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KaH,LJ,HiJ.aT cpH3HKO-MaTeMaTHqecKHX HayK • .;""--~~, . ·-··· A. f . IloneKO 

OEIU;NI XAP AKTEPHCTHKA P ADOTbI 

AJITYaJibHOCTb TCMbI 
5I,D,epH1>Ie peaI<Qms: c BhIJieTOM 3ap>I)!(eHHhIX qacnn-1, npoTeKaIOr.u;He no,D, 

.D.eHCTBHeM 6hlCTPbIX HeHTPOHOB Ha l!)J.pax npoMe~oqttoii: MaCCbl, H3yqeHbI 

He)J.OCTaTOqHo nOJrno. TaK, ou;eHKH ceqeH11l! noiJ,06HhIX peaI<Q11if, )J.aBaeMbie 

pa3JIHqHbIMH 6H6Jil10TeKaM11 ll.D.epHblX )J,aHHblX, Moryr OTJIHqaTbCl! Apyr OT Apyra 

B pa3b1. 3aqacTyro Ha6mo)J,aeTCl! He TOJlbKO OTJil1'111e B a6COJIIOTHOM 3HaqeHI111 

cpyHKo;1111 B036y)!(.D.eHI1.H peaI<Q1111, HO 11 B ee CTPyKrype. Bo MHOroM .D.aHHa>I 

c11ryau11ll c pacxO)!()J,eH11.HM11 B TeopeTW'leCKOM on11caH1111 o6ycnoBJieHa 

6e.D.HOCTbfO Ha6opa 3Kcnep11MeHTaJibHblX .D.aHHblX, cyr.u;ecTBYfOI.U;11X B HaCTO>Ir.u;ee 

BpeMll. )J,Jlll uenoro pl!)J.a l!)J,ep 3KCnep11MeHTaJibHa.!I 11HcpOpMaQl1.H npOCTO 

OTC)""I'CTByeT. )J,JI.!1 MHOrHX ll,D,ep cyr.u;eCTBYfOT 113MepeHl1.H, npose,D,eHHbie BCero B 

O.D.HOH TO'IKe (14 M3B), '!TO l!BHO He,D,ocTaToqtto )J.Jl.!I noH11MaH11.H nose,D,eHl1.H 

cpymaum B036y)!(,ll,eHl1l! )J,aHHOH peaKQH11 B WHpOKOM .D.11aila30He 3Heprl1if 

HeiiTPOHOB. CJIO)!(l1BIIIa>IC.!I cHryau;11.H c 3KCnep11MeHTaJibHhIMl1 )J.aHHhJMl1 iJ.Jl.!! 

KOHCTPYI<Q110HHhJX MaTep11anos JIBJll!eTCl! cneiJ,CTBHeM Toro, qTo )J.aHHhre JI.D.Pa 

qpe3BbI'iaHHO Hey,D,06Hhl )J,Jl.!I HCCJie,D,OBaHl1.H pa3pa60TaHHbIMl1 Ha cero.D.H.!IIIIHIDf 

,D,eHb MeTO.D.aM11. 

MeTO.D.HK11, rro3BOJI.!IIOr.u;11e BhIIIOJIHJITh TaK11e H3MepeHl1.H, ,D,OJI)!(HbI o6na.D.an, 

BbICOKOH 'iYBCTBHTeJlbHOCTbIO ( cneKTPOMeTP11qecKaJI MHUleHb .D.OJI)!(Ha HMeTb 

Macey, 06ecneq11saror.u;yro BbIJieT aJibcpa-qacTHQhJ c MHHl1MaJibHbJMH rr0Tep>IM11 

3HeprI111) 11 60JiblllOH 113611paTeJibHOCTbIO no OTHOllleHlffO K rrpO,LJ,YKTaM 

113yqaeMoii: pear<1-11111 (cpott OT 3JieMeHTOB KOHCTPYKl-ll111 11 caMoro )J.eTeKTopa 

3aqaCTyIO MHOroKparno npeBbIIIIaeT 11CCJie,D,yeMblH 3cp<PeKT). 

c .D.PY1' 0H CTOpOHbl, peaI<Ql111, np11BO,D,>Ir.u;He K o6pa30BaHlfIO ra3oo6pa3Hb!X 

npO.D.YKTOB, Hanp11Mep, reJil1.H 11Jll1 BO)J.Opo,D,a, BO MHOrOM onpe,D,eJI.!IIOT 

pa)J.11au110HttyIO CTOHKOCTb MaTep11anoB. Oco6eHHO OCTPO ,D,attttaJI npo6neMa CTOl1T 

,D,Jl.!I KOHCTPYKI-IHOHHhIX MaTep:11anos, nocKOJlhKY OHH tta:116onee lllHpOKO 

HCIIOJib3yIOTCJI rrpH C03)J,aHJ111 pa3JIH'iHblX MexaHH3MOB H Y3JIOB JI)J,epH0-

3HepreTJ1'1eCK11X ycTaHOBOK. 

OnbIT 3KcrrnyaTa1-11111 5I3Y IIOKa3aJI, qTo HX 3KOHOM11qecKaJI 3cpcpeKTl1BHOCTh 

HanpJIMyIO 3aBJ1Cl1T OT )J,JIHTeJibHOCTl1 rrepHO.D.a HX 3KcrrnyaTaQHl1, KOTOpaJI, B 

CBOIO O'lepe)J.b, BO MHOrOM onpe)J,eJJJieTCJI 113MeHeHl1eM cp11311qecK11x CBOHCTB 

MaTepHaJIOB, 11CITOJlb30BaHHblX np11 11X C03)J,aHI111, no Mepe HaKOIJJieHl1.H 11Ml1 ,D,03bl 

l10Hl1311pyIOI.U;HX H3JiyqeHJ1H. 

Oco6eHHOCThIO 3KcrrnyaTa1-11111 JI)J.epHbIX ycrnHOBOK JIBJIJieTCJI TO, 'ITO B 

rrpo1-1ecce pa60Tbl 5I3Y IlO)J,BepraIOTCl! 11HTeHCHBHOMY B03,D,eHCTBHIO HeHTPOHHOro 

11 raMMa 113nyqeH11ii:. IlpHMepoM TaKHx y3nos JIBJIJIIOTCJI CTeHKl1 TB3JIOB HJIH 

Kopnyc peaKTopa rurra BB3P. IlpH 3TOM cTattoBHTCJI oco6ettHO sa)KttOH. 

cnoco6HOCTb MaTep11aJIOB coxpaHJITb CB011 MeXaH11'-!eCK11e CBOWCTBa B 3THX 

ycnoBl1.HX. KaK noKa3aJI11 MaTep11anose)J,qecK11e 11ccn e)J,osamrn , OiJ.Hl1M 113 

OCHOBHblX npo1-1eccos, HeraTHBHO BJil15!IOI.U;l1X ~att11ci eCKEfP rnoidn ea 
MaTep11anoB, JIBJI.!leTCl! ra3006pa30BaH11e, B03H11K4ror.u;ee 3a C'leT (n~ p) 11 (n, a) . .__. ' 

peaI<QHif Ha l!)J.pax Ber.u;ecTB, sxo)J.l!r.u;11x B 11x coct4i:lt.I!J~~hibWWi6~1~~tpll"l1 
3 'l :. 6n r. i·· ,111 '·am< mcHHCTllTl!I' 
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KOHe-rpyKl\110HHhJX MaTep11anoB (HarrpHMep, eTaJI11) remrn MO)!(eT rrp11seeT11 K HX 

oxpynYHBaHH!O, l13MeHeHl1l-O se1rnq11HhI npe,D;ena rrnaeT11qHOeT11, pa,D;11al\HOHHOH 

rromyqeeTH, o6e.D;HeHHl() eTaJIH, pa.D;Hal\HOHHOM)' paerryxaHHIO H T . .D;. [1-5]. 

0.D;HHMH H3 Ha116onee paerrpoe-rpaHeHHhIX MaTepHaJIOB, KOTOpble urnpoKO 

HeITOJih3)'l-OTeH MH 113rOTOBJieH= seex KOHe-rpyKl\11H, HaXO.D;Hll~HXeH B6Jil13H 

aKTHBHOH 30HhI, seex rrpoTOYHhIX qaeTei1 rraporeHepaTopa H Termoo6MeHH11Ka, a 

TaK)!(e MH 1nroTOBJieHHH o6onoqeK TB3Jlos, Koprryea peaKTopa 11 .D;pyrHX 

KOHe-rpyKl\110HHhlX 3JieMeHTOB peaKTopa, HBJIH!OTeH Hep)!(aBe10m11e eTaJIH. 

B HaeToHmee speMH MH Ol\eHKl1 B03.D;ei1eTBHH Hei1TpOHHOro 06nyqeH11H Ha 

pa31111YHhie o6oeKThl I1111POKO HeITOJih3)'l-OTeH paeqeThl ITO MeTO.D;y MOHTe-Kapno 

[6-8], KOTOphie 11enOJih3)'l-OT ,D;aHHhie 0 MHKpOeK01111qeeK11X eeqeHHHX 

B3al1MO.D;eHeTBHH HeHTpOHOB e pa3HhIMl1 1130TOIIaMH .D;JIH BOee03,D;aHJij[ KapTHHhl 

paerrpoe-rpaHeHHH Heif-rpoHOB s 3a.D;aHHoi1 reoMe-rpHH. TaKHe paeYeThI urnpoKo 

11enOJih3)'l-OTeH .D;AA 01\eHKH 3HepreTHqeeKoro erreK-rpa H HOTOKa Hdi:-rpOHOB, 

B03.D;eHeTB)'l-OmHx Ha 3JieMeHThl KOHe-rpyKl\HH, a TaK)!(e .D;JIH orrpe,D;eJieHJrn 

Maeu1Ta6a pa,D;Hal\HOHHhIX nospe)!(,D;eHHH 11 3HeprOBhJ,D;enemrn B Hl1X. ,UaHHhie 

paeqeThl erroeo6Hhl ,D;aTh peanHeT11qH)'l-O KapTHH)' 0 Mae111Ta6e pa.D;Hal\110HH0-

11H.D;yl\HpOBaHHhlX 3QlcpeKTOB B pa3HhlX nmax eTaJIH, HaXOMm11xeH B 

orrpe,D;eneHHhlX IIOJIHX eMellJaHHOro Hei1-rpoH-raMMa I13JiyYeHl1H. 3TH 01\eHKH 

MO)!(HO tteIIOJih30BaTh .D;JIH o6oeHOBaHHH BhI6opa Tex HJIH 11HhlX 

KOHC'fP)'KIIHOHHhlX MaTepttaJIOB MH rrpoeKTHpyeMhlX peaKTOpHhlX yeTaHOBOK H 

MH npoMeHHH epoKa 3KerrnyaTal\1111 eymeeTB)'!OmHx peaKTopos. 0.D;HaKo 

Ha,D;e)!(HOeTh TaKHX paeYeTOB ttarrpHM)'l-0 3aBHeHT OT TOYHOCTH, e KOTOpOH 

113BeeTHhl eeYeHl1H H.D;epHhlX peaKI.\11H, npoTeKal-Om11x B KOHe-rpyKI1110HHOM 

MaTep11ane HO.D; ,D;ei1eTBl1eM HeH-rpOHOB, B qaeTHOeTH, eeYeHHH (n,a) peaKl\HH. 

TaKHM o6pa30M, rroJiyYeH11e HOBhIX 3KenepHMeHTaJihHhJX .D;aHHhJX o 

3HaYemrn eeYeHl1H (n,a) peaKI.1,HH Ha KOHC'fP)'Kl\HOHHhlX MaTep11anax MO)!(eT 6hITh 

llOJIO)!(eHO B oeHOB)' Bh1pa60TK11 )'TOYHeHHhlX 6w6JIHOTeK H.D;epHhIX ,D;aHHhIX B TOH 

HX qaeTH, KOTopaH onHehrnaeT rrpOl\eeehI, rrpHBO.D;HmHe K ra3oo6pa30BaHH!O B 

KOHeTpyKU,HOHHblX MaTep11anax. B eBOIO OYepe.D;h, HeIIOJih30BaHHe 6onee 

peanweTHYHhlX Ol\eHOK B rrporH03HpOBaHHH pa,D;Hal\HOHH0-11H.D;)'l\HpOBaHHhlX 

110Bpe)!()J;eHl1H MaTepttaJIOB, 11errOJih3)'eMhlX B peaKTOpoe-rpoeH1111, II03BOJil1T 6onee 

Ha,D;e)!(HO 11 TOYHO ou,eHHBaTh peeype 3KermyaTal\1111 pa311HYHblX )'3J10B peaKTOpOB 

eme Ha eTa.D;HH 11X rrpoeKT11pOBaHHH 11, 3a e'leT 3TOro, )'JI)'YlllHTh 6e3orraeHOCTh HX 

3KerrnyaTal\1111 H 110Bhlel1Th 11X 3KOHOM11qeeK)'l-O 3QlcpeKTl1BHOeTh. 

Bee Bhlllle eKa3aHHoe IIO.D;TBep)!()J;aeT 3ICTY3JJbHOCTb TeM'hI ,D;11eeepTaU,l1H 11 

ee TeOpeTH'leCKYJO H npaKTH'leCKYIO 3HaYl1MOeTh. 

4 

U:eJJb paOOTbl 3aKJJIO'laeTeH B e03.D;aHHH HOBoro erreK-rpOMe-rpa .D;JIH 

113yYeHHH eeYeHHH (n,a) peaKl\1111 Ha TBep.D;bIX MHUJeHHX, B pa3pa60TKe HOBOro 

MeTO.D;a 06pa60T1<11 3Kerrep11MeHTaJlhHhIX ,D;aHHhIX 11 llOJiyYeHl111 HOBhlX 

3Kerrep11MeHTaJihHhlX ,D;aHHhIX. 

,UJIH .D;OeTl1)!(eHHH rroeTaBJieHHOH u,en11 6hIJIH pe11IeHhl ene.D;yrom11e 33.D;a'IH: 

1. CrrpoeKTHposaHa 11 eoJ.D;aHa HOBaH KOHe-rp)'Kl\HH erreK-rpOMe-rpa, :rr03BOAAIOmaH 

orrpe,D;eJIHTh eeYeHHH (n,a) peaKl\1111 Ha TBep.D;hlX MHilleHHX. 

2. Pa3pa6oTaH MeTO.D; o6pa6oTKH nonyqeHHhIX 3Kerrep11MeHTaJihHhIX ,D;aHHhIX. 

3. IlpoBe,D;eHhl TeeTOBhie l13MepeHl1H eeYeHHH (n,a) peaKl\1111 Ha 
54

Fe. 

4. ITpose.D;eHbJ 3Kenep11MeHTaJihHh1e 11ee11e.D;OBatt11H no orrpe,D;eneH11l-O eeYeHHH 

peaKl\1111 
5
°Cr(n,a)

47
Ti. 

5. Onpe,D;eneHo ee'!ett11e peaKll,1111 
52

Cr(n,a)
49

Ti. 

6. 3Kerrep11MeHTaJihHO llOJiyYeHO 3HaYeH11e ee'!eHHH peaKl\H11 
53

Cr(n,a)
50

Ti. 

7. BhmonHeHhI 113MepeH= eeqeHHH peaKl\1111 
57

Fe(n,a)5
4
Cr. 

8. 3Kerrep11MeHTaJihHO orrpe.D;eneHo ee1JeH11H yeaKll,1111 
6
°Ni(n,a) 

57
Fe. 

9. ITpose,D;eHhI 113MepeHHH eeqeHJij[ peaKll,1111 
7
Ti (n,a)

44
Ca. 

Bee Ja.D;aY11 6hIJIH peweHhI asTOpoM B eoCTase rpyrrrrh1 rrp11 onpe.D;eAAromeM 

JIHYHOM yqaeTl111. 

Hay'IH3H HOBH3Ha llOJiyYeHHhIX pe3)'JlhTaTOB eoeTOl1T B ene,D;y10meM: 

1. Co3,D;aH )'HI1.KaJlhHhIB erreK-rpOMe-rp Ha oeHOBe 110Hl13al\110HHOH KaMephl e 

eeTKOH <l>p1111Ia .D;JIH 113)'YeHHH eeqeHHH (n,a) peaKll,1111 Ha KOHe-rp)'Kl\110HHhIX 

MaTep11anax. 

2. Pa3pa6oTaH HOBhIH MeTo.D; o6pa6oTKH 3Kerrep11MeHTaJihHh1x ,D;aHHhIX. 

3. IloJiyYeHo 3HaqeH11e eeYeHHH (n,a) peaKll,1111 Ha 11J0Tone xpoMa 
5
°Cr B 0611aeT11 

3Heprn11 Heif-rpoHOB OT 4,7 .D;O 7,2 M3B 

4. BnepBhie nonyYeHo 3Ha'lett11e eeYeH11H peaKI.1,1111 
52

Cr(n,a)
49

Ti B 

3HepreT1111eeKOM .D;l1aIJa30He 6,8-7,2 M3B. 

5. Brrepsb1e rronyqeHhI pe3)'JihTaThI MH eeYeHHH peaKl\Hl1 
53

Cr(n,a)
50

Ti rrp11 

3Heprn11 Heif-rpoHOB HH)!(e 14 M3B. 

6. IloJiyYeHhJ 3HaYeHHH ee'leHHH (n,a) peaKl\1111 Ha 11J0Torre )!(eJieJa-54 B 

3HepreT111JeeKOM .D;HaIJa30He 4,75-6,75 M3B. 

7. IloJiyYeHhI rrapl\11aJihHhie 11 IIOJIHhie 3HaYeH11H eeYeHHH peaKll,1111 
57

Fe(n,a)
54

Cr 

np11 3Heprn11 Hei1-rpoHOB OT 4,3 .D;O 6,5 M3B. 

8. IToJiyYeHo 3Ha'leH11e eeYeH11H (n,a) peaKI.\1111 Ha 1130Torre H11KenH-60 B 

3HepreT11YeeKOM .D;HaIJa30He 6,0-7 ,0 M3B. 

9. BnepBhie nonyT.JeHhI pe3)'JihTaThI .D;AA eeqeHHH peaKll,1111 
47

Ti(n,a)
44

Ca rrp11 

3Heprn11 Heif-rpoHOB 4,0-6,0 M3B. 

Jln'IHhiii BKJJa)l.. A1nop np11H11Mana aKTHBHoe yl.\aen1e Ha Ka)!(.D;OM 3Tane 

BbIIIOJIHeHHH pa60ThJ: npOBO.D;l1Jla rrpe,D;Bap11TeJihHhie 11ee11e,D;OBaHHH, IIpHHHMaJia 

yqaeTHe B 3Kerrep11MeHTaJlhHhlX 11eene,D;OBaH11HX Ha yeKop11TeJie, Bhll10JIHHJia 

110.D;rQTOBK)' Ml1IlleHeH rrepe.D; o6JiyYeHl1eM, 3aHHMaJiaeh o6pa60TKOH IIOJiyYeHHhIX 

,D;aHHhlX, yqaeTBOBaJia B Harr11eaH1111 eTareii no rronyYeHHhlM pe3)'JlhTaTaM. 

5 
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IloJIO*eHUH u pe3yJibTaTbl, BblHOCUMbie ua 3aIIJ,UT)' 
1. KoHCTPYJ<Ill1H CIIeKrpOMerpa Ha OCHOBe )l;BOHHOH HOHH3au110HHOM 

KaMepbl c ceTKOH ct>p11wa )J,.JJH H3yqeHl1H ceqeHHH (n,a) peaKuHH Ha TBep)J;blX 

Mmnemrx. 
2. MeTOA 06pa60TK11 3KcnepHMeHTaJJhHhlX AaHHhIX. 

3 . Pe3yJJhTaTbl TeCT11posaH11H cneKrpoMerpa H pa3pa60TaHHOH MeTOAHK.11 

o6pa60TKl1 AaHHbIX Ha 3KCnepHMeHTaJJbHOM HCCJJeAOBaHl111 ceqeHl1H peaKI.(1111 
54

Fe(n,a)
51

Cr. 
4 . Pe3yJJhTaTbl 3Kcnep11MeHTaJJhHoro 11ccJJeAOBaH11H ceqeH11i1: pearn11i1: 

5°Cr(n,a)47Ti, 52Cr(n,a)
49

Ti, 
53

Cr(n,a)
50

Ti, 
57

Fe(n,a)
54

Cr, 
6
°Ni(n,a)

57
Fe, 

47
Ti(n,a)

44
Ca. 

)locTOBepHOCTb noJiy'leHHblX pe3yJibTaTOB IIOATBep:>K)l;aeTCH: 

- 11CIIOJJb30BaHHeM COBpeMeHHhlX cpeACTB per11crpau11H 11 MeTOAOB 

o6pa6oTKH 3KCIIep11MeHTaJJbHblX AaHHbIX; 

- corJJaCHeM IIOJJyqeHHbIX AaHHblX c AaHHbJMH ApyrHX aBTOpOB, KOrAa OHH 

HMeJOTCH; 
- ny6JJ11Kau11ei1: OCHOBHblX pe3yJJbTaTOB pa60Tbl B pecjlep11pyeMblX :>KypHanax 

Anpo6au,nH pa60TbI 
IIonyqeHHbJe pe3yJJbTaTbl 11 OCHOBHbJe IIOJJO:>KeHl1H A11CCepTauHOHHOH 

pa60Thl 6brn11 npeACTaBJJeHbI Ha HayqHbIX ceM11Hapax fHU: Pct>-ct>3lil 11 

AOKJJa)J;bJBaJJHCh Ha Me)KAyttapoAHhIX KOHcpepeHu11Hx ISINN-19, ISINN-20, 

ISINN-21, ISINN-22, ISINN-25, HApo-2012, CNR-13, ND-2016 11 06cy)K)l;an11cb 

Ha Me:>KAyttapoAHbJX ttayqHblX IllKOJJax: IllKOJJa, opraHH30BaHHM MAr AT3 no 

TeMe <JlAepHbie AaHHbJe AJJH aHaJJ11mqecK11x np11:i1o:>KeHI1H» (Joint ICTP-IAEA 

Workshop on Nuclear Data for Analytical Applications), IllKOJJa no aHan113y 

HelirpOHHbIX pe3oHaHCOB (Neutron Resonance Analysis School) . 

Ily6nmcau,uu 
OcHOBHbie pe3yJibTaTbl no TeMe )J;Hcceprnu110HHOH pa6oTbJ H3JJO:>KeHbl B 14 

ne'laTHbIX I13AaHl1HX, 8 113 KOTOpbIX ony6JJl1KOBaHbJ B )KypHaJJax, 

peKoMeHAOBaHHbIX BAK [1-7, 14], 2 113 KOTOpb1x 113AaHbJ B 3aperncrpapoBattHhIX 

Hay'!HbIX 3JJeKrpOHHblX l13AaHHHx [12, 13], 4 - B MaTep11anax Me)KAyttapOAHbIX 

ceMHHapoB [8-11]. 

CTpyKrypa u o6heM AHccepTau,uu 
)l11ccepTau11H COCTOl1T 113 BBeAeHl1H, rpex rJJaB, 3aiouoqeH11H 11 CIIl1CKa 

11CIIOJJh30BaHHhIX 11cToqH11KOB. CoAep)1<aH11e pa60Tu1 113JJO)!(eHo Ha 140 

crpaH11uax, BKmoqaH 61 p11cyttOK 11 15 Ta6JJ11u. Cn11COK 11CIIOJJb30BaHHbIX 

11CTOqHl1KOB COCT011T 113 121 Ha11MeH0BaH11H. 
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CO)lEP)l{AHHE P AEOTbl 

Bo BBeAeHUU IIOKa3aHa aKryaJJbHOCTh pa60Thl, HayqHaH HOBl13Ha 11 

IIpaKT11qeCKM 3Haq11MOCTb pa60Thl, ccpopMyJJ11poBaHbl uem. 11 3aAaq11 

A11CCepTaul10HHOro 11CCJJeAOBaH.11H. 
B nepBOH niaBe npeAcTaBJJeH o63op cymecTB)'IOIUl1X 3Kcnep11MeHTam.HbIX 

AaHHblX 11 TeopeTJ1'!eCK11X oueHOK ce4eHl1H peaKI.:(1111 (n,a) )J;JJH 1130TOnOB 
KOHCTPyK[(l10HHhIX MaTep11aJJoB - )!(eJJe3a, xpoMa, Hl1KeM 11 Tl1TaHa. TaK)!(e 

npoBeAeH aHaJJl13 cymecTByroiu11x MeTOAOB onpeAeJJeH11» ceqeH11H peaKu1111 (n,a). 
IIpoBeAeHHhIH aHaJJl13 noKa3aJJ, qTo, HeCMOTPH Ha 6oJJhwyJO npaKT11qecKyio 

3Haq11MOCTh 3JJeMeHTOB KOHCTPYJ<Ill10HHhIX MaTep11anos, Hanp11Mep, 1130TOIIOB 

xpoMa, )!(eJJe3a 11 Hl1KeJJH, Ha6op 3KCnep11MeHTaJJbHbJX HCCJJe)l;OBaHHH no 

H3MepeHHJO ceqeHl1H peaK[(Htt (n,a) qpe3Bb1qai1Ho 6eAeH 11 orpaHaqasaeTcH 

pa6oTilMH, BhmOJJHeHHhJM11 )J;JJH HelirpoHoB c 3Hepr11ei1 14 M3B. IIp11 3TOM 

AaHHhle pa3HblX aBTOpOB B 3TOH TOqKe MOryT OTJJ11qaTbCH Ha AeCHTKH npoueHTOB. 

B o6JJacm )!(e 3Hepr11H HelirpoHOB, npa6JJH)!(eHHOH K peaKTopHOMY A11aIIa30tty, 

3KcneprrMeHTaJJhHhJe AaHHhie HepeAKO IIOJJHOCThJO OTCYJ.'CTB)'IOT. EoJJbIIIHHCTBO 
113BeCTHblX 3KCIIepHMeHTaJJbHbIX pa6oT, IIOCBHII.J;eHHbIX AaHHOM o6JJacm 

11CCJJeAOBaHHi1, 6hIJJl1 BblIIOJJHeHhl B cepeA11He 20 BeKa c 11Cl10Jlb30BaHHeM 

3Kcnep11MeHTaJJhHoro apceHana, xapaKTepHoro ,lJ;JJH noro speMeHH. CJJeACTBHeM 

3TOro HBJJHeTCH 11 60JJbllIOH pa36poc (AO HeCKOJJbKHX COTeH npoueHTOB) B 

11MeJOII.J;HXCH oueHKax 3HepreT11qecKoro xo)l;a ceqeHl1H. lilMeroiueecH pa3HorJJac11e 

Me)!()J;y pa3JJl{qHb1Ml1 oueHKaMH MO)!(eT 6hITb ycrpaHeHO TOJJbKO np11 IIOHBJJeHl111 

HOBbIX 3KCIIepHMeHTaJJbHblX )l;aHHblX. 

IIp11 aHaJJH3e JJl1Teparypbl, HOCBHII.J;eHHOM 3KCnepHMeHTaJJbHblM 

HCCJJe)l;OBaHHHM 3HaqeHl1H ceqeHliH (n,a) peaKuHi1 Ha pa3HbIX l130TOnax 

KOHCTPyK[(l10HHhJX MaTep11anoB (EXFOR, CINDA) o6Hapy)Kl1BaeTcH, qTo 3TOMY 

BOIIpocy 6hIJJO noCBHII.J;eHO HeMaJJO pa6oT, npoBeAeHHbIX B pa3JJ11qHbIX 

JJa6opaTOpHHX Mapa 3a nocJJeAHHe noJJBeKa. IIpocroe cpasHeH11e AaHHhIX 

HOKa3bJBaeT, '!TO pacXO)!(AeHl1H B pe3yJJbTaTax, nonyqeHHbIX pa3HbIMH aBTOpaMH, 

3Haq11TeJibHO npeBhJUiaJOT np11BeAeHHhle OUil16Kl1. 

CospeMeHHoe cocTOHHHe AeJJ c TeopeTaqecK11M11 oueHKaMH ce'leHttH (n,a) 

peaKul1i1, IIpHBeAeHHblMH B pa3JJHqHblX 6116m10TeKax HAepHbIX AaHHbIX (ENDF/B­

VII, JENDL-4.0, BROND 3 H Apyrnx), ,lJ;JJH MHOrnx HAep, BXOMIUHX B cocTaB 

KOHCTPYJ<IlHOHHhIX MaTep11anos, TaK)!(e HeyAOBJJeTBoprrTeJJbHO, H pa36poc 

3HaqeHl1H oueHeHHblX ceqeHl1H AJJH MHOrHX npaKmqecK.11 Ba)KHblX 1130TOnOB 

npeBh1UiaeT 20-30%. 

)lJJH H3MepeHl1H ceqeHl1H peaK11,1111 (n,a) cyiuecTByeT ueJJhJH Ha6op 

3KCnep11MeHTaJJbHblX MeTOAOB, OII!1CaHHblX B JJl1Tepa'rype [9-16]. 0AHaKo AO 

ceroAHHIIIHero AHH He cymeCTByeT OAHOro MeTOAa, KOTOpblH II03BOJJl1Jl 6bJ 

11CCJJeAOBaTb ceqeH11e pearn1111 (n,a) AJJH BCeH COBOKyHHOCTH cymecTBYJOIU11X 

HAep. 

MeTOAhI, acnom,3yeMh1e ,lJ;JJH cprrKcau1111 <lJaKTa npoTeKaHHH peaKu1111 (n,a), 
pa3JJJ1qttbJ: OAHH OCHOBaHbl Ha npHMOW per11crpau1111 a-qacn1u (11JJl1 l13MepeHl1H 

o6heMa BhIAeJJ11BUieroc» nocJJe o6ny"leHHH o6pa3ua r eJJrrH), Apyr11e - Ha 

perncrpau1111 MrttosettHoro y-113nyqeH11H, conpoBO:>KAaromero (n ,a) peaKu1110 B 
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cny11a5IX, KOrp;a OCTilTOqttoe 51.lq)O HaXOAHTC51 B B036)')KAeHHOM COCTOHHHH. 

KmKAhlH H3 MeTOAOB o6nap;aeT CBOHMH npeHM)'lll;eCTBaMH H Hep;oCTaTKaMH. ,ZJ.mi 
no.JI)"'leHHH ttap;e)l(HOH oueHKH ceqeHH51 TOH HJIH HHOH peaKl.(lfl1, KaK rrpaBHJIO, 

TPe6yeTC51 HeCKOJlhKO tta6opos 3Kcnep11MeHTaJlhHbIX p;aHHhIX, BhITIOJIHeHHhIX 

pa3HbIMH MeTOp;aMH. 

Hcxop;H H3 npoBep;eHHblX HCCJiep;oBaHHH, 6hrn cp;eJiaH BblBOA 0 TOM, "ITO AJIH 

rrposep;ettH51 H3Mepettwi1: ceqeHH51 peaKl.(HH (n,a) Ha H30Tonax KOHCTPyKUHOHHhIX 

MaTepHaJIOB uenecoo6pa3HO HCnOJib30BaTb HOHH3al.(HOHHyIO KaMepy c CeTKOH 

<l>pmna H umppoBhle MeTOAbl o6pa60TKH 3KCnep11MeHTaJibHblX p;aHHblX. 

Bo BTopoif mane paccMOTPeHbI ci>H3H"leCKHe npHHUHnhI cneKTPOMeTPa, 

npep;cTasnetta ero KOHCTPyKUHH H 6noK-cxeMa 3Kcnep11MeHTaJihttoi1: ycTaHOBKH, 

orrncaHbI MeTO)l;bl o6pa60TKH 3KCnepHMeHTaJibHblX p;aHHblX, MeTOAbl onpep;eJieHHH 

Mace HCCJiep;yeMblX MHIIIeHeif, npep;cTaBJieHhl pe3yJibTaTbl TeCTOBbIX H3MepeHHM 

ceqeHHH peaKl.(HH (n,a) Ha H30Torre )l(eJie3a-54, nposep;eH attaJIH3 norpernHOCTeif 

3KcnepHMeHTa. 

TipHHHMa51 BO BHHMaHH51 npoBep;eHHblM aHaJIB3 cy:ru;ecTByIOII(HX MeTOAOB 

H3MepeHHH ceLieHHH (n,a) peaKl.(HH 11 Y"IHTbIBaH OilhIT, ttaKormeHHhili B 

na6opaTOpHH 118 fHU: P<l> - <l>3I1, AJIH perneHHH nocTaBneHttoif 3ap;aqH no 

H3MepeHHIO ceqeHHH (n,a) peaKIIHH Ha TBepp;bIX MHllieHHX 6bIJia npep;npHH51Ta 

rronhITKa HCIIOJlb30BaTb HOHl13al.(HOHHyIO KaMepy B C04eTaHHl1 c l.(HcppoBbIMl1 

MeTop;aMH o6pa6oTKH p;aHHbIX. 

3a OCHOBY 6hrna B351Ta HOHH3al.(HOHHa51 KaMepa c ceTKOH <l>pHIIIa, KOTOpaH 

HcnoJID30BaJiacb B pa6oTe [16]. Ho H3Mepett11J1 ceqeHHH (n,a) peaKIIHH Ha 

KOHCTPyKII;HOHHhlX MaTep11anax 6yAYT conpoBO)l()l;aTbCH 601IhlIIHM KOJIH4eCTBOM 

cpoHOBbIX co6bITHM. ,D.eno B TOM, 4TO npH 06ny11eHHl1 HOHH3aII;HOHHOH KaMepbl 

6hICTPhIMH HeMTPOHaMH o6pa3yeTC51 60JiblIIOe 4HCJIO 3ap51)1(eHHbIX qaCTHII; 

(a-qaCTHII;bI, npOTOHbl, 3JieKTPOHbI, 51.lq)a OTp;aq11). 0AH11M H3 HCT04HHKOB cpoHa 

5!BJIHIOTC51 3JieMeHTbl KOHCTpyKl.(HH KaMepbl (3JieKTPOAbI, ceTKa, H30JIHT0pbl). 

KpoMe Toro, pa60411J1 ra3 KaMepbI TaK)l(e 51BJI51eTC51 HCTOqHHKOM <PoHa. TaK)l(e 

He06XOAlfMO Y4HTbIBaTb cpott OT IIOBepXHOCTH 3JleKTPOAOB ( OKHCJlbl, HHTPHAbl H 

T.n.). Ha pHCyttKe 1 npep;CTaBJieHa cxeMa HOHH3al.(HOHHOM KaMepbl c 

a-4aCTHIJaMH, KOTOpbie MOrYT B03HHKaTh npH o6ny4eHl1H KaMepbI 6hICTPhIMH 

HeMTPOHaMH. 

B 3aBHCHMOCTH OT noJIO)l(eHH51 TPeKa w ero opHeHTal.(HH B o6oeMe KaMeph1 c 

MHlIIeHbIO, pacnOJIO)l(eHHOH Ha KaTop;e, Bee a-qaCTHl.(hl MO)l(HO ycJIOBHO pa3p;eJIHTb 

Ha TPH rpynnhI (pHcyttoK 1): 
1) «KaTOAHbie» (l-qaCTHIJhl, KOTOpbie H3.JI)"'laIOTCH c nosepXHOCTH KaTop;a. 

K HMM OTHOC51TC51 KaK a-4aCTHII;hl, pOAHBlIIHeC51 B Ml1lIIeHH, TaK H a-4aCTHII;bl, 

H3JiyqeHHhle caMHM KaTOAOM; 

2) ((JI)l(eKaTO)l;Hhie» a-qaCTHl.(bl, KOTOphie 6hIJ1H pO)l()l;eHhl B pa6o4eM ra3e H 

AOCTHrJIH KaTop;a; 

3) <<ra30Bhie» a-qacTHII;hI, KOTOph1e pOAHJIHCh w noJIHOCTbIO 

3aTOpM03HJIHCb B pa6o4eM ra3e KaMepb!. 
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,ZJ.mi «KaTOp;HblX» a-qaCTHIJ BpeM51 

AOCT11)1(eHHH 

3JieKTPOHaMl1 

<i>HKCHpOBaHHblM, 

rrocnep;HHMH 

aHop;a 6yp;eT 

TaK KaK 

nocnep;HHM 3JieKTPOH scerp;a 6yp;eT 

CTapTOBaTb l13 o6JiaCTH B6Jil13H 

KaTop;a. 

3TO )l(e ycnoB11e 6yp;eT cnpaBeAJIMBO 

H AJIH (<JI)l(eKaTOAffblX» qaCTHIJ. ,ZJ.mi 
<<ra30BblX» 4aCTHI.( napaM~ 

--- ................ . 
,,. 
I 

I I .. 
~ ·. 2 I -r 

\ I 3/ ~ I 

\ \ ,' / \ 

\ \ ,' \ '!i '/ -u~ \ 

«BpeMJ1 .1qJei1:<Pa nocnep;HHX PttcyttoK 1 - CxeMa TJJeKOB u-qaCTHLI, KOTop1>1e 

3JleKTPOHOB» MO)l(eT H3MeHHTbC51 B Moryr peanH30BaTbCll B HOHH3al.IHOHHOH KaMepe 

rrrnpoKOM AHana30He. AHaJIH3 rrptt o6rryqettHH ee 6&ICTJJbIMH HeHTJ)OHaMH: 

co6hITHH no BpeMeHH .lq)eif<Pa 1 - ((J(aTOAHble» qaCTHllbl, 2 - (illlKeKaTO):IHbJe» 

no3BOJIJleT wp;eHTH<l>HII;lfPOBaTb qaCTHI..11>1, 3 - <<ra30B1>1e» qaCTHllhI 

MeCTO pO)l(p;eHHH qacTHIJ. 0T6op co6hITHM no BpeMeHH .lq)eif<Pa nocJieAHHX 

3JleKTPOHOB II03BOJIHeT OTCe4b 60JiblliyIO qaCTb <<ra30BhlX» qaCTHIJ. 

MaTepHan KaTop;a npH o6nyLieHHH ero 6hlCTPhIMH Hei1TPOHaMH MO)l(eT 

CTaHOBHThCH HHTeHCHBHblM HCT04HHKOM a-qacTHIJ, B03HHKaIOII(HX B pe3yJihTaTe 

(n,a) peaKIIHM, rrpoTeKaIOrn;HX Ha KOMnOHeHTilX MaTep11aJIOB, BXOMII(HX B ero 

COCTaB. TipHHHMaH BO BHHMaHHe BCe BbllIIeCKa3aHHOe, 6hrn cp;enaH BblBOA 0 TOM, 

4TO pacnonaraTb MHrneHb H3 H30TorroB KOHCTPYKUHOHHhIX MaTepHaJIOB tta KaTop;e 

He HMeeT CMbICJia, TaK KaK Mhl He CMO)l(eM OTAeJIHTh a-4aCTHI.(, JieT51III;He H3 

H3Y4aeMoro CJI051, OT a-qaCTHIJ, JieT51II(HX c KaTop;a. Tio3TOMY 6hIJIO npHH51TO 

perneH11e nepeMeCTHTh MHrneHb c KaTop;a Brny6h KaMeph1, 6JIH)l(e K CeTKe 

(pHCyttOK 2). KaK cnep;yeT 113 p11cyttKa 2, B 3TOM C.JI)"'lae Mhl MO)l(eM BhIAeJIHTb 5 

rpynn a-LiaCTHI.( no Mecry HX 

pO)l()l;eHHH: 

1) «MHlIIeHHhie» qaCTHIJbl, 

KOTOpble POA11Jil1Cb B H3Y4aeMOM 

MHlIIeHH; 

2) ((JI)l(eMHlIIeHHhie» qaCTHl.(bl 

- qaCTHIJhI, pop;11BWHecH B pa6oqeM 

ra3e KaMepbI H p;ocTHrrrrne 

H3yqaeMOH MHWeH11; 

3) KaTOAHbie qacTHl.(hI, 

KOTOpbie H3.JI)"'laJOTCH C 

noBepXHOCTl1 KaTop;a; 

4) (<JI)l(eKaTOAffhie» qaCTHl.(hl -

qacn1.rr;b1, pop;HBrnHeC51 B pa6011eM 

ra3e KaMepbI 11 AOCTHrlIIHe KaTop;a; 

5) <<ra30Bbie» qacTHl.(hI, 

KOTOph1e pop;HJIHCh H rroJIHOCThIO 

3aTOpM03HJIHCb B pa6oqeM raJe 

KaMephI. 

":. 

•••••••••••••••• 

\ 
\ 

I 
2 . \ 
. ~ I 

I 

~ 

,,. : 11 
~,' \~/ 4 I 

4'1 ~ 31 ~ 
. ' • 

PttcyttOK 2 - CxeMa TJJeKOB u-qaCTHLI, KOTOp1>1e 

MOryr peaJIH30BaTbCll B HOHH3al.IHOHHOH KaMepe 

rrpH o6rryqeHHH ee 6blCTpbIMH HeHTJJOHaMH: 

1 - <<MHllleHH&Ie»qacTHllbI, 

2 - <illJKeKaTOAH&Ie» qacnu.11>1, 

3 - (<ra30BbIC» qaCTH!lbl, 

4 - ((JllKeMHUJCHHbIC» qaCTHllbl, 

5 - KaTO)lHblC qaCTHJlbl 
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ITp11 TaKOM rro.n;xo.n;e MhI HMeeM 3Haq11TeJlhHO nyqrny10 cpoHOByJO c11ryau1110, 

LJeM B cnyqae, Kor.n;a M11meHh pacrroJIO)!(eHa Ha KaTo.n;e. ,[J;eii:cTBHTenhHO, y Hae 

HMeeTCH B03M0)!(H0CTh: 

1) rro.n;aBMTh KaTo.n;HD1e, JI)l(eKaTO.n;Hbie 11 6oJihIIIyJO LJaCTh raJOBhJX a-qacTI1Il;, 

HCIIOJih3YH rrapaMeTP BpeMH .n;peii:cpa rrocne.n;HHX 3JleKTPOHOB; 

2) KOJil1LJeCTBO ((JI)!(eMHIIIeHHbIX» co6hIT11H 6y.n;er He3Haq11TeJlhHhIM. 

Kon11qecTBo ((J])l(eMI1llleHHhIX» co6hITHi1 3aBHCHT OT rrnoma.n;tt M11rueH11. B HallleM 

cnyqae .n;11aMeTP Karo.n;a COCTaBJIHJI 120 MM. ,[J;HaMeTp IIO)l;JIQ)!(KH MHIIIeHH He 

npeBbllllaJl 40 MM. 0THOllleHMe 11X IIJl011Ia.n;eii: COCTaBMeT 9. HMeHHO B TaKoe 

KOJIHLJeCTBO pa3 MO)!(HO COKpaTHTh ,ll;OJllO ((J])!(eM11llleHHhIX» qaCTl11J 3a C"leT 

BhIHOCa MHIIIeHH c nosepXHOCTH KaTo.n;a. 

3) Y"IHTblBM He60JlhilIOH )1;11aMeTP Ml1llleHH, ee IIO)l;JJO)!(KY MO)!(HO c.n;enaTh 

113 TaKoro MaTep11ana, KaK BhICOKoci11cToe 30JIOTO. ,[J;JIH 30JIOTa KynoHOBCKHii: 

6apbep )l;JlH 3MHCC11H Cl-LJaCTI1Il; 3Ha"IJ1TeJlhHO Bblllle, He)!(eJll1 )l;JlH MaTep11anoB c 

MaJieHbKHM z. KpoMe Toro, 30JIOTO Xl1Ml1LJeCKl1 HHepTHO 11 ero IIOBepXHOCTh 

3HaLJ11TeJihHO Xy)!(e OKHCJIHeTCH. 0.n;HaKO 3TOT Marep11an .n;oc·raTO"IHO .n;opor 11 

113roTaBJll1BaTh 113 Hero 3neKTPO)l;hI KaMephI rrpo6neMarnqHo. H3rOTOBHTh 113 

30JlOTa IIO)l;JIO)!(Ky MaJlOro .n;11aMeTPa 3HaLJl1TeJibHO .n;erneBJie 11 rrpome. 

CxeMa MO.n;epH113HpOBaHHoii: .n;soii:Hoii: HOHl13aIJl10HHoii: KaMeph1 c 06m11M 

KaTO,ll;OM rrpe.n;CTaBJleHa Ha p11cyttKe 3. HOHl13a1Il10HHM KaMepa COCT011T 113 .n;Byx 

ciacTeii: : MOHHTOpHM KaMepa 11 OCHOBHM. B MOHHTOpHyJO KaMepy BX0)1;11T atto.n; H 

KaTo.n; (o6mttii: KaTo.n; c OCHOBHOii: KaMepoii:). OcHOBHM KaMepa rrpe.n;cTaBMeT 

co6oii: c11cTeMY 113 wecnr 3neKTPo.n;oB: KaTo.n;, 3 oxpaHHhIX :me1CTpo.n;a, ceTKa 

<I>pttllla 11 aHo.n;. B ocHOBHo:il. KaMepe paccTOHHHe Me)!()l;y KaTo.n;oM 11 ceTKoii: 

<I>p11ma COCTaBMeT 4 CM. PaccTOHHHe OT CeTKH <I>pmna .n;o aHo.n;a - 2 MM. 

BHennm:il. .n;HaMeTp BCex 3JleKrpo.n;oB OCHOBHOH 11 MOHl1TOpHOH KaMepbI COCTaBMJI 

120 MM. B COCTaB OCHOBHOH KaMepbl BXO)l;l1Jia Cl1CTeMa oxpaHHbIX 3Jie!CTpO)l;OB, 

cny)!(a11IHx )l;JIH n11Heap113au1111 3neKTP11qecKoro rroM BHYTPl1 KaMephL B 

OCHOBHOii: KaMepe ycTaHaBJIHBanacb 113yqaeMM M11rneHh. Tsep.n;M Ml1llleHh 

IIO)l;BelllHBanacb Ha 30JIO"fbIX HHTHX, Koropble 3aKpeITM11HCh B IlJIOCKOCT11 nepsoro 
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PucyttoK 3 - CxeMa KOttc-rpy10~1m ,1.1e-reKTopa: 1- u3yqaeMaJ1 TBep,1.1aJ1 MUIIIem.; 2 - 3onon.1e 
Hurn; 3 - MUllletti. 238U; 4 - aHO/J. MHK; 5 - 0611.1uif KaTo,1.1; 6 - ceTKa <l>pUIIIa; 7 - oxpaHHbie 

3JleKTpO,l.lbl ; 8 - pe3UCTIIBHbIH ,1.1enuTeJ1b HarrpHlKeHHll 
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oxpaHHoro 311e1CTpo.n;a, Ha paccTomu111 1 CM OT KaTo.n;a. Te )!(e 30110Tu1e HI1Tl1 

11Cil0Jlh30BaJll1Ch B KaqeCTBe npoBO.n;Hl1Ka, qepe3 KOTOphlH Ha M11IIIeH11 

ycrnHaBJlHBaJICH He06XO)l;HMhlH 3JlelCTpHqecKHii: IlOTeHll;l'laJl. 

OxpaHHhie 3JlelCTpO)l;hI npe.n;cTaBJlHJll1 co6oii: KOJlhlia BHeIIIHI1M .n;11aMeTpOM 

120 MM 11 BttyTPeHHl1M 90 MM. OxpaHHhie 311eKTP0,1l;hI 6J>1Jll1 BhlilOJlHeHhI 113 

Ka.n;MIDI. Tp11 TaKHx 311eKTPo.n;a pacnonaran11ch Me)!(.n;y KaTo.n;oM 11 ceTKoii: c rnaroM 

1 CM. B pa6oTe Ha pa3HhJX ee cTa.n;MHX 11cnOJlh30Ban11cb 311eKTPO,ll;hl 113 pa3HhIX 

MaTep11anos . 

AH0.n;h1 l10H113a1I110HHOii: KaMepb1 BhlflOJlHeHhJ 113 Hep)!(aBeJOmeii: cTan11. 

06m11ii: Ka-ro.n; nepBoHaqan hHO 6hrn l13roTosneH 113 Hep)l(ase10meii: cTan11. ITepBhIH 

OilhIT pa60Thl IlOKaJaJl, qTO np11 o6nyqeHl111 ero IlOTOKOM 6hICTPhIX Heii:TPOHOB OH 

cTaHOBl1TCH l1HTeHCHBHhlM 11croqHHKOM a-qacT111J. ITo3TOMY BCTaJl sonpoc o 

Bh16ope MaTep11ana KaTo.n;a, KOTOphlH MO)!(eT 06ecneq11Th 6onee KOMcpopTHhie 

cpoHOBhie ycnoBIDI rrpose.n;eHIDI 3Kcnep11MeHTa. AHaJIB3 oueHOK rroKaJhrnaeT, qTo 

)l;JlH IIOHI1)!(eHIDI cpoHa rrpe.n;rroqT11TeJlhHO HCHOJih30BaTb 3JleMeHTbI c 60Jlhllll1M 

3apH.n;OM (Z). TaK, 3aMeHa )!(eJie3a Ha Ka.n;M11:il. np11so.n;11T K CID!)!(emrn BhIXO.n;a 

a-qacT111I 113 Karo.n;a B 100 pa3 (,1l;JlH 3Heprn11 Heii:TPOHOB 10 M3B) 11, 

cne.n;osaTeJibHO, K CH11)!(eHHIO co6cTBeHHOro cpoHa KaMepbI. B .n;aJibHei1:rn11x 

3KCnep11MeHTax IIJiaCTJ1Ha 113 Hep)!(aBeIOmeii: CTaJlH 6hrna 3aMeHeHa Ha ITJiaCTHHY 

H3 Ka.n;MIDI. B rrpouecce pa6oThJ KaTO.n; 113 Ka.n;MIDI 6hrn 3aMeHeH Ha 30JIOTOii:. ~ 

l13fOTOBJieHHH KaTo.n;a HC110Jlh30BaJlOCb 30JIOTO 99,9%. ilOJlHM Macca IIOKpblTHH 

KaTo.n;a COCTaBHJia 64,45 rpaMMa 30JIOTa TOJllIIHHOH 0,3 MM. 

B pa6oTe 11crrOJih30sanacb TaK HaJhrnaeMaH Mern-cerKa <I>pttrna. TaKaH ceTKa 

npe.n;cTaBMeT co6oii: CTPYKTYPY 113 rreperrne-reHHhIX Me)!(.n;y co6oii: rrposonoqeK, 

HaTHttyThIX s .n;syx rreprreH.n;HKyMpHhIX HanpasneHIDIX. ITposonoqK11 HMentt 

)l;HaMeTP 30 MKM 11 6bIJIH H3fOTOBJleHhI 113 II030JIOqeHHOH Hep)!(aBe10meii: CTaJIH. 

KOHIJhI rrposonoqeK rrp11naHBaJIBCh K rro.n;.n;ep)!(HBa10rn;eMY KOJihIJY (BHellIHH:il. 

.n;ttaMeTP 120 MM, BttyTPeHHHii: )1;11aMeTP - 90 MM). PaccTOHHHe Me)!(.n;y 

npOBOJIOqKaMH COCTaBJIHJIO 0,3 MM B 06011x HarrpaBJieHIDIX. 

B MOHHTOpHOH KaMepe pacCTOHHHe Me)!(.n;y :me1CTpo.n;aM11 COCTaBMeT 4 MM. 

KaMepa 3aIIOJlHHeTCH TeM )!(e pa6o'IBM raJOM, qTo H ocHOBHM KaMepa. BHyrpH 

MOHHTopttoii: KaMepbI, Ha ee KaTo.n;e, pacrronaraercH cnoii: ypaHa-238. HarrpH)!(emre 

Ha KaTo.n;e TO )!(e, qTo H B OCHOBHOH KaMepe, l1 COCTaBMJlO .n;o 5 KB. 

KaMepa 3arronHHnacb raJoso:il. cMeChIO KpHIITOHa c .n;o6aBKoii: MeTaHa HJlH 

yrneKHCJIOfO raJa (3-5%). KpttIITOH 6hrn BhI6paH B KaqecTBe OCHOBHOro pa6oqero 

raJa, TaK KaK, nptt o6nyqeHHH KaMepbI, 3arroJIHeHHOH CMeChIO KpHrrTOHa 11 C02, 

HeHTPOHaM11 c 3Heprneii: 7 M3B s Teqetttte HeCKOJlhKHX qacos, co6h1THi1, 

cooTBeTCTByJOlIIHX peaK1IHH (n,a) Ha H30Torrax KpHIITOHa, He Ha6J110.n;anoch. Eonee 

JierK11e I'aJhI - HeOH 11 aproH, HMelOT OTHOCHTeJihHO 60Jlh11Iee 3Haqemre ceqeHIDI 

peaKIJHH (n,a) l1 y HHX Bh!We TOpM03HaH cnoco6HOCTh, LJeM y KpH11TOHa (HeOH -

0,09 M3BI MM; aproH - 0,18 M3B/ MM; Kp11IITOH - 0,37 M3B/ MM). 

T11rr 11 KOJI11qecTBO .n;o6asKH orrpe.n;eMJIHCh )l;JIH Ka)l(.n;oro 3Kcnep11MeHTa 

HH.n;11s11.n;yanhHO. TaK, MeTaH, co.n;ep)!(alIIMH so.n;opo.n;, npaKTw-1ecKM He reHepMpyeT 

Cl-LJaCTl11I BO BCeM .n;ttaIIaJOHe 3Hepr11i1: HeHTPOHOB, B KOTOpOM npOBO)l;HJIHCb 

HCCJie.n;osamrn. 0.n;HaKO np11 ero 11CIIOJlh30BaHIU1 B KaMepe B03HMKaeT orpOMHOe 
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KOJIMqeCTBO rrpOTOHOB OT)J,a'l11 11 MO)!(eT yseJIH'l!1TbC5i Bep05iTHOCTb HaJlO)!(eHH5i 

CHrHa.JIOB, II03TOMY rrpHXO)J,HTC5i CHJ1)!(aTb TOK ycKOpMTeJI5i, a 3TO rrpMBO)J,MT K 

ysem1qeHI1IO BpeMeHl1 l13MepeHIDI. Tip11 l1CIIOJib30BaHl111 yrneKHCJIOro ra3a 

rrpo6neMa c rrpOTOHaMM OT)J,a'll1 OTCY'fCTByeT, 0)1,HaKO npH 60llbIIII1X 3HeprH5iX 

HeH'fPOHOB MO)!(eT B03Hl1KaTb )J,OIIOJIHHTeJibHbIH l1CTO'IHI1K <PoHa, CB5i3aHHbIM c 

npoTeKaH11eM peaK:u;1111 
16

0(n,a)
13C (Q=-2,2 M3B). B HeK0Toph1x crryqMx 3tteprH5i 

a-'laCTMIJ;, B03H11Karow;11x B pe3yJJbrnTe (n,a) peaK:u;H11 Ha 
16

0 (Q=-2,2 M3B), 

OKa3blBaeTC5i cpaBHl1MOM Mll.11 )J,a)!(e 60JibIIIeM., He)!(emr )J,Jl5i a-qacTl11.\ 113 

113yqaeMoro o6pa3:u;a. B 3TOM cnyqae 11cnoJih30BaHHe yrneKHcnoro ra3a 

CTaHOBI1TC5i HeB03M0)!(HbJM. 

)J.aBnettHe B KaMepe no)J.611pa.rroch TaKHM o6pa30M, qT06h1 rrpo6er11 a­

qacTM:u;, BbIJieTaIOil.(HX 113 MHIIIeHH, YKJia)l,bJBa.JIHCb B npoMe)!(yTKe Me)!()J.y 

Ml1IIIeHbIO 11 ceTKOH <l>p11IIIa. 

EnoK-cxeMa .11cnonb30BaHHoi1 3JieKTpOHHKH npe)J.CTaBneHa Ha p11CYHKe 4. 
Bero 11crrOJih3yeMyro 3JieKTpOHI1KY MO)!(HO pa3)J.eJIHTh tta TPH ocHOBHbIX 

KaHa.rra: 

1) AHO)J,HblH KaHa.rr, B KOTOpblH BXO)J,HT 3ap5i)J,O'lysCTBHTeJibHblH 

npe)J.yCHllHTeJib l1 6hIC'fPblH ycHJIHTeJib. y CHJieHHbJH c11rttaJI nocTynaeT Ha 

nepBblH BXO)J, o:u;tt<l>pOBil.(11Ka <PopMbl 11MnyJibCa. 

2) KaTOAHhIM Kattan. Ero CTPYKTYPa atta.rrorH'lHa atto)J,HOMY KaHa.rry c TOH 

pa3HH:u;ei1, 'ITO OH CJI~l1T )J,ll5i ycttneHIDI KaTO)J,HOro CHrHana. 

3) Tp11rrepHb1M. KaHa.rr. 3TOT KaHa.rr yc11n11BaeT 11 <PopMttpyeT KaTO)J,HbJM 

cttrna.rr MH Toro, 'IT06b1 c<PopMHpoBaTb TP11rrepHb1M. c11rna.rr )J,JI5i ou;tt<Pp0Bw;11Ka. 

3TOT ClffHaJJ 5iBJI5ieTC5i np113HaKOM Toro, qTO B O)J,HOH 113 )J,Byx KaMep rrp01130IIIJIO 

~ ... ........ .... . 

' ~~7tl-~---· 

..... ;?8V 

i 

* 
PHCYJIOK 4 - EnoK-cxeMa AeTeKTopa M 3ne1<TpOHMKM: 

3l!I1Y - 3apllAO'lyeCTBHTenbHbltt rrpeAYCMnMTenb; CY - crreKTpOMeTpttqecKHi1 ycttnHTem.; 

A-AMCKpHMHHaTop; E3 - 6noK 3at1ep)!(KM; 0<1>11 - outt<fipoemMK <fiopMb1 HMIIyilhcoe; 

EY - 6bJCTpbrn ycHnMTeilh, PC - yrrpaenJ110mtti1 KOMIIbJOTep 
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co6hITHe, 11 011 11HHl.\H11pyeT npou:ecc 

rrpeo6pa3oBaHH5i BXO)J,HblX aHO)J,HOrO H 

KaTO)J,HOro c11rHaJJOB B u:11<l>poBOH BH)J,. 

400 ,~~~.-~~.-~~.--~~-.-~~-,, 

350 ..:I a..-.acn,4<1 '] 
Td 

300 

250 

200 

150 1 Pa 

~ 100 

AHOA 

- 90% SMnrii.1ty,qbi 

l<aTO, 

CHrHanbI, CHHMaeMhJe c ano.ua 11 

KaTO)J,a HOHl13a:u;110HHOH KaMepbl IJOCJie 

yc11neHIDI, rrocrynaroT Ha sxonh1 0<1>11, 

KOTOpblH npeBpaw;aeT amlJJOfOBblM 

c1-rrtta.rr B :u;M<l>poBow Bl1)J,. B TaKOM Bttne 

11tt<PopMaIJ;ID! coxpaH5ieTC5i Ha )!(eCTKOM 

n11cKe nnH 11ocne)J,yrow;ei1: o6pa6oTKH. 

g_~ .t:}¥1c:-:cr;~=::~:=•= ~:::....: L~:·.~-~-~~-~-~~n•TYA"' 
f 0 100 200 300 400 500 

13001 ' ' 

f 
12001 0cKOnOK ASll8H W'I 

1100 

1000 

900 

CHn1a.rrb1, rrocTynarow;He OT aoo 

Ka TOA 

crreKTpOMe'Ipa, MO)!(HO pa3)J,eJIHTb Ha 700 

)],Ba THIIa (pttcyHOK 5): : 1: : : : : o:: ~... AHQA 1 
1) CHrHaJibl, B KOTOpbIX 400 

0 100 200 300 400 500 

rrp11CY'fCTBYIOT KaK aHO)J,HbIH, TaK H BpeMR, KaHan 

KaTO)J,HblH CHrHaJibl. 3TH CHrHa.Jibl PMCYJIOK 5 - T1mMqHble CMrHaJlbl OT 

COOTBeTCTByIOT co6bITIDIM, KOTOpbie crrel<TpO~eTpa: ceepxy - a-qaCTHua B 

rrpOH30IIIJIH B OCHOBHOH KaMepe c OCHOBHOM KaMepe, CHil3Y - OCKOilOK AeneHMJI 
~ ~ B KaMepe 6e3 CeTKM 

ceTKOH <l>pHIIIa. CpenH 3THX co6hITHH 

rrpHCYTCTBYIOT KaK CITTHa.Jibl OT a-qacni::u; H3 113yqaeMOH peaKIJ;HH, TaK 11 <PoHOBbie 

co6hITH5i, rrpottcxOA5fll.(He Ha 3ITeKTponax KaMepbI H ee pa6oqeM ra3e; 

2) Cl1rHa.Jibl, B KOTOpblX rrpHCYTCTByeT KaTO)J,HbIH c11rHa.rr, a aHO)J,HbIH CHrHa.rr 

paBeH eyITIO. 3TH c11rHa.Jibl COOTBeTCTByIOT C06bITl15iM, IIpOHCXO)J,5ill.(HM B 

MOHHTOpHOH KaMepe co CJIOeM ypaua-238 . 06pa6aTbIBa5i HX, Mbl rrorryqaeM 

HH<l>opMaIJ;HIO 0 q11crre OCKOJIKOB )J,eJieHIDI. 

Ha rrepBOM mare o6pa60TKH OT6HpaIOTC5i CHfHaITbl BTOporo THIIa. lb 3THX 

CHrHa.JIOB <PopM11pyeTC5i aMIIJIHTYAHblH crreKTp, KOTOpblH HCIIOJJb3yeTC5i AJI5i 
orrpenenemrn 'lHCJia ocKOJIKOB neneHIDI ypaua-238 . 

Cttrna.rrbI rrepBoro THrra rrpoxonHT 'lepe3 6onee cnmKH)'ID o6pa6oTKy, B 

rrpo:u;ecce KOTOpOH H3BJJeKaeTC5i HH<l>OpMaIJ;H5i 06 aMIIJJHryne auonuoro (PA) 11 

KaTO)J,HOro (Pc) Cl1rHa.JIOB, BpeM5i II05iBJJeHIDI CHrHa.rra rra aHone (TsA) H KaTOne (Tse) 

H MOMeHT BpeMeHl1, B KOTOpbIH aHO)J,HbIH c11rHa.rr BbIXO)J,HT Ha HaCbIIl.(eH11e (TEA). 

TiocJie,[\HAA BeJIH'l11Ha COOTBeTCTBYeT BpeMeH11 OKOHqaHIDI co611paHID1 3ap5ina Ha 

aHone. 

0cHOBHbIMl1 rrapaMeTPaM11, 11CIIOJJb3YeMbJMI1 )J,JJ5i aHa.Jil13a, 5iBJJ5iIOTC5i 

aMIIJJH'ryna CMrHa.JIOB, MaKCl1MaJlbHOe BpeM5i )J,BM)!(e1I115i 3ap5i)J,OB B KaMepe (speM5i 

,L1pei1<Pa) T d=(T EA-Tse) M BpeMH HapacrnHIDI aHonHoro cMrna.rra T,=(T EA-TsA). 

MaKCMMaJJhHoe BpeMH npew<Pa MO)!(eT 6bnh rrpeo6pa3oBaHo B paccTOHHHe, 

OTC'll1TaHirne OT KaTona, Ha KOTOpOM HaXO)J,MJJOCb Haqano (KOHe:u;) TPeKa, 

MaKCMMaJJhHO ynaneHHhIH OT wona X = (D-Td*ve). l13MepeH11e BpeMeHH 

HapacrnHM5i aHonHoro cHrHa.rra II03BomreT orrpenen11Tb )J,JJMHY rrpoeK:u;11H TPeKa 

3apernC'fPMposaHHOH 'laCTMIJ;bI Ha ocb KaMepbI R,= (T,*ve). 

Ha p11cYHKe 6 rrpe)J.CTaBJieH )J.ByxMepHbIH crreKTp c OCHMM aMrrrr11Tyna 

aHO)J,HOro c11rHa.rra - BpeM5i npew<Pa 3JieK'fPOHOB. 
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AMnm"TYA8 SHOAHOro CHrHana, KaHSJlbl 

PwcyttoK 6 - JJ:ayxMepHbIH cneKTp c OCllMH aMTIJJH'I)',n:a atto,n:ttoro cwrnana - apeMll ,n:peii<!ia 

3JJeKTpOHOB, ,n:JJll 3Hepnlll HeiiTpOHOB 6,5 M3B JJ:llll HHKellll-60 

A1rnm13 :noro AByxMepHoro CITeICTpa TI03BOID!eT C,[leJJaTh BhIBOA 0 TOM, qTO 

co6hITIDl OT JByqaeMOH Ml1llieHl1 11MeIOT aMIIJJl11)'AY OKono 65 11 BpeMJ! ,llpefiQ:>a 

OKono 55 Kananos. TaK>Ke eCTh 6onhllIOe q11cno Q:>onoBhIX co6hITl1H, pmKAaIOIIJl1XCH 

Ha KaTO,[le (sepXHHH qacTh CITeKTPa), co6hlTl1H, B03I-!11Ka!OIIJl1X Ha KOMITOHeHTaX 

pa6oqero raJa (pacnpe,lleneHHhIX Me)l(AY MaKC11MaJihHhJM 11 Ml1Hl1ManhHhIMH 

3HaqeI-!IDlMl1 speMeim ApefiQ:>a) 11 co6h1T11H, po)l():(aIOIIJl1XCH na ceTKe <l>pmua 11 

ano,lle KaMephI (co6hITilll c Manh1M11 3naqeI-!IDlM11 speMeH11 ApefiQ:>a). EIIJe OAH11M 

QeHHhlM 11CTOqHJ1KOM 11HQ:>OpMaQID! 0 rrp11po,lle co6bITl1H HBID!eTCH l1X 

pacrrpe):(eneH11e ITO speMeH11 HapacTaHIDI aHOAHOro c1-1rHana. 3TOT ITapaMeTP 

HaITPHMYIO CBH3aH c rrpo6eroM qacTl1llhI. Ha p11cynKe 7 ITp11BeAeH AByxMepHhIH 

cneKTP c OCHMl1 aMrrn11TyAa aHOAHOro c11rnana - speMJ1 HapacTaI-!IDl aHOAHOro 

c11rHana. Co6hITHH, o6ycnosneHHhie a-qaCT11QaM11, MOryT naxOA11ThCH B qacT11 

cITeKTPa, pacITono)l(eHHOH Hl1)1(e rryHKT11pnofi JI11n1111. Bhillie Hee MOrYT naxOA11ThCH 

~ 120 

1:1 

g 100 
!J! 
5 
~ 80 

g 
;:; 60 

~ 
"' "' ~ 40 
~ 
!J! 
~ 20 
1l_ 

"' 
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AMnmnyAa SHOAHOro ClllrHana, K3H8J1 

PwcyttoK 7 - JJ:ayXMepttbIH cneKTp c OCllMH aMirnwry,n:a 

aHO,[(HOfO CHfHaJJa - apeMll HapacTaHHJI CHfHaJJa, 

nonyqeHHbIH ,n:JJll H30Tona HHKeJJll-60 IIpH 3HeprHH 

HeiiTpottoa 6,5 M38 
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TOJihKO rrpOTOI-!hl 11 3neKTPOHhl, 

Alli! KOTopwx rrpo6er np11 TOH 

)l(e 3Hepr1111 3naq11TenhHO 

6onhllle, '-leM Alli! a-qacT11Q. 

)J,ID! pa3Aenemu1 «M11-

rneHHhIX» qaCTl11.{ OT ((ll)l(e-

MHllleHHhIX» Mhl HCITOllh30Banl1 

CBOHCTBO a-qaCTHQ o6pa30Bhl­

BaTh MaKC11MYM HOmf3au;HH B 

KOHQe rrpo6era (II11K op3rra). 

«MwrneHHhie» a-qaCTl1ll;hJ 

Bcerp;a 6y AYT 11MeTh MaKC11MYM 

IInOTHOCTl1 l10Hl13au;1111 B6n113H 

ceTKl1 <l>p11rna (aHop;a). 

«Jl)l(eM11rneHHh1e» a-qaCTl1llhI 

pO)l()J;aJOTCH B raJe H ABH)l(YTCH 

J 

I 

., 

} 

B cTopoey M11rneHl1, s6n11311 KOTopoi1 11 

6yAeT HaXO):\l1ThCH MaKC11MYM 

IIJIOTHOCTl1 110Hl13aQHl1. 

I1cITOllh3YH MeTO;:\hl u;wQ:>poBOH 

o6pa60TKH aHO;:\HhlX Cl1rHanOB, MO)!(I-10 

oITpe,llenttTh OTHOllleH11e 3apHAa, 

o6pa30BaBIIIerocH npl1 TOpMO)l(eHl111 

perncTP11pyeMoi1 qacTHQhI B rrepBOH 

(Q1) 11 BTOpOH (Q2) ITOJIOBHHe npo6era 

qacT11QhI. ToqKa, cooTBeTCTBYIOIIJaH 

cepeAHHe ITpo6era qacTJ1llhI, orrpe,lle­

nHJiaCh KaK cepeAHHa BpeMeHHoro 

npoMe)l(YTKa, B TeqeH11e KOTOporo 

3apHA co6ttpancH Ha aHOAe (T SA+ T ,/2), 

800 

Ji 600 
c; 

"' J: 

!:1 
a" •oo 

200 

2,00 2,25 2,50 2,75 3,00 
BpeM>I, MKC 

PwcyttoK 8 - <l>opMa aHo,n:HhIX HMrryJJbcoa, 

COOTBeTCTBYIOlllHX pa3HOH OpHeHTal.IHH TpeKa 

a-qaCTHI.1 B MeJ!OJJeKTpO,[(HOM npoCTpaHCTBe. 

T SA - speMJ1 Ha'-lana c11rHana Ha aHOAe, o - a-qacTm.1a, 11eTl!ll(aJ1 oT MHIIIettw; 

Tr - speMJ1 HapacTaI-!IDl aHOAHOro • - a-qacT111.1a, 11erJ1maJ1 K MHIIIeHH 

c11rnaJ1a. 3Ha'-leI-111e 3apH,lla B ITepsofi ITonoB11He TPeKa (Q 1) (6n11)1(HeH K aHoAy) 

paBHO 3naqen11ro 3apHp;osoro c11rnana B TOqKe (T SA+ Tr/2) (p11cyttoK 8). 3naqen11e 

3apHAa BO BTOpOH rronOBl1l!e Cl1rHaJJa (Q2) paBHO P.-Q1 (Pa - aMIInl11)')J;a 

aHO;:\HOro Cl1rnana). AHan113 OTHOllleHl1H Qi/Q2 IT03BOID!eT orrpep;en11Tu 

HaITpasJieH11e AB11)1(eHHH qacT11QhI 11 3a cqeT 3roro y6paTh 3Hal{J1TenhHYI0 qacTh 

«JDKeMl1llleHHhIX» a-'-laCTMQ. 

BoJMO)l(HOCTh paJp;eneHIDl a-qacTJ1ll ITO narrpaBneH11IO ,n:B11)1(eH11H 6hma 

rrpoBepeHa 3KCITepl1MeHTaJJhHO. )J,IDI 3TOro KaMepa, HarronHeHHaH CMeChlO 

Ar+3%C02, 6e3 M11rneH11 BffYTP11, o6nyqanach HefhpoHaMH c 3Heprnefi 6 M3B. B 

):\aHHOM 3KCrrep11MeHTe 6h1n11 OTo6paHhJ co6bITID!, rrapaMeTP BpeMeHH ,llpei1Q:>a 

KOTOphlX COOTBeTCTByeT HaXO)l(,[leHl1IO Haqana TPeKa Ha pacCTOHHHl1 1 CM OT KaTO):\a 

(ycnos11H, aHanOrl1l{Hhie TeM, qTo B03HHKaroT Ha H3yqaeMOH MMIIIeH11). Ha 

pHCyttKe 9 rrpHBe)J;eH crreKTP OTI-!OllleHIDl Q1/Q2, rronyqeHHhlH Alli! raJOBhlX 

a-qacnru;, COOTBeTCTB)'!OllJl1X peaK­

u;Hl1 
36

.Ar(n,a). KaK cne):(yeT 113 

pHCyttKa, B crreKTPe OTI-!OllleHIDl 

3apHAOB na6nrop;aeTCH )];Ba 

MaKC11AfYMa, COOTBeTCTByroIIJHe 

pa3HhIM HarrpaBneHID!M BhJJieTa a­

qacT11u;. AHanl13 ornorneHIDl 

3apHAOB IT03BOID!eT 3Haq11TenhHO 

CHl1311Th Q:>oH OT (<JI)l(eM11UieHHhIX» 

C06hITl1H. 

I1crronh3YH peJynhTaT aHaJil1-

3a rrp11Bep;eHHhlX CITeKTPOB, MO)l(HO 

pean113oBaTh rrpoQe):(ypy ITop;aBJie­

HIDl Q:>oHOBhlX co6h1T11H. )J,nH 3TOro 

BhJ,[lelli!eTCH OKHO ITO ITapaMeTPY 

BpeMeHl1 ,llpefiQ:>a, B KOTOpoe 
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PwcyttoK 9 - CneKTp napaMeTpa pa3,n:e11eHHJ1 

co6btTHii no ttanpaaneHHJO ai,rnera a-qacTHI-1: 

1 - B HanpaaJJeHHH K KaTOLIY, 2 - B ttanpaaneHHH K 
aHo,n:y 
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100 

rrorra.n;aroT Bee co61>1THJI, po)!(.n:aro­

liJHecJI B I13yqaeMOM MHllJeHH 

(pHCYHOK 10). 
Bee co61>1THJI 3a rrpe.n:enaMH 

3TOro OKHa (co6bITHJI, pO)!(,!l;eHHbJe 

Ha 3JJeK-rpo.n;ax KaMep1>1 11 6oJJDIIIei1 

qacTH pa6oqero raJa) 6y,Z1;YT 

rro.n;aBJJeHbl. 3aTeM OCTaBIIIHeCJI 

C06bJTHJI aHaJJI13HpyroTCJI ITO 

rrapaMeTPY BpeMeHH HapacTaHHJI 

aHO.n;HOro CHrnana. Jib paCCMOTPe­

HHJI y.n;aJJJIIOTCJI Bee co6bITHJI c 

BpeMeHeM ttapacTaHHJI, 

rrpeBblIIIaIOliJHM MaKCHMa.JlhHO 

B03MQ)!<HOe roui a-1-IaCTHll .n;aHHoii 

3HeprHH H co6blTHJI, 

PttC)'HOK 10 - ,lJ.syxMepHhlii cneKrp c OCllMH 
aMnJI11Ty,11a aHo,11Horo c11rnaJia - speMll ,11peii<!>a 
:meKrpOHOB, noJiy<IeHHLiii nocJie no,11asJieHl1ll 
<!>oHa, 3Heprl1ll HeiirpoHOB - 6,5 M3B ,11JIJ1 
HHKeJIJl-60 

pacrroJJO)!(eHHhle Bblllle lllTpHXOBOH 

JJHHHH Ha pHCyttKe 7 (pHCyttOK 11 ). 3aTeM rrpOI13BO,l(HTCJI OT6op co61>1THii, B 

KOTOphlX (l-qaCTHlla 04eBH,!l;HO ,!l;BHranacb B HarrpaBJJeHHH OT aHo.n;a K KaTo.n:y 

(«n)!(eMHIIIeHHbJe» H <<JJ)!(eKaTO.n;Hbie» a- qacTHllbl). 

JilcITOJlb3YJI 3TY HH<i>opMallHIO, IIOJIBJJJieTCJI B03MO)!(HOCTb 3Ha4HTeJlbHO 

yMeHbIIIHTb <t>oH. TaKHM o6pa30M, aHaJJH3HpyH cHrHan1>1 H3 ocHOBHOii KaMep1>r, 

Mbl CMorm1 orrpe.n;eJJHTb qHCJJO a-qacTHll, HcrrycKaeMblX H3 113yqaeMoii MHIIIeHH, a 

aHaJJH3 crreKTPa CHrHaJJOB MOHHTOpHOH KaMephl IT03BOJJI1Jl orrpe.n;eJJHTb qHCJJO 

.n;eJieHHH, rrp01130IIIe.n;IIIHX B cnoe 
238U. 

B .n;aHHOi1 pa6oTe HCIIOJJb30BaJJHCb MHIIIeHH .n;Byx THITOB. K rrepBoi1 rpyrrrre 

MHIIIeHei1 OTHOCJITCJI 
5
°Cr I1 

52
Cr. 3TH MHIIIeHH 6b1Jll1 HaHeCeHbI Ha 30JJOTyro 
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AMnnMryAa aHOAHOro CMrHana, KaHailbl 

P11c)'HOK 11 - ,lJ.syxMepHLrn cneKTj) c OCJIMH 
aMnJI11Ty,11a atto,11Horo c11rHaJia - speMll 
Hapac-ratt11J1 c11rHaJia, noJiyqeHHL1ii nocJie 
y,11aJieH11l1 <!>OHOBLIX co6LIT11H, noJiyqeHHblH ,llJIJI 
1130TOna Hl1Kem1-60 np11 3HeprnH HeiirpOHOB 
6,5 M3B 

16 

rro.n;JJO)!(Ky. TOJJliJHHa xpoMOBoro 

ITOKpblTHJI MHIIIeHei1 61>rna I13BeCTHa H3 

rracrroprn. ,l(mr MI1IIIemr 
52

Cr Bee 

rrapaMe'fPbI 61>rnH .n;aHbJ B rracrropTe. 

XpoM-50 6brn HaHeceH Ha 30JJOTYIO 

ITO,!l;JlO)!(KY TOJlliJHHOW 84 Mr!CM
2

• 

)J.aHHaJI MHllieHb HMena CJJO)!{Hyro 

reOMe'rpH4eCKyro <i>OPMY· )J,JJJI orrpe.n:e­

neHHJI qttcna H.n;ep xpoMa-50 6nrno 

Heo6xo.l(HMO orrpe.n;e1mT1> rrnollla.n:1> 

ITOKpbITHJI. .nmr 3TOro MHIIIeHb 61>rna 

OTCKaHttpOBaHa. IIonyqeHHOe H3o6pa­

)!(eHHe o6pa6aTb!BaJJOCb B rpa<l>H­

qeCKOM pe.n;aKTope Paint. Koop.n;HHaTh1 

rpaHHllbI MHIIIeHH 6b!Jll1 orrpe.n;eneHbl 

c IIIaroM MeHee 1 MM. IIocne 3TOro 

6b!Jl BblflOJIHeH pacqeT MeTO/.(OM 

MoHTe-Kapno, CYTb KOToporo 

3aKJJroqanacb B TOM, 4TO pa3blrpbIBaJJCJI 60JJbllJOM MaCCHB T04eK co cnyqaiiHbJMH 

KOOp,!1;HHaTaMI1 BHYTPH KBa.n:paTa c I13BeCTHOM IIJJOliJa,!l;bIO . .nmr Ka)!(,!l;OM TQqKH 

rrpOI13BO,!l;HJlaCb 011eHKa Toro, HaXO,l(HTCJI Jll1 OHa BHYTPH rrep11MeTPa MHIIIeHH HJJH 

3a ero rrpe.n:enaMH. IIo OKOHqaHHH pacqeTa IIO,!l;C4I1TbIBaeTCJI IIOJlHOe 4HCJJO ToqeK, 

norraBIIIHX B rrepHMeTP MHilleHH, I1 OHO OTHOCHTCJI K IIOJJHOMY qHCJJY 

pa31>1rpaHHb1x ToqeK. IInoliJa.n:b MHIIIeHH MO)!(eT 61>1Tb orrpe,11,eneHa IIYTeM 

YMHO)!(eHHJI IIOJiyqeHHOM BeJJHql1Hbl Ha f!JlOllla.n:n IIpJIMOyrOJJbHHKa. IlnoI11a,Z1;b 

MHllleHH COCTaBHJJa 14,11 CM
2

• Cne,11,0BaTeJlbHO, Macca MHIIIeHH paBHa 5,15 Mr, a 

4I1CJJO aTOMOB xpoMa 6,22· 1019
. 

BTopoi1 TI1IT MHIIIeHei1 rrpe.n;CTaBJJJIJl co6oi1 TOHKHe caMono.n;.n:ep)!(HBaIO­

liJHeCJI MHllleHH 
53

Cr, 
54

Fe, 
57

Fe, 
6°Ni, 47

Ti pa3Horo .n;HaMeTPa 11 Macc1>1. TBep.n;1>1e 

MHIIIeHH rrpe,11,cTaBJJJIJJH co6oi1 TOHKHe caMono.n;.n:ep)!(HBaromHecJI <t>on1>rH, 

KOTOpbie KJJeHJlHCb Ha aJJIOMI1HHeBbJe KOJlblle06pa3Hbie IIO,!l;JlO)!(KH, Y4aCTOK 

MHIIIeHH, Ha KOTOpblll HaHOCl1JlCH KJJei1, 3aKpbIBaJJCJI ,!l;OITOJJHHTeJJbHbJM 30JlOTblM 

3KpaHOM Toro )!(e ,11,11aMe'fPa, qTO 11 aJJIOMI1HHeBaJI IIO,!l;JlO)!(Ka. 3TO 6bIJJO 

Heo6X0,!1,HMO ,11,JJJI IIOrJJOliJeHHJI 3apJI)!(eHHbIX qacTHll, p0)!(,!1,aIOliJHXCR B KJJee 

CJJO)!{HOro COCTaBa np11 o6nyqeHHl1 ero 6bIC'fPblMl1 HeHTPOHaM11. 

IlJJOTHOCTb CJJOR I13yqaeMoro BeliJeCTBa, ero HeO.n;Hopo.n;HOCTb, a TaK)!(e 

qttcno aTOMOB rrpHMeceii (KHcnopo.n.a) onpe,11,eJJJIJJHCb MeTo,11,aMH R,11,epHoro 

MHKpOaHaJJH3a. 

JiI3MepeHHJI npOBO,!l;I1Jll1Cb Ha ycKOpHTene 31-2,5. JiI3yqaeMbIM 06pa3e11 

o6nyqancR rryqKOM MOH03HepreTHqecKHx rrpoTOHOB c 3Heprni1 2,05 M3B. B 

KaqecTBe ,11,eTeKTopa I1CfIOJlb30BaJJCR KpeMHeBblll nonynpOB0,11,HHKOBbJM .n;eTeKTOp. 

)J,eTeKrop ycTaHaBJJHBaJJCH Ha paccTOJIHHe 50 MM OT 113yqaeMoro 06pa311a. Yron 

pacceJIHHJI COCTaBJJRJl 150°. 3HeprHH pacceJIHHbIX npoTOHOB orrpe.n;eJJHJJaCb 

coxpaHeHHeM 3HeprI1I1 I1 HMIIYJlbCa Me)!(.n:y rra.n;aIOliJHMH HOHaMH I1 pacceJIHHbIMH 

aToMaMH. TaKHM cnoco6oM orrpe,11,eJJJinacb Macca Bcex MHIIIeHei1. HaH60JJbIIIHi1 

BKJJa.n; B rrorpeIIIHOCTh, CBH3aHttyIO c orrpe.n.eneHHeM MaCCbl M111IleHei1 
53

Cr, 
54

Fe, 
57F 6(),. T' 47T· ,ti 

e, I'll, 1, BHOCJIT 't'aKTOp1>1, CBH3aHH1>1e c onpe.n:eneHHeM TenecHoro yrna H 

HHTerpana TOKa rryqKa 3a BpeMJI rrpoBe.n;eH11JI 3KcrrepHMeHTa. THIIH4HaJI CYMMap­

HaJI norpellIHOCTb no orrpe,11,eneH11ro Mace MmrreHei1 cocTaBJlJIJJa He 6onee 6 %. 
KonH4ecTBo aToMoB 

238U orrpe,11,en»noc1> MeTo.n;oM a-cneK'fPOMe'fPHH. )J,JJJI 

orrpe.n.eneHHJI MaCCbl MJ1IIIeH11 roTOBb!M CJlOM 6b1Jl ITOMeliJeH Ha KaT0,11, 

HOHI13a11110HHOM KaMepbl c ceTKOM <l>pI1IIIa. BpeMH Ha6opa crreKTPa COCTaBHJJO 20 

MHHyT. 3a 31'0 BpeMJI 6brno 3apernCTPI1POBaHO 34323 (l-qacTHllbl. JilcnOJlb3YJI 

3aKOH pa,11,110aKTHBHOro pacna.n.a MO)!(HO rronyq11Tb, 4TO yl!eJlbHaH aKTHBHOCTb 

cocTaBJJJieT 12,44 EKIMr. 

JiICITOJlb3YH rronyqeHHYIO B 3KCrrepHMeHTe aKTHBHOCTb H npHHHMaR BO 

BHHMaH11e TO, qTo per11cTp11pyeTCH TOJlbKO IIOJJOBHHa (l-4aCTI111, HeCJJO)!(HO 

onpe/leJlHTb, qTo Macca cocTaBHJla 4,598 Mr, a 4HCno JI.n;ep - 1, 167·10
19

. 

3KcnepHMeHTaJJbHbie HCCJle,11,0BaHHJI ceqeHHM (n,a) peaKllHI1 Ha 

KOHCTPYKllHOHHblX MaTep11anax npoB0,!1,HJJI1Cb Ha 3neKTpocTaT11qecKOM 

ycKop11Tene 31-1 1HU P<l>-<1>3Jil. Ha ycKopHTene 31-1 B03MO)!(HO ycKopJITb 

HOHbI llBYX rnnoB: npoTOHbI 11 .n.ei1TPOHbJ c 3Heprnei1OT0,9 .n:o 4,5 M3B. 

• 
17 



B ,11,aHHoif pa6oTe 11cnonb30BaJICH ttenpepbIBHhiif pe)KHM pa6oThI ycKopw­

TeIDI. TOK Ha Ml1UJeH11 COCTaBIDIJl 2-5 MKA. ,Z:{.rrn nony'IeHID! MOH03HepreT11'IeCK11X 

HeifrpoHoB 11cnonh30Banacb peaKUIDI D(d,n). B pa6ore 11cnonb30Banach TBep,11,M 

,11,eifrepweBM MHUJeHb Ha MOJI116,11,eH0Boi1. no,11,JlO)!(Ke . )J,ei1.repwi1. pacTBopeH B cnoe 

Tl1TaHa, HaIIb!JleHHOro Ha fJO)J,JlO)!(Ky. Tom.1urna HariblJleHHOro Tl1TaHa COCTaBIDIJla 

0,97 Mr!CM
2

. 3HeprIDI Bb!JleTaIOI1(11X HelirpOHOB orrpe,11,eIDIJiaCb 3aKOHOM 

coxpaHeH11eM 3Heprn11 11 11MIIYJlbCa. Bpe~ 113MepeHID! 0)1,HOM TO'IKH COCTaBIDIJlO 

OT HeCKOJlbKHX qacoB )1,0 HeCKOJlbKl1X )],Hett B 3aBl1Cl1MOCTl1 OT MaCCbl Ml1IIIeHl1, 

ce'IeHIDI 113yqaeMoi1. peaKI.I11H H ceqeHIDI peaK111111 D(d,n). 
MoH11rop11poBaH11e tteH.rpoHHOro noroKa npoB0,11,11JIOCb c 11cnoJih30BaHHeM 

BTOpoif KaMepbI c ypaHoM-238 (MoH11ropHoi1. KaMepb1) . Bttyrp11 KaMepbI Ha ee 

KaTo,11,e pacrronarancH cnoH. ypaHa-238. MmneHb 
238U 6brna HaHeceHa Ha 

CTaJlbHYJO fJO)J,JlO)!(KJ. )J,oIDI 1130TOIIa 
238U COCTaBHJia 99,99%. )J,11aMerp Ml1IIIeHH -

5 CM. 0CKOJIKl1 )1,eJleHID! ypaHa-238 perncrp11pyrorcH KaMepoH., 11 11X KOJll1'IeCTBO 

HCIIOJib3YeTCH ,11,IDI orrpe,11,eJleHIDI 3Ha'IeHIDI IIOTOKa 6bICrpblX HeifrpOHOB. lb 
Cl1rHaJIOB OT MOHl1TOpHOM KaMepbl <l>opMHpyeTCH aMIIJil1TY,11,Hblll crreKrp, KOTOpblll 

HCITOJlb3YeTCH )J,IDI orrpe,11,eJieHID! 'Il1CJla OCKOJIKOB )1,eJleHJ1Ji. IIonyqeHHble )1,aHHble 

o6pa6aTb!BaIOTCH c IIOMOII(bIO nporpaMMbJ Origin 8.1. B 3Toi1. rrporpaMMe 

Crp011TCH aMIIJil1TY,11,Hblll cneKrp, H3 KOTOporo IIyTeM 11HTerpHpOBaHIDI crreKrpa B 

3a)J,aHHOM OKHe orrpe,11,eJIHeTCH 'Il1CJlO OCKOJIKOB )1,eJleHID! 
238U. IIp11 orrpe,11,eJieHHH 

IIJIOTHOCTl1 HelirpOHHOro UOTOKa B MeCTe pacnOJIO)!(eHIDI 113yqaeMOM Ml1UJeHl1 

11p11HHMaeTCH BO BHl1MaH11e reoMerp11qecK11i1. <l>aKTop, CBH3aHHblM c TeM, 'ITO CJlOH 

ypaHa H 11ccneeyeMM Ml1IIIeHb pacrronaraIOTCH Ha pa3Hb!X pacCTOHHl1HX OT 

11CTO'IH11Ka HelirpOHOB. Pa3H1111a B pacCTOHHl1HX COCTaBIDieT OKOJlO 11 MM. 

Pa3HHU:a B paccTOHHIDIX ,11,0 HelirpoHHoro 11cTO'IH11Ka np11B0,11,l1T K TOMJ, 'ITO 

B03Hl1KaeT 3aMeTHM pa3H11U:a B IIJIOTHOCTHX HelirpOHHOro IIOTOKa B MeCTe 

pacrrono)!(eHIDI ypattoBoli H 113yqaeMoi1. MHIIIeHeli. IIp11 113BecrHoi1. re0Merp1111 

B3al1MHOrO pacrroJIO)!(eHID! 11CTO'IHHKa HelirpOHOB 11 Mttwetteif COOTBeTCTByIOII(M 

rrorrpaBKa Bbl'Il1CJIHJiaCb H BHOCl1JlaCb rrp11 Bhl'Il1CJieH1111 3Ha'IeHIDI Ce'IeHID! 

11ccneeyeMoi1. peaKI.I1111. 
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PHC)'HOK 12 - Pe3yJJbTaTbJ H3MepeHHJI ceqeHHJI 

pea.KuIDI 
54

Fe(n,a) B cpastteH1111 c ouetteHHbJMH 

AaHHbIMH 6116n110TeK l!AepHbIX AaHHbJX If 

3Kcnep11MeHTaJJbHbIMH AaHHhlMH Apyr1tx asTopos 

18 

Pe3ynbTaTu1 113MepeHIDI 

ce'IeHIDI (n,a) peaKIJHH Ha )!(eJJe3e-54 

rrpe,11,CTaBJieHbl Ha p11cyttKe 12. 

KaK Btt,11,HO H3 pttcyttKa 12 

rronyqeHHbie ,11,aHHbie )J,IDI 113ororra 

)!(eJie3a-54 COBIIa,11,aIOT c ou:eHKOM, 

)1,aBaeMoli 6w6nwoTeKoi1. ENDF/B 

VII.1, a TaK)!(e c 3Kcnep11MeHTaJib­

HbIMH ,11,aHHhlMH, rronyqeHHblMH B 

pa6orax [17-20). 0TMeT11M, 'ITO 

rrpoBe,11,eHHbie paHee 113MepeHIDI 

6hIJil1 BhIIIOJIHeHbl c rrp11MeHeH11eM 

aKT11Ba11110HHoro aHan113a [18) 11 

[ 19), a TaK)!(e 110H113a1J110HHOro 

MeTo,11,a [17, 20). Tor <l>aKT, 'ITO 

pe3yJibTaTbl, IIOJiyqeHHhie c I1Cfl0Jlb30BaH!1eM HOBOro pa3pa60TaHHoro MeTO)J,a, 

xopoIIIO COBITa)J,aIOT c )1,aHHbIMI1, nonyqeHHbIMl1 ,11,pyT11MI1 aBTOpaMH B )J,I1alla30He 

3Heprl1M OT 4,5 )1,0 8 M3B, 1103BOIDieT C,11,eJiaTb Bh!B0,11,, 'ITO HCIIOJih3yeMM 

MeT0,11,HKa pa6orocrroco6tta 11 II03BOJIHeT nonyqarh 11,aHHD1e o ceqemrn H3y4aeMoi1. 

peaKU:ttH c xoporneH. Ha,11,e)!(HOCThIO. 

H3MepeHl1H Ce'IeHID! HCCJieeyeMhlX peaKI.IHM npOBO)J,I1JII1Ch OTHOCHTeJibHbJM 

MeTO)J,OM. 3Ha'IeHHe Ce'IeHl1H (n,a) peaKl]I1I1 l13MepHJIOCh KOCBeHHO. )J,JIH 

Bbl'Il1CJieHIDI rrorpeIIIHOCTl1 orrpe,11,eJieHID! Ce'IeHID! l1CIIOJib30BaJiaCb <l>opMyna 

rrepettoca OUJH60K. CYMMapHaH OUJH6Ka, He CBH3aHHax co CTaTHCTHKoli - 2%. 

THITH'IHM CTaTHCTH'IeCKaH OUJl16Ka COCTaBIDieT OT 2 )1,0 15%. BKJia)J, B OCHOBHyIO 

rrorpeUJHOCTh TaK)!(e BHOCI1T rrorpeIIIHOCTb, CBH3aHHM c orrpe,11,eJieHHeM MaCCbl 

113yqaeMbIX MHIIIeHeli. 

B TpeTbeii n1aue rrpe,11,CTaBJieHbJ pe3yJJhTaTbI 3Kcnep11MeHTaJibHbIX 

l1CCJle)J,OBaHl1M Ce'IeHHH (n,a) peaKl]I1I1 )J,IDI CJle)J,yIOII(l1X l130TOllOB: 
57

fe, 
5
°Cr, 

52
Cr, 

53
Cr, ~i 11 

47
Ti. Ha £I1CyttKe 13 rroKa3aHbI rronyqeHHhie pe3ynhTaTbI MH ce'IeHHH 

peaKIJHH 
57

Fe(n,a)
5 

Cr. HccJie,11,0BaHHH BbIIIOJIHeHhI B HHTepBane 3Heprni1. 

HelirpoHOB OT 4,25 ,11,0 6,5 M3B. Ha116onee 6nH3KHe K HaIIIHM )1,aHHblM 3Ha'IeHIDI 

6H6JIHOTeK JENDL 4.0 11 BROND 3. B Hl13K03Heprer11qecKoif o6JrncTH Hei1rpOHOB 

Cyll(eCTByer 0)1,HH tta6op 3KCrrep11MeHTaJihHhlX TO'IeK, rronyqeHHblX B pa6ore [21). 

)J,aHHbie pa6oTbI [21) B o6nacTH 3Hepmii: BhIIIIe 5,5 M3B OTJIH'IaIOTCH or )1,aHHbIX, 

rronyqeHHbIX HaMH, rrpHMepHo B 1,5 pa3a. B pa6ore noeyqeHbI rrapUl1aJibHhie 
s4c ~ ~ 

Ce'IeHIDI peaKU:l111 c rrepex0,11,0M OCTaTO'IHOro H,11,pa r Ha OCHOBH011 l1 rrepBblI1 

Bo36y)!(,11,eHHbie 3Heprer11qecK11e ypoBHH. IIonyqeHHb1e B pa6ore rrapl]HaJJbHbie 

ce'IeHIDI peaKI.IHH 
57

Fe(n,a) rroKa3aHbI Ha p11cyHKe 14. 

OcHOBHOe 11 rrepBoe B036J)!(,11,eHHbie cocroHH1u1 pa3,11,enettbI 3HepreTH'IeCKHM 

OKHOM B 834,85 K3B, a Me)!(ey rrepBbJM B036y)!()J,eHHblM COCTOHHHeM 11 BTOpbIM 

B036y)!()J,eHHblM COCTOfilmeM 3HepreTI1'IeCKHif rrpoMe)!(yTOK ~ 1 M3B. 3ro 

1103BOJil1T BrrepBoie BbJ)J,eJJHTb BKJia)J, KaHaJIOB peaKl]I111 c 3aceneHHeM OCHOBHOrO H 

rrepBoro B036y)l(,11,eHHOro COCTOHHID! OCTaTO'IHOro H,11,pa B 3HepreTH'IeCKOM 

crreKrpe. 
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PHC)'HOK 13 - Pe3ynbTaTbI HJMepeHHll ceqeHHJI P11cyttoK 14 - Pe3yJibTaTbJ H3MepeHHJI 

peaKUHH 
57

Fe(n,a)5
4Cr B cpaBHeHHlf c napuHaJJbHblX ce'JeHHM peaKUHH 

57
Fe(n,a)5

4Cr 
o uetteHHbIMH AaHHblMH 6H6JIBoTeK J1Aepttb1x 

AaHHbJX H 3Kcnep11MeHTaJJbHbIMH AaHHbJMH 

)l,pyr11x aBTOpOB 
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PHcyttoK 15 - Ce'!e!llle peaKL1HH 5°Cr(n,a)47Ti s 
cpastteHHH c 01.1etteHHhlMH AaHHhlMH 6H6Jrno-
TeK llAepHblX AaHHbJX H 3KCnepHMeHTaJibHblMH 
AaHHbIMH Apymx asTopos 

Pe3yrrhTaTb1 113MepeH1ur ceqeHJur (n,a) 
peaK11,I1I1 Ha 5°Cr rrpe.n;crnBrreHhI Ha 

p11cyttKe IS. l13MepeHmI 6hrn11 

BhmorrHeHhJ B .n;11arrn30He :mepr11H: 

HeH:rpoHOB 4,7 - 7,2 M3B. 0,n;I1H 113 

OCHOBHblX pe3yJibTaTOB, KOTOpbie 
6bJJil1 norryqeHbl - BhlBO,ll; 0 TOM, qTo 

011eHK11 6116rr110TeK ENDF/B VII.I, 

JEFF 3.1.2, ROSFOND 2010 11 
BROND 3 .n;aroT CI1JibHO 3aBhIII1eHm1e 

3Haqemur ceqemur MH 
5°Cr. 3aMeTHO 

rryqllle HalllI1 3KCnep11MeHTarrhm1e 

,n;aHHbie corrracyroTCH c 011eHKaM11, 

,n;aBaeMbIM11 6116rr110TeKOH JENDL 4.0, 

XOTH B 60Jibllll1HCTBe ToqeK Hallll1 

,n;aHHbie Jie)f(aT Hl1)f(e 3TOH ou;eHK11. HHTepecHo cpaBHI1Th HalllI1 ,n;aHHbie c 

e,n;11HCTBeHHbJM11 CYII1eCTByJOIUl1M11 B 3TOH 06rracT11 .n;attHhJM11, norryqeHm1M11 

HTIOHCKOH rpynnoH: [22]. ,llrrH 3Heprn11 5 M3B Halll11 ,n;aHHbie Haxo.n;HTCH 

HeCKOJibKO H11)f(e .n;aHHhIX pa6on,1 [22], .n;JIH ToqKJ1 6,2 M3B Ha6rrro.n;aeTCH 
npaKT11qecKH 11,n;eaJibHOe cornac11e. K CO)f(aJiemno, HaM He y.n;arrocb .n;ocTJ1qb 

3Hepr1111 7 ,6 M3B, o,D;HaKo 3Kc-rpanOAAIII1H Harrrnx ,n;aHHhJX B 3TY o6rracn, 

TI03BOJIHeT npe,n;noJIO)f(J1Tb, qTo 3Haqea!1H 6y.n;yr TaK)f(e oqeHb 6mf3K11Ml1. 

IIorryqeHHbie 3HaqeH11H ceqeHI1H (n,a) peaK11,1111, npoTeKaroiueH. Ha 1130TOne 
52Cr, rrpI1Be,n;eHbI Ha pttcyttKe I6. Xopolllo Bl1.n;HO, qTo Halll11 ,n;aHHbie Henrroxo 

cornacyroTcH c 011eHeHHbIM11 .n;aHHbIM11 6116rr110TeK11 ENDF/B VII.1 KaK no cpopMe 

cpyHKJI11ll B036~,n;eHI1H, TaK I1 no a6coJIIOTHOii BeJrnqttHe. A 011eHeHHb1e ,n;aHHbie 

6116rrttoTeK JENDL 4.0, JEFF 3.1.2, ROSFOND 20IO tt BROND 3 rre)f(aT 3aMeTHO 

HI1)f(e norryqeHHbJX ttaM11 ,n;aHHbIX. B ,n;aHHOii 3Heprer11qecKoii 06rracn1 

3Kcnep11MeHTaJibHb1e ,n;aHHhie .n;pyni:x aBTopoB OTCYTCTBYIOT. 
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PHcyttoK 16 - Pe3ynhTaTbI H3MepeHHll ce'!eHIDI 
pefil<llHH 52Cr(n,a)49Ti B cpasttemm c 
01.1etteHHbIMH AaHHbIMH 6H6JIHOTeK ENDF/B 
VII.I, JENDL 4.0, JEFF 3.1.2, ROSFOND 
2010 H BROND 3 
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PHcyttOK 17 - Pe3yJibTaTbI H3MepeHIDI 
ce'!eHIDI peaKQHH 53Cr(n,a)50Ti B cpaBHeHHH 
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PHcyttoK 18 - Pe3ynhTaTb1 H3MepettIDI PHcyttoK 19 - Pe3ynhTaTbI H3MepeHHll 
Ce'!eHHll peaKQHH 6°Ni(n,a)57Fe B ce'leHIDI peaKQHH 

47
Ti(n,a)

44
Ca B 

cpasttemm c TeopeTH'leCKHMH oueHKaMH cpastte!ll!H c TeopeTH'leCKHMH 011eHKaM11 
6H6JIHOTeK l!AepHbIX AaHHbIX 6H6JIHOTeK l!AeptthIX AaHHbIX 

IIorryqeHHhie ,n;aHHbie .n;AA ceqeH11H peaKJIHM 
53Cr(n,a)50Ti noKa3aHbI Ha 

p11cyttKe 17 B cpaBHeHl111 c TeopeT11qeCKI1Ml1 011eHKaMI1. 3KcnepttMeHTaJibHblX 

,n;aHHbIX .n;pyr11x aBTOpOB B ,n;aHHOM .n;11ana30He 3Hepr11:I1 HeMrpOHOB He-r. 
IIorryqeHHhie B ,n;aHHOM pa6oTe 3HaqeHJ1H ceqeHI1H B npe.n;errax norpeIIIHOc-reH. 

coBna.n;aroT c 011eHKOH, ,n;aBaeMOM 6116rrttoTeKOH JENDL 4.0. E116rr110TeKH ENDF/B 

VII. I, JEFF 3. I .2, ROSFOND 2010 .n;aroT 3HaqeHI1H ceqeHI1H np11MepHo B ,n;Ba pa3a 

BbIIIIe, qeM Ha6rrro.n;aeMbie B 3Kcnep11MeHTe. B 611:6JI110TeKe BROND 3, HanpoTHB, 

OJieHeHHble ceqeHHH HH)f(e, qeM norryqeHHbie HaM11 ,n;aHHble. 

Pe3yrrhTaThI tt3MepeHI1H ceqeHI1H (n,a) peaKI.(11:11 Ha 113oTone HttKerrH-60 

11pe.n;crnBJ1eHb1 Ha p11:cyttKe I8. B 11:ccrre.n;yeMoi1 06rrac-r11 3Hepnrn Hei1rpottos 

3Kcnep11MeHTaJibHh1x ,n;aHHbIX .n;pyrttx aBTopos He CYIIIecTByeT. IIorryqeHm1e 

3Kcnep11:MeHTaJihHb1e ,n;aHHbie ttMeIOT xopolllee cornac11e c TeopeT11qecK11MH 
.[(aHHhIMll 6116rrttoTeK JEFF 3.1.2 11 ROSFOND 2010. Ett6JI110TeK11 JENDL 4.0 11 

ENDF/B VII.I .n;aroT 6orree BhICOKoe 3Ha4ett11e ce4eHI1H ,n;aHHOH peaKI.(11:tt. 
IIorryqeHHbie pe3yJibTaTbI ceqeHHH (n,a) peaK11,1111 Ha 1130-rone Tl1TaHa-47 

npe,n;CTaBJieHbl Ha pttcyttKe I 9. 3KcnepI1MeHTaJibHblX ,n;aHHbIX .n;pyr11x aBTOpOB ,[(JIB 
3Toro 1130Tona THTaHa B 611:6rr110-reKe 3Kcnep11MeHTaJThHbIX ,n;aHHbIX EXFOR HeT. 

KaK B11,n;Ho 113 pttcyHKa 19, norryqettHhie 3Kcnep11MeHTaJihHh1e ,n;aHHbie no cpopMe 

cpyttKUI111 B036y)f(,n;eHl1H I1 no a6COJIIOTHOH BeJIHqllHe cornacyroTCH, B rrpe.n;errax 

norpernHOCTH, c TeopeT11qecKoi1: KpttBOH 6116rr11:0TeK JENDL 4 .0 11 ROSFOND 

20IO. Ou;eHKa JEFF 3.2 .n;aeT 3Haqettm1 ceqeHI1H s HeCKOJihKO pa3 6orree Hl13KI1e, 

tte)f(eJI11 3Kcnep11:MeHT. 011eHKa ENDF/B VII.1 3asbmrneT 3Haqett11e ceqeHI1H B 

2-3 pa3a. 
B 3aKJUO'lenuu KpaTKO tt3rrararoTCH ocHOBHhie pe3yrrhTaThI BbmorrHeHHhIX 

pa60T. 
OcHOBHbie pe3yJibTaTbI HaCTOHiueH. pa6on,1 cso,n;HTCH K crre;zyroLJieMy: 

1. Pa3pa6ornH I1 co3,n;aH H113KocpottoBhIH cneKTpoMe-rp npo.n;yK-roB (n,a) peaKJII1I1 
Ha 6a3e 11:0Hl13a1111:0HHOH KaMepbl c CeTKOH <J:>p11II1a ,ll;AA TBep.n;oH. MI1IlleH11, 

pacnoJIO)f(eHHOH B rrpoMe)f(yTKe KaTo,n;-ceTKa. B cneKrpoMe-rpe peaITI130BaH 

1111cppOBOH no.n;xo.n; ,D;JIH norry4eHl1H HHcpOpMaJIHll 0 CBOMCTBax 

pemcrp11pyeMhix qaCTHJI. Bb16paHHaH KOHCTPyK11,11H .n;e-reKTopa, reoMerpIDI 
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pacrrono)!(eHIDI M1mrett11 11 AeTaJibHhlH attanl13 <j:>opMhl CfilHanOB, 
rrocryn:a10m11x OT ii:eTeKTOpa, II03BOJIHilH MHOroKpaTHO rroii:aBl1Tb cpoH 
rrapa311THblX peaKUHH, rrpoTeKalOIIU1X Ha KOHCTP)'KIIHOHHhIX :meMeHTax H 
pa6oqeM ra3e KaMepbI. 

2. Co3JJ.aHHbitt anrop11TM o6pa6oTKl1 <j:>opMhl c11rnanoB no3BOIDieT nonyqaTb 
HH<j:>OpMauHJO: 06 aMnmrryii:e CHrHallOB, speMeHH ii:peH:<j:>a 3apHJJ.OB B KaMepe, 
speMeH11 ttapacTaHIDI aHOJJ.HOro c11rttana, a TaK)!(e orrpeii:enHTh q11cno 
a-qacTHII, 11crrycKaeMb1x 113 113yqaeMoi1 MH1lleH11 11, aHanH3HpYH cneKTP 
c11rHanOB MOHHTOpHOll KaMepbl, MO)!(HO onpeJJ.eIDITb q11cno ii:eneHHH, 
np011301lleJJ.1lll1X B CJJOe 238U. 

3. EhrnH onpeii:eneHhI Macchi 11ccneii:yeMhlX MHIIletteH:. ,r:(nH onpeii:eneHHH Macchi 
?38 - U np11MemmcH MeTOJJ. anb<j:>a-cneKTPOM~l1. Macca scex 

~ 54 57 53 . 47 . 
caMOITOMep)!(11Ba10m11xcH M11wette11 ( Fe, Fe, Cr, 1, Ti) onpeii:ellHilaCh 
MeTOJJ.OM o6paTHOro pe3ep<j:>opii:oscKoro pacceHHIDI. ToqHOCTh onpeii:eneHIDI 
Mace M111IIetteH: cocTaBIDina nopHJ:J:Ka 6%. 

4. IlpoBeAeH attanH3 rrorpeIDHOCTeH: BhmontteHHhIX 113Mepett11H:. CyMMapttaH 
ow116Ka, He CBH3aHHaH co CTaTHCT11KOM, - 2%. T11n11qHaH CTaTHCrnqecKaH 
oum6Ka COCTaBJIHeT OT 2 JJ.O 15%. BKnaJJ. B OCHOBHyJO norpeIDHOCTb TaK )!(e 
BHOCHT norpe11IHOCTb, CBH3aHHM c onpeAeneHHeM MaCCbI 113)"-laeMhlX 

MmneHeH. 
5. TecT11pOBatt11e C03JJ.aHHOro cneKTPOMeTPa 11 MeTOAa o6pa60TKH ii:attHhIX 6bUIO 

~OBeJJ.eHO np11 3KCnep11MeHTallbHOM 11ccneJJ.OBaHHl1 ceqeHHH peaKuH11 
5 Fe(n,a)51 Cr np11 3ttepnm tteiiTPOHOB 4,75- 7,00 M3B. 

6. BbmontteHhI 3Kcnep11MeHTallhHb1e 11ccneJJ.OBaH1U1 ceqeHHH peaKUHH 
5°Cr(n,a)47Ti rrp11 3Heprn11 tteiiTPOHOB 4,7- 7,2 M3B, 

57
Fe(n,a)

54
Cr B 

3HepreT11qecKOM ii:11ana30He OT 4,3 ii:o 6,5 M3B 11 
6
°Ni(n,a)

57
Fe B 

3HepreT11qecKOM ii:11ana30He OT 6,0 JJ.O 7,1 M3B. 
7. BnepBble nonyqeHhl 3Kcnep11MeHTa.JlbHhJe AaHHbie ceqeHIDI peaK111111 

52Cr(n,a)49Ti B 06nacT11 3Heprn11 tteHTpOHOB OT 6,8 M3B 7,2 M3B. 
8. BnepBbie nonyqeHhI 3Kcnep11MeHTanbHb1e ii:attHhJe ceqeHIDI peaK1I1111 

53Cr(n,a)50Ti B 06naCT11 3HeprHH tteiiTPOHOB 4,5- 7, 15 M3B. 
9. BrrepBbie nonyqeHbI 3KCnep11MeHTanhHbie ii:attHhie ceqeHIDI peaK1I1111 

47Ti(n,a)44Ca B 06nacT11 3Hepm11 HeMTPOHOB 4,0-6,0 M3B. 
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