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1. B B e a e H H e 

no Mepe paaBHTHSI uccneaoBaHHft x o6nacTH peaxunft Me)Kay cnO)I(Hbi-

MH Sl/1.p8MH CT8HOBHTCSI QqeBHaHbiM, qTQ anSI HX TeOpeTHqeCKO~O aHanuaa 

aaneKO HeaOCT8TQqHQ HCfiOnb30B8Tb MeTOabi, npHMeHSieMbie anSI OfiHC8HHH 

6onee npoCTbiX npoueccoB, npoTexaiOlllHX npu B3aHMoaeftCTBHH eyxnona c 

Slap oM. 

Cpeau t}JaxTopoB, o6ycnoBnHBaiOlllHX B03HHKHOBeHHe HOBo~o xaqecTBa, 

B nepByiO oqepeab,. cneayeT OT·MeTHTb 60nbWyiO BenHqHHy KynOHOBCKO~O 

B38HMOaeftCTBHSI, KOTOpOe B 06biqHbiX peaKUHSIX B 60nbWHHCTBe cnyqaeB He 

npHBOaHT K cyweCTBeHHbiM at}Jt}JeKTaM. 

B HaCTOSiwee BpeMSI ycxopHTenu aaiOT HHTeHCHBHbie nyqxu TSI)KenbiX 

HOHOB C 38pSiaOM ao Z • 18 , TipeanpHHHM8IOTCSI fiOfibiTKH yCKOpSITb SIIJ.pa 

c Z .. 54 • B 6nu)Kaftwue ~oahi na6op ycxopSieMbiX Slaep oxBaTHT SIIJ.pa 

npaKTHqeCKH BCeX aneMeHTOB nepuoauqecxoft Ta6nHllbi, 

0 BenuquHe 9Hep~HH KynOHOBCKO~O B38HMOaeftCTBHSI B 9THX ycnOBHSIX 

MO)KHO nonyqHTb npeacTaBnenue, ecnu npoBeCTH ~py6y10 ouenxy BenuqnHbi 

KynOHOBCKO~O 6apbepa anSI CHCTeMbi, COCTOSIUleft H3 aByX SIIJ.ep ypaHa, 0H 

npu6nH)KeHHo paBeH 0,8 faB. 8To - o~poMHaSI aaep~HSI, aa)Ke ecnu nonb-

aoBaTbCSI M8CWTa6aMH, xapaKTepHbiMH anSI HHTeHCHBHOCTH SlaepHbiX CHn. 

~ 
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HaliH'iHe MOllUibiX KyliOHOBCKHX CHllt eCTeCTBeHHO, He MO)KeT He CKa

saTbCH Ha xoae npouecca CTOliKHOBeHHH. A 9T01 B CBOID oqepeab, aOfl)KHO 

npOHBHTbCH B pgae HaepHbiX peaKUHA. 3aeCb Mbl paCCMOTpHM a<jl<jleKT aHHa

MH'ieCKOA ae<jlopMaUHH CTaliKHBaiDmHXCH gaep B OKOli06apbepaoA o6naCTH 

aaeprHA, rae HccneaoBaaHe MO)KeT ObiTb npoBeaeao c aaH6onbmeA onpeae-

lleHHOCTblOo 

n . KBaSHCTaTH,eCKOe npH6liH)KeHHe 

BnepBbie Bonpoc o aHcTopCHH aTOMHbiX Mep, BbiSBaaaoA KynoaoBCKHM 

/1/ 
BSaHMoaeAcTBHeM, 6bm paccMoTpea BpaAToM • 3aTeM oa 6bm uccneao-

/2/ 
Baa 6onee KoppeKTHO feAnHKMaHOM • BnHHHHe aToro a¢¢eKTa aa ynpy-

roe pacceHHHe CliO)KHblX Haep HCClleaoBaHO KaliHHKHHbiM H OM Caa xa/3/. 

/4/ 
E MY nocBHmeHbi TaK)Ke aeaaBHHe pa6oTbi Boar a H ap. • 

/1 2/ 
Pa60Tbl ' OCHOBaHbl aa KBaSHCTaTH'ieCKOM npH6liH)KeHHH. llpH6liH-

)KeHHe SaKliiD'iaeTCH B TOM, 'ITO HSMeHeHHe CO BpeMeHeM BHemaero llOliH1 

HHayuHpOBaHHOrO HalleTaiDmHM MpOM, npOHCXOaHT HaCTOllbKO Meaneaao, 'ITO 

CHCTeMa sa BpeMH CTOliKHOBeHHH 'ycneBaeT' Ha Ka)KaOM 9Tane CneaHTb Sa 

9THM HSMeHeHHeM. Y CliOBHeM, KOraa pealiHSyeTCH TaKaH CHTyaUHH, HBliHeT-

C$1: 

r I 
ocu. 

( 1 ) r << 1 
CTO~KHo 1 

rae r - nepHoa Kone6aaHA CHCTeMbi. 
ocu. 

KBaSHCTaTH'ieCKoe npH6liH)KeaHe npeanonaraeT TaKHM o6pasoM, 'ITO 

cTaliKHBaiDmHeCH Hapa MoryT npHo6peTaTb onpeaeneaayiD ae<jlopMaUHID, oc

TaBaHCb npH aToM .. xonoaabiMH', T.e. BepoHTHOCTb nepexoaa aa Bos6y)Kaea

Hbie ypOBHH npeae6pe)KHMO Mana. 

PaCCMOTpHM B ynpomeHHOM BHae npouecc CTOliKHOBeHHH Haep B 9TOM 

llpH6liH)KeHHH H BbiHCHHM BliHHHHe aHCTOpCHOHHbiX HBlleHHA Ha npHMepe Ba)K-

4 

~ .~ 

HOA XapaKTepHCTHKH anH peaKUHA C SapH)KeHHbiMH 'iaCTHUa 

6apbepe VB 
06bi'iHOe onpeaeneHHe BeliH'iHHbi KynoaoBcKoro 6apbe 

V B "" Z 1 Z 2 e 
2 I R min 

R min - HaHMeHbiUee paCCTOHHHe Me)Kay ueHTp8MH Mace 

pOM BliHHHHe MepHbiX CHli eiUe O'ieHb MallO, T.e. BSaHMOal 

HBliHeTcH·npaKTH'ieCKH 'iHCTo KynoHOBCKHM. 

EcnH yqecTb, 'ITO Hapa ae HBliHIDTCH a6coniDTHO )Kec 

aonyCTHTb 1 'ITO noa BliHHHHeM KYliOHOBCKHX CHli OHH Mory1 

<jlopMy, T.e. ae<jlopMHpOBaTbCH. 

llpHHHMaH B Ka'ieCTBe OCHOBHOit KOMllOHeHTbi, aaiDmel 

HeHHe <jlopMbl 1 KBaapynOllbHYID COCTaBliHJOmyiD (noapo6ayiD 

/2/ 
9TOMY nyHKTY CM. B ) 1 anH aaeprHH MO)KHO 

6liH)KeHHOe Bbipa)KeHHe: 

Z1Z2e
2 

+ V( R, ,g 1 ,,82 ). VQ (,8
1

,R)+VQ (,8 2 ,1 
1 2 I{ 

+VQ Q +Wt(,Bt)+W2(,82 ), 
t 2 

rae V Q 
1 

( ,B 1 , R ) - aaeprHH KBaapynonbaoro BSaHMoaeAc 

pa, aaxoaHmerocH B none apyroro, V Q 
1 

Q 
2 

- aaeprHH 1 

KBaapynonbaoro BSaHMoaeACTBHH, W 1 ( ,B 1 ) - aaeprHH a• 

ro HS Haep, a ,B 1 - napaMeTpbi, xapaKTepHsyromHe BeliR' 

MaUHH, 

nanee, npeanonaraH, 'ITO napaMeTp aetflopMaUHH ,8 

MeHbiUe eaHHHUbi, MO)KHO ynpocTHTb ( 3). B aToM cnyqae ~ 

v Q!Q 2 
, a anH V Q Q H w 1 (,81 ) npHHH' 

t 2 
'illeHOM 

pa)KeHHH: 
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WHblX KynOHOBCKHX CHn1 ecTeCTBeHH01 He MO:lKeT He CKa

pouecca CTOnKHOBeHHSI. A 9TO, B CBOIO O"'epe.r:tb 1 .r:tOfi:lKHO 

e Sl.r:tepHblX peaKUHA. 3.r:teCb Mbl paCCMOTpHM 9cPcPeKT .r:tHHa

aUHH CTanKHBalOWHXCSI S~.r:tep B OKOno6apbepHOA o6naCTH 

ne.r:tosaHHe MO:lKeT ObiTb npose.r:teHo c HaH6onbweA onpe.r:te-

n . Ksa3HCTaTH"'eCKOe npu6nH:lKeHHe 

npoc 0 .OHCTOpCHH aTOMHbiX SI.Oep, Bbi3BaHHOft KynoHOBCKHM 
/1/ 

, 6bm paccMoTpeH BpaAToM • 3aTeM oH 6bm uccne.ao-
/2/ 

THO feAnHKMaHoM • BnHSIHHe aToro acl>cl>exTa Ha ynpy-

O:lKHbiX Sl.r:tep HCCne.aosaHO KanHHKHHbiM H OM CaH xa/3/. 
/4/ 

TaK:lKe He.aasHHe pa6oThi BoHra H .ap. 
2/ 

OCHOBaHbl Ha KBa3HCTaTH"'eCKOM npH6nH:lKeHHH. npu6nH-

CSI B TOM, "'TO H3M6H6HH6 CO Bp6M6H6M BH6WHero nonSI, 

HaneTalOWHM Sl.r:lpOM 1 npOHCXO.OHT HaCTOnbKO Me.On6HH01 "'TO 

Sl CTonKHoseHHSI 'ycnesaeT' Ha Ka:lK.OOM 9Tane cne.aHTb sa 

Y cnosueM, xor.aa peannayeTCSI TaKaSI CHTyaUHSI, SlsnSieT-

r I 
ocu. 

r « 1 
CTOnKH. 1 ( 1 ) 

pHO.ll Kone6aHHA CHCTeMbi. 

"'eCKoe npu6nH:lKeHHe npe.anonaraeT TaKHM o6paaoM, "'TO 

SI.Opa MoryT npuo6peTaTb onpe.aeneHHyro .aecl>opMauuro, oc-

M "xono.aHbiMH', T.e. sepoSITHOCTb nepexo.aa aa soa6y:lK.r:teH

e6pe:lKHMo Mana. 

B ynpoWeHHOM BH.lle npouecc CTOnKHOB6HHSI SI.Oep B 9TOM 

biSICHHM BnHSIHHe .OHCTopCHOHHbiX SIBneHHA Ha npHMepe Ba:lK-

4 

.,. 

Hoi!: xapaKTepHCTHKH .anSI peaKUHA C 3apSI:lKeHHbiMH "!aCTHUaMH-KynOHOBCKOM 

6apbepe V s 

06hi"'Hoe onpe.aeneHHe senH"'HHbi KY noHoscKoro 6apbepa: 

V B • Z l Z 2 e 2 I R min (2) 

R min - HaHMeHbWee paCCTOSIHH6 Me:lK.r:tY ueHTpaMH Mace SI.Oep, Ha KOTo

poM BnHSIHHe Sl.r:lepHbiX CHn ewe O"'eHb Mano, T.e. B3aHMO.aei!:CTBHe SI.Oep 

SIBnSieTCSI·npaKTH"'eCKH "'HCTO KynoHOBCKHM. 

EcnH y"'eCTb, "'TO SI.Opa He SIBnSIIOTCSI a6conroTHO :lKeCTKHMH, To cne.ayeT 

.aonyCTHTb 1 "'TO no.a BnHSIHHeM KynoHOBCKHX CHn OHH MoryT H3MeHHTb CBOIO 

c!JopMy, T.e • .aec!JopMHposaTbCSI. 

npHHHMaSI B Ka"'eCTBe OCHOBHOH KOMnOHeHTbl, .aaroweA BKna.a B H3Me

HeHHe c!JopMbl 1 KBa.apynonbHYIO COCTaBnSIIOWYIO ( no.apo6Hyl0 apryMeHTaUHIO no 
/2/ 

9TOMY nyHKTY CM. B ) , .OnSI 9HeprHH MO:lKHO HanHCaTb npH-

6nH:lKeHHoe Bbipa:lKeHue: 

V( R, ,8 • ,,82 ). 
ZIZ2e

2 

+VQ (,8 1 ,R)+VQ (,8 2 ,R) + 
I 2 

+VQ Q +W 1(,8 1 )+W
2

(,8
2 

), 
l 2 

(3) 

r.ae V Q ( ,8 1 , R ) - aHeprHSI xsa.apynonbHoro saauMo.aeAcTBHSI o.aHoro Sl.ll-
1 

pa, Haxo.r:tSiwerocSI s none .apyroro, V Q 1 Q 2 - 9HeprHSI HX Ksa.apynonb-

xsa.apynonbHoro saauMo.aeAcTBHSI, wl(,81) - 9HeprHSI .aec!JopMaUHH Ka:lK.r:to-

ro ua Sl.aep, a ,8 1 - napaMeTpbi, xapaxTepnayrowne senH"'HHbi aToA .aec!Jop-

MaUHH. 

nanee, npe.r:tnonaraSI, "'TO napaMeTp .aec!JopMaUHH ,8 3Ha"'HTenbHO 

MeHbwe e.r:tHHHUbi, MO:lKHO ynpocTHTb ( 3). B aToM cny"'ae MO:lKHO npeHe6pe"'b 

"!neHOM v Q1Q 2 , a .anSI V Q Q H w 1 ( ,81 ) npHHSITb cne.ayrowue Bbi-
1 2 

pa:lKe HH Sl: 

~ 
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3 V ((31,R)=T 
Ql 

2 
Z1Z2e R 2 y (0)·/3

1 --8-- 0! 2,0 R 
(4) 

R 
0 1 

- cpellHHi!: pallHYC sr.o.pa 
,, ,, 

r 0 - yron Me»<llY ocbiO ero CHM-

MeTpHH H rrpSIMOi!:, C09llHHSIIOUI9i!: U9HTpbl MaCC 060HX sr.o.ep), 

1 2 
WI ({31 ) ""-- C I {3 I 

2 

( C I - napaMeTp »<eCTKOCTH sr,o.pa "l " ) • 

(5) 

B cnyqae cronKHOBeHHSI gsyx c$epHqecKHX Slllep aKCHanbHaSI CHMMeT-

pHSI KynOHOBCKOI"O nonSI OTHOCHTenbHO nHHHH HX U9HTpOB rrpHBOllHT K TOMy, 

qTO MHHHMYM 9H9pi"HH OTHOCHTenbHO yrna 0 

nH 0=0. 

6yll9T OCyUieCTBnSITbCSI, ec-

Bea ymep6a llnSI noHHMaHHSI o6mero Kaqecrsa paccMoTpHM HaH6onee 

npOCTOi!: cnyqai!: - B38HMOll9i!:CTBH9 llBYX OllHHaKOBbiX sr,o.ep (STO H36aBHT 

HaC OT He06XOllHMOCTH cnegHTb aa HHlleKCaMH "i , ) • Torga B KaqeCTBe 

9H9pi"HH V (R , {3 6ygeM HM9Tb: 

V(R,/3)= 
2 2 Z 1 Z 2 e, _ + 2 _Y_ {3 + C {:3 

R R 8 
(6) 

rge 
3 2 2 ) y = -- Z 

1 
Z e R 0 Y\ 2 0 ( 0 • 5 2 • 

TipH $HKCHpoBaHHOM aaaqeHHH R - paccTOSIHHH Me»<llY o6oHMH sr.o.pa-

MH - 0Tb!Ul9M 3HaqeHH9 napaMeTpa {3 • lJ.nSI STOI"O cnegyeT MHHHMH3Hpo-

BaTh Bbipa»<eHHe ( 6) OTHOCHT9nbHO 

{3 = {3 o paBHO: 

napaMeTpa 

f3 0 =-y/CR
3 

6 

~ ~ 

{3 • l1CKOMOe 3HaqeHHe 

(7) 

l1a ( 7) npe»<ge Bcero BHJ:IHO, qro npH C .... oo napa Me TI 

oaHaqaeT, qTo "»<eCTKHe" Slgpa cna6o ge$opMHpyiOTCH. C J:II 

{3 0 TeM 6onhrne, qeM 'MHrqe" HJ:lpa H qeM 6onhrne npoHal 

pHJ:IOBo 

EcnH nogcraBHTb aHaqeaHe {3 0 (7) B (6), To gng , 

nocnegHHX qneHOB nonyqHM OTpHU8TenbHYIO BenHqHHY - y 2/ 

o6cToHTenbCTBO 6binO ornH6oqHo HCTOnKOBaHo Bpa.iiTOM /l 1 

CTBO yMeHblii9HHH BenHqHHbl KynOHOBCKOI"O 6apbepa B peaynJ 

sr.o.ep. 

B ge.iiCTBHTenbHOCTH, B03HHKHOBeHHe J:IHCTopcHH npHBOJ 

HOCTH c6nH3HTb sr.o.pa Ha paccTOHHHe R' < R ( {3 
min min 

MY paaMepbi Hgep sgonb nHHHH ueHTpos yMeHbliiaiOTCH). B 1 

BbiH qneH B $opMyne (6), KOTOpbiH HBnHeTCH rnaBHbiM, CTaJ 

H STO H3M9H9HH9 38M9THO npeBbJliiaeT BKnag OT J:IBYX nocne, 

TaKHM o6paaoM, B peaynhTaTe ge$opMaUHn o6oHx sr.o.ep BbiC 

ro 6apbepa ysenHqHsaercH. 

flpHHHTbie B HaliieM H3n0»<9HHH ynpouteHHH He HOCHT llj: 

XapaKTepa, 0HH Bbi3B8Hbl nHliib CTpeMneHHeM ,1:18Tb B HaH60n 

Me OCHOBHbi9 cPH3HqeCKHe peaynbT8Tbl T8KOI"O llOJ:IXO,I:la K peL 

OnymeHHbie B (3) qneHbi HerpygHo KoppeKTHbiM o6paaoM Y' 

III • Y'IeT KBaHTOBhiX sd!dJeKTOB 

TI 0 CYIIleCTBY perneHHe aagaqH, llpHBegeHHOe B npegbiJ:IY 

HBnHeTCH KnaccHqecKHM. YcnoBHe KsaaHqacTH'IHOCTH npouec< 

J:IBYX sr.o.ep 03HaqaeT, qTo Ka»<goe H3 HHX, gecjlopMHpyHCb, OC 

»<8HliieM COCTOHHHH. 

OgHaKo B peanbHbiX ycnoBHHX CKopoCTb cronKHOBeHHH 

He HBnHeTCH 6eCKOHe'IHO Mano.ii. TiapaMeTp anHa6aTH'IHOCTH 

7 



3 Z1Z2e
2 

2 v Ql ({31 'R)=-s- --R8- ROI Y2,0 (0) ·f3 I (4) 

Hll: pallHYC 51Jlpa "r " (I - yron Me>KJlY ocbiO ero CHM-

Jl:, COeJlHHSIIOIIlell: UeHTpbl MaCC 060HX 51Jlep), 

I 2 
\VI ({31 ) = -- C I f3 I 

2 

p >KeCTKOCTH 51Jlpa "l " ). 

(5) 

TOnKHOBeHHSI JlBYX C~epH'IeCKHX SIJlep aKCHanbHaSJ CHMMeT-

0 nong OTHOCHTenbHO nHHHH HX UeHTpOB llpHBOJlHT K TOMy, 

epi'HH OTHOCHTenbHO yrna (I 6yJleT ocymecrBnSJTbCSJ, ec-

;a JlnSJ llOHHMaHHSI o6mero Ka'IeCTBa paCCMOTpHM HaH6onee 

- B3aHMOJlell:CTBHe JlBYX OJlHHaKOBbiX 51Jl9p {STO H36aBHT 

MOCTH cneJlHTb 3a HHJleKCaMH "i " ) • TOI'Jla B Ka'IeCTBe 

.{3 6yJleM HM9Tb: 

V(R,f3)= 

Y= 3 
5 

2 2 Z 1 Z 2 e._+ 2 _Y_ f3+Cf3 
R Rs 

2 2 ) Z 
1 

Z e R 0 Y 
2 0 (0 • 

2 • 

(6) 

OBaHHOM 3Ha'IeHHH 

a'IeHHe napaMeTpa 

(6) OTHOCHTenbHO 

R - paccroSJHHH Me>KJlY o60HMH 51Jlpa

f3 , nnSJ STOI'O cneJlyeT MHHHMH3Hpo-

napaMeTpa f3 • HcKoMoe aHa'IeHHe 

8 

f3 0 =-y/CR (7) 

6 

~ 

H 3 ( 7) npe>KJle BCero BHJlHO, 'ITO npH C -+ oo napaMe Tp {3 O -+ 0 , 3 TO 

03Ha'IaeT, 'ITO ">KeCTKHe" SIJlpa Cna6o Jle~OpMHpyiOTCSI, C Jlpyroll: CTOpOHbi, 

f3 0 reM 6on~:>me, 'IeM "'MSJrqe' SJJlpa H 'IeM 6on~:>me npoHaBeJleHHe HX aa-

pSIJlOB, 

EcnH nOJlCTBBHTb aHa'IeHHe f3 0 (7) B (6), To JlnSJ cyMMhi JlByx 

nocneJlHHX qneHOB nony'IHM oTpHuaTen~:>HyiO BenH'IHHy - y 2 I C R 6 
• 3To 

111 
06CTOSJTenbCTBO 6binO OlllH60'IHO HCTOnKOB8HO Epall:TOM K8K CBHJleTenb-

CTBO yMeHbllleHHSI BenH'IHHbl KynoHOBCKOI'O 6apbepa B peaynbTBTe JlHCTOpCHH 

51Jlep, 

B Jlell:cTBHTenbHOCTH, B03HHKHOBeHHe JlHCTOpCHH npHBOJlHT K B03MO>K-

HOCTH c6nH3HTb 51Jlpa Ha paccToSJHHe R' 
1 

< R 
1 

( f3 < 0 , noaTo-
m n m n 0 

MY paaMepbi SJJ;lep BJlonb nHHHH ueHTpoB yMeHhlllaiOTCSJ). B peaynhTaTe, n,ep-

Bbill: 'IneH B ~OpMyne (6), KOTOpbiii: SJBnSJeTCSI rnaBHbiM, CT8HOBHTCSI 6onbllle 

/2/ 
H 9TO H3MeHeHHe 38MeTHO npeBbiiilaeT BKnaJl OT JlBYX llOCneJlHHX qneHOE , 

TaKHM o6paaoM, B peayn~:>raTe Jle~opMaUHH o6oHx HJlep BhiCOTa KynoHOBcKo

ro 6aphepa yBenH'IHBaeTcSJ, 

DpHHSITbie B H8IIleM H3nO>KeHHH ynpOIIleHHSI He HOCSIT llpHHUHllH8nbHOI'O 

xapaKTepa. 0HH Bbi3B8Hbi nHIIlb CTpeMneHHeM Jl8Tb B HaH6onee npocToll: ~op

Me OCHOBHbie ~H3H'IeCKHe peaynhT8Tbl T8KOI'O ll0JlXOJl8 K pellleHHIO 3aJla'IH. 

/2/ 
OnymeHHbie B (3) qneHbi HeTpyJlHO KOppeKTHbiM o6paaoM yqecTh • 

III • Y 'leT KBaHTOBbiX adJ<beK TOB 

Do CyiiieCTBY pellleHHe 38Jl8'IH, npHBeJleHHOe B npeJlbiJlyiiieM p83Jlene, 

SJBnSJeTCSJ KnacCH'IeCKHM, YcnoBHe KB83H'IaCTH'IHOCTH npouecca c6nH>KeHHSJ 

JlBYX 51Jlep 03H8'I8eT, 'ITO K8>KJlOe H3 HHX, Jle~opMHpySJCh, OCTaeTCSI B HH

>K8HIIleM COCTOSIHHH. 

0JlHaKo B peanbHbiX ycnoBHSJX CKopoCTh cTonKHOBeHHSJ SJJlep ( E .. V ) 
B 

He SJBnHeTCSJ 6ecKOHe'IHO Manoll:. DapaMeTp 8JlHa6aTH'IHOCTH ~:, R min w/2 v 

7 



( h W - xapaKTepHOe paCCTOSIHHe Me:lKilY BH6paUHOHHhlMH COCTOSIHHSIMH Slll

pa) B 60nbll!HHCTB9 HHTepeCyiOIIIHX HaC cny'laeB npH6nH:lK9HHO paBeH ~"' 0,4 , 

a ae ~>> l , KaK TOI"'O Tpe6yeT ycnoaHe KBaSH'IaCTH'IHOCTH. TaKHM o6pa-

30M, napaMeTp lle¢lopMaUHH {3 o ( l ) aTOMHblX Slllep, SIBnSISICb tPYHKUHei!: 

OT BpeMeHH, H3M9HSieT CBOIO BenH'IHHY C 3 aMeTHOi!: CKOpOCTblO. 

CnellCTBHeM aToro MO:lKeT SIBHTbCSI saa'IHTenbHaSI aenH'IHHa aepoSITHoc

TH B036y:lKJleHHSI Slllep. PacCMOTpHM STOT BOnpoc UOilp06Hee. 

O'leBHilHO, 'ITO I"'aMHnbTOHHaH llnSI f3 -BH6pauHOHHOi!: nepeMeaaoi!: Ka:lKilO

I"'O H3 Slllep MO:lKeT 6b!Tb sanHCaH B BHJle: 

" 
8 = _!lL + .l c f3 2 + _L_ f3 . 

28 2 Ra 
(8) 

/5/ 1~ 
I"'lle 8 - Maccoabti!: napaMeTp KonneKTHBHO:l!: MOilenH , TaK 'ITO w= (C/8) 

a llBa nocnellHHe 'lneaa npellCTaanSIIOT a¢l¢leKTHBHYIO noTeHUHanbHYIO aaepi"'HIO, 

SIBnSIIOIIIYIOCSI tPYHKUHe:l!: OT BpeMeHH. 

Hcnonb3YSI TO:lKileCTaeaaoe npeo6pasoaaHHe llnSI I"'aMHnbTOHHaHa (8), 

MO:lKeM HaUHCaTb: 

" p2 8w2 
"=--+--lf3+f3 (t)1

2
-f(t). 

0 
28 2 

(9) 

B ypaaaeHHH (9) f3 0 ( t) ( ) 8w 2 
onpeJlenSieTCSI COOTHOll!eHHeM 7 , a f( l) =--{30 (t 

2 
faMHnbTOHHaH 

" p 2 8w 2 2 
H =--+--lf3+f3 (t)J 

0 
28 2 ° 

( 10) 

OUHCbJBaeT noBelleHHe KBaHTOBOI"'O I"'apMOHH'IeCKOI"'O OCUHnnSITOpa C llBH:lKyiUe:l!:-

CSI TO'IKO:l!: UOilBeCa {3 o ( l ) • 3Ta 3aJla'la MO:lKeT 6hiTb peweHa paSnH'IHhl-

/6/ 
MH cnoco6aMH (eM., aanpHMep, ) • 

8 

.-

f 

\1 
i' 

DpHHHMaSI, 'ITO B TO'IKe HaH6onbiUei"'o c6nH:lKeHHSI t = 0 H 

BHilHbJil: ¢laKT: {3 O ( t ) -+ 0 npH t-+- oo ( Slllpa He B3aHMOJl 

0'19Hb 60nblllHX paCCTOSIHHSIX nepell CTOnKHOBeHHeM) B Ka'le< 

ypaBH9HHSI 

H 
0

¢ ({3, t) = E ¢ ({3, t J 

HMeeM: 

I"'lle 

¢({3,t) exp [ _i P 1 ( f3 -{3 1 ) ] t/J o ( f3- f3 1) ' 
tJ 

tP O - BOnHOBaSI tPYHKUHSI OCHOBHOI"'O COCTOSIHHSI npH 

wy o -a 
f3 = - -- j R ( t ) Sin w t d t , 

1 C-oo 

0 

I 
-a 

R ( t ) Cos w t d t p 1 = y _.,., 

HanH'IHe B I"'aM~nbTOHHaHe (9) 'lneaa f ( l ) , He 3aE 

nepeMeHHOi!: {3 , UpHBOilHT K TOMy, 'ITO pellleHHe 6ylleT 01 

( 12) nHlllb ¢la30BbiM MHO:lKHTeneM, He BnHSIJOIUHM Ha BepOSITH 

HHSI. H3MeHHTCSI T8Klj(e TO'IKa OTC'IeTa SHepi"'HH ypoBHeH. 3T< 

reTH'IeCKoil: lllKanhi ¢laKTH'IeCKH Y'IHThiBaercSI y:lKe Ha nepaoi!: 

Ta npH Bbl'IHCneHHH f3 0 ( l ) ( CM. ( }1)). 

Pasnai"'aSI pemeHHe ( 12) no MI"'HOBeHHhiM aonHOBhiM <flyli 

BOI"'O OCUHnnSITOpa B MOM9HT BpeMeHH l = 0 , HMeJOIUei"'O 1 

f3o=f3 o(O) , nony'laeM Bblpa:lKeHHe AnSI BepOSITHOCTH w 
n 

D -I"'O -BH6paUHOHHOI"'O COCTOSIHHSI: 

9 

~--------------------------------



epHoe paCCTOSIHH9 Me)l(ay BH6paUHOHHbiMH COCTOSIHHSIMH ·Sia

HHTepecy!OIIIHX aac cny'laea npu6nH)I(eHHO paaeH ~,. 0,4 , 

Toro Tpe6yeT ycnoaHe KBa3H'IaCTH'IHOCTH. TaKHM o6pa-

ae<f>opMaUHH {3 o ( l ) aTOMHbiX Slllep, SIBnSISICb <f>YHKUHefi 

eHSI9T CBO!O BenH'IHHY C 3 8MeTHOfi CKOpOCTb!O, 

M 3TOrO M0)1(9T SIBHTbCSI 3H8'1HTenbH8SI BenH'IHHa BepOSITHOC

SI aep. P accMoTpHM 3TOT son poe noapo6aee. 

'ITO raMHnbTOHH8H anSI {3 -BH6p8UHOHHOfi nepeMeHHOfi KS)I(aO-

eT 6btTh aanucaH a aHae: 

" 
" PR I 2 v 
H=--..::.....t:._+-C/3 +--L--{3, 

28 2 R 3 (8) 

/5/ I~ 
Bblfi napaMeTp KonneKTHBHOfi MoaenH , T8K 'ITO ~=(C/8) 

qneaa npeacraanSI!OT a¢¢eKTHBHYIO noTeauuanbHY!O aaepru10, 

KUHeH OT BpeMeHH. 

TO)I(aeCTBeHHOe npeo6pa30B8HHe anR raMHnbTOHHaHa (8), 

p2 8~2 
- + 

28 2 
lf3+f3

0
(t)J

2
-f{t). (9) 

f3o(t) ( ) 8~ 2 
onpeaenReTCSI COOTHOIIIeHHeM 7 , a f( l) =--{3

0 
(t 

2 
aH 

" p 2 8~ 2 2 
H = -- + -- l f3 +f3 ( t) J 0 

28 2 ° ( 10) 

eHHe KBaHTOBOro rapMOHH'IeCKOrO OCUHnnRTOpa C aBH)I(yiiiefi-

ca f3 o ( t ) • 3Ta aaaaqa MO)I(eT 6btTb peweaa paanH'IHbi-

M,, /6/ 
HanpuMep, ) • 

8 

.,. 

... 
,'\ 

DpHHHMaR, 'ITO a TO'IKe HaH6onhwero c6nu)l(eHHSI t = 0 H Y'IHTbiBaR O'le-

BHaHbtfi <f>aKT! f3 0 ( t)-> 0 npu t->- oo ( Slllpa He B3aHMoaeHCTBYIOT Ha 

O'leHh 60nhiiiHX paCCTOSIHHSIX nepea CTOnKHOBeHHeM) B Ka'leCTBe peweHHSI 

ypaBHeHHSI 

HMeeM: 

rae 

H 0 ¢ ({3, t) = E ¢ ({3, t J 

¢(f3,t) exp [ _i p I ( f3 - {3 I ) ] rp 0 ( {3 - f3 I) ' 
h 

r/J 0 -.BOnHOBaSI <f>yHKUHSI OCHOBHOro COCTOSIHHSI npu 

~y 0 -8 
f3 = - -- j R ( t ) Sin ~ t d t , 

I C-oo 

pI= y 
0 

I 
-8 

R ( t ) Cos ~ t d t • 

( 11) 

(12) 

t ...... - 00 • a 

(13) 

( 14) 

HanH'IHe a raMHnhTOHHaHe (9) qneHa f ( t ) 1 He 3aBHCSIIIIero OT 

nepeMeHHOH {3 1 npHBOaHT K TOMy, 'ITO peWeHHe 6yaeT OTnH'IaThCSI OT 

( 12) nHIIIh <f>a30Bb!M MHO)I(HTeneM, He BnHHIOIIIHM Ha BepOSITHOCTb B036y)l(ae

HHSI, I13MeHHTCSI TaK)I(e TO'IK8 OTC'IeTa 3HeprHH ypOBHeH, 3TOT CaBHr 3Hep

reTH'IeCKOfi WKanbi <f>aKTH'IeCKH Y'IHTbiBaeTCSI y)l(e Ha nepBOH CTaaHH pacqe-

Ta npH Bbl'IHCneHHH f3 0 ( l) ( CM, ( 11 )) , 

Pasnarag peweHHe ( 12) no MrHoBeHHbiM BOnHOBbiM <f>YHKUHSIM KBaHTO-

Boro OCUHnnRTOpa B MOMeHT BpeMeHH 
t = 0 , HMeroruero TO'IKY noaaeca 

f3o=f3 o(O) , nonyqaeM Bbipa)l(eHHe anSI BepOSITHOCTH w 
n B036y)l(aeHHSI 

D -ro -BH6paUHOHHOro COCTOSIHHSI! 

~ 

9 



l l n 
wn = - 1-(--) exp (-l/hcu), 

n · h cu 
(15) 

l 2 l 
l•·-P +-Bcu 2 l{3 -{3 (0)]

2 

28 I 2 I 0 .. ' 
(16) 

DnSI npOBe.QeHHSI pacqeTOB He06XOllHMO 3H8Tb BenHqHHbl {3 1 H p 1 

171 
ITpHMeHSISI MeTo.o napaMeTpH3aUHH KynoHOBCKofi op6HTbi , p 1 MOJKHO 

npe.QCTSBHTb B BH.Qe: 

2 1/2 
YJ.L 
~------·1 ("· (). 

R, 2 ( 2E) 1/2 2,o 
min 

p 1 (17) 

r.oe I 2 0 (", ~ ~ - H3BeCTHbifi H3 TeopHH KynoHoBcKoro aoa6yJK.oeHHSI 
. 171 

KnaccHqecKHH op6HTanbHbiH HHTerpan. OH Ta6ynHpoaaH B pa6oTe • ITo-

ae.oeHHe 2 , o ( ", ~) B 38BHCHMOCTH OT ~ npe.QCTaBneHO Ha pHC. 1. 

B ¢lopMyne ( 17) p. o6oaHaqaeT npHBe.oeHHYIO Macey cTanKHBSIOIUHXCSI 

SI.Oep. AHanorHqHo .onSI (3 1 nonyqaeM: 

{31= 

npH'l:eM 

J(()= I 
0 

8y~ 

R' 
2 

C 
min 

- J((), 

Sin [ ( ( sh w + wl ) j d w 

( ch w +l) 2 

( 18) 

( 19) 

3TOT KnaCCH'IGCKHH op6HTanbHbiH HHTerpan B TeOpHH KynOHOBCKOI'O B036ylK

.QeHHSI He B03HHK8GT, TSK KSK 06bi'IHO paCCMaTpHBSGTCSI SMITnHTy.Qa nepeXO-

.Qa, S!BnSIIOIU9I'OCSI peaynhTSTOM pa3BHTHSI npouecca B CHMM9TpH'l:HblX ITO 

apeMeHH npe.oenax: - oo < t < oo • 

11HTerpan J ( ~) 6hm Ta6ynHpoaaH HaMH. Ero aaBHCHMOCTh oT na-

paMeTpa 8.QHa6aTH'IHOCTH ~ .OSHa T8KlK9 Ha pHC, 1. 

f 
\I 

··~ 

I 
~. 

'' 

~~ ,' I! I . 
.·:~I 

10 

_. 

o.a 

J,p;,,) 

o.s 

0.11 

o.2 

D.2 

J(J 

o 001 0.2 o.3 a11 o:s o.s o:1 04 o.s 1./J 

' 

0.1 

PHc. 1. 3aBHCHMOCTh KnacCH'l:eCKHX op6HTanhHbiX HHTerpano 

H J ( 0 oT napaMerpa a.oiia6aTHqHoCTH ~ 

11 



( n 
( -- ) exp ( - E I h (iJ ) , 

h(i.J 

1 
+-

2 
2 l 2 B(i.J f31-f3o(O)]. 

( 15) 

(16) 

eTOB He06XOilHMO 3H8Tb BenH'IHHbl {3 1 H p 1 
171 

H38UHH KynOHOBCKOH op6HTbl , p 1 MO)I(HO 

- . I ( 
R' 2 (2E)1/2 20 TT, ~) 

min ' • 

( 17) 

H3 TeOpHH KynOHOBCKOrO B036y)I(Jl8HHR 

/7/ 
Ta6ynHpOBBH B pa6oTe , Do-

~ rrpeacTaBneHo Ha pHc. 1. 

'!BeT rrpHB9Jl9HHYJO Macey CTanKHBBJOillHXCR 

1 rrony'!aeM: 

By~ 

R' 
2 

C 
min 

- J<O. 

Sin [ ~ ( sh w + w ) J d w 

( ch w + 1) 2 

( 18) 

(19) 

H HHTerpan B T90pHH KynOHOBCKOrO B036y)I(-

06bi'IHO paccMaTpHBaeTCR aMrrnHTyaa rrepexo

pa3BHTHR rrpouecca B CHMMeTpH'IHhlX ITO 

oo, 

Ta6ynHpoBaH H8MH. Ero 38BHCHMOCTb oT rra-

~ ll8H8 T8K)I(9 Ha pHC. 1. 

10 

... - !/; 
'1;1 

0.8 D.2 

rw-,,) J(J) 

o.s 

0.1, D. I 

0.2 

0 0.1 0.2 0.3 alt D.S D.& 0:1 0.8 O.S /.D 

' PHC, 1, 3aBHCHMOCTb Kn8CCH'I9CKHX op6HT8nbHbiX HHTerpanoB 

H J ( 0 OT rrapaMerpa al}Ha6aTH'IHOCTH ~ 

11 

I ( "·~) 
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Bo3Bp8THMCH Tenepb K Bonpocy 0 BenH~HHe oapbepa. nnH ero onpe

.oeneHHH Mhl .oomKHhi K V ( R ~min , {:3 1 , fJ.a ){ CM, ( 3)) .oooaBHTh KB8HTOBYIO no

npaBKY E , HBnHIOIUyiOcH cyMMofi cpe.oHHX 3Ha~eHHfi aHeprHH B030Y)I{.lleHHSI 

CTanKHB8!01UHXCSI Sl.llep: 

E=E 1 +E2, 

r.oe 

E I w (n + l/2 ) h w 
n 

n=O 

!_ h WI 
2 

(20) 

(21) 

( nocne.oHwfi ~neH y~HTbiBaeT Han11:~11:e aHeprHH Hy.neshiX KoneoaHHH HeB3BII:Mo

.oeficTBYIOIUHX SI.llep), 

l1TaK, CTanKII:B8IOIUHeCSI S!.llpa, BOOOIUe roBOpSI, He TOnhKO .oe¢opMHpyiOT

CSI, HO H B030Y)I{.ll8IOTCSI, 

YTO )l{e K8C8eTCSI KynOHOBCKOrO oapbepa, TO ero BenH~HH8 OTnH~aeTCSI 

oT Knaccw~ecKoro onpe.oeneHHSI (2) 11:3-3a Hanw~HSI nonpaBoK, y~HThiBBIOIUHX 

K8K HCK8)1{eHHe 4JopMbi 0 T8K If B030Y)I{.lleHHe BHyTp8HHHX CTeneHefi CBOOO.llbl 

(a HaiiieM cny~ae f3 -BIIOP8UHOHHbiX ypOBHefi), 
(0) (I) 

Ooo3H8~HM ~epe3 v B oapbep, onpe.oenHeMb!fi no ¢opMyne (2), v B ._ 

oapbep, Bbi~HcneHHb!H C y~eTOM non~aBKH Ha .oecj10pM8UH!O Sl.llep, H V :¢¢_ 

a¢¢eKTHBHOe 3Ha~eHHe oapbepa C y~eTOM K8K .oe¢opM8UHif, T8K If KB8HTO-
I a¢¢ (I) _ 

Bb!X a¢4JeKTOB ( B030Y)I{.lleHHSI BHOp8UHOHHhiX CTeneHeif CBOOO.llbl): V B = VB +E , 

B Taonwue npwse.oeHhi pe3ynhT8Thi pac~eToa w noKa3aHa ponb nonpasoK 

Ha IIpHMepe CTOnKHOBeHHSI JlBYX Sl.llep CBHHUa 208 Pb , TiapaMeTpaMII: 38.08~11: 

SIBnSIIOTCSI )1{9CTKOCTh C H hw - aHepreTH~eCKHH HHTepsan M9)1{.lly f3-
BHOp8UII:OHHhiMH COCTOSIHHSIMH, TipHHS!Thie 3H8~eHHSI .OnSI aTHX napaMeTpOB yKa-

38Hbl B Taonwue. Pac~eThr npose.oeHhr .onSI Tpex 3Ha~eHHH napaMeTpa C 
1 

~Toobr BhiSICHHTh 38BHCHMocTh nonpasoK oT )l{eCTKOCTH Mpa. BhropaHa cpas-

12 

.-

l,;,l 

HHTenhHO 6onhiii8SI aenH~HHa aToro napaMeTpa c TeM, ~TOohr 
208 

¢aKT .osofiHoil: MarH~HOCTH SI.opa 82 Pb 126 

l13 TaonHUhr BH.llHO, ~To nonpasKa E 

c nonpasKoif, y~HThiB8IOIUeil: .oe¢opM8UHIO. 

MO)I{eT OK838 Tbl 

B CBSI3H c pe3ynhTaTaMH pac~~Ta Heooxo.oHMO c.uenaTh , 

3aMe~aHHe. BenH~HHa E C8M8 no Ceoe 38BHCHT OT f3 O 

nonHOM oanaHCe aHeprHH (3) B SIBHOM Blf.lle Mbl ee He y~HT 

oooCHOBaHHSI aToro np~~:onH)I{eHHSI .oocTaTo~Ho yKa38Th, ~To n 
- (I) 
E I V 

8 
= 0,01 << l , To, o~eBH.llHO, ~To sepoHTHOCTh soa6 

HHTCSI npH y~eTe T8KOH Heonpe.oeneHHOCTH aHeprii:H He3H8~HT' 

Pac~eThr npose.oeHhi H .onH .opyrwx KOMoHHauHA cTanKHB 
58 58 20 197 

Ni + Ni, Ne + Au , Tiony~eHhi Ka~ecTseHHO 

aynhT8Thr. 

Ocoohril: HHTepec npe.ocTaBnSieT cny~ail: pacceSIHHSI c¢ep 

Ha .oe¢opMHpoaaHHOM SI.llpe-MHIIIeHH. EcnH npHHSITh a.owaoaTH"l 

)l{eHHe no BpaiUaTenbHOil: CTeneHH CBOOOJlbl Sl.llp8-MHIIIeHH (a ~ 

onpaanaHo, TaK KaK ~ « l ) , To Me Ton pac~eTa cosepiiie 
rot 

H3nO)I{eHHOMy Bbiiiie, 3.oecb HeOOXO.llHMO paCCMOTpeTb TOnbKO 

cny'laSI: 

1. Och CHMMeTpHH SI.llpa-MHIIIeHH HanpasneHa a.oonb nHil 

Sl.llep (cny'lail: A). o~eBH.llHO, oapbep .onSI T8KOA KOH$HrypauH 

Mane H. 

2, Och CII:MMeTpHH SI.llpa-MHIIIeHH HanpasneHa nepneH.lllfl< 

ueHTpOB ( cny'lail: B). oapbep M8KCHManeH. 

Henocpe.ocTseHHhie pac~eThi ohrnH npose.oeHhi .onH cTom 
40 16 6 

Ar + Er • Ehrnll: npii:HHThi cne.oyiOIUHe 3Ha'leHHH ocHOBH~ 

0 f3 = 60 Mas ( Mpa pe.oKo3eMenhHoif rpynnhr "MSirKHe", ·nos 

Mbl II:CnOnh30BanH ero rH.llPO.llHH8MH'I9CKOe 3H8~eHHe )., {3 p d. 
166 

paBHOBecHoil: cooCTBeHHOl!: .oe¢opMaUHH H.opa Er h w = 

13 
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HMCH Tenepb K aonpocy o aenw~wHe 6apbepa. ilng ero onpe-

aomKHhi K V(R'mln ,(:3 1 ,f:4J )(cM.(3))ao6aBHTbKB8HTosyrono-

HBJIHIOIIIyiOcH CyMMOH Cpe.QHHX 3H8~8HHH 9HeprHH B030YMA8HHH 

IXCH H.Qep: 

E=E,+E2, (20) 

n=O 

I _ h W
1 2 

(21) I w (n + I I 2 ) h w 
n 

E 

eH y~HTbiBaeT H8JIH~He 9HeprHH HylleBbiX KOJieOBHHll HeB38HMO-

H.Qep). 

anKHBBIOIIIHecg H.Qpa, aooome roaopg, He TOJibKO ae¢opMwpyiOT-

YM.Q810TCH. 

K8C8eTCH KYJIOHOBCKoro 08pbepa, TO ero BeJIH~HH8 OTJIH~aeTCH 

oro onpeaeneHHH (2) H3-3a H8JIH~HH nonpaBOK, Y~HTb!B8IOIIIHX 

!flopMbi 1 T8K If B030YM.QeHHe BHyTpeHHHX CTeneHeii: CBOOO,Qbl 

~ae {:3 -BHopauHoHHhiX ypoaHen). 

(0) (I). 
M ~epes V 8 6apbep, onpeaenBeMbiH no ¢opMyne (2), V 

8 
-

- a~ 
JieHHb!I1 C y~eTOM nonpaBKH Ha .QecjlopM8UHIO H.Qep, If V B -

Ha~eHHe oapbepa C y~eTOM KBK .Qe¢opM8UHH
1 

T8K If KB8HTO-

a!flqi co -( B030yM.QeHHH BHOp8UHOHHhiX CTeiieHen CBOOO.Ub!): V B = VB +E . 

e npHBe.QeHbl pe3yJibT8Tbl pac~eTOB If nOK838H8 pOJib nonpaBOK 

OJIKHOBeHHg r.myx BAep CBHHUa 
208 Pb • DapaMeTpaMH sa.ua'IH 

KOCTb C If h W - 9HepreTH~eCKHll lfHTepBaJI MeM.Qy {3-

COCTOHHHHMH. DpHHHThie 3Ha~eHHH JlJIH 9TifX napaMeTpOB yKa

• P ac'IeThi nposeaeHhi ang Tpex 3Ha'IeHHH napaMeTpa C 
1 

b 38BHCHMOCTb nonpaBOK OT MeCTKOCTH Hllpa. 8b!Op8H8 cpaB-

12 

.,. 

HHTeJibHO OOJ!blll8H BeJIH'IHH8 9TOrO napaMeTpa C TeM 1 'ITOObl OTp83HTb 
208 

¢aKT llBOii:Hoii: MarH~HOCTH Hllpa 82 Pb 126 

l1s TaonHUhi BH.QHO, 'ITO nonpaBKa E MOMeT OKa3aTbCH cpaBHHMOii: 

c nonpaaKoii:, y'IHThiBaromeii: ae¢opMaUHIO. 

B CBH3H c pesynbTaTaMH pac'I~Ta Heo6xoaHMO caenaTb cneayromee 

saMe'IaHHe. BenH~HHa E caMa no ce6e saaHCHT OT f3 0 • OaHaKo B 

IIOJIHOM 08JI8HCe 9HeprHH ( 3) B HBHOM BHJle Mbl ee He Y'IIfThiB8JIH. ilng 

OOOCHOB8HHH 9TOrO npHOJIHMeHHH .QOCT8TO'IHO yK838Tb 1 'ITO nOCKOJ!bKY 
- (I) 

E I V 8 "'O,OI << I , To, o'IeBHAHo, 'ITO aepoHTHOCTb aos6yMaeHHH H3Me-

HHTCH IIpH y'IeTe T8K0ll HeonpeaeneHHOCTH 9HeprHH He3H8'IHTeJibHO. 

Pac'IeThi npoae.ueHhi H ang apyrHx KOMOHH8UHH cTaJIKHaaromHxcg H.oep: 
58 58 20 197 

Ni + Ni ' Ne + Au • nony~eHhl Ka~eCTBeHHO T8Kife Me pe-

3YJibT8Thi. 

Oco6biii: HHTepec npeacTaanBeT cny'Ian pacceSIHHSI c¢epH'IeCKoro H.opa 

Ha ae¢opMHpoaaHHOM SIJlpe-MHIIIeHH. EcnH npHHSITb aaHa6aTH'IecKoe npH6JIH

MeHHe ITO Bp8lll8TeJibHOll CTeneHH CBOOO/lbl H.op8-MHIIIeHH (a 9TO BnOJIHe 

0Ilp8Bil8H0 1 T8K K8K ~ <<I ) 1 TO Me TOll paC'IeTa COBepmeHHO aHanorw~eH rot 

H3JIOMeHHOMy Bbiiiie. 3aecb HeOoXO.QHMO paCCMOTpeTb TOJ!bKO llB8 Kp8llHHX 

cny'laSI: 

1. Ocb CHMMeTpHH SIJlpa-MHllleHH HanpaaneHa BllOJib JIHHHH ueHTpoa 

H.Qep (cny'Iall A). o~eBHilHO, 6apbep llJIH T8K0ll KOH¢HrypaUHH 6y.ueT MlfHH-

Mane H. 

2. Ocb CHMMeTpHH SIJlpa-MHllleHH HanpaaneHa nepneHilHKYJIS!pHO JIHHHH 

ueHTpoa ( cny'Iaii: B), 6apbep MaKCHManeH. 

HenocpeacTaeHHhie pac~eTbi OhiJIH npoaeaeHbi .QJISI CTOJIKHOBeHHSI SIJlep 
40 166 

Ar + Er • EhiJIH npHHS!Thi cneayiOIIIHe 3Ha'IeHHH ocHOBHhiX napaMeTpoa: 

f3 ° = 60 Maa ( H.Qpa peaKo3eMeJibHOil rpynnhi "MSirKHe", · noaTOMy JlJISI C 

Mbl HCnOJib30B8JIH ero rH.QPOilHH8MH'IeCKOe 3Ha~eHHe )., {3D :0,3 - rrapaMeTp 
166 

paaHoaecHoii: cooCTBeHHoii: ae¢opMaUHH S!Jlpa Er , h W= 1 Maa. 3Ha~e-

I 
; 

13 



HHe 5apbepa H aenH'IHHa rrorrpaaoK K HeMy B aapHaarax A H B JlaHbi a 

ra5nHue. Mbi BHJlHM, 'ITO rrorrpaaKa E COCTaBliSieT ITpH5liH)KeHHO 30% OT 

rrorrpaBKH Ha JlHHaMH'IeCKyiD Jle~OpMaUHID, 

IV. 05cy)KJleHHe 

Ha rrepBbiH asrnSIJl, rrorrpaBKH K KynoHOBCKOMy 5apbepy, o5ycnoaneHHbie 

JlHHaMH'I9CKOH Jl9~0pMaUHeH H B035y)KJl9HHeM, Mallbl H Ka)KyTCSI HeCyiiieCT-

B9HHbiMH, 

0JlHaKo TaKoe saKniD'IeHHe 5bmo 5bi rrocrreiiiHbiM, Mo)KHO yKa3aTb 

peaKUHH, JlliSI KOTOpbiX OHH MOI'yT HrpaTb 3aMeTHyiD pOllb, 

1. PaccMoTpHM, HarrpHMep, aorrpoc o ce'leHHH BbiXOJla HeKoToporo rrpo

JlYKTa, B03HHKaiDIII9I'O B pesynbTaTe pacrra)la KOMITayHJl-SIJlpa, EcnH HJleT 

pe'lb 0 TSI)K9llb!X SIJlpax, JlliSI KOTOpbiX KaHall Jl9ll9HHSI Ba)KeH, ITO Kpal!:Helf 

Mepe, rrpH Jl0CT8TO'IHO 5onbiiiHX B035y)KJl9HHSIX, TO B rpy5el!:IIIeM rrpH5liH)K9-

HHH JlliSI Ce'leHHSI o6pa30BaHHSI rrpOJlYKTa MO)KHO HaiTHC8Tb: 

rJle 

a ... ac • (~) N ' 

r, 
a 

0 
- C9'19HH9 06pa30BaHHSI KOMITayHJl-SIJlpa, 

n 
r r, - HeHTpOH-

HaSI H Jl9liHT9llbHaSI IIIHpHHbl B B035y)KJl9HHOM COCTOSIHHH, a N - 'IHCliO HCrry-

III9HHbiX H9HTpOHOB 1 JlOCTa TO'IHOe JlliSI 
11 

OXlla)K)leHHSI" SIJlpa, 8 pesynbTaTe 

HCITYCKaHHSI Hel!:TpOHa TSI)K9liOe SIJlpO "OCTb!B8eTif Ha 8-10 Maa, 0THOIII9HHe 

IIIHpHH 05bi'IHO OUeHHBaeTCSI ITO ITOPSIJlKY BeliH'IHHbl rn I r r "' 0,1 . 

CneJlOBaTellbHO, ITpH yaeliH'19HHH MHHHMallbHOM aHeprHH B036y)I{JleHHSI 

SIJlpa Ha 8-10 Maa (aarrpHMep, acneJlCTBHe yaenH'IeHHSI BbiCOTbi 6apbepa 

H8 9TY B9liH'IHHy) Ce'leHHe o6pa30BaHHSI "OCTbiBIIIero" S1Jlp8 yMeHblllaeTCSI1 

rpy6o roaopSI, Ha rropSIJlOK, 

T a5nHua yKa3biBaeT , 'IT.o nonpaBKH K aenH'IHHe 6apbepa c aToll: TO'I-

KH speHHSI JlOCTaTO'IHO B9liHKH, 

14 

.18 

Wn 

1.00 

0.20. 

o.to. 

0 
I 

n.• + n.a• un a2n 

2 3 

PHc. 2, BepoSITHOCTb aos6y)KL19HHSI n -ro f3 -BH6pauHOHHorc 
':!08 208 - -

2 0 8 Pb npH CTOliKHoaeHHH Pb + Pb (E "'V5 ) B sa 

3Ha'leHHSI napaMeTpa )K9CTKOCTH C 
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senH'IHHa rrorrpasoK K HeMy B sapHaHTax A H B .QaHbi B 

H.QHM, 'ITO rrorrpasKa E COCT8Bl1HeT IIpH6JJH~8HHO 30% OT 

HH8MH'18CKYID .Qe~OpMaUHID, 

IV. 06cy~.QeHHe 

fi B3T'l1H.Q, IIOIIp8BKH K KYllOHOBCKOMy 6apbepy, o6yCl10Bl18HHbie 

e~OpMaUHefi H B036y~.Q8HHeM, M8llbl H Ka~yTCH HecyrueCT-

aKoe aaKnro'IeHHe 6bmo 6hi rrocnernHhiM, Mo~ao yKaaaTb 

TOpbiX OHH MOT'yT Hrpa Tb 3aMeTHyro POJJb, 

aanpHMep, sonpoc o Ce'IeHHH BbiXo.Qa HeKoToporo npo

mero s peaynbTaTe pacna.Qa KOMnaya.Q-H.Qpa. EcnH H.QeT 

H.Qpax, .QJJH KOTOpbiX KaHan .QeneHH.II sa~eH, no Kpafiaefi 

TO'IHO 60llblliHX B036y~.QeHHHX1 TO B rpy6efirneM npH6JJH~e-

o6paaosaHH.II npO.QYKTa MO~Hb HanHCaTb: 

a "'ac • (_G..) N ' 

rr 
HHe o6pa30BaHHH KOMnayH.Q-.II.Qpa, r 

n rr - aefiTpoa-

H WHpHHbi B Boa6y~.QeHHOM COCTO.IIHHH, a N - '1HCJ10 HCny

B, .QOcTaTO'IHoe .QJJH "oxna~.QeHH.II" .II.Qpa. B peaynbTaTe 

poaa TH~enoe .II.Qpo "OCTbiBaeT'l' Ha 8-10 Mas, 0TaoweaHe 

U8HHBaeTCH no nOpH.QKy BellH'IHHb! rn I r r "' 0,1 . 

bHO, npH yBeJJH'leHHH MHHHMallbHOfi 9HepT'HH B036y~.QeHH.II 

B (HanpHMep, BClle.QCTBHe yBellH'IeHH.II BbiCOTbl 6apbepa 

Ce'IeHHe o6pa30BaHH.II "OCTb!BllieT'O" .II.Qpa yMeHbWaeTCH
1 

nopH.QOK, 

,a3biBaeT 1 'IT.O nonpaBKH K Bel1H'IHHe 6apbepa C 9TOfi TO'!-

O'IHO BellHKH, 

14 

.,.:. 

Wn 

I.DD 

D. SO. 

D. 

0.20. 

O.fO. 

0 
I 

n.G + n_JIII 
llr-5 12M 

2 3 ~ n 

PHc. 2, Bepo.IITHOCTb soa6y~.QeHHH n -ro {3 -BH6pauHOHHoro yposa.s~ .s~.Qpa 
208 208 - -208

Pb npH CTOl1KHOBeHHH Pb + Pb (E., V
8

) B aasHCHMOCTH oT 
3Ha'IeHH.II napaMeTpa ~eCTKOCTH C 
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t = 0 C6nU3UBWUeCSI .IUlpa OK83b!B8IOTCSI, B006we rOBOpSI, BOSe 

8 HeKOTOpbiX cny'l:aSIX "'paa6poc" no B036y>KJleHHbiM COCTOSIHUSII 

3H8'1HTenbHbiM (puc. 3). 3TO 06CTOSITenbCTBO UMeeT 6onbWOE 

llnH onucaHuH u aaanuaa peaKuuA, npoTeKaiOwux npu Henocpell 

TaKTe .IUlep. llpe>KJle BCero K HHM OTHOCUTCSI WUpOKUA Knacc l 

H83biBaeMbiX peaKUHSIMU nepeJla'l:Uo 

Y'l:eT Boa6y>KJleHHSI .IUlpa, npeJlBapHIOwero aKT nepella'lu, 

ao cKaaaTbCSI aa ceqeauu npouecca u Ha xapaKTepe pacnpelle; 

TOB peaKUHU no SHeprHUo 

Y'l:eT STOro s~eKTa Ba>KeH OC06eHHO B TeX cny'l:aSIX, KO 

TaTe peaKUUU nepe)la'l:H o6paayiOTCH TSI>Kenbie H30TOnbi nerKUX 

/3/ 
CHnbHO neperpy>KeHHbie HeATpOHaMH • 3TH H30TOnbi HaXOilSI 

CTa6HnbROCTH H JlOn>KHbl o6naJlaTb ManoA >KeCTOKOCTb!Oo .SIBnel 

'l:eCKOA JlUCTOpCHH H B036y>KJleHHSI nOJl06HbiX Slllep MO>KeT CHnb 

HX nony'l:eHHe B peaKUHSIX nepeJla'IH, TaK KaK 6yJleT npHBOJlUT~ 

Jle3HHTerpaUHH. 

3TH Ba>KHbie H HHTepeCHbie BOnpOCbl 3acny>KHBaiOT ,llanbH 

.llOBaHHSI. 
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B. T. reAnHKMaH. LloKnallhi coBeTcKoA aenerauHH aa Me>K.IlY 

¢epeHUHH no MHpHoMy HCnOnb30BaHHIO' aToMHOA saeprHH, AH 

Ba, 1955, 
3. B.H. KanHHKHH, OM CaR Xa. npenpHHT 011.RI1, P-761 ( 196 
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"' 0 

C') .. I 

u;f" o 
=- II a. 'b 

t = 0 c6nH3HBWHeCSI SIJlP8 OK83biB8IOTCSI1 B006We I'OBOpSI, B036y>KJleHHbiMHo 

B HeKOTOpb!X cny'l:8SIX "paa6poc• no B036y>KJleHHbiM COCTOSIHHSIM MO>KeT 6b!Tb 

3H8'l:HTenbHbiM (pHC. 3) • .3TO o6CTOSITenbCTBO H~eeT 6onbWOe 3H8'l:eHHe 

)lnSI OnHC8HHSI H 8HanH3a peaKUHA, npOTeKaiOWHX npH HenocpeJlCTBeHHOM KOH

TaKTe SIJlep. npe>K)le BCero K HHM OTHOCHTCSI WHpOKHA Knacc npoueccoa, 

Ha3biBaeMbiX peaKUHSIMH nepeJla'l:Ho 

Y'l:eT aoa6y>KJleHHSI SIJlpa, npeJlaapSIIOWero aKT nepeJla'l:H, MO>KeT canb

Ho CKaaaTbCSI Ha ce'l:eHHH npouecca H Ha xapaKTepe pacnpe)leneHHSI npoJlyK-

TOB peaKUHH no 9Hepl'HH, 

Y'l:eT aToro a~eKTa Ba>KeH oco6eHHo B Tex cny'l:aSIX, KOI'Jla B peaynb

TaTe peaKUHH nepe)la'l:H o6paayiOTCSI TSI>Kenbie H30TOnbi nerKHX aneMeHTOB, 

/3/ 
CHnbHO neperpy>KeHHble HeATpOHaMH • .3TH H30TOnbi HaXOJlSITCSI Ha rpaHH 

CTa6HnbH'OCTH H JlOn>KHbl o6na)laTb ManoA >KeCTOKOCTbiO, .HaneHHe JlHHaMH-

'l:eCKOA JlHCTOpCHH H B036y>KJleHHSI nOJl06HhlX SIJlep MO>KeT CHnbHO 3aTpyJlHHTb 

HX nony'l:eHHe B peaKUHSIX nepeJla'l:H, T8K KaK 6yJleT npHBOJlHTb K npoueccy 

Jle3HHTerpaUHH, 

.3TH Ba>KHbie H HHTepeCHbie BOnpOCbl aacny>KHBaiOT )lanbHeAwero HCCne-

JlOBaHHSI. 
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