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1. BseAemre 

/1/ 
8 H8CTOrullefi pa5ore Ha OCHOBe T e OpHH, pa3BHTOH B , HCCJieAyiDTCR 

csolkrsa aarapMOHH'IeCKOH JlHHefiHOfi U9IIO'IKH C B38HMOAelkTBHeM Me)!(AY 

5JIH}K8lilllHMH COCeAHMH. XOTR 3T8 CHCTeM8 BeCbM8 A8JleK8 OT peaJibHb!X. 

rpexMepl! biX KpHCT8JIJIOB 1 HCCJie.QOB8HHe ee II03BOJI51eT K8'leCTBeHHO 05CyAHTb 

HeKOTOpbie CBOHCTB8 peaJihHbiX KpHCT8JIJIOB 1 8 T8K)!(e p8306pa T bCSI B HeKOTo­

pblX sorrpocax TeopHH 5naroaapSI B03MO*HOCTH nony'lHTb rrpocroe aaanHTH­

'leCKoe pellleHHe. B CBSI3H c aTHM Teopiui aarapMOIIH'IeCKOH nHneliaoM: nenoq­

KH 05Cy)!(Jl8JI8Cb B paMKBX 06bi'lHOii TeOpHH B03MyiUeHHii B PSIAe pa50T ( Ha-

/2-5 / /6/ 
npHMep, ) H B pa5oTe 5bin8 p8CCMOTpeH8 TeOpHSI B UCeBAOrapMo-

HH'leCKOM 1Ipl!5JIH)!(0HHH 1 He Y'IHTblB8IOIUeM rrpoUeCCbl p8C118A8 $OHOHI-Ib!X B03-

5y*lleHHI1. B H8CTOHllleli pa5ore o5o5lllaiOTCH pe3ynbT8Tbi rrcea.QorapMOHH­

/6/ 
'lecKoro rrpH5nH*eHHH 

/ 1/ 
8 p83JleJie 2 H8 OCHOBe pe3yJibT8TOB pa50Tbl BbiBOilHTCSI C8MOCOr-

JI8COB8HH851 CHCTeMa ypaaHeHHH AJISI orrpe.QeneHHSI cpeAHero paCCTOSIHHR Me)!(­

AY 8TOM8MH UeiiO'-lKH, 'l8CT0Tbl KOne6aHHH UeiiO'!KH H HX 38TYX8HH51 H BHYT­

peHHeii 3HeprHH. B pa3.Qe ne 3 HCCJiellyiOTC51 CBOllCTB8 JIHHeHHOH U0110'IKH C 

38KpenneHHb!MH KOHU8MH. noKa3 8!10 1 '-lTO B 8 TOM CJiy'lae U eiiO'lK8 ycTOH'lHB8 

ao aceii o6nacra reMnepaTyp. OrrpeAeneHLI ee caoi1craa a cnyqae Manoro 

aarapMOHH3Ma H nponeaeao cpaBHeane c pe3yJibTaTaMH o5hl'IHOR TeopHH 

. / 2-4/ . 
B03MyllleHHll , 8 pa3Jlene 4 HC CJiellyiO TC51 CBOHCTB8 UeiiO'lKH 11pH cjJHK-
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capOB8HHOM HaTH~eHaa. noK838HO, 'ITO UeTIO'IK8 HeyCTOA'!HB8 npH aOCTB -

TO'IHO Bb!COKOA TeMnepaType ana aocTaTO'IHO 6onbwoA saepraa aynesbtX 

Kone6aaaA . OnpeaeneHhl KpHTa'!ecKae napaMeTpbt a noseaeaae TepMoaaaa­

MH'!ecKax sena'!HH B6na3H H Baana OT KpHTH'!eCKOA TO'!Ka. 

2. CaMocornacosaaaaR cHcTeMa ypasaeaaA 

anR nHHe HHOH nenO'!KH 

PaccMOTPBM naaeAay~ neno'!KY anHHOH L H3 N + 1 oaaaaKoBhtX 

BTOMOB C M8CCOJ!: M , raMHnbTOHHBH KOTOpOH npH yqeTe B38aMonell:cT-

BHH TOnbKO Me~ny 6nH~8HlllHMH COCeARMH HMeeT Baa: 

N p 2 N 

}{.. H + H 1 = I -"- + _.!_I ¢ ( R - R 1 ) + H 1 , 
n..O 2M 2 n•l n n- \ l ) 

I l l 
rne npHHRTbl Te ~e o603H8 '!eHH 51, 'ITO H B i </> ( Rn- Rn-l -no-

TeHuaan saaHMoneikTBHH 6na~all:wax a ToMoB. B oaaoMepaoM cnyqae n eil-

CTBHe BHelllHHX CHn OTIHCbl BBeTCH BHe!llHaM H8TSI~eHaeM , npRno~eH-

HblM K KOHU8M uertO'IKH: 

N 

H 1 = r ( R - R 0 ) .. r I ( R - R 1 ) . 
N n n -

na l 
(2) 

npH paCCMOTpeHHH OAHOMepHOH UertO'IKH yno6HO BBeCTH Cpenaee paCCTOR-

HHe Me~ny 6nH)[<8A!IlHMH 8 TOM8 MH f H OTHOCH Tenb HOe CMe!lleHHe COCen-

HHX aToMoa,cornacao onpeneneHR~: 

R n- Rn-1=< R n -Rn_,>+ II n-un-1"' e + 11 n - u n-1 • (3) 

4 

I ~ 

rne cra THCTH'!eC Koe cpenaee < .. . > 6epeTCR no paBHOBeC F. 

HH~ CHC TeMhl C raMHnhTOHa8HOM II I ( CM. 
,jr 

(4) ) . 

P aaaoaecaoe paccToHHHe f Me~ny aroMaMH , cornacH 

Mep aoM cnyqae onpeaenneTCR H3 ypaBHGHHH 

r .. - _.!.._ 
2 

a <-a-¢ (R -R 
1
)>, 

R n n-
n 

KOTOpoe TIOK83blB8eT, 'ITO CpenHRR CHna, aeliCTBY~lll8R HB BT< 

• 
HHH paBHOBeCHSI, paBH8 Hyn~ (CM. (5) ) • 

ilnR OrtpeneneHHH '!8C T0Tbl KOne6aHHll UeTIO'IKH H HX 38T 

nonb3yeMCSI MeTonoM nayxapeMeHHbtX cjlyaKr.mli fpHHa. CneayH 

pHM onaocjloHOHHY~ cjlyHKUHto fpRaa: 

G , ( t - t ' ) = << u ( t ); u , ( t ' ) >> 
nn n n 

lk(n-n,) e 
1 ~ 

=~ k --- e 
2wk 

«A k(t); A~ (t ') » 

ilnH cjlyph e-o6pa3a cjlyHKUHH fpHHa, cornacao pe3ynhTaTaM p a e 

nyqaeM Bbtp a)[<eHRe : 

+ 
«A ! A» 

k k w 

2 w k 

2 2 
w -wk 2wkllk(w) 

rne w k -'laCTOTa a nceanorapMOHH'I_,eCKOM npR6nR~eHHH, or . 

• aaweM cnyqae ypasHeHReM ( CM. ( 23)): 

3necb n nanee ( * I ll ) o6o3Ha'!ae T cjlopMyny na pa6oThl 
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w2k 
2 

M 
< -1

_ -J."(R -R 1 )> (1-cosk f) • 2 'I' n n-

4 2 k f I (OJ) 2 
- I ( () , f )sin - 2- · "' --r- wok 
M 

(7) 

f'JJ.B W ok -'i8CTOT8 KOlle68HHfi B rapMOHH'iBCKOM I1pH6liH*BHHH C CHIIOBOfi 

!10CTOSIHHOH • MacCOBbiH orrepaTOp, COf'li8CHO (32 )*, HMeeT BH)l: 

n k< w > , I. 
' I> I> 

.. 
·v 

8 

2 
(-k,p,p 'll F ( p, p ', w l, 

rae ilJyHKUHH F ( p , p ', (lj ) B !1pH6llH*BHHH (35 )~ (36f 

F ( p , p ', w ) = 

H 

N 

- 2 

WI>+ Wp' ND + Np' 

2 
.!l 

w - (wP+wP•l 

p 
•< A+ A > 

p p 

w 
p .. --- cth 

p 

N - N ' p p w - w ' I> p 

2 w
2 -<w -w - )

2 

p p 

f 
p 

20 

(8) 

(9) 

<l>yHKUHH I V a I B c nyqae napHbiX C.Hll H B38H M OJl BHCTBH5! 6nH*8HlllHX co-

Ceaeli B OJlHOMepHOM Clly'!ae , COf'li8CHO (21 )*, HMB BT BHJl 

- 2 1 v a < -1t • P • P '> I -
~ {p + p '- It) 2 

[2._<¢"'(R -R )>] 
2 n n-1 

4
8 

2 1r. e 
-sin--

Ma 2 
N 8 wk (lj P w P' 

{10) 

2 2 

~(p+p'-lt) 2("' f)w w w 
g 17, k p p 

N a 18 <e. e > 

• 2 pf . 2 pf 
• Sl~ - · stn - m 

3aeCb 6bllJO ncnollb30BaHo orrpeaen eHne ·(7) " 

6 

f 
I 

LfACTOT<l KOIIB68Hall QD. HOMBpHOli UBI10'1KH f k , onpel 

l!JOC 8MH cpy HK U HII fp11H8 {6 ), H 3 8 TYX8HH e KOl!e6aHH ii , o npeJJ.el! Sl 

'18C Tb!O M<lCCOBOf' O On epa T Opa (8), p8BHbl 

2 
2 2 2 g ( (}, fl 1 

t . · wk + 2 Wk -I. ,ti(p+p' -k)w w ,ReF( p ,p 
8 I ~(} ,f ) N "" " " 

r·. (c k l· -lm llk <tk+iBl-

=- wk 

g 2 ( (} ,f ) 

8!8 ( () .f ) 
l ~ ( p + p ' - k l w w , lm F (p, p ' , f + 

N ""' " " k 

K aK BHD.HO, l!Olly'!eHHbJe Bblp8 *BHH5! ( 11), ( 12) H MBJOT T OT llCI 

14 I 
B 06bJ'!HOil TeOpUH B03MyllleHH 5! , HO 6118f'Oil8p 5! y '! e T y BKlll 

lllHX 110p5!D.KOB aHf'8pMOHH3Ma 13 H8lllBM I1pH6l!H*BHH H Clil!OBb!B 

I ( ()' £) If g ( () , f ) 3813HC HT OT T BMITepa T ypbl () If pace-

6liH *8HlllHMH COCB)l5!MH 

14/ 
Cnen yH , paccMoTpH M cny'!ali BhlCOKH X H HH3KHX Tew 

aenbHO. llonaT' aH B qJyHKUH H F (p,p ' ,c k ) .. F(p , p ', w k ) 

CYMM H j)OBQH H e ITO p .If p B ( 11) , ( 12 ) T BM *B MB T OD.OM , 

B pc3yllbTaTe nonyqaeM: 

a ) 13 Clly'!a e Bb!COKHX TB M nepaTyp: (} >> W L 

I(O,fl g
2

( (J, f ) 
2 = w 2 ____ [ 1 - e ----
k o k I 2 1 a({;l , f ) 

2 
"' w o k 

a 21 ( () . e ) 

g 2 < o. e > ~ 
r • < ( k > .. rk < w k > = e ---- w [ 1 + .., < " - " e> ~ < " + " e 

16 13(fJ , fl L 
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T'Ae CT8 THCTH"!eCKOe CpenHee < ... > 6epeTC51 no paBHOBeCHOMy COCTOSI-
11 1 ,if 

HHIO CHCTeMbl C T'8MHnbTOHH8HOM (CM. (4) ). 

111 PasHosecHoe paccTOHHHe Me*AY 8TOM8MH,COT'n8CHO ,s OAHO-

MepHOM c nyqae onpenenHeTCH H3 ypasHeHHH 

1 
ra---

2 
< _a_ cf> ( R - R n- t) > • 

() R n n 
(4) 

KOTOpoe nOK83b!BaeT, "'TO Cp eAH5151 CHna, AeHCTBYIOlll851 H8 8TOM B nono:>Ke-

• HHH p8BHOBeCH51, paBHa HyniO ( CM. ( 5) ) . 

ilnH onpeneneHH51 "!8CTOTbl KOne6aHHH uenO"!KH H HX 38TYX8HH51 BOC-

111 
nonb3yeMC51 MeTOAOM nsyxspeMeHHbiX cjlyHKUaif fpaHa. CnenyH , paccMoT-

paM OAHOcpOHOHHYIO cpyHKUH!O fpHH8: 

G , ( t - t ' ) "' << u ( t) ; u , ( t ' ) >> "' 
nn n n 

lk(n-n ' ) f 
~e «Ak(t);A~(t')» (5) 

k 

Il l ilnH cpypbe- o6pa3a cjJyHKUHH fpHna, cornacno pe3ynbTaTaM pa6oThi , no-

nyqaeM Bbipa:>~<eHae: 

+ 
«A kiAk»W 

2w 
k 

{6) 

rne w k -"!ac ToTa B ncesnorapMOHH~ecKOM npH6nH*e HHH, onpenenHeMaH B 

• Ham eM cnyqae ypaBHenHeM ( CM. ( 23)): 

Ill 
3necb n nanee ( >* o6o3Ra"!aeT cjlopMyny H3 pa6oTbi 
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LfllC T OTa KOn e6aHaii QD. HOMepH OH UeiT O'lKH l k 1 Onpeo.en HeM8SI ITO-

nJOC8 M H cpy HK U HII fp 11 H8 (6 ) 1 H 3 8 TYX8 HH e KOne68HH H 1 o npeo. e n Sie M Oe MI!H M Oii 

'l8C T bJO MOCCOBOr O On epa Top a (8) 1 p8BHbl 

~ 
~ ~ ~ g ( 6, f) I 

f k • w k + 2 w k - ~ , 1'1. ( p + p ' - k ) w w , R e F ( p , p ' , t ) , 
B f~O,f) N PP PP k 

( 11 ) 

~ 1'1. ( p + p ' -It ) w w , lm F (p, p ', l k + 
N PP , P P 

i ~ ) • 

( 12 ) 

KaK BIID.HO, llOny'!eHHbie Bbipa>KeHH SI ( 11) 1 ( 12) H Me!OT T OT )l(e BH!l , 'I T O H 

14 I 
B 06bi'lHOil TeOpUH B03MylU e HH SI , H O 6 narOD.8p S! ;Ytt e T y BKnBD.OB OT BblC-

WHX llOpHD.KOB llHr8pMOHH3Mll l3 HaWeM npH6n H>KeHH H CHnOBbie llOCTOSIHHble 

f ( 8. f) H g ( fl, f) 38I:IHCHT OT T eMnepa T ypbl 8 H paC C TOHHHSI Me>KD.Y 

6ni!>K8iiWHMH COCeD,HMH 

14/ 
C nenyH , paCCMOTpH M cnyttaA BhlCOKH X H HH3KIIX TeMnep a Typ OT-

nem.,Ho. nonaJ'a SI B cpyHKUHH F (p,p',tkl .. F (p , p ', w k) 
1 BhinonHHeM 

14 / 
CyMMHj)OBOHHe DO p H p l3 ( 11) , (1 2 ) T eM >Ke M e T OLtOM, 'ITO H B 

B po3ynh T a Te nonyqaeM: 

0 ) l3 cny'lae Bb!COKIIX Te M nepaTyp: 0 >> W L 

2 f<O,f l g
2 (0,f ) 

=W ---- [ J - IJ ---
k o k f 2 f 8 ( 0 , f ) 

7 

= w 2 
a

2

1
(8, f ) 

ok ( 11 a) 



B) B cnyqae HH3KHX TeMrrepaTyp: 6<<W L 

ll 2 f({J ,f) [ g,8,f) Q)L rr ll 
f k • wok 1 - -- (1 + -

2raco,i) rr 3 

tJll 

w2 
L 

));gw 2 a 2 (8,f), 
o k ll 

( 11 s) 

rne Q)ll a4f(O,il/M • Q)ll f(O,il/ f 
L OL -MaKCHManbHaH 'laCTOTa Kone-

6aaail: uerro'IKH s rrcesnorapMOHH'leCKOM rrpa6na lKe HHH (7). TaKI'IM o6paaoM, 

rrepeHOpMHpOBKa 'iaCTOTbl B D8HHOM IlpH6nalKeHHH CBODI'ITCH TOnbKO K H3-

MeHeHHIO CHnOBOH IIOCTOHHHOil: (He 3aBHCHT OT k ) • 

CanOBbie IIOCTOSIHHhle f ( 0, f ), g( 8 , f ) orrpenenHJOTCSI npoaason~ 

HhiMI'I caMocornacosaaaoro napaoro noTeHuaana. flpa BhJ'IHcneHHH ero soc­

rronbayeMCSI npa6nalKeHHeM (44)*, cornaCHO KOTOpOMY 

"" < (u - u ) 2>a 
< ¢>( R _ R ) >• ¢(f) • l-1- < n n-1 ¢ (2a )( f ) • 

n n-1 a..O 8 ! 2 a 
(13) 

3TO Bb!palKeHHe MOlKeT 6biTb 3aUHCaHO B 6onee yno6HOH HHTerpanbHOH <jlop-

Me: 
2 

X .. 
¢ u ) .. _f 

y2rr _.., 
d x · e 

---2 
¢<f+x)ull),. 

( 13a) 

(floTeHUHanhl C TBepnoil: cepnueBHHOH Tpe6yJOT OTDenhHOro paCCMOTpeHHH). 

KoppenrumoaaaH cjlyHKUHH 6nl'!lKaiimax coceneii MOlKeT 6hJTb aaiineaa 

UO cpyHKUHH fpHHa (6): 

2 
u ;a < ( u - u I )ll > • 

n n-

s 

2 
w k fk 

l --- cth -- ( 14) 
£( 8 ,f)N k 2c k 28 

8 cnyqae Bb!COKHX H HH3KHX T8MilepaTyp IlpH6lUDK8HH08 HHT8I" 

s (14) c yqeToM (11a), (11s) naeT 

all r7 .. e (1+ 
I 24 

a 
ll 

r -;;T - Wq'L ( 1 + 
rr 

ll 
a I W OL 

8 ll 
) . 

8ll , ll 

3 
{ all (I) OL) 

) . 
ll 

(tJ»Q)L), 

(0«wL). 

Bhipa>Keaae nnH sayTpeaaeA saepraa, orrpenensnomeA Tel 

Ill 
sa cacTeMhi, cornacao , rronHOCTb!O onpenemaeTCH nepeao 

'laCTOTOil: f k 

BHD 

• B cnyqae napHhiX can BhipalKeHRe nnsr aee 

E= .E'¢( f)+ -
1- l 

2 12 k 

ll 2 
Sck -2wk 

f k 

f' · 
cth _k_ 

20 

Y'IHThiBaH BhlpalKeaae (14) H (11a). (11s), BH,YTpeHHIOJO sHe 

38UHCaTb B BHDe 

N 

1 .. 
E=-¢<fl+ 

2 

1 

2 

- 5 - 2 
f( e . f ) u 2 + - r u 2 (a (8. e ) - -

6 

rne a =a ~ H3 ( 11 a) rrpH 0 » (I) L H a • a 2 1'13 ( 11 B 

TaKHM o6p.aaoM, Mhi rronyqana caMocornacosaHHYIO CI'IC 

(11), (13)-(15) H (4) nnH H3 y'leHHH CBOHCTB aarapMOHH'ieC 

ueno'IKH. 
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B cnyqae Bb!COKHX H HH3KHX TeMnepaTyp npH61IH)!{eHH09 HHTerpHpOB8HH9 

B (14) c yqeTOM (11a), (11s) aaeT 

ll 

a 2 f 
2 ,. () 0+ 

a l W OL 
) ' (8»w ), u 

l 24 ell L 

(14a) 

f~- Wqr_ ( 1 + , ll ell 
) ' (fJ«w ). a ( 14B) 

2 71 3 ll L 
( all Ql OL) 

Bbipa)KeHHe anSI BHyTpeHaeA saeprHH, onpeaensuomei!: TennoBhie csoi!:cT­

/1/ 
sa CHCTeMhi, cornacHo , nonHOCTbiO onpeaenlileTClil nepeaopMHpo~aaaoA 

• qacToToi!: c k • B cnyqae napHhiX CHn Bhipa*eHHe anSI aee ( 46) HMeeT 

BHa 

E"' .!!¢< f >+ -1
- I 

2 12 k f k 

c k 
cth--

2fJ (15) 

Y'IHThiBaSI BbiPB*eHHe (14) H (11a), (lls), BH,yTpeHHIOIO saeprHIO YA06Ho 

38UHC8Tb B BHae 

1 1 ... 
E .. -cp<f)+ 

N 2 

-n 5 - 2 
f( e . f ) u .. + - f u ll (a (8. f ) -

2 6 

f ( 8, f ) 
--->. 

f 
( 15a) 

rae a ~a ~ H3 ( 11 a) npH (} >> AI L H a • a 2 H3 ( 11 B) npH (} « W • 
L . 

TaKHM o6p.aaoM, Mhi nony'IHnH caMocornacosaHHYIO CHCTeMy ypasHeHHi!: 

(11), (13)-(15) H (4) anSI H3 Y'I9HHSI CBOHCTB aarapMOHH'19CKOH nHHei!:HOH 

ueno'IKH. 
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3. CaoficTaa nHHefiHofi uerro'IKH rrpH ~HKCHpoaaHHofi 

nm1He 

nony 'IeHH8SI C8MOCOrnaCOB8HHB..SI CHCTeMa ypaBHeHHH MOlKeT 6b!Tb pe­

lileHa B .SIBHOM BHile1 ecnH H3 BeCTeH BHa rrapHOr'O ITOTeHUH:ana B38H MOileH­

CTBH.SI ( 13). Bbi6epeM B Ka'IeCTBe MonelibHoro rr oTeHUHana rroTeHuHan Mop3e: 

-a('R -ro> 2 
g>(R). D [(e . - 1) -1]. (16 ) 

rne 0 -rny6HH8 ITOTeHUHSnbHOH .S!Mbl1 r 
0 

-cpeaHee :paCCTOSIHHe MelKay 

6nH:>!(8HlliHMH 8TOM8MH B rapMOHH'IeCKOM rrpH6nHlKeHHH. CHnOB8.SI ITOCTOSIHH8.SI 

B rapMOHH'I9CKOM rrpH6nHlKeHHH fa f¢ "(r0 )•0a
2

• nolib3YHCb pa3nOlKeHH­

eM ( 13 ) HnH HHTerpHpy 51 B ( 13a) 1 rronyqaeM cneayiOwee Bbipa:>~(eHHe ansr 

rrapHoro caMocornacoaaHHoro noTeHuHana; 

~ (E ) - 2 a (f -r ) 
'I' = 0 I e 0 

- a( f -r0 > y /2 

- 2e e 
2y 

I. e ( 17) 

rne y .. a 2 u 2 ( e ) . 

B a TOM pa3.ctene Mbi paccMoTpHM cnyqafi1 Koraa an HHa uerro'IKH ~HK-

CHpOB8H8 1 H8!1pHMep 1 f a r 
0 

"' c onst • 3 aMeTHM1 'ITO 06bi'IHO p aCCM8T-

" ( / 21314/,) pHB8 eTC.SI 8TOT cnyqaH rrpH Bbi'IHCneHHSIX no TeOpHH B03Mym eHHH CM, , 

llH!jl¢epeHUHPYSI ( 17) 110 f H rronar asr e - f 0 I rr on y 'IH M 

r<e.e >= + '¢ ( e ) = f ( 2 e 2 y y /2 - e ) • 

g(O,f) .. 
2 

'¢ ,, ( e ) '"' - f a ( 4 e 
2 

y 
y/ 2 

) . ( 18) 
- e 

I "' ( 8 , f> = - ¢'(f) .. ( e 2y y / 2 
- e ) • ( 19) 

a a 

10 

PaCCMOTpHM nanee OTAelibHO cnyqal\ Bb!COKHX H HH3KHX 

3a. BbiCOKHe TeMrrepaTYpbi: 8 » "'L ! noacTaB11SISI ( 18) B ( 1 

TOM ( 11 a) 1 rronyqaeM cneayiOmee ypaaHeHHe anSI 

A I ( y - AI "' ) ( 2 e lly - e Y /2 
-2y 

)[1 - 2~1 e 

y 

( 4 
-3y/2 :1 

-e ) 

( 2- e-3y/2) 8 

raeA
1
•D/8, .,.w 0~/2402«1 . J1erKo y6enH 

aTo ypaaHeHHe aceraa HMeeT aemecTaeHHbie peweHHSI nnsr Y > 

o6nacTH TeMrrepaTyp1 'ITO coarranaeT c pe3ylibTaTaMH rrceaaoi 

/ 6/ ro rrpH6rul lKeHHSI • Pe3ylibT8T8M o6bJ'IHOH TeopHH B03Myme: 

cTayeT cnyqafi 

y .. 

· 6 << 0 1 Korna y << 1 H paaeH 

(} () 
- [ 1 +- + 

n o 24 

2 
"'oL 
82 

7 (} 
(1---l] 

2 0 
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<\ d 
L 

Bbip8JK8JDUI an SI BHyTpeHHeii aHeprHH ( 15) a nSI y « 

N 
E --~+(}(1+ 

2 24 

w2 2 
OL I () 2 --l----<1+-

(}2 8 0 3 

w 

(J 

) . 
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PaCCMOTpHM Aanee OTA911bHO cnyqal\ Bb!COKHX H HH3KHX TeMnepSTYP• 

3a. BbJCOKHe TeMnepaTYpbi: () » w L • TioACTasnsui ( 18) s (14a) c yqe-

TOM ( 11 a), nonyqaeM cneAyiOmee ypasHeHHe AnSI Y 

-sy/2 2 
-2y 

)[1---e 
2A

1 

( 4- e ) 

( 2 _ e-8y/2) 8 
1- 1. 
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o5naCTH TeMnepaTyp, 'iTO COBll8ll8eT C pe3yllbTaTaMH llC9BAO!'apMOHH'i9CK0-
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CTByeT cnyqal{ . (} << D , KOI'll8 y << H paseH 
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- [ 1 +- + 
D D 

7 8 1 (1---->. 
2 D 
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24 

\.{acTOT8 Kone5aHRii UellO'lKH ( 11 a) H HX 38TYX8HHe ( 12a), BbJqHcneHHble 
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npH noMOlllH (20a), oqeBHAHO, cosnaAaiOT c nonyqeHHbJMH B pa5oTe 
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8 I 1-- [ 
D 

5 () 7 1 WOL 1-------
8 D 2 24 () 2 

1). () 1 w2 
_2_- OL 
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(22) 

(23a) 

x) . 
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H TerrnoeMKOCTH c v - ( kl N l ( aE I a() l v coarranaJOT c rrepBbiMH qneHaMH 

/214/ 
pa3nO:>KeHHSI B , Mbl MO:>K8M 1 KpOMe TOr0 1 rrony'IHTb Bbipa :>KeHHe An51 

H8TSI:>K8HHSI H3 ( 19): 
2 

3 f () 7 () W OL () 
r((J) .. ---[1+ 

2 a n 40 
+---(1--ll. 

24 () 2 D (24a) 

3a. HH3KHe IeMrreparypbi: () « wL • IToncTaangg ( 18) a (14a) H y'IHTbi -
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2,\ 

l(I-1.._ -y 
2,\ e 

2 2 2 

-8 y l 2 2 

( 4 - e l 
I (I+ y 

-3 yl2 ~;z 
(2- e l 2- e 
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e 

)] .. 
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paTyp 1 rrony'IeHHoe ypaaHeHne HMeeT pellleHHe nng y > 0 eo acelf o l5nacTH 

Te MrrepaTypbi 1 'ITO coarranaeT c pe3ynbTaTaMH rrceanorap M OHH'IeCKoro rrpHo­

/ 6/ 
nH:>K9HHSI p eaynbTaTaM OObJ<JHOH T e Opi!H B03MymeHHH COOTBeTCTByeT 

cnyqa lf A = rr D I w » 1 
OL I Korna y <<.! H HMeeT BH.ll 

1 1 2 
y .. -[1+ -+y(1+-ll. 

,\ 2A A 

B 3TOM cnyqae Bbipa:>KeHne n n n qacTOT bi KoneoaHHfi ( 11 a) 

l 2 
k 

.. w 2 !1-
ok 

1 
A 

~ - 1-+y(1-..JLl]l 
9 A .\ 

[ 1 + 

12 

(20a) 

( 21 a) 

~ 

fl 

~ 

/4/ 
coarranaeT c peaynbTaTaMH pal5oTbi • Bhipa:>Ke HRe nng Blf) 

rHR ( 15) nng y « 1 , 

1 

N 
E "' _...Q_+ 

2 

WOL 

rr 

5 1 1 ] [1 ---+ y(l- - l. 
9 A 4A 

H Bblpa:>KeHHe .Un51 TeiinOeMKOCTH C V RMeiOT TOT :>Ke BH.ll 1 

14 1 /2/ 
Te 1 HO OTnH'I8JOTC51 OT Bblp8)KeHHH 1 rr ony'IeHHbiX B (c 

141 
a ) • B bipa:>KeHHe nnSI HaTSI:>KeHHSI ( 19) RMeeT BHn : 

r((}) .. 
3! 1 7 1 9 1 

-[1+--+yO+ --ll. 
,\ 4,\ 2 .\ 2a 

3 aMeTHM 1 'ITO H8T 51:>K8HHe (24a) 38 C'IeT HyneBbiX KOneoaHHH 

HO OT Hyng H rrpH () = o. 

4. CaolfcTaa nHHeHHOH uerro'IKH rrpH ~HKCHpoat 

HaTH:>Ke HHH 

B cnyqae ~HKCHpoaaHHoro BHelllnero HaTSI:>KeHHSI r = co• 

uerro'IKH 3aBHCHT or T eMrreparypbi CHCTeMbi, Pac cMoTpHM en; 

TO'IHO Manoro H8T5J)K8HRSI, KOrAa paCCTOSIHHe Me:>K.UY aTOM8MI! 

nR'Iae TCSI OT p aBHOBe CHOrO paCCTOSIHKSI £ o rrpH r = 0 .. 
£ 

0 
orrpenenSieTCSI H3 ycnoaHSie t!> ' ( £ 

0
)= 0 H llpH Y'IE 

3 £ =r +-- y 
0 0 2a 

ITpH 3 TOM CHnOBbie rrocT051HHbie MoryT obiTb 3arrHcaHbi a BHA• 
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-y 
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/4/ 
coanaaaeT c pe3yllhTaTaMH pa6oTbi Bbipa>KeHRe anSI BHyTpeHHeii sHep-

rHH (15) anSI y « 1, 

N 

5 1 1 
[1- --+ y (1- -)l, 

8 A 4A " (23a) 

H Bblpa>KeHHe anH TennoeMKOCTH C V 

141 
HM8IOT TOT >Ke BHa, 'ITO B pa6o-

Te , HO OTnH'l8lOTC51 OT Bblp8>K8HHH 1 nony'IeHHbiX B 
/2/ 

(eM. o6cy>~<aeHH e 
141 
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-[1+ 
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7 1 9 
-+y(l+ 

4 A 2 
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H8T5I>K8HHH 

B cnyqae ~HKCHpOBBHHoro BHe!llHero HBTSI)!CeHHSI r = const anHHB L 

UeiTO'IKH 38BHCHT OT T eMnepaTyphl CHCT8Mhl, PaCCMOTpHM cnyqai{ aoCTB-
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0 
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e =r +-3- y 
0 0 2a (25) 

f1pH 3 TOM CHnOBble ITOCTOSII!Hbl8 MOryT 6b!Tb 38ITHC8Hbl B BHae 
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-y y 
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• -y 7 
g(O, L)oo-3afe (1+ -. 9 

p e Y ) (26) 

B anHHB UeUO'lKB UpH 3at18HHOM r pasaa 

L•N fooN(f 0 --T- eY), (27) 

rae p•3a r / f -Manoe 6e3pa3Mepao e aaTSI:>KeaHe: p << 1. 

4a, BhiCOKHe TeMnepaTyphi: (J >> w L , CaMocornacosaaaoe ypasaeaae 

ans:~ Y n onyqaeTCSI B3 Bbipa :>KeHBSI (14a) npB yqeTe (11a) H (26): 
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9 y y 2 y l y 
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I I 
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D 0 .. - ( 1 + 1,9 p - 10 TJ ) • 
0 10 

0 
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cacTeMhi. noao6HhiH lKe BhJsoa 6hm caenaa s ncesaorapMOH.F 
/6/ 

naweHHH 
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L 
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ao 

k 
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T,e, llpH 0 > 0 
0 CTSHOBHTCH KOMllliGKCHOH, qTo 03Raqae T HeyCTOHqHBOCTb 

CHCTGMbl. nort06HbiH lKe BbiBOLt 6bJn CLte!IaH B liCGBLtOI"8pMOHHqecKOM llpH6-
/6/ 

liHWGHHH 

3aTyxaHHe Kone6aHHii, cornacno ( 12a), s6nH3 H KpHTHqecKofi TeMrrepa-

TYPbi CTaHOBHTCSl 3HaqaTenbfibiM 
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B aToM cny~ae nepeaopMHpoaaaHaH qaCToTa, 3aTyxaHHe H . BHyTpeHHHH 
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~ 

~ 2 (} 11 0 
( .cu [l+p- -<--+5--+--

k ok D 2 D 24 

W OL 
- 3 p)] 
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9TH Bbipa•eHHSl Jl8!0T 3HaqeHHH, 5JIH3KHe K 
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f 
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(4la) 

COBD8Jl8!0T C 

fJ«w C . 4s. HH3KHe TeMnepaTyphi: L • aMocornacoaaaaoe yp 

y nonyqaeTCH H3 swpa•eHHH (14s) npH yqeTe swpa•eaH~ 
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()«w C . 
4s. HH3KHe TeMnepaTyPhi : L • aMocornacosaHHoe ypa sHeHae JJ.nsr. 
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eo a eo 
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MH 3H8'{eHHSIMH 1 '!eM B cnyqae Bb!COKHX TeMIIepaTyp, T,K . B Cnyqae HH3KHX 

TeMrrepaTyp y .. 0,5 
0 

He Mano. TerrnoeMKOCTb H KOscjl<jJHuHeHT nHHeiiH o ro 

p8CWHpeHHSI p8BHhl 

.. It 
2rr (J 

0+ 
2 

) ' c p 
3 WOL >. 

It 8 
-"- ( 1 

11 
a .. + ). 

a f w D >. (4 1 a) 

OL 

B bipa >KeHHSI ( 3 6a) - (4 1 a) MoryT 6biTb HCIIOnb30B8Hbi AnSI cpaaHeHHSI c pe-

aynb T 8 T 8MH 06bi'{HOH TeOpHH B03MyWeHHH !IpH QJHKCHpOB8HHOM H8TSI>KeHHH B 

o 6 naC TH HH3KHX T e MrrepaT yp . 

3 aMeT HM 1 B 38KniDqeHHe 8 TOr O p83Aena, '{TO OTH OC HT e nhHOe CMem e HH e 

8TOMOB B KpHTHqeCKOH TOqKe K8K H B cnyqae B b iCOKHX, T 8 K H B cnyqae 

HH3KHX TeMrrepaTyp OK83blB8eTCSI M8nbiM: 

.. 0,2. 

5. 06cy>KAeHHe 

111 
TaKHM o6pa3oM, pa3BHTaSI B TeopHSI aHrapMOHHqecKoro KpHCTan-

na II03BOnS!eT OTHOCHTenbHO !IpOCTO HCCneAOB8Tb CBOHCTB8 OAHOMepHOH pe-
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it> 

W9TKR B WRpOKOM KHTepBan e TeMnepaTyphl e y'!eTOM BH9WHero aaBnBHRH. 

Do.ny'leHHb!9 npR 8 TOM pe3yllbTaTb! e TO'lHOeTb!O AO '!ReneHHbiX K08QQlHUHBH­
/6/ 

TOB eoBnaaa~T e Bhl BOABMH neesaorapMOHU'!eeKoro npH6nHMeHRH • D p R 

~RKeRpOBaHHOH anRHe UeiTO'!Ka yeTOH'lRBa, R B enyqae Manoro aHrapMOHR3MB 

pe3yllhTaTbi paeqeTa xopowo eornaey~TeH e pe3ynbTaTaMR o6bi'IHOH Teo-
/ 2-4 / • 

pHH B03MymeHRH • DpH ~RKeRpOBaHHOM HBTHMeHRH ueno'!Ka HeyeTOH'lR-

Ba npH aoeTaTO'!HO Bbte OKOH TeMnepaType e >eo D I 10 (eM. (29a)) unR 

aoeTaTO'!HO 60nblliOH 8HeprRH HyneBbiX KOne6aHRH 1 Koraa 6e3pa3MepHb!H n a­

paMeTp eBH3R eTaHOBRTeH M9Hblli9 KpRTR'!eeKOrO A <A o"' 6 ,8 ( eM, (29B)). 

B neesaorapMOHR'!eeKOM rrpH6nHMeHKR tihinO rrony'leHo: e ~p 12, Die > e 0 

(ph) / 6 I 
H A 

0 
.. el2 < A 0 , T.e. yqeT npoueeeoB paerraaa ~OHOHOB rrpR-

BOART K yMeHblli9HH~ KpRTR'leeKOH TeMrrepaTyp bl H ysenR'!9HH~ KpRTR'leeKD-

ro 3Ha'!eHRH 6e3pa3MepHoro rrapaMeTpa esH3R, 

VIHTepeCHO OTM9THTb 1 'ITO BbipaMeHRe anH KpRTH'!eCKOH TeMrrepaTypb! 

(29a) C yqeTOM (30a) M<;>MeT 6b!Tb 3aiTHCaHO B BRAe COOTHOllieHRH 

2 
WO. L . ., 

15 

u! I f2 

__ eo_ ... 
Me 2 

e 
3,7 .10 2 __ o_ 

Mf2 ( 42) 

171 
KOTopoe RMeeT BRA KPRTepHH JlRnaeMaua ann TeMnepaTypbt nnasneuRn • 

llpa 8 l'OM e 
0 

OKB3biSaeTC H npHMepHO B 1,5 pa3a Bbillie TeMnepaTypbl 
171 

rrnasneHHH ann pnaa KpHCTannos (eM. ). 3To, no-snanMoMy, yKB3biBae T 

HB TO, 'ITO o6naeTb HeyCTOH'lRBOeTH BHr BpMOtiH'leeKUX KpRCTannOB ne>KUT 

Beeh Ma 6nH3KO K TO'!Ke rrna Bn CIIHH. Do8TOMY KpRTH'leeKyiO TeMnepaTypy 

(29 a ) HnH (29s) MO>KHO paeCMBTpRBal'b KBK BepXII!O!O OUeHKy anH T8Milepa­

Typ bl nnasneHRH. DOnee CTpOrHe Bb!BOAbi , OAHB KO, MO>K HO 6yaeT eaenaTb 1 

paecMorpeB TpexMepHy~ peweTKy. 06o6meHHe Ha TpexMepHhlH en yqaii npea­

nonaraeTeH paecMorpeTb B _cneayiOmeft pa6ore. 

B 3aKniO'!eHne HaM xoTenoeb 6bl no6naroaapHTb f.KouseHTa 3a o6c yM-

A9HRH. 
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