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B nocne,nnue ro,nhi oco6oe BHHManue y,nen.HeTC.H H3yYeHHIO 

.H,nepHhiX peaKU:HH C BbiJieTOM HeCKOJihKHX YaCTHU:. llo cpaBHeHHIO 

C peaKU:H.HMH C o6pa30BaHHeM ,IJ;BYX YaCTHU:, TeopeTIIYeCKOe pacCMOTpe
HHe peaKU:HH C BbiJieTOM Tpex H 6onee YaCTHU: 3HaYHTeJibliO .CJIO:»<:Hee. 

KpoMe yaennYeHH.H yucna neJaBHCHMhiX KnneMaTnYeCKHX nepeMeHHhiX 

/nanpHMep, ,IJ;O ll.HTH B CJiyYae BbineTa Tpex YaCTIIU:/ CJIO:»<:IIOCTH 
B H3yYeHHH KBaHTOBO·MeXaHHYeCKHX CHCTeM H3 HeCKOJihKHX YaCTHU: 

B03HHKaiOT npH llOllWTKe yYeTa B3aHMO,IJ;eHCTBH.H BCeX 3THX YaCTHU:~ 
TeM ne Menee, nn¢opMaunH, nonyyaeMa.H H3 nccne,noaannii TaKnx 

peaKU:HH, OKa3hiBaeTC.H HHTepeCHOH H Ba:»<:HOH ,IJ;JI.H llOHHMaHH.H MHOrHX 

acneKTOB .H,nepnoii cPH3HKH, nanpnMep, TaKnx, KaK aonpoc o ponn 
TpexYaCTHYHhiX CHJI B MHOrOYaCTHYHOM B3aHMO,IJ;eHCTBHH, 0 napaMeTpe 

pacce.HHH.H ,nayx yacTHU:, o xapaKTepe noTenu:nanoa napnoro B3aHMo

,neiicTBH.H H T.n. 
HnTencuano u3yYaiOTCH peaKU:HH c BhiJieToM Tpex 6eccnunoBhiX 

anh¢a-qacTHU:, niKne KaK 11B(p,3a); 10 B(d,3a); 98e.(
3

He,'3a); 
12 c (y, 3 a) I 1-91. llpn 6oM6ap,nupoBKe 11 B npoToHaMH c 3Heprneii ne

CKOJihKO M3B o6pa3yiOTCH pe30HaHCHbie COCTO.HHH.H .H,IJ;pa 
12 

C. 
B 3KcnepnMeHTaJihHO na6JIIO,naeMhiX cneKTpax a -qacTHU: npo.Ha

JI.HIOTCH llHKH, COOTBeTCTBYIOIUHe B3aHMO,IJ;eHCTBHIO ,IJ;BYX a -qaCTHU: 

B B036y:»<:,neHHhiX cocTO.HHHHX H,npa 8 Be. 3aMeYeno, 'ITO umpnna 3THX 
· llHKOB He COOTBeTCTByeT WHpHHe pe30HaHCHOrO pacce.HHHH CB060,IJ;HhiX 

'a -yacTHU:, a nono:»<:enne nnKOB B cneKTpe coana,nennii ,nayx a -qacTHU: 

YaCTO He cornacyeTCH C XOpOWO H3BeCTHhlMH 3Ha'leHHHMH 3HeprHH 

ao36ym,nennH nepBhiX ypoaneii I 2. 3· wl. 
MnorHMH aaTopaMH f3,4, u- 14/ ,nenannch nonhiTKH HHTepnpe-

THpOBa Th 3cPcPeKTHBHbie Ce'leHHH H KOppeJIHU:HH B peaKU:HH 
118 (p, 3 a) . 

B npe,nnono:»<:ennn ,nayxcTynen'laTor.o npou:ecca pacna,na B036y:»<:.n;ennoro 



12 r•..., s B 
H.D;pa .... .... a+ e ... a + a + a HnH O.D;HOBpeMeHHoro pacna.D;a 

Ha TPH a - 'IaCTHIJ;LI: 
12 C"' .... a+ a+ a 0.D;HaKo .IJ;a)Ke caM Lie y.D;a'IHLie 

nonLITKH TaKOH HHTepnpeTaiJ;HH He .D;aiOT nOIIHOrO Y.D;OBIIeTBOpHTeiiLHOrO 

cornaCHH TeopeTH'IeCKHX pac'IeTOB C 3KCnepHM~HTOM. 

B HaCTOH~eii pa6oTe npHBO.D;HTCH 3KcnepnMeHTanLHhle peJynL-
uB . 

TaTLI HCCIIe.D;OBaHHH peaKIJ;HH (p, 3 a) npH .D;BYX 3HalJeHHHX 3HeprHH 

npoToHoB E p = 2,0 M3n n E p = 2,65 M3B. 

,lJ;mp<!JepeHIJ;HaiiLHLie CelJeHHH paCC'IHTLIBaiiHCh Ha OCHOBe TeOpHH' 

MHOrO'IaCTH'IHOrO pacceHHHH /u/.c ylJeTOM napHOrO B3aHMO.D;eHCTBHH 

BCeX Tpex a -qaCTHIJ; B KOHelJHOM COCTOHHHH. 

IIpe.D;nonaraH, 'ITO peaKIJ;HH II B (p,3 a) npoTeKaeT qepeJ peJoHaHc

HOe COCTOHHHe H.D;pa I 2 C C MOMeHTOM f H 'IeTHOCTLIO 11 H 'ITO B KO

He'IHOM COCTOHHHH cy~eCTBeHHyiO pOIIh HrpaiOT IIHillh napHLie B3aHMO

.D;eHCTBHH Me)K.D;y a -qacTIIIJ;aMH, aMniiHTy,D,a BepOHTHOCTH pacna.D;a 

COCTaBHOH CHCTeMLI A (1 TT) nponopu;HOHaiiLHa aMniiHTy.D;e pacceHHHH 

Tpex a -qaCTHIJ; C npOH3BOIILHOH KOH<iJHrypau;HeH HMnynLCOB B Ha'IaiiL

HOM COCTOHHHH. AMniiHTy.D;a pacceHHHH Tpex nonapHO B3aHMO.D;eHCTByiO

~HX qacTHu; B paccMaTpnnaeMOM cnyqae HBIIHeTcH· cyMMoii Tpex .· 

aMniiHTY.D;, OTIIH'IaiO~HXCH B3a~MO.D;eHCTBYIO~eH B KOHelJHOM COCTOHHHH 

napoii qacTHu;: 

A(l 71
) canst(r.. + r + r ). 

· 23 3 1 I 2 /1/ 

0603HalJaH xapaKTepHCTHKH COCTOHHHH nap B3aHMO.D;eHCTBYIO~HX 
B KOHelJHOM COCTOHHHH lJaCTHIJ; CHMBOIIaMH 1

23 
, [ 

3 
I , [ 

12 
, op6H

TanLHLie MoMeHTLI rpeTLeii qacTHIJ;LI OTHOCHTenLHO .D;Byx BJaHMO.D;eii

cTBYIO~Hx CHMBonaMH L 1 , L 2 , L 
3 

, nonHyro aMnnHTY.D;Y peaKu;HH. 

B 3THX 0603HalJeHHHX MO)KHO 3anHCaTL B BH.D;e: 

A (! 
71 

) = canst [ ~ . .2 1'23 ( l
23 

, L ) + ~ .2 T ( l , L ) 
. L 1 1 L l 31 31 2 

+ .2 .2 
L 3 1 12 

1 23 2 31 

T l L )] . 
12 ( 12 ' 3 • 

+ 

/2/ 
,. 

71 . 
rpa<iJH'IeCKOe H306pa)KeHHe A( J ) pacna.D;a COCTaBHOH CHCTeMLI B 

COCTOHHHH 1 71 
Ha TpH nonapHO B3aHMO.D;eHCTBYIO~HX lJaCTHIJ;hi MO)KHO 

npe.IJ;cTaBHTL cxeMoii: 

3 

171 3 + 171 + 6 1 I/ -z _
1 2 

B Tex cny'IaHx, Kor.D;a B03MO)KHO peJoHaHcHoe B3a 

nap a -qaCTHIJ; /2,3/ H /3,1/ B COCTOHHHHX C 

l * , cneKTp O.D;Hoii a -qacTHIJ;LI, HanpnMep, nep 3 I v 

aMniiHTY.D;OH: 

A (] 71 l* · , l * ) 
' 23 3I 

canst [ ~ 1'23 ( l ~3 , L 
1 

) + ~ ~ 2 
Lz L1131L2 

+~~ ~ B1;3LITI2(l12'L3)+ 
L 1 L 112 L3 1 12 3 

+ 2 
L2 

+ ~ 

L 
2 

T 
31 

(l* 
31 

~ ~ 
1
23 L I 

1* L 
, L ) + ~ ~ ~ B 31 2 1' (l , L 

2 L 1 L 1 12 L
3 

12 I 2 
2 12 3 

1* L 

B 31 2 1'23 (l23 ,L 1)] • 
1
23 L I 

r.D;e B -- K03<lJ<lJnu;neHTLI paJno)KeHHH ·nonHoBoii <!Jy 

Jl';', , L 1e > no BCeM B03MO)KHLIM COCTOHHHHM Jl ;~ • · II . 

C.D;enaHHoe Bhlme npe.IJ;nono)KeHHe o cocTaBHOM J 

ynpo~aeT pacqeT aMnnHTY.D;LI. B 3TOM cnyqae aMnnHl 

OTIIH'IaiOTCH .D;pyr OT .D;pyra TOIILKO <iJYHKIJ;He:if, 3aBHC 

TenLHoii 3Heprnn E ;; napLI B3aHMO.D;eiicTBYIO~Hx qa 

CHMOCTL OT E ij MO)KeT 6LITL <iJaKTOpH30BaHa B 1';
1 

MHO)KHTenH, HBIIJIIO~erOCH aMIIIIHTY.IJ;OH .D;ByX'IaCTH' 

H OnHCLIBaiO~ero <lJopMy peJOHaHCaKOHe'IHOrO B3aHM< 

B 3ToM cnyqae Bhipa)KeHne /3/ npnMeT BH.D;: 

5 



oBpeMennoro pacna)la 

~a)l(e caMbie y)la"'Hbie 

YAOBneTBopnTenhnoro 

HTOM. 

aMenTanbnwe pe3ynh

iYX 3Hal.JeHHHX ::meprHH 

lHCb Ha OCHOBe TeOpHH 

)HOrO B3aHMO)leHCTBHH 

eKaeT qepe3 pe3onanc

fHOCTblO 7T H "'TO B KO

.llHillb napHbie B3aHMO· 

. BepoHTHOCTH pacna)la 

a:MnnnTy)le pacceHHHH 

i HMnynhCOB B Ha"'anh

apHOB3aHMO)leHCTBYIO· 

mHeTcj( cyMMOH Tpex 

B Kone"'HOM cocTOHHHH 

/1/ 

tp B3aHMO)leiicTBYIOIIIHX 

3 ' l 31 . ' l 1 2 ' op6n
!.llbiiO.llBYX B3aHMO)leii-

rro aMiinHTYAY peaKIJ;HH 

(l ,L._) + 
31 31 . 2 

/2/ 

:ocTaBHOH CHCTeMbl B 

.yiOIIIHX l.JaCTHIJ;bl MO>KHO 

+ 
L---..~.......::......__......1..--1 2 

+ 

B Tex cny"'aHx, KOr)la B03MO)I(HO pe3onancnoe B3aHMO)leiicTBHe ABYX 

nap a •l.JaCTHIJ; /2,3/ H /3,1/ B COCTOHHHHX C MOMeHTaMH l j 3 H 

l* , cneKTp O)lHOH a -qacTHIJ;W, HanpHMep, nepBOH onpe)lenHeTCH 
31 u 

aMnnHTYAOH: 

A ( 1 77 l* · l * ) 
' 23 ' 3 I 

1* L 
B 3l 2 T (l L )] 

l L 23 23 ' 1 ' 
23 1 

1* L 

B 23 1 1' - l L 
1 

L 31 ( 31 ' 2 )+ 
31 2 

/3/ 

r)le 8 -. KOJlPlPHIJ;HeHTbl pa3JlO)I(eHHH BO.llHOBOH lPYHKIJ;HH COCTOHHIIH 

I l~ , L le > no BCeM B03MO)I(HbiM cocTOHHHHM II ile • L i >: : 11" · /,; : • 

CAenannoe Bhiiiie npe)lnono)l(enne o cocTaBHOM H)lpe cyiiieCTBenno 

ynpo111aeT pac"'eT aMnnHTY.llhi. B JTOM cnyqae aMnnuTy)lhJ 1:i (Iii 'L" ) 
OT.llH"'aiOTCH )lpyr OT )lpyra TO.llbKO lPYHKIJ;UeH, 3UBIICHIIIeii OT OTHOCH

TenhHOH JHeprnn E ii naphi B3aHMOAeiicTBYIOIIIHX "'aCTJlU. 3Ta 3aan

CHMOCTh OT E ij MO)I(eT 6hiTh dJaKTOpH30BaHa B 1';1 (Iii . [, 1r. / B BH)le 

MHO)I(HTenH, HB.llHIOIIIerOCH aMnnHTYAOH .llBYX"'aCTII'JJIOI'tl pacceHHHH 

Ii onncbmaroiiiero dJopMy pe3onanca Koneqnoro B3aHMoneiicTBHH. 

B JTOM cnyqae Bhipa)l(enne /3/ npuMeT BHA: 

5 
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,[{JIH 'IHCJieHHbiX pac'leTOB no cPOpMyJie 141 He06XO.IJ;HMO 3HaTb 3Ha'leHHH 

l !:. L u IJ Je 

l ij L Je 
.U.BYXl.laCTH'IHbiX aMIIJIHTY.IJ; a ij H KO'JcPcPHUHeHTOB 

,[{ByXl.JaCTH'IHbie , aMnJIHTY.U.bl .U.JIH npOCTOTbl paC'IeTa Bbi6upaJIHCb 

B su.ne HJBecruwx aMnJIHTY.U. EpaiiTa u Buruepa .nnH peJouaucuoro 

pacceHHH.H a -'laCTHU 6e3 y'leTa noTeHUHaJibHOrO H KYJIOHOBCKOrO pac

CeHHHH. 3To onpas.nauo reM, 'ITO pacl.leTbi ce'lenuii· nposo.nunncb 

B 06JiaCTH OTHOCHTeJibHbiX 3Hepruii nap u -qaCTHU OKOJIO peJOHaHCHOrO 

BJaHMO.LJ.eHCTBHH B d - COCTOHHHH ( [ ~j == 2) , r.ne BKJia.IJ; noTeHUHaJib

HOrO H KyJIOHOBCKOru pacceHHHH MeHee Cyi.QeCTBeHeH no OTHOWeHHIO 

K peJOHaHCHOMy. 

CyMMnposauue no op6nTaJibHbiM MoMeHTaM L Je orpaHH'IHBaeTcH 

no KHHeMa TH'IeCKHM coo6paJKeHHHM JHal.leHHHMH L • < 3 , l .. onpe.ne-
"' - IJ 

JIHIOTCH H3 JaKOHOB COXpaHeHHH MOMeHTa H l.JeTHOCTH. 

J 

TexHU'Ka :J'KcnepuMeHma 

ilpOTOHbl YCKOpHJIHCb Ha 3JieKTpOCTaTH1.JeCKOM reHepaTope 3r-5 

Jia6opaTopnH ueiiTpOHHOH cPHJHKH OIUIH. BepTHKaJibHbiH ny'IOK npoTo

HOB nocne OTKJIOHeHHH auaJIH3HPYIOlQHM MarHHTOM ·ua yron 90 u npOXO

.U.HJI 'lepe3 <iJoKycupyiOI.QHe KBa.npynOJibHbie MarHHTHbie JIHH3bl H BbiBO.U.H.ll-

CH B 3KCnepHMeHTaJibHbiH 3aJI , B KOTOpOM OH IIp 

KJIOHHIOlQHH MarHHT, CHCTeMy KOJIJIHMHPYIOlQHX ~HaclJpa 
B KaMepy pacceHHHH l(HJIHH~pHl.JeCKOH cPOPMhl, ~Ha 

Ha c'beMuo:H KpbiWKe KaMepbi CMOHTHpoBaHhi ~Ba 
ycTaHOBKH ~eTeKTopoB. Cnel(HaJibHOe noBopoTnoe yeT 

eT He3aBHCHMO ~JIH KaJK~OrO ~eTeKTOpa YCTaHaBJIHB 

yroJI OTHOCHTeJibHO nyqKa 6oM6ap~HPYIOlQHX l.JaCTHI.( H 1 

C HHM B npe~eJiaX 0 u -f + 180 u ~JIH O~HOrO ~eTeKTOp< 
~nH ~pyroro. 

B 3KcnepnMeHTax ucnoJih3oBannch KpeMHHeBbl 

6apbepHble ~eTeKTOpbi C pa6oqeif noBepXHOCTbiO 50 Ml 

Hble H3 MaTepHaJia C y~eJibHbiM COnpOTHBJieHHeM 2~ 

,[{eTeKTOpbl ycTaHaBJIHBaJIHCb Ha paCCTOHHHH . 55 

KonnHMaTopbi nepe~ ~eTeKTopaMH orpaHHl.JHBanu Te 

perncTpupyeMhiX a -qacTHI.( B npe~enax "' 6.10-3 · 

weub HJ caM~no~~epJKHBaiOII(eiicH nneHKH 6opa, no 

pacnbiJieHHH 6opa ecTeCTBeHHOrO H30TOnHoro COCT 

3JieKTpouuoro nyqa, pacnonaraiiacb B l(eHTpe Kal\

Toni.QHHa MHWeHH COCTaBJIHJia 80 ~ 100 MKr Ha .C~ 
KOJIJIHMa TOpa ~JIHHOIO 150 MM ~HaMe:rp nyl.JKa npoT 

orpauuqusancH ~o 1 + 2 MM. 3uepreTHl.lecKoe paJpew 

npu perncTpal(HH a -qacTnl( c 3Heprue:H 5,2 M3B 

COCTaBJIHJIO 30-40 K3B. B CJiy'lae HJMepeHHH cneKT 

peaKI.(HH II R ( p, 3 a) WHpHHa nHKa Ha nOJIOBHHe BbiC 

u0 - qacTHI.( 6bma B npe~enax 100-120 K3B H onpe~eJJ 
npHMeHHeMOH MHWeHH H TeJieCHbiM yrJIOM ~eTeKTOp< 
~eTeKTopos no~asannch ua npe~sapnTeJibHble ycunnTe 

MH TpaKTaMH YCHJieHHH. "Me.IJ;JieHHbiH" TpaKT - .!J;JIH H3: 

H "6biCTpbiH" TpaKT - .IJ;JIH OT6opa COBna.IJ;eHHH. 01 

o6ecnequsancH c noMOlQbiO npeo6pa3oBaTeJIH "Bp1 

B npe.IJ;enax IS ... 20 uauoceKyH.IJ;. Onucauue npnMeHHeMc 

. TaX 3JieKTpOHHOH annapaTypbi CO.D;epJKHTCH B pa6oTaX 1 

,[{JIH H3MepeHHH .IJ;BYXMepHbiX cneKTpOB HCnOJII 

KauanbHLiii auannJaTop THna "TeuJop" c pacnpe.D;e 

64x64 HJIH 32xl28 B peJKHMe '~aMnJIHTy.IJ;a" - "aMnJIHTy, 

H3MepeHHH cneKTpos coBna.IJ;enu:H .IJ;JIH pa3JIH1.JI 

yrnds BhiJieTa .IJ;Byx a -qacTHI.( I() I H () 2 I npoBO.IJ;HJIH• 

npOTOHOB, COOTBeTCTBYIOlQHX B036y)K.IJ;eHH10 onpe.D;eJieJ 

COCTaBHOrO H.D;pa 
12 C. C 3TOH l(eJiblO .IJ;JIH .IJ;aHHOH KOHl 

nepe.IJ; KaJK.D;biM H3MepeHHeM HJMepHJIHCb cPYHKI.(HH B03 
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O.UHMO 3HaTh 3Ha'-!eHH.JI 

(':. L 
B II ,, le 

· I ij L 1e 

pac'-!eTa aw6upanuth 
:pa .unH peJouaucuoro 
1 H KYflOHOBCKOrO pac
Ce'-leHHi llpOBO.[l.HflHCh 
[U oKono peJouaucuoro 
.ue BKna.u noTeuuuanh
raeueu no oTuorneuuro 

[ L1e orpaHH'-IHBaeTC.!I 
L1e- < 3 , l .. onpe.ue-- ,, 

OCTH. 

KOM reuepaTope 3r-5 
KaJihHhiH ny'-IOK npOTO-

- u 1M ua yron 90 · npoxo-
rHhie flHH3hl II Bh!BO.UHJI• 

l 

1 

i. 

I 
l 
I 

CH B 3KCnepHMeHTaJibHbiH JaJI , B KOTOpOM OH npOXO.UHJI qepe3 OT· 
KJIOHHIOI.QHH MarHHT, CHCTeMy KOJIJIHMHPYIOI.QHX .uua<lJparM H HanpaBJI.!IJICH 
B KaMepy pacce.!IHHH uunuu.upuqecKoii <iJopMbi, .uuaMeTpOM 190c MM. 
Ha C'beMHOH KphllliKe KaMepbl CMOHTHPOBaHbl .UBa . KpOHlliTeiiua .UJI.!I 
ycTanoBKH .ueTeKTopoa. Crreuuanhnoe noaopoTuoe ycTpoiicTBO noJBOJIH· 
eT UeJaBHCHMO .[l.JIH Ka)K.[l.OrO .[l.eTeKTOpa ycTaHaBJIHBaTb ueo6XO.[l.HMhiH 
yron OTHOCHTeJibHO ny'-!Ka 6oM6ap.uupyiOI.QHX '-!aCTHU H B O.[l.HOH ITJIOCKOCTH 

u l) u ..& u 
c HHM B npe.uenax 0 ~ + 180 .UJIH o.uuoro .ueTeKTopa H -30 · - 180 

.UJI.!I .upyroro. . 
. B 3KcnepuMeuTa~ ucnoJibJOBaJIHCb KpeMuueable noaepxuocTuo-

6apbepubie .ueTeKTophi c pa6oqeii noaepxuocThiO 50 MM 2 , HJroToaneu
Hble H3 MaTepuaJia C y.[l.eJihHhlM COllpOTHBJieHHeM 250 • 300 OM.CM. 
)J;eTeKTOphl ycTaHaBJIHBaJIHCb ua paCCTO.!IHHH 55 MM OT MHllieHH. 
KonnuMaTopbl nepe.u .ueTeKTopaMH orpaHH'-IHBanu Tenec~hlii yron .UJIH 
perucTpupyeMhiX a ·l.JaCTHU B npe.uenax "' 6.10-3 cTepa.uuaua. Mu
rneHh uJ caM~no.u.uep)KHBaiOI.QeiicH nneuKH 6opa, . nony'-!aeMa.!l nyTeM 
pacnhiJieHH.!I 6opa ecTecTaeuuoro uJoTonuoro cocTaBa c noMOI.QhiD 
3JieKTpouuoro ny'-la, pacnonaraiiacb a uenTpe KaMephi pacceHHH.!I. 
TOJII.QHHa MHllieHH COCTaBJI.!IJia 80 ~ 100 MKr ua CM 2 

• C llOMOI.QhiO. 
KOJIJIUMa Topa .[l.JIHHOID 150 MM .[l.HaMe:rp ITY'-!Ka npOTOHOB Ha MHllieHb 
orpauu'-!uaancH .no 1 + 2 MM. 3uepreTu'-!ecKoe paJperneuue .ueTeKTopoa 
npu perucTpauuu a -'-!acTHU c 3Heprueii 5,2 M3B OT a -npenapaTa 
COCTaBJI.!IJIO 30-40 K3B. B CJiy'-!ae H3MepeHHH CITeKTpa a ·l.JaCTHU H3 
peaKUHH 11 R ( p. 3 a) rnupuua nuKa ua nonoauue BhiCOTbi .UJI.!I rpynnhi 
a

0 
- '-!aCTHU 6biJia B npe.uenax 100- 120 K3B H onpe.neJIHJiaCb TOJII.QIIHOIO 

npuMeH.!IeMoii MHrneuu u TenecHhiM yrnoM .ueTeKTopoa. HMnyJILCbi OT 
.ueTeKTopoa no.uaaanuch ua npe.uaapuTeJihHbie ycuJIHTeJIH c paJ.uenhHLI
MH TpaKTaMH ycuneHH.!I. "Me.uneHHbiH" TpaKT - .[l.JI.!I H3MepeHHH cneKTpa 
u "6hiCTphiii". TpaKT · - .UJI.!I oT6opa coarra.ueuuii. 0T6op coarra.ueuuii 
o6ecne'-!uaanc.!l c noMOI.QbiO npeo6paJoaaTeJI.!I "apeMH-aMnnuTy.ua" 
a npe.uenax 15.~ 20 uauoceKyu.u. Onucauue npuMeH.!IeMoii B 3KcnepuMeH-
Tax 3JieKTpouuoii an napa TYPLI co.uep)KHTC.!I B pa6oTax I 16-l B -/.. . 

)J;JI.!I HJMepeHHH .UBYXMepHbiX CITeKTpOB HCITOJib30BaJIC.!I 4096-
KaHaJibHbiH auanuJaTop Tuna "TeuJop" c pacnpe.ueneuueM Kauanoa 
64x64 HJIH 32x128 B pe)KHMe ••aMITJIHTY.Ua" - "aMITJIHTY.Ua". 

HJMepeuu.!l cneKTpoa coarra.ueuuii .UJI.!I paJJIH'-IHhiX KOM6nuauuii 
yrJIOB BbiJieTa .UBYX a - '-!aCTHU I e I II e 2 I npoBO.UIIJIHC~ npH 3HeprH.!IX 
npoTOHOB, COOTBtlTCTBYIOI.QHX B036y)K,ll;eHHIO onpe,ll;eJieHHbiX COCTO.!IHHH 
cocTaauoro H.upa 12 C. C 3TOH uenhiO .UJI.!I .uauuoii _KOHKpeTnoii Mnineuu 
nepe.u Ka)K.[l.biM H3MepeHHeM 113Mep.!1JillCb <iJYHKUHH B036y)K,ll;eHH.!I C Bbi· 



XO,!J;OM a -qacnm:, COOTBeTCTBYIOI.QUX OCHOBHOMY COCTOJIHIUO KOHet.IHOrO 
H,npa 12 C. O.nnonpeMenno c 3TUM ocyi.QecT.BJIHJiacb 3HepreTut.IecKaH 
KaJIU6ponKa ClleKTpOMeTpUt.IeCKUX TpaKTOB perUCTpaQUU cneKTpOB 
a"'-t.IaCTUQ. fiponepKa KaJiu6pOBKU llOBTOpHJiaCb B nponecce U3MepeHUH 

cneKTpon conna.nenuii. Ha puc. 1 noKa3aHhi clJynKnuu no36y)K,nenuH .nnH 
yrna 120 u • n.c~ qeTKo nhlpa)KeHHhie pe3onancHLie nuKu npu t.'P=:=2,0 M3n 
U t.'p = 2,65·M3B COOTBeTCTBYIOT B036y)K,!l;eHHhiM COCTOHHUHM COCTan
HOrO H,npa .12 C c 3HepruHMU no36y)K,nenuH 17,77 u 18,37 M3n.cooTneT
CTBeHHO. 

Ha puc. 2 noKa3aH .nnyxMepHhiH cneKTP a --a conna.nenuii u ero 
npoeKQUH na och E2 , r.ne E 1 u E 2 - 3HepruH nhmeTaiOIQUX nepnoii 
U BTOpOH anhclJa- t.IaCTUQ B Jia6opa TOpHOH CUCTeMe, perUCTpupyeMhiX 
,neTeKTOpaMU llO,!l; yrnaMU ()1 U ()2 COOTBeTCTBeHHO. KuHeMaTUKa 
Tpext.IaCTU'IHOH peaKQUU paCC'IUThiBaJiaCh C llOMOI.QhiO nporpaMM Ha 
3BM Tuim E3CM -4 u E3CM -6. Pe3yJILTaThi necKOJihKux TaKux 
pac'-leTon npune.nenhi na puc. 3. 

3KcnepuMeHma/l&1lble pe3y/l&mam&l u o6pa6omKa 

llonyt.IeHHhie 3KcnepuMeHTaJihHhie ,naHHhie npune,neHhi na puc .4 -7. 
no OCII a6cnucc - 3HepruH a -qac'TUQ n M3n /n.c./ perucTpupyeMhiX 
,neTeKTOPOM no.n yrJIOM ei· ITo ocu op,nuHaT - t.IUCJIO perucTpupyeMhiX. 
conna,neHUH B O,!l;HOM KaHane aHaJIU3aTopa. qT06hi He YCJIO)KHHTh pu
CYHKU, 3KCnepuMeHTaJihHbie TO'IKU npune,neHhi 6e3 UX CTaTHCTUt.IeCKIIX 
onm6oK. . 12 

llpu 3Hepruu npoTonon 2,0 M3n jyponenh H,npa C- 17,77 M3n/ 
6Lmu U3MepeHhi cneKTPhl .conna.nenuii .nnyx a -qacTun ,nJIH Tpex 
KOM6UHaQUH yrJIOB ()1 U ()2 fioJiyt.IeHHhie 3KCllepuMeHTaJihHhie pe3yJih" 
Ta Thi ·· npe,ncTannenhl · na puc. 4 u 5. P act.IeThi ceqenuii .nhlnonneHhi 
B npe,!l;llOJIO)KeHUU emma U t.IeTHOCTU ypOBHH H,!J;pa 12C f 17 

= 0 +-
llpu 3Hepruu npoTonon EP = 2,65 M3n jyponeHb H,npa 

12 
C.-

18,37 M3n/ U3MepeHhi cneKTphi conna,neHuii ,nnH rnecTu • pa3JIUt.IHhiX · 
KoM6uHaQIIH yriron: e 1 u () 2 - TeopeTUt.IeCKU pacct.IUThiBaJIUCb ceiteHUH 
,!l;JIH 3TUX KOM6UHaQUH yrJIOB 0 1 U () 2 ,!J;JIH t.IeThlpex 3Hat.IeHUH f ~ ==0+, 
1- , _2 +, 3 -· • 3KcnepuMeHTaJihHhie pe3yJILTaThi u pacct.IuTaHHhie 
KPUBhie npune,neHhi na puc. 6 u 7. Ha puc. 6 KpunLie, o6o3Hat.IeHHhie 
CllJIOlliHOH JIUHUeH, COOTBeTCTBYIOT pact.IeTaM ,!l;JIH j 17

· = 2 + , a•niTpiiXO" 
naHHOH JIUHUeH.- ,!l;JIH f 17 = 3- . 

Ha puc. 7 cnnornni.Ie nunuu npune,neHhi no 3KcnepuMenTaJihHhiM 
TOt.IKaM, lliTpUXOBaHHhiel JIUHIIU o6o3Iiat.IaiOT pe3yJibTaThl paCt.IeTOB 
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~COC~OHHHWKOHeqHoro 

ffnach 3HepreTHqecxan 

perHCTpaUHH cneKTpOB 

, B npouecce H3MepeHHH 

IKUHH B036ym,neHHH ,nnH 

:.1e IIHKH npH t.'p=2,0 M3B 

IM COCTOHHHHM COCTaB· 

'7 ul8,37 M3B.COOTBeT-

a-·~ coBna,neHHH H ero 

HH BbineTaiOI.UHX nepBOH 

reMe, perHCTpHpyeMhiX 

TCTBeHHO. KHHeMaTHKa 

IIOMOIUhiD nporpaMM Ha 

l.Tbl HeCKOllbKHX .TaKHX 

!bl u o6pa6omKa 

l npHBe,neHhi HapHc.4-7. 
1n.c./ perHCTpHpyeMhlX. 

t.iHCllO perHCTpHpyeMhiX 

.T06hi .He ycno:»<HHTb pH· 

I 6e3· HX CTaTHCTHqeCKHX 

rba,npa 
12

C-17,77 M3B/ 

x a -qacTHU ,nna Tpex 

repHMeHTanhHhie pe3ynh

eThi ceqeHHH .BbinOnHeHhl 

~pa 12C J rr = 0 + . 
. . . 12 c 

1B jypoBeHh a,npa ' -

li ,nna mecTH: pa3nHqHbiX 

paccqHTLIBanHCb ceqeHH» 

Tbipex 3HaqeHHH f '". ==0 +, 
IbTaThl H ·paccqHTaHHble 

6 KPHBbie,. o6o3HaqeHHbie 

Allfi f 17 · =·2 +, a'IIITpHXO· 

,[ IIO 3KCIIepHMeHTallbHhiM 

r pe3ynLTaThi pacqeTOB 

, I 
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100 

Nl 
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J 
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I 

J 
10 

2,5 3,0 

PHc. 1. <PyHKUHH B036y:»<,neHHH peaKUHH 

n.c. 

9 

~5 4,0 
Ep MeV 

11 
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a npeJJ.nonomeHHH I " = 2 + . ,[J;nH cnyqaH 01 = 120 o H 0 
2 

= -80 u 

niTpux-nyHKTHpHoii nHHHeii noKa3aHLI pe3ynLTaTLI pacqeTaJJ.nH I" = 3-. 
Pacc"l!HTaHHhle KPHBLie JJ.JrH I " = 0 + H 1- He npHBOJJ.HTCH H3- 3a ux 
6onhlliHX OTKnOHeHHH OT 3KCnepHMeHTanhHhiX pe3ynhTaTOB. 

AHanH3 nonyqeHHhiX JJ.aHHhiX CBHJJ.eTenLcTayeT o TOM, "liTO BLr-
6paHHaH MeTOJJ.HKa pacqeToa YJJ.OBneTaopHTenLiio aocrrpoH3BOJJ.HT ocHoa
Hoii xapaKTep cneKTpoa coana.D.eHHH. 

CpaaHeHHe 3KcnepHMeHTanLHhiX JJ.aHHhiX c pacqeTaMH no.D.TBepm
JJ.aeT JHa"l!eHHe cnHHa H qeTHOCTH ypoBHH 12 C - 17,77 M3a, paaHoe 
0 + 

12 , H noKa3LIBaeT, "liTO Hau6o.iiee npeJJ.nO"liTHTenLHO 3Ha"lleHIIe cnHHa 
H "lleTHOCTII JJ.nH ypoaHH 18,37 M3B - 2+ . 

lfMeiOI.I.{eecH pacxom.D.eHIIe Mem.D.y 3KcnepuMeHTanLHhiMH pe3ynL
TaTaMH H paCC"lJIITaHHOH KpHBOH JJ.nH cnyqaH E p = 2,65 M3B el = 120° 
H 02 = -50· He ycTpaHHeTcH npeJJ.nonomeHHeM JJ.pyrux 3Ha"l!eHIIH I" 
II Tpe6yeT JJ.anLHeiiUiero JJ.eTanLHoro paccMOTpeHmr. 
· B 3aKniO"lleHHe aaTophl BhrpamaiOT npH3HaTenLHOCTh C.C.IIapmu:u;-

KOMY 3a npeJJ.OCTaaneHHe KOMnneKca annapaTypLr H noMOI.I.{h a ero 
Ilcnonh30BaHHII a HacTOHI.I.{HX H3MepeHHHX, H.lf.JIIIHhKoay 3a o6ecneqe
HHe pa6oTLI 3neKTpoHHKH, M.lf.KpiiaonycToay 3a no:MOI.I.{h a npoae.D.eHHH 
H3MepeHHii, B.lf.CII3oay 3a pa3pa6oTKy nporpaMM JJ.nH pacqeToB 
KIIHeMaTHKH H Ce"lJeHHH Ha 3BM li3CM -6 II llOMOI.I.{h B npoae)1,eHHH 
3TIIX pacqeT<?B, rpynne 3KCnnya TaiJ;HH 3 r- 5 ll0)1, PYKOBOJJ.CTBOM M.A. lie
nypqeHKO 3a o6ecneqeHHe 6ecnepe~oiiHoii pa6oTLI ycKopuTenH. 
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bHO BOCllpOH3BO,!J;HT OCHOB· 

X C pacqeTaMH llO,!J;TBep)K· 
I2 c ·- 17,77 MJB, paBHoe 

'-ITHTeJibH03Hal.feHHeCnHHa 

epHMeHTaJibHbiMH pe3yJib• 

E p = 2,65 MJB ()I= 120° 
HeM ,!J;pyrHX 3Hal.feHH~ ]
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