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1 BBep;eHHe 

IImpopMaTIIBHOCTh 3KcnepnMenra, IIMeromero ue.'Ihro Bhll!Brrenue Me

xaHII3Ma CJIO;KHOro <j)H3H'ICCKoro npouecca, na xo.u Koroporo oKa3hl

naer CpaBHIIMOC BJIHl!HHC 60JihiiiOC KOJIII'ICCTBO <j)aKTOpOB, B peiiia

JOWCH CTeiiCHH 3aBIICIIT OT B03MO;KHOCTI! <j)H3H'ICCKOH .UCKOMII03HUIIH 

norry'leHHhiX .uaHHhiX. IIo.u 3TOII npoue.uypoii MO;KHO nonnMaTh pa3rro

;Kenue U3MepeHHhiX pacnpe.uerrennii:, cneKTpon na KOMIIOHCHThl, npo

ucxo)Knenne Ka;Knmr 1!3 KOTOphlx CBJ13hiBaercl! c onpe.uerrenHhlM <Pn-

3U'!eCKnM <j)aKropoM. Kone'!Hhlll ycnex, co.uep)KaTeJibHOCTb aHa.'IH3a, 

o6ycrranmmaerCl! TCM, HaCKOJibKO 3Ha'!UMhlMI! OKa3aJII!Cb Bhl6paHHhle 

<j)aKTOphl. Cnryaunl! no CMhicrry ana.-wrn'!Ha Bhl6opy yna'lnoro 6a3n

ca npH pa3JIO)KCHUI! B pl!.U HCKOTOpoi\: <j)yHKUI!I! HJIH CUCTCMhl KOOp

.UUHaT, nanrry'!IIIHM o6pa3oM cornacyromerlcl! c cnMMerpne!l: 3ana'!n. 

A.ueKBaTHOCTb .ueKOMII03HUHn .uannhlx qacro CBl!3aHa c nx crpyKry

pofr. HanpnMep, n raMMa-cneKrpocKonnn or.uerrhHhle nnKn B 3Hepre

ruqecKoM CIICKTpe COOTHOCl!TCl! C raMMa-nepeXO.UaMH MC)K.Uy ypOBHl!

MH l!.Upa. Heonpe.uerrennocTh nnrepnpeTaiiHH ynerrnqunaeTcl! no Mepe 

"3aMbiBaHUl!" CTpyKryphl, CBl!3aHHOrO C <j)H3U'ICCKI!MH I! MCTO.UH'!e

CKI!Mll IIpnqHHaMH. 

O.unrrM H3 nprrMepon o6rracrn, .UJil! Koropoii cnpane.urrnBhl npn

ne.ueHHhle 3aMeqannll, l!BJil!JOTCl! 3KCIIeprrMeHThl no noncKy npol!BJie

nnn MYJibTUMo.UaJibHOCTII B HH3K03HepreTU'!CCKOM .uenenrrrr aKTHHU-
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)lOB. l1o COBpeMCHHbiM rlj)C)lCT3B.'!CHIIl!M TpaeKTOj)l!ll )lC:Il!IUCiiCll CH

CTCMbl B MHOrOMCpHOM IIj)OCTpaHCTBe )lC<jJOVIaUHH IIj)II CC ~BOiiiOlll!ll 

OT OCHOBHOrO COCTOJIHHll )lO pa3pb!Ba Ilj)OIICXO)l!IT B6:III3U )lHa )lO.'II!

Hbi - HCIIj)Cj)hiBHOii IIOCJIC)lOB3TCJibHOCTII MI1HHM)'1!0B IIOTCHUU3JihHOII 

3HeprHH CHCTCMhl B )lC<jJOj)M3UIIOHH0~1 Ilj)OCTpaHCTBC B 33BIICIIMOCTH 

OT O)lHOrO Bbi6paHHOrO rrapa.'-iCTpa Ilj)l! MHHIIMU33UIIII 110 OCT3JihHbiM. 

Pac'IeThi, Bb!IIOJIHCHHb!e )lJIJI j}ll)la T!!;KeOihiX l!)lep [1, 2}, cnn)lCTC.Tih

cTnyroT o ua.-rU'IHII n:enoii cncTeMhi TaKnx )lo.-rnu. CrrycK )leJil!IUeii-

[3} 
., ., 

C~ CIICTE'Mb! B.IlO:Ib .ll0.'1HHbi, ITO npe.UIIOJIO;.I\.CHHIO , . CKaHUpJ'€TC5r' 

pa3pi>IBaMH C o6pa'30BaHH€M Ha6JIIO.D:aC).fb!X B 3KCII€piiM€HT€ OCKOJIKOD 

)lCOICH!Ill. )lfo:amo CK333Th, 'ITO IIOTCHUII3."IbH3ll )lO:IIIHa II0j)O:A<)l3CT Ta

KliM o6pa30M B !lj)OCTj)3HCTBC Ha6Jl!Oll3CMh!X Uepe~lCHHh!X HCKOTOj}OC 

::viHO)K€CTBO reHCTHqecKII CWI3aHHbiX TQl!€K 1 B .uaabHC:iiUIC1I Ha3hiDac

MOC llC:IHTC.'IhHOII MOJlOII. B 3Kcrreprn!eHTe na6JIIOJlaCTCll cyrrepno3u

nrur ,UCJIIITC.TibHhiX liW.U, peaJJB)'IOliliiXCH C pa3HbUIII CTaTIICTIPICCKH

MII necaun. 
B nacTOl!IUeii pa6oTe o6cy:A(Jl3CTCll ~ICTOlli!Ka n pc3y:rhT3Thi anaan-

33 M3CCOB0-3HCpreTII'ICCIGIX j)3CIIj)CllC."ICHIUI Ilj)OllYKTOB !lC:ICHHll (l1ll) 

llllCP 252Cf u 234U' ua rrpellMeT BhlllB.'IeHHll Jlemne:rhHhrx 110ll. Co

npeMenHall TCOj)Hll )lC.'ICHllll HC )laCT 060CHOB3HHbiX }"Ka33HII(I OTHO

CIITC."IhllO o6pa3a '10llb! B Ilj}OCTj)3HCTBC na6:riO)laC,!biX HC]W1ICHHbiX, 

HallpBMCj) B Bl!llC <jlyHKUHOH3.'1bHOrO (rrapaMCTj)II'ICCIWrO) MHQ;KCCTBa. 

0TC)'TCTBJ'IOT rrpCJlCKa3aHHll no 3ace."ICHHOCTII OT.UC."IhHhiX MOJl. B cn

:cry 3TOrO IIOCT3B.':lCHHaJ! 33)la'Ia He '!O:AiCT 6biTb CBCllCHa K <jJIITHpOBa

HITIO IT .lJ:Q.l)I\.Ha pemaTbC.si B Ca).-IOif o6meif IIOCTaHOBKe, T.e. BK7IIO·rraTh 

I1 UOIICK anpl!Oj)HO RC 1a)laHHOrO o6pa3a UC.'IHTC.'IbHOII MO.Uh!. 3ana•ra 

nMeeT perneune, cc:cm cyrnecTnyeT 3Ha'IH1IOe pa3:riFme B xapaKTcp

HhiX j)33~ICj)3X C06CTBCHHO 06pa3a MOllhl II 3H3.'!1131Ij))'C'-!OrO IIOJIHOrO 

Af-E- pacnpe!leaemrJ!, c OllHOI1 cTopoHbi, a TaK:Ace c:ry'Iar1HhiX CTpyK

Typ, Ilj)Oll)'UIIp)'C)lbiX IHJ'MOM ( CTUTIICTIIKOii OTC'ICTOB 'IIIC.'Ia C06b!Tllll 

B Kana:rax pacnpe)le:rermll)- c Jlpyroii. TaKmr o6pa3o,1, xapaKTBj)Hhii! 

pa3"rep nmr o6paTnall e!<1Y Eeau•maa - o6o6meuHal! •mcToTa - c.'ly

)J(aT rrpH3Hat..::O!v! rr..ra: BhiL£.e."leiul5f ncr..:m.roro o6oer.:ra. Ha. rrpnnhPIH0!-.-1 

Jl."19.: aHa.-:rrna c:ryqaiiH:srx npouC>ccon .sJ3hiKC pe-.:rh uneT o Borrr.en:cHini 

neKOToporo o6bCKTa noaoconoii <jm:rbTpar:urc1L Arrpnopn TpynHo nhr-
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6paTb Cj)Cllii 6o:rhiiiOrO KOi!H'ICCTBa 3."IhTt'pHaTIIBHhiX B03,lO:A{HOCTCll 

peamnaurm Tarwro <jJIIJihTpa orrTIIMaOibHhiii a.'!ropnnr. 

Oppo6onau j)llll a:rropnnwn BhillCJieHHll CTj)J"KT)'pHbiX oco6eaao

cTeii pa3HOrO MaCIIITa6a: rpOCC- II TOHKOII CTj)J"KTJ"j)hl llBY1!C]JHbiX 

pacnpe)lCi!CHIIll. l1pCJlCTaBJil!CTCll, 'ITO Ollb!T IIX npH}lCH€HIIll ~!O:>KCT 

6h!Th IIO.TIC3Hh!M )lOill aH3JIJI33 CTj)}"KT)"j)hl llBYMCj)HhiX paCUj)CllCITCHHii 

j)33JII1'1HbiX <jJH3H'I€CKHX BCJIII'1HH, HC06l!3aTC1IbHO CBJI3aHHhiX C llC:IC

HIIeM. 

oo:ree KOHKj)CTHal! I(CJ!b H3CTOl!IIICll CT3Thii COCTOIIT'B.OU)'6JIIIKOBa

Hllll BIICj)BhiC BhlllCITCHHO!f TOHKOii CTp)"KT}"j)hl f'>f-£- paCUj)CllCJICHIIll 

234U C llOKa3aTC:IhCTB311!l 06bCKTIIBHOCTil ee C)"IUCCTBOB3Hllll Jli!ll IIO

C.'!Cll)'IOIUCll <jln3II'ICC1Wl! JIHTepnpeTaUJIII 06uapy:a<eHHhlX CTj))'KT)'j). 

2 Pe3yJihTaTbi aHaJI~na pacrrpe.n;eJieHHM Macca 

3HeprHJI OCKOJIKOB .n;erreHHJI aKTHHH.llOB 

2.1 rpoCC-CTpyKTypa pacnpe)leJieHHJI Macca - 3HeprnJI 

OCKOJIKOB )leJieHnJI 252Cf 

0JlHHM H3 npOllYKTIIBHbiX UO)lXOllOB OK333.'I3Ch TCXHIIKR, 6.'1II31i<tJI K pe

rpCCCliOHHOMY aua:rmy. l1o onpelle:reunro [4}, perpeccner1 BCJI!l'IIIHbi 

x2 Ha .'CJ Ha3biB3CTCll <jl)'HKUIIll g( XI), llj)H6JIII:A<CHHO IIpCJlCTRB:Il!IO!UaJ! 

cTaTIICTII'ICcKyro 3RBIICIIMOCTh x 2 oT .r1• M3BCCTHa, HanpmH'p, rpell

ueKBallpaTH'IHaJ! perpeccul!, orrpe)le:rl!eMM <jlyHKUIICii :t2 = Af(J"2I-rr ). 
r.ne 1\f(x2lxr)- }'CJIOBHOC M3TCMRT!l'ICCKOC O:A<!l)l3HIIC :t2 IIj)ll <jJIIKCII]lO

B3HHOM XJ. Bonee <jln3u•moii rrpellCTaBJIJICTCll perpecrnoHnaz 3anncu

MOCTh anna X2 = maxP(x2lxr ). Jlnnnz perpeccnn B 3T01I c:ry•rae npo

xo.n:HT ~epe3 TO"qKII, COOTBCTCTBYIOIIUie MOL{ aM I ( M<U..::CII1J)"1·1a.1!) )"CJIOD

HbiX pacnpelleJICH!Iii P( x2lxr ), T.e. yKa3hiBMT nan6o;ree nepol!THhic 

3Ha'IeHIIll X2 npH <jlnKcnponannoM x 1• Ecmr 3TII pacnpc)leJiennll Mno

roMOlla.'lhHhi, AJill BhlllB.'IeHIIll CTj))'KTyphl parrrpc)leneunll P(;r 1, .r2) 

3<jl<jleKTIIBHO IICIIOJih30BaH!Ie KapTbi JIIIHII{I )'j)OBHll. l!BJ!ll!OIU!IXCJl mi-

) flplH1SIThll1 Jl T~Opllli BC'pOSlTIIO(':T('ft [4] Tt'pMUII "MOJta" lll\1\<l.K IIC Cml3all C JHU!t'C' j'IIOMIIIlaU

WHMCSI TCpMIIHOM "lleJm•l'eJibHaSI MOJ.la". 
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HllllMll "paBHOII BepOliTHOCTH" ilBJ'MepnorO J'C:IOBHOrO pacrrpenCJICHHli 

P(x2lx1) . .lhreHHO B TaKOM rrpencTan:IeHJm 61ma BhlliBJICHa cTpyK

Typa MaCCOB0-3HeprCTII'!CCI.:Oro pacrrpene:ICHI~ll Till 252Cf, IIOKa3aHHM 

Ha puc. la [3]. KapTa Ha puc. la rrorry'!eHa cne.uyroiiUIM o6pa3oM. Ib
MepeHnoe B 3KCHCpHMCHTC pacrrpeneJICHHC (Macca - nO:IHal! KI!HCTI!

'ICCKal! 3Heprnl!) P(M, Ek) rrn Tpanc<jlOp1mpoBa<"IOCh B ycnonnoe pac

npe.ueneHHC P(MIE'), r.ue 3Heprnl! Do36y£neHnli .uerrJIIUerlcJI cncTCMhi 

B TO'!Ke pa3ph!Ba E' onpeJleJil!eTcl! no <jlopMyne E' = Q- Ek, rJle Q-
3Heprnl! peaKnHH JlCJ!CHHli C o6pa30DaHI!C11 Ja)laHHO!l napbl OCKOJ!KOB, 

Dhi'IHCJIJieMal! no Ta6nnue Mace II30Tonon [5]. TaKnM o6pa1o~r, BE' aB

TOMaTn•recKa )"'IHThiBaeTCli arrpnopHal! nH<jlop11aunll, co.uep£amMcl! 

B Q. ITpeo6pa3oBaHne P(M, E') K P{MIE') CBOJliiTCli K HOpMnpOBKe 

na enHHHIIY {1 00%) Ka£)loro ce'ICHI!l! pacnpeJle.'!eHnll P( M, E') npn 

<jlnKcnpoaanHmi JHa'IeH!III E'. llelrcTmneJihHO, no onpeJleneHHIO [4], 

P(MIE') = P(M, E')/ P(E') u P{E') = '£ P(M, E'). 
M 

KaK c:JeJlyeT 113 puc. lb, na KOTopoM npencTan:reno ccqenHe pac-

npeJlerreHHli P( E', AI) JlJili 3Ha•reHIIli E' = 60 MoB, xapaKTej)HhiH 

pa311ep npenanupy!OillHX cneKTpa.'I1H1IX KOMnoHCHT A n B conocTa

DH11 C IIO:IHOII mnpiiHOH CllCKTpa P(MIE'), D KOTO])OM OHII aa6::rro

)laiOTCli. By.ue11 aa3hiBaTh cT'pyKTypy .unyMepHoro pacrrpe.ue::reanJI, 

06}"C::IODJICHH)'IO KOMnOHCHTal\!H TaKoro MaCruTa6a, rpOCC-CTJJYKTypOH. 

CTpyKTypa 6y.ueT Ha3h!DaThCli TOHKoil, cam oHa o6ycnon;:reaa HaJIH

'IIICM nHKOD B O)lH011C])HhiX CC'!CHHliX no O)lHOll IIJIII ilpyroii rrepeMeH

HOH, II!HpiiHa KOTOph!X MHOrO MCHhlliC no:IHOii lliHpHHhl COOTBCTCTD)'

IOillero ce•reHnli. Ha6nro)laCMh!e aa puc. la cTpyKT)'phi B DHJle mupo

KIIX xpe6ToB xopomo cornacyroTcl! co cuenapneM )leneHHJI B paMKax 

JlByx TeopeTH'!ecKn npe!lcKaJaHHhiX )le::rnTeJihHhiX MOil [3]. Ha ncTaB

Kax j)IIC. la IIOKa3aHhl <jJDpMhl )lCJllllliCIIcli CHCTCMh! )lJili <jJIIHaJihHOH 

cTa)lliii 3BonrouHH ll)lpa B KaiK)lOIT 113 MOJl. ITpHMeaeHHe orrHcaRHoro 

llO)lXO)la 06CCIIC'!HBaeT 6o::ree BhlllYK::I}"IO "IIpopHCOBKy'' CTpyKT)'j)HhiX 

Oco6eHHOCTCII MaCCOB0-3HepreTH'!CCKOro pacnpe)lC.TICHlll! Till 252Cf no 

cpaDHCHHIO C Tj)a)lll[(HOHHhiM npencTaB.tiCHIICM, KaK 3TO MOlKHO 3a

KJIIO'!HTh 113 c:paBHCHJ!li p11c. la 11 2. Cnc)lyeT OTMeTHTh, 'ITO Bhi6op 

LVIli aHanHJa 1111eHHO pacnpe)le::reanii P(MIE'), a He P(E*IM) npe)lo

npe)lerrl!eTcl! £C:IaHHeM cpaDHI!Th 3KCnepUMCHTa.'lbHh!C )laHHhiC C pe-
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Pn:c. 2. KoHTypHaH KapTa pacnpe.ueneHHJI P(E*, M). BI>lXOJl ,naH B norapR<l>Mll"'e~ 

CKOM MaCUITa6e 

3YJibTaTaMII pac'!CTOB IIOBepXHOCTII IIOTeHUUaJibHOH 3HeprnH (ITIT3) 

cooTBeTCTByromero li.Qpa. B pac'leTax nbi.QenenHoii riepeMenno:il: liBJili

eTCli y.QnrrHenne .Qenliill:erocli li.Qpa. Benn'lrrHa E' rrprr6nrr3HTenbHO 

rrporropnrroHaJibHa Y.liJIIIHeHHIO. nnrr2KeHHe OT MaJibiX 3Ha'leHIIH E' K 

6oJibliiiiM conrranaeT c peanbHoii nocnenonaTeJihHOCThiO <jlopM li.Qpa 

nprr neneHHrr - oT KOMnaKTHh!X K BhiTliHYTbiM. Macca oCKOJIKa liBllli

eTcli neoAH03Ha'!Hoii <jlynKniieii YAJIHHCHIIli, n nnli ee onpe.QeneHrrli ne

.QOCTaTO'lHO pe3yllbTaTOB pac'leTOB llll9. 

2.2 ToHKrul cTpyKTypa pacnpe.n;eJieHHJI Macca - :meprnJI 

OCKOJIKOB .n;eJieHHJI 234U* 

McnoJih30BaHne ciicTeMbi KoopnrrnaT, BKJIIO'!arol.ll;IIX E*, He nce

rAa B03M02KHO B paCCMaTpHBaCMOH <jlii3II'lCCKOH o6naCTII ITO IIpii-
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•mHaM, o6cy2K.QaeMhiM B pa6oTe [3]. Onm'!Hh!:il: OT II3JIOJKeHHoro 

Bbiiiie IIO.l(XO.l( 6b!JI pa3BIU Ha OCHOBe aH<UIOriiii \ IIpOl!Bll€HIICM 

B Maccono-3HepreTn'IeCKHX crreKTpax II.Il nJnecTHoro rrpoTOHHoro 

'I€THO-He'ICTHOrO 3<jl<jleKTa. 3TOT 3<jl<jleKT Bb!pa2KaCTCl! B TOM, 'ITO Bb!

XO.l(b! OCKOJ!KOB C '!eTHb!MH 3apJI.Qa~!II H€CKOllbKO IIpCBb!IIIaiOT BbiXO

.l(bi OCKOJIKOB c He'!eTHbiMII 3apl!.QaMII. Macconoe pacrrpe.Qel!eHne rrn 

P(M[EL) rrpn <jlnKcnponaHHOII KIIHCTI!'ICCKOH 3Heprnu i!erKoro OCKOll

Ka EL = canst rrpe.QcTaBi!l!eT co6of1 cyMMY rayccorrono6HbiX H30TOII

Hh!X pacrrpe.Qei!eHnii P(Af[Z, EL) ocKOiiKOB c orrpe.QeneHHh!M ll.llepHbiM 

3apll.liOM Z: P(M[EL) = L:P(M[Z, EL)· 
z 

06naCTJi liOKaJibHO IIOBbiiiiCHHbiX Bb!XO.l(OB - IIHKII - B pacnpe.Qel!e-

HHH P(M[Ek) COOTBCTCTBYIOT BepiiiiiHaM Il30TOIIHb!X pacrrpe.QCll€HIII! 

.Qlll! 'ICTHbiX 3apl!.QOB (piiC. 3a). 3Ha'I€HHl! Bb!XO.QOB .l(lll! KOHKJJ€THbiX 

3apl!.liOB B3l!Thl H3 pa6oTbi [6]. Ha rrnocKOCTH Ek-1\£ rrnKII o6pa1yroT 

cTpyKTYPY n BII.Qe IIO'ITH nepTHKaJihHhiX xpe6Ton, 6mi3KI!X no Ha

npannemiiO K. OCU 3HCpri!ii C paCCTOl!Hl!CM MClKil-Y xpe6TaMII OKOliO 

5 a.e.M. (pnc. 3b ). B cnoro oqepe.llh, ce'!eHIIl! o6cyJK.Qae~wro .QByMep

Horo pacrrpe.Qei!eHHl! .Qlil! M = canst TaK2Ke He l!BllliiOTCli rna.QKH

MH (pnc. 3c ). EcTeCTBCHHhiM rrpe.QcTaBJiliCTCli norrpoc: o6pa1yroT nn 

KaKyro-nii6o ynoplino'IeHHYIO cTpyKTYPY IIIIKn, rrpoliBJiliiOIIIHecli B ce

'ICHHliX M = canst? Bo3MOlKHO, 3TH nnKn TaKJKe l!BJiliiOTCli lliiiiih 

"nepmnHaMH ai!c6epron", HMli KOTOpblM - .QeJIHTCJibHbiC MO.l(bi. 

TaKnM o6pa3oM, TeXHn'IeCKII 3a.Qa'!a CBO.QIITCli K rroucKy Ha nonepx

nocTn rJia.QKOro, C TO'lHOCTbiO .1(0 <jlnyKTyaUHH 'IIICJ!a OTC'lCTOB B Ka

Hanax, Kynonoo6pa3Horo pacrrpe.Qenennli P(M, EL) TOHKOH CTPYKTY

pbi, OTJIII'IHOII OT IIpO.liYUIIpyeMbiX 'lCTHO-HC'lCTHbiM 3<jl<jleKTOM BCpTII

K<l..'IbHbiX xpe6Ton. ITocTannennal! Jana'la 6nii3Ka K npo6neMe ana..'III3a 

.QByMepHbiX "3aiiiyMllCHHb!X" U306paJKeHIIM [7] II Bbi.l(€JICHIIli IIIIKOB B 

nrrneii•IaThiX cneKTpax li.QepHbiX 113.'IY'IeHnii [8]. Ee peiiienue na'mHa

l!OCh C aHaJIU3a Henocpe.QCTBCHHO H3Mepl!eMOrO B 3KCIIepiiMCHTC pac

npe.Qel!CHHli P(M, EL) rrn B peaKrum 233U(nth,f). 3KcnepnMeHT rrpo

BO)lUJICli Ha BpeMliiiponeTHOM CIICKTpOMCTpe HC3aMC.l(JICHHbiX rrn Ha 

nccnenonaTel!hCKOM peaKTope MocKoBcKoro l!HJKenepno-<jlu3II'ICCKoro 

IIHCTIITyTa [9]. llpn npuMeneHnn K ce'IeHnliM M = const o.Qnoro II3 
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Puc. 3. a) Ce~enue pacnpeneneHM~ P{M, EL) nn~ 3Ha~eHM~ EL = 100,5 M3B. 
IlynKTHpOM ll0Ka3aHhl napilH3 .. 1lbHhle BbiXOllhl OCKOJIKOB C 3apsnaMH, YKa3aHHhiMH. 

C'fpCm(aMH'. b) IJpoSBJICHJile npOTOHHOrO qeTHO .. HetteTHOI'O 3Q>cJ>eKTa Ha DJIOCKOCTH 

EL·M. c) Ce~eHMe pacnpeneneHM~ P(M,EL) nn~ M = 89 a.e.M. 

8 

~ 
2l. 
~ 

e' 
~ 

~ 
c 
~ 

i 
~ 

80 85 90 95 100 105 
fragment mass (amu) 

PH c. 4. ToHKaJI cTpyKTypa. pacnpe.neneHHJl P(M, EL), Bbi.lleneHHaJI Mero.noM nna.Ba

IOIUero oTpe3Ka.. Ha BCTaBKe a) cxeMa, noscH5rlOWaJI JTOT a.n:ropHTM 

CaMhlX ITpOCThlX B peaJIH3ai(HH MeTO,[(OB aBTOMaTH'leCKOro ITOllCKa ITH

KOB B nnHeil:"!aThlX CITeKTpax - MeTo,n:a "ITnaBaromero oTpe3Ka" [8] 
6hlnn Bhl,n:eneHhl CTPYKTYPhl, ITpe,n:cTaBneHHhle Ha pnc. 4. CyTh Me

To,n:a ITOl!CHl!eT pnc. 4a, r.n:e H3o6pa)!(eB· y'laCTOK rna,n:Koil: (jlyHKn:nn, 

Ha KOTOpOM HMeeTCll OC06eHHOCTh, Ha3hlBaeMal! illrKOM, 0TKJIOHeHHe 

(jlyHKI(IIll OT rJia,[(KOCTll MO)!(HO C'lllTaTb CTaTHCTH'leCKll 3Ha'IIIMhlM, 

eCJill IIJIOII(a,[(b IIHKa 82 npeBhlmaeT k cpe,n:HeKBa,n:paTll'IHhlX OTKJIO

HeHHH OT nnoma.n:n sl ITO,[( KpllBOIT. B Ka"!eCTBe on:eHKH nnoma.n:n sl 
06hl'IHO llCIIOJib3YeTCll IIJIOII(a,[(b Tpanen:nn, llBJilliOII(eHCll OCHOBaHHeM 

nnKa, - KaK 3TO nOKa3aBo Ha pnc. 4a. MeTo.n: nnaBaromero oTpe3Ka 

HaMil 6hlJI peaJill30BaH TaKHM o6pa30M, 'ITO llCXOAHal! MaTpnn:a 3aMe

Hl!JiaCb Ha HOByiO, paBHOrO eil: pa3Mepa, B Ka)!(AYIO l!'leil:Ky KOTOpoiJ 

3annch1BaJIOCh 3Ha"!eHne K03(jl(jlnn:neHTa k, onpe.n:enl!eMoe ITO (jlopMyne 

k = 82/../Sl. 
Bonpoc o TOM, KaK coe.n:HHllTh oT,n:enbHbie ( cTaTnCTH'lecKn 3Ha'lll

Mhle) TO'IKH Ha pnc. 4, He l!BJilleTCll TpnBHaJibHhlM no crre.n:yro!I(HM npn

'IHHaM. KaK OTMe'laJIOCb, o6pa3 .n:enHTeJihHOil: MOAhl B Koop,n:HHaTax 

3Heprnll - Macca ocKoJIKa anpnopHo He 3a,n:aH; ecnn 3TOT o6pa3 npe.n:-
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CTaBJil!eT HeKOTOpy'!O HeiipCpb!BH)'IO COBOKYIIHOCTh TO<ieK, '!aCTh 113 

HHX MOlKeT OKaJaThCll HITlKe ypOBHll CTaTIICTU'IeCKOH 3Ha'IHMOCTU, T.c. 

"Bbliia)leT" 1'13 CIIliOIIIHOH KpHBoii, o6pa3Jll Ha Heft rrpo6errh!; IIJ-3a CTa

THCTII'IeCKHX .prryKTyan;rrfr MoryT o6paJoBaThCll JIOlKHhle cTpyKTYPI>I; 

CTPYKTJPhi HIIIYTCll rra .Porre nJnecTHhiX, anpnoprr 6onee ntnhHO Bhi

palKeHHhiX (nepTrrKa.'lhHhiX xpe6Ton). TaK, Ha puc. 4 He Bh!JhiBaJOIIDie 

coMHerrm1 cTp)'KTJphi B nrr.ue .unyx npn6rrnJnTeJihHO 3KBu.uncTaHTHhiX 

rrapa60JI (1a II 1 b) OT1fC'IeHh! CIIJIOIIIHbiMH J!HHHl!MH. C MCHbllieli OIIpe

)lCJieHHOCTh!O ITO aHa.'!OriiH C CCMeHCTBOM KpHBhiX 1 IIpOCMaTpHBaeTCl! 

eme o.urra rrapa6ona (2a), rroMe'!eHHM nyHKTnpoM. HaKoHen, KpiiBhiMn 

u3 TO'IeK OTMC'ICHhi CTPYKT)'Phi, .uorrycKaromrre rreO.UH03!Ia'IHYIO TpaK

TOBKy. B crrrry HJJIOlKCHHhiX rrpn'IHII necbMa JKenaTcJihHO .popMamno

BaTh rrpon;e.uypy KapTHpOBaHHll CTpJKTJphi, T .e. COC)lUHeHHll HCKO

Toporr CTI.'!OIIIHOIT KpHBOIT rrpe)liiOJIOlKUTClibHO reHeTU'IeCKll CBl!3aHHbiX 

( IIOpOlKJJ:CHHhiX 0/l:HOIT .pnJH"!eCKOH npn"!HHOH) CODOKJTIHOCTII TO'IeK. 

HcKOMhie KpiiBh!e Ha Koop.UIIHaTHofr nnocKocTII npe.ucTaBlil!JOT co6ofr 

rpa<Pn'leCKrre KnacTephi: D IIHTJITTHBHOM onpe.uenerrnn- "rpyrrrrhl '!ep

HhiX TO'IeK, oKpylKeHHhiX 6enh!Mn". IlpocTpaHCTBeHHal! noKa.'UI3aD;IIl! 

l!B.'!llcTcl! rreo6xo.urrMhiM npn3HaKoM B orrpe.uenerrrru KnacTepa, B '!acT

HOCTu, B MO.UCl!l!X KBaHTOD~H MOliCKJJillpHOIT .UUHaMIIKll (KM.Il) [10]. 

8TOT COBpCMCHHhiiT IIO.UX0/1: K aH8.'III3J peaKD;ITH C Tl!)KeJibiMll IIOHa

MU IIOl!Bll.'!Cll B pe3JJihTaTe IIpU3HaHIIll TOro .paKTa, 'ITO UCCJien:yeMh!e 

pea:KD;UH, HanpnMep MJ.'!hTU.pparMeHTaD;HU, Cl!UIIIKOM C.'!OlKHhi, 'IT0-

6h! 6h!Tb JJJ:OBJieTBOprrTel!bHO OIIIfCaH!Ih!Mn 1'13 rrepBOIIpUHD;HIIOB . .Ilnll 

IIOHITMaHHll .pn3IfKH, CJIC.UJIOIIICH If3 MJlibTn.pparMCHTaD;ITII, MO.UC.'!U

py!OT l!llepHJIO pea:KD;HJO IIOC06biTUllHO, OTCl!ClKHBM BpeMCHHJIO 3BO

JIJOUITJO B3a!fMOJJ:errcTBJIOIIIHX HJKJIOHOB MHIIICH!f If CHapl!.Ua, B '!aCT

HOCTn, 3apOlK.UCHne .pparMCHTa KaK .'!OKaJlii3JIOIIICHCll no onpC.UCJICH

HhiM npannnaM rpyrriihi rryKnorroB (KnacTepa). BpeMll Bhi"!ncnerrHfr B 

anropnTMax KM.Il pacTeT Ka:K nprr6nnJnTeJihHO N!, r.ue N - '!Herro 

HJK.'!OHOB B CHCTeMe [11]. qHCJIO KaH8.'IOB, C KOTOpbiM!f HC06XO.U!fMO 

onepnponaTh B paMKax arranorrr'IHhiX a.'IropnTMOB B aHann3npyeMh!x 

HaMn pacnpen:enerrnax, cymecTnerrHo npeBh!maeT TITIIII'!Hh!e JHa'rerrna 

N. UnTnpyeMM on;errKa npeMeHHhiX JaTpaT npnno.unT K neccuMncTu

"ecKorr 3KCTpanonmuu .umr rramefr Ja.Ua'ln. C y'leToM HJJIOlKCHHoro, 

10 

.popManU10DaHHhiC anropi!TMbi He I!CITOl!b30B8.'1IICh JJ:;Il! KapTIIpOBaHIIll 

ncKOMhlX CTPYKTyp. B 3BpiiCTII'IecKoM lKe no.uxo.ue K u.ueHTII<l>IIKan;mi 

Y'!UThlBa.'!UCb: 

i) "KnacTepHOCTb", KaK o!Ia 6bma oiipe.ueneHa paHee; 

ii) rJia.UKOCTb II IIpOTlllKCHHOCT,(> COOTBeTCT!lJ!Oli!CrO 11306pa)KCHIIll; 

iii) IIOBTOpl!CMOCTh, T .e. llpiiHa.Ul!ClKHOCTh K O.UHO~f)' CCMCilcTB)' Kpii

BhlX; 

iv) !locnpouJno.unMocTb cTpJ'KTYP np1r o6pa60TKe a:ra.'IuJnpyeMoro 

pacnpe.ueneHIIll pa3JIU'IHhiMH .pmibTpaMII; 

v) ycTOII'IIIDOCTh Bhl.UeneiiiihlX CTPYKTYP K JMCHbmeHUJO cTaTIICTIIKII 

aHannJupycMoro pacnpe.ueneHIIJ!. 

PcJ)'l!hTaThi npnMeiieHnll pa3HhiX rrpon;e.uyp Bhl.UeJierrmi TOHKOII 

cTp)'KTJ'Phl Ek-J.1- paciipe.ucnerrnll II.Il 234U' IIpc.ucTanrrerrbi n crre.uyro

IIIIIX paJ.uenax. Ilepexo.u oT EL K Ek CBl!JaH c npe.urro'ITUTC.'IbHOCThJO 

3TOII rrepeMCHHOIT .Ul!ll TeOpCTII'IeCKOrO aHaJIII3a [12]. 

2.2.1 lfcnoJib30BaHMe npOH3BO,llHOJ1: 

JioKa.'IbHhliJ: IIHK rra rna.UKOII rayccorro.uo6HOII KpiiBOII ("IIO.UJIOlKKe") 

(puc. 3c) rrpencTaBJil!CT co6olr o6rracTb c cymeCTBCHHO 6orrhmcrr Kpn

BH3HOI1, '!eM rro.unolKKa. KaK II3BccTrro, Mepofr KpnnnJHhl Kprmorr f ( .1:) 
MOlKeT CliJlKHTh ee BTOpaa IIpO!l3BOIJ:Hal! f"(x). B o6:IaCTII III!Ka f"(x) 
IIpOXO.UIIT '!epe3 MIIHUMJM, .UCTCKTIIpOBaHUC KOToporo (puc. 5a) II03BO

JilleT Bhl.UemiTh IIIIK. Heo6xo.unMo cnenaTb rrc6onhmoe JaMe'!aHne o 

pa3JIH'IIIII pC3Jl!bTaTOB, .uaBaCMhlX IIpOn;enypaMU IIOCliC.UOBaTCJ!b!IOrO 

.unyKpaTHoro nu.p.peperrn;npoBaHna crreKTpa 11 Henocpe.ucTBCIIIIOro Dhl

'lliCJie!IUll BTOporr IIpOH3BO.UHOIT. IlpH'!UHJ pa3:Ui'lllll l!CrKO IIO!Il!Tb 113 

CpaBHeHUll .popMyJI, IIO KOTOphlM Bhl'II!Cl!l!IOTCll 11pOU3BOJJ:HhlC Jl 060IIX 

cny'IMX. BTopal! pa3rrocTIIM rrpomno.urrM oT <PYHKD;IIII 

!"(xo) ~ f(~:o +h)- 2f(x) + f(.'ro h) 
h2 , (1) 

T.e. npOH3BO)lHal! B TO'IKC Xo Bhl"!IICl!l!CTCll no TpeM TO'!KaM. l1epBM 

pa3HOCTHM IIpOII3DO.UHal! <l>JHKD;IIII j(.c) UMCCT BII.U: 

! '( ) ~ f(.'ro +h)- f(xo- h) 
xo 2h . 
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HHe ucxo.nHoro Ek-M- pacnpe.neneHHX .nmr M = 90 a.e.M. (nMHH&, coe.nHHXlOlUaJI 

3KCIIepHMeHTaJ1bHhle TQtiKH, IIpOBe.LleHa )lJISI y.no6cTBa BOCIIpH.llTHX)j c) BTOpaJ! IIpO· 

H3BOD..HaJl CIIeK'fpa B 3TOM Ce'I.JeHHH 

/ 
12 

Puc. 6. a) CrpyKTYPhi1 BhUleJleHHhle c noMOIUhlO .usyKpaTHoro )lli!p!pepeHUll.poBa.Hmi 

Ek·M- pacrrpeneneHHSI no ceqeHH~M Ek = const; b) ceqemre Ek-ll-1.- pacrrpeneneHIHI 

nmr Ek = 164 M3B, crrnonmaJI JIHHH~ 1 coe.n«HHIOII..laSI 3KcrrepuMeHTaJihHbie TO"<IKH 1 

IIpOBe,lleHa )lJISI y.no6cTBa BOCIIpH:HTHHj C) BTopaSI IIpOI-13BO.llHaH CIICKTpa B 3TOM ce

"<ICHHH 
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llwpq,epeHIJ:Hpya (2), rrorry-qaeM: 

f"(xo) ~ f'(xo+h)-f'(xo-h) 
2h 

f(xo + 2h)- 2f(xo) + f(xo- 2h) 
~ 

4h2 
(3) 

TaKnM o6pa3oM, Haxo:iKneHne nTopofr npoH3DonHofr rryTeM nnyKpaT

Horo Dhl'!IICJICHllll rrepnoii pa3HOCTHOIT IIj)Oll3DOllHOIT 31J<!JeKTIIBHO npo

HCXOllllT Ha 60JihiiieM IIHTepna;Ie 113MeHCHllll: apryMCHTa, T .e. Dbl

llCJill:IDTCll 6o:1ee r."IanKne <J?parMeHThl CTPYKTYP· Ha puc. 5a rno-

6pa;KeHa TOHKM cTpyKrypa pacnpcne:ICHI!ll: P(Ek, M), nony"<IeHHal! 

II.YTCM Dhi'IIIC:ICHH!! DTOj)OIT pa3HOCTHOll llj)OII3DOllHOIT ITO Ce'IeHIIliM 

Af = canst, yMHO:iKCHHeM Ha ( -1) II nocnenyromm1 oT6pacbiBaHIICM 

oTpnuaTe.'IhHhiX JHa'!crrm!. TcxHrrKa nhrne:IeHIIli mrKon mmrocTpnpy

eTCll: puc. 5b,c. Pe3)'lihTaThi n::rl! npouenyphl nnyKpaTHOro mr<J?<J?epeH

IIIIponaHrrli ce'remrll: Ek = canst Ek-Af- pacrrpene:rerrmr npencranrreHhi 

na puc. 6. 0T'IeT:IIIDO npoammiiinecJI crpyKryphl Ha pncyHKe 6ynyT 

OTMC'!aTbCll: 3ll€Ch II .U3.'ICC Cll."IOIIIHhlMll JI!IHilliMH, <jlparMCHTbl CTj))'K

Typ, xopomo Bblpa:iKCHHhiX Ha noc:IenyroiiUlX pncyrrKax, - rryHKTHpoM. 

ByKneHHo-uu<J?ponhle o6o3Ha'!eHna :IIIHnii onHH u Te Me Ha ncex pn

cyHKax. 

2.2.2 HH3IwqacToTHruJ. ¢lHJlhTpaUHR 

Ha pa3JIIl'lllll B I':I3llKOCTll IICKOMh!X ITIIKOB H ITO.UJIO:.KKII OCHODaH II 

CJICJ<YIOIIUlH :MCTOll BhlllCJICHI!ll: TOHKOIT CTp)'KTyphl. 0Ha MO)KCT Ha

XOlliiThCli KaK pa3HOCTh IICXOllHOI'O II CI'Jia;.rceHHOI'O ( o6pa6oTaHHOI'O 

HII3KO'!aCTOTHhiM .pnnhTpoM) cneKTpon. B pe3y:IhTaTe Dhlno:rrrerrua: 

TRKOIT npouenyphl II3 IICXOL\HOI'O pacnpene:IeHIIll: )"ll3."Ili€TCll: HH3KO'Ja

CTOTHaJI COCTaB.?l.HIOIU<U! "nO.ll)10}KKa~', Ha KOTOpOfr paCITOJIQ;.KClia HHTC

pecyiOLU3JI Hac cTpyKrypa. 'ho KacaeTca cnoco6a crnaMrmaniiH, TO 

liCIIOJih30D3.'IJ!Ch nna MCTona: ll)"TCM CDCpTKII II306pa:i!CCHI!ll: C HCKOTO

pOil neconorr <!JYHKUIICIT II cr::ra;.rmnaHne MeTono~r cnrrarrHon. Hn3KO'Ia

CTOTHM <!J!mhTpaiiiiJI D TCOpiiii o6pa60TKI1 H306pa:.KeHI!IT [7] crry:.KIIT 

31J<!JeKTIIDIIhiM cpe.lKTDO~I cr.'Ia;.rmnaHIIJI mpwn mo6pa;.rceHUli. I13o-

6pa:iKeHI!e rrpencTaD:Il!CTCJI B DI!lle llBYMCj)HOIT MaTpl!Uhi, 3.'ICMCHTa.>,!ll 

14 

KOTOpOII J!B:IliiOTCll: 3Ha'!CHIIll: l!pKOCTII COOTBCTCTB)'IOLUCII TO'IKII II30-

6pa)KCHIIll:. Crrra:.KeBHhlii Maccnn Q pa3:.,rcpa .U x JJ BhrxonHoro rno-

6pa:;KeHna <!JopMIIpyeTCJ! rryTeM lliiCKj)CTHOll CBCj)TKII IICXOllHOI'O ll30-

6pa)K€Hllll: Z co crrra:.KrmaiOIIUIM Maccnno11 H pa3Mcpa L x L corrracHo 

(j:>opMyrre 

L L 
Q(mr,m2)= L L Z(nr,n2)H(mr-nr+1,m2-n2+1). (4) 

n1=l n2=l 

' 
Hu)Ke nprmeneHbl crJia:iKIIDaiOLUIIe Maccnnhl Tpex pa3HominHocTer1, 'Ia-

CTO Ha3biBaCMbl€ myMOIIOllaDJiliiOLUII~!ll MaCKa1ll!: 

1 11 
1 1 

1 
1 1 1 

1 
1 2 1 

Hr = g 1 1 1 ,H2 = 10 1 2 1 ,H3 = 16 2 4 2 1· (5) 
1 1 1 1 1 1 1 2 1 

8TH MaCCllDhi HOpMUpODaHbl n.Till: llOJI)''!CHIIll: ClliiHH'!HOI'O K031J<!JUIIII

eHTa nepena'III llJili Toro, '!T06hl upouenypa crJia)KUBaHUli He Bbl-

3hiDa.Tia CMeLUeHua cpenHero y o6pa6oTaHHoro II3o6pa:.KeHIIJI. IIon-

6opoM neconofr <PYHKIIIIII H(p,q) D <J?opMyne (4) MO:iKHO perymrpo

naTh CTCIICHh CI'Jia:iKIIDaHIIll: II Dbi6Upa Th HanpaBJICHIIe npemryme

CTDCHHOI'O CI'Jia:iKUDaHIIJI. Ilo~IIIMO Db!pa)KeHUIT (5) D Ka'IeCTDC BCCO

DhiX <J?YHKUIIH IICITOJih30BaJIIICh llD)'MCpHbiC rayccuaHbi C pa3JIII'IHhlMII 

nucuepCIIliMH II K031J<J?nuiieHTaMu rwppemrunn. C y"<IeToM yrro1mHau

meroca Bblme <J?arnopa, ycJIO)KHHIOLUero noncK TOHKIIX cTpyKTYP D 

P(Ek. .H)- paciipenenemm, a uMeHHO HaJiu"<Ina y:;Ke uJnccTHhiX cTpyK

TYP n nnne xpe6ron, napanneJihHhlX ocii 3Hepnm, nnyMepHoe crJia)KII

naHIIe IICllOJih30BaJIOCh I'JiaDHhlM o6pa30M llJlll: Bh!llCmHIIJI IIOJIHOCThiO 

6eccTpyKTypHofr "uonrroMrm" (eM. pa3nen 3). 
BecbMa -qyncTBHTCJihHhiM HHCTpyMeHTOM n rroncKe cTpyKT)']JHhlX 

OC06eHHOCTCIT 3apeKOMCHll0DaJI C€6JI a.TJI'Oj)IITM, OCHODaHHhiiT Ha CITJiaii

HaX. 3ana-qy crrra:ilmnaHIIJI 3KcnepnMeHTa."IhHhlX naHHhlX MO)KHO c<J?op

M)'JIIIponaTh CJiell)'IOIIUlM 06pa30M. Ilo llMCIOIIUI11CJ! 3KCnepmH'HTa.'Ib

HhiM naHHbiM Z;, onpeneJICHHhiM Ha 0Tpe3Ke [a,b], llOCTpO!ITh qJ}"HK

IIIIIO, KOTOpM, C OllHOIT CTOpOHhl, llOJI:iKHa o6rranaTb Tpc6yeMOII rrran

KOCThiD, a C npyrofi: - llOJI:iKHa IIpOXOllllTh KaK MO)KHO 6JIII)Ke K 3KCITe

p1IMCHTa.TJbHhiM TO'!KaM. MaTeMaTn'!ecKn Jana'ra cnoniiTca K nocTpo-
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cooTBCTCTBeHHOj b) ceqeaiie Ek = 164 M3B (TOqlm) :a oao )l(e nocne crna:lKIIBaHIIX 

(cnJIOWHaJI JIHHIHl)j c) BhJ.lteJieHHble OCo6eHHOCTII (nHKII) 
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eHHIO tjlyHKUIIII j, L(OCTaB:IliiOLnCH, Hanpi!MCj), Z.!IIHHMY~I tjlyHKUH<JHa.'I)' 

N 1 
J(f) "=' L[f"(:r)J2dx + C> t -[f(:r;)- z;f, 

a i;;:::O Pi 
(G) 

rLie p; - cTaTIICTII'IeCKHH nee, o6hi'!HO paBHbiH z;. Ko3tj:>tjlnuneHT <Y no-
3BOJIJICT perynnponaTb CTCDCHb crJia:KHBaHiill. IIpn ero ynean'leHHH 
cTeneHh nra):(KOCTII tjlyHKUHii f ( x) yMCHbiUaeTCll. B Ka'rccTne K.'Iac
ca tjlyHKUHH, Ha J(OTOpbiX MIIHHMIIJIIpyCTCll tjl)"HKUIIOH<l:I (6), :>10:-KHO 
nhl6paTb Ky6:wiecKHC cimafmhi [13]. HaMil IICIIOJib30Ba.'ICll a:IropnTM 
nocTpoeHIIll crJian;nnaromero Ky6n'lecKoro cunai1Ha c y<ICTOM ycao
nnll (6), npiiBCL\eHHbiH B pa6oTe [13}. TexHII'!CCKII npouenypa Haxo
)I(L\CHHJI K03tjltj:>HUIICHTOB CIIJiaHHa CBOnHTCll K pea.mnaUIIU .'IliHCIIHOrO 
'ICTona HaHMCHbiUIIX KBanpaTOB IIj)II HIU'IU'IUH yC:IOBIIll, CBJI3aHHOro C 
rnanKOCTbiO peiiienHll ( uepnoe c;rarae110e Bbipa.:ReHIIll (G)). 

Ha puc. 7a. upencTa.nrreHbl CTJlYKTyphl, no;ryqeHHhlC Bhi'IIITann
eM n3 Hcxonnoro E•-M- pacupeJ:~eJieHHJI crrran;enHhiX ce<tcnnfi M = 
const. Cr:Ia:-KeHnble 3Ha'!eHnll na.xoL\niiHCb no tjlopMyJie (6) c C> = 0, 05. 
qyBCTDIITC:IbHOCTb TaKOH npouenypbl K BCpTHKIU'IbHb!M xpc6Ta:l1, 
O'!CBHllHO, MHHHMa.'lbHa, 'ITO, B qaCTHOCTH, L(CMOHCTpllpyeT puc. 7a: 
cpeL\n Bhlne:IeHHhlX TOHKnx cTpyKTYP nonHOCThK> oTcyT<:TBYIOT nep
TIIK~U'IbHble xpe6Tbl. 3TO 03Ha'Ia€T onHonpeMCHHO, '!TO 3JICMCHTbl H 
HCKOMblX CTJ)YKTyp, HMCIOmH€ BliL( xpe6TOB, IIJ:IYIIlHX IIOL\ )'rJI011, 
6JIH3KUM K 1f /2 IIO OTHOIIICHUIO K OCli Mace, HC 6yL\yT 06HapyMCHbl. 
llnJI npeoL\OllCHHll 3TOH TPYLIHOCTH 6bi:I ucnollb3oBaH c,'leJ:~yiOIIUIH an
ropnTM. Ilonnoe li306pan;enne CTJlYKTYP (pli!C. 8a) IIOllY'IIU'IOCb II)'TCM 
HIU'IO:-KCH!IJI L\B)'X napUHallbHhlX U306pa:-KCHUH - OL\HOrD, no.rry<ICHHO
ro o6pa6oTKOH ce'remn'I M = const ( KaK n upeJ:~b!LIYmeM c;ryqae ), n 
nToporo, c.rreJ:~yiOIIIero lil3 o6pa6oTKli ce'lennfr Ek = const. Ilpn 3TOM 
cr.rra.:KTIBa.HHC IIOCllCnHIIX CC'!CHUH IIpOBOL(UIIOCb OIITUMallbHbiM o6pa.-
30M: tjlynKUHJI f(lii), no.rry'leHHM :8 pe3YIIbTaTe crna.n;nnanuJI, c.rreJ:~y
eT tj:>OpMC IICXOL\HOrO CIICKTpa, BKIIIO'laJI JIOK11..'1bHbiC IIOBbiiUCHlili Bbl
XOLia, CBJ13a.HHble c npoTOHHhlM 'ICTHO-He'!eTHhlM 3tjltjlcKTOM (p11c. Sb ). 
BMCCTC C TCM IIUKII, UMCIOmHC MCHblliYIO IIIIIpiiHY, '!eM Te, KOTO
pbiC o6yc.rrOB:ICHbl '!CTHO-HC'!CTHbiM 3tjltjleKTOM, XOJ>OIUO BbJL({'JIJIK>TCll 
(puc. 8c). Onncannyro uponcLiypy MO:-KHO o6pa.3HO npeJ:~cTaBIITh KilK 

18 

CHliTIIC IIII<ypoK pa3HOII TOJILniiHbl C TIO:IOBIIHKH KapTOtjle.'JIIHbl C IIOC:IC
LI)'IOLnHM pa3MemeHneM 3TOH IIIKypim Ha nnocKOCTII. B 3aBIICII:I10CTII 
OT TOJILniiHbl Cj)C3ae~10rO CllOJI MO:KHO npOl!BIITb j)CJibetjl pa3HOrO Mac
IIITa6a. 

2.2.3 lJpHMeHeHJ.:le MeTO.llOB BbiCOK01.JaCTOT,HOi1 tj>HJlbTpaUHH 

JiiL(Cll MCTOL(a. COCTOUT B ycliJICHIIU !IMCIOIIIUXCJI B cne:rnpe OC06CHHO
CTCH nyTeM o6pa6oTKII cneKTpa BhlCOKO'!acToTHhlM ¢h::rbTpOM. ITpo
neLiypa Bb!IIOIIHCHUJI Bb!COKO'laCTOTHOII tjliVIbTpaUIIII CIICKTpa TCXHII
'ICCKII ana.'lOrii'IHa IIj)OUC.Uype IIj)OBCL(CHIIJI HU3KO'll\CTOTHOH tjliiJib Tpa
UUII, pa3HIIUa 3a.KJIIO'!aeTcJI .rriiiiib n neconor1 tjlyHKUIIH. Hnn;e nprn
cTanneHbl TIIIIII'!HblC Ma.CKU, IICIIOJib3YCMble ):\Jill BbiUO.'lHCHIIJI BbiCOKO
'IaCTOTHOH tjliiJibTpauiiii: 

0 -1 0 
1 

0 -1 0 
H4 = ~ 1-1 4 -1 ,H5 = 10 -1 5 -1 

9 
0 -1 0 0 -1 0 

1 1 -2 1 

H6 = - -2 5 -2 j. (7) 
16 1 -2 1 

Ilplil o6pa6oTKC li306pa)!(CHUII 3TH MaCKII '!aCTO IICII0Jlb3YIOTCJI nna 
IIOL\'lepKnnaHnJI rpa.H!!U II306pa.JKcHUJI. B 3aBli!CIIMOCTII oT nuna Mac
Klil lil3McHJieTCJI CTeneHh neTallbHOCTU BhlllB.rrennJI CTPYKTYP II ycTofr
'lli!BOCTb npouenypbl OTHOCUTCJlbHO myMOBOH KOMI!OHCHTb! CI!CKTpa.. 
!Ipli!MCHCHUC MaCOK 4 lil 5 C I!OCJICL\YIOmHM Bbl'll!TaHUCM II3 IICXOnHOII 
MaTpUUbl o6pa6oTa.HHOH II03BOJIUJIO Bbl.UCJlUTb CTp}'KT)'phl, IIOKa.3aH
HbiC na pli!C. 9a.,b. IIpnMeHeHne MacKu 6, C03Lia10mefr nau6oJibiiiiirr, 
IIO Cj)aBHCHUIO C upenhln)'IIIIIMU, CKa'!OK JlpKOCTU Ha rpaHIIUC Il30-
6paJKeHUJI, IIpli!BOL(!IT na HeCrJia.MCHHOM CIICKTJ)C K ll3I!IIlliHI!M OCUI!il
JIJII!li!JlM, o6ycJIOBJICHHbiM CTaTJiiCTI!KOH OTC'ICTOB B KaHaJJ1L"{ IICXOL(HO
ro pacnpeJ:~eJieHUJI (puc. lOa,b ). J1peJ:~napnTeJibHoe cna6oe crna.;o:nna
nne (puc. lOc,d) yneJIU'IIIBa.eT ycTOll'!UBOCTb DpOUCLIYPhl K tjlJiyKTY
anUliM OTC'!CTOB II I!03BOJil!CT no.rry'lli!Tb 0):\HO U3 CaMbiX KOHTpaCT
HbiX no cpannennro c npyruMn MeTo.UaMn tjlnJibTpanrm rno6pan;enne 
(puc. 10e). 
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fragment mass (emu) 

PHc. 9. CTpYKTYPhi, nony<tteHHhie o6pa6oTKoH pacnpe.ueneHHH Ek-M $H.TibTpaMH, 

cJiy)KalllHMH .UJUl o6ocrpemut rpaHHU H3o6pa)f{eHlUI:a) - c noMOlllhlO Macl{H 4, b)
C DOMOWbiO MaCKH 5 
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20000 

15000 

-~10000 
0 
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1 a~ ·~,I 0 11 
4000 

2000 

g 0 

~-2000 
.!! 
~-4000 

-6000 

•8000 1 b) ! I I u i I J 
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TKE (MeV) 

20000 
: M::90 ~mu 

15000 

-§ 10000 
0 
u 

5000 j c) 
0 

1000 

~ 
u 0 
c 
~ 
~ ·1000 
'ij 

-2000 

-3000~ 
130 140 ISO 160 170 180 190 

TKE (MeV) 

P11c. 10. a) Ceqem1:e Maccoso-3HepreTJPrecKoro pacnpe.nenemur: .ana Af = 90 a.e.M. 
( CIIJIOlllHaJI )KJipHaJI JIH.HJ.UI, Coe.l(HmHOWaH 6eJTbi€ TO'-IKH ), 'I.JepHbi€ TOtJKH - 3Ha~ 
1..f€HHSI, nonyqeHHhie rrpHMeHeHneM qm:JibTpa, o6ocTpsuowero KOHTYPbl H3o6paJKe

HHSJj b) TIRKH, IIOJiytJeHHbie npHMeHeHHeM <}JHJibTpa K HeCrJia)KeHHOMY IIO CetJeHHSI:M 

M = const cneKTpy; c) 'llepHbte TO'liKH - pe3YJihTaT B03JleiicTBRSl cpnnhTpa Ha ce

qeHHe M = 90 a.e.M. nocne cna6oro crJia)!(HBa.HH• (a= 2 B <jlopMyJie (6)); d) nHKH, 

HaiineHHbie B CrJia)KeHHOM ceqeHJ.Ulj e) TOHKRe CTpyKTypbl, TIOJiy\leHHble tj>HJibTpa

UHCii crJia)KCHHOro pacnpe.neneHHJI 
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2.2.4 IIonocoBoH <fJHJibTp 

100 105 

Ha 6a3e onncaHHhiX Bb!IIIe .pnnhTpoa MOJKHO cnHTe3npoaaTh no:m

coaoft opHllbTp, HCITOJih30BaHHC KOTOporo OKa3b!BaCTCJI 3opopeKTHBHbiM 

n:IJI BhineneHHJI oco6eHHOCTeiii c nocTaTO'IHO Y3Kon 'IaCTOTHOiii xapaK

TepncTnKoiii. Cnoco6 peaJm3aunn TaKoro .pnnhTpa yno6Hec acero npo

neMoHcTpnpoaaTh Ha '!aCTOTHOM JI3b!Ke. IIpennonoJKnM, 'ITO BhinenJie

MaJI naMn oco6eHHOCTh naxonHTCJI n o6nacTH A (puc. 11 a) •racTOTHoro 

cneKTpa. Torna nnJI BhlnencHHJI TaKoli oco6ennocTn MOlKHO ncnoJih-

30BaTh cnenyrorunli anropnTM. IIpoaeneM nayxypoaHeaoe crnaJKnBa

Hne HCXO)IHOrO COCKTpa, T.e. crnanHM HCXO)!Hb!H CITCKTp opHJ'IbTpaMH C 

pa3HhiMH rpaHH'IHhiMH 'IacToTa.\1n 1 n 2. CneKTp, JIB:IJIIOI.UHHCJI pa3-

HOCThiO CrllaJKCHHb!X CITCKTj)OB, HMCCT '!aCTOTHYIO xapaKTCpHCTIIKY 

F(w), n3o6paJKeHHYIO na pnc. llb. IIonocoaoli opHi!bTp IT03BOJIJieT no

naBHTh KaK HH3KoqacTOTHyiO, TaK ll Bb!COKO'IaCTOTHYIO (IIIYMOB)'IO) 

cocTaBJIJIIOIUHe cneKTpa. llayMepHM MaTpnua, nony'IeHHaJI onucaH

HhiM Bhiiiie cnoco6oM, npnaenena na pnc. 12. YpoBHH crnaJKnBaHHJI 

non6npanncb 3KcnepnMeHTaJihHO. PncyHKH 12a n 12b oTJm•raK>TCJI 

TOi!bKO BCJIHqHHOll nopora, Bb!IIIC KOTOporo OTC'ICT B KOHKj)CTHOM Ka

HaJIC MapKnpyeTCJI IIIT])HXOBKOll B COOTBCTCTBHH C Ta6mma~m, IT])H-
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<P (ro) a) \,2 

F(ro) 

·--y2 
/'~~( 

b) 

0) 

I,JK. 11. CxeMa IIOCTJ><X'IIH}I JJO;JO<'OBOtX) <jlll.'lhTpa:.p 1,2 ( ..... ·) •JacrOTIIhl<' xapat.:T<'JHI

CTl1KI1 <PJ1JihTpOB C rpaHIPIIII.I!'•111 IIOCTOT<t!\IU a II b COOTlWTfTJWIIIIO. F'(....,•) · 'li'ICTOT

mUI xapah:T('p11<"THKa CrleKTJM .• IIOJI_\"'1<'111101'0 Bbi'II\'J'OIIIW!\1 CII<'KTpOR. ('r~IOitl:<'llllbiX 

<Jmm;rp""" (2) 11 (I) 

B('neHHhiMH Ha pncynKax. Ha puc. 12b TaKII~I oGpa1o~1 np<'n<:TaB::I<'Hhi 

CTPYKTYJ>hl, rrpo.a:BJI.HKnuuec.a: Han6o.:we or-.:H'T.<nmo. 3roT a,:p pucyHoK 

MO.iK<?T CJIY2KHTh HJIJIK>CTpauneil ()'tJP.DII.llHOii 3aDIH'II~!O('TII: DbiiiiP TIO

por, M('Hbiiie lliYMODOft "1<tCl'D'' II306paiKl'HIIH. HO II !\H'Hhllil' IIj)OHD:I<'H

HblX ncTa.•lct1: n ncKOMhiX cTpyKT~·pax. I\: TaK0!\1Y .iK<' p<'1Y::JbTaT~· -

COKpaiUt>HIHO "lllCJia DbiHB.Til'HHhiX .ll;<'Ta.,·n.•fi - IIpiiDOlliiT II ~'1I<'Hhill<'HIH' 

nonnoft cTaTIICTIIKH B aHa.JIII1npycMoM pacnp~n~::r~nun. Ha puc. 13 no

Ka3aJihl CTJlYKTyphl, ITOJ'I)''ICHHbl(' o6paf>oTKOI! pacnp<'!I<'.'I<'HIIJI CO CTH

Tl!CTHKOI1: B 8 pa1 MCHbiii~Il, 'ICM B IIJlC!Ihi!I)'IIIIIX C::I)''IaJIX. 3TOT jlll

cyHOK ,l(~~fOHCTJlllpycT, T>lKIIM o6pa30M, II ypOB<'Hb CTitTIH'TIPICCKOJJ 

of>ecm''ICHHOCTH of>cyJKnaeMbiX CTJlYKTyp. 

Pe3yJIDTnpyroruasi KapTa TOHKOfi cTpyKTY-

pbi MitCCOB0-3HepreTII'H'CKOrO pacnp<')leJWHIIJI I11I 2:l-1u•. HC <'BJI1ilHHOJJ 

c npoHDJIE'HH<'M npoTOHHoro "IeTH<?-H<'"It'THoro 3¢'4H'KTa. IIOKa1aHa Ha 

puc. 14. Ha pncynKe cocnHH<'Hhl BOP!IIIHo ace o6napym:<'HHhl<' .ppar

M<'HThi, OT"H~TJHIBO npOHBIIBlliiil'OI XOTH 6bi Ha O.UHOfi 111 KapT TOHKOIJ 

CTp)'KTYJlhl, npcncTaBJICHHb!X B ]><11.1\CJIP 2.2. C H<'KOTOJlbiMII Bapna-
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P11e. 12. CTpywrypJ.r, HhilJ.e.rJeHt-thJC no~1ocoahJM <f>HJ'JhTpoM Ha 6a3e cnna:HHa. PHcyHKH 

a) H b) OT.riH'Ia!OTCSI BC.1H'II-1BOi1 nopora, BLillJe KOTOpOro Ha'lJHHaeTC" MapKHpOBKa 

111Tpl1'XOHKOH oT<:'ICTOB H Kananax 
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Puc. 13. CrpyKTyphl, Bhl.UeJieHHble no.nocoBhlM $UJlhTpoM. Ilomwe l.H:ICJIO OTC .. ICTOB 

B HCXO.UHOii MaTpHUC YMCHblllCHO B BOCCMb pa3 no cpaBHCHlUO C paHee aHa.JIH3HpO

BaBlllCii.cg MaTpu:ueii 
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PHc. 14. Pe3yJihTHPYIOillrui Kapra TOHKO:H cTp,YKTypw Maccono-3HepreTH'lJec.Koro 

pacnpe,neJICHHSI OCKOJIKOB ,ne.TJCHHSI 233U(nth 1f), He CBSI3aHHOJ1 C npO.IIBJICHl-ICM npo

TOHHOfO 'lJCTHO-HC'lJCTH0£'0 34xl>eKTa 
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fragment mass (amu) 

Puc. 15. KoHT.)'pHajl KapTa. 3Kcnep:HMewra.1hHOro M<I.CCO"A0-3Hepr~TI1'1<'CI\Oro pa.niJK'

neneHn.a fill .u.n.a peaKUHM 233U(nth,f) 

Ulll!MU Ha6:rro)laKJTCl! )lBa cymecTBCHHO pa3:IIPIHhiX TI!I!a CTpyKTYJl: 

ce~rcikTBa, rroMe'!eHHb!e umjlpaMn 1, 2, 3 u ceMci\cTno 4. Han6o:rce 

KOHTpaCTHb!e .'!UHUB CCMCHCTDa 1 XOJlOIIIO KOppe:rnpyroT C r:ro6<-t.'!b

HOif CTpyKTypoft Ek-Jvf- pacrrpe!lCJICHI!l! Tin 231 U' B DI!)lC rnorHyToro 

xpe6Ta, KaK 3TO cne!lyeT U3 puc. 15. 
Pe3y.'IbTaTbi pac'IeToB, rrpe!lcTann:eHHhiX B pa6oTe [12], rro3nomr

:m: CDJI3aTb cTpyKTYJlbi ceMei\cTna 4 c !leJICHireM l!!lpa rn rro:rHOCTbro 

K;[aCT€pH30BaHHOrO COCTO.HHHH. 

3 TecTHpoBaHHe aJiropHTMOB Bhi.UeJieHH.ll TOHKOH 

CTPYKTYPhl 

3.1 IloJiy'leHne TeCTOBbiX CUeKTj)OB 

PaHee orrncaHHb!e aJiropnTMhl Db!)le:reHnl! TOHKoi\ cTpyKTYPhl 6br:rn 

OTTCCTHJlODaHb! Ha CUCUHa.'!bHO CMO)lCJIHj)OBaHHb!X pacrrpC!lCiiCHUl!X 

)lJlJ! Bb!l!D.'ICHHl! D03MOlKHb!X MCTO)lH'ICCKIIX rrorpeiiiHOCTCII IIJlH HX 

IIJlH~ICHCHHH H Db!60pa OUTHMaJibHb!X rrapaMCTpOD <jlH.'IbTJlOD. bb!.'II! 

oronerrnpoBaHbt TCCTODb!C pacnpc!le:renuJI. B Ka'IccTne ocnonht 6b!JIO 
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P11c 17. C'rpywryphJ, o6ycJJOB:JeBHI.Ie norpemBo<:ThiO Menma noJiocosoH ¢11JlhTpa

mm 
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B3l!TO peaJihHOC MaCCOB0-3HepreTH'leCKOe pacrrpeneneHHC fl.IJ: 234U* 1 

CJI:lhHO cr:ra:m:eHHOe nByMepHh!MH <iJI!JihTpaMn (pnc. 16a) TaK, 'lT06hl 

Ha HC~! JaBenOMO He OCTaJIOCh HHKaKHX TOHKIIX CTpyKTyp. Ha IIOJIY· 

"t!eHHyiO Ta.J~If).f o6pa30:M rJia.II.KYIO IIO,IT)lO)Kicy HaKJiaii.biBaJIIICh OT,lleJib

HO CMonem!ponaHHhie crpyKrypu: 

i) Ha6op IIO'ITII rreprreHnliKYJillpHh!x ocn Mace xpe6Ton, B naJihHeft

meM Ha3hiBaeMb!X nepTnKallhHb!Mll,- puc. 16b (MoneJih crpyKTYPhi, 

06)'CJIOB:ICHHOII IIj)OTOHHh!M 'lCTHO·He'leTHb!M 31J1JeKTOM); 

ii) nna \V -o6pa3Hb!X xpe6ra, rrpenrrono:m:nreJihHo CBl!3.anHb!X c rrpo

l!B.'ICHIICM HCKOTOpOll ):(CJII!TCJlhHOif MOnhl,- j)IIC. 16c. 

K OTC'Iery B KaJKnoM KaHa.'!e rrony'leHHoro pacrrpeneJieHnl! no6aBJil!

;:racb cny'laHHal! nenn'lnHa, pacrrpeneneHHal! no 3aKoHy ITyaccoHa . .Ua

:ree Te :m:e MaTeMaTI!'leCKHe rrpouenypb!, KOTopb!e no 3Toro rrpHMeHl!

.'!HCh ):(Jill o6pa60TKII peaJihHb!X CIIeKTpoB, IIpi!MeHl!JIIICb K TeCTOBO

~IY CIICKTpy. flpH 3TOM, C y'leTOM liCTHHHOro Bll):(a TOHKHX CTpyKTyp, 

KOHTj)O!Illj)OBaJIOCb Ka'l€CTBO IIX OT06paJKeHI!ll (BhineneHHl!) II B03HIIK

HOBeHHe MeTO):(ll'leCKIIX rrorpeiDHOCTefr. 

3.2 Pe3yJihTaTbi TecTHpOBaHIHI 

KaK yJKe OTMe'la.'loCh B pa3neJie 2, BblneneHrre \¥-o6pa3Hb!X xpe6ron c 

MaKCI!MaJihHb!M IIOnaBJICHliCM BepTHKaJihHhlX pea.'lH3yeTCll, CCJIII IIO

JIOCOBOH <iJI!nhTP rrpnMeHl!eTCl! K ce'leHHl!M M = const aHaJIH3Hpy

eMoro MaccoB0-3HepreTn'leCKoro pacrrpeneJieHnl!. Harr6ollhillal! KOH

rpaCTHoCTh H306paJKeHI!l! IIOJiy'laJiach IIpH 3TOM ):(.'Ill nByxypOBHeBoro 

CrJiaJKHBaHHl! C IIapaMeTpOM a B <iJOpMyJie (6), 6JIH3KliM K 3Ha'leHlll!M 

3 rr 0,2 coorBeTCTBeHHo. HHJKe rrpnaonl!TCl! pe3yJihTaThl recrnpoBa

HHll TaKoro rronocoBoro .pnJihTpa. Pe3yJihTaT o6pa6oTKll <iJHJibTpoM 

pacrrpenerreHHl!·IIonJIOJKKH rrpencTaBneH Ha prrc. 17. B pe3yJihTHpy

romeM crreKrpe o6aapyJKnnnCb rrepHonn'lecKne crpyKTyphl, Korophle 

Hano rpaKTOBaTb KaK omn6ey MeTona, n6o ncxonHoe pacnpeueneHne 

rnanKoe. I1pll'lnaa B03HHKHOBeHHll noJKHhlX cTp)'KTYP 3aKJIKJ'laeTcll 

B HaJIIl'lllli OCUilllJiliUHll crnaJKeHBOrO CIICKTpa OTHOCliTCllbHO liCXOn

HOrO. OcuHJIJillilllll crreKrpa rrocne <iJILnrpannn oTHOCHTC.'lhHo rrcxon

aon rlla):(KOll IIO):(JIOJKKH o6yCJIOBJieHhl CTeiieHhKJ rlla):(KOCTI'l HHTeprro-
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JIIIpJIOIUero MHOro'IJICHa ( CITJiaMHa), IlCITOJih30B1lHHOro 1.1Jl~ ITOCTJlOC

HHJ! ljlHJibTpa. fna.UKOCTh CITJiaMHa 3a.Ua€TC~ napa,!CTj)OM a If n<:er.ua 

MCHhlU€ rna.UKOCTH CITCKTpa-ITO.UJIO)KKU. 0TMC'ICHHhlX OCUIIJIJI~UIIii HP 

6y.UeT, CCJIH B Ka'ICCTBC BCCOBOif ipyHKUUH ipUJibTpa Bb!6paTh, HllllpH

Mep, rayccuaH. B 3TOM cny'!ae, o.uHaKo, cyruccTBeHHo yxy.umaroTc~ 

B03MO)KHOCTH Bhl.UeneHu~ nnKon, .popMupyrorunx TOHKyro CTPYKTY

PY Ha CKJIOHax rayccono.uo6Hmi no.U::IO)KKU, r.ue cr."Ia)KCHHhiM CIICKTp 

U.UCT CUCTCMaTU'ICCKH BhllUC IICX01.1HOro (puc. 18). AMIT>"IHTYUa JIO)K

HOrO lll!Ka, B03HiiKaJOIUCrO llj)II 01.1HOKpaTHOM B031.1CMCTBIIH Ha IIOJ.1::IO;K

KJ ipUi!bTpa, OCHOBaHHOro Ha Bb!paJKCH!iH (6), COCTaB;J~CT B 06JiaCTU 

)faKCIIMJMa paCITj)C)lC.'ICHHJ! 50 OTC'ICTOD ( T. e .. OTHOCHTC.'IhH1ll! MCTO

J.1U'ICCKM norpemHOCTh 0 "" 0, 3%). lin~ ITOJIOCODOro ipHJibTpa MaK

CUMaJ!bHM norpemHOCTh YMCHhlU1lCTC~ 1.10 7 OTC'ICTOD ( 0 "" 0, 05%) 
11 M11.o"IO 11eHJ!CTCli np11 !13MCHCHUII a D paHCC Db16paHHOM 1.1U1liTa30HC. 

TaKnM o6pa3oM, MO)KHO KOHCTaTnponaTh, •no MCTOLIII'ICCKa~ norpcm

HOCTh, B03HUKaJOIUM npu Dhl.UCJICHUI! CTJlJKTypHb!X OC06CHHOCTd! ITO

::IOCODhlM ipiiJibTpOM, IIOCTJlOCHHh!M Ha 6a3e Ky6n•!CCKOrO CIT'lai\Ha, 

OKa3hlBacTCH ITO KpallHeH Mepe Ha IIOIJH.llOK MeHhiiiC DC.TIIlqHHhl HCKO

MOrO 3ipipCKTa. 

PeJyJihTaThi Dhi~nneHUJI ncKOMhiX \V-o6pa3HhlX xpc6TOB no Mcpc 

BK>"IJO'ICHU~ O'!Cj)C1.1HOrO ipaKTOpa C;JO;KHOCTII 31li.1<1'1II: BCj)TUK11.o"lhHh!X 

xpe6TOB, KJITO::IOo6pa3HOM ITOilJIOA>:KU, CTaTUCTII'IeCKIIX ipilj'KTyaUHif B 

'IIICJIC OTC'ICTOB B KaH&"IaX pacnpe.UCJICHUJ! (nyacCOHOBCKOro lllJMa)

llj)C.UCTaB.'ICHhl Ha puc. 19. Ha puc. 19a IIOKaJaHa CTPYKTypa, noJiy

'!eHHM o6pa6oTKOM pacupe.ueneHn~, ~Bil~rorueroca cpnroil Mouenn VV
o6pa3HhiX xpe6TOB n ITOCTO~HHoro ipoHa. PeJyJihTaT o6pa6oTKU TCCTO

soro pacnpe.UCJICHIIJI, ~BJI~JOIUerocJI CJMMOM HllKJIOHHhlX, \V -o6pa3Hh!X 

xpe6TOB IT ITOCTOl!HHOrO ipoHa, ITj)C.UCTaBJICH Ha puc. 19b. Ec;m ITOCTO

~HHhlM ipOH 3aMCH~CTCJ! Kj'ITOJI006pa3HOM ITO.UJIO;KKOM, TO Dhi~BJICHH1l~ 

cTpJKTypa DhirJil!.UUT, KaK Ha puc.19c. HaKoHcii, H&"IO;KCHIIe nyacco

HoB<:Koro lliJMa MaKC!iM&"1bHO npn6JII!;KaeT TCCTOBhlll CITCKTp K pc-

1l.'IhHOMJ. PeJyJihTaThi o6pa6oTKII 1.1::1~ 3Toro CilY'IM npcucTanilcHhl 

Ha puc. 19d. 

PeJynhTaThl TecTIIponaHH~ MO)KHO npoK011MCHTIIpon<LTh cneuyro

!UIIM o6pa30M. IlpnMeHeHne no::Ioconoro .pmrhTpa K ce•reHH~M M = 

30 

20000 

15000 

E 
810000 

5000 

130 140 150 160 170 180 

TKE (MeV) 

PHc. \$. Crnaii\1\Bal!HC CClJ(>IiiUI .H = 90 a.<'.~L r:J,.-M- piH'IIJWJl<'~!<'HIDI l·ay<TOBCI"II~III 

<l>H:tt.Tpa.MH pa.3JIOil llJHpMllhJ: \ \I('(J';Ja:if\CIIll()(' ('('~l('IIIW: 1..:J ])t''I.V:li>TaTI,J Cl'.'l<t

)I\J1HCU\H}I l'i'lYCCOBct-:HM\1 <~HJII>I'pa.MH pa:woft ll\11j>HIIhl 
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Pr1c. 19. BbHIBneHHe c rroMOlUblO rronocoBoro <f>HJibTpa: ·a)i.V-o6pa:lHblX xpe6ros Ha 

r10CTO~HJI0).1 cf>OilC; b) cynepn03J1UIHi HaK,10liHbiX M \V-o6pa3HbiX Xpe6TOB Ha HOCTO

~JIII0:-.1 lflOII<:; c) C.fiH.'pllO'mU.HH HaKJIOHHhiX H \"/-o6pa:lHbJX Xpe6TOB Ha K)'IIOJ10o6pa3-

llOi1 llOJI:IO:.ta.:e; d) TO if\e, '-ITO 8 npCJllMl)'IUCM CJl)''-lae, HOC Ha...10JKCJIJ1CM nyaCCOHOB
Cf\01"0 tny:-.fa 
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PHc. 20. Pe3y.'lbTaT npHMeHeHmi no.TJocosoro q>HJibTpa K pacnpene.'1eimiO, cocrox

IUeMy H3 nyaccOHOBCKOro lliJMa, nopmKD.eHHOI'O <J.>JIYKT)'amuu.m ttHCJJa OTC4:eTOB 8 

KaHaJiax pacnpene.:"TeHMx-nonJJO)KKJf 
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COIIsf !101BO:JHC'T C>(jl(jlr!iTIIBHO IlO!laBI!Th CTJlYKT~-py 1!1 HllK:IOHHh!X 

Xp0fiTOD. 1ll IICK:llOlH'Hlll'M o6:IHCT<'{L r.m~ Xpf'fiThl C.UDIIraJOTCH UO ro

pl110HTCl."11-l T.<'. II).1<.'t'TC51 }><'1KIIfl IT<'p<'llClJl DbiXO.Il<l D COOTDeTCTDy

l<>W<').f cetH'Hliii M = con sf. I3 p<'1Y-JhT<'tTC n mq>f'CTHOCTHX TOlWK 

(90 a.t'.)L, 162 :\bl3) n (96 a.<'.)f., 162 :\hl3) Ha p11c. 19b 11 pnc. 19c 

BIIUHhi npoJID:I~HIIH <"TPYKT~'P· cnaJaHHhiX c 'H'THO-Hl"I~THhni 3{jl(jleK

Tml. J3 TO ;K<' Bjll')ll! 6.'1113KII~ K Bl'jJTIIKH->hHhl'l 3.>l'M~HThl \\i-o6pa3Hh!X 

Xp<'6TOD DbiHD."IHIOTCH 1H;rciiiT<':JbHO 1l<~H('(' OT'lteT:IIIDO •. "Cif'!<.I ropii10H

T>l.'lhHh!e (eM. p11c. 16c 11 p11c. 19). IIp11 1anaHHOf1 B~.'II!'!IIHC 3(jl(jlcKTa 

:wrKO Oll('HI!Th 06bP'-l CTaTIICTIII\:11. H('OfiXOLI.JDihlii LI..'"IH CTilTIICTIPH'CKH 

nocTOD<'pHor<> DhiLI.<':ICHIIH 1cl>cl><'KTa. Tan:. C'C.lii Df':JIPiliHa 3cl>cl><'KTa co

cTaD.'lH<'T 4){; OT q><>Ha. (rron;:JOJKI\11). lii!C."''O OT(""CI<'TOB B KaHap"IaX. rne 

Illlll'TCl! !!llli. UO:IlKHO 6biTh "" 2 * 10'1. Jb Jl!IC. 16a B!InHO. 'ITO lljJII 

4'){-Ho(r B<';J!l'U!Hl' 3(jl{jl<'KT<l li<"KOMhi<' \V-oopa1Hhll' Xj)('6Thl ll(',>IIKO>l 

:w.JKaT n ofi.na.crn crarncTJPI<'CKOI1 o6ecrr<nieHHocrn. ilhi51B.3l<'HII<' 3cp

(jl~KTa TaKoii BC::UPIIIHhl II Ul')IOHCTpnpyrT JliiC. 19d. 

J3 IIOJ'HUKC Ka'!l'cTBl'HHO!l IIOI.'I!OCT]'lll!lll! U0IkTDl'HHOCT!I KJliiTCjJ!I

t'D Dbi5IDJieHIUI 3a.pa.Hee He II3B<'CTHOi'i CTp)"l\:Typbi. Il<'p<uiiiC.'"I<'HHbiX B 

pa3U<':IC 2, Ha p!IC. 2() lljJUBOU!ITCH jJl'3y.>hTl\T o6pa6oTKII IIO:IOCOBhi~I 

cpu.:rbrpo!<.t nyaccoHoncr.:oro ruy11a1 rropon..:.ueHHoro q>.3lyKryauiHI!>.III "CIIJ

c.na OTC1Icron n n:aHa..r"la.x r:m . .uKoii r.:yno.'Joo6pa3Hoii non~Jo&KII. Cn:y

'IaHHoc (jlopM!IjJODaHIIC CTpj'KTyp, IIOKH3<1HHh!X Ha ])IIC. ).!, IljJ<'UCTa

B.'IHCTCJI lljJCHC6pClKIIMO Ma.>OBt']'Ol!THhUf. 

4 3aKJIIO<IeHHe 

J3 pa6oTc o6cyJKn1lKJTe>I M<'TOUhi Dhi>IB.:J<'HIIH eTpyKTYJlHhiX ocoo<'H

Ho<.:T<'li pcnaoro Ma.CIIITa6a. n nnyMrpHhiX paenpell<'.'"I<'HII51X Ha6.:rK>A<H'

:MhiX TI<'pE'MCHHblX Ha. npnMepe Ma.C('t)D0-3-Ht.'}>rt'Til'"Cl('t"KOrt} 1}<\('ll1Wll<':l<'

HIIJI OCKOJIKOD UC•>l'Hilll 252Cf II 2;l4U'. lloKa3aHO, 'ITO U:IH Bh!HD.>t'HIIll 

rpocc-cTpyKTYJlhi nnyM<•pHoro pacnprnea<'JUill. T.<'. pacnp<'U<'.:J<'HIIH c 

xapa.KTCpHhlMU: lliiiJ>IIHaMH CTI<'KTpa .. :lbHhlX hOMTIOH<'HT, ('tliiO<'TaDII!\IbiX 

C TIOJIHOif IIIIIpiiHOif CC1leHlii1: H-HH..!"lii3Hp)"<'1-·IOJ:'O pacrrp<'n<',iJ('HIHL 3q>c}H'K

TIIBHO IlCIIO!lb30DaHIIC KctpThl .illiHUii ypODH51 .)"C.'lOBW>ro nB;\"1-I<'pHO

ro pa.<"III><'Jl<'.TI<'HII51. Tan:oc np<'ncTa.D::t<'HIH' no1no:uwr npoc:n'llliTh :111-
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HUll pPrp<'CCIIOHHOI'i: 3aDiiCID10CTII ).H'.iKllY IIPJ>C:O.H'HHhE\HI :t: 1 H .1'2 DHlla. 
J.'2 = 11)(/J.'(P(.cd:~.::i)), rnc onepaTop nw.t: Bhlll<'::I~<'T ::Im:a;IhHhle 'lilK

CII~IY:Hhi pacnp<'llC::ICHH~ P(;~:1i:c2 ). 

Pacc~!OTJWHa 1ana•m Bh!lle::IeHn~ TOHKOI1 cTp)'KT)'J'lhi nny~rcJmoro 

pacnpel!C."!CHIIJ! B KOHKj)CTHOI! TIO<:TaHOBKC TIOIICKil o6pa1a ll<'.'li!TC::Ib

HOii: ).,IO.Ubl n npocrpaHc:TD(' nepe),I('HHhiX ).Iacca ·- 1H<'pnur orr.:o~1n:on 

ne."!CHI!~. H1 lj>H3WH.'<'KIIX coo6pa~eHm1 MO~Ho o~nnaTh, 'ITO nc:Ko

~~hrfr o6pa3 llO::I~CH Tij)CllCTaB::I~Tb co60II jl>l3HOBb!COKHII XpC6CT TIOBbi

III<~HHhiX Dhixo.non ocKOJIKon Ha. Kyno.""Ioo6pa1HOI1: r.'Jann:oil no.n:rmi\.Ke. 

<t>op~ra xpe6Ta II<"'IL TO'!Hee, xpe6Ton, c y<IeTo~I ~IY:IhTI!~IOlla-"lbHOCTH 

npouecca ll('~'1C'lHIH 1 anpnopHo He 3anaHa. llocTan:reHHaH 3<J...U<t'"Ia. pa3-

.ne:ra:<'TCH Ha nne: 

i) DbiJlC:IC!HllC CTaTHCTIITICCKII 1HatUI).fhiX TQ"q('K .TIOKC1...7lhHO IIODbllil('HHO

ro Bh!XOlla, HC CB~3aHHb!X C II3BCCTHO!l CTJl)'KT)'j)Oir, Tij)Ollj'Ul!j))'C~!Ol! 

UpOTOHHbn! 'leTHO-He'!CTHhl~! 3'i>'i><'KTO~I, B BI!llC TIOC::ICllOBaTCJlbHOCTH 

XpC6TOD~ IIOl!Tli napa. "J."lC:lbHbiX OCII 3Ht'pnu1:; 

jj) 06belli!HCHI!e TaKHX TO'ICK C06CTB('HHO B CTj))'KTypy, T.C. COCll!fHe

HHC !IX HCKOTopoH HCTij)Cpb!BHOii Jli!HI!CH. 

ITcpnal! •m<:Th 1ana•m perna<"lacb 1!1BCCTHhiMII MCTona~m noncKa nn

KOD D ~""IIIHCI1l!aTbiX CII€KTpa.X M MCTO.lla!\fii IIODbilllC'Hli.H KOHTpaCTHOCTII 

1arnpi."'CHHhiX Jno6pa~cHm1. TccTnponaHnc aJiropnTMOB Ha cncun

"-"'hHO CMOllCJl!Ij)OBilHHb!X T0CTOBb!X pacrrpe,UCJlCHHliX, 6.'!II1KHX K pe

a.'!bHbiM, TI03BO::II!.110 TIOl!06paTb OTITIIM>l.'IbHble napaMCTJlbl 'i>HJihTj)OB 

.U::Ill Bhll!C."'CHI!!I I!CKOMb!X CTJlYKTj'j) H ycTaHOBHTb rpaHHUhl MeTOl!II

'!CCKOJI norpeiUHOCTJI nx npnMeHeHnll. C:rmKHal! T.orrorpaqmll nonepx

HO<:TJL Ha KOTOj)Oll OTb!CKI!BaiOTCll Xj)C6Tbi, He CBll3aHHb!C C Tij)O!IB.11e

Hl!0~1 'ICTHO-HC'!CTHOrO 3'i>'i>CKTa, o6ycJiaBJIIIBaCT HCOlliiHaKOB)'!O KOH

TpaCTHOCTb BhlllCJlCHI!!I pa3Hb!X .pparMCHTOB !ICKOMb!X CTj)j'KTj'Jl pa3-

Hb!Ml! .pn;rhTJlilMH. IIoJIHa.JI Kapn!Ha pcKoHcTpyupona."!acb no3TOMY 

B Bl!llC cynepTI01UUI!H .pparMCHTOB, Hal!C~HO BblllC.11CHHb!X HCCK0.11b

KI!~111 .pn;rb Tpall!ll, C BI!3)'1WbHb!M KOHTj)OJlCM H>l."'IPI!Ill OC06CHHOCTI! 

(::IOKil,.."lbHOro TIIIKa) B BblllCJlCHHb!X ¢HJ1hTj)OM KaHa.'!aX I!CXOllHOH Ma

TjH!Ubl. Hco6xo.unMa.JI cTaTIICTII'ICCKaJI o6ecne"'eHHOCTh HailneHHWX 

CTj>j'KT)'j> KOHTp0.11Hj)OB>l."!aCb .paKToM HX BOCTij)Oli3BCllCHI!ll Tij)H TIO

ruaroBOM j'MCHhiUCHHII TI0.11Horo 'IIICJla C06b!TUH B I!CXOllHOll MaTj)IIUe 

BTI."!OTb llO 0,1 OT Ha'!a•"lhHOrO. 
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DTopaa 'HH:Tb 3a,Ualni -- KOHCTpynpoBaHue crpyKryphi H3 Bhlne;reH

HbiX TO'!CK TIOBb!UlCHHOrO Bb!XO.Ua - pcrua."!aCb 3Bpl!CTH'ICCKI! B pa~!KaX 
c.pop~ly."'l!j)OBaHHblX B pa60TC I'j)J!TCj)H0B (pa.3,UC.11 2.2), OCHOBaHHhiX 

H<l o6W:IIX KH..l!CCTD<'HHblX IIpE:'llCTaD:TICHllHX 0 HCC:I.y"tJai1:H0).1 xapaKTe

pe m·r;o~wfx cTpyKTyphi n ee lj>H3II'ICCKOII npnpo.ue. Pe3roMnpyro!Ua.JI 

HaCTOl!IUCC ncc:renonamrc r;apTa TOHKOH cTpyKTYJlhi Ek-M- pacnpe.uc

."l<'HIIH OCKO::IKOB llCJlCHI!~ B pcaKUIIII 
233U (lith ,f), HC CBl!3ilHHOH C npo

l!!l."l<'HI!C~I Tij)OTOHHOrO 'ICTHO-HC'ICTHOrO 3.p~j>eKTa, npel!CTaBJlCHa Ha 

pnc. 14. 

BJiaro,ll;apHOCTM 

AnTopbi nhrpa:.KaiOT npn3HaTC:IhHOCTh IO.IT. faHrpcKoMy 3a no:re3-

HhiC 1a~re•raHHll K pyKonncH u IO .3. ITeHHoH)!(KCBll'IY 3a nonnep~KY 

HaCTOl!IUCH pa60Tbl. 
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