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HcCJI~o:erume perucnml MeJQzy" CJIOlltHllllm ,smpru.m C RCIIYCKamt8M 

HeilTpoHOB, T • 8 • perucnml THIIa (HI t X n. ) , IIOKasaJIR, "lTO 8Ha"lRT8JI:E,-
' . 

HWI "lacTJ, 8KCII8PRM8HT8JIJ,HHX .Itawimc MOl!t8T 6m1, OIIl!CaHa Ha OCHOB8 

CTaTHCTR"l8CKOil MO,IteJIH. 0;IUI8.KO B JIRT8paType HM810TCS! yitaSaHRS! Ha 

TO, "lTO B pg;n;e CJJY"la8B Ha~aeTCSI CY!ll8CTB8HH08 H8COOTB8TCTBH8 

T80p8'l'R"l8CKRX H 8KCII8pHMeHTBJIJ,HHX ,ItaHHHX. B "lacTHOCTH, IIpH RSM8-

pemmx ~ B086ylr,Il;eHRSI P8alttlmi (HI, )( n. ) 38M8"l8HO, "lTO ,n;JISt 

qlmtCRpoBaHHOro 3Ha"l8HRS! X O j'B8JIR"l8HR8M 8HeprRR 6oM6ap,ItnpYDJWX 

HOHOB IIOJIBJUI8TCSI ~03pa0Ta:mt88 pa3JIR"lR8 M8Jlr,Izy' T80p8TR"l8CKRMR R 

8KCII8pHM8HTBJII,llWffl KpRBm.m. 3TO pa3JIRl?H8, IIO IIpe,ItBapRTeJIJ,HHM 

.ItBBHHM,.ItOCTm'aeT 8Ha"leHRSI, IIO xpa.imett Mepe, 103• B 8KCIIepRM8HT8 

Ha~am'CSI T8.K Ha3W38.8MH8 11XBOCTll" ~ BOS6ylr,Il;8HRSI, Ilp0CTH

PaJlllR8CSI B CTOp0Hy- BllCORRX 8H8prmi. 

CY!ll8CTB8HH08 H8COOTBCTCTBH8 T80p8TR"l8CRRX H 8KCII8pBM8HT8JIJ,

HllX p8SYJII,TaTOB ,ItaeT OCHOBaHRe rOBOpRTI,·O H8,ItOCTaTO"lHO TO"lHOM 

IIP8.ItCTa.BJiemm o IIponeccax o6pasoBaHRSI K pacIIa,Ita cocTaBHoro ,smpa 

IIPR BS&!MO,It8ttCTBRH TmlteJIHX ROHOB.C smpaMH. 

CII8nH8JIJ,HO BOIIpoc 00 OTKJIOH8Hl1JIX B ~ BOS6ylr,Il;eHRSI 

pe~ (HI, X It ) He pacCMa'l'pHBaJICSI ; Bee ,ItaHHlle IIOJJY"leHU JilllIJI, 

,n;JISt j'EKRX o6JracTeit 8Heprntt, "lTO B SHa"lKTeJIJ,HOit CTeIIeHR CBS!8aHO 
:~ -

C HeBUCOKOtt 8Heprneil TSDlteJIHX ROHOB, He 60JI88 I0,5 MsB/HYKJIOH •. 

B 1968 ro,Ity B llil.P OIDIH 6wr 38IIYlll8H RSOxpoHHUil nRKJIOTpoH 

Y-200, ycKopJmlllrll TSDlt8Jill8 KOHll BIIJIOTJ, .I(O SHeprmi ~ 20 MsB/HYJt

JIOH /I/. 3To IIOSBOJmJIO Ha"laTJ, 8KCIIepRM8HTll IIO HSMepemm \PYlJKil;mi 

BOS6yx,IteHRSI pe~ C TmlteJillMR KOHaMR B IIIHpoKOM .I(RaIIaSOH8 8H8P

rmi. 

ijeJIJ,D HacTOJmteii pa60Tll 6wro IIOJIY"l8HRe .I(OCTOB8PHUX pesyJIJ,Ta-, 

TOB O B8pOSITHOCTH pe8.Knro1 C BWieTOM HeilTpoHOB IIpR 8Hepr:wa:, 
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cynteCTBeHHO npemnnamtmc 3HatJemm, COOTBeTCTBYmtHe MaKCnMYMY 

rrorrcpetJHoro ceqemra, a Ta.KJKe .HsyqeH.He Mexaa.HsMa B3aHMo.n;eficTBIDI 

l!OHOB C JmpaMH B YKU3a!IHOH oclJiacT.H :meprnii. 

3Kcnep.ID4eHTH 6wm BHITOJIHeHH Ha I.UntJIOTpoHax Y-300 .H Y-200 

J[a6opaTOpHH smepHHX peaKUHH OWIH. 

}.{J'!ccePTau;IDI COCTOHT ll:3 4-x rJiaB. 

. 13 nepBo:ii rJiaBe npe.n;cTaBJieH o6sop :mcrrepIIMeHTaJII>HllX mumux, 

yica3HBaJO!llIDC Ha B03MOlltHOCTI, 3HatJHTeJII>HHX OTKJIOHeim:ii cpymaum B03-

Ciy;ii,l(eHim peaKUHfi ( cf,. ,xn) n (HI, x n) OT ".HcnapHTeJII,HOfi" cpopMH /2-4/.. 

OTMe'leHo, 'ITO B 06.JiaCT.H B!lCOKHX 3HeprJU1 cetJeHWI peaKUKlt 

COCTaBJI.mOT I+Io% OT MaKC.ID4aJII,H11X 3HatJeHnii, 'ITO HaxO,Il;HTCSI B 

cymeCTBeHHOM npoTllllOpe'lmr C pactJeTaMH, BHITOJIHeHHHMH B paMKax 

CTaT.HCTli'IeCKOii MO,Il;eJill, ItoTOpHe ,Il;a.IOT 3HatJemm cetJeHI!tt, no Kpa.it

Hefi Mepe, B 103 pas M8HI,me 3KCil8p.ID4eHTaJII,HllX. TaKHM o6pa30M, 

MexaHH3M B3aHMo.n;eiiCTBHSI .HOHOB C smpaMu, OTB8TCTBeHHuii sa IlOSIB

JI8HUe "XBOCTOB" qiymaurii B036yx;n;eHJm, Il0-Blm.ID40MY, OTJili'IeH OT 

o6wrnoro nponecca 06paa0Bru1HS1 11 pacna,na cocTa.llfl<•I''-' u:.n;pa. 

Pasaue aBTopu ,Il;eJiaIOT Te wm HHue uve.n:rroJio:-Kemm .n.,m o6Mc

uemm IlOBe.n;emm <IiYHKUnii B036yx;n;emm B 06.JiaCTU BU:OKHX 3Hepr.Hlt. 

B •mCTHOCT.H, B pa6oTe /2/ npe,nnoJiaraeTCSI, 'ITO np.H B3aHMO.n;ei1CTBIDI 

o< -'laCT.HU c SU(paMH nepBOHa'laJil,HO npo.HCXO,Il;HT BH6ImaH.He O,nHoro 

HefiTpoHa .H norJionteH.He R,ll;poM MlDl!eH.H cJ.. - qacT.HUU. B .n;a.rrI>HeltmeM 

J(CD036yZI(eHne smpa OCJIIl8CTBJISI8TCSI IlJT8M 3MRCC.Hll H8CKOJII,KI!X uelt

·rpoHOB. 
1 

IIp.H TaKOM B3a.HMO.n;eiiCTBHH HeilTpoHJ MOJ!t8T 6UT b nepe.n;aHa 3Ha-

•m·reJII,HM qacTI, 3Heprllll HaJI8TaXXI1elt o{ -'-IUCT.HUU, '-ITO BqXpeKTllllHO 

Cl!HJitaeT B036yx;n;enue OCTaTO'lHOro smpa. T:mHM o6pa30M, ,Il;ruKe np.H 

4 

BHCOKHX 3H8prmDC 6oM6a:wmpYJ{Illl!X 'laCT.HU (I00-150 MaB) B036yx;n;eime 

R;IJ;pa MOlit8T CHIIMaTl,CSI IlJT8M. a:r.mcmm HeOOJII,IIIOro 'lllCJia HeilTpoHOB, 

'ITO np:ime.n;eT K IlOSIBJiemm BHCOK03HepreT.H'l8CKHX "XBOCTOB" B 

~ BOs6yx;n;emm. 

Ilpe.n;noJIOZeH.H8 0 npSIMOM BH6:imamm He:liTpoHa MeHee scp<peKTHBHO 

B c.nyqae pearuunt C Tmte.nm.m: .HOH&m, IIOCKOJII,KJ IIOCJI8,Il;Hll8 MOrJT 

nepe.n;~TI, IlOKOJllll8?JYCH He:liTpolo/ JmlllI, H8SHa'lHT8JILHYJI) 'laCTI, CBOeit 

aHepr.H.H. 

EeTe /5/, paOCM8.Tp:imaH BOilpOC 06 OTRJIOHemmx OT CTaT.HCTH

'i8CKOil MO,Il;eJill B ":e:cnapHTeJifilWX" npon;ecca.x, IlOJiaraJI, 'ITO npn 

3Heprmi: HOHa, CPaBHHMOil C SHeprHeit ,Il;HC~OUHau;HH smpa, OH 6y,neT 

T8paTI, 60JII,JJJyi) qacTI, CBOeil 3HeprHH B IlOB8pxHOCTHOM CJI08 smpa. 

3TOT npon;ecc BH3oBeT "JioKaJII,HHil HarpeB" qacTH smepHoro o6~eMa. 

H3 06.JiaCTH "JIOKaJII,HOro Harpena" 6y.n;y,r.BHJieTaTI, tJaCT.HUU C 8H8p

r:wnm, 3Ha-imTeJII,HO npeBmnanqmra cpe.n;HHe sHa'leHRll aHeprmi qac-. . 

TitD;, HCilEq)mll{IDCCSl HS p8.BHOB8CHOro smpa. T.e. npn BHCOKHX 3Hep-

rWDC HOHOB pe8RD;IDI c ncnycmumeM He60JI1>moro 'lllCJia 'laCT.HU. MOryT 

iJ,Il;Tll C ,Il;OCTaTO'lHO 6oJI1,moil BepoHTHOCTI,Jl. ABTOPH pa60TH /6/ pac

CMS.Tpm38Jlll "JIOR8JII,H08 ncnapeime" KaK O.I(HH H3 BOSMOlKHHX M8XaHHS

MOB BSam.ro.n;eitCTBR!l lIOHOB O R;IJ;paMH, OTB8TCTB8HHl1X sa IlOBe,I(eHHe 

~ BOS6yx;n;eimSI B 06.JiaCTliI BHCOKlIX 3Heprd. 

C~eJiaatt C COTpy.n;mmar.m / 4/, llCOJ18.I(yJI :e:cnaplrl'eJII,HHe peaK

nuu npH B3MUO.JJ;effcTBHH H0H0B c12 0 YPaHOll,Ylt!l.SH~aei/qTO 0TitJI0HeHJUI 

<m'Jmnnil BOs6yx;n;emm MOUO' IlO-BiJ,Il;HMOPAy-. 06MCHRTI, Ha OCHOB8 

MO.I(8JIH npeJtpaBHOB8CHOft 8MlIQClllI, paspa60TaHHOil I'pnq$mOM /?' 8/ 
H MO~BaHHOit EllaHHOM /9/. 0CHOBH08 IlOJIOXeHHe MO,Il;eJI.H sa -

1t.Jill'la8TCH B TOM, 'l'l'O Il8pBOHa'laJil,HO . 3H8prR!I HaJie'f'~eil i:i:aCTHUH 
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pacnpe.n:eJIJieTC.fI M8llfJJ.Y He_6oJII,nmM 'qHCJIOM tiaCTmt H ;!Ulp()K (3KCllTOHOB) • 

B .n;aJILHeilIIIeM CHCTeMa Tiepes cepHX> .Il:Byx'laCTH'IHIDC Bsam..ro.n:eifoTBlrli 

.Il:BIDlt8TC.fI K paBHOB8CHOMy tiaCTH'IHO-.n:upo-qHOMY pacnpe.n:eJiemm. COCTO-

,.fIHHe .impa xapaKTepH3Y8TC.fI.'qllCJIOM -qacTmt H .n:upoK, B036yx.n:aeMIDC 

H3 OCHOBHOro COCTO.fIHH.fI. Ilpe.n;noJI8I'a8TC.fI, TITO BCIIKlrli paa, Kor.n:a 

HYKJIOH nepexo.n:wr Ha O.n;HOTiaCTINHOe COCTorume, B KOTOpoM o.n:m1 

3KCllTOH HMeeT 3HeprHX> Eo, a OCTaBWaSIC.fI tiaCTh 3KCHTOHOB - 3HeprHD 

E - (E0+B), r.n:e B - aHeprRII CBII3H HYKJIOHa B .impe, MollteT ocYDte

cTBwrDCII 3MRCCR.fI aT9ro HYKJIOHa. PaccMaTplll3a.fI BCe B03MOlKHH8 nepe

xo.n:u B .impe npH ero .n:BBeHHR K paBHOBeCHOMY pacnpe.n:eJieHHX> TiaCTmt 

H .n:upoK, MOlltHO Hrui:TR llOJIHYJ) BepoSITHOCTD'paCna,n;a .impa B npe.n;paBHO

B8CHOi1 ~e. CneKTP TiaCTmt, HCnycKaeMIDC npe.n:paBHOBeCHllM .impoM, 

CYDl8CTB8HHO saBHCwr OT Ha-qaJihHOro 'qHCJia 3ltCHTOHOB n, H .n;JIJI 

M8JillX n, OKa3UBa8TC.fI 6oJiee llt8CTKHM, -qeM 3TO CJie.n:yeT H3 o6UTI

HOi1 CTaTHCTIN8CKOff MO.Il:eJIH. 

IlpHMeHeHHe Mo.n:e.,m npe.n:paBHOB8CHOff 3MRCCIDI K pea.runmM 

( o( ' ){ n) .Il:8JIO y.n:oBJieTBOpHTeJILHlle pesyJihTaTll /IO/ • 
Ha aH8.11H3a HM8DI!HXC.fI a1tcnepHM8HTaJil,HllX H TeopeTRTI8CKWC 

.n;aHHIDC B KOHI{e nepBOfl rJiaBll c.n:eJiaH BHBO.n: 0 He06XO.n;HMOCTH HCCJie

.n:oBaH!rli pea.runrll C TSDlteJIHMH HOHaMR B nmpoKOM 3H8p!'8TRTI8CKOM .n:Ha- • 

nasoHe. 

3TH HCCJie.n:oBaHHa MOrYT .n:aTh CBe.n:emm: 0 CT8ll8HH COOTB8TCTBR.fI 

pa3.111NHIDC MO.Il:8JlhHllX npe.n:cTaBJieHHff peaJihHOMY MexaJm3MY Bsam.ro.n:eil

CTBR.fI M8llfJJ.Y CJIOlltHllMR SJ;npaMR. 

.lJ,rul llpoB8,I\8HR.fI TaKHX HCCJie,I\OBa.HIDi Heo6xo.n:HMU IDIT8HCRBHll9 

ny-qKH TSDlteJIIDC HOHOB no B03MOlltHOCTH 60JII,IIIHX 3HeprHff. neflCTBHTe7Ih

HO, BC8 npe.n:lJ,JzyllUie pa60Tll, B KOTOPIDC co.n:epxaTC.fI yita3aHH.fI Ha 
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OTKJIOHemm <pyHltIUtll B036yJ!f,!(eHRSI, 6wm Bllll0.1IH8Hll C HOHaMR, 3Hep

rRII ROTOPllX He llpeB~a I0,5 MaB/HYKJIOH. OTO 3Ha'qHTeJihHO orpa

Ira'mB8.110 B03MOllOCTlI lI3y-qeHRSI ~ B036yar,D;eim.fI B o6JracTH 

npe.n:noJiaI'aeMUX BHCOROSH8p!'8Tl!'l8CltHX ffXBOC~OB". T~e lICC.11e.n:0Ba-

HR.fI CT8.11H B08MOlltliH
0 

• Jlllllll, IlOCJie aanycxa B JilIP 0IDrn: 1H30XpOHHOro 

J:(lIIUIOTpoHa Y-200, cnoco6Horo ycROJl!ITh TSD!t8JI!i8 lIOHll BllJIOT:E, .n:o 

SHeprHff ""'20 MaB/HYKJIOH. CYDtecTBSHHHM Tpe6oB8HlieM npH npoBe.n:e

HIDI aitcnepm!eHTOB .fIBJIHJlach MOHoxpoMaTH'iHOCTh ny-qKa HOHOB. 3To 

o6ycJIOBJI8HO TeM, 'q'l'O npe.n:noJiaraeM!le "XBOCT.!i" <pyHltIUtll B036yx.n:e

HR.fI MOrJIH 6HTh peay.11hTaTOM pe~. BH3BaHHHX: HlI3ItOSHep!'eTlI

-qecROfl ROMIIOHeHTofl D:ylJ!ta. Il03TOMY Bee axcnepHMeHTH Heo6xo.n;HMO 

6wxo BmIOJIH.fITh Ha BHemmtX ny,ncax J:(lIIUIOTpoHa, nocROJIDitY paa6poc 

no aHeprlilI B- STOM c;ry-qae He npeBmnaJI o,5%. 
Heo6xo;zunrocTh l!CnOJihSOBaHR.fI BI:me.n:eHHWC D:ylJ!tOB TBllteJIWC lIOHOB 

·BHCOKOfl 3HeprlilI onpe.n:emma M8TO.I1:Rtiec~ -qacTh HaCTOmqeff pa6oTH, 

OilHCamtyl)_BO BTOpofl r.11aBe. 3.Itech H8JlaraJlTC.fI peSYJ:[hTaTH onHTOB 

H pac-qeTOB no HCCJie,I\OBaHllJO .Il:Bmtemm HOHOB B HaTiaJILHOff o6JracTH 

J:(lIIUIOTpoHa Y-200, no lISMepemm Ily-qROB HOHOB lI RX BllBO.n:y H3 

ycKopwreJI.fl. 

HccJie.n:oBaHHe .Il:lIH&mKH -qacTmt B neHTpe ycKOpHTeJISI .HBJI.fI8TC.fI 

O.n:HOfi lI3 OCHOBHHX aa;n;a-q llpH 008.Il:aHHH Jm6oro ItHKJIOTpoHa, IIOCitOJih

ey ;n;im:iteHHe HOHOB Ha IIepBHX o6opoTax nemmoM OIIpe,I\8JI.fI8T 1ta1IeCTBO 

D:ylJ!ta -qacTmt, ycitopemna: .n:o ROH81IHOfl 8H8p!'iIH. 

Pacnpe.n:eJieHRli 8JI8RTPHTI8CitOro IIOJI.fI B HatiaJIDHOff o6JracTH nHR

JIOTpoHa Y-200 6wm lI3MepeHH Ha MO.Il:eJI.fIX neHTpa c IIOMO~hD 8JI8KTJ>O-: 

JIHTH11ec1toff BaHHH /II/. no ;n;BHH.!iM H3Mepemnt aJie1tTp:1Aec1toro H Mar

HHTHHX IIOJiefl 6WIH paCC'IllTaHH TpaeitTOp:im ;n;BHlltemm: :qacTmt B··neHTpe 
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ItHKJIOTpoHa,H BHClpruia OIITRMaJlDHasI Ha"<IaJU,HasI reoueTpHJJ, oClecIIetnmaI>

~rur xopomee Ra"<I80TBO IIY'IRa B B8prmtaJI1>HOff R ropHSOHTWII,HOft IIJIOC

ROCTSIX. 

IIocKOJILKy- .ItJ1.1I IIpoB8,1(8HRII' 8ltCII8pE'.M8HTOB IIO H3ycl8Hi!D ~ 
BOS6~emm: HeoClXO,IU!Mll BH8111HH8 IIyqRR, oco6oe BHRMrume ClWIO 

l7'AeJieHO HSMepeHimM pacIIpe,IteJISHd IIY'IROB BHYTPR ItHKJIOTpoHa lI 

OIIHTBM IIO BHBO.ztY /I2,I3/. Blmo.zt IIY'IROB ROHOB C A/z =3 OCY111eCT

BJlfIJIC.II C IIOMOll!l>D ltOMClRHRpoBaHHOit CHCTeMH, COCTO.IIlll8ff HS 8JI8KTpo

CTaTR"<I8CROro .zteipn:8RTOpa H qJOityC:Hpyilllero MBl'HRTHOro ltaHaJia. 

B pesyJ11>TaTe OIIHTOB ClHJIH IIOJiyq8HH mrreHCRBHH8 BHelllHHe IIyqltR 

TJD!t8JIHX HOHOB c :meprReff ~ 20 M3B/HYKJIOH, ltOTOpHe, B ,ItaJIJ,881-

meM, Clwm RCIIOJII,SOBaHH .ItJ1.II HCCJle,I(OBaHH.II <P,YI!ltttRIBOSCl,YJOteHHJJ 

peaxuml (HI, X n ) B nmpo1toM ,ItRaIIasoHe aHeprd. 

TpeTM rJlaBa CO.ztepnrr ,ItaHHHe IIO 8ltCIIepmceHTaJl:EdIOMY HSyqe

mm M8xamtSMa peaxuml (HI, ,en) B o6JlacTR SHeprd, r.zte Ha~SllT

C.II CYl!leCTBeHHH8 OTltJIOHeHR.II OT IIPe.ztCRaSalid CTaTHCTR"<I8CROI MO,IteJm. 

OcoCloe mmMaHll:8 l7'A8Jl8HO ~aTeJI1>HOMY HSMepemm q,yHRUID1 BOSCl~eHR.II, 

ltOTOPH8 JIBJl.fD)TC.II O,ItHOI HS BalltHHX xapaitTepZCTmt IIPH YCTaHOBJlemm 

MeXBHHSMa BSalilMO,It8!CTBR.II /14/. 
B paClOT8 HSMepwmc:r. cpym.u:um BOSCl~eHR.II CJie.ztYl)IIIHX peaitiunt: 

c 8133(Ne20 4n) Tb149g 
Pr141cc~2,4n) rij149g' 
Hg 202,204(c12,3 ,,5n) Rn211 
pt 198(N15 ,2n) At211 •· 

BHClop STRX peattr(ldt oClyc.noBJleH CJie,eyJIIIBM}t IIpR"<IRHaMl'r. 

Bo-IIepBUX, ltOH8"<IHH8 IIpo,eyRTH peattr(ldt <I,. -aK'l'mmH1 "<ITO IIOSBOJllJJIO 

8 

C 6oJI1>mol aqq>8ltTHBHOCTI,JQ perHCTpli!pOBaTI, MaJIHe BqXpeKTH B oClJlacTH 

lIP8,I(IIOJlaraewa: BHCOR08HepreTR"<IeCitmC "no,CTOB" • Bo-BTOpHX, HS-Sa 

Ma.lloro aqq>eRTa, '1t0Topliff OXE;D;BJIC.II B oClJlacTH BHCORHX 8Heprmi, 

IIpBMeCH COCe,I(HHX BJieMeHTOB H HSOTOIIOB .ItOJiltHH ClHTI, MmmMaJII,Hw.m, 

IIOCROJILKy- peaxnmi Ha IIpHMeCJIX MOrYT npHBeCTH R oClpasOBaHm> oc

HOBHOro IIpo.Itj'ltTa HK HCRBltemm HCTmmon qJOpMB <I>~ BOSCl~e

mnt perumml (HI, x n). IIoeToiay I1PIDJ1ecn He .ztOJIJ!tHH I1PeBblJlraT1> no 

OQ8Hlt8M ~ 0,5%. B 1ta-ciecTB8 MIU!I8Hel JIY"<Im8 BCero ClWIO HCIIOJII,

SOBaTI, ldOHOH30TOIIHH8 8Jl8M8HTH, TSK Kalt "<IHCTOTa paS,It8JI8HHI:DC HSO

TOIIOB H8 l7'AOBJl8TBOp11mi Jt8CTRHM Tpe6oBaHRIIM 8KCII8pIDJl8HTOB. Tait 

ltaR BHClop MOHOHSOTOIIHllX 8JI8M8HTOB OrpBJ!R"<IeH, MH OCIJly-qaJIH H .ztpy

rHe 9Jl8M8HTH, yqm1:mru:i' BOSMOltHOCTl, oClpaSOBaHR.II O,ItHoro H Toro lK8 

npo,ItyKTa B pas.nwmux peaitQRJIX. B pesyJI1>TaTe oelJly-qeHmi Clwm noJIY

-cieHH cpymn.um BosCl~eHR.II yxasaHHHX peSKQHI B .ztrnasoHe ::meprHI 

HOHOB 50-200 MaB, lIPe,I(CTaBJleHHHe Ha PHC. I-3. Tol;Iuio, "<ITO IlPH 

HHSRHX 8H8prll'.8X 60MClap,IUipymimc HOHOB cpymn.um BOSCl~emm EMell'l' 

THIIJIIIHYI) qJOpMY C xapaitTepmm .ItJ1.II HCIIapHT8JII,HliX peSKQHI MaitCHMY

MOM. BcJle.zt sa MaitC:imyMOM Ha~a8TC.II ClHCTpliit cna.n; ce-cieHH.11, CB.II

SaHHliff O ROHRypeHQHel peaxnmi C HCnycRaHHeM X + I HelTpoHa. 

0,ItHaRO B oClJlaoTH BHOORHX 8HeprHI IIO.IIBJI.IIeTO.II TeH,IteHQH.11 It IIOOTO.IIH

CTBY ce-ciemm, KOTOpas'. COCTElBJIJI8T ~ 0,3-0,5% OT MaitCEMBJII,HOro. 

3Ty B,eJilI'mHY HeJil,S.fI OClMCHllTl, pe8.RIOIID,m Ha IIPllMeCJIX,. IlOCROJI1>KY, 

no .ItaHHHM aKTl'lBaQHOHHOro aHaJIHSa ,npm1ecH B MlmI8Ir.lIX He IIpeBl:llllazm: -

~ 0,2%. OCIJly-qemm r.mmenett Clo.nee ~erxmm: nonru.m, B pesy.n1,TaTe 

ROTOPHX MOrJm: oClpaSOM/1'1,0~ OCUOBirlie IIp0.ztYKTH Ha TmteJIHX IIPHM8-

cmc,IIoRaswm:, "<ITO BKJIBJJ; perumml na IIpHMeCJIX He IIPeBHJDaeT I0-15% 

OT Ha~aeMoro 8qXpeRTa B oClJlacTH BHCORHX BHeprd. TaitHM oClpasoM, 
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6WIO 3RCII8Pl!!M8HTaJII.RO ycTaHOBJI8HO, 'ITO B 06.1.laCTH BHCORHX &Hep

I'mt ( ~ 200 MaB) C~'lemtrl pe8.ltitldl (HI, X tt. ) ,D;OCTHI'am Be.mrntHH 

~ 0,3-0,5% OT MmtCl!lM8JII,HHX ~!Ha'leHRit. 

C neJIH> R3y,18Bml M8X8HH3.Ma. B3aHMO,nelcTB:e:a HOHOB C JJ.Itpawl, 

OTB8TCTB8HHOI'O aa IIOBe.n;emte q,yma:(d B036yll;ltemur, 6wm HSMepeHH 

paonpe.n;Memm npo6eroB JJ.n;ep oT.n;a'IH B peruanm: 

Pr141(012,4n) Tb149g 

IIPH ,D;Byx 3Ha'lemm:x: 8H8pl'HH HOHOB. IlepBoe SHa'leHl'!e COOTB8TCTBOBa-

JIO MaRCHMBJll,HOMy- C8'18mDl P8aRnl!H ; BTOpoe - MaltCHMBJll,HOf SH8prHH 

60M6ap.n;HpyJX!UDC HOHOB. HsuepeH:e:a IIOitasaJIH, 'ITO npH 8Hepr:im HOHOB 

E=200 MaB B pacIIpe,D;8JI8Hlm H8T IIHROB HIJRO BupaJ!t8HHOtt rayccoBCROtt 

qiopm. ,1J;1m CpaBH8HIDI npo6eroB JJ,D;Op O'l',D;a'IH npH pa3JIH'IHHX 3H8p

I':e:HX 6wm pacc'IH'l'aHH cpe;ium& 8ROII8pl!!M8HT8Jll,HH8 npo68I'H H IIOJIY

'18HI:l CJie,tzyllini:e 3Ha'leH:e:a : 

E = 65 MaB 

E = 200 M8B 

R axe = 4!2 ± 82 MRI'/cu2 

R aRc = 702 ± !40 MRI'/cu2, 

IlpH pac'leTe TeopeTH'18CRIICC npo6eroB JJ,nep or.n;a'IH B npe,nnoJio

JteHIDI IIOJIHO! nepe.n;a'IH m,myJII,Ca HOHa OCTaTO'IHOMy- JJ.ItPY IIOJJY'l8HH 

CJI8.nyJ)ll!R8 SHa'leHIDI: 

E = 63 M3B 

E = 200 MaB 

R =-460 MRI'/cu2 
R = ros5 w:r/cu2 •. 

CpaBH8Hl'!8 'l'80pe'l'H'l8CRHX H 3RCII8pHM8HTMl>HHX ,D;aHHHX IIORa

SW388'l', 'lTO npH 8H8l)l'Jm 63 M3B B npe.nanax IIOI'peIDHOCTH peay,i:r.TaTH 

COBIIa,Itam, O.n;H8lt9 npH 8Hepr:im 200 MsB Ha~ae'l'CJI YM8Hr.Ill8HH8 

npo68I'OB llpm181)HO Ha 30% IIO CpaBH8mtll C npo6erae, IIOJJY'l8HHHMH 

B npe.n;riOJIOllt8Hl'!H O IIOJIHOI nepe,na-qe m,myJU,Ca HOHa OC'l'aTO'IHOMy- H.n;py. 
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HaMepemm ~ BOS6Y'11',IteH:lm IIORasaim:, TITO B8Jmtrmta ce

TieHIDI pea.Kr(ml (HI. X n ) B o6JracTll SHeprml ~ 200 MsB coc TaBJIJi8T 

~ 0,3 + 0,5% OT MaRCmraJ!b!WX 3HaTieHmt. EcJllI rrpe.lUIOJIOJ!WTI,,· TITO 

OCHOBHYJO ,ItOJill SHeprim B036Y'11',IteHIDI YHOCSIT Hei1TpoHH, TO cpe,IUIJUI 

SHeprIDI me B o6JiaCTll BHCOKOSHepreTRTI8CKllX "XBOCTOB" ,ItOJilltHa 

COCTaBJISITL 30-35 MSB. 

Ms cTaTllCTRTieCKO:ll: MO,IteJIR R3B8CTHO, TITO IIRK_ceTieHIDI llCIIa

PRTeJII,HHX pea.Kr(ml COOTB8'fCTByeT 3Hepro BWieTamtHX Hei1Tp0HOB, 

6JI:irsxott K TeMIIepaType JI.1tpa (.ItJIJI x ==4, 5 T ~ I, 3-I, 5 MsB). 

CJie,ItOBaTeJILHO~BWCO,It He:ll:TpoHOB c SHeprlle:ll: 30-.35 MsB ,ItOJillt8H coc-

TaJ3JIJITI, I0-3 OT BWCO,Ita HeilTpoHOB O 8H8prlleil ~ I,5 MsB. 

llMeJODtHeCH SKcnep:eMeHTaJILHHe .rtaHHHe no 8HepreTRTI8CKml cneRTpaM 

He:ll:Tp0HOB B pe~ C THllteJIHMli( llOHBMR orpamt'leHH .rt:iranaSOHOU 

I + IO MsB /I5,I6/. HcRJIDTieHlle COCTaBJIHeT JllDIJ1, pa60Ta Cm.mHa /174 

B KOTOpo:ll: cneKTp H8:ll:TpoHOB ll3MepeH ,Ito SHeprml 20-25 MsB. 

)trumHe 8TOi1 pa60TH nOSBOJil't.JIR Ha,D;8SlTLCH, TITO·MOlltHO Ha~aTI, 

He:ll:TpoHH ll 6oJiee BHCOKmc SHeprml. ,Il,nsI npoBepxR npe.lUIOJIOllt8HRH 0 

BOSMOlltHOCTll 8Ml!CCRR Hei1TpoHOB C 8HeprIDIMR ~ 30-35 MaB MH npo

BeJIR ll3Mepemm BWCO,ItOB He:ll:TpoHOB C 8Heprl'f.fIW!. BHllle 20. 3 ll 50 M8B 

npll 60M6ap,Itr,q>0mte JI,1{8p THllteJmMll llOHaMK. ,Il,nsI 8TO:ll: ~eJIR 6wm: llC

llOJII,80BaHH rroporOBHe ,IteTeKTOpH. HeitTpoHH C 8H8pl'Heil BHllle 20,3 

MaB perHcTpHpOBaJIRCL no pe~: 

c12(N, 2n) c11, 

a He:ll:TpoHH C 8H8prHett Bmne 50 Ma».no pe~ ,IteJieHM BllCl\fYTa. 
20 

Ilpll 06.nyqeHHH Mmll8HH ll3 BOJII,qJpaMa HOHaMH Ne C 8H8prllett 

IO MaB/HYKJIOH 6WIO o6HapYJ!t8HO, qTo·nOJIHJ:dt BHXO,It HeiiTpoHOB coc

TaBJIHJI ~ 5.ro9 HeiiTpoH/cex.,BWCO,It Hei1TpoHOB C 8Hepr.ue:ll: BHllle 

12 

20,3 MaB He IIpeBHIIl8JI 2.107 H8i1TpoH/cex, a BHllle 50 M3B - ro5 

He!TpoH/ce1t. 

Ha SHaJIRSa 8TllX ,It8HHHX 6WIO nOJIY'l8HO, TITO BWCO,It H8i1TpoHOB 

c 8Hepr:wnm 30-35 MaB COCTaBJIHJI ~ 5.106 HeiiTpoH/CeK, T.e •. 

npm18Pff0 ro-3 OT nOJIHoro BWCO,Ita HettTpoHOB. Ilo nopsi;u;Ky_BeJil!TIKHH 

aTo sHaTieime corJiacyeTCH c .rtaHHHMK :irsMepeHmt ~ BOS6Y'11',Ite

HRII, T.e. IIpe.lUIOJIOllteHHe O BWieTe BHCOKOBHepreTRTIHHX Hei1TpoHOB 

B pe810.l;WDC C TJmeJWMll llOHaMI!! no.rtTB8J)l!UtaeTCH. 

COBORYJIHOCTL nOJIY'l8HHHX 3KCII8pHM8HTaJII,HJiX ,ItaHHHX 06CY'11',Ita-

8'f0SI O TOtJJtlI speHHSI pa3JIK'IHHX M8X8HK8MOB BSamfO,Iteil:cTBM ~

B8pTOi1 rJiaBe. 

IlpeJlf,11;8 BCero,BHIIOJIH8HH pacTieTH ~ B086Y'11',It8HIDI B paM

Rax CTaTllCTRTI8CROff MO,IteJll! no MO,It~BallHOil: q>opMYJie .If,i!teRCOHa 

/Ia/. PeSYJII,TaTH pacTieTOB npe.ItCTaBJieHH Ha pllC. I-3. 

Hs cpaBHemm TeopeTRTieoRmc 11 8RCnepEM8HTaJil:JiHX RpllBWC BE;IUIO, 

11'1'0 COrJIMll8 Ha6Jm.I{aeTCSI JllDIII, npll IDISKllX 3H8PrllSIX JIOHOB. B o6Jiac

TH 8Heprm1,Ha 80-IOO MaB npeBHlll81Jlll'IX sHaTiemm:, COOTB8TCTBYJIIIH8 

MaRCmfYMSM ce'lleHd, OTHOmeHBe 6 8RCII/ (5 Teop. ,It00Tm'a8T 

IQ3-I04 • 8HaTI8HHSI npo6eroB JI,1{ep OT,ItaTIK ll BHXO,ItOB H8:ll:Tp0HOB C 

aaepr:wnm 30-35 Man Tmate ae corJiacymcH c pesynTaT&m, IIOJIY-

11emrmm B pm.max cTaTllCTRTI8CKOi1 MO,It8JDI o6pasoBSHRH ll pacna,n;a 

COCTaJ3HOro JJ,lij)a. 

IlOJIYTI8HHH8 81tCneplIM8HT8JlLHH8 Jt8,HIIH8 6Will IIpoaH8JIR3HpOB8HH 

o TO"llUI spemm: Mexamm11a npaMOro BH6imaHZSI o,ItHoro. aeitTpoaa • .I{aH

HH8 IIO npoderau He IIpoTJilBOpeTiaT IIpe,ItOTaBJieHBHM MeXBJm3Wl IIP,HMOro 

BH6ltB8Hl!JI. ()JtHalto ymsaHHwt 118X8.HK8M B3amf0,It8i1CTBM npe.1U10JiaraeT 

npl!Oy,?CTBll8 B CII8RT1)8 11acT~ C 3H8l)'l'ltl00t, rrpeBHlllllllllllMl1 80-IOO MaB, 
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B KOnHqecTBe 10-3 OT qHcna HettTpOHOB C 3HeprHett 1,5 MaB. 

3KcnepHMeHTan:&HO o6HapyiKeHo, qTO BhIXO,lt HeilTpO!!OB C aHeprHel!. 

Bume 50 MaB COCTaBJIReT He 6onee o,2·10-4 OT BhIXO'Aa Hel!.TpOHOB 

c aHeprHeil E11. ,,._ 1,5 MaB. Cne.ztoBaTem,Ho, uexaHHBM npm.rnro BH6H

BaHHR 0,l{HOrO HettTpOHa He MOX8T nonHOCT:E,JO 06bRCHHT:E, IlOB8,lteHH~ 

WYHKUHtt B036yX,lteHHR B BHCOK03HepreTHqecKol!. o6nacTH. 

~anee npHBO,ltRTCR pesym,TaTll oueHOK, BHnonHeHHliX B paH
KaX MO,lt8m1 11 n0Kan:&1:1oro Hcnapemrn". IIOCKOH:&Ky MaTeJ.laTHqeCKHl!. 

annapaT 3TOl!. MO.ztenH He paapa6oTaH, Mll npOH3BO.ztHnH pacqeT B 

npe.ztnonoxeHHH, qTo ocHoBHaR qacT:& a.ztpa IDJeeT TeunepaTypy 

T=Vv.laA
1 

a TeunepaTypa B o6naCTH KOHUeHTpauHH 3HeprHH ,ltOCTHraeT ~8 MaB. 

llonyqeno Y.llOBneTBOPHTen:&HOe cornacHe C ,JKcnepHMeRTOU. 0.llHaKO 

.ztaHHHe no npo6erau He cornacymca c npe.ztc~aBneHHRMH uo.ztenH. 

~aCTHUll BllCOKOl!. 3HeprHH, no-BH,l{HMOMY, .llOHXHbl BblJI8TaT:& B 3a,l{HIOD 

nonycwepy, qTo npHBe.zteT K yBenHqem!Hl, a He yMeH:&meHHJO npo6eroB 

R.ztep OT.ztaqH. 

Han6onee TOqHO aKcnepHMeHT8Jl:&HHe .ztaHHHe uoryT 6HT:& onn-

_ caHbl C nouo~:&!O uo.ztenH npe.ztpaBHOBeCHOli 3MHCCHH. PacqeTll WYHKUHl!. 

BOS6yx,1teHHR 6unH BllllOnHeHll B npe.ztnono*eHHH, qTO ceqeane peaK

UHH C HCnycKaHH8M X Hel!.TpOHOB paBHO: 

6(xn.J -= 6i, (xrzJ (1-f) -1- f6"f(xn), 
\, 

r.zte: q,(xn) - ceqeHHe peaKUHH ,l{HR paBHOB8CHOt'O H.llpa, 

6"f(Xn) - ceqeHH8 peaKUHH ,l{Hfl npe.ztpaBHOB8CHOrO H,ltpa, 

f - .llOHH npe.ztpaBHOBeCHOl!. 3MHCCHH. 

OnTHMan:&Hble peayn:&TaTu 6unH nonyqeHu npH BH6ope Haqan:&Horo 

14 

qucJia 3KCllTOHOB n., = ? II ,I(OJIR npe.rtpaBHOB8CHOii 3MHCCHH 

f ~ 3,5% (pHc.1-3). 

CornaCHO MO,It8Jill npe,ItpaBHOB8CHOH aimccnH,nepButt ~OH MO~CT 

BWI8T8TI, H3 smpa aa Bper.m llOp!IJ(Ka 10-22 ceK, T.e. HanpaBJieHHe 

ero BWieTa 6y;neT npHMepHO COBlla,ll;aTI, C Hanp3.B.1I8HH8M nY'fl{a. 3TO 

npHBe.rteT K YM8H:&W8Hll!O npo6eroB .II,Il;ep OT,ItaqH. B npe.rtpaDHOB8CHOH 

~38 pacna,u;a HefiTpoHll, no-B~HMOMY, 6Y7JYT BWieTaTI, C nplIMHSH

TPnI>HO paBHOH 3Heprn:en, qTo HaxO.ItHTCSI B COOTB8TCTDHH C ,ItaHHliMH 

H3MepeHHil BIDCO,I(OB H8HTpoHOB. TaKHM o6paaoM,MO,ItMI, npe,ItpaBHODec

HOH 3MHCCHH y;noBJieTBOpHTMI>HO OlllICIIBaeT llOB8,It8HHe (fil'HKUHH B03-

6yJK,IteHHSI peaKUHil (HI, ,_ n ) B o6nacTH BllCOKHX aHeprllil. 

0,ItHaKo HS rutaJIR:m coBOKynHOCTH llOJIY'IeHHIDC artcnepHMeHTaJI:&-

11ux ,ItaJllIUX H8nl>3Sl OT,ItaTI, OKOmaTM:&HOt'O npe.rtnOqTeHHSI 0,ItHOMY H3 

paCCMOTpellllIDC M8XaIIH3MOB B3aHMO,It8HCTBHSI. He HCKJIIO'IeHa B03MOX

HOCTI, cynepnOBHUllll HeCKOHI,KllX M8XrutlI8MOB - I!pJlMOe B!16HBUIIHe 

IICHTpoHa C llOCJI8.ItYX>ll!8ii npe,ItpaBHOB8CHOii H paBHOB8CHOH 3Ml!CCHeii. 

,IJ,1m BWICH8HIDI peaJII>HOt'O M8XaHH3Ma B8amll0,It8HCTBIDI H806XO,ItlIMl1 ,ItnJI:E,

Heiimne HCCJie.rtOBrutlISI B 8TOM HanpaBJieHHH. 

0cHOBIIl18 BlIBO.ItH, KOTOp11e MOlltHO C,I(MaT:& H3 HacTOSlll!Cii pa60Tll, 

cne.n;yJ(lllllle: 

I. HsMepeH11 ~ noa6YJ!f,IteHIDI peaKUHil: 

Cs133(Ne20 ,4n) Tb14g6 

Pr144(012,4n) Tb149g 

Hg202,204(c12 93 ,5n) Rn211 

B .rtnanaaoHe aHeprllil 6oM6ap,ItupyxJllux noHOB 50-200 Man. 

2.·06HapyllteHo, qTo npn 8H8pt'IDIX HOHOB OKono 200 MaB nonepeq

Hlle ceqeHHSI 3THX pearmm1 COCTaBJIJDill ~ o, 3-0, 5% OT MaKCl'IMaJlI,Hill(. 
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oTlI BeJI:HtmHll npeBmnam' ::matJemm, noJIY'leHHH8 lI8 pactJeTa B 

pru.max CTaTRCTlI'IeCKOfi MO.I(eJIH, npm.1epHO B ro4 pas. 

3 • .Il,ruI BWlCHemm MeXaHlISMa BS~o,n;ellcTBWI lIOHOB c JmpaMlI 
,,. 

nplI BllCOltlIX 3Hepr:imx 6wm: lISMepeHll pacnpe,I(e.nemm npo6eroB smep 

OT,I(a'IlI. Cpe.I(Hlie 3KCnepl!MeHT8JII,Hll8 npo6eri B 06.naCTll BllCOK03Hep

reTlI'!eCKlIX "XBOCTOB" OKa3a.JmCD nplI6.nlI8lITeJU,HO Ha 30% MeHE,lJl8 

sHatJemrli, noJIY'leHHllX B_npe,IOIOJ1oxemm o IIOJ1Hott nepe,n;atJe m.my~Dca 

lIOHa OCTaTO'IHOMY Jmpy. 

4. oKCIIepIIMeHTaJIDHO lICM8,I(OBaJW BllXO,ItH Hefi'rpoHOB C 3Hep

rwn.m t,. > 20,3 M3B H f." ?- 50 M3B npx doM6ap,1U!p()BK8 smep . ,. ~ . .. 
.TmiteJWMH lIOH&m. 3HatJemm BllXO,I(OB HefiTpoHOB c 3Heprwn.m 30-35 

MaB cor~acymca c ,n;aHHmm no~ BOs6ylrJ(emm, 'ITO no,n;TBepima

eT npe,IOio~oxeIDie O BOSMOlltHOCTH ,!(8BOS6ylrJ(emm smpa nyTeM 3Ml'ICCHH 

HeSHa'IlITeJIDHOl'O 'ili~ HellTpoHOB BllCOKOtt 3Heprlm:. 

5. BlmoJIHeHu np1I6J!DeHHue pactJeT11 <PYmucn:ll BOs6~emm J3 

paMKBX MO.I(eJIH.npe,n;paBHOBeCHOfi SMHcco. IloJIY'leHo y,noMeTBOplITML

Hoe_cor~acl!e TeopeTlI'!eCKRX lI 3KCnepIIMeHTaJIDHllX KpHBllX. J{aHHUe 

no npo6eraM smep OT,I(a'Ill ll BllXO,I(aM HettTpoHOB c 3Heprmn.m 30-35 

MaB He llpoTlIBOpe'IaT npe,D;CTaM8HIDllU,!0,!(8JUI np8.I(paBHOB8CHOtt 3MlIC

CID!:. 

6. C,n;e.naH aHaJIHS ~ B086yl(J(emm aa OCHOBe M8XaHlI8Ma 

np!!Moro BU6HBamm 0,I(HOl'O HettTpoHa. KatJeCTBelUWe 0:{8HKH IIOKasaJIH, 

'ITO npll yqeTe mmy~DCHOro pacnpe,n;e~eHl!H HYKJIOHOB B smpe MOlltHO 

06MCHHTD IIOBe,n;emre tpymtUllli B086yllr,ltemm peaiauut (HI, 1- tt ) nplI 

BllCOIWX aHepr:imx ~MOM nponecca np.m,ioro BU6HBaHIDI o~oro HettTpo

Ha c IIOMe,eyDitHM RcnapeIDieM x-I HettTpoHa. 0,n;HaKO ,u;aHHlle IIO BllXo,n;au 
' HeiiTpoHOB H8 cor~ymca C M8XaHlISMOM np.m,ioro Bll6HBaHl!H HeiiTpoHa. 
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7. 0CHOBHa.J1 qacTb 3KCIIepHM8HTa1ILHlllC pesy~LTaTOB 6wra no~y

'I8Ha Maro,n;ap,H 3aIIYCRY.~OTpoHa Y-200, crroco6Horo ycKOp,HTL 

T.fIJKe~e IIOHll ,n;o :mepr1m ~ 20 M::rn/HYKJIOH. Ilpll peKOHCTPYKUIDI 

UIDtlIOTpoHa Y-150 B Y-200 6wra ncc~e,I(OBaHa HatJaJILHa.H reoMeTpIDI 

HOBOro LUIKJIOTpoHa. H3Mepemz pacIIpe,n;e.neHM 3~8KTpll'I8CKOro ITOJlfI 

Ha MO,I(eJUIX B :3JieKTp0JUITII'I8CKOli BaHHe • IlpoBe,n;eHU 3ItcIIepHMeHTH 

no ll3MepeHli!l BHYTP8HHRX nyqROB lIOHOB, a TaKXe OI1UTH ITO BHBO.D:Y 

RX li3 UllitlIOTpoHa. 

OCHOBHOe co,n;ep:atmme ,I(llCC8PTauD orry6JIHKOBaHO B pa6oTax 

/II,I2,I3,I4/. 
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