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.QnR pac4eTa B~ai-1MOAel1cTBI-1H BbiCOK03HepreTH4eCKI-1X 4aCTH4 
H R,qep C R,qpaM~t B HaCTORrqee BpeMR 4aCTO 11CnOJ.1b3yeTCR MO,qe11b 
BHYTPI-1RAepHbiX Kact<a,qos, KOrAa CYMMap'Hoe B3aHMO,qe11cTBHe pac­
CMaTpHBaeTCR Kat< paaaeTB11eHHaR noc11e,qoaaTe11bHOCTb /",qepeso"/ 
B3aHMO,qei1CTBI-1H 6biCTpbiX 4aCTI-11.1 C OT,qe11bHbiMH BHYTPHR,qepHbiMH 
HYK110HaMH' /eM. pa60Tbl/l·4< r,qe MO>KHO Ha~'TH· ,qanbHeHWYIO 6H611J.10-
rpa¢HIO/. 3Ta MOAe11b XOpOWO OnHCbiBaeT HeynpyrHe B3aHMOAeHCTBHR 
B WHPOKOH o6naCTH 3HeprHH HaiJeTarorqel1' 4aCTHI.Ibl - OT HeCK011bKHX 
,qeCRTKOB .M38 ,qo HeCK011bKI-1X ,qeCRTKOB f38, O,qHaKo npHHRTO ,qy­
MaTb, 4TO MOAe11b BHYTPI1R,qepHbiX KacKa,qoa He npl1rOAHa A11R pac4e­
Ta ynpyroro pacceRH11R, TaK KaK, no o6rqeMy MHeH1110, oHa He AaeT 
HI1KaKJ.1X CBeAeH11H 0 A11¢paK1.1110HHOM'pacteRHH11, COCTaB11RIO!qeM oc­
HOBHyiO 4acTb ynpyroro npo4ecca np11 T ~ 100 t1a8 * . .QnR Haxo>K,qe­
HHR. ynpyroro pacceRHI1R npi1XOAI1TCR Bbln011HRTb ,qon011HI1Te11bHble 
H BeCbMa ,TPYAOeMK11e /oco6eHHO B C11y4ae CT011KHOBeH11R ABYX R,qep/ 
pc3C4eTbr B np1161111>KeH1111 f11ay6epa 111111 Ha OCHOBe OnTI14eCKOH MO,qe-
1111, 3aBI1CRrqel1 OT $eHOMeHoilorl-14eCKHX noArOH04HbiX napaMeTpos/2,5·7~ 

Mbr noKax<eM, · Ka1<11'M o6paaoM Al1¢paK4110HHaR 11 HeAI1¢paK~HOH~aR , 
4aCTI1 Ce4eH11R ynpyroro pacceRHI1R MoryT 6b1Tb Bbi4H.C11eHbl O,qHOBp~­
MeH~o c p~c4eToM Heynpyr11x KaHa11oa pea1<~11~. 

np11 Mo,qe1111poaaH1111 BHYTPI1RAePHbiX Kact<aAOB 
1 

pa3BI1Bai01!1HXCR 
B CT011KHOBeH11RX 6biCTpbiX 4aCTI-11.1 11 R,qep C RApaMI1, npOL(eCC. B3a11MO­
,qel1cTBHR paCCMaTpHaaeTCR- B 3aBI1C11MOCTI1 OT C11y.4aHHOH Be1111411Hbl 
napaMeTpa YAapa p.0THOWeH11e 411C11a pea11113osasw11xcR KacKa,qos 
K n011HOMy 411C11y Ha11eTaiO!qi1X .4aCT11.4 /111111 R,qep/ N onpe,qe11ReT Be-
11H411HY nap411a11bHOro CelteH11R HeynpyrHX B3ai1MO,qe~CTB1111f 

2' ' ' ' ' 
a in (p)"' "(R +ir) :£ Nk (p. , ¢. )/N, 

i,j I J 

r,qe Nk(p 1 ,¢J )-.imcno BHYTpHR,qepHbiX t<acKa,qos c napaMeTpoM y,qa­
pa p 1 E[p ,p +t.p] 11 a311MyTa11bHbiM yr11oM nepBH4Hor1 4aCTI11.1bl /R,qpa/ 
¢ 1 ; ~ - A1111Ha Ae6pol111e8ct<ol1 B011Hbr 3Toif 4aCTI11.1bl. CpaBHI1BaR 
~TO Bblpa>KeHI1e C 113BeCTH?H KBa3HK11aCCH4eCKOH ¢0PMY110H: 

a 1n,f~mt 2 (2f+1)(1-e-4Xf), f o:0,1,2, ... , 

~ 3Aec~· H'sea,qe·Aa11ee T ~ KHHeTH4ecKaR 3H~prHR Ha11~Tarorqel1 
4acntl.lbl. a na6opaTopHol1 C:~-tcTeMe Koop HHaT •. 

!o l "',~1Hr.~'"' . - :::: ;:•tTl!;· r ,c,~<p~~~~~,~~~'l:t'' 1 



PHc.I. Ynpyroe pacceaHHe 
npoTOHOB HAPaMH 16 0 npH 

T =I r::~B •. CnnomHa.H H llYHKTHp­
Haa KpHBbie - pesynbTaTbi pac­
qeTa c yqeToM H 6es yqeTa 

BKnaAa HeAH<iJpaK~HOHHor'o pac­
CeHHH.H·, ToqKH - 3KcnepHMeH­

TanbHbie AaHHbie 181 • · 

*llonyqeHo HHTepnon.H~Heli 

::JKcnepHMeHTa.JlbHbiX AaHHbiX 

Afl.H HAep C MaCCOBbiM qHcnoM 

A= 9+27 12/; 

HaHAe~ MHHMYIO 4aCTb t1Ja3bl paece.RHH.R: 

.. ( ) 1 { (R+'Kf ~ · .· Xe=xp =--lnl- .wNk(p1 ,¢J)/NI 
' 4 2pl'!p i,j 

rp.e p .. ~£ ; l'!p ='X , H Bb1_4HCI1HM COOTBeTeTBYIOIIIr.1e AHt1lt1JepeHLIHanb-
HOe 11 nonHo~ ee4eHI1R A11t1lpaK1.1110HHoro ynpyroro pacce.RHH.R a d(O) 
H ad, KOTOpble nony4aiOTC.R nyTeM cyMMJ.1pOBaHI1R :nap1.111anbHbiX ce:-
4eHH~ no seeM- CilO.RM l'!p p.o Hel<OTOporo MaKCH_t;tanb,HOF'O paAHY-

/2 

ea R,ei-te KOTOporo nnoTHOeTH HaneTa10111ei1 4aeTHI.Ibl /.Rp.pa/ 11 .Rp.pa­
MHWeHH e4HTaiOTe.R HenepeKpbiBaiOIIIHMHe.R *. 

B Ka4eeTee npHMepa Ha pHe. 1 noKaaaHo, KaK ,eorrmeyeTe.R e 
3KenepHMeHTOM paec4HTaHHoe-yKa"aaHHbiM enoeo6oM. ee4eHHe ynpyroro 
pae,ee.RHH.R fibleTpbiX npOTOHOB .Rp.pOM KHenopop.a, t\.n.R pae4eTOB, He­
nonb30BanOeb Oei.IHilil.RTOpHoe paenpe,qeneHHe BHYTPH.RAePHOH nnoT­
HOeTH c napaMeTpaMH, onpep.eneHHbiMH e onbrTax e paeee.RHHeM 3neKT­
POHOB. Y4HTbreanHeb see napaMeTpbl yp.apa ·annoTb , p.o pap.~t~yea, Ha 
KOTOpOM BHYTPH.Rp.epHa.R nnOTHOeTb eoeTaBn.ReT 1% ee MaKeHManb­
HOF'O 3Ha4eHH.R, 

Pac4eTHoe ee4eHHe npaBHilbHO nepep.aeT yrnoey10 aae~t~CHMOCTb 
ynpyroro paeee.RHH.R, a ero a6coniOTHble 3Ha4eHH.R a(O) e WHPOKOM 
HHTepeane, OXBaTbiBaiOIIIeM n04TH 4eTblpe nop.R,qKa Beil.H4HHbl, finHSKH 
I< 3KCnepHMeHTailbHblM ·T04KaM. BMeeTe C TeM HHTerpanbHOe ee4eH'He 
ad= f a(O) dQ aaHH>KeHo no epaeHeHHIO e 3KcnepHMeHTanbHOi1 eenH:.. 
4HHOH /eM. TafinHI.IYf. 

Ha PHC. 2 npHBep.eHbJ HHTerpanbHble ee4eHH.R B3aHMOp.ei1CTBHi1 npo­
TOHOB H nerKHX .Rp.ep e pa3IlH4HbiMH .Rp.paMH-MHWeH.RMH npH 3HeprHH 
T = J ,64 f38/HYKflOH, Afl.R KOTOPOH HMeiOTC.R 3KenepHMeHTailbHble 1 

,qaHHble 191• np~t~ Bbr<fi-tcneHH.RX Afl.R .Rp.ep c MaeeoebJM 4HenoM A~ 16 
Hcnonbaoeanacb oel.lr.1IlilRToptia.R, ,qn.R fionee T.R>Kenblx .Rp.ep -.ey,qe­
eaKcoHoeeKa.R nnOTHOeTb, P11e ~ 3 H·a npHMepe B3aHMOp.ei1eTBH.R npO";' 
TOHOB C .RIJ.POM Mep.H HililiOCTpHpyeT 3HepreTH4eeKyiO 3aBHeHMOCTb 
ce4eHHH a in 11 a ef 

Bbi4HeneHHble c noMOIIIbiO KacKa,qHOH Mop.enH 3Ha4eHH.R a1n xopowo 
cornacyroTe.R e 3KcnepHMer-iTanbHbiMH 11 e peaynbTaTaMH 'pac4eToe no'·' 

* tiHHI1MailbHcl.R WHpHHa ·eno.R l'!p='fi.; s·· 3TOM CI1y4ae CYMMHpOBaHHe· 
npoH3BOAHTe.R no. nocnep.oeaTeilbHOCTH f =0,1, 2, •··. npH BbJCOKHX 
3HeprH.RX, KOrAa 4Heno CYIIIeCTBeHHblX <J>aa (=R/;1(} 04eHb een11KO, 
AilR HHTepeana l'!p MO>KHO HCnOilb30BaTb 3Ha4HTeilbHO fionbWee 3Ha-
4eHHe, ·cooTeeTCTBYIOIIIee cpaay 1.1enoi1 rpynne 3Ha4eHHi1 f. Bo MHOrHx 
cny4a.RX, ocofieHHO npH· B3aHMO,qei1CTB1<11-t ABYX . .RAep, npaKTH4ecKr.1 
Ka>KAOe B3ClHMO,qei1CTBHe c· l.leiHpanbHOH 4aCTbrO .RApa.:.MHWeHH. coripo­
BO>Kp.aeTC.R ofipaaoeaH'HeM KacKaAa~ Ce4eHlo'le pacce.RHH.R Ha · '.'4ep.HoM 
.RApe" nerKo Bbi4HCnHTb aHamnH4eCKH, H 4l1cneHH'bri1. pac4eT np~-txo·-
AHTC.R ,qenaTb flHWb Afl.R nepHt1Jep~4eCKI1X 3Ha4eHHH ·P. . . 

3aMeTI<1M,·4TO eCilH He HHTepeCOBaTbC.R. npop.yKTaMH.H:eynpyroi1 
peaKttHH,. ·TO pac4eT Ce4eH11i1 ·ad (0), , ad • :" ·a in·: :ma411TenbHO .· 
ynpotl(aeTCR, ·Tal< KaK Ail.R Toro: 4T06bl 3a()}~KC11pOBaTb t1laKT Heynpy­
roro B3ai1MOAei1CTBI1.R /TO eCTb, on'pep.enHTb N k /, He TpefiyeTC.R . 
pacc4r.tTbiBaTb · see• nKact<aAHOe p.epeeo11 ,. P.ocTaT04Ho· p.osecnt pac­
·4eT n11wb p.o nepsoro, paapeweHHoro npi1H1.1HnoM nayn11~ BHYTPHRAep-
Horo B3aHMOp.ei1CTBHa.. . 
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Pnc, 2, Ilonnwe cetH~HmJ H cetieHHH .neynpyrnx. n3aHMogelicTnnu 
npoTouoa, 'a -qacTH~~ 'iiouoa l 2 c :. c pa3nHtiHbiMH H~paMn­
MHWeHHMH, Cnnowilliie' n nyHKTHPHhle: KPHBbJe - pe3ynbTaTbl 
pacqeia COOT~·~TCTBeHHo c yqeTOM. H 6e3 yqeTa .. He~uciJpaK­
·~HO,HHOI'O pacc~HimH /a .cnyqae f ~ , KPHBbJe coana~aroT/ .;' 

• - 3KcnepnMeHTanbHble ,[{aHHble 9 .• 3KcnepuMeHTanbHaH ·• . · 
TOlJK<l: ~·t .· ~pH HaH6,0JlbWe~ 3HatieHHH :A 1{3+ A 1;a OTHOCHT-

1 CH K ~3,~MO~eilcTBHIO ,12C :t l 2 C ·IJPH. T: = 2,} f3B/HyKilOH /tq., 
+' ' - 'cetieHHH, paCCliHTaHHble C llOMO~biQ TeOpHH fJtay6epa /5,6/, 

A.t n A~·.-· Ma(!(!OBhJe tiHcna· ~arie~aro~eft.qacTH~J·•H .R~pa•·•· · 
MHnieun. 

i·.:.: 
,.. '•!' ~ ·- r.l 
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fl 
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Pnc.3. CetieHHH.B3auMo~e:HcTBHH 
p + 64 Cu · npu pa3nHtiHbJX 3Heprn.Hx ·. 
npoTouon · T. -.KpHBbJe - ··pactieTHbJe" 
~aHHbJe, nepxHHH cnnowHaH -

0.8 
....... 
lO ....... 
b 0.4 

-~·· 

9 - f . ' } ' ·i:· . 
o.____._.._._.......,....__.._....._._.___J 

0.1 t· iO 

.. ~~ 

ain ; HIDKHHH cnnowHaH - a ef ; 
nyHKTHpHall - a ef 6e3 ytieTa 
ue~ncppaK~:.~nouuoro paccemmH. 

3HatiKaMH e H 0 .HaHeCeHbl, COC?T­
BeTCTBYJOIIUfe 3Kc'nepnMeHTanbHbJe 

3HatieHHll a10 . H a ef /6n6-
nno'rpac1Jmo . CM, B KOMllHillll.IHH 
ceqeuui1 12/ /.· 

'T lr3B/ 

TeopHH rnay6epa; 3To roeopH'T o TOM, i.no· AH¢paKij~OHHaR 4aCTb 
ynpyroro pacceRHHR, I<OTopaR, KaK ~ ce~eHHe a 10 ~ aaeH~HT,TOilb­
t<O OT MHHMbiX 4aCTei1 ¢a3 )(p , AOBOilbHO T04HO eocnpOH3BOAI1TCR 
KaCKaAHOH MOAeilbiO. 8 TO me BpeMR Ce4eHI1R, a ef 11, 'coOTBeTCT;­

BeHHO, at nony4aiOTCR CI1CTeMaTH4eCKI1 MeHbWe 3KCnepHMeHTaJlb~biX. 
11 paCC4HTaHHbiX no Tecip.HH fnayfiepa, . . , . 

AnR y4eTa BKilaAa rleA11¢paKLl110HHoro 'pacceRHI1R npH 3Hepri1Rx 
T > 100 M3B Bbi4HCI111M peanbHYIO. 4aCTh ¢a.3bl: · · . 

-o o_ = )( o /-, (F a a + F a a )/ (~ a + .F a ) , 
r. r ._s, . p p p · · n. n n ·P p n n 

rAe Fp=Z 1Z 2 +N 1N 2 ; F0 =Z 1N2 +Z 2 N 1 , a Zt. Z 2 - 4,11cna npo­
TOHOB j N 1 , N2 - 411Cna HeHTpOHOB e' HaneTaiOtqeM RAPe 11. RApe-MI1-
WeHI1 Ia Cily4ae npOTOH-RAepHoro CTOilKHOBeHHR, 04eB11AHO, Z1 = 
· = 1 , N 1 = 0 I; ap, .a n - nonHble ce4eHI1R p-p 11 p-n B3aHMo­

Aei1cTBI1R j a p 11 a 0 ~ OTHOWeHI1R peanbHOH H MHI1MOH 4aCTei1 aMnni1-
TYA ynpyroro p-p 11 p-n pacceRHI1R Ha Hyneeoi1 yron. Ko3¢¢H-
ijl1eHT ( ::: 1 121 , 

HcnOilb3YR 3Kcnepi1MeHTanbHble 3Ha4eHI1R a P' an , a P' an 
IAnR ABYX nocneAHHx MOIKHO npi1MeHI1Tb TaKme pe3yilbTaTbl pac4e-
Toe C noMOtqbiO A11CnepCI10HHbiX COOTHOWeH11HI 11 Bb1411CJleHHble C no­
MOlqbiO KaCKaAHOH Te0p1111 ¢a3bl )( f , Mbl MOIKeM HaHTH COOTBeTCTByiO­
lql1e nonpae1<11 K ce4eHI1RM a ef 11 at • Pe3ynbTaTbl Bbi411CileHI1i1 
lnp11 ( = 1 I npi1BeAeHbl e Ta6n11~e 11 Ha PHC. 1-3. 

KaK 11 CileAOBano OIK11AaTb, BKilaA HeA11¢paKLl110HHOro pacceRHHR 
np11 BbiCOKI1X 3Hepri1RX OKa3biBaeTCR HeOOilbiUI1M ,., OAHaKO ero y4eT· 
3aMeTHO yny4waeT cornac11e Teop1111 11 3KcnepHMeHT~. 

TaKHM o6pa30M, MOAenb BHYTPHRAePHhiX KacKaAOB MOIKHO Hcnonb­
aoeaTb AilR MOAenl1poeaHHR ynpyrHx 11 HeynpyrHx RAepHbiX peaKijHH 
npl1 BbiCOKI1X 3HeprHRX. npl1 3TOM, OYAY411 3aBI1CRtqel1 IlHWb.OT RAep­
HOH nnoTHOCTI1 11 ce4eH11R nepeoro BHYTPHRAepHoro eaaHMO~ei1cTBHR, 
pac4eTHaR BeJlH4i,.ftia' ''a ~f (~ )','-,. ~.a -~clKIK,e CO~TBeTCTByKilitee HHTer-
paJlbHOe Ce4eHHe a ef cna6o 4YBCTBHTeJlbHbl K AeTanRM MeXaHU3Ma 
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BHYTPHR.ctepHbiX B3aHMOAeHCTBHJ:i 6biCTpbiX 4aCTHq, 4TO oco6eHHO'. 
cy~eCTBeHHO 8 cny4ae B3aHMOAeHCTBHR ABYX RAep, AnR KOTOporo 
KaCKaAHaR MOAeflb pa3pa6oTaHa 3Ha4HTenbHO xyme, 4eM .clflR a.c~poH- ' 
RAePHblX B3aHMOAeHCTBHH. 
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PyKonHCb. nocTynHna B. H3AaTenbCKHH OTAen 
' 1 HIOHR 198l roAa •. 
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TEMATWIECKJ1E KATErOPJ111 flYBJU1KAI.U1H 

OBnE~EHHOrO ~CTHTY~A ~PHYX 

J1CCJIE.l{OBAHJ1H 

.JiH,lleKC. TeMaTHKa 

1. 3KcnepHMeHTaflbHaR ¢11311Ka B~COKHX 3HeprHH 

2. TeopeTH4ecKaR ¢JH3HKa BbiCOKI1X 3HeprHH 

3. 3Kcnepi1MCHTaflbHaR HeHTpOHHaR ¢~311Ka 

4. TeopeTI14ecKaR ¢11311Ka HI13KI1X 3HeprHH 

5. MaTeMaTHKa 

6. R.c~epHaR cneKTpocKOni1R H pa.c~woxHMHR 

7. ¢11311Ka TRmeflbiX HOHOB 

8. Kp11oreH11Ka 

9. YcKopHTenw 

10. AsTOMaTI13a~I1R o6pa6oTKH 3KcnepHMCHTanbHblx 
AaHHbiX 

1 L Bb1411CnHTenbHaR MaTeMaTHKa w TeXHHKa 

12. XHMHR 

13. TeXH11Ka ¢H3H4ecKoro 3KcnepHMCHTa 

lb. l1ccneAOBaHI1R TBePAbiX Ten. 11 lKHAKOCTeH 
RAePHbiMH MeTOAaMH 

15~ 3KcnepHMeHTanbHaR ¢H3HKa RAePHbiX peaKJ,tHH 
npH HH3KHX 3HeprHRX 

16. AoaHMeTPHR 11 ¢113HKa aa~HTbl · 

T 7, TeopHR KOHAeHCHpOBaHHOro COCTORHHR , 

18. l1cnonb30BaHHe pe3ynbTaTOB 11 MeTOAOB 
¢YHAaMeHTanbHbiX ¢H3114eCKHX HCCneAOBaHHH 
a cMelKHwx o6nacTRx HayKH H TexHHKH 

; 


