


OTHOCHTeflbHOrO ABHmeHHR C BHyTpeHHHMH CTeneHRMH CB060A~· 6e3 ee 
y4eTa HeB03MOmHO OnHCaHHe AHCCHnaTHBH~X npo~eCCOB, CTOflb BamH~X 

npH rny60KOHeynpyrHX CTOflKHOBeHHRX RAep. 
TaKHM o6pa3oM, 3aAa4a, KOTopaR pewaeTCR e AaHHoH pa6oTe, 

$OPMYflHpyeTCR CfleAY~~HM o6pa30M: npHBeCTH raMHflbTOHHaH CHCTeMbl 
ABYX B3aHMOAeHCTBY~HX RAeP K TaKOMY BHAY, KOrAa RBHO B~AeneHa 
3aBHCHMOCTb OT OTHOCHTenbHoro paccTORHHR MemAY RAPaMH R H co
npRmeHHoro 3TOH nepeMeHHOH HMnynbca. 

MeTOA B~AeneHHR KonneKTHBH~x nepeMeHH~X H3 MHomecTea HyKnoH
H~x CTeneHeH CBo60A~ 6~n pa3BHT e/2/ H npHMeHeH B o6~eM BHAe 
K onHCaHH~ peaK~HH C TRmen~MH HOHaMH B 13 • 4~ B HAeHHOM nnaHe M~ 
6yAeM CfleAOBaTb 3THM pa6oTaM, . XOTR H CAenaeM PRA npH6nHmeHHH, 
KOTOp~e, Ha HaW B3rflRA, no3BOflR~T nPOABHHYTbCR AaflbWe B Hanpae
neHHH nony4eHHR KOHKpeTH~X pe3yflbTaTOB. 

nocKOflbKY HaC HHTepecyeT TOflbKO Ha4aflbHaR CTaAHR B3aHMOAeH
CTBHR, TOM~ 6yAeM npeAnonaraTb, 4TO B npo~ecce B3aHMOAeHCTBHR 
TOmAeCTBeHHOCTb RAep COXpaHReTCR. 5yAeM npeAnOnaraTb TaKme, 
4TO CTPYKTypa RAeP onHCbiBaeTCR o6ono4e4HOH MOAeflbiO 6e3 y4eTa 
OCTaT04H~X CHfl. 

2. rAMHnbTOH~AH MOAEn~ 

MHoro$epMHOHHaR CHCTeM~ MOmeT 6~Tb OnHCaHa snoMO~b~ ra
MHflbTOHHaHa, B~pameHHOrO 4epe3 onepaTOpbl TOKa j (X) H nnOTHOCTH 

p (x) / 5 

A 3 ... "'-1 -+ 1'1 2 -+..,. 2"'-1 
H , ..m. ( d x j (x) p (x) J ( x) + - ( d 3x ( V p (x) ) P (x) + I 

1 
I 

2 em 
-+ -+ 

+ J d3 xd 3yp(x)v(x-y)p ... (y), 

-+ -+ 

rAe e - KOHCTaHTa, V(X- Y) - ABYX4aCTH4HOe B3aHMOAeHCTBHe HyK
flOHOB. OnepaTop~ TOKa H nnoTHOCTH YAOBneTeopR~T cneAY~~eMy 
ypaBHeHH~ ABHmeHHR: ... 

-+ 

div j(x) "'- i'ft [H, p (x)]. 121 

Hawa 3aAa4a COCTOHT B TOM, 4To6~, OCHOB~BaRCb Ha raMHflbTOHHa
He 111, nOCTpOHTb KonneKTHBH~H raMHflbTOHHaH, 3aBHCR~HH RBHO OT 
OTHOCHTenbHoro paccTORHHR R KaHOHH4eCKH conpRmeHHoro HMnynbca 
H BHyTpeHHHX nepeMeHH~X. DYAeM HCKaTb 3TOT raMHflbTOHHaH B BHAe 
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/s - COCTOFIHI-!e, COnpFt>KeHHOe no BpeMeHI-1 S; C1 8 - $a30Bbl~ MHO>KI-1-
Teflbl. 3AeCb b!, b 8 - $OHOHH~e onepaTOp~, Oni-!C~Ba~~l-le BHyTpeH
Hiole aoa6y>KAeHI-1fl CI-!CTeM~. B AaflbHe~weM orpaHI-141-!MCfl a on1-1caHI-1H 
BHyTpeHHHX B036Y>KAeHI-1~ rapMOHH4eCKI-1M npHfiflH>KeHHeM, no3TOMY 
a 131 coxpaHHM TOflbKO cnaraeM~e, coAep>Ka~l-le onepaTop~ b!,b 8 
B CTeneHH He B~We BTOPO~. TaKOe npHfiflH>KeHHe onpaBAaHO, nOCKOnb
Ky B paCCMaTpHBaeM~X peaK~HfiX B036Y>KAaeTCfl orpOMHOe 4HCflO paa
flH4HbiX 4aCTH4HO-A~P04HbiX COCTOFIHH~ H Ka>KAOe KOHKpeTHOe COCTOfi
HHe BXOAHT B nonHy~ BOflHOBy~ QYHK~H~ C Man~M BeCOM. 

4To6~ pewi-!Tb nocTaaneHHY~ 3aAa4y, HY>KHO Ha~TH Afl~ QnepaTopoa 
ToKa H nnoTHOCTI-1 Bblpa>KeHHfl 4epea onepaTop~ b~, b

8
, R, V R' 

OnepaTop nnoTHOCTH 6yAeM HCKaTb a cneAy~~eM BHAe: 

A ..... -t> A 

p (x) = p 
0 

( x, R) + p' (x) , 

... ... 
rA~ p

0 
(x, R) - ycpeAHeHHafl nnoTHOCTb pacnpeAeneHHfl HyKnoHOB, 

a p' onHc~aaeT KBaHTOBOMexaHH4ecKHe <PnyKTYa~I-!H. OrpaHH41-1MCfl 
Aflfl npOCTOT~ paCCMOTpeHHeM CTOflKHOBeHH~ TO>KAeCTBeHH~X f!Aep 

141 

H 3aAaAI-1M ycpeAHeHHY~ nflOTHOCTb HYKflOHOB B ABO~HO~ FtAePHO~ cH
CTeMe B CfleAy~~eM BHAe /(}/: 

... ... ... 
/ ...,. ' ""' - " \ ,...,., , ?. ...... T"'' .... , 1 :: 2" 

fl Q \At U.) = ._ '-A.I' \-" \ll.) \A 1All.l"t"4ll.J)o 

rAe .\ onpeAenFteTcft 1-13 ypaaHeHHfl 

8/2 l 1 - )) 8/2 2~r N (l + _ erf(- ..J .\ R • 
.\ = 2 2 

a N - KOHCTaHTa, paBHaft nnOTHOCTH HYKflOHOB B ~eHTpe f!Apa. 
OnepaTop ; ' a~pa>KaeTCfl 4epea $OHOHH~e onepaTopbl o6~4HbiM 

o6paaoM: 

.... + 
p' = I r ( x) • (b + a b-) , 

8 
8 8 8 II 

rAe 

r 
8 

(x) * I I t/J * (x) a t/J - (x) (t/J 8 

IL >F .,< F 1L II II ILII 

8* 
-cP/LII) 

I';)/ 

161 

17' I 

171 

B 17 I /L, v - KBaHTOB~e 4Hcna OAH04aCTH4H~X cocTOfiHH~, t/J IL (x) -
OAH04aCTH4Hble BOflHOB~e <l>YHKI.IHH, t/J p.~ , cP ;!v - He onpeAeneHH~e nOKa 
$OHOHH~e aMnflHTYAbl npHfiflH>KeHHfl XaOTH4eCKHX $a3, C nOM~b~ KOTO
p~X $OHOHHble onepaTOpbl b :, b 8 B~pa>Ka~TCfl 4epe3 $epMHeBCKHe One
paTop~ 11 4aCTH1.1 11 at H 11Ab1POK11 f3t : 
4 I 

., 

b+-
8 -

I I (t/J 8 + 13 + 8 
IL> F II< F p.v a p. II + cP p.ll Up. all /3;; a ji)• 

B 17'1 H 181 cyMMI-lpoaaHI-le no IL orpaHI-14HBaeTCfl 4aCTH4H~MI-1 

(IL >.F), a no 11 - A~P04H~MH (v < .F) COCTOfiHHfiMH. 
nocKOflbKY M~ paCCMaTpi-!BaeM Ha4aflbHY~ CTaAH~ CTOflKHOBeHHfl 

f!Aep, KOrAa OAH04aCTH4HOe ABH>KeHHe e~e He nepecTpOHflOCb, TO 

181 

B Ka4eCTBe 6a3HCH~X fiyAeM HCnOflb30BaTb OAH04aCTH4H~e COCTOfiHHfl 
CTaflKHBa~I-!XCfl FtAep H, COOTBeTCTBeHHO, HaPFtAY C KBaHTOB~M 
4HCflOM IL(II) yKa3~BaTb HHAeKC npHHaAflel!<HOCTH K fiAPY j(i) • no 3TO~ 
>Ke npH4HHe BMeCTe C $OHOHH~M KBaHTOB~M 4HCflOM S B~AeflHM KBaHTO
B~e 4HCfla i, j, Ecn~-1 i = j, TO $OHOH OTBe4aeT B036y)I(AeHIA~ OAHO
ro FtAPa. Ecn~-1 i I= j , To M~ HMeeM aoa6y>KAeHHe THna 

11A~PKa 11 
a 

OAHOM f!Ape, 11 4aCTHI.Ia11 
- B APYrOM. 

B~pa>KeHHe Aflfl ToKa nony4HM cneAY~HM o6paaoM. noAcTaBHM 141, 
151, 171 H 131 B 121 H BOCnOflb3yeMCfl COOTHOWeHHeM 

... 
f sij (x) = div F 8ij (x) , 

; . (x) = I I (t/J sij _ ¢ sij * ) a 1 
X 

Blj IL> F v< F ILJ Ill ILJ IIi II E - E 
VI 1L j 191 

2 ... ... 
x (- .!_(¢* (x)V t/J- (x) -V t/J* (x}t/J:: (x)) + 

2m IL j v 1 ILJ ~ 1 

... 
+ 2t 1J RW(x)t/J * (x)t/J- (x)), 

IL j Ill 

KOTOpoe npHfifll-l>KeHHO cneAyeT 1-13 OAH04aCTI-14HOrO ypaBHeHHfl Wpe

A1-1Hrepa, H COOTHOWeHHeM 

a 
aaPo (x, R) 

k 

I Ln 
m ax km' 

m 

n 1 , txR' 1 a.\ txR' ..., 
=--u ~P +R R ---- ~.N • .., + 

km 2 km IXR I o k m 2R8 aa fiR I 1101 

1 a.\ 
-Po' + Rkxm 2.\R aR 

...,\(-+2 1 ...... 
Ill = e· x- }i2(xR)

2
) ( 

...... 1 ... I x&l--a2 .\y 2 
2 3 - R2 R2 3 -:; r dy(y--)e - -(1- -v ->> .\ 2.\ R .\ . 

0 
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6-

B /9/ W(x) - cyMMapH~H OAH04aCTH4H~H noTeH4Han ABOHHOH ~AePHOH 
CHCTeMbl, fll =£ 22 =0; t 12 =-t 21 cl, ' 

B pe3ynbTaTe An~ TOKa nony4aeM cneAY~~ee BblpameHHe: 

. (m) . a m m a ) - m + 
J = -rfi I (--A + A -- + I B (b - u b_ ) , 

k aRk k k aRk s,l,j sij sij B slj 

Am = .!. I - 1 IT + _!_ I u '0 <~>F_<m> , 
k 2 t '\f fm 1i 2 s,i,j s s1j slj 

/11/ 

m 1 ( ~ (k) IT . F (m) ) 
B .J = -- ""' 2G ij k + w - iJ • 81 fl2 k 8 m B B 

noACTaan~~ /11/ H /4/ B /1/ H npHpaBHHBa~ K /3/ pe3ynbTaT 
noAcTaHOBKH, Mbl nony4HM ypaaHeHHe An~ acex HeonpeAeneHHbiX noKa 

(j)yHK4HH: p. kf (R) , U(R) , V 81j (R) , 'G (k) 
sij 

1/F 8lj 
"'j vi , 

¢ sij 
llj vi , 

W 8 • npHBeAeM TOnbKO Te H3 HHX, KOTOpble noHaAOfi~TC~ HaM B Aanb
HeHWeM: 

,.-,,1 = 4m fd3xp-1I Am Am 
kL 0 k f ' m 

V 8 tj = ( d8 
X W (X) f 8tj (X) , 

(k) 2 8 -1 ~ m m 
'G 8 ij = - m1i ( d x Po : A k B sij • 

YpaaHeHH~ /12/ H /14/ HenHHeHHbl OTHOCHTenbHO p.;i 
paaeH Hyn~ HHTerpan 

3 -1 (m) 
( d X p 0 ; fi fol slj 

/12/ 

/13/ 

/14/ 

H 'G(k) EcnH 
8ij • 

/15/ 

TO MOmHo noKa3aTb, 4TO 'G~~l TaKme o6pa~aeTc~ a Hynb. OrpaHH4HM
c~ npH peweHHH ypaaHeHHH /12/ H /14/ aenH4HHaMH He BbiWe nepao
ro nop~AKa ManocTH no /15/. Pe3ynbTaT cneAY~~HH: 

-1 8 4 
"'kf = kf rnA + RkRf 7J, 

7J =-18x(mA2 (1 + 4R2 x/A))-
1 

:, 
dA 1 8 1 3 ........ 

X= -N-(- r d x<ll + --r d X jxRI 
dR 2R3 2JrR2 

Po 

N 

....... 
d.\ N fd8 x p-1 <112 -
--- 0 ~ _1_ f d 3xjxRj<ll 

dR 2AR4 dR 4R 4 
/16/ 

d.\ 

dR 
-1-fd3x.x2po), 
~ ~ 

/17/ 
(k) m -1 3 -1 (m) 

0 8tj =-2wsiJ 7 "'kf fd xpo ;nrm-FslJ • 

- .!..,\ R 2 
npH yaenH4eHHH R (j)yHK4H~ 7] y6~aaeT nponOP4HOHanbHO e 4 

H llkf CTpeMHTC~ K ~8kf' TO eCTb K 3Ha4eHH~ npHBeAeHHOH MaCCbl 

An~ ABYX OAHHaKOBbiX ~AeP C MaCCOH 7-· TeH30P P.kf AHaroHaneH 

~ noABHmHOH CHCTeMe KOOPAHHaT, B KOTOpOH OCb Z HanpaaneHa BAOnb 
R. CooTaeTcTay~a~ KoMnoHeHTa TeH3opa Maccbl H3MeH~eTc~ npH c6nH
meHHH ~Aep, TOrAa KaK. ofie opTOrOHanbHble KOMnOHeHTbl He H3MeH~~T
C~. 

~(k) 
Dt:JIVI'-ti'1Hd \.JSij Vl\ •. "'tt::~CIC: I II.., VI ,YI::u;;.lllf'l;,_;._;n;..jj.j ~. :~;~~;;.~ ~5j:.":=~~.',, , ·-· 

nonHoCTb~ onpeAenHnH KonneKTHBHbiH raMHnbTOHHaH /3/. HccneAyeM 
Tenepb ypaBHeHH~ OTHOCHTenbHOrO ABHmeHH~. 

3. YPABHEHH~ ABHmEHH~ 

raMHflbTOHHaH /3/ COAepmHT KHHeTH4eCKY~ H noTeH4HanbHY~ 3Hep
rHH OTHOCHTenbHOrO ABHmeHH~! 

1\2 

2 
I _a_ ,.-1 a 
j,k aR. Jk aR + U(R) , 

J k 

BHyTpeHHHH raMHnbTOHHaH! 

+ 
Iw

8
b

8 
b 8 , 

8 

H 4neHbl, OnHCbiBa~~He CB~3b OTHOCHTenbHOrO ABHmeHH~ C BHyTpeH
HHM! ... -+ ... ... 

+ 
I V (R) (b + u b-) + I ('G 
8 s s 88 8 s 

+ 
V R + V RGs )(b s-us b 8) ' 
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nepB~~ H3 KOTOP~X OTBe4aeT B03Ae~CTBH~ cpeAHero non~ KamAOrO H3 
~Aep Ha OAH04aCTH4HOe ABHmeHHe B APYrOM ~Ape, a BTOPO~ onHc~
eaeT CB~3b TOKa OTHOCHTenbHOrO ABHmeHH~ C BHyTpeHHHM TOKOM. 
3TH ABa cnaraeM~X H ~B~TC~ HCT04HHKOM no~BneHH~ AHCCHnaTHBH~X 
4neHOB B ypaBHeHH~X OTHOCHTenbHOrO ABHmeHH~. 

YpaeHeHH~ ABHmeHH~ no R nony4HM, ycpeAH~~ no BHyTpeHHe~ eon
HOBOH ¢YHK~HH cneAY~He reH3eH6eproecKHe ypaBHeHH~: 

!o ... 

i'ftR • [J(, R], /18/ 
2·~ ' ~ 

-1i R ,.[J(,[ J(, R]], 

noACTaen~~ /3/ B /18/, nony4aeM 

•• 1 a . ... a + 
Rk .. -I.p.~ (-U(R) +I. -V <tlb +u b-It>)+ /19/ 

n aR n 8 aR n 8 8 8 8 

+ 2 I. (U ·a <k> < t I b + + u b-1 t> + 4 I. v u 'O <k> 
888 8 88 .888 

+ 
BenH4HH~ < t I b 8 + a 8 b1 1 t> HaHAeM, pewHB reH3eH6eproecKHe 

ypaeHeHH~ An~ ~OHOHH~X onepaTopoe: 

d 
... ... ... ... + + . 

i'ft-d (b +ab-)ae'U (b -ub-)-2a('OVR+Va'O ), /20/ t 8 88 88 88 81 8 

d + + Hi- (b - u b-) .. C'U (b + a b -' + 2a V -. dt 8 88 88 8i' 88 

~ . 
B nHHeHHOM no ~OHOHH~M onepaTopaM npH6nHmeHHH 

+ t (U 

< t I b 8 + (/8 bii I t> = - ~ r dt' sin.::.t. ( t - t') (I 8 v 8 [ R (t')] + 
-u 0 h /21/ 

t 
+-\- Jdt'cos~(t-t') I. u8 '0~)[R(t')]Rn(t')p.kn[R(t')]. ~ 0 h k~ 

noACTaBn~~ /21/ B /19/ H COXpaH~~ TOnbKO KOrepeHTH~e 4neH~, 
nony4aeM 

8 

.. 
I. ~'kn R n 
n 

+ .! I. 
1i 8lj 

a 
=- ~U(R) + 

aRk 

av ••J [ R(t) 1 
/22/ 

t (U 

J dt' stn--!!L(t- t')a· V lj [ R(t')] 
0 1i 8 8 aRk 

l 
\' 

'j 

8 I. 
- 1i 4 81j 

, (n) t , C'Usij , , (m) • , 
I. ~'kn 0 81J J dt cos--(t- t) I. 11-f u8 G-1j Rf(t ). 
n 0 1'1 fm m s 

npHCyTCTBHe HHTerpanbHOrO 4neHa B ypaBHeHH~X ABHmeHH~ 03Ha-
4aeT, 4TO CHCTeMa 11 nOMHHT 11 0 ABHmeHHH no TpaeKTOpHH, npeAWecT
BY~~eM MOMeHTY t. EcnH epeM~ naM~TH 3aMeTHO MeHbWe HHTepecy~~HX 
HaC epeMeH l7l, TO CTO~~He nOA HHTerpanOM eenH4HHbl MOmHO pa3no
mHTb B6nH3H MOMeHTa t: 

~ .. 
V[R(t')]"' V[R(t)]- (R Va>V[R(t)](t -t'). 

B 3TOM cny4ae M~ nony4HM AH~~epeH~HanbHOe ypaeHeHHe, COAep
ma~ee cHn~ TpeHH~. TaKoe paccMoTpeHHe no3eon~eT conocTaBHTb 
HaWH pe3ynbTaT~ C cy~eCTBY~~HMH ~eHOMeHonorH4eCKHMH MOAen~MH. 
TorAa H3 /22/ nony4aeM 

.. a 2 1 (U slj 
I.p.k R =--(U- I. IV I --(1-cos--t)) 

n n "R 8ij .... n o k slj C'Uslj u 

. 
- 2 I. Rr I. 

f slj 

1 

w81j 

avslj 
aRk 

av:iJ h w sij 
---(-- sin-- t 
a& f W8ij 1\ 

C'U8ij 8 . ~) 
- t cos--t)-- I. Rmi. (I. ~'t a 'J) x 

fl h8 m slj n n 81 

(t) * . waij 
X ( r 1'mf Q alj ) Sm-fl-t • 

3TO ypaeHeHHe,MOmHO 3anHCaTb H B C~epH4eCKHX KOOPAHHaTax. 
Ko3~~H~HeHT npH R ~en~eTc~ K03~H~HeHTOM paAHanbHoro TpeHH~. 
H3 /22/, Hcnonb3Y~ /17/, nony4aeM 

1 av 81j 2 1i tw 81j tw 8lj ' 
(RR = 2 I. -1-1 (--sin--- tcos--) + 

aij C'U81J aR lU 81j 1i 1i /23/ 

8 m 2 2 . C'U 81j t 8 -1 (f) I 2 
+- I. -w81J sm--1 fd xp0 I. II ,.F81J 

1i 8 elj 4 1i f Rf. 

B cy~eCTBY~HX ~eHOMeHOnOrH4eCKHX MOAen~x HMeHHO K03~H~HeHT 
paAHanbHOrO TpeHH~ onpeAen~eT BenH4HHY AHCCHna~HH KHHeTH4eCKOH 
3HeprHH. no3~0MY HH~e M~ O~eHHM BenH4HHY (RR' 
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4To6~ ynpOCTHTb paC4eT~, He 5yAeM Y4HT~BaTb 3~~eKT OCTaT04H~X 
cHn, a onpeAenHMiRR B OAH04aCTH4HOM npH6nH~eHHH. B 3TOM cny4ae 

iRR"" 2 :£ 1-Lv 2 

vi 'llj aR vi ll j I 

v<F,tl>F 

+ 1 T 
IEv-E 1 lf.•ilj 

i ll j 

2m2 
+ --f18 

8 -1 (f) 12 2 
:£ I fd xpo f llRt.FI11lj (Evi -Ell) x 

Vi'ilJ j 

v< 1', tl> F 

lEvi- EllJI t 
x sin - • 

11 

vvi ll j fd
8

xW(x)t/Jil*j (x) uvi Y,i/
1 

(x), 

-1 fl2 
u (E - E ) (- - (t/J * (x) V t/1 (x) -

vi vi ll J 2m ll J vi 

... ... 
.Fvi ll J 

.... ... 
- V t/1 ;

1 
(x) t/1 vi (x)) + 2£ ij R W (x) t/lll J (x) t/1 vi (x)) , 

.., tiEu.-Eu.l 
T = 

vi •ilj 
~ sin • · J 

lEv -E, I 1'1 
i rj 

tiE,_,-E,,I 
- t cos . . • 

fl 

/24/ 

An~ o~eHKH MaTpH4H~x 3neMeHTOB, BXOA~~Hx B a~pa~eHHe iRR• 
BOCnonb3yeMC~ cneAY~~HM npHeMOM, KOTOP~~ npoHnn~CTpHpyeM Ha npH
Mepe npocTe~wero MaTPH4Horo 3neMeHTa - HHTerpana 11 nepeKp~TH~ 11 

I f d8x .;,1t1 
(x) t/1 v 2 (x) 12 • OnpeAenHM ycpeAHeHHbl~ MaTpH4Hbl~ 3ne-

MeHT: 

I r d8 
X t/lll* (x) t/1 v (x) I 2 .. - 1- :£ :£ I r d \ t/1 * (x) t/1. (x) I 2 

1 2 A1A2 ll<F v>F ill v2 

""(A 1A 2) -l ( d3 x d8 y :£ t/1,~ (x) t/1, (y) :£ t/1 v (x) t/lv* (y) 
tl<F '"1 ,..1 v>F 2 2 

/25/ 

... ... - ..!..(1'-V> 2 -+ -+ 
-1 3 3 oo x + y r2 y oo x + y 

= (A 1 A 2 ) ( d X d y p 1 ( --) • e 0 p 2 ( --) • 
2 2 

3AeCb Pi H p;- nnoTHOCTH Ka~AOro H3 ~Aep, pa3AeneHH~X AOCTaTo4-
HO 6onbWHM paccTo~HHeM R: 

10 

r 

-A -+ -+ 
p~ = N•e oo(s-f-&>2 

-A ... ... 
P 2 = N • e 00 (s + f- R) 

2 

A = A (R .... OCI). 
00 

noACTaBn~~ 3TH Bblpa~eHH~ B /25/, nony4aeM 

N2"2 

A1A2 

3 1 \ 2 r 0 - '[""oaR 

(2A oo)S/2 e 

BenH4HHa ro -nop~AKa Me~HYKnOHHoro paccTo~HH~. YcpeAHeHH~e MaT
PH4H~e 3neMeHT~ B HaWHX pac4eTaX 6YAYT annpoKC~MHpoBaTb peanb
Hble MaTPH4H~e 3neMeHTbl B Cny4ae OAH04aCTH4HbiX COCTO~HH~ tl,V, 
6nH3KHX K noaepXHOCTH ~epMH. no Mepe YAaneHH~ COCTO~HH~ OT no
BepXHOCTH ~epMH MaTpH4Hble 3neMeHTbl y6blaa~T. Mbl Y4TeM 3To y6blaa-

HHe c noM~b~ ~aKTopa exp(- ! IE -E j).HanpHMep, 
u vi vj 

avll1 vi 
1

2 
I .. 

avP.J vi 2 1 "'I I exp(--IEv - E, D. 
aR t::. i ,..J 

Hcnonb3Y~ 3TH peaynbTaT~, nony4aeM 

W*R2 exp(-A~2) 
ft - s-·-~ 

RR- r 4 A7/8 
0 

~ 
ij 

~ tl£ii 1 +U,aoji J 
IJ. > F 
v < F 

1 I -t -1 
--xiEvi-EIJ.j (IE -E j) (fl(IEv -Ep..D 

2 
X 

X x e v1 p. j i J 

/26/ 
x sin lEvi- EllJ I t 

1i 

lEv1 - EllJ It 
-tcos ) + 

1i 

2 2 .....\ 2 1 +-!a _1_R2W2e .. R :£ :£ -"'KIEv.-EIJ. 1 
!i 21TA 0 ijp.>Fe 1 jx 

v<F 

. 1Ev 1 -EilJit 
x sm-----

fl 

3Aecb W0 - rny6HHa OAH04aCTH4Horo noTeH~Hana /-50 M3B/. 
An~ pac4eTa cyMM no OAHo4aCTH4HbiM cocTo~HH~M aocnonbayeMc~ 

cneAYIOIJ4HM npHeMOM IS/ : 
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I'~F v~ F 

1 -~IE111 -EI'jl 1Ev1 -E~tjlt 
6 sin---;__-

1'1 1271 

( 

00 -X" 
=J d£ e sin!.!.. I I 8(t-IE 11 -E 1). 

0 fl I'> F v< F i I' j 

Bei1H4HHa p(£) = I I 8(t-1Ev -E., I)- 3TO nnoTHOCTb cocToftHHH 
~t>Fv<F i ,..J 

T~o~na 4aCTH~a - A~PKa. B 3KCHTOHHol:i MOAellH 191 ee annpoKCHMHPY~T 
ClleAy~el:i ~YHK~Hel:i: 

p (t) 
A 1A2 
--f, a 

/28/ 

rAe a - napaMeTp nnoTHOCTH ypoeHel:i. TaKaft annpoKCHMa~Hft He 
Y4HT~BaeT OC~Hilllft~HH B nllOTHOCTH COCTOftHHH. BcneACTBHe 3TOrO 
nocne HHTerp~o~poeaHHft no t M~ nony4HM nnaeHble ~yHK~HH oT t. 
0KOH4aTellbHbiH pe3yllbTaT ClleAY~HI:i: 

II 2 -X.,.R
2 

8,8rrhWoR e 2 1i 
1aa= I' I (1 -- arctg-

mA4/Sr4a2 rr t\.t 
0 

2 (t\.t/11) ) + 

1 + (t\.t/11) 2 , 

+ 
4m W 2R 2 e-A.,. a~ (t\.tl!l) 

o !J.2 1 
rrfl 8 a 2 (1 + (!J.t/fl ) 2 ) 2 ' 

/29/ 

I' - npHBeAeHHaft Macca. 

H3 /29/ BHAHO, 4TO epeMeHHaft 3aBHCHMOCTb taR o6ycnoeneHa KaK 
~yHK~HftMH, ftBHO 3aBHCft~HMH OT t, TaK H H3MeHeHHeM paAHallbHOrO 
~aKTopa np~o~ c6nHmeHHH ftAep. ReHaft 3ae~o~c~o~MoCTb oT epeMeHH pa3-
11H4Ha Allft nepeoro 1-1 eToporo cnaraeMbiX e /28/. B nepeoM 411eHe 
MHOmHTellb pacTeT npH MallbiX t 1-1 BbiXOAHT Ha nnaTo np~o~ t-~!J.. Anfl 
BTOporo CllaraeMOrO epeMeHHOH ~aKTOP pacTeT H AOCTHraeT MaKCHMy
Ma B HHTepeane t-t{!J., a 3aTeM OH cnaAaeT AO HYilft. 

3aeHcHMOCTb oT R o4eHb CHilbHaft. Ko3~H~HeHT paAHallbHoro 
TpeHHft pacTeT npH C611HmeHHH ftAep nponop~HOHallbHO 4eTeepTOH CTe
neHH 3Ha4eHHft nllOTHOCTH B o611aCTH nepeKpbiBaHHft ftAep. 

Anfl nony4eHHft 4HCI1eHHbiX o~eHoK nonaraeM W 0 = 50 M3B, a 
= 10 M3B, A =216. B pac4eTax e paMKax ~eHoMeHonorH4eCKHX Mo
Aenel:i 1101 nonaraiOT J 4TO ft~epHble CHilbl 11 BK11104a~TCft 11 np~o~ R = RpeaJf. 

= 0,5 ~M + 1,36 /A11 8 + Af I ~M. npH R"'Rpear..Mbl nony4aeM Allft 

1Rr/ !J. = 6 M3B/ 

12 

.. 
j 

1..1{ 
P. RR 

1 2 
4-1o-20

0 
(l -- arctg..:L 

" t\t 
~ (t\.t(1i) ) + 
, 1 + (!J..t/fl) 2 

1 1 (!J..t/1i) 
+ 

g.1Q-20c 0,325 (1 + (!J.t/11) 2)2 

4 -20 -20 
BenH4HHbl • 10 c H 3·10 c- 3To xapaKTepHble epeMeHa 

AHCCHna~HH KHHeTH4eCKOH 3HeprHH, CBft3aHHble C ABYMft MeXaHH3MaMH 
CBft3H OTHOCHTellbHOrO ABHmeHHft C BHyTpeHHHM: B03AeHCTBHeM CpeA
HHX nonel:i ftAep Ha ABHmeHHe HYKilOHOB APYrOrO fiAPa H B3aHMOAel:i
CTBHeM THna TOK X TOK COOTBeTCTBeHHO. np~o~ R = RpeaK,3TH epeMeHa 
Ha ABa nOPftAKa 60ilbWe H3Bile4eHHbiX 1-13 3KCnepHMeHTa npH o6pa60TKe 
e paMKax ~eHoMeHonor~o~4eCKHX MOAene!:i, To ecTb TpeH~o~e Mano. KaK 
noKa3biBa~T pac4eTbl/lOI, B npo~ecce CTOilKHOBeHHft R yMeHbWaeTCft 

AO ee11H4HHbl, Ha /2-3/ ~M MeHbwel:i RpeaK•,nPH R = RpeaK.- 2 ~M xa
paKTepHble epeMeHa AHCCHna~HH KHHeTH4eCKOH 3HeprHH CTaHOBftTCft 
paBH~MH COOTBeTCTBeHHO 0,7.10-22 C H 1.10-22 C, 4TO yme 611H3KO 
K 3Kcnep~o~MeHTallbHbiM AaHHbiM 111/. 

06 OTHOCHTellbHbiX BKilaAaX B AHCCHna~H~ KHHeTH4eCKOH 3HeprHH 
B036ymAeHHH KamAOro H3 CTallKHBa~~HXCft ftAep B OTAellbHOCTH H B03-
6ymAeHHH, CBft3aHHbiX C nepeXOAOM HYKilOHOB 1-13 ftAPa B ftAPO, MOmHO 
CYAHTb no BblpameHH~ /26/. BHAHO, 4TO B036ymAeHHft BTOporo THna 
Aa~T BKilaA 8 HeCKOilbKO pa3 60ilbWHH. 

Rvn"::''IMLt o a_ ___ n~~nt..tttLJ-ttv TtAf"'t,...,., "'"".,, .. ._ .. ,.."...,,~,..-r"'",.. ,.....,....,"'"" .. "'' ,...,... -····-,..,-· - ·-All.,... ..... _,..,,,,,,_,,, •••••-- __ ..,.. ... ,_M_.,_, .... ,., _,......,...,.,,,,.,..,, ,,...., 

Bei1H4HHe npH epeMeHaX, He npeBbiWa~~HX 1 0-22 c /OHH B OCHOBHOM 
H npeACTaBilft~T ~H3H4eCKHH HHTepec/, HO epeMeHHaft 3aBHCHMOCTb 
3THX BKilaAOB pa311H4Ha /eM. pHCyHOK/ - BKilaA OT B3aHMOAeHCTBHR 
THna TOK X TOK HC4e3aeT npH 60ilbWHX 3Ha4eHHRX epeMeHH. 

J_J{ 
I' RR 

0.3 

2. t/10-22 c/ 

3aBHCHMOCTb OT BpeMeHH 

K03~H~HeHTa paAHanbHOrO 
TpeHHH /KpHBaH 1/ H BKna
AOB B J{RRB3aHMOAeHCTBHH 
TOK X TOK /KpHBaH 2/ 
H H3MeHHID~erocH BO BpeMeHH 

cpeAHero nonH HAep /KpHBaH 

3/. Bee BenHt~HHbl AaHbl 

B npOH3BOnbHbiX eAHHH~ax. 
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