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1. BBEilEHHE 

np~ COYASPeHWH penRTHBHCTCKOrO RAPS C R,QpOM MHWeHH 80 B3SH

MOAe~CTBHH MOryT y~SCTBOBSTb He BCe HYKnOH~ HaneTa~~ero RApS. 

OnpeAeneHHe eepOATHOCTH B3SHMOAeHCTBHR OAHOrO, ABYX H T.A. 
HYKllOHOB RApa-cHaPRAa RB.nReTcR t.~eilbiO PRAa 3KcnepHMeHTailbHbiX 

\11 Teopen-t4eCKJ.1X pa6oT·/t·51 • PacnpeAeneHvte no 4J.~tc.ny saaHMOAei1-

CTBY~HX HYKJ10HOB AOJlmHO 3aBHCeTb OT STOMHOrO HOMepa RApa

MHWeHH. Hea3SHMOAeHCTBY~~He HYKJlOH~ MOryT 06DeAHHRTbCR 8 CTPHn

nvtHrOBble $parMeHTbl HaneTaiOillero RAPS. 

8 ASHHO~ pa6oTe onpeAelleH~ eepORTHOCTH npO!..IeCCOB, 8 KOTOp~X 

npeHMYilleCTBeHHO 83SHMOAe~CTByeT TOllbKO OAHH HllH TOJlbKO AB8 

HyKJlOHa HaJ1eTSIOU4ero RAPa 4He, AI1R ABYX nmoe RAeP-MHWeHe~: 
TSHTana H ycpeAHeHHOro RAPS nponaHa (CgH8 ). ~Mnynbc HaneTa~

~ero RApa COCTaenReT 4,2 f3B/c Ha HYKJ10H. 

Hcc.neAY~TCR peaK~~~~~~~ BHAa 
4He +A .... SHe+ ••• , 

4He +·A -+ 
3H + ••• , 

/1/ 

/2/ 

4He + A 4 
2H + ••• • /3/ 

BTOPH4Hble 48CTII11..\bl ·sHe, 3 H H 2 H RBJ1RIOTCR CTp!4nm-tHrOBbiMH ¢Jpar

MeHT8MH, T.e. COCTORT 1113 HYKJ10HOB, He Y48CTBOB8BWHX BO B38HMO

AeHCTBHH. 
npoBeAeH p8C4eT eepORTHOCTH o6pa30BaHHR ¢1parMeHTOB 3He, 3H 

14 2H B 3aDHCHMOCTH OT aTOMHOrO seca RApa-MHWCHH B MOAenH MHO

rOKpaTHOrO pa~CeRHYIR. 

no.ny4eH~ A8HHble 0 MHOmeCTBeHHOCTH OTpH~aTe.nbHbiX 48CTH4 Ill 

ecex 3apR>KeHHb1X ~..~acTH~ e peaKL\HRX I 1 + 3/. 

2. OnHCAHHE 3KCnEPHMEHTA 

3KcnepHMeHTa.nbHble A8HHble no.ny4eHbl Ha 2-MeTpoeoH nponaHoeoH 

nysblpbKoeoH KaMepe. BHYTPH KaMepbl noMe~eHbl TPH nnacTHHbl 1-13 

TaHTana TOJ1~HH0~ 1 MM C paCCTORHI4eM MemAY HHMH 93 MM. KaMepa 

o6ny4eHa RAP8MH renHR C HMnynbCOM 4,2 r38/c Ha HYKJ10H. 

Perl'tcTpHpoeanHCb e3aHMOAei1cTBHR ny4KOBbiX a -4aCTHU. e nnac

THHax H nponaHe KaMepbl. 
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PeayJ1bT8Tbl onpe,QeneHH.R MHO>KeCTSeHHOCTH BTOPHllHbiX ll8CTH4 paa
HOrO THna H CnOC06bl HX HAeHTYI$HK84YIYI OnHC8Hbl B pa60T8X /l,G/. 

V13MepeHbl yrilbl Bb!IleTa Yl 11MnyJ1bCbl pe!1.RTI-181-1CTCKHX BTOp\.1'-IHbiX 
\.18CTI-14 ,QilR B3aHMO,Qe(:1CTBH(:1 .R,Qep 4 He C T8HTailOM, a T8Kme yrilbl 
1-1 HMnyllbCbl BCeX BTOPYillHbiX ll8CTH4 ,QJlR B381-1MO,Qei1CTBI-1(:1 B npona-
He. 

CTpHnnHHrOBbiMH CYHT8!1HCb 4aCTH4bl C HMnyilbCOM p/z _?3 r38/c 
H yr!10M Bbl!1eTa () < 4 0:. 3ap.R,Q CTpl-1nnHHrOBbiX ll8CTH4 onpe,QellRJlC.A 
no nJlOTHOCTH HOHH384HI-1. 

Bcero H3MepeHO 763 C06biTH.A B nllaCTYIHaX TaHT8I18 \.1 849 'C06br
THJ1 s nponaHe KaMepbt. 

Ha p~t~c. 1 np\llse,QeHbl HMnyllbCHble cneKTpbr cTp~t~nn~t~Hrosbrx 4acTH4 
B aTa ::s3ai:1MO,Qe~CTBH.AX ,QllR 48CTI--14 C 3ap.A,QOM Z =2/a/ H Z=l /6/. 
AHanorH4Hble cneKTPbl ,Qil.A a -nponaH-s3aHMO,Qei1cTBI-1i1 noKaaaHbl 
H8 p1-1c. 2/a,6/. 4aCTH4bl C Z =2 .RBil.AIOTC.A 8 OCHOBHOM $parMeH-
T8MH 3He C 803M0)1{HOVi npHMeCbiO a -48CTI-14, HCnb!Tb!B810UJ,HX Ksa-
3Hynpyroe pacce.AHHe. cJ>parMeHTbr c z =1 cocTO.AT H3 cTpY1nnHHro
BbiX npOTOHOB, ,Qe~TpOHOB H .A,Qep TPHTHR. Ha PHC. 1/6/, 2/6/ npH
se,QeHa TOilbKO BbiCOKOHMnyJlbCHa.A 48CTb cneKTpa, r,Qe COCpe,QOTO
"!eHbl B OCHOBHOM MHOrOHYKilOHHble $parMeHTbl. CTpeilK8MH OTMelleHbl 

N 

'H• N 
I 10 

.,. a) 

I 

-PHc. I . 11MnyJibCHble crreKTPbi 

CTpHIIIIHHrOBhlX ~aCTH~ C sap.AAOM 
Z =2/a/ HZ =1/6/ B aTa

B3aHMO,D;eHcTBH.AX H cneKTpbJ ITO 

K AJI~ (Jl/z) > 6 f3B/c. 

2 

Q) 

N 

20 

10 

0 

' Pk[C.B/o) 'H rl) 
N 'H 

j 

N '10 I 

lO 'H 
I 20 

10 10 

10 
0 0,1 0,2 K(r.sJ,r' 

0 ' P/z (r.B/c) 

PHC, 2. llMnyJibCHbie cneKTPbi CTpHn
IIHHrOBbiX ~aCTH~ C 3ap.A,D;OM 
z =2/a/ H z =I /6/ gn~ a -npo
rraH-B3aHMop;e:HcTBHH H CIIeKTpbi 

rro K gm• (Jl/z) •> 6 f3B/c. 



O>KH,qaeMbte 3Ha4eHHfl Bei1H41-1Hbt (p/z) .QI1R 8bl!1€T8 pa3!11-14HbiX <J>par

MeHTOB. Ha PIIIC. 1 Ill ~ nOKa38Hbl T8K>Ke COOTBeTCTBYIOll.\1-1€ pacnpe,qe-

neHIIIR no B€11J..14111He K."" (p;z)'.l-1-aeeCTHO, 4T0 npH ltf3MepeHitfltf 

VIMOYilbCOB 48CTVI4 B ny4K€ C 38A8HHbiM nepBH4HbiM HMflYJlbCOM PO 

pacnpe,qeneHHe no eenH4HHe K onHCbteaeTcR rayccoecKoH KpHeo~. 

Ha pHc.l/a/ BH.QHO, 4TO M8KCHMYM pacnpe,qeneHHR 48CTH4 C Z=2 

COOTBeTCTByeT O>KHA8eMOMY 3H84€HHIO Aflfl ¢parMeHT8 ~e. nonYwH
plo1Ha pacnpeAeneHiflfl a =0, 015 COOTB€TCTBY€T cpe,qHei:1 norpeWHOCTIII 

e H3MepeHHH HMnynbcos ¢JparMeHTOB <6.p /p"> ... 1 0%. Co6biTHfl, 

KOTOPble BbiWilH 38 npe,qe.nbf raycCOBCKOH KpHeOH- B o6.nacTH M8JlbiX 

K, MoryT 6b1Tb o6ycnoeneHbt KaK npHMecbiO 4 He. TaK H norpeWHOCTfi

MH H3MepeHH~, npeBbiW810ll.\HMH cpe.QHIOIO. AH8IlH3 nOK838Jl, 4TO B o6-

nacn'l 6onbwHx K ywHpeHHe Bbt3bteaeTCfl 6o.nbweH norpewHOCTbiO 1113-

MepeHHH. Cpe.QHflfl norpetuHOCTb .Qilfl 3T!-1X C06btTHi:1 COCT8B!lfleT 

... 20% H3-aa M8!1biX A111-1H I-13MepeHHi:1 ,o6yCI10BJ1€HHbiX BTOPH4HbiMH 

eaaHMOAeHcTBHRMH. TaKHM o6paaoM, MO>KHO C41.-1TaTb, 4TO pacnpe,qe

neHHe no B€!1144HHe K CTplflnnHHrOBbiX 48Cn11.~ C Z =2 B OCHOBHOM 

YAOBneTsopfleT rayccoecKOMY pacnpeAeneHHIO H cornacyeTcfl c 04eH

KaMH norpeWH0CTei:1 I-13MepeHHi:1 HMny!lbCOB BTOpH4HbiX 48CTH4 B pa-

6oTe 171. 

Ha p111c. 2/a/ npi-1BeAeHbt cneKTPbl cTpHnnHHrOBbtX 4aCTH4 c z =2 

.QJlfl B381-1MO.Qei:1cTBHi:1 8 nponaHe. MaKCHMYM cneKTpa COOTB6TCTByeT 

Bbt!leTy <J>parMeHTOB 3He, K8K H AJlfl aT a -e3aHMOAei:1cTBHi:1. npH 

3TOM pacnpe,qeneHHe pacwHpfleTcfl e oOnacTb 6onbtuiiiX 3Ha4eHHH 

K 8 OCHOBHOM 38 C4eT MeHbWeH AI1&.1Hbl 143MepeHHfl TpeKOB. B o6-

J18CTH Maflbtx K ,qon>KHO npofiBHTbCfl npHCYTCTBHe cny1..1aee ynpyroro 

ap -paccef!HHfl Ha BOAopo,qe nponaHa. 

PaccMOTPHM aepofiTHOCTb perHCTPa4HH 4 He cpeAH BTOPI-14HbiX 4ac

TH4 a npo4eccax ynpyroro ap- 1-1 KB83Hynpyroro aC-111 aTa-83a

HMOAeHcTsHH. 

50J1bW8fl B€!1H414H8 H8KJ10Ha AJtt$<J>epeH~HanbHOro C€4€Hiti.R ynpyro

ro ap -pacce.RHI-1R /b =40/ np~t~80AHT K TOMy, 4TO 99% npOTOHOB 

OTAa~Jtt !-1Me~T lflMnyn~c MeHee 350 M3B/c. nopor perHCTpa~l-11-1 npOTO

Ha B nponaHe COCT8BJ1ReT 150 M38/c, 4TO COOTBeTCT8yeT npo6ery 

2 MM. B "HTepean "Mnynbcoe npoTOHOB 150 M38/c-350 M38/c nona

AaeT 40% co6btTHH ynpyroro ap -pacceRHHR, a e HHTepean 200M3B/c-

350 M3B/c - 20% co6btTI-1'1. 0AHaKo e o6nacT~t~ ManbiX A11~t~H npo6era 

npoToHos /P .51 eM, P < 200 M3B/c/ 3<IJ<I>eKT"eHocTb o6Hapyll<eH"~ 

ABYX11Y4e8biX B38HMOA€i1CTBV!i:1 H€B€!1HKa H HV!>KHfiA. rpaHH48 cneKTpa 

perY1CTpY1pyeMbiX npOTOHOB He RBm~eTCR .QOCT8T04HO pe3K0!1 A11R TOrO, 

4T06bl pac4eTHbiM nyTeM Hai:1n1 4\4CI10 3aper~t~cTpY1pOB8HHbiX ynpyrHX 

C06biTHilt. Ha OCHOBe COOTHOW€HHR M€>KAY HMnyJlbCOM H yrilOM 8biileTa 

npOTOHa 8 C00TB€TCTBHH C KHHeMaTHKOH ynpyrorO paCC€RHH.R Ha 

onbiTe BbiAeJleHo 10 cny4aee ynpyroro eaa~t~MOAeiltcTBH.R, 4TO cooT

eeTcTsyeT perHcTpau,HH ..... 9% ynpyr~t~x ap-co6biT1-1H. 
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8 cny4ae. Keaa~ynpyroro eaa~MO,Qe~cTBHR a-yacTH~~ c R,QpaMH 
MHWeHH pacceRHHe npOHCXOAHT HS ,QBHmy~eMCR HYKllOHe R,Qpa. Kop
pe!lfl~H~ Mem,Qy HMnynbCOM H yrnOM B~neTa npOTOHS OT,Q84H Hapy
waeTCR, n03TOMY BW,QeJlHTb TSKHe cnyYaH no pe3y11bTaTaM H3Mepe
Hr.111 He y,QaeTCR. npHMeM, 4TO 3~eKTHBH0CTb pen1CTpSU,Hltl TSKI-1X 
co6biH111 He BbJwe 9%, Haiii,QeHHhiX ,Qil,.A ynpyr1-1x ap -co6bln1H. Beni-1-
I.IHHa ceYeHHR KBS3Hynpyroro pacceRHlllfl ou.eHlt1Banacb no $OpMyne171: 

"AA~ 16(Al/3+ A '.13 -l) fJ NN q , 1 t ri' 
r,Qe A 1 HAt- STOMHbli1 sec R,Qep CHSp.A,Qa H H'm.fHH, a a~r
aenH4HHa ynpyroro NN -pacceRHI-1A. 3Ha4eHHe a ef npHHRTO paBHbiM 
12 M6. Tor,Qa OU,eHKS 4HCI18 3aperYICTPHPOBSHHblX C1ly4aee KBS31-1yn-
pyrOrO paCCeRHJ.IIR COCT8BJ1ReT ,Q!lfl TSHTS!la .... 3 ,5 C06biTH.A H ,QitA 
nponaHa -5,6 co6biTHi:1. 0611.1ee 4HCJ10 aaperHcTpHpoaaHHbiX cny4aea 
ynpyroro ap- 1o1 KaaaHynpyroro aC -pacce.RHHR a nponaHe cocTaa
nReT ... 16 co6biTH~, 4TO cornacyeTcR c 4HC!lOM cny4aea Ha 
pHc.21al, 8biXOAR11.1HX aa npeAenbl rayccoacKoH KpHsoH 8 o6nacTH 
Ma1lbiX aHa4eHH~ nepeMeHHoH K. 

AJ1R 83alo1MOAei1CT8Hi:1 B TaHTaJle npH OT60pe KaHAHAaT08 8 K8a-
3HynpyrHe C06b1TY1R 6b111H HCnOJ1b30BaHbl CileAYIOUIHe Kp~·1TepHH: 
1 I 4Hcno 4acTH4 a co6b1Tvtvt n + =2; Zl vtMeeTC.A npoToH c ocTaHoa
KOH BHYTPY1 KaMepbl I p < 600 M-aBicl 0 no TaKHM KpvtTepJ.II.RM HCK1110-
4eHO OAHO co6b1Tt.1e c (p/z) =15,7:!:._2,2 raBic. 3To cornacyeTc.A 
C OU,eHKO~, npJ.1BeAeHHOi:1 8b1We, To K o nopor perHCTpaU,HJ.1 npOTOHa 
npH B3alo1MOAei:1cTBHJ.1 B nnacTHHe COCTa8Jl.AeT 200 MaBic J.1 YMeHb
waeT aepO.ATHOCTb perHCTpaU,HH K8a3HynpyrHX B3aHMOAe~CTBHi:1 B 
ABa paaao 

CpeAH 4aCTHU. c z =2 "' yrnoM BbiJleTa ()-< 4 ° a aTa-aaaHMOAei1-
CTBio1.AX 6bi11J.1 Hai1AeHbl TpH C11Y4a.A 16% OT BCeX C06biTY1~1, rAe 6!11-13-
KHe 8TOpH4.Hble B3alo1MOAei1cTBJ.1R If < 4 CMI He n03BO!lH!llo1 lo13MepHTb 
1-!MnyJlbCbl 3Tio1X 4aCTJ.o1l.\ o nonpaaKa, y4HTb1BaiOU,ta.A 6.nH3KJ.1e BTOPH4Hble 
B3aHMOAei:1CT81o1R KaK B nponaHe, TaK lo1 B TaHTalle, A1l.R peaKU,HH CO 
CTPHnni-1Hr08biM $parMeHTaMH SHe H 3H npeAnonaranacb no senH4HHe 
TaKoH *e· ~onR c.ny4aea peaKU.I-11-1 Ill oT 4Hcna acex HeynpyrHx 
aT a -aaaHMOAei1cTBHH 1-1 ee ce4eHHe npHBeAeHbl 8 Ta6na-tu,e 0 

0nHCbl8aR pacnpeAe!leHHe cTpHnnHHroablx ij)parMeHTOB 2 H H 3H 
lpHCo16 H 26/ HaneTaiOil.lero RAPa no nepeMeHHOH K raycco8cKoi:1 
KpHBO~, Mbl ~awllH nonyWHPHHY :( u =0, 0 15.) pacnpeAeneHHR A11R 3fl_ ij)par-
MeHTa a o6nacn1 K-< 1lp13 H..., nocKOilbKY 3Ta o6nacTb He COAep-
>KHT npHMeCJ.1 4aCTHU. APYrm1 npHpOAbl. cPparMeHTbl, ocTaawHeCR a a 
npeAenaMH aToH KPHBOH a o6naCTI-1 K·>liPsH~ 6blllH OTHeceHbl K 2H -$parMeHTaM. nonyWHPHHa raycC08CKOro pacnpeAeJleHHR A11R 2H -
¢parMeHT0B a =0,015 Hai1AeHa Ha y4aCTKe cneKTpa 1/p3H .<'K..<l/p2H. 
f.-13 pHCYHKOB 16 J.1 26 8HAHO, 4TO npaKTH4eCKJ.1 BCe CTpHnnHHrOBb1e 
ct>parMeHTbl nonaAa~ a o6nacTb HMnynbcoa p 2: 6 raBI c /K < 0, 16/, 
a npHMeCb CTpHnnHHrOBbiX npOTOH08 HeBellHKa. 
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Ta6nm . .J;a 

Pemull!.fl JloJ!l1 CJJY'laSB 
Ceqelme peaKl\HW OT 

t.I~cJia Heyn- peaitWt~, < n_> :!)~ <n.±) :JJ± 
pyrHX B3aHMo- MO 
,n,e'iCTBI-lM. 

. ' 2,0;t0,5 (I) d.+Ta->He+ ••• 0,068j;0,009 159:t2I 0,64;t0,09 0. 66;t0. 20 5,Ij;0,3 

' ' (1) d.+C,H8->He+ ••• 0,107:!;0,012 238:t27 

. ' - 0,47j;O,II (2) ~+Ta ""'~+· •• 0,050:!;0,008 II7:tl9 0,47j;O,II 4, 9:!;0, 5 2,9j;0,8 

(2) d..+C3HrH+ .•• 0,103:!;0,009 229:!;25 
. l . o,s.tj;O, 2'7 3,8;t.O, 5 

(3)d..+Ta->¥+ ••• 0,074:!;0,010 I73:t23 0, 77:tf),IO 6,8;t0,4 

(3)dl+C3 Hg>H+ ••• 0,20 :!;0,02 425;t35 
. ...... - -- . ". - ~·"· 

~-~~ 

"' 



dN nnot.qa,Qb noA rayccoecKHMH KPYIBbiMvt e cneKTPe dK onpe,Qe!lReT 
4HC110 CJ1y4aes BblrJeTa ¢lparMeHTOB -gH J.1 2H. nonpasKa HS y4eT 5J1H3-KHX BTOPH4H~X B3SHMOAe~CTBJ.1~ A11R peaK~HH /3/ COCTaBHJlS +5%. 

nony4eHHble 3HS4eHJ.1R Ce4eHHali peaKLV•U1' /2/ J.1 /3/ npHBe,QeHbJ e ra5m•11-'e. 

3. CPABHEHHE C PAC4ETAMH no MO~EflH MHOrOKPATHOro PACCEIIHHII 
Bepo.ATHOCTH o6paaoaaHJ.1R paanJ.14HbiX crpa-mn~t~Hroeb!X cJ>parMeHTOB B 3SBJ.101MOCTJ.1 OT STbMHOr6 BeCci R,Qpa-MJ.1WeHYI MOryT 6b!Tb paCC4HTaHbl no MOAe!lH MHOroKparHoro p.3cceRHHR. 06paaoeaHvte ¢lparMeHroe 3He H :gH npOHCXO~:V1T 'B TSKJ.1X npolle~cax, KOr,Qa COOTBeTCTBeH-HO HealiTpOH HJU.t npOT-OH HaJieTaiOtl.leH tJ:-4aCTYII..tbl B3SHMO,QealicreyeT ynpyro 1-1111-1 Heynpyro C MHWeHbiO-, a OCTSJlbHble TP'-1 HYK110Ha nponeTaiOT 6e3 ;B3SHMo,Qei1c.TBI-1R, T. e. RBilRIOTCR CTpVtnni-1Hr08bJMJ.1. 8K11a,Q ,Qpyr~t~X MeXaHH3M08, KOr ,Qa 8 COCTa8 -3 He 1-1!11-1 3 H 8XO,QJ.1T 83a~t~MO,Qei1cT8YIO~~t~i1 HyKnoH, Aom:<eH 6b1Tb Man. 8epoRTHOCTb 3Toro COCTa8IIR€T OK0110 10% 8 A8YX11YI..I€8biX c06btTvtRX ap -+ 3 Hepx/ 91• 8 COyAapeHHRX 'C pO>K,Q€HHeM BTOpi-11..1HbiX l..laCTVILI OHa ,QOJl>KHa fibiTb e~e MeHbwe. 

8 C11Y4ae aaa~t~MO,Qei1CTBH-R O,QHOrO 1-13 HYK110HOB HaneTaiO~erO RApa 4He Tpl-1 OCTaBWVIXCR CTP-1·1nnli!HrOBbiX HYI<llOHa MOryT OKa3aTbCR 8 COCTORHV1RX ·sHe, :sH, 2H+p, 2 H+n V1111:1 ¢parM€HTvtpoaaTb Ha TpVl H€CBR3aHHbiX HYKllOHa. 8 MO,Q€11J.1 MHOrOKpaTH,OrO pacceRHvtJ=!"/ 4/ npe,QnOnaraeTCR, I..ITO npvt ,QOCTaT04HO BbiCOKO~ Hal..lallbHOi1 3HeprvtJ.1 /H€CK011bKO r38 Ha HYKllOH/ npo~ecc ¢OPMI-1pOBaHJ.1R 3THX KOH€1..1HbiX COCTORHHi1 npoHCXOA~t~T Ha fiOJlbWHX paCCTORHJ.1RX OT R,Qpa-M~t~WeHH J.1 He A011>K€H 3aBHC€Tb OT ee T~t~na. 8 TaKOM CilYI..Iae eepORTHOCTH o6pa3baaHHR ¢parM€HT08i3He J.1-3H MO>KHO san~t~CaTb 8 BHA€ 

/4/ 

4He 
r,Qe V1 (A) - aepORTHOCTb TOrO, 4TO lt!MeHHO O,QHH HYKllOH R,Qpa 4He npoesavtMOAeHcTsyeT c RAPOM A MHweH~t~, a Csae 1-1 Csa- aepoRTHOCTJ.1 nepexo,Qa Tpex CTpvtnnvtHrOBbiX HYK110HOB COOTBeTCTBeHHO a ~e ~·a H. 

4 ~YHK4HR V
1 H

9 (A) MO>KeT 6b1Tb Bbi4J.1CJleHa C nOMO~biO MOA€IIJ.1 MHOroKpaTHOrO pacceRHJ.1R. 0Ha npe,QcTaenReTCR a BHAe 1 41
·: 
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/5/ 

D(b) = {p
4 

(t-b)·e-aApA(t) ct2t; 
· He 

!6! 

rAe b - npHu,enbHblH napaMeTp, a-. ce.l.!eHVIe ,83aHMOAe~CTBHR HYKilO-

HOB, D(b) J.IIMeeT CMblCil eepOFITHOCT\<1 AJ1R ~AHOr.o HYKilOH~ ~,Qpa- 4He 

nponeTeTb CKB03b f!Apo-Mlr1W6Hb ~e3 B3aa.1MOAe~CTBHR ~. , 

o,z 

ff 0,20 

~~~:}"' 0,~5 

0,~0 ·'! 

'llQ:::: ": -;! 
0,05 ~,10 

0 H' 0,05 

~L' C " c. To 

2 3 4 5 6 A'~' 
0 

P (r) 
t+ c 1 -1 

=Po [ 1 + exp(--ll 
c2 . 

PHc.3. BepoRTHOCTb o5pa3oBaHHR 

3He , 3H H 2 H CTpHTITIHHrosblx 

ltJparMeHTOB npH coy,napeHIUIX a -

qaCTHIJ; C H:MTIYJI,bCOM 4, 2 r:3B/ C 

Ha HYKJIOH C R,npaMH B 3aBHCH

MOCTH OT aTOMHOrO seca R,npa-

MHI!leHH: .&. - 2 H , e - -3He/mKaJia 

cnesa/, :o --SJI /ruKana ·criP.:isa/. 

npeAnonaraDOCb, 4TO npH 
A .s_ 1, 6 . n.norHOCTb RAepHoH Mare

PI-114 Om1CbiBaeTCfl ¢OPMYJ10i1 

a 2 3/2 2 2 
p(r) = (-· -) exp(-a r ) , 

" 

113 
rAe c 1=1,1Z ~-A ,c 2 =0,545 ¢>M. Be11H41-1Ha celleH\.IIfl npHHRTa 

paBHOH a= aNto =42, 7 M6. YcilOBII1e HOpMr-1POBKVI 111MeeT BVIA: 
~ t 

r p(r) 4"' 2 dr = 1. 
0 

BeilV14VIHbl c3H ""c 3H onpeAeilfliOTCfl 1113 cpaeHeHirlfl c 3KCnepl-iMeHTOM. 

Ha PMC. 3 n°pMBeAeHbl pe3Y11bTaTbl pac"eTa aepoRTHOCTei'i v .. _ "·· (A) 
--- · 1"1&-.J-He 

1rl V 4He -+·gH(A) AJ'IR pa3m14HbiX TlrlnOB flAeP-MHWeHe£1 BMeCTe. C 3Kc-

nep~rtMeHTailbHbiMI-i AaHHbiMvt • .llaHHble Ailfl TaHTana 1-1 nponaHa nony4eHbl 

e Hac TOFIW,ei:1 pa6oTe, a AJlR flAeP Li, C, Al 1-1 Cu - Ha 2 -MeTpo

eo~ CTpHMepHo~ KaMepe CKM-200 npH o6ny4eHHH ee ny4KOM a -4ac

TH~ C HMnyi1bCOM 4, 5 raB/ C Ha HYKI10H /8( Pac4eTHble KpHBble Y,AOB

JleTBOPHTellbHO onHCbiBaiOT aae~rtcHMOCTb V~A) AJlfl A·> 1_2 1o1 corna

cyiOTCfl c onbiTOM np~r~ 3Ha4eHio1Rx OsHe =0 ,27 I x 2 /ci. cB. =2/,, C;sH= 
=0, 26 I x 2 /CT. ca .. =0 ,6/ .• llaHHble A11R nponaHa BblnaAaKJT M3 3TOi'i 

aae!f1Cif1MOCTII1 np1o1 ycnoe1111r1 ee nnaeHO~ 3KCTpanonR~HH e o6nacTb MeHb-



WJ.1X 3Ha4eHJ.1aii:A. 0AHaKO npJ.1BeAeHHbJe cJ>OpMyilbl HenpHMeHJ.1Mbl B 06naCTJ.1 
A 512. 

06pa30BaHYle CTpJ.1nnJ.1HrOBblX .RAeP 2H 803M0)1(H0 npi-1 B3aHMO.,QeailcT
BHH KaK OAHOrO, TaK H ABYX HYKilOHOB HalleTa~~ero R.,Qpa 4He.KaK 
BHAHO 1-13 pe3YllbTaTOB pa60Tbl/8/, BKilaA nep8or-o MeXaHJ.13Ma, KOr,qa 
po>t<,QaeTCfl cr_p.HnnJ.1HroaaR c:~~~cTeMa 2 H + p 11111-:1 2 H +n, 8 HeCKOilbKO 
.paa MeHbwe -aKnaAa aroporo. 04eHKa BK!laAa ·aToro MexaHJ.13Ma, HaH
A€HHaR AflR cvtCTeMbl 2H+p. no HawHM AaHHbiM, cocrasnReT I 18+51%. 
npeHe6peraR 3THM BKilaAOM, T.e. C4J.1TaR, 4TO 2H pOmAa~rcR TOilb
KO 8 ABYXHYKllOHHbtx saal1MOAeikTBHRX, no.ny4aeM 

171 

/81 

Pe3yllbTaTbf pac1...1eT.a ..¢YHKIJ,V1J.1 V 4He-+ 2 H AllR pa3Hb!X R-AeP..-MHwe-
-HeH, npHaep,etiHbte Ha -PHC. 3, TaKM<e cornacyiOTCR c 3Kcnep~t~MeHTOM. 
Ko34XJ)H~HeHT c2H npH 3TOM 01<a3bJBaeTCR paaHhiM 0,6. B Aei1CTSH
Te11bH0CTJ..1, OH MmKeT 6b1Tb aaBbiWeH Ha --20% Yl3- 3a BKJ1aAa O.AHOHYK
IlOHHbiX B3aHMOAe~CTB~~. 

To4HOCTb onpeAeneH'HR napaMerpoa c3 , q3 , C 2 _ nopRAKa 20%~ 
He H H 

4. i'IHO)I{ECTBEHHOCTb BTOPH4HbiX 4ACTHU 80 
B3AHMOJlEi1CTBHllX C BbiJlHOM Tfi)I(EJlbiX <PPAfMEHTOB 

.Q.nR co6btTJ.1t1 aTa c l-1cnycKaHHeM ¢parMeHTOB 
3 He, 3 H H 

2 H Hc
cneAoBanacb MHO>KeCTBeHHOCTb OTPHL.IaTellbHbiX H acex aap.Rl+<eHHblX 
4aCn1LI,. J.iMeR B SHAY pe3yJ1bTaTbl n. 3, MO}f(HO O>KYIAaTb, 4T0 cpeAHRR 
MHO>KeCTBeHHOCTb 0TPJ.14aTe11bHblX 4aCTVIU, B C06bJTJ.1~X CO CTpVInnY1HrO
BbJMJ.1 C))parMeHTaMH 3 He H 

3
H 5yAeT 6J1V13Ka K cpeAHet1 MHO>KeCTBeH

HOCTJ.1 TaKHX >Ke 4aCTVIL-' 8 Hei1TpOH-HYK110H-HblX H npOTOH-HYKJ10HHbiX 
B3aJ.1MOAet1CTBJ.1~X COOTBeTCTBeHHO, T.K. B3aV1MOAet1CTBHe TOJlbKO OA
HOrO J.13 4eTbtpex HYKllOHOB HaneTaiO~ero RAPa 5onee sepoRTHO npH 
nepJ.1$epH4eCKOM COyAapeHJ.1J.1 C RAPOM~MJ.1WeHbiO. 

3H84eH-H~ cpeAHeail MHO>KeCTBeHHOCTI-1 OTpV14aTeJ1bHbiX 48CTI-14 <n_>, 
AHCnepCY1H pacnpeAe.neHHR nO 4HC11Y 0TPH4aTeJ1bH~X 4aCTHU,D_,a TaK
>Ke cpeAHeail MHO>KeCTBeHHOCTH BCeX 3ap~>KeHHbiX 4acn14 <n +'> J.1 AJ.1C
nepCJ.1H VIX pa.cnpeAeneHJ.1fl D+ npHseAeHbl a Ta6m14e. Cpa8HJ.1BaR 8e-
IiH4vtHY <n > All~ pea-KI...\H~ /1 I VI /2/ Ha raHTa.ne c ABHHbiMH no 
<n_'> A11R- ~AeP Li. C, AI. Cu 181, MO>KHO OTMeTVITb nocTO~Hcrso 
<n_> All.R BCeX THnOB .RAep-MHWeHeail, KaK 3T0 AOJl>KHO 6b1Tb 8 C!ly4ae 
KBa3HHYK110HHOro aaaHMOAeHcTBVIR c RAPOM. BeJ1H4HHa<n >611H3Ka 
K 3Ha4eHHIO, HS6JliOA8eMOMY 8 C00TBeTCTBYIO~I-1X HYK110H-HYK110HHbiX 
peaKI...\HRx npH HOPMHpOaKe Ha J..1X HJt:npyroe ·ce4eHY~e I <n_ >pN = 
=0,43_:!:0,01; <n_> nN =0,62_:!:0,04/ (. 
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CpeAHflfl MHO>KeCTBeHHOCTb scex 38pfl>KeHHbiX 1.1acnnJ, .<n+'> s aTa

s3ai-1MOAe~cTBHflX C ·sHe· 1-1 ·gH -<tJparMeHT8MH CyUJ,eCTBeHHO- MeHbWe
3 

1.1eM Am~ scex aTa-ssa~ttMOAelilcTBI-1171 /.<n± '>aTa =16,0~0,6/11 ~. 
0AH8KO fiApO-MHWeHb B 48CTH CilY!.48eB nony!.laeT AOBOilbHO CI-1Ilb

H0e B036ymAeH~tte. 3aper~tt·cTp!ttpOB8Hbl C06biTHfl C CYMM8PHbiM 38P.flAOM 

ecex eTop""!.4HbiX 4aCTHU., paBHbiM 8 Ailfl nponaHa 1-1 14 Ailfl TaHTana 0 

3TO 03Ha4SeT, !.4TO B3a~t~MOAelilcTBHe HYKJ10H8 j.ll3 flAP8 4He C .flAPOM

MI-1WeHb~ Aame npH YCilOBHH ¢OpM~ttp088HHfl ~e H 
3H CTp~ttnnHHrOB~X 

¢parMeHTOB MO>KeT npOHCXOAHTb npH AOCT8T04HO M8Il~X npHU,eilbH~X 

napaMeTpax. 

5. 3AKJ111JYEHHE 

~3Y4eHj.lle B381r!MOAeliiCTBI4i1 a -!.4SCTHU, C HMnyilbCOM 4,2 fsB/c 

Ha HYKilOH C TaHTSilOM Itt nponaHOM C V1CnyCKSHHeM Tfl>Kei1biX ¢parMeH

T0B 3 He,3H 14 2H Ha 2-MeTposoH nponaHosoH KaMepe noasonl4no 

YCTSHOBHTb CileAy~w,ee: 

1 o 3aBir!CHMOCTb BepofiTH0CTI4 14CnycKSHHfl ¢parMeHTOB 3He,i~ 14 2 H 

OT STOMHOrO Beca RAPS-MHWeH~tt OnHCbiBSeTCfl MOAeilb~ MHOrOKpSTHO

rO pacceRHHRo np~tt 3TOM eepOflTHOCTI4 06CeAHHeHHR HeB38j.IIMOAelilcT

BYIOW.HX H-YKI10HOB B CBR3SHHY~ CI4CTeMy OKS3biBSIOTCR AOBOilbHO 6onb

WHMH. TaK, TPH HYKilOHa-cneKTSTOpa np~t~MePHO B nOilOBHHe CJ1y!.4ae8 

o6ceAHHRIOTCR 8 RAPS 3 He Itt 
3H.npl44eM C 0AHH8KOBOi1 8epORTHOCTbiO. 

EC11H CneKTSTOpaMH RBilfliOTCR A88 HYKilOHa, TO 8 2/3 C06~THi1 3TO 

npOTOH H HeihpOH. 0H~tt OK83bi8SIOTCR CBR3SHHbiMH 8 AeliiTpOH 6onee 

4eM a nonos~t~He cny4aes. 

2. 3KcnepHMeHTSI1bHble ASHH~e no MHO>KeCTBeHHOCTH OTPVILJ,STenb

HbiX 4SCTH4 8 C06biTHfiX C BbiileTOM ¢parMeHTOB .3fle H ·SH COOTBeT

CTBYIOT 838HMOAeliiCTBHIO OAHOro HSileTaiOUJ,erO HYKilOHa. 3Ha!.4eHHe 

<n_> COBnSASeT CO cpeAHelil MHO>KeCTBeHHOCTbiO .<n_ >NN B HYKilOH

HYKilOHHbiX B3SVIMOAei1CTBI-1fiX, HOPMI-1POBSHHO!il Ha Heynpyroe Ce4eHHe o 

AsTop~ 6narOASPH~ seeM y4aCTHHKaM COTPYAHH4ecTsa no ""ccne

AOBaHHIO fiAPO-fiAePH~X B3SHMOAelilcTBI-1Iil Ha 2-MeTpOeoail nponaHOBOiil 

KSMepe 1-1 na6opaHT8M, Y4SCTBOB88WHM B npOCMOTpe nileHOK H j.II3Me

peHHfiX, 38 nOMOUJ,b B noily4eHHH 3KCnep~t~MeHTSI1bHbiX ASHHbiX. 
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