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HellTpOHHO-aKTUBALMOHHBbIN AHAJIU3
cneuvanbHbI SAepHbIi NpakTukym dusunyeckoro pakyasrera MI'Y Gera-Bepcus 1.4, 21.11.2024

B pabome uzyuaromesa na cyuHmuiiayuOHHOM CREKmpomempe 2amMma-cnekmpsl oopazyos,
OONYUEHHbIX MEeNN08bIMU HEUMPOHAMU U  PACCUUMBIBAEMCA MAcca aKmueupyemo2o
uzomona. Kanubposka u oyenxa 3pgexmusnocmu pecucmpayuu  CneKmpomempa
npogooumcs no pomonuxam mumana-44.
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[Tpunoxenue 1.3aBUCUMOCTD CEUEHUS 3aXBaTa HEUTPOHOB SPAMH Y97Au ot SHEPrUU HEUTpPOHA.

1. Beegenue

AKTHBAIIMOHHBIM  AHAJM30M  HA3bIBAIOT METOJl KA4YECTBEHHOTO U
KOJINYECTBEHHOI'0 aHaJiM3a BEIIECTBA, OCHOBAHHBIM HA AKTUBAIMU AJIEp ATOMOB U
UCCIICIOBAHUU O00pa30BaBIIMXCS PAJAMOAKTHBHBIX H30TONOB (paJHOHYKJIHIOB).
Pe3ynbTaThl TAKOro aHajaM3a HE 3aBUCIT OT TOrO, B KAKOE XMMHUYECKOE COCIUHEHUE
BXOJAT AaTOMBI ONPEIEHAEMBIX DJIEMEHTOB, HO YYBCTBUTEIBbHBI K W3MEHEHUIO
A30TOITHOTO COCTaBa DJIEMEHTOB.

B »stom Meronme wuccieayembiii  oOpasery oOaydaeTcs MOTOKOM YacTHII
(HEeHTPOHOB, MPOTOHOB, (-YACTHI[) WM Y-KBAHTOB, W B PE3yJbTaTe SACPHBIX
peakiuii 4acTh SAep INpeBpaliaeTcs B PaguOaKTUBHBIC WM BO30YXIEHHBIE.
JanpHeiias uaeHTUUKAMS 3JIEMEHTOB MPOUCXOJUT IO SHEPTUM W3ITYUYCHUS U
IIEPUOAY IoJIypacnaga paariOaKTUBHBIX SIEP.

Heiitponnblii aktuBanuonHblii anaim3 (HAA) BmepBbie npumenuan JIpépan
Xesemn u Xwunbnae JleBw, oOmydass HEMTpOHaMH pPaAMEBO-OCPUILIMEBOTO HCTOYHHKA
oOpa3iipl ¢ peKo3eMeabHbIMU MeTaiamMu B 1936roay [1].

B pesymprare Heynpyroro B3aUMOACHCTBHS HEUTPOHA C AAPOM-MHUILIEHBIO
oOpasyeTrcss COCTaBHOE SIpO B BO30OYXKIAEHHOM COCTOSHMH. Ecimu sHeprusi HEHTPOHOB

Malia, TO SHEPIUA B036y}K,Z[CHI/IH paBHA SHEPIUN CBA3HU HCﬁTpOHa B COCTAaBHOM A1p€, U



TPOKCXO/IUT TIEPEXO0 B OCHOBHOE COCTOSIHEE 3a BpeMst Menbire 107 ¢ ¢ nemyckanueM Tak
Ha3bIBAEMbIX MTHOBEHHBIX (Prompt)y-kKBaHTOB.

OCHOBHOE COCTOSTHME OOpa30BaBIIErOCs SiApa MOXKET ObITh HECTAaOWJIBHBIM, TOTJA
npoucxoaut [P-pacnag. Eciam mnpoucxomuT pacnang Ha BO30YKIEHHOE COCTOSHUE
KOHEYHOTO S7Jpa, TO UCITYCKAIOTCS Y-KBAHThI C XapaKTEPHBIMU ISl 3TOTO S/Ipa YHEPTUSAMH.
OTH Y-KBaHThl PETUCTPUPYIOTCS JAETEKTOpOoM. Jlanee, 3Has YMCI0 HEUTPOHOB, NaJArOLIUX
Ha oOpasell, 0 PHEPTUU U U3BECTHBIM U3 JINTEPATYPhl CEUCHHUSIM PaTUAIllMOHHOTO 3aXBaTa

OIpCACIIACTCA MacCa UCXOAHOI'0 3JICMCHTA B O6p2[311€.
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puc. 1.TlocnenoBaTenbHOCTh COOBITHI B peakuuu (N,y) u Buasl HAA[2]

Takum 00pa3om, MO BPEMEHM H3MEPEHMsS HEUTPOHHBIM aKTHBAIIMOHHBIA aHAJINU3

IoApa3aCiIACTCA Ha JIBC KaTCTOPUH.

¢ perucrtpanyss MrHOBCHHBIX Y-KBAHTOB, KOT'Zld M3MCPCHHUA IIPOBOAATCSA BO BPCMs

00JTy4YeHus;

¢ perucrtpanusga 3aJCpKaHHBIX Y-KBAHTOB, I'IC U3MCPCHUA IIPOU3BOJATCA BO BPCMsI

paciana.



OOnyueHue TEIUIOBBIMH HEMTPOHAMH 3aHMMAeT BeIylllee MEeCTO Cpeau
AKTHBAIIMOHHBIX METOJOB, TAK KaK UMEET CIIeAYIOIINe JOCTOMHCTBA!

* npu OOMyYyeHHH OOJBIIMHCTBA 3JIEMEHTOB MPOTEKAeT TOJBKO OAHA siAepHas
peakuus (N,y), B pe3yapTare KOTOPOW 0Opa3zyeTcsl paJnOM30TON MCXOMHOTO 3JIEMEHTa,
YTO YMEHBIIAET YHUCIO PAAUOHYKIHAOB, KOTOPhIE MOTYT OBITh TIOJYYEHBI IpH
MHOTO3JIEMEHTHOM aHajiu3e. Takke B OTCYTCTBHE PEaKIMii, CBS3aHHBIX C U3MEHEHUEM
3apsiaa saaep, UCKItoueHbl 3G (HeKTh HHTepGEPEHIINN Y-IMHUN Pa3InYHbIX 3JIEMEHTOB;

* QOJIBIIMHCTBO HYKIIUAOB SIBJISIFOTCS Y-H3IIydaTeNs MU,

* B peakiuu (N,y) y MOAABISIONIETO YHCIA AJIEMEHTOB NEPUOTUYECKON CHCTEMBI
IPOUCXOIUT 00pa3oBaHKE PAIHMOU30TOIIOB, UTO MPHUIAET METOIy YHUBEPCAILHOCTS,

e B ciyyae Oonpmioro cedeHuss peakuuu (N,y) IOCTHraeTrcss BBICOKas
YyBCTBUTEIHLHOCTh METO/IA.

B OGonbmmHCcTBe mnpuMmeHeHuii HAA uCHONB3ylOTCS T€pMaHHEBBIE JIETEKTOPHI
BBICOKOM YHCTOTHI B BAKYYMHOM KpHocTaTe. OXJaxIeHue JOCTUTaeTcs MO0 C TOMOIIBIO
AKHUJKOTO a30Ta J10O0 ANMEKTPOHHBIX KPUOTEHHBIX XOJOIAMIBHUKOB. [IpuMep peructpanuu

3a/iepKaHHBIX Y-KBAHTOB MPUBEJICH Ha pUC.2.
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puc. 2. dparMeHT y-crekTpa obpasla JYHHOTO PerojuTa, JOCTaBIeHHOro ammaparoMm Jlyna-24.
Macca usmepsiemoro obOpasna 4,4mr. OOnydeH B KaHaje peakTopa TEIUIOBBIMA HEUTPOHAMH 10'
HeiiTponos/(c- cm?). OGmas muTerpanbHas no3a 7-107 meiirpomos/cM®. CIEKTp CHST TepMAHHEBBIM
JNETEKTOPOM C DJHEpPreTHYecKuM paspemnieHueM 3 k3B mo mmamm 662x3B uepes 11,5nmHeir moce
oOuryyenusi. ViaMepeHust pOBOAMIMCH B HU3KO(QOHOBOM ToMenieHnu. Jkcnosuius 40672c.[3]



2. Peakuum nopa aeiicTBeM HEiTPOHOB

OddexTBHOE  CceueHHME G XapaKTEepPHU3yeT

BCPOATHOCTD BSaHMOHeﬁCTBHH qacTtuabl € SAAPOM H

OonpeaAciACTCA KaK OTHOIICHHEC  4YHKClia COOBITHI

JJAHHOTO THUIIA B €IMHUILY BPEMEHU, IPUXOASIIEECS HA
OJHO AP0 MUIICHH, K MOTOKY HaJETAOIINX YacCTHI
yepe3 €IWHUIlY IMOBEPXHOCTM MUIIeHU. Ecnu cnoi
BEIIECTBA, COJAEpXKAIMU N  saep, MEepEeceKarT V
‘IaCTI/IH/(CMZC), TO YHCJIO AKTOB B3aMMOIEHCTBUS M,
BBI3BAaHHBIX UMU B €IMHUITY BpEeMEHH, OyIeT PaBHO
m=vno
HarnagHbll  cMbICT NOHATMSA

3(P(PEKTUBHOIO  CEYEHMS:

3dMCHUM KaXXJ0C AJpO0 MHHICHBIO C INIONIA/JIbIO O,

TOTJIa TUIONIA/b, 3aHUMaeMasi N sapamu, OyJIeT paBHA

Tabnuua 1. MNMpumepbl ceveHnin 3axsaTta
TENnnoBbIX HENTPOHOB ANt HEKOTOPbIX

BELLLECTB
ceyeHune 3axpaTa
BELLIECTBO TENnnoBbIX HENTPOHOB (CO
ckopocTbio 2200 m/c), 6

AeiTepuii 0.00052

rpacout 0.0035

BOAOPOA 0.33

antoMUHNM 0.231

cepebpo 63.3

poani 144.8

ypaH-235 5826+1.1

amepuumin-242m 1290 + 300

oop-10 3837

ragonuHnn-157 259000+ 700

No ¥ YKCIIO MOMAJaHNuK B MUILIEHU BbIpazuTcs popmMysioi M = v-N-g. Hy>)kHO MOAYEPKHYTH,

YTO TOJBKO B OTIEIBHBIX ClydasX 3(p(PEeKTUBHOE CEUeHHE AICPHON peaklud MPUMEPHO

paBHO IUIOIIAIU ceYeHus sapa. Tak, Iiomaas CeUeHus siapa OKOJIO0 10 %+10%cm

. 20
kKaKk 3¢ (dEKTUBHOE CEUEHHME Pa3JIMYHBIX SJEePHBIX peaknuit kosebnercs ot 10 ““cm

2
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(3aXBAaT TEIUIOBBIX HEHTPOHOB, cM. Tabmumy 1) mo 10°° cm® (Bo3OyxaeHHe smep Y-

KBaHTaMI/I). B O6HICM ciIydac€ CCUCHHC 3axBaTa HCﬁTpOHa CHUJIbBHO 3aBHCHUT OT OHCPIHH

HelTpoHa (cMm. [punoxenue 1).

DddexTuBHOE ceueHUE U3MepseTcs B bapHax: 16 =

102 em?

B knaccudeckom npeacic CCUCHHUC B3aMOJICUCTBUS TOYEYHOM YaCTHUIBI C

. 2
MULIEHBIO paanyca R onuceiBaercs BennmunHoi 6 = mR” .

HpI/I nepexoJ€ K KBAHTOBOMY OIIMCAHHIO ITPOLECCa BBaHMOHCﬁCTBHH HCﬁTpOHa C

SIIPOM HEOOXOIMMO YUECTh, YTO HAJCTAIOIINI HEUTPOH UMEET JUTMHY BOJIHBI

h h
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P, 2ME,

wi X, (@)=
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N EniMaBj

Pn — UMIYJIbC HEUTpOHA, E, —3Heprus HelTpoHa
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https://lyoutu.be/tJFMLQI9ukQ?t=2055
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NwixaHos B.C. - ®usnka aToMHOro siapa v yactuy, — SAagepHslie peakymu (nekums 11)




[Ipoxons CKBO3b BEIIECTBA, HEHUTPOHBI BBHI3BIBAIOT B HUX PA3INYHBIC SICPHBIC
peakluy, a TakKe NpeTepreBaloT YIpyroe paccesHue Ha siapax. CeueHus HEHTPOHHO-
SJIEPHBIX PEAKIMH CHIILHO 3aBUCST OT HEPIHMHM HEUTPOHOB M HEPETYJIIPHO MEHSIOTCS MPHU
u3MeHeHUn A u Z snep. [1ockoyibKy cedeHHs B3auMOJCHCTBUN HEUTPOHOB C SApaMH B
CpeIHEM PE3KO PaCTyT MO 3aKOHY «1/V» Ipu yMEHBIIICHUH 3HEPTUU HEUTpPOHA, HEHTPOHBI
pa3fenoT Ha JBe OONbIIME TPYIIBI — MEJICHHBIX M OBICTPBIX HEHWTPOHOB. I 'paHura
MEXKIy STUMHU TpyNIaMu HE SIBJSIETCS CTPOro ompeneiaeHHoW. OHa JIeKUT TPUMEPHO B
ob6sactu 10005B. MennienHbie HEUTPOHBI CHIIBHO B3aUMOJACHCTBYIOT C SIApPaMH. 3aMETHUM,
4YTO <«MEJJICHHOCTH» MEIJICHHBIX HEUTPOHOB BeChbMa OTHOCHUTENbHA. Jlaxke HEUTpoH ¢
sreprueii 0,0253B mmeer ckopocth 2 km/c. Dueprus E..,,;=0,0253B omnpenensier mopsiaok
DHEPIUU TEIJIOBBIX HEUTPOHOB, T. K.

ETenn:kT;
st abcomtotHor Temriepatypsl T=300K cooTBeTCTByeT sHEpruu TEIJIOBBIX HEHTPOHOB
(k - mocrostnnas bosbimana). Haxopsiuecss B TEIJIOBOM PaBHOBECHM HEHTPOHBI, UMCIOT
pa3dopocC MO CKOPOCTSIM, B PE3YJIbTaTe YErO IHEPTHH JOBOJIHHO OOJBIION YaCTH HEUTPOHOB
MoryT ObITh 3ameTHO Oosbiie KT. IToaToMy K TEIIOBBIM OOBIMHO OTHOCSIT HEUTPOHBI C
sHeprusMu npumepHo 110 0,53B.

Tabnuua 2. Peakiiuu o 1eicTBHEM HEUTPOHOB

TN peakyun ceyeHunda peakunmn

pagvaunoHHbIN
3axear

135
) 0,1 go 10° n gaxe 10° 6apH ( 55 XeJ ; ANs BbICTPbIX HEUTPOHOB — OT 0,1 10 HECKOMbKNX BapH.

MpoeT Ha Bcex Agpax. CeyeHue: anga TennoBbIX HeI7ITp0HOB BapbupyeTCAa B LULMPOKOM UHTEpPBaAre oT

ynpyroe CeyeHune BapbupyeTCs B UHTEPBaAre HeCKONbKUX GapH.
paccesiHue (n,n)

Heynpyroe MoporoBebii npouecc. CeveHne No NOPSIAKY BENUYMHBI PABHAETCS HECKOMbKUM BapH.
paccesiHue (n,n")

Haunbonee BaxHble peakunu:

3 3
n+ He- H+ p+0,76MbB (amem_”eﬁmp. = 54005apH)
(n.p) 2 1
14 14
n+_N = C+ p+0,63u8 (0 ons ey, = 1. 7501
Haunbonee BaxHble peakunu:
6. 3
N+ Li - H+a+4,7808 (0, .. = 9456apn)
(n,0) 3 1
10 7 .
n+ 5 B - 3L| +a+2,795B (O'anﬂ_He,;mp. = 38406apH)
(n.2n) Moporoeasi peakuus. MNMopor no nopsaky BenuuMHbl paBHsieTcs 10-15 MaB. CeuveHune: HeCcKomnbKo
’ necatbix 6apHa
B nopasnstowem GonbwnHCTBE crnyyYaeB noporoBas peakuusi. CeyeHne oyeHb Maro, Uckrovas
peaKuns AeneHus L — (ZsfzsU )= 582.6+1.16apu
agep (n,f) OoTAEenNbHbIE Criyyan :

G orneimy ZSPU)= 748.1¢ 2.06apH




Jiis Takux Bemiects, kak mapadun (CzoHep,), momuatinen (CHy), 1 moimMeTriIMeTakpuiar

(oprcrekio, GsHgOy) , mmna 3amemienns 14-M>BHbIX HEWTPOHOB cocTaBisieT 17+20cM.

3. AKTHBaIUA U30TOMNA

AKTHBaIMel Ha3bIBACTCsl MPOLIECC OOpa30BaHUSA PATUOAKTHBHOTO BEIIECTBA IPH
00sydeHnH CTaOWIIBHBIX SiEp HEUTpOHAMU, MPOTOHAMH M JAPYTHMMHU BHIAMH W3ITyYCHUS.
KonnuecTBO akTHBUPOBAHHBIX SIZIEP 3aBUCUT OT KOJMYECTBA aTOMOB B MUIIICHH, BpEMEHHU
oOnyuyeHusi u 3¢G(EKTUBHOIO CEUYEeHUs SACPHOM peakuuu, B KOTOpOH oOpaszyercs
MCCIIEIYEMbIN U30TOI.

BreiBenem dopmynel aktuBanuu. Ilycts Ha oOpaser, copepxamuidi N siaep, magaeT
motok v wactui/(cm’c), a >(h(MEKTUBHOE CEUCHHE 3aXBaTa MAJAIONIMX YACTHI[ C
oOpa3oBaHMEM PaTUOAKTHUBHOTO siipa paBHO ©. Torma B oOpasiie B CEKyHIy oOpa3syercs
VNo  paauoakTUBHBIX sfaep. OgHako HEOOXOJUMO YyYecTh, 4YTO YacTh BHOBB
oOpa3oBaBIIMXCS  fA€p B  MpOIEcce  aKTUBAIUH

N D el
pacmagaercsa. 3a Bpems dt obOpasyercs vnodt smep, a e R
7 H

pacnanacTcsa }“tha rae N - KOJIMYEeCTBO HAKOIUIEHHBIX K Oggg ————————————
7

MOMEHTy BpeMeHHM t akTuBHMpyeMbIX sjep. B wurore 07~~~ >
HU3MCHECHUE KOJIMYECTBA paaroaKTHBHBIX sanep 05t~

OIMUCBIBACTCA COOTHOILICHUCM

|
|
|
dN I
k.

——=vno— AN =
dN =vnedt— ANdt, wu ot (1) 0 . o e
HpI/I OOIBIINX BpCMCHAX dKTHUBAIIUU t> 1M pocT puc. 3_1:Kp1/1]3a;1 aKTUBALUU

quciaa pagoaKTUBHBIX SAEpP MPAKTUYECKH MpeKpamiaeTcs
(dN/dt—0). 3To mpoucxoauT, KOrIa YUciIo 00pa3yIOMIUXCsl PAJINOAKTHBHBIX SITIEP OKKETCS
NPaKTUYECKH PABHBIM YHUCITY PACHaJaloOLIMXCs, T.. KOIJa YUCIO PAJHOAKTUBHBIX SAEP
N(t)—N, =vnor

Benmmunna N,, Ha3pIBaeTcs aKTHBaIMeld HACBIIIEHHS.

Wurerpupyst cootHomienue (8), momyunm 3aBucuMocth aktuBanuu N(t) oT BpemeHn
o0srydyenus t:

_ A
N(t)=N,(1-e ™) (2)

I'papux 3aBucumoctn (2) mokazan Ha puc. 3.1. IlpakTnyeckH HacbhIIIEHHE
JAOCTHTaeTcsi 3a BpeMsi 00JIy4eHHsl, COOTBETCTBYIOIIee 45 mepuoAaM IoJypacmaja.

6



[Mpu t<<T pacmagom MOxHO mpeHeOpeub. B 3tom cimydae N = vnot, T.e. B Hayane
00JIy4EeHHS YHCIIO0 PAAUOAKTUBHBIX SIIEP PACTET IMHENHO CO BPEMEHEM.

JUig mosryyeHusl paAMOaKTUBHBIX M30TOIOB YacTO MCIOJIBb3YIOT HEHUTPOHBI, TaK Kak
JUIS HUX HE CYIIECTBYET 3JEKTPOCTATUYECKMX CHUJ OTTAJKUBaHUS OT siapa. B 1935r.
®depmu 00HApYXWJI, YTO HAaBEAECHHAsI PaJMOAKTUBHOCTh BO MHOTO pa3 YBEIWYMBACTCS, €CIIU
UCTOYHHUK HEUTPOHOB U 00Ty4aeMyI0 MHUIIEHb OKPY>KUTh BOAOPOICOEPKAIIIM BELIECTBOM,
HanpumMep napaduHoOM.

Kak oxazanoch, 3T0 CBA3aHO C TEM, UTO HEUTPOHBI IIPU COYNAPEHUSIX C PABHBIMU UM
[0 Macce€ NPOTOHAMHU OBICTPO TEPSAIOT SHEPrUI0 WU PACHPOCTPAHSIOTCS B CpEle C
TEIUIOBBIMM CKOpOCTsMU. KpoMme Toro, TemnsjgoBbleé HEUTPOHBI, UCIBITHIBAs B mapaduHe
0O0JBILIOE YHUCIIO COYAAPEHUH, NBUXKYTCS XAaOTUYHO M MOTYT IEpeceKaTbh 00JydaeMyro
MUIIEHb HECKOJBKO pa3, a BEPOSITHOCTh 3aXBaTa HEHTPOHOB aTOMHBIMU SiApaMu 0OpaTHO
IPOTIOPIIOHANIEHA UX CKOPOCTH (COTIacHO 3aKOHY «1/v»).

[Ipu 3axBare TEMJIOBOrO HEUTPOHA SAPOM C MAcCOBBIM uucioM A obpasyercs
«kommayH» sSApo A+l B BO30yKI€HHOM COCTOSIHHH.

ITpoananusupyem akTUBaLMIO M30TONA Ha INpuUMepe oOpasua, COAEpIKaIlero

PUPOIAHOE 30JI0TO.

197 A1
- 79 n: T8
Jm: 32+

Ty:stable

puc.3.2.pparmeHT ctpouku NZ-nuarpaMmmsl s sjiep 300Ta
uctounuk. NZ-muarpamma MAT'ATD https://www-
nds.iaea.org/relnsd/vcharthtml/VChartHTML.html

Brisicasiem, uto npupoanoe 305010 Ha 100% coctout mu3 uzorona Au-197.YtoObl
OTIPEJICTIUTh CEUEHUE 3axXBaTa TEIIOBBIX HEUTPOHOB HM30TOIIOM, BBIOMPAEM OIITHIO

Neutron capture u B cronore (N,g) BuauM B 6apHax TabIMYHOE 3HAYCHUE:

98.65 = 0.0%
[Ipn 3axBaTe TEMJIOBBIX HEUTPOHOB simpamu AU-197 obpasyrorcs siapa Au-198,

UCHBITHIBAIOIINE C TNEpUOAOM modypacmana 2,69mua [ -pacnaa. XapakTepUCTHKH
u3nydeHuil noctynHel B ommuu Decay Radiation Sapa 3omorta-198 BepositHee Bcero
0o0pa3yroTcsi B BO30YKJIEHHOM COCTOSIHUM M UCITYCKAIOT Y-KBaHTHI, IEPEXOAsl B OCHOBHOE

COCTOSIHHE CTAOMILHOTO M30TOMa PTYTH.



Y 3omota-198 ecth u MeracTabuibHble cocTOosiHHSA. M3omep ¢ mepuogom
nonypacrnaga okono 100Hc HaOmOgaThCS B HAIleM HKCIEPUMEHTE HE MOXET, T.K.
00JlydeHHOE 30JI0TO TPUHECEHO B Jiaboparopuio OojbIle Yaca Hazaa. Ho crouTt

. 198m1
IPOBEPUTH, 00pa3yeTCs M MPU OOTYyYEHUU TETUIOBHIMU HEHTPOHAMH H30MEP Au ¢

nepuoaoM monypacmaga 2,3aHs. 3amyckaem amitac  (NYy)-peakmmii  https://www-

nds.iaea.org/ngatlas2/ Beibupaem Au, satem Au-197(n,g)g, morom Au-197(n,g)mi.

CpaBHMBaeM BEIWYHMHBI CEUCHHWH TpH JHEpPrusx B paiione 13B, ybOexmaemcs, dro
BEPOATHOCTh OOpa3oBaHWs m30Mepa 30i10Ta-198ml1 mnpeneOpexumo wmama  (cM.
[Tpunoxenue 1)

OmmOKku TOCHEAHNX 3HAYaIlUX YHCENT W3MEPEHHBIX 3HAYCHUN ODHEPrUu U
WHTEHCUBHOCTH YKAa3bIBAIOTCS TIOCJIE TMpoOena 3a COOTBETCTBYIONIUM dYucioMm. T.e.
sHeprusi camod wuHTeHcuBHOM y-niuHMu  411,80205 + 0,00017 xoB. B  nHamem

DKCIIEpUMEHTe OymyT HaAONIONaTh Y-TUHUUW C WHTEHCHBHOCTSAMH 00JIe€ HECKOJIBKUX

IIPOLCHTOB.
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JInsa  nostydeHuss HEWTPOHOB UIMPOKO IPUMEHSIOTCS HMCTOYHMKHA HEWUTPOHOB,
oOpasyroluecs B pesysbrate peakiuu tumna (o, N) u (y, n). Tak, cMech METAIIMYECKOIO
noponika Oepuuiis ¢ HEOOJBIIUM KOJUYECTBOM (-U3JIydaTelis, HalpuMep IOJOHHUS,
ABIIAETCA yNOOHBIM HMCTOYHHKOM HEHTPOHOB. B 3TOM ciydae moisydaroTcss HEHTPOHHBI,
o0J1a1aronye MpakTUUEeCKH CILTIONIHBIM crieKTpoM sHepruit ot 0 o 13 M»aB.

B Hacrosimelt pabGote Ui aKTHBAIlMM HCIOJIB3YETCS TUIYTOHUN-OEpUILTUEBBIMN
UCTOYHUK HEHUTpOHOB (MHTepMeTaumdeckoe coeamHeHue PuBgs) akTHBHOCTHIO
10°+10" ueitrponos/c.

»Pu @repron monypacmaga 24 THICSUM JT€T) M3TydaeT o-4acThIpl. OHH HE MOTYT
BBUIETETh M3 MCTOYHUKA M3-32 HUYTOKHO MaJbIX MPOOEroB (-4aCTUIl U BCTYMAIOT B
PEaKIMIO C siApaMu OepUILITUS:

a+ Be-¥CO-2C+n

DHeprusi MOJy4yarollerocsi HEWTPOHA 3aBUCUT OT yIJla MEXAY HMMIYJIbCaMU O-
YacTHULIBI U HEUTPOHA, OT CTEMEHH 3aMEeJICHHs 0-4aCTHUIbl NEpe] CTOJIKHOBEHHEM U OT
paccesiHisl HEMTpOHAa BHYTPHU MCTOYHUKA. CIEKTP HEUTPOHOB CHIIBHO 3aBHCHT OT MaccChl

?Puu Be, ot Bo3pacra ucrounuka (cm.puc. 3.4).

[Tpumepom UCTOYHHUKA

no adandsy 8500 TpeKoB NPOTOHOE OTAA4YM

HeﬁTPOHOB, OCHOBAHHBIM Ha ) ...'I; — 19621, AHaepcoH, BoHA, rpadKk NnocTpoeH
g‘\i\ \ B AASPHOM 3MYNLCKIA Nucl Phys.43 p.333

peakuuu (y,N), ABISETCS CMECh
pamus u Oepwumas. 31ech
VCTOYHUK HEUTPOHOB

MpeACTaBIIsIeT COO0N CUCTEMY U3

AONA HETPOHOB, OTHOC. €4,

JIBYX 3amasHHbIX amiyid. [lpwm

| | | L I I | l I |
I 2 3 4 & 6 7 8 9 10
3HEeprus BelieTawWwmnx HelTpoHos, M3B

9TOM  BHYTPU  aMIyjibl  C

MOPOIIKOM oepuILIus

puc.3.4 Cnektp HeUTpoHoB Pu-Be ncrouvHuka.
E.>1 k3B - ObiCTpble HENTPOHBI;
E.=kT~0,025 3B - TennoBble HENTPOHbI

IIOMEIIAETCsS. aMIlyjla C COJSIMH
paausi TakuM 00pa3oM, 4YTO Ha
Oepwiuil  JEHCTBYeT TOJBKO Y-U3JIyd€HHE, MPOXOJsllee 4Yepe3 CTEHKH BHYTpPEHHEH
ammyJbl. Peakuus oOpa3oBaHUsl HEUTPOHOB HET MO CXEME

Be +y — ®Be + n.

Takoit  wWcTOYHMK  oOOJamaer  TeM  MPEUMYIIECTBOM,  YTO  HCITYCKaeT
MOHOXPOMAaTHYECKHE HEUTpOHHI ¢ FHeprueit 110kB.
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[ToMmuMO aMITyJIBHBIX, MCTOYHUKAMH HEHUTPOHOB CIy’)KaT HMCTOYHUKH Ha OCHOBE
criorTanHoro penenust (°Cf, syiepHbIe peakTopbl), HeITPOHHBIE TeHepaTopsl [4].

[Tpu BBIBO/IC ypaBHEHUS aKTUBAIIMU UCTIONB3YIOTCS CIETYIOIINE JOMYIICHNUS:

1. oTcyTCTBHE APYTUX MPOIECCOB (KpOME paTuOAKTHBHOTO pacmaia), MPUBOIAIINX K
MCYE3HOBCHHUIO O0OpA30BaBIIUXCS PAJAMOAKTUBHBIX saep. Yucio sjgep o0IydaeMoro
n3orona OyAeT yMEHBIIAThCA TakkKe 3a CYET mMepexo/la B pPaJAMOAKTHBHBIC spa -
«BBITOPAHUSI» W30TOMA. BhIropaHue siep MCXOIHOTO M30TOMA IMPHU MOTOKE HEHTPOHOB
nopsiKa 10" em? ¢t HaOMoaeTcs Toybko npu ceuennn aktuBanuu 100006apH u BhIlIe,
MO3TOMY JJis1 OOBIYHO MCTIONIb3YEMbIX MOTOKOB JaHHBIM 3((HEKTOM MOXKHO MpeHeOpeyb;

2. 0Opa3oBaBIINECs PATUOAKTHUBHBIC S/Ipa MCUE3al0T TOJIBKO B Pe3yJbTaTe pacrmaja.
KoHedHo, BO3MOXKEH MW JpPYrol MeXaHHW3M — BCTYIUICHHE B SIEPHYIO DPEaKIUI0 C
o0pa3oBaHWeM BTOPUYHOTO H30TOMA, HO B OOJBIIMHCTBE CJIy4aeB OTOT MPOIECC
HE3HAYNTEIICH.

PaccmoTpuMm ypaBHEHUWE, ONMUCHIBAIONIEE W3MEHEHHWE KOJIMYECTBA SIICp H30TOIA,

00pa30BaHHOIO B Pe3yJIbTaTe SIACPHON PEaKIUH:
N = qD[(;[NO E(Il_e_ﬂ)

rae @ - MWIOTHOCTh MOTOKAa HEUTPOHOB, G - C€YeHUE peakiuu, N - 4Hhciio aTOMOB
aKTUBHpYIOLIErocs uzorona. Torga akTHUBHOCT, HA MOMEHT OKOHYaHMs 00JTydeHus OyieT
UMETb BU/L:

Ai=®-c-N(1-¢&

[Tpu Bpemenax oOiyuenus nopsaka 10 nepuoaoB nosypacnaga MOXKHO TOBOPUTH 00
HACBIIIEHUM aKTUBAIIMM — TMPEKPAICHUH pOCTa YHCIa PAJUOAKTUBHBIX sIIEp MpHU
MOCIIEAYIOIEM O0TyYeHHH:

AHaCLII_Il. =®-06-N

Ecnmu xe Bpemsi oOydeHHs] CpaBHHMO C TIEPHOJOM IMOJypacmajga, TO MoJydaeMas
aKTUBHOCTb OYJE€T COCTaBJIATh 4YacTh OT AaKTUBHOCTU HACHIIICHUS, OMPEIEIIEMYIO
dakropom Haceierns (1 — ).

JI1s1 MHOTOM30TOMHOTO AJIEMEHTA YPaBHEHHE /1JII AKTUBHOCTH MPUHUMAET BUI:

A= ®-o-N(1-¢€,

rae N’ - ucxomHoe 4uciao aTOMOB JIEMEHTA, 1M - JI0JIsl AKTUBUPYIOIIETOCs U30TOIA B
€CTECTBEHHON CMECH.
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VpaBHEHHE, ONPEENAIONIEE U3MEHEHHE AKTUBHOCTH CO BPEMEHEM OYJIET UMETh BHI:
(vim - -7
Nu3.w =y |]l\IAT |37 Ep i_ e Yot (e Loxn

rIe M — BECOBOE KOJUYECTBO OMNpeIensieMoro sieMeHTa, M — aToMmHBIN Bec
aeMeHTa, t,, - BpeMs akTuBammu, t,, - BpeMs, MpOIIEAIee ¢ MOMEHTa OKOHYAHUS
00JTydeHus.

Toraa KOTUYECTBO YaCTHUII, 3aPETHUCTPUPOBAHHOE B MIHKE C KBAHTOBBIM BBIXOJIOM P 32

BpeMs U3MEPEHUS 1, OYIET UMETH BU!

—t

Nu3M =0l w Ly Lp [(ﬂ‘ e_itoa'l )GE_)IUXH = e/1 : IF:]

P —KBAaHTOBBIN BBIXOJ] XapaKTEPUCTUUECKOTO U3ITyUYECHUS PaJUOU30TOIA,

a —KOA(pPUIMEHT, YUUTHIBAIOIIUI MOTJIOIEHUE U PACCESTHUE aKTUBUPYIOIUX YACTHII
B oOpasue, 3pGEeKTUBHOCTh PETUCTPALMU H3IYUYCHHs, «MEPTBOE» BpPEMsl ammapaTyphl,
CaMOTOTJIOLIEHUE XapaKTEPUCTUUECKOTO U3IIyYeHHs B 00pasiie.

B 3aBucumoctu OT cmoco0a H3MEpEeHHs AKTUBHOCTH CYIIECTBYET JBa METOAA
AKTHBAIIMOHHOTO aHAJIH3a!

1. aGCONIOTHBIM METOJ — pacd€T KOJMYECTBA 3JEMEHTAa 10 M3MEPEHHON BeTUYHMHE
aKTUBHOCTH. TakoW METOJ HCIONB3YeTCsl PEeAKO M3-3a HU3KoM TouHocTH (s 40-50%),
KOTOpast OOBSICHSETCS CIEAYIOIUMUA OCOOCHHOCTSIMUA METO/1A:

* CII0’)KHAsi METOIMKA M OOJIbIIIKE MOTPEIIHOCTH U3MEPEHUS a0COMIOTHON aKTUBHOCTH
(c momonIpto 4T-CUETUYNKOB MM BBEJCHUEM OOJIBILIOTO YHCIIA MOMPABOK JJISI H3MEPECHUS
Ha TOPIIOBOM CUETUUKE);

* IPU U3MEPEHUSX C MOMOIIBIO CIUHTUIUISILIHOHHOTO Y-CIIEKTPOMETPa TPYJHO TOYHO
ONpeAeNUTh MOTOK OOMOApIMPYIOIIMX YAaCTHUI], a TaK)Ke BEJIMYMHA CEUYCHUU CHIIBHO
3aBHCHUT OT SHEPTUU YaCTHII.

2. OTHOCHUTEJNbHBI MeToA [| OJHOBPEMEHHO C aHAIM3UPYEeMBIM 00pa3loM
o0Jy4aeTcsi TOYHO H3BECTHOE KOJIMYECTBO HEKOTOPOro »JJeMeHTa — CTaHjgapT. B
OJIMHAKOBBIX YCIOBHUSX MPOUCXOIUT U3MEPEHHUE aKTUBHOCTH HMCCIEAYEMOro Mpemnapara u
CTaHapTa, U ONPEAETSAETCS COAEP)KaHUE MHTEPECYIOIIETO JIEMEHTA U3 COOTHOIICHHUS .

g -~ A,

- P
mcmaH()apm ACmaH()apm

D

B sTtom ClIy4a€ HC HYKHO TOYHO 3HATb IIOTOK 60M6apm/1py}om1/1x qaCTHUll U CCUCHUA
AACPHBIX pCaKHHﬁ, 1 U3MECPACTCA OTHOCUTCIIbHAA aKTUBHOCTD, YTO YIIPOILIACT IIPOBCACHHUC

aHalin3a 1 YBCJIMYNUBACT €0 TOYHOCTD.
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4. JKCcnepuMEeHTAJIbHAS YCTAHOBKA

B Hacrosmeit pabote UCHoNb3yeTCs TTYTOHUM-0epUIUTMEBBI HCTOYHUK HEUTPOHOB
momrocTs0 5-10 Heiitporos/c (puc. 4.1).

[ins sameaneHus HEUTPOHOB

I[O TCSIIJIOBBIX CKOpOCTeﬁ i ® Boceranornenne || MowrocTs Ao3w 3efcek & - ||UnTerpan Hl(cm2*cek)

SHEPreTMHECK1A CNeKTp GbICTPbIX HENTPOHOB

HCTOqHHK HOMeH_[eH B \ vl = [TnhdepeHumantHbii ciekrply) = VHTerpansHbid. Cnekrp I
napaduHOBBII 0JI0K,
00J10KEHHBIN CHapy»XH

IraCTMHaMMu W3 KaIMUAd U

1.0x10 2

cBuHIa (puc. 4.2).

MnoTHOCTL NoToka, Hi(cM2*cek*MaB)

st o0IydeHust
00pa3IoB IIPOU3BOJILHOU
bopMbI HCIOJIb3YETCS
UWJIUHIPUYECKUN KOJIOIE1] Saxio® |

1 2 3 4 5 Ll ;Hepr“; He.-ﬁ.gpo"a,;‘:ss 1 12 13 14 15 186
JAAMETPOM 4 cMm, 0oCh —
puc. 4.1. CnekTp HENTPOHOB Pu-Be uctovHmka B 3TOM NnabopaTtopHO

KOTOpOro pacliiojJo’k€Ha Ha paboTte

l4cm oT ocu 3aKkperieHus als
Pu-Be#crounuka (puc. 4.2,6mmxe 0 Q

PAaCIIOJIOKECHbI na3bl  OJ1d aKTHUBalluH

o0pasmoB  3agadd  OOIIEro  SAACPHOTO
NPaKTHKYMa) .

B 3a4a4C HCIIOJIb3YIOTCA
ABC HE3aBUCHUMBIC YCTAHOBKH.

1) CUMHTHUISIUOHHBINA

CIIEKTPOMETP C KPUCTAILIOM

||
Nal 63*63MM ycTaHOBIIEH
.\
psAaAoM C 3alllMTHBIM 0JIOKOM \
HCUTPOHHOI'O HUCTOYHHKA. \ \. o HCTOMHAK HEATDOHOB
BHYTPEHHWW GQIOK M3 oprcrexna
Cursamnsl OT PETrUCTPUPYCMBbBIX ®aHewHWiA Aok M3 napaduHa

UM MIHOBCHHBIX  I'aMMa- puc.4.2. Cxema akTnsaumum o6pasLos
KBaHTOB  OLM(POBBIBAIOTCSA
AIIII, 3anuceiBaOTCS M CUMTHIBAIOTCS mporpammoint Ex20promptus naboparopHoii cetu
MPAKTHUKyMa.

2) O0pa31pl Ha NIHYpPKE

- OMYCKAIOTCSl B HIDKHIOI YacTh IMJIMHAPUYECKOM MOJIOCTH, TJI€ MOTOK TEIUIOBBIX
HEUTPOHOB BBHIIIIE;

- 00JTy4aroTCs JUIUTENbHOE BpeMsl (IHH);
1Z



- COTPYAHUKAMHM MTPAKTHKYMa MEPEHOCATCS U YCTAaHABIMBAIOTCS /ISl K3MEPEHHMIA.
Y-KBAHTBI PETUCTPUPYIOTCS C TOMOIIBI0 CHMHTHJLUISIMOHHOTO AeTEeKTOPa, COCTOSIIETO
u3 kpuctaa Nal(Tl) 440 mm 1 ®DY-93 (hoTO3IEKTPOHHOTO YMHOKHUTEJIS).

B nactosmeit 3amade i KadMOpPOBKH Y-CIEKTPOMETpPA MPUMEHSETCS HCTOUYHUK

tutana-44.

B 3amaue tpedyercs:
- 110 SHEPTHUSAM Y-TUHUM HEN3BECTHBIX 00PA3I0B KAYECTBEHHO OIPEIETUTh UX COCTaB;
- TPOBECTH KOJIMYECTBEHHYIO OIICHKY COJIEpXKaHWUs OOHapYKEHHOTO HM30TOIA, MCIIONb3YS
paccUnTaHHBIA TIOTOK TEIUIOBBIX HEUTPOHOB M 3(P(PEKTHBHOCTH PETHCTPAIIUU Y-KBAaHTOB

CHEKTPOMETPOM.
[TOPAJJOK PABOThI

I[Ipu mnoaroroBke K 3agaye u3 0a3bl JaHHBIX OMPEICIUTE SHEPTHH Hauboiee
WHTEHCUBHBIX Y-JTHHUM BO3MOXKHBIX OOJydaeMbIX MaTE€pHANOB, aKTHBHPOBAHHBIX

TCIIJIOBBIMU HCP’ITpOHaMH. K mpumepy, https://www-nds.iaea.org/relnsd/vcharthtml/VCharfT.html (6aza
nauabix MATATD, HaxoauTes B MOMCKOBHKE 110 3ampocy «livechart nuclide»).

o ceyeHue
%8 3axsaTa obpasyio | MEprOA 0
mMaTepuan nsoTon NPUPOAHOM wmiics nonypac Y-NMHUN %
TennoBbIX M30TON
cmecu - naga
HEWTPOHOB
301070
Tepoun
naHTaH
TaHTan
cKaHgumn
cypbma
BOMnbpam
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Paccunraiite, kakas 3Heprusi BbLAEISETCS NMPU OOpPa30BAHMM s/ipa ACUTEpUsS B pEAKLMH

n+p—d+y (y nefitpoHa HeT BO30YKICHHBIX COCTOSTHUN)

Ilepen HauajoM padoThl HEOOXOAMMO O3HAKOMUTHLCS C YCTAHOBKOW M WHCTPYKITUEH TIO
pabore.

1. Jlo cmaum pgomycka C pa3pelieHds MPEenoaaBaTeNis W COTPYAHHKA J1abopaTopuu
3amycTuTe Habop cmekTpa ¢ona. [Ipu xoporneil cTaTUCTUKE HAa HEM OyIeT pa3iudnma
ramma-nuHus 1461k3B.
2.Ilocae cnaum aomycKa:

- coxpanuTe (aiin crekTpa GoHa B yKazaHHYIO Mamky awcka H, 3amummre Bpems
Habopa CIeKTpa M CPEAHIOI0 aKTUBHOCTH;

- TIOCJIE YCTAaHOBKU COTPYAHHKOM JIA0OpaTOpPHH KaTHMOPOBOYHOTO MCTOYHHKA HA
KOXKYX CIMHTHJUIATOPA, 3aIlyCTUTE HAOOP CIIEeKTpa,

- W3 MacrmopTa MCTOYHWKA 3alHINATE €ro aKTMBHOCTh HA JaTy W3TOTOBJICHHS W
paccuuTanTe TeKYIIyI0 aKTUBHOCTB;

- mociie Habopa CTAaTUCTUYECKH 3HAYUMBIX (OTONMMKOB (MJIOMm[ab Ka)JIoro
doTonuka JOJDKHA OBITH HECKOJBKO JECATKOB THICSY) OCTAHOBHUTE HAOOp, 3aIHIITUTE
BpeMs Habopa, TUIOIIAIh U MOTYIIHPUHY (DOTOMHKOB;

- HTOBTOPHUTC HU3MCPCHUA JIsI HCHU3BCCTHBLIX

| 3,4 (oBoiiHoM BbINeT C-127) ‘

00pa3s1os, YCTaHaBIUBAEMBbIX COTPYJHUKOM 450
EEEEEREN
JIa60paTopHH ‘ 3,9 (0AWHOYHbINA BbINET) ‘
. 350 T T T T
§ 300 : | |
o. 3 4.4 MaB
I1o X0y u3mMepeHui: € 250 ; e oSt
o 2 00 BT JTHE &g || yposews C-12)
- IIOCTPOUTE 3aBUCUMOCTDH SHCPTHUH Y-KBAHTOB OT © .0l —
g 100 cyMHTMNATOP Nal + ®3Y
. 1= 800 MUHYT o] .
HOMCEpa KanIJaJIa, . 2 ‘ | | ‘ | ‘ L
- paCcCUUTaAnUTC 3(1)(1)CKTI/IBHOCTB perucTpanuvu 110 28 30 32 34 35 38 40 42 44 46
E, MaB
IIMKaM I1OJIHOTO MOTJIOIIEHUS KaINOPOBOYHOIO p1C.4.3. GPArMeHT CneKTpa MIHOBEHHBIX Y-
. KBaAHTOB, CHATbIN CLMHTUNMALMOHHbBIM
HCTOYHHUKA, CMEeKTpOMEeTPOM ¢ KpucTannom Nal(Tl)

. 40*40 mm. CpaBHute ¢ Bawimm cnektpom.
- OHOCHHUTEC IIOTOK TCIINIOBBIX HCEHUTPOHOB Ha OHC

«KOJIOAIIa» U3 TEOMETPHUYECKIX CooOpakeHui (0Ch KOJIOIa pacionokeHna B 14 cM oT ocu
sakperutenns Pu-Besicrounnka momuoctso 5-10 Heitrponos/c );
- 3ayCTUTE YAAJEHHBIM HA0Op CIEKTpa MTHOBEHHBIX Y-KBaHTOB CIIEKTPOMETPOM,

HaXoJAIUMCA psAIoM ¢ 3ammuTor Pu-Besicrounuka. OtkanuOpyiiTe moqydeHHbIN CIIEKTP
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1O Y-JIMHUSIM OT TIEPBOTO BO30YXKIECHHOTO YPOBHS sapa yriepoaa-12 (oOpasyercs npu
CHHTE3€ siZiep reus U OepuiuIns), MUKaM OJMHOYHOTO U JBOMHOrO BhuieTa (puc. 4.3)u

AHHUTUBIIMAOHHOMY Y-IIHKY.

5. CHMHTHILJISINUOHHBIA CIIEKTPOMETP

JInst perucTpanuy y-KBaHTOB YaCTO MCHOIB3YIOTCS CIMHTHIUIALMOHHBIE CIIEKTPOMETPBI.

CUMHTHUIALIMOHHBINA CIIEKTPOMETP COCTOUT U3 CUUHTHIUIATOPA U (DOTORIEKTPOHHOTO YMHOKHUTEIS
(puc.5.1). Jlnst perucrpauuu y-H3Iy4eHUS B CHUHTHWUISIUOHHBIX CIIEKTPOMETPaX HCIOJB3YIOT
B3aUMO/ICHCTBHS Y-KBAaHTOB C BEIIECTBOM CHUHTIILIATOpA. Pe3ynpTaToM Becex TpeX OCHOBHBIX IPOIIECCOB
B3aMMO/ICHCTBUS Y-KBAaHTOB C BemecTBOM ((poTodddhexTa, KOMITOHOBCKOTO PACCESIHUS M POXKICHUS T1ap)
SBIISICTCS TIepellaya SHEpruM Yy-KBaHTa BTOPUYHBIM YaCTHIIAM - JJIEKTpOHaM M mo3uTpoHam. [lpu
POXOXKICHUN 3apsHKCHHBIX BTOPUYHBIX YAaCTHIl Yepe3 BEUIECTBO MX PHEPIHUsl TPATUTCS Ha BO30OYXKIAECHUE
¥ MOHM3anuio cpeapl. [lepexoapl ¢ BO30YKICHHBIX COCTOSHHUN CHUHTIILIATOPA Ha 0ojee HU3KUE YPOBHH
SHEPTUH COMPOBOXKIAIOTCA HM3JIydeHHEM (DOTOHOB. B CIMHTHIUIATOPE BO3HMKACT CBETOBAs BCIIBIIIKA.
Takum 00pa3oM, CHUHTHIUIATOP TPaHCHOPMHUPYET SHEPrUi0 MaJarollero Yy-KBaHTa B OoJbIIoe
KOJINYECTBO BTOPHYHBIX Y-KBAHTOB HHU3KHUX OJHEPruii — (oTOHOB (roopecueHnu. Bo3Hukmme B
CHMHTHJUIATOPE TOJ NEWCTBHEM MaJaloIEero ITydKa y-KBAaHTOB BTOPHYHBIC (POTOHBI IMOMAAAIOT Yepes3
cBeTONnpoBoJ Ha (hoTokaro. POTOKATO HAHECEH Ha BHYTPEHHIOIO TOPIIEBYIO MMOBEPXHOCTH CTEKIITHHOTO
O6amutona PDY, B KOTOPOM CO3/aH BBICOKHI BakyyMm, HEOOXOIMMBIH a1 CBOOOJHOTO JBMXKEHUS

AJIEKTPOHOB.

tdoroxarog @3IY (dhoTo31eKTPOHHBIH
Auacparma YMHOMKHTETB) AL | b |
HOHH3aIHOHHEIH (6], f

HOMep KaHana ALl

Y-KBaHT

j amnnautyga

oo MMMNynbca
Fa KOHTAKTEI
CIMHTH/IIATOP ~ 3/IEKTPOH  BIODHUHBIE MMNy/bC Ha Boixoge OIY

ITeKTPOHBbI

Puc. 5.1:Cxema ycTpolicTBa CHUHTHJUIAIIMOHHOTO AeTeKTOpa. YacTuia, nmonaaas B CHUHTUILIITOP,
MOPOXKIaeT POTOHBI (hITYyOPECIIEHIINHU, KOTOPHIE IO CBETOMPOBOAY MomaaaoT Ha ¢portokaton OIY. Ilo
aMIUTUTYyIe BEIXOAHOTO uMmynbca ¢ DY Ha ALIII nobaBnsieTcs «eIMHUYKA» B COOTBETCTBYIOTHI
HOMeEp KaHaja

[Tox neiictBuem ¢GoTOoHOB TpoHcXOAUT (PoTodddekT Ha (OTOKATOAE C BBUIETOM 3JIEKTPOHOB,
KOTOPBIC MOMAJal0T B 3JIEKTPOHHO-ONTHUECKYI0 CHUCTeMy (OTokaron — AuHOIBI (37eKTponsl). B
pe3ynbTare BTOPUYHOMN SJIEKTPOHHOW AMUCCHH Ha TUHOMAX JJIEKTPOHBI BHIOMBAIOT U3 HUX BTOPUYHBIE
3JIEKTPOHBI, 00pa3zysl HapacTaollyld OT AMHOJAA K JWHOAY JJIEKTPOHHYIO JaBUHY. Dopma AMHOIOB
nogoOpana st 3(PGEeKTUBHOTO YCKOpeHHUs U (OKYCHPOBKM BTOPHUYHBIX 3JIEKTPOHOB. Benmwunna
K03 pHLIMEeHTa BTOPUYHOW SJIEKTPOHHON SMHCCHU JMHOJOB HAXOIUTCS B Tpeaenax oT 2 10 5 B
3aBUCHMOCTH OT MaTepuana MOBEPXHOCTH AWHOIOB W DHEPTHH JJICKTPOHOB, 33JaBa€MOU JEIHUTETIEM
15



HampsDKeHus. Mexay HIUHOJaMU TojjepkuBaeTcs pasHoctu mnoreHmuanoB 100-150 B. OO6mwmii
kodurment ycunenus OOV, umeromux o090 TO 10 10 14 1MHOMOB, HOCTUTAET BEIUYHH TOPSIKA
10°-10°. AMIUTMTYIa UMITYJIbCa HAINPSDKCHUS, CO3[]aBaeMOr0 Ha Harpys3ke MOCJEIHEro MUHojAa (aHona)
®DY, O00BYHO COCTaBISET HECKOIBKO JECATHIX BOJbTA W TIPH  OMPEICIICHHBIX  YCIOBHSIX
MPONOPLUUOHANIbHA YHEPTUH, TOTEPSIHHON YacTULIEH B CIIMHTHILISTOPE.

B pesynbrare hoTodrddexra BEIOUTHIN U3 aTOMa 3JIEKTPOH MPHUOOPETAET SIHEPTHIO

E.=E-E-FE,

rne E, — sHeprua ramma-kBanTa, Ep— oHeprus cBsasm snextpoHa u E; — sHeprus sgpa ornaum,
KOTOpPOH MOXHO TipeHeOpedb. PoTor(hPEeKT COmpoOBOKIAACTCS XaPAKTEPUCTHIECKUM PEHTTCHOBCKHUM
U3ITy4YEHUEM WM SMUCCUEH 03Ke-3JIEKTPOHOB. XapaKTEPUCTUYECKOE PEHTIC€HOBCKOE M3ITyYE€HHE B CBOIO
ouepenb BbI3bIBacT (Gorodddext. ObOpasyrommecss B pe3ylabTaTe BCEX ITHX MPOIECCOB AIEKTPOHBI
BO3HUKAIOT MPAKTUYECKU OJTHOBPEMEHHO, OHU YaIllle BCErO MOTIOMAIOTCS B IETEKTOPE U CUTHAIBI OT HUX
cymMmupyroTcs. TakuM oOpa3oM, MpakTHUECKH BCS SHEPrUsl raMMa-KBaHTa MepeaaeTcs AJeKTpoHaMm, Ey=

YEe W B CHUHTWUIATOPE BO3HHKAET CBETOBAas BCIIBIIIKA, Vo
uMRfc
r

MHTEHCHUBHOCTb KOTOPOU MPONOPLIMOHAIbHA YHEPTUH Y-KBaHTa. B
GyHKIMU OTKIMKA JeTekTopa (oTo3(deKTy COOTBETCTBYET MUK
—T. H. poTonuK.

B pe3ynaprare KOMITOHOBCKOIO pacCesHUs 3JIEKTPOHAM :
nepeaaeTcs: TOJNbKO YacTh SHEPTHH, T.K. JOJs MepeJadn SHEpruu 7

Y-KBaHTa IEKTPOHY 3aBUCHUT OT YIJjla pAcCEsSHUA .

E
E,= E . , Be=Eo- By,
. 10 b
1+ (1-co9) :
mcC E
L R AT A |
rie Eou Ep— »sHeprum ramma-kBaHTOB 10 U TOCIE 0 200 400 600 EGO 1000 100

eauyuna  uMnyasca, VY
paccesiausi, Ec —sHeprus poTosnekTpoHa, mecz—aHeer;{ TTOKOSI Beauy ol

=1

OJICKTpOHA, 0 — YroJ pacCeiHusd ramma MUK NONHOTO “ﬂlzﬂﬂlue-'l“ﬂ
KBaHTA. Makcumanbaas 3HEprus,

KOTOpasi B pe3yJibTare KOMITOHOBCKOTO
paccessHMsT MOXeT OBITh TIepeiaHa
anektpony (mpu 6 = 180°)
EO
1+ 2E02
m.c

B nerexropax Gomipiioro odonema

E™=E-E=E~

(puc.5.2) yacTh pacCessHHBIX TaMMa-

KBaHTOB MOXCT HCIBITaTh CIIC OJHO

KONHU4YeCTED OTCHETDE

W HECKOJIbKO HEYIIPYTUX

B3aMMOJCHCTBUH, B pesyJbTare KOMMATOHOBCKOE

KOTOPBIX BCsS JOHEPrus MOIMABLIErO B pacnpegeneHne
] [ k

I
JETEKTOp MNEePBUYHOIO TaMMa-KBaHTa TR | .
freop. TN
puc. 5.3: CpaBHeHMe TeOopeTMYEecKoro pacnpegeneHnss  3Heprum
¢ 9TuM, (HOTOMMK OOBIYHO HA3BIBAIOT ONIEKTPOHOB M 3KCMEpuUMeHTanbHoro cnektpa B aeTektope Nal(Tl) B
cnyyae, Korga Y-KBaHTbl pPerMctpupyloT B pesynbTate ¢oToadydekta u
KOMNTOH-3dhdeKTa. YwunpeHne MOHOXPOMaTU4YECKOM NvHUN,
COOTBETCTBYIOLLEN POTOMUKY, OnNpeaenseTca paspeLleHnem geTekropa.

E, axeprus
OyJeT MOJHOCTHIO TOTJIoNIeHa. B cBsi3n
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NUKOM TMOJHOro moromenus. Ha puc. 5.3 moka3zaH NOpUMEpPHBI HSKCIEPUMEHTAIBHBI CHEKTp
MOHOXPOMATHYHOTO Y-UCTOYHHMKA C JHeprue Hmwke 1 MdB um ero teopermdeckas “mueanu3arus .
Pa3mpiTHE TIMKa TOJIHOTO TOTJIOMICHUS U Kpas KOMIITOHOBCKOTO paclpeiefieHus CBsS3aHa C JHepre-
TUYECKUM Pa3peIIeHHEM CUCTEMBI.

OO6pa3oBaHue Map AJIEKTPOH-TIO3UTPOH CTAHOBHUTCS BO3MOKHBIM TPU 3HEPTUHM ramMma KBaHTOB
Gombux 2mc = 1022x3B. [Tpu 5TOM BCsl DHEPTUs raMMa-KBaHTa MEPEAaeTCs JISKTPOHY U TTO3UTPOHY.
Eciu u 27MeKTpOH W TO3UTPOH MOTJIOTATCS B BEUIECTBE METEKTOpPa, TO CyMMApHBIA HUMITYJIbC OyAeT
NPOTNOPLMOHANICH SHEPrUM ramMMma-KBaHTa M coObITHe OyJeT 3apHUKCHPOBAaHO B TIHKE IIOJHOTO
noriouieHus. OHaKo MO3UTPOH MOXKET MPOAHHUTHIINPOBATh. [Ipu 3TOM 00pa3yroTcs 1Ba raMMa KBaHTa,
Kaxbli ¢ sHepruedt 511k3B. Ecnu oquH U3 3TUX aHHUTWIAIMOHHBIX TaMMa-KBaHTOB, HE BCTYIIHMB BO
B3aMMOJICHCTBHE, BBIJICTUT U3 JIETEKTOPA, TO CyMMapHasi YHEprusl MOTJIOoNIEeHHas B 1eTeKTope Oyner Ey —
511 k3B. Takue coObiTHsi OynyT BHOCUTBH BKJAJ B TaK HA3bIBAEMBI MUK OJMHOYHOTO BbuleTa. Ecnmu u3
JETEKTOpa BBUICTAT 00a aHHUTWIAIMOHHBIX TaMMa-KBaHTa, TO ATO COOBITHE OyneT 3adMKCUPOBAHO B
nuke aBoitHoro Beuteta (Ey — 1022x5B).

[MockonbKy mansl 1eneld CHEeKTPOCKONMUH TpeOyeTcs MPONOPIHOHAIBHOCTh MEXAY JSHepruen
YaCTHUIIBl 1 WHTEHCUBHOCTHIO BCIIBIIIKH, CBETOBOWM BBIXOJ KPHCTA/UIA HE JOJDKEH 3aBUCETh OT DHEPTUU
yacTullbl. B y-criekTpockonuu Hanboliee 4acTo UCHOIb3YIOTCS HEOPTaHUYECKNE KPUCTAILIbI, B YACTHOCTH
Nal(Tl). Beibop iioaucToro HaTpus UIsl PETHCTPALMN Y-HU3TyUYEeHUS B TIEPBYIO 0Yepeb 00YCIOBICH TEM,
4yro B uHTepBaie dHepruit oT 1k3B mo 5M»sB cBeroBoit Beixon Nal(Tl) He 3aBucuT or sHeprum
DJIEKTPOHOB, T.€. aMIUIUTY]la CBETOBOI'O UMITYJbCA JIMHEHHO BO3PACTACT C POCTOM DHEPTHH SJICKTPOHOB.
IlnotHoets Kpucramia (p = 3,67r/em®) u ero atomHsli Homep (wis fioga Z = 53) Takxke JOCTATOUHO

BEJIMKH, YTO 00ECIICUNBACT JJOBOJILHO BBHICOKUN KO3()(DUIIMEHT MOTIIOIECHHS.

BaxHo# xapakTepucTUKod 3(PPEeKTUBHOCTH PETUCTPALMHU CIYKUT MapameTp: 3PPeKTHBHOCTH MO
nuky noaHoro normomierust (Full-Energy Peak Efficiency) eTHorrenne koiaudyecTBa raMMa-KBaHTOB,
3aperUCTPUPOBAHHBIX JIETEKTOPOM B MHKE MOJHOro rorionieHus (Nfep), Kk konmvecTBy raMma KBaHTOB

JTAHHOUW SHEPTHH, UCIYIIEHHBIX HCTOYHUKOM (Nem)

efep = nfep/nem

6. KoHTpobHBIE BONPOCHI U 3a1a4H

1. HeiiTpoHHbIi aKTHBALMOHHKIN aHanu3 BrepBble mpuMenuan B 1935roay Jsépas Xepemu u Xumbie

JleBu. XeBemu pykoBOAWI dKCepUMEHTaMu. JIeBU mo3xe BCIIOMMHAJA", «XEBELIH OO BOSUTHCS ¢
npubopamu... Crouso XeBemM OKazaThCs OAHOMY B JIAOOPAaTOPUHM, OH HEMPEMEHHO 3alMChIBaJ
NOKa3aHMUsA CYETYMKa, 3aluBas JaOOpaTOPHBIN JKypHal UYEpPHUIAMHU CBOCH TNPOTEKAIOLIEH pYyUKH,
CllydyaiiHbIM 00pa3oM MOAKPYYMBAJl HANpPsKCHHE HA CUETUMKE WIM MEHsUI M3MepsieMblil oOpasel, Kak
IIPABWJIO, K OTYAasHHUIO OTBETCTBEHHOTO 3a »JKcnepuMeHT». llpencraBere, uro Bam BO Bpems
IKCIIEPUMEHTa TOHM3WIN (MOBBICWJIM) HAampsDKEHWE, II0JaBaeMoe Ha JeTrekrop. Kak u3MeHsTcs
nokazanua? Ecnu Bam oOpaser 3ameHAT BO Bpemsi oOmydeHuss Ha rpadut? ypan? Kakumu Oymyt

pe3yNbTaThl B 3TOM ciy4yae?

3
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2. UseectHo, uto B >Pu-Bewmcrounuke HEHTPOHOB MOCTETIEHHO aKKyMYJIHPYETCsI 2Am
(T,=432,6rona). OOBsicHUTE, KaK OH TaMm oOpa3yercs. Bmwuser nu ero oOpa3oBaHue Ha OOIIYIO
AKTUBHOCTH HCTOYHHUKA?

3. Ha pucyHke npescTapieHbl AaHHblE, nonydeHHble Ha Ge(Li)-cnexTpomeTpe raMMa-u3aydeHUs MpH
U3MepeHUH 4-X O0JYICHHBIX aTIOMUHUEBBIX mmar. Illmarn o0yJannucy B TCYCHUH HEJICTH B BOJAC PAIOM
C HEHUTPOHHBIM HMCTOYHHKOM, HHTEHCHUBHOCTH KOTOPOTO 106Hel71Tp0HOB/c. OOBSICHHUTE TONYYCHHBIC

pe3ybTaThl.
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Cross-sections {Barns)
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le/IJIO)KeHI/Ie 1. 3aBucumocTs ceuenus 3axpara HEUTPOHA SIAPAMHU Y9Au ot SHEPIrUH HEUTPOHA.
Touku - sxciepumenTanbhbie 3HaYeHus (Atlas of Neutron Capture Cross Sections
https://www-nds.iaea.org/ngatlay2/
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