:laCTOT Ll_i , o6ycJiaEJIHE8Xl-

~X H€0,II,HOpO,Il,HOe ymHp€HH8. CJ, tSS - T€TIJIO€MKOCTH TIO,IJ.CHCT€M, onpe-
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)];8JI.R8:vlbl8 Tp~Ml..\LiOHHbJl\1! E T80pY111 Mai'HHTHOI'O p830HaHCa CTIOC06m,.,-: 

Px = -A:.f.. }I;x - H,n:epHa.R noJIRpM3.B.WJH. 

YpasHeHHH (5) qJopMaJibHO cnpase,n:JIHBb! npH npoM3BOJibHbiX 3Ha'tleHHHX 

T8MTiepaTyp TIO)J;CHCT8M. fipYJ BbJCOKYlX T8Mneparypax, KOf',IJ,a B (2) M07KHO 

o.rpaHMtrnTbC.R 'tiJI8Ha!lrn, JI!tl.HeVHbiMH TIO }ssJ .1:r , ypaBH8HMH (5) CTa-

HOBHTCH nnHe~HbMH. 0TM8TMM, 'liTO TepMMH BTIT s ,n:aHHOV. pa6oTe He saTpa

.rHsaeT 3JI8KTpOHHY~ 388MaHOBCKyro CHCTeMy. 

3. CTaTHCTM't18CKHY pac'tleT cneKTpaJibHO~ TIJIOTHoc~ 

KOpp8JiffilHOHHOf dwHKUlU1 2::- KOMT1QH8HT CDI-l:HOB 

BxoAR!l\M e ypaBHeH"" (5) KoppenrujHOHHaR lj1JHKI1'!R .($~{-t) $:) 
M ee CTI8KTpaJibHa.R TIJIOTHOCTb np8,1J,CTaBJI~T MHTepec H8 TOJ!bKO B ,IJ,aHHOM 

3~aqe. JlapR,I\Y C ljlyHKI1>!81' <($+{t)J_ > o6CY"'\aeMaR ljlyHKI1>!R BXOI\l1T 
B TOT H860J!blliOV Ha6op KOppeJIHTOpOB, KOTOp~e ¢aKTH'li8CKH 0Dp€,1J,8JI.RDT 

BC8 CBOi1CTsa UiHOI'O't18CTH'4'HbJX CTII1HOBbiX Ci!CTGM :vi nne)lCT8BJIR.IOT HHT9p9C 

B T80pHH Maf'HMTHOf'O pe30HaHca. 

Pac'tleT ¢YHKL\1111 4> ( w) npe,D,CTaBJI.ReT 60Jib!IH1e Tpy.n,HOCTH ,n,IDKe 

B BTIT. llo.n.o6Ho ¢YHKL\1111 ~OpM~ JIHHHM MarHHTHO.ro pesoHaHca, sTa ¢YHK

l\l1H He no,n.u,aeTC.R npRMoHy Bbrtn1CJI8Hi1IO. B pa6oTax no Teop11H Tennosoro 

CM811ll1BaHIUJ B BTI1 11CTIOJ!b30Ba.JlllCb OQ8H!rn <P (W) DO COOTHOITJ8HHIO ee 

2-I'O 11 4-I'O MOM8HTOB, 1\~aJioy6e,IJ,YfT81lbHbl8 OCo6eHHO npM Ha.JIVIT.illl'l H80,1J,HO

p0,1J,HOI'O ynn-rpemuJ [1,2,10,11]. KaK TIOKa3aHO paHee [6,7,8] ,,Il,JIR Mar

HMTOpas6aBJI€HHblX CHCT8M Ep8M€HHb18 KOppeJI~OHHbl8 qlyrUrn;Hl1 11. l1X C08KT

paJibHbl€ TIJIOTHOCTJ.I! ~AOI'YT 6bJTb Hai1:,D,€HbJ 8 pa.MKaX CTaTt1CTH'ti€CKOi1: T80pt111, 

HCTIOJih3YJO~e~ MeTo.rr. KOHQeHTpaqMOHHoro pa3JIOM€HMR KaK s BTU, TaK 11 

npH Hl13IillX T8MDepaTypax. Il03TOMY l1M9BT CMhTCJI, BbltlliCJIHB ¢l { W) 
yKa3aHHbiM' M€TO,IJ,OU, OpOaHa.JIVI3J.I!pOBaTb BHaqa.Jie 60JI88 OpOCTYJO BbJCOKOT8M

nepaTypHYJO CHTyaql1~ KaK np11 OTCYTCTBHH, TaR 11 npH Ha.JIH'tll111 H80,1J,HOpO~

HOI'O yumpeHH.R, a 3aT8H nepetfTt1 K paCCMOTp€HH10 60JI88 CJI0:1!'1:HOI'O Hl13-

KOT€Y..'ITI€paTypHOI'O CJiytla.R. 

Ms B03MOEHhTX BapHaHTOB M€TO,IJ,a KOHq8HTp~OHHOI'O pa3JI0~8Hl1R MC

DOJib3Y€M M8TO,IJ, 1JJ'HKI.\l1M naM:.RTH, pa3Bl1Tbit1 B [ 12] )J.JIR BbltruCJI8Hl1.R clJYHK

QYJH ¢opMbi JIHHRH B BTIT, pacnpocrpaHHB ero 11 Ha Hl13KOTeMDepaTypHblV, 

cnyqa~. 
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B rnaBHOM nopR,D,Ke no KOHJJ;eHTpa.QHH sJieKTpOHHbTX cmmos 5 =~/~ 
J/s l1 JVz - ~CJIO 3~8KTPOHHHX M ~epHHX CnHHOB COOTB8TCTB8HHO) 

B (6) ,D,a.KJT BKJia,n, Jil.1IDb CJiaraeMbl€ C J=:l<, • TIOCKOJibKY ttf=k..~ 1 

nOJIYtla€M 

(7) 

"He3eeMa.HOBCKYJ0
11 
t~aCTb ameKTp<OHHcoro raMHJibTOHHaHa, o6ecnemmaro~ero 

BpeMSHHYJO OB OJ!IDI1!1ID <f> {1:) , 38Jl~IDeM B B~ge 

~ ~ s• Hss=•I.""n"'A""'-.L:n,ll" ~, "'"l£fk K ~ 

' r,n;e A Kit\ - ceKyJIRpHaa tlaCTb I'a.MHJibTOHHaHa ~syxcmmosoro .II,HnoJib-

,D,HTIOJibHoro B3aHMo.n,e~cTBHR. Pa3naraH 4>~{i) no ~CJiaM 3anoJIHeHHR 

(on~CaH~e MeToga CM. B [12] , [6-7) ) H npo~3BOAR KOH¢~rypaqHOHH09 
ycpe.n,HeHHe, no~M B rnaBHOM nopRgKe no ~ B CJIJt~ae BTU: 

fiO,D,t1€pKHeM, tiTO CYMM~ 6epyTCR no BC€M Y3JiaM, B KOTOphlX MOI'YT 

6b!Tb SJIBKTpOHbl, T.e. no peryJistpHO:tf pemeTK€. 

Bblp~€HH€ (8) He MOJK€T 6bJTb Henocpe,D,CTB€HHO HCnOJib30Ba.HO ,D;JIR 

pactleTa ¢>,;(£J}. Tpe6yeTCR TaKJIIM oc5pa30M nepecTpOHTb p.R,11,, COOTB€TCT

BYJO~ilr KOHll;€HTp~OHHOMY p83JIOJK€HJ.1:Rl, tiTOc5bJ C €I'O TIOMO~bRl MOJKHO 6blJIO 

TIO.Jlytrn:Tb npaBHJibHYJO ,D,JIHHHOBpeMeHHYIO aCHMilTOTHKY ¢'~ (i) (HJIH, lJTO 

npe.n,not~THTBJibHee, Henocpe.n,CTBBHHO Q)j(w) ). Bse.n,eM ~K~Rl naMaTH 

Kj { t) corJiacHo ypaBHeH~ID 

.'i 



J. ¢; {t) 
u 

i 

~KJt-t')~{l')Jf, 
0 

(9) 

ConocTasneHHe KOH~BHTp~oHHb~ pa3no~eHHM gnfl npeo6pa30BaHH~ llanna
ca tjlyHKQHi' a>; (i) H I\; ( t) l103BOR>!eT HenocpeijCTBeHHO HaliTH <t>j { W) 
[12] . Ecn" 

~ r~ -:H 
cpj ( ;1.)= J ¢. (i)~ JA:.} 

.,... -U 
f(j {A.)= j K/t)~ J).., 

0 0 

TO k; {A)::: [ ¢j (A.)j-i- ~ 1 " 

(IO) 

:);{{,.))=~ k; {.l.= E -iw). 

Hcnonh3YH (8), B rnaBHOM nop~Ke KOH~BHTpaqHOHHoro pa3no~eH~R 
kj { i\ ) HaxOijHM: 

PaccMoTpHM gsa cnyqaH. 
a) 0TCYTCTBll9 HBOAHOpOgHoro ywHpeHHH 
B 3TOM c.nyt~ae 

' 
K ( ) 1 { , 1\. ctj~ 

j A=«£ 1-ps)~ 4 ;1.'+a.' 
Jl< 

Ilepexo,IJ;.R OT CJ'MMHpOBa.HH.R TIO "K" K HHTerpHpOBa.HHJO 

HHJO CTIROWHO~ Cpeg~) H TIOROMHB B KOH~€ B~CRBHH~ 

~ 2Jt.' 2 1.. i'i 
I?.=- 12.(1-P:).:D, D=TJ3'"C¥l~, J=O, 

(II) 

(12) 

(T.e. K npH6RHM8-
£ =0, TIOJIYtrnM 

(13) 

rge Jb - TIO~HpHHa JIHHHH MarHHTHOrO pe30HaHCa B CHCTBMB C M~OP 
KOHI.J;€HTp~et:f CTIHHOB [ 6] • IlpH TIOJiyti€HHH (13) C'tJI.1T8.JIOCb, tJTO 06-
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paseu ctflepHtreH H ace ysnbJ KpHcTannorpaip;.ftrecK11 aKsHaaneHTHhl; npH 

aTOM K j (;t) He sasHCHT aT HH,D,eKca J . Ben11mma 1> nponopqHoHa-

JibHa o6oeMH.Ot1 KOHu;€HTp~H CTIHHOB C ; ,Il,JIR Mai'HHTOpas6aBJI€HHb!X CHC-

T€M ]) C~€CTB€HHO M€HbiD€ 8€Jllimi.HbJ JIOKaJibHOf'O TIOJIR fA}{., ,nponop

Ull0Ha11:DHOH c-1/~ [l] • ilOCKOJibKJ' YCJIOBH€M XOp01ll€I'O T€TIJIOB0f'O KOH

TaKTa H3P H 3CCP RBJIR€TC.R Wx ::::::::: lJ t. 
1 

TO npH era H3Jf1i€H11J'I o6brtrHO EbJ-

6Hpa!OT Wr ~ :D ( qaJ!le W; ~ J) ) . 
6) HaJIH~He HeO,IJ,Hopo,n,Horo ymHpeHHR 

.nonyCTHM, tiT~CTip€,Il,€JI€Hl1€ H€0,IJ,HOp0,D,HbJX TIOJiet' OTIMCbJBaeTCfi 

ljly>iKcyi€~ ! (A) ( t_ .;(A) Jtl = 1) H qTQ OTO pacnpe)\eneHH€ H€ KOppe

JIHpyeT C pacnpe,IJ,€JI€HH€M CTIHHOB TIO Y3JiaM perneTKM. llpH BbmOJIH€HHH yc-

pe,Il,H€HHR <._ __ . )~ €CTb ,Il,E€ 803MOJII:HOCTH. llepBa.R: OI'pa.HHtru:TbCR B 

(8) H (II) ycpe,I\HeHHeM no Ll" H npe,l\cTaBHTb (nepexo,I\R oT CYMMHPOBaHHR 

K HHT€I'pHpOBaHH~) 

r)\e 

R(<J,X)= 1~{.1-P:)])(wl J H'tJ Ltt, 
..J w' -{ '1- x{ 11-YI<w 

(I5) 

'J(w,x)co- 1~(1-~.~)Dw J !-(~) 4-.J{~-x)~-w,_· 
1,-~l>w 

BTopM B03MOJEHOCTb - ycpe,n,HHTb a (8) , (II) nocne,IJ,oaaTenhHa no Ll" 
H A~ H npe,n,cTaBHTb 

(I6) 

~ (w) = .ft(.i-p~~)]) (G.!( J J ) 

I~- l<I<GJ 
(I7) 
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B [12 J ripH pact.!'eTe ¢opMnJ JIHHHH 3IIP HaJIHtrn"e B KruK,Il,OM nopR,D,Ke 

KOH48HTp~OHHOI"O pa3~0~8HHR ~THBHOrO C~BHI"a ~aCTOT~ C~enano 

6oJiee npHeMJI8MhJM nepenJY, nyTb. B HameV 3a,n,a~e TaKoil< C,D,BHr oTcyTcTeyeT, 

H 06a TIYTH B DpHHqHTI€ paBHODpaBH~. 

PaccMoTpKM npocTe~rnyro MO,D,8Jib £{~) : npHMoyronbHoe pacnpege

ReJme, Kor)l,a ;{l>)~.1/.2u' npHIAI<:CI' H V.A)=O npH IAI>o'. 
i1HT8I"pannr, BXO,D.RDJ)18 B (17), ,D,OCTaTO'tffiO npOCTO BbJtfl1CJlffiOTC.fl: 

(I9) 

Pea..nnHo Ha6;no~aeMn1e pacnpe,n,eneHHH JIOKaJibHbJX H80,D,HOpO,D,HbJX no

ner. qaCTO 6nH3KH K rayccoBO¥Y [I, 2]: !(A):Uip{-A'/Jo'•)/hJ(/1'. 
fipH 3TOM ljJOpMJ'Rbl (17) npHBO)l,HTCR K BH)l,y (IS), r)l,e BM8CTO -Jn &LJ 
4-n (.l) q>HrypHpymT 

2. ~ 1 h { t >) ~r(.t)= .p;: eL • ..fi-)<£ .iVl<f> -.I.. x I 

(20) 

t.r '.< l = ~.,(. r ~ (' ,fR J, )( -.1 

3HaQ8HHH .., n H -f r npt1 O~t1HaKOBbTX o/..._ , 
pa3J'M88TCH, pa3JU1'1Hbl, HO B~COKO- li HH3KOt.JaCTOTHb18 aCJ.1MTITOTHKl1 HX 

O'l8Hb 6RH3KH: DpH cl = lt.>f/_2()' ~ .1. 

~n {..<) ~Jrcl., -!r{d) ~..JJt J., 

'+' n {iJ) -::::-2.1. .t,...c1.. 1 +-r (...: l z - lYe: ..L ,e.,._ d. ; 
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np• ""- = lwl/:lo' $> :L 

1,{-l)"=i, ~r(.,~.)'-"=i, -+'n{.l)~O, '-~'rf"')~-~V4(-.(2) 

tmcneHHhlM pactleT, npmraeegeHHbl!~ no !f,opMyJiaM 04), (15), c O,D,HO~ 
CTOpOHbl," ITO ~OpMJ'naM (16), (IS), (19), (20) C i\PYPO~, ITOKa3b1BaeT 
npaKTI1trecRoe coena,n;efrne aHat~eHYtP <P(w J so .seeM ,IJ1lanaaoHe t.raCTOT 
npM pa3JrntllibTX COOTHOW€HHRX ft H J> KaK ,D,JIR np.RMOyr'OJibHOI'O, 

TaR Jll AJIR raycco:sa pacnpe,n;eJiellliVi, T. e. o6a cnococ5a ycpegAeHltl.R 
ITO H€0,lJ,HOp0,D,Hb!M TIOJIRM npaRTJilti€CKJ.1: 8KBHBaJI€HTHhi. 

TaKHM o6paaoM, ljlYH~H c:t>(cv) "MeeT ,!\OCT!tTO'lHO CJ!OlKHYJO lj)op
My, aaBHCRieyiO aT pacnpe,n;eneHHR JIOKaJihHhJX nonef1. BbTCOKO'tl'acTOTHble 

K]lblJ!bH lp{(.J) np" /WI~ rl , OI\HaKo, scerAa JIOPSHIISBH. OTMemM, 
'Q"TO HCTIOJib3Y€MbiP. HaMM BapHaHT M€TO,IJ,a KOHQ€HTP~OHHOI'O pa3JIO~€HHR 
H€ TI03BOJIR€T -p€8JII1CTI1'tf€C!rn nepegaTb ¢YH~IO t:f>(w) B 06JiaCTt1 O'tl€Hh 

HI13IillX 'l!aCTOT ltv I~ "J) , T.K. npH Ot.r€Hh 60Jih!IIHX Bp€M€Ho9..X !flYHK-

IzylR 4>{i) , OTII1CbiBB.IOlli8.R npo~BCC ,D.Hq¢y3HOHHOI'O TI1Tia, 3aBB~OMO H€:3KC

TIOHBH~anoHa [!3]. Tpy~HOCTM C nepe~aqeM HH3KQ~aCTOTHOV ~aCTH npM

C~ li H8B9CTHliM CTaTHCTHti€CllliM TeOpMIDI\: lf;opMbl JIMHI-U1 MarHHTHOr'O 

p€30H8Hca. B 3~atre TBTIJIOBOrO CMBWHBaHMR fl3P H 3CCP HH3KOtlaCTOTHaR 

traCTb <P((.c)) npaKTHtiBCKOro HHTepeca He npe,II,CTaBJIH€T. 

B aaKHID~eHHe aToro paa~eJia npHBe,II,eM Bb~~eHHe ,II,JIR ~(~) 
C HCTIOJib30Ba.HH€M ¢J'HK~H -j J.1 'iJ 

<Pfw)- 3 JV, F< 'f (~) 
- ;][(j.-('.{)Jl. ..gy~) + [ 1:_-;,.. ~ ,;;. - '(J f*) y 
iloBe)\eHHe ifJYHK11!1~ -j " + HJm!OCTpHpyeT pHC.l. 

(2Il 

PRe. I. 
icyH!U(l1R -j(cl). 'f'(.i.)Ml< fiPI<MO

yrOJibHOrO ( CfiJIO'IIHH9 KpRI!He) 

9 

n rayccoBa ( nyHKmpHHe K]ll!l'!He l 
pacrrpeJ!eJieHHA HeOJIHOpOJIEHX 

~O~HHX ITOJieft. 



fiepeNl,eM K 6o.rree CJW:lKHOMy CJlytlaiO H~3JruX TeMDepaTyp. IlpJ.i OCy

!Il8CTBJl9Hl1l1 )lliH M8TO.UOM ,IU'lHa.MH'ti8CKOrO OXJiaJK,I1,8HH.H IlYT8NI HaKa'IIU1 Cffi-no

~9M Kp~a ~HHHM 3ITP oxn~8IDT 3CCP,nep8HOCH 't18CTHqHQ ynop~O't18HHOCT~ 

CTIHHOB BO BH€WH€M TIOJI€ B HX ynopHAO~BHHOCTb B JIOKanbHHX ITOJIHX 1 a 

3aT€M KOHT8KT 3CCP H fl3P Be,II,eT K B03paCTaHHD ~8pHO~ TIOJIHpH3~H. 

B XOA€ rrpoQBCCa ~HaMJ.1q8CKOro OXR~BHHR 8CTb BCe OCHOBaHHR OMaA8Th 

Bb~oAa 3CCP aa npe,II,eJIH BTn. ~R MarHHTopaa6aBJieHHO~ cHcTeMN BTU or

paHHQeHo ycJIOBHeM /Jul~ <~ .i , rAe ! - KpaTqaJ1wee paccTOH-

Ht1e MeM.rr,y cnHHBMM, BXO,II,HIIJ;l1MM a 3CCP ("pa,.D,Hyc o6pearum:R" OCCP); 

no nopR.D.KY seJIHmiHbl f - KpaTtrafunee paccTORHHe Me~ yana.MJ.1 pe
weTKH. YKa3aHH08 ycJIOBH€ RBJIHBTCR Otl€Hb M8CTKHM, T.K. npH Mana~ 

KOHQBHTp~H 3Jl8KTpOHHhlX CTIHHOB xapaKT€pHOM 3HeprHe~ RBJIHBTCR He 

rili/J3 ~EM. toe. ' a 3Hepn'LR B38.HMO)J,€ViCTBH.fl cm.moB Ha Cpe)J,H€M 

paccTO.RHHH ·g-~£EL..t: MeTo.n, KOH~eHTp~oHHo:ro paaJioJP;€Hl1.fl, npH-

MeHeHH~P B [6-8] K HCCJI€~0BaHHD )J,HHBMM~SCKHX H TepMOAHHaMHtiSCKHX 

CBOPCTB CTIHHOB~ C~CTSM, D03BOJIR€T DpO)J,BHHYTbCR B o6naCTb TeMnepa

Typ, )J,JIR KOTOpO~ BhliTOJIHRSTC.R 3Ha~T€JibHO 6011€€ M.RI'KO€ YCJIOBH€ 

I/31 EI~.i (o6JiaCTb E ~ ~~~~-"" E.t...<a<. Mbl Ha3b1BaeM B 

)J,B.HHOP pa60T€ H~3KOT€MTISpaTypHO~). HaCKOJibKO HaM H3B€CTHO, B 3TOM 

CJiyqae paCti€TH 06C~aeMOI'O KoppeJIRTOpa H O~€HKH CKOpOCTH CMSWHBa

HH.R H3P H 3CCP paHee H€ )J,SJiaJIHCb. 

iloCKOJibKY B o6~eM CJiyqae ~pMyJI~ THDa (8), (II) CJIHWKOM rpo

M03)J,KH, orpaHHtiHMCR JlYJIDb )J,BYM.fl npe,D,SJibHblMH CJiyt~aRMI-1: OTCJTCTBllB 

HSO,Il,HOpO,D,HOI'O ynWipeHH.R H CM:&HOB HBO,II,HOpO,li.HOB yu.w,:pBHHB, MHOI'O 

60Jibll€ O)J,HOpO,D,HOI'O. Bblp~SHH€ ~H <P,;(t:J) HM€€T B M€TO)J.e !flyHKI..J,H\1 

TiaMHTH BH,D, (!0) H€3aBHCHMO OT 3Hat~eHHP. T€MTiepaTyp DO)J.CHCT€M (BH€ 

B1ll OHH BXOAHT B R; 'J j ) . 

a) 0TCYTCTBH8 H€0,D,HOpO)J.HOI'O ymHpeHHH 

IIMeeM ljJopMJ'JIY, aHaJtOCHQHyx> (II) : 

1 • o.I. (.i.!- 't;!)(i+ t;;.l 
Kj{.~\=..,5{1-rs)kf 4 ~,+~ 1 _,.. +l""l. -r• ... ,._ ... _ t·<), (22) 

t: '""" .~w s lJwl.c. '-Jt.+ Jlt 

I',D,€ 'tjl(::: *1. t~SS Cl~a: . ilepeXO,D..H OT Cy-MMHpOBB.HHJJ K HHTerpHp0BaiD1D, 

B HHTerpane, OTip€,D,€JI.fllOiq€M MHHMYJ) qaCTb !flyma~U'I naMIITH, nOJlytrnM 

6eCKOHe~oe (cqeTHOe) tiHCJIO DOXDCOB, npHBO)J,~€€ K oq€Hb CJIOMHOMY H 

HeYA06HOMJ' B o6pBll!eHKH BblpBli<8HHK> AnH 'J,; (G.>) • llpH W ~.]) Bbl

DOJJHfi€TCfl, O)J,HaKo, COOTHOWeHHe j1fwJI<!=W , a npH W .$ ::b 

!() 



rge t;.; He 3aBJIICJ.1T OT VJ H no eeJIJII'QitiHe nopR,D,Ka egitiHJIIU:11. T. K. :b!: E, 
a IJ!s.s E f ~ i , TO MOli<HO c)\enaTh Bh'B0!1, qTo I ':J/v..>)j&'W )1nR scex 
3Ha~HHV. QaCTOT@, H 

(23) 

1\nR Rj ( w) nonY"aeM ( KaK " B B'I!I, ~;(w} B oTcyTCTE"e HeO,I\Hopo,I\Ho

ro yiDHpeHJIIR He 3aBJIICHT OT j ): 

~ {w) = 1~ J>{j .. - p,') 1 ( Ps' ~ .. w), (24) 

<I>OpMJ'nbl (23), (24) OO"CblBaiDT H9JIOP9HU9BY rPYHKI1""'• ¢opMa KOTOP0'7 

3aBHCHT OT TeMnepaTypbl 3CCP. Ha Ma.Jib1X 'tlaCTOTaX, Dpt1 't~ { 
R~(:!.-ps')::b/12, Ha Bbrco""x, np" t-',:::: i , I{<:: 1>/12 -
T.e. e o6m1x CJiyqB..J?,:x R He aam'!CHT OT W H HMeeT nopeHI.J;€Bbl 

aCJIIMTITOTJIIKH, npHH~Jle~~JIIe, OgHaKO, pa3Hb~ ~opeH~aHaM. ilOCKOJibKJ 

~s.lJ ={J>ss1l) . ~ , a MeTOA npHMeHHM np" I Jss :D 1~ 1. 
TO nepaa.R acJ.1MnTOTI-1Ka cnpaae,IJ,JIJIIBa npH W :==. J) , a BTOpa..R -

np" t..J/]1 ~ IJ,.J>r1 
, T.e. n•wh Ha oqeHh BbrcoK"x qacToTax. 

6}CMbH09 H€0)J.HOpo,D,HOe yiDJ.1peHHe 

06~ee paccMoTpeHHe B aToM CR]Qae EeCbMa cno~HO. OrpaHH'liMMCR 

nHWh CHTYaQHe~,KOrAa lct;d"""'i•L•I 1 IJ,.a.;KJB:!. - T.e. H"3KoTeM
nepaTypHa JIHWb "HeO,II,HopogHaH" 'tlaCTb no,IJ,CHCTeMhl Hn . B 3TOM cny

qae ¢(w) onpeAenReTcR n•6o rjJop>.<ynor ( 14), r11e, 0/1HaKo, BMecTo 05) 

II 



1 • r f ~{>:).W~){i-iL¥A1~) Jx J<a 
R {w) = ~(l-pi )J> lw/'t~~<w ~ f<l-{<t-.IC)z.'{.i-1-ps.tf..¥){1 +f<i.l~)' 

(26) 

'J(w):- 1~ (1-fl,'):Dw } ~ 
1~-~l>t.~ 

!(><) KrJ(i->tLJ¥' ,U~) dx J'/1 
~('}-xJ'--d{i +-PsiL~)(1 +rs+.!.¥). 

4. TenJI08MKOCTl1 

PaccMoTpltl.M BXO,ll,.Hll\J.Ile b ypasHeHHH {5) TenJI08MKOCTl1 no.n,Cl1CTeM B 

o6c~aeMo~ TmlmepaTypHoY o6nacTH. TennoeMKOCTb fl3P HM8€T npocToM 

BH.D, npH JII06blX .3JJa~eHHRX HORRpl13~l1 ( ':1 =l/2) : 

(27) 

TennoeMKOCTb 3CCP co,n,ep7KHT, B006llle rosopH, o.n.Hopo,D,Hh'iii J.f Heo,ti,Hopo.n.

HbJV: BKJI8,D,bl. llepBb!V l13 HHX, o6ycJIOBJieHHhJj;j ,D,HTIOJib-,IJ,HDOJlbHblMH B38M

MO,D,8~CTBHRMM, DpH Hl13KHX T8MTI8paTypax B rJiaBHOM DOpRgK€ K0~8HTpa

qHQHHOrO pa3JI01K81H1.H MOlKHO HafhH l13 DOJIY1.f8HHOi1 B [7] lfJOpJvtYJib1 ,II,JI.R 

.n.:~mOJibHOV stteprvnl!: 

1:"1 :1. ( '-){ )'lll '){ lf>.. 
C = _"lJ N. _!__ ~J .. (.i-3 ') 1-P.s i+,t- -{.i+f's 1-J') (28) 

s1 ~Jt s ~' "o » (.i-p,')(l+,I•Y"+-(.1+f>;\{.1-.r-l31•' 

r,11,e j< :klt[~ti{f-3~')/4,r'] .BblCOKO- M HM3KOT8MnepaTypHb18 aCmMJTOTH

KM npH IJs.t-(~iV,r'f1 H {~s·v.rr~ lin I<!=])-! HM810T, COOTB8TCT-

BBHHO, BH,IJ, 

(29) 

~TM HTn 

KaK y;r1.e oTMet~an:och B [ 6] , Me~.n.y Cts 11 Css ecTb KaqecTseHHM 

Cnn 
pa3HH~a: €CJil1 SS onpe,D,€JI.ff€TCH, 8 OCHOBHOM, B38.HMO,f.\€~CTBHH.Ml1 Ha 

CHTn 
MB..JibiX, TO SS - Ha cpe,II,Ht1:X paCCTOffiHUIX M€JK,IJ,y CTIHHaMJ.-l:. 0TMeTJ.1M 

TaKII'I:€, tlTO c_S~TO )J)lR Mai'Hl1TOpaa6aBJI€HHOV CHCT€Mhi C Ma.JIOJ-:; KOHQ€HT-
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p~€~ CTIHHOB OT~~~aeTCR OT aHanOr~~HOI'O BHp~eHHR ~Efl' perynRpHO~ 

ct-~cTeMbJ (ero ;rerKo nonytl'11Th M3 npHse.n,eHHoV s [2] ¢op~-1YJibr .n,JI.R M
nonoHotf :;meprt-ni) H€ TOJibKO MHmKPIT€JI€1.1 8) HO H .o;pyrof::l 3aBHCi1MOCTbiO 

OT Ps (MHOJKMT€Jib 3+2p~ s (29) ,n;nH perynHpHoP CMCTeMbT 3aMeHaeTCH 

Ha 3-2p~ ) . 
TipH Hani1~i1i1 H€0,lJ,HOpO.D,HOI'O ywMp€Hi1fl €CTb €~€ O,lli1H BK~aA B T€TI

Jl0€MROCTb: 

H 8· J./. • f 1. _1.- .k.!2.¥ · (30) 
Css =-,f(i-ps)JJllLI (l-f's.t.I..~)'".£{A). 

B B1ll c~~·-= !#-(l-PI) N_;'"~' rAe ~-~~-~- - BTOpot; MOM8HT 

CflYHKIJ,WV! pacnpe.n,eJJeHYtR JIOKaJibHblX TIOJI€~. 

XoTH O,II.Hopo.n,HHt-1 KJia,D, s CSl Ksa,n,paTH~eH, a Heo.n,Hopo.n,HbJi,i -

JH1H€€H ITO KOHIJ,€HTpaiJ;m·1 3JI€KTpOHHHX CnJ.1HOB 1 np11 CMJlbHOM H€O,Il,HOpO,ll

HOM ywMp€Hl1l1 0Hi1 MOryT 6bJTb COITOCTaBi1MbJ. 

5. Tennosoe CM€IDHBruu1e no.ncHcTeM 

B03MOJKHbJ .n,sa peJKHMa 3EOADIJ;HM fl,II.epHo~ no.n,cHCT€MbJ B npoqecce 

CH€lliMBaHi1R C 3CCP [I] : 3BOJIIOqi1.H f:3P K 3CCP npi1 3lfxileKTMBHOM TepMO

CTaTHpOBaHHl1 TIOCJI€)I,H€I'O perueTKOfr 1 T. €. H€i13M€HHOM Jss i1 "CB0-

60)J,HO€ CM€lDi1BaHIII€
11 

B OTCYTCTBH9 TaKOI'O T€pMOCTaTHpOBaHl1R. CKOpOCTb 

nepsoro npou.ecca o6o3Ha'tiDM W:rss BToporo - W 

A •. BbJCOKOTeMnepaTypHoe npH6m-tJKeHHe 

.[i.JlR a.HaJIH3a BTII y,rr.o6Hee nepeVTJI! oT ypaBHeHY!t1 (5) K ypaBHeHH.RM 

,llJIR o6paTHblX T€MI18paTyp: 

(3I) 

TenJioeMKOCTH E BTI1 He 3amlCRT OT Te!.mepaTyp no,IJ,O'ICTeM, Yl: cKopocTH 

CM8Wi1BaHl1R J.1M€10T 3Ha~8HMR 

(32) 

13 



a) 0TCYTCTBI18 H€0,Il,HOpO,II,HOI'O yu.t11p€HJ.Hi 

~cno~b3YR (10), (13), no~ym.M 

'VI - ~ {.i ') Ns r< :D 
:ISS - 12 -rs .Nr r J>' + c.Ji: (33) 

Bb~aMeH~€ (33) COBTI~aeT C TIO~€HHb~ no M€TOAJ MOM€HTOB [2] 
C TOtJHOCTbKJ ,Il,O trn:CJIOBOI'O ~1HOJKYJT€JIJ'I TIOpR,D,Ka €,Il,Y!HYU~bl, tJTO €CT€CTB€HHO, 

T. K. B [ 2] 6bJJIO npY!HRTO ,Il,Oflyi.q€HYl€ 0 JIOp9ID1,9BOfi tfopMe <P {W) , TIO.D;

TB€p,II,HBW€€CR B cTaTYICTY!tJeCKOM pact~eTe. McnoJib3YR BhlpaM€HYle (29) 
!1RR c~~,I\RH CKOpOCT" w (c Y'I9TOM TOrO,'ITO B BTII rx~i) Hav/(eM 

(34) 

T,K, Wrss/W~~/C., To o6b~'<Ha WJ.n<:!ff:.W, nocKa~bKY Css 
KBagpaTY!tJHa TID KOH~€HTpaQHI1 3JI€KTpOHHNX CTIHHOB. CKOpOCTb,~ MaJID 

3aBHCI1T OT KOH~€HTp~11 3JI€KTpOHHb~ CTIHHOB 11 OT r~ . 3Ta CKOpOCTh 

npH WI~ J) TaJOKe H€ 3aBY!Cl1T OT B€JII1m'!Hbl BH€TDH€I'O OOJIR, 8 OTJrn

llli9 aT aasHCYlMOCTY! i/H~ ,D,JIR W:r.s.s . 
6) HanHtJHe Heo,n.Hopo,n.Horo yru11peHHR 

;':)Hali€HY!€ Q:>(GJr) TIOJIYlfa€M Y!3 Bb!pru!t€Hl1.R (21). ilp11 CY!JlbHOM H€0.0,-

HOpO,D,HOM yrnY!peHY!H, Kor,n.a o' ~ :D , nonytrnM, ct.rnTa1l' WI~.]) : 

(35) 

(36) 

McnoJib3YR <f>oPMYJib! (29) 11 (30) ,IJ.JIR "o.n,Hopo,n.Horo" Y! "HeO.D.Hopo.n,Horo" 

BKJI~ 8 T€TIJIO€MKOCTH,TIOJiyqHM 

(37) 

CpaBHY!M CKOpOCTH CM€WHBaHYIR (36) Yl (37) C COOTB€TCTBYD~MH 

CKOpOCTRMY! 8 cnyqae OTCYTCTBHH H€OgHOpOgHOI'O yml1p€HYIR. MMeeM 
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(3b) 

llpM ~oMHHYiposa.HHI1 a TenJioeMKOCTH Cs.s "Heo,JJ,Hopo)J.noro" ;m6o 11
0,lJ,HO

po.n,Horo" BKJia,D;OB TIOJiytl'11M, COOTE€TCTB8HHO, 

W H-~~ ~ JJ' .O(W:r) 
w~Tt--~t''2i" 1 (39) 

(40) 

3aBYICHMOCTb OT B€JII.f"qi1Hbl H80,lJ,HOpO,D.HOI'O yuJ11p€Ht1R, npe,lJ,CKa3bJBae

MM <jJOpM)'naMH (39), (40), nonHOCTbiD Onpe)\enH€TCH <jlJ'HK!1l1€P -j f';;:); 
B Cnyqae (39) eCTb )J,OilOJIHHT9JlbHaR 3BBHCHMOCTb qepe3 ~lH.,. (~JIR 
raycco:sa pacnpe)J,eJieHYIR fo.tr'l· = tr2. ) . TaKHM o6pa30M, npvr UJI<8:- cr 
!:30 BC8X CJiytl'B.HX CKOpOCTl1 CM81UHB8.H111R npvr H8JIJ.1lW!J.1 Cl1JibHOI'O H€0,IJ,HOpOJ1,
HQI'O ynJHpeHHR M8HbW9, tl'€M. npH era OTCYTCTBI1H; C pOCTOM fAJ1 / ft 
3TJ..1 CKOpOCTH pacTyT, ,lJ,OCTHI'BIOT M.aKCY!MyMa npYI Wr/0' ~ f , trTO {flY!3YI

t.reCKM HCHO, T.K. B CJiytrae CV!JibHOr'O H€0)J,HOpO,Il,HO!'O ywvtp€HJ.I!R JIOK8Jib

H09 TIOJIS OTipeJJ;9JrJI9TCJI KM9HH0 B9.JGPm:HOtt (/. IlpY! )J,BJ!bH8t'lU€M paCT€ 

OTHOW€HY!R &J:L/tJ' CKOpOCTJ.1 CM€WHBaHt1R CHt1ll\a!OTCR VI E CJiytraJIX (3S) 1 

(40) nepecTa!OT 3aBHC8Tb OT 3TOT'O OTHOt118HHR. 

Bonpoc 0 3aBJ.1.CHMOCTVI CKOpocrn CM€t11VIBaHi1R f:3P ~ 8CCP OT B€JII1-

trn:Hbl H€O)J,HOpO,Il,HOT'O yumpeHHR 6b1JI npeJJ;M:€TOM 06Cp.D,€Ht1fl B pR,Il,€ pa60T. 

0qeHtU1 1 BbmOJIH8HHbl€ M€TO,D;OM MOM€HTOB [ 14, 15] , npe,IJ,CKa3bJ88..Jit1, l.l'TO 

WJ.S.S, npaKTJ.1l.l'eCKt1 He 3aBHCi1T OT B8JII1l.l'l1Hhl Heo,n;Hopo.n,Horo yump8H11!R. 

:JKcnepi1M€HTaJibHaJI nposepKa [10] 1-!8 IlO.[J;TB€p.f!,HJia 3TOT'O 3aKJIIO'li8HHR, 

llOCJI€ 'li8T'O B pa60T€ [11] Oll;€HKa no M€TO.ny MOM€HTOB 6bJJia MO.[J;I,H'fJVIqH

poBaHa: np11 Bbrtn1CJI8Hm1 BTOpOT'O MOM€HTa J.13 )J,J.1!10JTb-)J.l..fDOJihHOT'O 83aM

MO,D;€i:'CTBJ.1R 6b!Jrn 11CKJT!O'li8Hbl ( KaK H8C€ KYJIRpHbre) tfJ.mm-4)JronO:Bfle llJI€Hb1, 

CBR3b!Bai0~8 pa3JIVI'tftibl€ CTIV!HOBbl€ naK€Tbl. l-iaM: Dp€,Il,CTaBJIR€TCR, ttTO B 

CJIY';Iae 6bJCTpOt1 Cl18KTpa.JibHOP )J,H{f:¢J'3VIYJ 8 npe,n.eJiaX H80)l,HOpO)J,HO-J"lli1p€H-

HO~ JTMHV!l1 3flP1 KOT')J.a KBa3HpaBH088CJI!8 (2) ycTaHaBJIHBa€TCR 3a 60JI€8 

KOpOTRO€ Bp€MR,H€M€Jrn, B traCTHOCTYl, speMR CM€WJI!BaHHR B3P 11 3CCP, 
H€T H€06XO)J,VIMOCTt1 8 Bb~€Jl8HV!l1 CTI>fHODblX naKeTOB II! COOTB€TCTBYJO~€tf 
MO,Il,Yl¢i1Kaq1111 B3al1MO)J,€VCT8l1R; aepoRTHO, H€KOpp€KTHbl€ pe3J'JlbTaTbl CBR-

3a.Hb1 B 3TOM c.nyqae C C8.Ml1M M€TO)J,OM MOM€HTOB. CJiytraV M€.[J;JI€HHOtf cnefi:

TpaJibHOM ~JI!~Y3VIH Tpe6yeT OT)J,€JibHOPO paCCMOTpeH~R. 
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B. H113KI1e TeMnepaTJ'Pbl 

a) 0TCJTCTBV.8 H80,[1,HOpO,D,HOI'O YJlll1p8Ht1H 

B 3TOM CJIY'!a€ 3BOJIIOU:l1H OTil1CbJBa8TCH ypaBH€HV!JIMH(5), B KOTOpb!X 

l1CTIOJib3YJOTCH Bb~~eHMR (23), (24) ~JIB ~(tJ) (c ~€TOM TOI'O, ~TO 

<P(~:>:NsF'R.{tv1)/4w}.7' T.K. R(tvr) , 'J(t.J1 )<:&;W:x KaK )J,JIR 0/1HO

po,IJ,Horo, TaK l1 ,IJ,Jii:l H80)J,HOpO,Il,HOI'O ynmp€Hl1H) 11 (2?), (28) ,IJ,JJH T€flJIO€M

KOCT€t1. BBO)J,R 6e3pa3M€pHh1€ nepeM€HHbJ8 ~=J>u:b) r = F'l..:Dt/J..C,cvi) 
TIOJiytiHM 

~ = -!{i-p;)[Uct +(HU.~) Pr J.1 ( f's • ~ l, 

~ :::- x~(.i-p;J ~ [Ucr +(i+c!'t)PI] · 1 (rs, ~), 
U I(~ d's,£,"-) 

l(fs,~)onpe):1e~HeTCH BbljlaJKeHMeM (24), B KOTOpOM 't:il..-%-. 
MH cKopocT" W:t~! (npM '} "~ ) M3 (4I) rro~ym<M 

(4I) 

(43) 

'li'TO OTJU1'lJa€TCB OT COOTB€TCTBYJOJ.U,€l'O Bb1paJK€H11.Fl B B'Ill (33) B 

PeweHMe HeJIMHeJ';IHoV Cl1CT€MbT ypasHeHHV (41), KpoMe Tpex napa:~eT-

poB ; ' Ps. ' ct' 3aBl1Cl1T l1 OT BbT6opa Ha'QaJibHbTX ycJIOBHt1 rio) 
~(t>l • Mbl paccMoTp11M ,n,sa TMna B03MOJP:HbJX Ha'tlanhHbTX ycJIOBH~. B nep-

BOM K MOM€HTY f. =0 3CCP ,II,11H8.M11'lJ€CK11 OXJI8Jit)I,€H l1 3Ha'ti€Hl1€ ~ (o} 

,D,OCTaTO'tiHO B€Jll1KO, HO R,D,€pHa.R TIOJIHpl13~R 8J.U,€ MaJia, npaKT11'ti€CK11 

rio) ~ Q • ITpv, T€TIJIOEOM KOHTaKT€ npOHCXO,D,HT nepe,D,a'Qa ynopR,D,Otr€Hl1.H 
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H3 3CCP s fi3P, o,n,HaKo nplt! Man oM oTHOUJeHlt!H Css. / Cr CKOJibKO-HM6y,IJ,o 

3aM€THOI'O rJOspacTaHH.R I p~ f He npOMCXO,[I,Ji!T. CaM JKe 3CCP HarpesaeT-

CR i1 3Ha'tl:€HI1.R tt (t) 8 npOQ€CC€ 3BOJIIOQHH TIOT!a,D,aiOT B 06JiaCTb BbJCOKJi!X 

Te~.mepaTyp, I',Il,€ perueHHR ypaBH€HJi!V. (4I) TihlXO,Il,fiT Ha 3KCTIOH€HQMaJibHblil 

pe11n1M, xapaKT€pH3YI0ll!Ji!ii'iCR CKOpOCTbiO C\~€WHBaHi1R (34), BTopoV. TVID. Ha

ti&JibHb!X yCJIOBJi!:V COOTB€TCTByeT Bll!COKOI1. Hatl&JibHOV R,I1,€pHOV TIOJUipY!3~Jil, 

LiTo Hs-sa 6onnwoV. TenJioeM.KOCTH .R3P npvrBOMJT K yaeJIHLJeHMIO j Js.! I , 
npH 3TOM I p r I 3aMeTHO He CHYDKaeTc.H. 

)J.ae paCtl€THllJ€ Kpt1Bbl€, Ji!JIJIIOCTpMpYfOil\M€ Ctta3aHHO€' TIOKa3aJibl H& 

pHC,2, Eonee ,IJ,€TaJibHO p€3YJibTaT~ q]I!CJI€HHb!X paCLJ€TOB Jil MX cpaBH€HM€ 

C 31WTI€pi1M€HTOM 6yJ1YT TipMB€,IJ,€Hlll B CJI€,IJ,yiOW,€V pa60T€, flOKa TOJ!bKO 

saMeTHM, LiTO yseJIHqeHM€ napaM€TPOB ! J ct. npV:!BO,[I,II!T !\ YCKOp€HY!10 

3BOJ!IOW1VI }ss {i) 7 TOI',IJ,a KaK 38BJiiCVHIIOCTb J!s.'S. (-i:) OT f's' H€3Hal!VIT€Jlb-

Ha (KaK vt B cJiy-qae B'IlJ, r,IJ,e W cJia6o 3a:F31·10IT aT Ps ) . 

0,~ r----------, Pl!c.2. 
BpeMeHHaJ! 3BOJ!I!lll)U! ~ ~ Jss .:b 
( 'll!CJieHHoe pemeHI'!e ypaBHe!!d ( 41) ), 

5-= 5-I0-4, 0.= IO, P$ = 0,99, 
(o) .,.., -6 

I- p = O,p, = -7,2-IO 
z ... -
:~-=1,4-fo , w = 1,4 

(o} -2- "Pz"" -0,9. Pr. ~C: -0,9, 
~--= 0,29, Vi = 18. 

6) CI~bHOe Heo~HopOAHOe ywvrpeHvte 

KaK Mlll BRlCS.JT'H TipH Bbrtrn:CJI8HY!Yl KoppeJI.f{QY!OHHOV: <fJHKIJ;Hiii 4> ( (..)) 
B BID, pe3yJibTaT Marro 3aBY!CY!T OT BbJ6opa r!JIOTHOCTII! .S.(l!.) npi1 yc-

pe,n;HemrH no pacnpe,IJ,eJieHJi!IO Heo,n,Hopo,IJ,HllJX ~oKaJibHbJX noneff. BosbMeM, 

,II,JI.H KOHKp€THOCTM, rayccHaH, a k{Wz) 6y,n,eM HaXO,Il,t1Tb C TIOMO~blO Bbl

p~8illi.H (26). )l.JI.H T8X lK8 6espa3M8pHbiX TI€p€M€HHbJX, ll"TO Jil B np8,II,bJ

~€M TIJHKT€, TIOJiyqHM ypaBH€HY!.H 
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JIM c1wpocT~ Wns ( rru:r ~ = t-si) ~s ( 1A l rroJJY'!I!Jl 

H.~ 1 F'J> '1 { ) ( ) 
Wrss =~~~(i-p;)(i+c.t.~) ..1, ~~~~~s 

1 
15 

~TO OTJ!lf'<aeTCH OT pe3y.IThTaTa BTIT (36) B ~.8{f-1-U..~P.1/fr pa3. 

PeayJihTaThi 'IHCJieHHOro pernemrn J'JJRBHeHHi-i: ( 44) MFl oOcy~., B c;re.nyromei1 

paC'lore. 

Yl:TaK, ORa3l:lB8.9TCR B03MOJKHll:'l! pacrrpOCT:paHHT:h CTaTl'ICTIFI8CK;flO 

reopmo na Bhl't.lliCJieHHe paa.mr-IH"DC cmrnomvc KoppeJI.ffiU'IOHHhiX rfJYHKIIH:1: JI.JLq 

Mai'IDITOpa36a.B.JI9HHl:lX CITHHOBhiX CHCT8M Ka.K TipH BHCOKKX, ~a.K M np:a Jt,OCT2-

T0'tff!O IDI3KHX rer.meparypax. B Hacromuet! pa6ore aro c.n;e.rrano .llJlfl cneRT

paRhHO~ TIJIOTHOCTH rrpO.UOALHOI'O CITRHOBOI'O KOp~SJiflTOpa, pe3yAnTaTl:l 

HCTIOJTh30BaHFl JlJIR Bhlt.rn:CJI8Hllfl CKOpOCTSM CM81UFIB8.IrnJl R.ll8PHOI'O 388MaHOR

CKOI'O H 3JI9KTPDHHOI'O CITHH-CITHHOBOI'O p939pByapOB B pa3~X CHTYffilHRX. 

B TIOCJI9~9M MH HaM9p9Hhl ITPOH3B8CTH 60JI89 H8T~hH09 COITOCTaBn9HH8 

C 9KCU8PBMBHT~HHMR peay~TaTaMH H paCCMOTpSTb p.qn CRTyaur,rti, He 

0XBal!8HmlX B JJ;a.lffiO:M" paCioTe: C;rytla.R M8.IlJI8HHOfi .FI,1l;8pHOf1 CIItrnOBO:i1 JU'IifY-

3KH, MenxeHHOfi CII8RTpanbHO~ nll~3KR B H80nHO~O.n;HO-ymRp8HHOfi nRHRH 

3ITP, a TaKX8 paccMOTp8Tb C~e.n;CTBRH ~aHHO~ TeOpKH B rrpo6~8M8 nRHffiARl!e

CKOM no~R3allKH ~ep. 
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