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3KcnepHMeHTanbHB~ HH~OpMa4HR 0 peaK~HH npRMOrO B~6HBaHHR 
ABYX npOTOHOB (p,3~ Ha RAPaX npeACTaBnReT 6onbWO~ HHTepec KaK 
C T04KH 3p6HHR H3Y46HHR npOCTpaHCTBeHHOH KOppenR~HH OAHOHMeH
HbiX fiA6PHbiX HYKJlOHOB, TBK H C T04Kio1 3p6HHR J.13Y4eHHR MeXaHH3-

MOB, npHBOAfi~HX K B~JleTy 3HeprH4H~X npOTOHOB 8 3BAH~~ nonyc¢e
py_. PeaK41-1R (p,3p) Teopen14eCKH anepeble paccMoTpeHa a pa6c>
TeA I BM6CT6 C peaKl,\HfiMI-1 npRMOro Bb16HBBHHR A6171TpOHOB H a•-4ac

Tio1l~. 

nepeble 3KCnepHM6HTanbHble AaHHble o6 3TOH peaK4HH Ha RAPe 
yrnepoAa npH Ha4allbHoH 3HeprHH npoTOHOB 640 M38 nony4eHbl a 
pa6oTe/2/. 

B HacToR~eH cTaTbe Hanara~TCR peaynbTBTbl 6onee AeTanbHOro 
HCCneAOBBHHR peaK4HH npRMoro Bb16HBBHHR nap npOTOHOB H3 RAep 
npH TOH )l(e Ha4allbHO~ 3HepntH nporoHoa * a ycnoBHflX onpeAe.ne
H~R OOilHO~ KHHeMaTHKII!, 

1. 3KcnEPHMEHTAJ1bHA~ YCTAHOBKA H YCJ10BH~ OnbiTA 

3KcnepHMeHTa!lbH8fl ycTaHOBKa COCTOHT H3 Tpex ynpaBilfleM~X 
HCKpOBbiX KaMep npflMOyrOilbHOrO Ce4eHHfl, cpeAHHHble OI10CKOCTH 
KOTOPbiX Ile*aT B OAHO~ rOpH30HTa!1bHO~ OI10CKOCTII! C OCb~ OY4Ka 
naAa~Hx 4acrH~. Ase KaMep~ pacnonomeH~ cneaa or ny4Ka npo
roHos; rpeTbR - cnpaaa. Ka*ABR H3 KaMep COAeP*HT 24 pa3PRAHMX 
npoMemyTKa, pa3Ae!leHHbiX Bil~MHHHeBbiM~ n!laCTHHBMH - 3!1eKTPOABMH, 
Pa3Mep~ KaMep pasH~ 300x300x500 MM 3.YnpasneHHe KaMepaMH ocy
~ecrsnReTCR TpeMA Te!leCKOOBMH H3 C4~HTHI1I1R4HOHHbiX C4eT4HKOB, 
pacnonomeHHbiMH nepeA KaMepaMH 111 BKI1~4eHHbiMH Ha coanaAeHHR. 
8 Ka4eCTBe RAep-MHWeHe~ HCOOI1b30B8I1HCb IlHTHH, yrnepOA, B!l~MH

HHH H MeAb. nHTHeBaR MHWeHb COAeP*HT 90% H30Tona 6 Li H 10% 
1'130TOOa 7 Li. TOilL~HHbf MHWeHeH COOTBeTCTBeHHO paBHbl 1 ,5; 3,5; 
3,4 H 4,9 r/CM2 .A!1R yrnepOAHO~ MHWeHH OObiT OOCTaS!16H B ABYX 
reOMeTpHRX, KOTOpble xapaKTepH3Y~TCR CileAY~~HMH 3Ha4eHHRMH HH
repSailOB yrnoe HcnycKaHHR !1() H 3HepreTH4eCKI4X HHTepsanoa llT 
perHCTpHpyeMbiX BTOPH4Hb1X npOTOHOB: 

nepeaR reoMeTpHR: 
t-81= 18°+27°; t-82 =27°+36°; t-88=72°+88°; 
t.T 1 = 140+315 M3B;t.T2•140+315 M3B; t.Ta=140+315 M3B. 

*nony4eHHble peay!lbTaTbl 48CTH4HO ony6!lHKOB8Hbl 8 pa6ora/3•4/. 
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-1.0, =21°30'+37°; 
.1.T

1
=80+280 M3B; 

BropaR reoMeTpHR! 

-1.02 = 46°50'+62°20 '; 
.1.T2~80+240 MaB; 

.1.0a= 57°+73° 

.1.'J3 =150+360 MaB • 
WHAeKCbl 1 ,2,3 y HHTepsanos !10 H !lT 06o3Ha4aiOT nepByiO, BTOPYIO 
J.1 TpeTbiO KaMepM COOTBeTCTBeHHO. 3HepreTH4eCKH~ nopor perHcT
pa~HH nporoHoe onpeAellReTCR HX npo6eroM a ae~ecrae AO KaMep. MaKCHMallbHO perHcTpHpyeMaR 3HeprHR npoTOHOB onpeAenReTCR HX 
nOJlHbiM npo6eroM, BKJ1104a10UV1M npo6er B allJOMHHHeBbiX 3JleKTpOAaX KaMep. 

AfiR RAep MHWeHe~ 6
Li , Al , Cu H3MepeHHR BblnOJlHeHbl TOJlbKO a nepsoH reoMeTpHH. 3ra reoMeTpHR onblra c y4eTOM 3HeprHH oTpblaa napbl npoToHoe or RAPa o4eHb 6m1aKa K reoMeTpHH ynpyroro pacceRHHR npoTOHOB AeHTpOHaMH Ha yron 118° 8 CHCTeMe 4eHTpa Mace. CpeAHHH HMnyllbC, nepeAaeaeMbiH nepsoMy H BTOPOMY nporoHaM, cocraenReT 1400 M3B/c. CDeM ~-tH$epMa~HH c KaMep $HnbMea~H. B nepsoH reoMerp~-r~-r on~ra $ororpa$HpoaanHCb ropHaoHranbHaR H 

aepr~-rKanbHaR npoeK~HH cne,qa nporoHa a KaMepe; so aropoH reoMerpHH - ronbKO ropHaoHranbHaR npoeK~HR. 3Hepr~-rR nporoHa onpe,qenReTcR no ere npo6ery, npH4eM C4HTaercR, 4TO nporoH ecraHaa
n~-raaercR nocpeAHHe aniOMHHHesoH nnacTHHbt-3neKrpo,qa. CpeAHRR owH6Ka H3MepeHHR aHeprHH npoToHa cocraanReT +10 MaB. To4HOCTb H3MepeHHR yrna B~nera npOTOHa H3 MHWeHH, C y4eTOM MHOrOKpaTHOrO KYnoHoacKoro pacceRHHR, pasHa 1 ,5~2°.3HeprerH4eCKHH paa6poc nporoHoa a ny4Ke cocraanRer +15 MaB. 

B Ka4ecrae MOHHTopa a on~Te cnymHn c4eT OAHOro H3 ynpasnRIO
~Hx renecKonoa. Ere KanH6poaKa Ha a6con10TH~H noroK nporoHoB 4epea MHWeHb npOH3BOAHnaCb no pacce.RHHIO npoTOHOB Ha BOAOPOAe• npH o6paE0TKe CHHMKOB nonHOCTbiO HCKfll04aeTCR BKna,q aapRmeHH~X 4aCTHU,, H~Y~HX He H3 MHWeHH, a TaKme ~H, CBR3aHH~t1 CO Cfly4aH
H~MH coana,qeHHRMH ynpaanRIO~HX renecKonos. 

EAHHCTBeHHOH peaKu,Het1, KOTOpaR Me>KeT HMHTHPOBaTb npou,·ecC 
Bbl6~-tBaHHR nap npOTOHOB, RBnReTCR peaKU,HR PO>KAeHHR OTPH4arenb
H~X nHOHOB C BbiJleTOM TpeX 3ap.R>KeHHbiX 4aCn-tU, 113 MHWeHH. AHafll-13 nony4eHHbiX B OnbiTe 3HepreTH4eCKHX cneKTpOB 4aCn-r~ H HX B3aHMO,qeHCTBHi1 a aneKTPOAax KaMep, a raKme pac4erHaR ou,eHKa noKaaanH, 4TO a ycnoBHRX Hawero onblra BKnaA npou,ecca MeaoHoo6paaoaaHHR Man H HaXOAI-ITCR Ha ypOBHe 1%. 

Bcero a 3KcnepHMeHre aaperHcTpHpoaaHo 6onee 3500 co6biTHH peaKU,HH (p,3p). HaH6onbwHH crarHCTH4eCK~-tH MarepHan Ha6paH ,qnR RAep-MHweHeH 12c "" 6 Li. 

2. PE3YJ1bTATbl Onb!TA H HX 06CYIK.QEHHE 
Ha pHc. 1 H 2 npe,qcraan.eHbl H3MepeHHble ce4eHHR peaK4HH (p,3p) AflR nepaoH reoMerpHH On~Ta B 3aBHCHMOCT~ OT CYMMapHoH 3HeprHH 
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PHc. I • 3aBHCHMOCTb ceqeHHH peaK~H (p, 3p) OT cy-MMapaoA 
3HeprHH Tpex BTOPH'lHbJX npoTOHOB ~.rut n.n;ep MHmeaeH 6 Li 
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PHC • 2 o 3aBHCHMOCTb Ce'leHHi1 peaKI.J;HH (p,3p) OT Cy-MMapHOi% 

3HeprHH Tpex BTOpH'tlHhlX npOTOHOB AflR R,n;ep-MHmeHefi Al H 
Cu. 

Tc Tpex BTOPH4H~X npoTOHOB. CpeAHRR owH6Ka onpeAeneHHR Tc co
CTaanReT i/15+20/ M38. CooTaeTCTBY~~ee pacnpeAeneHHe AnR RApa
MHWeHH yrnepOAa BO BTopoH reoMeTpHH no CBOeMY BHAY He OTnH4a
eTCR OT pacnpeAeneHHR AnR nepaoH reoMeTpHH H nOTOMy He npHBO
AHTCR. KaK BHAHO H3 PHCYHKOB, Bce cneKTP~ CO CTOPOH~ 6onee e~
COKHX 3HeprHH ~Me~T AOBOnbHO pe3Ky~ rpaHH~y, KOTOpaR CABHHyTa 
OTHOCHrenbHO Ha4anbHoH 3HeprHH nporoHOB Ha 30-35 M3B. YKaaaH-
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H~H CAB~r COOTBeTCTBYeT 38TpaTaM 3HeprHH H8 OTpWB napw nporo
HOB OT RAP8 H Ha nepeA84Y He60JlbWO~ 3HeprHH OCT8T04HOMY RAPY· 
3TOT $8KT cnymHT HenocpeACTBeHHWM AOK838TeJlbCTBOM TOre, 4TO 
perHCTpHpye~H B on~Te np04ecc BW6HB8HHR nap npOTOHOB H3 RAep 
RBnReTCR npRM~M RAePH~M. 

Ham14He peaKoH rpaHHI.lbl cneKTpa co cropoHbl 6onee BbiCOKHX 
3HeprHH noKaablsaer, 4TO BKnaA npo4ecca Me3oHoo6paaoeaHHR, Ko
ropbiH, K8K YK83biB8110Cb BbiWe, MOmeT HMHTHPOB8Tb peaKI.lH~ (p,3p), 
Man. 8 npOTHBHOM cny4ae aepxHRR rpaHH4a cneKTpa Aon~Ha 5b1Tb 
CHJlbHO pa3MbiT8. 

npH AOCTHrHYTOH 8 OnbiTe T04HOCTH onpeAeneHHR CYMMapHoH 3Hep
rHH CTPYKTypa YPOBHeH B036ymAeHHR OCT8T04Hb1X RAeP He paapewa
eTCR. TonbKo, eoaMomHo, a cny4ae MeAHoH MHweH~ aaMeTHO, 4TO 
cneKTP eo36Y*AeH~R 3Ha4~TenbHO w~pe, 4eM AflR 6onee nerK~x RAep
M~weHeH. HanH4~e co6~T~H peaK4~~ e o6nacT~dTc=400+540 MaB ceR
aaHo npeHMY~ecrseHHO c BKfl8AOM RAepHoro KacKaAa, a raKme o6yc
noeneHo c6pocoM 3Hepr~~ erop~4H~MH npoTOHaM~ np~ HeynpyroM 
B3aHMOAeHCTBH~ B an~MHHHeB~X 3fleKTPOA8X KaMep. npH B03paCT8HHH 
CYMM8PHOH 3Hepr~H Tc BKfl8A 3THX npot.teCCOB 6bJCTp0 y6biB8eT. 

B cny4ae RApa-MHWeHH 6Li sepxHRR rpaHHt.ta cneKTpa coorser
crsyer paaeany RApa. nocKOflbKY 3TO RAPO ~MeeT RpKO B~pameHHY~ 
KnacTepHy~ CTpyKTypy, Kea3HynpyraR peaKt.tHR (p,3p) ~AeT Ha HeM 
nyreM Bbi6HBaHHR nap npoTOHoe c s-o6ono4KI-1. B nonbay TaKoils 
~HTepnpeT84HH rOBOpRT 3KCnepHMeHTallbH~e A8HHble ·/5-? I 0 TOM, 
4TO B peaK4HRX (,+,2p)" (p,pd) Ha RApe 6 Li Y4acTBYIOT napbl HyK
noHoB c s- ~ p-o6ono4eK, a sKnaA nap, cocraeneHHbiX H3 HyKno
H08 paan~4HbiX o6ono4eK, C~flbHO nOA8BfleH. npRM~M o6paaOM yKa-
38HHY~ J.1HTepnpeT84~~ nOATBep)!{A8~T pe3yflbT8Tbl/8/ no (p,nd)-
peaKt.t~~ Ha RAPe 6Li np~ aHepr~~ 670 M3B, cornacHo KOTOpbiM 
peaK4HR HAeT H8 DO -napax S -060fl04KH. Jl,nR yrnepOAHOH M~WeHH 
aepxHRR rpaHHt.ta cneKTpa cooreercreyer Bb16HeaHH~ pp -nap c p -
060fl04KH. ECnH 6bl 8 3TOH peaK4HH OAHHaKOBO HHTeHCHBHO y4aCT80-
88IH1 pp -napbl c p -o6ono4KH J.1 pp-napbl, cocra8neHHble J.13 npo
TOHa C p-o6on04KH J.1 npoTOHa C s-o60fl04K~, TO npH YCflOBHH 
XOpowero 3HepreTH4eCKOrO paapeWeHHR H8PRAY C M8KCHMYMOM, np~
nera~HM K 8epxHeH rpaHH4e cneKTpa, Ha cneKTpe ADil*eH 6bl npH
cyrcreo8aTb 6onee CHflbHO 8blpameHH~H 8TOpoH MaKc~MyM, pacnono
)f(eHHbiH neeee nepeoro Ha 20-25 MaB. npH 3HepreTH4eCKOM paape
weH~H, AOCTHrHYTOM 8 HaweM OObiTe, H8flH4He BTOporO, 6onee CHnb
HO BblpameHHOrO MaKCJ.1MyMa, npORBJ.1110Cb 6bl 8 TOM, 4TO Ha611~A811CR 
6bl OAI-1H, HO 6onee WHPOK~H MaKCHMYM, CA8~HYTb1H OTHOCHTellbHO Ha-
4allbHOH aHepr~H npHMepHo Ha 50-55 MaB. Ho HH Ha cneKrpe AnR 
nepaoH reoMeTpHH onblra, HH Ha cneKrpe AllR eropoH reoMeTpHH ra
Koro WHPOKOro MaKCHMYM8 He Ha611~AaeTCR. no3TOMy ClleAyeT CAe
fl8Tb BbiBOA 0 TOM, 4TO B Clly4ae RApa-MHWeHH 12c OCHOBHOH 8Kil8A 
8 peaKt.tH~ w.ap) A8~T pp -napbl c p -o6o1104K~, a BK1l8A nap, co-
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PHc.3. CrreKTphl HMrrynhcoa 

CTSBfleHH~H ~3 HYKflOHOB pa3fl~4-

H~X o6ono4eK, noAasneH. AHano
rvt4HaR CHTya~~R AflR RApa-MHWeHH 
12C HM~~T MeCTo H npvt saxeaTe 
nvtOHOB/g/ napaMH HYKnOHOB. 0TBeT 
Ha HHTepeCH~H sonpoc 0 TOM, OAH
HaKOBa nvt cTeneHb noAasneHvtR 
BKflaAa nap, COCTaeneHH~X H3 HyK
flOHOB pa3H~X 060fl04eK RAPa 120 
a peaK~HRX npRMoro s~6HeaHHR nap 
HYKnOHOB VI aaxsaTa nHOHOB, Me
meT 6~Tb nonyYeH TOflbKO npH cy
~ecTseHHOM YflY4WeHHH 3HepreTH-
4eCKOrO paapeweHHR. 

Ha pvtc.3 npvtBeAeH~ 3KcnepH
MeHTanbH~e pacnpeAeneHHR ocTaTo4-
H~x RAeP no vtMnynbcaM AflR nvtTHe

soH H yrnepOAHOH MvtWeHeH, OTHeCeHH~e K HHTepeany CYMMapH~X 
3HeprvtH ~Tc = 570+630 MaB, B KOTOPOM npHMeCb C06b1THH OT RAep
HOro KacKaAa Mana. CpeAHRR owH6Ka onpeAeneHHR HMnynbcoa ocTa
T04Horo RAP8 COCTaBnReT +25+30 M38/c. no np~4~He HeAOCTaTo4-
HOCT~ CTaT~CT~K~ AJ1R an~M~H~eaoH ~ MeAHO~ M~WeHe~ aHanor~4H~e 
pacnpeAeneH~R He o6cymAa~TCR. C u,enb~ cpaaHeH~R Ha p~c.3a 
TpeyronbH~KaM~ nOK838H ~MnyilbCHblH cneKTp /5/ OCTaT04HbiX RAep 
a peaKu,~~ aaxaaTa "; -Me3oHoB c 3Heprlo1eH 80 MsB np -napaMJ.i 
s--o6ono4KH RAPa 6 Li, a Ha PHC. 36 TpeyronbHHKH cooTeeTcTey
~T aHanorH4HOMY pacnpeAeneHH~ AJlR 3aXBaTa OCTaHOB~BWHXCR OT
PHU,aTenbH~X n~OHOB RAP8MH yrnepOAa/9/, KOrAa 3HeprHR B036ymAe
HHR OCTaT04H~X RA6P 3aKJ1~4eHa B npeAenax OT 0 AO 15 M38. Co
rJlaCHO aHanH3y, npoBeAeHHOMY B pa6oTe/lO/,yKa3aHHaR o6naCTb 
3HeprHH B036ymAeHHR nOilHOCTb~ BKn~4aeT 3aXB8T nHOHOB np-napa
MH c p -o6ono4KH. KaK a cny4ae RAPa 6 Li, TaK ~ AJlR RAP a 12c 
pacnpeAe!leHHR, noKa3aHH~e TpeyrOnbH~KaMH, RB!lR~TCR nonHbiMH 
~MnynbCHbiM~ pacnpeAeneH~RMH. B HaweM onbiTe ~a-sa orpaH!.14eHHo-
CTH 3HepreT~4eCK~x HHTepaanoe ~ lo1HTepaano8 yrnos ~cnycKaHHR 
BTOpH4HbiX npOTOHOB H~ 8 nep80i:1, HH 80 8TOpOi1 reOM6TPHRX non
Hble HMnynbCHble pacnpeAeneHHR OCTaT04HbiX RA6P He peaJ1H3Y~TCR. 
Ho Aame c y4eToM 3Toro o6cTORTeJ1bCTBa BHAHO, 4TO AJ1R yrnepOAHO~ 
MHW6HH HMny!lbCHOe pacnpeAeneHHe OCTaT04HbiX RAep 8 peaKU,J.IIJ.II (p,3p) 
WHpe, 4eM a peaKU,Hio1 aaxaaTa nHoHos. CaRsaHo 3TO pa3J1H4~e, no 
BCeH aepORTHOCTio1, C BilHRHHeM RA6PHOrO norno~eHHR, KOTOpOe npH 
3axBaTe OCTaHOB~BWHXCR nHOHOB npORBJ1R6TCR CHJlbHee, TaK KaK 
8 AaHHOM CJ1y4ae 3Hepr~R BTOPH4Hb1X npOTOHOB 3Ha4HTeJ1bHO MeHbWe, 
4eM a cny4ae peaK~"" (p,3p) np" 3Hepr"" 640 MaB. /111R RAPa 6Li 
BJ1HRHHe RAepHoro nor!lOLI.\eHJ.iR AO.fl}I(HO CKa3biBSTbCR CJla6ee, n03TO
MY H p831lH4He M6>KAY HMnyJlbCHbiMH CneKTpaMH OCTaT04HbiX RAep AilR 
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PHc.4. 3HepreTHqecKHe cneKTphl 
BTOpHqHNX DpOTOHOB. llepBaR 
reoMeTPHR. 

PHc.S. 3HepreTHqecKHe cneKTPhl 
BTOp~HhlX npOTOHOB. BTopaH 
reoMeTpH.R:. 

o6eHX peaK~H~ MO*eT 6WTb MeHbWe. anR yrnepoAHO~ MHWeHH cneKTP HMnynbCOB /pHc.Js/ CABHHyT OTHOCHTenbHO cneKTpa HMnynbCOB /pHC.36/ 8 CTOpOHY 5onee BWCOKHX 3Ha4eHHH HMnynbCOB. 3TOT ~aKT HaXOAHTCR 8 nonHOM COOTBeTCTBHH C TeM, 4TO SO BTOpOH reoMeTPHH onwra, oTnH4a~~e~cR or reoMerpHH ynpyroro p,d -pacceRHHR, C 60nbWeH OTHOCHTenbHO~ sepORTHOCTb~ peanH3YnTCR nepeXOAW, KOrAe napa npOTOHOB YHOCHT H3 RAPa op5HTanbHWH MOMeHT A=2. · Ha PHc.4 H 5 npeACTasneHw 3HepreTH4eCKHe cneKTpW sropH4HWX npoTOHOB AnR HHTepeana cyMMapH~X 3HeprHH ~Tc•580+680 MaB. noCKOnbKY cneKTPW AnR nHTHeBoH H yrnepOAHO~ MHWeHeH B nepso~ reoMeTPHH OnWTa 8 npeAenax OWH60K H3MepeHHR He OTnH4a~TCR APYr OT Apyra, Ha PHC.4 npHBeAeHw AaHHWe, cyMMHp08aHHWe no o6eHM MHWeHRM. Ha-aa-HeAocTaT04HOCTH CTaTHCTHKH aHanorH4HWe cneKTPW AnR an~MHHHeBoH H MeAHOH MHWeHeH He paccMaTPHBa~TCR. Ha PHC.4 rpeyronbHHKaMH noKa3aHw pac4eTHwe cneKTpw, nony4eHHwe AnR craTHCTH4ecKoH rHnoreaw no MeTOAY cny4aHHWX HCOWTaHHH C Y4eTOM 3KcnepHMeHTanbHOrO HMnynbCHoro pacnpeAeneHHR OCTaT04HWX RAep. BcneACT8He roro, 4TO 3KcnepHMeHTanbHoe HMnynbcHoe pacnpeAeneHHe Y*e HCTHHHOro pacnpeAeneHHR, MomHo rosopHTb He o cosnaAeHHH, a nHWb 0 6nH30CTH 3KCnepHMeHTanbHWX H paC4eTHWX 3HepreTH4eCKHX cneKTPOB BTQpH4HWX npoTOH9B. npH4eM H3 3TOH 5nH30-CTH He cneAyer, 4To APYrHe 3KcnepHMeHTanbHwe xapaKTepHCTHKH peaK~HH (p,3p) fiYAYT 6nH3KH K pac4eTHWM, nony4eHHWM 8 TOM me npeAnonmKeHHH. 
3HaHHe 3HepreTH4eCKHX cneKTpOB npoTOH08 04eHb Ba*HO AnR noHHMaHHR MexaHH3Ma peaK4HH (p,3p). HanpHMep, ocy~ecr8neHHe peaK4HH (p,3p) a BHAe npo4ecca AByKpaTHoro KBa3Hynpyroro pacceRHHR npoToHoe 8 ycno8HRX Hawero onwra HaH6onee sepoRTHO, 



KOrAa OAHH H3 npOTOHOB OT nepsoro pacceRHHR nonaAaeT BO BTQ
py~ KaMepy. TorAa BTopo~ npoTOH, s cnyyae nepso~ reoMeTpHH 
onbiTa, 6yAeT HMeTb nonRpHbl~ yron fJ;;; 50°. 4To6bl o6a npoToHa 
nocne BToporo pacceRHHR MornH nonacTb no OAHOMY s nep8y~ "" 
TpeTbiO KaMepbl, OHH A011H<Hbl HMeTb OTHOCHTellbHO HanpasneHHR 

f)•;,; 50° yrflbl pacceRHHR 01<0!10 ]0° H OK0!10 30° COOT8eTCT8eHHO. 
Ho s AaHHOM cnyYae cpeAHRR aHeprHR npoTOH08, perHcTpHpyeMbiX 
TpeTbeH KaMepo~, AOJl)t(Ha 6bl 6b1Tb 3HaYHTeJ1bHO 60JlbWe cpeAHe~ 
3HeprHH npoTOH08, nonaAaiO~HX 8 nep8yl0 KaMepy. Ho, KaK BHAHO 
1-13 pHc.4, Ha5!110AaeTCR HHaR KaPTHHa. 0Ha yKa3~BaeT Ha CHJ1bHOe 
nOAaB.neHHe 8 YCilOBHRX Hawero On biT a BK!laAa 8 peaK~.tHIO ( p, 3p) OT 
npo4ecca A8YKPaTHOro K8a3Hynpyroro pacceRHHR nPOTOHOB. noApo6-
HO 80npOC 0 MeXaHH3Me peaK~.tHH (p,3p) 6yAeT o6CY)t(AaTbCR HaMH 
8 OTAe!lbHO~ CTaTbe. 

Ta6nHIJ;a 

JIApO-MHmeHb PeaKI1"'' (p, 3p) _
28 2 

PeaKI1"ll (p,d ) 
d 3a (10 CM ..22_ ( 10-27c.(l 

dill dO 2d0s cp 3 dO cp 

6 Li 0, 58.:!:_0, II 0,85.:!:_0,07 
12c 1,63.:!:_0,27 I ,40.:!:_0,20 

AI 1,93.:!:_0,36 1,75.:!:_0,20 

Cu I ,69.:!:_0,39 2,40.:!:_0,40 

B Ta6nH!,le npeAcTasneHbl I-13MepeHHble AH¢¢epeH4Ha.nbHble ceYeHJ.1R 
peaK4HH ,OTHeCeHHble K HHTep8aJ1y CYMMapHOH 3HeprHH 6.Tc=fi40-:630.M3B. 

~.nR BTOpOH reoMeTpHH OnbiTa CeYeHHe A11R yr.nepOAHOH MHWeHH, 
OTHeCeHHOe K TOMY H<e J.1HTepaany CYMMapHO~ 3HeprHH, COCTaBJlReT: 

d 3
a· /0 9+0 2/·10-26

cM
2 

' - , cp3 
npH onpeAeneHHH ceYeHHH 8BOAHnacb nonpaaKa Ha ynpyroe H Heyn
pyroe 83aHMOAeHCTBHe BTOPHYHbiX npOTOHOB 8 MHWeHH, C4HHTHJ111R
LtHOHHbiX CYeTYHKaX H ¢HllbTpax, BKJliOYaR nnaCTHHbl KaMep. 

~IlR cpaBHeHHR B TpeTbeM CTOI164e Ta6JlH4bl noKa3aHbl HHKJ1103H8-
Hble ceYeHHR Bb16H8aHHR AeHTpOHOB npoToHaMH c aHeprHeH 670 MaB 
noA yrnoM 16~nonyYeHHble 8 pa6oTelll/. B npeAenax owH6oK H3Me
peHHC1 3aBHCHMOCTH CeYeHHC1 OT MaCCOBOrO YHCJla RApa-MHWeHI-1 He 
OTilH4aiOTCR APYr OT APYra. 0AHaKo, no-BHAHMOMy, MOH<HO roaopHTb 
06 yKa3aHJ.1RX Ha TO, 4TO npH nepeXOAe OT RAPa 6Li K RAPY 12c 
Ce4eHHe peaK!,lHH (p,3p) B03paCTaeT CHJlbHee, YeM I-1HKn103H8HOe 
ce4eHHe Bb161-18aHHR AeHTpOHOB; a npH nepeXOAe OT RApa Al K RA-

7 



py Cu poeT ce4eHHR AI1R peaK~HH (p.3p) npeKpa~aeTCR, a TO apeMR KaK HHKI1~3HBHOe Ce4€HHe nPOAOilmaeT pacTH. EcnH 3TO AeHcTBHTellbHO TaK, TO nepaoe yKaaaHH€ €CT€CTB€HHO o6DRCHHTb TeM, 4TO OTHOWeHHe 3$$eKTHBH~X 4HC€11 nap npOTOHOB H nap KBB3HA€~TPOHOB AJl.R RAp a 6 
Li MeHbwe, 4eM AJlR RApa 12c. BTopoe yKaaaHHe MQ)f{€T 6bJTb C11€ACTBHeM BJ11.1RHI1R RA€pHorO norno~eHHR, KOTopoe npH yBe11114€HHH MaCCOBOrO 4HC11a RApa-MHWeHH CHilbHee YM€HbWaeT Ce4eHHe KBa3Hynpyro~ peaK~HH (p,3p), 4€M HHK11~3HBHOe Ce4eHHe a~6HBaHHR AeHTpoHoe. 

H3MepeHHOe HSMH Ce4eHHe peaK4HH (p,3p) AllR RAPa yrnepOAa a HeCKOilbKO paa 6onbwe aHanorH4Horo ce4eHHR, Ha~AeHHoro a pa-6oTe/2/,YKaaaHHoe pa311114He Ce4eHHH CBR3aHO C TeM, 4TO 3HepreTH4€CKHe ~HTepaan~, B npe,Qenax KOTOP~X perHcTp~py~TCR B HaW~M OnbtTe BTOpH4Hble npoTOHbl, no4TH B TP"' paaa WHpe, 4eM B Onb1Tef 2~ HaMH 6btno npoH3Be,QeHO 4HcneHHoe HHTerpHposaHHe ce4eHHR 3 dq-
d01 d!l 2 d!l 3 

B npe,Qn0n9meHHH 0 TOM, 4TO BepORTHOCTb KOH$Hrypa~HH BTOpH4HbiX npoTOHOB onpe,QenReTCR ee CTaTHCT"14eCKI1M Be COM. B VI TOre 6~J10 
Hai:i,QeHO, 4TO Ce4eHHe ~ 6nH3KO K Ce4eHHIO HHKni0314BHOro Bbl-d03 

B aaKn104eHHe aBTOPbl Bblpa~aiOT 6naro,QapHOCTb n.M.AopoweHKO, B.B.EpMaKoBy, r.$.Hcaeay, H.H.fle6eAeBy, P.B.CTonynHHOH, E.E.$a,Qee·aoH aa H3MepeHHe CHI1MKOB C KaMep H 06C/1Y)I(Io1BaHHe 3KCnepHMeHTa/lbHOH YCTaHOBKH H 6.M.ronoBHHY - aa MHOr04VIC/leHHble 06cym,QeHHR pe3Yi1bTaTOB. 
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