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B Ka~aoM aKTe aeneHHH Haep ncrrycKaeTCH HeCKOJihKO HeftTpoHoB, yHo

cHmnx 9HeprHID B035y~eHHII OCKOJIKOB aeneHHH. C pOCTOM 9HeprHH B035y~

aeHHH aengmerocH Hapa nHHefiHo soapacTaeT cpeaHee '!Hcno HeftTpoHoB Ha 

8KT aeJI~HHH ( i7 f ) • 'lfncno II f 38BHCHT TaK~e OT z H A a eng-

merocH Hapa. B rrocneaHHe roahr ycrremHo nayqaeTcH aeneHne BhrCoKosoa5y~

aeHHhiX Haep, o5pa3yiDmHXCH ITpH 5oM5apaHpOBK9 MHili9H9H yCKOp9HHhiMH 

3apH~eHHhiMH qacTHU.aMH. OaHaKo ao HacToHmero speMeHH rrpHMhrx H3Mepe-

HHH 'IHCJia II 
f B 9THX peaKUHHX rrpaKTH'!ecKH He rrpoHasoaHnoch. Hayqag 

pacrrpeaeneHHe rro 3apgay H Macce rrpoayKTOB aeneHHH, MO~Ho caenaTb 

KOCBeHHyiD OUeHKY 'IHCJia v .PeaynbTaTw TaKoro poaa oueHoK rronyqe-r . 
Hhr B pHae pa5oT, rae '!Hcno Ill BBOaHJIOCb K8K CB05oaHh!H rrapaMeTp 

anH HaHnyqmero caMocornacoBaHHII aKcrrepHMeHTanbHhiX aaH)Ihrx. 
. I 1,2 3/ . 

B pa6d'I'ax ' CHCTeMaTH'!eCKH H3y'!anHCb MaccoBhre H aapHJlOBhre 

pacrrpeaeneHHII OCKom{OB aeneHHH p83JIH'!Hh!X Haep TH~9Jib!MH HOH8MH. no-

Jiy'!eHb! OUeHO'!Hhre 3Ha'!eHHII 'IHCJia II f , KOTOphre Herrnoxo cornacyiDT-

CII C pe3yJibTaTaMH ITpOCTb!X TeopeTH'I9CKHX paCCMOTpeHHft, He ITpeTeHayiD

mHX Ha Bb!COKyiD TO'IHOCTb. nocneaHHe MOryT 5b!Tb rrpoaenaHbl B rrpearro

JIO~eHHH, 'ITO 9HeprHII B035y~aeHHH KOMITayHa-Hapa ITOJIHOCTbiD rrepexoaHT 

B 9HeprHID B035y~aeHHII OCKOJIKOB aeneHHII 0 B KOTOpyiD HeKOTOpb!H BKnaa 
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BHOCHT H SHeprHSI ne<jlopM8UHH oeKOnKOBo HenocpeJlCTBeHHOe SKcnepHMeH

TanbHOe H3MepeHHe 'IHCna HeftTpOHOB 1 B03HHK8IOIIIHX npH )leneHHH BbiCOKO

B036y}f{JleHHblX S!Jlep, MO)KeT Jl8Tb CBe)leHHSI 0 paenpeneneHHH SHeprHH Me)K

JlY paanH'IHbiMH CTeneHSIMH CB060Jlbl JlenSIIIIefteSI eHeTeMbl. 

B naaaoft pa6oTe onHebiBaiOTCSI npSIMbie onbiTbi no HaMepeHHlO 'IHena 

t97 A 2o9 8. 238 U 
v JlnSI peaKUHH neneHHSI TSI)KenbiX Sl)lep U 1 1 1 

f 

HoHaMH 
12 C 1 

16 0 1 
22 Ne • 

MeToJlHKa sKcnepHMeHTa 

noeT8HOBKa OIIbiTa 6bma T8KOBa: npH o6ny'leHHH K8KOft-nH60 MHilleHH 

ny'IKOM TSI)KenbiX HOHOB OJlHOBpeMeHHO H3MepS!nOel:> 'IHeno H yrnoBOe pae

npeneneHHe HeftTpOHOB H OeKOnKOB1 BbineTaiOIIIHX H3 MHilleHH. npH Jlani:>Heft

llleft o6pa60TKe peayni:>T8TOB OIIbiT8 Bbi'IHenSinOeb 'IHeno HeftTpOHOB1 npHXOJlSI

IlleeeSI H8 OJlHH 8KT )leneHHSI S!Jlpa MHilleHH1 Bbi3B8HHOrO 6oM6apJl.HpyiOIIIeft 

'laeTHUeil: •. 

Pa6oTa Ha rry'IKe TSI)KenbiX HOHOB o6yenoanHB8eT BbieOKHe Tpe60B8HHSI 

K )leTeKTOpy HeftTpOHOB H3-38 IIpHeyTeTBHSI HHTeHeHBHblX <PoHOBhlX IIOTOKOB 

y -ny~ei!:, HeftTpOHOB ( 6bieTpbiX H MenneHHblX) H aapSI)KeHHbiX qaeTHU. 

B HBIIIHX onbiTax nnH perHeTpauHH aeATpoHOB npHMeHHnHel:> eTeKna, 

HaXOJlHBIIIHeeH B KoHTaKTe e nenHIIIHMeH aemeeTBOM - aenTyHHeM 
237 Np 

3KpaHHpoaKa neTeKTOpa nornoTHTeneM Ha n106oro aemeeTBa (a HallleM 

enyqae - JliOpan~:>) Tonumaoa nopS!JlKa 1-2MM nonaoeTI:>IO npenoxpaasrna 

JleTeKTOp OT nonanaHHSI B aero ni06biX aapSI)KeHHbiX qaeTHU ( OT npoTOHOB 

JlO OeKonKOB )leneHHSI) t pO)K)laiOIIIHXeSI Ha MHilleHH IIOJl B03)lefteTBHeM TSI)Ke

nbiX HOHOBo noTOK 6bieTpb!X Heii:TpOHOB eoaepllleHHO He oena6nsrneS! eTOnb TOH-

KHM enoeM aemeeTaa. Eeayenoaao, y - ny'IH T8K)Ke B03JlefteTBOB8nH 

f 

Ha JlenSIIIIeeeSI BeiiieeTBO t OJlH8KO Bbi3B8Tb neneHHe Np MornH Toni:>KO 

O'leHI:> )KeeTKHe y -ny'IH e aaeprHeft Bbiille 6 Msa. HsaeeTHo, 'ITO eneKTpbi 
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y -ny'leil: OeKonKOB )leneHHSI H KOMIIayH)l-SIJlep B peaKUHSIX e TSI)K9'nbiMH 

HOH8MH O'leHI:> MSirKHe H BepOSITHOCTI:> 06pa30B8HHSI y -KBaHTOB e SHep

rHeil: 6 Maa HaeTOni:>KO Mana, 'ITO 9TO HBneHHe He Ha6niOnanOeb SKeiiepH-

MeHTani:>HO. noSTOMy <PoH OT y -nyqc.ti npeHe6pe)KHMO Man, eenH OH 

• 237 N 
aoo6me HMeeTeSI. Ba)KHbiM npeHMymecTBOM p no cpaaHeHHIO e npy-

rHMH JlenSIIIIHMHeSI H30TOIIaMH SIBnSieTeSI To, 'ITO OH He )lenHTeSI TennOBbiMH 

HeftTpoHaMH H II09TOMY JleTeKTOp He 'lyBeTBHTeneH K <PoHOBblM IIOTOK8M 

MenneHHbiX aeii:TpoHoa. HHsKHH rropor 'neneHRH HenTyHHSI ( "' 500 Kaa) 

H IIIHpoKoe nnaTo eeqeHHSI (0,7-6) Maa (eM. pHc. 1) o6eerre'IHBaiOT ae-

IInOXYIO e'IeTHyiO xapaKTepHeTHKy )leTeKTOpa 

Heti:TpOHOBo 

B 3aBHeHMOeTH OT SHeprHH 

HenoeTaTKaMH npHMeHeaaoro HaMH erroeo6a perHeTpaUHH Heii:TpoHoB 

SIBnSIIOTeSI HH3KaSI ~<PeKTHBHOeTI:> JleTeKTOpa ( "' 10-6 ) H OTeyTeTBHe 

y Hero eneKTpOMeTpHqeeKHX eBoil:eTB. OueHKH IIOKa3anH, 'ITO eiieKTp HeftT

pOHOB )leneHHSI B036y)KJleHHblX S!Jlep JlO,'I)KeH 6biTI:> HaeTOni:>KO )KeeTKHM, . 'ITO 

anHRHHe HeHyneaoro nopora neneHHSI Np MO)KHO 6binO He y'IHTbiB8Th, 

TaK KaK O'IeHI:> ManaS! qaeTI:> eneKTpa aeii:TpOHOB nonanaeT B o6naCTI:> H~'IYB-

eTBHTeni:>HOeTH neTeKTopa. ToniiiHHa enoR Np 6bma B3RTa paBHoil: 

~r ~ 300 ~ JlnR TOr01 'IT06bi He BBOJlHTI:> IIOIIpaBOK Ha eaMOIIOrnoiiieHHe eM 

OeKOnKOB B enoe )lenSIIIIeroeR BemeeTBa, IIpH 9TOM ~eKTHBHOeTI:> 

UHH Heii:Tpoaoa e aHeprHeil: B HHTepaane (0,7-6) Maa 6bina paaaa 

perHeTpa

-6 
1, 14 10 • 

CxeMa OIIbiTa rrpeneTaaneHa Ha pHe. 2 • .UeTeKTopbi aeATpoHoB paerro-

o 0 naranHeb Ha ManoM Kon~:>ue non paanH'IHbiMH yrnaMH,oT 15 no 165 
1

K rryq-

Ky. OeKonO'IHbie JleTeKTOpbi - eTeKna rroMemanHel:> · Ha Kon~:>ue 6on~:>lllero 

JlHaMeTpa H perHeTpHpOBanH OCKOnKH, BbineT8IOillHe B TOM )Ke HHTepBana. 

yrnoB1 'ITO H Heii:TpOHblo 0cKOnKH IIpOXOJlHnH CKB031:> cneuHani:>Hbie OTBep-

eTHSI B ManoM Kon~:>ue. ToaKHe MHilleHH Bi H U JlHaMeTpoM 24 MM 

. 2 ) 
H TOnlllHHOH 1 Mr/cM H3roTaBnHaanHCb HaHeeeHHeM Ha TOHKYIO (0,7 MK 

aniOMHHHeByiO <Pon~:>ry MeTannH'IeeKoro Bi HeiiapeHHeM B BaKyyMe H COnH 
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0 sneKTponHaOM H3 opraHH'IeCKoro pacTsopa. B Ka-
2 • 

qeCTB9 MHlli9Heft HCnOIIb30B811HCb TSK>Ke amoMHHH9Bbi9 <flonbrH TOIIWHHOft 

1 MK. TciK ny'IKa, npoxo.nHBlllero qepea MHllleHb1 .nocTHran 2-3 MKa .nnH 

12c 16 0 22 N qaCTHU , · , e H MOHHTOpHpOBSIICSI C noMOinh!O nonynpo-

BO.llHHKOBOrO ,neTeKTOpa, perHCTpHpy!Omero HOHbi 0 pacceHHHbi9 Ha cneuHanh-

HQM pacceHsaTene ( <flonhra H3 Au 0,1 MK). Heo6xo.nHMo 6bmo o6ec-

ne'iHTh Bb!COKYIO OTHOCHTenbHyiO TO'IHOCTh MOHHTOpHpOBSHHSI ny'IK81 B TO. 

apeMH KSK Bb!COKSSI TO'IHOCTb B a6conioTHOM H3MepeHHH B911H'IHHbl TOKa 

ae 6bma aeo6xo.nHMoll:, A6coniOTHoe H3MepeaHe ocymecTsmmoch HHTerpa

TopoM TOK81 IIO.llKIII0'19HHbiM K UHIIHH.llPY <Jiapa,neH, 

BsH.ny Manoll: s<fl<fleKTHBHOCTH . .neTeKTopoa uell:Tpoaoa HHTerpan TOKa, 

Tpe6y10InHftCH ,lliiSI Ha6opa H906XO.llHMOfi CTSTHCTHKH aell:TpOHHOrO C'I~Ta 1 

6biii CIIHlliKOM BenHK .lliiSI aa6opa CTSTHCTHKH no OCKOIIKSM ,neneHHSI, flos

TOMY onbiT pas,nenSIIICSI HS ,llBS o6ny'leHHSI: OllHO H3 HHX '.nnHT911hHOe 

( 3-4 qaca) npH BbiCOKOft HHT9HCHBHOCTH IIY'IKS 'ISCTHU - ,lliiSI H3MepeHHSI 

'IHCna Heii:Tp0HOB1 a BTOpoe KpSTKOBpeMeHHOe ( "':10 MHH) cna6b!M TOKOM 

"' 0,05 MKa) - .lliiSI H3Mepe.HHSI 'IHCna OCKOIIKOB, B nepBOM o6ny'leHHH 

,neTeKTOpbi OCKOIIKOB 38KpbiBSIIHCb cneUHSIIhHbiM 9Kp8HOM1 KOTOpbill: MO>KHO 

6bmo y6HpaTh 6es uapyllleHHH eaKyyMa a KaMepe. PeaynbTSTbi sTHX o6nyqe

HHll: cpaBHHB811HCh
1 

.lliiSI qero Tpe6osanoCb 3HaHH8 C BbiCOKOft TO'IHOCThiO 

OTHOlli9HHSI HHTerpanhHOrO noTOKa 'ISCTHU qepe3 MHlli9Hb B TOM H ,npyrOM 

o6ny'leHHSIX, 

neTeKTOpbi H MHlli9Hh noMemanHCh B BaKyyMHOft KaMepe, KOTOpSSI· 

6bma OKpy>KeHa CO BCeX CTOpOH TOIICTbiM cnoeM napa<flHHa ( 20 CM) C Kap-

6H.llOM 6opa. BuyTpH napa<flHuosoA: aamHTbi pacnonaranacb KSJlMHeeas o6o

no'IKa H CBHHUOBbift .llOMHK 1 OKpy>KaBlliHft KaMepy ( TOIIInHHa CIIOSI CBHHUS 

"' 5 CM), 3aWHTa COCTOSina H3 .llBYX nonOBHH H 6bma CMOHTHpOBaHa Ha 

no,nBH>KHbiX Tene>KKaX: pa3 . .llBHraSI 38InHTy1 9KCnepHM9HTSTOp nonyqan .llO-

CTyn K KaMepe, 
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Uenh CTOIIh TinaTenbHOrO 9KpaHHpOB8HHSI KaMepbi COCTosrna B no.naa

neHHH nOTOKOB 6biCTpbiX Hell:TpOHOB OT BH9lliHHX HCTO'IHHKOB1 KOTOpbiMH 

SIBnHIOTCSI ace ,neTanH UHKIIOTpOHa H CHCT9Mbi TpaHcnopTHpOBKH IIy'IKa
1 

H8XO,ll'SIInH9CSI no,n B03.ll9ll:CTBH9M IIy'IKa YCKOpeHHbiX TSI>K911biX HOHOB, 

3Ha'IHTenhHbill: paaMep MHllle:HH rroaaonHn rrponycKaTh qepea Hee 

60IIhlliYIO 'ISCTb ny'IK81 .HMe10merocsr B HOHOnpoao,ne, HeCMOTpSI Ha He,llOCTa

TO'IHO XOpOlllyiO «fJoKyCHpOBKY IIY'IK81 ero IIOTepH Ha .llHa«flparMax, BbiHeceH

HbiX 38 38InHTy1 COCTSBnSIIIH He 6onee 30%, flornomancsr ny'IOK B UHIIHH)l

pe <l>apa.nes, noMemeHHOM TaK>Ke .naneKo oT .neTeKTopoa, sHe aamHTbi, flo .. 

rnoTHTenb ToKa 6bm c.nenaH H3 rpa«fJHTa .nnH Toro, 'IT06bi yrnoaoe pac-

. 00 npe.neneHHe Hell:TpOHOB HMeno O'leHh OCTpbill: MaKCHMyM B HarrpasneHHH 

0 
H 'IHcno Hell:Tpoaoa, neTsrmHx Ha yrnhi 1 6nH3KHe K 180 , r.ne pacrronara-

nHcb .neTeKTOpbi1 6binO Heaen.HKO, nHa«flparMbl >Ke BbiiiOIIHSIIIHCb H3 TSI>Kenoro 

sneMeHTa ( Ta ), npH STOM yrnosoe. pacrrpe.neneHHe Hell:Tpouoa, po>K.na

eMbiX Ha ,llHa«fJparMaX, 6binO 6onee BbirOJlHbiM C TO'IKH 3peHHSI ·yMeHhWeHHSI 

<floHosoro Hell:TpoHHoro rroToKa a C'I~THoll: o6nacTH KaMepbi, B HTore HsMepe

HHSI «floaa, IIpo.nenaHHbie B pa60'IHX ycnOBHHX1 HO 6ea MHllleHH1 noKa3anH1 

'ITO OH HH30K H He npeBhllllaeT (3-5)% OT ypOBHSI s<fl«fJeKTa .lliiSI BCeX )leTeK-

Topoa, r· 

TaK KSK HCHOIIb3yeMbie MHllleHH 6binH BbiiiOnHeHbl Ha 81110MHHH9BbiX 

no)lno>KKax, ueo6xoAHMo 6hmo Bbi'IHTaTh «floH Hell:TpoHoa, po>K.naeMbiX Ha Al
1 

0 0 
3ToT «PoH 6bm H3Mepeu H .nnH acex qacTHU; Ha yrnax 6onbllla 60 -70 oH 

He npeBbllliSII 5% OT s<fl«fJeKTa, HO C yMeHbllleH.HeM yrna ll~CTHran ( 30-40)% 
0 0 

oT nonHoro C'I~Ta Ha yrnax 15 -20 • YpaHOBbie MHllleHH co.nep>KanH TaK>KE! 

3HS'IHTenbHOe KOIIH'IeCTBO nerKHX sneMeHTOB - KHCnOp0£18 H 1 B03MO>KH01 

aaoTa (lJO 2 (N0 3 ) 2 x 6H 
2 

0 non aell:cTBHeM Tennosoro H paaHa-

UHOHHOrO B03l:(ell:CTBHSI HHTeHCHBHOrO IIy'IKa TH>KenbiX HOHOB rrpeapamaeTCSI 

B OKHCb ypaHa), KaKHM-nH60 o6pa30M Bbl'IHTSTb 9TOT «floH 6bill0 38TPYllHH

TenbHO BBHllY HeorrpeaeneHHOCTH KOIIH'IeCTBa nerKHX sneMeHTOB B Ka>K,llOft 
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\.1HllleHHo OllH8KO _o'I9BH!lH0 0 'ITO BKnan !jloHa OT nerKHX ::meMeHTOB 'lpe3Bbi-' 

qatl:HO HH30K !lmi 60nblllHX yrnOB 1 li03TOMY B Ollb!T8X C ypaHOM HCriOnb30-

BanHCb nHillb ll8HHbie riO KOnH'IBCTBy HeitTpOHOB0 HCllylUBHHbiX Ha yrJibi 1 

6oJiblllHB 00° • 

0TMBTHM0 'ITO ~pH pa6oTe C TOHKHMH MHillBHHMH 'IHCnO Hetl:Tp0HOB0 

3 aperHCTpHpOB8HHbiX !lBTBKTOp8MH 1HeBenHKO llpH paayMHOM BpeMeHH o6ny

'19HHH ( ~ 3 '18COB) H COCTaBnHeT 20-50 !lnH Ka~noro yrna. npH HH

TerpHpOB8HHH riO yrnaM <ITO naeT HerrnoxyiD CT8THCTHKY (rropH!lK8 300-700), 

onHaKo nnH orrpeneneHHH 'IHcna !If Tpe6yeTCH TO'IHOe 3H8HHe yrnoBO-

ro pacrrpeneneHHH aetl:TpOHOB. B CBH3H c aTHM 6bmH rrocTaeneHbi crreuHanb

Hbie orrbiTbi rro RaMepeHHID yrnoeoro pacrrpeneneHHH aeATpoaoe nnH Ka~noft 

peaKUHH C TOnCTbiMH MeTannH'I9CKHMH MHill9HHMH 0 'ITO cywecTB9HHO 

yny'llllHJIO cTaTHCTH'IeCKYID o6ecrre'leHHOCTb aKcrrepHMeHTa. PeaynbTaTbi 

Ollb!TOB C TOnCTbiMH MHill9HHMH HCriOnb30B8nHCb llJIH rronyqeHHH 'IHCna V I 

3To HBnHeTcH crrpaeennRBbiM, ecnu yrnoeoe pacnpeneneHRe aeATpoHoB cna-

6o aaBHCHT oT aaeprRH 6oM6apnRPYIDlUHX 'IBCTHU. nocnenaee rrpenrrono

~eaHe 6bmo rronHoCTbiD rronTeep~neao aKcrrepRMeHTanbHo: yrnoBbie pacrrpe

neneHHH aeti:TpOHOB B CHCTeMe 1 CBH38HHOi!: C KOMli8YHll-H!lpOM1 CHMMeTpH'I-

0 
Hbl O,.HOCHTenbHO 90 H HM9IDT ManyiO 8HK30Tp0l!HID1 KOTOp8SI 0'16!Hb cna-

6o M9HH9TCH C H3M9H9HHBM 9HeprHR HOHOB0 Bbi3biB8IDlUHX neneHHe. 

CnoR aerrTyHHH, pacrrono~eHHbie non paaHbiMR yrnaMR, ae 6bmH, 

6eaycnOBH01 a6coniDTHO HllBHTH'IHbiMH 1 li09TOMY BBO!lHnacb nonpaBK8 H8 

KonH'IeCTBo aToMoB Np B Ka~oM neTeKTope. ToniUHHa cnoee onpene-

ngnacb no a -aKTHBHOCTH Ka~oro aerrTyHHeeoro o6paaua, HaMepHe-

MOil: nonyrrpOBO/lHHKOBbiM noeepXHOCTH0-68pbepHbiM ll9TBKTOpOM B CT8H!l8pT

HOft reoMeTpHH C XOpOillO H3B9CTHbiM TeneCHbiM yrnoM C'I~Ta. 

CTeKnHHHbiB HH!lHK8TOpbi riO OKOH'I8HHH o6ny'I9HHH liO!lBepranHCb TpaB

neHHID B paa6aeneHHOfi nnaBHKOBOft KHCJIOTe llJIH npOHBneHHH cnenoB OCKOJI

KOB neneHHHo npoCMOTp CTeKon OCyiUeCTBnHnCH H8 OliTH'IElcKOM MHKpOCKO-

ne MBJ1. 
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06pa6oTKa peaynbTaToB 

npoCMOTp CTBKOn K8~!lOrO o6ny'I9HHH C liO!lC'I~TOM riOnHoro 'IHCJI8 

f f v v 
cnenoe aa Ka~noM Ha HHx naean nea pHna 'IHcen 1NL(eL) H NL(eL), 

paBHhlX KOnH'I9CTB8M aaperHCTpHpOB8HHhlX OCKOnKOB H Hei!:TpOHOB B 38BH

CHMOCTH OT na6opaTOpHoro yrna. nmr Yll06CTBa nanbH9i!:Illei!: o6pa60TKll 

ll8HHbiX C UenbiD rrony'leHHH 'IHCJI8 II f Tpe60B8JIOCb IIepeBeCTH 9TH 

II II 
'IHCna B CHCTeMy, CBH38HHyiD c KOMrrayan-HnpoM. N L( eL) H N L ( eL) 

BCTb riO CylUeCTBy !lH!jl!jlepeHUH8JibHbiB CB'IBHHSI Hei!:TpOHOB H OCKOJIKOB 

B na6opaTOpHOH CHCTBMe KOp!lHH8T B HBKOTOpb!X OTHOCHT9nbHbiX BllHHH-

uax, H3MepeHHbiB llJIH HBCKOnbKHX 3H8'IBHHi!: na6opaTOpHbiX yrJIOB 

e v 
L 

e t 
L 

H 

nepeBO!l yrnoBoro pacrrpeneneHHSI OCKOnKOB B CHCTeMy UBHTpa HHep

/4/ 
UHH OCylUBCTBnSIJICSI CT8H!l8pTHbiM o6pa30M ( CM. 1 HarrpRMep, ) : 

3necb 

f f f f f 
N ( e ) = m < y e ) N, ( eL), 

c c f c ""€" 

Si ( f f) • e f 
0 8 C- 8L = y

1 
SID L 

I dOL r mcy .e )=-~~ - reoMeTpHtrecKRif !jlaKTop.nepeeona 
t c dOc 

llH!jl!jlepeHUH8JibHbiX CB'I9HHA H3 na6opaTopHoft CHCTBMbl KOOp!lHH8T B CHCTeMy 

UBHTpa HHBpURH 0 y f - napaMeTp rrepeBO!l8 1 paBHbifi OTHOillBHHID CKOpOCTH 

UBHTpa M8CCbl K CKOpOCTH OCKOnKa B CHCTeMe UBHTpa HHBpUHHo m H y f 

Bbi'IHCnSinHcb rro !jlopMynaM 

f 

'«(y ,e ~= 
f c 

y 

l+y Cose 1 

f c ---
( 1 + Y 2 + 2 Y Cos e f ) 3/2 

=I f 

EbAb 

ETA c 

c 

rae E b H E T - KHHBTR'IBCKHe sHeprHH 6oM6apnHpyiDIUHX qacTHU .H rrapbi 

OCKOJIKOB neneHHSI COOTBBTCTBBHHO. 
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A 
c Ab - MaCChi 6oM6apLIHpyJOIUeii '18CTHUhi H KOMI18YHL1-HLlP8 H 

COOTBeTCTBeHHOo no cyrueCTBy ET H y f HBnHJOTCH cpeLIHHMH 3Ha<JeHH-

HMH, TaK KaK crreKTp E T ecTb LianeKo He LienbTa-<f>yHKUHH, OLIHaKo LIHc-----2- -
rrepcHH y < I'!. E T> MHoro MeHbllle cpeLIHero 3Ha<JeHHH E 'P rroaToMy • 

LI8HHOe ycpeLIHeHHe He BHOCHT CyllleCTBeHHOH OIIIH6KH B paCCMOTpeHHe, Be-

- ' /5/ 
nH'IHHa E T pacc'IHThiBanacb no rronyaMnHpH<JecKoA ¢opMyne • 

CyllleCTBeHHO xy)l(e o6CTOHT Lieno c nepeBoLIOM yrnoBhiX pacnpeLiene

HHH HeilTpOHOB B CHCTeMy, CBH38HHYJO C KOMI18YHL1-HLlpOM, CneKTp HeiiTpo

HOB O'!eHb IIIHpOK, H LlHCnepCHH SHeprHH HeiiTpOHOB CpaBHHMa CO cpeLIHHM ee 

3Ha'!eHHeM, noaToMy nepeBOLl C nOMOIUbJO cpeLIHero 3Ha'!eHHH Y11 

B03MO)I(Ho, LiaeT HeKOTOpbie HeTo'IHOCTH. OnHaKo cneKTpanbHbiA nepeeon 

yrnOBhiX pacnpeneneHHil LlOBOnbHO cno)l(eH Ma~eMaTH'!eCKH H Tpe6yeT 3H8'1H

TenbHOI'O KOnH'!eCTB8 BpeMeHH H8 aneKTpOHHO-Bbl'IHCnHTenbHOft M8IIIHHe. 

noaTOMY 6bin llpHMeHeH BCe-TaKH nepe~OLl H3 CHCTeMbl B .CHCTeMy C no-

MOIUbJO CpeLIHero 3H8'1eHHH y11 : eCTb OCHOB8HHH L1YM8Tb0 'ITO norpeiiiHOCTH 

B L18HHOM cny<Jae He O'!eHb CyllleCTBeHHbl 0 T8K K8K 3Ha'leHHH y 11 HeBenHKH 

( "' 0,15) H KoatfltflHUHeHT :»i( Y11 • (} c! ) He O'!eHb CHnbHO OTnH<JaeTCSI OT 1 LinSI 

BCeX 3H8'!eHHil yrna (} 
11 

H cna6o MeHS!eTCSI C H.3MeHeHHeM y 
c II 

UnH Bbi'IHcneHHSI cpeLIHero 3Ha'leHHH napaMeTpa nepeBoLia Tpe6yeTCH 

3H8HHe CpeLIHeH CKOpOCTH HeHTpOHOB B CHCTeMe, CBH38HHOil C KOMnayHLI

HLlpOM, C'!HTanocb, 'ITO HeATpOHbi HcrrapHJOTCH H3 nonHOCTbJO ycKopeHHbiX 

OCKOnKOB, npeLirrOnaranOCb T8K)I(e 0 'ITO B CHCTeMe, CBSI38HHOA C OCKOnKOM, 

HeiiTpOHbl HcnyCK8JOTCSI H30TponHO H o6naLI8JOT KHHeTH'leCKOH aHeprHeft, pas

HOM 2T • rLie T eCTb cpenHHH no K8CK8LlY TeMnepaTypa OCKOnKa. noc

neLIHee crrpaBeLinHBO, ecnH cneKTp HeATpoHOB XOpOIIIO onHCbiBaeTCSI cneKT

poM HcrrapeHHH no BaAcKon$y: 

W ( E ) 
T 

E 
II -----:rz exp 
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LinH KoToporo rrapaMeTp TeMnepaTypbi T Bbi'IHCnHeTcH no xopolllo H3BecT

HOH tflopMyne 

E* =aT
2

• 

3LieCb a ":' napaMeTp nnoTHOCTH_ ypoBHeii, KOTOpbiil C'IHTanCH paBHbiM 

a= 
A -1 W Mae • 

npennonaranoCb T8K)I(e, 'ITO TeMrrepaTypa OCKOnKOB B MOMeHT pa3pbi

Ba llleitKH pasHa TeMnepaType KOMnayHLI-Hnpa, aTo crrpaeeLinHBo, ecnH 

aHeprHSI B036Y)I(LleHHH pacnpeLien>reTCH nponopuHOHanhHO Macce OCKOnKoe; 

KpoMe Toro, C'IHTanocb, 'ITO B cpenHeM no 5 Mae aHeprHH B036y)I(LieHHSI 

LinH Ka)KLIOI'O OCKOnKa YXOLIHT Ha HcnycKaHHe y -KB8HTOB, 

Pe3ynbT8TOM STHX rrpeLIIlOnO)I(eHHft HBnHeTCH npH6nH)I(eHHaH tflopMyna 

LinH Bbl'IHCneHHH cpeLIHero 3Ha<JeHHH Y11 

vE bAb 
y = 

II 

yETA c +v40 E: A~ 

LinH HeilTpOHOB: 

rLie * E - cpeLIHHH 9HeprHH so36y)I(LieHHSI -KOMnayHLI-HLipa. 
c 

npH llepeC'I~Te yrnOBbiX pacnpeLieneHHft, H3MepeHHbiX C llOMOIUbJO 

TOnCTbiX MHIIIeHeft, HCnOnb30BanoCb ycpeLIHeHHOe 

6oM6apLIHpyJO.IUHX '!aCTHU 
E 

E 
b 

{a"Ea (E)dE 
R f 
E 
J rna~ (E) dE 

f 
B 

3Ha<JeHHe fHeprHH 

rLie B - KynoHOBCKHA 6apbep cnHHHHH S!Liep B LiaHHOA peaKUHH, E 
max 

MaKCHMa_nbHaSI 9HeprHH 6oM6apLIHPYJOIUHX '!8CTHU, a f (E)- $yHKUHH B03-

6y)I(L!eHHH LinB LieneHHH, n OCJie Bbl'IHCneHHSI }' 11 LianbHeHIIIHe paC'!~Tbl 

npOH3BOL!HnHCb no tflopMynaM,. ITOnHOCTbJO 110LI06HbiM TeM, KOTOpbie HanHC8Hbi 

Bbiiiie LinH OCKOnKoB LieneHHH, B peaynbT8Te LinH OLlHOI'O H TOI'O )l(e onbiT8 

paCCMaTpHBanHCb KOnH'IeCTBa HeftTpOHOB H OCKOnKOB, HCnyllleHHhlX Ha naHHbiA 

1 1 



(} 
c 

B cHcTeMe ueHTpa Mace B onpe.ttel1eHHhill: 911eMeHT Te11ec-yro11 

HOrO yr11a t).!} f • H t). 0 
11 

HHTerpHpyR 9TH pacnpe.tte11eHHR BO BCeM HH-

T9pBal1e yr110B (} f , (}II 
c c 

H cp f, cp 11 
OT 0 .[10 2rr_ 0 .tto rr OT H 

BbPIHCI1RR OTHOWeH:Ij:e HHTerp8110B1 nol1y'IHM nOI1HOe 'IHCI10. Heli:TpOHOB1 HCnyc-

KaeMhiX H3 MHWeHH H8 O.ttHH, 8KT .ttel1eHHR KOMnayH.tt-H.ttpa. 3TO 'IHC110 ( v) 
-· 

B oomeM Cl1y'lae OTI1H'18eTCR OT Cpe.ttHero 'IHC118 Heli:TpOHOB II f , HC-

rrycKaeMbiX B 8KTe .ttel1eHHR/ H paBHO 

II = II +II 
f 

c(l +rf;rn)llo-1 

r.tte 11 - cpe.ttHee 'IHC110 Heli:TpOHOB1 HCnyCKSeMbl;lt KoMnayH.tt- 51.ttpOM, 
c 

ec11H OHO He .ttei1HTC51 1 rn 1 r t - OTHOWeHHe Heli:TpOHHOll: H .tte11HTel1bHOll: 

WHpHH ll11H KOMnayH.tt-R.ttpa. n11R T51)!(el1b!X KOiimayH.tt-51.ttep', HMeiOmHX £' /f'. <1. 
.it f ' 

yK838HHbiM p8311H<IHeM MO:IKHO IIpeHeope'lb H C'IHT8Tb1 'ITO II = II f 

.ttei18X TO'IHOCTH 9KCnepHMeHT8 1 KOTOp8R Obll18 He 11Y'IWe (5-7)%, 

B npe~ 

B OKOH'IaTe11bHOM BH.tte 4JopMy11a .tti1R Bhi'IHCI1eHHR II HM9118 BH.tt: 

rr L 

2 ItS t f. '" N Sin8
11

d8
11 

II 11 e e 

II=------

I11°NpcCTnNp 
rr 

'"NLS. (Jfd (} f f 
0 

f f 
10 

c e. 

3.tteCb I t H I 
11 

- HHTerpal1bHbie rroToKH 'IBCTHU, saperHCTpH-

pOBBHHhiX MOHHTOpOM ny'IK81 B OnhiT8X no perHCTp8UHH OCK011KOB H Heli:T-

2 
pOHOB COOTBeTCTBeHH0 1 S f - n110W8.tlb OTB9pCTH51 1 B CM 1 B M8110M 

K011bUe ( CM. pHCo 1) 1 CI1Y)!(8Wero .[11151 npOXO)!(.tteHH51 OCK011KOB .ttel1eHHR1 

237 N 2 
o·N P - Ce'leHHe .ttel1eHH51 p H8 II118T0 1 B CM 1 II Np - K011H'IeCTBO 

8TOMOB HenTyHHH B O.ttHOM .tteTeKTope Heli:TpOHOB 1 ( 9$$eKTHB-

HOCTb perHCTp8UHH OCK011KOB CTeKI10M npH p8CIIOI10)!(eHHH HCTO'IHHK8 OC

/6/ 
K011KOB Bni10THYIO K CTeKI1Y 1 p8BH8H 0,4::!:_0,0 1 OT 2 rr 

12 

"" 

flpH Bbi'IHCI1eHHRX HHTerpa11bl 38MeH!lJ1HCb CyMM8MH no 
(} II H (} f 

e 
v f 

C O.ttHHBJ(OBbiMH HHTepB8118MH t). (} H t). (} • 
e c 

BBH.tty.Toro, 'ITO HerrTyHHll: o611a.ttaeT HeHyl1eBhlM noporoM .ttel1eHHR 

0,5 ~9B) 1 HeKOTOp851 '18CTb Heli:TpOHOB He perHCTpHpOB8118Cb .tteTeK

TOpOMo EblllH BBe.tteHbi norrpaBKH 'lli1R HCKI1IO'IeHH51 9TOll: HeTO'IHOCTH -

e 

nop51.ttK8 CJ-8)% .[11151 p8311H'IHhiX peaKUHll:o Y 'IHTb!B8110Cb T8K)!(e p8311H'IHe Me)!(.[ly 

171 
v H v f • Bei1H'IHHbl rn; r f 6pa11HCb H3 paOOTbl 1 8 3H8'1eHHSI 

v . paCC'IHTbiB811HCb H8 OCHOBe OObl'IHhiX 9HepreTH'IeCKHX COOOp8)!(eHHll: 

e /8/ 
(eM., HanpHMep, ) • Bee BBO.ttHMhi9 nonpaBKH HMeiOT. Bei1H'IHHY .. 10% 

OT KOppeKTHpyeMoro 'IHCI18 II f 1 n09TOMy1 HeCMOTp51 Ha HeKOTOpbie 

B03MO)!(Hble HeTO'IHOCTH B KOppeKUHH pe3yl1bT8TOB1 OCHOBH8R HeTO'IHOCTb 

HTOrOBOrO 3H8'19HHSI II f CBR38H8 C norpeWHOCT51MH 9KCrrepHMeHT8 

H HMeeT Bei1H'IHHY IIOp51.tlK8 5-7%, 

Pesyl1bT8Thi H HX o6cy)!(.tteHHR 

B Ta611Hue rrpHBe.tteHbi cBe.tteHH51 o6. H3Y'IE!!HHhiX HaMH peaKUH51X1 .ttaiOT-

C51 3H8'1eHHSI .[11151 K8)!(.[10ll: H3 HHXo 
II f 

f 
Ha pHc. 36 .ttl151 npHMepa rroKasaHhi 

2og 8 .(22N f) 
yri10Bbie pacrrpe.tte11eHHSI Heli:TpOHOB 

H OCKOI1KOB .[11151 peaKUHH 1 e, 

'18CTHU 183 ~ 9Bo 

.Ha pHC. 4 Bee CBe.tt9HH51 0 'IHCI1e v f 

R.ttep npe.ttCT8BI1eHhl B BH.tte 38BHCHMOCTH OT 

npH 9HeprHH OOMOap.ttHpyiOWHX 

.[11151 pa311H'IHhiX KOMnayH.tt

* E KOMnayH.tt-R.tt.ep ( eos-

MO)!(Holl: saBHCHMOCTbiO ii t oT Z H A .tt911Rmeroc51 sr.ttpa Mhi 3]lecb 

npeHe6peraeM). Tpeyrol1bHHKaMH o6osHa'leHhi sHa'leHHH ;:; , nol1y'leH-· 
f 

Hbie H3 H8WHX onhiTOB no M8CCOBOMY H 38p51.ttOBOMY pacnpe.tte119HHIO OCKOI1-

/1 2 3/ 
KOB .ttel1eHHR ' ' , KPY)!(K8MH - pesyl1bTaThi Herrocpe.ttCTBeHHoro H3MepeHHR 

MeTO.tlOM
1 

OIIHC8HHbiM BbiWeo PasopOC TO'IeK HeBe11HK, OH CB5138H C rrorpew-

HOCTbiO 9KcrrepHMeHToB H saBHCHMOCTbiO v oT Z H A s.ttpa. 3ToT 
f 

p830pOC
1 

0.[1H8K01 He M9W8eT Bb!CK838Tb HeKOTOpb!9 YTBep)!(.tt9HH51, 
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1. B npeAenax TO'IHOCTH aKcnepHMeHTa ( ""7%) ae aa6moAaeTCSI 

oTnH'IHii B 'IHCnaX V f 1 H3MepeHHbiX aenocpeACTBeHHO H nonyqeHHb!X 

KOCBeHHbiM o6pa30M npH o6pa60TKe Jl8HHb!X no M8CC8M H 38pSIA8M npoAyK-
/ 1 2 3/ 

TOB AeneHHSio 3TO nOATBep)I{A8eT npeAnOnO)I{eHHSI1 IlpHHSITbie B pa60TaX 
1 1 

AnSI o6pa60TKH AaHHhlX 1 B qaCTHOCTH TO 06CTOSITenbCTB0 1 'ITO HaH6onee 

sepOSITHblii 3apSIA nepBH'IHblX OCKOnKOB (AO HCnycKaHHSI HeiiTpOHOB) npH 

AeneHHH B036y)l{):leHHbiX KOMnayHA-SIAep MO)I{eT 6b!Tb paCC'IHTaH no rHnO-

Te3e paSHOrO CMemeHHSI 3apSIAOBo 

2. q~TKO npOSIBnHeTCSI CHnbHaSI 38BHCHMOCTb 'IHCna v f oT aaeprHH 

B036y)l{):leHHSI Aensrmerocsr HApa. 3KcTpanonsrUHSI npSIMoii, npoBeAeHHoii no 

aKcnepHMeHTanbHhiM TO'IKaM, B o6nacTb ManhiX 3Ha'leHHii E* naeT npH 

* E = 0 senH'IHHy iJ f , 6nH3KYIO K cpeAHeMy '!Hc,ny HeiiTpOHOS Ha aKT 

cnoHTaHHOrO AeneHHH 2s2 C£ . 

npeACTasneHHbie 3/leCb pe3ynbTaTbl noKa HeAOCTaTO'IHbl JlnH 06Cy)I{Ae

HHSI 6onee TOHKHX ~H3H'!eCKHX 3aKOHOMepHOCTeft1 KaK-TO: OTKnOHeHHe ~yHK-

A UHH r; f ( E *) OT npsrMoft; 3aSHCHMOCTH 

* 
z nenSimerocSI OT H II 

f 

srApa npH ~HKCHposaaaoii E H np. 

Heo6XO/lHMO OTMeTHTb 1 'ITO pa3pa6oTaHHaSI 3AeCb MeTOAHKa MO)I{eT 

ycneWHO npHM9HSITbCSI JlnH H3MepeHHSI BenH'IHH rn/ r f JlnSI HAep, HMeiOWHX 

3Ha'!eHHe rn I rf > 1 ,, a TaK)I{e AnSI H3MepeHHSI yrnOBbiX pacnpeAeneHHii . 
HeiiTpOHOB1 HCnycKaeMbiX HeAenHWHMHCSI KOMnayHA-HJipaMHo 

ABTOpbi 6naronapHbi aKaAeMHKy r.H.ct>neposy sa HHTepec K pa6oTe, 

a T8K)I(e HryeHy TaK AHIO H n.nemKosoA 3a noMOWb B o6pa6oTKe pe3ynb-

TaTOBo 
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PyKonHCb IIOCTynHna S H31laTenbCKHii OT/len 

7 HIOnSI 1969 rona. 

Ta6nHua 

PeaynbTaTbi orrhiTOS no HaMepeHHIO '!Hcna Jlf npH )leneHHH 

Slllep TSI)I{enbiMH HOHaMH 

PeaKUHH E8 (Mas) Ex (Mas) v, 

197Au('80;f) 134 88 9,8±.1.0 

turAu ( 22Ne,f,> 183 109 rt,5±.1,0 

20'BictSO,r) 134 74 10,4±.1,0 

20DfJi (22 Ne,f) 183 97 11,0±.1,0 

20l1Ji ( 40Ar ' f ) 302 105 12,.9±.1,5 

2asue2Ne,r > 183 105 14,0±.1,2 
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Pnc. 3. a. YrnOBbia pacnpeueneHHSI nel!Tponoa a peaKUHH 238 U ( 12 C, f)_ 
OTKpbiTbie KpylKKII II B peaKUIIl! 2~ 8U ( IB 0, f) - qllpHbla TO'iKIIo 

6) YrnoBbie pacnpeuencHIISI ocKonKoB ueneHIISI ( qepHbie TpeyronbHIIKII) 
II HeliTpOHOB ( OTKpbiTbl9 TpeyronbHIIKII) B CIICTeMe, CBSI38HHOli C KOM
nayHLl-S!UppM, unSI peaKUl!ll 209 Bi e 2Ne' r ) . 
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