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B _B e ii e H 11 e 

XopoIUO II3BeCTHO, 'ITO Ilpll CTOnKHo:aeHIIll 'I8CTI!U C SI/lp8Mll l!MeeTCSI 6onblll8SI 

BepOSITHOCTb o6pasOB8Ill!SI pasnII'I!IblX SI)lepHbIX OCKOnKOB ( qiparMeHTOB ) / l-31. 

3'Ha'IHTenbHYIO 'I8CTb TaKHX OCKOnKOB COCTaBnSIIOT npOCTbie SIJlpa C MaCCOBblMH 

'IHCnaMH A =2-4. Oco6o cne)lyeT OTMeTUTb o6pa30B8Illle )leHTpOHOB H a -'IaC

THU C KHH9TH'IeCKHMll ,rnepl'llSIMll, B COTIIH pas npeBbllll810lllllMll HX 91Ieprn10 

CBSI3n14- 81 • IlaHHaSI pa6oTa IlOCBSillleHa CllCTeMaTH'IeCKOMY auannsy II 06-

CY)KJleHHIO OCHOBIIblX MO)leneii H OllbITHbIX pesynbT8TOB no reuepamrn rrpOCTbIX 

Mep rrpH yCKOpHTem,HbIX 9Hepl'llSIX, 

BHa'Iane 6y)lyT paCCMOTpe!Ibl xapaKTepllCTllKll BCeii COBOKYilHOCTll 9TllX 

Sl)lep, B rrocne)l!IeM rraparpaqie CIICTeMaTH3Hp0B8Hbl H3BeCTIIbie ceiiqac )l81IHbie 

OTIIOCllTenbHO BblCOK09HepreTH'IeCKHX (c Ek), 100 Ma:a) p0)K)l810lllllXCSI d -;

t - ll a -'IaCTHU, 

06paso:aaJIHe SI)lep c MaCCOBb!Mll 'IHCnaMll A = 2 - 4 rrpn :asanMoaeii-

CTBHll 'I8CTllU C S!/lp8Mll rrpeacTaBnSieT llHTepec anSI BblSICHeHllSI CTpyKTypbl 

cnO)KHbI_x SI)lep. t.JTO KacaeTCSI TeopeTIJ'IeCKOH HHTeprrpeTaUllll paCCMaTpllBae

MOl'O SIBneuns:i, TO B aaHHOM c11yqae saaaqa o6nerqaeTCSI (no cpa:aIIeHHIO, 

uarrpHMep, C o6pa30B8HIWM qiparMeJITOB B cny<rne z > 3 ) TeM, 'ITO H3BeCTIIbl 

CBOHCTBa 'IaCTIIU a • t • d • a T8K)Ke llX DOnHOBbie qiyHKlUill. 3To, B 

'I8CTHOCTH, aaeT B03MO)KJIOCTb BhlJIOnIIllTb PSl.ll pac'!eTOB, 

ll a 

Ceqemu1 11pouecca 

B Ta6n, 1 11 ua pnc, 1-4 rrp1rneae11u ceqemrn o6paso:aamrn d - , t -

-'I8CTIIU/
9- 311• 0lllll6KH H3Mepe1mfi )lOBOnbHO :aemum II COCTannmoT )lO 

HeCKOnhKHX . )leCSITKOB rrpoueHTOB. l1Me10maSICSI H!IqJOpMaUHSI O Ce'I0HIJSIX ne 
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srnnSieTCSI nonnou. 3TO oco6euuo OTHOCHTCSI K 3aBIICIIMOCTll cfrqe1mi1 OT Bil/la 

rrepBH•rnou 'laCTl!UhI. Tio.uaanmomaSICSI ttaCTb peaynbTaTOB rronyttena rrpll aaanMo

nei1cTBHII npoTonoa c paamI'IHhIMII SI.UpaMn. He'.l' .uocTaTO'IHhIX .uaHHhIX 06 o6-

.pa3oaa111m d -. 1 t - II a -'laCTl!U .IIPII B3al!MO/l~IICTBIISIX 11 , -Me::IOHOB, 11ef1-

TpOH013 ll CTpaHHhIX _ '!aCTIIU C SI.UpaMH. O.unaKO eCTb OCHOBaHIISI C'll!TaTb, '!TO 

aepOSITHOCTb o6pa3oBaHHSI OCKOnKOB orrpenenSieTCSI B OCHOBHOM 3Heprnei1 

B036y)K.UeHHSI OCTaTO'IHOI"O SIJlpa, 06pa3y10merocSI nocne ripoXO)KJleHIISI KaC

KBJlHOD CTa.uuu peaKUIIII. 

Ha pile. 1-3 IIOKa3aHhl cpyHKUIIII B036y)K.QeHIISI peaKUIID o6pa30BaHIISI Tpll

TO!IOB ll a -'!aCTllU npn B3al!MOJlellCTBIIII rrpOTOHOB .C. pa3nH'IHhIMII SinpaMII. 

B11.u110, '!TO B cnytJae nerK11X SI.uep-M11llleueD cetJe1111SI pacTyT c yaem1tJemreM 

8Hepr1111 .uo 10 ran II .uanee CTpeMSITCSI K HaChlllleHHIO. Llnsi TSJ)KenhlX smep

MHWeHell HaChIIIleHne nacTynaeT npn HeCKOnbKO 6onee BbICOKIIX sueprHSIX. 

A11anor1I'lHbie 3aBHCHMOCTll llMeIOT MeCTO npll pO)K.QeHllll cpparMeHTOB C 

z ::: 3/2 /. 3To, B03MO)KHO, yKa3hIBaeT 11a CXO.UCTBO MexaHH3MOB pmK.uem1SI 

cpparMeHTOB ll 'nerKHX sinep. 

CetJeHIISI pO)KJleHIISI a -'laCTl!U II TpHTl!SI npn sn,eprnll nepBll'IHhlX npo-

TOHOB 600 MsB pacTyT C MaCCOBhlM 'IHCnOM smep MHllleUeD KOK A I/a ( pnc.4). 

TaKBSI )!{8 3BBHCIIMOCTb B npe.uenax own6oK H3Mepenllf! Obina rrony<IeHa npn 

6onee Hll3KIIX 9Heprnm,/32/ • 

B HeKOTOphIX paooTaX 113MepSinncb Ce'leHIISI p0)K/l8HIISI '!aCTIIU C 1130-

TpOIIHhlM II aHU30TpOIIHhIM ( B ll-CIICTeMe) yrnOBhlM pacnpeneneHIIeM. CooT

BeTCTBYIOIIllle .uaHHhie np1I'aeneHhl B Ta6n. 2. B rrpenenax Olllll60K 113MepeHIIll 

a II3 II a 011113 0/lllllaKOBbl .unSI p , d , t II 
3 He • IlnSI a -'laCTIIU OT-

11owe1111e a 113/ a BHH3 113M8HSI8TCSI C 113MeHeHUeM A 'oT 8 npll A =108 

(cepe6po) .uo 1 rrp1I A =232 (TopuD). 

Ba)KHOD ocooeHHOCTb!O CTOnKHOBeHIISI '!aCTHU co cno)KHblMII SI.UpaMn SIB

nSieTCSI MHO)KeCTBeHHBSI renepaUIISI d- ' t- H a -'lBCTHU. 0.UHBKO 3JJ.8Cb 

UMeeTCSI Mailo pe3ynbTaTOB. n_OBOnbHO yaepeHHO MO)KHO IlOCT!)OHTb nillllb 

3aBIICHMOCTb OT 8Heprm1 cpe.uneD MHO)K8CTB8HHOCTII a -'laCTIIU n a ' o6pa-

3YIOII1HXCSI npu B3Bl!MO.[le0CTBllll npOTOHOB B SMynbCllll (p11c. 5). iia pacTeT 

C nepBII'IHOll sneprneu no . nHneDHOMY 3aKOHY • 
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3HepreTH'feCKife pacrrpeaeneHHH BTOpII'IHblX '18CTI!Il. 

l1ccnenoaaHIIIO 3llepreTl!'l8CKllX crreKTpOB , d-, t- II a- 'IBCTHU IIOCBSI

!1181{ uenhltt pSI/l pa6oT19, 1 0, 25, 26, 33- 481; 3HepreTH'!eCKHe pac11pe.uenemrn 

llM8IOT xapaKTepHhlll nnSI IICiiap1ITenbHOll Teopnn Bli/l. 3To Bll/lHO, uarrp11Mep, 

ll3 PllC. 6, Ha KOTOpOM IlOKa3BHbl ClleKTpbl a -_'laCTHU, o6pa3yIOIIlllXCSI npn 

B3BIIMO.[l8liCTBllllll npOTOHOB B SMynbCHll. <!JopMa pacrrpene,xeHltSI cna6o 3BBH

CHT OT nepBl!'lHOll snepI"Hll. B cnyqae HaneTBIOIIlHX aHT!mpOTOHOB cneKTpbi 

HeCKOnbKO lllllpe, 'ITO COOTBeTCTByeT 6onee BblCOKOi"I T0MIIepaType OCTaTO'l

HOI"O Mpa. Cpemrnsi sHeprnsi 'laCTIIU, neTSilllllX arrepen, 6onbrue · cpe.uHeD snep

rnn tJaCTHU, neTSIIIlllX uasan1371 ~ TaK, npn T =660 Msa nnSI a -qacTIIU, 

o6pa3yIOlllllXCSI npn B3allMO/leiiCTBllll npOTOHOB B 3MynbCIII!,' l!MeeM EKF=16 M3B, 

EKB =13,7 M3a1371 •. 

/44 49/ 
B paooTax ' 6hrno o6uapy)KeHo, 'ITO a suepreT11tJecKoM pacnpe-

.ueneH1111 l!MeeTCSI .un11Hl!hlli "~BOCT
11 

B CTOpo11y 6onbWIIX 3Heprnii. Teopl!SI 11c

rrape1111SI y.uoaneTBOpIITenbl!O OII!!ChIBaeT 6onblllYIO nonIO 'laCTIIU 3a l!CKn10•1e-

Hll0M 'laCTllU, COOTBeTC'l'BYIOlllllX 13h!COK03HepreTII'leCKOI! o6nacTn crreKT-

/36 42,4 7 48/ ' . 
pa ' ' • PacC'!l!TaHHhie rrapaMeTpb! l!M8IOT 3Ha'!eHl!SJ! T = 2 M SB /lmI BTO-

pil'IHb!X' rrpOTOHOB, T =4 MclB .unSI a -'laCTIIU, 'ITO COOTB0TCTayeT sneprnn 

B030y)K.U0HIISI ( 100-200) M3D. OTC IO.Uri MOlKHO c.nenaTb Bb!BO.U, 'ITO TSI)Kenhle 

qiparMe!ITbl ncrrapSIIOTCSI 113 SI.Upa Ha pa_mmx CTa.UIISIX, KOI".Ua TeMrrepaTypa SIil-

pa eme nem1Ka. 3aMeTuM, '!TO n cnrrae o6pasoaaHnSI d - , t - II a -'lac-

Tl!U 3HB'l8HH5I rrapaMeTpOB 3aKnIO'!eHhl B rrpneMneMb!X rrpe.uenax ( cp. PO)K/l0Hlle 

TSilK8Jlh!X cpparMeHTOB 12 I). 

B pa6oTax
19

•
191 

lf3ytJanncb 8HepreTII'l0CKHe crreKTpb! nnSI l!30TpOIIIIblX 

11 a11nsoTpOIIHhIX upoueccon. B o6onx cnytJaSix pacnpe.ueneHIISI HMeIOT rrpnMep-

110 0/ll!HBKOBblll BII.U. OnnaKO B rrpSIMhlX rrpoueccax MaKCllMYM HeCKOnbKO CMe

men B cTopouy 6onbruux sHeprnD. 

YrnoBbJe pacrrpeaeneHHH · 

YrnOBbie pacrrpeneneH!ISI pO)K/lBIO!UIIXCSI d - , t- n a -'laCTIIU B n.c. 

necKonbKO BHlI30TpOIIHbl. I1MeeT MeCTO H03Ha'll!TenbHag KOnnHMBUIISI anepen 

IIO OTJIOilleHHIO K IIY'IKY/9 , 10,26 , 35- 4 o;. I1saecTHhJe ceO'IBC 3KCIIepnMeHTBJ1bllhie 

.UBHHhie ne II03BOnSIIOT c.uenaTb Bh!BO.Ua O 3aBl!CHMOCTII Bll/lB yrnOBhlX pacnpe-
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Jlenem111 OT nepn1Prnofi saepr11n, B npeJlenax oum6oK 1!3MepeH11f1 3Ha'leH11SI F /B 

He 38BHCSIT (?T nepBll'IHOII 9Heprmr. B cnyqae B·3al!MOJl0UCTBIISl annrnpOTOHOB B 

sMynbc1111 pacnpeJlenem1e ncex· renepupyeMbIX a -qacTHU 6onee anusoTponno, 

'leM npH- B381IMO)le!ICTBHII npoTOHOB (cM, p11~. 7) 1261. C ynem1qem1eM sne;r1rn 

BTOpll'IHhIX 'l8CTl!U ynemr'll!BaeTCSI nem1'lHHa. ,F / B • B pa6oTe138/ cpaBHHB8Jll!Cb 

pacqeTHhie II 9KCnepnMeHT8JlbHhie 3H8'10Hll5! F /B JlJISI a -'laCTIIU pa3JIH'lllb!X 

sneprnii, o6pa3yIOIIUIXCSI npn B3aIIMOJleti:cTBlUI npoTOHOB C snepr11eii 140 MsB B 

SMYJibCHII, Pac'leT npOH3BOJllWCSI nl" MOJlenu fonbn6eprepa ( 061,1-qn1,111 KacKaJl 

ll ucnapenue ci -'lflCTHU) • .UnSI IIll3K03HepreTH'l0CKHX a . -'laCTIIU 61,mo no

ny-qeno cornac.ne Teopun c onhITOM, OmraKo npu a1,1coK·ux snepr1rnx a -'lac

THU HM00T MeCTO paCXO)l(Jl0HIIe pac'leTa H 9KCnepnMeHTa. HanpuMep, npll 

Ea > 8 MsB 1F/B) Oilbl'r 3,2±.0,9, (F/B) pac•I"' 1,4 ( TaKllM o6pa30M 'KaK ll B 

cny'lae snepreTH'leCKIIX cneKTpOB, TeopIISI ucrrapemrn Olll!CbIBaeT T01IbKO 'laCTb 

pe3yJibT8TOB) • .Un5! cornacoBaHIISI TeOpllll c Olll,JTOM neo6XOJlllMO npeJlnono

)Kl!Tb, 'lTO 0,25 a -'laCTIIU (a cpeJlHeM) Ha 0/lHY 3Be3ny o6pa3yIOTCSI B npo

ueccax, OT1Ill'lHhIX OT ncnapeHHSI, 

AHanorH'IHbie pe3yJihT8Thl nony•IaIOTCSI Jlllll 6onee Bh!COKl!X anepruii nepBil'l

llblX 'lacnm. 

06 HCIIapemrn 'UlCTHU 1!3 CJI0)KJibIX !iIIWP 

.UnSI on11camrn po:»<Jlemrn d-, t "7 11 a -'laCTHU nanno npHMeJrneTC5! 

CT8THCTH'leCKaSl MOJleJib ( MO/le1Ih ucnapemrn), Cornacno 9TOH MOJlem1 na)laIO

ma5! Ha 5!Jlp0 Me)lnennaSI 'l8CTl!Ua ( C 3Hepruefi Me Hee HeCK01IbKllX JleCSITKOB 

Man) 3aXB8ThIBaeTCSl SI/lpOM. 06pa3yeTCSI B036y,KJl0HHOe srnpo, 113 KOToporo 

/50/ 
II ucnapSIIOTCSI BTOpll'IHhie 'laCTIIUhl • TTpu 6onee BblCOKllX 3Heprusrx M0Jl01Ib 

ucnapemrn npHMeHBeTC5! K ocTaTO'lHOMy BllPY, o6pa3yromeMycsr nocne KacKaJl-

.. /51 52/ 
HOH CT8Jlllll peaKUIIII ' , 

Pamme llCCJ10JlOBamrn o6pa30B8HIISl a -'I8CTl!U o6napy)KH~ll,,ABa l!HTepec-
) -/~..,,~ 

Hh!X 9<pipeKTa: IlOSlBJIOllll0 IlOJl6apb0pllblX '18CTllll l! "XBOCTa" B BblCOK03HepreTn-

• /53/ 
'leCKOH -qacTH cneKTpa ( cM., nanp11Mep, ) • TTepnoe srnnenne HHTepnpeTnpo-

Banocb KaK CJie)lCTBHe pe.nyKUIII! KYJIOHOBCKoro 6apbepa Mpa 113-38 Tennoao

ro pac11mpemrn. BTopoii sqitpeKT o6'b5!CJHIJICB 06pasona1111eM a -'laCTHU B npo-

_uecce !183BHTIHI BHYTPIISIJlepnoro K8CKana. KaK IlOKa3a1I BaKep1401 
I o6a 9TH 

3cpcpeKTa MO)Kl!O onncaTb, ecnn y'leCTb /lBH)Keime OCTaTO'IHOro SlJlpa • 
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B pa6oTe13916hl1I npOH3BeneH CTaTHCTIIqecKuii aH81Ill3 o6pa30B8HIIR 

a -'laCTHU IlpH B38llMO)leUCTBHH IlpOTOHOB C 9HeprHSIMII 1 rsa ll 2 rsa B 

9MY1IbCHII, .UaHHhte IlO OCTaTO'IHhlM Sl/lp8M 6hl1IH B3SIThI 1!3 pa60TbI MeTpOilO-• 
/52/ 

nuca , B pacqeTax Y'lHThrnanocb JlBII)KeHHe ocTaTO'lHoro SI.UPa. • 

PaCC'IIIT8llllhie H OilhlTllbie cneKTpbl COBil8Jl8IOT B npe)lenax oum6oK II3Me

peHHii, XoTSI B pac-qeTe nony'leHO 'lHClIO HII3K09HepreT1I'leCKIIX a -qaCTllll 

HeCK01IbKO 38H!I)KeHHOe, OTCIOJla He CJieJlyeT 0JlJI03Ha'lHOro Bb!BO)la O peayKUHII 

KYlIOHOBCKOro 6apbepa BblCOKOB036y)l(JleHHbIX Mep. Teop!ISI .nae:,r T8J{)Ke 38Hll

)KellHOe 'lllCJIO a -'laCTIIU 6onhlll!IX 9Heprnii. YMeHbllleH!Ie. 3H8'lemrn napa

MeTpa a OT 1/ 10 JlO 1/20 Jie3H8'llITe1IbllO yJlmHrneT "xnocT" 9HepreTII'IeCKoro 

pacnpeneneausr. OTCIOJla )lenaeTCSI BhlBOJl, 'lTO a -'laCTHUhl o6pa3yIOTCSI TaK-

)Ke a MepHOM KaCKaae 1391 • YrnOBbie pacnpeaeneHHSl a -'laCTIIU (cM. Ta6nS) 

O'l01Ib xopOlllO cornacyroTCSI C Teopneii. 3TOT <paKT H0CKOJibKO YlllIBHTenea, TaK 

KaK HeKOTOpasr Jl01ISI a -'laCTIIU o6pa3yeTCSl B pe3yJihTaTe pa3BIITIISl BHyTpu

MepJioro KaCKa)la. 0JlH8KO K8CK8Jllibie 'l8CTIIUhl IIMeIOT 3Ha'leHue F / B TaKOe 

)Ke, K8K II a. -qacTHUhl ( Ta6n.3). 

l13 CK838HHOro MO)KHO C)leJiaTb Bh!BOU, 'lTO 1Icnap1ITe1IbllaSI TeopHSI YllO

BJieTBOp!ITelibllO OilllCbIBaeT CBOHCTBa 60Jibllleii 'laCTII 'laCTllU. "4aCTIIUbI 601Ib

lllHX 9H_eprIIii, IlO-BIIAHMOMY' o6pa3yIOTCSI B npoueccax, OTlIH'lHhIX OT IICnap!I• 

TeJibHOro. 

O6pa30BllJIHe 6bICTpbIX sr.aepHbIX 0CKOiiK0B 

06pa30B8Hlle 6bICTpblX neiiTpOIIOB B Sl/lepJibIX pacmennell!ISIX BnepBhle Ha-

/4/ 
6JIIO)l8J10Cb B .Lly6He B 1958 r. • C Tex nop 3TO IIHTepeCHOe SIBJ10llll0 IlO)lBep• 

raJIOCb BCeCTOpOHHeMy uccnenoaaHHI0/54-86/. BbllIII nony'lellbl Ba)l(Hhle Teope• 

T!I'leCKlle ll 3KcnepHMeHTanbllble pe3yJihT8Tbl, AH81Ill3Y 3TIIX pe3y1IbTaTOB no 

CBstmeH Jl8llHblll naparp,a<ji. 
\ 

B Ta6n. 4 npeJlCT8B1Iellhl Ce'leH!ISI o6pa30B8HHSI 'l8CTIIU C z =2 npll B38 

IIMO/leiicTBIIII 'laCTIIU BblCOKIIX 3HeprHii B 9MYJibCIIH, BIIJlHO, 'lTO Ce'leHIISI pO)K 

)leHHSI BTOp!I'lllb!X 'laCTIIU yMellblll8IOTCSI C yaeJI1I'leH1IeM IIX 91Iepr1IH. B cny 

-qae nepBII'lHhlX TT -M030HOB na61IIO)laeTCSI poCT Ce'leHHll C nepBII'IHOn 9Hep 

r11eii. ,Ung aHTHilpOTOHOB ce'leHHSI 6oJibllle, 'leM JlJISI npOTOHOB,. 9TO o6ycJIOB 

JieHO BK1I8Jl0M 'laCTllll HH3KIIX 9Hepr!Iii ( .. 100 Man). B IIHTepaane 3Heprn 

npoTOHOB ( 10-20) rsn Ce'leHIISI IlOCTOSlHHhl B npe.nenax ou11160K II31\,tepeHui 

7 . 



BNH 
BblXO/l 6blCTpb1X remieBblX "IaCTHU 3aBHCHT OT N no 3aKOHY w = A e . H 

rne A H B - nocToSIHHbie, A .. 0,09, B "'· (0,7-0,4). 

liHTepec npenc'I'aBnSieT cpaBHeHHe •XapaKTepHCTHK 3Be3/l C 6blCTpb1MH "Ia

CTIIUaMll n 6ea HIIX (cM. Ta6n. 5). Pacnpe.neneHHSI no NH }lnSI 3Be3}l C 

6bICTph1MH "IaCTHUaMH CMeIUeHbl B CTOpony 6onbWHX NH • 3TH pacnpenene-

HHS! HE· 3aBHCSIT OT 3HeprHH 6bICTpb!X "IaCTHU. pocnenHee o6CTOSITenbCTBO, B03-

MO:lKHO, CBH}leTenbCTByeT 06 OTCYTCTBHII CBSI3H Me:lK.ny 3Hepruefi 6bICTpb1X • 

"IaCTHU H TeMnepaTypofi ocTaTo"IHoro ll/lpa. TTpu aHeprH.SIX ... 10 raa pacnpe

.neneHHSI no NH He 38BIICSIT HH OT Bil.Ila nepBH"IHOfi .'IJaCTHUbI, HH OT ee 

aHepr1IH • 

BepOSITHOCTb HCnycKaHHSI 6bICTpbIX a -"IaCTHU pacTeT C NC H He 3aBH-

CHT OT N. H Nb • BepOSITHOCTb BbineTa .neil:Tp~HOB H TPIITOHOB pacTeT C 

N c I NB II N • • YBenn"IeHHe Ce"IeHHSI C POCTOM N c . He npoTHBOpe"IHT npen-

nono:lKeHJno, 'ITO o6pa30B8HHe 6bICTpb1X "IaCTIIU CBSI38HO C BHYTPHSI.ll0PHblM 

K8CK8.llOM. 

3HepreTH"IeCKHe pacnpe.neneHHSI "I8CTHU IIMeIOT BII.ll 

W (E ) dE "'E-b dE 

(r.ne b .nnSI nepBII"IHbIX Me30HOB II HyKnOHOB C aHepr1Iefi 10 ran paBHO 

3,0:!:.0,4) II OllHH8KOBbl llnSI paanH"IHbIX IIHTepBanoB NH • 3To CBIIlleTe.nb

CTByeT O He3aBHCIIMOCTII 9HeprlIH BbineTa "IBCTHU OT reMnepaTypbl ll/lpa. TTpH 

9HeprHII E < 50 MaB/HyKn. HeT KOppemnmH Me:lKllY yrnoM BbineTa "IaCTHUbI II 

ee 9HeprHefi. OllHaKO "IBCTHIIbl 6onee BbICOKHX 9HeprHfi KonnHMHpOBaHbl Bnepell. 

B Ta6n. 6 nplIBelleHbI nonoBHHHble yrnbl BbmeTa d - , t - H a -"IaCTHU. 

B11.nao, 'ITO nonOBIIHHbie yrnbI B npellenax OWII60K H3MepeHHH He 38BHCSIT OT 

BR.Ila nepBll"IHOH "IaCTIIUbl II OT ee 9HeprHH~ C yaen1I"I8H1IeM aHeprHII BTOplI"I

HbIX "IaCTIIU IIX yrnoaoe pacnpelleneHIIe CTaHOBHTCSI 6onee 8HII30TpOllHbIM. Yr

noBbie pacnpe.neneHIISI 6blCTpbIX "I8CTHU C z = 2 6onee 8HII30Tp0llHbI,. "IeM 

pacnpe.neneHnsi: g -"IaCTIIUo 
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0 B03MO)KHbIX MeX8HH3M8X renepaIIHH 6bICTpbIX '18CTHil 

c A =2'-4 

B H8CTOSiillee apeMSI He cymeCTByeT nocnellOBaTenbHOH TeopE 

• 
SillepHblX B3aHMOlleHCTBIIH, ll03TOMY J:InSI . onncaHIISI BbmeTa BbICOK03HeprE 

TH"IeCKIIX "IaCTIIII II3 Sillep 1npnMeHSIIOT paann"Illbie MOllenbHbie npeJ: 

/4,46,61-67,71-79,$1-86/ • 
c·raaneHIISI • KaK II3BeCTHO, o6bl"IH0li KaCKallHO-II( 

napIITenbHOH MOllenbIO yllaeTCSI OIIIICaTb OCHOBHble xapaKTepIICTIIKll B3alIM( 

lleHCTB,IISI TT -Me30HOB II HyKnOHOB co cno:lKHblMII SillpaMII
151 

/. B pa6oTe
17

'. 

nplI cpaBH8Hllll npOTOH-Sill8PHblX II lllIOH-SillepHblX B3aHMOll8HCTBIIH np11 3Heprl 

.. 10 raa 6bm CllenaH BbIBOll, 'ITO llOSIBneHII8 6bICTpbIX Sillep rennSI Henb.'.: 

o6'bSICHI!Tb 1rcnap1ITenbHblM MeXaHII3MOM. B pSill8' pa6oT paccMaTp1IBam1Cb Sille: 

Hbie peaKIIlll! c yqeTOM KnacTepHOH CTpyKTypbl Sillpa /67,7l,7
2

1. Oc;TpOyMc 

II llP/45,86/ npOII3Benn pac'IJeT KaCKalla B Sillpax 9MynbCIIII npn 3HepI'1Ili ne1 

BII"IHhIX npOTOHOB llO 660 MaB. B pac"IeTaX YtJIITbIBanacb B03MO:lKHOCTb o6pa3 

BaHIISI BHyTpll Sillep ycTOH"IllBblX llOllCTPYKTYP 1!3 "IeTb!pex HyKnOHOB. TaK K, 

0 TaKnX o6pa3oBaHHSIX Hawn CB8ll8HIISI H8llOCTaTOtJHbI, TO cpaKTHtJ8CKII pewana 

o6paTH8SI 3alla"Ia: JI3 cpaBHeHIISI TeOplill C Ollb!TOM .orrpellensi:nOCb BpeMSI np 

6bIB8HIISI HyKnOHOB B COCTaBe a -KnacTepoB. EbinO nony"IeHO, 'ITO OKono non 

BJIHbl BpeMeHII HyKnOHbl, B nerKJIX Sillpax II Ha rrepmpepllll TSI)KenbIX Sill 

9MynbCIIII npe6bJBalOT B COCTaBe a -06paaoaam1fi. Bb16op 9HepreTJitJecKoro pa 

npelleneHJISI a -KnacTepoB B JIHTepaane 0-20 Maa He oKaabrnaeT aa~eTHC 

BnnSIHl!SI na CBOHCTBa Bbi6JITbIX "IaCTIIII. CoBIIalleH11e pa.c"IeTHbIX II 3KC!Iep1IM( 

. TanbHblX ll8HHbIX aBTOpb/841 He C"IHTalOT llOK83aTenbCTBOM a6con10THOII CilI 

•BellnJIBOCTH paCCMOTpeHHOH MOllenlI. He ncKnJO"IaeTCSI 1111011 M8X8HII3M, nanJ 

Mep, IlOllXBaT ( p ' a ) • B pa6oTax179 ,851 nccnellOBanaCb a -"IaCTII"Ill8! 

KnacTepII3aIIHSI C llOMOillblO peaKUl!I! ( a 1 2a ) Ha TSI)KenbIX stb.pax npl! am 

rnu 915 MaB. TTpOBOllJinl!Cb 1!3MepeHIIl1 Ha COBllalleHJie TOnbKO nnst TeX a -'Ii 

TJIU,· KOTOpbie COOTBeTCTBOBann ynpyroMy a -a pacceSIHIIIO. '4Jicno Tai 

cny"IaeB cornacyeTCSI c rrpellnOHO)KeHJieM o nonHofi KnacTepuaaUJIII HyKnoJ 

B rpaHH"IHOH o6naCTII ll/lpa C nno:rHOCTbIO p < 0,05 p O ( Po - nnoTHOCTb Sill 

Horo aemecTBa a ueHTpe SillJJB). B OllbITax179, 851 perJICTPHPOBanJICb TOnb 

cny"Iall KB831lynpyroro pacceSIHJISI,'. B lleHCTBHTenbHOCTI! nepBII"IHaSI "IaCTI 

MO:lKeT B3aHMOllefiCTBOB8Tb C rp~nnllpOBKOH HyKnOHOB H Heynpyro
1821

• l 
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0 B03MOX(HblX MeX8HH3M8X reHepaiiHH 6bICTpbIX 'C[8CTHII 

c A =2'-4 

B HBCTOHmee BpeMH He cymeCTByeT nocnenoBaTeJibHOH Teopllll 

,smepHblX B38llMOneiiCTBllH, Il09TOMY nng OilllCBHllil BbmeTa Bb!COK09Hepre

Tli"IeCKHX 'IBCTHU ll3 Hnep 1npuMeHHIOT pa3JIH'IHb!e MonenbHbie npen-

/4 46 61-67 71-79 81-86/ • 
c·raBJie}mH ' ' ' ' • KaK H3BeCTHO, o6b!'IHDU: KBCKanHO-HC-

napHTeJibHOH MoneJib!O ynaeTCH OilHCBTb OCHOBHhie xapaKTepHCTHKll B38llMO

A0HCTB,Hil 7T -Me30HOB II HYKJIOHOB co CJIO)KHblMH HAP8MH151 /. 'B pa6oTe177 / 

IlPH cpaBHeHllH npOTOH-HA0pHbIX II IlHOH-MepHb!X B38HMO)leHCTBIIH npH :rneprHH 

"'10 r9B 6bIJI cnenaH Bb!BOA, 'ITO IlOHBJieHHe 6hlCTpb!X gnep rem1H HeJib3H 

06'bHCHl!Tb HCilapnTeJibHb!M M0X8HH3MOM. B PHAe pa6oT paccMaTplIBBJIIICb HAep-

Hble peaKUHII · c y'leTOM KJIBCTepHOH CTpyKTYPbl HApa 167 • 71 ,721• OcTpoyMOB 

H Ap/45,86/ npoH3BeJIH paC'IeT K8CKaAa B HApax 9MYJlbCIIH npu 9HeprHII nep

BII'IHb!X npOTOHOB AO 660 M9B. B paC'IeTax Y'IHTb!B8Jl8Cb B03MO)KHOCTb o6pa3o-· 

BBHHH BHYTPH Hnep YCTOH'IIIBb!X IlOACTPYKTYP U3 'IeTbipex HYKJIOHOB. TaK KSK 

0 TBKHX o6pa30B8HIIHX Hallin CB0A0HIIH H0AOCTaTO'IHbl, TO <paKTU'IeCKH pemanacb 

o6paTH8H 38A8'Ia: U3 cpaBHeHnH, TeOpHII C Oilb!TOM ,onpeAeJIHJIOCb BpeMH npe-

6h!B8HIIH HyKJIOHOB B COCTaBe a -KJiaCTepoB. Br,mo nonyqeno, 'ITO OKOJIO nono

BIIHbl BpeMeHn HyKJIOHbl. B nerKHX HApax II Ha nepmpepnu Tfl)K0Jlb!X Hnep 

9MYJibCIIH rrpe6b!B8IOT B COCTaBe a -o6pa30B8Hllii:. Bb16op 9HepreTll'I0CKOI'O pac-

' npeneneHllH a -KJiaCTepoB B IIHTepBaJie 0-20 M9B He OK83b!B80T 3aMeTHOro 

BJllIHHllH ~!). CBOHCTBa Bbl6HTb!X 'IBCTIIU. CoBnaAenne pac'!eTHbIX II 9KCnepnMeH-

. T8JlbHblX A8HHblX aBTOpb/
841 

He C'IIITBIOT AOKa3aTeJibCTBOM a6coJIIOTHOH cnpa

•BeAJIIIBOCTII paCCMOTpeHHOH MOA0JIH. He IIyKJIIO'IaeTCH IIHOH MeX8HII3M, nanpn

Mep, IlOAXBaT ( p , a ) • B pa6oTax179,851 IICCJieAOBaJiaCb a -'laCTII'lllaH 

KJiaCTepH38UHH C IlOMOillb!O peaKUIIII ( a , 2a ) :na Tfl)K0Jlb!X Hilpax npn 9Hep:

I'IIH 915 M9B. TTpOBOAIIJIHCb H3Mepemrn Ha COBJJaAeHne TOJlbKO AJIH TeX a -'IaC

TIIU, KOTOpb!e COOTBeTCTBOBann ynpyroMy a -a pacceHHIIIO. l..JHCJIO TBKHX 

CJiy'laeB cornacyeTCH C npeAilOIJO)KeHHeM O IlOJIHOH KJI8CTepn38UHII HYKJIOHOB 

B rpaHH'IHOH o6JiaCTII Mpa C IlJIOJ'HOCTb!O p < 0,05 p O ( Po- IlJIOTHOCTb HAep

HOro BemecTBa B ueHTpe HApa). B 0Ilb!Tax179,851 perHCTPHPOBBJllICb TOJlbKO 

cny'lan KBB3Hynpyroro paccegnnsi; B neiicTBHTeJibHOCTH nepBH'IHBH 'IBCTnua 
I 

MO)K0T B38HMOAeHCTB0B8Tb C rpyrrnHpOBKOH HYKJIOHOB II ueynpyro
1821• no-
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:3TOMY B TIDKenhIX SI!lpax a -KnacTepb!, IlO-Bll!lllMOMY' ·o6pa3yIOTCSI C 60nbllleii: 

aeposrTHOCTbIO, 'leM aTo 6hmo o6Hapy:>KeHo B pa6oTaxl78,85/. Ecmi: yqecTb 

Heynpyr11e B381lMO!leiicTBIHI nepBl1'lHbIX 'laCT11U C a - IlO)lCTpyKTypaM11, TO 

MO)KHO 06'bSICHIITb BbIXO)l : He 113 nerKHX smep/83/. Tip11 :3TOM BKna)lOM pe-

aKn11:ii Ha 6onee cno:>KHbIX no!lcTpyKTypax MO:>KHo npeae6pe'lb/73/. ,Upyr11e 

B03MO:>KHbie MeXaHl13Mbl po:>K)leHl1SI 
8 He BHOCSIT M8nh1:ii BKna)l. Hanp11Mep, 
2 

Hl1 pacna)lOM B036y)l{!leHHOro SI)lpa, H11 KB831lynpyr11M Bb1611B8Hl1eM rpynn11po-

BOK ll3 Tpex, HyKnOHOB HeB03MO:>KHO onpe)len11Tb 6onblllOii BbIXO!l 3 He /83/. 

2 
B pa6oTe Enox11Hueaal8 l I 6uno noKa3aHo. 'ITO 06pa305aHne aHepr11q-

HhIX OCKOnKOB MO:>KHO o6'bSICHl1Tb q>1IIOKTY8UlIOHHbIM MeXaHl13MOM. 06p830B8Hl1e 

Ob!CTpbIX )leiiTpOHOB npo11CX:O!ll1T np11 KBa311ynpyroM B3811MO!leil:CTB!lll nepBlI'l

noil: qacT11UhI c ¢n10KTYaUHeii srnepHoro aemecTaa. Ceqe1rne TaKoro rrpouecca 

p8BIIO 

u=u.w.(R). 

3):leCb u. -Ce'leH11e KBa311ynpyroro CTOnKHOBeHl151, w ( R) - BepOSITHOCTb 

HaXO:>K!leHHSI !lBYX HyKnOHOB B Mpe Ha paCCTOSIHIIH, _MeHbllleM R •. 

.Um1 TIDKenbJX Mep HMeeM: 

u = ( z n / A ) u AW 
4
( R ) • 

, 

Kon11qecTae1111h1e pe3ynhTaTbl q>nlOKTYan11011Horo MeX8Hl13Ma Y!lOBneTBOp11TenbHO 

cornacy10TCSI C :3KCnepHMeHT811bHblMll naHHblM11/ 4/. OnHaKO 06bI'lHblil: ¢1110K

TY8Ill10HHbIH MeXSHll3M/81 / He OilllCbIB8eT o6pa30BaH11e 11106bIX MHOrOHyKlIOH

HbIX accou11au11:ii, nanpHMep TpexnyKlIOHllbIX/741. 

B Mone1111 EaTnepa n TI11pc0Ha/61,62/ o6pa30BaHne neil:TpolloB nponc

XO!lllT B rrponecce pa3Bl1THSI BlIYTPHMepnoro KacKana. 11 Me11Ho,-npenno11ara

eTcS11 'ITO K8CKanHhie Heil:Tpoil: 11 npOTOH, ·llMeromne np11MepHo OllllHSKOBbie 

HMrrynbCbI, o6'bennnSIIOTCSI B neil:TpoH. 3TOT )leiiTpOll 38T0M ·auneTaeT II3 Mpa. 

TaKOMy rrpoueccy COOTBeTCTBYIOT Tpll mrnrpaMM.bl ( CM. puc. 8). 

➔ ➔ 
1. B ll8'l81IblIOM COCTOSIHlrn HM0IOTCSI HeiiTPOH ( k 1 ) II IlPOTOH ( k 2) • 

Heil:TpOH paccenBaeTCSI na OilTH'leCKOM IlOTe11u11ane SI!lpa V(r) ll nepeXO!lHT 

... , 
B COCTOSIHlle k 1 • ➔, ➔ 

,Uanee 'l8CTllllbl . ( k 1 ) 11 ( k 2 ) C1IHil8IOTCSI non neil:cT-

BlleM UyKnoa-nyKlIOHHoro IlOT011IlH8118 V ( r) , 

05pa30B8Bllluf1csr AefiTpoa (k ) BhmeTaeT H3 smpa, 
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2. Tiponecc. npoTeKaeT, KaK 11 B ,Cny'lae {1). HO npOTOH Ii Heil:TpOH 

MeHSIIOTCSI pOlISIMllo 

3. HeiiTpOH 11 npoTOH B3al1MOneil:CTBYIOT npyr C npyroM C o6pa30Ba

HlleM Aeil:TpoHa ( k' ) . .Ueil:TpOH pacceirnaeTcSI Ha onT11'leCKOM MepHoM no

TeHn11ane 11 BhmeTaeT 113 Mpa. 

Ecnn BOCll01Ib30BaTbCSI TeOpHeil: B03MymeHl151, TO MO:>KHO Bbl'l11CllllTb 

'lHCno )leitTpoHOB, 06pa3y10m11xc51 B O!lHOM SI)lepHoM' B3al1MO)leil:CTBllll. C yq~

TOM penSITHBlICTCKllX nonpaBOK rronyqaeM 

2 2 f ➔ - 2 k • y h k 82 1 ➔ 2 
n,rk. )=311 (48) (-0-) --r- (~-,,--,,.-+ 1) I (R)[n (- k.) ] 

k. A 4m2c2 O p 2 

3necb k 0 = mV / h
2

, ,\ llllllHS B011Hbl HYKlIOHa C 3Heprneil: 1 raa. 
PaCC'll1T8Hllb10 cneKTpbl neil:TpOHOB, po:>Knaromnxcg ll3 Be , Al 11 pt 

IlO!l neil:CTBlleM npOTOHOB c :3Heprnett (10-30) faB, xopOlllO corn,.acyroTCSI 

C OllblTOM/62/. 0AH8KO nnsr OKOH'laTenbHOro onpeneneHHSI .cnpaBe!l1111BOCTll 

MO!len11 EaTnepa-Tiupcona 11eo6xo!lHMa npoaepKa ee npnMeHHMOCTlI K 6onee 

TSI:>KenbIM SI)lpaM. KpoMe paCCMOTpeHllbIX r11n0Te3 06 o6p830B8HHH 6bICTpbl~ 

OCK01IKOB, cymeCTByeT eme PSI!l !l pyr11x. Mb! 11X paCCMaTpl1B8Tb He 6yneM 

K8K HecymecTBeHHhie. 

TIO!lBO)lSI HTOr, MQ)KHQ cnenaTb HeKOTOpble BbIBQ)lbl. PeaKUHl1 c o6pa30Ba

HlleM d-, t - 11 a -'laCTHil npe)lCT8B1ISIIOT 3Ha'lHTe1lbHbiil: llHTepec !l1151 ll3Y

'leHHSI BHyTpeHHeii CTpyKTypbl Mep. nanbHeil:ru11e aKcnep11MeHTanbHbl0 11ccne

!lOBaHHSI B :3TOM HanpaB110Hllll npe!lCTaB1ISIIOTCSI BeCbMa Il01103HbIMH. Oco6eHHO 

Heo6xonHMO yaen11'leH11e TO'lHOCTH H3MepeHHii. Ha nyTH TeopeTH'l0CKHX 11ccne

!lOBaH11ii: B HaCTOSilllee BpeMSI HMeIOTCSI 6onbllllle TPY!lHOCTH, TaK KaK HeT Te-· 

opHH srnepHbIX B38HMOneiicTBHii. BcSIKoe paCCMO,TpeHHe HOCHT MO!l01lbHbIH xapaK

Tep. Heo6xoA11Ma !l81lbHeii:ruasr pa6oTa .no aHan11ay paanH'lHbIX MO!leneil: 11 Bb1-

6opy T8KHX Moneneii:, KOTOpbie OllHCblB8IOT H8H60nblllee q11cno OllblTHblX naHHbIX. 
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I 2 3 4 !, 

Ta6JIH~a I 
2,2 3} 4 IS ± 

• 6,2 38 I4 
Ceqemrn o6paaoBaHMH Mep c A = 2-4 npil Baa11Mo,llencTBm1 qacTm\ . Jls 0,3 p t I9 ± 6 I6 BUcoKHx aHepriln c paan11qH.blMH immemnrn .. 

0,4!:> .50 t ~ I6 

0,55 26 ± 8 I6 
fl ;ll; p 0 l:3Hepr:11a (raB) BTOpHqHaH (5 JlHTepa- o.6 15,4± 4,0 I7 
MHmeHH H nepBlfllH8fl qacTilua (M6H) Typa qacimua O,b6 43 ± I3 I6 

I 2 3 4 5 2.os 36,0 I4 
fiLL 0,090 p d. 7I ± 4 9 \ 2,05 30 ± 2 I2 

0,156 9I ± 4 IO .A21 0,12 p t I6 ± 5 I6 
J(3 O,I56 I24 ± I6 IO I O,I2 8,o I4 

I 

C 0,230 i 7,0t I,O II O,I3 IS ± l,6 13 
0,30 7,0± 0,8 II 0,l0 !8 ± 6 16 
0,40 8,6± I,O II t 0,30 25 ± 7 I6 I 

o,4s 7,3± 
l 

0,30 19 ± j,Q I3 o,s I2 
0,45 . 

7,4± I,O I3 I 0,45 24 ± 7~0 I6 
o,ss IO,I± I,5 I3 0,45 24 ± . .S,t> I3 
0,66 I0,6t I,6 I3 0,45 23 ± 3,0 I2 
0,73 7,6± I,2 II o,so 37 :t II 16 
2,05 I7,0 I4 0,55 .53 ± IO I6 
2,05 I4,0t I,2 I2 o,ss .50 ± 5 I3 
5,07 IS 14 0,60 44 :t I3 I6 
6,20 20 I4 0,60 32 ± 3 I7 

JJ 0,45 p t 26-t- :t 4 I2 I 0,66 46 ± I4 16 I 

2,05 30 14 0,66 42 :t 6 n 
2,05 44 14 2,05 25 :t 4 12 

I 
2,os t>7 ± 4 12 

2,20 28 :t 4 IS 2,20 75 17 
6,20 35 14 I 5~7 50 14 

0 0,45 p t 38 ± 5 12 l5 7I 17 2 05 36 I4 2:os 30 :t 4 I2 
16 17 



I 2 3 4 5 I 2 3 4 !:> 

Si. 0,60 t 18 t· j I7 I Cu. 0,6 p t 53 ± 3 I7 p \ 

V 0.60 p 52 ± 8 I7 t o.66 ~ 73 ± 22 16 
Cr O,bO p 49 ± 8 I7 ,I 2.2 I32 ± 8 I7 ·,;,' 

~ ' 25 144 ± 20 J.7 0,60 p 60 ± 9 I7 n 
Fe O,O!:>O p I8 

r z)') U,66· p 67 20 · .16 4,2 '\ ± 'I 

0,07!:> 4.3 ± 0,8 IS I Sr- 0,66 p 88 ± 26 I6 fl 
'.I 

.Ra O,IOO 4,8 ± o.~ I8 .\ ·o.,6 p 86 ± 10 .17 \ 
O,I30 7.2 I9 

i 
0,66 76 23 16 ± 0,.130 6,4 ± r,s I3 Pt O,I35 6,4 ± I,2 I8 0,12 I7 ± 5 I6 

' 0,15 6,I :l: I,I 18 0,30. 73 ± 22 .16 
0,177 o,6 :l: I,2 I8 

f 
0,45 9I ± 27 16 

0,450 .:'.8 :l: 5 I2 0,45 7I ± 8 I2 
0,4!:>0 34 ± 8 I3 

~\ 

0,55 87 ± 26 I6 
0~60 +8 ± 5 17 V 0,60 157 ± 47 16 
1,0 65 I9 

l 
0,60 127 ± IO 17 

2,05 53 ± 8 I2 0,66 I86 ± 56 I6 '/ 

I 
2,05 SID :t 2,05 64 I4 72 I2 ,, 

2,2 66 ± IO 17 2,05 610 14 
2,2 62 ± 7 20 ! 2,2 405 ± 8 17 
3,.0 88 19 6,2 480 14 
6,2 I30 I9 t). !Ji. o,3 p 73 ± 22 16 
6,2 IIO I4 

;~ 

0~55 75 ± 22 16 
25 104 :t 10 17 o,6 98 ± IS 17 

J.h 0,45 p 22 :t 3 I2 11 0,66 167 ± 50 16 
0,6 41 ± IS 17 Th 041135 p t 19,5 ± 0,05 2I 
2,os 75 ± .L2 I2 C o,r5 p Hf 6 ± I,6 22 
2,05 ~o 14 , .Ae, 0,1s p IO ± I,5 22 
2,2 135 :t 9 17 0,6 27 17 

2,2 72 17 
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I 2 3 4 5 I 2 3 4 5 - • 3 
St 0,6 p I-le 34 17 2s,o 750 17 

Jj;_ • 
2,2 56 17 0,6 p r:J.. 396 I7 

fe 0,15 p I3 ± 2 22 2,2 470 I7 
O,I6 p II 23 Cu. 0,6 575 24 
0,43 45 23 2,2 ·620 24 
0,60 34 .17 25,0 785 I7 
2,2 63 I7 .A~ 0,16 p 23I t 27 IO 

3,0 240 23 o,6 350 17 
25 133 17 JI~, Br I,O p 340 ± 60 25 

Co o,6 d.. S6 17 2,0 960 ± 130 · 25 
Jf;_ 0,6 42 17 3,0 II60 t !30 25 

2,2 58 I7 3,0 960 26 
Gu. o,6 52 17 2,9 p 2750 26 

2,2 80 I7 Jlu. O,I6 p 109 ± I5 9 
25 129 17 Pt o,6 340 l'l 

.Aa o,6 2I 17 Bt 0,16 p 82 ± IO 9 
Jlll O,IS I9 ± 2 22 0,24 p IIO 27 

0116 7 t 2 9 0,42 220 27 
Pt 0,6 2I I7 o,55 320 27 
BL 0,6 22 17 0,6 350 I7 
Th o,I5 20 ± 2 22 Th 0,065 el... cf.... 20 28 At o,6 268 17 o,oa5 35 28 

2,2 4IO 17 o,1so 75 28 
.Si. 0,6 302 17 0,16 p cl... SI± IO 9 

2,2 330 I7 ---=----------------=-----===================================== 
Fe 01I6 . 120 23 

o,43 450 23 
o,6 336 24 
2,2 4IO 25 
3,0 I30 23 
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T a 6 n H u a 2 

Cettemrn: G~ EG'WIWll (n 1.16H) o6paaonamrn HMP c uacco:ew ttRCJIOM A m 2-4 npn .:esanuo-
0 ;nettCTBlUI np0T0H0B C paSJIH'IHhlllH 1.mrueHm.nil9•10/ . 

3Hep- p cL t H~ 3 He lj 
rRll MHmeH1> 
(Ma11) G'~ c-o..'\-'M,;) \?~ (, IXi)<.u,j G"'WJ G"~;J c;"a G ClJl.<.wJ G'w.3 G~ 

156 Jlil 800±100 700±100 64±6 60±10 l5:t;3 18:t:2 · 5,5 7,5±1 206±25 25±2 

Ta. 390± 50 50±5 22±3 100±10 
Au.. 320± 50 800j;IOO 4I:t4 50 17±3 22±2 3 4 ± I 75:t 6 37t5 
Pt 320± 50 42:t4 I8:t3 60± 6 
e, i. 350± 50 47±5 24±3 25t3 3 3 ± I 45± 7 37±7 

Th 380 t50 55t5 30!4 37 ± 5 44:tIO 
90 Jlu. 240± 30 650± 70 26±4 45 10±2 17 
'====~ ~-~======-========~= ..... ~==========~ T== +-=~- = = ·=~==~=== =====L ·=~~ L--¾ "===========~=--===== 

Pac•te'l'lll:le H 8KCnepH1o!eHT8Jir,HUO xapaKTepl!CTl!KH c'- -qaCT""• 
n~ POllfJl8~lJll!XCH Ilpl! B38HMO~ettCTBHH 

npOTOHOB B aMyn'J,OHl!/39/ 

FI 8 (E<-<<. IO 1.48:a) 

F/8 

I ra» 
Oma 

o,65 t a.Io 

o,96 ra» 
PacqeT 

0,48 t 0,04 

2 raB 

Onu, 



"' CJJ 

llepBnHaH 
qaCTHU8 

p 

p 

p 

p 

Sf 

<ji 

II ep11uqeaH 
qacTuua 
H aae~rHH 

(ra:e 

p 2,23 
p 2,26 
p 9,0 
P 19,5 

51 7,5 
m 11,5 

.. 

· T a a n u u a 4 

CeqeHHH odpaaoBaHHn dliCTpwc H'Aep renHH npu BBaHMO'AettcTBHH aneueHTapH!,llC qacTHU 
BliCOKHX aHeprutt B auynI>CHH 

I~ 

. G C _,U..b'l{) JIHTepa-

. M36} • Typa 
I '. 7200 >300 )400 7500 71000 

( raB) 
)>100 -

54 
2,23 53 ± 14 80 4 ± 6,3 

313 ± 1,2 0,8 :t 0,8 54 
2,26 26,6±4,0 8.6 ± 2.2 

' 

6 0 5 ± I,8 40 3 ± 1,6 o,46±0,3 55 
9.0 51,2±6.l 19,3 t 3,5 

0,2:1:0,2 55 
19,5 51,4±7.2 IS.6 ± 4,3 7.9 :t 2,6 · 2,6 ± 1,3 

56 
7,5 15,75±1,89 3,76:t0,8 0,98:t0,48 

5,4 ± 0,62; 1,20±1,25 I o.92;1:0.23 56 
17,5 29,l ± 2,2 

' 
I 

I I 
I 

T a 6 n u u a 5 

SBeBJt!i CO C1I6J{8JIH HJ{ep re11HH 8Bea;zt1i1 dea cne'AOB H'Aep rem1H 

h.s l)~ )1 e, nH YJ ,5 "Yl:-J )l t Y) H 

2,7 :t 0,4 16,4±1,l 2,9±0,2 II,2:t0,3 
0,8 :t O,l 14,0;t0,6 1,06:t0,08 II,2:i:0,3 
5,4 :t 0,2 6,2:tO,~ 12,6:t0,2 18,4:t:0,5 4,5±0,2 3,2:t0,1 7,2:t0,2 10,5:t0,3 
8,4 ± 0,2 6,7:t0,2 14,2±0,3 20,8±0,4 7,1±0,2 4,3±0,l 8,5±0,2 12,8:t0,2 
4,3±0,3 5,5±0,3 9,9±0,!J 3,3:t0,2 4,6:t0,3 7,0;t0,3 
7,7:i:0,3 7,2:t0,3 12,6±0,1 6,3±0,3 5,3±0,3 8,4±0,3 

Jlnepa-
'fYpa 

54 
54 

·•55 
55 
57 
57 



T a 6 JI H u a 6 

TIOJIOBHHHll8 yr~ BllJ!eTa HA8P d_ • t H He, o6paayiomHXCH npH 

B38HMOAe~CTBHH qaCTHU B 3MynbCHH 

TiepBHq- BTop;iq- ~ 0½: (1,p0-9) JIHTepaTy-
H8H H8H l< 
qaCTHU8 qaCTHU8 B ) 25 ) 50 pa 

'j\ d. u. t 7 ,5 55 ± I,5 37 ,5 ± 3,5 58 

<f\ t 7,5 54 ± 2,5 38,5 ± 4 58 

'ji 2. ~ 2 7,5 52 ± 2,75 37,5 ± 4,5 58 

J\ °l.=2- 17,5 50±2,5 34 ±4 57 

p Z. = 2 9,0 47,75±2,5 32,5 ± 4 . 59, 60 

p .fr 9,0 58 ± I,2 61 

• 
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Pttc. 1. <l>yHKUHH B036ylK1leH11>1 peaKUHli o6p830B8HHSI Slllep a He H • Ile npH 

B38HMOAellcTBHH npOTOHOB B lKeneac/16-32/, 
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P11c. 2. <l>yHKUHH B036YlKA0HIISI peaKUHH o6pa30B8HIISI TpHTIISI np11 B3811MOAeli-

CTBIIII npoTOHOB B amOMHHIIH (=), lK0Jie30 (+) n CBIIHUe (. )/13,16-32/. 
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C • 

1.0 10 T GeV 
P11c. 3. <l>yHKUIIH BO36YlKA0HHSI peaKu11i! o6pa30Ba 

CTBHU npoTO'IOB B rne (. ) HHS! TpHTHSI npn B38HMOAel1-
pe (+)19,10:16-32( PO!le =' HHKene ( • ), M0AII <•> H cepe6-
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P11c. 6. 3aepreT11'IeCKlle cneKTpbl a -'IaCTIIU, o6paayIOIUIIXCSI np11 B3al!MO

AellcTBIIII npOTOHOB B SMynbCllll/37 ,40/. 
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Pu:c. 7. YrnOBbI8 pacnpeneneHllSI a-'tiaCTIUl, p0}Kll810lllHXCH IIpH B3allMOlleii-

CTBIIII npOTOHOB II aHTHnpOTOIIOB B SMynhCHll/26,40/_ 
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