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AlsTYaJII>HOCT.h rrpo6JieM!l. B UOCJie.ztHe' 

BHSHBal71' Si,lijla, yMJ{eHHHe OT UOJIOC!i.) 

o6yCJIOBneH TeM, ~TO Up& HSMeHeHHH Q1 

p9HOB H ~HCJIOM npoTOHOB B .l!,lij)e ero 1 

~ SI,D;8p B~aJlH OT llOJIOC!i j3 - CTa6HJI: 

HOBHX TBIIOB pa,D;HOaR'l'JIBHOro pacna,na, 

HOBHX COCTOJiHl!l. llOSTOMy BeCI>Ml aRT; 

BOSMOl!HHX M8TO,It8X CJIHTeSa Ta.KHX .ll,ll;8j 

mm .ll,ll;ep, o6e.nHeHHHX He~rpoHru.rn, fiBJJJ 

Ba8Mii8 YCKOpeHH!iMJI TUi:iJiw.m JIOHaMH • 

soBB.HJUI SI,D;ep c 60JII>IIIIIM o6ora~~~eHHeM 1 

JWMII HOHaMH HCCJI8~0BaJlHC.h He~OCTaTO' 

~eJimlliiXCff Mepc <:: :>85. 

lieHI>D pa60TH HBX&nOC.h HS~eHHe sru 
Cl!JI.hHOH8ATpoHo~epHUHTHHX HSOTOUOBRb 

(HI,xn). HsyqaJIHCi> TaKEe H MaJlO Hcc; 

~emmro ~eJieHHH cocTammx Mep 

~eJieHKfl H HSOTOnHHX pacnpe~eJieHIA 0 1 

HayqH§H HOBBSHa B npaKTH]8CRaff U81 

'ITO ce~eHIH o6paSOBaHHff CUl>HOHeiiTp! 

Cs , a T8.Kllte BllXO~ JISOTOllOB Fr J1 

ItJlfiX TJIII8 (HI ,xn). Hs conocTaBneHJlfl 

TOB C pesyJI:&TaTaMH pac~eTa no CTaTRI 

HeiiTpoHOB R npOTOHOB HS BOS6~eHHOJ 

,naHHHe o TewepaTYPe SUijla H aqxpeKTHl 

6ap:&epa, onpe~eJIHD~eA BepoHTHOCT:& a1 

~eHHB. 3T.II ,naHHHe npaKTlf<I8ClOI MOryT 

ra ce~e~ o6pasoBaHHH HYJUill.,ll;OB c 61 
BnepBue xsMepeH!i cpe~e ~CJia HeiiTJ 

~aneHHH cocTaBH!iX Mep IBOw • 222u , 
aKcnepJIMeHTBJI:&HllX pesyJI:&TaTOB ,n~• 

I80w , JKaS!iBa8T Ha Heo6~A xapax~ 
~· PesyJI:&TaT!i no I!CCJie~oBaHID ~eJ 

H 2NeMOryT CJIYZHTI> OTnpaBHOA TO~KOl 
pKMeHTOB no .IICCJie~oB&HBD ~~eHBff no; 



AisTyanpHoeTL nno6.7Iew. B fioCJie.ttHee BpeMR: Bee . 60JII>md RH.Tepee 
BHSHBam. SI,UJJa, y.na.nemme OT nOJIOeH _j3 - cTa6JiJJII>HOeTH. 3TOT :HHTepee 
o6yCJIOBneH TeM, ~TO npK HSMeHeHKH eOOTHOmeHKH M~ ~HCJIOM He~T

poHOB I ~HCJIOM npoTOHOB B ~e ero eBO~eTBa eliJJII>HO MeHRDTeR III 

,wu~ .H,ll;ep B~aJill OT nOJiocH J3- e~a6JiJJII>HOCTH OJlH,Il;aeTeR noRBJieHHe 

HOBI:lX THTIOB pa,I!.HOaK'l'HBHOrO pacna;na, HOBHX o6JiacTe~ ~e4JopManmt, 
HOBI:lX eOCTO~. IlOBTOMy Bee:&Ml aKTYaJI:r:.Hall eTaHOBIIITeR BOnpOe .0 

BOSMOJIOilix MeTo.Jiax eirnTesa Ta.KHX .H,ll;ep. o.nmm IIIS enoeo6oB TIMY'Je
.HHR ~ep, o6e~eHHHX HeltrpimaMl!, fiBJIJIMeR .H,ll;epH!le peaRill!H,BRSU

BaeMUe yeKopeHH!lMH TRXeJI!lMH Jio:Har.m. O~axo saxoHoMepHOCTIII o6pa~ 
SOBaHHR .H,ll;ep C 60HI>WHM odorameHHeM.npoTOHBMH B peaKURRX e.TRXe

~ HOHaMH IIICCJie~oBaJillei>·He~oeTaTO~Ho nonHo,oco6eHHo B o6.7IaeTH 

~eJIJmtHXCR .H,ll;epcZ:::>-85. 
lieJII>D padOT!l RBJIHJIOCI> IIISY'J8HKe SaKOHOMepHOeT.e:li odpaSOBaHHR .. 

eHJII>HOHeiiTpOHO~e!lJIIIItHTHHX HSOTODOBRb , Cs III' Fr B peaKitHRX THna· 

(HI,xn). HsY'JanHei> Taue III MaJio IIIccne~oBaHHue eTopoHii npouecca 

:BllJIYlmeHHoro ~e~eHM COeTaBHHX .H,ll;ep, KaCaDIIti!8CR ~111eJia HeitTpOHOB 

~eJieHKR III HSOTOTIHHX pacnpe~eJieHJIJl OeKOJIKOB ~eJieHM. ·. · 
HayqHaH HOBH5Ha I PpaKTHqeeKSR ·ueHHOeTI> pa6oTU cne~yDT H3 Toro, 

~TO ce~elmll odpaSOBaHHJl eliJJII>HOHeHTPOHO~e!IJliUliTHHX. X50TODOB Hb J1: 

cs , a TaKllte BHxo~ noTonoB Ff x Rn. nMepeHH BnepBHe B ·peax

YKHX TH08 (HI,xn). Hs eonocTanneHRR axcnepKMeHTaJII>HHX pesy~I>Ta
TOB c pesy~I>TaTaMH pae~eTa no eTaTlleTxqecxo:li M~~ •enapeHif!, 

HeitTPOHOB H.IIpOTOHOB III5 BOS6~eHHOro eOCTaBHOro ~a UOJIY'l8H!l 
MHH!l8 0 TeMnepaTYPe SI,UJl8. I . sqxp8KTHBHOH BeJIJiqJme KY~OHOBCKOrO 
6api>epa, onpe~eJUIDlllell: BepORTHOCTl> BMHeCHH npOTOHa npH ~8BOS6yz-

. .JieHD. 3TH ;naHHH8 . npaxTHqeCKH MOryT 6!lTl> JICDOJI1>30BaH!l . .MJJ pac~e
Ta ee~eHJIII: odpaSOBBHBH ~OB e 6~1>mJIM HS6!lTKOMuPOTOHOB. 
BnepB!le HSMepeHH cpe;IUD~e gCJia H8iiTpoHOB B ~eJI8HHOM KaHaJie 

~e.n:eHM coCTaBHUX .H,ll;ep 180w ll _:Z22u • AHanHs .Been ~oBoxynHocTH 
· BKenepHM8HTaJil>HllX pesy~I>TaTOB ,IlOJIY'l8HHllX IIpJI I8Y'J8Hml ~eJieHM 

IBOw , yxasHBaeT Ha neod~:li xapaxTep npouecea ~eJieHllfi eToro 

~· PesyuTaT!l no :HcCJie~oB~ ~e~emm 238u IOHBMH I!. B ·· 
ll 2NeMoryT.CJIYDTI>_OTnpaBHOit TO~KOit npx MaHHPO:BaHKll.BKene

pKMeHTOB no HCCJI8~0B8HBD ~~8Hifi no~ ~eli:CTBlleM TREe~ HOHOB. 
' 

CC'LC.P~ tmcmryT 
sn~rH:..~., :::,._,,:..;1ooolml 
6~;c.m1~IfEKA 



Co~epzaHHe pa60TH 

nxcCBPTanaff CO~epzHT BBe~eHHe H tiBTNpe r~aBH. 

r~asa I noc~Ha KPaTKO~ paccMOTPeHBD HeKoTopux oco6eHHoc

Teii BSBliMO~e!cTB:a:a: Momnlx H,Itep. EOJIJ.Dioe pasHoo6pasxe H.Itepmnc 

pea.KUltii, npOTBKallliiHX IIp!l BSIDM0~8~CTB11J[ T.D8Jna HOHOB C .II,DJlaJm 

Mml!eHll1 OrpoMHOB KOJilltleCTBO ~OCTymmx ROM6JIHaD;Jiii HOll+.II,DJlO MBDJe

HH nOSBOJI.RllT 8<MJBKTHBHO nOJiy'laTl> H JICMB~OBa.T:& IISO'l'OnHKSBBCT

HHX a~eMeHTOB C HS6HTKOM HnK HB~O~TaTKOM HB~TPOHOB 1YB~T:& 
CKatiKOM sa~ .II,DJla H npOHHKaTl> B OOnaCT:& TaE6nHX H CBBpXTHXe~ 

SJieMeHTOB. B: r~aBe I co~ep!tl!Tc.fl :KpaTKHii o6sop pa6oT no saKoHo

MepHOCTHM CHHTesa ~OB~y~eHmDC OT nOJiocHJB- CTa6Kn:&HOCTH, 

B pearo.umx, BHSHBaeMHX THZe.nw,m HOHaMK. 0TMetraeTC.fl 1 'ITO peaKil,lm. 
THM (HI ,xn) .HaH60Jiee nepcneRTliBHll .JWr nOJIYtiBHH.fl HYI\JIH,D;OB C 

CRH:&HHM ~e~HnHTOM HeiiTpOHOBo B HacT~ee BpeMH Y.CTaHOBneHO,tiTO 
. - . 

cetreHHe 06paSOBaHKR: COCTaBHOro ~ COCTSBnHeT OCHOBHy.D traCT:& 

nMHoro cetreHHH pea.ro::tiDI .wm KOHOB c A,.... 20 K :meprKeii< ID~0H • 
O~aKO 3MHCCH.fl Sap.A:E~HHllX ttac~ npH ~BB086~eHHH COCTaBHOro 

.II,DJla orpammmaeT BOSMOlltHOCTH nOJIYtiemui HYKJIK,ltOB C i!S6HTKOM 

npOTOHOBo 

IJapD,RaJIE>HHe umpHHH ,nnJl 3MIICC:Im HeiiTpoHafn ,npOTOHa fp ~ ,nnJl 

~eJIBHH.fl ff B npe~OJIO!tBiOOI l:IKCnOHeHUHaJI:&HOii SaBJICiiMOCJB- MOT

HOCTl'L ypoBHBii .II,DJla OT 3HeprHH BOS6~eHHH_f (E * >-exf . 
H npK SHeprHH BOS6ylt,lteHHH, CYJI{BCTBBHHO 60JI:r.melt npporoBHX_ 3HBP-. 

rllii .wm aMHccHH tracT~ JI ~e~eHHH, onpe~exmoTcH Me~~ o6pa-

SOM: 

!}, ~ 2TA2/3 exP[. Bf.- Brz .] . (I)· 

r1 -K0 T ' 

. · rrz-:- tV exP [IJ> + 3? ~ Bn], <2> , 
~ . ~ ~~ . 

r~e T - TeMnepaTYpa .II,DJla, K0 a . ~ m z
0
it , m - Macca HeiiTpoHa, 

g - CTaTHCTJitlBCKJlil ~aKTOp 1 'to- IL!1paMBTP1 0npe~e.rumll!lrli pul;IIYC 

· .II,DJla B SaBHCHMOCTJI oT Maccoaoro ttHc~a; Bt - 6ap:r.ep .ne~eHHH~ 

Bn- H ~ - aaepro CMSH HBiiTpoHa H npOTOHa, K Vp (R~I) - . 

- S<MJeKT:HBHaH. BHCOTa RY~OHOBCROrO 6ap:r.epa no OTHOmemm K BWIBTY· 

npOTOHa HS BOs6roeHHOro .II,DJlao 
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TaKHM o6pasoM,KOHKYPBHUKD co cTopoau xcnapeHKR HeiiTpoHoa,npo

TOHOB H ~e~BHH.fl 3KCnepHMeHTaJI:&HO YJ{06Hee Hsyqar:& B O~CTH l.!B.CC 

H,Itep,.wm KOTOPHX ~· Bf~Bn" 3To o69TOSITM:&CTBO o6'LR:cHSieT H8lll 

BH6op .wm JicMe~oBaHKR: cocTaBHllX H,Itep 8IRB, I25CsH 2II ,2I3p~ • 

fxasa U noc~eHa OniCamm 3KCnepHMBHTaJI:&HOH.M8T0~ 1BH6paHHOH 
Nlli JlsytiBHH.fl Jr,Itepmnc pea.KUltii,SIBJIJm~ItHXCH UMDD HacTOJDIIeii pa60TH. ; 

KopoTRKe BpBMBHa D3Hll HCMe~eMUX I!Jl?~TOB. H,Itepmnc pea.KUltii H 

orpOMHHii ~OH OT no6oqmnc npo~TOB peaKD,RH npHBO~T R Heo6xo

~OCTH np:HMeHeHHH MeTo,mnm Mace- cenaparnm,o6H~a!lllleii Bucomm 

6HCTpO~eiiCTBJI8~f CeJIBKTHBHOCTl>D J[ 8<MJeKTHBHOCTAD~~cnOJI:&30BaJiiiC:& 
Macc-cenapaTop( I x-MaCc-cneRTpoMeTp Ha nyqKe TaKe~ xoHoB. 

MeTO~ Ha OCHOBe MaCC-cneKTP6MeTpa ,nnJl ~~OtJ:HllX npo~TOB 
H,Itepmnc peaKIJ;Ilii paspa6oTaHa B Opca (<I>paHUJil.fl) K Ha nyqKe THZemx 

HOHOB B HaCTO~e~ pa6oTe 'cn~:&SOBaXaC:& BnepBHe B COBMeCTHOM 

J1y6Ha- Opes aKcn6pneHTe. 2,3 .. , · . 

061111dt ~ MaCC-cneKTpoMBTpa Ha nytJ:Ke TSDlt~ IIOHOB CXeMa.TJitiBCKK 

nOKa3aH Ha pl!!Co I. 0TKJIOHBHll8 nytJ:Ka TJmeJIHX HOHOB Ha MJIIIJBH:& ocy

~eCTBX&nOC:& C nOMO~ ~yx OTKJIOHSID~ MarHHTOB l!! TpeX ~OHBTOB 
Mal'HHTHHX KB8,l{PynOJI:&HllX DRS. llpo~KTH Si,nepHHX.· peaKUHii,BH6H'l'HB . ' 

Jr3 riiJimemt, TOpMOSKHJIC:& B. TOHKIIX I'PliPBTOBHX ~OJI~rax, pacnOJIOJteH-

HllX BHyTpJI IICTOtiHHKa · J[OHOBo BHe:u;peHH!le a'l'OYI:l ~OBBJil!! H3 

rpa!pHTOBHX · nor~OTHTe~ei\, HarpeTHX ~0 . BHCOKO! TeMIIepaTypY, Jl. ~e- , 
.iotiHHe npo~u·xoHHso~c:r. Ha noaepXHocTl!! H&rpeToro rpaipHTa. 

HoHH l!!S JICTOtiHJIKa BH'l'HrHBaJIJIC:& ttepes TOHKYD ~~:r., ycKopanxc:r. 

~o IO K3B x 8HB.JIJ[3JIPOBaJIHC:& no MaCCBM ceKTopHHM Mal'HJITOM,HMeD

IIOIM cpe~ ~c 35 CM. Paspem~ cnoco6HOCTD Macc-cneKTpo

MeTpa COCTaBJlffJia ~M = 500. B KatiBCTBB .JieTeKTOpa JIOHOB HCnOJil>-

30BaXCJi BTOpJIIIH!lA 9JieKTpOHHU! YMHOUTM:&. Upe~pH'l'M:&Hall 06pa-
60TKa pesy~:r.TaTOB x HaKorineHHe BHWOPMaUBE ocYJI{ecTBnSinHC:& c no-
MOIItl>ll 3BM THna PDP-I5. t' . 
B KattecTBe 6oM6apAHIJYIII(IIX •ttacTHU l!!cnM:&soBaJIHc:r. liOHH IIB, I 8o, 
22N'eJI 40Al' •. HHTeHCl!!BHOCTb nytJ:Ka Ioii - Iol2 ~:'1'·. 9HepreTHtrec

KHn pasCipOCN2~.J~eKTHBHOCTE> npOXO~BHHH nyqKa ~0 MHWeHH COCTaB

JISUia"" 8(},i: •. 3HeprHJI HOHOB, CiO:U:Ciap,ll!4py1JIJ1HX UHWeH.E>, H3:U:BHHJiaCL C flOMO

I!IE>Il TOHKHX aJIDlGIHHeBUX !JlOJILr • B OflHTax J!Cfl011E>30Ba.JIJ4CE> TOHKHB :MHWe

HH1 KOTOpHe :U:OrJIH pa3:U:BI!IaTE>CH JIJ!CiO BHyTpH, JIJ!Ci.O BHe :HCTQqHJ!Ka 

HOHOB :u:acc-cneKTpo:u:eTpa. " . . ' 

Plic.I liJLlDJCTPJIPYBT peDM o6Hy'IeHHH. 06.nyqeHJ:e NJIIIIBHll T.De.innm 
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Pnc. I C,'xeMa onuToB c noMOl!lbiO Macc-cneKTpoueTpa 
Ha ny•me T illli:6RIDC llOHOB, 

KOHaMH npoBO~OCb B Te~eHHe I ceK ~epea K~e 4 cex. 3a Bpe~ 
MH o~oro qwKna o~eHHE perKcTpxpo~cb ~ Mace- cnexTpa: 
cneKTp A perKcTpxpoBaJicH Bo BpeWI o6JryqeHKH, cneKTp E- Henocpe,It
CTBeHHo nepe,It aaqanoM c~e~~ero ~a o6JryqeHHH.PaaHKUa .ItByx 
MaCc-cneKTpOB (A-E) ,ItaeT OTHOCKTe~bHHe HeSaBKCKMHe_BHXO,l\H K30-
TOUOB RB H C.s, o6paSYBJUIHXCH sa BpeMR: o6Jryqemm. 9<MJexTnHocTb 
MaCC-cneKTpOMSTpa COCT~a-2%. MeTO,ItKKa UOBB~a perKCTpH
p0Ba'1'L npo.ItYKTH H,ItepHWC peamnrli, o6pa3YBJUIH6CSI c ce~eHKeM N Io-2§,}. 
B O~Tax KCU~b30B8nCSI TSEXe K Macc-cenapaTOp Ha ITyqKe T~e~ 
HOHOB 1 OCHOBHOe OTJIJilU'!e KOTOpOrO,;QT l'&lCC-:-QU9KTpOMeTpa COCTOKT B 
TOM, ~TO llpJI: pa6oTe C MaCC- cenapaTOpOM perKcTpxpyeTCH' pa,ItKo-

. aKTHBHOe KMytieHKe OT pacna,Ita npO.JJYRTOB H,ItepH!lX peaKI.tl!ii UOc_Jie 
aHanXSa no MaCCaM1 a He Henocpe,ItCTBeHHO HOH&

1
KaK B cnyqae 

MaCe- cnexTpoMeTpa. B OCTanbHOM rrpHHqKU pa6oTH ~TKX ycTaHOBOK 
O,ItHH H TOT lite.. 

r~asa III noc~eaa HsyqeHHD saxoaoMepaocTe~ o6pasoBaHHH aeftT
poao.IteqiKU~IT:ma: KSO'l'onoB R8, Cs H Ft • fJiaBaoe BHKMaHKe. Y.IteJIHJiocb · 
peaKURJlM Tmm (ffi,xn). COCTaBHHe SJ,IIJla BIR8H I25£:sn~yti8JIKCb B 
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:pa.s.u:qJmX KoM6:maitllHX JI:OH+SJ,IIJlO MHIIIeHK B IIIBPOKO~ o6J.racTii :mep
~ B036ya,IteHm (45 - I2(}.{aB) K yrJIOBHX MOMeHTOB .ItO~ 40 .+ 60n • 
Hsyqeau pe~ 32Ge+ IIB · 63cu + IBo x· 59co + 22Ne m>no.ltfiiitl[e · 
It COCTaBHQJq HJU:lY SIRe. I~5es no.nyqa.nCH B pe~ f 03Rh+ 22Ne:a: 
I07 A[j + IBo;· CpaBH~HB:e ~ B036y3,Itemm: xn ~ pea.xnd,JIBMepeH
HI:DC B pa.3.1II(1DIHX ltOM6IH8141[l!X; UOKa3HBaeT," 'ITO Ce'CieHie pea.KilJdi 
'l'JiliB. <m;xn ) c.na6o 88BJicrr OT yr.llo:eoro r.>MeHTa oocTaBHoro SJ,IIJla. 
Ha pJI:c. 2 ~OKaSaHH WymcnD BOBdya,~teRDB •aMe~HHHe B o~o~ J[8 

ltOM6JIH~ 1UpJ[ pacii8,1te COCTaBBHX B,Itep I,ffi. 25c.s. l{JIJI Y.It06cofBa 
aac:1:rm.tteHlll! Ha pKc. 2. -qepes sxcnepK~~eHTaJIJ.HHe T01iKK npoBeiteau 
CIIJIOIDHHe JDIHD. lJylmDpBHe JDmJIJI .npe.ItCTaBJlJD)'l' CYJIIMapHoe celieHKe 
xn- peamtd, b~- nOJmoe ce'leHKe peaicuu,pacct~HTaHHOe no WO.PMY-

Jie 6"T. •111~ (Af/3 + ~13) (I- i ), (3) 

r.Ite Ar; ~ _- MaCooBHe 'D[OJia _•oHoB • BJUl& - JallleD, B - xyJio-
HOBcm 6apbep, E - aueprm KOHa, Zo= I,5 Io-I3c... '. 
UpJI: 8.HS.D&e &KcnepoeHTaJI:r.HHX ~ BOB6ya,~teHKH yqnHBMacb 
8MJIOCKH n; p rcL - ttaCT~ l'l rrpe,ItnOJIBl'aJIOCJ. 1 .liTO, cetteHKe peaKUJDI 
c »HneToMxn- HeiT.:pOHoB·onpe,Ite.llHeTCH BHPSKeBBeM 

G' (xn) = 6'-t P(Eit ,xn) IT( F"i.)i • · <4> 
r.Ite P(£~-X11) - ~. O~.lteJU[I)Ili8JI.Be.POJITBOCTb BWieTa X -
HeiT.:pOHOBo 
Ha OCHOBe COOTHOUJeBd (2), (3),(4) 06BapYQH0 1 "'TO 8KCDepJDreH
TaJI:&Hl:l8 pesy.n:r.TaTH nOJIY'Iam HaB:Ji:yqmee corJiac•e o pac'lleTaD np11 
saa~eBJIHX TeMDepaTYJ)H SJ.ItP8. T = !,8 • 2,"2 MaB cooTBeTcTBeHHo .It7IH 
py6Jl,ItHJI • nesu. BeJDAJma K , onpe,Ir,eJllDIIII!lJI 8<lxfleKTKBHI:l! · JtY.IOBoB..o 
ODA 6apbep, np:IHDmeT rrpK STOll SHB.'CieRD.,pa:BHHe o;7 ~ R8. 
o;a ,1V1II Cs • T&KDI odpasoM,BB Cpal\HemDI 8KCiiepD8BTaJI:r.HHX pesynb
TQTOB c pac118THYMH axe,Ityeor,·'IITo'ocsa.aHHM arpaHB1ieHKeM BOBMOE
HOC'l'J[ UOJIY'I8DH CKJlbBOHe~'l'pOHO,It~ HyltlDI.ltOB B OMBc'l'J[ 
A~I20 ~eTCR &MKccKH npoTOHOB np• ,IteBoadya,~teBKK cocTaBHYX 
H,Itep; UOCKOJibKY .8B8CTHO, 'ITO BepOHTHOCTlo meTa c£- ~acor-n B 
aoroA o6Jlacu MaCe H,Itep cocTaBJIS:eT I /3 oor :sep<mTHOCTK BWieora · 
IIpoTOHOBe CllTYanKH B8CKOJI:&lt0 CJIOZHee B 06Jr8C'l'J[ .lteJUDIIIXCH 000-

'fa.BHHX H,Itep (A>200). Ha pBc.3 no~~-OTHOCKTUJ.HHe BHXO.Itli 
KBOTOUOBPz .Rn IBMepeHHHe Ha.1m _4•5 llpJ[ od.llyqeHD Kp:K,lt1[8BOA 
MDeBB BORaMII 26Ne c &Hepneft 20CMaB. aoroft &Bepl'JDt .ItOC'l'aToliHo 
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]1)UI HcnapeHRII 9-IO HeiiTpoHoB. IJoaTOMY BHXO.ItH HYJUII!.nOB F'l. oJm

~ci>_BnnoTI> ~0 HSOTOTIOB C MaCCOBHMH qRcnaMH A=20I-202.0;niaKo, 

KaK mr.rtHO HS pHCo 3 ,20~zE 202F"l. He Ha6JID~aDTCSI, a BHXO,Il;ll 6Jm:s

KHX K HHM HSOTOTIOB ~p~ MaJIH no CpaBHeHBD C BHXO~BMH COOT

BeTCTBYJ)IltliX JISOTOTIOB pa,noHa •. IJyTeM COllOCTaBJ!eHliJI BRCnepHMeHTaJII>

HHX pesy~I>TaTOB c pesy~~TaTau. pacqeTa, yqHTHBBD~ero ROHKYPeH

tnm CO CTOpOHH ~e~ellllR: H SMHCCD n-, P-, c£- qaCTHU,06HapyxeHo, 

qTo Hal!JIY'lmee cor~acxe pesyJII>'l'a'l'OB pacqem H BRcnepn!eHTa Ha6-

~aeTca DpK K--D,6 • T=I,8 MaB. II~eHBOe ssaqeHHe K=D,6 Hec

ROJII>KO HDe aHaJIOI'J[tJHOft :eeimtmmt (R=O,B) ]1)UI ~ep B oMacu 

A ~I60.IIO-BH,l\HMOMY, 8'1'0 paSJDAJie MOZHO 06'LI!CHJ[T:&, eCJm ~yqecu 
3MHCCJm if- KBaHTOB Ba noc.te,IUieM BTane ~8B086~eHHR COCTaBHoro 

~a. TSXBM o6pa30M,aaani8 9KCll8PKfC8B'l'~LHHX OTHomeHHfi BUXO~OB 
HSOTonoBfi H Rn, c YliSTOM ~eJIDfOcT:a: BTKX RJJ;ep;nosBoJIReT BHSIBRTI> 

BaJKHym POJII> BIIIICCD sapsmeHBUX 'llSCT~ ll Dpx .-BOs6yM.IteHHH TID!te

~ ~ep c A>200. 8To OIHa'llaeT, 'liTo aapsr,uy c .tteJIHMoCTI>IO THJKe~x 
~ep BMHCCHR SapaKeHBHX 'llaQ'l'~ RBXReTCR.e~e_ O)UIEM ~aRTOpOM, 
OrpaHHqHBaJOmmM BOSMOZHOCTX llOJIYlleBER CHJILHOHefiTpOHO,l.te~RUHTHHX 
THJK~ ~ep. -

I4aBa Il CO].te~T pesyJII>TaTU HCCJIB].tOBaHHH HBROTOpux·BonpOCOB 

].tMeBER R,l.tep llO].t ,nefiCTBReM Time~ HOHOB. Qu.Ha HS npoMeM COC

TORJia B Onpe,ne~eHHH.'IlHC~a HBllTpOHOB ~ , XCnyCRaeMUX HS OCKOJIROB 

B BU,nMBHHOM KaHaJie .IteJieiDm. TO'IlHOe HSMepeJme 'llXCJia ~ BBCI>IWl 

BMHO ,IT.liJ! llOmn.taHKJI Jle:xamtSMa .ItBB036yQeUJl OCKOJIKOB .l(MellllR:. 

B HameM ·CJiy'llae qzc.ro ~ onpe.zt8JIJJJ[oc:r. .DY'l:~ •auepeRJlll :r.nloTonHUX 

pacfiPe.naneUia .nonOXBKTBJIAHHX OCKOJIKOB./ H&YliBBH CJie~~e 
peaRUKZ1 B KOTOpUX pa~e KOM6IR~ I[SOTOllOB py6B,ItRH H UBSHR 

JmJI.III)TCR ltOllOJIHHTMI>HHMH OCKOJIKSMJ:: 

I~Gd+ ¥5.#--'' I~2W~3'7RC + 
--

I82W+ 4o11 .. · z22u--37m + 
74 IB .. - 92 

37R8 + v , 
. 55Cs + ~ • 

Ecmr npeHe6pni> aeccxen ·sap.m~eHHHX 'llaCTHU, TO 'llHCJIO ~ onpe.ne

MeTca CJie.ItYDilliiM BliJl8llteHJ[eM: 

. . ~ = Ac - <Asr + As2>, . (5) 
r.zte Ac - MaccoBoe uCJio cocTaBHoro ~a. Asr x As

2 
- Hal'l6onee 

BepMTHHe MaCCH HSOTOllHUX pacnpe.ztMeHXii .l(OllOJIHI!TeJI:OHUX OCROJI
ROB.-· 
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PHc. 3 BHXO~ KSOTOIIOB ~paHUHfi H ~OHa B peSXUHX 
. I9I ,I9~r + 20 Ne • . 

V!SOTOIIHHe pacnpeJteJI8Hlm pyd!;JUUI:, KSM8Jl8Blme nplii TpeX :mepl'l!JIX 

6oM6ap~~~X IIIOHOB HSOHa, B pe~ CBMM8Tp~oro JteJleHHH 
1~Gd ( Ne ,j) noRasa~m Ha p•o. 4. B 'l'a~e I npKBeJteHH 
HaH6onee.BepOHTHHe MaCCH IIISOTOnHHX paonp8JteJI8~ III onpeJte~eH

HHe c HX IIOMOIIII>D 'DIMa Hei!TpOHOB 'i • H:a Ta6JI. I BlUl:HO, 'iTO c 

POCTOM 3HeprKH BOS6~eHKR COCTaBHoro ~a E BospacTaDT mJipBHa 

IIISOTo~ pacnpeJtanemdi 26 X III cpeJtaee 'iJic~o :e:cey_:RaeMHX HeliT

poHoB" v • O,J!,Hruto upiii IIISMeHemm E Ha 34 Ma;B 'iHMO ~ MeH.lleTcsr He

CM:&Ho(..-U,9.Hei1Tpoaa).Pac'leTH JIORaSHBaDT, 'ITO JtO JteJl8mt.R: l!S 

COC:TaBHOrO ~a IBOWIIICIJYCRaeTCJl: B cpe,IJ,HeM 0,5 HeiiTpOHa III ST~ 
BenH'IKHa IIO'ITIII He SaBHCHT OT SHeprliiiii BOS6~eHKH.9MHCCIIIH sapsr

zemrux 'laCTJm IIIS COCTaBHoro ~ JtO JteJleHIIIJl: COCT~eT...., I%. 
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llpHBeJteHHHe B Ta6JI. I 3HeprHH BOS6~eHBH OCKOHKOB py6~ 

OnpeJteJIHJIHC:& III3 BupSXeHIIIJl: 
~ . * . 2: EF = Ec.M. - < TKE>+ Qgg , (6) . 

rJte Q~'"!.·Be;mrqHHa Q ~ OCROHKOB,06paSYDJOIXCH B OCHOBHOM COC

TOHHIIIIII, Eo.M.- :meprHJI HOHOB B CJ{C'l'eMe ll8HTpa MaCc,<TKE>- cpeJt
Hrul KIIIH8TH'I8CR8Sl 3HeprHH OCKOHKOB JteJieHlmo 
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Pac'leTU Ha OCHOBe llOJiy<I6HlillX SHepl'Hit B086ylt.IJ;eHiffi OCI\OJIKOB llOKa

SUBaJOT, 'ITO BepOIITHOCT.b BUJieTa SapmKeHHHX 'laCTliU H3 OCKOJIKOB 

COOTaBJIJieT HesHatmTeJI.&JIYRI 'facT:&:- 3%. lfHCJIO HeiiTpOHOB,HCllaiJReMUX 

HS OCKOJIKOB,2Y0 (Ta6JI.I), BU'IHCJieHO B npe~OJIOXeHHR HyJieBoro C06CT· 

BeHHoro CITHHa OCKOJIKOB. Brl,JUIO, 'ITO pac'leT!l npe.n;CKaSUBaiOT 60Jiee , 
CHJI:&HOe YBe~eHHe 'IHCJia HcrrycKaeMHX HenTpOHOB~2y0 )EO Mepe pocTa 

· auepm BOS6YJ!Utemm, '!eM Hac5JIIl.u;aeTcH B aKcnepHMeiiTe('ll). O,l(IIo na 

BOSMOXHUX 06~CH6HHH 9TOrO pa~ SaKnDqaeTCH B YBeJIH'leHUH 

,l(OJIH SHeprHH B036yx.n;eHHH, KOTOpaH YHOOKTCH a' - KBaHTaMH HS 

OCKOJIKOB .. TIO Mepe pOCTa HX SHeprHll BOS6~emm. IlpH 3TOM OKaSU

BaeTC.fi, 'ITO OOKOJI.KH ,l(OJD!tHH :HMeT:O. BHCOKHe SHa'leHiffi C06CTBeHHOro 
/ 

cUHHa. Trut ,npH aHepriDI HOira I 66 MaB Ha T- RSJiyqeHHe .npaxo.u;HTc.a 

..vJO !AaB.]lJiil CHilTHil noll anepnm soa6yJI()J;ennsr( -H3JJyl!enneu ueodxo

.D;HMO, l!TodU C~HHU OCKOJIKOB (If) COCTaBJJHJ!ll 8{)% emma COCTaBHOrO 

.fi,Iijla< I t;.v) •- Trutoe BUCOKOe SHalfeime CURHa OCKOJIROB HaXO,l(RTCII n 

npoTRBope'fHH c c~ecTBYDmHMH oneHKaMm codcTBemroro cnniia OCROJI

KOB .D;eJieHim.BOSMOEHH K aJI:&TepHaTRBBUe od~cHeHRJI MaJIOrO 'IHCJia 

HeilTpOHOB, xcrrycRaeMHx npx .n;eJieHHR 180w ,HanpiD..!ep aa cl!eT npe.l(p;;s

nosecnux npoue ceo a, Mexan'naMa .n;eJieHHH, OTJJHl!Horo. OT pamwnecnoro1 ? 1 

11 .n;p. }1.JISl BUi!CH6Hl11I ,n;ellCTBYIOI!!ero M6Xa!ll13Ma .D;Cl!61!l1ll HO)XIIO IIOCTalll!Tb 

3KCnepHM6HTU no l13~!epeHHD • MHOllteCTB6HHOCTl! f -KBaHTOD, llC-

nycKaeMUX OCKOJIKru.m, HJill no H3MepeHHIO nepomnocTu :nmccnu 

. aapsrJJCenuux qacrnu B conna.n;emm c o CKOJII<ru.rn. 

B pearonm I~~~fgA-z, f) Rf!, ,CsaaoTonHUe pacnpe.u;eJieHHJI py6H.u;H.fi 

H uesHJI dUJIR HSMepeHU npx o~on aHeprHK KOHOB aproHa.3nuprHJI 

B036YJ!Uteim.fi COCTaBHOro ~ 2~ COCTaBR&ma npH STOM 67,5±7MaB. 

3Kcnep:HM8HTaJI:&HOe SHa.jeime cpe~ero 'lllCJia HefiTpOHOB ,!(8JI8HIDI paDl!H

JIOC.b :~ =6, 7+01 6 nellrpoaa.Pacqeraoe tJHCJIO nellrpoaon (~o =7) xoporuo 

COrJiacyeTCH-C ::JKCnepJ!M8HTaJibHU!.{, :maqeHHeM \i .BU'lHCJJCHHUe npH 3TOM 

8Ha'18Hlffi CmiHOB OCKOJIKOB<.IF,'> +<IF2.)=I5 COrJiacynTCII C CYI!l8CTBYKJ

Ilti!MR ouenKaMH. 

EOJI.&lliKHCTBO padoT, TIOCB.fii!leHHUX HCCJie.n;oB8HHD HSOTOnlillX pacnpe,u;e

Jierum OCKOJIKOB llpH .D;eJiemm ypana TJDK6Jrw.m HOHaMH,dUJIO DUllOJJHeiiO 

Ha OCHOBe pa.D;nOXHMH'!eCKOH MeTO.u;HI\H.B CB.fiSH C 3THM npe~CTaBJJRJIO 

J!HTepec HCllOJl.&SPBaT_.&_ M8TO,IJ;Hey Ha OCHOBe Macc-cneKTpOMeTpa .n;JIJI 

liSy<IeHHJI JI!SOTOnlwx ··paciipe_neJieHHfi .OOKOJIKOB. py6H.JWI H UeSHJI, o6pa-

3yJO!llRXcH npR ~MeH:HH ypam~ HOHa.MI! 6opa H H60Ha/8/peayJI.&TaTil 

OllUTOB npRBe.D;eHU Ha pHc.5, r~e llOKaSaHU HSOTOTIHUe pacnpe,l(eJieHH.fi 
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R!:> R C.s,HsMepeHHue npH .n;anemm 238u ROHaMK IIB. c snepi'I!:eil: · 85MaB 
H :lrOHaMil. 22Ne c aHeprne.H I32 :1r I65MaB. AH:aJms :~rsoTonHIDC pacnpe
.n;e~eliKH noKasuBaeT,_~To .n;aHHHe,no~eHHUe c noMombD Macc-cneKT
poMeTpa,cor~acynTcst .c pesym>TaTru.m, n~eHHbiMII' panee na ocHoBe 
p~HOXHunqecKon MeTO.n;HKH. 

0cHOBHble peay~t.TaTH .n;Hocepioanm MomiO. cPOPMy~pOBaT:& c~e.n;yD-) 
mHM o6paaoM: 
I. BhlnOJJH8IIbl paCiOTU DO BB8)(8IIll.IO B SKCIIJJyatallmo 

BnepBue Ha ~Ke THXe~x HOHOB Macc-cneKTpoMeTpa c Henocpe.n;
cTBeHHoii •. perHCTpa!.U{eJi :I!OHOB 0 DOMOIIU>Il BTOpR'IHOro 3~81\TpOHHO
ro YMHOlKHTeJm. IIpoBe.n;eHH pa6oiu no ycoBepmeHcTBoBmrim. MeKT
poMarHKTnoro Macc:..:.CenapaTopa Ha ~Ke TmtenHX xoiloB. rro.!U'o
TOBJJeHHUe M8TO~ DOSBQJJKJJH npOBeCTR :lrC~e,IJ;OBaH:Irst HeKOTOpbiX 
SaKOHOMepHOCTSH M8pHbiX pearuntii,BHSHBaeMHX YCKOpeHHllMl!' TID!te
~UM:Ir :lrOHaMK. 

2. Hcene.n;oBaHH saKoHoMepHooTH o6pasoBaHHJI cKJJ:&HoHeHTpoHo.n;apH
UHTHIDC KSOTonoB RB, CsKFZB pemmrunc THna (HI.-xn).::JKcnepH
MeHTaJJt.Hue pesy~t.TaTbl CODOCTaBn6Hbi'C pac~eTOM no·cTaTHCT:Kq8C
KOH MO)(MK HcnapeHHJI H8HTpOHOB, npOTOHOB l'I c£ -· ~acTHn RS B03-
6~eHHoro COCTaBHoro smpa.B pesy~t.TaTe CiODOCTaBn9HlUI DMY
~emi .n;anHHe o TeMnepaType st.n;pa R I$PeKmHoli: B~KHe· ey~o
HoBcKoro 6apt.epa,onpe.n;emmmeil: BepostTHOOTL sMHcc:~rH npoToHa 
npH .IJ:8B036~eHHH COCTaBHOro smpa. 06HapyJteHO, ~TO 9Ml'ICCWI 
aapl'Dl9HHHX '!aCTHl{ RS COCTaBHOro smpa CKJJLHO orpaH:KqRBaeT 
BOSMOEHOCTH n~eHHJI HY~OB C 6~t.IDRM RS6HTKOM npoTOHOB. 

3. H3M6peHbl C BHCOKOH TO~HOCTLD OTHOCHTe~t.Hhle BHXO~ HSOTODOB 
RtH Cs, pa9JmtiHHe KOM6RHa.rnm KOTopux .llJWIIOTCst .n;ono~HTMt.uu

MH OOK~KBMR npH .n;eJiemm: COC~aBHHX R.Jiep I8CJwH 222 U. Ha oc
HOBe aTRx HSMepemrli oiipe.n;eJieiru cpe.mme ~Rc~a -~- lieniponoB, 

. ,. ·. . . .; 
acnycxaeMHX B BH.n;eJieHHor.t :KaHane .n;eJieHJJJI. IIpoBe.n;eH ananxa 
SKcnepRMeHTant.HIDC peay~t.TaTOB H noKasaHo, ~To .n;aHHble onuTOB 
cBz.neTMt.eTBym o Heo6~oM xapaKTepe nponecca .n;eJieHHJI 
.fi.lUla raow. 

4. HsMepeHH RSOTOnHble pacnpe.Jie~eHXH RC H Cs npK .n;Memm 2213 ll 
xoHaMH IIB x 2~e. AH:anxs BKcnepXMeHTaJJLHhiX pesy~bTaToB no
KaSuBaeT, '!TO IDHpRHH HSOTODHbiX pacnpe.n;~eHHH Ollli'CUBaDTCR 
oTaTKCTKqeCRO~ Teopxeil: .n~eHBH.HaoTonHoe pacnpe.n;e~eHHe nesHJI, 
RSMepeHHOe -npH 3Hepr>m HOHOB 2~EJia6 = I65MaB,CBR.D;ere~t.eT-

.13' 
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nyer o ~yx MexBHHSMaX-~neHHH 238u, Toe. o ~eneHHH nocne 
nMHoro·H HenonHoro c.mum~m 6oM6ap.u;HpYJ)llleH 1JacTiunl H suu>a
MHmeHH.PesynLTaTH ODHTOB, BUnMHeHHHX C DOMOIIlbD MaCC-cneKT
poMeTpapornacymTCH c p~oXKMK'lecKHMH xccne~oBaHBHMH. 
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