
gol~-f:>l 

K.PoApHrec, B.K.~eA~HHH 

XAPAKTEPMCTMK" OORHPOHA 

COOtilllBHMR + 
Oti'bBAMHBHHOrO 

MHCTMTYT8 
RABPHbiX 

MCCBBADB8HMM 

AYtiHa 

Pl7-80-745 

8 RMHEHHOH MO~ERM BOrORIDBOBA 
llPM KOHEqH~X TEMOEPATYPAX 

1980 



I. OnpeAeneaMe nMHeRaoR MOAenM 

PaccuoTpHM rauHn~TOHHBH ~penHxa, onHcuBa~~R BSBMMo~e"CTBHe 
aneKTpOH8 C npo~on~HUMH onTHqeCKHMH ~OH8MH B HOHHOM KpHCTanne/lf: 

~ ·-4 
" t' "' ~t" !) "i(K) " A+ tK•~" H=- + ~w(OtOil+2 + ~ -- (a.K"* a_it )e • (I. I) 

zm K ~ ~2~n 
.: K· ;t 

EcnM B raMHn~TOHHBHe (I.I) paanoEHT~ .e B pH~ Te"nopa H 
c~enaT~ npeo6paaoBBHHe 

" " ,t(K) a ... -> a. it- ~, 
k C.U>~2.wn 

TO nonyqaeu 

A~- !.l ilcK) + r + l_.w(a~ait+ 1.)+) ~ L(K)(t.~\a :t-\.... 
1l K 2- wt 2M 'K Z ~ J2wiL K -1</ 

K 

( !..l K1.{{r,')) '('-q- ') {(K) (K·Vf)\~jl-1-Q~K) + •. •. (1.2) 
+ \n 1 31.U2. ~ bwfl 2 

CoxpaHHH nepBue qeTupe cnaraeuue H aaMeHHH KBa~paTHqaue qneau ~
~eKTHBH~ noTeHUH8nOM ~ ~ K;;~) 1 nonyqaeM npH6nHBeH-

HY" rBMHn~TOHHBH 

" 2 "'1. t" . 2 2. 

t·{:- ~~ t(K) +±:+1wto}a;~~)+L: 3c~ ~ + 
>~ .. 2 c,J 2rfl .. .. CiJ ~ 

K ~ K 

+ ~ L i_(r;) I-+ -+ A At 
K ~twSt ,K•I")(O.it+O._"K). 

jo F.bCJ"1t•r::HHblc' '.~,~cn-:nr 
I .. "'" ,... •v '·ccn- '"'BA . I n......:.~.r-: ..... : . , .. , ...... u r 

! 6~~n~OTEK/\ 



• I 

raM>1JLbTOHl18H H O!Il1Cb!B8CT OC!.(IIJ!JlHTOp, B38HMO,llet\c TBJIOI!\>1!1 

11 poe TbiM o6p:J30M C ·1JOHOH8Ml1, II PH'·! eM liOTeHU>18JI:OH8H HM8 ,B KOTOpOtl 

li8XO,llHTCH OCUHJIJTHTOp, O!Ipe,lleJieHa !IapaMeTp8Ml1 B38>1MO,ll8MCTBIIJH C ipO

HOHHbiM IIOJICM, raMHJI:OTOHl18H (I.2) l1 KJin,lleTCR B OCHOBy JIIIJH8tiHOH MO

)(CJIH: 

A 

Ho= 
t, . ~+ ,. • n<~C.:HK'·?> " "+ L + .!.. l'2r2,+ l W (QKO.l+ t) + t f ~ (a~+Q_,t) 1 

2 rfl 2 it K 2 w (I. 3) 

z _ _!_ \ t<:tJ\
2
(K) 

t- J)_ ~ 3 \;\}2, 
1<. 

TaKaR MO.llCJI:o 6b!Jia npe.llJIOJKeHa EoroJII06oeur/2/ H Hccne.aoeaHa 

npiiJ l13jtJef!Hl1 KHHCTHKH .ZlBWlt8H>1H liOJiflpOHa B 3JICKTp>1tteCKOM !IOJIC, 0T

M8THM, tJTO W l1 J\(1<.) (I.3) He 06H38TCJI:OI!O COB!18,ll8IOT C W 

M ilK). 0HH MOryT ClbiTL l1C!IOJI:030D8llbl B K8ti8CTBC B8p£18UHOI!I!HX na

paMeTpOB, tJTOdb! O!ITHM8JlbHO (B CMbiCJie H8HJ!Jt!W8H 01.(81!KH .l!J!H CB060,ll

HOtl 3HeprHH) 81I!IpOKCHMHpOB8Tb MO,llCJ!b :PpeJIHXa P8M£1JlbTOHH8HOM (I.3). 
CBR3:0 MC'K.l!Y JIHHetlnoH MO,llCJ!biO H MO.ll8JibiO, HCflOJib30BBHHOH ~etlHM8HOM 
a13- 51, 6y :te T yc TaHOBJieHa B na parpatiJe 5. 

Vi3 C!IOC06a liOJiytiCHHfl P8MliJ!bTOHl18HB (I. 2) MOJKHO OJK!I,llaT:D, tJTO 

JIHHCtlHBH MO,llCJ!b XOPOWO 8fl!IpOKC>IMHpyeT B38HMO,llCHCTBHe 3JICKTpOH8 C 

.llJIHHHOBOJIHDBb!MH :pononaMH, tl>Hryp>~pyiOI!\HM>I B (I. I). OoM>!Mo a Taro 

MO,ll8Jlo (1.3), K8K 6b!JIO OTM8ti8HO B/2/, ,ll0!1JCK8CT TOtJHOe perneH>Ie 

H COXp8Hf!CT H8CKOJ!bKO OCHOBHhlX OCOCleH!IOCTell P8Ml!JlbTOHH8H8 •Llpe
JUIX8, K OClCJlK,ll8Hl110 KOTOpL!X Mbl I! !ICpexO,I\HM, 

2. CBOt\CTB8 JIHHCt\HOH MO,ZlCJIH 

B padOTe/
2/ 6NJIO IIOKB33H0 0 tJTO: 

a) P8Ml1JlbTOHHBH (!.3) l11188pl18HT8H OTHOCHT8JibHO npeo6p830Ba-
Hllf! 

,. 
oit g. 01( + r n(K)(K•U) 

whwn.. ; 
--. ~ ~ 

f'91"+Q (2 .I) 

2 

\' 

t~ 
i; 
I !, 
~~ 

·.il' 'I ·J: 
/i '· 
J:, 
•.· .. 71 ''f' 

l'i. ,I 

I ;f 

II 

t 

1: ... · 
' 

i ... ,::~ i' ' 

~--

6) HHB8pH8HTHOCTb OTH.OCHTC11:0HO npeo6pa30B8HHH (2.1) 11p11BO-

;nv.T K coxpaHeHHIO BeKTOpa <Yo , KOMMJTMpyiO!Ilero c H0 : 

1\ - A At) ~ _ ~ _ ~ K J1(K) (Oi(>+Ok j 

6'o- r - wh .. wn.. 
K 

(2.2) 

B) CC1JM yqeCT:O, t!TO B !IpHCJTCTBMM O,llHOpO,llHOro 3118KTpHqeCKO-+ ,6 A _.., ..... 

ro nOJIR E ( t} raMMJJLTOHMBH C>ICTellbl HMeeT BHJI Ho = Ho-e Eli)• r, 
TO 

,. 
d &to ::: 
dt 

·r"" ~ ..... 
LL Ho 16'o ]=- e E(t); 

r) K8HOHMt!CCKOe npeo6pa30B8HHe 

~ "b • lk•t)J\(K) "o.-t "bt • (K·r)JH~<.) 
O.• = .. -l • l = it+'- ; 

K ~~. wJ2wn. 1 w h .. wfl.. 

&=f-I K.~lb;+b~) 
0 it 

" ..... 

(2.3) 

(2. 4) 

!103B011H8T H368BMTbCH OT r M aanHcan Ho B !Ipe,ll.CT8B118HMM 

11 !1011HOro HMnyJII:.ca" &o : 

... ~ ,. 2 " " 2. -+ - ,. "-t ... .... " •t + H =eo + L w (b~ b;-+ i )+ m L )(K)•eolbtb.t)t l ~lit}·~(it 1)(b.t~){~j+li.~ 
o 2m 'K 1 ttl K " ' 

(2. 5) 
r.ne 

~(i(}= 

3 

/ 
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flyer:& renep:& Eo(,,O.,) H 1~,~.,) "- co6crBeHHble BHa-

t!eHHR H C 06C 'l'BBHHbiB BBKTOp!i r8MHJI:&TOHHBH8 H<l ; 8~8C :& <f.. - non-

Hbl~ HMnyn:&e,a , 0608H8q88'1' H860p OC'l'BJI:&HbiX KBBH'l'OBbiX qHCBJI. 

[14 0 - Eo('lj 1i9o)] \'1 1 ~o)=o, 
7 '6' r o ... ;t, (2.6) 

(~ 1 1Ya1~ 1 G"o )-= C>J'"\' ~.,,&'o. 

-B Bblp8~8HHH (2.6) &o MOEHO CqH'l'BT:& C -qHCJIOMi ~W~BpeHUH-
pyR no <9o , nonyqaeu 

[ ~- ot.o<:J,&:)] ,11,&..> t- [Ho- fo<,,&")J k 1,,~ .. >= o 
61Yo ao. r " 

H C yqeTOM (2.6) 
,., 

.,. )He. I -
{~ 1 6'o\ -,r ,,!S>o)= 

#ITo 

Ho cornacHo (2.4),(2.5} 

'aEo<j,~) 
a ego 

.. ,. ~ 
oHo '§ ~ .., ,. " ~' -t -f:> ~ :: -! + {;;; 1. t. ( 10 ( b.t + b;) = - , 
a 6'o t'f\ I'Y\ ; I'V\ 

qTQ nOBBOJIRBT yCTBHOBHT:& CJie~ym~ee CBO~CTBO; 

~) cpe~R.R cKopocT:& aneKTPOHa V('l),e.,) B cocTORHHHI,,iP") 

~aeTcR cne~ym~e~ ~opuynoM: 
~ ~ 

_.. -+ ~ f .... 4Co(~&c.) 
V(~,fo):: (1 1<ro1 m \'Y},!S'o):.: )~ • (2.7) 

AH8JIOrH4Hbl8 COOTHOWBHHR noJiyqeHbl EorOJIID60BbiM B/6/ H ~JIR MOAB-

JIH ~peJIHxa. B cnyqae raMHJI:&TOHHaHa (I.I) onepaTop nonHero HMnyn:&

ca ~88TCR ~OpMyJIO~ 

!. ~ .,.. A 

{?: -b-+ ~ K Q'KCl.t • r ~ ~ A 
~ .... .., 

0'!MBTHM, O.li.HBKO, qTo MeJimy one p8TOP.2fH ~ H (9o cymeCTByeT 

npHHUHl!HBJI:&HOe p83J!HqHe. OnepBTOp (9 HBJIRBTCR onepaTOpOM MBK-

pOCKOl!HqecKo~ BeJIHqHHbl1 OTHOCRI!IBIICR KO BCeuy KpHCTaJJJIY H B OTCyT

CT!li!B B38HMO.ll.BI!CTBHR, a ~0 B OTCYTCTBHB B::lll.HMO,IIeaCTBHH COBna-

4 

i ; ~ 
~~ 
I] 

'il' 

~~J 

( 

j;:t~ 

~· 
(', 

l ,. 
~r 

i
,, 

' . . 
. 

~ 
;naeT c onepaTopow HMnyn:&ea aneKTpoHa 1' H, B o6meM cnyqae, RB-

JI.ReTCR onepaTOpOM l'lMl!yJI:&eB KB83Hq8CTHUbl. 

3. nl'larOHBJIH38UHR raMHJI:&TOHI'lBHB {2.5) 

raMHJI:&TOHHBH (2.5) MOEHO ~8rOH8JIH80B8T:& MeTO.li.OM 

KHx npeo6paaoBBHH~ Eoronm6oBa. TiycT:& 
A A 

,.. " "t ~ + .... ~-b=ol. _~(K)•O', • ~=~ .. _A(~~;l•&a 
t t W m'fZ ~ 2 ' K K W m 'h. v 'l. ' 

2 2 
2. 1. "\ I< Jl (K) 

v = 1 ~ n L 3 IV\ w4 

KBHOHHqec-

(3.1) 

(3. 2) 

A. A+ 
H onepaTOpbi d.; , (}.~ Y.li.OBJieTBOpRIOT 60S8BCKI1M COOTHOWBHI'lRM 

KOMMyTBUHH • Tipeo6p830B8HHBM (3. I) rBMI'lJI:&TOHHBH (2. 5) npHBO,l\11 TCR K 

BH.l\Y 
A 2. 

" 1 &. w ) l ... ' A t A I ·' r A ~' " + ... + '\l Ho=-awl'~-i)+ _.<~_ + l 2 -+fi.\SCK,ii: )ct,;ll(£1 +z R(~,K.) LoiKO!i('_.."\t~'Jj. 
4 2mvz it it, ... ' 

(3.3) 

KBa~paTHqHaR ~opAa no Close-oneparopau 

1\ j, I " ·+ A. 1 •I ~ • ,.. ·+ 1\ t ] l 
!'f=}._lSli<,K)oljta~,-+ -zRCl,K)to..t«R'-to<~di< 1 

, (3.4) 

"•" 
- •I ul t' - ~,. - 1 _., - -+ ~I S(IC,d"'" n oit,K'+ ').(td·).(K) j RlK,I<. >='A(it)·).(ll.) 

(3.5) 

MOlleT 6b1T:& 'HarOHBJIH30B8H8 !.leTO].IOM u-v npeo6pa30B8HHR Eoronm-

60B8 (CM./? ). TiyCT:& 

" 'li: • .,..1 A ,. .. I At t ~ .. I "+ - .1 A 
0.;:. ~ U,(k,,.)p~,+lJ'(K,K )rk' j<i.K=~'Wl,t<.)~i('+lf(K,k.)rj(l,(3.6) 

" Tor~a 1' npHHl1MBeT BH~ 

" •I .... •I 2. 'T~ -l E(K) hflt<,K )\ + L. 
rt1K

1 ~ 

"t 1\ 

E(it)rKr-:, (3. 7) 

ecnH ElK) , 'll(i(,it') H "\fli<,K1
) y.n.oBJieT:BopamT cHcTeMe ypa:aHe-

Hl'l~ 

5 



I 

[f(Kl-W]'U<K"1,itl= }l~ 1 l·~ rc~>[uc~,IZ') +-1f(it1)K)]-: ).(K
1>·A(t), 

"' 
'[ ] I ,. I -+ ,_. I -

E(i()+ IN u(i<, K) =- ).(K >•t :1\(t;) [ucl?i,itl+'lf(KJ.)t] =- ~(K l• Alit) 

II JCJJOBI1HM OpTOPOH8JJ:OHOCTI1 11
1 

HOpM11poBKI1 (J.S) 

- ~ -t -+ -ol ... ~ (...,. ~I) (' I 2._. U(K11 K\1.l(K11 K )-U(I(.1 1K)·lf K'
1
,K = <Jitl(, 

kl 
'\ ~ -t - ~1 ~1 -+ -+ Q (3,9) 
L.. 'U (K11 K )\J(KLJ K )- U ('\ 1 K) lf( K.1 1 K) = • ., 
1(, ... 

ECJJI1 K np11HI1MaeT N aHatieHHA, cyll\eCTByeT Tpl1 pemeHI1H c 

E<it;l= wv· ( ~ = I,2,3) 11 N -3 peweHI111 c Eei<>= W (K,.K;), 
;lle!1cTBI1TeJJ:oHo, nycT:o E(Kilf W , Tor,n;a 

•I ·-+ -+ +I U( K K·)- 'A(K). ACl·) 
l \ - ' 

E<K;)-VV 

_,.. "'(~' ....,. 
1S(K

1
K,:):- /\ .. >·A(K) 

E(K'.:>t-W ' 

L3 (3,8) CJJe,n;yeT, tiTO 

E<K~)= wv, 

8 113 (3.9) 11MC8M 

(3. IO) 

(3. II) 

--+1 ~ J w(ll-H)-. ~1 - ::>1 • JW(V-1) ~ ~1 -
U(K 1K,)=- -(-- '>-lK ).e~ ·1 "\fl~~o,K,:): --(-) ').(K >·e.-, (3 I2) 
• 2V \).1 Zv Y+i ' 

r.n;e e~ ( ~ =I ,2 I 3 )- OpTOHOpMaJJ:OHble BeKTOpbl. 0CT8JI:0Hh!e N -3 
pemeHI111 COOTBCTCTBJIOT CJJJti810 £(K): W 1 11 113 (3,8) 11M88M B 

3TOM CJJJti88 

_..,,
\f(K 1 K)=O, 

... ~ 

K t- k~ • 
(3,!3) 

... """> ..... -~ B T8KOM CJJytiae U ( K. 1 II. r1p11 K -t K.: Or1pe,n;eJJHIOTCI1 CI1CTCMOlt 

N (N-5) yp8Bli8HI1tt: 

' ~ """ .... """') .. -LJ).(~)U(K1 ,K =O, K~Kc 1 
ICl 

"r -+ ... - _.,, ('I - .... ... 
L.1A(K11 J<.)1AlKi 1K)= Oj(i(l, K,K 4: K; • ... 
1<, 

6 

(3. I4) 

~,~. k . 
Mr·_ 
~·,~, 

·~ C yqeTOM (3.II),(3.12),(3.I3) HMeeu AXH T 

~ 3 w 2. .. '"+ ,. 
'T:- 4 (~-1)+ t r(ldrjtri( (3.!5) 

~ 

11 ,ll;JIH H0 

~2 3 
f. 61 ~+" " ..,·+' 
H :: !Wlv-1)+ - 0 +LaW(~.tRt+Q;)+W(v-i)LJ Bi(.P.>K. (3 I6) 

0 2 2IYIY'2. it I r i=J. ~ '\ ' . • 

4. Co6cTB8HHble aHepr11H 11 CB060AH8H aHeprHH n11He~Hott MOAeJII1 .. 
CornacH~ (3.I6) aHepr11H co6cTB8HHoro cocTOHHHH I'V),(9o) ra-

MHJJ:DTOHI1aHa Ho 6y,n;eT paBHa 
-+2. 3 

Eol-YI,Go)= l.w(-J-i)-t (9a ,,-1 -+ l. Wt'Vj-r+i) + L. Wlv-i)'Yj;. (4. I) 
1 .l. 2m v it •~1 • ' 

r.n;e ~=\~111 ~ j;t•01i,···. 
Cpe,ll;Hflll CKOpOCT:O 3Jl8KTpOH8 B aTOM COCTOHHI1H cornaCHO (2.7) 
BHpaKaeTCH $0pMynoR ... 

_.. - &o 
V(,,(9o)= m~2. , (4.2) 

T8K tiTO 

·... 1 ... 2. :J 
Eo('11

1
fo)= ~Wlv-i)+ ~mo V + L:;W('nt .. i)+W(v-1),411;. (4.3) 

I 1. ~ .. I , 1,, 
K \=1 

• _,2. 
r,n;e n'l

0 
= rYl Y - a<WJeKTI1BH811 M8CC8 KB8311ti8CTI1Ubl. ,li.JIR CT8TI1CTI1-

qecKott CyMMH 11M88M 

1... -+ -~ ~ r- ) 

~ d9o \ -BEo(, 1c9o) TI(e, -Bro(l~ 
l l.e.h - ~ e r -= e r 1 

o I (2.n)5 t'\;) t 1-ePw , 

npHtieM Fa ( r) ,n;aeTCH WOJfo!YJJO~ 

7 



• 

fo(C>)= ~ vV l~-1) ~.a lo ~ + 1_ 1 t-€~wv 
1 -<- 2-p rvr~~ ~ ,. 1-e~w (4.4) 

l!CllOJI:b3JR ,li8HHOe KOHKpeTHOe DblpaJKeHHe ,liJIR Fo (f) 1 HeCJIOlltHO flO 

06blqHhiM iflopMyJiaM TepMO,llllH8MllKH llOJiyq~ITb Cpe,liHIOIO T8pMO,liHH8MHqe-

CKJIO aHeprn10 t{.(p)=; p Focr), aBToaHeprHIO Ua<p>- 2
1 

H ,n:pyrHe TepMO,liHHaMHqe~KHe BeJIHqHHhl KB83HqaCTHUbl. p 
JlJIR ,li8JibHeltwHX npHMeHeHHM 3THX pe3yJI:&T8TOB ueJiecoo6pa3HO Bbl

'l:ICJIHTb CB060.liHYIO 3HeprHIO B CHC TeMe OTCqeTa 
0
,liBHr8IOI!IeMCR CO CKO

pOCTb!O -V . PaMHJibTOHH8H llpHHHMaeT BH,ll .. 
" I " -+ ..... Ho= Ho-V•&o, 

H CT8THCTHqeCKHit onepaTOp ,n:aeTCR Tenep:& ifJOpMyJIOit .. 
§o<v)= e"p\-~(Hu-v·67o)l. 

CT8THCTHqeCK8R CyMMa BblqHCJIReTCR C5e3 Tpy,na: 

S ~ .. <~>= n ( e-~ )e:~Fo<~)v> 
r : \1-erw ' 

(4. 5) 

r ~ 1 ~ ~~ 
ro(r~v>= Fo(r)- 2m(~)V • 

5. CBR3b JIHHeltHOit M088JIH EorOJII060B8 C MO,lleJI:&IO ~eltHM8H8 

B pa6oTaxf3- 5 ,B-!O/ B KaqecTBe MO,lleJIH ,llJIR B8pH8UHOHHhiX pac

~eTOB B TeopHH llOJIRpOHa 6b!JI8 HCITOJ!b30B8H8 MO,lleJI:&, B KOTOpOit 3JieK

TpOH llOJiarMCJl. CBR38HHhiM He C peweTKott, a C H8KOTOpOit ,llpyrot;l "ifJHK

TilDHOit 'l8CTHUelt"nocpe,ll,CTBOM "npyJKMHhl11 • raMHJ!bTOHH8H T8KOt;l MO,lleJIH 

HMeeT BH,ll/Il/ 

A't 

H=f-+ 
4> 2~ 

.,ht1 ... _, 2. 

...L + .!.Kir-r-1 , 
2.M 2 

(5. I) 

8 

"".'IJ 
·;·.J) 

,, 

.J 

.. ,: 

u 
'II: 
i.'.i~f 

'+; 
~~~ 

:,~,p 

a pe,n,yuHp0B8HHbl~ C TaTHCTHqecKHn onepaTOp 3JieKTpOH8 B ITpe,llCT8BJI8-

HH¥l KOOp,llllH8T 

3 A 

O";(r~ ,~) ~2sh ~;)~d; 1 < ~ '~ 1 1 e ~ H~ \ ~~ ;t) (5.2) 

Dhlp8:!8JIC R qe pea KOHTilHJ8JibHbltl llHTerpaJI 

... -+ 
l'(r) = r1 

0"~ ( f7 /~.) ~ J:.. ~ l\- ·• So [ ~] 
Jl. .) or Q, 

i=(ol=r1 

rM , ~ 

(5.3) 

~ \\ -wlr.-r.\ 
SJt) = ~ )<h 71't') + ~ ))dr1dr~ l~(T,)-t(1:'1l· t ~-e-~w+ 

IN l't,·T~I 
_e __ }, 

C) 

W=~ 

0 

<:~ MWJ 

4 

(5.4) 

}lJIR JlllHeltHOt;l MO,lleJIH (I. 3) COOTB6TCTBJ!Oilllllt OITepaTop OITpe,Z~eJHreTCR 
Bhlp8.'KeHHeM ,.. 

r.ne 

... ... ~ dQ <r; ,Q tePH" 1 ~)Q.) 
Cia lrl.,rz.)"' -~ 

D (1~e:~w) 
J( 

Q.:: {<lit\ - Ha6op KOOp,llllH8T OCUHJIJIRTOpOB peweTKH, 

, 

~ • ~ "+ • rw t r" "+) • 8 qKtw· (Oit ~QK)i ~,r" ~2;' (ai(+Ol); ~tt,-f>Jt =\ J(i 1 
1 

T8K 'lTD 
.'I. 

.. " 1 1. l '5' t'1 1 2. ' Jl(K)-. + 
H =Lt!.l'r+ 

o 'l.M 2 
z L., \ r.t t W 1;() + L. In K• r(u) qt<U) • 

~ ~ vil 1 
. + + 

(5. 5) 

KDHTHHyaJI:&HOe npe.ZICT8BJieHHe .liJIR cro ( ri) r1.) 

OITHCaHH~ B/II/: 
llOJiyqaeTCR MeTO,liOM, 
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i 
0"0 lrt,fa.).,_ Jl 

lllllll.lliii-·I·I·IIIIIIIIIIIIIIIIIIIIIIIII···IIUIIIII lllllllllllll lllliiiiJI llliiUIIIIIUil-llll--~ 

(f<rl=i; ( t (!> ) ~~ J~G. e- )
0
du HJrcu>,Gl.lu)l 

fco)=f. . ~(o):: Q.~) 

n e-~ ' 
.. -~W 

!.l K i- e • 2 2 2 .D(K) -" _. 
,, UG.1_1V11'"+!.ll'1f2.+·L).ait+WO·.t+L.~ t<•r 9K 

r ,ne H 0 1 - 2 2 2. '} 1 T ;r II fl. ' 
l'IHTerpaJI !10 Qtu) BbltUICJIR8TCH C llOMOUlbiO TOJK,li8CTB8/I!/ 

p "l w~ 2. 1 
\ -~d~.t[t~+~~+((u)~ ~ ~ 
) .Qq. e o = ew:i. e,.p \ ~ dudtr ~(l.l)H'IS)~(u-'ll'~' 

~(o)=~tpl e~ o 4W 

-WX WX 
e e 

r,lle '\llx) = ~ + ryoj .. 
1-e r e - i 

IYIW 3(·/-i) 
Eon~ BBecT~ Terrep:o C= , TO rrp~xo,nnM K paBeHCTBY 

4 
tcr>=rj, 

_ .. _ .,. 1 ) .,. - So [r•] 
Ito l r J. 1 l't) = cr,. ( r-11 t' '1 ) :: - .f) r e • 

Jl -t'Co\=t2. 

TaKMM o6paaoM, JI~HenHaR Mo,nen:& (I. 3) ~ Mo.nen (5. I) rrp~ ·raKon 
CB~8~ Me~y rrapaMeTpaM.Il 3KB~B8JI8HTHbl (B TOM CMbiCJie 1 qTo npMB0-
,1.\RT K 0,1.\HOMy ~ TOMy ~e pe,llyU~POB8HHOMy orrepaTopy !lJIOTHOCTM). 
KpoMe TOrO 1 aqxpeKT.IlBH8R MBCCB M V 2 

KBI!.3Hqi!.CrHI(ll B 11HH814HOR 

Mo,ne~ COB!18,l\88T C cyMM8pHon M8Ccon \rfl+ M) MO,l\eJI~ (5. I). 
8Ta M8CC8 npn 3HaqeHMRX napaYe TpOB V ~ W, Ollpe,lleJieHHbiX C 

llOMOUlbiO BBp.ll8UMOHHOrO npHHUH!18 ,llJ!fl CB060,liHOn 3Hepr~~, 6b1JI8 Bbl
q~cJieHa 0C8KOft/S/ KBK ~YHKU~R OT TeMrrepaTypbl .ll npHHRTB B Kaqe

CTBB OI(BHKH 3~8KTMBHOI MI!.CCbl l101lRpOHI!.. 

6. KoH TMHyan:&Hoe npe;gcTBBJ!eHne AJ!R Fa (~ 1 v) 
TionyqMM Tenep:& npe,ncTasneHne ,nnR sennqnHN FoCp~v) ~-

HeAHoA MO,l\8JI.Il qepea KOHTMHyBJ!bHbln ~HTerpBJI. laHHOe BHpaxe-
HHe 6y,neT HC!10Jil>30B8HO HaM~ B ,npyro£! pa60Te !lp.ll BbJqHCJIBH.Il.ll CO
OTBeTCTBYIOUlen Be~qnHbl Mo,neJI.Il ~pennxa FCp.v) sap~aunoHHbiM MeTo.IIoM. 

10 

no onpe.neneHI1IO 
' . F. ...... ~ ...,. ~ e-r olt,v> S -~(H.,-v.6\,) ( n e-~w 1-i = re • \,---~-it 1- e_:-~W : 

3..... r5'o4 ~ ·-d ~ - - ~Y·Cfo :::: \_o e~2m 1w (~) 
j ('J.n)l o c. 

" " ,. 
r,l\e W0 (~~:~) =- Sp e-~(H.t-tH~+t-15) 

c¥ J 

(6. I) 

(6.2) 

• li "+.. ) • ) 12 ~ - ..... ... • t- .. ,... .. ·' ~ ~ ~ 
H1 = L w(b,.b.._+i ·

1 
HJ.=.I4J; >.<~~.>.~.(b,.-tbi<);I-I3 =L.,'~Un·AIK)(b;+bt)x 

k ~ iC,it' )C(b l t!,) 
i + I( • 

Orrpe.nenMM o6biqHhrM o6paaoM (eM JI 21) rrpoH3BO.IIRmMn tPYHKU.IloHaJJ: 

" ~ 
o RH ~ ( f • • •..., ~-. . [" 1_'1' l w~ (i, 1 ~)= Sf e;r 1

'l'ev.p fJd'~'LH/t)t~H3 lt)+ :l.\~('t')·~>.lll bi(Ct)t"t(1')J, 

9> C) J< (6.3) 

y.noBJJeTBOPRIOm~n ypaBHeH~~ /I2/ 

o-+-.. ~ 2 o-+-+ 

aw~~ )= ..!_ )d-r ~ w\1 (6'01j) 
o ~ 4 0 ~~('t) &~('t) ' 

o -. .. s -BH1 J ~ ~ { • .... , -.. ... [" '+ :-tll Wo(6'.,~)= ~per 'l\:''llp\- ~d--e Hl('t)tli~('t)·f:\(1\) bot(T)tbl('r)JJJ. 

-+ 0 -+-+ /T2/ 
JlJJR Wa(&o)-=- wl C&.JO) c !10).(011{bll wero.na, OllHCI!.HHOrO B J. ' 

1.~ .. 2 
IIOJIY'lHM c ... - J d-e:~ en ~ .. 

~ J l9~ e " Wo (6'o 1 ~) 
WoC&o)= cf5 _.2 • (6.4) 

~.\9~ e- Jo d1: ~ (--c) 

BocrroJJ:&aoBBBruHc:& peayJJ~>TaTaMH pa6oTbi/I3/, MOXHO rreperrncaT:o 

\f\J: (fo 1~) B BM,l\8 
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0 . 0 .... ~ 0 "1 0 .. 

w, tl.,fl o ~ Rr~{i~w(btbot+i \;-Al o, .,:-Brb~ !' (G.sl 

r;ne f' 'l1 -WC't-tz.) 

R~= hp )dlj )d"tzl~ ~(KJ.&11 +2L~("I~). ).(~~l~&()t?.i~(T+~~e 1 

, 

0 (I 

o c~ r rr ... . ... l ... ~ w-r 
~=y"' LJmfo-t2.t.~CT) .).(K)e ' 

0 

0 sr I ~- ....... :1 _,. -W't 8; = d-r v'm 6'(> + 2tvt') r). (i() e . 
0 

(6.6) 

11Jnyp no !jJOHOHHYM nepeMeHHhlM B (6.5) Bbl1.!VtCJIR8TCR 6ea 38Tpy;nneH~lt, 

* Mhl ~MeeM B ~Tore 

w t&c "t)-T\ e-~~ 
0 ~, '1 -

- i-e · 
k 

() 0 

AlB it 0 

Rit ex P e ~w-i (6. 7) 

- 3 2 
.. ·.. .... • ~o frF!. mw (v-i.) 

IT yeTI:. Tenepl> V =- l U. j ~ ('t') = l ~- J 2 X ('t')) C == 4 
c y1.1eTOM (6.!),(6.4),(6.6),(6. 7) nonyqaeM ;D.JJR Fo ( ~1V) cne-
;ny~mee npe;ncTaBJJeHHe 1.1epea KOHTHHyaJJI>Hhllt HHTerpan: I 

XC~)=U~ ~ (~ ( 1 
• • -W(T~-l'a.) W(i1-12)] 

-rFocr;) \ ~ -~~'"(~~-~~r-r~dr~x(r.t)x<T~)l~-e-~w-+:rw-1 • 
e = J~x e o o o (6. 8) 

XlO'r-0 

l1HTerpHpyR no '!8CTRM,MOJIHO np~BeCT~ (6. 8) K BH;D.y 

xct)= it~ 
~ i I \' -S[t)~] 

~(rN):- ~ n J.Qx Q. o , (6.9) 
X(O): 0 
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m ( ~ ~ "2 & ~ " ~ • -v-J I is.-r'l I :z 
SoLx1u]= 2 ~d--e XC't') +C j)d'.1d'12.l2 e. \xCi1)-X(t'a.)l + 

- W(fl-ti.)-tW(i1-t~) ~ .. :z. 00 0 j 
+- L. e ~ I ;t(is.)-)({r,_)-ur (iHi) I ~· 10) 

n=o 

Me~~y BHpaxeHHeu (6.9), (6.10) H npe~craaneHHeM ~nR 
aHanorHqHoR senH1.!HHH uo~enH ~penxxa cy~ecrByer HBHaa ~op

uanhaaa aaanorHH. Kax H cne~oBano ozx~arL, OHH aaxo~arcn 

B TOM ze ~Opua»LHOM OTHOm6HHH, KaK AHHeRHaH MO~enL 

Borox~C5osa (1.3) H uo;nenL ~peXHxa (1.1). Bh!pa~eHHe (6.10) ;D.JJH 
5o()(", U] UOJKIJO ilOJJy1.!HTL H3 COOTB8TCTBYIDJ.'-\ero 8H8ROr8 ;D,XR 

~(it,\Il B uo.nenH ~pexHxa, ecnH B nocne~HeM paanoln!Tl> rlJHrypHpyromHe 
Tall aKcnoHeHThl .no BToporo nopH,D;Ka no K , on.ycTHTl> nocTORHHoe 
c:naraeuoe H CAenan aaMeHy w -.w j ell~<.)-+ JHK). 

7. Pa.nHyc no:nRpoHa B nHHeltHolt Mo.zteXH 

B p8MK8X XHHS!tHO!t MO;D,8JIH (1.3) B38HMO,lle!i1CTBU8 3JieKTpOH8 C 
woHoHaMH aKBHBaJieHTHO Baam.fo,I~eltc TBH~ c WHKTHBHO!t 'lac T~~ett Macchi 
M = m ("2_.i.) , CBRSaHHO~ c HHM nocpe;ncTBOM "npymmhl". rroa
roMy B KaqecTBe pa;nHyca nonRpOHa R0 s;neci> cne.llyeT npHHHM8Tl> 
TO paCCTORHHe OT 3R8KTpOH8, H8 KOTOpOM ;D,OJIJH8 9HKCHpOBaTLCR 
3Ta !jJHKTHBHaft qaCTH~a, 1.!TOC5bl ee nOTeHUH8JJLH8R 3HeprHR B38HMO
;D.eltCTB~R C 3JieKTpOHOM ~ K R; p8BHRJI8C.l> Cpe;D.UeMy 3HaqeHIID 
3TO!t BeJJH'IHHhl. 

CorJIBCHO (5.!) OTHOCHTeJJl>HOe ,ztBHX8HH8 llel;D,y 3JJeKTpOHOM H 
WHKTHBHO!t '!acTHuett cooTBeTCTByer rpexwepuouy rapMOHH'!eCKOMY oc
UHJIJIRTOPY c '!acTorott Wv . Tor;na .zt:nR pa,l!Hyca Ro HMeeu 

f e-~WJ(nt.,.~-tnJt-t] \. d3X X2. l t "-0 ()t)\2 
.) i.l' .. , .3 

R
2 _ n1 ,t1~1n3 :oo 
o- ~ 31) Z e- ~wv(n1.,.n1 --t-1'1 3 + 1.2. 

11..1.,.,.,,5"0 
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r.Zl8 

34 m'/Vv .... :.a ~ ~ ~ 
~ tt>)~wv) e- z-X l-\,.t(X!'Im\>\'v)H~~:t(Xz.~mwv)H.,t}Xl'41W1fl~) 

IIJJVI,_In3 \4 ' V 2 t>.s +n..-+fl.! n.tl n._l n3 ! 
oTKy.n.a co -~wv(nt.i/z) 

2 2_. e I x 2( n) 
R = 3 ~n-~-0~------------

CI .Ze-~Wv(fH~) 
1'1=0 

S.n.ec:c Hn (X) - TI03111HOM 8pMllT8 nopr~.n.Ka n 11 

2 . ( wv )t..h ~co 2 - m wv X
2 

2. ,--:--;) 
'J. <n)= -"-

1 
~ dx x e Hn. (xvmwv 

2nl'l. Jl -eo ' 

HeTpy.n.Ho noKaaaT:c, l.!TO X
2
(n)= (rl+j)/rnw\). 

0TCJO,lJ.8 TI031Y'J8eM CJie,lJ.yJOlliYIO \IJOpMy31y ,lJ.31H p8.1111yca TIOJIHpOHB: 

R' = _3_ c:.t.h_ ~ W'V 
o 2mwv 2. • 

2. 
ITp11 J3-. 00 , R0 -> _J 
illyn:cueM/1 0/ 2m V'J v 

, 3TOT peayn:cTaT nony1.1eH 
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