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OHIIAH XAPAKI'EHICTIIBA PAIDTH 

AKTyanbHOCTb TeMII. C pa3BHTU6M YCKOpHTeneii npoTOHOB H JI.nep Ha 
BHCOKHe 3Heprnn BOSpacTaeT SHatteHne BOllpOCOB cos.naHIDI Ha,ll8XHOH ll 3KO
HOMH1!8CKll onpaB,naHHOH 3al!IH'l'H nepcoHana ll a,neKBaTHOI'O ll3MepeHIDI sa Heii 
3KBHBaneHTHOH ,ll03H ll31IYtI6HIDI. 3aMeTHoe pa3Jll1'lli8 pesyJU.TaTOB pactteTOB 
satnHTH, BHll01IH8HHHX P~31IlltIHHMI! MeTo,naMH, ,nenaeT aKTyanbHHMll 3Kcnepl!-
MeHTMhHHe npoBepIW KOppeKTHOCTll pactteTOB. Oco6eHHO BaxHH 6a30BH8 · 
( KOMll1I8KCHHe) 3KCnepHM8HTH, ,o6na,nruomne non!IOTOH llH(lX)PMa!Ulll ll BHnon
H8HHHe B OTHOCHT81IbHO npoCTHX ll Tllllll'I!IHX .nrur ycKopnTeneii reoMeTpIDIX. 
Ilo HHTerpanbHHM xapaKTepncTHKaM noneii nsnytteHIDI Ha npoTOHHHX ycxopn
Te/llIX K HaCTOJilllBMY BpeMeHH HaKOnneu 3HattnTennHHH o6~M 3KCnepHMe!I-
TMLHl:U'. ,naHHHX, o,nuaito ,nrur npoBepoK MeTo.noB pactteTa sall!llT 6onee ueu
HHMH SIBJUIIOTCS:I ,naHHHe O ,llll(WJepeHUHMLHHX XHpaKTepHCTHKaX noneii. CBe,ne
HIDI ~e O cneKTpanLHO-YI'1IOBHX pacnpe,neneuwu HYK1IOHOB BllCOKOH 3Heprnn 
ns ToncTHX_ MHmeueii (HMRTHPYJlltllX ,neTam1 ycKopnTeneii npH o6nytteHnn), n 
oco6eHHO sa peannHHMH saUlllTaMH,BeCnMa OI'paHHtI8HHH. 

B . . 'ttaCOB Ha sace,llal!HitI cneuxanHS!iIPOBal!HO~O CoBeTa .U.-04 7. or. 02 . · , . · 
-.--, - t ' , - · '..,_', I'/ '\. 

Ha YCKOPHT81l/IX perurTHBHCTCKHX R,nep norur llS)!YtteHnii BOKpyr T01ICTHX 
MHmeueii n sa samnTaMH npaKTHtiecKH He nsytteHH. He,nocTaTotIHo a1tcnepRMe11-
TanL!IHX ,llaHHHX ll O ,nBOHHHX ,llllql!)8p6HUHMnHHX cetteHnRX o6pasoBaHIDI a.n-. npn Jia6opaTopmi:, BllCOIWX aHeprmi . 06~e.lliIH8HHoro HHCTKTYTa JI.nepHwt • 

nccne,noBaHmi, r.Jlv6aa, MocKOBCKOH o6nacTH~/ 1 
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pOHOB BA-A B3aHMo,nefiCTBIDIX np:e 3H6PI'HRX R,nep-cHapiI.I(oB HeCK01ILKO 
raB/HYKJIOH. Ilo,no6HaR llll(lX)PMa!UlR iiaxua TaKllte ,nrur nporH03llpoBaHIDI pa
.lllla!UlOHHOH o6CTaHOBKll Ha 6opTY KOCMHtteCKHX nnnoTnpyeMIIX annapaTOB, 
o6ycnoBneHHOll I'MaKTHtI8CKllM ll31IYtI6Hll8M. 

3KBnBane!ITHaR ,nosa H371YtI8HIDI sa CIIJlOlliHHMll saUlllTaMH YCKOpHTenefi 
Ha BHCOKHe 3H6PI'IDI onpe,nerureTCR HYK110HaMH rnnpoKOI'O .nnana30Ha 3!1eprmi, 
npHtteM ,no 50-70% BKJla,na B ,nosy MOJ'YT ,naBaTL HeliTpOHH c 3Hepr:eeli 6onee 
20 MaB. 3To o6yCJIOBJIHBa8T'aKTYMnHOCTn cos,naHHR BHCOKOtJYBCTBHTenLHOll 
M8TO,llllKH ll3MepeHWI qJJIDeHCOB ll ,nos HeliTpOHOB BHCOKllX 3Hep:rml. ll.aHHHe 0 
sapmteH!IOM KOMIIOHBHTe noneli llS71YtI6HliJI sa 3al!IHTaMll BamtH ,nnR onpe,nene
HHR ero BKna,na B llOKa3aHllR ,nosnMeTpOB ueliTpO!IOB, OC!IOBaHHHX Ha perH
CTPauHH npoTOHOB OT,Ilattn,n, COOTB8TCTB6!1110, ,nrur IlOBHIIIBHIDI ,IlOCTOBepHOCTH 
,nosHMeTplltiecKoro KOHTPOIDI Ha YCKOPHTenmc. . 

Uenn pa6oTH cocToRna B KOMIIneRCHOM :asytteHHH .nntMiepe!IUHaJl~HHX :e 
HHTerpanoma: xapaKTepHCTHK noneli HYKHOHOB BHCOKOH 3Hepr:e:e, B03HHKa»
lllllX npn B3aw~o,neliCTBllll nsnytteHIDI ycKopnTeneli npoTOHOB ll MBP C Tone-

. i THMH MHIIJeHm.m H 6H01IOI'lltteCKHMH 3al!IHTaMH. 



Haytmru=r HOBH3Ha ll rrpaRTHtJ'.eCKaJI geHHOCTI, 
H3MepeHH crreRTpH HeilTpOHOB HS T01lCTOil l.ranISHH, o6nyi:mCMOil JIJU)aMlI 

12c, n rronytJ:eHH cprum.HTe111,HHe ,Jl,8.HHHe rro yr110BHM pacrrpe,ne11emmM sapm«m
HHX tJ'.aCTlill, rcHepnpyeMHX B T01ICTllX MlllllCWIX nyt:[Rru.fil IIPQTOHOB, ol -i:mc
THU n sr,nep 12c Ha CHHXpoipasoTpOHe Jia6opaTopnn BllCORlIX SHeprmi OWIH Ha 
aHeprm:> IO rsB. 

Sa 3alllHTOil CHHxpomncn.oTpoHa Jia6opaTop:im sr,nepHHX npo611eM OIDll1 Ha 
aHeprm> 0,68 rsB B ,nByx reo~mTplilIX "l!CTO'lHHK-SalllHTa" IIOJ1YtJ'.8IlH ,naHHHe 
06 l!HTerpaJILHllX I! )Ulqxp8peHUl{8.11I,HllX xaprucTepllCTIIBaX no11eil H311Yll'.8HlliI 
(KOMIIOH8HTJ!ml: COCTaD, npocTpaJICTBeHHHe pacnpc,ne11eHlliI (pJilleHCOB IIYKJlOHOB, 
yr110BHe samICHMOCTll BHXO,noB H cneKTPH rrpoTOHOB), KOTOpHe B COBOKYJlHOC_; 
TH C HH(l)OPMB1U1ell 06 HCTO'l'.HHF.ax IIa,n8.lDtll8r0 Ha SantHTY ll31Ij'll'.emm MOryT HH
TepnpeTHpoBaTI,CJI Ka.It pesy111,TaTH 6asoBoro ORcnepHMCHTa no ~HSHKe SlllltHTH 
Ha YCKOpHT8JlliX. 

.llaHHHe 8RCII8pKMCHTOB Ha CUHXPQmraJlOTpoHe l! CHHXpo/paSOTPOHe IIOSBO
JIIUI.H YCTaHOBHTI, norp~ll!HOCTH pactJ:eTHHX MeTO)UIR, npe,nnasHall'.eHHWC .I1)U[ 

npoeKTHpOBaHWI 3ru:t.l!T KaHaJlOB TpaucnopTHpoBKH nytJ:KOB perurrmraCTCIWX 
IIpOTOHOB ll Jl8rru!X a,nep. 

Ilo,nTB8.PlfJt8H 8KCnepHM8HTaJU,HO BliBO'A O TOM, 1lTO nplr<lHHott 3HatmT8JII,
noro sa:aumemm noxasa.Hmt HH,JUIBHJzyaJll>HWC q10Torpaip:NecitHx .ttosm.teTpoB 
HeilTpoHOB CH~Ku) B Z8CTRll norurx HSJl,.VtJ'.8Hl!lt sa CIIJlOll!HOil 3a.l!lllTOil YCKOPH
Te11eil HBJ!JDl'l'CJI npOTOHU. OneHeHa TO'!HOCTJ, Itoppe~H normsam!i! U~Ku, oc
HOBaJmott Ha pas,ne11emm Tpexon B sMYJii>Cim ua "liopnue" lI "cepue" c nopo
roM pas,neJIOHllll no onopro npoTOHOB 50 MsB; onpe,neJien mtJia.n IIp0TOHOB B 
normsan:m ,It03HM8Tpa H8:l1TpoHOB .Il.H-A.-1 ll yrJiepo,nco,nep.lll:alltHX 8.KTlIDaIU{OH
HUX .neT8RTOpoB, ncno111,syeMUX B ltOSHM8TPH'l'.6CimX ll3M8peHIDtX. 

HsMepeH cneKTp "npmt.eCHUX" npOTOHOB B HCttTpoHHOM ~e CllHXpolll!R- • 
JlOTpoHa Ha IlliX0.11.8 B axcnep:HMCHTW'li>IIYD na6opaTope, 1lTO IIOSB011JI8'1' nomr
CHTi>. M8TO,nHtJ'.CCI(YD 'l'OtJ'.HOCTJ, nsuepomnt Ha ny1lltaX neiTpoHOB BllCOIWX 8H8p
rmi. 

Paspa6oTaH H BH8.JU)eH B IIpa.ItTmey·;n:osIDfOTplNCCltllX H3MepeHHil Ha CHH
xpoipasoTpoHe nHCOitOtzyBCTBHTe111:,HmJ: IIOTOltOMep-.nosmaeTp H8ilTpoHOB BSCOKIIX 
8HeprIIit t npeJUill3Hattemnnl l1)ISI pa60TH B noJI!IX CMema.HHOI'O H3JIYll:8HM sa 
3amaT8ll:I YCitOp:.rreneil. 

ABTop BI:IHOCHT Ha 38/¥T'.V% 
I. Paspa60Tlcy' ll 003,na.HRe axcnepnMeHTaJIJ,HHX YCTaHOBOK .I1)U[ HSM8peHmi HH

T8rp8.11l>HliX H l{llq:qx)peHill!aJii>HWC xapaxTepHC'l'mt none! IIYRJIOHOB BliCOIWX 
erreprd B6JIK3ll MmllOHeil H sa 3antHT&m YCKOplI'l'enett, B UC'l'HOCTH: CII8K'l'
poMeTpa H8ii'l'pOHOB no BpeM8HII nponeTa, 4E-CI!8!{Tp0M8Tpa npo'l'OHOB, IIOTO
ROMepa-;n:osm.teTpa ·HeilTpoHOB. 
2. PesyJil>TaTH ltOMIIJ.!8RCHHX ll3M8pemtlt .IU!qxliepeHintaJil>HUX xaprutTepHCTHR 110-
JlOft BTOpX'Dloro H3JJ,YtJ'.8HRlt B6IDI3H TOJlCTWC Mll!!:01{3it, o6ny1lae?.~ IIpOTOHaMll, 
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ol -tta9TlUl8MH l'I JI,np!OOI 
12c C 8Heprrun.m 3,65 fsB/HyK1l.OH. 

3. Easomtli 8KCnepllMeHT IIO HSMepeHm:> llHTerpaJii>HWC H ,IUiq$lp8Hill!aJII>HWC 
xapa.KT8PHCTHK no11eft ll3JlY'l'.8HIDI sa 3alllHTOil, Ha KOTOPYD na,naeT llYtJ'.OK npo
TOHOB C SHeprHeit 0,64 rsB lllllI BTOpHtmoe H3J1Yll'.8HHe, reHepnpyeMoe llM B 
TOJlCTOfi MIDU8Hll. 
4. PesyJil>TaTH CpaBHeHWI 110.Ka.Samm .zi:osm1eTpOB H8iiTpOHOB B llOllJDC ll31J,Y
'i0Hl~ sa sam,'!Toit co sHatJ:eimm.m aKBHBaJISHTHoit .nosH, orrpe.ne11emrur.m Ha oc-
HOBe llSMepeHI!UX CIICKTpoB HYKJlOHOB. • 

Anpo6agIDI pa60TH. PesYJil>TaTH ,IUICC8PTB1U1H .I(ORlla.ztllBaJ',.l{CI, Ha HaytJ:Ho
MCTO.I(liliSCKHX C8MHHapax Or.nena pa.nnaQHOHHOil 6esonaCHOCTll H Pa.nHBllllOHHWC 
llCCJ18.I(OBaH.ml: OIDll1; Ha CeMl!Hapax II0.11.C8ltlnIH •Pa.nnruntoHHaJI Sam;IITa H pa6o
Ta B ycnoBHJIX BHCOIOIX yponHeil l'!OHH3l'!PYJOtllero H31lYtJ:8HHJI" npn ConeTe no 
rrpo6netW.l YCKOp8HIDI Sa_pJDlteHHHX tJ'.aCTllU AH CCCP (0.necca,1975; faTtJ'.HHa, 
1978; CyxyMl!,1980; IlpoTDHH0,1981); Ha X H XI MewHapo.zuiOtt sm,mett IIIK0-
118 IIO qJHSmte SaJ!!l!Tll OT ll3J1Yll:8H.ml: ( r.uP t fay emir t qieBpaJlt, 1978; qieBpa11I, 
1979); Ha 1x·Bceco10SHOM COB81118-Hllll no ycKOpllTS11.1IM sapmiteHHWC ttaCTHU 
(,Ily6Ha, 1984); Ha 17 MCXUI.YHapo.11,HOM CHMIIOSI{yMe no ~H3HK8 pa.IU!aIU{OHHOli 
Sam;IITH (fJU>, npes,neH, 1985). 

Ily6mmamm. Ilo pesy11:&TaTaM ,IUiccepTrumn ony6J1HK0Baao 12 pa6oT. 
CTpYRTYpa lUICC80TaIWH. JlllccepTauM.COCTOHT HS BBe,neHlliI, CeMH 

rJiaI! H 3rut1lllll'.8HIDI; co.ne.PDT 171 CTpaHmzy TeRCTa, B TOM tIHC118 60 pncyH
ROB, II Ta611HQ n CIII!COK IDITepaTypH 1!3 131 HaHM8HOBaHW:I:. 

CO,IJ.EPllfAHHE PAEOTH · 

Bo BB8Jl8Hllll ,JJ,8.HO o6oCHOBaHH8 aKTYaJll>HOCTH H BaJ!HOCTll HCCJ18.Jl.V8MHX 
rrpo6neM H ll3JIOZ8Hll OCHOBHH8 no.nxo.wi K pemeHm> Sa,ttali ~H3HIW 38lllllTH Ha 
YCKOpHTeJISDC Bl:lCOitHX 3Heprd. 

B nepBoit rnaBe co,nepm1TCH KpaTKllil 06sop·11HTepaTYPHliX ,Jl,8.HHliX n 
(l)OPMYJ1HpyeTCJI uen1, pa6ow:. 

Bo BTopott rnaBe OimCaHH 8ItcnepHMeHTll IIO llSMepeHHD yr110BHX pacnpe
~eneHmi 3ap!IJC8HHWC liaCTHU ll3 TOJlCTllX Mlllli8Hea, 061IYtJ:a8MWC npoTOHaMH, 

ol. -ll'.aCTHilllMH H HJU)aMH 
12c c 8H8pI'IDIMl! 3,65 rsB/HYIUlOH. MmneHm.m CJIY

ml1lll M8,ltHW1 (,$I00xl30 MM) ll CBHHUOBml: (,$I00xl70 MM) IUJ1llfHJU)H, ycTa.HOB
HeHHH8 B q>oicyce nyll'.lta (CBHHilOBWI MHmeHJ, 8KBHB8Jl8HTHa Me.11,Hoil no 'lllCJIY 
Heynpyrnx BSIU!MO~etlcrn.ml: sr,nep 12c Ha ee TOHlltllH8). MoHHTOpllpoBaHH8 IIYli
KOB OCYl]t8CTB1lll110CJ, HOHH381U10HHOtl Ra.Mepoil (MK}. KaJm6poBRa MK Ha IIYtIItaX 
12c, 0C H p Bl:lIIOJlHJIJiaCJ, CtI8THHM MeT0.11,0M C IIOMOIIIJ,Jl nytJ'.KOBoro T8JleCitOIUl 
Cll:8TlillltOB ll aKTllllaIU{OHHHMH ,neTeRTOpaMH. B xo,ne HSMepeH:ml Ha llY11RaX cl-
tJ'.aCTIUl n sr,nep 12c KOHTponHpoB8JlOCI, CO.ll,8p.18HH8 B nytJ:KaX llpHM8CHIDC ttac~ 
THQ. BlDCO,wl sapsmeHHUX tJ'.aCTHU 1!3 MHmeHeil l!SMCPJIHHCJ, Tenec1t0nOM CQHH
Tll111lllQHOHHwt Cll:8T1DlltOB C yrnoBHM paspemeHHeM 0,6°. H 3HepreTHtJ'.ecxm.m 
noporaMl! .I1)U[ p H '1T' - 42 H I8 MsB COOTB8TCTB8HHO. 
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Pnc. I. Yr110Blle 38.BHCHMOC
Tll BHXO,nOB 3apmKeHHllX qac
THU ll3 TOllCTllX Me.D;HOH (f 1 

f , f ) ll CBllHUOBOii (Q 1 ~ ) 

MnmeHeil, o6nyqaeMwt p , ol 
12 C c sHeprIDIMH 3,65 rsB/ 
HYKJIOH. 

CKHMH SI,lij)a.MH. 

Yr110BHe 38.BHCilMOCTH Bwto.noB 3apmKeH
HIDC qacTHU ll3 MUllleHelii, HO,PMRpoBalllllia Ha o.n;
HY qacTmzy n:y'llta,npRBa.n;aHI,I na pac.I.xapaK
Tepuoil JIBJJJieTCSI c11a6aSI 38.BHCliMOCTI, clx>J)Ml1 
yrnOBllX pacrrpe.n;eneHRH OT aTOMHllX BeCOB 
.fI.ll;ep-cHapSI,nOB H .fI.ll;ep-MMllleHefi. OTO o6ycnoB
neHO TeM, qTo B TOllCTllX MHllieHJIX oco6eHHOC
TH N - A n A - A BsanMo,neilcTBllil cn:111,Ho 
HHBennpyIOTCSI Me~'I,f!,IlepHHM KaCKa,nOM H HOHH-
3aQUOHHHMH ITOTepJIMH 8Hepnm. 0TH01119HHSI BH
XO.ll;OB BTOPR'IHHX qacTHU, BH119TaIOl!lliX no.n 
pasnn:~ yrnaMR H3 TOllCTllX Mlllll9Heil, 06-
nyqaeMllx npOTOHaMII H 11erR.11MI1 SI,lij)aMH C 8K
BI!BaneHTHOH 8Heprn:eil Ha HYKllOH, onpe,neJJJI
IOTCSI, rJiaBHWJI o6pasmn, aTOMHHMII B9CaMH 
.fI.ll;ep-cHapSI,nOB. OTO ll03BOnSI9T HCil011Ii30BaTI, 
.n;aHHlle O .n;n:qqiepeHURMI,HllX ITO yrny xapaRTe
PHCTHKa.X noneii BTOplJqHOro H3nyqeHM H3 
TOllCTliX MHIII9Heil Ha BllCOK08HepreTH~ yc
KopuTeJISIX ,nnSI onepaTHBHOil oueHKH aHanornq
Hwt Xapa.KT9PHCTHK noneil, B03HHKfil91!lllX rrpH 
6oM6ap.n;n:poBKe TOllCTliX MHllieHeft penSITHBHCT-

TpeTM rnaBa nocMmeHa HsMepeHnm~ MeTo,noM BpeMeHH rrponeTa crreKT
poB HeliiTpoHOB c aHeprIDIMH 6onee IO MsB, reHepHpyeMwt B TOllCTOii Me.D;Hott 
Mlllll9HH SI,lij)a.MH 12c C 8Heprnelii 3,65 rsB/HYKllOH. B cneKTpoMeTpe no BpeMe
Hll nponeTa B :icaqecTBe "cTapTOBOro" HCnOllI,30BMCSI ru.my111,c nepBoro H3 ! 

.nBYX cqeT'lllJKOB T8118CKOna, pasMemeHHoro B ny~e .f!.ll;ep nepe,n Llli1118HI,IO. 
Ily~BHH TeneCKOll perHCTpHpoBan TaIOKe a6C011IOTH08 tn:CllO .fl.ll;ep, n~ome.n
lllHX Ha Mi!lll8HI,. liHTeHCHBHOCTI, BllB9.ll;9HHoro ny~ COCTaBllSilla 5•Ia4+ ro5 

SI,Itep/un:KJI npH BpeMeHHOH paCTSine n:y'llCa 450 MC. Iloporn cqeT'iHKOB nyq..;. 
KOBoro TanecKona 6unn ycTaHoBneHH Ha ~poBHe 0,2 H 0,8 OT HaH6onee Be
pOSITHoil: aMIIJl.HTY.ll;li HMllYllI,COB OT SI,Itep IC (BllCOKHH nopor .ll;llCKpHMllHauHH 
BToporo cqeT'lllJKa BHCT8.BJJJI11CSI .ll;JJJI pexeKUHH npHMSCHllX qacTHU B ny~e). 
C:arHan "CTon" 4JOPMll:POBMCSI HeliiTpOHHllM cqeTtruKOM Ha OCHOBe nnacTnqec
KOro CURHTHllllSITOpa c noporoM perHCTpaURH 0,72 MsB 333 (aKBHBaneHTHOtt 
8HaprHH aneRTpoHa). OqqleKTHBHOCTI, cqeT'lllICa K HSRTpoHaM pacC'lllJTllBallaCI, 
M9TO.ll;OM MOHTe-Kapno. J1;lSI 3anpeTa perHCTPauHH cqeTqHKOM 3ap!IZ8HHWC qac
THU nepe,n HRM H CHH3Y OT Hero (no.n yrnoM 45°) YCTaHaBnHBaJIHCI, ,nBa 
C'i9TtmRa aHTJIICOBna,nemm. JiorHKa pa60Tll cneRTpOMeTpa C 3aIJYCKOM OT KaX

,ItOro na,naJllllero Ha Mmll9HI, SI,Itpa TaROBa, 'iTO ,nJJJI C06Jll),nemm rrpH'illHHO- . 
c11e.1tcTBeHHoii cruis:a Mez.n.y co6RTIDIMH "CTapT" H "CTon" Heo6xci.n;n:Mo 6u110 
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perncTpHpoBaTI, B Ka'i9CTB8 "cTapTOBllX" TOllI,KO TS co6HTIDI, KOTOplle OT.D;e-
119Hll .n;pyr oT .n;pyra Ha m1TepBan,6on1,III1llii BpeMeHHoro .n;n:anasoHa-t.-A npe
o6pa30BaTeM, ,nJJJI 'iero B KaHaJie "CTaPT" npoBO.ll;llllCSI COOTB8TCTBynnunl: OT-
6op. 

~OHOBlle C06llTHSI B HSil:TpOHHOM C'ieTtmKe 06yc110BneHR, B OCHOBHOM, 
.nBYMII npoueccaMll:. IlepBHft HCTO'illmt qJOHa - nol!rnlle co6llTHSI "CTon", H9KOP
penHpoBaHHll9 BO Bp9M8HH C .co6llTH.f!MH "CTapT". J(oJJJI TaKHX co6llTHii He npe
BHlllaJla 7% OT o6mero trucna,H OHH 6llnH nO'iTH PaBHOMepHO pacnpe.nenellll B 
HCClle,llYeMOM Bpe~eHHOM .D;Hana3oHe. Eonee 3Ha'iHT81lI,HllM HCTO'iHHKOM qJOHa 
JIBHllHCI, nomme C06llTlilI "CTon", KOppenHpoBaHHlle BO BpeMeHH c co6llTHSIMH 
"CTapT", T.e. perncTpaQHSI HeilTpOHHHM ct1eTtruKOM qacTnu n X-KBaHTOB, 

o6pa30BaHHllX BTOp.HtnlliM H31lY'i9Hll8M H3 Mi!lll9HH B BemeCTBe rrona, CT9H ll 
o6opy,noBaH.HR: sxcnepHMeHTMiiHoro 3an.a. J(JJJI ero ycTpaHeH.HR: no.n ~1 

yrnoM np0Bo.n;n:nnc1, ,1tononHnTeniiHlle HSMepeH.HR: c "TeHeBllM" nornoTHTeneM H3 
llt91193a TOJll!lllHOH 80 CM, YCTaHaBnHBaB!lleMCSI nocepe.n;n:He·nponeTHOH 6asu. 
J(oJJJI TaRHX C06llTn:i1 COCTaBHJia 40-50%. 
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PHc.2. CneKTPll HeilTpoHOB, 
Bll119Taxl!llHX no'A yrnaMll: 71° ll 
I05° H3 TOllCTOH Me.D;Hott MH-
1118HH, o6nyqaeMott SI,lij)ru.m·I2c 
C 8Heprnett 3,65 rsB/HYKllOH. 

3HepreTH'i8CKHe cneKTpll H8HTPOHOB 
BOCCTaHaBnHBa-mJCI, H3 pesyniiTHPYJOl!tHX an
napaTypHllX cneKTPOB MeTO,ItOM CTaTHCTI!'iec
KOil peryJJJipirnaun:H. J1;lSI rrpoBepKH MeTO.n;a. 
BOCCTaHOB119HHSI 6ll11H Bllil011H8Hll MaTeMaTH
'i8CKI!e 8KCnepHM9HTll no BOCCTaHOB119HHll 
TSCTOBllX crreRTpoB.Cll9RTPll H8iTpOHOB,HOp
Mlip£BaHHll9 Ha O.ll;HO ymmmea Ha Mlllll8HI, Jm ... 
po 2C I npe,nCT8B118Hll Ha pHc.2. 06a cneK
Tpa HM9KlT cy~eCTB8HHll8 nO.D;'l,8Mll B HH3K0-
8HepreTH'i8CKOtt o6nacTH, CBSI3aHHlle C XBOC
TSMH aHepreTH'i8CKHX pacnpe,neneHd HCna
pHT811I,HllX H8HTpoHOB ll C MIII'KHMH KaCR8.ll;
HllMH HettTpoHru.m. Buxo,nu HettTpoHoB c. E~ 
IO MaB no.It yrnru.m 7I0 H I05° COCT8.B1IJlllT 
COOTB8TCTB9HHO (3,8.t 0,4)H (2,5 ± 0,2) 
H8ffTpOH /(cp -12c). 

rnaBa 4 co.n;epmrT oIIHcaHHe aKcnepn
MeHToB no HCC119.ll;OBaHHIO yr110Bwt pacrrpe,Ite
neHHil IlOTOKOB npoTOHOB.B no/ISIX H31IY'i8Hlitt 
3a 381!lllTaMll: ycKopn:Tenen OIDIB. Msno:aeHR 
M8TO.ll;llKa H reoMeTpHSI aKcnepHM8HTOB Ha 

CHHXpoUHKJIOTPOHe JIIDI. J1;lSI ll3MepeHro!: HCIT011Ii30BMCSI CUHHTHllllSIUllOHHllli Te
necxon C'ieT'illKOB, BpamaBmml:CSI B BepTmta.JlI,HQM H ropH30HT8J1IiHOM HallpaB
neH:wIX OTHOCHT811I,HO BH6paHHOH Ha noBepXHOCTH samHTll TO'IKH. Ha CHHXpo
URKJlOTpoHe ll3MepeHHSI µpoBO.ll;HnHCI, 3a CllllOIIIHOH 2-MaTpOBOtt 6eTOHHOll 3a-
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lllHTOl1 B "JIJ3YX reoMeTpIDIX "HCTO'IHllK-38ll(HTa". B nepBol1 reoMeTpllll ny'IOK 
npoTOHOB c ~meprnel1 0,64 raB na.u.an Ha 3alllHTY no.n yrJIOM 30,5° OTHOCU
TeJII>HO HOpMaJIH K Hel1. Bo BTopol1 reoMeTpHn B ny'Ilte YCTaHaBJIIIBaJlaCI> Ha 
paCCTOHHHH 4,7 MOT 3aJ!lHTll TOJICTM Me,nHrui: MlillleHI> (,dI20x300 MM); Ha aa
lI!HTY xe na,na110 BTOPH'IHOe H3JIY'IeHne, reHepnpyeMoe npoTOHru.m B MllllleHH 
(Mo.nenI> llJlOCKOI'O MOHOHanpaBJieHHOro HCTO'IHHKa uany'IeHrur). YrJIOBruI 3aBH
CHMOCTI> nJIOTHOCTH noTOKa npOTOHOB onpe,neJIJinacI> B Tpex TO'IltaX Ha BHem
Hel1 noBepxHoCTH a8ll(HTll. Ma~epHJIHCL c1topocTH cqeTa Tenec1tona npH Bpame
HHH ero Ha yrJlll 8 H 'f B cqiepn'IeCKOli CHCTeMe KOOp,nHHaT, COBMell!eHHOli 
C llCCJie.IJYeMol1 TO'IKOH. 

PHc.3. nnarpaMMll HanpaBJieHHOCTH 
IlOTOKOB npoTOHOB sa 2-MeTpOBOH 
6eTOHHOH 3all!HTOl1, Ha KOTopyID na
.naeT DY'IOK TipOTOHOB C 3HeprHel1 
o,64 raB. 
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Pnc.4. YrnoBoe pacnpe.neneHHe no
TOKOB saPHXeHHllX qacTHU aa 6eTOH
HOl1 3antHTOl1, Ha KOTopyD HOpMaJII>HO 
na,naeT HSJIY'ISHHs, reHepnpyeMos B 
TOJICTO! MHWSHH IlY'IKOM pSllRTHBHCTp-
KHX npoTOHOB. 

Ha pnc.3 npe,nCTaBJISHll .nJIJI npHMspa ,nnarpaMMll HanpaBneHHOCTH noTo
KOB npOTOHOB B 3aBHCHMOCTH OT yrnoB ,nJIJI 3 TO'IeK B rsoMSTpHH I. Xa
paKTsp yrnoBllX pacnpe,neJISHHil yKasllBaST Ha HaJIH'IHS B aantHTS Ha rny6HH~ 
npHMepHO paBHOil npo6ery npoTOHOB .no Heynpyroro B3aHMo,neilCTBHH,"aqxpeK
THBHOro" ncTO'IHHKa HSHTPOHOB, 40PMHPYDII!Sro B nocne,nHHX CJIOHX 3all!HTll 
npoTOHHlltt KOMilOH8HT nollR. EonI>mHe 3Ha'I8HM BllXO,nOB npOTOHOB B T.2 no, 
CpaBHSHHD C T.I 06'!,.IICHm>TM TeM, 'ITO paCCTOHHM OT MeCTa poz,nemm: HYK
JIOHOB Ha 6oumsa 'IaCTB "cTepltR!I" Ms~epHoro KaCKa,na .no T.2 MeHI>me, 
'ISM .no T.I, 'ITO 3KBHBaneHTHO MeHI>mea TOJllltHHe aall!HTH B HanpaBJI8HHH T.2. 
B To xe BpSMlI, Ha-sa Toro, 'ITO ,noJIJI BllCOKOSHepreTH'IHllX HYKJIOHOB, BllXO
.nmilHX HS "cTepllilll" KaCKa,u.a, YMSHI>maeTM C YB8Jlll'ISHH8M yrna BllJieTa, a6-
C0111lTHOe SHa'ISHHe BllXO,nll npOTOHOB B T.3 M8HI>me, 'ISM BT.I H 2, XOTH 
TOJlll!HHa SalllHTll B HaITpaEJ18HHH T.3 MUHHMa.llbHa. B reOMSTPHH 2 SHa'ISHIDI 
BllXO,nOB npOTOHOB BO BCSX TO'IltaX cymeCTBeHHO MeHI>me H BH.n yrnoBllX pac-
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npe.neneHHH npnMepHO TOT.Xe, XOTH "aqipeKTHBHoro" HCTO'IHHKa B rny6HHS 
381I!HTll B STOM cnyqae He H86JllO,naeTM. B o6eHX reoMeTpIDIX H3M8pHJIHCI, 
T8Kllt8 npocTpaHCTBeHHlle pacnpe.neneHrur ~Jl!OeHCOB HYKJIOHOB C E> 20 MaB 
Ha BHemHeil IlOBepXHOCTH 381l!HTll. BKna,u. npoTOHOB BO ~JllOeHC HYKJIOHOB B T.2 
COCTaBHJl B reoMeTpHH I -(II,1±2,2)%, B reoMeTpHH 2 -(3,8:!: 0,8)%. 
AHanorH'IHllM o6paaoM 611no,HaMepeHo yrnoBoe pacnpe.neneHne npoToHoB Ha 06-
BanoBKe aa ceBepo-aana,u.Hoil CTeHoa CH~XPOUHKJIOTpoHa, Ha KOTOpYJ) CHH3Y 
no.n yrnoM ~ 20° IT8,Il.aJIO Hanyqemm H3 KaMepH YCKOPHTeJIJI. AOJIJI npoTOHOB 
COCTaBHJia (4,2 ± 0,8)%. • 

Ha CHHXpo~30TpOHe JIB3 H3MepeHHH npoBO,nHJIHCb sa 2- H 3-M8Tpo
BllMH 60KOBllMH 381l!HTaMH, o6nyqaeMllMH BTOpH'IHllMH 'IaCTHUaMH, BllJieTaIOII!HMH 
no.n yrnaMH 40°. 60° H3 TOJICTOH Me,nHoil MHIDSHH, 6oM6ap,nnpyeMoil peJIJITH
BHCTCKHMH npoTOHaMH H ol -tJaCTl!UaMH. Ha pnc. 4 IlpHBe.neHo yrJIOB08 pacnpe
,n0J18HH8 sapmemrux 'IaCT~ sa 2 M8Tpa:.m 6eTOHa, HOP,WpOBaHH08 Ha 0~ 
ynaBmJrn Ha MHllieHb npoToH; BKJ18,II. 38PH%eHHoro KOMilOHeHTa BO ~JIDSHC a,u.po
HOB COCTaBl!Jl B STOM cnyqae (6,2 :t 0,9)%. 

HeCMOTpH Ha pa3Jlll'IM B reoMeTpIDIX H HCTO'IHHKaX BTOPH'IHOro HSJIY'Ie
HHH (HanpHMep, Ha CHHXpQUHKJIOTpOHe H CHHXp0~30TpOHe) qopMli yrnOBllX 
pacnpe.neneHHil npoToHoB sa HX SantHTattH, ~ uenoM, no.no6H11. 3To cMsaHo c 
TeM, 'ITO npn TOJlll!HHax 3all!HT 6onee 3 ~ 4 .nnHH npo6eroB HeilTpOHOB .no He
ynpyroro B3aHMo,neilcTBllH HMeeT M8CTO KBasnpaBHOBeCHHil npouecc qopMHpOBa
HHH TIOJIJI H3JIY'IeHHH BHYTPH 381l!HTll,H BH.n yrJIOBllX pacnpe.neneHnil HYKJIOHOB 
CTaHOBHTM .no H3BeCTHl:lXIlpe.nenoB MaJIOtzyBCTBl!TeJII>HllM KaK·K SHeprHH BTO
PH'IHoro H3JIY'i8HHH, TaK HK TOJlll!HHe sall!HTll. 

Ilpe,nJIOEeHO npocToe BHP8JlteHHe ,nJIJI .nnqxpepeHUHaJII>HOil no yrny IlJIOTHOC
TH IlOTOKa npoTOHOB aa 3all!HTaMH, xopomo OilHCHBaIOII!ee SKcnepHMeHTaJII>HHe 
pesyJII>TaTH. ~opMa yrnoBl:lX pacnpe.neneHHil onpe.neJIHeTM sHa'IeHHeM xapaK
TepHCTH'IecKoro yrna c.J 0 

• COCTaBllRDII!ero (30± I0) 0 ,nJIH BCeX H3MepeHHJ1, 
B KOTOpl:lX HCTO'IHHK Il8,Il.8.IOII(ero Ha 381I!HTY H3JIYtJ8Hl'!.ll 6JIH30K K IlJIOCKOMY MO
HOHallpaBneHHOMy HCTO'IHHKy. 3To CBn.neTeJII>CTByeT o TOM, 'ITO npe,nJIOl!teHHM 
annpoKCHManKII HOCHT .nocTaTO'IHO o6nma xapaKTep. lnTepaTypHHe .naHHHe .na
m ocHoBaHHJt nonaraTI>, 'ITO yrnoBlle pacnpe.neneHHH HeATpoHOB HMeIDT no.no6-
HYD 40PMY (c HeCKOJlbKO 60JII>WHM 3Ha'IeHHeM t.J 0 

). 

B rnaBe 5 ·onacaHH nccne.noBaHIDI cneKTpanI>Ho-yrnoBllX pacnpe.neneHd 
npoTOHOB sa 38ll(HTOA CHHXpQUHKJIOTpoHa Jllill. 3TOT UHKJI H3MepeHltll .nononHH
eT HCCJie,noBaHHJt yrJIOBHX pacnpe.neneHHil H BllITOJIHeH B TeX lite reoMeTp:wrx 
11HCTO'IHHK-SantHTa". IlpHBO,nHTCH OilHCaHHe CUHHTHJIJIHUHOHHOro cneKTPOMeTpa, 
OCHOBaHHOro Ha onpe.neneHHH 8HeprHll npoTOHOB no HX noTeJ)JIM B TOHKOM 
.neTeKTOpe. CneKTpOMeTp COCTOHJI H3 nponeTHllX C'IST'IHKOB Tenec1tona HAE
C'IeT'llIKa c .neTeKTopoM HS Csl(TC) TonnmHoil I,09 r/01}; yrnoBoe paspeme
HHe - 5,5°. TaK KaK ,nllR HH3K08H8preTH'IHHX npoTOHOB 3aBHCHMOCTI, nx 8H8P
rommeneHHil B AE -.neTeKTope OT aHeprm1 Heo,nHosHa'IHa, TO sneKTpoHHoil 
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cxeMoi1 o6ecrre"lliBa.JiacL pa6oTa cneKTpoMeTpa TOJILKO Ha "nponeTHofi" qacTn 
ero xapaKTepHCTHKH. HHlKHl'lli nopor aHeprHR IIPOTOHOB, perncTpnpyeM11X 
cneKTpOMeTpOM, COCTaBHJl ~ 40.MaB. BepXHIDI raHnua 8HepreT~eCKor9 ,IU!a
IIa30!la cneKTpoMeTpa orrpenelll!nacL ero arrrrapaTypHHM pa3pemeHneM, o6ycnoB
neHHHM, B rrepBYID oqepenL, ~JlYKTYaIUl.f!MH IlOTepL a!leprnn BAE -neTeKTope 
R COCTaBlllUl B HameM cnyqae 400 + 450 MaB. , 

rpanyRpOBKa crreKTpOMeTpa npoBO,IU!JlaCL C ncnOJln30BaHReM pearumn yn
pyroro p-p pacceHHWI npOTOHOB rry~ Ha TOHKOH IIOJlll8TRJle!lOBOH Mlllli8HR. 
AlllI nonaBneHWI ~HOBHX co6HTl'lli OT pacceHHWI npOTOHOB Ha yrnepone, B yc
TaHOBKe Ha COBnaneHWI co cneKTPOMeTpOM BKnroqaJlCH nonOJlHHT8JlnllHH Tene
CKOTT cqeT"lliKOB, pa3MemeHHHli non conPHXeHHHM yrJlOM K ny~. YpoBeHL pe
lK8KURR cneKTpoMeTpa 6un nono6paH npu aHeprun yrrpyrRx npoTOHOB 40,5 MaB. 

CneKTPH npoTOHOB BOCCTaHaBJlRBaJlHCL MeTonoM CTaTHCTnqecKOH perylll!-
puaarmn. IlpH BOCCTaHOBJ18HHH cneKTPOB IIpoTOHOB H3 anrrapaTypHHX pacrrpene
neHu:2 HCllOJ1L30BanRcn pacqeTHHe ¢YHKUHH OTKJlHRa crreKTpoMeTpa K MOIIOSHep
reTHqecrurM npoTOHaM, xopomo cornacyromneCH c nonyqeHHHMR aKcnepHMeHTann
HO IIPH rpanyHpOBKe. BoccTaHOBJleHne T8CTOBHX cneRTpOB IIORa3aJlo, qTo npn 
KOppeKTHO orrpeneneHHHX ~YHKURHX OTKJlHRa cneKTPH npOTOHOB, BOCCTaHaBnR
BaeMHe TIO noRa3aHRHM crreKTpoMeTpa, MOXHO HHTeprrpeTnpoBaTb KaK liCTHHHHe. 
Bcero B o6eHx reoMeTpRHX non pa3nnqHHMH yrnaMR K aamnTe 6Hno H3MepeHo 
9 cneKTpOB IIpOTOHOB.Ha pnc.5 BT.I H T.3,IIp8ACTaBJI8HH ,W!JI IIpHMepa Cil8K-
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E,MaB 
Pnc.5. CneKTpH npoTOHOB 3a 2-MeTpOBOil 6eTOHHOH 
3amRTOH B TO'lltaX I H 3 rrpH naneHHH Ha Hee rryqKa 

IIpoTOHOB c 8Hepruei1 0,64 raB (cM. pnc.3). 

TpH IlpOTOHOB,BWI8-
TaIOmRX li3 3amRTH 
COOTBeTCTBeHHO B 
HanpaBJ18HHH IIMaD-
mero rryqKa n non 
HOpManbID K Heit. 
CneKTpH npOTOHOB B 
o6eux reoMeTpRHX 
6nH3KU Mellr,IIY co6ofi, 
XOTH B reoMeTpHH 2 
cpenH.HH aHeprHH 
cneKTPOB HeCROJlLKO 
M8HLme. JllllI KaJr,Jl.Oli 
TO~ Ha IIOBepx-
HOCTH 3amRTH HaR-

6onee "ll8CTRHM11 CIIeKTpOM HBJllI8TCH 'crreKTP llpOTOHOB B nanpannemrn, COBIIa
:nru:imeM C MaKCRMYMOM ~YHKURR yrnOBOro pacnpeneneHI.JI noTOKOD npoTOHOB B 
8TOll TO'llte. n,m CII8KTPOB xapaKTepHO H8.Jlllqne MaKCRMYMa B o6naCTH Hll3KHX 
8Heprd, npn11eM C poCTOM "JKeCTKOCTH" cneRTpoB MaKCRMYM C.D,1lllraeTCH B 
CTOpoHy 60J1LmRX 8HeprHH. HeCMOTPH Ha TO, ~O TOJlmRHa 38mRTH B HallpaB
nemm llanBDmero Ha Hee nyqKa MaKCHMa.JlbHa ( T •I) , CII8KTp npoTOHOB B 8TOM 
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HanpanneHHH ~pr.mpyeTCH npemzymecTBeHHO 3a cqeT KBa3nynpyrux npoueccoB 
11 HBJllleTCH Han6onee "JKeCTRHM" H3 Bcex HaMepeHH!lX (pnc;5). CnenseT oT
MeTHTL TaRJKe, qTo MaKCHMaJlLHOe 31JaqeHne ~nroeHca npOTOHOB B RaKOH-JlH60 
To~e 3a aamnTofi caMo no ce6e He CBHAeTeJlnCTBYeT, B o6meM cnyqae, o 
HaH6om,mefi "JKeCTKOCTH" crreKTPOB B MHHOH TO~e ( HanpnMep, T.I n T.2 B 
reoMeTpnn 2). 

CoBOKYllllOCTb MH!ll1X 06 HHTerpa.JILHHX ll ,IU!qxl~peHunanLHHX xapaKTe
pllCTRKaX nonefi n3nyqeHHH 3a 2-MeTpOBOH 3amRTOH CRHXpoURKJlOTpoHa, R3-
JlOlK8HHHX B npe,nimymefi ll HaCTOHmefi rnanax, no3BOJllI8T RHTeprrpeTHpOBaTL 
BHllOJlHeHHHH ROMIIJleKC ll3MepeHHfi RaR 6a30BHH 8KCIIepnMeHT TIO (pH3HKe 3amR-
Tll. 

B rnane 5/onncaHH TaKJKe H3MepeHHH yrnoBoro pacnpeneneHWI H cneKT
pa "npHMeCHHX"i rrpoTOHOB B H8HTpOHHOM rryqKe CRHXPOWlKJlOTpOHa Jlilll. Hei1T
poHH, BHJleTarol!Ule R3 6epnnnneBofi MHmeHn, o6nyqaeMofi nyqKoM npoToHoD, 
DHBO,IUIJlHCL qep~3 4-MeTpo:mm KOJlJlHMaTOp B 3KCIIepHM8HTaJlbHHH 3aJl. Sa-

; 
prutemme qacTHU;H ll3 Mlllli8HH OTKJlOHHJlllCL MarllliTHHM none111 YCKOpRTelll! ll B 
KOJ1Jlm,1aTOP He norra,nam1. IlpnMeCL 3apID1teHHHX 'laC'l'llU (B OCHOBHOM, IIPOTO
IIOB) Ha BHXo,ne KOJlJlHMaTopa o6yCJlOBJ18Ha B3aHMOA8HCTD118M Hei1Tp0HOB co 
CT8HKalllli KOJlJlllMaTOpa. H3Mepemm yrJlOBOro ·pacrrpe;neneHHH 3apueHHb!X qac
TRU rroirnonnno orrpe:nennT:i(nx qinroeHc Ha Blixone RonnnMaTopa. BKJian "rrpn
MecHHX" 3apueHHHX qacTRU ( E > 40 MaB) BO qinroenc Hei1:TpoHoB c E > 30 
MaB COCTaBRJl 0,64%. AE -crreKTPOMeTpoM 6HJ1 ll3MepeH cneKTP IIpOTOHOB, ne
THmHX BAOJlb KOJlJlUMa.Topa. BcnencTBHe Toro, qTo "npiiM8CHHe" npoTOHl:l 06-

. pa3yJOTCH, B OCHOBHOM, B peaKURHX C IIpaKTnqecKH noJlHOH rrepenaqefi npoTo
HY aHeprnn nefiTpOHa, crreKTP rrpoTOHOB·xaqecTB8HHO noBTOPH8T q>OJlMY crreK
Tpa H8HTPOHOB, HO C.D.BRHYT B CTOPOHY M8HLlliliX 8HeprHH,H MaKCHMYMH HM8DT 
6onee npOT.!DK8HH.Hli xapaKTep. IlonyqenHHe pe3yJlbTaTl:l ncnoJlb30BaJlHCL rrpn 
oopa60TK8 p83YJll,T8TOB ll3M8pewnt pe~ A03HM8TpOB B ny,me H8llTPOHOB 
Bb!COKHX 3liepr~. 

B rnaBe 6 paccMaTpHBaeTCH BJlHHHUe rrpOTOHHOro KOMilOH8HTa nonen pac
ceHHHOro ll3HY118HHH 3a 3amRTaMH YCKopnTenefi Ha noKa3aHRH nHnHBnnYaJlLHHX 
qJOTOrpaqinqecKHX noaHMeTpOB HefiTpoHOB H~KH, rrpOMHlllJleHHHX no3HMeTpOD 
HeiiTpOHOB llH-A-I ll yrneponconepxamnx aKTHBaIUIO!IHb!X ;neTeKTOpoB, HCIIO.Jlb-
3Y8MHX AM onpenenenHH cpm:ieHca HefiTponoB c aHeprneii 6onee 20 MaB; Cq11-
TaeTcH, qTo npwmHoii aHa"lli,TeJlLHoro 3aBHllleHHH IIOKa3aHHi1 H~~ B "zec-rimX" 
IlOJlHX n3nyqeHHH Ha ycKopn-renmc HBJllleTCH npOTOHHHii KOMIIOH8HT, perncT
pnpyeMHfi H~~ co 3Ha"lliT8JlbHO 6onLmen aqipeKTRBHOCTLD, qeM HefiTpoHl:l~ Ha 
OCHOBe ,llaHIIHX O cneKTpax HYIUIOHOB 3a 2-MeTpOBOH 3amRTOll CHHXPOUllKJlO
TpOHa 61rno orrpeneneHO K0~8CTBO TP8KOB OT npOTOHOB ll HeiiTpOHOB ll 3Ha
qeHHH HCTllHOli ll "Kall!YmefiCH" no3bl H~~- IlonyqeHHHe 'peaynLT~Tl:l cpaBHHBa
JlRC!, C nOICa3aHHHMH H9~ B.pea.Jib!IOM none. 0611yqe1111He nneHKH C ~eJlLID KOP-
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peronrn HX noKaSaHHil npOCMaTPllBMHCL no MSTO,nl{Ke pas.neneH:wi: TPSKOB Ha 
"cepue" H. "-qepHHe" c noporoM pas,neneHIDI no :meprHn rrpoToHoB 50 MaB • 
3KcnepHMeHT8JlbHO YCTaHOBlleHo, 'iTO 4~IO% BMM npoTOHOB BO ~/llOOHC HYK
llOHOB rrpllBO.nHT K sa.BH11JeHIDJ "KrultYmeiiCJI" ,nosu 6011ee -qeM Ha rroPH,IJ.o'it; rrpn
MeHeHHe lite YKaSaHHOro MeTo,na Kopperonrn IIOSBOruieT nsMep!ITL HCTHHYID ,nosy 
HeilTpOHOB C

0

TO'iHOCTI,JiJ .no KOa<IxPmmeHTa I,5. 
B 11lt8CTKHX11 noruoc HSJlY'iSHIDI ,nosHMeTp ,IJ,H-A-I.TaIO!te SaBHIIlaeT SHa'ie

Hne SKBHBMeHTHOii .nosu HeilTpoHOB, O,nHaKO OTHOmem1e "KrultYmeilCJI" 'AOSl:l K 
CYMMapHofi .nose HYMOHHOro HSJiy'ieHrur He npeBlilll8.eT 2 'A8Jlt8 B reoMeTpnn I, 
r,ne .nosa OT npOTOHOB CTaHOBHTCJI cpaBHHMOil C .nosoii OT HeilTpOHOB. 

Ilpn onpe,neneHnn ~roeHca Hei1TpOHOB yrnepo,nco,neplltalltllMH ,neTeKTopru.rn 
cne,nyeT

0

Y'iHTl:lBaTL SaBHDISHHe nx IIOKaSaHHil sa C'ieT IIpOTOHOB. TaK, B reo
MeTpHH I STO SaBl:lmeHHe COCTaBruieT 2()%. 

B rnaBe 7 OIIHCaHa KOHCTPYKI.UU! n IIpHHUHII ,neilCTBHJI IIOTOKOMepa-.nosu
MeTpa Hei1TpOHOB (IUUI), npe,nHaSHa'ieHHoro .nrui: ll3MepeHIDI ~HCa H SKBH
BMeHTHOil .nosu HeilTpOHOB Bl:lCOKHX sHeprufi (6011ee IO+ 20 MaB) B rrorui:x 
CMemaHHOI'O HSJiy'ieHHH sa SatllllTru.rn YCKOpHTeneil. B .nosHMeTpllll HSBeCTeH 
npHHUHII llHHei1HoA cyrrepnOSHIUfH IIOKa3aHni1 HSCKOllbKHX ,neTeKTOpOB .nrui: on
pe,neneHIDI 'A031:l H3Jiy'ieHrur. MeTO,nliKa,OIIpe,neneHIDI ~/llOOHCa H .nosH C rro
MOinbll lJ,IUI OCHOBaHa Ha CXO,nHOM npHHmme, HO BM8CTO IIOKa38.Hd HeCKOllLKHX 
.neTeKTopoB HcrronLsyeTCJI Ha6op IIOKasaHHfi o.nttoro ·.neTeKTopa rrpu pasnn'iHHX 
ero 'qJBCTBHTellbHOCT.IIX K HeilTpoHaM mHpoKoro CII8KTpa sHepm. B Ka'i8CTBe 
.nosHMeTpa HCII011L30BaH CUHHTllllJUmHOHHl:lil C'ieT'iHK, y KOToporo sqxlJeKTHB
HOCTL perncTpaUHH HeilTpoHoB E(E) saBHCHT OT rropora perncTpamrn HMIIYllb
coB j . 3To IIOSBOllllllO rro,no6paTb ~YHKI.Um KBaSH"qJBCTBHTellbHOCTH 'A03H
MeTpa .l..(E) B BH,ne 11m1eilHott KOM61rnaUHH CJ {E}, 6JmsKYJ) K aHepreTII'lecxo.tt 
3aBHCBMOCTll MaKCHM8JlbHOil y,nenLHOI .nosli HeilTpoHOB .hN{E) • nosa OT cneKT
pa HeATpoHOB onpe,nerui:eTCJI, TarotM o6pasoM, -qepes llHHeilHYJ) KOM6HH~HD 
IIORa.SaHHll lJ,IUI IIpH pasllH'iHHX rroporax perncTpaUHH HeilTPOHOB. AHanorH'iHO 
ll3MepeHHe !pJ11)8HCa HeilTpoHOB ocymecTBru!8TCJI IIPH q>YHRinfll KBaSH"qJBCTBH
TellbHOCTH npH6opa,nocTOJIHHOi1 BO BCeM ero SHepreTmecKOM ,nHaIIaSOHe. 

neTeKTop HeilTpoHHOI'O C'l8T'iHRa s~ - IIllaCTH'ieCKHil CUHHTllllru!TOp 
,nliaMeTpoM ll BHCOTOil I20 MM, ]l1m pezexmrn sapsmeHlllll 'iaCTHU HettTpOHHHH 
,neTeKTOp OKPYJteH OXpaHHHM CUHHTHllru!TOpoM C'ieT'iHRa $ . Curnan Sn. ruia
llHSHpyeTCJI npn oTCYTCTBHH CHI'HMa coBIIMeHRff S,..,. S • PezeKI.UU! Y-KBaH
ToB He npoHsBO.nHTCJI, BBH,ny BHcoruu: noporoB perncTPalllJH Sn. , HCIIOllbsye
MHX npu o6pa6oTKe noRasaHRff ru:tH. PactteT *KTHBHOCTeil Sn. npoBO'AHllCH 
MeTO'AOM MOHTe-Kapno. IlpH pactteTax e;(E) rITeHo BllHHHHe i Ha acfxI>eK
THBHOCTL Sn ,BHpaJtaX>UteeCJI B noJEHwc cpa6aTHBOJmHX S OT npoToHoB, poit
.neHHlll HeilTpoHru.m B Sn. H BHme.nnmx sa ero npe,nellH. 3TOT sqxpeRT npllBO'AHT 
K saMeTHo~ yMeHLmeHHI> Sj(E) npa aHeprHHX uettTpoHOB 6onee IOO MaB. IIpo
BepKa pactteToB Cj(EJ npoBo,nHnacL B none usnyqearur(Pu-Be>-ucTo'IIHHKa 

IO 

HefiTpoHoB H B none HeilTpoHoB Hs peaKUHn T(a,n.)4He. Ha6JIJO,nanocL xopo
mee cornacHe paC'ieTOB H 8KcnepH.MeHTOB npH H3!lepeHIDIX rullC ajq)eKTHBHOC
TH, TaK If anrrapaTypHHX cneKTpOB B 'ABYX reoMeTpIDIX (TIMeHne Hei1Tp0HOB 
Ha Topeu n Ha 6oKOBYID noBepXHOCTL S"" ) • Ha6op nmpopMaUHll nponsBO.nHll
CJI c IIOMOinbID aHaJJ.nsaTopa, mKalla KOToporo rpa,nynpoBaHa B 333. Ilo,n noKa
SaHlleM Il,IJ,H npn j -M nopore perHCTPaUHH IIOHHMaeTCJI CYMMaPHOe 'iHCllO 00-
61:lTHil B arrnapaTypHOM cnenpe, Ha'iHHSJt C KaHMa, COOTBeTCTByromero j -~ 
rropory, BHPaJlreHHO~ B 333. 

Ilp:ime,neHU pesyllbTaTl:l Cllll'ieHHfi 'AaHHHX IT,IJ,H C noKaSaHID!MH yrnepo,nco
,neplEamllX aKTHBaUHOHHHX ;zteTeKTopoB B IIOllHX sa CIIllOlllHliMH 3amllTaMll CllHXpo
~asoTpOHa JIB3. ~ KoppeRTHOCTH CllH'ieHIDI q>YHKI.UU! Rlla3H'qJBCTBHTe11LHOCTH 

fl )fl 
npn6opa MO'AellllpOBana SHepreTH'ieCKYID 3aBHCHMOCTL ce'!eHIDI peaKUHH C(n,2n C. 
B YCllOBRIIX npe~meCTBSHHO 60ROBOI'O o6Jiy'i8HRII IT,Il,H nony'ieHO xopomee co
rnacHe no ~moeHCY HefiTpOHOB c aHeprHefi 6011ee 20 MaB. B YCllOBH.IIX, Kor.na 
HSJiy'leHHe nM8}lo Ha lJ,IUI IIP~~mecTBeHHO CBepxy, -paann'lHe B pesynLTaTax 
:zlBYX MeTO,nHK COCTaBHllO 24%. 

C npaKTH'ieCKOfi TO'iKH apeHlllI BaJitHOH xapaKTepHCTHKOM npu6opa HBruieT
CJI MHHHM8JILHl:lil ~nroeHC (:n.osa) HefiTpoHOB, KOTOpHM MOEHO ~OCTOBepHO HSMe
pllTL. TaxruI o~eHKa IIpOBO,nl{JlaCL IIPH HSMepeHH.IIX ~JIJOeHCa HeilTpoHoB, o6yc-
110BlleHHHX KOCMHtleCICHM H3JiytteHHeM, BHYTPH·Ma.CCllBHOro zenesHoro 6oKca, C 
TOllmllHOfi BepXHero nepeKpl:lTWI "'(2 + 2,5)•Ia3xr.;f. ~nroeHC Heil:TpOHOB 
BO BHYTpeHHeii IIOllOCTH 6oKca MHOI'O MeHbme ~nroeHca MIOOHOB, BC118;llCTBne tte
ro 'qJBCTBHTeUHOCTL IT,IJ,H orpruUilJHBMaCL B ;llaHHl:lX HSMepeHIDIX Heajq)eKTHB
HOCTbID sanpeTa C'ieT'lHKOM $ perucTpaUHH sapHJKeHHl:lX "!a.CTHU. OueHKH no
Ka3anH, t{TO HHJtH.lliI rpaHnua npHMeHHMOCTH npn6opa IIpH ll3MepeHHH ~HCa 
HeilTpOHOB COCTaBruieT 3 + 4 H•~c! HaMepeHRII (J)JIOOHCa HefiTpOHOB KOCMif!leC
KOrO rrponcxoJr,IteHIDI c aHeprzett 6onee 20 MaB B cBo6o.nuofi reoMeTpHH BHe 
8.n:aHM ,na1lll SHatieHHe 70 H•~c1, 'iTO B uenoM He IIpoTHBOpetIHT llHTepa
TYPHl:lM ,naHHHM. 

B 38.Kllil'ieHnH c~p~llllpOBaHl:l OCHOBHHe pesyllbTaTl:l Blill011HeHHOi1 pa6o
Tl:l: 
I. Cos,naH Ha6op· arrnapaTypu :zl11H HSMepeHIDI xapaKTepHCTHK nonefi HYKllOHOB 

BHCOKHX SHepl'l!ii BOKpyr Mllil!eHeil H sa sanmTru.rn YCKOpHTeneil: 
- cpe,nCTBa MOHllTOpHpoBaHRR: Jiy1llt()B npoTOHOB ll nerKHX H;llep; 

CHCTeMH CUHHTHllllHUHOHHHX C'leT'iHKOB ;llruI H3MepeHHi1 yrllOBHX pacnpe:n.ene
Hnil sapmiteHHl:lX 'iaCTHU; 
cneKTpoMeTp HefiTPOHOB no BpeMeHH IIponeTa; 
ll E -cneKTpoMeTp IlpOTOHOB; 
noTOKOMep-;ztOSRMeTp HeilTpOHOB. 

2. BHII011H8Hl:l KOMIIlleRCHHe H3M8peuwr·yrnoBllX 3aBllCHMOCTeil BHXO;llOB sapg
JEeHH!ll "!a.CTHU H cneRTpOB HeilTpoHOB HS TOllCTHX Me,nHofi ll CBHHUOBOil 
MHllleHeii, o6nyqaeMHX IlpOTOHaMH, o(, -'iaCTHUa.MH H JI.IU)aMB 
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MH 3,65 raB/HYKJlOH Ha CHHXpoipasoTpoHe JIB3 OIDfil. 
3. IlpoBeneH 68.30BHH 3KCIIepHMeHT no ~H3HKe 3antHTH Ha CHHXpoUHKnOTpoHe 

JiffII OIDfil; YCTaHOBJleHH 3aKOHOMepHOCTH qx:>pMHpOBaHWI nnqxpepemnraJII,HHX 
xapaKTepHCTHK nonen npoTOHOB 3a 3antHTaMH CHHxpOUHKJlOTpoHa H CHHXpo
qJa30TpoHa OIDfil. 

4. OnpeneneH BKnan npoTOHOB B noKa3amm H~~ • .nosHMeTpa HeHTpoHOB JLH
A-I H yrneponco,nepimlllllX aKTHBaUHOHHHX ,neTeKTopoB B xeCTIWX no11RX 3a 
CllJlOIIIHOH 3antHTOfi CHHXpOUHKJlOTpOHa JiffII OIDfil. 

5.- IlonylleHH naHHHe o cneKTpan1,Ho-yrnoBoM pacnpe,neneHHH "npHMeCHHX" npo
TOHOB B HellTpoHHOM IlY'IKe CHHxpDUHKJlOTpoHa JiffII OIDfil. 
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