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I' npaKTH4eCKH OAHOBpeMeHHO C nOHBneHHeM KaCKaAHO-HcnapHTenb

HO~ ~OAenH HeynpyrHx HAPo-~AepH~X B3aHMOAe~CTBH~/ll 6~na npeA'! no>t<eHa / 21 AOBonbHO npOCTaH MOAenb IlpaHeHbIX·· HYKIlOHOB. MOAenbI 

f 
"tl	 npeAnonaraeT, 4TO B HeynpyrHx HAPo-HAepH~X B3aHMOAe~CTBHHX
 

Ka>t<A~~ HyKnoH, Hcn~TaBWH~ He MeHee OAHoro Heynpyroro 83aHMo

Ae~CTBIIIR /llpaHeHbl~'1 HYKnOH/, nepeXOAHT B B036y>t<AeHHoe COCTOH

Hille. B C04eTaHHH C COOT8eTcTBy~~e~ TeXHHKO~ paC4eTOB pacnpe


{ 
( AeneHH~ no 4HcnaM I 'paueuux" HyKnoHoB121 H npennonoxeuaex 0
 

MexaHH3Me pacnaAa B036y>t<AeHH~X COCTOHH\I1~ oHa n03BonHeT pac

C4HTaTb pacnpeAeneH\I1H no MHO>t<eCTBeHHOCTH pO>t<AeHH~X 4aCTIII~.I B pa60Te/~ B npeAnono>t<eHHH 0 TOM, 4TO B036Y>t<AeHH~e HYKnOH~ 

pacnaAa~TCH TaK >t<e, KaK H B NN-coYAapeHHRX, H np\l1 IIIcnonb30Ba
HHH AnH Bbl4HcneHHH pacnpeneneaaji no 4Hcny "paseaax" HYKnoHOB 
npH6nH>t<eHHH 4H>t<a - MaKCHMOHa 6~na npeAnpHHHTa non~TKa HHTep
nper auaa AaHHblX 141 0 pO>t<AeHH\I1 Tr-Me30HoB. Ee HeYTeWHTenbHbie 
pesvns r aru nocny>t<HnH OCHosaHllleM AnH BblBOAa 0 HeCOCTOHTenbHoc
Till MOAenlll IlpaHeHblX" HYKnOHOB, XOTH K TOMy BpeMeHH HeAoCTaTKH 
npH6nH>t<eHHH 4H>t<a - MaKCHMOHa / 51 6~nH XOpOWO H3seCTH~/61 • Yc
neWHoe >t<e onHcaHHe 3KcnepHMeHTanbH~X AaHH~X no HeynpyrHM RAPO

( 
HAepH~M B3aHMOAe~CTBHHM npH B~COK\I1X 3HeprHHX B paMKax LUND

L, 
MOAenH / 71 , HBnH~~e~CR norH4eCKHM o606~eHHeM MOAen\l1 "pa·HeHblxll 
HyKnoHos, 3aCTasnReT sepHyTbcR K Bonpocy 0 ee COCTOHTenbHOCTH.

f OTMeTHM, 4TO LUND-MOAenb H AyanbHaR napTOHHaH MOAenb 
/AnM/I~ npH nplllMeHeHHH HX B 06naCTH npOMe~YT04H~X 3HeprH~ 
npHBOAHT K pa3nlll4HbiM BapHaHTaM MOAenH "paueuux" HyKnoHOB. 

Ae~CTBHTenbHO, cornaCHo LUND-MOAenIll / 71 B pe3ynbTaTe Heynpy
roro HyKnoH-HyKnoHHoro s3aHMOAe~CTsHH Ka>t<Abl~ H3 HYKnOHOB nepe
XOA\I1T B COCTOHHllle, xapaKTepH3y~~eecH Henpep~BH~M cneKTpOM Macc. 
3TH COCTO~HHH npOHBnH~TCH B BHAe AByX KXA-CTPYH, npH $parMeH
Ta~HH KOTOP~X III nocneAY~~HX pacnaAax pe30HaHCOB B03HHKa~T Ha
6n~AaeM~e aAPOH~. npH HH3KHX H cpeAH\I1x 3HeprHHx cneAyeT nona
raTb, 4TO HYKnoH~ 6YAYT nepexoAHTb ~ COCTOHH~H C AHcKpeTH~M 
cneKTpoM Macc, TO eCTb pO>t<AeHHe 4aCTH~ 6YAeT npOHcxoAHTb 4epe3 
06p~30BaHHe H pacnaA HYKnoHH~X pe30HaHC08. CneAyeT OTMeTHTb, 
4TO TaKoe HenocpeAcTBeHHoe o606~eHHe LUND-MOAenH 3anpe~aeT 06
MeHbl KBapKaMIII Me>t<AY HyKnoHaMH. n03TOMY AnH onHcaHIIIH, HanpHMep, 
peaK~H~ nepe3apHAKH Heo6xoAIIIMO npHsneKaTb AononHHTenbH~e coo6
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PHC. 1. CxeMw o6pa30BaHHH cTpyH. 
B HyKITOH-HYKITOHHb~ B3aHMoAeH
CTBHHX B AIIM 181 • 

B OTn~4~e OT LUND-MOAen~ 

B AnM/81 cxeMa 06paSOBaH~H 
CTpyH npeACTaBnHeTCH ~H~M 06pa
SOM, a ~MeHHO npeAnonaraeTCH, 
4TO CTPYH~ 06paSY~TCH Me*AY 
KB~PKOB~M~ nOAC~CTeMaM~ paSH~X 

aAPOHOB /CM. p~C. 1/. Ecn~ Mac-
C~ CTPYH AOCTaT04HO Ben~K~, TO 
npo~ecc pO*AeH~H 4aCT~~ MO*HO 

npo~nn~CTp~pOBaTb p~c.la,Ha KOTOPOM npHM~M~ n~H~HM~ ~so6pa*e

Hbl COCTaBnH~I1l~e KBapK~ HYKnOHOB,a 4epes h 1 060SHa4eHbi pO*AeH
H~e aAPOHbl. TaKO~ npo~ecc cornacHo peA~eBCKOMY nOAxoAY AOM~
H~PyeT np~ B~COK~X 3Hepr~HXo np~ npOMe*YT04H~X 3Hepr~HX AOM~

H~PY~T npo~ecc~ T~na 16, lB. np~ H~SK~X 3Hepr~Hx - npo~ecc 

T~na lr. KaK B~AHO, npeAcTaBneH~H LUND-MOAen~ ~ AnM 0 npo~ec
ce MHo*eCTBeHHoro pO*AeH~H 4acT~~ B HYKnOH-~YKnOHH~X Bsa~MO

Ae~CTB~HX np~ H~SK~X ~ cpeAH~x 3Hepr~Hx AOBonbHo 6n~SK~. 

AAPOH-HAepHble Bsa~MOAe~CTB~H cornaCHO LUND-MOAen~ npeAcTaB
nH~TCH B B~Ae 6~HapH~x cOYAapeH~~, cpeA~ KOTOP~X nepBoe HBnH
eTCH cOYAapeH~eM HaneTa~l1lero aAPOHa C HYKnoHOM HApa-M~weH~, 

a Bce nocneAY~I1l~e eCTb cOYAapeH~H Bos6Y*AeHHoro HaneTa~l1lerO 

aAPOHa C HYKnOHaM~ HApa. 
B AnM aAPOH-HAepHble Bsa~MOAe~CTB~H npa cpenuax 3Hepr~HX 

MO*HO TpaKTOBaTb KaK cOBoKynHocTb nocneAOBaTenbHOCTe~ npo~ec

COB T~na p~Co 16-1r. 
np~ Heynpyr~x HAPo-HAepH~X Bsa~MOAe~CTB~HX HYKnOH~, MHoro

KpaTHO nepepacce~BaRCb~ cornaCHo LUND-MOAen~ /~n~ ~cn~T~BaR 

MHorOKpaTH~e 06MeH~ KBapKOB~M~ COCTaBnH~I1l~M~, cornaCHO AnM/ 
nepeXOAHT B HeKOTopoe Bos6Y*AeHHoe COCTOHH~e, B 0611leM cnY4ae 
BKn~4a~l1lee ~ COCTOHH~H Henpep~BHoro cneKTpa. Hs 3T~X COCTOH
H~~ ~ npo~CXOA~T pO*AeH~e HOB~X 4aCT~~. B AanbHe~illeM 6YAeM 
HaS~BaTb npOBsa~MOAe~CTBOBaBw~e Bos6Y*AeHH~e HYKnOHbl peSOHaH
caM~. 

Cornacuo 0606I1leH~~ LUND-MOAen~ aapaa peSOHaHCOB pa'aeu sa
PHAY npOBsa~MOAe~CTBOBaBill~X HYKnoHoB. n03TOMY, npeAnonaraH 
OA~HaKOBY~ CTeneHb Bos6Y*AeH~H HYKnOHoB B HAPO-HAepH~x Bsa~

MOAe~CTB~HX ~ 060SHa4aH 4epes < Op> ~ < 0 N>cpeAH~e MHo*eCTBeH
HOCT~ 4acT~~, pO*Aa~I1l~XCH np~ pacnaAax npOTOHonoA06Horo'~ He~
TpOHonOA06Horo pesoHaHcOB cooTBeTcTBeHHO, nonY4~M cneAY~l1lee 

SHa4eH~e cpeAHe~ MHo*eCTBeHHOCT~ 4aCT~~, pO*AeHH~x B HAPO
HAepH~x cOYAapeH~Hx: 

,2 

,11 

I 

/1/
<u AB > <np>.<N W. p • > + <UN> < N W.N.>· 

3AeCb <N > ~ < NW.N. >- cpeAH~e 4~cna "paHeHblxll /npOBsa~MO
w.p.

Ae~CTBOBaBW~X/ npOTOHOB ~ He~TpOHOB COOTBeTCTBeHHO. 
CornaCHO *e 0606I1leH~~ AnM 

< nAB > = < n > (,< NW•p • > + < N W. N. » , 

rAe .<n > - cpeAHHH MHo*ecTBeHHocTb uacr au , pO*AeHHblx 
nane "cpenuer-o!' pesoHaHca. Ben~4~Hbl .<Nw.p.> ~ < Nw N 

/2/ 

npn pac
> on~e

AenH~TcH cneAY~I1l~M ofipa aoa 121 :	 •. 

<N w.p.> "'" <N w.p. >A +.<NW.N. >B' 

<NW.N.> = .<NW.N. >A +<NW.N. >B' /3/ 

in / inZ< NW.P.>A= AoGNB GAB' 

i n /
( A - Z ) GNB <NW.No >A 

3AeCb A ~ B - MaCCOB~e 

in	 /4/GAB.
 

4~cna CTanK~Ba~I1l~XCH HAep, Z - sapHA
 
HAP~, GAB - ce4eH~e Heynpyroro Bsa~MOAe~CTB~H HyKnoHa C HApOM 
B,GAB - ce4eH~e Heynpyroro Bsa~MOAe~CTB~H HA~P A ~ B. 

AnH npOBepK~ COOTHoweH~~ /1/ ~ /2/ ~tnonbsyeM AaHH~e pa
60T 19 -121 1'1 SHa4eH\:1H Ben~4~H< NW.p . > ~.< NW,N. > , paCC4~TaHHble 
C np~MeHeH~eM anrOp~TMa, npeAnO*eHHoro B pa60Te 1131 • Ha p~c.2 
npeACTaBneHO OTHOilleH~e cpeAHe~ MHo*eCTBeHHOCT~ n~BHeB~X 4aCT~~ 
/ S-4aCT~~/, pO*Aa~I1l~XcH BO BSa~MOAe~CTB~HX paSn~4Hblx HAep 
C HApaM~ ¢OT03Mynbc~~ n~~ 3Hepr~~ E = 4,5 r3B/HYKnoH. KaK B~A
HO, COOTHOilleH~e /2/ B~nonHHeTCH C xopowe~ T04HOCTb~. 04eB~AHo, 
4TO npa <0 p >=<n N > raxxe BblnOnHHeTCH ~ COOTHOilleH~e /1/. 

06paT~McH Tenepb K AaHH~M pa60T 114,151. Ha p~C. 3 npeACTaB
neHO OTHOilleH~e cpeAHe~ MHo*e~TBeHHocT~ OTp~~aTenbHO sapH*eHH~X
 

4aCT~~, pO*Aa~I1l~XCH B aA- ~
 
CA-Bsa~MoAe~cTB~HX np~ E =
 
= 4,5 r3B/HYKnoH, K cpeAHeMY
 

0.8, 
A+ Em PHC. 2.	 'OTHomeHHe cpeAHero 

t ••	 qHCITa s-qaCTHlJ, K cpeAHeli MHO
)1(eCTBeHHOCTH IpaHeHbIX" HyKITO

~ ~li • 
z 0.4	 HOB KaK ¢YHKlJ,HH MaCCOBOro t.IHC
~ llPH paCqeTaX ~	 ITa HApa-cHapHAa. 
~ 0.2 <N W> 6bum HCnOITb30BaHbI AaH

/ 17 1 
aue 0 NN-B3aHMOAelicTBHHX H3 

3 4 5 67891) 202 
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PHC. 3. OTHoweHHe cpe~Hero ~HC

na OTpH~aTenhHO 3apH~eHHb~ ~ac

TH~ K <N w > KaK <PYHK~HH 

.<Nw.p . >I.<N w >. 

4~cny paHeH~X HYKnOHoB*. KaK 
B~AHO, 0 B~nonHeH~~ COOTHowe
H~~ /2/ rOBop~Tb TPYAHO. OT
MeT~M, 4TO ~ccneAyeMoe COOT 'I
HoweH~e cornaCHo $opMyne /1/ ,'. f 

Aon~HO 6~Tb n~He~Ho~ $YHK~~e~ 

OT <NW.p.>;{<NW.p.>+ <Nw.N.>). 

<Nw p)/<Nw), 

:53neg > ( < np >- ~~_~l < NJ'-:.f.2_ + .< nN> • ------ /5/ 
<NW. p.> +<NW.N. > < Nw.p . > + < NW.N. > 

~3 p~C. 3 nerKo B~AeTb, 4TO An~ Toro, 4T06~ B~nonH~nOCb COOT
HoweH~e /5/, He06xOA~MO AonYCT~Tb OTp~~aTenbHoe 3Ha4eH~e Be
n~4~Hbl < n N > • .an~ YCTpaHeH~~ B03H~Kwero npo r aaopeuaa He06xo
A~MO OTKa3aTbC~ OT npeAnono~eH~~ 0 paBHo~ CTeneH~ B036Y~AeH~~ 

HYKnoHOB B pa3n~4H~X ~APO-~AepH~X cOYAapeH~~X, 4TO He npOT~
Bope4~T OCHOBH~M nono~eH~~M nnM, TorAa KaK B paMKax LUND-MO
Aen~ 3TO 06CTO~TenbCTBO He ~MeeT AOCTaT04HO eCTeCTBeHHoro 
060CHOBaH~~ • .aaHH~e ~e p~c. 3 MO~HO ~HTepnpeT~~oBaTb KaK yKa
3aH~e Ha TO, 4TO np~ YBen~4eH~~ MaCCOBoro 4~cna ~Apa-M~weH~ 

cpeAH~~ CTeneHb B036Y~AeH~~ HyKnOHOB YMeHbwaeTC~. 

nepe~AeM tenepb K on~caH~~ pacnpeAeneH~~ no MHo~eCTBeHHOCT~ 

pO~AeHHbIX 4aCT~~. Y4~TbIBa~ ManOCTb Ben~4~Hbl < n >, npennono
~~M, 4TO pacnpeAeneH~e no MHo~eCTBeHHOCT~ 4aCT~~, pO~Aa~~~xc~ 

np~ pacnane "cpenae ro'! peaouaaca , onpene.nae r ca 3Ha4eH~flM~ Po= 
= 1 - <0 > ~ P1 := <n > • Torna oacnpeneneuae no MHo~eCTBeHHOCT~ 

4~CT~~ B ~APo-~AepH~X B3a~MOAe~CTB~~X AaeTCfl npOCT~M B~pa~eH~

eM 
NW -n 

Pn = ~ C~ p~ (1 - P 1) W /6/NW w NW 
~ 

rne WNw - pacnpeneneuae no 4~cny "paueuux" HYKnOHOB. ~cnonb

~. 
* PaHee rrOCTOHHCTBO o6c~~aeMoro COOTHOllleHHH 3KcrrepHMeHTanbHO 

rrpOBepHJIOCb B pario r e 1161 • 

4 

PHC. 4. Pacrrpe~eneHHH no ~Hcny 

s-~aCTH~ B AEm-B3aHMogeHcTBHHX 
npH P A = 4,5 A r3B/c. rHCTO
rpaMMbI - ~aHHbIe 19-121 • KPHBbIC 
HaWH pacxe-rsr, 

3Y~ Anfl pac4eToB WNw' TexH~KY, 

pa3B~TY~ B p?60Te / 13/ * , ~ 3Ha
4eHW~ < n >, Ha~AeHHble auuie , 
MO~HO pacc4~TaTb pacnpeAeneH~e 

Pn • Pe3ynbTaT~ TaK~X 

npeAcTaBneHbI Ha p~c. 

pac4eToB 
4 ~ 5 

B conOCTaBneH~~ C pacnpeAene
H~~M~ no 4~cny S-4aCT~~ B AErn
B3a~MoAe~cTB~flX /p~c. 4/19-121 

~ c pacnpeAeneH~flM~ no 4~cny 

oTp~~aTenbHo 3ap~~eHH~x 4acT~~ 
o 2015105 25 30 

n, B a A ~ CA-B3a~MOAe~CTB~fl)!/14,16/ 

KaK B~AHO, CTeneHb cornaC~fl 

pe3ynbTaToB pac4eToB C 3Kcnep~MeHTanbH~M~ AaHHblM~ BnonHe YAOB
neTBop~TenbHafl. 

nOABOA~ ~Tor~, MO~HO cKa3aTb, 4TO MOAenb IIpaHeHblxll HYKno
HOB B C04eTaH~~ c npeACTaBneH~flM~ AyanbHo~ napTOHHO~ MOAen~ 

~ rnay6epoBcKO~ Teop~e~ flAPo-flAepHoro pacceflH~fl n03BonfleT no
HflTb OCHOBH~e 4epT~ npo~eCCOB MHo~eCTBeHHoro pO~AeH~fl BO 

B3a~MOAe~cTB~flX flAep np~ cpeA
H~X 3Hepr~flx. 

OA~H ~3 aBTopoB /A.C.naK/ 
6naroAap~T A.lli.ra~T~HoBa 3a 
~HTepec K pa60Te. 

PHC. 5. Pacnpe~eneHHH no ~Hcny 

OTpH~aTenhHO 3apH~eHHb~ qaCTH~ 

B a A- H CA-B3aHMo~eHcTBHHX 

npH Pa := 18 r3B/c H PC=54 r3B/c. 
f'HcTorpaMMbI - ~aHHbIe /14,151 • KPH
Bwe - HaWH pac~eT~. 

*MO~HO Bocnonb30BaTbCH TaK~e cOOTBeTCTByID~eH no~nporpaMMoH 

nporpaMMbI FRITIOF 171 • 
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PYKonlllcb nocTynlllna B 1Il3AaTenbcKIIl~ OTAen 
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xaaaasr paaee. 

n13·84-63	 'I'pynsr XI Me)l(,llYHapo.IlHoro cHMn03HYMa no RJJ.epHOH 4 p. 50 K.
 

3J1eKTpoHHKe.BpaTHCJ1aBa,QeX0CJ10BaKHR,1983.
 

n2-84-366	 Tpynsr 7 Me~YHapo.IlHoro COBelUlUfHJ1 no np06J1eMaM 4 p. 30 K.
 

KBaHTOBOHreopan nona. Anyurra, 1984.
 

n1,2·84·599	 Tpynsr VII Me)l(,llYHapO.IlHOro ceMHHapa no npo6neMaM 5 p. 50 K.
 

cPH3HKHBblCOKHX 3HeprHH. ny6Ha, 1984.
 

n17·84-850	 Tpynsr III Me)l(,llYHapo.IlHoro CHMn03HYMa no H36paHHblM 7 p. 75 K.
 

np06neMaM CTaTHCTHliecKoH MeXaHHKH. .lly6Ha, 1984.
 
(2 TOMa)
 

nll-85·791	 Tpyzrs; Me)f(,llyHapo.IlHOrO COBeII.UlJUUl no aHaltHT}f1JecKHM 4 p, 00 K.
 

Bb/llHCneHHRM aa 3BM H HX npHMeHeHHIO B reoperasecxoa
 
<t>H3HKe. ny6Ha, 1985.
 

,ll13-85-793	 Tpyzna XII Me)f(JJ,YHapo.IlHOrO cHMn03HYMa no R.IlepHOH 4 p. 80 K.
 

3neKTpOHHKe. ny6Ha, 1985.
 

.114·85-851	 Tpyas: Me~YHapo,l1HOHuneonsr no cTPYKTYpe RJJ.pa. 3 p. 75 K.
 

AnywTa,1985,
 

.113,4,17·86·747	 Tpy.IlbI V Me)I(,ZJ,YH&PO,llHOH WKOJIhI no HeHTpOHHOH ¢H3HKe 4 p. 50 K.
 

AnywTa,1986.
 

Tpynsr IX Bcecoiosaoro COBe1.UllHHR no yCKOpHTMRM 13 p. 50 K. 

3apR)KeHHblX qaCTHU. .uy6Ha, 1984. (2 TOMa) 

,ll1,2-86-668	 Tpyns; VIII Me)f(JJ,YHapo,llHOrO ceMHHapa no npo6neMaM 7 p. 35 K.
 

cPH3HKHBblCOKHX 3HeprHit. ny6Ha, 1986. (2 TOMa)
 

.119-87·105 TpY.Ilb1 X Bcecoioaaoro COBelUlUfWl no yCKOpHTMRM 13 p. 45 K . 

. 3apIDKeHHblX qaCTHU. .lly6Ha, 1986. (2 TOMa) 

.117-87-68	 Tpynsr Me)f(JJ.yHapo,llHoHin xonsr-cesnorapa no cPH3HKe 7 p. 10 I<.
 

TR)I(MblX HOHOB. .uy6Ha, 1986.
 

D2-87·123	 Tpynsr COBeluaHHR "Penopstrpyrma - 86". ny6Ha, 1986. 4 p. 45 K. 

D4·87·692	 Tpynsr Me)f(,llyHapo.IlHOrO COBeIUaHHR no reopaa 4 p. 30 K.
 

ManOqaCnNHhlX H xaapx-aapoaasrx CHCTeM. ny6Ha, 1987.
 

.112-87-798	 Tpynsr VIII M~Hapo,IJ,HOrO COBeIUaHWl no npo6neMaM 3 p. 55 K.
 

KBaHTOBOHTeoPHH nons. Aayurra, 1987.
 

D14-87·799	 TpY.Ilb1 II Me)f(JJ.yHapo,IJ,HorO cHMn03HYMa no npo6neMaM 4 p. 20 K.
 

B3aHMO.IleHCTBHR MIOOHOB H nHOHOB C aaurecraosr.
 
Jly6Ha, 1987
 

.1117-88-95	 Tpyzrsr IV Me)l(,llYHapo.IlHoro CHMn03HYMa no H36paHHblM 5 p. 20 K.
 

np06neMaM CTaTHcTHliecKOH MeXaHHKH. ,Ily6Ha, 1987.
 

3aKa3bl aa ynoMRHYTbIe KHHrH MoryT,6blTf, aanpaarteasr no anpecy: 101000 Mocxsa, 
rnaBnOI/TaMT, ui« 79. H3.IlaTeJIhCKHH omen 06'be.IlHHeHHOro HHcTHTyra R.Il~PHblX HCCne.IlOBaHHH. 
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