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nony4eH~e 3KCnep~MeHTanbHO~ ~H¢0pMa4~~ 0 peaK4~~ npRMOrO 
s~6~saH~R nap npoTOHOB ~3 RAeP /peaK4~R (p,3p) I c 6onbWO~ 
nepeAa4e~ ~Mnynbca npeAcTaBnReT 6onbwo~ ~HTepec c T04K~ 3peH~R 

~3y4eH~R MeXaH~3MOB KyMynRT~BHOrO o6pa3oBaH~R 4aCT~4· 

B nocneAHee speMR ~ccneAOBaHMe KyMynRT~BHOro 3¢¢eKTa B~Aen~
nocb s caMOCTORTenbHOe HanpasneH~e, np~4eM B~RCH~nocb, 4TO 
TOnbKO np~ 3KCKn~3MBHOM nOAXOAe MO*HO OTBeT~Tb Ha BOnpoc 0 ero 
MeXaHM3Me ~ YCTaHOB~Tb, KaK~e KOHKpeTH~e RAepH~e peaK4~~ ~rpa~T 

s HeM rnasHy~ ponb. HacToR~ee ~ccneAOBaH~e peaK4~~ (p,3p) 
ocy~eCTBnReMOe B ycnOB~RX nonHO~ K~HeMaT~K~, RBnReTCR OAH~M ~3 
HeMHOr~x np~MepOB yKa3aHHOrO nOAXOAa. 

PeaK4~R ( p, 3p) TeopeTM4ecK~ snepsble paccMoTpeHa s pa6oTe ll~ 
neps~e 3KCnep~MeHTanbH~e AaHH~e o6 3TO~ peaK4~M nony4eH~ B pa6o
Tel2/ Ha RAPe yrnepoAa np~ Ha4anbHO~ 3Hepr~~ 640 H38. 

B HaCTOR~eH cTaTbe ~3nara~TCR pe3ynbTaT~ 6onee AeTanbHoro 
~ccneAOBaH~R peaK4~~ ( p, 3p) np~ TOH *e Ha4anbHOH 3Hepr~~ npo
TOHOB * , 

1 • 3KCnEPHHEHTAnbHAR YCTAHOBKA H YCnOBHR OnWTA 

3KcnepMMeHTanbHaR ycTaHOBKa AnR ~CCneAOBaH~R peaK4~~ (p,3p) 
COCTO~T ~3 Tpex ynpaBnReM~X ~CKpOB~X KaMep npRMOyronbHOrO Ce4e
HMR, cpeAMHH~e nnoCKOCT~ KOTOpbiX ne*aT B OAHOH rop~30HTanbHOH 

nnocKocT~ c ocb~ ny4Ka naAa~~~x 4acT~4· Ase KaMep~ pacnono*eHbl 
cnesa OT ny4Ka npoTOHOB, TpeTbR - cnpasa. Ka*AaR ~3 KaMep COAep
*~T 24 pa3PRAH~X npOMe*yTKa, pa3AeneHH~X an~M~HMeB~M~ nnacT~Ha-

~ MM- 3neKTPOAaMM. Pa3Mep~ KaMep pasH~ 300x300x500 MM 3. Ynpasne
HMe KaMepaM~ OCy~eCTBnReTCR TpeMR TenecKOnaMM ~3 C4~HTMnnR4MOH

H~X C4eT4MKOB, pacnono*eHH~X nepeA KaMepaM~ ~ BKn~4eHH~M~ Ha 
cosnaAeH~R. TpeK~ scex Tpex npoTOHOB s KaMepax ¢oTorpa¢~posan~cb 
Ha nneHKy. B Ka4eCTBe RAep-M~weHeH ~cnonb3osan~cb nMT~H, yrne
POA, an~MMH~H ~ MeAb. OnbiT nocTasneH s ABYX reoMeTpMRX, KOTop~e 

xapaKTep~3Y~TCR cneAY~~~MM 3Ha4eH~RM~ ~HTepsanos yrnos ~cnycKa
HMR M ~ 3HepreT~4eCKMx· ~HTepsanos 6 T Ka*AOro ~3 Tpex per~cT-

p~pyeM~x BTOPM4H~x npoToHos: It••, ·i :· :~~ 

1.,..-;,:-:jj; ',_ ; .~ ·r\ 
* nony4eHH~e pe3ynbTaT~ 4acTM4~o ony6n~Kosa~a6oTax/ 3 • 4/ 
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nep8aR reoMeTpHR 

~t'h = 18° 7 27° Mh = 27° 7 36° ~03 = 72° 7 88° 
~T1 = 1407315 M3B ~ T 2 = 140 7 315 M3B ~'I3 = 140 7 315 M3B 

BTopaR reoMeTpHR 

~01 = 21°30' 7 37° ~02 = 46° 50' 7 62°20' ~03 = 57° 7 73° 
~ T1 = 80 7 280 M3B ~'I2= 80 7240 M3B ~T3= 150 7 360 M3B 

HHAeKCbl 1 , 2, 3 y HHTep8aJlo8 ~ (} H ~ T 03Ha4aiOT, LITO HHTep-
8aJlbl OTHOCRTCR K nep80~, BTOpO~ H TpeTbeH KaMepaM.B nepBO~ reo
MeTpHH H3MepeHHR BblnonHeHbl AilR RAep-MHWeHe~ 6 Li , 12c , Al H 
Cu • 3Ta reoMeTpHR onbiTa c y4eToM 3HeprHH oTpbiBa napbl npoToHOB 
OT RAPa OLieHb 6J1H3Ka K reOMeTpHH KBa3Hynpyroro paCCeRHHR npoTo
HOB Ae~TpOHaMH Ha yron 118° 8 CHCTeMe ~eHTpa Mace. CpeAHH~ HM
nyJlbC, nepeAaBaeMbl~ nepBOMY H BTOPOMY npOTOHaM, COCTaBJlReT 
1400 M3B/c. BTopaR reoMeTpHR onbiTa, s KOTopo~ npoBOAHilHCb H3-
MepeHHR TOJlbKO AilR RApa yrnepOAa, 3aMeTHO OTJlHLiaeTCR OT reoMeT
PHH K8a3~-tynpyroro p,d-pacceRHHR. 

CpeAHRR OWH6Ka H3MepeHHR 3HeprHH npOTOHa no npo6ery B KaMe
pax COCTaBJlReT ~ 10 M38. TOLIHOCTb H3MepeHHR yrna BbiJleTa npOTOHa 
H3 MHWeHH, C yL!eTOM MHOrOKpaTHOrO KYilOHOBCKOrO pacceRHHR, pasHa 
1,5°72°. 3HepreTH4eCKH~ pa36poc npOTOHOB 8 ny4Ke COCTaBJlReT 
~15M3B. . 

I:S Ka4eCTBe MOHHTOpa B OnbiTe CilYlKHJl CLieT OAHOrO H3 ynpaBJlR
~~HX TenecKono8. Ero KanH6posKa Ha a6con~THbl~ noTOK npoTOHOB 
4epe3 MHWeHb npOH3BOAHJlaCb no pacceRHH~ npOTOHOB Ha BOAOPOAe. 

EAHHCTBeHHO~ peaK~He~, KOTOpaR MO>KeT HMHTHpOBaTb npo~ecc 
Bbi6HBaHHR nap npOTOH08, RBJlReTCR peaK~HR p"OJKAeHHR OTpH~aTeJlbHbiX 

nHOHOB c BbiJleTOM Tpex 3apR>KeHHbiX 4aCTH~ H3 MHWeHH. AHanHS nony-
4eHHbiX B OnbiTe 3HepreTH4eCKHX cneKTp08 4aCTH~ H HX B3aHMOAe~
CTBH~ B 3JleKTPOAaX KaMep, a TaK>Ke paC4eTHaR O~eHKa noKa3aJ1H, 
4TO s ycnOBHRX Hawero onbiTa BKJlaA npo~ecca Me3oHoo6pa3osaHHR 
Mail H HaXOAHTCR Ha YPOBHe -1%. 

Bcero s 3KcnepHMeHTe 6blno aaperHcTpHposaHo OKano 3800 co6bi
TH~ C TpeMR BTOPHLIHbiMH npOTOHaMH. KDJ1H4eCTBO TpexnpOTOHHbiX co
fibiTH~, nony4eHHoe Ha MHWeHRX 6 Li , 12 C , AI H Cu s nepso~ 
reoMeTpHH OnbiTa, paBHO 878, 1256, 381 H 207 COOT8eTCTBeHHO. 
Bo BTOPO~ reOMeTpHH Ha MHWeHH 12 C 3aperHCTpHpOBaHO 1104 Tpex
npOTOHHbiX C06biTHR. 

2. PE3YJlbTATbl OnbiTA 11 HX 06CYlK.LIEH11E 

Ha pHc.1 H 2 npeACTasneHbl H3MepeHHble ce4eHHR peaK~HH (p,Bp) 
AilR nepBO~ reOMeTpHH OnbiTa B 3aBHCHMOCTH OT CYMMapHO~ 3HeprHH 
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PHc.l. 3aBHCHMOCTb ceqeHHH peaK~HH (p,Bp) OT CyM-
MapHOH 3HeprHH Tpex BTOpHqHb~ TipOTOHOB ATIH Hgep-MH
meHeH 6 Li H 12c . 
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PHc. 2. 3asHCHMOC Tb ceqeHHH peaK~HH ( p, Bp) OT CyM-
MapHOH 3HeprHH Tpex BTOpHqHb~ npOTOHOB gTIH Hgep-MH
meHeH Al H Cu • 

• 

Tc Tpex BTOPHLIHbiX npoTOHOB. CpeAHRR OWH6Ka onpeAeJleHHR Tc 
cocTasnReT ~ 17 M3B. C~oTBeTCT8Y~~ee pacnpeAeneHHe AilR RAP~-MH
weHH yrnepOAa 80 8TOPOH reoMeTpHH no CBOeMy BHAY He OTJlHLiaeTCR 
OT pacnpeAeJleHHR AilR nepso~ reoMeTpHH H nOTOMY He npH80AHTCR. 
KaK BHAHO H3 PHC.1 H 2, BCe cneKTPbl CO CTOpOHbl 6onee 8b1COKHX 
3HeprH~ HMeiOT AOBOJlbHO pe3Ky~ rpaHH~y, KOTOpaR CA8HHyTa OTHOCH
TeJlbHO Ha4aJlbHO~ 3HeprHH npoToHos Ha 30-35 M3B. YKa3aHHbl~ CA8Hr 
COOTBeTCTByeT 3aTpaTaM 3HeprHH Ha OTpbiB napbl npOTOH08 OT RApa 
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~ Ha nepeAa4y He6onbWO~ 3Hepr~~ OCTaT04HOMy ~APY· 3TOT $aKT cny
>K~T HenocpeACTBeHHbiM AOKa3aTenbCTBOM TOrO, 4TO per~CTp~pyeMbl~ 
B OnbiTe npo~ecc Bbi6~BaH~~ nap npOTOHOB ~3 ~Aep ~Bn~eTC~ np~MbiM 

~AePHbiM npo~eCCOM. 

TpexnpoTOHHble co6biT~~ e o6nacT~ cyMMapHo~ 3Hepr~~ ~ Tc = 
400 _,_ 500 M3B ce~saHbl npe~MYilleCTBeHHO c eKnaAOM ~AepHoro KacKa

Aa, a TaK>Ke o6ycnoeneHbl c6pocoM 3Hepr~~ BTop~4HbiMM npoTOHaM~ npM 
HeynpyrOM B3a~MOAe~CTB~~ B an~MMHMeBbiX 3neKTPOAaX KaMep. np~ 

eospacTaH~M cyMMapHo~ 3HeprM~ Tc oT 540 M3B BKnaA 3TMX npo~ec
~oe 6blcTpo y6bleaeT. 

B cny4ae ~Apa-MMWeHM 6 Li aepXH~~ rpaH~~a cneKTpa COOTB~T
CTByeT paseany ~Apa. nocKOnbKy 3TO ~APO MMeeT ~pKO Bblpa>KeHHY~ 
KnacTepHy~ a,d CTpyKTypy, peaK~M~ (p,3p) ~AeT Ha HeM nyTeM 
Bbi6MBaHM~ npOTOHOB C S -o6on04K~, 

,[In~ ~Apa yr nepOAa eepxH~~ rpaHM~a cneKTpa COOTBeTCTBYeT Bbi-
6MBaHM~ napbl npOTOHOB c p -o6ono4KM; no3TOMY e AaHHOM cny4ae 
peaK~M~ MAeT npeMMYiileCTBeHHO Ha HYKnoHaX p-o6on04K~. 

B Ta6nM~e npeACTaeneHbl M3MepeHHble AM$$epeH~ManbHble ce4eHM~, 
OTHeceHHble K MHTepeany cyMMapHo~ 3HeprMM ~ T = 540 -;- 630 M3B. 
npM onpeAeneHMM ce4eHM~ BBOAMnMcb nonpaeKM HJ ynpyroe ~ Heynpy
roe B3aMMOAe~CTBM~ BTOP~4HbiX npOTOHOB B MMWeHM, C~MHTMnn~~MOHHbiX 

C4eT4~KaX, $MnbTpax M 3neKTPOAaX- nnaCTMHaX·MCKpOBbiX KaMep. 

Ta5mm;a. 

PeaK~HH (p ,3p) PeaK~HH (p,d) 

d3a 10-28 2 da 10-27 CM 2 
51ApO-MHWeHb ( CM ) --( 

d01 d0 2 dO 3 cp~ dO cp3. 

6 Li 0,58 ~ O,II 0,85 ~ 0,07 

12C I,63 ~ 0,27 I ,40 ~ 0,20 

AI I ,93 ~ 0,36 I,75 ~ 0,20 

Cu I,69 + 0,39 2,4 + 0,4 

,[In~ cpaBHeH~~ B TpeTbeM CTOn6~e Ta6nM~bl npMBeAeHbl ~HKn~3MBHble 
ce4eH~~ ebl6~eaHM~ Ae~TPOHOB npoToHaM~ c 3HeprMe~ 670 M3B noA 
yrnoM 16° e na6opaTOPHO~ c~cTeMe, nony4eHHble e pa6oTe/S/. Hs-sa 
en~~HM~ ~AepHoro norno111eH~~ AOn>KHbl Ha6n~AaTbC~ pasn~4Hble sae~cM
MOCT~ Ce4eHMH yKa3aHHbiX peaK~MH OT MaCCOBOrO 4~cna ~Apa-M~WeHM. 
0AHaKO OWM6KM M3MepeH~~ Ce4eH~~ noKa een~KM, 4T06bl CAenaTb Ha 
3TOT c4eT onpeAeneHHoe saKn~4eHMe. HsMepeHHoe ce4eHMe peaK~MM Ha 
~Ape-MMWeHM 2 C An~ BTOpOH reoMeTp~~ onbiTa COCTaBn~eT: 
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d3 a 
dOl d{l2 d{l3 = ( 0,9 ± 0,2). w-28 CM2 I cp .a 

3. 06CY~,[IEHHE MEXAHH3MA PEAKUHH 

np~ onMCaHMM peaK~MM paseana AeHTPOHOB npOTOHaMM (pd~ppn) 
B o6naCTM 3HeprMH AO 1 r3B paccMaTp~ea~TC~ cneAYOIIIMe AMarpaMMbl 
/pMc.3/: non~cHa~ AMarpaMMa 16•7/ , AMarpaMMa ABYKPaTHoro KeasM
ynpyroro pacce~HM~ HYKnOHOB/6•7/ , AMarpaMMa ABYKPaTHOro Heynpy
roro pacce~HM~ C M306apo~ ~33 B npOMe>KyT04HOM COCTO~HMM/6/, 
TpeyronbHa~ AMarpaMMa c o6MeHOM rr-MesoHoM171 M AMarpaMMa, ce~-

• 3aHHa~ C o6fa30BaHMeM M nocneAY~IiiMM pacnaAOM TpeXHyKnOHHOrO 

pesoHaHca18 • 
npoBeAeHHble HaMM pac4eTbl 3HepreTM4eCKMX cneKTPOB BblneTaOIIIMX 

4aCTM~, nony4eHHble B pesynbTaTe OAHOKpaTHOro M ABYKpaTHOrO 
B3aMMOAeHCTBM~ HaneTa~IIIMX npOTOHOB C BHYTPM~AepHbiMM npOTOHaMM, 
MMe~liiMMM MMnynbCHOe pacnpeAeneHMe, B3~Toe M3 OnbiTOB no KBa3M
ynpyrOMY pacce~HM~ npOTOHOB/9/, ·nOKa3b1Ba~T, 4TO BCneACTBMe Bbi
COKMX 3HepreTM4eCKMX noporOB BKnaA MeXaHH3Ma OAHOKpaTHOrO 
B3aMMOAeHCTBMR B saperMCTpMpOBaHHble HaMM C06b1TMR npeHe6pe>KMMO 
Man, a MexaHH3M ABYKpaTHOrO B3aHMOAeHCTBMR MO>KeT COCTaBnRTb -1% 
AnR RApa 1 ~C B nepBOH reoMeTpMM M AO 10% BO BTOPO~. TaKMM Ob
pa30M, B HaWeM OnbiTe B yrnOBOM MHTepeane ~03 perMCTPMPY~TCR 

KYMYn~TMBHble npOTOHbl. 
,[In~ AMarpaMMbl pMC.3B nOAaBneHMe BKnaAa M3-3a BbiCOKMX 3Hep

reTM4eCKMX noporOB perMCTpa~MH BTOPM4HbiX npOTOHOB B 3Ha4MTenb
HOH Mepe AOn>KHO CHHMaTbC~, TaK KaK 3HeprM~, peanM3yeMaR BO BTO
POM HeynpyroM pacce~HMM, 6onbwe cyMMapHoH noporosoH 3HeprMM 
perMCTpa~MH ABYX BTOpH4HbiX npOTOHOB. 4T06bl BbiRCHHTb, CHHMaeTCR 
nH yKa3aHHOe nOAaBneHMe M MO>KeT nM AMarpaMMa C M306apOH ~ 33 
B npoMe>KyT04HOM COCTORHMH OnMCaTb nony4eHHble 3KcnepHMeHTanbHble 
AaHHble, HaMM no MeTOAY MoHTe-Kapno npoeeAeHbl Bbi4MCneHMR 3HeprHH 
M yrnoe BblneTa BTOPM4Hb1X npOTOHOB, B KOTOPOM nepeoe M BTOpOe 

~-z pP 4P 
~~~~p 

a) 6) ()) 2) 

PHc.3. 

~ 
~ 

a) 
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N%' a) N%1 6) 

20 20~A 
16 -t'~'**+ 16 +i+i 
~ t a -t 
8 *i 8 * 
4 * 4 \, 
0 ··~ ~~~ ~~ •.•. ~· 0 ··~ ~-~ -~~- ... __ , 

N°/o ~) 

28 

±i+ 24 

20 
16 A~ 
12 . A 

8 
4f- +~A 
ol. . + 

140 220 300 T,(MaB) 

PHc.4. 3HepreTH~eCKHe crreKTphl 
BTOpH~Hh~ rrpOTOHOB, llepBaH 
reoMeTpHH, .HApO-MHIUeHb 12 C • 

N% a) N% 6) 

16 16 +#A 
12 t*Httt 12 + ++t 
8 A a± 8 +A 
4 + 4 A 

O ._ 160 240 T1(MaB) O 80 160 240 T2 (~aB) 
N% b) 

~ H 
12 t.*A H 
8 + -tA 
4 i + 
0 ·-- ~-~ -·~ ·""··. -· 

• 
PHc.5. 3HepreTH~eCKHe crreKTphl 
BTOPH~Hb~ rrpoTOHOB. BTopaH 
reoMeTpHH • .HApO-MHWeHb l2C , 

Heynpyroe pacceRHHe /AHarpaMM~ pHc.3a/ paccMaTpHaanHcb KaK cao-
60AH~e. B pac4eTe Y4HT~Banocb HMnynbcHoe pacnpeAeneHHe BHyTpH
RAepHoro ABH*eHHR npoTOHOB/9/. AnR npocToT~ npeAnonaranocb, 4TO 
yrnos~e pacnoeAeneHHR pacceRHHR B cHcTeMe ueHTDa Mace cTanKHBa
~~HXCR 4aCTH~ RBflR~TCR H30TpOnH~MH. 

Ha pHc.4 H 5 npHBeAeH~ 3KcnepHMeHTanbH~e H pac4eTH~e 3Hepre
TH4ecKHe pacnpeAeneHHR BTOpH4H~X npOTOHOB AflR nepBOH H BTOPOH 
reoMeTpHH on~Ta. BHAHO, 4TO B o6oHx cny4aR~ pac4eT, npeTeHAY~HH 
flHWb Ha Ka4eCTBeHHOe OnHCaHHe, npaBHflbHO nepeAaeT 3KCnepHMeH-
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N%1 a) A N% 
6) 

nepaa,. reoMerpHil Bropa!l reoMerpH!l 

!~fh 
20 A 

16 

.~ 12 
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4 

PHc.6. HMnynbCHMH crreKTP ocTaTo~H~ HAep • .HApo-MH
meHb 12C • · 

~' 'I 
-' 

,, 

N% r ~) BTopaR reONeTPHR 
30 

20 

10 

18 26 34 421,,-p,l(rpad} 

PHc.7. YrnoBhle KoppenH~H 
BTOpH~HhlX ITPOTOHOB • .!iApO
MHWeHb 12c . 

TanbH~e cneKTp~. TaKHM o6pa3oM, 
AilR MexaHH3Ma peaK~HH, onHc~aa
eMoro AHarpaMMOH PHC.3B , AeH
CTBHTeflbHO CHHMaeTCR CHflbHOe 
noAaaneHHe BKnaAa a Ha6nDAaeM~e 
Ha on~Te C06~THR H3-3a B~COKHX 
3HepreTH4eCKHX noporoa perHCTpa
~HH BTOPH4H~X npOTOHOB. 

Ha pHc.6 H 7 npeACTaaneHhl 
3KCnepHMeHTaflbH~e H pac4eTH~e 
pacnpeAefleHHR HMnYflbCOB OCTaTo4-
H~X RAep H MOAyfleH pa3HOCTH 
BepTHKaflbH~x I a 1 - a 2 1 H ropH-
30HTaflbH~x I f3 1 - {3 21 npoeK~HH 
yrnoa a~neTa nepsoro H BToporo 
npoTOHOB. ~ 3Aecb pac4eTHhle pac
npeAeneHHR npaBHflbHO OnHC~BaDT 
3KCnepHMeHTaflbH~e AaHH~e. npH4eM 
Ba*HO nOA4epKHYTb, 4TO HMnyflbCHOe 

pacnpeAefleHHe BHyTpHRAePHOrO ABH*eHHR HYKflOHOB, y4aCTBY~HX 
B peaK~HH, 6nH3KO K COOTBeTCTBY~~eMy pacnpeAefleHHn, KOTOpoe 
npORBflReTCR B OAHOKpaTHOM KBa3HynpyrOM pp-pacceRHHH. 

3KcnepHMeHTaflbH~e cneKTp~ Mace npoMe*YT04HOH 4aCTH~~. B~4HC
neHH~e no 6anaHCy 3HeprHH H HMnyflbCOB 80 BTOpOH BepWHHe AHa
rpaMM~ 3a , noHBOARTCR Ha oHc.8. OnoeAeneHH~e no neoaoH seoWHHe 
AHarpaMM~ 3B 3Ha4eHHR Mace~ npoMe*YT04HOH 4aCTH~~ B CpeAHeM 
Ha 15-20 M3B 6onbwe. CABHr cneKTpa Mace npoMe*YT04HOH 4aCTH~~ 
PHC.86 B CTOpOHy 60flbWHX 3Ha4eHHH Mace no cpaBHeHHD C COOTBeT
CTBY~~HM cneKTPOM PHC.8a o6yCflOBfleH TeM 06CTORTeflbCTBOM, 4TO 
a cny4ae BTopoH reoMeTpHH 3HeprHR HaneTa~ero H RAepHoro npoTo
HOB B Hx CHCTeMe ~eHTpa Mace 6onbwe, 4eM a cny4ae nepaoH reo
MeTpHH. 

Heo6xOAHMO OTMeTHTb, 4TO MaKCHManbHOe 3Ha4eHHe Mace~ npo
Me*YT04HOH 4aCTH~~. o6pa3yD~eHCR npH CTOflKHOBeHHH npOTOHa, 

N(%)T a) nepeall reaMeTpHil N(%)1 6) BropaR reuMeTpHR 

301- 30 

201- I I 20 

10 I- I I . .. , 10 

1180 1260 Mnp(M3B) 

PHc.8. CneKTphl Mace rrpOMeiyTO~HoH ~aCTH~hl. 
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~Me~~ero 3Hepr~~ 640 M36, c flAePH~M noKOfl~~MCfl npoTOHOM cocTaa
nfleT 1215 M3B. CpeAHee 3Ha4eH~e 3TO~ Mace~ 6yAeT MeHbwe ~3-3a 
3aTpaT 3Hepr~~ Ha B036ymAeH~e OCTaT04HOrO RApa. no3TOMy B ycno
B~RX Hawero on~Ta He MomeT pean~3oaaTbCR nonH~~ cneKTp Mace 
~3o6ap~ ~33 c MaKC~MyMOM np~ 3Ha4eH~~ M (~33) = 1232 M3B. 

Ha ocHoae Ha6n~AaeMoro cornac~R 3Kcnep~MeHTanbH~x ~ pac4eT
H~x AaHH~x, a TaKme 6n~30CT~ Mace~ npoMemyT04HO~ 4acT~~~ K Mac
ce ~3o6apbl ~ 33 MOmHO CAenaTb B~BOA 0 TOM, 4TO B ycnoB~RX Hawe-
ro OnbiTa OCHOBHO~ BKnaA B peaK~~ I() ( p, 3p) AaeT A~arpaMMa ABY-
KpaTHOrO Heynpyroro pacceflH~fl c ~3o6apo~ ~ 33 a npoMemyT04HOM 
COCTORH~~. 6 nonb3y 3TOrO 3aKn~4eH~R CB~AeTenbCTBY~T pe3ynbTaTbl 
pa6oT~/IO/ no ~3y4eH~IO peaK~~~ dp-+ ppn np~ Ha4anbHOM ~Mnynbce 
P= 3,33 f3B/c. B 3To~ pa6oTe 6~no Ha~AeHo, 4TO a c~cTeMe noKOfl 
Ae~TpoHa /a 3TOM cny4ae Ha4anbHafl 3Hepr~R npoToHa 6n~3Ka K 
1 f36/, cneKTp Mace npoMemyT04HO~ 4aCT~~~ AnR C06biT~~, B KOTO
p~X Ha~MeHee 3Hepr~4Hbl~ BTOp~4H~~ HyKnOH ~MeeT 3Hepr~~ 6onee 
nonoa~H~ MaKc~ManbHO B03MomHo~ np~ yrne ero ~cnycKaH~R, 6n~30K 
K cneKTPY Mace ~3o6ap~ ~ 33 • Ho, KaK ~ a HaweM cny4ae, 3Kcnep~
MeHTanbH~~ cneKTp CAB~HYT OTHOC~TenbHO pacnpeAeneH~R Mace~ H30-
6apbl ~33 B CTOPOHY MeHbWHX 3Ha4eHH~ Mace. 

KaK noKa3anH TeopeTH4eCKHe pac4eT~/6 •7 / HHKn~3HBH~x 3Hepre
TH4eCKHX cneKTpOB BTOPH4H~X HyKnOHOB, HCnycKaeM~X B 3a~H~~ 
nonyc~epy, B~nonHeHH~e npHMeHHTenbHO K ycnOBHRM pa60T~ 10/, 3TH 
cneKTp~ AnR AHarpaMM pHc.3a H 3r 04eHb 6nH3KH MemAY co6o~. 
no-BHAHMOMy, TaKaR me 6nH30CTb cneKTPOB BTOPH4H~X npOTOHOB AnR 
yKa3aHH~X AHarpaMM 6yAeT HMeTb MeCTO H Anfl ycnOBH~ Hawero 3KC
Kn~3HBHOrO On~Ta. na3TOMy TpeyranbHafl AHarpaMMa C 06MeHOM 
nHOHOM TOme 6yAeT AaBaTb BKnaA B peaK~H~ (p,3p) • 0AHaKO ee 

No/ofa)nepeaH reoMerpH~ N°/of 6) Bropa~ 
30 

reoMerp111~ 

20 

M3c11~ 
{M38) 

PHC. 9. CneKTpbl ::J«<xl>eKTHBHbiX Mace CHCTeMbi Tpex BTOpHq

HbiX npOTOHOB, 

BKnaA, nO-BHAHMOMy, 6yAeT MeHbWe BKnaAa AHarpaMM~ 3a, TaK KaK 
npH HH3KHX 3HeprHRX naAa~~HX HyKnOHOB nHOH~ pOmAa~TCR n04TH 
~enHKOM 4epe3 H3o6apy ~33 . 

B pa6oTe/S/ AnR o6oRCHeHHR 3KcnepHMeHTanbH~x AaHH~x no peaK
~~"' ynpyroro pacceRHHR npOTOHOB Ae~TpOHaMH 8 o6naCTH 3HeprH~ OT 
400 M36 AO 1 f36, npHaneKaeTCR KaK Aa~~aR OCHOBHO~ BKnaA AHa
rpaMMa C o6pa30BaHHeM B.npOMemyT04HOM COCTOflHHH TpeXHyKnOHH~X 
pe30HaHCOB C MaccaMH M = 3070, 3180 H 3330 M36, OAHHM H3 KaHa
noa pacnaAa KOTOpbiX RBnReTCR pacnaA Ha npOTOH H Ae~TPOH. 

B cny4ae peaK~HH (p,3p) , KOrAa B KOHe4HOM COCTORHHH o6pa-
3y~TCR 4eT~pe 4aCTH~~ - TpH npOTOHa H OCTaT04HOe flAPO - yKa3aH
Hbl~ MeXaHH3M, ecnH OH HMeeT MeCTO, MOmeT, B006~e rOBOpfl, Ha~TH 

OTpameHHe B CneKTpe 3~~eKTHBH~X MaCC Tpex BTOPH4H~X npOTOHOB. 
Ho nocKonbKY a HaweM on~Te peanH3yeTcfl cpaaHHTenbHO y3KH~ y4ac
roK cneKTpa 3~~eKTHBH~X Mace, TO Ha6niOAaTb Ha HeM KaKy~-TO 
CTPYKTypy, 04eBHAHO, ManoaepORTHO. nony4eHHOe B on~Te pacnpeAe
neHHe 3~~eKTHBHbiX Mace Tpex BTOPH4HbiX npoTOHOB AnR co6biTH~ 

c cyMMapHo~ 3HeprHe~ B HHTepsane ~ Tc = 570 7 630 M3B /pHc. 91 
HMeeT MaKCHMYM oKono 3Ha4eHHR Mace~ pe3oHaHca M = 3180 M3B H3 
pa6oTbl/s/. 0AHaKo 3TOT ~aKT a cHny a~wecKa3aHHoro "' Toro o6cTo
RTenbcTaa, 4TO yKa3aHHoe pacnpeAeneHHe xopowo onHc~aaeTcfl AHa
rpaMMO~ C H306apo~ ~33 B npoMemyT04HOM COCTORHHH, Henb3R pac
CMaTpHBaTb KaK CBHAeTenbCTBO B nOnb3Y BKnaAa 8 peaK~HIO ( p, 3p) 
AHarpaMM~ c TpexHyKnoHH~MH pe3oHaHcaMH. BMecTe c TeM, Ha ypoaHe 
HMe~~e~Cfl 3KCnepHMeHTanbHO~ HH~OpMa~HH 0 peaK~HH (p,3p) 803-
··-··~··---· -·~---- - .......... -- ..... ---····-- .... ··-··-····-··- ................... _. ··--· --1'1\ .. 111\IIV .... IIol Ul".ll<..lf-\U U 11\,.ooo'- VI J"·u~gr-ll"lVIV 1'"1"-"AOflt'I.;;JI"'IU rt\,of'..IIIV"'1riiU II""".IIU~Il• 

na3TOMy AnR Taro, 4T06~ OTBeT Ha aonpoc 0 BKnaAe pe30HaHCHOrO 
MeXaHH3Ma CAenaTb 6onee onpeAeneHH~M, He06XOAHM~ H3MepeHHfl 
3HepreTH4eCKHX cneKTPOB H yrnoB~X KOppenfl~H~ BTOpH4H~X npOTOHOB 
s 6onee WHPOKHX HHTepaanax yrnoa. Heo6xOAHM~ TaKme TeopeTH4ec
KHe B~4HCneHHR yKa3aHH~X xapaKTepHCTHK Anfl paCCMOTpeHH~X Mexa
HH3MOB peaK~HH ( p, 3p) , 

OcHoa~aaflCb Ha anonHe YAOBneTaopHTenbHOM cooTaeTCTBHH 3Kcne
PHMeHTanbH~x H pac4eTH~X pacnpeAeneHH~ BTOpH4H~X npOTOHOB AnR 
A1-1arpaMM ABYKpaTHoro Heynpyroro pacceflHI-1R c H3o6apo~ ~ 33 
8 npoMemyT04HOM COCTORHHH, M~ CAenanH O~eHKy 1-1HKn~31-1BHOrO Ce4e

da 
Hl-1fl ~ nOA yrnOM 80° nyTeM 41-1CneHHOrO I-1HTerpHpOBaHI-1fl ce4e-

3 3 
da 

HHfl dn dO dO no yrnaM 0 1 H 0 2 • C y4eTOM. nonpaBKH Ha 
.. 1 2 3 

RAepHoe norno~eH1-1e"' sKnaAa peaK~HH (p,2pn) , ce4eHHe KOTopo~, 
cor nacHo pa6oTe/6 / , a 20 pa3 npea~waeT ce4eHI-1e peaK~"'"' ( p, 3p), 
nony4eHHaR o~eHKa noKa3~aaeT, 4TO A1-1arpaMMa pHc.3a MomeT 
AaBaTb OCHOBHO~ BKnaA B meCTKyW 4aCTb cneKTpa KyMynflTHBH~X npo
TOHOB. 

0AHaKO 3Ta O~eHKa HYmAaeTCR B yT04HeHI-11-1: B YT04HeHI-11-1 41-1CneH
HOrO HHTerpHpOBaH~fl H 8 3KCnepi-1MeHTanbHOM onpeAeneHHI-1 OTHOWeHHR 
Ce4eHH~ ( p, 2pn) H ( p, 3p) · peaK~H~. 
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B 3aKn~4eHHe a8Topw 8~pa*a~T HCKpeHHDD npH3HaTenbHOCTb 
n.M.AopoweHKO, B.B.EpMaK08y, r.o.~cae8y, H.H.ne6eAe8y, P.B.CTo-
nynHHO~ H E.E.¢aAee80~ 3a o6cny*H8aHHe 3KCnepHMeHTanbHO~ ycTa- HET n" nPOBEnOB 8 BAWEA B"Bn"OTEKE? 
H08KH H o6pa60TKY CHHMKOB, a TaK*e 5 · M · ron08HHY 3a 06CY*AeHHe 8bl MOJKeTe nO.IIY'IMTb no nO'ITe nepe'IMCJieHHble HMJKe KHMfM, 

pe3ynbTaT08 · eCJIM OHM He 6b1JIM 38K838Hbl paHee. 
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