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3KcnepnMeHTanhHoe nccne.nonanne npoueccon JaxnaTa TT ·MeJonon 
H.npaMn U 6 n U 7 c ncnycKanneM .nnyx 6hiCTPhiX npoTonon npe.ncTan· 
nHeT 6onhUIOH nnTepec .nnH nJy'IeHHH MexanHJMa nornomennH TT 1~MeJo· 
non H.nepHhiMH nyKnonaMn n CTPYKTYPhi H.nep, TaK KaK n .nannoM cnyqae 
y.naeT<iH na.neJKHO Bhi.II.enHTh Kanan peaKI.(HH, COOTBeTCTBYIOII.(HH 3aXBaTy 
TT

1 ·MeJonon ny~nonaMH p ·o6ono'IKH. Enaro.napH nw.nenennm JToro 
Kanana peaKunn na H.npe /,i 6

• y KoTopo.ro na p • o6ono'IKe nMeeTcH 
e.nnncTnennaH np ·nap~ nyKnonos,no'ITH s 'IHCTOM sn.ne peannJyeTCH 
pe.nKaH soJMOJKHOCTh HJMepennH ceqennH nornomennH TT ·MeJona 
OT .nenhHhiM H.nepHhiM KDa3H.11.eiiTpOHOM. 

IIepnhie peJynhTaThi HJMepennH nncf>cfJepenunanhHhiX ceqennii peaK· 
L · 6 G I I/ · v • unn na Jl.ll.pe t yJKe ony nnKosaHhi . B I qacTn nacToHmen CTaThH 

HJnaramTCJI n o6cyJK,namTCJI nonHhie JKcnepnMenTanhHhie .nannhie .nnH 
J~.nep U 6 n /,i ~ nKnmqaromne cneKTPhi cyMMapnoii Jneprnn.npoTonos, 
.nncfJcfJepenunanhHhie ceqennH n HMnynhCHhie pacnpe.neneHHJI ocT a TO'IHhiX 
H.nep. 

Panee nccne.nosanne peaKunn ( TT +, 2 r) npn E = 76 M JB na H.npax 
npono.nnnoch rpynnoii IllapnaKa n 3ynanqnqa h( O.nnaKo JToii rpynnoii 
HJMepenHJI shmonnenhi Tonh~O .nnJI o.nnoro CHMMeTpnqnoro.na6opa nap 
yrnon, xapaKTepnJymmnx pacnonomenne .neTeKTopon npoTonon OTHo· 
CHTenhHO nyqKa TT ·Me 30HOB. C l.(enbW noJiy'IeHHH .naHHbiX 06 yrJIOBOH 
JasncnMoCTH ceqennii n nonnoii yrnonoii KoppeJIHUHH npoTonon HJMe • 
pennH ceqennii BhmonneHhi naMn.nnH rnecTn na6opon nap yrnon n cnyqae 
H.npa Li 6 ll .Tpex na6opOB • B CJiyqae H,npa Li 7 

Yc.11oeuJ1 on&zma 

CxeMa onhiTa npe.ncTannena na pnc. 1. 
IIyqoK TT+·MeJonon c Jneprneii 85±4 MJn_na.naeT na MeTannnqe~

KYIO Mnrnenh M,npe.ncTaBJIHIOII.(yro co6oii nnacTnny nnoll.(a,nhro 100 eM 
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Pnc. l. CxeMa onbiTa. 

c, c2 c, c2 c, c* 

lcL.tcJq 
MOHHTOP 3An~CK KAMEP 

KoropaH o6pa3yer yron 4S o c Hanpasne:HneM nyq:i<a rr+ ·Me3oHos. 
Tom.QHHbl MHIIIeHeil H3 Li 6 

H Li 7 paBHbl. 1,25 rlcM 2 
H 1,05r/cM 

2 

COOTBeTCTBeHHO. ,lJ;eTeKTOpaMH 6biCTpbiX npOTOHOB HBJIHIOTCH ,IJ;Be 
ncKpOBble KaMepbi HK 1 n HK .; pa3MepoM 318 x 300 x 500 MM ~
KaJK,IJ;aH· KaMepa COCTOH.T H3 40 ra30BbiX. rrpoMeJKyTKOB; pa3,IJ;eJieHHbiX. 
niiacrnHaMn n3 anroMHHHH. CyMMapHaH rom.nnHa nnacTnH o6ecneqnsaer 
n3MepeHne . :meprnn npoTOHOB no 'npo6ery snnoTL .Il:O E == 185 M3.B. 
,lJ;nH nponycKa nporoHoB a nepe,IJ;Hnx cl>naHn;ax KaMep c,IJ;enaH:I.i. npHMoy
roni.iii.ie OKHa, Bbipe 3a10111;He no OTHOIIIeHHIO K MHIIIeHH yron ~ u.i . ;, 

= 0,173 crepa,IJ;. IIpn yKa3aHHbiX. ycnoBHHX. B cnyqae CHMMerpnq:Ho:H 
reoMerpnn onMTa I ()1 = () 2 = 79 ° 30' I ncKnroqaercx B03MOJKHOCTb 
nona,IJ;aHHH npOTOHOB Ha CTeHKH KaMepbi; B cnyqae HeCHMMeTpHqHOH 
reoMeTp'nn I()I= 53°; () 2 = 108 ° I nonpasKa Ha ocraHOBKH · npoToHoB 
B CTeHKaX KaMepbi He npeBbiiiiaeT 2o/o. 3anyCK KaMep OCYill;eCTBJIHeTCH 
CXeMOH COBna,IJ;eHHH, COCTOHill;eH HT.qeTbipex cqerqHKOB CI, C2 , C3 , C 4 • 

· C'beM HHcl>opMan;nn c KaMep cl>nnbM.OBbiH, . pa3,IJ;enbHbiH . .Il:JIH npaso:H 
H neBOH KaMep .. 3HepreTH~eCKHH nopor perHCTpali;HH. npOTOHOB C 

· 3<licl>eKTHBHOCTbiO 1 OOo/o 3asncn1' OT yrnoB ()I n () 2 n B cpe,IJ;HeM · 
cocTaBnHeT 50 M3B. 

CyMMapHaH npnMe·Cb 3neKTponoB n 11 ·Me3oHoB B ny.qKe paB~a. 
18±3o/o. IIonHbiH noioK ·qacrnn; Ha MHIIIeHb paBeH 5.10 3qacTiceK npn 
ceqeHnn nyqKa 35 x 35 MM ~ !Ja6opbi nap yrnos ()I n ()2 , ,IJ;nH KOTOpblx 
npoH3Be,IJ;eHbi H3MepeHHH, npnBe,IJ;eHbi B Ta6nnn;ax I n I I. IIepBbiH 

u 6 + H IIIeCTOH Ha Opbi yrJIOB COOTBeTCTByiOT KHHeMaTHKe 3aXBaTa 7T. ·Me30· 
·HOB c 3Heprne:H · E = 85 M3B cso6o,IJ;HbiMH ,IJ;eiiTpoHaMn. 

Pe3y/lbmambl onblma 
. . 

Pe3yJibTaTbl OITbiTa 6a3HpyiOTCH ·Ha aHaJIH3e OKOJIO 10 000 aKTOB 
3aXBaTa rr+·Me30HOB C ncnycKaHHeM .Il:BYX 6biCTpbiX ITPOTOHOB. 
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Pnc. L CxeMa onhiTa. 

:M nyqKa TT+ ·Me30HOB. 
. . 2 . 2 

~5r/cM n1,05r/cM 
JOTOHOB . HBJUIIOTCH ~Be 

.8 X 300. X 500 MM ~. 
~e~yTKos;pa3~errennhlx 

[a nrracTHH o6ecneqlmaeT 
ITITOTh ~0 E = 185 M3B. 

' -. - . . ~ ~ ~· ~ ,.. . 
(aMep c~erraHhi- npHMoy-

K MHllleHH yrorr f'l ill.= 

'· crryqae CHMMeTpnqnoil 
muqaeTCH B03MO~HOCTb 

:rryqae · necnMMeTpnqnoil 
Ha OCTaHOBKH-ITpOTOHOB 
KaMep OC~eCTBITHeTCH 

'JeTqnKos C1 , C2 , C3 , C4 • 

a3~errhHhiil ~rrH npaaoil 
:rHCTpan;HH npOTOHOB C 

()I H ()2 H B cpe~ne:M. 

1e3onos B nyqKe _pasna. 
~en 5.10 3qacT/ceK npn 
B () 1 H () 2 , ~ITH_ KOTOpbiX 
mu;ax. I H I L IlepBhiH 

. + 
aTHKe 3axsaTa rr -Me3o-
·ponaMH. 

I3e OKOITO 10 000 aKTOB 
~TphlX llpOTOHOB. 
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Ha puc. 2a,6,n u 3a,6,B rrpe~cTanneuhi crreKTphi cyMMapll 

:mepruu EcrrapHhiX_rrpoTOHOB~JIH rrepnoio, BToporo u T
6
peThero Ha6ot 

yrJIOB. lf3 puc. 2 U 3 BU~HO, 'ITO KaK ~mi H~pa Li TaK U ~JIH H,I 

Li 7 Ha ncex crreKTpax <JeTKo Bhl~enHeTcH no ~Ba MaKcuMyMa. llepn 
Mai)CUMYMhi, paCIIOJIO:>KeHHhie · IlpU 3Ha<JeHUHX CYMMapHOH 3Hepr 

Ec= 220 M3B ~JIH Li 6 
u Ec= 211 M3B ~JIH U 7, COOTBeTCTBYJOT 3axna 

rr+-Me30HOB.HYKJIOHaMu p -o6ono<JKU. B crryqae peaKuuu Ha 1-i 6 OCT 
. TO'IHOe H~pO 06pa3yeTCH B OCHOBHOM COCTOHHUH: 

TT + + Li 6
-> p + p + He. 4, /1/ 

7 
a B CJiyqae peaKUUH Ha Li BKJia~ B IIepBbiH MaKCHMyM ~aiOT OCHOBH 
U rrepnoe B036y:>K~eHHOe COCTOHHHH OCTaTO'IHOrO H~pa fie 'i: 

I· -
TT + Li 7 -• p + p + !/e _, /2/ 
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Ha puc. 2a,6,a u 3a,6,a npe.ncTaBJieUhi cneKTphi cyMMapnoii 
:mepruu Ec napHhiX npoTonoa ,D;JIJI nepaor'o, BToporo u TpeThero na6opo:B 
yrJIOB. 113 puc. 2. U 3 BU,ll;HO, 'ITO KaK ,ll;JIH H,D;pa Li 6 TaK U ,ll;JIH H,D;pa 
Li 7 Ha BCeX CneKTpax 'leTKO Bhi,D;eJIJieTCH no ,D;Ba MaKCUMyMa. fiepBhie 
Ma~CUMYMhi, pacnOJIO)KeHHhie npu 3Ha'leHUHX CYMMapHOH 3Hepruu 
Ec= 220 M3B ,ll;JIH Li 6 

u Ec= 211 M3B ,ll;JIH Li 7 , COOTBeTCTByiOT 3aXBaTy 
rr+-Me30HOB.HYKJIOHaMu p -o6oJIO'IKU. B cnyqae peaKQUU na U 6 ocTa

. TO'IHOe H,ll;pO o6pa3yeTCH B OCHOBHOM COCTOHHUU: 

TT + + Li 6--+ P + p + He. 4' /1/ 
7 

a B CJiy'lae peaKQUU Ha Li BKJia.D; B nepBhiH MaKCUMYM ,D;aiOT OCHOBHOe 
U nepBoe B036y)K,D;eHHOe COCTOHHUH OCTaTO'IHOrO H,D;pa 1/c .'i: 

I· · 5 
rr + Li 7 -> p + p + !fe /2/ 

5* 
-> p + p -- lie /3/ 

3nepreTU'IecKoe pa3perneuue B uarneM onhiTe, paauoe 6.Ec=5-6 M3B, 
ue.nocTaio'IHO ,D;JIH pa3.nenenuH 3THX 6JIH3Ko pacnoJio)KeHHhiX codTOHHHH 
H,D;pa 1/e 5

. BTOphle MaKCUMYMhl, pacnOJIO)KeHHhie B O,ll;HOM H TO.M )Ke 
HHTepaane cyMMapuoi! 3Heprun npu Ec= 190 M 3B, cooTBeTcTBYIOT 
3aXBaTy 7T + -Me;lOHOB napaMU HYKJIOHOB C .s -o6oJIO'IKH U napaMU, 
COCTOHIQHMH 113 HYKJIOHa C s -o60JIO'IKII II HYKJIOHa C p -o60JIO'IKH. 
B ,D;aHHOM CJiy'lae OCT a TO'IHhie H,D;pa fie 4 H /Je 5 o6pa3yiOTCH B COCTOHHUU 
BhiCOKOrO B036y)K,D;eiiHH. 

AuaJIU3 3HepreTH'IecKux cneKTpoa npoTouoa, perncTpnpyeMhiX 
JieBOH H npaBOH KaMepaMH, noKa3aJI, 'ITO UaJIU'IHe 3HepreTU'IeCKOrO 
nopora perHCTpaQUII npOiOHOB He CHII)KaeT 3!}J!}JeKTUBHOCTh ,D;eTeKTIIpo- · 
BaHHH C06b!TIIH, nona,D;aiOIQIIX· B nepBhiH MaKCUMYM Ha H,D;pe Li 6 

a nonpaBKII Ha HeperUCipUpyeMhie C06b!TUH · ,ll;JIH nepaoro MaKCUMyMa 
Ha H,D;pe Li 7 

H ,ll;JIH BTOpbiX MaKCUMYMOB Ha 060HX H,D;pax 'HeBeJIHKU. 
ITo3TOMy ncKa)KeHne cneKTpoa cyMMapnoii 3Hepru'u B o6nacTu nepaoro 
MaKCHMyMa ,D;JIJI H,D;pa Li 6 npoucxo.nnT TOJihKO 3a cqeT ueynpyroro 
B3aHMO,D;eHCTBHH npOTOHOB B MUliieHU U nJiaCTUHaX KaMep. B CJiy'lae 
inoporo MaKcnMyMa .no6aBJIHIOTCH ne6onhume ucKa)KeHuJI, o6ycnoanu
aaeMble uanuqueM 3HepreTu'lecKoro nopora perucTpaQuu npoTouoa. 
,LJ;nH nepaoro MaKcuMyMa · .nonpaaKa na neynpyroe B3aiiMo.neiicTaue 
COCTaBJIHeT 20o/o, a ,ll;JIH BTOporo - 17o/o •. 

,LJ;nH onpe.neneuuJI .nu!}J!}JepeuQuanhnhlx ceqenuii rpanuQa Me)l(.ny 
~epBhiM U BTOpbiM MaKCUMyMaMU npOBO,ll;UJiaCh no cepe,D;UHe UHTepBaJia 

lllllpUHOH 6.£ = 5 M3B c :HauMeHhlliUM 'IUCJIOM co6hiTUH. rpaHUQa BTOporo 
MaKCUMyMa CCJieBa 6paJiaCh npu O,ll;HOM u TOM )Ke 3Haqen_u:u E c= 170M3B 
u 6hlna naii.nena U3 Tpe6oaanuJI, 'IT06hi cpe.nnue 3Hepruu npoTouoa~ 
perucTpupyeMhie neaoii u npaaoii KaMepaMu, B npe.nenax oiiiu6oK 

-7' 
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Puc~. 2. Pacnpe.n;enenue co6hiTIIii no cyMMapnoii 3Hepr:nn npoTOHOB. 
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H3MepeHHH COBna.n;aJIH C pacqeTHhiMH 3HaqeHHHMH, nonyqeHHhiMH B ~-

npe.n;noJIO)KeHHH .D:BYXHYKJIOHHOrO MexaHH3Ma 3aXBaTa C yqeTOM 3HeprHH 
CBH3H. CoBna.n;eune · H3MepeHHhiX H pacqeTHhiX Juaqeunii: cpe.n;unx 
3HeprHH npOTOHOB HMeeT MeCTO .H ,D;JIH nepBhiX MaKCHMyMOB H_ciep 

·£i 6
H Li 7 

.. 

B Ta6nnuax I H I L npe.n;cni.aneHhi· H3MepeHHhie .n:mtupepeHI.(HaJihHhie 
ceqeHHH 'peaKI.(HH, OTHeCeHHhle. K nepBOMy H BTOpOMY MaKCHMyMaM 
pacnpe.n;eneunii: no cyMMapuoii: 3HeprnH .n;nH H.n;ep Li 6 i L~ 7 cooiB~T~ 
CTBeHHO. 

YKaJaHHhie B ·Ta6nnl.(ax owu6KH BKmoqaJOT cTaTHCTHqecKne oTKJio
HeHHH H OWH6KH paJ.n;en·eHHH C06hiTHH Me)K;y MaKCHMyMaMH. IlOCKOJihKY. 
,D;JIH ceqeHHH, OTHeceHHhiX:: KO BTOpOMY MaKCHMYMY, oinH6KH, CBH3aH
Hhle C npoBe.n;eHHeM · rpaHHI.(hl CJieBa, H nonpaBKH Ha 3cPcPeKTHBHOCTh 
perHCTpai.(HH C06hiTHH He yqTeHhl, npHBe,D;eHHhie B Ta6JIHI.(aX ceqeHHH 
H HX OWH6KH HBJIHIOTCH HeCKOJihKO 3aHH)KeHHhiMH. 

BocnoJih30BaBWHCh TeM o6cTOHTeJihCTBOM, qTo B cnyqae nepBoro 
MaKCHMyMa Ha H,D;pe Li 6 

If JMepeHHhie ceqeHHH '.n;JIH Ha6opOB, B KOTOphiX 
O,D;HH H3 yrJIOB· paBeH 0 = 79°30; CHMMeTpHqHhl OTHOCHTeJihfi;O 3HaqeHHH 

d 2
o 

BToporo· yrna, Mhi . nponuTerpnpoBaJIH ceqeune 
d61 1 dw 2 

no yrny 

w 2 Bnpe.n;enax KOHyca c yrnoM npH BepwHHe 68 °. 
· Kax noKa3ana cnei.(HaJihHaH npoBepKa, BhmonueuHaH no MeTo.n;y 
MonTe-Kapno, onepai.(HH TaK.Jro HHTerpnpoBaHHH c ToquocThiO oKono. 

da . 
0 

; 

So/o .n;aeT ceqeuHe d w I ei = 79 30 I ,D;JIH nepBoro MaKCHMyMa Ha 
. " " 1 

H.n;pe. Li 
6

- AHanoruquaH onepan,HH .n;nH BToporo MaKCHMyMa .n;aeT 
>, 

da) · du . 
Benuqnuy (-d-· 'C'' KOTopaH uecKOJihKO MeHhWe ceqeHHH -d-- I 01 = 

W "'-' • w 1 

= 79°30 '/, TaK KaK 3,D;eCh KOHYC C yrJIOMUpH BepWHHe 68°He OXBaThi
BaeT BCeH 06JiaCTH yrJIOB, B KOTOpylO HcnycKaiOTCH npOTOHhl, KOr.n;a 
nepBaH KaMepa Haxo.n;HTCH Ha yrne e = 79°30 '. Haii:.n;eHHhie BeJiuqHHhl 

da 
ceqeunii: (--d-)!. npnBe.n;eHhi B Ta6JIHI.(e II I.. 

WI 

Ha puc. 4a,6 npe.n;cTaBJieHhl pacnpe.n;eneHHH co6hiTHH no HMnyJihCaM. 
OCTaTOqHhiX H.n;ep ,D;JIH nepBhiX MaKCHMYMOB, npe.n;cTaBJIHIOII.(He co6oii: 
B3Beiiieliuble cyMMhi pacnpe.n;eneimii: .cinH nepBhiX Tpex ua6opoB yrnoB. 
Ha puc. 4a npnBe.n;euo Tai()Ke cooTBeTCTBYJOII.(ee TeopeTnqecKoe pacnpe
.n;eneune .n;nH cnyqaH a d -Mo.n;eJIH -/31 H.n;pa Li 6, Bhiqncneuuoe no 
MeTo.n;y MonTe-Kapno c 'yqeToM ycn~BHH onhiTa. 
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IHHMH, nony'leHHbiMH B 

XBaTa C y'leTOM :meprHH 

HhiX 3Ha'lJeHHH cpe,IJ;HHX 

BbiX · MaKCHMYMOB H,IJ;ep 

Hhle· ,IJ;HcP<lJepeHunanhHhie 

BTopoMy MaKCHMyMaM 

L . 6 · L" 7 ·· · 
[\ep · t.. H . ~ COOTBeT~ 

CTa THCTH'lJeCKHe OTKnO- . 

KC~MyMaMH. llOCKOnhKY. 

.1YMY, oiim6KH, cBH3aH

BKH Ha JcPcPeKTHBHOCU 

e B ~a6nuuax ceqen~H 
fl. 

'ITO a cnyqae ·nepaoro 

(nH Ha6opOB, B KOTOpbiX 

OTHOCHTenb~03Ha'lJeHHH 

d 2(1 
fie ----- no yrny 

d(JJ 1 dw 2 
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0 ' 

l/ ... 
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0 -

JnOnHeHHaH no MeTO,IJ;y 

IHH c TO'IHOCThiO oKono. 
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10r0 .MaKCHMyMa ,IJ;aeT 

ceqe~HH dda . / 01 =, ·r 
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;!piUHHe 68 ° He OXBa Tbi- J 
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Puc. 4. Pacnpe,21;enenue ocTaTO'IHhiX H,D;ep no uMnynhcy ,D;JIH nepBoro 
MaKCUMyMa. 

06cyJKOe1we pe3yAi.mamoa 

3axBaT. rr -Me30HOB np -napaMu H,D;epnhiX nyKnm 
.HMnyJihCHoro npu6JIU)KeHUH U ,D.UcnepCUOHHOH Teopuiinpl 
peaKn;iiii /4/ paccMa:rpumi.e.TcH KaK npon;ec.c, u~yiiJ;uii· na 
3.U,D.eiiTpoii:ax. B cnyqae nepBOH- runoni3hl .H.D.PO .. xa 
3cPcPeKTHBHhiMU 'IUCJiaMU KBa3U,D.eiiTpOHOB, B CJiyqae BTO] 
ucnycKaHHH BUpTyaJihHhiX ,D;eiiTpOHOB. Bcne,D.CTBUe TOr 
norJIOIIJ;eHUJI' TT. -Me 30HOB H,D;epHhiMU KBa3U,D;eHTpOHaMU, 

. ,!J;HTCH BHe MaCCOBOH noBepXHOCTU,. He U3BeCTHO, TO BO 
qecKux · ·pac'leTax, KaK npaBuno, npe,D.nonaraeTCH, " 
COOTBeTCTBYJOIIJ;eMy Ce'leHUIO ,!J;JIJI CBo6b.D.HhiX ,D.eHTpOHOB 

Pe3yJihTaThi narnero onhiTa no3BOJIHIOT npoBecTu Kl 
npoBepKy · 3TOrO OCHOBHOrO np'e,D.nonO)KeHUH TeOpUU. bJ 
'ITO H,D;pa Li ~- u Li 7 uMeiOT HPKO Bhipa)KeHHYIO KnacTepi 
yKa3aHHYlO npoBepKy y,D;aeTCH npoBeCTU pa'3,IJ.eJihHO ,D.m 
HOB, HaXO,!J;JIIIJ;UXCJI Ha S- U p.;. 060JIO'IKaX H,D;ep Li 6 U 

IlpuMeHUTeJihHO K npon;eccy ,D;BYXHYKJIOHHOrO 3aXBa' 
H,D;paMu Li 6 u Li 7 O,D;HO U3 ocnoBHhiX pa3JIH'IUH o6ono' 
TepHOH :MO,D;eJieH 3aKJIIOtJaeTCH B TOM, 'ITO B nepBOM CJIY' 
B036Y)K.IJ.aiOTCH ypoBHU ocTaTO'IHhiX H.IJ.ep, cooTBeTcTB) 
nUOHOB n p -napaMU S ~' p 

2 
U sp -KondJurypan;uii, B TO 

"BTOpOM CJiy'lae UHTeHCUBHOCTh 3aXBaTa nUOHOB KB< 
s p -KondJurypan;uu cunhHO no,D.aBnena. Cornacno orienKa 

,D;ITH a, d...:Mo,D;enu H,D;pa Li 6 u a, H 3-:Mo,D;enu H,D;pa Li 7 < 
15-iOo/o OT UHTeHCUBHOCTU 3aXBaTa niiOHOB KBa3U,D.ei 
p2 -KoudJurypan;uii. · .[l;pyroe pa3nuque · Mo,D;enu cocToll 
IIMnyJihCHOe pacnpe,D.eJieHIIe OTHOCUTeJihHOrO ,!J;BII)KeHUJ 
n;uan;Hii B H,D.pe Li G II a u H -3accounan;uii B H,D;pe L 
Mo,D;enu 3Ha'luTeJihHO rnupe, '!eM .IJ:ITH BTopoii I 3/. 

. Cornacuo o6onoqequoii · Mo,D.enu cpe,D.HHH 3HepruJ 
OCTaTO'IHOrO H,D;pa, COOTBeTCTBYIOIIJ;aH 3aXBaTy nUOHOB ~ 
MU sp. -KondJurypan;uu, uaxo,D.uTcn B paiioue 20 M3B. 
puc. 2, B 3TOM paiioue neT nnKai<oro MaKcuMyMa . 

. pe3yJihTaT nonyqen rpynnoii IllapnaKa u 3yna:Hquqa·h/ 
UTaJihHHCKOH rpynnhi, KOTOpaH U3y'lana peaKIJ;UIO nor 
HOBUBIIIUXCH OTpUD;aTellhllhiX niiOHOB H,D.pa:r.{ri: Li 6

·. 

,lJ;nH . H,D;pa L i 7 TO)Ke ne :Bn.D.HO npoHBJieHiiH ~mK:cu~ 
CTBYJOIIJ;ero 3aXBaTy nUOHOB KBa3U,D;eHTpOHaMU sp-K.OHI 
puc. 3/. To, 'ITO 3TOT Kanan no,D;aBnen u B cnyqae n,21;pa 
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HMnynLc~, ,n;m1 nepnoro 

l 
I , 

06cyJICoeHue pe3y/l&mamoa 

3axBaT. 7T ·Me30HOB np -napaMH H,n;epHblX HYKHOHOB B paMKaX 
.HMITYHLCHOrO npHOHH)I(eHHH H ,n;ucnepCHOHHOH TeopnnnpHMblX H.n;epHbiX 
peaK:u;lfii:/4/ paccMa:rpunae·TcH KaK npo:u;ecc, u,n;yiiJ;HH na.H.n;epHLIX'K:Ba-
3·u,n;eii:Tpo:Hax. B cnyqae nepnoii: runoTe3LI ·H.n;po xapaKTepu3yeTcH 
3iflifJeKTHBHhiMH qucnaMH KBa3H,IJ;eii:TpOHOB, I3 cnyqae BTOpoii:·- WHpHHaMH 
ucnycKaHHH nii:pTyanLHLIX ,n;eii:Tponon. Bcne,n;c'inue Toro, qTo ceqeHHe 
nornoiiJ;eHHH' 7T.- Me 30HOB H,n;epHbiMH KBa3H,IJ;eHTpOHaMH, KOTOpbie HaXO-

.. ,IJ;HTCH BHe · MaCCOBOH nonepXHOCTH, He H3BeCTHO, TO BO BCeX TeopeTH· 
qecKHX · pacqeTax, KaK- npanuno, np_e,n;nonaraeTcH, qTo ono panno 
cooTBeTCTBYIOIUeMy ceqenuro ,n;nH cnooo,n;nhlx ,n;eii:Tponon. 

Pe3ynLTaTLI nawero onhlTa no3BOHHIOT nponecTH KonuqecTnennyro. 
npoaepKy · 3TOrO OCHOBHOrO npl!,n;ITOHO)I(eHHH TeOpiiH. Enaro,n;apH TO My, 
qTo H.n;pa Li 6 u Li 7 IIMeiOT HPKO BLipa)l(eHHYIO KnacTepnyiO'CTPYKTYPY·~. 
yKa3aHHYIO npoaepKy y,n;aeTcH nponecTH pa'3,n;enLHO ,n;nH KBa31I,n;eii:Tpo- · 
HOB, naxo.n;HIUHXCH na s- H p ;.ooonoqKax H.n;ep Li 

6 
n Li 

7
. 

IJpHMeHHTeHLHO K npo:u;eccy ,IJ;BYXHYKHOHHOrO 3aXBaTa 7T+·Me30HOB 
H.n;paMH Li 6 H Li 7 O,IJ;HO H3 OCHOBHbiX pa3nHqHH ooonoqeqnoii: H Knac
TepHOH MO,IJ;eneii: 3aKnroqaeTCH B TOM, qTO B nepBOM cnyqae IIHTeHCHBHO 
B030y)I(,IJ;aiOTCH ypOBHH OCTaToqHbiX H,IJ;ep, COOTBeTCTBYJOIIJ;He 3aXBaTy 

2 2 A.. u . 

UIIOHOB n p - napaMH S ., p H S p - KOH'l'Hrypa:u;HII, B TO BpeMH KaK DO 

. BTOpOM cnyqae HHTeHCHBHOCTb 3aXBa Ta ITIIOHOB KBa3H,IJ;eHTpOHafo4H 
s p -Koniflurypa:u;HII cunLno no,n;annena. Cornacno o:u;enKaM paooTLI 

15
1 , 

,n;nH a, d-Mo.n;enn H.n;pa Li 6 H a, H 3-Mo.n;enH H.n;pa Li 7 oua cocTaBnHeT 
15- 20o/o OT HIITeHCHBHOCTH 3aXBa Ta llliOHOB KBa311,IJ;eHTpOHaMII S 

2 
II 

p2 ·KoHifJIIrypatiHH. ,npyroe pa3Jillqne MO,IJ;e·nn COCTOIIT B TOM, qTo 
-IIMITYHhCHOe pacnpe,n;eneuiie OTHOCHTeHLHOrO ,IJ;BII)I(eHIIH a II d -acco
IJ;IIaiJ;IIH B H.n;pe Li 6 II a II H 3 accouila:u;HH B H.n;pe Li 7 

.,n;nH nepnoii: 
MO,IJ;eHII 3HaqnTeHLIIO Wllpe, qeM ,IJ;HH BTOpOH /3/, 

CornaCHO ooonoqeqiiOH. Mo.n;enii cpe,n;II.HH 3IIeprnH B030Y)I(,IJ;eiiiiH 
OCTaToqnoro H,n;pa, COOTBeTCTBYIOIIJ;aH 3aXBaTy ITIIOIIOB KBa3II,IJ;eHTpOHa·
MII s p -Koiiiflnrypa:u;nn, naxo,n;nTcn B pall: one 20 M3B. KaK nn,n;no 113 
pnc. 2, n 3TOM p~ii:one IIeT nnKai<oro MaKcnMyMa. AIIanoruqnLIH 

.pe3ynLTaT nonyqen rpynnoii: liiapnaKa Il3ynaJiqnqahln n pa6oTe /6/. 
HTaHbHHCKOH rpynnhl, KOTopaH 113yqana peaKIJ;HIO nornoiiJ;eiiiiH OCTa~ 
IIOBIIBWHXCH OTpiiiJ;aTeHhllblX ITIIOHOD .n,n;paMII Li 6

· . 

.D:nH H.n;pa Li 7 TO)I(e He BII,IJ;HO npOHBHeHH.SI MaKCHMyMa, COOTBeT
CTByiOIIJ;ero 3axnaTy nHonon KBa3H,n;eii:TponaMH s P -K-oiiiflurypa:u;nn /eM. 
puc. 3/. To, qTo 3TOT Kanan no,n;anneiiiiB cnyqae n,n;pa Li ;no,n;Tnep)l(-_ 
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.n;aeTCH ·_nononHHTenhHO TeM, '-ITO H3MepeHHhie Cet.IeHHH, OTHeCeHHhie 
KO BTOpOMY MaKCHMYMY, ,nnn: H.D;.ep Li 6 H Li 7 6nH3KH ,npyr K . ,npyry. 

ConocTaBnenHe pacnpe.neneHHH pH c. 4a noKa3hiBaeT, '-ITO B o6nacTH 
IIMnynhCOB '.no 3Hat.Ienuii P = 120 M3B/c IIMnynhcHoe pacnpe.rieneHue 
KnacTepHoii Mo.n;enn hi :BnonHe y,noBneTBOpiiTenhHO onuchiBaeT 3Kcne
puMeHTanhHoe pacnpe.neneHIIe ocTaTOt.IHhiX H,nep .nnn: nepBoro 
MaKCIIMyMa H~ n:.npe Li 6

, B To BpeMn: KaK pacnpe.neneHIIe o6onoqeqHoii 
Mo.nenll, npiiBe.n;eHHoe B. Toil. )Ke pa6oTe I 3/,3Hat.IHTenhHO umpe 3Kcne
PIIMeHTanhHoro II n03TOMy pe 3KO C - HIIM paCXO.D;HTCH. ,lJ;nn: H.D;pa 
Li 7 .113-3a. OTCYTCTBIIH TeopeTIIt.IeCKHX .D;aHHhiX Mhl niiiiieHhl B03MO)K
HOCTII npoBeCTII TaKoe cpaaHeHIIe. 

· B KnacTepHoii Mo.nenll pa6oThi I 31 BonHOBhie <IJYHKIIIIII a- 11 d -
KnacTepoB II IIX OTHOCIITenhHOrO .D;BII)KeHIIH Bhi6paHhl B BII.D;e: 

1 4 - -· .2 
¢ (a) ~~ exp [- T .a ~ ( r i - R a ) L 

0 - I i= I 
/4/ 

1 ~ - - 2 ¢ (d) ·""' exp [- ? a
2 

...; ( '; - R d) 1 , 
a · - i=5 

/5/ 

8 2 [ 2 21 <fJ(R) "'(/- -g-{:30 R }exp -:--:rf3I R., /6/ 

r.ne ri - Koop.n;IIHa Thi HyKnoHoB; Ra , R d - Koop.n;IIHa Thi ueHTpa 
TH)KeCTHa -qacTIIIIhi 11 .neiiTpoHa; ai;a 2 ;{:3

0 
11 PI -napaMeTphi. 

HMnynhcHoe pacnpe.neneHIIe, c KOTOPhiM cpaBHHBanuch HaiiiH .naH-
Hble, COOTBeTCTBYIOT cne.n;yiOIIIIIM 3Hat.IeHHHM napaMeTpoB: 

f3 I · a2 ~ 
-04• y--=01 

--;;- ' ' - ai ' a I "' {3 0 = 0,433; x 

C 3TIIM pacnpe.neneHHeM B o6nacTH IIMnynhCOB P :::; 120 M3B/c 
TaK)Ke cornacyiOTCH pacnpe,neneHIIH OCTaTO'-IHhiX H,nep 1/e 4 no HMnynhcy, 
nonyt.IeHHhie rpynnoif Illapna:Ka- JynaHt.IHt.Ia/21 II B pa6oTe /7/, B KOTOpOH 
llccne.noBanach peaKuHH Li 

6
(rr-,2n}He 4 .n;nH ocTaHOBHBIIIHXCH "--Me-

30HOB. O.n;HaKo pacnpe.neneHIIe IllapnaKa- 3ynaHquqa HecKonhKo w11pe 
Haiiiero pacnJ)e.neneHIIH 11 pacnpe.neneHHH 113 pa6oThi hI. . 

·• TaKuM o6pa3oM, 3KcnepiiMeHTanhHhie cneKTphi cyMMapHoii 3Heprllll 
npOTOHOB II pacnpe_neneHIIH C06hiTIIH no IIMnynhCaM OCT a TO'-IHhiX H.D;ep 
CBII.D;eTenhCTBYIOT B nonh3Y KnacTepHOH MO,nenll H.D;ep Li 6 . II Li 7 . 
il03TOMY eCTb BCe OCHOBaHIIH Ct.IIIT8Th, '-ITO no.n;aBnHIOIIIIIH BKna_n BO 
BTOphie MaKCIIMYMhl .D;aiOT aKThl 3aXBaTa nHOHOB KBa311.D;eHTpOHaMII 
s 2 - KOH<IJIIrypauiiH. 

14 

·, 

. ' ,~·~ 

B Ta6nllue IV npe.n;cTaBneHhl TeopeTIIt.IeCKIIe .D;II<IJI 

. · · · da 
Cet.IeHIIH nornomeHIIH_ niiOHOB (-d-)~ _H.n;epHhiMII KBa 

· • wi _pacq 

Bhit.IIIcneHHhie no MeTo.n;y MonTe- Kapno c yt.IeToM re< 
11 11-Mnynhcnoro pacnpe.neneHIIH i<BaJu.neiiTpoHoB B npe.nn 
BeHCTBe, cet.IeHIIH 38XBaTa TT+ -Me30HOB CB060.D;HhiMII 

.n;eifTpOHaMII .. 
' ilpiiBe,neHHbie B i'a6n11ue OWH6KH o6ycnoBneHhl OIIIH6I< 

cet.IeHIIH 3-axmiTa nHOHOB cBo6o.n;HhiMH .neiiTpoHaMII Is/. 
H_~ Ta6ri~uhi Ill 11 IV .BII.n;iw, '-ITO 3KcnepHMe~TaJJ 

3axBaTa + 
1T -Me30HOB, OTHeCeHHOe K nepBOMY MaKCI 

Li 6, npeBhiiiiaeT COOTBeTCTBYIOlllee TeopeTIItJeC~Oe ceq 
pa3a. Ilpll 3TOM cne.ziyeT _npHHHTh B? BHIIMaHIIe, '-ITO 
cet.IeHIIHMII cyil(eCTBeHHO yBenH'-IHTCH, ecnll yqeCTb BJII 

' ' 

nornomeHIIH npOTOHOB OT aKTa 3aXBaTa OCTaTO'-IHhiM H,II 
T'enhHo, _oueHKa, c.nena.HHaH B p_a6oTax /9.1 ofrio Men}.n;y 
.n;ana .D;JlH BeJlH'-IIIHhl BepOHTHOCTH BhiXO.D;a 113. H.D;pa yrnep• 
phiX npoToHoB oT .JaxBaTa rr+ -Me30HOB c· 3Heprlleii E' 
nocne.n;yrom11x · coy.napemiii c ·H.nepHhiMII HYKJlOHaMII : 
QqeBII.D;HO, .D;JlH 6onee nerKoro, t.IeM yrnepo,n,H,npa 

-3TOH .. BepOHTHOCTII 6onhiiie 30o/o, HO cymeCTBeHHO Me 
Ta-Koe 3aKnrot.IeHIIe no.n;TBep)K.naeTcH aHaJ11130M /I II3Kcm 
.naHHbiX I 121 no peaKIIIIII 

6 4 
p+Li ~p+-d+lle. 

np11 3Hepr1111. E = 155 M3B, BhlllOJlHeHHhiM B IIMnynhcHo 
C nnOCKIIMII II IICKa)KeHHhiMII BOJlHaMII. B pe3ynhTaTe 
Haif,neHO, '-ITO "BK~IOt.IeHIIe" IICKa)KeHIIH BOJlH yMeHhll 
ullanhHOe cet.IeHIIe peaKullll B 2-3 pa3a. Ot.IeBII.D;HO, 
cnyqae yqeT IICKa)KeHHH BOnH BHOCIIT 6oni.lliYIO nonpaBI< 
peaKIIIIII 3aXBaTa TT+ -Me30HOB H.D;paMII niiTIIH npll 3Hepi 
HO aHanll3 HeCOMHeHHO CBII.D;eTenhCTByeT O.TOM, '-ITO no 
He MO)KeT 6hiTh Manon. AHanorllt.Iiwe JaKJirot.IeHIIe 
113 aHan113a 113.141 ceqeHIIH peaKIIHII(p,2p)Ha ne 
nonh~Y Toro, t.ITO nonpaBKa na H.n;epHoe nornomeHIIe 1 

He Mana, rOBOpHT II H8lliii ,naHHhie no nonHhiM ceq;~HIIil 
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.Ie. ceqenHH, OTHeceHHhie 
·76 ~ nH3KH ,D;pyr K . ,IJ;pyry. 
>Ka3biBaeT, 'ITO B o6naCTH 
:nynhcHoe pacnpe,IJ;e·nenne 
renhHO onHChiBaeT 3Kcne
:x H.D;ep ,D;nH nepnoro 
npe.D;eneHne o6onoqequoii 
Hal.JHTenhHO IIIHpe 3KClle-

paCXO,IJ;HTCH. ~nH H,D;pa· 
hiX Mbl nHIIIeHbl B03MO)I(-

lOB hie tPYHKUHH a- H d -
!6paHbi B BH,IJ;e: 

/4/ 

/5/ 

/6/ 

KOOp,D;HHaTbl uenTpa 
f:J 1 -napaMeTpb~. 

cpammnanHcb naiiiH ,IJ;au
apaMeTpon: 

0,7 

nynhcon P ~ 120 M 3B/ c 
.IXH,D;ep l/e 4nonMnynLcy, 
II B pa6oTe /7/, B KO.:!OPOH 
CTaHOBHBIIIHXCH · 1T -Me~ 

aHl.JHl.Ja HeCKOnbKO IIIHpe 
a6oTbi hi.· 
KTpbl CYMMapHOH 3HeprHH 
rnbCaM OCT a TOl.JHbiX H~ep 
,IJ;enn H,D;ep' Li 6 H Li . 
ll?,IJ;aBnHIOLQHH BKna,IJ; BO 

HOHOB KBa3H,IJ;eHTPOHaMH 

I 

I 
I; 
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B Ta6nnue IV npe,D;cTanneHhi Teope.fnqecKHe · .D;HtbdJepenunanhnbte 

·. da 
ceqeHHH nornoLQeliHH llHOHOB ( y,- )~ H,IJ;epHbiMH KBa3H,IJ;eHTpOHaMH, 

wi pac_q 
. . . . . . 

Bhll.fHcneHnhte no MeTo,IJ;y MoHTe-Kapno c yqeToM reoMeTpHH onhiTa 
H H.MnynbCHOrO pacnpe,D;(meHHH .i<Ba3H,IJ;enTpOHOB B npe,IJ;nono)l(eliHH 0 pa
neHCTBe. cel.feHHH 3axnaTa TT+ -Me30HOB cno60.D;IIbiMH. H CBH3aHHbiMH 

·,IJ;eHTpoHaMH. 
' Ilpnne,IJ;eHH:bie n Ta6nnue OIIIH6KH o6ycnonneHhi oiiiH6KaMH H3Me.peHHH 

cel.feHHH 3axnaTa nnoHon cno6o.D;Hi.I~m ,IJ;enTpoHaMH Is/. · 
H.~ ra6.rinui.1 ill n IV BH,IJ;ilo, 'ITO 3KcnepnMenTanbuoe . ceqeHne 

+ 3aXBaTa 1T -M'e30HOB, OTHeCeHHOe .K nepBOMY MaKCHMYMY .Ha H,D;pe 

Li 6, npeBhiiiiaeT cooT.BeTcTBYIOLQee Teo.peTnqecKoe ceqeHHe B nonTopa 
pa3a. IlpH 3TOM cne,IJ;yeT _npHHHTb no BHHMaune, 'ITO pa3nnua Me)I(,IJ;Y 
ceqeHHHMH cyLQeCTBeHHO ynenHl.JHTCH, ecnH yqeCTb BnHHHHe H,IJ;epHOrO 
nornoLQeHHH npOTOHOB OT aKTa 3aXBaTa OCTaTOl.JHbiM H,D;pOM. ~eHCTBH
T.enbHO, oueHKa, c,IJ;ena.HHan: n pa6oTax / 9•10frto MCTCl.D;Y MoHTe-Kapno, 
,IJ;ana ,IJ;nH. nenH'IHHbi nepoHTHocni BhiXO.D;a H3. n:,IJ;pa yrnepo,D;a .D;Byx obJeT-. 
pbiX npoTOHOB oT .3axnaTa rr + -Me30HOB c 3Hepruen £= 2~0 _M3B 6e3 
nocne,IJ;yiOLQHX COy,IJ;apeHilH C H,IJ;epHbiMH HyKnonaMH 3Hal.JeHHe .. 30o/o. 
OqenH,IJ;HO, ,D;nH Gonee nerKoro, qeM yrnepo,D;,H,D;pa Li 6 

nenHl.JHHa 
. 3TOH. nepoHTHOCTH 6onLIIIe 30o/o, no cymecTnenno MeHLIIIe e,IJ;HHHUhi. 
TaKoe 3aKnroqeHHe no.D;TBep)I(,D;aeTCH aHanH30M /I 113KcnepnMeHTanhHhiX 

.D;aHHhix I li/ no peaKUHH 

6 4 
p + Li. --. p +-d +He. /7/ 

npn 3HeprHH. E = 155 M3B, BbmonHeHHhiM B HMnynhCHOM npn6nn)l(eHHH 
c nnocKHMH H ncKa)l(eHHhiMH noJiHaMH. B pe3ynbTaTe ananH3a ohmo. 
HaH,IJ;eHO, 'ITO "BK.l}IOl.feHHe" HCKa)l(eHHH BOnH yMeHbiiiaeT ,IJ;HdJdJepen
UHanbHOe ceqeuHe peaKUHH B 2-3 pa3a. 0qeBH,IJ;HO, 'ITO B ,IJ;aHH_OM · 
cnyqae yqeT HCKa:>tceHHH BOnH BHOCHT 6onhiiiYIO nonpaBKy, l.JeM B cnyime 
peaKUHH 3axnaTa rr+ -Me:loHon H,IJ;paMn· nHTHH npn 3Heprnn E = 85 M3n; 
HO ananH3 HeCOMHeHHO CBH,IJ;eTenbCTByeT 0 TOM, 'ITO nonpaBKa H 3,D;eCb· 
ue MO)I(eT 6hiTb Manoii. AHanorHl.fHOe 3aKmoqenne cne,IJ;yer Tal<)l(e 
H3 anann3a IH.I41 ceqeimii peaKunn(p,2p)Ha nerKHX H,IJ;pax. B 
nonh3Y Toro, 'ITO nonpanKa Ha H,IJ;epHoe nornomenHe B HameM cnyqae 
He Mana, ronopHT n uaiiiH ,IJ;aHHbie no nonHhiM ceqeHHHM. ll3MepeHHoe 
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no MeTO.U.Y Bhi6hmaHHH qaeTH~ H3 ny'IKa nonnoe eeqenue neynpyroro 
BJaHMo.u.eii:eTBHH 17+ -Me30HOB e H,IJ,paMH Li 6 npu E = 85 M:m .eoeTaa
nHeT a = 240 M6. lf3 :noro ee<lenHH na .u.omo norno~eHHH npuxo.u.nTeH 
70-BOo/o;T.e. a =170+190M6. Ceqenue JaxaaTa 17+-MeJOHOBnp -napaMH 
eoeTaBnHeT npuMepno 60o/o oT nonnoro ee'leHHH norno~eHHH * H paa
HHeTeH B narneM enyq~;~.e a = 100-115 M6. Bhi'IHenennoe · )Ke no 
H3MepeHHhiM ee'leHHHM )J,llH nepaoro H BTOporo MaKeHMYMOB Ha H,IJ,pe 
Li 6 nonnoe eeqenue paano a = 45 M6. Oqeau.u.no, 'ITO 6e3 yqeTa 

BllHHHHH H,IJ,epHoro norno~eHHH TaKyro pa3HH~y Me)K,IJ,y ee'leHHHMH 
06bHeHHTh HeB03MO)KHO. 

TaKHM o6pa3oM, MO)KHO e'IHTaTh .u.oKaJaHHhiM, 'ITO HJMepennoe 
eeqenue peaKI.(HH 111 no MeHhrneii: Mepe B nonTopa paJa 6onhrne 
paeqeTHOrO eeqeHHH. IToeKOllhKY 3~~eKTHBHOe 'IHeno KBa3H)J,,HTpOHOB 
na p -o6ono'IKe H,IJ,pa .Li 6

, eornaeno KnaeTepnoii: Mo.u.enu, 31 oqenh 
6nH3KO K e,IJ,HHHI.(e, H3 epaBHeHHH H3MepeHHhiX H paeqeTHhiX eeqeJIHH 
ene,IJ;yeT e.u.enaTh BhiBO,IJ;, 'ITO eeqenue JaxaaTa 17+ -MeJoHa JI,IJ;epiihiM 
KBa3H,IJ,eHTpOHOM 6onbiiie eOOTBeTeTByiOI.Qero ee'leHHH )J,llH eao60)J,HhiX 
,IJ;eii:Tponoa. YKaJaHHhiii peJynhTaT 6hm HaMH ony6nHKOBaH· B pa6o
Te I I/. HecKonhKo noJ,IJ;nee on 6hin no~Taep)K)J,eH rpynnoii: IllapnaKa

. 3ynaH'IH'Ia /2/, KOTOpaH Haiiina, tiTO 3~~eKTHBHOe 'IHeno KBa3H)J,eHTpOHOB 
)J,llH peaKI.(HH 111 eoeTaBnHeT n d = 1 ,6. . 

ITo ,IJ;aHHhiM pa6oThi hi 3~~eKTHBHOe queno KBaJH,IJ;eii:Tponoa s 2 
-

KOH~Hrypau;HH B H,IJ,pe Li 
6

. paano nd = 2,4 - 2,8. OTnoiiienue 'H3Mepen-

noro ,IJ,nH BTOporo MaKeHMyMa eeqeHHH dda I ei = 79°30, l'i, K 
WI . 

eOOTBeTeTByro~eMy TeopeTH'IeeKOMY ee'leHHIO eoeTaBnHeT 2,3 H 6nH3KO, 
K pae'leTHOMY 3~~eKTHBHOMY queny. Ho eenu yqeeTh, 'ITO H,IJ;epnoe. 
norno~enue yMeHbrnaeT 3TO oTnornenue B 2-3 pa3a, neo6xo,IJ,HMO 
e,IJ;enaTb BhiBO)J,, 'ITO ee'leHHe JaXBaTa llHOHOB KBa3H,IJ,eii:TpOHaMH 
s 2 -KOH~Hrypai.(HH 6onbiiie eOOTBeTeTBYIO~ero eeqeHHH )J,llH eB060,IJ;HhiX 
.u.eii:rponoa npuMepno B .u.aa-TpH paJa. H3 ananoruqnoro epaanenHH 
ee'leH_HH ,IJ,llJI BToporo MaKCHMyMa Ha H,IJ;pe Li 7 nonyqaeTeH TaKOH ke 
peJynhTaT, .TaK KaK H3MepeHHhie eeqenHH H HMnynhenoe paenpe,IJ;enenue 
B o6oux eny'laHx 6nH3KH ·Me)K.IJ.Y eo6oiO • .D;mi H,IJ;pa Li 7 Bhi'IHenellnoe 
no o6onoqe1JHOH MO,IJ,enH / 2 I/ 3~~eKTHBHOe 'IHeno KBa3HAeHTpOHOB Ha 
p ~ o6ono'IKe paano n a = 1 ,5. ITo narnuM: 3KenepuMeHTa.rihHhiM .u.aHHhiM 
OliO HaXO,!l;HTeH OKOllO e,IJ;HHHI.(hl. CKopee Beero, 3,IJ,eeh HMeeTeH anano-

* CM., nanpuMep, pa6oThi /9. 10, 15-2o/. 
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rHtiHaH eHTyau;uH; K~K H B enyiJaHX, paeGMOTpeHHh 
yqeeTh n~mpaBKY na H,IJ,epnoe.norno~enue. 

TaKHM · o6pa3oM, npe.u.nono)Kenue · o pa:BeneTae e€ 
nHOHOB eB060,IJ,HhiMH ,IJ,eii:TpOHaMH H H,IJ;epHhiMH KBa3H,IJ;eH 
HO. Heo6xo,IJ;HMO OTMeTHTh, 'ITO panee MHorue aBn)phi , 
llpHXO)J,HllH K TaKOMY )Ke JaKnroqeJIHID npH HHTepnpeTal.(l 
TanhHhiX .u.aHHhiX no nonHhiM eeqenHHM norno~eHHH JapJ 

· H,IJ;paMH mi oenoBe ,IJ,Byxuyi<nonnoro MexaHH3Ma .. · O.u.m 
peJynhTaT nonyqen B neepaBnenno 6onee 'IHCThiX yen(n 

E.eTeeTB~nno npe.u.ri:onaraTL, 'ITO :H_a6niO.u.aBiueeeHpa 
JaxBaTa llHOHOB 06bH:eHHeTe.si·n~M, 'ITO paeeTOHHHe Me 

.B · H,IJ;epnoM: KBa3H,IJ;eii:Tpone . B ·epe.u.ne~ MeHbiiie, qe~ 
,IJ;eii:Tpone. 

TioeKonhKY B pa:M:Kax nMnynhenoro npu6nH)KeHIIH ·u 
Teopuu peaKu;HH Iii · H 17 I oriHehiBaiOTeH O,IJ;HHaKc 
HHTepeeno' epaBHHTh 3KenepHMeHTanhHhie ·,IJ;aHHhie no o( 
B Ta6nuu;e V npHBe,IJ,eHbl HMeiO~HeeH B naeTO.H~ee Bpe 
H3MepeHHH IIIHpHH q HMnynheHhiX · paenpe,IJ;eneHHH oe· 

. H. 3~~eKTHBHhiX queen KBa3H,IJ;eii:TpOHOB'. nd ,IJ;nH peaKI.(H 
' BenH'IHHa q eeTb. noniiaH . IIIHPHHa paenpe,IJ;erienH. 

BhieOTbl. Bee· 3~~eKTHBHbJe 'IHena· n d onpe.u.eneHbl 6e3 : 
. norno~eHHH. 

KaK BH,IJ;Ho H3 Ta6nnu;hi V;J ,IJ;nH peaKu;HH 17 I na6n10; 
3aBHeHMOeTb IIIHpHH HMnynheHoro 'paenpe,IJ;eneHHH H 3~~~ 
OT JiaqanhHOH • 3HeprHH npOTOHOB. ITpH 3TOM Bee. 3~~t 
.u.nH peaKQHH 17 I MeHhiiie e;IJ;HHHI.(hi H eooTBeTeTBYIO~l 
peaKu;HH 111, a rnupuna HMnynhcHoro paerrpe.u.eneHHH m 
E= 600 M3B .u.oeTHraeT 3Ha'leHHH, .. nonyqennoro ,IV 

·a. naeTOH~eii:.pa6oTe. K 3TOMY ene,IJ;yeT ,IJ;o6aBHTh, 'IT 
naqanhHhiX 3Hepruii: Ep= 30; 55;· 100 H 155 M3B et:: 
Bbi6HBaHHH ,IJ,eii:TpOHOB e. S -o6onO'IKH H,IJ,pa ·Li 6 npaK 
Hynro, .B TO BpeMH KaK ee'leHHH JaXBaTa 17 +"Me JOHOB KB 
p 2 H s 2 -KOH~Hrypau;Hii: cpaBHHMhl Me)K,IJ,y eo6oro.CpaBHH 
TaK)Ke eeqeJIHH 3aXBaTa 17+-Me30HOB KBa3H,IJ,eii:TpOHaMH 
u;uu ,IJ;nn H,IJ;ep Li 6 u Li 7

.,lJ;nH peaKu;uH: npHMoro Bhi6HBl 
npoTonaMH E.= 155 M3B e P· -:o6ono'IKH npu nepexo.u.e 
H.IJ.PY Li 7 eeq~nue y6hiBaeT rro'ITH na nopH,!l;OK. llon 
eno)KHaH KapTHHa. · Y.u.aeTeH nu cinueaTh ee e e.u.unol 
npH y'leTe HeKa)KeHHH BOllH ~ H . BHe MaeeOBhiX 3qi~e 
6y.u.~ee. 
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Hoe eeqeHHe Heynpyroro 
npH E = 85 M:m eoeTaB
nornomeHHHnpHxo~HTeH 

a rr+-MeJoHoB np -napaMH 
IIHH nornomeHHH * H paB
[6.' BhlqHeneHHoe :>Ke· no 
1r0 MaKeHMYMOB Ha H~pe 
[eBH~HO, <iTO 6e3 yqeTa 
IIH:UY Me:>K~y ceqeHHHMH 

iHHhiM, qTO H3MepeHHOe 
B nonTopa pa3a 6onhiiie 
e ·queno KBa3H~,HTpOHOB 
~pHOH_ MO~enH, 3 / oqeHh 
IX H paeqeTHhiX eeqeHHH 
ra . 17+ ·Me30Ha H~epHhiM 
eeqeHHH ~nH eB060~HhiX 

[H ony6nHKOBa~ B pa6o-
K:~eH rpynnoii IllapnaKa
o7 qHenO KBa3H~eii:TpOHOB 

n~ KBa3H~eii:TpOHOB s 2
-

;8. 0THOIIIeHHe 'H3Mepen-

I ()1 = 79°30 '/I K 
1 ' 

, eocTaBmieT 2,3 H 6nH3Ko. 
nH yqeeTh, qTo H~epnoe· 
2~3 paJa, Heo6xo~HMO 

lOHOB KBa3H~eii:TpOHaMH 
eeqeHHH ~nH eB060~HhiX 

ananoraqnoro cpaBnenHH 
7 . nonyqaeTcH TaKoii :>Ke 
nynhenoe pacnpe~enenae 
.H~pa Li 7 BhJqaeneiinoe 

Ieno KBa3H~eii:TpOHOB H~ 
epHMeHTa.rihHhiM ~aHHhiM 
l, J~eeh HMeeTeH anano-

! . 
I , .. , 

I 
I 
I 

\ l 

! 
I 
I 
I 

f 
' 

1. 
~ . 

I . I ... 
I 
1'' I . 
I 

'· 

rHtiHaH eHTya:u;HH; KaK H B enyqaHX, paeCMOTpeHHhiX Bhiiiie, eenH 
yqeeTh m;mpaBKY·Ha H~epHoe · nornomeHHe. . 

TaKHM· o6pa30M, npe~nono:>KeHHe o paneneTBe eeqenaii JaxBaTa 
nHOHOB eB060~HhiMH ,IJ;eii:TpOHaMH H H~epHhiMH KBa3H~eii:TpOHaMH HeBep
HO. Heo6xo~HMO OTMeTHTh, qTO paH~e MHOrHe aBTOpbl /7.13, i 4,28,29,30/ 

npaxo~ana K TaKOMY :>Ke .JaKmoqenmo npH. HnTepnpeTa:u;aa :n<enep.HMen-:. 
. TanhHhiX ~aHHhiX no nonnhiM ceqenHHM nornoiD;eHH.H Jap.H:>KeHHhiX mioHoB 
.H~paMH na OCHOBe ~Byxnyimonnoro Mexa:~IH3Ma. O~HaKo Teneph 3TOT 
peJynhTaT nonyqeH B aeepaBHenno 6onee qaeThiX yenoBHHx.' · ' 
. · EeTecTBenno npe~nonaraT·h, qTo :Ha6mo~aBineecH.paJnaqHe eeqenHii 
JaxBaTa nHOIIOB 06'bHeH.HeTeH·TeM, qTo. paeeTOHHHe ~fe:>K~y. HyKnonaMH 
B H~epHOM KBa3H~eii:TpOHe .. B ·epe~HeM MeHbWe, qeM B-. eB060~HOM 
~eii:Tpone. . 

UoeKOnhKY B paMKaX IIMnynhCHOrO npn6nn:>KeHHH II _nncnepeHOHHOH 
TeOpHH peaKD;HH /1/ H /7/ OiiHehiBaJOTCH O~HHaKOBhiM o6pa30M, 
HHTepeeHo· cpaBHHTh 3KenepHMeHTanhHhie ~aHHhie no o6eHM peaKD;HHM ... 
B Ta6nH:u;e V npHBe~eHhl HMeJOmHee.H B HaCTO.Hmee BpeMH pe3ynhTaThi 
H3MepeHHH IIIHpHH q HMnynheHhiX pacnpe~eneHHH OCTaToqJihiX H~ep 

. H 3«P«PeKTHBHhiX qHcen KBa3H~e~TpOHOB' . n d ~nH peaK:UHH Ha H~pe L i. 6 • 

. · BenHqHna q ecTh nonHaH IIIHPHHa paenpe~eneHiui· na nonoBHHe 
BhiCOThi. Bee· 3«P«beKTHBHhie qHcna n d onpe~enenhi 6e3 yqeTa H~epiioro 
nornomena.H. · 

KaK BH~no H3 Ta6na:u;hi V, ~nH peaK:UHH /7 I na6nro~aeTe.H canhHaH 
3aBHeHMOeTh IIIHpHH HMnynheHoro. paenpe~eneHHH H 3«b«beKTHBHhiX queen 
OT naqanhHOH 3HeprHII npOTOHOB. flpH 3TOM Bee 3«b«beKTIIBHbie qaemi. 
~nH peaK:u;Hn /7 I MeHhiiie e~nnn:u;hi ·a eooTBeTeTBYJOIUHX Benuqun ~nH 
peaK:u;nH I 1/, a IIIHpana HMnynhcHoro paenpe~eneHHH nHIIIh npn 3Heprait: 
E= 600 M3B ~oeTHraeT JnaqeHHH,·,nonyqenHoro ~nH .peaK:u;nH /1/ 

·B naeTO.HID;eii. pa6oTe. K 3TOMY ene~yeT ~o6aBnTh, qTo ~nH JuaqeHII.H · 
.. uaqanhHhiX 3Hepraii Ep= 30; 55;· 100 11 155 M3B eeqenH.H npHMoro · 

Bhi6nBaHH.H ~eii:TponoB C· s -o6onoqKH . .H~pa Li 6 npaKTaqeeKH paBHhl 
1iynro, 8 To BpeMii KaK ceqenn.H JaxBa'i'a rr+~:M:eJonoBKBaJn~eiiTponaMn 
p 2 H s 2 ·Koll«bHrypa:u;nii cpaBHHMhl Me:>K~y eo6oro.CpaBHHMhl no Bennqnne 

:. + 
TaK:>Ke eeqennH JaxBaTa rr -MeJonoB KBaJn~eii:TponaMH p2 -Kon«Pnrypa-
:u;nn ~nH .H~ep Li 6 n Li 7.,[(n.H pea:K:u;nn np.HMoro Bhi6naannH ~eii:TpoHOB 
npoTonaMn £. = 155 M3B e P·- q6onoqKn npn nepexo~e OT.H~pa L:i 6 . ·K 
.H~py Li 7 eeq~HHe y6hiBaeT noqTH Ha nop.H~OK. llonyqaeTeH 'oqeHh 
eno:>~<na.H KapTHHa. · Y~aeTe.H nn onneaTh ee e e~nHoii ToqKn Jpen:H.H 
npH yqeTe HeKa:>KeHHH Bomi 'H Bile MaeeOBhiX. 3qi4leKTOB~ UOKll:>KeT· · 
6y~YID;ee. 
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